PNADH-/57

A. Cover Sheet

FINAL REPORT
Covering Period: October 2000-March 2004

Submitted to the U.S. Agency for Intemnational Development: Bureau for Economic Growth.
Agnculture. and Trade

IMPROVEMENT OF GROWTH AND SURVIVAL IN CULTURED RABBITFISH (SIGANTS
GLTTATLS)

Pnincipal Investigator: Dr. Bruna Funkenstein
Grantee Institution: Israel Oceanographic & Limnological Research
Tel-Shikmona. P.O.B 8030, Haifa 31080. Israel
Tel: 972-4-8565233. e-mail: bruna/@ocean.org.il

Collaborator: Prof. Arieh Gertler
Institution: The Hebrew University of Jerusalem

Collaborator: Dr. Felix G. Ayson
Institution: Southeast Asian Fisheries Development Center

Project Number: C19-001
Grant Number: TA-MOU-99-C19-001

Grant Project Officer: Mr. William Crane

Project Duration: April 1. 2000-March 31. 2004



.l

[V

B. Table of Contents

ACoverPage... ..o ]
B. Table of Content..........ccoovviniitiiiiiii e U
C. Executive SUMMAary..........oocooviiiiiirriiiiiinamneaneanenes 3
D. Research Objectives. ... 4
E.Methodsand Results................. i 4
F. Impact. Relevance. and Technology Transfer....................... 6
G. Project ActivitieS/OUtpuls. ... ...oooiviiviiiiiniiia e 6
H. Project Productivily. .. ....ocooiiiiiiini i 6
I Future Work. ..o s 7
Appendix — Publication No. b 8
Publication No. 2. ... 17

Publication No. 3. ... cieeevaeann 27



LY

C. Executive Summary:

The purpose of this project was to improve the growth and survival of the rabbitfish.
Siganus guttatus. cultured in Southeast Asia. by understanding the rate-limiting component(s) in
the growth hormone-insulin-like growth factor system. which might explain the slow growth rare
during the early juvenile stage and use this information to enhance growth rate by administration
of growth hormone using various methodologties.

During the project. growth hormone (GH) from rabbitfish was purified and antiserum was
raised in rabbits. The native protein purified at the start of the project was used in growth
enhancement experiments of rabbitfish kept under vanious salinities. The ¢cDNAs for rabbitfish
GH and insulin-like growth factors 1 and Il (IGF-I and IGF-II) were also cloned. Recombinant GH
protein was expressed in bacteria in large quantities and purified. The effectiveness of the
recombinant hormone to enhance growth was tested in vivo by injecting the hormone to rabbitfish
frv and monitoring growth (increases in body weight and body length). For testing the biological
activity in virro. GH was added to liver pieces removed from rabbitfish and kept for shom
incubation periods. Levels of IGF- mRNA were determined. Experiments were also camed out
{by using molecular biology methods) in which the level of expression of two genes for growth
factors (IGF-1 and IGF-II) was determined during early stages of development of the rabbitfish.
The results obtained suggest that administration of a hittle exogenous GH 10 the frv significantly
improved its growth and reaning frv in dilute seawater likewise improved its growth performance.

The collaboration during the project included a visit of the Philippine Pl 10 the Israeli Pls
laboratories. During the visit. experiments were initiated to test various wayvs of introducing
hormones into microdiet of fish larvae. In addition the Philippine PI and the Isracli PI met during
the Fish Endocrinology Meeting and took this opportunity to discuss the results of the project.
and planning future work.

The funding provided by the project. enabled Dr. Avson to acquire important pieces of
equipment needed for the production of recombinant rfGH in his laboratory. In addition. a
fermentor. freeze-drier and a big refrigerated centrifuge were provided by a grant from the

Japanese Government.



D. Research Objectives:

I Purification of S. guttarus GH polypeptide and raising antibodies.

19

Molecular cloning of S. guttatus GH and IGF-1 ¢cDNAs.
Cloning of GH and IGF-l in expression vectors for producing large

tad

quantlities.
4. Effect of exogenous native S. guttatus GH on growth.
3. Effect of exogenous bovine GH and low salinity on growth.

Production of large quantities of S. guttarus recombinant GH polypeptide.
Production of S. guttatus recombinant IGF-I polypeptide.

Assavs 1o test the biological activities of recombinant S. guttarus GH.

o N

Extending the haif-life of the recombinant S. guftarus GH.

E. Methods and Results:

{. Isolation of growth hormone (GH) from rabbitfish

GH was extracted from pituitary glands under alkaline conditions, fractionated by gel filwation
chromatography on Sephadex G-100. and purified by high performance liquid chromatography
(The results are summarized in publication No. 1 ).

2 Cloning of rabbitfish GH ¢DNA

A combination of RT-PCR and RACE (rapid amplification of cDNA ends) resulted in a cDNA of
860 nt. excluding the poly(A) tail. The untranslated regions are 94 and [73 bp in the 5" and ¥’
ends. respectively. It has an open reading frame of 588 bp coding for a signal peptide of 18 amino
acids and a marture protein of 178 amino acid residues (The resulis are summarized in Publicauon
No. 1)

3 Cloning of rabbitfish IGF-I cDNA

Rabbitfish IGF-1 cDNA was successfully cloned from the liver. The preprolGF-l is composed of
186 amino acids (aa): this is composed of 44 aa for the signal peptide. 68 aa for the mature
peptide and 74 aa for the E domain. Only one form of E-domain is found in rabbitfish IGF-1 (The
results see summarized in publication No. 2).

4. Cloning of rabbitfish IGF-II cDNA fnot in the original propasal)

Rabbitfish IGF-11 cDNA was also successfully cloned from the liver. The preprolGF-Il 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 ( The results are summarized in publication No. 2).

3. Developmental expression of IGFs in rabbitfish

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

rabbitfish, primers were designed for both rabbitfish IGF-1 and |1 and used it for RT-PCR of
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samples from different stages of embryogenesis and different larval stages. IGF-11 transcript was
expressed in unfertilized eggs (although very weak) and a very strong expression was alreadv
observed during morula siage (about 3 hours after fertilization) and this was maintained until
hatching. On the other hand. IGF-1 wranscript was observed only in embryos near hatching. In the
larvae. however. both IGFs were more or less equally expressed (The results are summarized in
pubiication No. 2).

6. Experiments to enhance growth in rabbitfish

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

Rabbitfish frv 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 groups.

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 with 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 atso with bGH did not further improve the growth.

¢} Preliminary experiments were performed to test the effect of the purified GH to promote
growth in rabbitfish fry. Weekly intraperitoneal injections of the GH significantly accelerated
growth. The effect was evident 3 weeks afier the start of the treatrnent. and was still significam 2
weeks after the treatment was terminated ( The results are summanzed in publication No. 1).

~. Production of recombinant rabbitfish GH

Recombinant rabbitfish GH was cloned in the expression vector pET-3d and used to ransform
BL21DE3 bacteria. Large amounts of the recombinant protein were produced: the protein was
refolded and purified. The refolding and punfication steps were monitored bv SDS-PAGE and
HPLC. {The results are summarized in publication No. 3).

8. Biological activity of recombinant rabbitfish GH

The biological activity of 2 preparations of recombinant rabbitfish GH (rrfGH) was 1ested in vivo
using rabbitfish frv. Groups of rabbitfish fryv were injected with mrfGH-! (refolded in 0.1 mM
cysteine) and fGH-2 (refolded in 0.2 mM cysteine) at doses of 0.01 (low dose). 0.1 (medium
dose) or 0.5 (high dose} pg’g BW once a week for five weeks. Increases in body weight and body
length were monitored during each injection schedule. which is at 1-week interval for 5 weeks.
Rabbitfish frv injected with the highest dose (0.5 pg/g BW) of rrfGH refolded in 0.1 mM cysteine
were bigger than fry in all other groups. The size difference was apparent 2 weeks after the stan

of the treatment (The results are summarized in publication No. 3).
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F. Impact. Relevance and Technology Transfer

Throughow the project. the research involved a close collaboration between the scientists
participating in the project. Recombinant GH was re-folded and purified by the Israeli
collaborators and transferred to the Philippine partner for testing its ability to enhance growth in
rabbitfish fry. The Philippine partner came for a visit to Israel in order to familianze himself with
the equipment needed for large-scale production of recombinant proteins as well as to leam new
wavs for incorporating the GH in microdiet of fish larvae. The recombinant rfGH was used for
enhancement of growth of cultured rabbitfish. Dr. Felix Ayson came to Israel in the second year
of the project for training in methods of incorporating recombinant GH polvpeptide in microdiet
of fish larvae as one way of administrating the hormone. He also was presented 10 the equipment
needed for production of recombinant proteins so that he will be able 10 acquire these items using

part of the budget allocated for this purpose.

G. Project Activities/Outputs

1. Dr. Avson visited Israel for 2 weeks in November 2002.

2. Publications:
Avson. F.G.. de Jesus E.G.T.. Amemiya. Y.. Mortvama. S.. Hirano. T.. and
Kawauchi, H. (2000). Isolation, cDNA cloning, and growth promoting activity of
rabbitfish (Siganus guttatus) growth hormone. Gen. Comp. Endocrinol. 117: 251-

259.

Avson. F.G.. de Jesus E.G.T.. Monyama. S.. Hoyodo. S. Funkenstein. B.. Gertler.
A.. and Kawauchi. H. (2002). Differenuial expression of insulin-like growth factor
I and Il mRNAs during embryogenesis and early larval development in rabbitfish,

Siganus guntarus. Gen. Comp. Endocrinol. 126: 163-174.

Funkenstein. B.. Dyman. A.. Lapidot. Z.. de Jesus-Ayson. E.G.. Gertler. A. and
Avson. F.G. (2005). Expression and purnification of a biologically active

recombinant rabbitfish (Siganus guttatus) growth hormone. Aquaculture 250: 504-

th

15.

H. Project productivity

Most of our goals were achieved throughout the project although two aims were not obtained. In
the original proposal we intended to try to extend the half-life of the recombinant rabbitfish GH

that we produced. This part was not accomplished for lack of ime. Also. in our original plan we



.
intended to produce recombinant rabbitfish [GF-1. Again, due to the short time and limited budget

provided for this project. we have only cloned the IGF-I cDNA and characterized its sequence but
did not produce the protein.

I. Future Work

[n the iaboratory of the Philippine PL. activitics toward developing sirategies for incorporating the
recombinant protein into formulated feeds for mass application will be contibued. Some
important pieces of laboratory equipment necessary for this kind of work have already been
purchased using the funds provided by USAID. However, omside funding sources will sall be
actively sought by the Philippine PI in order for him to continue the work we started using funds
from USAID.
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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-
bifish 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 rabbidish GH is about 13 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
c¢DNA was cloned to determine its nucleatide sequence.
Excluding the poly (A) 1ail, 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.

7 A patent is pending (PO 1-1999-01457) for the cDNA sequence of
rabbitfish GH reported in this paper.

00 16-6-480./00 535 0O
Copyright © 2000 by Academnic Press
Al righes of repeodhecton o1 any form resenved.

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 Glapia.
and less (47-49%) identity with salmonid and carp
GI‘L'B. © 2000 Acacssmic Prus

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

Growth hormone (GH) therapy is commonly used 1o
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 et al.
1994), intraperitoneal 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 af.
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 etal.
1993; McLean et al.. 1999).

