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Abstract 

 

 Enterococcus gallinarum and E. casseliflavus possess intrinsic vancomycin resistance, which is mediated by vanC-
1 and vanC-2 gene clusters, respectively. The VanC resistance phenotype is expressed inducibly or constitutively. This 
study characterized the expression types for vancomycin resistance in 23 porcine E. gallinarum and 19 porcine E. 
casseliflavus isolates with vancomycin minimum inhibitory concentrations between 4 and 16 µg/ml. The vanSC and 
vanSC-2 genes were sequenced and the deduced amino acid sequences were compared to those of the inducible and 
constitutive resistance reference strains. Analysis of growth curves revealed that the resistance phenotype in all isolates 
was induced by vancomycin. In the presence of vancomycin, lagging periods of these bacterial strains were 3 hours 
longer than when they were cultured in media without the drug. Transcriptional analysis using reverse transcription-
polymerase chain reaction revealed that vanC-1 and vanC-2 genes were expressed by E. gallinarum and E. casseliflavus, 
respectively, when they were grown in the presence of vancomycin. Thus, the vanC-1 and vanC-2 mRNA expression 
were inducible. Alignment of the VanSC and VanSC-2 protein sequences of the Van inducible and constitutive strains 
revealed conserved glycine residues at positions 320 and 296 in the inducible strains of E. gallinarum and E. casseliflavus, 
respectively. These results suggest that VanC enterococci from Thai swine may commonly express inducible 
vancomycin resistance phenotype and the inducible vancomycin resistance is associated with the conserved glycine 
residues of VanSc proteins. 
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Introduction 

Enterococci are normally present in the 
intestine of humans and animals (Noble, 1978). These 
bacteria, previously considered as opportunistic 
pathogens, are now recognized as one of the leading 
causes of hospital-associated infections (Hidron et al., 
2008). Much concern has been expressed regarding 
their resistance to several antimicrobials and 
particularly to glycopeptide antibiotics (Murray, 2000). 
Glycopeptide antibiotics such as vancomycin and 
teicoplanin are currently used for the treatment of 
severe Gram-positive bacterial infections (Arthur et al., 
1996). Strains of enterococci resistant to vancomycin 
are typically multidrug-resistant (Cetinkaya et al., 
2000) and therapeutic drugs that can cure the infection 
are rare.  
 Vancomycin resistance in enterococci is 
phenotypically and genotypically diverse. There are at 
least six distinct vancomycin resistance phenotypes: 
VanA, VanB, VanC, VanD, VanE and VanG, and these 
phenotypes are mediated by the vanA, vanB, vanC, 
vanD, vanE and vanG genes, respectively (Courvalin, 
2006). Among them, VanA, VanB and VanC are the 
major resistance phenotypes present in clinical 
specimens (Fisher and Philips, 2009). Most human 
vancomycin-resistant enterococcus (VRE) infections 
caused by Enterococcus faecium and E. faecalis 
commonly exhibit VanA and VanB phenotypes 
(Mazuski, 2008; Fisher and Philips, 2009). VanA VRE is 
inducibly resistant to high levels of vancomycin and 
teicoplanin (Courvalin, 2006). VanB phenotype is 
inducibly resistant to variable levels of vancomycin. 
VanC phenotype appears to be an intrinsic property of 
E. gallinarum (VanC-1) and E. casseliflavus (VanC-2) and 
confer a low level to vancomycin resistance (Courvalin, 
2006). VanC species has been found to infect humans 
sporadically, but it causes serious invasive infections, 
including endocarditis and meningitis (Toye et al., 
1997). In addition, failure of vancomycin treatment in 
an endocarditis model was associated with strains 
resistant to low level of vancomycin (Fantin et al., 
1991). 
 Proteins expressed by the van gene clusters 
are involved in modification of the drug target, the 
peptidoglycan pentapeptide precursor (Reynolds et al., 
1994; Arthur et al., 1996). The altered drug targets 
clearly reduce affinity for vancomycin and prevent the 
inhibitory effect of the drug on cell wall biosynthesis. 
vanC gene variants specific to E. gallinarum and E. 

