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The growth hormone (GH) w~s isolated and par|fled from common carp (Cyplqnls~ carpio) pituitary glands by salt 
p~eipit~fio~ ~ I |PLC on reverse.phase C |8  columns. The carp GH eDNA was synthesized and c|oned in EschericMa 
to//using EcoRI linkers and pBR322 as vector. The positive clones were sek~ted and ~uenced .  The full-len~h carp 
GH eDNA contains 1187 nue|cotide basepairs with an open reading frame coding for the precur~r fo~m carp GH o| 
2 | 0  amino-add residues. The papal  amino-acid sequence from the protein completely agrees with that der|ved from the 
eDNA, with sedne as the first residue in mature carp GH preceded by a 22-residue hydrophobic signa| peptide. 
Comparison of the amino-acid sequence of carp GH with those of various species reveals positional identity at 32A%, 
38.8~, 42.0¢~, 37.2%, 66%, 55% and 49% with GHs of man, rat, duck, bullfrog, sa|mon, tuna and ye||ow ta||, respectively. 

Growth hormones, which are secreted from pituitary 
glands, are required for normal growth and develop- 
ment pre-adult. Recently, the primary structure of the 
GH of the chum salmon has been determined [1,2] and 
the eDNA for the GHs of chum salmon [3], rainbow 
trout [4], tuna [5], coho salmon [6,7], red s~a bream [8] 
and yellow tail [9] have been cloned. We have purified 
carp GH from pituitary glands and have determined the 
N-terminal amino-acid sequence. The eDNA has been 
cloned and sequenced. The results are described in this 
report. 

The carp GH has been purified according to previous 
procedures [10]. It was identified by the precipitin reac- 
tion with antiserum against tilapia GH. The amino-acid 
sequence was determined in a pulse-liquid phase protein 
sequencer (Applied Biosystems Inc. 477A). The mRNA 
was prepared by the guanidinium/cesium chloride 
method [11] followed by two-cycle chromatography on 
oligo(dT)-cellulose column [12]. Double-stranded eDNA 

The sequence data in this paper have been submitted to the 
EMBL/Genbank Date Libraries under the accession number x13670. 
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was prepared by the method of Gubler and Hoffman 
[13], methylated with EcoRl  methylase, ligated with 
E c o R I  linkers, cut with EcoRI  and then sizc- 
fractionated by electrophoresis on 1.0~ agarose gel. The 
eDNA with size of 0.8-1.2 kilobasepairs was recovered 
from the gel and iigated with EcoRl.cleaved pBR3220 
The resulting plasmids were introduced into E. coil 
HBI01 cells. 

The eDNA library was screened by Southern blot 
hybridization with nick-translated salmon GH eDNA. 
One of the positive clones was sequenced by the method 
of Maxam and Gilbert [14] and the chain-termination 
method of Sanger [15] as shown in Fig. 1. The carp GH 
eDNA contains 1187 nuclear|de base pairs with an open 
reading frame coding for 210 amino-acid residues (Fig. 
2). The N-terminal amino-acid sequence was de- 
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Fig. 1. Restriction map and sequencing strategy of the carp GH 
eDNA. The solid circles indicate the starting point of dideoxy ~e- 
quencing, whereas the open ones are the end-labelling sites for chem- 

ical sequencing. 
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v v v v v v 
A~ACCCq~AGCGAAAqq~sCTAGAGCA~?A T 60 

g k g A L V L L S V V L V 13 

V V V V V V 
TAGI~,GT,~.TGAACCAGGGGAGAGCA2CAGATAACCA~A&TAA2~.AGT 120 

8 L L V N O G R A S O g O R L F ~ N A V 33 

v v v v v v 
CA~&CAACA~ACC&GCq*GGCCC~q ,q ,q ,q ,q2~A2q 'A ,qCGA~GGATAG 180 

X R V Q H L H O L A A g 14 Z N O F E D S S3 

v v v v v v 
C ~ C G A G G A G C C ~ A G A C A G C Y G A G T A A A A ~ ~ C A A q ~ C  24 O 

L L P E E R A Q L S K X F P L, S F C N S 73 

V V V V V V 
qqZACTACA~AGGCGCCCAC2q~AAAAGA2GAAAC&CAGAAG&~A~AAGCT 300 

O V I Z A P T G K D E T O g S $ ~ L K L 93 

v v v v v v 
C C T q q ~ G C A ~ C ( ~ C q ~ A q ~ F G & ~ & G q ~ L ~ C C C & G C C & G & C C C 2 ~ & ~  360 

