Cell Cycle lll: Apoptosis




Apoptosis

“Programmed cell death”.

Number of cells is, in part, controlled by regulation of cell
death.

Differs from necrosis: trauma or cytotoxicity leading to
|ATP and |Na*/K*-ATPase activity, followed by lysis.

Why does apoptosis occur?
Apoptosis
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Figure 18-1 Molecular Biology of the Cell 6e (© Garland Science 2015)
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Note
- A is invetro, B is in tissue, C is invetro

- starts to condense, loss of nucleus, holding together tightly

- in necrotic cell it starts bursting --> pathological stimulus, change pH, infection, damage, etc.

- one of last steps is getting engulfed by phagocyte. 

- trauma or cytotoxicity --> decrease in ATP and Na/K-ATPase activity --> lysis

- because of osmosis --> necrosis.

- extra cells dont become necrotic because it would disrupt chemical communication happing between cells. Extracellular signals can modify organism. Therefore they are neatly destroyed via apoptosis


Apoptosis

« Apoptosis in development.
« Balance of cell division with death in adult tissues.

Mouse paw

Cells undergoing apoptosis Loss of cells between digits

Figure 17-35. Molecular Biology of the Cell, 4th Edition.
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Note
- webbing disappears as developing digits

- use fluorescent markers


General Characteristics

In order for apoptosis to occur, a cell must undergo
significant biochemical and morphological change.

Initiation by intracellular or extracellular signal.

Activation of a series of proteins involved in promoting
apoptosis (or inhibition of those that prevent it).

Important intracellular proteins necessary for survival are
cleaved during apoptosis.

Orderly disposal of dead cell.
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Note
- inactive enzymes become active via cleavage causing a cascade that leads to apoptosis.


Structural Changes During Apoptosis

1 2 3
Nucleus fragmented;
Chromatin condenses; DNA "laddering;" Apoptotic  Phagocytic
Normal cell shrinkage of cytoplasm blebbing, cell fragmentation body cell

(b) Normal (c) Loss of adhesion (d) “Blebbing”
Copyright © 2006 Pearson Benjamin Cummings. All rights reserved.
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Note
b - monolayer dish, with several cells. These are control cells not going through apoptosis

c - Apoptosis --> leads to loss of adhesion

d - Blebbing



a) Chromatin condense and cytoplasm shrink. nuclear lamens destroyed, fragmenting nucleas, leading to DNA laddering (fragmenting of chromosomal DNA) and cell becomes fragmented (blebbing) . Leading to asmmetry, --> All blebs (fragments) are engulfed via phagocyte.


Phagocytosis

Asymmetric distribution of plasma membrane is lost. =

Negatively charged phosphatidylserine then becomes
exposed on the outside of cell.

The cell is then marked for phagocytosis by a
macrophage. ¥  Apoptotic

Cytopiasm ;
of macrophage

Cell and Molecular Biology, 5/e (© 2008 John Wiley & Sons)
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Note
- plasma membrane isnt made evenly throughout cell (appical vs. basal poles) leading to asymmetry (inner leaflet is diff than outer). 

- phophatidylserine (inside) becomes exposed to outside, which attracts phagocytes. 

- 


Cell-death Mutants

Normal

Caenorhabditis elegans is a
nematode.

959 somatic cells.
131 apoptose every time.

Discovery of ced-3 gene that
encodes proteins similar to
mammalian protease.

‘caspases’.

ced-4 encodes Apaf-1, ced-9
encodes Bcl-2.

ced-3 mutant

ced-3 mutation prevents apoptosis in all 131 cells 7
Ellis and Horvitz 1986. Cell 44:817-829.
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Note
- c. elegans research done few decades ago. Optically transparent, 2-3 life, hermaphroditic. 131 somatic cells apoptose every time of total 959 somatic cells (depending on Temp). 

- ced-3 gene leads to death of these cells through coding for protein which is similar to protease. 

- apoptosis cells refract light in a specific way.

- mutant organism with ced-3 genes dont go through apoptosis.

