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Abstract: A real-time recombinase polymerase amplification (RPA) assay for pathogenic Yersinia enterocolitica detection was established
in this work. According to the sequences of Yersinia enterocolitica pathogenic ail (Attachment Invasion Locus) gene, the specific primer and
exo probe were designed and the detection could be finished within 20 mins at 37 °C. This real-time RPA assay showed a good specificity and
the detection limit of the target DNA was 0.1 ng/pL. In stability study, the assay was performed at the DNA concentration of 10 ng/uL, 0.1
ng/uL, 0.01 ng/uL and 0.001 ng/uL in octuplicate. The concentration of 0.01 ng/uL and above could be detected. The relative standard deviation
(RSD) of threshold time and maximum fluorescence values of the eight parallels at 0.1 ng/uL. DNA were the lowest (<7.06%). In artificially
contaminated powdered milk and beef samples with an initial bacterial concentration of 3 CFU/25 g, the pathogen can be detected using this
real-time RPA method after incubation for 20 hours. The detection of 20 different real samples showed that the results of real-time RPA assay
were consistent with that of GB 4789.8-2016, which is the national standard of China to detect Yersinia enterocolitica. This real-time RPA assay
is helpful for the rapid field inspection at room temperature when conducting qualitative detection of pathogenic Yersinia enterocolitica.

Key words: pathogenic Yersinia enterocolitica; real-time recombinase polymerase amplificatio (real-time RPA); rapid detection; food
safety
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], 3£ 4R FoodNet (Foodborne Diseases Active
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R4HER N (Polymerase Chain Reaction, PCR)
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PQRR PRSI 77, AT BRI R s

SCRF RO E A KA Y (realtime
Recombinase Polymerase Amplification, RPA) A&
2006 FETF AR HIFTRAE Y HHoRM, %07k
P BRGNS LG R FR X, RS

HEASHERN PSS, L& DNA BEHE 37
Ui AT AR BR VAN I SR AP A 1) = 253 1) DNA
SRR, JoAUE mR AR IR R ARE. ZEfH DNA,
0% I8 T RV ARG AT SR, AT 1~1000
A5 L) DNA 5L RNA 7 . RPA 45 FistiUr N2 HF,
AR BB AL Rk SERT G MR ENTIRGR 4%
7, CRHTEE. 0B FRREY. w4,
L7082 | DR o 17 Wt I 1 1 VAL O
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VEfRI B, #£ 37 °C1EIR. 20 min WEIRT 52, a]
UM 2 9 B 7R AR FQ TR 4 AR R AR S,
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PR AP 2 EARVEASIN N 2 P 98 HI 2R AR I
BRI o RBEIRERZZ TR (PSBD, dbiifhitr; iR
Y BERAE, LB A FERIZ DNA $RHGATE,
FARAEARRY, (b)) FRAR; HAhE RPA 7 &
(TwistAmp™ basic kit), JEFHE TwistDx A ;e
RPA X7 £ (TwistAmp™ exo kit), ZE[E TwistDx 2
"y SIVIRIRE, ETAWTRE (R BOHERLS
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=1 LUGERR
Table 1 Bacterial strains used in this study
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B SR EkaYixa
D tER K IR R AKHE (Yersinia enterocolitica) CMCC 52204
D tER K IR RAKE (Yersinia enterocolitica) CMCC 52207
D tEm K IR R AKHE (Yersinia enterocolitica) CMCC 52221
D tER K IR R AKHE (Yersinia enterocolitica) CMCC 52225
FZRINRAKHE (Yersinia kristensenii) ATCC 33639
B4 A R AR KA (Yersinia pseudotuberculosis) CMCC 53504
B4 AR R AR KA (Yersinia pseudotuberculosis) CMCC 53510
KF3%A K H# (Escherichia coli) ATCC 25922
K ¥ K # 0157:H7 (Escherichia coli 0157: H7) ATCC 10907
B AT A (Enterobacter sakazakii) ATCC 12868
¥ pimia g A B4 K (Listeria monocytogenes) ATCC 19115
2% & FH FHHKE (Staphylococcus aureus) ATCC 6538
24 & FH FHHKE (Staphylococcus aureus) CMCC 26003
A EDTTRE (Salmonella typhimurium) ATCC 14028
3 KATHBATH  (Citrobacter freundii) CICC 10296
8 THAFHE (Proteus pneumonia) NICPB 490059
¥ FEAAFH (Proteus mirabilis) ATCC 35659
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R 2 RIS 4FERE
Table 2 Primers and probe used in this study

