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Organoids are mini organs in a dish. Are powerful model to study biology. The concepts discussed in this 
course are essential to understand if one works with cells!



Course objectives BIO 207

Develop an intuitive understanding of the organization and function of a eukaryotic cell

Why does a eukaryotic cell perform a function?
How does a eukaryotic cell perform a function?
What are the features of the molecules involved in this function?
How are these molecules organized in the cell? 

The names of the molecules are important to know, they are part of the day-to-day 
vocabulary of a life scientist. 



Course information BIO 207
19/02 Seminar & Exercises
26/02 Seminar & Exercises 
05/03 Seminar & Exercises
12/03 Seminar & Exercises
19/03 Seminar & Exercises
26/03 Seminar & Exercises
02/04 Seminar & Exercises 
09/04 Seminar & Exercises
16/04 Seminar & Exercises 
23/04 Easter
30/04 Seminar & Exercises
07/05 Seminar & Exercises
14/05 Seminar & Exercises
21/05 Seminar & Exercises 
28/05 Q&A

Course material

Molecular Biology of the cell

Chapter 10, 11, 12, 13, 15, 16, 19 
and selection of 18 (Cell Death) 

PDF of all chapters 
and seminars will 
be on MOODLE



Course information BIO 207

Questions:
BIO207@EPFL.CH

Announcements on MOODLE

Exam Open book

mailto:BIO207@EPFL.CH


Topic of the day

Cell membranes

Plasma membrane (Outside of the cell)

Membranes of organelles
Golgi complex
Endoplasmic Reticulum 
Nucleus
Mitochondrion



Cell membranes an introduction



called protocells. Though not alive, they were clearly 
an important step toward life. 

Deamer used just a few wet-dry cycles in his experi-
ments and got relatively simple molecules. A colleague 
of his at the University of California, Santa Cruz, com-
puter scientist Bruce Damer, suspected that many more 
cycles might add another key feature: the survival of 
the fittest. Each drying cycle, Damer figured, would 
cause lipid membranes of the vesicles to open, allowing 
polymers and nutrients to mix. On rewetting, the lipid 
membranes would reencapsulate di"erent mixtures of 
polymers, each mixture representing a kind of natural 
experiment. More complex protocells would have bet-
ter chances of survival because their greater variety of 
molecular mixtures might stabilize the protocells in 
various conditions—one set of molecules helping in one 
set of surroundings, another helping in a di"erent set. 
These intact protocells would then survive to pass on 
these polymer sets to the next generation, climbing an 
evolutionary ladder. Damer realized that this model re-
sembled a kind of chemical computer “booting up” the 
functions of life, starting with random “programs” writ-
ten in the form of polymers. 

In 2015 Damer added a third phase to the two-part 
cycle: an intermediate stage between wet and dry. 
The idea occurred during a field trip with the co-au-
thors to the Dresser Formation in search of stromato-
lites, which are the fossilized layers of bacterial mats 
and some of the earliest evidence of life on Earth. 
Damer was walking through the desert near a granite 
outcrop known as Gallery Hill that is covered with 
Aboriginal rock carvings known as petroglyphs. 
On the way, he noticed brown, dried-up micro-
bial mats in small depressions in the outcrops. 
Out of curiosity, Damer poured water on the 
mats, and they sprung back to life, becoming 
green and gel-like. He realized that if wet-dry 
cycles in an origin pool also included a moist 
phase, in which surviving protocells crowd togeth-
er into a similar gel, polymers and nutrient mole-
cules could mix and exchange across the barriers of 
lipid membranes. This community of cooperating 
protocells would have even more opportunities to find 
the best molecules for survival. Forty years earlier, in 
fact, scientists George Fox and the late Carl Woese 
proposed the term “progenote” for such a communal 
primordial phase of life; Fox told Damer this matched 
his protocell gel. 

