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Executive Summary

The purpose of this prOjeCt is 1o improve the growth and survival of the rabb1tﬁsh,

Siganus guttatus, cultured in Southeast Asm, by understandmg the rate-limiting componentf s) o

in the growth horimone-insulin-like growth factor §ysten5_wmch nnght explam the siow growth
rate during the early juvenile stage and use ihis information to enltanoe g'rowt_hjl"ete by
administration of growth hormone using varioﬂslmethodologies. “ .
During the period of the report, the growth hormone {GH) from rabbitﬁsh was purified
and antlserum was ralsed in rabblts ‘This will enable the development of a quarrtltatlve assay ’
for the determlnatlon of clrculatmg hormone levels. Thé native protein purified at the start of
the project was used in growth enhancement experiments of rabbitfish kept under various
salinities. Tt;e ¢DNAs for rabbitfish GH and insylin-like growth fectots T and 1T (AGF-I and
1GF-II) were elso cloned: Studies \iiere iilitiete'd 1o produce the GH protein in bacteria in large

quantities in order to have suﬂ'lment amounts needed tor growth enhancement experiments.

Production of IGF-I peptide in bacteria was hkemse attempted Expenments were also catried "

out (by using molecular biology methods) in which the level of expression of two genes for -

| _ growth factors (IGF-I and IGF-II) was determmed dunng early stages of development of the
rabbitfish. The results’ obtamed dunng this period suggest that admlmstratlon of a little
exogenous GH to the fry significantly improved its growth and -re_anng ﬁ'y.__m _dtlute seawater _
likewise improved its. growth petformanee | |
| The collaboration during this period mcluded a meetmg between the Israeh and the
Phlhppme PIs during the Fish Endocrinology Meetmg in- Seattle in Whlch plannmg of the
- project was discussed, exchange of mate;ials between the three laboratories, exchange of

information by using the electronic mail.



Section I

A. Research 0b1_ct1ves

1. ' Purification of S. guttatus GH polypeptide and ra,lsmg antxbodles
2. Molecular clonmg of S. guttatus GH and IGF-1 cDNAs

3. Clomng of GH and JGF-1 in expression vectors for production of large quantities.

4, | Eﬁ’ect of exogenous native S. gutiatus GH on growth;

5. Effect of exogenous bovine GH and low salinity on growth.
B. Research Accomplishments: | o
1. Isolation of growth hormone (GH) from rabbzm‘sh , _
GH was extracted from p1tu1tary glands under alkaline conditions, fractionated by gel ﬁltratxon

chromatography on Sephadex G-100, and purified by high perfonnance 11qu1d chromatography

(see enclosed reprint in Appendix A).

2. Cloning of rabbitfish GH ¢cDNA | .

A combination of RT-PCR and RACE (rapid amplification of cDNA ends) resulted in a cDNA.

of 860 nt, e’kcluding the poly(A) tail- The untranslated regions are 94 and 175 bpinthe 5’ and
3” ends, respectively. It has an open readmg frame of 588 bp coding for a signal peptide of 18

amino acids and a mature p1 otein of 178 amino a01d residues (see enclosed reprint in Appendix

A). '

3. Cloning of rabbitfish IGF-I ¢éDNA , : ,

Rabbitfish IGF-I cDNA was successﬁllly cloned from the hver The preproIGF-I is composed

.of 186 amino acids (aa); ﬂllS is cornposed of 44 aa for the signal peptide, 68 aa for the mature

peptlde and 74 aa for the E domain, Only one form of E-domain is found in rabbltﬁsh IGFI

(see enclosed manuscript in Appendix B). , L g

4. Cloning of rabbitfish IGF-II cDNA (not in the original proposal)

Rabbitfish IGF-II cDNA was also successfully cloned from the liver. The preprolGF-1I is 215

aa long; this is composed of 47 aa for the signal peptide, 70 aa for the mature peptide and 98

aa for the E domain (see enclosed manuseript in Appendlx B).

5, Developmental expression of IGFs in rabbitfish | o

In order to examine if there is differential regulation of both IGFs during early development in

rabbitfish, primers were designed for both rabbitfish IGF-I and H and used for RT-PCR of

samples from different stages of embryogenesis and different larval stages. IGF-II transcnpt

was expressed in unfertilized eggs (although very weak) and a very strong expression was

alreedy observed during morula stage (about 3 hours after fertilization) and this was



méinta.ined until hatching. On the other hand, IGF-1 transcript was observed only in embryos
near hatching. In the larvae, however, both IGFs were more or less equally expressed (see
enclosed manuscript in Appendix B). | | |

6. Experiments to enhance growth in rabbitfish

a) Treatment with bovine GH to improve growth in rabbitfish fry:

Rabbitfish fry were injected with bovine GH at doses of 0.1 and 0.01 pg/g BW. GH injection
was given weekly for 4 weeks and the experiment lasted for 8 weeks. Significant increase in
growth was observed starting on the 5 week in the treated groﬁps (see enclosed manuscript in
Appendix C). '

b) Rabbitfish fry grow faster in dilute SW than in full-strength SW. An experiment was
conducted to find out whether rearing fry in dilute SW and treating them Wlth bovine GH
would have an additive effect on growth. Fry were reared for 8 weeks in dilute SW (20 ppt)
and bovine GH (0.01 pg/g BW) was injected weekly in the first 4 weeks. Rearing the fry in
dilute SW and treating them also with bGH did not further improve the growth (see enclosed
manuscript in Appendix C). o

¢) Preliminary experiments were performe'd 1o test the effect of the purified GH to promote
growth in rabbitfish fry. Weekly intraperitoneal injections of the GH significantly accelerated
growth. The eﬁéét was evident 3 weeks after the start of the treatment, and was still significant
2 weeks after the treatment was terminated (see enclosed reprint in Appendi# A).

7. Production of recombinant rabbzgﬁsh GH

:a) Rabbitfish GH ¢DNA. was used. as template to ampl]fy the mature GH polypeptide using
appropsiate primers and PCR amplification. The amphﬁed fragment was putified by gel
electrophoresis, and cloned in pGEM-T Easy vector DNA from clones containing the insert

was sequenced to verify that no errors occurred dunng PCR amplification. The insert of the = -

- mature GH was cut out from this plasmid using NcoI and BamHI restriction enzymes and . -

cloned in the expression vector pET-3d d_igésted also with Nco I and BamHI and used to
transform IM109 bacteria (Fig. 1). For expressiozi,‘,{he plasrmd pET-3d containing rfGH from:

four clones, which were obtained, was used to transfonh the host bacteria BL21DE3.



' Rabbitfish GH cDNA - T
. + o
Noo I : ) e
S—CGOGCCJ\TGGCGCAGCCAHTGANGACAGT—S -
Mat Ala Gln Pro Met Thr Asp Ser
1 2 3 4 1 6
pGEM-Teasy
Bam H (3018 bp)
37-CTT GGG TTG ACA TGG ARC ATC CCIAGGCGOG- 87
Glu Ala Pan Cys Thr Leu stop
173 174 115 176 177 578
# FCR
0.55 kb fragment ’

. Neol+BamH l

) L __ligmon‘

pET-3d/GH

Flgure 1 Schematlc illustration of the differerit steps involved in the constructlon of the
recombinant rfGH expression vector pET/CH.

b) Expression of GH was tested by usmg small—scale cultures of 5 ml and induction with IPTG .
(0.4mM).- One ml aliquots were centnﬁlged, washed with TE and run on an SDS-reduced

polyacrylannde gradient gel of 5%— 15% aﬂer bemg boiled for 10 min in sample buffer or after E
being. lyzed using a short s_omcatlon. ‘The proteins were transferred to nitrocellulose. and ..

immunoreacted with antiserum raised ‘agéin"st native rabbitfish GH purified from pituitaries. _
- Three bacterial cultures were found to express rabb1tﬂsh GH, two of which express large
amounts as judged from @mall-sca1e mductxon expenments Upon induction, followed by SDS-

PAGE and Western blot apalysm, a band similar 1 ;n its mobility to homan GH or pituitary

extract from Sparus aurata reécted with an{i'-GH'j antibodies raised against native rabbitfish

‘GH, indicating that indeed the two bacteria are producing recombinant rabbitfish GH.

¢) Clone #2 was used for a large-scale production of rabbitfish GH. Fermentation of ten liters

of bacteria was carried out including induction for 4 hours with IPTG, resulting in a pellet of

30 g bacteria. Inclusion bodies containing the recombinant GH were purified from the bacteria



by initial treatment with lysozyme for 30 min in the cold room in a solution containing 10 mM
Tris pH 8 and 10 mM EDTA. Then repeated washings in cold water. containing 0.1% Triton
X-100, sonication and centrifugation were performed until a white pellet of inclusion bodies
was obtained. The final washings were done without Triton X. The inclusion .‘bo‘dies were
aliquoted into 4 batches of 20 m! each and ﬁoz%;;n’ at 4205C. A 500 microliter aliquot was taken
for SDS-PAGE analysis in order to quantify the amount of GH present in the inclusion bodies.
From calculations based on a known amount of recombinant ovine GH in an SDS-PAGE

analysis suggest that the yield is about 500 mg of GH-containing inclusion bodies (Fig. 2).

tfGH 1B: 50 microliter iB
+ 412.5 sample buffer

. +2510%SDS
(out of 100ml total)

[Nt 5'.“;.- . . »!‘a
e "7 oGHA0 pgral o F

Figure 2. SD5-PAGE analysis of. .
purified inclusion bodies containing
rfGH. The numbers above each lane
represents amoant ini.microliters loaded - -
onto the gel.

d) Four protocols of refoldinglwere carried out: 0.1 mM, 0.2 mM, 1mM and 5 mM cysteine.
Following incubation in the cold for 1 hour the refolded protein was dialyzed against 10 mM
~ Tris pH 9 and loaded onto a Q sepharose mini column. The protein was eluted by using
increasing concentrations of NaCl, from 50 mM to 300 mM. Protein content in the fractions
was determined at absorbance of 280 nm. Peak ﬁ"aqj:ions were analyzed by HPLC on Superdex
columns. The monomer fraction of the refolded :.hormone was eluted with 100 mM NaCl
‘Fractions were pooled and dialyzed against 0.05% NaHCO3 and lyophilized. Aliquots were
tested under non-reducing conditions of SDS-PAGE. A clean baﬁd of about 21 kDa was

observed, indicating the presence of monomer GH (¥Fig. 3).



1/5 of 1B from 10 liter fermentation
were put on the 4 mml-columns

rfGH eluted with 100mM NacCl pools
CimM~tml o

0.1 mM~5mi

+0.2mM~5mi

riGH eluted with 100mM NaCI
CysimM -~ 0.1mM 0.2mM  oGH1C pgiul o

GH

Figure 3. SDS-PAGE of purified rfGH, eluted with 100mM NaCl from Q sepharose mini
columns, following refolding using three protocols for re-foldmg 0.1 mM, 0.2 mM and 1 mM
cysteine.

SDS-PAGE of the purification steps from crude inclusion bodies to purified rabbitfish GH is-

shown in Fig, 4

MW crude pure purefGH purerfGH oGH 10 ug/it

B B 0.2mM Cys dialyzed 1t
100 mM 0.06% NaHCO,

| #2024 lyophylized

Figure 4. SDS-PAGE of various steps of purification of rfGH.



8. Production of recombmam‘ rabbitfish IGF-I:
Rabbltﬁsh IGF—I was used as template to amphfy the mature IGF-I polypeptxde as done for GH
(Fig. 5).

rabbitfish IGF-1 cDNA

+

. Neo T

57 —CGCHUC ATG GGT CCA §AG ACC CTG TGC-37
Met Giy Pro Glu Thr Leu Cys
% 2 3 4 5%, -

N

PGEM-Teasy
(3018 bp)

Bam HI
_ ar. TPCTGRP TCG 7TC O3G CGRA ATC CCOPAGECSCS
Lys Pro Ala Lys Sar Glu stop
63 64 65 66 &7 68

PGEM-T/IGF1

T s |

l }igmion

©e ke pBT3AIGE

Figure 5. Schematic illustration of the different steps involved in the construction of the
recombinant rfIGF-I expression vector pET/IGF.

