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TRBINA R & EBEE R 25 5RE

ARENY, H&¥?, Sarath Babu V2, 3K E?,
XS, BMWE, B ow", MK &

(L RIS R ZAE MR 2R, T RE K ERZEFHEAERE, "R TM 510631;
2. fpta Ol TR S BE s MR R B, | AR B KIS K P J 2 & TRERB A O,
JoRIT KR E K BRI E MR E, R M 510225
3. N KZS RN % 0E, 75 # 225000)

M : & 2B 6 & B (glutamine synthetase, GS) & — )72 447 £ o0 A 4 (R 1 ey B, 5F
s s REEE. EF R Y, GSERERUAFMBEE AT IBEYRFEE
R . LW kTP KBIFGSERE. GSH EcDNALK1965bp, JF # i 4 (ORF) %
1086 bp, 47# 3614 % ¥ (aa), 2 F & K/ H40.75ku, K5 H581. F#AM A K
N, ZRBINGSER G LN EXM I 383t dr Ao B i GSE A — %, AFERA N
Wik 295%. BREBRLFI AN ERE T, P RBOGSET R HEMEI A L
GST #, ASMrFR . Lhat% KBNGSE a#HATRAFHET k. XA
K & B PCRFL A (QRT-PCR)Fr %, 7% Hi 7F (Western blot) %t & [ 78 &F 5 7 7 J& 8 1 ] 41 4
GSEk#K #ATH M. qRT-PCRER T~ , GSEREEMLMNSNA AP H A KL ; BT
AT, HARA R K EMNF N FBRAESILA>E S>>0 JE>h> ok B o 85 5 o 8T Al
GSERAHARTWNERRANWRERE T, BT EFBRMERE TR, HEM7N4 R4
Rk AEH, HENEKELENZRIRF N W>E8E>F>H>00 8> B>t Ak B . Western
blotZE RE R, BHARECSEAAMPAANAN AR kL E LA, §EmRNAKSE —F.
S, ZBREBHNBTEMENEGCSEN FEMAABKNEE TR, MALE. LA
e L, REAAERE —H. HAREXKN, GSEEELARAL T RAN 277 &
% REITWEERE. BEERATH X

REER: B RBIT; AABKA REE; AL KK B

FESES:Q785; S917.4

& IR YR (Macrobrachium rosenbergii) H 5% 41
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I, RTUARAS 577 R E Y, e,
5k i & R (glutamine synthetase, GS)T] LUK A B
P 1Y 0 (NH ) A B4 2 Bt % (glutamine, Gln), #
ARG T HEY . KAEWTEY B S
JERTHL, FEEPERBERMTAAE . B
Fheia . Mk BaE R, B IR R FE IR 7K il
RER PR B i, i jbk B 8 B PR R R 1 i A
0.85~1.0 mmol/L, 7 #h T IfE A i 2 IR &
w2 EFERI2.10 mmol/LTY, WGP, &
KEMWRN B E EAR AR, Hodr, 25 2%
MR T E R, MW P &R B —F
e H AR, 25 Mk E % s iE ok 4
FEHUARIE 5 19 AR TG 2

A B N B 3 3 A AE T S A AR N,
AL M IR A 2 e, A R-B
A8 i — R OCEEEE"Y . GSBH 2R A
i, wmanpiER . e R, M Ay
N RN A= AN DWNE S N K
B 7S W PR I 1) A v A% 2 B RIS B i 5 Bt
G GSEZAIFMIA, GS I M FEA7E TR
AW, GS IR 3 B AR T EAZ AR Wy R B
w, GS I RAFAE T —Se i L h ™. GSHE
B AR AT £, B A B (Chin-
ese griseus). N(Homo sapiens)M 3 (Gallus
domesticus)IR N T GSEEH v % . ik 5 U)RE M bF
gl HZAE TC A HESI W vh (Y AF S8 A X 4D
Hurc R A&, B HE KW (Drosophila melanoga-
ster)4l AN, | VPR (Lutzomyia longipalpis)!'™
R BB (Aedes aegypt) "M A 258 . WL . BB
. i R SFHL T R GSI RN,
TE W52 3l ) A0 R S ) B 22 i E T GSEE I Y
YR A 78 (G R AMF (Procambarus clarkii)??, K4
Wi (Crassostrea gigas)™ . H [E B X} ¥R (Fennero-
penaeus chinensis )", LA XTEF (Litopenaeus
vannamei)™ . BETI X} EF (Penaeus monodon)™

