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, H'/K" ATPase
(Scophthalmus maximus) (Bothidae)
(Scophthalmus), ,
, H'/K" ATPase
1
1.1
(14 £ 0.5)°C
, 25m’ 125
: 18—19 °C, 7.0—8.5 mg/L,
30—32,pH7.7—8.0 4 19 ,
(Brachionus plicatilis)13 35 ,
(Artemia nauplii) 27
(2 b 8 b b
, ) ( ,
, )s
s Bouin’s

, RNA , 1
, RNA
, 4%
24h, , 100%
-20°C
1.2 RNA cNDA
100 mg,
BioFlux Simply P Total RNA
Extration Kit RNA RNA
Transcript

Fist-Strand Cdna Synthesis Supermix
cDNA
1.3 H'/K" ATPase o cDNA
GenBank H'/K" ATPase a
, HKI F
HKIR( 1), TransTaq HiFi DNA (
) H'/K" ATPase o
:0.25 puL TransTaq HiFi DNA Polymerase,
5 mM dNTPs, 0.2uL, 2.5 pL 10 x
TransTaq HiFi Buffer, 2ul. cDNA 17.25 pL
ddH,O 25uL PCR 1 94°C Smin;
94°C 30s, 54 30s, 72°C 90s, 30 , 72°C
8 min ,
PCR pMT-18T ,
E.coli DHSa ,
H'/K" ATPase a
GSP2 (5’RACE)

RACE GSP1(3’RACE)

x1 ABHEAFRSIFT
Tab.l Primers used for gene amplification by PCR

°C)

F: > ANGGCAGYGARACAGTGGARG 3’

HK]I 54
R: 5> GTTYTTGGTCAGTGTGTASGC3’

GSPI 5" AAGTCAACAAGAGGGACGCCCGAGCC 3’ 68
GSP2 5" CCCAGACGCTGACAACTCTCCACAATAATC 3’ 68
F: 5> AGTGATGAGTTGGATGACGCAC 3’

HK2 60
R: 5 ATAAGCCAGAGAAACAGAGGGG 3’

K3 F: 5> GCAGAAACTGATTATTGTGGAGAG 3’ 60
R: 5> TAAGAGCTGGAAGACTATGGCAC 3’

F: 5>GAAGATGACCCAGATCATGTTTG3’
f-actin 58

R: 5’AGCAGTGGTGGTGAAGGAGTAG3’
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RACE SMART™ RACE c¢DNA , 2% 2h
Amplication Kit(Clontech) , , 4°C Nikon
RACE PCR : 5 mM dNTPs, 2.5 uL YS-100
10xUniversal Primer A Mix(UPM), SuM Gene Specific 1.6
Primer, 1.25 pL RACE-ready cDNA, 0.5 pL HiFi Bouin’s 24h, 70%
TransTaq, 2.5 pL 10 x TransTaq HiFi Buffer,
25ul RACE 1 94°C 5min, 94°C 30s, , éum’ HE , , Nikon
68°C 45s, 72°C 90s, 72°C 5min, 36 YS-100
PCR 1% , 1.7
, pMT-18T ; DNASTAR Lasergene v MEGA
E.coli DH5a , LB ; 4.0 SPSS13.0
PCR ,P<0.05
1.4 H'/K" ATPase a , +
H'/K" ATPase a
cDNA HK2F HK2R 2
p-actinF p-actinR RT-PCR 2.1 H'/K" ATPase o ¢cDNA
H'/K" ATPase H'/K" ATPase a cDNA 3467bp ,
5’UTR 175 bp, 3°'UTR 329 bp  ORF 2964 bp,
10 RNA, 988 , 30 (GENY
RT-PCR PCR ) GenBank H'/K" ATPase a
HK3F  HK3R  RT-PCR H'/K" ATPase (Siniperca
25 uL, ddH,O 15.25 pL, 10xPCR  chautsi)y H'/K' ATPase o ,
buffer 2.5 uL, dNTPs 4 pL, (10 umol/L) 89%,
1uL, Taq 0.25 pL, cDNA 1 pL H'/K" ATPase o 10
4°C 5 min; 94°C 40s 60°C 30s , DKTGTLT (1)
72°C 2 min, 26 2.2 H'/K' ATPase a
25 pL, SYBR Primix Ex Taq"™ I1(2x), 12.5 pL,

