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201306)

# E: Res TRSERFERKBETFRRREAE I RNESER. KA
RO Y W 5 #1548 T T ( Paralichthys olivaceus) ras-2 3£ 41 2 384 bp
cDNA 5, iZ 75 w75 187 MR HEBR, & F switch [ | switch II | P-loop
CAAX box %5 Ras RIS MARIE , 5 )1] 8 ( Platichthys flesus ) ras-2 & FEER
FPo AR 155 (96.3% ) o 5E f& RT-PCR M 7R ras-2 H& P76 7F 8F i 4
B BB PRI RERFEE B AEE BB LR BB R R B R R A AR AR R
ik, H g R Rk BRI B3R 35 B B iR ; 78 2 820 25 R A AR 250 A X
RXBER , ELRSHT, REBK P BEREM, FEESH B RNA
WIRAL 23T 45 R B ras-2 B EBAEME 5% IRNEF ) (60068 L L M 5%
EROLHR B A R Rk R SRR AR L Rk 5 5 R, BAM B E
BRSNS , EZ /A0 7E ST B S, AR S w8 (F 33/ G 89) 17
SFEEPEIER SN, H HRKGES EEEPERNIIER . ras-2
HERFAABRIFHT LUES REAE SR TR, S5 F BB+

MRER: BRAETS
¥ ras-2 FH 2K cDNA
5L RE T ZEEES
PR W B R A KT B
2[R IK 51, KW ras-2
FELE S AR RS
MRS RS 5T 6
ZHBENESKE.
KW : T8 ;ras-2 HH;
A ; RNA Bk v 22
;96 E it PCR
HESES: Q785;5917
XEkARERE: A

RGBS ERGERE MERFTESHEENRFTRE,

JF AL Rl Ras (X 5 B 76 K B PA 98 9% B ( Rat
sarcoma) F R BT 1544 , Ho g 5 A R /N
HR— % H MRS EH (GTPase) ', HHZ
MR MES, AEKE F R M EE R
LB M RN AS B, W B 5 GDP 25 & B9
RIERAFEE NS GTP 455 MiEIE X, It
Ras/MAPK .PI3K/AKT .PLC/PKC #i1 GTP [ 2 Hk
RN S B AR LB AE S, VAT 4 A A A K 1S 7E A
404k 7%, B Fef-Ras-MAPK {5538 J{ 76 B 5
A R Brh LA BEEAY ; MR
H H K A F ( Platelet-derived growth factor,
PDGF)/ PDGF Z{4;@ it Ras/MAPK &2 J 42
oK E TSRS M RARRERKET
Egfra 7] L1755 Ras/MAPK PI3K I STAT3 &
W R T IS s B Efr 33 B FRIAT S35 R M
RERITE AR, TE R IR A RE N Eofr (55153

e E A - 2013-03-26 f&E B 2013-06-03
BEE&TH: HEKARBEES (31072201)

FE R Ras/MAPK \PIBK/AKT 227, 3
E AN L, E7E8E ( Cyprinus carpio ) \BESC Fa /N
( Kryptolebias marmoratus) . 5 & ( Oryzias latipes) .
P& ( Danio rerio ) | )| 8 ( Platichthys flesus) %
P IRIE A K ras I FHS . g3
EHHAR(BER) B dRPRIEEEZRE
FH, G0 PR B8 3R R 2 A e K TG A 2 O
e Ry Ao 241 5 e B AR S R P R B
IRIGERS 3N , 2 A S AR HE T B Bk 20 2% 1 4 ffd 4 34
HEshRy 5 R . AR SCLUF SRR BF X &, FH
RNA BAKJFEN 4238 ML if 2 & PCR &S 54
Pl 53340 ras-2 B R 7E R ARG MR IXFE L, U
T ras-2 TR P BIMER
1 MRt 5
1.1 SCIeH#

