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Abstract: The aim of this study was to establish a method for the rapid detection of Listeria monocytogenes(LM) by real-time
recombinase polymerase amplification (real-time RPA). The primers and exo probe real-time RPA were designed basing on the conserved region
of the hlyA gene of LM, and the assay was performed successfully at 37 “C for 20 min. The real-time RPA assay could specifically amplify the
genomic DNA of LM, but not other 20 bacteria. Using 10-fold serial dilutions of the genomic DNA of LM, the data showed that the limit of
detection of the assay was 5x10" pg, which was the same as the real-time PCR. In the artificial contamination assays, the Listeria
monocytogenes could be detected after 14 hours enrichment culture by the real-time RPA for the mutton and lettuce samples, which were
inoculated initially with LM at the concentration of 3 CFU/25 g. The detection results of real-time RPA were the same as those of the traditional
culture method and real-time PCR, while the reaction time was much less than the latter two assays. The developed real-time RPA assay is
highly specific, highly sensitive, rapid, easy to perform, and is independent of the expensive fluorescence thermal cycler and good laboratory
circumstance, which could be applied in the on-site detection of LM in the food safetyoutbreaksand is of great significance for ensuring the food
safety.
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Table 1 Strains in this study

BARL AR KR Real-time RPA Real-timePCR

ATCC 19111 + +

$ Az om0 & 245 K E Listeria monocytogenes CMCC ?4001‘ ! i

AEBRENE + +

AEBENE + +
5 2 H4FE Linnocua ATCC 33090
BARATERTHEE Lwelshimeri ATCC 35897
HREHAEH Lorayi ATCC 25401
FREHAFE Livanovii CICC21663
AT EHTAFH Lseeligeri CICC21671
KI3%A KB Escherichia coli ATCC 25922
K p3RA K@ 0157 H7 Escherichia coli 0157 H7 CICC21530
JERd & KW 3 A I E.coli ETEC CICC 10667
# KA KH Shigellaflexneri CICC21678
RN KA KH Shigellasonnei CICC21679
R E 1T R E Salmonella Typhimurium ATCC 14028
FAaAR eV T KB Salmonella dublin CICC 21497

BTR
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CICC 21617 -
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o+, MAMEER; -, MR,
112 2K

TwistAmp Mexo kit, T [EZEE TwistDx A 4
WL DNA SRR, W E RARARHEL (b
5O AMRAF]: LB MR, FAzAiig A 20k IR
RO, 0 B G SRR A A PR A 5
Premix Ex Taq, & H TAKARA AH],
113 E&ik&
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1.2 FiE
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Table 2 Primer and probe sequences

Ik 7| MARAT 2 AR R3] (5-3") KE

LM-RPA-F TCGATCACTCTGGAGGATACGTTGCTCAATTC
LM-RPA-R GTTACCAGGCAAATAGATGGACGATGTGAAAT

real-time RPA 158
LM-RPAP CATTTCTTGGGATGAAGTAAATTATGATCC (FAM-dT ) GA

(THF ) GG (BHQI-dT ) AACGAAATTGTTC-C3 spacer

LM-PCR-F CGCAAAAGATGAAGTTCAAATCA

real-time PCR LM-PCR-R CTCCTGGTGTTTCTCGATTAAAAGT 95
LM-PCR-P FAM-CGACGGCAACCTCGGAGACTTACG-Eclipse

1.2.2 LMreal-time RPA BN AK Z o 54F

f# F TwistAmpexokit BCfil] 50 uL RPA WAA R,
Hrp 35 LM-RPA-F/R (10 uM) 7% 2.1 L., LM-RPA-P

(10 uM) 0.6 uL, Rehydration Buffer 29.5 uL, ddH,O

12.2 uL, BEH 1 L, 280 mM MgAc 2.5 puL. SEEHEA{E
N: BRI MgAc FIFTH IRFITUR SN &6
TR 02 mL RMEH, 785050 HU1 pL
AR N SN s X 2.5 il MgAc INTE S A 35 1,
RSB B L IR BTSRRI R %
H, WE RN 37 'C 20 min.
1.2.3 LMreal-time PCR BN AK & Fo 55

MR A S0 = CARALF IR R S 6 A, el 25 pl
real-time PCR JX MAK 5, £33 Premix Ex Taq(‘f 7 PCR
buffer. DNA ZEAEHA ANTPs %5), LM-PCR-F/R (10
uM) % 1.5uL, LM-PCR-P (5uM) 0.8 uL, DNA

