hitps ://hxsj.cbpt.cnki.net fb2#i83  CHEMICAL REAGENTS 5548 B 5 W

A 5

2ocmod

ET ST-6-2 RBERFHNERKITATRERNFTERE SER

EAT R R e R
(LNZEHBERIRY: 252280, N5 FFRITERE 0101105
2SI RS b SRl 5 NSl PRFIIE AR 010022)

FHE LT ST-6-2 BIRIE FLiA 5 4 4K BURL( AuNPs) A EE T —F TPl 5 el 28 S 28 9 L o2k 15 Jk
FFPE IR N0 S A A TR 1L R A RL AR X 50 1 AuNPs, 38 3 [Bl — oGS RS Rl iR S S B A M a4 21k, ttiscT{Mff-
fif R FhB A pH % 3 F' DNA 5 AuNPs BYfEERSRB, DL UV-Vis SGIEITAT M BCSCR , i e Ik pH BRI T &,
W HUEEBME N cDNA F1 Poly T FLANMHEE 2 AuNPs T, £ 0 AR E (AuNPs@ SH-DNA) 2 5 4 M 1] 35 )2 A7 Ji
B HAAAAA, T S A M AT AR, SR 2s SRR 2L BRI X S B AL BA RAFAI(E 5 n; , BT SE B Ak
A (BRI, 2 H AR IR & Sl 3 e a7 10 B s ARG DU B8 153 58, e A A Ao Bk as b BB N T
KBRS YOI B RIE BLAR BRI BE S B 5 LU EURIRES s 0 ) i )2 AT

FE Y ES:0629.7 XERFRIREE A XE4RS:0258-3283(2026)05-0032-07

DOI:10.13822/j.cnki. hxsj.2026.0074

Colorimetric Probe Based on ST-6-2 Aptamer for Rapid Detection of SARS-CoV-2 Spike Protein WANG Xin-yan' , ZHU
He* ,GA Lu™" | Al Jun**(1.School of Pharmacy , Inner Mongolia Medical University , Hohhot 010110, China;2.College of Chemistry
and Environmental Science,Inner Mongolia Normal University , Hohhot 010022, China)

Abstract: A colorimetric biosensor based on ST-6-2 aptamer and gold nanoparticles ( AuNPs) was developed for the rapid
detection of the SARS-CoV-2 spike protein. AuNPs with uniform particle size were synthesized using the sodium-citrate reduction
method , and the binding conformational change between the aptamer and the spike protein was verified via circular dichroism
spectroscopy.Three conjugation strategies for the DNA functionalization of AuNPs,namely the freeze-thaw,salt-aging,,and low-pH
methods , were compared.The conjugation efficiency was evaluated based on UV-Vis absorption spectra, and the low-pH method
was identified as the optimal strategy. A colorimetric probe ( AuNPs@ SH-DNA) was constructed by covalently coupling thiol-
modified ¢cDNA and Poly T to the surface of AuNPs.Based on the principle of competitive lateral-flow chromatography ,a test strip
was assembled for the visual detection of the spike protein.Experimental results showed that the sensor exhibited favorable signal
response toward the spike protein, thus enabling rapid,low-cost,and point-of-care detection.This colorimetric aptasensor platform
provides a novel solution for the point-of-care testing of SARS-CoV-2 and demonstrates significant potential for epidemic screening
and decentralized diagnostics.
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PN X SARS-CoV-2 S [, Wang 251 i
VEFRAT T — 254 A ST-6-2 Ak F 1A , HF- i fi 25
HH(Kd) N 80.22 nmol/L, &3 i K 4 Y 3 1l
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B pH T (RS (R A R T ; TLE204
RUHL K7 (Mg 90 -FE R 240 8% (1) A RRA
Fl) ; EQ-100DE U 7 I 385 e i (B Ll it 8 74X
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ali, B e KA RRHEEARAR) ; = (28 &
I PR ER H (TCEP, C,H O, - HCL, 204k, db
AR RS R B A R A A Wk ER R (HCL, 4
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SARS-CoV-2 Hi| %€ # F id B A& ST-6-2 ¥ 4
( 5'-GGGGAGGGCGGGTGGATTGGATGCCGA-3') A
7T Yang %[3] oI ,%Xﬁ%%ﬁﬁﬂﬂ 80. 22 nmol/L,
ARSI Y Sangon 23 A& IR 4lifk, B
PFINR 1 fis,
®1 LS RA
Tab.1 Oligonucleotide sequences of aptamers used

