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Establishment of Fluorescence Quantitative PCR Assay
in Detection of Shigella Based on Internal Reference

WANG Jianchang, WANG Jinfeng, LI Jing, SUN Xiaoxia, CHEN Ruichun
(The Technical Center of Hebei Entry-Exit Inspection and Quarantine Bureau , Shijiazhuang 050051 , China )

Abstract: According to Shigella gene sequences published by Genbank ,we selected specific target
genes, designed specific primers and probes and optimized the reaction system. An internal
amplification control (IAC) was added to reaction system. This IAC was detected by TagMan probes
labeled with different fluorophore. 5~50 CFU/25 g artificially contaminated sample was added to
evaluate the performance of reaction system. The assay was could be used reliably for detection of
Shigella with a sensitivity of 1pg/ulL. For the 10 -fold dilutions bacteria DNA extracted by cooking
water ,the lowest detection limit was 9 % 10° cfu/mL. But for the plasmid with ipaH,the lowest
detection limit can reach 10° copies /uL. The standard curve of ipaH and ipaH-IAC was established,
and the quantification was linear between Ct and template copy number (R*=0.999). While the initial

sample amount of artificially contaminated bacteria was 10 CFU/25 g mutton,the Shigella could be
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detected after 6 hours culture. The ipaH-IAC fluorescence quantitative PCR assay was developed. It

could not only be applied for detection of Shigella in food,but also monitor the PCR reaction system

and prevent the false negatives. Therefore, the ipaH-IAC fluorescence quantitative PCR assay further

ensures the reliability of the results and is conducive to the realization of standardized quantitative

PCR method for Shigella in samples.

Keywords: Shigella,ipaH ,Real Time PCR,IAC
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FOGEH 7 vk B R S BRI, B 75
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S A AR ILER 1,
1.2 FERFNLIE
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A - AE TR R 2 W) 77 s R ZH DNA 4 B
%5 :2xTaq PCR Master Mix, K A4 fbFHH 2\ 7] 77
fi 3 Premix Ex Taq,pMD ® 19 -T Simple Vector:
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7 i s PCR A TECHNE 23 /] 7 i 5 52 2¢O % it
PCR 1% : ABI 24 ®] 7™ it
1.3 S|¥MRE R

i 2 A R AH 5C SCHK[9, 13], HE £F ipaH 1E N &
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RESEA RCH ART'CLE Assay in Detection of Shigella Based on Internal
Reference

x1 KEATAEK
Table 1 Strains in this study

5 ; VNS5 IR P 4
A 4 B i 8

5 [C B [C T Shigella flexneri CICC21678 = +

RN KGR ICE Shigella sonnei CICC21679 - +

R BB G Shigella flexneri CMCCS51105 - +

i [ AR B TG CICC21680 - +

BV LKA Vibrio parahaemolyticus CICC21617 - -
0157:H7 Escherichia coli O157:H7 CICC21530 - -
PANZ AN i 4 AE 2R B RE [CBRT Listeria monocytogenes ATCC19114 - -
B FEYD TR Salmonell CICC22956 - -
i 7 #F 18 Enterobacter sakazakii ATCC29544 - -

2 W2 M FF I Campylobacter jejuni ATCC33291 - -

B KR Vibrio parahaemolyticus CICC21617 - -
WL 2 FCAT B Mannheimia haemolytwa S % Sy R = =
oA ZEAHT IR Bacillus licheniformis SISy - -
L MFF IR Pseudomonas aeruginosa B - -

M B FF R Bacillus subtilis S TS = =
AV MR #E BR TR Streptococcus hemolytic—3 CMCC10373 - -
BERE ZE AT IS Bacillus cereus CICC10468 - -

Jiti % 72 T5 1A Klebsiella pneumonia SLG 4 B = =

S WA A IR Staphyloccocus aurous ATCC6538 - -
2RI Enterococcus faecalis S 4 S = =
A2 W T Mannheimia haemolytica SLG 5y B = =
AT AT Citrobacter freundii S 7 4y B - _
BIV& B AT 18 Enterobacter cloacae S TS = =

