Mecrosis

Morphological features
@ Loss of membrane integrity

@ Begins with swelling of cytoplasm and mitochondria

@ Ends with total cell lysis

Apoptosis

@ Membrane blebbing, but no loss of integrity
@ Aggregation of chromatin at the nuclear membrane

@ Begins with shrinking of cytoplasm and condensation of
nucleus

@ Ends with fragmentation of cell into smaller bodies

@ Mo vesicle formation, complete lysis

@ Formation of membrane bound vesicles (apoptotic bodies)

@ Disintegration (swelling) of organelles

@ Mitochondria become leaky due to pore formation involving
proteins of the bcl-2 family.
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autophagy

ULK Complex DEGRADATION

&RECYCLING _ .

contact site, I

Golgi apparatus, ERGIC,

recycling endosome,

plasma membrane) i

OTHER B LA tz :.' "
INITIATION COMPLEX SIGNALS . .:;.. ..Qo'

Class Il PI3K Complex

Isolation PHYSIOLOGICAL FUNCTIONS

membrane Nutrient and energy homeostasis

OTHER —>
SIGNALS —]

Removal of damaged/unwanted organelles

Removal of aggregate-prone proteins

Removal of intracellular pathogens

ELONGATION REACTION

Ubiquitin-like Protein Conjugation Systems Autophagosome

o

Late endosome or MVB

VESICLE
COMPLETION

- ../

\
- [

Beclin 1, complex with PI3K Vps34 and nucleation of the autophagosome membrane
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Initiators: BH3-only proteins
(BIM, PUMA, BAD, NOXA, BIK, HRK, BMF and 1BID]

C (BH3 [ (m (0O

Guardians: multi-domain pro-survival proteins

{BL—E, BCL-X,, BCL-W, MCL1, Al and BCL-B) | Th B I-2

I I I I I 1 I I I L]
ol o2 o3 o4 oS ob ol o8 of famlly
Effectors: multi-domain pro-apoptotic protein:
(BAX, BAK and BOK)

(@ra(  @H3(  @HI(  @H2( (1™ (C
]
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INTRINSIC
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- A pts
P Iy Bel-2 familymembers

* Pro-apoptotici p—

Mitochondria

* Anti-apoptotici




Globular structure with a central BH3-binding
hydrophobic groove




e Amphipathic helix
e Activators conformational disorder(and the Bid exception)
 Hydrophobic residues(h0—>h4) and salt bridge

d BIM BH3 domain binding to MCL1 a BID BH3 domain binding to the

canonical groove of BAX

BID BH3

h4

h3

h2
 hi

[h{]l

‘h0" hl1  h2 h3 h4

BID BH3: EDERNEARHEAQ%GES%DR



Second activation site for Bax
Alpha 9 extrusion trigger

b BIM SAHB interacting with
the rear pocket of BAX N




It is widely accepted that Bcl-2 family members not only inhibit
apoptosis but also negatively regulate autophagy by binding to
Beclin 1

Bim
ABT-737 In-?.d
L

|
OOOO
(Bec \I{in 1) ” @
¥ 1

autophagy apoptosis

Lisa M. Lindqvist et al.,2014 PNAS



Bax-/-Bak-/-Mcl-1-/-

Bax-/-Bak-/-Mcl-1-/- -+ VP-16

VP-16 chemotherapeutic agent etoposide,
inducer of autophagy

@éclinj) .
¥

autophagy apoptosis
Bim
ABT-737 hvd

Mcl-1-/-

¥ ¥

autophagy apoptosis

Lisa M. Lindqvist et al.,2014 PNAS



Q: Does inhibiting anti-apoptotic Bcl-2 members interfere with non-apoptotic death?