casseliflavus are designated vanC-1 and vanC-2 
subtypes, respectively (Navarro and Courvalin, 1994; 
Courvalin, 2006). The vanC-1 cluster comprises vanC-1, 
vanXYC, VanT, vanRC and vanSC genes (Arias et al., 
2000). The encoded VanT protein produces D-Serine 
(Ser) from L-Ser (Arias et al., 2000). VanC has D-
Alanine (Ala):D-Ser ligase activity, which is involved 
in the synthesis of modified peptidoglycan precursors 
ending with D-Ala-D-Ser. VanXYC is responsible for 
the elimination of normal precursors ending with D-
Ala-D-Ala (Reynolds et al., 1999). VanRC and VanSC 
proteins are likely responsible for the regulation of 
gene expression (Arias et al., 2000). The vanC-2 cluster 
of E. casseliflavus, which is composed of vanC-2, 
vanXYC-2, VanTC-2, vanRC-2 and vanSC-2 genes, shows 
similar organization to those of the vanC-1 gene cluster 
of E. gallinarum (Dutta and Reynolds, 2002). 

In a study of VanB strains, deletion of amino 
acids in the VanSB protein was found to be associated 
with the conversion of an inducible to a constitutive 
phenotype (Depardieu et al., 2003). The expression for 
VanC-type resistance can be either inducible or 
constitutive (Sahm et al., 1995; Panesso et al., 2005). It 
is likely that VanC enterococci commonly express 
inducible vancomycin resistance. However, there is no 
report regarding the characteristics of VanC 
enterococci from Thai swine. Therefore, this study 
aimed to determine the vancomycin resistance 
characteristics of E. gallinarum and E. casseliflavus 
isolates from pigs in various age ranges and from 
different locations to reveal whether they are inducible 
or constitutive. In addition, vanSC and vanSC-2 genes 
were sequenced and deduced amino acid was 
compared with VanSC of the reference strains. 

Materials and Methods 

Bacterial strains and growth conditions: The bacterial 
strains and their minimum inhibitory concentration 
(MIC) of vancomycin are described in the Table 1. Of 
the total of 42 porcine enterococcus isolates 
(Pruksakorn et al., 2016), 23 were E. gallinarum (vanC-1; 
vancomycin MIC, 4-16 µg/ml) and 19 were E. 
casseliflavus (vanC-2; vancomycin MIC, 4-16 µg/ml). E. 
casseliflavus ATCC 25788 (vanC-2; vancomycin MIC 8 
μg/ml) has been characterized as inducible 
vancomycin resistance as described elsewhere (Dutta 
and Reynolds, 2002). Cells were grown in brain heart 
infusion (BHI) medium (Becton, Dickinson and 
Company, USA) at 37oC.    

 
Table 1 Strains of VanC enterococci and their vancomycin MICs (n = 42) 
 

Strains 

Number of isolates 
MIC of vancomycin (µg/ml) Total isolates 

4 8 16 

E. gallinarum 
(vanC-1) 

3   15 5 23 

E. casseliflavus 
(vanC-2) 

8   10 1 19 

 

Growth curve analysis: Growth curve analysis was 
performed to detect constitutive or inducible 
vancomycin resistance phenotypes. Analysis of the 
growth curves for E. gallinarum and E. casseliflavus was 
modified from the protocols previously described 

(Sahm et al., 1995; Panesso et al., 2005). A test strain of 
E. gallinarum was grown in BHI broth. After incubation 
for 18 h, 1.5 ml aliquots of the culture were inoculated 
into two flasks, each containing 30 ml of fresh BHI 
broth. When the growth of bacterial culture reached an 
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optical density at 620 nm (OD620) of 0.05, 
subinhibitory vancomycin at concentration of 2 or 4 
µg/ml (2 µg/ml for isolates with vancomycin MIC of 4 
µg/ml, and 4 µg/ml for isolates with vancomycin MIC 
of 8 µg/ml and 16 µg/ml) was added into one of the 
flasks. The other flask was used as the control. OD620 
of the supplemented and unsupplemented cultures 
was determined hourly for up to 8 h. Vancomycin (2 
µg/ml) was used to analyze the growth curves of E. 
casseliflavus. Duplicate experiments were performed 
for each isolate. To measure lag time, growth curve 
fitting of OD data was performed using the USDA 
Integrated Pathogen Modeling Program (IPMP) 2013 
(Huang, 2014). 
 
