Quantitative Physiology: Cells and Tissues Lecture 9: September 27, 2006
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| Sugar | Ko (mmol/L) |
D-glucose(6) 4-10
D-mannose(6) 14
D-galactose(6) 40-60
D-xylose(5) 60
L-arabinose(5) 250
D-ribose(5) 2000
L-sorbose(6) 3100
D-fructose(6) 9300
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Fick’s law
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First-order, reversible reaction
R=P
B
dcg(t) — ep(t) —aca®) AND 22D o)~ gen(t)
't dt
Equilibrium:

dCR(t) - dCP(t)
dt — dt
cp(o0) _ a K ( association, equilibrium, affinity, )

=0 —= PBcp(00) = acg(oo)

= stability, binding, formation constant

cr(o) ~ B
Kinetics: assume total amount of reactant and product is conserved

CR(t) + Cp(t) =C

d“;(t) —B (C - CR(t)) — acnlt)
deg(t) _
at + (a+ B)er(t) = BC

First-order linear differential equation with constant coefficients

cr(t) = cr(o0) — (cH(oo) - cR(U)) e fort>0

B 1 1
CR(OO)_aﬁ-,BC_il-i-KaC AND T_ia—{—,ﬁ

Cp(t) =C - CR(t)



First-order, reversible reaction

cr(0)
A K.C/(1+ K.)

ath

er(0)] C/(1+K.,)
¢
Second-order reversible (binding) reaction
S+E%E5
el acs(byentt) — pess (o),
dCS(t) - dCE(t) -
P Beps(t) — acs(t)ee(t),
Equilibrium: deps(t)  des(t)  dep(t) .
dt — dt  dt

acs(00)eg(00) — Beps(o0) =0

cps(00) a L.
— = — =K, association constant
es(o)en(o) B e L )

1
_ es(0)en(0) =K (dissociation constant)

K, crs(00)

Assume enzyme conserved:  cg(t) + cgs(t) = Crr
How does cgs depend on cg? Eliminate cg.

Cpr = cg(00) + cps(o0)

Cpr = KCC%OS@ + cps(o0) = (% + 1) cgs(00)

eps(00) = (—CS(“’) ) Crr

K+ cs(oo)

Second-order reversible (binding) reaction
S+E < ES

Rectangular hyperbola: Michaelis-Menten Relation
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Doubly-reciprocal coordinates: Lineweaver-Burk plot

cEsl(oo) - <1 * c;(io)> CLET = (CLET) cS(loo) * CLET

1
cps(0)
N
slope = K/Cgr
1
Cor
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WES = 0;CCE - B1CEs
dch _ dch i i
KS = TtE = B1Ces— 01CCE

Translocation

a2
S &
ES =2 ES°
B2
(%S = a,Cks- BCs
(%S = BCRs- a:Cks
Unbinding

dt
dcg _ dcg
ES = TIE = B3CRs— 0sCeCE

Translocation

-

Ba %D
Ei _\;4 EO
4
dCO .
WE = a4Cg - B4CE
l .
EE = B4CR - o4CE

General Four-State Model
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dc i i dc
(TtES = a1CCE - B1Ces FES = a3CSCE - BaCis
dcs _ dc! i i dcg _ dc
WS = EE = BiCes- a1CCE ES = TtE = B3CRs— a3CECE
dcg i dcg i
?ES = aCes— BoCls EE = a4CE - B4CR
dci i dc i
WES = BoCRs— asCEs WE = B4CR - a4CE



