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JIZ A A T IR O | AR A LA K R 2 1 P
Fe(RE R4, 2018), (53K EAL G« K=" 2 —
(Zeng et al, 2017), HA BENESE = WANE. &
1T, 3k B i 55 B 3, b 3R Ak 5 B0/ N B 0 B A AR R 9 R
BS(Kim et al, 2016), T BANTEE, SCHUFP R
PR, NN T BRI AR T 2015 R 5%
(BREFRAE, 2016), 2020 4F ok D) S BAAR Ak F55# (Chen
et al, 2022), FfiEFRFEMFE AW K, FRER R
e E D KBRS H £ TR R 2R R S
(Olsvik et al, 2013) . %3 R 4i(Bagath et al, 2019) . &
fb—4i %8 1k & 4t (Belhadj et al, 2014) LI A & R 50
(Leon et al, 2015)% 22 75 T BURZ A o 1y a8 3
FARRFIE & A E AR B, 72— R AT A SO
SRR (Dettleff et al, 2022), & BTG HLE 5140 (Ma
et al, 2023)FZH BLIE T 0 (fal TR A, 2024)5%

/NEE S A K SR R, B R R AR TE
1 5 il 18 (Pseudomonas plecoglossicida)5| 2 i P JIE
H }57% (visceral white-nodules disease, VWND), i H
T K AL T (Bai et al, 2022), e RFRH T /N fa
FEOE A TR R R RS B, PIIE R BN
WM S IR — 2 CHK, Huang 55(2019)7F K%
fh(Larimichthyus crocea)MIBF5E i & BL, TEAS[] B
T, I ARIE R amyd 585 AN KA T 2%
SR FHRAEQOISIF I KB, HARAS AR 5 1
Al G kR B NE A s, (HAUE 16~20 CFEL
a5 Tang “5(2019)38 1k AN [F]RBE T A2 T2 Ml A 7T 19 7
SEUL M R, R T B BE N kA ARk, X
22 W /N A0 T e R B 30 g 107 L B PN 1 0 41K T
A8 105 T WL A — a2 1Y ORI, 7E/ N bt N IR 0
MR QTL it sE v, k18 Pren. map2k6 .
Chmp 45 JE PR3 15 915 4 T 5 1 wgeske i ) 9 Ik
SURBYIERGY, T argl W PETORE E R AR AR R
SiE SN0 (Li et al, 2024) 5 T AE /N B 18 30T 2 ) Ao
KPS AWM. RAE TR % DI 5 1)
MAPK 15538 # 7l Re 76 H N E 1 SO bbb 35
KHEAER](Bai er al, 2023); I G AR IR HA NI T 2
PO L™ E Y R AE SV (Chen et al, 2025),
AT 755 40 B 1 s 1 2 DD 22 i R AE (Cao e al, 2024),

FRIFNEEAT R . BB AEER, SRR
I B YIA S (L et al, 2017), HAE h a2k ny w8 H# 4L
AR, R HUAHE 37 AF 30 A A S LR X PR 55 )
PR 2 6 B (Aguilar ef al, 2022), 5% 3
K & 28 AL B 520 (Cheng et al, 2023), ‘8 % FHVEFRES
TR R 985S B 5 ) A TR AR (L et al, 2022) . 45 2 Bt

iz SR - 6-WR R s U BtE- 1 (GFPT1)H gfpe] M 4,
ZHEFEIRT 1992 4 MR TS 3588 cDNA
F£ % (McKnight et al, 1992), J&C WY& gz
(HBP)H (19 1 A B il (Holland er al, 2024), 5%
BEACHS, 7 5 S R i ) A T fig . HBP LIA 2
W A SN L B AR TR AR, AESE— A R D R
Hr, GFPT ¥4 A b1 S 1 R0 -6-BE R (F-6-P) 5 41
JEL DAY A% A I M S ) A Ak A B 6- i TR 4 R
(GleN-6-P), T J5 Zeaxt — FR 5 e g Jm A2 i HBP 3 1Y)
L= RAY W R - N - £ I # 4 2 (UDP-GIeNAc)
(Nabeebaccus et al, 2021), AR FEH, GFPT &K
Pr & R (UPR)A BT, 2 1 2k 25 530 UPR
R, A WD . AN T N (Zhang et al,
2024), AT LLIAH GFPT S5 T A B4 8 1 25 4 7 (Cao
et al, 2024), E/NE A EHRPE R QTL & A7 4 AT 5
v, T E 5] gfped Ry Wi IO fe Ik B A6 ) DG BR L AL (Liu
et al, 2025), I, gfpe] JEPRILE /NG 4038 7 &5 i Wpan
9 B TR R e ) i R P AR T —E A B RE . (R H
T gfpr] FRAEK ™ 4 b i B 92 i LA

h T I gfpe] FPRTE /NG AB N X iR e R
i R SR e R R A IR R A, AR OT e B AR A /N i A
gfpt] JEHI, X HIEATAE YIS B2 . it adok
FE KN 4 7 /N B T IELH 2P gfped W B g Ui W 38
9 T DR IR 1) R 3R AL AR o BT 45 8 IR AR
T /)N B 2 0] 1 VB3 i R U A e R Y A
P ML BE o LA, o/ N T SR PR E
Tofr LA % AT AH O 43— V8 77 AL 1) B2 AL IR et e A B
T

