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1
5'ACAACACACTGAACAACTGAACTCAGCTCAGATTAAACAGAACCTGAACCTGAAGCAGACCCTGAACCAGAACCTGA

78
ACTTGAACCCTGATCAGCC ATG GAC AGA GTT GTC CTT CTG CTG TCA GTC CTG TCT CTG GGC GTC
Met Asp Arg Val Val Leu Leu Leu Ser Val Leu Ser Leu Gly Val
-17
(-19)
141
TCC TCT CAG CCA ATC ACA GAC AGC CAG CAT CTG TTC TCC ATC GCT GTC AGC AGA ATC CAA
Ser Ser Gln Pro Ile Thr Asp Ser Gln His Leu Phe Ser Ile Ala Val Ser Arg Ile Gln
=1 1 (-1) (1) 18
201
AAC CTC CAC CTG CTC GCT CAG AGA CTC TTC TCC AAC TTC GAG AGT ACT CTG CAG ACG GAG
Asn Leu His Leu Leu Ala Gln Arg Leu Phe Ser Asn Phe Glu Ser Thr Leu Gln Thr Glu
38

TCT GAT TAC ATC ATC
Ser Asp Tyr Ile Ile
58

GAC CAG CGT CAA CTC AAC AAA ATC TTC CTA CAG GAT
Asp Gln Arg Gln Leu Asn Lys Ile Phe Leu Gln Asp

AGT CCC ATT GAC AAG CAT GAG ACA CAA CGC AGC TCT GTT CTG AAG CTG TTA TCG ATC TCC
Ser Pro Ile Asp Lys His Glu Thr Gln Arg Ser Ser Val Leu Lys Leu Leu Ser Ile Ser
78

TAT CGA TTG GTG GAG TCT TGG GAG TTC TCC AGT CGC TTT CTG TCT GGA GGT TCT GCT CTG
Tyr Arg Leu Val Glu Ser Trp Glu Phe Ser Ser Arg Phe Leu Ser Gly Gly Ser Ala Leu
98

AGG AAC CAG ATT TCA CCC AGA CTG TCT GAA CTC AAG ACA GGA ATC CAA CTG CTG ATC ACA
Arg Asn Gln Ile Ser Pro Arg Leu Ser Glu Leu Lys Thr Gly Ile Gln Leu Leu Ile Thr
118

GCC AAT CAG GAC GGA GCA GAG ATG TTC TCT GAC GTC TCG GCC CTC CAG CTC GCT CCA TAT
Ala Asn Gln Asp Gly Ala Glu Met Phe Ser Asp Val Ser Ala Leu Gln Leu Ala Pro Tyr
138

GGA AAC TTC TAT CAG AGT CTG GGA GGC GAA GAG TTG CTG AGA CGA AAC TAC GAA TTG CTG
Gly Asn Phe Tyr Gln Ser Leu Gly Gly Glu Glu Leu Leu Arg Arg Asn Tyr Glu Leu Leu

158
621
GCC AAG AAG GAC ATG CAC AAG GTG GAG ACG TAC CTG ACG GTG GCT AAA CGG
Ala Lys Lys Asp Met liis Lys Val Glu Thr Tyr Leu Thr Val Ala Lys Arg
178
681
CTC TCT CCA GAA GCT AAC ACC CTG TAGCCCCGTCTCTCCACAGTGAAGCCTGTCGTTGATGATGTAA
Leu Ser Pro Glu Ala Asn"l‘hr Leu =
187
(185)
751
TCCTGTATGTTCTCAAGCTCCGCCCCTATGTTAGCATTAGTGTTTACCTCTGTCAGGTGCTGAAGTCCAAACTGATGAT
830 879
GTCATAGTGATGTCATACATTCAGCTTGTGAAATAAAGTGTGTTAATTCAAAAAAAAAAAAAAAAAAA ----- 3
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Kl AR L. Ay IRNOBFEE22BHOUMSMLZRYT. AT
BAR7 I )BlE. VANLT 1 FEAEERT 2V ATA Y %ERT .
TV =S4 VIE YT UIMY S F I ETRT .
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1
5* ACACTGAAGAACTGAACCAGTACC TGAACCTGAACCTGAACCAGAATCTGAACCTGAACCAGAACCTGAAC

72
CAGAACCAGCC ATG AAC AGA GTC ATC CTC CTG CTG TCA GIC ATG TGT GIG GGC GG TCC Tev
Met Asn Arg Vel lle Leu Leu Leu Ser Val Mat Cys Val Gly Val Ser Ser
-7 -1
(-19)
138
CAG CCA ATC ACA GAG AAC CAG CGC CTG TTC TCC ATC GCT GTT GGT CGA GTT CAG VAT TV
Cin Pro 1le The Glu Asn Gin Arg Leu Phe Ser Ile Ala Val Gly Arg Val Gin Tyr Leu
- 20
194
CAC CTG GIT GCT AAG AAA CTC TTC AGT GAC TTT GAG AAC TCA CTA CAG TTG GAG GAT CAA

