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Establishment of the real-time fluorescence single primer isothermal
amplification for the detection of Cronobacter sakazakii
LI Jing, DUAN Yong-sheng, WANG Jian-chang, SUN Xiao-xia, HU Lian-xia
(The Technical Center of Inspection and Quarantine, Hebei Entry-Exit Inspection

Hebei Shijiazhuang 050051, China)

and Quarantine Bureau,

Abstract : Objective Establishment of real time fluorescence single primer isothermal amplification method for detection
of Cronobacter sakazakii. Methods Taking Cronobacter sakazakii OmpA gene specific sequence as the target sequence,
the RNA-DNA combination primer and chain termination sequence was designed, and the reaction system was optimized. 4
different strains of Cronobacter sakazakii strains and 21 other foodborne pathogens were detected by the method, and the
specificity of the real-time fluorescent SPIA was analyzed. The sensitivity was analyzed by different dilution of Cronobacter
sakazakii and the detection limit was determined by spiked infant formula. Results Only Cronobacter sakazakii could be
detected and showed the typical fluorescence curve. The method has good specificity. In 40 min, the sensitivity of real-time
fluorescent SPIA for the detection of Cronobacter sakazakii in pure culture was 1 copies/reaction. The corresponding number
of the living bacteria was 1.6 x 10 "' c¢fu/ml. The detection limit of Cronobacter sakazakii in infant formula is 1.5 x 10° cfu/
100 g. Conclusion The method has the advantages of high sensitivity, strong specificity, less time-consuming.
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Figure 1 Results of the real-time fluorescence SPIA

with Pbrnl Primers and Blockerl for Cronobacter sakazakii
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Figure 2 Specificity of the real-time fluorescence SPIA for Cronobacter sakazakii
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SPIA for the Cronobacter sakazakii in simulated sample

3 i

HRE 51 WK R i, AF SR i T 3 4% et
B WA SPIA G 51 Y, 4k i ik, i 2 A
A B E R 19 nt, Hf DNA 34> 4 11 nt, RNA
B4k 8 nt B, ) N AR e 4f . 7E Blocker [ 31 I
HEAT B IR " A& i, 32 = 3L Tm {H, fff Blocker 3 5
SRR 45 4 1, 5 B Blocker 3'-OH % 3% /N4y F
R E, BB TAMKIEY A E- . R
T KT TR SE I 2% O SPIA K W 7 vk Y R 5k v
it SR 7/ N i S A (1D s e S S e 4
W RAE B E 2, AW FE Y R 5w 2 i R T S
P 9t SPIA 2 I B[] &7 40 min B, 2 07 52 3R B 45 1
R S ) R T R RE A v, A BR R AR5 R N
I ) /N F- 40 min B RG0SR AECRE AR R BEAIS , G
B AH XoF $5 8 5 B g Bsf ] B8 2 40 min B, 25 5 B
e MDY i 2 o

B iy 5 B i A A A B B s O T AR A
How e B R L T Wk R oK B TS
Y K- A5 A AR 1 2R A 2F A o T BE A A B
U5 o8 % FF TR A S e PR O AR T R T B
PR LR G R R R E XHEE, H
6 B Ry 5w 2 FE B R I ik A FDA
TE WAL S8 ke W J5 v, O 8 2 J5 35 N 4% Fl PCR 7
Bo AR GRS I J7 2 454 BB, A I B R 4G, T EL
T AR 5 F 5 2 O IR R SR R R B A
fI% s PCR 5 32 S0 /8% v o L bl 3, ml B AR A% G2 4G
Tk ARl T B A Bt AL AR R A BB UK
o R DL RO ARG DN A e 1 B R SR Al A



SIS B | ) AR AG TN B v B8 B T IR vk B S —— 2, 4 —529—
B JE AP M AT SE W
I}ﬁmﬁﬁﬂ} iﬁg‘: 1:1: "'Ii“ i H;J‘ % 7\16 SPIA *ﬁ\ W\U jj‘ 7£ IEIi: [1] YAN Q Q, Conndell O, Power K, et al. Cronobacter species

BB LR S IR AR B OR AN B AT IR A
W, A B SPIA 2 B ) cDNA = ) it /b 5" 3 51 9
X KB4 A, fl £ SPIA P2 T 5 8 ¥ 45 &
HEATH 1 N, DT A KR e T 8 s e il
B A BRE T 59 AT BE M A S T R T &
e g, T ) TR AR MR Y 2 R B
#Hr s

