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Summary

I . Research subject

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

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 aquatic 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
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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 model 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 metallothionein
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
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been attempted by several researchers. For example, Du et al (1992) reported growth
augmentation of average 2~6 time 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 be 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 vuinerable to fish pathogens. Fish diseases are partly
controliable 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 (Engetking 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
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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 cDNA genes from 4 out of 8 fishe species (black
rock fish, red grouper, seven banded grouper, rock bream, flatfishes, purple puifer, 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 cONAs of transferrin and thioredoxin from the zebrafish.

* Separation of p—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_
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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 _cONAs of transferrin and thioredoxin from the zebrafish and got internal
transferrin ONA 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 supposed 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 fiounder.

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

mouse.

- 11 -
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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 auvrata. 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

- 12 -
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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.

_13_
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DNA AZY71%9) 98 FA4 %02 FA4E A9Fo2 A7Ysx, 3
o gaAE Fol G HEN AX Fo Qa2 £F WolA FAA B
FANEE s topbie 159 FATHE dod F A IUt o€ w4
A AZG 1Eg o8] Ade] A4, AFIZE, AHHE, wlojgx

Al
A REl=y 2ude QAo e Atge A4 = F34 Z99

4 230
1g5m e BE obg AVELE HEY TLWSS o o] 4 YHOE Fo
A Bl we 2E ARE DAY 52 A A FRE GFTHe 271Y
T Qe B A4 2716 o 49 4FB2E 544 2 A=Y A
Fx2o Aol A5HA ol 7tE wuAe] AN T4 F2AZPEH SR

ol A SoistE s A&stetn e @A Aok wEkA, §H2 A7 e
< °1 &3 ot 214719 T R E Y z2 A2

o 2041710l <AZko] ojE M AT Je¥E Fo IJUER &FI: U
(Primose, 1991).

Hol, o FE HEI FAMES Yo EZ I FHAAR
BHHLE Lo BT {9 AxF AFT2E YA 939
et al (1985)° 9}3] chum salmon 4335 E2% cDNAS ¥ 2L E coli vectorg ©o|&
F qHol Bud o]F Wrdy dEFH 22 FAT AFY AFs=E FAA

.g. Patent US 4849359; US 5545808)% AMx3 7|&€ & ol &3t ikl A=
25 24 EdFsta vt 8 YA E I vFg(FAgEgr), Hotat
N EFALED), At AFAHTER) T 459 AF AFI2E2 FHA0 Eed

o IGF #Ad#e] Ea% X =35 o] &5 aX1 Je Aot wEhA,
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o 2141719 f& ug FAAde IS4 AAE A2 A Fo FHoF 4R
T4d FARY Brt A9 AW 53] o) FojA o AT

4322 2(GH)E Agnatha(FA7EE)E AT A HFFSolA THHH
HEFFEEF ATDd ABE Aol Aok HAZTEE] F FolAdd @A

non-primate mammalian GH7} A}&eol] A9 9 vXx] geve Aol dHo] #
Z5glon] AT o]To] Aze] AT £ GH receptordl sl

e BYT AL o5 BHA Aols] Tzgel oo sste AeE Rud u

1 tHLesniak and Roth, 1976). =3 A F {9 AHAAIZEL L/HFY AZN AY
e njxX] Yo} THF F 49 AAITZRo] AZTOHFY HFE EAANTE

27 Yo 938y 4AANE ALY E Ay AR BIE thsee Walls,
1989). oAl wlelAlel AFuA wude e 1 AABo W o|FojAE Aol
SFUH o]Z WolSolE receptor 5 AA UolN ERe BEAZE S8 olFojA7)

m ol obH 7R A el e A
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=°J=
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o
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1980 ) %7]o] RAEE2 mousedE A2 AlZH transgenic animal A
T(Gordon et al., 1980)& A Este] @& Hokol oA FrHl 8L sHA HUrh
%, 2A 2A7Z, A F|AH] FAA 2, WY
gk}, 1 o]E=E transgenic @7+ Xenopus, Drosophila, £7], ¥,
Ho} ztth. BT HIZoe ojd ¥ AT AYH $HUA 53, HFoly FHeRES
hdeg B #daxEHE ¥2
AF7F APH 2 Yok gustdE A" g B3 AFTHA S o3 AAAd &
HE T3FAY Mg Zolok A 1-3%E vl o, Aduujr] FEZ e 5

R A 28 A9 2 ARl YEGE A, 2dn GrEe I F

4 5 43R, WE4, WEY S

>

0
0.

N
=1

¢

Fauj 7t 58] WEoith AT 2R {FAXE o[ &3 transgenic fisholl &3

T Zhu et al (1985)0] A& AT =28 {FHAY AFH 2 metallothionein gene
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© 2 Chourrout et al (1986) & &
2 AFAES 3 FE o4 EE ALAT o]AF FAAY &d F FAFTFo] B
ATE Adur), €8tFel, B, FAMAE F& W2 AT HI=
rainbow trout®} chinook salmon®} 4332 & cDNA7} £l go] w2} ol o] &3
FAA)A AF7E Fs] APso] sgtow] AHAZ Du et al (1992)= 149
transgenic Atlantic salmon©] Ho 2-6¥]¢] AAF71E B3 vl QoW Delvin et
al (1994)& 147893 transgenic coho salmon®d B¢ hET 9 o7 vl HF ilHH
o AF St A Hu 37vie) AZIHE B 3 vk Aok -8 veke] S
T g0 iRl v FHAF oJFg AF A7 21 uF gk ol E AT
T E738 3 transgenic o179 AP E HstAME olA7A Ao & Bt &
A7t Aok F ARZTE FHAE ol & FAAFAFALLY EFo] AFES LHE
A oAF B Fol A7) WEol gene constructionAlo] A7) #3) sHsAd
AHIAEY 2H7IHE TE F YEE e AL nHdor dd. F FF

promotor induction®]Y} viral promotord] °]-&<& E3F A z&%%‘l% ysjof & Holr},
w2t A, vector LA oA E HE sty tiY AFZLY FAAE EE] AREF ok
ok AZtE.

promoterg F50o] AFH T o] AL A

G2 olFo) A9 A MAHZRY FAFez A4AE $HAoZA A3
A7 B4el WHE FuEA € F ASUES 27}, 879 o3}, Ade] o )

AT AR 2L RS HES ®o)A o ¥ £25% AW Jde

(Engelking and Leong, 1989) =3] Aol B33ty $£22 ojdq dis /4a3x¢
BAMLEL dAE etz e Aotk wela, oo i FAr|H ge=
ofF A ZlAlE WHEA FE FAAd B A7 AEH

K

%
259 39 AT WEHOR Agey] qEo o F4 AAToM 2L AT
7 AYHD o) £ Yl AE ofge] Aol WAMLT B4 o F)
A3k YA A7149 ool Basn 44uc. =@ 44nd +A4% W3
4 FARNE olgdle] YAWWOIFE AT AYolr] WEe ATUE AAHoD
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Az Budol} YARBoIFA AsE oA vl AEBA Buol Aol
= Qo] gadE oAAN AARCE @7 229w gtk WA, FoiRel
#8 FA% FUE FU AYRE o) ANME QA FAY BAF DA ook
7 WMol of AFAME $2 tee] Fo FHUGIF AXE st e £
AAe) Bqlo] ola) A4E 24 4L WATAR AY wwes SAlo) A A
3o glolA mAE FFol WP A8 sefstel QA PAE fely A¥E BT
sz .

=
2

2. BA - 248 59

S8 yee] Fa FAolRE WA zvBe
2 AARIL QA WHZ BB T HFE
wol EAlgoz AHAD UM FHIF thpsg

NEFHS e FAoIR EF BYHE A% A7/ 228 FAHn Yok a9
g, 9oz TRAAAE J10 1F FL GAR AR =8 4RI 542
AAD Qov, o FFa e FAAL Gt AL BF F2o0] 7C WIEA 1F

T oFe AT L B oy i B AF27ite]l UF HoM A
719) 4% Az Jate FES 2717HA A7 B2 B8 Azl fadn.
weiA AAadE A 9Bd FAAGNF AAE Folko BFFE A7IAA Y &
A7 GEAR22ZA T AN st A JdE B op 4 #™
upo] Q €kl o) B E JPA A A BAAHY o)5L R Aoz HAdn. 13
I 77kE Aol B2 £ AE5% 5 F3o d3ES 2 FAWAEHE AF

Yz 4zHEY. agn olfie] d¥e AWz 4 FE4 Ex bR 94 olfo
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o ANE zestel S AAR 48 zAsn Utk LT derel FAFE
oA iridovirusel WAoT 2 AAA ANE An Ak Aol WA S Uere]
Fo GAFS dHoZ A% L N4 BA KA Fusel o MYH $42 F
o kAe) A4bY FHE TEeT F2d AF/B 2 ATAA AT £ e
B ABFS Fobel oie) AAAS PN D A2 )

2
astel MAR s|esjAFol hular] AAME AlFS FRsolok din AzET)

3. A8 - 2218 &9

92 Uehe @4 IMF9) o5tz Aste] Be AdEel A4 A
22 A2 o F4F AR AW A AAAAD Jkh ATFU 8FD o dW ol
AYRRN 22 AF9) 3Rt AP BIE Adte] ALY 4FAS Wolm )
= Aged mWehd, £ U3 249 FE odoq 712k oo FEo] FE ¥
gozel HAHo] ARG AQoltt. @, FHAME AzHl L AARHF
o2 st AN L A BBl F5F Wold FHAY FANES HEY 2
I Bl AZIASE 2T Q7] WEe) A7 WA FHE ERsloF T B

2o H¥atA =k weA FAAARTE 71ES AN AEAA HE * Ve
o] ZAEAY ATE Tt Fr1F oz AUEE FHNH22H ofuEe FAF I
olutx|d & o uRIIVFA FEE Tt dANGe A FAAdel dE A4
32 TRk B Fob] AEIHE HARLEA 20479 FAdE FENUE
FFE FAANH ] wjZe] IA oA Aoz AZdd. TH, AAA AR HFL
2 dexd g9 FaAde AFESE ol8F FAHA oY oFe FIAAL AINES

AMNFLZA AFe vxle & Abd BAFa, =R 737 ojupA|gtA Fh
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T+ ' 2 ¥ ye 2 ey
- FEHAR B2 QAT F 4F02RE HAZTEZR {FHAAEE
14]‘*’/‘*3’&33 22} zebrafish®] thioredoxin A& &)
15 AFRFF2 B-actin FHA £
ge | oAl Fifutet HolZRE WA g
- Hdwe oA
- AEugyEy o FAMEY FIRY Y
OJFMEY w¥Ey By
o FAEY xduigy AL
- F&5AA £2©@) ZQ YA F F 3Fo2RY IGF-1 2%
WA AA §A22 zebrafishe transferrin A& 2
23 B-actin H3A 2
UE |- F2 ojydFe] #FF (58 oHdATY] AETH, A5y JdzAE 58
-] TFHHE
- o FAEY Ay [IFAEY Aduigy FH
s
- AZFAZEEEY A7 F A2FAZIT2E2] HHNE 2
A2k AT Fo FAHATAF AAAE AT AS A2
- FAAgolF A4t T53 Fojgr
32} WA BE § 222 natural killer cell enhancement
us factor(NKEF) +3xte] 2Ry &=
B-actin® NKEF #3#te] Z2REE o] &%
- o] M E] L o] A sl e] 7
- AR Fz =22 AzeAAFE2Ee Ys ofF AXE 4 ¢
FF  ZA Hojo M YT FA
- =3 AFz2E9 AFRAAFo AZFHFEE2ES Fol|Fo2H
aold &gt Yehte AFE I 24}
ARanAA £A42 HAAFAAF AL A% cFFIY A 7=
- £4% 33 A3 Fe
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s - g ¥FAgEAF (24
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test Al&=®) T5
- AxY 4HAs=29 Az AFsEE| THEE X I XA}
FEE AA #3944
23
- A BE FAAY (o) UEe] 2@ e 9 A FAHE o FAA
| maeiFe ute|2)o} challenge test A2 7%
9E L 2g4 gaaneRe |HAS HEF AT BTV, $22d 5 Pojude 59
A3AF AT g8 9@ oAl aa AT FAL
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A - BaHA 2 (Seeburg et al, 1977), iF &9 AT FE IFHE Y= &
< AF7F Aok A, THF AFIZ2EY dFE VWMo 3 oF AFSE2E