PR 1 uL, ddH,O 7.7 uL. MizkfF: 95°C30s; 95°C
5s, 60 °C35s (WdE%E), 35 MEH.
1.2.4 LMreal-time RPA 4% M A= R S0 K56
IR 1 LM M EH bk DNA, #H1T RPA 77
P EMERAE RS . B LM 4l %, B 1 mL B
A FH 4 TR ik DR 2H B BT & 2 X DNA, 08
DNA WAL, R IKFKEEAT 10 R0 FEMRE, fiHMk
FELE 5.0x10°~5.0x107 pg/uL YEH, 23511 pL &H
PRI DNA VEAMHGIEAT RPA J5ik REMERE,
SEVZ IR ARANER o [R5 real-time PCR J7i%it
1T R
1.2.5 LM real-time RPA ¥ M4 5216
W LM ZEREF-704% 10 F5B6RERRRE, BEALEX 3 AN
BEEMIFEAR D HIE S ANEX, H real-time RPA ki
ATHEA AL P A, IR Ct B R R
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Fig.1 Specific results of real-time RPA for LM
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Table 3 Comparison of sensitivity results of real-time RPA and
realtime-PCR for LM

o real-time RPA real-time PCR
DNA R /pg .

(TT 44, min:ss) (Ct1h)
5%x10* 2:30 15.32
5%10° 3:09 18.74
5%x10° 3:21 21.88
5%x10" 4:07 25.06
5%x10° 5:28 28.24
5%x107! 7:12 31.70
5%x1072 >20 >35
5%x107 >20 >35




MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.8

2.3 LMreal-time RPA 7 i:th &5 B4 8
AR MESLIGAE RN, IS AL ) R S

CtEMREEEINT 1, R RH<S% (WK, B
W RS KT R A REF R E R .

%4 LM real-time RPA EE4HSCIE
Table 4 Repeatability test of LM real-time RPA

AT F e & 7
K /pg n TT 44 (min:ss) TT A& (min:ss)
CV/% CV/%
mean S.D. mean S.D.
5x10° 5 3:11 0.05 1.61 3:06 0.03 0.98
5x10! 5 4:15 0.10 241 4:10 0.08 1.95
5x107! 5 7:52 0.25 3.32 7:29 0.21 2.88

24 ANTLTiTZtE s R

TR AR AR, BTN A A R A SR
AR RIUA B AN 3+ 29, 62 CFU/25 g HL 14,
20 h MR RET LM JE[HZH DNA $2HC, B AT
FLHENL Y real-time RPA J7vEHH TR 45 REKW, =
FOMHRTCAET Y S 2, ARAE] LM, Ui SEI A

3o XTHER RN 3 CFU/RS g SR ARt s, HE

14 h J5, real-time RPA J7VARITE 12 min PN SEELXT LM

G . X THEFERE M, real-time PCR S5&4tis 95 77

EREIE] LM =R iR &5 R — 3, (H2

real-time RPA BEWEAE 12 min PNIRTES A FHIESS 3,

real-time PCR 75 % 55 min, M 4t55 75 AN F5 2 7 d
(GERNAES).

FR5 ANLISRHEMENER
Table 5 Results of artificially contaminated samples

H# real-time RPA

real-time G IE Ik FAE

BB EF(CFUR5g) HHE/M e d
oo (TT, min: ss) PCR(Ct) (7d) /(CFU/mL)
14 11:27 32.80 + 8.1x107 BEEHK
: 20 10:15 28.88 + 9.5x10? 1.5x10°
2 2 14 10:29 29.37 + 9.0x10§ CFUlg
’ 20 9:15 27.04 + 3.0x10 KB
o 14 7:49 26.01 + 4.5x10° 3 1x107
20 7:42 25.74 + 6.3x10° CFUlg
14 11:34 32.92 + 4.8x10
. 20 9:32 28.07 + 2.8x10° ERSS 3
+ " 14 9:56 2832 + 2.0x10° <10 CFU/g
3 20 9:10 26.56 + 3.8x10° XA
N 14 8:22 26.22 + 3.9x10° <10 CFU/g
20 6:30 23.20 + 7.4x10°

E: o+, FAMZEXR,
3 ZHig

3.1 FHEMRY HHAMLIL, RPA HIRAALITR
HAOLH. RIEMIGE. SONMTAIAE. Remethim, REK
Ve RBHPERAR, WEZRER R A . HbT
RPA s 37 JF AN s SRR RFIR T, B 51 R
KRR ITE S LD T ITERCAR, 1E
BOHRE BB AT, CHERE R RE
R RIS Sy S AR, IR A e )
Kk, WA TEAEIE T RPA SIAIERE B THE I,

A ReLE A RIS A I B 5 W ARET

32 AWFFTIERL LM Rem R hiyA SRR, ¥#&
1t RPA 510 exo ¥R%, 37 1 LMreal-time RPA /5
o BITELC LM IR Oty s h4e, BA
TRUFIEE R R R AT LA S 5x107 pg LM JERI4H
DNA, 5455 % 8 7 [ LMreal-time PCR J57%—%L,
{H /& real-time RPA Ft 7 % [ Je B B ] 3z iz 2> T
real-time PCR 777, il 54500 37 (1) LAMP J5735%}
LM 45832 Jy 2.27 fe/ul, KT AHIF 58 2T
] real-time RPA /7%, {H LAMP Jc VAN 45 min,
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