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B1/P1001

A Case Study on Genomic Imprinting Facilitates Learning of an Abstract Topic

L. K. Goudsouzian?, S. M. Lo?; 'Biology, DeSales University, Center Valley, PA, 2University of California at
San Diego, La Jolla, CA.

Genomic imprinting is a form of non-Mendelian inheritance. Students in molecular biology and genetics
college classrooms can struggle to understand genomic imprinting, in part because both high school and
college instruction in genetics has traditionally prioritized lessons on Mendelian patterns of gene
inheritance. We hypothesized that the use of a case study would help students better learn the topic of
genomic imprinting. We wrote an interrupted case study which focused on genomic imprinting. The case
study consists of three short popular news articles which relate to the topic of genomic imprinting. Each
article is followed by a set of 2-4 questions. Students read each article and discuss its associated
guestions in small groups, then with the entire class, before moving on to the next article. We deployed
the case study in an intermediate-level molecular biology course at a small, liberal-arts university. We
assessed student learning and attitudes towards the case study (total of 50 pre/post matched pairs). In
four true-false assessment questions, our results showed that students’ performance on after the case
study was significantly higher than their performance before the case study (McNemar's test for
dichotomous paired nominal data, pre vs. post case study, p ranging from < 0.05 to < 0.0001 with odds
ratios ranging from 5.39 to 17.48). Students also self-reported increased knowledge on concepts related
to genomic imprinting (two items on a four-point Likert-like scale, pre vs. post case study, Wilcoxon
rank-sum test for non-parametric data, p < 0.0001 for both items, Cohen’s d effect size = 2.22 and 2.81).
Finally, students were likely to agree that the case study was beneficial to their learning and was an
enjoyable classroom activity (five items, post only, at least 3.28 + 0.70 on a four-point Likert-like scale).
We conclude that the case study is an effective way to instruct students about this challenging topic.

B2/P1002

MIRIC (Mentoring the Integration of Research Into the Classroom) Network affinity groups produce
diverse resources for CURE development

M. J. Wolyniak?, L. F. Barton?, K. K. Resendes?, J. N. Fitz Gerald® N. A. Najor®, E. J. Sandquist® *Hampden-
Sydney College, Hampden-Sydney, VA, *Austin College, Sherman, TX, 3Westminster College, New
Wilmington, PA, “Rhodes College, Memphis, TN, *University of Detroit Mercy, Detroit, MI, *Weber State
University, Ogden, UT.

An effective way to engage students in science education is through course-based undergraduate
research experiences (CUREs) at all levels of the curriculum. While a proven high-impact pedagogical
practice, CURE implementation can be a daunting task. Long-term mentorship in a community of
practice dedicated to CURE development is an outstanding way for current and future faculty to
overcome barriers to creating CURE experiences tailored to their own unique classroom needs. The
Mentoring the Integration of Research Into the Classroom (MIRIC) Network is an initiative of the Council
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on Undergraduate Research (CUR) Biology Division that trains current and future instructors on how to
effectively implement CUREs into their classes. MIRIC is a supportive community for novice and
experienced CURE instructors seeking to develop and strengthen their work with authentic research
experiences in the classroom. To this end, MIRIC invites its mentee and mentor participants to join
discussions on topics including “starting from scratch”, inclusive CURE design and implementation, CURE
sustainability, and extending the CURE model to K-12 classes to hone their skills on a specific aspect of
CURE development of particular interest to them. Here we highlight the work of our affinity group work
to date and showcase our diverse projects and products which may be shared with or used by other
potential CURE instructors. Survey data from MIRIC participants indicate the network has been
successful in giving participants the skills and the support necessary to develop effective CUREs that
address the specific needs of their classrooms. Collectively, this affinity group approach for group
mentoring has been effective in helping MIRIC mentees to develop the skills and confidence necessary
to implement an effective CURE.

B3/P1003
Creative activities promote student motivation and engagement in a large cell biology course
I. Bouhdana, M. Denis, G. J. Brouhard; McGill University, Montreal, QC, CANADA.

Student motivation and engagement are foundational to academic success but can be difficult to
achieve in large enrolment cell biology courses. In social cognitive theories of motivation, students are
motivated when they perceive value in an educational activity, and motivation can feed forward on
three distinct dimensions of student engagement, namely behavioral, cognitive, and emotional
engagement. This engagement, in turn, is critical to academic success. A key to stimulating student
motivation is creativity. We wondered whether creative activities would have a positive impact on
student motivation, engagement with course material, and academic performance in a 500-student
undergraduate cell biology course at McGill University. Students were given assignments with the option
to choose between four creative activities: (1) 3D printing a protein structure based on a PDB file; (2)
baking cookies or other pastries shaped like a protein of interest; (3) creating a freeform visual art
submission, such as a painting; or (4) making a meme about course material. Students who did not wish
to submit creative activities could opt out by completing a self-graded quiz instead. We hypothesized
that the creative group would report greater motivation and engagement that would feed forward into
improved performance on course examinations. Twice during the semester, we collected quantitative
and qualitative survey data from students designed to measure their levels of behavioral, cognitive, and
emotional engagement; we then correlated this data with exam performance. Our results indicated that
students who participated in creative activities perceived them as valuable and reported higher levels of
behavioural and emotional engagement with course content relative to students who took self-graded
quizzes. However, contrary to our hypothesis, students who took self-graded quizzes reported
significantly higher levels of cognitive engagement with course material and outperformed other
students on course examinations. Our results suggest that creative activities are motivational and
engaging to cell biology students but must be designed to promote cognitive engagement in order to
improve academic performance. Future implementation of creative activities should consider student
motivations for engaging in these activities as the basis for their design and intentionally include a
cognitive engagement component.
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B4/P1004

Using molecular biology preprints to engage undergraduates in the scientific community and enhance
their scientific literacy: evidence from a new curriculum on preprint peer review

G. McDowell}, S. Fankhauser?, M. Balgopal?, R. S. Lijek*; lLightoller, LLC, Chicago, IL, 2Oxford College,
Emory University, Oxford, GA, 3Colorado State University, Fort Collins, CO, *Mount Holyoke College,
South Hadley, MA

Science education focuses on how experiments are carried out and the knowledge generated by the
resulting literature, but misses an opportunity to engage students in the critical validation process that
translates one into the other - the peer review of scientific manuscripts. Peer review is integral to the
scientific process and so we envision a paradigm shift that makes teaching peer review integral to
science education (McDowell et al., MBOC, 2021). Explicit teaching about peer review unmasks part of
STEM’s “hidden curriculum”: untaught knowledge that is required for success and which
disproportionately hinders minoritized students. Few training opportunities exist in peer review and
none are designed for or tested in undergraduates. With NSF support, we created and are evaluating a
curriculum in which biology undergraduates learn about the importance and mechanisms of peer
review, then write and publish their own reviews of manuscripts in prepublication (“preprints”).
Preprints are widely available online for free throughout biology, and their use in molecular biology has
exploded in recent years, making this curriculum broadly applicable. By having students authentically
review works-in-progress created by practicing scientists, they meaningfully contribute to the scientific
literature and community. Using COVID19 preprints also motivates students who might be otherwise
disconnected by the pandemic to re-engage in a meaningful way. Our research asks: does this preprint
peer review curriculum improve students’ scientific literacy? Does it enhance students’ sense of
belonging in the scientific community? We tested these hypotheses using validated pre-post surveys
(e.g. TOSLS, PITS) and thematic analysis of students’ writing. Here, we present the first of three years of
data collection at Mount Holyoke, a small liberal arts college for women and gender minorities. Ongoing
work includes scale up of the curriculum at Colorado State and Emory Universities and dissemination of
the resulting evidenced-based curriculum suitable for diverse settings (McDowell et al., Learned
Publishing, 2022). Using this curriculum to enhance students’ scientific literacy and sense of belonging in
the scientific community has the potential to broaden participation and prepare students for success in
the STEM workforce and create a scientifically-literate public.

B5/P1005
Fictional Case Study Effects Student Learning about Immune Cell Memory
K. M. Cooper; Molecular, Life, and Health Sciences, Loras College, Dubuque, IA.

In an immunology class there are many opportunities to connect basic cellular principles to diseases and
medicine, making undergraduate students potentially more likely to care about and remember the
concepts. However, finding medical case studies to teach basic immunological principles is challenging,
as many are too complex for an introductory-level immunology class and more appropriate for graduate
or medical students. A simple fictional case study was designed to actively engage students in
discovering what hemolytic disease of the newborn is, how it can be prevented, and how the
preventative treatment is based a general principle of immunological memory where naive B cells do
not activate if antibody is already present on the antigen they recognize. Students were given pretests,
posttests, and surveys about their impressions of the case study and their learning. Data from two
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different cohorts of students showed student interest and engagement, though the topic was still
challenging for them to fully understand. Additionally, general ideas for writing approachable case
studies related to the cell biology of the immune system are shared.

B6/P1006

Supporting Faculty in CURE Implementation: Resilience and Growth of the Genomics Education
Partnership Community

A. L. Goodman?, M. S. Santisteban?, C. S. Silver Key?3, J. Siders?, C. Reinke®, W. Leung®, S. Gehrke’, L. K.
Reed?®; *Chemistry and Biochemistry, California Polytechnic State University, San Luis Obispo, CA,
2University of North Carolina at Pembroke, Pembroke, NC, 3North Carolina Central University, Durham,
NC, *Ohio Northern University, Ada, OH, °Linfield University, McMinnville, OR, ®Washington University in
St. Louis, St. Louis, MO, “University of Washington, Seattle, WA, The University of Alabama, Tuscaloosa,
AL.

Early participation in undergraduate research promotes persistence in STEM and other positive student
outcomes (Rodenbusch et al., 2017), yet Primarily Undergraduate Institutions (PUls) often lack the
resources required to provide broad access to research. The Genomics Education Partnership (GEP,
https://thegep.org/ ) is a community of 261 faculty members from 215 institutions across the United
States and its territories. The Partnership is dedicated to facilitating equity in undergraduate biology
education by providing centralized resources to empower faculty to engage their students in
experiential learning and Course-based Undergraduate Research Experiences (CUREs) in genomics and
bioinformatics. In the past four years, our community has undergone substantial changes: a transition
from centralized to distributed leadership, the development of focused growth efforts to recruit faculty
from Minority Serving Institutions (MSls) and Community Colleges (CCs), and a switch in modality from
in-person to virtual New Member Training. To assess how these changes have impacted our community,
we created surveys and interview protocols based on the study of other communities of practice in
STEM education (Kezar and Gehrke, 2015), and used them to collect quantitative and qualitative data.
Outcomes: Our community has grown from 118 to over 260 active members in the last two years. The
rapid growth and transition to virtual communications have been augmented by the activities of
regional nodes that hold in-person and online activities, such as student research symposiums, faculty
meetings, and training for new members and teaching assistants. Preliminary analysis of the survey
responses from 124 faculty (60% response rate at the time of survey) suggests that the GEP model
serves a wide range of faculty — including those who were newly-trained and long-time members, those
who seek innovative genomics curriculum, and those who focus on engaging students in genomics
research projects. We are analyzing faculty implementation reports to characterize the patterns of CURE
adoptions for faculty trained in different modalities and teaching at different types of institutions.
Broader Impacts: Characterizing the development and functioning of a distributed faculty community
supporting the transformation of STEM education practices can provide a model for other faculty
communities focused on education reform. The GEP provides the opportunity for faculty and students at
CCs, MSils, and other PUls to engage in scientific research and gain professional development. Supported
by NSF IUSE-1915544 and NIH IPERT-R25GM130517.
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B7/P1007

Case study exams decreased test anxiety in a general biology class

D. S. Alves?, C. D. Kilgore?; 'Biochemistry and Cellular and Molecular Biology, University of Tennessee,
Knoxville, TN, *Teaching and Learning Innovation, University of Tennessee, Knoxville, TN.

Case studies are stories often used as an educational message and the purpose of this activity goes
beyond just telling a history to students, it inspires and engages students to process the information and
reflect in depth about the subject. In the present work, students from an introductory biology course
(Bio160 at the University of Tennessee) were exposed to a case study in an innovative quiz format.
Bio160 is a large size introductory class for major and non-major students, in which students often
report negative emotions associated with perceived difficulty. Based on student feedback, the most
common negative emotion reported was anxiety that often manifested during tests, exams and quizzes.
Anxiety can also affect student retention, and in science classes, it can lead undergraduate students to
leave their major (England et al., 2017). The main goal of our project is to understand the impact of
using a case study exam on student test anxiety. The case study used in the present work was related to
cell cycle (mitosis and meiosis). Students’ knowledge in cell cycle was evaluated by using a quiz format
that was delivered during the presented story. In order to address the possibility of students having
anxiety from the exposure of an unknown test format, students were introduced to similar case studies
twice before the exam. Student feedback indicated that the case study test format motivated them to
learn something new about chromosomal/genetics sex definition and that they were inspired to think
outside the box regarding the subject tested during the quiz. Finally, the results indicated that students
experienced a significant decrease on test anxiety when exposed to this innovative test format.
References: England, B. J., Brigati, J. R., and Schussler, E. E. (2017). Student anxiety in introductory
biology classrooms: Perceptions about active learning and persistence in the major. PLoS ONE, 12(8),
e0182506.

B8/P1008

What Do Biology Students Do When They Need Academic Help? An Examination of Student Help-
Seeking Behaviors

S. N. Ewell%, R. Dunk?, A. Radocha?, R. Youngblood?, S. Ferdous?, A. Chen?, Y. Meharil, A. Peart?, M.
Seibenhener?, C. J. Ballen®; 'Auburn University, Auburn, AL, 2University of California, Irvine, Irvine, CA.

Self-regulated learning behaviors have been identified as a key factor in facilitating STEM persistence
(Park et al., 2019). Self-regulation is a predictor of student academic performance and encompasses a
variety of skills including help-seeking behaviors (Karabenick & Dembo, 2011). Help-seeking is a self-
regulated learning behavior that allows learners to acquire content knowledge and skills necessary for
academic success (Micari & Calkins, 2021). However, due to various barriers, many students do not seek
help when needed. Currently there is a lack of in-depth literature that holistically examines the
academic help-seeking processes of undergraduate students enrolled in biology coursework. To
characterize the help seeking processes of students enrolled in undergraduate biology courses, we
distributed a voluntary survey across three lower-level biology courses and three upper-level biology
courses during two semesters at two R1 universities that asked students to indicate their attitudes
toward help-seeking and classroom factors that encourage student help-seeking (n=1,023). We found
that across all courses, ~51.2% of students perceived that they needed help to understand course
content. We then ran an EFA model which independently verified the existence of two factors in our
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guestionnaire data: the perceived benefits of help seeking, and avoidance of help seeking (Pajares et al.,
2004). Quantitative analyses revealed several individual characteristics predicted students’ perceptions
of help-seeking. For example, mixed-model analyses indicated that STEM majors were more likely to
seek help, and persons excluded because of their ethnicity or race (PEERs) were less likely to seek help.
However, neither of these factors had an impact on the perceived benefits of help seeking, which varied
based on the individual course. On average, students in some courses perceived benefits more than
students in other courses in our study. Next, we coded open-ended responses using thematic analysis.
We found that across all classes, students preferred to use informal sources of help (e.g., classmates).
Finally, we found that the following instructor behaviors encouraged student help-seeking behavior:
instructors who explicitly encouraged question asking, structured class time for questions, provided
positive feedback to questions, and cultivated a positive classroom environment. Additionally, we found
that large class sizes, perceived negative attitude of the instructor, and rapid coverage of course
material all discouraged help-seeking. Together, these data allow for understanding of student help-
seeking processes in large enrollment biology classes and provide intervention targets for students who
may struggle with obtaining help when needed.

B9/P1009

Supporting the Social-Emotional Health of CAMP Program Students in STEM

S. W. Leel, S. Dingwall?, R. A. Cardullo?; *University of California, Irvine, Irvine, CA, 2University of
California, Riverside, Riverside, CA.

Minoritized students find it challenging to be accepted in the science, technology, engineering, and
mathematics (STEM) environm. Minoritized students are more likely to persist in STEM if they feel a
sense of belonging. California Louis Stokes Alliance for Minority Participation (CAMP) is a program that
aims to support and increase the number of minoritized STEM graduate students and professionals.
CAMP exists at all nine undergraduate University of California (UC) campuses and at various California
State Universities, California Community Colleges, independent colleges and universities, and national
laboratories. CAMP support of students is multifaceted, including research opportunities, financial
support, academic advising, career counseling, professional development workshops, graduate school
admission and preparation, and social activities. A key component of the CAMP program is getting
undergraduate students involved in faculty-mentored research. Trust in faculty research mentors is
associated positively with increased motivation and career expectations in students. Across all nine
undergraduate UC campuses, we investigated the social-emotional health (Co-Vitality survey) of CAMP
students who were involved in research and its correlation with perceptions of trust in their faculty
research mentor. Co-Vitality of CAMP students correlated moderately with trust in their faculty research
mentor. There was no correlation between Co-Vitality of CAMP students and trust in their college. This
study suggests that faculty research mentors represent a source of support for their students’ social-
emotional health.

B10/P1010
Socially Relevant University Biology Course for Non-majors
A. Campbell, A. McDonnell; Davidson College, Davidson College, NC

Although biology education researchers focus most of their attention on courses designed for biology
majors, most university students are not science majors. These non-major students often must take one
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science course in order to graduate. Courses required of non-majors often are referred to as general
education (GenEd) requirements or institutional service courses. GenEd biology courses typically mirror
the content of courses designed for majors but “softened” to reduce the stringency of the content.
Rather than presenting non-majors with a survey of biology reminiscent of high school courses that
pushed them away from science, we designed a topics course that connected socially relevant topics
with biology. The course described here, Biology For Life, used two guiding principles. First, we chose
topics inherently interesting to college students. Topics included weight regulation, artificial sweeteners,
pandemics, vaccines, race and race-based medicine, sex determination, sleep, GMOs, marijuana,
alcohol, and climate change. Second, we presented students with data taken from peer-reviewed
publications so they could build analytical skills and quantitative literacy. We wanted students to
develop skills and understanding that would serve them after college (for life) and not just enough to
pass examinations. In addition, students learned about logical fallacies used in arguments and how to
draw argument maps. These two tools reinforced the major lessons from each chapter and helped
students improve their ability to distinguish valid from fallacious arguments. Formal and informal course
evaluations underscored very strong student enthusiasm for the course. However, four students felt the
course was overly political and biased. This and other criticisms have been addressed for the next
iteration of the course. The course also included a laboratory component which focused on quantitative
literacy and Microsoft Office proficiency to provide marketable skills students could use in their post-
university careers. In its first iteration, the course was offered 100% online due to the pandemic though
it will be taught in person whenever possible. The entire GenEd course will be published as a combined
electronic textbook and lab manual to facilitate adoptions by others who teach online or in person.

B11/P1011

S-STEM Scholarship Program: Exploring the Effects of Psychosocial Factors on STEM Persistence at an
HBCU.

C. Carter, M. Van Stry; Lane College, Jackson, TN.

Lane College, founded in 1882 by former slave Bishop Isaac Lane, has strong history of educating
underserved, minority students through student-center approaches. The Lane College S-STEM program
aims to increase the number of low-income students entering STEM fields by providing scholarships, co-
curriculum and high impact program activities to support Lane College students majoring in biology,
chemistry, computer science, mathematics, or physics. These activities include development and
implementation of new first-year STEM courses, including CHE 110 Scientific Literacy and Critical
Problem Solving and PHY 111 Galileo and the Church. We have successfully recruited 2 cohorts of S-
STEM scholars who have participated in several project activities including bi-weekly cohort meetings,
undergraduate research projects, community outreach, internships, mentoring, and professional
development. For the research project, we are exploring the development of non-cognitive factors
known to impact student persistence in STEM (Grit, Self-efficacy, Growth Mindset, etc.) as S-STEM
scholars matriculate through the program. Our initial measures of Grit and Growth Mindset for cohort 1
do not show a significant difference between S-STEM scholars and the control group of academically
talented Power of Potential scholars. However, we have experienced low student participation in
surveys during the period of remote instruction in response to the COVID-19 pandemic. For cohort 2, we
measured self-efficacy for students in cohort 2 using the self-efficacy formative questionnaire developed
by Gaumer Erickson and colleagues. Our data for the five students cohort 2 who completed the survey
show an average score of 80.8% for focus, 60.8% for steps, and overall 72.5%. These initial data suggest
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that the students will benefit from targeted instruction aimed at developing growth mindset and self-
efficacy.

B12/P1012

Using C. elegans to study novel RNA interference phenotypes to promote inquiry-based learning in an
undergraduate Cell and Molecular Biology course

J. Sullivan-Brown, A. Durkan, C. Byrnes, E. Cooper, A. Hally, J. Sowa; West Chester University of
Pennsylvania, West Chester, PA

Inquiry-based undergraduate laboratories are designed to introduce students to the excitement of
making novel scientific discoveries and perform independent research. Our objectives were to provide
undergraduates with opportunities to gain genuine experiences in contributing to fundamental scientific
knowledge by characterizing novel RNAi phenotypes of relatively understudied genes in the worm
Caenorhabditis elegans. In our efforts to create these experiences, we designed labs for an upper-level
Cell and Molecular Biology course at a primarily undergraduate institution in which students
characterized the RNAi phenotypes of the potential oncogene DCAF13 (DDB1 and CUL4 associated
factor 13). We discovered that when dcaf-13 is disrupted in C. elegans, the worms showed a significant
effect to larval development as measured by determining overall length of worms at 48 hours of
development. In addition, dcaf-13(RNAi) worms display either a failure or delay of reaching the L4 or
adult stages. Our data also indicates that dcaf-13(RNAi) did not affect embryonic development in C.
elegans; however, egg-laying was significantly decreased in dcaf-13(RNAi) worms suggesting a general
role in fertility. We were able to publish this work in microPublication Biology, with student authors
from the Cell and Molecular Biology course and continue to use this study as a platform for novel
discoveries.

B13/P1013

Self-regulated learning skills are linked to academic success: is it all “wrapped” up in reflection?

A. Ratnayake, A. Bansal, N. Wong, T. Saseetharan, S. Prompiengchai, A. Jenne, J. Thiagavel, A. Ashok;
University of Toronto-Scarborough, Toronto, ON, Canada

Metacognition is the process of accurately monitoring one’s comprehension and study strategies to
enable effective self-regulated learning (SRL). SRL promotes autonomy, and purpose, which are
components of intrinsic motivation shown to drive academic achievement. Our goal was to use a
student-partnered approach to investigate the value of reflective tools to hone metacognitive skill
development in students. We hypothesized that by using tools that allow reflection and refinement of
students’ study strategies, we could promote SRL and academic success in a foundation biology course.
Undergraduate students in a semester-long second-year biology course were provided with three
reflection survey instruments at three critical time points. Each survey included prompts aimed to
encourage students to devise a study plan, reflect on the effectiveness of their plan, and identify areas
for improvement as they prepared for evaluations. Student responses were systematically analyzed
using a qualitative data analysis approach and were correlated with their academic performance. Our
study sought to investigate the role of metacognition, motivation, and behavior in student course
performance by (i) identifying the most utilized self-regulated learning strategies in order to better
support student learning in the future, (ii) investigating the role of reflection in enhancing metacognitive
processing and academic performance, and (iii) understanding whether students created and/or
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modified their study strategies as an outcome of self-regulation. Our results suggest that students were
able to demonstrate metacognitive awareness, as they accurately reported on the effectiveness of the
study strategies they employed throughout the semester and indicated a shift from passive to active
reviewing techniques in future study planning. Students perceived the reflection instruments beneficial
in identifying areas of improvement and developing long-term study habits. Students who found the
instruments to be effective also demonstrated improved performance on course assessments,
suggesting a strong correlation between metacognitive axes and academic performance. Finally,
students reported using the resources provided (ie. tipsheets and videos) to create or modify study
plans in preparation for the semester ahead; employing the resources in this manner was correlated
with improved academic performance. We conclude that reflection plays a central role in promoting
metacognitive development, which, through impacts on motivation and behavior, augments self-
regulated learning and enhances academic performance. Our study supports the recommendation that
systematic use of reflection tools can support student learning in foundation biology courses.

B14/P1014

Linking research in cell biology and genetics courses through a single research topic on ABCD1
overexpression

K. Kandl, J. Porterfield, L. Bowers, S. Fruehling, A. Walter, L. Listenberger; St Olaf College, Northfield, MN

Authentic mentored undergraduate research is known to improve student learning and engagement.
Course-based undergraduate research experiences (CUREs) allow more students to participate in
research early in their academic careers. However, a single semester of research embedded in a
laboratory course may not be enough to support student engagement with a complex problem. We are
expanding the CURE concept by linking research projects across two distinct yet interdependent courses
required for the Biology major, Cell Biology and Intermediate Genetics. Each course enrolls 130-150
students per year and may be taken in either order. During the fall 2021 and spring 2022 iteration of our
linked CURE model, students in Cell Biology and Intermediate Genetics courses studied the effect of
overexpressing ABCD1, a peroxisomal long chain fatty acid transporter, on the expression of other genes
in lipid metabolic pathways (Intermediate Genetics) and on cell growth, metabolism, and lipid storage
(Cell Biology) in the freshwater ciliate, Tetrahymena thermophila. Results from the Laboratory Course
Assessment Survey, show that students beginning in either course reported similar satisfaction in terms
of collaboration, discovery and relevance, and iteration, suggesting that the linked CURE model is
effective whether students’ first introduction to the research topic is from a genetics or cell biology
viewpoint. Students obtained meaningful results that they shared in a poster session, and these results
are being used to drive additional independent research projects in our labs. As we implement this
approach in all sections of Cell Biology and Intermediate Genetics, Biology majors will have a year-long
research opportunity using multiple approaches to address a single question. We will present logistical
considerations for implementation such as faculty buy-in and scheduling considerations for sharing of
information between students in these courses. Importantly, this approach is adaptable to different
guestions and model organisms, providing a template for sustainable research opportunities.
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B15/P1015

Promoting Student Engagement and Academic Success in Introductory Cell Biology by Utilizing a
Concepts Enhancement Learning (C.E.L) Lounge

K. Baker, G. Weber, M. Gobbett; University of Indianapolis, Indianapolis, IN

In an effort to overcome student disengagement and underpreparedness, exacerbated by remote
learning during the pandemic, a pilot program, the Concepts Enhancement Learning (C.E.L) Lounge, was
implemented in Introductory Cell Biology. The goal of the C.E.L Lounge is to provide engaging activities
that not only promote students’ “hands-on, minds-on” learning but to develop their abilities to learn
course content and adapt to traditional academic expectations. Students had a weekly opportunity to
assess their understanding of course material by voluntarily attending the C.E.L. Lounge, completing the
supplemental learning activity, and answering the associated questions. Activities included models,
manipulatives, and images of cellular processes. Students were welcomed and encouraged to work
together; as a result, students also engaged in peer instruction. Completion of C.E.L. Lounge activities
was positively correlated with overall course grades. Furthermore, students’ perceptions indicated that
they felt the activities were not only engaging, but more importantly, increased their understanding of
lecture material and helped them be better prepared for exams, thus promoting their overall academic
success in the course.

B16/P1016

Design2Data CURE Biotechnology Students develop employable technician skills while Engaging in
authentic research experiences

C. E. Rolle, K. Mennes, N. Campbell; Capital Community College, Hartford, CT

The Design2Data with B-Glucosidase CURE uses a crowdsourcing approach to engage undergraduate
students in design-build-test experiments to functionally characterize the effects of single amino acid
mutations. CUREs are a meaningful for students who would not otherwise engage in authentic research
as a part of their biotechnician skills training. Students began the D2D CURE in a biotechnology course
and continued as an independent research project. Target amino acids were identified in the protein
structure using Foldit. Plasmids containing the mutants were generated using Kunkel mutagenesis. The
recombinant proteins were expressed, purified, and their enzymatic activity characterized. None of the
mutations impacted protein induction and expression. The enzymatic activity and thermostability of the
mutants were evaluated. This data will contribute to the D2D database to address current predictive
limitations of protein modeling software. Given that Capital Community College is a designated MSI and
HSI, as well as over 70% female students, the addition of the D2D CURE to the Biotechnology AS Degree
Program should contribute to the diversity of the STEM pipeline in the region.
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Science Education: K-12

B17/P1017

A STEAM lesson plan diversifies middle school student conceptions of scientists

J. Gardiner?, C. Meaders?, S. Wynns?, S. Nigam?, J. Harris®; Fox Chase Cancer Center, Philadelphia, PA,
2Cell and Developmental Biology, University of San Diego, San Diego, CA, 3Cabrillo National Monument,
San Diego, CA, *University of California San Diego, San Diego, CA, *Xavier University, New Orleans, LA.

Role model interventions that are tied to place-based-learning and classroom curricula may be effective
tools for promoting diversity in science, technology, engineering, and mathematics (STEM). To evaluate
this premise, we developed a sixth-grade lesson plan that focused on teaching environmental
conservation and highlighting diverse women in STEM. Our curricula used a three-touch educational
model consisting of comic-based lesson plans, a local “field trip” to Cabrillo National Monument, trading
cards featuring 19 diverse women scientists, and a conservation capstone poster presentation - all
aligned to Next Generation Science Standards - to create a meaningful experiential and project-based
curriculum. To evaluate the program, we used a mixed-methods, change over time model, including the
Draw-a-Scientist test (DAST) to assess if student perceptions of scientists were altered from the
curricula. Overall, thirty-three students completed the DAST before and after participation. We used
inductive coding of student drawings and responses to questions about their drawings and coded for six
types of scientist stereotypic features. We found that science stereotypes held by students decreased
from an average of 3.03 (SD = 1.26) per pre-drawing to an average of 2.24 (SD =1.37) per post-drawing,
and that this decrease was significant (p =0.008). We conclude that by using innovative tools such as art
and comics for STEM education/outreach that feature characters representing a diverse array of
scientists with intersectional identities, educators can help shift student perceptions on who can be a
scientist, potentially increasing diversity in STEM fields.

B18/P1018

Share Your Expertise and Enthusiasm with Teachers: Organize a Workshop for Teachers to Build
Inexpensive Microscopes for Classrooms

B. Goldstein; University of North Carolina at Chapel Hill, Chapel Hill, NC.

To get low-cost microscopes in front of kids and teachers, I've been running microscope-building
workshops for elementary school teachers. In this poster, I'll share what | do so that others can
duplicate and/or build upon what I’'m doing. | use a modified version of Kenji Yoshino's microscope
design, which he described in an Instructable entitled "$10 Smartphone to digital microscope
conversion!" This is a simple and clever design for a microscope that takes advantage of ubiquitous
smartphone cameras. The microscopes are mostly transparent, making their inner workings obvious to
teachers and students. And all of the parts are readily available from hardware stores or online, so
teachers or students can make more anytime if they wish. Based on feedback from teachers, | enlarged
Keniji's design to accommodate iPads and other tablets, which are available in many elementary schools,
and I've made other minor improvements. Teachers have reported back that groups of students interact
with each other around each microscope as they look at the smartphone or tablet screen together — a
big improvement over microscopes in which students might see only their own eyelashes, and in which
only each student would know what they saw. For the workshops, | prepare enough materials for each
teacher to build their own microscope to keep in their classroom. A workshop with about a dozen or
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more teachers can equip a school with a complete set to move from classroom to classroom. Most of
the workshops last 90 minutes, during which three things happen: (1) the teachers assemble the
microscopes, (2) they develop expertise using the microscopes as they take pictures of things they
brought with them, and they collect images to share (see image galleries at www.diymicroscopes.org),
and (3) teachers brainstorm about how they'll use the microscopes to best match their curriculum needs
and students’ interests. My current work includes bringing workshops to high poverty school districts in
North Carolina and to statewide teachers conferences, and working collaboratively to assess outcomes.
At this poster there will be some of the microscopes for anyone to try, and I'll share a protocol that you
can use to get started running your own workshops with teachers at local schools. And I'll be happy to
talk with people about collaborating or helping you get started running workshops on your own.

B19/P1019

Engaging high school students in summer research with cell biology and environmental science
connections

E. L. Behnfeldt, S. Fromherz; Biology, Saginaw Valley State University, Univ Ctr, MI.

Summer research for high school students can foster interest in science and STEM careers. However, the
pre-requisite background needed for cell biology research, and distractions of summer may challenge
sustained student interest. As part of a broader program at Saginaw Valley State University, Michigan, a
regional public primarily undergraduate university serving a high proportion of students from rural and
underserved backgrounds, we developed and, in the summer of 2021, implemented research projects
for four area high school students in a mentored team setting. The team consisted of two high school
teachers, two undergraduates and an SVSU professor team leader. Projects broadly centered on plastic
waste, a topic area likely of high relevance in students’ daily lives. We bridged from environmental
science to cell biology with experiments on the impacts of microplastics on the phagocytic pathway in a
model unicellular ciliate, Tetrahymena pyriformis. Over the course of 6 weeks, students collected and
studied local aquatic microbiota, helped develop and carry out authentic research projects in
Tetrahymena, and prepared and presented research posters for a wider community audience. We used
microscopy workstations equipped with large screen monitors and video cameras, as well as dyed
polystyrene beads, to readily capture and quantitate data, and to easily share real-time microscopic
images with the larger group. Initially we used pulse-chase experiments to introduce methods before
helping students to develop and carry out authentic and feasible projects. For example, one student
guantified vacuole size as a function of microplastic size. Qualitatively, we observed significant learning
gains by the students in research skills such as experimental design and analysis, microscopy, math,
teamwork, and communication. Furthermore, the group experience benefited mentor team members in
multiple ways. We will describe the structure and benefits of the mentored team structure, microscopy
workstations, exercises to support student growth and confidence in cell biology research, and
representative projects and data. Our results suggest that summer research projects connecting cell
biology with the environment, carried out in a small group setting with diverse mentors, can provide
positive learning experiences for high school students and may foster careers in STEM.
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B20/P1020

Gaining STEAM!: llluminating Research Through Art

J. Gardiner?, K. Tran?, K. Montgomery?; Fox Chase Cancer Center, Philadelphia, PA, *University of
Pennsylvania, Philadelphia, PA, 3University of California San Francisco, San Francisco, CA.

Public access and exposure to scientific research is limited due to both restrictive paywalls and
technical language written for specialists. While effectively communicating discoveries to non-specialists
is imperative, it is no trivial task. Thus, developing alternative approaches to disseminate discoveries to
non-specialist audiences is essential to ensure broader populations can actively engage in scientific
discourse. The combination of art and storytelling in comics break down complex concepts while
simultaneously providing an engaging medium. When applied to science, this makes the subject more
approachable, memorable, and enjoyable. To this end, we developed a community-based science
communication (SciComm) project, “Gaining STEAM!” which addresses two hurdles within science
engagement and communication: 1) providing SciComm training for scientists to engage with non-
experts and 2) facilitate discourse between scientists and the community about scientific research. This
was accomplished through: developing workshops for scientists on effective science communication
through storytelling and comics, collaborations with local artists to create comic books based on the
scientist’s research, and a public comics showcase displayed through posters. Surveys distributed at the
Gaining STEAM! showcase revealed that 70% of non-UW-Madison affiliates were unaware of university
sponsored research. Strikingly, 55% of UW-Madison affiliates were also unaware of research projects
conducted at their university. 100% of individuals surveyed indicated that the use of comics improved
their comprehension of the scientist’s research. Collectively, these findings support the use of comics
as a tool for improved science communication and public engagement with STEM.

B21/P1021

A SEPA partnership to enhance middle school STEM education

R. Sloboda?, M. Tine?, V. May?, A. Skinner*, L. Foster-Johnson®, M. Fenzel®, K. Price®; 'Biological Sciences,
Dartmouth College, Hanover, NH, *Sociology, Dartmouth College, Hanover, NH, 3Thayer School of
Engineering, Hanover, NH, “Guarini School of Graduate and Advanced Studies, Hanover, NH, >Geisel
School of Medicine, Hanover, NH, ®Montshire Museum of Science, Norwich, VT.

Providing young students with a solid understanding of science and the scientific process through their
exposure to scientific thought and analysis is crucial for their life-long science comprehension and its
relevance to the world around them. Loss of interest in learning STEM and perhaps having a future
career in STEM has been shown to begin in the middle school years and is much more acute in low-
income rural communities where there are few resources, such as equipment, teacher support, and
collegial interaction. Our SEPA project involves Dartmouth faculty, graduate students, and science
education experts from the Montshire Museum of Science working with middle school science teachers
to co-develop hands-on, NGSS-aligned, science units that 6th-8th grade teachers in low-income rural
communities can use to enhance the STEM engagement and learning of their students. At this point in
our five-year project, we have worked with 6th and 7th grade teachers at four under-resourced schools
in VT and NH. Our poster provides links to the curricular units we have developed, which are freely
available to any teacher interested in using them. Initial assessments of the impact of these units on
those involved indicate the project has had positive effects on several groups. Teachers reported
enhanced self-confidence when teaching science, more confidence in the application of NGSS to their
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classes, and more confidence in the inclusion of engineering design in developing hands on, instructional
activities for their students. Similarly, the graduate students enhanced their science outreach skills and
improved their self-efficacy. However, after engagement with the units we developed, the impact on the
STEM attitudes of students in our 6th and 7th grade target classes was mixed. Students who expressed
an interest in science at the start of the school year sustained a positive attitude towards STEM, but
STEM attitudes remained low for those students who initially expressed less interest in science. Our
results thus far suggest that interventions in middle school may be ineffective, because by the time
students have reached middle school their level of interest in science as a field of study and as a career
path may have already been fixed. Thus, efforts to impact positively the level of interest middle school
students have for STEM needs to begin earlier, e. g. when they are in the elementary grades. Our work is
supported by a Science Education Partnership Award (SEPA) from NIGMS of the NIH.

Science Education: Graduate and Medical School

B22/P1022

Evidence that Video Didactic Preparation can Augment Problem Based Learning in Medical Education
K. L. Hamilton?, P. Horneffer?, T. P. Stein3, G. S. Goldberg?; 'Georgetown University, Washington, DC, 2All
American Institute of Medical Sciences, St Elizabeth, JAMAICA, 3Rowan University, Stratford, NJ.

Problem based learning (PBL) utilizes a self-directed strategy. Group participation is needed for this
process to succeed. Students without a background in biology or medicine can feel overwhelmed by the
complexity of the subject matter and unable to participate in the group learning process. We
incorporated curated educational videos in the PBL curriculum to help address this situation. First year
medical students participated in this study in the form of a typical PBL session. They were then assessed
on basic and clinical science knowledge and their learning experience. Student basic science and clinical
knowledge were similar between the experimental and control groups. However, the experimental
group scored 13% higher in their learning experience, and 400% higher in their perception of feeling
prepared and participating in the group PBL experience with p<0.05 by t-test (n=13). Results from this
study indicate that videos can be utilized to enhance the PBL process.

B23/P1023

Communicating scientific concepts through art

B. E. Mierzwa?; 'Ludwig Institute for Cancer Research, San Diego, CA, 2Department of Cellular and
Molecular Medicine, University of California, San Diego, CA.

Creativity is an integral part of both science and art, and using it to combine these two seemingly
different disciplines creates unique and effective ways to communicate scientific information, both
inside and outside the scientific community. Along my classical academic career path, | have been
exploring the visual aspect of science communication using hand-drawn illustrations, science fashion,
and interactive media. My drawings aim to convey complex biological concepts using both abstract
imagery and real scientific data. Each illustration requires breaking down the essence of scientific
findings and translating them into aesthetic visuals using metaphors that describe complex biological
processes in intuitive ways. This form of visualization provides a powerful tool to facilitate
communication between researchers from diverse fields, spark fascination and curiosity for science, as
well as inspire our next generation of scientists. Here, | will share my journey towards combining science
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and art, highlight the impact of artistic practices on my own research and communication, and discuss
avenues for scientists to explore this emerging field.

B24/P1024

Evaluating the feasibility, utility, and impact of engaging in mentorship assessment to improve
doctoral mentoring relationships

H. N. Fedesco, E. L. Dolan, E. Kraner; Biochemistry & Molecular Biology, University of Georgia, Athens,
GA.

A doctoral student’s relationship with their research advisor is thought to be the most influential factor
in the quality and success of their training experience, but these relationships are not always positive.
We hypothesize that doctoral mentoring relationships can be enhanced by improving student-advisor
communication. Communication scholars have identified a set of behaviors used in close relationships,
called relational maintenance strategies, which help to sustain or increase relational quality. Examples
include being open and positive about the relationship, which can enhance relationship satisfaction,
commitment, and trust. Furthermore, research on mentoring shows that, when relationship quality is
high, mentees are more likely to persist and succeed. With this in mind, we sought to create a
mentoring assessment structure that would foster openness and positivity in student-advisor
relationships. We developed a survey based on established measures of mentoring support,
administered the survey to student-advisor dyads, and provided a report to each dyad along with
tailored feedback and talking points. We studied the experiences of students and advisors as they
completed the process to assess the feasibility, utility, and impact of engaging in mentorship
assessment. First, we recruited 12 life science doctoral student-advisor pairs, who completed the survey
and received a report. Then we interviewed a subset of them to understand their experiences and
gather feedback for improvement. We revised and repeated the survey and reporting process with new
pairs and conducted additional interviews, including interviewing 11 international students from 7
countries to gain insight into cultural issues that may influence whether and how students engage in
mentorship assessment. We then conducted qualitative content analysis of the interviews to describe
student and advisor experiences with and outcomes from the mentorship assessment. Students and
advisors reported that they were able to send relational maintenance messages. International students
also had positive reactions, indicating comfort with the process. Students and advisors both noted
relationship improvements such as gaining new insights, improving communication, and more openly
discussing needs. Students noted positive outcomes such as greater accountability, a more manageable
workload, and improved clarity about expectations. Advisors reported that they felt validated about
their mentoring efforts. Students and advisors reported only a few neutral/negative outcomes, largely
related to the time and effort spent completing the survey.

B25/P1025

Investigating the Relationship Between Metacognitive Awareness and Metacognitive Accuracy in
Introductory Biology Students

J. Wollesen, M. Aranda; SOUTHERN ILLINOIS UNIVERSITY EDWARDSVILLE, Edwardsville, IL

Introductory biology courses are often difficult for students because they require students to have

metacognitive awareness, which is the ability to monitor one’s learning. Perceptions of learning are used
to predict performance on tasks, which demonstrates metacognitive accuracy. Higher awareness is
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thought to correlate with higher accuracy; however, previous studies examining this relationship have
been inconclusive. We hypothesized that that these inconsistent findings are due to additional variables,
such as mindset and locus of control. It is crucial to understand the relationships between these
variables because they can influence student success by helping students develop self-regulatory skills.
Three research questions guide this study: 1. To what extent does metacognitive awareness correlate
with metacognitive accuracy and exam scores? 2. To what extent do mindset or locus of control affect
the relationship between metacognitive accuracy and exam scores? 3. To what extent do measures of
awareness, mindset, locus of control, or accuracy change after students take exam 1? To measure these
variables, students completed a survey before and after their first exam. Accuracy was measured
comparing predicted to earned exam scores. We did not find the expected correlations between
metacognitive awareness and metacognitive accuracy or exam scores. We did, however, find
correlations to be present between metacognitive awareness, mindset, and locus of control. No
significant difference was observed in responses collected before and after the first exam. Further
analyses of these data will examine possible differences in relationships among variables between
different groups of students, such as high, mid, and low performers. We also plan to examine patterns
of study strategy use among students and compare these to measured levels of metacognitive
awareness and accuracy. This study sought to further investigate the relationship between
metacognitive awareness and metacognitive accuracy by examining two additional student
characteristics: mindset and locus of control. These components, along with metacognitive skills such as
awareness and accuracy, can impact student success. We believe this information could inform teaching
practices by allowing instructors to identify and assist students in developing self-regulatory skills.

B26/P1026

Lessons learned from teaching science virtually to medical and graduate students during the COVID-19
pandemic

S. B. Lovitch?, A. Jambhekar?; Brigham and Women's Hospital, Boston, MA, 2Harvard Medical School,
Boston, MA

At the onset of the COVID-19 pandemic, science educators at all levels were asked to rapidly pivot from
in-person to virtual teaching and adapt their curricular materials to a virtual format, often with little to
no experience or guidance. While improving conditions have since allowed for resumption of in-person
instruction, many institutions have elected to retain elements of virtual or hybrid instruction. Therefore,
review of the lessons learned from the virtual education experience of 2020-21 is warranted, in order to
identify effective tools and approaches, and to recognize potential pitfalls and consider strategies to
avoid them. We reviewed our experience teaching virtually in three courses with distinct learner
populations and educational goals, based on analysis of anonymized student evaluation data and
comments as well as personal experience. The courses analyzed are Foundations of Medicine, a course
for first-year medical and dental students covering basic science content; Developing and
Communicating Scientific Investigations, a course for first-year PhD students in Systems, Synthetic, and
Quantitative Biology; and Pathology of Human Disease, a course for second- and third-year PhD
students in the Leder Program in Human Biology and Translational Medicine (a translational science-
focused track open to students in various PhD programs). Several virtual education strategies were
particularly effective and well-received by the students, including use of polling and interactive
annotation; use of the chat function in Zoom as a non-disruptive venue for asking questions and
providing mutual support; and use of breakout groups where students could easily share electronic
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materials, including those generated during the course of the discussion. The most frequently
encountered pitfalls were inability to complete sessions within their allotted time; to monitor multiple
small-group discussions simultaneously; to practice and evaluate oral presentation skills; and to identify
struggling students due to lack of non-verbal cues, exacerbated by students’ reluctance to activate
video. Ultimately, virtual education proved to be an effective, but intrinsically limited, venue for
conveying scientific content to medical and graduate students, and could be significantly improved by
applying the lessons learned from the COVID experience.

Imaging Technologies, Single Molecule Imaging, and Super-resolution

B28/P1027

Label-free morphological and biochemical characterization of pancreatic secretory cells

V. Loconte!, A. Deshmukh?, J. Cuala?, B. Vanslembrouck?, K. Chang?, K. White?; 1Dept of Anatomy,
University of California, San Francisco, San Francisco, CA, 2University of Southern California, Los Angeles,
CA.

The dysfunction of a and B cells in the islet of Langerhans can lead to different types of diabetesl. The
maintenance of the cell well-being is usually accompanied by rearrangements in the cellular
ultrastructure, which can alter intracellular connectivity and cell functional activity2. High-resolution
techniques such as electron and fluorescent microscopy have been able to distinguish single
components in the islets; however, both methods require extensive cell manipulation to reconstruct the
whole three-dimensional (3D) cellular architecture3,4. To address this challenge, we used a high-
throughput label-free approach, which allows us to recognize a and B cells from mouse islets based on
their subcellular features using soft X-ray tomography (SXT)5. SXT captured the 3D ultrastructural
reorganization of a single cell without staining and slicing, preserving high spatial resolution (50 nm) and
short time of collection (<10 min)6. For both mouse a and B cells, we mapped cell, vesicle, and nuclear
volume, as well as vesicle diameter, and vesicle X-ray absorption, and determined univocal features that
can be used to identify cell types without the need of additional labels. We identified significant larger
cell volume and vesicle diameter for B cells as compared to a cells, whereas we observed higher vesicle
molecular density for a cells. All together, these features provided hallmarks that can be used to
distinguish among the two cell types in the mouse islets and across different species. Finally, we were
able to define structural heterogeneity in both a and B cells, showing different cell subpopulations.
Collectively, our method can be applied to systems that require low levels of manipulation and high
resolution, and allows to map and quantitatively describe cellular phenotypes and their impact in
healthy and diseased conditions. References: Meier, J.J. and Bonadonna, R.C., 2013. Diabetes care,
36(Supplement_2), pp.S113-S119. ?Loconte, V., et al., 2022. Structure, 30(4), pp.510-521. 3Valm, A.M., et
al. 2017. Nature, 546(7656), pp.162-167. *Miiller, A., et al. 2021. Journal of Cell Biology, 220(2).
SLarabell, C.A. and Nugent, K.A., 2010. Current opinion in structural biology, 20(5), pp.623-631. ®Ekman,
AA., et al. 2017. Biology of the Cell, 109(1), pp.24-38.
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B29/P1028

Laboratory Cryo Soft X-ray Tomography for 3D Imaging of Whole Cells

K. Fahy?, P. Sheridan?, F. O'Reilly?, T. McEnroe!, W. Fyans?; 1SiriusXT, Dublin, IRELAND, 2UCD Dublin,
Dublin, IRELAND.

Analysis of three-dimensional biological cell samples is critical for understanding the mechanisms of viral
disease and for the development of novel therapeutics. Soft X-ray microscopy (SXM) is the unique
technology that can image whole intact cells in 3D under normal and pathological conditions without
labelling or fixation, at high throughput and spatial resolution [1-4]. The main challenge of SXM is that
the photonic illumination required for imaging has heretofore only been available at synchrotron labs
[5] and access is limited. SiriusXT has developed a lab-scale SXM for fast and inexpensive three-
dimensional imaging of whole cells that can be readily performed in a laboratory. The capabilities of this
compact imaging device, combined with complementary light and electron microscopy approaches, is
currently being demonstrated through a series of virology use cases to generate new scientific
knowledge on the viral life cycle and host cell response to viral infection [6]. Our studies will allow
demonstration of the benefits of the lab-based system relative to both synchrotron based SXM as well
as other imaging modalities. However, the most comprehensive view of the complex structure of cells is
unlikely to come from a single microscope. We will facilitate correlation of SXM with light and electron
microscopy by integration of a fluorescence microscope, dual modality of sample presenting scheme,
including EM grids, and an automatic data analysis pipeline. In this paper, we will present tomography
data from whole single cells, and discuss the sample preparation and data analysis workflows employed
by the microscope.

Figure 1: Slice through a reconstructed huh-7.5 cell cryo preserved and imaged in the laboratory soft x-
ray microscope. Whole cell imaging with natural contrast allows the immediate identification of many
cellular organelles.

References [1] M Harkiolaki et al., Emerging Topics in Life Science 2 (2018), p. 18.

doi: 10.1042/ETLS20170086

[2] J Guo and CA Larabell, Current Opinion in Structural Biology 58 (2019), p. 324.

doi: 10.1016/J.SB1.2019.06.012[3] G Schneider et al., Nature Methods 7 (2010), p. 985.

doi: 10.1038/NMETH.1533[4] FJ Chichdn et al., Journal of Structural Biology 177 (2012), p. 202.
doi:10.1016/J.JSB.2011.12.001[5] A Ekman et al., Synchrotron Light Sources and Free-Electron Lasers
Springer, Cham. (2019) https://doi.org/10.1007/978-3-319-04507-8 43-3[6] K Fahy et al., JPhys
Photonics 3 (2021), doi: https://doi.org/10.1088/2515-7647/abfc5a

B30/P1029

Development of POLATrIS, a versatile probe for multi-color/multi-target orientation imaging in living
cells

K. Sato?, N. Nakai-Kadowaki?, A. Sugizaki?, K. Chiba?, K. Saito?, M. Kawagishi?, Y. Tomabechi?, S. B.
Mehta*?, H. Ishii*®, N. Sakai®’, H. Ka?, M. Shirouzu?, T. Tani*?, S. Terada?; 'Tokyo Medical and Dental
University, Tokyo, JAPAN, 2Ochanomizu University, Tokyo, JAPAN, 3RIKEN Center for Biosystems
Dynamics Research, Yokohama, JAPAN, *Marine Biological Laboratory, Woods Hole, MA, 3(present
address) Chan Zuckerberg Biohub, San Francisco, CA, é(present address) National Institute for
Physiological Sciences (NIPS), National Institutes of Natural Sciences, Okazaki, JAPAN, “(present address)
RIKEN SPring-8 Center, Sayo-gun, JAPAN, 8National Institute of Advanced Industrial Science and
Technology (AIST), Ikeda, JAPAN.
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Monitoring the orientation of biological molecules in living cells is a key approach to understanding the
mechanisms of the emergence/dissolution of molecular architectures. Fluorescence polarization
microscopy (FPM) can visualize the dipole orientation of fluorescent molecules and has been used for
analyzing the architectural dynamics of biomolecules. To monitor the orientation of molecules of
interest using FPM, they need to be labeled with fluorophores in a sterically constrained manner so that
the fluorophores do not freely rotate. Recently, we reported a versatile probe for such labeling using
fluorescent proteins, POLArIS (Probe for Orientation and Localization Assessment, recognizing specific
Intracellular Structures of interest) (PNAS 2021). Original POLArIS is a recombinant binder affimer rigidly
connected to a green fluorescent protein mutant and can target specific biomolecules of interest by
combining with evolutionaly molecular engineering. We have later developed nanobody-based POLArIS,
which is compatible with animal immune libraries, with color variations of cyan/green/yellow/red
fluorescent proteins, enabling multi-color orientation imaging for multiple targets (BBRC 2021). As an
initial test case of POLArIS, we developed POLArIS®, which specifically binds to F-actin in living cells.
Localization analysis using fluorescently labeled phalloidin in fixed cells and co-expression with other
genetically encoded F-actin probes indicated that POLArIS** is an excellent F-actin probe. FPM analysis
confirmed that POLArIS** can monitor the orientation of F-actin both in vitro and in living cells. We
microinjected the mRNA of POLArIS** into starfish oocytes and observed the actin dynamics during early
developmental processes using FPM. We found that actin filaments radially extend from centrosomes
during mitosis in early embryos. Detailed microscopic observation revealed that the distribution of the
radially extended actin filaments is very similar to that of astral microtubules. We named this actin-
based structure FLARE (FLuffy And Radial actin-aster associated with mitosis in Embryo).

B31/P1030

Paired-objectives photon enhancement (POPE) Microscopy

M. Tingey?, S. Junod?, B. Zhang?, A. Ruba?, W. Yang?!; 'Biology, Temple University, Philadelphia, PA,
2School of Engineering and Applied Science, University of Pennsylvania, Philadelphia, PA.

The first two authors contributed equally to this work.

Fluorescence microscopy techniques are widely employed for the visualization, localization, and
observation of structures and dynamics in biological samples. In order to obtain optimal image
resolution, collecting the maximum number of photons from each fluorophore is essential. Historically,
researchers have addressed this need by increasing the excitation energy, engineering higher numerical
aperture (NA) objectives, improving the quantum yield of fluorophores, and/or escalating the quantum
efficiency of detectors. While these approaches have led to great advances in the field of microscopy,
they cannot proceed linearly in a limitless manner. We noticed that more than half of photons are lost
as fluorophores emit in a direction other than the objective of either an upright or inverted microscope.
To collect these lost photons, we have developed a new system called paired-objectives photon
enhancement (POPE) microscopy to increase photon capture of a fluorophore by nearly two-fold. This
system captures these lost photons by aligning an 8f optical system and mirror directly opposite the
lower objective of an inverted microscope, thereby reflecting more emitted fluorescence back through
the lower objective and into the detector. Through the additive effect of the initial fluorescence and the
reflected fluorescence combining, the number of photons captured nearly doubles. This improved
photon budget allows a microscopy imaging system to have better optical resolution, higher sensitivity,
and/or faster detection speed. This new technique has been demonstrated in confocal light microscopy,
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epifluorescence microscopy, and super-resolution light microscopy; and can, in theory, be applied in a
modaular fashion to any and all other fluorescence microscopy methods.

B32/P1031

Multiplexed spatiotemporal tracking of RNA dynamics in live mammalian cells using fluorescence
lifetime imaging microscopy

N. Sarfraz, E. Braselmann; Chemistry, Georgetown University, Washington, DC.

RNA localization, biomolecular association, and dynamics are all linked and closely influence RNA
function.! For quantitative insight into these processes, it is essential to visualize RNAs live and track
responses to cellular perturbations.? In this study, we established FLIM for live RNA tracking. Our
genetically encoded RNA FLIM sensor builds upon the Riboglow platform.>* Riboglow consists of a small
molecule fluorescent probe that binds a genetically encoded RNA tag and changes fluorescence upon
binding.>* This prompted us to hypothesize that fluorescence changes in the probe could lead to
significant changes in fluorescence lifetime (t). We assessed the t of the probe in live cells in the
presence vs. absence of tagged RNA. As hypothesized, we observed differences in t that lead to
substantial fluorescence contrast between cells with vs. without RNA. The cellular contrast for FLIM
measurements was robust and superior in direct comparison with fluorescence intensity-based
contrasting.* We have demonstrated tagging of coding and non-coding RNAs in mammalian cells.
Importantly, the RNA tags in FLIM-Riboglow may be varied to yield unique fluorescence lifetimes in the
same laser channel. We successfully identified two different RNAs, enabling quantitative assessment of
spatiotemporal RNA dynamics live.* Recently, we have expanded the platform to include another tag,
producing a significantly different lifetime thus expanding our tracking capabilities to three RNAs for
multiplexed RNA detection. Current efforts are underway to expand multi-parameter RNA tracking
capabilities and establish physiologically relevant RNA tracking in diverse mammalian model systems.

B33/P1032

A novel sub-precision detection method (MCS-DETECT) identifies shape complexity of mitochondria-
ER contacts (MERCs) in 3D STED super-resolution microscopy

B. Cardoen!, K. Vandevoorde?, G. Gao?, P. Alan?, W. Liu?, A. Vogl?, G. Hamarneh?, . R. Nabi?3; School of
Computing Science, Simon Fraser University, Burnaby, BC, CANADA, 2Life Sciences Institute, Department
of Cellular and Physiological Sciences, University Of British Columbia, Vancouver, BC, CANADA, 3School
of Biomedical Engineering, University Of British Columbia, Vancouver, BC, CANADA.

With the inter-organelle distance of mitochondria-ER contacts (MERCs) below the resolution of 3D
fluorescence and super-resolution microscopy, identification and morphological analysis of MERCs is
restricted. We illustrate how a novel Membrane Contact Site detection algorithm (MCS-DETECT) is able
to accurately reconstruct sub-precision MERCs from 3D STED super-resolution microscopy and describe
their morphological diversity. Our approach reconstructs the sub-precision MERC interface using a
windowed Spearman correlation of the 2nd intensity differential, making the approach robust against
inherent fluctuations in fluorescence markers across channels and datasets. To enable quantitative
analysis, we compute shape features of the produced contacts, as well as a confidence map to report on
reliability of contact detection. We validate MCS-DETECT by a parallel electron microscopy (EM) study of
elongated ribosome- studded MERCs (riboMERCs), present in HT-1080 but not COS-7 cells. MCS-DETECT
reconstructs large, tubular riboMERCs selectively in HT-1080 cells and identifies morphological
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differences between riboMERCs and large contacts induced by expression of an ER-mitochondria linker
in COS-7 cells. MCS-DETECT registers decreased large riboMERCs in Gp78 knockout HT-1080 cells, and
increased riboMERCs, that retain the elongated, tubular morphology, upon overexpression in COS-7 cells
of wild-type Gp78 but not a Ring finger mutant Gp78 lacking ubiquitin ligase activity. Gp78-dependent
riboMERCs present complex tubular shapes that intercalate between and contact multiple
mitochondria. MCS-DETECT applied to whole cell 3D super-resolution microscopy therefore shows that
Gp78 ubiquitin ligase activity regulates the formation of novel tubular shaped riboMERCs.

B34/P1033
MINFLUX facilitates the analysis of macromolecular complexes via light microscopy
C. A. Wurm, M. Velasco, K. Bahlmann; Abberior Instruments America, Jupiter, FL.

Cells assemble macromolecular complexes into scaffoldings that serve as substrates for catalytic
processes. Although dimension of these scaffolds varies, their investigation is often hampered by the
available resolution of the applied (light) microscopes and/or the molecular specificity of the available
labeling technology.

MINFLUX nanoscopy is capable of resolving structures as small as 1 - 2 nm [1]. For this, single
fluorophores are localized by reading out their fluorescence signal at pre-defined positions in its vicinity.
3D MINFLUX nanoscopy allows researchers to investigate the arrangement of molecules in biological
samples with a localization precision < 3 nm in all three dimensions. By combining MINFLUX nanoscopy
with conventional confocal microscopy, structures of interest can be identified using reference marker
proteins whereupon the protein of interest is analyzed at a molecular level. Colocalization studies can
take advantage of the resolution in the nanometer range using two-color MINFLUX imaging.

At the basis of a current research project, we will exemplify the possibilities of the current MINFLUX
nanoscopy and how MINFLUX can be applied to overcome the limitations of alternative technologies.
References [1] Schmidt et al. (2021) MINFLUX nanometer-scale 3D imaging and microsecond-range
tracking on a common fluorescence microscope. Nat Commun. 2021 Mar 5;12(1):1478

B35/P1034

Molecular architecture of clathrin plaques and pits defined by super-resolution network analysis
(SuperResNET)

I. Khater?, T. Wong?, C. Hallgrimsson?, S. Moparthi3, S. Vassilopoulos®, G. Hamarneh?, I. Nabi?; Simon
Fraser University, Vancouver, BC, CANADA, 2University of British Columbia, Vancouver, BC, CANADA,
3Sorbonne Universite, Paris, FRANCE, *Sorbonne Université, Paris, FRANCE.

SuperResNET is an integrated software that performs a set of processing operations to quantify and
visualize 3D point clouds generated by single-molecule localization microscopy (SMLM) data.
SuperResNET is equipped with computational modules to correct for multiple-blinking of single
fluorophores, filter-out noisy events, segment clusters of localizations, extract various cluster features,
and apply machine learning-based grouping to identify the biological clusters. SuperResNET was
previously applied to caveolin-1 labeled cells, identifying the structure of caveolae and three distinct
non-caveolar scaffolds. Here, application of SuperResNET to clathrin labeled Hela cells identifies three
groups: Class I: larger plaques; Class IlI: intermediate sized hollow pits and vesicles; and Class Ill: smaller
oligomers. Cos7 cells present reduced number of plagues and treatment with the clathrin endocytosis
inhibitor pitstop decreases plague number in Hela cells. Consistently, large clathrin plaques are not
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observed by platinum replica electron microscopy in pitstop-treated cells. A second grouping of Class Il
pits based on shape features distinguishes larger, spherical and more hollow structures from smaller,
elongated and more compact structures that accumulate upon pitstop treatment. Association of clathrin
pits with plaques together with loss of plaques upon pitstop inhibition of clathrin endocytosis supports
clathrin plaques as a reservoir for clathrin-dependent endocytosis. SuperResNET 2D and 3D visualization
tools help detail the structural transition of clathrin budding from flat lattices into curved pits
representing a powerful tool for analysis of the molecular architecture of subcellular, macromolecular
organelles and structures.

B36/P1035

High resolution imaging reveals microclustering and large-scale reorganization of Fcy receptors during
Rituximab-mediated phagocytosis of B lymphoma cells

S. Jo!, B. L. Scott?, N. P. D. Nurmalasari?, B. R. Fischer?, Y. M. Loyd?, R. B. Anderson, IlI%, A. D. Hoppel;
!Chemistry and Biochemistry, South Dakota State University, Brookings, SD, 2Nanoscience and
Biomedical Engineering, South Dakota Mines, Rapid City, SD.

Antibody dependent cellular phagocytosis (ADCP) is an important effector mechanism by which
professional phagocytes remove infected or immunologically aberrant cells during adaptive immune
responses or treatment with therapeutic antibodies. ADCP has largely been studied using small and rigid
particles such as silica beads that display immobile antigens. However, infected host and malignant cells
are large and most transmembrane protein antigens on their surface are mobile or transiently confined
by their actin cytoskeleton. Here, we studied ADCP of B lymphoma cells by macrophages using high
resolution imaging to visualize the clustering of Rituximab (anti-CD20) with respect to the macrophage
membrane and recruitment of Spleen Tyrosine Kinase (SYK). We found that Fcy receptors (FcyR) on the
macrophage surface initially form microclusters, recruit SYK, and undergo large-scale reorganizations at
the phagocytic synapse prior to and during engulfment of the target cell. Using CRISPR-Cas9, we created
SYK knockout macrophages that were unable to complete phagocytosis. Instead, Rituximab accumulated
in large patches at the base of forming phagosomes that were subsequently internalized by trogocytosis
and the phagocytic cup receded. This result is consistent with SYK kinase activity being necessary to
trigger redistribution of Rituximab-FcyR during engulfment thereby preventing antigenic modulation of
the target. To manipulate antigen mobility, we presented IgG on supported lipid bilayers (SLB) with
different lipid compositions to generate either fluid or immobile bilayers. SLB-coated beads with mobile
bilayers produced more total tyrosine- and SYK- phosphorylation during internalization than immobile
bilayers indicating that microcluster rearrangement enhances FcyR signal amplification. Finally, using
CRISPR knockouts and drug inhibition, we found that FcyR microcluster reorganization during frustrated
phagocytosis requires the WAVE2 complex and Arp2/3 in addition to SYK. Taken together, we conclude
that FcyR microclustering and antigen mobility promotes FcyR-SYK signaling and the reorganization of
these microclusters is important for minimizing antigen modulation and promoting successful ADCP.
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B37/P1036

De novo spatial proteomic profiling of immune synapses using a machine learning-guided microscope
Y. Liu, W. Chong, C. Huang, Y. Lin, Y. Chen, C. Cheung, H. Chang, C. Chung, C. Chang, J. Liao; Syncell Inc.,
Taipei, TAIWAN.

The spatial proteome of the immune synapse (IS) between a target cell and a lymphocyte provides
valuable insights for mechanistic studies in immuno-oncology and therapeutic applications.
Unfortunately, the low abundance of IS and the lack of an absolute IS marker for IS enrichment before
mass spectrometric (MS) analysis create barriers for an efficient IS proteomic profiling. Here, we made
use of Microscoop™, an integrated platform combining microscopic imaging, machine learning-based
algorithm and photochemical labeling, to achieve spatial specific enrichment of IS proteins. Raji B cells,
which served as the antigen-presenting cells (APCs), was incubated with Jurkat T cells to induce IS
formation. Multiple immunofluorescence images of CD3, a common IS marker, were first applied to
train an image progressing algorithm with convolution neural network-based deep learning. Microscoop
then automatically performed multiple rounds of fluorescence imaging, deep learning-driven pattern
generation, and photochemical labeling to biotin-tag sufficient number of immune-synapses.
Subsequent protein enrichment by streptavidin pull-down and MS analysis allowed identification of IS
specific proteins. Using Microscoop, we successfully labeled and isolated proteins from spatially
reorganized interfaces between T cells and APCs. Following proteomic analysis, several hundreds of
proteins were identified, including the proteins, such as the tyrosine protein kinase LCK, that are known
to be specifically associated with T-cell receptor (TCR) and involved in TCR signaling. More interestingly,
we identified several novel proteins at the ISs, including proteins that are implicated in
phosphatidylinositol signaling. Our data showcases the Microscoop technology as an efficient and
innovative approach to unravel spatial proteome of complex biological targets. We also revealed novel
factors that potentially regulate immune response at the APC-T cell interfaces, thus shedding light on
immune checkpoint signaling and tumor immunotherapy.

B38/P1037
Validating Al pipelines for single cell image data
A. Asmar, Z. Benson, M. Halter, A. Plant; NIST, Gaithersburg, MD.

Measurements of dynamic changes in single cells over time provides insight into the coordinated
fluctuations in gene expression within individual cells in a population. Time lapse imaging is the primary
method for obtaining single cell dynamics, and we have developed an imaging workflow to capture
large-scale, ultra-fast time-lapse imaging of cells. A total of more than 12 x 10° induced pluripotent stem
cells (iPSC) can be imaged approximately every 3 minutes in phase contrast over many hours using
continuous motion microscopy. Corresponding fluorescence images are acquired at 30min intervals, and
together these data provide a training set for UNet inferencing that allows segmentation and tracking of
unlabeled parent and daughter cells in iPSC colonies. Because our interest is to monitor and analyze
intracellular single cell dynamics over a large number of cells, and because we are interested in probing
these dynamics under different culture conditions as populations evolve in time, we are particularly
interested in verifying the accuracy of our algorithmic workflows. The large size of the datasets
precludes establishing ground truth with manual methods. We investigated the application of a reporter
cell line to automatically validate our lineage tracking workflow. Using a multi-color “Rainbow” reporter
line, where a mixed population of cells are differentially tagged using single or multiple constitutive
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fluorescent proteins, we can establish ground truth for lineage tracking. Each cell/lineage can be
assigned a unique RGB value and then compared with the output from the tracking of unlabeled cells.
This workflow provides large-scale data acquisition, algorithm development and implementation, and
system validation that allows us to segment and track millions of cells over short intervals and long
times. This approach allows us to accurately determine division times within the population, and to
qguantify intracellular fluorescent biomarker fluctuations over multiple generations.

B39/P1038

REPORTING OF MICROSCOPY METADATA - HOW TO IMPROVE QUALITY AND REPRODUCIBILITY IN
BIOIMAGING

M. Hammer?, A. Rigano?, J. Ryan?, D. Grunwald?, J. Lacoste?, R. Nitschke®, B. Schroth-Diez®, C. Brown3, C.
Strambio-De-CastilliaZ; :RNA Therapeutic Institute, University of Massachusetts Medical School,
Worcester, MA, 2Program in Molecular Medicine, University of Massachusetts Medical School,
Worcester, MA, 3Advanced Biolmaging Facility - Department of Physiology, McGill University, Montreal,
QC, CANADA, *MIA Cellavie, Montreal, QC, CANADA, °Life Imaging Center, University of Freiburg,
Freiburg, GERMANY, bLight Microscopy Facility, Max Planck Institute of Molecular Cell Biology and
Genetics, Dresden, GERMANY.

Biology increasingly relies on microscopy techniques that push the boundaries of spatial and temporal
resolution to dramatically improve fundamental understanding of life and advance therapeutic
solutions. Drivers of innovation such as new fluorescence techniques and detection systems have led to
the routine use of complex microscopy assays, optical components, mechanical parts, and imaging
conditions. As a result, microscopy has evolved from a simple instrument that provided qualitative
results to a quantitative measurement tool with a variety of possible measures such as distances, times,
or intensities.

Rigorous science requires that all relevant information (i.e., metadata) about an experiment be reported
using the FAIR (Findable, Accessible Interoperable, and Reusable) principles. However, it is often difficult
for microscope users to decide what information about their microscope is essential, and users often
feel overwhelmed by the amount of technical information required to meet FAIR imaging standards.
International bioimaging organizations such as Biolmaging North America (BINA), Canada Bioimaging,
the Royal Microscopy Society, German Bioimaging, Euro-Bioimaging, France Bioimaging, and Global
Biolmaging have recently joined forces with individual imaging scientists, microscope manufacturers,
and standards organizations to form QUAREP-LiMi (www.quarep.org), support biomedical researchers,
and provide a forum for building broad consensus on quality control, reporting, and reproducibility in
microscopy.

Here we present the recently released tiered system of microscopy metadata specifications originally
developed by the NIH-funded 4D Nucleome (4DN) Initiative and BINA to extend the Open Microscopy
Environment (OME) data model (i.e., the basis for the popular Bio-Formats image data exchange
format). Because this 4DN-BINA-OME (NBO) metadata model correlates experimental design complexity
with reporting depth on microscope hardware, acquisition settings, and calibration control, it has found
favor in the international imaging community and is currently being further developed to incorporate
instrument manufacturer input as part of QUAREP-LiMi.

To extend the impact of the NBO-QUAREP specifications, the talk will introduce the Micro-Meta App and
Methodsl)2 software tools developed to enable biomedical researchers to properly report microscopy
metadata and improve the quality and reproducibility of their imaging experiments regardless of their
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imaging experience. Micro-Meta app enables researchers to capture detailed metadata about
microscope hardware and acquisition settings. Methods)2 is a Fiji/ImageJ plugin that collects image
metadata from image files and the Micro-Meta App to generate methods text for publication.

B40/P1039

Aberration-corrected STED Microscopy with MATRIX Detection for Neuroscience Research

M. Velasco?, K. Bahlmann?, M. Meschkat?, J. Matthias?, C. Wurm?; *Abberior Instruments America,
Bethesda, MD, 2Abberior Instruments, Goettingen, Germany

Stimulated Emission Depletion (STED) microscopy is a well-established super-resolution imaging
technique that enables the visualization of nanoscale structures in biological specimens. Among the
super-resolution modalities, STED microscopy stands out due to its compatibility with challenging
specimens such as biological tissue, a prevalent specimen type in neuroscience despite its complexity. In
tissue samples, acquiring STED images with high signal-to-noise is challenging for two reasons. First,
improving resolution results in a reduction of the volume of the effective point-spread-function, which
leads to dimmer images. Since the STED effect is applied in the focal plane, the in-focus signal decreases,
while the background signal from the rest of the sample has the same strength as in conventional
confocal microscopy. This translates to a decrease in the signal-to-background ratio, especially in thick
tissue samples where the out-of-focus background contribution is high. Second, thick tissue samples
typically have non-constant refractive index maps that lead to optical aberrations that compromise the
quality of the STED doughnut. This is especially true for the three-dimensional (3D) STED doughnut, and
the outcome is a depletion profile that switches off fluorescence entirely rather than just confining it to
a sub-diffraction-limited sized spot. This effect worsens deeper in tissue as optical aberrations
accumulate, and it imposes a practical limit on the imaging depth of conventional STED microscopy in
tissue. We present two approaches that work in-tandem to improve STED imaging in tissue. The first
approach is MATRIX detection, which harnesses the power of an array-based detector to discriminate in-
focus signal from out-of-focus background without the losses experienced with pinhole detection.
MATRIX detection can thus significantly increase optical sectioning and signal-to-background ratios.
MATRIX detection can also be combined with adaptive optics, which (in our implementation) relies on a
deformable mirror to introduce phase distortions that negate those induced by the specimen. In this
way, optical aberrations can be corrected and super-resolution can be maintained even when imaging
deep in tissue. The unprecedented combination of MATRIX detection and adaptive optics is powerful
and allows for deep-tissue super-resolution imaging experiments where nanoscale structures can be
visualized with more native context. We will present the intuitive and user-friendly implementation of
MATRIX detection and adaptive optics on a state-of-the-art Abberior Facility Line STED microscope, and
we will demonstrate how aberration-corrected STED microscopy with MATRIX detection can be applied
in a range of neurobiological specimens.

B41/P1040

Characterization of C. elegans autofluorescence using spectral scanning and Fluorescence Lifetime
Imaging Microscopy (FLIM)

E. Cameron, H. Hulsey-Vincent, L. Dahlberg, D. Galati; Western Washington University, Bellingham, WA

C. elegans produce a disruptive amount of autofluorescence during imaging. The greatest signal comes
from granules in the gut, and a lesser amount from the cuticle. This autofluorescence has been
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characterized at low spatial resolution using spectral scanning and at high spatial resolution using band
pass filters. However, it has not been characterized at high resolution spectrally and spatially. We
performed high resolution spectral scans of the gut granules at 405 nm, 488 nm, 561 nm, and 647 nm
excitations. This revealed distinct spectral populations, with the most prominent at 405 and 488 nm.

In addition to measuring spectral differences, we used Phasor-Fluorescence Lifetime Imaging
Microscopy (FLIM) to characterize differences in photon emission lifetime. The cuticle and gut granules
were characterized at 440 nm and 488 nm excitations. The cuticle had a single photon decay population
at both 440 and 488 nm excitation, while the gut granules had three distinct photon decay populations
at both 440 nm and 488 nm excitation.

Cuticle autofluorescence hinders detection of fluorescent proteins at low levels. Using Phasor-FLIM, the
auto fluorescent cuticle and GFP tagged proteins exhibit distinct lifetime populations. We demonstrate
that by using Phasor-FLIM, the dim fluorescent signals which would typically be lost to noise caused by
autofluorescence of the cuticle or gut granules can be separated and quantified. Further studies
involving C. elegans may use Phasor-FLIM masking to distinguish between autofluorescence background
and true fluorescence of commonly used fluorescent proteins and dyes.

