"4 JAN 1994

&

A HIGH LEVEL EXPRESSION OF
BIOLOGICALLY ACTIVE FISH GROWTH

HORMONE 1IN Escherichia colzx

BOONHIANG PRONDONKOY

2

(TR ey~ FE e, = ‘«1

o o/
anuUTUINIg

8N

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF
THE REQUIREMENTS FOR THE DEGREE OF
NASTER OF SCIENCE
(BIOCHEMISTRY)

IN
FACULTY OF GRADUATE STUDIES
MAHIDOL UNIVERSITY

1993

2444y



Thesis

entitled

A HIGH LEVEL EXPRESSION OF BIOLOGICALLY ACTIVE FISH
GROWTH HORMONE IN Escherichia coli

becriavig  Bsrmden ke

Boonhiang Promdonkoy

Candidate

--------------------------

Sakol Panyim, Ph.D.

Major Advisor

Burachai Sonthayanon, Ph.D.

Co-advisor

A Cottgmna

Monthree Chulasamaya, M.D., Ph.D. Vichai Boonsaeng, Ph.D.
Dean Chairman
Faculty of Graduate Studies Master of Science Progranm

in Biochemistry

Faculty of Science



Thesis

entitle

A HIGH LEVEL EXPRESSION OF BIOLOGICALLY ACTIVE FISH
GROWTH HORMONE IN Escherichia coli
vas submitted to the Faculty of Graduate studies, Mahidol University
for the degree Master of Science (Biochemistry)
on

November 10, 1993

oooooo ®c o000 ors e

.B{‘t:'v)\nvw\g. % wv{c'v\k:"g(’ N

Boonhiang Promdonkoy

Candidate

Sakol Panyim, Ph.D.

Chairman

Burachai Sonthayanon, Ph.D.

Menmber

Wipa Chungjatupornchai, Ph.D.

Member
Monthree Chulasamaya,M.D.,Ph.D. Chumpol Pholpramool, Ph.D.
Dean for Dean

Faculty of Graduate Studies Faculty of Science



BIOGRAPHY

NAME Mr Boonhiang Promdonkoy
DATE OF BIRTH 28 MAY B.E. 2511 (1968»
PLACE OF BIRTH Burirum, Thailand

INSTITUTIONS ATTENDED
Khonkaen University, 1987-1990
Bachelor of Science (Biology)
Mahidol University, 1991-1993

Master of Science (Biochemistry)



ACKNOWLEDGEMENT

I would 1like to express my deepest gratitude to my advisor,
br. Sakol Panyim, for his supervision, guidance and encouragement
throughout this work. And also very grateful to Dr. Burachai
Sonthayanon and Dr. Wipa Chungjatupornchai for their helpful

suggestions and discussion.

My sincere appreciation is express to Dr. Boonseram Poolsanguan
(department of Biology, Mahidol University) and Mrs. Uthairat Na-
Nakorn (department of Aquaculture, Kasetsart University) for providing
the facilities for fish culture, to Ms. Plearnpis Luxananil for

providing Taq polymerase enzyme.

Special thank to all members in the department of Biochemistry
especially in B. 309 and B. 315, all members in R. 402 (departaent of
Biology) and all members in department of Aquaculture, Kasetsart

University for their help and friendship.

Finally, I would 1like to thank the Center for Molecular
Genetic-Genetic Engineering, Institute of Science and Technology for
Research and Development, Mahidol Universitv for the facility in the

lab throughout this work.

Boonhiang Promdonkoy



- - s 4 ' N N - -
ﬂavnaﬂuuuﬁ nwsuﬁﬂﬂaTTuut1qn11131mtau7anaqan 1uu1u1m§¢ﬂ1nt§a
-~ . . .
WUANLTA Escherichia coli
Ve o
Wi gmtﬁaa WINABUNAN
2 v o
U3agn MBI TUNILANA (21A0)
£ B 4
nmsn11un1191ugu1nawuwuﬁ
v X
Ana wuqau, Ph.D.
w ¢
yiﬂa dugauun, Ph.D.

v d, « a
WNEILTINVTANY 10 wnd3IN8w w.H. 2538

UNRAEA

o { a q o [ - .5 o
antUu§a1tﬁiusnandwnmaa1qnuanQU1ztnﬁTna ATINAILTITUNIT LWL
g 32 ves (Y3 1) - w 4 44 » [ [
1aaqURwuunuagnuﬂaiauawaaa1q antyy wuqﬂa1na M7 NVITUBINUUAL TAITIA
. { A - TR a a g 2 o ~
RALNITIANITUITUNR UANIMNUUUAIBRTINITLITYLAYTRADASUR MRS INWN L UURIIUD Y
<4 o S o e v ' e » N “es - - <
TUIANARAGRAIN1TANAIINA R TNUa L funy IEWITANVIMIANARTINITLITYLRYTAN
@ » - . » -1 » & » ~ g v
FIRL171a asnw?uaaauquuazisnzL1a11un11ta5016tUuaaw0u1n T FaTTuuL T
a . e ¥ .
MTLITHLALIRTA VYR Iz 1 aunilgn e
-~ 3 Y 4 da ot e - - < o a
anuntUuﬂawuwaanunuwalnu uazuan11n11taiutauTagthunuwﬁu1atUu
. - LY -~ o &4 & v ’ =3 { ' - - - & &
EENELE uu11azuﬂwnantna1naquawaaaﬁ¢naﬁu FATTHRLTINITLITNLRUTRADAINY Ny
ou-u ’ - ¢ e ’ 4 - ' 3 . ~ -
U3angagaa e L funy uan11nqzdna1a1§a71uuﬁﬁaun1naau1aﬁuaq pasdaunng
“w ¥ P S acad s - LY IRPN ” - & o 2 »
B ACEEE SN uu1Wtuu1ﬁnqqa1nﬁuﬁau uaziadiuiauasuizuin 1-4 NaanTuRananls
- - o N - [T 2 - rs ¥« € axd
qNAY 1 nu a¢uun11u1t&11nauﬂnwewuq1ﬁ1n11uu11ﬂlun17nanaaiiuuu INLUuITN
-
lnuﬂsﬁunqa
4 ' vy . w -~ - s ' '
tuaqawn711au§n1n113nuﬂuasnwa1auu1aa131nﬂ1u cDNA  PavdaTTamL g
P »
MTLITPLABTATBIUARIUN (gecGH cDNA) 1ua0 aquuaq13n1nﬁitﬁu41uvu gcGH cDNA

- . . » . 4
Tunaaanaaaviagls polymerase chain reaction (PCR) T8’ primer naanuuuy



ii

- ”dg Ve . - 3 ”3. L T
NMAMTuInauuuFavaantafie E. coli nav3nuiLan gcGH cDNA BunRa L 1A
- v LY r's R ¥ LY lxvv
watduauwIne (piCi12) uaquWanglﬁaa E. coli uu1wawuw1nn1uautﬁaau1ud71@
CJQ’: - q ) =4 s [ - -
Tﬂ1aunnu1uun1utaqad1zu1m 20.5 kDa iquwaztUuﬂaTTuut1onﬁ1t?1mtnuTnnaq
-~ LY - :,' £
vaun(geGH) 1a§ana 20 % pAYTUTAURIMNANANLTAR UATAINITRUBNBANNIIINTUTAL
4 v N » I's v, - v aud -
U TATRAMIMLTAAURAKRININIT  centrifuge Ma189 ATY 11n1ﬁuawuw1nuaa
£ » -~ - & o - £ - { 4w a =P
ﬂa11uu1agqnq 40~-60 HRANTURBNITLIAAVILTEAA 1 ART  UAXFATTUUNTIAIINONITUM
-~ Q‘q - ’ - - 's 4w
n11uu1§nune 94 % 11nnw1nadauﬁ1s§nun1u1un11t1¢n11ta1qtauTnnaqﬂa1Tuun1a
awd -~ (YR X . b
IIMMU - TRANVTAALIINANLIUBBANYS A8 (Pangasius  sutchi) uasvainag
. » Jvu ‘ [ Y] . s
(Carassius guratus) wi1UamMmaMiaTudaTing 0.1 uaz 1.0 1NTATNTHRANTUDRY
.: “ e LI 73 ' . 8 49-’ ' - 1] ar ‘:
HIMUNAIRATURA M 37U 4 ATy dacsdamawiniasudasisy 0.1 1uTATATURBNTUDAIUD
(Y 1] é . g k=) - - ) [ 3 Juu
ANRIRATUA M UMW 8 AT un11t11mtau1agqn11nqun1uqu uadamaniaiu
's a L] v} ‘: - W 1] ' . 3 45‘0
#2778 1.0 INTATHTURBNTNIAIEIMUNAIABAUAIN WU 8 ATY  UasUAIEIantaTy
r's v ) - ’: LYYy LYY ' > 3 -3 o
870U 0.1 uar 1.0 IHTATNINARANTUIAIUIMNUARIARAFALUR M IMUIU 4 ATY NBATINOT
- - ' ' ’ 4 ~ 4 - K
tﬁ1utauTn1uunnn1qawnnqun1uqu uastuaaaﬂa11uu1uU1u1mnqou1n (10 uar 100
w o e v o ¢ o {3 v » ' - -
THTIRTNINRANTHIAYRIMUARIRBTUAIN 39U 4 ATY) tn1§ﬂawna¢ WUIINVTLITHLRY
Tanaqua11ﬁuané1@11nnéua1uQuuéaéﬂ¢1a
» y ¥ LTI ' 4\» «dﬂ [Y Y -~ -
awnnagalnawudwu11nuan1a11 ga1Taunta3nITud N1 TR T L TINVTLITOLAY
4 [T Y] Ve - <4 [Y) - <4 ’ <
Tazavlamaduasaiauy 1an11a1u1aavﬁn11ngnaaquas1uu1n1mntuuwsﬂu L MR ET)]
> W o 4 -~ ’ 4 N < - - » - ' 4
AN AINUIIBAUT ANNAABAIINADTIENINVTANRILWNLAN LU UTnadaTTaunimisdn
[V g - » s - z <4 ) rs -
Tun17imunazasy  En19indadiag e TItaza1mnlun1vIngating fuazaslan

I <4 Y & o
11unqﬁ1qa1qntuuwzdudwniunw1naaaqLUuau



Thesis Title A High Level Expression of Biologically Active
Fish Growth Hormone in Eschericia coli

Name Boonhiang Promdonkoy

Degree Master of Science (Biochemistry)

Thesis Supervisory Committee
Sakol Panyim, Ph.D.
Burachai Sonthayanon, Ph.D.

Date of Graduation 10 November B.E. 2536 (1993)

ABSTRACT

Fish is an economically important animal of Thailand. The
success of commercial aquaculture depends on many factors such as fish
strains, food, disease control and management. Furthermore, the rate
at which fish grow from egg state to market size state is an important
component of the economics of commercial aquaculture. Use of fish
growth hormone represents a potential solution to this problen.

Giant catfish (Pangasianodon gigas) is the biggest freshwater
catfish in the world and its growlh rate is considerably fast. This
may be involved in the regulation of various factors. and its growth
hormone has been believed to be an efficient agent to raise the fish
growth rate. Since the hormone concentration in fish piltuitary is
very low (about 1-4 mg/g of pituitary gland), an efficient method for
large-scale preparation has been sought. Recombinant DNA technique is
considered the most effective one.

Giant catfish growth hormone c¢cDNA (gcGH cDNA) encoding mature
growth hormone had been amplified by polymerase chain reaction (PCR)
with designed primers derived from gcGH ¢DNA previously cloned in a

Bluescribe vector. The expression plasmid, pUCi2-gcGH, was constructed
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and transformed to E. coli JM107 to produce gcGH in a high level. The
20.5 kba protein which corresponds to the putative mature gcGH was
efficiently expressed in E. coli carrying the plasmid in which the
gcGH cDNA was under control of LacZ promoter. This protein comprised
about 20 % of total cellular proteins. Recombinant gcGH produced in
E. coli was in a form of inclusion bodies with density higher than
those of other cytosolic proteins which allowed isolation by
centrifugation. The amount of gcGH obtained from this method was up to
40-60 mg/1 of culture. The purity of partially purified gcGH is
approximately 94 %. The test of biological activity of this hormone
showed that the growth of goldfish (Carassius auratus) vas accelerated
when the partially purified gcGH vas administered by 4 intramuscular
injections, at a dose of 0.1 and 1.0 ug/g body weight/week, and by 8
intramuscular injections only a dose of 0.1 ug/g body weight/week.
But it did not raise the significant growth of catfish (Pangasius
sutchi) when the hormone was administered by 4 intramuscular
injections at a dose of 0.1 and 1.0 ug/g body weight/week. In addition,
the growth of goldfish which received 4 intramuscular injections of
very high dose (10 and 100 ug/g body weight/week) was not different
from control group. This suggests that the recombinant gcGH can be
used to increase growth rate of other fish species if it was
administered with a suitable dose. However, a number of parameters
must be addressed before its use, such as the route, the dose and the
frequency of delivering hormone to the fish, including the kind of

fish and its age.
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CHAPTER I

INTRODUCTION

Giant catfish

Giant catfish  or Plabuk (Pangasianodon gigas) is the biggest
freshwater catfish in the world, with the total length is up to 3
metres and weigh over 250 kilograms. It is found only in Mekhong
river and its wmajor tributaries, down from China to Burma, Loas,
Thailand, Cambodia and Veitnam. The descriptions; body elongates and
rather compresses, broad and round snout, head is long and has small
eyes which place below the level of the angle of the mouth. The mouth
is rather broaded, no teeth, a single pair of small maxillary barbels.
The colorations are grey and red brown on the back, blue grey on the
sides, white on the ventral and anal fins. The body of male fish is
comparatively slender, small head, rounded snout and belly does not
expand. The food habit of this fish was consisted of mainly algae(1).

The picture of giant catfish was shown in figure 1.

Giant catfish 1is classified in order Siluriformes, family
Pangasiidae, genus  Pangasianodon and its scientific name is
Pangasianodin gigast2,3)». The schematic diagram of classification was

shown in figure 2.

Giant catfish and Pangasius sutchi tPlaswai) are in the same
family and wused to be grouped in the same genus. Until 1930, Chevey
named the new genus for giant catfish because the adult is much larger

than 7. sutchi. toothless. no denticulate serrated spine, eyes below



the mouth level, and feed on algae. The study of Meenakarn(4) showed
that fingerling of both species are very similar. Both fishes have
denticulate serrated spine on dorsal and pectoral fins, eyes and mouth
are at the same level, and omnivorous. Both species are slightly
difference in size and shape of caudal fin. So, the P. sutchi will be
used as a model for test biological activity of recombinant giant
catfish growth hormone(rgcGH). The growth rate of giant catfish is
considerably fast. This may be involved with many factors, and its

growth hormone is considered to be important one.

Fig 1. The picture of juvenile giant catfish(Pangasianodon gigas)
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Growth hormone

Growth hormone «(GH> 1is a single chain polypeptide hormone
containing no carbohydrate produced in somatotropes, a subclass of
acidophilic cells of the anterior pituitary gland of all vertebrates.
This hormone is an anabolic hormone which is required for normal
growth and development of many tissues, involved in the regulation of
post-natal somatic erowth and maintenance of metabolism of proteins,
lipids, carbohydrates, minerals and also serves as a synergist in
enhancing the effects of other hormones. It is also called

somatotropin or somatotropic hormone(STH) (5-9).

Growth hormone secretion is influenced by a variety of stimuli
like that of many of the pituitary hormones. Scanes and Lauterio{(10)
found that the secretion of GH is under hypothalamic controls;
it involves three peptidergic releasing factors: growth hormone
releasing factor(GRF; stimulatory)», thyrotropin-releasing hormone(TRH;
stimulatory) and somatostatint¢SRIF; inhibitory:. In addition, there is
evidence for effects of biogenic aminestincluding serotonin and
norepinephrine) and prostaglandins at the level of the hypothalamus
and possibly also the pituitary gland. The schematic diagram of the

physiology and role of GH was shown in figure 3.