Slow-growing 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. A full understanding of the factors that regulate
growth in this species is necessary if we are to design
strategies to accelerate its growth. As a first step to
understanding how growth 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 guttatus: 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.

Isolation and Purification

Pituitary glands (1 g) were homogenized in 5 m| of
50 mM ammonium acetate buffer (pH 9.0) containing 5
mM phenylmethylsutfonyl flucride. The homogenates
were sticred for 1 h at 4°C and centrifuged at 12,000g
for 30 min. The supernatant was applied on a Sepha-
dex G-100 column (1.5 X 100 cm). Proteins were eluted
with 50 mM ammonium bicarbonate buffer (pH 9.0} at
a flow rate of 15 ml/h. Three-milliliter fractions were
collected and the absorbance was measured at 280 nm.
Appropriate fractions were pooled and lyophilized,
and 10 pg of each fraction was analyzed by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) (Laemmli, 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 immunoblotting, protein bands from SDS-PAGE
were transferred into nitrocellulose membrane and
incubated overnight at 4°C with bonitoc GH antiserum
{diluted 2000x). Immunoreaction was detected using
the ABC kit (Vector Labs, CA). Two immunoreactive

Copyryghi © 2000 by Academic Press
Adl ngghis of regeroducton th any form reserved.
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fractions {(G-3 and G-) were further purified by
reversed-phase high-performance liquid chromatogra-
phy (HPLC).

Five hundred micrograms of G-3 and G+ fractions
was dissolved in 0.1% trifluorcacetic acid (TFA) and
was analyzed by HPLC (LC800. Jasco. Tokyo. Japan)
on a TSK gel ODS-120T column (0.46 X 25 cm. particle
size 5 pm} with a linear gradient of 20-80% acetonitrile
in 0.1% TFA for 60 min at a flow rate of I ml./min and
column temperature of 40°C. Absorbance was monitored
at 220 nm. Individual peaks were collected. hvophilized.
and analyzed by SDS-PAGE and immunoblotting.

The N-terminal sequence of rabbitfish GH was
determined by automatic sequencing on a Shimadzu
PSQI gas-phase protein sequencer as described by
Rand-Weaver and Kawauchi (1992).

<DNA Cloning

Total RNA was extracted from 100 mg of frozen
pituitary with [sogen (Nippon Gene. Tokyo. japan)
following the manufacturer’s protocol. The concentra-
tion of total RNA was estimated by measuring the
absorbance at 260 nm (conversion factor: | OD = 40 pg
RNA/ml). First-strand cDNA was reverse-transcribed
from total RN A using the First Smand cDNA Synthesis
kit (Pharmacia Biotech. Sweden). Reverse transcrip-
tion was carried out in a 15-pl reaction mixture
containing 2.8 pl of total RNA {5 pg). 5 pl of bulk
first-strand ¢cDINA reaction mix. 1 pl of 15 mM dithio-
threitol, 1 pl (5 pg/yl) of Ned-d(T):s bifunctional
primer, and 5.2 pi of DEPC-treated water.

Six degenerate sense primers and two anii-sense
primers were synthesized (Espec Oligo Service.
Tsukuba. Japan) based on the mast conserved regions
of the amino acid sequence of known teleost GHs to
clone the internal region of rabbitfish GH cDNA.

During PCR, the 50-pl reaction mixture {1 pl first-
strand ¢cDNA (template). 2 p! each of sense and
anti-sense primers {final conc. 0.4 pM). 1 pl nucleotide
mixture (0.2 mM]}. 5 pl of 10x PCR buffer {final conc.:
10 mM Tris HCL pH 8.8; 50 mM KCi; 1.5 mM MgCl,).
1.25 units of Tag DNA polymerase| was subjected to 35
cycles of amplification: each cycle consisted of 1 min
and 30 s denaturation {34°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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Rabhitfish Growth Homone

[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) TT(AG) TGC AT(AG) TC-3'] yielded a PCR
product of the expected size after gel electrophoresis.

The rapid amplification of ¢cDNA ends (RACE)
method of Frohman (1990) using the 5° RACE system
kit, Ver. 2.0 (Gibco BRL, Gaithersburg, MD), was used
to clone the 5" end. Two anti-sense primers; RF-GH-1
(5-AGA CTC AAC CAG TCG ATA GG-3'} and RF-
GH-2 (5"-GACAGC AGC TTC ATC ACA GA-3'), were
prepared based on the nucleotide sequence of the
internal region of the rabbitfish GH cDNA. 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 described
above.

Two sense primers from the 5° end of rabbitfish GH
cDNA were designed, RF-GH-3 (§'-ATC ACA GCT
GAA CTG CAC AA-3') and RF-GH4 (5°-AGC AAG
GAC TAG GAC CAG AA-3), and used with Notl-
d(T);; bifunctional primer as the antisense primer in
cloning the full-length rabbitfish GH cDNA. Multiple
clones were examined to guard against PCR errors.

PCR products were electrophoresed on agarose gels
and visualized by ethidium bromide staining. The
DNA was extracted and purified from agarose gels
using QLAEX II gel extraction kit {Qiagen, Germany).
inserted and ligated into pT7 Blue T-Vector. and trans-
formed in NovaBlue competent cells (Novagen, WI).
The plasmid DNA was then extracted from the bacte-
rial cells using QlAprep Spin Plasmid Kit (Qiagen).
Nucleotide sequencing was performed using an ABI
Prism DNA Sequencer 373 (Perkin-Elmer. CA).

Biological Activity

The growth promoting activity of purified rabbitfish
GH was tested in the rabbitfish fry. Forty-five fry 3-4 g
BW) were randomly divided into three groups {15
fish/group) and stocked in separate 250-liter fiberglass
tanks. Two groups were given weekly intraperitoneal
injections of rabbitfish GH at doses of 0.01 and 0.1
HE/g body wt. The hormone was first dissolved in a
small volume of .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 given only until the fifth week and the
fish were reared for 4 more weeks. Feeding and water
managements were the same in all groups. Changes in
fish body weight and fork length were measured every
week. Significant differences in body weight and fork
length between the control and the hormone-treated
groups at each sampling time were determined by [
test after one-way ANOVA (Sokal and Rohlf. 1995).
Percentage data were transformed by arc sine or
square root transformations. where appropriate. be-
fore the analysis.

RESULTS

Isolation and Purification

The elution pattern of the alkaline extracts of rabbit-
fish pituitary glands on Sephadex G-100 column has
already been reported in a separate paper (Ayson ef al..
1999). From the elution profile, fractions G-3 and GH
contained protein bands of molecular weights between
18 and 22 kDa. and these bands were immunoreactive
with bonito GH antiserum. The HPLC profiles of
fractions G-3 and G-4 are shown in Fig. |. When
stained with Coomassie's brilliant blue after SDS-
PAGE, the peak eluting at 32 min contained a band
with molecular weight of about 19 kDa (Fig. 2A): this
band cross-reacted with bonito GH antiserum (Fig.
2B). No immunoreaction was detected with anti-
salmon PRL and anti-flounder SL (data not shown).
The yields of pure GH from G-3 and G fractions were
0.9 and 1.0 mg/g of pituitary (wet weight). respec-
tively.

N-terminal amino acid sequencing of intact protein
gave no sequence indicating that the amino terminal is
blocked.

c¢DNA Cloning

A cDNA fragment of 267 bp was amplified in the
first PCR using the degenerate primers. GH-8 and
GH-2R. This fragment corresponds to nucleotides
347-613 of the cDINA (Fig. 3). The second PCR using
primers RF-GH-2 and 5° RACE abridged anchor primer
vielded a preduct of 354 bp which spans from the 5°
end and overlaps with the known sequence of the

Copargin € 2 b Academw Press
AR nghts of reprosducrms i sy Form resnryvest



Absorbance (220 nm)

0.64

GH
N
/
/3L
7/
7/
7/
A
)
/ b
/ (
i

\\

[-80

Tmnwe (min)

Acetonitrile (%)

0.64 B
A
i
1
V4
7
7
y
Q —
~ x
p— / St
8 / . |
2 ’ g
2 | =
L 1l )
< | ; <
1
i
i
SL
]
! - 20
L
|
60
Tamc ()

FIG. 1. HPLC dwomatograms of fractions G-1 (A) and G4 (B). The fractions (0.5 mg) were dissolved in 0 1% TFA_ The slution positon of GH
and somatolactin (SL) is indicated. G-3 fraction was first subjected 10 affinity chromatography (10 remove the glhycoproteins.

oo
27.5»

18.5» e

A

275>

18.5 » G0

FIG. 2. SDS-PAGE pattern of rabbitfish GH afier staining with Coomassie’s brilliant blue (A) and afier immunostaining with bonito GH

antiserum (B). M. molecular weight marker (kDa}; 1, nonreduced:; 2, reduced with B-mercaploethanal.

Copyright © 2000 bry Academic Press

All nghos of reprodasction m any lorm reserved.

254



2.

Rabhbitfish Growth Hormone 233
94bp3 UT 588 bp coding region 178 bp 3 UT
—{ s ar s AAAAAA
347 3
GH-§ —» 813 o GHR
pertial intermal cone
AAP —» I 354 « rfGH2
partial 3 clone
1 860
(fGH-3 —» <+ Norkd(Myg

tfGH full leneth clone '

FIG.3. Schematic diagram showing the position of the three PCR products (pantial and full-length clones). The filled box represents the coding
region foe 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 also indicated. AAP is 5’ RACE abridged anchor primer.

1 ATCACAGCTGAACTGCACAACAATCATA 8
29 TCAGCAAGGACTAGGACCAGAACGAGGGCCAGGACCAAGARCAAGAACARAAGCCACTGA 1 ]

89 AGAACCATGGAARAAGTGGTCCTCCTGTTGTCGOTCCTGTCTCTGGGTGTGLTCTGTCIT 148
-18 M E K V ¥V L L L $ ¥V L $ L & N v C P -1

145 CAGCCAATGACGGACAGTCAGCGTTTCTCCATTGCCGTCAGCAGCATTCATTATUTCCAC 20§
1 Q P M T DL S QR F S I AV S B I 1 ¥ L H 20

209 CAGGTTGCTCAGAGAAGCTTCTTCACCTTTGAGAGTTCTCTGTCAGC ASAGGACTAGCET 268
21 Q VA Q RS F F T F E S S L 5 A E GG Q 8 40

269 CAACTCAACAAGATCTTCCTGCAAGATTCCTGCAACTCCOATTACATCCGGAGCOCAATA 28
LN ¢ L N K I F L Q C S CM ST Y I FEF S5 P 1 &0

129 GACAAGCACGAGACACAGCGCAGCTCTGTGATGAAGCTGCTGTCTATCTCCTATCGACTG ipe
61 b K HETGGUH#R S 5 VM X 4L L 5 I § Y R L L1+

89 GTTGAGTCTTGGGAGTATCCCAGCCGTGCTTTGATCGGTGGT TCAACGAACCAGATTTCC 448
g1 vV E 5 ®w E Y P S R A L T 6 & 385 TN T 5 183

443  AACAAACTGTCTGAGCTAAAGCTGGGGATCAGGCTTITGATGGAGGCCAATCAGGACGGA 508
101 N K L 5 E L K L GI R L L M EANQUZDG 120

509 GCAGAGATCTTTCCGOGAGAGCTCTGCCTTTCAGCT GGATTATCAGAGTCTAGGCACAGAT 568
121 A E I F P ES S AMF QL DY QS5 & 6 T D 4G

569  GATCCGAGACAGATGTACGAACTGCTGGCCTGTTTCAAGAAGGACATGCACAAGGTGGAG 628
141 D P R Q M ¥ E L L A CF K K DM H K V E 1£&

629 ACTTATCTGACAGTGGCAAAGTGTCGUCTCTCTCCAGAAGCCAACTGCACCTTGTAGCCC 688
161 T Y L T V A XK CR L S F EAMNOCTL * 179

699 CACCTCTGTGCTGGTAGACCACGCCCACTSTTGATGATGCAA TG TG TTGCACCACCALTE 146
749 ACTGCACTAGCCAGCATT T TCACTTGTCTGTITTAGCTTGTTGAGTSTCTGAGGGACGAR §0%
BOS GAGGTTCTTT TCTGAAGAGGAAGTGATTCTGTGAATARMMSACTCTTSCATTC-poly A 860

FIG. 4. The nucleotide sequence of rabbitfish GH ¢cDNA and its deduced amino acid sequence. The signal peptide (18 amino acids) is
underlined. The amino acid residues are numbered beginning from the mature peptide. The lermination codon is indicated by an asterisk The

four cysteine residues and the polyadenylation signal are in bold.

