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= A& BB T 5 [E BAXT R (Fenneropenaeus
chinensis) A S B SEEEE R E ST

MEFEY FHX ZHwag' F o4
(1. AW SR il T 42 K R T A 90 P UK REE B S B B K™ IEE T 8 2660715
2. BEBHFMESEARRIRE R S ay i RO RE  Hh 2660715

3. KRR HEa et KT 116023)

= XJH RACE # A 7% &3k 4% o B 9 x4 (Fenneropenaeus chinensis) 4 4, /it £ B GDH #t [
(FCGDH)., FcGDH #:F Ak 1779 bp, .45 1 4~ 1659 bp 19 JF ik [ #2(ORF), %% 552 NNE 2%,
M FEANY 61.3 kDa, HibSw B4 6.54, FIFEMELH L7, FCGDH A28 77| 5 H it 5
WEEARTF, Hd, SANETRAMEN, BE 98%, HANFEREE, X 89%. RAF
W B+, FCGDH &8 77 5 L4 i GDH B A — %, ZJ5IRIK K. waEEE EHER
W BRI, AR KREMTAIN, FcGDH EEAMA ., 8. FHEK. §. . HkEfmike 4
WHk®, b, WAPERAERS. A4 MH8)G, FCGDH ZRENAfMFRERALF T HEF,
At )E 8, FCGDH &k &3 FiF, H 5P 44 £ 7 8 #(P<0.05), 39 FcGDH 3t F &

AABERHTBPLETEEEA,
EL 35
RE SRS

rp [ B X4 4R (Fenneropenaeus chinensis) e 3k [ &
TGRSR, HA RS E M E ., 72 E ]
XTHRFRIE Y, BT B A DA S HE AR R
JEHOR R EE T pH AE A Bl KA h Z A T E, P E
HH O R 09 A 39 7 v NH R BE A o, S R P 2R
R HETE B 2. A NHs MOKIRB A S0,
SE ST W 24 BE (TR UAEE, 2006) AFE R 7K 556
R b8 ik A7 A 0 — MR SR, A AR A R
JofpiE R, R X R A I (Chen et al, 1993), fUi4)
(Chen et al, 1994) . #J% (Cheng et al, 2002). BB
(Chen et al, 2000) ., HEHt(Chen et al, 1992) K i fz F1 4
(Koo et al, 2005), #ZE4FEIET-(EIHAE, 2007),

7% R R I U (Glutamate dehydrogenase, GDH)

FEWXE; AARMATE; AETR; AERE; AAME
S917.4 SCEAFRIREE A XEHRS  2095-9869(2016)05-0083-09

JE—FFIF NAD 5 NADP Bl [H ¥, LR
A 2 5 7 B o ] 8 R Y 2K 44K i (Nisman,
1954; Frieden, 1963; Pahlich et al, 1971; Smith et al,
1975), JZWIRE, ZR A AT RN, B A R
H, B AR I WU i 2 TP B (B TE A e v
AGy= 30 kl/mol), ZARW M, FEHEBOR, Kk,
XA s AE AR B OCHE

A W R Bl AR ) 6 24 TR AR PR T 32 2R AR SR
GDH F4+ & B & B (GS) IR A 1R, 20 42 70
AR, F=ENRE A B (Tempest et al, 1970)FIfH
YI(Lea et al, 1974) ] 43 51 F ] GDH 8 GS K 5¢ Uz A
AR, S, GDH W2 B A i 28 in LA it
PR AN —MEZ R, I, Pennington %5

* ERAFIAT” M F AR R ITH (CARS-47) . W77 A AA TR SRR A0l B8 2535 B (LINY2015002) |
LB R H (2015ASKI02)FIE K A R B 2# 3 &30 H (3117240 )R % B, (T EJE, E-mail: heyy@ysfri.ac.cn