GH 1s essential for post-natal growth and for normal
carbohydrates, lipids, nitrogens and minerals metabolism and enhancing
the effect of other hormones. As mentioned above, the growth-related
effects are primarily mediated by IGF-I, a member of the insulinlike
gene family, which 1s produced in the 1liver and was known as
somatomedin. IGF~-1 also regulates GH secretion by inhibiting the

release of GRF from the hypothalamus and stimulating the release of
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somatostatin. The final expression of the growth-promoting action of
pituitary GH is the accelerated synthesis of the macromolecules which
form the structure of cells, the nucleic acids and proteins. The
exact manner in which this anabolic action of GH is exerted at the

nolecular level is still not clearly defined.

GH is an anaboljc protein hormone which affects the growth of
many tissues, not only of the skeletal system. It appears to retard
the catabolism of amino acids and to encourage their incorporation
into body proteins. The hormone increases the transport of amino acid
into muscle cells and also increases protein synthesis by a mechanism
separate from the transport effect. Animals treated with GH show
positive nitrogen balance, reflecting a generalized increase in
protein synthesis and a decrease in plasma and urinary levels of amino
acids and urea. This is accompanied by increased synthesis of RNA and
DNA in some tissues. In these respects, GH actions resemble some of
the actions of insulin. The bulk of amino acids not utilized by the
organism normally are converted to urea, which is eliminated through
the wurine. GH, administered to the nephrectomized rat, retards the
conversion of infused amino acids to urea. It thus appears that GH
encourages Lhe organism to retain amino acids, which are indispensable
for the building of proteins. The increased body weight observed
after hormone treatment is consequent upon an actual increase in

tissue protein, water and salts, not to an increased deposition of fat.

In carbohydrate metabolism, GH generally antagonized the
effects of insulin. Hyperglycemia after GH administration is the
combined result of decreased peripheral utilization of glucose and
increased hepatic production via gluconeogenesis. In liver, GH

increases liver glycogen, probably from activation of gluconeogenesis



from amino acids. Impairment of glycolysis may occur at several steps,
and GH may also inhibit the transport of glucose. Whether the later
is a direct effect on transport or a result of the inhibition of
glycolysis has not yet been established. The mobilization of fatty
acids from triacylglycerol stores may also contribute to the
inhibition of g¢lycolysis in muscle. Prolonged administration of GH
pay result in diabetes mellitus. The latter effect probably results
from the eventual destruction of the p-cells of the pancreatic islets,
vhich secrete insulin. The excessive blood sugar levels, evoked by GH,
apparently over work the p-cells, causing hypersecretion, hyperplasia,
and eventually functional exhaustion and atrophy. It has been shown
that rats recieving excessive carbohydrate by tube feeding develop

temporary diabetes when given GH.

Administration of GH increases lipid mobilization after a lag
period of about an hour in starved animals. GH promotes the release
of free fatty acids‘and glycerol when incubated ip vitro with adipose
tissue. The in vivo administration of GH causes a rapid increase of
circulating free fatty acids and increased oxidation of fatty acids in
the liver. Under conditions of insulin deficiency, increased
ketogenesis may occur. These effects and those on carbohydrate
metabolism probably are not mediated by IGF;I, but they are probably

the result of a direct effect of GH on the tissue.

in mineral metabolism. GH promotes a positive calcium,
magnesium, and phosphate balance and causes the retention of Na’, '
and ClI . The first effect probably relates to the action of GH in
bone, where it promotes growth of long bones at the epiphyseal plates
in growing children and appositional or acral growth in adults. 1In

children. GH also increases formation of cartilage.



The other effect of GH is a biologic synergist of trophic
hormones (ACTH, TSH, FSH and LH). Whereas GH alone has little effect
on such target glands as the adrenal cortex, thyroid and gonads, it
markedly enhances the effectiveness of the trophic hormones specific
for these organs when administered together with them. 1In addition,
GH also has prolactinlike effects, such as stimulation of the HAMRArY

glands, lactogenesis, etc(5).

From many important roles, GH is brought to use in many
applications such as a therapeutic agent for treatment GH-deficient
patients, increasing the nilk production in domestic ruminants and
improvement of growth rate and feed efficiency in fish culture. Thus,
GHs have been isolated in highly purified form from pituitary extracts
of various mammalian species such as humam, pig, sheep, whale, horse,
monkey, etc(11). 1In addition, GHs from many fish such as tilapiaci2),
carp(13), salmon(14) and sturgeon(15) were also isolated and purified.
Although GHs are increasingly of interest in many applications, their
preparation requires tedious and intricate procedures. Since their
concentrations are very lowtabout 1-4 mg/g pituitary), an efficient
method for large-scale preparation has been sought. To produce GHs in
large quantities, recombinant DNA techniques have been extensively
applied and some GH genes have been cloned and sequenced such as the
GH nucleotide sequence of several mammals [bovine(16), human(17), goat
(18), mouse(19), porcine(20), rat(21)., fox(22) and ovine(23)>1 and of
lower vertebrate species as avians (duck(24) and chicken(25)1,
amphibias Cbullfrog(26) and xenopus(27)] and fish. 1In fish, GH genes
have been widely isolated and the nucleotide sequences were determined,
including common carp(Cyprinus carpio) (28),giant catfish(Pangasianodon
gigas)(29), normal catfish (Pangasius  pangasius)(30), cohosalmon

(Oncorhynchus kisutchr(31), atlantic salmon (Salmo salar »(32), yellow



tail (Seriola quingueradiata)(33), tuna(Thunnus thynnus)(34), red sea
bream (Pagrus major)(35) and flouder (Parglichthys olivaceus)(36). In
addition, the cDNA coding for the GH of chum salmon(Oncorhynchus keta)
(37), tilapia(Orechromis niloticus)(38), rainbowtrout (Salmo gairdperi)
(39), eel (Apguilla japonica)(40) and silver carp (Puntius gonionotus)

(41) have been successfully cloned and expressed in F. colj.

So far, the complete base sequences of cDNA and amino acids of
various fish GHs have been determined. All of them showed sequences
similar to those of mammalian GHs. This means that the structure of
GH has been conserved through evolution from fish to human beings.
Li CH.(6) showed that the primary structure of hGH comprises of 191
amino acid residues and arranges in a globular form with 2 disulfide
bonds as shown in figure 4. Comparisons of the physicochemical
properties and the primary structures of fish GHs with those of
manmalian GHs show that the overall molecular features are very
similar(i1), although they are phylogenically distant. The average
molecular weight of the GH from all studies is about 22 kDa. In
keeping with their similarities in molecular weight, the amino acids
composition of the various GHs are quite similar too. From the
determination of GH amino acids sequence of several species, it has
been obvious that the carboxyl terminus part(C-terminus) of their GHs
bear a remarkable similarity to one another and 2 disulfide bridges
are presented in all GHs. So, the predicted secondary structure is

almost identical.

To elucidate structure-function relationships in  GHs,
determination of the conserved and essential domains and residues have
been done by comparing the amino acid sequence of GHs from several

vertebrate species that have been known. The 37 conserved amino acid
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residues in 5 distinct conserved domains are observed(42). The
comparison of amino acid sequence and the conserved amino acid residue
domains are shown 1in figure 5. These amino acid residues are
considered to be important for GH-specific biological activities.
Moreover, the conserved 5 domains(GD1 to GD5) may play essential roles
in the activities of GH. Abdel et al.,(43) have been analysed the
three-dimensional structure of recombinant methionyl-porcine GH by
single crystal X-ray diffraction technique. They found that the GH is
predominantly helical, consisting mainly of four antiparallel «-
helices arranged in a left twisted helical bundle. The region
corresponding to GD1, D2, GD3 and GD4 are arranged on the outside,
while the GD5 region is localized in the inside of the molecule. Thus,
the 4 domains(GDL to GD4) are considered to be involved in the
specific binding of the GH while the GD5 domain may participate mainly
in the formation and stabilization of GH-specific configuration,
because in this domain has 4 cystein conserved residues that are
structural and functional features of the hormone in forming two

disulfide bridges.

Giant catfish growth hormone(gcGH)

Like other vertebrate GHs, gcGH is therefore considered to
be importance for normal growth and development of the young and
involed in the regulation of a variety of anabolic processes. Bub the
native g¢cGH from its pituitary gland is still not isolated and
purified, so, the physicochemical and growth-promoting activity of
this hormone is never study. Recently, the cDNA coding for pre-growth
hormone of giant catfish has been cloned and its nucleotide sequence
has been determined in our laboratory(29). The deduced amino acid

sequence, from the nucleotide sequence of giant catfish growth hormone
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Fig 4. The structure and amino acid sequence of human growth hormone.

The numbers identify the amino acid residues, starting from N-
terminus(5).
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Comparison the primary structure of mature GH of flounder(fGll), yellow

tail(yGH), tuna(tGH), salmon(sGH), chicken(cGH), rat(rGH), porcine(pGH)

ovine(oGH), bovine(bGH) and human(hGH), the conserved residues among

the GHs are shown in black boxes and GD1 to GD5 indicate the 5

conserved domains.
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cDNA, consists of 200 residues as shown in figure 6. The primary
structure of the mature-gcGH polypeptide consisting of 178 amino acids
could be deduced, and the molecular weight was calculated to be 20,288.
Twenty two amino acids in the amino-terminal region may constitute a
signal peptide that is cleaved off in the secretion process. Two
disulfide linkages probably locate between Cys residues 49 and 151 and
between Cys residues 168 and 176 of mature-gcGH. The amino acid
composition of mature-gcGH was good agreement with that of silver carp
GH(41), salmon GH(37) and tuna GH(34), being rich in Leu and Ser and
poor in His and Met. The codor usage is rather nonrandom, and there
is some preference for G or C over A or T at the third position of

codons, about 75 %, similar to other fish GH cDNA(29).

Comparison of amino acid sequence homologies between gcGH and
other GHs, the gcGH has the highest homology with the normal catfish
GH(100 %)(30) followed by the silver carp GH(78 %)(41) and has the
lowest homology with the humam GH(38 %)(17). The percentage homology
of amino acid and nucleotide sequence between mature-GH of giant
catfish with other vertebrate GHs was shown in table 1. The degree of
homology between the different species agrees in general with their

order of divergence.
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Fig 6. Nucleotide sequence of gcGH cDNA and amino acid sequence of

gcGll.  Pre~hormone codon sequence including signal peptide
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no. GH of ref. no. sequence identity of

nt.sequence aa.sequence

1 normal catfish 30 99.8 100.0
2 silver carp 41 76.0 78.0
3 common carp 28 75.7 76.1
4 salmon 32 68.4 64.9
5 rainbow trout 39 68.3 64.4
6 tuna 34 59.0 57.8
7 red sea bream 35 58.5 57.5
8 tilapia 38 56.4 53.5
9 yellow tail 33 55.4 53.0
10 flounder 42 54.6 51.1
11 eel 40 56.7 45.8
12 bovine 16 51.2 39.8
13 human 17 48.4 38.2

Table 1. The percentage homology of nucleotide and amino acid

sequence between mature-gcGH cDNA with other mature GHs(29)
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Aim of the thesis

Giant catfish is the biggest freswater catfish in the world
and its growth rate is considerably fast although their food habit is
consisted of mainly algae. This may be involved in the regulation of
a various factors, and its GH has been believed that it is an
efficient agent to raise fish growth rate. The effect of several
vertebrate GHs on the growth rate have been studied(16-18, 20, 23, 24,
37-40). These found that the growth rate of those animals were
significantly increased. Although GHs are increasingly of interest as
efficient agent for raising fish growth rate, their preparation
requires intricate procedures, take too long time and received very
small quantity, since their concentration in pituitaries are very low
(about 1-4 mg/g of pituitary grand). 1In order to solve this problen,
recombinant DNA technique is used to produce a large quantity of giant

catfish growth hormone.

Alm of the thesis is to produce a large quantity of

biologically active giant catfish growth hormone in E. coli.

The gcGH cDNA has been cloned and its_nucleotide sequence has
been determined(29). The cDNA coding for mature-gcGH is amplified by
PCR with specific primers which were designed for an efficient cloning
and high expression of this gene in E. coli. The PCR product will be
inserted into pUCIZ vector under the control of Lac Z promoter. The
protein product of induced cell will be analyzed, isolated and
purified. In addition, biological activity of partial purified hormone

will be tested.



CHAPTER 11

NATERIALS AND METHODS

NATERIALS

1. Bacterial strain and plasmid vectors

Escherichia coli K12 JM107 LendAl, gyrA96, thi, hsdR17, supE44,
relAl, 1, (lac-proAB), (Fj, traD36, proAB, lacI"Z M15)]1 previously
described by Yanisch-Perron et al.,(44) was used as host cells for the
recombinant from puCi12 vector.

pUC12(45) was used as an expression vector to express the gcGH
cDNA, because the vector has a high copy number and a lac Z promoter
used for transcription. The physical wmap was shown in figure 7.

Giant catfish growth hormone c¢DNA (gcGH c¢DNA) previously
cloned in Bluescribe plus (Bs™) by Catherine Lemaire and Sakol Panyinm

{(Unpublished data) was used as a template for amplification of gcGRH

cDNa by PCR technique.

2. Fish

Pangasius sutchi (Plaswai), age about 2 months, weight 16.20+
3.90 ¢ and length 13.3+1.1 cm and Carassius auratus (goldfishs, age
about 2 months, weight 3.1740.35 ¢ and length 3.6+0.3 cm were used as
a model to test biological activity of recombinant giant catfish
growth hormone (rgcGH). The picture of these fish were shown in

figure 21 and 24.
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3. Primers for gcGH c¢DNA amplification

3.1 Sense strand primer : 5" (amino terminal) primer sequence

EcoRIl str

| ]

5  ~-GGAATTCGGAGGATAAATAAATGTTCGAGAACCAGCGG-3~
— — ) e 3 [® -

rd

SD stp stp N-mature-gcGH
3.2 Antisense strand primer : 3’ (carboxy terminal) primer
sequence

stp

—

5’-GC?CTAGQCTA?AGGGTGCAGTT—3/

Xbal C-gcGH
Note : "SD" is ribosome binding sequence or Shine Dalgano’s sequence

"stp” is the stop codon and "str" is the start codon.

4. Chemicals

Bacterial culture medias were obtained from Difco. IPTG, X-
gal, ampicillin antibiotic drug, deoxynucleotide triphosphates and
acrylamide were purechased from Sigma. Agarose, low melting point
agarose, N,N-methylenebisacrylamide were obtained from BRL. Developer
and fixer were from Eastman Kodak company. [a-""S1-dATP were from NEN,
USA. Sequenase and sequencing reagents were from USB, USA.
Restriction endonucleases and modified enzymes were from BRL, New
England Biolabs and Amershanm. Taq DNA polymerase produced by
recombinant DNA techniques was generously provided by Luxananil P.(486).

All other chemicals used in this work were of analytical grade.
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HETHODS

1. In vitro DNA amplification by polymerase chain reaction (PCR)

1.1 Primer designation

Primer is an important factor that determine the
success of DNA amplification. The average size of primer for the
effective amplification is 20-30 bp and the exogenous sequence can be
added to the 5 end of primer. These extrasequence will be
incorporated into the double stranded DNA of PCR product. To
facilitate cloning, the 2 specific primers contain the extranucleotide
sequence which are the recognition site for EcoRI and Xbal restriction
enzyme at the 5 end of sense strand and antisense strand primer were
designed, respectivelv. For high level expression of gcGH in E.coll,
a DNA construct was made to facilitate protein translation. The
sense strand primer also contains a ribosome binding site or Shine-
Dalgarno(SD) sequence, GGAGG., which is a strong SD-sequence,
translation starting codon(ATG) for mature gcGH, a designed 8 bases in
spacer between SD-sequence and start codon which is the optimum length
for high expression(47.48) and 2 stop codons on 2 reading frames in
spacer to prevent translation of unwanted polypeptide. The sequence of-

2 primers were shown in material.

