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Colorimetric Detection of Salmonella typhimurium Based on Hybridization

Chain Reactions and Aptamer

SUN Bo, CHEN Ping"
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Abstract: A label-free, enzyme-free, and sensitive colorimetric detection method of Salmonella typhimurium (S. typhimurium) detection
was proposed based on the recognition mechanism of the aptamer and the amplification strategy of hybridization chain reactions (HCRs) using
the color variations of gold nanoparticles (AuNPs) as the colorimetric signals. An initiator and two hairpin probes in the HCR system were
designed based on the aptamer of S. typhimurium. The aptamer binds to S. typhimurium DNA, thereby triggering the initiator to open the hairpin
probes. This way, HCRs are initiated. While achieving the signal amplification for the target bacteria, the differences in the binding of the sticky
ends of the hairpin probes before the reaction and the hybrid long chain formed after the reaction with gold nanoparticles was used to obtain the
colorimetric signals, which results in rapid detection of S. typhimurium. Experimental parameters, such as the hybridization chain reaction time,
binding time of the hairpin probes with gold nanoparticles, and concentrations of hairpin probes, have been optimized to improve the detection
sensitivity. Under the optimal conditions, the logarithmic value of the S. typhimurium concentration and UV absorbance ratio (A630/525)
exhibited a good linear relationship in the range of 10>~10” CFU/mL. The detection limit equals 6.3x10" CFU/mL, and the spike recovery rate
for milk samples ranges between 90.05%~109.97%. The proposed colorimetric method is easy and simple, and it does not require any chemical
modification and complicated equipment. Furthermore, the experimental results are visible. This research provides a new method for rapid
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detection of S. typhimurium.
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55K, &gk ki (gold nanoparticles ,
AuNPs) 25 KM L —, TR
PEREFN R A AR A O 2 B T He ks i
UO1 S AR P AMIE Fe 5 06 T RIRE AR AR . 4458
UL YRR =38 B R I VA4 oK
wEse, Bt EESI DR ERSERCA NG KT, Mg
BT Je A e XSO I Tl e A I 7 2 FH T Al R TR 2
2, FPRMKZ 0.9 nmol/mL; Wang 25081 37 B T4
BRSO A IR 2 2 UM, B AuNPs AELEE S, H
TR Hg™, PRy 30 nmol/mL; Gao 257 F 2
ACHEAS SR 5°- =R AR ) AuNPs b (B0
BeAARAE R ES, AMIPRIEE] 10 nmol/mL. HH W%, X
SRR G G T ERI BRI R B =y A TR
AR T IR RS R BT 51 R P81 LA K
JAREE, P AR N RT A S AuNPs 2 [8] f)4H
HAEH, WP R BRERAIG. S8R
PRFEVDT T IR B El BRI 77725
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UV-1800 AT WA, HAREAF;
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KYC-100B F{Hilf k71X, CIMO #iit{#HRA
Al; DYY-11 BERIKAY, JER7S—10E8) s 1Q350 #EiR
B 24, E GE AF.

A 4 M ( AuCLHCI3H,0 ) 47 B R

(CeHsNa;07-2H,0) 444 (NaCD. Ultra GelRed.
TE Buffer (pH=8.0). 50xTAE Buffer (pH=8.5) ¥t
TR EZARA R EAN. BERRH . B
RER I SETF KR s AR A IR TR AR . A
W AR T I SEAZ BRSSP SR LE B AR A BR A H],
I HiEid s oA il (HPLC) BoR4ifth, SA%T
% (1) 7 %1 1 K« Salmonella typhimurium aptamer

(aptamer) % 5°-TAT GGC GGC GTC ACC CGA
CGG GGA CTT GAC ATT ATG ACA G-3";
Single-stranded DNA (ssDNA): 5-CGG TGA CGC
CGC CAT CCG-3’; Hairpin DNA1(Hp1): 5°-CGC CGC
CAT CCG TGT TGT CGG ATG GCG GCG TCA
CCG-3’; Hairpin DNA2(Hp2): 5’-ACA ACA CGG ATG
GCG GCG CGG TGA CGC CGC CAT CCG-3’

12 RBEHk

BV TR (Salmonella typhimurium,
S.typhimurium ) ATCC10376 « 4 #% {0 4 % Bk
( Staphylococcus aureussubsp.aureus , S.aureus )
CICC21600 . # %% i % M B ( Pseudomonas
aeruginosa, P.aeruginosa) CICC21636. &5 K
(Shigella dysenteriae, S.dysenteriae) CICC23829.
KMata#5 IR (Escherichiacoli, E.coli) CICC23657.
W P B OER ( Streptococcus thermophilus ,
S.thermophilus) CICC20174. #& KESLKE (Shigella
flexneri, S.flexneri) CMCC51252 ¥J3k H i kA bk
R AR S TR B S 24 S = AR

257/ 98

1.3 AuNPs # #| %

Z: B SR R R e R I R AT R = AN 4%
AuNPs. X 0.01%HI5& & FREWR 100 mL T 250 mL 4
TEHE A, LEINIRE SRR BN E g, AR5 HE
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vk 40 min.

