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BB 55 R RO AR R A L2 2t IF i f it E (LvAST) 5 58 % st dF fe 5k B K B 3 3% AST R R %
BE. 55 R IR, @i M E a4 [vast % B ORF ¥4 % ik & 4k pBAD/gIIIA-lvast,
AR RN ELE R E AR SGBENEG. AR —FHR IVASTHZEME e RE T bR B
Fo B K B,

X7 JU 4y i 3 ¥F ¥R ik i & RACE oA kA

RESES S945.4+9 SRR RIEL A XEHE  1000-7075(2012)02-0076-10

Cloning, full-length sequence analysis and prokaryotic expression of

astakine gene of Litopenaeus vannamei

LIANG Gao-feng'? LIANG Yan* CHENG Jun-jun®
ZHANG Shi-cui' HUANG Jie**

(! College of Marine Life Sciences, Ocean University of China, Qingdao 266003)

(*Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture,

Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071)
ABSTRACT Astakine (AST) is a cytokine that promotes cell differentiation and prolifera-
tion of hemocytes in the hematopoietic tissue, which plays important roles in crustacean immune
responses. Evidence from our previous studies showed that WSSV may compete with AST for a
common receptor. By rapid amplification of cDNA ends (RACE) PCR, the full-length gene of

Litopenaeus vannamei astakine gene (lvast) was obtained, which consisted of 1,846 bp with a
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372 bp ORF, encoding 124 amino acids with the predicted molecular mass of 13. 3kDa. The de-
duced protein contained a prokineticin (PK) domain. Homological comparison among LvAST
and other species showed that the homogeneities were higher in comparison with those of
Penaeus monodon and Paci fastacus leniusculus , and lower in comparison with those of verte-
brates. The recombinant protein of LvAST was successfully expressed with the constructed re-
combined vector pBAD/g IIIA-lvast containing the lvast ORF. The results laid a theoretical ba-

sis for further functional studies of astakine.
KEY WORDS Litopenaeus vannamei Astakine RACE Prokaryotic expression

TC A5 HE B Wy e = AGCEHE B W) e 95 R 8 135 W PR FNCAZ RE ) 1A ELTE W P04 FIVRR S 1) A 5 20 L, AT
B 355 937 080 3 A ] B S R 0 AR R S LI (Roch 19995 Takahashi er al.  1995), 7ZEWFE @Y. ek
B 38 SN TE 7 1B JEE AR T TR 2 IR B R AR . S LR R e S I 20 i KR 5 SRR B (Lorenzon et
al. 1999) , TIHT Y I 40 H % T 4E 45 H 52 2K sh W) Y HLARE + 73 S B (Johansson ez al. 2000) . 75 #E3h ¥ h 40
i PR R A 36 i R S 8 S g AELTE TC AR S b A B 5 RO AR A BT R L D ST AERBE S R B, — b
S R IS 2 i DR 1) R o 1 3% 2 (Astakine, AST) 7E#CR KWl i Paci fastacus leniusculus 155 T ¥ M AE
FH B 2 7 7 i 25 23 20 10 20 Ak 0 40 B 88 58 (0 4 FH (Lin ez al. 2009) DA I 0 3 1L 384 2% 76 PP 58 28 90 032 9 6 2
IO H i R A AN 25 2%

[ 3 2% 5 fF i 35 (White Spot Syndrome Virus, WSSV) & —Fh )" Z L m 2K 3, H 1993 4E 2 & LU
KA XFURFRFEN AT R T E R G % 1995, Z8F58 kB, WSSV 2k BP53 (ATP 4 g 3 1k
MR B qE ERIFE AL (Liang et al.  2010) , T 7E 1R RV Wil it b & B ATP & i B 2 BE 1 R 3 103 3R 1Y 32 1K
25 T MM (Lin et al. 2009) . Bl WSSV 5 8 i 1fi 38 3% A HH 7] B9 4 JH 8 H——BP53., MG A B s
S5 AEE I WSSV Tl fE 5 MR LR SRR 5e G 2 1, T4 otk R 3 B8 £, 4T
fiff U 5 L E 5 WSSV BI/E ML, B TU\jilﬁ’ﬂH‘ﬁ WSSV gk g i) 73 5 L] £2 4 BR AR 44

