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1 HRE5HE

1.1 Wi mRE

¥4 JBIN 00 S 56 AE W VLAR A LT 2K ™ B 5 T 5 B
FEHHEAT, SEU0 MR B M (R 45.0£5.0 @)%
[ e 0 i R (14 STE R 0y N 8 2 iy L o
FIXFREZ, R4 140 B, EENKet (3 mx
4 myBFE 2 JH, KEEER 15 C, BRELE
Bl SCEA, KIRERED 2 C, HRIKE S E
9 C, LURHRIELT C, HF7 C,7 CHHFESd,
B RWLEE KB AT R AR LR 6 O % A o
ANEEARIKIRAN, FrAT AL B 5 S a6 Al AR IR . BRI
Je, SCR A AR IR AR IR 15 CHRIFIRIS

11 'C.9 C.7°C (1d).7 'C BdHM7 C (54d),
o6 MR, SARERBEAMNENFNLA, &
AR AR 5 B

LD 2] R R RE LK 20 B KRB A IRAE
30 LKA 2 J8, /KRB EHR 15 °C, HMEEDLIk
Tkl IS BoOR#E f, SREMEMAM.OIE, T
P KB kL H L i, 88 Bk WLA A
MEAL, 12 ML, RAFAE RNA R,
PI#E RNA H2HL,

1.2 RNA fZEF0 cDNA &/

K TRIzol i 7 & 1k 2 BOK ¥ 0 21 21 &
RNA, jifijt RNase-free DNase I 17 & 4lifk RNA,
37 °C, 30 min ZEFRFEE 4] DNA ., B3 IR HHEE I HL K
Kl RNA A 5¢ 24, Nandodrop 2000 #1746 & /3
B R0 e B2 o AR i B e s i) &2 (PrimeSeript
RT-PCR kit) i 454 i cDNA % —5k8E, LA h
it #1T PCR,

1.3 cGPDH #1 mGPDH EE &K [&

R 4 S5 00 5 T A A Sk A B, O %k R AR
cGPDH Ml mGPDH &R 151, SR 5 HE5
Y@t Primer 5.0 AR 1), R Nested-
RACE J7 k9 HE L H 3", PCR e i 4514k 94 °C
5 min; 94 C 30 s, 69/68 C 30s, 72 C 1 min,
30 MEH; 72 C 10 min, #RJ5 183 RT-RCR #ff
A ¢cGPDH 1 mGPDH £ [ J37 51 44, PCR Jz i 5%
594 ‘C 5min; 94 'C 305,54 C 455,72 C

£ 1 K¥EfH cGPDH #1 mGPDH E E =KL HS W

Tab.1 Primersused for cGPDH and mGPDH cloning and expression analysisin Larimichthys crocea

514 primer J¥31(5'-3") sequence (5'-3") JH# purpose
¢GPDHF1 CTGGGTCTGATGGAGATGGTCGCCT RACE ¥ ¢GPDH 3"
¢GPDHF2 CAAGTTTCCGTTGTTCTCTGCCGTCT
mGPDHF1 TGTCAGGAGCGGAAGACGGCAGAG RACE #"# mGPDH 53
mGPDHF2 GCAGCAAGTCCTGGAGAGCATCAAC
¢GPDHF CGAAGGCAACAGAAAGCAACAATAG 1A cGPDH JF31 & K
¢GPDHR CGTTTGTGCGTCTCTGTCTGATG
mGPDHF ACCACAAAACAAGAAATCCTGACCG itk mGPDH 5731 4 K
mGPDHR TTGGCATCCTTTGAAAAATCCTCCT
¢GPDHQF CAAACTTCCGCATCACCGTC ¢GPDH qRT-PCR
¢GPDHQR CAGAATCCAGCACCTACAGCCAC
mGPDHQF GTCGGATGTGCCTTAGACGCT mGPDH qRT-PCR
mGPDHQR GGGCAATTTCCAGGAGGTTAG
p-actin-F TTATGAAGGCTATGCCCTGCC p-actin qRT-PCR

p-actin-R

TGAAGGAGTAGCCACGCTCTGT
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1 min, 30 PME#; 72 C 10 min,PCR =¥ 1% 1
BENGAREBE  p VK AT A, [l H e, I e
B 2 pMD19-T 244K, i L Invitrogen 23 7] 7 o
1.4 cGPDH #1 mGPDH ERE £ {5 BF 4

