5T iap LN RT-LAMP AR S
YRZAMAE B A AR A RO PR Y
% AR A #H?2 O RikME?

(1. WU 22 0 A D B e A B |), R VL BN 31000052, # VL LRI R & 5 54 W TR = Be, Wil huil
310000)

WME. ARG ERTEHRLNFF BT 3 (reverse transcription - loop—mediated isothermal
amplification, RT-LAMP) 3% R /£ #6] 3 4% 2m Jo 34 £ B A 45 B B 09 W R B 5 P e B R Fo B 0,
A& ¥ RT-LAMP /R 2 VA jap & B A ¥e K B33 51 4, A0 W %) e b 09 A s I8 A F A A
W Z T R TR RHE ARAFTHENZKRE BAFRAF, F8 KA RT-LAMP 4k &
RAELH A 63 CH 3 60 min, B4k Z P3| 469 AR E A 9831 4 0.4 wmol/L #= A 3] 4 0.8
pmol/L, ¥A B MgSO, 2.0 mmol/L. % 3 5% 1.0 mol/L . dNTPs 2.0 mmol/L.,AMV i# # F B 10 U/pL.
Bst DNA R 485 320 U/mL, #Z X% %) R #Z A &% 7.3x10' CFU, 2 LAMP %9 2 &, 4571 55 5
EREFEAEN L ERFEAGERLR, LBMAE, A RT-LAMP # ¥ %47 £ GB
4789.30—2016 # M| 77 & A A% Fx (n=100) *F % 45 4m oL 3 4 2= 37 45 1 49 4 4840, L RT-LAMP 42
SNEBATER, AR ER LA EREFZETARGBAEFRAG TR, 25 BAFF FH
6, 7T 4o RT-LAMP T 4% 2 — A 4 2 a9 el - B

KR, HFIANFFRY I, L@ A FFRE AR, A LR S
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Detection and Evaluation of Listeria monocytogenes in Meat Products
by RT-LAMP Based on iap Gene

CHEN Dong', YANG Xiao*, SONG Dafeng®
(1. Hangzhou Assure Technology Co., Ltd., Hangzhou 310000, China; 2. College of Food and Biological Engineering,
Zhejiang Gongshang University, Hangzhou 310000, China)

Abstract: This experiment aimed to investigate the effectiveness and evaluation of the reverse
transcription-loop-mediated  isothermal amplification (RT-LAMP) in detecting Listeria
monocytogenes infection in meat products. The assay was designed to target the iap gene of Listeria
monocytogenes for detection of meat samples based on the principle of RT-LAMP. The specificity,
sensitivity and differentiation between living and dead bacteria of this identification were compared
to Chinese national standards. This experiment optimized the RT-LAMP conditions and obtained the
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optimum amplification at 63 C for 60 min, the optimal concentrations of the primers were 0.4

pmol/L outer primer and 0.8 pwmol/L inner primer, 2.0 mmol/L MgSO,, 1.0 mol/L betaine, 2.0
mmol/L dNTPs, 10 U/nL AMYV reverse transcriptase, 320 U/mL Bst DNA polymerase. The assay has
a sensitivity of 7.3x10"' CFU/per reaction, which was twice as sensitive as LAMP. The specificity test

demonstrated that only the target genes of Listeria monocytogenes were detected without false

positives. The ability of RT-LAMP to detect Listeria monocytogenes in commercially available meat
samples(n=100) was comparable to the Chinese National Standard GB 4789.30-2016, and RT-LAMP
only amplified live microorganisms. Differentiation experiments between living and dead bacteria

revealed that this method could eliminate the interference from dead bacteria in meat samples. In

comparison with the method of national standards, RT-LAMP proves to be an effective detection

method.

Keywords: reverse transcription-loop-mediated isothermal amplification, Listeria monocytogenes,

rapid detection, meat products

K 41 i 44 A= 2= 1 KR B (L. monocytogenes ) J& —
il N7 S O IR PR S e EOR PE AR A A A
PLARN, B 5 G i By Al S BRI, TR SE
HAFA 1600 2 NEHIZOR IR, 200 2 ASET20, 20
22 90 4FAC, WHO R 538 2 1 Ry 3 51 0 12 i DU R
T DR TR 22— o B 200 1 A 2 R TR AT 2 B L i
i a2 i 2 5 B AT A R Y AT R 2 TR A 2 TP
P 3 A 2 5 AR T 3 (20%~30% ) 1Y 3 i [R5
I e A 0 5 P A A S 0, 0T YR AR BRI
G JE S e S R AR D0k AR PR 3 R AR T,
TE T SRl o S IR 22, BEEE 226 73 Mr ik (ELISA)
DN AS 8% B e 2 B H RO Ak, TR AR S AL
OrIZRE B — T I B IR B IO TS T T A 2R
B YRR Bl P S R R R Y 0 S, R e TN 2R B
I BRAEAER AT, RS SR IR S AR IR YA