5] 4.4 A 7 (5°-3")
RPA-F ATAGGTTCGTTTGCTTATACTCATCAGGGA
RPA-R AGTAATCCATAAAGGCTAACATATTCGTTG

RPA-Probe  CTCATCAGGGATATGATTTCTTCTATGGCAG[FAM-dT][THF]A[BHQ1-dT]JAAGTTTGGTCATGGT[3’-block]

ABKE

143bp

12 (U=R5RE

/N EE B0 L Centrifuge 5424, 1% [E Eppendorf
AT BERREAEMS 2, EE IKA AF; MEKR
B Il 24X Nanospec, H A i A ] 5 LUK, Bio-Rad
Awl; HREES, vUNEEREARA R, SeifR
J PCR ¢ 7900 HT, 3£[E ABI A#].

13 75k

1.3.1 DNA &3

W& 1P ERE R4S, B 24 h FEEisERE R
BHTIREL. F¢J5H 50 uL ) TE Sepiod T, I
IR BT, AR IRl . A P AR R R
FEAX Nanospec E WL, HREUw I/ Na 45 % HR 7K
#RICHE CMCC 52207 ff] DNA ik E 4 100
ng/uL. 45 DNA BT 4 C#H.
1.3.2 3l4m¥R4HR

Exo #REF 1) dr 44 oK B R EAARANVIEE 1

(Exonuclease N1 RAZETGHI KA « 4REHTEEENT

5 v 15 FE RS O 3 A K R AR, A
RAKDOG; ERRTIINZIRS MRS 1 5, KA
Fe[H 2 (Al DU (THF) A7 Sk i), ek
B SGHOREE R 5, NI~ RO SR
7 RPA I S8 200%.

SEATE 1ISOTS 18867: 2015 A1 SCHRE i3 Fii
i wRllESErsE L RAN e 723 (e NNz SHi BRSPS =
AW IR 7 BUR LA ail (attachment invasion locus,
FiMHZ 2860 4D FEK] (NCBI Reference Sequence:
NC_008800.1) 1EA H %K . 7£ GeneBank H13k454H
NFFFIJE, R Oligo? B Ati4T H B v Be iz, &
T 3 B exo EE. FFIA NCBI Mt
BLAST Difefs e 5| VR R e, JRid i e Y
RPA FIBR IR WEEEI UK I, e 2R 2 Frdes
S EG I IRE AT fE S
133 REARZRFF

real-time RPA 3256: HY rehydration buffer 29.5 pL,
RPA-F (10 mM) 1 RPA-R (10 mM) #% 2.1 L,
RPA-Probe (10 mM) 0.6 pL, ddH,O+#%ikix DNA 3t 13.2

uL, 2.5 pul MgAc (280 mM); 3£ 50 uL ffA R . basic
RPA SEEGHRBR T ANIIRER, DL RPA-F (10 mMD Fi
RPA-R (10 mM) #HL 24 uL 24k, HEms5
real-time-RPA —#¥, H DNA FE3¥J5 1.5 uL.

4B 2.5 uL MgAc Z AW 47.5 uL W% 2
RAYERE R, WITIRST; SREF 2.5 ul MgAc A%
PR b, BT RS RO, LA E THEIR
& JE T B OGRS U S B o

£ basic RPA sk, ffHTHIR & @ 37 Cfk
i 20 min.