RNA extraction and reverse transcription-polymerase 
chain reaction of vanC-1 and vanC-2 genes: mRNA 
expression of vanC was studied in E. gallinarum strains 
MA061022 (vancomycin MIC of 16 µg/ml), MB151020 
(8 µg/ml) and MC131022 (4 µg/ml), and E. casseliflavus 
strains SB111012 (vancomycin MIC of 16 µg/ml), 
RA091020 (8 µg/ml) and SC161032 (4 µg/ml) using 
reverse transcription-polymerase chain reaction (RT-
PCR) analysis. Bacterial cells grown to an OD620 of 1.0 
with the absence (non-inducing) or presence 
(inducing) of vancomycin were collected for total RNA 
extraction. Total RNA was extracted with the 
RiboPure-Bacteria kit (Ambion®, Thermo Fisher 
Scientific, USA), according to the manufacturer's 
instructions. Concentration and purity of the total 
RNA were measured using a NanoDropTM 
spectrophotometer (Thermo Fisher Scientific, USA). 
 Specific primers for the RT-PCR analysis of 
vanC-1 and vanC-2 mRNA were vanC-1F, 5’-
GGTATCAAGGAAACCTC-3’; vanC-1R, 5’-CTTCCG 
CCATCATAGCT-3’; vanC-2F, 5’-CTCCTACGATTCT 
CTTG-3’; vanC-2R, 5’-CGAGCAAGACCTTTAAG-3’ 
(Dutka-Malen et al., 1995). One-step RT-PCR was 
performed using the purified total RNA (100-150 ng) as 
a template in a 50 μl  reaction containing 200 nM of 
each forward and reverse primer specific to vanC-1 or 
vanC-2, SuperScript® III RT/Platinum® Taq mix 
(InvitrogenTM, Thermo Fisher Scientific, USA) and the 
corresponding reaction buffer, according to the 
manufacturer’s instructions. To verify the absence of 
genomic DNA, PCR amplification of the vanC-1 or 
vanC-2 genes was performed by excluding the reverse 
transcription step. 16S rRNA RT-PCR was included 
and served as an internal control using a primer pair 
RB1-RB2 (Panesso et al., 2005) and RNA samples 
extracted from Enterococcus spp. grown in the absence 
and presence of vancomycin. The reaction mixtures 
were subjected to thermal cycling amplification 
according to protocols described by the manufacturer.  
 
PCR amplification of vanSC genes: Total DNA from 
Enterococcus spp. was prepared using the boiling lysis 
method (Yang et al., 2008) with modification. Briefly, 
five bacterial colonies of each isolate were taken from 
the BHI agar culture and washed with 1.0 ml of 
molecular biological-grade water. The resulting 
bacterial cell pellet was resuspended with 200 μl of TE 
buffer (10 mM Tris, 1.0 mM EDTA, pH 8.0). Then, the 
suspension was subjected to heating at 60oC for 30 min 
and boiling at 100oC for 10 min. After centrifugation at 

13,000×g for 10 min, DNA extracts were retrieved from 
collection of the supernatant and kept at -20oC until 
subsequent PCR amplification.   

PCR was conducted to obtain amplified vanSC 

and vanSC-2 gene products using total DNA from each 
strain of E. gallinarum or E. casseliflavus as the template 
and primer pairs D1-E1 (Panesso et al., 2005) and 
vanSC2F-vanSC2R, respectively. The forward, 
vanSC2F (5’-AGTGATGGCACATATCG-3’), and 
reverse primers, vanSC2R (5’-
TTAAGCGGTTGGTTCAG-3’), were designed from 
the DNA sequence of E. casseliflavus ATCC 25788 vanC-
2 cluster (Dutta and Reynolds, 2002). A 50 μl reaction 
mixture containing 1X-Phusion HF buffer (Thermo 
Fisher Scientific, USA), 200 μM of each dNTPs, 500 nM 
of each forward and reverse primer, 1 unit of Phusion 
DNA polymerase (Thermo Fisher Scientific, USA) and 
4 μl of the DNA sample was subjected to PCR 
amplification on a GeneAmp PCR System 9700 thermal 
cycler (Applied Biosystems, USA) with initial 
denaturation at 98oC for 30 s, followed by 35 cycles of 
denaturation at 98oC for 10 s, annealing at 54oC (vanSC) 
or at 56oC (vanSC-2) for 30 s, extension at 72oC for 45 s 
and final extension at 72oC for 5 min.  

