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NG TS, R AR B NGB ARSI LR B AR AE IA R A 0 2 4k
BLH I — AN AT, B TR E ARG (SELEX) #AR 1A% IR i& 14
(aptamer), #E “ N LufA”, ©AMLAE ST @R A m ke Ve 4 &
MHBEFRS T2 S FEN WEERETERT. faathe. TRkt
PAJ 5 TR RSS20 A, RISTEM TR B AR, AR A 0 ARl 4t
SR BRI AT S HAT, BTSRRI SR, s —
T 0l AR . B, BN TR IR IE AR IR A 2 L, R T
JZ R s RBRSE RAE A A o A e R R AL TR AP I B BRI, R /NS
TV IR e VAR BRI AR I R R RIS A AR F T/ 43 -0 B (v ks T U7 vk H
A BRI AR L AR SCH SN A BRE R 1 T e DhsetliAe, JFR TEAR
P T LA
(1) F TSk L2 AR BRI 1A I 14645 € 2 U G-DY SR A It S A% il
SR E (hemin) VRN Z Ml S BERIEACE PO, BES
G- 4 % & ( G-quadruplex ) HF = £ 45 &, T & G- WU % & i % %
(G-quadruplex-based DNAzyme), I3 Il H 1Y 5 i A AL M mgs v, IR —
P R AR, TE AR A SR AN A A i v B AR O IR R g o T B
AR TUCER 20 B ISR AN GRS 77 92:, DAREAILIX Sk G B & &40 7l /& 25%- 35%A1 45%
=58 DNA (ssDNA) CPENHIUGE, DL hemin-agarose A#L5+, AT
7971k hemin ) G-quadruplex B FRIEA . F I EEAMRSOGTE . [ — (635 .
ihZR BB )12 2645 T BOWT 7T G-quadruplex fF 51 G546, 45432 M1 ANt 41
WHIBEENEZ B )R R G5 REW: VIGHSCPER) G e & BB (K, G-quadruplex
P50 AR R 5 hemin A BURES A 1 G-quadruplex J7 51133 H AR X 58
(it F A YIRS I %0 G-motifs F7 51 ¥ 31 55 00 /7 51) 2 %) G-quadruplex ¥4
FNGEAE R SE A DB 1 = AR O R s S A7 511 [B7]-3-0 J& — Mg BB 1~
1T G-quadruplex Z5#4, 5 hemin 254 [MF R W H K183 29 nM, FFRILH e
(i S A DS 1, 1T 2" AR A T DLk — P 4R 5P AT G-quadruplex 4514 %
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5E VEAIL A DB 1 o X Le 25 R BRG] 13— 2D IA R G-quadruplex HJH 24
B 45 K Al G-quadruplex-based DNAzyme [ TAEHLEL, [F] A S 1H s 5E = 2
G-quadruplex-based DNAzyme &4t 5 %K .

(2) ik s A A e R e MR ) 3 il 5 735 2 By R IR IE AR

HHHERER B (AFBD) 2 —M/h 7T HER R, HEEMSustEdes =,
TS GG 2, 0 N AR AL i ™ B o T B IR B Bk 20 15 - 4 AR AH
55 HISRMTIETTVE, LA AFBi-Beads NHE7> ¥, Tii4r mth4i& AFB) AL
WA, R R A AR AL R & AR B 45 & R A etk . S5 R R &l
11 5801k, 3R1G 8 SKLIRIE AT AFB: R A B A msE M T, BUEAZ IR IE Xt
AFB fRIRRFF BT m ISR Ay, A28 B B KA #AE 0.4-2.5 uM Y FLZ Y, 7E 10-50%
(1) HR - 2 9 R A BB R S R 771U AFBe AFB B BIE PR ISR 1F it — 20 T Kk
BIRIERER N H T AFBy Al 70 AT 4T R 1 90 B Al
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Abstract

