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Summary

I . Research subject

Isolation and use of the genes related to growth and disease resistance of aquacultural

fishes

Il. Purpose and importance of the research

DNA recombinant technology can allow us to artificially reconstruct the gene in vitro. The
gene is transferred to the host cell and it can replicate and express steadily in the cell.
According to the development of such technologies, physiologically vital peptides or
proteins including human insulin, growth hormone, interferon, virus vaccine are utilized to
overcome some inherent or acquired diseases. In addition, as the industrial importance of
enzyme reaction was recognized, the related market size has been increased
dramatically. Also, in order to apply such techniques for dairy husbandry, cattle's growth
hormone gene was separated to produce the recombinant growth hormone (GH). The
recombinant GH was fed to domestic animals for maximization of milk production.
Therefore, the technology of gene recombination is embossed as a promising field for
the 21th century and one of greatest technological revolution that the human achieved in
the 20th century (Primose, 1991). On the other hand, the research or practical
application of gene recombination technology to aguatic farm animals including fishes
have been relatively few. Sekine et al (1985) was reported on the production of growth
hormone cDNA separation of chum salmon. At the foreign countries such as Belgium and
Japan, separated fish growth hormone genes and recombinant hormones (e.g. Patent US
4849359 ; US 5545808) were registered as material patents. In Korea, the growth
hormone genes from muddy loach, spotted halibut, kelp grouper have been isolated and
insulin—like growth factor (IGF) was from olive flounder. Therefore, the separation of
growth and disease associated genes of major hatchery fishes has to be achieved as

soon as possible in order to minimize technology wall from advanced nations through



patent, and to enhance international competitiveness as well. Growth hormone (GH)
exists in all vertebrate except Agnatha and there are considerable differences in structure
and function between taxonomic groups of vertebrates. It was previously observed that
non—-mammalian GH did not affect to the human beings. Due to the structural
differences, the GH receptor of the human cells and tissues has low affinity to the
non-mammalian GH (Lesniak and Roth, 1976). Some reports said that the growth
hormone of bony fishes hardly affects mammalian growth but the growth hormone of
cattle promotes growth of bony fishes, whereas other report mentioned that abhorrent
effect of cattle growth hormone on the growth of fishes (see Wallis, 1989). As the
effects of growth-related proteins on fish growth would not be a simple but complex
pathways of physiological process in the body, there are many things to be clarified with
regard to the function of growth-related proteins in the body. However, many proteins
have evolved from their ancestral protein originated from one gene, and thus a protein
isolated from the more closely related species usually act more effectively than a protein
from distantly related species. Growth enhancement with transgenic fish or recombinant
growth hormone treatment will be more effective when we use the growth hormone gene
or a proper promotor originated from the same fish species that we want them to grow
faster. Transgenic animal study has begun with the mouse as a mode! animal since the
beginning of the 1980s (Gordon et al . 1980) and largely contributed to many fields of
the biology including control mechanism of development, tissue specific gene expression,
cancer research, etc. Later, such transgenic researches had been expanded to several
other animals such as Xenopus, Drosophila, rabbit, sheep, pig, etc. The problems of
genetic improvement related to productivity through traditional selective breeding are as
followed: 1) by using such method, the phenotypic characters can be changed by 1 to
3% annually. 2) during the selective breeding, it would be very hard to separate a
desirable character from an undesirable one. 3) interspecific cross breeding are
impossible in most occasions.

The research on a transgenic fish using the growth hormone gene had begun with
inserting the human growth hormone gene and the promoter of mouse metaliothionein
gene into the goldfish by Zhu et al (1985). Later, many researches focused on the
improvement of transgenic efficiency, confirmation of transgene and transgene expression
by using Chanel catfish, tilapia, crucian carp, rainbow trout, etc. With the isolated growth

hormone cDNAs from rainbow trout and chinook salmon, the transgenic researches have



been attempted by several researchers. For example, Du et al (1992) reported growth
augmentation of average 2-6 tfme in the transgenic Atlantic salmon, whereas Delvin et al
(1994) mentioned that the transgenic coho salmons showed growth effect of maximum
37 times with weight gain of average 11 times than control group when they were 14
months old. Success production of transgenic loach were reported in our country. In
spite of this study, there are some problems to Dbe solved for industrialization of
transgenic fishes. That is, because the purpose of transgenic fish production using
growth—related genes is to elevate productivity for people's consumption, we must
consider that there is no poisonous possibility of health and consumption evasion of
consumers due to transgene construction. That is, we should avoid promotor induction
using heavy metals or viral promotor for growth improvement. Therefore, it would be
better to use the genes of target fish origin when transgenic vector is constructed. On
the other hands, as the farmed fishes are faced with various kinds of environmental
changes including habitat movement (nature to nursery), increase of rearing density,
environmental deterioration, and living together with the mixed populations having a
different origin, they would be vulnerable to fish pathogens. Fish diseases are partly
controllable by disinfection or using antibiotics or chemicals after correct diagnosis.
However, there is still several problems to be solved such as economic performance due
to too much expenses, environmental pollution by the discharge of antibiotics or
chemicals to surroundings, and appearance of antibiotic resistant bacteria due to the
repeated use of antibiotics. Recently, the attempts to overcome fish disease by way of
vaccine development has rearly succeeded (Engelking and Leong, 1989) and such
strategies were shown to have a limitation. Therefore, in the advanced countries the
study on the fish genes related with disease endurance has attempted as a long-term
countermeasure about fish disease, which can be applicable to various kinds of
pathogenic bacteria. We also need both a short-term and long—term plan to minimize
economic losses due to fish disease. On the other hand, there are a lot of controversies
about safety issues of recombination protein, although many isolated genes are utilized
for industrial through development of DNA recombination technology. When bovine growth
hormone is medicated to the cattle, it brought 10-25% augmentation of milk production.
The FDA concluded that no harmfulness caused by consuming milk of the cattle was
detected due to the bovine growth hormone (Wallis, 1989). No studies have been

attempted to understand the effects of the growth-related proteins or other recombinant



proteins expressed in the fish body on the human health so far. In order to accomplish
industrialization through using the economically important genes of hatchery fishes, the
safety of such products on the human body should be premised. Therefore, this study
was conducted to judge the possibilities of harmfulness of transgenically produced
proteins in the cultured fish cells either by comparing to the naturally produced proteins

or by examining the effect on the human cell line.

lll. The proposed research contents and scope

- Separation of total 10 useful genes from major hatchery fishes.

= Separation of the growth hormone cONA genes from 4 out of 8 fishe species (black
rock fish, red grouper, seven banded grouper, rock bream, flatfishes, purple puffer, eel,
mandarin fish). |

* Separation of the Insulin-like growth factor (IGF-1) from 3 out of 8 fish species
(black rock fish, red grouper, seven banded grouper, rock bream, sea bass, purple
puffer, eel, mandarin fish).

* Separation of cDNAs of transferrin and thioredoxin from the zebrafish.

*» Separation of B-actin gene to be used as a promotor in the expression vector.
- Production of recombinant growth hormone from a selected fish.

- Growth effects are verified by either the administration of recombinant proteins or

microinjection of the constructed vector.
- Production of a fast—growing transgenic fish.

~- Grow effects are verified with the disease resistant transgenic zebrafish through a

challenge test.
— Establishment of cell culture method of the olive flounder.

- Safety verification of transgenic fishes and the fishes provided recombinant growth

- 10 -



hormone as food fishes.

V. The results of research

— Separated growth hormone cDNA genes from 6 major hatchery fish species (red

grouper, purple puffer, seven banded grouper, olive flounder, black bream, black porgy).

— Separated Insulin-like growth factor (IGF-1) from 5 major hatchery fish species (red

grouper, purple puffer, seven banded grouper, black bream, kelp bass).

— Separated cDNAs of transferrin and thioredoxin from the zebrafish and got internal
transferrin DNA sequence fragments from 5 major hatchery fish species (red grouper,

purple»puffer, seven banded grouper, black bream, black rock fish).

- Separated B-actin genes from 6 fish species (olive flounder, purple puffer, black
bream, red grouper, kelp bass, seven banded grouper) and promotor region of the

zebrafish thioredoxin gene to be used as a promotor.

- Total 10 useful genes are subposed to be isolated according to the proposal, whereas
the total of 25 genes were isolated if 5 internal sequence fragments of the transferrin

gene are included.

Produced recombinant protein of the growth hormone from black bream.

Verified the effect of recombinant protein on the growth of the fish.

Investigated the patterns of transgene expression in the zebrafish.

Established cell culture method for olive flounder.

Verified the safety of recombinant fish growth hormone by administering it to the

mouse.

- 11 -



V. The plan for the practical uses of research results.

Cavari et al (1993) reported the growth effect of 15% when human and bovine growth
hormone were treated to a marine fish, Sparus aurata. Heo et al (1996) medicates
recombinant bovine somatotropin(rBST) to flatfish and there was obvious growth effect. In
addition, when rBST was administered to various fishes, distinct growth effects after a
treatment were shown 1-2 weeks later in rainbow trout, 3-4 weeks later in Israel carp,
1-2 weeks in eel and 3-4 weeks in olive flounder. Therefore, the effects were varied
according to the kinds of fish species. Danzmann et al (1990) verified that the degree of
growth promotion of both bovine (bGH) and rainbow trout growth hormone (rtGH) is
limited at the culture condition of high temperature. However, salmonids may change
their physiological processes in their body although there is no obvious effects on their
grthh at the warm water temperature. That is, the treated growth hormone at the
condition of high temperature seemed to affect the reproductive gland and other
metabolism rather than their growth of the rainbow trout.

In other words, rtGH or bGH medication can stimulate the growth effectively at the the
low water temperature, not at the high temperature. Most of studies on the effect of
exogenetic growth hormone (GH) for growth elevation indicated that the growth was
increased at lower than at higher water temperature. Based on the results mentioned
above, growth promotion effect of growth hormone was recognized in various kinds of
fishes including flatfish, and it was especially obvious at the condition of lower water
temperature. Therefore, if the growth hormone is used for the fishes rearing at the
natural water or during the winter time, fishes will be marketable earlier than usual and
the heating cost will be also largely reduced. A large amount of economical benefit will
be gained due to the dramatic increase of productivity. Also, the techniques relating to
the production of transgenic fishes in this study will be applied to other major hatchery
fishes and the productivity elevation of such fishes can be achieved by development of
the technologies emphasizing the aspect of industrialization. Concerning on the safety of
the recombinant growth hormone (rGH), Heo et al (1996) reported that there was no
abnormal or dead individuals during the observation period of 60 days when the feed
was mixed with the bovine growth hormone (100, 200mg/kg/day) and fed them to fish for
30 days. In addition, TLm (tolerance concentration, median) was higher than 2,000 ppm

in olive flounder and no external or clinical abnormalities were observed in the adult
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fishes cultivated at the rGH concentration of less than 1,000 ppm. However. only few
researches regarding on this issue have been conducted so far. In the future, through
the more detail and active investigations on the possibility of being poisonous to the
human body can be tested by doing sub-acute toxicity experiments. It will be necessary
to actively cope with consumer's consumption evasion by investigating on the fish

treated with recombinant growth hormone.
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TRAAlY A7t B2s] gsHo] gow HAE Du et al (1992) 149
transgenic Atlantic salmon®] HT 2-6¥ie] AAF7FE B33 v 129 Delvin et
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7EA 379 WstE wtdtA Ao F, AASEEY S $749 st vide] & i

Ao EZI 2L xRS0 THES o)A b ¥ A=53 A} JdS
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B A zelstel MUl AAA A 2dHT Aok LANE dacte] F4
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PR E e
1 Azt A58 4 ¥4
¥ ¥ 5 = R
- frEFAR () FRYHNTF T A4FoZREH AFIEE FHAxEE
W AABE {329 zebrafish®] thioredoxin 2222
14 AT G F9 B-actin FH# 2
ye | oAy Fdatet WolZ2HE #Hdd
= WA ol FA
- AEe P ARAES Rejzd B3
ofFAlxe] wMgdza &Y
ol FAMEY Zdujgdy g
- TE&FAA 282 FoYolF F 3FTo2RE IGF-1%dY
H A SR §AARA zebrafish] transferrin f A &2 2]
24} B-actin A} ¥
WX |- F8 o &5 |F2 oHddTY BESH, A3y JFzAS 53
e TR
- JFAEZ Ay |AFMEL] AduiFd F9
ks
- A2FAAZzT 29 ATl 7o AxFAAZT=22e] JANe g
A4E AT Fe FAAGF S AT AHS Al2H"
- AA S F AL TE5I Q&R
3z} WHAAAE 5422 natural killer cell enhancement
aE factor(NKEF) fr7d#te] Z2RE £
B-actin®} NKEF #%xte] T2 REE o] &3
- o] Al elE] st o] 2] Wl E] 7k
- ARPHFE2E 9 MEFAGET2 2] g ofF Axe] B ¢ e
Y ZA Blojo] mX= & XA
- Az AFIEE] (AP R AZFELE2 RS FolFoEH
Folol ot Uetue A3as A}
ARZEREA £A47% FAATF AAE A% £FF2U AT F =
- £4% ¥A AgolFo
42} At Challenge test A|&® T5& 1§ vlolzix9] #HAA
HE - WA §FHEAF ZAt
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test Al2®] 73
- Az QA28 (ARY HARI2E0 TRHEE X 9F A
TEE A FA
A3
- U SH FAAE (o]AWEHY dd & 2 A FAAS o F AL
52} T o] §o] Al gre| 2lo} challenge test Al2d 7%
95 |- 2423 32480589 ARs FE2d AT 377, £33 5 Jo4Hzg s 5
A FAY ZE 9 AN a2 FAAZ]FAALL




YA F, 35, #3, 27te))F 45222 £

t}. Insulin-like growth factor (IGF-1) : 8% 9] FRIFAAAF(ZHAEY, Hulg, 5
doj, %, Fol, A5, WFe], &7te) F 3Fo2XEH £y
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polypeptide hormone2 2 HFF5 &9 271243 QA 4Fo ddstes Rez ¢
214 g9lod, prolactin (PRL)# 73 Fo]F 2] pituitary somatolactin (SL) 281 t©}

F9 EHF uidAdd 34 GH/PRL familyE TS gL T4
primordial gene&2 FH fad¥ Aoz wojx1 vt AFIZ=E] #F <
A A o] 1920 d ol E-H7F9 pituitary hormoned] #3 AF7F A&E o]FZE Li et al
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A - Busd o™ (Seeburg et al., 1977), HF-Eo] AF= F22 IFFE Uiz
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Gordon $o°] 1980 AHe FATY M Fxv= DNA] herpes

simplex virus®} simian virus 40 viral DNAE AM=E3 DNAE PlAFUsSIE A A

3 EHEZ9 ngw}r:Mg AlA}EE o] & & Palmiter $(1982)2 F(rat)e] Az =&
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mouseE AAEEY AFEAT. 2 oF E7], & HAE tAeRE A AP35 =
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AE g7 2EHAT. =, Du et al (1992)= 141912 transgenic Atlantic salmon©]
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1 333 WA #d F+329] cloning 3 F714€ 234
7h oiF e HeFARSE 4FE2E mRNA €8

o9 Mt dokde oAFEZHH I FE AHdrAe JAZ
&2 §% 57233 eppendorf tubed] Wol 2| w7z -80TC 2@AJch XA F
9] lysis bufferg H3tFAI7F S0 YE tubed] ¥o] 45T A 15-20% lysis¥t}. Lysis
HA g & 272 18-21 gauge FAL vhEo] FEAY FAE o83 AHH F
XA homogenization3tth. Lysis® 232 4000 x gollA] 587 AT 5 45
Avkg FH3led mRNAE #&sted o8&tk 5M NaClg A% ¥o NaClel &
T8 05ME Z&3% Oligo (dT) CelluloseE # 713ttt TubeE 71E E£E59]F9] Oligo
(dT) Cellulosest A& =21 Aol Z 4o]lA & o] GAE 3083 A&tk Tube
£ 4000 x gollA YAE2 sl Oligo (dT) CelluloseE 2 AAjZch A5 AL aspirator
Z o]83ld AA3 1.3ml9 Binding bufferg ¥ o] ZAlAd resuspensiondt &
Al A st A5 ds AARY. o] dAE AFHol FHE wrtA] wEsIo
7| 32E mRNAES dxua =33k AAH Oligo (dT) CelluloseE spin columnd] %7
A H 3 mRNA elutiong £o]3dtA %t} Non-polyadenylated RNAYE A %ol Low
Salt Wash Buffer® Al&3te] o2iH AMF3c} Polyadenylated RNAE  100ul]
Elution Buffer® A}&3t9 elution3tth. ©] elute® £Ho] Zo}3lE= polyadenylated
RNA%+ glycogen, sodium acetate, 1009 ethanol2 ©]&3te] ~70ColA HAAIZ
Polyadenylated A RNAE AH8& 4712] ethanoldl FAE Ae|z2 R A

b o] 79 7oA IGFs mRNA¢] £3
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sAHY Jqe L dvdE gARAEE o] 83t homogenization$H Tl
Homogenizationst= &< 7 AAALE ZxpAVEo] #7451 homogenizationg &

ol gtA get. Tr M FE polyadenylated RNA #el= flolA 238 B o] &3t

t}. £ ¥ mRNAE template® 3 Single strand cDNA 4

°F 50nge} polyadenylated RNAE DEPC-treated® &3 300ng9] oligo (dT)
primerE #7189 volumeo] 3lul7t HEE 3t 65T A 583 incubation 3+ &
A3l room temperature® <213 primer’t RNASl annealing¥Zl 3%t} Primer”}
anneal® RNA+T 5ul 10x buffer, lul RNase block ribonuclease inhibitor, 2ul 100mM
dNTPs, 1lul AMV reverse transcriptase(50U/ul)& 3 7}8ted 37TCol A 1A)7F wrg &t}
Hkgo] Ey t}8 90ColA 5837 incubationdt o] reverse transcriptase® E8A3} Al
Zith 3439 first strand cDNAY DNA purification kitg ©]83t9 free nucleotide®}
cDNA 34l ©]-& ¥ buffer& A|ATT}

2 oF &7 x9 PCR amplification

(1) 3’ ends amplification

ojml ¥3zl ofFeo] AFTAA FHA (WHEA FHAHE data basedlA fectch
3 1S multiple alignmentE ©]&3}o] nucleotide sequence levelo] A 2] homology&
U2 3o}k homology’t 718 =& F B&2(G o 7l7he & FEFEDH 3o 77
FHEE(R1))Y sequenceE cDNAZ amplifyst=t primer® o &% AHolo 2 Zoje
20 - 30 nucleotideo]ir oJu] #3 A sequence}= 8 - 90% Z sequence®|t}.
Cloning 3txx} 3t Aol wet ¢zte] Aole UAA dwizoz Od 13 22
B o2 cloning 3t2AF 3th. mRNAE 5o 3’22 Yelidx 2709 primers
Fl(forward primerl), Rl(reverse primer)® YelHAt 3° &S cloning 371 $13t
o poly(A)et AR ZQ dT(20nt)®} F1€& primer® A}£3l3 polymeraseo] <3
mutations £0]7] ¢33t 3'-5' proofreading activity?} 9+ pfu polymeraseE Ah-&

gttt 30 cycle®] PCR amplification reactions 3% Zo|8 denaturatione 94Cell A
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)
o

13, annealing® 45TColA 2%, extension< amplifyst izl st= Zole wat

Ol

)

Z74% Aol (1000nucleotides/min) whA 2+ cyclecl A 9]  extensione 5%3F ¥FHS3}
3 3ot 93 == fragments Fig. 19 otelldl Product 12 Yeld ATt Amplify €
DNA fragment® PCR purification kit2 AF&3te] DNAE AHAS I polynucleotide
kinase® ©]&3}lo] phosphorylation® AlZlt}. Phosporylation® DNA fragment:
Smal®.2 A5 31 dephosphorylation® pUC199] T4 DNA ligaseZ ©o]-&3to] ArglA

2t

(2) 5 end amplification

DNA purification kitZ A A3 single strand ¢cDNA9 3’ %ol standard
protocolsel @&} terminal deoxynucleotidyltransferase® A+83te] poly(A) tailS <19
oz Atk Fig. 2€ 5 endE amplificationste 2A¥S 243 & 222 mRNA
= 5-3UFoz JeElYA L mRNAE template2 39 A3 single strand cDNAE
3'-5"3o 2 et Terminal deoxynucleotidyltransferasee] 23] AA"
poly(A) taile X% A2 YERA T R1F dT(20nt)E primerE ©)£3t9 amplify®
fragment= Product 22 YEIAAT. Amplify® fragments 3’ end amplification®] A
Mg g 28w o g pUC199 Smal restriction siteol]l A& Aolrh

5 AAAAAARAAA 3' mRNA
— -
F1 R1
3 TTTTTTTTTT 5' cDNA
— -—
Fl dT
PCR Amplification
Fl
51 ——t— AAAAAAARAA 3' Productl
3! TTTTTTTTTT 5'
-—
dT

Fig. 1. Single strand cDNAZ %€ PCRZ ©]4% 3’ end2l PCR amplification %4

mRNA¢S B8 50 3’22 Yeull 2 mRNAE template® 39} reverse transcriptase®
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&) A4 E cDNAE 3’94 502 Vet PCR amplification®] ©] 8§ ¥ primere Fl
(forward primer 1), Rl(reverse primer 1), dT(20 nucleotide®] deoxyvthymidine polymer)Z
el th. F13+ dTE primer2 AFE-39] amplification® 3’ end fragment& Product 12
YeERY AT

57 AAAAAAADAA 3! mRNA
— -——
F1l R1
3' AAADAA TTTTTTTTTT 5' CcDNA
— ——
dT R1
PCR Amplification
daT
—
5' TTTTT 3! Product 2
3' AAAAA -— 5'

R1

Fig. 2. Single strand cDNAZ %8 PCR& °]8¢ 5 end® PCR amplification ¥4.

mRNAE templateZ reverse transcription® single strand cDNAE 3'9lA 5’22 JepHA .
5" endE amplification 3}7] 93}t single strand cDNA®2 3’ endoll dATPS} terminal
deoxytransferase® Al£3}4 poly(A) tailE A3t €4 2 poly(A)e cDNAQ 3’ endol
AgZA2 Yeb Atk dT9 R1E primer2 PCR amplificationdted @2 A4 &8 Product
22 JEpiAT

v}, Complete cDNA9] cloning

Aol A A3k wbdo] o) &) pUCI9 vectorol A€ 3' ©¢ DNA fragement
o} 5 @& DNA fragmentE BioRad 3]At9] Gene Pulser II system< ©]-&3to] DHb5a
cello] transformationd ©H& amphicillin®] 100ug/ml ¥4 LB plateo] T3ttt &
o]Z  colonyE 15ml LB-amphicillin(100ug/ml) ®iXx]°] overnight 7] plasmid
purification kit& A}&3td plasmid DNAEZ £k 23 plsamids
Amershampharmacia BiotechA}¢] SEQ4X4 Personal Sequencing System& o] 3}
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nucleotide sequenceE #<lgith #old 5 HF2] DNA fragment$} 3' #&<2 DNA
fragment® F FEo] TEHERZ &AT FHAY sequenceE AT ¢ Ay F
A" 37 5 endsY sequenceE BIYH O 2 M 3F cDNAE cloning 3171 ¢3dle] 2749
primerg YHET 2709 primerol & 747t ©hE restriction siteE Fol ©wld 2y
vector®ll cloninge 8ol & ¥ oYzt {FAHA o] 4 vectord 2] cloning® 80 3}A|

& Aol

g

of
ro
o
ol
Jo
2o
_);_L
lo
2
r g
e
M
i)

7}. pET expression system= ©]
(1) pET expression system¢] EA]

Cloning® #E&FAAEZNEH A2 GH=EE AA37l #438td pET
expression systeme AFEE Aot} pET expression systeme ©|A|71x] AdFHoz
available?t expression vectorzolA ©@¥ &AL 713 @o] BHEE vectors shutolt),
o] expression vector: bacteriophage T7 promoterE 71 Qow, T7 RNA
polymeraseZ host cell WollA A 33t FC 24 promoter® down stream® cloning
¥ target gened] 2do] HFEHo Ml T7 RNA polymerase= T7 promotero) 3 A
gHozg Hon Aol ufg ol AT HA @Ay < 50%0 AFHE AE2E
gizdg 48 & Urh

pET expression systemols T4 F79 vector7t dedl ZFA pET-1la

[

16bE A}£3 1223tk pET-16b vectorell & Ncol restriction site®] 7HA] codon©]
dHdEE A2 g F o] ojvx Tdo] 10709 945 = Histidineo] 2@ H

1o
of gdulAdel Bg 2 Az} Lolsitt. pET-11a vectorol:= Ndel restriction site”t

A

translation 7HA] codon®ll ¢lth. o] vector® Ndel® BamHI restriction enzymel.& &
@43 FE&FARE o] vectord cloning THE intactd FERFAAY dHA S 2E

g 4 o
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(2) pET expression vectorel] &% 2} cloning

Novagenl. 2 # ¥ FU3% pET-16b2} pET-1la plasmidE Ndel/BamHI A)3t3a
A% HAdd 3 1% agarose gel’dolA Ao¥ plasmid 98-S #3537 39
Z}7k Ndel® BamHI A3&g4 AAEAE 714 F8& FHx dHE 47 st T

7He] primer& 1<¢Hste] PCR reactions ¥tl. ¥ojz DNA fragmenti Ndel/BamHI

&:

restriction enzyme 2.2 double digestiondt? A T@¥H fragmentE DNA purifiction kit
< o]g3ld Edr 22 F AFEAR AE pET-16b, pET11 vector?} double
digestion® F&FHA 9HELE H&F T4 DNA ligaseZ o] &3t ligationdt}.
Ligation® vector& E. coli DH5a strain (recA-)°l transformationdte] 92 colonyS
ampicilin®] 50ug/ml £+ 1.5ml LB mediad] HZF3sld 71 F plasmid DNAE
F29t. 723 DNAE AFEAL Ndel# BamHI 2 HYE T ¥ agarose gel 1719
T3t FE&FAAIT AYE clones AT o9k Zo] FAH cloned A <}y
A3t T7 primerg& ©]83}9] sequencing ¥t}

(3) BL21(DE3) E. coli strain®l* ¢ @z Iy

FE&5A27F AY 9 pET expression vector25E gl 2 A)17]7] 93]
e oA A3 A3 o] T7 RNA polymerase’t 2 23ttt T7 RNA polymerase
gk A3l Al7lel FF35H7] st Ao T7 RNA polymerase -
AAE 7HRA E. coli strain BL21(DE3)& AF&3th. o] strain® bacteriophage A<
derivative$! DE3 lysogen®.2A lacl, lacUV5 promoter 28] T7 RNA polymerase
FAZRE 7R 2 A} E coliNol A T7 polymerase®l 28 lacUV5 promoterdl] ¢
& ZH=Y lactose FAFEZ Sl IPTGIsopropyl-B-D-thiogalactopyranoside)ell <] 3}
AL =" Sequencingdte] 2 cloneLZ2HE] DNAES F£3t9 BL21(DE3)

ro
oxl
n
o
fu
FA

strain®] transformation¥'t}. Transformationo] 23] AAE colonyE ampicillin(amp)
°] 50ug/ml E°1= 1.5ml LBl HZ3te] 37Col A shakingdt¥ A overnight culture
Z 3t} thS9 overnight cultureE freshd 1.5ml9] LB-amphicilin #] X o] 104} 34
Al A vf gl 2413 vl o 100mMel IPTGE %9 final X7} 0.4mMeo] H
At T7 RNA polymerase®] 2d& FEste Ao AxH vl 288 f:
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o, gl A ¥ 2 30°C shaking incubatoroll A 3A|7HE o A4
g culture® YAESA  cell& harvestdtl. Harvest® cell& 50ul® 50mM
Tris-HC1 (pH 8), ImM EDTA bufferell resuspensiondtx 50ul®] 2X sample loading
bufferg& #7}ete 2 H2os 9BTAA 58 B&3to cells 4H3] lysisA 7t
cell lysate 5-10ul® 12% SDS geldl #A7jd 53t A719 5T gel® commasie

ok

bop @ejdo] 2y

—

brilliant staining solution©.Z staining? TS A2 Ao 2HS sty g

ml9) culture® 01“ A dido] FHAS=AE ALkgio

)

(4) 2dd @22

2

I

pET-16b vectorel] 4d® F&FHAE 9ol LFdHLE o ojvjx Lho] 10
7§e} A% A< histidineg 713 fusion @A FefE P HT) o9 Fo] 10719 o
450} 2= = peptideE His - Tagolgha §20 o] REL 271 Fol22 Y F&
(NiZ)ell st Bet) ojst 2& HAL o/gsty Tud Egs wE31 fols
g 4 Aok liter®] BIXEZEREH 4 FEH cell& 40 ml binding bufferd
suspension¥tt}. Suspension® cell2 100ml BlolFA o] &7 ¥ vlo]AE A& 9 &7
F-& e E sonicationdtd cell& break#tt. Cell lysateE 40,000 x gollA 3087 9
A &5t gwlao] xolde A5 H(supernatant)# cell debris® WiE ¥, A5 Ao
288 Ni¥columng oj&ste ©wWdS Relati cell debrise 4Te] R@dch
Binding buffer® equilibrate=l°] 3l Ni”’
Zolo] A3 W F column HI 9 10v¥fof slHslE %] binding buffer
columng AFHIT, 28] Al column® 68 = 4ol wash buffer2 AJE 3 ¥

COIumn°ﬂ ‘T‘H] 3}‘ ]'%—Qlll—% loadlng‘é’]—_l—_l_ /\o]-

i)

NiZ* columnel £0IE fusion WAL elution buffer elutiondt}. elution® w9
A& 12% SDS gel A719 5 & 3t dlA o X9 yielde AT 4To) B3
cell debris® 2X sample buffer® XAt AAFHFE A7] Y538 insolubledr T2
g8 HA3rr Yubz o2 growth hormoned 73 promoterE ol &3td E. colidl

AA1Z 74 insolubled inclusion body Bl 2 &3ty B 315 o e,

-]

Lo

R
(3
a:)

(5) Inclusion body ZX-8 ez e] g



Insolubledt ¥l A& F&317] s e BA dild S Fojof o, guidg
solubledtrl sl= W2 o2 7HA FH/7E YA 7HE Bol ARRH= WH-E ureatt
guanidine HCI& ©]&3t= Aot} Cell lysateE 94 £ 3 3 AS5AS AAsD
38 cell debrisy %S %9 @l A-& inclusion bodyAel2 &3t o} Inclusion
body 25 & wildg Fdste #$ES &y 2o Solubledt ¥ ES 7
2 cell debrisE 40ml®] binding bufferel] resuspensiondt & tiA] JAE st A5
Ag AAZE ol solubledt FHAL A= insolubledt GHAR FA Hoh &
2 cell debrisE $19} 22 WS HEo|3 cell debrisel Fol & solubledt &
AL 7h5d & 2ol AASIZ vpA 9 @A A cell debrisE 6M urea T+ guanidine
HCle] %% binding buffer insolubled @A & X2t} Il b A S oA
Ay Wy g2 wpgez dWMAdE FEIUTL ol Zo] FEdE duAL
inclusion bodyZ%-¥] ¥ ¥ w] A}83 A} (urea, guanidine HCDo}| o}3] ¥4 = o]
native @#Ae] B¢ HE /AT YA Foh @A S FHolr] st AHEE
denaturing Al ¢F2 dialysisstd A AA3] 2AAFA refoldingdl 2 E4& 717 @z
£ 4L T AU

lo
=

. pET expression vectorg ©]-§38F @l o] tfArt
oA A3 Ni¥° columne o] 838 WAL affinity chromatography® 2%
o7 gz olujx oo} 2 EA] Toko] His - Taga o gulds HA &
7 & F AAAT Ni¥' column®] 7FZ o] B447] W&o tharyste] A$ 7 A2 A ol
F2 2. Ureast 22 W AlFE o] &3l EAHI columnsd AME3HA] FoHA H
AAolx GA Este WHE o &3t
3. 32AE oAFAAL

7+ o7 2] B-actin promoter? cloning

B-actin promoterZ cloning3dl7] ¢35} B-actin cDNAE WA cloning¥th.
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cDNA cloning< o} 59 A% 2 WA 534 cloningdte WE# 22 #yoz o
F9o J2XRE cloningdtth. QIAGEN?/sup> Genomic-tip System2 A}F&3d =
2E genomic DNAE F%3% v}l %3 DNAZ restriction enzymel 2 A3t o]
Hdd genomnic DNAZE restriction cassetteo] ligationAlZ1Tth. Ligation® DNAZ
template® Al&38t1 B-actin FAAL] 5’0 & FE = reverse primer®} restriction
cassettedl] | BFH = forward primerE &9 LA-PCRE 3%t}. Specific$t band7} A
AE2 2S AL nested PCRE 3l LA-PCRe 98] 2€o]x DNAE clonig vector
(), pUC19)9 cloningd ©h& plasmid DNAE F%3l9 Amersham pharmacia
BiotechA}9] SEQ4X4 Personal Sequencing System$ ©]-&3te A3 Mo A nucleotide
sequenceS QAU Moz F7IME AAL sFE AE ol835tH HrIME
< ZAs A

. A=+ o]4 vector construction

o] AFY A clonind B-actin promotere F&FHAE o FA LH3IE=Y
o] &kt 283 cDNA cloningolA ¥33Z polyadenylation signals A}& &<
polyadenylationg F =38ttt thA] goksld KA} o] 2o HR3 vectores L o
¢ DNAZHE wtEojz BRI vector® E. colid)A amplificationdl”] 18 =23k
DNAZ TAFIos FHza ola Ao o7 DNATe 2 FA"E F&2 o4
Ach

ot F Az o] AW
FAZ} o]A S 93t microinjection W3 ] E0] electroporation WS A}
23l oAl HHxAL Y3 ALLsIAT. olE A% IAA E U2

=2
49 Hage gusel gt Feolth

2}, Transgenic fishol Qo1 e) F842ze] TAREY AE
F857879) ol 4ol o3} WA4H transgenic fishol M Thd AALAM #
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29770 WHo| YojuhA Hoh olas BHE 7 22 7o) YolAe] HHAEe
ibo] i o} 29 AUolA Ao feed back & Sol oHH Aoz zAW
U3 2A9d. gDz §L4A79 WS Arogdr s Fozx

transgenic fish®] A2 A mechanisme FA 3t HF EHEQA AHYPslo] dojx AaF

Fol %S AYl WAF R £27b AgH dE AT
N

FASZTAFL AN A8

7h. ABALS (S A ALS)
ATNEAF T AYPol HALHoR2 Role AAS} dFA 279 Aojrt
AAHE AL Ad AAZY F Alg= EWOSAHY] A4 3me] 23 AALE (extruded
pelle) € i ob 104, 2% 24, 6] 33 Z2A FFstdAA 1593 AuASE G

EAAZe] BY AolE 14 ASE AAsE 7 AgFE Eoz Sy
@tk 293 1R Aol B Fol Agole] 43 W Sz $2 WA4E
Ae7) YA 2 AGTY AGuSE TN E FEe0] B oz UGB
. AETF
N@ 712-5% EWOSAY] 98 3AbE (extruded pellet, EPE 19 33)(24
104, &F 24, 64) 23] FFSm ARY 271 Al wet wpRe) Foh

gt o7 AxY AT 522 Fo
A Az 7l¢2 PP ABAE recombinant fish somatotropin (rfFST)&
2 AAE st ARSI T AET Y 2AL (FSTY #3A7E BE AFE I
Aoty Fr71H o2 FFEH Fol =EE 3N AE TS st dzFE A3t

AF5 3o,

e
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| ZFALA(dissolved oxygen, DO), pH, ¥+%<& wd o4

& ol ArEE FTFEA Gyt

2E AR EAEAL2 SAS FAAY

a
ANOVA-test® A A% ¥ Duncan’s multiple range test® H7F3Fe] foJAE HAHZ

o

5. Transgenic fish®] FAA} o4 2 4§y 3

2

7}. RT-PCR analysis

Z Al O

ZA 0 ZREH total RNAEE mRNAE ®Ested oJF9 F&FHA s

Y. GFP (Green fluorescent protein)& o]-&3 XA ¥z vy Q)
o]F2ZRE £ 3 B-actin promoter? downstreamo] GFP #AA}2 cloning

3t} o] cloning® vector® E. coli9l transformationdl®] vectorZ ofFAJAEEcE, o]

vector® FAE oF9Y one cell stage®] embryodl microinjection 3dFAY
electroporationg  ©] &3t FAA olAg Foh wirt LRI E T GFPY

expressions @u| At A THHE patternd THRZEE JEI AT

6. AFHAR AT TF

et

B 9 A9AES ¢ HHEA A

o,



Hol AR APe AFEY ofF FYFS FHo Ul 128 AFH Aol
ES g5 ulels #& Aatel TSA

g A ol stampste] WFo]2 =E3tA 25TollA 4842 s gt {3 colony &

ox
o
i)
2
oZ
o
o
)
oX
ox
tlo
BN

>
>
S
K

sampling from skin lesion, liver, spleen, and kidney

!
!

