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1. Introduction

Multidrug resistance is a serious problem in current
chemotherapy. The efflux system largely responsible
for the resistance in F£. coli contains the drug
transporter, AcrB. The crystal structures of AcrB
suggest a functionally rotating mechanism, which
was confirmed by our computer simulations.
However, many questions are still remained. For
example, how does drug enter AcrB is still a mystery
due to the difficulty of in vitro experiment. In this
work, we studied the problem of drug uptake in AcrB

by calculating the free energy profiles of binding.

2. Methods

Structure-based two-bead model of protein was
employed, with model parameters assigned by the
(AICG)

method. The drug was essentially considered a rigid

atomic-interaction-based coarse-grained

linear chain, associated with two adjustable
parameters indicating the strength of interaction
between drug and protein (cp) and between drug and
membrane (cv), respectively. Same energy function
as before was used for the hydrophobic interaction
simple

between drug and protein, and a

one-dimensional square-well potential  was
developed for the drug-membrane association. All
the methods were implemented in CafeMol. We
performed umbrella sampling for the drug binding
along the tunnels in AcrB trimer, and calculated the

potential of mean force by the weighted histogram

analysis method (WHAM).

3. Results and Conclusion

In AcrB, there are two obvious tunnels serving as
possible drug binding pathways: One opens at a
position close to the surface of the membrane
(denoted by “vestibule path”) and the other opens
much farther away from the membrane (“cleft path”).
The free energy profiles of drug uptake showed
evident dependence of the dominant binding
pathway on the property of the drug. As shown in Fig.
1, drugs with large cp and au mainly used the path
that goes by the “vestibule” of AcrB. On the contrary,
drugs with small ¢r and au tended to choose the path
going through the “cleft”. However, we note that in
this study the AcrA molecule was not considered. The
cleft pathway might be blocked by the docking of
AcrA onto AcrB.

a b
Vestibule path Cleft path

Cy=Cp

c-=04 Vestibule
£ 161 c~06
2 12 { BP
g 8 Membrane ¥
S 4 i . Periplasm
= H H
o 01 £ P
Q
E -4 4 13kg
5 3 .
S 12 : :
=
S 16
fF2ot0n——"—r——- - r—
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Reaction coordinate (A) Reaction coordinate (A)

Figure 1. Free energy profiles of drug uptake along
different paths
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5. Future Plan

The drug-dependent binding mechanism of AcrB will
be confirmed by large-scale dynamics simulations
exploring a broad range of parameter sets for the cp
and au. To evaluate the ou value of various drugs, we
are also going to calculate the lipid/water partition

coefficient of drugs using atomistic MD simulations.
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Coarse-grained model of RNA-protein complexes derived by multiscale simulation method
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Ribosome and tRNA Dynamics during Elongation Studied by Coarse-Grained Molecular Simulations
Naoto Hori and Shoji Takada
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