1E real-time RPA SCIGHT, {8 S 5856 PCR X
7900 HT Y NfEIR 7O R MR & . [ MiEfr: 37 'C 5
s; 37 C 24, 37 'C 65 CRERI); 40 MER,
B 20 min. 7900HT {X &% & 40 MEH, /54151
B s T &S BTG, AT 530
R 35 MBI ZE .
134 45k

2% 1 A ERR DNA, @i basic RPA Al
real-time RPA 73 il%) 5| e it A T RIS IE o
135 R#E

4 I8 100 ng/uL FIEUR /N2 5 BE /R AR IS
CMCC 52207 DNA #4710 {516 B 8 2 10 ng/uL,
1 ng/uL. 0.1 ng/uL. 0.01 ng/uL. 0.001 ng/uL. &
FEHATAT, HET real-time RPA A&l .
136 #R&2MH

#EHY 10 ng/uL. 0.1 ng/uL- 0.01 ng/uL. 0.001 ng/uL
(1) DNA TR e S . AR T 8 IREH.
137 ALFEERL

TN B 5 1 9 1 7R A% DR B (0 ok A 4 A
FEfh, N TAINE00 /M2 1 9 3R /R AR I CMCC
52207, FREUHMEPRES 10 g 3 90 mL 1)K 1% PSB
H, 3905 Lmin J5, 23 ERRE+, Hd 18R 5mL,
HA 8 NImL. 785 mL BEABRE T, BN
107 CFU/mL I & IS0 /N 45 i 96 HI R 2% G T
CMCC 52207 1 1 mL, LAK 4 4Rl (Reh
FZHR /R % G CMCC 53510, 01 TIK [ ATCC 14028,
PRI B AT B ATCC 12868, 435 (tsi 4Bk ATCC
6538, BHEA 10°CFU/ML) % 1 mL, i/ 10 mL
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TRATHE . JRAET 9 mL BRI BORE T 10 1%
B FERR R AT BEVE TR

FREUET ShAE S AR 03 25 g £ 225 mL f1 K 1% PSB 1,
Y15 1 min.

AR SRS AN 1 mL AN [RIFRREAE 5L
) RB AW (EES SN 10° CFU/mL, 10
CFU/mL, 10°CFU/mL), & 27°CH:3%. 1ERFI1 12
h. 20 h. 48 h &WHL 1 mL £ F77F2H DNA, DNA
AR RN 1.5 L, PIATAT, 379 RPA SE5,
) EFR 77 GB 4789.8-2016 (£l 24 E 5 b
HE B CEYIAASIS NS g 9 HR /R AR I AR IE )
HEATRI o
1.3.8 EIRAE SN X

AT A 25 A — i R T RS2 T 3 T SE 2R 4 ) LG
TiU . VATA R (A S AR A LA
B RIS IR T BRI &R, ¥
RO &5 20 UyFESh, BHYEL25 g (mL) F) 225 mL ()
KB PSB H1, ¥JJ5 1 min, iE 27 °CH57% 20 h F1 48 h
J&,» H real-time RPA J57AAE b5 777% GB 4789.8-2016
() B A T A
139 #KIELHE

FH T900HT SR 2 Yokl A 1) “ Multicomponented
data” #iF 5 real-time RPA SZ6 i, i15£
ANSFAT BB E] (Threshold Time, TT) Flf k¢
S AB LA % fe R % 6 AR HE BRI 18] f FE 5 A A e 22

(Relative Standard Deviation, RSD), VIEIEALHITE

X, PSR RIS R E .

2 #ER51TR

21 FSRIESCIOER

12 34567 8910111213141516M
OO0 0REE - -

2000 bp
1000 bp
750 bp
500 bp

250 bp

100 bp

B 1 BRIt AR R ER/RARICE basic RPAFFSFIMELER
Fig.1 Specificity of basic RPA detection of pathogenic Yersinia
enterocolitica

E: 130 A I SN R AR KE CMCC 52207; 4.0 %
J K B AR AR CMCC 522215 5. % KR R AR KH ATCC
33639; 6.\ JAR R AR IKE CMCC 522255 7./ B4 0 X
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B /R A% K CMCC 52204 8B 254281 /R 7% K CMCC 53504;
9B L HIR R AR K CMCC 53510; 10.FA“ AT H ATCC
12868; 11.4% &.# & 3@ ATCC 6538; 12.4% &M HHKE
CMCC 26003; 13.% Hismjesd £ 0744 K H ATCC 19115;
14.ddH,0; 15~16.fa £+ ; M.DNA Marker.

