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AR REFHEED AP2e HWEEMFES T

ZER A K 4 # F W E2x2 FIXE B FU
(BER RS20 WAL I 5 A SRR LR =E
RN RF ARG KRR E RS E M ET 361021)

BE R RZETREEHS AP0 X R E S DNAWREZETF, 2589 RELET N
V. i EK. ARAT. WEREURRRZRPLE LA A AR, R AT HE o 2L H Ak AR
A AHT(GWAS) KL I, AP20 & & Uk % (Nibea albiflora)ii% % [ I (Vibrio harveyi)th %26 3£ ® . A#HF
R T Hh ¥ EHF AP2a, EIF K IAZAE(ORF)Y 1275 bp, 4% 424 NELE; P
AP2a & A Jft N 3% 2 &5 4 i 2.5 Fn 4 & Bt #%(P/Q-rich domain) By X 8 iE 45 A3, P 1A] & o SE A 45
% (central basic region), C 3% % % /& £k <F 89 helix-span-helix # 7, 1 5% & DNA f& & i Z % ft.,
AEBRFI L BT RA, AP2o fRFMHE, GHAEMNMN AR, FHEL, 5 X FogIl 04 IR A
84.63%A b LB 7 K B PCR AN 4 £ B 75, AP2a 3£ [ th mRNA ™32 47 T Brab il i 2 4k 4 9 A
ALHEY, HPDRFNRAERS; XBERNELFARLE, FIE. BHEMLE S 4P2a %k
FEHRHEAE, HHRAEFET, AP20 mRNA %3k K F7E 24 h W3k |k F oy 39 ., @Ay
#EHAM KL TN pGEFP-AP2a 1% 4 HEK293T 4 #AT T M St RN R B =, AP2a
A T HEK293T 40 o o9 4 Az o o3k — PR R m B R sk k13 T "1 A M #) GST-AP20 Bk A& A .
PEZERXW, AP2o0 EE M AL ERNER L L RFREETEEA, KR AP20 EHF
BEERGERPNEZ BT HO LA, ARNAREG AN T RENERTR L, TEMHE
T A,

KR EHe; BRXEFHEERG AP2o; HAERIE; LRROLEE PCR; TAME; &
Bk ik

FESES S917.4  XEERIEEE A XEHS  2095-9869(2023)05-0104-11

B Sk T T £ 1 200 (transcriptional factor  JEAAKE . 4iiEAK . Ml BT RIMOR & AR DL K R
activating protein 20, TFAP2a) ¥ FRELIS H H AP2a, P& v o B EE B H (Hoffman et al, 2007). 1R Z i
Fe—20r Tl 46~52 kDa M5 St IR T, A Wb 4n i 68 1) B FURPALE S A e SR IR 0 S Rk,
KAV, e HZE 5 DNA, il 4ha 2 FLARIE R R B 3 SR I T m R IR (B B AE, 2013),
KB G sh FHREEN s, S 5B SRR, EHS b B A M R i S [ F Snail 53215 (Wakahashi et al,

* O EORRA [ 28 S TR (2018 YFD0900301) A H 48 A SR FE27 56 42 (2022101325) AR A48 T T 42 A A 345X
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%53

AERRAE: BN SR T IOE B AP2a B SERE RN 3 105

2013), FLH#JEE HER-2 (human epidermal growth factor
receptor-2, HER-2)JE A ) Rk 55 5+ AP2a 3%
A I S A 56 (Berlato et al, 2011), %5 5 K F
AP20 MYERIK, AT LAGE 2L g 40 B v O T S X ik Y
FACST I HUBNE (Thewes et al, 2010), HER-2 43 3
T EEA AP0 845G 00, AP2a SRl 545 A
W HER-2 193 3145 5 I ik 3 5% i 8O 72
(Hung er al, 2012), #y% ALk S8 N\ FL IR 2H 21
AP2a ik FiH, 35 HER-2 ik 2 IEAHC (Powe ef al,
2009), A, AP2a ZH5FLAME . BERE . TR
I A K s S50 A8 1 B2 (Berlato et al, 2011),