Cognrygia ¢ N by Acntwmin Press
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FIG. 5. Alignment of the amino acid sequence of rabbitfish GH with other teleost GHs. Gaps [7) are introduced t0 maximize sequence
alignment. Dashes {-} indicate amino acid residues identical to thase of rabbitfish GH. The location of the five amino acid deletion unique o

rabbitfish GH is boxed.

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
Notd-d(T),s bilunctional 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 the

Copyright @ 2000 by Academin Presy
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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) 1ail {(Fig. 4). Thus, an open reading frame of
rabbitfish GH ¢DNA 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.
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TABLE 1

Nucleotide and Amino Acid Sequence Identity ol Rabbitfish GH
Compared with Those of Other Fish Spedes

Sequence identity (%)

Fish species Nucleotides Amino acids
Tuna {Thunnus thynnus) .49 T4.09
Asian seabass (Lates calcarifer) .40 72.53
Yellow 1ail (Seriola quingueradiata) 7288 72,53
Bonito (Kaisuwonus pelamis) 1253 7.50
Tilapia (Oreochromis niloticus} 1063 69.94
FRounder (Paralichtys olivacewus} 60.27 57.51
Rainbow trout (Salme gairdneri) 59.06 58.03
Chum salmon (Oncorhynchus keta) 5837 58.03
Carp (Cyprinus carpio) 34.57 47.15

Note. Tuna (5ato er al., 1988): Asian seabass (Knibb er al. 1991);
yellow tail (Watahiki et al. 1988). bonito {(Noso et al, 1988); tilapia
{Rentier-Delrue et al.. 1989); flounder (Watahiki &7 al, 1989): rainbow
trout {Agellon and Chen, 1986); chum salmon (Sekine et al, 1985):
carp (Koren ef al., 1989).

Sequence Comparison

The deduced amino acid sequence of rabbitfish 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 176 (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 satmonids and carp GHs.

Biological Activity

Rabbitfish fry injected with the hormone at a dose of
0.1 pg/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 pg/g body wt of the hormone
showed a significantly higher increase afier the fifth week
Although the treatiment 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 for 2 weeks afier the last injection.

DISCUSSION

We have isolated and purified GH from rabbitfish
pituitary glands by extraction under alkaline condition
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followed by gel filtration chromatography on Sepha-
dex G-100 and rp-HPLC. In each step in the purifica-
ton 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 anti-flounder 5L, and the intensity of
the immunoreaction was strong. indicating a high
concentration of GH in the extract. This can be ex-
pected since GH cells are major constituents of the
pitvitary 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 GH was 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 acd from the
IN-terminus is pyroghitamine. This was confimed 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 3 amino acids)
than flounder GH. which is the smallest teleost GH
(173 amino acids) known so far (Watahiki ef 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 hAsh GHs
{Fig. 5). This stretch of amino acid residues s outside
the five conserved domains of GHs as described by
Watahiki et al. (1989). The biological significance of this
deletion is presently 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). rabbithish GH has four
cysteine residues located in highly conserved posi-
tions.

Rabbitfish GH is closer in identity 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
amino acids in 170-180. the sequences of salmonids

Copyregi © 2000 s Acaderoa Press
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FIG.6. Effects of rabbitfish GH on growth in body weight {(A) and fork length (B) of the rabbitfish fry. Fish received a total of six intraperitoneal
injections every 7 days. Vertical lines represent SEM. “Significant differences (P < 0.05) compared to the conrrol.

Copyngie © 2000 by Academic Press
Al rights of reproduction tn any form reserved.



Vo

Rabbitfish Growth Hormone

and carp GHs are clearly different from that of perci-
forms where rabbitfish is classified.

The purified rabbitfish GH was effective in pramot-
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 pg/g body wt.
Interestingly, the significant effect of the hormone was
still abserved 2 weeks after the final injection. Consid-
ering that the hormone was given only once a week,
administering the hormone daily using appropriate
routes such as feeding would probably translate into
much larger growth increments.
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In rodents, the expression of insulin-like growth factor ]
(IGF-II) is higher than that of insulin-like growth factor |
(IGF-1) during fetal life while the reverse is true after
birth. We wanted 10 examine whether this is also true in
fish and whether IGF-I and IGF-II are differentially reg-
ulated during different siages of embryogenesis and early
larval development in rabbitfish. We first cloned the
cDNAs of rabbitfish IGF-1 and IGF-II from the liver. Rab-
bitfish IGF-1 has an open reading frame of 558 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 1GF-II, on the other hand, has an open reading
frame of 645 bp that codes for a signal peptide of 47 aa, a
mature protein of 70 aa, and an E domain of 98 aa. On the
amino acid level, rabbitfish IGF-I shares 68% similarity
with IGF-II. We then examined the relative expression of
the two IGFs in unfertilized eggs, during different stages
of embryogenesis, and in early larval stages of rabbitfish
by a semiquantitative reverse transcription-polymerase
chain reaction. Primers that amplify the mature peptide
region of both IGFs were used and PCR for both peptides
was done simultaneously, with identical PCR conditions
for both. The identity of the PCR products was confirmed
by direct sequencing. Contrary to published reports for
seabream and rainbow trout. IGF-I mRNA was not de-
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tected in rabbitfish unfertilized eggs: it was first ex-
pressed in larvae soon after hatching. IGF-II mRNA. how-
ever, was expressed in unfertilized eggs. albeit weakly,
and was already strongly expressed during the cleavage
stage. mRNAs for both peptides were strongly expressed
in the larvae, although IGF-Il mRNA expression was
higher than IGF-1 expression. & 200: By Sowe 138

Key Words: rabbitfish; 1GF-1; IGF-II; cDNA cloning:
mRNA expression.

INTRODUCTION

Insulin-like growth factors I and II (IGF-I and IGF-
{I) are two highly homologous mitogenic peptides that
are expressed ubiquitously and show diverse effects
on development, growth, and metabolism (reviewed
by Rosenfeld and Roberts, 1999; Wemer and LeRoith.
2000). The central role of IGF-l is that it regulares
postnatal growth and mediates the growth-promoting
acrion of growth hormone (GH]). although studies also
show that it is important for normal embryonic
growth (Baker er al., 1993; Powell-Braxton et al.. 1993).
The physiclogical function of IGF-I. on the other
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hand, is not yet definitely known, although it is con-
sidered a fetal growth factor based on the evidence in
mice, where a significant growth retardation was ob-
served in pups born with the IGF-II gene disrupted or
knocked-out (Dechiara et al., 1990). The biological ac-
tions of IGFs are mediated by IGF type I (IGF-I-R) and
IT (IGF-II/mannose 6-phosphate-R} cell surface recep-
tors. Interaction with IGF-I-R is mainly responsible for
the mitogenic effects of IGF (LeRoith et al,, 1995) and
there is enough consensus at present that much of the
biological action of IGFs on growth and differentiation
is mediated by this receptor. The role of type Il IGF
receptor in IGF signal transduction remains controver-
sial (Kiess, 1999; Nissley, 1999). In addition, there is
the insulin receptor {IR) /IGF-I-R hybrid which seems
to be widely expressed and even appears to be the
most abundant form of receptor in certain tissues
(Baiyles et al. 1997) but the specific differences in
signaling characteristics in the IGF-I-R and the IR/
IGF-I-R hybrids have not yet been established. Fur-
thermore, at least six insulin-like growth factor bind-
ing proteins (IGFBPs) are already found in drculation
and they modulate the biological activity of IGFs by
controlling the availability of free IGFs and by pro-
longing their half-life (Hwa er al, 1999). These IGFBPs
show contrasting effects on IGF function. IGFBP-1
(Van Buul-Offers et al., 2000). IGFBP-2 (Duan et al.,
1999; Hoeflich et al, 1999; Wolf et al, 2000), and
IGFBP-3 (Hochscheid et al., 2000) have inhibitory ef-
fects on IGF actions, whereas there is evidence that
IGFBP-5 functions as a growth factor {Miyakaoshi et al.,
2001).

To accelerate development and improve growth of
rabbitfish (Siganus guttatus), an important aquaculture
species in the Southeast Asian region. we have been
studying the hormones in the pituitary-liver axis of
this fish. We have isolated and cloned rabbitfish GH
and found it potent in accelerating growth in the fry
(Ayson et al, 2000). In this study, we cloned the
¢DNAs for rabbitfish IGF-I and IGF-II from the liver
and examined the expression of the mRNA of both
IGFs during different stages of embryogenesis and
during early larval development. We report here that
IGF-1 mRNA was not detected in unfertilized eggs but
was first expressed in the larvae soon after hatching.
IGF-II mRNA, however, was detected in unfertilized
eggs. although very weakly expressed, and was al-
ready strongly expressed starting from the cleavage

© M2 Elsevier Scierue (USA}
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TABLE 1|
Primers Used in Cloning Rabbitfish IGF-1 cDNA

I. Degenerate primers for cloning the intemnal region

IGF-IF 5' -GG (CTG} AT (CT) GTGGA (TC: GAGTGCTGC- 37
IGF-ZF 5 -GAGAC (CGT) CT {CGj TG €D GGGCL iGTA)- 37
IGF-IR 5" -GC {AG) CA (CA) TACAT {CT: TC ICCTY AC- ¥

Il. Primers for cloning the 5° end’
fIGF1-1R 5 -CAAACTCCAGCGTGTCGACC- ¥
rfIGF1-2R 5' -AAAGCCTCTCTCTCCACACAC. ¥

li. Primers for cloning the 3" end”®
fIGF1-1F 5" -GATGTCTAGCGCTCTTTCCTTIC- 3
fIGF1-2F 5° -GTGATCTCTTCAACAGTGCG- ¥
fIGF1-3F 5" -ACGAGCTCGCTCCTTCCAAAGCTG- 37

IV. Primers used for RT-PCR (PCR product size = 454 bpl
fIGFIfN-F 5 -TCTCACTACTCGCYGTGCATC- ¥
fICFIf1-R 5" -GTCTTGCCTCCACTTGACGTT- ¥

' The abridged anchor primer provided in the 3° RACE kit was
used as the forward primer.
* Nod- d(T) . bifunctional primer was used as the reverse pamer

stage. Similar to those observed in other vertebrates.
IGF-II is expressed more than IGF-I in rabbitfish em-
bryos.

