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WE WX E G B (4k)7E ¥ K T & (Sebastes schlegelii) N 2 40 T M8 1 72 P 0y 16, A HT
55 8Ll PCR AR At i [k - B Ake 3= B (SsAkt) th 47 75 X 7 5 4T T 56 e Fn e AE A, 3F B2 JF 52 8750 o8
FE & PCR AN T & R vr KT b & 4 S M40 2t Jg B U5, fif fe BFJE # Ssdkr mRNA By & 3K
M, ERE R, Ssdkt W ASAEORP) K E N 1440bp, 4# 479 MEILE, HAHLEAH
AXT 4T RE K 55.80 kDa, b4 & (pI) A 5.64, SMART 447 78, SsAkt & 54 H 22 88/ 7
AR A RIRW 3 MR T &AM A 2 DB UL R . FIUR A A I, SsAkt 5 # K #y[H
FRMRE, 5 R% % (Lates calcarifer) AV E &5, N 99.37%. A LKA E =, Ssdkt £ K
FhnfE A AR, B, A, A, GAE. B, 7. RS AE)FHA RS, EEE.
WP WA RE ER S, FRPENAE RN RAERE T, BEMIRE Micrococcus luteus)
B a, SsAkt £ 3 FPARFAERANE L, BER AR THREZESE; 8IE(Vibrio anguillarum)
B%)a, SsAkt £ 3 AL T EIA B REES . £E Y, Ssdkt hRFAH N E EFAE TR
FAFTR, MALF AN RASEE N E AT TR, U EFRKA, Ssdke "o T SMIFEM
A A R T 0 e, ZEAR AN IR A A A ek A AR REE EAE A, R R G R A K S
W R ENIERTE R T EAl,

KA Y RFEh; K AMEE B; Ak, HEE T KA AE
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fa e, VR Il B o BB H B0 R SRR
A L FRFE Rl BB FRGE P AR, FRAE
WEBAA KA, DHEMEEREZ, s 4E [N
(Vibrio harveyi) (Z=¥4F, 2021). 8 58 & (Vibrio
anguillarum) (Mohamad et al, 2019), 3& A\ & YeFT i
(Photobacterium damselae subsp. damselae) (Takahashi
et al, 2008)7F , X 8L U R YL 2% T B R Bk 5t
Y . WERFEINL, FUE ST R REIET:, MR
SR, U2 TV DT il 7R G 7l ) B R
J'& o TR 5 B o FHLRIBE G, W] LA A
M A TR AL KT 470 48 T B (9 R LR, Xoh 3/ DG fil 240
RPN B iR B2 L

5 [ B (protein kinase B, PKB), X #% Akt &
M, s — 22 2R (Ser) 8¢ 75 2 MR (Thr) 4 HEE , & &
3 o BRI Ak AL 1 BT AT 1R 5% 2 (Koul er al,
2006; Jones et al, 1991), & H E MG SH S0 F,
TEANMLAETE . ANBACISE . B syada . g B
TREWTAH . WG % 5 55 2 Bl AR W Rt vh & 4 B A
(ZEAEEE, 2004), TEALAY Akt 7] LLE i w4 AE
Tl T8 1 Bad. GSK-3. Caspase9 .
FoxO1. NF-KB Hl mTOR %5, 3 118 55 4 il (1% 14 52
I3k T R B SR R (R P EAE, 20145 X ZRMESE,
2013), HET, A RK= AW Akt K 05T T2 4L T
TE 20 A7 3% A BB 7 T, 41 Zhou 55(2020)%f /K
#(Daphnia pulex) Akt FEPRIACIR )G &I, L A
AR ST WAL X AE (2020005 KB, PidZ
(Apostichopus japonicus) Akt FEDR /)55 5 321K K1
Z B I (Vibrio splendidus) &3 J 3 5 B 3% T
P W 4 2021) f 1A% e PR BB IR BERG BE (ISKNV)
12 YL (Siniperca chuatsi), KIN ScAke2 FEikn]
ISKNV AR5, X B i S . B 58 HA Ml AE ] .
XECHFFERI], ke B AT REAE /K A S0 090 I Bk i
PR R R TR MRERER(2021)FI 40 2 H AR
VI LGP fiftog k4 8 i 48 TSR PSW e 1 1 G- firh
IOy 225 R PR3 TR P 5 SR 2H 50 BT, R Al S DV
SN ol 2ok A8 rp A fe i 22 S R . R, WO OQIF
ICF-filt Ake DK (SsAke) 7 51 e fiE AV 114519 5 g
WFFE R HE .

ARWFFEERET R e s 485, N PCR AR 3E
B SsAkt FER RS X FF 51, XFHF S RHAEHTT A )
FESET, JER SR E B PCR (RT-gPCR)
BRI H mRNA 7o HEVE ECP i 25 2 2R i iz 248
B I I FRIB R, BRI SsAke TEVF [P i1
VAR TR A A R b A AR T, S DT fil S22 4L 3
TR P AL R A B .

1 #RE5FE
1.1 LM

ARARRE L I 1 RAFRVE Il 192 &, 1R
KM (18.25+0.52) cm, 1AHE H4(41.83£3.57) g, 4TIl
R Z U R A R F 38 2 IR AR IR R R
SR AT S0 SR R FE T 15~17 CifgK
7 d 5 FHTS08 . BEHLEE 12 Bah Ak, RIS 2
BN . B8 RFAE . LA . CEFRE L RRDE. B . Bl
FLGREA L, WA R G IR AT —80 “C kA %5 11 -
180 Bahtabtibl ol 3 4, R 3 A FAT, BAPAT
20 FE5 3 S a4y il R T AT 100 L T B ek v
(Micrococcus luteus) (0.5x10° CFU/mL) . #8 3 B
(0.5%10° CFU/mL) R R 2% th R T (PBS), 43 BITE 0.
6. 12, 24, 48, 72 F196 h vEHL 6 BAMA, BREE)E R
SERFIE . IR B AL 2, R R R PR A T80 C
UG RIS