1.2 Amplification of gcGH cDNA by PCR

The standard procedure of PCR reaction(49) was performed
in 50 ul mixture contained PCR buffer(10 mM This-HCl pH 8.3, 50 mM KCI,
1.5 mM MgCl_, 0.01 % w/v gelatin), 200 uM each of dANTP, 1 uM each of

primertsense strand and antisense strand primer), 2.5 units Taq DNA
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polymerase and 2 ng of purified gcGH cDNA. The reaction mixture was
overlaid with 50 ul mineral oil to prevent evaporation and then was
performed for 30 cycles in DNA Thermal cycler as shown in table 4.
After completing 30 cycles, 2 ul of amplification product was analysed

in 0.7 % agarose gel electrophoresis.

2. Agarose gel electrophoresis(50)

The agarose gel electrophoresis is the analysis method used to
separate, identify and purify DNA fragments. Migration rate of a DNA
fragment depended on molecular size of the DNA, gel concentration, and
the conformation of DNA. Agarose gel was prepared in various
concentration (0.7-1.5 %) according to the size of DNA to be analyzed
by dissolving the gel powder in TBE buffer(89 mM Tris-HCl, 89 mM boric
acid, 25 =mM EDTA pH 8.0)>. After heating to completely dissolve, the
gel was poured into electrophoretic chamber. DNA patterns were
analysed by mixing with 1/3 volume of loading dye(0.1 % bromphenol
blue, 40 % ficoll and 5 mM EDTA) and loading into gel slot under
submarine condition. The electrophoresis was performed at 100-150
volt. The gel was stained with 2.5 ug/ml ethidium bromide solution
for 5 min and destained with a large volume of water. DNA pattern was
visualized by UV light and photographed with Kodak-Tri X Pan 400 film

through a red filter.
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cycle step temperature (" c¢) time (miny

1 denaturing 90 2
annealing 45 1

extension 72 2

2-29 denaturing 90 1
annealing 45 1

extension 72 2

30 denaturing 90 1
annealing 45 1
extension 72 10

Table 2. PCR programme that used for amplification of gcGH cDNA

3. Restrictior endonuclease digestion(50)

Restriction endonuclease is a group of enzymes tha£ recognized
specific base sequences of double stranded DNA. They could be divided
into 4 groups based on type and quantity of salt requirment for their
optimum activity <«low, medium, high and specific salt). DNA samples
vere digested with bLhe appropriated amount of enzyme under the optimal
condition. For coplete digestion, generally 1 ug of DNA was digested
with 1-2 units of the enzyme in the recommended buffer and the optimal
temperature ftor 2 hr. The restriction enzymes wused in this work
including their recognition sequence and recommended buffer were shown
in table 5 and 6. After completely digestion, the DNA fragment was

subjected and analysed by agarose gel electrophoresis.
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buffer NaCl Tris-HCl MgCl, DTT KCl Tris-HC1l
pH 7.5 pH 8.0
low - 10 M 10 mM 1 oM - -
medium 50 mM 10 mM 10 mM 1 mn - -
high 100 mM 10 mM 10 mM 1 mM - -
specific - - 10 mM 1 nM 20 mM 10 aM

Table 3. Buffer for restriction endonuclease digestion

restriction enzyme recognition sequence buffer
EcoRI G’ AATTC high
HindIII A" AGCTT medium
PstI CTGCA' G pedium
pvull CAG' CTG medium
Xbal T'CTAGA medium

Table 4. Restriction endonuclease with their recognition sequences
and optimal condition

note : Optimal temperature for all enzyme in this work was 37 ¢c.
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4. Purification of PCR product (gcGH c¢DNA) from 1lowv melting

Lemperature agarose gel(51)

After precipitated PCR product (gcGH cDNA) and cut with
EcoRI and Xbal, the digested DNA fragment was electrophoretically
separated on 0.7 % of 1low melting temperature agarose gel in Tris
borate EDTA buffer at constant voltage (10 v/cm). The gel was then
stained with ethidium bromide and subsequently destained with
distilled water. The disested PCR product band was visualized under
UV-1ight and chopped into small pieces. Then 5 volumes of TE
buffer were added and incubated at 65 ¢ for 10 min. The melted gel
was extracted with an equal volume of phenol saturated with TE and
centrifuge at 10,000 ¢ for 10 min. The DNA in aqueous phase was
reextracted twice with an equal volume of chloroform-isoamyl alcohol
(24:1 v/v) and centrifuse 10,000 ¢ for 10 min, the digested PCR
product which exist on aqueous phase was precipitated with 2 volumes
of absolute ethanol in the presence of 1/10 volume of 3 M sodium
acetate, then washed twice with 70 % ethanol and dissolved the DNA

pellet in sterile distilled water.
5. DNA ligation (52)

The vector pUCl2 and inserted DNA(gcGH cDNA) which were cut
with EcoRI and Xbal and digested PCR product was subsequently purified
by low melting temperature agarose g¢el were used as substrates for
ligation. The ligation reaction was performed in 10 ul reaction
mixture concisting of the digested pUC12 vector and gcGH cDNA 1:2
molar ratio, 1 unit of T, DNA ligase, 1x ligation buffer (50 mM Tris-
HCI pH 7.4, 10 nM MgCl,, 10 mM DTT, 100 ug/ml BSA, 1 mM ATP and 1 mM

spermidine). The ligation mixture was incubated at 14° ¢ for 12-15 hr.
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6. Transformation and selection(51)

6.1 Preparation of competent cell by DMSO method

The competent cell of E. coli JM 107 was prepared by
inoculating 1 % of overnight culture in LB-broth to 25 ml SOB medium
(2 % bactotryptone, 0.5 % yeast extract, 12 mM NaCl, 2.5 mM KCl, 10 M
MgCl, and 10 mM MgSO,) and incubated at 37° ¢ with shaker until
the cell grow to mid log phase (OD__, about 0.3-0.4). The cell were
then harvested by centrifugation at 3,000 rpm, 4° ¢ for 10 min. The
pellet was washed by resuspended in 4 ml FSB solution (10 mM potassium
acetate pH 7.0, 100 mM KCl, 45 mM MnCl,6 4H_ O, 10 mM CaClz'ZHZO, 3 nM
Co(NH,) Cl, ~and 10 % glycerol) and kept on ice for 10 min. After
centrifugation, the cells were resuspended in 1 ml of FSB solution
again, subsequently treated twice with 35 ul of DMSO and left on ice
for 15 min. The competent cells were then ready for use or can be

stored at -80" ¢ for long time.

6.2 Transformation and selection

Three ul of the ligated product‘was eixed with 100 ul of
competent cells and incubated on ice for 30 min. The mixture was
immediately heat shocked at 42° ¢ in water bath for exactly 90 sec,
then quickly cooled on ice for 1-2 min before adding 800 ul SOC medium
(SOB plus 200 mM glucose) and incubated at 37° ¢ for 1 hr with
shaking. 100 ul of the culture was spreaded on LB-agar plus
ampicillin 100 ug/ml and incubated overnight at 37 c. The
transforemant coloniles were transferred to the new ampicillin-LB plate
which was speaded with 50 ul of 2 % X-gal in dimethyl formamide and 50

ul of 40 mM PTG in sterile distilled water by replica with
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nitrocellulose membrane. The plate were further incubated at 377 ¢
for 3 hr, the white colonies were selected for further analysis of
recombinant plasmid f{pUC12 inserted with gcGH c¢DNA) by restriction

endonuclease analysis.

7. Plasmid extraction and purification

7.1 Small scale plasmid extraction by rapid alkaline method(53)

Single colony of recombinant cell ( E. coli JH 107
containing recombinant plasmid pUCI2-gcGH) was grown overnight with
shaking at 37° ¢ in 3-5 ml ampicillin-LB broth. The cells were
harvested by centrifugation at 10,000 g for 2 min in microtube. The
pellets were resuspended in 100 ul lysozyme solution (50 mM glucose,
25 mM Tris-HCl, 10 mM EDTA pH 8.0) and left on ice for 30 min. Then
200 ul of lysis solution (0.2 N NaOH, 1 % SDS) was added and kept on
ice for 5 min to lyse the cells. The lysate was neutralized with 150
ul of 3 M sodium acetate pH 4.8 and left on ice for 1 hr. Cell debris
and chromosomal DNA were separated by centrifugation at 10,000 g for
10 min. The plasmid in supernatant was precipitated with 2 volumes
absolute ethanol, left at -20" ¢ for 1 hr and centrifuge 10,000 ¢
for 10 min. The plasmid DNA was washed twice with 70 % ethanol,
completely air dried, dissolved the DNA pellet in TE buffer and keft

at 4° ¢ for long time.

7.2 Large scale plasmid extraction by cesium chloride

density gsradient ultracentrifugation (50)

Single colony of E. coli containing plasmid pUC12 was

activated in 5 ml of LB-broth plus 100 ug/ml ampicillin, incubated at
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37° ¢ overnight with shaking. The overnight culture was transfered
to 500 ml of LB-broth containing 100 ug/ml of ampicillin and was
further grown for 7 hr at 37 ¢ with shaking. Then 170 ug/ml
chloramphinical was added in order to amplify the plasmid copy number.
The culture was continuously incubated at 37" ¢ for 12-14 hr. The
cell was harvested by centrifugation in GSA rotor at 5,000 rpm, 4 ¢
for 10 min in a Sorval superspeed centrifuge. The cell pellet was
resuspended in 10 ml of freshly prepared lysozyme solution (+ 2 mg/ml
lysozyme) and incubated on ice for 30 min. Then 20 ml of the lysis
solution (1 % SDS and 0.2 N NaOH) was added, gently mixed and keft on
ice for 30 amin. The lysate was neutralized by adding 15 mul of 3 M
sodium acetate pH 4.8 and incubated on ice for 1 hr. Protein and
chromosome were removed by centrifugation at 10,000 rpm, 4° ¢ for 20
min. The plasmid in supernatant was precipitated by adding 2 volumes
absolute ethanol, incubated at -20" ¢ for 1 hr and centrifuge at
10,000 rpm for 20 min. The DNA pellet was washed twice with 70 %
ethanol, air dried and dissolved in TE for further purification

process.

The DNA solution from large scale extraction was adjusted to
the final volume of 8 ml with TE. Then 8 g of cesium chloride (CsCl)
was added to make concentration of CsCl 1 ¢/ml. After gently mixed,
0.8 ml of 10 mg/m]l of ethidium bromide in water was added and mixed.
The DNA solution was transferred to a Beckman centrifuge tube (Ultra-
clear ) AND centrifuged at 45,000 rpe for 16-19 hr at 20° ¢ in a 70.1
Ti rotor of Beckman L9-70M Ultracentrifuge. Two bands of DNA were
visualized wunder UV light, chromosomal DNA and nicked plasmid DNA in
the upper band and closed circular plasmid DNA in the lower band. The
lower band was collected in a syringe by puncturing the tube with a no.

20 hypodermic needle. Ethidium bromide in the solution was removed
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out by extraction with an equal volume of isoamyl alcohol for 4-5
times until the DNA solution was colorless. After adding equal volume
of water to dilute CsCl concentration, 2 volumes of absolute ethanol
was added to precipitrate DNA and keft at -20" ¢ for 1 hr. The
plasmid DNA was separated by centrifugation, washed twice with 70 %

ethanol, air dried and dissolved in TE.

7.3 Purification of plasmid DNA by absorption on QIAGEN

column (54)

QIAGEN is an anion exchange column used for isolation and
purification of RNA, plasmid DNA, lambda DNA, genomic DNA and
oligonucleotides. The column contains a unique anion-exchange resin
which is covalently linked to a silica gel base with a sophisticated
hydrophilic surface coating to prevent nonspecific adsorption. The
anion-exchange groups on the surface are carefully turned to give
optimum separation in nucleic acid preparations. Contaminating
protein, polysaccharides and inhiting metabolites are efficiently

rempoved.

7.3.1 Plasaid preparation

The overnight culture of E. coli containing
recombinant plasmid (pUCi2-gcGH) about 200 ml were harvested by
centrifuge at 5,000 rpm for 10 min at 4~ c¢. The bacterial pellet
were resuspended in 4 ml of buffer P1 (50 mM Tris-HC1l, 10 mM EDTA and
100 ug/ml RNase A, pH 8.0). Then 4 ml of buffer P2 (200 mM NaOH, 1 %
SDS) was added. The cells suspension were mixed gently, and incubated
at room temperature for 5 min. After 4 ml of buffer P3 (2.55 M

potassium acetate pH 4.8) was added, the 1lysates were mixed
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impediately but gently and centrifuged at 4" ¢ for 30 min at 15.000 g.
The supernatants were removed promptly, and centrifuged again at 4 ¢
for 10 min at 15,000 ¢ to obtain a particle-free clear lysate for

further purification process.

7.3.2 Plasmid purification

A QIAGEN-tip 100 was equilibrated with 3 ml of
buffer QBT (750 =M NaCl, 50 mM MOPS(3-N-Morpholino-propanesulfonic
acid, pH 7.2), 15 % ethanol, pH 7.0, 0.15 % Triton X-100) and allow it
to empty by gravity flow. The supernatants from previous step were
applied onto the QIAGEN-tip and allow it to enter the resin by gravity
flow. After absorbing, the QIAGEN-tip was washed with 10 ml of buffer
QC (1.0 M NaCl, 50 =»M MOPS, 15 % ethanol, pH 7.0) to remove the
impurities. Then the plasmid DNA was eluted out with 5 ml of buffer
QF (1.25 M NaCl, 50 mM MOPS, 15 % ETHANOL, pH 8.2) and precipitated
with 0.7 volume of isopropanol. Finally, the DNA pellet was washed
with 70 % ethanol, air dried for 5 min and redissolved in sterile

distilled water.

8. DNA sequencing of gcGH gene in recombinant plasmid (pUC12-gcGH) by

chain terlination method (55)

The sequenaseTH version 2.0 of USB was used in this work.
The sequencing protocol was followed sequenase kit protocol, except
the annealing step for double-stranded DNA sequencing. All sequencing
reactions were run n 1.5 ml micro centrifuege tubes that should be

keft capped to minimize evaporabion of the small volume emploved.
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8.1 Sequencing reaction

8.1.1 Annealing template and primer (56)

The mixture of 4 ul purified recombinant plasmid
pUC12-gcGH (about 3-5 ug ds-DNA), 1 ul appropriated primer (0.5 pmole)
and 1 ul of 0.5 N NaOH was heated to 80" ¢ for 5 min to denature the
template DNA. Then the mixture was quickly cooled to 37 ¢ and
subsequently neutralized by adding 1 ul 0f 0.5 N HCl. The annealed

template and primer was ready to use in the next step.

8.1.2 Labeling reaction

The annealed primer-template was added with 2 ul
of reaction buffer (200 mM Tris-HC1 pH 7.5, 100 mM MgCl,, 250 mM
NaCl), 1 ul of 0.1 M DTT (dithiothreitol», 2 ul of diluted labeling
mixture ¢1.25 uM of each dGTP, dCTP, dTTP in water), 0.5 ul of [a-""8]
~-dATP and 2 ul of diluted Sequenasep version 2.0 enzyme which was
diluted to 1: 8 by enzyme dilution buffer (10 mM Tris-HCl pH 7.5, 5 mM
DIT and 0.5 mg/ml BSA). The reaction mixture was mixed thoroughly
with avoiding air bubbles and incubated for 2-5 wmin at room

temperature.

8.1.3 Termination reaction

When the labelling incubation was complete, 3.5
ul of reactiom mixture was transferred to 4 termination tubes
containing 2.5 ul of ddATP, ddGTP, ddCTP, ddTTP which were pre-warmed
at 37" ¢ at least 1 min. The termination reaction tubes were

incubated at 37" ¢ for 5 min. Then 4 ul of stop solution (95 %
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formamide, 20 =M EDTA, 0.05 % bromophenol blue, 0.05 % xvlene cyanol
FF) was added to each of the termination reaction. These reactions
were kept on ice until ready to load on the sequencing gel or could be

stroed at -20° ¢ for 1 week.

8.2‘ Sequencing gel electrophoresis

The stock of 40 % acrylamide solution (38 4 acrylamide,
2 % N,N’-methylene—bis—acrylanide in distilled water) was prepared
and kept in the dark. The denaturing gel of 8 % acrylamide with 7 M
urea was prepared by dissolving 105.1 g ultrapure urea in 50 ml of 40%
acrylamide from stock solution and 25 ml of 10x TBE. The volume was

adjusted to 250 ml with distilled water.

