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Anatomy and Cell Biology 
 

Regulation of telomere maintenance 

Supervisor: Dr. Chantal Autexier 
 

Project Description:  

Possible projects consist of determining the role of replication stress or of unique regions of 
telomerase holoenzyme components in telomere maintenance using advanced molecular and 
cellular biology approaches providing undergraduate students with an opportunity to 
contribute to and understand how scientific research is conducted. Students recruited to a 
graduate program will acquire a comprehensive skill set, including teaching, communication, 
problem-solving and critical analysis that is relevant to varied careers. 

 

Lab Techniques:  

Our lab uses fluorescence microscopy and chromatin immunoprecipitation to study telomeres 
and telomerase recruitment to telomeres. We also use traditional molecular biology 
approaches such as cloning, degron-mediated protein depletion, real-time quantitative PCR, 
fluorescence activated cell sorting, RNA and protein immunoprecipitation to identify and 
characterize the molecular mechanisms controlling telomerase RNA processing, telomerase 
ribonucleoprotein biogenesis and function at telomeres and in cellular survival and 
immortalization. 

  

Key words: Telomere, Telomerase, Ribonucleoprotein, Dyskerin, Premature Aging, Cancer 

 

For more information: 

http://www.ladydavis.ca/en/autexierlab 

 

  



 

Interaction of proteins with the microtubule cytoskeleton 

Supervisor: Dr. Susanne Bechstedt 
 

Project Description: 

The project will explore the biochemistry and biophysics of microtubule-associated proteins 
(MAPs) using single-molecule TIRF microscopy. Training will be provided in a variety of 
techniques in protein biochemistry and microscopy. The MAPs we are working on are involved 
in cell division and neuronal function with implication in cancer and neurodegenerative 
diseases. 

 

Lab techniques: 

• Molecular biology/cloning 
• Protein expression and purification 
• Biochemical microtubule assays 
• TIRF microscopy 

For more information: 

http://bechstedt.lab.mcgill.ca/ 

  



 

Investigation of the Rac1/Cdc42 GTPase regulator in development and cancer 

Supervisor: Dr. Nathalie Lamarche-Vane 
 

Project Description: 

The Rho family of small GTPases plays many roles in cellular processes such as migration, 
adhesion, and cell cycle progression. The best characterized Rho GTPases are RhoA, Rac1, and 
Cdc42. Rho GTPases cycle between their activated GTP-bound state and their inactivated GDP-
bound state. This is regulated by guanine exchange factors (GEFs), GTPase-activating proteins 
(GAPs), and GDP dissociation inhibitors (GDIs). One such regulator is Cdc42 GTPase-activating 
protein (CdGAP), which is a GAP for Rac1 and Cdc42. Additionally, it has been discovered that 
CdGAP plays a role in the repression of the cellular junction E-cadherin protein expression and 
potentially other genes, indicating its transcriptional activity. Therefore, using CdGAP-deficient 
mouse models and human breast cancer cell lines, we are investigating whether CdGAP is a 
positive modulator of breast cancer metastasis through its transcriptional regulatory function. 
The student will get familiarized with cell culture and various molecular, cellular, and 
biochemical technical approaches. 

 

For more information: 

https://www.mcgill.ca/anatomy/nathalie-lamarche-vane 

  



 

The netrin-1 receptor DCC signalosome in neuronal development 

Supervisor: Dr. Nathalie Lamarche-Vane 
 

Project Description: 

The netrin family of proteins functions as guidance cues directing axon migration during 
neuronal development. In the cerebral cortex, netrin-1 attracts the axons through the receptor 
DCC (deleted in colorectal cancer). Mutations in the DCC and Netrin-1 genes have been 
reported causative in the rare disease non-syndromic congenital mirror movements. In 
addition, small nucleotide polymorphisms within the genes encoding DCC and netrin-1 have 
been associated with neurodevelopmental disorders, including brain malformations, 
schizophrenia and autism. Our previous work has established the importance of the small 
GTPases Rac1, RhoA, and Ras in the molecular machinery regulated by netrin-1/DCC during 
cortical axon outgrowth and guidance. Small GTPases act as molecular switches that control 
many aspects of cell activity through a simple GDP/GTP cycle. Using primary neuronal cell 
cultures and mouse models coupled to molecular cell imaging, we are dissecting the signaling 
pathways activated by netrin-1 and determining how they regulate actin dynamics resulting in a 
directed response of growth cone navigation. The student will get familiarized with cell culture 
and various molecular, cellular, and biochemical technical approaches. 

 

For more information: 

https://www.mcgill.ca/anatomy/nathalie-lamarche-vane 

  



 

Understanding the assembly process of the bacterial ribosome using cryo-
electron microscopy 

Supervisor: Dr. Joaquin Ortega 
 

Project Description: 

In this project we will use cryo-electron microscopy and biochemical techniques to understand 
the assembly process of the bacterial ribosome. The ribosome makes every protein in the cell 
and without ribosomes cells die. Students will learn cryo-EM, a technique in increasing demand 
both in academic positions and private sectors companies dedicated to drug discovery and 
vaccine development. 

