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FEE: Al cDNA Rtk 8 H A (RACE) 3R 15 2 R L # & K % &£ B (GH) #y cDNA Jf
7l &K % 957 bp, H o I 7] 3 42 (ORF) K 615 bp, %7 # 204 A A8, A X R 77 5§ T 4 FH
BHRHLET3.0% 2R #NE T, EXRTHGH 5 X E X EMERELXR Y -2
Ko RALMKAEE PCREARY GH XFWARKREFUHTT 20, ERET,GH £ H
mRNA £ EAMAEK & EERPTREL FRER ER . FE.BMNLAFHLNE k%, e F
LAY GH £ mRNA Wk * ER F 5 TH 2 (P<0.05), KA ERT# GH it £ £ @&
HEPWAE QPR FTASERIN _ABEK AT ALZRRIMETERAETEARE K
GH/pET28a,# 1. A 7 /% BL21(DE3) X IPTG 5 & & N4 6 N A B W E4L R H, &
HEBEEKRANK24.9 ku 5@ & 1 KX 7 £ , Western-blotting %, % F7 % 2 [ £, & & &
Z6mol/L 4 BMAAM N BFEMEALMRERE LN G TH4 1 GH & &;5.4
16.2 pg/mL EA & AR wAF, AR E 200 HEK293T W X 2| B W, KA RER

TELSFMEAKPHENERITENEKRBNH,
KRR BERILE; KW F; BERE; A8 k%; FHkE
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— AR R AR B B (Pichia pastoris) W S2BL T 235, I
AT SIS IR T 4] GH & E RIS . bl
# GH AW se i AW iz 48 , A 4h 85 41 8 11 3Rk M
AALH AR AW, GH K WA 7K 7 57 58
vh ) I E S IEAS TR

B & VL8 ( Platichthys stellatus) , J& 8 H
( Pleuronectiformes) . fift £} ( Pleuronectidae ) | JT. filt
J& (Platichthys) , 734 T [ L H A M M 4
KEEERFFENR, 2—MEARRETNE
PEFERR R, B E R B R AN E S R
JUER T A2 M R SRR A IE AR W KR T T
F R P E R T BRI TEE
FARY R EEB S . BT A
KRpk , S S R A A KRR IR H AR
KA 5> 7 HLH, A< S5 55 5% ] RACE £ R 3K 1%
T ELZILEY GH ) cDNA 2K J7 41, F 4] 55 B 9¢
JEE f PCR F AR Kl T H mRNA 41 413 5 F¢
PE, IF 0 A% 3 ik AR # i T B R VLB GH R
SR TR, S8 T GH 41 8 [ 0 1R A i Ak
Pk A, b 1A A SR VLER GH B H A WG
PE, DR IR AT GH 7E R RILEAE KA &
P4 8 475 AL ] 2 1A R it e

1 MRSk

1.1 LI+
SCu R UL B O R K A IRA
AL HURE 3 RRMEf] (905.4 £32.5) g, 3 i ] F13 )&

e[ (687.8 +41.7)¢g,3 % ] A MS222 (260 mg/
L) PR 2 JRR 5 35 5T, DR AR B | L PR AR L0 E
K EVE R FE LA A A ] S A
2 MHE B AR A PG5 A -80 CLRAEFEM .
1.2 5 RNA $2EUAN cDNA E— &

JH RNAiso Plus( TaKaRa) il 412 W k5 £ 20 4
& RNA, DL #% 2 i 72 X ( Nanodrop ND2000 )
W5 Vi B2, LA 1% 3 I 0 66 e v Dk A 00 ol o,
FH M £6 7 42 34 RNA |, ) SMARTer™ RACE cDNA
Amplification Kit( Clontech) & i, 5'-RACE } 3'-
RACE cDNA % —4%%, FH T GH #: X RACE £ &K
va R A I 3 ME A R 3 M A 4% AL S R
RNA, | PrimeScript RT reagent Kit With gDNA
Eraser J % 3 i 7| & ( TaKaRa) 4 & cDNA % —
B, T GH F:[H mRNA #1415 8tk #r o Br
A AR D TR R S U] B AT
1.3 GH %[ cDNA =&

