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TR G g R, 2500 3 5 15 B DR
l> (American Type Culture Collection, ATCC)
r [ [ 2 40 T AT O 98 B A0 (National  Center
for Medical Culture Collections, CMCC) Fl 7 [E
5 Ao 92 2B ) A RS B Pty (Inspection and
Quarantine Culture Collections,IQCC), U3 1,
IR AR5 38R (Brain heart infusion,
BHI) | i 0> 12 W B BB 15 7% 2% (Brain heart infusion

agar, BHIA), Y5 [E Oxoid 2 A ;PrepMan™ Ultra
M #5387, 25 [ Thermo Fisher 24 ) ; FL il 8
KRy 14100 & (ERA ¥ ) \FOE B IR T 14 1077
& (ERA VL), i N e b HE I BHECA PR ) 5 1 - 4
5 5 I EE (RRLLE y 25:24:1) (10000xSYBR
Green 1L W REERF AR AR dEL R
AN & WPNE ¥ ) o2 A n Wi DI E S N
AR /R A2 A BR 2 W)

1 RBERAEHRER

Table 1 Information about the strains used in this study

%5 A A 4 A BT 4 AR EEid)

1 RBERITITRA Salmonella typhimurium ATCC14028
2 ARG EITITRA Salmonella typ himurium CMCC50013
3 BELTTRA Salmonella choleraesuis ATCC53885
4 BRI ITRE Salmonella enterica ATCC10708
5 HESLYTTRE Salmonella choleraesuis CMCC50018
6 X %A KH Escherichia coli CMCC44104
7 X 3% A KA 0157 :H7 Escherichia coli 0157 :H7 1QCC10193

8 X W 3% A K Escherichia coli 1QCC10138

9 RAKERKH Shigella sonnei ATCC29930
10 N4 B KR R AR Yersinia enterorcolitica ATCC27729
11 ERES AN Listeria monocytogenes 10CC22291

12 EREH HRA Staphylococcus aureus CMCC26003
13 R ] Bacillus cereus ATCC10876
14 HEFRAER Bacillus subtilis ATCC11774
15 RN ] Vibrio vulnficus ATCC27562
16 TR 75 o e A IR Streptococcus hemolytic—3 CMCC32210

12 E&EE5NHE

Pico 17 & 0> #l, Thermo Fisher Scientific 2
F 3% B0 AL, 36 [ SCILOGEX 28 ] 5 i g TR A&
o, FEE KA 27 G B, EE Iner-
science 2\ Fl 3 = B K E 4R, A6 %) Tuttnauer 23 7 ;
DH-420 H, #VE R 55 F5 46 , 35 [E Memmert 23 1) ; 7K
W, IR T B FALAR ) BioSpec—nano 1% 1R
EADPAL, BARRHEAE; KRR qPCR
ASC, 1 v SRR A W) R R B 5 kA 4 A B
BE IR R G2 PharosFX, 32 E 11 4k (BIO-RAD) 24
Al
1.3 F#i&
13,1 BIMPRIE 352 2% SCHR[19]~[22]4 105 1 )
KAREF P A, A S| AMEREr B h e s i (-

)R A RA R G, PHI LR 2,

1.3.2 WITIRE 5 LK 4 DNA #2850 # 0R
Tk R E) 5 mL BHI 553838 v | & 48 I 15 77 40
37 CHEFF 20 h, B, AR 0 e H2 70 2 BHIA 3
FREE T 37 CHEIR G FRAE R F7 20 h, PRBCR R
A 5mlL BHI ¥ 3213 12 h, B 1 mL
WE T 1.5 mL 2508 1 16 000xg 2.0 2 min, £
A 100 pl. PrepMan™ Ultra £ & il £ 12 5
PEWOR , W IEIR 1R 2], 88 J& 100 C/K ¥ 10 min,
16 000xg #5:L> 2 min, HLLiEW 50 pl, R4 ELT
DNA R JH A% 2 4 1 43 A vk J&2 J= -20 “CA
P

1.3.3 RWARRSKENFRET ERA %6 R
FZ IO CTIRTRY B £ (ERA %) FH 136 BH
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Table 2 The information of primers and probes