 
Nucleotide sequencing and sequence analysis: 
Nucleotide sequences of vanSC and vanSC-2 were 
determined by sequencing of their PCR products. 
Briefly, vanSC and vanSC-2 were amplified from 23 E. 
gallinarum and 19 E. casseliflavus isolates, respectively. 
The 1.8 kilobase (kb) vanSC and 1.2 kb vanSC-2 PCR 
products were purified using a QIAquick® gel 
extraction kit (Qiagen, USA) according to the 
manufacturer’s instructions and DNA sequencing was 
performed on both strands at Macrogen, Seoul, Korea. 
Nucleotide sequence data were analyzed using the 
Laser Gene software package (DNASTAR®, Inc., USA). 
Sequence trimming and assembly were carried out 
using the EditSeq and SeqMan programs. Multiple 
sequence alignment was performed using the 
CLUSTAL W method (Thompson et al., 1994) in the 
MegAlign program. E. gallinarum BM 4174 resistant to 
vancomycin constitutively (Panesso et al., 2005) was 
included in the analysis. Sequences of vanSC of E. 
gallinarum BM 4174 (Arias et al., 2000) and vanSC-2 of E. 
casseliflavus ATCC 25788 (Dutta and Reynolds, 2002) 
were retrieved from the NCBI GenBank database 
(http://www.ncbi.nlm.nih.gov/genbank/). 

Results 

Growth curve analysis of VanC isolates from pigs: The 
expression of vancomycin-resistant characteristics of 
VanC isolates from pigs was determined using growth 
curve analysis. Induction growth curves by the 
presence of vancomycin were identified in all porcine 
isolates (23 E. gallinarum and 19 E. casseliflavus) (Fig. 1). 
For both E. gallinarum and E. casseliflavus, growth in the 
control cultures unsupplemented with vancomycin 
started after 2 h of lagging period. However, when they 
were in the cultures supplemented with a 
subinhibitory concentration of vancomycin, the 
normal growth was inhibited with an extended lag 
time to 5 h, resulting in distinctive growth patterns. 
Thus, the growth patterns of the porcine E. gallinarum 
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and E. casseliflavus populations were typical of 
inducible vancomycin resistance. Similarly, induction 
growth curves by the presence of vancomycin were 

identified in E. casseliflavus ATCC 25788 (data not 
shown), which normally expresses the inducible 
resistance phenotype.  

 

 
 
Figure 1 Induction growth curves of 23 porcine E. gallinarum and 19 porcine E. casseliflavus isolates. Each point represents the 

mean ± standard deviation of the optical density. E. gallinarum (A) and E. casseliflavus (B) were grown in BHI broth 
unsupplemented (-) and supplemented (+) with subinhibitory concentration of vancomycin. 

         
Analysis of the vanC gene expressed by porcine E. 
gallinarum and E. casseliflavus: Vancomycin 
resistance phenotype in E. gallinarum and E. 
casseliflavus isolates from pigs was studied at the 
transcriptional level. The expression of vanC-1 and 
vanC-2 genes by E. gallinarum strains MA061022, 
MB151020 and MC131022, and E. casseliflavus strains 
SB111012, RA091020 and SC161032 was determined by 
RT-PCR analysis. Results showed that the vanC-1-
specific RT-PCR products (822 base pairs, bp) were 
detected in RNA extracted from the E. gallinarum 
strains grown in the BHI broth supplemented with 
vancomycin (Fig. 2A, lanes 2, 5 and 8). However, no 

amplification product was observed in the 
unsupplemented cultures (Fig 2A, lanes 1, 4 and 7). To 
show that no products derived from residual genomic 
DNA contamination, the reactions without the reverse 
transcription step were also included as controls (lanes 
3, 6 and 9). In parallel, the same RNA extracts were 
reverse transcribed and amplified with 16S rRNA 
specific primers served as internal controls. Results 
showed that an expected band of 222 bp was obtained 
in the RNA sample from enterococci grown under non-
inducing and inducing conditions, but not in the 
controls without reverse transcription (Fig. 2B).  