To set up a 55 cm x 20 cm X 0.4 mm sequencing gel, 50 mrl
of 8 ¢ acrylamide-7 M urea was added with 200 ul of freshly prepared
10 % ammonium persulfate and 50 ul of N,N,N’,N’—
tetramethylenediamine (TEMED)>. After gel polymerization at least 2 hr,
the gel casting was attached to chamber containing 1x TBE buffer.
Before loading, the samples were heated at 80° ¢ for 2-5 min. Then 2-
3 ul samples were loaded immediately on the gel. The electrophoresis
was performed at constant power 50 watts. The time required was
estimated by monitoring the migration of the loading dye. Then the
gel was transfered to a blotting paper. covered with plastic wrap and
dried in gel dryer at 80" ¢ for I hr. The dried gel was exposed to

Kodak X~OMAT-AR film at room temperature for 1-2 days.
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9. Protein analysis
9.1 Protein extraction

‘ Single colony of E. coli JM 107 containing recombinant
plasmid pUC12-gcGH was grown in 5 ml of ampicillin-LB-broth overnight.
1 % of the culture were inoculated into 20 ml of new ampicillin-LB-
broth and grown until OD at 600 nm reached about 0.5. Then 0.4 mM of
[PTG was added to induce the expression of ¢cGH gene and the cultures
were grown further at least 3 hr. The cultures were harvested by
centrifuge at 10,000 ¢ in Eppendorf centrifuge for 2 min. The cell
pellets were washed one with 500 ul of ice cold 0.85 % NaCl and were
then resuspended in 100 ul of distilled water, 100 ul of 2 x sample
buffer (62 mM Tris-HCl pH 6.8, 2 4 SDS, 10 % glycerol, 5 % p-
mercaptoethanol and 0.02 % bromphenol blue). The mixtures were
vigorously mixed and heated at 100" ¢ for 10 min, then centrifuged
at 10,000 ¢ for 3 min. 20 ul of each sample mixture was subjected on

each slot of previously prepared SDS-polyacrylamide gel.
9.2 SDS-polyacrylamide gel electrophoresis

SDS-PAGE followed the method of Laemmli(57). The gel
solution were prepared as described in table 5 (4.5 % acrylamide for
stacking gel and 15 4 acrylamide for separating gel). Electrophoresis
was carried out in the descending direction in Tris-glycine buffer (25
mM Tris-HC1 pH 8.3, 192 nM glycine and 0.1 % SDS) at constant 150
volts until the tracking dye reached to the edge of the gel. The

protein patterns were visualized by coomassie-blue staining.
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'

. . TR
9.3 Coomassie blue staining vi L

The electrophqretic sel from method 9.2 was stained with
0.2 % coomassie blue R-250 in 50 % methanol, 7 % acetic acid for 2 hr.
The excess stain was removed out by placing the gel in destain
solution (25 % methanol, 12 % acetic acid in distilled water) for 30
min, 3 times and rinsed with a large volume of distilled water. The
stained gel was soaked in distilled water together with the cellophane.
The treated gel was placed on cellophane over the glass plate, then
the gel was covered with another piece of cellophane avoided air
bubble. All 4 edges of cellophanes were folded to the back of glass
plate and fixed by doubleclips. This was kept at room temperature

until the gel was completely dried.

solution stacking gel (4.5 %) separabing gel (15 %)
A 1.5 ml 5.0 ml
L = 6.0 ml
13} 2.5 ml ~
H,0 6.0 ml 3.0 ml
10 % (NH,» 5,0, 100 ul 40 ul
TEMED 50 ul 20 ul

Table 5. The stock solutions for preparing SDS-polyacrylamide gel

A = 29.2 % acryvlamide. 0.8 # N,N-mebthylene-bisacrylamide in water

L = 1.5 M Tris-HC! pH 8.8, 0.4 % 35DS
U =0.5M Tris-HCl pH 6.8, 0.4 # SDS

The stock solutions were kept at 4 c.

2494y 1 10074
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9.4 Western blotting (58)

This method was to identify specific proteins resolved by
SDS-PAGE. The proteins from gel are transfered to a nitrocellulose
membrane, and the membrane was then incubated with rabbit antisera
raised against gcGH. The antibody specifically binds the protein’s

epitope and the bound antibody was detected with a secondary probe.

The proteins resolved in SDS-polvacrylamide gel was
transfered to a nitrocellulose membrane by an electrophoresetic
apparatus for electrode blotting (Hoeffer Transphor Power LID model TE
50> 1in a Western blot electrode buffer(25 mM Tris-HCl1 pH 8.0, 192 nM
glycine, 20 % methanol: with the gel facing to the cathode.
Electrophoresis was then performed at 4° ¢ for 2 hr at constant
current of 500 mA. Then the membrane was ready to detect by

iBEmMUNOassay.

9.5 Immunoassay using alkaline phosphatase conjugated anti-

rabbit IgG as the second probe (59)

The membrane from Western blotting was placed in 1xPBS-
0.5 # BSA (1xPBS; 150 mM NaCl, 12.6 mM Na HPO,.2H_0, 1.47 mM KH_PO,,
pH 7.4» and left at room temperature for 1.5-2 hr with rocking or at
4°c overnight. The membrane was subsequently soaked in the first
rabbit IgG antibody solution that raised against gcGH by immunizing
the rabbit with partially purified gcGH (diluted 1: 5,000 in 1 x PBS-
0.5 % BSA) for 2 hr at room temperature or at 4° ¢ overnight. The
membrane was washed 3 times in 1xPBS-0.1 % Tween 20 for 7-10 min
before soaked in the second antibody (alkaline phosphatase conjugated

anti-rabbit IgG, diluted 1: 1,000 in IxPBS-0.5 % BSA) for 1.5-2 hr at
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room temperature. After washed once with 1xPBS-0.1 % Tween 20 and 3
times with 1xPBS for 7-10 min, the membrane was soaked in the freshly
prepared color development solution(0.03 ¢ NBT dissolved in 1 ml of
70 # dimethylformamide«DMF) and 0.015 ¢ BCIP dissolved in 1 ml of 100%

DMF, mixed in 98 ml of carbonate buffer: 100 mM NaHCO_, 1 mM MgCl, .6
H,0). The reaction should be visible in a few minutes. Then the
membrane was rinsed with distilled water and dryins between 2 sheets

of Whatmann paper and kept in the dark.

10. Partial purification of rgcGH from E£. coli

This method slightly modify from the purification of mosquito-
larvicidal endotoxin(60). One litre of the culture of E. coli JM107
containing recombinant plasmid pUC-gcGH was grown to mid log phase (0D
at 600 nm about 0.5). Then IPTG was added to final concentration 0.4
M to induce the expression of gcGH gsene. The culture was continuously
grown for 5 hr and then was harvested by centrifugation in GSA rotor
at 5,000 rpm in a Sorval RC-2B centrifuge for 15 min at 4° c. Cell
pellet was then washed one with PBS buffer (16 aM Na _HPO, 2H,O,

4 mM NaH PO, 2H,0, 120 mM NaCl, pH 7.4). After resuspending
the pellet in 80 ml of TES buffer (50 mM Tris-HCl pH 8.0, 50 mM EDTA,
15 % sucroses, the suspension was frozen at -20° ¢ overnight. The
thawed suspension was added with 80 mg lysozyme, 8 mg DNasel and
incubated on ice for 30 min. 0.1 aM PMSF (paramethylsulfonylfluoride)
was added to  inhibit proteinase activity. The cells were then
completely lysed by sonication tlight microscope was used to verify
that Lhere was no cell left». Inclusion bodies of rgcGH were separated
from cell debris and other proteins by centrifugation at 10,000 rpm,
4 ¢ for 20 min in ss-34 rotor. The pellet was resuspended in 40 ml

of a solution containing 1.0 M NaCl. 1 % triton X-100, incubated on
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ice for 30 min and sonicated again for minimized impurity ( this step
should be repeated two times). After centrifugation at 10,000 rpm,
4°c for 5 min, the pellet was washed twice with PBS buffer. The pellet
of inclusion body was dissolved by incubating in 30 ml of solubilized
solution (50 mM Tris-HCl pH 8.0, 10 mM EDTA, 8.0 M urea) at 4 ¢ for
3 hr. The solution was then centrifuged at 10,000 rpm, 4° ¢ for 20
min 1in a Sorval ss-34 rotor. The supernatant was dialysed in 1large
volume of PBS at 4° c. Protein concentration was determined by the
Bradford’s method(BioRad kit»(61). The purified sample was lyophilized

and stored at -20" c.
11. Test of biological activity of rgcGH

Biological activity of gcGH was determined by measuring the
growbth rate of fish which were injected with various doses of rgcGH.
Two species of fish were used in this experiment, Pangasius sutchi or
catfish which was classified in the same family as giant catfish (Fanm.
Pangasiidae, Order Siluriformes) and Carassius auratus or goldfish

which is different family'(Fam. Cyprinidae, Order Cypriniforees).

The partially purified rgcGH from method 10 was wused for
injecting into the treated fish. The treated substance was freshly
prepared by dissolving rgcGH in appropriate volume of distilled water
and adding PBS buffer to dilute rgcGH to the suitable concentration
for using in each group of fish. PBS buffer was used instead of rgcGH

in the control group.
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11.1 Biological activity of rgcGH in Pangasies sulchi

Cattish (Pangasius sutchi), age about 2 ronths, weight
16.20 + 3.9 g, length 13.3 + 1.1 cm, were divided to 3 groups, 60 fish
per group. Partially purified of rgcGH was administered to each group
by 4 intramuscular injections at interval of 1 week for the first 3
weeks(week 0, 1, 2 and 3) at a dose of 0, 0.1 and 1.0 ug/¢ body weight
for control, low dose and high dose groups, respectively. The fish in
each group was kept in 2 nylon net baskets (width 1 m, length 2 m,
depth 1.5 m) immersing in a large pool, 30 fishes/basket. All groups
of fish were exceedingly fed with commercial fish food twice daily.
The growth rate of fish was followed by measuring weight gain and

length increase after injection for 20 weeks. Length of each fish was

measured from the tip of the snout to the tip of caudal fin.

11.2 Biological activity of rgcGH in Carassius auratus

Goldfish (Cargssius auratus), age about 2 months,
weight 3.17 + 0.35 g, length 3.6 + 0.3 cm, were divided to 3 sroups,
30 fishes/group. The fish in each group was kept in the water tank
(width 30 cm, length 1.0 m, depth 20 ca’. Each group was received
excess feeding commercial fish food twice daily and a half of water in
the tank was changed every two days. Each group of fish was received
¢ intramuscular injections of partially purified of rgcGH at interval
of 1 week for the first 3 weeks (week 0, 1, 2 and 3 at a dose of 0,
0.1 and 1.0 ug/g body weight for control, low dose and high dose
groups, respectively. After that, the fish in each group was divided
to 2 subgroups by inserting the porous plate at the middle of the
tank. The first one for 4 further intramuscular injections of recGH

at appropriate dose indicated in the above. Total injection of this
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subgroup was 8. The other one, no more injection, this subgroup was
received only 4 intramuscular injections. Growth rate of fishes were
folloved by measuring weight gain and length increase for 34 weeks
after the first injection. Lensth of each fish was measured from the

tip of the snout to the end of the scale covering on the body.

11.3 Injection of very high dose of rgcGH into goldfish

Three g¢roups of goldfish, age about 3 months, weight
6.91 + 1.11 ¢, length 4.0 + 0.3 cm, were kept in 3 transparent plastic
tanks(width 30 cm, length 40 cm, depth 20 cm) with air punp and under-
gravel filter. Fish were fed to satiation twice daily and water in
the tanks were changed every week. Each group of fish was received 4
intramuscular injections of gcGH at interval of 1 week at a dose of 0,
10 and 100 wug/ge body weight for control and two treated groups,
respectively. The fish growth rate was followed for 21 weeks after the
first injection by measuring weight gain and length increase as same

as method 11.2.
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RESULTS

1. Amplification of gcGH cDNA by PCR

The gcGH cDNA has been constructed in our laboratory and its
DNA sequence has been known(29). The deduced amino acid sequence of
pre-growth hormone was determined from its DNA sequence. The DNA
sequence coding for pregrowth hormone consists of 603 bp which contain
66 bp at 5 -end coding for 22 amino acids of leader sequence or signal
peptide. To produced mature érowth hormone, the leader sequence was
deleted out. The gcGH c¢DNA was amplified using PCR with designed
primers as described in method 1 and material 3. The PCR product was
consisted of 568 bp which contained 537 bp coding for mature growth
hormone, the designed SD-sequence, starting codon, spacer and
restriction sequence at both ends. The agarose gel electrophoresis of
PCR product was shown in figure 8. That there was a single band
without any non-specific band. The position of this band corresponded

to the expected size of amplified gcGH cDNA.

2. Comstruction of recombinant plasmid pUC12-gcGH

PCR product and pUC12 vector were completely cut with EcoRl
and Xbal. The digested PCR product was then purified by low melting
temperature agarose gel electrophoresis(method 4). While the digested
puCl2 was precipitated and redissolved in distilled water. The results

of digested fragments were shown in figure 3.
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The recombinant plasmid pUC12-gcGH was constructed by
inserting PCR product or gecGH cDNA into ptC12 vector between EcoRI and
Xbal site as described in method 5 and 6. 121 transformants obtained
froo this wmethod. When selected with X-gal and IPTG, only 19 clones
were white colony. These 19 transformants were further analized by
restriction mapping. Four restriction endonucleases were used in this
mapping; EcoRl, HindIII, PstI and Pvull. The recorbinant plasmid pUC12
-gcGH found only in 4 transformants; clone no. 2, 17, 18 and 19. The

results of restriction mapping were shown in figure 10 and 11 and

table 8.

3. Verification of DNA sequences

There was some problem occurred when the recombinant plasmids
were cut with Xbal, only the plaseid from clone no.19 was cut, but
those of clone no. 2, 17 and 18 were not cut. So, HindIII was choosen
instead of Xbal and it could cut in all 4 clones(figure 10B). In order
to solved this problem, DNA sequencing of gcGH gene from clone no. 2
and 19 were performed (method 8). The DNA sequence of gcGH ¢DNA in
these clones are identical to the original sequence(figure 6), but
their are different "bases on the Xbal recognition sequence.
Four extra-nucleotides(AGCT) appeared in the Xbal recognition site of

pUC12-gcGH from clone no.2 (figure 12).
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Fig 9.

Agarose gel electrophoresis of digested DNA fragments
lane | DNA size marker, lambda DNA cut with HindIII
lane 2 digested-PCR product (gcGH c¢DNA) furified by low

melting temperature agarose gel electrophoresis

lane 3 digested-pUC12
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enzyme number of fragment expected size from DNA sequence(bp)
EcoRI 1 3225

EcoRI+HindIII 2 2641, 584

Pstl 2 2841, 384

Pvull 4 2382, 552, @51, 80

‘Table 6. DNA fragments of recombinant plasmid pUC12-gcGH when cut

with restriction endonucleases
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recombinant clones
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D. cut with Pvull

lane 1 and 8 DNA size markers

lane 2-5 digested plasmid from clone no. 2, 17, 18 and 19

respectively
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gcGH cDNA Xbal pUC12
R ——— ACCCTGTAGT  +  CTAGAGTCG------===-=~ i
i . TGGGACATCAGATC PR s st 5
normal ligation SR, ACCCTGTAGTCTAGART(G-- -~ % - ~--=- i
(clone no. 19) - TGGGACATCAGATCTCAGC - -~ === —mmm e 57
abnormal ligation 5" Bt N ACCCTGTAGTCTAGCTAGAGTCG-=~--~-~~ 5
{clone no. 2) 37 M\ ARG, TGGGACATCAGATCGATCTCAGC——---———- gt
Fig 12. The different DNA sequence on Xbal recognition site of

pUC12-gcGH from clone no. 2 and clone no. 19

AGCT = extra-bases on Xbal recognition sequence
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4. Expression of gcGH gene in E. coll

Four recombinant clones (no. 2, 17, 18 and 19) were chosen to
examine the expression of gcGH gene as described in method 9.
Coomassie blue staining SDS-polyacrylamide gel was shown in figure 13.
A distinct band corresponding to a protein of about 20.5 kDa was
visible which was absent from extracts of bacteria containing a vector
plasmid only(lane 10). So, this band should be gcGH. The expression
of gcGH was very high in all clones. In addition, inclusion bodies
were observed in the induced cells of E. celi containing pUC12-gcGH.
Scaning of the stained gel indicated that production of gcGH in E.
coli was over to 20 % of total cellular proteins (figure 17). But in
clone no. 2 and no. 17, the expression of gcGH could occure with both
induction and non-induction condition. This might be some deficiency
in host cells, they can not control the expression of gcGH gene.
Therefore, the recombinant plasmid was extracted from clone no. 2 and
transforned'to the new preparation of competent cell of E. coli JM107.
Four clones of new transformant were randomly picked up to test the
expression of gcGH gene. All of 4 clones could control the expression
of gcGH gene, but the difference of expression level of each clone can

be observed as shown in figure 14.