5.800 E+1 |
4.800 E+1} 2
2 3800 B+
]
b lin¢ 4
15800 E+1 -
e
1800 E+1 -
8.000 - 18
1 1 1 _T[ 1 B — J
0 5 10 15 20 25 30 35
H5F

2 iRt ALERA K BR/RFRFC BT RPA 5145
Fig.2 Specificity of real-time RPA detection of pathogenic
Yersinia enterocolitica

E: LB LRI RARKHE CMCC 52204: 2.4
R IR RARKE CMCC 52207; 3.0 45 £ 36 R AR K CMCC
52225; A4./NHEEW XAV R AR KH CMCC 52221; 5ABLEAZIR R
A KE CMCC 53504; 6484400 A& K H CMCC 53510; 7.
RRIFRARKHE ATCC 33639; 8.4 &% # 2k ¥ ATCC 6538;
9.4% &.# H R H CMCC 26003; 10.%#smisd & F 4 K E
ATCC 19115; 11 11K ATCC 14028; 12.4:i@ & HAFH
NICPB 490059; 13.4 5+ & M 4F# ATCC 35659; 14.% KATHFEL
AFHE CICC 10296; 15.0%5 AT H ATCC 12868; 16. Kk kA K,
B ATCC 25922; 17.KMi¥%A4 KHE O0157:H7 ATCC 10907;
18.ddH,0.

AR B 1 M3 s eI sk g RAE 2 1
real-time RPA 4553, AEG|WREF R E0wm M Mz 4h
J¥ 9 B8 7K AR BT 1) H IS A R e A 3G . ACSIIer R
=K H 1R BOR/ANE T 143 bp, i basic RPA i3t
S E AR RO, T ESERIEAT 514
fRitie, A 1 e K T LU B2 1~4 18, 25
6. 7 BAPHTESTIE (55 15, 16 38) M BRI 5L,

22 REUELIGER

HRAEE S RPA 55 LI 3, 7E 40 MK (H)
20 min 1), AREG|IPREF AT R A 0.01 ng/uL
(B P N S5 2 HS /R BR IR ZE X120 DNA /5 0.01
ng/uL DNA [ 8 ~FAT 2 [A] ] real-time RPA 25 A&
SE (VEWL 2.3 #543), Bk, ¥ aT LARiEf e R 0.1
ng/uL AE AT R o

B A9 /0N g 68 o 9% 1S 7R Ak BT A AR L G248 1) e
Ve, Gt BRI S E TR D T 8 KA BE e
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ERGRE; MEMNAMESZR PCR. LAMP, MLST
ENTFHEYF I, MBS TFELRRETE, 4 6edk
SERM TR ERGUE L, AIIFRSA 0.1 ng/uL 1) RPA
WA ek 85 fg (HE24T 10 N PAfEm
PE/ IS I 9 BB R AR ICEA T PCR BAR, {H RPA J7i%
AR ATE T REAEH IR R T PRI, 4~11 min RIA
AIRAGAE 57 4E, 1f PCR Al 0.17 ng/ul DNA (] Ct
H 4 (21.75+0.58) MEHA (PCR F£74: 95 °C 10 min;
95°C 155, 60°C 1 min; 45 MEH), BIE/FH% 36
min, 7E[FIFELIEIER BN T, real-time RPA 75745
EA LT IERIIE TAE.

5.800 E+1

4.800 E+1

3.800 E+1

2.800 E+1+

It{E5 Rn

1.800 E+1

8.000

T+
3 Bufmit AR K ENRARECEZE RPA REIBELSR
Fig.3 Sensitivity of real-time RPA for pathogenic Yersinia

enterocolitica detection
“E: 1.100 ng/pL; 2.10 ng/uL; 3.1 ng/uL; 4.0.1 ng/uL; 5.0.01
ng/uL; 6.0.001 ng/uL; 7.ddH,0,