 
Figure 2 RT-PCR analysis of vancomycin-induced vanC-1 mRNA expression. RT-PCR was performed using total RNA from E. 

gallinarum strains MA061022, MB151020 and MC131022, and primers specific to vanC-1 (A) or 16S rRNA (B) genes. Lanes 
1, 4 and 7 are cells grown in BHI broth without vancomycin; lanes 2-3, 5-6 and 8-9 are cells grown with vancomycin. Lanes 
3, 6 and 9 are controls without reverse transcription. 

 
 Analysis of the vanC-2 mRNA expression in 
the porcine E. casseliflavus revealed results similar to 
those for the E. gallinarum strains (Fig. 3). Transcription 

of the vanC-2 gene was detected from the transcript 
derived from the E. casseliflavus strains cultured under 
inducing conditions (Fig. 3A, lanes 2, 5 and 8), but not 



Tharvornvee W. et al. / Thai J Vet Med. 2016. 46(4): 627-635.              631 

 

under non-inducing conditions (lanes 1, 4 and 7). In 
addition, no products derived from genomic DNA 
were identified in any of the negative control reactions 
(lanes 3, 6 and 9). RT-PCR products specific for 16S 
rRNA were obtained under the non-inducing (Fig. 3B, 
lanes 1, 4 and 7) and inducing (lanes 2, 5 and 8) 
conditions, but not in the controls without reverse 

transcription. Thus, inducible vanC-1 and vanC-2 
mRNA expressions were demonstrated in the porcine 
E. gallinarum and E. casseliflavus isolates, respectively. 
These results confirmed that the expression of 
vancomycin resistance in the VanC isolates was 
inducible and the expression of vanC-1 and vanC-2 
genes could be regulated at transcription level.       

 
Figure 3 RT-PCR analysis of vancomycin-induced vanC-2 mRNA expression. RT-PCR was performed using total RNA from E. 

casseliflavus strains SB111012, RA091020 and SC161032, and primers specific to vanC-2 (A) or 16S rRNA (B) genes. Lanes 
1, 4 and 7 are cells grown in BHI broth without vancomycin; lanes 2-3, 5-6 and 8-9 are cells grown with vancomycin. Lanes 
3, 6 and 9 are controls without reverse transcription. 

 
Comparison of VanSC amino acid sequences from 
porcine isolates E. gallinarum and E. casseliflavus: 
The deduced amino acid sequences of VanSC and 
VanSC-2 from pig isolates were aligned with VanSC of 
constitutive E. gallinarum BM4174 and with VanSC-2 of 
inducible E. casseliflavus ATCC 25788 (Fig. 4). 
Comparison of putative VanSC and VanSC-2 protein 
sequences of the porcine isolates with the 
corresponding protein from a constitutive reference 
strain revealed conserved amino acid residues crucial 
for normal protein functions. The VanSC and VanSC-2 

amino acid sequences contained 340 and 329 residues. 
The VanSC sequences of E. gallinarum strain BM4174 
and that of porcine isolates were almost identical and 
displayed 99.4-99.7% amino acid sequence identity. 
The VanSC-2 sequences of porcine E. casseliflavus 
isolates and that of strain ATCC 25788 displayed 98.8-
99.1% amino acid sequence identity. The 329 amino 
acid residues of the VanSC-2 protein sequences of E. 
casseliflavus also exhibited a high degree of identity 
(81%) with VanSC from E. gallinarum BM4174, as 
previously reported (Dutta and Reynolds, 2002).  

