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Abstract: [Background] Listeria monocytogenes is a common contaminated foodborne pathogen in meat
and dairy products. The traditional culture method can not meet the rapid detection requirements of large
quantities of food at the port. It is very important to establish a simple, sensitive, fast and field operable
technology. [Objective] To establish a rapid and simple method for the detection of Listeria
monocytogenes by recombinase-aided amplification (RAA) to meet the actual needs of port rapid customs
clearance and supervision. [Methods] According to the conserved region of hly4 gene of Listeria
monocytogenes, the specific primers and probes were designed. The best primer combination with the best
amplification efficiency and sensitivity was selected by the combination of 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 4789.30-2016. [Results] The
optimum reaction temperature of fluorescence RAA of Listeria monocytogenes was 42 °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 3x10> CFU/mL in pure
culture. The LOD for Listeria monocytogenes was 0.3 CFU/mL, 3 CFU/mL and 30 CFU/mL original
concentrations under 4 h LB2 enrichment in artificially contaminated beef, Atlantic salmon and processed
cheese respectively. The RAA assay produced a positive signal in 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] The fluorescence RAA method can be used for rapid detection
and monitoring of Listeria monocytogenes at ports or other places.

Keywords: Listeria monocytogenes, fluorescent recombinase-aided amplification, rapid detection, monitor
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Table 1 Primers and probe sequences of fluorescent RAA for Listeria monocytogenes

BIE/ s 5191751

Primers name Primers sequence (5'—3")

hlyA-F1 CTGTAAATAATAGCTTGAATGTAAACTTCGGCGC

hlyA-R1 TCTGCATTCACTCCAAGCGCTTGCAACTGCTC

hlyA-F2 CGCAATCAGTGAAGGGAAAATGCAAGAAGAAGTC

hlyA-R2 TTGCAACTGCTCTTTAGTAACAGCTTTGCCGAAA

hlyA-P TAGTTTTAAACAAATTTACTATAACGTGAA(FAM-dT)(THF)(BHQ-dT)TAATGAACCTACAAG
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Figure 1 Amplification effects of different primer concentrations of fluorescent RAA for Listeria monocytogenes
Note: 1: 100 nmol/L; 2: 200 nmol/L; 3: 400 nmol/L; 4: 800 nmol/L
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Figure 2 Amplification effect of fluorescent RAA concentration at different probe concentrations for Listeria
monocytogenes

Note: 1: 100 nmol/L; 2: 200 nmol/L; 3: 300 nmol/L; 4: 400 nmol/L
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Figure 3 Fluorescence RAA test results of different primer probe combination

Note: A: F1/R1/P; B: F1/R2/P; C: F2/R1/P; D: F2/R2/P. The dilution of Listeria monocytogenes ranged from 10° CFU/mL to 10 CFU/mL,

ddH,O0 as the negative control

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn

Microbiol. China



ORI POCTE A RN AF R AN B rh R A R T 4995

25000 [ 1
22500 |
20000
17500
15000
12500
10 000
7500}
5000}
2500}

Fluorescence value (mV)

0 3 6 9 12 15 18 21 24 27 30
¢ (min)

4 BIETHTRERERRE RAA BRERNE

Figure 4 Results of fluorescence RAA specific reaction for Listeria monocytogenes

Note: 1: L. monocytogenes ATCC7644; 2: P. aeruginosa; 3: P. mirabilis; 4: K. pneumoniae; 5: S. typhimurium; 6: E. aerogenes; 7: E. coli;
8: E. tarda; 9: L. innocua; 10: L. seeligery; 11: L. ivanovii; 12: L. grayi; 13: L. welshimeri; 14: S. aureus; 15: E. faecalis; 16:
S. hemolyticus; 17: ddH,O
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Figure 5 Results of fluorescence RAA specific reaction of Listeria monocytogenes isolated strains

Note: 1: L. monocytogenes M2 strain; 2: L. monocytogenes M3 strain; 3: L. monocytogenes M4 strain; 4: L. monocytogenes M5 strain; 5:
L. monocytogenes M6 strain; 6: L. monocytogenes M7 strain; 7: ddH,O
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Figure 6 Fluorescence RAA sensitivity test for Listeria monocytogenes ATCC7644

T SRR AR 10°-10° CFU/ML, ddH,O 154 BT

Note: The dilution of Listeria monocytogenes ranged from 10° CFU/mL to 10° CFU/mL, ddH,0 as the negative control
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Figure 7 Fluorescence RAA amplification results of beef matrix after different enrichment time in LB2
Note: A: Enrichment 2 h; B: Enrichment 4 h; C: Enrichment 24 h. The dilution of Listeria monocytogenes ranged from 3x10® CFU/mL to

3x107! CFU/mL, ddH,O as the negative control
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Note: A: Enrichment 2 h; B: Enrichment 4 h; C: Enrichment 24 h. The dilution of Listeria monocytogenes ranged from 3x10° CFU/mL to
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Figure 9 Fluorescence RAA amplification results of processed cheese matrix after different enrichment time in LB2
Note: A: Enrichment 4 h; B: Enrichment 24 h. The dilution of Listeria monocytogenes ranged from 3x10° CFU/mL to 3x10™" CFU/mL
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It 24 h JE A RE A5 R, M 2E0 RAA FE S5 (9 T
PR RS R vy T i TR g ik .