(10 pumol/L) 1 uL, cDNA 2 uL, H/K" ATPase o s
ddH,0, 8.5 uL : 95°C 30 s; 95°C 5 s; GenBank H/K" ATPase « ,
60°C 30 s, 40 MEGA4.0 H'/K' ATPase
1.5 Neighbor-joining « 2,

H'/K" ATPase a H'/K" ATPase )
( 25
AGTGATGAGTTGGATGACGCAC 3’; 1 57 ATA 2.3 H'/K" ATPase
AGCCAGAGAAACAGAGGGG 3)
Roche [-actin R
4% 22 H'/K" ATPase
, , , H'/K' ATPase
10 pg/ml K 2h, 4% 22d ( 3a) :
20 min , IxPBST 6 H'/K" ATPase
, 10 min 60°C 2h, ( 3b) ,
10ng/pL 60°C H'/K" ATPase

50% SSCT/50% 2xSSCT 0.2xSSCT

; ( 39
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AAGCAGTGGTATCAACGCAGAGTACATGGGGATCGCACAATCATOGGTOGGATCGOCAGCTTGGCGAGCGGCGTCGGCAACGAGAAGACTCCCATTGCAATAGAAATCGAGCACTTTGTG
GACATCATTGCTGGTCTTGCAATCTTTTTOGGGTTTACCTTCT TOGTGGTTGCCATGTTCATCGGATACGCCTTCCTGGAAGCCACGATCTTCTTCATGGCTATOGTGG TGGOCTATGTG
FIT CVYAFTEATTFFHNATVV ATV
CCAGAGGGGCTGCTGGOCACAGTTACTGTGTGTCTATCTCTGACTGCTARACGACTTGCCAGGAAGAACTGTGTTGTGAAGAACCTGGAGGC TGTGGAGACATTAGGCTCCACTTCAGTG
TVCLSL‘I‘AKRLARKNCVVKNLEAVETLGSTSV
ATCTGCTCTGATAAGACGGGCACGCTGACCCAGAACAGAATGACTGTCGCTCACCTCTGG TTCGACAACCACATCCACGCTGCTGACACCACCGAAGATCAGTCAGGGCARAGTTTTGAC
1csx T Tl N R MTVAHLWFDNHTIHAADTTEDG QSGAQSFD
CAGTCTTCTGAGACATGGCGTTCACTGGCGAGAGTGGCCACCC TGTGCAACAGAGCTACG TTCAGACCOGATCAAGAAGGCATACCTATTCC TAGGAGACTCGTGGTGGGAGATGCATCA
QSSETWRSLARVATLCNRATFRPDOQEGTIPTIPRRLVYVGDAS
GAGACAGCTCTGCTGAAGTTCACAGAGCTCACTGTAGGGAACA TCATGGACTACCGCAATCGC TTCAAGAAAGTGGTGGAAGTGCCCTTTAACTCCACCAACAAGTTCCAACTGTCTGTT
ETALLEKPFTELTVGNTIMDYRNRFEKKVYVEVPFNSTNEKFQLS SV
CACGAGCTGGAGGATCCACTGGACCCACGCTACCTGTTGGTGATGAAGGGAGCACOGGAGOGGATCCTORAGOGC TGCTCCACAA TT TTGATARAAGGCCAGGAGCTGCCTCTGGATGAG
HELEDPLDPRYLLVMKGAPERTILERCSTILIEKGQELTPLDE
CAGTGGTGGCTTTTCAGACTGCTTACA TGGACCTGGGAGGACT GGAGAGAGAGTACTGGG TTTCTGTCACATTTATCT TATGAGAAGAGT TTCCTCG TGCTATCGATTTGTCCTGATGAG
