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The only VmrA substrates with known efflux activities [J. Chen 
et al., J. Bacteriol., 184 (2002) 572-576.] (Table 1). The active 
organic parts of these twelve substrates (neutral pH) belong to 
twelve distinct classes of organic compounds.

IMPORTANT MOLECULAR DESCRIPTORS 

Structure of the Na+/multidrug transporter VmrA and drug efflux a Gram-
negative cell of V. parahaemolyticus AQ334 [M. M. C. Ferreira, R. Kiralj, 
unpublished], as  modeled from primary structure [J. Chen et al., J. 
Bacteriol., 184 (2002) 572-576.]. Influx of Na+ in salty medium causes 
complex formation of Na+ with Asp and Glu in transmembrane, cytoplasmic, 
and periplasmic domains of VrmA. This provokes allosteric changes in the 
VmrA, and opening the periplasmic window, pore. Drug molecules may be 
are captured by the inner leaflet of the inner membrane and by lateral 
diffusion are brought to the vestibule. They may be captured directly by the 
cytoplasmic domain and brought to the vestibule through which they enter 
into the central cavity where they accumulate before being extruded from 
the pump. VmrA is a secondary active transporter that uses electrochemical 
potential of Na+ across the membrane as its energy source. It is a defense 
mechanism of V. parahaemolyticus against several structurally unrelated 
drugs and xenobiotics.

THE OBJECTIVES OF THIS WORK

1) V. parahaemolyticus, like other non-cholera Vibrio species, contaminates most marine animals in coastal waters, and causes frequently food poisoning (associated gastroenteritis), wound and soft tissue
infections, septicemia, and other infections. Among several thousand of infected persons worlwide per year, there are over 10% cases with severe diseases that may end in death when
immunocompromized persons are infected. To get more insight into the multidrug resistance (MDR) mechanism of this microbe, particularly VmrA efflux pump and its function, is one of the objectives;

2) To perform QSAR (Quantitative Structure-Activity Relationship) & chemometric study of structurally unrelated substrates of the VmrA, as extruded by E. coli strains: KAM32 and KAM32/pVCJ6 (with VmrA);

3) To develop QSAR and SAR means to predict to which drugs and xenobiotics V. parahaemolyticus will be sensitive or resistant due to its efflux ability by means of the VmrA pump.

THE  VmrA PUMP, ITS MULTIDRUG RESISTANCE (MDR) EFFLUX MECHANISM, AND ITS SUBSTRATES

PLS (PARTIAL LEAST SQUARES) AND PCR (PRINCIPAL COMPONENT REGRESSION) PREDICTION OF VmrA  RESISTANCEMOLECULAR DESCRIPTORS
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Appropriate structures from the Cambridge Structural Database 
(CSD) were retrieved and modified, then optimized at PM3 semi-
empirical level. The activities are pMIC = -log(MIC/moll-1), where 
MIC is Minimal Inhibitory Concentration of the drugs as extruded
by two strains of E. coli: KAM32 strain without VmrA, and 
KAM32/pVCJ6 with VmrA (VmrA from V. parahaemolyticus
AQ3334). The pMIC∆ is a measure of the MDR effect of VmrA, 
defined as pMIC∆ = abs[pMIC(pVCJ6) – pMIC(KAM32)].

SELECTED MOLECULAR DESCRIPTORS 

The descriptors were calculated by Titan, MOPAC and Chem3D 
using optimized geometry, and from molecular formula.
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Prediction set of drugs and xenobiotics. V. parahaemolyticus is 
sensitive to clinically used drugs against this bacterium (13-22) 
and to some agents (23, 24). The bacterium is probably resistant
to other xenobiotics from this set (25-30). 
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The PLS & PCR regression  statistics for modeling of the both 
activities shows that there is no significant difference between
the PLS and PCR models. The regression coefficients are in
favour for pMIC(pVCJ6), whilst the errors are smaller for
pMIC(KAM).

PRINCIPAL COMPONENT ANALYSIS (PCA) AND HIERARCHICAL CLUSTER ANALYSIS (HCA) IN PREDICTION OF VmrA  RESISTANCE
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The PLS & PCR regression  models in predicting the MDR character
of V. parahaemolyticus to 1-30. The cut-off criterion was 0.5 in 
pMIC∆ units, what seems not suitable for 9 agents. Other cut-off 
value or another methodology should be applied to eliminate wrong 
and doubtfull predictions. Error accumulation in both predicted 
pMIC(pVCJ6) and pMIC(KAM32) may contribute to wrong 
predictions. However, 20 of 31 (65%) agents were predicted correctly 
as agents to which the bacterium would be resistant or sensitive.

EXPLORATORY ANALYSIS FOR  pVCJ6 DATA

Scores plot and complete dendogram with samples for the 
training set. Clusters with good (G), moderately good (M) and 
poor (P) substrates of VmrA are visible. V. parahaemolyticus is 
resistant to G and sensitive to M, P clusters.

Scores plot and complete dendogram with samples for the 
training+prediction set. According to the previous plots, it is 
clear that V. parahaemolyticus is sensitive to (13-24, 28, 30) and 
resistant to (25-27, 29).
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EXPLORATORY ANALYSIS FOR  KAM32 DATA

Scores plot and complete dendogram with samples for the 
training set. Clusters with more eloganted (E) and more 
branched (B) molecules are visible, not related to the V. 
parahaemolyticus MDR character.

Scores plot and complete dendogram with samples for the 
training+prediction set. The E-B discrimination is visible as in the 
previous plots. Besides, the G (good VmrA substrates) cluster 
occurs. This means that V. parahaemolyticus is resistant to 25-27 
and 29, and sensitive to other agents from the prediction set.
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EXPLORATORY ANALYSIS WITH EIGHT 
DISCRIMINATORY DESCRIPTORS

The pMIC∆–descriptor corre-
lation plots. These descriptors 
account for the content of 
unsaturated bonds, ring and 
planar fragments, aromatic and 
polar groups. The descriptors 
clearly distinguish the agents to 
which the bacterium is resistant 
(1-4) from those to which it is 
sensitive (5-12).

Comparison of the exploratory analyses for the training (top) and 
training+prediction (bottom) sets using the discriminatory descriptors 
clearly shows that the bacterium is sensitive to the PM and resistant to G 
cluster. This has been just observed in previous analyses.
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Morphology of Vibrio 
parahaemolyticus cells 
according to electron 
microscopy experiments 
(obtained from WWW 
resources).