" 9. Biological activity of recombinant rabbitfish GH

Several biological assays are currently underway to test the biological activity of the rfGH:
injections into rabbitfish fry, addition to cultures of rainbow trout hepatoma cell line RTH149
~ in order to induce IGF-I gene expression and addition to HEK392 cells that have been stably
transfected with mammalian GH receptor ¢cDNA for the determination of GH binding.

C. Scientific Impact of the Collaboration:

During the reported year, the research involved a close collaboration between the scientists
. participating in the project. Purification of the rabbitfish GH protein and raising antibodies was
accomplished by the Philippine partner as were the cloning of ffGH, rfIGF-I and rfIGF-II
c¢DNAs. These ¢cDNAs were transferred to the Israeli partners for cloning in expression vectors

and producing recombinant proteins in bacteria. Dried recombinant rfGH was sent back to the
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Philippings for testing its ability to enhance growth in rabbitﬁsh fry. The anti-rfGH prepai‘ed by |
the Phi']ippinerpartner was sent to the Israeli partners and was used to identif‘y the recombinant
fGH.

D. Description of Project Impact:

The recombinant rfGH will be used for enhancemént- of growth and survival of cultured
rabbitfish and for development of quantitative assays for the determination of circulating GH.
The recombinant IGF-I will be used as well for the development of quantitative assays to
measure its levels in the plaﬁma.

E. Strengthening of Developing Country Institutions:

Dr. Felix Ayson will come to Israel in the second year for training in methods of expression,

refolding and purification of recombinant GH and IGF-I polypeptides.

F. Future Work:

Part of the planned work has been accomplished prior to the commencement of the project,
during Dr F. Ayson’s training in Japan, which enabled us to make much progress beyond the
planned schedule. The future work will inciudé lérge-SCale production of rfGH for growth
enhancement experiments, growth enhancement experiments by intraperitoneal injections, by
incorporation of rfGH in microdiet ahd-'by preparing slow release capsules. In order to increase
the half-life of GH rabbitfish serum albumin will be cloned. Once the preliminary experiments
for expressing rfIGF-I are completed, large amounts will be produced and tested for biclogical
activity. - | e
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Section IT

A. Managerial Issues: The project started immediately after signing the contract, as planned.
First payment was transferred to the Grantee Institution and to the Collaborating Institutions.
A second financial report is being prepared for both Institutions. No problems have arisen so _
far.

B. Budget: No changes were made. _

C. Special Concerns: No Changes w1th respeet to ongmal proposal ‘
D:_Collaboration, Travel, Training and Publications: The three partners are contmuously

communicating through e-mail. Results and information obtained at any of the sites are shared
by sending the data like ﬁgures as attached files. Molecular and biochemical tools developed
' '-dunng the project are bemg transferred aecordmg to the need (cDNAs, antlbodles h
recombinant protein). The ﬁrst v1s1t of Dr. Ayson to Israel is planned for year 2002.

E. Request for American Embassv Tel-Aviv_or ALD. Actions: No problems were.

encountered, thus no need for special assistance.
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We report the isolation, ¢cDNA cloning, and growth

- promoting activity of rabbitfish (Siganus guttatus; Teleos-

tei; Perciformes; Siganidae) growth hormone (GH). Rab-
bitfish GH was extracted from pituitary glands under
alkaline conditions, fractionated by gel filtration chroma-
tography on Sephadex G-100, and purified by high-
performance liquid chromatography. The fractions con-
taining GH were identified by immunoblotting with

_ bonito GH antiserum. Under nonreducing conditions,

the molecular weight of rabbitfish GH is about 19 kDa as
estimated by SDS-PAGE. The purified hormone was
potent in promoting growth in rabbitfish fry. Weekly

intraperitoneal injections of the hormone significantly:

accelerated growth. This was evident 3 weeks after the

start of the treatment, and its effect was still significant 2.

weeks after the treatment was terminated. Rabbitfish GH
cDNA was cloned to determine its nucleotide sequence.

Excluding the poly (A) tail, rabbitfish GH cDNA is 860-

base pairs (bp) long. It contained untranslated regions of
94 and 175 bp in the 5’ and 3’ ends, respectively. It has
an open reading frame of 588 bp coding for a signal
peptide of 18 amino acids and a mature protein of 178
amino acid residues. Rabbitfish GH has 4 cysteine

! The nucleotide sequence data reported in this paper have been
deposited in the DDBJ/EMBL/GenBank databases under Accession
No. ABO31298.

2 Apatent is pending (PO 1- 1999-014:7) for the cDNA sequence of
rabbitfish GH reported in this paper.

0016-6480,/00 $35.00
Copyright © 2000 by Academic Press
Alli rights of reproduction in any fotun reserved,

residues. On the amino acid level, rabbitfish GH shows
high identity (71-74%) with GHs of other perciforms,
such as tuna, sea bass, yellow tail, bonito, and tilapia,
and less' (47—49%) 1dent1ty with salmonid and carp
GHs.  ©2000 Academic Press

Key Words; rabbitfish; growth hormone; growth promo-
tion

* Growth hormone (GH) therapy is commonly used to
enhance growth in domestic animals and it has also
become increasingly popular in fish in aquaculture. In
fish, approaches to accelerate growth by GH adminis-
tration vary from injection and oral administration of >
the hormone to transgenics. Results from several of
these trials were, however, inconsistent. Except for
some cases of transgenics, where the fish produced
were extraordinarily large, albeit few (Devlin ef al.,
1994), infraperitoneal injection of either natural or
recombinant GH yielded significant results only if the

weekly injections were for more than 5-9 weeks

(Kawauchi et al., 1986; Sakata et al., 1993; Guillen et al.,
1998). Oral administration of the hormone would be
the most practical for mass application in fish hus-
bandry, although the question of the effective delivery
of the hormone without it being degraded in the
stomach should be carefully assessed (Moriyama ef al.,
1993; McLean et al., 1999).

Slow-=growmg and economically important fish spe-

@
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cies are good candidates for growth enhancement by
GH therapy. Such- is the case for rabbitfish, Siganus
guttatus (Perciformes; Siganidae), an important aqua-

culture species in Southeast Asia and the Arab Gulf

region. Afuil undoxstanding of the factors that regulate

growth in this species is necessary if we are to design

strategies to- aecelerate its growth. As a first step o
understanding how gro_wth is regulated in rabbitfish,
we purified rabbitfish GH, examined its growth pro-
moting activity in the fry, and cloned its cDNA.

MATERIALS AND METHODS

Fish

Immature rabbitfish (Siganus guttaius; 150-200 g
body wt) were purchased from fishpond owners in the

northern Philippines. Pituitary glands were collected_'
from freshly killed. fish and immediately frozen in

liquid nitrogen and stored at —80°C until use.

Isolatwn and Punﬁcatwn

Pituitary glands (1 g) were homogmed m3 ml of
50 mM amwmonium acetate buffer (pH 9.0) containing 5
mM phenylmethylsulfonyl] fluoride. The homogenates

were stirred for 1 h at 4°C and centrifuged at 12,000g

for 30 rain. The supernatant was applied on a Sepha- -
dex G-100 column (1. 9 % 100 cm), Proteins were eluted

with 50 mM atranonium bicarbonate buffer (pH 9 0) at
a flow rate of 15 ml/h. Three-milliliter fractions wer

collected and the absorbance was measured at 280 nm o

Appropriate fractions were pooled and lyophilized,
and 10 ug of each fraction was analyzed by sodium

dodecy} ‘sulfate-polyacrylamide gel electrophoresis

(SDS-PAGE) (Laemnli, 1970). Resolving and stacking
gel concentrations were 15 and 7.5%, respectively. The

gel was stained with 0.25% Coomassie brilliant blue

(R-250) and the protein bands in the gel were visual-
ized. after destaining in methanol:acetic acid:water
(2.5:1:6.5). .

For 1mmunoblott1ng, protem bands from SDS—PAGE

were transferred into nitrocellulose membrane and
incubated overnight at 4°C with bonito GH antiserum
{diluted 2000X). T.nmunoreactlon was detected using
the ABC k1t (Vector Labs, CA). Two mmunoreactwe _

Copyright © 2000 by Academic Press
All rights of reproduction in any form reserved.

Ayson et al.

fractions (G-3 and G-4) were further purified by

_reversed-phase high-performance liquid chromatogra—

phy (HPLC).

Five hundred nﬁcrograms of G-3 and G—t& fractlonS" :

was analyzed by HPLC (LC800, Jasco, Tokyo, Japan)

on a TSK gel ODS-120T column (046 X 25 ¢m, particle

" was dissolved in 0.1% trifluoroacetic acid {TFA) and’

size 5 jum) with a linear gradient of 20-80% acetonitrile -

in 0.1% TFA for 60 mitt at a flow rate of 1 ml/min and-
~ column temperattre of 40°C. Absorbance was monitored.
at 220 nm. Individual peaks were collected, lyophilized,

and analyzed by SDS-PAGE and immunoblotting.
" The N-terminal sequence of rabbitﬁsh_ GH -was
determined by automatic sequencing on a Shimadzu

PSQl gas-phase protein sequencer &s described-1 ny

d—Weaver and Kawauchi (1992},

: cDNA Cloning,

: Tot{l RNA was extracted from 100 mg’ of frozen-..
- pituitary with Isogen (Nippon Gene, Tokyo, Japan) -
- following the manufacturei’s protocol. The concentra- «

tion of total RNA was estimated by measiing the

... absorbance at 260 rim (conversion factor: 1 D == 4Cug

RNA/ml). First-strand cDNA was revers_-..a- a«m‘bﬁd

from total RN A using the First Strand ¢DNA Synthesis -
.kit (Pharmacia Biotech, $wederi). Reverse ‘ranscrip-

tion was carried out in a 154l reaction mixture:

. containitig 2.8 pl of totel RNA (5 pg), 5wl of bulk
. first-strand ¢DNA feaction inix, 1-ul of 15 mM dithio- -
threitol, 1 5 pg/ p;) ‘of Notl-d{T)s bifunctional

primer, and 5.2 ul of DEPC-treated ‘water. : -

Six degenerate sense primers and fwo anh—sense
- primets were synthesized’ (Espec Oligo Service, ..
- Tsukuba, Japari) based on the most conserved regions -

of the amino acid sequence of known teleost GHs to
¢lone the internal region of rabbitfish GH ¢DNA. _
- During PCR, the 50-pl reaction mixture [1 i first-

anti-sense primers (final conc. 0.4 M), 1yl nucleotide
mixture (02 mM), 5 pl of 10X PCR buffer (final conc.:

© 10 mM Tris HCL, pH 8.8; 50 mM KC; 1.5 mM MgCl,),

strand ¢DNA (template), 2 pl-each of sense and -

1.25 units of Taq DNA polymerase] was subjected to 35 -

cycles of ampiification; each cycle consisted-of 1 min

and 30 s denaturation (94°C), 1 min primer annealing

(40°C), and 1 min and 30 s primer extension (72°C).

Final extension (72°C) was for 7 min. Among the 12
- primer combinations tested, the sense primer GH-8
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Rabbitfish Growth Hormone

[5-CC(ACGT) AT(ACT) GA(CT) AA(AG) CA(CT) GA-
3] and the anti-sense primer GH-2R [5'-TC(AGTC)

AC(TC) TI(AG) TGC AT(AG) TC-3] yielded a PCR

9roduct of the expected size after gel electrophoresis.

