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B ERKERHE K RARAR], KK 10 cm, LK% x1 ZWHETASY
745, Tab.1 Primers used in the experiments

5|4 Primer J¥%1) Sequence (5'-3")

} 2R E XS - =y 4K 4
12 JURSIER FrATP S8 b f822K cDNA RIIE GSP1 GCTTACAGAGAAAGGCTGGCAA
1.2.1 JUZhESHIFIUA ¥ RNA 6932 B TR B 1) GSP2 AACTCGCATTGAGCAGAAGCAC
WLN4HZ, ] TaKaRa RNAiso Plus I HEAT LA B GSP3 CTGAATGAACAGTTGCCAGCCTTT
RNA M$EH 1% Ne BB F TRk, 180 V HL GSP4 GTGCTTCTGCTCAATGCGAGTTTT
JE T HLK 10 min DLWEEE RNA Y B . Fs ATCTTGCCTTCAGTGCCGTAAG
122 F,-ATP &B b 4653 RACE  #3¥% GenBank Fa TTTAAGTTTTAAACTGACATCTGTC

INH ) Fo-ATP 4§ b 4% A9 3 2> # 51 (GenBank:
EU246975. )it IF 4 R 5 1. DAPR IR RNA
sk, {fi ] TaKaRa 3’ RACE ¥ 34157 £4 i cDNA,
Pl 3' RACE 4159 F1 GSP1 #4745 1 % PCR., PCR J2
M4 94°C 3 min; 94°C 30 s, 55°C 30 s, 72°C
2 min, 30 MEH; 72°C 10 min. RJ5 VA% 1 % PCR
YRR EATES 2 % PCR, fERIGI# A 3" RACE
WS GSP2, PCR [ 4cf4: 94C 3 min; 94°C
30 s; 55°C 30 s; 72°C 2 min, 30 MEH, KI5 72
C 10 min, K3 =P E, 28 TA SERE S 21T
MF, 193] Fo-ATP & b 5519 3" 751

1.2.3 F,-ATP 48 b %45 5' RACE VIR HCY
RNA M#Hx , {#if] TaKaRa 5' RACE #8437 & %F &
RNA 47 CIAP., TAP 43, Jf5 5' RACE 4%3k5|%)
VEEIT, A cDNA L, IS LAY cDNA it
HATJEZER PCR §3 . 55 1 & PCR i HMSI A
GSP4 fil 5" RACE #1514 ,PCR L 5514::94°C 3 min;
94°C 30s, 60°C 30s, 72°C 2 min, 30 MEH; &
J& 72°C 10 min, PA_F3RAY PCR P24 AR IEFTES 2
# PCR, i 519 GSP3 #i1 5' RACE 514, PCR
RN &A: 94°C 3 min, 94°C 30's, 60C 30s, 72°C
2 min, 30 MEF; SRS 72°C 10 min, ¥ PCR 41
FEY RIS T, #53 Fo-ATP A b 8510 5" 751
1.2.4 4% F-ATP 4B b 4 57 09 BH ik pEet |
[ Fo-ATP A i b B 1) 5% /57 51 F1 Fo-ATP 51l b £ 1Y
3% P A E ] Accelrys Gene H{FEAT HRE, 153
Fo-ATP &1 b 5554 K .

1.2.5 Fo-ATP 484 b 4 57 69 3biE MR DTS
F¥) cDNA JFH KB —XT 51 9% 1, Fs. Fa),
DISEEURY B RNA G SEAS 3% cDNA BT T
PCR #"}4. PCR W 2&1F: 94°C 5 min; 94°C 30s,
57°C 30 s, 72°C 7 min, 1%ZiIaHHEERCEFTHLIK ,
¥ PCR F=HyibAT Il , 28 TA TEfEIS IR , 3iF Fo-ATP
A b BERH 2K FS .

