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Last week: Lipids in cell membranes

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, 
Phosphatidylinositols towards the inside



Topic of the day

Cell membrane proteins

Plasma membrane (Outside of the cell)

Membranes of organelles
Golgi complex
Endoplasmic Reticulum 
Nucleus
Mitochondrion



Proteins in the cell membrane have many functions

Including but not limited to:
- Transport of molecules across the cell membranes
- Adhesion. Either to neighbouring cells or to the extracellular matrix
- Communication with the outside milieu and other cells

-  Receptors for circulating chemical "signals”
Growth factors, Insulin

- Creation of force
- Synthesis of ATP
- And many more!

Membrane prostate are a common target of drugs:
There’s great interest in medicine and pharmacy

What are the structures and How do membrane proteins function?



The lipid bilayer, a recap

Hydrophilic

Hydrophilic

HydrophobicThe plasma membrane
~ 5 nanometer across

Outside of the cell

Inside of the cell

2 types of molecules

1: Lipids
2: Proteins



How do proteins interact with the cell membrane?



Back to the basics: Proteins are polymers (chains) of amino 
acids
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Les protéines sont des polymères d’acides aminés

Mais elles n’ont de fonction
que si elles sont

parfaitement “repliées”

3

Les protéines sont des polymères d’acides aminés

Mais elles n’ont de fonction
que si elles sont

parfaitement “repliées”

For a protein to function it needs to be folded correctly!





Back to the basics: Proteins structure



Amino Acids
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Chacun des 20 acides aminés a des propriétés spécifiques

3 codes pour les a.a.:
Nom complet
3 lettres
1 lettres



Several ways a protein can interact with the membrane 

1: Single pass alpha helix
2: Multipass alpha helix
3: Beta-Barrel

4: Alpha helix partioned in the cytosolic monolayer of the lipid bilayer 
5: Covalently linked to a lipid
6: Anchored by GPI to the outside 7/8: non covalent binding to another protein



What are the molecular features of proteins crossing 
the cell membrane?



The amphipilic nature of the lipid bilayer

Hydrophilic

Hydrophilic

HydrophobicThe plasma membrane
~ 5 nanometer across

Outside of the cell

Inside of the cell

2 types of molecules

1: Lipids
2: Proteins

How do proteins integrate into the mebrane? 
What would be their features?



Le problème qui nous préoccupe:
Protéines transmembranaires

Surface exposée

Hydrophile

Hydrophobe

Hydrophile

Proteins passing the cell membrane are amphipilic

Hydrophobic

Hydrophilic

Hydrophilic
Hydrophobic
Hydrophilic

There are specific domains in the protein that have differenct functions 



How do these membrane spanning proteins get their 
amphiphilic nature?



Amino acids with hydrophilic side chains



Amino acids with hydrophilic side chains



Amino acids with hydrophobic side chains



Amino acids with special case side chains



Polarity vs hydrophobicity 

OH = Polar

Benzene = 
hydrophobic
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Indice d’hydropathie
Ou hydrophobicité
(relatif)

Partition entre deux solvants 
organiques non-miscibles, 
calcul de l’énergie libre de 
transfert

Based on their features AA get a hydrophobicity score

Partitioning between two non-
miscible organic solvents, 
calculation of the transfer free 
energy



Hydrophobic non polair side chains move away from water
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Première étape du repliement d’une protéine soluble:
“Collapse” hydrophobe

hydrophobes

Protéine soluble dans l’eau
Surface exposée sera 
largement hydrophile

3

Les protéines sont des polymères d’acides aminés

Mais elles n’ont de fonction
que si elles sont

parfaitement “repliées”



Two essential processes for correct folding of a protein 
soluble in water

Establishment of secondary structures 
alpha helices and beta sheets

“Collapse” of the exposed hydrophobic 
surfaces  
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Les protéines sont des polymères d’acides aminés

Mais elles n’ont de fonction
que si elles sont

parfaitement “repliées”



How do secondary protein structures interact with the 
cell membrane?