B X U 3 1R A A S A W T G o RS AT T b O 3 383K 19 cDNAL 7 47 4 e B R0 I 7 5 43 30l o kR
KA ih (Lin et al. 2009)*ﬂﬁIFXﬂLﬂF Penaeus monodon (Hsiao et al. 2009), A#F5EHFIH RT-PCR 454
cDNA Rig P 1 5 R (RACE, Rapid Amplification of ¢cDNA Ends), il L& T LN EF Lito penaeus
vannamer & MR HEP (Lvaso) 24 cDNAL IR T JEAZ 3R 3K g it — 20 WF 58 PLAN T X8 BF A0 i 7 v i i
(R IK AL S D RE S8 T Al 5 1 PLAA IR X I 0 B Al B kL

1 #MHE5RFIE

1.1 SLEzh¥
5 A {EE B FLAN I XTIR T 2010 4F 4 AT A & S rg Ik =t &1 K 8 em LK = #7538 3 d J5 i,
1.2 S|¥IHiEIT5S &K

M 408 BE T X UF i 1fi 38 R FE K Cpmast) F 5] (GenBank ¥R 5. AY787657) Wil ¥ 514 A-S A1 A-AL LA FL
PHEXTER cDNA AR EAT PCR 736 DR 438 r= 9y iE 4700y J5 AR 4 P 90 58 T RACE 514 (% D L5149
B2 T A TRA RN TS K.

1.3 lvast EE £ cDNA HE[E

1.3.1 sb¥rémé RNA #93B A cDNA # —4k 05 & &%
WOLZAEEXT IR 68 50 mg BT 1 ml Trizol 15 (Invitrogen) Hv, 4% 355 7 B A7 7 i5 42 IBUR RNAL 28 19403
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6 KB I HRL DR RS B8 IS DA SR B B RNA H A5 H , L) Oligo (dT) M #5149, i Ji] Trans Script First-Strand
cDNA Synthesis Super Mix &5 & (Transgen) , 387 & #VE F W E4T cDNA 58 —485 006 A,

1.3.2 3-RACE F1 ZTRHANNIIMDREET
42 3% 31 9 Adapter-dT BU{t Trans Secript Table 1 Primers used in the experiments
First-Strand ¢cDNA Synthesis Super Mix i 7| & %t Name J73 Sequence(5”-37)
i Oligo (dT) g, BLEF 6 2 RNA g 5 kg 4 % A-S ATTGAATTCATGGCCGTGTCCAGT
¢DNA,20pl fk Z H1 4 500 ng RNA #47 , 10pmol A-A CTCCTCGAGATCTTTGTAGAGCGAATTG
Adapter-dT,10ul 2 X TS Reaction Mix, 1ul En- W TGTCCAGTGCAGTCAGAATGT
zyme Mix,42 CA#3E 30 min J5, F 85 C 5 min 3-N CGACTGTTCTTCAAGTGCTG
Rk EX . W LS Y A- 5-W TGTAGAGCGAATTGTCCTCCT
dapter P 5 ENER A IEM Y 3-W 1 3-N 5-N AGGGACACATTCCGTGGTAT
HEAFER PCR, ¥ 88 3 K 14 375K 5, 37 48 7=y 4% Adapter GGCCACGCGTCGACTAGTAC
Frolanman 4% (1988) W 7 £ vt 47T TA 72 &, Pk AL Adapter-dT  GGCCACGCGTCGACTAGTAC(T) 5
B FE L B T TR A R 7, Adapter-dG  GGCCACGCGTCGACTAGTAC(G)1y
1.3.3 5-RACE ast-F AACCATGGAAATGGCCGTGT
JH Trans Script First-Strand ¢cDNA Synthe- ast-R CCTCTAGACCATCTCTGTAGAGCGAG

