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Our 201 SUR Programme participants 2010-2022  

© barun patro from FreeImages 
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Summer Undergraduate Research Programme 
www.unil.ch/ecoledebiologie/sur 

The 12th annual Summer Undergraduate Research (SUR) Programme of the School of 

Biology of the Faculty of Biology and Medicine at the University of Lausanne (UNIL) was 
held from July 4 to August 26, 2022. 

This year’s SUR Programme hosted 14 outstanding undergraduate students (selected from 

nearly 155 applicants) in laboratories of the Faculty of Biology and Medicine across the 
campuses of UNIL. For all participants, this was a summer to remember, and for many, it 

was a life-changing experience. 

For the Faculty of Biology and Medicine, the SUR Programme brings highly motivated 
students from very diverse backgrounds to Lausanne, offering the possibility to evaluate 

and encourage the best international students to return for future Masters or PhD degrees 
as well as internship. Since the programme started, eighteen students came back in 

Lausanne. Six SUR alumni (class of 2015, 2017, 2018, 2019 from Bosnia, Egypt, France, 
Greece, Lebanon and Serbia) are currently pursuing further studies at UNIL. The 

programme also catalyses interaction and cohesion between its basic and clinical sciences 
sections, enhances world-wide recognition of UNIL and establishes a cohort of scientists 

with a long-lasting personal attachment to Lausanne. 

The UNIL SUR Programme is closely coordinated with the sister programme at the Faculty 

of Life Sciences at the Ecole Polytechnique Fédérale de Lausanne (EFPL). 

Why a SUR Programme? 

Few university students have had significant experience with research into the unknown. 
Most university courses provide descriptions of fundamental processes that are “in the 

textbooks”. The opportunity to do original scientific research can be an experience that 
influences the rest of one's life. Created and launched in 2010 by Prof. Winship Herr, 

former Director of the School of Biology, the SUR Programme has so far welcomed 201 
participants. 

L.Flückiger © UNIL

2022 EPFL (purple and grey) and UNIL (blue and white) summer 

Programmes students during the hike in Charmey 
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Programme description 
 

During 8 weeks in July and August, the SUR Programme hosts about 15 students from 
around the world. Each student is integrated into a separate laboratory to ensure that they 

receive individual mentorship. The majority of a student's time is spent in the laboratory, 
supervised by a research scientist, normally a post-doctoral fellow or experienced graduate 

student. One afternoon a week, the students come together for shared academic activities, 
often with participants of the sister programme at the EPFL, including introductory student 

research presentations, lectures from faculty members on career guidance and 
laboratories visits. At the end of the summer, students present the results of their research 

on a poster during a joint EPFL/UNIL Symposium and write a final report, which we present 
in this brochure. During the summer, students also participate in social activities, including 
a mountain hike and a barbecue, together with the EPFL programme, and many also take 

the opportunity to explore Switzerland. 

 
Target audience 

 
Student participants are generally at the end of their second or third year of an 

undergraduate university education. Participants are not only students in the life sciences; 
the SUR programme also aims to introduce medical students to the world of research. 
Local undergraduates from the University of Lausanne and the EPFL are also encouraged 

to apply, although they represent a minority of participants so as to maintain an 
international flavour of the programme. The SUR scholarships are awarded on a 

competitive basis taking into consideration diverse criteria, including the applicant's 
academic record, personal statement and letters of recommendation. 

 

 
                         © Silas Goodman 

 

Back row (left to right): 
Ishrak Ramzan, Alexander Muir Scrutton, Cicely Day, Edan Jackson, Roger Mora, Animesh Awashti 

Tatiana Gopinauth, Nirmeen Hisham Aboelnaga 

 

Front row (left to right) 
Samriddhi Dwivedi, Ali Yazdizadeh Kharrazi, Veronica Szygalowicz, Zoe Colucci, Jenna Kriley, Yelyn Kim 
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Scholarships 

 

A scholarship toward tuition costs is awarded to all selected 
participants. This scholarship includes 3200 Swiss francs to cover 
housing, local transportation and daily living expenses. Funds are 

also available to cover travel to/from Lausanne, as well as organised 
excursions and social events. 

 

 
 

© Vadym Sazhniev  

Dreamstime.com 
 

 

 

 
 

 

 

 
 

 
        Fabrice Ducrest © UNIL 

 

 
About the University of Lausanne 

 
▪ An international atmosphere. One fifth of the student population and one third of the 

teaching staff come from abroad. 

▪ Up-to-date facilities and technology. State-of-the-art laboratories for researchers: 

spacious, well-equipped lecture halls for teaching staff and students. 

▪ Three faculties unique in their kind in Switzerland. Law, Criminal Justice and Public 

Administration; Biology and Medicine (FBM); Geosciences and Environment (GSE). New 

innovations require new synergies. 

▪ Close collaboration with the University Hospital of the Canton of Vaud (CHUV) in 

order to remain at the forefront of advances in medical knowledge. 

▪ The University and Cantonal Library - Lausanne (BCUL), with its two million 

documents, modern research tools and an ideal working environment overlooking Lake 

Geneva. 

▪ A philosophy and work ethic expressed in a Charter of Values and precepts. 

▪ An exceptionally green and spacious lakeside setting. In just a few minutes an 

excellent public transport network links the university campus to Lausanne, the capital 

of Vaud, noted for its varied cultural activities. 

▪ A wide range of continuing education and interdisciplinary courses, as well as 

countless sporting and cultural activities in fields as varied as: language and IT 

courses, football (soccer), capoeira, fitness or underwater diving at the Sports Centre; 

societies, cinema, exhibitions or theatre at the Grange de Dorigny. 
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Housing  
 
The programme provides housing for all participants for its eight-

week duration. This year, students were housed at Planète Bleue  
in Lausanne shown on the map of Lausanne on page 8, with the 

participants of the SRP EPFL Program. 
This has greatly contributed to the cohesion of these two groups 
and allowed students to create strong friendships. 

 
 

© Vadym Sazhniev  

Dreamstime.com 

 

 
Planète Bleue 
 
“Planète Bleue” is near the bus or   M1-M2 

metro system, for easy access to the 
principal sites of the     SUR programme. It is 

also a few minutes from Lausanne city 
centre   and a few metro stops from the 

lake providing opportunities for     BBQs and 
midnight swims! 
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Faculty of Biology and Medicine Host Laboratories 2022 

UNIL Dorigny Campus 

Center for Integrative Genomics 

Maria Cristina Gambetta 

Isabel Lopez Meija 

Department of Ecology and Evolution 

Marc-Robinson Rechavi 

Department of Fundamental Microbiology (DMF) 

Sophie Martin 

Department of Plant Molecular Biology (DBMV) 

Christian Hardtke 

Epalinges UNIL & Bugnon/CHUV Campus 

Center for Human Immunology Lausanne 

Laurent Perez 

Department of Biomedical Sciences 

Christian Widmann 

Department of Computational Biology (DCB) 

Christophe Dessimoz 

Department of Fundamental Neurosciences 

Lukas J. Neukomm 

Department of Immunobiology 

Alexis Jourdain 

Department of Oncology 

Ping-Chih Ho 

David Gfeller 

Endocrinology, Diabetology and Metabolism Department 

Jardena Puder 

Service of Immunology and Allergy 

Yannick Muller 

©Vadym Sazhniev 

Dreamstime.com 
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One University, three sites 

 

 

Name 
 

Home Institution Country Lab 

ABOELNAGA Nirmeen Hisham University of Science and 

Techology 

Egypt M. C. Gambetta 

AWASTHI Animesh Indian Institute of Technology 

Kharagpur 

India D. Gfeller 

COLUCCI Zoe University of Edinburgh  UK J. Puder 

DAY Cicely University of Warwick UK C. Hardtke 

DWIVEDI Samriddhi Vellore Institute of Technology India M. Robinson Rechavi 

GOPINAUTH Tatiana McGill University Canada L. Perez 

JACKSON Edan University of Oxford UK S. Martin 

KIM Yelyn Seoul National University South Korea P.-C. Ho 

KRILEY Jenna Slippery Rock University  USA Y. Muller 

MORA Roger Universitat Autònoma de 
Barcelona 

Spain C. Widmann 

RAMZAN Ishrak University of California, San 

Diego 

USA I. Lopez 

SCRUTTON Alexander Muir The University of Warwick Sweden L. J. Neukomm 

SZYGALOWICZ Veronica State University of New York 

at Geneseo 

USA A. Jourdain 

YAZDIZADEH 

KHARRAZI 

Ali University of Tehran Iran C. Dessimoz 
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Lausanne, 27.06.22/JP/lf

UNIL Summer Undergraduate Research (SUR) Programme 2022

Date Day Time Activity Participants Location In charge

8:30-9:45 am
Welcome and student 

self-introductions
Programme participants

UNIL, Dorigny   

Amphimax building 

Room 413

JP/TR/LF

9:45-10:15 am

UNIL presentation by 

Mr. Denis Dafflon, 

International Relations

 Programme participants

UNIL, Dorigny   

Amphimax building 

Room 413

DD/LF

10:45-11:45 am Alumnis presentation SUR Alumnis

UNIL, Dorigny   

Amphimax building 

Room 413

LF

12:00 (noon) Lab rendez-vous

Programme 

participants/mentors/

supervisors

UNIL, Dorigny   

Amphimax building 

Room 413

JP/TR/LF

July 8 Friday 3:00-5:00 pm Student presentations Programme participants

UNIL, Dorigny   

Amphimax building 

Room 413

JP/TR

July 9 Saturday All day Hiking excursion Joint EPFL/UNIL Activity Alpes Fribourgeoise LF

July 13 Wednesday 4:30-6:30 pm Discussion
with John Pannell, 

SUR Programme Director

UNIL, Dorigny   

Amphipôle building 

Room 318

JP

July 15 Friday 4:00-5:30 pm Lab visits UNIL Programme participants
As per attached 

planning
JP/LF

July 22 Friday noon - 6:00 pm Biotech Geneva UNIL Programme participants
Campus biotech 

Geneva
AEG/LF

July 29 Friday 4:00-5:30 pm Lab visits UNIL Programme participants
As per attached 

planning
JP/LF

August 5 Friday 4:00-5:30 pm Lab visits UNIL Programme participants
As per attached 

planning
JP/LF

August 12 Friday 4:00-5:30 pm Lab visits UNIL Programme participants
As per attached 

planning
JP/LF

August 19 Friday
10:00 am - 

4:00 pm

Agora tour

ISREC Foundation
Joint EPFL/UNIL Activity

Agora building

Bugnon, Lausanne
ISREC

August 22 Monday 6:30-10:00 pm BBQ (around the world) UNIL Programme participants
Refuge de Laviaux 

St-Sulpice
LF/AEG

1:30-2:45 pm Debriefing UNIL Programme participants

UNIL, Dorigny 

Amphipôle building 

Room 318

JP/TR/LF

3:00-5:00 pm
Final Research 

Symposium
Joint EPFL/UNIL Activity EPFL Campus AEG/LF

Laurence Flückiger 021 692 40 17

Alice Emery Goodmann 021 693 07 94

July 4 Monday

August 26 Friday

|le savoir vivant|
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SUR Programme lab visits 
 
In feedback from previous cohorts of the SUR program, our students asked 
whether it might be possible for them to get a broader perspective of 

research being conducted in labs at Unil beyond what their host labs do, 
which they of course get to know very well. In 2019, we therefore introduced 

weekly lab visits to the SUR programme, in which SUR students take turns 
in hosting a small group of their peers (2, 3 or 4) who come to visit their 

lab.  

The table below sets out our suggested schedule for the lab visits this year. 
 

 
 

What the lab visit should entail 

This is an opportunity for students to showcase the research in their lab, and 
an opportunity to take responsibility for organising it. However, you should 
discuss this with your supervisor and involve him/her in the planning. 

Contact your assigned group of students a week before the visit and send 
them the link to your lab’s website as well as the material they will be asked 
to read (see below).  

 
We ask student to plan their visit with the following two activities in mind.  