‘The rapid amplification of ¢DNA ends  (RACE)
method of Frohman (1990) using the 5’ RACE system ’

kit, Ver. 2.0 (Gibco BRL, Gaithersbuig, MD), was used
to clone the 5' end. Two apti-sense primers; RF-GH-1
(5'-AGA CTC AAC CAG TCG ATA GG-3") and RF-

GH-2 (5'-GAC AGC AGC TTC ATC-ACA GA-3'), were
prepared based on: the nucleotide sequence of the

internal region of the rabbitfish GH ¢DNA. These two
gene-specific primers and an abridged anchor primer

provided in the kit were used for reverse transcription .

and PCR. PCR conditions were the same as desm'bed
above,

Two sense primers from the 5’ end of rabbitfish GH

c¢DNA. were designed, RF-GH-3 (5-ATC ACA GCT

GAA CTG CAC AA-3") and RF-GH-4 (5'-AGC AAG

i

GAC TAG GAC CAG AA-3), and used with Nofl- *

d(T)ys bifunctional primer as the antisense primer m‘

cloning the full-lerigth rabbitfish GH cDNA, Multtple’ <

clones were'e..._ nincd to guard against PCR €rrors. |
PCR products weére electrophoresed on agarose gels
and visualized by ethidium bromide staining. The
DNA was extracted.and purified from agarose gels
using QIAEX I gel extraction kit (Qiagen, Germany)

inserted and ligated-into pT7 Blue T-Vector, and trans-

formed in NovaBlue competent cells (N ovagen, WI)

The plasmid DNA was then extracted from the bacte-
rial cells using QlAprep Spin Plasmid Kit (Qiagen).
Nudleotide sequencing was performed using an ABI; _

Prism DNA Sequencer 373 (Perkm E]mer, CA)

Bwloglcal Actmty

The growth promotlng act1v1ty of punfxed rab‘mtﬁsh -
GH was tested in the rabbitfish fry. Fprtynﬁve fry (3-4g

BW) were randomly divided into three groups (15
- fish/ group) and stocked in separate 250-liter fiberglass
tanks. Two groups were given weekly: mtrapentoneal

injections of rabbitfish GH at doses of 0.01 and 0.1
pg/g body wt The hormone was first dissolved ina

small volume of 0.01 N.NaOH and diluted with saline

(0.9% NaCl). The third group was injected with saline

solution and served as-a control. Fish in each group
were individually marked by a small cut in the
operculum to follow growth in each fish, The hormone

253

_ injection was glven only until the fifth week and the

fish were reared for 4 more weeks. Feeding and water

managements were the same in all groups: Changesin: -

- fishbody weightand-fork length were measured every -

week. Significant differences in body weight and fork -
length between the ¢ontrol and the hormone-treated -
groups at each samphrig" time wese determined by ¢ 5 .

test after one-way ANOVA (Sokal and Rehif,’ 1995).

. Percentage data were transformed by arc sine or
square root transformations, where -appropriate, be-
- fore the analysis.

RESULTS

Isolatwn and Punﬁcafwn
The elution pattern of the alkaline exiracts of rabbit-

fish pituitary glands on Sephadex G-100 column has
* already been reported in a separate paper (Ayson efal.,;

~1999). From the elution profile, fractions G-3 and G-4
- dontained protein bands of molecular weights between

* 18 and 22 kDa, and these bands were immunoreactive
" with bohito GH antiserum.. The HPLC profiles of

fractions G-3 ‘and G-4 are shown in Fig. 1. When

_ stained: with. Coomassie’s brilliant blue after SDS--
~ PAGE, thepeak eluting at 32 min. contained a band
" ‘with meleciilar weight of about 19 kDa (Fig. 24); this

band cross-réacted with bonito GH antiserum (Flg '

2B). No -immunoreaction was detacted with anti-

salmon PRL and anti-flounder SL (data not shown). .

' The yields of pure GH from G-3 and G-4 fractions were

0.9 and 1. 0 mg/ g of pituitary (wet we1ght) respec-
tively.

N-terminal amino acxd sequencmg of mtact protem -
gave no sequence mdlcahng that the amino terminal is -

blocked

,‘

cDNA Cloning
A cDNA fragment of 267 bp was amphﬁed in the

347-613 of the cDNA (Fig. 3). The second PCR using

* primers RF-GH-2 and 5’ RACE abridged anchor primer

yielded a product of 354 bp which spans from. the 5’
end and overlaps with the known sequence of the

Copyright & 2000 by Acadermic Press
All rights of reproduction in any form reserved.

first PCR using the degenerate primers, GH-8 and -
- GH-2R. This fragment corresponds to nucleotides
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FIG. 1. HPLC chromatograms of fractions G-3 (A) and G4 (B). The fractions (0.5 mg) were dissolved in 0.1% TFA. The elution position of GH
and somatolactin (SL) is indicated. G-3 fraction was first subjected to affinity chromatography to remove the glycoproteins.
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. :f,— -antiserum (B}, M, molecular weight marker (kDa); 1, nonreduced; 2, reduced with B-mercaptoethanol. . .
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94 bp5 UT 588 bp coding region 178bp3'UT

AAAAAA
347 613
GH-8 — — <« GH-2R
‘ partial internal clone
AAP — 34 e rOH2
partial 5' clone
. n‘.GH full 1&1;#&1 clone’ '

FIG. 3. Schematic diagram showmg the posmon ‘of the three PCR products (partial and full-length clones). The filled box represents the coding
region for the mature peptide and the open box, the signal peptide {sp). The untranslated (UT) regions in the 5’ and 3’ ends are shown. The
primers used in every PCR are alsoindicated. AAPis 5' RACEabridged anchor primer.

1 - APCACAGCTGAACTGCACARCAATCATA 28
2%  TCAGCAAGGACTAGGACCAGAACGAGGGCCAGGACCAAGARCAAGAACARAAGCCACTGA 88

89  AGAACCATGGAARAAGTGETCCTCCTGTTGTCGETCCTETCTCTGGETGTGETCTGTCCT 148

-18 M E K V v L. L L s VL S L 6 VvV ¥V C P -1
149 CA(-;CCM\TGACGGACAGTCAGCGTTTCTCCA‘I‘TGLCGTCAGCAGGATTCATTATCTCCAC 208
1 g p M TP S OQRF S I AV 3 RTIHTY L H 20
209  CAGGTTGCTCAGAGARGCTTCTTCACCTTTGAGAGTTCTCTGTCAGCAGAGGACCAGCGT 268
2t Q VAQRSFVF¥FTT FES S L S AETDG QR 40
269 CARCTCAACAAGATCTTCCTGCAAGATTCCTGCAACTCCGATTACATCCGGAGCCCARTA 328
41 g L NN K I F L Q D. S ¢c N § DY I RS P I - 50
329 GACAAGCACGAGACACAGCGCAGCTCTGTGATGAAGCTuCTGTCTATCTCCTATCGACTG . 3 89
61 DK'H ET Q R 8 8V HMKILUL SIS YRIL 80

389 GT'I‘GAGTCTTGGGAGTATCCCAGCCGTGCTTTGATCGGTGGTTCAACGAACCAGATTTCC- 448
88 Vv E 8 W E Y P S R AL I G G 5 T N © I & 100"

449 AACAAACTGTCTGAGCTAMGCTGGGGATCAGGCTTCTGATGGAGGCCAATCAGGACGGA 508
101 N K L 8 EL KL GGIURILTILMEA ATNTGTDG 120

509  GCAGAGATCTTTCCGGAGAGCTCTGCCTTTCAGCTGGATTATCAGAGTCTAGGCACAGAT 568
121 A B I ¥ PESSATFQLUDY QS LGTD 140

569 GATCCGAGACAGATGTACGMCTGCTGGéCTGTTTCAAGAAGGACATGCACAAGGTGGAG 628
141 D PR QMY ELULACTFI KT EKUDMU8HBTE KV E 160

629  ACTTATCTGACAGTGGCAARGTGTCGCCTCTCTCCAGAAGCCAACTGCACCTTGTAGCCC 688
61 T.¥ LT VAKCRTLSEPEARANT® ECTTL * 178

6892 CACCTCTGTGCTGGTAGACCACGCCCACTGTTGATGATGCAATGTGTTGCACCACCACTC 748
749 ACPGCACTAGCCAGCATTTTCACTTGTCTGITTTAGCTTGCTTGAGTGTCTGAGGGACGAA  B08
809  GAGGTTGTTTTCTGAACAGGAAGTGATICTGTGARTRAAGAGTGTTGCATTC-poly (A} 860

FIG. 4. The nucleotide sequence of rabbitfish GH ¢DNA and its deduced amino acid sequence. The signal peptide (18 amino acids) is
underlined. The amino acid residues are numbered beginning from the mature pephde The termination codon is md.lcated by an asterisk. The
four cysteine residues and the polyadenylation signal are inbold.
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FiG. 5. Ahgmnent of the amino acid sequence of rabbitfish GH with other teleost GHs. Gaps (*) are mtroduced to maximize’ sequence )

alignment. Dashes () indicate amino acid res1dues identical to i‘l"LObL of rabb1t{1_h GH. The location of, the ﬁve amino acid deletion uxuque 0
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internal region (nucleotides 1-354) (Fig. 3). To obtain
the full sequence, a third PCR was carried out using
newly designed primers (RF-GH-3 and RF-GH-4) and
Not1-d(T)ys bifunctional primer. Excluding the poly (A)
tail, the rabbitfish GH cDNA consisted of 860 bp. This
was composed of 94 bp in the 5’ untranslated region,
54 bp for the signal sequence, 534 bp coding for'thé

Copyright © 2000 by Academic Press
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hormone, and 175 bp in the 3' untranslated region
including the hexanucleotide AATAAA, a typical poly-
adenylation site located 13 nucleotides upstream of the
poly (A) tail (Fig. 4). Thus, an open reading frame of
rabbitfish GH cDNA encodes a prehormone of 196
amino acid residues with a signal peptide of 18 amino

-acids and a mature protein of 178 amino acid residues.




Rabbitfish Growth Hormone

TABLE 1 _ ‘ w o
Nucleotide and Amino Acid Sequence Idendity of Rabbitfish GH
Compared with Those of Cther Fish Species

. Bequence identity (%) :
Fish species Nucleotides ~ Amino acids

Tuna (Thunnus thynnus) ’ . 7340 7409
Asian seabass (Lates calcarifer) 7540 72.53
Yellow tail {Seriola quinqueradiata) 72.88 72.53
Bornito (Katsuwonus pelamis) - . 7258 7150
Tilapia (Oreochromis niloticus) . 7063 - 6994
Floundey (Paralichtys olivaceus) 60.27 . 5751
Rainbow trout (Salmo gairdneri) 59.06 58.03
Chum salmon (Oncorlrynichus keta) - 58.37 - 5803
Carp (Cyprinus carpio) ' 54.57 47.15

Note. Tuna (Sato et al., 1988); Asian seabass (Knibb ef al., 1991);
yellow tail (Watahiki ¢t al., 1988); bonito {Noso et al,, 1988); tilapia

(Rentier-Delrue ef al., 1989); flounder (Watahiki ¢t al., 1959); rairbow -
" trout {Agellon and Chen, 1986); chum saimon (Sekine ef 4l 1985);

carp {Koren ¢t al., 1989).

