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Q&A



In slide 46, it is mentioned that with DNA repair, the cell 
death could be avoided even if a death signal has already 
been received. How is this regulated? What gives the cell 
enough time to repair its DNA?











Are the Mitofusins 1 and 2 interchangeable? We saw this is a 
possibility in the exercises, but is that also the case in 
reality?



Association with the ER

2. Are the Mitofusins 1 and 2 interchangeable? We saw this 
is a possibility in the exercises, but is that also the case in 
reality? Yes, Mfn1 and Mfn2 have high 

conservation in the domains 
necessary for mitochondrial 
fusion. Thus, they have some 
functional redundancy.



3. In slide 49, there is a gel electrophoresis image showing 
how the DNA is fragmented by CAD. It is described that, due 
to CAD cutting the linker DNA, a characteristic ladder 
pattern appears. However, this would suggest that the 
fragments are of different sizes. How is this possible if 
nucleosomes with linker DNA all have ~180bp of DNA (slide 
62)?



DNA fragmentation during apoptosis by an endonuclease CAD 
1024 Chapter 18:  Cell Death

Cell-Surface Death Receptors Activate the Extrinsic Pathway of 
Apoptosis
Extracellular signal proteins binding to cell-surface death receptors trigger the 
extrinsic pathway of apoptosis. Death receptors are transmembrane proteins 
containing an extracellular ligand-binding domain, a single transmembrane 
domain, and an intracellular death domain, which is required for the receptors 
to activate the apoptotic program. !e receptors are homotrimers and belong to 
the tumor necrosis factor (TNF) receptor family, which includes a receptor for TNF 
itself and the Fas death receptor. !e ligands that activate the death receptors are 
also homotrimers; they are structurally related to one another and belong to the 
TNF family of signal proteins. 

A well-understood example of how death receptors trigger the extrinsic path-
way of apoptosis is the activation of Fas on the surface of a target cell by Fas ligand 
on the surface of a killer (cytotoxic) lymphocyte. When activated by the binding 
of Fas ligand, the death domains on the cytosolic tails of the Fas death receptors 
bind intracellular adaptor proteins, which in turn bind initiator caspases (pri-
marily caspase-8), forming a death-inducing signaling complex (DISC). Once 
dimerized and activated in the DISC, the initiator caspases cleave their partners 
and then activate downstream executioner caspases to induce apoptosis (Figure 
18–5). In some cells, the extrinsic pathway recruits the intrinsic apoptotic path-
way to amplify the caspase cascade and kill the cell.
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Figure 18–4 DNA fragmentation during apoptosis. (A) In healthy cells, the endonuclease CAD associates with its inhibitor, 
iCAD. Activation of executioner caspases in the cell leads to cleavage of iCAD, which unleashes the nuclease. Activated CAD 
cuts the chromosomal DNA between nucleosomes, resulting in the production of DNA fragments that form a ladder pattern 
(see B) upon gel electrophoresis. (B) Mouse thymus lymphocytes were treated with an antibody against the cell-surface death 
receptor Fas (discussed in the text), inducing the cells to undergo apoptosis. DNA was extracted at the times indicated above 
the figure, and the fragments were separated by size by electrophoresis in an agarose gel and stained with ethidium bromide. 
Because the cleavages occur in the linker regions between nucleosomes, the fragments separate into a characteristic ladder 
pattern on these gels. Note that in gel electrophoresis, smaller molecules are more widely separated in the lower part of the gel, 
so that removal of a single nucleosome has a greater apparent effect on their gel mobility. (C) Apoptotic nuclei can be detected 
using a technique that adds a fluorescent label to DNA ends. In the image shown here, this technique was used in a tissue 
section of a developing chick leg bud; this cross section through the skin and underlying tissue is from a region between two 
developing digits, as indicated in the underlying drawing. The procedure is called the TUNEL (TdT-mediated dUTP nick end 
labeling) technique because the enzyme terminal deoxynucleotidyl transferase (TdT) adds chains of labeled deoxynucleotide 
(dUTP) to the 3ʹ-OH ends of DNA fragments. The presence of large numbers of DNA fragments therefore results in bright 
fluorescent dots in apoptotic cells. (B, from D. McIlroy et al., Genes Dev. 14:549–558, 2000. With permission from Cold Spring 
Harbor Laboratory Press; C, from V. Zuzarte-Luís and J.M. Hurlé, Int. J. Dev. Biol. 46:871–876, 2002. With permission from 
UBC Press.)
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CAD cuts randomly 
creating the distinct 
banding pattern