 

1. Show and tell. What you can or wish to do as host will depend on 
the nature of the research being conducted in your lab. However, in addition 
to giving an overview of the various projects and research themes in the lab, 

you might want to show some the lab and its equipment, lead the students 
through recent posters that might have been presented by members of the 

lab, or show them in some detail what you yourself are doing.  It’s of course 
important to discuss your ideas with your supervisor, and preferably to 
involve him/her in the activity.  

2. Paper discussion. Send your visitors by the Monday evening of the 
week of their visit a pdf of a recent article that has been published by the 
group, which they should read before their visit. If possible, choose a paper 

that is not too technical, or even one that perhaps represents a summary of 
an aspects of the group’s work for the wider public. We expect that your 

direct supervisor could probably help you in choosing this paper. During the 
visit, you should find ~45 minutes to discuss the paper with your visitors. 
It’s your responsibility to lead the discussion, e.g., highlight interesting 

aspects, and raise questions for them to consider. It would be great of your 
direct supervisor could be involved in this discussion, but it’s not essential.  

 

Date Student host Lab

July 15 Aboelnaga Gambetta Maria Dwivedi Gopinauth Jackson
July 15 Awasthi Gfeller Kim Kriley
July 15 Colucci Puder Mora Ramzan Scrutton
July 15 Day Hardtke Szygalowicz Yazdizadeh Kharrazi
July 29 Dwivedi Robinson Rechavi Aboelnaga Kriley Awasthi
July 29 Gopinauth Perez Szygalowicz Colucci
July 29 Jackson Martin Scrutton Day Ramzan
July 29 Kim Ho Mora Yazdizadeh Kharrazi
August 5 Kriley Muller Aboelnaga Colucci Dwivedi Jackson
August 5 Mora Widmann Awasthi Day Gopinauth Kim
August 5 Ramzan Lopez Mejia Scrutton Szygalowicz Yazdizadeh Kharrazi
August 12 Scrutton Neukomm Dwivedi Gopinauth Jackson Kim
August 12 Szygalowicz Jourdain Kriley Mora Ramzan Aboelnaga
August 12 Yazdizadeh Kharrazi Dessimoz Awasthi Colucci Day

Visitors
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The students at work!! 
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Nirmeen Hisham Aboelnaga 
University of Science and 

Techology in Zewail City 

Egypt 

 
Host Laboratory: 

Maria Cristina Gambetta 
Center for Integrative Genomics (CIG) 

Dorigny Campus 

 

______________________________________________________________ 
 
Investigating the Role of Orientation of Genomic Insulator Sequence in the 
function of Insulators using Reporter Assays 
 
Nirmeen Hisham Aboelnaga, Anastasiia Semenova, Maria Christina Gambetta 
 

Unfortunately, we are unable to 
present this report due to 
confidentiality issues related to 
unpublised data. 
 
Research domain of Prof. M. C. Gambetta 
 
In multicellular organisms, genes are turned 
ON and OFF in robust spatial and temporal 
patterns. Regulatory elements that activate 
or silence gene transcription are inherently 
promiscuous and can act over long genomic 
distances. A basic question is how 
regulatory elements find their target 
promoters and restrict their activity to their 
targets. 
On the one hand, we study how regulatory 
crosstalk is prevented. Insulators were 
discovered in Drosophila and subsequently 
in various organisms from yeast to humans, 
as DNA elements that block communication 
between a regulatory element and a gene 
promoter when placed in between. In flies 
and humans, insulators exert their activity 
by recruiting insulator proteins. We study 
the biological relevance and molecular 
mechanisms of insulator proteins. 
On the other hand, we study how genes find 
their appropriate regulatory elements 
across surprisingly long genomic distances 
and skip over non-target genes. We address 
the biological relevance of these 
interactions by disrupting them, and we 
study how they form. 
Our studies in flies reveal new evolutionary 
perspectives into the relevance of 3D 
genome folding for correctly wiring genes to 
their regulatory elements. 
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Unfortunately, we are unable to present this poster due to confidentialy 

issues related to unpublished data 
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Animesh Awasthi 
Indian Institute of Technology 

Kharagpur 

India 

Host Laboratory: 

David Gfeller 
Department of Oncology 

Epalinges UNIL & CHUV Campus 

______________________________________________________________ 

Deciphering T Cell Receptor-Epitope Interaction Using Machine Learning 

Animesh Awasthiac, Giancarlo Croceab, David Gfellerab 

T-cell receptor (TCR) interaction with the MHC-
peptide complex plays a crucial role in the
immune response. A better understanding of this
interaction can lead to increased efficacy of
cancer immunotherapy and the development of
anti-cancer vaccines. This understanding can be
used during cancer treatment to select specific
TCRs or genetically reprogram them.
Unfortunately, predicting this interaction is
challenging due to high variability in the TCR
sequences and scarce data. These challenges
make it imperative to develop methods to screen
millions of sequences efficiently and predict TCRs
relevant to a particular disease. Several machine
learning methods have been developed to predict
this interaction over the years. These methods
take advantage of the existing experimentally
published data and learn patterns from it. While
these methods are fast and accurate, the
interpretability of these models remains a big
issue.

Our group has developed a machine learning 
method to predict TCR-Epitope interaction using 
a sequence-based transformer model. The model 
is composed of an encoder-decoder architecture. 
The encoder processes the input protein 
sequences and encodes them into a feature 
vector, while the decoder decodes this feature 
vector and predicts the output. This model takes 
advantage of the attention mechanism, which 
focuses more on the features having the most 
information. 

This project aims to interpret the machine 
learning model by observing if the attention map 
recapitulates close contact between protein 
residues. The attention map is a scalar matrix 
representing the relative importance of layer 
activations for each amino acid residue pair in 
the TCR-peptide complex. We compared this 
attention map with the contact map of several 
protein complexes. The contact map is a distance 
matrix constructed by calculating the distance 
between each residue pair in the TCR-peptide 
complex. We generated the contact map from 3D 

experimental structures of more than 150 TCR-
peptide complexes. We used statistical methods 
like PPV and hypothesis testing to assess the 
overlap of attention with close contact. Our 
studies suggest the model can capture close 
contact between proteins for a few test cases. A 
more extensive study may assist us in 
discovering attention maps recapitulating 
contact with statistical significance across all test 
cases. While these observations are not 
consistent across all the test cases, this method 
allows us to visualize the model's behaviour on 
the training dataset. It has been observed that 
the model focuses on several interesting 
properties of the proteins and can help us draw 
better insights into the TCR-Epitope interaction.  
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Deciphering T Cell Receptor-Epitope Interaction Using 
Machine Learning

Déchiffrer l'interaction récepteur-épitope des lymphocytes T à l'aide de l'apprentissage automatique
Entschlüsselung der T-Zell-Rezeptor-Epitop-Interaktion durch maschinelles Lernen

Animesh Awasthi ac, Giancarlo Croce ab, David Gfeller ab

a Department of Oncology, Ludwig Institute for Cancer Research, University of Lausanne, Switzerland
b Swiss Institute of Bioinformatics (SIB), Lausanne, Switzerland 
c Department of Biotechnology, Indian Institute of Technology Kharagpur, India

1. Background 3. Attention map

Interaction of T-cell receptors (TCR) with the epitope plays an
essential role in the immune response associated with
infections and cancerous cells

2. Generating protein contact map

                                                                                                    
                                                                                                     
                                                                                                
      

Understanding this interaction can help providing efficacy to
cancer immunotherapy and the development of anti-cancer
vaccines

TCR-epitope binding: Experimental 
structure (PDB ID: 2BNR) of TCR 
interacting with cancer epitope mediated by 
CDR3 regions 

A sequence-based transformer model based on attention
mechanism to predict TCR-Epitope interaction

Input:

Epitope (pHLA):
SLLMWITQC

TCR (CDR3 𝛼 & 𝛽):
CAVYNQGGKLIF
CASSALVAFSTDTQYF

Probability of
TCR-Epitope
interaction

Output:
Transformer

The contact map is a distance matrix between pairs of residues
in a protein complex

We used the TCR3d database* to generate 80 contact maps
from experimental 3D protein structures

3D structure of TCR CDR3 
alpha and beta region 
complexed with peptide

Binarized contact map with a 
threshold of 5 A

4. Results

An attention map is a scalar matrix representing the relative
importance of layer activations for each amino acid residue
pair in a protein complex

Symmetrization
(𝐴 + 𝐴𝑇)

2

Attention map Binarization
Attention(Q,K,V) = softmax(𝑄𝐾

T

√𝑑𝑘
)

For a few test cases, attention map can capture key residues

Epitope CDR3 alpha CDR3 beta

The aim of this project is to interpret this machine learning 

model and observe if the attention map recapitulates close 

contact in the protein complex

Residues in close 
contact with CDR3 

alpha and beta 
domain (>5 Å)

Residues in close 
contact with the 
peptide (>5 Å)

Residues in close 
contact with MHC 
protein (~4.1 Å)

Epitope Specific Model

Pan-Epitope Model

The model identifies 
key interacting 

residues

From this study we conclude that the attention map cannot 
recapitulate close contact across all cases. A more in depth 

study is necessary.

Acknowledgment: 
Thank you ISREC, SUR Programme, The School of Biology UNIL and Gfeller lab members
References:
* Vig, et al. "BERTology Meets Biology: Interpreting Attention in Protein Language Models“, arXiv:2006.15222
* Gowthaman & Pierce, TCR3d: The T cell receptor structural repertoire database, Bioinformatics, , btz517
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Zoe Colucci 
University of Edinburgh 

UK 

Host Laboratory: 

Jardena Puder 

Endocrinology, Diabetes and 

Metabolism Department 
Bugnon CHUV Campus 

______________________________________________________________ 

Heart rate variability during pregnancy in different settings 

Zoe Colucci1, Amar Arhab2 , Dan Quansah2, Jardena Puder2 

The cardiac autonomic balance is regulated by the 
sympathetic and parasympathetic nervous systems 
(PNS) which together form the autonomic nervous 
system (ANS). The heart rate variability (HRV), which 
is the variation in time between subsequent 
heartbeats, results from the action of the ANS. 
Looking at the HRV is a non-invasive and safe way to 
study the ANS. It can highlight its imbalance or be 
used as an index of the PNS’s arousal. 
Cardioautonomic changes are a normal process in 
pregnancy. A reduction in HRV can be an early 
indicator of an autonomic dysfunction, which impairs 
the body’s ability to regulate the cardiovascular 
system. A low HRV has been linked to women with 
gestational diabetes (GDM). The overall aim of this 
study is to understand the brain’s reaction to food and 
its changes during pregnancy/post partum in 
metabolic high-risk groups and the impact of 
emotions and stress. In this analysis, we aimed to 
define the best timing (time points and duration) to 
analyze the HRV before and after a potential stressor 
(medical test) and to investigate if the after-stress 
timing can serve as a baseline by using the HRV 
analysis as a measure of the arousal of the autonomic 
nervous system.  

The HRV parameters of pregnant women in their 3rd 
trimester with and without GDM were compared 
before/after an electroencephalogram (EEG), and 
before/after eating defined snacks. Using an Actiheart 
(© 2022 CamNtech Ltd), a device measuring the 
interbeats intervals (IBI), different HRV parameters 
(RMSDD, HF, LF, LF/HF ratio) were measured. HF 
which is dependent on respiration, reflects 
parasympathetic or vagal activity. LF reflects the 
sympathetic, vagal and baroreflex activity. The LF/HF 
ratio reflects the sympathetic and vagal activity, when 
the breathing rate is low, it is more relevant for the 
PNS activity. Finally, RMSDD is an estimate of vagal 
tone or parasympathetic regulation, it is considered 
the most stable and reliable parameters for the PNS. 
The Actiheart was placed on each patient at the 
beginning of the study. Women were placed into a 
quiet room with an EEG. After sitting quietly for 2min 
the patient started the preparatory images. After 

those preparatory images, the block of tests starts 
showing food pictures, women remained seated and 
quiet for at least 2min after the end of the tests. 
Following the same process, for the “snack test”, the 
patient was presented with a defined plateau of a 
well-defined amount of snacks (tomatoes, chips, 
almonds, blueberries, sweets, chocolate, peanuts, 
pretzels) that they can eat. When she takes her first 
and last bite, the time is recorded. After the last bite, 
the patient must fill out another questionnaire. 
Women remain sitting quietly 2 min before and after 
the “snack test”. 