POOLS OF INNOVATION
THE BUBBLES AND MINERAL  composition that Djokic 
found in the Dresser Formation made it a likely spot for 
the three-part cycle to occur, and we published the ev-
idence this past May in  Nature Communications.  After 
we realized that the Dresser had been filled with sur-
face hot springs in a geothermal system, it became 
clear that it also had contained many of the key ingre-
dients and organizational structures required for the 
origin of life. It had a source of energy in the form of 

Genesis Landscape
Hot springs, pools and geysers can kick-start chemical systems 
necessary for life on Earth to begin, according to one theory.  
The conditions set in motion seven steps, beginning with chemical 
synthesis, moving through cycles of increasing complexity and 
ending in colonization of new territory. 

Synthesis 
Many of life’s basic 
building blocks, such as 
amino acids, are formed  
in space and fall to Earth. 

●1 Accumulation 
In-falling organic 
compounds, along with 
others generated within  
hot springs on a volcanic 
landscape, accumulate  
in hydrothermal pools. 

●2 

32 Scientific American, August 2017

© 2017 Scientific American

The origin of cell membranes and the origin of life in water



A plasma membrane protects the cytosol (inner parts of the 
cell) and their chemistry

Consensus: la vie a commencée dans l’eau 

Pour contrôler la composition intérieure, la barrière devait être 
imperméable, en particulier à l’eau, et donc hydrophobe

Nécessité d’une barrière formant la frontière entre l’élément 
unitaire de la vie et le monde extérieur
Celle-ci devait séparer deux environnements aqueux



The plasma membrane protects the cytosol and the chemistry 
of the cell

Consensus: la vie a commencée dans l’eau 

Pour contrôler la composition intérieure, la barrière devait être 
imperméable, en particulier à l’eau, et donc hydrophobe

Nécessité d’une barrière formant la frontière entre l’élément 
unitaire de la vie et le monde extérieur
Celle-ci devait séparer deux environnements aqueux

Hydrophilic

Hydrophilic

HydrophobicThe plasma membrane
~ 5 nanometer across

Outside of the cell

Inside of the cell

2 types of molecules

1: Lipids
2: Proteins



Cell membranes are liquid with similar properties as oils



Fluorescence Recovery After Photobleaching

75
Figure 10-36a  Molecular Biology of the Cell (© Garland Science 2008)

fluorophore

“photobleaching”: 
destruction 
photochimique du 
fluorophore

Photobleaching: Destruction of a 
fluorophore with a laser

Cell membranes are a liquid
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Les courbes de variation de la fluorescence 
renseignent sur la mobilité de la molécule, au niveau 

d’une population

coefficient  de diffusion

Cell membranes are a liquid

A liquid like the cell membrane will diffuse and the color will 
recover!

Fluorescence Recovery After Photobleaching

75
Figure 10-36a  Molecular Biology of the Cell (© Garland Science 2008)

fluorophore

“photobleaching”: 
destruction 
photochimique du 
fluorophore



Cell membranes are a liquid

The liquid nature of the plasma membrane allows a cell deform it

Deformation can be to the outside of the cell or inwards to the cytoplasm



Hydrophobic vs Hydrophilic interactions

Hydrophilic

Hydrophilic

HydrophobicCell membrane

Outside of the cell

Inside of the cell



Cell membranes are composed of lipids 50:50 mass ratio

Hydrophilic

Hydrophilic

HydrophobicCell membrane

Outside of the cell

Inside of the cell

La formation d’une bicouche lipique est controlée/dirigée par des 
interactions électrostatiques

http://www.youtube.com/watch?NR=1&v=lm-dAvbl330
Phospholipids make up majority of lipids in the membrane
Phospholipids are amphiphilic: They have a hydrophilic head and hydrophobic tail



The molecular shape of lipids defines the behaviour in water 



The phospholipid bilayer form a sealed compartment



Cell membranes are composed of lipids



Cell membranes can self repair due to these properties

Ce n’est pas le seul mécanisme de réparation membranaire

Les forces thermodynamiques contribuent à la réparation 
lors de ruptures membranaires