L R X S F lq ~ l I~ S W E ~ P S O T L $ G 113 

v v v v v v 
A A C C G q C T C ~ . & A C & G C C 2 G & C C ~ A A C C C C A A C ~ & G A ' I ~ A C q ~ A G ~ ~ &  ,t20 

T V 8 H 8 L T V G g P g O 1: T E K L A O 133 

v v v v v v 
CTTGAAAAT(~GCATC&~ATCAAGGGATGTCTCGA~CCAAACA2~-~GA 480 

L g H O I: 8 V L 1: K G C L O G O lP N g O 153 

v v v v v v 
TGATAAC~ACTCCC2C~ACTGCCTq~wJL~AGGACqqq~AC2q~GACCAq~&G&GAACAA $40 

O g O S r, P L P T E O !? Y L T g G E g g 173 

v v v v v v 
CCTCAGAGAGAG~'~'TGCq~.~C2~I~AA~AAGGACAqq~.ACAAGGTCGAAAC 600 

L R !~ 8 T R L L A C P K g O 14 H g V E T 193 

v v v v v v 

Y L R V & t4 C K it S L 0 S H ¢ T L 2 1 3  

v v v v v v 
G ~ A ~ A G T C A ~ A A A q % ~ r A , q G & C T A G T ' ~ A A ~ A A A A C 2 ~ r c c T  720 

V V V V V V 
T ~ A & T T & T G , q T C q ~ G T C T T & T & T & T G C & G G ~ ~ ~ ~ & ~ & G C ~  780 

V V V V V V 
840 

v v v v v v 
C ~ ' t ~ ( ; k ~ , ~ A A A 2 " r A A A ~ A A A A A C G T A A A G C ; & 2 ~ & T C 2 ~ & 2 T  9 0 0  

V Y V V V V 
T C A C A ~ & T ~ ' C A A T A T & ~ ~ & G & T t ~ & C C 2 ~ & G T C A A A G &  9 6 0  

V V V V V V 
1020 

V V V V V V 
1080 

v v v v v v 
T A ~ & q m r & ~ A ( ~ - A q ' ~ q T J ? A ~  &'M'AAAG'I"~ 1140 

V V V V V V 
? A A A ~ & ' ~ ' C A A ' F G ' ~ A  T 187 

Fi S, 2, The nu¢lcotide sequence o f  the carp 0 t !  e D N A  with the derived amino-acid sequence. 

tcrmined with an automatic protein sequencer as shown 
below: 

IO 2O 3O 
H~N-SDNQRLFNNAVlRVQHLHQLAAKMINDFEDSLLP.  . . . . . . . . .  

The sequence completely agrees with the amino-acid 
sequence derived from the nucleotide sequence, with 
serine as the first residue in mature carp GH. 

Comparison of amino-acid sequence between carp 
GH and other GHs (Fig. 3) reveals that carp GH shares 
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Carp 
Human 
Rat 
Duck 
Bullfrog 
Salmon 
Tuna 
Yellow tail 

SDNQRLF NNAVIRVQHLHQLAAKMINDFEDSLLPEER 
FPTIPLSRLFDN AMLRAHRLHQLAFDTYQEFEEAYIPKEQ 
FPAMPLSSLFAN ALLRAQHLHQLAADTYKEFERAYIPEGQ 

TFPAMPLSNLFAN AVLRAQHLHLLAAETYKEFERSYIPEDQ 
FPQMSLSNLFTN AVIRAQHLHQMVADTYRDYERTYIPEDQ 

IENQRLF NIAVSRVQHLHLLAQKMFNDFDGTLLPDER 
ITDSQ RLF SIAVSRVQHLHLLAQRLFSDFESSLQTEEQ 
ITDSQ HLF SIAVSRIQNLHLLAQRLFSQFESTLQTEDQ 