BRI 51 % GHF #l GHR (£ 1), DA Tk
3'-RACE cDNA fE it , ¥ 14 B RIL#E GH J
B %0 77 51, PCR W AR FR 25 wL, by 25
94 CHiAS M 5 min,94 T 30 5,61 € 305,72 C
50 5,30 ANEFR,72 C%Eff 10 min, PCR 7= 4
1% By W B J5 v Uk 43 15 05, DD Il H i) 2%ty OF
4 k. Il W PCR ™ ¥ 5 pEASY-T1 #{ {&
(Transgen ) % % , # {1k & Transl-T1 J& 32 & 40 iy
(Transgen) ,LB [ {& 15 % 5 37 C i 37307, PR AL
RN G 7 S o | i <y NE - 3 7 7 B

&1 PCR3|#FF

Tab.1 Nucleotide sequences of primers used for PCR amplification

EIR7EA N 1¥F 5 (5-3") i

primer name primer sequence(5'-3") usage
GHF CAGCCGGTTATAGACCAGCG PRy i B i b
GHR CTACAGGGTACAGTTAGCTTCTGG
UPM-long CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT 5'Fi13'-RACE PCR
UPM-short CTAATACGACTCACTATAGGGC 5'Fi13'"-RACE PCR
NUP AAGCAGTGGTATCAACGCAGAGT 5'F1 3'-RACE # = PCR
GH 5'OUTER CTCAGAGAATCCACTCGCTCCGTCCT 5'-RACE PCR
GH 5'INNER AACCAGGTGAAGATACTGAACTCG 5'-RACE #i#; PCR
GH 3'OUTER TTTCGCTGTGAGGACCCAGGTTACG 3’-RACE PCR
GH 3'INNER GGATATGCACAAGGTGGAGACG 3'-RACE #.3{, PCR
GH-RTF AGCTAACTGCACCCTGTAGCC GH real-time PCR
GH-RTR TTGGAATGCACAACCAACAT
B-actin RTF AGAGGTTCCGTTGTCCAGAG B-actin real-time PCR
B-actin RTR TGATGCTGTTGTAGGTGGTCTC
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O 38 %

HREAE 7 14 1% 2 9 4% .0 )5 91 80T RACE 5| 4
GH 5'OUTER ., GH 5’'INNER ., GH 3’ OUTER #i
GH 3'INNER(# 2) , /§ Smart RACE Advantage 2
PCR i | & ( Clontech ) j#f 7 PCR #"Hi, % — K
1 B PCR {#i 5] % GH 5’ OUTER fil GH 3’
OUTER ,PCR 414 :94 C 30 s;71 T 30 5,16 MF
W, T, BAIEHRREEMR 0.5 C,72 CHEA 1 min; SR
JG 94 T 305,63 €30 5,72 T 60 5,28 PME#H,

PL%S — X PCR = W) oy M Ak, i 1 51 %) GH 57
INNER 1 GH 3'INNER # 1} 8 5t PCR, PCR %
.94 C Wi ¥ 5 min, 94 € 30 5,58 C 50 s,
72 C 50 5,30 ANMEH,72 CHEA 10 min, HLS5 pL
PCR 74 T 1% Byt i 4k B I v vk A 0 /5, %F H 1Y
FOMTHEAT I S R i R AL L ad BE M e
JEMF

®2 ERIHGCGHEREERFISEMEHEWHRIRELER

Tab.2 Identity of the precursor peptide sequences for GH gene
between P. stellatus and other vertebrates.
Y Fh GenBank J7%1] 5 [R5 1/ %o
species accession no. identity
T} Paralichthys olivaceus BAA06159 73.0
KEZZEF Scophthalmus maximus AAX38234 58.8
MW E 5 Cynoglossus semilaevis ACM43287 51.0
RN ¥E 8 Dicentrarchus labrax ADB23477 69.6
R BEJUL A 1 i Sciaenops ocellatus AAF61751 67.6
Je B B Akt Oreochromis niloticus AAA49626 63.7
K ¥ t4 Larimichthys crocea Q9I9M4 64.2
B 1 L Epinephelus coioides AAK57697 70.1
43k W4 Sparus aurata AAB19750 69.1
K KRR 1 Oncorhynchus tshawytscha-1 ACD37715 55.4
W% Oncorhynchus mykiss-1 NP_001118161 54.9
K KRS 1 Oncorhynchus tshawytscha-2 CD37716 49.5
WS Oncorhynchus mykiss-2 NP_001118162 53.4
785 Clarias batrachus AAL84164 31.4
BE Dt Danio rerio CAI79040 32.4
V. £ Catostomus catostomus-2 ADD84539 34.8
W3kl H 1 Catostomus discobolus-2 ADD84545 31.9
fifi fti Cyprinus carpio ABV64406 36.3
Je ik Misgurnus anguillicaudatus AAQ19263 31.9
V. [ 1 Catostomus catostomus-1 ADDg4537 21.2
WS [ 4. Catostomus discobolus-2 ADD84543 24.5
[ Y 68 89 Anguilla Anguilla AAN61122 24.0
Jt =4k Rana catesbeiana AAB24792 27.5
IR 5 Huso huso ADQ39312 24.5
X Gallus gallus AEZ51853 20.6
FEW I Boiga irregularis BAJ14513 19.6
. Mus musculus AAH61157 15.7
N Homo sapiens AAA98618 16.2