1.2 2 RNA HJREUK cDNA HI& R

K HT Trizol IEAR MU/ G-V 6l 4 2 21 B RNA,
3T 1.0%Z50 A5 R it FL K AT NanoDrop OneC A o i
S EHEE T (Thermo, € FENK I RNA 52 3P FIik
JE A B RNA fRAF T80 CukAi & M. T
SsAkt BN F TLFER) cDNA %] TransScript®
First-Strand ¢cDNA Synthesis SuperMix 5| & & i,
JCWARZR (20 uL): 1 pL Oligo dT Primer, 10 pL 2x ES
Reaction Mix, 1 pL EasyScript® RT/RI, 1 pL &4
RNA, 7 pL RNase-free H,0; /T : 42 C 15 min;
85 ‘CHI# 5 s 251 EasyScript*RT/RI, &85 cDNA
=20 CHM MRS . ATHOLE RS cDNA
i Fi§ PrimeScript'™ RT Reagent Kit with gDNA Eraser
(TaKaRa)& i, SWARZR N 20 pL: WG NAKZR K
2 uL 5xgDNA Eraser Buffer, 1 pL gDNA Eraser. 1 uL
Total RNA #l 6 uL RNase-free H,O, 42 ‘CJZ /i 2 min;
JETER NP HIR AN 1 pL PrimeScript RT Enzyme
Mix I .1 uL RT PrimerMix . 4 uL 5xPrimeScript Buffer
2 il 4 pL RNase-free H,O, 37 C 15min, 85 °C 55,
SIFE Gty 4 CORAE

1.3 SsAkt EE# 0 F 5 BT E

R 4 AR S 56 2 4 8 A 14 EG P fuh 5 Sy 4 00 7
BASE, WX ARE Ssdke B9FIES), i Primer
Premier 5.0 B{FEIH5 I 1), LISk B Y cDNA h
IR, #5147 PCR 3744, RHL Ssdke FEH ) ORF, PCR
{RZ A 25 uL: 1 uL cDNA B, IE S W 519145 0.5 uL,
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2xTransStart” FastPfu Fly PCR SuperMix 12.5 uL,
ddH,0 #ME ] 25 pL, PCR ¥ 345544 : 94 ‘CAE 1 5 min;
94 ‘CAME 305,60 ‘CiE k 305,72 CHEff 2 min,35 4>
PEER; 72 CHEMf 10 min; 4 CHEAF. P IE5ERG, i
Ik B B e L DK A I 3 2ty K /NS B B
— B P14 47 TaKaRa MiniBEST AgaroseGel
DNA Extraction Kit V4.0 (TaKaRa, E)VIBERI, Ff
[ =453 pEASY-El #ik(&eRX 4, dbr))aE, ¥
L3 Trans-T1 JRZ S MI (24, Jead)d, AT
P LB MRS SRR TR 1 h R PGS AN &
%), 37 Cab 35, PR 8 A PRk FoREy KI5 5%,
PCR S EG5 4% 5 # 7 W)ik A TAY) TR () Iy
A B2 w80 S &= Y .

14 HHEEEDHT

fifi i NCBI ORF Finder (https://www.ncbi.nlm.nih.
gov/orffinder/ )i & SsAkt BT AL B EAE, i NCBI
Blastx F£ J¥ (https://blast.ncbi.nlm.nih.gov/Blast.cg) i
TTIRIE 438, 48 F ExPASy #2 ¥ (http://web.expasy.org/
compute_pi/) T H AR X3 S FELS S T,
SMART #¢/4: (http://smart.embl-heidelberg.de/) il ill] %
FERRZEFY DI RESS 1K, £ ] DNAMAN X [m] 5 25 1
HATZ P H X, I MEGA 7.0 {4 LL4B 457k

(neighbor-joining) 4 & R iU, FIH Phyre2 £
P A H R L (Kelley er al, 2015)5 F JH]
SWISS-MODEL % 4 (https://swissmodel.expasy.org/)
T = K54, R pyMOL 34 .

1.5 ELHEEHE= PCR

MY SsAkt FeH W% .0 7 %), {# ] Primer Premier
5.0 MBI — X E R R MY Ssdkt-RT-F1
M SsAkt-RT-R1 F-F RT-qPCR 4l ; DA [G-F- fill
f-actin NS FEH (F 1), f#i ] TB Green™ Premix Ex
Tag™ (TaKaRa, H1[E)KXFIFI LightCycler® 480 Il Real
Time instrument (Roche, Fi+)#47 RT-qPCR, %>
cDNA HEi i E 3 MEARER . KWAKRR N 20 pL:
10 uL 2x TB Green Premix Ex Tag, 7.2 uL RNase-free
H,0, 0.4 uL IE[ 5[ #H1 0.4 uL S 17514, 2 uL cDNA
bR, RWARRFE: 95°C 30s; 95°C 55, 60°C 30s,
40 MEF, 95 °C 55360 °C 1 min; 95°C, 50 C 305,
PSS B8 R AR A CT (27228 Ssdke H: N
mRNA XA, TS50 45 SR 35 UV 4 E bR o
#(Mean+SD)F/k, ffi Hl SPSS 17.0 #F b4 BN £
77 253 i (one-way ANOVA), i%5E P<0.05 J2Z 5 i
#, P<0.01 F25W %, ffH Origin Pro 8.0 #ff
Xif R w4 RAE

&1 SsAkt EETEREY 15

Tab.l Amplification primers used for cloning SsAkt genes

5|4 Primer 5|4 ¥ %1 Primer sequence (5'~3") ¥ 4% HAr Amplification target 7= K/ Product size/bp

SsAkt-F1 ATGAGCGATGTCACCATCGTTAGA  #%::J¥ 51 Core sequence 1 440
SsAkt-R1 TCATTCCCGGCCGCTGG #0731 Core sequence