sis Super Mix {7 & 2 #% s HF8 5 RNA, fir 45
cDNA B 10 pl IMAFI 5.0 ol 5X AR ZE i - 12. 5 nmol dCTP,2.5 ;11 0. 1% BSA i 10 pl fkFR v, F 94 C
PARPE 2~3 min, B T UK ERH 1 min JFREORIEERBAKRR T 1 pl TAT Km0 (TaKaRa) , T 37
°C W 30 min fill poly C . 2KJ5F 65 CHFE 10 min Kif TdT Kums . LINER dC-cDNA Mtk . H
1238 51 Adapter-dG 433 5 3 RUR 5 19 S 1] 51490 5-W 1 5-N #4745 PCR,L ™1 5L K Y 5K o, 4748 7
Yk bRk AT TA sl S50y .
1.3.4 A& K lvast cDNA 53| B2 G 54 69 % BK 7 5 o A7

F ] NCBI %4 £ (http://www. ncbi. nlm. nih. gov/) fI{E 4 SMART %44 (http://smart. embl-heidel-
berg. de) 73 Hr 2K [vast cDNA JF 51 S H 4 i (9 22 BT 51 B MEGA 4. 02 8 g 37 A R

1.4 REFERMNHUEMFSRIE

1.4.1 REHAKGME

PP 1 lvast ORF 2K M54 . UL TE ST R 68 cDNA SRR EFF PCR.25 pl R R H 4 2.5 4l 10
X Buffer,5nmol dANTP, 5| ¥ ast-F 1 ast-R 4% 25 pmol,1U rTaq B (TaKaRa) ,500 ng cDNA ¥4z, F 94 “C i
AFPE 5 min, SR 5 94 °C 40 5,50 °C 40 5,72 °C 30 s #4710 NMEFR, 15 94 °C 40 s,59.2 °C 40 5,72 °C 30 s #F47
25 MG 5 72 CHEfH 10 min, 4 1 %03 IR EEE I FL Tk , DIER 390~400 bp 2247 M IX A5 28 DNA B i [ i
KA (Zymo) IS , 4% DNA = #1800 ng, il A 20 pl A& R AT HEFY), % 10U Neo 1,10U Xba 1,16 C
B E YR IG AL ] E. coli Topl0 (Invitrogen) J& a2 25 41 M i, F1) FH WA 71 B i 28 5 % FN R 7% PCR
i 1 T 2L AR, 8 R 2 A TR O X 2 FE A AR TR AT I 2 .
1.4.2 LvAST 9 $ &k

P IBCIE B 52 B ) SR TR R FE R B 50 pg/ml 2N 5 R (Amp) (1 800 ml LB AR 725,37 “Cififk 8~
10 b, FiRdae 1% (R BUEE 16 Ak 1 15 32 9 #2280 31 800 ml LB W A48 3% 3 (Amp, 50 pg/mD 1,37 CHE 37 5] ODs {H 2
0.6 B S LA L-BaT LA BE VS W 28 29 B2 0. 4 mmol/L #1735 2 K5 7% 6 h, B0 AR R 1/~ il ik 4 s
10 000 X g B.0> 10 min, 43 HCEE T3 W HTITUE .

1.5 FEFYHE SDS-PAGE #1 Western-blot 43 #f

i G 5 3k 1Y T R 2L MR ) 1 ORI UL TE 3547 SDS-PAGE, # Laemmli (1970) 7 #3647, ¥ SDS-
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PAGE J5 & M5 2 TH 8  T 280mA £8 80 min ¥ # 3| PVDF B (Millipore) I+,4 °C ] 1% BSA (% T
PBST, % 137 mmol/L NaCl, 2. 7 mmol/L KCI,1. 5 mmol/L KH,PO,, 8 mmol/L Na, HPO, ,50 mmol/L Tris-HCI,
pH 7. )7 . F PBST E¥E 10 min J5 .38 A& Anti-His-HRP $ii{4 (3 000 : 1) (Solarbio) f) PBST, fEZE i T
E 2 h, PBST ik 3 YK, 41K 3 min, )5 F DAB ¥ 45 %41 5] £ (Solarbio) (4,

