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AT FE XS BN A A% Ak LA 11 1~5 48105 35 74
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FUEEL ., RIS AN ) SR R R I A% R B A ik
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UK (PAGE) FlJBT it i Rk FLAA 1) 45 & 2 1
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1.1 SCIEHR

82N E (V. anguillarum) | iR 5% % 848 [C
(Edwardsiella tarda) w OB I W (Vibrio
alginolyticus) . WHEIRIKIE (Vibrio harveyi) . Kl
F (Escherichia coli) . W& /K K ™ M H
(Aeromonas hydrophila) , ¥4 532 R R A Y)
St fR . B ML ssDNA CHE R . 5-TCAGTC-
GCTTCGCCGTCTCCTTC (N35) GCACAAGAG-
GGAGACCCCAGAGGG-3', KJZFHN82nt, N35H
B 35S ABENLIRSE AL TR TS . PCR RS # P1
5"TCAGTCGCTTCGCCGTCTCCTTC-3" ; P2: 5'-
CCCTCTGGGGTCTCCCTCTTGTGC-3" , 3¢ v 5z
5 FH 3 0 2% R B AR ¥ 51 R 2 5'-TCAGTCGCTT-
CGCCGTCTCCTTC (N) GCACAAGAGGGAGAC-
CCCAGAGGG-3", W& [ 74, AR IS
BCARM R EFHIN AR (£ 1D BEYLCE . 519
A RS RO A T A TR (L) By
BRRAR (fRiFr LA T) G &F
DNA B4 . ANTP, Mg> Pl S PCRFa & 7 FlHE i
# 4l % ) PCR %% wp il iR & & 2xSuper Pfx
MasterMix, T T4&aE LI EE YR A BRAF]
FERCR R BRI TRl (dbat) BHEARRA
Al 20xZ5 G g2 v (pH 7.4, 100 ml) (YT
NaCl 5.844g. KCl 3.725g. Tris-HCl 6.06 g.
MgCl,-6H,0 2.033 g, DL bWy 43 i T 48 4l K
. P pH £ 7.4, JEATBAIKESR 2 100 ml, fiff
FHES FHABSE KRR A 20RN 1855 G 0Pk

Table 1 Middle sequences of aptamers

Aptamers Middle sequences (5—3")
H1 TGCTCCTACTGACCACCCCGGCT
HS5 TCCCTCTTGTGCTCCCTCTTGTGCAGCCTGA
H6 TCCTTCTTGTGCTCCCTCTTGTGCAGCCTGA
HI12 TCCCTCTGGGGTCTCCCTCTTGTGCAGCCTGA
H25 TCCCTCTTGTGCTCCCTCTTGTGCAGCCTGAG
H26 TCCCTCTTGTGCTCCCTCTTGTGCAGCATGA
H28 CTCCCTCTTGTGCTCCCTCTTGTGCCTTCCCCCTGTTCTGGCCCTGCA
H33 TTCCTCTTGTGCTCCCTCTTGTGCAGCCTGA
H38 TCCCTCTTGTGCTCCTTCTTGTGCAGCCTGA

H42 TCCCTCTTGTGCTCCCTCTTGTGCAGCCTTGA
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fifi 1 1t A R FH R XS AR PCR JEAT 97388,
R Z . BiM4 pl, 10 pmol/L #Y P1 514 4 pl,
0.4 pmol/L B P2 51 ¥ 4 nl, & 4 DNA B 4 W .
dNTP ) PCR 2% 1 iR 4K & 2xSuper Pfx MasterMix
25 ul, JNAGEIK ZE 50 pl. AXFFK PCR HI #2410
WS Bl . 98°CHi AR 4 3 min, 98°C7AE 4 10 s,
60°CIR K 30's, 72°CHEAH 155, 30 DMEH, /5
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1.3 #ZERERAERFENANE

A% IR 35 T AT 1 FH AT SE7E 95°C S 5 min,
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B9 E
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R ARAR, SR Origin 8.0 54 . 3452 He. 4
PREL (Hyperbola PR%L) #EATAELMIE, MIM3R
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240 pl PYRERR-1E FCAARSR A