Alignment of the putative VanSC and VanSC-2 
protein sequences revealed conserved glycine (Gly)-
320 and Gly-296 residues adjacent to the G2 domain in 
all inducible E. gallinarum and E. casseliflavus strains, 
respectively. These conserved residues were found in 
all inducible strains, but not in the constitutive strain, 
which had a Gly320Ser change. Several amino acid 
substitutions were found among the VanSC protein 
sequences of porcine E. gallinarum isolates including 
Ala37Ser (TYPE2: 1 isolate), Asn171Thr (TYPE3: 1 

isolate), Arg176His (TYPE4: 4 isolates) and Asn244Lys 
(TYPE5: 1 isolate). Amino acid substitutions were 
found among the VanSC-2 protein sequences obtained 
from porcine E. casseliflavus including Thr77Met 
(TYPE2: 3 isolates), Gly278Val (TYPE3: 2 isolates) and 
Ala289Val (TYPE4: 3 isolates). However, no correlation 
between the amino acid substitutions and vancomycin 
MICs was found. 

Discussion 

E. gallinarum and E. casseliflavus exhibit 
vancomycin resistance phenotype either inducibly or 
constitutively (Sahm et al., 1995; Panesso et al., 2005). 
However, the presence of two ligases in constitutively 
resistant strains is uncommon (Sahm et al., 1995). In the 
inducible VanC strains, the production of D-Ala-
terminating precursors was shown to switch to D-Ser-
terminating precursors in the presence of vancomycin 
(Billot-Klein et al., 1994; Sahm et al., 1995; Dutta and 
Reynolds, 2002; Panesso et al., 2005), while in the 
constitutive strains, D-Ser-terminating precursors 
were always detected in conditions with or without 
vancomycin (Reynolds et al., 1994; Sahm et al., 1995; 
Panesso et al., 2005). Therefore, in the inducible VanC 
strains, vancomycin resistance is modulated in 
response to vancomycin. An intriguing question is 
whether or not inducible or constitutive VanC-type 
resistance is a natural phenotype. Although the 
inducible VanC seems to be the wild type, one or more 
pieces of epidemiological evidence are required to 
support this hypothesis.  
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In this study, the occurrence of inducible or 
constitutive vancomycin resistance in a VanC 
population was examined. The results of the growth 
curve analysis and the RT-PCR results of porcine E. 
gallinarum and E. casseliflavus isolates indicated that the 
expression of the intrinsic vancomycin resistance 
phenotype by enterococci might be naturally 
inducible. Since the constitutive VRE strains were 
commonly obtained from clinical settings and in vitro 
selection on glycopeptides (Dutka-Malen et al., 1992; 
Rosato et al., 1995; Baptista et al., 1997; Depardieu et al., 
2003; Panesso et al., 2005), they might have been 

regularly under selective pressure (Depardieu et al., 
2003). Glycopeptides are prohibited in farm animals in 
Thailand. Thus, the absence of constitutive VRE found 
in this study may be in part due to the discontinued use 
of glycopeptides. In a report by Sahm et al. (1995), 
approximately half of the 26 E. gallinarum and 10 of the 
11 E. casseliflavus isolates inducibly expressed 
vancomycin resistance. It is difficult to compare their 
detection rate with this study since details of the above 
bacterial strains were not disclosed. However, the high 
incidence of the inducible vancomycin resistance in E. 
casseliflavus is consistent with the current findings.  

 

 
 
Figure 4 Deduced amino acid alignment of VanSc sequences. VanSc amino acid sequences of porcine E. gallinarum and E. 

casseliflavus from this study, E. casseliflavus ATCC 25788 and E. gallinarum BM4174, were aligned using MegAlign 
(DNASTAR®). The dots represent amino acids similar to the consensus. Numbers of isolates are in the parenthesis and H, 
N, G1, F, and G2 above the alignment indicate the conserved motifs (Arias et al., 2000). The conserved Gly-320 and Gly-
296 residues found in the inducible E. gallinarum and E. casseliflavus, respectively, are in the open box. 