13 FrATPEERERDNEERFIINEYER
Fo M

fifi F§ NCBI %i# % (http://www.ncbi.nlm.nih.gov/)

FITE 2 — G0 45 K6 43 B 3K 1 (http://mpsa-pbil.ibep. fr/cgi-
bin/npsa_automat.pl?page=npsa_sopm.html)53# F,-ATP
G2 cDNA JPH S - gifidh i) 2 B/ e 41, F =
2 &% 4 F0U I %X A4 (http://swissmodel.expasy.org/) T
AR Y28 4548, R ClustalX 1.83 FI MEGA 4.02
AT RGO .

14 F-ATP 5B b BEBALANSH
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AIEALE T A3, A Y0 R ALY R, VDR B K e
3% H,0, AbFE 10 min FH BT P4 I 8 2 AL W i, FH 28488
IR . FERCE b B BT R A& 3 (0.01 mol/L, pH
6.0 BIFF I FR AN 2% vh i RO Bk s U 1-2 Wi,
ZEIRYA 1 1020 min, £ PBS Wyk)5 IR T, 55 Fo-ATP
AW RPT( - 100000/ 2 h 5, PBS U 3 &,
25 FITC HRic FHi e 1gG (1 : 2000/ 1 h )5, FH PBS
VEV 3 K, DAPI 444 3 min, EBOGHRAE BME T
WL, (RIS DA 28 G 28 () S bt I 3 1R X R

15 H‘AMELH

A PLEA X MR L s Rt Bk 2, 800 g B 0»
5min, PBS ZIFIMANNL, HIA Fo-ATP A b &% b
I35 50 ul (1:5000) (Li et al, 2013), == ¥ &4 T #4%
PR E 1 h, 800 g B.L> 5 min, FH 200 ul PBS H &,
JA FITC #Ric i LB %R 1gG HTik 50 pl (1 : 200),
FIREAM PRI ME 1 h, R4 (CyFlow
Space, FEENKM o PhAZE s i S bi Mg 1E2S IR

2 LWER

2.1 RACE ¥ i F-ATP &4 b EEFE £ K

3' RACE #" #3545 500 bp AU BL(A 1-A), i
TA TR PR 51, 51T 5" RACE #7514, ¥
25 700 bp W45 BL(K] 1-B), 28 TA safE Iy,
RAF 1129 bp &K JFF . LIPHE 21 cDNA J¥51 1)
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K1 Fo-ATP 4 b 5558 3’ RACE. 5' RACE KA KJFEFHIT 14
Fig.1 PCR amplification results of 3'-RACE, 5'-RACE and full length of F,-ATP synthase b-chain

A: 3' RACE. M. DNA marker DL2000; 1. %5 (4%} & Blank control; 2. H % F Bt Fo-ATP synthase
B: 5’ RACE. M. DNA marker DL2000; 1. H & H Bt Fo-ATP synthase
C: Full length. M. DNA marker DL2000; 1. % # Control; 3—7. Fo-ATP & H ) FrBf Fo-ATP synthase b-chain

SRS W4T RT-PCR #7345 5] 1100 bp ¥ 1 2.2 £HEBRESN

ST 1-C). TA REERFRIER 2] 1 Fo-ATP 4176 b SelE 1 Fo-ATP synthase 218 b # cDNA 4
BRI K. K 1129 bp, JE4if 248 R 2), HA 1-28

1 ATC TTG CCT TCA GTG CCG TAA GAT CCG CCG GAC AGT GACGAE‘.G- CTC 49
M L

650 TCC CGA CTT GCC CTC CGC TCC GTG CAG GAA GCC AGA GCT TTT CTG GTG 97
5 R L A L R =] A Q E A R P F L A

828 GCT GTG CGG CCA ACA AGC ACC ACT GCC GTT AAC AAG GCT ACA GAG CGC 1356
A W R P T 5 T T A W N K A T E R

138 GAT GAG GTA AAC TTC CCC CGC CGT GCC AGG CCT GTT GAA CCT GGC AAG 183
D E W N F P R R A R P W E P G K

184 AGT GCG ATG GGC TTC CTG CCA GAG GAG TGG TIC CAG TTC TTC TAC TCA 231

W R M G F L P E E W F Q F F W ]