Cell membranes in summary

Cell membranes are fluids with features similar to oil 
Cell membranes are composed of amphiphilic molecules
The main component are phospholipids and proteins
Cell membranes are self-repairing
The plasma membrane protects and controls the internal chemical composition of a cell

Additional functions
It can changes in composition and properties (fluidity, permeability,...) according to the need
It can change according in response temperature, the ionic composition of the medium, the presence of 
neighboring cells (friendly or not), ....
It transport of ions, molecules: Chapter 11 
Allows for communication (transmission of information) between the outside and the inside, (signals: 
chapters 15, 19)



What kind of lipids are found in the membrane and 
how to they function in the membrane?



The lipids found in cell membranes

Hydrophilic

Hydrophilic

HydrophobicCell membrane

Outside of the cell

Inside of the cell

La formation d’une bicouche lipique est controlée/dirigée par des 
interactions électrostatiques

http://www.youtube.com/watch?NR=1&v=lm-dAvbl330
Phospholipids make up majority of lipids in the membrane
Phospholipids are amphiphilic: They have a hydrophilic head and hydrophobic tail



The parts of a typical phospholipid molecule

Phosphatidylcholine



Four major phospholipids in mammalian plasma membranes

PHOSPHOGLYCERIDES SPHINGOLIPIDS



There are 3 main classes of lipids found in the cell 
membranes



1. Les phosphoglycérolipides

Ce n’est pas un sucre

glycérol

phosphate

PHOSPHOGLYCERIDES

These are alcohols that are covalently 
bound to the phosphate group



PI: Phosphatidyl-inositol
L’inositol peut être 

phosphorilé 

PI: Phosphatidyl-inositol
L’inositol peut être 

phosphorilé 

Phosphatidylinositol a special phoshoglyceride

It can be phosphorylated



Trois positions possible pour le phosphate: 8 espèces
Les phosphoinositides

L’ajout et l’enlèvement 
des phosphates est une 
des manières les plus 
rapides <min) de 
modifier une membrane:
Utilisé dans la 
communication, en 
biologie appelée la 
signalisation 

Addition and removal of 
phosphates is one of the 
fastest ways (seconds) to 
modify a membrane. 

It is used in cellular 
communication, in 
biology called is is called 
cellular signalling

Phosphorylation is an 
enzymatic reaction done 
by Kinases (Adding) and 
Phosphatases 
(Substracting)

Phosphatidylinositol: 8 kinds based on the phosphorylation status



Les phosphoinositides sont sur la face intracellulaire

Les kinases et les phosphatases 
agissant sur les lipides sont des 

enzymes cytosoliques

Phosphatidylinositol: 8 kinds based on the phosphorylation status
Extracellular (Outside of the cell)

Cytosol (Intracellular / Inside of the cell)

Phosphatidylinositols face intracellular 

The position of PI allows cytosolic 
enzymes, Kinases and Phosphatases 
(Intracellular / Inside of the cell)

Les phosphoinositides sont sur la face intracellulaire

Les kinases et les phosphatases 
agissant sur les lipides sont des 

enzymes cytosoliques

Les phosphoinositides sont sur la face intracellulaire

Les kinases et les phosphatases 
agissant sur les lipides sont des 

enzymes cytosoliques



Les phosphoinositides ont des localisations très spécifiques dans la cellule
Specific locations in the cell of the phosphatidylinositols



Sphingolipids

The “skeleton” of sphingolipids is 
different compared to 
phoshoglycerides

Sphingosine and a Ceramide (derived 
from palmitate)

…et les sphingolipides

Pas nécessaire de 
connaitre structures 
chimiques mais savoir 
qu’il y a différents types 
de “squelettes” de 
lipides et les 
reconnaitre dans un 
texte ou schéma



Glycosphingolipids Phosphosphingolipids

Sphingolipids can be modified in two ways



Sphingolipids can be modified in two ways



Glycolipids
Glycolipids are always on the 
outer layer of a cell membrane!

