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Multidrug resistance is a serious problem in current
chemotherapy. The efflux system largely responsible
for the resistance in FE. coll contains the drug
transporter, AcrB. The crystallographic studies
displayed an asymmetric conformation of AcrB,
suggesting the functionally rotating mechanism.
However, the drug uptake pathways are somewhat
controversial because at least two possible pathways,
the vestibule and the cleft paths, were suggested. In
previous work, we have characterized the free energy
of drug wuptake in AcrB, and suggested a
drug-dependent binding mechanism. In this work, to
confirm the findings of the free energy analysis, we
have performed large-scale coarse-grained molecular
dynamics simulations of drug uptake in AcrB. The
study covers a broad spectrum of drugs, with various
hydrophobicity, lipophilicity, and molecular sizes.
The results are largely consistent to the free energy
analysis, confirming the drug-dependent uptake. In
addition, direct simulations identified an alternative
uptake path which is not wvisible in the crystal
structure. The newly found pathway was also

supported by site-directed mutagenesis of AcrB in £.

collr.

2. BERAYLFIHNE, HREGIE
Structure-based two-bead model of protein was

employed, with model parameters assigned by the

atomic-interaction-based

(AICQ)

method. The drug was essentially considered a rigid

coarse-grained

linear chain, associated with two adjustable
parameters indicating the strength of interaction
between drug and protein (cp) and between drug and
membrane (cw, respectively. The same hydrophobic
interaction and membrane model as before were
employed. The dynamics of drug uptake in AcrB was
investigated by a large set of dynamic simulations
surveying a broad range of values (0.0~1.4) for
parameters cp and cux. In addition, we considered
three drug models with different molecular sizes,
acriflavine, minocycline, and novobiocin. For each set
of parameters, at least 100 trajectories were sampled
with each guided by Langevin dynamics at the
temperature 7=300K and

230x230%250(A3) box. The conformational change of

carried out 1n a

AcrB was realized by switching the reference states
of the AICG potential obeying the order defined by
the functionally rotating mechanism: 1) Starting
with ABE state, we 2) first switched the reference
state to BEA, and then 3) switched to EAB. For each
state, 1.0xX10¢ steps of time integration were
performed with a step-size 0.17 and structures saved
every 1000 steps, where 7 is the CafeMol time unit.
All the calculations mentioned above were performed
by the CafeMol package with slight modification of

the source codes.

3. f‘n%
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Statistics of uptake events in the dynamic
simulations is largely consistent with the conclusion
of the free energy analysis. As illustrated by Fig. 1,
the vestibule pathway was dominant when both cp

and cu are large, whereas the cleft pathway was

dominant otherwise.
100 ~

£ 80 -

E 4

g 60

O 1 Vestibule, cP=0.7 —

s 40 - Vestibule, c,=1.2 —a—

g. ) Cleft, c,=0.7 —e—
20 4 Cleﬂ, CP-1 2 —o—

0 - ————

—
00 02 04 06 08 10 12

Cnm
Figure 1. Drug uptake pathway switches depending
on the property of the drug.

In the uptake events from near the vestibule,
unexpectedly, we noticed that the route is further
split into two sub-pathways, named the vestibule
pathways a and b. Whereas the former is the
pathway discovered in the structural analysis, the
latter is a kind of “missing” pathway, not visible in
the crystal structure. The sub-pathway b goes along
the bottom of the porter domain in a direction
towards PC1. Site-directed mutagenesis of AcrB in Z.
coli verified that mutations of residues located along
the newly identified path significantly reduce the
efflux efficiency, supporting its relevance in in vivo
function.

We also investigated the effect of molecular size
of the drug on the selection of uptake pathway. The
simulations showed that the smallest drug,
acriflavine, took mostly the vestibule path as the
dominant drug uptake pathway. Both minocycline
and novobiocin, with similar cp to acriflavine but
larger molecular sizes, favored the cleft path instead.
The results imply that, in addition to the
hydrophobicity and lipophilicity, the molecular size
could have an effect on the uptake pathway taking

by drugs.

4. F&®

Both the free energy analysis and the dynamic
simulations suggest a drug-dependent binding
mechanism in AcrB. Both the vestibule and the cleft
pathways are available for drug uptake, and which is
dominant 1s largely dependent on  the
physiochemical property of the drug. Drugs that are
both sufficiently hydrophobic and lipophilic favor the
vestibule path, while other drugs favor the cleft
pathway. In addition, with similar hydrophobicity
and lipophilicity, smaller drugs tend to utilize the
vestibule pathway whereas larger drugs prefer the

cleft pathway.

5. St&OFHHE - BY

The present work was performed based on a system
containing the naked AcrB. We should note, however,
how the AcrB partners, i.e. AcrA and TolC molecules,
affect the conclusion is still obscure due to the lack of
the structure of AcrAB-TolC tri-complex. One
important question to raise here is: What does our
work imply if the cleft pathway is really blocked? To
answer this question, we need to do molecular
modeling of the complex structure, which is still

quite challenging in the field.
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