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m E Wit F AR RH 3 4, R R PCR ¥ 3 % i & K L1175 %k 695bp #9 Lok =+
¥ Arf6 A B B 5,3 6,46 96bp #9 5 3k &% X (Untranslated region, UTR) ,71bp # 3’ 3k &iF K
Fo 528bp 9 FFAX P EAE, HAL 175 NRABRABA ,EH 5T T4 H 20kDa, i F & &4 8. 82,4 F
K A Coos Hiuns Nusz 255850 RABR B 5 S AW, Arf6 AR BABRABRFF FALAERTH GTP &
SR, ENFT R LA ELAspTGlw A 21, B8y F E R T ek A (Arg+Lys) 4 25, &5 H iy Fr
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WAk AR Arf6 AR THE - SABLERATAENLAENTLAGHERE.
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Molecular cloning and expression analysis of Arf6 in Litopenaeus vannamei
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ABSTRACT According to the sequence from the electronic cloning, a pair of primers were
designed to clone the Arf6 gene in Litopenaeus vannamei by PCR. A 695bp ¢cDNA was ob-
tained, which contained a 96bp 5 untranslated region (UTR), a 528bp open reading frame
(ORF), and a 71bp 3' UTR. The encoded protein was composed of 175 amino acids, with a
molecular weight of 20kDa and the calculated isoelectric point of 8. 82. The molecular formula
was predicted to be Cgys Hjyo6 Nosa Q255 Ss. The deduced amino acid sequence showed that the pro-
tein encoded by the Arf6 gene owned a conserved GTP-binding domain, 21 negatively charged
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residues (Asp+Glu) and 25 positively charged residues (Arg+1Lys). The obtained sequence
was compared with the other species through BLLAST analysis, indicating that the amino acid
sequence cloned in this study is highly conserved. Phylogenetic analysis based on the amino acid
sequences revealed that L. wannamei is closely related to Drosophila melanogaster. Semi-quan-
titative RT-PCR results showed that the gene was expressed in most of the examined tissues,
and the highest expression level was observed in the hepatopancreas, while the lowest in the
eyestalk. Arf6 gene expression level in the hepatopancreas of L. vanname that was infected by
the taura syndrome virus (TSV) was higher than that of the specific pathogen free L. vanname.
The protein functional classification results suggested that the Arf6 plays a potential role in the

pathogen host defense systems as an immune response factor.
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ADP 3§ B AL K F (Ar £, ADP-ribosylation factor) #E&E H & Ras-like #) GTP 8545 %E H. 245 ik 1
FiEWEBEYPRBERCIINGAE  EHE LEERSF, T ES SEWHTERAMEM S RMER, ST
SEREEELFERNIEH (Randazzo er al.  2000;Gillingham et al.  2007), B4R Arf 7 1982 LB W ¥ &
B B g AR R AL R AL Gs A ADP BRI O B I+ (Weiss et al.  1989) , (H 2 B K4+
MREBEPEHAEREERBERPIHEOAC., Arf B2 M ERAWENEHE, AN TR TEERE Arf &
F R RSP VER  E RGBS R Arf Sr i tE & PR e v, 5 B P 5 ) B) i85 JR 3Rk, B JR k1 B9 35
DA Ko e R AR N 1) L 1) 38 5 5 182 5 AR N 19328 5 28 M /N TR 2B /NI TE R > A R 1 4 AL 5 3 3 A A
Fad K EE VB AP S5 A B K2 (Bonifacino e al. 2004 ; Stearns et al.  1990) ., Arf 25 W B4
R4k 32 (Kahnetal., 2006),%5 1 2840045 Arf1,Arf2 M Arf3;5 2 560FE Arfd M Arf5;Arf6 24 3 2
PR ME— R, AR AR RS S R R p R R T B, [R) B RT B B e 4 Y B ZR B HE (D
Souza-Schorey et al. 2006), Xt Arf6 BITHEESRUL, 2N & B GTP &4 IR 1 (Pasqualato et al.
2001), I N Arf6 5 GTP &6 585 GDP 454G 20 4l i & 22 H N F (GEFs) #1 GTP Bf#E & 61 (GAPs)
B39 3 S B A9 (Donaldson  2000) . '

FLANBEXTER Litopenaeus vannamei JRFREE & FAXTER, T i@ S PHF RS, JR = F R MW R F TR K
B, FESA TG EREHBER UWEREZRGE AR AIED, TR EIFREBEA = KRR Z—.
AR D52 38 S LA X R A B S R M A SR B B R AT TR R (22 ¥ESE 2008; E%5R%E 2006 R H
F o 2008), (EXF FLYNEEXS HF 43 F 18 4% 2 07 T 0 90 R OB 5820, J0 R L4 35 X iF — 2 31 B2 11 2 Al 26 IR A B 5
BB, KL FEFREI T ILNEXTIF Arf6 B R HAERNFHRFRFEXER, B4 D FLETIF
B 4> F A% F AT R B R 3

