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Chapter 11 Lipide, lipoproteins, cnd membranes
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SECOND TERM TEST: Choose Two of the Three Questions
Question One

A. Propose the relative permeability and conductance of the gramicidin ion
channel to divalent cations compared to sodium. Give a clear, diagrammatic
explanation.

e -1
B. For an anion-selective channel, propose a mechanism that explains
selectivity to anions compared to cations, and propose relative permeability
and conductance compared to fluoride (F).

lon Species [on Atomic AH® hydration | Mobility
Radius (A) (kcal/mole) 107* (cm/sec)/(Vicm)

TI* 1.44 : 7.74
H* i : 36.3
NH,* 1.48 . 7.52
Cs* 1.69 -72 8.01
Rb* 1.48 -79.2 8.06
K* %« S -85.8 7.62
Na* Ao T -104.6 e
Li* 0.6 -131.2 4.01
Cr 181 -82 702
B 1.36) A14) 574
Br 1.95 79 8.00
I- 2.16 -65 7.96
NO,- 2.9 . 7.41
Mg* 0.65 -476 2.75
g 0.99 -397 3.08
St 1.13 -362 3.08

| Ba™ 1.35 -328 a
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Question Two

Capacitance plays a key role is constraining the number of Na* channels
required to cause the depolarizing phase of an action potential in spherical
cells of small size. Describe (diagrams may help) the effect of size and
geometry (from spherical to a long, thin cable-like structure like an axon) on
number of Na* channels required for the depolarizing phase of an action
potential.

Question Three
Predict the size of an ion from its mobility and compare its predicted size to

the size based on the molecular dimensions of the ion and surrounding water
molecules (O-H bond lengths in H,0 are 0.96 A [0.096 nm]).
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THIRD TERM TEST: Choose Two of the Three Questions
Question One

A. One possible mechanism for arsenate extrusion from E. coli cells lacking
the Ars A gene of the ars operon is countertransport of H,AsO,” and H*
through the Ars B protein:

H,AsO ige + HY jpige <———> Hzﬁﬂﬂ-fnumide + H' e

If the [H;A30,7],..0 is 10 mM, internal pH is 7 and external pHis 4, and the
membrane potential is —100 mV (—ve inside), determine the effectiveness of
arsenate extrusion by calculating [H,AsO,7]__. under steady state
conditions. Is H,AsO,” / H* countertransport more effective than a H,AsO,"
channel?

B. Give an estimate of the pore size of a H,As0O,” channel, with appropriate
explanation(s). Discuss any implication(s).

Ion Species Ion Atomic AH® hydration | Mobility '|
Radius (A) (keal/mole) 10~ (em/sec)/(V/cm)
iy 1.44 ; 7.74
H* : , 36.3
NH,* 1.48 : 7.52
Cs* 1.69 72 8.01
Rb* 1.48 -79.2 8.06
K* 1.33 -85.8 7.62
Na* 0.95 -104.6 5.19
Li* 0.6 -131.2 4.01
Cl- 1.81 82 7.92
F 1.36 -114 5.74
Br 1.95 -79 8.09
I 2.16 -65 7.96
NO," 29 : 7.41
Mg 0.65 -476 2.75
Ca® 0.99 -397 3.08
Sr2 1.13 -362 3.08
Ba** 1.35 |-328 3.3 5
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Question Two

If an ATP synthase were able to synthesize ATP from ADP and P, using
either a H or Na” ionic gradient, which one of the other monovalent (+1
charge) ions is most likely to be capable of synthesizing ATP? Explain.

Question Three
Assuming that the AG®,;, for ATP hydrolysis is —8.0 kcal/mole, at what
potential (AW) will the enzyme operate in reverse, synthesizing ATP

(assume the ApH is ‘zero’; normal cytoplasmic [ATP] is about 5 mM, while
[ADP] and [P,] are both about 0.5 mM).
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EQUATIONS

Sphere Area: 4exor’ Sphere Volume: %-n-ra

Cylinder Area: 2+ mer+h Cylinder Volume: wer*eh

o . J
Goldman Equation: J = -I-" S~ L
= FJ

zero flux: ‘I-"-—*Iu[—

zero potential: J =-Pe(c_=-¢))

net charge: 0 = C+AE
Charge (coulombs) = Capacitance (coulombs / volt) » Potential {volt)

for a spherical cell: C=4eger’+C (C' is capacitance per unit area:
~IuF /cm’)

4
E = E'.TI."'H"E"F {cisﬂ}&mncentmtiﬂn}

Goldman - Hodgkin - Katz equation (assuming only Na®, K* and C"
are present):
RT .. |PuCh + B Cy + B.CL

We—rin i i
F Fu.Cr + P Cy +PCp

Goldman - Hodgkin - Katz equation (assuming a single cation (M*) and
anion (A~) are present):
P
[ M ] R [ A ]
Ve E—T *In EH—‘
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[Hﬁ}-r—}—)t[ﬂ,}
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Constants and Formulas

ﬁe following constants
of-magnitude calculatio

and formulas are useful for order-
ns, They are worth committing 1o

memory. They are given in cgs-units.

kT

T

6 wyav

D = kTf6rya

ﬂ*--ﬂ?ﬂl‘ﬂﬂ"’

{x') = 2Dx

(6" = 2Dt

MNx) = N{D)e--Emier

The energy of thermal fluctuation,
where k is Boltzmann's constant
and T is the absolute temperature:
4 % 107" g cm¥sec? (ergs) at room
temperature,

The diffusion coefficient of water in
water at room teémperature: 10~
cm Ysec.

MMI, of viscosity of water
at room temperature: 10~ gfom sec
(poise).

The viscous drag (in g cm/fbec? =
d}m}matphmn!mdimn{cm}
moving at weloclty o (cm,sec)
thmu:humdlumufﬁm:ﬂrm

The  translational diffusion
cocfficient of a sphere of radius a in
a medium of viscosity .

The rotational diffusion co-
efficient of a sphere of radius g in a

medium of viscosity 4.

The mean-square displacement
{:m‘}hunhdimmhnnflplrtl-
cle of translational diffusion co-
eﬁdm.ﬂhﬂmfhm}.

The mean-square angular displace-
ment (radians®) about an axis of g
particle of rotational diffusion
coefficient D, in time ¢,

The equilibrium distribution of
numbers of particles Mx) in states
of energy Ex).
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