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BE TR R M & EEIZERIE i
FEHB RN 7T A

FRAKE, FodE, EATE, RAR, FOF, AR
(IR I S MR T A S0, AR TR, A frRhf ORI BE
AT, IR 55T T RS B0, K1 410082)

HE BTG R T —FR ICHLRIE K (Aptamer) , 2545 RARE RN @S TR E I HTHT k. R
AR EIRE A B R AR IR A RN, SHEEARFE S, WM EAE T2k, B BE RN, il
TR HEPMCIRIE AR I IE LT, 1 WD 3R A 50 14 R ST A 0 2 1 J5 ARV . SR FHIAZE v A U 5 i it 174
VLR 0.5 ~8 nmol/L, Kzl B4 0. 5 nmol/L, S8 FH SAS IR I T —Ff fi (o8 -Hesk it A ELHEARIC 19 2%
Sk, ARERARAFAE AR 2 AR .

KR BRI, R RA RN ; B

hESES  0657; 0629.73 XEkERIRES A XEHS  0251-0790(2008)01-0037-04

WZIRIE AR ( Aptamer) 2 —BCSERZ TR, JE RSP N T LFEIT (Systematic evolution of ligands by ex-
ponential enrichment, SELEX) Jfi 132, ‘BRERA ., FemtEas G4 FECIR, BA LG, S5
BRI AR B WNRYT | 29005 F T DA S A Ak I 45 Tl HLA T Iz I s H R T
RARRE PR AR A I ik A L B ik IR G IOk | A2kt g e vk o 4, 1
R PSS A% RIS 14 ( Signaling Aptamer ) DGR Ik PR HTCH5 7 B VR ORE R T bRt DA 45
B TR

A5 5 AR A R RS I 2 11 5 407 ke 2 B R A RS A AR iC ZO e e, AU E S
FOAr 25 6 B A5 5 1 AR AL S IR0 A3 AR DU 70 AR RR IS AR (AR ic A AT BESE I B S AR 1Y
456, HAMCOLSAEEMELITNE. AR | —SOATE PR IO RIS A 10 8 1 B  Jy v2. an il
JI DNA SETF AL A Y[ Ru(phen) *dppz], + (RU) SRR E S W15 95 S R IR B 5 5% 8 H
JERHEATAIE 1 SR 5 AT AR PP G B SR A 1R 5 SR FH 2 I 0 AR A28 AV A 123 1K ( Pro-ximity
extension of circular DNA aptamers) A7 A T EL A — BRI e H VNS e~ i B SR R ]
7 BEASONE 1) 7 1k BB T B AR iC ARG A, (AL 2R A A it o HEA 705 5 i e

ARSCHEST T —FhBE T 55 Tl SOV 4 e e RS R R T RS DU 2 L B T . o R R R A i it
AR BT LA RIS A OSSN, 8 1 BT S R IRIE KR S R 2 6 5, RIS &N, BN E
BN BRI SR O, Ra OV () HEFE RO YR SE N e 4 5 55, S8 T 7ER H4ERIC
BRSSO MR I . SEA MBI - AL, AT A AR, RS AR 2
[AIZ5HE TR R, HR T B — A B W PR A AT 2 L BOAS. Xo R L ol ) S 000 ke e Y L oy
0.5 ~8 nmol/L, %M R4 0.5 nmol/L.
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FEATH . B R HE SRR MR E (AES . 2002CB513110) . EZRRHE I AR50 B (#HES: 2005EP090026 ) . B #B
EPRAEE S50 H (HfES . 2003DF000039) | EIZK HARFLFEE (S . 90606003, 20475015) FNii g & R TR S50 B (LS .
0399Y1006 ) % 1.
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1 SEIGE Y

1.1 RXFI5EE

RIAIIRIE . 5'-GGTTGGTGTGGTTGGACTTAG (T) ,;CTAAGTCCAAGATTTT-3", Horf M 4k
T4 R B A S A 4, TR R ZEES. 5191, 5'-CAGGTT-3'; 5142, 5'-TCAGGTT-3'; 514
3. 5'-TTCAGGTT-3"; 5% 4. 5'-ATTCAGGTT-3". UL L JFF ¥ JGEF AW A R AR NI A1 A I
W1 11 (HSA) W 11 Sigma 235 A 1gG I LT 1178 19 ( BSA ) I F L5 5k A R A7 IR 20 75
Klenow Fragment(exo™ ) DNA %%/a\ﬁﬁ( KF ™) #1 ANTPs % A RIEELYN T ; SYBR Green | IAIEERESAR
RHE A BRA ] He iR B = o bral. SCos KB S i bR B 1 s 4k, SEIR AR L3 280 & i
K.