I have a few questions for Wednesday’s session:
1.Last week, we discussed question 7.B, but I’m not sure I 
fully understood the correction. Would it be possible to go 
over it again in more detail?

The presence of introns in organellar genes is not surprising 
since similar introns have been found in related genes from 
bacteria whose ancestors are thought to have given rise to 
mitochondria and chloroplasts. ( it was a True or False 
question) and here is the answer : False. The presence of 
introns in organellar genes is surprising precisely because 
corresponding introns are so uncommon in related bacterial 
genomes.



How did these compartments come to be?  645

!e evolutionary schemes just described group the intracellular compart-
ments in eukaryotic cells into four distinct families: (1) the nucleus and the cyto-
sol, which communicate with each other through nuclear pore complexes and are 
thus topologically continuous (although functionally distinct); (2) all organelles 
that function in the secretory and endocytic pathways—including the ER, Golgi 
apparatus, endosomes, and lysosomes, the numerous classes of transport inter-
mediates such as transport vesicles that move between them, and peroxisomes; 
(3) the mitochondria; and (4) the plastids (in plants only). 

Proteins Can Move Between Compartments in Different Ways
!e synthesis of all proteins begins on ribosomes in the cytosol, except for the few 
that are synthesized on the ribosomes of mitochondria and plastids. !eir sub-
sequent fate depends on their amino acid sequence, which can contain sorting 
signals that direct their delivery to locations outside the cytosol or to organelle 
surfaces. Some proteins do not have a sorting signal and consequently remain in 
the cytosol as permanent residents. Many others, however, have speci"c sorting 
signals that direct their transport from the cytosol into the nucleus, the ER, mito-
chondria, plastids, or peroxisomes; sorting signals can also direct the transport of 
proteins from the ER to other destinations in the cell.

THE COMPARTMENTALIZATION OF CELLS

Figure 12–3 One suggested pathway 
for the evolution of the eukaryotic 
cell and its internal membranes As 
discussed in Chapter 1, there is evidence 
that the nuclear genome of a eukaryotic 
cell evolved from an ancient archeaon. 
For example, clear homologs of actin, 
tubulin, histones, and the nuclear DNA 
replication system are found in archaea, 
but not in bacteria. Thus, it is now thought 
that the first eukaryotic cells arose when 
an ancient anaerobic archaeon joined 
forces with an aerobic bacterium roughly 
1.6 billion years ago. As indicated, the 
nuclear envelope may have originated from 
an invagination of the plasma membrane 
of this ancient archaeon—an invagination 
that protected its chromosome while still 
allowing access of the DNA to the cytosol 
(as required for DNA to direct protein 
synthesis). This envelope may have later 
pinched off completely from the plasma 
membrane, so as to produce a separate 
nuclear compartment surrounded by a 
double membrane. Because this double 
membrane is penetrated by nuclear pore 
complexes, the nuclear compartment is 
topologically equivalent to the cytosol. In 
contrast, the lumen of the ER is continuous 
with the space between the inner and outer 
nuclear membranes, and it is topologically 
equivalent to the extracellular space (see 
Figure 12–4). (Adapted from J. Martijn and 
T.J.G. Ettema, Biochem. Soc. Trans. 41: 
451–457, 2013.)
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Eukaryotic Transcription/Translation

Bacterial genomes are 
quite devoid of introns, 
so there is very little/no 
splicing.

Hence to no introns 
would be present.

