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and the hemolysin-encoding gene hly. Methods Primers and probes suitable for RPA-LF were designed based on
the conserved fragments of the target sequence, and the optimal primer-probe combination was selected, the
corresponding detection method was established, and its reaction conditions were optimized. Results Under
optimized conditions, the total reaction time of the RPA-LF assay was only 20 min, and the results could be observed
visually by the naked eye. The method showed no cross-reactivity with 8 kinds of common foodborne pathogenic
microorganisms, demonstrating good specificity. It could also distinguish Listeria monocytogenes from other Listeria
species, indicating good anti-interference ability against bacteria from the same genus. The limit of detection was as
low as 82 fg/uL, corresponding to approximately 1.8x10*> CFU/mL, demonstrating high sensitivity. Furthermore,
when used for routine sample detection, the method yielded results consistent with those obtained by traditional
microbiological methods. Conclusion The RPA-LF method targeting the hemolysin gene of Listeria monocytogenes
established in this study has several advantages, including low instrument dependency, simple operation, high
sensitivity, good specificity and direct visual readout. It provides a new approach for the rapid on-site detection and
screening diagnosis of this pathogen.

KEY WORDS: Listeria monocytogenesi; recombinase polymerase amplification technology; lateral flow; rapid
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DLBRAZ A0 MG A 2R TR EG TR 16S TRNA FIAME R i
ML ZE HSAFEIEREN hly S BAR, 2% GenBank ATH)
FE AN AT O, R A A A G SR 5 T RPA R 51
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Table 1 Strain information used in this research

iR TP 2R P14
ATCC19111 PR N G A A R G T Monocytogenes listeria
ATCC33090 e s TR IR T Inocua listeria
ATCC25401 e FQ A 0T QTR Grayi listeria
ATCC25923 A BRI Aureus staphylococcus

ATCC13076 faRUP T TR Enteritidis salmonella
ATCC150721 A AR Denitrificans pseudomonas
ATCC21560 5 0% Fi - vl Sakazakii enterobacter
ATCC12022 1 R R Flexneri shigella
ATCC27853 LR CE O] Aeruginosa pseudomonas
ATCC21606 FERTAH Faecalis enterococcus
ATCC35150 PN R E ) Escherichia coli
HNZJ250816 PO 20 A A A R G T Monocytogenes listeria

&2 AARPFEAARSIHRRS

Table 2 Primer pairs and probe used in this study

519152 B

51 ARE P51 (5'—3")

T /b

RPA-191-F Biotin-GATGAAATCGATAAGTATATACAAGGATTGG
1-RPA-191-R GAATTCGCTTTTACGAGAGCACCTGGATAGG 191
RPA-191-P FAM-CAAATGTGCCGCCAAGAAAAGGTTACAAAGAT-GGAAATGAATATATTGTT
2-RPA-204-F Biotin-TAGCTTGAATGTAAACTTCGGCGCAATCAGT
2-RPA-204-R TATGCCACACTTGAGATATATGCAGGAGGAT 204
2-RPA-204-P FAM-CGGCAAAGCTGTTACTAAAGAGCAGTTGCAA-GCGCTTGGAGTGAATGCAG
3-RPA-173-F Biotin-TTCTCCCTGTAAAACGTGATTCATTAACACT
3-RPA-173-R CACTGTAAGCCATTTCGTCATCATAATCAAT 173
3-RPA-173-P FAM-AAATGCCACTAAATCAAACGTTAACAACGCA-GTAAATACATTAGTGGAAA
4-RPA-154-F Biotin-ACTTCGGCGCAATCAGTGAAGGGAAAATGCA
4-RPA-154-R ATATGCCACACTTGAGATATATGCAGGAGGA 154
4-RPA-154-P FAM-GGCAAAGCTGTTACTAAAGAGCAGTTGCAAG-CGCTTGGAGTGAATGCAGA




5512 4]