SsAkt-RT-F1 GCTTCTTCTCTGGCGTTGACTGG RT-qPCR 144
SsAkt-RT-R1 TCTCTGGTGGAGTGATCGTGATGG RT-qPCR

p-actin-F GCATCACACCTTCTACAATGAGC RT-qPCR 180
p-actin-R GCTCATAGCTCTTCTCCAGGG RT-qPCR

T7 promoter TAATACGACTCACTATAGGG FEH A KUE Verifying the genomic 1 647

T7 terminator ~ GCTAGTTATTGCTCAGCGG FE R 4 5531F Verifying the genomic

(S_TK_X)Z5H18(406~475 aa) (F 2), 1R5FHYE IR

2 EREHM

2.1 SsAkt BEREZOGFIIREER SEBF IS

SsAkt FEPH B FF %) BEAE(ORF) K B R 1 440 bp,
Hifih 479 IR, H AN F il 55.80 kDa,
T4 5 (pDA 5.64 (K 1), 25 4544 38 100
SRR, SsAkt M 3 MRS L. PH 45
FIER(6~109 aa), 22 &R /7 & R & F I #1L (S_TKc)
45 14 5 (148~405 aa), 222 PR /70 2 B8 Y & 1 ¥ g

LA BAE S_TKe g5ty kb DL R S_TK_X 45
PSR A AR 3 . The'™ Fil Ser?”?,

BT R T 25 R R, SsAkt B a-12iE
0 B-HT L e T™M B2 2H (81 3), Herh & A 31%01Y
a- SR HERN 19%F0 B-Hr & K 3%H) T™ 2, HAvh
JPE5 o TR R EEA T B B Y = 4k 25 R AR R R
SsAkt SHALYI RN Akt B = ZE S5 HAT S S AU,
5% N(Homo sapiens) Akt 25 [ (Swiss-model £ 45 :
6hhg. 1. A —EPE s, o 81.18% (&1 4),
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1 M SDVTTIVRESGWILAQEKT®RGETYTI KNTWRTPTR R
1 ATGAGCGATGTCACCATCGTTAGAGAGGGATGGCTCCAGAAACGGGGTGAATATATAAAGAACTGGCGGCCGCGT

26 Y F L L KTODGSFTIGYKETZ KT P QDADTILTPYTP

76 TACTTCCTGTTGAAGACAGACGGCTCCTTCATCGGCTACAAAGAGAAACCTCAGGACGCCGACCTGCCCTACCCC

51 LN NF S VA KCQLMZEKTTET RTPIEKPNTT FTTR
151 CTAAATAACTTCTCTGTAGCAAAATGTCAGCTGATGAAGACGGAGAGGCCGAAGCCAAACACCTTCATCATACGC

76 C L Q W T TV IERTTE FHVDSPDETRTDEWTE
226 TGCCTCCAGTGGACCACCGTCATCGAGAGGACCTTCCACGTGGACTCGCCTGACGAGAGAGATGAGTGGACAGAG
101 AT Q M VADI KL QR QETEETRTIQSSPTSNI
301 GCCATCCAGATGGTGGCTGACAAGCTGCAGAGACAAGAGGAGGAGAGGATTCAGAGCAGCCCCACCTCCAACATC
126 D NMV EEEMDTI STTHUHZ KT RI KTMMSTDFEDY
376 GACAACATGGTCGAGGAAGAGATGGACATCTCCACCACACACCACAAACGCAAGACAATGAGCGACTTTGACTAC
151 L K LLGZKGTTFGI KV ILVIRETZ KA ASTGTZ KTYVYA
451 CTGAAGCTGCTGGGAAAGGGAACATTCGGGAAGGTAATTCTTGTCCGAGAAAAGGCCAGCGGGAAATACTACGCC
176 M K I L K K E V I I AKDEVAHTTLTES ST RVL
526 ATGAAAATCCTTAAAAAAGAAGTCATCATAGCCAAGGATGAGGTGGCTCACACACTCACAGAGAGCAGAGTGCTG
201l K NTRHPFLTS SULI KYS ST FAQTI KDT RTLTE CTFUVM
601 AAAAACACCAGACACCCCTTTCTCACTTCATTGAAGTATTCATTCCAGACTAAAGACCGCCTCTGTTTCGTCATG
26 EYVNGGETLTFTFHLSI RET RV FSEETRTRF
676 GAGTATGTGAATGGAGGAGAGCTGTTTTTCCATTTGTCCAGAGAGCGGGTGTTCTCAGAGGAGCGCACGCGCTTC
251 Y G A EI VS ALDYT LHS S AKTIVYRUDTULIKTLE
751 TACGGCGCCGAGATCGTCTCGGCACTCGACTACCTGCATTCAGCCAAGATTGTGTACCGGGACCTCAAGTTAGAA
276 NL M LD KDGHTIZ KTITUDTFGTLT CIKTEGTITTDA
826 AACCTGATGCTGGATAAAGACGGCCACATCAAAATCACTGATTTCGGCCTCTGCAAGGAGGGCATCACAGACGCT
300 AT M K iIIF C G TPEYULAPEVLETDNIDYGR
901 GCTACCATGAAGACTTTCTGTGGCACGCCCGAGTACCTCGCACCTGAGGTCCTGGAGGACAACGACTACGGTCGG
36 AV DWW GL GV YV TYEMMCGRILUZPTFYNA QD
976 GCGGTGGACTGGTGGGGTTTGGGCGTGGTGACGTACGAGATGATGTGCGGCCGACTGCCGTTCTACAACCAGGAC
31 H E X L F ELILMMEVDTIZ KT FZPRTILSSUDATZKS
1051 CACGAGAAGCTGTTTGAGCTCATCCTCATGGAGGACATCAAGTTCCCGCGCACTCTGTCGTCCGACGCCAAGTCC
376 L L S G L LI KDPNZ KU RLTGS GG GZPUDTUDATIKTETIM
1126 CTGCTGTCGGGCCTGCTCATCAAAGACCCCAACAAACGGCTCGGTGGAGGACCAGATGACGCTAAAGAAATAATG
401 R HS FF S GVDWQDVYDIEKTI KMYVPZPTFIKTZPAQ
1201 AGACACAGCTTCTTCTCTGGCGTTGACTGGCAGGATGTATATGATAAAAAGATGGTCCCTCCCTTCAAGCCTCAG
4926 VT S E T DT RYFDEETFTAQTTITTITUPPE
1276 GTGACGTCGGAGACGGACACCAGATACTTCGACGAGGAGTTCACGGCCCAGACCATCACGATCACTCCACCAGAG
451 K F D ED GMD CULUDNEI RIRPUHEFZPAQF (§AWY S A
1351 AAATTCGACGAGGACGGGATGGACTGTCTGGACAACGAGAGACGACCGCACTTCCCACAGTT(OTCCTACTCCGCC
476 S G R E =
1426 AGCGGCCGGGAATGA