MATERIALS AND METHODS

Cloning of Rabbitfish IGF-1 and IGF-11 cDNAs

The procedure of Ayson et al. (2000) in cloning
rabbitfish GH was followed with some modifications.
Briefly, total RNA was extracted from the liver with
Isogen {Nippon Gene, Tokyo) and first-strand cDNA
was reverse-transcribed from 5 ug of total RINA using
a First strand cDNA synthesis kit {Amersham Phar-
macia Biotech. Sweden).

Degenerate sense and antisense primers (Tables 1
and 2) designed based on the conserved sequences of
the B and A domains of known IGFs were synithesized
and used to clone the internal regions of rabbitfish IGF
cDNAs. A 50-u]1 PCR mixture using GeneAmp’s Am-
pliTag Gold kit (Perkin-Elmer, Palo Alto. CA) was
subjected to 15-min hot start at 95° and 40 cycles of
amplification: each cycle consisted of | min 30 s dena-
turation (94°). | min primer annealing {(45°). | min 30 s
primer extension (72°), and a final extension of 7 min
at 72°.

The 5’ rapid amplification of cDNA ends (RACE)
method of Frohman (1990). using a 5 RACE system
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TABLE 2
Primers Uised in Cloning Rabbitfish IGF-I1 cDNA

1. Degenerate primers for cloning the internal region
1GF2-1F 5’ -GA (AG) ACGCT (AG) TGTGG (AG) GGA- 3
IGF2-1R 5" -GGCACAGTACTGTCCA (AG)- 3
IGF2-2R 5" -ACAACACTCCTC (TC) ACGAT {AC) CC- ¥

Il. Primers for cloning the 5" end’
rfIGF2-1R 5 -TTGAGGTCACAGCTACGGAA- 3'
rflGF2-2R 5' -CTGCTGGTTGGCCTACTGAA- 3°

. Primers for cloning the 3" end’
rfICF2-1F 5° -TCACTACTGCCATCTGACATG- 3
flCF2-2F 5" -ACTCACTTTGCCACACCTGCCG- 3
fIGF2-3F 5 -CAGAACCGTGCGATTGTAGAAG- 3
IV. Primers used for RT-PCR (PCR product size = 452 bp)
rfIGF2fi-F 5° -TCACCGCTCTACGTTGTGGAA- 3
rfICF2A-R 5 -CTGTGCAACATTGCCTGCTC- 3

' The abridged anchor primer provided in the 5° RACE kit was
used as the forward primer.
? Nod-d(T) ,, bifunctional primer was used as the reverse primer.

kit, ver 2.0 (Gibco BRL, Gaithersburg. MD), was used
to clone the 5' end of the cDNAs. Antisense primers
(Tables 1 and 2) designed based on the known nucle-
otide sequence of the internal region of rabbitfish
IGF-1 and IGF-1I were synthesized. These gene-specific
antisense primers were used together with the
abridged anchor primer provided in the 5’ RACE kit
in reverse transcription and PCR. PCR conditions
were the same as described except for the annealing
temperature (50°).

Sense primers (Tables 1 and 2) were designed based
on the known nucleotide sequences of the 5’ end of
rabbitfish IGF-I and IGF-II. and these were used with
Notl adapter primer as the antisense primer in cloning
the 3’ end of IGF cDNAs. Takara's LA Tagq kit (Takara,
Japan) was used during PCR. PCR conditions were the
same as described except that the 15-min hot start
(95°) was omitted and the annealing temperature was
raised to 55°.

PCR products were electrophoresed in agarose gels
and visualized by ethidium bromide staining. The
DNA was extracted and purified from agarose gels
using QLAEX I1 gel extraction kit (Qiagen, Germany),
inserted and ligated into pT7 Blue T-vector (Novagen,
WI: for partial clones) or TOPO XL cloning vector
(Invitrogen, CA; for full-length clones). and trans-
formed in JM 109 competent cells (Takara; for partial
clones) or TOP 10 chemically competent cells (Invitro-
gen; for full-length clones). The plasmid DNA was
then extracted from the bacterial cells using QIAprep
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Spin Plasmid kit (Qiagen). Nucleotide sequencing was
performed using an ABI Prism 377 DNA Sequencer
(Perkin-Elmer).

Expression of IGF-I and IGF-II mRNAs during
Embryogenesis and Early Larval Development in
Rabbitfish

Unfertilized eggs, embryos at different stages of
development (cleavage (32-cell stage). gastrula {50%
epiboly). neurula, during tail bud elongation. and em-
bryos with hean beat), and larvae from hatching unti)
6 days old were collected. Unfertilized eggs were re-
moved from the ovary by cannulation 1 day before the
expected date of spawning. Because of the very small
size of the eggs and larvae of rabbitfish, samples from
each developmental stage were pooled. immediately
put in dry ice, and later stored at —80° until analysis.
Total RNA from the pooled samples (100-300 mg)
was extracted and first-sirand ¢cDNA was reverse-
transcribed from a fixed amount of total RNA (5 ug).
During PCR, 1 ul each of first-strand cDNA was used
as the template in all samples. Primers {Tables | and 2)
that amplify the mature peptide region of rabbitfish
IGF-I and IGF-Il were synthesized and used. PCR
conditions were as described except for the annealing
temperature (58°). A PCR using first-strand cDNA
from the liver as the template and one without a
template were also included as positive and negative
control, respectively. The identity of the PCR products
was confirmed by direct sequencing.

Rabbitfish B-actin was used as the internal standard
during quantification of IGF-I and IGF-1I mRNA ex-
pression. Using degenerate primers designed based
on the sequences of known teleost p-actin, rabbitfish
B-actin was first cloned and. from its partial sequence.
sense (5° -GCC-AAC-AGG-GAA-AAG-ATG-AC- 3
and antisense (5’ -TTG-CCA-ATG-GTG-ATG-ACC-
TG- 3') primers were designed. PCR conditions were
optimized by first checking the linearity of the PCR
and, based on the results of the linearity check. a PCR
of 40 cycles was used for all samples. PCR products
were loaded into the gel and stained with ethidium
bromide. Quantification of PCR products was done
using GeneGenius gel documentation and analysis
system (Syngene, UK). Values for IGF-I and IGF-II
were normalized with that of B-actin.

D M Elsewies Scormce (LUSA)
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FIG. 1. Nucleotide and deduced amino acid sequences of rabbitfish preprolGF-I. The signal peptide {44 aa) is underlined. the mature region
{68 aa) consisting of B. C. A. and D domains. is in boldfaced letiers, 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 starting from the mature peptide.

RESULTS

Structure of Rabbitfish IGF-I and IGF-1I cDNAs

The nucleotide sequence of rabbitfish IGF-1 cDNA
was obtained in three steps. The sequence of the B and
A domains was determined using degenerate primers
based on the highly conserved region of the peptide.
The unknown sequences in the 5’ and 3’ regions were

© M2 Elsevier Scwnce (USA}
All rights reserved.

determined by 5’ and 3° RACE. respectively. By con-
necting the sequences of the overlapping clones. the
nucleotide sequence from the start of the 5 end

through some portion of the 3 untranslated region of
rabbitfish IGF-1 cDNA was obtained. From this se-
quence, rabbitfish preprolGF-1 was found to consist of
186 amino acids {aa) (558 bp) (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
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1 GCCTGGTITTTIGERALAGLLIITS 4
25 ACACATCATCTCACCGCACCARCTGGGAACTUTAACTCACCTGCAATCTCTCCARCCARAT g4
65 AACCCCCACCCCCAGACGTTTTGACTACTGUIATCTIGACATSGACGATCCAGCARAGAZAL 1 4L
-47 M E T ¢ % o®r oH -3
145 GGACACCACTCACTTTGCCACACCTCGCCGGAGASCIGGAGAGCAGCASKRATEAAGS TIALE 204
-0 G H ¥4 § L C H T C AR B A E 5 5§ F M X ¥ Kk =21
2G5 AGGATGTCTGCOTCCAGTCGTGCGCTGCTGTTTOCACTGGCCOTGAZGOTUTALSTIONS 2464
-20 R M § A 5 5 R AL L F A L A L =T L Y Vv ¥ -1
263 GAAATAGCCTCGGCAGAGACGCTGTGTGGGGGAGAGC TGGTCGGACGCGCTGCAATTTGTC 374

1 E I A 8§ A E TULGEG GE LV DALUGQTFWV 2¢

e e B domain ----------------

325 TGTGACGATAGAGGC TTCTATT ICAGTAGGCCAACCAGCAGGGGAAACAGCCGALGOCOC 3184
21 ¢ bbb R G FY F S R P T S R G NS R R P LT
----------------------------------- b[-——=------- T domazr -~
385 CAGAACCGTGGGATTGTAGAMGAGTGTTGTTTCCGTAGCTGTGACCTCAMCCTGCTGGAS 444
41 © N R G 1 V E E ¢ C FR S L DLNTILLE ec
-------- - m=====mmse——m—mme————— & dOEA1N --m-mT T ommss
445 CAGTACTGTGCCAAACCAGCCAMATCCGAAAGGGACGTSTCGGCCACCTCTCTACAGGTC 534
EIQYSAKPAKSERDVSATSL{.‘-? £C
----------- 1f--- D domain --=}i{-=-=-====--=--=s----m---o——o
505 ATACICGTGATGCCCGCACCAAAACCGGAAGTCTCAAGSAAGCIGCATGTGACCGTGAAG 564
gL I P ¥V M P A P K P E V S R X P H V T ¥ X 1IC
565 TATTCCARATACGAGGTGTGGTAGAGGAAGGCGGLLCAGUGGCTCIGGALGEGTETLCLS  ded
¢t Y S K Y E V W Q R X A A Q R L R 2 G 7% p 12C
------------------------- E domain ----==----o-memmmeem—mm e
625 GUCATCCTGAGGGCCAARRAGTTTCGGAGGCAGGTIGGAGAAGAT CTARAGCCTAGGASCAS 664
121 3 I L R A XK K F R R g A E K - K A g B ¢ 132
669 GCAATCTTCCACAGGCCCCTGATCAGCCTGICIAS TAAALTGCCTCOCRT ITTISOTCACS 744
i1 A I F H R P L I 5 L P s K L P ¢ I L L T 1&3%
745 ACGGACRACTATGTCAGCCACAAATGALGCCCSCTSCCASICCTTTGCALAGATARGALTT 04
C 161 T D N Y ¥V S H K ¥ LEB

_______________________ j
805 TGGAGGGAGAARAAAAGACTAGGGGATTATAGCTTIGCTSTCTGACGTCATTICTGTGGCA 8L
865 GTCCTLTTTGACCTCCCTGE - rest of 31 uvptranslated regacrh

FIG. 2. Nucleotide and deduced amino acid sequences of rabbitfish preprolGF-I1. The signal peptide {47 aa) s underlined. the marure region
(70 aa) is in baldfaced letters (B. C, A. and D domains). and the six Cys residues of the mature peptide are double underlined. The E domamn
is composed of 38 aa. The amino acids are numbered starting from the mature peptide.

for the E domain, compared with the IGFs from 10 fish Expression of IGF-1 and IGF-II mRNAs during

species (Fig. 3).