[ ORF Finder (http://www.ncbi.nlm.nih.gov/
gorf/gorf.html) #F $8 $f 4% 1) K & i cGPDH #
mGPDH $:[H ¢cDNA J¥ 9Bl R 52 HE . Expert
 H 7 11 & 4 (http://www.expasy.org/) Ti Il X i
5 A AL AL, Signal 4.0 754 B0 2
H {55 k. SWISS-MODEL (http://swissmodel.
expasy.org/interactive) 7F £& Tl 25 11 = 4E 4544 .
SMART 4.1 (http://smart.embl-heidelberg.de/)F1 NCBI
ST AN R PR SF S A s TR Y . 15 ]
Bioedit I Clustal W # {4 iE 47 2 SE 18 )3 41 L%, H
MEGA 5.0 #1{4, Neighbor-Joining J5 %) R4
HEAER
1.5 WHEE PCR (QRT-PCR)H T EE M RIE

R4 BF422 1) cGPDH FIl mGPDH 3 [ J7 41 4=
Bt 7 PCRFERIES I YR 1), -actin FEH
YRR P i BB N S HE I, S A i IR
SuperReal PreMix Plus (SYBR Green)7¢ G iE & i

RGBT DU SR cDNA SWtsAR,
FE G BERCR IR B B . RN AR R
410 pL, F14% cDNA (Fi#E 100 1)1 pL, F¢5iE
51#14% 0.5 uL, SYBR Primix Ex Taq 5 pL, ddH,0
3 pLo RHMAEIATY 1S, R AMH 95 C
2min; 95 ‘C 155,60 ‘C 20s, 3L 40 PMEH
A 3 AEE, UARIESIENREtE, K
i cGPDH Fl mGPDH 3£ mRNA FHX} 35 7K F-
K 27, AT H R A B DR R R R S
{EEPREDR (X = SE)FRR, FFEH] SPSS 19.0 i fF
YEAT W 408, F Duncan 7EiE1T2 & LS
B (P<0.05 I 7K ).

2 HRE5HMH

2.1 X#f cGPDH #1 mGPDH £ & cDNA #-1%
REMEKHHE

veRE By Pk, 455 BOR ¢GPDH T
H1 42K A 1577 bp, 145 666 bp 1 5’-UTR, 1050 bp
(9 TF Jik B HE(ORF), 461 bp 1 3'-UTR, Hh4d
349 NE KR (K 1), SMART il cGPDH JG it
MIZERIR, A NCBI fRSF &5 H S8 s 1 R 1 C