B42/P1041

Multi-scale Unet: Incorporating machine learning to improve automated cell segmentation in time-
lapse images to facilitate linage tracking of primary human hematopoietic progenitors

K. M. Tal, E. Thompson?, S. Boobalan?, E. McEwen?, C. Monterosso?, J. Duncan?, D. Krause?, V. Scanlon3;
yale University, New Haven, CT, 2University of Connecticut, Storrs, CT, 3UConn Health, Farmington, CT

Multi-parameter single cell imaging analyses permit novel and robust dissection of the temporal
molecular mechanisms governing stem and progenitor cell fate. Given our ability to acquire high
throughput image acquisitions, downstream analyses become the bottleneck of projects. An accurate
automated analysis is necessary for high throughput imaging. Previously established cell imaging
analysis algorithms heavily rely on manual curation of both cell segmentation and linking cell tracks on a
per cell basis, or require heavy feature engineering and parameter tuning to achieve reasonable results,
rendering these tools very time and labor intensive.(Magnusson et al., 2015; Qin et al., 2020; Zargari et
al., 2021) Our goal is to improve the automation of cell segmentation in brightfield (automatically
identify individual cells and their membrane boundaries) by taking advantage of the recent successes in
data driven deep learning tools. To achieve this goal, we compared several automated cell segmentation
algorithms (Baxter, Unet, DeepSea) as well as our novel Multiscale Unet algorithm on their ability to
identify individual cells over multiple time frames and then ran the resultant segmentation files through
the automated tracking component of the Baxter algorithm. We utilized our time-lapse image data set
and ground truth tracking of primary human Megakaryocytic-Erythroid Progenitor cells (CD34+Lin-
CD135-cD45RACD110+CD38midCD41-) (Scanlon et al., 2022) to assess the automated performance of
each algorithm. Specifically, we compared the resultant cell counts in a consistent field of view at given
time points, the positions of the centroids of the segmented cells, and compare lineage trees
representing the heritage of each progeny. The Multiscale Unet segmentation algorithm gave the closest
automated results compared to the ground truth dataset. These results deliver a major step forward in
automated image analyses of high throughput image sets, and facilitate accurate, robust, and timely
results regarding the temporal molecular mechanisms that lead to cellular behavioral phenotypic
changes, such as lineage commitment of progenitor cells. Results from these types of analyses could
lead to improved understanding of steady state hematopoiesis as well as pathogenic changes in
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progenitor cells leading to cytopenias or cancer and may illuminate novel druggable targets that instruct
progenitor cell fate.

B43/P1042

Green genetically encoded voltage indicators for rapid and prolonged two photon voltage recording in
vivo

M. A. Land?, E. N. Zaabout?, X. Lu?, S. Yang?, Z. Liu?, X. Dong?, A. J. McDonald?, Y. Gou?, V. Villette3, S. Lai?,
M. M. Pang?, S. Su*®, C. Cai®, E. Froudarakis®’, N. Zhou?, S. S. Patel?, C. L. Smith?®, P. Bizouard?, J. Bradley?,
T. R. Clandinin?, A. Giovannucci®®®, A. S. Tolias??, J. Reimer?, S. Dieudonné?, F. St-Pierre??; 'Baylor
College of Medicine, HOUSTON, TX, 2Rice University, HOUSTON, TX, 3PSL Research University, Paris,
France, “Stanford University, Stanford, CA, >Columbia University, New York, NY, ®University of North
Carolina at Chapel Hill, Chapel Hill, NC, “Foundation for Research and Technology Hellas, Heraklion,
Greece, 8North Carolina State University, Chapel Hill, NC, SUNC Neuroscience Center, Chapel Hill, NC

Monitoring neural activity on the millisecond time scale in genetically defined cells is a goal of
neuroscience, but remains challenging to perform in vivo. A limitation of current techniques is not being
able to quantitatively monitor neuronal electrical (voltage) dynamics with single-cell or subcellular
resolution from large and genetically defined populations of neurons. Genetically Encoded Voltage
Indicators (GEVIs) are a promising tool to bridge this gap. GEVIs are fluorescence-emitting protein
sensors that report membrane potential (voltage) dynamics as changes in brightness. However, current
GEVIs suffer from low sensitivity to voltage changes and are relatively dim, limiting our ability to image
smaller transients and voltage dynamics in deeper layers of the cortex. GEVIs also suffer from poor
photostability severely limiting their ability to be used for behaviorally relevant time scale. These issues
are further exaggerated when trying to image under two-photon microscopy, a method of choice for
deep-tissue imaging. Here, we report novel GEVIs optimized for long-term in vivo imaging under two-
photon illumination. Our sensor design is based on the published ASAP family of sensors in which a
voltage-sensitive domain is coupled to an extracellular circularly permuted GFP. Using high-throughput
multi-parametric screening under two-photon illumination we tested mutations at amino acid positions
that are structurally and evolutionary important in ASAP. Using a holistic metric we identified top
sensors with improvements in sensitivity, brightness and/or photostability for further combinatorial
screening. From these combination screens we identified a champion sensor called Jellyfish-derived
Electricity-reporting Designer Indicator for 2-Photon microscopy (JEDI-2P). JEDI-2P is brighter, has
improved photostability, greater sensitivity and faster kinetics than other leading sensors. JEDI-2P has
been shown to report light-evoked responses in axonal termini of Drosophila interneurons. Using both
resonant-scanning and ULoVE random-access microscopy, we show that JEDI-2P can also detect voltage
dynamics of individual cortical neurons in awake behaving mice for more than 30 min. Additionally, JEDI-
2P can be used to robustly detect spikes at depths exceeding 400 um in pairs of neurons. Further
screening has identified a new generation of sensors with improved response amplitude and kinetics
compared with JEDI-2P. These new sensors have been cloned into a variety of vectors and are available
for in vivo beta testing. We anticipate that development of our advanced GEVI toolbox will enable more
robust high-throughput and real-time neural recording.
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B44/P1043
Scalable 3D printed inserts for increased stability of hepatic intravital microscopy
M. Cornelius; National Institute of Health, Bethesda, MD

Confocal-based intravital microscopy (IVM) of the liver allows direct visualization of dynamic processes
to evaluate hepatic function and dysfunction. Specifically, qualitative, and quantitative parameters can
be extracted with high spatial and temporal precision. However, preserving tissue physiological
conditions while achieving stability on the microscope stage remains challenging. This is magnified in
murine models for non-alcoholic fatty liver disease (NAFLD), and Type |l diabetes (T2D) where increased
weight and hepatic lipid content negatively impact stability. We developed novel intravital microscopy
inserts to address these limitations, allowing improved tissue access and enhanced stabilization. The
production process of this prototype platform is based on 3D printing of the insert in a single-step
process, which includes scalable sizes to accommodate small to large-size mice. The feasibility of
production and the advantages of this customizable and versatile design are shown and discussed in this
paper. Our design represents a significant step forward in facilitating intravital imaging of metabolic
dynamics in physiology, NAFLD, and T2D, using IVM in living mice

Keywords. 3D printing, hepatic lobule, hepatocyte, intravital microscopy, mouse liver, glucose uptake

B45/P1044

Isotropic, One-step 12-fold modified Expansion Microscopy (mExM)

R. X. Norman?, J. Loi?, M. Saotome?, E. E. Recchial, Q. Rosemarie?, S. L. Lesko?, S. Patel?, N. Sherer?, B.
Sugden?, M. E. Burkard?, A. Suzuki?; *Medicine, University of Wisconsin-Madison, Madison, WI, 2McArdle
Laboratory for Cancer Research, University of Wisconsin-Madison, Madison, WI, 3School of Medicine
and Health Sciences, University of North Dakota, Grand Forks, ND, *Institute of Molecular Virology,
University of Wisconsin-Madison, Madison, WI.

Macromolecular complexes are integral to cellular functions and many of them are smaller than the
resolution limit of fluorescence microscopy. Super-resolution methods including STED, SIM, and STORM
improve the resolution limit but are insufficient to resolve many of these structures and require
specialized equipment, dyes, and mathematical processing. Expansion microscopy is an alternative
super-resolution method, where the sample is embedded in polymers, and it expands upon the addition
of water. The resolution of ExM can be improved by the expansion factor as it is independent of the
microscope optics. In this study, we used N,N-Dimethylacrylamide (DMAA), and Sodium acrylate as
monomers and polymerized the hydrogel without requiring any specialized equipment. We also
designed a reusable imaging chamber and mounting media to reduce the drift of the hydrogel and
photobleaching respectively during imaging. As isotropic expansion is critical to prevent sample
distortion and has not been addressed in previous studies, we determined the isotropy of both the
hydrogel and the embedded sample. We found that the hydrogel stably expanded ~12-folds isotropically
in three dimensions. To validate the 3D isotropic expansion of specimens, we measured nuclear sizes
and volumes in multiple cell lines including human organoids. We chose the interphase nuclei since it is
the largest organelle and has unique features such as nuclear membranes and a conserved 3D
architecture. We found that our optimized method achieves 12-fold isotropic expansion of nuclei in
various monolayer cells and organoids. Next, to validate the preservability of nuclear structures after
expansion, we determined the 3D chromatin conformation using the Pore-C method. We found that the
3D organization of chromatin is not disrupted upon expansion suggesting that our 12x meExM method
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preserves the chromatin at the microscopic and molecular levels. To examine the structural preservation
and resolution, we imaged microtubules (~25 nm width) and centrioles (~250 nm) using mExM and
confirmed that these structures are well preserved after 12-fold expansion. The thickness of
microtubules using mExM was ~29 nm compared to ~257 nm pre-mExM. In further validations, we
found that our method was able to preserve RNA transcripts at the HIV-1 genome integration site in a
cell. Additionally, our method could visualize single Epstein-Barr Virus (EBV) particles in a lytic host cell.
The EBV envelope diameter measurement was comparable between mExM and electron micrograph,
showing the strong potential of this method in studying nanometer-scale structures. Since this method
uses commonly available reagents and equipment, we think that it could also serve as an economical
super-resolution method for a wider scientific audience.

B46/P1045
Deformable Phase Plate: a New Technology for Plug-and-Play Adaptive Optics
S. M. Weber, P. Rajaeipour; Phaseform GmbH, Freiburg i.B., Germany

Adaptive optics (AO) comprises a set of powerful opto-electromechanical techniques that enable
dynamic correction of optical imaging errors. Despite their proven advantages for various microscopy
techniques in life sciences, especially for deep tissue imaging, the widespread use of AO is still hindered
by extreme complexity and integration costs. These disadvantages are mostly related to the main
elements of AO systems, typically deformable mirrors (DM), and the wavefront metrology methods. The
integration of such hardware into microscopes usually requires significant modifications or, in most
cases, the development of new setups taking into account the AO design constraints. The Deformable
Phase Plate (DPP) described in our poster presentation is a refractive counterpart of DMs, able to
compensate for high-order aberrations, enabling higher contrast, sharper images and tighter focal spots
for multiphoton microscopy. Its transmissive working principle combined with sensorless aberration
measurement techniques enables plug-and-play AO systems. Like a lens in a conventional cage, DPP can
be inserted into the beam path of microscopes to provide dynamic correction of system- and sample-
induced aberrations. In our contribution, we will demonstrate the use of DPP to compensate for sample-
induced aberrations in the illumination path of a two-photon microscope for focusing deep into
biological tissue. By dynamically measuring and correcting aberrations using DPP, we show that it is
possible to significantly improve the quality of the images obtained while simplifying sample
preparation. AO is progressing daily to become accessible to a wider range of users, and our DPP
technology, commercialized by the spin-off Phaseform from Freiburg in Germany, has the potential to
play a signifcant role in this development.

B47/P1046
Chemigenetic fluorescent biosensors for imaging and screening signaling protein activity
L. W. Miller; University of lllinois-Chicago, Chicago, IL

Genetically encoded, Forster resonance energy transfer (FRET) biosensors enable live-cell optical
imaging of signaling molecules. Small conformational changes often limit the dynamic range of
biosensors that combine fluorescent proteins (FPs) and sensing domains into a single polypeptide. To
address this, we developed FRET and lanthanide-based FRET (LRET) biosensors with two key features
that enhance sensitivity and dynamic range. For one, alpha helical linker domains separate FRET
partners and ensure a large conformational change and FRET increase when sensing domains located
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near each terminus interact. We have demonstrated that linkers increase dynamic range in a length-
dependent manner. Another key feature that enhances sensitivity is the incorporation of luminescent
Tb(Ill) complexes as FRET donors. The long excited-state lifetimes (~ms) of Th(lll) and Tb(lll)-sensitized
FP emission signals favor time-resolved luminescence (TRL) detection strategies that nearly eliminate
non-specific fluorescence background. TRL plate readers and microscopes use pulsed light to excite
specimens and detect long-lived signals after a brief delay (~us) that allows short-lived (~ns)
fluorescence to decay. LRET biosensors enable medium (96-well) and high (384-well) throughput TRL
assays of protein-protein interaction inhibition in cell lysates or intact cells. This presentation elaborates
the technology and presents data on cellular imaging and screening with sensors that measure Racl
GTPase and PP1 phosphatase activities.

B48/P1047
Exploring cellular context with plasma-focused ion beam scanning electron microscopy
G. Perumal, R. Vernon, R. Chalmers, A. Rigort, J. Mitchels; Thermo Fisher Scientific, Hillsboro, OR.

Focused ion beam and scanning electron microscopes (FIB/SEM)can be used to obtain three-
dimensional volumetric data from biologicalspecimens. The unique combination of an imaging and
precision manipulation toolallows sequentially removing material with the ion beam and imaging the
milledblock faces by scanning with the electron beam, an approach known as FIB/SEMtomography. This
technique can be applied to both resin-embedded samples andcellular specimens which have been
preserved by cryo-fixation. Forcryo-imaging, the FIB/SEM instrument needs to be equipped with a cryo-
system toenable imaging of samples that have been cryo-immobilized (vitrified) by eitherhigh-pressure
freezing (HPF) or plunge-freezing methods. Here we demonstrate how biological samples can be
imagedusing multi-ion plasma FIB (PFIB) technology. We exploit the fast materialremoval capabilities of
the plasma beam for the newly developed spin millmethod, which is suitable for processing and imaging
large sample areas onresin-embedded samples. We show results for spin milling on a mouse
organotypicslice, where we exposed a large area (horizontal field width 638um) of thesample surface
and subsequentially imaged three different areas of interestrevealing structural details. In addition, we
also demonstrate new results forcontextual imaging of cryo-samples, which we mill with different ion
beamsoriginating from the plasma source. The cryo-samples were milled using eithernitrogen or argon
ions and 3D data was acquired by collecting 20 nm slice datawith the secondary electron detector. By
volume imaging of frozen mouse braintissue, Chlamydomonas and CHO cells, fine structural details such
as synapses,subcellular compartments and organelles can be visualized without the need to treatthe
sample with fixatives or stains. The PFIB technique offers new possibilities for theexploration of
biological samples and enables both large volume milling ofcells and tissues and precise preparation of
samples for electroncryo-microscopy.

B49/P1048

FIB-SEM, a resolutive 3D large volume method to assess flagellar ultrastructural organization

E. Penard, S. Bonnefoy, M. Majrouh, N. Cayet, T. Blisnick, P. Bastin, A. Mallet; Institut Pasteur, Paris,
France

Transmission Electron Microscopy (TEM) is the imaging method of choice to visualize intracellular

structures but it is limited to the observation of 500 nm thick slice for electron tomography approaches.
Many organelles such as cilia and flagella have a larger size which measure about 20 um. To follow along
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the whole flagellum, we need another 3D high-resolution approach to observe structural details like
microtubules, involved in intracellular organization.The Focus lon Beam-Scanning Electron

Microscopy (FIB-SEM) is a 3D electron microscopy method allowing the obtention of a volume in x-y-z at
isotropic resolution of 10 nm. This microscope is composed of an ionic beam which precisely mill our
sample, and an electronic beam to observe the surface of our sample. Here, we study Trypanosoma
brucei, and more particularly its flagellum with the axonemal microtubules and extra-axonemal
structures. The T.brucei genome contains several TTLLs enzyme (Tubulin Tyrosine ligase like) involved in
the tail addition of glutamate residues to tubulin o or B. We focalized on TTLL9 enzyme, involved in
distinct glutamylation enzymatic activities and structural as well as functionality issues. Using next FIB-
SEM, this provided a high-resolution isotropic 3D view of structural axonemal and flagellar defects along
the whole flagellum of tt//9-/- knockout cells. Notably, it allows to visualize frequent disorganization of
the axoneme or distribution of excessive Paraflagellar Rod structure (PFR) as well as mis-orientation of
the central pair microtubules all along the flagellum. Our results clearly demonstrate and confirm the
importance of FIB-SEM to address the topology of structural defects previously detected by TEM and
prime importance to 3D image analysis. The FIB-SEM is a long technique requiring high expertise. In this
poster, data acquired from isolated cells demonstrate that FIB-SEM can be used to answer important
biological questions that can be addressed to various types of samples, microorganisms, infected cells or
tissues.

B50/P1049

Autonomous Cell Feature Selection by Machine Learning

V. Tiryakil, V. Ayres?, |. Ahmed3, D. Shreiber?; Siirt University, Siirt, Turkey, 2Michigan State University,
East Lansing, MI, 3CUNY Medgar Evers, New York, NY, “Rutgers, The State University of New Jersey,
Piscataway, NJ

Automated cell segmentation is key for rapid and accurate investigation of cell responses. As
instrumentation resolving power increases, clear delineation of newly revealed cellular features at the
submicron through nanoscale becomes important. Reliance on the manual investigation of myriad small
features retards investigation; however, use of deep learning methods has great potential to reveal
small cell features both at high accuracy and high speed, which may lead to new discoveries in the near
term. Adaptation of deep learning methods for cellular investigations has received intense interest in
the last decade because of the success of these methods in image classification, segmentation, and
other problems involving recognition. Until recently, while cell segmentation could be completed with
machine learning techniques, the performance was limited, and the selection of an optimum feature
extraction method could be time-consuming. The main problem is determining the feature extraction
method, which can vary depending on the classification problem. Deep learning methods can resolve
this uncertainty because they allow automatic feature learning. In this study, semantic cell segmentation
systems were investigated by implementing fully convolutional neural networks called U-nets for the
segmentation of astrocytes cultured on poly-L-lysine-functionalized planar glass. As its first focus, the
performances of major types of U-nets for automatic cell segmentation in AFM images were
investigated. This is the first investigative study that we are aware of that uses U-net models for cell
segmentation of AFM images. AFM height, deflection, and friction images were used as inputs
separately and together, and the segmentation performances were investigated on five-fold cross-
validation data. When transfer-learning methods were applied, statistically significant segmentation
performance improvements were observed. Segmentation optimization for AFM versus electron
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microscopy (EM) images was next investigated. The publicly-available dataset ISBI 2012 provided as an
EM segmentation challenge was used and alternative current and classical methods were investigated.
The best EM segmentation performance was obtained when Cellpose transfer learning [2] was applied
while U-VGG19 outperformed for AFM images. The higher performance of U-VGG19 on the AFM data
shows that transfer learning on the deep networks originally trained with big data can outperform
transfer learning on the deep networks that are originally trained with a more similar but smaller
datasets. [1] Tiryaki VM, et al. Cytometry: Part A, 2022, 101(6): 507-520. (DOI: 10.1002/cyto.a.24533)[2]
Stringer C, et al. Nat Methods, 2021, 18:100-106. (DOI: 10.1038/s41592-020-01018x)

B51/P1050

Label-free imaging of adipocyte differentiation process and lipid-droplet analysis using low-coherent
holotomography

H.-J. Kim; Tomocube, Inc., Daejeon, Korea, Republic of

Visualization and time-lapse tracking of adipocytes and their lipid droplets (LDs) in the process of
differentiation are challenging due to the long-term differentiation period. The traditional fat staining
method, such as oil red-O staining, had a disadvantage in that it was impossible to observe the state of
living. Using fluorescence dye (BODIPY or Nile Red), living cells can be observed but it is difficult to track
them for a long period due to the persistence problem of fluorescent dyes. Holotomography (HT) has
emerged as a useful tool for imaging live specimens without additional pre-treatment such as fixation.
Here, we applied a recently developed low-coherent holotomography imaging system (HT-X1) which
provides label-free 3D visualization of live cells. Since LDs in HT images have a high refractive index (Rl),
they can be clearly distinguished from cells. We performed differentiation of 3T3-L1 fibroblast into
adipocyte in the HT-X1 system and acquired a time-lapse movie of the differentiation process for 14
days. The high Rl sphere structure was verified LD by fluorescent staining. We also observed the
redifferentiation process from primary dedifferentiated adipocyte into mature adipocyte for 42 days.
Images were acquired every 3 days in the same region, and the continuously increasing LD contents
were quantitatively measured. The volume, projected area, and dry mass of LDs were increased
according to the adipocyte maturation. Through the results, we suggest that low-coherent
holotomography has an exclusive capability for phenotypic and quantitative studies of adipogenesis and
LD accumulation in various cell types.

B52/P1051
Quantitative phase imaging from brightfield: a new gold standard for cell confluence and counting
T. M. Joska, H. Fried, K. Chapman, A. Blanchard; Thrive Bioscience, Beverly, MA

Live cell imaging is a cornerstone in cell biology but manual evaluation of cell health by confluence,
doubling rates, and cell counts remain labor intensive and subject to human error. Automated imaging
approaches often only provide qualitative data, and frequently require toxic dyes that can confound
results and harm or kill the cells in question. Thrive Bioscience, Inc. provides automated live-cell
guantitative phase imaging from brightfield images (QPIB) across wells and plates within minutes
offering greater reproducibility than manual techniques. The Thrive CellAssist system is a tightly
integrated hardware and software solution for acquiring, analyzing, storing, and visualizing live cell
images. Expandable from a single bench-top unit to a global network of automated, environmentally
controlled imagers, it elevates imaging of live cells in culture from an occasional, manual process with
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sporadic documentation, to a reproducible, routine, automated process that provides unparalleled
insight into your cells' behavior. The Thrive CellEval software uses QPIB over every pixel to render
stitched 3D images that outline cells as a means to count and derive confluence measures, track cell
motility and growth rate, and much more. Confluence and cell counting measurements are validated
over time with precise segmentation and optical volume measures. Further uses are automating scratch
gap/migration assay by 1) automated identification of the scratch gap region, 2) the selection of regions
devoid of the plowing effect, and 3) tracking of growth into the gap region over time. At Thrive
Bioscience, we image differently. For more information on the CellAssist and CellEval software, visit our
booth to explore the power of z-stacks and learn how brightfield images deliver superior laboratory
workflows to improve experimental outcomes.

B53/P1052

Pipeline development for correlative cryofluorescence microscopy and electron tomography of
isolated plasma membranes.

W. Sun, D. Michalak, K. Sochacki, N. Mizuno, J. E. Hinshaw, J. Taraska; National Institutes of Health,
Bethesda, MD

The proteins associated with the plasma membrane of mammalian cells control motility, adhesion,
cargo import and export, and signaling. Visualizing their structures in the heterogenous molecular
environment of the cell is key to understanding their cellular functions in health and disease. Cryo-
electron tomography (cryoET) is a powerful tool for identifying and reconstructing in situ protein
structures at sub-nanometer resolution. Despite its strengths, the efficacy of cryoET is limited by sample
thickness (requires <200 nm) and has few tools for identifying proteins of interest. Thus, methods for
sample thinning and protein labeling are necessary for a broad implementation of the technique.
Specifically, the standard ion-milling techniques used for sample thinning are not well-suited for
observing proteins at the plasma membrane. Here, we optimize a cryo-correlative light microscopy and
electron tomography pipeline for the study of plasma membrane-associated organelles and protein
complexes. This pipeline employs a method called “unroofing” to isolate plasma membranes
immediately before freezing. By modifying the unroofing procedure we can produce ultra-thin samples
of both the basal and apical plasma membrane from different types of cells. Protein probes designed for
correlative microscopy are being developed and optimized to allow us to identify specific proteins of
interest in cryoET images. This pipeline is being benchmarked with sub-tomogram averaging of
previously solved structures. The goal of this work is to enable efficient high-resolution visual
proteomics of the plasma membrane of eukaryotic cells.

B54/P1053

Visualizing cytosolic and mitochondrial ATP changes upon metabolic inhibitions in vitro via a novel
multi-organelle ATP biosensor

D. White, Ill, Q. Yang; Louisiana State University Health Sciences Center - New Orleans, New Orleans, LA

Adenosine 5’ triphosphate (ATP) is the main fuel resource utilized by all living cells. 90% of ATP is
produced via mitochondrial oxidative phosphorylation (OXPHOS), with the remaining portions produced
by glycolysis in the cytosol. Our lab designed a genetically-encoded fluorescent ATP indicator, called
smacATPi (simultaneous mitochondrial and cytosolic ATP indicator), that allows for real-time
visualization of cytosolic and mitochondrial ATP in-vitro. smacATPi combines previously described
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individual cytosolic and mitochondrial ATP indicators, encoded for chimeric proteins of GFP- and
mApple-FoF1-ATP synthase € subunit (B. subtilis), with the latter containing a mitochondrial targeting
sequence. Bioenergetics measured using a Seahorse bioanalyzer showed no metabolic interferences in
cultured HEK293T cells transfected with smacATPi. To investigate the utility of smacATPi, mitochondrial
and cytosolic ATP signals were investigated post-treatment of metabolic effectors. 2-deoxyglucose (2-
DG) (25uM), a glycolysis inhibitor, triggered a 30% rapid decline in cytosolic ATP production and a 15%
decrease in mitochondrial ATP. Oligomycin (5uM), a complex V inhibitor, induced a 10% decrease in
mitochondrial ATP production and a 10% increase in cytosolic ATP. Within the inner mitochondrial
membrane (IMM), the ADP/ATP carrier (AAC) protein plays a vital role in the appropriate movement of
ADP and ATP between the cytosol and mitochondria. Although AAC has been extensively studied, its
effects on ATP production have not yet been evaluated - especially in the setting of hypoxia.
Atractyloside (ATR) is an AAC inhibitor, blocking ATP and ADP movement across the IMM. After ATR
(100uM) treatment, both mitochondrial and cytoplasmic ATP signals were respectively decreased by
15% and 10%, indicating that inhibition of AAC-mediated ADP import would reduce both cytosolic and
mitochondrial ATP content. In hypoxia, mitochondrial ATP was increased, and cytosolic ATP was
decreased. ATR (100uM) treatment 2 hours post-initiation of hypoxia triggered an increase in cytosolic
ATP compared to hypoxia alone, along with a downward trend of mitochondrial ATP. These results, for
the first time, demonstrate real-time cytosolic and mitochondrial ATP changes upon metabolic
inhibitions, suggesting complex and rapid ATP regulation between cytosolic and mitochondrial
compartments under normoxic and hypoxic conditions.

Actin and Actin Associated Proteins 1

B56/P1054
Unraveling the role of the Arp2/3 complex in the NHEJ pathway of DNA repair
J. Salat, D. Mullins; University of California, San Francisco, San Francisco, CA

Actin has been extensively studied in the cytoplasm for its structural functions such as cell morphology,
movement, and adhesion. On the other hand, research on the functions of actin in the nucleus has only
begun to emerge. Previous work in our lab has shown nuclear actin filaments form in response to DNA
damage in mammalian cells. The development of a nucleus-specific actin probe was crucial in visualizing
actin filaments in the nucleus and determining that actin assembly is required for the DNA damage
response. Actin regulators are involved in controlling when and where actin is assembled. The Actin
Related Protein 2/3 (Arp2/3) complex is an actin regulator that nucleates an actin filament off an
existing filament to form a branch. In the cytoplasm, the Arp2/3 complex nucleates actin branches that
generate force to move membranes and is important for many cellular processes such as cell movement
and phagocytosis. Recent research has found that the Arp2/3 complex is present in the nucleus where it
is required for efficient DNA repair in the homology-directed repair pathway. Due to the Arp2/3 complex
involvement in DNA repair, we tested whether it can bind to DNA and our fluorescence anisotropy data
show the Arp2/3 complex binds to single-strand DNA with a K4 of 98 nM and double-strand DNA with a
Kq of 382 nM. We also found that Arp2/3 nucleation activity is not disrupted by DNA binding and shown
that in CH12 cells, a mouse B-cell model, the Arp2/3 complex is required for efficient cell proliferation
and non-homologous end joining (NHEJ) during immunoglobulin class switch recombination.
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B57/P1055
Nuclear actin polymerization promotes DNA damage response
A. Varlet; Cornell University, Ithaca, NY

The DNA damage response (DDR) is a key process to maintain genetic stability and integrity. Recent
findings support that nuclear actin assists DDR by serving as a scaffold for protein complexes or as an
ATPase. However, it is not clear whether nuclear actin filaments (F-actin) are required for these
processes. To identify the role of nuclear F-actin in DDR, we generated mouse and human cell lines
stably expressing GFP tagged actin targeted to the nucleus using a nuclear localization sequence (GFP-
NLS-actin), using either wild-type (WT) actin or a non-polymerizable actin R62D mutant. Double strand
breaks were induced by treating cells with phleomycin for 3 hours and DDR was measured by staining
for yH2Ax. Expression of NLS-actin R62D resulted in significantly reduced levels of yH2Ax in response to
phleomycin treatment compared to NLS-actin WT and NLS-GFP controls. To exclude the possibility of a
delay in yH2Ax phosphorylation in response to inhibition of nuclear actin polymerization, we treated
cells with phleomycin for various durations up to 24 hours. Cells expressing mutant actin showed lower
levels of yH2Ax that persisted for 24 hours, in comparison to both NLS-actin WT and NLS-GFP. Lastly, to
assess whether nuclear F-actin regulates yH2Ax phosphorylation in response to various types of DNA
lesions, we induced either replication stress with camptothecin and hydroxyurea, or single strand DNA
breaks with 4-nitroqulinoline N-oxide. Expression of NLS-actin R62D caused a significant reduction of
YH2AX in response to either drug treatments compared to NLS-actin WT control cells. Altogether, these
results suggest that impairing nuclear actin polymerization inhibits yH2Ax phosphorylation in response
to various types of DNA damage. Nonetheless, the molecular mechanism by which nuclear F-actin
modulates DNA damage or DDR remains to be clarified. Insights into how nuclear F-actin regulates DDR
will broaden our understanding of fundamental aspects of nuclear actin in cell and molecular biology
and reveal new potential therapeutic avenues for the treatment of multiples defective DDR-associated
diseases such as cancer.

B58/P1056

Shifts in Nucleocytoplasmic Compartmentalization of the Actin-Binding Protein CapG Analyzed With
FRAP

M. Fernandez, M. Sinha, M. Renz; Stanford, Palo Alto, CA

The Gelsolin-related actin-binding protein CapG is the only member of its family that distributes
diffusively in the entire cell, i.e., cytoplasm and cell nucleus. The function of CapG in the cell nucleus is
unknown. In previous work, we showed a difference in CapG’s nucleocytoplasmic shuttling in cancer and
normal cells. Here, we set out to further characterize determinants of CapG’s nucleocytoplasmic
compartmentalization.

We are measuring changes in CapG-GFP nuclear import kinetics in one and the same cell by using
Fluorescence Recovery after Photobleaching (FRAP) repeatedly in the same cell. Metabolic depletion
using Na-azide and 2-de-oxyglucose decreases the CapG nuclear import indicating an energy-dependent
nuclear transport process. The decrease, however, is not irreversible and can be rescued by washing the
cells and replacing complete media. The addition of epidermal growth factor (EGF) increases nuclear
CapG import in 40% of the measured cells. It is a fast, non-genomic effect, taking effect after only 8 min,
further increasing after 30 min, and plateauing at about 50 min. At the same time, the addition of EGF
does not shift the steady-state distribution of CapG as shown by a constant nucleocytoplasmic
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fluorescence intensity ratio before and after the addition of EGF. In cells that have been serum-starved
for 20-hrs and arrested in GO, the addition of EGF triggers an increase in CapG nucleocytoplasmic
shuttling in up to 80% of the analyzed cells. Based on our preliminary data, mutating the potential
phosphorylation site S337 does not abrogate the EGF-triggered increase in CapG transport. We continue
to examine critical phosphorylation sites using repeated FRAP measurements in one and the same cell.
We established repeat FRAP experiments in one and the same cell that does not result in apparent cell
toxicity but can resolve increase and decrease in CapG nucleocytoplasmic shuttling with EGF and
metabolic depletion, respectively. We will continue to use this assay to further describe determinants of
CapG intracellular compartmentalization.

B59/P1057

Cdc42ep3-bound septin filaments promote actin filament assembly.

M. Tomasso, S. Padrick, P. Mehetre, E. Brinckman, R. Ravi, J. Byrnett; Drexel University College of
Medicine, Philadelphia, PA

Septins are filament-forming proteins that are involved in numerous cellular processes. Septins
colocalize with actin, microtubule and membrane structures. The Cdc42 effector protein Cdc42EP3 (also
known as BORG2) regulates septin localization to cellular actin structures, but it is unknown how
Cdc42EP3 controls septin-actin association. Using biochemical analysis with purified components, we
show that Cdc42EP3 binds to both septins and actin in a Cdc42-regulated fashion. Importantly, septin-
bound Cdc42EP3 accelerates actin filament polymerization. Septin filaments composed of SEPT2, SEPT6
and SEPT7 directly interact with actin filaments, although this occurs less efficiently in pre-formed
filaments. Thus, Cdc42EP3 is not needed to recruit actin filaments to septin filaments at equilibrium.
Instead, Cdc42EP3 recruits actin monomers to septin filaments, promoting localized actin filament
formation and septin-actin structure assembly.

B60/P1058
Coordinated septin-actomyosin assembly in the stable bleb cortex
A. M. Paguntalan, P. W. Oakes, J. R. Beach, A. Caillier; Loyola University Chicago, Chicago, IL

The cell cortex is an active contractile network that provides the basis for many essential cellular
processes, including morphogenesis, migration, communication, and mechanosensing. Cortical networks
are comprised of two key cytoskeletal components: filamentous actin (F-actin) and nhon-muscle myosin
[IA (NMIIA), while additional actin-binding proteins regulate filament turnover, stabilization, bundling,
and crosslinking. Mechanical properties, especially contractility, of the cortex depend on both the
organization of F-actin and NMIIA-dependent force production. Cortical mechanics are known to
modulate cell-matrix adhesion, membrane dynamics, ion channel activity, and more. Thus,
understanding the dynamic assembly of cortical networks is of fundamental importance. Septin-family
GTP-binding proteins have been proposed as molecular scaffolds for cytoskeletal organization, such as
the septin collar that mediates assembly of the contractile actomyosin ring during cytokinesis. At sites of
mechanical strain, septins can assemble into higher order structures and bind actin filaments via NMIIA
and other actin-binding proteins to reinforce structural stability. Yet, the precise mechanisms by which
the mammalian septin cytoskeleton contributes to cortical architecture and stability remain unclear.
Because examination of cortical networks is often obscured by high network density and internal
cytoskeletal structures, a simplified model of the cortex, amenable to molecular imaging with high
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spatiotemporal resolution, is required. Using a specialized micropillar confinement system, we
mechanically compress mammalian fibroblasts and induce a transition from mesenchymal to stable
bleb-based migration, characterized by the down regulation of stress fibers and focal adhesions and the
formation of a single elongated leader bleb. By expressing fluorescently tagged cytoskeletal constructs
(e.g. actin, NMIIA, septins, or Rho GTPases), we track the localization and coincidence kinetics of these
proteins in our stable bleb system via high resolution live-cell microscopy. We confirm that, as
previously described, NMIIA-driven contractility at the proximal base of the bleb generates a cortical
density gradient via retrograde advection, which enables stable bleb-based migration. Due to the
diversity of cortical architecture and lack of internal structures, this confinement-based inducible-bleb
system provides a minimalist, yet relevant, model of the contractile cortex. Further studies will
reciprocally investigate the necessity and sufficiency of septins and actomyosin during the assembly and
remodeling of these contractile cortical networks, thereby providing insights into biophysical properties
of cortices found in every cell in the body.

B61/P1059
Septin-actin crosstalk at the bud neck inS. cerevisiae
J. Magliozzi, S. D'Amaddio, B. Goode; Brandeis University, Waltham, MA

Septins and actin make up two separate cytoskeletal polymer systems in eukaryotic cells. However,
mounting evidence from diverse species indicates that septins play important roles in regulating actin
cytoskeleton spatial organization and dynamics. The goal of our work is to define the mechanistic basis
for septin-actin crosstalk, using budding yeast as a model. In S. cerevisiae, septins polymerize into a
higher order networks found at the bud neck, and recruit and scaffold > 50 other proteins to control
polarized cell growth and cytokinesis. Using super-resolution microscopy, we recently discovered that
yeast septins are organized into 8-10 evenly-spaced vertical bars, or ‘pillars’, which align with actin
cables to facilitate transport of secretory vesicles to the bud tip (Garabedian et al., 2020). In addition, we
showed that septin pillars are decorated by the formin Bnrl and the F-BAR protein Hofl, which directly
inhibits Bnrl, directly binds to F-actin, and links septins and F-actin in vitro. Here, we begin to investigate
how three other septin-associated proteins located at the bud neck potentially influence actin cable
organization and function: IQGAP (lggl), type-ll myosin (Myo1), and the F-BAR protein Syp1 (homolog of
FCHO1/2). Importantly, most of what is known about the functions of these three proteins is restricted
to cytokinesis, whereas here we are investigating their potential roles much earlier in the cell cycle,
during bud development. Using auxin inducible degron (AID) tags, we show that acutely depleting cells
of either Iggl or Myo1 leads to severe defects in actin cable organization and secretory vesicle
transport. Further, we show that Syp1, similar to Hof1, directly binds to and bundles F-actin, and
physically links septins and actin in vitro. However, in contrast to Hofl, Syp1 enhances (rather than
inhibits) Bnrl-mediated actin nucleation. Overall, these results demonstrate that yeast septin pillars
recruit multiple proteins that directly bind F-actin and/or formins, each making genetically unique
contributions to controlling actin cable organization and dynamics.
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B62/P1060

Mathematical modeling and biochemical analysis support partially ordered CaM-MLCK binding
M. J. S. MacEwen?, D. Rusnac?, H. Ermias?, J. P. Dexter?, Y. Sancak?; *Pharmacology, University of
Washington, Seattle, WA, 2Data Science Initiative and Department of Human Evolutionary Biology,
Harvard University, Cambridge, MA.

Smooth muscle contraction depends on the activation of myosin light-chain kinase (MLCK) by calcium
ions (Ca?*) and calmodulin (CaM). Despite extensive biochemical analysis of this system, aspects of the
mechanism of activation remain controversial, and competing theoretical models have been proposed
for the binding of Ca?* and CaM to MLCK. Though many of these models make assumptions about
binding parameters, there is little literature that tests the models biochemically. Nevertheless, the
proposed Ca?*-CaM-MLCK binding models are analytically solvable for an equilibrium steady state and
give rise to distinct predictions that hold regardless of the numerical values assigned to parameters.
These predictions form the basis of a recently proposed, multi-part experimental strategy for model
discrimination. Our team implemented this strategy by measuring Ca?*-CaM-MLCK binding using an in
vitro, plate reader-based FRET system. This system quantifies the binding of either wild-type or mutant
CaM with defective EF-hand domains to a FRET reporter that uses a fragment of MLCK protein as a proxy
for the full protein. We also performed Octet analysis (Bio-Layer Interferometry) as a second method to
detect binding between FR and CaM and to corroborate the principal findings of our plate reader-based
FRET assays. We observed binding between MLCK and either wild-type CaM or CaM with an N-terminus
EF-hand mutation; we observed zero binding between MLCK and CaM with a C-terminus EF-hand
mutation. Interpretation of our binding data in light of the mathematical models suggests a partially
ordered mechanism for the binding of CaM to MLCK. In the literature of systems biology, it is rare for
competing mathematical models to be assessed using biochemical experimentation, much less for such
experimentation to decisively favor one model above the others. We believe that our unconventional
and powerful strategy brings a valuable fresh perspective to the field. Our work may also prove useful in
a translational or pharmaceutical context, as MLCK and its activation by CaM have been linked to the
pathogenesis of human disease.

B63/P1061
ROCK activation contributes to Arp2/3 complex-deficient macrophage phenotypes
R. Manickam, J. Rotty; Uniformed Services University, Bethesda, MD.

In recent years there has been significant interest in understanding the interplay between different
populations of actin filaments, and the factors that organize them. One prominent example is the
mutually antagonistic relationship between non-muscle myosin Il and Arp2/3 complex. One aspect of
this relationship is likely due to the well-established antagonism between Rho (which activates myosin
I1) and Rac (which activates Arp2/3 complex). However, there is likely still more mechanism to uncover
regarding the interplay between these important cytoskeletal regulators. Previous findings revealed that
genetic deletion of the Arp2/3 complex (Arpc2-/-) in macrophages generates phenotypes consistent
with hyperactive myosin Il. Arpc2-/- macrophages are significantly smaller than wildtype (WT), protrude
in part via blebbistatin-sensitive surface blebs, and use myosin Il to migrate faster than their WT
counterparts. New data suggests that ROCK activation drives these Arpc2-/- phenotypes. ROCK-
dependent phosphorylation of cofilin and myosin light chain are enhanced in KO macrophages.
Furthermore, inhibition of ROCK or myosin Il causes Arpc2-/- macrophages to spread and become less
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elongated, thereby returning to a size and shape similar to WT cells. These data together suggest that
significant elements of the Arpc2-/- macrophage phenotype may actually be due to ROCK/myosin I
hyperactivation. Phenotypes consistent with enhanced cortical contractility led to the hypothesis that
Piezo mechanosensitive ion channels may be activated in the Arpc2-/- macrophages. Several groups
have demonstrated that Piezo activation induces ROCK activity. Treatment of WT macrophages with the
Piezo agonist Yodal was sufficient to rapidly disrupt lamellipodia and contract cells, replicating features
of the Arpc2-/- phenotype. This suggests that enhanced Piezo-ROCK positive feedback overwhelms the
Arp2/3 complex’s antagonism toward ROCK. Future experiments will be focused on determining
whether acute Arp2/3 complex regulation influences Piezo activity and myosin II's ability to access the
actin cortex. These experiments have the potential to reveal a mechanism whereby a precise Arp2/3 and
ROCK balance dynamically alters cell morphology and behavior.

B64/P1062

An unconventional myosin-based mechanism of vesicle transport in Toxoplasma gondii

J. A. Kellermeier, T. E. Sladewski, Jr, A. T. Heaslip; Molecular and Cell Biology, University of Connecticut,
Storrs, CT.

In many eukaryotes, vesicle transport is driven by molecular motor proteins that bind and transport
cargo along F-actin or microtubule tracks. In the apicomplexan parasite Toxoplasma gondii (T. gondii), F-
actin (Actl) and Myosin F (MyoF) transport numerous vesicular cargos, including secretory vesicles.
However, it is unclear how MyoF and Act1 facilitate vesicle transport because their cellular organization
and biochemical properties are poorly understood. To gain mechanistic insight into how Act1 and MyoF
function to transport cargo, we recombinantly purified tag-free Actl from SF9 cells, and used a real-time
microscopy-based actin growth assay to show that Actl can form long (>60 um) F-actin filaments in vitro
with a 10-fold higher critical concentration than mammalian actin. We then characterized the motile
properties of MyoF on its native track. Using single-molecule imaging approaches, we find that MyoF is
not processive as a single motor. However, teams of MyoF can move continuously towards the plus-end
of F-actin, where they become retained. Surprisingly, the tail domain of MyoF also binds directly to F-
actin bundles, raising the intriguing possibility that MyoF does not associate directly with vesicular cargo
but instead functions as an actin organizer in the cell. To explore this hypothesis, the localization of
MyoF-EmGFP was assessed using live cell microscopy. This revealed no vesicle enrichment; instead,
MyoF had a dynamic filamentous organization throughout the cytosol. To determine if MyoF plays a role
in actin organization, actin was visualized in live parasites using an Actin Chromobody (ActinCB) tagged
with EmGFP upon MyoF knockdown. In control parasites, we observed highly dynamic actin filaments or
bundles that underwent continual rearrangement. In contrast, MyoF knockdown resulted in the
formation of large actin bundles adjacent to the Golgi which had drastically reduced dynamics.
Collectively, these results demonstrate that MyoF influences vesicle transport by controlling the
dynamics and organization of the actin cytoskeleton in T. gondii.
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B65/P1063

Using MVID-Causing Mutations to Investigate MYO5B Motor Function

D. M. Bowman’?, M. J. Tyska'?, J. R. Goldenring'?3; 'Department of Cell and Developmental Biology,
Vanderbilt University School of Medicine, Nashville, TN, 2Epithelial Biology Center, Vanderbilt University
Medical Center, Nashville, TN, 3Section of Surgical Sciences, Vanderbilt University Medical Center,
Nashville, TN.

Myosin Vb (MYO5B) is a non-conventional myosin motor that has been implicated in plasma-membrane
recycling and apicobasal polarity, primarily in the intestinal epithelium and liver. Mutations in MYO5B
lead to the autosomal recessive disorder microvillus inclusion disease (MVID) that causes life-
threatening diarrhea in neonates due to the mis-trafficking of apical transporters and proteins. MVID-
causing MYO5B mutations are truncations or frameshifts that can lead to loss of MYO5B and point
mutations in specific domains of the myosin motor. It is unknown how individual point mutations impact
the function of the MYO5B motor. Understanding how different MVID-causing mutations in MYO5B
disrupt the function of the motor functionality is critical to learning how MYOG5B operates within the
apical recycling and delivery pathways. | hypothesized that point mutations in the MYO5B motor head
lead to defects in motor functionality by impacting the ability to bind actin, translocate, or hydrolyze
ATP. To address my hypothesis, | used a live-cell assay to examine the functionality of the MYO5B motor
and mutants independently of the cargo domain. | created a truncated MYO5B (amino acids 1-1015)
motor construct with a C-terminal triple citrine tag and constructs containing select patient MYO5B
motor mutations. The MYO5B motor domain constructs were co-expressed with mCherry-espin in the
protrusion forming cell line, LLC-PK-CL4. The localization of the MYO5B-motor at the tips of microvilli
indicated a functional motor, while a lack of MYO5B-motor at the tips of microvilli indicated a
dysfunctional motor. A tip to cytoplasm ratio was used to quantify this change in distribution. In
accordance with previous literature, the wild-type MYO5B motor localized to the tips of microvilli with a
ratio of 4.087, while the P660L mutation localized to the bases of microvilli and had a tip ratio of 0.1000,
providing more evidence that this mutation is a rigor mutation. Patient mutations |408F and R824C did
not accumulate at the tips of microvilli with a tip ratio of 0.1380 and 0.4963, respectively. Surprisingly
some MVID-causing MYO5B mutations did not fully impair MYO5B motor function. G519R had a tip ratio
of 1.870, and D492G had a tip ratio of 1.660. Further investigation needs to be done to determine the
effect these mutations have on the overall protein function. Studying the subtle differences in the
phenotype of patient mutations could lead to a better understanding of the disease pathology and
MYOS5B function.

B66/P1064

Bending forces and nucleotide state jointly regulate F-actin structure

M. J. Reynolds, C. Hachicho, A. G. Carl, R. Gong, G. M. Alushin; Laboratory of Structural Biophysics and
Mechanobiology, The Rockefeller University, New York, NY.

ATP hydrolysis-coupled actin polymerization is a fundamental mechanism of cellular force generation. In
turn, force and actin filament (F-actin) nucleotide state regulate actin dynamics by tuning F-actin’s
engagement of actin binding proteins (ABPs) through unknown mechanisms. Here, we show that actin
nucleotide state modulates F-actin structural transitions evoked by bending forces. Cryo-electron
microscopy structures of ADP- and ADP-P;-F-actin with sufficient resolution to visualize bound solvent
reveal inter-subunit interfaces bridged by water molecules that could mediate lattice flexibility. Despite
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extensive ordered solvent differences in the nucleotide cleft, these structures feature nearly identical
lattices and essentially indistinguishable protein backbone conformations unlikely to be discriminable by
ABPs. We next introduce a machine-learning enabled pipeline for reconstructing bent filaments,
allowing us to visualize both continuous structural variability and side-chain level detail. Bent F-actin
structures reveal major rearrangements at inter-subunit interfaces characterized by striking alterations
of helical twist and deformations of individual protomers, transitions which are distinct in ADP- and
ADP-P;-F-actin. This suggests phosphate rigidifies actin subunits to alter F-actin’s bending structural
landscape. We therefore propose actin nucleotide state can serve as a co-regulator of F-actin
mechanical regulation, as bending forces evoke nucleotide-state dependent conformational transitions
that are likely detectable by ABPs.

B67/P1065

Phactr4 Coordinates with Arp2/3 Complex to Drive Membrane Protrusion in Multiple Macrophage
Contexts

R. Manickam, J. D. Rotty; Biochemistry, USUHS, Bethesda, MD.

There are several human diseases, termed “actinopathies” which result from genetic variants of actin
cytoskeleton proteins, leading to clinical immunodeficiencies. Of these, several actinopathies are linked,
directly or indirectly, to dysregulated Arp2/3 complex function. While the function of Arp2/3 in the
structural actin cytoskeleton has been well characterized, the potential mechanisms underlying
heightened inflammatory phenotypes and immune dysfunction related to Arp2/3 deficiency remain less
well understood. Unpublished data from our lab uncovered a novel potential Arp2/3 interacting protein
called Phactr4, a relatively understudied protein which binds protein phosphatase 1 (PP1) as well as
monomeric actin. Previous findings have shown that genetic deletion of the Arp2/3 complex (Arpc2-/-)
in macrophages leads to phenotypic changes including increased serine/threonine phosphorylation of
several proteins, including: phospho-cofilin, phospho-myosin light chain, p-ERK, p-P38, p-P65 and
others. This points to a link between phosphoregulation and the Arp2/3 complex. We hypothesize that
Phactr4 provides specificity to PP1 in certain dynamic contexts by coordinating with the Arp2/3
complex. Subpopulations of Phactr4 co-localize with Arp2/3 at the leading edge, and this population
increases after induced cell spreading. Interestingly, Arpc2-/- macrophages display differential
phagocytic ability, where the CR3 pathway is much less capable at internalizing iC3b-opsonized beads,
while the defect in internalization of IgG-opsonized beads is less severe. Our preliminary work suggests
that Phactr4 is preferentially localized to CR3-driven phagocytic cups, and is largely absent from FcR-
driven phagocytic cups. These data together suggest that Phactr4 and Arp2/3 may be coordinating to
drive membrane protrusion during certain dynamic cellular events, such as cell spreading, directed
migration, and complement mediated phagocytosis. Future experiments will focus on characterizing
Phactr4 deficient macrophages and whether Arp2/3 complex activity recruits Phactr4 to the leading
edge. Understanding the Arp2/3-dependent interactions involved with the less well characterized
Phactr4-PP1 complex will help us better understand the mechanisms underlying migration and
phagocytosis in an immunological context.
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B68/P1066
Determining the role of Plastin-3 in osteoblast mineralization and mechanosensation
S. M. Chin, S. Jansen; Washington University in St. Louis, Saint Louis, MO.

Plastin-3 (PLS3) is a calcium-sensitive actin-bundling protein that has recently been linked to the
development of childhood-onset osteoporosis. The physiological role of PLS3 in bone health is unclear
and, by extension, it also remains an open question how disruption of PLS3 affects cellular functions and
ultimately contributes to early-onset osteoporosis. Here, we investigated the role of PLS3 in focal
adhesions, which are large molecular complexes that link the actin cytoskeleton to the ECM and
contribute to cellular processes such as mechanosensation and cell adhesion. Our results demonstrate
that endogenous PLS3 shows a distinct localization in nascent vs. mature focal adhesions. In nascent
focal adhesions, PLS3 shows a diffuse localization, however, in mature focal adhesions, PLS3 closely
colocalizes with the actin stress fiber in the tail end of the focal adhesion. Interestingly, characterization
of PLS3 pathogenic mutations defective in calcium-sensitivity and/or bundling activity reveals altered
localizations within focal adhesions, suggesting that both calcium-regulation and bundling contribute to
the function of PLS3 in focal adhesions. To gain more insight into the role of PLS3 in focal adhesions, we
tested how control and PLS3 knockdown osteoblast cells sense/respond to changes in substrate stiffness
using polyacrylamide hydrogels coated in Matrigel. While control cells plated on substrates of different
stiffnesses exhibit increases in cell size in response to increasing substrate stiffness, PLS3 knockdown
cells exhibit similar sizes regardless of substrate stiffness. Characterization of the actin cytoskeleton in
control cells demonstrates changes to the actin cytoskeleton on stiffer substrates consistent with
increased cell tension, including formation of actin stress fibers and larger focal adhesions, while PLS3
knockdown cells display similar cytoskeletal morphologies regardless of substrate stiffness. Taken
together, these findings suggest that PLS3 knockdown osteoblasts are impaired in either sensing
changes to the stiffness of their environment or transducing those cues to the actin cytoskeleton, which
may contribute to the development of osteoporosis in patients carrying mutations in the PLS3 gene.

B69/P1067

An interphase actin wave promotes mitochondrial content mixing to maintain cellular homeostasis
S. M. Coscial, A. S. Moore?, E. L. F. Holzbaur?; tUniversity of Pennsylvania, Philadelphia, PA, 2Howard
Hughes Medical Institute, Ashburn, VA.

Cellular health is dependent on mitochondrial homeostasis and the proper regulation of mitochondrial
dynamics. We discovered a mechanism regulating mitochondrial dynamics via a cycling wave of actin
polymerization/depolymerization. In metaphase the force of actin polymerization propels mitochondria
in a comet-tail mechanism, resulting in equivalent partitioning of mother cell mitochondria between
daughters. Actin cycling persists in interphase, however during this cell cycle stage F-actin assembly
leads to mitochondrial fission, as we observed fragmentation dependent on the essential fission
mediator DRP1. We hypothesized that cycling produces force which is resisted by tethering of
mitochondria to microtubules, leading to mitochondrial tubulation and thus fission. In support, upon
chemical microtubule depolymerization, actin wave-associated mitochondria ceased to fragment and
instead displayed enhanced motility as revealed by tracking and displacement index analysis. Next, we
focused on the machinery driving cycling, which is blocked by inhibitors of the kinase CDK1. We probed
for the involvement of putative CDK1-regulated F-actin nucleators, including the formin FMINL1.
Depletion of FMNL1 blocked actin cycling and expression of a non-phosphorylatable mutant at the CDK1
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site had a dominant negative effect. We next probed the interphase function of this wave. We noted a
loss of mitochondrial membrane potential, as measured by TMRE uptake, in cells depleted of FMINL1.
Moreover, Seahorse analysis indicated that FMNL1-depleted cells consumed oxygen at a slower rate,
leading to lower ATP levels. While these data indicate that interphase cycling is required to maintain
mitochondrial health, we found that the actin wave continues to propagate following CCCP-induced
mitochondrial depolarization, indicative that altered mitochondrial health does not feed-back to inhibit
cycling. Finally, we asked if the interphase wave promotes mitochondrial content mixing, required to
maintain mitochondrial function. In support, inhibition of cycling blunted the spread of mitochondrially-
targeted photoactivatable GFP and mitochondrial tracking revealed that mitochondria fragmented by
the wave often re-fused with distinct neighbors. Thus, we propose that interphase actin cycling
maintains mitochondrial health by enhancing content mixing to promote inter-organelle
complementation.

B70/P1068

Delphilin FH2 Linker Subdomain Prolines affect Profilin-Actin Polymerization

B. Christian, M. Quinlan; Chemistry and Biochemistry, University of California, Los Angeles, Los Angeles,
CA.

Formins make up a large family of actin-binding protein that nucleate actin filaments and promote
filament elongation. The formin, Delphilin, is uniquely expressed in Purkinje cells, a highly branched
neuron important for learning. Its interaction with Glutamate Receptor Delta 2 (GIuR&2) at the post-
synaptic density has been documented, but otherwise Delphilin’s biological role remains unknown. We
previously biochemically characterized Delphilin as an actin nucleator which preferentially polymerizes
non-muscle actin over muscle actin isoforms. Close examination of Delphilin’s actin-binding FH2 domain
shows that the Linker subdomain has a high proline-content compared to other formin family Linker
subdomains: 5 prolines of 19 total amino acids in human Delphilin. Most Linkers are on average 20
residues long and thought to be disordered. The proline residues in the Delphilin-Linker are proximally
placed such that there is a high probability of a polyproline Il helix in this Linker, making it more rigid
than most Linkers. | am investigating the contribution of this Linker subdomain to Delphilin’s actin
nucleating activity. | purified a construct of the C-terminal half of human Delphilin (hDelFF), including
the FH1 and FH2 domains (Delphilin has no tail). | also created a version in which the prolines in the
Linker are mutated to glycines (hDelFF-LM). With these, | performed bulk elongation assays with pyrene-
actin. Both the hDelFF and hDelFF-LM constructs completely inhibit actin filament elongation at
saturating concentrations, with a Kq of about 10 nM. Interestingly, | observe a difference when profilin is
added. With profilin, hDelFF-mediated elongation is not fully inhibited at saturation. In contrast, the
hDelFF-LM slows elongation more effectively than the wild-type hDelFF construct. Thus, the Linker
subdomain is important for actin polymerization when using profilin-actin. We are working to determine
the mechanism and whether the observed property is specific to Delphilin or present among formins.
We are also looking into how the FH1 or profilin-actin may change a formin’s FH2 gating properties.
Gating is thought to be a characteristic solely attributed to the FH2 domain, but literature suggests that
the addition of profilin may alter the gating limit in several formins. | am investigating this phenomenon
in Delphilin and other highly characterized formins.
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B71/P1069

B-actin protein is essential for retinal physiology

P. Vedula!, M. E. Fina?, B. A. Bell3, S. S. Nikonov?, A. S. Kashina?, D. W. Dong?; 'Biomedical Sciences,
University of Pennsylvania, Philadelphia, PA, 2Department of Neuroscience, Perelman School of
Medicine, University of Pennsylvania, Philadelphia, PA, 3F.M. Kirby Center for Molecular Ophthalmology,
Scheie Eye Institute, Perelman School of Medicine, University of Pennsylvania, Philadelphia, PA.

Actins are abundant and ubiquitously expressed proteins that are essential components of the
cytoskeleton in both muscle and non-muscle cells. Higher vertebrates express two non-muscle actins - -
and y- cytoplasmic actins. These two proteins differ by only 4 conservative substitutions in their N-
terminus, that have been completely preserved over 320 million years of evolution. The functional
differences between these nearly identical, and highly conserved proteins have been a mystery. Here,
we addressed the role of these N-terminal substitutions using a gene-edited mouse model expressing y-
actin both natively and from the nearly intact B-actin gene. These mice completely lack B-actin protein
but retain the nucleotide-level elements of both cytoplasmic actin genes. Thus, any phenotypes in these
mice are caused by the replacement of B-actin-specific N-terminal amino acids with those of y-actin,
making this model uniquely suited to address the biological role of these amino acid differences in vivo.
Strikingly, while these mice undergo normal embryogenesis, the absence of B-actin leads to
physiological defects in the retina, including reduced light sensitivity in photoreceptors and progressive
retinal degeneration, accompanied by disorganization of actin structures in the retina layers.
Importantly, the phototransduction G-protein is mislocalized in the photoreceptors. Furthermore, these
mice show prominent defects in the microvilli, actin-rich cytoplasmic protrusions, of the retinal pigment
epithelium and the Miiller glial cells . Our results demonstrate a crucial function for the highly conserved
amino acid differences between - and y-actin in the proper structural organization and physiology of
the mammalian retina.

B72/P1070

Vinculin organizes actomyosin and maintains epithelial cell-cell junctions at tricellular tight and
adherens junctions

J. N. Iseler, L. van den Goor, A. L. Miller; Department of Molecular, Cellular, and Developmental Biology,
University of Michigan, Ann Arbor, MI.

Epithelial cells form barriers that coat and protect organs and organisms from their environments.
Epithelial tissue function requires both adherens junctions to adhere cells together and tight junctions to
create a selectively permeable barrier between neighboring cells. Junctional integrity must be
maintained when epithelia are challenged by mechanical stress, such as food passing through the
intestines or the bladder expanding. Vinculin, a mechanosensitive protein, strengthens adherens
junctions in response to mechanical stress through strengthening connections to an actomyosin (F-actin
and Myosin 1) array. We hypothesize that Vinculin reinforces tricellular tight and adherens junctions in
response to increased tension by maintaining proper actomyosin organization. To test this idea, we
challenged the junctions of the gastrula stage Xenopus laevis epithelium using two different techniques:
addition of extracellular ATP and a tissue stretcher. First, we aimed to characterize how Vinculin and F-
actin are reorganized at adherens junctions after either tension-increasing treatment by quantifying
changes in fluorescence intensity of mNeon-Vinculin and LifeAct-RFP (an F-actin probe). After ATP
treatment, we found that Vinculin intensity is enriched at tricellular junctions and reorganizes from
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distinct “spots” into elongated “spokes” along the junction. Our preliminary data shows similar trends
for Vinculin localization after using the tissue stretch device. In both stretched and ATP-treated tissues,
medial apical and junctional F-actin intensity is increased under high tension. Next, we aimed to
investigate whether Vinculin supports tricellular junction integrity. To test this, we performed
immunofluorescence imaging of the tricellular tight junction protein Angulin-1 and actomyosin after
Vinculin knockdown. Preliminary experiments show that Vinculin knockdown decreases Angulin-1
intensity at tricellular junctions and disrupts actomyosin organization at cell vertices, suggesting that
Vinculin plays a role in maintaining tricellular tight junctions. Taken together, these data suggest that
mechanosensitive recruitment of Vinculin to tricellular adherens junctions under increased tension is
essential for maintaining junctional integrity and proper actomyosin organization.

B73/P1071

Fast actin disassembly and mechanosensitivity of the actin crosslinking protein fimbrin during
clathrin-mediated endocytosis

S. Mousavi®?, X. Li*?, M. Lacy®?, J. Berro'**; 'Department of Molecular Biophysics and Biochemistry,
Yale University, New Haven, CT, 2Nanobiology Institute, Yale University, West Haven, CT, 3Yale School of
Medicine, New Haven, CT, *“Department of Cell Biology, Yale University School of Medicine, New Haven,
CT.

The actin cytoskeleton is central to force production in numerous cellular processes in eukaryotic cells.
During clathrin-mediated endocytosis (CME), actin dynamic is required when membrane tension or
turgor pressure is large. Previous experimental work from our lab showed that several endocytic
proteins, including actin and actin interacting proteins, turn over several times during the formation of a
vesicle during CME in yeast. Their dwell-time distributions, which indicate how long individual molecules
stay at endocytic structures, have a peak of around 1 s, and the distribution for the filament crosslinking
protein fimbrin contains a second peak of around 0.5 s. To better understand the nature of these dwell-
time distributions, we developed a stochastic model for the dynamics of actin and its binding partners.
Our model demonstrates that very fast actin filament disassembly is necessary to reproduce
experimental dwell-time distributions. Our model also predicts that actin-binding proteins rapidly
decorate growing filaments and filaments are fully decorated. Last, our model predicts that fimbrin
detachment from actin endocytic structures is mechanosensitive to explain the extra peak observed in
the dwell-time distribution for the actin crosslinker fimbrin.

B74/P1072

Adaptive Role for Actin Cross-linkers in Force Generation at Sites of Clathrin-mediated Endocytosis in
Yeast

J. Hill, D. Drubin; University of California, Berkeley, Berkeley, CA.

In budding yeast, clathrin-mediated endocytosis (CME) requires the synergistic activities of actin
polymerization and actin-binding proteins such as crosslinkers to generate the forces required for
invagination of the plasma membrane against high turgor pressure. Despite their essential role in actin
force generation, few studies have addressed actin crosslinker function and mechanism in live cells.
Endocytic internalization is impeded when the main yeast actin filament crosslinker, the fimbrin-related
protein Sac6, is absent, or when membrane tension is raised by elevating turgor pressure. Here we
combine live cell imaging studies of Sac6 and mathematical modeling to gain new insights into the role
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of actin crosslinkers in actin force generation. By quantitatively measuring the maximum number of Sac6
molecules at sites of CME in cells with elevated turgor pressure, we show that sites with more
crosslinkers are more effective at internalization under high load. Additionally, we used an
experimentally constrained, agent-based mathematical model to recapitulate the result that endocytic
networks with more double-bound crosslinkers internalize the plasma membrane against increased
turgor pressure more effectively. In simulations, endocytic networks with more double-bound
crosslinkers have less actin on average than in networks with fewer double-bound crosslinkers,
consistent with more filaments experiencing a stall force as they grow against the membrane. These
networks also have a higher fraction of growing plus ends oriented towards the plasma membrane
where addition of new actin monomers contributes to force generation and internalization of the
vesicle. Our results provide a richer understanding of the crucial role played by actin filament
crosslinkers during actin network force generation, highlighting the contribution of these proteins to the
adaptive response of the actin cytoskeleton to increased load in the context of clathrin-mediated
endocytosis.

Higher-Order Actin-Based Structures

B75/P1073

Cdc42-Dependent Perinuclear Stress Fibers are a Functionally Distinct Network With Septins,
Myo18Aalpha and MRCK

M. Utgaard, S. Chandrasekar, P. Oakes, J. Beach; Cell and Molecular Physiology, Loyola University,
Chicago, IL.

Stress fibers are actomyosin bundles that form throughout many cell types. Numerous types of stress
fibers have been reported with distinct compositions, assembly mechanisms, and functions. Ventral
stress fibers are located on the ventral cortex and are anchored to the substrate on both ends by focal
adhesions. A distinct sub-population of ventral stress fibers are the perinuclear stress fibers (PSF).
Relative to other stress fibers throughout the cell, these PSFs have been less explored and their function
remains ambiguous. Consistent with published studies, in addition to actin and myosin 2, we find that
the perinuclear network contains the Cdc42 effector kinase MRCKa, the motor-dead myosin 18Aa, and
septins, a fourth component of the cytoskeleton involved in numerous cellular processes. Interestingly,
our super-resolution imaging reveals that while septins often align with the actomyosin stress fibers,
they also appear to form distinct, adjacent structures. In contrast, septins are near perfectly coincident
with myosin 18Aa and MRCKa, which were previously known to complex with one another. Considering
Cdc42 is a known upstream modulator of both MRCK and septins, we explored Cdc42 contributions to
PSFs. We observe that wild-type EGFP-tagged Cdc42 localizes to PSFs, but this localization is dramatically
enhanced in a constitutively-active Cdc42 mutant. Constitutively-active Cdc42 expression also enhanced
septin recruitment to PSFs, and inhibition of Cdc42 with a small molecule (ZCL278) caused septins to
dissociate from PSFs and relocalize to the peripheral cortex. Fluorescent recovery after photobleaching
(FRAP) of fibroblasts expressing EGFP-sept2 demonstrated that septin on PSFs has a slower turnover
than septin that is localized at the cortex, consistent with these being two distinct septin structures.
Finally, we find that PSFs that are decorated with septins/MRCKa/myosin18Aa do not exert significant
traction stresses relative to other stress fibers in the cell. Our testable working model is that this
septin/MRCKa/myosin18Aa network is inhibiting actomyosin force generation to support nuclear
mechanics.
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B76/P1074

Tunable autoinhibition of plastins/fimbrins defines their unique role in the actin cytoskeleton
organization

C. Schwebach?, E. Kudryashova?, R. Agrawal?, W. Zheng?, E. Egelman3, D. Kudryashov?; 'Ohio State
University, Columbus, OH, 2Cornell University, Ithaca, NY, 3University of Virginia, Charlottesville, VA.

Plastins (a.k.a. fimbrins) are conserved actin-bundling proteins contributing to the organization of
lamellipodia, microvilli, and the contractile ring. Accordingly, plastins participate in various cellular
events such as motility, endocytosis, and cytokinesis by organizing actin in both aligned bundles (parallel
or antiparallel) and branched networks. We hypothesized that this unique versatility of plastins stems
from a tunable inhibitory association between their actin-binding domains (ABD1/2). We demonstrate
here that while ABD2 in isolation can bind actin with a low nanomolar Kd, it is potently inhibited by an
equally strong interaction with ABD1, resulting in a rather weak bundling. Uncoupling the ABDs via
phosphorylation of a Serine residue at their interface (or a mutation mimicking thereof) strongly
potentiates actin cross-linking and dramatically affects the actin cytoskeleton in transfected cells. We
suggest that the strong and tunable allosteric inhibition between the domains allows plastins to
modulate the cross-linking strength, contributing to the remodeling of actin assemblies of different
morphologies and defining the unique place of plastins in actin organization.

B77/P1075

Human Epithelial Cell Polarity is Dependent on ARHGAP18, an ERM Specific RhoA GAP, to Regulate
Microvilli and Apical Actomyosin Networks.

A.T. Lombardo, C. A. R. Mitchell, R. Zaman, D. J. McDermitt, A. Bretscher; Molecular Biology and
Genetics, Cornell University, Ithaca, NY.

Vertebrate tissue assembly relies on the mechanical and biochemical polarity of cells, with each cell
having regions of distinct morphologies and protein concentrations. Creation of polarized cellular
regions is defined in part by the broad gradients of small GTP-binding proteins which regulate
actomyosin cytoskeletal networks. These networks link to the plasma membrane to establish the cell
structures that define each differentiated cell. Here, we show ARHGAP18 binds to, and is activated by,
the actin-membrane-linker ezrin, to regulate RhoA specifically at the apical membrane of epithelial cells.
We utilize human cells totally lacking the expression of all three ERMs (Ezrin Radixin Moesin) their
activating kinases LOK and SLK or ARHGAP18 to define a RhoA negative feedback loop regulating
polarity determination through actomyosin organization. Using spinning disc confocal imaging, scanning
electron microscopy and Super-Resolution Stochastic Optical Reconstruction Microscopy (STORM) we
track individual microvilli and visualize changes in single actin filaments to define a local regulation of
RhoA on a microdomain scale. Additionally, we utilize fluorescent biosensors to visualize the localized
activation of RhoA and downstream reorganization non-muscle myosin-Il from within the terminal web
to aberrant activation inside microvilli when ARHGAP18 is lost. Collectively this work seeks to address a
decades old question of how the ERM family of proteins negatively regulate the RhoA signaling pathway
in humans. Our findings offer insight into how cells simultaneously regulate both whole cell scale
polarity signals and the maintenance of specific cytoskeletal structures.
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B78/P1076

An adhesion-based mechanism stabilizes apical microvilli at the margins of transporting epithelial cells
C.S. Cencer?, J. B. Silverman?, S. Mao?, L. M. Meenderink?, E. S. Krystofiak?, B. A. Millist, M. J. Tyska’;
vanderbilt University, Nashville, TN, 2Vanderbilt University Medical Center, Nashville, TN.

Transporting epithelia of the kidney and small intestine utilize actin-supported cell surface protrusions,
known as microvilli, to expand surface area available for solute transport. Microvilli found on the surface
of these epithelia constitute a well-organized “brush border” made up of thousands of protrusions
connected via a tip-localized intermicrovillar adhesion complex (IMAC) composed of cadherins CDHR2
and CDHR5. Previous work in our laboratory showed that microvilli of early, differentiating cells are
unstable and exhibit a cycle of growth and collapse, while mature cells contain robust and stable
clusters of microvilli. Whether the IMAC contributes to nascent microvilli accumulation and stabilization
during cell differentiation remains unclear. Here we show that, at time points early in differentiation,
epithelial cells present two general populations of microvilli: (1) a marginal population at the edges of
cells, characterized by high protrusion density, and (2) a medial population characterized by much lower
protrusion density. Strikingly, marginal microvilli extend across cell-cell junctions to physically contact
microvilli on neighboring cells, using transjunctional CDHR2 and CDHR5 adhesion complexes.
Additionally, Fluorescence recovery after photobleaching and microvilli tracking experiments revealed
that transjunctional adhesion complexes between marginal microvilli are more stable than those
bridging medial clusters of microvilli. Tracking analysis on live kidney proximal tubule CL4 cells showed
that marginal microvilli are not motile, suggesting that transjunctional adhesion serves as an anchoring
point for nascent microvilli. Given the stabilizing nature of transjunctional adhesion complexes, we
predicted that cell-cell junctions may be influenced by apical CDHR2/CDHRS5 transjunctional contacts.
Indeed, in a CDHR2 KO mouse model and in CDHR2 KO CL4 cells, endogenous signal of tight junction
protein ZO-1 is abnormal. As a result, KO cells exhibit increased dynamics within a monolayer, leading to
stretched and disorganized cell phenotype. Overall, these findings suggest a new, adhesion-based
mechanism for the stabilization of microvilli and support of cell-cell junctions, changing our
understanding of how transporting epithelial cells utilize cell-cell contacts to create optimal tissue
structure.

B79/P1077

Defining mechanisms of microvilli biogenesis using direct visualization

I. Gaetal, L. Meenderink?, M. Postema?, C. Cencer?, M. Tyska?; Vanderbilt University, Nashville, TN,
2\Veterans Affairs Tennessee Valley Health Care System, Nashville, TN.

Microvilli are actin-bundle-supported surface protrusions that play essential roles in diverse epithelial
functions, from nutrient absorption to mechanosensation. Despite the importance of microvilli for
proper epithelial cell function, the mechanism by which cells build microvilli and the proteins involved in
this process are not well understood. Classic electron micrographs indicate the presence of an electron
dense protein complex at the distal tips of microvilli, which has been long hypothesized to coordinate
protrusion growth due to its proximity to the fast-growing ends of actin filaments. Indeed, time-lapse
data revealed that specific factors, including epidermal growth factor pathway substrate 8 (EPS8) and
insulin-receptor tyrosine kinase substrate (IRTKS) (also known as BAIAP2L1), appear in diffraction-limited
puncta at the cell surface and mark future sites of microvillus growth. New core actin bundles elongate
from these puncta in parallel with the arrival of ezrin and subsequent plasma membrane encapsulation.
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In addition to de novo growth, we also observed that new microvilli emerge from pre-existing
protrusions. Moreover, we found that nascent microvilli can also undergo collapse, resulting in
disassembly of the core actin bundle itself. To further develop our understanding of microvilli
biogenesis, we used a biotin proximity labeling approach to probe for new molecules involved in
microvillus growth, using EPS8 as bait. Mass spectrometry of biotinylated hits identified a previously
uncharacterized proximal protein, KIAA1671. In silico domain analysis indicates this protein is a large
(~200 kDa), primarily disordered protein that contains few recognized domains. We find that KIAA1671
localizes to the base of the brush border in native intestinal tissue and polarized epithelial cell culture
models, and to actin positive structures in non-polarized cell types. Furthermore, we find that KIAA1671
co-accumulates with EPS8 at sites of microvillus growth, suggesting that KIAA1671 is involved in the
growth of microvilli. Thus, using biotin proximity labeling in conjunction with live cell imaging, we have
identified a novel factor that targets to the apical surface of epithelial cells and may be involved in
microvilli morphogenesis. These studies are the first to offer a temporally resolved microvillus growth
mechanism and highlight factors that participate in this process; they also provide important insights on
the growth of apical specializations that will likely apply to diverse epithelial contexts.

B80/P1078

A novel population of short actin filaments at stereocilia tips contribute to a tip-down widening
mechanism

X. Liaol, B. Perrin?, C. Tung?, J. F. Krey?, P. G. Barr-Gillespie®; lIndiana University - Purdue University
Indianapolis, Indianapolis, IN, 2Oregon Hearing Research Center, Oregon Health and Science University,
Portland, OR, 3Oregon Health and Science University, Portland, OR.

Stereocilia are actin-based protrusions on auditory sensory cells that convert mechanical energy into ion
influx upon deflection by sound waves. Stereocilia size is crucial for this mechanotransduction function.
The length and width of a stereocilium is dictated by its core of bundled, parallel actin filaments (F-
actin). The core filaments are oriented with their fast-growing barbed ends towards stereocilia tips and
their slower-growing pointed ends oriented towards bases. F-actin in the stereocilia core is highly stable,
but actin at stereocilia tips turns over more rapidly. Here, we provide evidence that the dynamic actin at
tips includes short actin filaments (tip filaments) that are separate from the core filaments and suggest
that these tip filaments contribute to stereocilia growth. We identified tip filaments by probing
permeabilized postnatal mouse cochlear tissue with purified, exogenous His-tropomodulinl (His-
TMOD1). Tropomodulins are well-characterized proteins that bind pointed ends of actin filaments, but
not barbed ends. His-TMOD1 labeled the tips of stereocilia in all rows before postnatal day 6 (P6), with
labeling declining until P9. Since actin in the stereocilia core have only their barbed ends at stereocilia
tips, we propose that the pointed ends detected by the His-TMOD1 probe are short actin filaments that
are not part of the core. Tip filament levels are highest when stereocilia are widening, suggesting they
may contribute to this aspect of stereocilia growth. Correspondingly, transient overexpression of EGFP-
actin changed the distribution of pointed ends so they were more evident in the stereocilia shaft, which
is consistent with actin filaments adding to the core in a tip-down fashion. In addition, live-cell imaging
revealed that overexpressed EGFP-actin initially localized to stereocilia tips, but then extended down the
stereocilia shaft over time. Super-resolution imaging of fixed samples showed that the newly expressed
EGFP-actin signal surrounded the stable, preexisting F-actin core. Together, these data suggest a tip-
down widening mechanism where tip filaments may initiate actin polymerization and create new
parallel F-actin at the periphery of the stereocilia core.
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B81/P1079
Comparative analysis of bacterial actin-based motility mechanisms
M. Bacher, D. Serwas, M. D. Welch; MCB, University of California, Berkeley, Berkeley, CA.

