CS341 Systems Biology |



Administrative Stuff

Project 1 due tonight

Don’t forget to fill out the partnership-
effectiveness google form.

HWS5 posted (due by lecture 6)
Project 2 will be posted soon



The complete model includes the enzyme as a reactant (a
variable that is part of a reaction)

enzyme kl ]{‘2 product
S+ F < >SE—>P + FE
substrate k_ 1 complex
s

- —k-S-E+k_, SE

dt
dE
)Q I = —kiS-E+k_1SE+ky-SE
dP
— = ko-SE
dt ’
dj—tE = k1-S-E—k_1-SE—ky-SE

the process we are most interested in simulating

Goal: understand dynamics of full system
But then make smaller model that does not need ODEs for E or SE
i.e. find expression for dP/dt that depends on S instead of on SE.



Much less substrate than enzymes
(rarely seen in biology)

Enzyme-catalyzed reaction
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Not very many enzymes
(common in biology)

Enzyme-catalyzed reaction

100 A
m.
w. — S
E
— P
40 1 — SE
20 1
0.
0 20 42) 60 80 10YO
Time
dP/dt=c
would be
appropriate
0 20 40 Bb 80 100

To capture entire curve, we either need full model

or M
dP/d

ichaelis-Menton kinetics
t = vmax * S/(S+K)



The Michaelis-Menton Model needs variables for S and P
only. E is captured in the parameter v._max

enzyme kl ]{‘2 product
S+ F < >SE—>P + FE
substrate k—l complex
@) _ S
At — max Km + g
P _ S
At — max Km + g

the process we are most interested in simulating

Goal: understand dynamics of full system
But then make smaller model that does not need ODEs for E or SE
i.e. find expression for dP/dt that depends on S instead of on SE.



Model Diagram and Equations

Neuropeptides,
electrophysiology, and pathways
added to capture known

Equations ultimately used in multi-cell model, but shown for a
single cell to avoid the clutter of additional subscripts

Core clock model of differences between VIP and dpP,,

Becker-Weimann et al ~p dt J1(Pn, Ba,Creb, Erk) — k1a P

2004 3 dP.

( ) dt - kZmeq - kZdPt - k2ch + k3¢ Py Per
dpP,

_. Bmal1 | —n / o = kuPe = ksiPo — ksaP
l ‘% = f2(Py, Ba,Creb) — kyy By,
dB,
[ v | e — kB — ksaBe — ksB. + kuB,
dB Bmal1
Tn = kst B — ket By — keaBn + k7o Ba — kea By
Do — KeuB, ~ kraB, ~ kB,
dv, .
y e vgF —vgV,  VIP released from cell
dA,’l o
dt - fil(Pn- Bn) o adAm AVP transcribed
dA,
g = AnF —a,A, AVP released from cell
dCreb
- d:l = vy + af +c.Ca—cqgCreb CREB
di"rk =v.y +e.Ca— eqErk ERK

Per transcription promoted by

Bmal1, ERK, and CREB. VIP can B, Erk? Creb?
work through ERK independently  J1(Pn, Ba,Creb, Erk) = vy - TP s e p T Pe 7
of CREB (Hamnett et al, 2019) k(1 + (Pn/k1i)?) + Ba Erlo + K, Crelr + K.

- BT Avp transcription promoted by B,
Bmal2 transcription = Yap h ; f3(Pp,Bs) = vap
promoted by PER J2(Pn, Ba,Creb) = vy, ko + P Bmal1 via E-box (Jin et al, 1999) e k(1 + (Pu/k1i)?) + Ba
Firing rate is partly clock- P," Calcium is partly clock-regulated (Enoki et
regu?ated, Pa‘r)tly s);jmulated Fm 8P " ’+n Kge" +Foy + Fof al, 2017), partly regulated by firing, and € = €FF + ¢v7 + caf + PP
by VIP and AVP " partly stimulated by VIP and AVP
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saturation Y= Voo + Kvir saturation A+ Kavp



Kinetics we have learned so far and the processes that
can be modeled by them

Mass-Action Kinetics

zeroeth order
— basal rate of transcription
— dP/dt=k

first order

— transport into and out of
nucleus

— degradation

— undimerization

— dP/dt = k*P
second order

— dimerization

— dP12/dt = k*P1*P2

Michaelis-Menton Kinietics

* enzyme-aided reactions

e any process whose rate
reaches a maximum (the
effects saturate)

e dP/dt=v_max*S/(S+K)

What is missing? How to capture
transcriptional regulation