YERKA R Sesh Y ia 1 e & . B33 S
RS A 00 A S B e G B R R AR 2 TG IR
o B AT AT HE T EL S G R 5T o R v
GSZ S fig it AC A A= #1235 AR LR 5 i AL 3
WAL T2 H . ALK R HqRT-PCRHFI Western blot
X % TGV MR 058 76 1if J 1 A [A) 2H 21 GS AL I 2 3k 3k
AR, FEAGIN T GSREG PE M GIngy &, HFST
45 W % IR IR 5 ) AR 0 BE B AR A
FE R AR A
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1.1 SCIg#t R

S B IR AR K BN T 4 K T 3R R
AIRAF SRS, R K 10~13 el R4 5%
FEKGGT H, IF O o 52 R . B
A TR, MR R B P R A e a7 B T
Bt R LR B I AR IS ), AR S ok BT
7 B3 A 52 5 0 OHR SR AT A ZUR B, U
JEREAE . 65 WLPS . B . B O E L RN I ik
B, 433 FRNAiso Plusid 7 (TaKaRa/A &), K
H)MPBSZ vp T, WA, RAEHAET
~80 °CH . MF [CIH MR IE (AR I 1 B30 A il 55 v
IR, A /10K B HTEE ] (27 mmol/L
FPEERR =4, 385 mmol/L&fb4h, 115 mmol/L7
Zj¥¥, 10 mmol/L HEPES, pH7.5); IfLilkI27E4°C
3200 r/minf 0> 10 min, 4350 4 1L 7k B2 0 0l
M, MK E T MRNARE, 1% H T4 & B
o G oS it 1 P R B T P 5 P DU
1.2 AEHMEERBEEGHNZEMELY
BEERESH

MRNAF) B RN Aiso Plusia 5 i B
AT, FH LUK ERNAH Nano-2005 6% &
(ALLSHENGWHT M B 5 A B2 5] ) s 41 B
e ;s SRS 8 FHHIScript® Q Select RT SuperMix
for qPCR(+gDNA wiper)id 7 & (Vazyme) & i
cDNA, 7E-20 °CIA#4 M . H4E Clone Manager
BTN 2 GV R S 4l v GSEE IR 4 K 51 T
B AE (ORF) I 519 (1), PCRIZ K &
20 uL: BEAHcDNAL pL, EFi#FESI%4&1 ul
(10 pmol/L), 2%xTag Mix10 uL , ddH,07 uL,
SRR 95 °CHUAE S min; 95 °CAE430 s,
55°CiEk30s, 72 °CZEMH1 min, 35/1EH;
72 °CZSEH 10 min, 4 °C P7730 min, 1% B
B B L PR A T PCRZ B P24, AR Marker iy
KNYIT & A BB 0 0 EER, 8J5
T A B I 1 AR B (R AR AR AL R R E 5 AT PR
e EE %%y, iE#EEIpMD™18-T Vector
(TaKaRaAN A, Ki#), FALEI KM AT (Escher-
chia coli) DHSaH", 7 T8 2% (50 pg/mL)LBE;
FEETM, F#E 2 min/g B HUECE 37 °ClE R % 7
FaLEFR12~16 ho PRIV T°5 mL& 2 W LBY;
FRIY RIGFR, RIG AT R PCRAGIN , i A T
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Tab.1 Primers used in the experiments

ElEvER JFHI(5"-3") i
primer sequence from 5'-3’ usage
GS-F1 CTTCGCATCCCAGGAGGAATT RT-PCR
GS-R1 GGACAGCTGGAACATCTCCTT
GS-F2  GGATCC H 3 2B 20 TR

