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EE . 8-t ZIENS DNA WiZLLEF (OGGL) B AR T HE M IIGEE M1, 7152 DNA S LM i 4 v i SC sk
FH o SRR S R A S 5 S ERAE N B & A, 3 OGG B3 AT LA — 58 12 B 1 7 B 22 A A6 F 5 X 9 41
Mi OGG1 WA A S IEVRYT BT ik . BT 24 hF/NrF X OGG1 DI RE I 52 ma FiE 5, 1 OGG1
PR3 TR 7 22 10 R DR . VESD DO RBECHR , 36 B AT & AURT B R AU R R R MR AR A . U E T OGGL
PRZTRTE BOAA , 45 A B A0 B VK S ACHRH P A ST T T b 3 T B 408 v V-8 800 #2101k ( CE-SELEX) 2 AR 1
P R gE B Rk Tk . AP h R RS 6 5 1 (SSB) SR IE T L E LRI RaE e, 5
HARE 1 OGGL SR Z , 58 i B SSB #k Sl B in 38 4o i 16 16 1, LA 5B 55 OGG1 5345 & HIAZIR T 51, —
e RN AT 3015 5 OGG1 M 45 G IR T H . 2Rtk (e I & 4 F Ik 5514 F , & 3 feifiik 3153 OGG1
PIRZTRIG BCAAR . LA PR IEE J7 ik M i e 25 1, ITe 25 SR v T i i 1Y) 3 A I e A TR 3 L AR I 47— 380, LA B9
(K fETE 1. 71~2. 64 pmol/L Z ], 4rF R4 Hras R RS LR 1(Apt 1) AT g OGGI P HAT B E &
SRR DIRE RG4S EE A 3 3 X PR 7 326 J7 vk A % HL, IE B[] 25 5 4 10 B n b it v 358, % FL At B A TR A
BCAAR G GE 7 ik MR B EAT — 38 T L, 15 3038 AR BT OGGL Zfgiis , Lbl LB Z Thie .,

KRR BN F K AL TRIG BOAA 5 8- UM 2 1G4 DNA WE LUl ; 32 ik ; ZH0 T 1

hESES.0658 XEkFRIZAD A X EHS:1000-8713(2021)07-0721-09

Abstract: 8-Oxoguanine DNA glycosylase (OGG1) is an important enzyme that plays a key

role in oxidative DNA damage repair. OGG1 can specifically recognize and excise 8-0xoG (a
product of oxidative damage found in double-stranded DNA) through base excision repair
(BER). OGG1 is expressed in normal tissues, and in most tumor tissues. Oxidative cellular
damage can produce an inflammatory reaction, alleviating some measure of constitutive OGG1
inhibition. OGG1 inhibition in cancer cells shows some promise as a new method of cancer
treatment. Most current OGG1 research focuses on regulating OGG1 with targeted small mole-
cules. To date, no aptamer screen for OGG1 has been reported. Aptamers are single-stranded
DNA (ssDNA) or RNA oligonucleotides that can bind to a target with high affinity and specifici-
ty in vitro, that can be identified by systematic evolution of ligands by exponential enrichment
(SELEX). Aptamers can be used as chemical ligands to regulate intermolecular interactions. In
this study, a screen for aptamers with OGG1 affinity was performed for the first time. Capillary
electrophoresis ( CE) is a microanalytical technique that offers speed and high separation

Y75 H #3:2020-12-18
# B IEE R A.Tel: (010) 68918015, E-mail ; qufengqu@ bit.edu.cn.
EE&WAB . HEARPEI 4T H (21675012,21874010,21827810) .
Foundation item; National Natural Science Foundation of China (Nos. 21675012, 21874010, 21827810).



- 722 - @, g7 %5 39 %

efficiency. In this work, two screening methods based on CE-SELEX technology were estab-
lished: a one-round pressure controllable selection, and a multi-round selection. The most
important criterion for successful one-round pressure controllable selection is to select a com-
petitive target with a different CE migration time than that of the target of interest. We mixed
OGG1 with a competitive target and a nucleic acid library for CE analysis. Two proteins com-
petitively bind sequences in the library, forming independent complexes. The concentration of
the competitive target is continuously increased until complexes with the target stop decrea-
sing, indicating that the target and the ssDNA library have formed a stable complex. Complexes
were collected for PCR amplification, purification, and high-throughput sequencing to obtain
high affinity aptamers. This method greatly improves screening efficiency, and reduces non-spe-
cific binding to the target, which is helpful for obtaining aptamers with high affinity and speci-
ficity. One-round pressure controllable selection for high affinity OGG1 selective aptamers was
performed using single strand binding protein (SSB) to competitively and tightly bind nucleic
acids in the library. The competitive screening pressure was increased by increasing the SSB
concentration to eliminate sequences with low affinity for OGG1 from the random oligonucleoti-
de library. Nucleic acid sequences with high OGG1 affinity were obtainable in one step, and
0OGG1-ssDNA complexes were collected by creating a timed program on Beckman P/ACE MDQ
capillary electrophoresis. Collection occurred from 2.2 to 2. 8 min. Under identical incubation
and electrophoresis conditions, multiple round selections were conducted by injecting samples
of co-incubated nucleic acid library and target into the capillary. After separation under a high-
voltage electric field, nucleic acid target complexes were collected, amplified by PCR, puri-
fied, and used as an enriched secondary library in the next round of screening. High affinity
aptamers were generally obtained within three rounds. Comparing results of the two screening
methods, the three candidate aptamer sequences found with the highest frequency were con-
sistent, and displayed K|, values ranging from 1. 71 to 2. 64 pmol/L. Molecular docking analysis
suggests that Apt 1 may bind to the OGG1 active pocket, which functions to repair oxidative
damage. Comparison of the two screening methods indicates that one-round pressure controlla-
ble selection is more rapid and efficient, providing guidance for the design of other protein
aptamer screening methods. The obtained aptamer is expected to be function effectively as an
OGGI1-mediated DNA repair inhibitor.