1 #REFE
11 HRFE

SEH /N Aok F G L VE K R A BR A
(AL T ) R FREE A, BBOMAS B o 3855 . IR TC
17 AR TR R D (45.20+412.42) g FMA 180 B2,
FIT 6 1~ 0.3 m® BB RIE S5 b, B 30 &
o, 3 7 d, FEAKIE(20.0£0.5) C, KP4
PR 1T RN TEA R, JF TS 30 min A 47#
T T TE BRI 208 . ARIH, Bk 2/3 DR KA
TG SLITTFRATT 24 h IR, K 6 LI fa b
MLArR 2 4, 43l 44 R s 4 (HT) AU BRZH (CT),
HR2H 3 AT CT 4H7E(20.0+0.5) C 1 A ZR/K IR T 5
SiAE %, ERALE T TR 1000 W B E BEAS S5 N $
B FRFEKIR LA 2 “C/h BRI 20 CTHEE 32 C, JF
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AeRFILTE R A R E B B AR IR IS, 43 BIAESR 0.
6. 12 Fl 24 /NEFEFEOW B4 5 iR gl /N ikt , A4
VAT S R, TAEMRRES, PR g Uk 21
TR R 5 PR A T80 ‘CUKAE, #& M. [HIIE, O i
M. . AL. BRI B LML RRALCAE 9 N
U A R R S5 —-80 CUKAFAIRAE, & .

BOAS B ST . KRR TCH . IRE Jy(41.81+10.11) g
() /INEE £0 180 2 E AT 78 T AR B PRy SR e S0, SIC
S0 6 M, B3R 7 d, EFRKIRK(18.0+0.5) C, H
RFFFE IR L, LR TFAART 24 h FIREE . 7RI
BRI TF LRI, K 6 ML ABENLSY A 2 41, 4394
4 ORICERLL(TL) AT BRZH(CL), &4 3 P17, KA
R T A AT TORE SC G o AR T PR TR B AR TR
TSA AR F: I3 iE4k, TSB Wik 355 28 TR
Dt v, B TEIE AR CFU/ML 5 Bk . 52
s, WA DR R E RS 0.5 mL
1x10° CFU/mL Y78 T B BA M BR PRI TR o ) IR 2EL 1 s 1
SIS AN TSB 0.5 mL, 20 BIZETESHS 6.12.24.
48, 72 196 h Bf, BOWMRA SRR/ N, B4
FATE 3R, LH 9 B, TR MRS, R ) 5
JF I 20 2 G R 5 IR A T80 “CUkAE, & M.

1.2 RNA 12El5 cDNA &5

{1 Trizol B (i K3HAE, 2022) 32 UH LU RNA,
% Hifair® T 1st Strand cDNA Synthesis SuperMix
for qPCR 1207 & (L i 28 2 A IR AT IR A 7D 5
fi% cDNA, 7351 cDNA WK 20 CHRAFE .

13 3IMigit5&mM

DL /N B £ 3 R 4] ¥ 51 (GenBank No. GCA
040670005.1) 1 gfptl # CDS J¥ 3 1E N & % 1F
NCBI-Primer-Blast H13 31 5@ BT 75 514, LS R 315
) CDS IS H T, witd e, #238
FA T A TR BRA A 75 19 A e 9%
SeiE RTINS L R f-actin, TS IF 515 T3 1,

x1 5IMER

Tab.1 Primer information
514 hgdl M

Primer Sequence Usage
gfptl-F TGTGTGGAATCTTCGCCTATC R
gfptl-R TCTACCGTCACAGACTTGGC Cloning
Qgfptl-F  GAACACTCCCGTCTTCCGAG

RT-qPCR

Qgfptl-R  AGCGCTCCTCTCTCCTTACA
p-actin-F GACCTGACAGACTACCTCATG S
B-actin-R ~ AGTTGAAGGTGGTCTCGTGGA Reference

1.4 /N#Efa gfptl EE cDNA £KFE[E

PI/INEE T cDNA AR, 348 H 5L P31,
PCR K% # 25 uL (cDNA 1.0 pL, gfptl-F 1.0 uL,
gfptl-R 1.0 uL,Mix 12.5 uL,ddH,0 9.5 pL). ¥ B L .
94°C 3 min; 94°C 30s, 60°C 30s, 72°C 2min (35
AMEER); 72 °C 10 min, ] 1.2% A9 BEREWREE R HL Uk
K4 184724 , K F SanPrep H:3 DNA Ji [l 5] &
CETAY, Lig)yER R, #hR E A+ )55 pESI-T
MR, FEEEE] DHSo B2 A 4N 5 15 B PH 1 e
B TR A A T AR ) TR () IO A B2 w1 e