232 AAG ACT GGT GTC ACT GGT CCT TAC ATG TIT GGA GTG GGT CTT ACC ACC 275
G K i § W T G P i M F G W G L T T

280 TTC CTC TGC TCC AAG GAG ATC TAT GTC ATG GAG CAC GAG TTT TAC ACT 327
F L c 5 K E l i W M E H E F & g T

328 GGT TTG TCC ATC TIT GTC ATG GCT GTT TAT GCC ATC AAG AAMG TIG GGC 375
G L s l F W M A W W A l K K L G

378 CCT GGT ATT GCC AAC TAC TIG GAC AAG GAG ATT GAG GAT ATT GAG GGC 423
P G | A N b1 L (] K E | E D 1 E G

424 AGC TGG GTG AAG TAT CGC CAA GAG AGT GTC GAG GGT CTT AAG CAG GCT 471
5 W W K Nz R Q E s W E G L K Q A

472 GTC GAA GAT GAG AAG AAG GCC CAG TGG GAA GCT GAAGGC CAG AAA ATA 519
W E D E K K A Q W E A E G Q A I

620 CTC TTC GAT GCC AAG CGA GAA AAT GTT GCA CTC CAG CTT GAA GCT GCT 6587
L F D A K R E N W A L Q L E A A

583 TAC AGA GAA AGG CTG GCA ACT GTT CAT TCA GAG GTT AAG AAA AGG TTG 6156
B R E R L A T W H 5 E W K K R L

818 GAC TAC CAG CTG GAG ACT GCC AAC GTC AAA ACT CGC ATT GAG CAG AAG 683

D h 4 Q L E T A N W K K R | E a K
884 CAC ATG GTG AAC TGG ATT GTA AAC AAC GTT AAA GCC TCC ATC ACT CCT 711
H M v N w | v N M v K A =3 | T P

712 GCT CAG GAG GCT GCT GCT CTG AAG CAG TGC TIT GCT GAC CTC AAG GGT 759
A Q E A A A L K Q c F A D L K G

780 CTT GCT CCC CAG TCT GCC TAA ACA AGA ATT ATT TIT CTA TIT TGA GAT 307
L A P Q 5 A &

808 TTT TTIT TTG TCC AGT CAG ATC ATA TIT AGC TGT TTA TIT GTA TAG AAA 355

258 AGT AYA TTC CAT AAC CTT TTG GGC AGT AGG ACT TAT TGG GTT CAA GAT 903

904 GAC ATC AGC ATY GTG GTT GTG GTT CAT AGT GGA TAT GAT GAG CTT CTC 951

952 ATT CCA TTG TCA TTA ATG TAG TIT ACT TGA TGC TCC ACA ACA AAC CAA 999

1000 TAA TGA ATA ACT ACC AGT GAC AAA ACC AAG TGT ACT ATG TAC AAT TIT 1047

1048 CTT ATT AAR ATT TAT GTA CAG AGG ATA TGT AAA TAA ATG ACA GAT GTC 10856

1098 AGT TTA AAA CTT AAA AAA ARA AAA 1129

K2 FLANEXTER Fo-ATP 4/ b #E4% R X 2 /2 )7 5
Fig.2 The cDNA sequence and amino acid sequence of Fy-ATP synthase b-chain

B OF SO R IREN T, B9 AR T, TRIZRRI NAE 5 IR XK

The initiation codon is highlighted in gray, termination codon is indicated by asterisk, and the underline annotation is signal peptide



90 ook B

%36 %

D IR AR T K, I 5 09 B B IK T0 J  1h
28.2 kDa, PRIESEHL S (pD)K 8.614, A5 b ik
7N, Fo-ATP & b 556 & K o BRHE(L 58.47%),