In engulfed organelles, 
why would there be new 
introduction of introns in 
genes that were 
functioning?



Some of the chapters we’ve covered are connected. Would 
it be possible to get an overview of which chapters are linked 
and how they relate to each other?



Membranes (structure) (chapter 10)
Membrane transport (chapter 11)
Origin and transmission of mitochondria, and cell death (Chapter 14&18)
Organelles and transport (chapters 12 and 13)
Cellular communication (chapter 15)
Cytoskeleton (chapter 16) 
Cellular junctions (chapter 19)

642 Chapter 12:  Intracellular Compartments and Protein Sorting

Figure 12–1 illustrates the major intracellular compartments common to 
eukaryotic cells. !e nucleus contains the genome (aside from mitochondrial and 
chloroplast DNA), and it is the principal site of DNA and RNA synthesis. !e sur-
rounding cytoplasm consists of the cytosol and the cytoplasmic organelles sus-
pended in it. !e cytosol constitutes a little more than half the total volume of 
the cell, and it is the main site of protein synthesis and degradation. It also per-
forms most of the cell’s intermediary metabolism—that is, the many reactions 
that degrade some small molecules and synthesize others to provide the building 
blocks for macromolecules (discussed in Chapter 2).

About half the total area of membrane in a eukaryotic cell encloses the laby-
rinthine spaces of the endoplasmic reticulum (ER). !e rough ER has many ribo-
somes bound to its cytosolic surface. Ribosomes are organelles that are not mem-
brane-enclosed; they synthesize both soluble and integral membrane proteins, 
most of which are destined either for secretion to the cell exterior or for other 
organelles. We shall see that, whereas proteins are transported into other mem-
brane-enclosed organelles only after their synthesis is complete, they are trans-
ported into the ER as they are synthesized. !is explains why the ER membrane is 
unique in having ribosomes tethered to it. !e ER also produces most of the lipid 
for the rest of the cell and functions as a store for Ca2+ ions. Regions of the ER that 
lack bound ribosomes are called smooth ER. !e ER sends many of its proteins 
and lipids to the Golgi apparatus, which often consists of organized stacks of disc-
like compartments called Golgi cisternae. !e Golgi apparatus receives lipids and 
proteins from the ER and dispatches them to various destinations, usually cova-
lently modifying them en route. 

Mitochondria and chloroplasts generate most of the ATP that cells use to drive 
reactions requiring an input of free energy; chloroplasts are a specialized version 
of plastids (present in plants, algae, and some protozoa), which can also have 
other functions, such as the storage of food or pigment molecules. Lysosomes con-
tain digestive enzymes that degrade defunct intracellular organelles, as well as 
macromolecules and particles taken in from outside the cell by endocytosis. On 
the way to lysosomes, endocytosed material must "rst pass through a series of 
organelles called endosomes. Finally, peroxisomes are small vesicular compart-
ments that contain enzymes used in various oxidative reactions.

In general, each membrane-enclosed organelle performs the same set of basic 
functions in all cell types. But to serve the specialized functions of cells, these 
organelles vary in abundance and can have additional properties that di#er from 
cell type to cell type.

On average, the membrane-enclosed compartments together occupy nearly 
half the volume of a cell (Table 12–1), and a large amount of intracellular mem-
brane is required to make them. In liver and pancreatic cells, for example, the 
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Figure 12–1 The major intracellular 
compartments of an animal cell. The 
cytosol (gray), endoplasmic reticulum, 
Golgi apparatus, nucleus, mitochondrion, 
endosome, lysosome, and peroxisome are 
distinct compartments isolated from the 
rest of the cell by at least one selectively 
permeable membrane (see Movie 9.2). 

It is all connected!
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For cells to function properly, they must organize themselves in space and inter-
act mechanically with each other and with their environment. !ey have to be 
correctly shaped, physically robust, and properly structured internally. Many 
have to change their shape and move from place to place. All cells have to be able 
to rearrange their internal components as they grow, divide, and adapt to chang-
ing circumstances. !ese spatial and mechanical functions depend on a remark-
able system of "laments called the cytoskeleton (Figure 16–1).