T G ffi (Nibea albiflora)2:—Fh B H 2 L 55
BV K f 25, AE T8 1 2R T VA DX CAn o A
BT Z WG (Liu et al, 2020; Xiang et al, 2020), F+H
BORWIFRFE AR, T JUAF R, B I £ 5% 5 1 52 40 71
B R, AR R B AE TR R A 4 LG
W (Vibrio harveyi)5 | 2 ) “LL 3918 B T ™ 5 I 2257
12k (Xiang et al, 2020; Yin et al, 2018), M4 [CINE
ST PP 2% R TR, ZETREK SR M 5 & T 2 Fh
B PEGIR LR, 2017) R, ASEEE K
A NP B fa AT T N TR SE %, JFXse i fa
TR AT 4 5 DN A o 0 425 4 B A% 1 1R 22 5 1 (SNP)
S FARIC, VABCEE S IE W A7 I R S hiie g i 4
HHEAT 2R A BT (GWAS), S8R IR, Bk
i ST AP2o FEHR AN T2 AL X A H (Luo et al,
2021), SR, HETMICH SRR F Ap2a SRS 560
B SR g ik B A DG 9T B o AT 98 DBl £ v o
VES AP2a JE, 3 A HAr A5 R EAE A SR 25
Jt5E B PCR(RT-qPCR)SAAG I HAE ek e 4 URI s 4
[CINREIRL JE AN R H BRI G O, IFF5E AP20 2R
H A MER, M TEA R ERIS Rk, B
TE I BE A £ A P20 FEPTE B il (0 HIARIA 2 [C O R et
PVER, FFRTRABISR Bt 3L B 5L

1 WS
1.1 SEIe# R

S0y B B G ff4h £7 [(3.28+1.71) g, (4.56%
1.39) cm, 3 ARIHLA fEEA T T S8 KRB A
FRAT . BCEERT, FrA ghfade e <K IE 1,
KRR EAE(27.142.1) 'C, #hFF 30, /KIR 1.0 m.
FAE [ 52 IFIE] (07:00 F1 18:00)17] M 2 Y T8 1) B i #71
e A iR COR ShaK F= R A BR S Al o TORE S50 B FH
A LGOI PR PR R 2 B8 T F AR B, HE S8 KK 2%
B Pz B A7 e

1.2 FERKF

Trans Zol Up Plus RNA kit I§ FIb N4 4
HARFH R Al ; GoScript™ Reverse Transcription
System Protocol 1 T Promega 2 7l ; B JE HiHEEIE DNA
Il g3 7] 6 R TG PN 7 3R R/ i B G ) 0 A
R BERHIF &K A BR/A R ; ClonExpress® 11 One
Step Cloning Kit 1 ChamQ™ Universal SYBR® qPCR
Master Mix 14 [ 5 50 i MERE AR DI RH B0 A PR 7 5
Lipo8000™ %% Yt i 5| . GFP Rabbit Monoclonal
Antibody . R i E ALY BRI L E PR 1gG (H+L) .
DAPI . BeyoColor™ ¥ {f il 4t f& |1 Marker (15~
120 kDa) . SDS-PAGE & 1 L ¥ 2% W (5%) .
BeyoBlue™ % b fiy 5% Wi MRl Y (4% . EGFP HiLik I
GST /&1 BeyoECL Plus b4 & il 5 & 1 1 it
AR REYFARA R A 5 54 07 (FBS)E T Gibeo
Zyw]; PBS (pH=7.4)22 Ml . B8R 1 I AL (0.25%
JBER#E AN 0.02% EDTA)F DMEM High Glucose 14T BI
N AL R Z 10 000 ITU/mL—4%75 % 10 mg/mL)
WG T MP A\ 5 A58 5T 5 | 340 4 T 1140 i 26 P R
FATIRA A A

1.3 HARE

YT, RAEM THLRB PN 6 BIEF Bk
IR E AL (O BIE . FRE . Bk, 88
B M A, 77T RNA -9+, BEJS-80 C
UKFEIRAT . FHT RNA $2HL,

e 24 I R JRR e 2 30 2R FH R T IR e 1) 7 VR R AT
FE—ANERR 4 m? . BN 1.5 m (IR EE Kb,
¥ 8 L AW E B IR (10° CFU/mL)X)2) P& 6 2wk
AW 7R, 5 a2 gl o e o e, 20 PR R e i
FEFFSE 3 h, ZJ5, BT A gh i ) — 0 i
K B K IR 5 TR A T R BRI 5 . 4 BITE
W o FC I R L B i )5 0, 6. 12, 24, 48, 72 Al
96 h REF IS 6 B, RELE . MM, &F
RNA fREE T, BEJSRAFTE-80 CRyvkAR T, HIT
RNA &0, W) Lot /E BG4 36 KK 2B 3
(8 A N S e
1.4 RNA 12BlK ¢DNA HI& R

Fie UL B 5 A2 B8 1 Trans Zol Up Plus RNA kit
XTLHZURE 4T RNA $2 U8 ] GoScript™ Reverse
Transcription System Protocol i % 5 & il cDNA 55
—5&BE, EIhm NS IR B-actin T cDNA & iR
YR
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1.5 HEWE AP2o FFHIFIEIER S EEMEBEHE

AR S 565 25 A 114) B A £ 5 S 4 KA I P AR A
AP0 TP IR RIERE ¥ 51 o M4 ClonExpress® I One
Step Cloning Kit it T BA Xho | F1 EcoR I PRl 1%
DS R SS90 (F 1), PCR Y. 95 °C, 3 min
A 30 DMEI(95 CAEPE 15s, 58 CiBA 158,
72 ‘CHEMH 1 min 30s), 72 CHIEIEM 5 min, 2tk

JG W AP2o 77 W) 43 ) % 4% 3] pEGFP-N1 #H{K I
pGEX-6P-1 ik I (AT E A, IHHAZERIGFT
Wi (Escherichia coli) DH5a ", HTH:~F A i 2 FH 4 v
BEFUEITRI PCR %552, SRJE 6 143 L DR
BIRARMF, H, H4H R pEGFP-N1-AP2a ]
THREYL NENG'E 40 293 T (HEK 293 T) #4702 i 5
fii, pGEX-6P-1-AP20 [Tl T JFA% A4 A .