O EifEH .
Weks HIY: 2015-08-17, WdE ks H: 2015-10-19
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(2003)7EIR K AR WU P9 2 BR—Fh i A TR G 2R, fEfs s
BT b g 21 I PR G 7 A B S AT AR W e A R G #
YIFINLMEAE . Scaraffia 25(2005)fF5¢45 11, GDH f#
FIE B R R S (2 E AR TT R TEA U iR . dE+F
i FR G 24 7 1T+ 40 B Twata Z5(198 1) ZEHF 78 3114
i R AR RE R & B, GDH(FEE AT ) 7E i
AR IRER A M A CHEH , B2 B 07 10 1 Bl s
i T T FL A (Wilson, 1973; Walton et al, 1977).
H5esi¥ b6 T GDH REMNp4 Kk, Li %
(2009)%F LN TE XTI GDH LAY sl LB, L9
XA N AFTE 2 A GDH %[, GDH A il GDH B,
THTT 462 NEIER) T 5E2AHE]; Wang FE(2012)%)
HAEGEEE Y GDH S UEAT T ek, %L TRk
BEHERKE A 1695 bp, il 564 &IERR, Hboh, AEFER
(2010)Vik % 5 Ff 1 H H 728 # i) GDH #8147 T
W rikE, KB GDH ZIEMITH T4 RsF, 1B
W h A — B B R)T 51-GGV T Vs,

A 5% ) FH AR 52 56 2 v 6] B G MR e S 28 0 ) T
519 GDH %W B, KM RACE HK, wRERIHZ
LY cDNA 2K 731, I HAE 2 R i T 1)
AR A TR 5% , 98 Hore | AR
PR, R E B X R R SR A AR S

1 #wREFE
1.1

K DK PR AT B S K PR R TR B
HREIAXTHR B0 3 57, (KK R(9.27£0.37) em, {RE N
(10.48+1.40) g, SLIHT 7 d K5 v = B XF R <853 3 57
A 200 L () PVC Al 5%, &4 20 BB, BRI,
FE K R I AE (25.0£1.0)°C, EhEFEH 28, pH H
8.5+0.2 , L 7R, BERHK 173, BMEELA T4k . TRIzol
Reagent ) [ Invitrogen /A 7] ; SMART™ RACE
Amplification Kit F1 Advantage 2 PCR Kit g F
Clontech 7~ F]; DNA J&[RICLH & H A T A T2
() ey A7 BRA W) 5 S Bt 53500 i pMD18-T Ak LA
KR IAFFEE TOP 10 JE3Z S 40 H TaKaRa A .

12 =EMBLL

AWM LRI 2 4, AARERES BT
Z5(2007), 43 5 Aok HE 2H (5% B 3 v K ) 2 AU e
ZH (16 mg/L)o R A P E I e 2 /R 5, SEE

A3 4(1.147£0.123) mg/L F(16.651+0.546) mg/L, 524
RN 1 g/L 1Y NH,CLIFW AT . B8 57
%) ek v ] IH X R BEAILAS A 45 S IR 2 v, B 3
15, BAEAT 20 RBXTIR, SCH I A KoK 1R,
Pk A 2/3 VUL, #oKJa s, R § .
B A5 FMRIUR AR 1 IR AL FIaE R 1, 3.
6. 12, 24, 48, 72 h HUULAFIBRAEZL, A~ a] 5
e e, WA, HT RNA $ZHL,

1.3 cDNA €KW =R FE

MR AR S0 %= 454 sy 4100 )F Fir 7919 GDH & A
KB, FFJ Primer Premier 5.0 #{41%1t 3 RACE il
S'RACE R tEn1y, A 513 A TAY TR (1
1) e A A B\l A G