in this study

H AL 51
ST-6-2 5'-GGGGAGGGCGGGTGGATTGGATGCCGA-3'
c¢DNA CGCCCTCCCC-SH
DNA ;. GGGGAGGGCG-biotin

Poly T TTTTTTTTTTTTTT-SH

DNACL( Poly A) AAAAAAAAAAAAAAA-Diotin

1.2 SEIR
1.2.1 DNA #%5H1# %

[/ —E0E5% (CD) T LA A T AR 35 R
RS R Ry T 0BT, 8 2 D T A2 A [
TRIRICZ 0] R 22 57, 38 7R 43 F F4 52 1) Al A A
TR ZREEHIFRAE , IR AT A% RIS Btk 5 H
FRarF RO VR FHAL G B2 ARk AE >, 2 Bl 2E 3
TERRRE S B MR TR RO B A ST-6-2 if £ i
PGB ELK (5 H7 i B 500 ng/mL 1 S &
FIVE TR 10 pumol/ L 38 e ARV Y, 15 5 P 75 Y
1R [ 30 min,

A3 U B AR ST-6-2 AR A A L 4
LA ZE AR ) 45 14 R IR o e A3 (4 3 Rl
200 ~400 nm, i3 % 100 nm/min, Y&FE 1 mm)
PEATHEE B RE R SPA TN E 3 IR,

1.2.2  SAAI5R4H( AuNPs@ SH-DNA ) (17 4%
1.2.2.1  AuNPs B5

AuNPs 196 BUR 76 R A 340 D S 4 1R v
(Frens %) . MEFIFRIL 0. 10 ¢ 4R (HAuCL,) ,
7T 100 mL M4tk b, B B E R 0. 1%
(it 28 VA TR, e B A iR v sl ¥4 R IR
fEo JIPRILL. 00g F7BEIR —4M 1% T 100 mL 4l
K B B AR R 1. 0% A

HUS mL b IRAC 9 HAuCL, £ 55980, TR 4l
K 10 4%, 155 0. 01% (19 TAEVE W, IE7E 500
t/min PEFE R ZE 90 °C , P — I A 5 mL
IR RIAT R AN (1. 0% ) VWL, Pt HE R 4k
SLINARSIN 10 min, SRS E AR RINLL A )G,
5 1A BRI 2= 300 r/min, R HI R IR,
ARSI, BT 4 CEH.
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1.2.2.2  AuNPs 5 DNA 541 BB

AuNPs 5%i %4k DNAs 2z [8]38 53 Au-S F47
SRR, th T B IRE 2R A5 H A L 7, T L DNA
5195 AuNPs 256 RIME, A, AuNPs R THI &1
SH-DNA G5 — L2475 DNA 5 AuNPs (1]
B ARSGE S 3 RO K AuNPs 5 DNA 5
B AT

(1) PR URIE

Jing ZELOHR T DNA IfiEfL AuNPs HIHT T
2%, R JR 0 B o AR R rp 2 A Ak A I 7 38
1K, SR FH UK VR I8 5 sk /N S BT 1 25 8], DTG R
NI EE . G5 VKR — R4 YRR R R
B, K93 T2 18 02 Bt 245 L VK &, AuNPs  DNA F1Eh
P SSPGT R B AR N, R BUINEE DNA /Y
5 AuNPs 5 DNA 25471,

LRSI 7 e MBS LA A A 50wl
(5 pwmol/L) fJ SH-cDNA 5 SH-Poly T,20 uL
(5 mmol/L) f) TCEP , {f&{k 30 min, il A 1000 pL
AuNPs iFK (1. 2. 2.1 il %) & T -20 C I8
BTk 14 h G TEIR N#R.

(2)#h&fbik

B O R S AR HLA T L A
BRRARE 151 %] AuNPs 11, 4 T8 595 AuNPs
(LA HE R AR e e vl B R TR
JMAZE] AuNPs F1 DNA ROIR &R R BRARH Y™
BUZ IR 55 AuNPs FI DNA Z [H] i HER 77,
DA SZEE AuNPs 5 DNA #REHBBE LT |

HERAFREL 0. 2338 ¢ [ NaCl [ {4, FH#E 4tk
BLl A% 0. 2 mol/L VAV, IALUE R 0%, &5 FH . 7
BB 50 wL(5 pmol/L) ¥ SH-cDNA
5 SH-Poly T,20 wL(5 mmol/L) i) TCEP, i &
30 min, LA 1000 pL AuNPs, # & 24 h J5 & F&
2 h [ERPINAGE & 0.2 mol/L B NaCl ¥,
JIMA 3 IR, Fc 2k & b NaCl ¥ %A 50 mmol/L,

(3) ik pH ¥

AT & BRI R A pH (B AT DA 3 ik
DNA W 3 B, ) FH B EERS (pKa = 3. 5) 7EAT 15
FREN (pH 3. 0) A BT+, BE R DNA fH 1, 58
B AuNPs 5 SH-DNA B e > | ik pH (&
W HY) FNERTE DNA BfFE o 72 v HA D IR
SO pH 3R] 3.0, A INA LB 4L, DNA &
TERI LA BT 9L M T AuNPs, {H 3 — 25 (14 W% [t £ 3%
RE, A ER, DU e iE — 25 i W Fff . 500 mmol/L