Sequence Comparison

The deduced amino ac1d sequence of rabbltﬁsh GH.
was compared with those of other fish species (Fig: 5). -
The sequence identity is listed in Table 1. Rabbitfish
GH has four cysteine residues located at highly conserved -

positions; aa 51, 151, 168, and 175 (Fig. 4). Rabbitfish GH is
highly identical (>70%) with GHs of more advanced
teleosts, such as sea bass, tuna, yellow tail, and bonito, and

less identical with those of salmonids and carp GHs. -,

Biological Activity

Rabbitfish fry injected with the hormone at a dose of
0.1 ng/g body wt showed significantly higher increase
in body weight and fork length compared to the-
control starting on the third week of treatment (Fig. 6).
The fry injected with 0.01 g/g bedy wt of the hormone
showed a significantly higher increase after the fifth week:
Although the treatment was stopped after the fifth week,
the significant increase in body weight and fork length in
the hormone-treated groups was maintained until the
seventh week or for2 Weeks after t‘ne Iast m]ectlon

DISCUSSION

‘W have isolated and purified GH from rabbitfish
pituitary glands by extraction under alkaline condition
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followed by gal filtration chromatography on Sepha-

* dex G-100 and rp-HPLC. In each step in the purifica-

tion process, rabbitfish GH was monitored by SDS-

- PAGE and immunoblotting with bonito GH antiserum.

The immunoreaction with bonito GH antiserum was
specific; no immunoreaction was detected with anti-
salmon PRL and anfi-flounder SL, and the intensity of
the immunoreaction was strong, indicating a high
conceniration of GH in the extract. This can be ex-
pected since GH cells are major constituents of the
pituitary gland. The purified protein was also con-
firmed to be GH based on its molecular weight. Under
nonreducing conditions, rabbitfish GH has a molecular
weight of about 19 kDa, as estimated from SDS-PAGE.
This agrees with the molecular weight of 20.4 kDa,”
calculated from the cDNA clone. The yield of GHwas 1.9
mg/g wet wt of pituitary gland. In contrast, the yield of
PRL was only half that of GH (unpublished results).

' “We tried to determine the amino acid sequence of the
N-terminal region of the intact protein but found it
blocked, indicating that the first amino acid from the

N-terminus is pyroglutamine. This was confirmed with
-the-deduced amino acid sequence of the GH cDNA.

~ 'We have also cloned the rabbitfish: GH cDNA. The

‘prehormone is composed of 196 amino acids with a

signal peptide of 18 amino acids. The mature hormone
has 178 amino acids, slightly larger (by 5 amino acids)
than flounder GH, which is the smallest telecst GH

.. (173 amino acids) known so far (Watahiki et al., 1989).
. In rabbitfish GH, there is a deletion of 5 amino acids

{(Pro-Tyr-Gly-Asp-Tyr) in position 143~147 immedi-
ately preceeding the 14 amino acid deletion in flounder
GH. This deletion is unique to rabbitfish GH since no
such deletion ‘was observed in any known fish GHs

- (Fig. 5). This strefch of amino acid residues is outside

the five conserved -domains of GHs as described by

- Watahiki ef al. (1989). The biological significarice of this

deletion is presentty unknown. Single or double amino
acid deletions are also found in rabbitfish GH; amino
acids 9, 103-104, and 157 (Fig. 5). As in the other teleost
GHs (Rand-Weaver et al., 1993), rabbitfish GH has four
cysteine residues located in hlghly conserved pos1-
tions.

Rabbitfish GH is closer in 1dent1ty to GHs of other
perciforms like tuna, sea bass, yellow tail, bonito, and
tilapia than to those of salmonid and carp GHs. As is
evident in_Fig. 5, except for the highly conserved
amirio acids in 170-180, the sequences of salmionids

Capyright & 2000 by Académic Press
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snd carp GHs are clearly different from that of perci-

forms where rabbitfish is classified.

The purified rabbitfish GH was effective in promot-
ing growth in rabbitfish fry. Although the hormone
was given only every 7 days, its growth promoting
effect was already evident after the third week in the
© fry treated with 0.1 pg/g body wt and starting on the
fifth week in those treated with 0.01 ng/g body wt.
Interestingly, the significant effect of the hormone was
still observed 2 weeks after the final injection. Consid-
ering that the hormone was given only once & week,
administering the hormone daily using appropriate
routes such as feeding would probably translate-into
much larger growth increments.
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ABSTRACT..

In rodents, the.expression of IGF-II is_higher'than IGF*i
during fetal. life while the reverse is true‘after birth.--ﬁe
wanted to examine if this is also true in fish and whetheriiéF~i
and IGF-IT are differentially regulated during different stades
of embryogehesis and early larval development in rabhitfish. We
first cloned the cDNAs of rabbitfish IGF-I and IGF-II from the
liver. Rabbitfish IGF-I has an open reading frame cf 558 base‘
pairs {bp) that codes for a signal peptide of 44 amino acids
(aa), a mature protein of 68 aa, and a single form of E domain
of 74 aa. Rabbitfish IGF-II, on the other hand, has an open
reading frame_of‘645 bp that codes for a signal peptide of 47
aa, a mature pretein of 70 aa, and an. E domain of 98 aa. bn the
amino acid'ievel, rabbitfish IGF-I shares 68% Similarity with
IGF-II. We then examined_the relative expresSicn of the two‘
IGEs in unfertilized egys, dqring_different stages of

tembryogenesis,dand early larval stages or rahbitfish;by a semi-
quantitative reverse transcriptioh~pclyﬁerase chain reactien
(RT-PCR) . Primers that amplify the mature peptide region of

. both IGFs were used and PCR for both peptides was done
similtaneously allOWing identical PCR conditions for both. The
identity of the PCR products was confirmed by direct sequenCing.
Contrary:to published reports in seabream and rainbow trout,

IGF-1 mRNA was not detected in rabbitfish unfertilized eggs, it
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was first expressed in larvae soon after hatching. IGF;II mRNA ¢ -
however, was“ekpressed in unfertiliZed eggs, albeit weak, and

was alreedy sttongly expressad during thelcleavage stage. wRNAs
for both peptldes were strongly expressed in the larvae although

IGF-I1I mRNA expression was hlgher than IGF-I.

Key words: rabbitfish, IGF-I, IGF-II, cDNA cloning, mRNA- - -

expression

IN TRODUCT ION

Insulin-like growth factors I and II (IGF-I and Ii) are twoe
highly homologous mitogenic-peptides*that are expressed
ubiqoitously-and show divéééé"éfféé£s OnrdeVelopmeﬁt, growth and
metabolieﬁ (revieﬁed by‘Roeenfeld and Robefts, 1999; Werner and
LeRoith, 2000). The‘central-foie of IGF-I is that it regulates
post-natal growtheho.mediateé the growth ptomoting_actiOn“ofi
growth ﬂormone (GH),'eithooéo:studies aléo;show that it is
important for normal embryonlc growth (Baker et al., 1993;
Powell—Braxton, 1993) ‘The phy51ologlcal function of IGE- II, on
the other hand, is not yet deflnltely known although it is
c0n51dered as a fetal growth factdr based on the evidence in
‘mice Qhere 5 significant growth retardation was observed in‘oups

born with the IGE-II gene disrupted or knocked-out (De Chiara et
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al., 1990).  The biological;éCFions of IGFs are mediatea by IGF
type T {(IGF-I-R) andlII (IGF—II/mannose 6-phosphate—Rj_¢eli
surface receptors.‘_Interaction:with IGF-I-R is mainly -
kesponsible for the mitogenic effects of IGF (LeRoith ét al;:
1995} and. there is enough.consensus at present thatlmuch of £he
biological action of IGFs on grthh and differentiation is
mediated by this receptor. The role of type II IGF-receptéf in
IGF signal transduction remains controversial (kiess, 1999;
Nissley, 1999). 1In addition, there_is the insulin rece§£d£
(IR) /IGF-I-R hybrid which seems to be widely egpressed and eveﬁ
appear to be the most abundant form of receptor in certain
tissues (Baiylﬁs et al.,‘l997)_but the specific diffefences in
signaling characteristics between Fhe_IGE—i-R and the Iﬁ/IéF—I;R
hybrids have not yet been gstablisggﬁr,”Fu:thermpre, at least
six insulin-like growth;factor binding pfoteins (IGFB?s} agedn
already found in circulation and they mﬁdulafé the biblogical
- activity of IGFs by cbn;toliing.the availability»gﬁ free 1IGFs
and by prolonging their_half—life kﬂwa'et al., 19§é). These
IGEFBPs. show contrasting effects on IGF function.- Iéfﬁ?—l fﬁéﬁ-x"
- Buul-Offers et al., 2000}, IGFBP-2 (Duan ét é;.,l1§99; Hoéflich
et al., 199; Wolf et al,,,ZOOO) anq IéFBPfB iHochscheid et ai;,
éOOO) have-inhibitory effects onIéFaqtions whéreaéﬁfhere is
‘evidence that IGFBP-5 functions és éugrowfh factbr.(Mifakoshi eﬁ

al., 2001).
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Toracceléraﬁe developméht and improve growth of rabbitfish -
(Sigahus guttatus), én‘important aqﬁaculture species in the
Southeast Asiaﬁ region, we:have been stuinng the hormones in
the pitﬁitary—liver axis of this fish. We have isclated and
clonéd rabbitfisﬂ‘GH and found it potent in accelerating growth
in the fry (Ayéén et al., 2000). In this study, we cloned the
cDNAs'fo£ rabbitfish’IGF-I and II from the liver and examined .. -
the expression df the mRNA of both IGFs during different stages
of embryogenesis énd durihg early larval development. We report
here that IGF-I mRNA was not detected in unfertilized eggs but
was first expreséed in:the larvae soon after hatching. IGF-II
mRNA, however{\was deteéfed in unfertilized eggs, althéugh very
weak, and was already strdngly exbtésééd starting from the
cleaﬁage stage. Similar £o those" observed in other vertebrates,

IGF-II 1is eﬁpressed more than:IGF—I-in rabbitfish enbryos.

] MA'I‘IER'IAI...S AND METHODE
Cloning of rakbitfish IGF-I and IGF-II cDNAS

lThe pfocedure 6f Ayson.éf al. (2000) in cloning rabbitfish .
. GH ﬁas féllowéd with soﬁe‘modifications. Briefly, total RNA was
extracﬁed fﬁoﬁﬁfﬁé-liver Qith ISOggﬁ (Nippon Gene, Tokyo) and
éirst sﬁ;and‘éDNA waé‘ééférSé;Eraﬁécribed from 5 pug of total RNA

wusing First strand cDNA synthesis‘kit (Amersham Pharmacia

Biotech, Sweden).
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Degenerate sense and antisense primers (Tables 1 &.2)
designed based on the conserved sequences of the B and A domains
of known IGFs were synthesized and used to clone the interga;"
regions of rabbitfish IGF cDNAs. A 50-pl PCR reaction mixture N
using Genedmp’s AmpliTaqg Gold kit (Perkin-Elmer, CA) was . -
subjected to 15 min hot Stért at 95°C and 40 cycles of
amplification; each cycle consisted of 1 min 30 s denaturation
(94°C), 1 min primer annealing (45°C), 1 min 30 s primer
extension {72°C) and a final extension of 7 min at 72°C. .

The S’RACE method of Frohman (1290) using S’RACE systgm-
kit; ver 2.0 {Gibco BRL, Gaithersburg, MD) was used to clone the
5’ end of the ¢DNAs. ‘Antisense primers (Tables 1 & 2) designed
based on the known nucleotide sequence of the internal region of
rabbitfish IGF-I and II were synthesized. These gene-specific
antisense primers were used together with the abridged anchor
primer provided in the 5"RECE kit in reverse transcription‘and )
"PCR. PCR conditions were the same—as described except for the
annealing temperature (50°C).