1.4 ZEFEEER PCR &N
HRAR BT 7 02 55 YL 88 GH JEIA 1) cDNA J5 51 42

K% 514 GH-RTF il GH-RTR, [ & 2 7T,
¢ B-actin Sy NZ it € 8519 B-actin RTF il B-
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actin RTR, F] A Mastercycler ep realplex real-
timePCR 1% ( Eppendorf) , fifi /i SYBR Premix Ex
Taq™ I ( TaKaRa), PCR & % 20 pL:1 pL (¥
cDNA #i#,0. 8 wL # E . P51 49,10 pL By
SYBR Premix ExTaq "I #1 7.4 pL fy ddH,0, %
R PCR I 4% 4 :95 CHiAE ¥ 30 5,95 C
55,60 C 20 s 3£ 40 MEH . GH 3 mRNA ff
FIEE LA B-actin mRNA NS, FI ] 274 J5
WAL GH O JE D] mRNA 75 U A £ 75 4 21 1
HHXF R IR
1.5 FAlsaMHm

BV GH B: H i 7 9 9F He L L 1R 7 41
P 0 TN | S R e I R K R ] 9 )
Br#4 ffi Fi DNAstar 5. 0. 1, {5 2 ik 3 0 {8 FH
SignalP 4. 1 (http: / www. cbs. dtu. dk/services/
SignalP/) , Z LR 7 51 b T F & 48 2 4k o #r il
JH Clustalx 2. 0. 12 ( http: / www. clustal. org/
download/current/) il MEGA 5.1 (http: // www.
megasoftware. net/mega351. html)
1.6 GH/pET28a EAFH It E

MG B R VLEE GH Ak 51, 2 ] pET-28a
AR 11 2 e B A HE S HF AL, 2 I BamH TR
Hind T AR R RV AL, 57t 1 AR5 519 GHEF .
5/ CAGCCAATCACAGAGAACCAG-3’

fil GHR:5'- AAGCTT| TTACAGGGTGCAGTTAG-
CTTCTG-3', 7£5|4) GHF HI GHR [y 5’3t 4% 51 i
AT BamH 1 fI Hind T { V)7 53 (T7 HEARTE) |, 1E
TFS1H GHR I AGRZ L% S TAA (T R4
FRiE) o PCR Y1 55 .94 CHIAE M 5 min, 94 C
30 5,59 C 30 5,72 C 50 5,34 MEH, {5 72 T
fit 10 min, ¥ R 24 K F B % 3% ] pEASY-TI
Simple Z {& L, A AT BR ] £ 2 V) B BamH T Al
Hind 111 §§ GH/pEASY-T1 JFRI 132 15 ik pET-
28a WUAG YT, i F T, 3% 45 Wi i 4% A5 2 5 4 O
GH/pET28a, ¥ 1k & K #F & BL21, Wi PCR %
EFF I
1.7 E4H GH # H 5% iX 1 Western-blotting
3 iE

He PP IE B B9 28 1E bk BL21 4550 T 7 Kana
(100 wg /mL) ) 5 mL LB §;3:5 37 CHeim B
FALB UCH 13100 47 K 85 55 % ODy, fH H
0.6 ~0.7, /A IPTG(1 mmol/L) 4421537 , 43 BlAE
#%50.1.2.3.4.6 f18 h 4K 1 mL #ik,8 000

r/min 10 min 250 W5 5 1/ 14, PBS Pk ik JF H B A
14 ,SDS-PAGE (15% 43 &5 1) H Kk 46 1 , SigmaScan
pro 5 B or b B R B R IR i AE 21,29,
37 45 C 44 F IPTG(1 mmol/L) %S 6 h HUkE
17 SDS-PAGE ik 43 #1 , LAWF 98 A R ¥ B2 R 25 1
TR ES . WAL 37 CHAM T Hi 5 2 OD, fH
$70.6 ~0.7 [, Jin A IPTG {28k BE 43 B4 0.1,
0.2.0.5.1.0.2.0.5.0 mmol/L,i% 5 6 h Bk #E4T
SDS-PAGE H1yk 43 #7 , LABF 58 A [6] IPTG ¥ Ji X &
HEAE A RBRBEFIEM

