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ABSTRACT 

Vancomycin is often a preferred treatment for invasive methicillin-resistant Staphylococcus aureus (MRSA) infections. With the 
increase in incidence of MRSA infections, the use of vancomycin has increased and, as feared, isolates of vancomycin resistant 
Staphylococcus aureus (VRSA) have emerged. VRSA isolates have acquired the entercoccal vanA operon contained on transposon 
(Tn) 1546 residing on a conjugal plasmid. In the present study, we have screened for the presence of VRSA among isolates collected 
from different hospitals of North India region and tested for the presence of Van resistant genes. These genes are inducible in 
nature and are known to get expressed in presence of glycopeptides such as vancomycin and teicoplanin, therefore, current 
experiment was designed to study the effect of a new antibiotic adjuvant entity Vancoplus. We have monitored the expression of 
Van HAX genes (responsible for resistance expression) in presence and absence of different concentration of Vancoplus. We found 
that in presence of Vancoplus, VRSA isolate failed to express higher levels of vanHAX genes indicating the efficiency of Vancoplus 
over both vancomycin and teicoplanin. A study of kinetic parameters of ligase (an enzyme coded by VanA operon) to monitor the 
substrate specificities of this enzyme in presence of Vancoplus revealed higher specificity towards alanine than lactate. These 
findings establish Vancoplus as an effective alternate to treat vancomycin and teicoplanin resistant VRSA strains which might be due 
to presence of ceftriaxone which masks vancomycin making Van HAX genes express less, resulting in more susceptibility towards 
VRSA. 
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INTRODUCTION 

acterial cell wall biosynthesis has been an 
attractive target for antibacterial drugs including 
glycopeptide antibiotics teicoplanin and 

vancomycin. This class of antibiotics interdict the 
processing of peptidoglycan intermediates bearing D-
alanine–D-alanine termini.1 The synthesis of 
peptidoglycan in the production of bacterial cell walls 
requires several steps. In the cytoplasm, a racemase 
converts l-alanine to d-alanine (d- Ala), and then 2 
molecules of d-Ala are joined by a ligase, creating the 
dipeptide d-Ala-d-Ala, which is then added to uracil 
diphosphate-N-cetylmuramyl-tripeptide to form uracil 
diphosphate-N-acetyl muramyl–pentapeptide.2,3 Uracil 
diphosphate-N-acetylmuramyl-pentapeptide is bound to 
the undecaprenol lipid carrier, which, after the addition 
of GlcNAc from uracil diphosphate-GlcNAc, allows 
translocation of the precursors to the outer surface of the 
cytoplasmic membrane. N-acetylmuramyl-pentapeptide 
is then incorporated into nascent peptidoglycan by 
transglycosylation and allows the formation of cross-
bridges by transpeptidation.3 

Vancomycin, a glycopeptide is widely considered the 
antimicrobial agent of choice for treatment of invasive 
methicillin-resistant Staphylococcus aureus (MRSA) 
infections by inhibiting bacterial cell wall synthesis.4,5 
Vancomycin binds with high affinity to the d-Ala-d-Ala C-
terminus of the pentapeptide, thus blocking the addition 
of late precursors by transglycosylation to the nascent 
peptidoglycan chain and preventing subsequent cross-

linking by transpeptidation.6 Vancomycin does not 
penetrate into the cytoplasm; therefore, interaction with 
its target can take place only after translocation of the 
precursors to the outer surface of the membrane.2 

Vancomycin does not interact with cell wall biosynthetic 
enzymes but forms complexes with peptidoglycan 
precursors,6 therefore, its activity is not determined by 
the affinity for a target enzyme but by the substrate 
specificity of the enzymes that determine the structure of 
peptidoglycan precursors.2 Vancomycin resistance 
isolates to date have acquired the vanA operon contained 
on transposon (Tn)1546 residing on a conjugal plasmid.7 
VanA mediated resistance has been well studied in 
Enterococci since the first Enterococcus faecium isolate 
with transmissible vancomycin resistance was reported in 
France in 1988.8 The vanA locus typically confers high-
level vancomycin resistance (MICs 512–1024 mcg/ml) to 
Enterococcal species9 by encoding the genes necessary 
for producing an altered peptidoglycan precursor. The 
vanA locus consists of seven genes, vanRSHAXYZ, whose 
expression is inducible by glycopeptides (vancomycin and 
teicoplanin). Three of these genes (vanHAX) are necessary 
for production of the D-Ala-D-Lac containing 
peptidoglycan precursors.10 Resistance to vancomycin is 
due to the presence of enzymes synthesis of low-affinity 
precursors, in which the C-terminal d-Ala residue is 
replaced by d-lactate (d-Lac) or d-serine (d-Ser), thus 
modifying the vancomyin-binding target.11 