Carp 
Human 
Rat 
Duck 
Bullfrog 
Salmon 
Tuna 
Yellow tail 

RQ LSKIFPLSFCNSDYIEAPTGKDET QKSSMLKLLRISF 
KYSFLQNPQTSLCFSESlPTPSNREETQQKSNL ELLRISL 
RYS IQNAQAAFCFSETIPAPTGKEEAQQRTDM ELLRFSL 
RHT NRNSQA FCYSETIPAPTGKDDAQQKSDM ELLRFSL 
REK QTLLISVYCYSETIPAPTDKDNTHQKSDI DLLRFSL 
RQ LNRIFLLDFCNSDSIVSPVDKHET QKSSVLKLLHISF 
RQ LNRIFLQDFCNSDYIISPIDKHET QRSSVLKLLRISY 
RQ LNRIFLQDFCNSDYIISPIDKHET QRSSVLKLLSISY 

Carp 
Human 
Rat 
Duck 
Bullfrog 
Salmon 
Tuna 
Yellow tail 

RLIESWEFPSQTLSGTVSNSLTVGNPNQ ITEKLADLKMGI 
LLIQSWLEPVQFLRSVFANSLVYGASDSNVYDLLKDLEEGI 
LLIQSWLGPVQFLSRIFTNSLMFGTSDR VYEKLKDLEEGI 
VLIQSWLTPVQYLSKVFTNNLVFGTSDR VFEKLKDLEEGI 
TLLQSWMTPIQIVNRVFGNNQVFGNIDR VYDRLRDLDEGL 
RLIESWEYPSQTL IISNSLMVRNANQ ISEKLSDLKVGI 
RLVQSWEFPSRSL SGGS APRN QSPKLSDLKTGI 
RLVQSWEFSSRFL SGGS ALRN ISPKLSDLKTGI 

Carp 
Human 
Rat 
Duck 
Bullfrog 
Salmon 
Tuna 
Yellow tail 

SVLIKGCLDG 
QTLMGRLEDG 
QALMQELEDG 
QALMRELEDR 
HILIRELDDG 
NLLITGSQDG 
HLLIRANQDGAEMFADSSALQLAPYGQYYQS 
NLLITGSQDGAEMFSDVSALQLAPYGQFYQS 

QPNMDDNDSLP LPFEDFY LTMGENNLRES 
SPRTGQIFKQT YSKFDTN SHNDDALLKN 
SPRIGQILKQT YDKFDAN MRSDDALLKN 
SPRGPQLLKPT YDKFDIH LRNEDALLKN 
NVRNYGVLTFT YDKFDVN LRSEEGRAKN 
VLSLDDNDSQQ LPPYGNYYQNLGGDGNVRRN 

LGADESLRRS 
LGGDDLLRRN 

Carp 
Human 
Rat 
Duck 
Bullfrog 
Salmon 
Tuna 
Yellow tail 

FRLLACFKKDMHKVETYLRVANCRRSLDSNCTL 
YGLLYCFRKDMDKVETFLRIVQCR SVEGSCGF 
YGLLSCFKRDLHKAETYLRVMRCRRFAESSCAF 
YGLLSCFKKDLHKVETYLKVMKCRRFGESNCTI 
YGLLSCFKKDMHKVETYLKVMKCRRFVESNCTF 
YELLACFKKDMHKVETYLTVARCRKSLEANCTL 
YELLACFKKDMHKVETYLTVAKCRLSPEANCTL 
YELLACFKKDMHKVETYLTVAKCRLSPEANCTL 

Fig. 3. Comparison of amino-acid sequences of GHs of carp (the present study), human [16], rat [17], duck [10], bullfrog [18], salmon [3], tuna [5] 
and yeltow tail [9]. The salmon sequence is identical to that of GH of rainbow trout [4]. Gaps are introduced to maximize similarity. Asterisks 

indicate the invariant residues for all sequences. 