R2 ZRHEAASIMRHFEINER

Table 2 Information about the primers and probes
ipaH F:5'- TTCGTGCATGTCTTACCTCTAAGG-3’
R:5'- TGCAAGCAGGGAGTACAGGTAAC-3’
5'-FAM-ACCTGCGAGCCTTGGCGCTTTC-Eclipse-3’ 67
IAC F:5'—= AATGGAGAAAGCCCCTGTGAAG-3'
R:5'-TCACGTGAACCTGGAATTTGAC-3’
5'-CY5-CACTGCGCATCTAGTCCCGCTGAAC-BHQ3-3’ 123
14 FHEASHIEE PIERRY NS . NSy BUE AR pMD19-
RME AT YER Y NS (TAC) 83l T, AR A0, 5 580 5 52 JRCBORE , ) 7 vk
© A A1 (BHK-21) A9 Nmi ZENAEG NS, 8,20 CORA7 & M, T HHlh T -80 TR AT

ffi H1 Primer Ex 3.0 BB N 2S5 P Y

SR OFIIK D). mﬁ sxerpiovs rop I

WL AENZ 519 57 R o 5 % 4% b ipaH #0051 47, 2.1 EHREKEZEEHDNA KRR

s — X A Z 51 A B#‘Té’l%ﬂﬁk%l% 2K G EE Db BB IRE (f RSB IR
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CICC21678, F [A] ) 3 21 DNA A 42 543 51 % i LA
2 Ok T
211 KA F K 1 oL BB A 15 mL
Eppendorf 2.0:45 11 5 000~8 000 r/min 5> 5 min,
5 BRI, A 200 wWL LHEE 7K, IR
IR 2),100 C/K ¥ 10 min f&5 ,12 000 r/min &> 10
min, FEVER DNA B 7E-20 CE&M4E TR 5 H
212 Kbk RARFEFCGR A &% BUOYE R
i 1 mL, A 1.5 mL .0 % 1,800 r/min #5.0 5
min BEFE 5~10 min, DLTERR FEY) A0 5 AR B
W, 7E 8 000 t/min B0 5 min, WA A, 5] %
BWEWE, RJCH B K R R, B0 UER 3
U AR AU vE F R & E4T DNA S0,
22 EHEFEKH ipaH L% EE PCR 3| #70
WEHRERRAL

DL B G B L R 4 DNA FE AR, HUAS [R] ¥
FER S RRE A6, LLRE S eIk Cr {EUFN 55z i 28
DR G AR G . VAR R 25 pl:2x
Taq PCR MasterMix 12.5 pL, b FiiE5| 405w &k
FEA 0.2.0.4.0.6, 0.8 wmol/L, %5 LW E R
0.12.0.16.0.18 .0.2 pmol/L. ,ROX II 0.5 wL, #
DNA 50~100 ng, H dd H,0 #MERR, SR &
95 °C 30 5;95 °C 5 5,60 °C 35 5,40 MEH, 60 CHf
W ZEG
23 EHEEKH ipaH TR KK EE PCR HiEH4H
BHEXE

FRAE 2.2 TPV 37 ) 5 A 5 | D40 A il B R RN A%
P K AR 25 R B SRR 1 b R B I R R A
g I TR ) PR 4 DNA #E 47 S22 5t PCR 4731 | i@
TE WL ZE A7 8 i 2 50 UE BT A ST ) 7 BRGSO
PCR J7 e 4k
24 EFEKH ipaH TR KK EE PCR K& F
FIAC REHREFMBMEN RN

FE 2.2 FPUB R DR AR 5 | ) R R B St
e KRR B N SR v R AT A IR
e 435 0.12.0.14.0.16.,0.18 wmol/L, JZ W 14 &
AL E 100 % DU TAC, SO AR [RI T, LARE 25 H I
1% Ct A R 55 28 6 ik B 1 de /s TAC BR VR 3 0 e
FEMRE

TAC W hN it 22 s Ml S R 9 1, 5 22 XF
TAC WL AT LAk 76 H A 250 © i o (9 500 1
FE AR Z PR 102,10°,10*,10°, 10° % D1 #Y

IAC, FEHUAE AR 1S TAC 3G BH AR 5, TR B SUAS 52 1
FOBEPY 38 B IS LR TAC AR TR In4t ,
25 IAC WEFRKE ipaH LR R K EE PCR 77
EHE R