VAR, BRURE v 2 5 AT DA I A Ak B 4y A
VEBUSEE P T S TR SFF S0 16S tRNA |
23S tRNA L) K& 16S ~23S rRNA [i] X FF 51 (1TS) , LA
T T FLAR S 35 DRI G 0 R A 4k A ST
A 2 A ST T R ob BR T  VE AT B PCR A
D735, W5 M A i b BT o 2 AT RS 0 AIG RR Oy
2.2 ~5.4 cfu/100 g, Seo 2" gt 5y T PR W 75 B
FFR SE I 2¢O 5 B PCR J7 i, RELE R 100 cfu/ml
PBS, 34 7& Ji5 f I BR AT 3k £ 0. 6 cfu/100 g 22 LT /7
Wk o BKEE AR HE ST I ST A PCR 7 K T
HUEATIA ] 11 cfu/100 g, 3K 2246 45 2 gt 57 (9 15
oy v B0 v 2 AT DA R PR A AR R TR O i, A
KRR A 1.2 cfu/100 g,

AW SEAE T 0 SPIA (1 FEfill |, R AN A 55
PSS 4 Bk DNA (1928 6 Y4 Bt SYBER Green I, |
FHHECA I A7 S 6 W I 4 38 55 B0, 4 ST T S I e
St SPIA K 5 5 o AR J5 ik n] A8 2 0 B 0 O IR H
TRAG I L A , B PCR 3R 4 47, ik o] DL AR
PCR WY T AR o [l i ik 2 55 — A Bz
A28 5 SPIA A6 i B2 )L FE 5 W5 By v (%) B Uiy e 2 %
FERR PR 5T R T — P BB b 5 BUR Y 7 7 4
552 o i v R T % A R BRI A R . AR S
ST SE I B SPIA LK 7 v, HE B N B[R] A
40 min , X BRIRF o8 2 1 KT R 25 57 00 R U R B
i 1 copies, 76K i 22 )L 7 405 4 0095 G B g B
HAG PR 2 1.5 cfu/100 g, 55 34 5 5 iR 574 I
P REUEEAR Y B R R R P
{7 19 6 4

AR SCHE ST 1 B B % U AT B S 2 SPIA
2 ELAT AR A 1) O R AR S | )R X AR A, DNA 22
SRAAR, R I B 6% R G 00 250 SR B L A AT e 1Y
Kk 2 ST . Bl X SPIA 7 A BIF 58 (19 A I I
A KA 58 35 R X R OB AL R 22 AR B R
P SO TR A 75 T K K M O A, A5 # B 4 T Y
N o B 51 A5 TR 4G B R AE B R T S0 T PR
R 00 75 TR EL A A K IO FH I 5 o

[2]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(formerly known as Enterobacer sakazaki) in powdered infant
formula:a review of our current understanding of the biology of
this bacterium[ J].J Appl Microbiol ,2012,113 (1) :1-15.
FAO/WHO. Joint FAO/WHO workshop on Enterobacter sakazakii
and other microorganisms in powdered infant formula [ R J.
Geneva,2004.

SEIpEME , X 75 Mg v [ AT 45 TE 7 A rh B0 f AT R AT
WIS JoRBL [T ]. b = £ 27 41,2006 ,6(5) :6-10.
RETE BRECE ok, 5. 2012 45T R4 B4 L& &b 3 i
IRV BOR T S QR B A [T ] A R B B 2, 2013, 39
(6):17-19.23.

FAO/WHO. Draft risk assessement for Enterobacter sakazakii [ J/
OL]. WHO, 2004. http/www. who. int/foodsafety/publications/
micro/mra6.

S RS IR HOR B I M ] e 5t B2 A,
2009 :47-57.

Kurn N, CHEN P, Heath J D, et al. Novel isothermal, linear
nucleic acid amplification system for highly multiplexed
applications[ J]. Clin Chem,2005,51(10) :1973-1981.

Potash M J, CHAO W, Bentsman G, et al. A mouse model for
study of systemic HIV-1 immume responses, and neuroinva-
siveness [ J ]. Pree Natl Acad Sci USA, 2005, 102 (10):
3760-3765.

Whitworth K M, Agca C,Kim J G, et al. Transcriptional profiling
of pig embryogenesis by using a 15K member unigene set specific
for pig reproductive tissues and embryos[ J]. Biol Reprod,2005,
72(6) :1437-1451.

Kandhai M C, Heuvelink A E,REI ] M, et al. A study into the
occurrence of Cronobacter spp. in the Netherlands between 2001
and 2005[ J]. Food Control ,2010,21(8) :1127-1136.

Mohan Nair M K, Venkitanarayanan K S. Cloning and sequencing
of the OmpA gene of Enterobacter sakazakii and development of an
OmpA-targeted PCR for rapid detection of Enterobacter sakazakii
in infant formula [ J]. Appl Environ Microbiol, 2006,72 (4) .
2539-2546.

Sreenivas R K. Detection of Listeria monocytogenes in pigs and
pork[J].] Food Prot,2002,65(9) :1470-1474.

BRI . PCR 2 A G ) 22 U T 05 493 v B s A 1 # BF 52
[D]. A e gl K4 ,2008.