=
1
fFAzte) #a 2 IFdo w3 AFE 198599 chum salmon A &3 E8 cDNA

flo

Lo
He
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Gordon 5°] 1980 AF e FAHTF WA FHT}2AUE= DNAY herpes
simplex virus®} simian virus 40 viral DNAS AMZ&3 DNAE 9|AFdste 2 A
3 ISEEY ANEAHE AAEE o]F 2 Palmiter 5(1982)2 FH(rat)o] 4335 =
FAAE A FAHB?A FAsd iz AFHRGY AFFol A #WE  super
mouseE AAFstEd] "3%13}‘2?\‘4. I olF BV, 4 HAE deE AldEe AR5
B A 2912 5 gdAAS ARy AR =Y FHAY o] B A
A BFH QM Hammer et al, 1985). 3#H, Maclean and Talwar(1934)7} o} FolA &
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_
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zebrafish 5 tjdozZ ystdx g Zar 2ud vidd. 34, o F9 /3
AZ oFd YA E FAATF AN AT A7 JUH ez njokst g F
1990 o] F3E #isA WA= o] o (See Table 1) HZNE rainbow troutst
chinook salmon? 4332 & cDNA7} #2lgd wel oj& o] &8 FHA Y A9
AZ drF 223tk = Du et al (1992)= 1491¢! transgenic Atlantic salmon®©}
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Stel A Auiglel Az AFZ=E AN FH2 B}l #E Tx7IeNd BA
B #3 Fo Jeon AAniale HFE2E cDNA FHAE Bt FEWE A 2
dol #AUHJ e pilotiF e A4S AT HFI= A7 Y Fold. a3 F

729t 7IgACdAMAE FE A7 JFFH o ofF 2B A TA ] HEY

A= AAolrk, =EI E AFRo 93] recombinant bovine somatotroping x|l
golsted Ao vlX = G T AFHA AS FER 13 A4S AAE vk

tHRho et al, 1999). @W, FAARAF A9 PAYSL FAH A5F WA
o el FrolRY DFAS Ao 4T drt BuHNo LIRY Vs
Ag A A7 A Fo ok AU, £5F AL FE WAoR B AFY o
 AARez RaE v oglom Fo ¢4 4ume FRE ofF of

Aoz @ A7/t Baw AAeld. Iam, FFARIFU AxY 4BA wu
Ao AA Ay FA WAL oby AW w glor =9 fHAY BH B
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A3 & driligse

A 132 AFAH

1 4% WY B8 F349 cloning B 7142 23

liA

7 ol HMReAZRE YFE2E mRNA

T

e HsrAle Aolsly oFEZFE Edd B HisAe
eppendorf tubeel] ¥ol &2 wW7tx] -80TCo| B IS}

22 F& 343ty
9] lysis bufferE H3t<FA7F &

94 ge &

AE tubeo
ZZ+-& 18-21 gauge FAF vhEol
Al homogenizationdt}. Lysis®

[
e

4000 x gellA] 587

2
2

o ¥

3

£

go] 45CdA 15-20% lysis$tc}. Lysis
HaE FAIE o] &3t o8 F

R L

AgrE FH 3ol mRNAE Este=d ol &3t} 5Me] NaClE HAHF Yol NaCle &
E=F 05ME EF Oligo (dT) Celluloseg 718t} Tube& 7

(dT) Cellulose®} =7 g =<l

=

=

Aol 7 MolA stz o] BAS
4000 x goll A YR 3] Oligo (dT) CelluloseE 3 A A
& o|&39 AA3lZ 1.3ml2) Binding bufferg® ¥

A € AAR. o]
AEZF mRNAE X o -
A& 3 mRNA elutions
Salt Wash Bufferg& *}83t9 ojzjd
A} &3t elutiondtc}.

A} = ol o]

t&ﬂ]f‘ SO i
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Elution BufferZ o] elute® &

o)

ZA ¥ resuspensiondt Tt}

B WrkA R

Oligo (dT) CelluloseE spin columnd] &7
4-0]3LA4 ¥t} Non-polyadenylated RNAT ZHA ZFe| Low
3tt}. Polyadenylated RNA=

100ul £

2=
| S,

polyadenylated
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Polyadenylated A RNAT AH-8& w712 ethanolol

t} o} 79 el A IGFs mRNAS £3

-31 -

IP:

AHE FHZ a3

14.49.138.138, 2017-11-03 15:36:59



FAHY de e EFd xRS o]83l9  homogenization®Ht}.
Homogenizationdle &9 7HF QA A LE HxpAbetel] 3718t homogenizationg &
ojs}A gt 2rell A F-E] polyadenylated RNA #2& HolA A9g Uy o] &3}
t}. &2 mRNAE template= § Single strand cDNA 4

ok 50ng®) polyadenylated RNAZE DEPC-treated® %3 300ng2 oligo (dT)
primerE #7}3t9 volumeo] 3lul’t HEE 31, 65Co A 5%7F incubation 3+ th&
HH3] room temperature® 213 primer7} RNA©Y] annealing® 7 3t} Primer7}
anneal® RNAT 5ul 10x buffer, 1ul RNase block ribonuclease inhibitor, 2ul 100mM
dNTPs, lul AMV reverse transcriptase(50U/ul)E #H7}sted 37ColA 1417 923k}
k8ol ¢ o§ 90T A 583k incubationd} 4} reverse transcriptaseE& &84 3} Al
21t} AR first strand cDNAY DNA purification kit& ©]-83t9d free nucleotide®}
cDNA &/ o] &€ bufferg Ao}

2} ol F F8H A2 PCR amplification

(1) 3’ ends amplification

ojw] WY ojFeo AP FHA (WBAE FHZHE data basedl A fectch

3l t}2 multiple alignmentZ ©| &3} nucleotide sequence level®l]A] 2] homology &
Hl 3t} homology’} 7Y &2 F HEEG o 7M7t¢ 3 FEFDH 394 7H7t

FFEE(R1))S sequenceE cDNAE amplifydt=d primer® o]l &3 Zojy 1 Zole
20 - 30 nucleotideo]iz o]u] & A sequencest= 85 - 90% 22 sequence©] Ut}
Cloning 3txz} at& fFdxtel] wigh 9zl Aole YA dvtx oz 19 13 Z2
W o2 cloning st2A It mRNAE 594 322 JeElAZ 2709 primere
Fl(forward primerl), Rl(reverse primer)& YWEIHA T} 37 2L cloning 3171 HA3t
o poly(A)9 AR A<l dT@20nt)¢} F12 primer2 A&3l3 polymerased] <%

mutation® Zol7] $13to 3'-5' proofreading activity”’} $JE pfu polymeraseE A%

ek 30 cycle® PCR amplification reactiong 3E ZHo|w denaturationS 94Tl A
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1%, annealinge 45ColA 2%, extension< amplify3txz} st ZAolo] wa)

ojo
ol

.3

Z4-8 Aol (1000nucleotides/min) “FA% cycleel A9  extension 5%3F ®HS-3)
I 3tk A EHE fragments Fig. 19 o}eiol Product 12 YEMHAT.  Amplify ®
DNA fragment® PCR purification kit$ A}83ld DNAE &AL polynucleotide
kinaseE ©]&3}d phosphorylationg AlZIth. Phosporylation® DNA fragment:
Smal®. 2 A5 11 dephosphorylation® pUC19°] T4 DNA ligaseE ©] &3] 4AdA
zdi=3

(2) 5’ end amplification

DNA purification kit® % AE single strand cDNA9] 3’ Tt standard
protocols®ll @&} terminal deoxynucleotidyltransferaseE A}4-3te] poly(A) tailg A%
Hog Bt} Fig. 2& 5 endZ amplificationdte 28L& 43 3 Ao Z mRNA
= 5-3'4g o 2 el mRNAE template® 3ld 34l % single strand cDNAE
3'-5'argko = JEMYTE Terminal deoxynucleotidyltransferaseo] 9jsf AA=R
poly(A) taile A3 22 Yebdd R1F dT(20nt)E primer2 ©]&3t4 amplify @
fragment= Product 2% YWeERA . Amplify® fragments 3’ end amplificationl 4]

A3 9 a 228w o 2 pUC199 Smal restriction siteoll 4F4 & Ao},

5' AAAAAAAAAA 3' mRNA
—_— -
F1 R1
3 TTTTTTTTTT 5' cDNA
— -
F1 dT
PCR Amplification
Fl
51—t AAAAAAAAAA 3' Productl
3! TTTTTTTTTT 5°'
-—
dT

Fig. 1. Single strand cDNAZF¥ PCR& ©] 8% 3’ end9) PCR amplification %

mRNA2] 888 54 3’028 YelhY 2 mRNAE template® 319} reverse transcriptase®l
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s FAE cDNAE 394 522 Yehidth PCR amplificationd] ©] & ¥ primers Fl
(forward primer 1), R1(reverse primer 1), dT(20 nuéleotidegl deoxythymidine polymer)=

ettt F13# dTE primer® AH83tod amplification® 3’ end fragmentZ Product 12
e Sl ).

5 AAAAAAAAAA 3' mRNA
Fl R1
3' AAARAA TTTTTTTTTT 5°' cDNA
— -
daT R1
PCR Amplification
dT Y
—
5' TTTTT 3! Product 2
3' AAAAA -l 57
R1
ul—l:g .