MG 2.4 T8 5E A TAC S5 FE B8 41 v B LS Jin
i, HEAT A TAC 5 1 2 50 I I 92 i 28 ) 2 it PCR
(ipaH-TAC) SR ZR , X3 1 H e R4 L R 4
DNA, #4752 9% PCR 978, 8 & TAC W8N o
FE ST I R AR R T AR R R A 7 R S P R )
2.6 ipaH-IAC XHE % EE PCR &M REHE
MEESEE
2.6.1 R AR BT HHR R )RR B IR 3 A
20 DNA i 10 586 BEFR B, R B 45 B 1 pl
KRR, 2 BR ipaH-TAC SERF 986 % & PCR Jrik , iF
17 PCR 93, REA5 24 4 ity 2 (%) S5 I vk B2 D Ry i I
N7 AR Z G 11 e e R
262 ZEiBEAAN PR IRE SR LR
J& , KB PBS AE 10 £5 80 B4 B, JF % 4 10°,10°,
107 3 MR B B UEAT A 4, DA e 3 DR A T R
B, BB A 1 mL B, K & R O X
24 DNA, H 50 L K B K % f# DNA, B 1 pl S
M, 547 PCR 94
27 EBRKELHEHEEE PCRENIREMEN
M

DL G B 4] DNA M, 373 ipaH #E
S, eI, #EHEE] pMD19-T ik I, ¥k
DHS5oc /3837 A5 41 M, kB0 BH P o [ 8 11 W L i A
T HEA TS E

P 4 TE R TR R SR ERUTOR, ORI Wk T
XTI HE DL, 10 RS RS, A E 1 H DL
ulL, il BT A AR A VR, A R T L A R AR R AT
ipaH F1 ipaH-TAC SE I 52565 i PCR KN, i i AN
] Cu {EL AR B2 43 500 S 57 b v 1l 2k e 2445 31 2k 1k
TR, S BT HA R i BRI 45 SR B IA TAC X
R R TR A TR 5 B8 P 52 T
2.8 ipaH-IAC LB K EE PCR HixES M

W BB A KT FR W e 10 5B B, L 4
AR REA S E 3 A EE UL E#SL )y
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WANG Jianchang,et al: Establishment of Fluorescence Quantitative PCR

Assay in Detection of Shigella Based on Internal
Reference

2.9 ipaH-IAC LB WX EE PCR FiEMERK
B IT A A B4

W 5B IS G R el 7505, FH K PBS i 10

i Z AR, PEHL 107, 10°, 107 F B 1R Mt 4,

TR A R MRIR JE , 2B , 1% B 5~50 CFU 1)

MR WA N E] 25 ¢ AN (B4 GB

4789.5-2012 AW Ay b B8 [CR B4R ), FRES 3

225 ml, A8 [ B3 R R TR s O B O

ImL AR K ), 8 Lk AN T IS gL ke S 64T 37 C,

150 r/min $%RIR P BE 5% . B RS 6.8.10 h, 43

B FR W ImL, 2R 2.1 WAy 2 oy sk b A7 40 1 3

4.000

3.500

3.000 -

2.500 ¢

2.000 -

1.500

1.000 |

0.500 +

K20 DNA $2HC, B 3 ol 7 i db A7 ke o wEAT
WHEE [R5 GB 4789.5-2012 J5 ¥ #F4T AL,

EEREE

3.1 ipaH LH R X EE PCRERHB5|H REK
B

EREDE AT 5tk , FLIh £k B 1 1 5 1 4R
G R SR ET R EE . B 1 R e 5
Y0 0.8 wmol/L, 4N A 0.18 wmol/L A H7 ipaH J
A R AR

O-’r

-0.500

1234567 8910111213141516171819202122232425262728293031323334353637383940
Cycle Number

1 ipaH SR HXEE

PCR & Z P 5| R IREMRULER

Fig. 1 Primer and probe concentration optimization results of real-time PCR system for ipaH