15 /NE& ofiptl EEFIEMERFZSH

PARHIEHFA )G, it NCBI fEZ X gfptl
J¥ 51 5 H At 4y B ) B 5 R A NCBI ORF - finder
(http://www.ncbi.nlm.nih.gov/gorf/gorf.html) - # FF X
e S2AE , 15 F DNAMAN 4K {4 I B 28 il 2 3 1R 7 91
SignalP-5.0 (https://services.healthtech.dtu.dk/services/
SingnalP-5.0/) 44 TIN5 5 Bk 1) 5 ProtParam (http://
web.expasy.org/protparam/) T Jll & [ Jii 4 F it i 5 45
HL 45 ; SOPMA (http://npsa-prabi.ibep.fr/cgi-bin/nps_
automat.pl?page=npsa_sopma.html) fil SWISS (http://
www.swissmodel.expasy.org/) T il 25 F . 2 45 4 F1 =
e 45K ; NCBI-BLAST H Y CD-search Tl <F 4514
I ; Cell-ploc 2.0 (http://www.csbio.sjtu.edu.cn/bioint/
Cell-PLoc-2/) Tl & 11 I 41 i 5 43z s ] MEGALL 4
ARG IR

1.6 ofptl EERIABFFES R

DL/INE f0 4 T 2H B I cDNA g ib, MK Hs
BE S A, WINL S MIRERSEE, BRI E 3 4
HAREE, KH SYBR Green %47 SLmt 22 &
PCR(RT-qPCR), il H 5190 &G 4% (hn M 45
R*>0.9, P M3 H=0.9~1.1), L) p-actin YE NS,
KA 28 T 45 B I SN Rk B, RT-qPCR
& Z 3L 20 uL: SYBR Green Master Mix 10 uL, ddH,O
SuL, b. F#5144% 0.5 uL, cDNA #itlt 1 pL, J2
MARFUNT : 94 CHILRAEM: 30 s; 40 MFHA, 94 C
A5 s, 60 CAEME 30s, 72 CAEME 10s, 2 40 NF
. B PEMEIE B GraphPad Prism 9 #EA7AbFR,
FIF SPSS 26.0 44T 5K 2 5 2% 43 H (one-way
ANOVA), % H] Duncan 7£ #4721 0] 1 2 8 LU0 AT o

2 #R

21 ofptl EERERF IS
I TTREIS B/ NE A0 gfpr] FePHSE%E CDS 4
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2049 bp, FAI{EE EH38 E NCBI GenBank %4 /4 R6.15, Ak B HAME S AT S . A s
(Gene ID: PQ682467), 44y 682 MEIEMRITHIR:  Hriin, & AH 20 FEEmMma, AR ETEE

fEAE

ZER IR R, B R 7 1 (1~682 aa)l )& ik 44.96, SEKMESTFIMER-0.195, FTHIE NATRE

F PLN02981 #A KGR Fas itk . A=W 15 B2 T i SEIKFREZEI(E 1), i Cell-Ploc 2.0 Y4 g 5 13 75
7N, R A FREN 76.745 kDa, FHEZEH & (p) MRS T, BoRizEH EEEN TR,

gfotl

Total amino acid number: 682, MW=76 745
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10 20 30 40 50 60 70 80 90 100 110 120
ATGTGTGGAATCTTCGCCTATCTTAACTACCATGTGCCAAGGACTCGGCGTGAGATCCTTGAGATCCTCCTCAAAGGCCTCCAGCGTCTGGAGTACCGAGGCTACGACTCAGCCGGTGTT
MCGIFAYLNYHVPRTRRETILETITLTLZE KS GLA QRTLEYZRGYDS SAG GV

130 140 150 160 170 180 190 200 210 220 230 240
GGAATTGATGGCGGCAACGGCAAGGACTGGGAGTCAAATGCCAAGTCTATCACCCTGATCAAGCAGCGGGGGAAAGTGAAGGTCCTTGATGAGGAGATCCACAAACAGCAGGATATTGAC
G IDGGNGI KDUWESNAKSTITLTIZK KA QRGE KV KVLDEETIHIKA QQQDTID

250 260 270 280 290 300 310 320 330 340 350 360
CTTGATGTGGAGTTTGACGTTCACGTCGGCATCGCCCACACCCGCTGGGCCACCCACGGTGTGCCAAGCCCGGTTAACAGCCATCCACACAGATCTGACAAGACAAATGAGTTCATTGTC
LDVEFDVHY GIAHTIRWATHGVPSPVNSHPHRSDI KTNETFTIUV