P 1 SsAke FEPIAZAT TR 51 Gt 1) S 1R 7 51
Fig.1 The nucleotide and deduced amino acid sequences of SsA4kt
PR T RIZL R PH 2589480, BI52 %R S_TKe Z5H4l;
TRIZLFER S_TK X S5l ; LIAE RS ORSF RIBERR LA A

Wavy underline represents PH domain; S TKc domain is shaded, the underline shows S TK X domain,
and the conserved phosphorylation sites are displayed in red frame.
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Fig.2 Structure prediction of SsAkt domains

IR 45328 TN AT D R s A L R P 41, HE U 26 R
T A D RESRk A X 3. SsAkt AL 75 3 45K«
PH #5#3%, S_TKc &5itgil, S_TK_X &5t43.

22 SsAkt BRI LEX R G AL A

i#id NCBI B9 BLAST Fexf, KB SsAkt &7
G5 H AW RN Akt 55 T 504 8 m AR (] 5).
¥ SsAkt ZEMR T 55 M (Oryzias latipes)(XP_
023819560.1:1-479) . BETh i (Danio rerio)(NP_
001268730.1), LA X UF(Penaeus vannamei)
(AHY28871.1), G HWH(Drosophila melanogaster)
(CAA81204.1), dEMINEE (Xenopus laevis)(XP_
018087413.1). WUl (Mytilus edulis) (CAG2211774.1)

Horizontal gray bars represent amino acid sequences predicted to
have no functional domains, and boxes represent regions
predicted to have functional domains. SsAkt contains three
domains: PH domain, S TKc domain, and S TK X domain.
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Fig.3 Secondary structure prediction of the SsAkt

LREIRHEFRN o- 1B, WEHTLER BT E, SRR T™M IR,

Green helices indicate a-helices, blue arrows indicate B-sheets, and golden helices indicate TM helices.

A& *%‘ 5}40
AN

K4 SsAkt 8 1 =AM TN (Z2)FE N Akt H =5 ()
Fig.4 The predicted spatial structure of SsAkt (left) and the predicted 3D structure of human Akt protein (right)

