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ABSTRACT

Growth hormone (GH) that plays an important role in growth, reproduction, seawater
adaptation, and immune function was isolated and sequenced from humpback grouper, Cromileptes
altivelis. The cDNA was isolated from pituitary using RT-PCR. The 618 bp open reading frame
encodes a 205 amino acid (aa) protein, which represents an 18 aa signal peptide followed by a
187 aa mature GH polypeptide. The fragment contained conserved domain of somatotropin—1,
somatotropin—2, casein kinase II phosphorylation, protein kinase C phosphorylation, N-myris-
toylation and N—glycosilation. The similarity of deduced protein of humpback grouper GH was
65.0 - 89.5% with other fishes.
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INTRODUCTION

Growth hormone (GH) is a 22-kDa protein of pituitary origin that has conserved
a pleiotropic action throughout the evolution of vertebrata. There is evidence for the
involvement of fish GH in growth, scawater adaptation, reproduction and immune
system (Calduch-Giner ez al. 2000). The secretion of this hormone was regulated by
growth hormone releasing hormone (GHRH) and inhibiting hormone (somatostatin)
(Anderson ez al. 2004). Isolation of cDNA encoding growth hormone has been done
in Europe such as from rainbow trout (Oncorbynchus mykiss) (Yao et al. 1991), red
sea bream, and salmonid (Voigt and Botta 1990). Growth hormone ¢cDNAs from



BIOTROPIA VOL. 14 NO. 2, 2007

the catfishes like Jctalurus punctatus (Tang et al. 1993), Pangasius gigas (Lemaire ez al.
1994) and P, pangasius (Lemaire and Panyim 1993) have been cloned, sequenced and
characterized.

Humpback grouper is one of the high economic value seawater fish. In In-
donesia, the humpback grouper popularly known as “kerapu bebek” could be found in
coral reefs in Banten Bay, Ujung Kulon, Madura, Kalimantan and Nusa Tenggara. It
could also be found at Riau, Seribu and Karimunjawa Archipelagoes (Heemstra and
Randall 1993). The growth of this fish is slow; therefore to understand the role of GH
in regulating the growth of fish, the GH cDNA was isolated, cloned and sequenced.

MATERIALS AND METHODS

RNA Extraction

Pituitary glands were collected from six adult C. altivelis of 0.5 kg in weight
and quick freezed in liquid nitrogen. Total RNA was extracted following guanidine
isothiocyanate (GIT) method (Suharsono et al. 2002). All solutions were prepared from
diethylpyrocarbonate (DEPC)-treated autoclaved to avoid the high levels of RNase
activity. The visualization of RNA was detected by GelDoc (labquip) transluminator
and captured by f1.8 full bright (Olympus) digital camera. RNA pellet was dissolved
in DEPC-treated autoclaved, distilled water and stored at ~700C.

cDNA Synthesis

The synthesis of growth hormone cDNA used SuperScript™ Double-Strand
cDNA Synthesis Kit from Invitrogen, This kit had an ability of Superscript™ IT RNase
H- Reverse Transcriptase at the first strand reaction. Reverse Transcriptase-Polymeration
Chain Reaction (RT-PCR) of total RNA from C. a/tivelis pituitary used the conserved
specific primer that were designed according to 6 GH gene sequences from GenBank
database: Epinephelus akaara (accession number: AY326406), E. awoara (AF232711),
E. coioides (AY038606, AY513647, AF376771) and Sebastes schlegeli (AY542548).Those
conserved sequences were selected by multiple sequence alignment and analyzed by
primer 3 software. The primers designed were IKf Forward 5'-cagacctgatcccagacca-3’
(19 bp) and IKR Reverse 5’-ctacagggtacagttggcctca-3' (22 bp).

One microgram of total RNA was used as a template for RT-PCR, then added
with 2 x 25 pl of reaction buffer, 0.5 pl of each forward and reverse primers (20 pmol),
1 pl of Taq polymerase, 1.2 pl of MgSO4 (2.5 mM) and added DEPC water until 50
ul final volumes. The RT-PCR (PTC-100TM from M] Research Inc.) protocols was
as follows: 45°C for 30 min and 92°C for 2 min-denaturation, 92°C for 15 s, 45°C for
30 s-annealing, 680C for 90 s-extension for 35 cycles and a final extension at 72°C for
5 min.
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Cloning of GH cDNA to pGEM T-Easy vector

GH cDNA were ligated to pPGEM T-Easy following procedure of Promega (2003).
PGEM T-Easy vector and DNA insert control tube were centrifuged briefly to collect
contents at the bottom of tube. Ligation reaction follows as 5 pl 2 x of rapid ligation
buffer, 1 pl of vector (GEM T-Easy (50 ng), 1 pl of T4 DNA ligase (3 weiss units/ pl)
and 3 pl of RT-PCR template. The reactions were mixed by pipetting and incubated
overnight at 4°C.