%5 AR A31(5°-3") &R
1# IF ATATTACCAGATATATATTAGAGCAATGGAAAA [19]
IR ATAGCCGAGGTAGTTATCAGTTGTAATTATTG
1P TTTAAGAAATGCCAAAGACTGCGCCTGCCG (FAM~-dT)T (dSpacer) (BHQ1-dT)CACTCTC-
CAACGCCG(c3-spacer)
24 2F  TATCAGATAAAACCTCCGCTATAACACAGT [20]
2R CTTTCCGATAAGCGAGGTTTGGAGGCTGAT
2P GATAAAACCTCCGCTATAACACAGTTTA (FAM—-dT)C(THF)G (BHQ1-dT)ATGGCTGGGCGTT
(c¢3—-spacer)
3# 3F  GTCATTCCATTACCTACCTATCTGGTTGATTTCC [21]
3R GCATCGGCTTCAATCAAGATAAGACGACTGGT
44 4F  TATCAGATAAAACCTCCGCTATAACACAGT [22]
4R CTTTCCGATAAGCGAGGTTTGGAGGCTGAT
4P GATAAAACCTCCGCTATAACACAGTTTA (FAM-dT)C(THF)G (BHQ1-dT)ATGGCTGGGCGTT

(c¢3-spacer)

il £ BUR T, FE A8 ERA R R (k) S 3t
filt AU A% R 4 143X 7] & (ERA ) 1t W 45 i £ IR e
BRI 1 pl, BURWIES) S 48 pL B =
ERA Ffify S B4, )45 35 i 0 2 L 30 ), 55
Je T E R IR B0, ERA 9 I AR Z B0 A 5 5K
AR qPCR X, 15 B B FR Y 4239 CCRE 15339
CRNL 14 5,40 D8 PR, 7855 = F N B Bl 4
FAM 20055 Rl BE 358 A 3, ERA a3k
SRR B R 039 CHHE 15 min, W 455, R
25 WL 938 7 W A S R R B Wy S0 c
(25:24:1)  RGIRS G R0, BIEH 2%3 08
WEBE UK AT I , AR HE =  H T 5 22 ik
N

1.3.4 SIWHE L E 1 h S TTIRE N
B, RAE 2 THS 1.2.4 193 E5[ %5t
17 ERA &Gk R 3 2 iy 4 519 (4
501,23, 4) HEAT AL R ERA K, HL AP 1 4%
W WG ROR BT B 5 W R R AT R R M
Bro U RITTIGE kx4, LAk 1 e’
6~17 1Y 12 T A 5 S Pk 43 17 19 B 1 o TR B
it F Rl R RCR S RS
PREF A G AT 5 2080 . BT A DNA B BT B vk B2
8t — R 10 ng/pL, LI ddH,0 A B X AR 44 3
WHEE I,

1.3.5 WEEMES SRR ERA Pk
MR, 7 dr —Fh B3 ol WAk 43 87 O vk DL,
LK L 20 S BC ) 100 wmol/L (4 P 21 ¥ 3 25 7y
W R F5EE A E L & 1000x SYBR Green 1
W ERA VS, ool & s hn 1,1.5,2.5,
2.5 pL F1 3.5 pl Lk (i, v P & IX 43 FH
PEFN B PE 25 0 @ AR & T DNA BE
HRIES— M 10 ng/pL, VATCH ddH,0 > BA
HE Al 3 R 2

1.3.6  ERA &I J7 ik s i f2 A fk S gl Sr T
AL ERA PRI J7 3%, X ERA Kl &y i 47
Ak

1) ERA Sk f)v ik 1.3.3 7
ERA 9675 R R 3 v (146 PR 50005 501 46 o 35,
30,25 Fi1 20, A R UP TR ATCC10708 9 DNA
(10 ng/wL) MBI, R 1.3.4 75 0 ik A Fe {51 9
BEFA AT ERA RN, HLECH 3 45 5 301 o o€
J6H ERA PR 2 ny R Y il R LR
ddH,0 Ry 75 FIR IR AN RO i 2 P AT,
IR 2 R (n=4),

2) ERA Bk B i #1337
Lk A ERA BN AR P B8 s 1) 4 51 46 e )
12,10,8,6 min Al 4 min, UM % ¥ 11K HE
ATCC10708 i DNA (10 ng/pL) Mk, LA 1.3.4 75
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i 6 1) e A B | D AL A AT ERA SN, HLAS Y 1 &5
RIF 2 ERA Wt s e i 2y . DL E R
ddH,0 75 6T HE A 3 W & A