TSA(257 ,48hr)
!

Primary test
l

Biological test, Biochemical test

l

Identification

( HojolA ET AT FHAA)

g A 4y

(D) &% A cA o] L5
SAE 4dITE 2% NaCle H7b, BEIFMu|A A 18~24A7F vl Fd wj <k
Hg BF AT 3mol] AGAA o] FAe 19WFo]¥ S 2%NaClHE7F SSeH il
Z], MacConkey 3+ v %], BHIZHH vl %], TSAuX], TCBS3tx 8}z 2832 BTB teepol
FHu A =L3te] 25Tl A 48A1F vjge ¥ 2 & {FE FAYD E HEFT
Hujzlell A o] LEFeNE #2357 A8t 24X s Fe T Fe, 27], GramE A
fizs 3

BS54, Colonye] ), MALAAFF, 22l swarmingS #E T

— ’
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SAHY 997 2% NaCl 7} TSA wixlol A 24412k vl gsl o 7)o 3
3 18 Fol uYFSE FFMYNESF( 3m)d] AR O o] A9 0.1my S 3
me e} 1% EFTNaCl 2% - 7hedl FZFste 10, 15, 20, 25, 30, 281 37CY 2=+
ol M 48412+ k3 ¥ 1 B89 AEE spectrophotometerol 2} & =7 g}

FAY YATS 2% NaClE7F TSA viA oA 24412 vl gt 7] A F 3
19 Fole] wIFS A NEFGCmw) A ohg o] FA4Y 0.1mA S 0~8%
NaCl& Z+z} #7138 3mle] 1%9Q peptoned (pH7)O HE 3t 25TolA 48A17F v

3 & I 259 AEE spectrophotometerd] &3 A3t}

[e)

’zr
A" YedFL 2% NaCl d7F TSA Hix|olA] 24A17F wjFstm o7l A 3
g 1uZole wFFL FFAHAAFGEm)Y FEAZ e o] TR 0ImHS
pHA~102.2 zhzt A% 3me] 1%9 peptone 5 (NaCl 2%)ol HZ ke 25CNA 48

A ZF v XE 3 1 w89l HEE gpectrophotometerE 41 A gk},

TAY 7 #FE BHI brothol A 24X FTA1Z1 F 3,000rpmell A 2023 €
AEelstd AT, ojAE tA BEZAAAYETE 33 AL g 2d] AF 100g
Omg & SA=v] ot ZHo FA 24 F AP NFoZHH
o oA F 23] THAFHOEAN T 5HE 3EAZ FFE BHI broth
oA 24A17F F@ate] o] Wiy o]l AFct. a2 ofAF 100gT 1.0mgH S
Aol 10v)o] FAlste] 7Yoo HAIGEZA HAH S ATt gjx2TY o F o
¥ B BHI brothE oA 100g% 1.0m% HA] & FASc}

=
HAZ @A ASEth AYo] AAF L 20g AHEEh A FA AA
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Ny

tgol R zAIAe FAAZ W AR, WgAlA AT BelE A

nt

2}. WA transgenic fish®] WA #AA

Hol2RE E7 FAHEY TFE TSA broth vix]o] HEste] 2447 A v
g ¥ 5000rpme.2 YA E 23t Dulbeco’s phosphate buffered saline(PBS, pH7.2)<l
@Azl = 33 dAMHSE  HA(immersion) B 253 3FAHintramuscular
injection)dl] & ZAAFE Pt HAPol= WP A transgenic A FE AHEsl 7
AAEE Pated dxTE 2L oFE AT A7 F AP E Oltond
4¥ FRPFZAA & 25TUH A HAstY HAR|+& Q7).

mlo

7. AFAEZY g &4

ALY 4R WFE f34 HAL BE, WEAD 2L AngATOE
FaAHE A7/ &0lg @ & Aok 2L, o R ATNAIEE FAAA UFD
gefoln, 53] 2] uete] Fo FAUAbe] Hie RRe faolFe AEuIE
e A8 o)FoAA RIL Ytk AEMPIIEL URE T4Fe) ATE By ofF
AN 3 govt, ojFol glolMt wEdl 1 N4 LEs TE B oy, Fo o
AZE HAo] Be AolE AR o] WP &) BPol ofHEL FL YE Rol

Abdolth 538 F FAAFA R A/ Aedd ddAE AZuged L
F

2
oX
)
o
i
tA
ro
olN
N
o

k1

%
_9,
L
An
ok



A, o] F o AEZEYE Collagenase =¥ Trypsind® 22 EHHFo 47t
AbgEo]l A glth olH @ Ea4E I 84 22XV 36TAFl7] el o FAE
JAME Fad8A WE AXE &40l YEldtiYeo and Mugiya, 1997). 218 7] w&
of olFol wWet P MEREAFY HEZ o] FoHot doh. wMIFLEE o7 A
AZEE 7|22 20~35C Aloldy HALEE AA3Ach wjFLHE FAA9)7]
g AR R EH] HME Tol Ru F2 AEE YT 5 e 21S B

CRELY

(A

o

z

o oF Axe 2oiuiey g

o} %9 AMEE 001% 2-Phenoxyethanol 2 wlHAA, =2 & 2 g F 38
A AE Bagel o8] AEE 2t ofFoM " 21 Ca¥ol THHA &
< buffer (120 mM NaCl, 1.22 mM MgS047H:0, 4.7 mM KCl, 1.25 mM KH2PO,, 23
mM NaHCOs;, pH7.4)E o|&3le A% F Collagenase (0.5 mg/mé; Wako Pure
Chemicals) ¥ 4 ¥% &%7 (0.98 meg/ml; Sigma)E X &F buffer o] & 2087+ 6~
8 m¢/min.) ¥AHAZTh 2 ¥ 2mM EDTAS #H7tste] Ca % Mg” & buffer2 A3
£ . AAT 22L& 50mle buffer WA s|F7FI 2 ZA BAAZT 4E A
X = pipet2 2 YL 8 AF#AZ Fol d4d&2 (500rpm, 28)E 33 wHEE o<
AE, AES oA 2 AT 5& AASIY EAoz e AEXE 2. Bd F
Ead uFHAe] 3x10°~5x10°70 8 Wol wjddth wldele 02 uM Bovine
insulin (Sigma), Streptomycin (100 gg/mf), Penicillin (70 pg/me), ¥ NaHCOs (23
mM)E #7138 William’s medium, MEM % L-158]%]& o]&3t}h A ¥ Q] djg2

Higd 3 e H7tste, g de ojd wigho
t}. o] F9 cell-line ¥
ZulEE AEE o] &3l Adujde Aol ZdujRol] o] MEZFol

A EA 005%9 trypsing ©]&38te 183 WA I F trypsin £9& AA L,
ALdA JhEA AFE stk AAAdANA S B8 Axsh 7EsE Ag FAT

ok
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A2d d7FUs R 23

(1) &ute
h A &

o F AAZ2EL 9 21~22 kDa9] single chain polypeptide2A4], H3l+A] AFY
somatotrophs (growth hormone cells =+ a cells)olA] BArE] o}, vascular system o2 W&
Y (Rand-Weaver and Kawauchi, 1993). ¢] 2282 43t AJESH A4S 717 r)s
4 ZEEZo2A (Bjornsson, 1997), AFFEAA A3l 247 A4 A4, d3E 4 F
71% At # gt} (Chen et al, 1994). £33 AF3 22 doj7} ofFollA sl H-§ A7)
A5 24 (Dickhoff et al., 1997, Sakamoto et al., 1997)3 #Ho] & A2 HuHx
Atk ol2j3 AAF =229 FAL insulin-like growth factor I9] ¢}3lo wizld e Ao g U4y

A 9tk (Gray and Kelley, 1991; Moriyama et al., 2000).

19,

Niall et al. (1971)# Miller and Eberhardt (1983)% nucleotide$} o}v]=At A2 4
of 2A%td AFs2E FAA] A J1de] g 2dg AJMEIAC & 473
(growth hormone, GH), prolactin (PRL), placental lactogen (PL)3} somatolactin (SL)<&
T 24 3EE0RRFEH FE A4 AYH AF 5& F39 JshE AoE q4AAR U
(Rand-Weaver and Kawauchi, 1993).

oH

o

AR HYTERLE

O,

E Al RAA 4% 22 QAN T Fa4e JALe}
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2 35228 guslsta gl FAEY] £ - 55 5o digd A7 JAPH Aok E3
HREEEY Foj7h A ofFlN 4FEES F/PNAGL LaHAT} (Agellon et al, 1988
Du et al., 1992; Ben-Atia et al., 1999; Ayson et al,, 2000). IZ7H#], FolZdA Ead 4%
ST 2E cDNAT tuna (Sato et al, 1988), yellow tail (Watahiki et al., 1988), red sea bream
(Momota et al., 198R), gilthead seabream (Funkenstein et al., 1991), European sea bass
(Doliana et al., 1992), yellowfin porgy (Tsai et al., 1993), rabbitfish (Ayson et al., 2000),
dolphinfish (Peduel et al, 1994) Sl I Q71 EE°] B3zt 43I 2E9 genomic
sequencet rainbow trout (Agellon et al., 1988b), Atlantic salmon (Johansen et al., 1989),
common carp (Chiou et al., 1990), barramundi (Yowe and Epping, 1995), gilthead sea
bream (Almuly et al., 2000), flounder (Tanaka et al., 1995) $olA &A=yt

Fulgl= 5% (Perciformes), HHel# (Serranidae), $-#71% (Epinephelus)ol 43}
o, 4 400 mm W7HA] Aete 54 AFEA, Felveet B4 1719 ojFor F
87} Bob AR FA7IeNLe] A=HT At 2y Fubed] FEAMIIELS F-HA &
< Aol

Fulglol 2ol o] =21 BAHOE FAF AF 4H3 28R 2 Y FIY
F2 g5l HEE, $2E o] TN F7]

5
7} FUE AR JAHE Bulgl2HE AAITEES 4353352 e cDNAZE cloning s}

)y
E
fu
2
2
o
=2
4
ok
o
i)

2
d
ol
)
Rl
104
o
4
ol
k]
9,
g
H
>
X
oA
o
P
ol
o
32
o
£
td
o)
)
= g
L
rBL
mto

o1 g3tel 1wy
4 4] Y SDS-PAGE ¥H& FHshgich
(b 2 3

Pl A5 22 cDNAS 7] ME3} ofneat Hd 24

a9 3 BEvte] AR32E9 AA cDNAE cloning3l7] 98td AZ32E ¢cDNAY
53 3" whS RT-PCRZ %% DNA ©¥olth. RT-PCRY| AH8¥ primer2%H 5 ¥d2
620 bp E 7|2 Ho} glon 3 Weke] A7|E oF 340 bpolth(Fig. 3). RT-PCRel o3
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ofrixite g o]Fold polypeptideZ FAHch Fig. 49 vehd vhe} 2o, Fuleje] 445
22 cDNAE ZZ3}7] 938t Al8¥ Eaka-F1$} Eaka-R1 primer %915 cDNA 97|14 ¥}
562-581H A Ao JE Aoz wrslAc
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22

82
21

142
41

202
61

262
81

322
101

382
121

442
141

502
161

562
181

622
201

686

775

853

5' -— GGACCTAATCCCAGACCAGCC

ATG GAC CGA GTC GTC CTC CTG CTG TCA GTA GTG TCT CTG GGC GTT TCC TCT CAG CCA ATC
M O R V V L L L 8§V V § L GV S § Q@ P |

ACA GAC GGC CAG CGA CTG TTC TCC ATC GCT GTC AGC AGA GTT CAA CAT CTC CAC CTG CTT
T b G @ R L F S I AV S R V Q H L H L L

GCT CAG AGA CTC TTC TCC GAC TTT GAG AGC AGT CTG CAG ACA GAG GAG CAG CGA CAG CTC
AQ R L F S D F E S8 S L Q@ T E E Q R Q L

AAC AAG ATC TTC CTG CAG GAC TTT TGT AAC TCT GAT TAC ATC ATC AGC CCC ATT GAC AAG
N XK I F L @ D F C NS DY I 1 S P I D K

CAT GAG ACG CAG CGC AGC TCC GTG TTG AAG CTG TTG TCG ATC TCC TAT CGG TTG GTG GAG
H E T Q R S S V L K L L S I S Y R L V E

TCC TGG GAG TTC CCC AGT CGG TCC CTG TCC GGA GGT TCT GCT CCC AGA AAT CAG ATT TTT
S W E F P S R S L S G G S A P R N Q | F

CCC AAA CTG TCT GAA TTG AAA ACT GGG ATC CTG CTG CTG ATC AGG GCC AAT CAG GAC GGA
P K L 8§ E L K T 6 + L L L t R A N QD G

GCG GAG CTC TTT CCT GAC ACG TCC GCC CTC CAG TTG GCT CCT TAT GGG AAC TAT TAT CAG
A E L F P D T S A L QL A P Y G N Y Y Q

AGT CTG GGC GCA GAC GAG TCG CTG CGA CGA ACG TAC GAA CTG CTG GCG TGT TTC AAG AAA
S L G A DE S L RRT Y E L L A CF K K

GAC ATG CAC AAG GTG GAG ACC TAC CTG ACG GTG GCT AAA TGT CGA CTC TCT CCT GAG GCC
D M H K VvV E T Y L T v A K C R L S P E A

AAC TGT ACC CTG TAG CCCCGCCTCTCCAGTATGAAGACAAGCCCCCATGTGGATGATGTAATGCTGTGTGTTCT
N C T L =

GTAGTCCCGCCCACATGTTTTCTGACTCTGCTAATTAGCATTAGTGTTAGCCACAGTGTTAGCCTGTGTTCAGTGGTTT

GTTGGAGCAGGTGTTATTATGATGACAGCCGTCGACAGGAAGTGATGTCATTTTGCCACCATGTGTAATAAAGTGTGT

GCTGTGTTGCATTCAAAAAAAAAAAAAAAAA -~ 3

21

81
20

141
40

201
60

261
80

321
100

381
120

441
140

501
160

561
180

621
200

695
204

774

852

883

Fig. 4. The nucleotide sequence of growth hormone complementary DNA from
red-spotted grouper, E. dkaara and its deduced amino acid sequence. The
amino acid residues are numbered. The termination codon is indicated by an
asterisk. The four cysteine residues and the polyadenylation signal are in bold.
The nucleotide sequences used for amplification of the cDNA are underlined.
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Q71980 2Ase] FH8 el

lo
oX,
o

I3 228 43382 A+ coding regione
A 615 baseEEA, 22-24WA Aol Ade HY A ZEQA ATGE A2HE] o] 634-636W 4
AR Je A FHAIEQ] TAGE FTZSY, 17 aay signal peptide AE3 187 aa®l
matured peptide A €& E33 204709 olv]:ite ¢d5ststy Qe A2 FAHAG, =3
gl Ctgh Z9) 201-203 WA 9o FAHAre] N-glycosylation site (Asn-Xaa-Thr /
Sen)7t EAske Aoz AU Fig. 5olM B, Hulel 443229 F4€ opv|xeal A
AL 69, 177, 1949} 2024 xol 4709 cysteine J¥71E T3t e Aoz Hy e,
Hug T8 FoiE oFE FLT AA HAs UMk

fr

ofN

Futg] AZI2E coding region®] 7|4 EE GenBank (http://www.ncbi.nlm.
nih.gov)d] 5&d O& FoE o]F¢ vxwd £ Z7} orange-spotted grouper, gilthead
seabream, yellowfin seabream, barramundi perch, yellow tail, croceine croaker, yellow
perch, European sea bass, tilapia, Mozambique tilapiast three spot gouramiol thate] z+z}
96.9%, 88.6%, 83.0%, 86.7%, 85.7%, 85.5%, 85.0%, 84.6%, 83.4%, 82.4% % 80.8% 9] =<
AEE BYa, 339 oluxedl AEe 27} 98.5%, 96.1%, 95.1%, 95.1%, 88.7%, 90.7%,
92.6%, 90.7%, 89.7%, 83.7%% 87.7%¢ %<& 4sA4E& Bt (Table 1). ¥, AL
(GenBank accession number, AAA98618)7} 4 (GenBank accession number, AAA30543)
o] AAZ2E ofux=At AdH vlwg A= 22t 338%t 37.6%9 W2 4EAHE BRUY

(data not shown).

E. coliolA] &Hulg] 4 cDNAS® 23

Futel AFS52E coding regiond] ofwxAt 2025 E A signal peptidest
mature peptide® ¥335 A FH I 223 mature peptide T+ T3 A3 AAZT2 R B
A}#& Compute p/Mw tool& AH&ste] Atetglow, 2tz ¢k 231 kDa# 21.3 kDaolth
(http://us.expasy.org/tools/pi_toolL.html). SDS-PAGE #4123 E. coliol#] 2dd AZ¥I=
2 AEe FA3E A9 ExER dAde AR wisY (Fig. 6).
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Epinephelus akaara MDRVVLLLSY VSLGVSSQP|I TDGQALFSIA VSRVQHLHLL AQRLFSDFES SLQTEEQRQL 60

Epinephelus coioides T 60
Acanthopagrus latus M-—— L 60
Dicentrarchus labrax —-Al L=V £ ~E—HN--~— E 60
Lates calcarifer L - R—E 60
Oreochromis mossambicus ~NS——Q--- -C Q- —-S ~N—-T—Y— 60
Oreochromis niloticus -NS -C Q- —S -N—T 60
Perca flavescens -E-FA——-L L —|—£ 60
Pseudosciaena crocea -l LT-———Q~ |EN—-MD AT 60
Seriola quinqueradiata L --S-H ——=|~N N T—-0-— &0
Sparus aurata M— M 60
Trichogaster trichopterus —K-LF—F- L --S T—- —I—— 60
Epinephelus akaara NKIFLQDFCN SDYIISPIDK HETQRSSVLK LLSISYRLVE SWEFPSRSLS GGSAPRNQIF 120
Epinephelus coioides S 120
Acanthopagrus latus A S 120
Dicentrarchus labrax I- V-P-A—S 120
Lates calcarifer S D—S 120
Oreochromis mossambicus G- -—SL—-S 120
Oreochromis niloticus G— —SL—S 120
Perca flavescens —VS-——S 120
Pseudosciaena crocea : S 120
Seriola quinqueradiata S—F— ~——L—-§ 120
Sparus aurata S 120
Trichogaster trichopterus - Y ~—Q@Y—S 120
Epinephelus akaara PKLSELKTGI LLLIRANGDG AELFPOTSAL QLAPYGNYYQ SLGADESLRR TYELLACFKK 180
Epinephelus coioides S - 180
Acanthopagrus latus H E S 00— -P-T——= e 180
Dicentrarchus labrax V-G —M-—8-T- 180
Lates calcarifer ~M-$-5—- - 180
Oreochromis mossambicus —R € --NY—>0T~ -H——r— —GN-—Q -——— 180
Oreochromis niloticus R £ —-NY—0T- -H—— —GN-—Q -———— 180
Perca flavescens K-SE— S —ST 180
Pseudosciaena crocea M A —I-—N —8GE——— —————— 180
Seriola quingueradiata R Q—-T -—M-§-V-—- --——F— —CGE-—— N——— 180
Sparus aurata H £— —|-—§— ——T: 180
Trichogaster trichopterus ———-MR-- Q——K —M-S-GVVP £ S 180
Epinephelus akaara OMHKVETYLT VAKCRLSPEA NCTL 204

Epinephelus coioides --— 204

Acanthopagrus /atus -— 204

Dicentrarchus labrax - 204

Lates calcarifer -—— 204

Oreochromis mossambicus - 204

Oreochromis niloticus -— 204

Perca flavescens -—- 204

Pseudosciaena crocea -—— 204

Seriola quinqueradiata -—- 204

Sparus aurata — 204

Trichogaster trichopterus - 204

Fig. 5. Alignment of the amino acid sequence of red-spotted grouper GH with other Perciformes GHs.
Dashes (-) indicate amino acid residues identical to those of red-spotted grouper GH. Four highly
conserved cysteins are in bold. The sequence of red-spotted grouper (E. akaara) GH is compared with
the sequences of orange-spotted grouper (Epinephelus coioides, AY038606, unpublished), yellowfin
seabream (Acanthopagrus latus, S58867, Tsai et al, 1993), European sea bass (Dicentrarchus labrax,
X65716, Doliana et al, 1992), barramundi perch (Lates calcarifer, U16816, Yowe and Epping., 1995),
Mozambique tilapia (Oreochromis mossambicus, AF033805, unpublished), tilapia (Oreochromis niloticus,
MR84774, unpublished), vellow perch (Perca flavescens, AY007303, unpublished), croceine croaker
(Pseudosciaena crocea, AF231941, unpublished), yellow tail (Seriola quinqueradiata, M35627, Watahiki
et al, 1988), gilthead seabream (Sparus aurata, AF195646, Almuly et al. 2000), and three spot gourami
(Trichogaster trichopterus, AF157633, unpublished) GHs.
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7] &0 &8+ GenBanks] 5249 orange-spotted grouper (E. coioides)® AF3Z2&
ORF @7IME3 oln|eitMEE o] dFE st 8z & A52 % ORF 471449

3} otul At G v wE Axk Zhz 96.9% 9 985% A tf$- =& AFEAL ¥t} (Table 1).

o
—_
AL
lo
O_u

Table 1. Percentage nucleotide and amino acid sequence homology of the GH
cDNAs of Perciformes species. The values below the diagonal are the similarity
of amino acid sequences among Perciformes (total 204 amino acid residues), the
numbers above the diagonal are the similarity of nucleotide sequences (total 615
nucleotides) for each pair.

1 2 3 4 5 6 7 8 9 10 11 12

1. Epinephelus akaara - 969 88.0 84.6 86.7 82.4 83.4 85.0 85.5 85.7 88.6 80.8
2. Epinephelus coioides 985 - 89.6 86.8 88.3 83.6 84.6 87.0 86.8 86.7 90.4 81.8
3. Acanthopagrus latus 95.1 956 - 83.0 87.8 83.3 84.1 87.0 88.3 86.5 97.6 83.3
4. Dicentrarchus labrax 90.7 91.2 88.7 - 86.8 82.4 83.3 85.5 86.8 85.0 88.8 80.3
5. Lates calcarifer 95.1 956 93.1 90.7 -~ 84.6 85.2 87.6 86.2 89.6 83.6 84.9
6. Oreochromis mossambicus 88.7 882 85.8 83.3 86.3 - 98.7 81.0 83.6 82.6 84.1 79.2
7. Oreochromis niloticus 89.7 89.2 86.3 84.3 87.3 99.0 - 82.1 84.1 83.7 84.7 80.0
8. Perca flavescens 926 93.1 926 89.2 92.2 843 853 - 84.7 846 86.7 81.0

9. Pseudosciaena crocea 90.7 90.7 88.7 86.3 89.2 85.3 863 87.3 - 854 89.8 80.5
10. Seriola quinqueradiata 88.7 89.7 87.3 85.3 90.7 83.3 843 858 848 - 87.0 84.6
11. Sparus aurata 96.1 96.6 97.5 89.7 94.1 87.3 87.7 93.1 90.2 832 - 839
12. Trichogaster trichopterus 87.7 87.7 86.8 84.8 88.7 81.4 82.4 84.8 83.8 84.8 87.3 -

wrtele A2 EE d3gste Ao AAAE ¢33 cDNAY €714 €L Rapid
Amplification of cDNA Ends (RACE) *'#& (Schaefer, 1995) &85t ¥, w3yl
&% cDNAS d7IME28H A4 Hnle] AFs2 82 dWde 17 aad signal peptidet
178 aa®] mature peptideZ TA = JE ALZ FAHUTY. Fig. 494 2 vie} Zo] Huf
2]9] signal peptidet 17 aal & o]Fojx ledl, <17k GH (26 aa; Seeburg, 1982), &
(27 aa; Seeburg et al., 1983) % Indian catfish GH (22 aa; Anathy et al., 2001)$} H] x5}

e Ao FAHHAC

39 ¥olg 4%52Ee A4 1 g $olS o npNZ 479
cysteine A7|7} ol¢ BEH o] Y5t Yot (Fig. 5). AS7HA Bug FFojF9
3 e, ol 29 Bk 7 o%s 2 ¥

%

AEA st o 7gsle Aoz A 9l

ox
o3

ok

FEE gBEL 4719 cysteine A7 E 7R

& AgoEH 1 528 34d F2E

°
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(Schneider et al., 1992; Somers et al., 1994; Carlacci et al., 1991). Schneider et al. (1992)
& olgjgt J A9 EAZ Astd HFFE YFI2ZE AE 19 A3 F5Ao] WA §3
He A2 Bt R o]F9 B9l loiA 5789 cysteine A717F EA i B uEY
2.1, Mahmoud et al. (1996)2 o|2]§t 7} cysteine Zt7]:= common carpol A & &)

Agsted 988 2 F Jvhn BusAn

Venkatesh and Brenner (1997)& #&3 th& ZZol{F9 AAI2 2 ofrit Mo
o] B|XE %3}y signal peptideE E¥steE N ¥t B
2 HEHO Atk Busgeh B, 152 AFoH AFIEE 254 oA C 229 13
%71 (CFKKDMHKVETYL)7} ¢ B EEo] glon
AENF AFI2EY 2 FEAE ) F5FEo] o8 7Y RAolgkn F439 o
Fig. 2014 BE ulel o] o] A& Fato weizl Hulel 445223 3704 98 e
FoE o F ] AFI2E opn| At vl ME N 2 #9194 signal peptide 9171 71 &
717 Adslar, C e §9497F 7B & REFHC] Qe Aoz ¥y 181, Venkatesh and
Brenner (1997)7F B¢ 2o F Fol4Q EEH 1I3WEE TUT AA EAste Aoz
g

7]

it
flo

rlr

2~al
T%

FA B AAE A HAFEEEY §& o}F AAZT2EY cloning, ¥
71ME 2 F ojFol A AAAE 7E ) sl 7|18t JHeEtAl =HAk AAR Zhu et
al. (1985)°] A% 9 metallothionine gene promoter$t A}#e] AT ZE FAAE FRold o
RS AFoR AR £1 T EHom wEA AT + de A ojF] A @
B A7} ofFolA gkth FHZoE Nam et al. (2001)0] ¥l #&A] B-actin promoterst 4

2R FAAE T olFeA fdd +3AE AT sl FAHAAP o2
AEEZ &3 oF A2 AN HEE EuF vt ok

ole
flo
flo

o r.?‘.'. i
}Ol'

o

of AT gulel Ao 4FEE § g
R4l Yolus AYAAY AA7IHE BEATIEE 979 F2aeR YPse
cDNAE cloning#t3 E. colicl 8] B8 FEadch 28\ o}a71x) Bulele Fu4
IgHoz o)FoiAA go} BulE ROE AT EN I §AAY ol§L ofele
AAIAT B ohrlote] oiF rlelA Hutelsl FRAMC] e AT ABHT Qov, 2
& o F3t SACIFY FRAM B ATE TUH AAYL Aok webA, DA gL 3
ol Hutele] FRAL] AR oz o[ FolxA B o] AT AHE F8AA o8

2]
2
©
u
r)v

iq]

y
< L



lozjelz @AY,

(2) 54

A ZE2ELS GubAR el fARE XEEH 542 7H prolactin, By
lactogen, somatolacting X33 @A 1Fo] &3} single chain B¥ Aot (Watahiki et
al, 1988). |, H3l5A|, WY A2E Bk §4, ALE T8t ey 2HL HY 328
A 24, &g Bojdth(Harvey and Hull, 1997). o] AL AA|e] Azt wo] Ao g9
33 BES H8 4ok

Y74 s2Ee 4%, AXA B4 94, AT AR, B A9 2E% 2, o
& Fo) UEE tkle 239 WA BT oz 2=z A FhAel B4 AT 2L o
40 328 A2EA V5ol DeIPY. A% 52EL £F Ty FU0) FHL AN A

& 287132 deiA JA BtHHadley, 1996).

3

FolFol N 4% 52Ee AFHoz HR2Ad Hefs Aoz YA Uk oI
2 ojr] dojE olgd FYUT ATE B ofe] F2H sl50] AT 4% s=Ee

372 w9 ohleh A4sk FeaA gae Ao o @k 4

(o2} R4 D—I_‘ '81'
F 32RL 4 HeH A ARG To3itt a8z ofd dojd) o7 79 53 ¥k o}
Yzl A3 Ho| 358 F2 AlZItH(Bjornsson, 1997).

$E AR ¥ ABAZ, 22w 29 4 AT F71E

oz Aiisleld.

L
%
N
N
s
S
)
r‘
3
ox
©

E. colidlx B8 olfe 4% 2E2L 3T FAT d7NM A7 AEE vt of

Ugt 449 238 BAde Ba1rt tk(Jeh et al, 1998; Ben-Aia et al., 1999).

of ATdME AEolFe dUFY SAol(seven-band grouper, Epinephelus






RACE PCRol ©3 4% 32& cDNA 3-2ge ZZ

F AT T22 MEe] A A3 A" olF B T220M 7P HER I R
7} A5 primer F1 (5'-GACATGCACAAGGTGGAGAC-3')& @4 =ol5th o] primer
T F¥OF first strand cDNAE AH-E AFSEE DNAY 3-2¢ FEFS A
oligo(dT)18 primer2 AREHojZ ot ¥HEE mix+E 1x cloned Pfu buffer, 0.2 mM each
dNTP, 100 ng9l first strand cDNA, 250 ng®] primer®} 5.0 units® cloned Pfu DNA
polymerase (Stratagene, USA)7} £8530th. PCR £33 AToA 45% 7 71E, 53T AA
45% 7Y pimer A%, 72CoHAA 283k primer A% B4 25cycles AA 95TCHA 187 % 7}
g 3z 72°CoA 1087 HF 21732 SHDNA minicycler PTC-150, MJ research). PCR
< B3 Qo AES A, 293 AL

RACE PCRell @& 4% Z2£ cDNA 5-4de] &

Poly(G) tail& 25 units® £72 deoxynucleotidyl Ho]& A (Amersham Pharmacia
Biotech, USA), 1x TdT reaction buffer, 0.25 mM dGTP$} 100 ng9] first strand cDNA7Z}
39 AA 100 L reaction volume2 37ColA 1A)7F F<F whgAle] FAE first strand
cDNA 9] 3" 2] Hal ). Oligo(dC)18 primerZ AF 4% T2&A 714 BEH 3-2
@ 29 A= FAd=EA primer R1 (5'-GTC TCC ACC TTG TGC ATG TC-3")&
A% 32 cDNA 3-2d ZFoj AMSE 217} $YT 21002 4% $28 DNA 5'-2¢
Z%o| ALl

AA 522 cording regiond %

Signal peptideE X §3}+= cording region F2 (5'-GAG ACA TAT GGA CCG
AGT CGT CCT C-3') forward primer$} R2 (5'-GAG AGG ATC CCT ACA GGG TAC
AGT TGG CCT-3’) reverse primerE AHg3t] &390 S ¢cDNA 9 FF 234 5
U3}, WA signal peptideE E 3312 & cording region &4 Aojd 54 xhoz F

Z3t5 F2 primer 4l F3 (5'-GAG ACA TAT GCA GCC AAT CAC AGA CGG C-3')
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primerE AR&-3}I

Escherichia coli [BL2]1 (DE3)] M Xoxe] AAsar 1y

signal peptideE X33 A U 3HA] &+ coding region®] £$Z& Ndel ¢ BamHI & A

e 3 A 2319 pETlla 28 HEZ olgdld 224sA. o] Hee 24987 o

Ndel and BamHI £ A9 & A+ dZeA] 943 7l aaE o83t 2is)

A2jstAch. Ligation ¥ Alzate) whdel] whe} BL21 cells 2 493t &a}23(100uL/mL)o]

EgE plated] =23 AdE FTEYE sy 938l Novagen's vector-specific
primers& ARE-3t direct colony PCR& <3)3ith

BL21 (DE3) A2t gAc2d E2t2r| =28 AU3lal 452 28s f=st
7] 98t 7L wet IPTG (isopropyl-B-D-thiogalac- topyranoside)® HZE¥% 1mM
ol H=& H7}et 30T 3AEERT Mgt OD600=0.60] H=F ch 2 F A ZujFy
9] 15 uLE 90T A 587 HAAIA 12% SDS Aol Z3 Coomassie Blue R-250 A AJeko.
2 A gd(Fig. 11).

