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and probes were designed, the primer combinations with the best amplification efficiency and sensitivity were
selected by combining the primers and probes, the optimal reaction conditions were determined by optimizing the
reaction temperature and the concentration of primers and probes. The established fluorescence RAA method was
applied to the detection of food matrix and actual samples, and compared with the national standard GB
4789.40—2016 National Food Safety Standard-Food Microbiology Test-Cronobacter (Enterobacter sakazakii) test
for verification. Results The optimum reaction temperature of fluorescent RAA for Cronobacter spp. was 39 °C,
and the final concentration of primer and probe was 400 nmol/L. The established fluorescence RAA method showed
high specificity and the sensitivity, and the detection limit of the method was 10* CFU/mL in pure culture. The limit
of detection for Cronobacter spp. was 102 CFU/mL original concentrations under 2 h modified lauryl sulfate tryptose
broth-vancomycin medium (mLST-Vm) enrichment in artificially contaminated baby milk powder and baby rice. The
fluorescence RAA assay gave a positive signal in as early as 5 min, and the whole assay could be completed in
approximately 20-30 min. The speed and sensitivity were significantly higher than those of the national standard

method. Conclusion Fluorescence RAA method is simple, rapid and does not need large instruments, which can be

used for rapid detection and monitoring of Cronobacteria spp. at ports or other places.
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75 B AT 1 )& (Cronobacter spp. )& — 255 B A& M
A, NERZ LG Bl . R . ACRBSE . RS
BN BRI IRIA . B AT R T R A LA
R WWBEHE/ NBEE A AR WOIARE | L 39T o %22 JL, TG
HIZAET 28 d (7T JLEBEAR T L 3] 40% 2 80%!!. 2012
GO R S R s R il TR RN R i
(Cronobacter sakazakii)f£ P4 ) 7 NFh & 3 ASTEARN, Bk T
J#1 57 4% ¥5 B 3% ¥ 14 (Cronobacter condimenti), J4x 34 7]
RO TR, OB AT R REAE B LR K A
15, I GB 10765—2010 (&b &4 hniE BILE )7
i ) PEIERE 0~6 JT I AL B A ASSA e 2
TEFTFTRJE o R 50 B VA AT T e 1) B B PR, Y 2 33 o I
faE R AN EEFRNY,

FEE GB 4789.40—2016 (£ it FE R hnifE &l
AR v B AT e (e J A TG ) 2 ik TR 5
FEFREATIGIN, FERAE Sy, T2 5 d LA ERE A 45 2R
I3 A A D AE 5 2 VR AT T e R A B U Bl A W
W5 TR B TR REUW IR, WSEROE R A X
JZ Vi (polymerase chain reaction, PCR). 43 4¢ R 1
(loop mediated isothermal amplification, LAMP), 7R 4"
M (rolling circle amplification, RCAY&H; A7, PCR %
— AN R PIEIR A TIR R I PR H LR, BHAT T
AR IS F N, LAMP o RAFEIERR Y 14 A
Mo UEAF R R J R R 1) T 2 I A5 TR 1 B AR HA R XK IR
TR (3742 °C), A 10~20 min B A] MELLER
NTTAF DA S, — R SE (a5, SR, PR a2

HEHABE R MEARCEEABR G EY
(recombinase polymerase amplification, RPA)4% A & 5 4 it
G EER Y (recombinase-aided amplification, RAA)HE A,
ST P AT (R AR R R A1 = A DA G AR . RAA £
A DL B B A PR A A B A R BT RPA AR Hhiswe
AAFHIWE B IR T B, 2 FR AP R —2, WgA
BE B . AP IZIASS DNA 571

RAA HAR FEAK T 3 Tl RE4S A A% IR (GE
TERBI YNNG . H455 DNA 454 M (single-stranded
DNA binding protein, SSB) I &t DNA R4 i, iX 3 i
WGP T WA TENE, SRR EA 37 °CLA .
HAMSTIWE G NN ED-DNA B45Y), G sl
DNA 3 EFEFH . —B59E M T RIETY, ok
HEBEAZ I N R T IR B DNA S, SR _E A% H bR X ek
ATHEEGY 1 . L) DNA £ 5 SSB 454, B 1bit—
R AR SRR, —BATLE 10 min Z N 3RAS AT A
A1), HARVERT AR, A AR, #A 2
—FAT AR PCR HBiHEAR . HATEA SRS AR T
B R ML R, g e gt Al
AEZ ARG IR T b I 1R R ARG I A R Y
BLLWIM RAN S B LB B, AR EET RAA H
ARAGOLEE, SUHE T —Fh %) 50 B T B A T . Pl
RN RAA VL, FFPPNILAESEBRAE S b AR AR, LA 2
I PRt 6 J I 7 oK

