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ABSTRACT Objective: In order to obtain the high affinity aptamers of fibrin, fibrin was used as target for screening random
oligonucleotides library. Methods: A single-stranded DNA (ssDNA) random oligonucleotides library of 99 nucleotides was constructed in
vitro, with 63 nucleotides random sequence at middle region and 18 nucleotides immobilized primer sequences at both ends. The
carboxyl magnetic beads coated with fibrin were repeatedly screened by the stematic evolution of ligand by exponential enrichment
(SELEX) technique. When the combination rate was no longer increased, the screened aptamers pool were cloned into T vector and
transformed into Escherichia coli competent cells, and positive clones were sequenced. Results: We successfully coated the carboxyl
magnetic beads with fibrin and the efficiency was 87.65%. The fibrin aptamers were obtained after 15 cycles of gradually increasing
screening pressure by SELEX technique. Sequence alignment results showed a good diversity of aptamers. Conclusions: We successfully
screened the high affinity aptamers of fibrin by SELEX technique, this would lay a good foundation for identification and functional
research of next experiment.
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-CCATCCACACTCCGCAAG-3", 8% 2 & 5’-ATGTAGAG-
GCAGCCGACG-3", 2| 3} 5’ -FAM-CCATCCACACTCCG-
CAAG-3", 8] ¥ 4 K 5 -biotin-ATGTAGAGGCAGCC-
GACG-3" ; My T K & R 99 /™% H 2 (nucleotide, nt ) (1) Fifi #1L
ssDNA 3L & ,5’-CCATCCACACTCCGCAAG-N63-CGTCG-
GCTGCCTCTACAT, Wit Ay [ & 1514 7511, Hhia] 63 4Bl
A, PEASEER 2978 1017~1018,, REALSCPE 5149 1 F15 14 2
TR R e 22 /NS S P 2, 5 1) 3 5514 4 fh LA T\ ]
Ao

.12 FEZ& A 01 mol/L # B £k (pH7.4):059 g
NaH,PO,,5.8 g Na,HPO,-12H.0, & T 150 mL ZZ 1K, H
NaOH #75 pH £ 7.4, EA E 200 mL, = JEZE V5 K # ;3 mol/L
W4 :39.6 g(NH,),S0, % F 60 mL 0.1 mol/L B2 4k(pH7.4)
o BERRE R IR 2 100 mL, B FEFEEK T 5 1% R i 1.21
g Tris-HCI,1.169 g NaCl,0.041 g MgCl,,0.075 g KCI, % T 150
mL ZEE7K ] HCLIETY pH7.4, 245 % 200 mL, = FR 7875 K
B 1% PRIRIERESE M . 100 mL (1Y) PH7.4 /) 1% BEEEZE WP
A 0.2 g 2R MIE A (BSA) , Fo /MR AT, AR5 BE MR (0.22 jum)
g, TUKEE 4 CIRAFE T 2% WEBRES & - BERZE IR . 2.0
mol/L NaCl, 10 mmol/L Tris-HCI, 1 mmol/L Z, —J}# P4 Z.f (ED-
TA), W75 pH7.5, % EARTE; B - 4 0.1 g BSA fil A 100 mL
K1 pH7.4 PBS Bl , Fo /i il e 1R 21, 0.22 pum 8 i
iUk, TUKAE 4 C LRFE4 A2 mol/L NaOH: /N FEHL 8 g
NaOH, il A 80 mL ZZ1B/K IBEAR i FE 4T e, FRZEARK
ERZE 100mL, ZHiR{EAF. 1 mol/L HCL;85 uL ¥Ehiz, fiA
915 L Z&1E/K ; R t(RNA Il H F Invitrogen /3 7] ; BCA
SR B S R & T T AR TR AR A PR & 5 SRR A
#i¥k (Dynabeads M-270 Epoxy) 5k #) &K Rl i) #% ¥k (Dyn-
abadsM-280 Streptavidin )3l [ T Dynal 2\ &),