1 #E5EF=E

1.1 ##

1.1.1 %£¥BsH4

ST X HE SR T VK PRI I BT IR B A TORE R 9 A FLANEE ST IR (R K 8~10 em) , T EE F 7d 5 (R E
7.8, 7K 25 OO MHHGE NS E NI AN, RE LY EXT RS0 0 FBRAR UL L H 5 IR A bk B T
AR P HTHE RNA,
1.1.2 =& #A

TRizol Total RNA Reagent (4 RNA #2BORA & cDNA 25— -4 B0 & . BB B 5 B DNA [ ik
F & (@B OREED ,DNA Marker 2000 g L RIBAEY N pMD-18T A LA R WA TEYW ITHES
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FRAF)(TaKaRa, Ki#);DEPC.EF FEZXMWA LB ETHEY THELNAF.
1.2 A&
1.2.1 % RNA #®&

FIF TRizol i 7] & #& B ALY XTHF #0088  FE R AR LAY . B B AR AR % 8 RNA, #ES RS B AU
4. BUE B E RNA & 5, i DEPC /K B 5, F 250 40 6 06 B v BE A & o0 40 B . R W el TK R 30
RNA W8 RE , #Ih RNA B LEFEE ., —80 CREFRA.

1.2.2 cDNA #4&

¥ BN R R i M-MLV (3 4E UL DR B RNA %% 588 cDNA, P=44E 4 PCR 318 AR .
1.2.3 34kt

HRYE SRR Drosophila melanogaster Arf6 {f5FFF 51, H 1 50 B P 82 LR BEXTUF Ar f6 B F 3% 1151
YWHRY RRE R A B, BRI LNESTHEF factin B1YW . ERNS., BIYWERB EEETEY TR
A SE R .

1.2.4 H& AR HEe PCR ¥ ¥
50 ul PCR R #k & & dNTPs % 200 pmol/L, 3|4 Arf6CL: 5~ATGGTTAGAGAGGAGGAGGT-3

M Ar f6CR:5-ACAATCCGAGGAGCCATC-34 10pmol, Tag i (TaKaRa 2 8))1. 25U, B# 2 ul,dd H,O #
BB, HEFH#HT PCRY#, BARFENTF . 95 °C HAH 5 min, 94 C 40 s, 60 °C 1 min,72 C 2 min, 34
ANEHJG,72 CHEMR 5 min, HJFHEA 4 CHRA ., PCR =HK BT K 695bp,
1.2.5 PCR =4 ¢ =, &l 5

1 %3 BE B BE E L UK W 4E PCR P~ B 45 3% A S0 AT R Y08 B An A B, B R AR B 49 Jie (el e ial o) & 3k 47
Ml 4k, 2 B8 TaKaRa 23 ] pMD-18T 57 B 257 & U A 45 5L B 19 15 B, I 1 BH P S B ik B A T A4 9 T8
AR R 55 45 BRZS 7 H ABIS730 WFAXHEATI R .

1.3 oSHmAx

% F Primer Premier 5. 0 315147, F] NCBI ity BLAST # FF #E47 Fr 51 [7) I 1 10 3o FUAR DL 1 48 2R , RIS
84 DN Astar F145 Fh 78 28 SN B2 R 407 000 Fr 45 SR of B 1 MR A5 A 2 R 7 9 O 45 1k , EditSeq JT T ORF 4+#7 A &
B AUFFI B, R LA HE R AL I Rh Ar 6 B0 SRR B L R AR AL A H B B Mega 4. 1, BLAR B2
% (Neighbor-Joining , N]) ¥ & #4644 , 5k A Bootstrap & 1 000 RKITBHF XHEFE.

1.4 Arf6 EERMBEARESW

R RT-PCR H1J78: Kol Ar (6 SEFEAE LGNSR R M R 5888 i #5 R ih. AHBIRRLAE
XM B FRE AR CULER L H B AR AW B RNA, I R 5% 5 8 cDNA, 5|4¥) Arf6EL:5-CCTGATGCTTG-
GCTTGGA-3Hl Arf6ER.:5-ATGATGCGATGGAGTTCTTG-3 (j=4y Kk /Ny 273bp) Xt Sh gt 47438, FH 8-
actinF:5-GCTAACCGCGAGAAGATGAC-3'l -actinR: 5~ TAGGACTTCTCCAGCGAGGA-3'1E N 2 E| ¥
(F=¥ K /R 380bp) . PCR A 4548 :94°C 5min,94°C 30s, 60°C 30s,72°C 30s, 34T 28 NMER;EH G
J& 72°C#EAd Smin; FJFHA 4°CRE.