3.2 ipaH XA EE PCR AR IR
X 35 G T A H AR B R P41 DNA AT 4G
M, S52R ipaH 51 FRET LR 4 Fh ki R 2 R 241

1.600
1.400
1.200 ¢
1.000 ¢
0.800 |
0.600 |
0.400 |

0.200 }

DNA g PR 48 | 52 50380 A4 4 38 it £, 08 e i
PRI LY M2k, WoR BRI, AR ANIA 2
NS

0 | i—

-0.200

e

1234567 891011121314151617181920212223242526272829303132333435
Cycle Number

2 ipaH TRERHKXEE

PCR 7 i#E R i3

Fig. 2 Specific test of real-time PCR for ipaH

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.35 No.4 2016



ft
A
g
s
‘_\4
>
=
(224
=
>
B
2
=
R

% F = PCR Heik &)

3.3 ipaH LR % HEE PCR Rk & IAC IR
SHREFMFMER KL
M TAC FREFHEE M 0.18 wmol/L 1, 96155
e, B A S i SR AR AR (LRI,
Y IAC HIA N 105 4% DU BE B 1 B0

0.500
0.400 -
0.300 }
0.200 }

0.100 L

(1) CYS 55 (Ct {H/NT 25) , AN NT ipaH B K
AR (W% 3), BRAEBER 25 pL IR R
W 10° ¥ VLR TAC S ARSI i, BPXT ipaH 8
PR 18 5 ) /N

7

-0.100

1234567 891011121314151617181920212223242526272829303132333435

[[EERV3

1,0.12 pmol/L;2,0.14 wmol/L;3,0.16 pmol/L;4,0.18 wmol/L
B3 TACERHSIREMUAENX PCRER

Fig. 3 Fluorescence PCR results of optimization for IAC probe concentration

#3 AEIAC K MER ipaH 71 IAC XA %X PCR ¥ 18
2R (gyrB Ct {E \IAC Ct &)
Table 3 Amplication results of gyrB and gyrB-IAC real-
time PCR in adding different IAC

TAC %S i/ ipaH fit/ng

G

10 1 0.1

0 19.22 \undet ~ 22.68 \undet ~ 27.34 \undet
10° 19.20\3491  22.67 \undet ~ 27.39 \34.26
10° 19.19\32.62  22.65\33.06  27.38 \30.68
10 19.20\28.50  22.71\27.29  27.34 \28.00
10° 19.21\24.19  22.68 \24.74  27.28 \25.00
10° 19.19\21.22  22.61 \21.73  26.84 \21.94

34 ipaH-IAC XHRHEEEZ PCRFRMEER
WE 4 FrR, WINIAC J5 ipaH 32058 % & B
PCR XX} 4 Fh iz B8 QA Ry BHAES 38 R AR R
B 5 R BTAT R TAC 39415 R4F 45 3 U6 W 78
SRR Z I N 10° $4 D1 TAC X} ipaH #8 3 [K 3 18
B S 1 DA S R A S AR R 2 B AT AT 5 i TAC
A LAAS 80 46 7 Al B 1 T e ORI 45 2R 1 ] ek

3.5 ipaH-IAC LR KHXEE PCR W RBHELER

3 0 LA 10 A A6 B2 i R 114 75 88 QR PR 2 DNA
SRR R A TS 96 E B PCR RN, 45 5 iR T6ig
FRER R RSN TAC, XL B9 38 4 %A
FEAnr 5 | RBORE 25 R R HE U 35 MBI Z N
Rl R ] 1 pg., SEFAES PR,

TG TQ TR ARSI S g v, Te e & A5 i TAC, 2
IO A R Y R AR AR A 34 R 1 pg JERIZH DNA

T A B A BT AR TR, DK 1 4R A R
JEH 4 DNA, i85 ipaH —IAC A% 9% E & PCR
R F0 L PR, ZE TR0 TAC A9 B0, 45 16 3 TR
4 DNA ¥4 32, F W E S /Y 7 % K
A DNA 42 U7 i 2 IR R B aT Al 7E 35 M
B, %7 o0k 35 B TG T A AR R Sl 9%10° CFU/
mL, Z5HRUE 6 i,
3.6 JRHAI DNA tfREHLMWET

WK 9 F 10 fif /R ipaH 520 %¢ % & B PCR 2
i ST AR HERT 2, RER R -3.167, R RCE R
1.069,7 24 0.999, T 1;ipaH-IAC SEAT 9% 6 5E &
PCR [ v g 37 AR 1 T 46 b8 3,242, LW AR
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PRI EL
(2)

o —— —— ———_
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H It
®)

