%36 & 51
2018 4£ 1 H

EREBMERERER

Journal of Food Science and Technology

Vol. 36 No. 1
Jan. 2018 89

doi;10.3969/j. issn. 2095-6002. 2018. 01. 012

X E S :2095-6002 (2018 )01-0089-06

Sl XIS BILER, PMGERE, 2% £ TP AR ZF MOAT B SS9 RPA RSN T ik R SL SR [T ] B dh B dioR 2

E#gedm 42,2018,36(1) :89 - 94.
e

_;5,5"'" LIU Libing, NAN Huizhu, SUN Xiaoxia, et al. Development and application of real-time recombinase polymerase amplifi-

E‘ i cation assay for detection of Bacillus cereus in food[ J]. Journal of Food Science and Technology, 2018 ,36(1) :89 —94.

2 n A B B ZF B 4T & SE AT 5 . RPA & il
FiERNEILIENA

MIE?, WILK, BRE

(1. A BB BB R TS,
2. AT F A FHARFRIE,

ZEH, EaRA,
M BFE 050051
M BFE 050051)

EkE

o OE., ) FILRAR Pk Hod ) 8 AF 3 AT B ( Bacillus cereus) , ## GenBank W 5 #f 5f o AT A
16S RNA /33 % it 45 F e 5| dh fo exo 34T, 2 T — A Lo XA T B R 6855 3 7 %, £ 39

°C 18 & FALE 20 min BP 7T % s A8 m)
P 3 ROAT I A AR F FAAT R A3
#1.0x10
FRATHGTLEE=
min; M %5 F£F=1.5x10° CFU/g &, F 4k
(Ct1E84 20 ~31),

RS R A O RAT A 16S RNA AW K B, st 3t
s VAR AR SF BOAT B AL B 40 DNA AE A B4, 3% 5 sk et A%
P ng/uL, Bl & & & 8 real-time PCR ik — %, ALF L5 EAMA, B K KIR P4
1.5 x10* CFU/g &Y, EVT id real-time RPA 77 ik 44 b | AT & B 84X A6 ~ 13
it real-time PCR 7 x4 & | BT & b 18] £ 2 430 min

X EEA . i%*‘f‘%ﬂ@#T% ’:Fam e ; 520 % K RPA ; #ml 7 ik

FESZES . TS207.4; R155.5; (93-3

BEAE 25 UAT T8 ( Bacillus cereus ) J& 5t =% [ FH 1
HPERE W, BERE R L Eowmz—"" &
A CHHE i Z AL B SRR RS P Ak
YL J5 I PR RE R A 0 Kok R DL M RS
S PR R R R IR 60% ~100% 7 R

BRI PR | e SR A ARG DN 7 3 R % TR IE S Y

W 28 A TR A G A R T O ik BRI R
BRI R, TR AR o R ERAE NS, kAR
P20 ST real-time PCR J5 %6 46 I £ & v Y P2 X
IR 2 A 28 AT B, R A Sl A S A R
PIEEAR (LAMP) X [ L r i) 5 4 25 AT B b AT
K, BT 75 455 FE LAMP J2 W AR & o A 96

4&1‘%!!%:2017—09—13
SIWH . B R KA SRR H (20161K107) .
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e, SO BEA 28 AT T S SO I I E
BRI AR AN BE W A TR DR B D R A,
ZH iR A P 14 R (recombinase polymerase amp-
lification, RPA) PR R4 fi] B | F B R | AN 75 22
B S IR A SRR B TE R YT IS W B ik R A R Bl
Pyoe RGN 2 Bz KRk RPA FER K
T 2 | SR 4 S A R R B S T A
DNA REBEARIR A F T (25 ~42 °C) BEAT, M 52
B o O T 240 il 3R A P 1 ( real-time recombinase
polymerase amplification , real-time RPA ) 4% A ¥ RPA
LBl BV 5 9O IR B A 5, B T SLIE I 4
PEREAYOUH, RABUE AR e e Rt — B4R, B Bt
JIZIE T AT 1 M A AR s R fE R
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1 MREAE