2.5 R RIS R R A SSRRAG

i FROSCHER (16145 Ty vE 0 b 9 101 R B B8 K i
BXG A A4 RPUvEEE e | 22508 e Pl T s
SE45 20 AL 100 1y A 7 HITAL 3G TR f R HUCEE R 40
DNA, RSBt RAA A raaill, [a] it
K I SCHR (16185 7 32 th 477 9 A% e R 235 55 O
AR, Z5RRA 2 IR, 2 B4R
1 G RVEPEEE 520 RAA J7 RN 45 5 52 PR
S EZFrUE GB 4789.4-2016 #a 4k o — 5,
3 WiRE%R

AN T — AP | fEE | S A D A
BEAHRE R ZEE RAA o S5, BRT Hsy
R E R UERR ATCCT644 KBS HATY 1155,
HoAR 02 R TR AL S s s R TR TR 0T A= by
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W PR TR A L R A TR TR L B R R T
B 10 LA PEREII R AP G, B T2 ke
PR S

AFFEE AL S, 2988 RAA ik
) B 338 2 A T 0l B SR A% 3R 81 3x107 CFU/mL.
WWH RAA FEARMEFENIRE R 39 °C, WA 5% i
PO SO S, B I AR TR T 9Ot RAA
PR AR BN 42 °C, REF MLV BE R
400 nmol/L. 5| WRAET HHEE , I HIZIRET e B XF
RAA JERIGCHE DL () DNA FLA KA. RAA i
il £& AE TR O FEAR B 2/ T 10" CFU/mL J5 S IR
BT RERS, FEERRIE N 10° CFU/mL i
{55 Lt , e T RIGUE . X — TS| P HE
BT G, R R S v B A O o ABIF 9T &
B, B RE 2 B S 3 400 nmol/L LA B AT IR
U b A DA 1 A5 5 IR A i o 48 R 43 Al A 1Y
RAA J b R )% AT ik %] 10* CFU/mL LU k.

FE SRR RIN r 5 e ) B YR M SO TR AS A
A RTAG I 1y 5 R SR AL 52 B T ) T A
TAEH ANV VR . TR RS SR R, (IR L S0R
PR A — b SZ AR, BRI T A T R S
U TR AR o RV P R sl i o T A2
Tk, WA E —E T A SG A ] o AN )£ SR
FEI R BRI BTt A K 25 S A SR AR 4
W AR TS Y 3 MR IR KPR
fie: 00 N AT ARER A LS B 4
FEOR M 2. DFERI, 3 R N Tmbriy &
A LSRR LB1 WU B AT A2t RAA AR H
4 3x10° CFU/mL, & BASE SR ARSI T 1 F B 2
(GERKER); WAE LB2 I G 2—4 h &0 FR
KO B4R T UL AR LB2 T B E 2,
AR G U 7E LB 3 WS B 79O RAA Y
B ALK HRTRELE R AR R 48 LB2 3
PG 2 RAA P SIS A 2. 2RI K
PE A N PR IS 7E LB2 S 4 h Sl B> 31)
RE T RIE IR 3. 0.3 ) 30 CFU/mL, K74

Mt E LB2 MEE 2 h JE K I PR ED ATk
3 CFU/mL. %t RAA 5 R 0B Kok B 24 W A0
FAL G IR . SEBRFE S AR I 25 SR 5 bRk
W& o

AR A RAA HARMARE, WL T ZFpsL
B AN =X, A2 # % CRISPR/Casl2a &
45 PCR J¢ RAA HAREGEGHREAAG I B 14 2= ke
, RALPE Sy H)35%) 3.37 CFU/mL A1 135 CFU/mL,
R ] A 15 min, B R0 E Xie
SR B RN BE LS & RAA EERSEEH Tk
A PRSI £ b At e i 1) 4 3 €0 R A BK AT, ek U
W THbRTS % & 4 3 hJ5 10° CFU/mL & 6 h
J& 10 CFU/mL MYJFARTE . HILATIL, B AR
BRI 2 1 e 5 R R SE I B £
A DN I T A
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