P A B o I B X AR LR ZU RNA,
SMART™ RACE Amplification Kit £ RACE cDNA
P . 3" F1 5" A g ) 34 4 Ff Advantage 2 PCR Kit i#£17.
3'RACE i 5 |#% GDH3'-1(z& 1)AidE 514 UPM fic
XFHAT 394 s S'RACE ffi 1514 GDHS5'-3(% 1)
FE 519 UPM 547 5" 0 3 o S W F2JF :94°C 3 min;
94°C 30s, 72°C 3 min, 5 MEH; 94°C 30, 70°C 305,
72°C 3 min, 5 ME¥R; 94C 30s, 68°C 30s, 72°C
3 min, 30 MEH; 72°C 10 min, 4°C{#£7F, 3'F1 5’RACE
PG4 1.5%B N e e PRI, FE e Tk
Fla e HEy R B, 5 pMDI8-T #iikdifE, S Gk
AL B KA T Topl0 BRAZ NN, FHME w28 TR
PCR %5E )5, #% LigREAEWRHEARA FMT

1.4 2 RNA 2Bl cDNA &%

o [ B R4 4 2 RNA $EBGRIFH TRIzol i
#, JrikZ I Invitrogen B A3 5 B2 22 1 (Thermo,
NanoDrop 2000) 71 1.0%35Ji5 i 5 ¢ HL Uk A2 I RNA Y
i X 5E . f#i ] DNase I RNase-free (Fermentas)
WA AL PR B RNA, LIZ<BE DNA 753,

cDNA & & & (20 pl): 10 pl & RNA, 2 pl Oligo
DT(50 umol/L), 72°C/K¥#4 5 min, VKV 2 min, E.04L
PO R AR TR . Z 5 148 TP RN 1.0 ul ANTP
Mixture(each 10 mmol/L), 5xM-MLV Buffer 4.0 ul. 0.5 pl
RNase Inhibitor(40 pl/ml, TaKaRa)F1 1.0 ul M- MLV Jz
kE5EW§(TaKaRa), F DEPC #MERFL; 42°CHFH 1 h;
72°CH¥E 15 min; 4CHEHE 20 min, & ALAY cDNA H
T E XTI GDH 4 %) Real-time PCR A5 .

1) REFIR. 1+ 2 H(Crustacea: Deeapoda)Z: i H 5¢ sh#) 75 &5 it S0 36 [ AU BIF 9% . A 2R U Y K A 0 - 0 9 A 24 3038 3,

2009, 13-30



%53

] 4 Z A WA T Hh E BT ER (Fenneropenaeus chinensis) 7 22 2 i 20 2k ] 1) 3235 40 85

15 R34

F1FH DNAStar 54 H1 ) SeqMan F2 5 X 1 Jy T 15
SR IATEAR TS 5B, SR EditSeq )7 AT
JAC 8] T HE P TR0 I PR R o b [ W MR A 2R
2 (FCGDH) 5 K 19 8% 1 1R 7 51 Rl 4 S 2 L 1R 7 )
i H§ BLAST (http://www.blast.ncbi.nlm.nih.gov/Blast.cgi)
AT FJEPE XS . #IF Protparam(http://web.expasy.
org/protparam/) #F 47 5 H Jor B AL PR BT B . A
SignalP3.0(http://www.cbs.dtu.dk/services/SignalP/) #f
&S IR T . A FH NCBI B £ 5F 45 ¥4 38k (CDD) 4
P& %2 (http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.
cgi) AT PR ~F 25 A8 S0 RN R AR A s B9 T . A
NetNGlyc 1.0 Serve (http://www.cbs.dtu.dk/services
/NetNGlye/) #F 17 N-#f 2 Ak 7 gl py Bl . i3 H
DNAMAN #4725 )3 51 et FI F| MEGA 4.0 34,
PLAI 4% (Neighbor-joining)#4) HE 2R Gr AL