CTTCGCATCCCAGGAGGAATT
GS-R2  AAGCTT
GGACAGCTGGAACATCTCCTT
GS-F3 AGCCTGCCTCTACACTGGTA qRT-PCR
GS-R3  TGACGCCGAAATCTTCAGCT
p-actin-F  GTCGTGACTTGACCGATTACCT  qRT-PCR

p-actin-R  ATCTCCTGCTCGAAGTCCAATG

RN G ORAR AR AR R AL 50 BR 2 W) )% B
PE W BORL B UG, 3R w0 5 F T 4
ST 9 5 e S Al v GSEER P B AT X

{ifi FH Emboss(http://emboss.Bioinformatics. N1/)
AT KBRS 51 5 ProtparamE [ )5 # 4L 14
TE 2% 53 % 50 1) - 7502 A% AE (ORF) 2 5 R 7 471
VEAT HR AR R 00 (http://web.expasy.org/protparam/) ;
SMART#X 4 (http://samrt.emblheidelberg.de) Fi | 25
F 5T B 2544 38 ;. TMHMMIE 4341 88 1 5T A9 2865 i X
(http://www.cbs.dtu.dk/servicess TMHMM/); {55 Jik
T SignalP (http://www.cbs.dtu.dk/services/SignalP);
GSHORFZ kR Fr 51 () Al 5 1k 7 A AL T &R 48
HE AR ALY 2 (9 AN (] 0 e ) 2 B 1R )T 9] FH BlastifE A7
T3 (http://blast.ncbi.nlm.nih.gov/Blast); % & ¥
e xf & ] Clustal XA 7, i 1] Clustal X7 7 #il
MEGA 6.0% 1, 2 JHiNeighbor-Joining(NJ)ik 4 2
RGEHAM ;. = TN AT WISS-MOEDLAK f:
SE Mo
1.3 GSZ mEHAHI& R ESFF MR

GSETMRAMME. AT a Rk,
2h AL F A0 ) 75 38 PCRG | ) F it s &
T8 A il DDA s RO BB R T R A A
Y, ¥ GSE ORFIX I, PCRIZ N & 144
) o 5 S ARE 58 [R1 s i PCR ™ W 247 XUl ) J
AL | pET-32A ki (TaKaRa/A H]), HE#&H
His-taghn 25 1Y Rl 5 87 11 3% 35 5 20 iUk pET-32A-
GS. ¥ PP pET-32 A S5 kr A BH 4 = 41 5k 4 531 e

b3 JE A% 2 IR AR E. coli BL21(DE3)#EAT A% 2%
KM, {#/H0.6 mmol/L IPTG7E37 °C K 180 r/min
WY KHEFE5~6h, 735 HI2 mLIEW, 4°CTH
12 000 r/min#£>2 min, F100 pL PBSZZ thify i
TUHE, finA25 pL 5xloading bufferfifi /K 23 12 min,
12 000 r/min®5.0>1 min, B F W& FFE Tk
J& }10% SDS-PAGEJZ, 80 VHLIK2.5 h)F YL ff |
J £ R RE S, R DU Al A AR R Rk . AR E AR A
Ay (CEARBSPURR 4 ) HORF W FHis
B 25 S E AT A (TaKaRaZd 7 )iE A7 % 452 80 44 4l
S5, I5325 1 mL% A T-80 °C4 .
4l (L pET-32AZ K M GSRbl & H ¥ FR R R r0
%17 SDS-PAGE LUK, 2.5 hfg i 472 T X%
FEE, WS AR 2 R AR & A 5% MR W R 1 Tris
Buffered Saline#l1% Tween®202 V5 7| (TBST) &t
M1~2 h, #HJEFAETBSTYERS min, /) Fl(Mus
musculus)¥i His-taghi 4 (1 : 1 000)H BT 5%/ g
Wik Y TBSTZE vhil h, 7E4 °Cil K& ; TBST
S5 PR3, K5 min; I HRPARICILE
o/ T Filg GA ¢ 10 000)(Jb 5T 1 38 27 A= W H A
A BRZA w)) BT 5%JB0 B W34 1Y TBSTZE h i v 5
A1 h/5, TBSTZ PR3, BIKS min;
ECL{ {1 min, i1 ChemiScope 6000/ #H .