L1 EERHSEE
RN B4 SRR (MYP) B3 473,

W 1 R SR B 037 W2 7 20 0 D 4

DNA B £, W 3 FAR A AR (L350 A7

] ; Premix Ex Taq, W B F A9 TR (KiE) AIRA

Al RAA B0 & (FOEHY) I A W48 fh AR W) R
ABRAH],
Genie I BYSEIRY G FOCHG I R 4, Y [E Opti-

Gene /Al ; ABI7500 US55 PCR X, 3 E ABI
/3 F] s NanoDrop 2000C HY 88 13 £ 43 Y G BE it L [
Thermo Scientific A\ #]
1.2 SEIREMK

SR T IR IR LR 1,

F1OERR
Tab.1 Bacterial strains used in study
F5 24 R KR real-time RPA ¥l 2%
1 AR ZE AT 5 ( Bacillus cereus) CICC63301 +
2 WA ZE B AT BA ( Bacillus cereus ) ATCC14579 +
3 ERE ZEBOAT 18 ( Bacillus cereus ) P NSW AN ¥
4 W RE 2F AT T ( Bacillus cereus) RSy .
5 oA ZEMLFF 1 ( Bacillus licheniformis) ARSI AN -
6 BRIEZEMUFT I ( Bacillus sphaericus) ARSI A S E -
7 SR 2E A1 ( Bacillus badius) P A ~
8 - BERD ZENAT T ( Bacillus amyloliquefaciens ) AL B _
9 Hibi B8 25 MUAF 8 ( Bacillus subtilis ) ARSI E SR -
10 17 FC B (G 18 ( Shigella flexnert) CICC21678 -
11 RN G G T ( Shigella sonner) CICC21679 -
12 IR G FC T ( Shigella dysenteriae) CMCC51105 -
13 i (G B [CTR ( Shigella boydii) CICC21680 -
14 BAR A I8 £ 2R W R FR B ( Listeria monocytogenes) ATCC19114 -
15 4 O 4G BR T ( Staphylococeus aureus ) CICC21600 -
16 RABFEVP 1T IR ( Salmonella) CICC22956 -
17 23 19725 i i ( Campylobacter jejuni) ATCC33291 -
18 K354 IR 0157 . HT ( Escherichia coli 0157 :HT) CICC21530 -
19 B U5 173 ¥ 5 ( Enterobacter sakazakit) ATCC29544 -
20 B LYK (Vibrio parahaemolyticus) CICC21617 -
21 LI Al MHEAEBR B ( Streptococcus hemolytic-B) CMCC10373 -
22 fiti 9 5285 1A ( Klebsiella pneumonia) NS ) -
23 213K ( Enterococcus faecalis) AR T -
24 X B8 B T ( Pseudomonas putida) ENSH g -
25 e RATERERFT i ( Citrobacter freundii) ARSI E S -
26 5 Il ME: 2 [T B ( Mannheimia haemolytica) RSB B _
27 LR MEAT 1 ( Pseudomonas aeruginosa) AL BT _
28 BHIE W5 ¥ 5 ( Enterobacter cloacae) PSS -

+ BHPE; - B,
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1.3 ZHEEEH DNA HRE

PBHERE ZF AT I (CICC63301 ) 4l 3% 77 B %A T
10 mL 3£ W7 H,37 CHiFE 16 h, B 1 mL E#K
10 000 r/min 0> 1 min, 57 I, B R AR DT IE 34 18
AP DNA $ 7] & 77 v 3 B4 1 3 K 4 DNA
SEEMEFHEL - 20 CIRAF A ] [RIIHdE ] NanoDrop
2000C A G 206G RE TN A R R L