1.6 FcGDH AR S miF TR 21T

A3 AR HF X R 18S rRNA Il FeGDH H: A
B IE S 514 (18S-F/R } GDH-Primer F/R) (¥ 1),
FHT Real-time PCR £, ¥ FEHTIA LS 6 FEAERERM
HE BT, BOLLPY . 68 B . B . e
Mk EPRAF A, T 42 RNA WI—RBOR
SEA L cDNA, BUAEZH4L cDNA 4 1 ul, FIH
Real-time PCR X /A [] 2 217 FcGDH 1) 3% iA 1% L E 1 7
Kl LA 18S rRNA YE NS L, SR R R 20 pl:
10 ul SYBR® Premix ExTaq™ Il (x2),0.8 pl 10 pmol/L
5|4 GDH Primer F,0.8 pl 10 umol/L 5|4 GDH Primer
R, 0.4 ul ROX Reference Dye Il (x50), 2.0 ul cDNA,
6.0 ul dH,O., SRR : 95°C 3055 95°C 55,60°C 345,
40 MEFR; 95°C 15, 60°C 1 min, 95°C 15s, K/
2L FCGDH 2 [H (A ik i, HI SPSS 11.0
BAF AT 53T o

®1 FHARFASIMFS

Tab.1 Sequences of the primers used in this study

5|¥) Primer JF%1 Sequence (5'-3")
GDH3'-1 ATGGACCTACGACCCCCGCTGCTGAC
GDHS5'-3 TGCCACCTTGGTTGATGGGCTTGC

GDH Primer F  GGCTTTGGTAATGTCGGTCTT

GDH Primer R ATAGCAGCAGGAATGAGGATGT
CTAATACGACTCACTATAGGGCAAGCA

UPM-5’ GTGGTATCAACGCAGAGT
18S-F AGTAGCCGCCCTGGTTGTAGAC
18S-R TTCTCCATGTCGTCCCAGT

1.7 S&EET FcGDH ERMRIET U S

3 AR B 360 5 45 S 06 AN [ B i) e ] 1 %o
LD FIEE Y B RNA, 5% 5% G i cDNA . BUs A B
JF ) cDNA FEfhT ul, 18S rRNA FERMENHNZ, LU
40MIEIRY 38 H G FE RN ARIE R B, AR [R] vk
JE M0 R B R SRR L o FeGDH 2 X Y
Tk, RVIRR . ROVRRF . SR K 4 I -
ik

2 HR

2.1 FcGDH & cDNA =S FE N

K RACE J5 47 194k 1% FcGDH JE[F 421 cDNA,
GenBank #5¢5: KF781120, GDH 44 1779 bp,
45 1~ 1659 bp WYFFHEZHE(ORF) . 40 bp 1 5
VAR X (UTP)FI 80 bp (Y 3'AE4ABIX, Hudh
1 MR IE RS T(TAA) I PolyA JE .

IR P H (1 1)/~ , FCGDH Zwf 1~
552 MMM E AL, /7F#h 61.3 kDa, i
WAL 6.54, ZFIEE 2 NBRIGEEH, 730
4 ELFV dehydrog N il NAD bind amino acid DH, &
10 > NAD(P)&: A 5 . 4 1~ GDP 454 5 A 14 4>
GLFV Wi & & A 5 [AET, SignalP3.0 Fl 27w
IR EEIR P H N Siay 29 MR NG SR, 5
JUR 1 W7 24 1 57 T35 29-30 =2 [H]

2.2 FcGDH SE & F 5tk 3t & [R5 #r

il AL Ak BLAST X FCGDH F& K 4% i &
LR 75 5 HARY AP B GDH 2 362 17 51324 7 [R) 544
Feis, 5 oR, 5SS FLYYEXT IR (Litopenaeus
vannamei), F1EGEAE (Eriocheir sinensis)fz A AR,
R PE S R 98% 1 89% . 5574 i ) 4 2B i 4R i
(Drosophila melanogaster) 3% & % il (Aedes aegypti)
[ TEIEAE 4 3R 78% 1 74%., 5 HESH Y GDH &%
% 77 50 Yy [ JE PR AR &, 5 U B (Misgurnus
anguillicaudatus) . /) & §(Mus musculus) Fll 5 &
(Danio rerio) ¥ [Al I FEST 1R 75% . 74% 1 70%.