GS % 7 I Ak 4] & B 34 7 A M)
AL 8 R 2 KA R RAEE
RSP L), FSGSERENIA, RED
GV IR AR BT BE2H 210.1 gBY BRAN/NRE R, JIA T mL
RIPAZi# ¥ (f0.4% 1 mmol/L PMSF, 10 mmol/L%
L8, 1 mmol/LIE AN FR &M)( i 38 =~ KA H R
AIRAT), MBS T K FHE, HER
4324, 4 °CTF 12 000 r/ming .03 min, HC G
W o FHBradfordfE F ¥k &I 2 B30 & (Ll =K
HEFARGBRLS m)I e Hwk B, EAERN20 pg.
J52:SDS-PAGEHLJK . HG [ . B . PiikBEdE .
AL B EaReGSE 4 Bk 9 E . @l
HAEAMEL . difb s gy ki ty, Hohg
BN —PURGSZ e EPUAR, BELLEIZNL 1000,
14 FTHNAIMGSERESEBQRALRRIES

F K78 ¥F GSA B mRNA#9 28 22 K K 447
R4 2 G TR R GSHE A 1 4 K P 3 e H 9o e i
PCR (qRT-PCR) - . F5l¥, #EHEp-actinfE N
S (1) OB 10~13 emBLFEHT . J5 AL
IR IRIZH L. BEBEAE . 8. L. B . .
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ef

N L A I 9 L A ) b 2 2R TR A X A Y
cDNA M AR AT QRT-PCRY 1 . |52 W 14 2 Fil 2
NS i AceQ” qPCR SYBR" Green Master
Mixid i ¥i Bl 45 (Vazyme), & T Roche
LightCycler 480(Roche, 3% E )Y #$ikfT; Hidh 4
AN A H BRI S A B IR A
SO RS R 2 AACT k15, F Graphpad prism
TR HEATAE R, Bl 2R R 5 2O T Y (E 45 o
2%, JriE AW R HE R T 200t 5
53T, P>0.05(ns)F /R L 2 5, P<0.05(*%)
FREFEE, POOI*FRESNEE,

T KB GSE & 69 408 kK 5 AT ivg
6JB A 10~13 eonWE ST AT . J5 AR Y S R0 UL AT 20

4L, 1M CGSZ yE BEHTIR ] o M H R S5 M AG DN

J7 1 H B AH 2R 3R 1 R R T e B vk R A R
JUL PR 2H 2% 5 R R I A 2 TGV AR
BiFERT . JEGSE A MALNA L RKL, S
FR“GSHEAFAMME ., MAEEANRE. 4
AN T5 123547, PAB-actinfE NS HEH, IF
| F % 4 Image-Pro plus 6.043H1 GSEE [ F1B-actin
A 1Y 6% B (JOD) KI5 K A

1.5 GSEEREMFMGInE 2N E

PICIBER W FE R/ . J5 AR . 88 . ALIA
RV 7k EL 20 2 Gl I 14 >R FH A e e A LI (GS)
T PRI & (b RS R A R " T
M o 2 BE G 7 &2 HIF 5 2 BEHE (GIn)ELISA
R I3 790 & AT I (R T AT A R A TR
INTED) o ALBVET IR B 2 I ()5 4R BT AR R
(mLYA 1 : 5~1 @ 1049 Lo (I FRE 0.1 2121,
AT mLARBUR), #EATIKIRSIHK . 4°C R 120001/
minZ 010 min, B EEW, Bk AR . ik
ELE i LA

2 HEH

2.1 FTKBIFGSEE cDNAKI T AL H1E
BEoMh

B G IH AT GSH: [N cDNA4 K1 965 bp, ORF
91086 bp, HAS361 1 KM (aa); S'AEGIG X
(UTR)476 bp, 3'dE4A%IX (UTR)H803 bp, & H
134T 5L (K poly(A)45 44 . Protparam e £& 55 12F 15 il
ORF it 1) S KL 12 /3 1 4 40.75 ku, SFHLSH
581, ASEKMRMEEREA, LEREHAGE SR, GS

http://www.scxuebao.cn

T HAECHT S 1073356 aazZ [1] 75 A 2501 aall 25 44
PO iz A1 AL 45 #4948 (Gln-synt_C)(1%11).