K (Larimichthys crocea) (XP_010744471.1:1-479)
R fii(Lates calcarifer) (XP_018552530.1:1-479), fifl
(Cyprinus carpio) (CAA81204.1). & A
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VFEGEAith Sebastes schlegelii « -« «vvvvnenenennnn.. SEIEYRERZ002E . LEYE . B 57
F 14 Oryzias latipes - - SEIEYKEKZODAD . LEYE. . 57
BELy#4 Dario rerio TEHEYRERZOOVECLETE. . 59
JLANXHEF Penaeus vannamei - . . .MGEAGEAPTPAVVREGWL TLHEER HGLADE. ... 62
S B Drosophila melanogaster MSINTTFDLSSPSVTSGHALTEQTCUVEEGHLME R RSKIADSASTESDE 80
E| Xenopus laevis - . TEHeYKER=GDVBCLETE . .J& 58
TR I Mytilus edulis . . SEUEFRAKEEQGENDE. . . . 44
K# 48 Larimichthys crocea .. SENeYRER=COAD . LEYE 57
ZRW)t Lates calcarifer SEIeYREKZODAL . LEYE 57
# Cyprinus carpio . . SEIeYKEKZCDAL . LEYR 57
Homo sapiens . . SEIEYREKZQ0VD . LEYP 57
JINBL Mus musculus . . F TEIEYKERSO0VECRESE . . JY 58
Consensus krge ik wr g P Infv
V1B P-4l Sebastes schlegelii 05POEE DE TEARGHVAT KL QRGEEER TQSSPT . 126
Fi i Oryzias latipes DSPDECERT! MVADKEQRCEEER ICCSPT . 126
Bt S48 Dario rerio TIHVE TPER: CER T TVWAESLQ! ASAE. .. 124
NLANSHUF Penaeus vannamei INAQSASDl EARMERMKCVAERIAEVDATSGONVQIQPADCVDIKLNYSQE 142
PSSR Drosophila melanogaster IAVESEL#CQ  TEABIRNVSSREIDVGEVAMTPSEQTOMTOVOMATIAEDE 160
E!E;‘}H}{% Xenopus laevis 1) EEls 2B TQVHQE & JSEsp 128
W& DL Mytilus edulis 24 cvzscﬁﬁr:m: ABNSESH............... .ELKNSDE 101
K#&#4 Larimichthys crocea ERCET: MVADKLQ IGCSET JBNID 126
ZRW)f Lates calcarifer DERT! MVADKELQRQEEERIQCSPT .SNID 126
Cyprinus carpio nvm'uaamz ) MVADKECROEEER IQCSPT .SCID 126
% N\ Homo sapiens HVDTEEERERLT AVADRLC CSPT .5CID 126
JNBL Mus musculus avsrpsﬁtqﬂm TVADGLXKRGEEETMOFRSG. ..8esD 127
Consensus tfiir 1 wttv er £ row i
VR V-l Sebastes schlegelii NMVEEEHDTSTTE . . . BXRKTNST 203
% Oryzias latipes NMVEEEMDISTTE. . . BXREINS 203
BE D44 Dario rerio - . .ETDMETSLSKE . . PHEVIMED 199
JUANSTUR Penaeus vannamei BDDELGARSSK . .RRITEDN 218
RRJERUE Drosophila melanogaster LSEQFSWQGTICNSSGVREVILEN 240
fﬂii‘}ﬂ[ﬁﬁ Xenopus laevis NSCAEEMEVEESKE . . KERVINNG 206
W& DL Mytilus edulis GREGE.SLFDE . .RRVSLDLf 176
K #{f8 Larimichthys crocea NMVEEEMDISTTH. . . BRRETNSI) 203
2R Lates calcarifer NMVEEEMDISTTE. . . BRRRINST 203
i Cyprinus carpio NMGEEEMDTSISH...BRRETMNI) 203
Homo sapiens NIGEEEMDASTTH...HKRETMNI] 203
JINBL Mus musculus NSGREEMEVSLAKE . . KERVIMNE 205
Consensus rvl
VR4l Sebastes schlegelii B 282
i Oryzias latipes Bg 282
44 Dario rerio B 279
JLAASTUR Penaeus vannamei 297
B L8 Drosophila melanogaster 319
eI Xenopus laevis B 286
Wa UL Mytilus edulis ¥ 255
K# 8 Larimichthys crocea B 282
2Rk Lates calcarifer B 282
il Cyprinus carpio R 282
Homo sapiens B& 282
/NBL Mus musculus B 285
Consensus
VFEAi Sebastes schlegelii 362
8 Oryzias latipes 362
BEE 44 Dario rerio 359
FLANSTHR Penaeus vannamei 377
K B Drosophila melanogaster 399
AEW T Xenopus laevis 366
WD Mytilus edulis 335
K# a1 Larimichthys crocea 362
ZRIWfi Lates calcarifer 362
# Cyprinus carpio 362
Homo sapiens 362
JINB\ Mus musculus 365
Consensus tfcgtpeylapevl ndyg vdwwg gv
VFEG P-4l Sebastes schlegelii iissv QovY 442
F ¥ Oryzias latipes ESGVILQDVYT 442
BELL 4 Dario rerio H3E TGIVLQDVYE 439
FLAXFUF Penaeus vannamei 457
DK BB Drosophila melanogaster 479
3ﬁﬂﬂﬁﬁ Xenopus laevis 446
W& DL Mytilus edulis 415
K#th Larimichthys crocea 442
2R Lates calcarifer 442
Cyprinus carpio 442
% N Homo sapiens 442
JNBL Mus musculus 445
Consensus
VRVt Sebastes schlegelii . . FDEDGMDCLENER . . . REHFBQESYSASGRE 479
% Oryzias latipes . .FDEDGMDCLDNER. . . REHEEQESYSASGRE . . . 479
4 Dario rerio .DDCMEAFDSER. . . REHEBQESYSASGTA. ........... , 474
FLASTIHR Penaeus vannamei GEH.LNSIDEES. .EYFTENQESYC.DISSTLGSS . LASSLNSLLVIEE 510
S B8 Drosophila melanogaster TGP.LGSIAEEP..... LEBQESY¥CGDMASTLGTSSHISTSTSLASMQ. 530
E[=71] ﬁﬁ Xenopus laevis ....DONFEFVENER. . .REHEBQESYSABGNA. . ........cvvnnnnn 481
T Mytilus edulis .. .PRHVLESIDEEMPDALEYEEKESYH . GSKASLAAS . BASSCHSFETSW 471
K#&fh Larimichthys crocea . .FDEDGMDCLDNER . . . REHEPQESYSASGRE .. 479
2RW)h Lates calcarifer . .FDEDGMDCLONER. . . REHFPQESYSASGRE 479
# Cyprinus carpio . . FDEDGMDCMENER . . . REHEBCESYSASGRE 479
& N Homo sapiens . .YDEDGMDCMDNER . . . REBEBQESYSASGRE. .. ... 479
JINB\ Mus musculus MITIIE0CVILLSQWESLREGAA . . . AGSSTLECIAESRSEANIT 488

Consensus

tep

K5 VRIPil S HAB A Akt ZUIERR P51 1 22 5 LX)
Fig.5 Multiple alignment of the deduced amino acids of Akt among S. schlegelii and other different species

(KAT4085561.1) #1 /N Bl (Mus musculus) (NP_ £, FRIEIEEA 55.84%~99.37%. HH, SsAkt 5
001159366.1)AY Akt 2R ¥ 5 AT R IR e X, & RV E AR, N 99.37%; 15 FLAN X IR
B SsAkt & FTHN S HABYAT Akt A E R BAHE AL RAR, H 55.84%,
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M #5  SsAkt F1 B F fih (Sebastes umbrosus)
(XP_037639240.1:1-479) . 2R Wy firi (XP_018552530.1:1-
479) . K i i (XP_010744471.1:1-479) . i (XP_
042624730.1:1-479) . ) (Carassius auratus) (XP_
026079993.1:1- 479) . BEH ffi(NP_001268730.1) , 7 fif
(XP_023819560.1:1-479) . JEYHIHE(XP_018087413.1),
XS BR (Penaeus chinensis) (AHY28871.1), JLAUXHF
(AHY28871.1) . &H ™ (Scylla paramamosain)
(ASF83356.1) . M JE J i (CAA81204.1) . 7 ik 4115
(Crassostrea hongkongensis) (ALN96976.1) . Ity Il
(CAG2211774.1) . & A (XP_047287031.1) . /I
(NP_001159366.1). #i°F(Ovis aries) (NP_001155329.1)
FHRR B4 (Sus scrofa) (BAH57696.1)1) Akt 48 3R ¥
G, i MEGA 7.0 4R R &R #7549 E SsAkt I R S8
PEAER . 25 IR, 19 B Akt B4 A HESh A
TEMESI YW RS 3: BHESI Y, SsAkt SE 5 %%

N

Mus musculys

Carassius auratus

K ZAH AT B - fih R B A L R AR W) B A K Y
Akt FAPRRE, KI5 S50, 6, &) JohMm, JF
HTCHE | BRI BF A% |« 402 . /NEURIT NI Akt REETE
—3% 5 TBHESIYIR) Akt, G035 EXTER . LR IR
T ORGSR ARG G DL AR R O — N
FIZEE N Y R etk Ak G 3R 5 0% G 0 0 B gt Ak b o7
FHAR—F (A 6).