Uy glde] S-S 2437 et 18T 30TAHA AZE vl F 50
Tris-HCl buffer (pH 7.5)9] 3 mg/mL lysozyme2 2 MEE £3|A)7]|2 G 1 o)== AL
AW AR 2 F AEE 255 B33t 4T M 208 5 16,000 g2 A4Eeldte] 439
7 ds Bt FoA T A Ao AU F At

Y oEe|Ss} opulire] PG ¥4

AARAs2 2 A e] N-2¢ signal peptides SignalP World Wide Web server

Ueht glon 329 (cleavage sites)9} signal peptide/non-signal peptide o &2
Aol Zzago g Pagct a8 a oz} F29 o &L nnpredicto) A SR oD o) T2
Fe opudt MG e 7 1Y 23 P2 BYS dFdte Zaaolrt. o] T2
718 Y8 += two-layer, feed-forward neural network &1z|&g o]&3ld =3 = Aot}
sbgGH A Qe 23A Je & A3 =29] 9714 Q7 CLUSTAL W Multiple Sequence
Alignment Program (version 1.8, 1999)2 %3 ulu3}gy & TE EHEL FY4 AR
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Ae}(National Center for Biotechnology Information,NCBI) o 93} 7i*#¥ BLAST (Basic

Local Alignment Search Tool) program2.2 43 H1oH ALE7l53E 28 97|14 49F dlolH

o $AEE ZARICH

(b 2t 2 E9

E. septemfasciatus 333 2%9] cloned cDNA 97]1X 82 612 bp9 open reading
frameS EF3la Qom FA(15.7%)2 MA(12.3%)S F8 FAZELEZE e EAHF 23028.3
g/mol (theoretical isoelectric point =6.90) & | elo]=& FJJIck(Fig. 8). d&H ©i =
< signal peptide2 FAHHE 1770 of]ieqhe 2ton oL A F ¥ AHoA dEHoE
£3He Aolth. od tolHE Ax @AY opn]idl AMHel #A3jA o] & 4 Qlvk v 4
ZIMEEHZAT N-2oA o8& 3719 AFI2E2 17HA9 18WA 28 F9(cleavage
site) A}o]9] signal peptides ¢} ¥ FAMIS Bol& 17709 ¥& AFA A7) wWi(stretch)
£ 39 3}Hon o]AL o] HEo] AAZT =R ALA Y signal peptideE XF T Aolgde= &
S WX o] signal peptides QAF[FA714(Agellon and Chen, 1986), 3ao{(Sekine
et al.,, 1989), &4 o}(Gonzalez- Villasenor et al., 1988), tHA¥<dol(Lorens et al.,, 1989), °|&
2 2279) opiAt, AFE T} o)F [indian catfish® 22789 o}v]:=iK Anathy et al., 2001)],
¥ F5E[F(Rohn and Weigent, 1995), A}#(Roskam and Rougeon, 1979), & AAs=&
(Santome et al, 1973)& 267)¢] ojv|:=i}] B} 22 o2 yeiyth A4 DAL 187749
ofpj:AtS X33l o]AL olu &R 9= FX(Kariya et al, 1989), gilthead seabream
(Funkenstein et al., 1991)¢} yellow tail (Watahiki et al., 1988)2] AJ<sgtulAu} 2+ H7]0]
t} &Auk B EF59 oF[Yoj(Chao et al, 1989), Fdo](Sekine et al. 1985), &¢Ho]
(Gonzalez-Villasenor, 1988), F-A17§4¢] (Rentier-Delrue et al, 1989)]¢] 4&A5 =2 Hrle
9] ofmjicito] REste] Frh 12ji} o] AL red seabream®] AFEE2E Mot )¢ ofvl
=448 o 72 e m(Momota et al, 1988), ol R L65 ofr|=4t ofth L65 & &4°4 of
=4S 7h YA1EE olveAt o], o]Ro] ALHW T2 AFAQ AYE YA 2 =
A& Aol

tilo
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dl A Al2EIQl Z715-3(Cysh2, Cysl60, Cysl77, Cysl8s) A< sbgGHAA] w4
HRo E37], H(Lamb et al, 1988)3% EHF5E([rat (Rohn and Weigent, 1995)
(Santome et al, 1973), S}X|(Kato et al, 1990), ¥&(Yamano et al, 1988), &

S
(Ascacio-Martinez and Barrera-Saldana, 1994), A}#HRoskam and Rougeon, 1979)]¢] tt&
Y52 A% e A A8 JSich AzEQ BI1E Aolo] T S-SATY =)
2 he TREEY AFTEEANM dEEHAeH o]F9 S-SAFL 724 FAgt =2
REEH A0 ¢ Fasickn ¥3]3 cHAnathy et al, 2001).

i

lo

3714 753 N-glycosylation site (Asn-X-Ser or Asn-X~Thr)= sbgGHS] o}u]
AL EA glen g g2 Az 2 e Asnl8d Ao HFFt G249 23}
Z T4 w29 sbgGHY] 52.5%9] a-helixes +Z9 59%9 44 71452 AU
)AL F2 AL signal peptide F-ANA At & AFA S Koo 66.2% H=9 77

7b &uliol sl 16% olde] 27l Ehe] &3] d Aoz ddEd AU o]RAL AvlEER
W 328 089 BEF 322 YIS Tetn glon SHARE 20294 oln)xAl 712 94
S sbgGHE £ 4MFEH 1794 oln|iide] vt B34 ¥9& XT3} gloy o]
BLAST-P program$ ©}83to] th2 AE3} Hladhes Sdole FAIEAT 1484 A12H 204
WA opu]i=At Ato]o) ofg HEARI BoE & FHAMY HFZ =22 S 837 Y probe
Azl of¢ 58 Zojtk

t

-

o

“All non-redundant GenBank CDS database”)|X1¢] X 83 sbgGH o}m)eAt A E9)
H|3+= BLAST-P program ¥ analysis of 450 proteins& ARE&le] 279 T} o7 7 Fe
3t homology & ¥¥ o 7Ithel we} homology®] HEE oF, YAMF, 27/, 457 TRF
o) M2 ZaAk Caranx delicatissimus (hard-tail jack)] A5j2] A% gld 482 &
< $948(67%)F BAFUch 23L& 230 dol, Yo, w7, Au]e} ofzte] wige] 22 g
FY ojF 4 zE2EF FHAD FYLAED EUh hard-tail jacke] 49 A AR MF
AHFEY A E 02 o] AREHIL AMYS €U Fride & O wHe Hel dojd @
H Bt 28E sbgGHY =& homologyE Zte AA 3289 A3 WAHSHA #Ed
TFAME AFZE2E0] HluHo T A& 0] FEFE AFF Cottus kazika BF3ZE2
2 E. septemfasciatus® 87%2] $YAL FAld 5% AIFo)F Periophthalmus modestus
Sk 27 64%9 FYAS Btk A9 AR BMEE £FEY a1g4A, ° 7k BAY &

el 2E5o0A 2 score?] A% 2R ¥ score?] THE Do BAA EFYY 2
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& Bt} sbgGH A Eo] @& homologyE Bttt d& EW, AZolF Abramis brama®] 3%

32228 shgGH FMFY Xenopus laevis B T2 B} @& A9 {FAME 7MY

(Fig. 10). o]R& ¢ & A #4419 5EYA T 22 polypeptide MBS FASEE Aol A
3l o2 HQlth o)A polypeptide ME #4202 FEAAM A3} #Ae F4E B384 3

o

Watahiki (1989)= 470¢] CysteinS st 37 A E-E AU 2R3 20709 A
% 5229 67)e) =213 YAU(GDS, ILASH GDD)oIH BEH 24 Y2e] GD5 o] 72
FolH 208 VL FPste Ao AYslE AP FA0) B EdolN 2L GDI, GD?,
GD3, GD4 o] tjgshe Ade Te Ars Agsars] S¥e Al Badchn 4ol
t}. o] GD5 X o] 474e] BE © Cys A7lolAe] 3748] EAe B2 Hgslo] Fa o
B ¢ RAoT AUt ILA A9 AsdTe] F5H g Bolste oz LA gloy
RE o] 37 27 sbgGHAA 2AAHFig. 8).
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CGAGCAGCTGAACTCAGACCTGATCCACCAGAGCCAGACCTGATCCACCAGAGCCAGACCAGATCCCAGACCAGCC
ATGGACCGAGTCGTCCTCCTGCTGTCAGTAGTGTCTCTGGGCGTTTCCTCTCAGCCAATCACAGACGGCCAGCGTCTGTTC
MDRVVLLLSVVSLGVSSQP!'ITDGAQRLF
TCCATCGCCGTCAGCAGAGTTCAACACCTCCACCTGCTTGCTCAGAGACTCTTCTCTGACTTTGAGAGCACTCTGCAGACG
S 1T AVSRVQHLHLLAQRLFSDFESTLAOQT
GAGGAGCAGCGACAGCTCAACAAGATCTTCCTGCAGGACTTCTGTAACTCTGATTACATCATCAGCCCCATCGACAAGCAC
EEQRQLNKIFLQDFCNSDY 1+ I S§P 1 DKH
GAGACGCAGCGCAGCTCCGTGTTGAAGCTGTTGTCAATCTCCTATCGGTTGGTGGAGTCCTGGGAGTTCCCCAGTCGGTCC
ETQRSSVLKLLSISYRLVESWETFPSRS
CTGTCCGGAGGTTCTGCTCCCAGAAACCAGATTTCTCCCAAACTGTCTGAATTGAAGACCGGGATCCTGCTGCTGATCAGG
LSGGSAPRNQI SPKLSELKTGI I LLLTIR
GCCAATCAGGACGGAGCGGAGCTCTTCCCTGACACGTCCGCCCTCCAGTTGGCTCCTTATGGGAACTATTATCAGAGTCTG
ANQDGAELFPDTSALQLAPYGNYYQSL
GGCGCCGACGAGTCGCTGCGACGAACGTACGAACTGCTGGCGTGTTTCAAGAAAGACATGCACAAGGTGGAGACCTACCTG
GADESLRRTYELLACFIKKDMHKVETTYL
ACGGTGGCTAAGTGTCGACTCTCTCCTGAGGCCAACTGTACCCTGTAGCCCAGCCTCTCCAGTATCAAGACACGCCCCCAT
TVAKCRLSPEANTCTL
GTGTATGATGTAATGCTGTGTGTTCTGTAGTCCTGCCCACATGTTTTCTGACTCTGCTAATTAGCATTAGCATTAGTGTTA
GCCACAGTGTTAGCCTGTGTTCAGTGGTTTGTTGGAGCAGGTGTTATTATGATGACAGCCGTCGACAGGAAGTGATGTCAT
ACTGTCAACATGTGTaataaaGTGTGTGCTGTGTTGCATTCAAAAAAAAAAAAAAAAA

76
187

27
238

54
319

81
400
108
481
135
562
162
643
189
724
204
805
886

Fig. 8. Nucleotide sequence and the putative amino acid sequence of Epinephelus

septemfasciatus growth hormone cDNA. The poly(A) tail is highlighted and the

polyadenylation signal is given in bold simple case letters. The putative signal peptide

sequence is underlined and the evolutionary conserved five domains (GD1 to GD5) and

the region correlated with insulin like activity (ILA) are indicated.
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E. akaara MDRVVLLLSVVSLGVSSQP | TDGARLFS | AVSRVQHLHLLAQRLFSDFESSLQTEEQRQL
E. awoara MDRVVLLLSVVSLGVSSQP  TDGARLFS | AVSRVQHLHLLAQRLFSDFESSLQTEEQRQL
E. septemfasciatus MDRVVLLLSVVSLGVSSQP | TDGQRLFS | AVSRVQHLHLLAQRLFSDFESTLQTEEQRQL
E. coioides MDRVVLLLSVVSLGVSSQP | TDGARLFS | AVSRVQHLHLLAQRLFSDFESTLQTEEQRQL
ek kR kR R Rk KRR R R K
E. akaara NK|FLQDFCNSDY | | SP I DKHETQRSSVLKLLS SYRLVESWEFPSRSLSGGSAPRNQ!F
E. awoara NK [FLQDFCNSDY ! | SP IDKHETQRSSVLKLLS | SYRLVESWEFPSRSLSGGSAPRNQIF
E. septemfasciatus NKIFLQDFCNSDY | ISP IDKHETQRSSVLKLLS|SYRLVESWEFPSRSLSGGSAPRNQIS
E. coioides NK IFLQDFCNSDY | ISP | DKHETQRSSVLKLLS | SYRLVESWEFPSRSLSGGSAPRNQIS
Tk ok ek kR Kk ke
E. akaara PKLSELKTG!LLL | RANQDGAELFPDTSALQLAPYGNYYQSLGADESLRRTYELLACFKK
E. awoara KLSELKTGILLL |RANQDGAELFPDSSALQLAPYGNYYQSLGADESLRRTYELLACFKK
E. septemfasciatus PKLSELKTG!LLL |RANGDGAELFPDTSALQLAPYGNYYQSLGADESLRRTYELLACFKK
E. coioides PKLSELKTG!LLL IRANQDGAELFPDSSALQLAPYGNYYQSLGADESLRRTYELLACFKK
E. akaara DMHKVETYLTVAKCRLSPEANCTL
E. awoara DMHKVETYLTVAKCRLSPEANCTL
E. septemfasciatus DMHKVETYLTVAKCRLSPEANCTL
E. coioides DMHKVETYLTVAKCRLSPEANCTL

Khkkkkdkkhkkkkkhkhkixhkkhkhkhkhk

Fig. 9. Multiple sequence alignment of known Epinephelus growth hormone amino acid
sequences. Asterisks show identical sequences while polymorphic regions are shown by
dashes. Epinephelus septemfasciatus growth hormone had score % of 99.5, 99.0 and 98.5
with Epinephelus coioides (AY038606, unpublished), Epinephelus akaara (Kang et al,

2003) and Epinephelus awoara (AF232711, unpublished), respectively.
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AFE 7hE 2aE AFEBo|n o 594 Ao) AHHUTGT AZDT. FoIBL ofF
% 714 O o122 Tl ol el 2(Order)oln] 71 & A% FEZo|Y, Foj2o] &5

= E. septemfasciatus= 4%9| Epinephelus A3 283} &7 M3 FHojF ) ofn|ite]

ofr

Hl3l= E. septemfasciatus growth hormone® T <& 3702l Epinephelus growth
hormones< W42 2 Multiple Sequence Alignment Program .8 43 5]o] R tHFig. 9). ©]
@71 BEL £ FAEE YR 23 1479/ o8-S Jehdch ofri=ql o3e 51
A 120987 147904 A Fo|A Bt A 51 ARM B BEAF LHAHE serine e
E. septemfasciatus} E. coioides®|A] threonine® HIAROH, ITAL A&dF} 2L FF
o] Atk 7IfHARE A U} o]RE FF olm|kido] FANG IS THE
7Fe¥A EEth e 2 oL HESAD 99 WolM 4Ad familyd] &3t3 4% 222
o] FF ZFAM EAg Fidog FAHAAAY, 24 KA} ¢ AL FHA By ZY
Aol A& F7t FH Aol ol dojstrtn YAE olF sbgGH sequencet T2
o] F9} somatotropin hormone familyd] &8t 1523583 vngolAch ojAL via
FolA £+ A3}te] #AE 9F8}AL, paralogs 3 orthologs®et ollg} A3te] el o}
17 93 {83tk e B(FE vithe] F8) TEY A% T2E A AAAL b5 F
Y REFE U2 24 A3 FE o & 59 agnatha(F4T15E), chondrichthyes(dZ0] )
o A THF 2L 2 FAA 25709 opr|itE EUY o] 25 I AFE GD5 AF e
A Ze 22 10/0E FulEth olASL 3709 leucine (Leul74, 175, 189)& EF3icth a7&
oo} Bxto] A4 FA9] et sto] WHExT FET  Threonine 187, Tyrosine 188 and
Lysine 179, Aspartic acid 181, Histidine 1839} 7383k A7]= 25 AAls} IAFLA A5a-8
o] £219 ¢HAsE St Ax B2 O& BFIF AT 32EF 2], sbgGHE t&

H ¥ ZFEE 87 Prionace glauca (FE40))9k vlusEe [LA X9dA e
=

:

tio

€ olA9 A7} dAFA: ZEY,

sbgGH+= E. coli (BL2D)oJA T@sojH o, Agle] BN PTG f=d AEH
IPTG g AEH vy 52 Zx o g2 W= el ot o] A M pre-A% 287 A
43 gl BEagke ol23Q 4 ARG A A 30TA LddHE sdgGHE AXE
Yol FE24 A3, $EE L5 2 18CE B30 FHS AEdYeH ol 3% &4
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A A2 29 4% A Ao F AHEY 10-20%F o 35 &a&Y A5s

AT, aeg g3 ¥S 7] HsiME 30CHED 18T/ oty Aztdnh 2R &%

guanidium ¥4E7 ureast 22 L33 AAIE AHESlAL Qe AA FREdA DAL &3

g 7 UASAE ZEY. E colidlXY w2 FF A= 4z 8

sbgGHY| $HH22H o] Al&FE A + S Aolgt At
A

slol22FUE F38t sbgGHO 858 4% + A&

o
4
rr
&
o
=
o
=h
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=
=
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Gallus
Chelonia
Delphinus
Prionace
Rana
Epinephelus

Petromyzon

Gallus
Chelonia
Delphinus
Prionace
Rana
Epinephelus

Petromyzon

Gallus
Chelonia
Delphinus
Prionace
Rana
Epinephelus

Petromyzon

Gallus
Chelonia

Delphinus

MAPGSWFSPLL | AVWTLGLPQEAAATFPAMPLSNLFANAVLRAQHLHLLAAETYKEFERT 60
AFPAMPLSSLFANAVLRAQHLHLLAADTYKEFERT 35
MAAGPRTSMLLAFALLCLPWTQEVGAFPAMPLSSLFANAVLRAQHLHQLAADTYKEFERA 60
YPLLPLSDLFAKAVHRAQHLHLVAAETTKDFERK 34
-MASGLGSSLVLLVVICLASPQGFNAFPRVSLSNLFTNAV I RAQHLHQMVADTYRDYERT 59
————————— MDRVVLLLSVVSLGVSSQP | TDGQRLFSAVSRVQHLHLLAQRLFSDFEST 51
MKGGSLAQLLLVMSVLARDAWGRPAARDNDPLRDLNLA P | AEFVYHLSSQAYAELQEKP 60

* * *

Y {PEDQRYTNKN--SQAAFCYSET [ PAPTGKDDAQQKSDMELLRFSLVL I QSWLTPVQYL 118
Y | PEEQRHSNK | -—SQSASCYSET | PAPTGKDDAEQKSDMELLRFSL | L | QSWLNPVQFL 93

Y IPEGQRYS1QN--TQAAFCFSET |PAPTGKDEAQQRSDVELLRFSLLL | QSWLGPVQFL 118
Y IPEEQRHSHKS-—-SPSAFCQSET | PAPTGKEDAQQRSDRELLLYSLLL | QSWLNP IQNL 92

Y | PEDQRLSNKH--SYSVYCYSET | PAPTDKDNTHQKSD IDLLRFSLTLLQSWMTP 1QIV 117
LQTEEQRQLNK[--FLQDFCNSDY | { SP{DKHETQRSSVLKLLS I SYRLVESWEFPSRSL 109
YHGEPPRVAPWSPPNVVMSCHPASWQAPSKKDEVLHKTDDELLR | SLEVLESWSG-~——- 115

* * * * * * % * L

SKVFTNNLVFGTSDRVFEKLKDLEEG | QALMRELEDR-~-SPRGPQLLRPTYDKFDIHLR 175
SRVFTNSLVFGTSDRVYEKLRDLEEG [ QALMRELEDG---SLRGFQVLRPTYDKFDINLR 150
SRVFTNSLVFGTSDRVYEKLKDLEEG | QALMRELEDG—--SPRAGQ!LKQTYDKFDTNMR 175

S AFRTSDRVYDKLRDLEEG | FALMKTLEDGG~-SSQGFAWLKFSYERFDGNLS 143
NRVFGNNQVFGN I DRVYDRLRDLDEGLH I L | RELDDG---NVRNYGVLTFTYDKFDVNLR 174
SG———— GSAPRNQISPKLSELKTGILLL IRANQDGAELFPDTSALQLAPYGNYYQSLG 163

————————————— VFLRTHA | PLAKQLAAMQRLLQDG-VATMSEGRKPALEFTSVGALPP 161

* *

NEDALLKNY--GLLSCFKKDLHKVETYLKVMKCRRFGESNCT| 216
NEDALLKNY--GLLSCFKKDLHKVETYLKLMKCRRFGESNCT| 191
SDDALLKNY--GLLSCFKKDLHKAETYLRVMKCRRFVESSCAF 216
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(3 ==

7h M&

Somatolactin  (SL)2 Atlantic cod (Gadus morhua)®t Japanese flounder
(Paralichythus olivaceus)olA & Edd T @¥A=Z (Ono et al, 1990; Pendon and
Martinez-Barbera, 1994), ZE°1%9 Hst5A FHANM A4s= growth hormone
(GH)/prolactin (PRL) familydl] &3l= H3lA] 280t ZAIFolfiA " SLS
single chain polypeptideZ <} 200-2097§¢] olujkAitzl FEAbFo] 25904 28 kDadl
glycosylated®} nonglycosylated HeE o]Fd)| ule} chakslA BEeEa slon, AZol7e}
ZHFS GHS PRL olvleAt A3 20-30% 354 S 23 Aot (Chen, 1994; Kaneko,
1996; Ono et al,, 1990). SL9] o}u]edt MEe HFojf79t HFFE9 GHS PRLY +x3
o2 fAEHY, % 24 fFAAERE FE0 Wo|AAS F3 Jskd A FZ53 A
o}

HA)7}A} Japanese flounder (Ono et al,, 1990)9} Atlantic cod (Rand-Weaver et
al, 1991914 SL @A} cDNA £4°] o]F0]3 #F, Atlantic halibut (Hippoglossus
hippoglossus) (Iraqi et al, 1993), sole (Solea senegalensis) (Pendon and
Martinez-Barbera, 1994), gilthead seabream (Sparus aurata) (Astola et al., 1996; Cavari et
al., 1995), red drum (Sciaenops ocellatus) (Zhu et al., 1999), rabbitfish (Siganus

guttatus) (Ayson et al, 1999)¢} European sea bass (Dicentrachus labrax) (Company et

al, 20000 S914 SL| £} - AshsHs S4o] Hesin sUck

dA74A] SLY 71%5-& BEstA] FAT, ddd HESH AA Bosle Aoz
253 k. I 92, coho salmon® 4 A&7 2E3} Al7ld) 8% SLY ¥= 7t
(Rand-Weaver et al, 1992), SLoll 93t W49t AHAoA in vitro steroidogenesis %
(Planas et al, 1992), sockeye salmon, chum salmon¥} chinook salmon®] AFgAj7]el| SL
A% Azel 8437t =l (Olivereau and Rand-Weaver, 1994a: 1994b). ©1& A<
SLo| dojz} ojf9] A4 715 2Ed #ATE F38 + AUtk olske g FAN Fo
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dAre vl5olA 7 2Ey 2] 802 ¥ SL v=7F F7FL (Kakizawa et al., 1995),
aZgFIA AZEFR o]FA] SL cello] AFH™ (Kakizawa et al, 1993; Kaneko and
Hirano, 1993), SL AAF A E7} Ao FA7) FojdAe vl A3H AE F2 o] #E o] A
A AR #oid Re g Al "t} (Kaneko, 1996). 199l red drumollA] i3 #H3}e] u}
€ SL ¥X% 93} (Zhu and Thomas, 1995), AW Q4 40 Bodte 7 27% EX
3 0t} (Kaneko, 1996). watA, SL& GHS} PRL3} 2o] 4754 M3l 322
ZAes Aoz AZHE

2 47 SEivest dEe 4 AN Fo FAdRelTeE FoT AAE
A s (Oplegnathus fasciatus) HstFA A S =e SLY 71%5< &U3817] 9%
A QAR EF H3l5A N mRNAE ®elste SL {3z dig cDNAE € !
Az 724 EFL gojFo] SLy vl - 2439k 28lx, £23 cDNAS #d
Blo] E243ld E. colidld 2dse Az S9AE 2ASIA

(Wb 34
cDNA ends (RACE)E )&% 3’3 5" @4 SL cDNAS &

¥ SL cDNAE Z2493}7] 918 GenBankell §& 5] 3l ZEoIFlA ¥z
SL 9714 49$ o] &3l multiple alignment® 4338l SL G71XE8F 7134 & HEH o
HolA PCR 5EL 913 forward primerg! SL-F (5'-CTC AAC AAG ACY(T/C) AAG
TGG GT-3')¢} reverse primerq] SL-R (5'-ACC ACT TR(G/A) CTC TTG TTG
AG-3")% A3 5 SL cDNA 3’ 29 £4& 533871 Y8 PCR ¥H3-2 50 ng9}
first strand cDNA, 1 uM SL-F¢} oligo (dT)18 primer, dANTPs, 10x pfu polymerase
buffer, 2.5 unit® cloned pfu polymerase (Stratagene, USA) &£ o] A7 E F/FTFE
7Vete] HE BEE 50 w2 233 DNA minicycler (PTC-150; MJ Research)& AH&-3}
o PCR Z%3l¥ct 3 @ & SL cDNA FE2 94TColA 1 £7} predenaturation, 9
ATA 30 %7t denaturation, 45Co|A4 30 %37t primer annealing, 72ColA 1 #7¢
extension& 303 WHE3lL, FHF 72TColA 10 £3F extension AT

5 @k S cDNAES Z2E3}7] 93] first strand cDNAY] 3" @&t dGTP, 5x TdT

reaction buffer, terminal deoxynucleotidyltransferase (Amersham Pharmacia, UK) &
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pBluescript II SK (-) vectoroll T4 DNA ligase (Takara, Japan)Z ©]-&3}] 16 CdllA 3}
F35<t ligation 3t the2 E. coli DHSao] #A X333 a-complementation A Elu) 2]
o] ==3}ted wjtstH L) ©]F white colonyE ¥ 3t ampicilline] 37+ LB brothol] 3
Z3ste] 37TColA 3 vikatdch viod-S 1.5 ml microcentrifuge tubed] Eo} AAIE
2}3}] bacteria pellet2 331, AccuPrepTM plasmid extraction kit (Bioneer, Korea)

S 0|83t plasmid DNAS EZ8tdch. #2® plasmidl SL cDNA E714E 24

rlo

dye terminator cycle sequencing kit¥} ABI 377 DNA sequencerE AM3l1

sequencing< 13} primer= pBS II SK(-) vectort] multiple cloning site®] SK¢} T7&
o] &3t (F)via 2 933ty EA3}ch

E. coli BL21(DE3)9lA] SL ©uia w3

E% SLE ¢338}81= open reading frame (ORF)& ZF24Y3}7) 98 248 8
SL cDNA 71X gel 71%38t 24 Al¢aA Ndel# BamHI #9& £ ¥3sh= OFSL-N
(5'-GAG ACA TAT GCA CAT AAT GAC AGC CAT G-3")# OFSL-C (5'-GAG
AGG ATC CTT ATG CGC AGT TGT ATT TCT CAG-3’) primerE A3l ORF
9] ZEo] o]g3tgct ZEF AEL HincllE& Z3 pBluescript I SK (-) vectorol]
subcloning 3 T2 A8 4 Ndel# BamHI2. £ double digestiondt] SL ORF& £33}
I 59 AgFgAZ 2 pET-11a vector (Novagen, USA)d] E2433}54c} o]& E. coli
DH5a9] & A A3l ampicillin®] 7Y LB agardl] w43l 2tg colonyE ampicillin®]
F+€ LB brothdl HFF plasmid DNAE £2J3tfich. £2]€ plasmid DNA7} ¢4g

SL DNAE Z3 JEA 7148 430

pET-11a%] cloning® SL cDNAE E. coli BL21(DE3)d| ¥AXM%3 &
colony & ampicillin®] 0] LB broth 5 mlol H¥38la] 37T ollA A sl FstAch
&2 A2 LB-ampicillin broth 5 mle] 1/10 3}4ste} AZF3ta OD600=0.6 7HA ¥
3ttt 97jo) 100 mM IPTG (Isopropyl-B-D-thiogalactopyranoside)& HEF&E 04
mMo| = Yo Az SL dide] Lo FEHES 30T 3 AzkEd g3}
t}. o] wigAe AR cellE 43T 50 mM Tris-HCI (pH 80), 1 mM EDTA
bufferd] #F3 ¥ 2x SDS sample bufferE 7}t lysis AATh Cell lysate® 12%

rlo

(<3}
=
o]

=
=
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SDS-PAGEd] #A71%4%3le] w89 SL @A bandS olstdc)

(th 2% g w2

€% SL cDNA A ¥ &4

g first-strand cDNAE F¥22 SL-F$} d(T)18 primerE °]4-3to 3 2
@ cDNAE PCR 5% 27, F 1180 bp7} $EH AT (Clone 1). 3’9 dG oligoS €9
first strand cDNAE SL-R# d(C)18 primerZ PCR FEA] ¢ 480 bpd 5 ¥ cDNA
7} ZEHAY (Clone 2). 0] A7NES -l"r..-’-‘ﬂlf'?lr 23}, clone 12 267 bp9 SL coding
region® 915 bp2] 3'-untranslated region (UTR)& 2 .28, clone 2= 26 bpe)
5'-UTR# signal peptide |71 EE& E83h= 458 bp9) SL coding region A¥< zw
Atk ] clone 13} 29 7)Z 8} 49 EF SLe| cDNA E7|ME7 ojnjxit NIDL Fig.
130} tehfdch
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AGAAGACTTCACGACTACTGAAAGAATGCACATAATGACAGCCATGCAGCGGAGTGTATGGGCAGTGTTG
M H I MTAMQRSVWAVL

CTCTGGCCCTATCTGCTTACCGTAAGCATCCCACTAGACTGTAAGGAAGAGCAGGGCAGCATCTCCCGCT
LwpPpyYLLTVSI PLDCKETETGGST'H SR

GCCCCTCCATCTCCCAAGAGAAACTTCTCGACCGAGTCATCCAGCATGCTGAGCTCATCTACCGCGTCTC
¢cPS I SQEKLLDRYV I QHAELIIYRVS

AGAAGAATCATGCTCTTTGTTTGAAGAGATGTTTGTCCCCTTCCCATTGCAGCTCCAGAGGAACCAAGCT
EESCSLFEEMFVPFPLQLQRNAQA

GGCTATGCGTGCATCACCAAAACTTTACCCATCCCCAGCTCCAAAAGTGAAATCCAACAGATATCTGACA
GYACI TKTLPI PSSKSEILIL QQ1! SD

AATGGTTGCTCCACTCTGTGCTGATGCTGGTCCAGTCGTGGATCGAGCCTTTGGTCTACCTGCAGACCAC
KWLLHSVLMLVASWIEPLVYLQTT

ATTGGATCAATACGATGGCGCTCCTGACATGCTACTCAACAAGACCAAGTGGGTGTCTGAGAAATTGATC
LDQYDGAPDMLILNEKTI KWVSETKTLI

AGTCTGGAGCAAGGGGTGGTGGTCCTCATCAAGAAGATGTTGGATGAGGGAATGATGACCACAAACTATA
SLEQGVVVLIKKMLDEGMMTTNY

GTGAGCAAGGCATATTCCAGCATGATGTGCAGCCAGAGATGCTGGAATCTGTTATGAGAGACTATACCTT
SEQGI FQHDVAPEMLESVMRDYTHL

GCTCAGCTGCTTCAAGAAAGATGCCCATAAGATGGAGACTTTCCTCAAGCTCCTCAAGTGTCGACAGACT
LS CFKKDAHKMETTFLIKLLKT CRAQT

GACAAATACAACTGCGCATAAAACATAAAGTGCAGCTTTTAAATAATACAATGTTTAGCTTTAAATTAAT
DKYNCA =
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140
14

210
38

280
61

350
84

420
108

490
131

560
154

630
178

700
201
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207



TCTTGAGGTTGGTAGCTGTGCACTTATAGATGTGACCATGCCTTAGGCAATCCAGCCTTGTTTGCAATGC 840

AGTACATTCTTTATTGATTGTTTTGGAACACCTTCACACAAAAATAAGTAGGTGTAATGCTGTGCCCTTT 910

CTTCAGCATACTGCATTTTATATTTCCCTGCTCAGTTGTTATTTTAACCTGGCAAAGGCAACAGAGGGCA 980

AACTCCCAAAAGATTATTTGCGTGTCGAGCTGTCAAAAAAATCTGCATATCCTGCCATTGATTTCCATTT 1050
CCTTTGTTCTTAACTGGAGTTTGTATTCCTCGCTGGCTCTTGCAGTGTTTTGATTATTCCCACGGCCCCC 1120
AGAGTATTCAGTGAGACTCCCGTTTTAAATGGAGTTGGGTTCACTTCTGCATTAGTGAAATGAAACACTT 1190
TCAGCGGAGATGGGAGTCAAACAGAGAGCAATCACTACTTTAAAAAAGAGACACATTTTGATTGGTGAGA 1260
GAGTGTGTGAGAGAGACACAGAGAGAGAACAAATACCAGATAAAATGAGAGGCAAGCCTTATCTTGAGTG 1330
TTTGGTTAGACACAGGTTTAGATTTGTTGAGTGTTCATGTAAGAATCGTGAATATTTCTATGCCTAAACG 1400
TGCCTAATTTAACCTGAGTGTAGTAAAAGAAGTTGATTATTCACTTTAAATCATCAGGGGATATACAGTT 1470
TAAATTTTAATCGTTAGATGTTATGAATATGTAATGCAGACTGCACTCTACACTTTTGTACTATCATGTG 1540
TAAATAGAAGAAGCCCAATGTACTGTGAAAACCTTTCTAGTCGACCACTGTTGATTTAAGGCGCTAATAA 1610
AGCAAGTTTTAGAAAGAAAAAAAAAA 1636

Fig. 13. The nucleotide sequence of rock bream SL and its deduced amino acid
sequence. The signal peptide of 24 aa is underlined. Stop codon is indicated by an
asterisk. Seven cysteine residues and the polyadenylation signal are in bold italic

letters. Two potential N-glycosylation sites are boxed.
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Rock bream
Atlantic halibut
Flounder

Sole

Rabbitfish
Gilthead sea bream
European sea bass
Red drum
Lumpfish
Atlantic cod
White sturgeon
African lungfish
Eel

Chum salmon
Goldfish

Channel catfish

Rock bream
Atlantic halibut
Flounder

Sole

Rabbitfish
Gilthead sea bream
European sea bass
Red drum
Lumpfish
Atlantic cod
White sturgeon
African lungfish
Eel

Chum salmon
Goldfish

Channel catfish

Rock bream
Atlantic halibut
Flounder

Sole

~=-MHIMTAMQRSVWAVLLWPYLLTVSIPLDCKEEQGS I SRCPSTSQEKLLDRVIQHAEL IYRVSEESCSLFEEMFVPEP
———MNMMTVK-QGVWAALLWPYLLAASIPLDCKDEQGSF SACPS 1 SQEKLLDRVIQHAEL I YRVSEESCSMFEEMFVPEP
——-MNMMTVKQQGVWAALLWPYLLTASIPLDCKEEQGSLSRCPSISQEKLLDRVIQHAEL IYRVSEESCSMFEEMFVPFP
———-MMTAVKQSGVWAVLLWPYLLAVSIQLDCRDEQGNMSRCPF I SQEKLLDR1 IQHAEL ISRISEESCSLFEELFVPEP
——MLMFTAIQRGVWVALLWPHLLTASMPLDCREENGNLSRCPTISQEKLLDRVIQHAEL IYRVSEESCSLFEEMFVPFP
~—MRMIRATKQGQWAVLLWPYLLTAS[PLDCRDEQGVLSHCPS I SQEKLLDRVIQHAEL I YRVSEESCSLFEEMF IPFP
LWPYLLTVSIPLDCREEQSSLSRCPSISQEKLLDRVIQHAEL IYRVSEESCSLFEEMFVPFP
~—MYMMTALQRGVWASLLWPYL I TIS[PLDCKEEQGSLSRCPSISQEKLLDRVIQHAEL IYRVSEESCSLFEEMFVPFS
——-MHLVSVIQRGVWAVLLWPNLLASSVPLDCREEQGILSRCPSISQEKLLDRVIEHAEL IYRVSEESCSLYEDMFIP--
MH-TLAAVVVLQVCWAAVLWPCPPTHSSPVDCREEQAGSSQCPT 1 SQEKLLDRV IQHTEL I YRVSEESCSMFEDMFVPFP
—-MQKVKVLQVCAWVLLLWRCWGVLGYPLDCKDEQGS I 1SCTSISLEKLLDRVIQHAEL IYHVSEESCTLFEEMFVPVS
MHNWKGVWLCSLFLTFGQLWNGIL-LAYPLDCKDEQGSYTRCTS ISLEKLLDRAIQHAELLYRVSEESCTIFEDNFAPFS
-—-MFSIRMNKVLQGFVCLMLTHRIVGYPMDCKEDQDG’TRCPSISLDKLLﬁRIIQHAELIYRVSEESCTLFEEMYIPSS
——MNMMQVMQSVVWAVLLWPCLVSLGVPLECKDEQGSI ILCASISKEKLLDRV IQHAEL I YRVSEESCTLFEEMFVPFP
—-MKKTTVLQVCMVFVVCSLQAV-1GSPVDCPDQDTAGVSCI - I SLEKLLERAVQHAEL IHH IAEESKLLFDEML I SFG
———MIKTKVLQAWMG IWLCAVNGL-LGSDQDCSDRDPTGSRCS~ ISVEKLLDRAIQHAEL I YRISDEARTLFEEMF IPLL

LQLQRNQAGYACITKTLPIPSSKSE1QQI SDKWLLHSVLMLVQSWIEPLVYLQTTLDQYDGAPDMLLNKTKWVSEKL ISL
LRLQRNQAGYACITKALPIPSSKSE 1QQI SDTWLLHSVLLLVQSWIDPLVYLQTTLDRYDNASEMLLNKTKWVSDKL ISL
LRLQRNQAGYACITKALPIPSSKSE 1QQI SDTWLLHSVLMLVQSWIEPLVYLQTTLDRYDNAPDMLLNKTKWVSDKLISL
LRLQRNTVGYACI TKALPIPSSKSEIQQI SDKWLLQSVLTLVQSWIEPLVYLQTTLDRYDNAPDVLLNKTKWVSEKLVSL
LQLQRNQAGFTCITKALAIPSSKSE 1QQI SDKWLLHSVLMLVQSWIEPLVYLQNTLDRYDGAPDMLLNKTKWVSEKL ISL
LQLQRNQAGYPCITKALPIPSSKSE1QQI SDKWLLHSVLMLVQSWIEPLVYLQTTLNRYDGVPDMLLNKTKWVSEKLMSL
LQLQRNQAGYACITKALPIPSSKSE 1QQI SDKWLLHSVLMLVQSWIEPLVYLQTTMDRYDGAPEMLLNKTKWVSEKL IGL
LQLQRNQAGYACI TKAFPIPSSKSE 1QQI SDKWLLHSVLMLVQSWIGPLAYLQNTMDHYDGAPDMLLNKTKWVSEKL ISL
LQFQRNQVGYACI TKTLPVPSSKNE 1QQI SDKWLLHSVLMLVQSWIEPLVYLQTSLDRYNAAPEMLLNKTKWVSEKL ISL
VRLQRNQAGNTCITKDFPIPTSKNELQQI SDTWLLHSVLMLVQSWIEPLVYLQTTLDRYDDVPDVLLNKTKWMSEKL ISL
MRTQQNRARNTCI TKAFPIPGSKSE QKT SDKWLLHSVLMLVQSWIEPLVYLQKTLDRYDDAPDT ILNKTKWVINKLSSL
LVSQRSRNFNSCY TKGLRLPSSKSEAQQVSDKWLLHSVLVLVQSWIEPFVYLQRTLDTYNSLPGSLVNKTKWVSDKLPSL
IRAQLSRGGNACSTRSVPIQG—-R1QQI SDKWLLHSTLVVIQSWTGPLQSLQ I TMDLYDNAPDGLLNKTKWMSTKLMNL
MRSQRNQAGYTCATKAFPIPGSKSE1QQI SDKWLLHSVL ILVQSKIEPLVYLQTTLDRYDDAPDTLLKKTKWVSEKLLSL
VVNLHISEGTMCSPKTVSVPMSKTE1QQISDKWLLHSVL ILVQFWINPLVDVQASLMNYQNAPSALVDRSKLMSTKITSL
[PAHQVHGGNSCTSNLVRVP I SKLE1QQI SDKWLLHS ISILVQVWIEPLADLQDSLDMYDNVPSSL ISKTRWMSTKLMNL

EQGVVVLIKKMLDEGMMTTNY SEQGI FQHDVQPEMLESVMRDY TLLSCFKKDAHKMETFLKLLKCRQTDKYNCA-—
EQGVVVLIRKMLDEGML TATYNEQGLFQYDVLPDMLESVMRDY TLLSCFKXDAHKMEIFLKLLKCRQTDKYNCP—
EQGVVVL IRKMLDEGMLTATYNEQGLFQYDAQPDMLESVMRDY TLL SCFKKDAHKME I FLKLLKCRQTDKYNCA—
EQGVVVLIRKMLDEGTLTTTYNEQDLLQYDVLPDMLESVMRDY TLLSCFKKDAHKME I FLKLLKCRQTDKFNCA—~
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Rabbitfish
Gilthead sea bream
European sea bass
Red drum

Lumpfish

Atlantic cod
¥hite sturgeon
African lungfish
Eel

Chum salmon
Goldfish

Channel catfish

EQGVVVLIKKMLDEGMATTAYNEQSLFQDDAQPDMLESVMRDY TLLSCFKKDAHKME TLLKLLKCRQND 1Y SCA—
EQGVVVL I KKMLDEEMMTTTY SEQGLFQDDGQPEMLEY VMRDY TLL SCFKKDAHKME [ LLKLLKCRQNDMHSCR-—
EQGVVVLIKKMLDEGMMTTTYSEQGLFQYDVPPEMLESVMRDY T 1L SCFKKDAHKME ILLKLLKCRQTDTYNCA-~
EQGVVVLIKKMLDEGILTTTYSEQGLFQYEVQPDMLESVMKDYNLLSCFKKDAHKME ILLKLLKCRQTDIYNCP--
EQGVVVL I KKMLDEGMLT INHSEQGLLQNGVQPQMLESVMRDYTLLSCFKKDAHKMEAFLKLLKCRQTDRYNCS——
EQGVVVL I RKMLDGAILNSSYNEYSAVQLDVQPEVLES ILRDYNVLCCFKKDARKIET ILKLLKCRQIDKYNCALY
EQGIVEL I RKMLDEGLLAVDH-QQTLTRFDVQPEVVESILRDYAVLTCFKKDAHKMEVFLKLLKCRHTDKMSCY IS
EQGIVVL IRKMLHEGL I TTDF-QQSV IETEPSPEI TDSSARDYMILNCFRKDAHKMETFLKLLKCRQ IKKLNCY—
EQGVTVL IRKMLNEDILVSDP-SQNLTHFATQPNMYESVLTDY TLLTCFRKDAHRVETFLKLLKCRQSDRL SCFLY
EQGVVVL IRKMLDDDMLTTSYYEQGVAPYALQPEVLESVLRDY TLLSCFKKDAHKMETFLKLLKCRQTDKY SCFLH
EQGILVLIRQILGEGGLVVEG-PEDTSDHFVSSDTFETVRRDYSVIYCFRKDAHK IQTLLKLLKCRQIDKENCSLF
KQGVLVLMSKMLDEGSVELEN-NESMLRH I VAPAMAEHVLRDYAVLSCFKKDAHKMETFLKLLRCRQTDNPTCSLF

Fig. 14. Alignment of the amino acid sequence of rock bream somatolactin with
other teleost fish somatolactins Six conserved cysteine residues are indicated with

capital letters and the conserved potential N-glycosylation site is boxed.