Extracellular (Outside of the cell)

Cytosol (Intracellular / Inside of the cell)



Membrane lipid type 3: cholesterol



Cholesterol in a lipid bilayer

Cholesterol stiffens the cell membrane 
due to the rigid steroid rings



Figure 11-7  Essential Cell Biology (© Garland Science 2010)

Trois classes majeures de lipidesIn summary, three major classes of lipids



How are lipids made?

Controle génétique des protéines et des lipides

1 Gène encode la protéine

Ex: Canal CFTR, Mutations dans cftr ->     Mucovisidose
Mucovisidose ---à identification du gène responsable 

> 10 gènes impliqués 
dans la biosynthèse

Cholestérol

Canal CFTR

There are many enzymes involved in the synthesis of lipids, this is 
very different from protein synthesis (DNA -> RNA -> Protein)



La complexité combinatoire potentielle des lipides 
est quasi infinie

Diversité des chaines acyl:
Longueur
Degré de saturation

Diversité des têtes polaires

Lipids are incredibly diverse

La complexité combinatoire potentielle des lipides 
est quasi infinie

Diversité des chaines acyl:
Longueur
Degré de saturation

Diversité des têtes polaires

Variations in carbon tail length and saturation Variations in polar head composition



What are some of the effects of these varieties on cell membrane?



The influence of cis-double bonds in hydrocarbon chains

More satured hydrocarbons = more rigid membrane



La température de transition des lipides 
varie avec la longueur des chaines acylées

Plus les chaines sont longues, plus elles interagissent, plus il est difficile de 
former une phase liquide

The length of the fatty acid tail influences viscosity

The longer the tail the more viscous the 
membrane will be, very long tails make 
a rigid substance.

La complexité combinatoire potentielle des lipides 
est quasi infinie

Diversité des chaines acyl:
Longueur
Degré de saturation

Diversité des têtes polaires



Temperature
Temperature changes the viscosity of the membrane



Il y a-t-il un lien entre habitat et composition lipidique des 
membranes d’un animal?

Scott A. L. Hayward et al. J Exp Biol 2014;217:6-15
Antarctic (blue), temperate (green), 

tropical (orange) and homeothermic (red). 

Animals living in cold have different membrane compositions!



How are lipids distributed in the cell membrane?



Lipid Compositions of different cell membranes
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Asymétrie de la bicouche.

(phosphatidylinositol pas inclus)

21%

Membrane du globule rouge

22%

7%

50%50%

Feuillet interne Feuillet externe

Summary of Gorter and Grendel (1925) experiment in 1 figure :

1881 - 1954

Conclusion : la membrane plasmique est une bicouche

The asymmetrical distribution of phospholipids and 
glycolipids in the lipid bilayer of human red blood cells 



The asymmetrical distribution of phospholipids and 
glycolipids in the lipid bilayer of human red blood cells 

Glycolipid



How do the lipids move through the cell membrane?



Lipids have several ways to move through and within a 
membrane



On a molecular scale, 
lipids move in unison as 
loosely defined clusters.

On larger scales, the 
intimately correlated 
motions of neighboring 
lipids manifest 
themselves as 2D flow 
patterns

Falck, Rog, Karttunen, Vattulainen, J Am Chem Soc 130, 44 (2008)

Dt = 0.05 
ns

Dt = 30 nsDt = 5 ns

Dt = 0.5 ns Lateral displacements of 
individual lipids during a period 
of Dt

DIFFUSION MECHANISM OF LIPIDS IN BILAYERS

On a molecular scale, 
lipids move in unison as 
loosely defined clusters.

On larger scales, the 
intimately correlated 
motions of neighboring 
lipids manifest 
themselves as 2D flow 
patterns

Falck, Rog, Karttunen, Vattulainen, J Am Chem Soc 130, 44 (2008)

Dt = 0.05 
ns

Dt = 30 nsDt = 5 ns

Dt = 0.5 ns Lateral displacements of 
individual lipids during a period 
of Dt

DIFFUSION MECHANISM OF LIPIDS IN BILAYERS

Lateral movement of lipids looks like a liquid flow



Est-ce que les lipides bougent entre les deux feuillets de la 
bicouche? 