Fig. 2. Single strand cDNAZ 2 & PCR& o]&% 5 end%] PCR amplification %

mRNAE template® reverse transcription® single strand cDNATE 3’94 5’22 Jebuigich.
5’ endZ amplification 3}7] ¢ 3+ single strand cDNA<2] 3’ end®l] dATP2} terminal
deoxytransferase& AF-&3l9 poly(A) tailE FAAI o A D poly(A)= cDNAY 3’ endol
A3z Jeddct dT9 R1E primer® PCR amplificationdle] 4o}z A E-S Product

28 YRy

ul, Complete cDNA9] cloning

QoA A3t wWde] o8] pUCI9 vectoro]l A49¥ 3 2w DNA fragement
9} 5 =2k DNA fragment® BioRad 3)A}®) Gene Pulser II systeme o} &3t DHb5a
cellol transformation¥ ©h& amphicillin®] 100ug/ml &% LB plated] =%gch
oA  colonyE 15ml LB-amphicillin(100ug/ml) ¥R} overnight 7]9¥ plasmid
purification kit& AF&3le] plasmid DNAE &8st E3§  plsamids

Amershampharmacia BiotechAt2] SEQ4X4 Personal Sequencing System& o]-£3}4]
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nucleotide sequenceE &Q1dth Fd 5 FE9 DNA fragment®t 3 F&< DNA
fragment= 3t FEo] FEHZZ FAF FHXY sequenceE FUT Atk 3
219 3’3 5 ends® sequenceE vl o A 3I cDNAE cloning 371 3t 2749
primerE Et}h 2709 primerolls 242 W2 restriction siteE Fo] g©¥id 2y
vector®ll cloning2 £o]3tA4 & % ol A o4 vectorell 9] cloning® 0] 3} A

73

Aol

4
i

O

st

7}. pET expression system® ©]€3% {85229 dd 2 £3

(1) pET expression system® A4

Cloning® H®E&FAAEZRE Az dwdgE Aisrl f4std  pET
expression system< AF&3 Zo|tl pET expression systeme ©JA71A] AdFHoR
available expression vectorZ oAl @A AL 713 @ol 2= vectors Shtolth
o] expression vector™ bacteriophage T7 promoterE 7}Xz ¢ew, T7 RNA
polymerase® host cell WollA A Fsle] F 024 promoter?] down streamel cloning
% target gened) &Ho] FEE0o] At} T7 RNA polymerases= T7 promoteroll T A
gHoz gon FHo] mlf ol ulFT WA @¥d o 50%0 AHFHE MY
oEdS AL F Ytk

pET expression systemellE 4 F79 vector’7} =48 ZFdlA pET-1la
9} 16bE A&t x3kt}. pET-16b vectorel™= Ncol restriction site®] 74l codon®l
Rer A Az @¥E ofnjx Udo] 107)9] A&+ Histidineo] 2& =
of wubdol Rl 2 A7} &)ttt pET-1la vectorolE Ndel restriction site7}
translation 7§A] codonell lt}. ©] vector® Ndel® BamHI restriction enzyme2.2 &
el FEHHAE o] vectorol cloning 3HH intactd F&FAA GRS LY
g 5 U
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(2) pET expression vectoroll &% A} cloning

Novagen®. 2 F-€ T3 pET-16b9 pET-1la plasmidE Ndel/BamHI #|3t&
A2 HIg F 1% agarose gel’dolx] Zd¥ plasmid @8-S 3t | 53 39
Z}z} Ndel} BamHI A|$E4a AEF & 71X #& #AA 489S 47 93id F
70l primerE 3.¢+sted PCR reactions 3tt}. Z DNA fragmentE Ndel/BamHI

o

|

2o
restriction enzyme2 2 double digestiondlx Z ¥ fragment® DNA purifiction kit
& olgsle BE¥Th 2L F AgEAZ AE pET-16b, pETI1 vector®} double
digestion® &7 d2 dHEL &3 T4 DNA ligaseE ©]&£3t9 ligation¥t}
o

Ligation® vectorE E. coli DH5a strain (recA-)ol transformationdted €& colonyZ

ampicilin®] 50ug/ml £+ 15m! LB medial HF3ld 7]€ F plasmid DNAE

F£3t), &3 DNAE A& 4 Ndel# BamHIC 2 A3t & agarose gel A7) %
T3t F&FHA A4YE clones FAdrh olgt o] EH clones A #21d}7]
$15ted T7 primerE o] €3+ sequencing 3},

(3) BL21(DE3) E. coli straino|A 2] ©¥iz dg

5427 A9 ¥E pET expression vector2%-E wwliag LA 7]7]) o3
A= oA 93 A3 2ol T7 RNA polymerase’t 2 23t} T7 RNA polymerase
g dAFoZ T3 A= Al7lol FF37] A8t A o] T7 RNA polymerase

A2 742 E. coli strain BL21(DE3)E Al83t% T} o] straind bacteriophage A9
derivative?l DE3 lysogen® 24 lacl, lacUV5 promoter 18] 3 T7 RNA polymerase
FH1ZAE 7FA 1 At E coliNot A T7 polymerase®] 2& L lacUV5 promoterol] 2
3] Z-EH™ lactose FAFE R IPTG(Isopropyl-B-D-thiogalactopyranoside)ell 2] 3l
AAE 29 Sequencing3dted ¥ cloneZ2HE DNAE F£3l9 BL21(DE3)
strain® transformation3tt}. Transformation®] 23} A4 ® colonyE ampicillin(amp)
o] 50ug/ml E°1YE 1.5ml LB HF3to 37ColA shaking3l® Al overnight culture
£ 3}, &9 overnight culture® freshdt 15mle] LB-amphicilin ¥ ®]ol] 108 34
AlA vf g 2413F v gE o2 100mMe [PTGE %ol final =7} 0.4mMe] 5
Astd T7 RNA polymerase?] 2@ FE3te A A2 dude] #d

nJlo
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o

o} ghwid ¥ e 30°C shaking incubatoroll A 3A17HE<E X &3t} iAo} dby
H cultureE EAFEI  cell¥ harvestd ). Har\}est% cell& 50ul9 50mM
Tris-HCl (pH 8), ImM EDTA buffere] resuspensiondti 50ul®] 2X sample loading
buffer& #H7tste) & H2thE BTAA 58 w8t celld €A3] lysisAlZidl
cell lysate 5-10ul¥ 12% SDS geldl A7]19E3. A719 53 gel® commasie

tad)

brilliant staining solution® 2 staining3dt & AT dwlde 2HS sty &9

mle cultured At A= gl Fo] HHIH=XE AL

J

(4) 2819 9¥A Y g5

pET-16b vectorell 4dd K&/ % gl o] Z@E o ol The] 10
7He] A% A2 histidineg 7H fusion ©¥A FH = AYAFHTE o] Zo] 10749 ¢
% 5o] WHEE peptideE His - Tageldt ¥ 20 o] XEL 27} %o]2S HE F&
(Ni)oll ZstA Beth o9t 22 4AL ojgste Tild Bes waz Lo|dA
g = ot lliterd) WiAEZEREH FL EHEH cell® 40 ml binding buffer
suspension3tt}. Suspension® cell& 100ml Blo) Aol &7 ¥ Hlo]AE AL &
=2 AHZE sonicationdtd cell€ break3dtr}. Cell lysateE 40,000 x goj4 30%

A8 3te gilA o] Zolgls AFS M (supernatant) @ cell debris® Uy F, A5 Ao
228 N'columng ©]§dted @A L ¥ cell debrise 4To]l mAHT
Binding buffer® equilibrate® o] = NiZ* columnol & Y5 94e loadingdt =

Fd0] A3 ezt F column FHY 108le] A F3= P2 binding bufferz
columng AAHF. 282 Al column®] 6M1HE 49 wash buffer2 A&F ¥
Ni** columne] &o]3lE fusion WAL elution buffer® elutiondth. elution® T
2 12% SDS gel A7195 € st dRE ] FE9 yieldE HASIH 4T B3

cell debrist 2X sample buffer® 3<tig IAFE A719 5319 insolubledt T2

('.1.4
._,_.
rlr

-

o] &g AT WA O R growth hormoneS 73 promoters ol €3t E. coliol

A BdA1Z 34 insolubledt inclusion body Bl 2 &8t B o gly

(5) Inclusion body 2458 dwz o ¥g
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Insolubled @A S FZ317] A 94 d¥d s Sojof g} dd S
solubledt 7l sH= W@ e ol A FFA UG % wol ASHE BUL urear)
guanidine HCI& ©]83t= Aol Cell lysates: 9AEF 3 F AS5AL
&2 cell debrist B-& %9 9¥AS inclusion bodydEl2 K3t Aot Inclusion
body25-8 @@#AL Fste H¥L Og# 2ok Solubled @i g B
2 cell debrisE 40ml9 binding bufferol] resuspension3d F thA] |4 EsA A5
AE AAG ojd solubledr DHAL AAE I insolubledt THAT A Q_E}. =
2 cell debrisE H ZFE BHE HEo|stA cell debrisell do} A& solubledt T
AL 753 3 2ol AAS wtA T DAl A cell debrisE 6M urea =¥ guanidine
HClo] %% binding buffer® insolubledt WA S =21t} Fod@ TdHA S oA
Age We Z2e Wygoez WA FEEY. o9k o] FEld dwAde
inclusion bodyZ % o 3 o A& Al ek (urea, guanidine HCDol 3] ¥ A= of
native @A Ry FAHEL s YA &t @¥AE Hol7] Ao AL
denaturing A1 ¢F2 dialysisst@AA A3 AASHA refolding= 32 4% 7F3 @9 A
& 2L 5 Ak

129

. pET expression vectorE ©]-&3F thulz o] o A4k

o)A A9E Ni¥' columng ©l&3 WM& affinity chromatography®} €&
o2 iAo ool Looly FE2EA whe)] His- Tags 9 @¥d & 444 &
& 4 AAAT Ni¥* column® 7FZo] w7 i Eol] ohekgate] A4 AAA ]
=7 & Ureast Z2 4R AYE ol &3t 543 columne AHEEHA] oA A
AHola HA Eeste HHS ol &3kATh

n

'hl

ARG ol FAN

w
oﬁ‘,

7} o159 B-actin promoter?] cloning

B-actin promoterE cloningdt7] $13te B-actin cDNAE %A cloning&th.

_38_

IP:14.49.138.138, 2017-11-03 15:36:59



cDNA cloning2 5] 4% 3 W34 F4d2 cloningsts WEH 22 YYoR o
79 ¥ ZXE cloningdttl. QIAGEN?/sup> Genomic-tip System® AF&-3}4 2
2E genomic DNAE F&3 4. #%3F DNAE restriction enzymel 2 Atsta of
AY®™ genomnic DNAZE restriction cassettedl] ligationA]Z1t}. Ligation® DNAZ
template® AF&3t3 B-actin FRHA2] 50 FHE reverse primer$t restriction
cassettedl] 3| F == forward primerE &9 LA-PCRE ¥t} Specific® band”’t A
AEA &S A9 nested PCRE 3th. LA-PCRo) 93] dojx DNAZE clonig vector
(<, pUC19)9l cloningd t©}2 plasmid DNAE %39 Amersham pharmacia
BiotechA}2] SEQ4X4 Personal Sequencing System ©] &3t AFA )M nucleotide
sequenceE HARISHAY AP o2 HrME AR S AF< JAE o] &3t F7IAE
< ZA%Ar

. §xak o]4l vector construction

o] dFolA clonin¥ B-actin promotere F&FAXE o FoA L&}
o] &3tF k. 28l cDNA cloningl4l %32 polyadenylation signalS Al-&3}o]
polyadenylationS =31t} ofA] Q9oFstd A olao] Q3 vectore: 2L o
79 DNAZYE wnEz 2E3} vectorg E. colioll A amplificationd}”] ¢33 Z a3+
DNAZ FA3tden fH1a oA dAldA oFe] DNATTeZ 74" F&& s
At

o} FH A o] AUk
FHA o]2& #3}ed microinjection WE I &S] electroporation W& A}
|3t diFoldnidel AHZAE FYHEY AMEIAT. olE 43 JAA 2 IR