1.6 FR#ZRER LvAST EB 4L

4E [ 800 ml iE S E XM AMYIITE, HET 100 ml A # (6 mol/L £ MK, 137 mmol/L NaCl, 2.7
mmol/L KCl, 1.5 mmol/L KH,PO,, 8 mmol/L Na, HPO,, pH 7.4),% 0. 45 pm JEME S 3E . WM E] Co™"
FEHMZHHE (Clontech) s EAEJEH 1 ml/min, H 100 ml A ¥ b8 )2 A7 4 2 W EAE I F 5 15 A W) ok B2 (20~
500 mmol/L) [ Bk 5% i (20 ~500 mmol/L Bk ,5. 4 mol/L EhERIK, 137 mmol/L NaCl, 2. 7 mmol/L KClI,
1.5 mmol/L. KH,PO,, 8 mmol/L. Na, HPO,, pH 7. 4) #4746 BE Ve . YEBE 7 # 1 ml/min, g4 150 mmol/L
DL b K e 27 o i B R B . KR YER R LvAST BRI B 2@ M. B T 2 % 2% vp il (50 mmol/L NaCl, 1
mmol/L EDTA,10% H ¥l -4 mol/L JRZE . 1% H &) & W AR IR 2 e BE il R (4 & 1k

2 HE

2.1 lvast ERE2 KW SR IE

FHBETS X 0 3 10 98 3 e PR 8 3 139 4 55 4k 51 0 X P I8 X R cDNA BEAT 91 L 48 1. 0 06 B0l 58 e v VK
PCR ¥y K /N2 390 bp (8 1-A) » NEERE M5 5 pMID18-T 48 {4 2 4 . 0 16 FH 1 v B, 28 ) e M P 2 B . 9
B R BEROMERA ISR O 372 bp.

WRAEC R Loast Ty FPE Bt SMI G190 3-W . M4l 37-RACE AR AR AEATER 1 kP4 . B 13 2 0] 2
R S 2 (181 1-B) o FELASE 1 ok 88 Wiy 1/10 B B2 WA . TN 51 %) 3-N #E45 8 50 PCRL &5 3
T 251000 bp g% 254 (B 1-C)  EERE DS £ 4T TA se IR 4320 1 249 bp BH RS .

[ A AR C Y Loase T893 P4 Bt A1 4 5-W L AR 4 57-RACE #8AE i f2 HEAT 26 1 k™19, e 15
FIWTR A RR S 450 (B 1-D) o B —20 LASE 1 W™ S5 7 Wil 1/10 #6882 Sy B HT NI 519 5-N kA7 £ 50
PCR. &5 5 8L 1 24 500bp (Y 4F 5 257 (181 1-E) o NBERE [MIIGZ 404 5 84T TA seReIF il . 13 2 437bp #1H
Wy .

2.2 lvast B EFH4EE

Wi 5°-RACE HiI 3°-RACE 1 %5 £ $F 318 lvast 3 H 4 K JF % ( GenBank Accession Number:
HM594944) (& 2). % cDNA 4K 4t 1 486bp. & 1 4> 372 bp FF il i B2HE, 4 i 124 aa. fi &4 F &N
13.3kD,5’-UTR (FEZfi%1X) K 160 bp,3’-UTR (e X) H 954 bp, Hh 435 1 4 poly A .

2.3 LvAST EHEMBIED

WS fEL SMART i) PEAM 305387 . R B LvAST 2 T 511 9~107aa Ju [ N4 & — 411 8) 71 & 1 (Proki-
neticin) g X . Z D RE X fie U] i B RFAE SR AFTE 10 2R BRIk 5L L GEIE WL 5 % —mi B s %t Hifk 47 SMART 1y {55
RIS BT s K] 1~21aa Y5 B & —MF 5 KB 3) . X H AT 8 FHB M B (MotiD 4341, 2 W 2 SR ¥ 41 v 30~
33 (SSAD)HI 112~115 (STLD) i Casein kinase II B[R {07 i, 37 ~42 (GACCTV) #1 89~94 (GMCPCR) 2 N-
myristoylation {7 ., 110~113 (NEST) iy N-#ERAL A 25 (F 2) . Bk A B 47 = 01 . 76 1~22aa 115 S Ik
DX sk i K PR3 L 7 8~21aa kb HAT B3R Y S IEPE . 48 TG EE AT W L AEAS S K X BA BRI o 12k 3, 1
80~85aa u WL AFAE « MEHER Y M ZEU X ERLL 3- )23 3 Hd Ay A it g A i (81 3D,

