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Computer simulations reveal roots of drug
resistance

December 4 2017
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Bacterial efflux pumps, such as the P. aeruginosa MexAB-OprM pump shown
here, are one of the dominant molecular mechanisms available to Gram-negative
pathogens for removing toxins, including antibiotics. Inactivation of the pump
assembly and function would be a major step for reducing bacterial multidrug
resistance. Credit: LANL

New supercomputer simulations have revealed the role of transport
proteins called efflux pumps in creating drug-resistance in bacteria,
research that could lead to improving the drugs' effectiveness against life-
threatening diseases and restoring the efficacy of defunct antibiotics.

"By understanding how the pump moves and dynamically behaves, we
can potentially find a way to deactivate the pump—and antibiotics that
haven't worked in a long time may be useful again," said Los Alamos
biophysicist Gnana Gnanakaran, who collaborated with colleagues at the
Laboratory and with bacterial efflux pump experts Helen Zgurskaya at
the University of Oklahoma and Klaas Pos at Goethe University in
Frankfurt, Germany.

Some life-threatening infections do not respond to antibiotics because
efflux pumps inside a particular type of infectious microbe called Gram-
negative bacteria flush out antibiotics before the drugs can work. One
type of efflux pump, which until recently had only been studied in parts,
was recently modeled in its entirety and simulated using supercomputers
at Los Alamos National Laboratory. The findings, published November
28 in Scientific Reports, offer a better understanding of the motions and
functions of efflux pumps. The work exploits the Laboratory's extensive
modeling and supercomputing simulation capabilities developed in
support of its national security mission.
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For this study, the researchers focused on efflux pumps inside the
bacteria Pseudomonas aeruginosa, which can cause serious illnesses such
as pneumonia and sepsis. In P. aeruginosa, the major pump type is called
MexAB-OprM and composed of three proteins: MexA, MexB and
OprM.

"This is a really, really large system—approximately a million and a half
atoms," said Laboratory theoretical biologist Cesar A. Lopez. The
MexAB-OprM pump encompasses both inner and outer membranes
found in Gram-negative bacteria and connects the cell's interior and
periplasm (the compartment between both membranes) to the cell's
exterior. That connection creates a path for drug molecules to exit the
cell.

The Laboratory's supercomputers were able to perform the first
atomistic simulations of the entire MexAB-OprM pump embedded
within a double membrane system on a microsecond time scale.

The researchers then used the simulations to investigate the dynamics of
the assembled pump and to understand how pump functionality arises
from these dynamics. The amino acid interactions that stabilize the
complex between MexA and OprM were also independently cross-
validated using a computational technique called sequence covariation
analysis by Laboratory theoretical biologist Timothy Travers. According
to Travers, "This is the first time such a sequence-based technique has
been applied for cross-validating the interface of a protein complex built
using simulations and cryo-electron microscopy."

Application of these computational techniques to the multitude of efflux
pumps found in different Gram-negative pathogens should allow
scientists to elucidate if general mechanisms are shared among different
pumps or are pump-specific. For example, perhaps the amino acid
interactions that stabilize the pump structure could be targeted by drug
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development efforts to block pump assembly or function, thereby
rendering currently defunct antibiotics effective once more.

More information: Cesar A. Lopez et al, Dynamics of Intact MexAB-
OprM Efflux Pump: Focusing on the MexA-OprM Interface, Scientific
Reports (2017). DOI: 10.1038/s41598-017-16497-w
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