Hel Hlade Frsol e Aeon

2}, Transgenic fishol YA FEFHAAS] A=Y HE
&ALl o] ]3] A E transgenic fisholl = thekgk A oA F
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olgjg HAL Zt £ o lojx ] LHA L
& T g8 AeHe=z 44

d

£579 2ol dojubA =k

Zpo] EE o] Fol Aol N dojuh feed back 2
2RE Axddos FdE FozHy

mechanism& FA3lo HF ZEQA AR3td] dojr a3t

o FddI49. 2822 {FL&FHAAY

transgenic fish®] ¥4
712 AEZ ol8E £ A& Aot

Ao aF FEI FxIF ALH e AFAE

O LIREYCEEY
AFRANF 3 Aol VARHoZ wolk A ASHA 279} ol 7}

AAEHE AL A AAZ T ALEE EWOSAHY A7 3me U3 FALE (extruded

pelle)E wid obA 104, 2% 24, 64 33 ZAA FTF3EA 16937 AnjASssioh

4. 4¥o] A%
EAASO B AE 1A A&E AAske 7 A

B 283 18 Age] By Fol Aol Aol weh sz

L4

A7) AN 74 NBTFG ALEFE T

28 recombinant fish somatotropin (fFST)<
o] AL FSTY FFA7IE HeE AsE 1
42 3709 AT sty dz2TE AA3EA
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Fe A ARs 2HBL ol fste] 1 mAN SRV 1T JAE SAIE

oldo] NEE TEEA AT

flo

ZE AR EFAEAMLE SAS FAAY AEZEHCE  ol&3ion
ANOVA-test® AA3 & Duncan’s multiple range test® T 79 FodXdL AAZ

o}

5. Transgenic fishel F+Z=} o] 2 &g 3+

e

7}. RT-PCR analysis
Z2 07 2¥ total RNATRE mRNAE Rl AF9 F&FAA 3 H
= primerg MN(forward®} reverse primer) $433tx, RT-PCRZ °|dd #Hdx=7t

1-,1
THH=AE A

1}, GFP (Green fluorescent protein)& o] &3 ZZ oA dla vy FQ

o}JF2ZHE B3 B-actin promoter?] downstream®] GFP f3d A& cloning

3t} o] cloning® vectorE E. colio) transformationdts] vectorE o] &FAJAkgth. of

vector® FA"E AFY one cell stage® embryool microinjection 3FA4}

electroporation® o] &3t HHAA oj4g Foh wirl #HA}E TG GFPY
expressions @u|A3lo] A LHEE pattern™ FHEALE SR

6. AFEYRE AT EF &1

plo)

FENEE T UBY 2R

J d
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oF FAZE FAS=E vd 1-23] AlTFA Ao
A, ZH AR oz v Fel A #& S TSA

AR ol stampsdte] WEol2 =TT 25Tl A 484 sjF Tt LHF colony S

sampling from skin lesion, liver, spleen, and kidney

l
!

TSA(257C ,48hr)
|

Primary test
l

Biological test, Biochemical test
l
Identification

Holol A Bald AFe SAAA)

(1) ZF iAo TS
& 2% NaCl& 7l BEFHuR A 18~2447F i g & v
AE Hi S 3mel] HEAA o] dHde] 1HFolHE 2%NaClH 7t SSEHdul
], MacConkey i’?& v}z, BHISHAwiA], TSAHI =], TCBS3Hu}=), 12l BTB teepol
$H wf =] o) E“L—}C“ 25CANA 48AT wiFs & w&o FF& #ATY = RFY
AR e SEFeE BaAsr] Aste] 2427 wiFS Fo Jul, 27], GramFH

8- 254, Colony?] ¥e), MANAHFTF 282 swarmingS BFE 3},

(<3
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TAE HATE 2% NaCl H7F TSA iAol A 2427 g3t o 7]o] A F

3 19Fol9 viIFS FFAWIHANGSE( 3m)o] FEHAD G8 o] FHAY 01mAL 3
o] 1%WESF(NaCl 2%H7bell BF38ke] 10, 15, 20, 25, 30, 28la 37Ce 2=+
off A 48A17F v ¥ & 1 W&ol HEE spectrophotometerdl &} 3] -—'1;5 A 3k}

(3 €% vxd %

TAE 4ATE 2% NaClE7F TSA wiA| o A 24A17F wj et oJ7jofA 3t
18Fele] TS TN AFCulo] AT Tf o] T4 0.1mA S 0~8%
NaCl& Z+zb H7be 3mee] 1%<0 peptones (pH7)ol FF 3ty 25ColA 48213 s
3 & 7 ¢S89 AEE spectrophotometero] &) =A 3t}

O

Ir
FAE AT E 2% NaCl H7F TSA siXol A 24417 v &3t 7jojA
3 19 Folo wAdFE FFAAAIAFGCm)ol FEAZ e o] FAY 0.1mA L
pH4~102.2 ZtZ A 3m02) 1%%) peptone = (NaCl 2%)o) HZ3std 25T A 48

AZE v F3 F 2 289 AT E spectrophotometer2 A &A gk},

SAHY 2 FFE BHI brothol A 24417 ZTF A2 £ 3,000rpmoll A 2087 9
o

AEAFAATHT, AL ) FRAYHPFE 35 AL e 4B A% 100g
F BEFY L0He SA=Y obd) g Fab 29 F APy Aoz

& AEste oAE 238 FHANPEA T FHE 35X FFE BHI broth

el
=
Wyl Zho] Awdt. a3 oAF 100g9 1.0mgA S

2
R
[\"]
>
>
()
o\
!
ol

o
£
H
(o]

£ ¢ BHI broth& A% 100g? 1.0m% A & FAgch
2d7170% 438o1E 05tond] 9% FRPFZAA FEAe2 833, F22 2242T

=
A2 28RN0 AseTh AYo] AAFL g A8V Aol A AR

o
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ZAdodB2E 279 E FRYs Adsted AR ulFdA sBdadTFe] BYE AR
=5
2. WY A transgenic fishe] W¥Ad #A

Holz Ry BT 5P TFF TSA broth WXl HEste] 24x7 A ) <F
3 T 5000rpmo-E Jﬂ%ﬂ 3t} Dulbeco’s phosphate buffered saline(PBS, pH7.2)°l
dgAlzl § 33 dAAASY  AX(mmersion) R &5 3F AHintramuscular
injection)oll 213t ZAAIFEE A3tk A¥ole= WHA transgenic AFE AR 3
dAE S Ysted dE2Te 2L FE AT A3d7T T 24 E Oltond
43 FRPFZAA & 25CUH LA A8t i E Sddich

& He o FolXA %I Yok AEANES YRE THFY ATE EYE o F
AAT otk ofFl YoMt wed 1 A &
AEe] Qo] g Aolg AXm Yol MYrlEe] HYo o

Abdolth. B3] F FAolFe dREel ol FY Aol YAME ATuGe] ol
4

1
L
£
ik
i
r o
2
L
e
ofN
2
flu

AN
oo
o
=h
i
32
rir
P}
L

7 oo A 2 WY 279 F3
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A, o]F AEEZNE Collagenase == Trypsin® 2L EHF9 47}
ALY A3 Y o F G4 I B =7 6TAFLY] gFE o] o] FA
A e TAEAC BE AE &4l UetdtH(Yeo and Mugiya, 1997). 2%
of o}Fol wat He AZEYPY HE} o]Fojxol drh. MFLEE ol F A
ALXEE 7|FLR 20~35T AloldA HHAL2x g dAAs wFAHE K277
A AR 2 Ao HUE 53 Ry 2 AXE ST £ e A4S

CREY
1} o F AT zujujory AL

o]F 9 AEE 0.01% 2-Phenoxyethanol & uHAA, A& E2d F 33
2 AE BAgo] o) AZE 2t ofFoA 2" AL Ca¥ol THHA @
< buffer (120 mM NaCl, 1.22 mM MgSO4TH20, 47 mM KCl, 1.25 mM KHzPQ,, 23
mM NaHCOs;, pH74)E ©<]83std A& 3d F Collagenase (05 mg/ml; Wako Pure
Chemicals) ¥ A& 83 <459 (0.98 mg/ml; Sigma)g& E &3 buffer o] &F 20827 65~
8 m¢/min) ¥£AAZT. 1 ¥ 2mM EDTAS ¥7bsted Ca¥ 2 Mg”¢ buffer2 A3
S ¥k AHE 222 50ml9) buffer Wel A It E ZA FAAZAT 248 A
= pipet2 ® U £y AFAAZ Fo Ad4E (500rpm, 2¥)E 33 wEste] 34
AE, AE 58 Z HPF 55 AASt] EHo2 3t AXE 230 & F
Eetadg @FHAC 3x10°~5x10°70& ol wiFeoh wiFele 02 uM Bovine
insulin (Sigma), Streptomycin (100 rg/m¢), Penicillin (70 pg/mé), ¥ NaHCO; (23
mM)< FH7t¥ William’'s medium, MEM 9 L-1581x]& o] &3t} ZhH X o] i<k

gl 3 mE Hrbsla, st ujd wEs.
t}. o] %9 cell-line =3
Zul st AEE ol &3t AdujtE AAFch Zdjulokel] o MEZFo]

FAHE 0.05%9] trypsing ©o]&3td 187 ¥AS}. 2 F trypsin A& AAT} L,

A2oA 7PEA AES 7o A3 AEE i AEsE FEsE AE #JT
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&l
>
e
i
X

ARoz Aol xjuld FA PPOE MATTh MF et A
2045 Hsbstel XY BYL Folw, AWML ASFo2A 34 o)

AZFE SHA7IL AJEH el A3 iFAEZFE S

o

1)
o

Alz2Ad d7de 2 23

(1) Futd
7h A &

o F9 AAZEEL oF 21~22 kDa9 single chain polypeptide24], 3l A g9
somatotrophs (growth hormone cells =+ a cells)ollA] Ao} vascular system o2 W3
"t (Rand-Weaver and Kawauchi, 1993). o] 3282
4 328024 (Bjornsson, 1997), HFFENA AdZe 245 A4 A4, @538 2 F
718 tirte] #Eojgtt (Chen et al, 1994). =3, A3 28L& doji} o
o] A%t 24 (Dickhoff et al,, 1997; Sakamoto et al.,, 1997)3 #A&o] e ALE Bugw
At ol23k AAFE R BAL insulin-like growth factor 1] 93t w7l Aoz 47

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

nf
02
rok
o=
(]
&
JN

] 248 71 971%

3
2
>
&L

& A8 A7)

Niall et al. (1971)® Miller and Eberhardt (1983)+ nucleotide®} o}v] At Mg £
o] ZAsH AFIEZE FAAY AsH Jide] did 2ES AT F ARZZ

fru
rd

oH

(growth hormone, GH), prolactin (PRL), placental lactogen (PL)3 somatolactin (SL)<
59 =4 ZEEOoRRE FE A4 AYY XI 58 Fdd Jgd Aoz AAXL Uk

(Rand-Weaver and Kawauchi, 1993).

RS AABZEE F4 AYNA FAYA 4% 22 AA2A T FAL AR}
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2 Z2ES ¢5gsly e FAAEY £ - §34 B A A7 I¥H T i £,
HAs2EY Fo7t AR oFM AFES F7HUTET BaHUT (Agellon et al, 1988a;
Du et al, 1992; Ben-Atia et al,, 1999; Ayson et al., 2000). FZ7HA], o 5AM Eajd A%
S 2E cDNAZE tuna (Sato et al., 1988), yellow tail (Watahiki et al., 1988), red sea bream
(Momota et al., 1988), 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 2 GrI-gdEe] W3HTh HF T =22 genomic
sequence™ 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) S°iA E1HA}

Eulgle o & (Perciformes), B8] # (Serranidae), $-#71% (Epinephelus)ol 43}
o, A7 400 mm HE7HA g3t 254 oAREA, SEvetel AR 17te) ofF o
27} ol YA RE FAV|eNEe} AxEa givk 2 Fulel e FRAeS SR &
< AAolt.

