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B E. USHEWBRERERER B LANERZEFRF S (Oligo-1, 5-TACATACTATACTATCTA-3) {4 Ag* iR
BEF|, PAERSTF “J6HK” Ru(phen),(dppx)?* (phen= 1, 10-phenanthroline, dppx =7, 8-dimethyldipyr-
idophenazine) fE RGEREN, BT —FrfE, REUN Ag* @B/ 5, B 150 nmol/L Oligo-1, 2.0 wmol/L
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An Optical Sensor for Ag* Based on Its Recognition of C — C Mismatched
Base Pair and Nucleic Acid Molecule “Light Switch” Property of Ru
(phen), (7, 8-dimethyl-dipyridophenazine)?**

XIAO Zhi-you'?** , GUO Xiao-ting”, LING Lian-sheng’
(1. School of Chemistry and Materials Engineering, Kaili College, Kaili 556011, China; 2. School of
Chemistry and Chemical Engineering, Sun Yat-sen University, Guangzhou 510275, China)

Abstract: A simple and sensitive optical sensor for Ag* was developed based on its recognition of
C - C mismatched base pair and nucleic acid molecule “light switch” property of Ru(phen),(7, 8-
dimethyldipyridophenazine)**. A self-complementary oligonucleotide containing cytosine — cytosine
mismatched base pair, 5’-TACATACTATACTATCTA-3’(oligo-1), was designed as the sequence for
sensing of silver ion. In the absence of silver ion, the hybridization between the oligo-1 strands would
not occur because of the existence of cytosine- cytosine mismatched base pair. However, after adding
the silver ion, hybridization occurred between the two oligo-1 strands because of the formation of cyto-
sine — Ag* — cytosine base pair, the formed double-helix DNA prevented the luminescence of nucleic
acid molecule “light switch” Ru(phen),(7, 8-dimethyldipyridophenazine)>* from the quenching of
water. As a result, the luminescence of Ru(phen),(dppx)?* increased dramatically. Based upon
this mechanism, a simple and sensitive method for the detection of silver ion was established. Differ-
ent factors including concentrations of oligo-1, Ru(phen),(dppx)>*, NaNO,, pH value and incu-
bation time were investigated. The optimum conditions were as followins: Oligo-1; 150 nmol/L, Ru
(phen),(dppx)**: 2.0 pmol/L, NaNO,: 120 mmol/L, buffer; 20 mmol/L pH 7.5 PBS, incu-
bation time: 30 min. Under the optimal conditions, the luminescence intensity was proportional to
concentration of Ag " over the range of 10. 0 —120. 0 nmol/L, with a correlation coefficient(7) of 0. 995
7. The limit of detection(38/Slope) was 8. 1 nmol/L. With a good selectivity, the method was ap-
plied in the determination of Ag”in practical samples with satisfactory results.
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1118 SRR ERH

WET(Ag")ERE. B, BTFIWHEEEENNA, HEKAE P UL THIMEHLE
VRRFE, BBUKELEYFTESR, FIREX R8T R AR R G H HRH 5 EAMPE
B, FRBEIGE, mARBE., REEENRE TR TERFEERY,

2008 £, Ono WREEA ¥ Ag* 55 MEIEREL (Cytosine) #E A, i iT Cytosine — Ag* — Cytosine HCA7 ¢
FHMIBES C - C B NIERE DNA 454, RTX—F#E, ZHMNELT —RIVBEE FERK
S EIX TR K E TN BRI T MR AT BUAR B 1 1 5 o e A 1 7 T £ B S A 4 Kb M
HHEBERTE