Key words: capillary electrophoresis ( CE); aptamer; 8-oxoguanine DNA glycosylase; one-
round pressure controllable selection; multi-round selection
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P1. FAM-5'-AGCAGCACAGAGGTCAGATG-3") , 5|
¥ P2.5'-TTCACGGTAGCACGCATAGG-3' (4 T/
PR L) R A BRAFD) .

1.2 BREH
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O B EVE R ARTELOE  INATCK ZBE 3 mol/L
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TR o o B U BB E e IR A A &
OGGI1 254 1P 51, N itk % SSB 1l k7 4+
bR, Kt OGG1 #kR SSB J i #1 5 ssDNA #% iz J4 3t
FFEE , W B vk I ) OGG1-ssDNA & & ¥
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LS
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SSB Ji5 , Uiff 25 1% R W A, TR B 7E 3. 8 min &b i 3R
SSB-ssDNA 52 & )W ( WLIE 2b) |, 1 T-1% 50 8 4%
ERARE T, JINAK) SSB 25 B S: i 2 3 B0 7
FL ) SR A TR AR Bty L R A AR A i I LR AR /)N Ui
EILPRIE T R I [A] A2 Pt . A 5.0 pmol/L OGG1
Jo U B A% IR A e T AR AIG, 7E 2.5 min &b 3 BE
OGG1-ssDNA & &40 (WK 2¢) . ¥ 5.0 pmol/L
OGG1 A1 1.0 wmol/L SSB } ssDNA JE [a] i i &,
AUk E BRI RN A S g (LIl 2d) . P SSB
5 ssDNA Z [ HAGsmas G EH , BRIk B nT
LISt OGG1 5 ssDNA RY45 AT i 4+, i3 finxt
OGG! ifi FLiR 1y i 2 . 77, 7EIEl 2d~e H1,SSB 1Y
WeREH 1.0 wmol/L 3 /M%) 2. 0 pmol/L i, SSB-ss-
DNA & & Wi A K, OGG1-ssDNA & & HiY
g T BB A /)N . B SSB Yk JE & 4.0 wmol/L
8.0 pmol/L, &5 & A A 6] ik B SSB J& X
OGG1-ssDNA & & ¥y 1w B g it (LI 3),
OGG1-ssDNA & 5 ¥WirigT L5 2. 0 pmol/L #H kb
WA B (WE 2a~f) , i OGG1 5 ssDNA
CIEMRENE &Y, #id7E Beckman B4 H
PRASC 1 15 B AF N (AR [R] AR P, W4 2.2~ 2. 8 miin X
B OGG1-ssDNA &2 &%), HiE 1T PCR ¥ 1 #l
afifb 5, AR TAYRH A FRA w4 T Sl anill )y
22 BEENFRERSHT

S50 5 S v e DX B AR R R 5 W 2 R A
PRSI e 1Y 4 575 OGG1-Apt 1.2.4.6( K
% 1), FI NUPACK  M-fold % {1 # 48 )5 51 — 2%

I 5 RFU ssDNA

OGG1-ssDNA  SSB-ssDNA
complex

complex

¢/ min

E 2 OGGl ZEEMZSHi
Fig. 2 Competitive screening of O0GG1

a. ssDNA (0.05 pmol/L); b. ssDNA (0.05 pmol/L) +SSB
(1.0 pmol/L); c. ssDNA (0.05 pmol/L) + OGGl (5.0
pmol/L) ; d. ssDNA (0.05 pmol/L) +OGG1 (5.0 pmol/L) +
SSB (1.0 pmol/L); e. ssDNA (0.05 pmol/L) +OGG1 (5.0
pmol/L) +SSB (2.0 pmol/L); f. ssDNA (0.05 pmol/L) +
OGG1 (5.0 wmol/L)+SSB (4.0 pmol/L).
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Table 1 Four candidate aptamer sequences and thermodynamic parameters