P IR IFGSE LR Iy 41 5 Hofh A= 9 (1) GS B
A B RIRE R TR S S ) R 2 TR
GSIF ANV R IRSE, H B [ AFGS 5 5 15 X HF
R ] B X A R R e s 3 91%, HUOR L
YNEXTUR88% . i [C IR AL IR 85%, 5 il (Tegillar-
ca granosa)—EME WA 73%, f)5 5 HENE S
e g A DL T 2 72% (1K1 2) 5 He i AT SANR ST A
H(ER2).

FIHIMEGA 6.081F, & HINJE# 2% [
HF G AL 3 Bh 1) GSEE TR I 2R 42 0 AL
(E13)o MRGEHALM 0] 1, 5 HE 3 1 TG B HE
I GSEE A BRI, B W Bk X 4y ok . Hirp
%R TB AR GSHE R 5 FLAN TR X UE . 55 X dR A
[ B X F GSHE P 3 O — 32 . SWISS-MODEL%Y
s, P RIBEFGSE I = 225 #4 i odB e LA K
B TCAMG ML, H g 2R, 5
NZEMGSE H = HA5 A U I8 2 69.01%(1&14),
R GSHE A 7E L M T RE - 2 A AR & 0 PR P

22 GSEZmFEMAH&E KT R ERMN

SDS-PAGEZRE H 4 Hr a1, HZH M GSHEE
F B R IR AL AR T (&]5), i F His-tag—H1 AT LA
K 3 7 2H GS AR 7658 kuZe A — 5 W b &%
M, T H RN ) — 2 (His-tag K/ A 18 ku
i, GSE MK/ HK40.75 ku, A1158.75 ku),
Vi B 41 % 11 & A His-taghn 28 (K1 5-b) . I GS%
2 v PR HE AT G0 25 BP0 A 2 G AR 6 v GS
FH, SR ER, BE &S T 2840 ku
TH BT A9 R S B AR, RU/IVRI TR B GS — B
(% 5-b),

2.3 BENBIRGSEmMRNAFME QKT R
ARIESH

B AR P [RTR RS I i, AR I
Ji o I B i 1 2 o B L R A T L SR
2B I (151 6) 5 I 5 i 0T AR A 2 M IR o I s
BB R H oy 2z —(Kl6-a, b), BisE/E M
FRAIE S22 35 I 5 T 1 48 56 4 70 T A I 6 s (1 6-
c,d). qRT-PCRZFK I, GSHEAHLhIHFE
ik, Dk RBEAESR, ek, Hhd
LU RIBIGT > AL IR > 8 >l > >0 ik >
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Pt I

L R B4 e B 5 3R 05 553

1 ACGTGTGCTCTTCCGATCTGGAAGCTTTTG TG TACTTCOCATCCCAGGAGGAATTTATGCTCARMAGGCTATCAAGatggcatatggaactaataaaaca 100

1

101
9

201
43

301
76

401
109

TLKFTPIEKSPSETLFEP

(H|lsa Y6 T N KT §

gtcttggacagatacctgagactigaaatcooctgatcagaaatgticaggoctatgtacgtoctgggtagatggtacaggagagaacctgaggtctaagacaa 200
VLDRYLURLETIPDO QI KTCQAMRKYVYVYWVYVYDGTGEU NVLT RTSIEKTRA42

gaactctcaacttcactcccaagagococtagtgaacttcoccatotggaactttgacggotcttcaactggacaagoctgaaggocagtaacagtgacgtgta 300
I1 ¥WNFDGS STOGOQAETGSNSTDVYY TS5

tctgeoatccagttgctatctacagagateoctttoagacttgetaacaacaaactggttoctotgtgaaacctacaaatacaacaagaaacccactgacace 400
LHP V AITYZRDVPTFURLGNDNIEKTLVYVYLTCETTYZETYUHNEKTEKTPTTIDTI

108

aacaaacgatggagctgtctggaagtcatgaaggaggoggaagaacageatecettiggtttggoatggaacaagaatatacectttitggatattgacaage 500
NKRY¥YSCLEVMNEKTEA AWETET®QHPUWFGHNTE GQETYTLTLTDTITDIEKHI4

501

143 6

P LG WPEKN YPGP QG

accctettggetggcccaagaacggttaccecaggtocccaggggocttactactgegetataggtgctagecaaagtatatggecgtgacattgttgaage 600
P T YC