E¥ SL cDNA9| g71A182 1636 bpZ #UHAT EF SLL 25 bpe| 5'-UTR,
SL prehormone & ¢&3}5H= 693 bpe] ORF$} 865 bpel 3'-UTRE FAH Qict. EF
SL& 2471¢) aaZ FAH o] Y& signal peptide®} 207709) aag! mature protein®.2 o}
Atk EE SL9 polyadenylation signal sequencet poly(A) tailollA] 4% 15 bpell 43
3l Qor 1 AMge AM|MEA H1HI U consensus sequence$! AATAAAS}
FY3ic). ORFell 7128 €5 SLY AFH S84 oF 26,775 Da¥ 5622 dFHUG
(Expert protein analysis system-proteomics server from the Swiss Institute of
Bioinformatics). =3, £% SL ofv]i=At MEolx d¥iZ o] 0|3} Ao dAst= 7709
A|2#|8l (Cys5, Cysl5, Cysd2, Cys65, Cysl8l, Cys1983} Cys206)3 @l o] g3l
Ao Bodste= T 789l putative N- glycosylation siteE Asn 1213 Asn 153 o}u|:=4F
7l A ER15H .

E% SL cDNAE % 1636 bpE A F71-d9 ek 53%9) #}F3sh= 71 3'-UTR
7 #e 5'-UTRE 71 gley, 231709 olvli=4ts ¢3.38}3}= SL prehormone?} 24 aa
signal peptidet o}vlxAt £gAd] 71Z8te AAHJET ol AA7A LA ojFY
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SL signal peptideoll fAHAS 2t Aok 3 207 aal.2 FA1E mature proteink B3l
gJojz olF SL9] mature protein 204914 209 aa B9 TEH T Yt

B3 EF SL wEHLEe| =9 ofrjidt MBS AA7HA] ¥EF BF R SLY
FYQEto|=9} oAt ME AE4E vttt (Table 2). Goldfish®} channel
catfish& A3t olu]=A4t AL 61.1-92.6%, 7w LEle|= MEL 63-926%2 AE
AAE BAd 53], E¥0] 43 Fo]2 (Perciformes) ©159 European sea bass, red
drum, rabbitfish®} gilthead sea bream®] SL olu|iAit MHol= Z+2t 92.6%, 87.8%,
85.3%, 85.2% (nt. identity 92.6%, 87.8%, 86.4%, 87.4%), 7}Atv]&- (Pleuronectiformes)
o] 52! Japanese flounder, Atlantic halibut®} soledll= 88.7%, 85.5%, 83% (nt. identity
87.9%, 86.7%, 84.6%)9 ®< olvlkAty FEIREl= FVIMEY dAE HolAL,
goldfish®} channel catfish®] 7% 49.3% (nt. 57.7%)%} 57.8% (nt. 61.6%)9] F& A4
S ¥yt ¥ SL mature protein Ato]9] vl E o] Ao YX|de= GG A
AL Bt mEtA, Odg ofF Alol9] SL opp|Atd wE¥ElolE 454 GHS
PRLo] o|F Abo]of| oF 40%69] 4F4& Hole R B ¥ BEALS 21 I+
A |

¥

o

tlo

T

E% SL opvlxeit MEs AA7A ¢el7 IR SLY opvit M ES o] 838
o multiple alignmetE 33} t}h (Fig. 14). 2 A3} 3709] variable domain®] &3t U
Fo 2= 4709 conserved domain®] 15-40 aa, 72-105 aa, 119-146 aa%} 173-206 aa%|A
AN, o]E 9¥& domian ASL, BSL, CSL¥} DSLZ %335tk EF SLI Eof
%7t SL conserved domain Alelo|Ae] olmx=it ME AFFAL 65.2-100% (ASL),
66.7-100% (BSL), 43.1-100% (CSL)%} 69.7-97.1% (DSL)E Jyellich 53], Foj&3} 7}
ZulE o] Fol] =& MYE AAE BHIY o, eel, goldfish®} channel catfishos R A9
Y& B ¢ AEE cDNAS otv|=A MEolA Bz A dAEs & = Ut
EF SLAA Yetde 4719 domaind ZE0]5F GHS PRLAA o|v] B1 it 7Z0]
H GHY 7%, A, B, C% D domaind 2 BHEAS Hola 3lo] GHY AEH FAd)
B Aoz By o] 3lon (Chen et al, 1994), E5& EFF AZo1F SLd 4719
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conserved domain®] EAl= @l A9 3a7 2 Ay AHESHE Ao F93 dES & A

o2 AZ4dn

Table 2. Comparison of rock bream somatolactin cDNA and deduced protein

sequences to those of other teleosts

amino acids Nucleotides

(similarity %) (Identity %)
European sea bass 92,6 92.6
Flounder 88.7 879
Red drum 87.8 87.8
Atlantic halibut 85.5 86.7
Rabbitfish 85.3 86.4
Gilthead sea bream 35.2 874
Lumpfish 83.1 86.4
Sole 83.0 84.6
Chum salmon 79.1 78.8
Atlantic cod 75.0 76.6
White sturgeon 674 71.0
African lungfish 65.2 63.0
Eel 61.1 66.3
Channel catfish 57.8 616
Goldfish 49.3 577

oluliit G7IM Q] alignmentolir 6752 Al2HQl 7] (Cyss, Cysls, Cys65,
Cysl18l, Cys198 # Cys206)7} Z€ ©J5 SL ofvlizite] FU ofvlieit 9] A5 gl
o] FAHA 53], C-uoo] EA3l= 471 A2H A 7] (Cysb5, Cysl8l, Cys198
7 Cys206)9] #X= GH$ PRLAIA #ZH= 27t dA8ls| (Chen et al, 1994),
goldfish®} channel catfish®] N-Zdo] 171 A|2=HQA 71 (Cysd2)7t 2E8 B9-E Al
g3t ojAZA HHA ofFe] SL& T AZE AVE ZL gl wHHoY,
Atlantic ?:odoﬂf\i 238 SL2 reduction® S-carboxymethylation #4102 87§} A 2|
A A7E 23 Y Ao2 WA HRand-Weaver et al, 1991). A|2H|Q 59} 15, 659
181, 1987 206 AtololAle ol3st AFE FASIAT, A28 429} 180 AtoldX & free
SH groupl & £A)38}e] 0|33} Ae A LS U HRand-Weaver et al.,
1991). mEbd, 3Y 79 A2HQ VE A e E5S T AFY SL aiEe
3708 ol3s AFS FA8H, 1999 A2HQ 7] 0|33 AF e A 4E AeE
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L

N-glycosylation #4102 (Asn-X-Ser/Thr) €% SL2 Asnl213} Asnl5lol F
709] potential N-glycosylation ¥9& 2t AR EFlFTe] alignmentol X chum
salmon, goldfish®} channel catfish® A3t oJFdA FEFHLE Asnl2lY
N-glycosylation site® ztx JS& IRISAT (Fig. 14). ZAZoFAAA &€
glycosylation sitee lumpfish= 370 (Iraqi et al., 1993), Atlantic cod, Atlantic halibut,
sole, eel® rabbitfishe= 27§ (Ayson et al., 1999; Iraqi et al, 1993;14, Pendon and
Martinez-Barbera, 1994; Rand-Weaver et al.,, 1991), Japanese flounder, gilthead seabream,
lungfish, red drum3 European sea basst 170& Z3 AT (Amemiya et al, 1999;
Astola et al.,, 1996; Company et al., 2000; Ono et al., 1990; Zhu et al., 1999), chum salmon
(Takayama et al., 1991)% rainbow trout (Yang et al,, 1997)2 Asn¢] Lys2.2 X g =0} 9}
o] goldfish (Cheng et al, 1997), channel catfish (Tang and Chen, 1993)%} Zo°]
N-glycosylation siteZ 2¥3t A @t} o]A 3 o] FolA glycosylation sitex TEsHA] B
153 YAE Atlantic codolA E#® SL9 deglycosylation® 318 ¥4oF
Asnl219] glycosylation siter} ©@#A @FE APl BATE FAAG
(Rand-Weaver et al, 1991). WA, H3}3 T2 29 glycosylatione Z22¢] 4], 8
A A, A5 A HEHH AR FRIIBZ 579 glycosylation FEi= SLO BE
&2 g4 A Yehde A Aol 4F5E F US Aok

E% SLY E. coli Zd

AZY SL wudel d P BASH] skl 97MGo] 2¥8 BF S

—

cDNA Mg 71%8t AtaA B9 E 24 primerE A#3E] SL coding region® 5%
3t} pET-11a vectorel]l 443ttt A4 9€ SL cDNAGA daize] 1&g 93] E. coli
BL21(DE3)s] #Ax&s}e] IPTG AT Az @929 28S st PTG 9
3o fr=g @A 12% SDS-PAGE 7195 F33te] 2dd oid s 43 27,
Az SL gl ALe oF 27 kDa®] monomer FE) 2 FLHE Yo n o] A SL cDNA
el 71z8te dEE DA 7|9 FARME ¢ 4 A (Fig. 15).

rﬂ_
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ATGGACAAAGTGATACTCGTGTTGCTGATGTCTTTIGGGCGCGTCCTCTCAGCCACTTACA 60
GACACTCCACGTTTGTTCTCCATGGCTGTGAGCAGGGTTCAACACCTCCACCTGCTITGCT 120
CAGAGACTTTITCGCAGATTTTGAGAGTTCCCTGCAAACCGATGAGCAGCGACAGCTITAAC 180
AAAAAATTCCTCCCTTTCTGCAACTCCGATTCCATCATCAGCCCCAATGATAAACACGAG 240
ACCCAGCGTAGTTCGGTCCTCAAGCTATTGTICCATTTCCTATCGACTGATTIGAGTCTTIGG 300
GATTTTCCCAGTCTTTCTCTCTCTGGTGGGCTTTCACCAAAACTGTCTGACCTGAAGACA 360
GGTATCTTACTTCTCATCAAGGCCAGTCAGGATGGAGCTGATATGTTTTCTGAGAGCACA 420
ACTCTTCAGCTAGGTCCCTATGAAAACTATTATCAAAATCTGGGAGGAGAGGAGCCACTG 480
AAAAGAACATATGAACTTTTAACATGTTTTAAGAAGGACATGCACAAGGTGGAGACCTAC 540

CTAACTGTTGCCAAATGTAGACTCTCTCCTGAAGCCAACTGCACTCTITTAA 591

Fig. 17. 59 4F32& cDNA E7IM<€.

Nucleotide sequence €l & HE= 2 £9 vlA% nucleotide®] W3 E YEMYH amino
acid®] ¥M&¥ amino acid sequence Foll YERHRIE 5 3’ untranslated F& G714 8L

UetdA] gon F71ME ofnjxeil MEe] nd &t e vehx] &2 A golt.

(5) ¥4

dx AA32ZE coding sequence cloning
Fig. 182 ¥ X ¢ HA 3T 2& coding sequences 5E3 ZIo|t}y, Coding sequence

Z ZZ37] 935to oln| 9 HAFT2 R JHA] codon} F4 codond 7T Y& F /Y

primerE A5ttt o] primerd] AFEA FAH-AE Fof cloningS £ol3H it FF

QN
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Fe dAA EAste HAFFE T AT M dH L, HxsE FEY ¢
60%% A ol 7Hg 2 Puoz

2 EAs3 9t (Nelson, 1994). wrebx X F7H4] @& &2 AETAA ATFE0
59 LRFE gz Ao gdoy HIZoe 2 AEE] Ude gt e AFF
2 2d2 X ojFd g Bl Fobstl (Powers, 1989; Sin, 1997). ojoll @& oFo] ¥a} A
B3 947 EAZA 28 BEEY FAHA 7x, 54, 28 24 717 T v dFe

2 w) ¢ Fa3A gFoxA =AUtk (Powers, 1989; Liu et al., 1990b).

nﬂo‘.
o
ok
e
all
oftt
g
fa
iy

olFE EAFO vle] b ? (egg)s AHRE F om AFAUAINE A4d 4 F
371 7besta AR AV|E & v ofd TSt w4, B3} Ao #E3} 23o) o
3b7] wiio] z7] @A, #3iek #BAE FHAY 71T B Fol w¢ 7838 AMRHI Ut
(Streisinger, 1981; Powers, 1989; Kimmel, 1989; Liu et al,, 1990b) o159 FAA = vi$¢ =
& AEAHe Jehx g Z4FET Als(genome) 9] Atol=7F Y4 Fob §22} cloning ol #
Axbe] EAS B3l £o]8tHBrenner et al, 1993; Elgar et al, 1996). o= d2A
3 o] F (transgenic fish)9] AZE T3] 24 o FAAY 22 € 715 24 T #gd I+
o} 9 FE FAAE EQToZN NEL A S e ofF £F ol u& A7/ Bl
2853 gt gjxH o g egtyo} (Brem et al, 1988, Rahman et al.,1992; Martinez et al.,
1996), A A4l (Gayomard et al, 1989), Atlantic salmon (Shears et al, 1991), African
catfish (Volckaert et al., 1994) So] 1 dojt}. o]2{F transgenic fish A2} Aol AFE
2ZE 59 ok £ 8 A ARe 28 St A9 fAAE 2 AN e 2
22 (regulatory elements)oll #3F AF7t @o] o]Fojxof o} st BL AFIES
CMV promoter % vholgi2aut TRHFoA Fefd 2HAAE Hajo] 2dE HTAZHAT o
£ o F9 2—1%3}93-% 744 aberrant E A4 nil expression HE F$7F 2F 2ASA HIA
tHHourrout et al., 1990; Penman et al., 1991). o]& A48 B A7) Asld o FolA &
3 2HAAE oFol HEAIIA HYEH viral originolU TREFENA FaT 2HeAs
28 FI) =oe dF50) 2EEAHMaclean et al, 2000). transgenic fish A4t A7
L = oixt. (Hwang et al ,2003)

N

[0

B

e

OB A FlT ZAEUAEL HEHoZ dAo9) protamine § 8 (Jankowski and

=
Dixon, 1984), F-#170421¢] metallothionein A and B #+Z=} (Olsson et al, 1995, Zafaullah
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et al, 1988), A} 419] myosin heavy chain gene (Muller et al., 1997), Yx]9 352
HY F42 (Du et al, 1992, Gong et al, 1995), grass carp B-actin 42t (Liu et al,
1990a), common carp B-actin §3 2} (Liu et al,, 1990b), $-Atg] (Oryzias latipes) B-actin
2} (Takagi et al.,, 1994) $ &34 9 transgenic fish lineE wE7] 98 promoters]
TF7} o] Fo1FH K Noh et al ,2003).

B-actin #AAE WY A2 glojA 7P #F BEHO] e Dl Aojr) o] {1
AEE AE 84T T2 Bl B3 BE A FAstA ZEHA T 2] fAAty F
ol me} 27 Solx oA FolF LAFYE EAFE 5ol A(Gunning et al., 1987
Kusakabe, 1997) &, H53%5E, T35 $E9 A7 actin promoterE %o o] &3t it}

(Liu et al., 1990a; McElroy et al., 1991; Moav et al., 1992). (Marta et al ,1999).

53], B-actin promoter®] 3% Z4 Ftoll S FEAE HolA BE oF FolA FE
3] 71%5S H3E 5 Q7] W&ol B-actin promoterol] #g ATFE ThA3 A FolA o] Foizigt
t}. o] 3 carp (Liu et al., 1989 . grass carp (Liu et al., 1990c ), zebrafish (Kelly and
Reversade., 1997), pufferfish (Venkatesh et al, 1996), European flounder (Lee et al,
2000a), southern top mount minnow (Lee et al., 2000b), common fat minnow (Lee et al.,
2000b)7F @A) BaElch o2& B-actin promoterE ©]-83} transgenic medaka (Takagi
et al, 1994; Keliko et al, 1998)2 Airstd o vw]H2]e] B-actin gened 3.2-kb upstream
sequencesdl] GHE #7273} expression vectorZ ©]-&3}9 controlol B]3) 308y o A &
HAE v FYE Aste dTE o] FJHH(Noh et al, 1999; Nam et al., 2001a, 2001b ).

7t Boj&®  (Tetadoniformes), &3}
2 UtE HES 42 22Utk o, TFF 34
ofrJo} Aol = gho] £ 3 YYo] FTH-3}d

].
$02 4YeE DRI ofFolth AFEL U 380 Mbel #1AE A gl e

I

B

FEEEY FAAE FoAM 7 22U FREAN d5dEE FEo] ks X33 gE HF
529 Intron FE% v)g AAAZD A3} 2oies Bied 284 (Shin et al, 1997; S. Brenner

et al.,1993; Elgar et al, 1996) & AFAE0] AFEL T F44 dFd =& FHE 2
Ak E3 Ao SHAS f-HA A Eo] ¥ M (Aparicio et al., 2002)0) W O & ATl g
A2 I Yk ZE olf Fold 44 $UAT BRI A ol FrIRe $94 22
298 AT olH B FHA TALNE Tl 2H WEES AxFozA JUIP YAIY

_86_



AF ATe A5 ANE F 9

o

20|

s

E Ao 7] B8R A58 B-actin A HEE vlg o ZE B-actin 73
el 238 F9E sty 1 23 5AS BMsn &3 ¥ d(Enhance Green
Fluroscent Protin : EGFP) ¢! reporter #4122 o]&3la B-actin 3 24 ¥99 715

o F AX FollA v ¥, E=3 UM F2Ye A2 Ed HEE microinjectionS 3}

o] 438 Zdo}F2 zebrafishe] AT FY3 TIALTS AR
h 23
AFE o 2 RE] BUF B -actin £E F9 F7IAE 4

AFEOZRE f-actin AR 2AFAE FEAI] AF primerEs AFE7 Y
3ted olu] & A B —actin cDNASY F7IMLE vtge2 & 49 primerE A3 27 o]
A& ol &8 2AFH B -actin FAAE FAaHth FAd FAA] F7IHLE 831
R1, R2 primerE A|&slg o o)A & o] &3 LA-PCRS F33to] B —actin gene? pro
moter FEE €& & AN

LA-PCR & %3} &U9 2382 B-—actin gene? promoter ¥¥& pBluescrip
t SK(=) vectorell cloningdte] H71ME #4& =t ol F3l ¥ AF59 8
—actin F32F Z22E A MEE Fig. 199 et 5FE AFES] B —actin 32} £
ARE] M9 AA F 2659 bpEA transcription start site, exon I, Intron I, exon II
o gFEol FEHALTE Fig. 19¢] HebAich Exon 2 & 114 bpEA] 1153 bp ~1238
bp ol X35 ole dMAL 45 8R! %= mRNA 9 AFFLA 5 UTR ( 5 untrans
lated region) ¥& FAE F AUUH

AABEE2] promoterE & 4 3= PPNN (promoter prediction by neural n
etwork) 2] T2 IWE o]&3te] 1113 - 1163 bpY X F7IMEES promoterE A F
o o9 tyEo TATA boxE o F8lFE TATA box prediction ZE2I187 TATA b
oxE H|EY 2 2EEY 24F dF8FE SIGNALSGAN Z=2IEE o]&3te] HE A
2ol mRNAGIM &< 4 A& TATA box, CAAT box, CArG motif 7282 E-boxE
=3t ol= Fig. 19914 & 4 2AX%o] 80, 305, 388, 698, 1124 bp XA TATA
box (TATAA), 1059 bp x4 CAAT box (CCAAT), 1089 bp HAolA CArG motif
(CC(A/T)sGG), 1813 130, 422 bp AA A E-box (CA=*TGQ)E AF5FSEA transcrip
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tion® ZWshe FEYL FAAAFAL o]g H¥ol exon o] Fuhz ¥elA GT 4L

Intron I°] v FE9 g AGE splicing®] dojus dlE&E—QIEZ A Bz GT-A

F7IMES BATH FA AF5HS B —actin promoter F&#°] & ofF Fo R

3 deig FARAE Lobr 7] fs) & oFElM B3R B —actin promoter AL E T2
Bl A8t 1 A3, Oreochromis niloticus (Nile tilapia) %2 promoter A ¥o] 80%
FAAoZ a7t dojd MdEd sHF "ol AdXxFUded I B Oryzias latipes (Japanes
FT BNz 7728 FEEE RAFIH. o) ©¥l¥2E Fig. 20°14 promot

er F¥o] ¥&3l1 Q= BEH AAeUd TATA box , CAAT box , CArG motifE carpE

z
H
o
Ko
o2
e
2

N

Z£9] promoter ¥E37 multiple alignmentZ 83t A st Alignme
nt 23 dA <eizl ojFE°l B -actin promoterdlA A1 Ut REE AEES /AR
NS FAY 5 AAY. 53], vlugide] @ & oFsE2 &

AFE3 FAMEE promoter?] £E 248 7HAT YtE Ax GAdT.
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AAGCTTATAGAGATGGAAATCATTTAAAAGCAGCCCACTAGAAGGATAATATTCAGTGGG
AATAAACTGAATAAATACATATAAAGGATGCCACTCAGAAAGGAAAAGCAAGTGGCAAAG
TATA box
TAAGACAAGCACATGTATCTGTGGGTGCTGGTTTAAAAGGGGAAGTTGCTCAACAGTTGA
E-box
GAGGAAACTCGGGTGTGAAAATGGTTCACTTTATAGTTAGATTTCGAACATTTTGGTGTT
GTCATCGTCTCATTTTTGAAGATGTGAGCAGAATAAAGTAGTATTTAACAATATTAGACA
GTGGTATAAGGGTTTCCTGTATGGTTGAACTGCAGCTGAAAGCACAACAGATAGTGCTC
TATA box
TCCACACTTCCATTGTGTTTAATTTAATATAATCTGAAAAACTTGCTTGTTTTAACACCT
GCATGTGCAATGCTGCAGGCAATGCAATCTAAATATGATGACTGCCATATCTGTGACTGA
E-box
AAACCAGACACATACAGCACAAGAGCTTGATCAATAAGGGAGTCTTAGCAGCTGAGGAGT
GCAGAGAAGCGATGGCCTACATATGTGGTCATTCCCCAGCCCTGCCAGGGAATCTTGTGT
GTGTCATATGATTGACCTGGTGATGAACTGGCTGTGAGCCACAGTGAAGTTTTTGCAAAT
CGAATGCTTACATCTGCATCGCCTCTGACATCGTTGATATAAAGTGAAAAGAAGAGGGCA
TATA box
GCCATTGACTAGCAGCCTTGGTGGAGTCTGTACAGGGAGGGGTCCCGAGTACAAATCTCT
TCCGTTAACACTTAAGTATGTACTGAAGTCTTGGTGGCAGGTGCAGGGGCTGTTTGAAGA
AAGTCCCGGCATCCTGTAATTGCTAATCAACCGATTAGCAATCTATTATCTTATTAGACC
TCGTGGCATTACCCACGTTCCTTTTATTTTICTTCAGTTCTTTGCTATTATCGCCGCTCAT
TCTCAACCTCTCTCTTCCCCTCTCTCTCTCTCTCCCTCAAATCGCTAGCCCCCAGTGCAG
CAGTGTGCACGCGACGTGCCCTGGTGCATGACGCTGGACCAATCAGAAGGCACGATTCCG
CAAT box
AAAGTTTACCTTTTATGGCTCGAGCCCGGGCAGCTGACCTAGTTATAAAAGACAAGCGCC

CArG motif TATA box

CACAATCCATAGACTCACTCTGAGCGTCGTCACACGCAGCTTGTGCGGATTCATTTGCCT

Exon |
GTACCGGTTTCCTTAAGCGAAAACCCCCCCACCCAAAGGtAAGGCTATGGAGACGTTTAC
AAATGCTTAACATTAGAACGATGTTTACTACGTAAGTGGTGACGTGGCAATTTGTTTTTC
ATAGTTTTTACGAAATTTGGCACCGGACACGAGGTTCTTTGTTTAATCACTGACACTAAA
CGAAGTTCTTTACCCTAATGTTTAAAAATGTTGTACAACTGTATTTTGAGGCGTCTACAG
TAATTAATCGGGCGTATTCGCTGGCCGCAGGTGCTTTCGGATGCAGCCGGCTTTTGTCTC
ATGCGATAGGAAATAACGGTTTTACGGGTTTTGATAAGTCATGACTTATGTGCGGATTCT
GGACTAGCTTGCCCGGTATGATTCCAAACGATGTGGAGTAGATGATTAAGGTCCCGCTGC
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TCCCTTGTGCAAATGCAGACGGGTGTGACCTACTTAGTAAGCACGTAAGCTACGACCGCC 1680

TAAGTAAAAACGCCTAACAGCCTGCTTTTGGAAACATGCCTGTGGGTACAGGCTGAATGA 1740
AAACCTGAATGAAATCATAAACCATTAAGGGTTTTGATAAGTCATGACTTATGTGCGGAT 1800
TCTGTACTAGCTTGCCCGGTATGATTCCAACGATGTGGAGTTAGATGATTTAGGTTCCGG 1860
CTGCTCCCTTTGTGCGACTGCGACGGGGTGTGACCTACTTTAGTTAGCACGTTATGCCTA 1920
GCCGCACTATGCTAACACCGCCCTACACGCCATGCATTTTTGAAAACCTGCCTGTGGTTC 1980
ACGGTCGTAGGAAATCTCGTAGGTAACTCAAAATTTCACATATTTGGACTTGTATACGAT 2040
TTTTTTTTTGTCTTCGTCTCTATTCAACGTGCCGGTTACATAAAGGGCAATTTATGAATG 2100
ACGATCAGTCCTGGCGAAAGGCGTGGCTTTCGGGAAATTAAAGATCAGTCTGGAACTTGA 2160
CCCATTCATGAATCGGCATGAGTAATGACGCAACCCCCCATTAAGGCGTCAGTAATCAGC 2220
CCGAGTTAAAGGATATTAAGCGAGCCGTCTGTGACGCAGCTAAATTTAAGTTGCGCGTGA 2280
TTCATTGTAAAAGCATAAAGACGTGAGTAGGGGGGAGGAAGCTAGGGACGACAAGGAAGT 2340
CTGGCTTGTGAAGTAGAGGGAGTGGTCGCTCAGCTCTGGGCCCGTTAACGCGTAAGTCCG 2400
TTATGGATGTTCCTGGCAGCCGCCATGGCGCCGGTAGCCGCAAAGCTGCTCGAAAACGAA 2460
GTTGGGTAACGGCGCCCCCTGTGTGCGGT TCAGTCGACCTGCAGTCTGATCAAAGAGTGA 2580
GCTCATCGAAGCGGATGCTGGAAAGGAGATCTGATACTTTAACGTTTTTCTCCCCCCTCC 2620
CTTTTCCTGCag TTGAGCC 2659
Exon Il —

Fig. 19. Nucleotide Sequences of the Takifugu rubripes B-actin gene and its
upstream region. Genomic and predicted nucleotide sequences. Sequence in lowercase
correspond to the non-transcribed promoter and intron. Sequences in italics
correspond to the 5’ untranslated region. First and second exon is indicated with
capitals and underline. non-capitals represented GT/AG role. The underlined

sequences correspond to putative regulatory elements.
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common carp 43 CCGGGTGTGTGACGCTGGA CCAAT CAGAGCG 73

grass carp 23 CCGGGTGTGTGACGCTGGA CCAAT CAGAGGG 53
medaka 92 CCCCAGTGAGTGACGCTGGA CCAAT CACATGC 123
black carp 23 CCGGGTGTGTGACGCTGGA CCAAT CAGAGGG 53
Nile tilapia GTGAGTGACGCCGGA CCAAT CAGGAGG 27
oryzias latipes 92 CCCCAGTGAGTGACGCTGGA CCAAT CACATGC 123
stinging catfish 82 CCCCAGTGAGTGACGCTGGA CCAAT CACA-GC 112
fugu 10 CCCTGGTGCATGACGCTGGA CCAAT CAGAAGG 41
common carp 74 CAGAGCTCCGAAAGTTTA CCTTTTATGG CTAG 105
grass carp 54 CAGAGCTCCGAAAGTTTA CCTTTTATGG CTAG 85
medaka 124 CGCGATTCCGAAAGTTTA CCTTTTATGG AAAG 155
black cérp 54 CAGAGCTCCGAAAGTTTA CCTTTTATGG CTAG 85
Nile tilapia 28 CGCAATTCCGAAAGTTTA CCTTTTATGG CTAG 59
oryzias latipes 124 CGCGATTCCGAAAGTTTA CCTTTTATGG AAAG 155
stinging catfish 113 CGCGATTCCGAAAGTTTA CCTTTTATGG AAAG 144
fugu 42 CACGATTCCGAAAGTTTA CCTTTTATGG CTCG 73
common carp 106 AGCC-GG-CATCTGCCGTCA- TATAAA AGAG 133
grass carp 86 AGCC~GG-CATATGCCGTCA- TATAAA AGAG 113
medaka 156 AGCC-GGGCAACGGACGGAC- TATAAA TACCA 185
black carp 86 AGCC~GGGCATATGCCGTCA- TATAAA AGAG 114
Nile tilapia 60 AGCC~AGGCAACCGACTGAG- TATAAA AATCA 89
oryzias latipes 156 AGCC~GGGCAACGGACGGAC- TATAAA TACCA 185
stinging catfish 145 GGCC~GGGCAACGGACGGAC- TATAAA TACCA 174
fugu 74 AGCCCGGGCAGCTGACCTAGT TATAAA AGACA 105

Fig. 20. Alignment of the conserved region sequences of pufferfish B-actin promoter
with other Perciformes B-actin promoters. The sequence of puffer fish (Takifugu
rubripes) B-actin promoter is compared with the sequences of common carp
(accession number of M244113), grass carp ,medaka, black carp(M25013), Nile tilapia,
Oryzias latipes, stinging catfish. The three boxes indicate a known conserved region
in CAAT box (CCAAT), CArG box (CC(A/T)6GG), TATA box (TATAA).
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M AEFE o] §F AFH] f-actin 2H F9 THFE &<

Ll

AFH B -actin A2 £H FA9 reporter £ EGFP FAxE A 3o
A 23t pFAP—EGFP2} CMV promoterE 7}% pEGFP-C19 2d YAL MIFE o] g3}
of Hl® £43}7] 9138 mammalian cell lined] & F7F< vero cell line, Ao vjo} HEFQ
CHSE=-214 cell line, 4o} A< EPC cell line®l transfectiondte] EGFPS ¥&d & &9
a3}

Mammalian cell line £ 349 Vero cell linedlA & 99 2$#HE Fig. 304 &
Z& 4 I} Fig. 21(A)+ pEGFP-C1$& Lipofectamine® 1:19] ¥]&Z transfection?t
EGFP 28 A3 Aol dF Aol Fatdu]Z S Fdto] #EE vero celld Atzlo]
I 2EFo] FFHu|FstelA EGFP ZdE BL AR 224 CMV promoter2 Ug ©ilz
dgo] & HUASE FIE + U4 F Fig. 21(B)& AFH B —actin promotere] & E
GFP7} 13 & &3k AR o7 A B —actin promoter?] YH&L &FHu|73 AA positive
control! pEGFP—-C19¢] Aze] ZAYA 1E LHo] HUthes AL A = gt AW
o] AREL FT Pv|For HIBA U] wWEe] A LGS SAT & Ak
et Z}zbe] AnEl] wdS 4 AEEuit HdAHCE & FEAEE el o] A A 3
dAE7 FFe Y& BEFeE A 5 YU

Aol sio} A EFQ CHSE-214 cell line®lA transfection® 3o} M E 2] EGFP
9l By PSS H]E_?l AFZ1 S Fig. 49l A28t Fig. 22(A)= CMV promoter ° <
3t EGFP 28 A3lolx Fig. 22(B)E AFE29 B —actin promoterd] .9—}@' EGFP9Y 2y A
= ARHo|t}. CHSE-214 cell linedlA 9] F 2HWE Y transfectionS o7 F+3
AEL £54 22 mammalian cell line¥Hg %X GRA7 Ldd AEe TFPEE o=
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29 o] F YoM e Az HE (pFAP-EGFP) 2] #d ¢4

LA-PCRE %53l9 ZZ9 x589 B-actin gened 22 FY5 J3d "2 EGFPE A
Z33 pFAP-EGFPS CMV promoter 7}A i ¢l= pEGFP-C1 2@® =2

£33 & zebrafish®] one-cell stage &3 l HAFY AR FYH transgened] $dE §5=
reporter FAA<] EGFP 23 oz 341 & F e #de =
Zed ot Bdo] of$ okslA Uehon 1§ wdze Az} Fvleke

oY,

o,

o
)
ul
=
4%
o

One-cell stage®] Aol uvldl F43 F 4841 743 A] pFAP-EGFP9}+
pEGFP-C1¢] EGFPY] & ¢S Fig. 24 oA _Hi_k‘- vle} 7ol 2 zebrafish Eiﬂgl =
SO AR oE Z wE FFE E‘Ri"f“ a2 9eE ¢3E 91 gl A Ee F
R ¥ FHAME FB3LAFEE & & 5 U0 o]59 TEAH 2 DNAE “Vﬂzm
73% Yehd= A8 3¢ mosaic expression pattern & B tHFig. 23). oj& A At
AAA Edo] FHHY o 53] 2§ FRld e LA APA+F g E°cl‘4 HHE o) F
AH(Fig. 23). ol9fel= AgM = EGFPS 2do] #FHAEd AZo] HA Hd F3L
= Zo] Zutol: YA :% 2R 5 AU EF ofd AAY Bl w F9t oyt
FH= ‘3“3;3 T2 ¥ 5 ey ¢33 nR XX mosaic YHEALEE A
%lRiE}(Flg 24). 53t ¥ 5%0] A3 F A e & Hol= YA L YAo] T F9

T AF%E Bon dHste 22 AdqAE U F1 FRE 2L JERA T oA 9
A AAA gdoz 2dE Bt o8 22 2FAE BYA J|&Ed AEEHT A
CMV promoterol] ©jgt 2@ ¥rto] ole} B-actin promoterd] &3t HHE= ofAo] Awk
o8 FEES A F F AU
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q B9 g FoBOR Fa3ly 53] ofF 5034 2@ HEE AZFd 9ol o
Ao 2E 590t 7 Ajdsite 97 2371 Y2 WM (Maclean et al., 2000) 32 A$ o

7o 2EFH B3 A7 o &2sA J¥H 3 diHwang et al, 2003).

o] ATNNE FA AR AFE ARNI AW A% VAZA o= fAR AEP

LHE FE] fetd AFHoZRE BE ZAAM ZAH5HA 2HE FEFE B0 ¢
o] A5A 7FX13 9l B-actin gened =4 &

gol Eo} thbet FoIM A8 + Unke FHE
Zaho] 1 G/NGT FAAY T2 L 5HS BAHGACH Boactin o £ 2919 2

Hols) oM off Hold 2 Wy A4e A AN,

o
i
ofN

e
ol
Ju
to

224 ¥ AFE9] B-actin AL 22E-9 G718 E 24 A Fig. 19914 Jebd A3} 2
°] 5" UTR ¥#9 exon I3} exon I & ¥33l 2659bpY B-actin 4] 24 198
2-& F INUcHFig. 19).