1.4 S|¥REHET

%7 GenBank VI AE ZF UFF 1R 16S RNA FE A
FEBI (5545, KY224970. 1) , ¥ B4 57 X, 351t
real-time RPA 5|¥1 & exo ¥R%1, B 89 BERK/N R 297
bp., FHT U5 RE 28 AT BRI Y real-time PCR 514
KA SIRSCER 11 TP AR P9 (£ 2) , AR T AR
Yy TRE () e A BRAA FA AL

x2S AR

Tab.2  Primers and probes used in real-time RPA and real-time PCR

Jii: GIE/ER S JPoI(5'3") K /bp
RPA-F ATACCCTGGTAGTCCACGCCGTAAACGATGAG
real-time RPA RPA-R CAACATCTCACGACACGAGCTGACGACAACCA .
CTAAGTGTTAGAGGGTTTCCGCCCTTTAGTGC ( FAM-AT) ( THF)
exo probe AAG(BHOQI1-dT) TAACGCATTAAGC-C3 spacer
PCR-F GCGGCGTGCCTAATACATGC
real-time PCR PCR-R CTCAGGTCGGCTACGCATCG 269
PCR-probe FAM-TCGAGCGAATGGATTAAGAGCTTGC-BHQ1

1.5 Real-time RPA J7ikHI& 3T

T RAA 2070 & (9B ) e il B A~ B2 I 1
%, HA 10 pmol/L B RPA-F Fi1 RPA-R £ 2 pL(%&
WHE 0.4 wmol/L) ,10 wmol/L exo probe 0.6 pL (%
WPE 0. 12 wmol/L) , A buffer 12.5 uL, #i4R 1 pL,
ddH,0 29.4 pL, ¥ iR 47.5 pL BRI IMA
FIBEA VR T Bl 700 A S A RS W A R IRET
BRI, B TP 2.5 pl B buffer (280
mmol/L MgAc) , BB O IFIRBESS A Genie 111 1
39 °C IV 20 min,,
1.6 Real-time PCR 3%

FHF I8 FE 28 JOFF 5 A 1Y) real-time PCR
P FEOSCHR [10] 47, IO BiAR R Ry 25 pL, Hh
Premix Ex Taq 12. 5 pL,10 pmol/L PCR-F #1 PCR-R
2 1.5 pL (&AW E 0.6 wmol/L) , 5 pmol/L PCR-
probe 1 pL(ZHE 0.2 wmol/L) , A 1 wL,ddH,0
7.5 pLo ¥ FIRK R TSR A ST ABL 7500 #!
SEEFE S PCR ALY, W AR P B R 95 C HilAE P
30 5395 C A8PE S5 5,60 CZEH 35 5,35 AMEH,60 C
TGS
1.7 4$RMEMIEHELE

PLZE 1 T TR R 1 2 PR 21 DNA A R 455 A
1T real-time RPA S B 2 5 HH B0 ARE S PR 47 38 it
2k B IEREZE AT A LR 2 DNA ffi H ddH, 0 #E17
10 F5BREERG B, LA [R) 3 8 B2 19 DNA AR g 55 A itk

47 real-time RPA ﬁﬂj,ﬁﬁﬁ%ﬁ/{ﬁ AR B RIS
5B @571 real-time PCR J7 09 R AU #H4T LA,
1.8 ATISLHEmEN

HEREZE M AT T ( CICC63301) &t 4l s 35 ),
AR KRR B L 1.1 G 64T 10 %
BEEERRRE . B AN [FIAR R BE (R RV 1 mL 433 O 1)
25 g ROKDHE dh v (B a6 #c IR GB 4789, 14—
2014 i, AKS HBEAE ZF AT ) , FRAS IR 225 mL
PBS 1, AT I AR L 5 1 ~ 2 min, 2351 HL
1 mL BEDURE 5, SR PR BT A, I JE 3% 1T T
JEE A 1.5 x10% ~ 1.5 x 107 CFU/g, [a] i b 71 4% B
1 mL FELUURE 5 2 08 1.3 BEAT 40 DNA 25, Bt
1 L VRS IEA T A