Sense primers (Tables 1 & 25 wereidesigned-based on the
" known nucleotide sequences of the 5’ end of rabbitfish IGF-I and
$I, and thesé were used with Not-I ,adapter primer as. the
antisense primer in cloningithe”3’[end~ef IGF cDNAs, Takara'grh
LA Taqg kitiTakara, Japan) ﬁas used during PCR. PCR conditions

were the same as described except that the 15 min hot start
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(95°C) was omitted and the-éhnealing'temperature was raisedvto
55°C. | |

PCR produéts were electrophoresed in agarcse gels and
visualized by ethidium bfomide staining. The DNA was extracted
and purified from agarose Jgels using QIAEX ITI gel extraction_kit
{Qiagen, Germany), inserted and.liQated-ipto,pT7 Blue T-vector
{Novagen, WI - for partial clones) or TOPO XL cloning vecto;
(Invitrogen, CA - for full length clones) and transfgrmed in JM
109 competent cells (Takara - for partial clones) or TOP 10
chemically competent cells (Invitrogen - for full length
clones). The plasmid DNA was then extracted from the bacterial__
cells using Q:gprep Spin ‘Plasmid kit (Qiagen). Nucleotide
sequencing was performed using. an ABI Prism 377 DNA Seqﬁencer

(PerkiﬁJElmer; CA). oL

Expression of IGF-I and II mRNAs during embryodenesis and early
,larﬁal“devélopment in rabbitfish-:

Unfertilized eggs, embryos at different stages of
development (cleavage (32-cell stage), gastrula (50% epiboly),
: neu;ula} during tail bud elongation, and embryos with heart »
beat), and larvae from hatching un?il 6 days old were collected.
ﬁnfértilited eggs were removed frd%-the ovary by cannulation one
‘day before the expected date of spawning. -Because of the very

small size of the eggs and larvae of rabbitfish, samples from
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egach develcpmental stage were pocled and immediately put in dry
ice and later stored at -80°C until analysis. Total RNA from the

pooled samples (100-300 mg) was extracted and first strand cDNA

was reverse-transcribed from a fixed amount of total RNA (5 pg).

During PCR, one ul each of first strand cDNA was used as the
template in ali samples, Primers (Tables 1 & 2} that amplify
the mature peptide region_of_rabbitfish IGF-I and II weré
synthesized and psed. PCR conditionsg were as described except
for the'annealing temperature (58°C)7 A PCR using firsf.strand
CcDNA from the liver as the template, and one without aAteﬁplate,
were also included as positive and gggative control,
respectively. . The identity of the ﬁCR ﬁroducts was confirmed by
direct sequencing.‘ _ |

Rabbitfish P-actin was used as‘phe_internal étandérd duriné
quantification :0f IGF-I and. II mRNA expression. Using
degenerate primers designedAbased on_the sequences of known
'teleosts B-actin, rabbitfish P-actin. was first cloned and from
its partial sequence, sense (5’-GCC-AAC-AGG-GAA-AAG-ATG-AC- 37)
and antisense (5’ -TTG~CCA-ATG-GTG-ATG-ACC-TG- 3') primers were
designed. ‘PCR conditions were optimized by firstrqhgcking the
linearity of the PCR reaction and Pased on the results of the
linearity check, a PCR of 40 cycles was used for al%fsémples.

PCR products were loaded into the .gel and stained with ethidium
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' bromide. Quantification of PCR products was done using
GeneGenius gel documentation and analySis syéﬁem (Syﬁgéne,
U.K.). Values for IGF-I and II were normalized with that of B-

actin.

RESULTS
Structure of rabbitfish IGF-I and II cDNAs

The nuclebtide sequence of rébbitfish IGF-I cDNA was
obtained in three steps. The séquénce of the B and A domains
was determinea using degenerate priﬁérs based on the highly
conserved region of the peptide. ‘The unkﬁown sequences in the
5" and 3’ regions were determined by.5’ and 3’ RACE,
respectively. By connecting the sequences of the overlépping
cléﬁes;'thé'ﬁucleotide sequence from the start of the 5’ end
until some portion of the 37 untranslated region of rabbitfish -
IGF-I cDNA was obtaiﬁedl From this sequence,'rabbitfish

. preproIGF-I was found to consist of 186 amino acids (aa) (558 -
bpf(Fig. 1). This is composed of 44 aa for the signal peptide,-
68 aa for the mature peptide comprising B,C,A, and D domains,

and 74 aa for the E domain, when compared with the IGFs from 10 . .
fish species (Fig. 3). )
” Similarly, we found out'thatjéabbitfish preproiGF-II is 215

.aa long (Fig. 2)." The 645 bp open reading frame is composed of -

47 aa for the signal peptide, 70 aa for the mature peptide



(B,C,A,D domains) and 98 aa for the E domain, when compared

with the IGE~- IIs from 6 flSh spec1es (Fig. 4).

Expression.of IGF;I and II_mRNAs dnring émbryogenesis.and.oarly
larval devaiopment in rabbitfish- |

MRNA ﬁor;GF—I nas first detected in larvae soon after
hatching but not rn‘unfertrlized eggs and during embrjogenesis
(Fig_SA). In contrast, IGF~II MRNA was already detected in
unfértiiized eggs, albeit low, and the expression was already
strong starting at the cleavage stage and remained so throughout
embryonic-derelopment (Fig. 5A,3); _In larvae until 64days old,
both Iéfs wera‘strongly expresseo altnough IGF-II is expressed

more than IGF-I (Fig. 6A,B).

DiSCUSSION .

Rabbitfish proIGF—I and IT oDNAs contalned the B, C A,D and
_E'domalns, typlcal of IGFs. The'E domaln is proteolytlcally
removed as a post translatlonal modlflcatlon to vield the mature
peptidss. The mature peptlde of rabbltflsh IGF I and II have
the conserved six Cys resrduss; 2 in the B domaln and 4 in the A
domain.. | .,_

As shown in‘Fig. 3, the B and;A.domains of IGE—Irhave ths
:highest sequsnce homology inseveral frshes. Except for‘a

single amino acid substitution in tilapia, the A domain of the
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10 fish speciés.in Fig. 3 héé 100%'se§uence homoiogy. fhe B
domain of rabbitfish IGF~1 contains the last aﬁino acid i
threonine that is lacklng in other advanced fish spe01es {Order
Per01formes); The C domain of rabbltflsh IGF-I lacks hlStldlne
and asparagine, similar to the C domalns of the perc1forms
Amino acid # 9 in the C domain of rabbitfish IGF-I is proline}
this 1is sefine.in all other fish épecieé. |

The mature région of rabbitfish iGF-II (50 éa; is longe£ by
2 amino acids fhan rabbitfishHIGF;I (68 aa). Aftet aligning the
6 conséived Cys residues of both IGFs; the sequence hémology of
the mature peptide reglon of rabbltflsh IGF-I to IGF II is 68%
on the amino ac1d level. Slmllar to IGF—I, the B and A domains
of IGF-II in most species are also highiy-conserved {Fig. 45 bﬁfA
in addition, the D domain of IGF-II is also highly conserved.
The amino acid sequence of both A and D domains of IGF-II in‘
fish species known to déte has 100% homology.

The‘E domain of IGF—I ié;'hdwever} ﬂighl§‘§ariable aﬁd more
‘thén one form can be found 1ﬁ some spéc1es; 2 in humans
(Rotwein, 1986), 4‘1n salmonlds (Cao et al., 1989; Wallis and
. Deﬁiin, 1993), 2 in Earramundinand flounder corresponding'E6 
salmon EaZ and Ea4 (Klnhult Stahlbom, 1989; Tanaka et al.,
1998i.. Only oné form of E domaln is found in rabbitfish and
this has 74 éa re51dues; ThlS E;domaln is cleaved from the rest

of the peptide. Prior to its cleavage, it is hypothesized that
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this domain may be‘important-for intracellular transport,
prooessing or.correct folding {Duéuay et al,., 1999). ‘fhey also
possess some biological activity.. Siegfried et al.'(i992{ have“:
shown that a synthetlc peptide of the E domain of human IGF Ib

is mltogenlc when amldated, and Tian et al. (19%9) reported that
recomhlnant peptldes of rainbow trout's 3 forms of E domain
pPOssess mltoqenlc act1v1ty even in heterologous systems.

There are no reports of muitiple forms of E-domains for
[GF-IT. The E domain of the 6 species listed in Fig. 4
constitutes.only a single form. Lihewise,lthere.are no reports'
of the E domaln of IGF—II having any blologlcal actlv1ty after
it is cleaved from the mature peptide. | |

The role of IGF-I in regolating post—natal growth and in
mediating the growth promotihq effeot of‘GHrhas been cohfirme& A
in many ways not only in mammalstatLih fish as well. Bécaﬁse*of"
the dependence of GH on hepatlc IGF-I in reallzlng this effect,
‘although a recent study show that IGF;I from non-hepatlc tlssues -
is suffioient for normal growth anandevelopment in mouse (Yakar
et al., 1999), it was thought that IGF-I is not important during
embryogehesis.until it was shown.that miee iackihg:IGF—I"had
impaired fetal growth_and:developmeht (Liu etdal.,.1993; Powell-
_éraxton et ai.} 1993). It appears;now'thatmin~I is aISO
1importaht for normal embryonio developﬁentﬁalthough its

concentration is generally lower in the embryos than in the
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adults. 1In thé present study, ﬁe‘éxaminea.the presencénéf'iGF—i
transcript iﬁ unfértilized ngs, during different stages éf
embrybgenesis, and in the larvae of rabbitfish. Unlike:in'
gilthead seabream (Funkenstein et al., 1996) and rainbow trout
(Greene and Chen, 1997) whére IéFmI was detectea iﬁ ﬁnfertiliied
eqggs, IGf—I mRNA was not detécted in unfertilizéd eggs of:
rabbitfish and in the differen£ sféges of embfybgenesis. |
Probably, the level of IGF-I mRNA in rabbitfish unfertilized
eggs and embryos Was vaery low'that it was not detected after 40
cycles of_ampiification. iGFQI mMRNA wés fifst detected in '
rabbitfish larvae séon'éftér hatching. In their studies,
Funkenstein eE al.{1996) and Gréeﬁe and Chen (1997) used a |
higﬁer concentration of tétai RNA;aﬁring the reﬁeréé |
transcription step - ZOlpg.whiqﬁ:iéé;fold higher thaﬁ that-use&‘
in the present study. o - |
On the other hand, IGF-II hés beeﬁ postulafed as a fefal

growth factor. Suppqrtffor thig,hgpothesis_came when targetedu
disruption of the IGF-II gené:resulted in fetal growth |
retardation - mice lacking the JGF—II géﬁe were_éo% smaller‘at-
: birth‘than their normai_ééuﬁterpa;ts (De Chiara ethal., 19905.
The reductipn in the groﬁth rate ig mice lacking fhe IGF-I1 gene .
is confined only in_uter§ clearly'éemonstratiné the dependeﬁce-
«of embryonic development on IGF—Ii. In addition, post-natal

overexpression of IGF-II does not result in increased somatic
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growth whereas mice overexptessing IGF-I are larger than the
normal type and showed signs of overgnowth‘after 3-4 weeks of
post—-natal llfe {(Matthews et al., 19688). These flndlngs and the
generally higher levels of IGF-II in the embryos compared ton
adults 1n many spec1es argue for its importance in early llfe.
The observatlon that IGF~II express10n is hlgher than IGF-I

durlng early development seems to be also true in fish as shown

- %

in our present results. IGF*II mRNA.was strongly expressed ln
rabbltflsh embryos durlnq the cleavage stage whereas IGE-I mRNA
was first detected only in the larvae soon after hatchlng
Furthermore, IGF-II mRﬂA was also detected in rabbitfish
untertilized eggs,.albeit weak, mhereas IGF;I mas not. Similar
observatlons were obtalned byrGreeneland Chen (1999i in-rainbow
trout embryos. Nevertheless, the absence of PCR products for
IGF~I in unfertilized eggs and during embryogenesis in
rabbltflsh does not lmply poor quallty of RNA from these samples
~or low efflclency in reverse transcrlptlon because a PCR product
for tabbitfish B—actin was amplifled ln"all samples and there was
no apparent difference in their espression in all stages. In
the larvae, although IGF-II mRNA levels mere also higher than
IGF-I durlng the first 6 days after hatchlng, the reverse is
true in the adult as shown in the hlgher level of IGF;I mRNA in
.the liver. Overall, the findings of the present‘study seem_to

agree with the concept that IGF-II is probably more important
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than IGF-I during embryogeﬁesié'and IGF-I exerting more'

influence on growth and development in later life stages.
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Figure iegends

Figure i;,Nucleofide.and deduced aminc acid segquences of
rabﬁitfish pfeproIGF—I. The signal peptide (44 aa) is -
underlinéd; the mature region (68 aa) consisting of B, C,
A,D domains is in bold letters, and the six Cys residues of
the mature peptide are double underlined. The E domain is
composed of 74 aa. The amino acids are numbered startiﬁg
from the mature peptide.