Embryogenesis and Early Larval Development in

Similarly. we found that rabbitfish preprolGF-II is Rabbitfish
215 aa long (Fig. 2). The 645-bp open reading frame is
composed of 47 aa for the signal peptide. 70 aa for the mRNA for IGF-I was first detected in larvae soon
mature pepltide (B, C. A, and D domains), and 98 aa after hatching but not in unfertilized eggs and during
for the E domain, compared with the IGF-IIs from six embryogenesis (Fig. 5A). In conwrast. IGF-I1 mRNA

fish species (Fig. 4).

was already detected in unfertilized eggs. albeit with

© Xt} Ebervaer Sctwroucr (L5A
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sculpin 000 o memeee———seser——m—eo oo ==-~=A--5"*%- -------------—-o—---- -p-—==--
tlounder = ===00memsoooommmmme—seo—enommees —ome- A-=5%%~ —-~-msre-—erceaocoesmes meseeeo—
tilapza 00 @ smmmmemmm e ee No--  —m—=SA--§%- —--ommee—oo e ~Yeep-I8
salmon 0 wmemm e e ——--§---SHEN- ----—--m——mmm-meee- -V-55---
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carp = mmmmmmmemme— e meeee D-------- —===fa-=EHNe - mmmmeeem e cmmmmae—- -V-85-TP
goldfish =00 0--me-e———ee———-ooo- Dr===—w—m= e—ee §-—-SHN- ~———----—ms—om—e——see -V-23-TP
E
rabbitfish RSVRAQRHTDMPRTPKVSAAGCKVDKGTERRTAQQPDKTKSKXKRP LSGHSHSS FKEVEKNS SRENTGGRNYRM
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FIG. 3. Alignment of the amino acid sequence of rabbitfish IGF-I with the 1GF-Is of 10 fish species. Gaps (7) are introduced to maximize the
sequence alignment. Dashes (-) indicate amino acid residues identical to thase of rabbitfish IGF-1. Source: gilthead seabream. Sparus surata
{Duguay e al. 1996): black seabream. Acanthopagrus schlegeli (GenBank Accession No. AFG30573). barramundi. Latcs cilarifer (Kmhuh
Stahlbom et al.. 1999): sculpin, Cottus scurpius {Loffing-Cueni et al, 1998); Aounder, Paralichthys olivaceus (Tanaka er al. 1998); ulapia. Oreochrontis
mossambicus {Reinecke et al. 1997): salmon, Oncorfynchus kisutch (Cac er al.. 1989): rainbow rout. Oncoriynchus myvkiss (Shamblott and Chen,
1992): carp. Cyprinus carpio {Liang ef al.. 1996); goldfish, Carassius auratus (Kermouni e al, 1998). ' Domains B, C. A_ and D constiute the mature

peputide: > more than one form of E domain is found.

low expression; the expression was aiready strong
starting at the cleavage stage and remained so
throughout embryonic development (Figs. SA and
5B). In larvae up to 6 days old, both IGFs were
strongly expressed, although IGF-Il is expressed more
than IGF-I (Figs. 6A and 6B).

DISCUSSION

Rabbitfish prolGF-I and prolGF-11 cDNAs contained
the B, C, A, D. and E domains, typical of IGFs. The
mature peptide of rabbitfish IGF-1 and IGF-1I have the
six conserved Cys residues: two in the B domain and
four in the A domain. The B and A domains of IGF-]
have the highest sequence homology in several fish
species (Fig. 3). Except for a single amino acid substi-
tution in tilapia, the A domain of the 10 fish species in
Fig. 3 has 100% sequence homology. The B domain of

© 2002 Ebsevier Science (LUSA)
All rights reserved.

rabbitfish IGF-[ has a threonine that is lacking in other
advanced fish species {Order Perciformes) and its C
domain lacks histidine and asparagine. similar to the
C domains of the perciforms. Amino acid 9 in the C
domain of rabbitfish IGF-I is proline: this is serine in
all other fish species.

The mature peptide region of rabbitfish IGF-11 (70
aa) is 2 amino acids longer than rabbitfish IGF-I (68
aa). After aligning the six conserved Cys residues of
both IGFs, the amino acid sequence homology of the
mature peptide region of rabbitfish IGF-1 and IGF-1 is
68%. Like IGF-1. the B and A domains of IGF-1I in most
species are highly conserved (Fig. 4) but. in addition.
the D domain of IGF-11 is also highly conserved. The
amino acid sequences of both A and D domains of
IGF-Il in fish species known to date have 100% homol-
OBY-

The E domain of IGF-I is, however, highly variable
and more than one form can be found in some species:
two in humans (Rotwein, 1986). four in salmonids
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FIG. 5. IGF-I and IGF-IIl mRNA expression during rabbitfish em-
bryogenesis determined by semiguantitative RT-PCR. (A) Agarase
gel eleciropaoresis of RT-PCR products fer IGF-II and S-actin. No
PCR product for IGF-I; m. marker; uf, unfertilized eggs (very faint
band for IGF-IN; c. cleavage stage {32-cell stage): g. gastrula; n,
neurula: tbe, @il bud elogation: hb, embryo with heart beat; nh,
newly hatched larvae. (B) 1GF-1l mRNA levels expressed as the ratio
of IGF-II and 8-actin. Labels are similar to that in A

rabbitfish larvae soon after hatching. In their studies,
Funkenstein et al. {1996} and Greene and Chen (1997)
used a higher concentration of total RNA during the
reverse transcription step—20 ug. which is fourfold
higher than that used in the present study.

On the other hand, IGF-II has been postulated as a
fetal growth factor. Support for this hypothesis came
when targeted disruption of the IGF-II gene resulted
in fetal growth retardation—mice lacking the IGF-II
gene were 40% smaller at birth than their normal
counterparts (Dechiara et al., 1990). The reduction in
the growth rate in mice lacking the IGF-IlI gene is
confined only in utero, clearly demonstrating the de-
pendence of embryonic development on IGF-Il. In
addition, postnatal overexpression of IGF-II does not
result in increased somatic growth. whereas mice
overexpressing IGF-I are larger than the normal type
and showed signs of overgrowth after 3-4 weeks of
postnatal life (Matthews et al., 1988). These findings

© 2002 Elsevier Scvence [USA)
All rights teserved.

Avson et al

and the generally higher levels of IGF-II in the em-
bryos compared 10 adults in many species argue for its
importance in early life.

The observation that IGF-II expression is higher
than IGF-1 expression during early development
seems to be true also in fish, as shown by our present
results. IGF-II mRNA was strongly expressed in rab-
bitfish embryos during the cleavage siage. whereas
IGF-1 mRNA was first detected only in the larvae soon
after hatching. Furthermore. IGF-II mRNA was also
detected in rabbitfish unfertilized eggs. albeit weakly.
whereas IGF-1 was not. Different observations were
made by Greene and Chen {1997. 1999) who found not
only IGF-II. but also IGF-I. mRNA in rainbow trout
unfertilized eggs. Nevertheless, the absence of PCR
products for IGF-I in unfertilized eggs and during
embryogenesis in rabbitfish does not imply poor qual-
ity of RNA from these samples or low efficiency in
reverse transcription because a PCR product for rab-
bitfish B-actin was amplified in all samples and there
was no apparent difference in their expression in all
stages. In the larvae. although IGF-Il mRNA levels

A MGF-1 454 t‘!:
1GE-11 452 bp D
pactin a3 hp:

0 1 2 3 4 5 6 mliv
dny after hocking

B 3] —— e =

a-nus WGF-8
E
3
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FIG. 6. IGF.] and IGF-Il mRNA expression during early larval
development in rabbitfish determined by semiquantitative RT-PCR
{A) Agarose gel electroporesis of RT-PCR products for IGF-L. IGF-11.
and B-actin; nc. negative control: liver. positive control {B} IGF-I
and IGF-[1 mRNA levels expressed as the ratio with S-actin
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were also higher than those of IGF-I during the first 6
days after hatching, the reverse is true in the adult, as
shown in the higher level of IGF-I mRNA in the liver.
Overall. the findings of the present study seem to
agree with the concepts that IGF-II is probably more
important than IGF-1 during embryogenesis and that
IGF-1 exerts more influence on growth and develop-
ment in later life stages.
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Abstract

Recombinant rabbitfish growth hommone (tfGH) protein was expressed in Escherichia coli, BL21{DE3) cells. The tDNA encoding
the mature protein of fiGH was first cloned in pGEM-Teasy vector and then transferred to pET-3d expression vector. Expeession tn
E. coli cells was then induced by IPTG (0.4 mM). Inclusion bodies (1B) containing the expressed prolein were punfred by treating
bactenial cells peliet with lysozyme followed by repeated washings in cold water containing Triton X-100. sorcatos. and
centrifugation. 1B were then solubilized in 4.5 M urea, refolded at pH 11.3 in the presence of caalybe amounts of cystzine and
punfied by Q-Sepharose column. Gel filtration on Superdex column showed the punified protein o be a monomenc GH. Based on
SDS-PAGE, the punty of the recombinant rfGH preparanion is approximately 98%. The recombinant rfGH was tested for 1ts
biclogical activity both in vitro, by its ability to stimulate IGF-I mRNA expression in the liver. and in vivo. by s abafrty w2
accelerate growth in rabbitfish fry injected with the hormone. A significant increase 1n growth was observed in rabbitfish fry grven
the recombinant hormone. Polyclonal antibody raised against the native rfGH immunoreacted with the recombinant fGH
Western blo and in ELISA, indicating the suitability of these reagents for future quantficahon of GH in abbitfish plasma
€ 2003 Elsevier B.V. All nghts reserved.
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1. Introduction

Growth hormone (GH) is a single-chatn polvpeptide
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8311914 rophs in the antenor part of the pituitary gland. GH
E-mail address: braria@ocean.orgl (B Funkenstein). plays an essential role in sumulating somatic growth in
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vertebrates. Numerous studies have demonstrated that
injechon of native or recombinant GH to different fish
species resulted in growth enhancement (Funkenstein,
2003), indicating that increased levels of GH have the
potential to improve growth in fish.

The rabbitfishes (Perciformes. Siganidae) have long
been considered a good candidate species for maricul-
ture because of their capacity to breed in capuvity,
consume a wide vartery of algae in the natural environ-
ment, can be readily weaned to accept formulated feeds
mn confinement, and high tolerance to environmental
conditions (Lam, 1974). The 26 species of rabbitfishes
found in the Indo-Pacific area (Masuda et al.. 1984) are
all excellent food fish and among them, the Siganus
guttatus 15 best suited for mariculture because of their
large size. Consequently, this species has been the
subject of many research studies in SEAFDEC AQD
resulting in the development of technologies for cap-
tive breeding and hatchery production (Duray. [993).