 

Lab techniques: 

• Cryo-electron microscopy 
• Molecular biology 
• Biochemistry 
• Biophysical techniques 

 

For more information: 

https://www.joaquinortegalabonlinemcgill.com/ 

 

  



 

Role of fibronectic on bone development 

Supervisor: Dr. Dieter Reinhardt 
 

Project Description: 

This project aims to understand the role of fibronectin in cartilage and bone development. It 
uses genetically modified mouse models with deleted fibronectin in cartilage. The cartilage and 
bone will be analyzed by a series of microscopic and biochemical methods. 

 

For more information: 

http://reinhardt-lab.mcgill.ca/ 

 

 

  



 

Electron tomography in virology 

Supervisor: Dr. Mike Strauss 
 

Project Description: 

We will examine the structure of viruses in various parts of the virus life-cycle using cryo-
electron tomography. The student will learn advanced methods in image processing. 

 

Key words: 

• cryoEM 
• Structural virology 

 

For more information: 

https://strauss.research.mcgill.ca/ 

 

 

 
  



 

Biochemistry 
 

Role of autophagy in muscle stem cell fate 

Supervisor: Dr. Natasha Chang 
 

Project Description: 

This project addresses the role of cellular autophagy, a metabolic nutrient recycling and cell 
survival pathway, in mediating stem cell fate. Our lab uses biochemistry combined with cell 
biology approaches to address fundamental questions in muscle stem cell biology. The student 
will gain exposure to a wide range of experimental techniques ranging from primary cell 
isolation from mice to immunocytochemistry and molecular-based assays to study gene and 
protein expression. The student will also gain experience working within a research team, and 
develop skills in project management, scientific writing and communication. 

 

Lab Techniques: 

• Primary cell culture 
• Differentiation assays 
• Indirect immunofluorescence 
• Real-time PCR 
• Western blot 

 

For more information: 

https://natashachanglab.com/ 

 

  



 

Atomic structures of proteins involved in neurological diseases 

Supervisor: Dr. Kalle Gehring 
 

Project Description: 

Our laboratory uses biophysical and biochemical techniques to decipher the function of 
proteins involved in neurodegenerative diseases. We use X-ray crystallography, NMR 
spectroscopy, and cryoelectron microscopy (cryoEM) to determine the 3D structures of 
proteins. From snapshots of proteins in different conformations, we can decipher their function 
and how they are regulated. Our group focuses on proteins in the ubiquitin pathway that play 
protective roles in the brain. Understanding the activity and regulation of these proteins is 
contributing to the development of drugs and therapies for treating neurodegenerative 
diseases. 

 

Lab Techniques: 

• Sterile technique 
• Bacterial cultures 
• Molecular biology 
• Protein purification 
• FPLC 
• Affinity chromatography 
• SDS-PAGE 

 

For more information: 

https://www.mcgill.ca/biochemistry/about-us/department/faculty-members/gehring 

 

  



 

Structure-function studies of DNA repair complexes 

Supervisor: Dr. Alba Guarné 
 

Project Description: 

We combine integrative structural biology with biochemistry and genetics to study how 
proteins detect DNA damage and repair it. Genome integrity depends on DNA repair proteins 
being able to identify damage regardless of sequence context. To this end, many repair 
enzymes bind DNA lesions in a sequence independent, but structure-dependent manner. In this 
summer project, students will be paired with a graduate student to study how structure-
specific DNA nucleases identify and remove DNA lesions. 

  

Lab techniques: 

• Bacterial cultures 
• Molecular biology 
• Protein purification 
• Protein crystallization 
• Cryo-electron microscopy 
• Protein-DNA binding assays  
• Biophysical techniques 

 

For more information: 

https://albaguarne.wixsite.com/guarnelab-mcgill 

 

  



 

Structural studies of anti-viral proteins  

Supervisor: Dr. Bhushan Nagar 
 

Project Description: 

We are interested in understanding the mechanisms that underlie how host IFIT proteins 
prevent viral replication in the cell. To address this, biophysical methods such as X-ray 
crystallography and cryoEM will be used to determine structures of IFITs in complex with viral 
components. Students will learn cutting-edge techniques in structural biology and gain an 
understanding of the interplay between innate immunity and viral infection for the ultimate 
goal of developing therapeutics against viruses such as those that cause Covid-19. 

 

For more information: 

http://bhushan-nagar.lab.mcgill.ca/ 

  



 

Understanding replication organelle formation in positive-strand 
RNA virus infection 

Supervisor: Dr. Selena Sagan 
 

Project Description: 

In positive-sense RNA viruses, the viral genome itself must be a template for translation, 
replication and packaging. However, each of these processes is mutually exclusive. Since 
ribosomes travel 5' to 3' while polymerases travel 3' to 5', translation must be switched off for 
genome replication to occur. The Sagan Lab is studying the mechanism(s) of the switch from 
translation to replication and replication organelle biogenesis in viruses of the Flaviviridae 
family (Hepatitis C virus, Dengue virus and Zika virus). Using RNA biology, virological assays, and 
fluorescence microscopy, students will explore the host and viral factors that mediate these 
steps in the viral life cycle, help to elucidate the mechanism(s) of viral progeny production, and 
shed light onto novel targets for antiviral therapy. 