23 FREMSIRER

#EHX 10 ng/uL, 0.1 ng/uL, 0.01 ng/uL, 0.001 ng/uL
Bt/ Et Bz 2 B R #R IR DNA SRR, 50 pL 44
ZMM 1.5 uL 1) DNA, &AM 8 AT, 3T
FaE ik, ZRaE 4a~4d iR, 10 ng/ul F1 0.1
ng/uL PIANKRIEZ ) 8 AFATEIRERE R H: 0.01 ng/uL
BERER RS R , (ERNZS O HER T SO s B Ll B
i, Hi R E AR WA E: RATE 0.1 ng/ul B, 8%
MR E AR am, B 0.1 ng/ul fENFERH
P

a 5800 E+1

4.800 E+1

T

3.800 E+1

T

g
:
|18
8B 5800 E+1|
pe
B 1800 E+1}

8.000 |-

b sgo0E+} 0.1 nghl

4.800 E+1

2 3800 E+1
]

fiz

15800 E+1 -
e

1800 E+1 -

8.000

c I
3800 E+1 0.01 ng/uL

4.800 E+1

3.800 E+1

2.800 E+1+

5 Hefi55 R

1.800 E+1

8.000

0 5 10 15 20 25 30 35

d L
3800 E+1 0.001 ng/uL

4.800 E+1

3.800 E+1

2.800 E+1+

FHefiE R

1.800 E+1

8.000

0 5 10 15 20 25 30 7735
T+
& 4 Bifmt/\IALERA R ER/RARECE R RPA TR E1E4S
Fig.4 Stability of real-time RPA for pathogenic Yersinia
enterocolitica detection

5.800 E+1
4.800 E+1
3.800 E+1

2.800 E+1

5 Hefi55 R

1.800 E+1

8.000

{IEE2N
[&] 5 DNA 2R E1E ZE 12. 5 p L FIOER /NG LERA SR /RARES
BIR RPA E5 R
Fig.5 Results of real-time RPA for pathogenic Yersinia

enterocolitica detection when using 12.5 pL. DNA template
MK DNA BEAR B2 12.5 uL, WLIEI 5, RERELTHh
Kt 8 /NFAT [ 0.01 ng/uL HI/ N2 I 98 HF /R 2R QR
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DNA, HXHRE 4 44T 0.001 ng/uL 1] DNA,
IR

SGEE R, 5 PCR AR, MR SR
EEBURIEGL R, IR, el idfm RPA J7ik
for PR

24 ANTLSHSCIEER

3 ALSHRMERARMEER
Table 3 Results of artificially contaminated food samples
o w  Realtime RPA GB 4789.8-2016
(CFU259) ®EMN  dngy 4R ky  FR

12
3 20 + + + +
48 + + + +

12
25 20 + + + +
48 + + + +
12 + + + +
215 20 + + + +
48 + + + +

W 3, Hyrky A4 RIFEa KW iETS e 3
CFU/25 g &%, 25 CFU/25 g i, 153% 20 h J5, [F]R F
Fr 7 AN real-time RPA J7iEHEA TR, HBAEAS L EE A
N S I B R AR IRH . AWIURTS Ye iy 215
CFU/25 g i, 537 12 h J5, BIRTHBFIVER H . M
TEERR VS, FE Y s I R AR 2 48~72 h.
B MRNRTF AR T, e R A e B 2 e 1
Frsista], bt 5~6 d. {8 H real-time RPA Jii%k
FIF IRt 1a] A $2HL DNA [ IE]+ECAAR 2 R E]+20
min ] RPA iF[a], R 7E 2 h P RIA] 58 R A o

K, A EEEIIERN—F IR PS5
FB X EUmRTE Nz g 28 SR AR I EEEA T E PEA
25 SRR

TEMTEIESE 20 h f1 48 h J5, FH real-time RPA
FERREN 20 i B RES AT 2wt NMaghig %
HR R AR QA e MRS . L3R 4, i, real-time RPA

ANEBR B ERER 1 RE SR 7RI . e
FEAINEATE. PRS2

2.6 EUEA-IE

#* 5 RS R, TEFIFER DNA B =T,
DNA JREE#ET, A5 5 I B E R R s e R —
W] DNA B, SR FHECR, FOLME S ER
[ R

L2 V4TS5, 1 ng/ul. 10 ng/uL A1 100 ng/uL
DNA HJE R H EEH 5, RMEIREE DNA [
KICAHA N LRI DNA (K7L F e, H
XIFAFEMA T T H AR L DNA“H TC 71 o
REAERER RN AR OGS 57, RUERL
IR 255

