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152 741 467 W 5 6- B TR SR ) R ke EL 4k GPTAR
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B, FxF HFFHFAE . AR 7 T ik AR Eh il
N FKCE AT T A, AR — D
1458 7R 7 i N7 256 P 3 A AR Ak R AT ) 2 Rt R
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1.1 MR

TR FH 41868 AR 7 il 4 £ 0 T K% R IESE A
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TP KIG TR SR E R . R AN
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JEE V- 159 932%0) AT R AR 7K 5 B S SR K TG A1) ok
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SREERAEE, 0 9 N32%0 (KT IEZH) . 16%0 12%o-
8%0F114%o, TN Eh B B 3ANPAT, AN 41302
1, B 77 5 KNI, IR R 20 868 45y i
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RNARB KX cDNAS B WA B4 4H 23
RNAFR PR G CRAR AR A R A =) Ui B 43,
PEE AT EE AR TS . WLA. BN, Ba. BFACE 4L
SRNA. SRATE 66T YT I I F
PR3 I FLREAT R B e AN B AT . R IR
BEARL A M FIRNAH TR K . SMRNAZ
DNase | (KEEAY TFEA R A 7))L FE 2 R A
Hig e, BAFE I pg B RNA, 1218 5 5%
RAGEREFEED TREGRA TV LI10 uL
1k BT RO 4 cDNASE — 45 . 1 571
BT 20 CUKFERAE -

GPIEFEYEEFHINE RIS =
SHERAT (1) 21668 2R 07 il I SR e s b F GPIFY
1|, F| F Primer premier 5.0% 11 9 % 45 73 14 51 #(3%
1), PAZL & 75 J5 fili 68 4] 2 cDN A S5 — B A i gk 47
PCR, 7374 M35 GPIEE A v B P 91l . PCRJR Y
FEFFN: 94°C TAE P Smin; 94°C A2 4430s; 58°C/56°C
iB K 30s; 72°C ZEAH 1min, FE35MEIR; 72°C £ 4 fif
10min; 4°C& 1R B . PCRIFHIZ1% (wiv) i bk
e Jsz r VoA DN S R TR Sk ) 4 20 ol el i I # A
Beo B ENG Y 5 pMD 1 8-T#k i 42, Bz Wi
W2 K AT R DHS o2 25 40 g v, BkECH 44 ve
KA T TR () A A1 IR m) HEAT DU

ERFINEMERFESH FIHDNAstarfk
E 8 P 45 Fp 5 2847 PF ISR A5 LB AR T7 i G P
cDNAJFFF. iz FIDNAMANS A 547 Ho 4 A5 1 &
R 5, A AE B 5 Wl NCBI 72 48 T BE
BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi) T. F
ADNAMAN AR F7 F1BEAT [R5 HE xS AAE AU
J3#r; 18 FIEXPASy TMHMM (http://www.cbs.dtu.dk/
services/TMHMM-2.0/) 14T 5 5 [X Tl ; 1 A Sig-
nalP4.0 Server (http://www.cbs.dtu.dk/services/Sig-
nalP/) X GPIE R 9 i (1) & B 12 5 91 3 AT N {5 5
Jik 25 #6) P ; FHExPASy prosite (http://prosite.ex-
pasy.org/) T H X G HE R 7 51 1E A7 45 e 3 Tl 56
MEGAT7.0, €05 A7AH 2 % K i ik A0 i, B F ) ol
GPIF7 5% \GenBank T % .

RAEEEPCR WMGPIREREES W
I 41868 75 J7 i () GPIAN B-actinFE %1, N ] Primer
Premier 5.0 1H5 6 E & GIM(EE 1), SIHA LA
WL L) R AR A7 & . HEEPCRIE
2k B — H o ZRAR R 514, S8 E il 5ot E &
PCRAG I 51 4 (1) Sk, Pt %t B — ELARE e M 4F
(5 03317 296 e e EPCREZN . B AL 68 7R Uy fifi 4
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Tab. 1 Primers used for gene cloning and gPCR
FEH A RR GlEZE2]] FH i
Gene name Primer sequence (5'—3") Purpose
GPI F1: TAGGTCACACCGAGCACAGCA RN v R
R1: ACCCAATCCCAAAACTCAAAC
F2: TTTGAGGCAGATAAGGAGAGAT
R2: GATGGTCATAATGAGGAGGAGA
gF: GCCCTTCTGCCCTATGAT T EE
gR: CACGCACTCCCTGACTTG PCR
p-actin  qF: ATCCGTAAGGACCTGTATGC POLER
gR: AGTATTTACGCTCAGGTGGG PCR
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AT J5 cDNA, B RE IR B, LAB-actin AN 511,
Bt B20 L M AR &R, AN G PITE 21658 7R 5 il A [ 45
g1, ANTR R i A RIS (8] R 3R IA K OB
2995 °C FHAE 1 10min; 95 CAEYE15s; 60°C ZEAH
Imin, FL40MEFR . Al & 3 4 it Hh GPIEE R A B-
actinZER B Cefl, #8 J5 AR H5 A0 214 & (Relative
quantity, RQ)=2""*“""" 1115 7 7] 20 £ ¢k FF i AH %
FAk BN B AN R £ ol e 3 FH 6 B 329%0 41 i AR
T3 4y . GPIAH G I8 FAE it R