2.3 SsAkt EE mRNA ZE@BRALPHRIEST

SsAkt He K /) mRNA 76 g R 7F [CF-filiAS [ 21 20 rh
(TR BTSSR, Ssdke 1MW . 88 JFFRE . AL
PLBAE . BEAE . A RLOE R A Rk, (HERIRKR
BAHE . Hodr, B AR R, SR
[ 50 ff5(P<0.05); TEMK . LI . BELATEAT.CofIE Ho 26 3k o
B FEME . SRR b ARG TEALA Y
Feik R ALE 7).

e VPEC T4l

Sebastes schlegelii

K6 JET SsAkt Z AR F SR NI RGTHEAL I
Fig.6 Neighbor-joining phylogenetic tree based on Akt amino acid sequence from S. schlegelii
FH %7 BRic SsAkt; B ERBUT R 1000 IREE Z G 3.
The SsAkt of S. schlegelii is marked with ">¢", and the number on the tree nodes indicate the percentage after 1 000 replicates.
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Fig.7 Relative expression level of SsAkt gene
in different tissues of S. schlegelii
AN /ING SRR R 4 1R 22 57 1 3 (P<0.05).
M: WA L. BFE; G: 68 1. JBiE; H: OAE;
S: JEAE; B: IMW; Br: M K. 'BHE
Different lower-case letters indicate significant differences
between groups (P<0.05).
M: Muscle; L: Liver; G: Gill; I: Intestine; H: Heart; S: Spleen;
B: Blood; Br: Brain; K: Kidney

2.4 HEBCGES SsAkt EE mRNA EREBEAHEAHH
RiESHH

B TOK T . BEINTRIR YL 5, SsAke 7E'EME . 1ML
W 54 WA 25 BT, i
RTINS, Ssdke TR ISR AR ML
TR TR RIS | SsAke (36K 2 LTHE T RS,
BERFIR 12 h BFAEXT R A 2 T 5 (P<0.01), ik
FRIB AR, 24 h BF Rk TR, 48 h BFK
RN IR KT BBNRRILS , Ssdke WFRIAESE
LTHE TR LT R R R, HARRIY 6 h i
SsAkt PR FIE BT 46 W% T+ =5 (P<0.05), & 12 h
B2 5 s, 24 h B 52 T RE(P<0.01), 48 h FRIR I
FTHRE(P<0.05), T 72 h FiKIE(H(P<0.01), 96 h i}
PRAZ 2 JEA X IRAUKOF (B 8). FEMLB AIFE, B
HEAER B A AE O B RS, Ssdke B9 IXMEAARL,
YIRS BIHE N R R eI, 2 i g
Ji, 24 h B} Ssdkt PIAHXTRX BB ET EiHe
(P<0.05), 48 h I B&5ICE ALK 52 0 BREH K-,
T B TR TR 20 48 h RHIROR PR 5 i 3 =5 R 3K (P<0.05),
72 h BPRE X RRALKCE (8] 9); FEIFREA, A
RIS , SsAkt BIFIXT RIKEAE 24 h B W ETHE
I A5 (P<0.05), % 48 h Bk 2 X ALK 5 i
PRI, SsAkt BOFHXTFRIKELE 12, 24, 48 h BT 3%
FFEETI R (P<0.01), 48 h B2k mlE, 72 h BF Rk
i R (P<0.05), & 96 h Y% 5 2 %t BEZH /K- (] 10).

mm BEFRZE WhER AR PBS
== #3KE Vibrio anguillarum
- O BEEERE Micrococcus luteus
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Relative expression level of SsAkt
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El 8 MR YL T Bl S rh SsAke
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Fig.8 Relative expression level of Ss4kf mRNA in
kidney of S. schlegelii after pathogens infection

: EFREP<0.05); ¥ ZRWEFE(P<0.01). FFE.

*

: Significant difference (P<0.05); **: Highly significant
difference (P<0.01). The same below.

GRS ELYA TR PBS
== #83KE Vibrio anguillarum
O BEETERTE Micrococcus luteus
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Fig.9 Relative expression level of Ss4kt mRNA in
blood of S. schlegelii after pathogens infection

RS ELYA TR PBS
== #3KE Vibrio anguillarum
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Fig.10 Relative expression level of Ss4kt mRNA in
liver of S. schlegelii after pathogens infection
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AL W AR, BRERR R vhER VS OIS, SsAkt TE
W I 0 R P A R R R Tk A R AR I AR AL
(P>0.05),

3 i

PI3K-Akt 15530 % 40 i P 8 2055 5% 0 it
Z—, TELERF A3 FE A7 5 AN T b A A O E T o
Akt fE 2R PI3K-Akt {5538 %050+, Rt
AR AL F A 35 11 BT 1) A% 3 2RI 5 77 AR IR
Z 5Oy FE | AT | AN AR R TS 2R A0 i AR
TEAEYMEREE . RPN o 8 ke #E 5 2AE A
OIS, 2019), B, TRATTIE Akt FEPRAEK 3
ARER . REDEESBEP NSRS 50 E 2
JH A0 % R R AT, X T KPR S A AR 4
T BB Ko 3 B i B R X AR LA IR
AT IEXSG BINSEIE T SsAke BN IR0 B,
T T RS 1 F il 55.81 kDa, S5O RIA
H F F (Paralichthysolivaceus) Akt 431 (55.76 kDa)
(X4, 2019), B f(Ctenopharyngodon idella) Akt3

diversicolor) Akt 43 12(55.35 kDa) (X4, 2019) .

