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Table 1 Sequences of oligonucleotides used in this research

DNA #5147k LS |

CCCCACTCTTGAGTTCTCAGTATGTCTCTC
CTGAGAACTCAAGATTTACCCACCCA
CTGAGAACTCAAGAGTGGGGTCTTGAGT
TCTCAGGAGAGA

CATACTGAGAACTCAAGAGTCT

Hpl

Hp2
H5N1 DNA
PATHIEAEE (SM ) CATACTGATAACTCAAGAGTCT

WHHIEAS L ( DM ) CATACTGATAAGTCAAGAGTCT

=HRAEAERC (TM ) CATACTGATAAGTGAAGAGTCT

HINIDNA  CGACTACACTCTCGATGAAGAA

H7N9 DNA  AAGAGAGAACAAGCAGG AATT

RfiALF 51 R GTAGGCTTAGTAGATTAA GAGT
2) FEAUR

B0 HL, CIH2050R Y, 3 RG 7 Bl A A R
Nl B TR, ME-T &Y, Mk - FoR £ E bR
W ( Lifg) ARAH; D6, F7100 2, H
AHSAEFA PR A\ B S BAEE (transmission
electron microscopy, TEM ) , JEMI1230 4, H A H
TRt WP EIRAK S, HH-SZ Y, FRMIK
WA BRAF
22 EREFMHKEME
2.2.1 Tris 4 & & Mg”" 3 & #= pH %4t

1) Bc i Tris 28 #p . 43 B FR B — € & 1Y Tris
M CHOMg4H,0, Wi T4k, Bfl& A 20
mmol/L Tris FIA ¥ E C,HO0,Mg4H,0 (3,4,5,6,8,
10 mmol/L ) Y Tris Z&vjri, FFHLHE S 2G5
Fe (FIF,) %5 FafE feld Mg™ W .

2) M B ) UK T TR V5 W R 1 Tris % MU 1% pH
i, BFIAFE pHE (6.0, 6.4, 7.0, 7.4, 8.0, 8.4, 9.0)
[ Tris ePil, AR5 TT L4 Reuf 2 et pH R
2.2.2 HCR # R B 8 & Feit AL

HCR S 7 i B 43 5% & R 25, 30, 32, 34, 37, 40,
45 °C; HCR KB al53 5l & 1.0, 1.5, 2.0, 2.5, 3.0,
3.5,4.0, 5.0 ho ARHEAFET L5 52 B 2 HCR 1
AR S0 Y A ]

2.2.3 AgNCs 894 R4

¥ Hpl 5 Hp2 DNA tEF TP b8, Bk ik
5 min, FUK¥ 30 min. # H5N1. Hpl. Hp2 %
JEE IR FEIR A T Tris 2 0Pl ( FidcfE Mg™ ¥ Al pH
{EFECH] ) , R DNA (20 pmol/L ) 4% 5 puL, S A
PRFN 100 pL, P47 HCR 4958 (45 dmeHE Sy L A
BFA]) 5 ] HCR S 58 BB e, A — & iy
AgNO,, E¥%30s, 4 CROEIEF 15 min; MA—E
T HVOKIBC B NaBH,, 4 CRECIEE — & e E]
(0.5,1.0,1.5,2.0,2.5,3.0,3.5,4.0,5.0h) ; & matF
th, Hpl 5 Ag' . NaBH, JBE/R FL 4315 B M 1:6:6, 1:8:8,
1:10:10, 1:12:12, 1:14:14, 1:16:16, 1:18:18, (5T
Feas i, #aE S M AgNCs By fE Hpl:Ag":NaBH,
FEIRLE . e AT
2.3 PEaEiN A&
231 RBUEME

# 5 uL Hpl (20 pmol/L) . Hp2 (20 umol/L )
4355 5 uL ASE ¥ B9 HSNT DNA (0.2, 1.0, 10.0,
50.0, 100.0, 150.0, 200.0, 300.0, 500.0, 800.0 nmol/L )
IREGT Tris ZEvP (pH = 7.4, Mg~ = 6 mmol/L ) ,
37 CIKEZZE 3 hy FIMA—E &I AgNO,, E
30s, 4 CHEOEIEH 15 min; AR5, IIA—E K
JKERECHIY NaBH,, 4 CHROGIFE 3 he VAR,
Hpl. Ag' 5 NaBH, /R oK 1:10:10, SR SR F
9100 pL. fefa, X ERAES TR, 2t
BHON: 495 nm % . 550 nm e R AT | SRk
HETEIE 10 nm, KHPHRAETERE 10 nm, HLE 800 V.
232 #FEHRLR

# 5 uL Hpl (20 umol/L) , Hp2 (20 umol/L )
S5 S pL AT BRBRSEEETL (SM) | BUBR LA
B (DM) . =45 (TM) . HIN1, H7N9,
BEDLE S R 1A T Tris Z 0P (pH = 7.4, Mg™ =6
mmol/L ) W, M 2.3.1 WPy vk, A e il A
TR 100 L FRIAE Sh o B SEAE S AR S TR 21 7
FEIEMIA, W DA WG AR I Bk
233 MHHEALF P H R

