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% RACE # K (cDNA A3 Feaf 47 3 5 R) 7 & %k 5 = 4R F % (Portunus  trituberculatus)

F % ATP BB £ (F-ATPasef) 5 , 4 4 4 ptF-ATPasef. %3t % cDNA 4K # 1965 bp, 5'#1 3’3
% X 471 & 571 bp A0 341 bp, FrHKFEAZN 1053 bp, #HM4%HE 350 MR, FllLFER
37.9kDa, #it%H 54 4.86, ptF-ATPasep @ L8 ¥ 7|4 H F1-ATPasep fr & & 8 £ 173 . AAA
&1 A ATP-synt-ab-C £ 3 . FlIR MK A K 94T &R, pF-ATPasep 428 77| 5 3 7 *t &F
(Penaeus monodon). JL%41E 3T ¥} (Litopenaeus vannamei) B J8 M 5 & 89%., LK X & & PCR £ 7~,

ptF-ATPaseff ZLHAEFTfRAR . ALA . QfE, . §

L RREMMERHALE, EP, EFRR

FCEFRAERS, BT ERD . MERLL RN, &R ptF-ATPasef # F 1 % 3£ & 75 I JiE
B A fiE 3 T8 H B F KT Fo (R(P<0.05), BEiE#MlZ&RL R, QEF ey ATP A8 E M A Fe R
T AT B LB FKT Fo R (P<0.05), EIFfERT ATP 6B iE T B E XN, AARERKY,
HRE R T Z MR T % ptF-ATPasef 35 F 51k . ATP & Fg & 7 i % R .
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Xt ATP &1 B W IEAFFE 480, Li 55(2009) 4 8L, ATP
G B WIS TCE MY M R AR RS A
YEH . #RBFARQ013) K I, JLYNIEXT IR (Litopenaeus
vannamei)ATP & i B W 3k BP53 tEH i/ A2 hS Y
Sof W BE 25 A A6 B (WSS V)RS, JFIERE T ALgh
VERTIFYE M ZE A WSSV RS8R 11 V37 4055
ATP A1 B WIRAFERE S R ES AR .

=R F & (Portunus trituberculatus) ATP§ AT
FEALFR FPRIATPRE, H 41 Na™/K -ATPaselif £l Ca*"/
Mg**-ATPasefif, J-UFWHZS 5B 752 B3 iE 1y
EVERJRIZREE, 2014; SRIRHRSE, 2012; YLILIAE, 2011),
ATPATTE =R TEERKET . feE Rtk
FELE EEMVER, (A =R FREATP A BT i A
WRE , M H HET SR 8 F-ATPasep W 3 2 K
cDNAFFI M A4 v it o 3 i X AR S & = etk 1
BESR A BE PRI e BT S 0k, B0 A 22 7 AR RN
HAXT T/NRLEA 2869 42 FF AN, 3l i
X 25 S B I e i — 20 A= W) 2 i R KEGG & 4407,
0 0 1 0 2 5 R R 4 A AR 3 s R R B R
AR 3% . 20 B U T B R R AN BRI R, ST
ZPER T ATP A BT TR A 5 H A AL i R 1k 45
PR B A E W EEWER . DR RM, 58
RED1 R = oM 748 A B 1 I AH DG 36 PR AR i il 1% g
(558 , (B EE AT [ ATPA i K K B ) i 28
B A RERFSE .

ARHFFE A RACE A 1 UK v AT 5] =9k
Vi ¥ F-ATPasef W.IEFEH ) cDNA K751, 44
K ptF-ATPasefs, F- X145 20 1 77 5 HEATAE W05 BT o
I S 5 2 S i AR A3 AT T i B A = e
ENGEENP Y Z NGRS A SN S N e
RGO, BIEWIN —JiR T8 ATP A1 B I3
LR R R o, 8 715 3 SRR B X i 3k PR 3 ik B HL il
WA, R IE = PetR T R AR LA 4
HEEE S HE