1.5 R34k 3R RL B 18] B9 AR AL

At R B A SIS R S S IO %, B
AR AL e X 7 PR TS A 4] SR AR DA A 5 80K
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mol/L NaNO; {EFH T, & & 5 min, Il 52 & R7E 400~800
nm WA NGRS IR, e Aesc i X
SRR R B (]

1.6 Hpl/Hp2 5 AuNPs X 57 i 4]

Hpl/Hp2 5 AuNPs X WIA Sl P [F] 2 b
AR RRIEE . BATRA 100 204 30, 40. 50. 60
70 min A [EIA#E4T Hpl/Hp2 5 AuNPs 5 S5 o
RN EERJFEIA 0.75 mol/L NaNOs ¥, #HE 5
min, JELRLE 400 nm~800 nm K FPOGE, R
PR P AR I HH A 097 7 T 1)

1.7 Hpl/Hp2 Wy &

FAZEE RN H Hpls Hp2 BIMREERIFE 5200
IS fR R, B Hpl/Hp2 #E N 60+ 70- 80+ 90+ 100
110+ 120 nmol/L 73 5ldiAT Z e = B, 37 CHEE
45 min; RMEEFJFIA 70 uL AuNPs =7 i E 50
min. HJEMA 0.75 mol/L NaNO; &K, ## & 5 min,
E R ZAE 400 nm~800 nm A FIROLEE, RAEE
JE LA B IE R

1.8 6T A% B3 0 A e 2 ok KRRt
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HUAS 6] 9 FE 1 SR JE W TT IR 40 5l N 50
nmol/L aptamer, 37 CHEIRIFH 10 min, [FIEHE TN
NHFE N 50 nmol/L [¥) ssDNA, 37 ‘CHH IR Z 7 30 min.
BN 100 nmol/L ] Hp1/Hp2 4% 10 pL #HT 44585 2
N, 37 CH¥AE 45 min; JNVEESRJEIIA 70 uL AuNPs
i N E 50 mine &SI 0.75 mol/L NaNO; K s
H 8 5 min, WEARTE 400 nm~800 nm JK TG
.

1.9 ANT77 Ze 4 i A

MAIEE S UG RE 25 g(mL), JIA 225 mL 42
M MK T YIRS TR, WA 36x1 C
FEF7 12 ho 43I 900 pL #4023 AN 100 pL BRA%
FEVPI IR GREE N 2.74x10°, 3.01x10%, 3.24x10°,
2.65x10°, 2.98x10" CFU/mL), FIH:THEIREN KL
B AR N AR RBATIGI, 2535 ARt
b, TR IRR ESCE

110 $df A2 5 47

SEIG KR SR H Oringin 2018 #11IBS SPSS 24.0 %Atk
TS0 . ANOVA #1777 245 #7, Duncan #47
BEMSHT.

2 HR51He

2.1 the kR

HgE DNA HTHBEZENS S IEH, 8
ko7 2 [l F R B TE YA £ R AuNPs SR, Sk
DNA ALAMRY" AuNPs 73515 S FARAERE. Wik
DNA FIRXRRI& AL A BA T s g 4544, IR M-S AuNPs
RAMRBER o PRHARYE RAGFEVD T IR - AL IR
ERCA (aptamer) P8R NUPACK Zr#frigcit gl &
FF%1 (ssDNA) FI&%E Hpl. Hp2. 7ERAGFEIITK
WAPAE T, aptamer 5 RGFEVD IR R LSS5,
TEARRZHIN ssDNA 51 % Hpl. Hp2 FTH KI5,
AR N, TR B FR OO E K% DNA,
SV A B AuNPs AHEHEF. Hpl. Hp2 A FORYT
AuNPs, FESIER T, HWRBIE R AN IE A,
IR AEAE BRAAFEID T TIRE I, aptamer 5 ssDNA
3458, ssDNA AFEF| K Hpl. Hp2 $THFR IR AEZAL
BB, PRI Hpl Hp2 S5 6 LK) AuNPs IR
B, TEERVEF FARH" AuNPs AR AEBEE, B AR
Ao FETFAERLAA 24 A8 B 3R B b A I B 5



