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671 RasGRP3 MAPK (mitogen-activated ~ 1.2.2 PBS
protein kinases) NF-kB (nuclear factor kB) , (phosphate
, buffered saline, PBS) 2.864x
[8-9] B , BCR (B Cell Receptor)  10° (CFU/mL) Sha
RasGRP3 ERK!, [18] , 3.18x10° CFU/g
RasGRP3 PLC (Phospholipase C) ( )
DAG (Diacylglycerol) ,
(H , RasGRP3 1xPBS Oh 6h 12h 24h 48h 72h
[2] [13-14] 6 , PBS
(Cynoglossus semilaevis) 6
[1s] ’ 3
, , -80°C ,
RNA
) 1.23 4
, (Vibro anguillarum)
, ( ),
6 )
(1] 50 ng/mL (LPS) 100 pg/mL
, , (PGN) 50 ng/mL (WGP) 50 pg/mL
"lpolyL:C) :
RasGRP3 R RasGRP3 3 30 min
N , 1 mLPBS :
RasGRP3 , 1.5 mL , R
RasGRP3 PBS
0 h(
1 ) 2h 6h 12h 24h
) 3 )
1.1 , 1 mL (R2),
g -80°C , RNA
1.5 , (30.5£2.5) cm, (220+ 13 RNA ¢DNA
6.4) g 7 d, RNA RNA (
, ) cDNA
1.2 (
1.2.1 3 , ) cDNA
, —20C
14 RasGRP3
13 , 1.4.1 RasGRP3
-80C RNA (201
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RasGRP3 , RasGRP3-F 1.4.2 RasGRP3
RasGRP3-R( 1) PCR , , RasGRP3
RasGRP3 cDNA PCR , NCBI (http: //
( , ) www.ncbi.nlm.nih.gov/) ,
DNA , 4puL 25°C 1 puL TI( ORF finder’ DNAstar (http: //www.dnastar. com/)
, ) 20 min, Clustalx1.83 (http: //www.genome.jp/tools/ clustalx/)
Top10 , 37°C 200 t/min DNAMAN (http: //www.lynnon.com/)
1h, 200 puL Amp" LB RasGRP3
, 37°C , Amp+
LB 37°C 200 r/min 4~6 h, L5 RasGRP3
PCR  ,PCR 1% RasGRP3
, qRT-PCR qRasGRP3-F qRasGRP3-R(
1), 189 bp, 18S rRNA
RasGRP3-5-R/N  RasGRP3-3'-R/N( 1) ; I8S-F 18S-R( 1)
5'-RACE  3'-RACE, RACE SYBR Green (
( , ) , ) ABI PRISM 7500Fast
Primer Premier 5.0 qRT-PCR

T 1 HBEL RasGRP3 EETEFRIE IR

Tab.1 Primers used for expression analysis and cloning of RasGRP3 in C. semilaevis
primer (5'-3") primer sequence (5'-3") application
RasGRP3-F AGCTCCTGACATGACATCGTAC

RasGRP3-R ACCAGACGCCTTCATTTTATTTG

RasGRP3-5'-R AACAATTGATGTATGTGTA 5’

RasGRP3-5'-N TCCGGAATTTCGGACCACTC 5’

RasGRP3-3"-R GGGCACTCAGTCCATCACCCTGA 3’

RasGRP3-3'-N CAATCCAAGGCTCCAGAAACTCA 3’

qRasGRP3-F TTGGGAAAGGCAGCGACAC

qRasGRP3-R TTGGTAGTCGTCTCCGTTGC

18S-F GGTCTGTGATGCCCTTAGATGTC
18S-R AGTGGGGTTCAGCGGGTTAC
1.6 ,
qRT-PCR SPSS19.0 (XM _008322457.1)
3 + RasGRP3 2756 bp,
(x+SE) 2ANG ORF finder ORF 2244 bp,
Duncan 5'-UTR (untranslation region) 41 bp, 3’-UTR
, P<0.05 471 bp DNAstar
RasGRP3 ORF 747 ( 1),
5 SMART (http://smart.embl- hei-
delberg.de/) 1 RasGEFN
2.1 RasGRP3 (45~68),1 RasGEF (191~428),2 EFh
2.1.1 RasGRP3 (468~496, 497~528) 1 Cl
RasGRP3 ., NCBI (538~3587)(  2)
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2.1.2