1 MR5ERZE

1.1 R TSNS
[ U757 B AT B ATCC29544 | JR 22t v B 38 4F 1
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NCTC9529 ., 54 Wi 7% AT ATCCS51329, N _REhw®
WFF DSM18702., #5327 % i# DSM18703 . #{ k%
W AT T DSMI8705 . #B AR AR e B ik A I K 5 P
DSM18706 ., #SHIAR T BV R Yi# A DSM18707., 7%,
JAFFIE ATCC13048 . HiLRE AT ATCC27853 ., filik 7 7h
{AEG ATCC13883, ¥ MAEEKE ATCC21059, KIARA K
B ATCC29522 | FUMZSHER R ATCCT644 . 241 ST
ATCC12453 ., ¥ AMAIKE ATCC6538. MAHFEWITIR
ATCC14028 . BHIIAFTF B ATCC13047 . &I I 14 9 B
ATCC17802 . /E# NI ATCC33787 ERLINE FSCC232004
L=l R BRFR R ATCC23715 B9 E ATCC27562(
DUCEHEARA R FD). 9 BR5w P AT B 4> 50k ES1. ES2.
ES3. ES4, ES5. ES6. ES7. ES8. ES9 {552 4 BIRAT,
BT HkE—80 °CIRAET 10% (m:VYH %, bl
7K ((buffer peptone water, BPW) . .0y i35 IR (A0 o fibF
ARG RITAA); 26t RAA ¥ HIKHF & GTHH KER
YRR BRA FD); AR A DNA R s ok s
AW TRA R F)); va B T R W R (R P ik
WA B D), ok R AR SR R R A U R IR - 1
Z (modified lauryl sulfate tryptose broth-vancomycin medium,
mLST-Vm)}; 72 3L (LG 7 2 4i E M ARBRR A F]); 1.5 mL
LA (G axygen 2 H]).

F1620 {8 iR ZERY SR AL (L7525 R I B A R4
FFRAAF]); 5810/5810R 38 414 2 L (T8 [ Eppendorf 24
); ESCO A — 9 & MGy 22 8 iR A TR HD) o
12 75 &

12,1 BAH®AH

IR TP E 100 pL IR ERNE] S mL K02 R
B3R, 37 °C 150 t/min R %147
1.2.2 #m# DNA 4%

B ImL MEEFREY) 1.5mL 204, 12000 r/min 2.0
10min WAE R, 77 175 . 4 IR0 B JE 41 DNA $2EGH]
B IR DNA, 20 °CIRAE45 .

1.2.3 34kt

M3 F AW B A {5 B A0 (National Center of

Biotechnology Information, NCBI) GenBank %3 & H 3515

T AR ompA TR, ARYE RAA 5190 . BREFZ TN
1156 RAA SIIFIRE TS S0 . eI BigA TA:
WTRARAREGR, HEFIE 1.

124 3l4esikik

¥ 2 ZKIEMSIYS 2 KRB EMAS, 5548
B 4 AN, XTSRRI T e AR L O e, i
VIR ST/ I SN B R B e b (5 | . RET AL o
125 BRELREHHAL

RAA R IBEAFEIER M5 2.1 pL. %4 0.6 uL,
2x SN 2R T 25 pl, ddH,0 K DNA BAR 17.7 L, e
A 2.5 uL ZFREE, SuRAT . ¥ RAA JOVRAEA R
(30. 35. 39, 42, 45 °C)H AT RN, B Y IR
1.2.6 31 MARATIRE 894k

TEARAT R g 120 nmol/L I, K55 |14k i 70 I B
4100, 200, 300, 400 nmol/L; 5|#ZHeSE N 400 nmol/L A,
Fof o AT AR FE 43 IR A4 100, 200, 300, 400 nmol/L
AT LR R AR BSOS R R B
1.2.7 474 m)

A0 5 PE S8 A 45 B Uy 78 B AT B ATCC29544 LUK 7
BRI A 09 50 B T R B AR o T AR TR R S B A R
NCTC9529., S&Hw B e ATCC51329, TN _FREhw
Z A DSM18702., JRZEH 3 i DSM18703 . #FAAMK
T W AT T DSMI8705 . # AR T B 5 AT TR 9 5 A
DSM 18706, #BHIM 50 2 i AT P U545 WA DSM18707 1 9
MRV B VAT RS2 I 2 Bk ES1. ES2. ES3. ES4, ESS5.
ES6. ES7. ES8. ES9.