12 women without GDM and 11 women with GDM 
were tested. The HRV parameters were obtained 
using the Actiheart Software. The gold standard 
recording for HRV parameters used to be 15min, 
however, several studied showed that increasingly 
smaller intervals, down to 1min could be used. Our 
data showed that 2min recordings were sufficient to 
obtain reliable HRV parameters as no significant 
difference was found between the 2 min and 5 min 
recordings (paired T-test, p-value ≥ 0.05). In this 
experimental design, the 2 min recording was judged 
more accurate to limit the chances of the patient 
moving or standing, which would influence the 
results. Based on the 2min recordings, there was no 
significant variation in HRV parameters before and 
after each test (paired t-test), except for HF, which 
decreased after the EEG (p-value = 0.04). The 
different HRV parameters were similar between 
women with and without GDM (unpaired t-test, p-
value  ˃ 0.05).  A regression analysis showed no 
correlation between the HRV parameters and BMI 
(Anova, p-value  ˃0.05). There were no significant 
differences between GDM and non-GDM. This might 
suggest no difference in their autonomic control and 
their PNS’s arousal. Additionally, no correlation was 
found between those HRV parameters and the 
patients’ BMI. These findings contribute to a better 
understanding of the cardiac autonomic regulation 
during pregnancy and confirm the suitability of the 
experimental design for modeling everyday life 
without adding considerable stress to the patient. 
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Heart Rate Variability during pregnancy in different settings 

Z.Colucci(1), A.Arhab(2) , D.Quansah (2), J.Puder (2) 

Affiliations: University of Edinburgh, Scotland (1) , Interdisciplinary GDM group Lausanne, Lausanne university hospital (CHUV), Switzerland(2) 

INTRODUCTION

OBJECTIVE

RESULTS

MATERIALS AND METHODS

• Maternal stress has been linked to metabolic disorders, insulin resistance, diabetes,
alterations in emotional and social behaviours (1)

• The intrauterine and postnatal environments are important for metabolic programming(1)

• Stress is mediated via two major axis: the hypothalamo-pituitary axis and the autonomic
nervous system (ANS) which can be divided into the sympathetic nervous system and
parasympathetic nervous system (Fig.1).

• The heart rate variability (HRV) (Fig.2) can be used as an index of the arousal of the
parasympathetic nervous system and highlights the imbalance of the ANS (2) .

• The overall aim of this study is to understand the brain’s reaction to food and its changes
during pregnancy/post partum in metabolic high-risk groups and the impact of emotions
and stress.

• To define the best timing (time points and duration) to analyze the HRV before and after
a potential stressor (medical test) and to investigate if the after-stress timing can serve as
a baseline using the HRV analysis as a measure of the arousal of the ANS.

• 23 patients (12 without gestational diabetes (GDM) and 11 with GDM) attended an
appointment during their 3rd trimester of pregnancy.

• Each patient did a series of test: an electroencephalogram (EEG) to record their response
to food viewing and a snack test where the patient is presented with a defined variety of
snacks (tomatoes, chips, almonds, blueberries, sweets, chocolate, peanuts, pretzels).

• The patient is told to eat as much as she wants just as "she would do at home".
• The heart rate and interbeats intervals were measured with an Actiheart (© 2022

CamNtech Ltd) placed above the chest (Fig.2).
• The HRV parameters were obtained from the Actiheart software using 2min and 5min

intervals before and after the EEG and snack test, and the data was analyzed with R
.
Four HRV parameters were calculated:
- HF (dependent on respiration, it reflects the parasympathetic or vagal activity of ANS),
- LF (sympathetic and vagal activity, baroreflex activity)
- ratio LF/HF (sympathetic and vagal activity, when the breathing rate is low, it is more

relevant for PNS activity)
- RMSDD (an estimate of the vagal tone/ parasympathetic regulation), this is considered

the most stable and reliable parameters for short recording of HRV for parasympathetic
nervous system (3)

• No significant differences were found between the 2min and 5min recording for each 
parameters (RMSDD, HF, LF and LF/HF) (Fig.3). 

• In this experimental design, the 2min recording was judged more accurate to limit the 
chances of the patient moving or standing, which would influence the results.

• The following analysis was performed with the 2min recordings, two patients were 
eliminated because they were big outliers (1 GDM and 1 non GDM).

• No evidence of a difference in HRV parameters was found before and after each test 
(paired t-test), except for HF, which decreased after the EEG (mean ±SE, before: 
352±69.8, after 164 ±71.0; p-value = 0.04) (Fig.5).

• The different HRV parameters were similar between women with and without GDM 
(unpaired t-test, Fig.4) and no interaction was found between HRV parameters and GDM.

• A regression analysis showed no correlation between the different HRV parameters and 
BMI (Anova, p-value ˃ 0.05). 

Fig.1 – Cardiac autonomic regulation and HRV

Fig.2– Actiheart position (A),
Interbeats intervals (B), Actiheart device (© 2022 CamNtech

Ltd and CamNtech Inc) (C)

Fig.3 - Comparison of different duration used for the measurment of HRV parameters
(Boxplots indicate median and quartile values)

CONCLUSION
➢ The gold standard recording for HRV parameters used to be 15min, recently, several studied showed that increasingly smaller intervals, down to 1 min, could be used(2, 3) . Our data showed that 2min recordings

were sufficient to obtain reliable HRV parameters.
➢ Based on the 2min recordings, there was no significant variation in HRV parameters before and after a medical stressor in pregnant women.
➢ There was no significant differences between the GDM and non GDM groups in their HRV parameters, this might suggest no difference in their autonomic control and their index of the arousal of the

parasympathetic nervous system. Additionally, no direct correlation was found between those HRV parameters and the patients’ BMI. These findings contributes to a better understanding of the cardiac
autonomic regulation during pregnancy and confirm the suitability of the experimental design for modelling without adding considerable stress to the patients.

2.7X, P<0.0001

1.5X, P=0.007
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de médecine, Ecole de biologie

Fig.5 - Variation of HRV parameters during medical testings in pregnancy 
(Boxplots indicate median and quartile values, red crosses indicate the mean)Fig.4 - Comparison of HRV parameters in different metabolic groups 

(Boxplots indicate median and quartile values)
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Investigating the role of BIG BROTHER in the cell proliferation network 
influencing Arabidopsis root development 
 
Cicely Day, Dasha Novikova, Christian Hardtke 
 
Plant organ growth is a complex trait, but the 
influence of cell proliferation networks is 
unquestionable. These networks are tightly 
underpinned by their associated molecular 
genetics, with BIG BROTHER (BB) and the 
phytohormone brassinosteroid (BR) having been 
identified as key constituents of this network. 
Ubiquitination and phosphorylation of 
downstream components such as DA1 and 
ubiquitin-binding proteins (UBPs) (for example 
UBP12 and UBP13) allow BB and BR to assist in 
balancing the cell proliferation network 
(Vanhaere et al, 2017, 2020). To this end, the 
cell proliferation network functions as a cascade, 
akin to other well-reported processes across 
biological life. Specifically, the network functions 
through negative-feedback loops driven by N-
end rule-mediated degradation of BB by its 
activated downstream substrates, showing 
antagonistic functioning (Dong et al, 2017).  
 
The meristematic region of plants is unique to 
other organisms in that the cells retain plasticity 
throughout the organism’s lifetime. At the heart 
of this region is the quiescent centre (QC), which 
replenishes a pool of stem cells. Thus, plant root 
growth takes place at the root tip. With a focus 
on the root apical meristem (RAM), we compared 
cells belonging to these regions to cells belonging 
to the mature regions. Previous qualitative 
evidence revealed that the meristematic regions 
of the root in the BB knockout bb2 are indeed 
larger than the wildtype (WT) (Cattaneo and 
Hardtke, 2017). The same paradigm was 
observed in bbP235L where due to a point 
mutation in the BB RING finger domain, BB 
expression is reduced but not totally eradicated. 
 
Given the range of tools and technologies now 
available, we adopted a systems biology 
approach that united experimental and 
computational biology to define these 
observations at a greater resolution. Briefly, this  
 
 

 
involved confocal imaging of the outlined regions 
of WT and mutant lines, cell-cycle mapping, 3D  
segmentation, reorientation, data filtering and 
statistical analysis and description.  
 
Our results indicate that the phenotype of bb2 
roots can be at least partially attributed to a 
greater number of cells due to more frequent cell 
divisions, permitting greater cell proliferation 
and ultimately a higher cell density in the 
meristematic regions. Indeed, segmentation and 
reorientation of roots revealed cell density to be 
greatest in bb2, followed by bbP235L and then 
WT, reinforcing the contribution of cell density to 
the overall observed differences. In contrast, we 
observed no indicative nor clear trend in 
geometric parameters across the studied 
genotypes (WT, bb2, bbP235L) in the mature 
regions suggesting that overall differences 
observed between genotypes are solely driven by 
the meristematic regions. Finally, we 
investigated these mutants in the background of 
BREVIS RADIX (BRX) mutants which display a 
short root phenotype (Cattaneo and Hardtke, 
2017). Indeed, bb2-brx displays evidence of 
recovery of the phenotype, positioning BB as a 
broad yet essential asset to Arabidopsis root 
development. 
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Sex-Biased Gene Expression in Fishes 
 
Samriddhi Dwivedi1, Christabel Floi Bucao2,3, Marc Robinson-Rechavi2,3 
 
Explaining the phenotypic differences between 
males and females within the same species cannot 
be done at the genotypic level alone. Sexual 
dimorphism, for a range of morphological, 
physiological, behavioural, and other types of 
traits, is often linked with differences in gene 
expression levels between the sexes. Previous 
large-scale analysis in vertebrates has focused 
primarily on mammals, which have only 
chromosomal sex determination. Though sex-
biased gene expression has been studied in 
zebrafish, the studies have been focussed 
primarily on laboratory strains, which have lost a 
natural genetic sex determination factor found in 
wild strains. This is why the differential expression 
in lab strains may not be reflective of the one 
present in natural populations. For this research, 
samples have been taken from natural 
populations. Similarly, studies of differential gene 
expression are often limited by the number of 
organs and biological replicates sampled. This is, 
to our knowledge, the first study on sex-biased 
gene expression in fishes that samples large 
numbers of biological replicates and covers 
several organs. The data used for this study 
comprises of transcriptome profiles in two 
teleosts: Danio rerio (zebrafish) and Esox lucius 
(northern pike), spanning at least 9 organs with 
4-12 biological replicates per sex.  
 
I performed a principal component analysis (PCA) 
based on TMM-normalised counts per million for 
each organ in the zebrafish and the northern pike. 
The first two components clearly separated some 
of the male and female organs (like gonads, liver, 
gills, and skin) in both species. However, such 
separation wasn’t observed in other organs like 
the brain and intestine. Differential gene 
expression analysis was carried out using edgeR, 
on data filtered for genes with a count >1 across 
all the replicates of any one sex in an organ, 
followed by TMM-normalisation.  
 
After identifying genes that are differentially 
expressed between the sexes, we analysed 
whether male- and female-biased genes are  

 
enriched for specific gene functions. To do so, we 
carried out Gene Ontology term enrichment 
analysis of genes that are male- or female-biased 
in the gonads. As expected, male-biased genes 
relate to reproductive functions like sperm 
motility, cell adhesion, cilium assembly and 
organisation, whereas female-biased genes are 
involved in functions such as sperm-egg 
recognition, cell-cell recognition, and egg coat 
formation. We also tried to check if there are 
genes that are sex-biased across multiple organs, 
but the number of differentially expressed genes 
was negligible. 
 