FIFH DNAMAN # {46 FCcGDH 232 )7 51 5 H
Tl i () Z FE R 17 40 L &30, FCGDH 24 B R B AT
9 4~ GLFV Bt &l RGO 5, NAD(P)ZE &
7 2581 GDP 45 & A it i = B DR ST (B 2)0

2.3 FcGDH &&i# Lot

i MEGA 4.0 #{ Neighbor-Joining 4% NJ
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TACAT T

M L R L G
CTG CTG AAG ACC AGC GCC CCT GCC GCC GGC GTE GCC AAG CGC TGG
L L K T s A P A A G u A K R W
ATG CCC GAC GCG GAG GAC CCT TCG TTC TTC GAG ATG GTC GAG TAC
M P D A E D P s F F E H u E ¥
GAG ATG AAG GAG CGT ATC CCC CTC GAG GAG AAG CGC AAC AAG ACC
E H K E R 1 P L E E K R N K T

10

191

281

TTGTCGAGA [ATG|TTG CGE TTA GGA ACA TCC GTA GTG AGE GCC GTG GTG CAG GCC GGG GCG GCG GAG ACC

T
CAG
Q
TTC
F
cea
R

108
3 u ] R A L] v 1] A G A ] E T
GGC GAC TAC GAG CGC CAC CAG ATC CCC GAG CGC CTT CAG TAC
G D Y E R H 1] I P E R L 1] Y
TTC CAT CGC GGG TGT CAG GTT GTG GAG GAC CAG CTG GTC GAG
F H R G C q u v E D 1] L u E
GGC ATC CTG AAC ATC ATG GAG CCC TGC CAT CAC GTG CTG GAG
G 1 L N 1 H E P c H H ] L E

198

280

378

371|GTC GCC TTC CCC GTC AAG AGG GAC AAC GGC ACC TAC GAG ATG ATC
u A F P u K R D N G T ¥ E M I
GGC GGT ATC CGT TAC TCC TTA GAC GTG TGC GCC GAC GAA GTA AAG
G G I R ¥ S L D u 5 A D E U K
GGG TTC GGG GGT GGC AAG GCC GGT GTC AAG ATA AAC CCC AGG GAC
P E G G A K A G L K 1 H P R D
GAG TTG GCC AAG AAG GGG TTC ATT GGC CCG GGT GTG GAT GTC CCC
E L A K K G F I G P G '] D ) P

461

551

641

CAC
H
GCT
A
TAC
¥
GCA
A

GGC TAC CGT GCC CAG CAC TCC CTC CAC CGT ACC CCG ACC ARG
G ¥ R A Q H s L H R T P T K
TTG TCT GCC CTG ATG ACA TTC AAG TGT TCC TGC GTG GAC GTC
L S A L H T F K 5 s [ u D U
TCGC ATC AAT GAG CTG GAG AAG ATC ACT CGT CGA TTC ACC CTC
s I N E L E K I T R R F T L
CCT GAT ATG GGG ACA GGA GAG CGG GAG ATG TCT TGG ATT GCA
P D H G T G E R E M S W I A

468

1Y)