 

Lab Techniques: 

• Tissue culture 
• Molecular cloning 
• Plaque- and focus-forming unit assays 
• Fluorescence microscopy 
• Luciferase assay 
• Western blot 
• Northern blot  
• qRT-PCR analyses 

 

For more information: 

https://www.saganlab.com/ 

  



 

Nonribosomal peptide biosynthesis 

Supervisor: Dr. Martin Schmeing 
 

Project Description: 

Nonribosomal peptide synthetases (NRPSs) are large microbial enzyme that synthesize natural 
small molecules that can be used as antibiotics, anticancers and other medicines. We wish to 
understand how NRPSs act to make these important small molecules. The project is 
multidisciplinary, using a wide variety of molecular biology, chemical biology, biophysical and 
structural biology techniques to best understand biosynthesis by NRPSs and give students 
experience with many experimental approaches. 

 

For more information: 

http://www.med.mcgill.ca/biochem/schmeinglab/Schmeing_Lab_website/Home.html 

  



 

Protein tyrosine phosphatase in Alzheimer diseases 

Supervisor: Dr. Michel L Tremblay 
 

Project Description: 

The lab works on protein tyrosine phosphatases . One of which has been identified to be 
involved in neuron survival. The experimental program will be simply to develop a IPSC cells 
differentiation into neuronal cells and the use of PTP inhibitor  or shRNA library already 
generated against all PTPS to validate the effect and the existence of other PTP modulating 
neuronal cells differentiation 

 

For more information: 

https://tremblay.lab.mcgill.ca/ 

 

  



 

Gene expression regulation in response to stress conditions 

Supervisor: Dr. Maria Vera Ugalde 
 

Project Description: 

Study the gene expression regulation of stress-regulated genes using single-molecule 
fluorescence microscopy.  We investigate the subcellular localization, translation, and decay of 
mRNA encoding cytoprotective chaperones in response to an increase in the environmental 
temperature and during aging using several model organism. 

 

For more information: 

http://www.veraugaldelab.net/ 

 

 



 

Biomedical Engineering 
 

Fast and high-resolution T2* mapping of the brain at ultra-high magnetic field 

Supervisor: Dr. Christine Tardif 
 
Project Description: 

Gradient echo (GRE) is a commonly used magnetic resonance imaging (MRI) sequence to study 
brain structure and physiology in vivo. T2*-weighted GRE in particular is increasingly used at 
ultra-high field strengths (7 Tesla (T)) due to its rich magnitude and phase contrast in the brain. 
Iron-rich deep brain structures such as the red nucleus, heavily myelinated intra-cortical 
laminae, and the venous vasculature tree can be clearly depicted in high-resolution T2*-
weighted images. T2* maps can be reconstructed from multi-echo T2*-weighted GRE data to 
quantify iron accumulation and micro bleeds in neurodegenerative disorders.  

The inclusion of T2* maps in clinical research of neurodegenerative disorders is hindered by 
long scan times and motion artifacts. We propose to develop a novel GRE sequence at 7T that 
will address these limitations to acquire high-resolution images in clinically feasible scan times. 
We will use an efficient 3D non-cartesian trajectory at 7T in combination with an image 
reconstruction pipeline that uses sparsity and low-rank constraints to reconstruct an image 
from under-sampled data. 

This is a great opportunity for a student with a background in STEM interested in the 
development MRI techniques. The student will contribute to the acquisition and reconstruction 
of MR images using the whole body 7 Tesla MRI scanner at the Montreal Neurological Institute 
(the only one in Canada). 

 

Lab Techniques: 

• Quantitative magnetic resonance imaging 
• Pulse sequence programming 
• Image reconstruction 

 

For more information: 

https://www.tardiflab.com/ 



 

2 - Mechanics and acoustics of the ear; 3D modelling of complex natural 
structures 

Supervisor: Dr. Robert Funnell 
 
Project Description: 

Mechanics and acoustics of the ear: We are particularly interested in the possibility of 
improving hearing screening and diagnosis, especially in newborns, using a clinical technique 
called ‘tympanometry’ that involves applying both sounds and static pressures to the ear. A 
summer project could involve (1) assisting with vibration measurements in gerbils or with 
clinical tympanometry measurements in babies; (2) creating 3D models of the ear; 
(3) developing computational models and running simulations; or (4) applying machine learning 
to hearing screening and diagnosis. 

3D modelling of complex natural structures: We are interested in the development of software 
for creating and interacting with computer-based 3D models. A summer project could involve 
(1) implementing, refining and evaluating existing algorithms; (2) designing, implementing and 
evaluating new algorithms; or (3) evaluating and improving our existing software. 

Keywords: Hearing, screening and diagnosis, newborns, modelling and simulation, 
biomechanics, machine learning, software development 

 

Lab Techniques: 

• Animal experiments (microsurgery, laser Doppler vibrometry) 
• Clinical measurements (tympanometry) 
• Computational modelling (interactive computer graphics, finite-element modelling, 

algorithm design, programming) 

 

For more information: 

http://audilab.bme.mcgill.ca 

 

  



 

Stereolithography 3D printing of organ-on-a-chip  

Supervisor: Dr. David Juncker 
 
Project Description: 

Student will participate in the optimization and development of a bioprinting platform and its 
use for organ-on-a-chip printing.  