1.3.7 AR ERA WO R
JEBIZAE I A TR, X DNA $2BUR ERA K
T LA S e AW REITR . U
RUPTTERE ATCC10708 JMWFFE X4, R A H &
IR 7 AL oK I S 64T DNA 42 5L, [ B
L e D I R RN AR ] SR A
i 26 11 TSI 2 DNA e B Al i i FH Sl Jon
Py o ACE PCR AN B A IR Y B (L 1T ERA K
N [7) BFFH IR BE T M I At 38 2] ERA SN $e 3 Uik
JEE (R BT R S € 1 R AT 45 A T, FL UK T BRI
K, Ui A 3 .,

1.3.8  ERA A WAL PR 4G I 7 vk R b
AT EEST 1) ERA AT R A PR A I 5 vk 1 2 B
B R U TTERE ATCC10708 i DNA i B & 107,
10',10°,107", 102 ng/pL, >R A 1.3.6 75 2 (4 PR ik
J AR P AT O M Ak ERA N, 43 AT
Ff ERA PRl o] 846 7 % i R I R B . LLJC A
ddH,0 75 FIXT IR A 3 Y i

1.3.9  ERA AT A0k SRS I 7 0k T30 YAt it 1
Rt BR T IR 5T, #% GB 4789.4-2016%
Jr ikl g N A5 e U0 TR AR o 1) ¥ B
AN 1 mL ¥ A 10°,10%,10',10° CFU/mL #4954
I ER T ATCC10708 15 7# 7% ,37 CHEH 5597 0,
2,4h 5 ,#% 1.3.7 WA BREEE DNA, 708 A TS
YL bE SR B . LTCER ddH,0 Sh2s (IR £ 3
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Rt (B la~1e) . MiE—L oWz g | s &
TE ERA 2615 IO AR 2 i e Sk LA 2 00 1)
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K1 (E 1d), ZIIZ G YR E7E ERA B K
AP T TG R, T T ERA 28 GIA PR K
UEENEN U RE VAN
2.1.2 ERA Gkl i By g s g
SR, LA R VDT ER B ATCC10708 Ay A
B, M HEAE 4% X 2 /R qPCR 1L, Xt ERA %€ 6356 1)
KRR P AT A, B 45 2R R | Y 3 G PR
WA 40 W) ERA 45 5 09 8 8 Ve 0 R0CR
VGRS DU SE ] R 17 min (18 2a) Bl 52
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B 8] R 2€ 6B AR AN K, B B BOR AT 8 4F (] 2b~
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Fig.2 Optimization of rapid reaction procedure for ERA fluorescence method

2.1.3 ERA 6K 0 REE T b
SEHY ERA SEGTE TV T G B R I 2 B 43l
L DNA J5i &8 % % 4 10%,10',10°,107,102 ng/pL
B U0 T TR B ATCC10708 AR, 4610 4% 51
3, 24 DNA & R 102 ng/pL BB H
PHIROR R R 2O AR ST I ERA 53t
PRI VDT PR Y SR AR R U N 107 ng/plLs,
22 ERA BfakMET

221 HEAHA ERA 5IWdiiE RAFE 2 44
UWITIRE PRA 519847 ERA B, § 34 80CR W
& 4a Ii7s . 1FIR F1 3F3R M4 B RUR 804, WX
PZE 5 | B S DL ) 5 Rl 1] EG R 110 7 25 1
BEATAHT, S5 EoR IFIR XF 5 AR5 2E 0 TT IR
W 8O B, HHE 12 MRV T IR &
JEMEECR A TP 1 . 514 3F3R BBV
BAE S EX BRAGFEVD T R B ATCC14028 1Y 1 3%
RO 2 (K 4b), JRZERR DL IFIR MV TTIRE

M 1F1R

T
500 bp

250bp

100 bp

2F2R  3F3R 4F4R

12000
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8
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TE:1~5. M R U ITTIRE ATCC10708 DNA Jit it ¢ B2 73 1
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Fig.3 Sensitivity analysis results of fluorescent

ERA reaction

LR A ERA KA 514 .