This replacement of amide of D-Ala-D-Ala with an ester 
results in the loss of critical hydrogen bond and atleast 

Vancoplus Kinetic Study in Vancomycin Resistant Staphylococcus aureus

B

Research Article 



Int. J. Pharm. Sci. Rev. Res., 31(1), March – April 2015; Article No. 28, Pages: 135-142                                                     ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. © Copyright protected. Unauthorised republication, reproduction, distribution, 
 

136 

1000 folds decrease in affinity of the drug to the target 
site, yielding a net clinical result of drug resistance.12 In all 
the types of glycopeptide resistances, a key element is 
the synthesis of an ATP-dependent ligase (Ddl) capable of 
preferential synthesis of D-Ala-D-X (X-Lactate).13 

VanR and VanS, encoded immediately upstream of 
vanHAX, comprise a two-component regulatory system 
responsible for the glycopeptide inducibility of vanHAX 
expression and vanSR gene clusters. VanS is a membrane 
localized histidine kinase with an extracellular loop that 
has been proposed to be involved in sensing vancomycin 
leading to autophosphorylation of a conserved histidine 
residue.14 This phosphoryl group is transferred to an 
aspartate in the cognate transcriptional activator, VanR 
similar to other two component systems.15 It has been 
shown in Enterococci that upon induction with 
vancomcyin, the VanRS two-component system activates 
its own promoter and that of vanHAX leading to altered 
peptidoglycan precursors that confer resistance. VanY is a 
carboxypeptidase that is not necessary for resistance, but 
contributes to the resistance level.16 VanZ confers 
resistance to teicoplanin by an unknown mechanism. 
With this background, we have also studied the substrate 
specificities of ligase to confirm its role in vancomycin 
resistant MRSA. Further we aimed to study the effect of 
new antibiotic entity Vancoplus on expression levels of 
VanHAX genes in comparison with vancomycin and 
teicoplanin. 

MATERIALS AND METHODS 

Bacterial Isolates 

A total of 165 MRSA isolates were obtained from 
different clinical samples (blood, urine, pus, throat swabs, 
wound and ear swabs) from India over a period of 18 
months from January 2013 to June 2014. S. aureus was 
identified by colony morphology, Gram stain, DNase, 
catalase and coagulase tests and fermentation of 
mannitol by conventional methods. 

Minimal Inhibitory Concentration (MIC) 

MIC of vancomycin was determined by agar dilution 
method using CLSI guidelines.17 Briefly, gradient plates of 
Mueller-Hinton agar (Hi- media were prepared with 
vancomycin (0.5-256 µg/l, Sigma- Aldrich). 0.5 McFarland 
equivalent inoculum prepared using 18-24 h old culture 
was spotted on to gradient plates. Plates were incubated 
overnight at 35°C for 24 h before assessing the visible 
growth. The vancomycin resistant strains confirmed were 
subjected to the MIC studies with teicoplanin (0.25 – 512 
µg/ml) and Vancoplus (0.25 – 512 µg/ml). 

Plasmid Deoxyribonucleic Acid (DNA) Isolation 

Plasmid DNA from VRSA strains was isolated according to 
method described earlier.18 Briefly exponential phase 
bacterial cells grown in medium supplemented with or 
without antibiotic were suspended in TE buffer (pH 8) 
containing 2% glucose. To this 4 ml of solution containing 
1% SDS and 0.2 N NaOH was added and the tubes were 

allowed to stand at room temperature for 5 min. To this 3 
ml of solution containing 3 M potassium acetate and 5 M 
glacial acetic acid was added, mixed gently and incubated 
on ice for 10 min. The tubes were then centrifuged at 
14000 rpm for 2 min at 4 °C and the supernatant were 
discarded. To the residue 8 ml isopropanol was added 
and incubated for 2 min. Then the tubes were centrifuged 
to remove the contaminants accumulated in the 
supernatant and residual plasmid DNA was washed in 70 
% ethanol before dissolving it in minimum volume of TE 
buffer. PCR for VanA gene cluster (vanR, vanS, vanH, vanA 
and vanX) was carried out as describes previously.19,20 
Details of the primers used for screening of these genes 
are given in Table 1. 