 

Student will learn skills relating to:   

• 3D printing 
• Microfabrication 
• Cell culture  
• Biocompatibility testing in an independent but guided work environment. 

 

Graduate student supervisor: Yonatan Morocz 

 

For more information: 

https://www.juncker.lab.mcgill.ca/    



 

Ultrasensitive assays for early diagnosis and monitoring of 
infectious diseases   

Supervisor: Dr. David Juncker 
 
Project Description:  
Infectious diseases such as HIV infection affect millions of people annually. To date, RT-PCR for 
viral load detection has played an important role as the gold standard. However, RT-PCR testing 
requires demanding resources, hindering people from getting suitable diagnoses and clinical 
care. Recently, ultrasensitive immunoassays have emerged, but they still need long incubation 
and complex instrumentation. Here, we propose a new point-of-care ultrasensitive digital assay 
that does not require demanding resources, and processes a sample in a short time.  The 
student working on this project will participate in optimizing device functionalization for 
immunoassays, and developing a fluidic structure to drive the assay.  

 

Lab techniques: 

• Microfabrication 
• 3d printing 
• Immunoassay 
• ELISA 
• Fluorescence microscopy 
• Confocal microscopy.  

 

Graduate Student supervisor: Geunyong Kimg 

 

For more information: 

https://www.juncker.lab.mcgill.ca/   

 

 

  



 

Layer by layer self assembly for immunomodulation in diabetes 

Supervisor: Dr. Maryam Tabrizian 
 

Project Description: 

The goal of this project is to assess a novel combination of biocompatible polyelectrolytes for 
nanothin film formation by layer-by-layer assembly on human islets and to investigate the 
metabolic and immunological activities of coated islets. 

 

For more information: 

https://www.mcgill.ca/biomat-x/ 

 



 

Nanoparticle delivery system for targeted gene delivery 

Supervisor: Dr. Maryam Tabrizian 
 
Project Description: 

There are few projects in this field in our laboratory aiming at developing nanoprobes and 
nanoparticles with both targeting and imaging abilities for the treatment of atherosclerosis, 
arthritis and melanoma. 

 

 

For more information: 

https://www.mcgill.ca/biomat-x/ 

 

 

  



 

Goodman Cancer Institute 

MicroRNAs in Development and Cancer 

Supervisor: Dr. Thomas Duchaine 
 
Project Description: 

Examine the molecular genetics and biochemistry of the microRNA co-factors in C. elegans and 
mammalian cells. 

 

For more information: 

https://thomasduchainelab.wordpress.com/ 

 

 

  



 

Transcriptional Control of Hepatic Energy Metabolism: Implications in Liver 
Diseases and Hepatocellular Carcinoma 

Supervisor: Dr. Vincent Giguère 
 
Project Description: 

Obesity is linked to the metabolic syndrome leading to non-alcoholic fatty liver disease (NAFLD), 
often a precursor to liver cancer. The project is aimed at investigating new intracellular 
molecular pathways that can be exploited to prevent and treat NAFLD. The experimental 
approach includes most current "omics", most particularly transcriptomics, proteomics and 
mouse genetics. The student will be exposed to state-of-the-art science and learn how to 
generate and interpret large datasets to advance complex questions. 

 

For more information: 

https://vincent-giguere.lab.mcgill.ca/ 

 

 

  



 

Regulation of thermogenesis by brown adipocytes 

Supervisor: Dr. Lawrence Kazak 
 

Project Description: 

Our lab is focused on mammalian energy metabolism. We use genetically engineered mouse 
models to study energy homeostasis in vivo, using state-of-the-art indirect calorimetry. We 
combine mouse physiology with molecular tools such ass functional genomics (i.e. RNA-seq, 
ChIP-seq), bioenergetics and enzyme biochemistry. 

 

Lab Techniques: 

• Genetic engineering (mouse models, cultured cells) 
• Bioenergetics 
• Protein purification 
• Metabolomics 
• Proteomics 
• RNA-sequencing 
• ATAC-sequencing 
• qPCR 
• Western blotting 
• Indirect calorimetry 
• Energy balance studies (energy expenditure, intake and absorption) 

 

For more information: 

https://kazaklabmcgill.ca/ 

  



 

DNA Repair Accessory Factors in Cancer 

Supervisor: Dr. Alain Nepveu 
 
Project Description: 

We have identified transcription factors which function as accessory factors that stimulate the 
activities of base excision repair enzymes. In cancer cells that produce excess reactive oxygen 
species, these factors are required to accelerate the repair of oxidative DNA damage, thereby 
preventing cellular senescence and enabling continued proliferation.. In vitro, we perform 
multiple DNA repair assays with purified proteins to define the smallest peptide that can still 
stimulate enzymatic activity. In cells, we investigate the effect of transcription factor 
knockdown on genomic DNA damage and DNA repair, and verify that ectopic expression of a 
small peptide, competent in DNA repair but devoid of transcriptional activity, can rescue the 
phenotype. In cancer cells, we assess the synthetic lethality of transcription factor knockdown. 