The study of many researchers in the expression of eukaryotic
gene in E. coli(62,63), they found that the expression level or amount
of protein product depends on the duration of induction time. So,
aliquots of the culture of recombinant clone no. 19 were collected at
various times after induction to determine the expression level of
gcGH(figure 15 and 16). The expression level and growth rate of cells
start to be constant after 4 hr of induction. Therefore, the induction

time for saturated expression(5 hr) was used in later experiments.
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Fig 13. Coomassie blue stainihg SDS-PAGE of whole cell lysate of
E. coli containing recombinant plasmid pUC12-gcGH
lane 1 : protein molecular size marker
lane 2, 4, 6 and 8 : non-induced cell of clone no. 2, 17, 18 and
19, respectively
lane 3, 5, 7 and 9 : induced cell of clone no. 2, 17, 18 and 19,
respectively

lane 10 : induced cell of E. coli containing pUC12
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Fig 14. SDS-PAGE of whole cell lysate of new recombinant clones
received from transformation of plasmid from clone no. 2
to the new preparation competent cells

lane 1, 3, 5, 7, 9 and 11 : non-induced cell of clone no. 2,
2.1, 2.2, 2.3, 2.4 and 19 respectivly

lane 2, 4, 6, 8, 10 and 12 : induced cell of clone no. 2,
2.1, 2.2, 2.3, 2.4 and 19 respectively

note : clone no. 2.1. 2.2, 2.3 and 2.4 are the new transformants



50

901234567818”

Fig 15.

Expression level of gcGH from clone no. 19 at various time
of induction; 0, 1, 2, 3, 4, 5, 6, 7, 8 and 18 hr in lane 0
to 8 and 18, respectively. P and Pi represent E. coli
containing only pUC12; non-induced and induced for 18 hr,

respectively.
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Growth curve of cells and
Expression level of g¢GH in E. coli

5 growth of cell (OD at 600 nm) expression level (% gcGH) =
130
5 REREZTY, g i
100
410
—— growth of cell - expresslon level
E
O 1 1 | 0
0 6 : 10 16 20
induction time (hr)
Fig 16. Growth curve of cell and expression level of gcGH in clone

no. 19 at different induction times
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5. Partial purification of rgcGH from E. coli

The recombinant clone, E. coli containing recombinant plasmid
pUC-gcGH, clone no.19 was used for extraction of rgeGH. The inclusion
body of rgcGH produced in E. coli was isolated from cell lysate by
centrifugation and was dissociated by dissolving in 8 M urea solution
as described inmethod 10. The gcGH obtained from this method is up to
40-60 mg/1 of culture. The purity of rgcGH obtained from this method
was very high, wup to 94 % from gel scan of lane 3 in figure 18. The
result of purification was shown in figure 18; lane 3 is the partial
purified rgcGH running with reducing agent(p-mercaptoethanol). This
lane shows only a single major band which is a linear form of rgcGH.
Lane 4 and 5 are the partially purified rgcGH running without reducing
agent, lane 4 is the rgcGH dissolved in 8 M urea solution and lane 5
is the rgcGH after dialysis in PBS buffer. These two lanes showed 3
major bands of rgcGH, indicated that at least 3 conformations of rgcGH
were formed; without disulfide bond in the upper band, 1 disulfide
bond in the middle band and 2 disulfide bonds in the lower band. The
conformations of rgcGH could be changed when dialysis against PBS

(lane 4 and 5).

6. Immunoassay detection using rabbit antibody raised against gcGH

as the first probe

The ¢cGH antibody was raised by immunizing the mature rabbit
with gcGH purified from the E. coli extracts. After completely
immunized, the rabbit serum was collected and used as the first probe
for immunoblotting as described in method 9.5. The results in figure
19 showed that the immunoassay detection probing with gcGH antibody

produced extraband in lane 4 and 8 at the same position of protein
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20.5 and 22 kDa of gcGH and silver carp(Puntius gonionotus) growth
hormone in SDS-polyacr&lamide gel, respectively. But there was not

any signal band in lane 7 which loaded with bovine growth hormone.

1 2 3 4 5
-
e —— —gcGH

Fig 18. SDS-PAGE of partial purification of gcGH from E. coli
clone no. 19
lane 1 whole cell lysate of non-induced cell
lane 2 whole cell lysate of induced cell
lane 3 purified gcGH runing with g-mercaptoethanol
lane 4 purified geGH in 8 M urea (before dialysis)
lane 5 purified gcGH in PBS (after dialysis)

note : lane 4 and 5 without redusing agent
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o —22.0 —

- Aﬁ.ﬂllbl.-
w —20.5

kDa

Coomassie blue staining of SDS-polyacrylamide gel (A) and

immuno-detection of proteins probing with anti-gcGH antibody

and using alkaline phosphatase conjugated anti-rabbit IgG as

the second probe (B)

1

2

non-induced cell of E. coli containing only puUC12

induced cell of E. ceoli containing only pUC12

non-induced cell of E. coli containing recombinant plasmid
expressing gcGH(pUCLZ2-gcGH)

induced cell of E. coli containing recombinant plasmid
expressing gcGHtpUCL12-gcGH)

partially purified gcGH

induced cell of E. coli containing recombinant plasmid
expressjng.silver carp growth hormone(pUC19-scGH)

bovine srowth hormone
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7. Biological activity of recombinant giant catfish growth hormone

7.1 In catfish (Pangasius sutchi)

Partial purified recombinant gcGH was administered to
catfish by 4 intramuscular injections as described in method 11.1.
The growth rate of fish was followed up for 20 weeks after initial
injection. The number of fish at the begining was 60 fishes/group,
but some fishes were dead during experiment, most of death fishes were
dead in the first week of injection. The remained fishes in the second
week were 28, 44 and 41 fishes for control, low dose and high dose
groups, respectively. So, the fishes in control group were pooled to
one basket, while the fishes of low dose and high dose groups were
still kept in 2 baskets/group (22 fishes/basket in low dose group, 20
and 21 fishes/basket in high dose group). The total number of fish in
week 20 were 26, 41 and 41 for control, low dose and higsh dose group,
respectively. Growth rate of fishes were shown in term of weight gain
and length increase in figure 20 and 21. From this results, growth
rate of fishes in all groups were very similar, no significantly

difference.

7.2 In goldfish (Carassius auratus)

Partial purified gcGH was administered to goldfish by
intranuscular injection as described in method 11.2. The growth rate
of fishes in 4 injection subgroups were followed for 34 weeks after
initial injection as shown in figure 23 and 24. Weight gain of fish
in low dose group was significantly higher than that of control group
in week 8, 26, 30 and 34 (figure 23) (Student’s t-test, p ¢ 0.05).

The rapid growth of fish in low dose group was noticed in week 26, 30
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and 34. This may be the secondary growth of fish caused by gcGH.
Weight gain of fish in high dose group was significantly higher than
that of control group in week 18 - 26, but no significantly difference
in other weeks. The length measured from the tip of snout to the end
of the scale covering on the body of fish in low dose group was
significantly longer than that of fish in control and high dose groups
in week 26 to 34 (Student’s f-test, p ¢ 0.05). While the length of
fish in control and high dose groups were not significantly difference
through the experiment <(figure 24). Weight gain of fishes in 8
injection subgroups differed from that of 4 injection subgroups,
weight gain in low dose group was significantly higher than that of
control group in week 8 and 10, but no significantly difference in
other week as shown in figure 26. On the other hand, weight gain of
fish in high dose group slightly increased, no significantly

difference from control group. The highest number of death fish was
noted in this group. So, the growth rate could be followed only to
week 18. Length of fish in low dose group was significantly longer
than that of control group only in week 8, 10 and 18, while the length
of fish in high dose group and control group was not significantly
difference through the experiment (figure 27). When compare weight
gain and length increase of fish recieving the same dose of gcGH
between 4 and 8 injection subgroups, we found that weight gain and
length increase of fish in 4 injection subgroups slighly higher than
those of 5 injection subgroups (figure 28,29) and be clearly seen in

hish dose group.
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7.3 Effect of injection of very high dose of gcGH on goldfish

To determine toxicity of the rgcGH derived from
bacterial extract on goldfish, very high dose of partially purified
rgcGH (10 and 100 ug/g body weight) were administered into goldfish by
4 intramuscular ‘injections as described in method 11.3. The growth
rate of fishes which were treated with very high dose of rgcGH was not
difference from control fish. The fishes in GH-treated groups have no
different symptom from the control fishes, indicating that partially
purified rgcGH contains no contaminating toxic substance. Weight,
length and number of remaining fish at that time were shown in figure

30 and 31. The death fish in week 9 and later week caused by some

infection.
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Weight of Pangasius
weight (g)

116
96
76
68
356
——gontrol —+-GH 0.1ug/g ~E- GH 1.0 ug/g
15 3 1 ] ] ]
0 ] 10 15 20 26
week (after the first Injection)
Fig 20. Average weight of Pangasius which received 4 intramuscular

injections
Weight of Fish was not significantly difference in all 3 groups(arrows

represent the injections)
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Length of Pangasius
length (cm)

2b

23

21

19

el
-~
T

——oonttol —-+-GH 0.1ug/g ~B-GH 1.0 ug/gy

13+ | 1 | 1
0 6 10 16 20 26

week (after the first injection)

Fig 21. Average length of Pangasius which received 4 intramuscular
injections
Length of fish was not significantly difference in all 3 groups(arrows

represent the injection)



Fig 22.

control GH 0.1 ug/g GH 1.0 ug/g

Picture of Pangasius sutchi at week 20 after the first

injection
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0body welght (g)

26

1

20

10

g T —=- gonlrol —+-GH 0.1 ug/g 5~ GH 1.0 ug/g

0 | | 1 1 ! ]
0 6 10 16 20 26 30 36

week (after the first injection)

nuaber of living fish in each group at indicated time

control 285 25. @5 25 25517 12 12 12 407 =12 Nl2 1010 D 9

Gl 0.1 ug/g 30 30 30 30 30 15 14 14 13 13 12 42 12 1) 9 9

Gl 1.0 ug/g 30 30 30 29 27 13 13 13 12 12 12 12 11 11 o1l

note : After veek 4, Lhe [ish in cach group vas divided Lo 2 subgroupa for

4 and 8 Injections

Fig 23. Average weight of goldfish which received 4 intramuscular
injections

Weight gain of fish in low dose group (GH 0.1 ug/g body wt) was

significantly higher than control group in week 8 and 26 to 34 (¥).

Weight gain of fish in high dose group (GH 1.0 ug/g body wt)

significantly higher than control group in week 18 to 26 (¥%), but no

significantly difference in other weelis (arrows represent the

injection).
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Length of goldfish (4 injections)
Elength (cm)

*
6t * m+
5'5- +
5
451
4t
B, v
| = ——control —+ GH 0.1 ug/g EFGH 1.0 ug/q
3 . L l l l ‘
0 5 10 16 20 25 - |

week (after the first Injection)

Fig 24. Average length of goldfish which received 4 intramuscular
injections

Length of fish in low dose group(GH 0.1 ug/g body wt) was significant

higher than in control groip in week 26 to 34 (¥). Length of fish in

high dose group (GH 1.0 ug/g body wt) was not significantly difference

from control group ULhrough the experiment <(arrows represent the

injection’.
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Picture of goldfish

A

B

4 injection group tat week

8 inJjection group tat week
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body weight(g)

141

2t ——oontrol  -+-GH 0.4 ug/g —B- GH 1.0 ug/g

0 6 10 16 20
week (after the first Injectlon)

nusber of living fish im each group al indicated tinme

veck 0 1 2 3 4 5 6 7 8 10 14 18 19

control 26 25 25 25 25 13 12 12 12 12 12 12 12

GH 0.1 ug/g 30 30 30 3J0 30 15 15 15°13 13 13 13 12

Oif 1.0 wg/g 30 30 30 29 27 14 14 14 13 13 11 10 7

nole : After week 4, Lhe fish in cach group vas divided Lo 2

subproups for & and B injceliona.

Fig 26. Average weight of goldfish which received 8 intramuscular
injections .

Weight of fish in low dose group (GH 0.1 ug/g body wt) was significant

higher than control group only in week 8 and 10 (¥). Weight of fish

in high dose group (GH 1.0 ug/g body wt) was not significantly

difference from control group through the experiment. The number of

living fish in high dvse group at weel 19 was rather low to follow the

growbth rale (arrows represent the injection).
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Length of goldfish (8 injections)
5length (cm)

—=—control - GH 0.1ug/g > GH 1.0 ug/g

3 1 1 I
0 6 10 16 20

week (after the first injection)

Fig 27. Average length of g¢oldfish which received 8 intramuscular
injections

Length of fish in low dose group (GH 0.1 ug/g body wt) was significant

higher than fish in control group in week 8, 10 and 18 (¥). Length of

fish in high dose group (GH 1.0 ug/g body wt) was not significantly

differnce from control group through the experiment. Arrows represent

the injection.



Compare weight of goldfish

body welght(g)
15

—— control(8)
13 ~-+—GH 0.1 ug/n(8)
-B- @GH 1.0 ug/g(8)
| =% conirol(4)
—¢-- GH 0.1 ug/g(4)
~&- QH 1.0 ug/gl4)

"

g_

1 1

0 6 10 16
week (after the first injection)

Fig 28. Comparison of body weight of goldfish among¢ the ¢roups

receiving 4 and 8 injections
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Compare length of goldfish

length (cm)
5

—— controi(8) “’Zk
~+ @H 0.1 ug/g(8) ) +.
-3 GH 1.0 ug/g(8) o -

| = control(4)
-0~ GH 0.1 ug/gl4)
-2~ QH 1.0 ug/g(4)

4.5

}

0 6 10 16 20
week (after the first Injection)

Fig 29, Comparison of length of goldfish among the groups receiving

4 and 8 injections
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1body welght (g)

——gontrol —+-QH 10 ug/g —©- GH 100 ug/g

Fig 30.

6 10 16 20 26
week (after the first injection)

nusher of living fish in each group at indicated Lime

- S 28 > o > > >

Average weight of goldfish which received very high dose of

rgcGH by 4 intramuscular injections

Weight of fish was not significantly difference in all 3 groups(arrows

represent. the injection).
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: length (cm)

o
o
]

——gcontrol —+-GH 10 ug/g -©- 100 ug/g

3 | | [ )
0 6 10 16 20 26

week (after the first injection)

Fig 31. Average length of goldfish which received very high dose of
rgcGH by 4 intramuscular injections
Length of fish was not significantly difference in all 3 groups(arrowvs

represent the injection).



