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Efflux pumps of the RND (Resistance-Nodulation-Division) superfamily (such as AcrB of Escherichia coli) constitute an important mechanism of antimicrobial
resistance. They export antimicrobials to keep the bacterial intracellular concentrations below toxic levels. Regulation of efflux pump expression is complex but in E.
coli the master regulator is the AraC/XylS family global transcription factor MarA which regulates more than 40 genes, including acrAB-tolC 1. MarA is a monomer
formed by two structurally similar subdomains, both containing helix-turn-helix (HTH) DNA-binding motifs (helix 3 and helix 6) 2. The N-terminus helix of MarA was
shown to exhibit at least two different conformations when DNA-bound 3. In addition, the N-terminus was proposed to have an important modulating role for DNA
binding, either directly or indirectly. By using disulfide mutants that constrain the movement of the N-terminus, we show that the flexibility of the N-terminus is
critical for DNA binding. Our results point to the N-terminal helix of MarA as a new promising structural target against which to design inhibitors.

Molecular dynamic simulations show that I16C_M47C is not able
to bind the marRAB marbox once the disulfide bond that restrains

the movement of the N-terminal helix is formed

The disulfide bond in I13C_M47C maintains the N-terminal helix in the same
position as observed in the cristal (PDB 1XS9), whereas I16C_M47C pulls the
helix to a different position.

The formation of a disulfide bond in I16C_M47C seems to
inhibit the ability of MarA to bind DNA

Two double cysteine mutants constraint the movement of
the MarA N-terminal helix by using disulfide bonds

A reporter system (RS) used in T7 shuffle cells shows that
I16C_M47C is less able to induce GFP transcription

References: 1 Duval & Duval. Int J Biotechnol Wellness Ind; 2(3):101-124. (2013);     
2 Rhee, S. et al. Proc. Natl. Acad. Sci. U. S. A. 95, 10413–10418 (1998); 
3 Dangi, B. et al.. J. Mol. Biol. 314, 113–127 (2001) 

This work was supported by the European Union’s Horizon 2020 Research and Innovation Programme through the Marie Sklodowska-Curie Grant 
(grant number 839036) given to ES-V. JMAB was supported by a BBRSC David Phillips fellowship (BB/M02623X/1).

I16C_M47CI13C_M47C

Release the N-
terminal helix

Block the N-
terminal helix

0

5000

10000

15000

20000

25000

FL
/O
D

T7 shuffle
RS + pET15a empty
RS + WTMarA
RS + I13C_M47C
RS + I16C_M47C

By using a reporter system composed by the E. coli acrAB promoter followed by the
GFP protein (A) in T7 shuffle E.coli cells (disulfide bond formation in the
cytoplasm), I16C_M47C was shown to be less able to induce GFP transcription than
the WT MarA (B) Western Blot showed the presence of all the induced proteins (C).
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These simulations also show that the free I16C_M47C is unstable and exhibits different
conformations, whereas I13C_M47C exhibits the same behaviour than the WT. This raises the
question if only one structural conformation of the N-terminal helix allows the DNA binding.

The electrophoretic mobility shift assays (EMSA) show that both, the WT MarA and
I13C_M47C can bind the marRAB marbox in the presence and absence of DTT, whereas
I16C_M47C only can do it when the disulfide bond is broken by DTT addition.
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Deletion of the N-terminal helix rendered MarA prone to
bind non-specific DNA

(A) Deletion of the N-terminal helix. (B) SYBR and Coomassie stained acrylamide
gel showing DNA bound to the purified protein. (C) EMSA shows that the ΔNt
protein is not able to bind DNA.
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Molecular docking techniques show a compound able to bind
the MarA N-terminal helix. Could it be a potential MarA inhibitor?

A) Structure of the compound-MarA complex predicted by docking. B) EMSA using increasing
concentrations of the compound shows how the shifted band disappears.
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