32.4~, 38.8~, 42.0~, 37.2~, 66.0~, 55~ and 49~ se- 
quence similarity with the GHs of human [16], rat [17], 
duck [10], bullfrog [18], salmon [3], tuna [5] and yellow 
tail [9], respectively. The invariant residues are predomi- 
nantly located within the a.helices which are necessary 
to maintain the structural integrity of these proteins and 
are not required for species specificity [19]. It is interest- 
ing that the Y-untranslated region of carp GH mRNA 
as well as salmon GH mRNA is longer than those of 
mammalian GHs. In another respect, G and C are 
highly favored in the third position of the codons for rat 

[17] and human [16] growth hormones, but are less 
favored in carp GH. 
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National Science Council of Republic of China. 

References 

1 Yasuda, A., Hiromichi, I. and Kawauchi, H. (1986) Arch.Biochem. 
Biophys. 2~J, 528-541. 



236 

2 Kawauchi, H., Maruyama, S., Yasuda, A., Yamaguchi, K., 
Shirabata, K., Kubota, J. and Hirano, T. (1986) Arch. Biochem. 
Biophys. 244, 542-552. 

3 Sekine, S., Mizukami, T., Nishi, T., Kuwana, Y., Saito. A., Sato, 
M., ltoh, S. and Kawauchi, H. (1985) Proc. Natl. Acad. SCi. USA 
82, 4306-4310. 

4 ABeilon, L.B. and Chen, T.T. (1986) DNA 5, 463-471. 
5 Sato, N., Watanabe, K., Murat& K., Sakaguchi, M., Kariya, Y., 

Kimura, S., Nonaka, M. and Kimura, A. (1988) Biochim. Biophys. 
Acta 949, 35-42. 

6 Gonz/dez-Villasehor, L.I., Zhan8, P., Chen, T.T. and Powers, D.A. 
(1988) Gene 65, 239-246. 

7 Nicoll, C.S., Steiny, S.S., Kin& D.S., Nishioka, R.S., Mayer, G.L., 
Eberhardt, N.L., Baxter, J.D., Yamanaka, M.K., Miller, J.A., 
Seilhanl~, J J., Schillin& J,W. and Johnson, L.K. (1987) Gen. 
Cutup. FAtdocrinoi, 68, 387-399. 

8 Momota, H., KosuBi, R., Hiramatsu, H., Ohpi, H.. Hara. A. and 
lshioka, H. (1988) Nucleic Acids Res~ 16, 3107. 

9 Watahiki0 M., Tanaka, M., Masuda, N., Yamakawa, M., Voneda, 
Y, and Nakashima, K. (1988) Oen. Cutup. Endocrinoi. 70, 401~406. 

10 Chen, H.T., Pan, F.M. and Chang, W.C. (1988) Biochim. Biophys, 
Acta 949, 247~-251. 

11 Maniatis, T., Fritsch, E.F. and Sambrook, J. (1982) Molecular 
Cloning: A Laboratory Manual, p. 196, Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY. 

12 Aviv, H. and Leder, P. (1972) Proc. Natl. Acad. Sci. USA 69, 
1408-1412. 

13 Gubler, U. and Hoffman, B.J. (1983) Gene 25, 263-269. 
14 Maxam, A.M. and Gilbert, W. (1980) Methods Enzymol. 65, 

499-560. 
15 Sanger, F., Nicklen, S. and Coulson, A.R. (1977) Proc. Natl. Acad. 

Sci. USA 74, 5463-5467. 
16 Martial, J.A., Hallewell, R.A., Baxter, J.D. and Goodman, H.M. 

(1979) Science 205, 602-607. 
17 Seeburg, P.H., Shine. J., Martial, J.A., Baxter, J.D. and Goodman, 

H.M. (1977) Nature (London) 270, 486-494. 
18 Pan, F.M. and Chang, W.C. (1988) Biochim. aiophys. Acta 950, 

238~242. 
19 AbdeI-Meguid, S.S., Shieh, H.S., Smith, W.W., Dayringer, H.E., 

Violand, B.N. and Bentle. L.A. (1987) Proc. Natl. Acad. Sci. USA 
84. 6434~6437. 