ERFH, R, 547 % PCR SORA A fh v 4 2 40 7 %40 3R 1
FER BAERE[I]. P EBAESY2E,2004,16(2) :115-116.
A NI SLFIE TLA: 7. GB 4789. 40—2010 & iy % 4 [F K bx
e RS Y R e BRI R A g [ S T b . o IR A ofE
AL ,2010.

Iversen C, Stephen F. Risk profile of Enterobacter sakazakii, an
emergent pathogen associated with infant milk formula[ J]. Trends
in Food Science and Technology,2003,38(5) :443-454.

BEF5 I, 307 Il e, R VL. £ o BT B AT 1R 2 T PCR AR I 7
RIS []. o AR S 2k, 2014 ,24(2) :159-163.
W SR IR DT , 4F . TagMan-MGB $R§1 50 I 2206 1 1
PCR A 50 2 i FF 5 MMS SR 7k iy [J]. P E a5 T
H e ,2014,26 (1) .40-44.

R TR K, B AF L Wk R B i AT B PCR A I O ik



R AR AR

—530— CHINESE JOURNAL OF FOOD HYGIENE 2015 56 27 B 5
WL [T]. KB4 P 2 ,2005,15(4) :4-8. PERREI [ T]. o [ T AE A 55 245 ,2006,16 (2) :214-241.

[20] Seo K H,Brackett R E. Rapid, specific detection of Enterobacter [22] kM, T4, BSCA, 55 L H RN S ST 18R X058
sakazakii in infant formula using a real-time PCR assay [ J]. IR AT AT R [T ] & RS 'ﬁ}F?’)Z 2009,30(6) :
Journal of Food Protection ,2005,61(1) :59-63. 114-117.

[21] k&, mER], B s, 55 S22 PCR XS 5 4 rf 3 ief i

LRHRHRKSEFE
[ 157 2= s Bk - VR0 AH £ 3 - £ B 0 3 3 0 o sl 0 V05
B 6 M EKRIREERLEY

I I R’
(1. R A TR B T 2 o, ) &4 610041; 2. 1)1 k2,09l &% 610041)

W OE.8® ﬁi@fr%i,@‘r&/ﬁ?%q’6ﬁiﬂiﬂ’%gﬁ%%/—\%ﬁi“”%éﬁIﬂﬁ%ﬁ?%—i&#aéi%—$ﬂ%)ﬁi%é‘3ﬁtiﬁvl7‘f

F, Ak HEWMARSEAFE,APHERR, BB EFHRES0 CRERARELT, LR LUBAMKTE,

%Jﬂﬁgd\ﬁ#aﬁz{x,iwfé-m@mﬁa(zozso,wvﬁwLﬁ@czﬁaﬁiﬁ@;&%mf RART, A MMEmE, R

A4 0.22 wm HAEREE,LC-MS/MS 2 B 5 & F % (MRM) # XM, N4z 2%, R 6 EZXkFE
RS MES R HRBEE DT AT E I E S 84.8% ~103.6% ;RSD 4 3.7% ~8. 6% ;4 th IR Fo 2 3 1R 5 51

%g 0.03 ~0.07 pg/kg #20.10 ~0.24 pg/kg, &L EF ERHK AEH, EATHIHRRALSFEAFEREDH A

ag A

KEIR 2 AAER,; RAMCE-SHAEE; IVRBEAD; Alad,; EHAG, 255

hE 45 EER155.5;0657.7 NakFRER A MEHHS 1004-8456(2015) 05-0530-05

DOI; 10. 13590/j. cjth. 2015. 05. 010

Determination of 6 zeranols residues in animal derived foods by liquid
chromatography-tandem mass spectrometry with isotope dilution
WANG Lian, WANG Xi-xi, ZHANG Xin-shen
(Chengdu Centre for Disease Control and Prevention, Sichuan Chengdu 610041, China)

Abstract; Objective To establish a method for determination of 6 zeranols residues in animal derived foods by liquid
chromatography-tandem mass spectrometry with isotope dilution. Methods  The sample was added isotope internal
standard and extracted using methanol. Methanol was nearly dried-up under nitrogen and the residue was dissolved with
ethyl acetate. After solid phase extraction of amino cartridge, the eluent was dried-up by nitrogen at 50 C. The analytes
were dissolved by the mobile phase and determined by liquid chromatography-tandem mass spectrometry. Results The
recoveries of analytes were 84.8% -103.6% , and the relative standard deviations of detection were 3.7% -8. 6% . The
limits of detection and quantification were 0.03-0.07 pg/kg and 0.10-0.24 pg/kg. Conclusion  The method is
sensitive, accurate and it can meet the determination requirements of 6 zeranols residues in animal derived foods.

Key words: Zeranol; liquid chromatography-tandem mass spectrometry; animal derived food; isotope; residue of

veterinary drug; forbidden drug
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