(a)4 PG G X R P TR ATCC10708 AP 45 RHOR A
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(WD) FIA A IFIR 1 3F3R AV 17T EC B A DU 1) e S 0 7 8

. M. 43 F & Marker DL 2 000 bp, i Bt K/N43 5124 100,250,500,750,1 000,2 000 bp; 1. RAGFEVD 1T IGHE ATCC1402852. A%
FEVPITIRE CMCC50013;3. 40 1T IR ATCCS53885;4. IR UM ITTIGIE ATCC1070855. F A &b TR CMCC50018;6~12. H
BB ORI Ay [T CMCC44104 K15 354 [CI 0157 H7 R A [C B 1QCC10138 A A [RGB IR B /)N &5 1 4 HIS IR 2k [
TP 2 0 T | < O A R R IR 2SR T R R R AT B B IR | £ R I PR B R )

B4 PHITREAEME ERA 5|90k

Fig.4 Primers screening of basic ERA method for Salmonella

222 BAAFIAFE XA ERA AR 45 R
P A% 5 43 BT 5 R P KORGS5, il 2
BRI Y SR, AT T — A 6k
DLBUAR FL Pk . LR B R A 4 R k2T R
ZEMRIE ORI 4L A5 4% 2 FI 1000xSYBR Green 1
A ARIRIG BRI ERA RV 2R A B B
ARG 2 SR S5 RN Sa s, B kL 2R
My 21 B B A /R 7], LA SO L 28 I i A ek R B 1
G0 390 Bsf TG 32 X 43 B b R 2s (xR A
YRl SYBR Green 1, WJPHPERE M &gt 25
P T R R T A B S X R O T o A HR
WMEELE R JR 4Rk 1000xSYBR Green 1 1F Jy3t

Rl ERA S B 8 55

Sk 4 A S 0 R0 R R G T 4 R ) X K
W, XF 1000xSYBR Green I ()% il & i 4743 #r .
g3 5l1a) ERA S S =i 1,1.5,2.5,2.5,
3.5 wL % 1000xSYBR Green 1, Hi{8IJR 2] J5 W%
R R A S (1S Y 5 T N B s TR 7/ 1 =5+
N 1~2.5 pL B, RE X A3 BH PSS R 5 28 L R
Horp A 2 wL i X RO R TSR
PG R 3 WL B, B RE 5 A 0 B 22 BEAS
K, FEAR I 1000xSYBR Green T JebHEi (4, I
B T E L A E 5 8 ERA B ki 5
1000xSYBR Green 1 (¥ iy 2 pl/25 mL &L

(a)ERA J R =9y hin A 5 B k450 (1) (25 5

IAARRIALAIL

(b) T IMA Al 4 1000xSYBR Green T fY i {15 4
oL PMELD ;2. BAEZEWNE 3. KA 4. 454 E ;5. 1000xSYBR Green 1;6. filA 1 pL 1000xSYBR Green I1;7. A
1.5 pL 1000xSYBR Green I;8. MA 2 pL 1000xSYBR Green 1;9. fIA 2.5 wL 1000xSYBR Green I;10. /il A 3 pL 1000x
SYBR Green I,

E5 EiiZ ERAZEBFIMIERE
Fig.5 Chromogenic agents screening of basic ERA method
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223 ERA B @Ak ka i s i B Iiie 4
58 ERA & 3L A RF ], LA R VDT RS
ATCC10708 F ity , xf H Ak A ERA (438 72 5
FOEAk , 40 590 o k2 A0 (e R 25 R L i 6
FraR, P3G R AG 53 R Y A 15 min FER] 4
min (5 & e 38 n] B X 43 PH P 45 SR 5 a5
HE L BD ERA 5035 2 4 min BT gR 4745 50047
TS LB R] 04 B TR R AR T ZE SR A5 LR )G
S Bl R PR TR 1 s R 1A R R -39 CAF Il
P4 4 min,

224 ANKHALZRE ERA B AL MEY i
JE R A WA PR GO T 1Y DNA I8 /& ERA £
HB T M AL, WK PCR A sk iR 5 84X
A o AR I 3 7 K D 0 A 9 512 e 2 1A £ I AR, LA

6 1

e 1~5. A 4,6,8,10,12 min;6. %5 H XA,

(a) K HALES B9 DNA HEBCRI
ERA J 17 2 i R i 3 W 4 1

H A K B, 4R A5 DNA 48 3097 5 B2 2R
B, SRR, HIE 1 min 30s JFIAHBAH
(84 °C, [l 7a /) ,20 min NLREFE 80~84 °C., 45 HLY
DNA i ¥ (285.44 + 2.13)ng/uL 515552 W
2 (315.65 + 10.99 ) )ng/pl. 2 5 A8 K, 4l S 24 (H
JUT-HITE], Al 36 2 )5 82 ERA SN B9 55K AR5 il
FHFE A PCR XS SRR 34X, DIt ol 4
ERA [0 FIrds W B o 00T bl 42256 5 min J5 R B
A3k 37 C( 7a £1), B ERA S0 ZESR A9~
PR ;20 min J5 I3k 42 °C, B ERA S0 9 F BRI
SR AL T ERA P A 4 2R 40 &
7h FroR, PHMEAE G 2 B B A skt A O
o, XA RO R LK 4 SR R R A%
MRS ST R R AR 1 ERA A5 AT AT