Bacteria in the genus Rickettsia are arthropod-associated obligate intracellular organisms that have
evolved to utilize host cell components for their survival. After invading host cells and gaining access to
the cytoplasm, many Rickettsia species polymerize host actin filaments on their surface and undergo
actin-based motility. Rickettsia express two different bacterial proteins that drive motility. RickA is well
conserved between species and promotes actin polymerization by activating the host Arp2/3 complex.
Sca2 is more divergent between species, suggesting species-specific differences in its biochemical
mechanisms of action. For the disease-causing spotted fever group species R. parkeri, actin-based
motility occurs in temporally distinct phases, with “early” (<1h post infection) motility driven by RickA,
and “late” (>8h post infection) motility driven by Sca2. The ancestral and non-pathogenic species R. bellii
expresses orthologs of RickA and Sca2, but it remains unclear how these two factors contribute to the
mechanism and timing of actin-based motility in this species. To examine the biochemical activities of R.
bellii RickA and Sca2, we purified glutathione S-transferase (GST) fusion proteins. We found that GST-
RickA and GST-Sca2 conjugated to fluorescent beads promote actin polymerization in X. laevis egg
extract, suggesting a direct role in bacterial-induced actin assembly. We next examined the timing of R.
bellii actin-based motility in infected A549 human lung epithelial cells. R. bellii only initiated actin-based
motility at times >4h post infection, while R. parkeri initiated motility within 1h post infection.
Moreover, actin tails formed by R. bellii were thinner in width and more curved in shape. To further
compare the ultrastructure of Rickettsia actin tails, we have initiated cryo-electron tomography studies.
Our initial observation of actin tails formed by R. parkeri revealed that individual actin filaments
emanate from the bacterial pole and are organized into parallel unbranched arrays. Together, these
data suggest that RickA and Sca2 orthologs from diverse Rickettsia species function to polymerize actin,
yet there are species-specific differences that result in variations in the timing and mechanism of actin-
based motility. Further comparative analyses will shed light on the evolution of motility mechanisms and
their role in pathogenicity.

B82/P1080

Arp2/3 complex-nucleated, light-dependent filopodia in amoeboid algae perform bidirectional
cyclosis

P. Avasthi, C. D. MacQuarrie; Arcadia Science, Berkeley, CA.

Chlorarachniophytes are a unique class of marine algae. Many species in this group perform amoeboid
motility and can form long extensions reaching up to 1 mm in length and 2 um in diameter. These
extensions appear to serve multiple functions including predation, motility, and possibly photosynthesis.
Through live-cell DIC imaging, we observed rapid, bidirectional cytoplasmic transport occurring in these
extensions, reminiscent of cytoplasmic streaming in fungi and plant cells. Here we explore the
contributions of the actin cytoskeleton to this unique structure. Amorphochlora amoebiformis and
Bigelowiella longifila cells were treated with cytoskeletal drugs or fluorescent dyes and observed using
confocal microscopy. We observed multiple components being trafficked through these extensions
including mitochondria, chloroplasts, DNA, and tubulin. Furthermore, the formation of these extensions
appears to be actin dependent. Treatment with actin polymerization inhibitors Latrunculin B or
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Cytochalasin D resulted in stubby extensions, while treatment with CK-666, which inhibits the branched-
actin nucleating Arp2/3 complex, prevented the formation of these extensions entirely. Surprisingly,
these extensions are light-dependent, suggesting a novel link between chloroplast activity and actin
nucleation in algae.

B83/P1081

Liquid-like assembly of VASP catalyzes actin polymerization and bundling

K. Graham!, A. Chandrasekaran?, L. Wang?, A. Ladak?, E. Lafer?, P. Rangamani?, J. Stachowiak?; 'The
University of Texas At Austin, Austin, TX, 2University of California San Diego, La Jolla, CA, 3University of
Texas Health Science Center at San Antonio, San Antonio, TX.

The actin cytoskeleton underlies many critical cellular processes including morphogenesis, trafficking,
and motility. The organization of actin filaments into higher order networks or bundles is often required
to sustain the forces involved in many of the mechanical functions of the cytoskeleton. Actin filament
bundling is regulated by a family of actin-binding proteins. Recent work has revealed that several
proteins comprising this cytoskeletal network have been found to undergo liquid-liquid phase
separation. How might liquid-like phases contribute to filament organization and bundling? Here, we
show that the processive actin polymerase and bundling protein, VASP, forms liquid-like droplets under
physiological conditions. These VASP droplets catalyze actin polymerization and bundling through a
mechanism that depends on the relative material properties of the filaments and the droplets.
Specifically, as actin polymerizes within VASP droplets, elongating filaments partition to the perimeter of
the droplet to minimize filament curvature, forming an actin-rich ring within the droplet. The rigidity of
this ring is balanced by the droplet’s surface tension, as predicted by a continuum-scale computational
model. However, as actin polymerizes and the ring grows thicker, its rigidity increases and eventually
overcomes the surface tension of the droplet, deforming into a linear bundle. The resulting bundles
contain long, parallel actin filaments that grow from their tips, reminiscent of filopodia. Once the
parallel arrangement of filaments is created within a VASP droplet, it propagates through the addition of
new actin monomers to achieve a length that is many times greater than the initial droplet. Significantly,
the fluid nature of the droplets is critical for bundling, as more solid droplets resist deformation by
preventing the rearrangement of filaments that is necessary to form bundles. These results reveal a
novel mechanism of filament bundling that may be relevant to the assembly of cellular architectures
such as filopodia, stress fibers, and focal adhesions.

B84/P1082

Physical and kinetic determinants of shape changes in liquid droplets of processive actin polymerase,
VASP containing actin filaments

A. Chandrasekaran?, K. Graham?, L. Wang?, A. Ladak?, E. Lafer?, J. Stachowiak?, P. Rangamani?;
!Mechanical and Aerospace Engineering, University of California, San Diego, San Diego, CA, Department
of Biomedical Engineering, University of Texas at Austin, Austin, TX, 3Department of Biochemistry and
Structural Biology, University of Texas Health Science Center at San Antonio, San Atonio, TX.

Actin, one of the most abundant cytoskeleton proteins in cells, aided by accessory proteins, forms
elaborate networks of a wide array of shapes tailored specifically for cellular functions such as cell
growth, adhesion, and locomotion. Growing evidence suggests that phase separation of essential
proteins, including the actin-binding proteins, promotes spatial and dynamic control of cell chemical
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responses. However, the role of phase separation in mechanochemical responses of actin networks is
poorly understood. Here, we use computational modeling to study liquid droplets of the processive actin
polymerase Vasodilator stimulated phosphoprotein (VASP). Actin selectively partitions inside the VASP
droplets to form actin filaments resulting in an actin shell confined in VASP droplets. Using a continuum
modeling, we show that as actin accumulates, VASP droplets deform from circular to elliptical droplets.
Additionally, we predict that the droplet deformation happens above a critical actin ring thickness.
These modeling predictions are consistent with experimental observations. The shape changes of the
droplets are driven by the competition between the actin bending energy and the droplet surface
energy. Finally, we explore the kinetic aspects of such transitions using agent-based modeling in CytoSim
and find the conditions that favor the formation of an actin shell and ring inside a droplet with high
surface energy. We identify filament elongation rate and crosslinker unbinding rate as crucial
parameters that dictate the final shape of the actin network. In summary, we have developed a
framework to understand how the chemical evolution of actin filaments affects the mechanical
properties of a liquid droplet-actin system.

B85/P1083
Molecular condensation regulates actin nucleation during immune signalings
Y. Miao; Nanyang Technological University, Singapore, SINGAPORE.

Rapid actin cytoskeleton remodeling on demand is essential to coordinate cellular processes during
eukaryotic cell immune signaling. Host cells respond acutely by increasing actin polymerization and
stabilization during host-pathogen communication. For example, upon recognizing pathogenic microbe,
plants trigger rapid actin polymerization via condensing, thereby activating the actin nucleation factor
via diverse mechanisms on the cell surface. Here, | will present a central mechanism by which
membrane-associated formin condensation remodels actin cytoskeleton dynamically, in time and space,
during early plant immune signaling. In addition, plant type I-formin is plasma membrane-integrated
nucleator behavior like a mammalian integrin protein, which senses extracellular biophysical and
chemical cues. We will also present the mechano-regulation of formin condensation and activity during
cell immune signaling by modulating plant surface scaffolding structures, cell wall (CW)-plasma
membrane (PM)- and actin cytoskeleton (AC) continuum.

B86/P1084

Ribonucleoprotein condensates regulate actin network polarization in the filamentous fungus Ashbya
gossypii

Z. Geisterfer, A. Gladfelter; Biology Department, University of North Carolina At Chapel Hill, Chapel Hill,
NC.

The dynamic restructuring and the precise positioning of polarized cytoskeletal networks, such as the
actin cytoskeleton, is essential for the development of diverse cell morphologies, cell motility, cell
signaling, and a host of other processes. Despite nearly 100 years of active research and a deep
inventory of actin-regulatory proteins, how a cell positions these molecules at the right place and time
remains poorly understood. Recent insights have implicated a role for biomolecular condensates in the
spatial organization of the actin cytoskeleton in neurons, T-cells, and yeast. Though the mechanisms by
which biomolecular condensates contribute to the regulation of the actin cytoskeleton are poorly
understood, biomolecular condensation represents a potentially powerful mechanism by which cellular
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material may concentrated or focused. Early studies in the Gladfelter lab have shown a necessary role
for the RNA-binding protein, Whi3, in promoting lateral branching events in the genetically tractable
model system, A. gossypii. Notably, Whi3 phase-separates at existing and incipient branch sites with
MRNA transcripts coding for the formin, Bnil, and master-scaffolder, Spa2. Importantly, preliminary
studies also show Whi3-coated beads are sufficient to generate and maintain polarized actin networks in
A. gossypii cell-free extracts, showing Whi3 ribonucleoprotein (RNP) granules are sufficient to trigger
actin assembly without other spatial landmarks. In addition, Whi3-bound mRNA transcripts are subject
to translational repression in bulk cell-free extract studies, suggesting that Whi3 RNP granules regulate
actin network polarization through focused protein synthesis of actin machinery and scaffolders. It
remains unknown if and how Whi3 condensates control translation, and how the activity of these
compartments are then coordinated. Similar membrane-less regulatory “hubs” are likely conserved in
higher eukaryotes and may act in signal transduction in the post-synapse in neurons, or in homeostasis
in large syncytia such as muscle cells or the placenta.

B87/P1085

Substrate stiffness regulates tunneling nanotube formation and function

S. Lin%, A. P. Liu¥?3*%; IDepartment of Mechanical Engineering, University of Michigan, Ann Arbor, Ml,
2Department of Biomedical Engineering, University of Michigan, Ann Arbor, M, 3Cellular and Molecular
Biology Program, University of Michigan, Ann Arbor, MI, *Department of Biophysics, University of
Michigan, Ann Arbor, M.

Cells constantly sense and respond to mechanical stimuli from their microenvironment. One of the most
studied mechanical factors in the complex microenvironment is substrate stiffness. Although substrate
stiffness is known to be a critical physical factor mediating cell dynamics and function, how it regulates
actin-based protrusions is incompletely understood. As long-distance cell-cell communication conduits,
tunneling nanotubes (TNTs) are actin-based membranous protrusions that hover over the substrate and
extend over tens of micrometers. Although the molecular mechanisms of TNT formation have been
intensively studied, it remains an open question concerning the mechanical d mechanisms underlying
TNT formation. Here, by generating a series of silicon substrates covering the range of matrix stiffness in
physiological tissues, we demonstrate that substrate stiffness plays a critical role in TNT formation and
function. Cells grown on softer substrates formed not only more TNTs but also longer TNTs with faster
growth speed. Since traction force and cell mechanical properties such as membrane tension are known
to be modulated by substrate stiffness, it is plausible that substrate stiffness regulates TNT via these
biomechanical factors. Interestingly, we found that increase in TNT formation on softer substrate does
not lead to increase in vesicle transfer, a functional criterion of TNT. We found that while efficiency of
vesicle transfer is positively correlated with cell-cell connection by TNT, it is negatively correlated with
TNT length, suggesting that the length of TNT may be a critical factor when considering TNT
functionality. Altogether, our findings reveal that substrate stiffness not only regulates the biogenesis
and dynamics of TNT, but also impact the functionality of these structures. As tissue stiffness changes in
numerous disease conditions, our study sheds light on how substrate stiffness could be linked to direct
cell-cell communication during disease progression.
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B88/P1086

Anillin and myosin synergistically contract actin networks

A. Beber, R. Podhajecky, P. Slikova, Z. Lansky, M. Braun; Institute of Biotechnology CAS, Prague, CZECH
REPUBLIC.

Actin-based contractility underlies the dynamics of the cell cortex and cytokinesis. Myosin is the
canonical molecular motor propelling this contractility. Additionally, anillin, an actin filament crosslinker,
present at the cortex and the cytokinetic contractile ring, likewise generates contractile forces. While
anillin binds both actin and myosin, it is unclear if the proteins cooperate. Here we show in a minimal
reconstituted system that anillin and myosin synergistically control the contraction of actin filament
bundles, two-dimensional networks and rings. This can be explained by our observation that only in the
presence of both proteins single actin filaments robustly contract, while myosin or anillin alone, did not
alter the geometry of single actin filaments. Based on our simulations we hypothesize that this process
depends on the direct interaction between these two proteins. Our results suggest anillin promotes
myosin-dependent rearrangements within actin networks

B89/P1087

Cortical tension drug screen links mitotic spindle integrity to RhoA pathway

D. Wang?, P. Gunning?, Y. Wang3, X. Di%, F. Wang®, A. Wanninayaka?, D. Jin!, E. Hardeman?; 'University of
Technology Sydney, Sydney, AUSTRALIA, 2University New South Wales, Sydney, AUSTRALIA, 3University
of Sydney, Sydney, AUSTRALIA, *Beihang University, Beijing, CHINA.

Mechanical force generation plays an essential role in many cellular functions including mitosis.
Actomyosin contractile forces mediate the separation of daughter cells in mitosis and are implicated in
mitotic spindle integrity via cortical tension. To identify potential novel regulators of mitotic cortical
tension we conducted a small molecule screen of compounds previously identified from a high chemical
diversity library of compounds that impact the organization of the actin cytoskeleton. In addition to
screening 150 compounds that produce diverse reorganization of the actin cytoskeleton we also tested
32 compounds that are known to impact progression through mitosis. We initially measured the levels
of actin and myosin in the mitotic cortex as a first pass followed by direct measurement of cortical
tension to identify proteins implicated in this process. We show inhibitors of Rho kinase and compounds
that target the actin-associated protein tropomyosin 3.1 (Tpm3.1) are the most potent inhibitors of
cortical actomyosin enrichment and tension. Tom3.1 is essential for non-muscle myosin 2A (NM2A)-
mediated cortical tension independent of the cortical levels of actin and NM2A. The dependence of
cortical tension on Tpm3.1 is isoform specific since knockdown of Tpm4.2 has no impact on cortical
tension. We further demonstrate a critical role for cortical tension in Tpm3.1-driven rescue of mitotic
spindle integrity induced by anti-cancer microtubule depolymerizing agents. Induction of microtubule
depolymerization acts via GEF-H1 release and downstream RhoA activation to increase cortical
actomyosin and Tpm3.1. Inhibition of GEF-H1 and other steps in the RhoA pathway synergize with
microtubule depolymerizers to produce multipolar mitotic spindles. Overall, this suggests that
microtubule dynamics regulate actomyosin cortical function via RhoA to ensure integrity of the mitotic
spindle. Central to this mechanism is the dependence of NM2A on Tpm3.1 to produce the functional
engagement of actin filaments responsible for cortical tension.
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B90/P1088

Determining the role of the mammalian formin, formin homology 2 domain-containing 3 (FHOD3), in
cardiomyocytes

D. Valencia?, M. Quinlan?, A. Nakano?; 1Chemistry and Biochemistry, University of California, Los
Angeles, Los Angeles, CA, 2Molecular, Cell, and Developmental Biology, University of California, Los
Angeles, Los Angeles, CA.

The highly organized structure in striated muscle cells, known as the sarcomere, is responsible for
contraction. A mammalian formin known as Formin HOmology Domain containing 3 (FHOD3) has been
shown to be important for sarcomere development and maintenance in cardiomyocytes. However, the
specific mechanisms of sarcomere formation and maintenance remain unclear. The objective of this
research is to better understand which biochemical activities of FHOD3 are necessary or sufficient for
sarcomere formation and maintenance in cardiomyocytes. Here, using bulk actin assembly assays and
seeded elongation assays, we found that FHOD3 is a moderately strong nucleator and weak elongator in
vitro. Further, we successfully performed a proof-of-principle rescue experiment of wild-type FHOD3 in
cardiomyocytes through an siRNA knockdown, followed by adenoviral infection to allow for exogenous
expression of wild-type FHOD3. This rescue experiment paves the way for future experiments using
function-separating mutants of FHOD3 to understand whether nucleation strength or elongation ability
are more important for proper sarcomere formation in cardiomyocytes. This work will help us better
understand the mechanisms by which many formins build specific structures in vivo.

B91/P1089
Control of actin cable length by decelerated growth and network geometry
S. G. Mclnally, J. Kondev, B. L. Goode; Brandeis University, Waltham, MA

The sizes of many subcellular structures are coordinated with cell size to ensure that these structures
meet the functional demands of the cell. In eukaryotic cells, these subcellular structures are often
membrane-bound organelles, whose volume is the physiologically important aspect of their size. Scaling
organelle volume with cell volume can be explained by limiting pool mechanisms, wherein a constant
concentration of molecular building blocks enables subcellular structures to increase in size
proportionally with cell volume. However, limiting pool mechanisms cannot explain how the size of
linear subcellular structures, such as cytoskeletal filaments, scale with the linear dimensions of the cell.
Recently, we discovered that the length of actin cables in budding yeast (used for intracellular transport)
precisely match the length of the cell in which they are assembled. Using mathematical modeling and
guantitative imaging of actin cable growth dynamics, we found that as the actin cables grow longer,
their extension rates slow (or decelerate), enabling cable length to match cell length. Importantly, this
deceleration behavior is cell-length dependent, allowing cables in longer cells to grow faster, and
therefore reach a longer length before growth stops at the back of the cell. In addition, we have
unexpectedly found that cable length is specified by cable shape. Our imaging analysis reveals that
cables progressively taper as they extend from the bud neck into the mother cell, and further, this
tapering scales with cell length. Integrating observations made for tapering actin networks in other
systems, we have developed a novel mathematical model for cable length control that recapitulates our
guantitative experimental observations. Unlike other models of size control, this model does not require
length-dependent rates of assembly or disassembly. Instead, feedback control over the length of the
cable is an emergent property due to the cross-linked and bundled architecture of the actin filaments
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within the cable. This work reveals a new strategy that cells use to coordinate the size of their internal
parts with their linear dimensions. Similar design principles may control the size and scaling of other
subcellular structures whose physiologically important dimension is their length.

B92/P1090

Actin wave mediates cell shape-dependent actin accumulation for protrusive activity

K. Yagami, K. Baba, S. Misu, H. Katsuno-Kambe, K. Okano, Y. Sakumura, Y. Hosokawa, N. Inagaki; Nara
Institute of Science and Technology, Ikoma, Nara 630-0192, Japan

Actin filaments (F-actins) accumulate at cell protrusions, for example, leading edge in migrating cells,
microvilli in epithelial cells, invadopodia in cancer cells, and dendritic spine in neurons. However, how F-
actins accumulate at cell protrusion is unclear. Previously, our group reported the mechanism of actin
wave propagation along neuronal axons. Actin waves propagate by polymerization of F-actins which are
anchored to the extracellular adhesive substrate through the clutch molecule Shootinl and the cell
adhesion molecule L1-CAM. G-actins dissociating from the rear of the filaments move toward the
polymerizing ends by diffusion, because G-actin concentration is locally higher at the rear due to
disassembly and is lower at the front due to polymerization. Through this mechanism, actin waves
transport actin and actin-associated proteins along axons. The purpose of this study is to examine a
possibility that F-actins accumulate at cell protrusions via actin waves.First, we prepared a glass
substrate with triangle cell adhesion area. U-251 glioma cells cultured on the substrate formed
triangular shape. In the triangular cells, F-actins accumulated at the three corners. Higher accumulation
was observed when the corner angle is smaller. This result suggests that F-actins sense the cell shape
and spontaneously accumulate at cell protrusions. Second, we observed F-actins that migrate in the
direction of polymerization as actin waves at ventral and lateral sides of glioma cells using total internal
reflection fluorescence microscopy. The ventrally-generated actin waves reached the cell edge and
moved laterally. Shootinlb co-migrated with the actin waves. Shootinlb-KO delayed the speed of
ventral and lateral actin waves and disturbed F-actin accumulation at the corners of the triangle. In
addition, mathematical models demonstrated that the mechanism of actin waves can explain the F-actin
accumulation at cell protrusions. Furthermore, Shootin1b-KO delayed cell polarity formation and
migration of glioma cells. These data suggest that the cell shape-dependent actin accumulation via actin
waves plays a key role in cellular protrusive activity.

B93/P1091

3D architecture of phagocytic podosomes examined using iPALM

J. C. Herron?, S. Hu?, T. Watanabe?, A. T. Nogueira?, B. Liu}, M. E. Kern?, J. Aaron?, A. Taylor?, M. Pablo?,
T.-L. Chew?, T. C. Elston?, K. M. Hahn?; 'University of North Carolina At Chapel Hill, Chapel Hill, NC,
2Howard Hughes Medical Institute Janelia Research Campus, Ashburn, VA

Actin-based structures known as podosomes play important roles in migration, phagocytosis, and other
cellular processes. Using interferometric photoactivated localization microscopy (iPALM), we were able
to examine the actin structure of phagocytic podosomes with 15-20 nm resolution. These studies were
supplemented by structured illumination microscopy (SIM) used to examine the distribution of actin-
associated molecules, including paxillin, talin, myosin Il, alpha-actinin, and cortactin. We used a
frustrated phagocytosis model, in which macrophages attempt to engulf circular patterns of IgG
antibodies attached to coverslips. They form a phagocytic apparatus, but are ‘frustrated’ because they
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are unable to fully engulf the IgG. This generates arrays of podosomes with regular, well-defined
geometry, enabling us to apply a semi-automatic pipeline based on persistent homology to identify and
measure features across podosome populations. This revealed that podosomes have an hourglass
shape, with an actin knob protruding into the plasma membrane, and two actin networks extending
from the hourglass. Associated proteins were concentrated at the base and in some cases along the
sides of the podosomes. The morphology of phagocytic podosomes will be important as further studies
reveal how the arrangement of signaling molecules controls function, and how podosomes sense and
respond to mechanical forces.

B94/P1092

Reconstitution of the transition from a lamellipodia- to filopodia-like actin network with purified
proteins

C. Suarez, J. D. Winkelman, A. J. Harker, P. M. McCall, A. N. Morganthaler, M. L. Gardel, D. R. Kovar;
University of Chicago, Chicago, IL

How cells simultaneously assemble and maintain functionally diverse actin filament networks with
distinct architectures and dynamics within a common cytoplasm is an outstanding question. Filopodia
are finger-like membrane protrusions composed of long, parallel actin filaments bundled by fascin,
which sense extracellular chemical and mechanical signals to help steer motile cells. Two processive
actin filament barbed end elongation factors, formin and Ena/VASP, localize to filopodia tips and drive
their elongation. One hypothesis is that filopodia are generated from the lamellipodia, which consists of
densely packed, branched actin filaments that are nucleated by Arp2/3 complex and kept short by
capping protein. Are different actin filament elongation factors necessary and sufficient to facilitate the
emergence of filopodia with diverse characteristics from a highly dense network of short-branched
capped filaments?We combined bead motility and micropatterning biomimetic assays, with multi-color
Total Internal Reflection Fluorescence microscopy imaging, to successfully reconstitute the formation of
filopodia-like networks (FLN) from densely-branched lamelipodia-like networks (LLN) with eight purified
proteins (actin, profilin, Arp2/3 complex, Wasp pWA, fascin, capping protein, VASP and formin mDia2).
Although saturating capping protein concentrations inhibit FLN assembly, the inclusion of mDia2 or
VASP differentially rescues the transition of LLNs to FLNs. Formin mDia2-generated FLNs are relatively
long and lack capping protein, whereas VASP-generated FLNs are comparatively short and contain
capping protein. Our biomimetic reconstitution systems reveal that formin or VASP are necessary and
sufficient to induce the transition from a LLN to a FLN, and establish robust in vitro platforms to
investigate FLN assembly mechanisms.

Motors: Dyneins

B96/P1093

Using cryo-EM to visualize snapshots of dynein’s activation pathway

A. A. Kendrick, A. E. Leschziner, S. L. Reck-Peterson; Cellular and Molecular Medicine, University of
California, San Diego, San Diego, CA.

Regulation of cytoplasmic dynein-1 (dynein) is critical for diverse functions of eukaryotic cells, including

cell division and long-range intracellular transport. Both dynein and Lis1, an essential dynein regulator,
are mutated in patients with neurodevelopmental diseases and are conserved from fungi to mammals.
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Dynein activity is controlled by an autoinhibited state called “Phi”, in which its two motor domains
interact in a way that prevents motility. Lis1 is important for promoting the formation of active dynein
complexes and it has been proposed to do so by stabilizing a dynein conformation that is not
autoinhibited. Recently, we solved a structure of dynein bound to Lis1 in which two Lis1 dimers are
inserted between two dynein motor domains; this “Chi” conformation appears to capture an early step
in the dynein activation pathway. What other steps are involved in the full activation of dynein remains
unknown. Here, our goal was to use Cryo-EM to visualize as many of these steps as possible to
determine the structural changes underlying dynein activation by Lis1. We did so by purposely
introducing heterogeneity during our Cryo-EM sample preparation; including ATP in our samples
allowed dynein to go through its mechanochemical cycle. Using this approach, we captured eight
distinct dynein and dynein-Lis1 structures from the same sample. These snapshots reveal novel
conformations of dynein-Lis1 that we propose represent additional intermediate states in the dynein
activation pathway. We will present a new model for how Lis1 relieves dynein autoinhibition and
promotes conformations that are compatible with motility.

B97/P1094

Microtubule binding-induced allostery promotes Pac1/LIS1 dissociation from dynein prior to cargo
transport

C. Beauchamp-Perez!, N. Flint!, L. G. Lammers?, Y. Wang?, P. Chai?, K. Zhang?, S. M. Markus?;
!Biochemistry and Molecular Biology, Colorado State University, Fort Collins, CO, 2Department of
Molecular Biophysics and Biochemistry, Yale University, New Haven, CT.

The lissencephaly-1 gene (Lis1, or Pacl in budding yeast) is a highly conserved regulator of the
retrograde microtubule motor dynein. Lis1 functions in part by stabilizing an open/partially active
conformational state of dynein, and by enabling dynein localization to the plus ends of dynamic
microtubules. Although dynein-Lis1 binding is required for dynein cargo transport functions, dissociation
of this complex prior to initiation of motility appears to be equally important, as preventing as much
leads to defects in dynein function. We sought to understand whether and how dynein-Lis1 binding
affinity is modulated. To this end, we engineered dynein mutants that lock the motor in a constitutively
microtubule-bound (MT-B) or microtubule-unbound (MT-U) conformational state. Whereas the MT-B
mutant exhibits low affinity for Pacl in cells, we find that the MT-U mutant binds with high affinity to
Pacl, and as a consequence remains almost irreversibly bound to microtubule plus ends in cells. Using a
combination of in vivo and in vitro approaches, we find that a monomeric motor domain fragment is
sufficient to exhibit these opposing affinities for Lis1, and that this phenomenon is conserved with
human proteins. A cryoEM structure of the human MT-B mutant reveals changes at the Lis1-binding
surface that may account for the differential binding affinity of dynein for Lis1 when it is either bound or
unbound to microtubules. Our data reveal that microtubule binding-induced conformational changes in
dynein coordinate its dissociation from Lis1/Pacl, which is required for dynein activity.

B98/P1095
Lis1 bridges dynein to dynactin’s p150 arm to regulate complex assembly and motility
C. Lau, K. Singh, A. Carter; MRC-LMB, Cambridge, UNITED KINGDOM.

The dynein/dynactin/adaptor motor complex is a tightly regulated molecular machine that transports
cargo along microtubules. One of its main regulators is Lis1, mutations of which cause the
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neurodevelopmental disease lissencephaly. Lis1 is known to bind to the dynein motor domain and is
important for the initiation of transport. Key questions are how Lis1 stimulates dynein’s interaction with
dynactin and whether it remains attached to the resulting complex during transport. Here we determine
the cryo-EM structure of Lis1 bound to a dynein/dynactin/adaptor complex on microtubules. We use
JIP3, the cargo adaptor for lysosomes, showing for the first time that this family of adaptors activates
dynein. Unexpectedly we find Lis1 bridges dynein’s motor to dynactin’s p150 arm, a critical domain for
processive dynein/dynactin movement. Our structure is the first observation of the p150 arm in its fully
open and active conformation, showing its interaction with dynein’s intermediate chain as well as Lis1.
Our work explains how Lis1 directly aids dynein/dynactin complex formation and provides a mechanism
for it to remain attached during cargo transport.

B99/P1096

A dynein-Lis1 structure captures an intermediate state in dynein’s activation pathway

E. P. Karasmanis’, J. M. Reimer?, A. A. Kendrick?, J. A. Rodriguez?, J. B. Truong?, A. E. Leschziner?, S. L.
Reck-Peterson?; *University of California San Diego, San Diego, CA, 2Howard Hughes Medical Institute,
Chevy Chase, MD.

Cytoplasmic dynein-1 is the major motor responsible for intracellular transport of cargo towards
microtubule minus ends. Dynein motors are autoinhibited in a “Phi” conformation and undergo a series
of conformational changes to form active complexes, which consist of two dynein dimers, the dynactin
complex and activating adaptor(s). We and others have recently shown that Lis1 is required to form
these active dynein complexes. Here, using cryo-electron microscopy, we solve a high-resolution
structure of two Lis1 dimers inserted in-between a dynein motor dimer. Our structure reveals two new
contact sites between dynein and Lis1 and is suggestive of the mechanism by which Lis1 promotes the
relief of dynein autoinhibition. Using structure-guided mutagenesis, we disrupted each of these sites
and showed that they are required for Lis1’s regulation of dynein in vivo in S. cerevisiae. In vitro
reconstitution of human dynein complexes in the presence of wild type or mutated Lis1, suggests that
these contact sites are also important for Lis1’s role in forming activated human dynein-dynactin-
activating adaptor complexes. We propose that our structure represents an intermediate in dynein’s
activation pathway.

B100/P1097
Structure of dynein-dynactin on microtubules shows tandem adaptor binding
S. Chaaban, A. P. Carter; MRC Laboratory of Molecular Biology, Cambridge, UNITED KINGDOM.

Cytoplasmic dynein is a microtubule motor that is activated by its cofactor dynactin and a coiled-coil
cargo adaptor. Up to two dynein dimers can be recruited per dynactin, and interactions between them
affect their combined motile behaviour. Different coiled-coil adaptors are linked to different cargos, and
some share motifs known to contact sites on dynein and dynactin. There is currently limited structural
information on how the resulting complex interacts with microtubules and how adaptors are recruited.
Here, we develop a cryo-EM processing pipeline to solve the high-resolution structure of dynein-
dynactin and the adaptor BICDR1 bound to microtubules. This reveals the asymmetric interactions
between neighbouring dynein motor domains and how they relate to motile behaviour. We find
unexpectedly that two adaptors occupy the complex. Both adaptors make similar interactions with the
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dyneins but diverge in their contacts with each other and dynactin. Our structure has implications for
the stability and stoichiometry of motor recruitment by cargos.

B101/P1098

Evolutionarily conserved roles of the dynein intermediate chain and Ndell in assembly and activation
of dynein

K. Okadal, B. R. lyer?, L. G. Lammers?, P. Gutierrez!, W. Li, S. M. Markus?, R. J. McKenney?; 'Biochemistry
and Molecular Biology, University of California Davis, Davis, CA, 2Biochemistry and Molecular Biology,
Colorado State University, Fort Collins, CO.

In the absence of cargo, cytoplasmic dynein assumes an autoinhibited conformation and must be
activated for its transport function through the regulated assembly of a dynein-dynactin-adapter (DDA)
protein super complex. The interaction between dynein and dynactin was first ascribed to a small
portion of the N-terminus of the dynein intermediate chain (IC) and a fragment of the coiled-coil domain
of the dynactin subunit p150°"“¢. This intrinsically disordered N-terminal segment of the IC (ICN) also
directly interacts with the dynein regulators Ndel and Ndell, which compete with p150°"“¢ for binding
to ICN. However, high-resolution cryo-EM structures of DDA complexes did not reveal the relevant
domains of ICN and p150¢"“¢¢, raising questions about the importance of this interaction. Using a
combination of in vitro and in vivo analyses we assessed the importance and evolutionary conservation
of the ICN-p150, ICN-Ndell, and Ndell-Lis1 interactions in the assembly of DDA complexes. Deletion of
ICN abolishes dynein’s interaction with dynactin at plus ends in budding yeast, and abrogates the
assembly of active DDA complexes in vivo and in vitro. In both yeast and mammalian systems, we find
that the ICN plays an evolutionarily conserved role in binding Ndell (NdI1 in yeast), which recruits LIS1
(Pacl in yeast) to the dynein complex. Interestingly, we find that Lis1/Pacl cannot simultaneously bind
to Ndel1/NdI1 and the dynein motor domain, indicating that Lis1 must dissociate from Ndell prior to
binding dynein. Whereas addition of either Ndell or p150¢"¢? disrupt DDA complex assembly in vitro,
neither affected preassembled DDA complexes, nor bound to processively moving motor complexes,
indicating that the ICN may preferentially bind p150°"* in the context of an active DDA complex. With
the help of AlphaFold2 structure predictions, we delineate residue level interaction surfaces between
the human and yeast ICN-Lis1-Ndel1 tripartite complex. Our study reveals previously unknown
regulatory steps in the dynein activation pathway and provides a more complete model for how both
Lis1/Ndell and dynactin/cargo-adapters integrate to regulate dynein motor activity.

B102/P1099
Using multi-scale computational approach to investigate Dynein’s motility
L. Li; University of Texas El Paso, El Paso, TX.

Dynein is a molecular motor for cargo transportation and force generation in cells. Dysfunction of
dynein is associated with many diseases, such as ciliopathies, lissencephaly and other
neurodegeneration disorders. Understanding the functions of dynein is crucial for developing new
treatments of such diseases. Electrostatic interactions play important roles in proteins including dyneins.
A lot of efforts have been made to study the electrostatic interactions in biological systems. However, it
is extremely challenging to accurately calculate the electrostatic interactions in large biological systems
such as dynein. | will introduce a novel multi-scale simulation approach which is used to study dynein’s
motion along microtubules. The electrostatic binding funnel around microtubule is observed, which
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drags the dynein to the binding pocket. The electrostatic forces on dynein residues form a torsion which
reorients the dynein when it is in an un-native orientation. Furthermore, the electrostatic component of
the binding energy of dynein and microtubule strongly affects the velocity and run length of the dynein.
These results reveal the mechanisms of dynein’s motility and functions along microtubule, which shed
light on treatments of molecular motor related diseases.

B103/P1100

The Kash5 protein involved in meiotic chromosomal movements is a novel dynein activating adaptor
R. Agrawal?, J. P. Gillies?, J. L. Zang?, J. Zhang?, S. R. Garott3, H. Shibuya*?, J. Nandakumar*!, M.
DeSantis*!; *MCDB, University of Michigan, Ann Arbor, MI, 2University of Gothenburg, Gothenburg,
SWEDEN, 3Biological Chemistry, University of Michigan, Ann Arbor, MI.

Dynein is the primary retrograde molecular motor that harnesses ATP hydrolysis to move cargo on
microtubules in multiple biological contexts. Dynein meets a unique challenge in meiosis by moving
chromosomes tethered to the nuclear envelope to facilitate homolog pairing essential for
gametogenesis. The nuclear envelope (NE) is intact during prophase |, implying that dynein is separated
from its cargo by two lipid bilayers (the inner nuclear membrane [INM] and outer nuclear membrane
[ONM]) and the perinuclear space between them. Despite being a process essential to meiosis
progression and fertility, how dynein is activated to drive these movements across the NE remains
unknown. Dynein tethers to chromosomes via the highly conserved linker of nucleoskeleton and
cytoskeleton (LINC) complex at the NE. The LINC complex consists of a SUN protein (SUN1) and a KASH
protein (KASH5) that span the INM and ONM, respectively and bind each other in the perinuclear space.
While SUN1 tethers the chromosomes to INM, KASH5 binds dynein completing the attachment between
dynein and the chromosomal cargo. Binding of an activating adaptor is required to make dynein
processive, however, the identity of the activating adaptor required for dynein to move meiotic
chromosomes is unknown. We show that meiosis-specific nuclear envelope protein KASH5 is a dynein
activating adaptor. Using GST-pull downs, co-immunoprecipitation, isothermal calorimetry, and SEC-
MALS we show that KASH5 directly binds dynein using a mechanism conserved among activating
adaptors. Using single-molecule total internal reflection fluorescence (TIRF) microscopy, we
demonstrate that purified KASH5 converts dynein into a processive motor that walks processively on
microtubule tracks. We generated a homology model to map the dynein-binding surface of KASH5,
identifying mutations that abrogate dynein binding in vitro and disrupt recruitment of the dynein
machinery to the nuclear envelope in cultured cells and mouse spermatocytes in vivo. Together, this
work identifies the first transmembrane activating adaptor of dynein and provides detailed molecular
insights into how dynein is activated to power chromosome movements in meiosis to pair homologs.

B104/P1101
Ninein expression and involvement in phagocytosis in macrophages
S. Omer, N. Gandhi, R. Harrison; University of Toronto, Scarborough, ON, CANADA.

Phagocytosis of pathogens and foreign particles is a central process of the innate immune system. After
target internalization by macrophages, the resultant phagosomes undergo an intricate maturation
process that overlaps with its movement toward the cell center, ultimately resulting in degradation of
the engulfed particle. Our work and others have shown that the minus-end-directed dynein microtubule
motor is recruited to late phagosomes and is critical for phagosome maturation. It remains unclear

POSTERS-61



whether dynein activity and dynein adaptors are involved in earlier steps of particle internalization. Here
we show that the microtubule-nucleator ninein that is known to localize primarily to the centrosome, is
recruited to phagocytic cups co-localizes with F-actin and EEA1, early endosomal markers in the
macrophage-like RAW 264.7 cell line. Similar accumulations at the phagocytic cups were also observed
for dynein motor and its cofactor, dynein intermediate chain as early as 5 min after encountering IgG-
opsonized particles. Ninein knockdown experiments showed defective macrophage spreading and
reduced internalization of IgG- opsonized particles. We examined the potential mechanism of defective
phagocytosis and found that ninein depletion impaired microtubules nucleation, reduced the radial
microtubule array and resulted in defective dynein localization. These findings suggest that ninein
participates in the early events of Fcy-mediated phagocytosis, potentially by regulating MT organization
and/or facilitating dynein-mediated early phagocytic force generation. We also discovered that
macrophages express three ninein isoforms. Interestingly, western blotting of isolated latex-bead
phagosomes revealed the presence of dynein and dynactin together with an additional smaller ninein
isoform, suggesting distinctive regulation of ninein and dynein cellular functions within macrophages.

B105/P1102

Phagosomal pH regulates motor protein kinetics in macrophages

S. Patel, H. S. Shamroukh, K. C. Kondapalli, S. K. Tripathy; Department of Natural Sciences, University of
Michigan - Dearborn, Dearborn, MI.

Macrophages are professional phagocytes involved in elimination of microbial pathogens and antigen
presentation to T-cells of the immune system. Macrophages internalize microbes trapping them within a
vacuole known as the phagosome. Directed transport of the phagosome on the microtubules, towards
the minus ends, for fusion with lysosomes is crucial for pathogen degradation. Motion of the
phagosome on the microtubules is bidirectional, with a tug-of-war between dynein and kinesin motor
proteins, directing the phagosome towards and away from the lysosome respectively. The factors
regulating this phagosome transport are, however, not completely clear. In a recently published study,
we showed that the sodium proton exchanger, NHE9, regulates luminal pH of the phagosome to impact
phagosome transport. Specifically, we demonstrated that an increase in luminal pH leads to significant
decrease in the processive movements and run length without effecting the velocity. Our objective here,
was to expand on these observations and characterize the impact of luminal pH on the kinetics of the
motor proteins under load. To this end, we engineered stable overexpression of NHE9 in the well-
established macrophage cell line, RAW264.7. We determined that phagosomes in control cells were
consistently more acidic at all the evaluated time points post-ingestion of gram-negative bacteria
(Escherichia coli) or gram-positive bacteria (Staphylococcus aureus), relative to phagosomes in NHE9
overexpressing macrophages. Next, we conducted optical trapping experiments at single-molecule
resolution on 800nm carboxylate-coated polystyrene beads, phagocytosed by RAW 264.7 cells. We
observed that under load, the average binding time of dynein was significantly higher than kinesin for
the acidic phagosomes of control cells. Interestingly, the binding times of these motor proteins were
similar for the relatively alkaline phagosomes in NHE9 overexpressing cells. Based on these
observations, we hypothesize that the reduction in run length is a direct consequence of the decreased
dynein binding time. It is plausible that the increase in diffusive motion of the relatively alkaline
phagosomes, we noted previously, is due to an unresolved tug-of-war between the opposite motors.
These findings have significant implications for our understanding of macrophage mediated immune
response.
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B106/P1103
Elucidating mitochondrial transport regulation using synthetic cargo in living cells
C. Gladkova, R. D. Vale; HHMI Janelia Research Campus, Ashburn, VA.

Mitochondrial microtubule-based transport shapes the cellular mitochondrial network alongside cycles
of fusion, fission and mitochondrial turnover. Defects in these processes that collectively govern
mitochondrial dynamics contribute to neurodegeneration. Anterograde transport supports energetically
demanding peripheral processes such as cell motility and synaptic activity, while retrograde transport
favours mitochondrial turnover in the cell body. Anterograde kinesin-1 and retrograde dynein/dynactin
motor complexes both interact with mitochondria via a conserved two-component Miro/TRAK adaptor
complex to facilitate bidirectional mitochondrial motility. Because of the close coupling of mitochondrial
transport with other facets of mitochondrial dynamics, it has been challenging to isolate specific cues
that regulate mitochondrial transport directly. To probe the direct molecular determinants of
mitochondrial transport and directionality in cells, we have developed an orthogonal protein scaffold-
based cargo assay. We recapitulate the Miro/TRAK mitochondrial adaptor complex by displaying the
mitochondrial transport adaptor Miro on the surface of a self-assembled 60-subunit icosahedral particle
in cells [1], and co-expressing a cytosolic form of TRAK. Through detailed molecular dissection, live-cell
imaging and biochemistry we define elements that regulate the balance between the two opposing
motors. We also reveal how these regulators may tune mitochondrial transport in response to
environmental changes. Our tool enables us to bridge molecular-level understanding of mitochondrial
transport from in vitro work and the complex regulation of mitochondrial transport in cells.

[1] Hsia Y et al, 2016, Design of a hyperstable 60-subunit protein icosahedron Nature, 535, 136-9

B107/P1104

Structural and mechanistic insights into dynein-based mRNA sorting during Drosophila development
M. A. McClintock?, K. Singh?, S. Chilaeva?, A. P. Carter?, S. L. Bullock?; 'Cell Biology, MRC Laboratory of
Molecular Biology, Cambridge, UNITED KINGDOM, 2Structural Studies, MRC Laboratory of Molecular
Biology, Cambridge, UNITED KINGDOM.

Subcellular targeting of mRNA by microtubule-based motors is a widespread mechanism for spatial
control of protein function. Much of our understanding of this process comes from studies of Drosophila
oogenesis and embryogenesis, which rely on asymmetric protein expression for axis determination and
polarized cell functions. In these systems, sequence-divergent RNA localization signals are detected by
the non-canonical RNA-binding protein Egalitarian (Egl) and direct the activation of cytoplasmic dynein
via association with the coiled-coil adaptor Bicaudal-D (BicD). How divergent localization signals are
recognized by Egl is unclear. Furthermore, it is not understood how dynein motor activity is adapted by
localizing mRNAs during oogenesis to produce different localization patterns of axis determinants.

Using cryo-electron microscopy, we have determined the structures of Egl-BicD complexes bound to
RNA localization signals from transcripts that adopt different subcellular localizations. We describe the
modular architecture of the RNA-binding pocket of Egl, which is formed by novel double-stranded RNA-
binding motifs and a previously annotated exonuclease domain. This modularity confers flexibility to the
complex and enables accommodation of RNA localization signals that are structurally related yet not
identical. Additionally, by combining single-molecule reconstitutions with Drosophila genetics, we show
that engagement of Egl with the localizing transcript gurken (grk) promotes the adaptation of dynein
behavior by the hnRNP Squid (Sqd). Our data suggest that Sqd promotes the multimerization of both grk
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mRNA and active dynein motor complexes, leading to specific targeting of the mRNA to the dorso-
anterior region of the oocyte. Collectively, our data provide the first structural insights into recognition
of RNA localization signals by a microtubule-bound motor and reveal control of mRNA copy number as
an effective strategy for modulating the localization of RNA-motor complexes.

B108/P1105

New adaptor proteins of dynein-dynactin motor complex

T.-Y. Yeh?!, A. Vemu'?, B. Clarkson?, J. Bennett!, K. Meurer?, S. A. Ketcham?, T. A. Schroer?; YJohns
Hopkins University, Baltimore, MD, *National Institute of Neurological Disorders and Stroke, Bethesda,
MD

Cytoplasmic dynein is well known for transporting intracellular cargoes along microtubules. However,
how it is targeted to its many cargoes is not fully defined and other roles have not been completely
explored. Here we show the diversity of cytoplasmic dynein functions in endomembrane organization
using the small molecule dynein inhibitor, dynarrestin. We find that dynein stabilizes endocytic recycling
tubules on microtubules, and that it serves as a “brake” to slow kinesin-mediated movement of post-
Golgi carriers.Dynactin is an essential component of the dynein motor complex. The complex is
stabilized by “activating adaptor” proteins, which tether dynein to dynactin and various cargoes. High-
resolution cryo-EM studies have shown that many adaptors directly contact the dynactin DCTN5 (p25)
component at distinct sites. Using DCTN5 knockdown followed by mutant rescue we identified two
functional motifs: a basic loop and the C-terminal alpha helix. Lysine residues K74 or K78 in the basic
loop are required for binding to adaptors (BICD1/2 and Hook1/FIP3, respectively) that mediate dynein-
based membrane transport. The C-terminal alpha-helix, which is essential for viability in mice, is
required for normal regulation of actin dynamics and primary ciliogenesis. This motif is required for
association with a different set of adaptors (Hook2, Hook3, girdin, daple). Furthermore, we used a
bioinformatics approach to identify three novel adaptor candidates. These proteins can bind to dynein
and dynactin directly, and their binding relies on DCTN5. DCTN5 loop K74 and K78 residues and C-
terminus differently contribute to these adaptor candidates interaction with dynein/dynactin.

B109/P1106
Investigating the mechanism of the dynein regulatory protein, Ndell
S. R. Garrott, A. Siva, J. P. Gillies, R. C. El Jbeily, M. E. DeSantis; University of Michigan, Ann Arbor, Ml

Dynein is a microtubule minus-end directed motor protein that functions in cell division, intracellular
cargo trafficking, and neuronal migration. The paralogs Ndell and Ndel are involved in all of dynein’s
processes and are implicated in numerous neurodevelopmental diseases, but the mechanisms and
direct effects of Ndel1/Ndel in dynein regulation are unclear. The discovery of dynein’s conformational
equilibrium, whereby dynein shifts from an autoinhibited conformation to an active conformation, has
been instrumental to uncovering the mechanisms of other dynein regulatory proteins, but Ndel1/Ndel
have not been studied in this context. In this study, we investigated Ndell’s mechanisms of dynein
regulation, using dynein’s conformational equilibrium as a new framework to understand Ndell. We
confirmed Ndell-dynein binding sites and determined affinities of these sites using quantitative pull-
down assays; we also used this method to determine how Ndell influences dynein binding to other key
regulatory proteins. We next used single molecule TIRF microscopy to determine how Ndell affects
motility of the active dynein-dynactin-cargo adaptor complex. We also used TIRF microscopy to probe
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how Ndell and Lis1 function together in regulating dynein motility. Finally, we used negative stain
electron microscopy to examine Ndell’s effects on dynein conformation. The major finding of this study
is that, in contrast to dynactin, cargo adaptors, and Lis1, which promote dynein activity, Ndell acts as a
scaffold that inhibits activation of dynein motility and modulates other regulatory proteins’ ability to
bind dynein. The results of this study provide a comprehensive view of Ndell’s function in dynein
regulation, placing its function into the larger dynein regulatory network.

B110/P1107
Spatial Regulation of Dynein Forces on Microtubule Asters in Frog Eggs
T. Mitchison, C. Field; Harvard Medical School, Boston, MA

Centrosomes are positioned by dynein pulling on astral microtubules. In small cells, where microtubules
reach the cortex, this force is exerted mainly by cortical dynein. In large Xenopus eggs, where
microtubules do not reach the cortex for much of the cell cycle, dynein is thought to pull on astral
microtubules from sites scattered throughout the cytoplasm, but spatial regulation of dynein in large
cells is poorly understood. After anaphase of 1°* mitosis, centrosomes move away from the midplane of
the egg, which is defined by microtubule bundles coated with Chromosome Passenger Complex (CPC).
Previous models hypothesized that dynein forces on centrosomes are directed outwards from the
midplane by differences in aster radius or surface area between the sides facing the midplane vs. the
outside. We hypothesized that the AURKB activity of the CPC might locally inactivate dynein at the
midplane, causing a force asymmetry that directs centrosome movement. We are testing this hypothesis
in egg extracts using polarized sperm asters, which recruit CPC to a crescent on the chromatin-proximal
side. Using an improved method for freezing egg extract, we analyzed aster growth and movement with
high reproducibility. Polarized asters moved in response to dynein-dependent forces with the CPC-
positive side usually trailing, consistent with negative regulation of dynein by the CPC. Beads coated
with the dynein adapter HOOK2 recruit dynein and model organelles. Co-recruitment of CPC to HOOK2
beads inhibited their transport by dynein. This inhibition required AURKB activity, consistent with
inhibition of dynein by AURKB. Preliminary biochemistry suggested that AURKB did not inhibit binding of
dynein or dynactin subunits to HOOK2. Instead, active CPC recruited KIF20A, a plus end-directed motor
that may oppose dynein motility. This finding suggests a role for KIF20A in regulating the balance of
motor-dependent forces on centrosomes, in addition to its known role in recruiting CPC to midplane
microtubules.

B111/P1108
Exploring dynein regulation in directed cell migration
J. L. Zang, A.-M. Zheng, D. Gibson, M. DeSantis; University of Michigan, Ann Arbor, Ml

Directional cell migration requires the dramatic reorganization and coordination of all cytoskeletal
networks in the cell. Although cell migration is largely an actin driven process, the microtubule network
also plays a vital role in mesenchymal migration. A polarized microtubule network provides necessary
tracks for the continuous traffic of polarization proteins towards the leading edge, which is important
for directional persistence during migration. This microtubule orientation is established by cytoplasmic
dynein-1 (dynein), the main minus-end directed microtubule motor in the cell. Upon a migratory
stimulus, dynein produces traction forces on the microtubule network to move the centrosome and
golgi apparatus to be anterior to the nucleus in the direction of migration. While it is known that dynein
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enriches at the cortex of a migrating cell to induce the centrosome repositioning, the molecular
mechanisms of how dynein localizes to the leading edge cortex or is activated during migration are
currently unknown. Using proximity-dependent biotinylation coupled with mass spectroscopy on two
known dynein regulators (Lis1 and Ndell), biochemistry, and cell biology, | have identified novel
machinery governing dynein regulation at the cell cortex. Here | show the necessity of this machinery for
the dynein dependent reorientation of the centrosome and the maintenance of direction during cell
migration. | hypothesize that upon migration, specific proteins localized to the cortical leading edge
recruit Lis1l and Ndell, which then locally activate a small pool of dynein for the proper polarization of
the microtubule network. This work provides mechanistic insight into the regulation of dynein’s activity
in mesenchymal cell migration.

B112/P1109
Impact of a Dynactin p62 (DCTN4) Variant on Lung Epithelial Functions
E. Mattson, S. Ma, T. Schroer; Johns Hopkins University, Baltimore, MD

A variant of the dynactin component p62(DCTN4 rs35772018; hereafter DCTN4-Y270C) has been
correlated with earlier onset of chronic Pseudomonas infection in CF patients, and worsened outcomes
in ARDS, two conditions which lead to chronic inflammation and wounding of the lung epithelium.
Response of the lung epithelium to infection and damage involves its role as an innate immune tissue,
its barrier function, and its ability to migrate and undergo wound healing. | will describe what we have
found with regards to the role of DCTN4-Y270C in all three of these functions. Our lab has shown that
cells expressing DCTN4-Y270C migrate more slowly than WT in scratch-wound assays. We also see
altered focal adhesions, defective integrin cycling, and aberrant actin dynamics. This suggests that
DCTN4-Y270C impacts dynein-dependent transport of integrin and possibly other cargoes. To gain
insight into the molecular basis of the subcellular trafficking and cell migration defects, we used an
unbiased proximity-dependent biotinylation (BiolD) screen. Several promising differentially interacting
candidates were identified in the BiolD datasets, including RUFY1, a Rab4/14 binding protein that has
been shown to regulate integrin trafficking, and Ephexin-4, which has been implicated in actin dynamics
and microtubule mediated focal adhesion disassembly. The bronchial epithelium is an innate immune
tissue, and RNA sequencing of human bronchial epithelial (HBE) cells expressing Y270C revealed an
altered immune profile with downregulation of several pathways involved in innate immune response.
Alteration of these pathways and downregulation of critical anti-microbial peptides likely play a role in
impaired antimicrobial function of DCTN4-Y270C.Finally, although we have observed normal tight
junction formation in polarized DCTN4-Y270C HBEs, we observe alterations in adherens junction
proteins with downregulation of E-cadherin and upregulation of N-cadherin. This, along with
upregulation of several other EMT related genes suggests a partial EMT phenotype in the Y270C HBE.
The functional consequences of this still need to be explored. In the context of the DCTN4-Y270C
mutation, cystic fibrosis and ARDS can be viewed as a sensitizing background that enhances this
mutation’s negative impact on lung disease. Knowledge of the mechanisms by which DCTN4-Y270C
exerts its effects will not only open up the opportunity for development of therapies to combat its
detrimental effects, but will also allow us to predict if those with DCTN4-Y270C will be more susceptible
to certain environmental insults that they should be advised to avoid such as smoking and exposure to
infection (SARS-CoV2).
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B113/P1110
Investigating the Molecular Evolution of Dynein and the Dynactin Complex
S. Bohling, H. Goodson; University of Notre Dame, Notre Dame, IN

The last eukaryotic common ancestor, LECA, is the progenitor of all eukaryotic organisms. We can learn
about LECA through the study of early diverging organisms, and understanding the cell biology of LECA
can provide insight into the cell biology of all eukaryotes. Red algae diverged from the lineage leading to
green plants over 1 billion years ago. The cytoskeleton is essential for key cellular processes including
cell division, intracellular transport, and cell motility. Therefore, learning more about the cytoskeleton of
red algae could provide insight into the biology of LECA and thus into the function of cytoskeletal
proteins in all eukaryotic cells. My work uses bioinformatic and computational biology approaches to
identify the molecular motor cytoplasmic dynein and its accessory dynactin complex in both red algae
and their phagotrophic sister phylum Rhodelphis. This work is interesting because until recently, plants
(including red algae) were thought to completely lack cytoplasmic dynein/dynactin, and it was often
assumed that these proteins were limited to the clade containing animals and fungi. Our work shows
that dynein is found in Rhodelphis and several clades of red algae; consistent with this observation,
several components of dynactin complex are found in these organisms as well. This observation shows
that cytoplasmic dynein existed in at least the common ancestor of plants and animals/fungi.
Interestingly, some red algae (Atlantic Porphyra umbilicalis and its Pacific relatives) seem to be in the
process of losing their dynein proteins, as the dynein motor is present, but divergent, and dynactin
complex proteins are either difficult to recognize or absent. Future studies will look at the relationship
between dynein and dynactin complex proteins in red algae and other divergent organisms to gain a
better understanding of the cell biology of LECA.

Motors: Kinesins in Mitosis and Spindle Regulation

B114/P1111
MKLP1 mediates RNA granule assembly and protein translation in the midbody
S. Park, R. Dahn, A. R. Skop; University of Wisconsin-Madison, Madison, WI.

MKLP1 is a spindle-midzone kinesin motor protein that functions in midzone/midbody microtubule
assembly, and is necessary for the completion of cytokinesis. Abscission results in two daughter cells,
and one midbody remnant (MBR)--a RNA-enriched extracellular vesicle suspected to play a role in
mediating cell fate. Recent work from the Prekeris and Simpson labs have shown that midbody
remnants (MBRs) can increase cell proliferation indexes when placed on naive Hela cells (Peterman,
2019; Rai, 2021), suggesting that information being transferred to cells. To determine how the
midbody/MBR assembly might be mediated by MKLP1 and known midbody RBPs, we sought to take a
cell biological and genetic approach. Using RNAScope™ Poly A mRNA probes, we discovered that RNAs
are abundant in the midbody matrix, a region devoid of tubulin antibody. This accumulated mRNAs mass
at the midbody is wrapped by MKLP1, and is lost in MKLP1 siRNA-treated cells. The RBPs, Arc and
ESCRTIII, are not necessary for RNA accumulation at the midbody matrix, as Poly A probes reveals a
normal accumulation of RNA. Next, using Click-It chemistry, we utilized homopropargylglycine (HPG), a
Methionine analogue, to visualize active protein synthesis in the central matrix of midbody, which was
co-incident with the Poly A RNAscope pattern, and also sensitive to MKLP1 knockdown, suggesting that
either MKLP1 directly plays a role in translation event, or that decreased translation is due to lack of the
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assembly of midbody-enriched RNA. Lastly, we discovered that Arc and ESCRTIII are necessary for
mediating the levels of protein translation in the midbody. Active protein synthesis does not require the
following midbody RBPs: Annexin A11, ATXN2L, Staul, and TIS11b. In sum, we suggest that MKLP1
mediates the assembly and translation of RNAs in the midbody/MBRs, and that both Arc and ESCRT-III
appear to modulate the levels of translation in the midbody. How the midbody RNP assembles and
behaves as a novel translationally active extracellular vesicle (MBR stage) in cell communication is a
focus of our lab.

B115/P1112

Using a Comprehensive Approach to Study the Mechanisms of Eg5 and Microtubule

W. Guo?, J. E. SancheZz?, L. Li%; 'The University of Texas at El Paso, EL PASO, TX, The University of Texas
at El Paso, El Paso, TX.

Kinesins are microtubule-based motor proteins that play important roles ranging from intracellular
transport to cell division. Human Kinesin-5 (Eg5) is essential for mitotic spindle assembly during cell
division. By combining molecular dynamics (MD) simulations with other multi-scale computational
approaches, we systematically studied the interaction between Eg5 and the microtubule. We find the
electrostatic feature on the motor domains of Eg5 provides attractive interactions with the microtubule.
Additionally, the folding and binding energy analysis reveals that the Eg5 motor domain performs its
functions best when in a weak acidic environment. Molecular dynamics analyses of hydrogen bonds and
salt bridges demonstrate that, on the binding interfaces of Eg5 and the tubulin heterodimer, salt bridges
play the most significant role in holding the complex. The salt bridge residues on the binding interface of
Eg5 are mostly positive, while salt bridge residues on the binding interface of tubulin heterodimer are
mostly negative. In contrast, the interface between a and B-tubulins is dominated by hydrogen bonds
rather than salt bridges. Compared to the Eg5/a-tubulin interface, the Eg5/B-tubulin interface has a
greater number of salt bridges and higher occupancy for salt bridges. This asymmetric salt bridge
distribution may play a significant role in Eg5’s directionality. The residues involved in hydrogen bonds
and salt bridges are identified in this work and may be helpful for anticancer drug design.

B116/P1113

Charge Changes in the Neck-linker of KIF18A Alter its Microtubule Preference, Cause Spindle
Positioning Defects, and Impact Mitotic Function

K. A. Queen?, A. Cario?, S. E. Vandal? A. F. Thompson?, C. L. Berger?, J. Stumpff?; 'University of Vermont,
Burlington, VT, 2Dartmouth Geisel School of Medicine, Hanover, NH.

Eukaryotic cells express many kinesins (45 in mammals) to support diverse cellular processes. Despite
the unique functions these motors serve, kinesins share a conserved enzymatic region consisting of a
motor domain and neck linker. The neck linker of kinesins undergoes conformational changes to ensure
productive unidirectional stepping along microtubules. Our work focuses on the kinesin-8 KIF18A, which
has an extended neck linker that not only serves to promote unidirectional stepping but also allows for
obstacle navigation and subsequent accumulation to the plus-ends of kinetochore microtubules. Given
the critical functions of the neck linker, we were interested in understanding how modifications within
this structural region affect the canonical mitotic functions of KIF18A. KIF18A is a mammalian mitotic
kinesin that plays important roles in chromosome alignment, kinetochore-microtubule attachment, and
mitotic progression. These functions are mediated by the accumulation of KIF18A at the plus-ends of
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kinetochore microtubules where it suppresses microtubule dynamics. KIF18A has three identified sites
of modification within its neck linker, which occur at K356, S357, and K360, suggesting this may be an
important regulatory region. Using an inducible cell line approach, we found that a phospho-mimetic
S357D mutation alters the localization of KIF18A within the spindle, moving the motor off stable
kinetochore microtubules and onto dynamic peripheral microtubules. The S357D mutant also exhibits
altered localization in monopolar and interphase cells. Changes in localization are accompanied by
defects in the ability of KIF18A S357D to promote mitotic progression, support chromosome alignment,
and maintain spindle position. We investigated if this altered localization and mitotic defects are due to
changes in single molecule motility or tubulin density but found no changes compared to wild-type
KIF18A. However, removing the kinetochore microtubule specific microtubule associated protein HURP,
allowed for re-localization of KIF18A S357D to k-fiber plus ends. This re-localization resembles the
effects of removing obstacles from kinetochore microtubules in the presence of a shortened neck-linker
KIF18A mutant. Taken together, this work indicates that KIF18A S357D may mimic a shortened neck-
linker state, essentially excluding KIF18A S357D from kinetochore microtubules, resulting in alterations
in the localization and the function of the motor.

B117/P1114
The B-tubulin tail differentially regulates kinesin-5 motors
E. C. Thomas, J. K. Moore; University of Colorado - Anschutz Medical Campus, Aurora, CO.

The tubulin code hypothesis predicts that tubulin proteins create programs for regulating the activities
of kinesin motors, but we still lack an understanding of how molecular differences in microtubule
networks can regulate kinesin function. The carboxy-terminal tails of tubulins are highly divergent and
could provide an adjustable platform to control kinesin function. In this work, we identify through a
genetic screen two budding yeast kinesin-5 motors, Cin8 and Kip1, that differentially interact with the -
tubulin tail. In wild-type cells, interactions with the B-tubulin tail recruit Cin8 to the spindle and establish
a sequential recruitment of Kip1, which is otherwise insensitive to the B-tubulin tail. We determined
that a negatively charged patch of acidic amino acids in the B-tubulin tail mediates the interaction with
Cin8 and promotes its motility toward the plus-end of microtubules. Two positively charged regions
within the Cin8 motor domain coordinate these charge-charge interactions with the negative B-tubulin
tail. These regions are divergent in Kip1, providing a basis for its differential interaction with the B-
tubulin tail. Finally, we demonstrate that interactions between Cin8 and the B-tubulin tail are necessary
to promote stable, controlled spindle elongation during anaphase. The B-tubulin tail is highly divergent
across species and is targeted for a variety of posttranslational modifications; it may therefore represent
a mechanism for tuning spindle elongation across species and cell types. Interestingly, the positively
charged regions of Cin8 are present in mammalian kinesin-5, suggesting that the mechanism may be
conserved. Altogether this work proposes a molecular mechanism for how interactions between tubulin
tails and kinesin motors can increase kinesin motility to promote spindle function.
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Microtubules in Disease

B119/P1115

Tau Phosphorylation Impedes Cohesive Envelope Formation

V. Siahaan’, E. Zatecka?, A. Karhanova', M. Braun?, Z. Lansky; ‘Czech Academy of Sciences, Institute of
Biotechnology, Prague, CZECH REPUBLIC, 2Department of Cell Biology, Faculty of Sciences, Charles
University, Prague, CZECH REPUBLIC.

In neurodegenerative diseases, collectively termed tauopathies, malfunction of the protein tau and its
detachment from axonal microtubules are correlated with axonal degeneration and often are associated
with abnormal phosphorylation of tau. Tau proteins, being intrinsically disordered, individually diffuse
on microtubules and upon cooperative formation of cohesive envelopes, alter the spacing of the tubulin
dimers constituting the microtubules®. Thereby, tau envelopes differentially regulate the accessibility of
the microtubule lattice for other proteins, including molecular motors and microtubule severing
enzymes?. Phosphorylation of tau reduces the affinity of tau for microtubules, however, the impact on
envelope formation is not known. Pinl is a peptidyl-prolyl cis-trans isomerase that catalyzes the
isomerization of phosphorylated Serine/Threonine-Proline motifs in tau, restoring the affinity of
phosphorylated tau for microtubules. Here, using in vitro reconstitution, we show that (a)
phosphorylation impedes the formation of tau envelopes, while de-phosphorylation of tau enhances
envelope formation and (b) Pinl1 promotes envelope formation of phosphorylated tau. Our results
demonstrate a mechanism by which Pinl promotes the functioning of tau after phosphorylation,
suggesting how Pinl may decrease deleterious consequences of tau phosphorylation and
hyperphosphorylation in neurodegenerative disease.

1. Siahaan, V. et al. Microtubule lattice spacing governs cohesive envelope formation of tau family
proteins. Nat Chem Biol (in press).

2. Siahaan, V. et al. Kinetically distinct phases of tau on microtubules regulate kinesin motors and
severing enzymes. Nat Cell Biol 21, 1086-1092 (2019).

B120/P1116

Trisomy 21 increases microtubules and disrupts centriolar satellite distribution

B. L. McCurdy, C. E. Jewett, A. J. Stemm-Wolf, C. G. Pearson; University of Colorado Anschutz Medical
Campus, Aurora, CO.

Trisomy 21, the source of Down syndrome, causes a 0.5-fold protein increase of the chromosome 21-
resident gene Pericentrin (PCNT) and reduces primary cilia formation and signaling. Here, we investigate
how PCNT and chromosome 21 genetic imbalances disrupt primary cilia. Using isogenic RPE-1 cells
engineered with increased chromosome 21 dosage, we find PCNT protein accumulates around the
centrosome as a cluster of enlarged cytoplasmic puncta that localize along microtubules (MTs) and at
MT ends. These cytoplasmic PCNT puncta impact the density, stability, and localization of the MT
trafficking network required for primary cilia formation. The PCNT puncta appear to sequester cargo
peripheral to centrosomes in what we call ‘pericentrosomal crowding’. The centriolar satellite proteins
PCM1, CEP131, and CEP290, important for ciliogenesis and signaling, accumulate at enlarged PCNT
puncta in trisomy 21 cells. Reducing PCNT when chromosome 21 ploidy is elevated is sufficient to
decrease PCNT puncta and pericentrosomal crowding, reestablish a normal density of MTs around the
centrosome, and restore ciliogenesis to wild-type levels. A transient reduction in MTs also decreases
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pericentrosomal crowding and partially rescues ciliogenesis in trisomy 21 cells, indicating that increased
PCNT leads to defects in the MT network deleterious to normal centriolar satellite distribution. Trisomy
21 cilia frequencies eventually increase to wild-type levels after sustained duration in starvation media.
This suggests that MT-dependent trafficking events required for ciliogenesis are initially waylaid but
resolved with time. Importantly, initial steps of ciliogenesis require removal of the centriolar capping
protein CP110 from the mother centriole. We find that depletion of CP110 protein levels in elevated
chromosome 21 ploidy rescues primary ciliogenesis to normal levels. This suggests that bypassing MT-
based trafficking events when chromosome 21 dosage is elevated rescues primary ciliogenesis and
reinforces our conclusion that chromosome 21 aneuploidy disrupts MT-dependent intracellular
trafficking required for primary cilia formation.

B121/P1117

Dystrophin and Ensconsin Cooperate to Maintain Nuclear Spacing in Myofibers by Regulating Distinct
Aspects of Microtubule Organization

J. R. Padilla, A. Burgess, G. Aleck, L. Ferreira, E. S. Folker; Biology, Boston College, Chestnut Hill, MA.

Nuclei are evenly spaced in myofibers and disruptions in this spacing are a hallmark of poorly
functioning muscles. Whereas some muscle disorders such as Emery-Dreifuss muscular dystrophy, which
is linked to mutations in genes encoding nuclear envelope proteins, can be tied directly to the spacing of
nuclei, Duchenne Muscular Dystrophy (DMD), caused by a mutation in dystrophin is more difficult to
connect to nuclear spacing. Nevertheless, mispositioned nuclei are evident in DMD patients. To
determine whether dystrophin regulates nuclear spacing independent of myofiber regeneration, we
depleted Dystrophin from Drosophila muscles at specific developmental stages. Depletion of Dystrophin
during active nuclear movement did not affect the nuclear spacing, however, depletion of Dystrophin
after the completion of nuclear movement resulted in a loss of nuclear spacing indicating that
Dystrophin is necessary to maintain nuclear spacing in differentiated myofibers. Intriguingly, nuclear
spacing was not affected by the depletion of any other component of the dystroglycan complex
indicating that Dystrophin regulates nuclear spacing by a novel mechanism. Because Dystrophin can
bind microtubules, we screened microtubule associated proteins for functional interactions with
dystrophin that regulate nuclear spacing. Ensconsin/MAP7 was the only gene identified to functionally
interact with dystrophin. Animals carrying a mutation in both genes had significantly more disrupted
nuclear spacing than animals with a mutation in either gene alone. To identify the underlying
mechanism of this functional interaction, we examined microtubule organization. Disruption of
Ensconsin or Dystrophin expression reduced the number of nucleus-associated microtubules.
Additionally, the disruption of Ensconsin expression reduced the length of microtubules whereas the
disruption of Dystrophin increased the looping of microtubules and resulted in microtubules that grew
back toward the nucleus. Simultaneous disruption of both Ensconsin expression and Dystrophin
expression caused muscles to have shorter microtubules with more dramatic looping and a reduced
number of nucleus-associated microtubules. Taken together, these data suggest that dystrophin and
ensconsin cooperate to maintain nuclear spacing in myofibers via their regulation of distinct aspects of
microtubule organization.
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B122/P1118

A Specific Isoform of the Nesprin Msp300 Organizes the Perinuclear Microtubule Organizing Center in
Fat Body Cells

G. M. Morton?, Y. Zheng?, C. Zheng?, T. L. Megraw?; 'Biomedical Sciences, Florida State University,
Tallahassee, FL, 2Xiamen University, Xiamen, CHINA.

The goal of this project was to determine how the Nesprin Msp300 controls assembly of the
microtubule-organizing center (MTOC) on the nuclear surface in Drosophila fat body cells. Msp300
appears to form the foundation for this MTOC on the nuclear surface and is required to recruit the
microtubule minus-end stabilizer Patronin and the microtubule polymerase Msps to form a functional
MTOC. Remarkably, the microtubule nucleator y-tubulin is not required at the fat body perinuclear
MTOC. Msp300 is a component of the linker of nucleoskeleton and cytoskeleton (LINC) complex, which
spans the nuclear envelope and provides a physical connection between the cytoplasm and the interior
of the nucleus. Comprising the LINC complex are the KASH-domain and SUN-domain proteins, which are
present on the outer and inner nuclear membrane, respectively. Surprisingly, while Msp300 is required
for MTOC formation, the sole SUN protein in Drosophila is not required, indicating that Msp300
associates with the nuclear surface in a non-conventional manner in fat body cells. The Msp300 gene is
complex, encoding at least eleven isoforms. Using a combination of mutant and RNAi isoform depletion
approaches, we have identified a set of three similar isoforms that are specifically necessary for MTOC
formation. The consequences of disrupting the fat body non-centrosomal MTOC is microtubule
disruption, nuclear mispositioning, and impaired retrograde endocytic trafficking, and we show that the
Msp300 isoforms we identified are necessary for some and perhaps all of these functions. In contrast,
the loss of other Msp300 isoforms does not significantly impair ncMTOC function. Overall, our results
reveal a novel function of a unique set of Msp300 isoforms in the fat body to organize the perinuclear
MTOC.

B123/P1119

The tail anchored membrane protein SLMAP3 orchestrates muscle development by rearrangement of
the microtubule organizing center (MTOC)

A. P. Dias, T. Rehmani, M. Salih, B. Tuana; Cellular and Molecular Medicine, University of Ottawa -
Faculty of Medicine, Ottawa, ON, CANADA.

We have previously shown that SLMAP3 is a component of the centrosomal MTOC, to where it is
directed by its N-terminal sequences including the FHA domain (J Cell Sci (2004) 117 (11): 2271-2281).
SLMAP3 also localizes in the nuclear envelope (NE), where it is anchored by its C-terminal
transmembrane domain. Muscle development is regulated by cytoskeleton remodelling, which includes
the reorganization of MTOC components from the centrosome to the NE. Such a switch is important for
myoblast fusion and proper nuclear positioning for normal myotube and muscle formation. Defects in
these processes are associated with muscle dysfunction. To investigate the role of SLMAP3 in vivo, we
generated SLMAP3 knockout (KO) mice using the Cre-Lox system, which exhibit late embryonic/perinatal
lethality. RNA-seq analysis of SLMAP3 KO embryos indicated enrichment of biological processes involved
in muscle development. Histological analysis of quadriceps indicated ~40% reduction of fiber length in
SLMAP3 KO embryos compared to wild type (WT). Deletion of SLMAP3 in C2C12 mouse myoblast by
CRISPR/Cas9 impacted myotube formation with ~98% reduction in fusion index and 7.6-fold less myosin
heavy chain protein expression after 4 days in differentiation medium. Analysis of SLMAP3 interactors
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by Immunoprecipitation-Mass Spectrometry (IP-MS) indicated its association with MTOC proteins,
including akap9, pde4dip, pcm1 and pericentrin. Pericentrin staining indicated defects in the MTOC
rearrangement in both SLMAP3 KO C2C12 cells and SLMAP3 null embryonic skeletal muscle. During
differentiation, approximately 50% of the myogenin+ SLMAP3 KO C2C12 cells displayed NE-MTOC
compared to 97% of myogenin+ WT cells. Still, the majority of the NE-MTOC in the KO cells exhibited
weak and less defined pericentrin distribution, similar to that observed in skeletal muscle of SLMAP3
null embryos. Also, the mean distance between the nuclei in SLMAP3 null embryonic skeletal fibers was
about half of the distance observed in WT myofibers, indicating impairment of nuclei positioning and
defective NE-MTOC distribution. Our results indicate a novel role for SLMAP3 in myogenesis, via
mechanisms involving MTOC dynamics orchestrated through its unique structural elements. (Supported
by CIHR).

B124/P1120

Regulation of microtubule acetylation during the DNA damage response promotes efficient repair
S. S. Wallis, S. A. Godinho; Cancer Cell and Molecular Biology, Barts Cancer Institute, London, UNITED
KINGDOM.

The microtubule cytoskeleton forms an integral part of eukaryotic cells. Over the past decade, there has
been growing evidence that microtubules also play an important role in the repair of double strand
breaks (DSBs) during the DNA damage response (DDR) by increasing DSB mobility. Recent work
suggested that microtubule post-translational modifications (PTMs) are involved in the DDR, with
acetylated tubulin levels increasing in response to DNA damage. This is particularly interesting as
microtubule acetylation has been associated with increased kinesin-1 activity, which is known to affect
DSB repair efficiency. However, how microtubule PTMs regulate the DDR and whether this can be
exploited to enhance cancer treatment remains largely unknown. In this work, we show that
microtubule acetylation, but not other PTMs tested, increases in a biphasic manner during the DNA
damage response: an early peak in response to DNA damage and late peak correlated with DNA damage
repair. Cells with defective DDR display a significantly lower late peak of microtubule acetylation,
suggesting that efficient repair is important for increased tubulin acetylation at later time points.
Furthermore, we show that depletion of alpha-tubulin acetyltransferase 1 (aTAT1), the enzyme
responsible for microtubule acetylation, dramatically impairs the DDR, while overexpression of aTAT1
increases repair speed. Furthermore, using live-cell tracking of DNA damage foci, we observe a
significant decrease in DSB mobility in cells depleted of aTAT1. Taken together, these results suggest
that DSB mobility is regulated by tubulin acetylation and important for DNA repair. We propose a model
by which the DDR is fine-tuned by microtubule acetylation to promote enhanced kinesin-1 activity to
ensure efficient and timely repair. Finally, we demonstrate how changing levels of microtubule
acetylation can be exploited to enhance the response to a commonly used chemotherapeutic, opening
new avenues to treat cancer.
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B125/P1121

The ubiquitous Microtubule Associated Protein 4 (MAP4) controls organelle distribution by regulating
the activity of the kinesin motor

I. Nabtil, B. J. N. Reddy?, R. Rezguil, W. Wang?, S. P. Gross?, G. T. Shubeita’; !New York University Abu
Dhabi, Abu Dhabi, UNITED ARAB EMIRATES, 2University of California Irvine, Irvine, CA.

