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Application of Multiplex PCR to detect Vancomycin Resistant
Enterococcus (VRE) in Environmental Water in Korea
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Vancomycin-Resistant Enterococci (VRE) can be very dangerous to human health particularly because van-
comycin resistance genes can be transferred to other gram-positive bacteria. Multiplex Polymerase Chain Reac-
tion(Multiplex PCR) has been reported as an effective method to detect VRE in clinical samples. Although
researches on VRE in environmental water have been reported, they are not enough to characterize VRE pol-
|ution because each of them has collected limited number of samples. In this study, we analyzed 27 water sam-
ples collected from Korean rivers and lakes and performed Multiplex PCR to detect VRE in the water samples.
From this result, it was found that multiplex PCR could be a useful method to detect VRE in environmental

water.
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Table 1. Reference strains of vancomycin resistant or sensitive enterococci used in this study.

Strain No. Strain Name Remarks (Strain/DNA)
Antibiotic-sensitive control KCTC 3206 E. faecalis Strain
Van A CCARM 5024 E. faceium genomic DNA
Van B CCARM 5025 E. faecalis genomic DNA
Van C-1 CCARM 5026 E. gallinarum genomic DNA
Van C-2 KCTC 3638 E. casseliflavus Strain
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Table 2. Oligonucleotide primers used in Multiplex PCR for detection of VRE

PCR product

Oligonucleotide

Target gene

size(bps) Pair Sequence(5' to 3"
vanA 460 AF AAAAAGGCTCTGAAAACGCA
AR AGCCAGTTCTTTTGCCTTCA
vanB 219 BF GAATTGTCTGGTATCCCC
BR GTTTACTTTGGTTACGCC
vanC-1 270 C1F ACTAACAATAGCTTCCCC
C1R ACTTCATATTTCAGCGGG
vanC-2 388 C2F CCTTTACTTATTGTTCCGC
C2R TCTTGATAGGATAAGCCG
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Fig. 1. The reaction condition of Multiplex PCR.
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Table 3. Examined water samples from Korean river system

Han river Nak dong rirer Kum/Sumjin river
SJ-1 YS cl2 sl
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CJ1 SC BA JiaaTiosl
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SH BS $5-1 :
HJ $S-2 :
1S CA 3 :
DS - AS : " Nekdng viver
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Fig. 2. Detection rate of Enterococcus spp. in Korean
water samples from 2005 to 2008 by membrane

filtration method.
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Fig. 4. Detection rate of Enterococcus spp. in Korean
water samples during the third quarter of 2008 by
membrane filtration.
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Fig. 3. Detection of Enterococcus spp. in Korean water samples during the third quarter of 2008 by membrane filtration.
(a) Raw water samples; some Enterococcal colonies were detected. (b) Treated water sample; no colonies were

detected.
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Fig. 5. Agarose gel electrophoresis of amplicons generated by Multiplex PCR with reference strains. Lane 1, moleculai
Lane 2, E. faecalis KCTC 3206(vancomycin sensitive negative control). Lane 3, E. faceium CCARM 5024(vanA). L
CCARM 5025(vanB). Lane 5, E. gallinarum CCARM 5026(vanC-1). Lane 6, E. casseliflavus KCTC 3638(wanC-

mixture of vanA, vanB, vanC-1, vanC-2.
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Table 4. Detection situation of Enterococcus spp. and VRE in Han, Nakdong and Kum/sumjin rivers

Number of examined

Water system
water samples

Number of Enterococcus spp.
detected samples (%: Enterococcus
spp. detected/examined)

Number of VRE detected samples
(%: VRE detected/examined,
VRE/Enterococcus spp

Han river 10
Nakdong river 6
Kum/Sumjin river 11

9 (90%) 8(80%, 89%)
2 (33%) 0( 0%, 0%)
7 (64%) 4(37%, 57%)
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Fig. 6. Agarose gel electrophoresis of amplicons generated by Multiplex PCR with Enferococcus genomic DNA detected
in Han river. (a) Lane 1: molecular weight marker. Lane 2: E. faecalis KCTC 3206(vancomycin sensitive negative
control). Lane 3: DNA mixture of vanA, vanB, vanC-1, vanC-2. Lane 4~6, Lane 7~10, Lane 11~14, Lane 15~17:
Enterococcus spp. from site SJ, WB, SN, DS respectively. (b) Lane 1~3: same with (a), Lane 4~8, Lane 9~10,
Lane 11~12, Lane 13~15, Lane 16~17: Enterococcus spp. from site CJ, BW, SH, HJ, IS respectively.
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Fig. 7. Agarose gel electrophoresis of amplicons generated by Multiplex PCR with Enferococcus genomic DNA detected
in Kum/Sumjin river. (a) Lane 1: molecular weight marker. Lane 2: E. faecalis KCTC 3206(vancomycin sensitive
negative control). Lane 3: DNA mixture of vanA, vanB, vanC-1, vanC-2. Lane 4, Lane 5~6, Lane 7, Lane 8, Lane
9~10, Lane 11~16: Enterococcus spp. from site CJ, GS, DH, BA, HS, SS-1 respectively. (b) Lane 1~3: same with
(a), Lane 4~5: Enterococcus spp. from site SS-2.
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Fig. 8 Agarose gel electrophoresis of amplicons
generated by Multiplex PCR with Enterococcus
genomic DNA detected in Nakdong river. Lane 1,
molecular weight marker. Lane 2, E. faecalis
KCTC 3206(negative control). Lane3, DNA
mixture of vanA, vanB, vanC-1, vanC-2. Lane
4~5, Lane 6~8: Enterococcus spp. from site YS,
GM respectively and there was't any band in
Nakdong river samples.
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Fig. 9. Enterococcal colony's phenotype detected in Korean river is represented white, beige, yellow color. All of the
colonies appeared enterococcal physiological character on the BHI agar.
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