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1. The efflux-mediated multidrug resistance
(MDR) of bacteria, catalyzed by multidrug
transporters, has attracted increasing interest
in recent years. AcrB is one of the best
characterized multidrug transporters, which
plays the major role in the drug resistance in £.
coli. The crystal structures of AcrB were solved
first in 2002 as a symmetric homotrimer and
then in 2006 as an asymmetric homotrimer, the
latter suggesting a functionally rotating

mechanism. However, because of the difficulty of

in vitro experiment for AcrB, there is still little
direct proof of such a mechanism. By computer
simulation, we can study the dynamics of AcrB
at high temporal resolution, and so to
understand the functionally rotating mechanism
in more details.
BARRIZRRIANEE ., FHRTIE
For the protein, each amino acid was
represented by one bead placed at the Ca
position. The drug was represented by six
beads distributed homogeneously on the
molecule. The reference structures for both
protein and drug come from the PDB database

and a structure-based potential energy was
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then constructed by multiple-basin model.
Mainly two sets of simulations were performed
for the purpose of this study. 1) For the trimer
equilibrium simulations, 100 independent
trajectories were run, with each having 2.0x106
steps for the equilibration followed by 1.9x107
steps for the production, and structures were
saved every 2000 steps. 2) In the simulation of
drug export dynamics, 10 trajectories were run
for each type of “driving force”. Each trajectory

has 2.0x105 steps before the switching of

energy landscape and 6.0x10¢ steps afterwards.

All the simulations were performed by
CafeMol.

(EES

We have two major results. First, the
equilibrium thermodynamics of the porter
domain of AcrB is characterized by the phase
diagram shown in Fig. 1. It indicates that with
properly choosing a set of parameters for the
allosteric coupling (8B, Jr), the asymmetric
“BEA” state can be the dominant conformation
(see the green triangular region in Fig. 1),
confirming our modeling. More importantly,
starting from the BEA state, if we increase &,
which effectively corresponds to the drug
dissociation, the system will be in the “AAA”
phase (dominant by AAA conformation) with
high probability. Therefore we unified the
2002’s symmetric structure and the 2006’s
asymmetric structure by considering the effect
of drug binding.

Prob(BEA)
05

BEBA AAA

-1 — Control
Optimized 0.3
Unbound

'iE
K

23— BBE
AAE

Figure 1. The phase diagram of the porter domain

Second, in dynamic study, we found that

among the three possible driving forces, only
the B2>E could realize the functional rotation
and the drug export to the “exit” (see Fig. 2a).
For the other two cases, A>B (Fig. 2b) and
E>A (Fig. 2c), the functional rotation was
generally trapped in an intermediate state. In
addition, in these two cases, almost surely the
drug was exported through the cleft that opens
on the side-way of the porter domain. As a
result, the drug returned to the periplasm and

the transportation was unsuccessful.

a = b - c

Drg expart (A)

Drig expart (A
B58o8528
a m
5 1 &

Figure 2. The functional rotation and the drug
export

ERalt o)

Employing the structure-based coarse-grained
(CG) modeling, we studied both the
thermodynamics and the dynamics of the
porter domain of the multidrug transporter
AcrB. First, we succeeded in construction of
the triple-basin model. Second, in the
thermodynamic study, we found that a certain
allosteric coupling results in the stable BEA
state (the structure solved in 2006), and that, if
the BEA state is the most stable with a drug
molecule bound to the B state, the drug
dissociation from it directly leads to the
symmetric AAA structure (close to the
structure solved in 2002). Third, in the
dynamic study, our simulations suggested that
only the B>E activation of the protomer I in
the BEA state can lead to the successful drug
export and the completion of the structural
changes.
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There are still many questions remained about
the AcrB and the functionally rotating
mechanism. One of the essential questions is:
How does the drug bind to AcrB? Actually,
there are two obvious tunnels in AcrB
connecting the binding pocket to the periplasm:
One opens at a position close to the surface of
the membrane (denoted by Tunnel 1) and the
other opens much farther away from the
membrane (Tunnel 2). We have a plan to
characterize the two tunnels by calculating the

free energy profile of the drug moving within

them. To do so, we are developing new
coarse-grained model for protein, which has
higher resolution for the drug-protein
interaction. Meanwhile, we are implementing
the standard umbrella sampling method and
the weighted histogram analysis method
(WHAM) into the CafeMol.
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