®1 Eif AP2¢ EETEE. RT-qPCR R AAE CIET ARSI 41551
Tab.1 Primers used for the cloning, RT-qPCR and subcellular localization of AP2a gene in the study
5|4 Primer 5|#)F%1 Primer sequence (5'~3") i Usage
q-AP2a-F GTGTCTTTATCCAAGAACAACAAC RT-qPCR
q-AP20-R GCGTCTCTGCACCTCCGCCACCTG
B-actin-F TTATGAAGGCTATGCCCTGCC
B-actin-R TGAAGGAGTAGCCACGCTCTGT
pEGFP-AP2a-F CTACCGGACTCAGATCTCGAGATGTTAGTGCACAGTTTTTCCG iy 4ijif 2 v/
pEGFP-AP2a-R GTACCGTCGACTGCAGAATTCCTTTCTTGCTTCTCGTCTTTGTC Subcellular localization
pGEX-6P-1-AP2a-F CCCCTGGGATCCCCGGAATTCATGTTAGTGCACAGTTTTTCCG  Jiif 35k

pGEX-6P-1-AP2a-R

GTCACGATGCGGCCGCTCGAGCTTTCTTGCTTCTCGTCTTTGTC

Prokaryotic expression

TE: EcoR I (GAATTC)HI Xho 1 (CTCGAG)I VI i F N R Zebrid:
Note: EcoR I enzyme restriction site (GAATTC) and Xho | enzyme restriction site (CTCGAG) are underlined.

1.6 E£WMERFESH

fifi 1 ExPASy-Translate (https://web.expasy.org/
translate/) % 4 i (1) 2 3L TR P 9 AT HE S 9735 th B9
G5 S B IR TS 4 NCBI 7E4L Blast (https:/
blast.ncbi.nlm.nih.gov/Blast.cgi)-5 H b4 Fh 3k 17 41 {24
P AR SPHKI 3L 12 ¥ 5178 NCBI ¥
e R4S, A ClustalW (https:/www.ebi.ac.
uk/Tools/msa/clustalo/; https://www.ncbi.nlm.nih.gov/)
Xof HHEAT [ Hexd s v it i 5 HAI Rl ) AP20 45
F RS KT UM MEGA v6.06 A KSR 12
(ML)#EA A8 2 2 T A FRAGPE BT, A G 38 4+ o
PRI A5 L o RN 2 SE R 2H i 45 {8 ] ExPASy-ProtParam
(https://web.expasy.org/protparam/) ik 17 /3 A7 (5K i A8 55
2022); HHEPRISEE 155 IRDDFAL SRR R IX
3, 435 Ff SMART (http:// smart.embl-heidelberg.de) .
SignalP (http://www.cbs.dtu. dk/services/SignalP/) i
TMHMM (http://www.cbs.dtu. dk/services/TMHMMY/)
PEATFUI 5 S 20 i 5 A W AE TargetP (http://www.cbs.
dtu.dk/services/TargetP/) #4175 Wi R £k (o7 s, T A
NetPhos (http://www.cbs.dtu. dk/services/NetPhos/) !
#4786 ] SWISS-MODEL (https://swissmodel.expasy.
org/)H tFold (https://drug. ai.tencent.com/console/cn/
tfold)Xf & F 19 = A5 AT, FF454 VMD 1.9.2

(https://www.ks.uiuc.edu/ Research/vmd/vmd-1.9.2) i}
T =T AL
1.7 RT-qPCR

Wit A AP2a RS YEGI Y q-AP20-F F
q-AP20-R, #E#E B-actin (519)°~ B-actin-F/ B-actin-R,
FOANNSIEN, UFEE 80 fi5) cDNA MM IETT
RT-qPCR, fiiJi] StepOne Plus Z¢ & & PCR Y, #%
W62 Ykl ChamQ™ Universal SYBR™ qPCR
Master Mix Ui AT, W AR £ (20 ul): 2x ChamQ
Universal SYBR qPCR Master Mix 10 pL; 1E[H] , S [7]
51445 0.5 uL; cDNA 4% 4 uL; ddH,0 5.0 uL, J2
MAEFF: 95 CHIALE 30 s; 95 CAEPE 10s, 60 Cik
k30 s, 72 CHEM 30s, TEIF 40 WK o) Mk i il
A TEO5C 155, 60 °C 60s, 95°C 155s), HFE
MEE 3 AR E R R 2704 A 45 A SPSS 20.0
H) B[R &K 5 22 4 BT (one-way  ANOVA) K LSD
Multiple Comparison Test 173K 227 EKIKHHT,
P<0.05 NZEF B,