BHLIE 13 d BT 6FR B 7 B 8K A R
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YNGIES: (B ey 1l o 31 3E Sy = 2 - $ 2 £ B
WKL 35, L ], e 3 d J5
AL KIRERIFE( 20 £1) C, BREMNFERED3
YR eI AL B R 4R 17,1923 .27 31 d
B SRR AR AR ST (IR A FF R sh) (B
B E B (B8, HIRRIFF 1R S)) (e F (A
ZEMIRT AE DA U P IR B, A5 BR %58 3R B3k
SKTR) (BBt G # (AR, A IR 2SI, A
AMEIFEBIAIR E4) fpr B H (2825 Bk
S5 IR IEGFOL TR T 1 Bkt Jg — 384
T OERE S R AR AR S RNA, 5 —# &
4% PFA(ZZRHEE) [E & %5 B F BEORFE,
#%1E RNA B KRR A58, 5 B #Fialg B b
VR B K 7= & T 3, 4 S ERCG BEF EEL JE
JUE BB LA B AR RN B Bk A R, VR AR
AR S RNA,

1.2 Z RNA gy32EXHI cDNA B&

R FH Trizol 32 EUAS A8 A B B ) F 81 AT £ 5§
BAHLR S RNA, BA SRS HCER[16] .
Fi M-MLV % %% 5% Ff ( Promega 2\ ] ) & i, cDNA
5 — %% 4%, #| F§ SMARTer'™ RACE c¢DNA
Amplification Kit ( Clontech /3 &]) & i RACE-

Ready-cDNA {7 F -20 C &M,
1.3 ras2 EERE£KWEE

& GenBank A1 )i (P. flesus, CAAT6679.
1) #8(C. carpio, AAD10839. 1) . BESL [/ )Nl (K.
marmoratus, ABX89902. 1), A ( Homo sapiens,
P79800. 1) ras & HEMR 75 LR ~F 1 , LR ORSF T
%] DGETCLLDI # VGNKSDLGT , 3 #4227 6% 5 7
THmEFE B BT #5190, 20 5 i 44 4 ras-2-
F1 fl ras-2-R1 (K 1), LS {L)E 23 d B F 6F
cDNA Jy#&ith, Fi % M PCR 5w FESR G K N
226 bp B 75, AR IE L 5 51 % it RACE 5|4
(% 1), # B SMARTer™ RACE cDNA
Amplification Kit )¢ 35 4> 5] k47 5’ RACE Fi 3’
RACE W3 3 b, R FEF R :94 C 30 5,72 C
3 min,5 PME¥H;94 C 30 5,70 C 30 5,72 C 3
min,5 MEFF;94 °C 30 5,68 C 305,72 C 3
min,25 Mg, PCR =¥ [ 1. 0% 38 ¥ BE I
FL 3K 20T, DNA B i [ W 3 50) & ( Axygen 22 7] )
BISCERS K /N DNA R B, 333 pGEM-T ik
(Promega Ad]) , Fe AL = R HF & Topl0 3235
20 B, Peise BA M e R 2 e IR AR L A R IU T o

%1 PCR ¥y #EETASIHFS
Tab.1 PCR amplification primers used in this study

Elk7E S 5191731 (5' -3") Al
B-actin-F GGAAATCGTGCGTGACATTAAG RT-qPCR
B-actin-R CCTCTGGACAACGGAACCTCT RT-qPCR
ras-2-F1 GACGGAGAGACCTGTCTGCTGGACATC in situ hybridization
ras-2-R1 TGCCCAGGTCGCTCTTATTCCCCACCA in situ hybridization
ras-2-F2 TGCTGGACATCCTGGACACT RT-qPCR
ras-2-R2 GCTGTCACTGTCCTTCACCCTATT RT-qPCR
ras-2-3' AGGGCTTCCTCTGCGTGTTTGCCATCAA 3'RACE
ras-2-5' GGACTTGGTGTTGTTGATGGCAAACACGC 5'RACE
UPM CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT 3' . 5'RACE
1.4 FIISH R A IR 1 R Bk PR Y ROk 40 1

JH DNAstar v7. 1 #K{443#7 cDNA F 503
OB TT B B AE ; # F NCBI 9 BLASTP X %5
HBRF AT R PR 734 5 Clustal W 3R89 7
%2 7 %) H X} ; #| F§ Conserved Domains ( http://
www. ncbi. nlm. nih. gov/Structure/) #1 PHD
(http : //www. predic tprotein. org) 4 HARSF 45
Fisk
1.5 RNA BERAHER