Fulel et Zo] o] =2ji 3
9] Aol F& tdFol HEE, fele of AFdAA FAZIe Lol o|Foixl Fof I T
Fart FuE Aoz e AR Y5288 4558 3= cDNAE cloningst
o 2 @M EE WAL ofrixat HEE FAHUNLH, E. coli 2 A LHE o] &3t 1 @Y

2 A8l d$ SDS-PAGE 42 F3stdth

Y
)
o
by
of)
fo
%

> 2
o
flo
oX,
o
fol
I
ria
£
myd
flo
ox,
o
o
R
ro

Frtel 44522 cDNASY 97] MEF opvl=dt ME 4

a¥ 3% Eukg A%5229 A4 cDNAE cloning?dt?] $iste] 4452 & cDNAY
53 3 98 RT-PCRE Z%3 DNA @¥#olth, RT-PCRY AHE-H primer2%H 5 @&
620 bp A5 F712 Hoj gor 3 ke A7) ok 340 bpo|tHFig. 3). RT-PCRol 23]
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O{N

Z3 53 374w DNA 9388 pUCL9 vector®] Smal AFFEAA e A¢std plasmid&
+el3tH 2™ sequencingstth. cDNA F7IAE S &3 & A4S 22 coding sequence?)

NAl codon®} FZ codond 71X Y= primerS A|F3 coding sequenceE E&3MAT)

A B

Size M ’ RY

(bp)

800 —»
600 —
400 —»
200 —

Fig. 3. RT-PCR& ©]| &3 Enlg) AF3Z2E 429 5 ¥, 3Ydk 281 coding
sequence? &%,

= 5% 3 s FEI Aol coding sequence® FZ3+ Aot} M2 size

i1 Be
markerg YeERY A7|& Jepdideh 53 372 AFI 229 53 3 TS Yy Ce
coding sequenceE UYehdtTh

o] A¥g T3l ¥z Hutgle] 943t (DNA AE3 FAH olvjxit MEE Fig.
49 “ehlich Fubelel &d cDNA 422 A Al 833 bpR A, 615 bpE o] F|Z ORF$} 21
bp] 5 UTR# 247 bp2] 3" UTRE °]F°{% non-coding regionS ¥£3stx Jrt. iy
ZAHAWE mRNAEA #2E = AA 4, polyadenylation site®] A2 9212 5€ 20 bp AF
%) polyadenylation signal?] AATAAAZ}F X3ttt A7 A5t FHE Fulel 9
A3 2EL 187 aa®l mature peptide A3 17 aa9 signal peptide A €S £ 83 204719

3
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olmj:Ato 2 o] Fo 7 polypeptideZ FAE AT Fig. 491 Yebd vie} o] Eulele] A3
ZE cDNAE FZ317] H4ste] AHEE Eaka-F19} Eaka-R1 primer 59+ cDNA €714 89
562-581917 $Ao AE Aoz wIHh
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1 5' -~ GGACCTAATCCCAGACCAGCC 21

22 ATG GAC CGA GTC GTC CTC CTG CTG TCA GTA GTG TCT CTG GGC GTT TCC TCT CAG CCA ATC 81
1 M DR V V L L L $§ VYV S L GV S S Q@ P | 20

82  ACA GAC GGC CAG CGA CTG TTC TCC ATC GCT GTC AGC AGA GTT CAA CAT CTC CAC CTG CTT 141
21 T b6 Q@Q R L F St AV S RV Q H L H L L 40

142 GCT CAG AGA CTC TTC TCC GAC TTT GAG AGC AGT CTG CAG ACA GAG GAG CAG CGA CAG CTC 201
41 AAQ R L F S D F E S S L G T EE Q R Q@ L 60

202 AAC AAG ATC TTC CTG CAG GAC TTT TGT AAC TCT GAT TAC ATC ATC AGC CCC ATT GAC AAG 261
61 N K+ F L Q D F C N S DY I 1 8 P | D K 80

262 CAT GAG ACG CAG CGC AGC TCC GTG TTG AAG CTG TTG TCG ATC TCC TAT CGG TTG GTG GAG 321
81 H E T Q R S S V L K L L § 1 S Y R L V E 100

322  TCC TGG GAG TTC CCC AGT CGG TCC CTG TCC GGA GGT TCT GCT CCC AGA AAT CAG ATT TTT 381
101 S W E F P S R S L S G G S A P R N Q I F 120

382  CCC AAA CTG TCT GAA TTG AAA ACT GGG ATC CTG CTG CTG ATC AGG GCC AAT CAG GAC GGA 441
121 P K L § E L K T G I t L L I R A N Q@ D G 140

442  GCG GAG CTC TTT CCT GAC ACG TCC GCC CTC CAG TTG GCT CCT TAT GGG AAC TAT TAT CAG 501
141 AE L F P DT S A L Q@ L AP Y G N Y Y Q 160

502  AGT CTG GGC GCA GAC GAG TCG CTG CGA CGA ACG TAC GAA CTG CTG GCG TGT TTC AAG AAA 561
161 $ L G A DE S LRURTY EL L ACTF KK 180

562  GAC ATG CAC AAG GTG GAG ACC TAC CTG ACG GTG GCT AAA TGT CGA CTC TCT CCT GAG GCC 621
181 D M H K v E T Yy Lt T vV A K C R L S8 P E A 20

622  AAC TGT ACC CTG TAG CCCCGCCTCTCCAGTATGAAGACAAGCCCCCATGTGGATGATGTAATGCTGTGTGTTCT 695
201 N C T L = 204

686  GTAGTCCCGCCCACATGTTTTCTGACTCTGCTAATTAGCATTAGTGTTAGCCACAGTGTTAGCCTGTGTTCAGTGGTTT 774

775 GTTGGAGCAGGTGTTATTATGATGACAGCCGTCGACAGGAAGTGATGTCATTTTGCCACCATGTGTAATAAAGTGTGT 852

853  GCTGTGTTGCATTCAAAAAAAAAAAAAAAAA -- 3 883

Fig. 4. The nucleotide sequence of growth hormone complementary DNA from
red-spotted grouper, E. akaara 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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Q7ML ZAS FAE Hulgle HAAZ=2E2E 4335t dE coding regione
A 615 baseEEA], 22-249A Aol e ¥ MAIEQ] ATGE A2H 634-636W 4
AX gle WY FHIEY TAGE THHY, 17 aad signal peptide AL} 187 aay
matured peptide A E-& £33 204709 ofv| xS dFE3I Qv AR FAHUY. T3
o] Cod 9] 201-203 HA $A FAHAFY] N-glycosylation site (Asn-Xaa-Thr /
Ser)7t EAsE A2 FAHJUE Fig. 504 BY, Hulel AFE229 49 oAt A
Qe 69, 177, 1949 202850 §1Hol 4748 cysteine 71E EFeIT U Ao g A=,
H g 08 Fol& ofFEF TIT AAd AX}T AUTh

rir

Hulg] AF3ZE2R coding region®] W14 EE GenBank (http.//www.ncbinlm.
nih.gov)el TE® U& Fol&E offs} vluws] £ A3} orange-spotted grouper, gilthead
seabream, yellowfin seabream, barramundi perch, yellow tail, croceine croaker, yellow
perch, European sea bass, tilapia, Mozambirque tilapia%} three spot gourami®l| tHste] z4z
96.9%, 88.6%, 83.0%, 86.7%, 85.7%, 85.5%, 85.0%, 84.6%, 83.4%, 82.4%%} 80.8% % < +
AHE BE3, 49 opvxAat ME& 742t 985%, 96.1%, 95.1%, 95.1%, 88.7%, 90.7%,
92.6%, 90.7%, 89.7%, 83.7%% 81.7%% =& AL BEIY (Table 1). H, Al
(GenBank accession number, AAA98618)3} 4 (GenBank accession number, AAA30543)
o] AF3EE oluxit NED Hwd AFde A7 338%9 37.6%S *E A5AHE Bt

(data not shown).

E. colilA Bnig] A3 2E cDNAY %y

ule] JAFZ2E coding region?] ofn|:it Ao ZHE FAE signal peptidest
mature peptide® E 33 AFAZTEZEY mature peptide T+ FTT3 %3 AFT=2E &
A% Compute pI/Mw tool& AH&3te] AAbstdow, ztzh oF 23.1 kDa# 21.3 kDaolith
(http://us.expasy.org/tools/pi_toolLhtml). SDS-PAGE #4723 E. colidjA] 2dd AF3Z=
= AEE FH9 DA EAHT dAFe AR WIAY (Fig. 6).
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Epinephelus akaara MDRVVLLLSV VSLGVSSQP! TDGORLFSIA VSRVQHLHLL AQRLFSDFES SLQTEEQRQL 60
Epinephelus cofoides T 60
Acanthopagrus fatus M L 60
Dicentrarchus labrax -—Al L=V E -E—HN—-~ E 60
Lates calcarifer L --S R—E 60
Oreochromis mossambicus — —-NS———Q-— -G Q- --§ -N--T—-Y— 60
Oreochromis niloticus -NS: -G Q- --S -N—-T: 60
Perca flavescens E-A L L ~—1—E 60
Pseudosciaena crocea ——L - LT——Q~ {EN—MD AT - 60
Seriola quinqueradiata L -—S-H-— —|-N---—~ ——N-— T——-0D-—— 60
Sparus aurata M M 60
Trichogaster trichooterus —K-LF—F- L --S T —|——— 60
Epinephelus akaara NK1FLQDFCN SDYIISPIDK HETQRSSVLK LLS!SYRLVE SWEFPSRSLS GGSAPRNQIF 120
Epinephelus coioides S 120
Acanthopagrus latus A S 120
Dicentrarchus flabrax 1- V-P-A—-S 120
Lates calcarifer —-5 D—S 120
Oreochromis mossambicus G~ -3§L—-—-§ 120
Oreochromis niloticus G— -—SL-—~—$ 120
Perca flavescens -—VS S 120
Pseudosciaena crocea S 120
Seriola quinqueradiata S=fme —t—-5 120
Sparus aurata S 120
Trichogaster trichopterus - Y —Q@-Y--S 120
Epinephelus akaara PKLSELKTGI LLLIRANQDG AELFPOTSAL QLAPYGNYYQ SLGADESLRR TYELLACFKK 180
Epinephelus coioides S - 180
Acanthopagrus fatus H £ S—- -— -P-T—— ———— 180
Dicentrarchus labrax V-~G -—M—S-T- 180
Lates calcarifer --M-$-5—— 180
Oreochromis mossambicus R € -—-NY—©>»07- -H——">"— —&WN-~—Q ~——— 180
Oreochromis niloticus R £ —NY—0T- -H——— —GN—Q ——————— 180
Perca flavescens K~SE— §— —ST- 180
Pseudosciaena crocea M— A —1—N -—S66——- ~——— 180
Seriola quingueradiata R Q—-T -—w-§-V— ——fF— —GE-L -~ N———— 180
Sparus aurata H E— —|-—5— —T 180
Trichogaster trichopterus —————-WR-- Q——K-———- —-M-S~GVVP E S 180
Epinephelus akaara OMHKVETYLT VAKCRLSPEA NCTL 204

Epinephelus coioides -— 204

Acanthopagrus latus -— 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, S58367, 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,
M84774, unpublished), yellow 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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97.4 kDa
662 660
450 450

36.0
310 290 -

24.0

— 23 kDa

215 20.0 - ]
14.4 e

Fig. 6. SDS-PAGE analysis of the crude GH protein of the red-spotted grouper
expressed in E. coli BL21 (DE3) cell cultures following induction and non-induction
of transformants. The transformed cells presented in lanes 4 and 6 were induced by
IPTG as described in Materials and Methods. Lane 1. SDS-PAGE molecular weight
standards, low range (BIO-RAD). Lane 2: The low molecular weight range (Sigma).
Lane 3: Crude lysate of the E. coli harbouring pETlla vector with the GH ORF
region (non-induced with IPTQG). Lane 4 Crude lysate of the E. coli harbouring
pET1la vector with the GH ORF region (induced with IPTG). Lane 5 Crude lysate
of the E. coli harbouring pETlla vector with the mature GH region (non-induced
with IPTG). Lane 3: Crude lysate of the E. coli harbouring pET1lla vector with the
mature GH region (induced with IPTG). The GH proteins expressed are indicated.
These bands are absent in the non-induction E. coli BL21 (DE3) crude lysate
presented in lanes 3 and 5.