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.12

YOI TR A BB 1 B

oY 09 o T
off v DM
S| S
o .JSalt

i)
1or 2~ 8 v

o~ s ff e

aptamer  S.typhimurium ssSDNA Hpl/Hp2  AuNPs
B 1 ETERARFHEAR M @ ERNRGED KA
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Fig.1 Schematic illustration of colorimetric assay for
S.typhimurium detection based on aptamer and hybrid chain
reaction

22 FARER = 4L R % ] % AuNPs

tH AuNPs 7E 400~800 nm 145 #h-1] W18 (& 2)
A% AuNPs 7EZ15 525 nm A B 5 [ 22 4 A 0
R SR e B R P A o ) g R AT e 38 K 5 3
PR EA RIFMLMEM M, &R RBIHTREN
Y=0.4271X+514.56, H:A X NKRETHRR. Y N
B KRR A K o AR AuNPs B AR IS IAE K 525 nm
RS FERE N 24.4 nm.
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Fig.2 UV absorption spectrum of colloidal gold particles

23 WRH KR

T PR HRE A FELYIFH SR BGAIE 2432 B 20U M Hpl
Hp2 7] LATE ssDNA 5| &K NI A KR E. HE 3
fiizs, VKIE 1 2&4F& 50~500 ff] Marker; ¥KIE 2 /&
100 nmol/L f¥] Hpl A1 100 nmol/L f] Hp2 LA 50
nmol/L ] ssDNA; ¥ki# 3 /& 100 nmol/L ] Hp1/Hp2;
YKIE 4 F1'5 43552 100 nmol/L [¥] Hp2 A1 100 nmol/L

(") Hplo. FHPE 2 vJ%n: A Hpl/Hp2 fF1ERS AR AE SR
EERN, 20N ssDNA #| Hpl A1 Hp2 b, K4
FeAZ U N . LR ssDNA 7] LIh 51 & Hpl
Hp2 RAFAFEAZPL .

(&l 3 REARERIKSLLE
Fig.3 Gel electrophoresis experiment
JE: vk 1: marker 50-500; #kif 2: ssDNA-Hpl-Hp2;
7ki# 3: Hpl-Hp2; #kid 4: Hp2; #i& 5: Hpl.

24 AT AR B R 4 2 dk SRR R & Bt

NBEAIER TS I Bt 7538 0 CFU/mL 5 107
CFU/mL #JE 1RGP TTIRE AR R, &5l 4%
EEARN G, fERHTAR &, HIE 4 /TRl Y
AFIEROTFEID T TR, RN B, TR
A LSO, 525 nm AN RRAFENE ;s 24474E A%
FEVLIVIRHRT, RS NIEE, T8 630 nm bt
DU RN, I HAE 525 nm ADHEHMEIE N, H
b BRAATEVD T IRER v LA R B e LA SR
R A AR
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Fig.4 Absorption spectra and photographs of AUNPs based on
aptamer and hybrid chain reaction colorimetric in
S.typhimurium
E: afk: 0 CFUML A5 R TTRE B E5MIOLE W
£ b £: 107 CFU/ML 845 RV T G BB S SRR th 4 (4
B: a®: 0 CFUML A5 R T KE B EIMROE M, b
%1 10CFU/ML 845 0 TTIRE B MR 25,
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Fig.5 Optimization of HCR hybridization time
2% A2l 2SR PR S5 L I ) BB A R A5
T W 5 FR, A630/525 {EHREAE T & I AR ISR
HER, 2R i U NN TRJIAF] 45 min J5, A630/525
EATERIN. PR A AS B R NI [A]/E 45 min /247,
FATFEAS PR BIALRES . ltl,  FeseiE U
[ f 3 S BEI T) D 45 min

2.6 Hpl/Hp2 5 AuNPs X 5 i 4]

Hpl/Hp2 5 AuNPs HI&5& N A4 R I 5t
AR, 40P 6 TR, A630/525 {HFE 0 7 I IE) )
BTN, 4 Hpl/Hp2 5 AuNPs 456 (RIS 2]
50 min J5, A630/525 AN, Fitk, Hpl/Hp2 5
AuNPs 5 £ B[4 50 min.
1.2+
1.0+
0.8 -
0.6 -

