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R, 24 S1 TRIEAEE R o] LI 5 5 & S 04 G ) DNA J$51 ( G-DNA) HAMEH DNA JF51, B
JitH G-DNA J¥ 51, i3 ssDNA-AgNCs Fl G-DNA J¥ 5 Z [0 A BE S, {2 fff ssDNA-AgNCs 5 il 3 1
5, M SEPENT S1 R FRREE I & ARG, A BRIE 1. 0x107° U/pL. (B, %5 27 5 A4MHl DNA 751 |
B G 1Y DNA J¥ 5 S5 AgNCs 1) DNA JP81, A, VAR I E 24, EAh, S Bl
o RS DNAY SR A B 29K 7% (CuNCs ) B F TR RR A AR, SRT, DAXUEE DNA AR A K
() CuNCs A3 S1 AZBREEFEIAS HIFR M 3. 0x107* U/l | HRBUEA fot— 5. LU ssDNA AR
B CuNCs DG T 7= SRAXT A, QnlL T30 ARHA B AR 98 K 58 1 172 %k 0. 06814
B, Wb —F R R RBUERERY S1 A RR B Iy ik (A AR 2 — 2B R

BT, ASCLUE & MEMERE C AU EE DNA MENBIE Bm 9O B 17 31 AgNCs, 4 S1 R
FETERT, ST AXFRMG AT ssDNA R Af N BRA% H TR s SEAL AT IR Fr B, (TS A T8 B A% A8 TE B AgNCs,
FEURRVOCAF S BRI, ZPOCIRET Ik REUE & | BAERI R B ICHbric, ATHT S1 A% (Y TR
R R , ARG F AT AR A R4 oL R

1 X

1.1 AF ST

& C-ssDNA #REFPHIANER 1 s, Sy AATICO I s 4 TR (CRi%E) A RA R4 iaifh; St
FREEA MG (D) W T B TR BRA R (RIE) 5 E. coli HE4ENE . Bst AT BSA 1 T Higeis >4
Y= A A (EE) ; RPMI 1640 403557580 T4 TAY) TR A RAE (L) 5 mERE . o
SAbEN . BRI E N BRI AN L TR AR B A W T I 2 4 A A 2R iR A PR A F] (A6 ET) 5 DNA
VAT P IR £8 22 I (20 mmol/ L BERR4M+1. 0 mmol/L BEEREE, pH=7. 0) Fl il - Hi B, S236 fir /K 15
JABAEK (FLBHE 18. 25 MQ) 3 i FHSCIAR L, Fo At At Sk 34280 o i o HE K .

Table 1 Sequence of the cytosine-rich oligonucleotides

Probe Sequence(5'— 3")

DNA1 CCCTTAATCCCC

DNA2 cccececcceccececceccee

DNA3 AATTCCCCCCCCCCCCAATT

DNA4 CCceeeecccececececeseeesec

DNAS5 GCATATCGCCCCCCCCCCCCGATATGC

DNA6 ATCCTCCCACCGGGCCTCCCACCATAAAAACCCTTAATCCCC

F-7000 Y5436 BE T ( H A Hitachi A F]) 5 PHSI-3F &) pH i1 ( B F#EAAR) ) 5 KQ3200B
R P e o (LA AR A D) 5 XFS-280A BT 50 Sy 28 K E # CHINTT8T 2 97 2 oAT BR 2
A IR AR (U H R A FRA A .

1.2 DNA #REFHIELHI

JEltHi 27 20 mmol/L Na,HPO, , 20 mmol/L NaH,PO,HI 1. 0 mmol/L Mg( CH,COO) , R &5 2% it
W, VAT pH=7.0, BB AE N st DNA FREFZZ vk, BUE BZZ2 0K 1.0 OD DNAT % f#, i
IV BE A 2. 0 wmol/L B DNAT %, K HIAHIE 7L BCH| DNA2, DNA3, DNA4, DNAS F1 DNA6 . 14
BC il 47 ) B4 DNA W E T 4 °C UK IR AE.

1.3 L ssDNA A1RHRA AgNCs BIE X

SRR 42 58k, PUE & IEBE C Y ssDNA N & i AgNCs, %€ n(DNA) : n( AgNO,) :
n(NaBH,)=1:6:6. 75 uL 2.0 wmol/L ssDNA {5 9 wL 0. 1 mmol/L AgNO, i TE il F 7/ 1R
4, TRALEEE 15 min, AR5 I AT EERCHIAY 4.5 pL 0. 2 mmol/L NaBH, AW, S/ iTHRA)S,
FEAL 20 R R0 60 min, 135 JCE R A.