FIH LR BE SN 226 bp H) ras-2 F:H F Beff

http: //www. shhydxxb. com

PR #1448 Not T #1 Sac I ( Fermentas /A &) ) B
B 28 v 1k, 3 B T7 B SP6 RNA Polymerase
(Promega 2\ &) ) AAME B Hb & SE AR 10 Y IE LR
S RNA 55, R B AR G1F (20 pl) : &ikfl
JEk DNA 1 pg,4 pL 5x Transcription buffer,2 L
DTT (100 mmol) ,0.5 pL Rnase inhibitor(40 U) ,2
pL 10 x DIG Mix, 1 pL SP6 = T7 RNA
Polymerase , RNase free 7K #M & 20 pL, RNA #&{k
JEALZAE Z T, T XA S AT AL 3 . K F B R
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FRFEMERK, X6, EOM K HL%E, A
JETRAAT , 3R, VeI , 7 HifA ( Roche 24
") WEE ,EUE, o0, B PRSE [ 14] ,
JE R SMZ1500 B B R fic R B & fF 5. H
TG DI A W AT A R S &0t & 30% BEHE Y
PBS 4 CH %, ARG R B T A b m 8 ~
10 pm FYEERE {55 i JERRE SMZ1500 B BT o
1.6 EA%FXEE PCR

4 B-actin fE NS ILA (319 E 1),
I ANEE AR 20 pl: E T4 0.5 pl
(10 pmol) ,iQTM SYBR Green Supermix 10 pL,
cDNA 1 pL,RNase free H,0 8.5 pL %M & 20 pL,
RT-qPCR JZ W &40 °F :95 °C 3 min;95 °C 10 s,
60 °C 30 5,72 °C 30 s, 3k 40 AEFF;65 C % 95
°C 5 s, F Bio-Rad CFX-96 X184 47 V5 fift Hh 28 4+
M Ct fEHT , ARRT ek BRI 299 1
BAE V918 + ARHETR (mean + SE) £IR, GEit
SIHEE I SPSS 19. 0 244, IR “LSD” A R
Ty 250 U & AR S B B Bl &% 4 41 22 [) 1
HERXEZER, Y P<0.05 i, RRnEFBE,

2 HREH

2.1 ZF&f ras-2 EE 21K cDNA FII R &1 5
il

T ras-2 F:H cDNA 34K} 2 384 bp
( GenBank #5%5 KC845946, 18 1), H1 564 bp
FEIC B BEHE (295 bp 5’ v BHE KA — K Y
1 525 bp 3" i B X 4 Ao T80 132 HE 4 B
187 NRERR , Hh &6 56 ME/KEEZERR A 55
ANFRAKERER, EHSTREA N 21.3 ku,
KN T7.150, ZEHEA /) GTPase {4514 FFE
(B 1):switch T (33 ~ 40 33, DPTIEDSY ) .
switch I (59 ~77 %, AGQEEYSAMRDQYMRTG
EG) .P-loop (10 ~ 17 3 #, GAGGVGKS) , CAAX
box( CLIL) , P-loop( B G1) 2BERREE & B FFE
JF3, lhh 5 GDP/GTP B 3456 AH K I 27 i
A:G2(35 BH:,T) .G3(57 ~60 %, DTAG) .G4
(116 ~ 119 % 3L, NKSD) . G5 (145 ~ 147 3R &,
SAK) % (& 1) o JpZIARAME 43 B 45 SR 3% B 2F 7
ras-2 @HEIR 5 )| B8R (P. flesus) ras-2 BELL 5Ny
(K. marmoratus) N-ras \#8 # ( L. aurata) K-ras-1.
N(H. sapiens) K-ras-2 . F# (0. latipes ) K- ras -1
AL 4 B SR 96. 3% . 95. 7% . 83% . 81.9% .

81.9% ,Hij 80 NEIEBRTE S —F, 56 85 ~ 164 &
BN 575X, 5 165 ~ 189 FHLRR e B AL 7
X, [ & BAESR 167 MR IR K-ras ras-1 #BA
RS, T ras-2 N-ras, H-ras #EE A KL (K 2),
Wik 2K 5 5 317 BLASTX, 51| 8 Ki-ras
mRNA #%1]( GenBank & 355 Y17188. 1) HAH{L,
FEIME N 87% , BLAXTP Hi /2 5 )1| 8 ras-2 £ 4H
2,24 96.3% , A SCHERE T i 44 O Koras-2,
TRIFRA ras-2,
2.2 ZFHf ras-2 BEEMEERIEKT