1 HREHE
1.1 LI

F 2005 4F, ARSI AR L AR SEM TS IEIX
TL TG LR 0 DX YT TR 5 06 DX R VLR L DX A
HUAY 4 A =0 T IS [R) B RE AT g BEREA , 7Erh
FE 7K =Rk A 0F 5 e S K P 5% i S S0 S g b ) B
WEARFIHBRAFIFAAN T E s RHEA, 7
TR RE R RARRBAMELR, £ 2015
FEALE 11 RF ). ABIEE 80 Hi% Fo. Fy. Fu. Fe.
Fg Fll Fio 5SS ACE BRI =Joe T8, HRKI 6 R

(3 HMEEE . 3 HiEs), R TERKMH, Kbk
AR 20 m?, EEEN 1.5 m, J/KEAERRE 20~30 cm,
K (25.0£0.5)°C, #fEE N 5.5 mg/L, N 31,
pH N 8.2, #3& 7d, HEH 08:00 & i 1/2 (1K,
16:00 B P g By e o, M AR E R 1/10,

1.2 =5 F5 25 RNA BIIRENE cDNA F—5E K&

PR T A AL AU B RNA K Trizol B4R HL,
FARZER 2 &1 (Thermo, NanoDrop 2000)5 1.0%Ef5
WHEE I L UK AT L S RNA Y i e e #E e . IS
T ZHEY S RNA JRST, A 3'Fl S'RACE 1)
cDNA %% —#§, H{k 755 SMART™ RACE
Amplification Kit B4 .

1.3 =T F-ATPasef EF £ cDNA HIsE[E
R EIE

FRA N =Pt PR SR B RS B F-ATPasep
LN EST £, FfH Primer Premier 5.0 A1
3R SR SRS . KRR TR Y F-ATPasep 3
R B9 6 RE 51 W0 o o 614 3 DR B P i i 3T
ER BB, #1742 K cDNA BRAIE, S286 R
A i R S VE B N 96 58 w519 o B il B R
B0 A 1 R B TR B3 A T AR WA BRS WA R
(# 1) FIH TaKaRa LA Tag #E47ARK 5 44, 3" 8
H51% UPM Al NUP 4351 5 40 0 i 8 2519
ATPase-F1 il ATPase-F2 iF 1783 PCR ¥ 1, PCR 2
J¥: 94°C 30s, 65°C 1min, 72°C 3 min, 30 MEH;
S'AHY A L

R1 =B FE F-ATPasef 5ZFEF0 mRNA H3t
RiESHATASIYEFS
Tab.l Primers used for ptF-ATPasef cloning and relative

mRNA expression analysis

5|#¥) Primer J¥%1 Sequence (5'~3")
ATPase-F1 CGAGGCATTGCTGAGTTAGGA
ATPase-F2 AAGACATCATTGCTATTCTGGGC
ATPase-R1 CCTTGGAAGAATCGTCGTTGA
ATPase-R2 TTGCCCACACCAGCACCGC
QATPase-F GGCGAACCAATAGACGAGAG
QATPase-R TGCCAGTCACCAGGATTTG
UPM Long CTAATACGACTCACTATAGGGCAAG
CAGTGGTATCAACGCAGAGT
UPM Short CTAATACGACTCACTATAGGGC
NUP AAGCAGTGGTATCAACGCAGAGT
B-actin-F CGAAACCTTCAACACTCCCG
B-actin-R GGGACAGTGTGTGAAACGCC
YATP-F GACCACGCCTCCATTCGC
YATP-R CTGCTGGCTCTGGTGTTGTTATT
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FAELE: =Pt 75 F B ATP W p I (F-ATPasef)FEF I vl . 438 R AE R RS TP 74k 99

¥4 3'F1 5 RACE 194 3 7= W) 2 BB WHBE I L TK
F NucleoSpin Gel and PCR Clean-Up i fl| & (TaKaRa)
VI 4k 3% 4 5] pMD19-T, # 4k A K #F % DH5a
JRAZA M, 7E LB 85370k 37°CH5 3% 45 min )7,
PR RO T AMP [ LB Al L, 37°Cat ks
Fro PREUPHVERVEARSLRG SR, JF#IT I PCR %€
JE AT By R B A Y H AR IRA RIIT . 5 F
FAAEFE P B P o B IE S 5 14, % H 4K cDNA
HEAT R E .
1.4 ZIEBTEE F-ATPasep ER N EMF S