I

AFE2] B-actin gene®] ZHEY¥$ F promoter HE¥& FH conserved ©

sequence’} £t} Z} Fo we}l tEX| T transcription start siteol A WgF 200 bp ¢t &
At HALe] EAdstel] #ofstn ZF QgL MR O Af o8 FAte 2o A
3 &eA ArHQuitschke, 1989 ). ©]2{3 promoterd] EAL ZZ 3 AFHJME Fo}lE S
A= CAAT box, TATA box, E-box 5& FHARAMIZ RS Bt 23 & 99
o. =3 TATA box9t CAAT box il A AAzd 249 sz 427 3429
A Evt olugt BE actin FAA ] EAEH, 53] a-actin o F$ T§ 5o 2do] D5
A MEE Hu=Holxl (Minty and Kedes, 1986; Miwa and Kedes, 1987) CArG motif
(CCA/TI6GRE &1 & & U o] ME2 Lui et al (1990)0l4 ZZEHUFo] CAAT
box 9 TATA box Atelel EAstH FEHE AFEY N FoA= exon | AFAM LS 7oz
g A -29 9X9 TATA box 9 -94 $1x9] CAAT box Abo]gl -64 Y ]oA
(CCTTTTATGG) &g 4 Aok thk3t FoA actin promo terd] EAL & F UA &=
MEZ 484 7] Y7ol (Chung and Keller, 1990; Lui et al., 1990b; Kirchhammer et al.,
1996; Mange et al., 1996) 5%€ 559 9% B-actin promoterd SA A< 247} ¢l
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24 #algd 4 ATt promoterE olF = 249 CAAT box, CArG motif$ transcription
start siteztol = Al s Ao2 Busn JA oA Cap signal o4 220 bp ol &
A3t TATA box@ upstreamo] EAste= Zo] UwtAHolti( Larsen et al, 1995). x589
Ao ul@RstA gl o e Fof vd) v xF #FE promoterE THAL JYFolE BT vl
FAEFNMY FAHG] AAMse] FAdE EGFP 28 YYolA CMV promoterg ©]&3%
pEGFP-C19] 2d ZX ¢S 2dE&S Uehd 2108 Hol ZXv AAzdo] & a3t 948
S z33 g Ao Azbdot w3 consensus binding site?] &3¢} tjE-¢] binding factor

o] 43282 TAHA Fet e ANA BHIHE actin o B
d FAS ZAstE B11E ¥ Y(Kichhammer et al., 1996; Kusakabe, 1997; Robinson and
Cooley, 1997) AF59] A% dAAFE AAFE I 23 do] MaHe o] 9 2
ol AR 2 2 AAIRAA splicing®] H+= intron 19 A1ZHGT)H €(AG)S YE
Y+ intron-exon junctione conser ved sequenceZA](Breathnach and Chambon, 1981)
Fig. 19914 & 4 91%0] AFE9 exon I 3 exon I AtololA GT-AG AEL 9% + ¢
Qo0 BLAST 23, v exon I intron I 8 Z %ol 22 B35 $4oF7 fAsHY

Mz 2 484 AU

At ol A9 AFE B-actin promoterE EHF ZAFAE ol &5t Ay
pFAP-EGFP+x 7|&0l A#=+E pEGFP-C1 ¥E 9} &7 v A EF U, zebrafishe] $4¢
of FAgozM 1 I¥ FFE HALENE 4 ATk Fig. 212 ERFFE FA9 vero cell
linedl M EGFP #&d o) &4& vlud 184 A3 pFAP-EGFPE @3 du7 BaofA
% pEGFP-Cl19] #d 2X 42 2@ &S HAdE AL ATk Fig. 219 22€ o &F #
o] wj¥ AH|EFQ CHSE-214 cell®d EPC cell line AolAel 23S velhd Apdoju
Mammalian cell lines] & 9] transfection &&& YENRX] YAIT #v]7 Ao SH G4
o2 yol 927} Az3t pFAP-EGFP #WE]7} pEGFP-C19] 2@ vjxd Zxe] 24d S B
lon ol YAAR]F Aol o] AFE 2 B-actin promoter’}t ¥
2 gl By e Aog Ay, w3 HEFE o] 83 AFA B-actin promoters)
GHAT O} AEF F7Ho W TAREE AFH o EAs| HiMe LHAVIE FAR

=2
<13t control# v]walo} st Bd HEE AFHoE #As7] A RT-PCR, cell

Al
rir
P
io
So
r *)
+
30

counting, B-galac tosidase assay, luciferase assay59 438& F3sof & Aoz AztH.

B A EFoA AP A} 2o] zebrafishe] FA G sAFYB S T8 in vivo
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b F7teke BEE dUdATh F3 F 48A F3 Al EGFPE € ¢ 23S Jehigle
™ zebrafisholA A¥2< mosaic expression patterng XS

pFAP-EGFPY pEGFP-C1 25 of#] Mutzog #ason ZKo AL F2 fujnete
B S GehAtt o] zebrafish®) F2 oA ZstA Ldsde 3

& ™ mosaicdt2 TFEHd B-actin A EAAQA #E HEAE & £ UK
Patwary et al, 1996; B. Venkatesh et al,, 1996 (3L 10,20)). Mosaic H&d%A4te] A& g
AL AR F%ou DNA injectionPPPoz LHEA ¢4 A sHozry way
DNA 4&Y Aolgtn 71«3l Ut} &, construct © AEY 3 Yo Eojrtopar =<l =
Aol o]l FoP e 9]t} Zebrafishe] WAl F&AA A 20| transgened] ¥z}
HA g @Y Folzt AZAHY o)t injected embryoclA &3 ¥ £ e A olg
(Maclean et al, 1994). =8 o 3} o] {2 Az & & e AL 4 AE9 transgene
o] BA¢7E 2] fiel 2de = depdite AoltRohmna et al, 2000). ©]¢} 2&
AT}E zebrafish, medaka, tilapia®} carpolAE BERELE 98 & AUHStuart et
al., 1990; Tsai et al, 1995, Hwang et al., 2003).

A FYe 3 60417 3 2Es 2AEE #Eg AT, B-actin promoterZ 3l &
< HEE AA 38, oAl A me] § A RE FojA LTS HAT 5 ey &
FAo) AFE wEo] lg woith #AF £ YAk 0|2 FA A G vle} o)

W Fig. 249} Zo] A4%4E v|£d oy

731 ¥ 34 A# F zebrafishe AZte] AgsE v 2o FF dge) wHe] a2 §L

HHoZ UdgS YUY 5 Jeud BE AAM F 10¢€0] Ay FFes

BRIk kA3t 718 DNA constructZt o) ZstAY o Fofl oje} 2
AR B2 & £ Ak o)#F AL DNAY injection] Z$ %2 So| Aol W sfeio]

Bol Uetdy] giiolgtn Eigojxx gich
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m2}A B-actin promoterE o] &3 2d Wej= YA AL o] FAAl #3 AT EE

thdE o FRAA AT F&HA AR & A Aoz BAET. EF positive control 2
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AH8-E CMV promoterg 4918 Az3 Welo} vjusld s o 25802 RE AR A=
€7} control FARL wd FAE THAEo 2 A reporter FAA) EGFP ¢ 282 EGFP
o] 5" &0 A3t Y= AFE2] B-actin promoterd] M7IE HHAHOZ AAE L 7] HE
of 27t Az e o] 4T Ao Azdnt. olo we Bug nFe]e] B-actin
promotert} carp®] B-acin promoterol A A& Z}7}9] transcription regulatory element2 2
& A7 AHE Azstod 7 24 2450 drb BAG dFE nAEAE Elshe ARy
oz} o Yolrt o] & MiEMEF e ofFo] FATel AY Fstd 4 d9d THS S &<
3t I7E B8 Ao A" AFR B-actin 4 promoter?t FF F3 A3 of
7 AzE A% 2d 98 Az A, =dstagsts & 7428 2o HE9 F83 2R
AZA 2 715 98 & AL Aoz} A4

(2) A5 (Tukifugu rubripes)ol9)e) 62(1, S40l, S5, Buiel, Aputel, F2)o
FEEPR EEEER REY

o] A 7tA] Y3zl o} {9 beta-actin FHAE HYEdn F REH F FEE
AEste 2709 primerE A3 At 2% 9 olF genomic DNA (g#, 55)8 F3
o2 3o PCR &< 3 A3 oF 1200 bp AX=2] DNA 9HE AAo. FFH 2%
o] F9] beta-actinFrAAE pUCII cloningdte] F7I4LDE et 28 10-112
JA, EF beta-actin F7IAM L] dFES Ued Aotk Ui F7IMES &
3}o] beta-actin &2 A AH(promoter) & cloningdt@ o™ £AFARe A7lE= 3 - 35
kbeltt. Cloning® £F42t9 d7I1ME & A3t 3t

AnnnnnnAGAnnnnnnAATnnnnnnTTCnnnnnnGT TnnnnnnAT TnnnnnnCTCnnnnn -~ 60
nTTTCTCCACACTTCCGTCTATTCTTCTCTTATAAACCTCCTCTTCCTCTCCTCCTGGTG 120
TCAACGCACAGCAAACATGTGCATGCACACATGTACATTCACTGTGATCCTTCCTCCATT 180
TGTCCAGCCACATGCACGGCAGCTCCCCTCCACCATTAGAGTTATAATTAATCCGACTGC 240
TCCTGTGACAGAGCAGAGGAGGCGGGTAAGGTTTCAGCTGTTGGCTGTTTCTGTGGTTCT 300
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CTCCTTATTTATTCAATGGGCTTCAGACAGATCTGTGTGAACACATGAGGTCTGCACAGT 360
GGCAGATTAATTAATTTTAATTACTATGTATGTAAAAAGAAAGTAAGAATACAACACTAT 420
TGTGTGTGCAGTGATACATTGCAATTTGTCACAAAATGAGATCTTCAGTGCACACACATT 480
AATCTTTAGGATTTATTATGATATGTCATTCATTTATGGTGACATATACACTAATGGTGT 540
AGATGCAAAAAATAATGTAAATTAATTAATTCATATATTGTTCATCTTTAATGCAACATT 600
TAATGCAATCAACCACAGATAACACCTTGATTTGATTTGATTAACTGAAATGAACTGTGT 660
ACACACAGAATGTCCCTGCTCAGCTTTAATGGTGTGATGTTGGGAAATCTGTGTGATCTC 720
CATAATGAGAATTGAACTCTTAATTGGCATTTAATGGCTGCAGCTCAGCTCCTGTGTAGG 780
CTGTCAGTCCTGCTGGGGCCTAAATTTGTTCAGATGAGAGCAGCATTTCCCATTTTAAGG 840
CTGGATGGAGCCGAGTAGCGGCGAATCTGCAACCCTGCTAGGGAGCAACTGTCTCCCCTA 900
GAAACCCCAAGTGGCCCTCGCGCTCCTTTTACGGCCCTCGAGGTGGGACCGCGAGATCGA 960
TGGGAGGTCAAAGCGACAGTTCCATATATGGCGCGCGCTCTCTCCTCGTCGGGGGCGCGC 1020
ACGTCACTCCTCATGCCCCCTCTCCTGATGCCCGATGGATGAGGGCACCCGTCCTCCCAC 1080
CCTGAGGCGCGCCTCCATGCTGAACCCCCACCCACTCCTCACCCTCGGCCTGTCAGCATC 1140
CTAATATGGCAGAGGGCCGGGATGGGGGCCAGTGCTGAGGTTTGTGAATGGTGGAGCTCG 1200
GGTATAAAAGGTGGACGAGCTGCACAGAGGACCGTAGCTGGTTCAGCAGTAGCACTGGTT 1260
GGGTCTTTCACTCCGAAGCCGCAGACACACCTCCTAAGGTAAGACCCTGAAGCCACTCAT 1320
CCGCACCGGGATAGCAGACTGTAGGTCTTACCCTGTGCACCACTGCAGCATCTACTGGAG 1380
CAGGAGTCAGACAGGACCTGACCGGGGCCAGGACGCACGAACAGGGGCAGGCTCCACTGG 1440
AAGAGAGGCTAGGAGAGGGCTGAGGACTGAGAGAGAGGGGAACACATTTACTGCGCCGGG 1500
CAGGAGAAGCTCTAATCTTAGGATCTAGAAACTTTAGATCGATAAAGGGATAAATAGATA 1560
AAGCAGATACAGTAGATTAATCTGAGTCACCAGCTTCACAGAGGCTGATGCTGCAATGCG 1620
CAATCAGACAATTTGAATTAGAATTAGAATAAGTGAATAATGGTAATTTAAATATCACTC 1680
TGTAAGGAATTGATTTTAGTCAAGACCATTCGTTATCTTAACGAAAACCTTTTCGTTCCA 1740
TACTTAAAATTTGAGTGTGTAGATTTATACAGGCCTCTAGTAACGGCCTTGTATCCGTGC 1800
GTCATGGATGCATTTTGCGCAAACCACAGACATGATCATGATCCTGCTCCAGTAAATGTT 1860
ACAGCTGTTTTTTCGTTCTTTTAGTCAGTTTTTAATCCTGTGTGAGCTTACTAGAAACAG 1920
ATATTTAATTTGGGAGTCATTTTTGTCACATACAGTATCTCCGTGTGAATTTTACTTGTT 1980
GAACTCAAGCCTTTTTTCTCCATCTCCTCACAGAAGCCATCATGTGTGACGACGAAGAGA 2040
CTACCGCCCTTGTGTGCGACAACGGCTCCGGCCTTGTGAAGGCTCGGTTCGCCGGAGACG 2100
ATGCCCCCAGGGCTGTGTTCCCCTCCATCGTTGGCCGCCCCCGTCACCAGGTAAACAGCG 2160
AGGAAATGCCTCTATAGGGACTGAGAGTGAGGACAGACTAATTGGCAATATTAAATAAAT 2220

Fig. 25. &9 vigdd {rz Z22E g9 F714<
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GAATTCTACTGTAAGTTTATGAGTCTTTGTCCAGTGCCCTTATTGAGTTAAAACAGCACC
CTGACACACCCACTTAAGTCTCTGGTCAACT TACAGTATGAGATGAGCTTTGCATGATGA
CTTCCAAGTGTGTTATCATAAAAGAAAAAAATCTAAACAAGTAATACAGGTTAGAGATGC
ACCATCCCTGTGTGTCATACTTGGGTGTGTCTATGAGCAGGTGTATATGCATATCAGCGT
GAGTCACATTCCTGAATAGTAATTTCATTTCAGCACCAAATATAGGTATGTTCCGGAGAG
TGCACACCTGTCTATTACATCACTAAGGCAAGCAAGGTTAACCTGCACCCTCCACTCACT
TAAGCATTACAGGCGATGAGAGATAAGAGATTTACACCCTCCTAAGTGTTTGCTGTAAAC
ATACCTCAGCTTGACCACATGTATCACTGTCGCTCTGACCTGCATGTGTGTGTGTGTGTG
TGTATGTGTGAGACACTGGTATGCCAGGCAGACGTGTTAATCAGGGTGTTAACAGTGCTG
TCAGTGACCCCACGTCCTGGCACTACTGACCACGAGTGTCTGCCATGAATTTGCAAATGC
ATTAGCACAGTCTTCAGTGCAGTCCTTTGCATTCCCTCATATCCTTCACTTGCATTAGAT
GAATCACGGATCTGTTTGTCTGCACTTTTCCACCAATGCACAAATATAGAGCAGAAGACA
ATAGCATGGGTATATGAATCAAATGAGACTTTGTGTAATCAGGATGTGTAAGCCCCCTTC
CCAATGTGCATGATGTCGTGGATTAATACTCTAACAGTGGAGACAGTTCAGTAGAAAATA
ACATAAAAGCACATATTTCAACTTGTTTCACACTCAAGGACTCTGCTGTGGGTTTTGCAG
CTGTGATTTGTTGCCCACGTGTGTATCACCCACATTGAGATCACAATAQTGATGAAGAAG
GATATAAAAATGTGTTTTATTGAACACTGAACGACCCCAGATTGGTAGTATTGATAGTAT
ATAGGTTAGTTTTGGTGCTGCTTGTCCCCCCTGTCTTGTCAGAGCGCAGGACCGTTATGC
ATGCGCCACACCCAGTGGATGCGGCAGGACCAATCAGAGGGCGCCGTGCGGAAAGTTCTC
CTTTTATGGAGAGGGGCTGCAGCGCGAGCTCTGATAAAACCCTGCAATTTATTGGCGTCC
ATTGCAGTCAAGTTCAGACACTAAATCTACCGGAGTGTAGCGCTCAGTCACAGCCTTCCT
AACGCCGACAACCCTCCCTCTAACAGGTAAGACAACTGCGGAGTGAAGATGAAAGTTTCT
GTCACATTTTAAATGCCTTTGTTTTAACACAAGTGTGTGTAATATCACAGCCAGGCGCCG
GTTAAGTTATGATGTGGGTTTTCTGTGTGACTTCCAAGT TGAAGCAACCGTTACAACTGC
TAACTGAAATTCACGTAGCCTGTCATTCATTAACGTTACATGTTTTGACTGGGCACCGTT
ACAGCTTAAGGGGATGCTGCCGGTAACCTTTAAGTGTGGCTGTTTGTCGGCATGCTGTCG
TTTGTTTTAAAGAGTTGGTGTGAAATAACCCGGCTGCTCCGTGCTGTCACCACTTCATCA
CTTTAACAAATCAGACGGCGT TAAAAAAGCTTGACCTTCTCGCTTACATGTAAGCATCTG
CTTTGGCACGGTCCCCGGGTCTGCTGTCTCCGATTTCACACACGGACAGATGATGGCAGA
TTAGACGGATTAaACTTAAAAGACTTCACTTAAATTGCGTGGAGACATAAGaAAATGTTG
CAGTGACATTACAGCCATAATGTCATTTGGTGATCAAGTTAACGT TACGTCTGGCAAATG
TCAGAAGTTGCTATTTATCATATAACCTTGTAAGTATGAATGATGGTCACGACAAAACCG
TGCATCTGATGACTGACATGATAGTGAATGGAAGTTTATGCACATCGGAACTGCTGTATG
AAATTGTGCGTTAGAGATGTGTGGTTGGTTAATTCAGTGATGGTGATCCCGGTAAAGGGA
GTGGCCGGCTGTCGGTGTCATTTGAGGTTTAACGGCACACGGGGCGGCTTCACGGGCCGE
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GTGCCGCCGTCTCTAAGCTGCTCTCACTTTTGCCTTATATGGCCATGGCCAGACCGAGGG
AGAAACTGCCTTTGTTTCTCAGCTCTGGATTTGGGCTGGGACCTGCGCCACTGCGACATC
CAGCGTCCAGTCTCCATAATGACAAGGCTTTCATCCAGTTGATGT TTGCCAGATGTAACT
CATAACTGTCACAGAGCATCAGTTGTAACCATCCTTCCTCTTTTTCATCCTTCCTCCTGT
TCAGAAAATGGATGATGAAAtcGCCGCCCTCGTTGTTGACAACGGATCCGGTATGTGCAA
AGCTGGCTTTGCAGGAGATGATGCTCCACGTGCTGTGtTCCCCTCCATTGTAGGACGTCC
CAGACATCAGGTACAGTTTGTGCATAATCTCATATAAAACATTAATACCTAAACTTGTCC
TACCTTTGTCTTGATTTTAACCTCCTGTCTTCTTCCCCAGGGTGTGATGGT TGGTATGGG
CCAGAAGGACAGCTATGTTGGTGATGAGGCACAGAGCAAAAGGGGCATCCTGACCCTGAA
GTACCCCATTGAGCACGGTATTGTCACCAACTGGGACGACATGGAGAAGATCTGGCATCA
CACCTTCTACAACGA

Fig. 26. g * 9] beta-actin f+42te] T21E g9

GAATTCCTAGTGTAAGTTTATGAGTCTTTGTCCGGTACCCTTATTGAGTTAAAACAGCAC
CCCGACCCACCCACTGGTCAACTTATAAGATGAGCT TTGCAATAGAGTGTAACCGTAAAA
ATAAATATGACGGGTAAACAAGTATTTCAGGTTAGAGATGTGCAAAGACTCACCTCGTGT
GACTCATTTGGGTGTGTGCATGAGCAGGTGTGTACATGCAAATCAAAGTGAGTCACATTC
CTCCCATGATAATAATTTCATAACAGGGCTCGTAGTTTAATTTGGACACCAAATTAGTTT
AATTTGGACGCCAAATTAAACTACTAATTAAACTACTGCATCTCATGGAGACGAGCAGGG
GTAATCTGTCCCCTCCACTCACTTAAACATCACAAGTGATGAGAGATATGAGATTTACAG
CCCACTGAGTGTTTGCTGTAAACATACCTCAGCTTGATCCACATGTATCACCGTCACTCT
GCTCTGCATGTGTGTGTGTGTGTGTGAGACACTGGCATGCCAGACGTGTCAGGGTGTTGA
CAGCGCTGTCAGTGACCCTGAGATTGCAACCACACCATATCCTGGCACTGCTAACCACGA
GTATCTGCCATGAGTAAAGATTTTTTTTTTITTGCTTTGCAGATGCATTAGCACAGTCTTC
TAATGCAATCCAGCTCTATTGCATTCCCTTATGTCCTGCACTTAAATTAGATGAATCATG
AATCTGCTTGTCTGTGTTCTGCACTTAGATATACCTCCAATGCACAAATAGACAGAATAG
AAAGCAATAGCATGAGCATATTGTTTAAATGTGTATTGTGAACCCAGGATATGTAGTCCC
CTTCCCAGTGTGAATGATGTCATGGATTAAGCTTATTTTAGTATAGACAGAATTACATGA
AAATGAGCTCAGAGAATACAAAAAAGCACTCATTTAAACTTGTTTCATGCTCAAGGACTC
AAGCCAGAGTTACGTGACTTGTTGCTCACGCGTGTATCATCAATAATGTTGAAGAAATAT
ATTTTAAAAAATGTGTTTTATTGAGCGGTGAACGACTCCAGATTGATAATATTGACAGTC
TATAGGTTAGTTTTCGTGCTGCTCGTCCAGTCCCTGTCAGAGCGCAGTAACGTTATCTGC
ATGCGCCACACCCAGTGGATGCGGCAGAACCaATCAGAGGGCGCCGTGCGGAAAGTTCTC
CTTATATGGAGAGCGGCTGCAGCACGAGCTCCGATAAAACCCTGCGATTTATTGGCCTCT
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ATTGCAGTCAAGCCCAGACATTAAACCTACCGGAGTGTAGCGCTCAGTCACAGTCCTCCT 1320
AAGCCGAGAACCCTCCCTCATACAGGTAAGACTACTGCGGGACGAGGATGAAAGTTGTTA 1380
GTCATATTTTGAATGCTTTTTTTTAAAAATATAAGTACCGCAAACTGAATTTAGTCCGCC 1440
GGTTAAGTTATGATGTGAGGt TTTCTGTGTGACTTCTCTCAAGTTGAAGCAGCCGTTGGA 1500
ACTCATTTAAATTCGCTCGGTCACTCGTTATACTTTTTTCCGTTATATTACAGTTTGGCT 1560
ACCTGTGCAGGTTATGTGTACATATGTGTTGGCACGCTGTGTCGTTTATATTTAACTAAA 1620
CAGATAAGTGTGAACTATCACCCGGCTGCTCCCCGGTTGTCATCGCTTCGTCAGTTTTAA 1680
CAAATCAGACTGCGTTAAACGGCTTGACCTTCTCGCTTACATGTAAGCATCTGCTCCGGC 1740
ACGGTGTCCCGGTCCGGTGTCTCCGATTCACACACATAGACAGATGATGGCAGATTAGAC 1800
GGATTCATCTTAAAAGACTTAAACTGAAATCGCAGGTTAGACGTGTAGAAATGTTAAAAT 1860
TGCTGTGAAATTACAGCTATTAAGTCATTTGGCAATCAAGTTACATGTAAAGCAGCGAAT 1920
GTCTGTTAGAAGTTGGCTTTTTTTCCCCCTCATAACTATGGTGGTCACGACATAACGGTA 1980
GCCTACACCTGATGACTGACATGACAGGGGATGGGAGTTCATTCACCTCAACTGTAAAAA 2040
CGGCTGTTTTTTAAAGTGTACACTCGCGATGTGTGGATGAGTAATTCAGTTGTGATGATT 2100
CCGGTGAAGGGAGTGGCCCTCTGTCGGTGTCATTTGAGGTTTAACGACACACGGGGCGGC 2160
TTCACGGGCCGCGTGCCGCCGCCTCTAAAGCTGCTCTCACTTTTGCCTTATATGGCCATC 2220
GCCAGACCGAGGGAGAAACTGCCTTTGTTTCCCAGCTCTGGATTTGGACTGGAACCTGCG 2280
CCACTGCGACATCCAGCGTCCAGTCTCCATAATGACAAGGCTTTTAACCCAGCTGATGTT 2340
TGCCAGATGTAACCCATAGCTGTCACAGAGCATCCGTTTTAAATATTATCCCTCCTCTCC 2400
CTCTCTGTCCAGAAAATGGAAGACGAAATTGCCGCCCTCG t TGTTGACAACGGATCCGGT 2460
ATGTGCAAAGCTGGCTTTGCAGGAGATGATGCTCCACGTGCTGTGTTCCCCTCCATTGTT 2520
GGACGTCCCAGACATCAGGTACAATCTCCTTCCAATATTATATAAGTCATAAACTAACAA 2580
AGCTTGTAAAAACTATTCTACAGTTCTGTATTAAGTTTTCCTGTTTGCTTTGCAGGGTGT 2640
GATGGTTGGTATGGGCCAGAAAGACAGCTATGTTGGTGATGAGGCACAGAGCAAAAGGGG 2700
TATCCTGACCCTGAAGTACCCCATTGAGCACGGTATCGTCACCAACTGGGATGACATGGA 2760
GAAGATCTGGCATCACACCTTCTACAAG

Fig. 27. 54} beta-actin DNA €714 <4

GAATTCTACTGTAAGTTTATGAGTCTTTGTCCGGTGCCCTTATTGAGTTAAAACAGCACC 60
CTGACACACCCACTTACGCCTCTGGTCAACTTACAGTATGAGATGAGCTTTGCATGATGA 120
CTTCCAAGTGTTTTATCATAAAAGAAAAAAATCTAAACATGTAATACAGGTTAGAGATGC 180
ACCATCCCTGTGTGTCATACTTGGGTGTGTCTATGAGCAGGTGTATATGCATATCAGCGT 240
GAGTCACATTCCTGAATAGTAATTTTATTTCAGCACCAAATATAGGTATGTTCCGGAGAG 300
TGCACACCTGTCTATTACATCACTAAAGCAAGCAAGATAAACCTGCACCCTCCACTCACT 360
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TAAGCATTACAGGCGATGAGAGATAAGAGATTTACGCCCTCCTAAGTGTTTGCTGTAAAT
ATACCTCAGCTTGACCACATGTATCACTGTCGCTCTGATCTGCATGTGTGTGTGTGTGTG
TATGTGTGAGACACTGGTATGCCAGGCAGACGTGTTAATCAGGGTGTTTAACAGTGCTGT
CAGTGACCCCACGTCCTGGTACTACTGACCACGAGTGTCTGCCATGAATTTGCAAATGCA
TCAGCACAGTCTTCAGTGCAGTCCTTTGCATTCCCTCATATCCTTCACTTGCATTAGATG
AATCACGGATCTGTTTGTCTGCACTTTTCCACCAATGCACAGAAGACAATAGCATGGGTT
TATGATTCAAATGAGACTTTGTGTAATCAGGATGTGTAAGCCCCCTTCCCAATGTGCATG
ATGTCATTGATTAATATTATAACAGTGGAGACAGTTCAGTAGAAAATAACATAAAAGCAC
ATATTTCAACTTGTTTCACACTCAAGGACTCTGCTGTGGGTTTTGCAGCTGTGATTTGTT
GCCCATGTGTGTATCACCCCACATTGAGATCATAATAATGATGAAGAAGGATATAAAAAT
GTGTTTTATTGAACACTGATCGACCCCAGATTGGTAGTATTGATAGTATATAGGTTAGTT
TCGGTGCTGCTTGTCCCCCCTGTCTTGTCAGAGCGCAGGACCGTTATGCATGCGCCACAC
CCAGTGGATGCGGCAGGACCAATCAGAGGGCGCCGTGCGGAAAGTTCTCCTTTTATGGAG
AGGGGCTGCAGCGCGACGTCTGATAAaACCCTGCAATTTATTGGCGTCCATTGCAGTCAA
GTTCAGACACTAAATCCTACCGGAGTGTAGCGCTCAGTCACAGCCTTCCTAACGCCGACA
ACCCTCCCTCAAACAGGTAAGACAACTGCGGCAGGAAGATGAAAGTTTCTGTCACATTTT
AAATGCCTTTGTTTTAACACAAGTGTGTGTATTATCACAGCCAGGCGCCGGTTAAGTTAC
AAAGTGGGGTTTTCTGTGTGACTTCCAAGT TGCAGCAACCGTTTCAACTGCTAACTGAAA
TTCACGTAGCCTGTCATTCATTACATGTCTTTGAATGGGCACCGT TAAAGTTTAAGGGGA
TGCTGCCGGTAACCTTTAACGCCTCTAAGTGTGGCTGTTTGTCGGCATGCTGTCGTTTGT
ATTAAAGAGCTGGTGTGAAATAACCCGGCTGCTCCGTGCTGTCACCACTTCATCACTTAA
ACAAATCAGACGGCGTTAAAAAAGCTTGACCTTCTCGCTTACATGTAAGCATCTGCTTTG
GCACGGTCCCCGGGTCTGCTGTCTCCGATTTCACACACGGACGGATGATGGCAGATTATA
CGGATTGAATTTAAAAGACTTCACTTAAATTGCGTGGAGACATAAAAAAAAGGTTGCAGT
GACATTACAGCCACAATGTCATTTGATGATCAAGTTAACGTTACGTCTGGCAAATGTCAG
AAGTTGCTATTTATCATATAACCTTGTAGGTATGAATGATGGTCACGACAAAACTGCATC
TGATGTGCTGACATGATAGTGAATGGAAGTTTATGCACATCAAAACTGCTGTATGAGATT
GTGCGTTAGAGATGTGTGGTTGGT TAATTCAGTGATGGTGATCCCGGTAAAAGGAGTGGC
CGGCTGTCGGTGTCATTTGAGGTTTAACGACACACGGGGCGGCTTCACGGGCCGCGTGCC
GCCGTCTCTAAGCTGCTCTCACTTTTGCCTTATATGGCCATGGCCAGACCGAGGGAGAAA
CTGCCTTTGTTTCTCAGCTCTGGATTTGGGCTGGGACCTGCGCCACTGCGACATCCAGCG
TCCAGTCTCCATAATGACAAGGCTTTCATCCAGCTGATGTTTGCCAGATGTAACTCATAA
CTGTCACAGAGCATCAGTTGTAACCATGCTTCCTCTTTTTTCATCCTTCCTCTTGCTCAG
AAAATGGATGATGAAATCGCCGCCCTCGTTGTTGACAACGGATCCGGTATGTGCAAAGCT
GGCTTTGCAGGAGATGATGCTCCACGTGCTGTGTTCCCCTCCATTGTTGGACGTCCCAGA
CATCAGGTACAGTTTGTGCAGAATGTCATACCAAACATTAATACCTAAACTTGTTCTACA
TTTGTCTTGATTTTAACCTCCTGTCATCTTCCCTAGGGTGTGGTGGTTGGTATGGGCCAG
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AAGGACAGCTATGTCGGTGATGAGGCACAGAGCAAAAGGGGCATCCTAACCCTGAAGTAC
CCCATTGAGCACGGTATTGTCACCAACTGGGACGACATGGAGAAGATCTGGCATCACACC
TTCTACAA