Finally, we tested whether the sex-biased genes 
across zebrafish and northern pike are conserved. 
We observed that out of the total 8,843 one-to-
one orthologs in gonads, 6% are female-biased in 
both, 7% are male-biased in both, and 33% are 
unbiased in both species (at logFC ≥ 2 and 
adjusted p-value ≤ 0.01). On a scatter plot of 
logFC values of genes in both species, I observed 
that one-to-one orthologs showed moderate 
conservation of sex bias with a Pearson correlation 
coefficient (R) of 0.37 and that the correlation of 
female-biased genes is relatively stronger, 
indicating that female bias is more conserved than 
male bias. 
 
Through this study, we were able to conclude that 
separation of the male and female organs is 
observed through the principal component 
analysis in not only the gonads but also in other 
organs like the liver, gills, and skin. However, 
contrary to other findings (e.g., in mammals) the 
number of differentially expressed genes is low to 
very low in organs other than the gonads. The 
male- and female-biased genes in the gonads 
relate to male and female reproductive functions 
respectively. We also observed that female bias is 
more conserved than male bias between the two 
species of teleosts studied in this research. 
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Identification and Cloning of Human Anti-HIV Monoclonal Antibodies 
 
Tatiana Gopinauth1,2, Pauline Nortier1, Laurent Perez1 
 
The human immunodeficiency virus (HIV) has 
infected approximately 75 million individuals1 
with a death toll of HIV-linked complications 
estimated to be 32.7 million people since the 
start of its epidemic2. Currently, more than 38 
million individuals live with an active disease2. 
The development of antiretroviral therapy (ART) 
to treat HIV, allowed survival of infected patients 
that do not declare an Acquired 
Immunodeficiency Syndrome (AIDS), by 
maintaining a low viral load3. However, this 
lifelong treatment does not cure the disease and 
viral rebounds occur upon therapy 
interruption1,3. Despite four decades of intense 
research effort, the finding of a cure remains 
elusive, mainly because of the virus mutation 
rate and its ability to target our immune system. 
Nevertheless, the discovery of broadly 
neutralizing antibodies (bnAbs), able to 
neutralize several different viral strains, opened 
new insights possibilities for the development of 
antibody (Abs) therapy and vaccine design4. The 
objective of this project was to identify bnAbs 
and validate their binding to the envelope protein 
of the virus (env). Env encodes the 
heterotrimeric gp120/gp41 glycoprotein 
complex, being the main target of neutralizing 
Abs3. Memory B cells from HIV+ donors were 
isolated, cultured and immortalized with the 
Epstein–Barr virus (EBV) and secretion of specific 
HIV Abs was assessed by Enzyme-Linked 
Immunosorbent Assay (ELISA) against the gp41 
subunit. Once identified, we used Reverse 
Transcription Polymerase Chain Reaction (RT-
PCR) on a limited number of B cells to generate 
cDNA of the variable heavy and light chains of 
these potential mAbs. After the RT-PCR, 
amplified DNA was separated by electrophoresis 
and PCR products (encoding the heavy and light 
chains of the antibodies) were cut out from 
agarose gel and purified to be Sanger 
Sequenced. In addition to DNA cloning, we 
developed a Fluorescent-Activated Cell Sorting 
(FACS) based assay to confirm that these Abs are 
binding the heterotrimeric glycoprotein.  
 
 

 
We produced the gp120/gp41 trimer membrane 
anchored and lacking the transmembrane 
domain, using mammalian cells transfection and 
protein purification. The membrane anchored 
construct will allow us to validate our bnAbs by 
FACS. Moreover, we identified 13 clones of IgG 
memory B cells potentially encoding bnAbs from 
different immune donors. The sequences of the 
latter are currently being determined. Once 
obtain, we plan to use cryogenic electron 
microscopy (Cryo-EM) to identify the Abs binding 
sites on the HIV glycoprotein. 
 
To summarize, we have identified potential 
useful anti-HIV antibodies. Ideally, we expect to 
find bnAbs as they were identified from donors 
neutralizing multiple strains of HIV. The 
discoveries of efficient bnAbs could be a 
significant contribution to the development of an 
antibody-based therapy and would help in 
vaccine development effort.  
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Identification and Cloning of Human Anti-HIV Monoclonal Antibodies

Tatiana Gopinauth1,2, Pauline Nortier1, Laurent Perez1

FACS
This technique was used to determine the ability of an antibody (expressed by our IgG memory B cell clones) to bind the HIV
env protein that was transfected in mammalian cells. We tested our env transfected cells with an irrelevant antibody (that does
not bind HIV env) as negative control (Figure 2). Moreover, a positive control (antibody binding the HIV glycoprotein env)
gave a strong signal (Figure 3).

These results confirmed that the transfection was successful. We have developed a stringent assay, able to discriminate anti-
env antibodies from non-specific ones. The assay is ready to be used to screen antibodies candidates (bnAbs).

ELISA
. 

PCR
This technique was used to amplify the DNA of the 13 clones identified by the ELISA. The initial PCR results revealed
smears for the 13 clones. We performed multiple PCR to troubleshoot and optimize the method’s efficiency. Following
various modifications of conditions including a change in the set of primers and the annealing temperature, the most recent
PCR results for the heavy chain (Figure 5) and for the light chain (Figure 6) show discrete DNA bands on the agarose gel.

Next Step
The next step will be to sequence these bands of DNA as they represent the sequences for the heavy and light chains of the
antibodies. Then, to identify the binding site of the antibodies on the glycoprotein, we will use Cryo-EM.

In this framework, FACS and ELISA are the two methods used to detect potential HIV antibodies. Through this project, we successfully identified 13 potential HIV antibodies. We extracted and collected the DNA of the heavy and light chains of these
antibodies. Then, the next step would be to sequence the heavy and light chains in order to produce these antibodies. This will lead into further study of the binding site on the glycoprotein, which can be extended to applications in antibody-based vaccines
against HIV.

1Service of Immunology and Allergy, Department of Medicine, Lausanne University Hospital and University of 
Lausanne, Lausanne, Switzerland. 2McGill University, Montréal, Canada. 
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Background: The human immunodeficiency virus (HIV) has infected approximately 75 million individuals worldwide1 and the death toll of HIV-linked complications is estimated at 32.7 million people since the start of its epidemic2. Currently, there are
more than 38 million remaining active cases2. Antiretroviral therapy (ART) is used as an HIV treatment to maintain a low viral load3, hence improving life expectancy and decreasing transmission. However, this lifelong treatment does not cure the disease
as the viral load rebounds when the therapy is interrupted1,3. Despite almost four decades of research, the high mutation rate of the virus and its ability to target the immune system has made it difficult to find a cure or a vaccine against HIV. Nevertheless,
the discoveries of broadly neutralizing antibodies (bnAbs) opened new possibilities for the development of an anti-HIV vaccine and therapy3,4. The objective of this project was to identify bnAbs targeting HIV envelope (env) and validate their binding to
the virus. The main target of the env is the heterotrimeric gp120/gp41 glycoprotein complex3.

Method: Memory B cells from HIV+ donors were isolated, cultured and immortalized with the Epstein–Barr virus (EBV). The presence of antibodies (Abs) binding gp41 glycoprotein subunit was confirmed by Enzyme-Linked Immunosorbent Assay
(ELISA). Next, we used Reverse-Transcription Polymerase Chain Reaction (RT-PCR) to clone the heavy and light chains of the potential binding antibodies, in order to sequence them. We used DNA electrophoresis and recovered the DNA of interest
encoding the heavy and light chains of each antibodies. Finally, we developed a Fluorescent-Activated Cell Sorting (FACS) based assay to confirm that these Abs are binding the heterotrimeric glycoprotein.

Results: Altogether, we identified 13 clones of IgG memory B cells potentially encoding bnAbs from different immune donors. The sequences of the latter are being determined. Moreover, we produced the gp120/gp41 trimer using mammalian cells
transfection, which will allow us to validated bnAbs by FACS. We also plan to use cryogenic electron microscopy (Cryo-EM) to identify their binding site on the HIV glycoprotein.

Conclusion: We are in the process of identifying potential useful anti-HIV antibodies. The discoveries of efficient bnAbs will be a significant contribution to the development of an antibody-based vaccine.

1 Deeks, S. G., Overbaugh, J., Phillips, A. & Buchbinder, S. HIV infection. Nature Reviews Disease Primers 1, 15035 (2015). https://doi.org:10.1038/nrdp.2015.35
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4 Julg, B. et al. Broadly neutralizing antibodies targeting the HIV-1 envelope V2 apex confer protection against a clade C SHIV challenge. Science Translational Medicine 9, eaal1321 (2017). https://doi.org:10.1126/scitranslmed.aal1321
5 Sok, D. & Burton, D. R. Recent progress in broadly neutralizing antibodies to HIV. Nature Immunology 19, 1179-1188 (2018). https://doi.org:10.1038/s41590-018-0235-7
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Figure 3: FACS plot of the positive control
monoclonal antibody. The y-axis describes
the side scatter area (SSC-A) and the x-axis the
fluorescent intensity. The squared area
characterize the percentage of positive signals.

Figure 2: FACS plot with negative control
monoclonal antibody. The y-axis describes
the side scatter area (SSC-A) and the x-axis,
the fluorescent intensity. The squared area
characterize the percentage of positive signals.

Figure 4: ELISA Results. We have 13 B cells clones 
above the red dotted line indicating an optical density 
(OD) higher than 1.

Figure 5: PCR results for the heavy chain. The 
clones of IgG memory B cells that secrete a binding 
antibody which are around 500 base pair are marked 
by a yellow star (*).  

Ladder
10 000 bp

1000 bp

500 bp * ** * * * ***

Figure 1: Schematic of the HIV virus. The glycoprotein gp120/gp41 receptor on its surface (circled in red) is the target of
neutralizing antibodies (app.biorender.com) with its 3D structure5 presented in the grey box. The different antigenic sites (V2
apex, V3 glycan, MPER, Interface-FP and CD4bs) are shown in distinct colours.
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This technique is another way to identify antibodies that bind to the
HIV env. We coated purified HIV glycoprotein (obtained from
transfected mammalian cells) on 384 wells-plates. Next, plates are
incubated with the different antibody candidates, washed and a
secondary antibody (anti-human IgG) is use for detection (catalyse
the production of reagents absorbing at 405 nm).
If our IgG memory B cell clones recognized the HIV glycoprotein,
absorbance will be detected. We pin-pointed 13 clones of IgG
memory B cells that secrete a binding antibody (Figure 4).
Unfortunately, no further tests were possible by lack of IgG
containing supernatant.

Thank you to Think Swiss who sponsored me for this summer research in Lausanne. Also, I want to show my appreciation for the help and support of my lab members: Alison Lin , David Vinals Sales and Dr. Rachel Schelling, throughout this project. A 
special thanks to Pauline Nortier and Professor Laurent Perez who supervised me with great patience and has shared so much knowledge with me. Thank you Laurence Flückiger and everyone at Université de Lausanne who made this SUR Programme 2022 
a great success. 

1 2 3 4 5 6 7 8 9 10 11 12 13 W
at

er

Ladder
10 000 bp

500 bp

300 bp

* * * * *

Figure 6: PCR results for the light chain. The 
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Phosphorylated Mug8 protein plays an important role in mating and fusion 
in Saccharomyces pombe 

Edan Jackson, Melvin Bérard, Sophie Martin 

Fission yeast (Saccharomyces pombe) exhibits a 
facultative sexual lifecycle, undergoing sexual 
reproduction in response to nutrient-limited 
conditions. Sexual reproduction begins with 
pheromone signalling to induce polarised growth 
between haploid mating partners. When contact 
is established, the cell wall is digested, and the 
plasma membranes fuse to form a diploid zygote. 
The zygote then undergoes meiosis to form four 
haploid spores to complete the sexual lifecycle. 
In addition to pheromone signalling between 
cells, mating also involves extensive changes to 
the intracellular signalling environment, leading 
to cell polarisation and transcriptional 
reprogramming. While many components of 
these signalling cascades are known, much 
remains to be elucidated.  

A phosphoproteomics time course experiment 
conducted in the Martin Lab (Bérard, 
unpublished) identified a number of proteins 
phosphorylated during S. pombe mating, one of 
the most prominent of which was Meiotically 
upregulated gene 8 (Mug8). Mug8 is strongly 
phosphorylated at four residues (S518, T524, 
S555, and S629) during mating, but its function 
is unknown. 