W55 6 h (TE (K TLTE 28 SDS-PAGE HiJk
Je L AT T r e ENVE fS £ B B 2 PVDF ik |
J-H 5% BSA # M, Ll it 6 x His Monoclonal
Antibody Jy—4i HRP #5312 #Y 1L F 5T /0 B 1gG
90,4 TR 0% & %, 6 /] HRP-DAB 1 4
WG PEAT A,
1.8 GHEHEAWHAELINE M

37 C4 14 F IPTG(1 mmol/L) i 5 H H i
6 hj5,8 000 r/min 4 C &[> 10 min, PBS ¥ &7
TE B P MR WSS U DR R 2 ~3 IR TR
R 4 C 3 1 7 25 ML 12 000 r/min B0 10
min V&, S5 /5 M 0.8 pm F10.45 pm i L JE
512 & , 85 Ni'*-NTA 3% fil 2 #r ki ( TaKaRa) 43
EaifeEAEA. TG HERHAEAIKIKA 8.6,
4.2 mol/L JR K # BE & 1 W A1 PBS 383 i M
1,3 ku #8 3§ % ( Millipore ) # JE ¥ 45, - 80 C#
IR VR AT
1.9 GHZEHAEZER/WEWFEERN

FIH BCA 5 H & 2 170 & 4 D 4l 1k 52 1 e
F H ZH A RS, 0. 22 pom Job R T, AR X 2
200 g0 vk 6 M 20 GH 2R [ 78 & Wk B 43 Bl
0.2.0.6.1.8.5.4.16.2 pg/mL I % A &4 5 48
Jifl HEK293T {38 58 /F I . 40 M 3% 58 % (GSR) it
HJ7 15 : GSR (% control ) = A /A x 100,
A e WA T EH A, A AN E A E
SES
1.10 #iEAbIE

S 95 K04 ¥ LAV 24 {H + b5 i 25 (mean + SD)
PR, P2 B 1 LB SPSS 16. 0 i AT T £
By, ZH B ) L HCR T SPSS 16.0 4T B R
J5 28 (One-Way ANOVA) F1 Duncan £ & I,
B M, P <0.05 I E /R 2 7 B3, P <0.01 Iy
IR

control
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= KC709504) .
2.2 BRTHGHEEMSEBFIILE
2.1 ERTE GH E£E DNA FHl2K R 40 W7 0% B S VT 0 GH B R ) 2 3
FLGSUTHE GH 3L 1 cDNA ¥ 91 4K 957 WS 5808 H 959 H B9 [ 5 HE ik 5] 50. 5% ~
bp, {345 131 bp 5 5/ 4L 45 X (UTR) (615 bp (1 73.0% , 15 7 6 1y [7 U o Bk #5 H 73% 5 5 6k H
JF MW S HE (ORF) 1 211 bp 115 3" JE 45 05 X 2K [REHE Y 49. 5% ~ 53. 4% ; 15 807 H £ % i)
(UTR) 45 204 MR, NS 1 B4 24 5 WEEN21.2% ~ 36. 3% ; 5 66 7% H £ 2% [ B bk
SRR (0 155 T 9, 4 AR SF DR 31.4% ; 5039 H 2K WML T M E) 24. 5% I
WA B T4 69 177194 1202 (& Sfh. GH  AM5PIRIR JEATH 15 % 5L A R0 I 95 b
BCRRE T B 4 28 21.5 ku, Z5 /1 /5l 7. 83 ArR27.5% 19.6% 20.6% 15.7% 1 16.2%
(1), ZFFI0 3 E GenBank ¥4 (FEI (F2).