Hefl Pk 20 T8 A FF A ATCC13048 . 4218
MIPE ATCC27853. iz F i {AIG ATCC13883 ., ¥ i P4
BREA ATCC21059. KIHIRA BB ATCC29522 | Hubf iy
FRI ATCCT7644 ., A BB ATCC12453 . 4 va 4.7 44
BRTH ATCC6538. FLFEVPITTIC ATCC14028 . BHIANAHT 1A
ATCC13047 . B % 1 ¥£ I ATCC17802 . ¥ % K 14
ATCC33787. ZERLINE FSCC232004 ., 41748 BB /R #% i
ATCC23715, BIfINE ATCC27562 ZHitk. Frfalikisk
W 1.2.2 #2HL DNA BAF 17988 RAA A, 56
WEJT RS

F1 RTIETHE RAA ¥ A0SR
Table 1 Primers and probes for RAA amplification of Cronobacter spp.

SRS 2 R

SIVARETFS(5'—3)

OMP-F1
OMP-R1
OMP-F2
OMP-R2

OMP-P1

CGCGTTCGGTGGTTACCAGGTTAACCCGTACG
TACCATGCCGCCCAGACGGGTGTATACGTCCAG
TTACCAGGTTAACCCGTACGTTGGTTTCGAAATGGGC
TTACCGGGTAACCCAGTTTAGCGGTCAGCTGTACGC

GCTGGGCCGCATGCCGTATAAAGGCGACAC (FAM-dT)(THF)(BHQ-dT)AAACGGCGCTTTCAA-C3 Spacer
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1.2.8 REVEAN
P BCE I MR OF A bR AR K s B AT I
ATCC29544 B I53ERN T LB (Luria-Bertani) %, 24 h
JE MR 1 mL BER T 9 mL LB W, il 10 566
FERRE . 43 BIHL 100 pL B MR A T AR L, (37+1) °CHs
7% 24~48 h, XSRS L DR IET T8 N R4S T
1 mL B RELE DNA, #7986 RAA v .
1.2.9 R A AR )

WAEFZIE GB 4789.40—2016 A3l 7 B V5T #i 15
e dt: B LR . BALYR o DL EG R )
HY BT B 108 CFU/mL, #E47 107'~107" 0 i ke .

FREL 25 g BES T 225 mL BPW 7, 23 BIRBOR &
WT 10 M, MR 9 mL. K— BRI R
HITE IR AT I 10 ANl b, LSS [ s G ok
(10°~10"° CFU/mML)HYFES, (37+1) CCHUETEREFE 18 h, F
BT mL B5FRE 10 mL 0K HESL O R SR I 2R 1 R A -
J il 82 (mLST-Vm) Y 4 IS T 2 71 24 h, 425 DNA
BBz, F RAA B TH 34, WELER . Irf 88 RAA K
TP it [ B 1) FI GB 4789.40—2016 J7 ik A 746
1.2.10 S ERAf duAe

WA i T R T I SR 4L 20 1. B4
JUKHE 10 13 . FLIE R T 10 43 S ZLIERY 10 B RESh, HE177¢

19000 ~
17100
16200 +
> 13300
E 11400 |
§§ 9500
s

3600 -
1900 -

6 RAA K. Frf A db IRl R B GB 4789.40—2016 51k
sl

2 HER5HH

2.1 RTIETFEBRN RAA FEEM R
2.1.1 ¥R AM

ArRIBERE 30, 35, 39, 42, 45 °CYERY AR, W
R T B IO RAA PIGACR 25 450K, RAA
SN R ETEAR T 30 °CEUE T 45 °CItt, ¥ I8SUR I B T RE,
39 CHF Y IGHOCE R =, WY 14 L B AT 8 1 AR
R AL H 39 °C(EI K BIR).