1.5 Arf6 BEZREBERRENRIESH

KA RT-PCR B77 8, el Ar f6 e B 7E JCRF 58 6 JBUFL 40 1 X BF (Specific pathogen free, SPF)f1Z& ki
LA LR B (Taura syndrome virus, TSV) B 5 FLYY B XFEF 1) IF R AR o O R IB 0 4. & ik 3 AT X ], 5
Y) Ar f6EL 1 Ar f6ER X #E & #4794 , Al B-actinF #1 BactinR E NS5,

2 EREHW
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2.1 RLAESTEF Arf6 EE# RT-PCR #i% ,

ATGGTTAGAGAGGAGGAGGTCGACCGGGATGTGTGTCTGAGAGTCCGTATT TTTGGGCTT

61 TTTCACCTCTCTGCTGCAGGATAAGGGGC GGGCAGGATGGGCAAGCTACTG AGCAAGATC

ﬁﬁTRlZOlﬁﬁJﬁ%me%ﬁxd‘ﬂﬂq:gﬁﬂ% 1 M G K L L S K I
Zﬂ g/[]\ ;E\ RNA , :‘[ﬁ % i‘. E Fﬁ ?%:‘ E E"J PCR % I % ﬁ 121 TTTGGAAACAAAGAGATCOGCATCCTGATGCTTGGCTTGGACGCGGCGGGCAAGACCACC
o . 9 F G NKETIRTILMTLGLTDAATGTKT T
TP 3,85 1 42 700bp M B, ST 1Y 181 ATCCTGTACAAGCTCAAATTGGGCCATTCGGTCACTACTATCCCCACAGTCGGCTTCAAT
KB, LA B e AMT FWHG A » LY KisLems vTTiravoas
. . 241 GTCGAGACAGTAGCCTATAAGAACGTCAA ATTCAATGTTTGGGATGTGGGCGGGCAGGAC

FH B 1 i) e (e i A 5 v e 49 VETVAYEKNVYVEKTFNVWDVGG QD
301 AAGATCCGGCCACTGTGG AGACACTACTACACGGGTACGCAGGGUCTCATC TTTGTGGTG

2.2 CDNAE"J%K&'—?FF@J%*E 69 K1 RPLWRUHYYTGTO QG GTILTITFVYV
361 GACTGCGCAGACCGGGACOGCATGGACGAGGCGAGACAAGAACTCCATCGCATCATTAAT

W [k By PCR K EX 7 & F pMD-18T 89 DCADRD RMDTE ARG QETLHT RITIN
ﬁw I:Fl , “Uﬂ\lj % E Imiz }:IL‘ _E% & J_E ﬁ 695bp , 5 iﬁj/ﬂﬁ jz; GJ:A)CA:GG;\GA;GAEGG]:CGiTATTA;FCCZGU;I:GT:TGECA:TAiGCZGG;TTzGC:CG:T

‘E{ )E#ﬁ[, ﬁ EP@‘% 96bp E]}\J 5’ E”Eﬁ‘%lz » 71bp 481 GCTATGAAACCTCATGAAATCCAGGAGAAGCTAGGCCTAA CCAGAATCAGGGATCGCAAC
E/‘Ja, EIE@%[X%H528bp%ﬁiﬁ]i§@ﬂ£,;’§éﬁ@l75 129 AM K P HE I Q E K L G L TR I R D R N

541 TGGTATGTOCAGCCGTGCTGCGCAACCACAGGTGATGGGCTGTACGAGGGCCTTACGTGG
AR, BAEXT S FEECN 20 064. 2, i 149 WYV QPCCATTGDGTLTYTETGTLTW
H 882, p s A BN B 601 CTCACCAGCAACCACAAGTCATGATGCTTGGGCCGGGCT COCAGCTCTTAGCTTCCATAG
Wk 8 82 FMEBAEABMA G RAAY 0 oo
A¥%=26.9 ;C% =25.2; G% =28.0; T% =19.9, 661 TCAGCTCGGCAGACAGGG ATGGCTCCTCGGATTGT
PR R T 51 ATHE S5 1 S S R L 1. B 1 LB AR Arf6 2 PR BT 9 A 5 19 B AL PR