2 45

-131 AC ATG GGG ACA CTG AAG AAC TGA-109
—-108TCC TGA ACC TGA ACT GAA CCA GAT CCT GAA CCA GAT CCT GAA CCT GAA CCT GGA -55
—-54 CAC GAA CCT GGA GCA GAA ACA GAA CCA GAA CTA AAA TCT GAA CTA GAA CCA GCC -1
1 |ATG AAC AGA GTC ATC CTC CTG CTG TCA GTC ATG TGT GTG GGC GTG TCC TCT CAG 54
1M N R V T L L L S V M C V G V S5 S Q18
55 CCA ATC ACA GAG AAC CAG CGT CTG TTC TCG ATC GCA GIT GGT CGA GTT CAG TAT 108
19p I T E N Q@ R L F 8 I A V G R ¥V Q Y36
109 CTT CAC CTG GTT GCT AAG AAA CTC TTC AGT GAC TTC GAG AAC TCT CTA CAG TTG 162
37L H L v A K K L F § D F E N S L Q Lb&54
163 GAG GAT CAA CGT CAA CTC AAC AAA ATC TIT TTA CAA GAT TIT AT TCT GAT 216
% E D Q@ R @ L N X I F L Q@ D F H § D72
217 TAT TTC TTG AGT CCG ATC GAC AAA CAT GAG ACA CAA CGC AGC TCA GTIT TTG AAG 270
73y F L 8§ P I D X H E T @ R S § V L K9
271 CTG TTA TCG ATC TCT TAT CGA TTG ATT GAG TCC TGG GAG TTC TCC AGT CGC TTC 324
9L L 5 I 8 Y R L I E 8 W E F § S R FI108
325 CTG GTC GCA GGT TTC GCT GTG AGG ACC CAG GIT ACG TCC AAA CTG TCG GAG CTG 378
9L vV A ¢ F A V R T Q@ V T 8 K L 8 E L1126
379 AAG ACA GGA CTC ATG AAA CTG ATT GAG GCC AAT CAG GAC GGA GCG AGT GGA TTC 432
127K T 6 L M K L I E A N Q@ D G A S G FI14
433 TCT GAG AGC TCG GTG ATC CAG CTC ACG CCG TAC GGA AAC TAC TAC CAG AGC GTC 486
1458 E 8§ S VvV I Q@ L T P Y GG N Y Y Q S VIie2

487 GGA GTC GAT GAG TCA TTC AGA CGA AAC TAC GAA CTG TTC GCC TT AAA AAG 540
3¢ vV D E 8§ F R R N Y E L F A F K K180
541 GAT ATG CAC AAG GTG GAG ACG TAT CTG ACC GTG GCC AAA GA CTC TCT CCA 594
181D M H K VvV E T Y L T V A K R L s P198
595 GAA GCT AAC ACC CTG TAG 615
19 E A N I L =* 204

616 CCC CGC CTIT TCC ACC ACG AAG CAC CTC CCC GCA GAT GAC ATC ATA GGC ATT CTG 669
670 TAG CCC CCC CCC ATG GIT GCC GAG CTA ACT AGC ATA AAT GIT AGC CTA TGT TGG 723
724 TTG TGC ATT CCA AAC AGA TGA TGT CAT TGT GAT ATT GTC ATA CTG TCA GCA AAT 777
778 AAA GGG TTC ATT CAA TCA ACC AAA AAA AAA AAA AAA AAA AAA AAA AAA A 826

1 ERTEE GH EE DNA £ KFIRESHIERF T
I T 0 SRR 1) LA B R R, DAY s A R A TR B 2R TR T e M5 5 IR B0 R R R R, N-BE R AR A7 5 T IR 3R 4
AR ST 1 28 I 2R 5K A P R P 357, AATAAA AR 5 WU R QI RR & L% F (TAG) I = FR
Fig.1 The full-length cDNA sequence of GH gene and the deduced amino acid sequence from P. stellatus
The deduced amino acid residues are represented as single letter abbreviations and numbered from the initiating methionine which is
shadowed. The signal peptide is single underlined, the potential N-glycosylation site is shown by the dotted underline. Four Cys residues are

circled,and the AATAAA sequence that indicates the polyadenylation signal is double underlined. The stop codon is marked by an asterisk

http : // www. scxuebao. cn
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Platichthys stellatus
Paralichthys olivaceus
Scophthalmus maximus
Cynoglossus semilaevis
Dicentrarchus labrax
Odontesthes bonariensis
Oreochromis niloticus
Sciaenops ocellatus
Larimichthys crocea
Epinephelus coioides
Sparus aurata

Monopterus albus
Oncorhynchus tshawytscha-1
Oncorhynchus mykiss-1
Oncorhynchus tshawytscha-2
Oncorhynchus mykiss-2
Clarias batrachus
Catostomus catostomus-1
Catostomus discobolus-1
Catostomus catostomus-2
Catostomus discobolus-2
Misgurnus anguillicaudatus
Cyprinus carpio