(th . 2
B AF7E 23t Eule]d) Al 25 mRNAS Fi - AAsd 433228 ¢

rio

33kl e Ao® FAHE ¢4A3 cDNAE cloningsta 1 €7) A do] #HEAct. 2
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$27] & £3}= GenBankol 5% orange-spotted grouper (E. coioides)?] AAs2&
ORF @71493 olujxAatEd S o] AFE S3hd 837l Fuielg AZ352 2 ORF 97142
7} opul Ak D3} vlwdt A3 72+ 96.9% 9 985% 2A ] & FEAS Bt (Table 1).

A

iy

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 - 96.9 83.0 84,6 86.7 82.4 834 85.0 855 85.7 886 80.8
2. Epinephelus coioides 985 - 89.6 86.8 83.3 83.6 84.6 87.0 86.8 8.7 904 81.8
3. Acanthopagrus latus 951 956 - 830 87.8 833 84.1 87.0 83.3 865 976 833
4. Dicentrarchus labrax 907 91.2 837 - 86.8 824 83.3 8.5 86.8 85.0 88.8 80.3
5. Lates calcarifer 951 956 931 90.7 - 84.6 852 87.6 86.2 89.6 88.6 84.9
6. Oreochromis mossambicus 887 83.2 85.8 83.3 86.3 - 98.7 81.0 836 826 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 89.2 922 843 853 - 84.7 846 86.7 81.0
9. Pseudosciaena crocea 90.7 90.7 88.7 86.3 89.2 853 86.3 87.3 - 854 89.8 80.5

10. Seriola quinqueradiata 83.7 89.7 87.3 85.3 90.7 83.3 843 85.8 84.8 - 87.0 846
11. Sparus aurata 96.1 96.6 975 89.7 94.1 87.3 87.7 93.1 90.2 8.2 - 839
12. Trichogaster trichopterus 87.7 87.7 86.8 84.8 88.7 814 824 84.8 83.8 848 873 -

Fotele] A2 ES dashle A2 AAXE 41F cDNAS ¥7]4 €2 Rapid
Amplification of cDNA Ends (RACE) %<& (Schaefer, 1995) 83t #3ajz =], 32l
AAE cDNAQ E7IMEZHRE A Evlg AF322 AL 17 aa9 signal peptides}
178 aa2) mature peptide® T4} e Aoz FHHAUT Fig. 4014 B npe}h o] Fub
219 signal peptides 17 aalZ o]Fo{A 3l&=d|, A7 GH (26 aa; Seeburg, 1982), &

(27 aa; Seeburg et al, 1983) ¥ Indian catfish GH (22 aa; Anathy et al., 2001)¢} ¥] 23}
S AR FAEHYUL

29 Bulg AAZEEL AFZ7HA Rid" gE FojE ojFe nAsAR 4749
cysteine 277} vf¢ BEH 9o YA Yo} (Fig. 5). 2714 Bid 4 Zof
FE2E YEEL 4749 cysteine A7) 7FA 32 e, o= 2789 A} 1t o) &3 AY

S WAgeEN 1 328 33d F2E FAA ke W Vdde AR delA

3
L
ox
o3

o
oft
o,

%o
o
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(Schneider et al., 1992; Somers et al., 1994; Carlacci et al., 1991). Schneider et al. (1992)
& olei doe] EAZ Aste] AFTE APELE A el 2Y AEH0] Aoz 44
He AR Bastgoh UF AFY Ao Aol 5749 cysteine 7717F EAFT L B HY
o1, Mahmoud et al. (1996)& ©l2{& F7}4<Q] cysteine 7]+ common carpolA] 8-
Agsied d¥e £ 5 Ut

J]
o2
[
ol
4%/
5

Venkatesh and Brenner (1997)& #E3% thg Azolfe] AFE2E opvit MY
o] Bl E E3}9 signal peptide® FF38E N oo 2971 /M3 717 Astx, C 99 1%
2 HEH Joa Busyth £ 258 AFolR{ AIFE2ZE 50 YojA C 2a9 13
Z+7] (CFKKDMHKVETYL)7} of¢- 2EE S glom, HEofFd Hol3Ql of2jg BEH I
7S W3/ AZE2EH O3 F8AE B9 BEFE] T3 7Y Relta AT
Fig. 294 B& uje} Zo] o] AT E F3to W3 Hrte] AF3 283 AF7HA 7 o &
T E ofFo AAZ2E ofuite HWAANE N L 99 signal peptide 797} 7HF &
717y Agtm, C 2 B0t 7P & BEHY ge AR vt 181, Venkatesh and
Brenner (1997)7} 233 JAFolfF Sold REH 13771EE §YT AA EAse Aoz
EICP L=

%A Ao NS A A2 EY 8L FEL AR AFE 229 cloning, B
714G AR D olFol iz AAST IEY sfdte] 71 HsaA HAh AAZ Zhu et
al. (1985)°] A7 9] metallothionine gene promoter$t A& AT 22 FAHXLE FH0]d 9
A% AL AF}eg 4% 22 59 BHoz wEA 4G 5 dE F2AS oF Ak @
3t e dp7} o) Folx skth FZolE Nam et al. (2001)0] v]FH2}t#] B-actin promoter<} A
A52E FARE FEE RS FHY FARE vAFAEA gt FAAFANHLZH

HAE GRS g AYRY FHA ALe wu 6 Yok

ol A7+ Hukel Y HFEEE FHAY o dEd 8%
R 271ZR ] doju= HEAI BR7ITE EEAT
29 cDNAE cloning3}2 E. colivlAg #&S FE3t9d. 28y ok d74x Hnlgle $EA4
o] FFH OB o] FojAA] o} FutElE U AFIZER 1 KA o]&2 oHE
AARolAwt @A) ofAlote] o] Zrte A Fulgle] TR tid A7t AP Jler, 2
& & &3te TAAFY TR AT A7E 223 APH
gol Eulale) FgAite] AHH oz o] FoXA i o AT

fol
lm
mlo
2
%
2
r
o
0_>,i
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rlr
8
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fo
N
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i
ndt
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oX,
o3l
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Aoz oA

(2) 549
7h M2
A z2E JutEel Hesl §AEE BESH EAL 7 prolactin, ¥R

lactogen, somatolacting E &3 @A 1Fo] &3 single chain @ Fo|tWatahiki et
al, 1988). ™, H3leA|, WY AAH, By, {4, FAE I o] 2L HF 328
AAh 24, A4 Boj@tiHarvey and Hull, 1997). o)A AlAle] A3z we] A< Q9
ZA7 BES Y3 B5Ho,

4% 32Ee 47, AT B9 B4, AT AP, B A 25D Q, o 7
o ogol UEF WA 239 WA By ohst 2ozl RA9 T B AT 2e o
5o) 223 AZHH 50| BolPT. 4P $2EL T Ty ) 9T AN 3G
& H8715e QoA A grhHadley, 1906).

Zolgel 4% 32EL AFHoR YR Folstt o LelA AUtk oA
& ojn] g0l o8% BWAT ATE Fal A7 FLE J)5o] AWHoAG. 43 r2Ee

RS 5% ol B, 48 37 2w ohle A3t Fe=A Fa Eo) olgUth 4

2Re 5 B2 A ASEA0] YT 2T oY Aol olFe) £ 5 Wk of

Moz Ayslol

E. colidlX AR E o7 A% T2EL BT FAT A7 o7 HEE ¥ o}
Uzl 439 Z21& Bk Burl dti(Jeh et al, 1998; Ben-Aia et al., 1999).

o] AFdMe AFTo)Fe UFQU FAol(seven-band grouper, Epinephelus
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septemfasciatus) 25 clone® AFITEE cDNAZ £d3ld ME 24 & B4355en B
colol A Ldo] S A ofFF G2 At 4 AAEH W%E}ﬂ] AT F e Aew
AZ+dt,

Fig. 7& RT-PCRY| 93] ¥A4E 549 84328 FAAE B9¥T. Fig. 7Ac
5 9ot 3'9ds $E%3 Aol 13 7Bt 4RI 2EY coding sequence® FET Az}
oty 5'dere] @AY= <k 650 bpoll 3" Zeke ¢F 300 bpel™ coding sequences 2F 600 bp
o|t}.

Size M 5 3
(bp) Sl

800
600

400
200

2RAZ

Fig. 7. RT-PCR& ©] &% $A4o9 AFz=2& A9 5 ¥d, 3%d a8z

coding sequence?] .

- 57 -

IP:14.49.138.138, 2017-11-03 15:36:59



RACE PCRo 93t A& 322 cDNA 3-9e] =X

oNF 4 B AMEe FEo o3 geld olfF A 2olM 7MY HER 3 RE
2 Y28 primer F1 (5'-GACATGCACAAGGTGGAGAC-3")& FA = F k. ©] primer
= FYHOZ first strand cDNAE AHE3 AFS=E DNAY 3I-¥9gd FE2 93
oligo(dT)18 primer2 AM&HoIFT} WSE mixE 1x cloned Pfu buffer, 02 mM each
dNTP, 100 ng®l first strand cDNA, 250 ng9l primer®}t 50 units® cloned Pfu DNA
polymerase (Stratagene, USA)7} £&HUT PCR ZH2 94T oA 45% 7+ 7FE, 53T oA
5z Zt pimer 2%, 72 CoAA 287t primer A% @A 25cycles A% BT 187 A% 7}
4§ 33 72TCoA 1087 FF A4S FHDNA minicycler PTC-150, MJ research). PCR
< B3 Qo A= AHA, 28l AEsEATh

N

RACE PCRY} 93t A% 322 ¢DNA 5-2¢e ZZ

Poly(G) tail-& 2.5 units®] £72 deoxynucleotidyl Ho]&A(Amersham Pharmacia
Biotech, USA), 1x TdT reaction buffer, 0.25 mM dGTP$} 100 ng9] first strand cDNA7}
X3E AA 100 uL reaction volumes 37TolAM 1A1ZF &2t AL FA4E first strand
cDNA ¢] 3" gt H3f3ch Oligo(dC)18 primerZ oF A3 3284 713 BEH 3-2
& 299 Ao FA4E AR primer R1 (5'-GTC TCC ACC TTG TGC ATG TC-3')&
4% 322 cDNA 3-22 SF A8d 233 TUF 2302 JF I2E cDNA 5'-2¢
S ARSI

AR5 2% cording region®] %

Signal peptide® E33}l= 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 primers A3l FEZ39 2 g cDNA 9 $& 23134 F
g 3jc). ¥hA signal peptideS X 381X &< cording region ¥4 o3l 5Yd xHoE =

Z3}s] F2 primer 4l F3 (5'-GAG ACA TAT GCA GCC AAT CAC AGA CGG C-3")
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primerg AHE3IATH

Escherichia coli [BL21 (DE3)] AlZoAe] AAs== ug

signal peptideE T&3AY 3R] &+ coding region®] £Z-& Ndel ¢ BamHI 2 &

@g § A F&31o pETlla 28 WMHE o]&3lq Z2YI}AT o] Y= 2317 A

Ndel and BamHI 2 A9 § A9 4zeA &4t 71848 ol 83t s}

Ag)st4let. Ligation ¥ AzAe] whgel] e} BL2I cells 2 493ste] 4342 =(100uL/mL)e]

¥ plated] T3 AJE F2UE AEE] 938ke] Novagen’s vector-specific
primersE AH&-3} direct colony PCRS 433t}

BL21 (DE3) M¥gtel gAlez2d kA =g AYsia ARz aEe] 2dE =3t
7] 98l wi%de) wet IPTG (isopropyl-B-D-thiogalac- topyranoside)E 2% % 1mM
o] HEE Hrlstd 30CoAA 3A7HFeL wldste] OD600=060°] HEF 3ty 2 F Al Eufjgy
9] 15 uLE 90ColA 587 HAAA 12% SDS Ao 231 Coomassie Blue R-250 J44A) ek

2 949 HFig. 11).