CHAPTER IV

DISCUSSION

Amplification of gcGH cDNA by PCR

The c¢DNA encoding for pre-gcGH has been cloned in Bluescribe
vector between EcoRI and Xbal site, and its DNA sequence has been
determined(29). To amplify gcGH cDNA region which encode mature-GH,
two specific primers were designed; sense and antisense strand primer.
To facilitate cloning of this cDNA region, EcoRI and Xbal recognition
sequences were designed at the 5" end of sense and antisense strand,
respectively. -For a highly expression of gcGH in E. coli, sense
strand primer was also contained a strong SD-sequence(GGAGG), an
appropriate spacer length(8 bases) and start codon(ATG) for starting
translation of mature-gcGH. In addition, this primer also contains 2
stop codons on two different reading frames in spacer to prevent
synthesis of other proteins. The standard procedure of PCR reaction
was followed except that Tag DNA polymerase purified by Luxananil P.
(46) was used in this experiment and the denaturing temperature was
changed to 90°c, because the stability of this enzyme dramatically
decrease at higher temperature. The purified gcGH cDNA separated from
digestion of the previous clone(BS-gcGH) with EcoRI and Xbal was used
as a template for PCR. The predicted size of PCR product is 568 bp.
The result of amplification was shown in figure 8, only a single band.
with size about 0.56 kb was visualized in this gel which corresponded
to the expected size of amplified gcGH cDNA. This showed that the PCR
product. was consisted of only gcGH c¢DNA without other non-specific

product which derived from non-specific binding of primers on the
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other region of template.

Construction of recombinant plasmid pUC12-gcGH

The PCR product and pUCi2 vector were separately cut with
EcoRI and Xbal. The digested PCR product was then purified by low
melting temperature agarose gel electrophoresis while the digested
puci2 was precipitated and redissolved in distilled water. The
recombinant plasmid pUC12-gcGH was constructed by ligation of digested
PCR product and pUC12 and then transformed to E. coli JM107.  Total
transformants obtained from this method was rather low ( 121
transformants) although the efficiency of competent cell prepairing by
DMSO method was very high about 107 transformants/ug of puCi2. So,
the low number of transformant should be caused by a small amount of
ligation product. Furthermore, only 19 transformants from 121
transformants were white colony when selected with X-gal and IPTG
while 102 transformants were blue colony. These showed that most of
transformants contain only pUC12 vector which come from self-ligation
of digested plasmid pUC12 that was cut with only one enzyme(EcoRI or
Xbal) or ligation of large and small fragments of double cut pUCiZ
because bLhe two fragmants were not separated during precipitation. In
addition., it is difficult to cut PCR product with EcoRI and Xbal,
because the restriction sites of both enzymes represent at the ends of
PCR product fragment. The rare disested PCR product at both ends
causes low yeild of recombinant plasmid pUC12-gcGH. The plasmid from
all white colonies were further analized by restriction mapping with
EcoRI, Xbal, HindIII, Pstl and Pvull. From 19 white transformants, 4
transformants contain a correct recombinant plasmid pUCl2-gcGH, 1
transformant. contains only pUC12 vector, 1 transformant carries an

inverted-orientation of gcGH cDNA inserted in pUC12, and 13
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transformants carry a wrong recombinant plasmid which generate a
fragment about 0.56 kb from a single cut(EcoRI or Xbal). The latter
may come from ligation of 3 fragments; a single cut of pUC12, a small
fragment from double cut of puC12 and digested PCR product as shown in

figure 32.

[ .3
zcokl/ {single cut) \\bﬂ

E E x x/
EsX x . e
/ ~——" ——

gcGH cDNA

small fragment of

double cut puUC 12
{ligation)

e x
x e

*wrong” recombinant plasmid

Fig 32. Diagrame of ligation process in an abnormal or "wrong"

recombinant plasmid

1}

E EcoRl restriction site

X Xbal restriction site

1l
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There are some problem occured when the recombinant plasmids
were cut with Xbal, only the plasmid from clone no. 19 was cut, but
those of «clone no. 2, 17, and 18 were not cut. This caused by
abnormal lisation, the stricky end(produced by Xbal digestion) of
digested DNA fragments were filled in and followed by joining of the
blunt end of two fragments (pUC12 and gcGH cDNA). The schematic
diagrame of this process was shown in figure 12. However, the exact

panner of this phenomenon is still not known.

Expression of gcGH gene in E. coli

The E. coli system was selected for expression of the gcGH
cDNA, because it has been used to produce many vertebrate GHs
efficiently (64,65) including fish GHst(37-41). The strategy for
construction of a recombinant plasmid for gcGH gene expression was
described in method 5. This approch allows the direct expression of
the mature-GH by introdecing an ATG initiation in front of the first
amino acid codon of the mature-gcGH. The recombinant plasmid pUC-gcGH
was introduced into E. coli JM 107 and the resulting transformants,
clone no.2, 17, 18 and 19, were cultured and then analized by SDS-PAGE
as described 1in method 9. All clores produced a new band at the
positions corresponding to the putative size of mature-gcGH(20.5 kDa>,
and this band was absent from the cell containing only pUC1i2 (figure
13). In addition, the DNA sequence of gcGH sene in recombinant
plasmid pUC12-gcGH of clone no. 2 and 19 are identical to the original
sequence. This showed that the new band should be ¢cGH produced from
the expression of gcGH gene. The gcGH cDNA was inserted into pUC12
expression vector under the control of Lac Z promoter, scGH should be
produced only induction condition. But in clone no.2 and 17, the

expression of gcGH was not control, since gcGH could be produced in
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both induction and non-induction condition. This problem may come
from mutation on Lac Z promoter of pUC12 vector or some deficiency of
the host cells. In order to solve this problem, the plasmid from
clone no.2 was extracted and transformed to the new preparation of
competent cells of E. coli JM107. Four clones of the new transformants
were randomly picked up to test the expression of gcGH. The results in
figure 14 showed that the expression of gcGH can be controlled in all
the new 4 clones, but the level of expression varies wildly in each
clone which may depend on the heterogeneity of the host cells. Since
the gcGH cDNA was inserted into pUC12 under the control of Lac Z
promoter, the expression of the gene must be repressed by Lac
repressor which is the product of Lac I gene(66). In clone no.2 and
17, their repressors losed the ability to inhibit the synthesis of
gcGH. This process caused by some mutation on the Lac I gene in F
plasmid(F factor) of that bacteria. Another case is the loss of F’
plasmid from the cell, but they can grow on M9 minimum media which
allows only F’ plasmid containing cell to grow, clone no.2 and 17
must therefore carry F plasmid which have some mutation on the Lacl
gene. So, these cells constitutively synthesized gcGH because they
lack a functional repressor. The other possibility might be the

dilution effect from a high copy number of pUC12-gcGH in E. coli cell.

The expression level of gcGH in E. coli was estimated to be
about. 20 % of the total cellular proteins(figure 17), and the protein
formed inclusion bodies in cells. The inclusion bodies are clearly
seen in the phase contrast microscope because of its highly refractile.
There are some fish GHs that are highly expressed in E. coli in an
insoluble form such as salmon GH(37), tilapia GH(38) and tuna GH(67).
In addition, many eukaryotic polypeptides directly expressed in

E.coli have been shown Lo exist as aggregates or inclusion bodies(68).
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There 1is no direct evidence to indicate why eukaryotic polypept.ides
are sequestered into inclusion bodies in E. coli. However, normal
E. coli proteins synthesized to high levels using recombinant DNA
techniques can also accumulate in insoluble forms and as inclusion
bodies(69,70). The formation of inclusion bodies may come from the
accumulation of a high concentration of proteins when they are
synthesized at such a high rate and involve the format.ion of iomic,
hydrophobic or covalent interaction between the protein molecule at

some stage.

The expression of gcGH was very high, increases rapidly at
initial period and saturated after 4 hr of induction(figure 15,16).
The constant amount of the gcGH product showed that the protein was
not. degraded and no more produced in old cell at stationary phase
because amount of the protein reach the saturated level in the cell

and the cell was not grow further.

Purification of gcGH from E. coli

In order to use the gcGH produced in E. coli as an efficient
agent for fish growing, it is necessary to isolate the inclusion
bodies., and then solubilize it without destroying hormonal activity.
Therefore, an attempt was made to isolate the inclusion bodies from E.
coli cells and subsequently solubilize and renaturate the recombinant
gcGH(rgcGH). When the inducer, IPTG, was added to the culture of E.
coli JM107 carrying pUC12-gcGH, the cell produced rgcGH at a level of
20 # of total cellular proteins. This rgcGH was concentrated in
inclusion bodies, which were observed at the end of the cell. The
insoluble materials in cell homogenates were subsequently sedimented

by centrifugation and almost all the rgcGH was recovered in the pellet



77

tmethod 10). In order to remove some lipopolysaccharides and
membrane-binding proteins, the pellets were washed with triton X-100

and NacCl.

The major purification problem for directly expressed products
is the development of techniques to release them from aggregates into
stable active and soluble forms. Usually, denaturants of proteins are
used for the solubilization of proteins from inclusion bodies. MNany
solubilization agents have been used such as guanidinium chloride for
bovine GH, urea for salmon GH, detergents for interleukin-2, alkaline
(pH > 9) for chicken GH and organic solvents for bacteriophage T4 reé
A protein(68). In this experiment, 8 M urea solution was used for
solubilized geGH from inclusion bodies and renature by dialysis,
follow the method of partial purification of salmon GH synthesized in
E. coli(37), because the salaon GH from this method was equipotent
to the natural salmon GH in growth-promoting activity. The use of
reducing agents, salt, or reducing enzymes, during the solubilization
and renaturation processes did not increase the biological activity of
recombinant tuna GH(11). So, the purification of rgcGH in this work
did not use any reducing agent. The gcGH obtained from this method
was very high, up to 40-60 mg/1 of culture. While the amount of GH
from pituitary extracts of many fishes was very low, about 1-4 mg/g of
pituitary gland(11, 14, 15). Therefore, the recombinant DNA technique

is an efficient method for producing gcGH in a large quantity.

The results of purification rgeGH was shown in figure 18.
Lane 3 1is partially purified gcGH with reducing agent showed only a
single major band. The purity of gcGH obtained from this method is
approximately 94 %, similar to that of other GH, that have been cloned

and expressed in £. coli¢68). Lane 4 is the ¢cGH dissolved in 8 M urea
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solution which is a strong denaturant agent for dissociate gcGH
molecules from the inclusion bodies. This lane showed 3 major bands
with slightly different molecular weights depending on the number of
disulfide bond in that molecule; 2 disulfide bonds in the lower band,
1 disulfide bond in the middle band and no disulfide bond in the upper
band. The result in this lane showed that the formation of
intramolecular disulfide bond in gcGH can exist in E. coli cells but
some bonds were broken during purification process. However, the
broken disulfide bonds were reformed during refolding(rematuration)
step with dialysis. The result in lane 5, which is the partially
purified gcGH after dialysis, - showed that most of gcGH form 1 or 2
disulfide bonds and a 1little no disulfide bond. The difference of
formation of disulfide bond may not affect growth-promoting activity
of gcGH. It is evidence that the two disulfide bonds in human GH can
be reduced and carbamidomethylated with retention of full growth-
promoting activity, and the reduced human GH is capable to reoxidized
to the native state without loss of biological activities(71). In
addition, human GH also retains its biological activity after partial
enzymic digests(72). Therefore, the rgcGH in all 3 bands in lane 5

should have the same growth-promoting activity.

Immunoassay probing with anti-gcGH antibody in figure 19
showed that the rabbit antibody raised against gcGH has a cross
reaction with the 22 kDa protein produced in E. coli containing
silver carp growth hormone cDNA but did not cross react with bovine
growth hormone. Because the homology of deduced amino acid sequence
of ¢cGH and silver carp growth hormone was very high (78 %) while it
was only 39.8 # homology between amino acid sequence of gcGH and

bovine growth hormone.
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Biological activity of rgcGH

The partially purified gcGH was administered to catfish and
goldfish at a dose of 0, 0.1 and 1.0 ug/g body weight for control, low
dose and high dose group, respectively as described in method 11. The
weight gain and length increase of catfish were not significantly
difference in all groups. The results in figure 20 and 21 showed that
the growth rate of fish was very high in all groups. Although the
gcGH was administratered to the fish, it could not raise the growth
rate of fish which have a rapid srowth rate. The explanation may be
the excess production of GH from its pituitary causes the saturation
binding between GH and its receptor, no more GH-receptor for binding
with the injected GH tgcGH). Furthermore, other factors may affect
the growth-promoting activity of chH'in catfish such as; method of
administration, dose of GH, frequency and the number of injection. In
this experiment, we used dose of GH, frequency and the total number of
injection similar to the other experiments but used the different
administration method. In previous study of other GHs, many methods
of delivering GH to the fish were useds intraperitoneal injection,
oral administration and implantation. Intramuscular injection was
used in this work because it is a simple, convenient and effective
method. Leung et ali(73, showed that intramuscular injection of bovine
GH into tilapia can raise the serum concentrations of amino acid and
glucose but they did not measure the growth rate of this fish. While
intraperitoneal injection method was successfully used for test the
growth-promoting activity of the most fish GH such as salmon GH,
bonito GH and cod GH in rainbow trout(37, 74, 75», tuna GH in snapper
(76), carp GH in goldfish(77), and including mammalain GH; bovine and
chicken GH in salmont78) and bovine GH in channel catfish(79).

Therefore, we believed that the partially purified rgcGH contains the



80

biological activity although its growth-promoting activity could not
detect in this experiment which used unsuitable administration method
(Intraperitoneal injection should be used instead of intramuscular
injection). In addition, the growth of fish was not controlled with
only its GH, but it also involve with a various parameters such as

their environment, food habit, age, genetic and etc.

Growth-promoting activity‘ of partially purified gcGH was
detected in goldfish which recieved 4 intramuscular injections of
rgcGH 0.1 ug/g body weight/week. The weight gain of fish in this group
was significantly higher than that of control group in week 8 and 26
to 34 (figure 23), while the weight gain of fish in high dose group
(4 intramuscular injections of rgcGH 1.0 ug/g body weight/week) was
significantly higher than control group only in week 18 to 26 but
slightly difference (non-significance) in later week. This indicated
that the optimum level of injected gcGH is less than 1.0 ug/g body
weight in goldfish. High 1level of gcGH in fish may cause feedback
mechanism affecting the secretion of other hormones and growth factor,
resulting in lower growth rate. Stimulated growth in GH-treated fish
appeared after several weeks of the first injection, because GH has no
direct effect on the growth, but it requires some factors for mediated
its functions. GH also requires a lag period for stimulating the
liver and endocrine glands to release growth factors and hormones
involving the anabolic processes (5,11). However, difference in
behavior was also noted between GH-treated and control groups through
the experiment. Fish in the low and high dose groups showed increased

-appetite and displaved aggressive feeding behavior and more moverment.
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¥eight gain of goldfish in low dose group which recieved 8
intramuscular injections was significantly higher than control group
in week 8 and 10 (figure 26). While weight of fish in high dose group
was not significantly difference from control group through the
experiment (figure 26). The increasing weight in high dose group was
significantly lower than in low dose group and slightly lower than
control group, but no significance. This may be the adverse effect of
high 1level of rgcGH in the serum caused by toxic components in the
bacterial extracts or by interaction of the rgcGH with some
unidentified component in the extracts. In order to solve this
problem, very high dose of rgcGH were administered into goldfish by 4
intramuscular injections of 10 and 100 ug GH/g body weight for 2
GH-treated groups and use PBS buffer for control group. The results
in figure 30,31 showed that very high doses of GH have no any effect
on growth of goldfish.

When compare the growth rate of fish in 4 and 8 injection
groups, we found that the growth rate of fish in 4 injection group
higher than in 8 injection group(figure 28,29). Therefore, the lower
growth rate of fish in 8 injection group may come from the higher
stress of fish caused by more injection and feedback mechanism of a
high 1level GH in serum. Similar results have been found in rainbow
trout which have a growth suppression from stress of handling(80) and
a high dose of injected-GH(81). Thus, the highest effect may appear
in fish recieving high dose of rgcGH in 8 injection group, the weak

fish was prone to infection and die.

The comparative studies of biological activities of salmon GH
(37>, tuna GH(11», human GH(82)», and bovine GH(83) demonstrated that

the recombinant GHs synthesized in bacteria are biologically active
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and have the same potency as their natural GHs. Thus, it would be
interesting o compare the biological activities of the rgcGH and its
natural GH. However, this may be difficult to perform, because the
latter 1is not readily available. Since the determination of
biological activity of rgcGH by measure the growth of fish takes a
long time and administration via repeated injections of individual
fish is labor intensive, subjecting fish to stress from more handling
and involves with uncontrollable parameters. Other GH-activities
should be determined, such as lipolvtic and antilipolytic activities
i84), diabetogenic and insulin-like activities(85). These activities

were believed that they are intrinsic properties of the GH molecule.