RT-qPCR #6455 R WA AR 2510 2F BF ras-2 B
RFXBE R, S R)E (E ) KX B4R
BE BRI, RS (G #1) RikKF B & %
fR(P <0.01), A ZERLER (H H) , RKikKF
i —2 BEVERRAR (& 3a) o ras-2 FEHTEF 6 A%
PRI 25 LR AN R AR FE R 3k, A LA
RIXBEAR, AR BER = (IR K 26 £5) ,
JEREFAERIR Z (435200 LA B 14 £5F0 13 £,
& 3b),
2.3 FELEE ras2 ERNZERED

RNA B (K5 7 Z2 38K R B, 2F 6F ras-2 B
REAERA LB REBE RN Z, ML,
BERE BH . T ARERRAI AR (ER -1) . 28
S (E B) 5508 s, BESE SR 8. BT
BERALI AR SR o, L9 F0 AR BE 4 B O 4 s
RES(ER-2), ZEHEF HES TR
559, 3N E B AL S5 IR HE JA L BT AL 6 S
JE% MZSFFALRIK (B -3) . ZBEBEKG
B ERFEARE FHIEFHEMU, FSERE
JEV R BB 55 B S S R AL A5 5 BE I v M (1B
IR -4) . ZRSEKEERE) H 3, B R B EAK
A B2 BE5 I B (B -5) .

ENHRAERNLEESRE W EERI
TR R M R R, EE AR
BEEERE , TR AEE AL SR IBBN I B (EIRR -
1,6) ;ST IRIE , BRI R A8 R ML, AT E
PR IEEFHAEES M (B -2,3) 748
SR ER, B EENES EEE P
& EERNE SRS (B -4,5,10) ; BEEKE
BRSHHTESBEHRES (ER -1~5), 7
BTSN ESREX, ELSHAES
WrBt E H1{5 5 76 60 M8 35 J5 % 5 5 4 1 #F1R
sR(ERR -1,2,7) , 2235 G Hf H HifF55 F 2L
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61
121
181
241
296

(%)
o1
[e2]

416

476

536

719

776

836

860

920

980
1040
1100
1160
1220
1280
1340
1400
1460
1520
1580
1640
1700
1760
1820
1880
1940
2000
2060
2120
2180
2240
2300
2360

ATGGGGATGAATCACAATGGAGACCGAGCAGGGGCCAGGACGGATTTAAGTGTTTCATTA
ACTTGTCGCACAAAGTTACAATCTGACAAGTAGCGTCGGGGACGATCCACATCCGCAGCC
ACAGACGTGGTCCTGACCCGGGAAACAAGTTGCGGACAGTTGGCGAAGTGTTTCCACAAG
TGTTCGAACAAGGAAACCGTCGCAGGCTAACGTTATGTAGCAAGCTAATCTGATTTACCC
AGACGTGAAGCGTGCTAACTCTCATCTCAGACCGTGCACCGAGCCCACGTGAGGC