WMpEEF R EGLE AP20 A A E G
Western blot
V5 4 3 B T Y BB 3k kL pEGFP-YdSPHK 1
Lz ARG B 401 293 T (HEK 2937T) 9 #E47 741 fifd

1.8
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FENL, ALY pEGFP-N1 A/E N BA X B8 . HEK 293T
YRR 12 fLAR P 35RO 5 10% FBS Fl 1%
WL DMEM, 5% CO,, 37 CIHIEE; IR 24 h Z )5,
fifi FH Lipo8000™H; YL i M s A145 Y . 4% 24 h )5,
W EE M 3EFT Western blot 48 3iF LG I &k i AP2a
1€ HEK 293T 4ifigh ik, AR . Jo a0 2 i
Srop A, WIS EORES, EARFEREET 12%
SDS-PAGE 47, A5 3| PVDF I L5 W&
F 5% A& H AT TBST 25 hik /e = 18 K B A
JEH 2 h, RIFHERF GFP —HiF B+ 4 Cit;
FH TBST YE% 5 (AR 5 min), B 5 i Bl —
EWEE 2 h, RIS TBST Y% 7 (K 5 min), JE
H BeyoECL Plus fb22 &G &/, F Image
Quant LAS 4000 (GE Healthcare)ff1/®, [Ff}, Fi 4%
1) 22 2% HE T2 361 72 40 9, 0.2% %) Triton X-100 &1L 21 i,
5 1 0.2%1) DAPL #E47 240 Mo A% e 46 o fif AR 280
5% Leica TCS SP8 & %5 (Leica, fH[E)WEL Lk 0 7¢
AR I E M 8 53 A7

1.9 EHf GST-AP20 EAFERIFESFKIEFE

50 B TF B Y 40 R (pGEX-6P-1-AP20) ¥4 1k
E KT BL2I(DE3)H , 7 F 2 W H % % (100 g/mL)
1) LB 53250, 37 “C . 200 r/min #E3% 3535 % ODgoo nm
K 0.6, AT HEE-B-D-HAL LA IPTG) BEA MK E
0.25 mmol/L,37 CHkZLHR % 5557 6 ho R 5 000 r/min
B0 5 min, WEETER. VKA1 T A 24 MmN,

SRIN 1% Triton X-100 FJvK¥& PBS, #8745 [f]
3 10s, [BIFEETEIY 10s, DI A 200 W, HAH HE
WG, 4 CF 15 000 r/min &> 20 min, W4 I
THW (% GST-AP2a fill & # ). A4 35 2xSDS |
FESE IR A, A&k 5 min, 12% SDS-PAGE HBEfiHL
vk, TR AL A AR I KA AT B BL21 SEF 7 X B

KSR, 1 0.025%% Dilse i R250 #E47 i
g2, [ m, X% 4k pGEX-6P-1 =5 #% 1K Ay & A
pGEX-6P-1-AP20 FE 4 ZAAR 1 R #E4T SDS-PAGE HEL K53
2, W52 PVDF i, FIH GST #itiAiE1T Western blot
K DL 3530E AP2a 5 3215 , Western Blot B /7757 1.8,

2 4R

HihE AP2qa BEEF 54517

AP-2a FENTERE N F i 7 MR A E 1),
ARG v BB AP2a ()3 PRI 1) 132 4E (ORF) 4
1275 bp, it 424 DR FEFR(E 3). FAFFIZE A
FIFEIE > T 46.43 kDa, FEIE%EHL 5 (p) N 8.57,
AR AP2a FH LS AP20 8 HF R ILA
ZERZEML, 7E N uih SRR 25 s, R o
DAL Je AR C i BEORSF Y helix-span-helix &
JF (I 2). SignalP-5.0 Server Hiill # &l 4 AP2a A& 15
S K NCBI 2 RSP E5 A5 50 700 i , B fkith AP2a
B E ) AP2o GRS AL T 197~392 aa,
U AP20 B H B = REE TN an P 4 s

2.1

[ | [} | | | | 1 | ] | |
TFAP2A 34 5
R T l I
\ > e} o> A o\ Q D o o5
9'\0’(\9@6 qq%b:q% Q\‘%"Q\ Q@%"Q Qg‘\gg‘\b Q@\Q@g’ @2«”%
NN NN PV P P P Y
B 1 Bt AP2a fYFEIN 425K
Fig.1 Genome structure of AP2a in N. albiflora
P/Q-rich Basic Helix-spap—helix ..
o Basie i 22 AP2a SEBRIEIAN RGH LR
H,N N N
: M oo Yot AP2a O EIERRITS) S I 16 4L
oot BRI AP2a Y ZEEIR TS LU XIS, & B 5 HA,
o — ¥ BRI AP2a 109 BRI FIRAEGE S0%LA I
Transactivation Dimerization (3 2), EAERER R, HEihf AP2o0 HHSFET
DNA binding £ 8 faFl(Sciaenidae) i K 8 i1 (Larimichthys crocea)