Deletion of the entire Mug8 gene from S. pombe 
produced a distinctive phenotype, characterised 
by inhibited cell fusion and abnormal zygotes, 
including phenomena such as a narrow neck at 
the fusion site, an incompletely digested cell 
wall, and only one or two spores forming per 
zygote (Bérard, unpublished). C-terminal 
tagging of Mug8 revealed a localisation to the cell 
tips at the fusion site. This, together with the 
deletion phenotype, indicates an important role 
played by Mug8 in S. pombe mating and fusion. 
This project investigated the role of Mug8 in S. 
pombe mating, with a focus on evaluating the 
importance of phosphorylation.  

 

To this end, S. pombe was transformed with a 
construct containing the Mug8 gene modified to 
replace the residues at each of the four 
phosphorylation sites with alanine residues, thus 
preventing phosphorylation at these sites. While 
this ‘phosphomutant’ strain did not reproduce 
the decreased fusion efficiency shown by the 
Mug8 deletion strain, there were abnormalities in 
the zygotes indicating an effect on the mating 
process. A particularly striking result was one 
incidence of a spore becoming ‘trapped’ in the 
narrow neck of the zygote.  

S. pombe was also transformed produce a 
variation of Mug8 in which the phosphorylation 
sites were mutated to glutamic acid, an amino 
acid that mimics a phosphorylated residue to 
provide a constitutively phosphorylated version 
of the protein. This ‘phosphomimic’ displayed a 
striking increase in mating efficiency relative to 
the wild type, supporting the importance of 
Mug8 phosphorylation to mating.

Further work is needed to confirm the 
importance of phosphorylation to Mug8 
functionality, including the mutation of individual 
phosphorylation sites to discover their relative 
importance. To elucidate the role of Mug8 in 
mating, interaction partners could be identified. 
In addition, predictions of the conformational 
structure of Mug8 have suggested that it may 
contain a Rho-GAP-like domain, and the function 
of this could be tested through mutation of key 
residues. Overall, this work contributes to an 
increased understanding of the complex 
signalling pathways that influence mating in this 
academically and industrially important species. 
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• The phosphomutant strain displayed a subtle phenotype: 
no significant changes in mating or fusion efficiencies 
were detected, but cases of narrow fusion sites and 
abnormal spore formation were identified, including one 
case where a spore was ‘trapped’ in the fusion site

• The phosphomimic displayed an exceptionally higher 
mating efficiency than the wild type, but with only a 
slight increase in fusion efficiency

Phosphorylation

Phosphorylated Mug8 protein plays an important role in mating 
and fusion in Saccharomyces pombe

Edan Jackson, University of Oxford

1 Bérard, unpublished. 2 Mug8Δ and Mug8-sfGFP strains generated by Melvin Bérard. 

• The presence of clear phenotypic abnormalities in the Mug8Δ strain indicate an important role 
for Mug8 in S. pombe mating and fusion

• Many zygotes formed with two enlarged spores, suggesting defects in meiotic division, 
potentially related to the narrow fusion sites interfering with karyogamy or nuclear division

• While the phosphomutant did not show reduced fusion efficiency, the presence of phenotypic 
abnormalities similar to Mug8Δ suggests that phosphorylation is important to Mug8 functionality

• The greater mating efficiency of the phosphomimic also suggests that phosphorylation of Mug8 is 
important for promoting mating, though further imaging will be necessary to confirm this result

• Future work will confirm localisation of Mug8, investigate potential functions of Mug8 protein 
through targeted mutations in key residues, and identify interaction partners

Discussion

• An S. pombe strain was generated with a 
deletion of the Mug8 gene (Mug8Δ)2

• The Mug8Δ strain was transformed with: 
– Wild type Mug8 (Mug8 WT)2

– Mug8 tagged with superfolder GFP at the C-
terminus (Mug8-sfGFP) 

– Mug8 with residues mutated to alanine to 
stop phosphorylation (phosphomutant)

– Mug8 with residues mutated to glutamic acid 
to mimic phosphorylation (phosphomimic)

• Strains were starved of nitrogen (MSL-N) 
to induce mating time course imaging

• Mating efficiency was calculated as the 
proportion of cells that formed mating 
pairs, and fusion efficiency as the 
proportion of pairs that fused into zygotes

Methods

• Nutrient starvation causes Saccharomyces 
pombe (fission yeast) to mate, where two 
haploid cells fuse to form a diploid zygote
that then generates four haploid spores: 

• Mating and fusion involve extensive 
changes to intracellular signalling

• Mug8 was identified as one of the most 
phosphorylated proteins during mating, 
with phosphorylation at four key residues1:

• Mug8 is conserved in fungi, but its function 
in S. pombe is unknown

Background

• To investigate the role of Mug8 during S. 
pombe mating and fusion

• To establish the importance of Mug8 
phosphorylation in this role

Aims

• Mug8 deletion resulted in reduced fusion 
efficiency and phenotypic abnormalities: 
– Zygotes often retain narrow necks at fusion 

sites with incompletely digested cell walls
– Many zygotes produced fewer than four 

spores, sometimes with the spores enlarged

Deletion

‘Trapped’ spore 

Mating Fusion Spore

Zygote

T524
S518

S555

S629

Mug8 
AlphaFold
prediction

• C-terminal tagging revealed the 
localisation of Mug8-sfGFP to the cell tips 
during fusion

• However, Mug8-sfGFP strains showed 
some weak features of the Mug8Δ
phenotype, so work is ongoing to tag Mug8 
at the N-terminus instead
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Heme-mediated epigenetic reprogramming in T cell exhaustion 
 
Yelyn Kim1, Yingxi Xu2,3 
 
Introduction 
Immunotherapy has been an emerging field in cancer 
research to help guide our immune systems to fight off 
different cancers. T cells, upon foreign attack, recognise 
antigens, proliferate, release cytokines to stimulate 
other important cells and also form memory. However, 
under prolonged antigen exposure, like in an intra 
tumoral environment, these T cells encounter a stage 
where they can no longer proliferate, release cytokines 
nor form memories. This stage is known as T cell 
exhaustion. When this happens, T cells do not 
differentiate to normal effector or memory T cells but 
differentiate into progenitor, intermediate and terminally 
exhausted T cells.  
 
According to Fabien F, et al., there is a strong correlation 
between metabolic programming and T cell phenotypes. 
It is now widely understood that dysfunctional 
mitochondria induce T cell exhaustion but how it actually 
does this remains unknown. The positive correlation 
between the regulatory heme (RH) concentration and 
terminally exhausted T cells helps hypothesise that 
heme is responsible for T cell exhaustion. To test that 
heme is the direct cause, we explore different heme-
related genes, such as the Progesterone Receptor 
Membrane Component 2 (PGRMC2), in human CD8+ T 
cells and observe their effects on T cell exhaustion. 
PGRMC2 is one of the chaperones of heme. We 
hypothesise that when heme is released from 
dysfunctional mitochondria and enters the nucleus, the 
exhaustion inducers such as Blimp1 and Batf are turned 
on, leading to T cell exhaustion. PGRMC2 is a chaperone 
protein which guides the delivery of heme into the 
nucleus. Therefore, reprogramming the T cells with KO 
PGRMC2 would reinvigorate the exhausted T cells.  
 
Methods 
To study the effect of heme on T cell exhaustion, T cells 
were first isolated from mice spleen, activated and 
stimulated with CD3/CD28 beads to mimic T Cell 
Receptor (TCR)-CD3 complex in vitro. For the acute 
stimulation, there was no re-stimulation whereas for the 
chronic stimulation, the cells were re-stimulated three 
times with anti-CD3 antibodies. In the meanwhile, cells 
were cultured with 0,12.5,25 and 50µM of hemin 
solution. The effect of reprogramming could be 
observed by transferring PGRMC2-deficient, TCR specific  

 
(p14) T cells (P14-PGRMC2KO-T cells) to the mouse 
tumour model. The mice were first engrafted with the 
gp33 antigen overexpressed melanoma cell line- 
YUMM1.7-gp33. Five days later, p14-PGRMC2KO–T 
cells were transferred into mice. Then, the tumours were 
taken down at Day 10 and the tumour infiltrated T cells 
could be analysed by flow cytometry to monitor their 
total number, proliferation, expression of exhaustion 
markers and cytokine release.  
 
Results 
Multiple re-stimulation of the TCR CD3 signalling 
(chronic stimulation) showed a clear correlation 
between heme concentration and terminally exhausted 
T cells. This depicts that under tumour 
microenvironment (TME), heme induces terminal T cell 
exhaustion. In addition to this, as heme concentration 
increased, percentage of memory-like T cells decreased. 
However, when reprogrammed with KO PGRMC2, the 
number of terminally exhausted T decreased and 
release of cytokines (IFN-γ and TNF-α) increased, thus 
verifying the effect of heme-mediated reprogramming 
on the prevention of T cell exhaustion.  
 
Conclusion 
A profound and thorough understanding of T cell 
exhaustion is crucial. Major limitations for several 
existing immunotherapies are associated with T cell 
exhaustion. Terminally exhausted T cells, for instance, 
show resistance to the PD-1 blockade. Despite being an 
immense breakthrough in cancer immunotherapy, PD-
1 blockade cannot be used to sufficiently awake the 
exhausted T cells and some exhausted CAR-T cells are 
showing poor efficacy in CAR-T cell therapy. This is why 
we raise significance of understanding the direct cause 
of T cell exhaustion. On that note, there are other heme-
related genes like Bach2 and Flvcr1b which are being 
studied to better understand how heme induces T cell 
exhaustion. Along with other emerging 
immunotherapies, the basis of T cell exhaustion will help 
provide therapeutic opportunities for cancer patients in 
the near future.  
Key words: T cell exhaustion, heme, PGRMC2, 
immunometabolism, immunotherapy.  
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In vivo
• In vivo, KO PGRMC2 transduced T cells are    

transferred to YUMM1.7-engrafted mice. 
• After 5 days, tumours are taken down and T   

cells are analysed to check the efficacy of KO  
PGRMC2 reprogramming

‘

Heme-mediated epigenetic reprogramming 
in T cell exhaustion 

Yelyn Kim1, Yingxi Xu2,3
1. Department of Food and Animal Biotechnology, Animal Biotechnology major, College of Agriculture & Life Sciences, Seoul National University, Korea.
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Reprogrammation épigénétique médiée par l'hème dans l'épuisement des cellules T
Häm-vermittelte epigenetische Umprogrammierung bei T-Zell-Erschöpfung

Results

Conclusion
• To conclude, the results support the hypothesis that heme induces T cell exhaustion.
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What is T cell exhaustion?
• Persistent antigen stimulation and hypoxic conditions in

the intra tumoral environment drives T cell exhaustion.
• Exhausted T cells

1. cannot proliferate
2. cannot release cytokines
3. cannot form memory
4. have increased expression of inhibitory markers like
PD-1 & TIM3

Hypothesis

Why study T cell exhaustion?
• Terminally exhausted T cells show resistance to existing immunotherapies, such as the PD-1

blockade. Despite that the PD-1 blockade was an immense breakthrough in cancer immunotherapy,
it will not work if the T cells are exhausted. Therefore, reinvigorating exhausted T cells is an
important challenge in the field of immunotherapy as a possible way to treat cancer.

What do we already know about T cell exhaustion?
• Dysfunctional mitochondria induces exhaustion1.
• Mitochondria play vital role in T cell activation, pro

liferation, differentiation2.
• The increase in RH concentration in terminally

exhausted T cells makes us think that heme released
from dysfunctional mitochondria induces T cell
exhaustion.
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1. Heme released from dysfunctional mitochondria induces T cell exhaustion.
2. Knocking out a chaperone of heme - PGRMC2 reinvigorates T cell exhaustion.  