Transformation to E. coli DH5+

E. coli DH5z+ were made competence following the method of Suharsono (2002).
A hundred pl of competent cell were added to 10-pl template of GH ¢cDNA (10-50 ng)
and incubated on ice for 20-25 min. The mixture was heat-shocked at 42°C for 20-25
min and placed on ice for 5 min, then moved it at room temperature. The medium 2xYT
(Yeast extract and Tripton) 100 pl was added to the mixture and incubated in rotary
shaker at 250 rpm for 20 min and 37°C. Plasmid-containing GH cDNA are selected
by growth on agar containing ampicillin. The bacteria of 100-150 pl were spread in
selective medium containing ampicillin (100 pg/ml).

Transforman Identification

Non-transformed cells cannot grow in the presence of ampicillin. The competent
cell that contained DNA recombinant grew with ampicillin medium and produced white
colonies. The white colony from transformation was replicated and checked by PCR
to ensure the plasmid-containing GH cDNA. The reaction of PCR was as follows: a
white colony that had been replicated, mixtured with a tube containing ddH20 7.15
pl, then done the hot start PCR at 95°C for 10 min and 15°C for 5 min. Then, it was
added with buffer 1 pl, forward and reverses primer (20 pmol/pl) 0.5 pl, Taq enzyme
(5 U/ul) 0.05 pl and dNTP (25 mM) 0.8 pl. The PCR reactions were run at 94°C, 2
min-initial denaturation for 1 cycle, 94°C for 30 s-denaturation, 45°C for 30 s-anneal-
ing, 68°C for 90 s-extension for 30 cycles and a final extension at 72°C for 5 min.

Plasmid isolation and sequencing

pGEM T-Easy plasmid that contained GH cDNA in E. co/i DH5+ was isolated
by the method described by Suharsono e# a/. (2002). Plasmid cDNA that contained
cDNA GH were sequenced following Sanger ef 4/.(1977) in automated sequencer ABI
PRISM 310.

Sequence analysis
Nucleotide and deduced amino acid sequences were analyzed by Bioedit pack-

age and BLAST searches (http://www.ncbi.nlm.nih.gov/blast). The potential domains
were analyzed with prosite database program at the ExPASy server http://www.expasy.
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ch/cgi-bin/. Restriction map of GH cDNA was analyzed using NEBcutter at web www.
tools.neb.com/NEBcutter2/index.php. The similarity between amino acid sequences
was analyzed using Clustal W {www.ebi.ac.uk/clustalw/).

RESULTS AND DISCUSSION

The result of sequencing showed that GH cDNA of C. altivelis contained 618
bp encoded 205 amino acids, protein, which represents an 18 amino acid signal peptide
followed by 187 bp amino acid mature GH polypeptide. GH cDNA sequence of C.
altivelis can be accessed in GenBank database using accession number EU003991.
The four Cys residues in humpback grouper GH are located at conserved position
(70, 178, 195, and 203) (Figure 1). The sequence was compared with GH nucleotide
of other fishes in Genbank with 50 alignments. The comparison showed 80.5-96.9%
similarity with marine and freshwater fishes. The closest similarity is with Epinephelus
coioides (96.9%), then E. awoara (95.3%), E. akaara (94.8%), Lepomis cyanellus (88.9%)
and Acanthopagrus latus 188.9%). The farthest similarity is Siniperca kneri (80.5%), then
Lateolabrax japonicus (81 5%), Mugil planatus (81.7%), Oreachromis niloticus (82.3%) and
Monopterus albus (84.6%),

F (19 bp)
—
-—
1 ATG AAC TGT GTC GTC CTT CCT GCT GVT CAA GTA GTG TCT CTG GGT 45
1 Met asn Cys val val Leu Pro Ala val GIn val val ser Leu Gly 1§

Vi
a6 GTT TCC TCT CAG GZA ATC ACA GAC GGC CAG CGT CTG TTC TCC ATC 90
16 val ser ser Gln Pro Ile Thr Asp Gly Gln Arg Leu Phe ser Ile 30

o1 GoC GTC AGC AGA GTT CAA CAT CTC CAC €16 CTT GCT CAG AGA CTC 135
31 Ala val ser Arg val GIn His Leu His Leu Leu Ala GIn Arg Leu 43