K2 it AP-20 KR FZ5H 0BT
Fig.2 Protein structures analysis of AP2a in N. albiflora

A R JEME Bk 100%., el s gLk, SIS
W& AR R, ST e AP2a 25 H AV A LR FF
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atg tta gtg cac agt ttt tcc geg atg gac cgt cac gac gga acc agc aat ggg aca geec 60

AMDRHDGTNGTAZO

agg cta cct cag ctg ggc ggc gtg ggc cag agt ccc tac acg agc gcc cct 120
R L P Q L G G V G Q s P Y T S A P 40
cac aca ccg aac tcg gac ttc cag ccc ccc tac ttc ccc ccg ccc tac cag 180

ccg cag tct cag gac cct tac tcg cac gtc aac gac ccg tac tcc ctc aac tce ctg cac 240

gce cag ccg cag ccg cag cac ccg gga tgg ©cg ggc cag agg cag ggt cag gag age gge 300
A Q P Q P Q H P G W P G Q R © G Q E s G 100
ctg ctg cac cag cac cgc agc ctg ccc cac cag ctg tgc cgg gag tac cgc agg gaa gtg 360
L L H Q H R S§ L P H Q@ L C R E Y R R E V 120
ctc cta ccg tce gge cac gge atc gat acg gga ctg tcg gac tct atc cct atc cat gga 420
L L P S G H 66 I D T G L S D s I P I H G 140
ata cct cac tct tta gaa gac gtt cag cct gtt gag gag caa gga att cac att ccc gac 480

IPHELEDVQPVEEQGIHIPDIGO

cag gta att aaa aaa ggt cca gtg tct tta tcc aag aac aac aac atc tcc gec atc 540
Q v I K K G P v [:] L S K N N N I S A I 180
cce aat aag gac ggt ctt ttc gga ggg gtg gta aac ccc aac gag gtg ttc tge tca 600

P vV N XK D G L F G G V VvV N P N E V F € 8§ 200
gtt ccg ggt cgc ctg tcc ctc ctc agec tcc aca tca aag tac aag gtc acg gtg gcg gag 660
v P G R L S L L 8 E T S K Y K Vv T Vv a E 220
gtg cag aga cgc ctc tcg ccg ccc gag tgc ctg aac gec tcg ctg ctg gge ggg gta ctg 720
V Q@ R R L E P P E €C L N A S8 L L 6 G V L 240
agg agg gcc aag tct aag aat gga gga aga tcc tta agg gag aag ctg gat aaa atc gge 780
R R A K [:] K N G G R [:] L R E K L D K I G 260
ttg aat cta cct gcg ggc aga cgc aag gca gcec aac gtc acc ttg ctg acg tca cta gtc 840
L N L P A G R R K A A N v T L L T [:] L v 280
gaa ggc gag gcg gta cat ctt gec agg gat ttt ggt tat gta tgce gag acc gag ttt cca 900
E G E A V H L A R D F 6 Y Vv c¢c E T E F P 300
gcec aag gca gta gct gaa tat gta aac cgt cag cat tcc gac cca aac gaa caa gtc caa 960
A K A v A E Y v N R Q H [::] D P N E Q v Q 320
aga aaa aac atg cta ttg gcc acg aag caa gtc tgc aaa gag ttc aca gac ctg ctg tce 1020
R K N M L L A E K Q Vv €C K E F T D L L E 340
cag gac cgc tca ccg ctg gga aac tca c©gg ccg cag ccc att ctt gaa ccg gga atc cag 1080
Q Db R S P L G N S R P Q P I L E P G I @ 360
agc tgt ttg acc cac ttc agt cta atc tcg cat ggt ttc ggg acc ccg geg ctg tge geg 1140
s ¢ L T H F S L I S H G F G T P A L Cc A 380
gce gtc acg gec ctg cag aac tat ctg acc gag gect atc aaa gecc atg gac aaa atg tac 1200
A VvV T A L Q@ N Y L T E A I X A M D XK M Y 400
ctc aac aac aac ccc aac agt cac tca gat aac ggc act aaa ggc gga gac aaa gac gag 1260
L N N N P N |I|I H s D N G III
aag cac aga aag tga 1275
K H R K = 424

Kl 3 Ellifh AP2a JT B BEHE (ORF)FF 41 FlFUIN 14 2 SR P 41

Fig.3 Predicted amino acid sequence and the ORF sequence of AP2a gene

R T LA 3 T IR o AP20 8 S PR 25 R S8 FH I (B 2 58 7 o SR (B HE 7S 22 R (Ser) R AL 10145,
W OHER R TR Z R (Thr) MR AL 1, B HER S I 2 MR (Tyn) B RR AL (045
The start codon and the stop codon are shown in bold. The AP2a superfamily conserved domain is highlighted with a grey shadow.
The green boxes indicate serine (Ser) phosphorylation sites, the blue boxes indicate threonine (Thr) phosphorylation sites, and yellow
boxes indicate tyrosine (Tyr) phosphorylation sites.