4. &5 ARHEFRILE Y DNAD
His Leu Val Ala Lys Lys Leu Phe Ser Asp Phe Glu Asn Ser Leu Gin Leu Glu Asp Gin

- N tBiE

CGT CTT CTC AAC AAA ATC GCT TCA AAA GAA TTT TCA GAT AAT TTC TTG AGT CCG
Arg Leu Leu Asn Lys lle Als Ser Lys Glu Phe Ser Asp Asn Phe Leu Ser Pro

60 3 N 2 > B
e LBLU (1) FENENRN
ATC GAC AAA CAC GAG ACA CAA GGC AGC TCA GTT CAG AAG CTT TTA TCG GTC TCT TAT CGA
Ile Asp Lys His Glu The Gin Gly Ser Ser Val Gln Lys Leu Leu Ser Val Ser Tyr Arg
00

1 ~ auls N "
T1G ATT GAG TCC TGG GAG TTT TTC AGT CGC TTC CTG GTC GCA AGT TTT GCT GTG AGG ACC
Lew Ile Glu Ser Trp Glu Phe Phe Ser Arg Phe Leu Val Ala Ser Phe Ala Val Arg Thr

an o0 FE2EMAERL. YA S AHF

CAG GTT ACA TCC AAA CTG TCA GAA CTG AAG ATGC GGT CTC CTG AAG CTG ATA GAG GCC AAT

Gln Vel Thr Ser Lys Leu Ser Glu Leu Lys Met Gly Leu Leu Lys Leu lie Glu Als Asn - N N s —

a9 120 %n%n@‘/?ﬂ_)l/ngﬁ%/\';,
CAG GAT GGA GCA GGT GGA TTC TCT GAG AGT 71CG GTG CTC CAG CTC ACG CCG TAT GGA AAC

Gin Asp Gly Ala Gly Gly Phe Ser Glu Ser Ser Val Leu Gln Leu Thr Pro Tyr Gly Asn
180

554
TCT GAA CTG TTC GCC TTT AAG AAG CAT ATG CAC AAG GTG GAG ACG TAC CTG ACC GTG
Ser Glu Leu Phe Ala Phe Lys Lys Asp Met His Lys Val Glu The Tyr Leu Thr Val
160

614
GCC AAA CGA CTC TTT CCA GAA GCT AAC ACC CTG TAG CCCCGCCTCTCCGCCAAGAAGTA
Ala Lys Arg Leu Phe Pro Glu Ala Asn Thr Lev °

173

7))

679
CCTCCCCOCAGATGACATCATATGCAT TCTGTGCCCCACCCCTGTCOTTCCCOAGTCTGLTGACTAGCATTAATCTTAG

758
CATCTGTTGGTTCTGCATTCCACCTGATGATGTCAT TGTGATGTCATACTGTCAGCAAATAMGATTTCATTCAGTCAA

G0 GD2 GD3
o 20 30 y 40 so M 60 170, T 80 90 !

h1GH QP | PNNQHEE SMY G | HHEEL RTQRL F ANGE SSLQSDDARQE -NK |FLQDFENSEY | | S@ 1 OKHEIEER SEVLKEEL | EXQEVEETE | SSHFEP -GGL -
fGH QP | TENQREZS I/XTGEVAYEZL VAKKLF SOFEN SLALEDQRLE-NK | ASKEFEH SEINF L S@ | OKHETEG sEvak@ESVEYRE | EETEFF SRF[EV -ASF -
yGH QP 1 TD SQHEZS 12XYSE | ONMEDLLIQRLF SNFE STLQTEDQRQE-NK | FLQDFENSAY | | S@ I OKHELER SEVLKEES IEYRBVEETEF SSRFES-GGS-
LGH QP 1 70 SQR@ES 1Y SEvaHEELLAQRLF SOFE SSLATEEQRQE -NL |FLADFENSEY 1 | 5@ 1 0L HEIER SEVLKERS | EYREVEETEF P SRSES-GGS-
sbGH QP 1 TOGQR(EFS 1Y SEVaHIELLAQRLF SDFE SSLATEEQLKE-NK IF _POFENSEY ! | S@ 1 OKHEEER SEVLKEES IBYREVEENEFPSRSES-GGS-
tiGH QQ | T0 SQR[EFS 1 INGV THERL LIORLF SDEE SSLAQTEEQRQE-NL |FLQDFENS@Y | | S@1DLHEER SEVLKERS IBYGBVERTEFPSRSES-GGS-