TEREMERRE A MG N SEBRAEA, Hehmbr ok 42
DA L AR X H AR HSNT DNA (1452 Brofs I
PEBE. BSE, XTI RE ST AL, T A K
K 15% [ =S L BRUTTE MTE R 8 A, B0 5
IEW, P Tris 20RO RS 100 155 5 VR A i R
SRIG, TR SR PN A N- 256 T ke o i 25 it
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Hpl. Ag’ Y5 NaBH, fJEE /R LLIE 520 AgNCs 7
BRI G N . AWFFR Hpl. Ag' 5 NaBH,
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S AHN PO, A5 9 s
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between fluorescence intensity and HSN1 DNA
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ek R HSNT DNA B A3 InmiesE . ikl 9b
HO R S HSNT MR 1 6 RAS I & v] A1, 78
H5N1 DNA ¥4 0.2~200.0 nmol/L JEFEIN, 2%
J£ 5 HSN1 DNA MR R, LRIEHTFR =
10.982C + 567.435, R*=0.99 273, AR K 176
pmol/L, Jirf y fCRI NI A DOt . xZ R
B, JLF HCR 55 UKW Tohric B9 S L s vl LA
SEPRNT HSN1 DNA F 8 2 SO
332 #TFHSW

EFEME R PP 96 AR W A% s o i M RE 1 2L
Fehr. N T FELEET HCR MUK M TohRIC B8 1L
JEASXT T H AR HSN1 DNA B £, % H SM.,
DM, TM. HINI, H7N9. BfLTF4 R 15N T34,
PEATHERIINT H, 25 10 firs . d Bl %,
AR AR B AR HSNT HAT R AY pe ek, X
HS5N1 B F/F, B3k 6.87, B3 THA T4

7 I

iy [ |H
0 [
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10 H5N1 DNA #7533 H ot FHREPIaYEF L R
Fig. 10 Selectivity results of the detection method for
HS5SN1 DNA against other interferences

333 HEAfE TR S

N T EEEET HCR TR JChRiC B o 12 Jlds
Xof ML R il Y TE N M, 7E 100 A5 B Ad S /Y
FE BRI 43 BV I T 2, 20, 180 nmol/L () HSN1
DNA, JFEXFURAIAG HSNT #5477 R, 4551
w2 fis.

®2 BRALFPHOERIH

Table 2 Analysis of samples in diluted human serum

1 2 1.87 93.33 2.41
2 20 20.20 101.02 3.63
3 180 186.40 103.56 4.67

Y 2% 2 Al A1, [0 28 7E 93.33%~103.56%, AH
SF #k #E M 22 (relative standard deviation, RSD) 7F
2.41%~4.67% JuE N, X RVIZIOCE DGR A
I3 ) HSNT DNA i HAT WA A (B

4 Z5ig

AWFFEAEE T KT HCR i K9 AgNCs JChric
RGO CAL AR, R o T Z [ e Pk 2 sg
SRR T AR B BN B HSNT [ DNA 741 (H5N1
DNA) 1 R maERermm. whoess Lk,
PR LW S HARY) HSNT DNA H 83 fin i 28 i
5%, FE 0.2~200 nmol/L 2 [i] S £k PE i pi7,  H[ml 5y
Pk y=10.982C + 567.435, R*=0.99 273, HAfAa
PR 176 pmol/L. A& &4 % H AR HSN1 DNA H
A R Rt (FIF, E5 6.87) o ZAL 4 AT H
T ML FE 5L o HSNT DNA BRI, fnds LR AE
93.33%~103.56% i [Hl N, H RSD 7£ 2.41%~4.67%
Z I, AL TR SE S HOR, BT HCR R
I AR ER T B . AR E . M tt?*mﬁ'iﬂy(
JEHRER, DNA-AgNCs 45 il £ 3 /8 H AR IR B -
KRAG 1B R BATE A, TR AN [ Eﬁ%&ﬁﬁr
R ERAET P 5, S BOGT LAt 995 AH & 23 I R A
W, T HCR FOR A ToAR i B 5 AL A 2 e
BT THIAT TEAE N I 5, A WIS B2 1) 4 e f e
WAL

S0k

W

(11 BHEE, ZT45, £ 5 RE g e 5 s
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Fluorescent Silver and Copper/Silver Nanoclusters:

Optical Properties and Sensitive Detection for Mercury(II) (FAEsmig. Z=324)

Construction of Label-Free Fluorescence Sensor Based on HCR Amplification for
Detection of HSN1 DNA

GONG Liang, SHAN Xiuzhi, ZHU Lin, XU Lin, TANG Li

( College of Life Sciences and Chemistry, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: For the highly pathogenic HSN1 avian influenza virus, the construction of highly sensitive biosensors to
detect the virus, combined with intelligent packaging for real-time detection, is of great significance for the prevention
and control of avian influenza. Based on HCR signal amplification strategy and using AgNCs as fluorescence signal
group, a labeled “turn on” fluorescent biosensor was constructed to detect HSN1 gene sequence representing H5N1
virus. The sensor used HSN1 DNA as a trigger to trigger the HCR process, which caused AgNCs to produce strong
fluorescence signal changes. The research has shown that the sensor had a good response signal when the HSN1 DNA
concentration was within 0.2~800.0 nmol/L, and the fluorescence intensity was linearly correlated with the HSN1 DNA
concentration between 0.2~200.0 nmol/L. The linear equation was y = 10.982C + 567.435 (R’ = 0.992 73), and the
detection limit was 176 pmol/L. The nucleic acid sensing system is universal, and can realize specific sensitive detection
of different targets by simply adjusting the target sequence. This research is expected to provide ideas for the design of a
universal sensing platform for highly sensitive analysis of avian influenza virus markers.

Keywords: hybridization chain reaction; silver nanocluster; fluorescent biosensor; avian influenza virus
marker HSN1 DNA
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