2.3 EEMSF Fig.1 Nucleotide and deduced amino acid sequence of

L. vannamei Arf6

it NCBI B9 Blast x [5] & 45 48 R &
W, LGN BEXTUF Ar f6 R RBHEILE )T H 5% B Caenorhabditis elegans R PG FE#E Salmo salar JRWE Xe-
nopus tropicalis JEN Gallus gallus . N Homo sapiens ZRR KMo Arfe EEBRIFI LT EERE
BAR ALY (B 2D, B8R 12 5 BX A B 190 11 JO A O Ak o s B R ST

MAG RS NI AL AT WL, FLYT IR X EF Arf6 5 R Drosophila melanogaster B AT, RIG KK H54k
H L Suberites domuncula . H A ML B Schistosoma japonicum JKWE Hydra magnipapiliata % TCEHES)
YIRE—HE, MEFEA I Sus scrofa /MRl Mus musculus \JEXG N O RPEPERE S, salar BEE 48 Danio rerio
SETENKEHRSIM RN 1 XE 3D .

2.4 Arfe EERIALRIE

5 RT-PCR 45 BoR . Ar /6 BRI 00 IR ULPR LB B FUBR A o 73z 223k (H 78 JiF J B P 2 ik
B FE RN R R R B AR (B 4.

2.5 BhuRERLEFEERRIE

A B RT-PCR R BR, Arf6 F FAE LM B 45 S0 (TSV) f% 8 B YL 5 19 FL 4RI XF BF AT B AR b 19
R BREE TELEEREIESPE) FLgEstiF PR E (8 5),
3 itig

AW LN NCBL 85 Fra R R AR T LG EXTIF Arf6 ZHE MK cDNA FH. & EE LT 95,
AR MEREELSHNEARS M)A K Arf6 HAXAEA R EAESNAELME, HHEABRKFEH
AU I & TR BIF I AR, I BE5 X Bos, YR A i R R # A A A H BT 3 R
L — B IE L T HEBTE 3 AR RIEME ., Arf6 3B 7E YR a] 04 35 A8 o1 28 B & 0T 7E 3 b 1 F2 v A8 X
HIRSFE ., REFAMOER DR, ZENHBNEAFISREBREREDNYR NEL, M5 HASHYE
BTN Y) RS R, FA KM T 3 g YRR .
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Fig.5 Hepatopancreas expression analysis of

Arf6 gene in SPF and after the TSV infection

Fig.4 Tissue expression profile analysis

of L. vannamei Arf6 gene

Z5 R BOR FLANEESTIR Ar£6 I 3 A~ 0] BERIBEBR AL A 25, 23 910 Tyr54/150/163 , X 3x S 7 B AR Ak A7 05 ik — 2B
WIS H BT TR E AT Arf6 WSS B M SEAPLE . A ProtScale HE4T B 7K ¥ 47 T (Gasteiger ez al.
2005) . 85 R R Arf6 B EM N K 35 5K P 8038, AT IR B+ 2. 211, C 2K i 38 /K P B0s8, AT Ik 3] — 2. 644, X Ui Bl
Arf6 FEHHB PFEMERR R, InterProScan X Arf6 8 [ 70 ¥7 & B (Hunter ez al. 2009, & F )75+ 2
HAHYERTFH GTPEARELIEMH T Arfs BB GTP 455 E AR, N ZERNAMBE S A EENEM.
$2%5 HH ProtFun 2. 2 Server il Arf6 A BIThEE 2 (Blom et al.  1999) . K8 & N IhEER O] B & 0. 103,18
T HEHALDIRE . B, W Arfe B B RN A RGBT ES 5 LN EST IR g i .

FE g RT-PCRERBIR,Arf6 FEELECIE FBMR VLR B B MRz Rk, 0 FLGYE XHIF i
FEAEI ML ERRSTE . BEFRBE DB EREER, MTFREEIES 5908 A EEH . RE R
HFREMBEMNEEREXRE=E 2003, H Arf6 HEAEFBR PO REIZREE, LAEMNIFEZ TSV
BLERIBERBEST SPF, #—F Ul Arf6 ZRZB 5 THAEX TSV MRS, N2 ProtFun M
Arf6 BEAMINGETE TR LW EARSCPH RN Arf6 HETRE —RBEMNERE. S5 L EXTIF R
By R R H S 5 R MALEL S RIERE A i — 5.

MAEXTIF 2R EK = FREERELT M2 — BTk IR R AR FE T [0 88— L F 1% 7= b 7 18
R 5| A2 FLANEE R ERFE Tk A Y JE B & 22 T Y, AT BRI IR IR B MR R RP A & = AL Rl VE RO &5 31 .
P, A S 30 K R S IR Z B SR A HRER Arf6 A BT, FUIN BE 77, LA K FL AR U X B 9 38t 45 5 Fh B L B
FRPH A T LAY .
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