QWWLFRLLTWTWEDWRESTGPFLSHLSYEEKSFLVLSTICEPDE
ATGGATTTCACTACGTCGGATGTGCTCGCTGTCTCATCTCATGATGACOOCOGAGAGCACTGTACCGATG CATGTGAACTGTCGTACOGC TG CATCAGGCTGTCATGCTGOCGCAGAACA
MDFTTSDVLAVSSHDDPREHCTDACELSVYRCIRLSCCRRT
TCCAATTACAGCACAGTACTGTGGGTCTACTCGGAACTGCTACGACTTGCAGAGGACCTGTGTTTGAGGACTGAGACTG TGAGACATAGCTGCAACT TCAGTGATCTGCTCTGTAGACGG
SNYSTVLWVYSELLRLAEDLCLRTETVRHSCNFSDLLTCRTR
CACGCTGACCCAGAACAGAATGACTGTCGCTCACCTCTGGTTTOGACAACCACATCACGCTGC TGCACCACCGAAGA TCAGTCAGGGCARAGTTTTGACCAGTCTTCTGAGACATGGCG T
HADPEQNDCRSPLVSTTTSRCCTTED QSGQSFDQSSETVWR
TCACTGGOGAGAGTGGCCACCCTG TGCAACAGAGCTACGTTCAGACCCGATCAAGAAGGCATACCTATTCCTAGGAGACTCGTGG TGGGAGATGCATCAGAGACAGCTCTGCTGAAGTTC
SLARVATLCNRATFRPDQEGTIPIPRRLVVGDASETALLEKETF
ACAGAGCTCACTGTAGGGAACATCATGGACTACCGCAATCGCT TCAAGARAGTGGTGGAAGTGCCCT TTAACTCCACCAACAAGTTCCAACTGTCTG TTCACGAGCTGGAGGATCCACTG
TELTVGNTIMDYRNRPFEKEKYVVEVPFNSTNEKFQLSVHELETDEPL
GACCCACGCTACCTGTTGGTGATGAAGGGAGCACCGGAGCGGATOCTCGAGCGCTGCTCCACAATTTTGA TAAAAGGCCAGGAGCTGCCTCTGGATGAGCAGTGGAGTGAAGCTTTTCAG
DPRYLLVMEKGAPERTILERCSTILTIKG QELPLDEG QWSEA ATFHQ
ACTGCTTACATGGACCTGGGAGGACTGGGAGAGAGAGTACTGGGTTTCTGTCACATTTATCTTAA TGAGAAAGAGTTTCCTOG TGGCTATCGATT TGATCCTGATGAGATGGATTTCACT
TAYMDLGGLGERVLGFCHTITYLNEKETFPRGYRFDPDEMDEFT
ACGTCOGGATTGTGCTTOGCTGGTCTCATCTCAATGATTGACCOOCCGAGAGCCACTG TACOCGA TGCAG TGATGAAA TG TOG TACCGCTGGCATCAGGGTTGTCATGG TGACGGGAGAC
TSGLCFAGLTISMIDPPRATVPDAVMEKCRTAGIRVYVMVTGD
CATCCAATTACAGCGAGGGCAATTGCAGCTAATGTCGGCATCATCACAGAAGGCAGTGAAACCGTGGAAGACATTGCAGAGAGGAAGOGCATACCAG TCGAACAAGTCAACAAGAGGGAC
HPITARAIAANVYGIITEGSETVEDTIAEREKRTIPVEQVNEKT RDPD
GCCCGAGOCTGTGTGATCAGOGGGGGTCAGCTAAAAGATATGAGCAGT GATGAGT TGGATGACGCACTGCGGAACCACCCCGAGATGGTG TT TGCAA GAACATCACCACAGCAGAAACTG