1 CGAAGGCAACAGAAAGCAACAATAGGGGCTTCAGTTCAGCCGATCAGGAGGTTTAGCTCTCTCAAGatgcctggaaagaaagtetgeategtegggtctggaaactggggttectecatt 120
1 M P GKKVCIVGESGNWGS S I 18
121 gccaaaataattggccacaatgtcaaagecteccaaccggtttgaccegatggtgaacatgtgggtttacgaagaggtgatagaagggaggaagetgacagagatcattaatacggageac 240
194 K I I GH N VK A SNURPFDUPMVNMWVY YEEVTIEG GRTZ KT LTETITINTEH 58
241 gaaaacgtcaaatatctgccaggtcacaagetgecaaggaatgtggtegetgttectgacgtcactgaagetgtcaaaggagecaaagatectggtetttgtgateccteatcagttcatt 360
59E NV K YL P GH K LPRNVV AV PDVTEAV KGAZ KTITZLVFVTIPUHA QFTI 98
361 ggcaacctctgtgaccagataaagectcacgtcacggagggaaccatcgggatatcactcatcaaaggtatcgacgagggeceggatggactaaagetcatctecagacattattegagag 480
9¢ NL C DQ I KPHVTEGTTIGTISLTIZI KTGIDTEGPTDGLTZEKLTIS SDTITITRE 138
481 aagctagagatcgaggtcagegtcctgatgggggecaacatcgecaacgaggtggcagatgagaagttctgtgaaaccaccatcggggecaaaaatgaggcaaacggcaccatcttcaaa 600
139k L E I EV S VLMGANTIANEVADEI KT FT CETTTIGAEKNEANGTTITFTZEK 178
601 gagctgcttcaaactccaaacttccgeatcaccgtegtagaggagagegacaccgtggagetgtgeggagetettaagaatategtggetgtaggtgetggattetgtgacggeeteggt 720
17t L LQTPNTFRITVVEESDTVELTGCGALZEKNTIVAVGAGTFTCDGLG 218
721 ttcggegacaacaccaaggeggeggtgateeggetgggtetgatggagatggtegeettegecaagttgttctgecaaaggeagegtgagetecaccacettectggagagetgeggegtg 840
29F 6 D NT K A AV IRLGLMEMVAFAKTLTFCEKGSVYSSTTTFTLTES ST CG GV 25
841 gcegacctcatcaccacctgetacggaggacgaaaccggaaagtcgeagaggectttgecaaaacgtccaagtetatcactgagetggaggecagaaatgetcaacggecagaagettecag 960
259A DL I TTCYGGRNRIEKVYVAEAFAZKTSTZEKSTITITETLTEAEMLNG® QZEKTLQ 298
961 ggtccacagacctcagetgaggtctacaagetcctacagaaaagggacatggtgaacaagtttecgttgttetetgeegtetatcagatetgettcgagggcaaagaagtgaaagagtte 1080
2996 P Q T S AEVYKLTLUGQEKRDMVNEKTFPLTFSAVYQTICFESGEKTEVEKTETF 338
1081 atcacctgtctgcagaaccacccagageacatgtgaCGGGACCATTCTGCAAACTGCTGCTGCTCCTTCAGTAACAACATATAACCACTAGAGGGTGAAAGAGATTCATCAGACAGAGAC 1200
3391 T C L Q NHPEHM * 349
1201 GCACAAACGGAAACAACAAGAGCACTTTGACTTATTTTTACCGGTGACATTTCATCATGGATATTTT TAATTAGCTATT TAAAAGT TTGCTCTTATTTTGTGAATTGTTCTGTACTGTTC 1320
1321 ATTTGGCTCTAAAAAAATATCGTGTTTAATAAGCTTTGTTTTTCAGTGGCACATGT TAAAATGCAGACCCTCCTGAGGCAAACCACTCCTACTGCCAAAAGTCATTTTGTATGGGGTTTG 1440
1441 TCAAGGTTTCTTTTCACTACATGACAGTTTACAATTTCAAAATCAAAACTTAATGATGTCTTTTTTT TATCTTCATGTGAAGTTGTTTTCTCAATAAAATCAATGAGTAACAAAAAAAAA 1560
1561 AAAAAAAAAAAAAAAAA 1577

Bl 1 Ki&fa cGPDH 3 cDNA &K 75| K S &3 )75
cDNA JF8 /NG FRHURIF I EAE; KT F R 7R 3 gah X +UR A (%15 T
ZREH TIN5 5 (aataaa) T F RIZAR i ; NAD M1 GPDH 8 55 AR 51751 (196-336aa) T T X 4 b i1 .
Fig. 1 Nucleotide and predicted protein sequences of cGPDH of Larimichthys crocea
Lowercase letters in cDNA represent open reading frame (ORF); uppercase letters represent the 5’ and 3’

noncoding regions; * indicates stop codon. Poly adenosine tail signal (aataaa) is underlined;
the conserved sequence of NAD-dependent GPDH (196-336aa) is underlined.
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v B AT NAD #K#itt GPDH #8 K Gt <F ¥4
(196-336aa), N C ¥iiE P 4h & X3k Signal 4.1 &