648

738

731/ GAT ACT TTC GCC AAA ACC ATT|GGA CAT CTT GAC ATC AAT GCT CAT
D T F A K T 1 G H L D 1 N A H

821 CGA ACA TCT GCC ACT GGG CGA GGT GTG TTC CAC GGG CTG GAA AAC

GCC
A

TTC

TGT GTC ACG GGG AAG CCC ATC AAC CAA GGT GGC ATC CAC GGG 828
[H u T G K P 1 N G G

0 ROoX

ATC AAT GAG GCT TCA TAC ATG TCC ATG ATT GGC ATC ACT CCT 918

R T ;] T G R G u F H G L E N
GGA TGG GGT GGA AAA ACT TTC ATT GTG CAG GGC TTT GGT AAT GTC
G LU G K T F I u qQ G F G H_U
GTA GGT ATC AAG GAA GTC GAT GGC TCA ATC TAC AAC CCC AAT GGT
u G I K E u D G s I ¥ H P H &
ATC ATG GGA TTC CCT GGT GCT GAG ACT TAC GAA GGA GAG AAC CTT
I H & F P G A E T b E G E N L
GTC ATT CAC AAG GGC AAT GCA CAT ARG ATC CAG GCC AAG ATC ATT
u I H K G N n H K I i] A K 1 I
CTA CAG GAC ATG AAT GTC TTG GTC ATC CCA GAT CTC TAC ATC AAT
L 1] D H N U L u I P D L Y I N
AAC CAC GTG TCA TAT GGT CGT CTT ACC TTC AAA TAT GAG AGA GAA
R

211

1881

1091

1181

1271

1361

F
GGT
G
ATT
I
CTG
L
GCT
2]
GCT
A

T W E A § ¥ W § W T & I T P
CTT CAC AGT ATG AGA TAT CTT CAC CGT GCA GGA GCC ACT TGC
L H s W RCOL H A 6 A T ©
GAT CCT AAG GAA CTG GAG AAT TGE AAG ATT GAG AAT GGT ACA
p P K E L E N W K I E N & T
TAC GAG AAG TGT GAC ATC CTC ATT GCT ATT GAG AAG
vy E K ¢ p I L I P A A_I1 E K
GAG GCT GCC AAT GGA CCT ACG ACC GCT GAC CAG ATT
E A A N G|P T T P A A D 0Q I
GGT GGT GTG ACT GTG TCA TAC TTT GAA TGE CTE AAG AAT CTC
6 6 U T YU § ¥ F E W L K H L

16068

1898

1188

1278

1368

N H ] s ¥ G L T F K ¥ E R E
CGT TTT GGT CGT GTG GGT GGG AAG ATT CCC ATC GTG CCA TCA GAG
R F G R U G G K I P I U P s E
CAC TCT GGT TTG GAC TAC TCC ATG GAA CGC TCT GCC AGA GCC ATC
H 5 G L D ¥ 5 M E R s A R A I
GCT GCT TAT GTC AAT TCC ATT GAG AAG ATC TTC AAC ACC TAC AAG
A A ¥ v N § I E K I F N T Y K

TGGECTGTTTCCAT T

1451

1541

1631

1728

B 1
Fig.1

TCC
s
GCT
:]
ATE
M
GAG
E

AAC TAC CAT CTG TTA GAA TCT GTT CAG GAG TCT CTT GAG CGG
N ¥ H L L E s u 1] E 3 L E R
TTC CAG GAA CGC GTT TCT GGT GCA TCT GAG AAA GAT ATT GTC
F 1] E R U 5 G A s E K D I U
AGA ACT GCA ATC AAG TAT AAC TTG GGG ATT GAT CTC CGT ACT
R T A I K ¥ N L G I D L R T
GCT GGT CTT ACA TTC ACC TAA AATCCCTTTTGGCATATTGGCAAATTCA
A G L T F T *

1458

1548

1638

1727

1779

FCGDH 2 N AR H R 7 91 b HoAfe 3 ) A S 1R 41

Nucleotide sequence and deduced amino acid sequence of FCGDH gene

RUTHE ATG MBI E M 15 *NLILEH T PSS IRUIRIAL; A GLEV IS BHE M0 A
TRIZE A NAD(P)ZS A7 45 s Wil o GDP 45407 45 s AR ATP
#1 NAD bind amino acid DH super family

Start codon (ATG) was marked with thick box. The asterisk indicated the stop codon. The cleavage site of the mitochondrial
signal peptide was indicated with an arrow. The GLFV dehydrogenases active sites, NAD(P) binding sites, GDP binding sites
were annotated with dotted line, underline and ellipses, respectively. The completed ELFV dehydrog N super family and NAD
bind amino acid DH super family domain were boxed