Fig. 28. 2% 9 beta-actin DNA @714 <&

GAATTCCTACTGTAAGTTTATGAGTCTTTGTCCGGTGCCCTTATTGAGTTAAAACAGCAC
CCTGACACACCCACTTAAGTCTCTGGTCAACTTACAGTATGAGATGAGCTTTGCATGATG
ACTTCCAAGTGTGTTATCATAAAAGAAAAAAATCTAAACCTCTAATACAGGTTAGAGATG
CACCATCCCTGTGTGTCATACTTGGGTGTGTCTATGAGCAGGTGTATATGCATATCAGCA
TGAGTCACATTCCTGAATAGTAATTTCATTTCAGCACCAAATATAGGTATGTTCCGGAGA
GTGCACACCTGTCTATTACATCACTAAAGCAAGCAAGGT TAACCTGCACCCTCCACTCAC
TTAAGCATTACAAGCGATGAGAGATAAGAGATTTACACCCTCCTAAGTGTTTGCTGTAAA
CATACCTCAGCTTGACCACATGTATCACTGCCGCTCTGATCTGCATGTGTGTGTGTGTGA
GACACTGGTATGCCAGGCAGACGTGTTAATCAGGGTGTTAACAGCGCTGTCAGTGACCCC
ACGTCCTGGCACTACTGACCACGAGTGTCTGCCATGAATTTGCAAATGCGTTACGACAGT
CTTCAGTGCAGTCCTTTGCATTCCCTCAAATCCTTCACTTAAACTAGATGAATCACGGAT
CTGTTTGTCTGCACTTTTCCACCAATGCACAAATATAGAGCAGAAGACAATAGCTCGCGT
ATATGAATCAAATGAGACTTTGTGTAATCAGGATGTGTAAGCCCCCTTCCCAATGTGCAT
GATGTCATGGATTAATACTATAACAGTGGAGACAGTTCAGTAGAAAATAACATAAAGCAC
ATTTCAACTTGTTTCACACTCAAGGATTCTGCTGGGTGTTTTGCAGCTGTGATTtGTTGC
GCATGTGTATATCACCCACATTGAGATCTAATAATGATGAAGAAGGATATAAAAATGTGT
TTTATTGAACACTGAACCCCAGATTGGTAGTATTGATAGTATATAGGTTAGTTTTGGTGC
TGCTTGTCCCCCCTGTCTTGTCAGAGCE6CAGGACGGTTATGCATGCGCCACACCCAGTGG
AAGCGGCAGGACCAaTCAGAGGGCGCCGTGCGGAAAGTTCTCCTTTTATGGAGAGGGGCT
GCAGCGCGAGCTCTGATAAAACCCTGCAATTTATTGGCGTCCATTGCAGTCAAGTTCAGA
CACGAAATCCTACCGGAGTGTAGCGCTCAGTCACAGCCTTCCTAACGCCGACAACCCTCC
CCCTTACAGGTAAGACAACTGCGGTGCGAAGATCAAAGTTTCTGTCACATTTTAAATACC
TTTGTTTTAACACAAGTGTGTGTAATATCACAGCCTGGCGCCGGT TAAGTTCGATGTGGG
GTTTTCTGTGTGACTTCCAAGTTGCAGCAGCCGTTACAACTGCAACTGAAATTCACGTAG
cCTGTCATTCATTACATGTCTTTGAATGGGCACCGTTAAAGT TTAAGGGGATGCTGCCGG
TAATATTTAACGCCTTTAAGTGTGGCTGTTTGTCGGCATGCTGTCGTTTGTATTAAAGAG
CTGGTGTGAAATAACCCGGCTGCTCCGTGCTGTCACCACTTCACCACTGAAACAAATCAG
ACGGCGTTAAAAAAGCTTGACCTTCTCGCTTACATATAAGCATCTGCTTTGGCGCGGTCC
CCGGGTCTGCTGTCTCCGATTTCACACACGGACAGATGATGGCAGATTAGACGGATTAAA
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CTTAAAAGACTTCACTAAATGCATGGAGACATAAGAAAAGGT TGCGTTGACATTACAGCC
ACAATGTCATTTGGTGATCAAGTTAACGTTACGTCTAGCAAATGTCAGAAGTTGTTATTT
ATCATGTAACCTTGTAGGTATGAATAATGGTCACGACAAAACTGTGCATCTGATGGCTGA
CATGATAGTGAATGGAAGTTTATGCACATCAAAACTGCTGTATGAAATTGTGCGTTAGAG
ATGCGTGGTTGGTTAATTCAGTGATGGTGATCCCGGTAAAGGGAGTGGCCGGCTGTCGGT
GTCATTTGAGGTTTAACGACACACGGGGCGGCTTCACGGGCCGCGTGCCGCCGTCTCTAA
GCTGCTCTCACTTTTGCCTTATATGGCCATGGCCAGACCGAGGGAGAAACTGCCTTTGTT
TCTCAGCTCTGGATTTGGGCTGGGACCTGCGCCACTGCGACATCCAGCGTCCAGTCTCCA
TAATGACAAGGCTTTCATCCAGTTGATGTTTGCCAGATGTAACTCGTAACTGTCACAGAG
CATCAGTTGTAACCATCCTTCCTCTTTTTTCATCCTTCCTCCTGCTCAGAAAATGGATGA
TGAAATCGCCGCCCTCGTTGTTGACAACGGATCCGGTATGTGCAAAGCTGGCTTTGCAGG
AGATGATGCTCCACGTGCTGTGTTCCCCTCCATTGTTGGACGTCCCAGACATCAGGTACA
GTTTGTGCAGAATATCATATCAAACATTAATACCTAAACTTGTTCTACATTTGTCTTGAT
TTTAACCTTCTGTCTTCTTCCCTAGGGTGTGATGGTCGGTATGGGCCAGAAGGACAGCTA
TGTCGGTGATGAGGCACAGAGCAAAAGGGGCATCCTGACCCTGAAGTACCCCATTGAGCA
CGGTATTGTCACCAACTGGGACGACATGGAGAAGATCTGGCA

Fig. 29. &ulel 9] wietdd

AAGCTTATAGAGATGGAAATCATTTAAAAGCAGCCCACTAGAAGGATAATATTCAGTGGG
AATAAACTGAATAAATACATATAAAGGATGCCACTCAGAAAGGAAAAGCAAGTGGCAAAG
TAAGACAAGCACATGTATCTGTGGGTGCTGGTTTAAAAGGGGAAGTTGCTCAACAGTTGA
GAGGAAACTCGGGTGTGAAAATGGTTCACTTTATAGTTAGATTTCGAACATTTTGGTGTT
GTCATCGTCTCATTTTTGAAGATGTGAGCAGAATAAAGTAGTATTTAACAATATTAGACA
GTGGTATAAGGGTTTCCTGTATGGTTGAACTGCAGCTGAAAGCACAACAGATAGTGCTCT
TCCACACTTCCATTGTGTTTAATTTAATATAATCTGAAAAACTTGCTTGTTTTAACACCT
GCATGTGCAATGCTGCAGGCAATGCAATCTAAATATGATGACTGCCATATCTGTGACTGA
AAACCAGACACATACAGCACAAGAGCTTGATCAATAAGGGAGTCTTAGCAGCTGAGGAGT
GCAGAGAAGCGATGGCCTACATATGTGGTCATTCCCCAGCCCTGCCAGGGAATCTTGTGT
GTGTCATATGATTGACCTGGTGATGAACTGGCTGTGAGCCACAGTGAAGTTTTTGCAAAT
CGAATGCTTACATCTGCATCGCCTCTGACATCGTTGATATAAAGTGAAAAGAAGAGGGCA
GCCATTGACTAGCAGCCTTGGTGGAGTCTGTACAGGGAGGGGTCCCGAGTACAAATCTCT
TCCGTTAACACTTAAGTATGTACTGAAGTCTTGGTGGCAGGTGCAGGGGCTGTTTGAAGA
AAGTCCCGGCATCCTGTAATTGCTAAATCAAaCCGATTAGCaAACTATTATCTTATTAGA
CCTCGTGGCATTACCCACGTTCCTTTTATTTTCTTCAGTTCTTTGCTATTATCGCCGCTC
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ATTCTCAACCTCTCTCTTCCCCTCTCTCTCTCTCTCCCTCAAATCGCTAGCCCCCAGTGC 1020
AGCAGTGTGCACGCGACGTGCCCTGGTGCATGACGCTGGACCAATCAGAAGGCACGATTC 1080
CGAAAGTTTACCTTTTATGGCTCGAGCCGGGCAGCTGACCTAGTATAAAAGACAAGCGCC 1140
CACAATCCATAGACTCACTCGGAGCGTCGTCACACGCAGCTGTGCGGGATATCATTTGCC 1200
TGTAaCCGGTTTCCTTAAGCGAAAACCCCCCCACCCAAAGGTAAGGCTATGGAGACGTTT 1260
ACAAATGCTTAACATTAGAACGATGTTTACTACGTAAGTGGTGACGTGGCAATTTGTTTT 1320
TCATAGTTTTTACGAAATTTGGCACCGGACACGAGGTTCTTTGTTTAATCACTGACACTA 1380
AACGAAGTTCTTTACCCTAATGTTTAAAAATGTTGTACAACTGTATTTTGAGGCGTCTAC 1440
AGTAATTAATCGGGCGTATTCGCTGGCCGCAGGTGCTTTCGGATGCAGCCGGCTTTTGTC 1500
TCATGCGATGGAAATAACGGTTTTACGGGTTTTGATAAGTCATGACTTATGTGCGGATTC 1560
TGTACTAGCTTGCCCGGTATGATTCCaAACGATGTGGAGTTAGATGATTTAGGTTCCGGC 1620
TGCTCCCTTTGTGCGACTGCGACGGGGTGTGACCTACTTTAGTTAGCACGTTAGCCTAGC 1680
CGCACTATGCTAACACCGCCCTACACGCCATGCAtTTTTGAAAACCTGCCTGTGGTTCAC 1740
GGTCGTAGGAAATCTCGTAGGTAaCTCAAAATTTCACATATTGGACTTGTATACGATTTT 1800
TTTTTGTCTTCGTCTCTATTCAACGTGCCGGTTACATAAAGGGCAATTTATGAATGACGA 1860
TCAGTCCTGGCGAAAGGCGTGGCTTTCGGGAAATTAAAGATCAGTCTGGAACTTGACCCA 1920
TTCATGAATCGGCATGAGTAATGACGCAACCCCCCATTAAGGCGTCAGTAATCAGCCCGA 1980
GTTAAAGGATATTAAGCGAGCCGTCTGTGACGCAGCTAAATTTAAGTTGCGCGTGATTCA 2040
TTGTAAAAGCATAAAGACGTGAGTAGGGGGGAGGAAGCTAGGGACGACAAGGAAGTCTGG 2100
CTTGTGAAGTAGAGGGAGTGGTCGCTCAGCTCTGGGCCCGTTAACGCGTAAGTCCGTTAT 2160
GGATGTTCCTGGCAGCCGCCATGGCGCCGGTAGCCGCAAAGCTGCTCGAAAACGAAGCAT 2220
GTCCATATATGGTAACGATGGGATGCGGCGCCATTTTCTTTTGTCTGAGTCGGAATGTTG 2280
GGTAACGGCGCCCCCTGTCTGCGGTTCAGTCGACCTGCAGTCTGATCAAAGAGTGAGCTC 2340
ATCGAAGCGGATGCTGGAAAGGAGATCTGATACTTTAACGTTTTTCTCCCCCCTCCCTTT 2400
TCCTGCAGTTGAGCCATGGAAGATGAAATCGCCGCACTCGTTGtTGACAT tGGATCCGGT 2460
ATGTGCAAAGCCGGATTCGCTGGAGACGACGCCCCTCGTGCTGTCTTCCCCTCCATCGTT 2520
GGTCGCCCCAGGCATCAGGTAAACTATTTCTATGGCATTAATACTGATACTTTCATTAAT 2580
GGTTCTTGAATATAGTTAACCCATTTATTTATTTTGTGTTCAGGGTGTGATGGTGGGTAT 2640
GGGCCAGAAAGACAGCTACGTTGGTGATGAAGCCCAGAGCAAGAGGGGTATCCTGACCCT 2700
CAAGTACCCAATTGAGCACGGTATTGTGACCAACTGGGATGACATGGAGAGTCTGGCATC 2760
ACACCTTCTACAACGA 2776

Fig. 30. Aivjg]e] Hleld® FHX T2 RE J99 @714 <E
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t}. Insulin-like growth factor (IGF-1) +#z} 23

(1) 255 IGF-19] 9714 <

ATGTCTAGCGCTCTTTCCTTTCAGTGGCATTTATGTGATGTCTTCAAGAGTGCGATGTGCTGTATCTCCTGTAGCCACACCCTCTCACTACTGCTGT
GCGTCCTCGCCCTGACTCCGACGGCAACAGGGGCGGGCCCAGAGACCCTGTGCGGGGCGGAGCTGGTCGACACGCTGCAGTTTGTGTGTGGAGAGAG
AGGCTTTTATTTCAGTAAACCAACAGGTTATGGCCCCAATGCACGGCGGTCACGTGGCATTGTGGACGAATGCTGCT TCCAAAGCTGTGAGCTGCGG
CGCCTGGAGATGTACTGTGCACCTGCCAAGACTAGCAAGGCTGCTCGCTCTGTGCGTGCACAGCGCCACACAGACATGCCGAGAGCACCCAAGGTTA
GTACCGCAGGGCACAAAGTGGACAAGGGCACAGAGCGTAGGACAGCACAGCACCCAGACATGACAAAAAACAAGAAGAGACCTTTACCTGGACATAG
TCATTCATCCTTCAAGGAAGTGCATCAGAAAAACTCAAGTCGAGGCAACACGGGGGGCAGAAACTACAGAATGTA

(2) T4l IGF-19] €714 <4

ATGTCTAGCGCTCTTTCCTTTCAGTGGCATTTATGTGATGTCTTCAAGAGTGCGATGTGCTGTATCTCCTGTAGCCACACCCTCTCACTACTGCTGT
GCGTCCTCACCCTGACTCCGACGGCAACAGGGGCGGGCCCAGAGACCCTGTGCGGGGCGGAGCTGGTCGACACGCTGCAGTTTGTGTGTGGAGAGAG
AGGCTTTTATTTCAGTAAACCAACAGGCTATGGCCCCAATGCACGGCGGTCACGTGGCATCGTGGACGAATGCTGCTTCCAAAGCTGTGAGCTGCGG
CGCCTGGAGATGTACTGTGCACCTGTCAAGACTAGCAAGGCTGCTCGCTCTGTGCGTGCACAGCGCCACACAGACATGCCGAGAGCACCCAAGGTTA

GTACCGCAGGGCACAAAGTGGACAAAGGCACAGAGCGTAGGACAGCACAGCAGCCAGACAAGACAAAAAACAAGGAGAGACCTTTACCTGGACATAG
TCATTCATCCTTCAAGGAAGTGCATCAGAAAAACTCAAGTCGAGGCAACACGGGGGGCAGAAACTACAGAATGTAG

(3) Hvte] IGF-19 47144

ATGTCTAGCGCTCTTTCCTTTCAGTGGCATTTATGTGATGTCTTCAAGAGTGCGATGTGCTGTATCTCCTGTAGCCACACCCTCTCACTACTGCTGT
GCGTCCTCACCCTGACTCCGACGGCAACAGGGGCGGGCCCAGAGACCCTGTGCGGGGCGGAGCTGGTCGACACGCTGCAGTTTGTGTGTGGAGAGAG
AGGCTTTTATTTCAGTAAACCAACAGGCTATGGCCCCGATGCACGGCGGTCACGTGGCATTGTGGACGAATGCTGCTTCCAAAGCTGTGAGCTGCGG
CGCCTGGAGATGTACTGTGCACCTGTCAAGACTAGCAAGGCTGCTCGCTCTGTGCGTGCACAGCGCCACACAGACATGCCGAGAGCACCCAAGGTTA
GTACCGCAGGGCACAAAGTGGACAAAGGCACAGAGCGTAGGACAGCACAGCAGCCAGACAAGACAAAAAACAAGAAGAGACCTTTACCTGGACATAG
TCACTCATCCTTCAAGGAAGTGCATCAGAAAAACTCAAGTCGAGGCAACACAGGGGGCAGAAACTACAGAATGTAG
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(4) EF IGF-1¢ €714 <

ATGTCTAGCGCTCTTTCCTTTCAGTGGCATTTATGTGATGTCTTCAAGAGTGCGATGTGCTGTATCTCCTGTAGCCACACCCTCTCACTACTGCTGT
GCGTCCTCACCCTGACTCCGACGGCAACAGGGGCGGGCCCAGAGACCCTGTGCGGGGCGGAGCTGGTCGACACGCTGCAGTTTGTGTGTGGAGAGAG
AGGCTTTTATTTCAGTAAACCAACAGGCTATGGCCCCAATGCACGGCGGTCACGTGGCATTGTGGACGAGTGCTGCTTCCAAAGCTGTGAGCTGCGG
CGCCTGGAGATGTACTGTGCACCTGCCAAGACTAGCAAGGCTGCTCGCTCTGTGCGTGCACAGCGCCACACAGACATGCCGAGAGCACCTAAGGTTA

GTACTGCAGGGCACAAAGTGGACAAGGGCACAGAGCGTAGGACAGCACAGCAGCCAGACAAGACAAAAAACAAGAAGAGACCTTTACCTGGACATAG
TCATTCCTTCAAGGAAGTGCATCAGAAAAACT CAAGTCGAGGCAACACGGGGGGCAGAAACTACAGAATGTAG

(5) A=le] IGF-19] d7iA<d

ATGTCTAGCGCTCTTTCCTTTCAGTGGCATTTATGTGATGTCTTCAAGAGTGCGATGTGCTGTATCTCCTGTAGCCACACCCTCTCACTACTGCTGT
GCGTCCTCGCCCTGACTCCGACGGCAACAGGGGCGGGCCCAGAGACCCTGTGCGGGGCGGAGCTGGTCGACACGCTGCAGTTTGTGTGTGGAGAGAG
AGGCTTTTATTTCAGTAAACCAACAGGTTATGGCCCCAATGCACGGCGGTCACGTGGCATTGTGGACGAATGCTGCTTCCAAAGCTGTGAGCTGCGG
CGCCTGGAGATGTACTGTGCACCTGCCAAGACTAGCAAGGCTGCTCGCTCTGTGCGTGCACAGCGCCACACAGACATGCCGAGAGCACCCAAGGTTA

GTACCGCAGGGCACAAAGT GGACAAAGGCACAGAGCGTAGGACAGCACAGCACCCAGACAAGACAAAAAACAAGAAGAGACCTTTACCTGGACATAG
TCATTCATCCTTCAAGGAAGTGCATCAGAAAAACTCAAGTCGAGGCAACACGGGGGGCAGAAACTACAGAATGTAG
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2}. Natural killer cell enhancement factor (NKEF) &z} £

gtgcgegtgcatcaaggcaaagagaact ttctcgtcecacacagaacagtaccaacaageaaget t caagATGTCTGCTGGAAACGCTAAGATCGGTC
AGCCTGCTCCTCAGTTCAAGGCCACAGCAGTGGTAGATGGACAGTTTAAAGACATTCAGCTCTCAGACTACAGAGGGAAGTATGTTGTGTTGTTTIT
CTATCCCCTTGATTTCACCTTTGTGTGTCCCACCGAGATCATTGCGTTCAGCGAGCGGGCAGCTGAGT TTCGTAAAATCGGTGTGGAGCTCATCGCT
GCCTCCACAGACTCTCATTTCAGCCATCTAGCATGGATCAACACACCACGGAAGCAGGGTGGCCTTGGCTCCATGAACATCCCGCTGGTGGCCGACC
TGACGCAGTCCATCTCCCGTGATTACGGAGTTCTGAAGGAGGACGAGGGCATCGCCTACAGAGGTCTGTTTGTGATTGACGATAAGGGCATCTTGAG
GCAGATCACCATCAATGACCTGCCGGTGGGTCGATCTGTGGACGAGACTCTTCGACTGGTGCAGGCCTTCCAGCACACCGACAAATACGGAGAAGTT
TGTCCTGCTGGATGGAAGCCAGGAAGTGACACCATTGTTCCCGACGTGCAGAAGAGCAAGGAGTTTTTCTCCAAGCAGTAAcagtctctatttetge
attcgctgggetgttgaageact taaat tcagcctgagggggtctagaaaagt tgat ttagccatcgtaacaaacacaggt taaatgcactagttag
tctgatttctgtctgtctgaagaagetgtttcagecagegtctcteatgeactgaaatatetgtagtttgtgttcagetagttagtctgeattgcat
atttggtactctgtgaacatagctggttttaaattctctcaagttgttggetttctggtgatttgtcaatatetetgttaaataaacaggetgttat

tgctaaaaaaaaaa

Fig. 31. Zebrafish NKEF %232 cDNA 9714 <.

uf, WEAARE AR zebrafish®) transferrin F3A 232

Zebrafish & 7WA& AANALE F& FHAF F AL S AHEste] 48t
ATh AA mRNAE IGF-1 mRNA 8¢ Z& o2 mRNAE #8312 single
strand cDNAE A3kt oln 93832 zebrafishe] partial sequenceE vl® O 2 5
7} 3’9 2= sense$} antisense primerE A Zdte] PCR3E 23 ¢F 1500 bp Zo] ¢}
DNA 93 92 4 JdAth o] ¢HE pBluescript SK(-)dl cloning3}] sequencing
gt a9 FrINE S U8 A transferrin F AR v A3 Fx|A%0f, A,

Ablo] 9 z+z}t 58 53, 60%9 identityS YEFW UTh.

o

I
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ctgccagaaatcgcetggtgaageccagtatgaaggtectgcetecatetetttgetgggatgtetggttgtggeactgecatcagecagegcettaa

aagaaagtcaaatggtgtgtgacaacacaaaatgagcagagcaaatgcaggcatetcgccaccaaagcagcagacattgagtgtcatctce
aacccactgtcattgactgcatgaggagcatagecggctggtggaacggatattgttacagtagatggagcaaatgttttcactggtggacta
aataattatctgctccgtccaatcattgcagagaaaaaaaagaatgctgttatgetgtggetgcagtaaaggetggcetctggcettcaatatcaa
tgagcttaaaggaaagagttcctgtcacagetgttatcagaggtctggaggcetggaatactectattggaaaactgattgcaaccaataagat
tacatgggagggtcctaatgag ATGCCTGTCGAGAGGGCTGTGTCAGAATTCTTCTCGAGCAGTTGT
GTCCCTGGTGTATCTAAACCCAAATACCCAAACCTGTGCAAAGCCTGTCAGGGTGACTGC
AGCTGCTCACACAACGAGAAGTACTTCGGTGATGACGGAGCCTTCCAGTGCCTGAAAAAT
GATAATGGACAGGTTGCATTTGTTTGCCACCATGCAATCCCAGAGAGTGAGAGGCAGAA
CTACGAGCTGTTGTGCATGGACGGCAGCAGGAAAAGTGTGGAGGATTATAAGACATGCA
ACTTCGCCAGAGAGCCTGCCCGCACTGTCATTGCTCGCACCGATACTGATTTACAATATG
TTTATGATGTCCTGAAGCAGATTCCGGCCTCAGATCTTTTCTCTTCTCAAGCTTTTGGT
GGTAAAGACCTGATTTTCTCAGACTCTGCGACTGAGCTGATGCTGCTTCCTAAAAGAAC
AGACTCCCTCCTCTACCTGAAGGAAGAATATTATGAGGCCATGCAAGCCTTTAAAGATG
GGAACCCGTCAGCACCTACAAGTCAAACTAAATTGGCCATGTGTACCATTGGCCATGCAG
AGAAAAATAAGTGTGACAGTTTGGATCATGTTAAGAAGTCGTGCATTTTGGAAGCATC
TGTGGATGATTGCATCGAGAAAATCAAGCGCAAAGAAGCAGATTTCTTAGCAGTTGATG
GTGGCCAGGTGTATATTGCTGGAAAGTGTGGTCTAGTTCCAGTCATGGCTGAACAATCC
AATTCACAAAGCTGCTCTAGTGGTTCAGGAGGGACCGCAAGTTACTACGCTGTGGCTGT
TGTGCGTAAGGGCTCAGGTTTAACGTGGAATAACCTAGAAGGAAAGAAGTCCTGCCACA
CTGGCCTGGGTCGCAGTGCTGGTTGGAAAATCCCAGAGTCAGCCATATGTGGCGAAAAAG
ATAAATGTACCCTTGACAAGTTCTTTAGCGAAGGCTGCGCTCCTGGTGCTGACCCTACAT
CAAACATGTGTAAACTGTGTAAAGGCAGTGGGAAGGCTGTTGGAGATGAAAGCAAATGC
AAACCCTéTGCTGAGGAGCAGTATTATGGCTATGATGGGGCTTTCAGGTGTCTTGCAGA
AAAAGCTGGTGATGTTGCTTTTATTAAGCACACTGTGGTCGGGGACTACACAGATGGTA
AAGGAAAGGACTGGGCAAAGGATTTAAAGTCAGAGGATTTTGAACTTATTTGTCCAAAC
ACACCAGACACAACAATGAAATACACTGACTTTGAAAAGTGTAACCTTGCCCAAGTGCC
AGTTCATGCTGTGATTACCCGGGAAGATGCGCGCAGTGCTGTGGTGTCCTTTTTGTCTGA
CATTCAAAGCAAAAATAATGACCTTTTCACCTCCAAAGATGGGAAAAATCTCCTTTTCA
CTGATGGCACTAAATGCCTTCAAGAGATAAAAGGATCTGTGGATGATTTCCTGACGAAA
AAGTACATCGATATGATTGAGAGGACCTACAAGACTAGCCAGAATGTACCAGATCTGGT
GAAGGCATGCACTTTGGGCAACTGTATTAGCTCCTAGtacctatcttacggtcatcaaacacatcaaacagtc
atagatgtgatcaggtttctgtttt

Fig. 32. Zebrafish transferrin cDNA €714 4.
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2
Siid

Bt F2 AL transferrin 82 @ el

T2 FARAF9 transferrin FAAE A FEFIF mR
cDNAE #$4% o< internal primerE A 23te] PCR ¥Hgg 3 Z3x ¢F 100 bpel
DNA ©@#HE dddh. o] DNA @#HE cloning vectorol cloningdle] @7
sttt o232 5% ol F transferrin 322} internal sequence®] ¥7IHES

ATk,

Z,
o
tj
N
ot
lo
ll

R
124
o
o
r [o]

o
<

(1) 54 transferrin internal sequence

AGATCATGCGTAAAGAGGCAGATGCCATAGCGGTGGATGGAGGACAGGTGTACACCGCTGGGAAGT
GTGGTCTGGTCCCTGTCATGGTGGAGCAGTATGATG

(1) Z9 &2 transferrin internal sequence

AGATCATGCGTAAAGAGGCAGATGCCATAGCAGTGGATGGAGGACAGGTGTACACAGCGGGGAAGT
GTGGTCTGGTCCCTGTCATGGTGGAGCAGTATGATG

(3) =% transferrin internal sequence

AGATCATGCGTAAAGAGGCAGATGCCATAGCAGTGGATGGAGGACAGGTGTACACAGCTGGGAAGTGT
GGTCTGGTCCCTGTCATGGTGGAGCAGTATGATG

(4) £uld transferrin internal sequence

AGATCATGCGTAAAGAGGCAGATGCCATAGCAATGGATGGAGGAGAGGTGTACACCGCTGGGAAGT
GCGGTCTGGTCCCTGTCATGGTGGAGCAGTATGATG

(5) AE- transferrin internal sequence

AGATCATGCGTAAAGAGGCAGATGCCATAGCAGTGGACGGAGGACAGGTGTACACGGCCGGGAAGT
GCGGTCTGGTCCCTGTCATGGTGGAGCAGTATGATG

- 114 -



7k ME

FEA e 7123 AAxALE HA vgoz @izt le ¥FAv=

ARe FEstE o Atk ol ZwelAM olFe AFRLL A A% A=
Ao g, AsZe] gse tEo] AR, 3ujA o Fe AL, adan ALSFTH
22 AEEE 7P ol &3 Uk = WEHIEFH FH AT A=H] #F
2E BHo] o7 HopollA] Algsn QuH(Li et al, 1982; Kang and Jang, 1996),
B A= ARG ofule] s Foju Add 72 fstd A AF 2=
o] A& JT(Suzuki et al, 1983b), ol & AF AFE 7] dAstd HA
3l 7|1¥o] a0 o]&E 1 Uth(Jo et al, 1995; Jang et al, 1996). olF< AF
< Oe HFFEN upVIAE HSFARYEH RBHEHE AFISE22d o5 xAsH
o, ojfe Y £I& AT AASE2EY A2 dA 823 I AAH 32 Ut
dole) MAZTE2EI 2 o]F HAAIT2ZELE UE ojFd R AF AFER &
#7F AZFIAF(Bilton et al., 1982, Kawauchi et al, 1992; Steiny et al., 1984;
Suzuki et al, 1988a; Wagner et al, 1985). o]¥toll ERfF2 T 28 Fo AR A
Z 2 Z(Komourdjian et al, 1976) oW 49 AFZT2E0] oFe HAZFE FFAZYE
Aol B dAFe) 93t #el=E Ut (Bewely and Li, 1972, Higgs et al., 1975, 1976,
1977, 1978; Leatherland and Nuti, 1981; Market et al., 1977; Danzmann et al., 1990;
Santome et al, 1973; Walis, 1973). Komourdjian et al (1976)2 s X9 AFZ=E
(Growth Hormone, GH)S H3lA7F A8 FANFd 54T AFE FIMNFL
™, Gill et al (1985)& recombinant bivine growh hormone°] 2¢dol9 Hojo AA
Z7d a3/t Jvtx R uEth Agellon et al (1983)2 AFY &3 Fo AAHz
of 9]8] FA]7j4lol recombinant salmon GHE F 3t Ao FAHUATU L Bu
a3t 21}, Schulte et al (1989)2 FA|7§Folo] HFU4A= fl°] recombinant bovine
GH 5o W& Ax3std A3 Z3E 2dth. Weatherley and Gill (1982)2 F A7)
%o} Ao bovine GHE Fd3td A4 &9& FH3AE Cook et al (1983) &
U dold A 2ES FASIY F8509 AR ES 2% FUHAAT L EustRth

ie OW fol

e

L

flo
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38

1%

2

i

°] TEL Hlfo] dolie Foli T WA R ITHA && B st
ofFol HL&H e AY Ak bRl JojM AHz=2EE A8t H4F 2
g Yol AFZ M Cavari et al (1993)2 A& =l

2] 5 (gilthead seabream, Sparus aurata)el] FA+3 A3} Algtolu 49 GHell st
3ol EX(15%) = Atk Bustdon, SledlA = Heo et al (1996)°] ¥4 olF (F
A X 40], WAo] dx], o]A#d o)) recombinant bovine somatotroping o3}
A& axet 546 Hate AT o] vrol Ishioka et al (1992)= AZF

=2

22 FF folol FAs 439 3718 F3sd.

J

¢

>

3 47

33, bovine somatotropin (BST)S 29 M3l¢A Eu|Xe]l o) JA=A
191749} olm|xito g FAH @A A Z2Eolth BSTY FAE 3282 RE F
Fo T2 AAHEHY, o] 2EL BE FEY A, LA, 2 1 v AH 7
ol g Fasit) 1930d ol R4o] BSTE FAS 4/ At Hug &
7be A8t BST 48€ E5E 49 HAseAdMT 48 & 3o ol8d

J= BSTLL wl¢ A3 vt HAZ Ad AFTY dFUA 742 Az 7le
(recombinant DNA technology)g] 222 th& A4ke 4 QA gol wet 1970 dd ¢
RE AEozA sjte] BASHAUG. olH T AEFS AN o

(Food and Drug Administration ; B &9 ¢f=)2 BST F42 Agakd $Fo i
Uvt Al#e] 3§ F AA o i FAAFE FHHE +UFA

2% ARE2E AAAY olge FA FHT Ao dyd

1o
e
r i
)
He
L)

. pET expression systeme ©] &3 &% A28

(1) pET expression system® 54

Cloningd E%9 AZIZE FAAZFEH A2 HIFZ=ZE£S AAdst7] Y3ty
pET expression systems AF&3t¥th. pET expression systeme o]A71x] AdHo=
availabledt expression vectorZolA ©@¥lAL 713 o] wLHEE vectorF: dHo|th. o]
expression vector= bacteriophage T7 promoter& 7}x3 912, T7 RNA polymeraseE host

cell WollX A &3ty E22#H promoterd down streamo cloning® target gened 2do]
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=59 At T7 RNA polymerase= T7 promoterollqt Meix oz Bow Zio] nfP o}
g A Ao & 50%e FHE MY dUAS IS F Aok

pET expression systemolT 4 FF9 vector7t ol 254 pET-11a%} 16bS AL&
3ttt pET-16b vectorell& Ncol restriction sitedll 7AA] codonol Qo0 WHEHE= Ax3 o
WA ol olply Teko] 10709 A4 == histidineo] @S] @Al ¥ E AAIE Lol
t}. pET-1la vector9l= Ndel restriction site’} translation 7§A] codonell Ut} °] vector®
Ndel restriction 42 2931 complete cDNA2 coding regiong ©] vectore] cloning3s}l<

BBz 2Eg LI

(2) pET expression vectorl 4FZ 22 FA2}t9 coding sequence cloning

Novagen® 258 T3t pET-16be} pET-1l1a plasmidE 2}Zb Ncol# Ndel A @& a
2 A3E ¥ 1% agarose geldolA AGE plasmid RS 2285t pETI6b A EZE2R
€ cloninge o83 Zo] st 5% 3o ZtZ Neol AFEL HIEHFAE 71 &A%
coding region DNA fragmentE® Ad7] 93l F 782 primerE 3¢t3e] PCR reactiond} it
dolz DNA fragment:= Ncol restriction enzyme® 2 digestiondt 2 HEE fragmentE
DNA purifiction kit °]8-3te ¥el3tdch pETllac] 4 ¥E2E FHAE cloningdte Y
2 pETI16bE cloning sty W3 2l tigk Neol AFEAHA Ndel ATFEAE AR}
<+ 5
T4 DNA ligaseE o]&3}] ligationdlgtl. Ligation® vectorE E. coli DH5a strain (recA—)

3x

AN FAZ A pET-16b, pET1la vectorst 2 AFFTAZ A2 FAAT2E dAHAS

ol transformationdts ¥ colonyd ampicilin®}] 100 ug/ml E°1Y+ 15 ml LB media°l &
%3l 7]1¢ % plasmid DNAE F&3Ath 53 DNAE Agasa= HA3 F agarose gel
A7 e AFE2E FAAT A€ cloned #AdHEL, T7 primers ARG

sequencing 3t cloneg #9185}

(3) BL21(DE3) E. coli strainl A8 A2 & 234

EE AA3280] A4Y" pET expression vectorZ23E iz g A7 7] A
= goA MdE3 A Zo] T7 RNA polymerase’t 23ttt T7 RNA polymeraseE A H
o2 3 J3e A7l FFE7] 93t FAAe] T7 RNA polymerase +3AE 713 E.
coli strain BL21(DE3)2 A}g&3tth. o] strain bacteriophage A9l derivative?! DE3 lysogen
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° 32 M lacl, lacUV5 promoter L8] T7 RNA polymerase 4 AE 7}x 2 Aok, E coli 9l
Al T7 polymerase®l &L lacUV5 promoterd] 23] ZZEHD lactose FAFEAQ]
IPTG(Isopropyl-B-D-thiogalactopyranoside)oll 28] RAX}7} f- =g},

Sequencing3dte] €2 clone 28 ¥ DNAE FZ3to] BL21(DE3) strain®ll transformations}
R h. Transformationoll ©j3] W4 E colonyE ampicillin®] 100 ug/ml 213 1.5 ml LBe
AF38te] 37ColA shaking3t® A overnight culturedt gt ©S¥ overight cultureE freshdt
1.5 ml®] LB-amphicilin ¥§=]ol 108 3} AA i FstAh. ODsso7t 060 2 wi7h=] wigst o}
S 100 mM2] IPTGE 9] final %7} 04 mMo] S A T7 RNA polymerase?] o¢&&
FEe FAd AxF AAZEZY 2EE =i @¥zd 2Ee 30T shaking
incubatoroll A 3A1ZtEF A&ttt DAl WHE cultureE VA EF S cell& harvest
%t Harvestd cell® 50 ul®) 50 mM Tris-HCl (pH 8), 1 mM EDTA buffere
resuspension3dt 9 i 50 ul®] 2X sample loading bufferZ 718t & H&the 9BTAAA 587
&3t celle €3] lysisAlZATh Cell lysate 5-10 ul& 12% SDS gelol A7]14% & &
commasie brilliant staining solution2. & stainingsdtd Az2§ AFs 22 2P A3 HT).
Fig. 332 pETlla, pET16bol] 4 ® 5% AF5 22 §229 prepro GH (growth hormone)
2} mature GH® Z#E vetd 2go|th
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# == peptided His - Tagoleta F2 H= 22(NP) ZatA 2
=} olel e HAL olgdle] wuA R way folsA & & YU 1 literd] )X
gRE 9 2HH cell& 40 ml binding bufferel suspensiondt % th. Suspension® cell€ 100
mi Hlol7dl & F uHlo]AE LYol ¥ ¥ A E sonicationdtd cellE #5Hc)
Cell lysateZ 40,000 x golA 308 YA Rsto guldo] Holde A5 H(supernatant) 3
cell debrisZ Ui ¥, 4542 2PH Nicolumng ol§3ste ©ag Festsch Binding
buffer2 equilibrate=]®] Q& Ni¥* columno] FH]§ A5 AL loadingdtF I S5 Aol A3
W& ¥ column ¥3¢ 10ufel si@ste ¥ binding buffer® columng A&t 12
i A column®) 6¥jEE ko] wash buffer® ME & T Ni¥' columnd] 2ojlE fusion T4
A& elution buffer2 elutionst A . elutiond DA AE 12% SDS gel A7|FFE st @A
ol 59 yieldE HAsR. Fig. 34 columnoZHE elution® ©H A9 patterns 2o
o, 2dE AZzEEed o 80%Yd & YEUACY. lane 12 molecular size marker,
lane 2= 29 9@ 10 LS SDS-PAGES Ao AA EId S5 AFI2RLE °
7 mgl.2 48P dlAel (150 mg/liter culture) & 5% X o|t}. olgt Zo] B T@uid ]
%ol AL olfE HREY dFA Ao insolubledt B inclusion bodyZ EA]8}7] o
Zolth

(kDa)

97.4 | wais
“

Fig. 34. #3283 &% mature GH SDS-PAGE.
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e £ Az H4Azaeed 4% &3 43S AR AF AE £ 4F3=EY A e o
%z

() 482 A% 5= 474 2 A

Ao A& AMSTEE FRPAASY 7157 34T 3719 93+ (2190cmx 2
°|80cm: %1.28) Ztzt Aty gz g AAse "aA A &3} F YEF s A
AP 2L FIF ASEHo] BAY Holt WHE ALES ALSFE Alo)d Eo] M2
28E F J=E dASALY FARFAE At Az & WMEXE AR HANATG
(Fig. 35). 4 Atg4zUe EXHL 20//mino2 FARLY z+ 2 AZAENAE
R 2E NHERE F99€ ol & AAxE FHNESF HolJoM AFET AgEAS A

FTYHEE stk W, HEFE F UYL A £ 250 E @Az 648
A st} Aol AHEs T U
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A !