Danio rerio

Anguilla anguilla

Huso huso
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Fig.2 Comparison of the amino acid sequences between P. stellatus GH gene and the other fish species
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KRR AR50, S8 HMGTIE A 62K

H—DINIF S

_Zj_: 43kA40 Sparus aurata
24

FHF AR Epinephelus coioides

32

48

55

%

HRPLHLA B £ Sciaenops ocellatus
K¥&Ah Larimichthys crocea
21 JEF B k4 Oreochromis niloticus

65

BRMHESS Dicentrarchus labrax

100

KEEBE Scophthalmus maximus

[ EXILEE Platichthvs stellatus

]

100 FF Paralichthys olivaceus

96

L EBE Cynoglossus semilaevis
KERFRWG 1 Oncorhynchus tshawyts

UT 4% Oncorhynchus mykiss-1

100

KIEKFRIME 1 Oncorhynchus tshawyts

i

84 W% Oncorhynchus mykiss-2

782 Clarias batrachus

81

29

PED 4 Danio rerio
W Catostomus catostpmus-2

Wk 044 Catostomus discobolus-2

96

52

i Cyprinus carpio

Vet Misgurnus anguillicaudatus

25

W.H 4 Catostomus catostpmus-1

1T

99 WL L4 Catostomus discobolus-1

FRMBRER Anguilla anguilla

100

E[E 4 Rana catesbeiana

96

WRINEE Huso huso

31

34

38 Gallus gallus

W Boiga irregularis

27

B Mus musculus

|

67 N Homo sapiens

B3 ETGHERERFIN N REai#HH4N

G TR R RN R YA GH & IERR 7 41 %5 L3k 2

Fig.3 NJ phylogenetic tree based on GH amino acid sequences

Platichthys stellatus is single underlined and GenBank accession numbers are showed in Tab. 2
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2.4 ERTIE GH EF mRNA fHELARIEEHYE

Pt PCR 25 1 W ox (& 4), B 51
GH P mRNA £ 8AE FEfR p 23k, g PR AR
JE L UL A A TR I B A ek i A 0 B
KBV IR i A T A R RGN B Rk £
BHAMLA T GH £ mRNA FikKF 8255 T
Meta (P <0.05)
2.5 GH/pET28a SRR MHE

W 25 3R 2 7R B 4 Bkl GH/pET28a (8] 5)
P, E 2 RO R A 221 N AR
202, A ] DNAstar Fi i 343+ 4 hy 24. 9 ku,
Gr ol 8,438 Hoh s GH BB KA N i 1)
6 x His fr% , nf #1735 5 M8 (1 2lifk o
2.6 GH EHZEHRIFR LT Western-blotting 36 iiF

A FRIKW IPTG i 5 J5 4 SDS-PAGE 5 Il
H7RTE 15 F1 25 ku 2 [a] ) BE4% S5 M 4, i X TR
PR 2055 5 19 T 41 3 R B, e 454 B GH
EHEMA, KK 24.9 ku, 8345 S0 1]
SR ER PTG 5 Sk ¥ A h ik, 15 8 S 4
GH 3k () et 218 37 C %4 F IPTG (1.0
mmol/L) 55 6 h, Jb 451 T EAHE 0 Rk w= N
HAEAMN42.7% .

ATG GGC AGC AGC CAT CAT CAT CAT CAT
H H H H H

AGC CAT ATG GCT AGC ATG ACT GGT GGA

ATC ACA GAG AAC CAG CGT CTG TTC TCG
I T E N Q R L F S

1.0
{5 male
Clffs female
z 052
i 8
K E 0.00002
T35
= 0.00001
P
P
0

B PGoL Gi HHk k Sp St 1 PCM

HR
tissue

B4 ERTE GH EF mRNA S
TEERAPHRIEKE
VUME 1 3R P ) GH mRNA ik g biif 1.+ Ron itk 2
) 2 5 2 #% (P <0.05),B. Jifi; P. Efk; Gi. fil; H. .0 JE;
HK. k5 KB JIE; L. IFRE; Sp. JitIE: St. 5 L 5; Go. 4
s ML
Fig.4 Spatial expression pattern of GH mRNA in
female and male P. stellatus

A relative abundance of 1 was set arbitrarily for the GH mRNA
expression level in the pituitary of the females. The asterisk indicates
the significant difference in expression levels of GH mRNA relative
expression levels between females and males. B. brain; P. pituitary;
Gi. gill; H. heart; HK. head kidney; K. kidney; L. liver; Sp.

