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Potassium channels, key controllers of resting and action potentials

Armstrong C: Science 1998 280: 56-57.
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Potassium channels, key controllers of resting and action potentials
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lonic basis of membrane activity

Nernst equation; rJL > X FB&4HI Nernst potential
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A ) LOFEEESR

96 mV; K. =150, K

Wt

Goldman-Hodgkin-Katz equation; gy, 9na 9eir Iea

=4 mM;

out

AR EER : ROBER: NAESER: BSEER



Cell membrane Nernst potential Intracellular

o

Extracellular %

s — i (E rev!
2.5 Depolarization
Calt A +150 mV

S 0.0001 mM’ :
, Jon - Control mechanisms
annels R =="}

v

i 142 mM Depolarization Gating
Na AT +70mV « Yoltage
*Time
* Direct agonist
Repolarization * G protein
> omVY « Cal clum
Nonselective Depolarization
In CNS~120 mM Modulation |
* phosphorylation
Cl e lmp] h Repolarization + Oxidation-red uction
- , , CIT =30to=-65mV .
Depolarization ' WOékeleton
5-30 mM « Cal clumn
)
) (}f\IBfgjx ~-830mV « ATP
4 mM ‘ n
- - : _
Repolarization y K 96 mV

150 mM




Ligand-gated Channels  “Voltage-gated”

A A
- fi r i - G

\
Kv
nAChR GABAAR TRP
5-HT3R GlyR  GluR K;, CNG Ca, Na, IP; RyR ENaC AQP CIC CFTR SUR
Animals
~800 Myr ago - : /
? ? J/
Protists
Y 24T™M ;
| Stel:n
4TM 12TM s /= eukaryotes
CIuR Bz F2RIEE
174 EREES
~2400 Myr ago
3TM 2TM 6TM AQP CIC ABC
GluR \\@ Prokaryotes
PPBP Early K channels/transporters (Hille, 2001, p721)



The VGL-Chanome: CNG  HeN Ca,

.y - CNGA
7 families; K042 RS LW O M s e
143 members o \ ' | '

% TRPP
2P
TRPML
TPC
ANKTM1
TRPV
TRPC
Ky1-8
TRP

— (.05 substitutions/site



N={K) DiEE

KFv 1)L (
AR EBREKF v )L
P

/ COOH

BAUKFEKF ¥ RIL

T T

X2 & X2 Ca, NaFv2J
P
PO\




K* channel was thought to be "long" pores, wide at the ends
with a narrow selectivity filter

The selectivity filter was a good fit for
W* - ,_8 A = hydrated ions (C and E) and dehydrated K*

(D), but a poor fit for Na* (F).

K*in water Na* in water
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Side view of K" channel K™ channel’s pore (GYGQG)
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Comparison of a hydrated K* with a classical K*
channel blocker, tetraethylammonium (TEA)
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Comparison of a hydrated K* with a classical K*
channel blocker, tetraethylammonium (TEA)
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Side view of the K* channel with K* channel blocker
g, ’
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Shown are three subunits of the KcsA channel as ribbons.



View from above into the channel pore. The protonated
G e nitrogen of K* channel

ey blocker is visible in the
L7 center of the pore
: A ‘{ facing towards the
e negative environment

of the GY G-motif.
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Structure of charybdotoxin WV U&E
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Science 1998 280: 106-109.

&% Na* channel and tetrodotoxin (TTX). #FE KX

3-21



The blocking model of peptide toxin.
Cf. TTX in Na* channel (B43-21)
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The blocking model of peptide toxin.
Cf. TTX in Na* channel (B43-21)
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Selectivity filter of the potassium channel. Potassium ions interact with the
carbonyl groups of the TVGYG sequence of the selectivity filter, located at the 3-A-
diameter pore of the potassium channel. Stryer’s Biochemistry 5th Ed., p360




Energetic basis of potassium ion selectivity.

The energy cost of
dehydrating a
potassium ion is
compensated by
favorable interactions
) with the selectivity

' filter.
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Sodium Energetic basis of ion selectivity.
Resolvation within

K* channel site

Desolvation ‘Q‘« { 1
energy &
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Na(OH,)q*

-
%b {,}#—
Nat in K*-channel S|te

Because sodium is too small to interact favorably with
the selectivity filter, the free energy of desolvation
cannot be compensated and the sodium does not pass
through the channel.




Two-site model for the potassium channel. The restricted part of the

potassium channel has two energetically similar binding sites. The binding of a second
potassium ion creates electrostatic repulsion to push the first ion out of the channel.

Stryer’s Biochemistry 51 Ed., p362 AU LF e RIVEENY) D L INFE
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potassium channel has two energetically similar binding sites. The binding of a second
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Two-site model for the potassium channel. The restricted part of the

potassium channel has two energetically similar binding sites. The binding of a second
potassium ion creates electrostatic repulsion to push the first ion out of the channel.
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ﬁ.ltﬂﬁ%ﬁlmesting membrane potential

« The membrane potential during diastole
« K*,,t concentration: [K*],., Ke

» Hypokalemia{fEKILE; ectopic pacemaker
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K+ BBt vs. K*e & E,
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Cf. Two-site model for the potassium channel
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MRESY (i) 7' o LR EE (Kp) Kj (MM) | P Ex(mV) | IREL(MV)
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The active cell membrane [¥]2-5

OB EEBRUNFILLANILOSRBIZR 2L TAL
5 EHNBET. $3+20~40 mVD IEE I (overshoot) &
T9 . Na"BROSHEFMIE,

QFIH - EBMUMIMRMITERI ST, NaEBRDOF
FEEIE(NTERDFAD) ECIOHBEARAIZELSE
NDTdhH b, —BENREK EFR(1t0)DFEEILELEE
LTL %,

@218 IRE LI A0 mvﬁﬁh‘bﬁ'\bb‘k*ﬁﬁﬁﬂ'é
BFHETHY. TI7F—HELEIEIN. ARZEDCaER
DHRAPCPARZTEREKER (K, DFEIHNEE,




The active cell membrane p.24-8
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