4y gl gaide 2R3 95k 18T 30TAM AEE widd ¥ 50 mM
Tris-HCI buffer (pH 7.5)¢] 3 mg/mL lysozymeo Z AT E &3)A)712 g2 Fole A&
AW AR 2 F AEE 229 B3lste 4T oA 208 F2 16,000 g2 AR AE
7 Hdg Estn elM = A g Ar]GE¢ F Pk

g8 2epol =9} ofulicitel GriME A

ARs =22 HEAe] N-T¢ signal peptide= SignalP World Wide Web server o}
veh glon AR Y(cleavage sites)9t signal peptide/non-signal peptide &&& QA}olE
o) zeage Hsict a2la oA 29 =L nnpredictllM FHIRLH, o] T2
ohuliat Ao e 7 #71Y 23 72 BYE dFste Z2afelth. o] =239
712 92lE two-layer, feed-forward neural network ¥ig}&2 o} &3l o &3l= Aot
sbgGH A gL ¢4#A e dE Adzegs 4718 <E3 CLUSTAL W Multiple Sequence
Alignment Program (version 1.8, 1999)2 &3l Bl23}¥ & B8 E4EL T8 AEARAR

o
flo

ke
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Ale(National Center for Biotechnology Information NCBI) ¢} &3} 72 BLAST (Basic
Local Alignment Search Tool) program 2.2 48 Hom AMIMSE 25 d714€E dlolg
o] FAI=E ZARSIAH

() 2% 2 £

E. septemfasciatus B3 2E2] cloned cDNA 9718 E2 612 bpY open reading
frameS T3 o FA157%)T AA(12.3%)E F8 TP TSR ste BAF 230283
g/mol (theoretical isoelectric point =6.90) ¢ Z&|Helo]=2 I3l (Fig. 8). &3¢ ¢ d
< signal peptideZ FAEE 1774 ol ibs ZHoH o] FAL T ¥y AAYoA d&H2 2
#3td Rojtk oW HolEHE As TS ojulinit M Fo) B o] 8T 5 Utk Tt &
ANSRAEY N-2UoIN T Bsle] AREE 17AA} 188A BRI (cleavage
site) Ato]9] signal peptides & ¥& FAIEE Kol 17709 £& 454 7719 ¥ (stretch)
S 3 3o o)A o] REo] YAZ=E ATFAY signal peptideE X3 & Aolgte E
S W=x3gt} o] signal peptides FoF[FAI7I4l(Agellon and Chen, 1986), Z<do}(Sekine
et al., 1989), -2do)(Gonzalez-Villasenor et al., 1988), thA%¥dAo}(Lorens et al., 1989), ol&
& 22789 oM, A2} olF [indian catfishe 22709 olu=4H Anathy et al.,, 2001)],
¥ FEE[FH(Rohn and Weigent, 1995), A& (Roskam and Rougeon, 1979), & ARAIZ=E
(Santome et al, 1973) 26709] o}n|ieit] Hoh 22 202 Uyt A< dWd2 187719
olu|ALS EFEIY o]AL oju] ¥elA e XA (Kariya et al, 1989), gilthead seabream
(Funkenstein et al., 1991)9} yellow tail (Watahiki et al., 1988)2] A&THAF 22 70|
o} shAgE B ZH9 oJF[Yo(Chao et al, 1989), FHo)(Sekine et al. 1985), &I
(Gonzalez-Villasenor, 1988), %2714} (Rentier-Delrue et al, 1989)]¢} AAZ=2E Hd=
7 9] ofmlicito] BEste] g} I8y o] AL red seabream® AR I EE Hr} gl 9] ofn)
=4S 72 glem(Momota et al., 1988), o3& L65 obu]ist ojth L65 & 454 o
SARE JheH A3 ofu)edt off, ojflo] A&EW T289 A ARE GA 2 =

Aol

facs
o
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vl 7He] A2zl 2715-2(Cysh2, Cysl60, Cysl77, Cys185) A4 sbgGHAA 22
Helor E17) HHLamb et al, 1988)% ¥HEFE[rat (Rohn and Weigent, 1995), &
(Santome et al, 1973), siA|(Kato et al, 1990), ¥Y4&(Yamano et al, 1988), =
(Ascacio-Martinez and Barrera-Saldana, 1994), A}2H(Roskam and Rougeon, 1979)]¢] tt&
ARz 2 8T A 2L Ao YR8 AUk A2H IINE Alolo FiHY S-SAF ] £4)
2 A EREEY 522N AYHILH o5 S-SEHEL 724 44 328
o] AE8H Ao v)g- F stk g3 A K Anathy et al, 2001).

31714 7Vs3 N-glycosylation site (Asn-X-Ser or Asn-X-Thr)& sbgGHY] o}n
Axgo] EA dten g OE AT EqAE Asnidd A sFI) =9 23}
Z T4 B29 sbgGHS 525%¢) a-helixes 72 59%9 F4€ 71452 FAHUT
AL F2 AL L2 signal peptide FHA 7 £ A5 LS HolH 66.2% A= 7]
b -&afol thaf 16% ol/del 7] Edo] &) B 2o Fdn). PR oA AnlEER
¥ 3EE 020 REA 32 WS ¥islm glon SHAEE 2029 oAk 7hx] A
H At sbgGHE T3 4FE 1737 ofvjicdte] ¥ B4 H9E TstT 1oy ojAL
BLAST-P program® °©|83ld & Mg vaste Fdoe FAHUT 1480 AHE 204
WA ofu]=At Apolo] of-¢- BEZAQ Ros OE FFolXY A 25 #93}7] 9% probe
Az o) 788 Aotk

o 41 K

N

“All non-redundant GenBank CDS database” #1412} A €3} sbhgGH o}v|=it A9
¥)i2E BLAST-P program # analysis of 450 proteins& AH&3te] 279] o1& {4 9
H homology & %3tk 7ldd] wal homologyd AT oF, ¥AF, 27, AF3FS X
o] £ 2 AR} Caranx delicatissimus (hard-tail jack)e] Atgje] A3 a2l §2d
< FYAE7%)E RAFAY 2R7& Aol Ao, Jol, W7l A ofzte] Wi 2 gE
e ol F 4% 32 FTRYUY FYART =3k hard-tail jacke] &9 4% AA ME
ALg9l 9502 o]RS MHEHIL AHYS E3tth Fridde = U 4L He "ol B
8 2R3t I8 % sbgGHY L homologyE 2te AA 3279 a2 U3ty #dd
JAgNME AFs 2ol HlmHoHh dE E FERE FFRF Cottus kazika 373522
& E. septemfasciatus® 87% 9] SYAHL B9 BolB AFF Periophthalmus modestus
o= 24 64%] FUAE BT AY AR BAHE 278 2844, O JbR 849 &
Fto] ag A e scored AH TEELS 2 scored THE "HolW BA Q) EHFIAYe 1

Jo

g du
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£ Bt} sbgGH A go] @& homologyE BRIt & EW, AITAF Abramis brama® A%
3 2E2 shgGHol ¥AF9 Xenopus laevis A4 ZEE B} & Hdo fAMS 7Y
(Fig. 10). °]Z& t& ¥ #A Y FELA2tE 22 polypeptide MEZ FA3tede HFo] 2
Aoz BRlY o]RL polypeptide A1E A0 E FEAA [t BAY FHL BASA &
ot

Watahiki (1989)= 4709} Cysteing X §sh= 37 S ENAY. TAL 20709 A
4 3229 67)e] TG JG(GDS, LAY GDI)oA RERT B2} WRe GD5 o] 72
HAo)M 228 AT FAsE A0 Juge AP FA6) 22 B 2e GDI, GD2,
GD3, GD4 ol tig3le Mde e 2rle Ads2Ee) SUs Ag) BAALT A2 0)2
th o] GD5 A9 <te] 474e] BE © Cys 7lo|M 8] 349} EAle Bale] Aslo) Tod o
Fg ¥ Ao etk LA AAS dedze) 43280 Belshe Aoz diA Yoo
BE o] 37 A7)+ sbgGHA YA AHFig. 8).
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CGAGCAGCTGAACTCAGACCTGATCCACCAGAGCCAGACCTGATCCACCAGAGCCAGACCAGATCCCAGACCAGCC 76
ATGGACCGAGTCGTCCTCCTGCTGTCAGTAGTGTCTCTGGGCGTTTCCTCTCAGCCAATCACAGACGGCCAGCGTCTGTTC 157

MDRVVLLLSVVSLGEGVSSAQPITDG QR LF 27
TCCATCGCCGTCAGCAGAGTTCAACACCTCCACCTGCTTGCTCAGAGACTCTTCTCTGACTTTGAGAGCACTCTGCAGACG 238
S I AVSRVQHLHLLAQRLFSDFESTLAQT 54
GAGGAGCAGCGACAGCTCAACAAGATCTTCCTGCAGGACTTCTGTAACTCTGATTACATCATCAGCCCCATCGACAAGCAC 319
EEQRQLNKI FLQDFCNSDY 1 I SP 1 DKH 81
GAGACGCAGCGCAGCTCCGTGTTGAAGCTGTTGTCAATCTCCTATCGGTTGGTGGAGTCCTGGGAGTTCCCCAGTCGGTCC 400
ETQRSSVLKLLS!ISYRLVESWETFPSRS 108
CTGTCCGGAGGTTCTGCTCCCAGAAACCAGATTTCTCCCAAACTGTCTGAATTGAAGACCGGGATCCTGCTGCTGATCAGG 481
L SGGSAPRNQISPKLSELIKTSGILLLTIHR 135
GCCAATCAGGACGGAGCGGAGCTCTTCCCTGACACGTCCGCCCTCCAGTTGGCTCCTTATGGGAACTATTATCAGAGTCTG 562
ANQDGAELFPDTSALQLAPYGGNYYQSL 162
GGCGCCGACGAGTCGCTGCGACGAACGTACGAACTGCTGGCGTGTTTCAAGAAAGACATGCACAAGGTGGAGACCTACCTG 643
G ADESLRRTYELLACFKKDMHKYVETYL 189
ACGGTGGCTAAGTGTCGACTCTCTCCTGAGGCCAACTGTACCCTGTAGCCCAGCCTCTCCAGTATCAAGACACGCCCCCAT 724
T VAKCRLSPEANCTL 204

GTGTATGATGTAATGCTGTGTGTTCTGTAGTCCTGCCCACATGTTTTCTGACTCTGCTAATTAGCATTAGCATTAGTGTTA 805
GCCACAGTGTTAGCCTGTGTTCAGTGGTTTGTTGGAGCAGGTGTTATTATGATGACAGCCGTCGACAGGAAGTGATGTCAT 886
ACTGTCAACATGTGTaataaaGTGTGTGCTGTGTTGCATTCAAAAAAAAAAAAAAAAA