FrAE RN 28 IR 52 Il & 47 1500 mmol/L Na*
I, 2% pH 3.0 F H 5 Na' =4t RIVE . Be4h,
AP R AR B Tt & B Tk, BEAIE AuNPs 5
DNA [8] § BLff % 77, 45 R T DNA Bt

HERAARIEL 14. 7050 ¢ PO A7 16 IR — 4 &1 44, F
AB ALK B AL 500 mmol/ L AR, - FH &R R i ik
pH 3 1) 500mmol/L 447452 IR BN -5k IR 2% v I, T
FLUBRE g, & . EE L A INA 50 wl
(5 pmol/L) i SH-cDNA 5 SH-Poly T,20 uL
(5 mmol/L) ) TCEP, 4t 30 min, Al A 1000 pL
AuNPs(1.2.2.1 il %) 5 10 min, AILAGE &
FrAGE IR EH-ER PR 2% v s W, T LR B 4 10 mmol/ L,
%7 3 min, /1 mol/L HEPES (pH 7.6) $1k &
pH PR,

1.2.3  iR4C&nydns:

AR AC A% 1 ) v R R LS 2 A IR W
RWERRE T4 % VIRE T8, Wi & E R
o ARSCEW T R IE AP RPUAR R & it
OB T e 7 S TR PRI, ICRE )T | Tt
e,

1.2.4  KHIZzEEA

HH3 pL(100 wmol/L) biotin-DNA,, 1 3 pL
(2mg/mL) 558 MK (SA) iEAFH, N A 60 pL
PBS ZZ i, Fi e 10 A%, ZIRIFHE 1 b, dil 4546
25 (T L)V, FREL2.0 o M 1.0 g Z- 11035 1
1 (BSA) ) 500 wlL Tween-80, it il 15 17 2% v
W, S B it £ VT B 4l K B, DRIE Fc 200k
FER 13 pg/mL, S & & 1R B8 2K 76 B
BT 13 wg/mL, 5 ST-6-2 ji Bt AR IR 4 15 1k
30 min, BRI, FEE  TEARET R EAIA S pL
AuNPs@ SH-DNA , I 7E A PR 4T 4 2 I (NC JiEE) -
VR iE e T W, BT B R R
SIEAT 8 v TR A, T 0 AR R SR 6

2 #R5ite
2.1 DNA 55 FRME

(5 — e i ) 2 25 SR AN 1] 2 PR, ST-6-2 3 it
RTE 262 nm Ab IR I , 75 241 nm &b 2 B g
5 S EHLEA R, ST-6-2 11 TF 1 1 171 14 51 JF 247 i
g Herh TR AR RN R A/ 22 TR B e 5
AR PR T3 PR 5 bR R 1 2 ) e A AR
YERY,
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Fig.2 Circular dichroism spectra of ST-6-2 aptamer and
ST-6-2@ Sp protein complex

2.2 AuNPs [JFRMHE
2.2.1  A[EWE HAuCL, % AuNPs #5200
SEAMAT WO i A5 SR B 3 s Bl &
AuNPs 15 K K 250 520 nm &b E40K 4
SR R AR I A 0, T L HAWC], (R 5 B 35
Wi AuNPs BI85 ,0. 1% B HAuCL, fif 5 Wi ff
B 8 FHIT = RO TH B 10 f5 00 74, an &1 3
B

A04

— WRR10MF

0.0 L .
400 500 600 700
A/nm

B3 AuNPs 4h-1] WOGHLOGE

Fig.3 UV-Vis absorption spectrum of AuNPs
2.2.2  REETEXS AuNPs A2

B W BE 1) AuNPs A REAS A 4K 5 DNA 1
B, B MRS BAR T LA N AuNPs ¥R H
S, T8 AuNPs B R E B R, LA R S
DNA [PfHEE, G &l 4a FIrs . A SCR 28 &k 4
7, LLZE &AL (5~ 40 min ) X v 4 15 18] 57E 4 7
5%, WKl 4b fi s, 75 & 30 min B, 3515 /Y
AuNPs R e

A0.30

—— AuNPsELLAT

025 N

0.20F

0.15F

0.10F

0.05

0.00 s s s s n 0.0 L n _
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a B0 b AR N ) 28 12
4 EHh-nT IO
Fig.4 UV-Vis absorption spectra