2.1.2 RAA RF 5| 43R4t IR EMAL

B L AT, PREFZUEE 120 nmol/L B, 519N
400 nmol/L By M55 4s; & 2 FIAL, £ EN
400 nmol/L W}, BEHHRE MR T, ¥ ESEEZ -
Fho WP RS | P2 A 400 nmol/L ., ¥RET MR EE R
400 nmol/L,

19, BREHRBEXTH B RS B B, Ok T A3 R0 A
PR, JUIE XM B DNA BRI T4 1, 7240
RO 5t . WFFR R, B 5| MR ET VR 132 1=,
PIERHCR I AT, ARG AR T ARYRE DNA 18 R i
JBE 25 A MR

0

0 3 6 9 12

15 18 21 24 27 30

A &) /min

Ve 5IHEE 43520 1: 100 nmol/L; 2: 200 nmol/L; 3: 300 nmol/L; 4: 400 nmol/L.
B 1 wB IR YL RAA RE G| Y B 1 s )

Fig.1 Amplification effects of different primer concentrations of fluorescent RAA for Cronobacter spp.

38000 -
34200
30400
26600

E 22800

£ 19000

5 15200 |-

® 11400 |

T

T

T

T

4

1

/

7600
3800
0

0o 3 6 9 12 15 18 21 24 27 30
Fis} 1] /min
T R EE 43514 1: 100 nmol/L; 2: 200 nmol/L; 3: 300 nmol/L; 4: 400 nmol/L; 5: ddH,O.
B2 BTG P 400 nmol/L HEAS RIFRE R 266 RAA ¥ G351

Fig.2 Amplification effects of fluorescent RAA with different probe concentrations at primer concentration of 400 nmol/L for Cronobacter spp.
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2.1.3 B 51 4hARA 44 1 ik X

# OMP-F1, OMP-R1, OMP-F2, OMP-R2 5| ¥ %
04, %4 OMP-P1, liX OMP-FIR1P1 ,OMP-FIR2P1,
OMP-F2R1P1, OMP-F2R2P1 5|5t 45 & R4 AP B 5501
TR L5 TR OMP-FIR1P XA [ A BE 1 R 08 e 3
fHfc . £ 10" CFU/mL FREREI 2 6{E A 24000 mV,
10* CFU/mL i B J BF 2¢ J6 o 2400 mV, 0
OMP-FIRIP 5| HE A AE N R 22530 4 35519

25 PR, BE i w B TR IR PO RAA FfER
PSR G 25 pL. BN UES1H(10 pmol/L)45 2 uL
FREF(10 pmol/L) 2 pL. ZFR%EE 2.5 uL. DNA f&# 2 pL,
4ifbk 14.5 L. RIVE AT A EAZRRY B p
39 °CJ i 30 min.

2.2 $EMME
E 3 ABIH4%E OMP-FIRIPL § 8RR & A 3
AL, DA EIT ATCC29544 B IG IGFF A RED”

\'%

»—-S.—-
—

S8E
(===
S OO
T T T

PHfE/m
)
XE3S
333
S33

T T T

B E T, HARAE B AN 15 MR STk
BIRAHY L EYS, RWSIYIRE OMP-FIRIPL FRE kg
U o RIS | DIHET W T sa B AR e TR AR DR s ' o
FFE ATCC29544 . F 2 7e B FF B NCTC9529, B4
LB AT ATCC51329 1§ R £h 38 B 54T 1 DSM 18702 .
AL T 2 i DSM 18703 | #AAM TS i FF B DSM18705 .
FRAOMR T B AT TR S5 W AD DSM18706. FRAAM 5L B 54T
WK AP DSM18707 K 9 #RSZ I 43 15 5 B AT R g1 74
B, WIREY G OO S (BIA ), RINZSIYERE 7T
T T 50 B R R AR
23 REEMNR

RAA SRR A5 ROIREE, B 39 °C, 5149,
VREFAYR X9 400 nmol/L. 18 4 1, va BT & L
S19ERE OMP-FIRIP1 #1756 RAA §714, REFUER] A
10> CFU/mL,