Figure 2. Nucléotide and deduced amino acid sequences of.
rabbitfisﬁ'preproIGF;II. The.signal-peptide (47 aa) is
underlined, fhe mature region (70 aa) is in bold letteré
(B,C,A,D domains), and the 6 Cys residues of the mature
peptide are déuble‘uhderlined. The E démain is composed of
98 aa. The:amino acids are numbered starting from the
mature peptide.

Figure 3. Alignment of the amino acid sequence of rabbitfish

IGF-I with the IGF-Is of 10 fish species. Gaps (*) are

.

introduced to maximize the sequence aliéhﬁéﬁt.' Dashes (-)
indicate amino acid residues identical to those of
rabbitfish IGEF-I.

Figure 4. Alignmént of the amino a?id sequence of rabbitfish
IGF-ITI with the IGF~1Is of © éish species. Gaps (*¥) are

introduced to maximize the sequence alignment. Dashes (-)
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indicate amino acid residues identical to those Qf“
rabbitfish IGF-II.

Figure 5.lin;I and iI'mRNA‘expréssion during rabbitfish »
embryoéenesis‘défermined by:sémiquantitative RT-PCR. - (A)
Agarose gel eiéétropdresis of RT-PCR products for IGF-11
and B-actin. Né PCR product for IGF-I. m-marker, uf-
unfertilized eggs (very faint band for IGE-II),Cc-cleavage
stage (32-cell stage), ¢g-gastrula, n-neurula, tbe-tail bud
elogation, hb-embryo with heart beat, nh—-newly hatched
larvae. (B) IGF-II mRNA levels expressed as the ratio of
IGF-II and B-actin. Labels are-similar as that of. Figure
5A.

Figure 6. IGF-1I and II mRNA expression during early.larval
development in rabbitfish determined by semiquantitative
RT-PCR. (A) Agarose gel eleptroporesis of RT-PCR products
for IGF-I, IGFjII and B;actin:‘pc-negétivélcbntrdl, liver-
positive contrql.f}B)‘IéF—i éna:IIﬂmRNA leveis'expreésed as

-the ratio with B-actin.
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Table 1. Primers used iﬁ:cloning rabbitfish IGF*I“chA

o ki e e e e e et o i e e o

I. Degenerate prlmers for cloning the internal reglon
CIGF-1F 57 fGG(CTG)AT(CT)GTGGA(TC)GAGTGCTGC— 3'
IGEF-2F 57 —GAGAC(CGT)CT(CG)TG(CT)GGGGC(GTA)— 3’

IGF-1R 5" ~GC{AG)}CA (GA) TACAT (CT) TC(CGT)AG~ 3’

II. DPrimers for cloning the 5’ end!
r£fIGFL-1R 5’ —CARACTGCAGCGTGTCGACC- 3

rfIGF1-2R 5" -AAAGCCTCTCTCTCCACACAC- 3f

III. Primers for cloning the 3¢ end®
rfIGF1-1F 5’ -GATGTCTAGCGCTCTTTCCTITC- 37
rfIGF1-2F 5’ —GTGATGICTTCAAGAGTGCG- 3’

rfIGF1-3F - 5’ -ACGAGTGCTGCTTCCAAAGCTG~ 37

IV. Primers used for RT-PCR (PCR product size = 454 bp)
CEIGFLEL-F 5 —TCTCACTACTGCTGTGCATC— 37

FEIGFIE1-R 5’ ~GTGTTGCCTCGACTTGAGTT— 37

e e il o T B T T Y= i S B T M W4 7 S T L. S T M o o Tt o S T Sk St SR T S S T . Mt T T s P PP i T e ek

'The abridged anchor primer provided in the 5/RACE kit was
used as the forward primer

ZNot I-d(T)1s bifunctional primer was used as the reverse
primer

g
i



WY

' Table 2. .Primers used in. cloning rabbitfish IGF-II cDNA

O . s e

IT.

v oy M . — o — T —— . S — et — T — A T T L T T P P} T ki il o ek S . i L ke Al ey el e i P ek P s . et

Degenerate primers for cloning the internal region -

IGF2-1F _5' —-GA (AG) ACGCT (AG) TGTGG (AG) GGA—- 3

IGF2-1R - 5’ —GGCACAGTACTGTCCA(AG)- 3’
IGF2-2R 5’ —ACAACACTCCTC (TC)ACGAT (AC)CC- 3’
'?fime#s for cloning the 5’ end"

rfIGF2-1R 5’ ~TTGAGGTCACAGCTACGGAA~ 3’

rfIGF2-2R 57 —CTGCTGGTTGGCCTACTGAA~ 37

| III.

Primers for cloning the 3’ end®
rfIGF2-1F 5’ -TGACTACTGCCATCTGACATG- 3

rfIGF2-2F 5’ -ACTCACTTTGCCACACCTGCCG- 3’

- rfIGF2-3F 57 —CAGAACCGTGGGATTGTAGAAG— 37

"Primers'used for RT-PCR'(PCR product size - 452;bp)

rfIGF2f1-F 5' —TGACGCTCTAMGTTGTGGAA— 37
rfIGF2f1-R 5’ —CTGTGGAAGATTGCCTGCTC- 37

e e i T e Y e S e Tt W o i Sy T, e S o S o o e o P S T S eyl Al LS s A el oy S o

1The abridged anchor primer prov1ded in the 5'RACE kit was
used as the forward prlmer' ‘ R

?th I-d(T).s bifunctional primer was used as the reverse
primer
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ITTGCTCTCTAAATC

CGTCTCCTGTTCGCTAAATCTCACTTCTCCAAAACGAGCCTGCGCAATGGAACAAAGTCG_

GAATATTGAGATGTGALATTGCCCGCATCTCATCCTCTTTCTCCCCGTTTTTAATGACTT

CAAACAAGTTCATTTTPGCCGGGCTTTGTCTTGCGGAGACCCGTGGGGAEGTCTAGCGCT
M 5 5 A

CTTTCCTTTCAGTGGCATTTATGTGATGTCTTCAAGAGTGCGATGTGCTGTATCTCCTGT
L S F Q W H L C D V. F K 8 A M C C I 8 C

AGCCACACCCTCTCACTACTGCTGTGCATCCTCACCCTGACTCCGACAGCAACAGGGGCG
s H T L s L L L ¢ I L T L T P T A T G A

GGTCCAGAGACCCTGTuCGGGGCGGAGCTGGTCGACACGCTGCAGTTTGTGTGTGGAGAG
G P E T L C G A E L v D T L @ F V C G E
(- e e e ————— B domaln TTosmTmm ST oo

AGAGGCTTTTAITTCAGTAAACCAACGGGCTAIGGGCQGAACTCGCGGCGACCACGAGGC
R G F Y F 8 K PT G Y G P NS RRUPR G
—————————————————————————— }{----———-~~ C domain -=--———-][--

ATCGTGGACGAGTGCTGCTTCCAAAGCTCCGAGCTGCGECETCTGCAGATGTACTGTGCA
I v D ECC C F Q 8. ¢ E L RIRTILEMMYCC A
——————————————————————— A domaln ———-—————-———-————u--—--——]

CCCGCCAAGACAAGCAAGGCCGCchcbccechGTccACAGCGCCACACGGACAchcc
P A K T S KA AR-S8V R,AOUREHETUDMEP
[~—=—— D domain ------ J [ e

AGRACTCCCAAGGTTAGTGCCGCAGGCCAGARGGTGGACAAGGGCACAGAGCGCAGGACG

R T P K V 8 A A G Q KV DK G TUEI RURT
-------------------- —-—==F domain TS TS T T T e

GCACAGCAGCCAGACRAGACAAAARGCARGARGAGACCTTTATCTGGACATAGTCATTCA
A Q Q P D KT K S K KURPUL S GG H S8 H S

o e T ko e ek SRS — . "L A L T Y S W Y o e o o ek ik Sl ki A g T o e e S SAE S o o o o M S ek ks i i 4t . T g

TCCTTCAAGGAAGTGCATCAGAAAAACTCAAGTCGAGGCAACACGGGGGGCAGAAATTRC

S F K EV HQ KNS SR GUNTITG G RN Y

- — —— — T —— ] P > ] S P A - i — — S T T " T S ——— TV T T — — . T T = — . it Y P o o et mbd ekl

AGAATGTAGGGGAGGHGTGAATGGACAAATGCCCAGCGACTTGGGAAGAGAGAAGGGAGT
R M *%%

!

GGCCTTACCTGGTACCCCTGTGGAATGGTTCACTGTARAACARAACTAAGAGGAGGCTAR
AAGAGCGGCAGTCTGAAAACAAAGCTCTTCAARATGATCCAARCCTARAGAGCTAAGTGG
TGTTTTTTTTTAAGGGGTTATGATGAA — rest of 3’ untranslated region
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GCCTGGTCTTTGGGACAGCCTICTIC
ACACATCATCTCACCGCACCAACTGGGAARCCTAACTCACCTGCAATCTCTCCAACCAAAT

AACCCCCACCCCCAG%CGTTTTGACTACTGCCATCTGACATGGAGACCCAGCAAAGACAC
M E T Q ¢ R H

GGACACCACTCACTTTGCCACACCTGCCGGAGAGCGGAGAGCAGCAGAATGAAGGTCAGG
G H H S L C H T C R R A E S5 S R .M K. V K

AGGATGTCTGCGTCCAGTCGTGCGCTGCTGTTTGCACTGGCLCTGACGCTCTACGTTGTG

R M s-A S5 S R A L L F AL AL T L Y V V

GAAATAECCTceGCAGAGACGCTGTGTGGGGGAQAGCTGGTGGACGCGCTGCAATTTGTc
E I A S A ETUILCGGETLTYV DAL Q F Vv
[-———- w-————f-——‘ ———————————————— --= B domaln —————————— ————

TGTGACGATAGAGGCTTCTATTTCAGTAGGCCAACCAGCAGGGGAAAEAGCCGACGCCCC
.€ ‘D D RGF Y F 8RPT S RGNS RURP

'"T*"*T”“‘*“*'““"‘"“f'ﬁ’“‘f‘f“"‘*T{ff‘;‘*fff_"C;dOmain-f‘

CAGAACCGTGGGATTGTAGAAGAGTGTTCTTTCCGTAGCTGTGACCTCAACCTCCTGGAG

‘'Q NR 6 I V ¥ E € € FR S £ D L N L L E
———————— } [~mmmmmmmmmmm e~ A dOmAIN —m—emmm—mm e

CAGTACTGTGCCAAACCAGCCAAATCCGAAAGGGACQTGTCGGCCACCTCTCTACAGGTC*

Q@ ¥ € A K P A K § E R DV 8 A T 8 L Q V

e 1[~=- D domain B

7ATACCCGTGATGCCCGCACCAAAACCGGAAGTCTCAA&GAAGCCGCAIGTGACCGTGAAG'
.81 - '