(b) AHRAFAL S 1
ERA S R A6 ) 4% R

T M43 F ik Marker DL 2 000 bp, i Bt K /N3l 100,250, 500,750,

6 ERAER®ERMEEMRULER
Fig.6 Reaction time optimization results

of ERA chromogenic method

225 AKRIULERH) ERA Sk R BUE 5

R BT BRSO AL A5 B ERA W kY
o) R AERE 43 o) DARSEAR ST 2 Wk B Sl 107,101, 10°,
107,102 ng/pL. B9 7 R VP TTIGE ATCC10708 #E47
R, 25 2R LR 8, YR B R B E 107 ng/
MR ETRSR PO E SEEC ARG & DO AR i KT e §vi
L TR 285 A W B H A5 . AT e LY
AAALES ) ERA 875 X V0 7 TG B A A i 2
HUOEARE 107 ng/pl,

1 000,2 000 bp; 1.7 FUX IR 2 B PEREAS

B 7 FREBILFD ERABBERMLER
Fig.7 Results of ERA chromogenic method

without instruments

2 1~5. Btk B ik B2 433 10%,10',100, 107,107 ng/pL;

6. X,
E8 ERAREBARFERMER

Fig.8  Sensitivity for Salmonella of ERA

chromogenic method
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XN T A5 38 KU TR ATCC10708 1475
Ye w43 ok 107,107,101, 10° A9 FE 5 38 B 0~4 h,
FEPEHCDNA, BTS2 %) 2 B ERA AT Ak Pk
A0 77 v R SE PR R 2 SR R L TS B 2 h, PR
Rl 5 vk e A A] K HH R B2 SR 100 CFU/mL 017 1K
LA 4 h AR rT A 1 CFU/MmL Wb T IR
(F3), B9 B/RME 4 h (R INGE R, BEE 75
T REAR, 28O0k 1 3 1S 850 B W R IR (K] 9a) .
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Table 3  Test results of artificially contaminated samples
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Fig.9 Detection results of artificially contaminated samples by ERA visual detection method
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Establishment of ERA Visual Rapid Detection Methods for Salmonella

Yang Yange', Wang Shuai'?, Li Hongna', Li Tao', Wu Zhanwen'?, Sun Dongmei®*’, Yuan Fe"
('Key Laboratory of Food Quality and Safety for State Market Regulation, Chinese Academy of Inspection
and Quarantine , Beijing 100176
*College of Life Science and Technology, Heilongjiang Bayi Agricultural University, Daqing 163000, Heilongjiang)

Abstract In order to realize the rapid detection of Salmonella in food, in this study, the Salmonella RPA primers and
probes reported in the literature were used to establish the enzymatic recombinase amplification (ERA) fluorescence
method and chromogenic method for visualization of Salmonella. Then, the specificity, sensitivity and detection limit of
the two methods were analyzed. Furthermore, considering the requirements of the on-site detection environment outside
the laboratory, the self-heating box and heat stickers were used as heat sources for DNA extraction and ERA reaction
on-site, respectively. The optimized detection time was only 11 min and 4 min respectively, and the sensitivity was up to
102 ng/pl. The detection limit of artificially contaminated samples was 1 CFU/mL after culture for 4 h. This study inno-
vatively applied RPA primers and probe applied to ERA detection system, established two visual rapid detection meth-
ods: fluorescence method and chromogenic method, and integrated on-site DNA extraction and ERA reaction devices. In
this study, the Salmonella RPA primer probe was innovatively applied to the ERA detection system, two visual and rapid
detection methods, fluorescence method and chromogenic method were established, and the on-site DNA extraction and
ERA reaction detection kit were integrated to improve the amplification efficiency. And get rid of the dependence on tra-
ditional laboratory equipment, it is of great significance to promote the rapid detection of food—borne pathogens on-site
visualization.

Keywords Salmonella; visualization; enzymatic recombinase amplification (ERA); rapid detection on-site; foodborne

pathogens