2 SIGEER

2.1 $BHRMEIHEHH

Xof SR 2 PR B AT HAth 40 TR L P 2 DNA (3 &
7 100 ng/ L) VE MBI AT real-time RPA £l
G5 R RE 28 JOAT TR 2 I i 3 i 2, R
FF P28 R T HC Al 25 LA B A A 28 AT 7 40 7 40K
MIP AL (R 1), RUNZEEA RIFAFY
Sk,
2.2 REMEZWHH

v B R 100 ng/ w4 I AR 2 B AT 1 5 DR 41
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DNA #EAT 10 fiB0 BERR R, 2 B 8 BB L JS | X
B L B FRETT real-time RPA Fll real-time PCR
Ko, 45 22 B | real-time RPA AURGIIFR 47 1.0 x 10°
35000
30000 1=
25000}
0 20000
& 15000 P

# 10000} /) S
5000} £/ /

0

7~8

3 L L 1 1 I
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t/s
(a) real-time RPA

ng/wL( & 1a), [A] real-time PCR J7 &5 K il FR — 34
(K 1b),

40
3.5F
3.0r
2.5
201
LS5
1.0F
0.5

_3 1 Il 1 1 1 1 1 L
0'51 5 9 13 17 21 25 29 33

C,
(b) real-time PCR

1) 1.0x10%,2) 1.0x10",3) 1.0x10°,4) 1.0x107!,5) 1.Ox1072,6) 1.Ox1073,7) 1.Ox107%,

8) 1.0 x 10 =% ; Bifif ng/plL,

BT BEREZE AT B R Ok S R 4G

Fig. 1
2.3 AISFEmBEIN 5

N 75 G A 2R T PR A RO IR A R &5 S 2
B, 495 YL =1. 5 x 10* CFU/g I}, real-time RPA B[l
AT R ORI S A 25 AT 0, BT R A RIS 6 ~
13 min; 4754 5 = 1.5 x 10° CFU/g, real-time PCR
T3 YA IR KR WA 2 LA B, i I TRDAE 30
min DL F(C, {020 ~31) . S5RULHT ER48 T A T
VGG RE L real-time RPA B9 RME S T real-time
PCR, [F]B i 25 BT B (B B > T J 35 (3R 3)

23 R MORT BN TS Yk R I 2 R
Tab.3  Bacillus cereus detection results of artificial

contamination samples

b= LK /h t(real-time C, (real-time
(CFU-g™") RPA)/min PCR)
1.5 %107 0 5.75 20.29
1.5 x10° 0 7.98 26. 49
1.5 x10° 0 11. 12 30.94
1.5 x10* 0 12.20 —

1.5 x10? 0 — —

1.5 x10? 0 — —

— KA,

3 WSS

Y BRI #F 28 MO AT B B9 16S RNA it (A R 5F
AR e S | ) AR &, N7 T & 5 i iR 2

Sensitivity of real-time RPA and real-time PCR for Bacillus cereus

MIFT B Y real-time RPA FRIERGIN T3 , B 39 °C fE i
SV 20 min S BN B RE ZF HOAE TR A A Y, O
PiRE P RAF, REEFTIA%] 1.0 x 1077 ng/pL, 5
real-time PCR I J7 % — B, % A 195 4L 1y KoK
R ,real-time RPA TE 2 v BF[E] | BR 5220 T real-time
PCR J51%, 27 WL BRAE TR B0 S PR, g 20 o
W 25 RO T ¥ e 0 B DR A I 4 1L T — Aol i
K75 12

H AT 4 18 04 B 25 RO TR ASI 7 A 0 B
Frik: il PCR,ZH PCR PO PCR (LAMP KA K]
AR AR R Ay B BRI RN R R B AR 4R A
I AN I [A)FH X ALK 5 PCR AR U0 3745 22
K, i ELRE 2 A B PCR XA Ak 1) 4 R A
T, FRINEER B S A AR
A W ZAE 0 BT EE AT Y real-time RPA
J7155 real-time PCR A [t , H A #4E i E | 5N B
() J e i, RIS Y OptiGene T 4539 3G 561
Rl 22 40 B s /N T At L A 1,75 ke 2247,
il F5 B HR A | JO T % 2 i, HC P R I R
AIPETCHL IR ER BT i 4 K P A A a] S BB #E
FOR I BRI, FSR LAMP Fl real-time RPA
)@ TR IR A 7 2%, {5 LAMP 2 B IR JE B (>
60 °C) , [ N ] — R AE 45 ~ 60 min'"' | I HL 325615
R BT 4 ~6 Z&51% ;1M real-time RPA §
WAPER IR T (25 ~42 °C) RIAT 528, H—f%7F 20 min
P BIAT 52 B, SEB TR 5 A 2 2 551 A 1 4%
PREF, 1 H RPA 3R D VR TR B 2, il S 30 il
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KI

