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Biochemistry of apoptosis

Apoptotic substrates

Hengartner (2000)
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Motivation for a detailed model

Previous models of apoptosis

Complete but unstable Stable but incomplete
Harrington et al. (2008) Bagci et al. (2006)
Hua et al. (2005) Eissing et al. (2004)
Okazaki et al. (2008) Legewie et al. (2006)

How to achieve a complete and stable model?
© Mechanistic description of oligomerization
@ Inclusion of inhibitors (IAP, BAR, cFLIP)
© Synthesis and degradation
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Role of cFLIP: a toy model

e Toy model:
DISC ——cFLIP

Casp8 L> Casp8*

@ Reactions:

k
DISC + cFLIP == DISC:cFLIP,
k_1

DISC + Casp8 %, pIsc + Casp8*,
() = Casp8 , Casp8* L0
B

@ Steady state:

a/y

[CaSP8*]ss - 1+ /3/ (k2 [DISC]SS)7
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Focus on the extrinsic pathway of apoptosis

@ DISC formation and its downstream interactions

Goals
© To construct a biologically relevant model
o Bistability at physiological parameters
o Meaningful input-output map (FasL — Casp3*)
@ To study the function of cFLIP

o How does it affect the apoptotic threshold?
e Does it confer robustness to the system?
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DISC model

Important features

@ Fas trimerization

@ Stepwise recruitment
~— FADD © Regulation by cFLIP
cFLIP—> ~—Casp8 @ Pairwise Casp8 activation

Reactions [with (i,j, k, 1) =
FasL:Fas;:FADD;:cFLIP:Casp8]:

(iyj, k, 1)+ Fas == (i + 1,j, k, 1)

(i,j, k,1) + FADD = (i,j + 1, k, 1)

(i,jy k, ) + cFLIP == (i,j, k + 1,1)

(i, k, 1) + Casp8 == (i,j, k,/ + 1)
(i, j, k1) — (i,j, k, I — 2) + 2Casp8*



Model formulation
°

DISC model

Important features

<—— FADD

CFLIP—> <—— Casp8

Reactions [with (i,j, k, 1) =
FasL:Fas;:FADD;:cFLIP:Casp8]:

(iyj, k, 1)+ Fas == (i + 1,j, k, 1)
(i,j, k,1) + FADD = (i,j + 1, k, 1)
(i,j, k, 1)+ cFLIP == (i,j, k+1,1)
(7,4, k, 1) + Casp8 == (i, j, k, | +1)

(i7j7kvl) I (’7J7kvl_2) +2Casp8*

@ Fas trimerization
@ Stepwise recruitment
© Regulation by cFLIP

@ Pairwise Casp8 activation

Model parameters
(0, OcFLIP, OCasps):
@ Death domain clustering
((5 =1,2, 3)
@ CFLIP stoichiometry
(ocFup = 1,2,3)
© Casp8 stoichiometry
(GCaspS =2, 3)



Model formulation
°

Extrinsic caspase model

@ Couple to DISC model, map from Casp8 — Casp3:
| BAR
\
Casp8 T) Casp8*
Casp3*<v— Casp3
"

@ Reactions:

Casp8* + Casp3 — Casp8* + Casp3*

Casp3* + Casp8 — Casp3™ + Casp8*
Casp8* + BAR — Casp8":BAR
Casp3* + IAP — Casp3™:IAP
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Comparison of DISC models
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Coupled extrinsic caspase model (3,3,3)
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Apoptotic threshold
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DISC model time courses
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Robustness with cFLIP
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Conclusion

@ Model exhibits irreversible bistability

e Mechanistic description

e Synthesis and degradation
@ Only significant parameter is o¢F|p; otherwise, degenerate
© CcFLIP protects cell survival and robustness (ocpip > 1)

e Increases apoptotic threshold
e Maintains robustness of bistability

But the only truly significant result is bistability; the rest is just
minor details if we're interested in bigger questions...
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Conclusion
°

Use the DISC model as a component in a larger model to achieve a
systems-level description that is complete and stable
@ What are the determinants of cell survival or death?
o Linear classifier: y = 0(>; wix;)
o SVD (principal components)
o GSVD as a comparison tool (Alter et al., 2003)
@ Similarly, study how bistability is maintained
© What controls the apoptotic threshold?
e Linear regression

Any suggestions?
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