TCHLIE: il 5 22.18%, 1 B 18 HA 7.26%, L&)
B P& (& 3). HIFHEL 45 T 45 3] Hozs ] 45

I

100

=il

150 200

A% H The number of amino acids

Bl 3 Fo-ATP 5 b 5 L5 53 Hr
Fig.3 Secondary structure analysis of Fo-ATP synthase b-chain
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Alpha helix is indicated by blue, beta turn is indicated by green, extended strand is indicated by red, random coil is indicated by purple
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Fig.4 Space structure prediction of Fp-ATP synthase b-chain
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Fig.5 Phylogenic tree of nucleotide sequences among

L. vannamei Fy-ATP synthase b-chain and its homologous
genes from different species
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S5 (2008)MF 5% A B, R IR AR SR X R 2 Sk 5 B (Yellow
head virus, YHV)J5 , HAK N ) ATP & B WHEH £
NS XA AH LI S E A, Martinez-Cruz 5%(2012)
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Bl 6 Fo-ATPase b HE7E ML XT R EELH 20 (1) 52 oL
Fig.6 Fy-ATPase b-chain distribution in gill of L. vannamei

A: —HL N Fo-ATP S RIL; B: DAPI4L; C: & 3F A FI B; D: —Hi Wil i %t /8, E: DAPI Y, F: 5IE D HIF
A: Fy-ATPase synthase b-chain; B: DAPI; C: Merged A and B; D: Pre-immune serum; E: DAPI; F: Merged D and F
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cDNA Cloning and Study on Tissue Distribution of Fo-ATP
Synthase b-chain of Litopenaeus vannamei

HE Xiaodong'?, LIU Qinghui'*", GUAN Guangkuo'?, LI Qian'?, LI Chen', HUANG Jie'?

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Qingdao 266071; 2. Shanghai Ocean University, Shanghai  201306;
3. National Oceanographic Center, Qingdao 266071)

Abstract White spot syndrome virus (WSSV) is a major fatal pathogen to shrimp. It is known that the
b-chain of Fo-ATP synthase plays a key role in the synthesis of ATP in all living organisms. Evidence from
our previous research indicated that the b-chain of Fy-ATP synthase of Litopenaeus vannamei was
involved in WSSV infection. However the full-length sequence of the b-chain of Fp-ATP synthase in L.
vannamei has not been available yet. In this study we cloned the full cDNA using reverse transcription
PCR (RT-PCR) and the rapid amplification of cDNA ends (RACE) method. Bioinformatics analysis was
performed to predict the amino acid sequence and the secondary and space structure of the b-chain of
Fo-ATP synthase. We also mapped the homology and phylogenic tree using ClustalX 1.83 and MEGA
4.02. Immuno-histochemical and flow cytometry analysis were carried out to detect the tissue distribution
of the b-chain of Fy-ATP synthase in L. vannamei. The results showed that the 1129 bp full length cDNA
was successfully cloned. Bioinformatics analysis indicated that the full length cDNA had an open reading
frame (ORF) of 744 bp that encoded 248 amino acids, and that the predicted molecular weight of the
mature peptide was 28.2 kDa. The homology analysis of the b-chain of Fy-ATP synthase between species
demonstrated that there was a higher similarity between L. vannamei and Caligus clemensi (50%), and
Drosophila melanogaster (60%). Immuno-histochemical results showed that the b-chain of Fy-ATP
synthase was widely distributed in the gill of L. vannamei. Flow cytometry analysis indicated that the
b-chain of Fy-ATP synthase was distributed on the surface of hemocytes as well as in the cytoplasm of L.
vannamei. These results suggested that the b-chain of Fo-ATP synthase could be located on the surface as
well as in the cytoplasm of hemocytes when mediating the WSSV infection in L. vannamei. Our study
shed lights on the further understanding of the role of the b-chain of Fy-ATP synthase in WSSV infection.
Key words Litopenaeus vannamei; Fo-ATP synthase b-chain; Clone; Distribution
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