1.2 LGHEMSE

12,1 #EMHKEHEEAR O 2 mL DMF 7 4% f# Dyn-
abeads M-270 Epoxy (60 mg,4x 10° /> g3k , {fi Hiifk B ok 2%
10%mL; @ el 7% 37 TR STREER , L 660 pL BEERE3 435 F 2 A4
1.5 mL EP 45, FRE 148 L iCE 4 min, /N ZEBR L@ 400
0.1 mol/L gk 1 mL, JieiRE %% 30 s {R4), ¥R 12 H2 10 min,
BT L 2 min, /N0 L3S @ RE SIS FBUT EP 4%,
£ 1 mL 0.1 mol/L BERREN T B REIR , iei 7235 30 s, B TFHE
28 | 2 min, /N0 BT © i 400 wL 0.1 mol/L B EREM , 7o 40
JRAT 5 400 wL 0.5 mg/mL AYEFAERR (1, FE4ME ST 5 /i 400 wL 3
mol/L FIBRIR%E: , T /MR 4] ;© 37 C fa 4R RIEE 20 h, ik H T
EP &R Sy 28 1 2 min, /NSRS RE F 2R LIRCAE 3 S mE 2R
Wt 3O @ R 1 mL PR R Rt R 4 Uk, IR T4y
AT, G S48 2 min, W 35 13 ; © F 600 wL 3 41 ¥ o Bk ik
k.4 CHRAFEM; @ BCA BRI SUHN RS
R AR TR O SR TR SRR g AT A R
HIIRICR

1.2.2 §&3i% ¥ 1.5 mL EP 8 il 3 A9, 4 °C vkAR e I
o FH0.5mL 1% BEHELE K B AL ssDNA (% (1.1 nmol, 1
A~ OD FEHLZE )% T 1.5 mL EP 4,95 C 7544 5 min, 37 B &
FUKACGEA Y h 10 min, W H ssDNA ST BSA £ 4] Y EP

B, T 37 CHIRTPIFE 1 h( LR 5B RELS A1) ssDNA), J)
Ht—~~ BSA 145 #9 EP 45, JIA 100 wL 434% fibrin A9 REZR %
W, 150 pL 19 2% BEERES A - BERZE PP BE 3 Yk (Ui
RS B RE IS 2 min), AU T fibrin A REER TR
FFfiA ssDNA FEHLSCREE , FTEAMR ST ONES 3 5 IF AR Ea3E M fin A
tRNA), BT 37 CHERBERE 1 h, B4 E 3 min J5 4 I
B F1500 uL (9 1x VRBRSERS IR VER A SHETRES A 10
ssDNA , BEUCHUE T 04 142 5 min J5 /0 Z5 45 BB, FL VY 3
o BRI 200 pL BEEKTE K, F T2 AEIRAS 100 C ik
5 min, B %158 124 3 min, FRRARTEEUS WL E1E S DNA
AR AT 5

123 ¥ #8 PCR T Wi{Ak %}y DNA 2 pL, 5% 1.2(10
pmol/L)#% 1 wL, Taq Mix 25 pL,ddH,0 ¥ 55 % 50 wL, PCR ¥~
RSB0 0 94 C T AR ME 5 min; FOk B S8k -0 94 C
A5t 30 5,@ 60 C E P 30s,@ 72 C ZEA 20 s, AL 30 ME
W fa 72 C T 5-10 min S REM . BGE & PCR =T
2~3 YT R ERL Tk , AR A K/ IMA B A TR o A4 R/ IE
B, KA 1S 30~40 45,

124 =gk s g TAKARA 4ifbifs) &8 3Rt
17: O H SEIE WA Buffer WB L&A T il @ AR TEK 2,
1 ; @ Hokas B BRAR T 28 B (R J0HR B8 1 1 ) VR 2K
P 7K 8% Elution Buffer IIFAZE 60 C i 4 A T4 = Ve sk E,
It e Spin Column fE A4 Hh e b s @ 5 5 X 4l Ak 5 B4 7= M1 PR
FLIKOIER 45 R/ ML B A5 IR o

1.2.5 498 ssDNA XX E IR %) Dynabeads M-280 strepta-
vidin, §C 100 pL F EP & jCE F G149 124 2 min(B{RIE
WAV ), INDIRSE LE . ARG 4R BICE EP 48, JA 100
RL 1) 2% S56 - PEVRGE M, RS BREISE 2 min, 257 13E
o BUT EP 45, A 200 pL 2% 254 - PRIRGZ Pl , R I2E,
JIA 200 pL /) PCR Zlifb 574y, B THEIRFEARNFE 30 min,
TEREIHE FIBCE 2 min J5 /NGRS B ARG 1x BEBREE G -
VRIS IR BERE 3-5 YK, fIIA 50 wL 100 mmol/L NaOH & ,
1E 37 CHERFEIR B E 30 min, H Y2 dsSDNA gty ssD-
NA, BB TN LR, S4EWER ssDNA K5 Dynabeads
M-280 streptavidin 54 Ifif B REBE MG B F 45 0E, A S EMR
sSDNA HIS 88 T b, WHL ssDNA F: F e A% e 2 B30
17 ssDNA EH . MIA 5 wL i 1 mol/L HCI(H#1 NaOH) , H[i 2y
K —4B LR ssDNA L.