- This describes caspases

- Apaf1 and Bcl2 are mammalian versions of this protein


Caspases

|dentification of ced-3 gene led to the discovery of
homologous family of proteins, called “caspases’, in
mammals.

They are proteases that cleave essential proteins.
Involved in most changes observed during cell death.

This enzyme has a cysteine residue at its catalytic site
and cleaves other protiens at an aspartate site.

Caspases may also cleave each other, leading to their
activation.
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Note
- caspases can cleave proteins, or can cleave other caspases --> activating them. Leading to all or none cascade events.


Caspases Cleave Essential Proteins

_________ oo Caspases
> = vage
(+) = activation Iy T
&« - > A Tt RN (+)
Protein Kinases Lamins Cytoskeleton CAD
e.g. FAK, disrupt Disassembly of Changes in cell DNA
cell adhesion nuclear lamina shape fragmentation

From Karp 2008. Cell and Molecular Biology.

CAD = caspase-activated DNAse; FAK = focal adhesion kinase 9
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Note
- CAD is activated, translocated to the nucleus and breaks down DNA. DNA laddering effect of breaking down cell.


Procaspase Activation =

Initiator (or “pro”) caspases are inactive.

An apoptotic signal triggers assembly of adaptor proteins
that activate caspases.

These caspases go on to activate executioner caspases
by proteolytic interactions (cleavage).
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Note
- adaptor proteins bind to initator caspases, leading to cascade of events leading to active caspases.


adaptor-
binding
domain

protease
domain

initiator caspase
(caspases 8,9)

cleavage
sutes

inactive monomers

apoptotic
signal

iL

adaptor protems I i i

large
subunit
DIMERIZATION
ACTIVATION, 2y
AND CLEAVAGE small
active  gybunit
caspase
I ACTIVATION I!!I
BY CLEAVAGE 4AA
= active caspase
executioner caspase
(caspases 3,6,7) / + \
CLEAVAGE OF
MULTIPLE
SUBSTRATES

Figure 18-3 Molecular Biology of the Cell 6e (© Garland Science 2015)

\
- APOPTOSIS
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Note
- intrinsic vs extrinsic apoptosis

- adaptor induces dimerization of active aspases. These activate the execution of ectivation of caspase. This leads to more being activated. Chain of this, leading to apoptosis.


The Caspase Cascade

An active caspase activates another caspase...
Irreversible, “all-or-none”.

Amplification.
ReSUIt |ntrace||UIar caspase cascade

one molecule of
prOtelnS are Cleaved L‘ active initiator caspase

NN

/N

I NN NN
many molecules of executioner caspases

/N
/N

cleavage of cleavage of
cytosolic protein  nuclear lamin

Figure 18-5b Molecular Biology of the Cell (© Garland Science 2008)
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Note
- once certain level met, it keeps on going,

- amplification fo signal ( 1 actives a few, each of those activate some, etc.)


2 Major Apoptotic Pathways

Extrinsic pathway
* Procaspase activation triggered from outside the cell.

« “Cell death” receptors.

Intrinsic pathway
* Procaspase activation triggered from inside the cell.
* e.g. intracellular damage.

* e.g. via Bcl-2 family of proteins (note: this may involve an
extracellular survival factor).
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Note
- adaptor proteins activate prcaspases through differnt ways. 

- 


Extrinsic Pathway

« Extracellular signal (Fas ligand) activates death receptor (Fas
protein).

» Recruitment of adaptor proteins and procaspase activation.

« Caspase cascade.

killer lymphocyte

Fas ligand

target cell Fas death receptor

FADD death domain
adaptt_)" tdeath effector
protein domain

death effector
domain _' .
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caspase-8

activated

caspase-8
\
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activation of
executioner
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—— apoptotic target cell
ASSEMBLY ACTIVATION AND
OF DISC CLEAVAGE OF

CASPASE-8

Figure 18-5 Molecular Biology of the Cell 6e (© Garland Science 2015) 1 4
FADD = Fas-associated death domain; DISC = death-inducing signalling complex
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Note
- T cell has Fas ligand on outside, Fas binds to Fas death receptor, reqruiting FADD adaptor, bringing together death effector domains which bind together to bind DISC, they are cleaved and then activate other caspases that leads destruction of essential proteins and leading to apoptosis. 