370 380 390 400 410 420 430 440 450 460 470 480
ATTCACAATGGAATCATCACCAACTACAAAGACCTGAGGAAGTTCTTGGAGAGCAAAGGCTACGAGTTCGAGTCGGAGACCGACACAGAGTCCATCGCCAAGCTGGTGAAGTACATGTAC
I HNGITITNYIKDLRIKTFLESIKSGYEFESETDTESTIAKLVEKYMY

490 500 510 520 530 540 550 560 570 580 590 600
GACAACAGGGAGAGTGACGACATCAGCTTTGCTACGCTGGTGGAACGGGTGACCCAGCAGCTGGAGGGAGCTTTTGCCCTCGTCTTCAAGAGTGTCCACTACCCCGGACAGGCAGTTGGC
DNRESDDTISFATLVERVYVYTAQQLESGAFALVFZKSVHYPGQAVG

610 620 630 640 650 660 670 680 690 700 710 720
ACAAGGAGGGGAAGTCCTCTGCTGATGGGAGTGAGGAGTGATCACCAGCTGTCCTCAGATCATATTCCTGTGCTCTACCGCTCCTCTGCTAAAGAAAAGAAAAGCTGCACCGCTCTGCCC
TRRGSPLLMGVRSDHQLSSDHTIPVLYRSSAKETZ KT KT ST CTATLP

730 740 750 760 770 780 790 800 810 820 830 840
AGGACAGACCAGGACACCTGCCTGTTCCCTGTGGATGAGAAAGGTGTGGAGTATTATTTTGCCTCAGATGCAAGCGCAGTGATCGAGCACACCAACCGCGTGATCTTCCTGGAGGACGAC
RTDQDT CLPFPVDEIKSGVEYYFASDASAVIEHNHTNRYTITFTLTETDI?D

850 860 870 880 890 900 910 920 930 940 950 960
GATGTGGCTGCCGTGATAGAAGGCCGTCTGTCCATCCACAGGATAAAGCGCACGGCCGGAGACTATCCAGCCCGCGCCATCCAGACCCTGCAGATGGAGCTCCAGCAAATCATGAAGGGC
DVAAVIEGRTLSTIHRTITZ KRTAGDY?PARAIQTTLA QMETLA QQIMEZEKSG

970 980 990 1000 1010 1020 1030 1040 1050 1060 1070 1080
AACTTCAGCTCCTTCATGCAGAAGGAGATCTTTGAACAGCCAGAATCTGTGGTCAACACCATGAGAGGGAGAATCAACTTCGACAACAACACAGTGATCCTGGGTGGACTGAAGGACCAC
NFSSFMQEKETITFEQPESVVNTMRGRTINFDNNTVILSGSGTLTIKTDH

1090 1100 1110 1120 1130 1140 1150 1160 1170 1180 1190 1200
ATCAAAGAGATCCAGAGGTGTCGGCGACTTATCCTTATTGCCTGCGGCACCAGCTACCATGCCGGAGTGGCGACCCGCCAGGTTCTCGAGGAGCTGACCGAGCTACCCGTCATGGTGGAG
I KX EIQRCRRLTILTIACGTS SYHAGVATRAQQVLEETLTETLTPVMYVE
1210 1220 1230 1240 1250 1260 1270 1280 1290 1300 1310 1320
CTGGCCAGTGACTTCCTAGACAGGAACACTCCCGTCTTCCGAGACGACGTCTGCTTCTTTATCAGCCAGTCAGGGGAGACTGCTGACAGCCTCATGGCTCTGCGCTACTGTAAGGAGAGA
LASDFLDRNTPVFRDDVCFFTISQSGETADS SLMALT RYTCTEKEHTR
1330 1340 1350 1360 1370 1380 1390 1400 1410 1420 1430 1440
GGAGCGCTGACTGTGGGCATCACCAACACAGTGGGCAGCTCCATCTCCAGGGAGACCGACTGCGGAGTCCACATCAACGCTGGGCCTGAGATCGGAGTGGCCAGCACCAAGGCCTACACC
GALTVGITNTVGSSISRETDC CGVHINAGPETIGVASTTI KA ATYT
1450 1460 1470 1480 1490 1500 1510 1520 1530 1540 1550 1560
AGCCAGTTTGTGGCCCTCATCATGTTTGCGCTCCTCATGTGCGATGACAGGATTTCCATGCAGCCCAGACGTCGTGAGATAATCCAGGGCCTGAGAATCCTTCCAGATCTGATCAAGGAG
SQFVALIMFALLMCDDRTISMAQPRRRETTIA QGLTR RTITLTPDTLTITKE
1570 1580 1590 1600 1610 1620 1630 1640 1650 1660 1670 1680
GTCCTCAGTCTGGATGATGAGATCCAGAAGCTGGCGACAGAGCTGTACGAGCAGAAGAGTGTGCTGATTATGGGCAGAGGCTACCACTATGCTACCTGCCTGGAAGGAGCACTGAAAATC
vVLSLDDETIAGQZXTLATELYEQIKS SVLIMGRGYHYATT CLEGATLTIKTI
1690 1700 1710 1720 1730 1740 1750 1760 1770 1780 1790 1800
AAGGAAATCACGTACATGCATTCAGAGGGCATCCTGGCCGGAGAGCTGAAGCACGGCCCGCTGGCCCTGGTGGATAAACTCATGCCGGTCATCATGATCATCATGAGAGACCACACCTAC
KEITYMHSEGTITLAGETLT KHGPLALVDKLMPVIMITIMRDUHTY
1810 1820 1830 1840 1850 1860 1870 1880 1890 1900 1910 1920
GTCAAATGTCAGAACGCCCTGCAGCAAGTTGTAGCTCGCCAGGGTCGCCCCATCGTGATCTGCGACAAAGACGACTACGAGACCGTCAAGAACTCCAGCCGCAACATCAAAGTGCCTCAC
VKCQNALQQVVARQGRPTIVICDI KDDYETVKNSSRNTIIKVPH
1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030 2040
TGCGTGGACTGCCTGCAGGGCGTCCTGAGCGTCATCCCGCTGCAGCTGCTGTCCTTCCACCTGGCCGTTCTCCGAGGTTACGACGTGGACTGTCCAAGAAACCTGGCCAAGTCTGTGACG
cvbpcLeQeGgVvVLSVIPLQLLSFHLAVLRGYDVDCPRNLAIKSTSVT