f#i | ORF Finding 784k T 2Ll %€ ptF-ATPasef F:
D] 5 ST 58] S HE R 25 X 1 FH NCBI H ) BLAST
TR AT =908 T ptF-ATPasep 4 HA% R
AR IR 7 HI A e Xt . FIF CExpres Fll Gene Tool %K
PEDFEE LEXT R TR IT 5 . bR TUAR T 510 R B 3 2
o A AL TE B . DhREZS AT . (5K
A3 HrF A InterProScan Fil SMART 45 7E 26 #1158 i o
I DNAMAN 34T ptF-ATPasep 5 HoAth 4 Fh 14 AH o7
RILRIT I ZHIF I X . FIH MEGA 6.0 #4F,
) 4B 4% ¥ (Neighbor-Joining) #4 # 2 4t & & i b w4 1k
(E =Vxii

1.5 Z=ZERFELAENRERE ATP SEEENE

A3 MR AR A AR R R =P B8 S TR
O, 2 HBEE M 1 HERHLURA— RS
W, FECTF AT ORAE . FIBHEOR RS I A 2R S 7
WA TS, BDURAEE SIS , B 100 mg 2247 1)
HAVARIMA 2 ml EP &Erh, 4 5lbRic 5 A—-80°C vk
FarhIRTF o

390 1) R el e A 4R U 5 B N R R
TR B BT B SR SR A I L R
ffi /1 ATP & Jl il 3 1 O 3 1k 2 o A W 3k 39 & 78
infinite 200 FEFRALH 2 50 E A R AR K R =Ptk
TEREAHL ATP GRS 1, BAREBES Rz &
UL BT, ATP A B PESAALIR X 7E 30°C
WREETT, pH=7.5 &MF, B8 MaEHE AL 1 mol
IO P AR TR i Bt M A% 1 R (NADH) Jir i 1) il oA
1 AME PR,

1.6 =5 TFE F-ATPasep ERHRIEZEEN T

TP B =R T R L LI L B E L
i A BN B 5L L AN [ S HEAUSR AR ) = 1 BT
JBMR . D ESEAEL, A2 HUBEEE(L ME 1 )R BUK
A—MNEFEF, AT RA PRI . H Trizol i

PR = TR T 20 2 RNA, R & i
AU BRI AR I FL VKRS I RNA 1 i i A e e vk, il
H PrimeScript RT Reagent Kit 7 #%45%& h cDNA, H
17 2 BRORGR & Ui 45

MR C A =Pt T ptF-ATPasef F:[H ¢cDNA
SRIFH, it 1 XIERFEF 51Y (QATPase-F Al
QATPase-R)(# 1), f#i /] SYBR Premix Ex Tag I i)
(TaKaRa), 7£ Applied Biosystems 7500 Real Time PCR
I ENT & AR ptF-ATPasef PR IKIEN .
PCR WA F A 10 ul, £345 5 pul SYBR Premix Ex
Tag 1. 1 pl cDNA. 0.4 pl ¥4 10 pmol/ul 1E 7 4]
514, 0.2 ul ROX Reference dye I #l 3 pl PCR JZ i}
Ko WERFF: 95°C 10 min; 95C 30s, 95C 5,
60°C 345, 40 MiEF; 95C 15s; 60°C 1 min; 95C
15 s. L B-actin FEPH AN S, HEAMANSYRE 3 1
A, R 2% 97 ik (Livak er al, 2001)it %
ptF-ATPasef FE A X ik H .

1.7 HiESHT

TG SR T ATP A G T S A R e B
K P {EP5 HE 2% (Mean=SD)#oi ;. 451 SPSS
19.0 3 F 47 5L 2 J5 22 5371 (One-way ANOVA), Fi|
H] Duncan’s £ 1722 55 W MERL, P<0.05
R2ES R, BJa N Origin 2016 ZKAAER] S