Table 1: List of Primers used in the study. 

Primer Sequence 5' to 3' 
Size of PCR 

product Reference 

vanR 1 
vanR 2 

AGCGATAAAATACTTATTGTGGA 
CGGATTATCAATGGTGTCGTT 

645 Miele 

vanS 1 
vanS 2 

TTGGTTATAAAATTGAAAAATAA 
TTAGGACCTCCTTTTATC 

1155 Whitener 

vanH 1 
vanH 2 

ATCGGCATTACTGTTTATGGAT 
TCCTTTCAAAATCCAAACAGTTT 

943 Miele 

vanA 1 
vanA 2 

ATGAATAGAATAAAAGTTGCAATAC 
CCCCTTTAACGCTAATACGAT 

1029 Miele 

vanX 1 
vanX 2 

ATGGAAATAGGATTTACTTT 
TTATTTAACGGGGAAATC 

609 Whitener 

Effect of Antibiotics on Growth of Bacteria 

Effect of different antibiotics on the bacterial growth was 
studied. For bacterial growth curve studies, the 
vancomycin resistant strains were grown on MHA plates. 
The following day, a colony from all the plates was 
inoculated into respective MHB medium supplemented 
with 2 mg/ml of respective antibiotics (which ensures the 
maintenance of resistant gene induction conditions), 
followed by incubation for 16 hours at 37°C under aerobic 
conditions. The next day, overnight cultures were diluted 
1:100 in fresh MHB, again with 2 mg/ml of respective 
antibiotics to maintain expression of genes. Bacteria were 
then harvested at mid-log (OD600 of 0.5) and stationary 
(OD600 of 1.0) growth phases as assessed by 
spectrophotometer. (Shimadzu UV-1800) 

Effect of Antibiotics on VanA gene cluster gene 
expression 

Since vanA gene expression are inducible in nature, the 
effect of antibiotics on the expression of antibiotic 
resistance genes was studied. The bacterial growth and 
steady state expression of vanH, vanA and vanX genes 
were evaluated under continuous antibiotics (either of 
vancomycin, teicoplanin and Vancoplus) inducing 
conditions. The vancomycin resistant strains previously 
isolated were grown on MHA plates. The following day, a 
colony from all the plates was inoculated into respective 
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MHB) medium supplemented with 2 mg/ml of respective 
antibiotics to induce VanA gene cluster genes, followed 
by incubation for 16 hours at 37°C under aerobic 
conditions. The next day, bacterial cells were diluted and 
harvested as above for the extraction of RNA and 
subsequently to analyze the expression levels by 
qualitative reverse transcriptase PCR. 

RNA Isolation, cDNA Construction and Reverse 
Transcription PCR 

RNA from bacterial cells (with or without antibiotic 
treatment) was extracted according to the method 
described earlier.21 Briefly, after desired incubation 
period, bacterial cells were pelleted out by centrifugation 
at 8000 rpm for 5 min. The pellet was resuspended in TE 
buffer containing 0.2% Triton-X-100 and boiled for 10 min 
at 100 °C in water bath. The tubes were then immediately 
transferred to an ice bath and equal volume of 
chloroform: methanol (2:1) mixture was added and mixed 
thoroughly. The tubes were then centrifuged at 12000 
rpm at 4 °C for 10 min and aqueous phase was collected. 
To this equal volume of chloroform was added and the 
aqueous phase was recollected. To this two volumes of 
prechilled ethanol was added to precipitate RNA. The 
precipitated RNA was separated by centrifugation (12000 
rpm, 10 min, 4 °C), washed (with 70 % ethanol) and 
dissolved in minimum volume of water. The RNA 
concentration was determined from the optical density at 
260 nm, and the quality was determined from the 
A260/A280 ratio. cDNA was prepared by pre-incubating 2 µg 
RNA with 1µl of oligo-dT followed by incubation of this 
mixture with 1 µl DTT, 0.5 µldNTP and 0.3 µl Moloney 
murine leukemia virus reverse transcriptase at 37 °C for 1 
hour. The primers and PCR conditions used in the study is 
given in Table 2. The expression levels were calculated by 
quantifying the PCR products by ethidium bromide 
staining on a 0.8% agarose gel. 