2.4 REMHBEERARERRERNSG FREFESH
M GenBank FARTF 1 22 A [A) 59 05 HE 30 49 R U5 A R 3t i 9 3% % PR K HG ] 906 5 A s 4y i sl O 2 1 A
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A, lvast FER PP, HykiE M:DL2000 DNA marker, Jki& 1:PCR ;=4 ;
B. 3’-RACE % 1 "8, HykiE M:DL2000 DNA marker; 3K C: %5 14 %) I CEBIHO 5
WK T FUNE 519 Adapter-d T3kt G FUMSPSI9 5-W kit 1~5 9 H B0 36U B84
C. 3’-RACE % 2 k¥ 8, H¥ki#i M. DL2000 DNA marker; kil C. 25 [0 1 CE#EARD ;
VKIE T Fm#Esk 519 Adapter-d T3 3K I8 G: HMSM514) 3-Ns ¥kl 1~5: B89 v Be iR B #5445
D. 5-RACE % 1 k¥ # , H ki M:DL2000 DNA marker; Jki8 C. %5 (4% B AR 5
VK T: Bk 519 Adapter-dG; 3ki& G: Hnsh514) 5-W s k& 1~5. B (9 Fr B iR #6931
E. 5’-RACE & 2 k¢4, H ki M.DL2000 DNA marker; 3kif C: a5 [ % B OB 5
VKIE T: B4k 514 Adapter-dG; kil G: RMAMSI#) SN; WKiE 1~5: H 9 Bt i BB B2 1
A. PCR amplification of astakine gene from L. wanname. Lane M. DL2000 DNA marker; Lane 1. PCR production;
B. The first round PCR amplification results of 3-RACE. Lane M: DL2000 DNA marker; Lane C: control without template;
Lane T: only primer Adapter-dT; Lane G: only primer 3-W; Lane 1~5. amplification of the target gene by gradient temperature.
C. The second round PCR amplification results of 3-RACE. Lane M: DL2000 DNA marker; Lane C: control without template;
Lane T: only primer Adapter-dT; Lane G: only primer 3-N; Lane 1~5. amplification of the target gene by gradient temperature.
D. The first round PCR amplification results of 5~-RACE. Lane M: DL2000 DNA marker; Lane C: control without template;
Lane T: only primer Adapter-dG; Lane G: only primer 5-W; Lane 1~5: amplification of the target gene by gradient temperature.
E. The second round PCR amplification results of 5-RACE. Lane; M: DL2000 DNA marker; Lane C: control without template;

Lane T: only primer Adapter-dG; Lane G: only primer 5-Nj; Lane 1~5; amplification of the target gene by gradient temperature
Bl 1 lvast FEF KB 1

Fig. 1 Amplification of the fragments of lvast gene at full-length

pk JEH LRI MEGA 4. 02 B A X X 2L P 51T T 0 F R F 00T A B T R R AW 5Ll B s T
Lvast $& PSR H b fe Y 1 0F 3 1 5% 28 ) Uk P 22 TR1 g 4K OC R (B 4D o Loase PR TF 51 5 BE 5 %F B8 3 1 38 2% 3k
P (GenBank: AY787657) AR &y 9124 5 5 5 B KT il i 3 1M 34 3% 3L I (GenBank: AY787656)47 6121
AEARLE o 5 T 8 A 4 /DN 068 11 25 3 1 3% 2 3 1 (GenBank: XM_001605610) 4 45 % () ALl ; 5 /& &l Bv8 pre-
cursor (GenBank: XM_002431122)45 44 Yo ALV, i 56 HESh W B9 pk A 3 1 8 (3 A A RLPE A 43 %0 ~
360 . FLECULEA, JCHHE S W 0 R 1k i 2R L B SR HE S W R s B SR pk ARG RBGE ARAETEE S W)
Fofr (10 320 40 G 2R AR AT 1 T 2250 F AR 06 FR R IHIZ I DR 7 45 sh 0 1 S AR AR BRI BE - LA S 2EAE