(RT-LAMP) JU| 0] LAAR 4f 4o fig g DA 1= [n) 850, REAR B8 T
W SR TN B R B R RO, EE S T A R
P4 vk (LAMP) 09 a7 {58 #2432 05 v 7 [6] i) A6 ) 22
HEAEA A BAIR , 25 A 7 2, VRS B ORI
RT-LAMP % R X} 8 ¥ 53 2= W 5F & F1 33 #EE 1
38 2 I R TR R AT A S R F S R [ S T X
W2 RE B dap JEPR ORI RIS, BLAMRIRTT T
VT B 2 T AR ARG 0 235 SR v R M (R B, AR S
DL bR AERG I 32 R % B8, LA A RT-LAMP f9 1]
itk

1w s

1.1 =
XA TR A R S8R0k U Y 39 AR T R
PRI 1,

# 1 RT-LAMP ZLIEHE#%
Table 1 RT-LAMP experimental strains

Listeria
Listeria
Listeria
target Listeria spp Listeria
Listeria
Listeria
Listeria
Listeria
Listeria

other Listeria spp Listori
isteria

monocytogenes ATCC 7648
monocytogenes ZFM]J4045
monocytogenes ZFMJ3215
monocytogenes ZFM1723
monocytogenes ZFMHF550
monocytogenes ZFMJ0161
monocytogenes ZFMF2365
monocytogenes ZFMF8027
seeligeri CGMCC1.6731
seeligeri ZFM51335
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Listeria
Listeria
Listeria
Listeria
Listeria
Listeria
Micrococcus
Staphylococcus
Staphylococcus
Staphylococcus
Staphylococcus
Lactobacillus
Lactobacillus
Lactobacillus
Lactobacillus
Bacillus
Enterococcus

NoD-Listeria spp Enterococcus

Shigella
Pseudomonas
Shigella
Escher ichia
Escher ichia
Escher ichia
Salmonella
Salmonella
Pseudomonas
Rhodotorula

Saccharomyces

CGMCC 1.7730
CGMCC1.2990

nnocua

nnocua

innocua ZFM33090
grayi CGMCC1.6770
grayl CGMCC 1.2989
Ivanovii ZFM19119
luteus CGMCCI1.193
aureus CGMCC1.879
aureus CGMCC 1.128
aureus ATCC6538P
aureus CGMCC 1.2386
plantarum CGMCC1.551
plantarum CGMCC1.511
plantarum CGMCC1.556
lactis ATCC15577
subtilis CGMCC 1.1627
Jaecalis CGMCC 1.125
Jaecalis ZFMBM13
Sflexneri CGMCcC1.1868
aeruginosa CGMCC1.647
dysenteriae ATCC9753
coli JM109
coli 0104
coli CGMCC1.1580
sp- CGMCC1.1552
sp. ZFM New port
pufida CGMCC1.645
rubra CGMCC2.1034

CGMCC2.1643

cerevisiae

CGMCC ;v [ 3538 £ A= 4y o Ao R LA EL b O s ZFML: VLA B A B R TF 8 T i =

1.2 EFEZKFH

AMV ¥ 5] 4H TR B RNA PRl 42 )
& LAMP 5%} PCR 51¥ . g TAEY) TRRHE
FFRAF]DNA RGN Axygen AF]
1.3 &
1.3.1 314 %3t 7E GeneBank 2% $& B4 41 i 334
A ZE W A Y dap B F S, Primer
Explorer V4 (Eiken Chemical,Japan) i it T 4 4~ 5|
Yy, 4045 2 M489 (LM=F3 #1 LM=B3) 12 N3]
Yy (LM-FIP #1 LM-BIP) , BT T iap FEP 1Y 6
A, UL T

421AAAGCAGTAA GCACTCCAGT TGCACCAﬁCA CAAGAAGTGA AAAAAGAAAC|TACTACTCAA
F3
481 CAAGCTGCAC CTG ECAGA AACAAAAACT GAAIGTAAAAC AAACTACACA AGCAACTACA
FZ—‘F