gcegtgaacgtgatgagagtgegtgacctgtagetectgac
-ACATCGTACCACAGAGGGAACGCGAGTGATATACACATACATCAATTGTTCTTCCAAAGTCCGAAGAAAATCCTGAGTGGTCCGAAA
T5YHRGNASDTIHTIHLTFFQSPEZEKTITLTSS©GPK
TTCCGGATTACGCGTTTTGGCTTTTGTGGCCCTAAAACTATGGGATCGTCCACTTTGGGAAAGGCAGCGACACTTGATGCTCTCTTACAT
FRITRPFGFCGPETMNGSSTULGEAATTLTDATLTLH
GAATGCGTTGAGGCTTTCGAAGACAATGGGAAACTGCAGGACAACCACCTTCCCCGCAGCCTCCTGCTGATGCACCGCTGGTATGTTACT
ECVEAFEDUNGELO®@DUNHLPRZSELLILUNHRWTYVT
TCTGCAGAGCTGGCAGGAAAACTACTAATGATGTATCGCAACTGCAACGGAGACGACT ACCAAAGGACCAGACTGAAGATTTGTTATTTA
S AELAGELLNNTYRDNCUNGDDTY®®RTU RILIETIT CTYL
ATGAGGTACTGGATTGTCACGTTOCCTGCAGAGT TCAACCTTGACCTTGGTCTGATTAGGATTACAGAAGAGTTTAGAGGCGTTGCGGCT
" RYWIVTFPAETFNVLTDLTGLTIRTITETETFTRTGVAA
CATCTCGGCAGCGAGGAGCATTTCAAACT CAT CGACATCTCCACCATTCCTTCTTACGATTGGATGCGGAAGCTGACCCAGAGALAGAAG
HLGSEEHTFEKELTITDTIZSTTIPSTYTDWMNRIETLTA ®GTE REE
CAGACTAAGAAAGGCAAGGCCTOGCTGCTGTTOGACCACCTGAAGCCCATCGAGCTGGOCGAACACCTCACCTTTTTGGAGTTCAAGTCC
@ TEKEEKGEASLTLTFDHLIETPTIETLAWAEHTLTTFLTETFEK S
ATCCGGAGGATATCGTTCACCGATTACCGCAGCTACGTGATCCACAGTTGCCTGGTTGACAATCCAACTCTGGAGCGGTCCATCGCACTC
I RRISFTDYURSTYVIHSCLVDMNPTILET RTESTIA AL
TTCAATGGAGTTTCGCAATGGGTCCAGCTTATGGTACTGAGCAAGCTAACGCCTCAAACCCGTGCGGAGGTCATCACCAAGTACATCAAC
FNGVS@WVYQ@LNXVL SELTPAQTERAEVTITETTIHN
GTGGCTCAGGAACTTCTGCACCTCCAGAACTTCAACACGCTCATGGCGTTGGTCGGAGGACTGAGTCACAGCTCCATATCCCGACTTAAG
v 49 ELLHLG@NFUNTILMNALUVSGGLSHSZ ESETISESRILE
GAGACTCACTCCTATCTGGCTCOGGAGGTCATGAAGG TG TGGAGGGAGATGACAGAGTTGGTGTCTTCCAGCAACAACTACTCCTGTTAC
ETHSYLAPEVNEVYVWREMNTETLVSZSSENDNTYZ ST
COTAAGGCCTTCAGTGAGTGCCAGGGCTTTAAGATACCCATCCTGGGCGTGCACCTCAAGGACCTGATTGCAGTGCACGTGGTCTTCCCT
REAFSECQGFETIPTILGVHLIETDLTIAVHYVVFEFP
GACTGGGTGEACGACAAT AATAAAGTCAACCTGGTGAAGATGAATCAGCTCTACGTGACGTTTTCGGAGCTGATGTCTCTGCAGAGTGCA
D WVYDDNNEYVDNLVENXNALTYVTTFZ SETLNSLaS A
GOCGCGCAGGTTGAGCCCGACATGACCTGAT CTACCTGCTGACGCTTTCTTTAGATCTTTACTACACAGAGGACGAGATTTACGAGCTG
A AQVEPDNDLTITYLTLTTLZ STLDLTYTYTTETDTETITEL
TCGTTGCTCAGGGAGCCTCGTAACTCAAMATCACTGCTTGCTTOGCCAACGACTCCCAACAAGCCTATGGCTCOCCTGGACTGGGECTCD
SLLEREPRDNSEZ SLLASPTTZPUNETPHNAPLTDW®WAS
GGCGTCACCACAAMACCAGACCCGACAGTGGTCAACAAACACATCAGAAAAGTGGTGGATTCTGTGTTCAGGAATTACGACTACGATCAC
G vVTTEKEPDPTVVNEHTIRIEU VVDZSVFERENTYTZDTYTDH
GACGGTTATATTTCTCAAGAGGACTTTGAGAGCATCGCTGCTAACTTTCCTTTCCTGGATTCCTTCTGTGTTTTGRACAAGGATCAAGAC
D 6¢6YI SQ@EDFEZSTIAANTFPFLTDSFCVLDETDSG QTD
GOACTGATCAGCAAGGATGAAATGATGGCCTATTTTCTTCGCGCTAACCCAGTGCAGTGTAAAATGGCACCAGGATTCATCCACAATTTC
LI SEKDENXNDNAYTFILRANPVQCENGPGTFTIHIHNTF
CAGGAGATGACTTACCTGAAGCCCACCTTT TG TGAACAT TG TG TGGATTTT TG TGGGGAATTATCAAACAAGGCTACAAGTGCAAAGAC
@ EXNT?TYLEKEPTTFCEHTCAGFILW®WOGITIE® GS® GTYZETCTESTD
TGTGGCGTTAACTGCCACAAACAATCTCGAGAGCTGTTGETTCTGGCCTGTAGGAAGCTTCTGOGCTCGGGTTCTGTGGGCAGCGCCAGT
Cc GV NCHE®QCRELTLVLACRETLTLTZ RSETG?SVGEG S5 A S
CCTGCCAGACTGTCCCACAGTTCACTGCCCAGCAGCCCAACACTGCCCACCTGT AAAGATGAGGACGAGGTGTTCAAGTTCCCGTGTGTC
PARLSHSSLPSSPTLPTTCETDETDEVFETFEPTCYV
TCTGCAGCCAGTGCCACTCAGGGCACTCAGTCCATCACCCTGATGACTGGTTCAGCTCAGAGGATCTCAGTGCGTCTGCAGAGGGCCACT
S A ASATQGTRSITLNNTGS AQRTISVRLGEREAT
ACGAGTCAGGCCACGCAGACCGAGCCCCTTTGGUCAGGACACAGCTGGGGCTCCTCACACAGTGGCCCTCACACTTTCOCCAAAATGAAL
TS@ AT@Q@TEPLWPGHT SWGSSHSGPHTTFFPIEIHNE
TATAGGACTCACAGGAGGTCTTCT AAAAACARAGGTGTGGCTACGCGGGATGOGCTCAATGCCAAGCAACACCAGGCGGTGACATCACGA
T RTHRRZSESEEUNETGVATI RTDALINGIES® H®@AVTSR
TGTAGCTTGGAGTCTCAAGAAAAGTTTGATGTCTCACAAGAGCTCGTGCAGAACGGGGTTACGCCCAGACATGAGAACAG-t tgte
Cc SLES@EEKFDVSQ@ELV@NGVTPRHEENS
gacggtccaatccaaggctccagaaactcacaagetccaggaaccaggatgttctectetetggggcaggcgetgagct gcct gaggttc
cccttcagtgacctgaagtcactgtcttgictgtagecectcagaacagacagacagagctgecatgagaagactaccgtatggggeacggt
atcgccacctgectgtgaatcaatgaggatttacagecttcgtegggatcecctcaggatgtagtacgtetggaatgaacatgaaataaaca
cttttaaaaaaagttctggagtgttgtaaacaggaacggtgacagcaaaattgtttactaaatgcaaatttgetgacgttggactcaaga
gaagacattaacatactctgacataatatttaactgaatgtattacagataahatgaaggegtctggtgagagctaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaa

1 RasGRP3 cDNA
(ATG) (TGA)

Fig. 1 Nucleotide and deduced amino acid sequence of RasGRP3 in C. semilaevis
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The block marks were initiation codon (ATG), termination codon (TGA) and the tailing signal, respectively.
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Fig. 2 Protein domain prediction of RasGRP3 in C. semilaevis
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zebra) 84% (Pundamilia nyererei) 84% DNAMAN ( 3),
i (Poecilia formosa) 83% (Larimichthys RasGRP3 4 , Cl EFh
crocea) 82% (Danio rerio) 80% 2 , RasGEFN
RasGRP3 Clustalx1.83 RasGEF
jé T8 Cynoglossus semilaevis — MTSYHRGNASDTRIRGLFFGSFRRTLSGPRFRITRECECEER r 130
il Larimichthys crocea . e e ’ S i 37
BB Wi 4 Maylandia zebra ; S i » 87
2Lt Maylandia zebra . . ; A S | 87
Je % B Oreochromis Rilotocus -« «««vvvvvveens. e . : H 5 . 87
. Ehiib A8 Poecilia formosa e e . 22 " R ] 37
BEEL M0 Danio rerio e 2ETEAEDN 5 R 87
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220 5 8 Cynoglossus semilaevis 260
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2L Maylandia zebra 517
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W hifb {68 Poecilia formosa 217
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RasGEF domain
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Pyl Larlmw thys crocea 347
E!r B . Maylandia zebra 347
ﬂ@ Maylandia zebra 347
E W A4 Oreochromis nilotocus 3
. L A6 8 Poecilia formosa Eo¢d
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RasGEF domain EFh domain
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jcﬁ@ Larimichthys crocea 477
BELy 5 Wi #4 Maylandia zebra 476
2L 10 Maylandia zebra 476
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?E‘{EE}‘% C yno lossus semilaevis SEES..... ATQET: 644
Pyl Larlmw thys crocea [ SAGEALQLDTEST] 607
Tq B . Maylandia zebra TEAvE. . ... 601
I W48 Maylandia zebra M. 601
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- T B Cyno lossus semilaevis . : BE 2LNGE RCSLESQERFOVSQELVQNGVIPREENS. . 747
Pyl Larzmw thys crocea . R RIS . . .RYTRDSQERSDVSGEFVQNGITHCGEDS. . 710
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E B W AEAD. Oreochromis nilotocus . - (ol Ko I 674
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Bty 40 Danio rerio : DTQESMGTRNS. . .uune.. RNSQEHSEESQQNGLTEQHTNRTRTSEIS. 708