Regulation of organelle transport by molecular motors along the cytoskeletal microtubules is central to
maintaining cellular functions. We show that the ubiquitously-expressed tau-related protein, MAP4, can
bias the bidirectional transport of organelles towards the microtubule minus-ends. This is concurrent
with MAP4 phosphorylation, mediated by the kinase GSK3B. We demonstrate that MAP4 achieves this
by tethering the cargo to the microtubules, allowing it to impair the force generation of the plus-end
motor kinesin-1. Consistent with this, MAP4 physically interacts with the motor complex via dynein and
dynactin, and associates with cargoes through its projection domain when phosphorylated. Its
phosphorylation coincides with perinuclear accumulation of organelles, a phenotype that is rescued by
abolishing the cargo-microtubule MAP4 tether, or by pharmacological inhibition of dynein, confirming
the ability of kinesin to inch along, albeit inefficiently, in the presence of phosphorylated MAP4. These
findings have broad biological significance because of the ubiquity of MAP4 and the involvement of
GSK3B in multiple diseases, more specifically in cancer, where MAP4-dependent redistribution of
organelles may be prevalent in cancer cells, as we demonstrate here for mitochondria in the lung
carcinoma epithelial cells.

B126/P1122

Tubulin Posttranslational Modification by Taurine is Tissue Selective, is increased in some Tumors, and
Occurs in Single Molecule Patterns

A. White, D. Sackett; National Institute of Child Health and Human Development, NIH, Bethesda, MD.

Posttranslational modification (PTM) of tubulin encompasses a number of chemical changes to alpha
and beta tubulin. These occur mostly on the disordered, acidic C-terminal tails (CTT) of 10-20 residues of
alpha and beta that extend out from the surface of the microtubule (MT). An interesting PTM series
entails the removal of the C-terminal tyrosine from alphas that have been incorporated into the MT, and
its replacement when the tubulin is released as free dimer. We recently reported that taurine occurs as
a C-terminal adduct to the de-Tyr CTT, blocking re-Tyr. Taurine is the most abundant free amino acid in
the body and has long been thought to never be incorporated into any proteins. We used mass
spectrometry to demonstrate taurine adducts to the C-terminus of de-Tyr alpha tubulin in chicken red
blood cell tubulin, but now know that it is more widespread. We developed an antibody to alpha-CTT-
taurine which shows that taurine-tubulin is abundant in rodent brain, skeletal muscle, and heart but
absent or nearly so in some other tissues. Similarly, some but not all cell lines derived from these tissues
of rodents and humans show abundant taurine-tubulin. Tissue microarrays of normal and tumor
samples shows increased taurine-tubulin in some tumors (such as some sarcomas) but not in others
(such as breast cancers). Examination of the distribution of taurine-tubulin in cultured cells by super-
resolution STED microscopy shows a remarkable pattern of taurine modification on the MT. Taurine
adducts occur as single molecules of alpha tubulin-taurine separated by regular spacings with no taurine
modification. Thus, taurine incorporation at the C-terminus of de-Tyr alpha tubulin is the only known
incorporation of taurine into any protein, and a possible modulator of the evolutionarily conserved
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cyclic Tyr / de-Tyr modifications of tubulin. It shows a unique tissue selectivity and pattern of MT
labeling, and is increased in some tumors.

B127/P1123

Non-Centrosomal Microtubule Organising Centres Controlled by Light in Pluripotent Cells

J. Greaney?, H. Janovjak?, J. Zenker?!; *Australian Regenerative Medicine Institute, Monash University,
Melbourne, AUSTRALIA, 2Flinders Health and Medical Research Institute, Flinders University, Adelaide,
AUSTRALIA.

The arrangement of microtubule organising centres (MTOCs) in a cell is a key mediator of cellular
identity by controlling the architecture of the microtubule network and its associated organelles and
biomolecules. Commitment of stem cells to a particular cell lineage is characterised, in part, by the
transition from non-centrosomal MTOCs (ncMTOCs) to centrosomes. However, the real-time regulation
of MTOC switching during pluripotency exit remains elusive.

We set out with the objective to design an optogenetically-controlled version of calmodulin-regulated
spectrin-associated protein 3 (CAMSAP3), which drives the formation of the interphase bridge, the
characteristic ncMTOC in the preimplantation mouse embryo. Opto-CAMSAP3 localised and functioned
as normal in dark conditions and, upon light-illumination, dissociated from microtubules, rendering it
non-functional with sub-cellular and sub-second spatiotemporal precision in the preimplantation mouse
embryo and in human induced pluripotent stem cells (hiPSCs).

Unexpectedly, this led to the discovery of an array of perinuclear CAMSAP3 deposition in the
preimplantation mouse embryo responsible for mediating the interphase perinuclear microtubule
architecture. Known from mammalian muscle cells and Drosophila melanogaster embryos, perinuclear
ncMTOC activity determines nuclear organisation and signalling. Thus, lacking centrosomes, the cells of
the preimplantation embryo present an extraordinary plasticity in the usage of various ncMTOCs.

Our novel Opto-CAMSAP3 tool enables targeted disruption of CAMSAP3-dependent ncMTOC activity,
while leaving other avenues of MTOC activity unaffected. The identification of the real-time changes in
microtubule organisation underlying pluripotency and cell lineage specification in vivo and in vitro may
open the door for new ways to regulate microtubule organisation and cell behavior non-invasively for
applications in regenerative and reproductive research.

B128/P1124

Mediation of cisplatin resistance through cis and trans effects on microtubule dynamics

K. Mahalingan?, S. Horibata?, R. Patel?, Y. Fan3, J. HotZz3, K. MacRenaris?, D. Meerzaman®, M. Gottesman?,
A. Roll-mecak?; ININDS, Bethesda, MD, 2MSU, East Lansing, MI, 3NCI, Bethesda, MD, *“NINDSNCI,
Bethesda, MD

More than half a century after its discovery, cisplatin remains one of the most widely used anti-cancer
drugs in the world. Despite this, cisplatin resistance is a major problem in cancer therapy. In ovarian
cancer, cisplatin resistance accounts for more than 60% of all mortality. Thus, there is an urgent need to
understand the mechanisms of cisplatin action. Although cisplatin cytotoxicity has long been associated
with DNA damage, our RNA seq analysis of cisplatin-resistant ovarian cancer cells show many changes in
microtubule cytoskeleton genes that correlate with drug resistance. Using in-vitro assays we show that
clinical concentrations of cisplatin directly affect microtubule dynamics by increasing the frequency of
microtubule depolymerization events. Cisplatin resistant cells counteract this destabilization through
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changes in expressed tubulin isotypes and by over-expressing tubulin polymerization promoting protein
(TPPP3). By reconstituting for the first-time microtubule dynamics with tubulin purified from cisplatin
sensitive, resistance and re-sensitized cells we find that changes in tubulin isotypes in resistant cells
directly stabilize microtubules, and that TPPP3 synergizes with the tubulin isotype repertoire for
maximal microtubule stabilization to counteract the destabilization effects of cisplatin. TPPP3 depletion
restores partial cisplatin sensitivity. Consistent with this, we find that patients with low TPPP3
expression have markedly improved therapeutic outcome. The demonstration of the direct effects of
cisplatin on microtubule dynamics and that microtubule dynamics changes contribute to cisplatin
resistance have direct bearing on cisplatin associated neuropathies and ototoxicity as well as cisplatin
and paclitaxel combination chemotherapy, as the two drugs have opposing effects on microtubule
dynamics. Our study also demonstrates that tubulin isotype repertoire changes, long associated with
drug-resistance in tumors, have direct effects on microtubule dynamics and that they evolve
synergistically with changes in the proteome associated with microtubules.

B129/P1125

Microtubule Acetylation Promotes Eribulin-induced Cell Death by Accelerating ER-Mitochondria Ca?*
Transfer

S. Song, J. Jeong, S. Keum, Y. Hwang, M. Ji, M. Lee, Y. Hwang, J.-H. Choi, S. Rhee; Chung-ang University,
Seoul, Korea, Republic of

Eribulin is a newly developed anticancer drug that has been developed for patients who have not
responded to first- or second-line anticancer therapy. However, after a series of treatments, most breast
cancer cells developed resistance to eribulin. The goal of this study is to identify the signaling pathway
induced by eribulin to provide clues for overcoming eribulin resistance. In breast cancer cells, eribulin
treatment reduced microtubule (MT) dynamics while increasing its acetylation around the nucleus, but
not in eribulin-resistant cells. The eribulin sensitivity to the breast cancer cells was reduced by silencing
of a-tubulin N-acetyltransferase 1 (ATAT1), a major MT acetyltransferase. In addition, combining eribulin
with tubacin, a MT acetylation restored MT dynamics and increased the cell death in eribulin-resistant
cells. Mechanistically, eribulin-induced microtubule acetylation around the nucleus confers cells with
the ability to promote mitochondrial-endoplasmic reticulum (ER) clustering, which accelerates Ca%
transfer from ER to mitochondria, eventually leading to cell death. Taken together, our findings suggest
that MT acetylation is a potential target for treatment of eribulin-resistance breast cancer cells.

B130/P1126
Determining the Role of Acetylated Microtubules in Double-Strand Break Repair and Mobility
J. F. Catala Torres, A. Deb Roy, T. Inoue; Johns Hopkins University Sch Med, Baltimore, MD

The DNA damage response (DDR) protects us against constant genotoxic insults by coordinating the
detection and repair of DNA damage. DNA double-strand breaks (DSBs) are one of the most dangerous
forms of DNA damage, due to their propensity to cause mutations that may lead to disease. Although
the molecular mechanisms behind DSB repair have been extensively studied, only recently has
chromatin mobility come into focus. Upon the onset of DNA damage, microtubules (MTs) interact with
nuclear envelope proteins to promote the mobility of DSBs and aid in their repair. Despite the central
role of MTs in damaged chromatin mobility, it is not known how they are regulated in response to DNA
damage. MT post-translational modifications (PTMs) present a quick and reversible way through which
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the DDR can regulate DSB mobility. We and others have observed that MT acetylation increases
following the induction of DNA damage. This PTM is evolutionarily conserved across eukaryotes and is
exclusively mediated by alpha-tubulin N-acetyltransferase 1 (aTAT1). We have observed that mouse
embryonic fibroblasts (MEFs) with an aTAT1 knock-out (KO) contain high basal levels of DSBs. These
observations led us to hypothesize that the DDR drives MT acetylation to promote the movement and
repair of DSBs. We utilized MEF cells from aTAT1 KO mice to study defects in the DDR in an MT
acetylation-free background. We expressed fluorescently labeled 53BP1—a DDR protein—in these cells
and observed the repair and mobility of DSBs using live cell microscopy. Our data show that upon
treatment with a radiomimetic drug to induce DNA damage, cells lacking aTAT1 are more prone to
accumulate DSBs. Wild-type cells repaired most DSBs by 3h, while aTAT1 KO cells did not fix the damage
in that timeframe. In addition, we observed that DSBs in cells lacking aTAT1 move less, as determined by
their displacement within a 10 min period. These results suggest an important role for microtubule
acetylation in the DDR. Given that cells lacking aTAT1 showed defects in both DSB repair and mobility, it
is possible that microtubule acetylation promotes DSB mobility to assist in repair. We will use synthetic
biology tools developed in our lab to elucidate the mechanism behind this new role of acetylated
microtubules in DNA damage repair and gain insight into the development of mutation-driven diseases
such as cancer.

B131/P1127
Do microtubule depolymerizers induce inflammation in quiescent and non-quiescent cells?
L. J. Horin, T. J. Mitchison; Harvard University, Boston, MA

Microtubule (MT) destabilizing drugs are used in the clinic as chemotherapeutics for both liquid and
solid tumors such as leukemia, melanoma, and non-small cell lung cancer. Although they are widely
thought to act by targeting rapidly dividing cells, these therapies can also cause toxicity in tissues
composed of quiescent and post-mitotic cells such as neuronal and vascular cells, suggesting that
disruption of MT integrity can induce a cell stress response in non-dividing cells. In the literature there
are conflicting reports of whether MT drugs causing inflammatory responses, and, as such, further work
to clarify the link between MTs and cellular stress response is warranted, especially in different cellular
contexts. To examine whether treatment with MT destabilizers causes inflammatory responses, we used
several methods to detect markers of inflammation in non-quiescent and quiescent cells. First, we used
pathway analysis of multiple published transcriptomics datasets and found that in cardiac tissue and
quiescent RPE1s, several genes were upregulated that correlate with NFkB activation in response to
short-term treatment with CA4 and other MT depolymerizers. Next, we measured relative NFkB
activation in non-quiescent A549 Dual reporter cells in response to a 16 hr treatment with
combretastatin A4 (CA4) and TNFa. There was a slight 1.4-fold increase in NFkB, though this was less
than the 4.5-fold and 2.0-fold induction by treatment with 1 ng/ml and 0.1 ng/ml TNFa. This suggests
there is not a significant effect of CA4 on inflammation in non-quiescent cells. Furthermore, co-
treatment of CA4 and TNFa did not amplify NFkB expression, suggesting there is no synergistic effect
between the two pathways. Finally, we used immunofluorescent labeling of p65 and phospho-NFkB to
measure activation and translocation of NFkB in quiescent RPE1ls and serum-starved human pulmonary
microvascular endothelial cells (HPMECs). In both groups, treatment with 1 uM CA4 for 2 hours slightly
decreased the intensity of these labels compared to DMSO, but there was no difference in nuclear
translocation of NFkB into the nucleus. Overall, these data suggest that CA4 does not upregulate
inflammatory pathways to a significant degree in quiescent and non-quiescent cell culture models.
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Future work will use live cell fluorescence assays to sensitively clarify the relationship between MT
depolymerization and inflammation.

Microtubule Networks in Mitosis

B132/P1128

Investigating the role of y-TURC minus-end capping in microtubule regulation in vitro and in cell
division

A.Y. Berman, M. Wieczorek, T. M. Kapoor; The Rockefeller University, New York, NY.

The y-Tubulin Ring Complex (y-TuRC) plays an important role in centrosomal and non-centrosomal
microtubule formation and organization during mitosis. The y-TuRC is an ~2.3 MD assembly consisting of
y-tubulin, GCP2-6, MZT1 and 2, and actin that together form a cone-shaped structure. Fourteen y-
tubulins are arranged in a ring at the top of the complex, poised to interact with a,B-tubulins.
Microtubule regulation by the y-TuRC is central to mitosis when microtubule dynamics are increased
and microtubule formation and organization are regulated to assemble a bipolar spindle. The y-TuRC
performs at least two functions: it can serve as a template for microtubule nucleation, and it can bind to
either nucleated or pre-formed microtubules as a minus-end cap. While recent advances in the
structural and biochemical analysis of the y-TuRC have increased our understanding of y-TuRC-
dependent microtubule nucleation, its microtubule capping activity remains poorly characterized.
Furthermore, the role of the y-TuRC’s capping activity in a cellular context remains unclear. To address
this, we utilized biochemical reconstitutions and cellular assays to characterize the y-TuRC’s capping
activity. Single filament assays showed that y-TuRC capping of dynamic microtubules, which suppressed
growth and shrinkage at minus-ends, had lifetimes of ~1 minute. In contrast, y-TuRCs remained
associated with the minus-ends of newly nucleated microtubules for several minutes. y-TuRCs
reconstituted with nucleotide-binding deficient y-tubulin (y-tubulin®¢™) formed ring-shaped complexes
that did not nucleate microtubules, but capped dynamic microtubule minus-ends at lifetimes similar to
wild-type complexes. In dividing cells, knockdown of y-tubulin and add-back of y-tubulin®®™ resulted in
mitotic spindle defects. However, microtubule regrowth assays revealed that while knockdown of y-
tubulin suppressed non-centrosomal microtubule formation, add-back of y-tubulin®®™ rescued this
process. Our results suggest that y-TURC minus-end capping, a nucleotide-binding-independent activity,
is required for non-centrosomal microtubule formation during cell division.

B133/P1129

The mitotic spindle protein CKAP2 regulates microtubule dynamics and ensures faithful chromosome
segregation.

L. Paim, T. S. McAlear, A. Lopez-Jauregui, S. Bechstedt; Anatomy and Cell Biology, McGill University,
Montreal, QC, CANADA.

During mitosis, cells rely on the concerted action of microtubule-associated proteins (MAPs) and motor
proteins to assemble the mitotic spindle that orchestrates chromosome segregation. Cytoskeleton-
Associated Protein 2 (CKAP2) is predominantly expressed during mitosis and previous work from our lab
has shown that it potently increases microtubule nucleation and stability in vitro; however, its roles
during mitosis in cells are poorly understood. Therefore, to study the function of CKAP2 in cells, we
performed CRISPR-Cas9 genome editing to generate knock-out (KO) clones using human fibrosarcoma
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cell line HT-1080. Immunofluorescence experiments of wild-type (WT) cells demonstrated that CKAP2 is
barely detectable during interphase, however, with the onset of mitosis, CKAP2 localises primarily at the
centrosomes and spindle microtubules, subsequently shifting its localisation to the chromatin during
telophase. As expected, CKAP2 expression was lost in all three KO clones and significant spindle
abnormalities, such as multipolar spindles, chromosome misalignments and lagging chromosomes at
anaphase were more frequently observed in KO cells as compared to WT cells. In addition, multiple
nuclear abnormalities were detected in KO cells more frequently than in WT cells, with cells displaying
multinucleated/fragmented nuclei and abnormal donut-shaped nuclei. Consistent with a role of CKAP2
on chromosomal stability, chromosome spreads and FACS analyses revealed that CKAP2 KO cells were
highly aneuploid, and two out of three KO clones displayed a near-tetraploid genome. To investigate the
mechanism whereby the loss of CKAP2 impacts chromosomal stability, we performed live cell imaging
experiments of cells expressing a fluorescent EB3 marker to directly assess microtubule dynamics, and
found that microtubule growth rates were significantly reduced in KO cells, both during mitosis and
interphase, as compared to WT cells. Our findings demonstrate the powerful role of CKAP2 as a
microtubule nucleation factor in cells and provide a mechanistic explanation for the severe spindle
phenotypes and oncogenic potential of CKAP2 misregulation.

B134/P1130

Midzone Microtubule Dynamics in Anaphase cells

C. Fermino Do Rosariol, Y. Zhang?, A. Shorey?, J. Stadnicki?, J. Ross?, P. Wadsworth?; 1UMass Amherst,
Ambherst, MA, 2Syracuse University, Syracuse, NY.

During anaphase, antiparallel overlapping midzone microtubules elongate, contributing to chromosome
segregation and specification of the location of contractile ring formation. Midzone microtubules are
dynamics in early but not in late anaphase; however, the kinetics and mechanism of stabilization are
incompletely understood.Quantification of midzone microtubules dynamics following photoactivation of
LLCPk1 cells expressing PA-GFP tubulin shows that immediately after anaphase onset, a single highly
dynamic population of microtubules is present (avg t % fast 17 sec). As anaphase progresses, both
dynamic and more stable population of microtubules coexist, with a gradual increase in the dissipation
half-time for the slower population (avg t % slow 85 - 183 sec early to later anaphase). By
midcytokinesis, however, only static microtubules (no dissipation of fluorescence) are detected. We
tested the contributions of furrowing and of midzone associated proteins to midzone microtubule
dynamic behavior. Blocking furrow ingression using either C3 or latrunculin treatment resulted in two
spatially distinct microtubule populations in telophase cells: peripheral microtubules that were highly
dynamic (avg t % 25 sec) and central microtubules with fast and slow populations (avg t % fast 9 sec and
t % slow 127 sec) which did not transition to a static array. Depletion of either PRC1 or Kif4a, which did
not block furrow ingression in most cells, also prevented formation of a static array in telophase cells,
although microtubules were partially stabilized with turnover similar to mid anaphase cells. In Kif4a
depleted or C3 treated telophase cells, the length of PRC1 decorated microtubule overlaps were nearly
5X longer than the short highly compacted zones in control telophase cells. In summary, these results
demonstrate that dynamic turnover and sliding midzone microtubules is gradually reduced as anaphase
progresses and microtubules are further stabilized during cytokinesis. These data reveal the importance
of the PRC1/Kif4a module and midzone microtubule compaction in generating a static midzone.
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B135/P1131

Augmin prevents merotelic attachments by promoting proper arrangement of kinetochore and
bridging fibers

V. Stimac, . Koprivec, I. Toli¢; Rudjer Boskovic Institute, Zagreb, CROATIA.

The mitotic spindle functions as a molecular micromachine that evenly distributes chromosomes into
two daughter cells during cell division. Spindle microtubules in human cells are nucleated at
centrosomes, at kinetochores, and on the lateral surface of pre-existing microtubules by the augmin
complex. However, it is unknown how the augmin-mediated nucleation affects distinct microtubule
bundles and thereby mitotic fidelity. Here we show, by using superresolution microscopy of human
spindles along with depletion of the augmin complex subunits HAUS6 or HAUSS8, that midplane-crossing
microtubules are no longer organized into a bridging fiber that connects sister k-fibers when augmin is
depleted, suggesting that augmin is responsible for the highly organized architecture of the mitotic
spindle. Augmin depletion leads to a three-fold increase in segregation errors when the checkpoint is
weakened. A significant number of lagging chromosomes appeared in the inner part of the mitotic
spindle close to the main spindle axis, where the midplane-crossing microtubule disorganization is most
prominent and proper bridging fibers are often absent. In augmin depleted cells, backtracking of lagging
kinetochores until metaphase revealed their larger tilt and shorter interkinetochore distance, suggesting
that lack of augmin leads to compromised microtubule arrangement facilitating the formation of
merotelic attachments. Merotely was both visible in metaphase cells as well as persistent in anaphase
following augmin depletion, indicating that augmin is necessary to both prevent and resolve the
segregation errors through an interplay of bridging and k-fibers. The impairment of microtubule
arrangement following augmin depletion is reflected in the 25% reduction of k-fibers and 65% reduction
of bridging fibers, which are often completely missing. The absence of bridging fibers is characterized by
a reduction of the interkinetochore distance. Altogether, our results demonstrate a critical role of
augmin in the formation of a properly structured mitotic spindle, suggesting a model where augmin
promotes mitotic fidelity and tension on kinetochores by generating highly organized mechanical
entities consisting of two sister kinetochore fibers connected by a bridging fiber.

B136/P1132

Model mitotic spindle and chromosome as coupled oscillators

J. Zhu, C. Edelmaier, B. Heck, E. Bartle, P. Maddox, E. Nazockdast; University of North Carolina, Chapel
Hill, NC.

Mitotic chromosomes of cells throughout phylogeny oscillate during prometaphase and metaphase.
Chromosome oscillation can be used as a mechanical read-out of the location, direction, and magnitude
of the forces within the spindle. Understanding these force generation mechanisms will further provide
insights into how the same forces result in chromosome alignment during metaphase and segregation
during anaphase. Several factors are believed to contribute to the oscillation of chromosomes:
microtubule poleward flux, centromere stretch, the dynamic instability of microtubules, polar ejection
force, and motor proteins. However, the relative contributions of these factors remain poorly
understood. We tested how mechanical couplings at three interfaces: the microtubule and the
kinetochore, the kinetochore and the chromosome, and between chromosomes in tandem, contribute
to chromosome oscillations. To investigate the detailed structure of these interfaces, we developed a
single molecule live imaging technique - Halo-FSM - founded on the principle of conventional
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fluorescent speckle microscopy. Using this technique, we quantified the dynamics of individual
microtubules at the kinetochore, with adequate resolution to discern evidence of the asynchrony of
dynamics instability between microtubules at a given kinetochore. We also pinpointed the position of
the microtubule tip with ~20 nm accuracy in living mitotic cells. Our preliminary data not only invoke the
possibility that more than one population of kinetochore-microtubule exists within a given k-fiber but
also suggests that microtubule ends penetrate deeper into the kinetochore than previously appreciated.
Further, while classic laser ablation experiments in grasshopper spermatocytes assured that kinetochore
pairs are mechanically independent, our results with mammalian Ptk1 cells suggest that this is not true
in all organisms. In summary, we present evidence for a novel structural principle of the mitotic spindle
as a coupled oscillator system.

B137/P1133
Kinetochore centering and oscillations are regulated by overlap-length dependent forces
P. Risteski, J. Martinci¢, M. Jagri¢, I. M. Toli¢; Ruder Boskovic Institute, Zagreb, CROATIA.

Pre-anaphase kinetochore oscillations at the spindle midplane occur in the majority of the cell types and
result from a tug-of-war between sister kinetochore fibers (k-fibers). Recently, we have shown that k-
fibers are mechanically coupled to overlap bundles, i.e. bridging fibers, which slide apart and drive
microtubule poleward flux of sister k-fibers. However, how overlap bundles are involved in the
regulation of kinetochore centering and de-centering events that result in kinetochore oscillatory
motions at the spindle equator has not been explored. By developing a new speckle microscopy assay
we found that longer k-fiber fluxes at a higher rate than the shorter one, moving the kinetochores
towards the center. This differential k-fiber flux arises due to asymmetry in the size of overlap regions
between k-fibers and bridging fibers. Kinetochore centering efficiency is better when overlaps are
shorter and thus k-fiber flux is slower than the bridging fiber flux. In addition to k-fiber flux being length-
dependent in metaphase, we found that kinetochore congression velocity in prometaphase is reversely
proportional to the flux of the k-fiber associated with proximal pole, which directly supports the idea
that microtubule poleward flux drives kinetochore centering in both phases. Interestingly, k-fiber flux
rates correlate with the kinetochore oscillation velocities and overlap lengths across a panel of siRNA
treatments, implying that the velocity of kinetochore movements is a result of forces transmitted from
the overlaps. We measured polymerization at the plus ends and depolymerization at the minus ends of
both growing and shrinking sister k-fibers and found these events to be correlated. This correlation was
also observed when polymerization and depolymerization events were increased in spindles with
increased overlaps due to Kif18A depletion. Moreover, we found that plus ends of growing k-fibers
largely polymerize whilst those of shrinking k-fibers exhibit pausing or slowly polymerizing events,
thereby suggesting that shrinking k-fibers de-center kinetochores via depolymerization at their minus
ends. Thus, we propose that overlaps promote kinetochore centering via length-dependent sliding
forces and de-centering via flux-driven regulation of microtubule polymerization and depolymerization
events on growing and shrinking k-fibers.
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B138/P1134

Three-dimensional reconstruction of mitotic spindles in the late C. elegans embryo

C. Okafornta, M. Kockert, G. Fabig, T. Miller-Reichert; Experimental Center, Faculty of Medicine Carl
Gustav Carus, Technische Universitat Dresden, 01307 Dresden, GERMANY.

The hallmark of mitosis in eukaryotic cells is the efficiency of the bipolar spindle apparatus to align and
segregate the chromosomes. While there are many microtubules (MTs) that make up the spindle
network, they can be classified by the interaction of their plus ends with target sites. For instance,
kinetochore MTs (KMTs) associate with the chromosomes to connect them with the centrosomes. In the
one-cell C. elegans embryo, KMTs make up about 2.8% of all MTs and achieve an indirect kinetochore-
to-centrosome connection by anchoring into the spindle network (Redemann et al., 2017, Nat. Commun.
8: doi.org/10.1038/ncomms15288). Here, we use three-dimensional (3D) electron tomography to
analyze the length distribution of KMTs in the spindles of late C. elegans embryos (Lindow et al., 2021, J.
Microsc. 284: 25-44). We analyzed mitotic spindles in 16- and 32-cell embryos with the identity of each
of the embryonic cells since the development in C. elegans is well annotated (Sulston et al., 1983, Dev.
Biol. 100: 64-119). We show that the connection of KMTs to the centrosomes in spindles of later
embryonic cells, especially from the 16-cell to the later stages of the C. elegans embryo, favors a switch
to a direct connection. We discovered further that, although the total number of the MTs in a relatively
small cell decreased by an order of magnitude, the total number of the KMTs remained approximately
constant and was thus similar to the number of KMTs as previously observed in the one-cell embryo.
Our aim is to analyze this switch in the kinetochore-to-centrosome connection in spindles of different C.
elegans cell lineages.

B139/P1135
Differential regulation of astral microtubules in a shared cytoplasm
A. Bera, M. L. Gupta; lowa State University, Ames, IA.

Microtubules (MTs) are essential, intrinsically dynamic cytoskeletal filaments, polymerized from
heterodimeric tubulin. Thousands of MTs can work collaboratively to accomplish complex functions like
cell division/migration and intracellular cargo transport, with a high degree of fidelity to ensure cell
viability and genome stability. Failure in spatiotemporal coordination of MTs can penalize processes like
mitosis/meiosis, oogenesis/oocyte maturation and embryo/neurodevelopment. But the mechanisms
coordinating the actions of many dynamic MTs to engineer complex cellular machines, or how subsets
of MTs faithfully cooperate within the overall network, remain largely unknown. Such mechanisms are
difficult to discern in complex cells, containing thousands of MTs. Using Saccharomyces cerevisiae, a
simple eukaryotic model with easily trackable astral MTs, we uncovered a novel phenomenon
controlling MT number inside the daughter cell, or bud, during mitosis. In anaphase cells with
mispositioned spindles, the entry/exit of MTs into the bud is regulated by the net MT occupancy status
of the bud. This phenomenon is independent of bud neck size, MT length, spindle’s distance from the
bud neck or even total number of spindles inside the cell. Utilizing live-cell epifluorescence imaging, we
have uncovered that highly conserved bud neck components and the plus-end directed, MT-
depolymerizing motor, kinesin-8/Kip3, potentially regulate MT entry/exit into the bud. Therefore, we
propose a preliminary model wherein controlling MT number inside the bud maximizes the efficiency of
cell’s spindle positioning mechanism. Elucidating these mechanisms represents a significant advance in
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understanding how the actions of many dynamic MTs is coordinated to achieve diverse and complex
cellular processes.

B140/P1136
Regulation of spindle pole architecture by the microtubule focusing machineries
G. Guilloux, R. Gibeaux; CNRS - Institut of Genetics and Development of Rennes, Rennes, FRANCE.

The spindle is a bipolar structure, composed of microtubules (MTs), which can adapt its size and
architecture among cell types and organisms to ensure mitosis faithfulness. However, how specific
spindle morphologies are established is poorly understood. To address this question, we use X. laevis
and X. tropicalis egg extracts. Indeed, X. tropicalis spindles are not only shorter than their X. laevis
counterparts, but they are also architecturally different, notably at their poles. Using these two systems,
we aim to understand the mechanisms that control the variability of spindle pole architecture. To
overcome the fact that motors involved in pole formation, such as XCTK2 and Eg5, are also involved in
organizing the spindle mid-zone, we reduced the complexity of the spindle by studying MT focusing in
asters that mimic spindle pole organization. We first compared different types of MT asters (triggered by
centrosomes, DMSO or Ran mutant) between species. While the three aster types exhibited size
difference between the two species, only those triggered by DMSO presented an increased MT density
at the aster center for X. tropicalis as observed at spindle poles. By mixing X. tropicalis and X. laevis
extracts and assembling such asters, we found that common focusing mechanisms act in these two
species. Measurements of MT growth speed showed no difference between species, which is thus an
unlikely mechanism to explain the observed differences. Adapting expansion microscopy to analyze
asters, we found aster centers not to be a simple focal point as expected from low-resolution
observations, but rather a meshwork. This suggested crosslinking of MTs and a likely important role of
Eg5 and/or XCTK2 for pole organization. Surprisingly, while inhibition of Dynein only mildly defocused
asters, inhibition of Eg5 and XCTK2 led to MT focusing around a spherical structure and to asters
focusing as spirals, respectively. This suggests a complementary action of these three motors, to allow
for MT minus-end clustering and MT arrangement stabilization through anti-parallel and parallel
interactions.

B141/P1137

Asymmetric requirement for a-tubulin over B-tubulin

L. C. Wethekam, J. K. Moore; Department of Cell and Developmental Biology, University of Colorado
Anschutz Medical Campus, Aurora, CO.

Most eukaryotes express families of genes for the a- and B-tubulin monomers that comprise the tubulin
heterodimer. How cells regulate the balance of a- and B-tubulin to maintain stoichiometry for
heterodimers, and the consequences of monomer imbalance, are not understood. In this study, we use
the budding yeast S. cerevisiae to investigate the role of gene copy number in maintaining levels of a-
and B-tubulin proteins and how shifting the expression of a- or B-tubulin genes impacts the supply of
tubulin proteins and microtubule function. We find that a-tubulin gene copy number is uniquely
important for maintaining an excess a-tubulin protein compared to B-tubulin protein and prevents the
accumulation of toxic levels of B-tubulin. Decreasing B-tubulin gene copy number or increasing a-tubulin
expression has minor effects on microtubule function and cell proliferation. In contrast, increased
expression of B-tubulin relative to a-tubulin is toxic to cells, leading to the formation of noncanonical
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tubulin-containing polymers, unstable mitotic spindles, and disrupted cell proliferation. We use a
structure-guided mutagenesis approach to show that B-tubulin toxicity arises from the catalytically
inactive GTP-binding pocket that is normally sandwiched between a- and B-tubulin in the heterodimer,
and the recruitment of XMAP215/Stu2 to noncanonical polymers formed by super-stoichiometric B-
tubulin. The latter suggests a previously unappreciated binding mode between B-tubulin and
XMAP215/Stu2. Based on these results, we propose a novel model for the relationship between a- and
B-tubulin in which a-tubulin must be maintained in excess to promote GTP hydrolysis and to prevent the
accumulation of non-catalytic assemblies of B-tubulin.

B142/P1138

Rotation of microtubule asters under confinement

A. Sami?, D. B. Stein?, G. Kabacaoglu?, J. S. Oakey?, T. Sulerud?, M. J. Shelley?, J. C. Gatlin?; *Molecular
Biology, University of Wyoming, Laramie, WY, 2Center for Computational Biology, Flatiron Institute, New
York, NY, 3Mechanical Engineering, Bilkent University, Ankara, TURKEY, *Chemical Engineering,
University of Wyoming, Laramie, WY.

During interphase of the cell cycle, the microtubule (MT) cytoskeleton forms a radial array referred to as
the MT aster. The MTs that compose this structure (astral MTs) serve a broad range of functions within
the cell including structural mechanics, cell motility, cell division, intracellular transport, and spatial
organization. Several of these critical functions require that the aster position itself in the cell such that
its center is close to that of the cell’s. However, the mechanisms by which this positioning occurs, and
that of the nucleus and mitotic spindle indirectly, are poorly understood. To better understand the
forces generated by MTs during aster positioning, MT asters were assembled in hydrogel micro-
enclosures (artificial cells) containing discrete volumes of cell-free extracts from Xenopus laevis eggs.
Growing asters readily find the center of their enclosures, and once centered, asters spontaneously
begin to rotate. For small cells this rotation is unidirectional and persistent, while for larger cells it is
oscillatory with rotation periodically changing direction. In yet larger cells, rotation of any sort is not
observed. We find that a minimal in silico model of astral MTs interacting through the cytoplasm and
impinging upon the cell periphery explains these observations. For example, the model shows rotational
switching results from the collective interplay between multiple bending modes of peripherally pinned
MTs. A coarse-grain model of the collective dynamics of MT ensembles shows that the allowable
bending modes are controlled by MT density; increased density can suppress the higher-order bending
modes that drive switching. Both full simulations and experiments with increasing density of MTs
confirm this prediction. This suggests that the MT aster can be conceptualized as a device assembly
whose operating states arise from the interactions of its internal collective modes. Additionally, these
studies demonstrate that the architecture of the MT aster allows pushing forces to be exerted over
longer than expected distances, suggesting that MT interactions with cell boundaries must be tightly
regulated in real cells.
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B143/P1139

TPX2 dependent regulation of spindle architecture

G. Sepulveda?, X. Zhou'?, L. Slevin3, C. Brownlee!?, R. Heald?; University of California, Berkeley,
Berkeley, CA, 2AbbVie, South San Francisco, CA, 3Swedish Maternal and Fetal Specialty Center, Seattle,
WA, “Stony Brook University, Stony Brook, NY

In all eukaryotes, the bipolar, microtubule-based spindle functions to segregate chromosomes to
daughter cells during cell division, yet spindle size and microtubule organization vary dramatically across
different species and cell types. In particular, meiotic spindles frequently lack astral microtubules at
their poles, while mitotic spindles of many animal species possess long astral arrays that are most
striking in the early embryonic divisions of a number of marine invertebrates. One candidate factor for
modulating astral microtubule density and length is the microtubule-associated protein TPX2, which
localizes to spindle poles and possesses microtubule nucleation activity regulated by the nuclear
localization signal (NLS)-binding protein importin alpha. TPX2 also interacts with the mitotic kinase
Aurora A through its N-terminus, and the kinesin-5 (Eg5) motor through its C-terminus. Although
conserved among animals, TPX2 differs dramatically in primary sequence, with an intrinsically
disordered region (IDR) in the amino terminal half of the protein capable of liquid-liquid phase
separation. Through phylogenetic sequence comparison, we have identified TPX2 homologs in sea
urchin (S. purpuratus) and sea squirt (C. intestinalis) that contain a significantly longer IDR. We
hypothesize that this extended domain enhances co-condensation with tubulin, thereby increasing
microtubule nucleation and aster size. Further, we have identified a conserved NLS motif located within
this disordered region, KKLK in X. laevis TPX2, that when mutated to AALA results in significantly higher
microtubule nucleation activity during spindle assembly. We are now expressing and purifying wild-type
and NLS mutant TPX2 proteins from a variety of different species and testing their effects on spindle
architecture and aster formation by adding them to X. laevis egg extracts, and determining the role of
Aurora A and Eg5 in aster formation by treatment with specific inhibitors. Overall, these experiments
will provide new insight into how TPX2 acts to modulate spindle architecture across species and during
embryonic development.

B144/P1140

Spindle dynamics and orientation depends in force generators configuration

V. Gomez Herrera!, M. Anjur-Dietrich?, D. Needleman?, R. Farhadifar®, M. Shelley?; INew York University,
New York, NY, 2Harvard, Cambridge, MA, 3New York University, Cambridge, MA, “Flatiron Institute, New
York, NY

During cell division, the mitotic spindle forms inside cells and segregates chromosomes. The spindle's
position sets the division plane, which is essential for proper growth and development. Force
mechanisms regulating the position of the spindle are not yet understood. Here, we develop a coarse-
grained model of spindles in cells, which accounts for microtubule dynamics, pulling forces from
cortically bounded motor proteins, and fluid drag. We show that the spindle's resistance to rotation is
largely driven by pulling forces from the motor proteins rather than the drag imposed by the cytoplasm.
We also show that the arrangement of motor proteins affects the spindle's resistance to rotation- for
configurations where multiple motors stack at the same region, the spindle's resistance to rotation
significantly reduces. Our findings are consistent with measurements in human tissue culture cells,
where the spindle resistance to the rotation has been quantified.
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B145/P1141

In vivo interrogation of a nanoscale cytoskeleton-associated condensate using super-resolution
microscopy

K. Morellil, S. M. Meier?, M. Willis, A. Zhao?, Y. Barral?, J. Vogel*; *McGill Department of Biology,
Montreal, QC, CANADA, 2ETH Ziirich Department of Biology, Ziirich, SWITZERLAND.

Eukaryotic cells coordinate interactions between actin filaments and microtubules to serve various
important cellular functions. One such function is positioning and alignment of the mitotic spindle
during asymmetric cell division in budding yeast. To position the spindle, astral microtubules which are
nucleated at the spindle pole bodies (SPBs, yeast centrosomes) and project into the cytoplasm interact
with the polarized actin network which originates at the tip of the bud through the plus-end tracking
(+TIP) Kar9. Recent work demonstrates that Kar9 and two other +TIPs, the EB1 homolog Bim1 and the
CLIP170 homolog Bik1, form a liquid-like condensate which tracks the plus ends of growing and
shrinking astral microtubules. However, directly observing predicted liquid-like behavior in living cells is
challenging because Kar9 condensates have diameters around 200 nanometers or less in vivo.
Therefore, we use lattice structured illumination microscopy super-resolution to study behaviors which
emerge from material properties and determine condensate functions in vivo. Using time series with
>15 frames per second, we develop a method to annotate dynamic microtubule behavior according to
dynamic instability parameters using Kar9 as a plus end marker. Strikingly, shorter metaphase
microtubules appear to grow and shrink along the contour of longer microtubules from the same SPB.
These astral microtubules undergo rapid angular motions of astral microtubules relative to the SPB
which most likely result from actin-bound myosin V pulling on Kar9 at their tips. Remarkably parallel
microtubules remain linked during these motions. We conclude that microtubules are bundled by a
mechanism that persists during phases of microtubule dynamic instability and rapid motion through the
cytoplasm.

Ciliary/Flagellar motility

B147/P1142

Intracellular connections between basal bodies promote the coordinated behavior of Tetrahymena
motile cilia

A. Soh?, L. Woodhams?, A. Junker?, C. Enloe3, B. Noren3, A. Harned*, C. Westlake®, K. Narayan®, J. Oakey?,
P. Bayly?, C. Pearson?; 'University of Colorado Anschutz medical campus, Aurora, CO, 2Washington
University in St. Louis, St. Louis, MO, 3University of Wyoming, Laramie, WY, *National Cancer Institute,
Bethesda, MD, *National Cancer institute, Frederick, MD.

The generation of efficient fluid flow is crucial for organismal development and homeostasis, sexual
reproduction, and cell motility. Multiciliated cells possess fields of motile cilia that beat with
metachronal synchrony to propel fluid. Cilia-driven fluid flow produces extracellular hydrodynamic
forces that synchronizes ciliary beating. However, hydrodynamic coupling between neighboring cilia is
not the sole mechanism for ciliary synchrony. Cilia are nucleated by basal bodies (BBs) that link to each
other and to the cell’s cortex via BB-associated appendages. The intracellular BB and cortical network is
hypothesized to couple cilia and transmit cilia coordination cues. The extent of intracellular ciliary
connections and the nature of these stimuli remain unclear. How BB connections influence the dynamics
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of individual cilia has not been established. Using FIB-SEM imaging in Tetrahymena thermophila, we
show that cilia are both longitudinally and laterally coupled by the underlying BB and cortical
cytoskeletal network. To visualize the behavior of individual cilia in live, immobilized Tetrahymena cells,
we developed Delivered Iron Particle Ubiety Live Light- (DIPULL) microscopy. Quantitative analysis of
ciliary dynamics reveals that BB connections influence ciliary waveforms, but not ciliary length or beat
frequency. Loss of BB connections in the disA-1 mutant causes shorter and slower ciliary power strokes.
Computer modeling analysis predicts that short and slow power stroke trajectories lead to reduced
ciliary force output. Consistent with this, cells with disconnected BBs exhibit slower cilia-driven fluid
flow. Disruption to BB connections also causes inconsistent power strokes between adjacently
positioned cilia, leading to elevated frequencies of ciliary tangles and slower cell motility. In summary,
BB connections promote effective ciliary power strokes and synchronize ciliary beating for efficient fluid
flow and cell motility.

B148/P1143

In situ cryo-electron tomography reveals the asymmetric architecture of mammalian sperm axonemes
Z. Chen?, G. A. Greenan?, M. Shiozaki?, Y. Liu, W. M. Skinner?, X. Zhao?, S. Zhao?, R. Yan?, Z. Yu?, P. V.
Lishko3, D. A. Agard?, R. D. Vale?; University of California, San Francisco, San Francisco, CA, 2Janelia
Research Campus, Ashburn, VA, 3University of California, Berkeley, Berkeley, CA.

In their quest for optimal efficiency, sperm have evolved exquisite engineering solutions to deliver their
genetic information to oocytes. The flagella of mammalian sperm display non-planar, asymmetric
beating, in contrast to the planar, symmetric beating of flagella from sea urchin sperm and unicellular
organisms. The molecular basis of this difference is unclear. Here, we perform in situ cryo-electron
tomography of mouse and human sperm, providing the highest-resolution structural information of the
axonemes to date (up to 6.0 A). Our subtomogram averages reveal mammalian sperm-specific protein
complexes within the microtubules and regulatory complexes of dyneins. The structures and interaction
network of these mammalian sperm-specific complexes suggest their potential roles in enhancing the
mechanical strength of the axonemes and regulating dynein-based axonemal bending. Intriguingly, we
find that each of the nine outer microtubule doublets is decorated with a distinct combination of sperm-
specific complexes. We propose that this asymmetric distribution of proteins differentially regulates the
bending and sliding of each microtubule doublet and may underlie the asymmetric beating of
mammalian sperm flagella. How these complexities and asymmetries arise during mammalian sperm
development will be the next key question.

B149/P1144

Hydrodynamic mechanism of formation of metachronal waves in arrays of cilia

B. Chakrabarti’, S. Firthauer?, M. Shelley?; 'Center for Computational Biology, Simons Foundation
Flatiron Institute, New York, NY, 2Institute of Applied Physics, TU Wien, Vienna, AUSTRIA, 3Center for
Computational Biology, Simons Foundation Flatiron Institute, New york, NY.

Motile cilia are slender, hair-like cellular appendages that spontaneously oscillate under the action of
internal molecular motors and are typically found in dense arrays. These active filaments coordinate
their beating to generate metachronal waves that drive long-range fluid transport and locomotion.
Understanding the emergence and properties of such metachronal waves in ciliary arrays is a multiscale
problem central to developmental biology, transport phenomena, and nonequilibrium physics, with
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potential biomedical applications. Until now, our understanding of their collective behavior largely
comes from the study of minimal models that coarse grain the relevant biophysics and the
hydrodynamics of slender structures. Here we build on a detailed biophysical model to elucidate the
emergence of metachronal waves on millimeter scales from nanometer-scale motor activity inside
individual cilia. Our study of a one-dimensional lattice of cilia in the presence of hydrodynamic and steric
interactions reveals how metachronal waves are formed and maintained. We find that, in homogeneous
beds of cilia, these interactions lead to multiple attracting states, all of which are characterized by a
conserved integer charge. This allows us to design initial conditions that lead to predictable emergent
states. Finally, and very importantly, we show that, in nonuniform ciliary tissues, boundaries and
inhomogeneities provide a robust route to metachronal waves. Due to the novelty of our modeling and
computation, we have unraveled the spatiotemporal self-organization of nanometric motor proteins in
coordinating collective dynamics spanning millimeters: bridging length scales over six orders of
magnitude.

B150/P1145

FAP47, HYDIN and CPC1 in the central pair apparatus of Chlamydomonas flagella

Y. Tanil, H. Yanagisawa?!, T. Yagi?, M. Kikkawa?; 'Graduate School of Medicine, University of Tokyo,
Tokyo, JAPAN, 2Department of Life Sciences, Faculty of Life and Environmental Sciences, Prefectural
University of Hiroshima, Hiroshima, JAPAN.

Motile cilia have a so-called “9+2” structure, which consists of nine doublet microtubules and central
pair apparatus. The central pair apparatus has two microtubules surrounded by several projections,
which are thought to interact mechanically with radial spokes and control the flagellar beating. Recently,
the components of the central pair apparatus of motile cilia have been identified by proteomic and
genomic analysis. Still, the mechanism of how the central pair contributes to the flagellar motility has
much to be revealed. Here, we focused on high molecular weight components of the central apparatus,
FAP47, HYDIN, and CPC1, and studied the swimming phenotypes and 3D localizations of these
components using Chlamydomonas mutants. First, the swimming speed of FAP47-deficient cells is equal
to the wild type’s speed, and the HYDIN-deficient mutant shows slightly slower swimming than the wild
type. fap47 x cpc1 double mutant cells swim much slower than cpcl single mutant cells, indicating that
the lack of FAP47 makes the motility defect of cpc1 worse. GFP-tagged FAP47 rescued this motility
defect. Among these three proteins, FAP47 is less studied, so we focused on FAP47. The FAP47-deficient
mutants swam straighter than the wild type, which indicates the regulation of the flagella is disordered.
Second, we suspect that this malfunctioning of flagella is caused by structural defects of the central pair
apparatus, so we also checked the structural contribution of FAP47 in the central pair apparatus. FAP47
localizes the entire length of axonemes in indirect immunofluorescence microscopy and cryo-electron
tomography revealed that the FAP47-deficient strain partially lacks the C1-C2 bridge structure. In
conclusion, the lack of FAP47 destabilizes the central pair apparatus and affects the regulation of
flagellar beating.
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B151/P1146
Basal body polyglutamylation is modulated by differential ciliary forces
E. Collet, C. Pearson; UNIVERSITY OF CO ANSCHUTZ MEDICAL CAMPUS, Aurora, CO.

Motile cilia are evolutionarily conserved structures that produce hydrodynamic forces through highly
coordinated beating. These hydrodynamic forces are critical for generating fluid flow in multiciliated
epithelial cells and in the motility of multiciliated single-celled organisms. Ciliary beating is accomplished
through dynein-driven sliding of the microtubule doublets which run the length of the cilium, resulting in
a prominent, asymmetric beat stroke. These microtubule doublets are nucleated and anchored to the
cell cortex by basal bodies (BBs), which resist and stabilize cilia against these asymmetric forces. While
several molecular components and microtubule post-translational modifications have been identified as
BB-stabilizing factors, the mechanisms by which BBs are stabilized against differential ciliary forces
remain largely unexplored. Through modulation of the ciliary forces experienced by the ciliate
Tetrahymena thermophila, we find that the levels and distribution of microtubule polyglutamylation at
the BB actively respond to differential ciliary forces. Increasing or decreasing ciliary forces results in a
corresponding increase or decrease in BB polyglutamylation. Additionally, we show BBs exhibit a
distinctly variable, yet asymmetric, pattern of polyglutamylation localization at average ciliary forces.
When subjected to increased ciliary forces, this asymmetry is promptly lost. Furthermore, BBs
experiencing reduced ciliary forces exhibit an asymmetric polyglutamylation pattern distinct from that
of control BBs. We propose that an upregulation of BB polyglutamylation is required to protect against
elevated ciliary forces, and that these forces result in a saturation of polyglutamylation which masks the
asymmetry exhibited at lower force levels.

B152/P1147
Generation of a mouse IFT25GFP knock-in mouse model
W. Li, Y. Yap, A. Kearney, C. Kelly, Z. Zhang; Wayne State University, Detroit, Ml

Intraflagellar transport 25 (IFT25) is a component of the IFT-B complex. In mice, even though this IFT
component is not required for cilia formation in the somatic cells, it is essential for sperm formation.
However, the intracellular localization of this protein in male germ cells is not known given no
antibodies are available for histologic studies. To examine localization of the protein in male germ cells
and further investigate the mechanism of IFT in sperm formation, particularly to look into the dynamic
trafficking of the protein, we generated a mouse IFT25/GFP knock in mouse model using the
CRISPR/cas9 system, with the mouse IFT25 protein fused with a GFP tag in the C-terminus. Three
independent lines were analyzed. Western blotting using both anti-IFT25 and anti-GFP antibodies
showed that the IFT25/GFP fusion protein has the same tissue distribution as the endogenous IFT25
protein, with the highest level in the testis. Examination of localization of the IFT25/GFP in isolated germ
cells revealed that the fusion protein was present in the cytoplasm of spermatocytes and round
spermatids and a strong signal was present in the developing sperm flagellar. Diffusion analysis of IFT25
within the manchette and developing flagellar revealed the presence of both mobile and immobile
fractions. Preliminary fluorescence recovery after photobleaching (FRAP) data revealed 40% of the IFT25
were mobile with a diffusion rate of 0.5 um?/s while the remaining 60% of the IFT25 were immobile and
did not recover after photobleaching. On going analyses will assess varying IFT25 mobility throughout
the developing sperm.
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B153/P1148

Rapid changes in ciliary waveform and beat frequency produce jumping behaviors in the predatory
marine ciliate Strobilidium

D. Galati, M. B. Olson, T. Ridgway, B. Morales, M. G. Campbell, W. Zwolinski; Western Washington
University, Bellingham, WA

Marine ciliates link microbially derived organic carbon to crustacean zooplankton at the lowest trophic
levels. To succeed at these lower trophic levels, marine ciliates use diverse motility behaviors to capture
prey (microbes) and escape predators (zooplankton). These motility behaviors include persistent
unidirectional swimming, helical trajectories, anchored “bobbing”, seemingly random “meandering”,
and bursts of rapid acceleration known as “jumping.” One of the most well-studied jumping marine
ciliates is Strobilidium, which accelerates from rest to speeds greater than 50 mm/sec in less than one
second. Although the ecological importance and swim speeds associated with Strobilidium jumping have
been characterized, the ciliary processes the enable jumping are not clear. To overcome this, we
investigated confined single Strobilidium cells with high-speed oblique illumination microscopy. We
found that Strobilidium jumping is initiated by a near instantaneous change in ciliary waveform and beat
frequency that occurs over several milliseconds. The change in waveform and beat frequency
propagates around a ring of fused oral cilia before slowly returning to the pre-jump status. The pre- and
post-jump ciliary states are nearly identical, and there is no observable change in cell shape prior to
jumping. Collectively, these results suggest that a ciliary state-switching mechanism initiates at or near
the fused oral cilia to allow Strobilidium to alternate between two different velocity states.

Ciliopathies

B154/P1149

Characterization of a new ciliopathy-related disorder caused by mutations in WDR44 that affect
RAB11-dependent ciliogenesis initiation

S. Shakyal, A. Accogli, T. Yang?, C. Insinna?, S. Park3, C. Westlake?; 'Center for Cancer Research, NCI
Frederick, Laboratory of Cellular and Developmental Signaling, Frederick, MD, 2IRCCS Istituto Giannina
Gaslini, Genova, ITALY, 3Institute of Pharmaceutical Sciences, College of Pharmacy, Seoul National
University, Seoul, KOREA, REPUBLIC OF.

Primary cilia are antenna-like structures required for developmental signaling pathways such as
Hedgehog (Hh). These organelles are derived from the mother centriole (MC) through a complex
process called ciliogenesis which is initiated by preciliary vesicle (PCV) trafficking and docking to the MC.
Notably, ciliopathy disorders have been linked to defects in PCV-MC docking, but not PCV trafficking.
RAB11 is required for PCV transport and interaction with WDR44 through its NH,-terminal RAB11
binding domain (RBD) prevents ciliogenesis initiation by a poorly understood mechanism. Here we
describe a new X-linked ciliopathy-related disorder caused by mutations in the RAB11 effector WDR44.
We identified seven missense and one nonsense WDR44 variants in the COOH-terminal WD40 repeat
domain from male patients that display ciliopathy-related features including musculoskeletal
abnormalities, craniofacial dysmorphism, and kidney disease. Fibroblasts isolated from severely affected
patients have aberrant ciliogenesis initiation and reduced Hh signaling implicating dysfunctional cilia as
causative in disease. Zebrafish embryos expressing human WDR44 variants show ciliopathy-related
phenotypes that correlate with the severity of the disease spectrum observed in these patients.
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Moreover, the expression of WDR44 variants in human cells and zebrafish embryos reduces ciliation.
Remarkably, missense variants associated with more severe disease show strongly reduced expression,
which was unexpected based on the WDR44 function in blocking PCV trafficking. We discovered that the
gain-of-function for these proteasome-sensitive WDR44 variants is associated with enhanced vesicular
localization resulting from higher affinity binding to RAB11. Molecular structure predictions and
coimmunoprecipitation studies support a direct interaction between the WDR44 RBD and the WD40
repeat domains, and strikingly the WDR44 patient missense variants disrupt these interdomain
interactions. Together, our work demonstrates that WDR44 interdomain associations are important for
regulating RAB11 effector binding, and the mutations observed in our patients alter these interactions
resulting in impaired ciliogenesis initiation causing a ciliopathy-related disorder.

B155/P1150

Bardet Biedl Syndrome Alters the Ciliary Localization of Appetite Signaling Proteins in the
Paraventricular Nucleus

G. Canales?, J. Reiter'?, C. Vaisse?; 1Biochemistry and Biophysics, Cardiovascular Research Institute,
University of California, San Francisco, San Francisco, CA, 2Chan Zuckerberg Biohub, San Francisco, CA,
3Department of Medicine, Diabetes Center, University of California, San Francisco, San Francisco, CA.

Obesity is a hallmark feature of Bardet-Biedl syndrome (BBS), a ciliopathy caused by loss of function of
the ciliary GPCR trafficking complex called the BBSome. A ciliary GPCR in the paraventricular nucleus
(PVN) of the hypothalamus, called Melanocortin 4 Receptor (MC4R), is the most common gene mutated
in monogenic obesity. Mc4r’- mice develop hyperphagia and obesity, revealing the role of MC4R in food
intake and body weight regulation. Disrupting primary cilia in the mouse adult CNS is sufficient to cause
hyperphagic obesity and neuronal primary cilia function can be affected by diet and Leptin levels. MC4R
co-localizes and works with Adenylyl Cyclase (ADCY) at PVN primary cilia to control feeding in vivo. |
hypothesize that ciliopathies cause obesity by disrupting ciliary MC4R signaling in the PVN. Using mouse
ciliopathy models of BBS and an endogenously tagged MC4R-GFP, | will show that localization of ADCY3
to PVN cilia is significantly reduced, while MC4R localization is increased. Our findings hint that central
regulation of appetite signaling in BBS may be perturbed by a loss of Adenylyl Cyclase in the PVN, a
model that we are testing using conditional genetic approaches. We are also investigating how the
ciliary trafficking of ADCY3 is perturbed in some neuronal cilia but not others. This work has important
implications for how we treat obesity in BBS patients.

B156/P1151

Loss of the Membrane-Binding Protein ciBAR1 in Mice Leads to Ciliary Defects

E. Kim?!, M. Hoquel, J. Chen?, F. Li%, K. Takemaru?; *Molecular and Cellular Biology Graduate Program,
Stony Brook University, Stony Brook, NY, 2Department of Pharmacological Sciences, Stony Brook
University, Stony Brook, NY.

Cilia—ubiquitous, microtubule-based organelles that protrude from the apical cell surface—play a
variety of roles, including mechano- and chemosensation, cell signaling, and fluid dynamics. Dysfunction
of cilia is associated with pleiotropic diseases, known as ciliopathies. The current body of literature
suggests that the unique composition and morphology of the ciliary membrane are crucial for
maintaining the function and homeostasis of cilia. However, the molecular players and mechanisms
underlying the formation and maintenance of the ciliary membrane remain poorly understood. Previous
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work by our lab and other groups demonstrated that the evolutionarily conserved coiled-coil protein
Chibby1 (Cby1) localizes to the ciliary base and plays key roles in ciliogenesis in various model
organisms. More recently, our lab reported that the membrane-binding proteins, Cbyl-interacting BAR
domain-containing 1 and 2 (ciBAR1 and 2; formerly known as FAM92A and B), physically interact with
Cby1 to promote ciliogenesis. Bin/Amphiphysin/Rvs (BAR) domain-containing proteins are known to
dimerize and form crescent-shaped structures that generate or preferentially bind to curved
membranes to facilitate a plethora of cellular processes, such as endocytosis and vesicular fusion and
fission. Coexpression of ciBAR and Cbyl induces membrane tubule-like structures in mammalian
cultured cells. However, the in vivo functions of ciBAR1 and 2 are currently unknown. To elucidate the
role of ciBAR1 in mammalian development, we have generated a ciBAR17 mouse model. We found that
about 20% of ciBAR1” mice show embryonic lethality, and the rest appear runted but survive into
adulthood with no gross morphological abnormalities. Consistent with the important role of ciBAR1 in
ciliogenesis, ciBAR1”-mouse embryonic fibroblasts (MEFs) exhibited a robust decrease in the number of
primary cilia. In MEFs, ciBAR2 is not expressed, and Cby1 is detectable at the ciliary base in the absence
of ciBAR1. Furthermore, we found that, like Cby1”" mice, ciBAR1” mice develop cystic lesions in the
pancreas most likely due to dysfunctional primary cilia. Taken together, our findings indicate that ciBAR1
plays a critical role in ciliogenesis, at least in certain ciliated cell types, in mice.

B157/P1152

Characterization of the Disease-Causing Mechanism of KIF3B Mutations from Ciliopathy Patients

S. Rogers, J. Reid, R. Dasari, C. Goben, J. M. Adams, M. F. Engelke; School of Biological Sciences, lllinois
State University, Normal, IL.

The heterotrimeric kinesin-2 motor KIF3A/KIF3B/KAP drives intracellular transport, which is essential for
ciliogenesis and ciliary function. Two point mutations in the KIF3B subunit (E250Q and L523P) have
recently been linked to human disease (Cogne et al., 2020, Am. J. Hum. Genet.). Heterozygous carriers of
these mutations display retinitis pigmentosa and, in some cases, other classical ciliopathy phenotypes
such as postaxial polydactyly, as well as hepatic fibrosis and heart malformation (E250Q) and kidney
dysfunction (L523P). However, the molecular mechanism leading to disease is currently unknown. Here
we use Kif3b-knockout 3T3 cells, which cannot make cilia, to characterize these mutations. We find that
re-expression of wildtype KIF3B restored ciliogenesis in 79.4% of transfected cells. In contrast,
expression of the mutants resulted in virtually no cilia: E250Q rescued ciliogenesis in 0% and L523P in
0.4% of transfected cells. Next, we functionally characterized motor complexes containing the disease-
causing mutations. Fluorescent-tagging revealed that the L523P mutant localized diffusely throughout
the cytoplasm, indistinguishable from wildtype KIF3B, while the E250Q mutant decorated microtubules.
Further characterization of the E250Q mutation, located in the nucleotide-binding switch Il element of
the motor domain, revealed it to be a novel rigor mutation that causes motor complexes to tightly bind
to but not move along microtubules. The L523P mutation falls within the coiled-coil stalk domain of the
motor. Bioinformatic analysis suggests that this mutation causes a break in the alpha-helical structure of
this domain, suggesting that this mutation might interfere with the formation of the trimeric
KIF3A/KIF3B/KAP complex. To our surprise, protein interaction assays revealed that motor complex
assembly is unaffected. Instead, induced activation of the L523P mutant by truncation of the tail domain
did not result in the expected peripheral accumulation of the mutant motor and thus indicates a defect
in processive motility along microtubules. In summary, this work elucidates the molecular effects of
disease-causing mutations in the KIF3B subunit on the kinesin-2 holoenzyme. Future work will establish
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how the impaired function of kinesin-2 leads to ciliary disease. This work is funded by the NIGMS grant
1R15 GM137248-01A1 to MFE.

B158/P1153

Screening of a small molecule library for chemicals that enhance motile ciliogenesis using zebrafish
and mice

G. Chandrasekaran?, H. J. Ryu?, G. B. Lee?, H. Lu?, S. Roy*, M. A. Bae®, H. Hyun?, J. H. Ahn3, E. Y. Choi2, S.
Y. Choi'; 'Biomedical Sciences, Chonnam National University Medical School, Hwasun 58128, KOREA,
REPUBLIC OF, 2Biomedical Sciences, University of Ulsan College of Medicine, Seoul 05505, KOREA,
REPUBLIC OF, 3Chemistry, Gwangju Institute of Science and Technology, Gwangju 61005, KOREA,
REPUBLIC OF, 4Institute of Molecular and Cell Biology, Proteos, 61 Biopolis Drive 138673, SINGAPORE,
5Bio & Drug Discovery Division, Korea Research Institute of Chemical Technology, Daejeon 34114,
KOREA, REPUBLIC OF.

Cilia are classified into primary (non-motile) cilia and motile cilia. Ciliopathies are a group of genetic
disorders caused by dysfunctional cilia. Motile cilia play a vital role in clearing mucus and foreign matter
along the trachea and bronchi, cerebrospinal fluid circulation, ova movement from the ovary, and sperm
motility. Defects in the motile cilia result in hydrocephalus, chronic respiratory infections, and infertility.
Restoring motile cilia with respect to structure and function is critical to treating motile ciliopathies.
However, there has been little, if any, known empirical research and effective therapeutic modalities for
motile ciliopathies to date. To develop small molecules that can increase motile cilia's number, length,
or function, a high throughput small molecule library screen was performed using Tg(foxjla:eGFP)
zebrafish larvae. Foxjl transcription factor is a master regulator of motile ciliogenesis. Eight hit
compounds (HC) were identified by this screening. The HCs were further validated with anti-acetylated
a-tubulin immunostaining on WT zebrafish and primary mouse tracheal epithelial cells (mTECs). Drug
metabolism and pharmacokinetics (DMPK) studies also identified HC-2 as druggable. In fact, at the
molecular level, HC-2 increased the expression of several essential genes involved in motile ciliogenesis.
Moreover, HC-2 effectively rescued the ependymal motile cilia in a zebrafish genetic model with
reduced motile cilia. Most importantly, the administration of HC-2 to chronic obstructive pulmonary
disease (COPD) mice model restored the otherwise lost/reduced tracheal motile cilia and aided in
reducing airway resistance. Finally, using a novel hydroxyapatite-dye bead-based affinity purification
assay, the GEMC1/MCIDAS-DP1 protein complex was preliminarily identified as a potential molecular
target of HC-2, warranting further investigation. Given the above, our findings show promising
pharmacological properties of HC-2 and support the idea of using it as a direct pharmacological
intervention against defective motile cilia to ameliorate motile ciliopathy.

B159/P1154

mRNA therapy restores cilia function in a ccdc40 zebrafish mutant model for Primary Ciliary
Dyskinesia

M. Rasteiro, S. Lopes; Nova Medical School, Lisbon, Portugal

Primary ciliary dyskinesia (PCD) is an autosomal recessive disease characterized by neonatal respiratory
distress, bronchiectasis, infertility, and situs inversus, all of these outcomes of defective cilia function.
Mutations in more than 50 genes encoding cilia components have been confirmed to cause PCD. ccdc40
is one of these genes that encodes a protein involved in the assembly of the internal dynein arms, the
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nexin-dynein regulatory complexes, and the radial spokes, thus playing a crucial role in the correct
assembly of the cilia ultrastructure and as a result impacting in the mucociliary clearance. The CCDC40
gene has been described as causing a PCD variant resulting in more severe symptoms and a worse
prognosis regarding respiratory complications than other PCD genes. Mucociliary clearance is essential
to keep the lungs free of pathogenic agents. In PCD patients this mechanism is deficient or absent
resulting in chronic respiratory infections. Up to the moment, there is no curative therapy available. PCD
patients can only address their symptoms with antibiotics and physical therapy. Our animal model is a
zebrafish with a mutation in the ccdc40 gene presenting situs inversus and lack of cilia motility in the
olfactory pit resulting from cilia ultrastructure disorganization observed by TEM. Zebrafish present a
wide variety of ciliated organs, among them multiciliated epithelial tissues like the one present in the
human respiratory system. When we administer a transient mRNA therapy (CCDC40 human mRNA)
coupled to a lipidic nanoparticle carrier into these zebrafish embryos, we are able to restore ciliary beat
frequency and function in the olfactory pit to values indistinguishable from wild-type siblings. Our
current results reinforce the human-zebrafish homology and show us that the transient gene therapy
using this lipidic nanoparticle technology is effective in delivering the human CCDC40 mRNA to the cells
resulting in a strong rescue ability of the olfactory pit cilia movement. We believe that our findings are
paving the way for future treatment for PCD patients.

B160/P1155

Neuronal primary cilia regulate postnatal pyramidal cell positioning to the deep and superficial
sublayers in the mouse cortex

J. Yang, L. Qiu, K. Bicja, S. Mirhosseiniardakani, X. Chen; university of new hampshire, Durham, NH

It is well-recognized that primary cilia regulate embryonic neurodevelopment, but little is known about
their roles during postnatal neurodevelopment. The hippocampal striatum pyramidal (SP) is subdivided
into deep and superficial sublayers and gradually condensed into a compact lamina in the first postnatal
two weeks, whereas simultaneously the volume of the neocortex greatly expands. It is elusive how
pyramidal neurons position to two cortical sublayers postnatally. Here, we show that the axonemes of
primary cilia in the deep and superficial sublayers of hippocampal SP point in the opposite directions,
while neuronal cilia in neocortical sublayers display the same orientation. Neuronal primary cilia in the
CA1 SP undergo marked changes in morphology and orientation from postnatal day 5 (P5) to P14,
concurrent with cell positioning to two sublayers and with neural maturation. Surprisingly, the centrioles
of late-born neurons migrate excessively to cluster at SP bottom before cilia protrusion and a reverse
movement back to the main plate. Similarly, this “pull-back” movement of centriole/cilia is also
identified on late-born cortical pyramidal neurons. We further reveal that ablation of neuronal cilia
selectively in the mouse forebrain leads to significantly megalencephaly and increased superficial
neurons positioned in the deep sublayer of the neocortex during the early postnatal stage. Together,
this study provides the first evidence that primary cilia regulate pyramidal neuronal positioning in the
mouse cortex and late-born pyramidal neurons undergo a reverse movement for cell positioning.

POSTERS-94



B161/P1156
Regulation of postnatal cortical development by neuronal primary cilia
K. Bicja, J. Yang, L. Qiu, X. Chen; University of New Hampshire, Durham, NH

Neuronal primary cilia (NPC) are small, centriole-based surface projections known to regulate embryonic
neurodevelopment by multiple signaling pathways. However, whether NPC modulate postnatal brain
development is not clear. The first objective of my research was to examine cilia orientation in the
hippocampal dentate gyrus using transgenic mice overexpressing Arl13b, a protein regulating
ciliogenesis, and overexpressing Centrin2, a protein marking the centriole base of cilia (Arl13b+ mice).
Arl13b+ mice display elongated cilia in all regions of the hippocampus. In the postnatal dentate gyrus,
the cilia showed a loosely opposite orientation, and they were generally perpendicular to the lamina of
the granule cell layer. This result is consistent with our previous research about the opposite cilia
orientation in the hippocampal CA1 region, which supports that directionality of NPC displays oppositely
in compact laminated structure in the forebrain. The second objective was to determine cortical
differences among control mice, Arl13b+ mice, and forebrain-specific cilia knockout mice (Ift88 flox/flox
Emx1-Cre) via the tools of micro-CT and immunostaining. Interestingly, Ift88-Emx1 KO brains were
slightly larger than their littermate brains, while Arl13b+ brains were slightly smaller than their control
brains. Immunostaining was performed using anti-SATB2 and anti-CTIP2 antibodies, with SATB2 labeling
the superficial sublayer and CTIP2 labeling the deep sublayer in the neocortex. Compared to controls,
KO brains showed a higher SATB2 expression level in layer V, with a less clear border between layer V
and IV. However, the cell density of controls and KO brains in layer V did not show significant
differences. These preliminary results suggest that NPC play a critical role in regulating postnatal cortical
development.

B162/P1157

The role of the retinal pigment epithelium in ciliopathy-mediated retinal degenerations

D. Reichert!?, C. Lewallen?, R. Sharma?, D. Ortolan?, H. May-Simera?, K. Bharti'; NIH, Bethesda, MD,
2)GU, Mainz, Germany

Primary cilia are microtubule-based antenna-like structures protruding from the cell surface of almost all
cell types in the human body. Thought to be an evolutionary remnant, it was only recently discovered
that primary cilia are cellular organelles critical for a wide range of physiological functions and
developmental pathways. Mutations in ciliary proteins, that cause defects in cilia maintenance and
function, are associated with a multitude of severe diseases, collectively termed ciliopathies. Retinal
degeneration is the most common phenotype of syndromic and non-syndromic ciliopathies,
subsequently leading to vision loss. The role of primary cilia in photoreceptors of the retina has largely
been defined, however the function of primary cilia in other ocular tissues remains unknown. Of
particular interest is the retinal pigment epithelium (RPE), a highly polarized monolayer in the back of
the eye, essential for visual function. There is increasing evidence that the primary cilium and ciliary
proteins are important in the development and function of the RPE. To discover the role of cilia in the
RPE and how cilia defects affect RPE physiology in ciliopathy-mediated retinal degenerations, we
generated induced pluripotent stem cell (iPSC) lines from seven ciliopathy patients with mutations in
different cilia associated genes. These include Bardet-Biedl syndrome, Joubert syndrome, Leber’s
congenital amaurosis, Usher syndrome and PRPF31-mediated retinitis pigmentosa. All iPSC lines were
successfully differentiated into mature iPSC-RPE. Flow cytometry showed that more than 95% of
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differentiated cells expressed TYRP1 in all samples. RPE maturity was assessed by staining for RPE
markers RPE65, Ezrin and Collagen IV. All lines formed a monolayer with transepithelial resistance of
several hundred Q*cm?. These newly generated lines will be compared to matched-control iPSC-RPE to
understand the RPE disease phenotype. The generated lines will shed light on how the primary cilium
impacts RPE differentiation, maturation, and function. This study provides the first human in vitro RPE
disease models for a broad variety of ciliopathies, which can help develop treatment strategies for
retinal degeneration in ciliopathy patients.

B163/P1158

Cep162 deficiency delays primary cilium formation through CP110 persistence at the mother centriole
and causes retinal degeneration in humans

N. Nuzhat?, J. Willer, H. Truong?, E. D. Baere?, H. J. BolZ3, J. Pearring?; *University of Michigan, Ann
Arbor, MI, 2University of Ghent, Ghent, Belgium, 3Senckenberg Center for Human Genetics, Frankfurt,
Germany

In general, human mutations present in core ciliary components can involve virtually any organ, with
frequent affection of the retina since the light-sensitive photoreceptor outer segment is an adapted
primary cilium. Additionally, the process of ciliogenesis requires hundreds of proteins many of which
also function outside of the cilium, such as playing key roles during cell cycle. In this study, we identified
a homozygous CEP162 frameshift variant, c.1935dupA (p.(E646R*5)), in two unrelated patients
diagnosed with non-syndromic retinal dystrophy. CEP162 is a centrosome and microtubule-associated
protein required for proper transition zone assembly during ciliogenesis and has been linked to neuronal
development. Determining how the ciliary protein, CEP162, contributes to other cellular processes will
help us to better understand the diversity of human ciliopathy phenotypes.

Using genetic, cell-based, and in vivo modeling, we found that even though mRNA levels were reduced,
the truncated CEP162-E646R*5 protein was expressed and localized to the mitotic spindle during mitosis
and directly bound to taxol stabilized microtubules. However, truncated CEP162 was absent from the
basal body during ciliogenesis causing a delay in ciliation of patient derived primary fibroblasts. In these
patient fibroblasts, we find ciliation is stalled due to the persistence of CP110 at the mother centriole;
however, they ultimately extend abnormally long cilia that are missing key transition zone components.
In CEP162 knockdown cells, the truncated CEP162-E646R*5 protein was unable to restore the loss of
cilia indicating it is unable to function at the cilium. CEP162 is expressed in human retina and we show
that wild-type CEP162, but not truncated CEP162-E646R*5, specifically localizes to the distal end of
centrioles in mouse photoreceptor cilia. Despite lack of CEP162-E646R*5 localization at the cilium, we
find that both wild-type and truncated CEP162 were able to rescue photoreceptor cell loss induced by
shRNA mediated knockdown of CEP162 in the developing mouse retina. Together, our data suggests
that truncated CEP162-E646R*5 retains microtubule binding and association to the mitotic spindle that
allows it to function during neuroretina development. However, it behaves like a loss of function
mutation at the cilium leading to defects in recruitment of some transition zone proteins and ultimately
leading to non-syndromic retinal dystrophy in patients.
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Cytokinesis 1

B165/P1159

Mis-segregated DNA blocks an abscission promoting phosphatase pathway to halt cytokinesis
T. C. Panagiotou?, A. Wilde'?; *Molecular Genetics, University of Toronto, Toronto, ON, CANADA,
2Biochemistry, University of Toronto, Toronto, ON, CANADA.

