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Development and Evaluation of a Real-Time PCR System for
Enterococcus spp Detection in Food Samples

WU Cherlu', SHI Churlei ', ZHOU Min', YANG Jielin’, SHI Xias ming'
(1. School of Agriculture and Biology, Shanghai Jiao Tong U niversity, Shanghai 200240, China; 2. Shanghai En-

try and Exit Inspection and Quarantine Bureau, Shanghai 200135, China)

Abstract: T he aim of the study was to explore new detective targets for Enierococcus spp. , with
better performance in specificity and sensitivity, and subsequently to develop a realtime PCR
method which could be effectively applied to rapid quantitative detection of enterococci. Genomic
comparative analysis among Enterococcus and non- Enter coccus strains was conducted to screen the
specific targets for enterococci, and 42 target fragments were selected for the design of 50 primer
pairs. T heir specificity and sensitivity were then evaluated by regular PCR and realtime PCR,
respectively. Finally, the method was effectively evaluated while it was used in the detection of
food samples. Analysis results showed that primer EF1902 was confirmed as the best primer due
to its high specificity and sensitivity in realtime PCR tests. The results showed a specific

amplification from 44 Enterococcus strains, whereas no amplification from 23 nor E nterococcus
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strains. A detection limit of 13 78 copies/ PCR for purified genomic DNA and 38 4 cfu/PCR for
bacterial cultures could be achieved after PCR parameter optimization. Artificial contamination
assays showed that Enterococcus could be detected by reattime PCR after 6 h enrichment, with
an initial spike of 2 63 cfu/mL bacterium in milk samples. The realtime PCR method developed
in this study was also applied to detect various food samples, and the positive rate of detection
was 57. 69% .

which demonstrates its potential for practical application. In conclusion, the realtime PCR

The accuracy was 94 23% compared with the conventional standard method,

system developed in this study was suitable for the rapid detection of Enterococcus spp in foods
for its advantages in specificity, sensitivity, rapidness and accuracy.
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Tab. 1 Bacterial strains used in the test of PCR specificity
PCR .
EF1902 EF0500 23S rRNAI®
E nterococcus f aecalis Laboratory strain 20 + + +
Enterococcus f aecium Laboratory strain 20 + + +
E nterococcus f aecalis ASI. 130 1 + + +
Enterococcus f aectum ATCC27270 1 + + +
E nterococcus f aecalis ATCC49452 1 + + +
Enterococcus avium ATCC14025 1 + + +
Salmonella typhimurium ATCC14028 1 - -0 +
Salmonella enterini dis ATCC13076 1 - -b -
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EF1902 EF0500 233 RNA!™
Salmonellap aratphi A ATCC 9159 1 - . +
Salmonella inf antis ATCC51741 1 - _b +
Listeria monocytogenes AT CC5002 1 - _ _
Shigella dysenteriae CMCC51333 1 - - —
Shigellaf lex neri CDC 51311 1 - _ _
Stap hylococcus aureaus AT CCO114 1 - - _
Eschericha coli O157: H7 ATCC43889 1 - - —
Escherichia coli ATCC21148 1 - - _
Enterobacter sakaz akii ATCC50205 1 - - _
Proteus mirabilis ATCC12453 1 - - +
Proteusvulgaris ATCC33420 1 - - _
Enterobacter cloacae ATCCI13047 1 - - -
Bacillus subtilis AT CC6633 1 - - —
Kocuria rhizop hila AT CC9341 1 - - _
Serratia liquef aciens ATCC27592 1 - - -
K lebsiella pneumoniae ATCC27336 1 - - —
Citrobacter f reund it AT CC8090 1 - - _
Pseudomonas aeruginosa CDC B32116 1 - - +
Vibrio cholerae ATCC25871 1 - - _
Vibrio fluvialis ATCC33810 1 - - _
Vibrio vulnificus ATCC27562 1 - - —
a PCR “y PCR o b
PCR
112 ZXAEME Taq DNA 10 x DNA DNA 100
PCR Buffer MgCl: Fermentas ; ) 260 nm 280
Premix Ex Taq'" MiniBEST Bacterial Genomic nm , -20C
DNA Extraction Kit: 1.3
; EvaGreen Biotium NCBI Enterococcus f ae-
PCR AG22331: Eppendof ; calis V583 ,
DU 800: Beckman Coul L3l
ter; RAD300: Amersham Biosciences;
T anon GIS-2020: , (coding sequence,
; MJ PCR  PTG200: CDS) , BLAST
Bie-Rad
1.2 DNA (E value> 1. 0)
MiniBEST Bacterial Genomic DNA Ex 200 bp , NCBI