2~17

0 1 1 1 L

0 3 6 9 12

15 18 21 24 27 30
i 8] /min

1 SR ATCC29544; 2: S AHFF I ATCC13048; 3: Hilsk M MII ATCC27853;  4: Jilisd 5e #5111 [G ATCC13883; 5: ¥ Ifil P4
BRI ATCC21059; 6: KRIAHEAT G ATCC29522 ; 7: BAMAZSHIGRT ATCCT7644; 8: 71 28 AT B ATCC12453; 9: 4l (o i 2 3R 14
ATCC6538; 10: FGZEYLI] G ATCC14028; 11: BHRIAFE ATCC13047; 12: Bl IMAMEINE ATCC17802; 13: iy E ATCC33787; 14:
TETLINE FSCC232004; 15: 4574 HR/R R FC# ATCC23715; 16: BIf59RE ATCC27562; 17: ddH,0.

K3 5n B T R R S B 2

Fig.3 Specific reaction results of Cronobacter spp.
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W
S
S

T

0 3 6 9 12

102
10! looddilz_o

y—

15 18 21 24 27 30
A /B8] /min

I SRS R 10° 2 10° CFU/mL, ddH,0 1 (MR B .
B4 SR LS 45T OMP-FIR1PL #7580 RAA FAEH i
Fig.4 Fluorescence RAA sensitivity test for Cronobacter spp by primer probe combination OMP-FIRI1P1
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2.4 F AT BR M iz

24.1 B4)URE P iRiet FiEA R B KN RAA FfE 4
EA PR b AR

FE TN TS oA G (4 58 2 5 A TR 8 BPW S
18 h Jr, FHEM mLST-Vm —WIEH . BPW R 2%
RAA P 8K FE N 10° CFU/mL(E R B/R); HZ
mLST-Vm % R 2 h )5, %56 RAA T4 LK v
BT PR S PR Tk B AR VR vk BE 107 CFU/mL(IE
S5A), GRS FE A BRI 101 CFU/mL; mLST-Vm
AT 24 h 5, 20t RAA KGR 107 CFU/ML 56 1
& (B 5B), fES & F /LR A X 100
CFU/mL. A, 966 RAA REUE I RS TS

19000
17100
16200

> 13300

& 11400

9500

> 7600
6700
3600

1900

¥l

RigRtk. W HAAGRFRILIA T L 24 h JFHIBIEE R, 20k
RAA S J3 B ] U] HU55 10~30 min, PRI RG0S Sy b 38 fR7 46
242 B YUy iR X T EATHR B KK RAA F4E 4%
A PR kAR

PR Ly Sl Y NG N A O 2 R
BPW HHFTZOE RAA TG K 10* CFU/ML(Z5 R4 2
7R); mLST-Vm #4755 177 2 h, RAA X240 LIS h se B AT
TR ARG BR B AT SR B S LA B9 107 CFU/mL( 6A),
LG RN B FEAR 1R 10" CFU/mL; mLST-Vm #7424 h
J5, P RAA KGR 107 CFU/ML 584 (i 3 25 (15 6B),
LG RN B HBRA 155 107 CFU/ML. %6 RAA K6
T e I e AL S Rk

0 3 6 9 12

15 18 21 24 27 30
i 8] /min

15 18 21 24
At 1] /min

T A BETE 2 h; B: BETE 24 hy W AT BB B 10° = 107 CFU/mL, ddH,O 1 R Bk Xt 8

s B E T B4 LKA FE mLST-Vm Hr R [R] 3 B 5 ) 5 26O RAA $ 1645
Fig.5 Fluorescence RAA amplification results of Cronobacter spp. added into infant rice flour in mLST-Vm after different enrichment time
15000 - 5
13500 |-
12000 - 106~10°
10500 |-
o 9000 -
g 7500 -
#6000 |-
4500 - 10-
3000 102
1500 ddH,0
0 il 1 1 1 1 1 1 1 1 1 I
0 3 6 9 12 15 18 21 24 27 30
A [E] /min
WA BEE 2 h