2.5 AEAMEXEMHFEARTFED T

ML 7E NCBT Bl e b i Lo LvAST (92 15 51 5 595 0 R AST K HAR (R AHBIIE Sy 8700 ~84 005 5
BRIV Wi AST 2a/2b BRI 5600, 15 B HUA 281 MR AR LS 4326 ~35 04 . 5 FMESh ¥ mo AT 3 1)
HEAHBIE S 4320 ~367%.

HEEFP IR R W T HE S B HESI R T A7 AST L R IR B B A & & Dt E TR 45 1
S C-dig (BT 5-A) W AE 10 A2 B2 FR 5k 2k 1 7 o B2 ) B <y 1k T B 5 % Bt B o G vp — 12 It S R - Il
MR- HE AR (CPC) Y 1 S5 45 A S8 A BT A5 ) b b 58 2 B 78 Ak 23R IO RO 24 L B FE AU B 104>
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e B Al CPC 25 44y S e PR IE % 2 2R I BEAS A o

RYS {57 )81 (& 5-B) . 1 H 722K -, CPC Y S5 38y KO i

1
61
121

181
241
301
361
421
481
541
601
661
721
781
841

901
961

1021
1081
1141
1201
1261
1321
1381
1441

IR T H H Casein kinase 11 2 k{7 £ (SSAD,STLD) . N-myristoylation fi £ (GACCTV ,GMCPCR)

The Casein kinase II phosphorylation site (SSAD, STLD), the N-myristoylation site (GACCTV, GMCPCR),

A signal domain was found among 1~21aa, and a prokineticin (PK) domain was found among 9~107aa;
the wave blocks express the a-helixes; the right arrows express B-sheets; and the bent arrows express the g-turns
LvAST S 3L 75 1) SMART & F 5 8 43 B1 I — R 45 4 T

The SMART analysis for the protein function and the secondary structure prediction on the

Fig. 3

HH

CCGATCAGTT
GCGCGCATAT
TATCGGCTTA

CAGAATGTTG

GAACGTTGAC
TTACCCCGAA
ACTACATTCC

GCAGCGGCCT

TTGGAAGAGT
ACCGCCGAGT
AGCAGCGATC

GCCTTGTGGT

AAGGTTGTCA
ATTAAGAAGT
AATCAACGGA

GTCAGCAGTC

AGGTCGCCTT
GGATTCTCTG
ATGGCCGTGT

TGGGATCGGC
TGTTCTTTAT
CCAGTGCAGT

M A V S
GGGATGCGCA

S AV
GACTGGGCGA

R M L
CTGTTCTTCA
c 8 S
CAGCGTGCCG

A A AV
AGTGC TGACT
S A D C
CAGTGTACTC

L Vv V
GCGGACCTGG

S AV
CGCCTGCTGT

G M R R
ACAGTAGGCT

G P G

A C C

T V G F

CCCTGGGCGA

CCTGGGGGAC

TGGTGTCGCA

L G D
TCAACCGCTA
N R Y
TCATGAACCC

S Vv P
CCCGCGGGAG

Q C T P
CTGAATCTTG

L G D
CGTACCCCAA

L G D
CGGCCTTCAG

W C R I
ATTGTCCTTA

M N P
CGGATACATA

P R E
CCACGGAATG

L N L A
TGTCCCTGCA

Y P N
GACCTGAGCT

G L Q
CGTCTGCTCC

I v L T
AGGGCCTCGT

D T Y
CGACCTGCCA

H G M

C P C R

P E L

GTTGCCGAAC

GAGAGCACGC

TGGACCAGGA

vV C s
GGACAACTCG

R A S s
CTCTACAGAG

T C Q
ATTAATCGGC

L P N

E 8 T L

D Q E

TGCGCTTTAA
GACAAAACCC
TCGTGTTCCC
TTACTATATC
TGTGAGGAAG
TACTCAGCAC
GCATAGCCTC
ACAAGACGTT
AAACCATAGT
CAGTTGCAGT
GAGTACATAC
TTCGGTTGAT
TGTAGGTTCT
GATAAACGTT
TTTTTGTATG
GCATTTGATA