G V6 A S KWVYYGRDTIVE

A 175

601

176 H ¥ R 4 C L YT G INTISGEHN

A E

tcactacagagcctgectotacactggtattaacatttotggagaaaatgctgaggteatgcctecccagtgzgaattecaggtoggeccttgogaagee 700

VM P AQWETFQVGPCEG 208

701
209

801
243

I

GS-synt C

atcacgatgggagatgacctotggatggeccagatatctoctocatogogtagetgaagatttoggogteattgtgtcactggacectaagectattoctg 800
I M ¢ D DL WK ARTYULULMHRYAETDTFGYIVSLDPI KT PTIFPGD?2

gagactggaacggtgccggtatgoacaccaacttotecacgaaagetatgogtgaccoagacggeategtogaaatogaatctgotattgacaagatgte 900
D WNGAGMNMHT®NTEFSTIEKALMNRDEPTDSG

I VEIE S5 AIODIEKUEKS 275

901
276

caaggtccacgacaagcacatcagggoctatgaccococatggaggcaaggacaacgagaggcgtttgactgggctecatgaasacctectecaatteacgac 1 000
K VHD K HIZRAYDPHGSGE KD NEURIERKLTSGLUHETS S SSTIHD

308

1001
309

ttctcageaggtgtagocaacagaggagegtictataagaatcoctogtggogttgocgaagaaaggacaggctacctagaggaccgtagaccatcttcea 1100
F S 4 G vV A NRG A ST RTPRTGV A EERTTGYLETDTRTETPTS S N34

1101
343

1201

1301
1401
1501
1601
1701
1801

1901

&1
S 01 T HEL % T % A9 4 I M 4
L2 B

ATGTTCCAGCTGTCCAGAGTACAATTATTGTGTTGTTAGCTAGATATACCTGTICATATGTTATGTGTTCTCACCGGCTATGTCTTGTCTTGGCTG TAAC

GTGTCCCTGATCACGACGAATCGATAAAAACAGGAAACTGCTCTGGACACACTTAAAAAAAAATAGGACTACCTTICGTGGTGCACTGATGAAGAATTAGA

AAATCCTGAGCCTTGCTTTTAACAGTTCGTTTTATCGTTGGCATATACTGTATGCACTGTTATCTGATCGTCACAGTTGCTTTACAGTGCAAAATTATAT

ATATATATATATATCCCAAAGCAAGCTCTCTTAGGTTTTGTTTTACGCAATGCACGTACATCATAAACAATGTTATTTCTGATTACGCAAATG TAAAACA

GTTTICAAAAGTCAATTTCAGGATTATCTATCTTCAAGAAACACATGTTATCTTAATCTCACCCAAATG TAACATATGATTTCATCACCAACTGCTGATT

CTCTAGTATCGGGGTATTTATACCATICTATGTATTGTGTTTTG TCCGCG TG AAAGACTCAAGAGACATGAAACCG TTTACTTTACAAACATATCTTAAT

TAAMACACTTGGCTTTCATCGCCGACATTCTTTTACACACACACACACTCCTCACCTTCTTAGCACAGTGTTTGTGGATCTTTTTTTTTATAALAAALAT

acgccgacccctacgttgtgtotgagagactggtacgoactatetgoctgaacgageagtag AATCGCTGCTGCATATCATCGCATATCATATCAAGGAG 1200
A DPYV¥YVSERLVYRTTICLINEN®Q

361
1300

1 400

1500

1600

1700

1 800

1900

TTCTCTGTATATAAATATTTTATGATAAATATATTTCTATAATGG TAATATGAAAAAAAALAAAL 1965

T RBINGSEE A cDNAL KFF R &K F T
L i 4G 85 B T (ATG)YRI 4 1k 378 T (TA AR 7 [0 52 S5 8 FH T HE AR L poly(A)E BV T 8 B

Fig.1 The nucleotide and amino acid sequences of the cDNA of GS in M. rosenbergii