§7( 1) -DPPZ KE-&4, W Ru(bipy),(dppz)** . Ru(bipy),(dppx)**. Ru(phen),(dppz)**
Ru( phen), (dppx)** (bipy = 2, 2-bipyridine; phen = 1, 10-phenanthroline; dppz = dipyridophenazine ;
dppx = 7, 8-dimethyldipyridophenazine ) S E /K HI R IE BB K, T 248 P 7 EXEE DNA B, %R
FHTRIL 10* £, RAEBKBRAST “H6IFX7 MNP X s N T W DNA HE & 4
BT, DNA MyZAet™, & 40KRIH DNA 2 MW, ATP W %, A& 3CH1% Ru(phen),
(dppx)**" B9 “BBRAFHFFR" FFHERM Ag™ 88455 R MEIRH Cytosine — Cytosine 5 HE HIAF SAHL &, BT
BB TR T REYE

1 LIEEH

1.1 LSR5

RF-5301PC 3BT ( BARSE AT ), TU-1901 SIEHRES T W5 He B v (b5 4@ A
U AWFTEAT ), pHS3E pH ¥ ( ¥ FRNEE ),

HRR( LBEAERANFAFERAR ), BRE-H, HRH(RETEEALZRARN ), R
“EM(RETEEIHEWAR), FERAB AT, KAZKREBK, ERLEAZTRFY
(Oligo-1, 5’-TACATACTATACTATCTA-3) M T Ll ETAYTEEFRAA, 4 F “LF K" Ru
(phen), (dppx) (BF,), - 2H,0(phen =1, 10-FEF Wk, dppx =7, 8-ZHE-MIEFH[3, 2-a;: 2°, 3’-c] W
85) B A= Sk S AR SCHR[ 14 ] A R
1.2 SRAKIERIME

#£ 500 wL % 150. 0 nmol/L Oligo-1. 2.0 pmol/L Ru(phen),(dppx)>*. 120.0 mmol/L NaNO, f] 20
mmol/L PBS(7.5) ZHBEWHMAARFER Ag*, f~E 30 min, FRIAESIHEE T LIEBW 610 nm &b
MZOEHE , FOGERHRSERE . BREKN 460 nm, K BFEKBAHEE N 500 ~700 nm, K
FIR G Be4ETE A S nm,

1.3 RhsEMZKEINE

RPN Ag* 54N Ag* K Oligo-1 ¥R B L E KB INHAZE 92 °C, RHFS5 min, REEEANE
FiR, T4 COHKBHRIE2 h, BEBMA 0.7 mLOERA 1 em) LA, TR R HAEW L
T B FIE I ¥V AE 260 nm ARG EE, WERETIEN 10~60 C, BAE 2 CH 1 RFBE,

2 HR5IE
2.1 SKHTA{THS

AT AR VERI AT, SCEOKF Oligo-1 1 Ru(phen), (dppx) > B G BB MEE F 5 MEETH
FOCGIERATI, W1 P, RINBBEFRIRECIEFE—ERACER(E1 iZka), XEHT
Oligo-1 FRAISHE > H B #MEE, N SBEEZ MEMS &, ERCREESS; TANA 120.0 nmol/L
WET/E, Oligo-l HFEILERE (B 1 & b) HER T RINBRE FHIFOCRE, WHZTEN T
ERETRAUITH,

HH— PR REFHEESBRCH BRI, RLR AR R0 ETIE T mREF
AA IR BT 1 Oligo-1 BhEEMIZL, WA 2 Fras, ARMBME T A, Oligo-1 LB BHIBIFERE (4 a) ,
BiB Oligo-1 AR AR E K DIRIE L1 ; MAHFSAHT, MTHRETEWHEFE LA 23 CEAKB
HRE(MZ D), HPFAERE TS Cytosine — Cytosine 45 FC ) B H #h Oligo-1 #E 2 [B] 7 5 T A2 % B
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WBHES M, X5 SCHRIRIE R S T ae 4 7 M Hb A8 B 72 7E Cytosine — Cytosine %5 B I XU DNA Z5#H 4 —
M My OEiE DNA FERCR, FEAR Ru( phen), (dppx)** B2 BRI % 615, X E5HFE
BT Oligo-1 WHRNTCBEHER T ASRETFHNERMDE .
Al h 060+
50- = i paashe
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=
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B1 M FaEi(a)J5(b) Oligo-1 1 Ru(phen), T/