D2 Akt 23 F5(55.57 kDa) (XITR4E, 2020) K/
I, S EX AR Akt GRHEZSE, 2013) 194> T &
(58.92 kDa)tH 2= 5 K. WEFE R M, BEH i (955,
2011) ., " AE G FEE (Eriocheir sinensis) (I &4,
2018). AUk Wi(Wang et al, 2015)2 A [l Fh 2 4 7K 7
Y Akt 25 R IR P 5 A7 E PH S5 R0 .
fitg e A 25 F 3(S_TK e) TR 19 45 3 (S_TK_X), HE
A A R A HESI IR T (VA0 55, 2019). ABFFR AL, 7F
[COFfil SsAkt [RIFEAL T 3 AN HLA B AP S5 K38, 43931
h PH Z5F938(6~109 aa). 22518/ 75 % R 8 1 It
fb(S_TKe) 25 4 48, (148~405 aa)Fl 22 % IR/ 95 54 IR 1 25
FI O (S_TK_X)451418(406~475 aa), Hih, PH £544
bRl o = s e o W) O = = D e = et 1 N O
£ H (Bottomley et al, 1998); S _TKc Z543H A Akt
TEACFT AT 1 The'™ (05, 2 A 22 %R/ 95 PR W PR
IS PR IR B S TK X 45 M EA Akt 58405
TR b 5 2 A HERRIEAL 5 Ser” (Wang et al,
2015), PSR Akt Z5F 4 AR IE DL TIZ R FTEK
FESIR N A5 TR SO LY A 24 R IE (Ruan et al,
2014), ZIMITHI AT, SsAkt i S_TKe 454
5 A AEYI Y S_TKe 453005 B AR SF , ULHH SsAkt
SREHAWH Akt [FEER . (EET BN,

SsAkt Y Z LR IT 9] 5 HMs i Akt (AIDIEE e, ik

99.37%, SR M H . SAHLUE ST 95%, 5
WL 3h P AN LA LUEE 5 T 75%, S TCA HE D)
Py LA XTEE | T DAY AR & T 55%, BEHRZC A&
G R, [RIIRE B . VR ICOPfil SsAkt 1Y R GE i
o os, SsAkt e 5Aempfy | R fh . B EEAEf
KRN, BENR BAFWHILIY RN —C,
a5 ICEMESI R — 32, X AL GV G- il
eI 2 A — B, WAE— @ FE bV IR ) ik
e B T

PO (I, 2011) . il 2 (XIIE4E, 2020).
AR O B (T RS R4S, 2018) 25 K A= 2E W) Ake FEA Y
HARIKHAA Zafifr s, 5L EOFRa R
L, AR AR, VFIFl SsAke 78Tk r) 9 Fh2d
LU A, R Ake WTRETTIZ S S5 MRS FhAE
Wil (H Ssdke TEAN R LU b (1) RIBAFAE 1235 14 22 5
PR, TEVR Il B JE v ) 2B 7K dee s, TR . L
AESE M2 E B A e8 B (Zapata et al, 2006)F1 ik
AKPARLAR X, A ) BB AE G i 4 vh A 4%
YEH, MR HESTER A Meier et al, 1997), HZ L
“f:(cashmere goat)(# A%, 2011), %4 (Landrace
pig) (BIF°5%, 2014; XIPALAF, 2014) . FLAYRFIRCX 2,
2013)55 W) Ake FER A SUERB TS L RETS AR
e TR R B R WHALERAAR . A, At
TR, SsAke TEVE IV fif fixi 2H 24 s 52 B s 1 R
ik, TR 9 FEINZH U A RS =, R S
2R B MR 2 A I A RS B DA G, XS
B0 (HEIAE, 2011) . /NE(Yang et al, 2003)HF5E
SERMML . Akt TEA R I A HEUR )2 70 A Fl 3R
KRSV, RUNZIE A TEA R P Rl A [6) 2H 2L i 36
IRERSEAXS PRSI, IESE T H IR Ry 2 (W 0
& 2011),

N T RTE Ssdkt Z 5 REBTILE], A
BIF 5 {68 T B0 FRl Bk 1 (G ) 88 S T (G )RR 177 [T
fify, & AT 7R IE . IRLVBCRTTRE Y SsAke 1)K
1 AR K I, AN YIRS 3 N Ssdke
()R IR K- AHEL T X R ZH (PBS) ¥4 422 W 3 1 a3,
X 5 KZEEE(Scophthalmus maximus) (Wei et al, 2020) .
W5 85(Cynoglossus semilaevis) (FMHBASE, 2016)5
KA Ake JE DR 32 AN P0G 19 2RI
L, R Akt Z5 7K A SMEGUE P i 7
AR 2 FRANGRRIG Ssdke Rk S W% HiAE
B, (B SsAke WZIRREA WA I R] DL KN 25 ] 3 55
T AR 22 5, FeW Ssdke XoF ¥ % PG BH P 4 A0 A 22 1
PP T F e 157 ML BRAN (] 3k e 2 ol 400 o SR B £
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il SsAkt (FEEFAH L I . BRI RS, SsAkt
FE B I ) Rk AE A T e VR TR U e ) L
Wi B Ay, TR s PR R A E S, 76
JHFRE AR R G, G5 SRR i Rk
XIS UL, Ssdke B2 T8 2 B R 75 %
LT 22 TG R R 38 P oy 2 T ARV, AR AT SsAke
V728 AR AR 0 SR i 1 R A, B 2 PP AN
SR MY RN R e Ss ke O FEaR AR, B R
IR TR (BAE SRR, 2 FhalE R s
SsAkt WFGEBAAE : BEF AR RIS, SsAkt
23K 5E BTG TR, Mg R &R , Ssdkt
ek e ETHE TR LT R R, R
PGPt 1 55 O SsAke A% S BE B T RE AU R 2 3
fF, 3%—S5IBAEVR GOl SsAke AN [R5k 38 b
[FVRE W] AR S, A S HEHU R i e NG, SR
PG e BRI R HE AR, B L MU 2 B
JIERE 6 h B2 2H 21 30UFT (Ellis, 2001), 3% A A S Ssdks 1
' o 7 40 S V)R i YR ) S AL
PN RIS I5 , IR 4jdke 1) 335 a3
(R TR 45, 2020) DL K 68 B Jak e v [ %o B I 3k i 355
Fedkt W38 26 TG T FE BT T A3,
55 A 5% v 08 5 RS B R SsAke B ik —
o, (AR IRy B4t Gf5 , MA0AEh Chdkel 1)
EPriy kb v B2 e 2 /il N <) I TN b
J&, Akt FNFRIH S L TG T S TR R
(Wang et al, 2015), X FM Akt 76 A6 4= 4 v i 24 4h
DRSSO AR R], AE MR 9
T FIAE O ELA ) 25 S