ATGACCGAGTACAAGCTGGTGGCTGGTGGGGGCAGGAGGCGT GGGGAAGAGCGCTCTCACC
M T E Y K L V V

ATCCAGCTCATCCAGAACCACTTCGTAGATGAATACG
I 0 L I Q N HF V DE Y

R K ¢ vv I DG E T C L L D I

TCCTC
F

L
GTGTTTGCCATCAACAACACCAAGTCCTTTGAGGACGTTCACCTCTACAGAGAGCAGA!
v F AI N N T K S F E D V H L Y R E Q I

AATAGGGTGAAGGACAGTGACAGCGTTCCCATGGT GCTGGTGGGG
N RV K D S D S V P MV L V G

GGCACCCGCAATGTGGAAATGCGACAGGCGCAGGAGCTGGCACGAAGCTACGGCGTGCCG
G T R N V EMUR QA Q E L A R S Y G V P

TTTGTTGAGACC
F V E T

CCAGACAGGGTGTGGAGGAAGCTTTCTATTCACTGGTA
T R Q G VvV E E A F Y S L V

CGGGAGATTAGAAAATATAAGGAGACCAACCGCAGCAACAAGAAGAGCAAGAAGAACACT
R E I R K Y K E T N R S N K K S K K N T

CAGAGACGTTGTTTGATACTATA
Q R R *

CAGACCACTCACACACACACACACACACACACACACACACACACACACACACACAGCATC
CTTCATGGCACTTGTTTTACTCCTCTGTCAATTTGGAGACTTCCAGCTCAGCTCCAGTCC
AGACAGGGTAGCAGGCAAAATCCATTCGTACTGCCATCACAGTTTCTACTAACAGCACGT
TGCTATGAGTTTTCATCCAATGAGCAGTTTTTGCTGTGAATCCAGCTGTTTGTTTGTTTT
TGTTTTGATGACCAAACTACTAGAATCTGTAGTTTTTTAGCTGAAAGTTAATTTTTCTTT
TTGGTTACCTTTGTGAAAACCTAATT TGGGTCTGTGGTAGAAAGATTTAT TTCCAAGAAT
CATTTTCTAATTACGTATAATCCGGCCAGTGTTTTCAGCTCCTGTTGACTTTAGGCGGTC
AAGGGTTCACGGTGGTTCGTCACTGCACTTTGCACAATCACAACAGGTAATGTTTTGAAT
TCATCTCACCAGGACTCAACACAAGT TGTAGATGAGCTGCTGCATGTTCGTCATGAGAAA
AGCGTATCCTAATGACTTGGATGCTTTTTCGCTCTTGTGAAAATGTTTTGCTTCATCTTC
CCCTTGTGTTTTTCTAAAGTTTGTCATCTAGGGCTTGAAACACAACAGCAATATATAGTT
GGGTTATTTCTTTCACAAAGACCACATGTTAAAGAAAGTTCTATAGCATGAGTAACAAAA
GCTTCAAAGTTGTGTTCCAGTCTCCATGGTACACTTTATCCATTCCCCCTTTAGTTTATC
AATATAGACTTAAGGATTAGTGGTAGTGCCAGTTCAAATGTTCTCTCAGGAATATGTTTC
AACACAAAATGAAGGAGAGCTGAGTCAAGTCTGACCCCTGCTTCCATAACTTCTTGCCAT
TAATCATTTATCATTTGAAGTGTTGGTCCTGCTTTTTGCATATTCCAAAGTCGCACTGCA
TTCCAAAGTCCAGTTTTTAATGCAGCTTTTGTGTCAGTCCCAGTGTTGGTGGTCGTGGTT
GTAAGTCACCGTGTCCAAGCTCAGCCTCTGCTTCACCACACTCCATCAGAGCATGTAGTG
TGTGTGTGCGTGTGCTATGCGTCCATGTGGTGACATGAAACTACTCAAACCAGTGATTTA
ACTCAGCAGCCTCACAGTGACAGTCATGGTATCTGATCCCACTCGATGCTGGATCAACAC
CTTCAGAAGCGAAACATTTTTTATTGCAGTGTTTTTCTTCTTTGATTATTACTCGCTCTT
AAAATGTAATGGATTTTTGAAGTTAATTTTCCAAGTTAAAAACCCATCTGCATAATTACA
TGAAGTTTCAAATGGAACAACTTTAACAAAGTGTTTAGAATTATCAAGTATAGAATTTTT
CCATCAGGCCCCTAGTGCCAGACTCACCACTTTGACATGATGTAATTCCACTGTAAAARA
TATGTAACTTGATTGGGTCTGAACARATCTGACAGTTATGTAAAATCACTCTGCTGTAAT
GAACAAGTAAACGTCTGTAGCTTCTAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

B 1 ZFfras-2 BEE LK cDNA FF 3 LURHED H B SEBRFF 51547

Fig.1 Full-length cDNA and deduced amino acid sequences of P. olivaceus ras-2 gene
Switch I region JHHFkFIBI# AR 5 Switch 11 region FIBEZMBAR AR 5 putative GDI i IR MME L Am it 5 P-loop (G1) FATTAE
M AR s G2 F/MHIB R 5 G3 AI/NEI AR 5 G4 ARIV/MEJTERBI#E R s G5 M/N=MIBMARA R L ; CAAX & XUT &
LRI ; « K ILFEL T
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H. sapiens K-ras

H. sapiens N-ras

H. sapiens H-ras

. Jatipes K-ras—1
latipes K-ras—2
. flesus ras—1

. flesus ras—2

. carpio K-ras

. rerio N-ras

. rerio K-ras

. marmoratus N-ras
. marmoratus H-ras
. furcatus H-ras

. aurata K-ras—1
aurata K-ras—2
olivaceus ras—2

AR OTTOO

=

. sapiens K-ras

. sapiens N-ras

. sapiens H-ras

, latipes K-ras—1
latipes K-ras—2
flesus ras—1
flesus ras—2
carpio K-ras
rerio N-ras