B e BBk’ Md-1"
W Bax’-Bak’-Mdl- - VP-16
—&—  Mcl-17-

ﬂ -I'I'I'q-l'l'l'q_l'l'l'q_l'l'l'q_l'l'l'q

@ Q,h”* "x AN ,.5‘:. {:S:.

v We show that in the absence of Bax and Balk,
ABT-737 (uM) antagonizing or altering the levels of Bcl-2 has no

detectable impact on autophagy

BH3 mimetic ABT-737



Beclin 1, formation of a complex with the mammalian PI3K Vps34
and nucleation of the autophagosome membrane

When nutrients are abundant, Bcl-2 and the related proteins Bcl-xL and Mcl-1 bind to the
Beclin 1’s BH3 domain and thereby inhibit induction of autophagy

When nutrients are scarce, Bcl-2 is phosphorylated by JNK1, which prevents its binding to
Beclin 1 and allows it to initiate formation of autophagosomes

BH3 mimetic ABT-737

VP-16 chemotherapeutic agent etoposide, inducer of autophagy, including the () or
nutrient starvation by culturing in HBSS, potent inducer of apoptosis



When nutrients are abundant, Bcl-2 and the
related proteins Bcl-xL and Mcl-1 bind to the
Beclin 1’s BH3 domain and thereby inhibit
induction of autophagy

When nutrients are scarce (HBSS), Bcl-2 is
phosphorylated which prevents its binding to
Beclin 1 and allows it to initiate formation of
autophagosomes

:&.
\‘\c}
c X
N ¥
@(‘F %‘3*‘
ABT737: - + - + -
HBSS -

-'wv u LC3B

Q: Does it affect autophagy?



o+ -+ - og-1av

LN eg.xeg



XOp

ABeydoine
:Ar } sisoydode ABeydoine

U
S DI

sisojdode

I
._, A _ _
@_mhmﬁmq »

Le/-18Y
D



ABT-737 L'ABim
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autophagy apoptosis autophagy

the effectsof Bcl-2 on autophagy are instead an indirect
consequence of its inhibition of apoptosis mediators Bax
and Bak.

 None of the prosurvival Bcl-2 family members bind to Beclin-1 under physiological circumstances or
they do not significantly inhibit its function

 In conclusion, the data demonstrate that the prosurvival Bcl-2 family of proteins does not directly
regulate autophagy, but any impact they have on autophagy is indirect, via Bax and Bak activation



It is widely accepted that Bcl-2 not only inhibits apoptosis but also
negatively regulates autophagy by binding to Beclin 1.

We provide genetic and biochemical evidence that the effects of
Bcl-2 on autophagy are instead an indirect consequence of its
inhibition of apoptosis mediators Bax and Bak.

We show that in the absence of Bax and Bak, antagonizing or
altering the levels of Bcl-2 has no detectable impact on autophagy.

Because several inhibitors of both autophagy and Bcl-2 are in
clinical trials for the treatment of cancer, it is important to
understand the cross-talk between these pathways.



-

-
-

€«

]

-

-

-

-

|
|

-

-

-

-

-

-

.

-

-

-

-

.

-

-

-

-
-

Y
-

Y
.
-

-
.
-

P
-

-

.

-

]

-

-

-

-

-
-

-
.
=

-
-
-
-
-
-
-
-

-

-

-
-

-
-

-
-
-

-

.
.
.
-

.
-

-
-
-
-

.

-

-
.

-
-

-

-
. -
.

-

-
-
-
-

-
-

-
-
-
-

.

-

.

-
-
-
-

-
-

-
-
-
-

-
-

-

-
-

-
-

.
-

.
.
.
.
-
-
.
-

.
-
.

-

-

-
-

.

-

-

-
-

-
-
-
-

-
-

-

-
-
-

-
-
-

.

-
-
-

-
-
-
.

-

-

-

-
-

-
-
-

-
-
-
-

-

-
-
.

.

-

-
-

-

-
-
-
-
.

-
-
-
-
-

-

-
-

-
-
-

.

-
-
-

-
-
-

-

-
-

-

-
.

-
-

-

-
-

-
-
-
-
-

.
...

-
-
-
-

-
.

-
.
-
-

=

-

.
.

-
-
-

-

-

-
-

-

-

.

-
-
-
-

-
-

-
-
-
-
-
-

-
-
-
-
-
-

.

-

-

-
-
-
-

-
-
-
-

-
-

-

-
.

-
-
-
-
-

-
-
-

-

-

-
-

.
.

-
.

-

-
-
-

-

-

-
-
-
.
.
.
.
.
.
.
.
-

-
-

.

-

-
-
-

-

-

-
-
-
-
-
-

-
-

-

-
-

-
-
-

-
-

.

.
-
-

-
-
-
-
-
-

-
-
-

-
-
-

-
-
-

-
-
-

-

-
.
-

-
-
-
-

-

-
-
-
-
-

.