6  EB TR B SEL LY TE mLST-Vm H 7R [RGB ] 5 9656 RAA § 125 5%
Fig.6  Fluorescence RAA amplification results of Cronobacter spp. added into infant milk powder flour in mLST-Vm
after different enrichment time
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4
W
(=4
(=]
T T 1T 1T 1T 17 T 711

ddH,0

0 3 6 9 12

15 18 21 24 27 30
Fisf [B] /min

TE:B: 80 24 h; P WA ERMAREH 10°% 107 CFU/mL, ddH,0 £ BT BE .
6(42) T RFFER TSI ARLLYIR A mLST-Vm TR RIS B A )5 50k RAA § 0445
Fig.6 Fluorescence RAA amplification results of Cronobacter spp. added into infant milk powder flour in mLST-Vm
after different enrichment time

B ) LKA B e ) L R R L BB () il S ™
b, BRAIEF TL R TR R AR IR TR .
RBFEEE R, TR 7 BPW TR, 556 RAA X154
LKA B B4 LR ARSI BR 43314 10°, 10* CFU/mL. B
21 BPWIET 18 h 5, 2 RAAY G IIZALFL(BIR BIR),
AL T e B AR S [ AR VA T kST . mLST-Vm 1 14
KT 2 h, 2 s s 3 SSAG I R BV AT 35 1) JE AR A8 ik B 1Y)
102 CFU/mL, % K ok A7 i @A
2.5 #HmPRTIETEERSSFRET

Fi W GB 4789.40—2016 XiF b1 11 7 5 455 K% iy 6 Ay B2
HLYR B | FLIE O LI B 50 4y #E1 7T
IR S, BRBGEEZH DNA, RG99 RAA )
PEAEATREI, [ B SR GB 4789.40—2016 HfEFE L 5%
LIGFI AR, G5 IRERWT, 1 LRy . 1 R
LA B 2 i FLIE B A 286 RAA ik 45 R satk, 5
GB 4789.40—2016 B HE Al 25 R —2 .

3 FH5iie

P AR ST TR Pt RAA HAR R T 240 LWk
FRL i S B AT R B AN . TEAERE SRS, Pk
RAA il vg 35 A1 1 8 B0 IBR & 10 CFU/mL, i) 2
T 20~30 min, LS Ik S SERT U PCR 7k B B
R

RAA fER—FHi B B A TR E B 2= A 4R
Ry AR, BRI 12, MRy ¥ H AR
FH, WAL T RIMEERY HH AN &R, RAA HAR
RPA AR ek, RPA HEEMWETEA T4uvsX K15 A,
1M RAA (WS 2] LA TR S0 08 P oiRAs, SRRz, A&
AR, S 2 30 B A AR 3 1, A feRAE 3 min Y
FEAERYEE S . 966 RAA FH 20~30 min SEASIN, TMiDe
Jt PCR N # 755 1 h LB eAb, 39 oCa iR iy ZR $ 41t
TR RAA LTI PCR DI, J5 5 T A4 5%

PR SUBIEIRIREE . 950t RAA Kl RGEATT 252 41 55
W BB A SIS, AT LA s s A A
RS, e B A R ES T H, RAA RS
TR HE 1) LAMP 43 B s e B AR

Sl FERET (X T IF R U . FER 9 RAA
K ZECEE, BT RAA SIWHRE I 5 1Y)
K FE 30~35 bp, A LUK T35 bp, ARES T 30 bp; AR
J 46~52 bp B IL, & F PCR P4 Z 51 MR K, I
X5 K 3BT ESR, PRI ARE RS . ARG N R T Y
PG RAA IEK N 52 B AT 1 s, S5 SRR, BRI o B T
W ATCC29544 LK 7 BRILA I 5o B VEHT AR ER AR FT 9
PRS2 53 8 1 e B AT T A U5 S, 1S dRAE
B RAEYH, SR T35 SRS . ERA
14 5 2 S FF TR 1 4Rl e, A3 FRESGE A ompA St
. zpx FE[H | gurB FE[R B cgeA KERI IS ompA JE[A
v AT B AR SE SR R, AR B Y X
OMP-FIRIP1, OMP-FIR2P1 , OMP-F2R1P1, OMP-F2R2P1
J. OMP-F3R3P2, OMP-F4R4P3 (455K BTk, w4
Wi T 206y M E K RAUE R OMP-FIRIP1 5|43%
LA, ATARGT U T 5 2 AT R R 26t RAA K, it
A6, SIIERAET (e B S 34 TR B R 2 RAA
FEYERCR . 340, AWFRE I, KT 30 °CHY, 295t RAA
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