2+ Y .A WY 7R AR AR | 3 R
. (dppx)?* IBA %Wx‘ﬁ@j&fcﬁm ) B2 I4REFRT(a)J5 (b) Oligo-1 K% 2%
Fig. 1 Fluorescence spectra of Oligo-1 and Ru(phen), Fig.2 Melting curves of 2. 5 wmol/L Oligo-1 solutions in

(dppx)** solutions in the absence(a) and the absence(a) and presence(b) of 9.0 pmol/L Ag”
presence(b) of 120. 0 nmol/L Ag*

2.2 FTHFHHMK

SO 2 R B T 4 Oligo-1 7R B T 2 7E BT B L XUIB i€ DNA 454, f-%' Ru(phen), (dppx)>”
RFOCRZRK BTG SR, MBBEBRNTRGRERESRIEFRENRD, BTREESZEZM
BRI, AKWNRGIRE R WEMFBEATRA, PEIRIRE KRB RICESEMME Al = Ly, -
IF(?EAg*‘) ] o
2.2.1 Oligo-1 iREX AR BTGB ZTE B IR e S5 1 Oligo-1 WRE KM, WK 3A T
7N, FE 60 ~150 nmol/L JEE W, AI B Oligo-1 IREIBEIITIIE N, F7E 150 nmol/L B X E| B KMH,
kSN Oligo-1 EME S B AI BH T, XRHT Oligo-1 WESMEE, MBREBFARERLEES
RIXUEE DNA 23 Ru(phen), (dppx)** RIEHZFEK, i Oligo-1 W F T H 4 7 EUR B THE Oligo-1 &
BXSURFESMIR/ER , B, SEI0IEHET 150 nmol/L Oligo-1 /E A BAEIREE
2.2.2 NaNO, iREX AIMFNE BEFREZWMEREFEEILF Oligo-l XURESA WL, W
3B FiR, WEERBNIRIETE 40 ~ 160 mmol/L i BB, A7 BEASER B4 ¥R BE JC 88 05 WD, FF7E 120 mmol/L
NaNO, B} AI IEZ| B KME, XREKAHRE KR, TLBH Na* FERCH 5 B B .48 Oligo-1 BEFMR & 42
ZEIMEBREER S, ARTFIEE TR Oligo-1 Z MERIUEEE W, MEKEE ™, Ring
BTWUESE LI NELEWK, SBUNRSE TFIEMRIAERMME(AD ZD, Fil, RERIER 120
mmol/L 1§ X A TR IRE
2.2.3 pHEM AIKEE pHESEW Oligo-1 223, Ak, SLHMAT pH EX AI KR, WE
3CHiR, fEpH 7.5 B, AIEBIBKME, XREFEABIKK pH EAF] T B4 DNA 258 B BV B
DNA £#1S) | FREWAF TN Ag* BB EEHCIN Oligo-1 R 4% DNA 454, T pH fEi &, RFTF
DNA X HE R Ag* MAVINE, ALREFZMERNEE pHE X 7.5,
2.2.4 Ru(phen),(dppx)?*iREX Al KRN SLHEHER T 2T HIF% Ru(phen),(dppx) ** IR EXT
PRI (W& 3D) . &R B, Ru(phen),(dppx)?* WETE, MRBERE, MEBTEAR
B BRI REBNE, MIRETHE, TTRASFEERK, NTREINREFEIRPRLEED
Wil , EHSER %20 pmol/L Ru(phen)z(dppx)2+ PR RICTRETIRE ,
2.2.5 RRBTEN AIBEE HTHRETFS Oligo-1 MM ne i 3 4E H LA K Oligo-1 82 1] I 43 ¥ 5%
B RNVE R M, SCIER T RN RN AR, @& 3E Fias, AIFEERE G mmgn, 30
min BB RME, KEEWMMKNET, AITHEZE,, FEIERE 30 min fEAER KR E,
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Fig. 3 Effects of different experimental factors on Al of the system
A. Oligo-1 concentration; B. NaNO; concentration; C. pH value; D. Ru(phen)z(dppx)2+ concentration; E. reaction time