HIEAHE S K, Expert #EWMHEHS TH RN
38.125 ku, FHL 5N 5.90, mGPDH ¥l &K h
2319 bp, ORF & 2193 bp, 4% 730 & FERR,
5'-UTR 4 28 bp, 3'-UTR # 315 bp (&l 2).SMART

i ORF £3% 2 4> EF-hand T e 45 #415,(630-658aa,
666-694aa), FIAILE 1 HALEA Ca I,
NCBI &8 HEA N S 3-8 B e S A C
a-@s@a’%ﬁiﬁa@t%ﬁ%ﬁ%%?ﬁu . Signal 4.0 &

HEAES K, Expert HEMHEH S TEN
80.888 ku, ZFHL AN 6.78,

1 ACCACAAAACAAGAAATCCTGACCGGCCatggegttcaggaaggctctgaaacggacggeggteatcggeggeggggeggtegeegeggettteggectgtegeagetgattgagtacag 120

1 M AFRKALIZKRTAVIGGGAVAAAFGLSAGQLTIETYR 3]
121 aaggacgcagcacggattggcteggttagetcacgtggeggeggaagecagacctgaaggttecctatgeggacgagttteeccteteggeaggeeccagetegeggegetgeagaacacaga 240
32 RTQHGLARLAHY AAEADLTEKVYPYADEFPSRQAQLAALGQNTETL
241 ggagtttgacgtcctggtegteggecggaggagecacgggtgteggatgtgecttagacgetgtcacacgecaacctcaagactgecctegtggagagaagegatttetettcaggecacgag 360
72 EFDVLVVGGGATGV GGCALDAVTRNLEKTALVERTSDTFSSGTS 111
361 cagtcggagcaccaagetgatccacggeggegtecgetatetecagaaggecatcatgeagetggactacgaacagtacatgatggtgaaagaggegetccacgagegagetaacctect 480

112 SR ST KL I HGGVRYLQEKATIMQLDYEQYMMYVEKEALHETRANTLL IS
481 ggaaattgceccteacttatetgegeegetacecateatgettectgtt tacaagtggtggeagetgecttactactgggecgggatcaagatgtacgact tggtggccgggatecactg 600