spleen; St.stomach; I.intestine; Go. gonad; M. muscle

AGC AGC GGC CTG GTG CCG CGC GGC

CAA ATG GGT CGC CAG CCA

BamHI Q P
GCA GTT GGT CGA GTT CAG TAT CTT
A V. G R V Q Y L

CAC CTG GTT GCT AAG AAA CTC TTC AGT
H L V A K K L F §

TTC GAG AAC TCT CTA CAG TTG GAG
F E N S L Q L E

CGT CAA CTC AAC AAA ATC TTT TTA CAA
D Q R Q L N K I F

TTT TGT CAT TCT GAT TCT GAT TAT
Q D F C H S D Y

TTC TTG AGT CCG ATC GAC AAA CAT GAG
F L 8§ P I D K H E

CAA CGC AGC TCA GTT TTG AAG CTG
Q R § S V L K L

TTA TCG ATC TCT TAT CGA TTG ATT GAG
L 8§ T 8§ Y R L I E

TGG GAG TTC TCC AGT CGC TTC CTG
W E F S§ S R F L

GTC GCA GGT TTC GCT GTG AGG ACC CAG
Y A G F A V R T 4@

ACG TCC AAA CTG TCG GAG CTG AAG
T S XK L S E L K

ACA GGA CTC ATG AAA CTG ATT GAG GCC
T G L M K L I E A

CAG GAC GGA GCG AGT GGA TTC TCT
Q D G A S G F S

GAG AGC TCG GTG ATC CAG CTC ACG CCG
E s S Vv I @ L T P

GGA AAC TAC TAC CAG AGC GTC GGA
G N Y Y Q S V G

GTC GAT GAG TCA TTC AGA CGA AAC TAC
vV D E S F R R N Y

CTG TTC GCC TGC TTT AAA AAG GAT
L F A C F K K D

ATG CAC AAG GTG GAG ACG TAT CTG ACC
M H K vV E T Y L T

GTG
v

GCC AAA TGC CGA CTC TCT CCA GAA
A XK C R L S P E

GCT AAC TGC ACC CTG TAG
A N C T L * Hind III

BS5 BRI GHEABRAKFT
PR 7 /R R G %8S 1 ATG, » FoRA L5 TAG, XUF RIZH 5 6 x His 4545, 77 HE R BRI E N VI M7 5 BamH 1. Hind T, ¥.°F

QL8 53 hy B T GH L8k

Fig.5 The recombinant matured peptide sequence of GH of P. stellatus
The initiation codon( ATG) is shaded. The stop codon( TAG) is marked by asterisk. The 6 x His tag is double underlined. The endonuclease

BamH 1 and Hind 1l are boxed,and the mature peptide is single underlined
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(i 38 %

X F Western-blotting g % E[J 3 J5 ¥, X
37 CFM 1.0 mmol/L IPTG i 5 6 h i T 41 1%
HEATRRIN , 45 2R WoR 75 PVDF & F B3 i1 — K
N2524.9 ku( [ 6) , Ui B A E R B H W E R
AEW 6 x His HUAAR: 5 iR 5], BA BRI Pk,

w M1 2 o Ml 2
170
1 &
- 100 Wy
100
70 W — 70 -
55 & ~ - 55 .
==
C—
35 -2 —_— 35 &
25
SN ** -9
15 - 15 ..
10 @b 10
(a) (b)

B6 ER;TEEELH GH FHHA Western-blotting & il
M. % 4 Marker; 1.37 T4/ F 1.0 mmol/L () IPTG 556 h
{1 % B 7 ( 25 4 pET-28a JFOkL) 5 2.37 T4 {FF 1.0 mmol/L
i IPTG %% 6 h [ 4 GH LIKH

(a) F i se i g (X Bt 5 (b) Western-blotting i il 45

Fig.6 Western-blotting analysis of P. stellatus
recombinant GH protein

M. Marker, 1. control at 37 C post 6 hours of induction with 1.0
mmol/L IPTG,2. recombinant GH protein at 37 C post 6 hours
of induction with 1.0 mmol/L IPTG

(a) control of coomassie brilliant blue staining, ( b) Western-

blotting analysis

2.7 GH EAZF BRI AL £ iE R

Ay EC 37 € F 1.0 mmol/L ) IPTG i &
6 hiH 20 GH FKIK T , H8 A5 I 5 1% BT v
L3 ,0.45 wm 8 B 8 S 0 8 A e N -
NTA 2 2 B+ 40 & i 9 8 3 W i 17 SDS-
PAGE HLyK R, 45 5 Wi 7~ 5 41 1 i 3R 3K 1 25 1
B R T A AE TR P, g Nt -
NTA 2% F)Z A A v % 8 240 8 3017 A 20 43 25
afifk, 2l Ak i 2 B ] LB — 2R A o TR R
J924.9 ku, 5BIRPNHFE (B T) .