I P V.M P A P K P E'V S RKPHTYV TV K

ek U o  — — i — . T T — — — o — o — T — T — " ——— — ] 03 T} 2} o a7 okt 2kt ok gy o vy ek e e Ukl e RS g . oy ed A Py

.TATTCQAAATACGAGGTGLGGCAGAGGAAGGCGGCCCAGCGGCTCCGGAGGGGTCTCCCC

Y s K ¥ E VvV W Q R K A A 9 R L R R G V P

GCCATCCTGAGGGCCAAAAAGTTTCGGAGGCAGGCGGAGAAGATCAAAGCCCAGGAGCAG
A I L RA KKV FRTU RGQATETZ KTITZE KA AT QTE Q

—— - — o — kil o N e . o e e e A e il ey . P T VT — A — P T T b oy b T} ek e B Wt i arr b b S e A e S e A e Al e

GCAATCTTCCACAGGCCCCTGATCAGCCTGCCCAGTAAACTGCCTCCCATCTTGCTCACC
A I ¥ H R P L IS5 L P s KL P P I L L T

A it S ko S — N — T — T T _———— T T o —— o — T —— o — i} ) g b $o o . et i ok S o A e (LA gy e e i g el g

ACGGACAACTRTGTCAGCCACAAATGAGCCCGﬁTGCCAGCCCTTTGCACAGACAAGAGTT
T D N Y V S H K **%=%

TGGAGGGAGAAAAAAAGACTAGGGGATTATAGCTTTGTCTCTGACGTCATTTCTGTGGCA
GTCCTCTTTGACCTCCCTGC — rest of 3' untranslated region
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domains' B C A D

rabbitfish GPETLCGAELVDTLQFVCGERGFYFSKPT GYGPNSRRP**R GIVDECCFQSCELRRLEMYCA PAKTSKAA
gilthead seabream..  S—=s--——==—=—mm————eo—tw A 1 et~ A il
black seabream S o e H e R GF K me
barramundi : T T e e e ¥ mmwB-Ar—BH ¥ e ~Po—*
sculpin ' e e e e — e s A e == —Per—e——
flounder ‘ e et et A==B¥ ¥ L -
tilapia i - et A e O T
salmon e e e < B <1 e e T Ol R
rainbow trout o e e e e | e S = SN - B bttt At > 1€ ot
CArp : ettt Ottt =—==S+—=SHN- T -V-PG-TP
goldfish i e e B <12 1 L T L ~V-PG-TP
. : E |
rabbitfish ' RSVRAQRHTDMPRTDKVSAAGQKVDKGTERRTAQQPDKTKSKKRPLSGHSHSSFKEVHQKNSSRGNTGGRNYRM
gilthead seabrean mmrm— e R B < B L Aaib e Pm-m - Ammmekk
black seabream , e 1 e B 2 S it e Pm—w—- e Pmw————— Ao
barramundi? C e ——————— *****************f*********___Phe _____ D= — e ——————
sculpin - ittt ok —*—%——*H—~——S——~—-~~——G—~—N~4—-—P~——-——-—Dr+ ——————— TM= ==
f}_ounder2 ' ':¢:_f"‘—"-‘—“"““:-Af'“f'-T"VH “““““““““““ - — N e P""‘“"'—-";";7-““”—-""‘“;‘“——
tilapia ' - =G A= == SRAN* * ¥ e e e P — e N — e G P b e S8=r————-
salmon? | e ——— TN Row— o m o = = iem o e Pk h A F Ik I IK IR K e e e —-—
- rainbow trout? mmm e e e e P = § - R — e m— e He e Pk ok ok ko kK e e e e
carp . S——-A**************************——*—fP—Q-———Y—?—~—F-—f————~f—~*—I"
goldfish ’ SRR R Feddkdhk KRR KKK e KK ek kKKK IR I — ek m T Comorm o m Commmm e e
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‘8Bource:gilthead seabream, Sparus aurata (Duguay et al., 1996); black seabream, Acanthopagrus
schlegeli (Genbank Acc. No. AF030573); barramundi, Lates calcarifer (Kinhult Stahlbom et al.,
1999); sculpin, Cottus scorpius (Loffing-Cueni et al., 1998); flounder, Paralichthys olivaceus
(Tanaka et al., 1998); tilapia, Oreochromis mossambicus (Reinecke et al., 1997); salmon,
Oncorhynchus kisutch (Cao et al., 1989); rainbow trout, Oncorhynchus mykiss (Shamblott and Chen,
1992); carp, Cyprlnus carplo (Llang et al., 1996); goldfish, Cara531us auratus (Kermoun1 et al.,.
1998)

ldomains B,C,A,D constitute the mature peptide; *more than one form of E domain is found
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‘Source:gilthead seabream, Sparus aurata (Duguay et al., 1996); barramundi, Lates calcarifer (Collel
et al., 1997); tilapia, Oreochromis mossambicus {Chen et al., 1997); sculpin, Cottus scorpius

(Loffing-Cueni et al.,

1999); chum salmon, Oncorhyncnus keta (Genbank Acc. No. X97225); rainbow

_trout, Oncorhynchus mykiss (Shamblott agd Chen, 1992);

1B,C,A,D domains conétitute the mature peptide
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Abstract

Complains by fish farmers about the slowhgrowth of
rabbitfish {Siganus guttatus) unde; culture conditions is
one of the. major hindrances fo; its mass culturé in thé
Philippines. We gxamined whether rearing rabbiffiéh fry iﬁ o
dilute Seawater {SW} and treating them with“exogenous
growth hormone (GH) by intraperitoneal injection would
~enhance their growth. Rearing the fry for 3 months in 10
and 20 ppt significantly improvgd their growth.. Trea?ing
the fry with bovine GH at 0.01 ug/g BW resulted in o
significantly faster growth compared with the.saline—
treated controls. However, combining low water salinity
and GH treatment did not- further imprgve_the grqwth since
rabbitfish fry reared in 20 ppt apd_injgcted_with‘bovine GH
at doses of 0.01 and 0.1 ug/g-BW.didlnot result_in ﬁastér
growing fish compared to the:fry reared in 20 ppt but .
without GH treatment. These results suggest that
rabbitfish is best reared in dilute SW for”fas;er_growth.
For fish farmers who have prbbiems with the availability of
freshwater supply, rearing rabbitfish fry in SW would need

additional rearing intervention iike the use of some growt

.I"

promoting agents such as GH to improve its growth.

Keywords: salinity effects, GH effects, growth, rabbitfish



58

Introduction

In‘the'northefn part of the Philippin;s, the:
rabbitfish (Sigahus guttatus) is cultured in brackishwater
earthen poﬁds or in fish.pens and cages set in coastal
watefé ér near the riversl 'Sihce's. guttatus are
herbivores, they are sometimes reared together with
milkfish in brackishwater ponds where they are fed natural
food (filameﬁtous algae} in the early part of culture and
later With artificial feeds when the supply of natural food
is already depleted. In fish pens and cages however,
artificiél feeds'is’the nain food throughout the culture
period.

Fish farmers complain of the slow growth of this
spécies. Despite this, howéver, farmers still would like
to giow them because they command a better price compared.
to milkfish. 'Since producticn inputs of these two species
are more or less the.séme~énd since the market price of 5.
guttatus is more than twice the .price of milkfish; fish
fﬁrmers get higher profit with 'S. guttatus.

i”It'is”geherally”éééepted that growth in fish is under
théfcontrol’of grOwtthormone (G?)rand insulin-like growth
factor I (IGF-I). Increased grgﬁth is usually accompanied
by increased levels of circﬁlating GH and IGF-I. Thus,

apﬁroachés to eénhance growth in fish include, among others,
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exogenous GH administration. The GH given could elther be
homologous or heferclogous and native or recombinant. We
have isolated GH in S. guttatus and used the purified
native-hormone for growth enhthement trials (Ayson et el.,
2000). Several studies have shown that heterologous GH |
preparations are also efﬁectiverin enhancing growth in
several fish species (reviewed by Donaldson et al., 1979).
Rmong the available non-piscine GHs, bovine GH is the most
commonly used.

Although many oﬁ_the studies were_done in euryhalineﬁhr
species and only few in marine species, rearing fish in low
saline waters,sometimes reshlts in'fester growth comparedu
to rearing in ful}’_—.s_trer_agthuseatagater‘ (SW) (Lambert et al.,
1994; Woo and Kelly,.1995' Woe et al., 1997) S guttatus
is also found in mangrove -areas and was found to tolerate
abrupt transfer to 10 ppt We tested whether they would
grow faster in dllute _SW than :Ln full strength SW. ‘We
report here that rabbltrlsh fry grew better in d;luteSW
than in full-strength SW and that”treetment with bovine Gﬁ:l

also improved its growth.
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Materials and Methods
Fish
The rabbitfish fry used in ail expé%iments werd

produced'from;the Fish Hatchery:of SEAFDEC AQD. - CoL

Experiment 1. Effect of iow water salinity oA growth of’
rabbitfish fry

Alfhough rabbitfish inhabits and spawns purely in
marine waters, they are sometimes caught in brackishwater
environmenté;like in manérbve"afeas'and near river mouths.
We wanted to examine Whetherfgerfh of rabbitfish fry will
be improved when reared iﬁ dilute SW, as was observed in’
other fish species. About 300 pes. rabbitfish fry (BW=5-6
g and réaﬁéd exclusivéiy‘iﬂxsﬁxffdm haféhing) were randomly
divided into 3 grouﬁé (ibO ff&/@f&ﬂp)..'Two groups were
directly traﬂsferfed.té 6né—£bh{£anks'éontainind water wikth
salinities of 10 andf?dlppt, and thé third grouprwas
tranéferred t§ anothé£ £ank‘ébnféinin§:full—streﬁgth‘sw
(33-35 ppt); Fish ﬁéré reéredzin theée water 'salinities
.ﬁor 3 months. Low salinity water was prepared by diluting -
SW with FW, put in a.reservoir a?d allowed to stay
overnight before use. All grougé were fed with artificial
pellet at a feeding rate of 4-5% BW per day. The feed

ration was g¢given in the morning and in the afternoon.
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'ApprOXLmately 70 80% of the water was changed daily iﬁ the
‘morning at which time SLphonlng of the tank bottom to

remove waetes_ﬁas also carried out. ”Growth'measurementsa'
were deee.evetj_IS dafs ang the feeding rate was aajusted

accordingly. The experiment Was conducted twice.

Experiment 2. Etfect ef-betine GH‘treatment on growth of
rabbitfish fry

Admiqistration.of bovine GH (bGH) accelerates growth
in a number ef'fish'epecies. Sinee tﬁie is readily ”
avallable, we t;ied this in rabbitfieﬁ.L-Three.groﬁps of
rabbitfish §ry were etocked‘éeperately iﬁ 250-1 fiberglass
tanks.n Each greep eontained 3ltanks-with 15 fish/tank.
Fish in the first and éécaﬁd'gééﬁéé Were.injected with bGH
at a dose of 0. 01 ug/g BW (low dose) and 0.1 pg/g BW (high t
dose), respectlvely The thlrd group was 1njected w1th
saline solution and served as the control :The inﬁeétion
was glﬁen lntraperltoneally every week for'4 weeks; The
hormone was first dlssolved in small amount of O 01 N NaOH
then with saline solutlon. Each flsh‘was marked Wlth a
small cut in the opereulum to be able‘to follow growth in
individual flSh. Growth (1ncrements in Qelght and length)
ﬁas measured every‘week. Reariﬁg Wes'done'in full-strength

SW (33-35 ppt) for 7 weeks; the first 4 weeks with bGH.
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injection and fﬁe ;aer BlQeers was to observe for soﬁeu
‘residual effect of'the horﬁone, if.anp.. Fish were fed w1thv T
fish pellet 3x dally at a feedlng rate of 7.5% BW. About
50-80% of the water_was changed dally in the morning anor
siphoﬁing of the tank bottom to remove waeres’was aieo i

carried out daily. The fish was acclimated to the

experimental condition for one week.