 
Inducible expression, which is under 

regulation, is a common characteristic of acquired 
vancomycin resistance in enterococci (Courvalin, 
2006). Our study also indicated that the regulation of 

gene expression was also common in intrinsic 
vancomycin resistance, apparently in both the VanC-1 
and VanC-2 phenotypes. Although the expression of 
vancomycin resistance confers a high fitness cost to 
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enterococci, as demonstrated in the model of VanB 
strains, the tight regulation of gene expression 
dramatically reduces the biological cost associated 
with vancomycin resistance, resulting in widespread 
dissemination of the inducible vancomycin resistance 
phenotype (Foucault et al., 2010). Whether or not the 
wide spread of the inducible VanC phenotype in the 
current study is associated with the regulation of the 
van gene expression remains to be elucidated.   

 Growth curve analysis is a method used to 
determine constitutive or inducible expression of 
vancomycin resistance in enterococci (Sahm et al., 1995; 
Rosato et al., 1995; Panesso et al., 2005). In this study, 
the results obtained by growth curve and RT-PCR 
experiments correlated. Expression of the vanC-1 gene 
cluster was found to be cotranscribed from a single 
promoter and controlled at a transcriptional level 
(Panesso et al., 2005). RT-PCR analysis was, therefore, 
used to confirm the expression type of VanC isolates 
primarily identified by growth curve analysis in which 
the detected vanC-1 or vanC-2 mRNAs represented the 
expression of genes in the operon. In addition, the RT-
PCR analysis showing only vanC-1 mRNA expression 
in the presence of vancomycin is consistent with 
previous findings (Panesso et al., 2005). Since the vanC-
2 gene cluster of E. casseliflavus is organized in the same 
manner as the vanC-1 cluster of E. gallinarum (Dutta 
and Reynolds, 2002), expression of the vanC-2 cluster 
could be controlled at the transcriptional level and 
result in a single transcript similar to the vanC-1 cluster 
(Panesso et al., 2005). In the current study, the RT-PCR 
results of vanC-2 isolates indicate that the regulation of 
gene expression at transcriptional level also occurs 
with the vanC-2 gene cluster.     

The prototype VanS/VanR found in VanA 
enterococci is a two-component regulatory system 
(Arthur et al., 1992). N-terminus of VanS contains a 
sensor domain with two transmembrane domains 
while C-terminus contains a cytoplasmic kinase 
domain with the characteristically conserved H, N, G1, 
F and G2 motifs (Dutta et al., 1999). In response to the 
presence of a glycopeptide, VanS and VanSB undergo 
autophosphorylation, in which the phosphate group is 
then transferred to VanR and VanRB (Arthur et al., 
1992; Wright et al., 1993). The phosphorylated VanR 
then activates transcription of the vancomycin 
resistance genes. The VanS and VanSB also have a 
phosphatase activity which is presumably required for 
the negative regulation in the absence of glycopeptides 
(Depardieu et al., 2007). An 18 bp deletion mutation on 
VanSB that overlaps the G2 motif causes loss of 
phosphatase activity (Depardieu et al., 2003). VanSC 
and VanSC-2 could function similar to VanS (Arias et al., 
2000; Dutta and Reynolds, 2002). A Gly320Ser change 
of VanSC was associated with the constitutive 
vancomycin resistance of E. gallinarum isolates 
(Panesso et al., 2005). Our study found that there was 
no change in the Gly-320 residue in the inducible Van 
resistant protein of E. gallinarum, which is consistent 
with the previous findings. Our study of E. casseliflavus 
also supports the important role of VanSC-2 in the 
inducible expression of the intrinsic vancomycin 
resistance.  

The results of this study revealed that the 
vancomycin resistance phenotype of porcine E. 

gallinarum and E. casseliflavus was commonly 
inducible. Furthermore, the study of VanSc protein 
sequences suggested that the inducible expression was 
associated with the conserved Gly residues adjacent to 
the G2 domain. 
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บทคัดย่อ 

 

ลักษณะการดื้อยาแวนโคมัยซินแบบเหนี่ยวน าได้พบบ่อย 

ในเชื้อ Enterococcus gallinarum และ E. casseliflavus จากสุกร 

 