A630/525

0.4

0.2

00 10 20 30 40 50 60 70

AuNPs conjugation time / min
[E 6 Hop1/Hp2 5 AuNPs % RZBIEJA 1k
Fig.6 Optimization ofHp1/Hp2-AuNPsincubation binding time

2.7 Hpl/Hp2 Wy &

Hpl/Hp2 &% 3¢ 85 X S B 1) B BEAH e 4y, 72
AuNPs R i s 2 O HE B ER . & 7 Fow,
A630/525 {ERHE Hpl/Hp2 [FI¥RFE RGN, 54
Hp1/Hp2 #KE KT 100 nmol/L B, AR A630/525
{EA K. 4 Hpl/Hp2 MIIRIE4REEI R, A630/525 %
fik. Pk, #4100 nmol/L 1) Hp1/Hp2 1E 9k R 1

298

HIREE

1.2
1.1F
1.0
09
0.8+
0.7 F
0.6
05 . . .
50 60 70 80

A630/525

9|0 160 11|0 12|0 150 14|0
Hp1/Hp2 concentration / (nmol/mL)
& 7 Hp1/Hp2 BIIREMIL
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E8 (a) FRIREMRMAERDIREZINT WRBEIE, (b)
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Fig.8 (a) UV vis absorption spectra for colorimetric assay
toward S. typhimurium with different concentrations; (b)
Linear calibration curve of the degree of absorbance ratio
(A630/525) versus S. typhimurium concentration concentration

E: a PAEE: AR ETIEBA.

TERAESRMEN, RADERC IS, & A e BE U SLA
S AuNPs HEFAar il SR AT 2800 1T IR . 1 8a 2t 1
BT IRRERCAR A AT T R B LA A B HE A 200
ANEIR BE T SR FE YD T T IRTA SR A AT RSO . I
HBE A630/525 5 RATZEDTTIREIRELE 10°~10
CFU/mL i A AT LLA S| RAFHIZAESC R (B 8b). 2k
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PEITFEN Y=0.18636 LgX-0.12807 (R*=0.9933), il
B9 6.3x10" CFU/mL.

2.9 ek R AGEDIT RE AR o A

1.2
- S.dysenteriae
LOH = P.aeruginosa E.coli
S.aureus S.thermophiluss
- 0.8 H S.typhi M S.flexneri
(] - o
2 0.6 -
] S |
< 04H
e 1
0.0 I‘x 5' I é A Is A
gﬁ‘]v\“ (N‘»e“ 09 “«ﬂo «© onw 65;(\“‘
o P o s
L oW

B9 TEIFEFE T AuNPs SARATIRULEL (A630/525)

Fig.9 The absorption ratio (A630/525) of AuUNPs solution in the
presence of different strains

1% H] S.aureus. P.aeruginosa. S.dysenteriae. E.coli.
S.thermophilus. S.flexneri JUFIEE/ENXTHRAL, RIEA
TIERRE . SEIREE IR 9 Fror: R BAGTED
TR Sk B A8k, IF H R R MmO
EE(A630/525); MTRAHAAEMELL T, ERIBIEOAE
FHIFII SR A MOR AL, WORRELL TR R . 45
REPATERA R R

210 ATFZ44nd iy B ZD T KE AN

R AT ERIN N L G- WA it o 1) BR AT €70
ITIRIEIF B 5P ER L. 85 R IE 1. bR
[FISCRTLE 90.05%~109.97% 18], 5 FHtHuEAEL,
GRS WA, RYIATTERBUZE S, #E
PR, AT T A BRSO T B RS o

R 1 ALSRFDHENER
Table 1 Test results of artifically infected milk samples
Haeth% mAE/(CFU/MmL) #RE/(CFU/ML) ©HE/%

1 2.74x10° 2.48x10° 90.51

2 3.01x10* 3.31x10* 109.97

3 3.24x10° 2.97x10° 91.67

4 2.65x10° 2.89x10° 109.06

5 2.98x107 3.22x107 108.05
3 #ig

AW TS T 3T RAGFED 1T K B AL IR IE A4

P Sl WS AR RS2 oL R O 4 s Sl NI A AN S
o R0 2E Vb T KB R B AR R R N 6.3x10"
CFU/mL, 3G 10°~10" CFU/mL, R*=0.9933,

TEN TSR bR BIUSCE N 90.05%~109.97% 0 A

BRI 2 S R B S S IOR, R SA 5 2
K25, AHEASRME, SAERR, FHRIME

BN, AT CIAIR EEHIrscia g R, A —Fb
PREEA R SR FEVD [ TR BRI 7 i
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