GTAGAGTGA
V E *

1 /Nt gfpel FERY CDS ¥ 51 KT 1000 1) 2 3% R J 7 31)

Fig.1 CDS sequence and predicted amino acid sequence of gfpt] gene in small yellow croaker

PR R 2 O PR A DX

The black underline is the conserved structure region.

FEWM M GFPT1 #EH —45Md, o858 GFPT1 M =SEAZW S KM, M EYiS
42.52% ., FEfHEE S 17.30%. JCHLUER 5 40.18% (Danio rerio)f1 NZ&(Homo sapiens) GFPT1 W) =423k
(K 2A), SWISS-MODEL il il 4% 3 i 75, /N 2544 BLAG 1 B 2 (RIS G2 AR (K] 2B).
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100 200 300 400 500 600

Danio rerio

Homo sapiens

K2 /Nt gfpr] AT 1 R EER(A)
=2 4544 (B) Bl
Fig.2 Prediction of secondary structure (A) and tertiary
structure (B) of gfpt] sequence encoded protein in L. polyactis

W a B, O EAEE; WO JORNE
Blue: Alpha helix; Purple: Extended chain; Yellow: Random curling

22 ofptl BEEFILEX S REH AR

2 h/NED gfpr] J7 A5 A 6 2[R IR S B
5. Nt gfprl JPH S HALSTE H (Perciformes)
A AR SIAE 87% LA |, Horbr, 58 fa i AL
Pedei, 7 99.37%. 181 gfprl HEDH ¥ 51 3 T-4B He vk
R G AR, AT /N 05 Al i 2 ]
gfpt] BRI R SR o, BHESh Y gfprl B
BB ENRGE LB MG, Hrh, @0 50A
2 MR 2 I 2L 2K K DL 3R TTUHE (Xenopus  tropicalis)
AR PRGN B ) R R R . FE Sk
W, REKEWINEE DR, NE 05 REGOIE
BRSO R EGE 2 ARG 2SR, &98 B YR (i
A E AR R B RS, 52
(Cyprinodontiformes) ¥ # 40 [ ¥ # (Cyprinodon
tularosa) . W (Gambusia affinis)IE WM 4L 37
X5 R G O R MG (] 3).

&2 NEE ofptl B35 H @ ERES 7

Tab.2 Homology analysis of gfpt! sequence in small yellow croaker with other species

P Species

H Order

B 5R5 Accession No. AU Identity/%

KHifh Larimichthys crocea

fiifZ H Perciformes

>XM_010745502.3 99.37

HH A £ Chelmon rostratus
SBURME Morone saxatilis

RX YN ' Dicentrarchus labrax

SHUME SR Siniperca chuatsi

B K Toxotes jaculatrix

T 4t Perca flavescens

HARWI & Sander lucioperca
FREiSeriola dumerili

&8kt Scatophagus argus

K1 Bty Micropterus salmoides

HHE RN Acanthopagrus latus

Bl 5 4585 Etheostoma cragini

1A fLEE Wt Trematomus bernacchii
BV 2215 B e Sk A4 Notolabrus celidotus
i I 52 M 8 Neolamprologus brichardi
Z R 8 Girardinichthys multiradiatus
B Gambusia affinis