541 CCTGCGCCTA AAGTAGCAGA AACGAAAGAA ACTCCAGTAA TAEATCAAAA TGCTACTACA
Blc
601 CACGC FTCA AAAGCGGTGA CACTATT‘TGG GCTTTATCCG TAAAATACGG ’TGTTTCTGTT
B2
661 CAAGACATTA TGTFATGGAA TAATTTATCT TCTTCTTCTA TTTATGTAGG TCAAAAGCTT
B3

B 1 iap BEE|¥MELZAIEETIHFRE AL ENFT]
Fig. 1 Location and sequence of iap gene primers in

Listeria monocytogenes

LHS LA SIL 2023 FE 425F 118




RESEARCH ARTICLE

CHEN Dong,et al: Detection and Evaluation of Listeria monocytogenes in

Meat Products by RT-LAMP Based on iap Gene

1.3.2 DNA #= % RNA #9423 % IR 40 i & RNA
P $2 15057 & (Sangon Biotech ) Al DNA $2 Hi i 7
& (Axygen) RYERVEULI]Z3 51420 DNA FLE RNA
TRAFH

1.3.3 44 RT-LAMP 4 % M43 R 2 RT-
LAMP #5817, 47 50 J5 5 € RT-LAMP ] 45 (1) 3%
AR ZR (25 wWL) A : B W 1xThermoPol® , dNTPs
0.8 mmol/L.,MgS0O, 2.0 mmol/L.,LM-FIP 0.8 pmol/L,
LM -BIP 0.8 pmol/L,LM -F3 0.4 wmol/L,LM -B3
0.4 pmol/L,AMV i¥i 5% 5 i 10 U/pL, Ff 60 1.0
mol/L, Bst DNA 3 4 320 U/mL,RNA 2 wL,63 °C
WEE 1 h, FHERE AR B 1 7 R SR AK (0,05
1.0.1.5 mol/LL),MgSO, (1.0,2.0,3.0,4.0 mmol/L),
dNTPs (1.2.1.6.2.0 2.4 mmol/L) Fil Bst DNA % 45 il
(40.80.,160.320 U/mL) #1549 i 0% & 16 B (59 .61 .
63 .65 C)PEAriitk .

1.3.4 RT-LAMP #4574 K%  FH 8 MR 40
Bl A 2 R AR 31 PRI A% A AR A= 2 M R A
P Fie BRI & Ui HE B RNA, A9 RT-LAMP
TR R AT S0, W 5% B R H Uk 45 SOk I B RT-
LAMP [1)FE 5%,

1.3.5 RT-LAMP # 2 #0% X% 2l 5% 40 i 1
A ZE R B B 7R (JO161) I 2 RT-LAMP 2 #5% |
10 £5 3 BTk AL BB 3240, NP B2 0 RNA | I 7 fie 1
FRE S5 R 547 RT-LAMP,, FH I3 O 325 44 #8385

E UL E DNA FEK LAMP (9 R 805, F Bis
BHUE R B Pk 25 S 5 RT-LAMP #E47 L5,
1.3.6 A RT-LAMP #= LAMP # | & ¥ #= & ¥
PEF M T S M T 37 3L 1 50 S PIZRFESL, LLHA
5E RT-LAMP 2 75 688 R0 X 43 SU40 B FG A0 B L 0
BRI ZERE RS20 , T 10° CFU/AL 1Y PR3 2= 3 4
PR GY 40 SRR A, T S5 IR BE S TR M Rl T
T4 10 SRR HEFERYIRGEFRE S
O B E 8 W B DNA A RNA, 4351 Hf LAMP #lI
RT-LAMP #4752 55 353 A 45
137 Hem AP S mmpig s EZNaE %
RT-LAMP #5 i 2 1 v [ [ 58 45 #E GB 4789.30—
2016 53 31 T 43 B DA Y b 1T 37 3K 45 1) 100
ANARES:, LAfE RT-LAMP %58 DA rp 8 4% 40 i 434
R AT RE J7 o WURE AR 2R L A3 B0 TT
I W PR HC RNA R R S bR 1fE GB 4789.30—
2016 A8 4 PR A, R SE T SR AN i g A 2
$Hr R O TR T I AETE o

LRI

21 5|¥igit

SIFEAN IR 2, it T 4 51, A 2 Ak
5|41 (LM-F3 Fl LM-B3)fl 2 4~ N 5] %) (LM-FIP il
LM-BIP), Eff RS T iap FEH 6 A~ XK, W3 2,

R2 iap BEEMFRESI TS

Table 2 Specific primer sequences of iap gene

I T . 7T

LM-F3 GIEAEILY] ACACAAGAAGTGAAAAAAGAAAC
LM-B3 V=YL ACATAATGTCTTGAACAGAAACA 23
LM-FIP Fle 1 F2 TTAGGCGCAGGTGTAGTTGCTTGTG-GCAGAAACAAAAACTGAA 44
LM-BIP Ble #il B2 GATCAAAATGCTACTACACACGCTCGTATTTTACGGATAAAGCCCA 48