FWRIK, S FLLH EERA MRS - DN U2 BB ARG LA ey o R A0 0 A 2 R R 55

132 @HiEiEitH

AR AS R A B AR K, LR IR A s 57
LTI AT . R VSTTIRHE . & FA RN . 220
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W% PR, F Luria-Bertani Broth 353 5LI% R B 40
Mg A AR QT | i s 2R QA | AR IO R [ A,
43 31F 37 °C 180 r/min FEIRIEATHE SR A3 % B 5% 1 TR B
W7 RYVFRRE, BEIUGE BRR BT B0 T B R e 3 Bk
E A MK SRR R LI T4, AR - B 3(E
T R 45 DAL IR TR Y DA R
1.3.3 2 A F 4 DNA #9328

i B2 T 5 TR A B RO ) S D A R I 1.3.2
FRANTR SE R 4, SRR AS 0 A SE R 4 FH AR B 1 e A
T2 Ok BE, 820 °CUKER HRAER T .

1.3.4 RPA A& A & ERAE7 %

AAFSE FH B AN M 38 AR ZE TR FR T ATCC19111 2
BRI T SR 22, MR AR RPA SZI S GAG M) & i i3t
BB TR . RPA PR R RN TR B L&
A AGER 25 L, BRS04 2 ul, ¥REF 1 L, WFE
7K 16.5 puL, DNA #5547 1 uL, 331 47.5 pLo G oo
mPMA 2.5 uL BEREEIA TR, o B8 % L FEFENRS, 18
DL 10 s 2 RN I8 IR S ERINFR T R H i 37 °C,
4F 30 s RAE—IK FAM (962 WML, fluorescein amidite)
BSOSO, I 40 DMEH
1.3.5 RPA-LF 3% %

Fie R RPA nfo IRY 14 G — R PEAZ RN IR AT
FIULBA 51 75556 . RPA nfo § SRR AT : A ZE il 25 pL,
137514 Bio-3-RPA-173-F FIF i35 4 3-RPA-173-R 2 pL, #£
£ 1 uL, XZEK 16.5 pL, DNA #it 1 L, 351475 pL. 17
KBGO 2.5 pL BERREEIA W, o5 B8 % LT Ef
BNRASTEIRH B 0 10 so o8 RN B TR 37 cCoKiB
W¥E 30 min )5, BUHETFKE Lo BRI 20 pL 973 2
REAIAE] 180 uL L A0 B, WEEIRA, 25
A TR AR B RE i AR A, 30 min PIRER IR AR
e AR
1.3.6 3 AR R AL B 18] A 0B B 49 O it

[ — 51 ¥ AR ET 44, 78 AN ) 2 W7 B [ 452 o 3L
HEFMGT, VIS RAEHENZES . ARUP5ELLRZA
T334 A= 2 W FC B ATCC 19111 5 [RI2H Jg b, o vk 3 1)
WFEK I ZE 1 ng/ul, %18 1.3.5 SCEAB BRI 7200 o A3 HE T
SCIRZERBERE 37 ORI EE, RS B R NI 5. 10,
15, 20, 25 min, FHE RS0 B0k 28 doe A I 0 R ]

[FIRE, 76 et B R B[] 6 44 T 6 32 15 B I o 3
30, 32, 35, 37. 39. 42, 45°C. HAHER L, LIk
E S AR SN I B
1.3.7 RPA-LF # 75 ik 4 Fbk 6g ) 2

TE S AR SN S5, 18 436 P A% 4 14 A= 4= 0 R G T

ATCCI19111 YE BT IR, [R] e I 4 A A Bk 0 .
RUPTTICE . BRETE . 52T E . SRR
BBICH . 2Bk M KB R A IG5 8 i IL iy sk
ORI A, FENE 1.3.5 AR Bk o S AR, B
7€ RPA-LF ByE: bk,
1.3.8 RPA-LF #m| &84 K. B