Transmembrane proteins

Protéine soluble dans l’eau
Surface exposée largement

hydrophile

Protéine transmembranaire
Surface exposée largement

hydrophobe

Solutions ?

In a water soluble protein the outward facing surface 
is hydrophilic

In a transmembrane protein the outward facing surface is 
hydrophobic, allowing interacting with the fatty acid tails of 
phospholipids



Transmembrane proteins

The number of alpha helices varies from 1 to ≈20
In mammals, the vast majority are alpha helices

Two solutions: The transmembrane portion of the proteins is either formed by alpha helices or by ß-
strands
There are no hybrid (alpha + B) solutions!

Deux solutions: tout a ou tout ß
pas de version mixte identifiée
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La partie transmembranaire des 
protéines est soit formée d’hélices
alpha, soit de brins ß

Le nombre d’hélices alpha varie de 1 
à ≈20

Le nombre brins ß varie de 8 à ≈200

Chez les mammifères, la très grande
majorité est en hélices alpha

Deux solutions: tout a ou tout ß
pas de version mixte identifiée

18

La partie transmembranaire des 
protéines est soit formée d’hélices
alpha, soit de brins ß

Le nombre d’hélices alpha varie de 1 
à ≈20

Le nombre brins ß varie de 8 à ≈200

Chez les mammifères, la très grande
majorité est en hélices alpha

The number of ß-strands in a ß-barrel  can vary from 8 to 
≈200



Transmembrane proteins: Alpha HelixStructure d’une hélice alpha

Liaison H au sein de la chaine alpha Les chaines latérales sont orientées vers
l’extérieur de l’hélice

Structure d’une hélice alpha

Liaison H au sein de la chaine alpha Les chaines latérales sont orientées vers
l’extérieur de l’hélice

H-bonds within the alpha 
chain

The R-groups of the amino acids are 
exposed to the outside



Transmembrane proteins: Alpha Helix

Figure 10-21  Molecular Biology of the Cell (© Garland Science 2008)

Les chaines latérales d’une hélice transmembranaire
doivent interagir avec les chaines acylées des lipids, donc

être non polaires, en majorité

Majority of a.a. found in the alpha 
helix have hydrophobic side chains



How long is an alpha helix spanning the membrane?

22

Longueur, en acides amines, d’une hélice transmembranaire?



How long is an alpha helix spanning the membrane?
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Longueur, en acides amines, d’une hélice transmembranaire?
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Hélice alpha: 3.6 residues par tour

5.4 Å par tour

Donc déplacement le long de 
l’hélice pour 1 residue: 1.5 Å
(0.15 nm)

≈20 a.a. pour traverser une
membrane perpendiculairement au 
plan de la membrane

Mais cela va déprendre de 
l’épaisseur de la membrane (qui 
depend de sa composition, de la 
temperature, …), de l’orientation de 
l’hélice

Longueur, en acides amines, d’une hélice transmembranaire?



How long is an alpha helix spanning the membrane?

22

Longueur, en acides amines, d’une hélice transmembranaire?

24

Hélice alpha: 3.6 residues par tour

5.4 Å par tour

Donc déplacement le long de 
l’hélice pour 1 residue: 1.5 Å
(0.15 nm)

≈20 a.a. pour traverser une
membrane perpendiculairement au 
plan de la membrane

Mais cela va déprendre de 
l’épaisseur de la membrane (qui 
depend de sa composition, de la 
temperature, …), de l’orientation de 
l’hélice

Longueur, en acides amines, d’une hélice transmembranaire?

Alpha helix: 3.6 residues per turn 5.4 Å per 
turn

So displacement along the helix for 1 
residue: 1.5 Å (0.15 nm) ≈ 20 a.a. to cross a 
membrane perpendicular to the membrane 
plane

But this will depend on the thickness of the 
membrane (which depends on its 
composition, temperature, ...), on the 
orientation of the helix



Varying lengths of the Alpha Helix

Toutes les hélices transmembranaires ne font pas le 
même angle avec le plan de la membrane

20 a.a. 26 a.a. 39 a.a.

Angle and membrane thickness



Based on the knowledge we have, can we predict of a 
protein is a transmembrane protein?