Cytokinesis is the final stage of cell division where the duplicated genome is equally segregated into two
new daughter cells. Successful completion of cytokinesis is required for genome fidelity. Failure to
correctly segregate chromosomes during cytokinesis leaves them trapped within the final intercellular
bridge (ICB) that connects daughter cells’. If abscission - the physical separation of daughter cells -
proceeds, chromosomal breakage can occur that leads to tumorigenesis®. To ameliorate this, cells
activate a cell cycle checkpoint that inhibits the endosomal sorting complex required for transport
(ESCRT) membrane-fissioning machinery within the ICB. This checkpoint is orchestrated by the kinase
Aurora B that directly phosphorylates the ESCRT Chmp4cC to stall abscission®*%. Differentially
phosphorylated and localized pools of Chmp4C exist within the ICB, but it is only the unphosphorylated
ChmpA4C that localizes to the abscission site to promote scission®. Yet, once segregation errors have
been rectified and cells commit to abscission, Aurora B activity persists in the ICB®. The molecular
mechanism of how this checkpoint is overcome remains unclear. We report that the checkpoint is
countered through a DNA-sensitive PP2A-B56¢ phosphatase pathway. PP2A-B56¢ is targeted to the ICB
where it colocalizes with Chmp4C. The PP2A-B56¢ phosphatase interacts with Chmp4cC in vitro and in
vivo during cytokinesis where it is required to properly localize Chmp4cC to the abscission site. Depletion
of B56¢€ delays the abscission process and results in an accumulation of hyper-phosphorylated, inactive
Chmp4Cin the ICB. Most strikingly, in cells treated with the segregation error inducing drug ICRF-1937,
PP2A-B56¢ is absent from ICBs that harbor trapped chromosomes. Based on these findings, we propose
that the PP2A-B56¢ phosphatase effects a DNA-sensitive, abscission-promoting pathway by
dephosphorylating Chmp4C to overcome the abscission checkpoint and complete cytokinesis.
References: [1] Annu Rev Cell Dev Biol 28, 29-58 (2012). [2] Science 368 (2020). [3] Science 345, 332-6
(2014). [4] Science 336, 220-5 (2012). [5] Open Biol 6 (2016). [6] J Biol Chem 294, 18639-49 (2019). [7]J
Cell Biol 126, 1341-51 (1994).

B166/P1160

The requirement for anillin in cytokinesis changes with ploidy

A. Piekny, K. Larocque, S. Koh, M. C. Husser, C. Brancheriau; Biology, Concordia University, Montreal,
QC, CANADA.

Cytokinesis is required to physically separate the daughter cells toward the end of mitosis. This process
occurs due to the ingression of an actomyosin ring, which must be properly positioned to avoid
aneuploidy. Recent studies from our lab suggest that reciprocal gradients of active Ran and importins
coordinate ring position with the segregating chromosomes. Proteins with nuclear localization signals
(NLSs) can bind to importins, which are released by active Ran. The RanGEF RCC1 is bound to histones
and generates active Ran near chromatin, while RanGAP downregulates Ran in the cytosol. We found
that the ring protein anillin, requires importin-binding for its cortical recruitment and function in Hela
cells. This led to a model where cells with higher ploidy rely on a differential gradient of importins in the
equatorial plane to control anillin function for ring positioning. In support of this model, we found that
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anillin's requirement correlated with ploidy among different cultured human cells. To determine if
ploidy influences anillin requirement through importins, we used CRISPR-Cas9 to integrate mNeonGreen
into the anillin locus in HCT116 (colorectal carcinoma) cells, which have near-diploid modal
chromosomal numbers. Only 15% of anillin was required to support cytokinesis in these cells, which
displayed either failed ingression or failed abscission. After increasing ploidy, 50% of anillin was required
for cytokinesis and all cells failed ingression or had oscillation phenotypes. In addition, anillin was
cortically localized in HCT116 cells prior to mitotic exit, with broad localization at the equatorial cortex,
while it was only localized to the equatorial cortex in cells with high ploidy. To determine if anillin's
requirement for cytokinesis depends on importin-binding, we used a bicistronic plasmid to co-express
RNAi-resistant NLS-mutant anillin and anillin shRNAs to knockdown endogenous protein. In HCT116 cells
expressing this plasmid, NLS-mutant anillin failed to localize to the cortex prior to mitotic exit, but still
localized to the equatorial cortex and cytokinesis was successful, while in cells with high ploidy, NLS-
mutant anillin recruitment was delayed and localized with a narrower breadth, and cytokinesis failed.
Our findings suggest that ploidy is one of the parameters controlling anillin's requirement in cells, which
is largely through importin-binding.

B167/P1161

Diverse mechanisms regulate contractile ring assembly for cytokinesis in the two-cell Caenorhabditis
elegans embryo

I. Ozugergin, M. Husser, A. Piekny; Concordia University, Montreal, QC, CANADA.

Cytokinesis occurs at the end of mitosis to physically separate a cell into two. This process occurs
through the ingression of an actomyosin ring that cleaves the cell. Although the core cytokinesis
machinery is conserved among metazoans, it is regulated by multiple pathways that appear to vary
among cell types and organisms. Since few studies have compared cytokinesis between two cell types in
the same model system, we performed the first in-depth characterization of cytokinesis in the two-cell
C. elegans embryo. The embryo at this stage is ideal for comparative studies, as the larger AB cell is
fated to be somatic tissue and the smaller P; cell is fated to be germline. We found that these cells have
different cytokinesis kinetics supported by distinct myosin levels and organization, and that P, cells have
a notable delay in ring assembly. Through perturbation of RhoA or polarity regulators and the
generation of tetraploid strains, we found that ring assembly is influenced by multiple factors. We
observed a negative correlation between size and assembly in Py cells, which also have lower levels of
myosin. Since size could affect chromatin-associated cues that control actomyosin organization, we
tested the role of the Ran pathway in these cells. Prior studies from our group found that active Ran
forms an inverse gradient with importins that control the cortical recruitment of the ring scaffold, anillin,
in Hela cells. We found that while active Ran regulates ring assembly in AB and P; cells, it functions
through ANI-1/anillin in AB cells, but not in P; cells. We propose that Ran signaling and low myosin levels
delay ring assembly in P1 cells to coordinate the timing of ring closure with their somatic neighbors. Our
findings prompted us to characterize cytokinetic differences in mammalian cells. By generating multiple
endogenously tagged cell lines to follow cytokinesis, we observe differences in the breadth and
accumulation of cytokinesis proteins, and in the duration and symmetry of ring closure. We are
determining how these differences arise, as well as their relevance for controlling different aspects of
ring closure. Taken together, our findings show that it is imperative to utilize a wider range of cell types -
both cultured and in vivo - to reveal the cytokinetic diversity across life forms and the mechanisms
controlling this diversity.
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B168/P1162
Endogenous tagging of anillin, Ect2 and RhoA reveals cytokinetic diversity in mammalian cells
M. C. Husser, |. Ozugergin, V. J. J. Martin, A. Piekny; Concordia University, Montréal, QC, CANADA.

Cytokinesis physically separates a cell into two daughter cells at the end of mitosis. This process occurs
via the ingression of a RhoA-dependent actomyosin ring that assembles in the equatorial plane between
the segregating chromosomes. The GEF (guanine nucleotide exchange factor) Ect2 generates active
RhoA at the equatorial cortex, where it binds to effectors to generate actomyosin filaments. Another
RhoA effector, anillin, acts as a scaffold to connect actomyosin with the plasma membrane for ring
positioning. Different pathways regulate ring assembly and positioning in mammalian cells, but most
studies were done using overexpressed transgenes in Hela cells, and the contribution of these pathways
in different cell types is not known. First, we used CRISPR/Cas9 to endogenously tag key cytokinesis
regulators RhoA, Ect2 and anillin with mNeonGreen in Hela cells, and characterized their spatiotemporal
localization during cytokinesis in live cells. Then, to compare cytokinesis among cell types, we tagged
endogenous anillin with mNeonGreen in cell lines that are not typically used to study cytokinesis:
HEK293 (human embryonic kidney), HCT116 (colorectal cancer), HepG2 (hepatocellular carcinoma) and
MDCK (Madin-Darby canine kidney) cells. Comparing anillin localization as well as the timing and
symmetry of ring closure revealed diversity in how these cell types undergo cytokinesis. We found that:
1) anillin was cortically localized prior to mitotic exit in cells that had lower ploidy and/or were larger; 2)
cells with broader anillin localization had faster ring closure, supporting a role for breadth in the
alignment or removal of filaments for efficient ingression; and 3) cells capable of adopting apicobasal
polarity had more extreme asymmetric ring closure, supporting a role for this machinery in controlling
ingression. Combining the use of endogenous tags with quantitative measurements helped us capture
cytokinetic diversity across a broader range of mammalian cell types and generate new knowledge of
the mechanistic differences regulating cytokinesis in different cell types. The tools and protocols for the
endogenous tagging of RhoA, Ect2, anillin and other proteins in human cells are available to the
community.

B169/P1163

Aurora A kinase promotes clearing of contractile ring components from the cell poles in human cells
F. Wolff!, E. Zanin%; *Ludwig-Maximilians-Universitdt Miinchen, Munich, GERMANY, 2Friedrich-
Alexander-Universitat Erlangen-Nirnberg, Erlangen, GERMANY.

In the last step of cell division, called cytokinesis, the genetic material as well as other cellular content
gets distributed from the mother cell among the two daughter cells. To ensure correct distribution, it is
of major importance that cytokinesis is precisely controlled in time and space. During cytokinesis, the
GTPase RhoA is active at the cell equator in a narrow zone, where RhoA induces assembly of the
contractile ring underneath the plasma membrane. The formation and positioning of the contractile ring
is directed by stimulatory signals from the spindle midzone, and inhibitory signals associated with the
astral microtubules. Whereas the stimulating signals from the midzone are well characterized, the
molecular nature of the aster-based inhibitory signals is unclear. We have recently shown that the
kinase Aurora A, which localizes to the centrosomal asters, clears contractile ring components from the
poles in C. elegans. Here we analyzed, whether Aurora A function in polar clearing is conserved in
human cells. To address this, we inhibited Aurora A kinase in HCT116 and Hela cells, and monitored the

POSTERS-99



localization of the active RhoA-binding protein anillin during anaphase. We found that after Aurora A
inhibition anillin levels are increased at the cell poles and the equatorial anillin zone is wider. Together
this suggests that the inhibitory role of Aurora A kinase in clearing contractile ring components from the
poles and restricting them to a narrow equatorial zone is conserved from worms to humans. Currently,
we are following a candidate-based approach to identify Aurora A phosphorylation targets during
cytokinesis in human cells.

B170/P1164
The nuclear localization of Ect2 is required for abscission
N. Pham, J. Del Corpo, M. Husser, A. Piekny; Biology, Concordia University, Montreal, QC, CANADA.

Cytokinesis is the physical separation of a cell into two daughters by the ingression of an actomyosin
ring. This process is tightly controlled to prevent aneuploidy. In anaphase, the centralspindlin complex
recruits and activates the guanine nucleotide exchange factor (GEF) Ect2 at the equatorial cortex to
generate active RhoA for ring assembly. After the ring ingresses in telophase, it transitions to form a
midbody that is required for abscission. Ect2 localizes to the midbody, but then leaves and accumulates
in the daughter nuclei, while centralspindlin remains at the midbody. Here, we show that the
localization of Ect2 to the nuclei is required for abscission. A prior study showed that the over-
expression of an N-terminal Ect2 fragment that localizes to the central spindle and competes with
endogenous Ect2 causes cells to fail abscission. Another study showed that after Ect2 leaves the
midbody, centralspindlin forms a complex with Fip3, which mediates secondary ingression and
abscission. Thus, the levels of Ect2 at the midbody are important for late cytokinesis, but it is not clear
why since the role of RhoA at this stage is not understood. One hypothesis is that Ect2 removal causes a
decrease in active RhoA for cortical remodelling and abscission. Another not mutually exclusive
hypothesis is that the removal of Ect2 frees Cyk4 to form complexes with Fip3 and/or proteins required
for secondary ingression and abscission. To visualize changes in RhoA during cytokinesis, we used
CRISPR-Cas9 editing to endogenously tag RhoA with mNeonGreen in Hela cells. RhoA is enriched in the
furrow as expected and remains visible at the midbody until around the same time that Ect2 localizes to
the nuclei. To show that the localization of Ect2 is required for its function, we mutated the nuclear
localization signal (NLS) in the S-loop domain to abolish its nuclear localization. Indeed, in the absence of
endogenous Ect2, NLS mutant Ect2 fails to localize to the daughter nuclei and persists at the midbody
causing cytokinesis failure. The timing of this failure is consistent with when RhoA levels decrease at the
midbody. To further characterize this phenotype, we are measuring changes in the levels of endogenous
RhoA at the midbody with mutant Ect2, and will monitor changes in the localization of Fip3 as well as
other midbody proteins required for abscission.

B171/P1165

Intrinsic and extrinsic inhibition of cortical flow underlies symmetry-breaking of unilateral cytokinesis
K. Sugioka, C. Hsu, G. Sangha, W. Fan; Department of Zoology/Life Sciences Institute, University of
British Columbia, Vancouver, BC, CANADA.

The contractile ring is supramolecular machinery critical for physical partitioning of the dividing cell.
Eccentric closure of the contractile ring, called unilateral cytokinesis, often orients along the body axis to
maintain tissue integrity. Despite the identification of unilateral cytokinesis regulators, the initial
symmetry-breaking mechanism remains elusive. Here, we report that intrinsic and extrinsic inhibition of
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the cortical flow breaks cytokinesis asymmetry in Caenorhabditis elegans. By coupling high-resolution
4D imaging and in vitro cell contact reconstitution assay, we found that unilateral cytokinesis of the
zygote Pp and the two-cell stage AB are regulated by the actin-dependent and adhesion-dependent
mechanisms, respectively. In Po and AB, intracellular compression and intercellular adhesion locally
inhibit the furrow-directed cortical flow and cleavage furrow ingression, respectively, resulting in the
eccentric ring closure. Our study demonstrates that the local mechanical suppression of the ring-
dependent cell cortex pulling is a common symmetry-breaking cue underlying the different modes of
unilateral cytokinesis.

B172/P1166

Investigating the role of importin-B during cytokinesis

C. Brancheriau, K. Larocque, S. Pokharel, A. Piekny; Biology, Concordia University, Montréal, QC,
CANADA.

Cytokinesis is the separation of a cell into two daughter cells at the end of mitosis. It occursdue to the
assembly and ingression of a contractile ring controlled by multiple pathways. Thisprocess must be
tightly controlled to prevent changes in cell fate or aneuploidy, which cancause disease. We found that a
chromatin-sensing pathway positions the ring between thesegregating chromosomes. The GEF RCC1,
which is bound to histones, generates Ran-GTPnear chromatin, while RanGAP inactivates Ran in the
cytosol, creating a Ran-GTP gradient.Typically, importins bind to proteins with nuclear localization
signals (NLS) and Ran-GTPreleases them. We found that importins bind to the NLS of anillin, a ring
protein, and isrequired for its recruitment to the division plane where it functions to position the ring
inHelLa cells. Anillin’s requirement for cytokinesis varies widely, and we hypothesize that thismechanism
may play a stronger role in cells where Ran-GTP levels are higher due toparameters such as fate, ploidy,
cell size, or shape. In support of this model, we found thatincreasing ploidy in HCT 116 cells, which have
lower requirements for anillin compared toHela cells, caused changes in anillin’s localization and
requirement. We are now obtainingevidence to show that importins and their control of anillin function
changes in response toploidy. This includes using the Rango4 FRET probe generated by Dr. Kalab, which
contains theimportin-p binding domain from snurportin sandwiched between a CFP-YFP pair, and
FREToccurs when importin-f cannot bind due to high Ran-GTP. With this probe, we will showwhere
importin-B is free to bind to NLS-proteins during anaphase, and how the levels of freeimportin-8 change
with ploidy. We are also endogenously tagging the KPNB1 locus withmNeonGreen in HeLa and HCT 116
cells to determine how the localization of endogenousimportin-B compares after increasing ploidy in
HCT 116 cells. In addition, we are building anoptogenetic tool to control the activity of importin-f during
cytokinesis by fusing it to a shortpeptide, CRY2, which is capable of rapid and efficient homo-
oligomerization upon blue lightexposure. By activating this tool in specific regions of the cell, we can
induce spatiotemporalchanges in importin-B and determine its requirement for cytokinesis.

B173/P1167
The number of cytokinesis nodes in mitotic fission yeast scales with cell size.
W. Sayyad, T. Pollard; Yale University, New Haven, CT.

Cytokinesis nodes are assemblies of stoichiometric ratios of proteins associated with the plasma

membrane, which serve as precursors for the contractile ring during cytokinesis by fission yeast. The
total number of nodes is uncertain, because of the limitations of the methods used previously. Here we

POSTERS-101



used the ~140 nm resolution of Airyscan super-resolution microscopy to measure the fluorescence
intensity of small, unitary cytokinesis nodes marked with Blt1-mEGFP in live fission yeast cells early in
mitosis. The ratio of the total BIt1-mEGFP fluorescence in the broad band of cytokinesis nodes to the
average fluorescence of a unitary node gives about 190 unitary cytokinesis nodes in wild type fission
yeast cells early in mitosis. Most, but not all of these nodes condense into a contractile ring. The number
of cytokinesis nodes scales with cell size in four strains tested, although large diameter rga4A mutant
cells form somewhat fewer cytokinesis nodes than expected from the overall trend. The Pom1 kinase
restricts cytokinesis nodes from the ends of cells, but the surface density of Pom1 on the plasma
membrane around the equators of cells is similar with a wide range of node numbers, so Pom1 does not
control cytokinesis node number. However, varying concentrations of either kinase Pom1 or kinase Cdr2
with the nmt1 promoter showed that the numbers of cytokinesis nodes increase above a baseline of
about 190 with the total cellular concentration of either kinase.

B174/P1168

Speed oscillations in cytokinetic ring ingression suggest interplay between mechanical and
biochemical feedback

M. E. Werner?, D. Ray?, C. Breen?, F. Jug*, A. Maddox?; 'Biology, University of North Carolina, Chapel Hill,
NC, 2University of North Carolina, Chapel Hill, NC, 3University of Wisconsin, Madison, WI, “Human
Technopole, Milan, ITALY.

The cytokinetic ring is a transient contractile structure that provides the mechanical force to separate
two nascent daughter cells. It assembles in the division plane in response to local activation of the small
GTPase RhoA via the local recruitment and reorganization of cortical actomyosin and associated
regulators and crosslinkers. Recent theoretical work predicted that complex contractile dynamics could
result from the interaction between cortical mechanics and the biochemical feedback loops known to
underlie oscillations of RhoA activity and the abundance of its downstream cytoskeletal targets. To
explore how cytokinetic ring organization and composition contribute to ring ingression, we used a
combination of high resolution four-dimensional fluorescent microscopy combined with computer vision
based analysis to follow cytokinetic ring ingression with unprecedented temporal resolution. We
observed that ring ingression kinetics are spatially and temporally non-uniform. Specifically, ingression
follows an oscillatory pattern of acceleration and deceleration in ingression speed rather than a constant
speed as previously suggested. Quantification of the amplitude and frequency of ingression speed
oscillations revealed a period of 20 seconds, which corresponds to that of RhoA activity pulses we
measured in the cleavage plane during early anaphase using a RhoA activity biosensor. 20-second
oscillations co-exist with longer and shorter periods, with slower oscillations becoming more prevalent
as furrowing progresses. Faster- ingressing segments exhibited speed oscillations with both higher
amplitude, lower frequency, and higher correlation of oscillation parameters with neighboring segments
when compared to slower ingressing parts of the same ring. Both speed oscillation frequency and
amplitude are sensitive to perturbations of RhoA or myosin activity. Taken together, our results support
the hypothesis that contractility within local, semi-autonomous units dictates the overall dynamics of
the cytokinetic rings. Our findings also provide experimental evidence for the proposed influence of
material properties and force generation on the biochemical feedback regulation of non-muscle
actomyosin contractility.
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B175/P1169

Distortion of meiotic midbody retains translated proteins in mouse oocyte

G. Jungl, S. Park?, A. Skop?, K. Schindler?; 1Department of Genetics, Rutgers University, Piscataway, NJ,
2Laboratory of Genetics, University of Wisconsin-Madison, Madison, WI.

Oocyte meiosis leads to the formation of a healthy egg that supports the foundation of new life.
Cytokinesis of meiosis | is critical for egg quality because it is necessary for physical separation of
progeny cells and for preventing polyploidy. Moreover, cytokinesis leads to the formation of the
midbody (MB), a transient, membrane-less organelle with translationally active ribonucleoprotein (RNP)
granule qualities. Mitotic cells release MBs via symmetric abscission but can then uptake MBs through
phagocytosis. MB uptake correlates with cell fate determination, stemness, and tumorigenicity,
consistent with MBs being RNP granules. However, mammalian oocytes undergo asymmetric divisions
during meiosis, suggestive of asymmetric cytokinesis and abscission. Whether oocytes have MBs and, if
so, what function they have is not known. Because MBs can influence somatic cells, we hypothesized
that inheriting a meiotic MB is critical to sustain pre-implantation embryonic development and to
acquire totipotency after fertilization. To address these gaps, we first identified MB structures in mouse
oocytes based on the localization of key structural proteins MKLP2 (arms), PRC1 (core), and MKLP1 (ring)
described in mitotic cells. We found a unique distortion to the midzone spindle and MB ring not
observed in mitosis. To determine the cause of the ring distortion, we tested the hypothesis that
microtubules exert uneven forces during cytokinesis. By high-resolution live-cell imaging, we found that
the abundance of microtubules on the egg side is greater than on the polar body, indicating microtubule
asymmetry drives the distortion. We next asked if meiotic MBs are also RNP granules. By conducting
fluorescence in situ hybridization and immunocytochemistry, we found that polyadenylated RNAs and
ribosomal proteins are enriched at the MB ring, in line with the localized translation we detected in this
region. Finally, we asked if the distortion-derived cap acts as a barrier that prevents nascent proteins
from leaving the egg and escaping into the polar body. We evaluated translation signal localization after
disrupting the cap with nocodazole. Unlike control eggs which retained translation in the egg, eggs with
no cap showed translation signal leakage into the polar body. To expand on the potential role of MBs in
ensuring developmental competence, we are parthenogenetically activating eggs with and without cap
disruption and comparing the development efficiency to the blastocyst stage. Together, these data show
asymmetries at the subcellular level distort the MB in mouse oocytes and highlight the potential role the
distortion has in guaranteeing egg quality and developmental competence.

B176/P1170

Building the Cytokinetic Contractile Ring in an Early Embryo: Composition and Organization of
Initiating Myosin Il Clusters

G. Reyes'?, Q. W. McKim3?, H. Y. Herzon?®?, K. Herrera®?, N. T. Lo®?, C. B. Shuster?, J. H. Henson®?;
1Biology, New Mexico State University, Las Cruces, NM, 2Friday Harbor Labs, University of Washington,
Friday Harbor, WA, 3Biology, Dickinson College, Carlisle, PA.

Significant questions remain regarding the assembly and structural progression of the cytokinetic
contractile ring (CR) in animal cells. We have investigated the nanoarchitecture and dynamics of the CR
in early sea urchin embryos using super resolution light microscopy (3D-SIM, STED and iPALM) and
platinum replica TEM. The sea urchin experimental system offers the distinct advantage of being able to
examine the CR in both first division whole embryos and isolated cortices. To date our studies have
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indicated that the CR initiates as a broad stripe of clusters containing myosin Il, actin, septin and anillin,
which then congress over time into a narrower, more linearized and contractile array within the
cleavage furrow. Our present work indicates that MKLP1, the kinesin-like microtubule motor component
of the Rho-activating Centralspindlin complex, colocalizes with these initiating clusters and the nascent
CR in whole embryos and isolated cortices, although this colocalization diminishes with CR maturation.
Conversely, the actin cross-linker alpha-actinin colocalizes with late stage CRs but not with the initiating
clusters. This is consistent with our previous results showing that these clusters assemble in the absence
of actin filaments, and using para-aminoblebbistatin (PAB) - a more soluble and photostable derivative
of blebbistatin - we have now demonstrated that clusters can also assemble in the presence of myosin |l
ATPase inhibition. Embryos treated with PAB undergo nuclear divisions and can exhibit anaphase B-like
elongation and early telophase shallow furrowing but become binucleate and eventually progress
through the 2-4 cell nuclear division. Embryos retain cytokinesis competence in the presence of PAB as
shown by the cell division displayed by embryos washed out of the drug or exposed to photo-
inactivation. Collectively these results highlight the importance of the initiating myosin Il clusters in
setting up the organization of the embryo’s CR, in the targeting of Rho-activation via Centralspindlin,
and the absence of a requirement for actin filaments or myosin Il ATPase function in CR assembly.

B177/P1171

Inhibition of polymeric SUMO-2/3 chain signals induces the formation of chromatin bridges

X. Zhang!, T. Chen?, R. Zhang?, A. Noor?; !Biology, SUNY Buffalo State College, Buffalo, NY, 2Troy High
School, Troy, MI.

Polymeric SUMO-2/3 chain modification of various protein targets acts as the signals for recruiting the
SUMO-targeted ubiquitin E3 ligases, including RNF4 and RNF111, leading to their ubiquitination and
proteasomal degradation in mammalian cells. However, the functional significance of poly-SUMO-2/3
chain modification is not well understood. To address this question, we specifically blocked the poly-
SUMO-2/3 chain signals by overexpressing a GFP-tagged RNF4 N-terminal fragment containing four
tandem SUMO-interacting motifs (GFP-SIMs) with a high-affinity binding to poly-SUMO-2/3 chain
signals. We found that the GFP-SIMs proteins are largely associated with poly-SUMO-2/3 chain modified
proteins at PML nuclear bodies in human Hela cells, especially after a treatment with arsenic trioxide
known to stimulate poly-SUMO-2/3 chain modification of PML proteins. In addition, the transient
expression of GFP-SIMs induced the formation of chromatin bridges and caused an accumulation of
poly-SUMO-2/3 chain modified proteins at the midbody in cells with chromatin bridges. Consistent with
the defect triggered by blocking the poly-SUMO-2/3 chain signals, global inhibition of SUMOylation by
treating cells with ML-792, a specific inhibitor of the SUMO-activating E1 enzyme, increases the DNA
damage foci during interphase and the chromatin bridges during mitosis and cytokinesis. Therefore,
poly-SUMO-2/3 chain signals are critical for ensuring accurate chromosome segregation and maintaining
genome stability.

B178/P1172
Structure-function analysis of RGA-3/4, a cytokinetic Rho GAP
S. Kim, W. M. Bement; University of Wisconsin, Madison, WI.

Traditionally, cytokinesis has been viewed as essentially linear, with Rho being activated in the beginning
of the process to drive contractile ring formation, and then inactivated once cytokinesis is complete.
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However, propagating waves of Rho activation and inactivation and complementary waves of F-actin
assembly and disassembly - referred to as cortical excitability - are focused at the equatorial cortex
during cytokinesis in amphibian and echinoderm embryos, indicating that Rho is undergoing continual
flux through the GTPase cycle. Cytokinetic cortical excitability is proposed to result from Ect2-dependent
Rho activation coupled with delayed F-actin-dependent Rho inactivation. RGA-3/4, a GTPase activating
protein (GAP) for RhoA, is an excellent candidate as a link between F-actin and Rho inactivation during
cytokinetic cortical excitability. RGA-3/4 is required for cytokinesis and gets recruited to the equatorial
cortex prior to the onset of furrowing. It colocalizes with F-actin in the cytokinetic apparatus and
depends on F-actin for its cortical localization. In spite of its importance in cytokinesis and implication in
cytokinetic cortical excitability, the mechanism to how RGA-3/4 interacts with F-actin and how it is being
regulated is completely unknown. To further our knowledge about RGA-3/4, we have performed
structure and function analysis. RGA-3/4, when expressed alone in Xenopus oocytes, localizes to and
reorganizes the cortical actin network into interlocking cables. This activity is independent of its GAP
activity, but requires the amino terminal portion of RGA-3/4 as well as the last 20 aas of the GAP
domain. When co-expressed with Ect2 in Xenopus oocytes, RGA-3/4 induces cortical excitability. In
contrast to actin reorganization, this activity requires GAP activity as well as the portions of the protein
needed for actin reorganization. Further, induction of cortical excitability also requires a minimum of
~120 aas of the region immediately downstream of the GAP domain (aa234-350). To better understand
how actin reorganization and cortical excitability are induced by RGA-3/4, | am in the process of studying
RGA-3/4-F-actin interaction in vitro.

B179/P1173
Early zygotic gene product Dunk interacts with anillin to regulate Myosin Il during Drosophila cleavage
J. Chen, B. He; Biological Sciences, Dartmouth College, Hanover, NH.

Drosophila cellularization is a special form of cytokinesis that partition the peripherally localized
syncytial nuclei into individual cells. Similar to typical animal cytokinesis, an early event in cellularization
is the recruitment of non-muscle myosin Il (“myosin”) to the cleavage furrows, where myosin forms an
interconnected basal array before reorganizing into individual basal cytokinetic rings. The initial
recruitment and organization of basal myosin are regulated by dunk, a cellularization-specific gene, but
the mechanism is unclear. In a genome-wide yeast two-hybrid screen, we identified anillin (Scraps in
Drosophila), a conserved scaffolding protein in cytokinesis, as the primary binding partner of Dunk.
Anillin has been previously shown to regulate the assembly and function of the basal cytokinetic rings
during mid- to late cellularization, but its role and regulation in early cellularization are unexplored. We
show that anillin colocalizes with myosin as early as at the onset of cellularization, when anillin and
myosin localize together in discrete puncta at the apical cortex and co-move towards the newly formed
furrow, facilitating the formation of basal myosin array. Loss of anillin results in myosin localization
defects at the basal array that closely resembles the myosin phenotype in dunk mutant embryos.
Furthermore, we show that anillin colocalizes with Dunk at the cleavage furrows during the early
cellularization. Loss of Dunk does not prevent the recruitment of anillin to the cleavage furrows but
affects the spatial distribution of anillin. Finally, we present evidence that Dunk functionally interacts
with anillin during cellularization in regulating the integrity of the myosin array. Based on these results,
we propose that Dunk regulates myosin recruitment and organization during early cellularization by
binding and regulating anillin. Our work demonstrates a previously unappreciated role for anillin in
regulating cortical myosin dynamics in early cellularization. The interaction between a cellularization-
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specific protein and the conserved cytokinetic machinery may shed light on how the latter can be
adapted in evolution to achieve specific, non-canonical forms of cytokinesis.

B180/P1174
A checkpoint system enforces the staging of secretory events in cytokinesis
E. L. Weiss, J. L. Brace, T. A. Volpe; Molecular Biosciences, Northwestern University, Evanston, IL.

Checkpoint pathways create dependency relationships in temporally staged events of cell division. We
have defined such a system in budding yeast cytokinesis, where cytokinetic actomyosin ring contraction,
synthesis of an extracellular septum, and abscission are quickly followed by a sharp burst of hydrolytic
enzyme secretion that destroys the septum to allow separation of mother and daughter cells. While
these enzymes are produced in early cytokinesis, septum destruction never begins before abscission is
complete. Notably, we find that secretion of septum destruction enzymes is blocked when cytokinesis is
impaired. This strong delay of late cytokinetic secretion requires Firl, an intrinsically disordered protein
that contains numerous short conserved protein intearaction motifs. In the absence of Firl treatments
that perturb early septation and actomyosin ring function cause complete and lethal failure of
cytokinesis, a far more severe phenotype. Firl, localizes to the cytokinesis site and is quickly proteolyzed
upon septum completion, but is profoundly stabilized when septation is aberrant. Firl appears to block
separation enzyme secretion in part by inhibiting the NDR/LATS kinase Cbk1, a key component of a
“hippo” signaling pathway that induces mother-daughter separation. We find that disruption of
cytokinesis triggers activation of a MAPK pathway that likely potentiates Firl-dependent secretion block.
Intriguingly, we also find that only daughter cells are capable of secreting post-abscission septum
destruction enzymes in mother-daughter pairs that uniformly express the proteins. Thus, these cells
protect the phased process of cytokinesis with exacting spatial regulation and checkpoint-mediated
temporal staging.

B181/P1175

The impact of polarized adhesion on the efficiency of epithelial cytokinesis

M. Gongalves'?, C. Ramos?, M. Osswald?, C. Lopes?, C. Sunkel*?, M. Eurico; 'Epithelial Polarity and Cell
Division Lab, IBMC/i3S - Instituto De Investigacdo E Inovacdo Em Saude, Porto, PORTUGAL, *Doctoral
Program in Molecular and Cell Biology (MCBiology), ICBAS - Instituto de Ciéncias Biomédicas Abel
Salazar, Porto, PORTUGAL, 3Cell Division and Genomic Stability Lab, IBMC/i3S - Instituto De Investigacdo
E Inovagdo Em Saude, Porto, PORTUGAL.

Epithelial tissues are a critical barrier in multicellular organisms. Its proper function relies on the
distribution of adhesion complexes along an apical-basal axis, which ensures epithelial integrity. During
development and throughout adult life, epithelial tissues undergo mitotic proliferation, which demands
coordination of adhesion with the dramatic shape and cytoskeleton changes that are necessary to allow
daughter cell separation. However, it is still unclear how the adhesion complexes impact the robustness
of cell division in this polarized and multicellular environment. To tackle this question, we performed an
in vivo RNAi screen in the Drosophila follicular epithelium to determine which cell adhesion molecules
impact epithelial cytokinesis. One promising hit was the extracellular matrix receptor Dystroglycan (Dg),
which we found to promote cytokinesis robustness. Live imaging uncovered the spatial redistribution of
Dg-GFP, which is enriched in the basal side of ingressing cleavage furrow since the beginning of ring
constriction. This was also observed for Dystrophin (Dys), the intercellular linker by which Dg interacts
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with the actin cytoskeleton. We are now characterizing how the Dg-Dys complex ensures epithelial
cytokinesis robustness. Current data shows that the Dg-Dys complex promotes the constriction of the
actomyosin ring and also facilitates abscission. Altogether, these results pave the way to understand
how cytokinesis is coupled with adhesion in order to ensure the correct genetic ploidy of epithelial cells
during growth and development.

B182/P1176

Myosin XI motors participate in a cortical cytoskeletal assembly to orient plant cytokinesis
C. Huang?, F. Peng?, Y. Lee?, B. Liu?; *University of California, Davis, Davis, CA, 2University of
Pennsylvania, Philadelphia, PA.

Plant cells are immobile, surrounded by the cell wall such that anisotropic growth is brought about by
the production of new cells in formative orientations. Plant growth and form are dependent on oriented
cell divisions that employ the cortical microtubule array, preprophase band (PPB), to predict cell plate
placement. It has been elusive how this transient cytoskeletal array imprints the spatial information at
the cell cortex for later stages of mitotic cell division. We discovered in Arabidopsis thaliana that the
Myosin XI motor MYA1 localized to the cortical division site (CDS), previously occupied by the PPB.
Furthermore, the CDS-localized kinesin motor, POK1, assembles with MYA1 to form into a ring of
macromolecular assemblies that guide cell plate deposition. This finding uncovered the mechanism of
how the two cytoskeletal networks interact to regulate division plane orientation during vegetative
growth in flowering plants.

B183/P1177

Cdc42 GTPase activating proteins Rga4 and Rga6 coordinate septum synthesis and membrane
trafficking at the division plane during cytokinesis

B. F. Campbell®, B. S. Hercyk?, A. R. Williams?, E. San Miguel?, H. G. Young?, M. E. Das?; 'Biology, Boston
College, Chestnut Hill, MA, 2Biochemistry & Cellular and Molecular Biology, The University of Tennessee
- Knoxville, Knoxville, TN.

Fission yeast cytokinesis is driven by simultaneous septum synthesis, membrane furrowing, and
actomyosin ring constriction. The septum consists of a primary septum flanked by secondary septa. First,
delivery of the glucan synthase Bgsl and membrane vesicles initiate primary septum synthesis and
furrowing. Next, the glucan synthase Bgs4 is delivered for secondary septum formation. It is unclear how
septum synthesis is coordinated with membrane furrowing. The Rho GTPase Cdc42 promotes delivery of
Bgs1 but not Bgs4. We find that after primary septum initiation, Cdc42 inactivators Rga4 and Rga6
localize to the division site. In rgadArgabA mutants Cdc42 activity is enhanced during late cytokinesis and
cells take longer to separate. Electron micrographs of the division site in these mutants exhibit
malformed septum with excess primary septum and irregular membrane structures. These mutants
have a larger division plane with enhanced Bgs1 delivery but fail to enhance accumulation of Bgs4 and
several exocytic proteins. Additionally, these mutants show endocytic defects at the division site. This
suggests that Cdc42 regulates primary septum formation and only certain membrane trafficking events.
As cytokinesis progresses, Rga4 and Rgab localize to the division site to decrease Cdc42 activity to allow
coupling of Cdc42-independent membrane trafficking events with septum formation for proper septum
morphology.
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B184/P1178

Spatiotemporal dynamics of cell plate development during plant cytokinesis

R. Sinclair!, M. Wang?, Z. Jawaid?, S. Wong?, D. Cox?, J. Heddleston?, E. Wait?, J. Aaron?, T. Wilkop?, G.
Drakakaki'; 'University of California Davis, Davis, CA, 2Janelia Research Campus, Ashburn, VA

Cytokinesis in plants is fundamentally different from that in animals and fungi. In plant cells, a cell plate
forms through the fusion of cytokinetic vesicles and ultimately develops into the new cell wall,
partitioning the cytoplasm of the dividing cell. The formation of the cell plate entails multiple stages that
involve highly orchestrated vesicle accumulation, fusion and membrane maturation, which occur
concurrently with the timely deposition of polysaccharides such as callose, cellulose and cross-linking
glycans. The polysaccharide callose is thought to play a vital role in stabilizing the cell plate during its
expansion, however many fundamental questions remain unanswered. Overcoming genetic lethality, we
used the pharmacological probe endosidin 7 to specifically inhibit callose deposition during cytokinesis.
Using 4D imaging, employing lattice light sheet microscopy, we interrogated the temporal dynamics at
the cell plate in the presence and absence of callose. We approximated cell plate sub-structures with
testable shapes and adopted the Helfrich-free energy model for membranes, including a stabilizing and
spreading force, to understand the transition from a vesicular network to a fenestrated sheet and
mature cell plate. Quantitative analysis along with biophysical modeling enabled the dissection of stage
transition at the cell plate and identified key transition points at which different components such as
callose are critical for cell plate development. Further isolation of cytokinetic vesicles followed by multi-
platform analysis identified cargoes targeted to cell plate. In total, the combination of the described
approaches provided insights cell plate formation during plant cell division.

Centrosome Assembly and Functions

B185/P1179

Mammalian Spermatocytes have the Capacity to Segregate Chromosomes without Centriole
Duplication and Centrosome Separation

M. W. Skinner'?, C. Simington?, P. Lépez-Jiménez3, K. Baran?, J. Xu?, J. Page?, R. Goémez3, A. Holland*, P.
Jordan??; 'Biochemistry and Molecular Biology, Johns Hopkins University Bloomberg School of Public
Health, Baltimore, MD, 2Biochemistry and Molecular Biology, Uniformed Services University of the
Health Sciences, Bethesda, MD, 3Autonomous University of Madrid, Madrid, SPAIN, *Johns Hopkins
University School of Medicine, Baltimore, MD.

Centrosomes are the canonical microtubule organizing centers (MTOCs) of most mammalian cells,
including spermatocytes. Centrosomes are comprised of a centriole pair within a structurally ordered
and dynamic pericentriolar matrix. To segregate homologs during meiosis | and sister chromatids during
meiosis Il, centrioles undergo two rounds of duplication and centrosomes mature and separate twice.
The first centriole duplication event occurs during leptonema at the same time meiotic double-strand
breaks are formed. Centrosomes mature during latter stages of meiotic prophase, then separate at
diakinesis to opposite sides of the nucleus. When the nuclear envelope breaks down, separated
centrosomes serve as bipolar nucleation sites for the microtubules responsible for segregation of
homologous chromosomes during meiosis I. At interkinesis, centrioles are duplicated, and centrosomes
are separated again to facilitate segregation of sister chromatids during meiosis Il. Using mouse mutant
models and chemical inhibition, we have blocked centriole duplication and centrosome separation
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during spermatogenesis and discovered that spermatocytes adopt a backup mechanism for
chromosome segregation. Strikingly, this mechanism is unique from the acentriolar MTOCs that form
bipolar spindles in oocytes, which require canonical centrosome components, including gamma-tubulin,
pericentrin, and CEP192. From our in-depth analysis, we have discovered microtubule-associated
proteins involved in the acentrosomal microtubule organization that are capable of mediating
chromosome segregation during spermatogenesis.

B186/P1180
Identifying New Regulators of Centriole Biogenesis
C. Peneda, M. Bettencourt-Dias; Instituto Gulbenkian De Ciéncia, Oeiras, Lisbon, PORTUGAL.

Centriole biogenesis is a highly regulated process and has been widely studied. Several key proteins and
molecular mechanisms involved in centriole number and length control have been identified. However,
how these processes are regulated is still not fully understood. Therefore, the aim of our project was to
identify new regulators of centriole biogenesis. In our work, we used light microscopy, super resolution
and electron microscopy techniques and were able to identify LZTS2 as a new regulator of centriole
elongation. Our results will thus help to unravel new regulatory pathways governing centriole
elongation.

B187/P1181

E3 ubiquitin ligase, FBXW?7 targets centriole duplication protein, STIL for degradation

U. Anand, B. Badarudeen, A. Muliyil, M. Ebrahim, A. Asokan, R. Khurup, T. K. Manna; lISER TVM,
Thiruvanathapuram, INDIA.

Centrosomes are the main microtubule organizing centers in animal cells. During the cell cycle,
centrosomes duplicate only once during S phase to ensure that at mitotic onset, a cell carries two
centrosomes, that are required for serving as poles of the mitotic spindle. Initiation of new centriole
biogenesis involves recruitment of a ring-like oligomeric structure consisting of CEP152 and its
associated proteins onto the proximal end of the mother centriole, which follows recruitment and
activation of polo-like kinase 4 (Plk4). Plk4 kinase seeds the new centriole by phosphorylating pro-
centriole protein STIL (SCL/TAL1 interrupting locus) and facilitating formation of the cartwheel-like
template by recruiting SAS-6. Elevated expression of several of these factors, notably STIL, SAS-6 and
PIk4 induces centriole over-duplication and multipolar defects. Mechanisms how the levels of centriole
duplication factors are maintained are poorly understood. Here we find that E3-ubiquitin ligase. SCF-
FBXW?7 with its substrate targeting subunit FBXW?7 regulates level of STIL in cultured human cells. siRNA-
mediated depletion of FBXW?7 increased the level of STIL, more prominently during the G1/S phase, the
time when new centriole formation begins. FBXW7 over-expression results in down-regulation of STIL
level and further, it is rescued, when the substrate-binding WD40 of FBXW7 was deleted. Concordant
with these findings, we also found that localization STIL at the centrioles is reduced, when the ligase is
overexpressed. Biochemical results showed that FBXW?7 interacts with and ubiquitinates STIL via its
WD40 domain. Pharmacological inhibition of PLK4, which phosphorylates STIL, suppressed FBXW7-
mediated STIL degradation suggesting its role in this process. Inhibition of Plk4 kinase activity also
compromised the binding between FBXW?7 and STIL, suggesting a role of the kinase in mediating STIL-
FBXW?7 interaction. We also found that STAN domain of STIL, which binds to SAS-6 to form centriole
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cartwheel, is involved in FBXW7-mediated degradation and interaction with FBXW?7. Results suggest that
STIL STAN domain degradation by SCF-FBXW?7 could be involved in controlling new centriole assembly.

B188/P1182

MPS1-mediated potentiation of Aurora A activity causes spindle orientation defects in the Drosophila
follicular epithelium

N. Lega?, M. Osswald?, C. E. Sunkel*?, E. Morais-de-S43, C. Conde?; !Cell Division and Genomic Stability
group, i3S - Institute for Research and Innovation in Health, Porto, PORTUGAL, 2ICBAS - Institute of
Biomedical Sciences Abel Salazar, Universidade do Porto, Porto, PORTUGAL, 3Epithelial Polarity and Cell
Division group, i3S - Institute for Research and Innovation in Health, Porto, PORTUGAL.

Proper orientation of the mitotic spindle during cell division is critical for determination of the progeny
fate and for accurate tissue architecture. Here, we show that overexpression of the master mitotic
checkpoint kinase MPS1 in Drosophila follicular epithelium cells leads to massive defects in spindle
orientation and to the formation of a multilayered tissue. Live cell imaging and immunofluorescence
analysis of Drosophila S2 cells revealed that increased activity of centrosome-tethered MPS1 is sufficient
to induce pronounced rotation of the mitotic spindle through mis-regulation of the canonical Mud-
Dynein/Dynactin orientation machinery. Correct distribution of Mud-Dynein/Dynactin at the cell cortex
is established by tightly-regulated phosphorylation of Pins by Aurora A. We found that centrosomal
activity of Aurora A is significantly incremented following MPS1 overexpression and in vitro kinase
assays revealed that MPS1 activity directly potentiates Aurora A T-loop auto-phosphorylation. Notably,
expression of constitutively active Aurora A or of a phosphomimetic version of Pins recapitulates the
abnormal spindle rotation phenotype. Importantly, depletion or chemical inhibition of Aurora A
efficiently prevent the rotation of the mitotic spindle in cells overexpressing MPS1. Furthermore,
follicular epithelium multilayering caused by MPS1 overexpression is significantly reduced in Drosophila
heterozygous mutants of Aurora A. We propose that, when overexpressed, a cytosolic pool of MPS1 is
able to reach the centrosomes and potentiate Aurora A auto-activation. This likely causes unbalanced
hyperphosphorylation of Pins, thus precluding correct localization of Mud-Dynein/Dynactin at the cell
cortex and consequently resulting in the ectopic cortical accumulation of astral microtubule pulling
forces that drive spindle rotation. Our results unravel a novel and unanticipated cross-talk between the
mitotic checkpoint and the spindle orientation signaling pathways.

B189/P1183
Investigating Centrosome Inactivation during Cellular Differentiation
R. K. Ng, J. Magescas, J. L. Feldman; Biology Department, Stanford University, Stanford, CA.

Centrosomes are membrane-less organelles composed of a pair of microtubule-based centrioles
surrounded by proteins known collectively as the pericentriolar material (PCM). In animal cells,
centrosomes act as microtubule-organizing centers (MTOCs) by nucleating and localizing microtubules
to form the mitotic spindle. Centrosomes become “activated” as MTOCs through the mitotic kinase-
dependent accumulation of PCM proteins around centrioles. In telophase, centrosomes become
“inactivated” through the loss of MTOC activity by the disassembly of PCM proteins and microtubules
through phosphatase activity. Centrosome inactivation is a feature of all cycling animal cells, a hallmark
of cellular differentiation, and centrosome hyperactivity has been associated with many types of
cancers. However, the mechanisms underlying centrosome inactivation and the function of centrosome
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inactivation during cellular differentiation is unknown. To understand the normal function of
centrosome inactivation during differentiation, we are using two approaches to activate centrosomes in
C. elegans differentiated cells and are assessing the associated cellular and tissue-level phenotypes.
First, we inhibited PP2A, a phosphatase implicated in centrosome inactivation, specifically in embryonic
intestinal cells which resulted in aneuploidy, mitotic arrest, and centrosome hyperactivity. In addition,
intestinal cells no longer polarized, preventing proper intestinal connectivity with the rest of the
digestive tract and resulting in larval lethality. As a second approach, we developed a nanobody-based
targeting strategy to drive the active mitotic kinase PLK-1 to the centrosome. Expression of this CAP-
Trap (Constitutively-Active PLK-1-Trap) in embryonic intestinal cells reactivated interphase centrosomes
as demonstrated by the presence of growing microtubule plus-ends emanating from the centrosome,
and we are currently assessing the impact of this reactivation. Expression of CAP-Trap in differentiated
phasmid neurons caused defects in neuronal morphology and the perdurance of centriole proteins.
Together, these data indicate that the regulation of PP2A and PLK-1 activity are involved in centrosome
inactivation in differentiating intestinal cells and neurons in vivo, and future studies will determine if
centrosome inactivation is required for proper intestinal and neuronal differentiation and function.

B190/P1184

Centrosomal localization of Plk4 during centriole duplication and amplification

C. Sullenberger, P. Avazpour, D. Luvsanjav, D. Kong, J. Loncarek; National Cancer Institute at Frederick,
Frederick, MD.

Background: Dividing somatic cells restrict the number of centrosomes to two per cell, which is critically
important for the formation of bipolar mitotic spindles and accurate chromosome segregation, in
addition to other centrosome-related cellular events. Centrosome number relies on a precise
duplication pattern of two resident mother centrioles, which duplicate only once at the beginning of S
phase by each initiating only one new centriole (procentriole) in their vicinity. Procentrioles initiate
when polo-like kinase 4 (Plk4) binds to and phosphorylates STIL, which, in turn promotes its association
with SAS-6, and the formation of a PIk4/STIL/SAS-6 complex, as a basis for procentriole assembly. Aim:
To we dissect the dynamics and spatial organization of centrosomal Plk4 during procentriole initiation
during centriole duplication and amplification with improved resolution. Methods: We used human
cultured cells, some inducibly expressing Plk4, and examined Plk4 centrosomal dynamics by employing
super resolution microscopy approaches that allow spatial resolution of at least 25 nm. Additionally,
biochemical methods were used to investigate cytosolic levels of Plk4, and a specific Plk4 inhibitor
centrinone was used to modulate Plk4 activity. Results: Super resolution imaging revealed a detailed
Plk4 pattern in G1 and early S phase cells, which further details a previously observed ring-to dot Plk4
centrosomal pattern during procentriole initiation. Our findings raise the question of whether Plk4
focusing proceeds or follows procentriole initiation. In addition, we show that overaccumulation of
active and inactive Plk4 on centrosomes follows different centrosomal dynamics and we speculate
possible reasons for this observation. Our study provides new insights into the behavior of elusive Plk4,
which is critically important for centrosome homeostasis and human health.
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B191/P1185
Characterization of Orb2-dependent microcephaly in Drosophila
T. Hailstock, D. A. Lerit; Cell Biology, Emory University, Atlanta, GA.

Neural stem cells (NSCs) maintain a balance between self-renewal versus neurogenesis by asymmetric
cell division, where dysregulation of this homeostatic state leads to neurodevelopmental disorders, such
as microcephaly. NSC centrosomes play an important role in the regulation of this process by aligning
the mitotic spindle along an invariant apical-basal axis to generate a self-renewing stem cell and a
daughter cell. We recently identified the RNA-binding protein Drosophila Orb2 as a putative regulator of
centrosome-enriched mRNAs. As an ortholog of human cytoplasmic polyadenylation element binding
(CPEB) proteins, its implications in mRNA localization and translational control suggest a role for Orb2 in
NSC spindle organization and neuronal specification. Preliminary work in our lab reveals Orb2
subcellular localization to the NSC cytoplasm, a broader cellular localization within the optic lobe region
of larval brains at the neuroepithelial ridge and axons, and colocalization with glia-specific markers such
as anti-Repo. These findings support the hypothesized role of Orb2 in supporting asymmetric
centrosome maturation in NSCs while apparent enrichment in glia cells suggests expression outside of
NSCs. Due to an apparent developmental delay, we defined a protocol to systematically compare brain
volumes in age-matched orb2 null animals relative to controls. These studies indicated loss of orb2
results in microcephaly, suggesting an underlying requirement for Orb2 in regulating brain size.
However, the specific contribution and mechanism of Orb2 in regulating neurodevelopment remains
unknown. To examine our central hypothesis that glia cell dysfunction contributes to orb2-dependent
microcephaly, current work to deplete orb2 via RNAI in defined cell types including glia cells and/or
neuroepithelial precursors is underway. Future directions include determination of developmental
stage-specific requirements for Orb2. Advanced characterization of reproductive and behavioral
variance observed in orb2 mutants is also an exciting area of interest. Together with the utility of our
colorimetric age-matched regime in Drosophila, resulting findings will provide insight into the
neurodevelopmental basis of microcephaly.

B192/P1186

Architectural basis for cylindrical self-assembly governing Plk4-mediated centriole duplication in
humans

J. Ahn, L. Zhang, H. Ravishankar, K. Kirsch, Y. Zeng, J. Park, K. Lee; Cancer Innovation Laboratory,
National Cancer Institute, National Institutes of Health, BETHESDA, MD.

As the main microtubule-organizing center in animal cells, the centrosome is critically required for
normal cell division and proliferation. How the pericentriolar material (PCM) surrounding the barrel-
shaped centriole is organized to form a functional centrosome remains elusive. We found that two long
coiled-coil proteins, Cep63 and Cep152, interact with each other to form a 2:2 heterotetrameric
complex that can self-assemble into a nanoscale cylindrical architecture in vitro, and whose
organizational dimension and arrangement pattern closely mirror those of its respective endogenous
proteins around the centriole. Additionally, we performed size-exclusion chromatography,
sedimentation equilibrium ultracentrifugation, and interferometric scattering mass spectrometry and
showed that the heterotetrameric building block generates octameric and hexadecameric complexes in
a concentration-dependent manner, suggesting that the cylindrical self-assembly is formed through
stepwise processes. By using MINFLUX nanoscopy, which offers low-nanometer-scale localization
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precision in a three-dimensional space, we further showed that mutants defective in forming the
Cep63eCepl52 heterotetramer exhibited crippled pericentriolar Cep152 organization, consequently
failing to promote polo-like kinase 4 (Plk4)’s dynamic relocalization from around the centriole to the
future procentriole assembly site as well as Plk4-mediated centriole duplication. Remarkably, the entire
self-assembly process could be driven by two short, uncharacterized regions (which we named “self-
assembly modules”) in Cep63 and Cep152 capable of cophase-separating and generating cylindrical self-
assemblies in vitro. Fluorescence recovery after photobleaching revealed that the self-assembled
architecture is highly dynamic, undergoing internal rearrangement within the assembly while
exchanging its components with those in the surroundings. Dynamic turnover of pericentriolar Cep63
and Cep152 has also been observed in human centrosomes. Taken together, given the evolutionarily
conserved organization of PCM, this work could serve as a paradigm for investigating the structure and
function of centrosomal scaffolds in other organisms, while offering a new direction for probing
organizational defects in PCM-related human diseases.

B193/P1187

The Caenorhabditis elegans Centrosome is Surrounded by a Membrane Reticulum, the Centriculum,
that Affects Centrosome Size and Function

S. Drey?, R. Maheshwari!, M. Rahman?, M. Onyundo?, O. Cohen-Fix}, G. Fabig?, T. Miiller-Reichert?;
INational Institute of Diabetes and Digestive and Kidney Diseases (NIDDK), NIH, Bethesda, MD, 2Faculty
of Medicine Carl Gustav Carus, Technische Universitat Dresden, Dresden, GERMANY.

Centrosomes serve as the primary microtubule organizing centers during animal cell division. At the core
of each centrosome is a pair of centrioles that recruits the pericentriolar material (PCM), which anchors
and nucleates microtubules. Despite being considered membraneless organelles, the centrosomes of
many cell types, including human cells, are surrounded by endoplasmic reticulum-derived membranes of
unknown structure and function. We sought to characterize the centrosome-associated membrane and
its possible regulation of centrosomes and microtubules. Using volume electron microscopy, we show
that the C. elegans centrosome is surrounded by a membrane reticulum that we call the centriculum, for
centrosome-associated membrane reticulum. Our current investigation reveals that microtubules collide
with the centriculum, indicating the centriculum may serve as a microtubule “filter” by limiting the
number of microtubules that fully elongate. Furthermore, we see that the centriculum fuses with the
nuclear envelope as mitosis progresses, pointing toward a possible role in anchoring the centrosomes to
the nuclear envelope and transducing the pulling forces of microtubules to the nuclear membranes to
promote nuclear envelope breakdown. In addition to its possible functions in centrosome anchoring and
force transduction, the centriculum may also affect centrosome size. The centriculum can be enlarged
by disrupting ER membrane junction formation or increasing microtubule stability. These conditions
result in expansion of the PCM and increased microtubules in the vicinity of the centrosome, suggesting
that the centriculum affects centrosome structure and function. In converse, the centriculum collapses
around the centrosome and condenses the PCM after induction of microtubule catastrophe. In
conclusion, we show that centrosomes are surrounded by a reticular network of ER-derived membrane
which may play roles in centrosome anchoring to the nuclear envelope, force transduction of the mitotic
spindle to the nuclear membranes, and regulation of centrosome size and function.
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B194/P1188

Pericentrin-Like-Protein is a Kinesin-1 InteractorThat Drives Centriole Motility.

M. R. Hannaford, R. Liu, N. Billington, C. J. Fagerstrom, B. J. Galletta, J. R. Sellers, N. M. Rusan, N. M.
Rusan; NHLBI, NIH, Bethesda, MD.

Centrosomes are one of the primary organizers of the microtubule (MT) cytoskeleton within cells. They
comprise a pair of centrioles which act as a platform for a matrix of proteins termed the pericentriolar
material (PCM). PCM is required for the nucleation and anchoring of MTs. Through MT organization,
centrosomes are important for the mitotic spindle, cilia and flagella. To fulfill these varied functions,
centrosomes must achieve proper positioning within the cell. Therefore, centrosomes must be motile.
Typically, centrosomes are thought to position themselves via motor proteins pushing or pulling on the
MTs anchored at the centrosome. However, in some cases, centrioles are motile without the presence
of PCM or anchored microtubules, we refer to these as inactive centrioles. In this work we investigated
how inactive centrioles are able to move through interphase cells. We reveal that these centrioles are
cargo, being transported along the interphase microtubule array. We show that Kinesin-1 localizes to
the centriole and is important for motility via an interaction between the Kinesin cargo binding tail and
Pericentrin Like Protein (PLP); a coiled-coil rich protein which localizes to the outer centriole. Reverse
yeast-2-hybrid screening allowed us to identify specific mutations which block the interaction between
Kinesin-1 and PLP, live cell imaging then demonstrated that these mutations block interphase centriole
motility. Reconstitution of this protein complex in vitro revealed that interaction with PLP is dependent
upon the relief of Kinesin-1 autoinhibition. In this work we propose the first detailed mechanism of how
centrioles can move independently of their role as an MTOC. We will further discuss our recent in vitro
and in vivo efforts to dissect the mechanism of Kinesin-1 activation by kinesin activators, which promote
PLP binding and efficient centriole motility.

B195/P1189

A complex pattern of ZYG-1-mediated phosphorylation of SAS-5 controls centriole assembly

P. Sankaralingam?, S. Wang?, K. F. O'Connell; INational Institute of Diabetes and Digestive and Kidney
Diseases, NIH, Bethesda, MD, %Janelia Research Campus, Howard Hughes Medical Institute, Ashburn,
MD.

Centrioles are microtubule-based cylindrical structures which act as a platform to concentrate
microtubule nucleating machinery, thus forming the centrosome, the cell’s major Microtubule-
Organizing Center (MTOC). In dividing cells, centriole duplication is a tightly linked to the cell cycle and
happens once every S phase. Mis-regulation of the process is linked several pathological conditions such
as cancer and microcephaly. In C. elegans, centrioles are built by the sequential addition of several
proteins - SAS-7, SPD-2, ZYG-1, SAS-5 & SAS-6 and SAS-4. While, the homologs and the general theme of
assembly are highly conserved, the molecular mechanism of centriole biogenesis is not completely
understood. In particular, how the kinase activity of ZYG-1 regulates the entire process is unknown. We
addressed this question using in vitro refolded recombinant centriolar proteins. We found that ZYG-1
physically interacts with and preferentially phosphorylates SAS-5 in vitro. Using mass spectrometry, we
identified 14 Ser/Thr residues that were phosphorylated in vitro. Intriguingly, many of these residues are
conserved among nematodes. Mutational scanning of endogenous sas-5 using CRISPR/Cas9 genome
editing revealed that S10 and S331/338/340 are indispensable for proper SAS-5 function in vivo.
Replacing S10 or S331/338/340 with alanine or glutamate led to a fully penetrant loss of function
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phenotype. The mutants could be conditionally rescued using a RNAi-resistant sas-5 transgene. Upon
knocking down the transgene, SAS-5%1°4/1% embryos exhibited monopolar spindles during the early
embryonic divisions. Conversely and unexpectedly, we found that SAS-55331/338/340A 3A) embryos exhibit
multipolar spindles. Consistent with an overactive centriole assembly pathway in this mutant, we found
that the level of SAS-5°* protein was significantly elevated. In contrast, SAS-5%1°4/51%¢ |eyels were
unaffected. Using S10-phospho specific antibodies, we found that SAS-5 is phosphorylated at centrioles
in vivo and that the cell-cycle dependent pattern of phosphorylated SAS-5 differs significantly from the
behavior of bulk centriole-associated SAS-5. Overall, our results suggest that ZYG-1 both positively and
negatively regulates SAS-5 through phosphorylation to stringently control centriole biogenesis.

B196/P1190

Mechanism of centrosomal protein recognition and regulation by the ubiquitin ligase TRIM37

A. Bellaart'2, A. Brambila?, F. Meitingert*3#, K. Oegema®?3, M. Ohta'*34, A. Desai'?3; 'Department of
Cell and Developmental Biology, School of Biological Sciences, University of California San Diego, La Jolla,
CA, Ludwig Institute for Cancer Research, La Jolla, CA, 3Department of Cellular and Molecular Medicine,
University of California, San Diego, La Jolla, CA, *Okinawa Institute of Science and Technology, Onna,
JAPAN.

Centrosomes, small cellular organelles comprised of a centriolar core that is decorated with appendages
and surrounded by a pericentriolar protein matrix that nucleates microtubules, are composed of more
than 100 interacting components. How centrosomal protein assemblies are confined to the vicinity of
centrioles and prevented from forming in the cytoplasm is not well understood. TRIM37 is a tripartite
motif (TRIM) family ubiquitin ligase that serves as a guardian of centrosomal singularity, preventing the
formation of ectopic centrosomal protein assemblies. When TRIM37 is absent, one of the ectopic
assemblies that forms is a highly organized condensate containing the centrosomal protein centrobin.
Centrobin-scaffolded condensates frequently nucleate microtubules in mitosis, leading to defects in
chromosome segregation that may underlie abnormalities observed in the TRIM37 loss-of-function
human disorder mulibrey nanism. These observations raise the question of how TRIM37 recognizes its
centrosomal substrates to prevent their interaction/overaccumulation and how it simultaneously
prevents the formation of ectopic assemblies while permitting the formation of normal assemblies at
centrioles. Unique among TRIM family ligases, TRIM37 has a TRAF domain predicted to mediate protein-
protein interactions. To understand how TRIM37 identifies its centrosomal substrates, we are
investigating how it regulates two centrosomal proteins, centrobin and CEP192. In in vitro interaction
assays following co-expression in FreeStyle 293-F cells, we found that TRIM37 associates with both
centrobin and CEP192 and that binding is reduced by mutation of the TRAF domain. By testing a series
of centrobin truncation mutants, we identified a 200 amino acid region of centrobin that mediates its
interaction with TRIM37. Alphafold modeling identified short motifs within this region that are predicted
to mediate TRAF domain binding. A truncation removing one motif partially reduced binding while a
truncation removing all 3 motifs abrogated binding. Similar efforts are being pursued to understand the
TRIM37-CEP192 interaction. Efforts to identify TRIM37 ubiquitination sites within centrobin and CEP192
and to employ in vivo replacements to examine the function of the TRIM37 TRAF domain and of specific
interaction/ubiquitination regions of centrobin and CEP192 are also ongoing.
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B197/P1191

Evolution of cell populations with different levels of centriole amplification

M. Dias Louro?, C. Bank»?3, M. Bettencourt-Dias?; YInstituto Gulbenkian De Ciéncia, Oeiras, PORTUGAL,
?|nstitut fiir Okologie und Evolution, Universitat Bern, Bern, SWITZERLAND, 3Swiss Institute of
Bioinformatics, Lausanne, SWITZERLAND.

Understanding how cellular features evolve is a fundamental, but understudied problem, in biology. In
the context of somatic cell evolution, many of these features show atypical levels of phenotypic
variation, which have been associated with the development of human diseases such as cancer. One
such feature is the abundance of subcellular structures, such as centrioles.

Whereas centriole number is usually constant in healthy proliferating cells, it is highly heterogeneous in
cancer cells, with a tendency for abnormally high numbers, a condition known as centriole amplification.
Centriole amplification is associated with hallmarks of cancer such aneuploidy and increased invasion,
but its role in cancer initiation remains contentious. It has been proposed that low numbers of extra
centrioles can trigger tumorigenesis whereas high numbers are excessively deleterious and suppress
tumor formation. However, the relationship between the number of extra centrioles and/or the relative
frequency of cells with abnormal numbers and the evolutionary dynamics of cells in the process of
cancer evolution is poorly understood.

Here, we performed experimental evolution of human cell populations with different degrees of
centriole amplification. Our goal was to quantify how centriole number and fitness changed over time
depending on the initial degree of centriole amplification. Using a breast cancer model carrying a
doxycycline-inducible Plk4 overexpression system, a key regulator of centriole biogenesis, we obtained
ancestral populations with different levels of centriole amplification, which we evolved for two months
in the presence of doxycycline. We observed that doxycycline-treated cell populations suffered a
relative fitness penalty, proliferation deficit, and cell cycle disruption, proportional to the dose of
doxycycline. Eventually, the relative fitness and population size of doxycycline-treated populations
converged to those of control populations. We observed that cells with extra centrioles were
progressively lost during experimental evolution, in a manner which depended on the concentration of
doxycycline. Centriole number decrease was correlated with the upward trend in relative fitness and
population size, indicating that doxycycline-treated populations adapted due to negative selection
against cells with extra centrioles. Surprisingly, Plk4 mRNA levels were elevated both in the ancestral
and evolved populations, suggesting that selection acted downstream of Plk4 overexpression. Our
results showed that extra centrioles could not be maintained during experimental evolution despite
constant Plk4 overexpression, suggesting that additional mechanisms may be required to sustain
centriole amplification in live tumors.

B198/P1192

The Unkempt RNA-binding, satellite protein promotes PLK4 induced centriole over-duplication

A. Martinez, A. J. Stemm-Wolf, R. M. Sheridan, C. G. Pearson; University of Colorado Sch Med, Aurora,
Co.

Centriole duplication drives the assembly of the centrosome, the microtubule organizing center (MTOC).
PLK4 is a master regulator of centriole duplication that controls early events in centriole assembly,
centrosome assembly, and centriolar satellite integrity. Maintenance of the number of procentrioles
formed is necessary for ensuring only one centrosome is assembled during S phase. Overduplication of
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centrioles can lead to centrosome amplification (CA) multipolar mitosis, chromosomal instability (CIN),
and aneuploidy. PLK4 overexpression promotes centriole over-duplication by dysregulating assembly
factors such as centriole structural proteins, satellites, and the PCM. How PLK4 dysregulates centrosome
assembly factors to promote centriole overduplication remains unclear. We find that Unkempt (UNK),
an RNA-binding zinc finger protein, is upregulated when PLK4 is artificially overexpressed in RPE-1 cells,
suggesting that UNK modulates PLK4 induced centriole overduplication. We show that UNK localizes to
the centrosome and to centriolar satellites. Using PLK4 overexpression in RPE-1 cells, UNK knockdown
attenuates centriole over-duplication, suggesting that UNK promotes PLK4 induced centriole over-
duplication. In addition, early centriolar assembly proteins, CEP192, CEP152, PLK4, and SAS6 are not
effectively recruited during centriole assembly. Moreover, we show that UNK promotes localization of
centriolar satellite scaffold proteins, PCM1 and CEP131, required for trafficking centrosomal proteins
and centriole over-duplication. In summary, these data suggest that UNK promotes the localization of
early centriole assembly proteins needed for PLK4 induced centriole over-duplication.

B199/P1193
Pericentrin is Essential for Differentiation in Rhabdomyosarcoma Cells
T. Allsage, T. Alahdadi, G. Bertram, Z. Gromley, A. Gromley; Lincoln Memorial University, Harrogate, TN.

One of the most common pediatric soft tissue cancers is rhabdomyosarcoma, comprising nearly 5% of
all cancers in children. This cancer arises due to a defective myoblast differentiation process
(myogenesis) that is thought to be caused by a disruption in the normal functions of the centrosome and
primary cilia. Our previous studies have shown that the centrosome protein centriolin may play an
important role in the normal function of the primary cilia and myogenesis, as disruption of the centriolin
gene leads to cell cycle arrest, cell death, and impaired differentiation in cultured rhabdomyosarcoma
cells. This suggests that specific components of the centrosome and the primary cilia could play crucial
roles in the differentiation process of these cells. It is known that centriolin is localized to the maternal
centriole within the centrosome, but many other proteins also contribute to the structure and function
of this organelle. To determine if the effects we have seen previously are specific to centriolin or if other
centrosome proteins have a similar role in myogenic differentiation, the CRISPR/Cas9 gene editing
system was used in cultured human rhabdomyosarcoma cells to eliminate pericentrin, a centrosome
protein that is located within the pericentriolar material surrounding the centriole. Upon disruption of
the pericentrin gene using CRISPR/Cas9, cellular differentiation of rhabdomyosarcoma cells was
affected, mirroring the phenotypes seen with centriolin loss. However, cell viability appeared to be
unchanged. This is in stark contrast to the cell death that is characteristic of centriolin CRISPR treated
cells. Our findings provide evidence that multiple proteins of the centrosome, each residing in distinct
locations, are required for normal differentiation in rhabdomyosarcoma and, further, disruption of
specific centrosome components can lead to programmed cell death. We propose that manipulation of
individual centrosome components may be an effective means of tempering the growth of
rhabdomyosarcoma and may be a viable approach for the treatment of this disease. Future studies will
focus on identifying any additional centrosome proteins with similar properties.
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B200/P1194
RNA binding proteins coordinate the post-transcriptional regulation of centrosomal Plp mRNA
J. Fang, D. Lerit; Emory University School of Medicine, Atlanta, GA.

The deregulation of centrosomes is associated with developmental disorders, including microcephaly,
ciliopathy, and cancer. As major microtubule-organizing centers, centrosomes are composed of a pair of
centrioles surrounded by pericentriolar material (PCM), a matrix of proteins required for microtubule
nucleation. Also localizing to centrosomes are a small number of mRNAs. However, how and why RNAs
localize to centrosomes remain critical unanswered questions. Conserved among the RNAs localizing to
centrosomes is pericentrin (PCNT)-like protein (Plp). Drosophila PLP is a key component of the
centrosome required for PCM scaffolding and microtubule organization. The disruption of Plp in
Drosophila results in embryonic lethality, while the deregulation of PCNT in humans is associated with
MOPD Il and ciliary defects associated with Trisomy 21. To investigate mechanisms of Plp mRNA
localization to centrosomes, we examined the contributions of two RNA-binding proteins during
Drosophila embryogenesis. Our recent work shows 0018 RNA binding protein (Orb) interacts with Plp
mRNA, contributes to PIp mRNA polyadenylation, and promotes PLP protein expression. Moreover,
overexpression of full-length PLP can recover the PCM disorganization, cell division defects, and
embryonic lethality caused by orb depletion, demonstrating Plp is an important downstream target of
Orb. However, Orb is dispensable for robust PIp mRNA localization to centrosomes. To understand how
Plp mRNA localizes to centrosomes, we investigated another multifunctional RNA binding protein,
FMRP, the product of the fragile X mental retardation 1 gene (Fmr1). Our preliminary data indicate
FMRP interacts with Plpo mRNA and promotes its localization to centrosomes. These data support the
idea that different RNA binding proteins coordinate centrosomal mRNA localization and translation. In
addition, we observed the Plp coding region is required and sufficient for mRNA localization, and we will
present our efforts to uncover the minimal localization element. Consistent with a model requiring
active polysome transport, we found that treatment with translation inhibitors impairs Plp mRNA
localization. This work lends mechanistic insights into RNA localization to centrosomes, which may be
involved in the etiology of human diseases.

B201/P1195

Spd-2 gene duplication reveals cell type-specific assembly of pericentriolar material

R. S. O'Neill}, F. C. Welsh?, A. Sodeinde3, C. J. Fagerstrom?, B. J. Galletta!, N. M. Rusan'; INHLBI, NIH,
Bethesda, MD, 2University of Washington, Seattle, WA, 3Yale, New Haven, CT.

The centrosome is the major microtubule organizing center (MTOC) of the cell, ensuring proper spindle
formation during cell division by recruiting pericentriolar material (PCM) proteins which in turn nucleate
microtubules. In the most general sense, centrosomes are assumed to function similarly across cell
types during division; however, a more nuanced view is emerging that PCM proteins and MTOC activity
are differentially regulated across cell types, leading to functionally important diversity among different
types of dividing cells. To gain insight into cell type-specific regulation of PCM proteins, we investigated
a gene duplication of the PCM gene Spd-2 using an evolutionary cell biological approach, reasoning that
gene duplication could give rise to centrosome gene duplicates with cell type-specific functions. In D.
melanogaster, Spd-2 is a single copy gene, is ubiquitously expressed and functions by organizing PCM in
both brain neuroblasts and spermatocytes. In contrast, D. willistoni has both Spd-2A (ancestral) and Spd-
2B (derived). To explore expression and function we generated D. melanogaster animals with GFP-
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tagged Spd-2A and Spd-2B transgenes, including their D. willistoni native regulatory elements. Similar to
Spd-2, Spd-2A organizes PCM in neuroblasts, but was insufficient for MTOC function in meiotic
spermatocytes. In contrast, Spd-2B was only expressed in spermatogenesis, where it organized PCM
during meiosis. Interestingly, driving expression of Spd2-B in the brain rescued neuroblast MTOC, but
driving Spd-2A in spermatocytes still failed to rescue meiotic MTOC, indicating an evolutionary change in
Spd-2A affecting meiotic function. Finally, we used chimeric transgenes to map these evolutionary
changes to a ~120 amino acid C-terminal tail domain of Spd-2A which was sufficient to prevent proper
MTOC organization in meiosis. Together, these results indicate that somatic and germline cells have
different requirements for PCM, and that Spd-2 is differentially regulated at the C-terminal tail to satisfy
these requirements. Further, our evolutionary cell biological study points to a general model of Spd-2
function where the C-terminal tail mediates a priming step that precedes PCM recruitment. Our current
work aims to use additional chimeras, point mutants, and transgenes to gain further insight into this
putative Spd-2 tail priming mechanism.

B202/P1196

Site-Specific Phosphorylation of ZYG-1 Regulates ZYG-1 Stability and Centrosome Number

M. Song, J. Medley, J. DiPanni, N. Yim, B. Shaffou, B. Sebou, E. Cramer, C. Wu, M. Kabara; Oakland
university, Rochester, Ml

Spindle bipolarity is critical for genomic integrity. As centrosome number often dictates mitotic
bipolarity, tight control of centrosome number is vital for faithful cell divisions. The kinase Plk4/ZYG-1
plays a conserved role as a master regulator of centrosome assembly. In Drosophila and mammalian
cells, PlIk4 stability is known to be regulated by autophosphorylation-mediated proteasomal destruction.
In C. elegans, molecular genetic studies have shown that ZYG-1/Plk4 activity is regulated by another
kinase, Casein Kinase Il (CK2), and phosphatases (PP1, PP2A-B55/SUR-6), while autophosphorylation-
mediated regulation of ZYG-1 is yet to be tested in C. elegans. Here, we investigated how protein kinase
CK2 regulates ZYG-1 stability in C. elegans. Given that CK2 kinase activity negatively regulates
centrosome duplication by controlling centrosomal ZYG-1 levels, we hypothesized CK2 directly
phosphorylates ZYG-1, and CK2-dependent phosphorylation of ZYG-1 triggers proteasomal destruction
of ZYG-1, contributing to proper levels of ZYG-1. First, we show that CK2 directly phosphorylates kinase-
dead ZYG-1 in vitro, and ZYG-1 physically interacts with CK2 in C. elegans embryonic protein lysates.
Using in silico tools, we identified several ZYG-1 serine residues conforming to consensus CK2 target
residues and focused on four serine sites within the ZYG-1-Linker-1 domain critical for centrosomal ZYG-
1 loading and the ZYG-1-SAS-6 binding. To test the functional impact of site-specific phosphorylation of
ZYG-1 in vivo, we used CRISPR editing and generated the C. elegans strains carrying mutations at the
four serine residues replaced with alanine (S-to-A: Non-Phosphorylatable; NP) or aspartic acid (S-to-D:
Phospho-Mimetic; PM). Our data illustrate the NP-ZYG-1 mutations result in elevated levels of both
cellular and centrosomal ZYG-1, restoring bipolar spindles and embryonic viability to hypomorphic zyg-1
mutants, suggesting that the NP-ZYG-1 mutation stabilized ZYG-1. As expected for overexpression, extra
centrosomes are often observed in the NP-ZYG-1 mutant embryos. By contrast, the PM-ZYG-1 mutations
lead to reduced ZYG-1 levels and aggravate zyg-1 mutant phenotypes. Finally, we show inhibiting 26S
proteasome blocks degradation of the unstable PM-ZYG-1 form, whereas the stable NP-ZYG-1 form
becomes partially resistant to proteasomal degradation. Collectively, our data support a model where
site-specific phosphorylation of ZYG-1 by CK2 regulates ZYG-1 stability via proteasomal degradation.
Therefore, CK2-dependent phosphorylation of ZYG-1 provides an additional mechanism to fine-tune
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ZYG-1 levels during cell cycle progression, leading to one and only one centrosome duplication during
the early C. elegans cell division.