2 HERE5HW

2.1 =K FEE ptF-ATPasef EE £ cDNA HI3E
FERIIE

IR THE F-ATPasep 5EA I EST )75 1692 bp,
J BLAST %P HI#EATEL LU, S50 WoR, )74
S H AR F-ATPasep & IAILEEFE 79% LA 1.
3'RACE ¥ 145 54531 517 bp ) cDNA F B ,5'RACE
P 4E A5 5] 303 bp AU cDNA F B, #iX 2 MR E
SO H EST 3 17 DHEAS 8 =it 754 F-ATPasef
FEH 4K cDNA 751, Ffu4ih ptF-ATPasef. X}
ZHEH cDNA JPF &K ST IF RAE, 455 Eon, 37
AR /N R 1745 bp BFAN 58 28 55 ptF-ATPasef
(T SEHE(ORF), KIATE 2] ptF-ATPasef ) cDNA
FESIHERR A 5% . = PR 788 ptF-ATPasef 3 H ) cDNA
JF£ 351142, K 1965 bp (GenBank % 55 KY130458), H:
Hi{0 & 1053 bp 9 ORF,571 bp Y 53 A i i X (UTR)
F1 341 bp 1Y 3% UTR, 3'Uif7AE 2 R IRTFFHR Poly A
B 1),
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2.2 =BT ptF-ATPasef EEFIHEMEE  (4.0%). BEFR(G.4%). HEZAMR2.9%) . K2 B

FoM

ExPASy ProtParam tool #EL X473 bR, =Ptk
T8 ptF-ATPasef KA Jihh—1>Hh 350 2 HERRZH LY
EE, BULSEHEN 4.86, /TN 37.9 kDa, HEd
Hs+ 850k 5338, 73 F3H CiesaHasrsNaazOs24S100
ZEABH 18 MEMRA N, U HARO.4%). Wi

HIR(9.1%) . NHEIR(8.9%). =& MR(8.3%). 2% R
(6.6%) . DHBEHE(6.6%) . TR R(6.6%). IR

(6.6%) . RERR(6.0%). HRAMNEGS.4%). KiAR
(4.3%). BAFR(4.3%). ENRAMR4.0%). HEAMR

1 gcagtggtctgcaaagcccgaaccagecagetgaaaagecegagecageagetgeaaagectgaageacageetgttgtagcaaaggeagagtetgeaget
gcagaaacagaagcagcagcagaacccagtgetgaggetcaggaggeggeageagectcageageageageegttgetgetgactececacteaccacac 2
agactgaggaaggaaccagtggggeggggegagtggtggecagtgattggegeecgtggtggacgtggecttecagggggagetgeecgtecatecteagtge
cctggaggtggagcacaggcaacccagactggtgetggaggtggcacageatctaggtggecaacacagtgegtaccategecatggacgecacggagegg

101
201
301
401

494 GAA CCA ATA
E M S

cttztztzagamzaastEtEEtqaaEEacacaEEcazccctatctccattccagtzzEczctqccactctczgzazga‘nc TG AAT GTT ATT GGC
GAC GAG AGA GGT CCC ATA TCC TCC GCC AGC AAG TCT GCC ATC CAC GCA GAG GCT CCC CCA TTT GTG
V E I L v T G I K vV v D M L A P Y S K G

(2.3%) . HZEFR(1.4%), A H B ZIEIRIRE N 44 4>
(Asp Al Glu), 7 IEHIYZIERRIEIE T 30 1~ (Arg I
Lys), E/KMESELBCN-0.040, AEaERBCN 39.45,
& TR E®HE M., SMART F SignalP 3.0 7L #4420 Hr
T, A ARG G A R RN S KT8
HHE 1~235 i}y F1-ATPasef Fab Pk F145 55,
(IPR005722), FHrr, % 23~207 iy AAA(ATPases
associated with a variety of cellular activities)Z5 )1
(IPR003593), %5 243~348 {3/ ;) ATP-synt-ab-C %% }41,
(IPR024034)(/A 2).