Table 2: List of Primers used for qualitative PCR in the 
study 

Primer Sequence 5' to 3' 

vanH 1 
vanH 2 

CGGATAGCGTTGCCGATTAT 
GCTCAATAACCGCTTTGCCT 

vanA 1 
vanA 2 

TTATAACCGTTCCCGCAGAC 
AAACATATCCACACGGGCTAG 

vanX 1 
vanX 2 

ATCGCATTGTAGGGACATACG 
AAGCAATCCGTACCCTTGG 

Antibiotic Treatment, Enzyme extraction and 
Purification 

The bacteria were grown in MHB medium containing 
antibiotic or lacking antibiotic (control medium). For the 
preparation of the medium containing antibiotic, sub-
inhibitory concentrations of either vancomycin, 
teicoplanin and Vancoplus (half MIC/ml concentration) 
were added to the growth medium. Cells were harvested 

at mid-exponential phase and were subjected to washing 
with a solution of 0.85% NaCl and 5% glycerol. All the 
operations were carried at -4°C unless otherwise stated. 
Cells were lysed in a minimum volume of lysis buffer (50 
mM HEPES buffer pH 7.5 containing 300 mM NaCl, 2 mM 
EDTA, 1 mM DTT and 1mM PMSF) by passing 3 times 
through a french press cell operating at 20000 Psi. Upon 
centrifugation at 10000 rpm for 10 min, the precipitate 
was again extracted with a minimum amount of lysis 
buffer and the pooled supernatants were diluted with 50 
mM HEPES buffer pH 7.5 to give a solution less than 150 
mM in NaCl. 

The extracted crude protein samples was immediately 
applied to a Q sapharose column (50 ml) pre-equilibrated 
with HEPES buffer and eluted with a NaCl gradient of 150 
mM to 500mM over a volume of 200 ml. Fractions 
containing enzyme activity are pooled and concentrated. 
The concentrate was applied to a Superdex S-200 column 
(100 ml) pre-equilibrated with HEPES buffer 
supplemented with 100 mM NaCl. Active fractions were 
pooled and applied phenyl superose (1.5 X 5.5 cm - 
Pharmacia) column equilibrated with HEPES buffer 
supplemented with 1.7 M ammonium sulfate. Proteins 
were eluted with a gradient of 1.7 M to 0 M ammonium 
sulfate. 

Ligase Enzyme Assay and Kinetic Studies 

Enzyme assays and kinetic studies were carried out by 
monitoring the production of inorganic phosphate using 
malachite green/ ammonium molybdate solution with 
detection of green chromophore at 600 nm.22 All ligase 
assays contained 50 mM HEPES (pH. 8.6), 10 mM MgCl2, 
10 MM KCl in a final volume of 1 ml and were incubated 
at 37 °C for 30 min. Dipeptide ligase assay also contained 
various concentrations of ATP and D-Ala and enzyme (2-3 
mg). Depsipetide ligase assay contained D-Ala, ATP and 
different concentration of D-Lac and enzyme (2-3 mg). 
Depsipetide formation rates were calculated by 
subtracting the rate of reaction measured in presence of 
D-Ala alone from all the measured rates. The depsipetide 
ligase incorporates to D-amino or hydroxy acid molecules 
per catalytic steps and thus two Km values are 
measurable theoretically. However the Km for N-terminal 
amino acid (Km1) is very low and more difficulty to 
measure than the Km (Km2) for the C-terminal amino of 
hydroxy acid23 and thus only Km2 is measured. The 
enzyme activity data were fit to a standard MM model 
using Graphpad Prism 5.0 software to allow for the 
calculation of the enzymatic parameter V max and Km in 
the presence of different concentration of substrates. 