12.6 Fi—8IFE 5 2 TSRS 18— AFE 3
TR IR TE LR E ST, A (RNA 3248254 (N 5 uL 3Z W7
e ), BN LT 4E 7R 1 F ssDNA BEHLSCZE Y o491, 338
WL T YRR A B DB T IEE IR IR T R IR R . AR
e, JATHS 19 4 5149 3 647 PCR 1, 440
TRIE B BARE , ORI E T — 40 A5 A ssDNA 7656
{H, R4 ssDNA 544 E ARG H 7%

12,7 ERFHRENF CKSE 15 RiGES Py, difks
b T M, S AL KB FFE IM109 JR 32 25 2400, &5 100 pL &k
ZAAMIINA 10 wL A1), VK 305,42 C #KTT 90 s,
vkt 1-2min, SRJSHIA 890 wL SOC B FREE G e 1 /i,
B 5 BGE S W (29 100 pL) ¥ LB i, £ 84K T )5 58 F
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37 C AR P O R o PRI ST EAT R 7 PCR Z0IE , ZEHCH
PESERE 4R T 5 mL & AMP $UVERBR IR EE 758,37 C 12K
TR ARBUTALE Invitrogen 23w HAS £ R BEAT HLXT 7047 .

2 R

2.1 FHEER SWHERMIRE

WE 1R, PRfEMZREL R, XRFTER y=0.
0017x+0.1566 , 45 R4k R=0.9993, #HRIEK R HREITHE, 47 4
T A OR SERETR AT AV RO B Oy 0.413 mg/mL, f ki f5
0.051 mg/mL, HHEREE N 87.65 Y%,
22 FHEEAEER FHIHIE

12 ¢

1 y = 0.0017x + 0. 1566
R* = 0.9993

08

06

Absorbance

04

02 F

0 100 200 300 400 500 600

Concentration (ug/mL)

1 BCA EAEEIRT SR Lk
Fig. 1 Standard Curve of BCA Protein Assay Kit

2.2.1 ssDNA Wy 18304l BAUEI TR SAgENLS
i) ssDNA, #: PCR ¥ 3, BGE #(3-5 wL) 7= ¥ T 2~3% /0 Bl
WG HEATFL VK, B 100 V, B ] 20~30 min, SR J5 & AT
MBS RN AL — 2%l R/ 100 bp BHE (LA 2)
222 ssDNA EEESHFAEZTAMERE  HiRRI45%

A B

bp M 1 2 3 bp M 1 2 3

500 500
400 400
300 300
200 200
150 150
100 100
50 50

2 PCR P4 IR REHE SRR R K
Fig. 2 Agarose gel electrophoresis of PCR products
Note : A: the results of 3rd cycle, B: the results of 15th cycle; M:500bp
maker; 1,2,3 stand for PCR products

KRBT s EE, i RR mrd fE, B2 1355, A
PREFRRE  AREETT 1 2 485 , 255 R TCWT T iz 45 10 1
Y 25,8 TSRS AT REL HYIE L T, BT A (RNA 55 4

G5 FTLAEE S R B05 50 305 BTN T (RNA 4
SRR AN ) A3 BC B IR, T LAZE & A B T R s
SR 3 5B B T A A R BR &, R A AR
TRELE 34.23 %2 (MLIET 3),

2.3 SR FHINE
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o

3 ssDNA BEESHERANERENE
Fig. 3 The combination percentage of ssDNA enrichment library with
fibrin

Feor 15 $E0f kY™ ) PCR 4, 24U fb 5 125 T #ifk
EIFEAL IM109 KIGAT B b, DEECR P 5e B, $ R T AMP $ig
PERBAR LB 3575 g i, 1000 G U AR USRS 2% Tnvit-
rogen YUY o HEXT 10 ANINFP 25 2R A B BER/NS BUIANAT , HL
PIm & A ST 5], IS 51-73 LA e AR,
REBSI AN AT B P Z R 4)

1 TICTGC) errrratikfirioceTcescToccTcTach
2 TTCTGCAGTGAGTCTGTTTIGCTATCCABTCORCTRCCTCTACA!
3 sedrerf 6 TCGGCTECCTCTACA!
1k e feqrrasafiTTreTGeacT percemprTidddcsredierceseteccTeraca:
a . a —
5 eatceacacrecoeanedPiatf] eoapTchetcd eatfiiceeerraftrrerod Trrip g iGeoTcascrece
6 [CCATCCACA TACC i coeTTOAITTIICT GITT G (!
T SRS )
7 [CATCCACA [ mrrrereeacteactfi Jrrrriadrddgre
e =Wl oy
8 CATCCACACTCCGCAAG TH 66 B CT TAACCTRITTTCTGC) B GTTT 1C
9 [CCATCCACACTCCGCAAG! T TCGACGCT! oo MTTTCT GTTT
10 CATCCACACTCCGCAAGC] T@RGTC@ 6! GTAATC GITITCTGCAGTGAGTCGTGITT