2.2 4 RT-LAMP & & B ALY 1 BAAE 59~65 CRIhY 14 | I HAE 63

itk RT-LAMP 256 25 5 LKl 2, 7E MgSO, ¥
J& R 2.0 mmol/L B 7] LAY 34 dap , 1 7 AV BT
RPEEY =), B ANTPs ¥ 5 038 i, B i b
HERE 11 RT-LAMP F= ¥ 557 s BE 38 N, 78 dNTPs
WA 2.0 mmol/L B WL %% 2 5 A 4w . W 1.0
mol/L S0 5 , A% 7 K 0 5 3 WA , (50244 i S Ak I
M 1.0 mol/L #4n%) 1.5 mol/L i+ ¥ A W25 3] B W (19
5 W VAR R T Bst DNA B4 B ik B 74 3%
hn, Y= HrAE 320 U/mL Bst DNA B4 T W %2

Cr- R W i 25l . JE T IXEEE L RT-LAMP
EL5MH :MgS0, 2.0 mmol/L,dNTPs 2.0 mmol/L, &ff
3% 1.0 mol/L, Bst DNA A 320 U/mL, 73
£ 63 C, X LSBT A 5 22 5250 1 bn 45 1
2.3 RT-LAMP #4558
WITR S Y3 Tk A 8 AN g R R
PRI dap FEDH, (RSP HE K AR S 2= ke i
iap F¥31, R, RT-LAMP i 56 4 S5 P b K6 ) 2 33
ZEMT TR T R PR S, LA 3,

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 42 Issue 11 2023



Mo RL,E . AT iap A 8 RT-LAMP 3 R A 1 KR B b 8 47 2w i 38 & 25 07 4% 1 09 20 B3R

2000 bp

1000 bp
750 bp
500 bp
250 bp

100 bp

VKIEM: 2 000 bp Marker; Jkif1: BAVEXTRH; JkiH2~6: Mg k¥
43540.5, 1.0, 2.0, 3.0 mmol/L,
(a) Mg HEEAb

2000 bp

1 000 bp
750 bp
500 bp
250 bp

100 bp

YKIEM: 2 000 bp Marker; Jkifi1~4: MRS58 59, 61, 63, 65 C;
VKIES: BIMEXTHR
(b) B &AL

M 1 2 3 4 5 6

2000 bp
1 000 bp
750 bp
500 bp
250 bp
100 bp

JKIEM: 2 000 bp Marker; Jkifi1~4: FSERKES3100. 05, 1.0,

1.5 mol/L; JKIBES: FAYEXTHE,
(c) FI=EmRERAL
M 1 2 3 4 5 6

2000 bp
1 000 bp
750 bp
500 bp
250 bp
100 bp

VKIEM: 2 000 bp Marker; JKiE1: FIPEXTIR; JKiE2~5: ANTPsiefiE
AyEh12, 1.6, 2.0, 2.4 mmol/L.
(d) dNTPs ¥k

2000 bp
1000 bp
750 bp
500 bp

250 b
100 bp

VKIEM: 2 000 bp Marker; JKiE1: BAPEXTHR; Jkil2~5: Bst DNARGUH S
43340, 80, 160, 320 U/mlL
(e) Bst DNARH AL

B 2 RT-LAMP FR{ELER
Fig. 2 Optimization results of RT-LAMP system

2000 bp
1000 bp
750 bp
500 bp
250 bp
100 bp

VkiE M2 000 bp Marker; Jkil 1~8: HLIMZ=HHETR 7648, J4045 .
J0161 .J3215 1723 \HF550 . k2365 .F8027; ik if 9. K W AT
JM109,
B 3 RT-LAMP 53R MH&ER
Fig. 3 RT-LAMP specific results
24 RT-LAMP B R 8 Eit%

A PR A0 3 A 2R R R LB G SR S A
SRR Th B L RNA (0 B 10 %), 78 SR A I 0 2%
4T RT-LAMP £, 7€ 2 o/dL B fEHEEE I 1
WMEL, KT 7.3x10" CFU/mL B 3% A B 5 59 5 =
Yy, 0K 4(a), HE LAMP #1 RT-LAMP (1) R %
LAMP # R £ & 1.4x10*> CFU/mL, & F RT-
LAMP, VL& 4(b),

2 000 bp
1 000 bp
750 bp
500 bp
250 bp
100 bp

VKIEM: 2 000 bp Marker; Jkifil~4: BRFRMIefis 530 R7.3x10°
7.3x10%, 7.3x10', 7.3 CFU/mL; ¥Kki& 5: BHPERTIR .