(a) N F BN 10° copies TAC J& , KR4 S M BEAT AL AL 5 (b) BT A S AR & B TAC 3473 R4

4 ipaH-IAC LMK EE PCR R4 E
Fig. 4 Specific test of ipaH-IAC real-time PCR

2.000
ng
1.600 | 10°
10!
1.200 |
10°
0.800 107
0.400 |
10
107
0 [—— p— —
-0.400

12345678 91011121314151617181920212223242526272829303132333435

TR IR
5 JAC M EFEEKREE N R SR ND
Fig. 5 IAC detection sensitivity effects on Shigella
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2.400

2.000

1.600 - / /
1.200 +
0.800 -
0.400 L «—9x10*
<—9x10°
N I T o e " —~——c

9%107
9x10°

9x10°

ﬁ CFU/mL
9x10%
/
T

-0.400

1234567 891011121314151617181920212223242526272829303132333435
MR IEL

ST ST A AG 7 35 AR ERIG X

R TG Y B /N HE B A 9%10° CFU/mL

B 6 ipaH-IAC B HEEE PCR AEMNEHKENEERNER
Fig. 6 Quantitative results of ipaH-IAC real-time PCR for Shigella

0 1.035,7 4 0.999, #2381, Z5RFW LR ES
RN TAC, AN [R) v B A AR 4 DB X 500 S Cr (H 1 &2
BT A 2R 56 1 TAC I WS INAS 5% i 34 A 52N 1) R
ff B, B IS I AR B vT LGk 1 10° 25 DL /ul,

32.551
32.0001

30.000
28.0001
26.0001
24.0001
22.0001
20.0001

18.000 |

16914566 4000 5.000  6.000 _ 7.000 _ 8.000
lg C,
(a)

321227
30.500f
28.500[
26.500|
24.500:
22,500

20.500
19.248, 560 4.000 5.000 6.000 7.000
Ig C,
(b)
(a)ipaH SZHF 26 RE T PCR SN A5 o il £, e B 4351 0 108,
107,10°,10° . 10*  10° copies, 4k Jr # Y=-3.1671gX +42.033;
(b)ipaH-TAC 5B 25 7 PCR B B Ao il 26 Vi & 4 31 A
107,10°,10°,10*, 10°copies, i1 £k J7 ## ¥=-3.2421gX+42.026
B7 EHRKEEMRNEE PCR KR L
Fig. 7 Real-time PCR standard curve of Shigella

3.7 ipaH-IAC XK %} EE PCR EEMHMIZTE
TESLIe

PSSR RN SR C (AR AR 22
BN 1, Ce fH728 57 R 5 <4.0% (W3 4), BLUIH
SEREENEL, RUEVESLI AR R MR B Y
KR 7E-20°CHR A7 6 D H I, REUHEFE HE
A KR ENE R A

*4 ipaH-IAC IMEXEEPCR FEEEMEILR
Table 4 Repeatability test of ipaH-IAC real-time PCR

SEHE RS | LMD
1.8

JEL R 15.08 0.28
10! 17.26 0.57 33
10° 20.88 0.83 4.0
10° 25.43 0.73 2.9

3.8 ipaH-IAC B % £ E 2 PCR 7 iE X E
BAISE£ERNKT

S5 R R BOK Bl ) ar ik SR BN T e
FESD PR DNA B, MR EHE N 25 ¢
o 10 CFU B 3B E 2 6 h B, AR & TAC
Py a8 R P AR G R AT A 2SR LIE 8(a)
T R BOK 27 $ IO 05 e A i b AR 80 [ B DNA
BF, Y REA 2 B R 25 ¢ B 10 CFU B 388 A
[ 4 10 h B, SRR TAC § 38 35 S BE 1, 738
BRI AT Y, 25 R 8(b), AEGEREFRIT RS R
W, 3 WKCE G B N T 75 e i 344G AR R IR
FHE ST 1Y ipaH-1AC 51& 58 7 i 45 Al — 2L,
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Fig. 8 ipaH-IAC real-time PCR for detection of Shigella in mutton
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