CAG CGA CAG 180

136 TTC TCT GAC TTT GAG AGC ALT CTG CAG ACG GAG GAG
46 GIn Thr Glu Glu GIn Arg GIn 60

phe Ser asp Phe Glu Ser Thr Leu

181 CTC AAC AAG ATC TTC CTG CAG GAC TTC IGL AAC TCT GAT TAC ATC 225
61 Leu Asn Lys Ile Phe Leu GIn Asp Phe @Asn ser Asp Tyr 1le 75

226 ATC AGC CCC ATC GAC AAG CAT GAA ACG CAG CGC AGC TCC GTG TTG 270
76 Ile ser Pro Ile Asp Lys His Glu Thr Gln Arg ser ser val Leu 90

271 AAG CTG TTG TCA ATC TCC TAT CGG CTG GTG GaG TCC TGS GAG TTIC 319§
91 Lys teu Leu Sar Tle Ser Tyr Aarg Léu val GIn Ser Trp Glu Phe 108

316 CCC AGT CGG TCC CTG TCC GGA GGT TST GCT CCC AGA AAC CAG ATT 360
106 Pro Ser Arg Ser Leu Ser Gly Gly Ser Ala Pro Arg Asn Gln e 120

361 TCT CCC AAA CTG TCT GAA TTG AAG ACC GUG ATC CTG CTG (TG ATC 403
121 Ser Pri Ly: Leu Ser Glu Leu Lys Thr Gly Tle Leu Leu teu 1le 135

406  AGG GCA AAT CAG GAT GGA GCA GAG CTC TTC CCT GAC AGC TCC &€ 450
136 arg Ala asn Gln Asp Gly Ala Glu Leu Phe Pro Asp Ser Ser Ala 150

451 CTC CAG CTG GCT CCT TAT GGG GAC TAT TAT CAG &GT CTG GGC GeC 493
151  Leu GIn Leu Ala Pro Tyr Gly Asp Tyr Tyr GlIn Ser Leu Gly Ala 165

a4%% GAC GAG TCG CTG CGA CGA ACG TAC GAA CTS CTG GG TIC AAA 540
166 Asp Glu €aer Leu Arg Arg Thr Tyr Glu Leu Leu Ala Phe Ly 180
541  ARA GAC ATG CAC AAG GTG GAG ACC TAC CTG ACG GTG GCT AAA T $8%
181 Lys Asp Met nis Lys val Glu Thr Tyr Leu Thr val Ala Lys 195

586 CGA CTC TCT £CT GAG GCC AAC acc cve A6 @8
196 Arg Leu ser fro Glu Ala Asn Thr Leu End
<—— R(22 bp)

Figure 1.  The complete nucleotide sequence and deduced amino acids of humpback
grouper (Cromileptes altivelis). Four Cys residues are boxed. Marked (~ ) start
kodon; Marked (e ) stop kodon; F (forward primer); R (reverse primer).
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Deduced protein of GH ¢DNA was analyzed based on BLASTP showed high
similarity with marine and freshwater fishes (66.0-89.5%).Te highest similarity is
withE. cotoides (89.5%), followed by E. awoara (88.6%), E. akaara (88.2%), Stniperca
kneri (87.7%) and Lepomis cyanelius (86.8%).Te farthest similarity of GH protein is
Limanda yokohamae (65.1%), followed by Plathicthis bicoloratus (65.6%), Hippoglossus
hippoglossus (66.0%), Fugu rubripes (70.1%) and Sciaenops ocellatus (71.4%).

Proteins or more correctly some of the amino acids they contain are an essential
component of the diet for all animals (Houlihan, ef a.,2001). Essential amino acids are
those that animals were not able to synthesize, or synthesized insufficient quantity to
enable the maintenance of good growth rates, whereas non-essential, or dispensable,
amino acids can be synthesized de novo from other compounds.

Deduced protein of GH cDNA encoded 205 amino acids with molecular weight
is 23.042 kDa.Te biggest amino acid composition of GH is leusine (  14.63%), serine
(12.20%) and glutamine (6.83%). Te smallest composition is triptophan (0.49%).
Based on amino acids composition, C. altivelis needed 10 essensial amino acids:
leucine (14.63%), valin (5.85%), arginine (5.85%), isoleusine (4.88%), lysine (4.39%),
threonine (4.39%), phenylalanine (3.90%), histidine ( 1.95%), methionine (0.98%) and
tryptophan (0.49%). Non-essential amino acids compositions of GH of C. altivelisare
serine (12.20%), glutamine (6.83%), alanine (5.85%), glutamic acid (5.85%), aspartic
acid (4.88%), proline (4.39%), glysine (3.90%), tyrosine (3.4 1%), asparagines (2,93%)
and cysteine (2.44%).Te restriction site of GH nucleotide of  C. altivelisshowed many
sitest.c : BamH]I, Banll, Sall, Bsal, Nspl and Banl (Figure 2).