2 R
21 HERFEHGPIEZEERFIFIERERBER
BZE S

2 PHEAS B W LLEE R 7 A GPIE IR K B2 N
1736 bp, L& —/N5EORF, ORFK & N1662 bp,
R553 N R FEERL . F I SignalP 4.07E 28 T H 7l
RI, R EEIR P IIAAFAEAE T IR 85 IR 45 1) T
SRR, GPIBH S IRIX, J& T M2 & H . NCBI
PR G5 R I T 45 2R 27, GPIEERIAEAE 2 W e )
#(Sugar isomerase domains), 73 % ASIS-PGI-1#l
SIS-PGI-2.

2.2 AEEFRFHGPIRERT
ARG o

iz I DNAMAN# A # GPIAE 1741 5 58 5
Danio rerio~ AEMJNWEXenopus laevis. NFHomo
sapiens~ R Gallus gallus YT )GP1&E A 7 41
HATHLX, 85 R RIR, LU6E 7R J7 i GP1S & WA AH bd

i 0E25 27 =0 p5E

48
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39
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PEAIN85% T7% T76% F177%. TEHIERE L,
FIHIMEGAT. 04 g 2168 7= 75 fifi A1 H Al ) P GPT 2L
BT R g (E 1), R EIR, R
GPUREMUE N —3, FEIEE . JFXSGPIS K. /)
BIGPIER N 5 — A3 . (RS, 468 7R
JrGPIS FLEE R Filf, phE, K, B
AT S GPIER N — AN 3o
23 dtERGELEGPIFBLERRIESH

2 F qP CR ¥ AR AR G PI3E [K] 7E 418 7R U7 i
8. LA M. B BERTE SRR O, 45
INGPIEERE S HR R AR . H, JLAHE
ik E R, U RS EE L, PLAF
GPIFIE & FEI 50000, 183 5 T HAh 5 2 h 3%
k. HAN K AL GPIER L & i i B AR KON
JH> > > > (1 2).
24 REMBELIEERHEHGPIEEMTRIA

FIFH 9% 96 52 BPCR T L M AR A 85 FE i ie
21 & 7R 7 il G PI3E: [R] 75 B8 A1V B o () SRR 15 10, 7 i
(& 3A), IR HGPILE3INED i ik, H
H 2R B 4%0+ 8% fI112%0 41 5 2% F i (P<0.05).
6hiT, 16%0 4 GPIFR L ATy 4k 22 11, 5 X} 4k F|
35 72 5 (P<0.05), HoAR S HRIE/KFA i lalik, =
XA, 754k T 53 Eif(P<0.05). 12h2 J5
FAK L GPITEAS [FI B 8] 55 P 4R R0k = BT T B%,
Z Ja X, 2720 &K 3h 40 S5 0 R 2 A L
GPI¥) &% LRFRIE(P<0.05). 155 (K 3B), %
KEHGPIHXNRIEBTMMEALEAN. HE

Pl fLAE{LEE P. reticulata (XP_008403761.1)

GPI FHiif O. latipes (XP_004067494.1)

GPI ¥ M. albus (XP_020448007.1)

HE5

— GPI Kk L. crocea (XP_010731423.1)

GPI 21 & 5 C. semilaevis (XP_008309085.1)

GPI 5F#F P. olivaceus (XP_019935165.1)

68

GPI 21625 54l T. rubripes (XP_003969485.1)

GPI-LUT#4 O. mykiss (XP_021442221.1)

84

100

A
0.050

A1

GPIAER T

GPIL B, 8. D. rerio (NP_658909.1)
GPI kPGSR C. harengus (XP_012670334.1)
GPI K P78 Salmo salar (XP_013981063.1)
GPIS FEJHRIE X. laevis (NP_001085765)

GPI 5% G. gallus (NP_001006128)

GPI /N, M. musculus (NP_032181.2)
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HINIZR Gt A

Fig. 1 NI phylogenetic tree of GPI amino acid sequences
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4%02H GPIAE X ik B AE3h BN B2 B, 2 54 5d
WA, B0 RIEE N 2R FIHP<0.05).
£ 16%0 241 GPIFE6hI) i 3% i, 2 Jo el fr i i
IRZS, E72h FIA & B FE N (P<0.05). #hiE
8%cZHTE24h N RIA B S5 X RAM LA BE £ R,
48hi GPIA ML 34 Fi(P<0.05), 72hisf ik & X
2L E T (P<0.05). EhE12%4H7E48h P R IA
S R A B S, T2hE LR
(P<0.05).
3 g