 

Lab Techniques: 

• Basic molecular biology techniques 
• Protein expression in bacteria and human cells 
• Protein purification 
• in vitro DNA repair assays 
• Tissue culture 
• Lentiviral vectors for ectopic expression or gene knockdown 
• Genomic DNA damage in mammalian cells. 

 

For more information: 

https://www.mcgill.ca/gci/alain-nepveu-phd 

 

 

  



 

Understanding Immune and Targeted Therapy in Melanoma 

Supervisor: Dr. Ian Watson 
 
Project Description: 

Melanoma that has spread to distant part of the body was once considered an incurable 
disease, but the research community has developed therapies that either target melanoma 
cells directly or boost your immune system to combat melanoma. These therapies can produce 
cures for some patients, but some patients do not respond. This project will work to 
understand why some patients respond and others do not to these therapies.  

 

 

For more information: 

https://www.mcgill.ca/gci/ian-watson-phd 

 

  



 

Development and evolution of the female reproductive tract and ovarian cancer 
carcinogenesis 

Supervisor: Dr. Yojiro Yamanaka 
 
Project Description: 

1. Developmental mechanisms of the female reproductive tract and its evolution in vertebrates. 

2. Unique roles of oviduct epithelial regionality in reproduction and its link to ovarian cancer 
initiation.  

3. The role of tissue residential macrophages in ovarian cancer initiation and metastasis 

 

Lab techniques: 

• Single cell analysis 
• Comparative genomics  
• CRISPR mediated germline/somatic genome editing 
• Organoids 
• Confocal microscopy   

  

For more information: 

http://blastocyst.mcgill.ca/Yamanaka_lab/Welcome.html 

 

 

  



 

Human Genetics 

CLASsiQue (Centre de Logiciels pour l'Analyse des Séquences et des omiques du 
Québec) Computational and Knowledge Portal 

Supervisor: Dr. Daniel Taliun 
 
Project Description: 

A set of integrated, secure and user-friendly analytical web-based tools for researchers and 
clinicians to explore and perform statistical analyses using aggregated information on genetic 
variations from whole exome sequencing, whole genome sequencing, genotyping array, and -
omics data collected in past, current, and future genetic studies in Quebec. 

The project aims to develop secure interactive web-based software tools for exploratory and 
statistical analyses using aggregated information on genetic variation from large sets of whole-
exome sequencing (WES), whole-genome sequencing (WGS), genotyping array, and -omics data 
collected in past, current, and future genetic studies in Quebec. It will allow researchers to 
utilize genetic data, which may have otherwise been underused due to restrictions in 
downloading individual-level data or acquiring the necessary large computational/storage 
resources. It will also significantly improve data usability by removing the burden of manually 
managing computationally intensive analyses and by helping in interpreting analyses results. By 
participating in this project students will strengthen their programming/computational skills 
and familiarize themselves with different statistical methods and computational tools for the 
analysis of genetic data. 

 

Lab techniques: 

We use Python, C/C++, Java, and JavaScript with state-of-the-art web-development frameworks 
and workflow managers to create new computational methods and visualizations to analyze 
large-scale genetic datasets in the context of gene disease association studies. 

 

For more information: 

https://www.genomic-medicine-cerc.online/ 

  



 

McGill Genome Centre 

Developing a bioinformatics pipeline for genomic analysis 

Supervisor: Dr. Guillaume Bourque 
 
Project description: 

Our group is in charge of data processing for a variety of genomic projects. You will work with 
someone from the platform to test and implement an analysis pipeline. 

 

For more information: 

https://www.mcgillgenomecentre.ca/investigators/guillaume-bourque/ 

 

 

  



 

Microbiology and Immunology 

Splicing, mobility and evolution of bacterial group II introns 

Supervisor: Dr. Benoit Cousineau 
 
Project Description: 

Our research program uses various molecular biology and genetic techniques to study the 
splicing and mobility pathways of bacterial group II introns in vivo. Some of our research 
projects are also designed to address important evolutionary questions about these 
retromobile elements. 

 

For more information: 

https://www.mcgill.ca/microimm/benoit-cousineau 

 

  



 

Molecular mechanisms of mucosal immunehomeostasis 

Supervisor: Dr. Jörg Fritz 
 
Project Description: 

Asthma is a chronic inflammatory disease of the airways driven my deregulated lymphocyte 
activation, with group 2 innate lymphoid cells (ILC2) constituting a major cellular regulator of 
immunopathology. Our lab studies the molecular and metabolic regulation of murine and 
human ILC2 and assess its functionality in rodent models of human disease. The trainee taking 
on this project will be trained in basic mammalian cell culture systems, molecular and 
immunological techniques (ELISA, flow cytometry, qRT-PCR) and basic work with mouse 
models. 

 

 

For more information: 

https://www.mcgill.ca/microimm/jorg-hermann-fritz 

 

  



 

The immunology of barrier surfaces 

Supervisor: Dr. Irah King 
 
Project Description: 

This project involves using mouse models of infection and inflammatory bowel disease to 
understand how immune cells residing or circulating through the intestine protects us from 
pathogens and other disease-causing environmental insults. Consideration of how the 
microbiome at these barrier sites influences protective immune responses will also be 
evaluated.  