RS IR S G o8 . VR Ak B
BRI E 42 B 4R (1 100 pl, 15 240 pl A REER-E B ik
EHEWIRE G, T 28°CHEIK 200 rv/min 7 & 45 &
2h, BEArEIE T RN, DURERR S R A k-1 me A
SEEAZEY, SRIEZIIET A 50 ul 2x45
GO MR EETIE, RIS BIRVER IS &R
o ARUERMIGS G E AR A EE, 7 HE,
ULTE PRI 50~100 pl 2x 25 & 2% il pe ik g, B
REIVEGE LIRBIRES , [RIREDT AT IR B3 2 1
DL EMEGE B BCEIRFEFW 40 pl, A
SxMFEZE W 8 pl, £ 100 V LK T # 17 PAGE
1h, HIKGRFFTYE . B, FE, ®ITkN
TR A BT SRR A T A TR ) i
PR o Hr AN S, ATAS SRR I o A 1 S
FERR B HES Y
1.6 ZEBERGREESEANERS LA
BETE fiL

% 3¢ Structurewang ¥ ¥4 (http://rna. urmc.
rochester.edu/RNAstructureWeb/) , i AAZ R B {4
H5 I HRITFS, EHESEAI DNA, B3R
PR e A5 T e Hh LAY 24 .

W B AR B ) B KT REVER 25 S8
¥ 5 4 44 J5 i A Prabi % 3 (https:/npsa-prabi. ibep.
fr/cgi-bin/npsa_automat.pl? page=/NPSA/npsa_sopma.
html), EHESEU output, width 25 HERINE, 7T
X R AR AT N S

TE Phyre2 ™ % (http://www. sbg. bio. ic. ac. uk/
phyre2/html/page. cgi? id=index ) H §ij A 45 & & H 1Y
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Fig.1 Affinity changes of aptamer enrich library in the

selection

W, HSER—50EA B, HINEM T 4%, H
TEEIRWAHI, H2L BB T34 (551, 4.5
%), WH6, HI2, H25, H26, H28, H33, H38.
H42 W HESHEE T4 (3R 4. 5458), Uil L mE i
JF 900 XoF 48 S TR A 265 v ) 23 FIVRE S P B A - A 4 34
P, DN BE7E 4548 B I 18 Fh AR B R R Bl R L 37
GI1, PRI 3k B = A 4 R SR S H A 3 R SR R
P ZRRIE RTS8, JF22 NS HL, HS5, H6,
HI12. H25. H26. H28. H33. H38 flH42 % 101
FE AN BEAT 25 IR SRR ST .

Table 2 High frequency sequences in the first 5 rounds of selections

Selection round

Composition of high frequency sequences

Ist
2nd
3rd
4th
5th

HI1.
HI1.
HS.
HI1.
HI1.

H5. H21~H23

H5. H24

H18. H19

H5~H7. H9. H10. HI12. H21. H25~H33. H35~H43. HS55

H5. H6. HI2. H21. H25. H26. H28. H33. H38. H42. H44~H54

23 IZERIEREHENSEREM R

Bl 2W7R T 1070 m M5 (Hl, HS. H6.
HI2, H25. H26. H28, H33, H38. H42) M3
RS, INRArE W, 104 @55 50 %  H br
£ S AT 1 2 R 0 34 J 3 T A S AR AR H AR I
(P<0.01), FUHIX 104> 48 551 %o 5 5 o 10 L AT
WP AR S, AR BRI R 1 RIS B, 10
AN T 3 T 40T 458 51 1) 25 R A s B AR Yk Ry
H5., H25, H26. H33, H38, H42, H6, HI2,
H28. HI, AR i 5 F 3 K/AMK R R 13,75,

1138, 10.10, 9.72. 9.30. 8.61. 6.50. 5.73.
531, 3.83 mg/L. WHEMIE, HI SR ik
(H5. H25. H26. H33., H38) XI5 425 A1)
JEXT AR Y S AT LA L, SRR SR AT AR TR
R HI 2R U AR R IR, HEAERT S48
I T 4%, QKT HS, HEE A7, WHELE
g e b B —E e, I E 2t
985 R BT, FRATEERE HI. HS. H25. H26.
H33 . H38iX 6 MRS PRI TIEY
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Fig. 2 Affinities of 10 aptamers (H1, H5, H6, H12, H25, H26, H28, H33, H38 and H42) towards the bacteria
V. anguillarum (Van), E.tarda (Et), V. alginolyticus (Val), A. hydrophila (Ah), V. harveyi (Vh) and E. coli (Ec)
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H38 HEAT T2 M8 (K,) AUEAISERT (4,) 1Y
Mg, AN AR A2 3, SERE B R KR
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MANNCSAER3 . WEI3FTLIAEH, HRhdk
FIHLA R BCEREE 0.95 L) b, o M 4L & 5%
o 6 ML FLAAR ) 3 FH UK, 7F 50~350 nmol/
L Z[a], HA1EF1 ) A, 7F 200~1 000 nmol/L 2 [&]
Hrp K EHi KA H26, /MO HL, A, EHiK
FJEHS, F/MOEHL