& RPA Kl Jy 2= il 8 7.5 107 FH 93

iz, DN Ay WA 25 AT T 1) 300 3 PR S ) i it 1
AMERNSFE T,

BF3E T real-time RPA J7 3L EE <7 s 255 Y1 %
1R ) PR s B R, W LGRS 2 B e s i) 5, A S
st I o 4 ) R PR g A 0 3 T AR S o
FEZF AT B AR U 02 1 TS S AR T B
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Development and Application of Real-Time Recombinase Polymerase
Amplification Assay for Detection of Bacillus cereus in Food

LIU Libing"*>, NAN Huizhu', SUN Xiaoxia'?, JIANG Yanfen', WANG Jinfeng', WANG Jianchang" **
(1. Hebei Eniry-Exit Inspection and Quarantine Technical Center, Shijiazhuang 050051, China;
2. Hebei Academy of Science and Technology for Inspection and Quarantine, Shijiazhuang 050051, China)

Abstract; The study established a simple and rapid method for the determination of Bacillus cereus. Ac-
cording to the 16S RNA gene sequences of Bacillus cereus available in Genbank, specific primers and exo
probe were designed for establishing real-time recombinase polymerase amplification ( real-time RPA).
The RPA reaction was performed successfully at 39 °C and the results were obtained within 20 min. This
method could specifically detect Bacillus cereus, but could not detect other bacteria. The study showed
that the detection limit of real-time RPA was 1.0 x 10 > ng/pL with genomic DNA of Bacillus cereus,
which was the same as the real-time PCR method. Bacillus cereus in artificially contaminated rice samples
with a bacterial concentration of 1.5 x 10" CFU/g could be detected after 6 — 13 min by real-time RPA;
when the bacterial concentration was 1.5 x 10° CFU/g, the Bacillus cereus could be detected at least 30
min by real-time PCR (the Ct value was between 20 and 31).

Keywords: Bacillus cereus; isothermal amplification; real-time RPA; detection method
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Comparison of rDNA ITS Sequence and Carbon Metabolic
Fingerprinting of Four Alternaria Nees Isolated from Fruits

REN Xiangfeng, YAO Ting, ZHANG Meng, ZHANG Yan, WANG Yousheng"
( Beijing Advanced Innovation Center for Food Nuirition and Human Healih ,Beijing Technology and
Business University , Beijing 100048 , China)

Abstract ; Four fungi, strain 231", 320", 322" and 333" were isolated from infected jujube, sweet cher-
ry, apricot, and blueberry fruit. All the fungal pathogens were identified as Alternaria Nees by morpho-
logical characterization. Analysis of rTDNA ITS sequence showed that strain 320" and 322" were both
closely related to A. alternata (AY625056.1). In contrast, strain 231% and 333" showed close phyloge-
netic relationship with A. tenuissima (KP324980.1). The biolog microbial identification system with FF
MicroPlate was applied in the 95 carbon and nitrogen sources utilization tests, and the carbon metabolic
fingerprinting showed that four strains have 86 carbon sources in common, including 78 optimal carbon
sources and 8 unavailable carbon sources. Moreover, strain 231% was closely related to A. alternata (Fr.)
Keissl. There were some difference between rDNA ITS sequence and carbon metabolic profiling of four

strains.
Keywords : fruit; Alternaria Nees; rDNA ITS sequence analysis; carbon metabolic fingerprinting

(DUESE 2 T)