 

Lab techniques:  

• Flow cytometry 
• Gene expression profiling 
• Cell culture 
• Animal dissection 
• RNA/DNA sequencing 

 

For more information: 

http://www.ikinglab.com/ 

 

  



 

Novel replication control genes in bacteria 

Supervisor: Dr. Gregory Marczynski 
 
Project Description: 
 
Bacteria precise control chromosome replication in surprising ways that meet their unique 
needs for rapid growth and sudden environmental stresses. We are isolating novel mutations in 
these regulatory systems, identifying new genes/proteins and testing their mechanisms. 
 
 
For more information: 
https://www.mcgill.ca/microimm/gregory-t-marczynski 
 
 
 
  



 

Investigation of Botrytis cinerea adhesion mechanism 

Supervisor: Dr. Don Sheppard 
 
Project description: 
 
Botrytis cinerea is responsible for the loss of billions of dollars of crops, fruits, and flowers 
yearly. The molecular mechanism involved in its adhesion to the plant tissue remains unknown. 
Our lab recently discovered that a polysaccharide could be responsible for this critical event of 
the infection cycle. The summer student will be exposed to a wide variety of microbiology and 
analytical techniques he/she will need to master in order to elucidate the structure and 
function of this novel polysaccharide. 
 
 
For more information: 
https://www.mcgill.ca/microimm/donald-sheppard 
 
 
 
  



 

Pharmacology and Therapeutics 

Neuroendocrine control of reproduction 

Supervisor: Dr. Daniel Bernard 
 
Project description: 

In vitro and in vivo studies of the mechanisms through which GnRH and TGFbeta family 
members regulate the synthesis of pituitary hormones that control gonadal function. 

 

Lab techniques: 

• Cell and molecular biology, including cell culture 
• Molecular cloning 
• Gene and protein expression analyses 
• Reporter assays 
• Chromatin immunoprecipitation 

 

For more information: 

https://www.mcgill.ca/bernardlab/ 

 

 

 

  



 

Manipulating the gut microbiota for therapeutic purposes 

Supervisor: Dr. Bastien Castagner 
 
Project Description: 

In this project, we aim to understand better the metabolism of dietary fibres (glycans) by the 
human gut microbiota. In particular, we focus on glycans that have prebiotic potential in a 
variety of diseases, focusing on cancer in a first instance. This project is in collaboration with Dr. 
Corinne Maurice from Microbiology & Immunology. 

 

Lab techniques:  
• Bacterial growth 
• Flow cytometry 
• Bioinformatics 

 

For more information: 

https://castagnerlab.com/people/ 

 

  



 

Modelling emotional states by analyzing rodent ultrasonic vocalizations 

Supervisor: Dr. Paul Clarke 
 
Project description: 

Question: To what extent do ultrasonic vocalizations provide a window into positive and 
negative emotional states in adult rats?  

Approach: Manipulate emotions with drugs/drug withdrawal, seek changes in ultrasonic 
vocalizations. 

Value: "Own" a project: design an experiment, learn in vivo techniques, collect and statistically 
analyze data, then if all goes well write a manuscript for publication - all the above with 
guidance from the PI. 

 

Lab techniques: 

• Experimental design 
• Handling adult rats 
• Behavioural analysis 
• Analyzing acoustic recordings using spectrograms 
• Systemic drug injection 
• Using statistical software. 

 

For more information: 

https://www.mcgill.ca/pharma/faculty-staff/professors/paul-clarke 

 

  



 

Investigating early deficits in the brain vasculature using transgenic rats modeling 
tau pathology 

Supervisor: Dr. Claudio Cuello 
 
Project description: 

Cerebrovascular dysregulation is an early pathological event occurring during the development 
Alzheimer’s disease (AD) pathology. A pathological process affecting negatively neuron-glia-
endothelial interactions and largely attributed to vascular amyloidosis. However, recent 
evidence from our lab in rat transgenic models of the AD-like tau pathology we have found 
consistently an involvement of tau pathology disrupting the brain vasculature and related 
neuronal and glial processes. We aim at investigating in depth the evolution early tau-driven 
abnormalities of the neurovascular unit and to which extent these poorly understood cellular-
molecular events affect the structural and functional integrity of the blood-brain barrier (BBB). 
The BBB being a system with unique properties tightly regulating the selective passage of 
molecules to brain structures. These studies will be conducted applying a rat model in McGill-
R955-hTau transgenic rats modelling human-like tauopathy. 

Keywords: Alzheimer’s pathology; tau pathology, brain vasculature, glial-endothelial 
interactions, blood-brain-barrier 

  

Lab techniques:  

The Cuello lab is a multidisciplinary unit applying molecular biology, cell culture, 
neurochemistry, neuropharmacology, immunohistochemistry, electron microscopy, laser 
capture microdissection and cognitive analysis in experimental rodent models of human brain 
pathology. The lab generates when required their own monoclonal antibodies and has 
developed their own transgenic models of components of the AD pathology and utilizes human 
brain material to validate findings in experimental animals. 