152 EI APHLSAPLPIMLPVYKXKWWQLPYYWAGIIKMYDLVAGTIHTC I191
601 tctgaagagcagctacgtcctcagtaagaccaaageectggagettttecccatgetgaagaaagacaagetggtgggagecategtetactacgacgggeageacaacgacgecegtat 720
192 L K SSYVLSKTI KALELFPMLIEKIEKDI KLVGATIVYYDGQHNDATRMD23
721 gaacctcgecateggecteacegeegeccgetacggtgecgecatggecaactacaccgaagtggtecacctact gaagacgaacgaccegeagacgggcaaggagaaggtgtgtggege 840
232 NLAIGLTAARYGAAMANYTEVVHLLEKXTNDPO QTG GEKTETZ KV VCGA 271
841 ccgctgeagggacgtcatcacaggaaaggagtttgacgt gaaggecaagtgegtgatcaacgecaccggeectttcacggactcget gaggaagatggacaaccaggagactecagaacat 960
22 RCRDVITGEKETFDVEKAKCVINATGPPFTDSLREKMDNG QETA QNI 311
961 ctgccagecgagegeeggegtecacategtecateceeggttactacageccegacaacatgggecttctegacecggegacgagegacggeegegtcatecttcttectgecctgggagaa 1080
32 CQPSAGVHIVIPGYYSPDNMGLLDPATSDGRYIFFLPVWEK 351
1081 ggtgaccatcgecgggacgaccgacacacccaccaaggtgacggeacaceccgatecegggggaggacgacatcaacttecatectgagggaggtcegeaactaccteageeccgatgtaga 1200
352 V7T I AGTTDTPTIZ XKVTAHPTIPGEDTDTINFTILREVRNYLSZPDVE 391
1201 agtccgeegtggagacgtgttggeggcgtggagtggcatcegtecectggtgaccgaccecaact ccaaagacactecagtecatetgecagaaaccacatcgtcageateagegacagegg 1320
32 VRRGDVLAAWSGIRPLVTDPNSIEKDTQSTICRNHTIVSTISDSG 431
1321 & ctggtcaccatcgeceggtgggaagtggaccacctacaggtcecatggetgaggagactetggacgeggecatcaaagetcacagectgeeggeegageectgtaagacegtggggetgea 1440
432 L VTIAGGEKWTTYRSMAEETLUDAAIKAHSTLPAETPCIKTVGLQ 471
1441 actggagggaggcaaaggatggacgecgacgetcetacatecgeetggtgeaggactacggact ggagaatgaggtegetcageacctegectecacgtacggaggaaaggegttegacgt 1560
472 LE GG KGWTPTLYTRLVQDYGLENEVAQHLASTYGGEKATFDV S
1561 ggccaagatggegeaggteaccgggcaaagatggecgategtggggaagagactggtgtecgagttecegtacatcgagagegaggtgctgtacgegat taaggagtacgectgeacgge 1680
512 AKMAQVTGQRUWPTIVGKRLVSEFPYTIESEVLYATIZKEYACTAS5S]
1681 catcgacgtcatcgecacggegaaccegtetgggetttetgaacgtgeaggeggeegatgaggegetgecacgeategtgeagatecatggggaaggagetggactggtgtcaggageggaa 1800
552 I D VIARRTRLGFLNYQAADEALPRTIVAQIMGEKETLDVWECAQERK 591
1801 gacggcagagetcgaageagegaggaactttttgtaccaggagatgggetacaggtetegatetgageagetgaccaagacgtcegagatcactetggactaccacgaagtagtgaggta 1920
592 TAELEAARNFLYQEMGYRSRSEAG QLTI KTSETILITLDYHEVV RY 631
1921 caagaagcgtttccacaagtttgacaaagagagcaaaggatteatcaccactgttgacgtgeageaagtcetggagageatcaacgtcecacattgatgagaatgegeteecegacatect 2040
632 KK R F HK FDKESKGFTITTVDVQQVLESTINVHIDENALTPDTITL 671
2041 taacgaggtggacctcaacaagaacggacaagtggaaattgatgaattcatgeagetgatgagegecgt gaagaagggacaagtgtecgacageegectggecateetgatgaaatcage 2160
672 NE VD LNIKNGQVETIDEFMQLMSAVEKEKGQVSDSRLAILMEKSATI
2161 ggaggaaactttggataagagaggcceggtgacggtggaccgaagegggggcggegt gt gaGCCCGACACGAGGAGGAT TTTTCAAAGGATGCCAAGAAAACCTTCAGCTGTTGCTCTGT 2280
712 EETLDK KU RGPV TVDRSGGGV * 730

2281 TGTAGGTGGTGATGGAAAAAAAAAAAAAAAAAAAAAAAA 2319

K2 K&t mGPDH %[ cDNA 4K 55 MG 1 E R
5 BRI B ME; KRS FEACTR 57F1 3R X, *AQURE (L5 T
45 H38,(630-658, 666-694) 1 T il Zkdn .

