‘r‘w 't_'
. !a.""’"

h*;

. -
L] - 2
R > L 1

Y 2 : *'\ % e, .:
|ﬂ'~" » wma™® ..

5 VB o

a ™ W v
T

B’éﬂ*dé GFO& d Ty
Max F’Jar&ck |I;l§tlﬁJte 'fsQraBtpphysxcal Chemts,tr;. 2

L
F

a, Qﬂttmgqm@e;many

#
w
AWmra Aot o 4

sq “h
Y

-_q-i




Aquaporin Water Channels

Aguaporins are highly
selective, efficient water
channels (10 °/s)

Question:

How can aquaporins be so
selective and at the same
time so efficient?

- water permeation
- proton exclusion

- permeation of other
solutes?

B.L. de Groot, A. Engel, H. Grubmuller, FEBS Lett. 504 (2001) 206



Aquaporin Structure

o tetrameric channel with each monomer providing a po re
* 6 transmembrane spanning helices
* loops B and E (with NPA) fold back into the protein

« central constriction region about 3 A wide



MD simulations of water permeation

- ca. 100 000 atoms

- full electrostatics,
periodic boundary

- 10 ns simulation time

B.L. de Groot, H. Grubmuiller, Science 294, 2353 (2001)



MD simulations of water permeation

- ca. 100 000 atoms

- full electrostatics,
periodic boundary

- 10 ns simulation time

B.L. de Groot, H. Grubmdller, Science 294, 2353 (2001)
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Molecular dynamics simulation, 1s




Water Permeation proceeds in steps

one out of 16 full
spontaneous
permeation
events (2 ns)

(outside the channel,
only few water
molecules are shown)



Water pathway and hydrogen bonding
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Choreography of water molecules in Aquaporin-1

AQP1
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Other functions than water permeation?



Permeation beyond water and glycerol?

* urea

* (glycerol)




Ehs-aa fokce field, 300K, NPT, PM

Umbrella sampling simglaﬂons

start with a equilibrium molecular
dynamics simulation

select frames from the trajectory

replace water molecules by Cax T
desired positions along the channels =

plase CQ along thecentral cavity
in the CQ

1e Sulation

electrostatics




Lmbrella sampling S'mg'.aus?ns

dynamics simulation
select frames from the trajectory

replace water molecules by &t desired
positions along the channels

place CQ along thecentral cavity of ©
restrain the CQ

run the simulation
(OPLS-aa force field, 300K, NPT, PME
electrostatics)

extract histograms

energy profile



Membrane

Physiological relevance PPl v oy T,
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Potentials of mean force
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J. S. Hub and B. L. de Groot, Biophys. J., 91, 842-848 (2006)



Potentials of mean force
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Potentials of mean force

main barriers:
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Control simulations

Comparison to free CO, simulations
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Mechanisms of selectivity
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lectivity mechanism

solute/protein & solute/water water/protein interactions as function of
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Inhibititors?



Need for Aquaporin inhibitors

Aquaporins involved in:

e glaucoma (AQP1)

e diabetes Insipidus (AQP2)
e head trauma (AQP4)

e cancer (AQP1)




Aquaporin-1 inhibition by TEA?




Model channels



Dependence of water permeabll
on pore length——————
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G. Portella, P. Pohl, B. L. de Groot, Biophys. J. 92:3930 (2007)



Conclusions |

Aquaporins:

1. Efficient water permeation by hydrogen bond canm@ntarity

2. Proton exclusion dominated by electrostatic ¢ffec

3. CO, permeation through AQP1 plays — if the tetrameric
channel is blocked — a physiological role only gsties with
membrane barriers well above 20 kJ/mol.

4. Experimental suggestions:
« Test for CQ permeation through AQP1 embedded in POPE or POPC

Do mutations in the ar/R region enhance CO2 peritigaie.g.
His180Ala/Arg195Val)?



Conclusions |l
5. Weak TEA inhibition of AQP1 confirmed

6. Water permeation channel length-independent

/. lon permeation strongly channel length dependent
-> role of water entropy?

-> naturally ocurring channels have short
constriction regions
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