Cleavage code Enzyme name code

Display - NEB single cutter restriction enzymes 7] blintend cut  availahle fmin NEB
- . . . . has other supplier
- Main non-overdapping, min. 618 a2 ORFs | 5'extension A
-1 3 cutendon + : deavage affected by CpG meth.
A + : deavage affected by other meth,
C=54%, AT=46% T autsIstrand  (enz.name) : ambigious site
11 L . . L I L e 618
n I oy WHE TR o W
“HreZl  Biphl Sbil LWl Pyl L6l
*Eael  Brudl Bglll *BepEl *Acil *Hincll
*Hgal BeeRl *wall Sapl aheel
Sauvh] Rpml wall
Harl Dalll
Brarl Sul Bal
RaNI Baull Nipl
Bl Fukl HaWl
beplil linCl *HprCav
RatF51 Hacll
#hell il
BamHI Nl
Bhel HeaHl
Nl “!lnl
081 #arl
Mipall

Restriction site of GH ¢eDNA of humpback grouper C. altivelis
Figure 2.
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Deduced protein of GH ¢cDNA contained potential domains: Somatotropin-1,
Somatotropin-2, Casein kinase IT phosporylation, Protein kinase C phosporylation, N-
myristoylation and N-glycosilation (Figure 3). Potential domains analysis of deduced
protein GH showed that C. altivelis had similar conserved domain with epinepheline
(E. coivides, E. akaara and E. aweara), but different with P, gigas, Salmo salar, Anguilla
anguilla, P pangasius and Cyrpinus carpio. N-glycosilation is the most conserved domain
with 100% similarity. N-glycosilation contained 4 amino acids: asparagines, cysteine,
threonine and leucine.

Casein kinase II (CK-2) is a protein serine/threonine kinase whose activity is
independent of cyclic nucleotides and calcium. CK-2 phosphorylates many different
proteins (Pinna 1990). CK-2 is a multy function of protein kinase because of its role
in function and cellular process, included mitosis and cellular transformation (Promega
2001). Casein kinase IT of GH from C. a/tivelis contained 4 amino acids: serine, aspartic
acid, phenylalanine and glutamic acid.
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Figure 3. Conserved domain of deduced protein of GH ¢DNA from humpback grouper (C. altivelis)
based on prosite database analysis. Pangasius pangasius (Genbank accession number: M63713),
Pangasionodon gigas (1.27835), Cyprinus carpio (X1 3670), Anguilla anguilla (AY148493)), Salmo
salar (X143053).
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The hormone somatotropin (growth hormone, GH) plays an important role
in growth control. Somatotropin-1 is a variety domain (50%-100%). In this domain,
C. altivelis contained 8 essential amino acid (Ile, Lys, Thi, Val, Leu, Trp, Arg, His).
Somatotropin-2 had more conservative domain than somatotropin-1. The similarity
was 89.47-100%. The most varied amino acid was at 198th. At this number, threonine
in C. altivelis was replaced by serine in P, pangasius and Pangasionodon gigas, lysine in
A. anguilla and arginine in C. carpio. Another difference of amino acid was at 200th
and 201st. GH of C. altivelis did not contain arginine and serine that may cause the
difference in growth characters. Somatotropin-2 of C. altivelis contained 7 essential
amino acid (Lys, Met, Val, Thr, Leu, Trp, Arg).

N-terminal N-myristoylation is a lipid anchor modification of eukaryotic and
viral proteins targeting them to membrane locations, thus changing the cellular function
of modified proteins. Protein myristoylation is critical in many pathways; e.g. in signal
transduction, apoptosis, or alternative extracellular protein export (Maurer-Stroh ez al.
2002). There was less conservative amino acid (16.66-33.33%) in this domain, except in
grouper (epinepheline). The more variation in this domain was supposed to be connected
with the function as protein modification to membrane function. Modification in this
domain was supposed to increase the growth in C. altivelis. Serine and aspartic acid were
the possible amino acid to be modified with asparagines and glutamate, respectively.

CONCLUSIONS

‘The cDNA GH of C. altivelis contained 618 bp that encoded 205 amino acids
with the conserved domain are: Somatotropin-1, Somatotropin-2, Casein kinase II
phosporylation, Protein kinase C phosporylation, N-myristoylation and N-glycosilation.
The similarity of deduced protein GH was 65.0-89.5% with other fishes.
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