We have been mying lo accelerate growth i S
guitaius in order to teduce the culture duration lo
reach marketable size. Towards this end, we med 10
idenufy the limiting component(s) in the growth axis
(GH-IGF-I axis) n this species in order to be able to
recommend to the fish farmers some interventions to
make this species grow faster. As a firsi siep, we have
cloned and charactenzed the GH farmly of proteins
{GH prolactin. somatolactin) and insulin-like growth
factors (IGFs) in S guiramus (Ayvson et al., 1999,
20, 2002). This allowed us to lock al gene expres-
sion patiemns of these hormones during various devel-
opmental stages. In those srudies, we found that
muitiple njections of punfied native rabbitfish GH
(rfGH) 1o rabbitfish fry stimulated weight gain, indi-
cating the potential of GH therapy to enhance growth
in this fish species. However, obtaining even a small
amount of native GH requires the sacrifice of enor-
mous numbers of fish. In this paper, we report on
cloning. expression and punfication of a biologically
active recombinant rfGH in E. coli cells.

2. Materials and methods

2.1 Materials

Oligonucleoudes were prepared by Sigma (Israel).
Restnction and moditving enzymes were purchased

from New England Biolabs (Beverly. Mass) and Pro-
mega (Madison, WI). All other chemicals were of
analytical grade.

2.2. Construction of rfGH expression vector

A fragment of fGH ¢DNA coding for mature
GH protein was amplified using rfGH <¢DNA
(Avson et at.. 2000) as the template and the pnmers
shown in Fig. 1. The upstream PCR pnmer come-
sponded to amino acwds 1-6 of rfGH and contained
an additonal alammne and the Nowol restriction sue,
which donated the ATG codon, in the same reading
frame as the rfGH. The downstream PCR pnmer
comresponded to amino acids 173-178 and included
a stop codon immediately afier the last codon, fol-
lowed by a BamHI restriction site. PCR amplifica-
tion was conducted in 50 pl uwsing 2.8 U Tag
Polymerase (Sigma, Israel) and 30 cycles. as fol-
lows: 1 min at 94 °C, 1.30 min at 56 °C, 2 min at
72 °C except for the first cycle for 3 min at 94 °C
and the last cycle of 10 min a1 72 °C. The amplificed
fragment was purified by gel electrophoresis. fol-
lowed by elution using QlAquick Gel Extraction
Kit (Hilden, Germany) and cloned in pGEM-Teasy
vector (Promega, Madison, WI) using IM109 E coir
as the host bactena. Presence of an insert was
verified by digestion with EcoRI restncuon enzyme.
One positive clone was sequenced with SP6 and T7
RNA promoter pnmers to venfy that no emors
occured during PCR amplificabon and cloning.
The insent of the mature GH was cul out from thus
plasmid using Ncol and BamHI restriction enzymes
and cloned in the expression vector pET-3d digested
also with Ncol and BamHI and used 1o transformed
IMI109 E coli bactena. For expression, the plasmid
pET-3d containing rfGH from three clones was iso-
laed and used 10 transform the host bactena
BL21(DE3) £. coli. Isolated colonies that expressed
the protein afier induction by IPTG were selected for
punficahon. The presence of rfGH protein in the
colonies was checked by SDS-PAGE and Wesiern
bioting using homologous antiserum (see below).
The DNA plasmid of rfGH-pET-3d clone that gave
the best expression was sequenced using T° RNA
promoter pnmer o confint that the fragment of
rfGH digested with Ndel BamHI was cloned correct-
Iv into pET-3d digested with Ndel BamHL
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Rabbitfish GH cDNA
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Fig. 1. Schematic illustration of the different steps involved in the construchion of the recombunant (GH expression vecxr pET fGH.

2.3. Expression, refolding and purification of rfGH

In a preliminary experiment, the three recombinant
bacteria were grown in 5 mi LB at 37 °C to an ODyggp of
0.8 and then IPTG was added to a final concentration of
0.4 mM. Bacieria were grown for an addiuonal 3 h,
centnfuged for 3 min at 14,000 rpm in a chilled micro-
centnfuge and the pellet was resuspended in 300 ul TE,
pH 8, washed twice in the same solution, sonicated
twice for 30 s on ice, centrifuged agam and the resuitant
pellet of inclusion bodies was resuspended in 100 pd of
Laemmli’s sample buffer containing SDS and [3mer-
captoethanol. Samples were heated a1 100 °C for 3 mun,
chilled on ice and then centrzfuged briefly. An ahiquot
of 10 ul was analyzed by SDS-PAGE, on a gradient gel
5% 10 15%. One gel was suined with Coomassie
Brilliant Blue R-250 (Sigma, Israel) and the second
was subjected 1o a Weslern blot using homologous anti-
rfiGH antibody (see below) raised against native rfGH
{Avsan et al, 206K0). Two clones expressed rfGH (~2i
kDa), which reacted with the anubedy. Clone £2 was
chosen for large-scale preparation.

For large-scale preparation, BL2U(DE3) E. coli
cione 22 was grown in 20 x 500 ml LB in the presence
of ampicillin (100 pg/mi) at 37 °C 1 2-L flasks to an of
ODyo 0.8. Then, [PTG was added to 0.4 mM. The ceils
were grown (or an additional 4 h, pelleted for 3 mun at
10,000 xg i a Sorvall RC5C centnifuge at 4 "C and
stored at — 20 °C. Frozen pellets obtained from 10-L
culture (~30 g) were thawed and divided imto 2 ak-
quots, in two 1-L beakers. Each pellet was first resus-
pended thoroughly in ~20 ml cold distilled water, then
380 ml of 10 mM EDTA, 10 mM Tns-HCI. pH 8.0
were added while mixing continuously with a glass rod.
Lysozyme (0.5 mg‘ml) was dissolved in a small amount
of H-O (200 mg'400 ml of bactenial solution) and
added. The solution was incubated for 30 min at 4 °C
with continuous stirring. The cells were then sonicated
for 6 min with on off pulses of 0.5 s and pelleted for 30
min, 25,000<g. at 4 °C. The mclusion bodies {IB)
pellet containing the fGH was resuspended in cold
distiiled water containing 0.1%% Triton X-100 and son-
icated. pelleted and resuspended again in Triton X-100
containing cold water. This procedure was repeated
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several hmes, until a clean white pellet was obtained.
Last two washes were camed out without Triton. The
final 1B peller was resuspended in 100 mi water and
divided inio 20 ml batches and kept at —20 °C.

In order 1o optimize refolding conditions, the IB
pellet oblained from 2 L fermentation culture (20 mi)
was divided into 4 aliquots. Each of the aliquots was
solubilized in 4.5 M urea buffered with 40 mM Trisma
base in a total volume of 14 ml. The pH was adjusted to
11.3 with 2-3 drops of 2 N NaOH, resulting in clearing
the solutton and then cysteine was added to 0.1 mM,
0.2 mM, | mM and 3 mM. The solution was stirred at 4
*C for I h, diluted with 2 volumes of cold water and
dialyzed for 48 h against 3x 2 L of 10 mM Tris, pH 9
and applied to a Q-Sepharose {fast flow) (Pharmacia
LKB Biotechnology AB, Uppsala. Sweden} column
0.8 x 4 cm, pre-equilibrated with the same buffer a1 4
*C. Elution was carried out using a discontunuous NaCl
gradient in the same buffer and 1-ml fractions were
collected. In these experiments most of the fGH eluted
with [00 mM NaCl. In subsequent refakding experi-
ments the protein was refolded in the presence of 0.2
mM cysieine but dialyzed against 10 mM Tnis, pH 8.
The elution was camed out by discontinuous NaCl
gradien! and the riGH was eluted with 50 mM NaCl.
Prolein concentration was monitored at 280 nm and
monomer content was determined by gel flration
chromatography on a Superdex 75 column (I x 30
cm) (Pharmacia LKB Biotechnology AB). In addition,
ahiquats of selected fractions were analyzed bv SDS—
PAGE (see below).

2.4. SDS-PAGE and Western bloiting

The presence, purity and the amount of protein
recovered from the IB and during the purfication
steps were monilored by SDS-PAGE using 5-13%
gradient gels. Samples were mixed in Laemmli sample
buffer with or without p-mercaptocthanol. Gels were
stained with Coomassie Brnlliant Blue R-250. For
Western blot analysis, proteins were electro-transferred
to nitrocellulose membranes (Schleicher and Schuell,
Dassel, Germany), blocked in 0.5% BSA n TBS (100
mM Tns, 0.9%% NaCl, pH 7.5} and immunoreacted with
a 1:3000 dilunon of specific polyclonal antibody raised
in rabbits (see below) against native punfied fGH
{Axvsoi et al.. 2000). Membranes were then incubated
with biotinylated goat anti-rabbit IgG (H-L). affimity

purified (Vector Labs, Burlingame, CA) diluted 10 2
final concentration of 0.75 pg'ml. Detechon was ac-
complished by the avidin-biotin reagent (Vectastam,
ABC kit, Vector Labs) and 3,3 diaminobennidine in
H>0,.

2.3, Produciion of rfGH antiserum

Antiserum against rfGH was raised in rabbis. Na-
tive fGH (100 pg:'ml) punfied from the patuitary
gland (Avson et al., 2006) was dissolved n sahine
solution and was emulsified in an equal volume of
Freund's complete adjuvant. One mlliliter of the
emulsion containing 30 pg of the antigen was mjected
intradermally into the exposed skin at the back of the
rabbit. Booster injections of the antigen (50 ug mi of
emulsion in Freund's incomplete adjuvant) were then
given intradermally into the back of the mbhits for
four times at intervals of 3 weeks. A week after the
last booster injection, blood was collected from the
heart. Serum was separated. Ivophilized and stored at
—20 *C untl use. Two rabbits were used lo generate
the antiserum.

2.6. Enzyme-linked immunosorbent assay (ELISA)

Wells of ELISA plates (U-shaped micronuwer NUNC,
Denmark) were coated with 0.1 ml of recombinant
rfGH (20, 10. 5, 1, 0.1 and 001 pg'ml in 0.1 M
carbonate buffer, pH 9.8), incubated ovemight at 4
“C. fixed with 10% formaldehyde for 10 mmn at 4 °C,
and then washed with PBS containing 0.05% Tween 20
(PBS-T) four umes for 3 min each. Wells were post-
coated with 0.15 ml of 4% bovine serum alburmmn
(BSA) in PBS-T. Following overmeht incubaiion at 4
“C and washing. 0.1 m! of rabbit anti-native punhed
rfGH was added (1:1000. 1:5000. 1:10.000, 1:20.000.
1:40,000, 1:80,000, 1:100,000 dilunons in PBS-T) and
incubated for | h al 37 °C. Afier washing. goat ants-
rabbit IgG conjugated 10 alkaline phosphatase (Cat. No.
115-055-144, Jackson ImmunoResearch Laboratones.
Inc. West Grove, PA) was added 10 each well and
incubated for 1 h at 37 “C. Following washing, 0.1
ml of substrate for alkaline phosphatase, p-nitrophe-
nylphosphates (pNPP: Cat. No. 104-103. Sigma) was
added at 1 mg‘m! to each well and incubared at 37 °C.
Control wells did not contain rfGH or no antibody. The
optical density (OD) was determined using a micro-
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ELISA reader at 405 nm. Each ELISA result was
expressed as the rato between the mean absorbance
of tested sample in positive (P) and the mean absor-
bance in negative {(N) wells.

2.7. Biological activity

Two batches of fGH preparations were used sep-
arately for the in vivo and in vitro bioassays.