traction Kit

BLASTN ,
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s Primer 2 UL PCR
Premier 5 1.8
ATCC49452 37°C 6
1.4 PCR h , 10
, PCR 10° 10° 107 ,
1 , 15 25
mL 225 mL ( 3
20 M. PCR 10 x PCR Buffer 2 \ ). 3
UL, 25 mmol/L.  MgCl1 5 VL, 2. 5 mmol/L 1 mL 10° 10° 10" ,
dNTP 1 HL, 10 Hmol/L 1 1L, 3 , 1 mL ,
2HL,1U /UL  Taq DNA 1 UL PCR 37 °C 180 r/ min 0360912
94 C 4 min, 35 , h 1 mL, DNA
94 C 30,58 C 30 s, DNA, EF1902
72 C 30 s, 72 C 10 min PCR
15 g/dL ., EB , 1.9
1.5 PCR 52 , 25
PCR mL(25 g), 225 mL
PCR 1 .
, , 12h, 37 'C 180 r/min 12h
23S rRNA 1mL DNA
PCR 25 ML, DNA, PCR ,
Premix Ex TaqT\1
PCR :95 C 1
min, 40 , 95 C PCR
30 s,60 C 205,72 C 30s, 77 C 10 .
2 s, 65 C 25 mL(25¢g), 225 mL
95 C, 1C 2, ) , 37 C 180 r/min
12 h 10° 10* 107
16 PCR ) 3
25 UL, , 0.5 1.0 1 mL, Genomic DNA Extraction Kit
12515 20UL PCR DNA, 2HL PCR
01020304 ; 3 PCR a
05 06 Hmol/L PCR .
17 .
1.7.1 XH A DNA R&EIFEH (cfu/mL), t
ATCC 49452 DNA . P >005, PCR
10 ,
2 PR 2 R B
1.7.2 #3554 RECE D
ATCC 49452 ., 37 21 PCR
C 180 r/ min 6~8h i
10 , 10° 10° 107 3 171 , E
, CDS BLAST , 42
1 mL. DNA DNA, ) 50
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: PCR 150 0% Oiofymolt
0.3 umol/L
:EF0500 EF1902, 2 Lask 2 1 mol/L
DNA 279 bp oW gk
183 bp N N § 0.75}F 0.1 1 mol/L
’ DNA 0.50F
NCBI BLASTx oasl
> ol T negative control
(Conjugal transfer protein) 5 10 15 20 25 30 35 40
. . By
(Glyoxylase family protein) (b)
2 1 PCR
Tab.2  Sequences of the primer pairs Fig.1 Optimization of realtime PCR system for En-
(5 ~3 ) terococc
EF0500 CGTGCGAACATGACCGAT AT 279 24
CGAAACGGCCATTAACCAAC 241 AR DNA AR XHL
EF1902 ACTGGTGTCTATGGGTTTGC 183 DNA 48 62 fg/
ATCCACGTCTTT AAT GATTGC PCR PCR )
4 86 fg/ PCR , 2
22 P(R EF1902 48 62 fgf
PCR PCR, (16l 1378  /PCR
s s EF0500 EF1902
’ ’ 104. 70% , DNA Ct
1 , ( R>= 0 9986)
a 35 40, 1.25
EF1902 PCR 100
’ o
, 82~ 83 C 2 0.73
i
, 0.50)
23 PCR 025
Q 5~ 2 0 1L Q1~
0 6 Hmol/ L , 0 5 10 15 20 25 30 35 40
, 1 UL, 0.2 (CELR
Hmol/L |« (a)
, 1 : PCR Ao
Premix Ex Taq ' 12. 5 UL, 10 .
Umol/ L. Q5 UL, 1 UL, DNA 2 1L,
25 HL Eaud
2.25 v201 y=-3.214 3x+42.807
5 00 R*=0.998 6
1.75 10
i 1.50
K12 . . . |
w2 0
1.00 0 2 4 6 8
0.75 gl - K
0.50 (b)
0.25 2 DNA
0