Aptamer Sequence AG/ AH/ As/ T/
(J/mol) (J/mol) (J/(K-mol)) <
OGG1-Apt 1 AGCAGCACAGAGGTCAGATGGCCACATTAGTCTCACCACTACCT - 23571.67 - 510789.38 -1571.34 52
GCGTACCTACCGCCGCCCTATGCGTGCTACCGTGAA
OGG1-Apt 2 AGCAGCACAGAGGTCAGATGTTGATGGCAGGTATTGCTAGGTCT - 26041.88 - 539678.29 -1655.96 52.7
ACATGGAACTTGTTAACCTATGCGTGCTACCGTGAA
OGG1-Apt 4  AGCAGCACAGAGGTCAGATGGCGAAGCGTACCGGCTACCCAGT - 30312.42 - 458454.40 -1380.45 58.9
GACAGTCGCCGTGGGTCCCTATGCGTGCTACCGTGAA
OGGl1-Apt 6 AGCAGCACAGAGGTCAGATGCCGATCGTTGTTCCCGATCAAGAT - 28763.30 -417005.10 -1251.49 59.9

GGGGAATCTCAGTCGCCCTATGCGTGCTACCGTGAA
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LA IR T R AR AR IR A R B e it
R R R- 8848 2 59, I iE4T PCR ¥ 1% A% 1R
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Ve, JEEAE 4 50 DL N AR AT 2 5 S A B 38
T, AT GRS 4 o 14 45 %, R TR] 1 0 25 2% 1
T MR 250 v R AT T R SR IE
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Fig. 5 Electrophoretograms and K, values (n=3)
of Apt 1, 2, 4, 6 binding to OGG1
Apt1,2,4,6:0.2 pmol/L; OGG1: 5.0 pmol/L.
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A5 ¥ Sub ssDNA2 5 OGG1 IR G H T4 =
¥k (18 6-Round 3) , U 4E 1.9~3.0 min X B
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ARV B 19 3 B BRI R SIAH IR, TR 5
vk 22 o 3 0 ok A5 2 A9 P 51 A5 IR A i ks
1521 YK, 17 56 4P i 16 7 9245 380 9 38 BC A4 A v U 558 A
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Fig. 6 Electrophoretograms of three rounds screening
of OGG1 protein’s aptamer
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Table 2 Sequence comparison between multi round screening and competitive screening

Method

Sequence (5'-3") Copy

Multi-round selection
TATGCGTGCTACCGTGAA

AGCAGCACAGAGGTCAGATGGCCACATTAGTCTCACCACTACCTGCGTACCTACCGCCGCCC

1521

AGCAGCACAGAGGTCAGATGTTGATGGCAGGTATTGCTAGGTCTACATGGAACTTGTTAACC

TATGCGTGCTACCGTGAA

760

AGCAGCACAGAGGTCAGATGGCGAAGCGTACCGGCTACCCAGTGACAGTCGCCGTGGGTCCC

TATGCGTGCTACCGTGAA
One-round pressure

controllable selection TATGCGTGCTACCGTGAA

36

AGCAGCACAGAGGTCAGATGGCCACATTAGTCTCACCACTACCTGCGTACCTACCGCCGCCC

132

AGCAGCACAGAGGTCAGATGGCGAAGCGTACCGGCTACCCAGTGACAGTCGCCGTGGGTCCC

TATGCGTGCTACCGTGAA

91

AGCAGCACAGAGGTCAGATGTTGATGGCAGGTATTGCTAGGTCTACATGGAACTTGTTAACC

TATGCGTGCTACCGTGAA

17
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PatchDock {3 %51 i1 FireDock #Ef7404k )5 , %
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Black residues
8-Oxoguanine
binding sites

Black residues
DNA binding sites

GLN 287

OGG1

OGG1 7E 245 ~270 {7 2 FE iR 5% H Ak #B B AT W2 e - &
Je-BEHELEN %A J& DNA B45 A 307 , [FIARE 2 il
FIMEAL TG PR ; Arg154 FII Arg204 #4117 551 8-
0x0G-C Bl 3 XF 1) FEmb 454491 ; Asn149 G845 F ]
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Fil Phe319 2 (0] 2 TE i OGG1 X 8-oxoG YR 5 11
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AGZ 4% GIn315 % 2 ([ % 0 (1R 51 A
FH o oM vHEas B B R 57 ~ 3756 50 ~ 80 37 A3l
e A g% 5 545 52 FH T DNA 1 8- 1% 1 I8 45 45 1y
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3T X F 45 S BA T 0 16 119 1 AR 1) 50 .51 47 fifa g
BERES Argl54 FIl Arg204 JE i A5k, HAEWS 45 & 1E
OGG! M N4 -,

7 OGG1 BIiE ML= AR E A FRMARR AT
Fig. 7 Residue names and identifiers of active sites of 0GG1
OGGI1-Apt 1 complex showed that the binding of the last 50—-80 residues (from 5’ to 3') was involved in the inhibition of the active site
of OGGI1.
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