569 GéG AEG A%T
644 GGC AAG ATT
K A H
719 AAG GCT CAT
794 ATG ATT GAG
P P G
869 CCT CCA GGT
944 GAT GTG TTG
I P S
1019 ATT CCC TCG
T K G
1094 A%T AéA GGA
1169 ACT TTT GCA
P L D
1244 CCC TEG G%C
1319 CAG AAG ATC
D K L
1394 GAC AAG TTA
1469 ACC GGC TAC
D N L
1544 GAC AAC CTT
*

Q Q

GTG GAG CAA CAA ATC CTG GTG ACT GGC ATT AAG GTT GTG GAT ATG CTG GCT CCA TAC TCC AAG GGT
G F 6 G A G V G K T V I N N V A
GGT CTG TTT CIT ATC ATG GAG CTG ATT AAC AAT GTG GCG
G 6 Yy s v F A ¢ V G E R T R E G N D L Y H E
GGT GGT TAC TCA GTIG TTT GCT GGC GTT GGA GAG AGA ACA AGA GAA GGG AAT GAC CTG TAC CAC GAG
TCT GGC GTC ATC TCC CTC AAC GAC GAT TCT TCC AAG GTA GCA CTA GTG TAC GGC CAA ATG AAT GAG
A R A R V A L T G L T V A E Y F R D Q E G Q
GCC AGG GCG CGT GTIG GCA CTG ACG GGG CTG ACA GTG GCA GAG TAC TTC AGG GAC CAA GAG GGC CAG
F F V D N I F R F T Q A G S E V § A L L G R
TTC TTT GIT GAT AAC ATT TTC AGA TTC ACC CAG GCA GGT TCA GAG GTG TCA GCC CTG CIT GGT CGC
AV 6 Y Q P T L A T D M G S M Q@ E R I T T T
GCT GTG GGA TAC CAA CCC ACT CTG GCC ACC GAC ATG GGG AGT ATG CAA GAG AGA ATT ACC ACC ACC
s I T S v Q A I Yy v P A D D L T D P A P A T

TCC ATT ACT TCT GIC CAG GCT ATC TAT GTG CCA GCT GAT GAC CTC ACA GAT CCC GCC CCT GCC ACC
H L pb A T T V L § R G I A E L G I Y P A V D

CAT CTC GAC GCC ACC ACT GTG CTG TCC CGA GGC ATT GCT GAG TTA GGA ATA TAC CCA GCA GTG GAC
s r §$ R I L D P N V I G P R HJY S T A R G|V
TEC ACC TgT C%C ATT CTG GAC CCT AAT GTA ATT GGT CCG CGC CAC (CACR GCC AGA GG GEC
CTG CAG GAC TAC AAA TCA CTA CAA GAC ATC ATT GCT ATT CTG GGC ATG GAT GAG CTG TCA GAG GAG
T v S R A R K V Q K F M S Q P F Q V A E V F
ACA GTG TCC AGG GCA AGG AAG GTA CAG AAA TTC ATG TCC CAG CCC TTC CAG GTG GCA GAA GIC TTC
CAG GGA AAG TTT GIC TCG CIG CAG GAC ACT ATC AGG AGC TTT GAG GAG ATC TTG GAG GGG AAG CAC
P E A A F Y M V 6 G I E E v vV A K A E Q L A

CCC GAG GCA GCC TTC TAC ATG GTG GGC GGC ATT GAG GAG GTC GTG GCC AAG GCA GAG CAG CTG GCG

1619 CAG [TGA gggtagagagagaagagagggagagggggagtgtgtgtaggtgetgttttagtattgtaagagtttanaggaatttgtagagagagagagag
1717 agagagagagagagaggagtctttagtgttttcaggtgttgtatagcataatataagggaattttgaaagagagagagagagagagagagagagagagag 1
1817 agagaatgttacaccccagctattacaagaaacccaagaaggagaaaggaactgaagaaagaagaaaggaatgaaggatagaaggaaagtcagaatggaa

1917 gagtaaatgtaaggaagaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
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F-ATPasef nucleotide sequence and deduced amino acid sequence of P. trituberculatus

TN RIZ R ATP/GTPEE & i K HE T A (P-loop) s MVHLAHA Sy ATP-5 i o Fll B3 L7 AiE A7 A5
ATG: start codon; *: stop codon; Shadow: P-loop-NTPase superfamily domain; Block: ATP-synt-ab-C superfamily domain;
Underline: ATP/GTP-binding motif A (P-loop); Bold and italic: ATP synthase o and 3 subunits signature
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351
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Bl 2 =P T F-ATPasep & H 455404