H V8 Cyprinodon tularosa

Z {0, Cyprinodon variegatus
fLEEAER Poecilia reticulata

BE £ Danio rerio

NZ& Homo sapiens

/NBL Mus musculus

TH M Macaca mulatta

T JKWE Xenopus tropicalis

#i} H Perciformes
#45¥ H Perciformes
#45E H Perciformes
#1% H Perciformes
#F H Perciformes
#F H Perciformes
#i} H Perciformes
#5E H Perciformes
#45E H Perciformes
#1¥ H Perciformes
#F H Perciformes
#F H Perciformes
#i} H Perciformes
#45E H Perciformes
#45E H Perciformes

#%3% H Cyprinodontiformes
#¥F% H Cyprinodontiformes
¥ F% H Cyprinodontiformes
#% H Cyprinodontiformes
#%J¥ B Cyprinodontiformes
##¥ H Cypriniformes

R K H Primate

Wi 15 H Rodentia

R K H Primate

Jof2 H Anura

>XM_041937082.1 93.17
>XM_035658039.1 93.07
>XM_051421496.1 92.92
>XM_044197982.1 92.68
>XR_005894329.1 92.39
>XM_028577769.1 92.15
>XM_031305086.2 92.15
>XM_022753765.1 92.04
>XM_046387153.1 92.03
>XM_038703942.1 92.00
>XM_037098300.1 91.85
>XM_034870877.1 91.71
>XM_034148722.1 90.58
>XM _034691475.1 90.00
>XM_006784024.1 88.78
>XM_047381962.1 87.50
>XM_044111139.1 87.50
>XM_038285731.1 87.50
>XM_015389190.1 87.40
>XM_008419029.2 87.30
>NM_001034981.1 82.10
>NM _001244710.2 73.60
>NM_013528.3 76.40
>NM_001265907.1 75.40
>XM_002935303.5 75.90
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53 >XM_031305086.2 Sander lucioperca FARY)ff
97 >XM_037098300.1 Acanthopagrus latus &€
>XM_034691475.1 Notolabrus celidotus ¥4 % 15 fEME L 1
100 >XM_006784024.1 Neolamprologus brichardi #i B35l
100 >XM _038285731.1 Cyprinodon tularosa AP
>XM 015389190.1 Cyprinodon variegatus Z= {08
100 ———>XM_047381962.1 Girardinichthys multiradiatus 2@

84 >XM_044111139.1 Gambusia affinis 5

100 >XM_008419029.2 Poecilia reticulata L2 £
>NM_001034981.1 Danio rerio Bty
>XM_002935303.5 Xenopus tropicalis HH7 )T
100 ———>NM_013528.3 Mus musculus /N,
100 >NM_001244710.2 Homo sapiens A\J&
100 >NM_001265907.1 Macaca mulatta B
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Fig.3 Evolutionary analysis of gfpt/ gene in different species
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Fig.5 Response expression of liver gfpt/ in small
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Fig.6 Relative expression of liver gfpt] in small
yellow croaker in response to challenge test
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HUFFEHE B h Y GFPT ARG KL
RHRPEE A, H gfprl EEARYNMLT H 35 (Wei et al,
2022); AR FERERF I gfpe] FEPR L GH5% 681 444
MR, 4> TN 77 kDa (McKnight et al, 1992), ZAHf
g, /NE A GFPT1 2 UM X 43 F- 14 76.745 kDa,
& T RIAMmRMEN, 4R 5C#HiERN GFPTI

AL (B B %5 (Volvariella volvacea) (Luo et al,
2009) GFPT HH&H 697 MEIERR, S/ EMmikN
gfptl FER T gt ) SR A HAF e 22 5, XU 3l
H ) Z IR1Z AR W 2 5L R 7 5 B A 22 bk o B TF 91
AP L XS R B, /NS £ gfpe] FE RS HA L &
T B 2 AR 1E 87%LL i 5 HGr S Rh ok
AR Y 9 AR 5 155 (99.37%) 0 FERE 11 =245 1L
PR, NS RE M, BEE DL R AJEE GFPTI
A G5 BEARL, R HAE A W Py Ao o] g B A 26
IR A 2= DI Be(E R ITAE, 2015), HFREVE R M2 3
BRI M e A B (E A, 2021), TEA KA
THEGEAR AR E . AR A, gptl 1E
JHFIE e 3k o o 2 e T 2, X — IR 4R AR
JH ARG 3538 R0 e 92w 1o, Hh AT i & # CSEAE