GCGAGCTGAG
AAAAGGCGTG
CGAACCTCCA
TGTACCTGTT
TTCGCTGAAG
ATGTGTGTGT
AAATATCTAT
ATTTTTTTGT
TTTTTGTGGC
ACCTTGGAAG
GAAGTACAAA
GTTTACTTGA
GAAGTAGTGG
TTCCTGTTAT
ATATTCCCAG
ATGTATTTAT

AGCTGCGCAA
ACAGAAGACC
GTCAGAGGTT
ACTACACTCC
TTAGGGCCCT
GCATCAGAAT
GAGTTTTCAA
TTTGTTTTITG
TGTTTTATGG
CTGAGCTTGA
CGCATATTTA
ACAACACATC
GAGTGTGTTG
ATGTAAGCAC
CACCTTGAGG
GAAATAAAGA

D N S
GCTCAATCCA
CAAGTTCTTG
TTGTATTGCA
CGTGCTTCGA
TTGTCTCCCT
ATGTCACACA
GCAACTTTTC
TTTGACTGGT
TAAATATCTA
TAGGTATTAT
AACAAGAAAT
AGATGGAATG
ATGAAAATAC
ACTAATATTA
CTGAGGAGGT
ATAGCGACAT

L Y R D
AAGGGAAAGA
CACACAGAGA
TATCAGCTTC
ATCTAGATTT
CTTTGTATAC
TTATTGTGTC
CAATGAGCAC
GTTGCTCATT
TAAACAAGAT
TTCATCCGCT
TGGATGCAAA
TGCCATGTTA
CAGAGCATTC
TATACTTTTG
ACCAAAGATA
GAAAAA

Hl N-glycosylation fii g5 (NEST) 7€ &t Kk €, B 52 Fl R Rl 2k %om

TTTCTCTAAA
CGAGTCGCCT
CTCTTCCGCG
TGGTTTCGTC
GGAGTTGTCA
ATTACATGAA
GCTAATGAAA
GAGTCATTCA
GCATTTAAAA
TTCTAATACA
AGAATCATTC
TAGTTGACGT
TTAGCAGCGA
CTTTATTGCC
GCCTTCATGG

and the N-glycosylation site (NEST) are marked by the gray background and underline

5] Be 4 W S B TR e 31)

K 2

Fig. 2 The full-length nucleotide sequence and its deduced amino acid sequence of lvast gene cDNA

lvast F& R

K ¢cDNA 2K ¢

107
1

124
]

Pliokineticin

= A=) DN DDA

FHE 1~21aa W& —MMF 5 KFF:9~107aa 0 &

AR BAER o BRBE s B 1l 7 Sk AU -1 )2 2 Sk AUR B A

Kl 3

CGP.TCQ & ~F 751 (F 5-C)

2.6

lvast EREAREZHENHERRZREZW ST

FIH lovast

amino acid sequence of the LvAST
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IvAst=L. wannamei astakine; HsPkl= Homo sapiens Prokineticin 1; MmPkl=Macaca mulatta prokineticin-1;
RnPk1=Rattus norvegicus prokineticin-1 precursor; EcPkl = Equus caballus similar to Prokineticin 1; SsPkl=
Sus scrofa prokineticin-1;
MdPk1 = Monodel phis domestica similar to prokineticin 1; XtPkl = Xenopus tropicalis prokineticin-1-like ; DrPkl =
Danio rerio prokineticin-1;
CjPk2 i2=Callithrizx jacchus prokineticin-2-like isoform 2; CjPk2 il=Callithrix jacchus prokineticin-2-like isoform 1;
MmPk2 i2=Macaca mulatta prokineticin-2 isoform 2; HsPk2 ib= Homo sapiens prokineticin-2 isoform b precursor;
HsPk2 ia= Homo sapiens prokineticin-2 isoform a precursor; BtPk2= Bos taurus prokineticin-2 precursor;
PmAst v2=P. monodon astakine variant 2; PmAst vl = Penaeus monodon astakine variant 1; PmAst= Penaeus
monodon astakine;
PmAst v3=P. monodon astakine variant 3; PlAst 2a= Paci fastacus leniusculus astakine 2a; PIAst=P « [e-
niusculus astakine;
NvAst= Nasonia vitri pennis similar to astakine; Bv8= Pediculus humanus corporis Bv8
B4 FHAT NI w22 ] 00 A [ 3y 0 4 65 a8 3R I 9566 R A A
Fig. 4 Neighbor-joining phylogenic tree of nucleotide sequences of astakine genes and