HE, K EBAR, X E PR SEE e T e
B A, R, ULHIEE H AR EEsA A A £
R4 GG R BrR st 2 . I, K 80,
A B, AR P AR 5 2RI B L R
i, XA ERRE R, XS EERIT)

H1

A, =(229.42 £ 8.35) nmol/LL
K =(78.77 +10.99) nmol/L
R*=0.980
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=
S

50
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wIPANZ, R ERZ H X B85 A4 2 0026 F ) JF
AwE (K2, HD); ZRREEAHS, HKEK S,
Ui B X TR 25 A e ) Ak, (A A, B,
UL BB - HS Mg G005 %, W EREL A
HS# 2, R EZRIEH HS X #E H brig i e 7
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i % i 2 1) 28 L% T 7 012002 K R AL, 36 RV T
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Fig. 3 Saturation curves of the affinity constant of aptamers against V. anguillarum
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Table 3  Affinity constant (K,) and maximum affinity

(A,) of aptamers against V. anguillarum

Aptamers K, d/(nmol-L’l) A, /(nmol-L™")  Fit coefficient (R
HI 78.77+10.99 229.42+8.35 0.980
H5 180.65+23.01 891.04+50.14 0.991
H25 121.14+21.43 647.20+41.51 0.984
H26 276.42+51.23 720.85+75.35 0.985
H33 89.24+10.84 510.65+33.89 0.960
H38 167.12+23.73 576.06+38.73 0.979

25 HBRERAHEAZEANSBESELTE

X RESY BS JE WA A B AR R TR K, R TR
WA R AR Z N EATAN (Bl4al Nk
), WAEARZ; WRENSGEAEMS R
£ 100 ku F1 15 ku B 44 — R A, HiAb
Oy F B R R A LA E TH R (Rl 4l
Y UKE ), U A R 1 JBR] AR A R O A HS
SCE BRI ES BB B, IR R e i i T
&Ky MBI R, REER RRAY Rk P B T
15 ku Y2547, (HBEA H B 100 ku i 554H7 (K da

(a)kuMTTNNYYMB

250

100

MB ki), Ui 100 ku Y2 1A 2 G ER E 7 G
AT, 015 ku 198 BV 20 BE RS 28 F R BER
AR MEEN, FERIEEEWIEE TIX
15 ku R A BB REER I E AR B A . H A ]
DA 100 ku (985 (H SAR 1T RE A2 A% IR 38 L4 HS (1)
SGEM. i, ORI G =N
FEMBITRIE S1 B, SR E 4b Ik IE, WRRTE
W, AEEARMGE VR 2 R EIE, 1
100 ku BT AR A — 2B 4400, A7
J ()R A AR Lo aiE R (E4b i 1 f 2
PKiE), BEIIZ 100 ku B8 A SRR IE FC R HS (1)
MR AEEONEE, IR B BRI
&, DOZEEIRIE R HS S5 E M.

XiF 100 ku (14)4% R Bic i HS 1945 6 8 35T
TWEEE, HATREM Rt R 4 PR, mRPA]
F, Ao dcrm . VGTCRE S5 B4 2 AT i R O
E1414y, HAKCN 81041, i T HAWE (b
5y, VLB HS 456 8 A nl Re st 2 B oI p v i
PRI P ot S E 1 2657

® M T T 1 1 2 2

ku

100

15

Fig. 4 PAGE of bacterial protein binding with aptamer HS

(a) Binding protein sample washed (Y) or without washed (N). (b) Binding protein sample washed once (1) or twice (2) after reduced washing

strength. M: protein marker. T: total proteins of V. anguillarum after broken. MB: control of magnetic beads containing streptavidin protein.

Table 4 Possible binding proteins of aptamer HS analyzed

by mass spectrum

Proteins Scores Matched  PI
peptides
Pyruvate dehydrogenase E1 component 810 50 5.45
Aldehyde-alcohol dehydrogenase 166 13 6.02
DNA topoisomerase 1 87 5 7.45
Formate C-acetyltransferase 55 4 5.38
DNA-directed RNA polymerase subunit 3 50 3 9.24

26 ZEBEMEHSESEEZSEANSGHS TN
4 B 7E far

i iG Btk HS i B2 RE X AR 3436, 7ES”
w9 MR, 7 3 6 %A
FRAG AL, PRI, W17 R IRA .,
IR B A A2 1T R 19 18] BE R 0.34 nm 32E 47 R B Al
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Selection of Aptamers Against Vibrio anguillarum and Separation and
Identification of Aptamer Binding Protein’