1. RH concentration is upregulated in terminally exhausted T cells

2. Heme directly induces CD8+ T cell exhaustion. 

3. KO PGRMC2 reduces terminally exhausted T cell population. 

2022 UNIL SUR Program Poster Symposium 26/08/2022

Fig 1. RH concentration increases as T cells differentiate into terminally exhausted T cells. TPEx refers to progenitor
exhausted T cells, TIEx Intermediate exhausted T cells and TTEx terminally exhausted T cells. The MDR/MG low
population indicates the terminally exhausted T cell population. MDR represents mitochondrial potential and MG
represents mitochondrial mass.

Fig 4. (A) The percentage of IFNg+ TNFa+ double positive cells increase with KO PGRMC2. (B) After reprogramming with
KO PGRMC2, the percentage of terminally exhausted T cells decrease. (C) Tumour infiltration is higher with KO PGRMC2
T cells than the control group.

Fig 2. As concentration of hemin increases, the percentage of cells with the exhaustion markers (PD-1 and TIM3) increase.
This correlation is more evident in chronic stimulation.

In vitro
• In vitro, the tumour microenvironment is         

mimicked and different concentrations of        
hemin are added to observe the effect of heme

on T cell exhaustion. 

‘

• T cells are first obtained from mice spleen, activated and isolated.
• In vitro and in vivo experiments are run to observe the correlation between heme and T cell                  

exhaustion and the activity of T cells after the T cells have been reprogrammed. 

Acute 
stimulation

Chronic 
stimulation

B)

Aim of the experiment
• To prove that heme is the direct cause, we explore different heme-related genes in human CD8+ T

cells, like PGRMC2 and observe their effect on T cell exhaustion. We investigate if PGRMC2 KO can
reinvigorate exhausted T cells to recover their normal properties and successfully attack tumour
cells.

YUMM1.7 = mouse melanoma cell line

Term
inally exhausted T cells
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Fig 3. (A) As hemin concentration increases, the percentage of cells with CD62L+ cells (memory T cells) decrease. (B) As
hemin concentration increases, the percentage of cells with TCF1+ cells also decrease during chronic stimulation but there
is no significant difference in acute stimulation.
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C)

• To further study heme-mediated reprogramming in T cell exhaustion, other heme-related genes like

Bach2, Flvcr1b are also being investigated, as well as application in other cancer types like leukemia

and breast cancers to consolidate our hypothesis that metabolic programming contributes to T cell

exhaustion. Furthermore, we are also moving towards studying the mitochondrial metabolism to

overcome exhaustion in CAR-T cells as well to improve the efficacy of CAR-T cell therapies2.

• Understanding the basis of T cell exhaustion will contribute to revealing some new immunotherap

ies and will serve as a major therapeutic opportunity for cancer patients in the near future.

Results

M
em

ory T cells
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Visualizing Chimeric Antigen Receptors -CD28 Hetero-Dimerization 
 
Jenna Kriley, Oscar Alfageme-Abello, Yannick Muller 
 
Chimeric antigen receptors (CARs) are artificial 
receptors consisting of a single chain variable 
fragment (scFv) fused with a hinge domain, 
transmembrane domain, and an intracellular 
signaling domain. CARs can be used to redirect 
the specificity of T cells, allowing them to 
recognize specific antigens and, therefore, be 
used as a new therapeutical approach for many 
diseases. Several CARs have been FDA approved 
for haemato-oncological malignancies. Yet, CARs 
engineered with a CD28 transmembrane domain 
have been recently shown to interact with the 
endogenous CD28. The level of CAR-CD28 
heterodimers expressed at the cell surface as 
opposed to CAR or CD28 homodimers is unclear. 
The functional consequences of CAR-CD28 
heterodimerization are poorly understood.   
 
To visualize the homo- and hetero- dimerization 
of CD28 and CD19 CAR, four separate constructs 
were generated: CD28-Venus 1, CD28-Venus 2, 
CD19 CAR-Venus 1, and CD19 CAR-Venus 2. 
Each construct contained a portion of the split 
Venus fluorescent protein (named Venus 1 or 
Venus 2). A fluorescent signal can be produced 
when the protein is reassembled from its two 
complementary non-fluorescent fragments, 
which are close enough to interact. The signal hit 
can be detected with the 514nm laser. The split 
Venus nucleotides sequences were cloned inside 
a pCDH-EF1α vector containing either CD28 or 
CD19 CAR construct after transformation into 
chemically competent bacteria by heat shock. 
Colony forming unit (CFU) screening was 
performed, and the DNA was sequenced to 
ensure there were no mutations. Once 
confirmed, the plasmid DNA was amplified and 
used for the transfection process using HEK293T, 
an immortalized kidney cell line, for lentiviral 
production. HEK293T and Jurkat, an 
immortalized line of human CD4 T lymphocytes, 
were then transduced with the lentivirus. The 
cells were stained for CD28-APC (Biolegend) and 
Myc-PE (CellSignal) and analyzed by flow 
cytometry. Alternatively, the cells were stained 
with DAPI and analyzed by confocal microscopy. 
 

 
The CD28-V1, CD28-V2, 19CAR-V1 constructs 
were successfully expressed at the cell surface; 
however, 19CAR-V2 was not detected by flow 
cytometry. 37.7% of HEK293T cells and 3.19% 
of Jurkat cells expressed Venus as CD28 
homodimer, mainly at cell membrane surface. 
55.25% of the HEK293T and 11.1% of Jurkat 
cells expressed Venus as 19CAR-CD28 
heterodimer, both intracellularly and at the cell 
surface.  
 
CD28 but not 19CAR homodimerization was 
successfully visualized. We confirmed the 
presence of 19CAR-CD28 heterodimers by flow 
cytometry and confocal microscopy. The 
formation of 19CAR-CD28 heterodimers 
correlates with the expression level of CD28 and 
CAR. In Jurkat cells, the formation of CD28-
19CAR heterodimer was less efficiently, possibly 
because they constitutively express the CD28 
receptor. In future studies, it will be necessary to 
knockout the endogenous CD28 receptor and 
investigate the reasons for the lack of detection 
of the CD19 CAR-Venus 2 construct. Finally, it 
will be essential to break the 19CAR-CD28 
heterodimers by inserting selective mutations in 
the CD28 transmembrane domain. 
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Visualizing Chimeric Antigen Receptors  
-CD28 Hetero-Dimerization 

Jenna Kriley, Oscar Alfageme-Abello, Yannick Muller 

Background Objective

Visualizing Venus Expression

To visualize 19CAR-CD28 heterodimerization in lymphocytes using a split Venus 
fluorescent expression system.

Flow Cytometry Showing Myc, CD28, and Venus Expression

Figure 5. Flow cytometry plots of HEK293T, immortalized kidney cell line (A) wild type 
HEK293T showing low levels of Myc (tag on the scFv), CD28, and Venus (B) CD28-V1 
transfected with CD28-V2 had 37.7% of live single cells express CD28 and Venus (C) 19CAR-
V1 transfected with CD28-V2 showed strong Venus expression with CD28, 54.5%, and Myc, 
56.0%.

Figure 6. Flow cytometry plots of Jurkat, immortalized line of human T lymphocyte cells (A) 

wild type Jurkat showing low levels of of Myc and Venus with a large expression of CD28 
since Jurkat cells naturally produce CD28 (B) CD28-V1 transfected with CD28-V2 had 3.19% 
of live single cells express CD28 and Venus (C) 19CAR-V1 transfected with CD28-V2 showed 
strong venus expression with CD28, 12.3%, and Myc, 9.90%.

A

B C

A

B C
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Figure 7. Microscopy pictures showing Venus expression in yellow and the cells dyed with 
DAPI in blue.

• Chimeric antigen receptors (CARs) are artificial 
receptors consisting of a single chain variable 
fragment (scFv) fused with an hinge domain, 
transmembrane domain and an intracellular 
signaling domain. 

• T cells can be engineered with CARs to redirect 
their specificity (1). 

• CARs engineered with a CD28 transmembrane 
domain interact with the endogenous CD28. The 
level of CAR-CD28 heterodimers expressed at 
the cell surface as opposed to CAR or CD28 
homodimers is unclear.

• The constructs CD28-V1, CD28-V2, 19CAR-V1 were expressed at the 
cell surface. 

• The construct 19CAR-V2 was not detected by flow cytometry.
• 37.7% of HEK293T cells and 3.19% of Jurkat cells express Venus as 

CD28 homodimer, mainly at cell membrane surface. 
• 55.25% of the HEK293T and 11.1% of Jurkat cells cells express Venus 

as CAR-CD28 heterodimer, both intracellularly and at the cell surface.  
• CD28-CAR heterodimers seem to be more efficiently expressed than 

CD28 homodimers.

Perspectives

Methods

Figure 3. Methods 
overview.

(A) Generation of lentivirus 
coding for :
• CD28 fused to V1 or V2
• 19CAR fused to V1 or 

V2

(B) Transduction of 
HEK293T or Jurkat cells. 
CD28, 19CAR, and Venus 
will be detected by flow 
cytometry and confocal.

Transduction Efficiency  

Figure 1. Chimeric Antigen Receptor.  
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Figure 2. Venus 
fluorescent 
expression system 
(V1 and V2).

• To break the 19CAR-CD28 heterodimers by inserting selective 
mutations in the CD28 transmembrane domain.

• To re-clone the 19CAR-V2 construct or design it with a different split 
fluorescent system to analyze 19CAR-homodimerization. 

Results and Conclusions

A

B

A B

Figure 4. Transduction efficiency (A) constructs 
design (B) flow cytometry showing CD28 and Myc
expression for the 4 constructs in HEK293T cell line.
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Is CPP direct translocation cell cycledependent? 

Roger Mora, Christian Widmann 

Cell-penetrating peptides (CPPs) are 8 - 20 
amino acid-long cationic peptides present in 
proteins able to cross membranes, such as 
homeoproteins or viral components. They can be 
used for therapeutical and experimental 
purposes to deliver bioactive cargos to cells. The 
model of CPP entry into cells is still debated and 
not fully understood at a molecular level. 
Nevertheless, it is known that they can enter 
cells through a combination of two non-mutually 
exclusive mechanisms: direct translocation and 
endocytosis. Recent investigations have shown 
that direct translocation is membrane potential 
(Vm) dependent: the approach of the CPP's 
positive charges to the surface of cells causes the 
Vm to drop to values below -150 mV, in a state 
called megapolarization. This favors the 
conditions for water pores to spontaneously 
form, used by CPPs to penetrate the cell. 
Following the CPP entry, the charge movement 
dissipates the membrane potential and water 
pore collapse, the CPP direct translocation is 
therefore transient and not toxic to cells. 

CPP direct translocation is not homogeneous in 
a cell population, although there is 
no experimental evidence of any explanation for 
this phenomenon. The goal of this project 
was to determine whether this 
heterogeneity is a consequence of the cell 
cycle stage a cell resides in. To this end, a 
modified FUCCI cell line, called PIP-FUCCI 
U2OS, was used to quantify the CPP uptake via 
direct translocation in dependence of the cell 
cycle stage of the cells. This cell line 
expresses three different fluorescent proteins: 
mCherry-Geminin, mVenus-PIP and mTurq2-
PCNA. In brief, Geminin is present through S 
and G2, when the APCCdh1 E3 ligase is 
inactive; PCNA is loaded on replication forks 
during the S phase, leading to the formation of 
PCNA puncta; and PIP is ubiquitinated and 
degraded during the S phase.   

These sensors enabled discrimination between 5 
different stages: G1, Early/Late S, and Early/
Late G2. Later, a control U2OS cell line was 
used to study the optimal parameters to 
quantify the uptake of two labeled CPPs (R9-
TAMRA and R9-iFluor405) under the confocal 
microscope. And finally, the CPPs uptake via 
direct translocation was quantified for each 
defined state of the cell cycle using the PIP 
FUCCI cell line. 

According to our preliminary data, the uptake 
via direct translocation of the CPPs used is 
affected by the cell cycle stage of the cell. 
CPP direct translocation occurs predominantly 
in the G1 and S phases of the cell cycle, whilst 
little CPP uptake is detected during the G2 
phase. These findings explain the observed 
differential CPP uptake within a cell 
population. Further experiments will determine 
whether this correlates with the extent of 
the plasma membrane polarization of the cells. 
This knowledge can be used to improve the use 
of CPPs in medicine and for experimental 
purposes.  
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Is CPP direct translocation cell cycle-
dependent?