. rerio K-ras

. marmoratus N-ras
. marmoratus H-ras
. furcatus H-ras
aurata K-ras—1

. aurata K-ras-2

. olivaceus ras—2

oMo oRs

SEOTTO

Rkl

. sapiens K-ras

. sapiens N-ras
sapiens H-ras
latipes K-ras—1
latipes K-ras—2
flesus ras—1
flesus ras—2
carpio K-ras
rerio N-ras
rerio K-ras

K. marmoratus N-ras
K. marmoratus H-ras
I, furcatus H-ras
L. aurata K-ras-1
L. aurata K-ras-2
P.olivaceus ras—2

SEOTUOSRER U

H. sapiens K-ras

H. sapiens N-ras

., sapiens H-ras

. Jatipes K-ras—1
. latipes K-ras—2
. flesus ras—1

. flesus ras—2

. carpio K-ras

. rerio N-ras

D. rerio K-ras

K. marmoratus N-ras
K. marmoratus H-ras
I. furcatus H-ras
L. aurata K-ras—1
L. aurata K-ras—2
P. olivaceus ras—2

TOTTOoOOoR

TQO-RRE

188
189
189
188
189
188
187
187
188
188
187
189
189
188
189
187

60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60

120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120

FKMSKDGKKKKK 179
KKLNSSDDGTQG 180
RKINPPDESGPG 180
FKMSKEGKKKKK 179
SKLSKEEKTPRC 180
FKMSKEGKKKKK 179
'NRSNK-KSKKN 179
FKMSKEGKKKKK 179
KKLNSREDRKQG 179
FKMSKEGKKKKK 179
TNRSNK-KSKKS 179
RKLNPPDESGQD 180
RKINPPDESGQD 180
EKMSKEGKKKKK 179
NKLSKEEKTPRC 180
TNRSNK-KSKKN 179

2 ETFFEFMEMYE ras KREBF S0 ERREESS 7
Fig.2 Homology analysis based on ras amino acids of P. olivaceus and other species
A H. sapiens K-ras(P79800. 1) \N-ras( AAA60255. 1) ,H-ras( CAG47067. 1) ; & Oryzias latipes K-ras-1 ( AAB86487.1) K-ras-2 ( NP
001098213. 1) ;JI[#E P. flesus ras-1 ( CAA76678. 1) ,ras-2 (CAA76679. 1) ; ## C. carpio K-ras ( AAD10839. 1) ; B A D. rerio N-tas
(AAB40625. 1) K-ras( ABF46832. 1) ; BES Ra/ Nt K. marmoratus N-ras ( ABX89902.1) .H-ras( AAY82451.1) ; W#% I. furcatus H-ras
(ADO27815.1) ; #¥2ff L. aurata K-ras-1( AC050970. 1) , K-ras2 (ACO50971. 1) ; F ¥ P. olivaceus ras-2 (KC845946) ; FHFZ#R/rFm

SER—E E IR T HEFR A 167 MEHER

http: //www. shhydxxb. com
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2.5
2.0t @

1.5 b

1.0 <
0‘ 5 l
0
XA Bl (&:] HiA
(a) ZFWE

XS RILE

X RILE

OWUA T FFHE BB MAT S 6 PERE LY
(b) JEARKLIR

B3 ras-2 BEEFFESHEFAE
BNARAPHENRIEE
Fig.3 Relative gene expression of ras-2 in different
stages and adult tissues of P. olivaceus
Fric A /NG FRER R A IR A BE S .

SR 2, SRR 55 (B - 4,5) . B ALAN
EFEE SRR E {5 SRE, % &
SHATZHE (B -1 ~5) o IRIEE B KE
SIEBRIT I — ERF SRR S 4R, I BB
i (ER -1 ~5,8) . EZRSHENKTHRE
EMAEARIE, 5 FHIEE (B - 1) ;287
dJE LR AR A (BT - 3,4,9) o TKERY]
R EE BIR ras-2 B R 2 BAE A ALK B R
B R WA R A E 3 R 3 25 A 1E
RE(ERE -11,14) 235 HTA G 47 A RIHE |
FIE T RS WAL T AR R (B - 12,16) , 748
ARG 3 M IR T 3R (5 5 2 A 1 SR A
2B (B -13,17) ,E B -fi(5 5 £
RRAEMLZ (EIRT -15) .