  

For more information: 

https://www.cuellolab.com/ 



 

Using biosensors in primary cells and iPSC-derived cells to study cellular signalling 
events 

Supervisor: Dr. Terry Hébert 
 
Project description: 

Recently, we have been able to quantify signalling in cellulo, using assays based on 
bioluminescence and Förster resonance energy transfer (BRET and FRET, respectively). We now 
generate signalling profiles in the single cell environment using high content microscopy (Jones-
Tabah, J., et al  (2021) https://pubmed.ncbi.nlm.nih.gov/34503973/), making it possible to 
compare the effects of potential therapeutic drugs in cultured heterologous cells, cells derived 
from animals or patients, and whole animals. This project will expose students to the 
development and testing of BRET- and FRET-based biosensors. 

 

Lab techniques:  

• Molecular biology 
• Cell culture 
• Bioluminescence and Förster resonance energy transfer (BRET and FRET) 
• Induced pluripotent stem cells 
• High content microscopy 

 

For more information: 

http://www.medicine.mcgill.ca/pharma/hebertlab/ 

 

 

  



 

Kinase/phosphatase regulatory circuits controlling co-transcriptional histone 
modification 

Supervisor: Dr. Jason Tanny 
 
Project description: 

The project will investigate regulatory interplay between phosphorylation events governing the 
transcription cycle and co-transcriptional histone modification, with the aim of characterizing a 
novel regulatory feedback loop. Experimental techniques will include classical and chemical 
genetics, chromatin biochemistry, and genomics. 

 

For more information: 

https://www.tannylab.org/ 

 

  



 

Physiology 

The Role of Paxillin Phosphorylation in Regulating Cell Migration 

Supervisor: Dr. Claire Brown 
 
Project description: 

Paxillin is an adaptor protein that localizes to cell-matrix adhesions and recruits other signaling 
and structural proteins to adhesion sites. Several key phosphorylation sites on paxillin are 
involved in regulation of adhesion dynamics which in turn regulates cell migration. Paxillin 
phosphorylation mimics and mutants, live cell imaging and quantitative image analysis will be 
used to understand how paxillin regulates cell migration. 

 

Lab techniques: 

• Cell culture 
• Transient transfections 
• Widefield imaging 
• Confocal imaging 
• Total internal reflection fluorescence microscopy 
• Cell tracking 
• Adhesion dynamics 
• Quantitative data analysis 

 

For more information: 

https://sites.google.com/site/brownlabmcgillphysiology/ 

 

 

  



 

Computational modeling of spine calcium dynamics involved in synaptic plasticity 

Supervisor: Dr. Anmar Khadra 
 
Project description: 

In this project, we aim to develop a flux-balance model of calcium mobilization in dendritic 
spines to determine how the profile of calcium transients in response to synaptic inputs 
changes in the absence of an actin-associated protein called synaptopodin. The role of such 
calcium transients in defining synaptic plasticity, including long-term potentiation, will be also 
explored.   

 

Lab techniques:  

• Computational modeling 
• Numerical simulation 
• Bayesian inference and model fitting 
• Electrophysiology.  

 

For more information: 

http://www.medicine.mcgill.ca/physio/khadralab/ 

 

  



 

Signals regulating T cell migration 

Supervisor: Dr. Judith Mandl 
 
Project description: 

T cells continuously migrate in the body through secondary lymphoid organs and, upon 
activation, into other tissue sites. However, the signals which regulate the motility of T cells in 
diverse tissue microenvironments remain poorly understood. This project will aim to investigate 
the role of calcium, neuropeptides and other molecular signals in tuning the speed, 
directionality and localization of immune cells within tissues. 

 

Lab techniques: 

• Primary T cell culture 
• Microfluidic device manufacture 
• Confocal and epifluorescence microscopy 
• In vitro cell migration assays 
• Flow cytometry and other cellular immunology tools 

 

For more information: 

http://jmandl.lab.mcgill.ca/ 

  



 

Hypothalamic tanycytes in body-to-brain communication 

Supervisor: Dr. Masha Prager-Khoutorsky 
 
Project description: 

Tanycytes are specialized glia cells located in brain areas with incomplete blood-brain barrier. 
Tanycytes are interacting with neurons within the brain parenchyma as well as fenestrated 
(leaky) blood capillaries and are exposed to blood-borne molecules. Thus, tanycytes have been 
proposed to serve as gatekeepers mediating the bi-directional brain-to body communication. 
We are specifically interested in tanycytes located in hypothalamic areas controlling feeding 
and drinking and regulating body fluid and energy homeostasis. We study functions of 
tanycytes in these regions, and their role in the modulation of blood-brain barrier in response 
to nutritional status of an individual (e.g. fasting vs feeding). Using rodent models, we also 
investigate how disruption of tanycyte functions can contribute to metabolic disorders 
promoting obesity, diabetes, and hypertension. 

 

Lab techniques: 

• Cell & molecular biology techniques 
• animal models of human diseases  
• transgenic animal models 
• super-resolution and confocal microscopy  
• calcium imaging 
• patch clamp electrophysiology 
• hemodynamic measurements (blood pressure, temperature, activity, heart rate) 

 

For more information: 

http://masha-prager-khoutorsky.lab.mcgill.ca/ 

 

 

  



 

Auditory Cortex Plasticity Following Deafness 

Supervisor: Dr. Stephen Lomber 
 
Project description: 

Trainees will work on a behavioral/electrophysiological recording project in adult animals with 
normal hearing and animals with deafness incurred perinatally.  Neural recordings will examine 
responses from cells in core auditory cortex to ascertain the consequences of hearing loss early 
in development. 