AT T B IR LT8G 2R T fi o v B SRS T GPIE:
A [fIcDNA ORF4 K741, HAAT 1 izt R 7E 2tk
fRER B IE T R A S, it — 0 s HAth £ 2R
GPI A VEAR S 38 1 mm B F 98 e 14 43 7 L) 25
SE | E RN . NCBIUR ST 45 M3 i 45 3 57w,
Fr3kcDNA T FIHE 5 B R T 5 AFE2A B 574
1%, 73 51 SIS-PGI-1 MISIS-PGI-2, #I1IESE T gk
FH N E 2R 5 il GPIZE R cDNA P41 . i bR 21
g 75 J5 6 G P& (R (W & 2 R 7 4 5 oA L 8 e 7
GenBank b [JGPIE R 7 ¥ 347 7 41 LX) Ja, 3.
M1 E 5 BE S Danio rerio GPIT 3 AHALL 1k 2]
85%, 5 IR IE N TNEEGPIAH AR L F77% &
S JFE RS GPIA A 78%, FNgi FL.25 N SGPIA I
HTT%, L UESE 7 B3R 7 51 Oh 41 68 2R 7 fif
GPIZEK cDNAJF#, [F]Bf 138 B GPITE #E b b =i
TR5F, FEAF WA el g BAG AU A= Y 5= T e
ARG AL S RGP R N — 3, AEIIR
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Fig. 2 The relative mRNA level of GPI in various tissues of Taki-

fugu rubripes
G. ; B. Jii; In. Jl; K. ¥ L. JHF ML UL
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IR ThREH K.
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B, 723535 R T A o, S A5 5 05
T LA T R IR AR AT 2 B g, DL 2 4
AR TREE AT R, Kidder ™" i S il
1 7 B AR R AR E 6% —10%H] T18& K
S S A SR AL R, 7 34 K S A S
BRI 25 S IR, 4 SR R TR I A A G 22k DAL HH R
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SDHAIMDHI 77 iy, % B IX 2620 21 b (R A
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fil A 2 AR AT o i B BB R 2 — . GPIIY
T TR AR T A oL R v - TR 4 5 6
T SRME 2 )R AR LA s H T A R 205
JEVA I E R E, Kk, AT 7T DL 2ANH 20T
FX %, FF qPCRAG N GPI mRNA ) &5 /K, 45
RBIR, £ AR H I 72h P, 216 25 7 il g R
HGPIMIRIE R R AEZ(E 3). TEEEH (& 3A),
FAK 2L 20 GPIAH X e ik & 35 76 3hist B HH B0 _F i 3%
ik, SR SIS T R B SR T R, (AR
12%0ZH H116%0ZH AN 7l If 18] s b, Hor 50T HRZHAH L,
BIRE# FiAP<0.05). X5 iR HART 5T R 45
FEAL, 3R BAFE AR SR I8 T, Z1 68 R 7y ol p p
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Fig. 3 Relative mRNA level of GPI gene in gill (A) and kidney (B) of Takifugu rubripes under different salinities
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Different letters denote significant differences between low-salinity groups and the control group at the same time point (P<0.05)
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THE EFFECT OF ACUTE LOW SALINITY STRESS ON GPI GENE IN
TAKIFUGU RUBRIPES

MAO Ming-Guang"’, SUN Xin-Ru', JIJANG Jie-Lan', SUN Meng-Lei', GU Jie', JIANG Zhi-Qiang' and YE Lin'

(1. Dalian Ocean University, Key Laboratory of Mariculture and Stock Enhancement in North China’s Sea, Ministry of Agriculture
and Rural Affairs, Key Laboratory of Fish Applied Biology and Aquaculture in North China, Liaoning Province, College of
Fisheries and Life Science, Dalian 116023, China; 2. State key Laboratory of Freshwater Ecology and Biotechnology,
Institute of Hydrobiology, Chinese Academy of Sciences, Hubei Province, Wuhan 430072, China)

Abstract: To investigate the effect of low salinity stress on Glucose-6-Phosphate Isomerase (GPI) in Takifugu rubripes,
we cloned GPI and analyzed its expressions in tissues with and without acute low-salinity stress using RT-PCR and
real-time quantitative PCR (qPCR) techniques. The results showed that the GPI cDNA of the T. rubripes was 1736 bp
in length containing an Open Reading Frame of 1662 nucleotides that encodes 553 amino acids. The predicted amino

acid sequence contains two Sugar Isomerase Domains without signal peptide and transmembrane domains. Results of
multiple sequence alignment showed that GPI was highly conserved among species. qPCR results showed that GP/
mRNA was expressed in all the tested tissues, with the highest expression level in muscle. Under low-salinity stress, the

relative mRNA expression of GPI in gill increased firstly, then decreased and increased again in all low-salinity groups,

and the relative mRNA expression of GPI in kidney differed among low-salinity groups. Therefore, it was speculated
that GPI play a role in the response of T. rubripes to acute low-salinity stress.

Key words: Takifugu rubripes; Glucose-6-Phosphate Isomerase; Low-salinity stress