H 7K Hitachi FL-2500 %¢5:43 676 1T ; 3EE Thermo Neslab H IR /K 1A 2% .
1.2 XEFHE
1.2.1 OB E IS DNA Ff 7455 Yokt SYBR Green | /RERERG RN R HEFE. A, =497
nm, A, =520 nm, R 5RFREIH 2.5 nm, FrAFERIYTE 37 €.
1.2.2 RARMEI4HE  BHJER: 20 mmol/L Tris-HClI(pH =7.4) , 2 mmol/L MgCl,, 50 nmol/L
RITIKEIRE A, 1 x SYBR Green | , 50 pmol/L dNTPs, IE4. FFIHIA 50 nmol/L & 514, 7E9¢56
ST DRRE RS, A 10 nmol/L EEMLEEHFH 10 min, FFAIA 2.5 U 9 KF -, WMt
SR ARk,
1.2.3 By ERIETINA 50 nmol/L 514 2, fE2E N T LR IRZOERaE 5, 77
BIANA 0.5 ~10 nmol/L BEIMAFRFE 10 min, FEAIA 2.5 U i KF~, Wiz y6am B i 281k
1.2.4 FRERN  7EZOLMOERETT ERRRRSOCERE S, 473 A 10 nmol/L BYBEEIMLEE . BSA |
A 1gG FIHSA, 75 10 min, FINA 2.5 U AY KF~, KA 1000 s &R A 58 e

2 HR5HE

2.1 SRIGREIE
ST RIS LI 1. R IERIIEIRIREN A, B, C, D %54 ¥4, A I AEEIMLES G-15D JF
G140 HTFEAHEA T B N 10 DN HAMERR T A9 25358 (Hirp 4 MEBRIFH1N G-15D f—343)
Fﬁﬂ:%ﬁiﬁﬁiﬂ/ﬂﬁ%%*@, C ﬁ‘j Hﬂ dT ﬁﬁﬁiﬂ/ﬂ%){ﬁ A '[‘ln:_q]_n_hin
T4y s D ORBTIERRRIE IR H SR A R R N @
O ———

iz} Lo
WKW A LB 200 2 o BOBRIBEE riner -

(7S HEAEERT, 615D HEmEHERS S, 5 Qe ———— G

RS AT T R AR 915 65 2 A 1 Lo

AT, 51 LL e e 5 AR T R A R b, 4 SYBR Green |

B8 SHRINE S ERE s, RomR  @onm ——— ool @
A YT 8 RE K B I GRS T T ok, AT ST LA
5 RIS I R Y S A S R RS aptamers based on polymerase reaction
L. BET 5 SYBR Green | 456 K536, [H] A. Aptamer sequence; B. stem sequence;
FEAR /R BEIL AR IAFAE. A D995k I Xk 52 (4 5 i 56 58 C. loop sequence; D. tail sequence.
TR RIS AR, AT LAAE ROV FR R R AR
2.2 BRARMHSIWFL

R3S ORI 1 B e e R AR5 & Jn A R SR AT R IR 1 B oG HE. %5 I 5K
B BOSEE:  [ SEGR KA TR, B T PSR EE 235108 6-nt, 7-nt, 8-nt Al 9-nt 1514y (Rl
191, 2, 3H4), GERMIE 2 Pos. YEEMEEF R, 5192, 3 T4 BIARR A B R OL5 51

Fig.1 Mechanism of protein detection using hairpin



No. 1 P, BT RABE B fo X &R R E R0 R G 3 etem 3 7 &k 39

W, KWK T RA RN, AR IR, _
HBIY 2 WPR R W AT DI, DI T = N thrombin
B SN R PR AR AT 1A 5 068 ML A 5 7 g 2 Lsk
SERTTRE S5 51490 3 A4 AR 24 B A9 26
SRR FUI5 Y5 K RE B S R IR RS

1.0}

(AFIDI(s ™)

PRIR K5 R RA RO, S BURAYERN ; TEieEE 05

WRERTAAE , 5190 1 B R ARAT SO 2 107 ool

b, XATRERM T oI RRAGE S| L RA RN & 6 Lcn;th ol"primzrml K

HZ R Jﬁ[ﬁﬁﬁlﬁ'ﬁ_‘f}[% 2 TR 0 B A RGN Fig.2 Protein detection based on polymerase
2.3 RFZBRIEEITEB RGN reaction with different length of primer