K 6 G D ¥ D E 420
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Bl 4 it AP2a K 1 =451
Fig.4 Tertiary structure of AP2a from N. albiflora

R2 AP0 REREHUMKEFIIZE LT

AR S BB

Tab.2 Amino acid sequences used in multiple sequence
alignment and phylogenetic analysis of AP-2a

Yy fh AHALLE GenBank
Species Identity/% Accession No.

kit Nibea albiflora 100.00
KEH 100.00 XP_010734454.1
Larimichthys crocea -
43k Sparus aurata 99.53 XP_030254741.1

o 7 T
AR 98.82 XP_033494531.1
Epinephelus lanceolatus -

H AT Oryzias latipes  98.11 XP_004081017.1
NAN ﬁEl
A 97.88  XP_008305748.1
Cynoglossus semilaevis -

A
S 97.83 XP 035475313.1
Scophthalmus maximus
M A
kT o 97.41  XP_024135759.1
Oryzias melastigma -
DR Tk 96.93 XP_034999004.1
Hippoglossus stenolepis -
o1 458 45 Ty fi
LR AT b 96.63 XP_003967954.1
Takifugu rubripes -
e

RERE 96.14  XP_035612558.1
Oncorhynchus keta -
4:f8 Carassius auratus 95.29 XP_026056606.1
BE Ly Danio rerio 95.06 NP _001306088.1
¥ % B Rattus norvegicus  86.81 NP _001100815.1
/N Mus musculus 86.52 XP_006516965.1
BRI Cygnus atratus 86.05 XP_035416161.1
N Homo sapiens 85.82 NP_001358995.1
KLy Equus caballus 84.95 XP_023480207.1
I T 84.87  NP_001032335.1
Xenopus tropicalis -
KX Gallus gallus 84.63 NP _990425.1

ST Z X, GERANE S BN, &Y% AP2a
1Y 3 AT B B 45 A SR X A T

ARG TSR WoR, Bt AP20 7E L E
R H5HMMAERN—I; WFLIE . DI
H R A —3 (K 6).

23 EWHE AP2a BYAR
B RMEHRRIEETL

WK 7TA Fios, M0 AP2e B DR AR BRI )
W) 9 MHAEAYE (K. IF. OBE . 8] EIE.
o B RN B A R, BT iRk,
BEERRAL P FRAEEA B EES, Kb, 720
ORI T SRR R, LU IR L O BERI R B,
B v 58 B AR A1

M RO A RIS, B sk B . I
JH I H ) AP2a 52K Y mRNA 235 7K V- [ 25 1 7] 1) ZE
K 2 IAS [E] i AR b B BB 7B) . AFE, RS
AP2a Fik AR K, WS 12 h PG L, 7 24 h
KB E KT, RICEERTY 39 £5%(P<0.05), L5 2
TREEILFERTAY 9.5 £%(48 h)~2.1 £%(96 h) (P<0.05),
L, WS 48 h LIREIERT 3.5 £5(P<0.05),
HAE ) S A R SR 2R A B MR,
WE G 6 h JG AP2a MRIB LA, 12 h 53] &g,
HILTERTNY 3.4 6%, 24 h K %= 6 h /KT, 48 h )5
TR AT R RTKF o

2.4 Eihf AP20 WILLRBETE i

Western blot ¢ B pPEGFP-AP20 % 4 7E HEK 293T
AP s s, £E 70 kDa DL b B35 B
[ 2 H 4571 (AP0 85 FH TN K /Nl 46.43 kDa, EGFP
HEB RN 26 kDa), 552 R/N—Z (K 8A).
AP2a H A0 E 7 25 3 7R, pEGFP-AP20 4R
FIATE 4 A% b 43 A, Tt R pEGFP-NT 78 2l i 4%
KA B B XA 43 A1 (6] 8B

25 Eih@ AP2ef S EBRZIFESRIAF Western
blot 3% iiF

W E A F b pGEX-6P-1-AP2a Ak KM 14
BL21 (DE3), £ IPTG 5% /5 7E 70 kDa DL HBL—4%
ew B N E A&, MAERBHEIAK pGEX-6P-1 7
FHARES LEH RSSO P S E AN I
W, AR R/NS AP-20 5 1(46.43 kDa) N 5 Hifh &
f9 GST & [ 943 75 (26 kDa)Z FUARSAF, 156 B 1 2 P
AR BHIR pGEX-6P-1 J51E KA E P3RS T &
RARIR o PR, O S IR IR A