IR A A 2 5 ) 0 28 AR A RN AR K B EE LA
15 K 2% 2 —(Besson et al, 2016), Fififi 28k 72514k
K2R ()5 5 v Tk B 10,288 SR T 18D XT Y — T
JEIRPE R (Ma et al, 2023), BFFEERM, x0T
Wk s/ E AR R B, AT 55(Oncorhynchus mykiss)
T A7 e U P A R, G U 4 2 27 3] B (Wang
etal, 2016); f= iR W30 & B K 22 8F (Scophthalmus
maximus)FFHEAN L & A= 08 1= (Jia et al, 2020); K&
R FEAE 33 C LA EAFEE 6 h, PR SUB S & A4 1
Y5, FFAIMETF AR IR T, PR 0T DO 07 3R 5 4 8T (Zhao
et al, 2022), /INVE o0 1 g R A A S 4 5
HAKEG T EI, ERREIEN/EAETETHNE
IR H B B BN T8 B (Liu et al, 2023), X —45 85
KA (Yu et al, 2023). UNJE 88 % (Trachinotus
ovatus) (Li et al, 2023)55 I 53 45 R —3 . WKk
™ (endoplasmin reticulum, ER)7E FAZ 21 ifd o & 85 H i
B ELEG T, SHEZ e s, RS R
5, fisk % P9 J5E 99 137 38 (ERS) Al UPR (Sozen et al, 2015).
TEAMESE 32 °C ey ifit Jh 38 S 300N v £ T 40 21
gfpt]l mRNA Fikmfrel b 3 L, UiH/NE i 7e
XF i A R, P REIE AT R gfpel WM, fEiF UPR
BN, IS 5 380 /)N i £ 1) o7 g oy AR ], 3
AR A D RE RS . AP ERM, 76 & iR Mhaa 25
T, ERS & UPR Wk i 3 (Zhao et al, 2022), 1 gfptl
XFAERE UPR T B AR 11 50 AR A RNk 48 PR I I 7 95 28 O
#HH (Zhang et al, 2024), /N E IR R A QTL
1 GWAS BRGE RSB, Tk 2 gfpel SRy i Rk
ARAB AR L FE A, AR & i e T 2 3 1 (Liu et al,
2025), AWFSETEIESSZAS R A A B, 44k T iR
IR0 AN (] i [) g 5 PR R aR AR AR O, ME— 20 100 BH LA
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e i S R R T R ER . gfprl BRI
(4 LR AT BE fn HBP 2 o UDP-GleNAc [ 4 A
(Boehmelt et al, 2000), M fii fie 1 25 14 5 A9 1F B i 561k
(Wang er al, 2014), #EFFAHMINTRAS . XKW gfpr]
TE /N o ] 1 e T NN K e AR v A T AR
HRTsEm /N O FR A I 2R, BR TRk,
H £ /™ 5 1 3 1) R R AR R 28 2 o Pl 2R TR S P
SRR S 1 PR s T BRI R JHEE L ELUNE |
WEAE N E 28 B B2 0.5~3.0 mm i EH B.4575 (Li et al,
2020), EATEHEAE AT R I, RO AR IEZH 21
R SR . HEURIE LA S 25 Ak, B 2
L LB 1 B G Y B G PR, 2017),
PIE U AR SCF 58 72 R 8 1 (Peng et al, 2024), %
AR ff.(Oreochromis mossambicus) (Dong et al, 2019) .
FHIT Bt (Hapalogenys nitens) (25 HESE, 2023) . 2R 1Y)
fifi(Lates calcarifer) (Sun et al, 2020)% 25 E A )
1B, CATERY], WIEE SRS TE A e 5]k
JAE SN (WA K4, 2012), i F WELE RAE SNk
HEEEAEN, @R AE N E R b
240 JELFD IR TV ) O AT . B AR ASTE AR AE LI
R Z B EAE(Qian et al, 2017), It4h, Shang 55
(RO24HWFFE A B, F Wik AT RETE A 7512 M 98 i TR 28 i 1%
TR A HE GV E o A 2R A IR P i B M v
PR OS5 S A ZE I, BROE AT DA,
) 2 42 ] 8 23 350N BA0ORE P E 11 S0 P B TR I
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R, i D AR T3 AN (Zhang er al,
2024); Wb, GFPT (44 ] 3Rk 23 I 55 Se K A i e iz
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b5 HBP it B 1 25U , 23 2T 4L D RE 2k
HETT 36 A8 B O 5 ok BEg B3 7 A 922 i % 1) H B (Tang
et al, 2024) TEAWF ST J5L v Sk g S 5 19 /)N i £
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TR AT 0T BRZH B R - R R Y S A e L

X AT BB R TR AT AE P A B R I A A2 A B
R, e RGeS, MIHEE N EHERS , HLIARE i N
RSB EHLH, i gprl Fikta LF LIS RYT
BEAMBRR, FETHMR R F 2 6E 1 24
o T e G A AR S W I | WL S e BE ) N e Jm
B LN B TR IK . X —4 R N BR gfpe] %
DRLLE /I B A 0 D B S e i e o iy A R R A3 T
HELR, WO, gfpt] FEDIEA [RGB B 2k
AL, daon T AU R T B S SR E LR, N
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gfpt] i P /DN A8 T X8 i I R R P P K
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4 g
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Cloning of the gfptl Genein Larimichthys polyactis and Its Response to
High-Temperature Stress and Pseudomonas plecoglossicida I nfection
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Abstract

316022, China; 4. School of Marine Sciences, Ningbo University, Ningbo 315832, China)

The small yellow croaker (Larimichthys polyactis), a commercially important marine

species in the Sciaenidae family, has historically been recognized as one of China's "four major marine

products"

because of its cultural heritage and economic value.