(a) RT-LAMP R ¥
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2000 bp
1 000 bp
750 bp
500 bp
250 bp [
100 bp

JKIE M: 2 000 bp Marker; VKiH 1~4: REFRHMEE 40310 1.4x10°
1.4x10%, 1.4x10%, 1.4x10' CFU/mL; VKI5 BAHExFHE,
(b) LAMP R &
E 4 RT-LAMP #1 LAMP R R

Fig. 4 Sensitivity results of RT-LAMP and LAMP

2.5 EEMIEEH RT-LAMP 1 LAMP &l

RT-LAMP (%0 7 25 3R W35 3, 75 & A JE i 2
WrRR T B9 10 AR S S5 SR O BT, (HAE LAMP Il
BHYFTA 10 AR 2 R B, T S e R AR
DU RE3 AG: H BH A

%3 RT-LAMP #1 LAMP # i 7€ & 0 & &
Table 3 Detection of dead and living bacteria using RT-
LAMP and LAMP

RT-LAMP # | LAMP #&:31
ET B/~ | M AREEE | AR
FEAE /A BRI

T TRTS YA 40 40 40
BUTR 5 YAt 10 0 10

2.6 MEFERTFERNRAZMEMIGEFHSEQN
100 > AAE it RT-LAMP 43 B 8048 5 [ 5 hr 1
GB4789.30—2016 1 % ¥l M B 45 2R WL 3% 4, RT-
LAMP F1 GB Wl i 5 % 7 3 Fh 542 20 g 1 21 4=
R FH PR AR S UESE T RT-LAMP 2 A9 A=A 7
&4 RT-LAMP 1 GB 5@ AR PR B2 EMmIEESF
B4 &
Table 4 Detection of Listeria monocytogenes in meat
samples using RT-LAMP and GB methods

RT-LAMP il i)
FAPEREAR /A

GB 4789.30—2016
I S BEPEREA A

& 18

YE# 1 O RT-LAMP DL jap FE PR N # 5L [H %
THG WAl R o B 2 R TR, TEAE S8 LAMP
FoR BAET I BLAk AR S RT-LAMP J5 B X 52 1
TR R BEAT AR, 62 07 2 v AR EAT VAR IR 5 E AR
HEAT X, i 45 SR R W RT-LAMP 7E 7.3x10'
CFU/mL 5539y v B o] 6 Hh B0 2 el i, HA &
REE . HARRE SR S50 A BA IR PH P45 2R
RS ESR . SR RT-LAMP ££ 7.3x10' CFU/mL 955
FE R B PG AR TR, R JE LAMP 1 2
Vo TEIE BOFIPE T AR I 52 5 vh ) 5 LAMP AR AH
o, RT-LAMP E6 6 s AT 9735, m] DL D430 40 7
MBCANTE , ke B PR vESS S, H %568 1 B,
GB Jr ik xE LMK R 7EBE S /Y T AT PRS2 8 b RT-
LAMP Fi il 25 5 5 = K br . GB 4789.30—2016 J7
PAH ] (H 5 R A 2 T X R W e A DA B
P ity b K ) L3 2 B R R A SR EUIG GB 4789.30—
2016, SLHR 45 A B R, MSO, FlHe X} 5 | #2454
Bst TE MR SE M i K, BE B IR RIS A A A
RSB AR X5 Z AT BT 4 R — 20,
[Fi] B IS B AE A R T B VR B A R, AR I A
HRIETFE RT-LAMP Hin A =% 6 2 Rt B 48 v S
PEREE, H 75 A 52 56w U028 F B 14 7= g 0 G 14
(1.0 mol/L it =Emi fe ) . X — I Al B 5 Fit = o
Hg5® RNA XF Bst DNA 4 B 1) & $23E fig 714

Zi LTk ,RT-LAMP 5 A 4G ) P8 B w5 38 2=
WrAs e A A R A R Y, ML GB ik
Xif B B A A 0 o R GR T T A K TR S AT A AR
BA i PR HL Al D PR BB B O R X £ T A R
(B A L FAL G A A T R T
Vh BSR4y B T )9 T TR & JF R AR
RPECRP  [R)Eh % H R IELE T LAMP $ AR A9 1 4,
A A HL B R HE | Ay £ 5 S0 TR 9 PR 3y
BRI PR T B s AR
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