Fig.2 The SMART diagram of F-ATPasef amino acid sequence of P. trituberculatus
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InterProScan B4 45 SR IR, ptF-ATPasef & 2.3 ZIKWBRFEE ptF-ATPasep EEHF 5| EIRED
H B A 548 F O C iR A7 25 SSK . TTK . TSR, B RGH AR ST
TAR il TIR, 7 NE&EE A 11 SRk SLND, FIH] BLAST [R50 =Pt 758 ptF-ATPasep
TVAE, SMQE. SLQD. SEED. SLQD #1 SFEE, 14> SHM AT, K H 5 B X IR (Penaeus
i S PRI I AR AL A2 47 RGIAELGILY, 8 /> N S monodon) . FLANTEXTER(Litopenaeus vannamei)[R) J5 14 15
sl GGKIGL, GLFGGA . GAGVGK., GVGKTV. 3 g9y, & [ A4 F (Marsupenaeus japonicas) . H
GLTVAE. GSEVSA. GSITSV #l GIYPAV, 1> ATP [ %} UF (Fennempenaeus chinensis) TG JE B IF
A o 1B WIEFFME(L &S PAVDPLDSTS, 1 4 (Procambarus clarkii) . 5K W (Acyrthosiphon
ATP/GTP 2541 3T A(P-loop)GGAGVGKT i pisum) . T4 RLEE(Papilio polytes) i [] &% 43 1
CLC Main Workbench 5.6 k{443 Af Ho A o — 2 4% 88%. 88%. 87%. 86%FH 86%(/&l 4).
FEr 104 4 a-B25E(27.91%), 169 4~ JoHL I 4 i FIF MEGA 6.0 FAEXT =Pt T8 ptF-ATPasef
(48.29%) ( 3). QIR 7 94T R G ib b r, I R Gk ey

|

o piib-iHE

W”Hu%ﬂMWWhHWMiM”‘MMMWHMWMMW%
50 100 150 200 250

K3 =Y T8 F-ATPasep & 1 & 45404t

Fig.3 Secondary structure of F-ATPasef amino acid sequence of P. trituberculatus

HOAR o BE, CEICREMEE, FEQRITTHNE i

Alpha helix is indicated by blue, extended strand is indicated by red, random coil is indicated by purple
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WWH

;‘;;Z‘e”u’f ,;Z;“al:f; 5“1‘”"5 MLGAAORACS TI LKAAKP AVVS KGLONVGSKTVP ALYTCORNYAAKAEAAT OTGVANGS VVAVI GAVVDVOFDGELPPI LNALEVANRS PRLVLEVAORLGENTVRTI AMDGTEGLI RGN 120
Litopenaeus vannamei MLGAAORACS TT LKAAKP AVVS KGLONVGSKTLP ALYTCORNYAAKAEAAT OTGVANGS VVAVI GAVVDVOFDGELPPI LNALEVANRS PRLVLEVAOHLGENTVRTI AMDGTEGLI RGN 120
Mersponacs jupomicas  MLGAAORACSTI LKAAKP AVVS KGLONVGSKTLPALYTS ORNYAARAEAATOTGVPNGS VVAVI GAVVDVOF DGELPPI LNALEVANRSPRLVLEVAOHLGENTVRTI AVDGTEGLI RGN 120
Fareupenaens Japomcas . MLGAAORACSTI LKAAKP AVVSKGLONVGSKTVP ALYTCORNYAAKAEAATOTGVPNGS VVAVI GAVVDVOFDGELPPT LNALEVANRSPRLVLEVAOHLGENTVRTI AVDGTEGLT RGN 120

p ! MLGAAARACS S VLKAAKP AVAS LSLOHGGARTI PAVYAAORNYAAKAEAATOTGVANGKVVAVI GAVVDVOFDGELPPI LNS LEVENRTPRLVLEVAORLGENTVRTI AVDGTEGLVRGN 120

ﬁ;"f;;",”b‘;;"fef’“’ kia MLRFT KMLGA. VSRVGNGLLAVKTVAEKTLS. ECSKI AAVS] GNKRDYAAKAS GKGOGKVVAVI GAVVDVOF EDNLPPI LNALEVONRS PRLVL.EVAOHLGENTVRTI AVDGTEGLVRGO 118
A isum MLNALSRAAI GALKAGKSNLTPKI VQNELP. . . KAMVATS SNSNNKAAAKP VAGTS QGRI VAVI GAVVDVQEDEELPPI LNALEVQNRS PRLVLEVAQHLGENTVRTI AMDGTEGLVRGQ 117
Ccoj;)sensuls’ P ml gaaqracstilkaakpavvskglqnvgskt palyt qrnyaakacaatqtgv ngsvvavigavvdvqfdgelppilnalevanrsprivlievaqhlgentvrtiamdgteglirgn