L TE R AR 4ERNE
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’yDzanio reprio » Q: FQPPYFPPP XPPXY
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Fig.5 Multiple sequence alignment of AP2a in N. albiflora
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—
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K6 AREYFN AP20 ZIERRIT S ML 250K & HEALR
Fig.6 Phylogenetic tree based on Maximum-Likelihood (ML) method of AP2a protein in different species

7 AN ET R Bootstrap A6 50 i H A BURE 1000 YR A A JRAE s AR (0.02) 0 Fast 4 i 5
BT AP2a T SEIR P 51 GenBank %535 {5 B UL 2.
The numbers at the nodes indicate the bootstrap confidence values of 1 000 replicates; The scale bar (0.02) indicates the genetic
distance; The GenBank accession numbers of amino acid sequences used are listed in Tab.2.



%53 AR MO SR TR 1 AP2a (1 L REFIARAE S5 BT 111

60} n=6%=SE
L

[0 3k ' Head_kidney
W JTAE Liver
[ JEAE Spleen

40

201

X mRNAFRIAKT
Relative mRNA expression level
N
ST mRNAZ A&
Relative mRNA expression level

S S DS S > 0 6 12 24 48 72 9%
‘%&% SRR & tp& & Q\o Q,\°° S 4 R o BURERT ] /5 Time post challenging/h
F&E % Rl

#H#H Tissue

Bl 7 St AP2a S 2R DG B 4 TN B T a3k L TR A AE Hh = ik i A2 Ak
Fig.7 Expression profiles of 4P2a in tissues and the relative mRNA expressions in head-kidney,
liver and spleen post V. harveyi challenging

A: AP2o TRARFRE M RE H ZUP U AHXT RIA = B: MZERINA RS AP2a BERY mRNA 76K . JFEE ARG
HAVP AR Rk it . *RORHLULRR B 5 HABH U Lk 3 B K, 3 RoRHEUL R R A i 5 HABZHZUR L
KB KT R TFRERIR AP20 SEHTEA I SURGA RAF AR L E T2 5
A: Tissue profiles of AP2a expression in healthy yellow drum; B: Relative mRNA expressions of 4P2a in head-kidney, liver and
spleen after V. harveyi infection. * means that the gene expression level of the tissue has reached a significant level compared
with other tissues, and ** means that the gene expression level of the tissue has reached a high significant level compared with
other tissues. Different letters represent the significant difference of the AP2a gene expression among these tissues.
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Fig.8 The subcellular localization of AP2a

A: Western blot 7] EGFP-AP2a & [1(72.43 kDa)5 %} 8 EGFP(26 kDa);
B: LA 0 BN MEE R EGFP-AP20 25 [ 7E HEK 293T 41 it v & {37 T 40 i 4%

A: Western blot of EGFP-AP2a protein (72.43 kDa) compared with control EGFP (26 kDa); B: Subcellular localization of
EGFP-AP2a protein in HEK 293T cells was found in cytoplasm observed under the confocal fluorescence microscopy

SDS-PAGE 43 #7 (&l 9A).,Western blot &7~ , pGEX-6P- K/INHK 46.43 kDa, GST & H K /NHA 26 kDa), 5
1-AP20 #5 1 7F HEK 293T 4 it th s B 23k, 76 70 kDa  HSLPR R/h—%0(72.43 kDa) (K 9B), FKHIFRED
DL b B — 253 F B I B9 R 1 A5 (AP2ac 1 S GST-AP20 il 75 8 [ 7E WA LR il 23k
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Fig.9 Expression analysis of the recombinant AP2a fusion protein by SDS-PAGE (A) and verification by Western blot (B)
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FENERVN P B SRR FIE B AP2 &
W AP2a., AP2B. AP2y. AP25 il AP2e 4%, 7&
T8 rPAEAE AP20. AP2B. AP2y Fil AP2¢ fi4 1 2 [
JRIEA . AP2a K BEH, 8% L T RIAIE 84
GC FEEE M DNA T L, FetEm s &k,
S 5EMENYAERK KT . MG T
B g8 S N AR AR A (R 55, 2011), B4 AP2a
EAH 7 AR TR, XSHrAWRL Y AP2
H¥H 7 AR TS —E . AP20 FE M FFE W5
I 3 AMRSFIES R, 7E N Bi(HN) 2 S IR
MR FN A4S 2 ke (P/Q-rich domain) ) iz i I 45+ 3k,
HJFE— AP AL HY K AE C Ui(COOH) & FE -~
1) helix-span-helix 57, 75454 DNA I
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FILG 7 HR AT AA T 8 5 R0 A4 L AT AR 1 — S 3L
4 H 11k (Pirone et al, 2019),
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A B LIS T AR AN AP20 R Y2
BRI T RGIERT, a5 R 5L 50 53252
IR 3, Wl AP2a 5 HABMAEN AP2a BN
—37, DANHFL2E | SR A B e B H A
Pl AP20 45 BB —A0r 3. Al ime, ik
AP2a 5K AP2a JP A [RIURPE 3k 100%, 75503