3 e

F8F ras-2 J¥3)H Ras FIEMBIH G5, 0
switch [ | switch II | P-loop, CAAX box %, P-loop
& ATP/GTP-binding site motif A , & A k7% K
R (K) ,BE4E & % H =B IR i R I B FR B A1 5
switch [ \switch Il DX 384 A T — 1~ 3l 19 5 T 5

http: //www. shhydxxb. com

BE S5 A MR BRI AN . CAAX box
(CLIL) j2— AR BB AL R, 38 2o 5 s e T o
EF 40 MR BN, GDI R 7 45 AT LA 5 GDI
(GDP 232l 456 , B AL H BRACHe fAK
MY 456, T RE K Ras 58 R B 51 B 2% % AR
AU, T 6F ras2 BIEBFS RS, 5HE
BRI 75% DL LAY, 5REEIE B
)1 8 ras-2 AR AR R X 96.3% .

MM RERF AR R EEEIEM, Ras/
MAPK #R2 FEZ S 5REMM T HNES %
B, PR ras-2 FERFEASASHT ARSI E
RIK LT , T AE 722 285 ey WS 1 J A R 38 7K
2 AR, R AR A2 250 30 1) 40 B o3 4 R 45 ok
B REEENEN. SHERESMER, EE
NS B ras-2 FER7ESR B AL, BT AL B
FERRALADPHHERRRERNRE, RIHS2
BSHTREHAANESRE. EDRLEEH
K¥ras2 BERMRE, XATREEREAASE
REEERFAHXWER, R L8 k£ ERK
MAEE S B AERREMAED ™, AkrH
R AR B R T STk 4 48, & LRk
B TEIR G 8E 45 E2P B AT AR 4 6
A TR RLEIAT — TC BT A, 4 J5 T L 48 ras-2 &
RIFEAR 448 &k & M RENR. MLREaRK
FREAS E , BB BAUK I KR I P i 5 fr
SEVER, 2F 61 A5 78 75 Ik I i A5 1 % 0 IR AR
T, AEKEHHE, SFERZHAENS S, M
ras-2 7] §e 2 5 F AR B NEZ RENKE
WE, WHAESSSRY &R EENRERI)
2 PR R B3R MR 9 E T B ik 4 o3 B4 4 3
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LHZR R MR AT 2 A gL REHZEES 5 RSRENTI

B FHLEHEE res2 EERESSH
Plate Expressional pattern of ras-2 gene during metamorphosis of P. olivaceus
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Full-length ¢cDNA cloning and tissues expression analysis of ras-2 gene from
Paralichthys olivaceus

WEI Fen, HE Xin-wei, BAO Bao-long
(The Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai Ocean
University, Shanghai 201306, China)

Abstract: Ras is mainly involved in the epidermal growth factor family regulating the signaling pathway of cell
proliferation. To investigate the relationship between ras-2 expression and metamorphosis in Paralichthys
olivaceus , the full-length cDNA of ras-2 gene with 2 384 bp was obtained by rapid amplification of cDNA ends
(RACE). The ras-2 gene encodes 187 amino acids with typical structure such as switch [ , switch Il , P-loop
and CAAX box, sharing 96. 3% sequence similarity with another flatfish Platichthys flesus. RT-qPCR
revealed that ras-2 gene was expressed universally in adult P. olivaceus. The highest expression of ras-2 was
found in the fin, while the lowest expression in the muscle. During metamophosis of P. olivaceus,
expressional level of ras-2 gene was decreasing significantly. The whole mount RNA in situ hybridization
further showed the expression pattern of ras-2 during metamorphosis of P. olivaceus and revealed its expression
mainly in the epidermal tissues located in fin, jaw, orbit, nostril, lateral line and so on. Higher expression
signals were observed mainly in fin, lateral line, jaw and gill during metamorphosis. Since Ras-MAPK
pathway is well-known in regulating cell proliferation, based on expressional pattern of ras-2 gene, we
postulate that ras-2 might participate in eye migration and development of lateral line, dorsal fin and gill via
regulating epidermic cell proliferation during metamorphosis of P. olivaceus.

Key words: Paralichthys olivaceus; ras-2; metamorphosis; whole-mount RNA in situ hybridization; RT-
qPCR
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