Fig. 35. 44449 ¢ g ¢z 2 2¥x
L AASSE; 2 9z 3 9F R AbA WEE; 4 ¥I; 5 9

pET1lla T @] cloning® &% AZZ=Eo 2L A E. coli strain
BL21(DE3)< LB-ampicillin broth 5 mlell &3 37T, 250 rpmo 2 wjdatdot HA) v
HAE LB-ampicillin broth 50 miol HZF3d 3-4A% F¢ Al wFsP oS
LB-ampicillin broth 12 ¢ H &3t 37CelA ODeo = 057F 2 wi7bx] wjFstgct. 7)o} 1M
IPTGES HFF = 400 mMeo] HEF 400 S 7138t 30T 342t F<F inductiond 3 ch
induction® ®lgAE ALAA 308D FAF F, 4T 4000 mmolA 308 AL
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Azhg A A3 cell pelletsE 1xPBS £ R-FAF Al 4T 3000rpmeoil A 1587F o
Agasted AzAe AAsY cell pelletse A8 AT o 7)o 1xPBSE g9 5 ml¥ d7}s}
o cell& #FRAIFIA, 7] lysomed 3 mg/gel HEE 7teted AEAlA 10€vtt} inverting
< 3EA 1A B¢ lysise 585G}, cell lysated] 1x PBS solutiong 20 ml/ge] HEE
#7158t ultrasonic homogenizer (Bandelin inc. )& °]&3le) 304 637 cell& EAIAT
EHqE cell lysated Z+z} 10 ml¥ wFol -70To B3Ity Ho) 544 o4 AFAANA
o wdd ARSEEY FEE A7) f5td SDS-PAGES T3l ¥=& &

(3) Folo A% 43 49

AR APe 5t FYE S5 39 28U R AJ2H o)F F 114§ 77
t A3t Table 30 YERATE AF LS FF 1.74 golRem F43 X9
15000 & AT edA7} £x9 e ASz 24 F839 AMSE7] AFstat. Hel
T 4 dA AT o 3% FAEE 3HFo] 3F(LA 104, 2F 24 223 2F 6ADNE YF
oA Folstd o AAe wit HFo F5¥ & UARF FolFE FAFAG. AP A=A
Z1e) #MAo] 728 cm 2T MF L 927 golUth. olE EFS FAYEZ AMEdA 39 Al
Fzo Z+zt 30078 8328 FS2E YRT(A 28F), 39773 4A3=2E £97B 4
), 282 fd FAFC A2 T2 AFS AAHAY. T FAse 4z
22L& of 40 mg/olAFTkgoZ Holo] ARAAA FelsiArt. gz FAHL 2F BFHe=
AFd A ZF £ 9 09 E ez AAA

X
fru
=
rie
_c‘)g
8
e

)J
r U

Table 3. H% T EF Aolo AF, % a<ddx A%

items measured WEIGHT(HIS) TLEE) SL{HMZ)
N of cases 114 114 114
Minimum 1.110 3.500 2.800
Max i mum 3.010 5.300 4.100
Range 1.900 1.800 1.300
Sum 198.470 495.300 391.200
Median 1.655 4.300 3.400
Mean 1.741 4.345 3.432
95% C! Upper 1.811 4.403 3.480
95% Cl Lower 1.671 4.287 3.383
Std. Error 0.035 0.029 0.024
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£59 AT API2ES Foldtel A4 wRE 2] A% 677 AP AWE
Fig. 3601 teht alch. A9 23, 49 A%A AZF 927 g, 83 729 cmold EFS 29
FRA A% 2795 g, AF 1090 cmZ 6F 5 AW AF F7HE po] A< 3w FEo
AE dehiRc. AuHe YoldE YFE2E FATs ETol ulaA uxoz
U AZAE BRoy 7+ 24 A £33 AEE two sample t-test®} ANOVAR B8
3 A7) W 2T YT Alel F A, B, C AT el AFH A HoA3 5% A
TN QHAA G v FHA] Aol 4 Aole FHA FARFAA BT fof

Aol AAHJT. WA o] Hd A3} Fold A% 43 FA Ade BREHA U

o
o P

an

40 L"| 1 i 1 ] L ¥ l__

. i'
10 7 COMPARE
0 ? a2
d 03

Fig. 36. €59 Az AZI2E F4g ¢ 59 H3va

L EF(A); 2. 3433 F7(B); 3. g F497(0)
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7 A4 o4 W s

Gxle] =ABe JA el A2 ZFHA oAS At &3 2o
2d WY E AFsAo. 2d HEE AFstr] Astd g3 2ol 4719 fragmentE
Pfu DNA polymeraseE ©|&3l9 PCR SZ3Ith. WA B-actin® promoter ¥ ¢j<}+
A HA intron A4S EFI 92018 bp, Fragment 1) EcoRIF} Sall A|FH-9S
Agste] txA @ primer (Vector-F1, 5-CGA ATT CAA GCT TGA GAA TTT
GTA ATT TG-3', EcoRI AFHF9 A%, Vector-Rl, 5-TGT CGA CGG CTT CTG
TGA GGA GAT GGA-3’, Sall A&F 9 4d)E o1 &3t PCR FZ5Ax, dA A

A52E mRNA® poly(A)-signal F92 T3 dx A3 =22 mRNA precursor

4<(834 bp, Fragment 2)& Sall®} BamHl A##H-AE AUstd tzel® primer
(Vector-F2, 5'-CGT CGA CAC TGA AGA ACT GAA CCA GTA-3’, BamHI A3t
9 44 Vector-R2, 5-AGG ATC CGA CTG AAT GAA ATC TTT ATT-3,
EcoRI A4 499)E o] &3l PCR F%35c}h. 3 ampicillin® ColEl origin #
AE x33% 2043 bpel 9 (Fragment 3)2 pBluescript II SK(-)o14  EcoRI#
BamH]l AFEAE 4Ysted & YdE primer (Vector-F3, 5'-CGG ATC CTC ACT
GCC CGC TTT CCA GTC-3', BamHI AT+ 4<% Vector-R3, 5-TGA ATT
CGC CGC TAC AGG GCG CGT CAG-3, EcoRI AgHH-9 4)E o] &3t PCR &
Z3dch. olgt ©Eo] Sall3t BamHl AEYE AUdd A E  primer
(Vector-F4, 5'-CGT CGA CAT GGT GAG CAA GGG CGA GGA-3, Sall A|g+4;
Vector-R4, 5'-AGG ATC CGC AGT GAA AAA AAT GCT TTA-3, BamHI A&
B)E o] &3l AJd-EGFP vector24%-E poly(A)-signal ¥9 & X33 EGFPE ¢
333t = 99(924 bp, Fragment 4% PCR ZZ35ch

o]9} o] Z=Z5 PCR productES 0.8% agarose gel Aol 2¢lste] o 45
= Zol9 fragmentE Xt A FHE ZElUo] QIAEX I Gel Extraction Kit
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. 3

o
(N3]

AT olFAL 20 HAF} 422 vw

Jo
o)

7 o] A g 93 zebrafish®] d& ok A A A At W& £=A%
A AF FAAAM Aol ALE3AY.  zebrafish®] 1-cell stage 717+S 26T A
T3 F o 408 FUolR o, stereo microscope(Olympus, SZX9)o A==
micromanipulator (WPI, USA)$} Bio-rad®] electroporator® AF-&3}4] microinjection
Wl 3} electroporation W& AHE3ted AdHsHTk  electroporationd] HAHzHL &
7198 dudE AF ALE S¥FE WAL YolHE AFE neH
capacitance®] AdE FXE A T4E A/Lo] Yol o)} 2 JujAdy
ABE vigo R 3 AI FHFAL AY 0.05 KV, capacitance 254F, pulse number
1, 28] R3] Ao 713 & BAEE 2Ah o] ZA0A elctroporation ¥t
AT nAFAF FAT] B3lg B3 T 10471K 9 7] AFEE vy F
y

de gem 2o F 1M uAFyg A¥e ¥ AR 2FFAN Ryee
13.3-60.0%5 Wol7t At orm tizTeo ZfdE 933%Y =& ¥3I}&s By
TS B3 & 10842 AREL 10-40%F e HETE 86.7%9 & AL BY
t. Pandian et al (1991)2 zebrafish® o2 wAFYe A} 25-85% W #
&S EATy Budn o B dF AR i L £3E JEuen
53183 o] A9 integration ¥ &3 EZ AFABAI gl Aoz BRI

flo

AP TFNA 3-35%, 7] AR

A electroporation WL o] 43RS A H3I}&
A "R G FAE R4 ot
- )

£2 0-21%2 WZ=F9 ztzZF 91%9} 84%ol H]s)
A, transgenic fishe BlAlFd HHE ALR3E= A o)

AF AZe wAFY WS Agste] AN,

th 29 ofF U9 A=3F FAAE e (pFV4aEGF—-GH) o] uta okAd

FAd AvtEle] A5 2RI EGFE A7 pFV4aEGF-GH HEHE

=
zebrafish®] one-cell stage A& UlAFAFEL2 FYY transgened] 23 FH=
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reporter F-Axte] Wddo g & 5 UAY. FYH transgened THLS U FAH F
12A12el A A g o2 gEEoy o] ufg okstA vEwten 1 ¥ Uy
A F7bebe 3EE YErAY. o] promotor?! actin gene] EHA|7|o] FH$-drin
A2+t 1-cell stage® FA ol 2
F2 zebrafish A (trunk)9] K EANAM FH o=
33s 91 Jv ZIYMANESYS FF 2 ¥ FHAMAE 4 2FE BT

%3} ¥ 59 ZABAlele EGFS %dol BatA uehgon] AFHA mosaic
expression patterns R TH(Fig. 38). o] A9 Adwte]l ZAA 2do] #AHJY F
2 RG] TdE e olEo] ZHolA AsiA 2H}e A= AT o
© e 2dE ¥ promotord actin FHAR AHRIIAY] WELE FZ4dr. of
Qo= A4 GFPe] Hdo] @A

33} F 1080 27D F QA WE Wolk AT TA FHo] FHoz:
o 2 1

mlo

T4 Fo=v %S Rion 2dse 252FL2 0% 51 53 28 Yed
A3 ol A AAAM HAIHAYG @S EH 283 od A e =

T} oprtr] FHE HAL BFE 4 3ol actin FHAAY FHL ojHd HMrl
HoZ dojytrt uwatA, actin promotors transgeneo] ojAo] HyrH oz w7
A Aol F&3A ALY F s A2 AZdrh EF, o] AFE oA

5 Zo| X3 A X9 4F 320
THEETE RS HHALZ St dojA WE xFo] AFHo|dYy AZ4dY
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(2) F2A =9 B

(7B = AFY

A Z3%3F plasmid DNAE XL-1 blue o} transformation 3 % plasmid
prepE A3l Beldtgtt. a8 1 spectrophotometer® AFE3te] plasmid DNA
o ¥ HFE b 0.IM KCIZ s43te] 100 ng/mz WE F ArAtoz
phenol redE HZ2%% 0.5%5 A8t 1 wE ANFH3 i7) 17012 one—cell stage
AT 100 pge "AFYAEdI. vAFYL WPl micromanupilator& AH&-31
om #A#L holding slideg A&t $F WFoz HIAAAN FYANRE HL
3tstgl o

(\}) Electroporation

Electroporationg $}ste] Gene Pulser @I (Biorad, USA)E A}&3At).
FAT AF g FFHNA ARl AHHE F FPS bufferg AHE-3ho
electroporationstgdtt. HA =AL 27 st L4 0.05, 0.1, 0.15, 0.2 KV¢
A¢x 1, 3, 10, 25, 50 gFo] capacitance®] oA AL FIdUz FA
electroporationdtgict. HAZAEL 2L F t}A] pulse numberE &7 1, 2, 3, 4,
E FoM AELL v BT g 4Y 21E AU 283 DNAY s&=
2}z 50, 75, 100, 200 wgE AH-&3lo] v st .

(3) FAAZ AF AN £330 HZH3et AP v

AR o]l S 1% zebrafishe] @& o} 8A| A AA @A G& FAS
A Q12 SAA AN A& ALL3}Hct. zebrafishe] 1-cell stage 717HE 26T

A A F o 408 Zotolglen, stereo microscope(Olympus, SZX9)eo] #AzHd
micromanipulator (WPI, USA)$} Bio-rad¢] electroporator® A}-&34
microinjection Hb e 3} electroporation o A} 83} A& 5

electroporation?] HAZAE A7|% oujdE 2 AL 2EFE ATEo] ¥
olA & AL Bon capacitance? FgolE FAE A S5 ALl vrolA
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Mgor ¥ A% HAxzAL AL 0.05 KV,

7R AN Y e AL

o olg} 2 duidd AFE
ca‘pacitance 25uF, pulse number 1, 181
B o nAFdTE FHde] Rhg 23}
F 10974/ 7] A¥EE v A7 Table 404 2= vlo} 2o F 1149
oA AES @ 2 ATl #3182 13.3-60.0%2 Wol7t Asaon o
279 Afol= 93.3%9 L F3E&E 2o EF 73 3 108A9 Anee
10-40%9 o™ diz7+= 86.7%9 w2 AF¥E&E 239, Pandian et al (1991)2
A A3} 25-85% ¥ FILEE RUdn BRu3y
A ole & 47 ZFAEYG Ha £ FAE Uguden FEEF o)y {FHzY
Hlede E2 ZEaAVE gle A=z HIdgoh Lii}
electroporation W& o] &3 RS AF F3&2 AFFAA 3-35%, 7] A&
< 0-21%=% dz79 4z 91%9 84%cl vl3lA W @ A& HHo. wg
A, transgenic fishe wlAFd P S A3t Zo] AFAolztn Ao FAA
FolF A AFd BHE AHES AU

Z79 A elctroporation3lt A&zt

o

zebrafishE Aoz nAF

integration

Table 4. M= T& FAAES]] WY AHEA| zebrafish &) R3&3 27] A&
H] 2
Trials of -Microinjection - Electroporation -
L Hatching Early survival Hatching Early survival
microinjection
success (%) rate (%) success (%) rate (%)
1 12/30(40.0) 7/30(23.3) - -
2 15/30(50.0) 9/30(30.0) 3/100(3.0) 0/100(0.0)
3 14/30(23.3) 7/30(23.3) ~ -
4 4/30(13.3) 3/30(10.0) 27/100(27.0) 15/100(15.0)
5 9/30(30.0) 6/30(20.0) - -
6 11/30(36.7) 5/30(16.7) - -
7 12/30(40.0) 7/30(23.3) - -
8 18/30(60.0) 12/30(40.0) 35/100(35.0) 20/100(21.0)
9 10/30(33.3) 6/30(20.0) - -
10 15/30(50.0) 12/30(40.0) - -
Control 28/30(93.3) 26/30(86.7) 91/100(91.0) 84/100(84.0)
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(4) Zebrafish WellM el Az AW NE (pDFV4aEGF-NKEF) 2] & %4

w2l ¢ NKEF fF3x¢ EGFE AME¥ ¥ pFV4aEGF-NKEF 1Bl § zebrafish

—

2] one-cell stage FA & vlAFUsA 2 F=U = transgened] 2 {F-F = reporter

HAA) ddoz &4 £ YAt FYH transgened LHL i) £ F 124 7H A
5o 2 -?_*%E]Sd-‘?—‘)r Byo] - oFsHA veElgoew I F 2dZgFo] Hip FUtEE

A3L JeRY AT o)== promotor?! actin gened] &EA]7lo] HSHcokn AZdc)
1-cell stage®] AT wlA FYF F 24A1% A HA] EGFY 2d FF2> F
zebrafish ¥&(trunk)®] SHENA ddiH oz 3 THE 2o 1 o= ¢
S 93 e EVAEY 52 4 & FHAAME I 2$dE BRI

11
2

!

#3 F 59 AFAANE EGFY Zde] ZAsA denon P A mosaic
expression patterng B th oA Hyke] AX A WdHo] AFAHJOY FE YR
1oe Azt ol wWE Y
4P Y3 promotore actin FAARE A3 7] WEoZ AZGHEY. o] Y= 4
el A GFPe Lde] #=AT
23} F 1040 A3 F A @& Wol YA TH Yo FHoZE
Z

i Zol

o
o
e
o
o
v
Buj
=
2
o
il
o
rld
Ho
2
x
o
_°|l',
)
3
[ﬁ:
o
rr
),\l
|

v A%e ngon BHse

[d

SollE ® FHG oprbe FHo = ZEE AFT £ JolA actin FHAA THL of
Aell Aoz oyt waEtA], actin promotorE transgene©] oA o] @A o g
2HHD A Ffo FE&8A AHEE £ JE ReE ARG £, of A 3
o] A] reporter f-AAI¢l EGFY 2d& EGF9 5 Fel A&tz dv A9 4%F 5
2ol AT AL THAHLE AAst Yol Wy zFe] AFHUTG A

Ze)

]
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Table 5. The results of API 20E Kit test for isolated

bacteria from the zebrafish

HED2F
Tests Zebrafish Aotel
(KCTC2944)
ONPG + + +
ADH + + +
LDC + + +
OoDC - - -
CIT - - -
H2S - - -
URE - - -
TDA - - -
IND + + +
VP + + +
GEL + + +
GLU + + +
MAN + + +
INO - - -
SOR - - -
RHA - - -
DAC + ' + +
MEL
AMY - - .
ARA + + +
OX + + +
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Table 7. Inhibition diameter (mm) by antibiotic discs against

Aeromonas hydrophila isolated from the zebrafish

I Trials

Antibiotics First Second Third
Doxycycline (30 #g) 21 2.0 2.1
Ampicillin (10 ug) - - -
Sulfadiazine (0.25 mg) 1.6 1.6 1.5
Trimoghoprirm-Sulfamethoxazole (25 1g) 25 23 23
Chloramphenicol (30 us) 3.0 2.6 2.6
Lincomycine (2 ug) - - -
Cephalothin (30 ug) - - -
Neomycine (30 xg) 1.9 2.0 1.8
Amoxicillin/Clavulanicacid acid (30 g) - - -
Norfloxacin (10 ug) 3.1 3.0 3.1
Gentamicine (10 ug) 22 2.0 1.9
Tetracycline (30 8g) 2.1 2.2 2.0
Novobiocin (5 ¢8g) - - -
Ciprofloxacin (5 «g) 3.1 3.4 3.3
Erythromycine (15 rg) 1.4 1.5 1.4
Kanamycine (30 «g) 22 2.0 2.2
Nalidixic acid (30 ug) 2.2 2.1 25

100

80

60

407

Death rate (%)

20

Challenged time (hr)

Fig. 40. Death rate (%) of the zebrafish during the 272 hr-

challenge test with 6 different concentrations of bacteria.
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Hlol2]A,  SHRV(snakehead rhabdovirus)E 24871  $3led  EPC
(Epithelioma papulosum cyprini) cell& AF&3tAT.  EPC cell2 22914 minimal
essential mediumell 10% fetal calf serum¥ 2 mM L-glutamine (MEM-10) X 3}o
Abgstdet. dHlelgiAE 05 MOIZ EPC celldl #EAIFHon ol wjdde

W

MEM-2& A}&3g . 283 70%2] CPEE Bd u 9™ EPC celle A%
2 zebrafish cell line (ZEM2)2 o] &3t thA] F2471 ¥ plaque assayS AAsA L
o HAFL o no]gAE oFe] B FAlsly WHAS ZASIE oW o] uf wi=

Al x2S FAG. 2 A ool YErRAT

Table 7. Mortality of challenged zebrafish with virus

Group 1 (N=6) Group 2 (N=5) GrouF) 3 (N=10) Group 4 (N=10)
Days Previously CCV  [Previously SHRV | reviously control Injected culture
post-injection exposed to culture i
exposed for 12 dayslexposed for 12 days medium for 12 days medium only
1
2
3 1
4 4
5 3 1 1
6 1
7
3 1
9
10 1
11
12 still 1 male sick 1
13
Percent
. 83% 40% 80%% 0%
mortality

- Previous mortality was 40 to 50 % with SHRV from EPC cell
- Those virus was recovered from infected zebrafish and pass them through the ZEM2

zebrafish cell line.
- The period of non-specific immune response after virus challenge last less than 12 days,

which is much shorter than rainbow trout.
- The fish previously exposed to SHRV showed 40 percents of mortality during the

repeated exposure to SHRV.
- So far, the viruses including SHRV, RPS, CCV, GSV had been tested.
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oFo A% Ul L AL A4 BulA) o] e ZAHAY o5 WL FE

st A& 73 Qo|tHVlaming, 1975; Lee and Hanyu, 1934). 3738200 #3F 27] A7

1937'd Hooverdl| ¢Jsf o]§o] oo 11 & g AES g & A7E0] 283 o|F9]
FHAn, 1995; Lee et al., 1984). 53] 35719} & A4 Z4) 3l A8she ez

ol Fot sdolfollA B Hi gloy ol 3579 £2L ol & ATdf ol B3 AT
So] &) o]Fojx L UtH(Jeong et al, 1998; Kim and Hur, 1991). °]&i§ d7A} Akgh
FEO Bojsle FF7|% 2 BEFos ALy, Fof gt @At 4] g2 vYehde
Aoz By 3 KKim and Hur, 1991; Kim et al., 1993).

w3, drol Wske SAolRe ARQ 2ho] 9L vlNoTH oledt F¥ Bl

Ao} AelzA o3t 2 AFAAS 23 (Singley and Chavin, 1971), 34
o7 AbES % & 4 UHHur and Chang, 1999; Chang et al, 1991). ©]
5

ok rﬂé
2 %
1A
P fo
fr 3

2

23 GEHIE 53 AR AFo] F2 ofFE ALY A5 7] Xolo AF} AE H G
F3lo] B3 dFES0] B3] o]Fojx|a ). o]9} #AFIY Milk fishe] QoM e S8 &
T AszgS B3] iy @ HolAHBAFEo ITS FE AR Ha 9 (Swanson,

1996) A, Paralichys olivaceus ‘¢ 2 A - Xo]9] FEHA(Chun and Rho, 1991), 55,
Takifugu rubripes?] & 2 =z} - 2]o]o] EWA(Go, 1993), Hutele] Go] Ao njx]= &
2 AR J3(Song, 1998) So] &R Utk

SeugdelA o FAFL Y (Paralichthys olivaceus)td Z3]E8H(Sebastes
schlel) 22 AF3ta glo] FAuld FF9 tgd /o] HAuzn glon 1 F ¢4 4449
AES ofFo) MY AdoM EF= WS FosH 4" ooy BAE, Acanthopagrus
schegelie WA o724 vt 3 d&9 A Foll EX3) o] o]FL 2-334RH 5
2o dFlez AAPste] feivete] Al 4-67 AddtHChyung, 1977). FWe] 7
T FEALS V)0 £Y3to AFEAY ojE ANF o Pt £ Yo A A
FAZIL Aot Ao FEE A7 AT AFFA 3 FEAMY By Hu YA

—_—
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(Lee and Rho, 1987) 8242 WA QAR e s 423 A% 2 FF719 &
ZEAAE AR Adeoln] 23 AR g ¢ AT Axjoje] AE B FET LA o]
t}. ols} g} Fule} Al a7} gol oF2 gl Al FUIeta gloH sigro] A A
oAl Fa3 FolA AFEEIF YA 3B vlg] BoiA ¢4 JH Fo2A BAY
of &gisx Uk ety FE 27] AT AHA BAE A3 ¥ g £ FRAAMY F
BAL] B 25, % 2 A5 S 5 AT ARG F29 FAE AA o] A
E7 wgAe] vXe HA 27 GBS TSt TR ouiR|sr] A o] ATE 3
3t

N
Y
o
ol

. Fole) Hre} A

Ago] AHE ZAE 68utEle 2003 d 697 £ALUAA AFHGn ) Fatsthst
AFRAZFTLIHZ st oy aidre A &S AATE F 2709 1 ton T2 88
ok A ELS AFE K371 AsiA 27129 6ton F2F AMESIATE Tank 19= 1€ 5
dojl 40 vhels} tank HolE 3¥ 399 28 whElE &A ARSI &7 ZAEY AT
550-800 gol i AL 28-31.8 cm o|ATh A A7HA] Hole ARHL e FIAERE i
23)(oH, AR UrolA FRE AIZH AFE 7HAT & £ AA AR AT 2% A

£ FF9eH A o] dod o|Fle B 2HE HL3] A3l vl 13]9] Holg F
F391 Y & (Fig. 42)7 dE(Fig. 43) 2 DO(Fig. 440)& 33tk

25
£ 20}
e
E First spawning
18|
© (Mar.3)
]
3
E 1o}
P —O-— Tank |
s 5t —e— Tank !l
=
0 i 1 | { I !
Nov. Dec. Jan. Feb. Mar. Apr. May
Date

Fig. 42. Water temperature of tank cultured in
Black seabream fish.
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Date

Fig. 43. Dissolved oxygen of tank cultured in Black
seabream fish.

First spawning
(Mar. 3)

Salinity (%)

Nov. Dec. Jan. Feb. Mar. Apr. May
Date

Fig. 44. Changes of salinity in the recirculated culture
tanks.
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3] S7HX 2 H(Fig. 45).

AEE ¢ 7E 100 m?] Miller 7HIZ BHE AFZRE R3] g 23 84
Ao ¢g FASGG, $AT G PAUT PGS Pelsel 242 23RS AV, 2
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F23 30709 ¢S A Fd 4z G AR AL vHsEA71(PJ300, Mitutoyo)E o] &3]
0.001mn7A %] =3 3s}5ict,

w12}
T
£
£ 10b First spawning
2 | qm (Mar. 3)
g | —O0— Tank |
8 —&— Tank Il
6 - ' - . - -
Nov. Dec. Jan. Feb. Mar. Apr. May
Date

Fig. 45. Photoperiod manipulated for spawning of the
black seabream.

4 8o AFSE )= tank 14 tank oA 25 39 390 A Aol
AN A F AP %S 3,139,10070(tank I, 1,818,0007W; tank II, 1,321,10070) o0, A
&L 1546,30070(tank 1, 805,0007); tank II, 741,30070)ch. HAES tank 1 3 tank II
oAlA Ztz} 45.0%9 62.0% 2.2 A 535% Atk 3B ¢42 083-1.02 mmA Y, 77
2 0.18-0.22 mm Atk 223 AT dAT {F7HL o] WYHAA Aol g g
AR on oo o] FA F oAl o] HUS W dAH K74 27171 o Fo}
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§ 4 .
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a A a
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Fig. 46. Fertilization rate of the floating eggs during the
spawning period.

A Fz9] vigtd] Qe A7 2 71AF0) o8 2 BRI A8 g ded
old 2 98 ZHHAT. ARER 22, 23, 24, 25 B 26%°04 B £ 5¢4
(surface, upper, middle, lower, bottle)2 F23&te] Bf v &L 2A3gon 2719 w7 S
To] 2+ 4¥TY ¢ 10744 AMgstact

ARy Jdo] AFEL ZAR A3 22%NAe dol BF Ao 25%9] @&l
Me BE do] BHd Ro] #AFHAG £ 26% oAM= & EHoA BF A5 Ao #s]
UK Table 8).

N

Table 8. Percentage distribution of eggs at water lever of different salinities

________________ Salinity (%) ______________
22 23 24 25 26
Surface - - 35 55 100
Upper - 40 15 35 -
Middle - 25 25 10 -
Lower - 25 15 - -
Flat 100 10 15 - -
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Table 9. Effect of salinity and temperature on survival rate (%) of Black seabream egg,

Acanthopagrus schegeli

Elapsed time (hours)

W.T Salinity
0 6 12 18 24 30 36 42 48
10%, 100 983+16" | 787:65° | 69.3:89"° | 54.7+47" | 493:15° | 427+3.1° | 34.0:82° o
15C | 20% 100 993:06* | 97.3t15* | 93315 | 91.0:1.0° | 87.0:20° | 750:36° | 81.3:06° | 787+2.1°
35%0 100 963:46° | 920$46* | 843:55" | T8.0+29° | 76.7+45 | 750%36° | 743t40° | 73.3:35°
10%0 100 943:06° | 787+32° | 70.9¢81% | 64.3t7.6° | 56.7¢+45° | 49.0:61" | 41.326.7° o°
20C | 20%0 100 937¢15" | 95.3+0.6° | 90.1x2.1* | 84.0:27 | 823+40° | 79.7+15" | 77.0:1.0° | 747+1.2°
35%o 100 98.0£15* | 95.3+3.0° | 88706 | 86.3+0.6" | 847:06" | 843+1.2* | 840£1.0° | 83.7:06°
10%o 100 97.0+2.0° 787¢3.1° | 70.7:55" | 60.3+7.6° | 487:65" | 39.3:3.1* | 183:67° | 183267
25T | 20%0 100 983£1.2° | 880£3.0° | 71.7:t38" | 68.3176" | 67.7¢25" | 67.7425" | 67.7+25% | 67.7+25%
35%0 100 983:1.2° | 943#3.1* | 90.0£3.1° | 85.0427° | 83.3+38 | 833#38 | 833:38 | 83338

exe} 4R HEAES FF U 28T FH) Y3iM 15,20 2 25T 394

ARy AATE HAZ T o] 23l Z= 97
o 4Y7E VEUON 2 AYT F INRTE T} FYRUT 242} APFE 1 £ vlo|A
10044 443t 4842 BY Lol ¥og R AEEE ZHaAT

2
4

S5 W9 15,20, 25T & Y 10, 20, 35% oMY o] WELE 643 b} =
4& A7 20T 35% MM 83.7% AEEC] Vel 87 258 23 b & 4¥ g 13
¥ AELo] UelgtiTable 9). Z& 2% 2o 9] F¥E HEEL 10% T 20% BEot
B%eolA AEGo] =ATE ol T ARE 53 & FEYFE AELC] =4 vehde Ao}
FAAL F3ETE 32 GEY 10% 20% BT 35% A Ekor] 19 tEo] ¥ &
EYTE 58 4o RAY F 52 259 ERUA RI&EIl 52 Aol #AHAG. £F
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RE 29 oMo AP TolA 48413 o] Fole EE do] F3td Ae #F T+ %L
5 15T 20T 2% 10% oM & ol At Aol B&HUT. 4 F2A T 3

AEEL 7T Aol UERRTHP<0.05).

100 |

(o]
o

60 T

Survival rate (%)

40 |

20 |

0 12 24 36 48 860 72 96 120 144
Elasped time (hrs)

Fig. 47. Survival rates of the 1-day-old fingerling
exposed to different salinities without supply of feed.

D CERESES:

ol 20TolM zHz 231 F 1Y, 798 XoE ARSada, A8 10,20 2 3
5% 3TAE ARt 7 AP B 3 WETE FAh AT F X 3044 783 F
12213t it} SA3FATL 7223 0| Foll e 24A10vieh S48 e v Holo FHE Rotiferg md
F oF 200704 SmE 3HFol Al W FEIAT B3t F 198 Hol& o] FFEUl dvd
(10, 20 2 35%) A& SA3] A 4d F F o] 30/MAY 8T F AAEH

33 3199 MAE o83t AELS FAIAHFig. 47). 35% 1M WEEL 10% 7
20%0% RBESHT AR AFNA F 24AZ7A] Fe)Ate #EEHA EAHp>0.05).
24717F o] FRE 96AIZIIRA] HEZF Foxhe eI THP<0.05). 12047 o]F 2E FENXA &
oje] AEEL FA3] FAZIF o, 14447 o]F EE GEIM Y Aoje EF AMYS RS &
AL + Ak
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tllo

5319 Aojeh 7d" Aojef Bo] FolA i AEFEE AU 1949 A7
§ 35% 9 BEEL 24X ZH)F 10% 3 20% Hoh FA3HA 245t 799 X0} 3% 35%
9] AEEL 122417 ol F 10%7 20% Bk FASHA ZAstgen a2 F 72A71A AL
ok 72A17k0)F ol = 35% Brk 20% AE&0] FRAR fFojake BEAH A i p>0.05). AF
T2 10%, 20%, 35% BEAAML 2 - xoje] PYEEL 1UF Afo)A 256%, 40.0%,
38.9%7F YEFRL, 20% oA X[ofe] HEEE TE FRET 7MY B4 FRHIAT QBT &
24L& UehtA] GUtHP>0.05). 798 Aol HE FHA] 10%, 20%, 35% FEolA Zzt
2.296, 34.5%. 42.2% VNS, 35% oA X019 AEELE T GRET 7MY ¥4 BEHUA)
1 BE Y48 YA FRATHP>0.05). A)7te] e QR f948E A5 A, 19"
Atojel 748 A o] BN 36412k 6041 Alojoi e FEZ 40l UERERTHP<0.05),
60217 Bl FREH AE FAANMA KL YeEGA FRATHP>0.05).