2.7.1 Invitro

The procedure of Monyama et al. (2002) was fol-
lowed with some maodifications. Rabbitfish fry with
body weight ranging from 13 to 15 g were dissected
and the livers removed. The hivers were washed twice
with stenle water and three times with the sterile me-
dium before cutting wnto pieces (roughly 0.5 cm size)
and wncubated in vitro in Medium 199 (with Hanks'
salts and L-glutamine, without sodium bicarbonate)
with or without recombinant rfGH. The medium (pH
7.4) was enniched with oxygen and supplemented with
100 U’ml penicillin. Liver slices were distributed indi-
vidually m 24-well culture dish containing 1 m! of the
medium. They were pre-incubated for 24 h in the
medium without the hormone. Incubation was carried
out at 18 °C with slow shaking. The medium was
changed the foliowing day with the same medium
containing recombinant rfGH at the following concen-
trations: 0 (control), 1, 10, 100 and 500 ng/mi. Incuba-
tion was continued for another 24 h after which the liver
slices were immediately put into RNAlater® solution
(Ambion, LUSA) and stored a1 — 20 °C for RT-PCR.
Liver slices from three individual fishes were used for
each concentration of the hormone tested.

increased expression of IGF-l mRNA from the liver
slices incubated with the medium containing recombi-
nant GH was taken as a measure for the bioactiviry of
the recombinant GH preparation. Total RNA from the
liver was extracted using TRIzol* Reagent (Invitro-
gen, Carlsbad, CA) and first strand cDINA was reversed
transcribed from equal amounts of total RNA (5 ug)
using a ¢DNA synthesis kit (Amersham Pharmacia,
Sweden). PCR was performed using an aliquot of 1
ul of first strand cDNA as template and the following
primers {forward; 5“TCTCACTACTGCTGTGCATC-
3% reverse; 3-GTGTTGCCTCGACTTGAGTT-3') spe-
cific for rfIGF-1 (Av<on et al.. 2002). A PCR product of
434 bp is expected using these pnmer pairs. Thirty-five

cycles of PCR were performed with the following
conditions: hot start 94 “C 30 s. denaturanon 94 °C
30 s, annealing 58 *C 60 s, extension 72 “C 9 s. final
extension 72 °C 7 min. The denuty of the PCR pro-
ducts was confirmed by direct sequencing.

Rabbitfish B-actin was used as the internal standard
during quantification. Pnmers specific for rabbitfish 3-
actin were used; sense (5-“GCCAACAGOGAAA-
AGATGAC-3) and antisense (5-TTGCCAATGGTG-
ATGACCTG-3) (Ayson et ai.. 2002). PCR products
were loaded onto 1% agarose gel and stained with
ethidium bromide. Quantificanon of PCR products
was done using GeneGenius gel documenianon and
analysis system (Syngenc. UK). Values for IGF-1 were
normalized with that of B-actin.

27.2 Inviva

A otal of 120 mabbitfish fry with body weight
ranging from 3 to 5 g were randomly divided into
four groups with 30 fry per group. The frv m each
group were stocked in three separate fiberglass tanks
of 250-L capacity or an equivalent of 10 fry per tank. A
lota) of 12 tanks were used for the four groups. All the
tanks were filled with natural seawarer and were held
indoors. Three groups were given intrapenioneal inpec-
tion once a week for 4 weeks of recombinant rfGH a1
doses of 0.01,0.10 and 0.5 pg g BW. The hormone was
dissolved in saline solution (0.9% NaCl). The fourth
group (control) was injected with an equal volume of
saline solution. The frv were fed rabbitfish aruficial diet
at 5% BW per day. The feeds were given at three rauons
at 9:00 AM, 11:00 AM and 2:00 PM. Feeding and
water management were the same for all reatments.
Individual fish were measured every week for changes
in body weight (BW) and body length (BL).

Significant differences in the values between the
control and hormone eated groups were detenmined
by DMRT afiter ANOVA,

3. Resuls

3.1. Expression. purification and characterization of
recombinant rfGH

Three bactenial clones were found to express rfGH.
two of which expressed large amounts of the protein
as judged from small-scale induction expenments.
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SDS-PAGE detected a major band with a similar
mobihity to that of human GH (F:z. 2A). Western
blot analysis revealed that this band reacted with an
antibody raised against native punfied rfGH which
had a similar mobility to that of GH detected in
pituitary extracts of the gilthead seabream (Sparus
auwrata) (Fig. 2B), indicating that the clones indeed
produced recombinant fGH protein. Furthermore, the
Western blot analysis indicated thai antibodies raised
against the homologous native peptide recognized the
recombinant peptide produced in E. coli.

IB containing fGH were prepared from ~30 g wet
weight bactenal pellet obtained from 10 L as de-
scnbed in Materials and methods. An aliquot of 100
ul was taken for analyzing the amount of fGH in the
IB by SD5-PAGE using recombinamt bovine GH
(bGH} as the standard. The yield of fGH in the IB
was calculated to be ~60 mg. The protein contained in
the 1B was refolded in 4.3 M urea as descnbed in
Matenals and methods. To determine the optimal
concentration of cysteine needed for proper refolding,
the purified fGH was refolded in the presence of
several caalytuc concentratons of cysteine: 0.1 mM,
0.2 mM, and 1 mM. The refolded rfGH was punfied
on a Q-Sepharose column by stepwise clution with
increasing concentrations of NaCl wn 10 mM Tns pH
9. The punfied fGH, which was eluied in 100 mM

! Ixd

| =2~
N 7. ‘E_._"a.
-l ﬁ‘—— GH

—_—

Fig. 2. SDS-PAGE and Western blot analysis of total cellular
protens from E coli cells. Lane 1, Pitutanes extract from Sparus
vurgia lane 2. Clone 22 of pET rfGH: lane 3, recombinant kGH A,
Coomassie blue staimng: B, Western blot with antibody rased
against nauve punified fGH.

NaCl (Fig. 3A), was analyzed by electrophoresis
under non-reducing condiuons and is shown wn Fig
3B. In all three cysteine concentrations used for
refolding, the purified fGH appeared as a monomer.
Aliquots of the peak fractions, shown in Fig. 3A, were
analyzed for monomer content by gel filrahen
through Superdex 75 column and were found to con-
tain a monomeric rfGH (data not shown). The eluton
profile obtained with a discontinuous gradient of NaCl
in 10 mM Tns pH 8 and in the presence of 0.2 mM
cysteine is shown in Fig. 4A. Analvsis of ahquols by
SDS-PAGE with or withoul P-mercapwoethanol
revealed monomenc rfGH (data not shown). Further
analysis of the peak fractions eluted wath 50 mM
NaCl and 100 mM NaCl (shown wn Fiz. <A) for
monomer content by gel filtranon through Superdex
73 column is shown in Fig 4B. The o«fGH eluted in 50
mM NaCl were almost pure monomenc form while
with 100 mM NaCl impunities appeared. Companson
of electrophoretic mobslity of rfGH eluted in 50 mM
NaCl by gel elecirophoresis with or without $-mer-
captoethanol from a third preparaton of rfGH
revealed monomeric form. Furthermore. under non-
reducing conditions the mobility was shifted shghtly
forward, indicabng a globular structure (Fig. 4C)
Fractions that contained monomeric prolein as
shown by SDS-PAGE and HPLC analyses were
pooled, dialyzed against 0.05% ~aHCO,; and lyoph-
ilized The monomeric structure and idenuty of the
dned-resuspended rfGH was further analyzed by
SDS-PAGE under non-reducing condinon. followed
by Western blot. The results, shown i Fig A,
revealed over 98% pure band of ~21 kDa, which
recognized by anu-nanve fGH antubody (Fig. 3B).

The vield obtained from 2 L of E colt culture
was calculated as -5 mg of pure monomernic rfGH.
The molar extinction cocfficient at 280 nm was
calculated using the molar exninction of fyrosme
(1197) and tryptophan (5559} yielding a value of
11,544 (Perkins, 1986). The specific g for a
0.1% solution (mg/ml)} was 0.549, assuming a
molar mass of 21,000 Da

3.2, Characierization of ann-rfGH annbodies bv
ELISA using recombinan rfGH

As a first siep towards developing a quanntative
assay (ELISA) for determinanon of GH levels in
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Fig. 3 {A) Elunon profile of recombinant fiGH purified on Q-Sepharose column. The Q-Sepharose cohumn was equubibrated with 10 mM Tres-
HCI pH 9. The protein was eluted with a disconnnuous gradient of NaCl in the same buflar, of 30-300 mM Na(Cl. Frachons of 1 ml were
collected. The protean concentmanion was momiored by absorbance ar 280 am. (B) SDS-PAGE of punfied rfGH, refobdad wn the presemce of
different concentrations of cysteine and electrophoresed in 5-15% gradient SDS—polyacrylamide gel in the absence of S-mercapioethamod
Lanes | and 10, MW marker; lane 2, | mM cysteine (5 pl); lanes 3 and 4, O | mM cysene (5 and [0 ul); lanes 5 and 6, 6.0 mM ovszome (5 aof

10 ply; lanes 7, 8 and 9, recombinant ovine GH at 10, 20 and 30 pg. The gel was stained with Coomussie Bnllane Bhee R 250

serum of rabbitfish, the antibody raised against native
purified rfGH (Ayson et af.. 200X}) and the recombi-
nant fGH purified in the current study were charac-
tenized. The results of the ELISA, summanzed in
Table 1, showed concentration-dependent and dilu-
tion-dependent reaction. For future determinations,
the antibody can be diluted between ]1:40,000 and
1:100,000 and EL1SA plates should be coaled with
1 pgml of pure recombinant rfGH, which gave 12.5
1o 24.1 PN values. The 10-fold dilution of antibodies
for ELISA compared to the dilution used for Western

blot (see Fig. 3B) is within the accepted dilutions used
for these different assays.

1.3, Assay for the biological activinv of recombinant

rfGH

In an in vitro experiment. liver explants from rab-
bitfish fry were incubated in medium containing re-
combinant rfGH at doses of 1-500 ng'ml for 24 h. A
slight but swaustically not significant increase in the
levels of IGF-I mRNA was noted in explants incubal-

BEST AVAILABLE COPY
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Fig. 4. {A) Elution profile of recombinant riGH parified on -Sepharose column. The Q-Sepharose cohamin was equilibrated with 10 mM Tre-
HC) pH 8. The protein was eluted with a discontinuous gradient of NaCl wn the same buffer. of 30-300 mM NaCl. Fractrons of § mi were
collected. The protein concentranon was movitored by absorbance ar 230 nm. (B Dewrmunanon of the monomer cantent of rfGH by get
filtration chromatography on a2 Superdex 75 column. Peak fractions from Q Scpharose column cluted with 50 mM NaCi and 106 mM Na(l
shown 1n A, respectively The numbers above the peak show the retention tme m mnutes (C) SDS-PAGE anahysis of rGH eluted i the 50
mM NaCl fraction. Lane |, MW marker: lane ¥, under non-reducing condiitons (without f-mercapocthanol). lane 3, reducoag condione i with
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Fig. §. SDS-PAGE and Western blol analysis of pure recombinant fGH. Lape |, Crude prepambon of inchusion bodhes. kine 2. Punified
preparation of inclusion bodies; lane 1, Pure rfGH refolded in the presence of 0.2 mM cysteine and chuted with 100 mM NaCl see Fup AL
eleczrophoresed without P-mercaptoethanol; lane 5, Pure fGH dialvzed against 0.05% NaHCG;, vophluzed and scasspended = sioabe H.0.
elecrophoresed without B-mercaptoethano!, lane 6, Recombimnant ovime GH (10 pg) (A) Coomasue Blue sammg. 1B: Westam biat

mnmunoreacted with anu-native rfGH antibody.

ed with 100 ng/ml for 24 h (Fig. 6). Other doses were
not effective in sumulating 1GF-I gene expression in
the liver explants compared to the controls.