The gcGH produced by gene manipulation technique can be used
to 1increase growth rate of other fish species which have a highly
homology of GH amino acid sequence to gcGH, but a number of parameters
must be addressed before its use may be considered practical. A
comprehensive study emplbying intact and hypophysectomized fish, a
pure preparation of rgcGH, and a more detailed dose regimen must all
be undertaken to properly assess the srowth-promoting potential of
this hormone. Similarly, the effects of both chronic and acute GH
treatment, nutrient requirements as well as other rearing conditions
affecting GH-treated fish, should be determined in order to maximize

srowth.
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SUMMARY

The gcGH cDNA previously cloned in a Bluescribe vector was
amplified by using PCR with the primers which contained the
necessary sequence for cloning and expression of this gene in
E. coll.

PCR product was ligated to pUCi2 at EcoRI and Xbal site. Four E.
coli clones (no. 2, 17, 18 and 19) containing pUC12-gcGH were

obtained from 19 recombinant clones. All 4 clones produce protein
molecular weight about 20.5 kDa.

The DNA sequencing of gcGH gene from clone no. 2 and 19 were
performed. The DNA sequence of gcGH in these clones are identical
to the original sequence.

Production of protein 20.5 kDa (gcGH) in E. coli was approximately
20 % of total cellular proteins.

The inclusion body of gcGH has been purified by centrifugation,
dissolved in 8 M urea solution and dialysed against PBS. The gcGH
obtained from this method is up to 40-60 mg/l of culture. The
purity of partial purified gcGH is approxilately 94 %.

The rabbit antiserum raised against the partially purified 20.5
kDa proteintgcGH) produced from E. coli harboring the gcGH cDNA
can cross react with the 22 kDa protein produced from E. coli
harboring the silver carp growth hormone cDNA but did not cross
react with bovine growth hormone.

pPartially purified gscGH was administered into catfish (Pangasius
sutchi) and goldfish (carassius auratus) to determine 1its

biological activiby.
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The growth rate of catfish in all groups which received 4
intramuscular injections at a dose of 0, 0.1 and 1.0 ug GH/g body
welght/week was not significantly difference through the
experiment (20 weeks).

Four intramuscular injections of gcGH 0.1 and 1.0 ug/g body weigth
at interval of one week had raised a significant growth of gold-
fish from the control sroup, while only gcGH 0.1 ug/g body weight/
week had raised the significant growth in 8 intramuscular
injections.

Growth of goldfish which received 4 intramuscular injections of
very hish dose of gcGH (10 and 100 ug/g body weight/week) was not

different from control group.



BIBLIOGRAPHY

Pookaswan T. Pangasianodon gigas Chevey. Journal of Fishery
(Department of Fisheries, Thailand) 1969; 21(3): 431-452.
Nelson JS. Fishes of the World. 2""ed. New York: John Wiley & Sons

Inc., 1984: 139-154.

Suvatti C. Fishes of Thailand. Bangkok: Royal Institute, 1981:
101-104.

Meenakarn W. Taxonomically and behavioral difference of Plabuk and
Plaswai. National inland fishery institute of Thailand
Technical Paper 41. Bangkok, 1984: 1-17.

Granner DK. Pituitary & Hypothalamic Hormones. 1In: Harper’s
Biochemistry. Edited by Murrey RK, Granner DK, Mayes PA,
Rodwell VW. 21" "edition. USA: Prentice-Hall International Inc,
1988: 482-487.

Li CH. Human somatotropin(hGH) : Some aspects of recent studies on
its chemistry and biology. In : Growth hormone, Growth factors
and Acromegaly, vol 3. Edited by Ludecke DK, Tolis G. USA:
Raven Press, 1987: 79-83.

Turner CD, Bagnara JT. General Endocrinology. 5""edition. Canada:
W.B. Saunders, 1971: 98-105.

Butt WR. Hormone Chemistry. Britain: Butler & Tanner Ltd., 1967:
76-30.

. Li CH. Growth Hormone. 1In: Methods in investigative and diagnotic

endocrinology, vol 2A; Peptide hormone. Edited by Berson SA,
Yalow RS. Netherlands: North-Holland publishing company, 1973:
257-329.

10. Scanes CG, Lauterio TJ. Growth hormone: Its physiology and control.

J Exp Zool 19843 232: 443-452.



11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

86

Kimura A. Microbial production of tuna growth hormone. Crit Rev
Biotechnol 19915 11: 113-127.

Farmer SW, Papkoff H, Hayashida T, Bewley TA, Bern HA, Li CH.
Purification and properties of teleost growth hormone. Gen
Comp Endocrinol 19765 30: 91-100.

Cook AF, Wilson SW, Peter RE. Development and validation of a carp
growth hormone radioimmunoassay. Gen Comp Endocrinol 198335 50:
335-347.

Kawauchi H, Moriyama S, VYasuda A, et al. Isolation and
characterization of chum salmon growth hormone. Arch Biochem
Biophys 19865 244: 542-552.

Yasuda A. VYamaguchi K, Noso T, et al. The complete amino acid
sequence of growth hormone from sturgeon (dcipencer
guldenstadtir>. Biochim Biophys Acta 19923 1120: 297-304.

Miller WL, Martial JA, Baxter JD. Molecular cloning of DNA
complementary to bovine growth hormone mRNA. J Biol Chem 1980;
255: T7521-7524.

Martial JA, Hallwell RA, Baxter JD, Goodman HM. Human growth
hormone: complementary DNA cloning and expression in bacteria.
Science 1979; 205: 602-606.

Yomano Y, Oyabashi K, Okuno H, et al. Cloning and sequencing of
cDNA that encode goat growth hormone. Febs Lett 1988; 228:
301-303. .

Linzer DIH, Talamantes F. Nucleotide sequence of mouse prolactin
and growth hormone mRNA and expression of these mRNAs during
pregnancy. J Biol Chem 19855 260: 9574-9579.

Vize PD, Wells JRE. Isolation and characterization the porcine
growth hormone gene. Gene 1987; 55: 339-344.

Barta A, Richards RI, Baxter JD, Shin J. Primary structure and

evolution of rat growth hormone gene. Proc Natl Acad Sci USA



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

87

19815 78: 4867-4871.

Li CH, Chung D, 1Izdebski J, Majewski T, Mowles TF. Isolation and
characterization of growth hormone from blue fox pituitary
glands. Int J Pept Protein Res 19883 31: 201-204.

Orian JM, O’Mahoney JV, Brandon MR. Cloning and sequencing of the
ovine growth hormone gene. Nucleic Acids Res 19883 16: 9048.

Chen HT, Pan FM, Chang WC. Purification of duck growth hormone and
cloning of the complementary DNA. Biochim Biophys Acta 1988;
949: 247-251.

Lamb IC, Galehouse DM, Foster DN. Chicken growth hormone cDNA
sequence. Nucleic Acids Res 19885 16: 9339.

Pan FM, Chang WC. Cloning and sequencing of bullfrog growth
hormone complementary DNA. Biochim Biophys Acta 1988; 950: 238
- 242.

Martens GJM, Groenen PJTA, Braks AAM, Bussemakers MJG. Expression
of two growth hormone genes in the xenopus pituitary glands.
Nucleic Acids Res 19895 17: 3974.

Koren Y, Sarid S, Ber R, Daniel V. Carp growth hormone: Molecular
cloning and sequencing of cDNA. Gene 19833 77: 309-315.

Lamaire VC, Panyim S. Unpublished data 1991

Lamaire VC, Panyim S. Unpublished data 1991

Gonzales-Villasenor CL, Zhang P, CHen TT, Powers DA. Molecular
cioning and sequencing of coho salmon growth hormone cDNA.
Gene 19885 65: 239-246.

Jobansen B, Johnsen OC, Valla S. The complete nucleotide sequence
of the growth hormone gene from atlantic salmon (Salmo salar).
Gene 1989; 77: 317-324.

Watahiki M, Tanaki M, Masuda N, et al. cDNaA cloning and primary
structure of yellow tail «Seriolar quinqueradiata) pre-growth

hormone. Gen Comp Endocrinol 19883 70: 401-406.



35.

37.

38.

40.

41.

42.

43.

88

Sato N, Watanabe K, Murata K, et al. Molecular cloning and
nucleotide sequence of tuna growth hormone cDNA.
Biochim Biophys Acta 1988; 949: 35-42.

Momota H, Kosugi R, Hiramatsu H, et al. Nucleotide sequence of
cDNA encoding the pre-growth hormone of red sea bream (Pagrus
major). Nucleic Acids Res 19885 16: 3107.

Mori H, Kimura T, Tsunenari T, et al. The complete cDNA sequence
for the pre-mature form of growth hormone of the flounder.
Nucleic Acids Res 1989: 17: 3977.

Sekine S, Mizukami T, Nishi T, et al. Cloning and expression of
cDNA for saleon growth hormone in Escherichia coli. Proc Natl
Acad Sci USA 1985; 82: 4306-4310.

Rentier-Dulue F, Swenner D, Philippart JC, et al. Tilapia growth
hormone : Molecular cloning of c¢DNA and expression in
Escherichia coli. DNA 19895 8: 271-278.

Rentier-Dulue F, Swenner D, Mercier L, et al. Molecular cloning
and characterization of two forms of trout growth hormone cDNA
: Expression and secretion of tGH-11 by Escherichia coli. DNA
19895 8: 109-117.

Saito A, Sekine S, Komalsu Y, et al. HMolecular cloning of ell
growth hormone c¢cDNA and its expression in Escherichia coli.
Gene 13883 73: 545-551.

Warit S. Cloning and expression of Puntius gonionotus growth
hormone <c¢DNA 1in Esherichia celi by the polymerase chain
reaction(PCR) method. Msc. thesis in Biochemistry. Faculty of
Graduate Studies, Mahidol University, 1992: 1-77.

Watahiki M, Yamamoto M, Yamakawa M, Tanaka M, Nakashima K.
Conserved and unique amino acid residues in the domains of the
growth hormones. J Biol Chem 1989; 264: 312-316.

Abdel-Meguid SS, Shich HS, Smith WW, Dayrinser HE, Violand BN,



44,

45.

46.

47.

48.

49.

50.

S5l.

52.

53.

89

Bentle LA. Three-dimensional structure of a genetically
engineered variant of porcine growth hormone. Proc Natl Acad
Sci USA 1987; B4: 6434-6437.

Yanish-Perron €, Vieira J, Messing J. Improved M13 Phage cloning
vectors and host strains: Nucleotide sequence of the M13 mp18
and pUC19 vectors. Gene 19853 33: 105-119.

Messing J. New M13 vector for cloning. Methods Enzymol (part C)
19835 101: 20-79.

Luxananil P. Molecular cloning and expression in FEsherichia coli
of the DNA polymerase gene from Thermus aquaticus. MSc. Thesis i
in Biochemistry. Faculty of Graduate Studies, Mahidol
University, 1992: 95-101.

De-Boer HA, Hui AS. Sequences within ribosome binding site
affecting messenger RNA translatability and method to direct
ribosomes to single messenger RNA species. Methods Enzymol
1990; 185: 103-114.

Whitehorn EA, Livak KJ, Petteway Junoir SR. The effects of hybrid
ribosome-binding-site variants on the expression of human
interferon-g in Esherichia coli. Gene 1985; 36: 375-379.

Perkin Elmer Cetus. Gene AmpTM DNA amplification reagent kit

with Ampli Taq recombinant Taq polymerase manual 1989: 1-6.

Sambrook J, Fritsch EF, Maniatis T. Molecular cloning: a
laboratory manual. Cold Spring Harbor Laboratory, 1989.
Ausubel FM. Current Protocols in Molecular Biology. USA: John

Wiley & Sons Inc., 1987.

Rodriguez RL, Tait RC. Recombinant DNA techniques an introduction.
Addison-Wesley Publishing Company, Massachusetts, USA. 1983;
81-89.

Birnboim HC, Doly J. A rapid aikaline extraction procedure for

screening recombinant plasmid DNA. Nucl Acids Res 1979; 7:



S54.

55.

56.

57.

58.

59.

61.
62.

64.

90

1513-1523.

QIAGEN Inc. Manual 1988; 1-6. and QIAGEN-Kit protoceol 1990

Sanger F, Niklen S, Coulson AR. DNA sequencing with chain-
termination inhibitors. Proc Natl Acad Sci USA 19773 74: 5463-
5467.

Hsiao KC. A fast and simple procedure for sequencing double
stranded DNA with Sequenase. Nucleic Acids Res 1991; 19: 2787.

Laemmli UK. Cleavage of structural proteins during the assembly of
head of bacteriophage T, . Nature 19703 227: 680-685.

Burnette WH. Western blotting: Electrophoretic transfer of
proteins from SDS-polyacrylamide gels to unmodified
Nitrocellulose and radiocactive detection with antibody and
radioiodinated protein. A Anal Biochem 1981; 112: 195-203.

Chungjatupornchai W. Immunoblotting wusing alkaline phosphatase
conjugated anti-rabbit or anti-mouse IgG as the second probe.

Unpublished 1989.

. Leelamanit W. Characterization of 130 kDa mosquito-larvicidal

endotoxin relating genes of Bacillus thuringiensis subsp.
israelensis strain 4Q272. Msc. thesis in Biochemistry. Faculty
of Graduate Studies, Mahidol University, 1988; 31-32.

BIO-RAD Laboratories. Bio-Rad Protein Assay:.instruction nanual

Chen GFT, Inouye M. Suppression of the negative effect of minor
arginine codons on gene expression; preferential usage of
minor codons within the first 25 codons of the Escherichia
coli genes. Nucleic Acids Res 1990; 18: 1465-1473.

Imai T, Cho T, Takamatsu H, et al. Synthesis and characterization
of human prorenin in FEscherichia coli. J Biochem 19863 100:
425-432.

Goeddel DV, Heyneker HL, Hozumi T, et al. Direct expression in

Escherichia coli of a DNA sequence coding for human growth



65.

66.

687.

68.

69.

70.

71.

72.

73.

74.

75.

91

hormone. Nature 1979; 281: 544-548.

Schoner BE, Hsiung HM, Belagaji RM, Mayne NG, Schomer RG. Role of
RRNA translational efficiency in bovine growth hormone
expression in Escherichia coli. Proc Natl Acad Sci USA 1984;
81: 5403-5407.

Voet, D, Voet JG. Biochemistry. USA: John Wiley & Sons, 1990: 853-
869.

Sato N, Hayami T, Murata K, et al. Expression of tuna growth
hormone ¢cDNA in Escherichia coli. Appl Microbiol Biotechnol
19895 30: 153-159.

Marston FAO. The purification of eukaryotic polypeptides
synthesized in Escherichia coli. Biochem J 19865 240: 1-12.
Botterman J, Zabeau M. High-level production of the EcoRI
endonuclease under the control of the P_ promoter of

bacteriophage lambda. Gene 19853 37: 229-239.

Cheng  YSE. Increased cell buoyant densities of protein
overproducing Escherichia coli cells. Biochem Biophys Res
Commun 19833 111: 104-111.

Bewley TA, Li CH. Human pituitary ¢rowth hormone XXII. The
reduction and reoxidation of the hormone. Arch Biocher
Biophys 19705 138: 338-346.

Li CH. Human growth hormone(1974-1981). Mol Cell Biochem 19823 46:
31-41.

Leung TC, Ng TB, Woo NY. Metabolic effects of bovine growth
hormone in the pilapia (Oreochomis mossambicus). Comp Biochen
Physiol-A 19915 99: 633-636.

Noso T, Yasuda A, Kawazoe I. et al. Isolation and characterization
of growth hormone from a marine fish, bonito (Katsuwonus
pelamissy. Int J Pept Protein Res 1988; 32: 579-589.

Rand-Weaver M, Walther BT, Kawauchi H. Isolation and



76.

77.

78.

79.

80.

81.

82.

92

characterization of growth hormone from atlantic cod (Gadus
morhua). Gen Comp Endocrinol 1989; 73: 260-269.