B203/P1197

The regulation of centriole number by the microtubule-remodeling factor ssna-1

J. A. Pfister?, L. Agostini?, N. Mizuno?, K. F. O'Connell}; National Institute of Diabetes and Digestive and
Kidney Diseases, NIH, Bethesda, MD, *National Heart, Lung, and Blood Institute, Bethesda, MD

The centrosome functions as the primary microtubule-organizing center (MTOC) of the cell and plays
important roles in ciliogenesis and assembly of the mitotic spindle. It is composed of an orthogonally
oriented pair of barrel-shaped structures known as centrioles surrounded by a dense proteinaceous
matrix called the pericentriolar material (PCM). In mitotic cells, centrioles duplicate once per cell cycle in
a process that is highly regulated to insure proper centriole number. Improper duplication, resulting in
either too few or too many centrioles, disrupts spindle structure and cilia function. Indeed, abnormal
centriole number has been linked to cancers, primary microcephaly, and a variety of ciliopathies. Work
in C. elegans has identified a core group of conserved proteins essential for centriole biogenesis; among
these is the master regulatory kinase ZYG-1, a homolog of PIk4, and SAS-6 a key component of the
central scaffold. Here we report our molecular and genetical analysis of the C. elegans protein SSNA-1,
whose human ortholog has been shown to function in neuronal branching and microtubule remodeling.
In vitro studies demonstrate that worm SSNA-1 can bind and branch microtubules like its vertebrate
counterpart. Using CRISPR-mediated genome editing, we have deleted the ssna-1 gene and find that this
results in a significant decline of embryonic viability and the formation of multipolar spindles. While our
analysis indicates that the loss of SSNA-1 results in centriole overduplication, we find that ssna-1 and
zyg-1 genetically interact in complex manner suggesting that SSNA-1 plays both positive and negative
roles in centriole assembly. In particular, we find that loss of SSNA-1 alters centriolar composition such
that centrioles have less ZYG-1 and more SAS-6. We have localized SSNA-1 in the embryo and find that
during the first cell cycle SSNA-1 is restricted to centrioles; however, during the subsequent divisions,
SSNA-1 also localizes to novel satellite-like structures that surround the PCM. Finally, our in vitro protein
analysis has identified residues that are necessary for function and reveals that high-order
oligomerization is essential for SSNA-1 function.

B204/P1198

In Vivo Interactome Profiling of Interferon Regulatory Factor 6 (IRF6) by TurbolD-based Proximity
Labeling

S. Huang, T. C. Cox'}; University of Missouri-Kansas City, Kansas City, MO

Mutations in IRF6 are arguably the most common cause of cleft lip/palate. IRF6 is a member of the
interferon regulatory transcription factor (IRF) family which regulate the cell’s response during viral
infection. However, IRF6 is unique among the family in that it also has a critical developmental role,
specifically in embryonic epithelia. Previous data indicate that IRF6 regulates epithelial cell
proliferation/differentiation and cell-cell adhesion, although the regulatory networks in which IRF6
functions, and the specific proteins with which it interacts, remain largely unknown. It is notable,
though, that IRF6 is predominantly located in the cytosol, with its nuclear import tightly regulated.
Proximity-dependent in vivo biotin labelling coupled with mass spectrometry provides a sensitive tool by
which to identify protein-protein interactions. To better understand IRF6 function within the cell, we
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performed IRF6 proteomic profiling based on the promiscuous biotinylase enzyme, TurbolD. This
analysis identified several known proteins that have been directly implicated in cleft lip/palate,
supporting the notion of a distinct cytoplasmic function for this transcription factor. Notably, our
analyses also identified many vesicle transport proteins (endocytic adaptor proteins/recycling proteins),
suggesting that IRF6 could directly regulate the trafficking of adherens junction proteins by interacting
with components of intracellular vesicles. Other labeled proteins of note include several centrosomal
proteins such as PCM1 and CEP170, which may support a mechanism whereby IRF6 also impacts cell
cycle progression. Further experiments indicated that IRF6 could co-localize with PCM1, and
centrosomal enrichment of IRF6 was significantly enhanced by phosphomimetic mutations of key serine
residues in its C-terminus. Specific IRF6 interactors are currently being verified by mammalian two-
hybrid and co-immunoprecipitation experiments. Taken together, these data will shed light on our
understanding of the regulatory mechanisms of IRF6 controlling craniofacial development.

Spindle Assembly 1

B205/P1199
miR-31 regulates cytoskeletal dynamics to impact formation of the mitotic spindle
J. L. Song, C. Remsburg, K. Konrad; Biological Sciences, University of Delaware, Newark, DE.

miR-31 is a highly conserved microRNA that is known to play a role in cell proliferation, migration, and
differentiation. Using the sea urchin as a model organism, we observed that miR-31 inhibitor injected
embryos are developmentally delayed throughout cleavage stages and have an increased lethality rate
at blastula stage. We identified miR-31 to localize at the midzone of the mitotic spindle and
perinuclearly in divided blastomeres. miR-31 inhibitor injected embryos display longer astral
microtubules and increased interpolar and kinetochore microtubules, as well as increased filamentous
actin compared to the control. To understand the mechanism of these cytoskeletal defects, we
identified that miR-31 suppresses several actin remodeling transcripts, including Rab35, Gelsolin and
Fascin. Interestingly, Rab35, Gelsolin and Fascin transcripts co-localize with miR-31. The 3'UTRs of
Gelsolin and Fascin are sufficient for localization to the mitotic spindle. miR-31 inhibition results in an
increase in Fascin protein at the mitotic spindle midzone and perinuclearly in blastomeres in interphase.
Our research, as well as previous studies, indicate proper actin dynamics are critical for formation of the
mitotic spindle. These findings lead to our hypothesis that miR-31 regulates local translation of
transcripts that mediate actin to impact formation of the mitotic spindle. Since proper mitotic spindle
formation is a prerequisite for faithful segregation of chromosomes, identifying how miRNAs mediate
spindle formation and mitosis is critical for the fundamental understanding of early cell division, birth
defects, and predisposition to cancer.

B206/P1200
Differential regulation of sliding microtubule bundles in metaphase and anaphase
S. Forth, E. Tai, A. Alfieri; Biological Sciences, Rensselaer Polytechnic Institute, Troy, NY.

The proper organization of the mitotic spindle is required for successful chromosome segregation during
cell division. This highly dynamic network consists of microtubules that are organized, bundled, and
transported by motor and non-motor proteins that generate precisely balanced ‘active’ pushing and
‘passive’ frictional forces to give the spindle its mechanical robustness. How these mesoscale forces are
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produced and regulated by ensembles of mitotic proteins has been unclear. We are addressing this
knowledge gap by directly measuring force production across reconstituted micron-scale microtubule
bundles and simultaneously observing by single molecule fluorescence microscopy the localization of
proteins that build these networks. Here we demonstrate that the essential microtubule crosslinking
protein PRC1 performs distinct mechanical tasks in metaphase and anaphase to regulate motor protein
activity. In metaphase, when CDK/cyclin-B activity is high, PRC1 is phosphorylated at two threonine
residues near its microtubule-binding domain, while in anaphase these marks are removed. Surprisingly,
we find that a phosphomimetic PRC1 construct organizes smaller bundles containing fewer filaments
than the wildtype protein. In addition, this metaphase PRC1 analog produces significantly less
mechanical resistance against motor-driven microtubule sliding than the anaphase analog. These
changes are biochemically regulated by phosphorylation of microtubule-adjacent residues within the
PRC1 protein, and help explain the functional differences observed in cells between bridging fibers that
connect sister kinetochore fibers in metaphase and the central spindle in anaphase that bridges the two
separating spindle halves.

B207/P1201
F-actin is essential for the fidelity of bipolar spindle formation in mouse oocytes
E. J. Soto-Moreno, A. Balboula; University of Missouri, Columbia, MO.

The spindle provides the machinery for accurate chromosome segregation. In contrast to somatic
mitotic cells, in which centriole-containing centrosomes regulate bipolar spindle formation, mouse
oocytes lack centrioles and, therefore, bipolar spindle assembly depends on self-organization of
numerous acentriolar microtubule organizing centers (MTOCs) into two poles. Accordingly, following
nuclear envelope breakdown, MTOCs undergo two critical steps to assemble a bipolar spindle: 1) MTOC
clustering (MTOC-MTOC aggregation) and 2) MTOC sorting (i.e., MTOC distribution towards the poles).
The traditional view is that, in mammalian oocytes, microtubules (MTs) and their associated proteins are
the only cytoskeletal components responsible for regulating spindle bipolarity. In mammalian oocytes, F-
actin localizes to the MT spindle. Interestingly, we found that F-actin also colocalizes and surrounds
MTOCs in metaphase | (Met |) oocytes. The biological significance of F-actin localization to the
spindle/MTOCs for bipolar spindle assembly is unknown. We found that perturbing global or
cytoplasmic, but not cortical, F-actin resulted in MTOC clustering and sorting defects, and decreased
bipolar spindle formation at Met |. We investigated the role of spindle/MTOC-localized F-actin in
regulating MTOC organization using two different approaches. First, we found that F-actin localization to
the spindle depends on unconventional myosin X (MyoX, that links F-actin to MTs by having both MT
and F-actin binding domains). siRNA-mediated depletion of MyoX or expressing a dominant negative
MyoX mutant (mutation at the MT binding domain) abolished F-actin localization to the spindle,
phenocopied MTOC clustering and sorting defects in F-actin-perturbed oocytes and increased the
incidence of aneuploidy. Such phenotypes were rescued by forcing F-actin localization to the spindle in
MyoX-depleted oocytes using MAP4-UtrCH. Second, we optimized a novel photoswitchable optojasp
approach that can manipulate actin dynamics at a um precision to perturb F-actin selectively at the
spindle/MTOCs, following its exposure to 405 nm laser pulses. Perturbing spindle-localized F-actin in
oocytes using optojasp approach resulted in clustering and sorting defects compared to laser-exposed
untreated or optojasp-treated controls. Importantly, exposing one spindle pole to laser pulses in
optojasp- treated Met | oocytes (with already clustered and sorted MTOCs) resulted in MTOC clustering
and sorting defects compared to those at the non-laser exposed spindle pole. Taken together, these
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findings reveal an unexpected function of F-actin in bipolar spindle assembly in mammalian meiosis, a
process that is notoriously prone to mistakes.

B208/P1202

Spindle scaling in cellular differentiation

T. Kletter?, S. Reusch?, A. Halavatyi?, A. Biswas?, M. Pleitner*, O. Mufioz®, B. Neumann?, V. Zaburdaev>, S.
Reber?; UIRI Life Sciences, Humboldt-University of Berlin, Berlin, GERMANY, 2ALMF, European Molecular
Biology Laboratory, Heidelberg, GERMANY, 3Max-Planck-Institute for the Science of Light, Erlangen,
GERMANY, *University of Applied Sciences, Berlin, GERMANY, °Friedrich—-Alexander University Erlangen-
Nirnberg, Erlangen, GERMANY.

During early metazoan embryogenesis, the mitotic spindle scales with decreasing cell size across
successive reductive divisions. However, it is unclear how cells cope with the challenge of organelle
scaling when they are differentiating into the various embryonic tissues. The developing brain is
notoriously sensitive to mutations in spindle or centrosome-associated genes and here, spindle defects
may cause neurodevelopmental disorders. Using adaptive feedback microscopy, we investigated spindle
scaling in murine embryonic stem cells driven towards neural progenitor fates. Over the course of
differentiation, cells and spindles underwent concerted changes in shape and size. However, from an
early timepoint, differentiating cells showed unexpectedly diverging spindle scaling compared to the
non-differentiating cells. Spindle mass, and thus spindle scaling, is governed by regulation of
microtubule nucleation and dynamics, processes that are highly intertwined with the biophysical
properties of the cytoplasm at large. These properties are known to change when cells transition
between differentiation states. Using quantitative phase imaging, we found that indeed the
differentiating population had altered mitotic cell mass densities. Thus far, with this work we propose
that, ultimately, spindle size scales with cellular dry mass rather than with the cell’s spatial dimensions.

B209/P1203

Intracellular enrichment of lipid droplets concentrates tubulin to promote microtubule assembly and
chromosome segregation errors

G.-Y. Chen, M. Chung, M. A. Lampson; University of Pennsylvania, Philadelphia, PA

Cancer progression is highly associated with chromosome instability arising from mitotic errors, but the
underlying mechanisms cannot be entirely explained by mutations in oncogenes or tumor suppressor
genes. In addition to genetic defects, physical constraints at the cell and tissue levels can cause mitotic
errors. Hepatic cells provide a natural system to study the impacts of intracellular physical constraints on
mitosis because they frequently enrich lipid droplets during cancer progression. We show that droplet
enrichment increases chromosome segregation errors independent of spindle assembly defects,
indicating impaired regulation of kinetochore-microtubule attachments. Furthermore, we find that
droplet enrichment increases microtubule polymer by increasing total tubulin concentration. We
propose that droplets exclude cytoplasmic volume and promote crowding to increase microtubule
polymerization and kinetochore-microtubule attachment errors. Thus, physical constraints generate
unstable chromosomes by disturbing cytoskeletal dynamics as a mechanism leading to the genomic
variability characteristic of cancer cells.

POSTERS-123



B210/P1204

ZYG-8 regulates outward sorting forces to achieve proper force balance inC. elegansacentrosomal
spindles

E. R. Czajkowski, N. Divekar, S. Wignall; Northwestern University, Evanston, IL.

Although centrosomes help organize spindles in most cell types, oocytes lack these structures; we are
leveraging C. elegans to understand how acentrosomal oocyte spindles form and are stabilized. Using
this system, we previously demonstrated that microtubule minus ends are sorted outwards during
spindle assembly, where they form multiple poles that coalesce until bipolarity is achieved. Kinesin-
12/KLP-18 is the primary outward sorting motor, while kinesin-5/BMK-1 provides a redundant outward
force and dynein generates an inward force. However, how these motors are regulated to achieve
proper force balance is not known. Now, we have gained insight into this question through studies of
ZYG-8, a conserved kinase with a doublecortin-like microtubule binding domain. To study the functions
of ZYG-8, we applied the auxin-inducible degron system; this approach enabled both long-term
depletion, to investigate a role for ZYG-8 in spindle assembly, and acute removal from pre-formed
spindles, to assess a role in maintaining spindle stability. Following long-term ZYG-8 depletion, bipolar
spindles formed but were significantly longer, had disrupted pole organization, and were often bent; we
observed similar phenotypes upon short-term depletion from pre-formed spindles. These phenotypes
suggested that there was excessive outward force on the spindle in the absence of ZYG-8. Notably, when
we co-depleted KLP-18 with ZYG-8, we also found evidence for excess outward force. KLP-18 depletion
alone results in a failure to sort minus ends outwards during spindle assembly, resulting in a monopolar
spindle with all minus ends at the central pole. However, when KLP-18 and ZYG-8 were both depleted
prior to spindle assembly, minus ends were not only found at the central pole, but were also located at
the periphery of the array. Moreover, when we removed ZYG-8 from pre-formed monopolar spindles,
we observed the formation of structures with multiple poles, suggesting that minus ends were being
sorted outwards, fragmenting the central pole. These phenotypes suggested that ZYG-8 may normally
suppress an activity capable of exerting outward force. Given that KLP-18 was depleted in the
monopolar spindle assay, we hypothesized that ZYG-8 may be regulating BMK-1, the redundant outward
sorting motor. To test this hypothesis, we acutely removed ZYG-8 from monopolar spindles in a bmk-1
mutant strain; under these conditions monopolar spindles remained intact and minus ends were not
sorted outwards. This result suggests that ZYG-8 functions to dampen the activity of BMK-1, and that
this regulation is essential to achieve and maintain proper force balance in the acentrosomal oocyte
spindle.

B211/P1205
Regulation of Twist in the Human Anaphase Spindle
L. Neahring, S. Dumont; University of California San Francisco, San Francisco, CA

At each cell division, nanometer-scale motors, crosslinkers, and microtubules give rise to the micron-
scale spindle. Although many mitotic motors have been shown to walk in helical paths around
microtubules in vitro, the human spindle exhibits only slight global twist. This raises the question of how
molecular torques are balanced to build a nearly achiral spindle. Here, we define the mechanisms that
generate and resist twist in the anaphase spindle. We find that left-handed twist in RPE1 and MCF10A
cells increases at anaphase, and that it is dramatically enhanced by inhibition of NUMA or dynein. We
show that KIF4A, a kinesin that regulates microtubule dynamics and sliding in the anaphase midzone, is
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required for this left-handed twist. We also uncover a role for the cell cortex, as disrupting actin
filaments reduces anaphase twist. Our results suggest a model in which the left-handed torques
generated by mitotic kinesins are increased at anaphase by the relocalization of KIF4A and counteracted
by NuMA/dynein, either via active right-handed torque generation or by NuMA/dynein-dependent
crosslinking that increases the spindle’s torsional rigidity. Together, our work sheds light on the
spatiotemporal regulation of spindle twist, a recently recognized phenomenon that may have
implications for spindle mechanics and function.

B212/P1206

Measuring and modeling the dynamics of mitotic error correction

G. Ha!, P. Dieterle!, H. Shen?, A. Amir?, D. Needleman?; Harvard University, Cambridge, MA, 2Reverie
Labs, Cambridge, MA

The mammalian mitotic spindle normally segregates an equal number of chromosomes to daughter cells
with high fidelity. Over the course of spindle assembly, many initially erroneous attachments between
kinetochores and microtubules are fixed through a process called error correction. Despite the
importance of chromosome segregation errors in cancer and other diseases, we lack methods to
characterize the dynamics of error correction and how it can go wrong. We have developed a novel
experimental method and analysis framework to quantify chromosome segregation error correction in
human tissue culture cells with live cell confocal imaging of spindle assembly, timed premature
anaphase, and automated counting of kinetochores after cell division. Our results are consistent with an
exponential decrease of errors over time, and an asymmetric initial state of erroneous attachments with
high intercellular variability. We have developed a coarse-grained model which can quantitatively
explain both the measured error correction dynamics and the distribution of anaphase onset times
under different molecular perturbations. Our experimental and analysis frameworks allow us to
guantitatively determine the dynamics of error correction for the first time. In order to develop a
biophysical model of error correction, we will follow up on these results by characterizing how the
regulation of microtubule stability and tension-dependent attachments determines error correction
dynamics.

B213/P1207

Morphological growth dynamics, active microtubule mechanics, and mechanical plasticity of the
vertebrate meiotic spindle

T. Fukuyama?, L. Yan?, M. Tanaka?, M. Yamaoka3, K. Saito3, S.-C. Ti%, C.-C. Liao®, K.-C. Hsia®, Y. T. Maeda?,
Y. Shimamoto?; !National Institute of Natural Sciences, Aichi, Japan, *Kyushu University, Fukuoka, Japan,
3National Institute of Genetics, Shizuoka, Japan, “The University of Hong Kong, Hong Kong, Hong Kong,
SAcademia Sinica, Taipei, Taiwan

The spindle is a self-organized subcellular structure built from microtubules and microtubule-associated
proteins. The spindle’s bipolar shape is essential for the equal partitioning of replicated chromosomes
between the two daughter cells. However, multipolar spindles can stochastically arise in a subset of a
cell population, leading to chromosome segregation errors. How microtubules occasionally favor non-
bipolar self-organization is not known. Here, using a combination of large-field fluorescence imaging,
guantitative shape analysis, machine learning-based phenotype sorting, and Xenopus egg cytoplasmic
extracts, we find that the microtubule structures growing into bipolar and multipolar shapes exhibit
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distinctly different self-organization dynamics. Bipolar spindles are built through a predominant bipolar
growth while little exploring other shape morphologies. Multipolar spindles are built while exhibiting a
large shape fluctuation, which starts at an early self-organization phase and shows a characteristic
temporal pattern. Our high-resolution imaging identifies a local defect in the premature, early
microtubule network that can be the source of the multipolar shape growth. We also find that the
spindles exhibit substantial shape stability upon maturation but can undergo phenotypic switching in
response to a transient force perturbation applied using microneedles. Together with molecular
perturbation assays, we discuss the biophysical mechanism of how varied spindle shapes emerge and
are stabilized within the dynamic cytoplasm.

B214/P1208

The chromokinesin KLP-19 regulates the microtubule overlap in the central spindle of the C. elegans
embryo during mitosis, independently of the microtubule bundling protein SPD-1

S. Redemann, M. Magaj, V. Zimyanin; University of Virginia, School of Medicine, Charlottesville, VA.

The faithful segregation of chromosomes during mitosis is essential for the health and survival of any
eukaryotic organisms. Any failure in this process has detrimental consequences such as developmental
abnormalities and cancer. During mitosis microtubules assemble into a bipolar spindle that segregates
the sister chromatids in anaphase. Recent publications have highlighted the importance of the spindle
midzone, the region between the chromosomes, for the process of chromosome segregation. The
detailed mechanisms of midzone assembly and function during chromosome segregation has however
remained elusive. A number of publications have led to a model of midzone formation and function in
mammalian cells that relies on a combination of microtubule organization by bundling of antiparallel
microtubules by PRC-1 (C.elegans spd-1), regulation of microtubule growth dynamics by KIF4a
(C.elegans klp-19) and motor driven microtubule sliding by a combination of motors. Combining a
detailed 3D structural analysis by electron tomography with state-of-the art light microscopy we have
found that the spindle midzone in C. elegans is composed of different microtubule subclasses that likely
differ in their dynamics. Thus, suggesting a possible differential regulation of microtubule growth during
anaphase. Using Fluorescence recovery after photobleaching and second harmonic generation imaging
we found that while microtubules within the midzone move pole-wards, the length of the antiparallel
microtubule overlap zone in the spindle midzone is constant throughout anaphase, and independent of
cortical pulling forces as well as the presence of the microtubule bundling protein SPD-1. Further
investigations of the microtubule bundling protein SPD-1 and the chromo-kinesin KLP-19 in C.
eleganssuggest that in contrast to previously reported in mammalian cells, KLP-19 functions
independently of SPD-1. Our data suggests that KLP-19 plays an active role in regulating the number of
microtubules within the midzone as well as the size of the antiparallel overlap region throughout
mitosis.
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B215/P1209

Laser Ablation and Fluid Flows Show a Single Force Mechanism Governs Spindle Positioning

H. Wul, G. Kabacaoglu?, E. Nazockdast?, H. Chang*, M. J. Shelley?®, D. J. Needleman®?; Harvard
University, Cambridge, MA, 2Flatiron Institute, Simons Foundation, New York, NY, 3The University of
North Carolina, Chapel Hill, NC, “Academia Sinica, Taipei, TAIWAN, *New York University, New York, NY.

Few techniques are available for elucidating the nature of forces that drive subcellular behaviors. Here
we develop two complementary ones: 1) femtosecond stereotactic laser ablation (FESLA), which rapidly
creates complex cuts of subcellular structures, thereby allowing precise dissection of when, where, and
in what direction forces are generated; and 2) assessment of subcellular fluid flows, by comparing direct
flow measurements, using microinjected fluorescent nanodiamonds, to large-scale fluid-structure
simulations of different force transduction models. We apply these new techniques to study
spindle/centrosome positioning in Caenorhabditis elegans early embryos, and probe the contributions
of three postulated force mechanisms: j) microtubule pushing, ii) cytoplasmic pulling, and jii) cortical
pulling upon centrosomal microtubules. Based on our results, we construct a biophysically-based model
to explain the centrosome dynamics. Taken together, we demonstrate that cortical pulling forces
provide a general explanation for many behaviors mediated by centrosomes, including pronuclear
migration/centration and rotation, metaphase spindle positioning, asymmetric spindle elongation and
spindle oscillations. In sum, this work establishes new methodologies for disentangling the forces
responsible for cell biological phenomena.

B216/P1210
Mammalian kinetochore-fibers maintain their own lengths, but require poles for spindle coordination
M. Richter; UCSF, San Francisco, CA

At each cell division, nanometer-scale components self-organize to build a micron-scale spindle. In
mammalian spindles, microtubule bundles called kinetochore-fibers attach to chromosomes at one end
and focus into spindle poles at the other. Despite evidence suggesting poles set length and other spindle
properties, their role remains poorly understood. In fact, many species do not have spindle poles. Here,
we probe the role of the pole in giving rise to the mammalian spindle’s length, dynamics, and function,
inhibiting dynein to generate spindles whose kinetochore-fibers do not focus into poles. We find that
unfocused kinetochore-fibers have a mean length indistinguishable from control, but a broader length
distribution, and reduced length coordination intracellularly and between sisters. Further, we show that
unfocused kinetochore-fibers, like control, can grow back if shortened by laser ablation, albeit more
slowly, and thus actively recover their length. We find that while control kinetochore-fibers robustly
recover their length by increasing plus-end polymerization and suppressing minus-end
depolymerization, these dynamics are severely reduced in unfocused ones, slowing length recovery.
Finally, we show that spindles with unfocused kinetochore-fibers fail to correctly segregate
chromosomes. Thus, while mammalian kinetochore-fibers locally maintain and recover their own
lengths without spindle poles, poles globally coordinate them across space and time.
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B217/P1211

Myosin 10 supports mitotic spindle bipolarity by promoting PCM integrity and supernumerary
centrosome clustering

Y.Yim!, A. Pedrosa?, X. Wu?, R. Cheney?, J. Hammer?; INational Institutes of Health, Bethesda, MD,
2University of North Carolina, Chapel Hill, NC.

Myosin 10 (Myo10) is a member of the MyTH4/FERM domain family of unconventional, actin-based
motor proteins. Previous studies have shown that Myo10 supports cell adhesion during interphase via
its integrin-binding FERM domain and spindle dynamics during mitosis via its microtubule-binding
MyTH4 domain. Here we characterized Myo10'’s contribution to mitosis using Myo10 knockout Hela
cells and MEFs isolated from a Myo10 knockout mouse. Most notably, both of these knockout cells
exhibit a pronounced increase in the frequency of multipolar spindles. Staining of unsynchronized
metaphase cells showed that the primary driver of spindle multipolarity in knockout MEFs and knockout
Hela cells lacking supernumerary centrosomes is PCM fragmentation, which creates y-tubulin-positive,
centriole-negative microtubule asters that serve as additional spindle poles. For Hela cells possessing
supernumerary centrosomes, Myo10 depletion further accentuates spindle multipolarity by impairing
centrosome clustering. These results indicate, therefore, that Myo10 supports spindle bipolarity by
maintaining PCM integrity in both normal and cancer cells, and by promoting supernumerary
centrosome clustering in cancer cells. Finally, complementation experiments show that Myo10’s FERM
domain-dependent interaction with integrin is essential for both the clustering of supernumerary
centrosomes and the maintenance of spindle pole integrity, and that its MyTH4 domain-dependent
interaction with microtubules is primarily required for the maintenance of pole integrity.

B218/P1212

PLK-1 is required for establishing and maintaining acentrosomal spindle organization in C. elegans
oocyte meiosis

J. Narula, S. Wignall; Northwestern University, Evanston, IL

Sexual reproduction relies on meiosis, a specialized cell division program that produces haploid
gametes. Female gametes (oocytes) in most organisms lack centrosomes, yet the mechanisms by which
acentrosomal spindles are formed and stabilized are poorly understood. Previous work has detailed
steps in the spindle assembly pathway in C. elegans oocytes and has characterized a layered ring-shaped
protein complex (“ring complex”) that encircles each chromosome and is required both for spindle
assembly and chromosome congression. However, key questions remain regarding how these
components work together to ensure the creation of a bipolar spindle, and how these processes are
regulated.

Polo-like kinases (PLKs) are critical regulators of chromosome segregation and bipolar spindle formation
in mitosis across species. In C. elegans, polo-like kinase 1 (PLK-1) plays an essential role in centrosome
maturation during mitosis and is required for nuclear envelope breakdown in oocytes. However,
whether this kinase performs other functions during meiosis is not known. Here we report that PLK-1
dynamically localizes to several subcellular locations in oocytes including the spindle poles, kinetochore,
ring complex, and chromatin, and that the chromosomal passenger complex (CPC) and BUB-1 are
required for PLK-1 to target to the ring complex. To investigate the role of PLK-1 further, we utilized
auxin-induced degradation (AID) to deplete PLK-1 from oocytes either prior to spindle assembly or after
bipolar spindle formation. Depletion of PLK-1 prior to spindle assembly resulted in a failure of nuclear
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envelope breakdown, consistent with previous findings. Additionally, we found organizational defects
when depleting PLK-1 from fully formed bipolar spindles, indicating that PLK-1 also plays a role in
maintaining the spindle after bipolarity has been established. Lastly, we observed the formation of
ectopic microtubule asters in these depletion conditions, suggesting a unique role for PLK-1 during
acentrosomal meiosis. Taken together, our work identifies PLK-1 as a key player in C. elegans meiosis,
thus incorporating this protein into a larger model for acentrosomal spindle assembly and chromosome
dynamics.

B219/P1213
Segregation of the univalent X chromosome in the two striped planthopper Acanalonia bivittata
A. Borseth, K. Felt, E. Stowe, L. Paliulis; Bucknell University, Lewisburg, PA

Correct segregation in meiosis | depends on homologous chromosomes pairing to form bivalents. To
achieve a successful reduction in ploidy, bivalents align on the metaphase plate and then homologues
segregate during anaphase |. While bivalent formation is generally required for correct segregation in
meiosis |, many organisms pose an exception to this requirement. Our objective was to study on such
exception, the two striped plant hopper Acanalonia bivittata (Hemiptera, Auchenorrhyncha), which has
a univalent X chromosome. A. bivittata were collected and their identification was confirmed through
DNA barcoding. Chromosome number was found to be consistent with previously published karyotypes
for the species. To observe the behavior of unpaired chromosomes in male primary spermatocytes, live-
cell and confocal imaging of stained cells was conducted. The univalent X chromosomes were found to
be characterized by independent and delayed segregation that occurred after autosomal segregation
during early anaphase I. Delayed segregation of the univalent chromosome was associated with the loss
of microtubule connections to one spindle pole, leaving the chromosome aligned on the metaphase
plate, often in a position outside the main spindle body. This study characterized the behavior of an
unpaired chromosome in an alteration to the traditional meiotic program. This work has translational
implications in organisms in which a chromosomal pairing partner is lost, such as the diminution and
potential loss of a Y chromosome in mammals.

B220/P1214

Mitotic Spindle Remodelling in Response to Severe Metabolic Stress

J. Ng!, G. Charras?, S. Banerjee?; 'University College London-41600960, London, United Kingdom,
2Carnegie Mellon University, Pittsburgh, PA

In response to severe metabolic stress, some organisms enter a reversible state known as suspended
animation (SA), in which all observable activities, such as growth and motility, come to a halt.
Remarkably, following SA, the organisms can resume their life cycle, unharmed. Upon SA entry, how
individual cells switch off their activities and preserve memory of their pre-SA asymmetries are little
understood. Here we seek to investigate how cell division, one of the most dynamic cellular processes, is
perturbed during SA. We treated mitotic Hela cells with metabolic inhibitors and paid particular
attention to the mitotic spindle. We observed that microtubules (MT) in different parts of the mitotic
spindle exhibit differential changes in length under severe metabolic stress, suggesting that their
dynamics are spatially controlled by distinct energy-dependent processes. After release from the
metabolic stress, most cells were able to resume division. To understand the mechanistic nature of the
spindle remodelling, we developed a mathematical model to determine how changes in the mechanical
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properties and forces within the spindle during energy depletion may contribute to the observed
behaviour. The results suggest that apart from a decrease in motor activities, changes in spindle
stiffness, MT polymerization and MT flux are all required to explain spindle remodelling. The model also
predicts the lengthening of the overlap regions of the half-spindles and a reduction of tension in the
spindle. Overall, they show that the spindle can be viewed as a composite material made up of
components with different sensitivities to energy depletion. The size of the spindle is predominantly
controlled by the opposing forces generated by these components. These findings raise new questions
about what energy-dependent processes are connected to the physical properties of the spindle and
how the remodelling preserves the memory for division.

Cancer Therapy - Inhibitor Activity 1

B222/P1215
The Antitumor Activity ofcannabis sativa/CBD in prostate cancer pc3 cells
L. R. Motadi; University of Johannesburg APK, Johannesburg, SOUTH AFRICA.

Prostate cancer is the second most frequently occurring carcinoma in males worldwide and one of the
leading causes of death in men around the world. Recent studies estimate that over 1.4 million males
are diagnosed with prostate cancer on an annual basis, with approximately 375 000 succumbing to the
disease annually. With current treatments continuing to show severe side effects, there is a need for
new treatments. In this study we looked at the effect of cannabis sativa extract, cannabidiol and
cisplatin on prostate cancer cells, PC3. Methods In addressing the above questions, we employed the
MTT assay to measure the antiproliferative effect on PC3 cells following treatment with varying
concentrations of Cannabis sativa extract, cisplatin and cannabidiol. xCELLigence was also used to
confirm the IC50 activity in which cells were grown in a 16 well plate coated with gold and monitor cell
attachment. Caspase 3/7 activity was also measured using 96 wellplate following treatment. Western-
blot and gRT-PCR was also used to measure the gene expression of tumour suppressor genes, p53, Bax
and Bcl2. Animal studies were employed to measure the growth of PC3-mouse derived cancer to
evaluate the effect of compounds in vivo. Results From the treatment with varying concentrations of
Cannabis sativa extract, cannabidiol and cisplatin, we have observed that the three compounds induced
antiproliferation of PC3 cancer cell lines through the activation of caspase 3/7 activity. We also observed
induction of apoptosis in these cells following silencing of retinoblastoma binding protein 6 (RBBP6),
with upregulation of p53 and bax mRNA expression, and a reduction in Bcl2 gene expression. The
growth of tumours in the mouse models were reduced following treatment with cisplatin and
cannabidiol.

B223/P1216

Analysis of off-target effects on cardiac muscle by drugs used to treat multiple myeloma and breast
cancer

J. Wang; Cell and Developmental Biology, SUNY Upstate Medical University, syracuse, NY.

We have previously demonstrated that myofibril assembly occurs in three steps (premyofibrils to
nascent myofibrils to mature myofibrils) representing increased complexity of protein arrangements
(Rhee et al., 1994; White et al., 2018). Our discovery that inhibitors of the Ubiquitin Proteasome System
(UPS) prevent nascent myofibrils from progressing to mature myofibrils in cultured embryonic quail

POSTERS-130



muscle supports the three-step model, and indicates some proteins in nascent myofibrils in skeletal
muscles must be proteolyzed to permit the maturation of mature myofibrils. These UPS inhibitors have
no effects on the formation of premyofibrils and nascent myofibrils, and no effects on existing mature
myofibrils. Similar UPS inhibitors treatments on cardiomyocytes isolated from embryonic chick embryos,
and on hiPSC-derived cardiomyocytes also led to the halt in nascent myofibrils progressing to mature
myofibrils. Our experiments using UPS drugs on skeletal and cardiac muscled cells suggest possible
explanations for the off-target cardiac and skeletal muscle effects of UPS inhibitors that are also used on
multiple myeloma patients. We suggest that analyses of cultured embryonic heart cells and human
cultured muscle cells will provide a preclinical assay for testing of novel cancer drugs with improved
outcomes for patients., an important “:--goal of the emerging field of cardio-oncology---” (Narezkina and
Nasim, 2019). As a test of our suggestion, we have used a new UPS drug suggested for cancer patients
that is a ligase inhibitor. This compound did inhibit myofibrillogenesis in embryonic quail skeletal muscle
cells. However, it had no effect on myofibrillogenesis in embryonic chick heart cells at the same
concentration. In support of our suggested assay, the ligase that the new UPS inhibitor binds to is not
present in cardiac muscle cells, but is present in skeletal muscle cells. Use of doxorubicin to treat breast
cancer patients has a serious effect on the hearts, and skeletal muscles. Our experiments indicates that
this compound inhibits the assembly of myofibrils, and in contrast to UPS inhibitors lack of effects on
mature myofibrils, doxorubicin induces the disassembly of mature myofibrils. The idea that doxorubicin
interferes with the assembly and/or maintenance of mature myofibrils may explain its cardiotoxic
effects on breast cancer patients.

B224/P1217

Podoplanin Expression and Ex Vivo Lectin Effects on OSCC Cells from Clinical Trial Subjects

T. J. Hellmig?, E. J. Bracel, S. Parikh?, S. Basu?, A. J. Shienbaum?, D. I. Suster?, E. M. Capitle3, E.
Kalyoussef?, D. Roden3, S. Baredes®, M. Fatahzadeh?, G. S. Goldberg?; 'Rowan University, Stratford, NJ,
2Keystone Medical Laboratories, Throop, PA, *Rutgers New Jersey Medical School, Newark, NJ, “Rutgers
School of Dental Medicine, Newark, NJ.

Oral cancer kills over 13,000 people in the USA and over 145,000 people worldwide each year. Current
treatments include surgical procedures that can leave patients with permanent sequalae and decrease
their quality of life. Novel therapies are needed to treat oral cancer. Maackia amurensis seed lectin
(MASL) can target the podoplanin (PDPN) receptor which is expressed on OSCC cells that cause over 90%
of oral cancers. These findings prompted the investigation of MASL as a novel agent in an ongoing
clinical trial (NCT04188665) aimed at oral cancer. Here, we examined PDPN expression and the effects of
MASL on OSCC cells derived from patients enrolled in this trial. IHC detected robust levels of PDPN
expression on OSCC cells in oral lesions from these patients. Western blot analysis confirmed PDPN
expression by these cells adapted to culture. Submicromolar (770 nM) MASL concentrations decreased
the motility and viability of these OSCC cells by over 70% and 10%, respectively. Moreover, higher (2880
nM) MASL concentrations completely inhibited the motility of these cells, and decreased their viability
by over 50%. These results support the consideration of MASL as a potential OSCC anticancer agent.
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B225/P1218

Antiproliferative Activity of Male and Female Maclura pomifera Extracts in ER-positive Breast Cancer
Cell Lines

M. Rumpa, C. Maier; Biology, Texas Woman's University, Denton, TX.

Breast cancer is one of the most diagnosed cancers in women around the world. Natural products of
plant origin have been recognized as prominent sources of anti-cancer drugs. M. pomifera is a dioecious
(separate male and female plants) tree native to the south-central USA, reported to have anti-
inflammatory, antinociceptive, and antiproliferative properties. Native Americans have used plant parts
for cancer treatment, but few cancer research studies have focused on M. pomifera, limiting our
understanding of its medicinal properties. The goal of this research is to identify capsaicin-like
compounds in M. pomifera plant extracts and determine their antiproliferative activities in the ER-
positive breast cancer MCF-7 and T47D cell lines. Capsaicin, a bioactive phytochemical abundantly
present in chili peppers, is known as a potent transient receptor potential vanilloid type 1 (TRPV1)
calcium-permeable ion channel agonist. Other plants synthesizing capsaicin-like compounds could
provide new therapeutic agents for cancer treatments. To identify capsaicin-like phytochemicals, stem
and leaves of male and female M. pomifera were sequentially extracted with hexane, ethyl acetate,
ethanol, and methanol. M. pomifera contains capsaicin-like compounds based on a colorimetric assay,
TLC, and UPLC-ESIMS/MS. Antiproliferative activities evaluated using MTS assays revealed that M.
pomifera plant extracts possess antiproliferative properties. Both male and female M. pomifera plant
extracts inhibited growth of MCF-7 and T47D cells. Male extract at 500 ug/ml concentration inhibited
both MCF-7 and T47D cells by 80% compared to female extract (45%). Blocking of TRPV1 with
capsazepine significantly increased cell viability suggesting that M. pomifera phytochemicals works
through TRPV1 in inducing cell death. We hypothesize that M. pomifera capsaicin-like compounds
trigger apoptosis through the mitochondrial apoptotic pathway due to intracellular calcium overload via
TRPV1. To find out whether plant extracts increase the calcium concentration in the cell, cells were
pretreated with the calcium chelator BAPTA-AM and then treated with plant extracts. Chelation of
calcium ions significantly increased cell viability, revealing that M. pomifera phytochemicals activate
TRPV1 thus overloading cells with calcium ions and triggering cell death. Future work will focus on
chemically characterizing capsaicin-like phytochemicals in M. pomifera extracts and elucidating their
mechanism of action in inducing apoptosis in cancer cell lines via the TRPV1 ion channel. The findings
could lead to the discovery of natural products for the development of new cancer treatment drugs.

B226/P1219

MiR92b-targeted miRNA inhibitor-containing Gold Liposomal Formulation Reduces Cell Growth in
Glioblastoma Cells

A. 0. Sanchez Alvarez!, N. Grafals-Ruiz?, F. Valiyeva?, R. Rabelo?, P. E. Vivas-Mejia'?; ‘Comprehensive
Cancer Center UPR, San Juan, PR, 2University of Puerto Rico Rio Piedras Campus, San Juan, PR,
3Department of Biochemistry, University of Puerto Rico Medical Science Campus, San Juan, PR.

MicroRNA (miRNA) dysregulation plays a central role in the initiation, progression, and drug resistance
of most malignancies. MiRNA-based therapies are designed to target upregulated or downregulated
miRNAs with oligonucleotide miRNA inhibitors (OMiIs) or oligonucleotide miRNA mimics (OMMs),
respectively. Although OMIs and OMMs are promising therapies for cancer treatment, their significance
has been hindered as these molecules are quickly degraded when systemically administered. MicroRNA-
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92b (miR92b) is aberrantly abundant in glioblastoma (GBM), the most aggressive of the primary brain
tumors. Brain-targeted drug delivery systems have the extra challenge of overcoming the blood-brain
barrier (BBB). Apolipoprotein E (ApoE) is under study for its role as a lipid transport protein in the brain,
making it suitable for brain targeting. The internalization of nanocarriers is increased with ApoE peptide
functionalization compared to empty liposomal formulation in U87 cells. Our lab recently published
successful systemic delivery of miR92b-OMIs containing gold-liposomal formulation into the brain of a
GBM syngeneic mouse model. However, this formulation was prepared with 15 nm gold nanoparticles
(AuNPs;s), and very low OMI conjugation and high AuNP agglomeration were observed. Therefore,
optimization and standardization of this procedure are necessary to obtain a formulation with potential
clinical use. The herein project furtherly explores the role of miR92b in the U87 human GBM cell line
while addressing the above-described challenges. We used AuNPs of different sizes and observed that 5
nm AuNPs (AuNPss) increased the AuUNP-OMI conjugation, reduced the AUNP aggregation, reduced the
size of the nanocarrier system (liposomes), and increased the homogeneity of the liposomal
formulation. These traits also result in enhanced cost efficiency due to less waste of raw material. The
liposomal nanocarrier system using AuNPss results in a 22% size reduction from the previously reported
value with a 50% increase in homogeneity. Using AuNPss gold-liposomal formulation the previously
observed tendency was intensified, achieving better internalization compared to empty liposomes and
AuNPss gold-liposomal formulation without ApoE. In vitro administration of miR92b-OMI to U87 cells
resulted in decreased proliferation and a reduction in the ability to migrate. Quantitative PCR confirmed
complete inhibition of miR92b after transfection. A caspase 3 assay suggests apoptosis after miR92b
inhibition. These findings help elucidate the role of miR92b in GBM for future therapy designs.

B227/P1220
Anti-Cancer Ruthenium Complex KP1019 Causes Ribosomal Biogenesis Stress in Yeast
J. S. Blackman, P. K. Hanson, S. L. Gary; Biology, Furman University, Greenville, SC.

Platinum-based drugs (cisplatin, carboplatin etc.) are used to treat many cancers, but limitations include
harsh side effects and evolution of drug resistance. The ruthenium based complex indazole trans-
[tetrachlorobis(1H-indazole) ruthenate(lll)], also known as KP1019, may overcome these limitations and
appeared promising in an early clinical trial. Prior studies demonstrated KP1019’s ability to cause DNA
damage and alter the cell cycle, however the drug’s impact on cells is not fully understood. More
recently, the ribosome has been implicated as a potential target of KP1019 in both cancer cells and the
model organism Saccharomyces cerevisiae. For example, in a previous proteomic analysis in yeast,
KP1019 increased expression of translation and ribosome related genes. To understand KP1019’s
impact(s) on ribosomes, here we examine KP1019 sensitivity of yeast lacking genes that encode
ribosomal structural proteins or proteins involved in ribosome biogenesis. In the presence of KP1019
these deletion strains appeared drug resistant, displaying a higher growth rate than wildtype yeast. To
determine whether the altered gene expression and mutant growth kinetics might be due to KP1019’s
effect on ribosomal biogenesis, we used fluorescence microscopy to monitor the localization of GFP-
tagged large ribosomal protein Rpl7a. We discovered that KP1019 treatment causes a dose-dependent
increase in the proportion of cells with a single focus of Rpl7a-GFP, as opposed to a diffuse cytoplasmic
distribution. Additionally, we used Sik1-RFP and Elo3-BFP proteins to visualize the nucleolus and
endoplasmic reticulum respectively to refine the drug-induced localization of Rpl7a-GFP localization as
being nucleolar, a result that suggests KP1019 does indeed interfere with ribosomal biogenesis.
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Identification of this process as a target of KP1019 opens new opportunities for rational design of
combination drug therapies.

B228/P1221

Chromatin remodeling in sodium valproate-treated U251MG glioblastoma cells as assessed by image
analysis

C. B. M. Oliveira, M. A. Rocha, M. L. S. Mello; Department of Cell Biology, University of Campinas -
UNICAMP, Campinas SP, BRAZIL.

Sodium valproate (VPA), a drug widely prescribed as an anticonvulsant, is a well-known class | histone
deacetylase inhibitor (HDACi), a DNA demethylation inductor and a promising antitumor agent. Cells of
glioblastoma, a very aggressive tumor of the central nervous system, have been reported to contain
increased levels of DNA methylation in several of their gene promoters. When cultivated in the presence
of VPA, glioblastoma cells not only undergo histone H4 hyperacetylation but also exhibit decrease in
their DNA methylation profile. In this work, we investigated whether these VPA-induced epigenetic
changes are accompanied by chromatin remodeling characteristics in Feulgen-stained U251MG
glioblastoma cells that could be revealed using image analysis. Such an analysis was performed in an
Axiophot 2 microscope equipped with AxioCam HRc video camera and Kontron KS-400-3 software (Carl
Zeiss, Oberkochen/Munich, Germany). U251MG cells cultivated in the presence of 1 mM and 10 mM
VPA for 4 and 24 h and of 5 uM 5-aza-CdR for 28 h (a control of DNA demethylation) were used. Increase
in the acetylation levels of histone H3 was demonstrated with the VPA treatments but not with the 5-
aza-CdR assay, whereas decrease in the global levels of 5-methylcytosine followed treatments with both
drugs. A decreased variability in the degree of chromatin packing per nucleus and in nuclear entropy,
defined in terms of number of bits needed to store densitometric values per nuclear image, in the cells
treated with the longer VPA treatment especially at the 10 mM concentration, but not with the 5-aza-
CdR assay, revealed chromatin decondensation. These results suggest that the chromatin remodeling
induced by VPA in U251MG cells, that may favor gene expression, is more involved with histone
acetylation than with DNA demethylation.

Financial support: FAPESP (grant no. 2015/10356-2), CAPES, CNPq (grants no. 421299/2018-5,
304797/2019-7)

B229/P1222

Assessment of NK Cell-based Immunotherapies Using an Optimized Multiplexed Assay and Advanced
Flow Cytometry

J. Lovchik, M. Carter; Sartorius Bioanalytical Instruments, Inc., Albuquerque, NM

NK cells are potent cytotoxic effector cells that offer great promise for clinical utilization in treating
cancers without the adverse side-effects associated with T cell-based cytotherapies. Hence, there is
currently a focus on the development of NK cell-based cancer immunotherapies, including chimeric
antigen receptor-engineered NK (CAR-NK) cells and tumor-specific monoclonal, bi-specific and tri-
specific NK cell engaging antibodies (mAbs, BIKES, and TRIKES) that can induce NK cell-mediated
antibody dependent cellular cytotoxicity (ADCC). In this study, we utilized a Burkitt lymphoma cell model
to examine the effect of cytokine activation on NK cell-mediated killing, and the potency of different
anti-hCD20 mAbs in NK cell-mediated ADCC across multiple donors. Assessing tumor cell killing is critical
in evaluating the efficacy of new NK cell-based immunotherapies. However, full characterization
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requires concurrent analysis of multiple factors, including expression of activation markers and cytokine
production which involve performing multiple assays requiring a high number of effector cells. For this
reason, we utilized a rapid, high throughput, multiplexed, flow cytometry assay that not only measures
target cell killing, but also determines expression of NK cell activation markers and cytokine production
using 10 pL of sample in either 96 or 384-well plate format. The results showed that direct tumor cell
killing was induced upon cytokine activation and corresponded to increased production of several
cytokines, plus expression of CD25 and CD69 activation markers. Tumor cell killing was also induced
upon addition of certain anti-CD20 mAbs to unactivated NK cells, although the level of ADCC depended
on which mAb was used. Corresponding increases in Granzyme B, CD178 (Fas Ligand), IFNy, TNF, and
RANTES secretion were also observed. In general, higher levels of ADCC and effector protein secretion
were seen using a non-fucosylated mAb. However, differences were observed in both the degree of
ADCC and cytokine expression between donors that corresponded to differences in their CD16
genotype. Overall, use of this multiplexed assay revealed tumor cell killing by NK cells was effectively
enhanced by cytokine activation or addition of anti-tumor mAbs, and simultaneously provided
characterization of the NK cells in relation to tumor target killing.

B230/P1223

A Novel PSMA Targeting Small Molecule Drug Conjugate Can Successfully Enter PSMA-Positive
Prostate Cancer Cells Through Receptor Mediated Endocytosis

B. McAllister?, L. Caromile!, C. Berkman?; *UConn Health, Farmington, CT, 2Washington State University,
Pullman, WA

A common roadblock in cancer research is drug delivery. The primary tumor microenvironment can
prevent a drug from reaching its target, which can cause off-target effects if not tumor specific. Prostate
specific membrane antigen (PSMA) is a transmembrane protein with high therapeutic potential due to
its specific overexpression in prostate cancer. Targeting PSMA for drug delivery is already being
implemented; however, many designs struggle with efficacy and durability. This study aims to
investigate a PSMA targeting small molecule drug conjugate’s (SMDC) ability to target PSMA-positive
prostate cancer cells, with the goal of improving delivery, uptake, and efficiency of treatment moieties
such as radioligand therapy. The SMDC, 5FAM-X-FPO-42 (5FAM) contains a specific, irreversible PSMA
targeting region and is conjugated to a 488 fluorophore. To demonstrate that PSMA SMDC was specific,
we treated C42B PSMA-positive and C42BPMAKO cells with the SMDC and found that 5FAM specifically
interacted with cell surface PSMA of the C42B PSMA-positive cells, not the C42B"MAX0 and was
subsequently internalized into the cell. It is known that PSMA is internalized into the cell by receptor
mediated endocytosis of clathrin coated pits. To further characterize the SMDC’s trafficking through the
cell, we found that PSMA and 5FAM both colocalized in the endosome (EEA1) and lysosome (LAMP1)
but only low levels of PSMA was visible in the endoplasmic reticulum (PDI) and Golgi (RCAS1). The SMDC
was not detected hinting that the 5SFAM might have been cleaved off the linker by low pH. Cell
fractionation and a western blot verified that PSMA was in the membrane/organelle fraction of C42B
PSMA-positive cells. These results provide evidence that the PSMA targeting SMDC is effectively and
exclusively targeting PSMA-positive cells in vitro. To further investigate the trafficking of the PSMA
SMDC, this study aims to follow the movement of PSMA undergoing endocytosis while interacting with
the SMDC to investigate if PSMA is recycling back to the cell membrane. PSMA recycling is essential for
treatment of PSMA positive prostate cancer as it continuously provides a therapeutic target. Therefore,
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this research will provide a better understanding of the trafficking of the SMDC, its interaction with
PSMA during receptor mediated endocytosis and its potential clinical utility.

B231/P1224

Differential Radiation Responses in alt-NHEJ Pathway in Human Neuroblastoma Cells and Human
Glioblastoma Cells

Q. Randle, G. Regisford, P. Saganti, H. Wang; Biology, Prairie View A&M University - Prairie View, TX,
Prairie View, TX.

Radiation DNA double-strand breaks are repaired by homologous recombination(HR) and non-
homologous end-joining (NHEJ). Poly(ADP-ribose) polymerase | (PARP-1) is involved in the alternative
NHEJ pathway (alt-NHEJ). To improve radiotherapy efficacy in human malignant glioblastoma tumors
and to decrease toxicity in human neurons, we investigated the radiation response in human
neuroblastoma cells (SH-SY5Y) and human malignant glioblastoma cells (U251 MG) and the regulation of
poly(ADP-ribose)polymerase | (PARP-1), Ataxia telangiectasia-mutated (ATM) and Nicotinamide adenine
dinucleotide (NAD) on radiation sensitivity, DNA damage, and repair, apoptosis, and autophagy. Cell
survival fractions of radiation dose were determined by clonogenic assays in U251 MG and SH-SY5Y
cells, pretreated with a triple-component complex consisting of PARP inhibitor, ATM inhibitor, and NAD
supplements. Necrosis and apoptotic cells were detected by a combination of propidium iodide and
Hoechst 333342staining and analyzed using Flow Cytometry and confocal microscopy. DNA damage was
detected by immunostaining gamma-H2AX and 53BP1 and DNA damage foci were observed under
confocal microscopy and quantified by Image J. Radiation-induced autophagy was detected by
fluorescent Live Cell Imaging of GFP-LC3 MediatedAutophagy under confocal microscopy. Our results
demonstrated that the triple-component complex significantly increased the radiation sensitivity of
U251 MG, but notSH-SY5Y cells. The synergistic interaction of the triple complex inhibitors on DNA
damage and repair is under investigation. Our study suggests that modulation of the alt-NHEJ pathway
may enhance radiotherapy efficacy in human malignant glioblastoma tumors.Differential Radiation
Responses in alt-NHEJ Pathway in Human NeuroblastomaCells and Human Glioblastoma Cell

Cancer Therapy-3D Culture Models

B232/P1225
Al-enabled Novel Workflow to Evaluate Cell Therapy Using 3D Spheroid Models
Z.Tong, A. Lim, A. Katiyar, T. Baranowski, J. Baade, O. Sirenko; Molecular Devices, LLC, San Jose, CA.

T-cell therapies are designed to help our immune system fight cancer cells, including CAR T cells, tumor
infiltrating lymphocytes (TIL), and other genetically modified T cells. In recent years, the field of cell
therapy has started to expand, among which, the launch of the first CAR T-cell therapies to treat blood
cancer in 2017 was a critical milestone in this field. Despite its boom, the discovery of novel
immunotherapies that specifically enhance T-cell response against cancer cells remains a challenge task,
especially when trying to find robust in vitro models to evaluate these immunotherapies throughout
their development. In the past, the models have been limited to the use of suspension cells and 2D cell
monolayers, which lack the key features of 3D extra-cellular microenvironment. In recent studies, 3D
advanced tumor models, such as multicellular spheroids, are believed to bring a closer resemblance to
the in vivo clinical scenario because it has more complex cell-cell interactions, optional extracellular
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matrix proteins, and a layered structure. In addition, these models have the added requirements for
immune cells to penetrate the layered structure during killing. Moreover, the information associated
with how the phenotype of the 3D model evolves and how the penetration of T cell into the 3D model
can be measured has not been fully explored and exploited to evaluate the cell therapy.

To address some of the obstacles mentioned above, we used multi-cellular spheroids cultivated from
Hela cell line in 96-well round bottom plate as our 3D model. In this study, we stained and activated the
human peripheral blood mononuclear (PBMC) cells with PMA/ionomycin for 6 hrs, treated the spheroids
with stimulated PBMC for 3 days, and imaged the whole plate with a high-content confocal imager every
2hrs. For the evolution of the phenotypic change of the spheroids analysis, a deep learning-based
segmentation model was generated to mask the whole spheroid and the edge of the spheroid. The
resulting masks were then used to classify the spheroids using machine learning, where the clear distinct
phenotypic changes of the spheroids were observed compared to controls, allowing for live monitoring
of the T cell efficacy. To analyze how T cells penetrated inside the spheroids, we calculated the
coordinates of the penetrated T cells and the distance of cell movement from the nearest edge of the
spheroid mask. By collecting the statistics of the distances and the time, we measured the speed of the T
cell penetration into spheroids. Overall, our results show that the 3D spheroid models and the high-
content analysis workflow may potentially be used as a metric to evaluate the efficacy of cell therapy in
vitro.

B233/P1226

The Identification and Characterization of FOLFOX Resistance in Colorectal Cancer Patient Derived
Organoids

J. Morris; Cellular and Molecular Medicine, University of Arizona, Tucson, AZ.

Resistance to chemotherapy drugs is a well-documented issue inhibiting the treatment of a wide variety
of cancers. Colorectal cancer (CRC) is the third most common neoplasm worldwide and has the third
highest mortality rate. However, the longtime gold-standard FOLFOX chemotherapy regimen, consisting
of 5-FU and Oxaliplatin, results in only 70% survival rates in Stage 3 CRC patients, worse in Stage 4. More
recent targeted therapies have marginally improved on this number, but the fact remains that CRC
represents a highly heterogeneous neoplasm and resistance to standard chemotherapeutic regimens
poses a significant barrier in treating this devastating disease. There is an immediate need to better
understand how this resistance arises. We hypothesize that a small number of cells with high phenotypic
plasticity (HPP) are able to remain dormant during the initial chemotherapy treatment then reenter the
cell cycle to cause recurrence and metastasis months or even years after treatment has concluded.
Patient-derived organoids (PDOs) are a recently developed ex vivo model that allows for the study and
extensive characterization of such HPP cell populations that may be found in patient tumors. We are
developing and expanding various PDO populations to examine them genotypically and phenotypically
on the single-cell level through RNA sequencing and high throughput imaging, respectively. By
identifying these HPP cell populations, we then discover drugs that prevent the development of drug-
resistant subpopulations. In the long term, we use our tumor phenotype profile to develop models that
predict the responsiveness of tumors, including their drug-resistant HPP subpopulations, to well-
documented and clinically used oncology drugs, streamlining treatment and improving survival
outcomes. Thus far we have characterized the phenotypes of five different tumor PDO lines as well as a
polyp control. We observe that each tumor has a vastly different morphological and phenotypic profile
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and as such are susceptible to different drugs. However, some drugs appear to target the stem cell
compartment and thus slow or stop the growth of all lines examined so far.

B234/P1227

Evaluating drug response in 3D triple negative breast cancer organoids with high content imaging and
analysis

0. Sirenko; Molecular Devices, San Jose, CA.

Triple negative breast cancer is a clinically aggressive subtype, with high rates of metastasis, recurrence,
and drug resistance and few clinically approved small molecule targeted therapies. There is a critical
need to develop methods for efficient testing drug efficacy in patient-derived tumor samples to discover
new therapeutic targets. Additionally, most potential oncology drugs fail the drug development pipeline
despite having promising data for their efficacy in vitro, further reflecting the need for research models
that more accurately model tumor biology. Two-dimensional (2D) cell culture remains the primary
method of drug screening, despite being considered less physiologically relevant than three-dimensional
(3D) culture. Challenges with 3D culturing methods, such as increased complexity and technical issues in
performing and analyzing experiments, have prevented its widespread adoption as a primary screening
method during drug studies. However, these challenges can be addressed by using automated high
content imaging and analysis systems. In the present study, we describe automation of imaging and cell
culture methods which enables scaling up complex 3D cell-based assays and compound screening. In
addition, we show advanced analysis approaches and descriptors that allow scientists to gain more
information about complex cellular systems, disease phenotypes, and compound effects. Using these
methods, we measured responses to drug treatment in 3D mammaospheres, including cytotoxicity,
metabolism, and altered cell morphology. Tumoroids were formed from primary cells isolated from a
patient-derived tumor explant, TU-BcX-4IC, that represents metaplastic breast cancer with a triple-
negative breast cancer subtype and treated with 165 compounds of approved cancer drugs at multiple
concentrations. We characterize multiple quantitative descriptors for tumor phenotypes and compound
effects including characterization of tumoroid size, integrity, cell morphology and viability. In addition,
the Cell Painting method was used for 3D tumoroids for evaluation of phenotypic effects. Principal
component analysis was used to identify hits and cluster them based on similarity of phenotypes. Eight
compounds were detected that demonstrated effects at low concentrations (10 nM), including
romidepsin, trametinib, bortezomib, carfilzomib, panobinostat, that will be further investigated as
potential drug candidates. 33 additional compounds were identified as effective at higher
concentrations. In this study, we demonstrate methods for increased throughput and automation in 3D
cancer assays that are suitable for compound screening using patient-derived samples.

B235/P1228

Genomic heterogeneity in pancreatic cancer organoids and its stability with culture

0. Usman?, L. Zhang?, G. Xiel, H. M. Kocher?, C. Hwang*, Y. Wang?, X. Mallory?, J. Irianto?; Department
of Biomedical Sciences, Florida State University, Tallahassee, FL, 2Department of Computer Science,
Florida State University, Tallahassee, FL, 3Barts Cancer Insitute, London, UNITED KINGDOM, *University
of California Davis, Davis, CA.

The establishment of patient-derived pancreatic cancer organoid culture in recent years creates an
exciting opportunity for researchers to perform a wide range of in vitro studies on a model that closely
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recapitulates the tumor. Among the outstanding questions in pancreatic cancer biology are the causes
and consequences of genomic heterogeneity observed in the disease. However, to use pancreatic
cancer organoids as a model to study genomic variations, we need to first understand the degree of
genomic heterogeneity and its stability within organoids. Here, we used single-cell whole-genome
sequencing to investigate the genomic heterogeneity of two independent pancreatic cancer organoids,
as well as their genomic stability with extended culture. Clonal populations with similar copy number
profiles were observed within the organoids, and the proportion of these clones was shifted with
extended culture, suggesting the growth advantage of some clones. However, sub-clonal genomic
heterogeneity was also observed within each clonal population, indicating the genomic instability of the
pancreatic cancer cells themselves. Furthermore, our transcriptomic analysis also revealed a positive
correlation between copy number alterations and gene expression regulation, suggesting the
functionality of these copy number alterations.

B236/P1229

Novel patient derived colorectal cancer organoid platform for automated high throughput drug
discovery applications.

A. Lim!, Z. Tong!, E. Fraser?, V. Durban?, P. Macha?, O. Buddhikot?, T. Baranowski, j. Baade?, A. Katiyar?,
H. Amijee?, O. Sirenko?; *Molecular Devices, San Jose, CA, 2Cellesce Biotechnology, Cardiff, UNITED
KINGDOM.

There is a critical need to develop methods for efficient testing of drug efficacy using patient-centric
models, to discover new therapeutic targets. Most potential oncology drugs fail at the later stages of the
drug development pipeline and in clinical trials, despite having promising data for their efficacy in vitro.
This high failure rate is partly due to insufficient predictive models being used to screen drug candidates
in the early stages of drug discovery.

3D cell models, specifically patient-derived organoids (PDOs), offer a promising solution to this problem.
Cells grown in 3D can better mimic cell-cell interactions and the tissue microenvironment, including
cancer stem cell niches. Studies show that patients and their derived organoids respond similarly to
drugs, suggesting the therapeutic value of using PDOs to improve therapeutic outcomes. However,
challenges commonly associated with using these organoids, such as assay reproducibility, ability to
scale up, and cost have limited their widespread adoption as a primary screening method in drug
discovery.

To address some of the hurdles associated with the use of PDOs in large scale screens, a semi-
automated bioprocess has been developed for the controlled production of standardized PDOs at scale.
They are of a uniform size, high viability and are produced in repeatable batches in an assay-ready
format.

In this study, patient-derived colorectal cancer organoids were seeded in 384 or 96-well microtiter
plates manually, or with an automated cell bioprinter and dispenser. These PDOs were treated with
selected anti-cancer compounds at various concentrations. Compound effects were monitored over
time using transmitted light imaging. For the analysis of organoid growth and development, a deep
learning-based image segmentation model was developed to automate the segmentation of the
organoids. Using this approach, we tracked the effects of the compounds on colorectal organoid size,
morphology, texture, and additional morphological and phenotypic readouts. A viability assay was
carried out using live/dead cell dyes and the PDOs were imaged in 3D on a high-content confocal
imager. Out of the tested panel of known anti-cancer drugs, we found that PDOs treated with
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romidepsin and trametinib showed the most significant reduction in size, with a greater number of dead
cells compared to the other compounds and controls. Overall, our results show the potential for the
utility of PDOs in both precision medicine and high throughput drug discovery applications, when using
automation with high-content imaging.

B237/P1230

Probing tumor spheroid hypoxia using red/near-infrared ratiometric O,-sensitive nanoparticles

A. C. Debruyne?, I. A. Okkelman?, S. M. Borisov?, R. |. Dmitriev}; tHuman Structure and Repair, University
of Ghent, Gent, BELGIUM, 2Institute of Analytical Chemistry and Food Chemistry, Graz University of
Technology, Graz, AUSTRIA.

The role of the tumor microenvironment is paramount in supporting cell survival, promoting local
invasion and metastatic dissemination. While the limited nutrient availability and hypoxia are known to
be important contributors to the ‘niche’ environment and lead to metabolic cell heterogeneity, their
guantitative non-destructive analysis is rather difficult. For instance, analysis of real-time oxygenation in
such 3D cell cultures as spheroids and organoids, is rarely performed. To address this, we produced cell-
penetrating O,-sensitive nanoparticle probes, which can enable measurements of spheroid oxygenation
and consumption rate on a conventional fluorescence microscope. We used near-infrared O-sensitive
(PtTPTBPF) metalloporphyrin and red aza-BODIPY reference dyes to increase the light penetration depth
and used well-known biocompatible polymer nanoparticles (Eudragit RL100 and PMMA-AA) to achieve
efficient cell staining. The resulting probe, termed ‘MMIR’ (multi-modal infrared) enables measuring
oxygenation gradients via fluorescence emission ratiometric measurements or the phosphorescence
lifetime imaging microscopy (PLIM).To test the brightness, photostability, phototoxicity, and
reproducibility of MMIR, we evaluated different reference:sensing dye (1:1, 1:0,5 and 0,5:0,5) ratio and
the presence of nanoparticle charge groups. We examined multiple cell lines including HCT116, PANC-1,
dental pulp stem cells, HUVEC, MCF-7, and SKOV-3. Preliminary results showed cell line-dependent
staining and lower aggregation in case of negatively charged probe. No significant toxicity was found
and after optimizations of the staining protocol, nanoparticle probes were used for staining 3D spheroid
cultures and subsequent analysis of O, gradients. Surprisingly, the human colon cancer HCT116
spheroids displayed an “inverted” oxygenation gradient, with elevated oxygenation at the spheroid
core, compared to the cells located at the periphery. This can be explained by the presence of necrotic
core and the large size of spheroids (~700 um), which cannot consume O,. In addition, using the MMIR
probe we studied how the growth medium composition can influence the oxygenation gradients.
Collectively, presented ratiometric O,-sensing nanoparticle probes provide means for multi-parameter
guantitative oxygenation measurements and characterization of 3D cultures. Funding: supported by the
Special Research Fund (BOF) grant of Ghent University (BOF/STA/202009/003).

B238/P1231

Investigating the effects of confined cell migration on chromatin organization

J. McAllister?, C.-R. Hsia?, O. Hasan?, J. Judd?, S. Lee?, R. Agrawal®, C.-Y. Chang?, P. Soloway?, J.
Lammerding?; 'Cornell University, Ithaca, NY, 2National Institutes of Health, Bethesda, MD

Cancer cells must migrate through small interstitial spaces during metastasis. These invasion events

require extensive deformation of the cell body and nucleus, which can result in changes in chromatin
organization. Previous studies have shown that 2D migration can induce heterochromatin formation in
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cells, but this effect has not yet been investigated in 3D environments. In my research, we use
polydimethylsiloxane (PDMS) microfluidic devices that mimic 3D interstitial spaces to study the effect of
confined migration on chromatin organization. We demonstrate that confined 3D migration induces
significantly more heterochromatin formation in human fibrosarcoma cells than unconfined 3D
migration, and that histone-modifying enzyme HDACS3 is involved in this process. We have also shown
that confined migration leads to changes in chromatin accessibility, which may alter gene expression to
confer cells migratory advantages during confined migration. Whereas previous studies found that
mechanical compression can induce heterochromatin formation via nuclear translocation of HDAC3, we
found that HDAC3-dependent increases in heterochromatin during confined migrations are due to an
activating change in its phosphorylation status. Previous studies have also shown that mechanical
stimuli (stretch) can activate mechanosensitive ion channels and lead to changes in chromatin
organization. Thus, we hypothesize that confined migration activates mechanosensitive Ca?* channels,
which contribute to heterochromatin formation. Indeed, preliminary experiments suggest that inhibition
of stretch-sensitive Ca?* channels and Ca?* chelation reduces heterochromatin formation during
confined migration in fibrosarcoma cells. These findings are an important first step to understanding
how confined migration influences chromatin modifications and may provide insights into future
therapies for invasive cancers.

B239/P1232

Exploring the role of fibroblast-shed syndecan-1 ecto domain molecules in the promotion of
mammary tumor formation

R. Bellin, G. Aucello, A. Maher, C. McCutcheon, M. Slanetz, J. Kelly, B. Lawton; College of the Holy Cross,
Worcester, MA

It has been shown that chemical cross-talk between ductal epithelial cells and stromal fibroblasts in
mammary gland tissue can play a role in promoting the development of breast cancer, specifically the
formation of ductal carcinomas. Studies have suggested that the ecto domain of syndecan-1 (sdc-1), a
transmembrane heparan sulfate proteoglycan, is one possible molecular basis for this cross-talk as it can
serve as driver of epithelial cell division by acting as a growth factor co-receptor. In addition, clinical
studies have linked the aberrant expression of sdc-1 in tumor proximal fibroblasts to poor breast cancer
prognosis. In our current study, using a combination of conventional 2D tissue culture approaches and a
3D mammary duct-on-a-chip model system, we are testing the hypothesis that sdc-1 ecto domain
molecules shed from stromal fibroblasts can serve as co-receptors for epithelial cell FGF receptors,
thereby stabilizing the growth factor-receptor complex and driving elevated levels of epithelial cell
division. In 2D dish-based studies, we have demonstrated that NIH-3T3 fibroblast cells actively express
and shed sdc-1 ectodomain molecules when grown in culture, an expression pattern that not typical of
most fibroblasts present in tissues. When epithelial cells were co-cultured with NIH-3T3 cells using a 2D
Boyden chamber system, FGF-driven mammary epithelial cell proliferation was significantly increased in
comparison to epithelial cells grown in the absence of fibroblasts. To expand the physiological relevance
of these findings, we have adapted an existing 3D mammary duct-on-a-chip model system to allow the
inclusion of stromal fibroblasts and used CRISPR/Cas9 to generate a paired fibroblast line unable of
expressing sdc-1. We are using a combination of qualitative ductal atypia formation assays and
guantitative in-chip proliferation assays to test if our 2D culture findings can be replicated in a culture
system with a more tissue-relevant 3D structure.
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B240/P1233

Simple 3-D in-vitro Solid Tumor Gliospheres Advance the Study of Cellular Interactions Between CAR
T-cells and Solid Brain Tumor Cells

I. I. Torres-Vazquez, E. Rosa-Molinar; The University of Kansas, Lawrence, KS

Chimeric antigen receptor (CAR T)-cells are developed by genetically modifying patients’ T cells to
express an artificial T cell receptor designed to be specific against the patient’s tumor associated
antigen, and they are used in CAR T-cell therapy to treat non-solid and solid brain tumors. Despite CAR
T-cell therapy’s effectiveness against non-solid brain tumors, Car T-cells’ penetration and efficacy in
treating solid brain tumors such as glioblastoma multiforme (GBM) are significantly limited.

To overcome this barrier, we developed a simple 3-D in-vitro solid tumor gliospheres to study the
cellular interactions between CAR T-cells and solid brain tumor cells. We generated 3-D gliospheres from
low-passage, serum-free cell lines derived from GBM patient tumors, GBM-39 (MC PDX NR, GMB 39); as
a control we generated 3-D gliospheres using a commercially available cell line, LN-18 (ATCC, CRL-2610).
Multi-modal widefield fluorescence imaging combined with whole-mount immunostaining for glial,
neuronal, glioma stem cell markers, as well as EGFR permitted us to determine the cellular phenotype
present as well as the presence of EGFR within GBM-39 and LN-18 gliospheres. To study the cellular
interactions between the cellular phenotypes, present in the GBM-39 and LN-18 gliospheres and Car T-
cells, both GBM-39 and LN-18 gliospheres were exposed to Jurkat epidermal growth factor receptor
(EGFR) CAR T-cells. We imaged the GBM-39 and LN-18 gliospheres exposed to EGFR CAR T-cells at 24,
48, and 72 hours. In GMB-39 gliospheres, the effects of EGFR CAR T-cells were observable five (5) days
post exposure. In contrast, in LN-18 gliospheres, EGFR CAR T-cells effects were observable 24 hours post
exposure.

In the GBM 39 type, EGFR CAR T-cells were not found throughout the gliospheres; rather they were
restricted to the outer layer. In the LN-18 gliospheres, EGFR CAR T- cells rapidly penetrated and freely
distributed themselves throughout the gliospheres. In addition, LN-18 gliospheres were reduced in size.
These differences suggest something is limiting EGFR CAR T-cells’ penetration of GBM-39 gliospheres
which is the focus of ongoing research effort.

Research Supported by: KUCC/NCI GR16221

Bioengineering, Microenvironment and Metastasis

B241/P1234

Mechanism and Targeting of Adaptive Resistance to Anchorage Independent Cell Death in Cancer

M. Monavarian?, E. F. Pagel, A. Kumaril, R. Rajkarnikar’, L. Quintero-Macias?, S. Sathoo?, L. Lanov?, F.
Massicano?, E. A. Worthey?, M. K. Jolly?, E. V. Broude?, A. Singh®, K. Mythreye?; Division of Molecular
Cellular Pathology, Department of Pathology, O’Neal Comprehensive Cancer Center, University of
Alabama at Birmingham Heersink School of Medicine, Birmingham, AL, 2Centre for BioSystems Science
and Engineering, Indian Institute of Science, Bangalore, INDIA, 3Center for Computational Genomics and
Data Sciences, University of Alabama at Birmingham, Birmingham, AL, *Department of Drug Discovery
and Biomedical Sciences, University of South Carolina College of Pharmacy, Columbia, SC, *Electrical and
Computer Engineering, University of Delaware, Newark, DE.

Intraperitoneal metastasis in cancer such as ovarian (OC) is characterized by accumulation of malignant
ascites containing tumor cells that evade cell death in suspension contributing to poor patient outcomes
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including distant metastasis and enhanced chemoresistance. We find that development of resistance to
cell death under anchorage independence or anoikis resistance can occur in an oncogene agnostic but
transcriptional reprogramming manner. Adapted cells are significantly more invasive and chemo
resistant in vitro and promote distant metastasis to the lungs in vivo. Bulk transcriptomics and kinome
analysis reveals strong MYC dependent repression programs and increased JAK STAT activities, with
resistant cells characterized by hybrid epithelial/mesenchymal phenotypes and reduced apoptosis. In
testing models for development of resistance we find that difference in proliferation rates, does not
explain the outcomes in the longitudinal data. Thus using a modified Luria-Delbriick’s “fluctuation
analysis’ we find a transiently primed stress-tolerant state where single cells reversibly switch back to
being stress sensitive after being tolerant for several generations. This transient memory as estimated
from the extent of clone-to-clone fluctuations in survival under stress is consistent with experimental
loss of the tolerant state. Notably, inhibition of transcriptional reprogramming globally early in the
process using specific CDK8/19 inhibitors abrogates development of resistance and concomitantly
suppresses metastasis in vivo. These and additional characteristics of resistant cells will be presented.

B242/P1235

microRNA-18a regulates the metastatic properties of oral squamous cell carcinoma cells via HIF-1a
expression

S. Kim?, J. Oh?, J. Choi?; 'Oral Pathology, Gangneung-Wonju National University, Gangheung-si, KOREA,
REPUBLIC OF, 20Oral and Maxillofacial Surgery, Gangneung-Wonju National University, Gangneung-si,
KOREA, REPUBLIC OF.