2.3 el 5REN

e EIRMALEIFHT, W TARRERE FRMERKRNRE, WE4 Fin, WRBRLRE
FERERE TWRERE TR, 7£10.0~120.0 nmol/L BN, RETRESHNBEERIFNE
HRR(E4IEE), &MEHFEHR: I, =0.166c(nmol/L) +37.3, HRXRE(r) 5 0.9957, KR (36/
Slope) A 8. 1 nmol/L,

H TR, SEE X 100 nmol/L AR B T 12 FIRE N 1.0 wmol/L IH N&
BEF(MZ*, Cd*, Co®*, Ni**, CP*, Cu®*, Zn®*, AP*, Ca®*, S©**. Ba’*', Pb*") 5| Oligo-1
W FICIRERA (AL BEATX L (LB S) . 4R ER, AEFMTRETFIERNRAERMETZ KT
10 5 FHIRENEMAESEES F, WHETENREFREATREFMNEREE, HBEERLESE S FXHIUE
AFEETH,

2.4 KEDIREFHEN

TR SER AR T, RAARTTEER BRI AR ORRR [ i 3 K H AR B F & BT e, BRAa il
B Ag", XNHEMFTME, P &3 MRERMIREBGRE, SRWR 1 Fix, FEARMNREREA
94.3% ~105.2% , HXFHEREN0.7%~1.9% , HHZFEES RIFWEEEMEINN, RENA
T SEBRRE R .

K1 AKEPRETHNE

Table 1 Determination of Ag*in water samples

Sample Added( nmol/L) Found ( nmol/L) Recovery(% , n=6) RSD(% , n=6)
Pond 0.0, 20.0, 40.0, 80.0 -, 18.1, 40.1, 78.5 -, 94.3, 100.2, 98.1 -,0.7, 1.1, 1.6
Pearl river 0.0, 20.0, 40.0, 80.0 -, 19.4, 42.1, 82.3 -, 96.9, 105.2, 102.8 -,09, 12,19

“ —” denoted that Ag* was not detected by using this method
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60~
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Fig. 4 Fluorescence spectra of Oligo-1 and Ru( phen), Fig. 5 Selectivity of the assay

Al was the luminescence change of the mixture of 150 nmol/L

(dppx)>* mixture in the presence of different
Oligo-1 and Ru(phen), (dppx)2* afier the addition

concentrations of Ag*

concentrationof Ag* (a—j): 0.0, 10.0, 20.0, of 100 nmol/L Ag.+ or other metal ions with
40.0, 60.0, 80.0, 100.0, 120.0, 150.0, concentration of 1. 0 pmol/L
200. 0 nmol/L; insert; plot of the asaay
A
3 & i

AR T — 4 E TR BRI B B ANE R EBR P51 (Oligo-1, 5°-TACATACTATACTATCTA-
3%), BEZ IR BT BCEE T A BETE PR IS5 1, UWR T HERE TR, BT Cytosine — Ag™ -
Cytosine FRAZ1E HBRTE AR B HOXUR IE S5 1, B/ WBPHANRKZR T “HIFK” Ru(phen), (dp-
px) > REZEMEY, RACBENR, ETHEE, B THRERARE FREEERSE, ZE
NHRE—KFF, THFX DNA FHATBM, BAMK, FR LG TFRIFRMED TR TE, HiERER S,
R (M RATIA 8.1 nmol/L) , BABEFHIERFEME, M TERERKINE, SRWEE,
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