Fig.2 Amplification curve and standard curve of sensi-

tivity test for purified genomic DNA
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, 6~ 8 h 3. 84 x 10 , , (
ofu/ PCR , 38 4 cfu/ PCR 100 ), 3
,PCR ; EF1902 PCR 6 h
3 84 cfu/PCR 2. 63 cfu/ mL
, 3 , EF1902 3
38. 4 cfu/PCR Tab.3 Detection of enterococci from artificially contamina-
R*= 0 9991, : o ted milk
/  PCR ¢
0.150 v (cfu/mL) : x X5 (n=3) /( efu/ mL)
0.125 0 0/6 ) B
0. 26 0/3 - -
a 0.100 2. 63 3/3 34.67%0. 15 4.2% 108
§ 0.075 26.30 3/3 32.14%0. 21 2.6% 10*
0.050 2.6
0.025 32
0 5
PCR 4 30 , 22
401 , 57. 69%
, 2 , 1
301 , 94 23%
o »y=-3.401 0x+41.839 ! .
< 20 R =0.999 | Tab.4 Detective results of food samples
10F ! PCR*
9/ 20 11/20 2 0
0, I 2 3 4 5 6 15/19 15/19 0 0
B T B 5/8 4/8 0 1
(b) 0/5 0/5 0 0
3 29/52 30/52 2 1
Fig.3 Amplification curve and standard curve of sensi- * /
tivity test for enterococd cultures 27 PCR
25 (3 ) (7
, ) PCR
, : (
0 26 cfu/mL 12 h 3)
2 63 cfu/mL ) t 9
26 30 cfu/mL , 6h PCR
PCR , 3 (P >0 0y, 5
5 PCR
Tab.5 Evaluation of quantization accuracy of real time PCR
PCR T
G
1 2 3 xEs (cfu/ mL) x Es (efu/mL) i

1 2176 22 29 22 o4 1 79£0. 45 E+ 07 1 80£0 04 E+ 07 0. 979
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5
PCR T
¢
1 2 3 x5 (du/ml) x5 (cfu/mL) P
2 23 32 22 66 22 92 . 07£0. 19 E+ 07 57+0 81 E+ 06 0. 320
3 22 39 21 74 22 4 . 8310. 42 E+ 07 . 54%0 13 E+ 07 0. 466
1 23 80 23 63 23 51 7 89£0. 64 E+ 06 20+0 21 E+ 06 0 009"
2 2578 25 63 25 %4 . 8210, 16 E+ 06 . 15£0 16 E+ 06 0. 055
3 27 83 27 97 27 40 80 0. 83 E+ 05 13+0 82 E+ 05 0. 799
4 29 26 29 11 28 99 . 83£0. 14 E+ 05 33%0 13 E+ 05 0. 078
5 26 23 25 78 26 64 . 3810. 33 E+ 06 . 64£0 05 E+ 06 0. 362
6 30 33 28 74 29 25 . 61£0. 64 E+ 05 70+0 30 E+ 05 0. 065
7 26 47 27 29 27 02 48+2 06 E+ 05 70+0 78 E+ 05 0. 295
' PCR
24 2
3 it " e
PCR 16S ’
'RNA 23S rRNA GenBank 60 :
BLAST , )
i PCR ct
PCR ,
, PCR , PCR
PCR 1
1378 /PCR, 238 rRNA 48~ 721"
PCR (14l PCR
EvaGreen PCR 2 63 cfu/mL 6 h
, DNA , >
, PCR
Taq PCR )
, T aKaRa Premix Ex TaqTM 94 23%,
Invitrogen Platinum TaqDNA 2
, Premix Ex TaqTM s
, , PCR ,
Premix Ex DNA PCR
Taq"" EvaGreen PCR Ll
Mg% )
PCR ( Viable nor-culturable state, VBNC
Premix Ex TaqTM Tag state) ",



786 £ % 5 42 H H K F K %30 %

, PCR VBNC ,
, DNA
(2o , PCR
, PCR (22
1
4 4 &
PCR , )
[21]
. DNA
DNA ; PCR PCR 1
. EF1902
PCR PCR
.10 1 2
PCR , , PCR
, 6h .
PCR , ’
, PCR,

(References):

[ 1] Sood S, Malhotra M, Das B K, et al. Enterococcal infections & antimicrobial resistance[ J]. Indian Journal of Medical
Research, 2008, 128(2): 111- 121.

[ 2] Khan S A, Nawaz M S, Khan A A, etal. Molecular characterization of multidrug-resistant Enterococcus spp. from pout
try and dairy farms: detection of virulence and vancomycin resistance gene markers by PCR[J]. Molecular and Cellular
Probes, 2005, 19(1): 27- 34.

[ 3] Morandi S, Brasca M, Andrighetto C. Technological and molecular characterisation of enterococci isolated from north
west ltalian dairy products[J]. International Dairy Journal, 2006, 16(8): 867- 875.

[ 4] Gomes B C, Esteves CT, Palazzo I C V, et al. Prevalence and characterization of E nterococcus spp. isolated from Brazit-
ian foods| J] . Food Microbiology, 2008, 25(5): 668— 675.

[ 5] AYAhmad A, Maier J, Follo M, et al. Food-borne enterococci integrate in to oral biofilm: an in vivo study[J]. Journal of
Endodontics, 2010, 36( 11): 1812.

[ 6] , s .- [J]. , 2006, 12(4): 498.