Rapid metastasis of oral squamous cell carcinoma (OSCC) is associated with a poor prognosis and a high
mortality rate. However, the molecular mechanisms underlying OSCC metastasis have not been fully
elucidated. Although deregulated expression of microRNA (miRNA) has a crucial role in malignant cancer
progression, the biological function of miRNA in OSCC progression remains unclear. This study aimed to
investigate the function of miRNA-18a in OSCC metastatic regulation via hypoxia-inducible factor 1a
(HIF-1a). miRNA-18a expressions in patients with OSCC (n = 39) and in OSCC cell lines (e.g., YD-10B and
HSC-2 cells) were analyzed using quantitative real-time polymerase chain reaction. HIF-1a protein
expressions in OSCC cells treated with miRNA-18a mimics or combined with cobalt chloride were
analyzed using western blotting. The miRNA-18a expression-dependent proliferation and invasion
abilities of OSCC cells were analyzed using MTT assay, EdU assay, and a Transwell® insert system. miRNA-
18a expression was significantly lower in OSCC tissue than in the adjacent normal tissue. In OSCC cell
lines, HIF-1a expression was significantly decreased by miRNA-18a mimic treatment. Furthermore, the
migration and invasion abilities of OSCC cells were significantly decreased by miRNA-18a mimics and
significantly increased by the overexpression of HIF-1a under hypoxic conditions relative to those
abilities in cells treated only with miRNA-18a mimics. miRNA-18a negatively affects HIF-1a expression
and inhibits the metastasis of OSCC, thereby suggesting its potential as a therapeutic target for
antimetastatic strategies in OSCC.
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B243/P1236

Excess cholesterol synthesis driven by upregulation of lamin B receptor causes nuclear envelope
fragility in metastatic melanoma

M. A. Baird?, A. Cartagena-Rivera?, C. Jewett3, M. Pirooznia?, R. Fischer!, C. Waterman?; 'National Heart,
Lung, and Blood Institute, NIH, Bethesda, MD, 2National Institute of Biomedical Imaging and
Bioengineering (NIBIB), NIH, Bethesda, MD, 3Johns Hopkins University, Baltimore, MD.

Malignant melanoma (MM) is characterized by its mutational heterogeneity and aggressive metastatic
spread. During metastasis, MM cells migrate through diverse microenvironments, including regions of
dense tissue confinement to reach the vasculature. Microenvironmental confinement of tumor cells
causes nuclear deformation, resulting in loss of nuclear envelope (NE) integrity and DNA damage,
improper repair of which leads to genomic aberrations and genetic heterogeneity in the population. We
hypothesize during metastatic progression, expression of NE genes is altered, increasing nuclear
deformability and fragility, thus leading to increased genetic heterogeneity within the population. To
test this hypothesis, we used a PDMS confinement device to assay for NE fragility in a range of
metastatic and benign cancer cell types, revealing that metastatic cells displayed increased susceptibility
to NE rupture. We then performed bioinformatic analysis of RNA-seq data sets from patient samples of
MM and benign nevi, revealing potential NE proteins upregulated in metastatic disease. A targeted
siRNA-based screen of upregulated NE genes showed knockdown of lamin B receptor (LBR) strongly
reduced NE fragility in MM cells, and ectopic overexpression of LBR was sufficient to increase NE fragility
in benign melanocytes. Similarly, atomic force microscopy showed knockdown of LBR in MM cells
caused decreased nuclear deformability, while overexpression of LBR in benign melanocytes was
sufficient to increase nuclear deformability. siRNA rescue experiments utilizing protein domain
truncations and human disease-related point mutations in LBR demonstrated that the cholesterol
synthase activity of LBR was required for increased NE fragility and deformability, independent of LBR’s
additional roles tethering heterochromatin and lamin B to the NE. Furthermore, reduction of LBR
decreased cellular cholesterol and caused altered cholesterol distribution in the NE, potentially creating
local membrane defects for NE rupture. These results show that upregulation of LBR in MM plays dual
roles in reducing nuclear deformability and increasing NE rupture through alterations in cholesterol
distribution in the NE. Utilizing whole genome sequencing, mouse tumor models and in vitro tumor
spheroids, current work focuses on LBRs potential role in generating chromothripsis and genetic
diversity in MM tumors.

B244/P1237

A link between size and phenotype in tetraploid cancer cells

M. Bloomfield, T. Chau, S. Huth, D. McCausland, A. McCaffrey, K. Fluet, D. Cimini; Virginia Tech,
Blacksburg, VA.

Changes in DNA content can affect cell and nuclear size, and both tetraploidy and cell/nuclear size
alterations have been linked to tumorigenesis. To investigate a potential link between tetraploidy and
cell/nuclear size in tumorigenesis, we experimentally induced whole genome doubling (WGD) in diploid
(2N) breast and colorectal cancer cells and generated single-cell tetraploid (4N) clones. We found that
cell and nuclear volume do not always scale with DNA content after WGD and identified 4N clones that
were classified as small and large based on their cell and nuclear size. While cell and nuclear volume
doubled in the large 4N clones, they only increased by ~50% in the small 4N clones compared to 2N
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counterparts. Both the small and large 4N clones maintained near-4N genomes, confirming that the size
variations are not caused by a difference in chromosome number. Analysis of tumor histology images
from The Cancer Genome Atlas (TCGA) also revealed that nuclear size of cancer cells increased in WGD+
compared to WGD- tumors. Interestingly, cancer cell nuclear area varied among WGD+ tumors,
consistent with our small and large 4N clones, indicating that size variations also occur following WGD in
vivo. Further characterization of our 4N clones showed that the small and large 4N clones displayed
distinct mitotic phenotypes and tumor-like behavior. The large 4N clones had a higher incidence of
unaligned chromosomes, multipolar spindles, and anaphase lagging chromosomes compared to the
small 4N clones and the 2N cells. Moreover, we found that the small 4N clones outperformed the large
4N clones and 2N parental cells in several phenotypic assays, including cell migration and soft agar
colony formation. These findings suggest that the small 4N clones may have increased tumorigenic
potential relative to the large 4N clones. We are currently testing the hypotheses that cancer cell
nuclear area is predictive of clinical outcome in WGD+ tumors, and that the mechanism(s) restricting cell
and nuclear size scaling after WGD are responsible for the phenotypic differences in the 4N cells.
Overall, our findings suggest that cell/nuclear size could be an important factor for the prognosis of
WGD+ tumors.

B245/P1238

CanCel TatToo: receptor-mediated ablation of cancer cells and beyond

V. Purde?, R. Shakya?, E. Kudryashova?, T. Cripe?, D. Kudryashov'; 1Ohio State University, COLUMBUS,
OH, *Nationwide Childrens' Hospital, COLUMBUS, OH.

The application of protein toxins for therapeutic cell ablation is limited by their severe side effects due
to high on- and off-target toxicity. We propose that the selectivity of targeting can be enhanced by
intein-based toxin reconstitution from two dysfunctional fragments delivered to the cytoplasm via
selective independent pathways. We designed a robust splitting algorithm and achieved reliable
cytoplasmic reconstitution of functional Diphtheria toxin from engineered intein-flanked fragments
upon receptor-mediated delivery of one of them to the cells expressing the remaining part. Retargeting
the delivery machinery towards different receptors overexpressed in cancer cells enables selective
ablation of specific sub-populations in mixed cell cultures. In a mouse model, the transmembrane
delivery of a split-toxin construct potently inhibits the growth of subcutaneous xenograft tumors
expressing the split-counterpart. Interestingly, delivery of a split part to the cells infected by a virus
encoding the second part, clears the virus, allowing the cells to survive even high MOI doses of the virus
in cell culture. Receptor-mediated delivery of engineered split-proteins provides a platform for precise
therapeutic and experimental ablation of tumors or desired cell populations while also expanding the
applicability of the intein-based protein trans-splicing for various applications.
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B246/P1239

Role of Aging Associated Vascular Senescence on Ovarian Cancer Burden

A. Kumari', M. Monavarian?, L. Macias?, B. Horst?, R. Arend?, K. Mythreye?!; IDepartment of Pathology
and O'Neal Comprehensive Cancer Center, Heersink School of Medicine, University of Alabama at
Birmingham, Birmingham, AL, 2Department of Obstetrics and Gynecology-Gynecologic Oncology,
University of Alabama at Birmingham, Birmingham, AL.

Ovarian cancer is the most lethal gynecological cancer, typically diagnosed at advanced stages post-
menopausally. The ovaries, which are a primary site of tumor growth for all ovarian cancers, are
subjected to rapid changes in the vasculature upon the onset of menopause. In a corollary manner, the
vasculature is a primary therapeutic target for the management of advanced ovarian cancers indicating
the significance of tumor angiogenesis in diseases progression and metastasis. Given the association
between aging endothelial senescence and angiogenesis, we hypothesized that pre-existing senescent
endothelial cells in aged and/or menopausal ovaries could contribute to ovarian cancer growth and
invasion in the ovaries. To first distinguish the effects of follicular changes associated with the onset of
menopause versus the effect of age we used 4-vinylcyclohexene diepoxide (VCD) for inducing
menopause in young mice and a physiologically aged model. Menopausal changes of the ovary in both
models were confirmed by follicle count and hormonal profile. Intrabursal implantation and assessment
of tumor growth kinetics of mouse ovarian cancer cells (MOVCs) (ID8p53-/-) into the bursa of the
ovaries from both these models revealed that physiologically aged mice had high tumour growth
kinetics as compared to young (6 week old) mice. However, tumour burden in VCD induced mice was
not significantly altered as compared to age-matched control mice suggesting that age-associated
changes in ovaries contribute to tumor growth. We next assessed whether ovarian endothelial cells
contribute to tumour growth, invasion into the ovary, by implanting MOVCs mixed with primary mouse
ovarian endothelial cells (MOECs) intrabursally, and comparing to MOVCs alone. We find that mice
implanted with MOVCs and MOECs together had significantly higher tumour burden as compared to
MOVCs alone. Examining MOECs from aged mice indicate strong senescence features as evident by B-
galactosidase staining, yH2Ax immunofluorescences, p16, TRF-1 (Telomeric repeat factor-1) and PAI-1
(Plasminogen activator inhibitor-1) levels. We find that condition media from senescent MOECs from
older mice promoted invasion of cancer cells in vitro. These findings suggest a potential direct
contribution of the aged and senescent vasculature to tumour growth and invasion into the ovary. These
findings and ongoing studies will be presented.

B247/P1240
Engineering antibody-based fragments to HPV oncoproteins
T. Smalley, A. Nicolaci, S. Pilon-Thomas, J. Binning; Moffitt Cancer Center, Tampa, FL.

BACKGROUND: Antibodies and their derivatives have revolutionized therapies and research and
continue to expand science’s biological toolkit. Specifically, the single domain antibody fragment
(nanobody) has been a focus of researchers due to its advantageous characteristics such as small size,
affinity, specificity, and solubility in the cytosol. In line with these advancements, we developed
nanobodies specific to the early oncoprotein E6 found in the Human papillomavirus (HPV) genome. HPV
infections are the most common sexually transmitted disease and are linked to ~ 4.5% of the total
cancer incidence worldwide; however, there are no targeted therapies for HPV-related diseases and
some HPV pathology remains elusive. We hypothesize that the nanobody’s engagement of the viral E6
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oncoproteins will suppress tumor growth and induce apoptosis in HPV(+) tumor cells, while having no
off-target effects in non-infected cells. To test this hypothesis, we will use a DNA-based delivery system
to induce intracellular expression of E6 nanobody antagonists in tumors.METHODS: Nanobodies against
HPV E6 were selected using a yeast surface display platform. To determine the inhibitory effects of the
nanobodies on the HPV(+) cell line CaSki, a colony formation assay (ability to form colonies) and Annexin
V-APC/PI assay (apoptosis) were utilized. Further, we derivatized our nanobodies into nanobody-
PROTACs. To assess the potential of our PROTACs to promote the proteasomal degradation of E6, a E6-
GFP probe was transfected into HEK293T cells alone and in combination with the PROTAC. Levels of GFP
were monitored using flow cytometry and microscopy.RESULTS: The colony formation assay showed the
significant inhibitory effects of the A2 (n=6, p < 0.05) and C11 (n=6, p < 0.05) nanobodies. Further
analysis of the inhibitory nanobodies showed 2-fold increases in late apoptosis, illustrating neutralizing
candidates to move in vivo. Nanobody-PROTACs were also shown to promote E6 degradation.
Expression of E6-GFP decreased when co-expressed with the nanobody-PROTAC (n=3, p <0.05),
suggesting the bifunctional nanobody-PROTAC is recruiting E6 to a functional E3 ligase and marking it for
proteasomal degradation.CONCLUSION: The summation of these current screens has allowed us to
determine the most promising nanobody candidates for inhibition of endogenous E6 in HPV(+) cells. In
addition, the results from our preliminary nanobody-PROTAC assay warrants further exploration of this
orthogonal approach. Further studies involving the HPV/(-) cervical cancer cell line C33A will be used to
determine any off target or cytotoxic effects.

B248/P1241

Haploinsufficient tumor suppressor PRP4K is negatively regulated during epithelial-to-mesenchymal
transition

L. E. Clarke, A. Cook, S. Mathavarajah, A. Bera, J. Salsman, E. Habib, C. V. Iderstine, M. Bydoun, S. M.
Lewis, G. Dellaire; Dalhousie University, Halifax, NS, Canada

The pre-mRNA processing factor 4 kinase (PRP4K, also known as PRPF4B) is an essential gene in
mammals. However, PRP4K is considered a haploinsufficient tumor suppressor, as partial loss of PRP4K
expression in breast and ovarian cancer is associated with aggressive tumour phenotypes including
taxane chemotherapy resistance, increased cell migration and invasion in vitro, and cancer metastasis in
mice. Increased cell migration and invasion is associated with epithelial-to-mesenchymal transition
(EMT) during cancer development. Therefore, we examined how partial depletion of PRP4K expression
in the mammary epithelial cell lines HMLE and MCF10A affected cell migration the relationship of PRP4K
protein expression to the process of EMT. Reduction of PRP4K expression by small hairpin RNA (shRNA)
in these epithelial cell lines induced partial EMT marked by the upregulation of mesenchymal markers,
such as fibronectin and Zeb1. In addition, depletion of PRP4K reduced or had no effect on 2D migration
in the scratch assay but resulted in greater invasive potential in 3D transwell assays. In comparison,
depletion of PRP4K in mesenchymal triple-negative breast cancer cells (MDA-MB-231) resulted in both
enhanced 2D migration and 3D invasion, with 3D invasion correlated with higher fibronectin levels in
both MDA-MB-231 and MCF10A cells. Surprisingly, these cellular changes occurred without changes in
E-cadherin as would be expected for induction of full EMT. Induction of complete EMT in MCF10A cells,
by treatment with WNT-5a and TGF-B1, or depletion of eukaryotic translation initiation factor 3e (elF3e)
by shRNA, resulted in significantly reduced PRP4K expression. Mechanistically, induction of EMT by
WNT-5a/TGF-B1 reduced PRP4K transcript levels, whereas elF3e depletion led to reduced PRP4K
translation. Finally, reduced PRP4K levels after elF3e depletion correlated with increased YAP activity

POSTERS-147



and nuclear localization, both of which are reversed by overexpression of exogenous PRP4K. Thus,
PRP4K is a haploinsufficient tumor suppressor negatively regulated by EMT, that when depleted in
normal mammary cells can increase cell invasion without inducing full EMT.

B249/P1242

Localization of phosphofructokinase-1 to the plasma membrane through a novel interaction with the
sodium/hydrogen exchanger NHE1

H. L. Hansen, B. A. Webb; West Virginia University, Morgantown, WV

Dysregulation of glycolysis and increased cell migration are hallmarks of cancer. Cancer cells are
polarized, suggesting that glycolytic enzymes may be spatially regulated. We found that the first rate
limiting enzyme of glycolysis phosphofructokinase-1 (PFK1) is enriched to the lamellipodia of migrating
human and rat breast cancer cells. We hypothesize PFK1 is recruited to lamellipodia to locally generate
ATP for cell migration; however the mechanism of recruitment is unknown. Glycolytic enzymes,
including PFK1, pyruvate kinase M2, and lactate dehydrogenase A, have been shown to localize to the
plasma membrane through interactions with transmembrane ion transport proteins, suggesting the
formation of a glycolytic metabolon. We previously identified a novel interaction between the liver
isoform of PFK1 (PFKL) and the ubiquitously expressed sodium/hydrogen exchanger NHE1, which is
essential for pH homeostasis and directed cell migration and asked if this interaction could localize PFKL
to lamellipodia. First, we asked if PFKL and NHE1 colocalize by immunofluorescent labelling. We found
that PFKL and NHE1 colocalize in membrane ruffles of CCL39 Chinese hamster ovary fibroblasts but not
NHE1-deficient CCL39 cells. To determine the affinity and identify the regions of interaction we
generated GST-tagged chimeras of regions of the NHE1 cytoplasmic tail. Using sedimentation binding
assays, we found that PFKL binds to a 70 amino acid region (637-707) of NHE1 with high affinity
(695+162nM). Next, we asked if the NHE1-PFK1 interaction was isoform specific and determined that
PFKL and the muscle isoform PFKM bind to this region; however, the platelet isoform PFKP does not.
Next, we asked if the NHE1-PFKL interaction was evolutionarily conserved and found that mouse PFKL
and zebrafish PFKLA and PFKLB were able to bind. To identify the residues of PFKL that bind to NHE1, we
compared surface residues conserved between the isoforms and species. We have identified 21
potential amino acids on PFKL that participate in this interaction. Future studies will generate binding
incompetent mutants of PFKL to determine if the interaction with NHE1 is required to locally produce
ATP. Identifying the mechanism of PFKL recruitment to the plasma membrane will provide insight into
the spatiotemporal dynamics of glucose metabolism and organization of glycolytic enzymes in cells.

B250/P1243

Single-cell spatial molecular profiling of an in vitro 4T1 model of tumorigenesis

G. Abbott!, S. Forward?, M. Fahlberg?, Y.-C. Lin%, S. Anmalsetty?, D. A. Wink?, S. J. Lockett?, W. F. Heinz?,
S. J. Kwok?; 'LASE Innovation, Woburn, MA, 2National Institute of Health, Frederick, MD

Probing the spatial context and dynamic behaviors of individual cancer cells is critical for understanding
tumorigenesis, metastasis and treatment resistance. However, single-cell spatial information that is
obtained from microscopy cannot easily be connected to molecular profiling methods such as flow
cytometry and single cell sequencing. Here, we develop an approach using novel laser particles (LPs) to
optically barcode individual cells and connect imaging to proteomic characterization with flow
cytometry. LPs are micron-sized, semiconductor-based probes that emit narrowband laser light (<0.3
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nm) and have been developed for massively multiplexed cell tracking. We employ an in vitro 4T1 murine
breast cancer model of tumorigenesis, in which cells are grown in a restricted exchange environment
chamber to form a 2D “disk” that recapitulates oxygen and nutrient gradients in a tumor. The disk is
tagged with the LPs and imaged to record the spatial location of each barcode. The disk is then
dissociated and stained for surface and intracellular markers and measured on a flow cytometer that
reads out both fluorescence and LP barcodes. The barcodes read out during imaging and cytometry are
matched and the data are combined for each barcoded cell. A key challenge was ensuring LPs found on
cells during imaging were retained through the cell processing steps and the cytometry acquisition. We
developed and optimized methods for tagging the disk using a biotin-streptavdin binding. We found that
cells need to have 3LPs to be uniquely identifiable. To maximize the tagging and recovery of cells we
tested several different fixation and dissociation methods for the cell disk. We found that fixation with
PFA and dissociation with Accutase provided the most stable recovery and results of tagged cells.
Overall, we were able to tag ~30% of the cells in a 2D disk (~1,000 cells) with 3+ LPs and measure them
using flow cytometry. We are validating our method by comparing to previously published fluorescence
microscopy data, reproducing spatial gradients of surface and intracellular markers (PMID: 33859337).
Our results establish LPs as a novel method for cellular barcoding and connecting single-cell information
from different platforms, from imaging to cytometry, cytometry to imaging, and imaging/cytometry to
sequencing. Supported in part by NCI Contract: 75N91019D00024

B251/P1244

Nickel Sulfide Nanoparticles Conjugated with Graphene and their Use as Photothermal Therapeutic
Agents in Breast and Ovarian Cancer Models

G. Ray?, G. Neelgund?, H. Wang?, G. Regisford?; 1Chemistry, Prairie View A&M University, Prairie View,
TX, 2Physics, Prairie View A&M University, Prairie View, TX, 3Biology, Prairie View A&M University, Prairie
View, TX.

Nickel sulfide (NiS) nanoparticles are important transitional metal chalcogenides and are explored for
their possible applications. NiS nanoparticles have high absorption in the near-infrared (NIR) region,
which is a basic need for application in the photothermal therapy (PTT) of cancer. PTT relies on the NIR
absorption ability of the photothermal agent employed. The NIR absorption of NiS nanoparticles is
improved by its conjugation with graphene oxide (GO) and graphene (GR) nanosheets. The objective of
this study was to design and synthesize robust near-infrared (NIR) active photothermal agents
comprised of nickel sulfide nanoparticles with graphene oxide and graphene nanosheets for the
advancement of PTT. Two NIR responsive nanomaterials viz., GO-NiS and GR-NiS were prepared by
hydrothermal method. Before deposition of NiS nanoparticles, GO nanosheets were prepared by
modified Hummers and Offeman method, and thus produced GO nanosheets that were modified to GR
nanosheets through conjugation with ethylene diamine. The successful formation of GO-NiS and GR-NiS
in the nano regime was characterized using UV-vis spectroscopy, ATR-FTIR spectroscopy, powder XRD,
and thermogravimetric analysis (TGA). The response of GO-NiS and GR-NiS towards the absorption of
NIR radiations was estimated by the illumination of aqueous dispersions of GO-NiS and GR-NiS to 980
nm laser. We investigated the biological effect of GO-Nis and GR-Nis nanoparticle breast cancer cells
(MCF7) and ovarian cancer cells (UWB1.289) combined with 980 nm laser irradiation. Cell toxicity was
determined using MTT assay and Trypan blue staining. Necrosis and apoptotic cells were detected by a
combination of propidium iodide and Hoechst 333342 staining and analyzed using Flow Cytometry and
confocal microscopy. DNA damage was detected by immunostaining gamma-H2AX and 53BP1 and DNA
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damage foci were observed under confocal microscopy and quantified by Image J. Our results
demonstrated that laser radiation induces cell death in both cancer cells and GO-Nis and GR-Nis in a
dose- and concentration-dependent manner. In conclusion, the GO-NiS and GR-NiS have demonstrated
a significant photothermal effect under irradiation to NIR laser. The use of nickel sulfide nanoparticles
with graphene and graphene oxide sheets for treatment in killing cancer cells will allow for a more cost-
efficient treatment with no harmful side effects.

B252/P1245

Prostate Specific Membrane Antigen (PSMA) in Prostate Cancer CellsParticipates in Prostate Cancer
Bone Metastasis

R. Sohan, L. Caromile; University of Connecticut Health Center, Farmington, CT

Metastasis to bone affects 80% of advanced prostate cancer (PCa) patients. Once bone metastasis
forms, the 5-year survival rate drops to <60%. Prostate-specific membrane antigen (PSMA) is found on
the surface of prostate epithelial cells and is a prognostic biomarker of PCa progression both in the
primary and metastatic bone tumors. However, PSMA’s interaction within the metastatic bone
microenvironment via the “vicious cycle” of bone metastasis is not well understood. Therefore, this
study aims to elucidate if PSMA’s status within the immortalized human PC cells C42B can affect bone
formation in the permissive human osteoblast cell line (hFOB 1.19) through the recreation of the bone
microenvironment. To ensure that PCa cell lines can form bone-like mineral, we treated the C42B cell
lines with osteogenic growth media containing 50 pg/mL L-ascorbic acid and 10 mM B-glycerophosphate
for 0-10 days. Alizarin Red staining (ARS) verified that PSMA positive C42B could form calcium based
mineral deposits and alter known bone biomarkers transcript levels (DKK1, RANKL, VIM, BMP2, ALPL).
Additionally, the bone biomarker transcript BMP2 was upregulated in C42BPMAXO byt not in the PSMA
positive C42B which is associated with increased PCa reoccurrence in this cell type. Overall, knocking out
PSMA of our C42B PCa cell line resulted in a less aggressive phenotype as measured by decreased ability
to mineralize and a change in the profile of known bone biomarkers. Future directions include trans-well
experiments to mimic the PCa bone microenvironment’s vicious cycle and exosome isolation.

B253/P1246

A Copper Sulphate Nanoparticle Complex Sensitizes Radiation and PARP Inhibitors in Human Cancer
Cells

G. C. Regisford?’, H. Wang?, G. Neelgund?, F. Guice?, D. Ruiz?, P. Saganti?; !Biology, Prairie View A&M
University, Prairie View, TX, 2Chemistry and Physics, Prairie View A&M University, Prairie View, TX,
3Genetics and Genomics, Texas A&M University, Prairie View, TX.

To improve therapeutic efficacy and decreased toxicity in the nanosized mediated drug delivery model,
we examined the effects of a copper sulfate nanoparticle coupled with heparin and folic acid (HP-CuS-
FA), combined with radiation and a PARP inhibitor on the proliferation of Human cervical carcinoma
(HelLa) cells and normal human skin fibroblast cells (AG1522). An MTT assay was used to assess the
toxicity of the chemically synthesized and fully characterized HP-CuS-FA nanoparticles on Hela and
AG1522 cells. Clonogenic assays were used to determine the radio-sensitizing effects of HP-CuS-FA
nanoparticles. Necrosis and apoptotic cells were detected by a combination of propidium iodide and
Hoechst 333342 staining and were analyzed using Flow Cytometry and confocal microscopy. DNA
damage was detected by immunostaining gamma-H2AX and 53BP1 and DNA damage foci were
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observed under confocal microscopy and quantified by Image J. Our results indicated that HP-CUS-FA
nanoparticles induced significantly more cell death in Hela cells than in AG1522 cells. Treatment of Hela
and AG1522 cells with HP-CuS-FA resulted in apoptosis, necrosis, and the generation of reactive oxygen
species in mitochondria. Treatment of HeLa and AG1522 cells with HP-CUS-FA nanoparticles and a PARP
inhibitor (ABT888) led to an increase in cytotoxicity, DNA damage, and apoptosis. While colony
formation was reduced with increasing radiation dose, the pretreatment of cells with HP-CUS-FA NP and
PARP inhibitor (ABT888) significantly reduced the colony formation following radiation exposure. Our
data show that the combination treatment of CuS-FA nanoparticles and a PARP inhibitor enhances the
efficacy of radiation therapy by increasing the reactive oxygen species, inducing apoptosis and DNA
damage. This study suggests that HP-CuS-FA nanoparticles and a PARP inhibitor have a synergistic effect
on cancer cell death and are potential nano radio-sensitizing agents for the treatment of cancer.

Immunomodulation and the Tumor Microenvironment

B254/P1247
Anti-tumor macrophages increase intracellular iron in cancer cells and inhibit proliferation.
D. Greiner, S. Varady, M. Roh-Johnson; University of Utah, Salt Lake City, UT.

Different immune landscapes can promote or inhibit tumor progression. Interactions between tumors
and immune cells alter how tumors maintain and use vital metabolites such as iron. In mammals, iron is
a primary cofactor in many cellular activities, including proliferation. Tumors require sufficiently high
levels of iron for sustained proliferation; however, too much iron can be toxic to cells, thus cells have
developed mechanisms to tightly regulate their iron levels. Macrophages are a key immune cell type in
solid tumors with differing cell fates that can either promote or inhibit tumor growth. Macrophages also
regulate environmental iron: Anti-tumor macrophages are thought to act as an iron sink, sequestering
iron from cancer cells and preventing cancer cell growth, while pro-tumor macrophages are thought to
act as an iron source for cancer cells, promoting cancer cell growth. These hypotheses are primarily
generated from measuring iron influx and efflux in macrophages, independently of how these processes
affect cancer cell iron levels. Contrary to this model, our data suggest that anti-tumor macrophages
cause elevated levels of available iron in cancer cells. Furthermore, we found that cancer cells exhibit
increased levels of an iron import protein and reduced levels of an iron export protein in the presence of
anti-tumor macrophages. These results suggest that anti-tumor macrophages cause cancer cells to have
aberrantly high levels of iron, potentially due to dysregulation of iron homeostasis. Thus, we will test the
hypothesis that anti-tumor macrophages inhibit cancer cell growth by increasing intracellular levels of
available iron to drive ferroptosis, iron-mediated-cell death. This work may suggest the potential for the
use of ferroptosis agonists in conjunction with potential anti-cancer treatments that aim to reprogram
the molecular immune landscape.
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B255/P1248

Macrophages Promote Tumor Cell Extravasation across an Endothelial Barrier through Thin
Membranous Connections

A. Genna, C. Duran, D. Entenberg, J. Condeelis, D. Cox; Albert Einstein College Med-Jack & Pearl Resnick
Campus, New York, NY

Macrophages are important players involved in the progression of breast cancer, including in seeding
the metastatic niche. However, the mechanism by which macrophages promote tumor cell
extravasation at metastatic sites is not clear. Examining time-lapse intravital-imaging (IV1) data sets of
breast cancer cell extravasation in the lung, we detected the presence of Thin Membranous Connections
(TMCs) between macrophages in lung parenchyma and tumor cells in the vasculature. These TMCs
resembled similar structures formed between macrophages and tumor cells called tunneling nanotubes
that we previously demonstrated to be important in tumor cell invasion in vitro and in vivo (Hanna
2019). We used an in vitro assay to mimic macrophage-driven tumor cell extravasation, in which an
endothelial monolayer and a matrigel-coated filter separated tumor cells and macrophages from each
other. We observed TMCs formed between macrophages and tumor cells through the endothelial layer
on top of the porous filter. Furthermore, tumor cells are more frequently found to associate with pores
that contain macrophage protrusions. Macrophage conditioned media was insufficient to stimulate
tumor cell extravasation in vitro, consistent with a requirement for contact between macrophages and
tumor cells. To determine if TMCs were important for tumor cell extravasation we used macrophages
with reduced levels of endogenous M-Sec (TNFAIP2), which causes a defect in tunneling nanotube
formation. As predicted, these macrophages showed reduced macrophage-tumor cell TMCs. There was
also a concomitant reduction in tumor cell extravasation in vitro with M-Sec deficient macrophages
compared to control macrophages, using either a human or murine breast cancer cell line. To determine
the role of macrophage-tumor cell TMCs in vivo we generated an M-Sec deficient mouse. In a small
study using an in vivo model of experimental metastasis we detected a significant reduction in the
number of metastatic lesions in M-Sec deficient mice compared to wild type mice. There was no
difference in the size of the metastases, consistent with a defect specific to tumor cell extravasation and
not metastatic outgrowth. Overall, our data indicate that macrophage TMCs play an important role in
promoting the extravasation of circulating tumor cells in the lung.

B256/P1249
CAR-Macrophages reprogram neighboring macrophages for efficient cancer cell phagocytosis
T. Waddell, Q. Xue, M. Roh-Johnson; University of Utah, Salt Lake City, UT.

Macrophages in the tumor microenvironment are influenced to function as pro-tumor immune cells,
facilitating blood vessel growth, cancer cell proliferation, immune inhibition, and cancer cell migration.
The interactions between these tumor-promoting macrophages and cancer cells lead to the recruitment
and differentiation of other tissue-resident macrophages to also function as tumor-promoting
macrophages. To disrupt the pro-tumor environment, we are testing whether chimeric antigen
receptor-expressing macrophages (CAR-Macrophages) can convert tumor-promoting macrophages into
an anti-tumor fate and facilitate cancer cell killing. We developed synthetic and inducible CAR-
Macrophages using the FRB/FKBP/rapamycin system. Macrophages expressing FRB as an antigen
receptor were cultured with melanoma cells expressing FKBP. Upon adding rapamycin, we visualized a
significant increase in CAR-Macrophage-mediated phagocytosis compared to non-rapamycin treated
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control. We then added naive macrophages to these cultures and found that the naive macrophages
were induced to become anti-tumor-like and efficiently phagocytosed cancer cells. Bolstered by our
findings using a synthetic CAR-Macrophage system, we then sought to develop a CAR-Macrophage that
targets an endogenous tumor antigen. We designed CAR-Macrophages targeting chondroitin sulfate
proteoglycan 4 (CSPG4), a large glycoprotein expressed on the plasma membrane and specific to and
enriched in cancer cells. We cultured anti-CSPG4-CAR-Macrophages with melanoma cells and observed
a significant increase in phagocytosis mediated by anti-CSPG4-CAR-Macrophages compared to non-
specific control CAR-Macrophages. Current work focuses on using primary human cells and in vivo
mouse models to further test whether tissue resident-macrophages are converted to anti-tumor-like
macrophages and whether efficient melanoma cell phagocytosis is sustained. These results point to a
powerful mechanism where CAR-Macrophages not only participate in tumor cell killing but facilitate a
general anti-tumor state in endogenous macrophages.

B257/P1250
Intravital imaging of the myeloid immune cell landscape during tumor initiation and progression
T. D. Madsen, W. Wang, R. Weigert; NCI, CCR, LCMB, National Institutes of Health, Bethesda, MD.

How the immune cells transition from tumor-fighters to tumor-facilitators is still poorly understood.
Early responders such as neutrophils, macrophages and other myeloid cells have been shown to
undergo changes in gene expression and behavior, arguably being transformed in new cell types such as
the poorly defined tumor-associated neutrophils (TANs) and macrophages (TAMs). Little is known about
the sequence of events leading to this switch in the immune system, at what stage of cancer
development it occurs, and what components in the tumor cells and surrounding microenvironment
trigger these transitions. This knowledge would be highly valuable to design successful immunotherapies
for cancer.To this end, we developed a mouse model in which we followed myeloid cell populations
during the development of oral squamous cell carcinoma using state-of-the-art intravital multiphoton
microscopy. Tumorigenesis was triggered by treatment with a carcinogen (4-Nitroquinoline 1-oxide) in
the drinking water. The entire dorsal tongue epithelium was imaged at cellular resolution followed by
focused imaging of developing tumors at sub-cellular resolution bi-weekly over a period of 24 weeks. By
using transgenic mice that express fluorescent proteins specifically in myeloid cells, we recorded the
history of their recruitment and infiltration before and during the development of the cancerous lesions
from hyperplastic and dysplastic stages to invasive carcinoma. Moreover, the behavior and dynamics of
the myeloid cells was correlated with the metabolic state of the tumor cells and the structure of the
extracellular matrix.Preliminary results from multiple mice and tumors showed that myeloid infiltrations
arose around week 3 from the administration of the carcinogen, epithelial hyperplasia around week 8,
dysplasia at week 16 and carcinoma in situ around week 20-24. Interestingly, early lesions were often
accompanied by peripheral recruitment of myeloid cells but not by their infiltration into the tumors. At
more advanced stages, myeloid cells infiltrated inside the tumor, concomitantly with a reduction of both
glycolytic and oxidative phosphorylation.

In conclusion, we have recorded the history of multiple tumors and their interactions with myeloid cells
using our intravital imaging system on 4NQO-treated transgenic mice. This has shown a correlation
between lesion size, metabolic state and myeloid cell infiltration and laid the groundwork for future in-
depth characterization of the myeloid subtypes associated with each type of lesion.
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B258/P1251

Analysis of early cellular and sub-cellular changes during tumor initiation and progression in live
animals.

W. Wang?, K. Leel, R. Coffey?, A. Sorkin3, R. Weigert?; 'National Institutes of Health, Bethesda, MD,
2Department of cell and developmental biology, Venderbilt University Medical Center, Nashville, TN,
3Department of Cell Biology, University of Pittsburgh, Pittsburgh, PA.

Head and neck squamous cell carcinoma (HNSCC) is one of the most common cancers with a 65 % 5-year
survival rate. It accounts for more than 650,000 cases and 330,000 deaths worldwide annually and it is
projected to increase by 30% in the next 10 years. Understanding the mechanisms that control initiation,
progression, and spreading of the tumor to distal sites is of paramount importance to develop effective
therapies. To this end, we have used a well-established carcinogen model in live mice that mimics the
progression, histopathology, and molecular characteristic of the HNSCC observed in patients. Here, we
show, for the first time, the visualization of the onset and progression of cancerous and pre-cancerous
lesions through the various stages the same animal. We discovered that only 15% of the lesions fully
develop into persistent in situ or invasive carcinomas, whereas the remaining lesions reach different
stages (e.g. severe dysplasia and carcinoma) and then heal spontaneously. Using intravital subcellular
microscopy (ISMic), we acquired information on the cellular and subcellular changes in the tumor cells
and associated microenvironment (e.g., blood vessels, extracellular matrix, and immune cells).
Specifically, we correlated the lesion progression with changes in the cell morphology, mitochondrial
metabolism, immune cell response, autophagy, and EGFR signaling, thus providing a working hypothesis
on the mechanism controlling tumor progression in vivo which can serve as a springboard to develop
novel therapies.

B259/P1252
The Chemokine Receptor CCR1 is Essential for Microglia Stimulated Glioma Invasion
S. J. Coniglio, N. Zeren, S. Morgan, M. Uppiliappan; SIST, Kean University, Union, NJ.

Glioblastoma Multiforme (GBM) is the most aggressive form of adult brain tumor with a median survival
time of twelve months. GBM is highly resistant to conventional therapy which includes surgical resection
of the tumor, radiation treatment and chemotherapy. GBM cells are highly motile and invasive resulting
in infiltrative tumors with poorly defined borders. GBM tumors are heavily infiltrated with microglia cells
which are known to stimulate GBM cell invasion. Our laboratory has previously demonstrated that
microglia strongly stimulates GBM invasion both in-vitro and in orthotopic animal models. This
interaction was found to be dependent on CSF-1R which is expressed on all tumor infiltrating
macrophages/microglia. Blockade of the CSF-1R using compounds such as pexidartinib (PLX3397) can
inhibit microglia/macrophage-stimulated GBM invasion in-vitro and in vivo. A variety of chemokines are
upregulated in the GBM tumor microenvironment and facilitate “cross-talk” between microglia and
GBM cells eliciting a chemotactic response. We postulated that inhibition of CCL3 associated receptors
such as C-C receptor 1 (CCR1) might also inhibit GBM invasion, thus, a CCR1 antagonist could prove
efficacious for blockade of microglia-induced glioblastoma invasion in vitro. Many potent CCR1
antagonists have been described in the literature. We chose four of these compounds with two distinct
structural cores, all with reported IC50’s of less than 200 nM for inhibition of CCR1 binding versus CCL3.
We examined the ability of these antagonists to block microglia-stimulated glioblastoma invasion using
an in-vitro coculture invasion assay. Using quantitative PCR arrays, we also show that expression of
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chemokines and chemokine receptor genes is greatly altered in GBM conditioned media-treated
microglia. Understanding the pattern of tumor-associated macrophage/microglia chemokine secretion
in GBM may present additional targets for chemotherapeutic intervention and enhance
immunotherapy.

B260/P1253

Optimizing a T cell suppression assay to test for the presence of myeloid derived suppressor cells
(MDSC) in mouse models with soft tissue sarcomas

Z. Jamil*?; *CUNY Brooklyn College, Brooklyn, NY, 2John Hopkins University, Baltimore, MD

Optimizing a T cell suppression assay to test for the presence of myeloid derived suppressorcells
(MDSC) in mouse models with soft tissue sarcomas

ABSTRACT

INTRODUCTION:In recent years, immunotherapy has emerged as a cancer treatment due toits potential
to reinvigorate the immune system of patients for fighting cancer cells. However, insoft tissue sarcomas
(STS), theTumor Immune Microenvironment largely consists ofimmunosuppressive cell types known as
Myeloid Derived Suppressor Cells (MDSC). MDSCinhibits T cell activation and proliferation. Here, we
optimize T cell proliferation conditions bystimulation beads via staining of T cells with a fluorescent
tracking dye at differentconcentrations. Ultimately, utilizing this assay, we will assess the
immunosuppressive function ofMDSC isolated from a STS mouse model by co-culturing them with
spleen T cells.

METHODS:Wild-type mice had their spleens excised and processed to obtain splenocytes. Thenumber of
live and dead cells present in the spleen were counted using a hemocytometer toestablish the
stimulation beads to cell ratios of 0:1, 1:1, 1:2, and 2:1. The cells were observedunder the microscope to
ensure bead to cell conjugation, cell viability, and media contamination.This was closely followed by the
removal of beads and running the cells through flow cytometryto determine the optimal staining
conditions and timeframes needed for T cell proliferation.

RESULTS:We revealed the 72 hour-mark to be the ideal timeframe for assessing T cellproliferation at the
0:1, 1:1, 1:2, and 2:1 beads to cells ratio. The staining conditions showcasedgood resolutions and peaks
in flow cytometry for 1uL of dye in 10M cells and 5M cells and0.1uL of dye in 1M cells. Despite the
resolution for 0.5 ulL of dye in 5M cells and 0.5uL of dyein 1M cells being good, their peaks did not
exhibit good distinction. For 0.1uL of dye in 5Mcells, the cells did not display a good resolution even
though they seemed to be proliferating.

CONCLUSION:We determined that the 72 to 120 hours is the ideal condition for T cellactivation and
proliferation in our system. In addition, our data suggests 1uL of dye for 10Mcells and 5M cells along
with 0.1ul of dye for 1M cells to be the optimal staining conditions forflow cytometry studies. These
parameters establish the ideal conditions for T cell activation andproliferation in our mouse model STS
which will help us evaluate the immunosuppressivecapacity of MDSC in our in vitro assay and
strengthen our understanding of immunotherapytreatment.

POSTERS-155



B261/P1254
Mrell antagonizes nucleosome sequestration of cGAS to suppress tumorigenesis
M. Jo; University of North Carolina At Chapel Hill, Chapel Hill, NC

Oncogene-induced replication stress generates cytoplasmic chromatin fragments (CCF) that activate
cGAS/STING-mediated innate immune signaling to inhibit tumor development. However, the mechanism
of cGAS activation by CCF remains enigmatic, particularly given the constitutive inhibition of cGAS by
high-affinity histone acidic patch (AP) binding. Here we show that the Mre11-Rad50-Nbn (MRN) complex
is required for cGAS activation and p53-independent tumor suppression during Myc-induced mammary
neoplasia. MRN binding to nucleosomes releases cGAS from sequestration, thereby enabling cGAS
activation by cytosolic DNA. Mrell-dependent cGAS activation antagonizes mammary epithelial
neoplasia by stimulating ZBP1/RIPK3/MLKL-mediated necroptosis. In human triple-negative breast
cancer, ZBP1 downregulation correlates with increased genome instability, decreased immune
infiltration, and poor patient prognosis. These findings establish Mrell as essential for cGAS-dependent
innate immune activation and necroptosis engagement during tumorigenesis.

B262/P1255

High Mobility Group Box 1 Protein Localization and its Effect on the Immune Response in the Lung
Tumor Microenvironment

K. Jafril, N. Andre?, G. E. Simmons, Jr?; 1Cornell University, Ithaca, NY, 2Cornell University College of
Veterinary Medicine, Ithaca, NY

High mobility group box protein 1 (HMGB1), a pro-inflammatory damage-associated molecular pattern
protein, drives inflammation in the lung tumor microenvironment. Furthermore, HMGB1 has been
previously demonstrated to suppress functional anti-tumor immune responses in this context. Recently,
we have identified HMGB1 as a protein that is functionally dependent on monounsaturated fatty acid
(MUFA) availability. Utilizing a combination of molecular assays and 3-dimensional cultures, we now
show that HMGBL1 is sequestered intracellularly, rather than being secreted extracellularly in a MUFA-
dependent fashion. We hypothesized that MUFAs promote an anti-tumor immune response via
modulating HMGB1 release from cancer cells. Thus, by restricting extracellular HMGB1 levels, HMGB1-
responsive proinflammatory/tumor signaling pathways (e.g., NF-kB) will be suppressed. Taken together,
these observations suggest an approach to decrease maladaptive immune and inflammatory responses
mediated via innate immune cells. Exploiting the MUFA/HMGB1 signaling axis may increase the efficacy
of cancer therapies targeting lung malignancies.

Cancer Stem Cells

B263/P1256

Differential metabolic adaptations define responses of winner and loser oncogenic mutant cells in skin
epidermis in vivo

A. Hemalatha?, R. Perry?, V. Greco?; !Genetics, Yale University - New Haven, CT, New Haven, CT,
2Endocrinology, Yale University - New Haven, CT, New Haven, CT.

Skin epidermal stem cells detect, and correct aberrancies induced by oncogenic mutations. Different
oncogenes invoke different mechanisms of epithelial tolerance: while wild-type cells outcompete j3-
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catenin-Gain-of-Function (BcatGOF) mutant cells, Hras®?Y mutant cells outcompete wild-type cells. We
asked how metabolic states change as wild-type stem cells interface with mutant cells, and how this
ultimately drives different cell competition outcomes in vivo. Combining two powerful experimental
modalities -1. optical redox imaging to visualize endogenous levels of the co-enzymes NAD(P)H/ FAD,
adapted and evolved within our in vivo imaging platform to enable long term tracking and visualization
of metabolic states of cells within the live animal, and 2.13C¢- glucose tracer-assisted mass spectrometry
to measure metabolic fluxes directly - we provide unprecedented resolution of the metabolic state at
the interface of Mutant and Wild-type stem cells within the epidermis in vivo. By tracking endogenous
redox ratio (NAD(P)H/FAD) with single cell resolution in the same mice over time, we show that wild-
type epidermal stem cells maintain robust redox ratio despite their heterogeneous cell cycle states. We
discover that both BcatGOF and Hras®2Y models lead to a rapid drop in redox ratios. However, the
“winner” cells in each model (wild-type cells in BcatGOF and mutant cells in Hras®?¥ model), rapidly
recover their redox ratios, irrespective of the mutation induced. Glucose catabolic flux studies reveal
that both BcatGOF and Hras®?Y mutant epidermis upregulate flux through TCA cycle. Contrastingly, the
“winner” mutation Hras®?Vspecifically upregulates pyruvate to lactate flux (glycolysis readout) while the
“loser” BcatGOF mutation downregulates this step. Hence, we reveal the metabolic adaptations that
define the hallmarks of winners and losers during cell competition in vivo and uncover the nodes of
regulation unique to each cell fate. These novel findings are in contrast to the expectations of Warburg
effect, a fundamental concept in cancer metabolism, wherein proliferative cells expressing oncogenic
mutations are expected to upregulate glycolysis at the expense of downstream TCA cycle and
mitochondrial oxidation. Instead, our study suggests that decoupling lactate levels (glycolysis) and
mitochondrial oxidation could be a strategy used by “winners” in cell competition. This study also
reveals a metabolic plasticity inherent to epidermal stem cells that affect cell competition outcome with
profound implications for therapeutically eliminating oncogenic mutations from the skin epidermis.

B264/P1257

Role of HOX gene expression in differentiation of colon cancer stem cells

B. Osmond??, C. O. B. Facey?, L. M. Opdenaker?, C. Zhang?, B. M. Boman?3; Biological Sciences,
University of Delaware, Newark, DE, 2Cawley Center for Translational Cancer Research, Helen F Graham
Cancer Center & Research Institute, Newark, DE, 3Thomas Jefferson University, Philadelphia, PA.

HOX genes are a highly conserved subset of genes that encode transcription factors critical for stem cell
(SC) function and embryonic development. Several HOX genes have also been implicated in a myriad of
cancers, including colorectal cancer (CRC). However, how HOX genes play a role in SC regulation and
how dysregulation of HOX genes contributes to cancer development is still not fully understood. Current
research indicates that HOX expression is regulated by the WNT and retinoic acid (RA) signaling, which
are signaling pathways that become dysregulated in cancer. Goal: To determine how regulation of HOX
genes specifies differentiation of colonic SCs into specialized cell lineages in the colon and how
dysregulation of HOX genes contributes to CRC development. Hypotheses: i) Each of the different cell
types within the human colonic epithelium has a distinct HOX gene expression signature; ii) All-trans
retinoic acid (ATRA) induced differentiation of CRC cells leads to changes in HOX gene expression that
correlate with specific HOX expression signatures. Results: Immunostaining shows that specific HOX
proteins (e.g., HOXA9 & HOXC9) are selectively expressed in ALDH-positive SCs and expression of these
HOX genes is increased in CRC tissues compared to normal epithelium. Bioinformatics analysis predicts
that these HOX genes, along with HOXA4, HOXA10, and HOXCS, are regulated by the RA signaling
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pathway. To investigate the effect of RA signaling on HOX gene expression, we studied how ATRA
influences CRC cells (HT29 & SW480). We found that ATRA treatment of CRC cells: 1) Decreased
proliferation and increased cellular differentiation, particularly along the neuroendocrine cell (NEC)
lineage; 2). Significantly changed HOX gene expression. For example, western blot and gPCR analyses
showed that treatment of CRC cells with ATRA decreases expression of HOXA4, HOXA9 & HOXD10 and
increases expression of HOXC8 & HOXC9. Nanostring mRNA profiling also shows that ATRA treatment of
CRC cells increases HOXA3 & HOXAS and decreases HOXA10, HOXB6 & HOXB9. By defining how these
HOX gene expression changes in response to ATRA treatment in comparison to the HOX gene signatures
of different colonic cell lineages will help us understand the role HOX genes play in SC differentiation
along specific cellular lineages and how to target HOX gene in cancer treatment.

B265/P1258

p27 Increases Breast Cancer Stem Cell (CSC) Expansion by Recruiting STAT3 and CBP on Chromatin to
Induce Angptl4 and Jagl Expression

S. Razavipour?, K. Jang?, H. Yoon?, M. Kim?, M. Shin?, D. Zhao?, D. Van Booven?, A. Bagheri?, J.
Slingerland?; 'Georgetown University, Washington, DC, 2University of Miami, Miami, FL.

p27 is a key regulator of the cell cycle. It plays a dual role during tumorigenesis. p27 acts as a tumor
suppressor through its cell cycle inhibitory role, and as an oncogene to promote cancer invasion and
metastasis when phosphorylated at T157 and T198 by PI3K activated kinases. Our lab demonstrated that
p27 activates STAT3, a driver of Embryonic Stem Cell (ES) and Cancer Stem Cell (CSC) self-renewal, to
induce Epithelial-Mesenchymal Transition (EMT). In mice, knock-in of the cell cycle defective p27 mutant
(p27CK-) was previously shown to promote stem cell expansion in multiple tissues, suggesting p27 may
regulate stem cells. Here, we showed that C-terminally phosphorylated p27 increases CSC properties,
including tumor sphere formation and CSC markers by recruiting STAT3 and a histone acetyltransferase,
CBP, on the promoter of the stem cell-driver genes to induce their expression. Our RNA-seq data in
breast cancer cell lines with overexpression and knockdown of phosphomimetic p27CK-T157D/T198D
(p27CK-DD) showed that p27-activated genes are associated with stem cell pathways. We have
confirmed that overexpression of p27CK-DD increases tumor spheres, ALDH1 activity and expression of
embryonic stem cell transcription factors (ES-TFs) to increase tumor initiating stem cells in vivo in
limiting dilution assays. ChIP-seq of p27 and STAT3, analyzed together with RNA seq has identified that
p27 cooperates with STAT3 to induce expression of genes governing CSC self-renewal. Our Chip-seq data
revealed that 65% of STAT3 target genes are co-bound with p27 and p27 knockdown decreases STAT3
binding enrichment on p27/STAT3 co-target gene promoters. Combined p27/STAT3 ChiP-seq/ RNA-seq
analysis in our cell lines revealed that p27 modulates STAT3 recruitment on several stem cell-driven
genes including MYC, SOX2, JAG1, and ANGPTL4 promoters to regulate their expression. These targets
were validated by gPCR and ChIP-qPCR experiments. We also showed that p27 recruits CBP to
p27/STAT3 co-target gene promoters and increases chromatin accessibility by increasing
H3K27acetylation. Knocking down of ANGPTL4, a known regulator of stem cell properties and anoikis
resistance, in p27CK-DD overexpressed cell lines further indicate that p27CK-DD-driven upregulation of
sphere formation and ES-TF expression is mediated through Angptl4.Taken together, these data reveal a
novel function for p27 as a transcriptional regulator of CSC-promoting genes. In breast cancer cell lines,
p27 recruits STAT3/CBP to several stem cell-driver gene promoters to induce their expression and
promote CSC expansion.
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B266/P1259
Intestinal epithelial cell proliferation and gut growth regulated by steroid sex hormones
T. Kandelouei, M. R. Lewis, B. Edgar; Oncological Sciences, Huntsman Cancer Institute, Salt Lake City, UT.

Intestinal epithelial cell proliferation & gut growth regulated by steroid sex hormones Study objective:
To establish a mechanistically detailed paradigm of how a sex-specific steroid regulates progenitor cells
function in the intestinal tissue as a non-sex organ. Methods: We use Drosophila and mice as model
systems. Drosophila mid-gut is similar to the mammalian intestine, has a simple structure, and powerful
genetic tools exist for probing the molecular genetic mechanisms. The major steroid hormone in
Drosophila is 20- hydroxyecdysone (20HE). We perform genetics tests, including RNA-Seq of whole mid-
gut and FACS-sorted progenitor cells, metabolomics and lipidomics analysis, and Cut&Tag. These
experiments help us identify the genes that are transcriptionally regulated by 20HE and how 20HE
signaling affects other signaling pathways and physiological processes such as ISC metabolism,
proliferation, lineage symmetry/asymmetry, and gut growth. We will also explore whether sex steroids
regulate proliferation and gut epithelial homeostasis in mice to test if a Drosophila like system operates
in mammals. We investigate the effects of sex steroid hormones, assaying effects on Gl tract size,
morphology, cell proliferation, and gene expression. Results: A recent discovery in Drosophila has shown
that 20HE, produced by ovaries after mating, stimulates intestinal stem cell (ISC) proliferation and gut
growth. We look through the detailed mechanisms underlying the 20HE contribution to ISC proliferation
and gut growth. Our RNA-Seq data has shown the upregulation of genes involved in peptide and
glutathione metabolic processes and proliferation in 20HE-Fed compared to control flies; we followed
this with metabolomics and lipidomics analysis that we currently working on data sets. Our preliminary
results in mice showed higher crypts and tissue thickness/ growth effect in E2 (estrogen) and E2/P4
(E2/progesterone) treated mice compared to the control group. We will look further into the detailed
mechanisms that might be induced by steroids to regulate ISC division in mice. Conclusion: This work
will provide lead data for a better understanding of how sex steroids regulate intestinal physiology &
pathology. This work will advance our knowledge of how steroid signaling affects the sex-biased
incidence of many human diseases, notably those involving altered stem cell behavior, such as cancer.

B267/P1260

Uncovering the role of microRNAs that target stem cell genes in the emergence of cancer stem cell
heterogeneity during colorectal cancer development

M. Lausten'?, V. A. Stark?, C. O. B. Facey?, L. M. Opdenaker?, B. M. Boman'?3; 1Biological Sciences,
University of Delaware, Newark, DE, 2Cawley Center for Translational Cancer Research, Newark, DE,
3Thomas Jefferson University, Philadelphia, PA.

Our goal is to identify microRNAs (miRNAs) that target genes that encode different proteins involved in
stem cell (SC) signaling pathways involved in tumorigenesis of colorectal cancer (CRC). One reason
behind the lack of efficacy in cancer treatment is due to the development of SC overpopulation.
Hypothesis: specific miRNAs target different SC genes, which leads to the emergence of multiple cancer
SC (CSC) sub-populations and tumor heterogeneity. Accordingly, we used flow cytometry to identify CSC
sub-populations based on expression of SC markers including ALDH1, CD166, LGR5, and LRIG1 in the HT-
29 CRC cell line. We quantified and isolated CSC sub-populations using FACS and measured the
expression of miRNAs in each CSC sub-population using NanoString profiling. The level of miRNA
upregulation in each CSC sub-population was then ranked based on differential expression of the
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miRNAs between different CSC sub-populations. We further analyzed the LGR5 and ALDH SC sub-
populations because they showed the largest difference between CSC sub-population sizes with the
lowest size (<1%) of the co-positive (LGR5+/ALDH+) cell sub-population. LGR5+ and ALDH+ CSC
subpopulations had the highest numbers of differentially expressed miRNAs. This is relevant because
WNT signaling mainly occurs via LGR5+ CSC and retinoic acid (RA) signaling mainly occurs via ALDH+
CSCs. We report herein miRNAs that are differentially expressed between ALDH+/LGR5- compared to
ALDH-/LGR5- subpopulation and LGR5+/ALDH- versus ALDH-/LGR5-. The mRNAs expressed in CSC
subpopulations from Nanostring profiling were analyzed using bioinformatics for their predicted target
MRNA binding by upregulated miRNAs. Our results show that: 1) multiple CSC subpopulations exist in
the HT-29 cell population; 2) each CSC subpopulation has a unique miRNA signature. Notably, we
identified miR-660-3p to be specifically upregulated in the LGR5+/ALDH- CSC subpopulation. Moreover,
we found, using target prediction tools, that miR-660-3p is predicted to bind to the 3’UTR of RXRA
mMRNA. The binding of miR-660-3p to RXRA mRNA was validated utilizing luciferase assay in HT-29 cells.
RXRA mRNA is significantly upregulated in the ALDH+/LGR5- CSC sub-population but not in the
LGR5+/ALDH- CSC subpopulation. We previously reported that RXRA is selectively expressed in ALDH +
CSC sub-populations. Taken together, these results indicate that expression of miR-660-3p, by inhibiting
RXRA expression, decreases RA signaling in LGR5+ CSCs. It is also known RXRA binds with B-catenin
suppressing protein expression and transcriptional activity. Thus, upregulated miR-660-3p targets a key
gene in the RA signaling pathway (RXRA) which could contribute to the emergence of SC sub-
populations during CRC development.

B268/P1261

Altered Keratinocyte Stem cell conditioning through Polycomb group proteins leads to accelerated
skin tumorigenesis in animals prenatally exposed to arsenic

A. Chauhan'?, S. Gangopadhyay'?, V. Sharma3, S. Singh'?, K. Koshta?, V. Srivastava'?; 'Developmental
Toxicological Division, CSIR Indian Institute of Toxicological Research, Lucknow, INDIA, 2Academy of
Scientific and Innovative Research(AcSIR), Ghaziabad, INDIA, 3Department of Biotechnology, Faculty of
Engineering and Technology, Manav Rachna International Institute of Research and Studies, Haryana,
INDIA.

Exposure to arsenic has been linked with several chronic conditions, including lung, bladder, and skin
malignancies. In endemic regions, prenatal exposure to arsenic is linked with worse health outcomes in
children. In our animal experiments, we observed that gestational exposure to arsenic(0.04mg/kg)
accelerated skin tumorigenesis, accompanied with amplified and activated keratinocyte stem cell (KSCs)
pool in the skin of offspring. The function of these KSCs is unknown. In present study, female BALB/c
mice were exposed to sodium arsenite (0.04mg/kg) in drinking water during gestation, with no further
dose administration to the offspring. Primary arsenic conditioned KSCs isolated from2-day pups were
evaluated for their differentiation, proliferation, and invasive potential and underlying mechanisms
involved. Our study shows that only prenatal exposure to arsenic is enough to increase proliferative and
differentiative capacity in KSCs as measured by increased PCNA, Involucrin, Krt1,Krt5 & CD34 expression
in both in vivo and in vitro systems. Pulse chasing stem cells by BrdU incorporation in 2 day pups
revealed increased stem cell pool in maternally exposed animals. In vitro BrdU uptake and scratch assay
verified high division & migratory potential with high survival rate as observed by decreased bax/bcl-xL
ratio and low TUNEL positive cells. Early life exposure to As contributed to the activation of MAPK
proteins via IGF2R in KSCs as revealed by high phosphorylated levels of b-raf, MEK1, ERK1/2 & IGF2Rin
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immunoblot assay. The results were further validated by inhibiting pERK1/2 by U0126. An increased
ratio of activating H3K4me1 to deactivating H3K27me3 methyl marks on IGF2R promoter was confirmed
by ChIP assay in As conditioned cells with reduced binding of PRC2 group silencer, EZH2 in the same
region. The data suggested disrupted imprinting of IGF2R gene responsible for hyper-activating MAPK
cascade in KSCs that further contributed to enhanced epidermal proliferation and tumorigenesis. Overall
our study shows a positive association between maternal arsenic exposure at environment relevant
doses and accelerated skin tumorigenesis. The arsenic conditioned KSCs possessed high differentiation
and proliferative potential which was modulated by epigenetic memory modules of the PRC2 group. This
contributed to a reduced tumor latency period and enhanced tumor invasiveness in exposed progeny.

B269/P1262

Anti-tumor response of retinoic acid agents based on the retinoid signaling pathway genotype of
colorectal cancer cells

V. 0. Hunsu, C. O. B. Facey, L. Opdenaker, B. M. Boman; Helen F Graham Cancer Center, Newark, DE.

There are no curative treatments for advanced colorectal (CRC) due to stem cell (SC) overpopulation
that drives tumor growth and from resistance of cancer SCs (CSCs) to conventional treatments. An
alternative strategy is to discover ways to therapeutically sensitize human CRC stem cells to
differentiation-inducing effects of retinoic acid (RA) agents. Indeed, all-trans-retinoic acid (ATRA) is
known to be a highly effective treatment for acute promyelocytic leukemia (APL) which is caused by
translocation in the RA receptor alpha (RARA) gene. Results from our bioinformatics analysis on
mutations and overexpression of RA signaling component genes in CRC showed that RA pathway genes
are often altered in CRCs. Thus, we surmised that the response of retinoic acid (RA) agents may have
effects on CRC cells depending on their pathway genotype. Our hypothesis is that the ability of RA
agents to induce differentiation of CSCs depends on the RA pathway genotype expressed in CRC cells.
Our approach was to test the ability of RA agents (ATRA, 13-cis retinoic acid, 9-cis retinoic acid) and RA
metabolism blocking agents (Liarozole, Talarozole) to inhibit proliferation and induce differentiation of
CRC cell lines that have different mutations in RA signaling components. Nanostring Profiling was also
used to measure the effects of the agents on mRNA expression of CSC markers, indicators of cell
differentiation, and RA receptors. Our results show that the RA pathway genotype affects the anti-
response of RA agents on CRC cell lines. Indeed, both HCT116 and SW480 CRC cell lines, which have
mutants in RARA and/or RXRG displayed resistance to ATRA. In contrast, HT29 CRC cells, which have
wild- type RA receptors, are sensitive to ATRA. All three of these CRC cell lines showed similar dose
responses to the CYP26A1 inhibitor Liarozole. This latter finding indicates that regardless of RA receptor
mutations, inhibition of ATRA metabolism increases intracellular RA levels in a similar manner on all 3
cell lines. Nanostring mRNA profiling showed that ATRA-treated HT29 cells have increased expression of
RARA, CYP26A1 (ATRA metabolizing enzyme) and KRT20 (differentiation marker); and a decreased
expression of CSC markers LGR5 and ALDH1A1. This indicates that CRC cells with a normally-functioning
RA signaling pathway can be induced to increase differentiation and to decrease CSC numbers. In
summary, we show that colonic SC differentiation can be induced by RA signaling but anti-tumor
responses are attenuated by RA pathway mutations. These findings have vast clinical importance for
designing differentiation-type therapies.
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B270/P1263

Cancer stem cells as the novel origin of myeloid-

derived suppressor cells

S. Afify, M. Seno; Department of Cancer Stem Cell Engineering, Faculty of Interdisciplinary Science and
Engineering in Health Systems, Institute of Academic and Research, Okayama, Japan

BACKGROUND:Tumor microenvironment contains a variety of stromal cells, including myeloid-
derivedsuppressor cells (MDSCs). MDSCs have been described as a non-lymphoid populationof immune
suppressor cells enriched in cancer patients.AIM: In the current study we are aiming at uncovering the
relationship between cancerstem cells and the generation of MDSCs.METHODS:Monocytes in peripheral
blood collected from healthy donors were first reprogrammedinto pluripotent stem cells (PSCs). Then
the human PSCs were converted into CSCs inthe presence of the conditioned medium derived from
human liver cancer cell line. Thecharacteristics of CSCs were assessed for the potential of self-renewal,
differentiation,and tumorigenicity together with the expression of genetic markers.RESULTS:The
resultant cells are confirmed as CSC exhibiting sphere-forming potential, anddifferentiation potential in
vitro and developing malignant tumors with micrometastasesin the liver of nod-scid mice. The primary
cells derived from the malignant tumor,exhibited strong immunoreactivity to anti-human CD34 and anti-
c-KIT antibodiessuggesting that they were enriched with hematopoietic progenitor cells.
Markersassociated with MDSCs were found expressed in both of the converted cells and theprimary
cells. According to these results, CSCs are implied to be capable ofdifferentiation into MDSCs that
support the growth and survival of tumor cells. CONCLUSIONS: The results of this study will provide new
insights into CSCs andtheir relationships with tumor microenvironments supporting chronic
inflammationenriched with cytokines and growth factors, inducing regulatory T cells
suppressingimmune responses, and maintaining CSCs themselves as the result.

B271/P1264

Restoring the balance between WNT and retinoic acid signaling to promote differentiation of cancer
stem cells in treatment of colorectal cancer

C. 0. B. Facey?, V. O. Hunsu?, B. T. Osmond??, C. Zhang?, L. M. Opdenaker?, B. M. Boman¥?3; Helen F.
Graham Cancer Center and Research Institute, Newark, DE, 2University of Delaware, Newark, DE,
3Thomas Jefferson University, Philadelphia, PA

Mutation in the APC gene causes dysregulated WNT signaling in 80-90% of CRC cases. Overpopulation of
ALDH+ stem cells occur in a progressive manner in the development of CRC in patients with familial
adenomatous polyposis (FAP). Given that ALDH is a key member of the retinoic acid signaling (RA)
pathway, we hypothesize that human CRC develops due to an imbalance between dysregulated WNT
and RA signaling. Herein, we aim to restore proper WNT and RA signaling and identify a common link or
target that could promote differentiation of CSCs along the neuroendocrine cell (NEC) lineage.
Accordingly, to determine the effects of restoring wt-APC in APC-mutant HT29 CRC cells, we conducted
in vitro experiments to examine Wnt/B-catenin signaling, sensitivity to retinoids, cell proliferation,
expression of stem cell markers, quantification of ALDH+ stem cells, and NEC maturation. We utilized
Nanostring profiling, TCF reporter assay, western blot, and fluorescence activated cell sorting analyses
to ascertain these effects. We found that induction of wt-APC expression decreased WNT/B-catenin
signaling and reduced protein expression of WNT-target genes. Notably, inducing wt-APC decreased
ATRA-induced expression of the WNT target gene CYP26A1 (by 50%), which is predicted to, in turn,
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increase RA signaling by lowering degradation of RA. Indeed, inducing wt-APC increased sensitivity of
CRC cells to ATRA-induced apoptosis and inhibition of cell proliferation in a dose-dependent manner.
Expression of ALDH1A1 decreased (3-fold) with ATRA treatment and inducing wt-APC extended the
decrease by an additional 2-fold. Furthermore, upon inducing wt-APC, we found an increase in the
protein expression of several NEC markers including CHGA, GLP2R, NSE (ENO2), and SSTR1, and an
increased number of GLP2R+ NECs. Based on Nanostring profiling and bioinformatic analysis, we
discovered a protein network and cell signaling mechanism that links the WNT and retinoic acid
pathways via CYP26A1. Thus, by inducing wt-APC expression and exogenously activating RA signaling, we
found a way to increase differentiation of SCs along the NEC (and other) lineage(s). Translating this
strategy in vivo might lead to new, more effective treatments involving retinoids for CRC patients.

B272/P1265

Modulation of AXIN2 expression leads to changes in cell cycle, apoptosis, & the colon cancer stem cell
population.

C. Zhang'?, C. O. B. Facey?, L. M. Opdenaker?, B. M. Boman'?; 'Cawley Center for Translational Cancer
Research, Helen F. Graham Cancer Center & Research Institute, NEWARK, DE, 2Department of Biological
Sciences, University of Delaware, Newark, DE.

Colorectal cancer (CRC) is driven by stem cell (SC) overpopulation yet diagnosed via tissue
disorganization. Etiology of CRC is complex and much effort has focused on studying SC overpopulation
in tumor biology and tissue disorganization in cancer pathology, but regulatory mechanisms linking
these neoplastic processes which occur in CRC need clarification. The initiating event in development of
most CRCs is increased WNT-signaling caused by APC mutations. The negative regulator of WNT-
signaling activity is the beta-catenin destruction complex, which is organized by AXIN1 & AXIN2 scaffold
proteins. A growing body of scientific evidence shows that AXIN proteins are key to destruction complex
function and CRC development. Our HYPOTHESIS is that aberrant expression of AXIN2 leads to changes
in cell cycle, apoptosis, and cancer stem cells that promotes CRC growth and development. Accordingly,
we created siRNA-mediated AXIN2 knockdown and lentiviral-based AXIN2 overexpressing CRC cell
models (HT29 & SW480) to study the effect of modulating AXIN2 levels in vitro. Our RESULTS show that
AXIN2 is involved in multiple regulatory mechanisms: 1) AXIN2 knockdown or overexpression led to
decreased CRC cell proliferation; 2) Modulating AXIN2 led to changes in expression of WNT-target genes
& SC markers ALDH & LGR5 3) ALDH+ SC population size increased in response to increasing AXIN2, and
vice versa. 4) Cell cycle was delayed in both AXIN2 knockdown and overexpressing CRC cell lines.
Moreover, our bioinformatics analyses of the effect of tankyrase inhibitors (Tls), which prevent AXIN
degradation, in treatment of CRC indicate that efficacy of Tls against CRC cells depends on the APC
genotype. CONCLUSION Taken together, our findings show that AXIN2 - a critical factor in WNT signaling
- plays a significant role in the cancer cell phenotype including changes in the cell cycle, apoptosis, and
CSC population. SIGNIFICANCE: Changes in AXIN2 levels appear to impact critical functions that
contribute to SC overpopulation and tissue disorganization that drives tumor development. Thus,
discovering ways to target AXIN2-based mechanisms has vast clinical importance.

POSTERS-163



B273/P1266

Effects of sulforaphane association to conventional therapy for treating triple-negative breast cancer
L. L. Coutinho?, R. Cheng?, L. Ridnour?, M. S. Junqueira’, R. Chammas?, D. Wink?, T. C. Tortelli!, M.
Rangel®; University of Sao Paulo, Sao Paulo, Brazil, 2National Cancer Institute, Frederick, MD

Most tumors are comprised of functionally heterogeneous cells, and only a limited, but highly dynamic
subpopulation of cells known as cancer stem cells(CSCs) can self-renew and initiate tumors at a high
frequency. The triple-negative subtype of breast cancer(TNBC) shows a significantly higher number of
CSCs when compared to non-TNBC tumors. This characteristic contributes to the aggressive phenotype
exhibited by TNBC and impacts the treatment of patients harboring these tumors since CSCs are
involved in the acquisition of resistance to conventional antineoplastic therapies. The embryonic master
regulator Cripto-1(CR-1) is known to be increased in TNBC, mainly in the CSCs population contributing to
the maintenance of their stem-like phenotype. Also, studies have shown that the ‘REDOX’ molecules
Nitric Oxide (NO) and one of the enzymes involved in its synthesis, Nitric Oxide Synthase 2(NOS2), are
able to induce carcinogenesis through different processes, including the promotion of stem-like
properties in TNBC cells. Here, we sought to sensitize TNBC cells to conventional chemotherapy by
negatively modulating CR-1 and NOS2/NO using sulforaphane(SFN), a nutraceutical agent known to
especially target the CSCs population. This natural isothiocyanate compound found in cruciferous
vegetables has also been shown to interfere with both CR-1 and NO activity in pathological conditions,
such as TNBC and H. pylori infection, respectively. To address our hypothesis that SFN would sensitize
cells to chemotherapy, we used in this study four cell lines representing the distinct TNBC subtypes,
MDA-MB-468, HCC70, MDA-MB-453, and MDA-MB-231. We tested their response to doxorubicin(DOX),
and cisplatin(CIS), and found that all of them were sensitive to DOX, displaying a significant reduction in
cell viability at very low doses. On the other hand, only the basal-like MDA-MB-468 and HCC70 cells
responded to CIS at low doses. The luminal androgen receptor MDA-MB-453 and the mesenchymal
MDA-MB-231 cells showed resistance to CIS treatment, with a subtle decrease in cell viability only at
higher doses. However, when SFN was associated with CIS treatment, both cell lines, exhibited a
significant reduction in cell viability accompanied by elevated early apoptosis activation and cell death.
Additionally, we observed that MDA-MB-231 cells treated with CIS alone exhibited increased expression
of the pluripotency genes CR-1 and Oct-4, and the epithelial-to-mesenchymal transition marker N-
cadherin, but the combination therapy CIS-SFN was able to revert this effect. Finally, our results
revealed that SFN treatment alone was able to impair cytokine-induced CR-1, NOS2, and COX2
overexpression in MDA-MB-231 cells and decrease DETANO(NO-donor)-induced HIF-1a stabilization in
these cells.

Oncogenes and Tumour Suppressors - Protein Degradation and Cell Death

B274/P1267

Palmitoylation-driven PHF2 Ubiquitination Remodels Lipid Metabolism through SREBP1c Axis in
Hepatocellular Carcinoma

D. Jeong?, J. Seo'?, J. Fukuda?, Y. Chun?; Seoul National University College of Medicine, Seoul, KOREA,
REPUBLIC OF, 2Yokohama National University, Yokohama, JAPAN.

Oncogenic signals and malignant phenotypes are closely correlated with lipids and lipid-related
enzymes. Palmitic acid (PA) is the most common saturated fatty acid in humans and is known to mediate
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palmitoylation of target proteins. Although PA and palmitoylation affect many oncogenic proteins, its
pathophysiological functions are not thoroughly understood. In this study, we presented that PA acts as
a molecular checkpoint of lipid reprogramming and cancer progression in hepatocellular carcinoma
(HCC). Mechanistically, a palmitoyl-transferase ZDHHC23 palmitoylates plant homeodomain finger
protein 2 (PHF2) at cysteine 23, which subsequently mediates ubiquitin-dependent degradation of PHF2.
Further experiments using a mutant containing a cysteine-to-alanine substitution showed that PA-
induced lipid accumulation and cell proliferation is largely dependent on PHF2 palmitoylation. We also
found that PHF2 functions as a tumor suppressor by acting as an E3 ubiquitin ligase of sterol regulatory
element-binding protein 1c (SREBP1c), a master transcription factor of lipogenesis. PHF2 directly
interacts with and destabilizes SREBP1c, thereby reducing SREBP1c-dependent proliferation and
lipogenesis in HCC cells. Notably, SREBP1c increases free fatty acids in HCC cells, and the consequent PA
induction triggers the PHF2/SREBP1c axis. Clinical dataset of HCC patients revealed that the higher
ZDHHC23 and SREBP1c and the lower PHF2 expression are closely associated with poor prognosis of
cancer. As a result, the circuit of PA/PHF2/SREBP1c modulates HCC progression and could be a potential
marker in patients with HCC. Since PA seems to be central to this axis, we suggest that levels of dietary
PA should be carefully monitored in patients with HCC.

B275/P1268

Fbxw?7 triggers degradation of WDR7 to prevent mitotic slippage

S. Haenle-Kreidler, K. T. Richter, I. Hoffmann; Cell Cycle Control and Carcinogenesis, FO45, DKFZ,
Heidelberg, GERMANY.

During prolonged mitotic arrest induced by anti-microtubule drugs, cell fate decision is determined by
two alternative pathways, one leading to cell death, the other inducing premature escape from mitosis
by mitotic slippage. Cancer cells are able to evade mitotic cell death by performing mitotic slippage,
which means that they exit from mitosis without completing a normal cell division. Therefore, mitotic
slippage promotes survival and chemoresistance of cancer cells and represents a major problem in
chemotherapy. FBWX7, a member of the F-box family of proteins and substrate-targeting subunit of the
SCF (SKP1-CUL1-F-Box) E3 ubiquitin ligase complex promotes mitotic cell death and prevents mitotic
slippage. Most of the FBXW7 substrates are widely studied protooncogenes including Cyclin E, c-Myc,
Notch and c-Jun. FBXW?7 functions as tumor suppressor and mutations in the FBXW?7 gene have been
observed in a variety of human cancers. We find that WDR5, a component of the mixed lineage
leukemia (MLL) complex of Histone 3 Lysine 4 (H3K4) methyltransferases is a substrate of FBXW7. WDR5
binds to FBXW?7 in vivo and in vitro and its ubiquitin-mediated proteasomal degradation is mediated by
FBXW?7. Furthermore, we find that WDR5 depletion counteracts FBXW?7 loss-of-function by reducing
mitotic slippage and polyploidization. Our data elucidate a new mechanism in mitotic cell fate regulation
which might contribute to prevent chemotherapy resistance in patients after anti-microtubule drug
treatment.
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B276/P1269

Basal Gp78-dependent mitophagy promotes mitochondrial health and limits mitochondrial ROS

P. Alan?, K. Vandevoorde?, B. Joshi!, B. Cardoen?, G. Gao?, Y. Mohammadzadeh?, G. Hamarneh?, I. R.
Nabi,; *University of British Columbia, VANCOUVER, BC, CANADA, 2Simon Fraser University, Burnaby,
BC, CANADA.