1SN

2]

SEuetelA dRE FAFL dAY 2gEgod XFE o] Fuid EF o
T Nge] HumEn glow I F ¥ el AFE AT E Aol EFE S FL
shAl AAHL Utk 2y FHE gX9 e o] vl FAojFo e Ty 7t
I A T2y HZo So] o whEo R 53 B Aol £ RE Aistnz B A
T £ 31 3IcKGaumet et al., 1995; Partridge and Jeckins, 2002). 2 & 2%% 9% 53
< 8734 8219 2HE Tl o7 A ¢ HolAFAE LY FI At YT glon 1

2]3} 23}, Acanthopagrus butcherit As)41Rth 24% 004 A& o] o g3 B3 H1 Q)
HPartridge and Jeckins, 2002). £3] &jFolX Halgte oJFE £XAA AuAANA & 7}
A3 A% RS TF7] A3 B ol FE ooz 3 4 AE F A B3 A7
=3 9l oo (Gaumet et al., 1995; Han et al., 2001) 53] 57 oM ZAHER FAEQ
Acanthopagrus butcherie @594 €71 7153 A2 B1 ®H31 i (Partridge and
Jeckins, 2002). 19} TjE] F7HH 02 SRt ¥ QM ALSE ofF o AR tisiA
A77F A= Qi
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o,
o
o?

2 99 W S FE3817] A ezl 57 2 259
3 A7) 93] AYHT lck(Jeong et al, 1998). AHr|e] AFPL F &
F70el o whgAeZ e, dutEo g gof Adshe ol Ak A%
@719 A1 FL F29 A5 9l fEE Ao BusEn JHViaming, 1975).
F717k Koje] A& Al vAe T B3l FF A9 A & 12T
s AT AETY 19T ADelFE 2 AH AP T 9] A7) Aol ¢l

N

rlok

4 o do o
r}o > 1o ﬂllo
FON gy o
Koo
(A H rx
ol

=2

S
oy
o

U ol ku o

Aovt A 7FAR ABIEE 15708 492 4 AT st B dFME 27
FF7NE Ao E 24T tEo] g9 B5F F7HA AFx0E TER 23 H(1991)

o
f
s
rol

3 Aol vig] 1 @ W] Aol o] fojFh £@FEUM & 20.2T, EF 23.
8%, 12L/12DoA A Aro] fFEHojFled Ad7|t Tl 422 20722T < 34A 547}
A ok INY B} AEFo2 FAHJUG. 27] of 3 & T ATE <o FFE v INEF
B} Aot 490] HEAM FIe e ojo] A ARV ¢ A - 9] FE QL]
A2 YAt /MY T ST R FRAM A AR He s dESEE 57}
3t AAfr=rt dold A, 5% 22 AG Rl olfel WA FFE FA] oot AAE
Aol B3A] Fe AL FA & 1 AdeH BEF F 5 @9l A% 4 FUt g
o] AAakake] glo} A9 kS x| e Aoz Hy iKefford and Nugegoda, 2005).

T 8 3y AEY A godhe TEE T 22 Y H wFed %S FA g A
S F38 ¢ At ol AAE BT 2 A GO ASA A IS FA) 2o
X9 FFINE 2H S 53 RN AA GeE we] FEALMC] 7t T RoE A}

A} (IILE )Y T A Fo) viFo] F9lo] B

2 24ds BAgoz UrolAn 57 Satt oFE r¥ BR4doz e 47

£ 73 ATOKE, 1976). £ ATINE ZET 2E olFolA URE A% IS 478 @

3@ 5 AYAT, AW 270 ol BE Hich oA FE ASHY VVOE AR olFe

Qo Aeel okarz s) PAHE Aoz AT JBY Tl B4 92 29T 27 26%

o4 BE Qo B3] Tt A FAAYT. ol AFE SN ARUA Bkeol¥lN 3
2440 satia 4zrEc.

l

2 dFeM g AHEY] dAH ++42 242t 0.83-1.02 mm, 0.18-022 mm H1, ©
E a7 Ads Agad 5E01912)s 075-090mm, 02lmm, FEF (1969)<
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0.74-0.94mm, 0.17-0.23mm {KH%% (1980)2 0.89:0.02mm= E 13y, Kim(1970)&
081-0.96mm H2M 58x%9] o|F 9] e 2v)e] ANt Y A0ky B B YA 2 o
Fol lolMe 27l A2E WA §7749 27k Aonl A ABHBA 2717} HolA o
& Aol2 HolT Yk ol2ly ABE SHEZ WM 283 JITIL 59 ¥ 2 =)
=

AL 2 Atsdd.

O

=

olf9 G 2% A&t MAFL WY Ul F20 vlHste B e 3 £50)
ARE AL go] R3lg TE HESS o9 2 A3HELLE dojur] Bon F29 Fyold
AaQlel A4 WY oM HAELE Yelye ALZ Lee et al,(197)9) Han et al,
(2001)9] A7AAM B Ha len FEY offE & deid Fole 7P £& 2x9 14T
M B8l o 2 Ao ¥1 Hu th(Han et al, 2001). ¥ QFNAME 35% A AHSA]
159} 20C Bot 25ColA 2ol wgsted F23 $271 M2 20CAN 7H £ F31-&0]
Uebtth. 83 #™3dA, 35 %o EEAM M 18 F3go] YEwte, od 72y
£ Penaeus merguiensis 9172 IFIAME YeERNT 1tHZacharia and Kakati, 2004). Y%t
Aoz ZAFolF &L Aolg A HFE (300-400 mosm)l 77+ AU AEFEE A3
(Alderdice, 1988), & o}F oA du 371 5247} o] & o](Alderdice, 1938) Z Hij 3]
(embryo) W @A1¥ 2 &4 (Guggion, 1980; Hwang and Hirano, 1985)7} &<l5 e} o] A&
F7 Aole AE F Aok, FAFo] 7] B B AFZA] FEHE 23 e otk 1
AU AF2ASHL vAEn, 293 wide AR 2247 gty BN FE &
Hololq =57 7gko] 3iA UeldtH(Alderdice, 1983). ol AL A& Zdol |2t R3IA7 &
14 4 Qlcks Aeolth ole Ayt £ AP 25T, 10CAAN ol F37t
He S 32 & 5 Aoy 7ixiv e do) Ralo] dpdME 22 At vebgth(Lee et
al, 1997). ol& AT BF wixte 2 siefekthsiM HAlshe AL ofln ARxAS Ztm

e
o
to
2
of
o
o

=)

oifuich ARG 24 Aol sl A} AEE 7] e AolE BT Yl
AcH(Boeuf and Payan, 2001). Fg4 o1f2 & gl Fold AoAME 50%H 25% el A
AHE ofi7t AdeEdE 4EE] o 2 2HE 2U2(Chang, et al, 1996), sl 3
oAM= 13, 20, 27, 37 % ¥ AP ZANAM ALRE oF F 13 %eolM 7T B& AE0] AARE
RAATH(Han et al, 2001) £ A7lMe 243 $24] 10, 20, 35% 9] 2PN AHE o7
F 35 %oollAl AE o] 7HE ol 71€Y] AFAY tk dE AolE HYAT A F FEA

- 147 -



Aol g A (Lee and Rho, 198714 #3831 ¥ 199 AojdX d7ZAete FABH o]
O AEYZEFYEY Aol2 Q3 HEE Ao AARET o2 AAEFS WA
23 olFY AL FFE & JoH AN ARFA] G GHgle] FHo] e A A
AT ol 29 Hte olF Y A WFE R obtulFze WHIE st ARE
3 7S & W7l dE E2ol mE A APo] Huptol sfof I

AL 207, 3%l A 71 BT £, ARl @88 422 A9 Rol7t g Rox
Jeistth, 29 tel #7408 FRE 2v)d Al S 3N VY BABE A

ord o}Eg olfsld BFV)9 £ P ARS 2L BY IHEY MVRE 2L T FH
27) §1% ASHY A77 AWsolok ] olF Fol ALY AT AT AR 473
9 gzd BAY A7S0] A&Hes Aol o,

mlm

6. Sols AL AP IEL 2 A2F vude 4F day

CEEC LR L =SS

(1) gx2] AL vt
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A2, A4 B FaMol $2H7) ARGl et ofFe] WAL ol & d
AF7E o] Fol A, of FAWol BASe] DY WIAEFI} o] &1 Yok T PR L
o AFAZFE AAAMOE, AF F /P 328 A0 ANHD A%, Aoj7

FE THSE A, 4484 2 A 4+ T Wg GIsHA o] FoiAm )
o] WiFAEI a5 o] & HI Qe
FHoltt. =9 fFHAY 2E 38§ 52 AFE + UL in vitro system TEE 9
8 A sjitolE iAoz 3 cell lined o AEEx] E3tzm Je AHo)h
Exde &dS 98 FAsA.

A, o7 MEEZE Collagenase = Trypsin® 28 £H7F9 3471
AbEEl AZ Aok oY FaE 2 84 &7 36THF)7] HE o FAHZ
RAAXME BALEA W& AE &4o] YEldtH(Yeo and Mugiya, 1997). 287 W&
of o}Fo wet At AEEeRe] AETL o]Fo| A of et

£ dTFdME 71E9] ofF ARuF Zled veeR gX 9 ATy 2B E
AAEE S AT Foe FAMNFl TAXMY 7]&E =3 collagenase
g ol &3t gl BAEY BE FFFA FAMEA v 2 277 Ax
oA =3 EZst] FAME BRAA G Lol BHYY] &) §ol3kx R}
Atk mEA] 2 AN AEY B ZAERS AE Ao BFE Fo

FE @ #7F AT a2, 2AERE ZEllo] collagenase7t ¥3
H BRIl AFHA X3} AETEL L7t o] FARA oz 33 AFH Al AA
sttt olde] wEE oj&ste TUgH e EAE T BAZ zuuige HA
st ch.

Y Xl (Paralichthys olivaceus)e AFUstn sfFAFT LA AS3 A5
640124 g& A1&3Ath gx = 0.01% 2-phenoxyethanol® vl & A7l ¥, = 7
| & FEstdoh HE el Ca2+ol TFEA &2 #F4 buffer (120 mM NaCl,
122 mM MgSO47H20, 4.7 mM KCl, 1.25 mM KH:POs 23 mM NaHCO; pH 7.4)&

1087 #7349} (5~8 mé/min.). 2 ¥ Collagenase (0.3 mg/m¢; Sigma) ¥ A& &
A ¥ (098 mg/ml; Sigma)S ¥ AF& buffer o] oF 2087 (5~8 mé/min.), 2
mM EDTAE #7t3ted Ca” 2 Mg”& AIAT BF 4 buffer o) oF 1083 44 BF
SRk ¥R F L 100ml H]ojAel P Ca2+-free &FE buffer® 33 A A&
¥, 50 ®e] #F& buffer WA HFHAR A BAAZAY B4HE TBAEE pipet

o L 2
s
2
::l,
2
4u
iy
2
o -
rok
=
(o]
By
b
s
oft
4
>
2
Hu

O
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o2 u& 28 AHAZ Fe AR (700 rpm, 28)E 33 wEsle FRAAMT
oj2le} AE (MAAAE, 3td Ax, Axe 33 2 HEF 5)& AASA.

ZHA| X = positive-charge® 33 250 m¢ T/C Z2tA= (Falcon)d 2x10-6/4&
Hol wjdstHth vl & 0.2 uM Bovine insulin (Sigma), Streptomycin (100 yg/me),
Penicillin (70 pg/m¢), ¥ NaHCO3 (23 mM)S H7}$ William’s medium (Life
Technol. Inc.)& °l&3a At FHAEE gy 20 ME H7hete] vigstdoh. ALA )
Fe 397 Bet:, wgAe 39 Ao E wIE P vGHTY HELLS Y E
£ ¥ 003% EDTAE X g3 JABuffer (137 mM NaCl, 2.68 mM KCl, 809 mM
Na;HPO,, 147 mM KH:POJ)E 718 JFAA MFHAZTH 2T 3 4
2 0.05% crystal violete] E3® 0.1M citric acid® 2A17 ¢t #3393, & F=
Thomas FALIHE o] &3ld FAsIAY. 1 A3, X9 A EE collagenaseol
o8 & whg] 7 85x1087h¢) TAErF EHALH, ado MEELS 0% oY=
vtebstk ot

T, WA E] FEle 343 AHAMGS T3 T/C Fetazd €A &4t
gol Ragch 2 F g e ALl wet 7~104 REY e Axgojst A
A stuel & golgz FHE dFeg FgiFA.

gy, A7l A AFE3E William's mediumS E7H8A] @3 durH oz ol
o] &5+ Leibovitz-15 medium$ A& AFole, AAAA wjFALY IF 7}
St oy, William's mediumel| Hl&] AlE o] ©@EF3o A|7he tia FoAE AL
2 vEikth =3 A XA AAEE Ax dide g wig F 10dA &I Z
7 oF 18%E William's mediums AMg-3td] sjdst 27t & Aoz vegt

AE AEET IS T AEs WYEY o= AHEEHAR 239 FF7
od @Mz & HolEF uehud. £ dFeH F2 A}EF  FalconAld
positive-charge® 3 ZalA3A7l Ho ZHM T AT HEE Aoz ey o
ZT o2 A TPPALY] FgaIoX e HEY Fido] tdi oxe ARE e
Wl oleld AR gl Fo TAEY wiFol = positive-charge® T Fet23
7 2T AEgE oz oA

g2oz YARLEEE A7) fAste] 15CT~30TY F#alA 25T 14
o2 770E BANY A4S AW AAHLEY BHLS AETAEFY BEE 53
of o]Foixth
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5
tlo

15~30C9 777te] A¥7o gk v Tt Ee AELES Y Aol
28] wjF TAEE 275CoA MG F 49 2 8ol ZZ 149% 2 179%=2 #43S
o 71 & BEEE JYEAY. aeu, 20~275THdAM ] sjEzdedE Fo3
ol = YRR 3kt 175TH slolA e AEEo] 7t & 275T AF ol Hl sl
FosHA ¥ AEESE YJERNATHP<0.05). 53], 15TCY A2dAMes oY & 49 2
8dol Z+zh 396% L 476%2 FAZ AELo] Bisdon AE Ao YoME
DAE Gl Uebe 1e AE RojalB WA RaAc
ofFoll AAA e THME vjgS WA, FAMEAE QAR o]Fojx o
Y(Peyon et al, 1993; Yeo, 1998), &5l Bls] Mxe] £33 2 Ao o] nlE 3
Aol @rh 53], sjitoiFol A ZAME wjge] TI AFE AT AFejoloh
Fe 2 Fo wet XA 373, 53] A5l gt TAEuG) oj&HE E&
(collagenase)2] &&3 Axo] AE3 2xo HAo] ALAd] o] Fojzjef jir} B AF
A= 15CT~30T HHANAN THAEE vjFS A3}, 275C7E /M3 =& BAEES Y
AT (Fig. 48). vjd A X o] AEEL 175TColsld F33] Wolx= 743
el durzo g gx|o a7 £&2 11T~23CTE ¢8A Jern=z VIGe)
F4E A% TAE G AP 2EE 275C9) AESH F93F Zo]& YA e
20C~25C9 7 AP A2 A,

Jlm
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Fig. 34. Effect of temperature on the survival rate
in primary culture of oliver flounder hepatocytes for
8 days. Vertical bars represent the average
(mean+SE) percentage of five experiments.

P< 001 for 275TC.

(2) g9 vFME] A g

gl vFAEY ge ST 22 SR iES AN dA, 6
AXE PBS (KH2PO3 0.82g, Na2HPO4(12H20) 3.41g, NaCl 7.0lg, NaN3 1g / 1£2)2
33 AHste] 792 ZA Y FsAvh 2@ HAAEE Az 998 F
positive-chargeE 33 250 m¢ T/C F&2= (Falcon)ol 2x10-6712 Yol vikstsith
Bl ¥ N L minimum essential medium(MEM, pH 7.2~74)& AI&3t9th. MEMY &=
fetal bovine serum(FBS), streptomycin (100 uzg/ml), penicillin (70 pg/md), 2L NaHCO3
(15%)8 H7tetd ALES st BlY2 2= 24T E 3oy, vt 102 39 AX
T 0.IM EDTAZ 719 A MA} F Versen-Trypsin £ (NaCl 8, KH2PO4 0.2g,
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KCl 0.2g, Na2HPO4 1.15g, EDTA 0.2g / 14 with 0.1% trypsin)= 1~2%32F A2 3k
Z ARSA AAsAG. 2 F A Iml® Versen-Trypsin 842 H7lsted 4~

b HElsle AEE Besled A2E MEMS 2ml #7lste AFTAA AEE SAH3
A2 F AEE Algstdo. Ag F 2x10-6MY AE7E HEE ZH s ga] )
¢S stk gt s Alel ol HF] MESFE Ok 113% FUHle Aoz
Bttt o 22 A g wHEste AlguidS A 3

ofr

|

(3) o179 cell line &%

HAAEY AdIE S T4LE 0] & S B WY vls) s

&o] < 1.78] o)A ¥ Aoz yeh, HXe PaEe B4LE olfF 2y 2n
AL Aoz AGHUY, MUY EE 24T 2 st o, it 108 39 AEE uj
¢ AFe AERT FF 125%9 F7H7F vErstth. AdelgE sGAEY Foks
drtH o2 Agujgo] o]FojA 1 e AMEF vjd F4o] 2L A2 Yewth
A uldA oA A" dlAe] e A3 ¥ JdEg. F in vitrod Y

FHAEE 2 &A0] in vivodl ¥t tiwd) ¥ Ao AT

THAREY TE MR AEEL FTHREAY AHE Aol 823%E YA
k. DMSO9 15%7t 7} =& 51.3%& Yetldou, 10% H7brek fod Aol g
VER R ektth 5% HIMFAAE M e AEES YA tH(Fig. 49).

AAFAQY FHEEAZ Ll AAALo HF BEY SE£FTZE27A 2¥T 39
FEEZEATU ADT 4iME 4 AEE] o 325% ¥ 30%9 TAE UEo]
-80C R&E HA¥TEY 2 AEEE YEUAY ol 2H2E EgE FHREY

A

ANA Aol we AT WHE AT 1 A3} SEFAYL 04T Py
Y FEEAUL oIS WA AR Aste] e 4EES WHE A gle

Ao 2 yebxttH(Fig. 50, 51).
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25 mhej¥ dAste] & 50 whe]E& M) AP Ab&sidTh ddd A
Ztzt ¥z o] AolAo] ¥m A3t B AP £x 23£2 T, AUFE 505 %
7] &< 10~12 3)/hr, =9
ANEATG AIRE 485 EE LHABHSIAEFAZIANE, B2 AFETE AF A
HA A

sutgjd o] A= APEAS YA HAS2BozA HAH
E5 € Uegd Ao=2 FAHE &9 1, 10, 100 € 100081 A= AF kg T 1
10, 100, ¥ 1000 mg
g o g BEASA XA cHTable 11). AR A7IE T3t X 4% 528
ATFFAT A=A
#ZeA skt AF
F FoF EFAM, o
(Table 12). 283, EFEY FHAME B AFEH Y Foo 7]Adctn A}
g2HA e oy FoAFE W HAIAALS HHAHA AtHTable 13). wEhA,
ARTA  FEAN Pgx AF s2Ed g AW GHAPSE AEsax
Sprague-Dawley R=F tidoz FASHAEE XA gA AT 328E &%
|32 1 mg/kgRth 100081} 1,000mg/kgS 7
AFWs 2 YAy 5 A 24 £ den, HHzAy FFANE gz

ujste] % FAS WARK RS olHe ARHE wTol, YK 4Y z2Ee A
=
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Table 10. Experimental design for acute oral toxicity study of flounder
growth hormone (FGH)

No. of Animals
Dose
Group (mg/kg) Male Female

Control - 5 5
FGHI1 (critical dose) 1 5 5
FGH2 (10 times dose) 10 5 5
FGH3 (100 times dose) 100 5 5
FGH4 (1000 times dose) 1000 5 5
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Table 11. Mortality and clinical findings in SD rats administered orally

with FGH
Dose Final Mortality Clinical Findings

Group

(mg/kg) Male  Female  Male  Female
FGH1 1 0/5 0/5 '
FGH2 10 0/5 0/5
FGH3 100 0/5 0/5
FGH4 1000 0/5 0/5
Control 0 0/5 0/5

Table 12. Changes of body weights in SD rats

'No abnormality was detected

administered orally with FGH'

Days after

Sex Groups FGH1 FGH2 FGH3 FGH4 Control
trearment
Mean 112.1 1194 120.0 121.8 1199
0 S. D. +0.14 +0.47 +0.39 +0.44 +0.52
N 5 5 5 5 5
F
Mean 158.7 160.1 158.1 155.2 161.1
7 S. D. +0.58 +1.03 +0.68 +0.52 +0.99
N 5 5 5 5 5
Mean 139.2 141.1 1434 1437 142.7
0 S. D. +0.21 +0.52 +0.79 +0.29 +1.05
N 5 5 5 5 5
M Mean 188.3 190.3 1988 189.8 1954
7 S. D. +0.78 +0.87 +1.72 +1.38 +0.97
N 5 5 5 5 5
M : Male, F : Female, N : No. of animals examined

Values represent mean * S.D. for 5 rats

- 157 -



Table 13. Gross findings of necropsy in SD rats administered orally

with FGH

Dose Male Female

Group

(mg/kg) NO' NGF* NO  NGF

FGH1 1 5 5 5 5
FGH2 10 5 5 5 5
FGH3 100 5 ) 5 5
FGH4 1000 5 5 5 5
Control 0 5 5 5 5

'No. of observations, NGF : No gross findings
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(IGF-1)8] #2332

- Zebrafish2 %8 WA B3 transferrin®} thioredoxin (natural killer cell enhancement factor)
cDNA #AAE 2 en FoAdoF 5T (A, 2HALF, &F, Huhy, AFH)9
transferrin internal sequence ©H & &

- WEILE A8 pomotor2H WA, #¥, BF, #ohd), Auhd), 54019 6% 2Z¥E B-actin
222} zebrafish®] thioredoxin promotor #2852

- AYA gl F 1071 FE&HAAE EEUste Aoz oy 5709 transferrin internal
sequence ©HE EFIHU F 2670 FHX

AT AR A=2F A28 I9d BAs S

Axd dlde] H4PaHs AT

Edol{FE o]-&3to oA E ] BHIFYE ZASIAS.
AFigol 7o AME AdiuigES FYsAS.

- AzPYs2E 4Fo2Me UYL AFHAS.

71 =

A3 WEAHA FAAE Bl $RYo B ofF FHAE & o
Fo $3Y ohe} FHFE UAoZ ¥ BTAYS) A BET 7 AL A
o2 479,
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o }2H 28
2elg UAE W R 44 BU ATFY B4
A%l WA BH AT BA
B Aol Bio] Y= ATAY FEATE BN BEEE ¥ AAY

o WiH BeAY
A 23 28 A% DAEY AT AYAD YN ARG 4FE2E 4
X ool tj@ sFEgre] AEo] ¢ Aoz MY o e H3 o|Fe AR )
Wo) glojn 2 A7 A Aoz A7,

O X&-ZTH &%
o] ATAY TFy KA FEe drINEE FHE oy o8 28317
Ao Bug A9 & Alge] gsiA 44 ol&E & A7) Wi T2 AFHE
E3le d71e oale AAY. WA 579 5E3ELS AYA, EF, HuiE, 2
vhg], TA4o] AT rE FHAET Jou olE dAsiME 4 BAATI A

ofste] Wy Foll A5

of
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S 94 A2E oAF AFTE MLTE F dde Aold(Hew and
Gong 1992; Maclean and Rahman 1994; de la Fuente et al. 1995, 1996; de la Fuente
1993). €&tglols AlAl ZrFol A ZAHR v Faogd Fog FrpdE FFolF
k3ol 70% ol ARSI Utk o] oFE AFddAM AdHE Z7IA FA 250
g7tA] Agted ¢ 67/0¥o] A8 =M (Tave 1993) &} Ad §F Z2IWE A3
WolAlFe FAES YeAHOldorf et al. 1989; Sa'nchez et al. 1994; Marti'nez
et al. 1996). Wetd, A& L AT ol AFEY FAA =L ddd] Fasi.
8223 0. hornorum &%F €@ty ol 2A37+e] cytomegalovirus (CMV)e] XAzt
Qebslols] 44 52E DNA 2 SVA) wrolsize) Felolud Faol 9
o] B0 WE]E AME-Ste] ¢EIHTH(Martinez et al. 1996). AE F 3o
EJFAAE /e ¥FAARE Pl F3lo] FAAF o7 AFTES FHdew AHE
Hch o] 29 4 AE Fl, F2, F3 238 I F4 Ati7x] Adfad o2 zpEol A
AgHRen ol %7 Are2 EYFAA HHHe2 =YHdTgE Ae on@
thde la Fuente et al. 1996; Guille'n et al. 1996; Marti'nez et al. 1996). B2t3o} A
F32Ee 2L F13 F2 Adie #Ax8 oJfo A4, 7 ¥, 281 2HAXE
ol A} eratAl = A ch(Martinez et al. 1996; Herna'ndez et al. 1997). B&tdo} 43
T2 gy 2ol THY| wX JFE ZAE] 5 F13 F2 Ald d2A
B ojFY AFES 2T AuF v, BASAT AS A¥AA 44E © F1 ¥
ARG oF 18utd g =T AWF 200 & o2 v 43 2A4H 5744
el ARE 2AE A3 HERAFTAAM 82%9 AF FE& #AY F UAJHP
0.001) (Marti'nez et al. 1996). T A&lA 149tele] 4/M€3 71€ € F2 ¥2A
3 gayols gidez A4S B AR 11vtEld dzxT AuFd sy 27 37%
9} 55%9 AF AL BHole Aoz ey (P = 001 and P = 0.009,
respectively) (Guille’n et al. 1996). vlx|2to 2 AT ALSZACA 53 F2Ad<}
o4 daldolE WFAAAM WE F3AY FAHE offe Tl vaiA 225% A
£ A% 3L B tHCabezas et al. 1997). o8& 43 ZdE= A EvlE
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Behavior of Transgenic Tilapia

P28 Evole] B3

YA2% Aol BPeE ASAE, $HAE, 22X 50% HF =FA

g
ol
i)
R
r 0
o
Ho
2
u
2
=
2
=
Hir
flo
A
o
Nlo
kR
lo
L
LJ
L
s
ox
ot
4
BN
-
2
4
2
o

A WSS EATh ok dHetyolrl HAMEAN v PAHE Ao defyjolndt A3
FHAREE B 283 §AA8TG vyAAS dayel g vud AL, o]EL of
AEo vsiA £ AAo] i B AT FFAAE o|F] Aojrt vFARNFAF
o] zpolo] ulsiA o] Fuch ujE APF F 3njE dAoR HYS AAE
FATE 50%9] sgol =EAZ FHEHG ol F HEFo|2Y FEL A
3 W] RO HP = 0.1 t test) AT v|FAAZ o FAME AolE UEIHNU
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Evaluation of Effect of Recombinant tiGH on Mammals
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detujol AFZ LS 2+ of 1, 10, 282 20 pg/ml FEE2 AHYL A
S E79 dFeA ae BXE JAAEe w2t FhE A gt 2dn &
AFztel o AP AR E AZY ol YFI2ES 1 pg/mle TR
2l Az detgole] AF AFEA JAAHe F7F BAHAGE Bart )
THGuille'n et al. 1998a). ¥4 NEFZ AL 49 A=Y ALY AFIZ=228 1
, 10 233 20 pg/ml BE2 A3AE A5 QAEY FUH FRFHAG

2k

In Vivo Activity of tiGH Administered to Nonhuman Primates
Abgrol old A FoIA detylol AFIEEE Yol FS U 98

Clinical findings.
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gom Ay 7|Et dEtvol ARS2EL AYT AAg goldAy FAHo=E
7A7h BFZE/UD. 28y ol s F

ZE& A7) FRHJ o o] otutk o] Yol AL YUY A= FFI
At (Richter et al. 1984; Olfert et al. 1993). 18] Autre] F7ls TFE, AL =
T dAA4Te B8 e Qe e UHYH 3582 4F 7ITESE 28t &
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Serum and blood profiles.

CEELDER

At o2 AHAFIT=EL dW¥AF @5 E gAle AT AFE vAeE A
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creatinine?] W37} G3qL XX S 2AEAT A U T3 G¥A creatinine
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29 2% HEFS5 F 89y ¢ gz AA A ZFEI(packed cell volume, PCV)oll A
L ZolE HolA FUth

Somatometric findings.
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Evaluation of Consumption of Transgenic Tilapia by Human Healthy Volunteers

AQBAAE Aoz FAAY Do} avldl o A Bt

M L= B e iy B A A& ]'
o2 RASHlR At HES FEY & gt ZadM A¥e AAsAT
23 AR F7 e %g mol: oz vehtoen 49 WA 1§ Alole 4

9 AR A Fol Y J4H T AHHH ZAGBANA FolE RelH w3k

DISCUSSION

Fubell A £4% FAHE detsorg AAst 484Y WA IFAE o F
£ AHE3E] HAste olE off AEHFHA JFE HSIAH. olE A f43d)
A BE FAE EYstAtHde la Fuente et al. 1996). 193l E FulolA #ZA
Z7 oA v EH EE gEAA ARG ol WEo] (A MAL v
b g e JFgo] 9lg Ao AE AU dustE FuleM e Ad detvje}
MATol oy oL BF TgFolr] wWEelth ayoE st Hd3lE vix

FAAH T AEH LA AT FAKR ¥EP /Y FAFEY AT
et Falo] #AFE o]gyR|FH F  “Performance Standards for Safely Conducting
Research with Genetically Modified Fish and Shellfish” (documents No. 95-01 and
95-02)3F FAHAE AEFE Ao B GAAY FAE GFZ I 245 F(de la
Fuente et al. 1996; Guille’n et al. 1998b)8] XA & Wa=x = I Utk o] A¥
e olg9 XNAHAME w3tti(de la Fuente et al. 1996). A A ol Fo vgr3
A A W& dge Hutsly]l AAM olg9 T I AF= AAGAUY 2
A3 Ho] Ho] &F9 AL FAAE oJFRT FAFAAM wA UeEt 29
U ASE uP A8 AuEd vnd F dAAR ojFY TREAA L HS
ZFHA v e FIE2E2E FAE FAMEY AojsdME BEEHIY
t}(Johnsson and Bjo'mnsson, 1994). ol & 24L& 99 "eluol HAITE2E THol

e
o

i LA
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rﬂ. Hu



% 29Fd YT AT Ytk MPAADR oIFU okld Yevole] b]aA
' 5ol HAHUL o] AFE YREEEo] Y

a2
ujole] HEzAo] Belo] You HAAAH o Fol WahA Asel g A FelF
g AT Grh 28y oSol sFelA A5 ASAE vtk wWaY & =

Higts YARBAF Jug 4 A54e won 2o APU4R 2e ge
AEo] B ZAINE FAAE Tt F4Y eo} Alolo] TE AL 2

21t} Hallerman®} Kapuscinski (1992)7} A A1 g B7Fx] 2o @A FRA}F 243
I AT Fule] B olE HAAME dEyolE FAsta o]0 A AH A H
ZHHSgE A BEsrHed FAE QS Aoz AE AU}

Evaluation of Safety of Consuming tiGH-Transgenic Tilapia

FERAGL G otefiu| o BFHF o2 LA H L

Mze AZFozA AYHAY 2F oz 7FHE Ao AZGAAY Hrte
BEEA] o] Fojol gt olE Hrle AHAL AF9 EAolY #AA £HE wAPIA
"t} 1990 ATt A Ekd A #3k BEojst AlAl BAY)F9 f-<l FAOY F
#Bog AAHAD}Jonas 1996; Guille'n et al. 1998b). 2EL HAEZQl wh2le o3l
AFEUE 2L AP 71a9 AR BnE AFo] AFY HAA HeA Zo}
of = o2 ddo AEITYrIeR el AF HHdAd EAE B ¥ A
S 29 “AAA ZSAM(substantial equivalence)”® ME& MEstA = A} (Jonas
1996; Guille'n et al. 1998b). tiF-#2 #EAAY offe HEHA HAF2LE A&3E

2ol ulslq o}F @ Hel® Aolet MER WA A EA: 4T Pu

)
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A A9 E )

o Z{zANA o FFE FX3le A2 ¢#A U™ (Duan and Hirano 1990;
Cheng and Chen 1995). ®W&
et al. 1998a)l M= AFE 2ol AF9 F3E AP FIddx Tuxd ° A
t}h olE #Adr] YA o] AFME ERF A7
223 38L& 71X =& Cheng and Chen (995) S o] &3l FALEIYY
vt} 2 A3 degol ART2EL B AFIEE FEASG ofF ¥E agx n
o)g A3teEe YehllE vrd Alge AR 2E E79 AFS=E F8A Abold
' ZE2E9 o bastd ofF #A Aol #AHUY. EVE °l&F 438
ATe & A A& 7R gloh Farmer et al. (1977)2 €@h¥ol 4FIZEE
o] E719] F&A RAA T guide BHE BRI U2 Skibeli et al. (1990)
& ABAAFY ARZEE0 UE ofFY FHF EE LHFYS B#EE §tA denxn
ung v Qe |
AudsoldA Az defdol AFE2 2L FAe 304 =ALE A
t} o] ATFA AL FAFBH UAE EIHF AFI2E0] A xFHoY FL
ME AR RN 4FE BAFE AAJAZAM Z d¥A Je Aol oF
JAAEL ETHF AZZTEZE @7zt AYAE 2 dste 2ydq. 234 2
2E2g AYY F @A W £EZ, FE9A, 28I creatinine FE 9
W JEg n xR ggiE AL o] AAITEEo] JAF UM HEEHA deve
RS AA T ol2]F ZEL HAITZES A3} §F ZAF FABH AAFAN
= Jegtth o] @7l AgE ZAYELE IHFY AFI=2 AT 27] WE
(Hartman and Thorner 1990; Thorner et al. 1995)2. 2 Z %&iz 7I§A =g vld
ojxle] AWEs, oA dRAFA, 2 A& F_E Tt o TR

F AREZEES AL HXFE o3 & oA o 880 4FEEE

}op

L lo
]

o

o
2

o]3t AFAQ whgedA EE IGF-12 3 B HQ eAANE ALY 42E
220 AL JFT ML FAsteA 2z v Ao FA St #Aqs
=32](Gluckman et al. 1991)& Yo}y ket =3 FT2Zo] AN HXx o TAste &
o] & Z7AFT WA HZFZ7te Aol dEA(Ho and Kelly, 1991)%E A
stgth. ey o] AN dwole] PPz EEe] HFANESF, FHRI2W &



PCVolA oju]dt g3g F2 %k F3 A 7|8 FACE ojwd J&Fo] e A
o2 Yeigtth o 8t oty Wz sHd HAME devol YAZTEEZS A
23 Pma] AgoldM ojulg wolx [AFZA gyt ol AFHEL EFFH

g zAbbE e AREN A X ZAFHAT. EHFol

=
JoAM APz g3tE, AN, T 98d diibed Bdesn AT F

|

(o]

o

2 XM S2E0E ALY wEot. AR5 2ELE 5 AEFEAE Fid Y
Hozzg(Wallis 1983)3tAY  IGF-1& AAAM HFe= A3ds 2y
(Berelowitz et al. 1981; Daughaday and Rotwein 1989; Humbel 1990; Celmmons
1992; Pell and Bates 1992)7} Qlth. IGF-12 Aldstie] =4 71&o] 2 &3tAY A3}
FAHNA e A= Fuld APHA AF st YFs=Eo Euld FA
Moz XA ZyFLE e Aoz &eA dth(Berelowitz et al. 1981; Guille’n
et al. 1998c). 24 F =719 Ao nAe AFZ2EY £ A2 IGF-19]
NS A28 FYPA o A 7IUdste d=etd(Laron-type) G lE did2
Z o AzF¥ IGF-I ggozi g zich(Laron et al. 1992). ¥z =2 £
IGF-1& ¥ & o]E5°] $2& &3 47T A2 & Ao F&3es Aoz 4
AHAY THFAA 21 W] A FX Jdolx AsEHAE JeEbAH(Green et al
1985; Lindhal et al. 1986; Wroblewski et al. 1987). tthy 29 AFoA o] F 9
EFTF Aol 5289 AYAHQA Wi 2H FHAN AZTHFAFHLE =L
BEANS BAAHShu et al. 1993; Cheng and Chen 1995). 23y M & ©& 3¢

oA HHETZE FEA0 AT o|HAYTH AFE2ER F4A B 45 2§, o

[«

[e)

E

).,]4

g Ao glojM AEsty Jug =d 7|22 4Pz 24
2o F FolHU For ALY 4 UHHerington 1994)= Ri%= Ut ZA3}F
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