LE TR, AW RGE TR FCOF il ke A%
OJFH, BT SsAkt AL FYIRE, R T
SsAkt FEALIIPRSFIE, 4307 T Ssdke TEVF [Pl AN []
L, S AN TR 38 5 i R R, 5 E s TIfK
0125 Ake [FIURFE W5 508 . {2 SsAkt 2 X AN
A W O S R B, R SR i — A A
SsAkt FihEE AR EA A, RMEHEF, H&H
HAEAVUAR, 00T Ssdke Hiti B A RITIAE, M
WFSE Akt (9 52 BT RE SR BE IR HE T, o 1/F [ fil
e BT RAE  FAE RS
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Abstract Sebastes schlegelii is a cold temperate ovoviviparous fish found near the seabed layer and is
widely distributed in the Yellow Sea and Bohai Sea of China, as well as in the coasts of South Korea and
Japan. It is characterized by its tender meat, delicious taste, rich nutrition, and high medicinal value, thus
it is an economically important marine fish species in the northern coastal areas of China. In recent years,
deep-water cage cultures have rapidly developed in China. Among the economically important fish
species suitable for cage culture in northern China, S. schlegelii is the most important local breed with
excellent quality and characteristics. However, with the expansion of the scale of the aquaculture industry,
aquaculture diseases including those caused by Vibrio harveyi, Vibrio anguillarum, and Photobacterium
damselae subsp. damselae, occur frequently. The authors isolated and identified a dominant pathogenic
bacterium, the PSW of V. harveyi, from the lesions of diseased S. schlegelii and studied the response of
S. schlegelii to V. harveyi infection. Multitissue transcriptome analysis screened the immune differential
gene protein kinase B. Protein kinase B, also known as Akt protein, is a serine or threonine protein kinase,
which mainly conducts signal transduction by phosphorylating other proteins. It plays an important role in
various biological processes such as cell metabolism, transcriptional regulation, cell cycle regulation,
immune defense, and embryonic development. Many studies have shown that during viral infection of
cells, the Akt pathway is activated, thereby inhibiting viral proliferation. To clarify the sequence
information, evolutionary characteristics, and biological functions of the Akt gene in S. schlegelii and to
understand the immune response mechanism of S. schlegelii to bacterial invasion, the full-length cDNA of
the SsAkt gene was obtained using molecular biology, and the sequence characteristics, tissue expression
rules of the gene, and the response rules to Micrococcus luteus and V. anguillarum were studied. The
results showed that the length of the open reading frame was 1 440 bp. The predicted relative molecular
mass of the SsAkt protein was 55.80 kDa and the isoelectric point was 5.64. Sequence analysis revealed
that the SsAkt protein contains three conserved domains: the PH domain (residues 6-109),
serine/threonine protein kinase catalytic (S_TKc) domain (residues 148—405), and serine/threonine protein
kinase (S_TK X) domain (residues 406—475). The conserved amino acid site appears in the center of the
S TKc domain and at the end of the S TK X domain: Thr’”® and Ser*”>. Homologous alignment showed
that the amino acid sequence of this gene was highly conserved among different species. Phylogenetic tree
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analysis showed that SsAkt is closely related to Akt in vertebrates, such as Sebastes umbrosus, Lates
calcarifer, Larimichthys crocea, and Cyprinus carpio. The relative expression of SsA4kt in different tissues
of S. schlegelii was detected by real-time fluorescence quantitative PCR. The results showed that SsAkt
was expressed in all tested healthy tissues of S. schlegelii, which indicated the relative expression of the
SsAkt gene in S. schlegelii. This expression has distinct tissue specificity. The expression of Ss4kt in the
kidney is the highest, and in the blood and brain, it is also higher than that in other tissues. Therefore, it is
speculated that higher expression of SsA4kt in the kidney and brain is closely related to immune defense,
neurodevelopment, and other processes. To study the role of Ss4k? in the immune response of S. schlegelii,
we designed a bacterial challenge experiment. The results showed that the transcription level of SsAkt
changed significantly, and the relative expression of Ss4k# in the three tissues increased after stimulation
with M. luteus and V. anguillarum compared with the control group (PBS). After infection with M. luteus,
its expression only increased sharply in the kidney, whereas its expression increased slowly in the blood
and liver. In the experimental group infected with V. anguillarum, the expression increased significantly in
the liver and kidney, and the two relative expression peaks in the kidney occurred at 12 h and 72 h after
infection, respectively. The results revealed that the Ss4kt gene may play an important role in the immune
defense of S. schlegelii, which can further enrich the sequence information and evolutionary data of the
Akt gene in marine fish and provide reference materials for an in-depth study of the biological function of
this gene. In follow-up experiments, we will explore the specific mechanism of SsAkt in the innate
immune defense of S. schlegelii to provide theoretical guidance for the study of the immune signaling
pathway of S. schlegelii and to lay a theoretical foundation for revealing the role of Ss4kt in other
important biological functions in growth and development.
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