r1GH 1 €NQREEN 1T SEVaHEEL LK MF NDEDGTLLPOERRQE -NK | FLLDFENS@S 1V S@VOKHEIEK SEVL KEBH \BFREIEETEYPSQTE-- 1 1SN

sGH | ENQREZN 1731 SEVQHEEL L 3ok M NOFOGTLLPDERRQE -NK | FLLOFENSES 1V SEVOKHEEIK SEVLKEEH | EFRE | EEREYP SQTE- - 1 1SN
csGH | € NQR(EEN |21 SEVQHEEL Lok M NOEOGTLLPDERRQE -NK IFLLOFENSES | v SEVOKHEEIK SEVL KEEH |EFRE 1 EGTEYPSATE- - 1 1SN
caGH SONQREZNVAT | @vVaHEEROLIAKM | NOFED SLLPEERRQE - SK | FPL SFENSEY | €AGTGKOEEEK SEM_K(EER | BFRE | EGTEFPSQTESGTV SN
g9cGH SENQREZNVT | GvVaHEEALBAKM | NOFE ONLLPEERRQM - SK | FPLSFENCES | € AT GKDETIK SEM_KEER | EF RE | EFZEFP SQTESGAV SN

eGH VEP | SLYNEFT SXINGlAQH|

TLAAE I YKE@ERS IPPEAHRQE - SKT SPLAGEY SIS | PTETGKOETNE KEOGYEER |ESAME | QEITVYPLKTESDAF SN

bsGH YPLLPL SOESAKGVHEAQHEDL VAAE T TKOF ERKY | PEEQRHS -HK SSP SAF QSET 1PAGTGKEDAQQR SDREEBLYEL L 1 QL NP 1QNL S - - - -~
blGH FPOMSL SNEETNGV (FAQVEEQMVADTYROYERTY IPEDQRFK -QTLL | SVY@Y SET IPAGTOKDNTHAK SO | OEBRFEL TELQETMTP 1Q I VNRVFGN
cGH TFPAMPL SNEEANDVLEAQHESLLAAE TYKEFERTY IPEDQRYT -NKNSQAAFEY SET 1PAGTGKDDAQQK SOME[EBRFBLV(E | QFIL TPVQYL SKVFTN
rGH LPAMPL SSEZANIVLEAQHEIQLAADTYKEF ERAY IPEGQRY S - |QNAQAAF 8F SET | PAGTGKEEAQQRTOMEEBRFBLLE | QFIL GPVQFL SR IFTN
hGH FPT IPL SREZONASLEAHRMEIQLAFOTYQEFEEAY IPKEQKY SFLANPQT SLEF SES 1PTESNREETQAK SNLEEER IELLE! QEJLEPVQFLRSVFAN

GD& GD5
100 T10 v120 130 140 150 eo 170 180 1
hiGH AE - -R--5Q15-SRBAEBREE QMBI TTNQEGAEVF SD ssTLPLAPPFGNFFQTQGGDELLORRSYEGLTmAx:a'iLSTEA
fGH  AV--R--TQVT-SKASEEKMBLLKE IEANQDGAGGF SESSVLALTPY -G-----------=--~~ IS ACFKKDMHKVE TYLIIV/NICR IS FINCTL |

yGH AL --R--NQ15S-PRESEMKTE QLM | TANQDGAEMF SDV SALQLAPY -GNF YQSLGGEELL e IS BACFKKDMHKVE T YL IV/NSCRIBSIIFNCTL|
tGH AP - -R--NQ | S-PKESE@KTE I HLE | RANQDGAEMF AD SSALQLAPY -GNYYQSLGADE SL R L WACFE KKDMHKVET YL IV/NSCRIBIANCTL|
sbGH AP - -R - -KQ | S-PKESE@KME I HLE IRANEDGAE |FPDSSALQLAPY -GNYYQSLGADE SL oY R 23L WACF KKDMHKVE TYLHV/NSCRIEIIFANCTL |
tiGH SL--R--NQ15S-PRESEEKTE ILLEIRANQDEAENYPDTOTLQHAPY -GNYYQSLGGNE SL WY A73L BACFKKDMHKVET YL LV/SCRISZFIANCTL]
riGH SLMVRNANQ | SEK -[BSDEKVE INL[E | TGSQDGVL SLDDND SQQLPPY -GNYYQNLGGDGNV _RRNYEBL TGN ETATER48 T UAKEDK SLEAEITE
sGH SLMVRNANQ | SEK - SD(E! INL({ 1 MG SQDGVL SLDDND SQQLPPY -GNYYQNPGGDOGNV RV WA CF KKDMHKVE T YL LUINSCRSIMFINCTL|
csGH SLLVGNANQ | SEK -[@SDEKVE I NL(E | MG SQDGLL SLDDND SQQLPRY -GNYYQNPGGDGNV V= C WA CF KKDMHKVE TYLLIVNSCRIGTMFANCTL|
caGH SLTVGNPNQ | TEK -BADEKME | SV | KGCLDGQPNMDDND SLPLPFE -DF YLTMGENNLRE - - - L MACE KKDMHKVE T YL GVNNCRAISMENCTL]
9cGH SLTVGNPNQ | TEK -BADEKVE | SV I KGCLDGAQPNMDDND SLPLPFE -OF YLTMGE SSLRE - - - . CRACFKKDMHKVETYLGVANCREISIDENCTL]
eGH SLMFGT SDG | FOK -BE DENKE | NE@MKVVGDGG | Y | EDVRNLRYENF -OVHLRNDAGLMK - - - 2 MACF KKDMHAKVET YL VLESCRAIAISNC TL]