วนิดา ถาวรวีย์1,2  จันทิมา พฤกษากร1,2*  พรทิพภา เล็กเจริญสุข1,2 
  

แบคทีเรีย Enterococcus gallinarum และ E. casseliflavus มีการดื้อยาแวนโคมัยซินตามธรรมชาติ ซ่ึงเกิดจากการแสดงออก
ของกลุ่มยีน vanC-1 และ vanC-2 ตามล าดับ ลักษณะการดื้อยาแบบ VanC น้ีมีการแสดงออกท้ังแบบเหน่ียวน าได้หรือแบบตลอดเวลา 
การศึกษาน้ีจ าแนกรูปแบบการแสดงออกของลักษณะการดื้อยาแวนโคมัยซินในเชื้อ E. gallinarum ท่ีแยกได้จากสุกรจ านวน 23 เชื้อ และเชื้อ 
E. casseliflavus จากสุกรจ านวน 19 เชื้อ ซ่ึงมีค่าความเข้มข้นต่ าสุดของยาแวนโคมัยซินท่ีสามารถยับยั้งการเจริญเติบโตของแบคทีเรียได้ 
ตั้งแต่ 4 ถึง 16 ไมโครกรัมต่อมิลลิลิตร ท าการหาล าดับนิวคลีโอไทด์และล าดับกรดอะมิโนท่ีท านายได้ของยีน vanSC และ vanSC-2  และ
เปรียบเทียบกับของสายพันธุ์มาตรฐานท่ีมีการดื้อยาแบบเหน่ียวน าได้และแบบตลอดเวลา การวิเคราะห์กราฟการเจริญเติบโตของเชื้อพบว่า 
ลักษณะการดื้อยาในทุกตัวอย่างเชื้อเป็นแบบเหน่ียวน าได้ด้วยยาแวนโคมัยซิน ในสภาวะท่ีมียาแวนโคมัยซินระยะพักของเชื้อแบคทีเรียสาย
พันธุ์เหล่าน้ียาวนานขึ้น 3 ชั่วโมงเปรียบเทียบกับเมื่อถูกเพาะเลี้ยงในอาหารเลี้ยงเชื้อท่ีไม่มียา การวิเคราะห์การแสดงออกของยีนในระดับ 
transcription ด้วยปฏิกิริยาลูกโซ่พอลิเมอเรสแบบย้อนกลับพบว่ายีน vanC-1 และ vanC-2 มีการแสดงออกโดยเชื้อ E. gallinarum และ E. 
casseliflavus ตามล าดับ เมื่อเชื้อโตในสภาวะที่มียาแวนโคมัยซิน ดังน้ัน การแสดงออกของ mRNA ของ vanC-1 และ vanC-2 เป็นแบบ
เหน่ียวน าได้ จากการเปรียบเทียบล าดับของโปรตีน VanSC และ VanSC-2 ของสายพันธุ์แบบเหน่ียวน าได้และแบบตลอดเวลา พบไกลซีน
ต าแหน่งท่ี 320 และ 296 จ าเพาะในสายพันธุ์แบบเหน่ียวน าได้ของเชื้อ E. gallinarum และ E. casseliflavus ตามล าดับ ผลการศึกษาน้ี
ชี้แนะว่า VanC enterococci จากสุกรในประเทศไทยอาจมีการแสดงลักษณะการดื้อยาแวนโคมัยซินเป็นแบบเหน่ียวน าได้ตามปกติ และ
ลักษณะการดื้อยาแวนโคมัยซินแบบเหน่ียวน าได้น้ีสัมพันธ์กับไกลซีนต าแหน่งที่จ าเพาะของโปรตีน VanSC 
 
ค าส าคัญ: เอนเทอโรคอคคัส การดื้อยาแวนโคมัยซินแบบเหน่ียวน าได้ ยีน vanC-1 ยีน vanC-2 
1ภาควิชาจุลชีววิทยาและวิทยาภูมิคุ้มกัน คณะสัตวแพทยศาสตร์ มหาวิทยาลัยเกษตรศาสตร์ แขวงลาดยาว เขตจตุจักร กรุงเทพฯ 10900 
2ศูนย์วิทยาการขั้นสูงเพื่อเกษตรและอาหาร มหาวิทยาลัยเกษตรศาสตร์ แขวงลาดยาว เขตจตุจักร กรุงเทพฯ 10900  
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