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|lon channels. Basic concepts
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Traditional phenomenology of ion
conduction F=QE,,




X-ray structure of KcsA (Doyle et al, 1998)



lon Conduction & selectivity are governed free energy profiles

® F= qup

DD

/\Q

DD



Molecular Dynamics Simulations

R(t + Dt) = R(t) +V (t)Dt +ﬁF(t)D’[2 '

V(t+Dt):V(t)+MiF(t)Dt



Molecular Dynamics simulations of the KcsA K+ Channel




| on Conduction



Multi-ion free energy surface W,



M croscopic mechanism of ion permeation




Brownian Dynamics Simulations
of K+ 1n KcsA

Time (ns)



Transport Cyclefor lon
Conduction



Selectivity



The"snug-fit” model of 1on selectivity



The“paradox” of selectivity
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FEP calculations with channd in
membrane
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Blockage



|nternal tetrabuthylammonium
(TBA) Blockade

Jose Faraldo-Gomez, Esin Kutluay, Vish Joginni, Yanxiang Zhao, Lise Heginbotham



Structure of KcsA+TBA

Yanxiang Zhao & Vish Joginni



Molecular basis of interaction




Conformations of TBA in the cavity






| nactivation



K* current under voltage-clamp conditions




Non-conducting state of the selectivity
filter



Gating process in KcsA K+ channel




WT/G116-SL

Cordero, Cudlo, Perozo




Crystal structure of E71A mutant — 2 Configurations
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Cordero, Cuello, Zhao, Jogini, Cortes, Roux and Perozo,

“Molecular Determinants of Gating at the Potassium Channel . .
o : In Shaker W434F inactivates

Selectivity Filter”, Nat. Struc. Mol. Biol. (2006)



Gating
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Jiang et al (Nature, 2003) Laine et al (Neuron, 2003)

(Jiang et al, 2003)

Long et al (Science, 2005) Chanda et al (Nature, 2005)
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X-ray structure of Kv1.2 (pdb id 2A79)
Long et al (Science, 2005)
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Model of Shaker
Chanda et al (Nature, 2005)
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Shaker model
(Laine et al, 2003)
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Kln the three-dimensional model of
the open channel conformation,
R362 in $4 1n one subunit iIswithin
atomic proximity of A4191n Hin
the adjacent subunit located in the
clockwise direction as seen from
the extracdllular side of the

membrane.”
Shaker model Kv1.2 x-ray structure
(Chanda et al, 2005) (Long et al, 2005)




Shaker Model | Shaker Model Kv1.2 X-ray KvAP X-ray
Laine et al Chanda et al Long et al Jiang et al
(2003) (2005) (2005) (2003)
Z-Po_sition of first
Arg in S4 11.1 A 12.5 A 13.7 A —29 A
Fraction of S4
exposed to lipids
~10% ~20% ~19% n.a.




MD simulation of Kv1.2 Channdl in membrane

~80,000 atoms, 40 ns (V. Jogini)

0.5 sigma




MD simulation, 40 ns (V. Jogini)




Shaker

~5 A rms Zn®*

Ala351

Arg294

Laine et al (2003)

X-ray



Microscopic Theory of Gating
Charge

Solve numerically the
PB-V equation for the
open and the closed
states to calculated the
total gating charge

side |

side I Vmp

DQtot Vmp = G fr%p(ri) - G frcrip(ri)
i i

B. Roux, “The influence of the membrane potential on the free
energy of an intrinsic protein”, Biophys. J. 73, 2980 (1997).



CLOSED OPEN

Nature 436



Not so “ modest” movement...

Models of Shaker
(Chanda et al ,2005)

Model of Kv1.2
(Yarov et al ,2006)

Open

Closed

?

Arg362 downward shift of
5.6 A relative to open state

=

Arg294 downward shift of
1 A relative to open state



Open Closed

“Transporter” model
Chanda et al (2005)

“Modest” movement

“Paddle” model of ?
MacKinnon
Large movement

Kv1.2 (Long et al, 2005)



First Arg at 16 A
4—

Ruta et al (Cell, 2005)

accessible only to external side
accessible only to internal side
accessible from both sides
inaccessible
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Models from Chanda et al (2005)



Open Closed

“Transporter” model
Chanda et al (2005)

“Modest” movement

“Paddle” model of
MacKinnon

Large movement

Kv1.2 (Long et al, 2005)






