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Fig.1 Reaction principle diagram
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Table 1 Strain information
%5 % AR BTEL AR R
1 HELDTRHA Salmonella choleraesuis *CICC 21493
2 KA TR A Salmonella Oranienburg CICC 21511
3 L KRR TRE Salmonella senfienberg PATCC 8400
4 B KR A Salmonella enterica ‘CMCC 50041
5 %R E Salmonella anatum CICC 21493
6 RBEITITRA Salmonella typhimurium CMCC 50115
7 WA S 45 R TR E Salmonella paratyphi-A CICC 21501
8 HERBYITKA Salmonella heidelberg CICC 21487
9 FREMAFH Listeria ivanovii CICC 21671
10 REFHHRA Listeria innocua CICC 10297
11 B Mg S AR E Listeria monocytogenes CMCC 54001
12 BKERKHA Shigella flexnert CICC 21678
13 REKERKHA Shigella sonnei CICC 21535
14 EHREHAHRA Staphyloccocus aureus CMCC 26073
15 X 3% A K Escherichia coli CICC 10032
16 X 3% A K E Escherichia coli CMCC 44752

a3 A W TR B OR S B 0 (Center of Industrial Culture Collection, CICC) ;b America Type Culture Collection, ATCC;c: 1
25 =7 21 L {4 45 B8 0 (National Center for Medical Culture Collections, CMCC)

GenBank /¥4 & ALFE01000410.1, {#i ] DNA-
MAN 5 Oligo # % 11 SRCA 1E & 17 5| 4 5 1 ¢

wE, 2y

F AR T A TR () e AT R

KRG I AR e R AL 2,

®2 FIEREERRFT

Table 2 Sequence name and gene sequence

&5 4 4k KR A7)
AP 5-GAAGATCTGGAAAAAGCTCAACTTGCGGA -3°
IR 5~ CAGGCGCACGCCATAATCAATAAA -3°
WA 5" ~GAAGCGCTGCACGCGTCTGAACTGGAGAGACTAGAC-3"

1.3.3  &4UKRBF A AR i ] 225 3
HR[26] 5 A VR B B, 1 P A A T A 30 it 5 4 TR
il & AuNPs, 7E =B A 98 mL 27K
2 mL AR FLSr 8 1% HAuCL, $EFES&1ETF 130
Cm#As I, 2, ®EMA 10 mL 38.8 mmol/L
(A7 A R AN, 7E IR 3 ) 25 1R, BB 20 15
MR R BE IR E A R A, B
AuNPs & &% i . ¥4 1K & 10 000 r/min B 0> 15
min J&7 , BOTHERD AuNPs 3 B4k i 4 °CF ikt
AR
1.34 &90KET5HHE SR 1 mL &90KK
T WS 50 uL DNA #4145 4,37 CHH 24 h,

12 000 r/min &> 10 min, 5 35, A 1 mL #
glisK 4 CTFELhE AR .

1.3.5 SRCA ¥"¥4 ) i SRCA 14 I by s 4k &
7 20.0 pL, Ho@@aiK 5.0 pL, Mg2+(200
mmol/L)3.0 wL,dNTPs (2.5 mmol/L.)5.0 plL, 10 x
ThermoPol Reaction Buffer 2.5 wL, & T 54
(10.0 pmol/L)4% 1.0 L, #i# DNA (67.4 ng/uL)
1.5 pL, Bst DNA &8 (8000 U/mL)1.0 uL,63
CINE 40 min, S0 25 530 4o Byt B v e v Uk i
115341