Flip-flop ?
F

F

Le Flip-flop du PC dans une 
bicouche lipidique requiert 

des semaines

FLIP-FLOP of lipids



Parenthèse: dans le cours suivant 
nous traiterons des protéines 
présentes dans les membranes

Il existe des proteines dont le 
rôle est de faire basculer des 
lipides spécifiques d’un 
feuillet à l’autre de la 
membrane, dans un sens 
donné: ce sont des Flipases
Il existe aussi des 
scramblases, qui font passer 
des lipides dans les deux sensThere are proteins whose role is to flip specific lipids from 

one sheet to another of the membrane, in a given 
direction: these are Flipases

There are also scramblases, which switch lipids in both 
directions

FLIP-FLOP of lipids is an active process



Ces flipases et scramblases sont essentielles

Les enzymes responsible de la synthèse des 
lipides ont des localisations bien définies dans 
la cellule, en particulier leur site actif est d’un 
coté spécifique de la membrane: coté 
cytoplasme pour certaines, coté opposé 
(luménal) pour d’autres.

La synthèse du PC par exemple se fait du coté 
cytoplasmique, dans le réticulum 
endoplasmique (RE), mais les deux feuillets sont 
majoritairement formé de PC

Figure 12-58  Molecular Biology of the Cell (© Garland Science 2008)

The enzymes responsible for lipid synthesis have well-
defined locations in the cell, in particular their active site is 
on a specific side of the membrane: cytoplasmic side for 
some, opposite side (luminal) for others.

The synthesis of Phosphatidylcholine (PC) for example is 
done on the cytoplasmic side, in the endoplasmic 
reticulum (ER), but the two sheets are mostly formed of 
PC

FLIP-FLOP of lipids is an important process



Lateral phase separation in artifical lipid bilayers

Phosphatidylcholine : Sphingomyelin
1:1 

Phosphatidylcholine : Sphingomyelin : Cholesterol
1:1:1 

These islands are called lipid rafts!



Liposomes composes de mélanges lipidiques différents

Ce sont des separations 
latérales, mais il y a-t-il aussi 
des differences entre les 
deux feuillets d’une même 
bicouche?

La séparation de phase a aussi lieu dans des membranes 
biologiques, i.e. lipides+protéines 

Notion de radeaux lipides (lipid rafts): où 
les lipids seraient à l’origine de la 
separation de phase

Microscopie à force atomique

Does lateral phase separation happen in cells?

Lipid rafts appear to be present in cells but are much 
smaller than in laboratory settings

Atomic force microscopy image of a plasma membrane



The lipid raft

The lipid raft is hypothesized to play an important role in cell signaling



Making lipid droplets, a model



Key points
There are many kinds of membrane lipids (important not all lipids found in the cell are membrane lipids)
There are 3 main classes, phosphoglycerides, sphingolipids and sterols
Membrane lipids are amphiphilic
Membranes are fluids thanks to the molecular qualities of lipids

Functions of membrane lipids 

Collective function:
impermeable barrier between the outside and inside of the cell - "solvent" for membrane proteins and other lipids

Semi-collective roles:
- Compartmentalization of 2D space into domains (lipid rafts) that may have specific functions (cellular 

interactions, signalling platforms, etc)

Individual roles
- Recognition point for other molecules (usually proteins). Ex: glycolipids towards the outside, phosphoinositides 

towards the inside

Many functions of lipids are unknown! membrane lipids may have "off-membrane" roles. Lipids are an researched 
by several labs here at EPFL! (Prof D’Angelo and Prof La Manno) 



Lipid
Nano
Particle

RNAse

Les LNP protègent l’ARNm des RNAses et permettent l’entrée dans la cellule.

The knowledge of the cell membrane, essential during 
COVID19 pandemic