43 BRI BAA% AN A 14 A 2 e EC 1A 1R Y s e 2
WrFEIR A ATCC33090., % [RZHTHFEIR I ATCC25401 (12K
2 DNA, BEREEAZANNNG AL 2R G TR ATCC19111 E R FH
PEXTRE, i—JE 4% £ 40 DNA BRI 1 ng/ul, FilE
b 1.3.5 KR B AN, W RPA-LF &[] J8 R4
SRR
1.3.9 RPA-LF # 0 7 ik 2 85

28 o 2 TR I T BT AN I M A 2 R TR T R R
P EWOGEE 600 nm (ODgoo)i 4 1.0 I, WEEL 1 mL %51
T B AT B EEAOTG, [FRT A EC 1 mL B 1.3.3 $2EL
FEA, ma RS oA S Rk B . B A
4 YK, FRPEECHE O 2 T R TR AN A R R SR EO R A =
BTN S ZR, VETTHIRE RPA-LF AYFAIRK: H PR
1.3.10 5 FAE S

A FE I o N T A5 B 2 A TR s e B G R TR
RIRL . KBERL . U . vk . FLIEE A 6 MR
A zs A ELELS, FEAMRSE R 1RIUEN 4] DNA, R4
JEIFZH DNA BTREREE N 1 ng/ul, LAFAZ AN I A= 2

4T RPA-LF ¥ 38 [ i o [RIBSR AL G A kil vk g
AT R, PP e U A2 B A 19 YERA B
1.4 BAEALIE

AR T ST, ARG I . R
RAYEE e SEBRAE SR, Y 3 WL By R S
IR ZS SRR v] itk . MHOCSEI 4 R - Microsoft Excel
2021 FAATEE . TR, FRITROTIE . SEBRRR A
IR GGG A 2 7 D B R R G R LR, LATTA
T HEST 5 IR A HERA P

2 HER55H

2.1 RPA HES|HIRVIRE

PANZ AN IS A ZE R C TS ATCC19111 DNA SHEHR,
Sy HE IR 2 4 X5 AT S S RPA 48 R . 4n
K1 BiR, S18%F 3-RPA-173-F/R/P 4T RPA L, AIK
PR S R B — PG 2 (] 1) FAAI 3 RIS — 3
PEGESR, RS R i S RCRE | R S AT
R, ePRis | Y% FRE E1 75 22 RPA-LF 5250 .

2.2 RPA-LF &M E5mE7
254 RPA-LF WK &R, RA5#% 3-RPA-173-F/R/P
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X B A M A AR G T ATCC19111 SRR b4 T4 1
SLINE, SO =) 2ot o G R S AR A ARG, T 2T H B
MR, HrP RO B TR R 1.8 10° CFU/mL,
SR 3 W IHAS B R, ZERRIZ v AR
HbAG I 2% 2 s A 2R AR G AP 2).

800

600F Wit

S3.RPA-173-F/R/P

1
0 10 20 30 40
TRFREL
B 1 RFE5I¥H RPA-LF 1451
Fig.1 Amplification results of RPA-LF with different primers
1 2 3 4

C%k —
T4 —

T L A5 NG 2. SRR AN I A ARG T ATCC19111; 3.
HNZJ250816 PAREAN ML A 2R TG FO B 4. BHM:XT IR
B2 BAAZ AN 2E 25 W RR FQ T RPA-LF Ry ik i 257
Fig.2 Establishment of RPA-LF detection method for
Listeria monocytogenes

2.3 RPA-LF s fE & AT EA0IEHE

FRYETSL I 45 e B 37 °C o TR E, 3 il ds 5.
10, 15, 20, 25 min 3t 5 BREE KON I [E] 34T RPA-LF 4
BERZI . A5 3, MR R 1S min B, 52T
RACA E AT AR RTE I T 28, MR NAE] T 2 %H
RAERENEA, BRI 3 B -SSR, FHit,
BEPE 15 min S fe A S 0 I ] 647 I 82 1 S5 5
2.4 RPA-LF sfE&NiREHIERE

TR LS R IUE 4 SR, RNEESY 15 min
B, HEBEAE 30 °CHI 45 cCZ M HEf T Rv;, IRACAEI T WiE 5]
T T 28, FERM 3 WIBUS— Bk R . RS
Wi ok o R A RS B 45 I B B A A 775 3K,
P 37 CCHh RN