1.3.6 Lot RVET, K SRCA Fﬁflﬁm‘i
B AE 95 CAYE 5 min i 2 IR EZER, ¥ 5
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wL BREHB i A9 AuNPs #1 4 wL HFs DNA IRE,JF
FHRAWTE 50 CTIE 15 min, 4505, A 40
pl MgSO, It i B il #n iR &, I IR B W 55 4
min PARRE WA, WA MgSO, J5 I W iR &)
14 €0 78 B €, D) Ll 25 SR R B s A R
W) b 25 5o B
1.3.7 SRCA-AuNPs J7 & S v 0% 1
B DNA, fdi ] SRCA-AuNPs J7 gt A7 A
[7i] B L TG 118 2l 7K A Ry 28 F %t R 20 BT AS B 53
BN T R R
1.3.8  SRCA-AuNPs Jrik R R Kb K
PR R HEAT 10 A58 BEAR RS, I8 P a0 G i 4R R
6 BE B DNA {5 AR 3C 7 vk A7 R, BEAG
HRYE,
1.3.9  ATI5Y ke Srh U I TIREE R i T
UEITZ AT I 23 BT (AT SE v, A AR AT N TS
A, HI(GB 4789.4-2016) 77 15 #E47 Hi 3% ,
FEREMTARE TR . WU JC A A B3 K
P BE 10 4% 76 9 mL A4 W EEAR A 1 mL AR
FERIUD TR R, B 1 mL R & HL DNA J5
fdi ] SRCA-AuNPs H (05 s g A7 4G
1.3.10  SERBRAE SR 0 S PR B 07 S LA i A
50 i, FEA R UL R 3R T GB 4789.4-2016 5
% Lh K SRCA-AuNPs J5 & #EA TR 36 1uFE SRCA-
AuNPs J7 3278 SEBRAE ST o i R BE 7. AR
o8 2B HLBURE R S RS

TR = (L BP0 / (L B P 0+ B B 1 ) x
100% ;

R S M= (L P80 / (B A 25+ B P ) x
100% ;

5B 28 = (L BH PR+ B 00 ) / (e A 88 ) x
100% .,

(a) 73 TBOR A B A AL T B R
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Table 3 The list of actual samples
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Ay B B B ) 12
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W BE A B S

F R B F A S
BRI R R S
B 7 )
Bt 50

2 RS54
2.1 FI{THIIE
2.1.1 &Kk RAE LT T HERGE W& 2a
JIE 9 58 45 S R OR A ARk il A By, 43
5], SEYEARZ N 15 nm 8RS 9Kk T
A e T BRI TR 1 W
WnE 2b, AT LA UL Bk 1 in A ff AuNPs
TR AL, P AN ) R
2.1.2  SRCA J ) BERE WE&E e ik an &l 2¢ fr
~, BB ik SRCA S A5 B4R b () 9 4 | 7=
AEREY Y,
2.1.3 AP THREUE K 2d B R
4l & KR 23 BOIR S TR #E 520 nm &b 77 AR I I
U | R R ST 9K T R SRS fe e ik
W) A5 #2376 650 nm Ab 7= AR W B . ssDNA 48
BT B 10 4 99 KT 7E 520 nm Ab 77 A= W i i | 78
H 5 DNA fE7E R 1N IR R B8 05 i TR
W45 78, 7 620 nm Ab 77 A= W4 7 H R DNA
NETEFIT, SRR RE, DR
&, 7 530 nm Ab 7= A g

1

%ﬂ\j
(b) AR & 90 K kLT
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Fig.2 Feasibility analysis
22 Rk MgSO, BEfEfH AuNPs KA B RE, AE T 25
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AEUS 15T AuNPs RE MR NIRGYMEIAE 222 HEWENIMA  HEHRE R Zm AT
AR A DRI R B A v B R R VS, AR Y MR — A2 XEEWNHE, ARAE M-
¥ 100 mmol/L MgSO, #% 1:99,1:19,1:14,1:9,1: SO, WM 6.7 mmol/L M T, T 0.1~15

4,1:1 FiBE B 45 M 1,5,6.7,10,20,50 mmol/
L, ¥4 40 L. MgSO, it A 60 wL. AuNPs f& Z& 1,
E 3 frios BB MgSO, W B T8 %
W AR Sy W A, 2 MeSO, B EE R T 6.7 mmol/L A,
gk TRE , KUK 6.7 mmol/L 1Y

pmol/L FFEH R JE T IR R B I 22 4L

e 4 pros, B AT N 0.1~5 pmol/L
FEIN, B 2 I R HE N 5~15 pumol/LL, B
OB, WA DIFELEE 5 wmol/L A PRl
e