5 SRR AR I ARSI | 4550 3 Fon. M2k o A RIRE AR . 5 | RN E i A )
RZ; MLk b MIOCEBIRE MBI YRR ; IR ¢ A RS AOREE AR 2R, 7] ¢ b A
KF™ &, M2k o M9ORME S s, RO TRA RN, SN A IS, &IMBRERS >
iy, BRI R IR AR A FES I VER TR ah T RA M. #ZE b FEA KF ™ J5 i — Bt e A,
PENAF T WA KAV WAL, VAU A TN A & A, 26 WA B I A7 7 B 3R A S 1 AN BE Bt
B FJEREAE EE e, Mk b A S PR T, PRI S OCHk 12] 2 R AL LR
A RESE 5| 5 S R ) e e U SE B AP AR e I 2 38R KB4, AN B Z S R G . Ihek ¢ A
WHATFHIE R , R BAERA RN, UL R A ROV 5 |95 R 8 AR O 5 Y, i 2
BB R B 51N, FWAEET RA BN 1 & e AU TRAE PR 1T AR G- b S B0 X 068 10 8 0 R 0. 7 52 3
o BRI S5 A% OB R L O 5 2 e R BE A A RSB B SR A RN, BT LA SR 4 I 49 13
JEFAGE A R IR BE MBI R EE. 208 King 45" (97, B i 1 e 58 ) BpuAvr i ) P9 20 A5 5 iy 384
Tk B2 i o ok .

P 3 4 [ e B IR FE 5 0O MRS R, SEIRAE R, A KF - K6 1000 s J&, #EI
FibgvAe JIE 55 9 S s R A A IR M D R BB B L VR JE O T 15, AR 5 MBS R Ty, RN
HEENPE. 7E0.5 ~8 nmol/L Y, &I vk 5 2 LG om MR A AP ML X R (R =0.984) , K
MTRFRA 0.5 nmol/L(S/N =3) , fi T HEAEIRLE IR ARG BRI 5™ . SR A B AR
T BRIE AR A i) ARSI R A B — 2, {HL Ty vk L KBRS TR — RIS AR B s, TR
I LA G 1 30

. 1.0F a 1.0F 7]{_
= = osk
H |9nn:.f 8 ol %
E = 04F : /
2 1600 7
2 oo = 06
& 05 1 2 4 [
g 13001 Thrombin =
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Fig.3 Real-time fluorescence detection of mixture of Fig. 4  Specificity of protein detection with hairpin
thrombin and primers 1(a), 2(b) and 3(c¢) aptamer based on polymerase for the reaction
Inset: The linaer relationship between fluorescence in within 1000 s in thrombin, BSA , human IgG
creasing within 1000 s and thrombin concentration. and HSA systems

2.4 EFIZBRIEEE N RN

5T AFIAZ (BSA, A IgG FIHSA) , FW 1000 s B8 G15 5 p934 1 S ) iy (s, 4558 T
P4 4 A5, BRINABEMEERIAR RN, S HE 3 FHEARIKR A W BN DOEE SR, &
BFRE T B8 IO 14 % 30 TR TR i A X 58 I T 160 ) LA AR 85 100 SR
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LR LI, RSO T R TR RS AR S MRS RE, #5717 — b AR I B 3%, %05 500
HAHEAMCERRIERAE A, R LB 0 — DR E R IR B0, IR, A e E gl
FHRITFE AP AR B
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Novel Fluorescent Method of Protein Detection Using Hairpin Nucleic Acid
Aptamer Based on Polymerase Reaction

GUO Qiu-Ping, YANG Xiao-Hai, WANG Ke-Min"* , MENG Xiang-Xian, LI Jun, TAN Wei-Hong
( State Key of Laboratory of Chemo/biosensing and Chemomertrics, Biomedical Engineering Center,
Institute of Biological Science and Technology, College of Chemistry and Chemical Engineering,

Key Laboratory for Bio-Nanotechnology and Molecule Engineering of Hunan Province
Hunan University, Changsha 410082, China)

Abstract Aptamers are a new class of oligonucleotides generated from in viiro selection with a high affinity
and specificity to targets. In this paper, a novel fluorescent method of protein detection was developed via
hairpin aptamer based on polymerase reaction. The hairpin aptamer was designed as protein ligand and tem-
plate of the polymerase reaction. When the aptamer was bound to the target protein, it would change to a line-
ar strand and induce the polymerase reaction. Then protein detection was carried out by monitoring the poly-
merase reaction without directly labeling with the aptamer, with a linear range of 0. 5—8 nmol/L and detection
limit of 0. 5 nmol/L. This proposed method has a potential advantage to design other protein probe with linear
aptamer with a complex structure and can be used as a simple and general tool for protein detection.

Keywords Aptamer; Protein detection; Polymerase reaction; Thrombin
(Ed.: H, J, Z)