Abstract

As we know, detection of small molecules, especially toxic substances is a
bottleneck of antibody technology in the field of modern analytical chemistry. A
new kind of ligand-binding functional nucleic acid probe named aptamer evolved
by SELEX is known as the “artificial antibody” with high affinity and strong
specificity to targets. Aptamers show their own dominance over antibodies such as
wide targets, small size, low preparation cost, high stablility under harsh conditions,
no immunogenicity, easy clipping and functionalization. Aptamers are expected as
alternatives of antibodies to be widely adapted to analytical applications. At present,
there are just a few aptamers against small molecules which limited the detection of
small molecules. Therefore, it shows greatly important significance in screening
aptamers against small molecules and developing new aptamer technology in the
detection of small molecules. Aiming at selection, characterization, and
optimization of aptamers against small molecules, the research work of this thesis is
summarized as follows:

(1) In vitro selection of highly efficient G-quadruplex-based DNAzymes
based on hemin-binding DNA aptamers

G-quadruplex can bind hemin to form peroxidase-like G-quadruplex-based
DNAzyme which can be regarded as a good biological catalyst used in biological
sensors. This thesis carried out screening high-efficiency G-quadruplex-based
DNAzyme from the perspective of improvement in the primary sequence of nucleic
acids. Three initial ssDNA libraries with 25%, 35%, and 45% guanine bases
respectively at the 45-nt random regions were designed to evolve hemin-binding
DNA aptamers parallelly using hemin-agarose through agarose-based affinity
SELEX method. The affect factors of peroxidase activity, including sequence,
structure, binding affinity were studied by CD spectra, melting curve, UV-visible
spectra, and enzyme kinetics. The results showed that the lower G content of the
initial library, the higher enriching efficiency; there was certain correlation between
peroxidase activity and the binding affinity of G-quadruplex; the flanking
nucleotides on two sides of the core G-motifs greatly affected peroxidase activity.

The optimal truncated aptamer [B7]-3-0 which folded into compacted parallel

I



Abstract

G-quadruplex structure exhibited the highest peroxidase activity and strong binding
affinity to hemin with 29 nM of AGu. In addition, 2'-O-methyl modification facilitated
the self-assembly of parallel G-quadruplex [B7]-3-0 and significantly promoted
peroxidase activity. This study will be helpful for further understanding
G-quadruplex self-assembly structure and work mechanism of G-quadruplex-based
DNAzyme or a reference for designing stable, high-efficiency G-quadruplex-based
DNAzyme.

(2) Selection of aptamers against aflatoxins B with high affinity and high

selectivity

Aflatoxins B; (AFB;) is a kind of mycotoxin and poses a serious threat to
human health for extreme toxicity and carcinogenicity. Based on agarose-FACS
affinity SELEX method, AFBi-binding DNA aptamers were selected using
AFB-Beads. The affinity and selectivity of aptamers were identified by FACS. The
results showed that eight G-rich aptamers were evolved from random
oligonucleotide library after 11 rounds of selection. Truncate aptamers still kept
high affinity to AFB;. They all displayed high binding affinity to AFB; with K4
within 0.4-2.5 puM. In the 10-50% of methanol-buffer, aptamers could also identify
AFB; with high affinity. The obtainment of aptamers to AFB; will lay the
fundamental material base for the further development of aptamer technology

applied in the detection of AFB;.

Keywords: Aptamer; SELEX; G-quadruplex; DNAzyme; AFB;
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1.1 ZEERS SELEX HAR

1.1.1 #ZBRE R RO4FAE

IR AR Captamer), #E T “ NLHUAR”, &R DREMEZLIR 70 T8
B2, R EE T — MRS I BR —FR R SRR R Gt (systematic
evolution of ligand by exponential enrichment, SELEX) B, M7 & B KK FENL %
HESC PR/ 2], — B 20-60 M, ATLAAE RNA. ssDNA. 21 RNA
BB ssDNA. 7E—E R T, IREIRE 5 T8 ite € i = 4E 73 [ 4514,
W W Rk, B4 RN G-IURAESE, B2 T XER e =47
(25K, DARHERUWER] . YafEte )y, S E R i s A AR UL e 55 & Mok 1
YER, BIRIERRENS 53051 = of AU R SRy e 1V i N M 4, I BLRE IR FE 73
THIGEH . DR AR . IRERAER NI AE LS HUARM SR, B ZRA
JR A B A AR S B Y 2 B o ik EE A B AR A