1 DNA 5 0.1 ng/uL B (AR A& 1.5 ul), 8
min WELATPAETOGE S, 1 H 8 AN TAT BRI [A]
R KR HAE RSD {H#BE /N, 478 4.90%F1
7.06%, B REaE . AT7 A LME A/ NS
RAR IR AR IR A S F- BRI e 502, AR
RIS

DNA RN 12.5 pl i %o & Lt ke e
(1] RSD {HFRHH, TEAVEMIARL Rz, At
PR R A H PR AAS HE R e B E 2 —

R 4 IFrERENEER
Table 4 Results of pathogenic Yersinia enterocolitica detection in real food samples

W5 B 5o AR on aill 5 B LAk 2oh el
RPA  Eir RPA Hir RPA  Eir RPA Eir
1 #4441 11 ket E
2 44 2 12 okésFl + + + +
3 By)LEF a1 13 k&R 2
4 Bup)LEF A 2 14 #HeEAL
5 B 403 15 #HEEEA 2
6 355 16 #HEEEA 3
7 EaS 17 RART
8 A 18 PP
9 AEFN 19 #EEE
10 #Hotd 20 Ak
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*=5 FMEREFR AT EREN R ERE

Table 5 Relative standard deviation (RSD) of threshold time and the maximum fluorescence value

20 min A &9 5 K% AR

DNA A Z/uL D/’(\rllpg\/i;i Pa F/(mm:ss) & FLEF 1a]/(mm:ss) R AL
F3 RSD/% 3 RSD/% 34 RSD/%

100 3 4:06 7.79 15:07 10.53 4336.24 36.57

10 8 5:28 5.86 17:43 411 4337.95 15.47

15 1 3 6:06 8.02 19:54 0.81 3858.95 31.56

0.1 8 7:19 4.90 20:00 0.16 3147.48 7.06

0.01 8 10:38 13.21 20:00 147 1049.79 38.23

100 3 3:30 0.24 15:44 175 5047.89 5.73

10 3 4:18 3.48 15:43 3.06 5059.68 11.67

125 1 8 4:45 9.99 16:42 2.88 5496.90 13.69

0.1 8 5:40 8.63 17:58 412 5180.52 12.67

0.01 8 6:36 6.79 19:28 4.29 4752.50 10.43

0.001 4 8:07 9.49 19:55 0.73 3072.14 12.45

. RPA J53% 5 B Ik — 2.
3 &g

3.1 TEFRIE, Buw P NIA S 2 HE /R AR KB ¥ 7 1986
HEAN 1987 FEGIR T —IRA AL RGN A R
RN, PANEARE AR %R AR A
ok, fEEANEN . ZRERPAERE, TTSSE
TGy RATHR P, THEOHIK . P2 RS,
R, SHZEURE AT S i), AEEE
M Y. fHE LAMP. PCR. MLST 7£ N i som i
WA 3R R AR QB > FAEW) 0715, TEDEAS
W IR T7 T, #A — € JRBRYE. T real-time RPA
VEN—Fh B ) s R, sl 73X A4S
PR

3.2 [HNAMNZEH real-time RPA J7 12480 H 114 &
WA RIS TIRZ R, o, i A ik a i
HHERE (MRSA). S5 HiFFi . W TIRH . B
1894 2 R R A oW I O e fe 2 Y, (B H RIS
WA NS RIS RARIRE RPA Al 77 VR R AH iR
iH.

3.3 fERETUH, Bt TRERPETI YA exo $REL, &
SRS IEUR PR B S 2 B R R IREE 1) real-time
RPA J5i%, 37 °C, 20 min PMEA] 2Rl Xt H
ff) DNA [y 0.1 ng/uL, 8 NTFATH) RSD i
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PENGEE IR AR RAR KB LAMP R, A59R 5%
64 °C 1) P T R I PR VLS G s 1A 7 3 vl 16
I NN, 7E 4~11 min BIE 965 5724E, W
SERITR . FIME T, MH, LAMP ik s/ b
X5, Wit EAR, HARREPEEE S, T RPA
51t AR, 4, LAMP ZEAI AR 25 5 i R
SIERE G, T RPA IR EARE TIE. F4h, FiaE
RPA FEREMIEL, real-time RPA J7vkK4s 25 1 4k,
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