Mitochondria are major sources of cytotoxic reactive oxygen species (ROS) that contribute to cancer
progression. Mitophagy, the selective elimination of mitochondria by autophagy, monitors and
maintains mitochondrial health and integrity, eliminating ROS-producing mitochondria. However,
mechanisms underlying mitophagic control of mitochondrial homeostasis under basal conditions remain
poorly understood. Gp78 E3 ubiquitin ligase is an endoplasmic reticulum membrane protein that
induces mitochondrial fission and mitophagy of depolarized mitochondria. Here, we report that
CRISPR/Cas9 knockout of Gp78 in HT-1080 fibrosarcoma cells increased mitochondrial volume and
rendered cells resistant to carbonyl cyanide m-chlorophenyl hydrazone (CCCP)-induced mitophagy.
These effects were phenocopied by knockdown of the essential autophagy protein ATG5 in wild-type
HT-1080 cells. Use of the mito-Keima mitophagy probe confirmed that Gp78 promoted both basal and
damage-induced mitophagy. Application of a spot detection algorithm (SPECHT) to GFP-mRFP tandem
fluorescent-tagged LC3 (tfLC3)-positive autophagosomes reported elevated autophagosomal maturation
in wild-type HT-1080 cells relative to Gp78 knockout cells, predominantly in proximity to mitochondria.
Mitophagy inhibition by either Gp78 knockout or ATG5 knockdown reduced mitochondrial potential and
increased mitochondrial ROS. Live cell analysis of tfLC3 in HT-1080 cells showed the preferential
association of autophagosomes with mitochondria of reduced potential. Basal Gp78-dependent
mitophagic flux is therefore selectively associated with reduced potential mitochondria promoting
maintenance of a healthy mitochondrial population and limiting ROS production.

B277/P1270

Pharmacological PIP4K2 inhibition disrupts mitochondrial homeostasis and autophagy in acute
leukemia

K. Lima?, D. A. Pereira-Martins?, L. B. L. de Miranda?, J. L. Coelho-Silva3, R. C. Cavaglierit, J. J. Schuringa®,
E. M. Rego?, J. A. Machado-Neto?; !Laboratory of Medical Investigation in Pathogenesis and Targeted
Therapy in Onco-Immuno-Hematology, Faculdade de Medicina, University of Sdo Paulo, S3o Paulo,
BRAZIL, *Department of Pharmacology, Institute of Biomedical Sciences, University of S30 Paulo, S30
Paulo, BRAZIL, 3Department of Medical Imaging, Hematology, and Oncology, Ribeirdo Preto Medical
School, University of S3o Paulo, Ribeirdo Preto, BRAZIL, “Department of Experimental Hematology,
Cancer Research Center Groningen, University Medical Center Groningen, University of Groningen,
Groningen, NETHERLANDS.

Introduction: PIP4K2s comprise a family of lipid kinases responsible for the production of
phosphoinositides with structural and signal transduction functions. PIP4K2A and PIP4K2C expressions
have been identified as prognostic factors in acute myeloid leukemia (AML) patients. Ancestry-related
polymorphisms in the PIP4K2A gene are associated with the risk of developing acute lymphoblastic
leukemia (ALL). Recently, a selective pharmacological inhibitor of PIP4K2s was developed (THZ-P1-2).
Aims: To evaluate the antineoplastic potential of THZ-P1-2 in AML and ALL cells. Methods: A panel
containing 12 AML and 9 ALL cell lines was used. Cell viability was evaluated by MTT assay, apoptosis by
annexin V/Pl and flow cytometry (FC), mitochondrial membrane potential by JC-1 and FC, formation of
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acidic vesicular organelles (AVO) by acridine orange and FC, cell cycle by propidium iodide and FC, and
cell signaling by qPCR and Western blot. ANOVA and Bonferroni post-test were used. A p-value < 0.05
was considered significant. Results: In AML and ALL cells, THZ-P1-2 reduced cell viability in a
concentration-dependent manner. THZ-P1-2 induced apoptosis, loss of mitochondrial membrane
potential, and AVO formation (all p < 0.05). Cell cycle analysis indicated an increase in cells in subG1 and
a decrease in cells in G2/M (all p < 0.05). Molecular analysis indicated that THZ-P1-2 has a paradoxical
role in autophagy, at first the compound induced the initiating stages of autophagy (increased LC3ll) and
then inhibited the final stages of autophagy flux (reduction of p62/SQSTM1), which may trap the cell in a
state of inertia. DNA damage (yH2AX) and apoptosis (PARP1 cleavage) markers were induced by THZ-P1-
2. Gene expression profile indicated that processes such as intrinsic apoptotic signaling pathway, signal
transduction in absence of ligand, autophagosome organization, macroautophagy, and response to
starvation are involved in the mechanism of action of the compound (all FDR g < 0.05). Conclusion: The
contribution of PIP4K2-related genes to acute leukemias has been revealed in recent years, ranging from
prognostic markers to the association with genetic susceptibility. Our study provides insight into
pharmacological PIP4Ks inhibition targeting mitochondrial homeostasis and autophagy shedding light on
a new class of drugs for these diseases. Supported by FAPESP and CNPq.

B278/P1271

AD80 inhibits aurora kinases and induces mitotic catastrophe and autophagy in pancreatic cancer cells
K. Lima?l, L. B. L. de Miranda?, A. D. B. Garnique?, B. O. de Almeida?, M. C. do Nascimento?, G. M.
Machado-Santellil, E. M. Rego?, J. A. Machado-Neto?; !Institute of Biomedical Sciences, University of Sdo
Paulo, S30 Paulo, Brazil, 2Faculdade de Medicina, University of S3o Paulo, S30 Paulo, Brazil

Introduction: Pancreatic cancer is one of the most lethal human neoplasms and its therapeutic
repertoire remains limited. Advances in the understanding of the molecular complexity involved in the
biology of the disease have paved the way for new therapeutic opportunities. AD80 is a multikinase
inhibitor that inhibits S6K as well as RET, RAF, and SRC and displays antineoplastic effects in
hematological and solid tumors. Aims: To uncover cellular and molecular effects of AD80 in pancreatic
cancer cells. Methods: MIA PaCa-2, PANC-1, and AsPC-1 pancreatic cancer cell lines were used. Cell
viability was evaluated by MTT assay, clonogenicity by colony formation assay, DNA content analysis by
propidium iodide and flow cytometry, morphology by immunofluorescence (IF), formation of acidic
vesicular organelles (AVO) by acridine orange and fluorescence microscopy, and cell signaling by PCR
array and Western blot. Spheroid was also used to access the effects of the drug in 3D models. ANOVA
and Bonferroni post-test were used. A p-value < 0.05 was considered significant. Results: In pancreatic
cancer cells, AD80 reduced cell viability in a concentration- and time-dependent manner (all p < 0.05).
ADS8O0 also strongly decreased clonogenicity (all p < 0.05). DNA content analysis indicated an increase in
polyploidy cells (all p < 0.05), which was confirmed by IF. In the molecular scenario, AD80 reduced S6RP
and histone H3 phosphorylation and induced yH2AX and PARP1 cleavage. AURKA phosphorylation and
expression were markedly decreased by the drug. In PANC-1 cells, AD80 strongly induced autophagic
flux (consumption of LC3B and SQSTM1/p62). A total of 32 out of 84 autophagy-related genes were
modulated by AD80 and it was associated with vacuole organization, macroautophagy, response to
starvation, cellular response to nitrogen levels, and cellular response to extracellular stimulus (all FDR g
< 0.05). In 3D pancreatic cancer models, AD80 also effectively reduced cell viability (all p < 0.05).
Conclusion: AD80 induces mitotic aberrations, DNA damage, autophagy, and apoptosis in pancreatic
cancer cells. Our exploratory study establishes novel targets underlying the antineoplastic activity of the
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drug and provides insights into the development of therapeutic strategies for this disease. Supported by
FAPESP, CNPq, and CAPES.

B279/P1272
Doramectin induces apoptosis in B16F10 melanoma cells
M. Crotts, J. Jacobs, R. Baer, J. L. Cox; A T Still University, Kirksville, MO

Introduction: Metastatic melanoma is resistant to current pharmacologic regimens that act mainly
through apoptotic mechanisms. This indicates novel therapies are needed, specifically those acting via
alternative cell-death pathways. Doramectin has shown promising results inhibiting neuroblastoma
growth via autophagy. Our research question was will doramectin induce autophagy in murine
melanoma B16 cells as a means for cell-death.

Method: B16 viability and proliferation were assessed with MTT analysis. Cells were treated with
doramectin (15 uM), both doramectin and an indicator of cell-death, as compared to untreated control
cells (media). Likewise, MDC analysis was completed to observe autophagy. Flow cytometry and
Western blot analyses were conducted to observe protein amplification with doramectin treatment to
assess cell-death pathways. Mitotracker was used to analyze post treatment cellular morphology.
Results: MTT analysis of doramectin treated cells displayed a significant increase in cell death when
compared to control. Furthermore, time-course analysis of doramectin treatment over 24 hours yielded
significant differences in nuclear morphology with apoptotic indications such as shrunken nuclei and
nuclei fragments. Flow cytometry analysis of doramectin treated cells showed apoptosis as a major
mode of cell death with some necrosis. Western blot analysis showed increased levels of CHOP with
doramectin treatment. Mitotracker yielded significant differences in mitochondrial morphology.
Conclusion: Doramectin does not induce autophagy in murine melanoma B16 cells in vitro. Rather, it
induces cell-death via apoptosis. However, morphological changes and the presence on necrosis suggest
an alternative mechanism which may include reactive oxidative species. Further work exploring novel
mitochondrial targeted therapies are needed.

B280/P1273
Silibinin protects against staurosporine-induced apoptosis in malignant melanoma B16F10 cells
J. Jacobs, M. Crotts, R. Baer, J. L. Cox; A T Still University, Kirksville, MO

Background: Rare melanoma subtypes have few therapeutic options to treat advanced disease and
current treatments show minimal anti-tumor effect. Patients minimally benefit from combined targeted
therapy with immunotherapy and kinase pathway inhibitors. Silibinin from milk thistle is characterized
as having pharmacological activity through anti-carcinogenic and anti-inflammatory effects. PKC
inhibitor Staurosporine is pro-apoptotic and currently undergoing phase Il clinical trials for treatment of
rare melanoma subtypes. The current study provides a possible mechanism as to why combined therapy
shows minimal results and contradicts previous studies describing the use of silibinin as a potential
clinical combination therapy. Our data suggests silibinin protects against staurosporine- induced cell
death in B16F10 melanoma cells. Individual treatment of either silibinin or staurosporine on B16F10
melanoma cells is pro-apoptotic in a dose- and time-dependent manner. MTT assays show increased cell
death, NucBlue staining shows decreases in cell volume and nuclear size in addition to changes in
nuclear morphology, and further studies indicated DNA fragmentation and decreased p-AKT and p-iKBa
levels. However, pretreatment with silibinin prior to staurosporine treatment decreases cell death,
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increases cell volume and nuclear size, and decreases apoptosis significantly. This indicates that silibinin
protects cells from staurosporine-induced apoptotic cell death and should not be used in combined
targeted therapy in patients with rare melanoma subtypes undergoing treatment with a staurosporine
derived PKC inhibitor.

B281/P1274
CDKS5 interacts with MST2 and modulates the Hippo pathway
M. Passi, S. Zahler; Ludwig-Maximilians-Universitdt Minchen, Munich, Germany

The Hippo-YAP/TAZ pathway is a prevalent evolutionary conserved pathway from Drosophila to
mammals and plays a key role in controlling organ size, cell growth, self-renewal, and tissue
homeostasis. The Hippo pathway consists of a MST/LATS kinase module and a YAP/TAZ-TEAD
transcription module, and regulates the transcriptional activity of YAP and TAZ, responding to a broad
range of mechanical clues from shear stress to cell shape, cell-cell contact, extracellular matrix rigidity
and stiffness. In general, the Hippo pathway kinases are considered tumour suppressors. Activation of
YAP/TAZ is inhibited by phosphorylation caused by LATS1/2 and MST kinases, which results in
cytoplasmic sequestration and degradation of YAP/TAZ. While unphosphorylated, YAP/TAZ translocate
to the nucleus and bind to TEAD family transcription factors to induce gene expression. We have
recently identified an interaction between CDK5, an unusual member of the family of cyclin-dependent
kinases, and MST2 in a yeast-two-hybrid screen. Accordingly, in the current study, we aim to shed a light
on the involvement of CDK5 in the Hippo pathway by employing. CDK5 knockdown and overexpression
in Huh-7 cells. While CDK5 did not directly affect phosphorylation of MST2, phosphorylation of LATS1 (at
Thr1079) was changed by knockdown of CDK5. Transcriptional YAP activity was also changed accordingly
(measured by reporter gene assay). Since the kinase activity of CDK5 seems not to be crucial for the
process (inhibition by roscovitine, a CDK5 inhibitor), CDK5 seems to act like a scaffold bringing the other
proteins together and providing a platform for the Hippo pathway cascade.

Keywords: - CDK5, Hippo pathway, YAP/TAZ, MST1/2, LATS1/2, kinases, overexpression, knockdown.

B282/P1275
CYPRESS ESSENTIAL OIL LIMITS PROLIFERATION OF FIBROSARCOMA CELLS
D. Garcia, M. Catalfumo, D. Lobo, D. Lobo; Monmouth University, West Long Branch, NJ

CYPRESS ESSENTIAL OIL LIMITS PROLIFERATION OF FIBROSARCOMA CELLS

Dianelys Garcia, Michael Catalfumo, and Dorothy LoboBiology Department, Monmouth University, West
Long Branch, NJ 07764

Cypress oil is an essential oil derived from evergreen coniferous trees native to Southern Europe and
Western Asia. Cypress oil exerts anticancer properties due to their natural terpenes which induce
apoptosis and cell cycle arrest, in turn limiting tumor growth and metastasis. The components of cypress
essential oil include a total of 20 constituents which represent 98.1% of the oil. These include: a-pinene
(48.6%), 6-3-carene (22.1%), limonene (4.6%) and a-terpinolene (4.5%) which are the main components
comprising 79.8% of the oil. A cell line of HT-1080 (fibrosarcoma) cells were treated with cypress
essential oil at different concentrations and the effects were determined. Proliferation was measured by
direct cell counting using trypan blue dye exclusion and MTT assay. Proliferation of HT-1080
fibrosarcoma cells demonstrated a significant decrease with increased concentration of cypress
essential oil. In addition, high concentrations of cypress essential oil also decreased MTT activity which
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therefore confirmed a decrease in viability due to essential oil treatment. Western blot analysis will be
used to ascertain if the decreased viability is a result of apoptosis by detection of PARP cleavage. The
effects of cypress essential oil will also be tested on normal fibroblast cells to compare differences in
signaling. The signaling of normal-contact inhibited cells treated with cypress will be compared to the
cancerous cell line.

B283/P1276
Manuka Essential Oil Decreases Proliferation and Causes Apoptosis in HT-1080 Fibrosarcoma Cells
N. I. Bass, D. Hutter Lobo; Monmouth University, West Long Branch, NJ

Since research on the effects of essential oils on human cell lines is limited, the goal of this project was
to treat cancer cells lines with manuka essential oil at different concentrations and ascertain the effects
on cell proliferation on a variety of cell lines, including normal fibroblast (CUA-4) and fibrosarcoma (HT-
1080) cells. Manuka oil is popular in many skincare products because of its antibacterial and anti-
inflammatory properties that treat several skin conditions. However, manuka oil also contains an active
ingredient that is commonly found in herbicides and is potentially toxic to human cells at certain
concentrations. To study the effects of this essential oil on cultured cells, cell lines were grown on 24-
well plates, and subconfluent cultures were treated with varying concentrations of manuka oil for 24
hrs. The effect of the oil on proliferation and viability was measured through direct cell counting using
trypan blue dye exclusion and through the use of an MTT assay. As the concentration of oil increased,
viability of all cell lines tested decreased. MTT assay results also reflected this trend, with a significant
decrease in MTT activity seen in cells treated with 500 pg/ml manuka oil. To determine if the decreased
cell numbers observed from manuka oil treatment is the result of apoptosis, PARP cleavage assays were
performed in HT-1080 cells. HT-1080 cells were found to have significant levels of PARP cleavage after 4
hours of treatment with manuka essential oil, indicating that the cells were undergoing apoptosis.

Regulatory and Noncoding RNAs

B285/P1277

Effects of Osteoclasts on Transcriptional Regulation of Non-Coding RNAs in Osteoblasts Grown on
Titanium with Nanotopography

R. L. B. Trevisan?, E. P. Ferraz?, J. A. R. Gordon?, C. Tye?, J. B. Lian?, G. S. Stein?, J. L. Stein3, A. L. Rosal, M.
M. Beloti?; 'School of Dentistry of Ribeirdo Preto, University of S3o Paulo, Ribeirdo Preto, BRAZIL,
2School of Dentistry, University of S3o0 Paulo, S3o0 Paulo, BRAZIL, 3Department of Biochemistry and
Vermont Cancer Center, University of Vermont Larner College of Medicine, Burlington, VT.

The bone remodeling process is crucial for titanium (Ti) osseointegration and depends on the crosstalk
between osteoclasts and osteoblasts, which may be affected by epigenetic mechanisms, including the
action of long non-coding RNAs (IncRNAs) and microRNAs (miRNAs). Ti with nanotopography (Ti Nano),
generated by H,S04/H,0, treatment, attenuates the negative effects of osteoclasts on osteoblasts. Thus,
we hypothesized that osteoclasts affect transcriptional regulation of non-coding RNAs (ncRNAs) in
osteoblasts grown on Ti Nano in a different way than on machined Ti (Ti Control). We aimed to
investigate the effects of osteoclasts on the regulation of ncRNAs in osteoblasts grown on Ti Nano
compared to Ti Control. Osteoblasts were cultured on Ti Nano or Ti Control, and osteoclasts were
cultured in inserts in a co-culture model for 48 h; non-cocultured osteoblasts were used as control.
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Using RNA-seq (DESeq2: FC>1.7; p<0.05), we identified 4328 modulated mRNAs and 252 modulated
IncRNAs, plotted in a heatmap according to their expression patterns. Correlation analyses between
IncRNAs and mRNAs as well as the cluster distribution were identified through K-Means and Elbow
methods (RStudio), considering the Pearson correlation and coefficients 1.0 and -1.0. Many genes were
regulated by osteoclasts, mainly in osteoblasts grown on Ti Nano. The real-time PCR (p<0.05) showed
that osteoclasts upregulated the gene expression of H19, Snhg1, Neat1 and Zfas1 and downregulated
Carmn, Tugl, Dnm3os andKcnglotl in osteoblasts cultured on Ti Nano. In osteoblasts grown on Ti Nano,
positive correlations between the expression of Kcnglotl, a IncRNA that contributes to osteogenic
differentiation by sponging miR-214, and the bone marker mRNAs Alpl, Bglap, Bmp8a, Collal and Vim
in the absence of osteoclasts, and negative correlations in the presence of osteoclasts, were observed.
Although osteoclasts downregulated Kcnglotl and upregulated miR-214 in osteoblasts grown on both Ti
surfaces (p<0.05), such effects were more pronounced on Ti Nano. Thus, we conclude that Ti Nano
induces osteoblast resistance to the negative effects of miR-214, which is reversed by the presence of
osteoclasts due to, at least in part, the modulation of osteogenic mRNAs through a Kcnglotl-miR-214
circuit. Financial support: FAPESP-Brazil (# 2017/12622-7, 2017/23888-8, 2018/17356-6 and
2019/09349-2) and NIH-USA (R0O1AR039588 and RO1DE029311).

B286/P1278

Diagnostic potential of circulating miRNAs in metabolic syndrome

M. Khan?, A. Dandare’?, A. Liaquat3, M. Rafig®; 'TCOMSATS University Islamabad, Islamabad, PAKISTAN,
2Usmanu Danfodiyo University Sokoto, Nigeria, Sokoto, NIGERIA, 3Shifa Tameer-E-Millat University,
Islamabad, PAKISTAN.

The global prevalence of metabolic syndrome (MS) is 20-25 %. Inadequate information about underlying
pathophysiological factors of MS is a major challenge for designing treatment approaches that target the
root of the disease, and the reasons for the increasing cases of the syndrome in the world. This study
aimed to evaluate the potential role of miRNAs for novel treatment and diagnostic approaches to the
MS. Dysregulation of miRNAs and their target genes was measured in MS patients and healthy controls.
The serum level of insulin, C-reactive protein, and adiponectin were quantified using ELISA. Relative
expression of miR-17-5p, miR-320a, miR-548c-3p, miR-579-3p, and miR-21-5p along with their target
genes of JAK/STAT signaling pathway; STAT3, JAK2, SOCS4, IL6R, AKT1, PIK3CB, PIAS1, and PTPN11 was
measured using gPCR. We observed the existence of dyslipidemia, elevated level of serum insulin, and
C-reactive protein (CRP) accompanied by decreased adiponectin in MS patients compared to the control
group. miR-17-5p, miR-320a, miR-548c-3p, and miR-579-3p were significantly up-regulated, whereas
STAT3, JAK2, SOCS4, and IL6R genes were down-regulated in the MS patients. Existence of positive
correlation was observed between the up-regulated miRNAs and insulin or CRP and inversely correlated
with adiponectin concentrations. Interestingly, the miRNAs exhibited the order of diagnostic accuracy as
miR-320a > miR-579-3p >> miR-548c-3p > miR-17-5p. The involvement of miR-17-5p, miR-320a, and
miR-548c-3p in the pathogenesis of MS via the regulation of the JAK/STA signaling pathway was
suggested, thus could be promising candidates for both treatment and diagnostic approaches to the
disease.
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B287/P1279

SARS-CoV-2-derived microRNAs activate inflammasome and interferon pathways in human lung and
blood immune cells

L. G. Bimerew?!, F. Meng?, Z. Azam?, N. Wong?, T. Lee?, S. Yip?, C. Huang®?; 'Department of Health
Technology and Informatics, The Hong Kong Polytechnic University, Kowloon, HONG KONG,
2Department of Biomedical Engineering, The Hong Kong Polytechnic University, Kowloon, HONG KONG,
3Research Institute for Future Food, The Hong Kong Polytechnic University, Kowloon, HONG KONG.

The causative agent of COVID-19, SARS-CoV-2 controls the host immune function for its benefit through
various mechanisms. The role of virus-derived microRNAs (v-miRNAs) in COVID-19 pathogenesis has
recently been reported, while the mechanism behind this process is incompletely understood. We
aimed to identify the v-miRNAs in SARS-CoV-2 infected cells and their role in host immune regulation.
Small RNA-seq library was prepared on-site and sequenced using the Illumina platform on RNA samples
isolated from SARS-CoV-2 infected Calu-3 human lung cells and peripheral blood mononuclear cells
(PBMCs). A number of SARS-CoV-2 encoded v-miRNAs were identified using stringent bioinformatics
approaches. V-miRNAs and control miRNA mimics were synthesized and transfected into Calu-3 and
PBMCs. Next, RT-qPCR, flow cytometry, western blotting, ELISA, and single-cell RNA-seq (scRNA-seq)
were performed to identify and validate the putative targets of v-mRNAs and their global response on
immune cell populations. SCRNA-seq data is analyzed in the ‘R’ (version 4.1.2) environment using the
‘iCellR” package and graphs and charts are prepared in GraphPad Prism. We identified the top three
SARS-CoV-2-N encoded v-miRNAs (v-miRNA-Ns) and we further validated the expressions in COVID-19
patients’ nasopharyngeal aspirate and ex vivo infected PBMCs. Further cellular pathway analysis showed
that PBMCs transfected with v-miRNA-N-mimics express significantly higher IL-1B, Caspase 1, and NLRP3
protein levels, indicating their involvement in inflammasome activation. N encoded v-miRNAs induce
COVID-19-like features demonstrated by our scRNA-seq platform in both overall and individual immune
cell groups (in PBMCs), featured by upregulation of key COVID-19-related gene activity. Functional
analysis of differentially expressed genes identified interferon signaling as the most enriched pathway
along with apoptosis signaling genes in the v-miRNA-N groups. In line with previous findings, our analysis
showed a similar trend of interferon signaling genes in the v-miRNA groups (e.g., XAF1, IFI44L, IFI44,
HERC6, STAT1, TRAF3, MX1 and ISG15). We show here for the first time that SARS-CoV-2 N encoded v-
miRNAs could modulate inflammatory and cell death processes by hijacking host gene regulations and
downstream signaling networks.

B288/P1280

Unveiling the potential role of myopia-SNPs on non-coding RNA-mediated ceRNA network in human
iPSC-derived retinal ganglion cells

N. Wong??, Z. Jiang®, R. Kwarteng?, S. Luo?, V. Choh?3, S. Yip'?, C. Huang'?; 'Department of Health
Technology and Informatics, The Hong Kong Polytechnic University, Kowloon, HONG KONG, 2Centre for
Eye and Vision Research Limited, Sha Tin, HONG KONG, 3University of Waterloo, Waterloo, ON,
CANADA.

Myopia is a multifactorial visual disorder characterized by axial elongation of the eyeball along with
structural changes in the choroid, retina, and sclera. The specific etiology is still unclear but both
genetics and environmental factors are considered to be contributors to myopia. Our study aimed to
characterize the regulatory role of non-coding RNAs in retinal ganglion cells (RGCs), which may
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potentially contribute to myopia. Human induced pluripotent stem cells (iPSCs) were differentiated into
RGCs under specified culture conditions. The differentiated cells were collected on day 40 and subjected
to RT-gPCR and flow cytometry analysis to check the cell identity. RNA-seq and small RNA-seq were
performed to identify differentially expressed genes (DEGs) (| log,FoldChange | >2, adjusted P-values <
0.05), including differentially expressed-long non-coding RNA (DE-IncRNA) and microRNA (DE-miRNA).
Moreover, bioinformatics analyses of potential competing endogenous RNA (ceRNA) interactions
involved in RGC differentiation was completed. A significant upregulation of RGC marker genes (ATOH7,
BRN3A, ISL1, SNCG) was detected by RT-gPCR, and flow cytometry analysis showed >60% THY1" cells,
which represents an enriched population of RGC lineage. RNA-seq data revealed 7,753 DEGs in 40-day
RGCs compared to iPSCs, while 2,944 of them are IncRNAs. 18,432 SNPs associated with myopia
(myopia-SNPs) were identified from genome-wide association studies and mapped to the genomic
location of DE-IncRNA. MAPT-AS1 and MAPT-IT1 were two upregulated DE-IncRNAs showing >10
myopia-SNPs located on their exons. By in silico analyses, putative binding regions of DE-miRNA with
myopia-SNPs located on them were identified on MAPT-AS1 and MAPT-IT1. MiR-302a-5p and miR-6797-
5p were found to be the top downregulated DE-miRNAs that have binding sites on MAPT-AS1 and
MAPT-IT1, respectively. Further analyses revealed a list of mRNAs that are potentially targeted by miR-
302a-5p and miR-6797-5p, which could subsequently construct ceRNA networks in RGCs. To conclude,
putative IncRNA-miRNA-mRNA networks were identified during RGC differentiation and myopia-SNPs
may alter such interactions by disrupting the miRNA-binding sites.

B289/P1281

Long non-coding RNA H19 regulates retinal gene expression during neural retina/photoreceptor
differentiation of human mesenchymal stem cells

F. Meng?, Z. Jiang?, J. Sun?, N. Wong?, T. Krause?3, V. Choh?4, S. Yip'?, C. Huang'?; 'Department of
Health Technology and Informatics, The Hong Kong Polytechnic University, Kowloon, HONG KONG,
2Centre for Eye and Vision Research Limited, Sha Tin, HONG KONG, 3FH IMC University of Applied
Sciences, Krems, AUSTRIA, *University of Waterloo, Waterloo, ON, CANADA.

Degenerative retinal diseases cause impairment of retinal cellular functions, resulting in premature cell
death and ultimately direct vision damage. There is currently still no effective treatment for these
degenerative retinal diseases. Therefore, understanding the molecular mechanisms in addition to
further optimization for stem cell-based retina lineage differentiation may provide an improved cellular
and regenerative therapy. The objective of this study is to investigate the regulatory role of long non-
coding RNA H19 and its derived microRNA miR-675 in the differentiation of human mesenchymal stem
cells (hMSCs) into neural retina/photoreceptor cells. Bone marrow-derived hMSCs were induced to
undergo retinal differentiation by cytokine cocktail treatment (DKK1, IGF-1, Noggin, and bFGF). Total
RNA was isolated from hMSCs cultured in the differentiation medium for 3, 7, 14 and 72 hours post H19-
siRNA transfection. Expressions of retina-relevant marker genes NRL, OPN1MW, and RORB plus
H19/miR-675-3p and -5p were determined by quantitative RT-gPCR. The mRNA targets and functional
networks of H19/miR-675 were analyzed using bioinformatics tools with a focus on genes involved in
retina development. Up-regulation of H19, OPN1MW, and RORB was detected in hMSCs after 3-day
retinal differentiation, and peaked at day 14. After H19-siRNA transfection, the expression of H19 was
inhibited 11.3-fold, and down-regulation of OPN1MW and RORB were shown on day 3 (11.9-fold and
2.7-fold) compared to control-siRNA-transfected hMSCs. The major H19 isoform H19 203, which
contains the miR-675 region, was detected in hMSCs instead of H19_206. By in silico analysis, we
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identified 49 potential miRNAs that targeted the retinal relevant genes. Among them, DKK3,
NEUROD1/2, OPN1MW, OPN1SW, OPN4/5, OTX1, PAX6, RORA/B/C, and RXRG were the targets of miR-
675-3p and -5p. In addition, H19 contains the binding sites of 13 of these miRNAs. This implies that H19
may act as the miRNA sponge during retinal differentiation. Gene Ontology enrichment analysis showed
that these putative miRNA-IncRNA-mRNA interactions may be involved in the functional pathways of
intraciliary transport and visual learning and behavior. Specifically, this newly identified H19-mediated
miRNA-IncRNA-mRNA interactome may play an important role in neural retina/photoreceptor
differentiation through targeting genes involved in retina development.

B290/P1282

Phase separation of Lysine Specific Demethylase-1 recruits TERRA on telomere to trigger R-loop
mediated ALT pathway

M. Xu?, D. Senanayaka?, D. Chenoweth3, N. Reiter?, H. Zhang!; 'Carnegie Mellon University, Pittsburgh,
PA, 2Marquette University, Milwaukee, WI, 3University of Pennsylvania, Philadelphia, PA.

Histone methyl regulatory enzymes and chromatin-associated RNAs influence the dynamic organization
of the genome and modulate gene expression. The lysine-specific demethylase 1A (LSD1 or KDM1A)
catalyzes the removal of histone mono- and dimethyl functional groups (H3K4me1/2 or H3K9me1/2),
resulting in repressive or activating transcriptional marks respectively. Here we report a new function of
LSD1 through its phase separation with RNA in telomere maintenance via the alternative lengthening of
the telomere (ALT) pathway that is based on homology-directed DNA synthesis. We find LSD1 localizes
to ALT telomeres, and LSD1 deficiency leads to a loss in ALT signatures, such as telomere clustering and
telomeric DNA synthesis. The presence of LSD1 on ALT telomeres requires the telomere repeat-
containing RNA (TERRA), a IncRNA that promotes ALT pathway via R-loop formation. Interestingly, the
presence of TERRA on ALT telomeres also requires LSD1. To determine the mechanism underlying the
mutual dependence of LSD1 and TERRA on telomeres, we used a chemical dimerization approach to
recruit LSD1 to telomeres and observed increased TERRA level and R-loop formation. In addition, LSD1
recruitment triggered local phase separation on telomeres. In vitro reconstitution shows that TERRA and
LSD1 indeed undergo phase separation. The formation of LSD1 condensates depends on the structure of
TERRA, with condensate formation preferentially occurring in a length-dependent manner that
correlates with the number of UUAGGG hexanucleotide repeats. Our findings reveal a new pathway
where LSD1 undergoes phase separation with TERRA to facilitate R-loop formation for telomere
maintenance in ALT cancer cells.

B291/P1283
MicroRNA profiling in pseudoexfoliation syndrome using next-generation sequencing
A. Khera, S. Pandav, F. TT; Postgraduate Institute of Medical Education and Research, Chandigarh, India

Aim: XFS etiopathogenesis is linked to multiple genes and microRNAs. However, the precise
etiopathogenesis is unknown. The goal of this study was to use NGS to profile miRNA expression in XFS.
Material & Methods: During cataract surgery, anterior lens capsules (ALC) from XFS, XFG, and cataract
(CAT) patients were obtained. ALC was used to extract RNA. Insilico analysis of significantly expressed
genes and miRNAs was performed. gPCR was used to confirm the expression levels of 6 miRNAs, LOXL1
and elastin. Results: In all groups, insilico analysis revealed differential expression of genes and miRNAs.
The Kegg pathway analysis showed various pathways involved in disease pathology. The expression of
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LOXL1 and elastin, and the miRNAs involved in LOXL1 transcription revealed that miR-141 and miR-200
may be involved in disease pathogenesis. Conclusion: More research on the expression of miR-141 and
miR-200 in large number of samples of XFS is required to come to the conclusion.

B292/P1284

Differential Gene Expression Analysis of the Anterior Cingulate Cortex Shows Highly Divergent
Molecular Response Between Depressive and Resilient Groups in a Mouse Model of Major Depression
J. Cortés Silva?3, T. Pefla-Centeno?, L. Kaurani?, J. Zhou?, S. Burkhardt?, A. Fischer*?; '\German Center for
Neurodegenerative Diseases (DZNE), Gottingen, Germany, 2International Max Planck Research School
for Genome Science, Géttingen, Germany, 3Universititsmedizin Géttingen, Géttingen, Germany

Major Depression (MD) is one of the most common neuropsychiatric disorder with incidence numbers
that currently exceed 300 million people suffering from this disease worldwide. Although the symptoms
and treatment for MD follow well-defined guidelines, the mechanisms of action at the molecular level
are still unknown. In the present study the Social Defeat (SD) paradigm was applied to mice to study the
genetic basis of MD, and the molecular mechanisms that may mediate resilience to environmental
stressors. The presentation of chronic SD over a period of 10 days allowed us to distinguish between
those subjects who responded to the stress-induced procedure (depressive group), and those who did
not show any effect (resilient group) at the behavioral level. The distinction of the groups was made
considering the immobility times of the mice during the Forced Swim Test (FST) compared to a control
group. Cognitive function, specifically the processes related to spatial, reference and working memory,
were addressed using the Morris Water Maze (MWM) and the Y-Maze test when the SD and FST
procedure was completed. After the identification of the groups and the cognitive tests, the Anterior
Cingulate Cortex (ACC) of the subjects was dissected to perform TotalRNA-seq gene expression analysis.
Animals: 21 wildtype B6J C57bl and 14 CD1 mice. TotalRNA-seq: lllumina Stranded Total RNA Prep
Ligation with Ribo-Zero Plus: Dual-indexed libraries. Results: RNA-seq gene expression analysis of the
ACC confirms a clear distinction between the depressive (n=7), resilient (n=7) and control (n=7) groups,
as it was seen in the behavioral tests. Gene ontology (GO) from the Differential Gene Expression (DGE)
analysis, indicated an upregulation of the circadian process in the depressive group, a biological function
that appears to be intensely affected in people suffering from MD. Along the same lines, a negative
regulation of the glucocorticoid receptor signaling pathway, which has been shown to be reactive to
stressful stimuli from the environment, is present. Biological function analysis shows a significant
downregulation of the defense and immune response in the depressive group. All dysregulation
observed in the depressive group after the DGE analysis, was absent in the resilient and control groups.
Conclusions: the results will be discussed.
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RNA Localization and Transport

B293/P1285

Novel Microscopy Tools Reveal Dynamic Sub-cellular Distributions of Circadian Clock Components in
Filamentous Fungus

Z. Wang?, B. M. Bartholomai?, J. J. Loros?, J. C. Dunlap?’; *Molecular and System Biology, Geisel School of
Medicine at Dartmouth, Hanover, NH, 2Biochemistry & Cell Biology, Geisel School of Medicine at
Dartmouth, Hanover, NH.

Circadian rhythms are endogenous daily oscillations driven by an intracellular molecular clock that helps
organisms better coordinate their lives with the environment. Organisms from fungi to animals share a
similar phosphorylation-driven transcription/translation negative feedback loop as the core clock
mechanism, an oscillator composed of positive and negative elements. Research on the filamentous
fungus model organism, Neurospora crassa, has provided answers to many fundamental clock-related
questions. In N. crassa, the White Collar Complex (WCC), a heterodimeric transcription factor, serves as
the positive element driving the transcription of frequency (frq). Frequency protein (FRQ), with Casein
Kinase-1 (CK-1a) and other regulators, forms the negative element complex that inhibits the function of
WCC and stops frq transcription. Molecular components of the circadian clock have been described over
decades of genetic and molecular biological studies. However, little is known about their dynamics and
regulation at the subcellular level. Neurospora crassa grows as a syncytium analogous to muscle cells,
but the subcellular distribution of transcripts must facilitate precise temporal control throughout the
syncytium. We applied single molecule RNA-FISH (smFISH) for analysis of mRNA spatial patterning in
fixed cells. While frg mRNA cycles in abundance throughout the circadian day, we found surprising
heterogeneity in the proportion of transcriptionally active nuclei. Moreover, frqg transcripts are spatially
clustered near to nuclei in a time-of-day dependent manner. The intrinsically disordered RNA-binding
protein PRD-2, which binds both frg and ck-1a mRNAs and displays liquid-liquid phase separation, is
crucial to the clustering. This spatiotemporal clustering may organize clock mRNAs to facilitate local
translation and assembly of clock protein complexes, while the ability to undergo fission/fusion of PRD-
2-mediated biomolecular condensates containing frqg and ck-1a mRNAs may prevent local
heterogeneities in the distribution of clock components. Recently, live-cell imaging has emerged as a
useful tool in circadian research. We implemented novel microscopy tools for filamentous fungi along
with strategies, including 4-color imaging and microfluidics compatible with multi-day growth and
imaging, to facilitate live-cell imaging of low-abundance circadian proteins. Through 3-color live-cell
imaging of WCC, FRQ and a nuclear marker in single cells, we have followed the circadian dynamics of
their subcellular localization in high spatiotemporal resolution. We also optimized and are using FRAP
and photoconvertible fluorescent proteins for investigating the nucleocytoplasmic transport mechanism
of clock proteins.

B294/P1286

Transport of Myelin Basic Protein mRNA is Essential for Myelination

J. C. Nowacki?, L. M. Meservey?, A. Valenzuela?, H. S. Richardson?, H. Nguyen?, J. Lin?, H. Zeng?, M. Fu};
ININDS, NIH, Bethesda, MD, %Stanford, Stanford, CA.

mRNA transport is an evolutionarily conserved cellular phenomenon observed even in the simplest of
organisms (yeasts). Oligodendrocytes, the myelin-producing cells of the central nervous system, have an
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elaborate cytoskeletal architecture and can myelinate up to 50 axons per cell. Myelin basic protein
(MBP) is one of the two most abundant proteins expressed by oligodendrocytes, and in vitro studies
have established that the 3’UTR is necessary for Mbp mRNA localization outside the cell body. Our lab
previously generated a mouse model lacking the Mbp 3’UTR to investigate whether transport and local
translation is necessary for myelination in vivo. Preliminary gPCR data has indicated that Mbp coding-
region mRNA is downregulated in 3’UTR KO mice. Here, we show that oligodendrocytes cultured from
Mbp 3’UTR KO animals show Mbp mRNA transport defects, KO animals are hypomyelinated, and display
tremors and gait defects, thus supporting the necessity of Mbp mRNA transport for myelination.

B295/P1287
Localization of mMRNAs to Centrosomes Requires the Pericentriolar Material Scaffold
W. Tian, J. Fang, D. A. Lerit; Emory University, Atlanta, GA.

Pericentriolar material (PCM) is a proteinaceous matrix surrounding the centrioles that promotes
centrosome microtubule-nucleating activity. We and others previously showed the pericentriolar
components Centrosomin (Cnn) and Pericentrin-like protein (PLP) functionally cooperate to organize a
PCM scaffold required for centrosome structure and microtubule organization. We recently showed that
several centrosomal mRNAs are localized to the centrosome and contribute to centrosome function
under regulation of RNA-binding proteins. However, whether the PCM is required to recruit or anchor
MRNA to the centrosome remains incompletely understood. We hypothesize that PCM functions as a
scaffold to anchor centrosomal mRNAs at centrosomes. To test our hypothesis, we used a classic cnn
allele to disrupt PCM organization and investigated consequences to the localization of centrocortin
(cen) and plp mRNAs. We used single molecule fluorescence in situ hybridization (smFISH) and Asterless-
YFP (Asl-YFP) to label mRNAs and centrosomes, respectively, to visualize mRNA enrichments at the
centrosome in syncytial Drosophila embryos. Given the significantly smaller volume of Asl-labeled
centrioles as compared to centrosomes, we adapted our customizable Subcellular Distribution
computational pipeline and compared mRNA distributions as quantified from either the centroid or
surface of centrosomes to permit quantification using a variety of centrosome markers. Upon disrupting
PCM organization, our preliminary data indicate that the enrichment of cen mRNAs at centrosomes and
the number of mRNAs in granules are significantly decreased. These data demonstrate that proper PCM
organization is needed for cen mRNA localization to centrosomes. In contrast, we observed no
significant difference in p/o mRNA localization to centrosomes in controls vs. cnn mutants, suggesting
mechanisms of cen and plo MRNA localization are separable. We are presently increasing sample sizes to
strengthen our quantification and studying additional mRNAs to investigate whether the PCM scaffold is
more generally required for mRNA localization to the centrosome. Our work will help elucidate the
mechanisms and biological significance of mRNA localization to centrosomes.
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B296/P1288

Single Molecule Spatial Transcriptomics Demonstrates Spatial Heterogeneity of miRNA and Classifies
beta Cells in Type 1 Diabetes

G. Chang?, C. Seitz}, F. Syed?, C. Evans-Molina?, J. Liu; *Physics, Indiana University-Purdue University
Indianapolis, Indianapolis, IN, 2School of Medicine, Indiana University-Purdue University Indianapolis,
Indianapolis, IN.

Recently emerged spatial transcriptomics approaches combine the RNA sequencing (RNA-Seq) with
spatial localization to reveal the spatial heterogeneity of transcriptome in pancreatic islet. However, the
interrogation of the transcriptomic expression in a single cell is missing, particularly the spatial
distribution of each RNA molecule. Here we proposed studying the spatial distribution of the miRNA in
single B cells obtained from human pancreatic tissues. A multi-dimensional quantitative model was
established to describe the spatial distribution of individual RNAs as a library of “features”, which
includes RNA expression, locations, clustering/dispersion, and reciprocal positions. In particular, the
degree of RNA clustering/dispersion was described by the mathematical model of clusters, i.e. Ripley's H
function. Features are first extracted from spatial distribution of miRNA 146 and 155 in B cells of human
pancreatic tissues from non-diabetic and diabetic donors. Extracted features are then analyzed by
statistical distribution modelling and supervised machine learning. Machine learning enables the
classification of 3 groups of B cells (control, T1D, and AAb+) using spatial transcriptomic features with
high accuracy (65%+3%). Furthermore, it offers quantitative evaluation of those distinctive features
contributing to the classification and phenotyping. Expression levels of miRNA 146 and 155 in B cells are
significantly different among pancreatic sections from non-diabetic donors and nPOD donors with T1D
and AAb+. This differentiation further exhibits a spatial disparity, where there exists more nuclear
miRNA 146/155 than cytoplasmic miRNA for B cells in the T1D and AAb+ samples. More interestingly, it
is revealed that the distribution of miRNA is directly associated with 8 cell phenotype and T1D disease
status. The Ripley's H function at 457 nm suggests a different degree of miRNA 155 dispersion of control
and T1D. All evidence suggests the spatial heterogeneity of transcriptome of 3 cells in T1D, and this
transcriptomic disparity has been leveraged to classify B cells into different pathological conditions. This
work will not only disclose fundamental mechanisms that are associated with 8 cell survival in T1D;
more practically, it could lead to important transcriptomic features of 8 cells that could have clinical
relevance in stratifying the T1D phenotypes.

B297/P1289

Dynamic transcription start site usage and RNA binding protein complexing regulate GJA1 mRNA
translation to modulate gap junction formation.

E. E. Shrontz!?, M. J. Zeitz%, ). Gonzélez Veldzquez?, C. C. James'?, J. W. Smyth%#; Fralin Biomedical
Research Institute, Roanoke, VA, Virginia Tech Carilion School of Medicine, Ronaoke, VA, 3Graduate
Program in Translational Biology, Medicine, and Health, Virginia Tech, Blacksburg, VA, *Department of
Biological Sciences, College of Science, Virginia Tech, Blacksburg, VA.

Gap junctions comprising connexin proteins enable direct electrical and metabolic intercellular
communication and alterations in gap junction coupling underly several human pathologies including
dementia, cancer progression, and cardiac arrhythmias. The most ubiquitously expressed connexin is
connexin43 (Cx43, gene name GJA1). Investigation of Cx43 gap junction biology has historically focused
on transcription, vesicular trafficking, and post translational modifications. The importance of
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translational regulation, however, is highlighted by the recent discovery that Cx43 mRNA undergoes
internal translation initiation to yield truncated protein isoforms, including GJA1-20k, which regulate gap
junction formation. We previously reported that during TGF-B stimulation or stress, shortening of GJA1
mMRNA 5’UTRs occurs through alternate transcription start site (TSS) usage and limits GJA1-20k
translation resulting in fewer gap junctions. The IMP family (also termed IGF2BPs) of RNA binding
proteins (RBPs) regulate alternative and canonical translation initiation of several genes, which led us to
investigate how they may impact GJAI mRNA. We hypothesize that alternative TSS usage modifies the
inclusion of cis acting elements in the GJA1-5’UTR affecting RBP binding to regulate translation.
Employing mouse and human GJA1 knockout epithelial cells generated through CRISPR/Cas9, we
introduced Gjal mRNA harboring various 5’"UTR sequences to test what cis-elements confer specific
localization and/or complexing with RBPs, including the IMPs. Using single molecule FISH to label GJA1
mRNA, and antibodies targeting IMP1, IMP2, or IMP3 we find IMP1 complexes with GJA1 mRNA
predominantly and this complexing is reduced during TGF-f stimulation. Biochemical assays confirm
GJA1/IMP1 binding by RNA-IP and synthetic reduction of IMP1 expression by RNA interference or
CRISPR/Cas9 alters GJA1 mRNA localization, reduces internal translation of GJA1-20k, and limits gap
junction formation. We find comparable results during hypoxia in primary mouse cardiomyocytes and
human induced pluripotent stem cell derived cardiomyocytes. Dynamic Gjal-5'UTR composition
therefore represents a powerful mechanism connecting alterations in transcription to gene-specific
translational regulation by RBPs such as IMP1, fine tuning intercellular communication during stress.

B298/P1290

Single molecule imaging reveals a conserved family of centrosomal mRNAs and a novel translation-
dependent localization mechanism

A. Safieddine?, E. Coleno?, S. Salloum?, A. Imbert?, O. Kwon3, R. Chouaib?, M. Robert?!, X. Pichon?, H. Le
Hir*, F. Mueller®, T. Walter?, E. Bertrand; 'IGH, CNRS, Montpellier, FRANCE, 2MINES ParisTech, PSL-
Research University, CBIO-Centre for Computational Biology, Paris, FRANCE, 3Institut de Biologie de
I'Ecole Normale Supérieure (IBENS), Ecole Normale Supérieure, CNRS, Paris, FRANCE, *IGH, CNRS, Institut
de Biologie de I'Ecole Normale Supérieure, FRANCE, *Imaging and Modeling Unit, Institut Pasteur, Paris,
FRANCE.

Local translation allows for a spatial control of gene expression. Here, we performed RNA localization
screen using high-throughput smFISH and discovered mRNAs locally translated at unexpected locations,
including cytoplasmic protrusions, cell edges, endosomes, Golgi, the nuclear envelope and centrosomes.
Surprisingly, mRNA localization frequently required ongoing translation, indicating widespread co-
translational RNA targeting. We also discovered that several mMRNAs accumulated in foci distinct from P-
bodies, which served as specialized translation sites, i.e. translation factories. Most interestingly, we
found a conserved family of mRNAs that localize to centrosomes in both human and drosophila cells.
These mRNAs localize to centrosomes at different stages of the cell cycle and some also localize to cilia
in quiescent cells. Drug treatments and reporter analyses revealed that mRNA localization required
translation of the nascent protein. Moreover, using ASPM and NUMA1 as models, single mRNA and
polysome imaging revealed active movements of endogenous polysomes towards the centrosome at the
onset of mitosis, when these mMRNAs start localizing. These data identify a conserved family of
centrosomal mRNAs, which localize by a novel mechanism involving active polysome transport mediated
by nascent proteins.
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B299/P1291

mRNA Location and Translation Rate Determine Nuclear Import Efficiency

A. N. Gasparski, K. Moissoglu, S. Meydan, N. R. Guydosh, S. Mili; National Institutes of Health, Bethesda,
MD.

Numerous mRNAs are actively targeted to peripheral protrusions of mammalian migrating cells.
However, the functional consequences of peripheral mRNA targeting are largely unexplored. Here, we
investigate how peripheral localization of the NETI mRNA affects NET1 protein function. The NET1
protein exhibits dual localization. It functions in the cytosol as an activator of the RhoA GTPase, an
important regulator of cell motility. NET1 is additionally imported into the nucleus through the action of
nuclear localization signals (NLSs) found at the N-terminus. By specifically altering the location of the
NET1 mRNA between peripheral and perinuclear areas, we show that NET1 produced at peripheral
locations associates less with importin B1 and persists to a higher extent in the cytoplasm. This
mechanism requires an internal PH domain as well as rapid translation of the intervening sequence
between the NLS and PH domains. By contrast, perinuclear mRNA location and slower translation rate
favor NET1 association with importin B1 and nuclear targeting. Modulation of this mechanism
profoundly impacts NET1 function in cell motility. Perinuclear NET1 RNA localization causes reduced
RhoA activity, impedes focal adhesion maturation and results in slower cell migration to an extent
similar as that observed upon knockdown of NET1 expression. Overall, these results reveal that the
location of protein synthesis and the rate of translation elongation can influence the ability of
competing domains within a polypeptide to determine protein distribution and function.

B300/P1292

Genome-wide analysis of anterior-posterior mRNA localization in a giant single cell reveals a role for
the microtubule cytoskeleton

A. Albright, W. Marshall; University of California, San Francisco, San Francisco, CA.

Compared to the development of pattern in multicellular tissues, far less is known about how individual
cells can develop their own patterns and organization. Several studies in yeast and Drosophila embryos
show a clear role of a polarized cytoskeletal system in the localization of specific mMRNAs; however, these
have largely relied on studies of individual genes and the genome-wide extent of this phenomenon
remains unexplored. The giant ciliate Stentor coeruleus is a classical model that shows promise in
investigating subcellular pattern formation owing to its large size, easy manipulability, and its ability to
regenerate; all of which allow us to cut individual cells in half. To determine the dependence of mRNA
localization on the microtubule cytoskeleton on a genome-wide scale, we knocked down beta-tubulin, a
key component of the microtubule cytoskeleton, using RNAi and conducted single-cell RNA-sequencing
and half-cell RNA-sequencing in Stentor coeruleus cells bisected along the anterior-posterior axis. Here,
we show significant differential gene expression in many genes upon depletion of beta-tubulin in both
the anterior and posterior regions of the cell when compared to the whole cell as well as to a negative
control. Altogether, our results suggest that the microtubule cytoskeleton is critical for proper mRNA
localization and expression of many genes along the anterior-posterior axis. Moving forward, our goal is
to develop additional technologies in Stentor coeruleus and validate these data with an orthogonal
method such as single-molecule fluorescence in situ hybridization (smFISH) or microinjection of
fluorescent RNAs.
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B301/P1293

Spatial Coordination of Cytosolic and Mitochondrial Translation

W. Li}, E. Yun?!, C. Osman?, R. H. Singer?’; 'Program in RNA Biology, Albert Einstein College of Medicine,
Bronx, NY, 2Faculty of Biology, Ludwig-Maximilians-Universitdt Miinchen, Miinchen, GERMANY.

Mitochondria produce the energy to fuel various biological activities. The mitochondrial DNA encodes a
handful of genes that are essential for ATP production. A class of protein complexes, including the ATP
synthase, have dual genetic origins-some of their subunits are encoded by the nuclear DNA while the
other subunits are encoded by the mitochondrial DNA. It remains unclear how cells coordinate the
nuclear and mitochondrial gene expressions to maintain the subunit stoichiometry. Here, | will present
the novel single-molecule imaging methods to study the nuclear- and mitochondrial-encoded mRNAs.
We found that the cytosolic and mitochondrial translation co-localize on opposite sides of the
mitochondrial double membrane, thereby promoting the assembly of the ATP synthase. This study
uncovers a new layer of regulation of the mito-nuclear crosstalk that is fundamental to organelle
biogenesis.

This work is supported by American Heart Association Postdoctoral Fellowship #903024 (WL), and 1R35
GM136296-01 (RHS).

B302/P1294
Control of viral RNA translation via SARS-CoV-2 nucleocapsid protein condensation
C. Roden, A. Gladfelter; The University of North Carolina At Chapel Hill, Chapel Hill, NC.

Infections of SARS-CoV-2 virus have resulted in Covid-19, a global pandemic. The SARS-CoV-2 RNA
genome encodes enzymatic machinery to initiate copying itself in the host cytosol and the structural
proteins necessary to build new virions. How the virus controls the timing, localization, and specific
levels of production of these varied proteins is poorly understood. The non-structural proteins are
produced by Orflab and structural proteins are produced from sub-genomic RNAs (sgmRNAs) that must
be individually processed. Notably, each individual structural protein encoding RNA and Orflab share
the same 5'UTR sequence yet are not translated with equal timing or efficiency. Orflab is translated first
followed by nucleocapsid (N-protein) then other structural proteins such Spike, Membrane, and
Envelope which all are present in unequal abundance. This study focuses on understanding how
translation is controlled through N-protein interactions with RNA sequence features. The SARS-CoV-2 N-
protein is an intrinsically disordered RNA-binding protein that has been shown to form biomolecular
condensates with viral RNA both cell free and in infected cells. Specific viral RNA sequence and
structural features promote N-protein condensation. These include transcription regulatory sequences
(TRS) which are recognized by the N-terminal (NTD) domain of N-protein in a structure dependent
manner and long, double-stranded RNA stem loops recognized by C-terminal (CTD) domain. We report
here that interaction between N-protein NTD and TRS-promotes translation of TRS-containing mRNAs
present on 5'UTRs of viral RNAs. Blocking TRS-NTD interaction with mutations, small molecules, or a
nanobody results in enhanced translational repression. N-protein is able to differentially regulate all TRS
containing RNAs based on the degree the TRS is structured in each 5'UTR with different structures
associated with each viral coding sequence. These data support a model by which SARS-CoV-2 N-protein
regulates the translation efficiency of Orflab and sgmRNAs differentially via the strength of TRS-
Nucleocapsid interactions present on the 5’UTRs of viral RNA. In this way, the virus can spatially and
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temporally regulate translation for optimal replication. Disrupting N-protein condensation mediated
translational regulation may provide a therapeutic target for coronavirus infections.

B303/P1295
Subcellular mRNA localization across tissue architecture and polarity type
D. Mason, S. Mili; National Cancer Institute, NIH, Bethesda, MD

Localization of mRNAs to distinct subcellular domains is a widely observed phenomenon that influences
the function of the encoded proteins. In motile mesenchymal cells several mRNAs localize to the cell
periphery to regulate protrusion formation and migration. This work has established a role for transcript
localization in mesenchymal cells with a front-rear polarity, but comparatively little is known about the
localization or function of these mRNAs in apical-basal polarized epithelia. To determine whether
protrusion-localized mRNAs are localized in normal epithelia, we surveyed the localization of several
endogenous mRNAs in various mouse epithelial tissues with different architectures (skin, tongue,
intestine, and kidney). We observed that some, but not all, protrusion-localized mRNAs were
preferentially polarized towards the basal cell membrane in all tissues tested. Interestingly, in multilayer
epithelial tissues (i.e. skin and tongue) mRNA polarization was more prominent in the basal cell layer,
relative to the suprabasal layers. This suggests that mRNA polarization is altered by a basal cell-specific
polarization cue.To probe the underlying mechanism of basal mRNA polarization we tested whether we
could recapitulate basal mRNA localization in a monolayer of MCF10A cells, a normal breast epithelial
cell line. Consistent with our in vivo findings, basal mMRNA enrichment occurs in in vitromonolayers.
Intriguingly, however, we did not observe prominent basal mRNA localization in a multilayered
organotypic skin culture model. To understand the mechanism of mRNA localization, we used a
combination of anti-sense oligonucleotides and ectopically expressed mutants to identify regions in the
3’ untranslated region (3’UTR) of basal mRNAs that promote localization. Interestingly, the same
sequence determinants are required for both basal localization in normal epithelia and for protrusion
localization in mesenchymal cells. Overall, these results suggest that the same underlying molecular
mechanism targets mRNAs to different subcellular locations, dependent on cell polarization
(mesenchymal vs. epithelial) and tissue type. However, additional tissue-specific factors like topology
may influence the execution of this mechanism. Our current efforts focus on establishing tissue-specific
regulation and the physiologic function of polarized mRNAs in epithelial tissues.

B304/P1296
DEAD Box RNA Helicase 3-dependent RNA composition of Stress Granules
B. Cui, H. Ji, M. Aksenova, M. Wyatt, M. Shtutman; University of South Carolina, Columbia, SC

In response to stress, cytoplasmic RNA localizes to insoluble ribonucleoprotein granules, principally
known as stress granules (SGs). DEAD-Box RNA helicase 3 (DDX3), a noted protein that plays a critical
role in RNA metabolism, has recently been shown to modulate SG composition. But the role of DDX3
activity in SG dynamics is not well understood. We elucidate this question by determining the effects of
DDX3 inhibition on the whole transcriptome of stress-induced SGs by using a small molecule inhibitor of
DDX3, RK33, that targets DDX3's ATPase activity. We identified a differential modulation of DDX3-
dependent sequestration of RNAs to SGs not only for coding but, more interestingly, for noncoding RNAs
as well. Here we biochemically separated sodium arsenite-induced insoluble stress granules from
soluble cytosolic fractions. We found specific classes of intronic and circular RNAs that are distinctly
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targeted to SGs. Collectively, these results reveal that the enzymatic activity of DDX3 modulates the
transcriptomic composition of SGs, and previously unexplored intronic RNA profiling in the SGs may
contribute to understanding human diseases that associate with SG-dysfunction, such as viral infection
and neurodegeneration.

B305/P1297
A Motor-Adaptor Complex Mediating Protrusion Localization of APC-Dependent mRNAs
K. Moissoglu, T. Wang, A. N. Gasparski, S. Mili; National Cancer Institute, NIH, Bethesda, MD

RNA localization to specific subcellular compartments is important for the spatiotemporal control of
gene expression. We have previously identified a group of mRNAs that exhibit a characteristic peripheral
distribution within protrusive regions of the cytoplasm. Work from our laboratory has established that
this localization pathway is biologically relevant. Indeed, disrupting the localization of specific APC-
dependent mRNAs, such as RAB13 and NET1, results in inhibition of cell migration on 2D surfaces or
invasion in 3D environments (Moissoglu et al, 2020; Chrisafis et al, 2020). This peripheral mRNA
localization pattern depends on GA-rich sequences in the 3’ untranslated region (UTR) of these
transcripts and requires the function of the tumor suppressor protein APC as well as the presence of a
stable, de-tyrosinated network of microtubules. We have now identified two additional elements, the
kinesin KIF1C and the RNA binding protein CNBP (CCHC-type zinc finger Nucleic acid Binding protein),
that operate in concert to mediate transport of APC-dependent mRNAs to peripheral locations. KIF1C
associates with APC-dependent mRNAs and is required for their transport to the periphery and their
ability to exhibit long and linear movements characteristic of active transport on microtubules. In these
events, single KIF1C motors can be visualized moving together with individual mRNAs. Thus, KIF1C
serves as a motor that actively transports APC-dependent mRNAs to peripheral protrusions (Pichon,
Moissoglu et al, 2021). Using proteomic approaches, we have now further identified CNBP as an RNA-
binding protein that participates in this transport mechanism. Specifically, CNBP associates directly with
APC-dependent mRNAs and this interaction depends on the same GA-rich elements on the 3'UTR that
are important for protrusion localization. CNBP additionally interacts with the KIF1C motor.
Furthermore, CNBP is required for peripheral mRNA localization, and also importantly, for the
interaction of APC-dependent mRNAs with KIF1C. We propose a model in which CNBP serves as an
adaptor between the kinesin KIF1C and APC-dependent mRNAs in the transport pathway to their target
peripheral locations.

Nucleocytoplasmic Transport

B307/P1298

Impaired Nucleocytoplasmic Transport in Neurological Diseases

B. Ding; Biochemistry and Molecular Biology, Louisiana State University Health Sciences Center,
Shreveport, LA.

In eukaryotic cells, transcription and translation processes are physically separated by the nuclear
envelope (NE). Newly transcribed mRNAs must be exported to the cytoplasm for protein synthesis, while
some proteins require to be imported into the nucleus to fulfill their nuclear functions. This
nucleocytoplasmic transport (NCT) across the NE is tightly regulated and is critical for maintaining
cellular homeostasis. Its dysregulation leads to aging and many neurological diseases, including
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amyotrophic lateral sclerosis (ALS), Huntington's disease (HD), and Alzheimer's disease (AD). To decipher
the pathophysiological mechanisms underlying NCT-impaired neurological diseases, the examination of
NCT activities at the single cell level is critical. Recently, we reported the techniques for measuring the
nuclear transport of both mRNA and protein cargos. Fluorescent In Situ Hybridization (FISH) coupled
with oligo-dT probes were used to measure the distribution of Poly(A) RNAs (mRNA). A dual reporter
(GFP-NES and RFP-NLS) was used to examine the protein nuclear transport. These approaches together
with imaging analysis enable us to systematically quantify the NCT activities in cultured neurons. We
modeled movement disorder dystonia using patient-derived motor neurons (MNs), which have been
generated via direct conversion from patient fibroblasts and the differentiation of induced pluripotent
stem cells (iPSCs). We first reported the disease-dependent cellular deficits of dystonia in patient-
derived neurons, including deformed nucleus, mislocalized proteins, and impaired nucleocytoplasmic
transport, providing another example of the impairment of NCT in neurological diseases. Our study also
demonstrates the high value of patient-derived neurons in modeling neurological diseases.

B308/P1299

Hexokinase 2 translocates to the nucleus when glucose is depleted and does not regulate gene
expression

M. A. Lesko?, D. G. Chandrashekarappa?, E. M. Jordahl!, M. C. Schmidt?, J. D. Durrant?, A. F. O'Donnell;
!Biological Sciences, University of Pittsburgh, Pittsburgh, PA, 2Microbiology and Molecular Genetics,
University of Pittsburgh School of Medicine, Pittsburgh, PA.

Glucose is a critical energy source for cells and serves as a building block for key biosynthetic processes.
Hexokinases are central regulators of glucose metabolism, facilitating the first committed step in
glycolysis: conversion of glucose to glucose-6-phosphate. Hexokinases are conserved across eukaryotes,
and we use S. cerevisiae as a model to study hexokinase function. Yeast express three hexokinases with
hexokinase 2 (Hxk2) as the predominant isoform in glucose-grown cells. In addition to phosphorylating
glucose, Hxk2 has been proposed to regulate the glucose repression pathway by translocating into the
nucleus to regulate transcription of metabolic genes with the transcriptional repressor Migl. Nuclear
shuttling of Hxk2 is thought to be regulated by phosphorylation, and this modification also controls the
dimer to monomer transition for Hxk2, suggesting that these two states may be intimately linked. Using
advanced confocal microscopy and automated image quantification approaches, we refine the model of
Hxk2 nuclear shuttling, refuting the long-held view that Hxk2 translocates into the nucleus in high-
glucose conditions. We instead present evidence that Hxk2 shuttles to the nucleus when glucose is
depleted, a response also observed in mammalian hexokinases. We expand our understanding of
cytosolic-nuclear shuttling for Hxk2 by identifying Tdal, a kinase known to control Hxk2 multimerization
in response to glucose depletion, as key for controlling Hxk2 nuclear localization. We show that
phosphorylation of Hxk2 at residue serine 15, once thought to be critical for regulating nuclear shuttling,
is dispensable for Hxk2 localization changes, but does control monomer-dimer transition which is
consistent with findings from the Kriegel lab. We further identify a single lysine in the N-terminal region
of Hxk2 that is required for the regulated nuclear shuttling of Hxk2. Finally, we perform RNAseq analyses
and demonstrate that Hxk2 plays almost no role in transcript regulation in cells either in replete glucose
or in glucose starvation, with only three genes changing their expression profiles (Hxk1, Hxt1, and Suc2),
likely a result of metabolic changes rather than direct transcription regulation. Taken together, our
studies provide insight into the critical roles hexokinases play in regulating fundamental metabolic
responses in cells.
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B309/P1300
5-FU induces calpain mediated disruption of nuclear transport in cancer cells.
E. Stewart, K. Resendes; Westminster College, New Wilmington, PA.

Nuclear Pore Complexes (NPCs) mediate the travel of molecules into and out of the nucleus with help of
nuclear transporters. The GTPase Ran assists these nuclear transporters in the binding/unbinding of
their protein cargo. RanGTP exists primarily in the nucleus, with RanGDP in the cytoplasm, creating a
strong gradient across the nuclear envelope. Disruption of this gradient can cause cell stress, which can
then lead to apoptosis. 5-Fluorouracil (5-FU) is a widely used chemotherapy drug that we have
previously demonstrated to disrupt the Ran gradient and nuclear transport by altering NPC permeability.
These effects of 5-FU are Ca2+ dependent, but the exact mechanism is unknown. Calpains are calcium
activated non-lysosomal cysteine proteases, which may be triggered by 5-FU. Ubiquitously expressed
calpain 1 or calpain 2 are thought to, when activated by Ca2+, cleave certain nucleoporins, altering the
permeability of the NPC by disrupting its structural integrity. Using western blot analysis, we have
demonstrated that the cleaved active form of calpain 2, but not calpain 1, is present in Hela cervical
cancer cells in response to 5-FU. Additionally, use of the calpain inhibitor calpeptin significantly reduced
the 5-FU induced increase in nuclear pore permeability. Specifically, addition of calpeptin reduced the
number of 5-FU induced leaky Hela cell nuclei from 25% to 14% and blocked the 5-FU Ca2+ mediated
disruption of the Ran gradient. Our current studies seek to determine if 5-FU similarly induces activation
of calpain 1 or 2 to disrupt nuclear transport in PANC1 cells, as pancreatic cancer is often treated with
this chemotherapy. Together these studies will further our understanding of how 5-FU induces
apoptosis, which in turn can help with the development of mechanisms to counteract the risk of 5-FU
resistance encountered in cancer cells, in particular by building on the growing evidence that calcium
supplementation may enhance the potency of 5-FU.

B310/P1301

The role of PCID2 and Centrin2 in nuclear export and centrosomal localization of BRCA1/BRCA2 in
Hs578t breast cancer cells

L. Turturice, N. Polio, T. Gatesman, K. Resendes; Westminster College, New Wilmington, PA.

Centrin2 is a small calcium-binding protein ubiquitously expressed in eukaryotic cells that aids in
centrosome stability and microtubule nucleation, as well as functioning in the TREX2 mRNA export
complex. We have previously shown that Centrin2 and another member of the TREX2 complex, PCID2,
both facilitate nuclear protein export in addition to mRNA export. PCID2, like Centrin2, also localizes to
the centrosome during the process of duplication. Therefore, we propose that PCID2 and Centrin2 may
play roles in regulating nuclear to centrosomal transport of centrosome duplication regulators. We
found that siRNA knockdown of PCID2 led to an accumulation of the centrosomal regulators, BRCA1 and
BRCA2 in the nuclei of Hs578T breast cancer cells. Co-localization studies with y-Tubulin also indicated a
loss of BRCA1 at the centrosome after PCID2 knockdown; however, the loss of PCID2 had no significant
impact on the ability of BRCA2 to localize to centrosomes. These results indicate that PCID2 is involved
in the nuclear export of both BRCA1 and BRCA2 but may only be important for the centrosomal
localization of BRCAL. Current studies are exploring the possible impact of Centrin2 siRNA knockdown
on the nuclear export and centrosomal localization of BRCA1 and BRCA2. Preliminary results suggest
that a lack of Centrin2 also leads to nuclear accumulation of BRCA1 and BRCA2, with more replicates
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underway. Additionally, studies of the centrosomal localization of both BRCA1 and BRCA2 following
Centrin2 siRNA knockdown have been performed; however, the loss of Centrin2 disrupted localization of
y-tubulin at the centrosome hampering our analyses and alternative markers are currently being
explored. Together our findings will provide fundamental knowledge on the role of PCID2 and Centrin2
in nuclear transport and the centrosome cycle, leading to a better understanding of centrosomal
amplification and tumorigenesis in a variety of cancer types.

B311/P1302

Nucleocytoplasmic transport is regulated by forces on the nucleus

K. L. Scott?, P. Purkayastha?, T. P. Lele?3#, K. J. Roux®; 'Enabling Technologies Group, Sanford Research,
Sioux Falls, SD, 2Artie McFerrin Department of Chemical Engineering, Texas A&M University, College
Station, TX, 3Department of Biomedical Engineering, Texas A&M Universeity, College Station, TX,
‘Department of Translational Medical Sciences, Texas A&M University, Houston, TX, *Department of
Pediatrics, Sanford School of Medicine, University of South Dakota, Sioux Falls, SD.

The facilitated diffusion of molecules between the nucleus and cytoplasm through nuclear pore complex
(NPC) channels that reside in the nuclear envelope (NE) is a key regulator of myriad cellular processes.
Here, we used a light inducible transport reporter (LINuS) and a naturally occurring, inducible
transcription factor (glucocorticoid receptor) to demonstrate that facilitated nucleocytoplasmic
transport is significantly increased when force on the NE is decreased, either dramatically in the case of
cell rounding or more selectively by disrupting mechanical tethers between the nucleus and the
cytoskeleton. Loss of the A-type lamins that resist cytoskeletal mechanical forces leads to decreased
transport, but that decrease in transport can be overcome by the disruption of those mechanical forces
on the cell. Ran-GTPase, the driver of facilitated diffusion, leaves the nucleus at a higher rate in cells
with reduced forces on the nucleus and results in a redistribution of Ran-GTPase to the cytoplasm. This
redistribution can be rescued by overexpression of Ntf2, which is responsible for recycling Ran back to
the nucleus. Disruption of forces on the nucleus led to an increase in the cytoplasmic levels of RNA, the
export of which depends on facilitated transport. The passive diffusion of larger proteins through NPCs
is also enhanced by profound relaxation of cellular forces. These results support the idea that
nucleocytoplasmic transport is mechanosensitive, providing another mechanism by which cells can
respond to their environment.

B312/P1303

Testing key physical parameters of an osmotic model for nuclear size control in fission yeast

Z. Tan'?, J. Lemiérel, F. Chang?; *University of California, San Francisco, San Francisco, CA, 2Nankai
University, Tianjin, China

In many cell types, the size of the nucleus scales with cell size so the nuclear-to-cell volume ratio (N/C
ratio) is maintained as a constant. Recently our lab and others (Lemiére et al., Deviri et al) proposed a
physical “bag within a bag model” of two nested vesicles for nuclear size control based upon colloid
osmotic pressure. In this model, nuclear volume is determined by a balance of osmotic pressures on the
nuclear envelope and its membrane tension. In the fission yeast S. pombe the nucleus acts as an ideal
osmometer whose size is determined by its osmotic environment, suggesting that nuclear membrane
tension is negligible in these cells. Thus, key determinants of nuclear size are the numbers of
macromolecules in the nucleoplasm and cytoplasm that produce colloid osmotic pressure. Here, we test
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this osmotic model with experiments in which we vary key parameters in fission yeast. To alter relative
colloid osmotic pressure, we will vastly overexpress mCherry-GST in the nucleus or cytoplasm. We
predict that increasing mCherry protein content in the nucleus will increase the N/C ratio while
overexpressing cytoplasmic mCherry may decrease the N/C ratio. To increase the mechanical effect of
nuclear envelope on nuclear size, we plan to express human nuclear lamin constructs in fission yeast.
We predict that increased nuclear envelope stiffness may decrease the N/C ratio and dampen nuclear
swelling under hypoosmotic shock similar to what has been observed in Chondrocytes. These studies
will provide critical quantitative experimental tests of this osmotic model for nuclear size.

B313/P1304
Miv reverse transcription can occur in the nucleus
K. Salas-Briceno, S. R. Ross; University of lllinois, Chicago, IL

Reverse transcription plays an essential role in retroviral replication. It is thought to initiate from within
the capsid and uses the reverse transcriptase enzyme to synthesize DNA from an RNA template. Since
reverse transcription initiates within the capsid, uncoating and reverse transcription are probably
mutually dependent. HIV can infect non-dividing cells, because there is active transport of the
preintegration complex (PIC) across the nuclear membrane. There is still much debate regarding the
timing and cellular location of reverse transcription for HIV, and whether it occurs solely in the
cytoplasm or nucleus or both. Moreover, while it is known that Moloney Leukemia Virus (MLV)
replication depends on cell division for replication in tissue culture cells, whether its reverse
transcription is solely cytoplasmic has not been studied. In this study, we used NIH3T3 and primary
mouse dendritic cells to determine where the different stages of reverse transcription occur and
whether cell division is needed for nuclear entry. Our data strongly suggest that in both NIH3T3 cells and
dendritic cells, the initial step of reverse transcription occurs in the cytoplasm and not in the nucleus.
We also found that the MLV PIC requires cell division to enter the nucleus of NIH3T3 cells. However, we
also detected MLV RNA/DNA hybrid intermediates in the nucleus of dividing NIH3T3 cells, suggesting
that reverse transcription can continue after nuclear entry. In contrast to NIH3T3 cells, we found that
MLV could infect non-dividing primary dendritic cells and that knockdown of a number of nuclear pore
proteins dramatically reduced the appearance of integrated MLV DNA in these cells. These findings
suggest that simple retroviruses, like HIV, also might have some mechanism to gain nuclear entry by
traversing the nuclear pore complex in non-mitotic cells.

B314/P1305

The Drosophila EGFR ligand mSpitz is delivered to cytoplasmic capes at sites of non-canonical RNA
export on the nuclear envelope via the endosomal system

F. Mattiel, P. Kumar?, M. Travor3, K. Browder?, K. Shill}, C. Thomas?; Pennsylvania State University,
Unviersity Park, PA, 2Government College for Women, Unviersity Park, India, 3Pennsylvania State
University, University Park, PA, *Genentech Inc., South San Francisco, CA

Nuclear-cytoplasmic communication is not limited to nuclear pores, with both proteins and RNA using
alternative routes between these compartments. We previously characterized cytoplasmic capes (large
invaginations of the nuclear envelope in Drosophila), that are enriched for the membrane-bound EGF
receptor ligand mSpitz, endosome-related organelles and ubiquitylated proteins. Closely associated with
capes are groups of perinuclear vesicles between the outer and inner nuclear membranes that resemble
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those seen at sites of non-canonical ribonucleoprotein (RNP) export via budding. Here, we demonstrate
that mSpitz delivery to cytoplasmic capes requires passage through the endosomal system. We also
show that capes are indeed closely associated with sites of non-canonical RNP export as well as the
DFrizzled2 receptor C terminal fragment (DFz-2c), a core component of this export pathway. Timelapse
microscopy of glands in intact larvae indicates that cytoplasmic capes are stable structures that persist
for at least 90 minutes without conspicuous growth. We further show that capes appear with the
growth of the salivary gland rather than at a specific developmental stage, suggesting that capes do not
form in response to ecdysone signaling. We also demonstrate that the large F-actin binding protein By-
spectrin that modulates endosomal trafficking, as well as spectrin tetramer formation are required for
cape formation. Finally, we find that there is a slight elevation in the level of DFz-2c at the nuclear
envelope when By is knocked down. Cytoplasmic capes therefore represent a sub-specialization of the
nuclear envelope where endosomal traff