Sato N, Murata K, Watanabe K, et al. Growth-promoting activity of
tuna growth hormone and expression of tuna growth hormone
cDNA in Escherichia coli. Biotechnol Appl Biochem 1988; 10:
385-393.

Cook AF, Wilson SW, Peter RE. Development and validation of a carp
growth hormone radioimmunoassay. Gen Comp Endocrinol 1983; 50:
335-347.

Gill JA, Sumpter JP, Donaldson EM, et al. ‘Recombinant chicken and
bovine growth hormone accelerates growth in aquaculture
Juvenile pacific salmon Oncorhynchus kisutch. Bio/Technology
19855 3: 643-6486.

Wilson RP, Poe WE, Nemetz TG, MacMillan JR. Effect of recombinant
bovine growth hormone administration on growth and body
composition of channel catfish (Iectalurus punctatusy.
Aquaculture 1988; 73: 229-236.

Pickering AD, Pottinger TG, Sumpter JP, Carragher JF, Le Bail PY.
Effects of acute and chronic stress on the levels of
circulating growth hormone in the rainbow trout, Oncorhyachus
aykiss. Gen Comp Endocrinol 19913 83: B6-93.

Agellon LB, Emery CJ, Jones JM, Davies SL, Dingle AD, Chen TT.
Promotion of rapid growth of rainbow trout (Salme gairdneu:
by a recombinant fish growth hormone. <Can J Fish Aquat Sci
19885 45: 146-151.

Elizarova GP, Keda IUM, Kiscleva AG, Osipova TA, Bulator AA.
Comparative study of physico-chemical and biological
properties of human somatotropin produced by genetic
engineering and isolated from the pituitary sland. Vopr Med

Khim 198835 34: 90-96.



93

83. Lancley KE, Lai PH, Wypych J, et al. Recombinant DNA derived
bovine growth hormone from Escherichia coli: 2. Biochemical,
biophysical, immunological and biological comparison with the
pituitary hormone. Eur J Biochem 1987; 163: 323-230.

84. Campbell RM, Kawauchi H, Lewis UJ, Papkoff H, Scanes CG.
Comparison of lipolytic and antilipolytic activities of lower
vertebrate growth hormones on chicken adipose tissue in vitro.
Proc Soc Exp Biol Med 19915 197: 409-415.

85. Cameron CM, Kostyo JL, Papkoff H. Nonmammalian growth hormones

have diabetogenic and insulin-like activities. Endocrinology

1985; 116: 1501-1505.



APPENDIX

Average weight and length of goldfish which received 4

intramuscular injections of gcGH 0, 0.1 and 1.0 ug/g body weight/
week at week 0, 1, 2 and 3 (repeated experiment). Weight and
length of fish were not significantly difference in all groups.

The number of fish in each week was represented in the blanket.

weight (g)

week control GH 0.1 ug/g GH 1.0 ug/g

0 3.5140.31 (20) 3.5340.27 (20) 3.4840.28 (20)
1 3.5410.32 (19) 3.67+40.28 (19 3.5940.32 (20)
2 3.6940.35 (18) 3.8310.35 (19 3.74+40.32 (19)
3 3.8340.41 (17) 3.9940.40 (19 3.8840.42 (19)
4 4.00+0.41 (17) 4.1610.44 (17) 4.0840.49 (18)
6 4.5440.53 (17) 4.8140.83 (16) 4.69+0.84 (18)

welght(g)
5
46
4F
3.6% —— control
—+— GH 0.1 ug/g
—sk~ GH 1.0 ug/g
3 ] ] i 1 1 L
0 1 2 3 4 6 6 7

waek(after the first Injection)



lengtht(cm)

3.9

3.8

3.6

week(after the first injection)

week control GH 0.1 ug/g GH 1.0 ug/g
0 3.57+0.23 3.52+0.20 3.5040.23
1 3.58+0.22 3.58+0.21 3.5840.22
2 3.63+0.21 3.64+0.21 3.66+0.21
3 3.6610.24 3.6640.22 3.6840.24
4 3.89+0.24 3.67+0.22 3.7040.25
6 3.8240.23 3.8340.26 3.7940.27
lengthicm)
N
B —— control
i —+-GH 0.1 ug/g
e % GH 1.0 ug/g
g
3.5% : ' ‘ ' ‘ ‘
0 1 2 3 4 5 6 7
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Average weight and length of goldfish which received 14

intraperitoneal injections of gcGH 0, 0.1 and 1.0 ug/g body weight
/week at week 0, 1,

2 and 3. Weight and length of fish which

injected gcGH 0.1 ug/g were significantly higher(*) than that of

control group from week 4(Student’s ¢(-test, p ¢ 0.05). The number
of fish in each vweek was represented in the blanket.
weight (g)
week control GH 0.1 ug/g GH 1.0 ug/g
)] 3.52+0.45 (21) 3.5040.44 (2D 3.56+0.37 (21D
1 3.67+0.48 (21 3.7540.47 (21D 3.8310.40 (21D
2 3.7540.50 (20) 3.8140.45 (21) 3.8540.42 (21)
3 3.80+0.50 (20) 3.9310.49 (21) 3.93+0.48 (2Z21)
4 3.94+0.53 (20) “4.1110.54 (21) 4.1110.55 (20)
6 4.43+0.67 (20 ”4.7010.65 200 4.7240.70 (20)
8 5.1310.78 (18) “5.45i0.79 (19 5.2410.88 (17
welght(g)
6
*
6.6
5_
4.6
4t
—+- gontrol.
3.6} —— @GH 0.1 ug/g
—-3¥~ GH 1.0 ug/g
3 i 1 1 1
4] 3 4 o o 10

week {(after the first injectlon)
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length(cm)
week control GH 0.1 ug/g GH 1.0 ug/g
0 3.48+0.18 3.45+0.24 3.4740.22
1 3.51+0.18 3.56+0.22 3.51+0.22
2 3.5640.16 3.57+0.21 3.5240.020
3 3.5610.14 3.61+0.21 3.5710.21
4 3.6340.18 ¥3.7240.22 3.6740.23
6 3.7040.20 /“3.83i0.25 3.73+0.25
8 3.83+0.22 *4.05+0.29 3.77+0.25

length {cm)

4,25
*
4 -
3.76|
3.5L. "f‘”‘qﬁ —— control
) —— GH 0.1 ug/g
-¥- GH 1.0 ug/g
3’25 i | i 1
0 Z 4 6 8 10

week(after the firat iniectlon)



Average

intramuscular injections of

week at

weight and length

week 0, 1, 2 and

of Pangasius
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which received 4

gcGH 0, 0.1 and 1.0 ug/g body weight/

3. Weight and length of fish were not

significantly difference in all group. The number of fish in each
week was represented in the blanket. Curves of weight and length
were shown in figure 20 and 21,respectively.
welight (g)
week control GH 0.1 ug/g GH 1.0 ug/g
0 16.2444.11 (60) 16.13+3.42 (60 16.39+4.17 (860)
1 20.9445.62 (28 20.01+4.22 (44> 20.04+4.57 (41)
2 23.38+5.73 (27 23.02+4.26 (44) 23.38+5.01 (4D
3 30.4446.68 (279 29.4145.16 (44) 29.84+5.41 (41)
5 33.5046.80 (27 34.0245.32 (44) 36.20+6.09 (41
7 43.5248.04 (27) 45.89+6.20 (44) 47.2246.62 (41
10 56.02+10.14 (27) 56.9347.97 (44) 56.57410.07 (4{)
12 69.58412.61 (27) 68.43+12.13 (44 66.12+12.84 (41)
16 86.304+19.46 (26) 89.07+415.54 (44) 84.21+16.94 (41)
20 108.23+26.64 (26) 108.97+18.99 (41 99.66423.78 (41)
length{cm)
week control GH 0.1 ug/sg GH 1.0 ug/g
0 13.3+1.3 13.441.0 13.3+41.1
1 13.741.3 13.541.0 13.6+1.0
2 13.941.3 13.8+1.0 14.041.0
3 14.541.2 14.540.9 14.5+0.9
5 15.7+1.2 15.740.9 15.9+0.8
7 17.1+1.1 17.2+0.8 17.440.8
10 18.9+1.1 18.7+0.9 18.7+1.1
12 19.9+1.2 19.840.9 19.841.2
16 22.2+1.9 21.8+1.1 21.7+1.5
20 23.641.7 23.6+1.4 23.0+1.7




4. Average vweight

of goldfish which

received

4

99

intramuscular

injections of gcGH 0, 0.1 and 1.0 ug/g body weight/week at week 0,

1,
the blanket.

2 and 3.

The

number of fish in each week was represented in

The curve was shown in figure 23.

weight (g)
week control GH 0.1 ug/g GH 1.0 ug/g
0 3.09+0.28 (26) 3.1240.41 (30) 3.3140.36 (30)
1 3.1940.30 (25) 3.13+0.40 (309 3.3240.39 (30)
2 3.37+0.38 (25) 3.55+0.46 (30) 3.7240.43 (30)
3 3.83+0.41 (25 4.0040.54 (30) 4.1640.57 (30)
4 4.1640.56 (25) 4.3710.64 (30) 4.5840.65 (27)
5 4.8910.72 (12) 5.1940.89 (15) 5.07+0.79 (13)
6 5.5740.90 (12) 6.0441.03 (14 6.03+1.04 (13)
7 6.3641.14 (12) 6.75+1.36 (14) 6.7641.25 (13)
8 6.9741.27 (12) ‘7.7911.58 (13) 7.69+1.23 (12)
10 8.0941.59 (12) 9.23+1.86 (13) 9.08+1.72 (12)
14 10.1442.87 (12) 11.96+43.64 (12) 12.17+2.82 (12)
18 10.9543.73 (12 13.48+5.13 (12)  "14.0543.74 (12)
22 12.01+4.16 (11 14.1246.22 (12> "15.43+4.14 (11)
26 14.1044.76 €100  18.11#7.83 (11)  “16.67+4.87 (11)
30 15.4545.92  (9) 22.5449.22 (9 18.4846.46 (11)
34 16.26+46.90 (9) “24.29i9.61 (9 19.7147.75 (11

note:

From week 4, the fish in each group was devided to two subgroups

for further 4

injection (total

¥ =

p ¢ U.05:

injections ttotal = 8

= 4 injections:.

injections)

and

no more

significantly hisher than control group (Student’s &(-test,
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5. Average length of goldfish which received 4 intramuscular
injections of gcGH 0, 0.1 and 1.0 ug/g body weight/week at week 0

A

I, 2 and 3. The curve was shown in figure 24.

length(cm
week control GH 0.1 ug/g GH 1.0 ug/g
0 3.5440.2 3.63+0.3 3.62+0.3
1 3.52+0.2 3.69+0.3 3.6340.3
2 3.55+0.2 3.6140.3 3.57+0.3
3 3.5840.2 3.63+0.3 3.64+0.3
4 3.5740.2 2.6840.3 3.69+0.3
5 3.7140.1 3.7540.3 3.6240.2
6 3.83+0.2 3.84+0.3 3.67+0.3
7 3.88+0.2 3.89+0.3 3.77+0.3
8 ©4.0040.2 4.0540.4 3.9340.3
10 4.2140.2 4.3240.4 4.1240.3
14 4.3840.4 4.661+0.6 4.48+0.3
18 4.53+0.4 4.84+0.7 4.5540.5
22 4.8040.5 5.1040.8 4.9040.5
26 5.0040.5 "5.4041.0 5.00+0.5
30 5.2140.6 "5.82+1.0 5.2040.6
34 5.4240.7 "6.0441.1 5.46+0.7

note : ¥ = significantly higher than control group (Student’s t-test,

p < 0.05)
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6. Average weight of goldfish which received 8 intramuscular
injections of gcGH 0, 0.1 and 1.0 ug/g body weight/week at week 0,
1, 2, 3, 4, 5, 6 and 7. The number of fish in each week was

represented in the blanket. The curve was shown in figure 26.

weight (g)
week control GH 0.1 ug/g GH 1.0 ug/sg
D ﬁ.OBiO.ZB (26) 3.1240.41 (30) 3.3140.36 (30
1 3.1940.30 (25 3.1340.40 (30) 3.3240.39 (30)
2 3.3740.38 (25) 3.55+0.46 (30) 3.72+0.43 (30)
3 3.8340.41 (25 4.00+0.54 (30 4.16+0.57 (29)
4 4.1640.56 (25) 4.3740.64 (30) 4.58+0.65 (27)
5 4.84+0.69 (13) 5.1640.71 (15) 5.3410.62 (14)
6 5.64+41.02 (12) 6.0040.85 (15) 6.2040.81 (14)
7 6.23+41.26 (12) 6.62+1.07 (15) 6.73+0.96 (14)
8 6.92+1.75 (12) ”7.7011.10 13) 7.43+1.22 (13)
10 7.8542.28 (12)  8.87+1.30 (13) 8.05+1.49 (13)
14 9.89+3.16 (12 11.08+42.25 (13 9.33+2.50 (11
18 10.87+3.52 (12) 12.28+43.29 (13) 9.85+42.57 (10)

note: From week 4, the fish in each group was devided to two subgroups
for further 4 injections (total = 8 injections) and no more
injection ttotal = 4 injections).
% = significantly higher than control group (Student’s t-test,

p < 0.05)
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7. Average length of goldfish which received 8 intramuscular
injections of gcGH 0, 0.1 and 1.0 ug/g body weight/week at week 0O,

1, 2, 3, 4, 5, 6 and 7. The curve was shown in figure 27.

lengthiem)

week control GH 0.1 ug/sg GH 1.0 ug/g
0 3.5440.2 3.63+0.3 3.62+0.3
1 3.5240.2 3.69+0.3 3.63+0.3
2 3.5540.2 3.61+0.3 3.57+0.3
3 3.5840.2 3.6340.3 3.64+0.3
4 3.57+0.2 3.68+40.3 3.6940.3
5 3.664+0.2 3.89+0.3 3.82+0.2
6 3.82+0.3 3.9940.3 3.93+0.3
7 3.85+0.3 4.0740.3 3.92+0.3
8 3.9340.3 »4.2010.3 4.0340.2
10 4.1240. 4 4.4840.4 4.15+0.3
14 4.4240.4 4.7940. 4 4.33+0.4
18 4.5340.6 4.88+0.5 4.4540.4

note = * = significantly higher than control group (Student’s f-test,

p ¢ 0.05)



Average

intramuscular injections

weight

and length

of goldfish which
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received 4

of very high dose gcGH (10 and 100 ug/g

body weight/week at week 0, 1, 2 and 3. The number of fish in each

week was shown in the blanket. The curves of weight and length
were shown in fiéure 30 and 31, respectively.
weight (g)
veek control GH 10 ug/g GH 100 ug/g
0 6.6340.93 (10) 6.96+1.26 (10) 7.13+1.14 (10)
1 6.70+1.09 (10) 7.2441.50 (10» 7.47+41.25 (10)
2 7.2541.28 (10) 7.53+1.70 (10) 7.82+1.37 (10)
3 7.42+1.41 (10) 7.2641.89 (10) T.77+41.40 (10D
4 7.54+1.51 (10) 7.4241.71  (10) 7.97+1.57 (10)
6 7.90+41.56 (10) 7.66+41.74 (10) 8.20+1.62 (10)
9 8.43+1.81 (10) 7.61+2.02 (8) 8.45+1.84 (9)
13 8.39+1.84 (3 B8.07+2.3% (8) 8.60+2.12 (9)
17 9.27+2.21 (%) 8.71+3.21 (8) 9.08+2.58 (9)
21 9.5742.45 (9) 9.9343.21 () 9.8642.42 (8)
length(cm)
week control GH 10 ug/g GH 100 ug/g
0 4.040.3 3.840.3 4.240.3
1 4.040.4 3.9+0.3 4.1+0.2
2 4.0+0.3 4.040.2 4.2+0.3
3 4.0+0. 4 3.940.2 4.240.3
4 4.140.4 3.9+0.3 4.240.3
6 4.110.5 3.940.2 4.340.3
9 4.1+0.4 4.040.3 4.340.3
13 4.240.6 4.040.3 1.440.3
17 4.340.86 4.240.3 4.5+0.4
21 4.340.7 4.340.5 4.5+0.4
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