!e cytoskeleton’s varied functions depend on the behavior of three families 
of protein "laments—actin !laments, microtubules, and intermediate !laments. 
Each type of "lament has distinct mechanical properties, dynamics, and biolog-
ical roles, but all share certain fundamental features. Just as we require our lig-
aments, bones, and muscles to work together, so all three cytoskeletal "lament 
systems must normally function collectively to give a cell its strength, its shape, 
and its ability to move.

In this chapter, we describe the function and conservation of the three main 
"lament systems. We explain the basic principles underlying "lament assembly 
and disassembly, and how other proteins interact with the "laments to alter their 
dynamics, enabling the cell to establish and maintain internal order, to shape and 
remodel its surface, and to move organelles in a directed manner from one place 
to another. Finally, we discuss how the integration and regulation of the cytoskel-
eton allows a cell to move to new locations. 

FUNCTION AND ORIGIN OF THE CYTOSKELETON
!e three major cytoskeletal "laments are responsible for di#erent aspects of the 
cell’s spatial organization and mechanical properties. Actin "laments determine 
the shape of the cell’s surface and are necessary for whole-cell locomotion; they 
also drive the pinching of one cell into two. Microtubules determine the positions 
of membrane-enclosed organelles, direct intracellular transport, and form the 
mitotic spindle that segregates chromosomes during cell division. Intermediate 
"laments provide mechanical strength. All of these cytoskeletal "laments interact 
with hundreds of accessory proteins that regulate and link the "laments to other 
cell components, as well as to each other. !e accessory proteins are essential for 
the controlled assembly of the cytoskeletal "laments in particular locations, and 
they include the motor proteins, remarkable molecular machines that convert the 
energy of ATP hydrolysis into mechanical force that can either move organelles 
along the "laments or move the "laments themselves. 

In this section, we discuss the general features of the proteins that make up 
the "laments of the cytoskeleton. We focus on their ability to form intrinsically 

The Cytoskeleton
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Figure 16–1 The cytoskeleton. (A) A cell in culture has been fixed and 
labeled to show its cytoplasmic arrays of microtubules (green) and actin 
filaments (red). (B) This dividing cell has been labeled to show its spindle 
microtubules (green) and surrounding cage of intermediate filaments (red). 
The DNA in both cells is labeled in blue. (A, courtesy of Albert Tousson;  
B, courtesy of Conly Rieder.) 

Connection Chapter 16 & 19.Cytoskeleton & ECM956 Chapter 16:  The Cytoskeleton

versus the back, or at the top versus the bottom. Cell locomotion requires an ini-
tial polarization of the cell to set it o! in a particular direction. Carefully controlled 
cell-polarization processes are also required for oriented cell divisions in tissues 
and for formation of a coherent, organized multicellular structure. Genetic stud-
ies in yeast, "ies, and worms have provided most of our current understanding 
of the molecular basis of cell polarity. #e mechanisms that generate cell polar-
ity in vertebrates are only beginning to be explored. In all known cases, however, 
the cytoskeleton has a central role, and many of the molecular components have 
been evolutionarily conserved.