Experiment 3. ;oteractronof'low water ealinity end GH
treatmeot on growth_of rabbitfish fry- |

We cbserved in the_previoue_experiments rﬁat GH
treatment and rearing rabbitfrshlfry in dilute.SW enhanced |
its growth. We wanted to examlne if rabbltflsh fry
subjected 51mu1taneously to‘these 2 factors would grow
faster or blggerucompared to fry subjected separately to
these faotors. Three groupe:of.fish were used ih'this
experlment w1th 3 repllcate tanke per group. Ten.fish Qere
stocked in each 250 1 tanks ' Fish in group 1 was reared in
dilute SW (20 pot) w:Lthout GI—I‘ ﬁge;tment whereas fish in

groups 2 and 3 were reared in dllute SW {20 ppt) but with.

bGH injection at a.dose cof 0.01 pg/g BW (low dose) and 0.1
ng/g BW (high dose), respectiveiy. The hormone was injected

into individual fieh every week for 4 weeks. Growth

measurement was done every week. To follow growth in each



63

fish, all flSh were 1nd1v1dually marked w1th small cuts in
the operculum. Flsh were fed flSh pellets 2x daily at a
feeding rete of 5% BW and water in the rearing tanks was
alsc changed daily. The experiment lasted for 8 weeks.
Acclimation peried before the stert of‘the experiment was

for one week.

Statistics

Slgnlflcant dlfferences in body welght and length
between the flSh reared in dllute SW and full strength SW
and between theueentrol and the hormone~treated groups atq
each'sampling timetnere‘determined hy t test after bne4WA§J
ANOVA (Sokal and Rohlf, 1995). Percentage data weré
transformed by arc sine or square root transformations,

where appropriate, before the analysis.

Results
Experiment 1
Rabbitfish fry reared in dilute SW were significantly
larger than those reared in full-strength SW (Figs. 1 A &
B). Fry reared in 10 ppt and 20 ppt were already
srgnlflcantly larger than the fry reared in full strength
6&

8th

SW starting on the and weeks of reering‘and this was’

maintained until the end of the:eXperiment;' The difference
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" in the growth of the fry reared in dilute SW and in full-

strength SW increased as the culture duration progréssed.

Experiment 2

The fry reared in full-strength SW and injected with
bGH at low dpse (0.01 pug/g BW) were significantly lgiéer
than the control starting on the 5" week {(Figs. ZIA & B).
The significant effect on growth was observed during fhe
weeks when the bGB_treatment.was al;éaAy stopped. ‘Although
larger, the growthléﬁ thg fry“injécted with-fhé.highldose

of the hormone (0.1 pg/g BW) was not significantly different

™~

from the contrel.

Experiment 3 W

The growth of rabbitfish frv reared in diluté SW (20
ppt) and treated with bGH was not significantly different
from the fry reared in dilute SW but without bGH treatméqt_”

(Figs. 3 A & B).

Discussion
Rabbitfish fry reared in dilute SW grew faster than
those reared in full-strength SW. The response of the fry

to the different water sa}inity_was also different; they

grew best in 10 ppt, about 1/3 SW. As shown in Figure 1A,
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the effect of low water salinity on growth of rabbitflsh
fry became pronlnent as the culture dnration progressed; it
became signiticant‘starting fromlG weeks of cultnre andl
remalned 80 untll the end of the 12-week culture perlod

It is hypothesrzed that the effect of sallnlty on fJ.shn'f
growth is due to the fact that the energetlc cost spent for
osmoregulation is lowest in isosnotic environment.and the
energy saved is channeled towards grthh (Morgan and Iwana;
1991). This, however; is not the general.rule since the
response of flSh to challenges 1n water sallnlty ls‘not
con51stent. The optlnal sallnrty.for growth seems to
differ among spec1es and in dlfferent life stages, and in
some species even with season'lMorgan and lwama; l§9l).
This is particnlarly trne among?thehtilabias.‘ To mention a
few, there are reports of tllapla grow1ng faster in full-
strength SW than in lower sallnltles or FW (Kuwaye et al.,
- 1993) or conversely, growing poorly in SW than in other
salinities (Faﬁg and chiou; 1989) |

For marine fish spec1es that can tolerate
hrackishwater, not much 1nformatlon is avallableiregardingﬁ
their growth rate-when rearegfin’lower.salinlties; The
Atlantic cod (Gadns morhna)'ehiéh is observed to occur also
in brackishwater was found to grow better ln intermediate

salinity (14 ppt) (Lambert et al., 1994). Growth of the =
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seabream.(Sparus sarba) which is commonly cultured ihr
.floatingnet cages in coastal waters Was also higher'in 15
Dot compared with 7 and 35 ppt (Woo and Keily,_-1995'). The
rabbitfish spawns and sbends the entire life cycie iﬁ |
marine waters, are caught by fishermen ih.seegrass beds and
in mahgrove areao, places where the sallnlty can go‘
bracklsh. In the hatchery, we observed that rabbltflsh fry
can survive abrupt transfer from SW untll 10 ppt but dle
when abruptly transferred to pure FW. A sallnlty of about
15 ppt is consrdered to be lsosmotlc to the flsh blood S0
that it is not smrprlslng to observe euryhallne marine flSh
speciles grow1ng best in Sallnltles of 14-15 ppt as observed
in the Atlantrc cod and sea bream (Lambert et al r 1994;
Woo and Kelly, 1995) For rabbltflsh however, growth is
best in 10 ppt, although 1t also grows better in 20 ppt
compared to full- strength SW

ngher growth rates in 1omer sallnltles mav.come aboot
as a result of 1ncrease in food 1ntake (appetlte) 1ncrease:‘
food conversion effrcrench 1mproved dlgestlblllty of
macromolecules (protelns and llplds) and thus food
assimilation,_lower metabollc rate, amohg others (Dutit et
al., 1984; Woo et al., 1997). Slnce this exberiment was
designedlonlyrto'find the best.water salinity for rearing

rabpitfish fry during the nursery and grow-out culture
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ﬁériods, we were not able:to look at any of the facﬁoﬁs
that'may exﬁlain the faster grdwth ofrragbitfish fry‘in 10 ;
ppt. ‘Nevertheless, we observéd in the coufse of the |
expefimentﬂthat'rabbitfish fry reared in fﬁll—stréngth W
do not eat as much compared with the fry in 10 and ZClppt.

A fixed feeding rate of 5% BW/day and adjusted every 15
dayé after every sampling was given to the fry and we
observed.that fish in 10 and 20 ppt were more aggressive in
feeding than the fish in full-strength SW. As a
consequence, 1t may be argued at this time, thatfthé'fasfer'
growth of=rabbitfish fry in. low water salinity is‘probébly
a result of“increased appetite and thus increased fbod
intake.

Administration of bGH either by injection, dissolved
in the rearing medium, by oral intubation, -in cholesterol
pellét for implantafion or by mini-osmotic pumps resulted
_' in faster growth in most fish specieslStudied; " The dpse‘of
the hormone used ranged from 0.5 uQ/g-BW'td as high as 40
ug/g BW for ihjection'(Degani“énd‘édllagher, 1984;
Weatherley and Hill, 1987; Down et al., 1988; Caﬁari.ef-ﬁ
al., 1993; Hunt et al., 2000; Silverstein et al., 2000);
12.5 ug/g BW/week for oral intugation (Méﬁéaﬁ et al., 1950);

100 mg/liter for 4 hours every 5 days for 8 weeks for
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immersion (Schulte et al., 1989); 0.5 pg/g/week for mini-
‘osmotic pump (Down et al., 1988); and 0.5-5.0 pg/g/week for:

cholesterq; pellet implant (Down et al., 1988).- ‘As shown

in E;gures 2A and B, bGH treatmént,at‘doses of 0.01.and 0.1

wg/g BW enhanced growth in rabbitfish fry as is observed in
other species. The grouprtreated with ‘the 1ow.dose showed
the beét response. The hormone was given weekly for 4
weeks'buﬁ the effect was observed after the injection was
alréady stopped.

| As shown in experiments 1 and. 2, rearing rabbitfish
fry in dilute 8SW and treating them with bGH resulted in
.faster growth. We wanted to examine further if rearing
rabbitfish fry in 20 ppt and.at the same time injecting
‘them with GH would have an additive effect on its growth.
We hypothesized that these 2 factors together would confer
additive advantage in terms of their growth promoting-
effect - that the fry reared in low salinity and injected
with GH wou;d be bigger.than those reared also in low -
salinity but without GH treatmént. Surprisingly, this was
not the case. As'shown in Figures 3A.and B, there was no
signiéicaﬁt difference in the growth of the fry in all the

7 o ey

3 groups indicating.that GH t;eatmentlin the fry reared in

20 ppt does not result in faster growing fish compared to
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just rearing them in 20 ppt and without GH treatment.: This
-suggests that:the exogenous GH given to:the;fry in dilute
SW does not have an added advantage to the fish in terms of
growth performance. Why 1s it that the exogenous GH glven
to the fry reared in full-strength SW. resulted in
significantly faster growing fish but'do not have an effect
when given to fry reared in 20 ppt? We do not.have an
explanatlon to thls at present Nevertheless, we suSpect
the 1nvolvement of prolactln (PRL) 1n this phenomenon in
tllapla in FW PRL can blnd to the GH receptors in thek |
llver and can drsplace GH from 1ts receptor because of the
hlgh 51mllar1ty in the structure of PRL and GH. Thus, in
FW, PRL may possess somatotrophic actions similar to Gﬁ
{Shepherd et al., 1897). Because of the high levels of PRL
that is expected in fish in low-salinity waters, it remarns
possibie that the additionaiwexogenous GH given.to
rabbltflsh fry in dllute SW does not have an addltlonal
effect on growth because it was not able to bind to its
receptor which was probably already'saturated-with PRL.
From the results of the experinents described here: we
can recommend to the frsh farners-to rear'rahbitfish fry in
dllute SW in nursery and grow—out phases.' Flsh ponds and

fish pens 1ntended for rabbltflsh rearlng should be located

in areas where there 1s access to FW llke near the rivers.
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However, in areas where FW supply is a problem, rearlng
=rabb1tflsh in full strength SW needs addltlonal rearlng

1nterventlon like treatment with growth—promotlng agents

such as GH has to improve its growth.
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Figure Legends
‘Figure 1. Bi-weekly increase in body weight (A) and body
length (B) of rabbitfish fry reared for 3 months in

full-strength SW~(33 ppt) and dilute SW (10 and 20

ppt). Asteriské &enoté’Signifidaﬁt differences
{P<0.01; P<0.05) with the group reared at 33 ppt.

Figure 2. Weekly iﬂé?ease;in bodgmweighf'LA) and body
length (B) of fabbitfish”fry reared in fu1i~strength
SW (33 ppt) and-injected intraperitoneally Weekiy for
4 weeks ﬁitﬁ bGH at 0.1 pg/g BW (high dose) or’b.Ol

ug/g BW (;oﬁ;ddge). Asterisks denoteﬁsignificant
differences:(P;0.0l; P<0.05) with thé saliné-injected
control. : .

Figure 3. Weekly increase in bodyfwgight (A} aﬁd body f
length (B) of rabbitfish fﬁﬁ reared in dilute SW (26

ppt) and injected intrapéritdneally weekly for 4 weeks

: " " . ! @ B
with bGH at 0.1 pg/g BW .{high dose) ox d?g ug/g BW (low

dose) .
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