The glutamine binding domain was indicated with bold underline arrows; the AA corresponding to start codon (ATG) and termination codon (TAA) was

shown in the box, and the poly (A) was underlined

o A JHE BRI AL PR A A e i R Ak, 43l
S I K EL A 2 3k Y 150.22 175,601 (P<0.01),
ZRWEE; ERALRBEREM, Mk
L ip kB 19 6.274%(P>0.05), 0B # 2% F(E 7-a),
BRI 75, DUFRENE R KB RE IS R,
Horp ek . ORE. LA, M. H . SR
TAHLGSHIXT Fik i B, M. BEFLA 42

A By ) 2 8. 8845 (P<0.01, 22 A B3,
3.18f%(P<0.05, 25 b #)M1.826%5(P>0.05, 25
AN ) ABTE I BRE 20 b GSHI T ik & T R
(B17-b)o A T — LI IFmRNARIEREE R,
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AR GS (M. rosenbergii), 45 (C. gigas): CAD92144.1, HJG R U (D. melanogaster): NP.727525.1, " [E A XIUF (F. chinensis):

ACB59229.1, JFLYNIEX}UF (L. vannamei): AE080035.1,
(T. granosa): ADM94277.1

5 KRB U (P. clarkii): AFD5298.1, BE45 X UF (P. monodon): AMD09631.1, Vg4

Fig.2 Multiple alignment of amino acid sequences of GS from M. rosenbergii and other animal species

The identical amino acids among different animals are shown with black shadow, and the dot () represents missing amino acid; five conserved regions

are marked with I, I, III, IV, V respectively; the GenBank IDs of reference sequences are shown as follows: C. gigas (CAD92144.1), D. melanogaster
(NP.727525.1), F. chinensis (ACB59229.1), L. vannamei (AEO80035.1), P. clarkii (AFD5298.1), P. monodon (AMD09631.1), T. granosa

(ADM94277.1)
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FLANIEXTUR L. vannamei (AEO80035.1)
A T RIBYF M. rosenbergii
71 5 RJEHEAR P. clarkii (AFD52981.1)
100 Lﬁ’%’?&ﬂ Cherax quadricarinatus (AFV39703.1)
KA43& Daphnia magna (KZS15608.1)
74 HRIF Aphis gossypii (AML23852.1)
99 # K E\ Nilaparvata lugens (AGJ70738.1)
89 & AR Anopheles darlingi (ETN61772.1)
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KA1 C. gigas (CAD92144.1)
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08 5% Sus scrofa (NP_999074.1)

'—‘0 05 96— Bos taurus (NP_001035564.1)

95

100

69

100
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TR AR BT 0000 51 B AT AU H 2 BARAKSE . BEA=ATEARC RS RIE I GSHE R
Fig. 3 Phylogenetic tree of GS from M. rosenbergii and other species

Numbers at each branch indicates the percentage bootstrap values on 1, 000 replicates; GS of M. rosenbergii was marked with black triangle

®2 GSHEBXRESZRBIFGSH IS HARTHXE
Tab.2 The five conserved regions of GS II superfamily and M. resenbergii GS

TRAFIX GS I 5 % IRIHIFGS
conserved regions GS 1II superfamily GS of M. rosenbergii
I: the latch F/Y-D-G-S-S F-D-G-S-S
I G-X(8)-E/K-V-X(3)-Q-W-E G-(INISGTNA)-E-V-(MPA)-Q-W-E
III: ATP-binding site K-P-X(4,5)-N-G-A-G-X-H-T-H-T-N-X-S K-P-(IPGDW)-N-G-A-G-M-H-T-N-F-S
IV: Glutamate binding site N/S-R-X(3)-I-R-I-P-R N-R-(GAS)-I-R-I-P-R
\'% F/L-E-D-R-X-P-S-X-N-X-D-P-Y L-E-D-R-R-P-S-S-N-A-D-P-Y

4 FTREBIF@MADGHIGSERB=ZREMELE

Fig. 4 Comparison of the tertiary structures of GS proteins in M. rosenbergii (a) and

Homo sapiens (b)
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Fig.5 Molecular cloning and expression of GS and preparation of polyclonal antibody

(a) GS gene cloning: 1. DNA Marker, 2. negative control of ddH,O, 3. PCR fragment of GS, 4. verification of positive recombinant plasmid by PCR; (b)
polyclonal antibody of GS: 1. protein marker, 2. total protein of gill, 3. E.coli BL21 with pET-32A vector, 4. E.coli with pET-32A-GS; (¢) purified
recombinant GS protein by SDS-PAGE: 1. protein marker, 2. E.coli BL21 with pET-32A vector without IPTG, 3. E.coli BL21 with pET-32A vector with
IPTG, 4. E.coli with pET-32A-GS protein without IPTG, 5. E.coli with pET-32A-GS with IPTG, 6. Supernatant of E.coli with pET-32A-GS, 7. pellet of

E.coli with pET-32A-GS, 8. purified recombinant GS protein
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6 T RBEMREFEET.