Using the hydropathy score

https://www.youtube.com/watch?v=frVoetPCMWY

Use of bioinformatics to predict whether a protein is transmembrane and identify the sequence that is in 
the membrane

Figure 10-22a  Molecular Biology of the Cell (© Garland Science 2008)

Le profile d’hydrophobicité

MVAERSPARS PGSWLFPGLW LLVLSGPGGL LRAQEQPSCR RAFDLYFVLD 

Somme des 7 indices 
d’hydropathie

Détermination de la taille d’une fenêtre, par ex: 7

MVAERSPARS PGSWLFPGLW LLVLSGPGGL LRAQEQPSCR RAFDLYFVLD 

Glisser la fenêtre d’un residue et 
recalculer la somme des 7 indices 
d’hydropathie

https://www.youtube.com/watch?v=frVoetPCMWY

Figure 10-22a  Molecular Biology of the Cell (© Garland Science 2008)

Le profile d’hydrophobicité

MVAERSPARS PGSWLFPGLW LLVLSGPGGL LRAQEQPSCR RAFDLYFVLD 

Somme des 7 indices 
d’hydropathie

Détermination de la taille d’une fenêtre, par ex: 7

MVAERSPARS PGSWLFPGLW LLVLSGPGGL LRAQEQPSCR RAFDLYFVLD 

Glisser la fenêtre d’un residue et 
recalculer la somme des 7 indices 
d’hydropathie

https://www.youtube.com/watch?v=frVoetPCMWY
What would be a sensisble number to use as a window size?



….QMIEAAEER PWLWVVYILTVALPVFLVILFCCSGKKQTSGMEYKK…

Usage de la bio-informatique pour prédire si une protéine est 
transmembranaire et identifier la séquence qui est dans la membrane

….QMIEAAEER PWLWVVYILTVALPVFLVILFCCSGKKQTSGMEYKK…
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Prediction & Reality



Single pass versus multipass membrane proteins



With a little help we can predict transmembrane 
proteins ourselves

Insert an amino acid sequence in 
FASTA format



membrane proteins across the tree of life

Figure 10-22c  Molecular Biology of the Cell (© Garland Science 2008)

Les protéines avec au moins une hélice transmembranaire



membrane proteins
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Structure complète

Il y a toujours des exceptions:

Il est possible d’avoir un a.a. 
chargé dans une hélice
transmembranaire, formant par 
exemple une interaction ionique
avec un autre a.a. chargé d’une
autre hélice

A noter:
Les proteins membranaires
sont asymétriquesMembrane proteins are asymmetric

There are always exceptions:
It is possible to have a charged a.i. in one transmembrane 
helix, forming for example an ionic interaction with another 
charged a.i. of another helix



How do ß-strands cross the membrane?
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Les brins ß

Les brins ß peuvent former des 
feuillets, parallèles ou anti-parallèles, 
grace à la formation de liaison 
hydrogène entre les chaines alpha

Les chaines latérales ne sont pas 
impliquées

Transmembrane proteins: ß-Barrel

The first building blocks of a ß-Barrel: ß-
Sheets, these are made from ß-Strands

The side chains of the amino acid face 
outwards

The ß-strands can form parallel or anti-
parallel sheets due to the formation of 
hydrogen bonds between the alpha-chains
The side chains are not involved



This is not a concern for a soluble protein that is 
in an aqueous medium

But what about the hydrophobic membrane?

A ß-sheet is an "open" structure
It will always face the outside solvent (world)

Transmembrane proteins: ß-Barrel

38

Pour un feuillet ß transmembranaires, la structure ne 
peut pas rester  «ouverte» car les liaisons H sur les bords 

ne seraient pas satisfaites

Pour un domaine transmembranaire le 
Feuillet doit être fermé, et donc circulaire: 

tonneau ß



Transmembrane proteins: ß-Barrel
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Pour un feuillet ß transmembranaires, la structure ne 
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ne seraient pas satisfaites