cDNA 751 Hi/NE
EF-hand 3 §E%

2l

Fig. 2 Nucleotide and predicted protein sequences of mGPDH of Larimichthys crocea
Lowercase letters in cDNA represent open reading frame (ORF); uppercase letters represent the 5’ and 3’ noncoding regions;
* indicates stop codon. EF-hand function domain (630-658aa, 666-694aa) is underlined.
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| SRS M 35 £8(Collichthys lucidus TKS66641.1)

kel tfi(Morone saxatilis XP_035533906.1), Z1.fig

IR 7 tli(Takifugu rubripes XP_003966720.2) . K74

¥ B (Salmo salar XP_014007129.1) . £ f
(Oncorhynchus nerka XP_029516245.1) . #5 fi#
(Salmo trutta XP_029612427.1) . Bt 5 ffi (Danio
rerio NP_999918.1) . 4 fi (Lepisosteus oculatus
XP_006636319.1) .
XP_031749749.1)

>
YN

/N B (Mus  musculus NP_
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034401.1) . ANZK(Homo sapiens NP_005267.2)1]
cGPDH Z EEMR 7 51 4T [a] Y5 LU X Ak AL AR 23 A,
gER R, K cGPDH 43 FE 4 U & —1
BRI PRSERFIEPE TS GXGXXG, & 10 4
1o BE AR ST ) 2K e R 7% 3 (Cys7 . Cys102 . Cys162
Cys200, Cys214 ., Cys243 ., Cys256., Cys265 .

Ki&€a Larimichthys crocea
N2k Homo sapiens

P44 Danio rerio
BELAMFRE A Couichthys lucidus

K¥Ef L. crocea
N3& H. sapiens
P D. rerio
BEAHMFES C. lucidus

Kt L. crocea
N3& H. sapiens
B4 D. rerio
Pk E M C. lucidus
KM L. crocea
N2 H. sapiens
BED 8 D. rerio
WEAHFEA C. lucidus

K# M L. crocea
N3& H. sapiens
BT D. rerio
BESKAMFE A C. lucidus

Cys329. Cys341), ¢cGPDH 7 i 102 i {551
PR (84.24%~99.14%), K#fa ¢GPDH 5k
Mt P fe s, 4 99.14%, SFifid . 5%,
WL 2K A IR AR (R 3, 4). BRAh, Kigfn
cGPDH 5 H AR # a2 BN — 4, HAbEHESh Y
BN T —H(F 4),

NTEHENVKYLPG
NTEBHENVK

K3 K#fa cGPDH 5 HABYIF cGPDH 2 ZEMR [ M H X

BEXEONE ML KAXEC 75%H 0L RO B GXGXXG FHIEFF; * R E iRk,
Fig. 3 Larimichthys crocea cGPDH homology comparison with other species cGPDH amino acids
The black area indicates completely similar; the gray area indicates 75% similar; the black frames indicates GXGXXG motif;
* represents the phosphorylation site of protein C.

LI 4EZR I Takifugu rubripes XP_003973136.1
¥ EHBY Cynoglossus semilaevis XP_008319379.1
Je B B k£ Oreochromis niloticus XP_003456143.1
WSLHFEE A Couichthys lucidus TKS70691.1
Fr 44 Plecoglossus altivelis AEY94452.1
Fif Oryzias latipes XP_004070862.1

EBEH 4 Esox lucius XP_010895998.1
4‘:@#% Salmo salar XP_014001025.1
A2k Homo sapiens NP_005267.2
—|: /B Mus musculus NP_034401.1
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Fig. 4 Phylogenetic tree based on the alignment of amino acid sequences of cGPDH
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Fig. 5 Larimichthys crocea cGPDH homology comparison with other species mGPDH amino acids

The black area indicates completely similar; the gray area indicates 75% similar;
* represents the phosphorylation site of protein C.