its homologous gene pk from different species
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PmAst |QS6R10.1
lvhat
P1Ast|QS6R11.1

NvAac |XP 001605660.1

Halat |EFNE6043.1

EcPkl |XP_0014%6417.1

HaPkl |ARH253859.1

S5sPkl |NP_D01166057.1
MoPk2.i2|XP_001083022.1

Bve |XP_002431167.1
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EmAst |Q56R10.1
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A. LvAST 5 [R4) Ff [7) I S L 1R )7 91 LE 55 5
B. LvAST 5[] J¢ i [7] 95 Mk 0 5L 2 )7 471 L 3%
C. LvAST 5 HAbYF & 109 3R 2L 51 L8
A. Comparison of amino acid sequences of astakine from L. vannamei and other species (invertebrates and vertebrates) ;
B. Comparison of amino acid sequences of astakine from L. wannamei and other invertebrates;

C. Comparison of amino acid sequences of astakine from L. wannamei and other Shrimps. A. lvAst= Litopenaeus vannamei astakine;
HsPk1= Homo sapiens Prokineticin 1; SsPkl= Sus scrofa prokineticin-1; MmPk2 i2= Macaca mulatta prokineticin-2 isoform 2;
PmAst= Penaeus monodon astakine; PlAst=P. leniusculus astakine; NvAst= Nasonia vitripennis similar to astakine;

Bv8= Pediculus humanus corporis Bv8; EcPkl= Equus caballus similar to Prokineticin 1; HsAst= Harpegnathos. saltator. astakine.
B. lvAst=L. wannamei astakine; PmAst= Penaeus monodon astakine; PlAst=P. leniusculus astakine;

NvAst= Nasonia vitripennis similar to astakine; Bv8= Pediculus humanus corporis Bv8; HsAst= Harpegnathos. saltator. astakine.
C. IvAst=/[. vannamei astakine.PmAst= Penaeus monodon astakine,PmAst vl = Penaeus monodon astakine variant 1,
PmAst v2= Penaeus monodon astakine variant 2, PmAst v3= Penaeus monodon astakine variant 3,PlAst= Paci fastacus leniusculus astakine,
PlAst 2a=P. leniusculus astakine 2a,PlAst 2b=P « leniusculus astakine 2b
K5 LvAST 5H R R T LA CE A 10 2B iR 8 5 X Z i)

Fig.5 Comparison of amino acid sequences of astakine from L. vannamei and other species

(The prolein contains 10 cysteine residues that can form five disulfide bridges)
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B. Western-blot 2 B4 5. 9k 1. 25 204K 3% . kil 2. SR UL LE , Uk 18 3. Marker, Jk 18 4. Lane M: Marker; Lane 1: purified rLvAST.
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A. SDS-PAGE analysis: Lane 1: pBAD/ gIITA supernatant; Lane 2: pBAD/gIIIA sedi-  Fig.7 Purification of rLvAST using Co*"
ment; Lane 3: Protein marker; Lane 4. pBAD/glllA-lvast inclusion body sediment; chelating affinity chromatography
Lane 5: pBAD/gIIIA-/vast inclusion body supernatant;

B. Western-blot analysis: Lane 1. Protein marker; Lane 2. pBAD/gIIIA sediment; Lane 3,

pBAD/g IITA-lvast inclusion body sediment
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Fig. 6 Analysis of prokaryotic expression product
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