#e establishment of many kinds of cell polarity depends on the local regula-
tion of the actin cytoskeleton by external signals. Many of these signals seem to 
converge inside the cell on a group of closely related monomeric GTPases that 
are members of the Rho protein family—Cdc42, Rac, and Rho. Like other mono-
meric GTPases, the Rho proteins act as molecular switches that cycle between 
an active GTP-bound state and an inactive GDP-bound state (see Figure 3–66). 
Activation of Cdc42 on the inner surface of the plasma membrane triggers actin 
polymerization and bundling to form $lopodia. Activation of Rac promotes actin 
polymerization at the cell periphery, leading to the formation of sheetlike lamel-
lipodial extensions. Activation of Rho promotes both the bundling of actin $la-
ments with myosin II $laments into stress $bers and the clustering of integrins 
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Figure 16–82 Control of cell–
substratum adhesion at the leading 
edge of a migrating cell. (A) Actin 
monomers assemble on the barbed end 
of actin filaments at the leading edge. 
Transmembrane integrin proteins (blue) 
help form focal adhesions that link the 
cell membrane to the substrate. (B) If 
there is no interaction between the actin 
filaments and focal adhesions, the actin 
filament is driven rearward by newly 
assembled actin. Myosin motors (green) 
also contribute to filament movement. 
(C) Interactions between actin-binding 
adaptor proteins (brown) and integrins link 
the actin cytoskeleton to the substratum. 
Myosin-mediated contractile forces are 
then transmitted through the focal adhesion 
to generate traction on the extracellular 
matrix, and new actin polymerization drives 
the leading edge forward in a protrusion.

Figure 16–83 Traction forces exerted 
by a motile cell. (A) Tiny flexible pillars 
attached to the substratum bend in 
response to traction forces. (B) Scanning 
electron micrograph of a cell on a 
substratum coated with pillars that are  
6.1 ȝm in height. Pillar deflections are used 
to calculate force vectors corresponding 
to inward pulling forces on the underlying 
substratum. (Adapted from J. Fu et al., 
Nat. Methods 7:733–736, 2010. With 
permission from Macmillan Publishers.)



Les phosphoinositides ont des localisations très spécifiques dans la cellule
Connection Chapter 10, 12, 13.Lipids & Membrane identity



Connection Chapter 10, 11, 15. Membrane spanning proteins & signaling
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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 asymétriques

814 Chapter 15:  Cell Signaling

signaling to cells far away; others signal only to immediate neighbors. Most cells 
in multicellular organisms both emit and receive signals. Reception of the signals 
depends on receptor proteins, usually (but not always) at the cell surface, which 
bind the signal molecule. !e binding activates the receptor, which in turn acti-
vates one or more intracellular signaling pathways or systems. !ese systems 
depend on intracellular signaling proteins, which process the signal inside the 
receiving cell and distribute it to the appropriate intracellular targets. !e tar-
gets that lie at the end of signaling pathways are generally called e!ector proteins, 
which are altered in some way by the incoming signal and implement the appro-
priate change in cell behavior. Depending on the signal and the type and state of 
the receiving cell, these e"ectors can be transcription regulators, ion channels, 
components of a metabolic pathway, or parts of the cytoskeleton (Figure 15–1). 

!e fundamental features of cell signaling have been conserved throughout the 
evolution of the eukaryotes. In budding yeast, for example, the response to mating 
factor depends on cell-surface receptor proteins, intracellular GTP-binding pro-
teins, and protein kinases that are clearly related to functionally similar proteins 
in animal cells. !rough gene duplication and divergence, however, the signaling 
systems in animals have become much more elaborate than those in yeasts; the 
human genome, for example, contains more than 1500 genes that encode recep-
tor proteins, and the number of di"erent receptor proteins is further increased by 
alternative RNA splicing and post-translational modi#cations.

Extracellular Signals Can Act Over Short or Long Distances
Many extracellular signal molecules remain bound to the surface of the signal-
ing cell and in$uence only cells that contact it (Figure 15–2A). Such contact-
dependent signaling is especially important during development and in immune 
responses. Contact-dependent signaling during development can sometimes 
operate over relatively large distances if the communicating cells extend long thin 
processes to make contact with one another. 

Figure 15–1 A simple intracellular 
signaling pathway activated by an 
extracellular signal molecule. The signal 
molecule usually binds to a receptor 
protein that is embedded in the plasma 
membrane of the target cell. The receptor 
activates one or more intracellular signaling 
pathways, involving a series of signaling 
proteins. Finally, one or more of the 
intracellular signaling proteins alters the 
activity of effector proteins and thereby the 
behavior of the cell.
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Connection Chapter 12, 13, 19. Vesicle transport & ECM
Synthèse du collagène type I



More Q&A (?)