(1) ¥l 2. B ERERERNS E—BLH] 10121015, AFH
FEBFIIMEER Z e, RN ZRE AR 57 1 2 W AR BAE R W R 20
Ph. B, B B BRI AT A AT LUEE SELEX SR Tie 15 2 45 7 1
RGN, ERPUARIAE > Ta 0, PURMESIER. K7, DU
A TR o SR ME LB R SRS B TR B, B P

(2) R A SR e . ARG AR TN RE 7)1 2 [ B 456 2R A AR =
P W Ko TE pM-pM 10, T S HTAAST AR B SE0) . R T G5 g MU EL AR
PP SR, ARG AR R T R A A R e, RERSIX 7 TR0 T
T E BN BIR 2=, kAR R B EEAR BRI A RISUEERA, i HARA A
ERF VRS S RGOS bean, 2RI IR AR AN RIAE TS5 R _EAL D — A
FHEE PRy BT, FG 5 2 el S R0 ) BN R] 1y 10000 A o HL 2 Bl B e e i A 2
AERr LSS SRR T

(3) ik A BIREDE . BREhA R — MG Al AT 8 A
i, B3N SELEX BRI SEI XK KAEIR 1 ik TAER:, HrAlimkiikm ke
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WALTEIE TSR, AT -8 FERITT, GRk AR A s . [RIR,  BEARTR E I FE
ARTF N AR KM, WnE . R e 7Rk pH % . Bl IRIE
PRR] A 225 AR R Bl 2%, BEARANAAEL R 2R, AT e R 212
LA LT RE . b, REA% EFERBERA L1 2'-OH &4y 2'-NH,. 2'-F B 2'-OCHj,
B TE SR IDE SR O B AL e S A, AR AR A8 B R M I RIS AR 1 AR
5T PEAPURX IR R A R 7718100, D ReAR i BE A1 1 51 NGB BE I T A% BRI A 1) B FH 22
V. TEIXEETITH, Huid S5 ROE R LR Al T WAk T o Pk i il 2130 A4
KRG, R—MENTRIELRE, GENELRELLHEN, B ELHE -6 NMH,
IRREB, ARG ST, mHARIR = MAEE—ENER. Ho, U ILIES
PRI A, AU AR BEIAEE, R T H N VG A, PuARfAmid A
JifE, B 5FEURRIERN T,

(4) Fasg. MESEREA RIFTREM, HIRTRRIRA T LUREEE, ¢
R BUIRAS J5 XL RMRE ThRe, ARG MR EPiARE A, SR
WARBUR, TREZ. pH BUE 7 9RES5 56 A M R IR AR &) 51 B AR I AR 1 2R 0

(5) Thslsitk. FASMGEL IR RS R, ERERE AT
] () G S PE AN BRI o B PUAR BAT SR, B0 SEUR LR, IR T RH .

(6) MFRE. HRIEWS TR, —AH 6-40kDa, FHILHALZE
BE IR 38 . MR HMRIE IS FRZS 5 SN S5 1 45 & S AR TR, A AR BRI
BRI, T RASCR KB ) S RN 45 G /R R 5 . N A T AR LS
IR AL R IEAHEAT AT R Y 8 o X BRIEAR B bR1C B AR B A AR DR DR I 7 G 2
it XELHRHA L HUARE D E N,

1.1.2 BESEFEENSTPRAA

BT 3 TR N UL, AR 1A BE 73 A et S AN 0 R ey S R 45 5 D e L%
FRA R [ 47 (D8 R A PELE HAE AR A BTl R I S KO R . HAl, AT e
TR R T RRIRIE AR B3R L o A A ikt 1,

1.1.2.1 Tl
TGRS, RGP E AR . e —BEKTRA B, 7

FEARN, AURTUAR 110, RBNEER, 5574655 RSN FEK

ket — LR R, B 5 T 0OEE S bR id A0 B B 45 R ThRE.
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