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PLS results: predicted against experimental 
pMICs for strains HN891 and SH5014.

AcrAB-TolC efflux pump. TolC is docked to AcrB. Only one vestibule is 
visible in this orientation, while the other two are placed in back side of 
the AcrB trimer, at the joint lines of the monomers. The arrows show the 
substrate efflux pathway starting from periplasm and cytoplasm.

Chemical structures of β-lactams at neutral pH, with 
atomic numbering for penicillines and cephalosporins

THE PRIMARY OBJECTIVES OF THIS WORK

1) To construct PLS (partial least squares) regression models for 16 β-lactam antibiotics as substrates of the pump AcrB (a component of AcrAB-TolC membrane transporter) that exists in several Gram-
negative bacteria), where activities are efflux rates of the compounds excreted from two strains of S. typhimurium (HN891 and SH5014);

2) To  use only a priori (not computed) molecular descriptors capable to produce PLS models comparable with those obtained previously from computed molecular descriptors;

3) To explain chemical information observed in chemometric and QSAR analyses.

INTERACTING MOLECULES: AcrAB-TolC PUMP AND β-LACTAMS

Seven molecular descriptors. Two of them were calculated in previous work (M. M. C. Ferreira, R. Kiralj, J. Chemometr., 18, 
2004, 242-252).  HN891 and SH5014 are the two strains of S. typhimurium.

HCA dendogram with variables for seven selected 
molecular descriptors that characterize MDR efflux 
activity of strain HN891. Similarity indices and the sign 
of descriptor-activity correlation coefficients are marked 
in the dendogram. Clustering of the descriptors with 
respect to their nature can be observed also.

PCA loadings plots with the first four 
principal component, based on the 
seven selected molecular descriptors.

Chemical interpretation of an amphiphilicity descriptor Dav. Hydrophobic (gray 
tones) and polar (white ellipses) domains in a good (2) and poor (12) substrates 
of AcrAB-TolC bacterial pump.
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Name (No.)

Nafcillin (1)

Cloxacillin (2)

Penicillin G (3)

Carbenicillin (7)

Sulbenicillin (8)

Penicillin N (15)

Latamoxef (10)

Name (No.)

Cephalothin (4)

Cefoxitin (5)

Cephaloridine (6)

Cefsulodin (9)

Cefotaxime (11)

Ceftriaxone (12)

Cefmetazole (13)

Cefazolin (14)

Cephalosporin C (16)
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Penicillins Cephalosporins

SELECTED A PRIORI MOLECULAR DESCRIPTORS

A PRIORI QSAR: PLS MODELING

PLS modeling of pMICs (MIC = minimal inhibitor concentration) and 
comparison with the results from the previous work.

HIERARCHICAL CLUSTER ANALYSIS

HCA dendogram with samples for seven selected molecular 
descriptors that characterize MDR efflux activity of strain 
HN891. The samples labeled as good (G), moderately good 
(M) and poor (P) MDR substrates according to the previous
chemometric study. The ranges of experimental pMICs for 
sub-clusters and similarity indices are given also.

PRINCIPAL COMPONENT ANALYSIS

PCA scores plots with the first four principal 
components. PCA was based on the seven 
selected molecular descriptors that 
characterize MDR efflux activity of strain 
HN891. Samples in PC1-PC2 plot are marked 
with different ways to distinguish charged 
species (anion: –, dianion – –, zwitterion  + –, 
anion-zwiterion – + –), samples with different 
content of hydrophobic atoms (vertical 
dashed line at 49% content), biological 
activity classes (G, M, P) and samples with 
different ring-containing side chains (gray: R 
and R1; gray dots: R1; gray vertical lines: no 
rings; white: R). Various clustering patterns 
with respect to molecular features may be 
observed. PCA enables chemical 
identification of the PCs: 1) PC1 - the general 
PC -> relationships between molecular
hydrophobicity and hydrogen bonding 
potency, quantitatively related to pMICs; 2) 
PC2 - hydrogen bonding groups distribution 
in the side chains; 3) PC3 - hydrophobic 
groups distribution in the side chains; 4) PC4 
- molecular amphiphilicity. 

RESULTING CHEMISTRY

Chemical interpretation of descriptor Wsd
that indicates interaction between side 
chains R and R1. Correlation between the 
first-order Wiener indices W (for R-CO-N-
C) and W1 (for C- C-R1/CMe2) included in 
the definition of Wsd, is visible. Two 
groups of samples can be noticed.

Schematic representation of stereoelectronic
penicillin–pump receptor interactions. The drug 
consists of large hydrophobic domain (gray) and 
a few polar domains that form almost 
continuous polar part of the molecule (gray 
dots). The substituent R in the side chain 
(starred), depending on its hydrophobic/polar 
character, may alter molecular properties and 
interactions with receptors. Bacterial receptors 
of  the inner membrane or AcrB protein prefer to 
bind to specific parts of the drug molecule. 