ARACVISGGQLEKDMSSDELDDALRNHPEMYVFARTSPQOQEKL
ATTATTGTGGAGAGTTGTCAGCGTCTGGGCTCTATCGTGGCOG TAACAGGCGATGGOG TGAACGACTCACCGGCTCTGAAGAAGGCTGACATTGGCATCGOCATGGGGATCGCTGGGTCA
ITVESCQRLGSTIVAVTGDGVNDSPALEKEKADTIGTIAMGTIASGS
GATGCTGOCAAGAACGCTGCAGACATGATCCTGCTGGACGACAACTTCGOCTCTATTG TCACTGGAGTGGAGCAGGGCCGTCTCATCTTCGACAACCTCAAGARATCTATT GOCTACACA
DAAKNAADMILLDDNTFASIVTGVEQGRLTIFDNLEKEKSTIATYT
CTAACCAAAAACATTCCTGAGCTGACTCCCTATCTGATCTACATCACCGTCAGCG TGCCGCTTCCTCTGGGCTGCATCACCATTCTCTTCATCGAACTGGOCACCGACATCTACCCCTCT
LTKNIPELTPYLIYITVSVPLPLGCITILFIELATDTIYTPS
GTTTCTCTGGCTTATGAGAAAGOCGAGAGTGACATCATGCACC TGAAGOOCAGGAACCCTCGTCGGGATCGCCTGGTARACGAAGOCCTGGCTGTGTACTOG TACTTCCAGATAGGAGCC
VSLAYEKAESDTIMHLEKPRNPRRDRLVNEALAVYSYFQIGA
ATCCAGTCTTTCGCAGGTTTTACAGATTATTTCACAGCGATGGOOCAGGAGGGCTGGTTTCOGCTCTTGTGCATCGGOCTGCGCTCCCAGTGGGAGGACGTTCACCTCCAAGACTTACAG
IQSFAGFTDYFTAMAQEGWPFPLLCTIGLRSQWEDVHLO QDLQ
GACAGCTATGGGCAAGAATGGACGTTCAGTCAGAGGCTGTACCAGGAGTACACGTGCTACACTGTATTTTTCGTCAGTATAGAGATCTGTCAGATCTCTGATGTGCTGATCAGAAAAACC
DSYGQEWTFSQRLYQEYTCYTVFFVSIEICQISDVLTIREKT
AGACGTCTCTCTGTGTTCCAGCAAGGCTTCT TCAGGAACCGTGTOCTGGTTAGTGOCATAGTCTTCCAGCTCTTACTTGG TAATCTGCTTTG TTACTGCOCGGGGATGCCCAATATCTTC
RRLSVFQQGFFRNRVYVLVSAIVFQLLLGNLLCYCPGMPNTIF
AATTTCATGCCCATCAGGGTCCAGTGGTGGTTTGTTCCTGTTCCATATGGTATTTTAATCTTTGTCTATGATGAGATCAGGAAGT TAGGAGTCAGAAGATATCCAGGAAGTTGGTGGGAT
NFMPIRVQWWFVPVPYGILTIFVYDETIREKLGVRRTYPGSWFWD
CAGGAGTTATACTACTGAGACCAGAGATGOCCTTTCACTCACCCTTCCATCCATATGCATGAGAGCATCACTCATAAACAGAGTGCCGCAAACOCGGATGGTCTGACCTAATTTATAGT T
QELY Y *
CATCTATTTTACTTTGTAATCTATATATT TG TAGATTATCCTG TCT TT TAATATCAATTAAGAGTCTGCCTAAA TCGTTTTAATAACCTATAAAAACG TTAATCAATACTGAAAGTCACT
GTTGAATAAGTCACACAGATTTGATGTGTTCAAGCTCTTTGACCGTGGCTGCATTGTATTTGTACTAATAAAGAATTT TAAGACCAAAAAAAAAAAA AAAAAAAAAA