RESULTS 

The MIC for 138 out of 165 isolates (83.63 %) for 
vancomycin was ≤2 mg/l indicating that all these MRSA 
were sensitive to vancomycin. Twenty one (12.27%) 
isolates showed MIC range between 4-8 mg/l, indicating 
vancomycin intermediate resistance nature of the 
isolates. However, for the remaining 6 isolates (3.6 %), 
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the MIC was in the range of 16-128 mg/l indicating that 
these isolates are vancomycin resistant (VRSA). All 
vancomycin intermediate and resistant strains were 
grown on BHI vancomycin screen agar confirming the 
resistance towards vancomycin. The 6 vancomycin 
resistant isolates also showed resistance towards 
teicoplanin with MIC ranges from (MIC 32-64 mg/l), 
where as the isolates were sensitive to the Vancoplus 
(MIC ranges from 0.25 – 4 mg/l). 

PCR-based Detection of Vancomycin-Resistance Genes 

PCR carried out for the 6 VRSA isolates with plasmid DNA 
as a templet and with appropriate primers for the 
detection of vanA, vanH and vanX genes revealed 
amplicons of approximately 1032 bp, 969 bp and 603 bp 
sizes which corresponds to vanA, vanH and vanx genes 
respectively. 

The results confirmed the possession of Van genes by the 
plasmid of VRSA. Among the 6 VRSA isolates (VanHAX 
positive), one VanHAX positive isolate named as VRVR1 
with MIC values (vancomycin: 32 µg/ml, teicoplanin: 64 
µg/ml and Vancoplus: 4 µg/ml) was selected for further 
studies. 

Growth Curve Studies 

Comparison of growth curves in absence and in presence 
of different concentrations of vancomycin, teicoplanin 
and Vancoplus is depicted in (Figure 1). At half MIC 
concentrations of vancomycin and teicoplanin (MIC 16 
mg/l and 32 mg/l respectively), the growth rate of the 
VRVR1 were similar with that of growth rate in absence of 
antibiotics. At higher sub-inhibitory concentrations 
(vancomycin 24 mg/l and teicoplanin 48 mg/l), even 
though there was an observed growth of the VRVR1 
strain, both vancomycin and teicoplanin increased the lag 
growth phase of the bacterium to over 10 hrs and 11.5 
hrs respectively. On the other hand, presence of 
Vancoplus (half MIC concentration; 2 mg/l), increased the 

duration of the lag phase by about 12 hrs and at higher 
sub inhibitory concentration (>3 mg/l), Vancoplus 
completely inhibited the growth. 

Effect of Antibiotics on Expression of VanH, VanX and 
VanA 

Along with growth curve studies, the expression levels of 
VanH, VanX and VanA genes in presence of antibiotics 
was also studied simultaneously. As shown in (Figure 2) 
the exposure of bacterium to half MIC concentration of 
vancomycin (16 mg/l) and teicoplanin (32 mg/l) induced 
the expression of VanH, VanX and VanA genes. Where as 
treatment with higher sub inhibitory concentration of 
antibiotics (vancomycin 24 mg/l and teicoplanin 48 mg/l) 
resulted in further increased expression of these genes. 
Contrary to this, the expression of these vancomycin 
resistant genes was very low when the bacterium was 
exposed to the half MIC concentration (2 mg/l) of 
Vancoplus. 

At higher sub inhibitory concentration (>3 mg/l) the 
expression levels of these genes could not be studied as 
the growth of bacterium was completely inhibited (Figure 
3). 

Ligase Purification and Kinetic Studies 

Ligase enzyme extracted from control medium (absence 
of antibiotic) and the medium treated with antibiotics 
were subjected to the three step purification process. 
Three steps used for the purification of the ligase include 
Q sapharose, Superdex S-200 followed by phenyl 
superose column. The ligase enzyme from the control 
medium was purified up to 10.66 folds with a final yield 
of 0.99 percent. Purification steps, total activity, specific 
activity, purification factor and percentage of yield are 
summarized in Table 3. 

The enzymes from antibiotic treated medium were also 
purified similarly (data not shown) and used further for 
enzyme kinetic studies. 

  

Figure 1: Growth curve studies of VRVR1 at half MIC (A) and higher sub inhibitory concentrations of different antibiotics 
(B). 
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Figure 2: Relative fold expression levels of vancomycin 
resistance genes at half MIC concentrations of different 
antibiotics. 

 
Figure 3: Relative fold expression levels of vancomycin 
resistance genes at higher sub inhibitory concentrations of 
different antibiotics. 