bsGH  AF - -RT SDRVYDK -BROBEEE | FABMKTLEDGG SSQGF AWLKF SYERFKGNL - SEEALMK - - - -NYGELATEKTMHEVERRYEK VMNEKRF AE SNETV
bfGH NQVF GN | DRVYDR -[BROBOEDLH I | RELDDGNVRNYGVL TF TYDKFDVNLR - SEEGRAK - - - _NYGEL SEFKIMHEVETYEKVMKBRRF VE SNETF
<GH  NLVFGTSD -RVFEKEKDEEEE 1 QABMREL EOR - SPRGPQLLRPTYDKF D I H |RNEDALLK - - - -NYGEL SEEK) HVER]YBK VMKERRF GE SNET |
“GH  SLMFGTSD-RVYEKEKDBEES | QABMAELEDG - SPR 1GQ 1LKQTYOKF DANMR SDDALLK - - - -NYGEL SEEK(TIL HEAGIY[ERVMKERRF AE SSEAF
hGH SLVYGA SDSNVYDLEKDEEEE | QTBMGRLEDG - SPRTGQ IFKQTY SKFDTNSHNDDALLK - - - _NYGEL YEERAIMO[VEIF BR 1 VOBRS - VEG SEGF

K5. 2 OMERLE Y DOBELE
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Teleost Growth Hormones and Prolactins which Regulate Osmotic Pressure in Fish:

Their Stuctures. Receptors and Signal Transductions

Kunio Nakashima, Minoru Tanaka, Yoshitaka Hosokawa and Hiroshi Ushiro

Department of Biochemistry, Mie University School of Medicine

Summary

Salt (NaCl) is an essential agent in the lives living on earth and exhibits
various physiological functions. Particularly, in teleosts living in plane or
sea water, NaCl has an important role to maintain osmotic pressure of the body
regulating its concentration. Recent investigations have shown that pituitary
growth hormone is involved in the adaptation of fishes to sea water excreting
Na* and C1- from the body and that another member of the gene family. prolactin,
is involved in their adaptation to plane water incorporating Na* and Cl~ into
the body. The structure of teleost growth hormone or prolactin has analyzed in
limited species of teleost, and the majority of the hormones in that kingdom are
remained to be analyzed. Moreover. the structures. distributions and signal
transduction mechanisms of these teleost hormones have not yet been elucidated.

In an effort to investigate the regulatory actions of growth hormone and pro-
lactin on the maintenance of osmotic pressure by NaCl in teleosts, we have
cloned and analyzed three teleost growth hormone cDNAs and two recombinant tele-
ost growth hormones has been synthesized in the present study. Yellowtail and
hard-tail growth hormones are composed of 187 and 188 amino acid residues, res-
pectively, and exhibit 79% homology in their sequences. Flounder growth hormone,
on the other hand, has been shown to have the minimal size of the known growth
hormones, being composed of only 173 amino acid residues. However. flounder and
other teleost or vertebrate growth hormones have been revealed to conserve five
distinct domains. These conserved domains have been designated GD (growth hor-
mone domain) 1 to GD 5.

Yellowtail growth hormone cDNA and flounder growth hormone cDNA have been in-
tegrated into E. coli expression vectors to obtain the recombinant hormone pro-
teins, respectively. Expressions of these proteins have been successful reach-
ing at the levels of 8 to 15% of the total proteins. The recombinant hormones

have been fully activated by refolding in a glutathione red/ox buffer.
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