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Week 01: Introduction 

Alexandre Persat and Mahmut Selman Sakar
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Lecture Overview

• Overall objectives

• Syllabus and grading

• Content and schedule

• How to read and critique research articles?
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Instructor: Alex Persat

• BSc in Engineering, Ecole Polytechnique

• MSc in Chemical Engineering, Stanford

• PhD in Mechanical Engineering, Stanford
Stanford Microfluidics Lab, Prof. Juan Santiago

• Postdoc in Molecular Biology, Princeton
Focus on Microbiology and Biophysics

• “Visitor” in Bioengineering, Caltech
Focus on Microbiota

• Associate Professor at the Global Health Institute

https://www.p-lab.science/
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Instructor: Selman Sakar

• Ph.D. in Robotics (Grasp Lab, University of Pennsylvania)

– Single cell manipulation, magnetic actuation, bacteria actuation

• Postdoc in Bioengineering (M.I.T.)

– Biological machines from living muscle tissue

• Research Scientist in Medical Robotics (ETH Zurich)

– Bacteria-inspired microswimmers, robotic microsurgery

• Associate Professor at EPFL

– Research: Microrobotics, mechanobiology, medical technology

– Website: https://www.epfl.ch/labs/microbs/

– Contact me for semester/masters projects
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Course Information

• Time 

– 13:00-17:00 Wednesdays

• Office and Email

– Alex: AI 3138 and alexandre.persat@epfl.ch

– Selman: MED3 2916 and selman.sakar@epfl.ch

– Email us to arrange office hours

• Course Webpage

– https://moodle.epfl.ch/course/view.php?id=16743

– Check for content regularly
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Course Material

• There is no textbook

• Lecture Notes

• Review Articles

• Research Articles
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Background and Related Courses

• Biomaterials

• Physics of Cells

• Biomechanics of the musculoskeletal system

• Focus will be on cells, cell clusters and extracellular matrix 

(i.e., nano to mesoscales) 
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Grading

• Weekly assignments and class participation 20%

• Paper Presentation 20%

• Reports for 3 group projects 60%
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Overall Objectives

• A new perspective to nature

• Nurturing interdisciplinarity and diversity

• Bridging programs in life sciences and engineering

• Intellectual feast 
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Tentative Schedule
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Week Date Content

1 11/09 Introduction
Crash course
Mechanobiology of bacteria

2 18/09 Guest Lecture by Laure Leblanc
Introduction to project 1
Image analysis tutorial 

3 25/09 Mechanobiology of bacterial multicellularity
Article 1 presentation

4 02/10 Animal cell mechanics
Article 2 presentation

5 09/10 Adhesion and Mechanotransduction
Article 3 presentation 
Project 1 session

6 16/10 Guest lecture on AFM - Georg Fantner
Article 4 presentation
Return project 1

Fall break – no lecture on 23/10
7 30/10 Mechanobiology of cell groups 

Article 5 presentation
Introduction to project 2

8 06/11 Tissue Mechanobiology
Article 6 presentation

9 13/11 Guest lecture - Sangwoo Kim
Project 2 session
Article 7 presentation

10 20/11 Guest lecture – Eileen Gentleman
Article 8 presentation
Return project 2

11 27/11 Mechanobiology of cell growth
Article 9 presentation 
Introduction to project 3

12 04/12 Mechanobiology of cancer
Article 10 presentation

13 11/12 Mechanosensitive proteins
Project 3 session
Article 11 presentation

14 18/12 Mechanobiology with organoids
Article 12 presentation
Return project 3



Applications
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• Developmental biology

• Evolution and origins of life

• Diseases and therapy: cancer, fibrosis, genetic disorders

• Tissue engineering and regenerative medicine

• Drug screening

• Infections

• Environment

• Review articles on Moodle



Crash Course on

• Cell and molecular biology (this week)
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Weekly Assignments

• Form groups of 4-5 students

• Each group will present their paper during an exercise 

session 

• Everyone else will send 2 questions on the articles by Sunday 

night every week 

• We will forward selected questions to the presenting groups 

on Monday mornings

• Questions will addressed during the presentation by the 

presenting group on Wednesdays
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Project

• 3 group projects on experimental mechanobiology

• Processing of images, data analysis, statistic, deduction
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Article 1
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Article 2

16



Article 3
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Article 4
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Article 5
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Article 6
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Article 7
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Article 8
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Article 9
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ARTICLES NATURE CELL BIOLOGY

area. These results show that although curvature may influence 
self-renewal of the intestinal epithelium31, it is not required for its 
compartmentalization.

We next investigated whether the cells in each compartment 
retained their in vivo homeostatic functions. Time-lapse imaging  

showed that the stem cells divided frequently and that the daugh-
ter cells entered the highly proliferative zone, where they divided 
further (Fig. 1c and Supplementary Videos 2,3). On leaving this 
zone, the cells continued to move into the differentiated zone, 
where they were extruded (Fig. 1c, Extended Data Fig. 1c and 
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Fig. 1 | Tractions exerted by intestinal organoids define mechanical compartments. a, Preparation of mouse int estinal organoids on 2D sof t substrates. 

b, Organoids expressing membrane-targeted tdTomato (Memb, basal plane) stained for cytokeratin 20 (CK20, basal plane), lysozyme (Lys, apical plane), 

Olfm4 (basal plane) and Ki67 (basal plane). Images are representative of three independent experiments. c, Displacement of representative cells over 

6.5h (left and middle). Each colour labels one cell. Note that one cell divided (green). Displacement vector of each cell (right). See also Supplementary 

Video 3. Images are representative of three independent experiments. d, Illustration of the boundaries bet ween the stem cell compartment and transit 

amplifying zone (green), and the transit amplifying zone and villus-like domain (blue). b–d, Scale bars, 20 m. e, Three-dimensional traction maps 

overlaid on a top view of an organoid (top). The yellow vectors represent components tangential to the substrate and the colour map represents the 

component normal t o the substrate. Lateral view along the crypt horizontal midline (bott om). The yellow vectors represent tractions. Scale vector, 200 Pa. 

Representative of seven independent experiments. f, Circumferentially averaged normal and radial tractions as a function of the distanc e to the crypt 

centre. The blue and green dashed lines indicat e the radii where Tn and Tr, respectively, are zero, which closely correspond to the boundaries bet ween the 

functional compartments illustrated in d. The Tr value at the villus is significantly diff erent from zero (one-sample Wilcoxon test, P< 0.0001). Data are 

represented as the mean ± s.d. of n= 37 crypts from seven independent experiments. TA, transit amplifying zone; 5kPa PAA substrates.

NATURE CELL BIOLOGY | VOL 23 | JULY 2021 | 745–757 | www.nature.com/ naturecellbiology746



Article 10
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Article 11
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Article 12
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How to read and present the articles?
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• Motivation

• Experimental and Computational Techniques

• Main results

• Mechanistic explanations

• Criticism: clarity of writing, presentation of results, 

significance



How to read and present the articles?
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• Make sure you go through supplementary information

• Cited work could help a lot

• Google technical keywords 

• Email us if you cannot figure out a key step



Next steps
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• Form groups by Monday and choose a representative

• Try to diversify with respect to sections

• Self organization on Moodle

• Do not forget to explore the review articles
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