B3 ARmBEARNRERRTL

Fig.3 Color changes of different magnesium sulfate solution concentration systems

B4 FERERHREHEBTL

Fig.4 Color change of different probe concentration
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Fig.5 Specific detection
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B E S 5.5%10° CFU/mL B 70 1] G T 1 ok
1710 f500 B R, W B [ 5.5%107'~5.5x10°
CFU/mL , # A [F] ¥ £ T W $2 i DNA J5 #EAT A 0

w7 frs, R SRCA-AuNPs 2, AR AT 41 4k
REGE A 5.5x10° CFU/mL, FHEE 4 SHEHEA
Bvb IR ik i, Rz BB
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Fig.6  Sensitivity analysis
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Table 4 Comparison of colorimetric detection methods for Salmonella

7 ik #al e B/CFU-mL! RAE/CFU-mL? Aol 6 1) Xk R R
ATFehkFIEERERE 1.0x10%~1.0x107 5.6x10 1h [15]
& F ZnFe0,rGO i BAL 4 85 7& M A AL TMB b 3.75x10%~7.5x10* 1.1x10 1 h 5 min [27]
GE R R R
& T Toehold 4~ 5 #9 4% & 3% B 5 1o & 4% B % 1.0x10>~1.0x10 4.2x10 <2h [28]

A F WA $99 AuNR %o ELISA e &5 8% 1.21x10'-1.21x10°8 1.21x10 <lh [29]
SRCA % &4 th K 4 F R4 T ALAL Ao ) 5.5x107'~5.5x10° 5.5x10° 55 min AFER

25 ANLSHGMERFDTKRERHROHT H, M5 YA B W E S 3.7x10°~3.7x10°
i FH SRCA-AuNPs J7 3% %5 ¥ nvb 7] [ B 19 CFU/mL B | W& M, & H RN 3.7x10°
AR AR HEAT TR, L AR g T A YT CFU/mL, % J7 K BR A AIE , T T SE PR & A

PR e Bl 3.7x107'~3.7x10° CFU/mL, & 7 #f m,
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Fig.7 Detection limit analysis
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Table 5 The results of real sample test

7k o 2 A A AR [EQiRES [Eqz e BRIEI%  HFEI% A E%
GB 4789.4-2016 50 3 47 0 0 - - -
Kk 50 3 46 1 0 100.00 97.87 98.00
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Abstract Salmonella is the main cause of human diarthea worldwide, which seriously endangers human and animal
health. Traditional detection methods are time-consuming and cumbersome, so it is of great significance to carry out
rapid, simple and sensitive visual detection methods. In this paper, a probe that can bind to the target sequence was
designed and combined with gold nanoparticles (AuNPs). The target sequence was amplified by saltatory rolling circle
amplification (SRCA). After denaturation at high temperature, it became a single chain. After binding with the probe on
gold nanoparticles, gold nanoparticles were released. Under the action of MgSO,, the aggregation showed blue visible to
the naked eye, which was judged to be positive and negative to be purple. Therefore, a simple, fast and sensitive visual
detection method was established. The results showed that the method had good specificity and could distinguish 8
Salmonella positive and 8 non-Salmonella negative. The sensitivity of visual detection was 5.5%x10° CFU/mL. The milk
samples were artificially contaminated with Salmonella, and the detection limit was 3.7x10° CFU/mL. Comparison with GB
4789.4-2016 method for detection of 50 actual samples, the sensitivity of this method was 100.00%, the specificity was
97.87%, and the coincidence rate was 98.00%. The SRCA-AuNPs visual detection method established in this paper has
high application value, and the results are visible visually, which is suitable for on-site visual detection and grassroots
units.

Keywords Salmonella; saltatory rolling circle amplification (SRCA); gold nanoparticles; visualization