ARG (& 3), S PR, ST GDH
RICRG R, M5B RITLL K
PR MRS R R . AFEYF GDH &R )T 5
Fb# & B, FcGDH 5 H 52498 GDH e kA 2l
(89%-98%) . 5 HA 15 Rl gh ) B AHARLPE (74%—82%) =
T HESHHI(70%—76%), FCGDH IR T 5 ML
XTUF GDH B h—37 , Z 5 BIRIEURFARI R rh Al 51 |
DL R | R A

2.4 FcGDH EREEARRAHRRHRIESH

FIJH] RT-PCR 4347 FCGDH J PR 75 A [] 2H 2 rp iy
TR, G5 R, FcGDH 3 PR 7 v [ B X 4R L
AL FFBRAR . L W IRk B A Rk
b, MUArh RS, HRCH SR B, ek
B I 9K B Hp 8 58 e B AR (AT 4)

SREFINAMBFERS FcGDH EREPIR
A

AR J5 P E X ERALA S FeGDH JE A 4 41

25

ZEG A AT ;2 N RHEH 43512 ELFV dehydrog N super family

XPFRIR AR ILE 5. 2R BN, SR, B
Wit FcGDH JEMH b, B E FF-T
- L THR#a 3, F 48 h kBl RME, B &R T
Xt HE2H (P<0.01),

S RIE J5 v X R AR 20 21 v FecGDH 2
KA ZE kAL VLA 6., 3 h ZHi, FCGDH LK ik #k
o, PRk N, BT B4 (P<0.05); 624 h
B 5 48-72 h R A T BIE, JFT 72 h ik 5]
Wl , FEM 35 T4 IR 41(P<0.01); AN hia i 72
2 T R

iTit
3.1 FcGDH EFH cDNA &K EERESIST

GDH J& 7K A= 3l 24 55 R A i 9 OC S Jifg (Willett
etal, 2003), fELHEHEH 3, 1L Li %(2009)F1
Wang % (2012) %} JL 44 75 X} 4 Fi1 o 42 4% % %  GDH
cDNA KT T 5ok o AHIFFE I % v ] B X R

3
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AEDES _AEGYPTI IFH. LKETILAKSA, ALEQEVST. . .LVELATTEGA. .. ... . QUVIQQORPYISQHOIPERLEDVG. SALT) 64
DROSOPHILA MELANOGASTER IYH. LKSLARQAPAARCQELAT. . .LAKALPTRE. .......... VMOSSRGYATEHQIPDRLEDVP . TLED) 61
ERIOCHEIR SINENSIS ILE . WGTALVRAVVOAGYOAEGRMLRAVV APRATTTTTTSPNQOPRRTQGDFERHQIPERLQYIP . DAETY 75
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MISGURNUS ANGUILLICAUDATUS ITRYFGELLTRT. AGN . ALAS. . ... e ...LPASS..... SLLRTRHYSDAAD . KEDD) 54
DANIO RERIO ITRYLGELVTRA . AANSALAS. . wessasa.. . LPASA.....TLLEVERYSELVGEKDDD 56
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Consensus r a
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ERIOCHEIR SINENSIS E 152
FENNEROPENAEUS _CHINENSIS E 140
LITOPENAEUS VANNAMEI E 140
MISGURNUS_ANGUILLICAUDATUS E C 131
DANIO RERIO E C| 133
MUE_MUICULUS 1 C| 147
Consensus e