Take-home message Cell-Penetrating Peptides

Aim

CPPs are 8 - 20 amino acid-long cationic peptides present in proteins able to
cross membranes, as homeoproteins or viral components. They can be used
for therapeutical and experimental purposes to deliver bioactive cargos into
cells. CPPs enter cells via two mechanisms:

Endocytosis
Direct translocation, which is membrane potential
dependent. CPPs bring positive charges to the surface
of cells, inducing megapolarization of the plasma
membrane. This favours the formation of water pores,
used by CPPs to penetrate cells. Following CPP entry,
the membrane potential dissipates and water pores
collapse, the CPP direct translocation is therefore
transient and not toxic to cells. 

CPP direct translocation is not homogeneous in a cell
population. Some cells efficiently take up CPPs (upper cell
in the image) while others remain negative (lower cell in
the image). The goal of this project was to determine
whether this heterogeneity is a consequence of the cell
cycle stage a cell resides in. 

Methodology

Expression of the three
fluorescent cell cycle sensors
along the cell cycle. Taken from
Ref. 2

PIP-FUCCI sensors

mCherry channel
Geminin

 

mTurq2 channel
PCNA

 

mVenus channel
PIP

Results

CPP direct translocation occurs predominantly in the G1 and S phases of the
cell cycle. Little CPP uptake is detected during the G2 phase. These findings
explain the observed differential CPP uptake within a cell population. Further
experiments will determine whether this correlates with the extent of the
plasma membrane polarization of the cells. 

This knowledge can be used to improve the use of CPPs in medicine and for
experimental purposes. 

It is possible to visually
discriminate the cell cycle stages
in the PIP-FUCCI U2OS cell line 
 thanks to the expression of three
different fluorescent proteins:

Geminin-mCherry: substrate of
the E3 ligase APCCdh1 that is
active during M and G1.

PCNA-mTurq2: PCNA is loaded
on replication forks during S
phase, leading to the formation
of PCNA puncta. Outside the S
phase, PCNA is diffusely
distributed in the nucleus.

Cdt1 degron (PIP)-mVenus is
ubiquitinated and degradated
during S phase

Quantification of % cells in each
stage. The increase in the
mCherry-Geminin fluorescence
during the S stage allowed to
separate early and late S. Similarly,
the increase in mVenus-PIP
fluorescence can define the two
substages in G2.   

1

R9-TAMRA uptake via direct translocation

R9-iFluor405 uptake via direct translocation

Roger Mora de la Serna, Nanoscience and Nanotechnology student
Universitat Autònoma de Barcelona

Distribution of R9-TAMRA cytosolic intensity in
each cell cycle stage.

Distribution of CPP
uptake according to
the cell cycle stage

Ref 1: Evgeniya Trofimenko et. al. 2021. Genetic,
cellular, and structural characterization of the
membrane potential-dependent cell-penetration
peptide translocation pore.

Ref 2: Gavin D. Grant et. al. 2018. Precise detection
of S phase onset reveals decoupled G1/S transition
events.

References

Distribution of R9-TAMRA cytosolic intensity in
each cell cycle stage.

Distribution of CPP
uptake according to
the cell cycle stage

R9-TAMRA uptake in PIP FUCCI cell line R9-iFluor405 uptake in PIP FUCCI cell line

Movie summarizing
CPP uptake
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Exploring granule formation in cellular models of insulin resistance 

Ishrak Ramzan1, Eesther Landaluce-Iturriria2, Isabel Lopez-Mejia2 

Obesity and insulin resistance are two conditions 
which have rapidly become a significant public 
health concern in recent years. One of the 
primary causes is a general increase in the 
caloric density of many foods, largely due to the 
industrialization of food production. Food is not 
only more dense in calories, but also has higher 
quantities of saturated fat and refined sugar. 
These two factors, combined with a general 
increase in the amount of food which people 
consume daily, has contributed heavily to the 
growing prevalence of these two conditions.  

Among the range of molecular phenomena which 
is altered by obesity is RNA processing. RNA-
binding proteins (RBPs) modulate RNA 
processing by controlling the different possible 
fates of RNA transcripts. Previous work in the lab 
had explored RBPs which differ in their 
expression between mice fed a normal diet and 
mice on a high-fat diet; from this larger pool of 
RBPs a subset of proteins were chosen to explore 
further. One of these proteins was Fmr1, which 
notably has been shown to form granules under 
certain conditions in adipocytes. There are a 
number of ways in which RBPs are able to exert 
post-transcriptional control, with one of these 
mechanisms being the formation of stress 
granules (SGs). SGs are compact aggregates of 
RNA and proteins which silence translation and 
form in response to various stimuli such as 
temperature shock, oxidative stress, toxic 
chemicals, and many more. Knowing this, we 
decided to explore granule formation to see if 
SGs were somehow implicated in conditions of 
insulin resistance.  

To explore this, pre-adipocytes were 
differentiated into mature adipocytes using a 
canonical cocktail of stimulants. They then 
received low or high concentrations of glucose, 
followed by 1 of 3 treatments: 10 ng/mL of TNF-
α, 100 nM of insulin, or both simultaneously, to  

induce insulin resistance in the two glucose 
concentrations. These cells were then fixed using 
4% PFA, and then immunostained for Fmr1 and 
G3bp1 (a marker of canonical SGs), in addition 
to Hoechst to stain nuclei, and then mounted 
onto slides. Imaging was performed using 40x 
magnification with a CELENA® X High Content 
Imaging System. These images were then 
processed in MiToBo, an image analysis toolbox 
for the Fiji image processing package, allowing 
for quantification of granule abundance for both 
proteins, as well as the number of nuclei present. 
Statistical analysis revealed that the only 
significant difference between any of the 
treatment options and granule abundance was 
with high glucose increasing the abundance of 
G3bp1 granules. The colocalization between 
Fmr1 and G3bp1 was also measured, utilizing the 
JACoP plugin for Fiji, and this showed that the 
two proteins do not frequently overlap. Based on 
both of these metrics, as well as the visual 
immunofluorescence, it is likely that the Fmr1 
granules frequently observed in adipocytes are 
not canonical SGs. It also seems unlikely that 
SGs are playing a key role in insulin resistance, 
as they did not vary in abundance in a significant 
way when comparing the data between various 
treatments known to induce insulin resistance in 
adipocytes. 
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INTRODUCTION

Obesity and insulin resistance are two conditions which are a pressing
public health issue in the modern age. A major cause of this is an increase
in the caloric density of many foods, featuring higher levels of saturated fat
and refined sugar. This phenomenon, combined with an overall increase in
the amount of food people consume daily,y,y has contributed to the growing
prevelance of these conditions over the past few decades.1 As millions of
people are affected by these ailments worldwide, we are interested in
exploring the molecular underpinings of these conditions in an attempt to
better understand and combat the disease.

OBJECTIVE

RNA processing is known to be altered in conditions of obesity2,3. These
processes are regulated by RNA-binding proteins (RBPs) which control different
fates of RNA. RBPs are able to induce post-transcriptional control through a
range of mechanisms, including the formation of stress granules (SGs),
compact aggregates of RNA and protein which silence translation. SG path

(
h
(
ology

has been well explored in other contexts4,5, so we sought to explore SG
formation in adipocytes in conditions of insulin resistance. Of particular interest
were Fmr1 (a protein which prevents translation initiation6), and G3bp1 (a known
marker of canonical SGs7).

METHODS

Pre-adipocytes were treated with a differentiation cocktail ,
before receiving 1 of 3 treatment conditions to trigger insulin
resistance in two different glucose concentrations.

Treated mature adipocytes were fixed using 4% PFAFAF , and then stained
and mounted. Imaging was performed with a CELENA® X High Content
Imaging System, and quantification was run utilizing MiToBo.

Scheme from (Dolicka et al. 8). SGs assemble in response to a
range of stimuli, involving the condensation of RNAs and
proteins into compact aggregates.

RESULTLTL S

Mature adipocytes were treated with insulin resistance
trigerring stimuli (N=3) and then fixed and
immunostained for Fmr1 and G3bp1. Both proteins
were consistnently observed to be found in the cytosol.
Analyzing the treated cells revealed limited effects on
Fmr1 granule abundance. Conversely,y,y high glucose
increased G3bp1 granule abundance significantly.

Mature adipocytes were cultured with combinations of the following
supplements: glucose (5 or 25 mM), insulin (100 nM), and TNF-α (10
ng/mL). Cells were then stained with

)
h
)

anti-Fmr1 antibody (green), anti-
G3bp1 antibody (red) and Hoecsht (blue).

Granule amounts were quantified using the MiToBo plugin's Particle
Detector in Fiji. Nuclei were quantified in an automated manner
through Fiji as well.

Protein colocalization was quantified via the JACoP plugin in Fiji by
first analyzing threshold and then measuring Pearson's coefficient.

CONCLUSION

Following investigation, it is likely that
the Fmr1 granules frequently observed
in adipocytes are not traditional SGs.
Immunofluoresence shows that Fmr1
and G3bp1 granules do not frequently
overlap, which was futher confirmed
by measuring the colocalization of
these two proteins. Additionally,y,y
treatment of mature adipocytes with
stimuli to model insulin resistance did
not impact Fmr1 and G3bp1 granule
abundance significantly,y,y which
continues to suggest that a) Fmr1 is
not contained wtihin canonical stress
granules, and b) that SGs are unlikely
to play a key role in insulin resistance.
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Manipulation of Apoptotis Does Not Alter Low-NAD+ Induced 
Neurodegeneration in Drosophila 
 
Alexander M. Scrutton, Magdalena Kocia, Lukas J. Neukomm 
 
Abstract 
Nicotinamide adenine dinucleotide (NAD+) is a 
pivotal metabolite and enzyme cofactor involved 
in a vast range of fundamental cellular 
processes. This includes basic cellular 
bioenergetic functions, mitochondrial 
homeostasis, genomic stability, adaptive stress 
responses, cell survival mechanisms – and most 
notably, neurodegeneration. Indeed, low levels 
of NAD+ has previously been shown to induce 
neuronal death. Sustained NAD+ levels appear 
to be beneficial in numerous animal models of 
neurodegenerative conditions, including 
Alzheimer’s. The mechanism in which low levels 
of NAD+ results in neurodegeneration currently 
remains unknown. Advancing the understanding 
of the role of NAD+ in neurodegeneration may 
provide a novel treatment avenue for a wide 
range of neurodegenerative disorders. 
 
In Drosophila, NAD+ is synthesized by 
nicotinamide mononucleotide adenylyl 
transferase (dNMNAT), a conserved mammalian 
protein which synthesizes NAD+ from either 
nicotinamide mononucleotide (NMN), or nicotinic 
acid mononucleotide (NaMN). NAD+ is broken 
down by dSARM, a NAD+ hydrolase that is 
conserved in humans (Sarm1). Recent evidence 
has suggested that dSARM is an important 
activator of axonal degeneration. Axon 
degeneration is thought to be mediated by an 
active destruction program, akin to apoptosis. 
While the precise mechanisms are not well 
understood, dSARM has been shown to be 
required for the activation of injury-induced 
neuronal death pathways. This allows for the 
construction of a model in which the controlled 
expression of dSARMΔARM (lacking its auto-
inhibitory domain), triggers neurodegeneration 
in vivo by lowering NAD+ levels. The central aim 
of this project was to inhibit components of 
previously described apoptosis pathways solely 
in photoreceptor neurons, and to evaluate their 
requirement for neurodegeneration induced by 
low NAD+ levels. 