5 min 10 min 15 min 20 min 25 min

C4k —
T4 —

P&l 3 RPA-LF A i o 7 o i
Fig.3 Screening of the optimal response time for RPA-LF

30°C  32°C 35°C 37°C 39°C 42°C 45°C

P4 RPA-LF fefd: /i i B ) ik
Fig.4 Screening of the optimal reaction temperature for RPA-LF

2.5 RPA-LF 55 MH9NE

TN AT, 43 5l S B 7K A B 1 o) e A
AN A= 2B AR FC B ATCC19111 45 5 1H . FIYEXT IR, 2
WA OMAEIRE . MRYDITIRE . BHiTE. 5%
U . e . SR . 2k A RGIR AR
WAEH LAY 8 P ETREBURMA YR, S— gL
PRIZH BBV B 1 ng/uL 64T RPA-LF 45 S pE s 19, 5z
LR ILE S o, BREAMXT IR BB B T 26, FAXTHR
FIHAR S B2 A AR B I i T 2, BRI 3 RIS —E
PEEEIR 45 R RI% RPA-LF R 5 s B B I i s St

1 2 3 4 5 6 7 8 9 10

1. JERIK; 2~10 435 & AT AR ATCC25923, PTG
B ATCC13076., #5AHEH ATCC150721, BRIGHFTH
ATCC22560 ., #LEWCHE ATCC12022, ARSI E

ATCC27853 ., FEMHERI ATCC21606 . K7tk [ ATCC35150.,

PR ARG A 2R TR G T ATCC19111 RE[RZH 1) RPA-LF 4551,

&l 5 RPA-LF {4 St se
Fig.5 Specificity experiment of RPA-LF
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2.6 RPA-LF 5RIEHMEIZ X & KAIME

B 6 45550 LS 20 N 3 A 2 4 e R 1 ) A L 4
B L ARG R . A8 KRR G L 41 DNA SR
MiE, ASBHFSE Hr TS 19 RPA-LF 5 S FH: Xof B g 3 40€
KEWHBM T &HM, EARILELRE TLHB, £
Kl 3 WIS — Bk S R, DL RS REEM, AraEsn
RPA-LF Jy 35 4= b EC o [7) 8 T 38 5 R 4 Sk

1 2 3 4

Csk —

T4 —

TE: 1. BIPEXS R 2. PR A0 O A 2 ke IR 3. Sy e s
TQH; 4. M IR IRTA
Bl 6 RPA-LF {5 TP e 4521
Fig.6 Determination results of the anti-interference
ability of RPA-LF

2.7 RPA-LF REERNE

WL ODgoo A 1.0 A% 4H M 1% A= 4= i e 1 1T 1 B U
| mL BEBCE R, XS R BRI, A fe AR S 1o i
37 °C SR NETE] 15 min 254 N T RPA-LF RORUsEsE,
SERE TR S 1.3.2 HEHEEE R, SRS A A TREIC
PRIVAR I ODgoo A 1.0 iF, AR 7 1.8x10° CFU/ mL, 421X
FI (L DL AR R (SR, o B e 40k 82,7, 814

81.9. 82.8 ng/uL. MFENYIFR UL N 8.2x10" pg B, J
WA A T 2k, MARSERRE o WA W] (14 45417,
AWM 3 RGBSR, KRR P E T
RPA-LF LN 41 R TR E 8.2x10" pg. 4NH 5]
NN

7 RPA-LF REH
Fig.7 Sensitivity experiment of RPA-LF

BRI AL AT 5E R, 1155 8.2x10" pg JEHA
Xt L 1 BEAZ AT 4 A A TR R EC R i 2 1.8% 107 CF UL
2.8 ELRMANALZER

SRR, TEARFZLHFE A E L T, &
S RPA-LF X FRLES A=A 1] AR A 25 2R (18] 8~10) 51448
A R — 30, RUIA T RPA-LF (I 45 Xt
SEBRREAS RGN 45 SR TSR