Table 3: Purification summary of ligase enzyme extracted from VRSA isolates grown in control medium (absence of 
antibiotics) 

Fraction Volume 
(ml) 

Total Protein 
(mg) 

Activity 
(U/mg) 

Total activity (U 
* ml) 

Sp. activity 
(U/mg) 

Fold 
Purification 

% yield 

Crude 50 136 0.866 43.300 0.0063 1 100 

Q sapharose 29 73.66 0.676 19.604 0.0091 1.44 45.27 

Superdex S-200 12 25.08 0.366 4.392 0.0146 2.31 3.21 

phenyl superose 1.8 4.12 0.277 0.443 0.0672 10.66 0.998 

Table 4: Kinetic parameters of ligases in presence of 
different antibitics. 

Drug Substrate Km2 (mM) 

Absence of 
antibiotics 

D-Alaa 3.569 

ATPb 0.973 

D-Lacc 57.110 

Vancomycin 

D-Alaa 265.600 

ATPd 0.807 

D-Lace 1.302 

Vancoplus 

D-Alaa 12.940 

ATPf 0.866 

D-Lacg 23.680 

Teicoplanin 

D-Alaa 222.500 

ATPh 0.633 

D-Laci 2.357 
a - ATP (2 mM) 

b – D-Ala (5mM) 
c – D-Ala (5 mM) and ATP (2 mM) 

d – D-Ala (250 mM) 
e - D-Ala (250 mM) and ATP (2 mM) 

f – D-Ala (25 mM) 
g - D-Ala (25 mM) and ATP (2 mM) 

h - D-Ala (225 mM) 
i - D-Ala (250 mM) and ATP (2 mM) 

The results of the ligase enzyme kinetic studies carried 
out with enzyme from control medium showed high 
specificity towards D-ala (Km - 3.57) over D-lac (Km – 
57.11). However, in presence of vancomycin, the 
specificity towards D-Ala had reduced drastically with 
high Km values (Km – 265.6) and specificity towards D-Lac 
(Km – 1.3026) had increased significantly. Similar results 
were observed in presence of teicoplanin with high 
specificity towards D-Lac (Km – 2.357) over D-Ala (Km – 
222.5). On the other hand, when the bacterium was 
grown in presence of Vancoplus which contains 
ceftriaxone along with vancomycin, substrate specificity 
remained normal; i.e. high specificity towards D-Ala (Km –
12.94) than D-Lac (Km –23.68) (Table 4). 

DISCUSSION 

Infections caused by multi drug-resistant S. aureus have 
been associated with high morbidity and mortality rates. 
In Indian hospitals, MRSA is one of the common causes of 
hospital-acquired infections and 30 to 80 per cent 
methicillin resistance in S. aureus based on antibiotic 
sensitivity tests has been reported from different 
hospitals.24 Along with resistance to methicillin, 
development of resistance to vancomycin is an alarming 
problem. Vancomycin is the main antimicrobial agent 
available to treat serious infections with MRSA. 
Unfortunately, decrease in vancomycin susceptibility of S. 
aureus and isolation of vancomycin intermediate and 
resistant S. aureus have recently been reported from 
many countries.25 In present study MIC studies revealed 
that among the tested isolates 21 MRSA are having 
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intermediate vancomycin resistance and 6 MRSA isolates 
resistant to vancomycin. 

These vancomycin resistant isolates were further 
confirmed by growth on vancomycin agar plates 
containing vancomycin at a concentration of 2 mg/l. 
These results are threatening indications for the 
increased trend in the vancomycin resistance. Though 
first case of VRSA was reported in 2002 in USA (CDCP 
2002), few other countries have earlier reported the 
reduced susceptibility of S. aureus against 
glycopeptides.26-34 Recently Pallazo29 have also reported 
some vancomycin resistant strains in Brazil. Assadullah34 
have reported some strains of vancomycin intermediate 
S. aureus (VISA) from India. Song35 have also been 
reported the emergence of heterogeneous vancomycin 
resistant S. aureus strains from India and its neighboring 
countries. Many other reports from north India also 
recorded the emergence of low level and intermediate 
vancomycin resistance.36-40 

The resistance to vancomycin results by the horizontal 
acquisition of the vanA gene cluster.41 The PCR based 
detection of vancomycin resistance genes revealed 
presence of VanA cluster genes (VanH, VanX and VanA) in 
all the isolates and these genes might be playing a 
significant role in development of resistance towards 
vancomycin. These genes help the bacteria to develop 
resistance by forcing the production of an alternative 
peptidoglycan precursor to replace the wild type 
precursors. 