2.2.3  AuNPs () TEM K& i F2r0 3 6284k

BB LIRSS R, BTl A3 1) AuNPs 4
BAR KNS 30 nm 247 A ¥ 50 43 BOB0RE , it HL A
WUEEE] d=0.23 nm 1Y fmig, WA 5a, &l 5b fr
o FTHIARI AuNPs ¥R S B 20, I s
REFRYE B . In] 8 A5 FR Y 0. 1% HAuCl, %
WA 0. 1% K716 BR8N UG 7 W6 e (8
ARSI LT A8 3 LR IR R) ZE 4 B AR TR,
Bl Sc Iizs . X F 6 28 Ak mT B 5 Jag 2 1 45 B
TSR (LSRP) A5G, 4 AuNPs #EASOGEIK
B, A I 2 P B A TR, AuNPs 7]
DA W AT I — R 90 K D R, BT 68 7 97k S TR
W™

| e

g v e
) R =T R

5 AuNPs i TEM &l (a.b) ;c.AuNPs & B3 Y
B A (1,25 6 HAuCL, FIAIHAER 90 “C 1Y
HAuCl, ;3 5 IMAFFREERRENIA M 5.10.15 min)

Fig.5 TEM images of AuNPs(a,b) ;c.Color changes

during the synthesis of AuNPs (1,2.HAuCl, at room
temperature and HAuCl, heated to 90 °C ;3,5.5,10,

and 15 min after adding sodium citrate solution)

2.3  AuNPs@ SH-DNA HJZEAF

2.3.1 AuNPs@ SH-DNA ¥ UV-Vis M Fifa,
AuNPs 1) UV-Vis 2P BAA G R BoR | 2

f) AuNPs 7E 522 nm AW 5| 3 i 46 15 1R S Pk

A0.40 2 b
o g

AuNPs  AuNPs@SH-DNA

— AuNPs
—— AuNPs@SH-DNA

2,,:=530 nm

%400 500 600 700
Al/nm

6 a.AuNPs 5 AuNPs@ SH-DNA ) UV-Vis Kl ;
b.AuNPs 55 AuNPs@ SH-DNA i i, [X 5]
Fig.6 a.UV-Vis spectra of AuNPs and AuNPs@ SH-DNA;
b.Color difference between AuNPs and AuNPs@ SH-DNA
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FIARAEPER WO, DNA $R4F5 AuNPs B8 {0
Hf KW K40 8 nm, AuNPs@ SH-DNA %
KIRWIELE 530 nm &b, 401 6a FIr, X FPLLH
FEH T AuNPs 18 DG Ak 5| & i 3 5 3 38 in Jor
S5 AuNPs 5 DNA #REME B £ H 3 {0 h
LT AR AR LT 8, W 6b F/ , 1X 7] fE -5 RF1F
WA LT RS A O
2.3.2  REEEH AuNPs@ SH-DNA () UV-
Vis
TEVS UR-ft 42 ) %5 AuNPs@ SH-DNA | %
LR Z N A TCEP 1 AuNPs W 10 & 5 ¥4 W
I AE 3 AN RIZEXS AuNPs 5 DNA R4 Ao (B B %
RN, IR TCEP By A 584 M e K c i 1
KAELR, BIMA RN 20 pl(5 mmol/L) i, H K
W K353 530 nm 2245, 6B AuNPs 5 DNA
{HEEIE i AuNPs@ SH-DNA . 4K 434 /i TCEP f)

A04

A,,=522 nm

02F

= AuNPs@SH-DNA TCEP10 uL'
w= AuNPs@SH-DNA TCEP20 pL
~= AuNPs@SH-DNA TCEP30 uL.
~— AuNPs@SH-DNA TCEP40 uL
= AuNPs@SH-DNA TCEP50 pL

L 1

A 0.40

1 (30,40 .50 L), IS5 B D s, &l Ta BT
7N FRAETCAE AuNPs B4 A 2 (5001000 wl)
R BEMCAR Fr R I 4 B A 40 %%, UE B AuNPs
5 DNA JC ¥ B¢ i, AuNPs@ SH-DNA , 4111 7b
Jiizm o ORISR B i 255 2 %R 14 h )5
(28 M R % K 21 8 nm, W] AuNPs &
DNA FREHMBEC ALYy, anll 7e Fizn . ¥ ORI Rl
SCE T 14 b, YRR T B % AuNPs@ SH-
DNA

FHER b B B 4 AuNPs@ SH-DNA i,
IMAAS TR 5 1 NaCl W, PR REff AuNPs (1) 58
A R B K M 522 nm 208 & 530 nm, A LA
IR I AuNPs 5 DNA 4 dE T 5, N
B 7d FIi7R . AR pH B IBCHS | ARy 462 1R -
ERPRGE v ] LUK e KOS K 4088 2 532 nm
LAy, U BRI LT, 4N &l Te IR

b A,.=522nm

035F
030
0.25
020
0.15F
0.10
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Fig.7 UV-Vis spectra of AuNPs@ SH-DNA prepared by different conjugation methods
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