1.4 S1 ZEREFRIHGT

P4 TR ER 22 v IC TR 1 75 WL MR M 2.0 wmol/L Y DNA #84F 5 R Rk 1Y S1 R MR & T

B0, 7637 C R 25 min, IA 9 pLYKEEH 0. 1 mmol/L MHFRRIIR , WA /IR G,
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e#E 15 min, SRJEHEAA 4.5 wL #EEN 0.2 mmol/L BN S LA W, 7o PPk )n T Ak ¥ &
60 min, 53| JCOET B. 3 WUV 5¢ 54 IR A RS AR S1 AR 7 W B I Hod et
i, WE BTN 560 nm, FH 560 ~ 680 nm B F PG IETE, SHHEE A 240 nm/min, & A

2 H#R5iTE
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Fig.1 Schematic diagram of cytosine-rich single strand DNA scaffolded silver nanoclusters

for S1 nuclease detection

2.2 E C-ssDNA-AgNCs HIE KR ZAHRHMBLITH

N T B LA MR R C-ssDNA-AgNCs 5 MY W DL K& S1 R B 5 ssDNA R E AR, DL
C-ssDNA NafAk, FIH] AgNO M ZIR IS 9 S AEHT, BL NaBH, S 538 J5UR) & 1 1 BA B 56 R
AgNCs. &1 2 i il s C-ssDNA-AgNCs 19375 HL 1 W35 (TEM) B8 7, a L, A 0 8 €5 9200 [ A
FOYHOMELS, HRR AR N (2. 8+0.8) nm, AAUAEAET K
(IR DB, S S0 AR Bk ssDNA B 2 LAY e
AgNGs, T KBTI IX A ssDNA #EAR, D4 L2k P45 e T
FTTT R B, R 2 AT LU U, BRANR R R4 AL TS,
M R 5 I B (O VR (0, 228 T80 L, 9 LA AR TR o
A I LA AT S0 R A B, H B FT L, AgNGs 2 S
Ph ssDNA R & B, HY5 ssDNA A R4S H i o
9, WAUAFAET: ssDNA B L5, -

E kXt 9 B AN T 41 oy 1k R [ NaBH,, AgNO,, Fig.2 TEM image of cytosine-rich single strand
DNA6, AgNO,/NaBH,, DNA6/NaBH,, DNA6/AgNO,, DNA scaffolded silver nanoclusters
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DNA6/AgNO,/NaBH, , DNA6/S1 ¥R/ AgNO,/NaBH, , DNA6/S1 #Z & ( denatured ) /AgNO,/NaBH, |
BIDECIEREDEAT HL#E (18 3) & B, BBRIK%ET DNAG, AgNO,Fil NaBH, 3 Fi#y 5t 2 47 78 i 44 JC 96 615
5, OMIX 3 A B IS 6 & OB FE AL 1 DNA6/AgNO,, DNA6/NaBH, #1 NaBH,/AgNO, % ¥ [ iR &
KRR FRETCH AT S, ST 2 P ot 2 (8] SN S Toi AR | N ) 43 25 ¥ FN R S, IRASBEAE A
B B DO IR, SR PRI A DNA6, AgNO, Fil NaBH, 3 Fhi) 5 2 B i, VA0 A 48
HZIEfR Y, X =M T DNA6, AgNO,F1 NaBH, 3 ¥ L A72HT , ss-DNA-AgCNs A e AL, HAERSS
P 610 nm A0 5% HAE MZEGES. 24 DNA6 IR S1 AZ R EHE &I A AgNO, F1 NaBH,, &5
2R B B AR, R S1 AX IR AT K ssDNA BEAE A /NP DNA B, AE A AgNCs 5 BRI, Bfift
DEOCHR I B TR, [FIREHL, 247E DNAG6 A S1 AZERRE (A1) IR AWM A AgNO, Fll NaBH, i}, DI 7E
610 nm Aby7 A58 AR E 9766, Il WL, 24 DNA6, AgNO,H1 NaBH, [ i 7775 I il 1 i BAT § 2 56Ot
FERER, YA S RS, KRIOE LW MR, KA SIS it B R ry a1k,

= 14 —DNAG/ AgNOWNaBH: = 16
K] = DNA6/S1(denaturated) K - a
s 12F AgNOYNaBH: =
= DNAG/S T/ AgNOw/NaBH) o =
2 10F DNAG * 2 12
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Fig.3 Fluorescence spectra of different systems Fig.4 Fluorescent response of cytosine-rich ssDNA-
Concentration of S1 nuclease; 3.0x107% U/plL, AgNCs depended on different DNA
Aoy =560 nm. sequences in the absence(a) or presence(b)