3LF GGAGVGKTVL] AKAHGGYS VFAGVGERTREG
SLF GGAGVGKTVLI (AKAHGGYS VF AGVGERTREG
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Fig.4 Multiple alignment of the deduced amino acid sequences of P. trituberculatus F-ATPasef} and other species
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Box: ATP synthase a and B subunits signature; Rounded rectangle: ATP/GTP-binding motif A(P-loop);
Underline: Tyrosine kinase phosphorylation site
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Fig.5 NIJ phylogenetic tree of amino acid sequences of P. trituberculatus F-ATPase} and other species by MEGA 6.0

B FPIER B S BT IF(AEBI2164.1), FLAEXTIF(ACB36913.1),
(ACM91675.1), 55 RJEEUF(ACU31053.1), 4LWH(EKC39411.1),
(BAAS82837.1), HHH(NP_001259081.1), KAIFHIAN00926.1),
35':35;(XP_003824956.1), A(AAAS51808.1)
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H AT IF(ACM91676.1), 1 EXF IR
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GenBank accession numbers of different species: Penaeus monodon (AEB92164.1), Litopenaeus vannamei (ACB36913.1),
Marsupenaeus japonicas (ACM91676.1), Fenneropenaeus chinensis (ACM91675.1), Procambarus clarkia (ACU31053.1),
Crassostrea gigas (EKC39411.1), Schistocerca gregaria (AEV89780.1), Danio rerio (NP_001019600.2), Cyprinus carpio
(BAARB2837.1), Drosophila melanogaster (NP_001259081.1), Daphnia magna (JAN00926.1), Danaus plexippus (EHJ67407.1),
Bos taurus (NP_786990.1), Mus musculus (AAB86421.1), Pan paniscus (XP_003824956.1), Homo sapiens (AAAS51808.1)
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c¢DNA Cloning and Expression Analysis of F-ATPaseff Subunit Gene in Portunus
trituberculatus and Its Variation in Family Inbreeding

WANG Zhuging'?, REN Xianyun?, GAO Baoquan’, LIU Ping®”,
ZHANG Xiaohui'?, ZHANG Jie'?, YU Xuan®

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306;
2. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract A full-length ¢cDNA sequence of F-ATPase B subunit gene from Portunus trituberculatus
(ptF-ATPasef) was cloned by rapid amplification of cDNA ends (RACE). The sequence of ptF-ATPasef
was 1965 bp, containing a 571 bp 5' UTR, 341 bp 3' UTR, and a 1053 bp open reading frame (ORF) that
encodes 350 amino acids polypeptides. The isoelectric point (p/) was 4.86 and the molecular mass was
37.9 kDa. The amino acid sequence analysis demonstrated that prF-ATPasef has an F1-ATPasep domain,
an AAA domain, and an ATP-synt-ab-C domain. Homology and phylogenetic analysis revealed that the
amino acid sequence of pfF-ATPasef shared a high similarity (89%) with Penaeus monodon and
Litopenaeus vannamei. ptF-ATPaseff mRNA level was detected in all tested tissues including the
hepatopancreas, muscle, heart, gill, stomach, intestine, testis, and ovary. The ptF-ATPasef had the highest
level in the hepatopancreas and heart, and the lowest expression in the intestine. With the increase of
inbreeding coefficient, ptF-ATPasef expression decreased significantly in the hepatopancreas and heart
(P<0.05). The ATP synthase activity in the heart began to fall from F¢ generation and was significantly
lower than Fy generation (P<0.05), but there was no significant change in the hepatopancreas. The results
illustrate that inbreeding gradually reduces the expression of ptF-ATPasefs and the ATP synthase activity
in P, trituberculatus.

Key words Portunus trituberculatus; ptF-ATPasef; Gene cloning; Expression analysis; Inbreeding
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