4 MEFLEXER

Fig. 4 The alignment results of sequence

3 g

TR o SR A B A R S AL BOR (SELEX) I _EAMHIEZE 90
TSR, Z— T T2 500 TAC A A & iR
BUEOR , B e 1 T2 R0 1 , 7530 5 R S5 e S e SR A
TIEEEHIERCT s HAEA T HUEAE RSP LA I — B ssD-
NA SCHE H SO 58 BB &, Horh—#84> ssDNA "] L)
S RaE A X E A4S B Y ssDNA 55K 4541 ssDNA 43
BT, DA SHRE TR SE A1) ssDNA MR T PCR 373
il e {1 D B3 O PO A TR R D B A L (W K (U
Wy RTCAEAN 7 AR A R SR A T 8 2 Tk 25 1 R A
4RIV TG -8 7 B £ 0, 2 T ORI TG - 3047 Sw e DMy
RIS B AR Y5 . i XD RS UESS , it ] AR (Y
it 2, N THYR BB U YIS I, A B2 7R H Y™,

PEpuun -l LN 7 SR &L DPs & AL SR
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%, AT Dynal 22 A Dynabeads M-270 Epoxy FRA& Kk
WEER A BT, SR RE SR AR B RS 55 2R M I B Im A 4G 5, 2
YERIE . SRIGFIH BCA 25 F€ BHE N E R HTJm O £F 4R
VAR L, T 330 3 LA B33 (87.65% ) o £FAEER 11 (1 2
FIHE, SRR 2E5E 1 R Y S

SN SELEX ffi 4 R FEF R —RIEE T - 4 5
I B IR AR, AT IR AR B REERAT 9 0 TR0, 45 frf 5,
RN B 11 AR 58 22 VT AEWRAR PR P 58 1, IR KRR i 17238
RURICER ; [A)RR , # PCR =4 dsDNA $743 &y ssDNA 1 J/& SELEX
AR I BA TR AW R AR IC SR A B, HenT LS
PRICAPIZ ) ssDNA 455, FIIRE T 288 H SRR A R 1
sSDNA J3-#5 , J5 IL TR 5 DN, J3 SRR, 73 B SCR A

N T AT SRR S &, AT R A4S & SN R
BB EP 5 O 1 B2 R TR L AR, 7T ) e v
PEANA RNA 5 ssDNA i 4255 X HAT ] T M ssDNA %
rh i B B B R SR A AT e R S L 5 8 T BR 257E SE-
LEX pf frh S5 Gek ERELS & 1 ARRE Sy 17 51, AT E 6.
912 BEHEAT TR 5 D T B AR U 1 AR SR, FRATT RN TR
PREGH BB, AR 1 9P 7 1] Sk S AR T i e X
EBRAANPR 1 i e A FE R

PCR 4" 38§ 2% A B9 DA X T A= i ssDNA Y2 3C /% Fil SE-
LEX # i Ky i e 4 22 T A9 /E AT, 7E AT J L8 A9 SELEX i
Herp, i TREHLZE R AFAE 107 %801 AR 5 A5 S L F 46
BIFH) AR R E RS R AR E A R, I LR
AR SR RE RN PR ESOR B i ik 3 AR o3 T MR, Bt O 2
RGN, IX LU SR8 G RORL TR 1 A0 B A 45 B R i
WA, X FEAR PCR 3R KR A PR ROk 7 R A R
ST

55 15 S0k S BL I, 20w b T AR 3 TSR Y
G, AT HXHI P2 SR A B b (]38 53 e 51 A e AR ULE , X
BEHR Iy E BC T RO ST RS DX AR A AT R S 2T e 1 4
Fr Y ZE R LR, AR R B3R T A B 2 ke, 1E
TS5 B S SS S LT R 25 IR 2, AT RIS X
PR AZ IS AR, X TSR AR S5 P R RS
HRARTE— &, A B THEsh T 25 A B LA =2,

AWFFELL 15 SeMTiE, TAE] TS E A1k
G T ZREME NG BT, 27 28R A R R i g S
TR S E SN REITFEBEE T RAFHER
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