LI Xiae-ning, L1 Hong ming, LI Bing, et al. A food poisoning accident caused by Enterococcusf aecalis| J]. Preventive
Medicine Tribune, 2006, 12(4): 498. (in Chinese)

[7] . , . [J]. , 2008, 26(2): 212
DAN Werqing, DAI Zhifang, HE Yan, et al. A food poisoning accident caused by Enterococcus f aecalis| J|. Exper-
mental and Laboratory Medicine, 2008, 26( 2): 212. (in Chinese)

[ 8] Woodford N, Livermore D M. Infections caused by Gram-positive bacteria: a review of the global challenge[ J]. Joumal
of Infection, 2009, 59: 4- 16.

[ 9] Templer S P, Rohner P, Baumgartner A. Relation of E nterococcus f aecalis and Enterococcus f aecium isolates from foods
and clinical specimens| J]. Journal of Food Protection, 2008, 71(10): 2100- 2104.

[ 10] Valenzuela AS, Omar N, Abriouel H, et al. Virulence factors, antibiotic resistance, and bacteriocins in Enterococci from
artisan foods of animal origin[ J]. Food Control, 2009, 20(4): 381- 385.

[ 11] Kariyama R, Mitsuhata R, Chow ] W, et al. Simple and reliable multiplex PCR assay for surveillance isolates of vance-
my cir resistant enterococci| J| . Joumal of (linical Microbiology, 2000, 38:,3092- 3095.



%5 2 RHE. RR MM IRE R K T2 PCR N 7k 092 = Higih 787

[ 12] Frahm E, Obst U. Application of the fluorogenic probe technique (TagMan PCR) to the detection of Enterococcus spp.
and Escherichia coli in water samples| J] . Journal of Microbiological Methods, 2003, 52( 1): 123- 131.

[ 13] Werner G, Strornmenger B, Klare I, et al. Molecular detection of linezolid resistance in Enterococcusf aecium and E n-
terococcus f aecalis by use of 5 nuclease realtime PCR compared to a modified classical approach[J]. Joumal of Clinical
Microbiol, 2004, 42(11): 5327- 5331.

[ 14] s , , . SYBR Green I PCR [J].
2007, 19(6): 499- 501.

REN Yue, YUAN Jie-li, LU Xingan, et al. Construction and primary application of SYBR Green I realtime quantifica
tion PCR for Enterococcus|J]. Chinese Journal of Microecology, 2007, 19(6): 499— 501. (in Chinese)

[15] Yu S J, Chen W Y, Wang D P, etal. Species-specific PCR detection of the foodborne pathogen Vibrio p arahaemolyticus
using the irgB gene identified by comparative genomic analysis[]J]. FEMS Microbiol Letters, 2010, 307(1): 65- 71.

[ 16] M alorny B, Hoorfar J], Bunge C, et al. Multicenter validation of the analytical accuracy of Salmonella PCR: towards an
international standard[]J]. Applied and Environmental Microbiology, 2003, 69( 1) : 290- 296.

[ 17] Santo Domingo J W, Siefring S C, Haugland R A. Realtime PCR method to detect Enterococcusf aecalis in water| J] .
Biotechnology Letters, 2003, 25: 261- 265.

[ 18] , , s PCR [n. , 2009, 28
(4): 433- 437.

ZHAO Wen-jing, LI Yan, GAO Peng-fei, et al. Application of reattime fluorescent quantitative PCR in quantit ative de-
tection of lactic acid bacterial J] . Journal of Food Science and Biotechnology, 2009, 28(4): 433- 437. (in Chinese)

[ 19] Lleo MM, Bonato B, Tafi MC, et al. Molecular vs culture methods for the detection of bacterial faecal indicators in
groundwat er for human use[ J| . Letters in Applied Microbiology, 2005, 40(4): 289- 294.

[20] , , . [J]. , 2008, 35(5): 798- 802.

SHUN Xiae-yuan, LI Ying, QIAN A+dong. Advance in technique on the development of uncultured microorganism| J] .
Acta Microbiologica Sinica. 2008, 35(5): 798- 802. (in Chinese)

[21] . , , . PCR [J]. , 2010, 50(3): 387- 394.
HE Xiae-hua, YU Shutjing, CHEN Wangyi, et al. Detection of Vibrio parahaemolyticus by PCR method with internal
amplification control[J]. Acta Microbiologica Sinica, 2010, 50(3): 387- 394. (in Chinese)

[22] , s .- PCR [J]. , 2010, 22(10): 128- 129.
LIAN Hongxia, GAO Tengyun, FU Tong, e al. Research advance in method of real time fluorescent quantitative poly
merase chain reaction| J] . Acta Agriculturae Jiangxi, 2010, 22(10): 128- 129. (in Chinese)