TE: 1 BITEXF I 2. UK B S 3. HIEL; 4. KmEsL;
5. Wik 6. VK 7. FLISE: 8. FHEXT AR,
Pl 8 RPA-LF Kyl slR: A
Fig.8 Analogy samples test of RPA-LF

1 BRCKEEL; 20 WHIFL; 3. REEEL; 4. Wik,
5. vk 6. FLIEE A, FIE.
B9 SEPRREATES R (P b i B4
Fig.9 Phenomenon of the actual sample on the
Liszt chromogenic plate

10 MULPE S E PALCAM FAR LA
Fig.10 Phenomenon of the simulate sample on the
PALCAM plate
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PAURZ 20 L A 2 R D TR R A 4, AR
VLA A 2 4 i BB IR 2 — PR RS Sy s R Rk
HER, HEI K 4~7 d), MELLTE B bR 0 A 0 T
Ko Lh PCR WARERM S 1A W HoR B4 1 A st ]
(BT RE #Ae . B b B RN S 06 = PR BT A M, PR T
HARFEZ AP AP, R, PR —FRirbodi | fafE
AN S 23 1 2% W IR S AG  J 12 HAT B S B S

AAFFE LA 168 rRNA R FI I 2% (hly) R R #10 5 AY
Fr e |9 SERE, % RPA AYME IR PR L35 LF
BB AT AR A AR 25 G, @ Sr T —FloE AT L AL R
BRGNS A AR TR FR T B9 RPA-LF K . A7 2%
TE 30~45 °C W32 iR B B N R 37 °C)BIREA 3K
TAE, BN EEAYTE 20 min(E 15 min P85 5 min
JERTAGI ), 3 A AR O S AR AT 45 0, A K i AR T X
TR BRI G 4 BV 5 8 R DL R 3K
97 DA (3 A v O T A BRI . VDT TR . KR & [R5
T XS, I HLREMS A 2 X 43 7] i A 2 0 e o] (9
AR ICTE | AR ISR ICTA), 20 i A 1RGP R 5
PEDOT e R T, AT LN 4] DNA A4S HiBR AT
ik 8.2x10" pg fg/ul, XN RHSEL R 1.8x10° CFU/mL.
R HUE 5 DU U THE B9 RPA-LF J7 WY {47513 7%
(RS2, ACBIF 5T 8 ST 0 R Iy 325 7 A2 2 L o i 32 o b e B
R AR T, X5 I T 2 AT R AR S R A
IR it g A A I SR s LA AR, SR T
RPA-LF £ A 75 Bl 7B s 4600 m () 356 i 166 1o 1 e 34 240 AR
WS i — 25 A5 ) FH L o B 50 b R AT T LR i B0 I,
PERLALL T G (1 SR 2L ] R A (L B K TR 2L L A 2L
BEFL . Wk RN v, AT BRI 25 SR S AL S
B FRvh g5 SR — 8, UERA T A SR 2 Bk T P R I (v T
FEVE S R T

A SR P ] K ] o 2 B0 R TR DA T 2 B L T
GRBLAF T SR, Hh 38 P AR 1 W I B 3 S, K
OB i S5 LA e A T A TR R R I B IR X G, R
e Al 7L A 5 ) XU s ELA T i PP R
Sy IX I TA TR F R R, % B B R L
HAFAE— BTG YK 280 A ik S, A ROREN T 1%
GRGFRFERTK | PCR IR ER MBS . 55—
LAY PR TR 3 H AR LAMP ML, RPA B S5 7 14 7 o i B
A s, FRE Bl A e A G il . 2R
TNy M - S E 35 8 I Y (ST N A Y
W, G5 E M. RPA-LF BAR LA S A5 K . Gl A1y
T B2 M AR 11 i B S bRk e oA A0 M 1 A 2 R R A
MERHE T —Fh 2y . DIsEnlfT . A R S%, I
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