FIH] MTT 46 DU A [] o 2 1Y i 20 J2 58 VT M
GH 25 168 ARG 5 40 il HEK293T 3 5 11 52 il
(K8),5.4 pg/mL HE4 GH & [ fig W 2 7 il A
WG B 40 My HEK293T (P <0.01) , ¥ BF 2 16. 2
pg/mL IR RHOR ] (P <0.01)

15|

10 | -

B7 ERIREHGHEBWAWL

M. % 1 Marker; 1.37 C 4 F 1.0 mmol/L IPTG %% 6 h
M4 GH RIXHEMA; 2. & A PR E L 3. # A I
BT R UURE s 4.0.45 pm Mg U5 & QWG 5. NPT B F
A RS R B AR (Fi kR 24.9 ku A EH)

Fig.7 Purification of P. stellatus

recombinant GH protein

M. protein weight marker; 1. recombinant GH protein at 37 C
post 6 hours of induction with 1.0 mmol/L IPTG; 2. supernatant
after ultrasonic disruption; 3. precipitation after ultrasonic
disruption; 4. protein after 0. 45 pm filtration; 5. protein after
Ni?* affinity chromatography column purification ( the arrow

indicates recombinant GH protein )

o 120r
o E
T g
.- 100
gé k%
27 80
=
< *k
S ) e I
0 0.2 0.6 1.8 54 162
BEAEAWRE / (ug/mL)

recombinant protein concentration

8§ EHAERIH GHEQX AKRR
5 48 i HEK293T 3 78 2 i %5 i
GSR( growth stimulation ratio ) ffj 3F- ¥ {8 = 5 #i 22 ( means =
SD)KFK/R (n=4); == 55X A 22 7 835 (P <0.01)
Fig.8 Effects of recombinant GH protein from
P. stellatus on the proliferation of
human embryo kidney cell HEK293T
GSR are shown as means + SD (n =4); =*=x significantly

different from control at P <0.01
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Molecular cloning and in vitro expression of growth
hormone gene from Platichthys stellatus
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Abstract: The full-length ¢cDNA encoding growth hormone ( GH) was isolated from the pituitary of
Platichthys stellatus using RACE ( rapid amplification of c¢cDNA ends ) method. Results showed that
Platichthys stellatus GH cDNA sequence is 957bp in length and encodes 204 amino acids. The highest amino
acid identity of Platichthys stellatus GH was 73. 0% with Paralichthys olivaceus. Phylogenetic analysis
indicated that Platichthys stellatus GH was clustered with other pleuronectiformes and perciformes species.
The tissue expression patterns of GH mRNA in different tissues of female and male adults were analyzed by
the quantitative real-time PCR. GH mRNA showed the highest expression level in the pituitary of both sexes
with lower levels in the brain, gonad,liver,stomach and muscle. The expression levels of GH mRNA in the
female stomach and muscle were significantly higher than those of males( P <0.05) , which implied that it
might be involved in sexually dimorphic growth pattern through paracrine and autocrine pathways. The GH/
pET28a recombinant plasmid was successfully constructed and highly expressed in E. coli BL21 ( DE3) after
being induced by IPTG with special fusion polypeptides containing His6 at their N-terminus. The obtained
recombinant GH polypeptide was expressed in form of inclusion bodies with molecular weight of 24.9 ku
and had the antigenicity to His6 antibody by western blotting analysis. The inclusion bodies were
denaturalized using 6mol/L guanidine HCI, purified using Ni’*-NTA affinity chromatography and annealed
by gradient dialysis in urea,and the verified recombinant GH protein was obtained. The effect of recombinant
GH protein on proliferation of human embryonic kidney cells HEK293T was tested, and the results showed
that significant inhibition was only found when protein concentration was higher than 5.4 pg/mL. Results
from the present study could provide basic knowledge for molecular-level and protein-level growth regulation
mechanism study of Platichthys stellatus.
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