Growth curve studies revealed the adaptive nature of the 
VRVR1 in presence of half MIC concentration of 
vancomycin and teicoplanin, witnessed by similar growth 
curve as that of the growth rate in absence of antibiotics. 
But the same antibiotics at higher sub-inhibitory 
concentrations increased the lag phase delaying the 
growth of the bacterium. 

On the other hand, a surprising fact observed was that 
growth of the VRVR1 was delayed with prolonged lag 
phase in presence of Vancoplus and that too at lower half 
MIC concentrations, advocates the sensitivity of the 
bacterium towards Vancoplus. 

The growth curve patterns in presence or absence of 
antibiotics lead us to check whether these patterns have 
any correlation with the expression levels of VanA gene 
cluster genes. Results of these studies were as predicted. 
The increased expressions of VanH, VanA and VanX genes 
in presence of half MIC concentration of vancomycin and 
teicoplanin can be attributed to the response of the 
bacterium to the antibiotic consisting environment, 
where expression of these genes help the bacteria to 
growth normally. However, treatment of bacterium with 
higher sub inhibitory concentrations of antibiotics (below 
inhibitory concentration) resulted in further increased 
expression of these genes along with increased lag phase. 
This advocates the direct influence of VanA gene cluster 
gene expression on bacterial growth and resistance. 

Qureshi42 also observed the increased expression of VanA 
genes in presence of vancomycin. Contradictorily, the 
presence of Vancoplus at half MIC concentrations did not 
induce the VanH, VanX and VanA gene expression which 
forced to believe that this failure of bacterium to express 
these genes didn’t enable it to grow normally in presence 
of Vancoplus which is witnessed by increased lag phase. 

Kinetic studies of ligase in absence of antibiotics showed 
high specificity towards D-Ala and very low specificity 
towards D-Lac as substrates. However in presence of 
vancomycin the specificity of ligase towards D-Ala 
decreased and at the same time specificity towards D-Lac 
increased considerably. Marshal and Write13 also 
observed similar results reporting increased and 
decreased specificities of ligase towards D-Lac and D-Ala 
respectively in presence of vancomycin. The altered or 
swaped specificity of ligase towards D-Ala and D-Lac 
results in the efficient synthesis of D-Ala-D-Lac in place of 
D-Ala-DAla and thus, vancomycin can not bind to this 
altered peptide resulting in Vancomycin resistance. This 
alteration is attributed to the induced resistance of 
bacterium in presence of vancomycin. Similar results 
were observed in presence of teicoplanin with high 
specificity towards D-Lac than D-Ala. The induced 
resistance observed towards teicoplanin in our studies is 
in accordance with the previous reports (Hutchings), 
which reports the resistance induction in presence of 
lipidated glycopeptide teicoplanin. 

On the other hand, when the bacterium was grown in 
presence of Vancoplus, substrate specificity remained 
normal as in the case of specificity in absence of 
antibiotics. This behaviour of ligase with respect to the 
substrate specificity even in presence of antibiotics is 
interesting, because Vancoplus also contains vancomycin. 
However the presence of ceftriaxone along with 
vancomycin might have masked vancomycin making it 
unavailable for the bacterial regulatory system which 
develops resistance only if it senses the vancomycin 
(glycopeptide). This possibility might open a new area 
which still needs to be explored and could be of great 
clinical significance to use against these deadly 
pathogens. 

CONCLUSION 

In conclusion, present study explored the emergence of 
vancomycin and teicoplanin resistance in MRSA strains in 
India. The gradual increase in vancomycin resistance 
sends an alarming signal to look for the new alternatives 
to treat pathogens. In present study, a direct correlation 
was established between the presence of antibiotic- 
expression of the VanA cluster genes and growth of the 
bacterium. The effect of expression of these genes was 
further confirmed by ligase kinetic studies carried out 
with purified ligase (VanA gene product). One of the 
major finding of this study is the efficiency of the 
antibiotic adjuvant entity Vancoplus to negotiate the well 
established resistance mechanism of VRVR1 providing a 
positive hope in treatment options for the clinicians. 
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