Pour un domaine transmembranaire le 
Feuillet doit être fermé, et donc circulaire: 
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Transmembrane proteins: ß-Barrel
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Les chaines latérales pointent au 
dessus et en dessous du feuillet ß de 
manière alternée

Les chaines latérales

40

Les chaines latérales pointent au 
dessus et en dessous du feuillet ß de 
manière alternée

Les chaines latérales

Pour un tonneau transmembranaire, 
l’extérieur doit être hydrophobe

ß-strand form ß-sheets and those form a ß-barrel to have 
the hydrophic outer surface



Transmembrane proteins: ß-Barrel

A bacterial ß-sheet transmembrane structure  to form an "membrane attack complex”

43

Certaines bactéries ont utilisé une variante de ces porines comme arme

Collaboration en les labos EPFL Dal Peraro et van der Goot



Transmembrane proteins: ß-Barrel
A rare case of ß-sheet transmembrane structure in animals: the complement cascade that 
culminates in the formation of the "membrane attack complex”
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Un rare cas de structure transmembranairs en feuillets ß chez les animaux: 
la cascade du complement qui culmine avec la formation du 

“Complexe d'attaque membranaire”

Wikipédia: Le système du complément est un groupe de 35 protéines connues du sérum, faisant partie de l'immunité innée. Douze
(12) de ces protéines sont directement impliquées dans les mécanismes d'élimination des pathogènes, les autres régulent finement
l'activité des premières afin d'éviter une réaction auto-immune (réaction contre le soi).

Wikipedia: The complement system is a group of 35 
known serum proteins that are part of innate 
immunity. Twelve of these proteins are directly 
involved in the mechanisms of pathogen elimination, 
the others finely regulate the activity of the former in 
order to avoid an autoimmune reaction (reaction 
against the self).
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Autre exemple: la perforine relargée par les cellule NK du système
immunitaire pour tuer les cellules tumorales ou infectées par un virus 

Transmembrane proteins: ß-Barrel

Another example: perforin released by NK cells of the 
immune system to kill tumor or virus-infected cells



Summary transmembrane proteins

- Two important secondary protein structures
- Alpha Helices
- ß-sheets

- Both interact with the cell membranes based on their hydrophobic and hydrophilic aspects
- These aspects are a consequence of the amino acid order and by the side chains of amino 

acids 



A protein anchoring to the lipid membrane

The majority of these changes take place on the 
cytoplasmic side of the membranes
These modifications are generally irreversible

Prenyl group



A protein anchoring to the lipid membrane
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Ex: KRAS une oncoprotéine humaine

Palmitoylation
(modification 

reversible)

Prenylation
(modification 
irreversible)

Modifications lipidiques multiples

Palmitoylation: seule 
modification lipidique 
réversible

Palmitoylation 
(reversible 
modification)

Prenylation 
(irreversible 
modification)

Palmitoylation: only reversible lipidic modification

KRAS as an example



The GPI anchorLes phosphoinositides sont sur la face intracellulaire

Les kinases et les phosphatases 
agissant sur les lipides sont des 

enzymes cytosoliques

Phosphatidylinositols that becomes glycosylated

Glycosylphosphatidylinositol = GPI



https://www.nature.com/articles/nrm1309

The GPI anchor

NATURE REVIEWS | MOLECULAR CELL BIOLOGY VOLUME 5 | FEBRUARY 2004 | 111

R E V I EW S

development, and mutants of GPI synthesis have an
embryonic-lethal phenotype15, perhaps because several
cell-adhesion proteins — which are essential during var-
ious stages of development — are GPI-anchored.
Somatic mutation of the PIGA gene is a key event lead-
ing to paroxysmal nocturnal haemoglobinuria, an
acquired haematopoietic stem-cell disorder16. PIGA is
located on the X chromosome and encodes a subunit of
the GPI-N-acetylglucosamine transferase, which 
catalyses the first step in GPI-anchor synthesis. When