1 H'/K" ATPase o cDNA

¢DNA sequence and deduced amino acid sequence of H'/K" ATPase a subunit gene from turbot (Scophthalmus maximus)

* . .
> >

Bos taurus

RT-PCR

HY/K" ATPase

2.4

dph ,

( 4a,

(1 day post hatching, 1 dph)

, 3dph

B

Canis lupus

Homo sapiens

H/K" ATPase

Mus musculus
Rattus norvegicus

Pleuronectes americanus

4b) Scopathalmus maxinmus

Diplodus sargus

Siniperca chuatsi

—
2 0.1

2 MEGA 4.0 HY/K'ATPase NJ

Xenopus Silurana

Gallus gallus

Fig.2 The Neighbor-joining tree of H'/K" ATPase using MEGA 4.0
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845 bp
262 bp
3a H'/K" ATPase mRNA
Fig.3a Expression of H/K" ATPase of development stages by
RT-PCR
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3b H'/K" ATPase mRNA

Fig.3b  Expression of H/K* ATPase of development stages by
quantitative real-time PCR
M: Maker

20d 22d

3¢ H'Y/K" ATPase mRNA

Fig.3c Development and distribution of H/K~ ATPase mRNA
in turbot digestive tract by whole in situ hybridization of
antisense probe

es: ; st:
, 8 dph ( Sa—c¢)
2 dph, .
3 dph, )
8 dph ( 5d—f)

4a HY/K' ATPase

Fig.4a Expression of H/K" ATPase mRNA in tissues of adult
turbot. M: Maker
M: Maker; gill: ; esophagus: ; heart: ; spleen: ; liver:

; stomach: ; gut: ; kidney:  ; muscle: ; ovary:

1E+05
1E+04
1E+03

1E+02 +
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4b H/K" ATPase

Fig.4b The relative expression in different tissues of H/K"
ATPase from turbot
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stomach: ; gut: ; kidney: ; muscle: ; ovary:
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5
Fig.5 Development of esophagus and stomach in turbot
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ACID DIGESTION IN TURBOT SCOPHTHALMUS MAXIMUS BASED ON H'/K" ATPase

CHI Liang"?, XU Shi-Hong', XIAO Zhi-Zhong', MA Dao-Yuan', LIN Fan"?, ZHAO Chun-Yan'?,
XIAO Yong-Shuang', WU Ning-Ning®>, LIU Qing-Hua', LI Jun'

(1. Center of Biotechnology R&D, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China; 2. University of

Chinese Academy of Sciences, Beijing 100049, China; 3. Qingdao Fishery Technique Promotion Station, Qingdao 266071, China)

Abstract
full-length ¢cDNA sequence of o subunit of H /K~ ATPase from gastric tissue of turbot Scophthalmus maximus through
RT-PCR and RACE (Rapid amplification of cDNA ends). Results indicate that H'/K" ATPase cDNA was 3467 bp from
which 988 amino acids were deduced. The nucleotied sequence of o subunit of H /K" ATPase shared high homology with

Gastric proton pump (H'/K" ATPase) is a key enzyme involved in gastric acid secretion. We isolated a

Siniperca chautsi (89%). Phylogenetic analysis showed that H'/K* ATPase was species-specific in evolution. The initial
transcripts H' /K" ATPase were detected in 22 days post hatching (dph), after gastric glands (16 dph) were formed. This
suggested that the morphologic development of gastric glands was not synchronous with their functional development. In
addition, H"/K" ATPase mRNAs were expressed highly in esophagus. We surmised that the turbot stomach was reduced to a
dilatation of esophagus, and that esophagus retained its ability to express pepsinogen. The distribution of tPGA and tPGC
transcripts in the turbot was investigated using in-situ hybridization. The results show that tPGA and tPGC mRNA were
first detected in the esophagus and cardiac region of the stomach. This study provided a basis for understanding the
digestive mechanisms in teleost.

Key words H'/K" ATPase; expression analysis;

Scophthalmus maximus; digestion