LEDES_AEGYPTI 218
DROSOPHILA MELANOGASTER ) I I TL| C 215
ERIOCHEIR SINENIIS d L TL| 229
FENNEROPENAEUS CHINENSIS ) I ) TL| C ) 217
LITOPENAEUS VANNAMEI 5 I TL| 217
MISGURNUS_ANGUILLICAUDATUS ) X TI z08
DANIO RERIO : IEW X 4 4 TI ( 210
MUS_MUSCULUS ) i P 7 T. 224
Consensus ggir s v devkal i elekitrrf el kkgfigpg dvpap
AEDES_AEGYPTI 295
DROSOPHILA MELANOGASTER 292
ERIOCHEIR SINENSIS 306
FENNEROPENAEUS CHINEN3IS 294
LITOPENAEUS VANNAMEI 294
MISGURNUS_ANGUILLICAUDATUS 285
DANIO RERIO I 287
MUS_HMUSCULUS METGEREMSWIAD 5 ) i ( ;. e g B ( ( 301
Consensus dm tgeremswiadt a © i

AEDES_AEGYPTI 37e
DROSOPHILA MELANOGASTER 369
ERIOCHEIR_SINENSIS 383
FENNEROPENAETUS CHINENSIS 371
LITOPENAEUS WANNAMEI 371
MISGUENUS AWGUILLICAUDATUS 361
DANIO RERIO 363
MUS_MUSCULUS 377
Consensus
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Fig.2 Alignment of F. chinensis GDH amino acid sequence with those of other species
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Box: GLFV dehydrogenases active site; Underline: NAD(P) binding site; Oval: GDP binding site
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cDNA Cloning and Expression Analysis of Glutamate Dehydrogenasein
Chinese Shrimp (Fenneropenaeus chinensis) Exposed to Ambient Ammonia

HE Yuying', LI Shaofei’, WANG Qingyin', LI Jian!2?

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071; 2. Laboratory for Marine Fisheries Science and
Food Production Processes, Qingdao National Laboratory for Marine Science and Technology, Qingdao  266071;
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Abstract Chinese shrimp (Fenneropenaeus chinensis) is an ecologically and economically important
shrimp species. During the culture, F. chinensis were exposed to a series of stressors that adversely affect
biological activities including growth rate. Ammonia, a product of protein degradation and bacterial
activity, is a strong stressor in shrimp aquaculture. Glutamate dehydrogenase (GDH) is an abundant and

ubiquitous mitochondrial enzyme that catalyzes reversible amination of glutamate. cDNA of GDH from F.

chinensis (FCGDH) was cloned by rapid amplification of cDNA ends (RACE). The FCGDH cDNA was
1779 bp in size, and it included a 1659-bp open reading frame (ORF) that encoded a 522 amino-acid
polypeptide of which the isoelectric point (pl) was 6.54 and the molecular mass was 61.3 kDa. Homology
analysis revealed that the amino acid sequence of FCGDH was highly conserved with its homologs in
other arthropod. The similarities between FCGDH and GDHs of Litopenaeus vannamei and Eriocheir
sinensis were 98% and 89% respectively. Phylogenetic analysis showed that FCGDH was in the same
branch with that of L. vannamei and then in the same branches with those of E. sinensis, Drosophila
melanogaster, and Aedes aegypti in order. The tissue expression analysis showed that FCGDH was
detected in all tested tissues including muscle, gill, hepatopancreas, stomach, intestine, lymph, and
hemocytes. The highest expression of FCGDH was in the muscle that was an amino acid pool and the
major tissue for protein deposition. After exposure to ambient ammonia, the expression of FCGDH gene
was up-regulated significantly in muscles compared to the control group (P<0.01). The expression level
of FCGDH in hepatopancreas was down-regulated significantly at 3 h (P<0.05), and was then stabilized
up to 24 h. The expression of FCGDH was increased significantly after 48 h and reached the maximum at
72 h compared to the control group (P<0.01). These results implied that FCGDH might play an important
role in the process of ammonia detoxification.

Key words Fenneropenaeus chinensis, Glutamate dehydrogenase; Gene cloning; Gene expression;
Ammonia stress

D Corresponding author: LI Jian, E-mail: lijian@ysfri.ac.cn