- FADD becomes part of disc but isnt past of death effector.


Intrinsic Pathway

=

Cytochrome c in mitochondria DNA in nucleus

An intracellular death signal
Initiates caspase cascade
and cell death.

Initiated by e.g. DNA
damage or loss of survival
factor.

Bcl-2 protein family
— Bcl-2 inhibits apoptosis
— Bax and Bak act on

mitochondria and release
cytochrome c.

Balance Of these determ|nes Cytochrome c released DNA fragmented
fate (i.e. life or death) of cell.

(Karp, 2008) 15
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Note
- loss of survival factor initiates intrinsic pathway

- DNA (purple) and cytochrome C (green) (in mitochondria). Top is beore apoptosis, and bottom is after.

- cytochrome c is everywhere and is released through pores. It activates reqruitments of procaspases.

- balance of proteins that limit or cause apoptosis


Intrinsic Pathway

« Apoptotic signal activates Bcl2 family proteins (e.g. Bax)
to form aggregates in outer mitochondrial membrane.

* Induces cytochrome c release from intermembrane
space.
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intermembrane family proteins
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space

@
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Figure 18-9 Molecular Biology of the Cell 6e (© Garland Science 2015)
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Note
- pores allow anything to leak out

- Bcl2 are already found on outside of membrane. Membranes are fluid allowing proteins to be recruited. When signal is given, proteins form pores, allowing stuff to spill out (cytochrome c)


Intrinsic Pathway

« (Caspase cascade.
Apaf1 BY APOPTOSOME

* Formation of “apoptosome”
Apaf1
®
. '1’
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CYTOCHROME ¢ . ()
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in intermembrane
space
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STIMULUS

mitochondrion
Figure 18-7 Molecular Biology of the Cell 6e (© Garland Science 2015)

Apaf-1 = apoptotic protease activating factor-1; CARD = caspase recruitment domain
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Note
- release of cytochrome C activation of adaptor protein Apaf1, exposing CARD domain. These different Apaf1 caspases dimerize together creating apoptisome. Allowing them to dimerize procaspases allowing them to execute cascade of caspase.


Some Mechanisms of the Intrinsic Pathway
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Note
- PKB = AKT?

- survival factor phophorylates PKB, phosphorylates BAD, activated Bcl2, releasing Cytochrome C --> apoptosis

- survival factor can increase expression of Bax --> releasing cytochrome C

- DNA damage can prevent Bax synthesis.


Apoptosis in the Developing Nervous System

Recall NGF.

A growth factor, but also a survival factor.
Released by “target” cells.

Bax is an important mediator™®.

apoptotic
nerve cells nerve cells

nerve %? %
cell as
body CELL DEATH
MATCHES
NUMBER OF
nerve /0. 10 NERVE CELLS oy

/ o® .
ce O @ " TONUMBEROF -2\ 2\ ‘)
axen \ TARGET CELLS O
target cells .
survival factor
released by target cells

Figure 17-46. Molecular Biology of the Cell, 4th Edition.

*Lindsten et al. 2005. Neuroscientist 11:10-15
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Note
- release NGF around cell, moving body near NGF leading to death of cells.

When connection is made, NGF is stopped and now no more survival factor

- no survival, no bax, cytochrome c release, apoptosis.


Apoptosis in the Developing Nervous System

=
« Mutations in genes encoding important proteins in the

apoptotic pathway have drastic consequences.

* In developing mouse embryo, forebrain protrusion and
excessive mitosis and differentiation result.

Wit Casp3 mt Casp9 mt Apafi mt
»

__ » »
r *‘,"b‘ | , ‘ %
% - o i
20

Nijhawan et al. 2000. Annu Rev Neurosci 23:73-87
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Note
- genes that make caspases

- mutants of these genes causes forebrain protrusions and excessive mitosis, etc.


A Summary

Apoptosis in vitro

>
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Things to Consider...

How do extrinsic and intrinsic pathways of
apoptosis differ? For example, think about how
the caspase cascade is initiated in each case.
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