 

For more information: 

http://cerebralsystems.ca/ 

 

  



 

Spatial Mapping of the Proximal Proteome of NHE6/SLC9A6 linked to Christianson 
Syndrome 

Supervisor: Dr. John Orlowski 
 
Project description: 

Recent genetic studies have linked mutations in a gene named NHE6/SLC9A6 to Christianson 
Syndrome (CS), a rare but increasingly diagnosed genetic disorder characterized by moderate to 
severe intellectual disability, epilepsy, ataxia, autistic behavior, and neurodegeneration. 
However, the factors that govern the regulation and actions of NHE6 in neurons are poorly 
understood and treatment options are limited. We have discovered that NHE6 plays a major 
role in the movement and pH homeostasis of small intracellular membrane vesicles that carry 
proteins vital for neurons to grow and properly transmit electrical signals between neurons. 
The objective of this proposal is to identify the proteins that interact and regulate the actions of 
NHE6. The knowledge will aid in the development of novel therapeutic strategies to treat this 
debilitating disorder, findings that may also be applicable to the treatment of other 
neurodevelopmental disorders linked to deficits in NHE6 function (e.g., Autism, Alzheimer’s and 
Parkinson’s disease). 

 

Lab techniques: 

• Molecular and cellular biology: 
• Cell culture 
• Protein immunoprecipitation 
• Western blotting 
• Gene cloning 
• Site-directed mutagenesis and transfection 
• Confocal microscopy 
• Ratiometric imaging of cellular pH 
• Vesicular trafficking 

 

For more information: 

https://www.mcgill.ca/physiology/directory/core-faculty/john-orlowski 

 



 

Killing cancer and senescent cells with new designer nanoparticles 

Supervisor: Dr. Ursula Stochaj 
 
Project description: 

Our laboratory is particularly interested in the impact of stress, metabolism, or aging on human 
health. All of these factors make significant contributions to the onset and progression of some 
of the most debilitating diseases. This includes cancer, type 2 diabetes, and aging-associated 
organ failure. Our group investigates these problems with modern methods in physiology, cell 
biology and biochemistry. The current project is an innovative approach that is relevant to the 
health of numerous individuals world-wide. Specifically, we will explore novel avenues to kill 
cancer and senescent cells. The project will provide the student with a diverse set of skills 
relevant to research in the medical sciences. 

 

Lab techniques: 

• Biochemistry (analysis of cell surface proteins) 
• Cell biology (bio-nano interactions, cell signaling analysis) 
• Nanotechnology (biophysical characterization of nanomaterials) 
• Quantitative life sciences (image analysis). 

 

 

For more information: 

https://www.mcgill.ca/physiology/directory/core-faculty/ursula-stochaj 

https://www.mcgill.ca/qls/researchers/ursula-stochaj 

 

 

  



 

Toxic protein aggregates are drivers of neurodegeneration and other diseases 

Supervisor: Dr. Ursula Stochaj 
 
Project description: 

Recent breakthroughs in cell biology revolutionized the science and research of 
neurodegeneration. Thus, it became clear that the transport of macromolecules in and out of 
the cell nucleus is critical for the formation of toxic aggregates that are linked to 
neurodegeneration. Prominent examples of such disorders are Alzheimer's disease (AD), 
Huntington's disease, amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTD). 
While nuclear transport is essential for the onset and progression of neurodegeneration, the 
molecular players and their contribution to disease are not well understood. It is the goal of our 
studies to define these processes and identify new potential drug targets. Long-term, our 
research project will help to develop new therapeutic strategies for neurodegenerative and 
other diseases that are caused by toxic aggregates. 

 

Lab techniques: 

• Biochemistry (analysis of liquid-liquid phase separation and protein turnover) 
• Cell biology (characterization of membrane-less “organelles”, cell signaling analysis) 
• Quantitative life sciences (cell imaging, image analysis) 

 

For more information: 

https://www.mcgill.ca/physiology/directory/core-faculty/ursula-stochaj 

https://www.mcgill.ca/qls/researchers/ursula-stochaj 

 

 

  



 

Role of vitamin D signaling in prevention of autoimmune diseases 

Supervisor: Dr. John White 
 
Project description: 

The thymus is an organ that essential for screening an elimination of T cells of the immune 
system that recognize so-called self antigens. We have discovered that the active form of 
vitamin D stimulates several events in the thymus that eliminate self-reactive T cells. Using 
mouse genetic models and genomics techniques, the goals of the project are to understand the 
molecular mechanisms by which vitamin D signaling suppresses self-reactive T cells. 

 

Lab techniques:  

• Single cell RNAseq 
• Chromatin immunoprecipitation 
• Immunohistochemistry 
• Flow cytometry 
• Molecular biology techniques  

 

For more information: 

https://www.mcgill.ca/vitamindlab/ 

 