Following breakthroughs in

artificial breeding protocols in 2015, this species attained large-scale aquaculture viability by 2020.

However, its sustainable production faces critical challenges due to emerging environmental stressors,

particularly recurrent marine heat waves exceeding physiological thresholds and Pseudomonas

plecoglossicida-induced visceral white nodule disease (VWND), which collectively cause high mortality

rates under severe conditions. These pressures necessitate urgent exploration of molecular adaptation

mechanisms to safeguard aquaculture sustainability. The fish liver, a pivotal organ for xenobiotic

detoxification and immunological regulation,

perturbations, making it a strategic

Glutamine-fructose-6-phosphate  transaminase-1

exhibits

biomarker
(GFPT1), the

heightened sensitivity to environmental

organ for physiological stress studies.

rate-limiting enzyme in the

hexosamine biosynthetic pathway (HBP), governs cellular metabolism by regulating the biosynthesis of

UDP-GIcNAc, an essential substrate for N-linked protein glycosylation. Through this mechanism, GFPT1

ensures the proper folding of stress-responsive chaperones and maintains endoplasmic reticulum (ER)
homeostasis via the unfolded protein response (UPR). Dysregulation of GFPT1 disrupts UPR-mediated

autophagy-apoptosis homeostasis, establishing its role as a master regulator of immunometabolic

adaptation. Notably, gfpt/ emerged as a hub gene in both high-temperature tolerance quantitative trait

locus (QTL) mapping and transcriptomic analysis of P. plecoglossicida-infected L. polyactis, suggesting

its evolutionary importance in stress resilience. To characterize gfpt/ responses to heat stress and

pathogen challenge, we successfully cloned and annotated the full-length complete coding sequence

(CDS) of L. polyactis gfptl via E. coli-based cloning, revealing a 2,049-bp CDS encoding a 682-amino

acid protein with conserved PLN02981 superfamily domains critical for enzymatic activity. Phylogenetic

D Corresponding author: LIU Feng, Email: lengfeng0210@]126.com
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analysis demonstrated high sequence conservation (99.37% identity) with its congener,
Larimichthys crocea, highlighting the evolutionary conservation of enzymatic function. Quantitative
real-time PCR (RT-gPCR) analysis utilizing f-actin as an internal reference gene
demonstrated constitutive gfpt/ expression across all examined tissues (brain, intestine, muscle, gill, liver,
kidney, spleen, skin, and heart), with expression levels in the liver being significantly higher compared to
those in other organs (P<0.05), consistent with the Iliver's evolutionary role as a
metabolic command center in teleosts. To characterize stress-specific gfpt/ dynamics, two experimental
approaches were implemented: a high-temperature challenge model comparing 32°C heat stress versus
20 °C ambient controls, with liver sampling at 0, 6, 12, and 24 h post-exposure, and a P,
plecoglossicida-infected model with liver sampling at 0, 6, 12, 24, 48, 72, and 96 h post-injection. The
results showed that, under 32°C heat stress, sustained gfptl upregulation (P<0.05) was observed in liver
tissue, peaking at 6 h post-exposure. However, no significant temporal differences were detected among
sampling time points (6-24 h, P>0.05). In contrast, P. plecoglossicida infection induced dynamic gfpt/
expression oscillations: initial downregulation at 6 h post-infection (P<0.05), followed by upregulation,
which peaked at 48 h (P<0.05), transient normalization at 12, 24, and 72 h, and final downregulation at 96
h (P<0.05). These divergent expression patterns demonstrate that gfpr/ mediates divergent molecular
pathways in L. polyactis under abiotic (high-temperature) and biotic (pathogenic) stresses, highlighting its
dual regulatory roles in stress adaptation and immune modulation. The 6 h post-exposure expression
amplitude and 48 h post-infection surge establish hepatic gfpt/ as a quantifiable biomarker for
high-temperature resilience prediction and VWND outbreak alerts, respectively, providing actionable
metrics for loT-integrated aquaculture health monitoring systems. The current findings establish gfpt/ as
a biomarker for aquaculture health monitoring and thermal resilience prediction, offering critical insights
into teleost stress response mechanisms and strategies for sustainable mariculture. These results provide
valuable insights for addressing key challenges in L. polyactis aquaculture and advance our knowledge of
the stress response mechanisms in marine teleosts.

Key words Larimichthys polyactis; Glutamine-fructose-6-phosphate transaminase-1 (gfptl);
Cloning; Heat stress; Pseudomonas plecoglossicida