(a)(b). BEFCHTIA, 2B FERE s (c)(d). WL E A, B R

i

[5 B HA R R WL 82

i Sk AR NI B 1 - 3 W 32 o

Fig. 6 Observation on ventral branches of M. rosenbergii before and after molting

(a)(b). before molting, the second ventral branches; (c)(d). after molting, the second ventral branches; the translucent substrate in bristly cavity was

indicated with arrows
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Fig. 8 The protein expression profiles of GS in different
tissues of M. rosenbergii prawn
before and after molting

(a) the expression of GS protein in the gill (G) and muscle (M) from
M. rosenbergii by Western blot, (b) histogram analysis of GS/B-actin
bands
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Fig. 9 The activity of GS protein and the GIn concentration from M. rosenbergii before and after molting
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Cloning and expression of glutamine synthetase from giant freshwater prawn
(Macrobrachium rosenbergii)

LU Zhijie ?,  YE Chengkai '?, Sarath Babu V*, ~ZHANG Xiaojun °,
LIU Xiaodan®, ZHAO Lijuan®’, PANGan'", LINLi”

(1. Guangdong Provincial Key Laboratory for Healthy and Safe Aquaculture, College of Life Science,
South China Normal University, Guangzhou 510631, China;
2. Guangdong Provincial Water Environment and Aquatic Products Security Engineering Technology Research Center,
Guangzhou Key Laboratory of Aquatic Animal Diseases and Waterfowl Breeding,
Zhongkai University of Agriculture and Engineering, Guangzhou 510225, China,
3. College of Animal Science and Technology, Yangzhou University, Yangzhou 225000, China)

Abstract: Glutamine synthetase (GS) is a widely distributed enzyme in animals and plants, which is involved in
various cellular activities. In crustaceans, GS plays a major role in the regulation of energy metabolism and
osmotic pressure. In the present report, a full cDNA of the GS gene with 1 965 bp in length was obtained from
giant freshwater prawn (Macrobrachium rosenbergii ). The open reading frame (ORF) encoded a 361 amino acid
(aa) polypeptide with the predicted molecular weight of 40.75 ku. Analysis of amino acid sequences showed that
the GS of M. rosenbergii contained 5 conserved regions that belong to the GS group of invertebrates. Phylogenetic
analysis of GS of M. rosenbergii shared the highest identity within the clade of GS from Litopenaeus vannamei,
Penaeus monodon, and Fenneropenaeus chinensis with 95% similarities at aa level. Polyclonal antibody against
GS of M. rosenbergii was generated. Furthermore, we detected the expression profiles of GS mRNA and proteins
in various tissues of M. rosenbergii by quantitative reverse transcription PCR (QRT-PCR) and Western blotting.
GS mRNA was differentially expressed in 8 detected tissues of M. rosenbergii before molting in the order of
hepatopancreas>muscle>stomach>intestine>gill>heart>brain>haemolymph. The expressions of GS in different
tissues were compared before and after molting. The results showed that, except in hepatopancreas, the mRNA
expression of GS was up-regulated in the other 7 tissues in the order of brain>gill>stomach>intestine>muscle>heart>
haemolymph. By Western blot, the expressions of GS protein in the gill and muscles were up-regulated after
molting, which was identical with the expression profiles at mRNA level. In addition, the activity of GS enzyme
and the concentration of glutamine were decreased in hepatopancreas after molting, and by contrast, they were
increased in the gill, muscle and haemolymph. These results were also identical with the GS mRNA expression.
The differentiated expressions of GS gene in different tissues before and after molting suggest that it might be

involved in the regulation of energy metabolism and osmotic pressure during the molting.
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