ZHENG Jiang"?", LIU Hui-Min", HUANG Li-Xing", LIN Xiao-Jun", PENG Xue-Yun",
JIANG Xing-Long", ZHOU Jian-Chuan”, TANG Xue-Min"

(VFisheries College of Jimei University, Engineering Research Center of Modern Technology for Eel Industry, Ministry of Education,
Engineering Research Center of Aquaculture Breeding and Healthy of Fujian, Xiamen 361021, China;
DFujian Province Key Laboratory of Special Aquatic Formula Feed, Fuging 350308, China)

Abstract Objective Vibrio anguillarum (V. anguillarum) is an important conditional pathogenic bacterium,
which can infect many aquacultural animals, and cause huge losses to aquaculture industry every year. Study on
the pathogenic mechanism of V. anguillarum and rapid detection of the bacterium are necessary for the prevention
of the disease. Aptamers show good application potential in many fields such as target analysis, detection of
bacterium and research on pathogenic mechanism due to their high affinities and specificities. Therefore, selection
of the aptamers against V. anguillarum and analysis of the related sites of the pathogen by its aptamers, can not
only provide a new way for the identification of V. anguillarum, but also have important significance to explore
the role of those sites in the disease control. Methods Aptamers against V. anguillarum were selected from the
high frequency sequences by SELEX with sequencing in each selection round. Affinity of aptamer was measured
by the ssDNA concentration method and the affinity and specificity of aptamers against the pathogen were also
studied based on the measurement. The affinity constant (K;) and maximum affinity (4,) of aptamer were
obtained by the nonlinear fitting according to the hyperbola function of the software Origin. Binding protein of
aptamer H5 was isolated by magnetic separation and purified by polypropylene acyl amine gel electrophoresis
(PAGE). The binding protein was identified by mass spectrometry. Its spatial structures and subcellular location
were analyzed online by the websites of Prabi, Phyre2 and Psortb 3.0. Results An efficient selection method for
aptamers was established based on each round of sequencing and high frequency sequences. A series of aptamers
(H1, HS, H6, H12, H25, H26, H28, H33, H38 and H42) with good affinities and specificities towards the target
bacterium V. anguillarum were selected by the efficient method. The K, and A4,, of 6 aptamers (H1, HS5, H25, H26,
H33, H38) were measured, and their K, were (78.77£10.99), (180.65+£23.01), (121.14+£21.43), (276.42+51.23),
(89.24+10.84), (167.12+£23.73) nmol/L, respectively, and their 4,, were (229.4+8.35), (891.04+50.14), (647.20+
41.51), (720.85£75.35), (510.65+33.89), (576.06+38.73) nmol/L, respectively. The binding protein of aptamer H5
was identified as E1 component of pyruvate dehydrogenase in the cytoplasm of V. anguillarium. The main
skeleton of the binding protein was composed of a-helix and B-fold, and the loops of random coil were mostly
distributed outside of the protein. The interaction regions of the aptamer and its binding protein were also
analyzed and speculated. Conclusion It was proved that the selection method based on each round of
sequencing and high frequency sequences was quite efficient. Apparent affinity of aptamer was dependent on both
K, and 4, and the 4, also played an important role in aptamer’s apparent affinity. Aptamer HS5 entered into
V. anguillarum probably by endocytosis, and then bound to E1 component of pyruvate dehydrogenase in the
cytoplasm. The present study proved that aptamers could enter bacteria and bind to the corresponding targets,
which provides a new idea for prevention of the disease caused by V. anguillarum and for development of novel
aptamer medicines.

Key words aptamer, Vibrio anguillarum, sequences with high frequency, affinity constant, maximum affinity,
binding protein, SELEX, pyruvate dehydrogenase
DOI: 10.16476/j.pibb.2021.0297

+ This work was supported by the Natural Science Foundation of Fujian Province, China (2021J01823, 2018J01455), the Open Fund of Engineering
Research Center of Modern Technology for Eel Industry of Ministry of Education of China (RE202104, RE201808), the Open Research Fund
Program of Fujian Engineering Research Center of Aquatic Breeding and Healthy Aquaculture, China (DF201901), and the Open Research Fund
from Fujian Province Key Laboratory of Special Aquatic Formula Feed, China (TMKJZ1909).

#x Corresponding author.

Tel: 86-592-6181420, E-mail: zhengjiang618@163.com

Received: October 2, 2021  Accepted: November 29, 2021