of 3.0x10* U/pL S1 nuclease
23 ZWEHHRKL

Al C-ssDNA #REXT T Ag Mg G Re I, I T IR IG IR R 1ERE, 48 6 A C-AZ MR IR %
DNA1~DNA6( L3 1) T & C-ssDNA-AgNCs A AL, IF T S1 EmRE AR, anl&l 4 fif7R, DNA6/
AgNO,/NaBH, /£ & 5 DNA6/S1 Nuclease/AgNO,/NaBH, /& R A1 kb, 2¢ 650 B B JFAR R 1 1351 F& N
526.9, HAGTR L (F /F,)=0.39. \&5H 387, DNA6 A 1 4% 42 ffi A mies e mes , HS
AgNO, VG H BT BT Es , AR JE A NaBH K Ag™ B 5K Ag J5 7, BfiZe 6iR R . 4
DNAG6 5 S1 MiRRBHRE A JE, T S1REEGE il BA4E 19 DNAG B R/ DNA FBe, FEIIA AgNO, 5
NaBH, )7, JoIEIE I AgNCs, Sl o im B i R RE. LT 5 4% DNA 855 S1 AR K2 N {5 75 L
5T DNAG6, i DNA6 N % R IRET .

T A U R IR AS Y ssDNA-AgNCs, 42T & Bl B P A NaBH, IR 5O B[] % FL RS e
PERYRZ M. NaBH, HA 5038 19 38 50, BEKE AgNO,
T Ag iRl Ag JR T, -5 i me e S 2 b 45
FE—E RPN, AgNCs [ fk2 M 0T FE B R 2% o ik
Mgt TR, IR AR IF O, B
SRAGAE ST OGIE. WE 5 FrR, 76 50 Al 55 min B
NaBH, b 5 S B AN 52 4, ToEf 438 Ag™ 7t
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T

=
T

10-* Fluorescent intensity/a.u.
I

TSR, SO R S BRI ] S8 A T, T T e
60 min J5&9¢ R B Fifl B[] 04 38 02 02 ek 2%, e Time/min
NaBH i JF P2, R EFOCHON. Ik, S5k Fig.5 Effect of reduction time of NaBH,

#£ 60 min &y NaBH, 51 51 B[] [Ag"]=0.01 mmol/L.
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LT S1 IR 5 TR TR BT (8 SO0 I 1) %) A ; 16
MR B2, B 6 78 T S1 LR Bl % 7 I [
(15, 20, 25, 30, 35 Fl 40 min) 595G E A R
. FETC S1 B IRBEAFAERT, AgNCs %5 B2 Bl 4 I
(] 3 e T R AR BT B IF 2208 TR E 5 1M S1
RAIRBEAAAER | 1A FR 2G5 B B A I [) 74 3 o g
R BT B T TR, 45 % 5% 1 R P el
AEBREEA R FEOCR A, 78 25 min AL HATHAF ) Time/min
B e, B RE 25 min O S1 TR IG5 % IREREF 1Y Fig.6 Effect of digesting time in the absence(a) and
Fe 4 S g B[] presence(b) of 3.0x107* U/pL S1 nuclease
2.4 S1 ZEEEEHEEK

H T MRIZ AL RS R ST AZIREEI RS, BHTUUBAL A R b ST AZIRBRA A, 7EIIERY
SIS P HPOWEE B 7(A) ], 2 T HOEES F/F5S S1IRBFE R R 7(B) ].
AL, AR AR R VORI S1 AZ R B BE A S I AR UGB . X ISR, BB S1 AL IR K
BERYHEIN, &5 HLMELE (C) B9 ssDNA B ZHBIRAR /NG DNA R BE, (EHIGHEIE IR AgNCs, DTN 525
DEOEHRIE FRE. 7E 5. 0107 ~ 4.0x107° U/pL JEHIN, (KRR TNAES (F/F,) 5 S1 RREER B 4k ¢
Z, AMETRRATIIE R F/F,= —179. 1c+ 0.9235, R=0.9904 (¢ } S1 BFREGERIMEEE ) . L 3 FHEME L
JEN(S/N=3), AITFE A ST BRI A IR B 2. 0x107° U/pL. AT UL, AR IBERET X T S1 #%
P T A ARG EL A e R A

10-? Fluorescent intensity/a.u

L 14 \ 1.2
o (A) 10° ¢/(U-pL-"): (B)
& 2r —0 LOF
@ L 0.05
] 0 m—if) 0.8
g g 05
= —1.0) = 06F
2 6F — 2.0 =
3 3.0 B
& 4t — 20 04
£ 5L 02F
IE “ 1 U 1 1 1 L 1
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Alnm [STAU-uL™")

Fig.7 Fluorescence spectra of the proposed assay in various concentrations of S1 nuclease( A) and plot of
fluorescence ratio( F/F,) of the proposed sensor with a series of S1 nuclease concentrations(B)

(B) F, and F are the fluorescence intensities in the absence and the presence of SI nuclease inputs, respectively.