Hpr b, Kigfa S5 aRERE T e Ak,

KRG, AP2a TEFMMMLSHL, SRE )
TR, XS IERAE N R T 5% R 5k
2 —3(Pirone et al, 2019; Guo et al, 2016), Ui
AP2a Z 5T 2R, I REEZEEM.
Z R M YE IR LIS, Ap2a FEDITE B I fr sk 5
JEREAGNE 3 Fp B2 E R RA R B L
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FHEBISRERTH 39 %, R AP2a BN S5 T 4
0 HCAE R AE IS A B e i B o AR /N BRI
AP2a N, WS | s . BRI A A IR
G TE B 32 21 5% W I & 8 B JE #2587 (Sulkala et al,
2002), Ui AP2a S 5EYRIE . K E FEM A M
B o FEAZE T Rl FOE BURAR G, 727 AP2a
i 55 4 JE B F i 20 (matrix metalloproteinase-20,
Mmp-20)3E H (1 )5 sh F AT 855 A EAEH,
MMP-20 RIXAKF-, F 47 RIB R4 8 E A
fifg MMP-20 3= 2 7F pfh 40 53 D6 3 2 ot i o 2 1 5
Wi, Mmp-20 35 sh T X &H AP2a 45 G005,
AP2a 7] LI 33455 3 Mmp-20 5 81 X 0k 5%
M Mmp-20 5 PH 1) 5% 5K F-, DN SE iRl B i 1
BN B 2R, Y AP2o FEIN Y siRNA 5,
I Mmp-20 mRNA BYFIKKF 83 I8 GRS,
2012),

TERG I A G P, AP20 i Ei#E 5 DNA H
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V& Dnmt3a W335 , IR AR 7 40 i BA7 53 fefe g,
5 200 P 38 3 A A ) B B (C) e A At B S .
AP2a F5 521 siRNA AbFRAT G 5 240 A6, 23060 /i ig b
MLk AL, ¥ AP2a 3R R AR 2 5 B0l 5 A4
Wz, 1 Dnmt3a Wi FRIAREE—E R I Rux
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c¢DNA Cloning and Characterization of Transcription Factor
Activating Protein AP2a from Yellow Drum, Nibea albiflora

LI Jiacheng, GOU Tao, XIAO Yao, LUO Shuai, WU Baolan, WANG Zhiyong, HAN Fang"

(Fisheries College, Jimei University, Fujian Provincial Key Laboratory of Marine Fishery Resources and Eco-environment, Key
Laboratory of Healthy Mariculure for the East China Sea, Ministry of Agriculture and Rural Affairs, Xiamen 361021, China)

Abstract The transcription factor activating protein 2o (AP2a) is a nuclear transcription factor that
specifically binds to DNA and is involved in the regulation of animal embryonic development, cell
growth, apoptosis, tumorigenesis, immunity, and other biological processes. In our previous study, the
transcription factor AP2a was discovered as a key disease-resistance candidate gene in the yellow drum,
Nibea albiflora, in response to a Vibrio harveyi infection through genome-wide association analysis. In
the present study, the 4P2a gene, which encodes a protein of 424 amino acids, was cloned from a yellow
drum. The N-terminal is a trans-activation domain rich in proline and glutamine (P/Q-rich domain), and
the middle is a central basic structure (central basic region), which is a highly conserved helix-span-helix
motif responsible for DNA binding and protein dimerization. Multiple alignments of amino acid
sequences showed that AP2a was highly conserved, with a homology of more than 84.63% among the
detected fish, amphibians, birds, and mammals. Quantitative RT-PCR demonstrated that AP2a was widely
distributed in the nine tested tissues, with the highest expression in the blood. Moreover, its transcription
was significantly activated in the liver, spleen, and head kidney by V. harveyi infection, especially in the
liver wherein the transcript level of AP2a reached a peak at 24 h post infection. Subcellular localization
by constructing the recombinant eukaryotic expression plasmid pGEFP-AP2a and transfection into
HEK293T cells revealed that AP2a was localized in the nucleus. In addition, the soluble GST-AP2a
fusion protein was expressed in Escherichia coli BL21. These results demonstrate that AP2a plays an
important role in the immune response against V. harveyi in N. albiflora. We provide new insights into the
role of AP20 in the innate immunity of teleost fishes and provide a basis for studies on immune
mechanisms and disease-resistant breeding in N. albiflora and other marine fish.

Key words Nibea albiflora; Transcription factor activating protein 2a; Vibrio harveyi; Real-time
quantitative PCR; Subcellular localization; Protein expression
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