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Passive Transport: More than diffusion?
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- Structure of different solutes can have a big effect
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Carrier-Mediated Transport: glucose transporter as example

Distinguishing characteristics of glucose transport:

facilitated -- i.e., faster than dissolve and diffuse «<——
structure specific -- different rates for even closely related sugars
passive -- given a single solute, flow is down concentration gradient
transport saturates -- solute-solute interactions

transport can be inhibited -- solute-other interactions

pharmacology (cytochalasin B) similar to water channels

hormonal control (insulin) ‘\(_ngpressin)



Possible ‘Carrier’ Mechanisms
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General Four-State Carrier Model

General Four-State Model
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Chemical Kinetics (v1)

First-order, reversible reaction

R=P
3
deg(t dep(t
r(t) = Bep(t) — acg(t) AND r(t) = acg(t) — Bep(t)
dt dt
Equilibrium:

dCR(t) - dCP(t)
dt —  dt

cp(¢) K ( association, equilibrium, affinity, )
a

cr(o0) E stability, binding, formation constant

=0 — fep(oo) = acg(oo)

Kinetics: assume total amount of reactant and product is conserved

CR(t) -+ Cp(t) =C

dc:;t(t) = A (C — CR(t)) — acg(t)

dCR(t)
dt

+ (o + B)er(t) = pC



Chemical Kinetics (v1)

First-order, reversible reaction
(83
R=P
3
First-order linear differential equation with constant coefficients

cr(t) = cp(o0) — (CR(oo) _ cR(O)) e, for t > 0

8 1 1
cr(®) = 50 =17g,¢ AND 7=

cp(t) = C — cg(t)

cr(0)
- K,C/(1+ K,)

~ atB

ep(0) C/(1+ K,)




Chemical Kinetics (v2)

Second-order reversible (binding) reaction

S+E%ES

dCFZ(t) acs(t)ex(t) — Begs(t),

: : - Law of mass action
d(,;t(t) - dccli?t(t) = ﬂCEq(t) — acS(t)CE(t),

Equilibrium: degs(t) _ des(t) _ deg(t)
dt dt dt

acg(00)eg(00) — feps(oo) =0

=0

Assume enzyme conserved:  ¢p(t) + cps(t) = Cpr

ces(0) _o_ K, (association constant) How does cpg depend on c¢g? Eliminate cg.
cs(o0)ep(o0)
1 ; .

— = cs(00)er(00) = K (dissociation constant)

Ka Cp;s(OO)

Crr = cp(00) + cps(00)

K K
CET = CES(OO) + CE_S'(OO) — (

cs(o0) cs(o0)

- Michaelis-Menten kinetics . (oo)=< cs(00) )

+ 1) CE5(OO)



Chemical Kinetics (v2)

Second-order reversible (binding) reaction

a
S+FE —?“ ES
‘ Cer = cg(o0) + cps(00)
Second-order reversible (binding) reaction Cpr = M + cgs(00) = ( + 1) crs(00)
cg(o0) cs(00)
Rectangular hyperbola: Michaelis-Menten Relation 8 K+ cs(oo) i
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General Four-State Carrier Model

General Four-State Model
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Chemical Kinetics & ‘Carriers’

General Four-State Model
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" S5 Can we simplify?
i o . 0
LS _ o, ChCk -1 Cls ‘%5 = a3C8CE - B3CEs
dCs  dCh ,- i i dC%  dC% ) -
s = B,Cls— a,C5C - = B3C % — a3CSC
y = B1Ces— 0 1CsCE 7 i P3CEs — a3CsCE
0 . 0 /
dCEs = OLQCIES - BZC%S dCp = 04CE - B4C%
dt dt
; ' Jcl .
dZ—IES = [32C%5 - arCks CCI;E = B4C% - uCE