25 HEEMHERE

FERACI SE 5N, H5T 4.0x107
U/pL S1 BBREFLA 2 4.0x107 U/pL Bst B4
fifg . BEMLEE ., SMUIEG I | E. coli 3 FETEF 4.0
mg/mlL BSA X} & i AgNCs B DNA PA4E 5%
Wl W&l 8 o, 2 TR BT G L AgNCs 1)
DNA HUEE R AN B i, RENZIOCHRE A R
XF S1 IR B EA R4 1 St
2.6 [ElERMNE

[ =2}

i

E=

Fluorescent intensity/a.u.
o0

10

0

a b [ d e r

Fig.8 Bar chart of the fluorescence responses of Thrombin
(a), E.coli ligase(b), Exolll (¢), BSA(d), Bst

KT BRI T 1R X SEBREE ST R PR il
KR T 4746 E8 RPMI 1640 4115 3536k
i VE R SEBRFE S, FERAER LI AT, R
TR EDSCI 22 Jin A AR MR BE ST 2% IR il 75 TR

polymerase(e) and S1 nuclease (f) using the probe
system

a. 4.0x1072 U/pL; b. 4.0x1072 U/uL; c. 4.0x1072 U/pL;
d. 4.0 mg/mL; e. 4.0x1072 U/uL; f. 4.0x107 U/pL.
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B IS 9 6o . [RIRE, ZEMA ST R BT, A 1.0 mmol/L A R 4% R AR 3 A% W il v 11k, 45 5% T
22 2. UL, ZPEOCERENEIN RPMI 1640 AHERE IR S1 AZTREGAY (MR A F] 91. 8% ~ 109. 5%, H 4
AE S AR ST R E IR 22 (RSD ) <10% , Ui BHIZ 5 5 RE Sl b ST A58 i ARG HLAT ] 454k

Table 2 Recoveries of S1 nuclease in RPMI 1640 cell medium

Sample 103 Added/ (U « pL™") 103Found/ (U - pL™") Recovery (%) RSD( %)
1 0. 2000 0. 1849 92.5 8.7
2 0. 4000 0.3671 91.8 9.1
3 2.000 2.189 109.5 7.7
4 4. 000 3.782 94.6 8.7
3 & g

AT E C-ssDNA S8 AgNCs MEANBEALIRE, K T —Fhfai 8wk, RECUKI S1 R

M4 7 1. I CIRER N ST AKTRGTE 5. 0x107° ~ 4. 0x107° U/ WL 70 BBl P 22 B0 MY BL A7 AR 4R Pk i 1 6 2R
K BRIA 2. 0107 U/ wl. %03 HAT Rk 8att |, n] B T SCPrke it RPMI 1640 40k 78 5 S1 8%
PRt RGN | 75 A iy A AT ST LA B 4 (4 7 FH A {1
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Cytosine-rich Oligonucleotide-templated Fluorescent Silver
Nanoclusters for Sensitive Assay of S1 Nuclease®

WANG Xingxing, LI Panpan, HE Jinglin, OUYANG Wen, XIAO Hui, YANG Chan, CAO Zhong"

( Collaborative Innovation Center of Micro/nano Bio-sensing and Food Safety Inspection,
Hunan Provincial Key Laboratory of Materials Protection for Electric Power and Transportation ,
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Abstract A label-free fluorescence method for detection of S1 nuclease was developed using oligonucleotide-
templated silver nanoclusters ( AgNCs ). Cytosine-rich single strand DNA ( C-rich ssDNA ) scaffolded silver
nanoclusters were devised and synthesized as a functional probe. S1 nuclease can specifically recognize
ssDNA, which is degraded into mononucleotide and oligonucleotide fragment under the optimum enzyme-
catalyzed reaction condition. In the absence of S1 nuclease, the silver nanoclusters could be effectively
synthesized by C-rich ssDNA, which produced obvious fluorescence intensity. In the presence of S1 nuclease,
C-rich ssDNA probes were specifically recognized and effectively digested into small fragments. As a result,
the silver nanoclusters synthesis was suspended leading a fluorescence reduction. A good linear correlation was
obtained between fluorescence change and the logarithm of the Cu®* ions concentration over the range from
5.0%x107° U/pL to 4.0%107° U/pL. The detection limit was estimated as 2.0Xx10™® U/pL. The proposed
method was highly selective and there were no obvious interfering effects on the determination from Bst
polymerase, Thrombin, Exolll , E.coli ligase and BSA. The proposed sensor reveals good recovery rates from
91.8% to 109.5% in RPMI 1640 cell medium, indicating that the sensing system was feasible for the detection
of S1 nuclease in practical samples. This label-free, simple and cost-effective strategy has a potential applica-
tion in biomedical research and clinical early diagnosis.
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