 
 
In order to express dSARMΔARM specifically in 
photoreceptor neurons, the Gal4/UAS system 
was employed. The Gal4/UAS system consists of 
two components: the expression of Gal4 (a 
transcriptional activator) with a tissue specific 
enhancer element; and the transcriptional 
activation of a chosen gene with an upstream 
activation sequence (UAS) – to which Gal4 binds 
to. sevenless (encoding a receptor tyrosine 
kinase essential for the development of R7 cells 
in the eye) was used as the Gal4 enhancer 
element. Our results showed that the depletion 
of NAD+ triggers neurodegeneration, resulting in 
a rough-eye phenotype and a significantly 
reduced eye area. This allowed for the screening 
of RNAi lines targeting previously described 
components of apoptotic pathways following low-
NAD+ induced neurodegeneration. 
 
Our results suggest that apoptosis does not 
execute neurodegeneration induced by low-
NAD+ levels in Drosophila. The manipulation of 
genes involved in apoptosis failed to rescue the 
rough-eye phenotype. It would be beneficial to 
investigate the role of components in other cell 
death pathways (eg. autophagy, necrosis) which 
may block NAD+ induced neurodegeneration. 
Interestingly, reducing the expression of various 
pro-apoptotic genes enhanced the severity of the 
rough-eye phenotype. This indicates that there is 
a complex network of crosstalk between 
apoptotic machinery and neuronal death 
pathways. Further studies may aim to 
characterize this interplay. 
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Identification of molecular methods by which mitochondrial dysfunction 
alters muscle function 
 
Veronica Szygalowicz1, Alexis Jourdain2, Emeline Recazens2 
 
Abstract 
Mitochondrial disorders are one of the most 
common inherited metabolic disorders, 
characterized by mitochondria that function 
abnormally. Currently, mitochondrial myopathies 
are poorly understood, and they have no 
effective treatments. Studying mitochondrial 
biogenesis and activity in muscle tissue may 
provide insights into how these diseases 
function, hopefully uncovering potential 
therapeutic routes in the process.  
 
The process of myogenesis – muscle cell 
differentiation – involves the differentiation and 
fusion of different muscle cell precursors called 
myoblasts to form myotubes. As this cell 
differentiation takes place, there is also 
mitochondrial remodeling that occurs in order to 
satisfy the increasing energy needs of myotubes. 
Myoblasts rely primarily on aerobic glycolysis for 
the production of ATP, whereas myotubes have a 
heavier reliance on oxidative phosphorylation, 
which produces a larger amount of ATP more 
efficiently. However, whether this mitochondrial 
remodeling is necessary for myogenesis is not 
yet known. Here we explore both this question 
and the identification of possible mitochondrial 
signals involved in myogenesis. 
 
The importance of the oxidative phosphorylation 
(OXPHOS) system on myogenesis is unknown, as 
previous studies show contradicting results 
regarding myoblast proliferation and 
differentiation following OXPHOS complex 
inhibition. Here, we have tested the effects of 
various OXPHOS complex inhibitors – antimycin 
A (complex I) and piericidin A (complex III) – on 
myoblast proliferation and fusion capacity, two 
important steps of myogenesis. First, we found 
that both antimycin and piericidin treatment 
reduce the proliferative capacity of myoblasts.  
 
 
 
 

 
To understand the mitochondrial defect that 
leads to this alteration, we performed a screen to 
identify potential metabolites that can rescue 
myoblast proliferation following OXPHOS 
inhibition. In a screen of carbon-containing 
compounds, supplementation of several glucose 
polymers and pyruvic acid were found to improve 
both myoblast proliferation and mitochondrial 
activity in antimycin-treated cells. OXPHOS 
inhibition induces a decrease in ATP production 
and an altered NAD⁺/NADH ratio. Glucose 
polymers may increase ATP production through 
aerobic glycolysis, and pyruvic acid replenishes 
NAD⁺, thus providing a possible explanation for 
these results.  
 
As a second part of this study, we tested whether 
piericidin and antimycin treatment prevent 
myoblast fusion. When the fusion index – the 
percentage of myoblasts that had fused to form 
myotubes – was measured and compared 
between treated cells and controls, there were 
mixed results regarding antimycin treatment: 
previous data showed no effect, whereas more 
recent results demonstrate a decrease in 
myoblast fusion. However, a large and 
pronounced decrease in myotube fusion with 
piericidin was observed. Additional work is 
necessary to confirm or reject these findings.  
In conclusion, mitochondrial activity appears 
important for myogenesis as we demonstrate a 
role of OXPHOS activities on myoblast 
proliferation and fusion. Further experimentation 
should aim to explore the mitochondrial signals 
that support myogenesis. 
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Introduction
Mitochondrial myopathies are poorly understood 
and have no effective treatment. Studying 
mitochondrial biogenesis and activity in muscle 
tissue may provide insights into how these diseases 
function.

During myogenesis – muscle cell differentiation –
myoblasts fuse together to form myotubes. 
Mitochondrial remodeling also occurs during this 
process, with myotubes switching to oxidative 
phosphorylation (OXPHOS) to generate more ATP for 
contractions than aerobic glycolysis-dependent 
myoblasts can. However, we still do not know if this 
mitochondrial remodeling is necessary for 
myogenesis. 

Objectives
1. To determine whether mitochondrial activity is 
necessary for muscle cell differentiation.
2. To discover potential mitochondrial signals that 
support myoblast proliferation.

Methods
Cellular model/treatment: C2C12 cells (mouse 
myoblasts) treated with antimycin (complex III 
inhibitor) or piericidin (complex I inhibitor), 1 uM

Myoblast proliferation: After 2.5 days of 
proliferation, the number of cells was measured 
using a cell counter. 

Screen: Myoblasts, with or without antimycin 
treatment, were seeded in a 96-well plate 
containing different metabolites (Biolog plate). 
Myoblast proliferation is measured using EVOS 
microscope imaging (DAPI staining) and 
mitochondrial activity was measured using BioLog
dye. 

Myoblast fusion: To induce their differentiation 
myoblasts were switched into a serum-poor media. 
Myotubes were treated with OXPHOS complex 
inhibitors during their differentiation. Myosin chain 
staining using immunofluorescence (IF) was 
performed on day 7 of differentiation to measure 
the fusion index (the percentage of myoblasts that 
fused to form myotubes).

Myogenesis: fusion

Results

Figure 2. Glucose polymers and pyruvic acid (dark spots in red 
circle) rescue the defects in myoblast proliferation and 
mitochondrial activity induced by antimycin.

Figure 3. Antimycin and piericidin decreased myoblast fusion in 
recent experiments, although previous experiments showed no 
effect.

Conclusion
OXPHOS complex inhibitors reduce myoblast proliferation and 
may affect myoblast fusion capacity.

Some compounds identified through the BioLog/EVOS 
microscope screen may be involved in a mitochondrial defect 
pathway, but further investigation is needed.

Proper mitochondrial activity appears necessary for muscle 
differentiation. 
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Figure 2. OXPHOS complex 
inhibition decreases 
myoblast proliferation.

Figure 1. MyoG (muscle 
differentiation marker) 
increases during 
differentiation.
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Impact of Gene Tree Rooting on Orthology Inference 

Ali Yazdizadeh Kharrazi1, Sina Majidian2, Adrian M. Altenhoff3,4, 

Christophe Dessimoz2,4 

ّIntroduction: 
Orthologous genes are homologs that started 
diverging due to a speciation event. In other 
words, they are “corresponding” genes between 
species. On the other hand, paralogs are defined 
as genes that started diverging due to a 
duplication event. The reason that we are more 
interested in orthology than paralogy is due to 
the orthology conjecture; orthologous genes 
tend to have more similar functions than 
paralogous genes. 

Method: 
In order to find the HOGs, which are orthologous 
genes defined in a specific taxonomic range, we 
first need to find homologs. In this study, we 
used Omamer, an alignment-free protein 
mapping to ancestral gene subfamilies. In the 
next step, we infer the gene tree of those 
proteins which are mapped to the same 
subfamily. Most of the orthology inference 
methods rely on a rooted gene tree that will then 
be used by a method like species overlap to find 
duplication/speciation events on the gene tree. 
These algorithms are highly affected by the place 
of the root in the gene tree. Therefore, the 
correct placement of the root plays an important 
role in finding the true orthology relationships. 
We investigated two commonly used gene tree 
rooting algorithms and developed a novel 
algorithm. The most commonly used algorithm is 
midpoint rooting. It places the root in the middle 
of the longest path in the tree. The other well-
established algorithm is Minimal ancestor 
deviation (MAD). It is an improved version of the 
midpoint rooting. MAD iterates through all 
possible pairs of leaves and tries to find an 
internal node as the root that results in a minimal 
deviation from the molecular clock assumption. 
Molecular clock assumption is that all genes 
evolve at a constant rate over time and among 
different species. We developed a new rooting 
algorithm based on midpoint rooting that ignores 

extraordinary long branches based on the sum of 
their pairwise distance to other leaves. This 
makes our algorithm robust to such outliers. 

Result: 
To measure the impact of gene tree rooting in 
inferring orthology relationships, we used the 
Quest For Orthologs (QFO) benchmark. This 
dataset contains different benchmarks for 
orthology. Each of them assesses different 
aspects of orthology. Our analysis showed that 
all three algorithms perform significantly better 
than the baseline (Random rooting). Besides,  
MAD rooting is performing better than the other 
two in terms of recall in the TreeFam-A 
benchmark.  

Conclusion: 
In this study, we showed the importance of 
rooting gene trees in orthology inference. We 
evaluated different rooting algorithms and 
proposed a new one that performs better than 
state of the art.
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Background: Orthologous genes are homologs which started diverging due to a speciation event.
In other words, they are ”corresponding” genes between species. Many orthology inference
methods rely on a rooted gene tree therefore correct placement of the root, plays an important
role in finding the true orthology relationships. We investigated two commonly used rooting
algorithms as well a novel algorithm that we designed.

Results: All three algorithms perform significantly better than the baseline (Random rooting) with
MAD rooting performs better than the other two in terms of recall in the TreeFam-A benchmark.

Impact of Gene Tree Rooting on Orthology Inference

Methods
Homologs are genes which share a common ancestor. We 
create a multiple sequence alignment (MSA) based on these 
homologous sequences. The MSA will be used to create an 
unrooted tree. The place of root has to be determined based 
on external knowledge or algorithm like we used here. Based 
on the rooted tree using Species Overlap method we can find 
Orthologous/Paralogous gene pairs.

Results
Using manually curated gene trees (SwissTree and TreeFam-A
from QFO 3) as a gold standard for orthology relationships, we can
see the performance of different rooting algorithms. Random
rooting, which places the root at a random branch of the tree, is
used to show the baseline.
Compared to random rooting, all three algorithms, including the
one we developed, improve the performance significantly. MAD
rooting performs better than the other two in terms of recall in
the TreeFam-A benchmark.

Conclusion: In this study we showed the importance of rooting in orthology inference and
evaluated different rooting algorithm. At the end we proposed new direction for rooting
algorithms and where orthology inference can be improved.

Orthologous
Gene Pairs

Paralogous
Gene Pairs

Multiple 
Sequence 
Alignment

Homologous 
Gene 

Sequences

Unrooted 
Gene Tree

Rooted 
Gene Tree

• MidPoint rooting1

Find the longest path in 
tree and put the root in the 

middle

• Minimal Ancestral 
Deviation (MAD)2 rooting

Similar to MidPoint Rooting 
but try many different 

alternative and choose the 
best, based on ancestral 

deviation

• MidPoint Outlier Robust 
rooting

We developed this 
algorithm. It’s similar to 

midpoint rooting but 
ignore leaves with 

extraordinary length.

Check out our Code!

Discussion
• Other rooting algorithms could be tested.
• Mistakes in upstream process such as

gene annotation and protein subfamily
mapping can interfere with rooting and
orthology inference.

References: 1. Farris J. 1972. Estimating phylogenetic trees from distance matrices. American Naturalist 106: 645–667.. 2. Tria FDK, Landan G, Dagan T. Phylogenetic rooting using minimal ancestor deviation. Nat Ecol Evol. 2017 Jun 19;1:193.             
3. Altenhoff, A., Boeckmann, B., Capella-Gutierrez, S. et al. Standardized benchmarking in the quest for orthologs. Nat Methods 13, 425–430 (2016).
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