534

TRARFSSE: R cGPDH Fl mGPDH J& K v b N AR e i 3k 22 5 70 B 259

—';7 Bk Couichthys lucidus TKS66450.1

K& fh Larimichthys crocea KP212384
8 Oryzias latipes XP_020563241.1

LTHEIRITHE Takifugu rubripes XP_029696176.1

JeX B HEf Oreochroimis niloticus XP_005452335.2

I E B Cynoglossus semilaevis XP_008323276.1
Bt £ Danio rerio NP_001038813.1

N Lepisosteus oculatus XP_015214294.1

—
0.02

BT Xenopus tropicalis NP_001107700.1
K /N Mus caroli XP_029326597.1

I: N3& Homo sapiens XP_024308566.1
BPE4E Bos mutus ELR48610.1

Kl o AFYF mGPDH ZHEMR ¥ 54 ) R GL AUt
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Fig. 7 The spatial structure of cGPDH (a) and mGPDH (b) predicted by SWISS-MODEL
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Different letters mean significant differences (P<0.05).
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Fig. 9

c¢GPDH and mGPDH expression of Larimichthys crocea under low temperature adaption

(a) cGPDH brain, (b) cGPDH muscle, (c) mGPDH brain, (d) mGPDH muscle; * and ! indicate significant up-regulation, P<0.05.
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Molecular cloning of cGPDH and mGPDH and their expression analy-
sisunder low-temperature stressin Larimichthys crocea

ZHANG Dongling, XU Hao, ZHANG Zhenxi, WANG Zhiyong
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College, Jimei University, Xiamen 361021, China

Abstract: For poikilotherms, including fish, water temperature is one of the most important environmental factors,
as it affects their physiological and metabolic activities. Fish can adapt to daily or seasonal temperature fluctua-
tions by reorganizing their physiological processes. However, when fish reach or exceed their limits for cold tol-
erance, they are no longer able to physiologically adapt to cope with the environmental conditions, and thus their
health and survival are threatened. To survive in cold water environments, fish can produce anti-freeze proteins or
accumulate glycerol, which can effectively depress the freezing point. Large yellow croakers, Larimichthys crocea, a
warm water and near-shore migratory fish, increasingly suffer from cold temperatures during winter due to changes
in the global climate. As such, there is an urgent need for both the scientific community and the fishery industry to
investigate the molecular mechanisms underlying cold tolerance in this species. In this study, the full-length cDNA
sequences of the cGPDH and mGPDH genes of large yellow croakers were cloned by rapid amplification of cDNA
ends polymerase chain reaction (RACE PCR). The full-length ¢cDNA sequences of cGPDH and mGPDH were
1050 bp and 2193 bp, consisted of open reading frames of 1050 bp and 2193 bp, and encoded 349 amino acids and
730 amino acids, respectively. Based on amino similarity comparison, cGPDH and mGPDH were found to have
high homology with other teleost fishes. cGPDH was found to have a conserved GXGXXG motif, and mGPDH
was found to have two EF-hand functional domains. Phylogenetic tree analysis indicated that cGPDH and mGPDH
of large yellow croakers are associated with those in other fish and have the highest similarity with those of big
head croakers, Collichthys Ilucidus. Bioinformatics analysis indicates that cGPDH and mGPDH did not contain
transmembrane domains. cGPDH subcellular localization was most likely in cytoplasm. The three-dimensional
structure contained a C-terminal a-helix substrate-binding structure, eight N-terminal B-fold structures, and a
monomer structure. In contrast, mGPDH was most likely to be located in the mitochondria. In our experiments, we
lowered the water temperature experienced by large yellow croakers from 15 ‘C (ambient temperature) to 9 C
(2 "C/day). We subsequently lowered the temperature from and 9 C to 7 'C (1 ‘C/day) and maintained the
temperature at 7 C for five days. We found that there were significant differences in ¢cGPDH and mGPDH
mRNA expression in experimental treatments compared to those in the controls. We found that the expression of
cGPDH and mGPDH mRNA tended to be up-regulated in the brain and liver when fish were exposed to lower
temperatures. However, the expression of cGPDH in the brain and liver sharply decreased at 7 °C. These results
suggest that cGPDH and mGPDH may be involved in the mechanisms underlying adaptations to low temperatures
in marine fish, including in large yellow croakers.
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