GPI-anchored proteins also have very diverse func-
tions. In fungi, synthesis of GPI anchors is essential for
viability, probably because their cell wall mannoproteins
require a GPI anchor so that they can  be covalently
incorporated into the cell wall13,14. In other lower
eukaryotes, such as protozoa, GPI-anchored proteins
have an important role in cell viability and defence
against the host immune system4, and are among the
most abundant cell-surface proteins in these organisms.
In animal cells, GPI-anchored proteins are important in

Figure 1 | GPI-anchored-protein precursor and anchor structure. The disposition of GPI-anchored proteins with respect to the
membrane, and the conserved core structure of the GPI anchor are shown. a | GPI-anchored proteins are embedded in the
extracellular or lumenal leaflet of membranes through their glycolipid moieties and are not directly accessible from the cytosolic face
of the membrane. b | GPI-anchored proteins are synthesized as precursors with a cleavable, hydrophobic amino-terminal signal
sequence that targets the protein to the lumen of the endoplasmic reticulum (ER) and a cleavable, carboxy-terminal signal sequence
that directs GPI anchoring. The GPI-anchoring signal consists of a hydrophobic region separated from the GPI-attachment site 
(ω-site) by a hydrophilic spacer region. Amino-acid residues with small side chains are highly preferred for the two amino acids that
follow the ω-site. c | The GPI core structure is shown. The conserved core consists of ethanolamine phosphate in an amide linkage
to the carboxyl terminus of the protein, three mannose residues (orange), glucosamine (blue) and phosphatidylinositol (purple). It can
be modified and is subject to various remodelling reactions of the lipid moiety. Variations can occur by addition of extra sugars or
ethanolamine phosphates to the mannose residues; acylation of the inositol ring; changes in the fatty acids (length, saturation,
hydroxylation), or their types of linkage to the glycerol backbone (acyl to alkyl); or remodelling of the entire diacylglycerol to ceramide. 

Lumen of the ER
cell surface

a GPI-anchored protein in the membrane
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Generation of the GPI anchor



The carbohydrate layer on the cell surface



How can we isolate proteins from cell membrane?



Any ideas?

Membrane protein isolation



High salt 
concentration
(0.5 M NaCL)

Detergents

Membrane protein isolation



The structure and function of detergents

Where have we seen these 
amphiphilic features before?

Different detergents have 
different qualities

The negative charge of SDS 
also denatures proteins! 



The structure and function of detergents

Detergents form micelles in water Micelles structures are believed to 
be irregular in water due to 
packing constraints



A detergent in action



Why would we want to isolate membrane proteins?

Soft" solubilization to preserve the structure and function of 
the protein

for the study if the shape (CryoEM, Crystallization etc)

Functional studies in isolation in the lab



Model of a membrane protein reconstituted into a
nanodisc 



Examples of CryoEM images of membrane proteins

68



Membrane protein localization



The membrane is a fluid



A demonstration of membrane fluidity

40 minutes
at 37 °C

Fluorescence microscopy :
mouse and human membrane
proteins are not intermixedY

Y



But proteins are found in distinct regions of the cell 
membrane



Three domains in the plasma membrane of a guinea pig 
sperm

Restriction to a region of 
membrane proteins is 
essential for biological 
function!



How can cells restrict protein location on a cell 
membrane?



Four ways of restricting the lateral mobility of specific plasma 
membrane proteins 

Self assembly into aggregates

Interaction with outside

Interaction with inside

Cell-Cell Interaction
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Lipides et protéines peuvent former des domaines
Lipids and proteins can form specific domains



Membranes are shaped by membrane-bending 
proteins



Restriction by the cytoskeleton



The spectrin-based cytoskeleton on the cytosolic side of the 
human red blood cell plasma membrane



Corralling plasma membrane proteins by cortical cytoskeletal 
filaments



Movement of this cell an interplay between the plasma 
membrane and the cytoskeleton



- The transmembrane part of proteins is either formed by alpha helices or by ß strands, not by 
mixed structures
- Proteins can be post-translationally modified by acylated chains
- Transmembrane parts can be predicted
- Know how a detergent works
- Know that lipids and proteins are mobile in a membrane, know modes of immobilization and 
confinement
- Know the principle of FRAP

Summary membrane structure