3 RasGRP3 6 RasGRP3
100% ; 75%~100% ; 25%~75%
25%
Fig. 3 Alignment of RasGRP3 amino acid sequences of C. semilaevis and other six species fish
The background colour is light green for 100% identical amino acids; the background colour is light purple for 75%—-100% identical

amino acids; the background colour is light grey for 25%-75% identical amino acids; the background colour is white for less than
25% identical amino acids.
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5 RasGRP3 6
RasGRP3 PBS . a,b,c SPSS
(P>0.05), (P<0.05).

Fig. 5 Relative expression levels of RasGRP3 gene in six tissues at different time points after C. semilaevis
infected with Vibrio anguillarum
The expression levels of RasGRP3 at each point were presented relative expression levels which infected group
divided by the PBS group. The letters of a, b and ¢ indicated the Duncan grouping in SPSS.
The same letters indicate unsignificant difference (P>0.05); the different letters indicate significant difference (£<0.05).
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Fig. 6 The relative expression of RasGRP3 gene in C. semilaevis lymphocyte respond to the challenge of LPS, PGN, WGP and poly I:C
The letters of a, b, ¢ and d indicated the Duncan grouping in SPSS. The same letters indicate unsignificant difference (P>0.05); the
different letters indicate significant difference (P<0.05).
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Abstract: The Ras guanyl nucleotide-releasing protein-3(RasGRP3) is a guanyl nucleotide exchange protein that-
plays important roles in the occurrence of various diseases when differentially expressed. To explore the genetic
composition, tissue expression, and immune response characteristics of Cynoglossus semilaevis, the full-length
RasGRP3cDNA was cloned using rapid-amplification of ¢cDNA ends technology based on the partial RasGRP3
sequence obtained from our laboratory C. semilaevis transcriptome data. Amino acid sequence alignment and ho-
mology analyses were performed based on the sequencing results. The full-length RasGRP3cDNA was 2756 bp,
contained a 2244-bp-long open reading frame, and encoded a protein of 747 amino acids. The amino acid sequence
of C. semilaevis RasGRP3 was highly homologous with those of other fish species. We applied quantitative
real-time polymerase chain reaction (qQRT-PCR) analysis to study the expression patterns of the RasGRP3 gene in
13 healthy tissues and six Vibrio anguillarum-infected tissues at different time points. We also infected lympho-
cytes of C. semilaevis with lipopolysaccharide, peptidoglycan (PGN), whole glucan particles, and polyinosinic:
polycytidylic acid (poly I:C). The qRT-PCR results showed that RasGRP3 was expressed in all 13 healthy tissues
of C. semilaevis. The expression level was highest in ovary, followed by liver, brain, and spleen, but low in blood.
RasGRP3 tended to be differentially expressed in the six V. anguillarum-infected tissues. RasGRP3 expression was
up regulated 3- and 30-fold in liver and gill, respectively, at 6h compared with that at Oh. RasGRP3 expression was
downregulated in intestine, spleen, headkidney, and blood 6h after infection with V. anguillarum. The lymphocyte
infection experiment indicated that RasGRP3 expression was upregulated after PGN and poly(I:C) stimulation.
PGN up regulated expression 13-fold after 24 h compared with that at 0 h, and poly I:C up regulated expression
eight-fold after 6 h compared with that at 0 h. These results indicate that the RasGRP3 gene is involved in the C.
semilaevis immune response and may play an important role in immune regulation.
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