In vivo, however, a significant increase in BW
gain was observed starting on the 2nd week in
rabbitfish fry imecied with the recombinani rfGH
a1 a dose of 0.5 pg/g BW compared 1o the control
and those injected with 0.1 and 0.01 pgig BW (Fige.
TA). This significant increase in the BW gain was
observed untl the 4th week of the expenment. No
significant difference in BW gain was observed
between the fry in the control group and those
treated with 0.01 and 0.1 pg’g BW during the entire
duration of the experiment. Similarly, a significant

Table 1

ELISA of recombinam rfGH

Ab Recombinant rfGH coating (ug/mli

dilubons 4, g 5 1 01 001 O
1000 >42 >42 >42 >42 >42 420 30.2
2000 >42 >42 >42 >42 400 144 80
10,000 >42 >42 >42 >42 245 31 4.5
20.000 >42 >42 >42 04 131 4.5 27

40,000 KL 334 301 pLy| 32 18 17
80.000 20.2 19.7 13.1 14.1 47 20 12
100,000 18.7 17.3 154 115 42 17 1]
0 1.0 LO 1.0 10 [0 106 10

The optical density (OD) was determmned using a2 micro-ELISA
reader ar 405 nm. Each ELISA rexult was expressed as the rauo
between the mean absorbance of tested sampie in positve (P) and
the mean absorbance in negative (N) wells. The assayv was per-
formed in mplicates.

increase in body length was observed i frv injected
with 6.5 pg/g BW after the 2nd week: this was not
observed in those that were injected with the lower
doses and the control (F:g. 7B).

4, Discussion

In the present study, we report on the expression,
refolding and purification of recombinant rfGH.
which is contained in inclusion bodies. The wield
was ~3 mg of close 1o 98% pure monomenc fGH
from 2 L of bactenal culture. The polypephde was
found in the fraction eluted with 530 mM NaCl (when

081

IGF-1/B-actin
o o
- (-]
1 1

=]
X
1

0 1 10 10C¢ 500
rfGH concentrabon (ng/md)

Fig. 6. IGF-1| mRNA kvels « rabbitfish lver slices incubated w
vimo v medium contmmng vanous concentranions of rocomin-
aanl rfGH IGF-T and f-achn gene cxpression were determanad
by RT-PCR.
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Fig 7. The effect of recombinant fGH oa increase in body weght
(A) and towal length (B) of rabbitfish fry afier weekly adnunistration
of the hormone. The results are presented as % increase. Values with
astensk are sigmificanily different from the control,

the refolding was carmed out in 10 mM Tnis, pH 8) but
in the 100 mM NaCl fractions when the refolding was
camed out in 10 mM Tns, pH 9. Analysis by HPLC
and SDS-PAGE under non-reducing conditions
revealed a monomeric form, indicating a correct
refolding of the polypeptide under both protocols.
Furthermore, companson of the mobility of the puri-
fied refolded rfGH by SDS-PAGE under reducing and
non-reducing conditions showed a slight shift forward
in the mobility in the absence of p-mercaptoethanol.
Even after lyophilization and resuspension, the pep-
tide retained its monomeric form. The protocol for IB
preparation. refolding and purfication of rfGH fol-
lowed essentially that described for §. gqurata GH
(saGH. Ben-Atia et ai., 19949}, although in the latier
report an additional protein (B-lactamase) was co-
produced. co-punfied and co-cluted with saGH by
106 mM NaCl. The recombinant fGH was tested
for its suitability for the development of an ELISA,

Ln
[}

using polyclonal antibodies raised in rabbits against
the punfied nabve fGH (Aysor et al. 20ix%), which
was also used for Western blot to venfy the identity of
the expressed rfGH. The results of the ELISA dem-
onstrated a high titer for the antibodies, based on their
ability to detect recombinant rfGH at very low con-
centrations (0.01 pg/ml) when used in a high drluton
(1:80.000).

Although numerous studies have been published
on the expression and punfication of recombnant fish
GH, in this paper we descnibe the refolding of a fish
GH that camies unusual features compared w other
fish GHs (Avson et al.. 2000). Rabbatfish GH 1s larger
by 5 amino acids than the flounder GH. which is the
smalles! teleost GH (173 amino acwds) making it the
second smallest GH molecule. It has a umque char-
acteristic: 5 amino acid deletion in posinons 143-147,
immediately preceding the 14 amino acid deletion n
flounder GH. In addiuon, it has single or double
amino acid deletions. This deletion of § amino acids
is unique to rabbitfish GH. These 5 amino acids are
even present in flounder GH. At this poinl we do not
know the biological significance of this deletion. De-
spite this feature, our data suggest that the peptde was
refolded comrectly, using the protocol detailed in the
manuscript. In addition. it could be argued that the
imtninsic acovity of GH is low in rabbitfish and this
probably explains the slow growth of rabburfish (prob-
ably one of the (actors). In order to pursue this umque
characteristic of rabbitfish GH. it became necessary as
a first step 1w express, punfy and refold comectly
rabbitfish GH.

The biological activity of the recombinant rfGH
was tested both in vimo and in vivo by emploving
homologous systems. In vivo, rabbidfish fry injecied
intra-peritoneal (IP) with the recombinant rfGH at a
dose of 0.5 pg’g BW already showed significant
increase in growth siarting on the 2nd week of treat-
ment and this was maintained as long as the hormone
injection was given (4 weeks). The lower doses (0.0}
and 0.1 pg’g BW) of the hormone used did not ehait a
faster growth. A slight difference in the bwacuviry
was found between the growth expenments conducied
with the recombinant rfGH {this studv} and our pre-
vious repert using the native rfGH that was punified
from the pituttary gland (Ayson et al.. 2000} While in
our previous work a significant increase in growth
was already observed in fry injected with a dose of 0.1
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ug’s BW; this dose was without effect in the present
study. This difference can be artributed to a lower
specific activity of the recombinant (fGH. Although
by SDS-PAGE and HPLC analysis the recombinant
rfGH appeared as a monomer, the amount of purified
protein used in the two systems could have been over-
or under-estimated, depending on the way the amount
was calculated. Nevertheless, a positive effect of the
recombinant rfGH on growth, even with a higher
dose, can be considered as an indication for the bio-
logical acuvity of the refolded, purified (fGH. Similar
results were reported for several other fish species, in
which an increased growth was also observed follow-
ing injection of recombinant fish GH. Thus, in mullet
(Mugil cephalus), fish receiving [P injections of re-
combinant porgy GH every 2 weeks for 16 weeks at a
dose of 0.1 pg'g BW showed significant increase in
growth, starting on the 6th week with a lesser effect
seen in those injected with a higher dose of | pg'g
BW and no effect was seen when a high dose of 2 pg’
g BW was used (Tsai ct al.. 1993). Agellon et al.
1 1958} also reported increased growth raie in rainbow
trout injected with recombinant trout GH at a dose of
0.2 pg’'g BW. Likewise, slower growth was observed
in those injected with 2 pg/g BW. In the present swdy,
we did not use a dose higher than 0.5 pgpg BW.
Slightly different results were found in sea bream
Juveniles, in which a dose of 2 pg’e BW elicited an
increase in growth rate (Ben-Aua et al,, [999),

By contrast, the in vitro experiments for testung the
biological acuvity were less promising as only a
marginal effect of the recombinant fGH on IGF-1
gene expression in liver explants from rabbitfish fry
was noted after a 24-h incubation with 100 ng'ml of
the hormene. In previous swdies, primary cultures of
hepatocytes, rather than tissue explants, were used for
testing GH activity. Thus, Duan et al. (19931 observed
a dose-dependent increase in IGF-1 mRNA levels in
coho salmon after incubation with native coho salmon
GH at a dose ranging from 0.01 10 1 pg'ml. Shamblou
et al. (1993) also observed an increase in IGF-{
mRNA levels i primary cultures of hepatocytes in
rainbow trout afier incubation with bovine GH at
similar doses with that of Duan et al. (1993). A
dose-dependent increase in IGF-1 mRNA determined
by RT-PCR was reported also in primary cultures of
tilapia hepatocytes cultured in the presence of recom-
binam tilapia GH (Schaudt et al.. 2000), However in

the latter study no correction was made (0 a conshitu-
tive mRNA like B-actin. for example, and therefore
the apparent effect could be over-esimated A dose-
dependent increase in IGF-I mRNA levels in the hiver
of coho salmon was aiso observed after a single IP
injection of coho salmon GH (TMuar et af. 1993
Several possible explanations couid be offered for
the lack of significant induction of IGF-I mRXNA tn
liver explants and the difference between the in vivo
and in vitro assays. Since 1n the current study we used
two different preparations for the in vivo and i vitro
bicassays, variability in the potency of the rwo pre-
parations or inaccurate determination of protew con-
centration could be one reason for low activity in the
in vitro experiments. Another possibility is poor pen-
etration of the rfGH 1o the nissue explants. Since the
lissue explants were mainiamned i the absence of
serum or other protein substtution, 1 could have
affected also the integrity of the ussue although this
is unlikely since rypan blue exclusion tes1 of the
tissues showed negative results.

Numerous studies reported on production of re-
combinant fish GH proteins. Except for few cases
where the protein was produced in a eukaryvotic ex-
pression system (Tsa et al.. 1994; Ho o1 at. [99%),
most of these recombinant fish GHs had been
expressed in bactenial cells (reviewed in Funkenatein.
2010). Polypeptide expression in bactenal cells is the
method of choice for the production of simple proteins
like GH that needs no post-translanonal modifrcanons
because it is easy, umover is fast since baciena are
grown for only a day, and the yield is high. Simlar to
carp, sea bream and dolphin fish recombinant GHs.
rfGH also contained an amino-terminal methiomne
residve. The last nucleotide donaied by the Ncol
restniction site (used as one of the cloning sites in
the pET3d vector used in the current study) and the
sequence of the first amino acwd residue of the manre
fGH made 11 necessary to add two nucleobdes in
order to keep the reading frame. thus creatng an
addinonal codon for the amino acid alamine. Previous
studies have shown thal in some cases the additional
amino-terminal methionine 15 almost completely
being processed and the protein is alanyl-GH. like in
the case of S. aurata GH (Ben-Auna et al | 1999) while
in other cases the additional methiomne 15 not cleaved
during processing by E. coli. like in the case of
dolphin fish (Padue! et ai. 1999 In the case of
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carp GH, about 12-13% were Met-GH (Fine et ai..
1943). The three preparations, which were folded
using a similar protocol to that descnbed in the current
study, retained their biological activity in several
assays.

There is an increasing interest in the application of
GH therapy in fish in aquaculture since this possesses
the potential to increase fish production. While there
are several ways to administer the hormone 1o the fish
{injection, immersion}, incorporating the protein in the
diet is the most practical way for its mass application.
This method, however, will become effective only if
fundamental questions surrounding the method like,
avoidance of enzymatic degradation in the gastro-
intestinal tract, quantification of the honmone concen-
tration in the feeds, efficient mxing of the protein in
the feeds without losing its activity, among others, can
be addressed effectively.
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