Fig. 8 Nucleotide sequence and the putative amino acid sequence of Epinephelus
septemfasciatus growth hormone cDNA. The poly(A) tail is v 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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£. akaara MDRVVLLLSVVSLGVSSQP | TDGQRLFS | AVSRVQHLHLLAQRLFSDFESSLQTEEQRQL
E. awoara MDRVVLLLSVVSLGVSSQP | TDGQRLFS | AVSRVQHLHLLAQRLFSDFESSLQTEEQRQL
E. septemfasciatus MDRVVLLLSVVSLGVSSQP | TDGQRLFS I AVSRVQHLHLLAQRLFSDFESTLQTEEQRQL
E. coioides MDRVVLLLSVVSLGVSSQP | TDGQRLFS 1 AVSRVQHLHLLAQRLFSDFESTLQTEEQRQL
A ek kR k kR
E. akaara NK{FLQDFCNSDY | ISP IDKHETQRSSVLKLLSSYRLVESWEFPSRSL.SGGSAPRNQIF
E. awoara NKIFLQDFCNSDY | | SP1DKHETQRSSVLKLLS | SYRLVESWEFPSRSLSGGSAPRNQIF
E. septemfasciatus NKIFLQDFCNSDY | | SP IDKHETQRSSVLKLLS I SYRLVESWEFPSRSLSGGSAPRNQIS
E. coioides NK{FLQDFCNSDY | 1 SP IDKHETQRSSVLKLLS | SYRLVESWEFPSRSLSGGSAPRNQ!S
ke kR ke Rk kR ko koo ek
E. akaara PKLSELKTGILLL I RANQDGAELFPDTSALQLAPYGNYYQSLGADESLRRTYELLACFKK
£. awoara KLSELKTGILLL I RANQDGAELFPDSSALQLAPYGNYYQSLGADESLRRTYELLACFKK
£. septemfasciatus PKLSELKTGILLL [RANQDGAELFPDTSALQLAPYGNYYQSLGADESLRRTYELLACFKK
E. coioides PKLSELKTGILLL | RANQDGAELFPDSSALQLAPYGNYYQSLGADESLRRTYELL ACFKK
E. akaara DMHKVETYLTVAKCRLSPEANCTL
£. awoara DMHKVETYLTVAKCRLSPEANCTL
E. septemfasciatus DMHKVETYLTVAKCRLSPEANCTL
E. coioides DMHKVETYLTVAKCRLSPEANCTL

*hkhkhkkhkkkkhkhkhkhkkhkkkkkkhhkx -

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 985
with Epinephelus coioides (AY038606, unpublished), Epinephelus akaara (Kang et al,
2003) and Epinephelus awoara (AF232711, unpublished), respectively.
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o]FE 7HE 28 HAFFTECIN o 549 A FstE A Atk FoIFL ofF
Z 713 k3 o1F-8 T3hoke o F9 E(Order)ol 7H¢ & 3HF FEE0T 5ojEq) %3}
= E. septemfasciatuse 4% 9] Epinephelus A33 223} ) A E3 HolFth ojulinaly
Hl1s E. septemfasciatus growth hormone® T2 421 3719 Epinephelus growth
hormonesS thA S 2 Multiple Sequence Alignment Program 2.2 435 o] Z thFig. 9). ©]
7l AEL £ FARE VeI o2& 47THAT oS Uit opriedt b 518
A 12097 14797 AQAA Bt A 51 AA]A B 2R/ EHEHE serine F7)E
E. septemfasciatus$t E. coioides®}A] threonine®} vFAI S Y, IAL A& 2 &5
Yol Atk 7l ojE AFe] Utk 0| RAL ¥F ofuliAte] FANG 75 S THTLEH
7VedA B2 e 2 g¥e BEHJY I HolA 2AE) familydl £381a 4 522
o] IF 2N BEAY FFo2 FHYHAAAY, 249 FAAL ¢ AL {FAA e I
Aol A&EHT F7 G99l Aol o doltiar AH4F ol F sbgGH sequences T
o9} somatotropin hormone family®l &3l 1533527 vasoj3 ). ojAL vla A
ToM F2+ Aste] BAE US8lA, paralogs T orthologs¥at ohuz} zste] Hgl-g Uo}
By Y f-&3ith g8 FR(FE o] F2) T 4T 22 AEY AAHY OF
Pe HEYE U2 A HF FE JF 59 agnatha(FLT+EE), chondrichthyes(@ 0] &)
o d T/F 22 2FNM 25709 oppeAbE EUT ©] 25 IV1E AIgHE GDS AY ol
Al 22 221 1070 Frlg o]AEE 3709 leucine (Leul74, 175, 189)& Esitt. 121
ofu} Bzlel A4A FAlo] ot slo] PHERE RETE Threonine 187, Tyrosine 188 and
Lysine 179, Aspartic acid 181, Histidine 1832] 783 27l= a5 A2 AL Fa38-8
whEo] #2te] ¢HEEE ik A= ZETh U8 BEOF A% T2 &3 Zol, shgGHE ©&
Y & HFEFE 1FFH Prionace glauca (F&
homology B A&t o] FFL ZJolF AP T2E0] v ¥ g 2L #AFS Z2en

£ oldel ATe YAYAE et

sbgGHE E. coli (BLZD)oIA #&=ojzion), A ¥4 PTG #f=€ A&
IPTG $le AE7} vinstd & 259 b %= Yehl At oA pre-4% 3283 4
=3 gl Ao Ragre o] # AT A9 MY 30TM LAHE sdgGHE HE
ol 224 S5, $ec 255 1I8TE ¥FoiM S Axdned oF 3% T
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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 | AWWTLGLPQEAAATFPAMPLSNLFANAVLRAQHLHLLAAETYKEFERT 60
AFPAMPLSSLFANAVLRAQHLHLLAADTYKEFERT 35
MAAGPRTSMLLAFALLCLPWTQEVGAFPAMPLSSLFANAVLRAQHLHQLAADTYKEFERA 60
YPLLPLSDLFAKAVHRAQHLHLVAAETTKDFERK 34
-MASGLGSSLVLLVVICLQSPQGFNAFPRVSLSNLF TNAV I RAQHLHQMVADTYRDYERT 59
————————— MDRVVLLLSVVSLGVSSQP | TDGQRLFSIAVSRVQHLHLLAQRLFSDFEST 51
MKGGSLAQLLLVMSVLARDAWGRPAARDNDPLRDLNLA P AEFVYHLSSQAYAELQEKP 60

* * *

Y IPEDQRYTNKN--SQAAFCYSET | PAPTGKDDAQQKSDMELLRFSLVL | QSWLTPVQYL 118
Y | PEEQRHSNK 1 --SQSASCYSET | PAPTGKDDAEQKSDMELLRFSL I L | QSWLNPVQFL 93

Y |PEGQRYS 1QN--TQAAFCFSET IPAPTGKDEAQQRSDVELLRFSLLL I QSWLGPVQFL 118
Y | PEEQRHSHKS--SPSAFCQSET | PAPTGKEDAQQRSDRELLLYSLLL QSWLNP IQNL 92

Y | PEDQRLSNKH--SYSVYCYSET | PAPTDKDNTHQKSD I DLLRFSLTLLQSWMTPIQIV 117
LQTEEQRQLNK | --FLQDFCNSDY ! | SPIDKHETQRSSVLKLLS | SYRLVESWEFPSRSL 109
YHGEPPRVAPWSPPNVVMSCHPASWQAPSKKDEVLHKTODELLR | SLEVLESWSG-——~- 115

* * * * * * % * * %

SKVFTNNLVFGTSDRVFEKLKDLEEG | QALMRELEDR-—-SPRGPQLLRPTYDKFDIHLR 175
SRVFTNSLVFGTSDRVYEKLRDLEEG | QALMRELEDG---SLRGFQVLRPTYDKFDINLR 150
SRVFTNSLVFGTSDRVYEKLKDLEEG | QALMRELEDG-—-SPRAGQLKQTYDKFDTNMR 175

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

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

* *

NEDALLKNY--GLLSCFKKDLHKVETYLKVMKCRRFGESNCT | 216
NEDALLKNY--GLLSCFKKDLHKVETYLKLMKCRRFGESNCT 1 191
SDDALLKNY-—GLLSCFKKDLHKAETYLRVMKCRRFVESSCAF 216
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Prionace -EEALMKNY——GLLACFKKDMHKVETYLKVMNCKRFAESNCTV 183

Rana SEEGRAKNY--GLLSCLKKDMHKVETYLKVVKCRRFVESNCTF 215
Epinephelus ADESLRRTY--ELLACFKKDMHKVETYLTVAKCRLSPEANCTL 204
Petromyzon VDESLLRNHRADLLSCFKNDAHRVVTYLKV{KCRRFHDCSKP- 203

Fig. 10. Global multiple alignment of growth hormone sequences from animals from different
lineages. Jawless fish, Petromyzon marinus (sea lamprey, BAC15763), vertebrates Prionace
glauca (blue shark - a cartilaginous fish, P34006), Epinephelus septemfasciatus (a bony fish),
Rana catesbeiana (bullfrog - an amphibian, AAP04356), Chelonia mydas (green seaturtle — a
reptile, P34005), Gallus gallus (chicken - an aves, A60509), Delphinus delphis (saddleback dolphin
- a mammal, CAD37292) growth hormone sequences were compared and the amino acid residues

conserved in all seven lineages are marked with asterisks.

Fig. 11. Analysis of total proteins expressed in FEscherichia coli (BL21) cells containing
Epinephelus septemfasciatus growth hormone coding region in a 12% denaturing polyacrylamide
gel. Lanes M, SDS-PAGE low range molecular weight standards (Sigma, USA); lanes 1 and 2,
Escherichia coli (BL21) cells containing Epinephelus septemfasciatus pre-growth hormone
coding region without and with induction. Lanes 3 and 4, Escherichia coli (BL21) cells containing
Epinephelus septemfasciatus mature-growth hormone coding region without and with induction.

The arrows indicate the position of the bands corresponding to pre and mature hormones.
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3) =%

(7h ME

Somatolactin (SL)& Atlantic cod (Gadus morhua)®r Japanese flounder
(Paralichythus olivaceus)ol* g 38 3 @922 (Ono et al, 1990; Pendon and
Martinez-Barbera, 1994), ZZ°lF¢ Hat+d FAIM AAH= growth hormone
(GH)/prolactin (PRL) family®] &3l H3led] 322ojth HAZoFAA Y& SL&
single chain polypeptideZ <F 200-2097]¢] oluj:ityl Exlako] 2544 28 kDa?l
glycosylated¢} nonglycosylated el 2 o]l we} thdstAl Bel= i glon, B/
F 79 GHS PRL ojv)cat Ad3h= 20-30% F5AS 221 31t (Chen,, 1994; Kaneko,
1996; Ono et al, 1990). SLY otux=t A QL BEojF9 J53FE9] GHS PRL 724
o2 FAEY, 3% 24 FAAEEH SEI WolndS B Msd ez FFH3 9l

.

HA7}A) Japanese flounder (Ono et al., 1990)9} Atlantic cod (Rand-Weaver et
al, 1991)ollA} SL e A3} cDNA #4o] o]Folx ¥ 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,, 2000) SollA SLe| £} - A3}eA EA4do] di=lx ot

AA SLY 715 WA kARt thekst AE5HE A FAsE AL
#2531 k. 1 9Z, coho salmond 4 A& 2238 A7ld F SLY % 37t
(Rand-Weaver et al, 1992), SLo| & 349 AL A in vitro steroidogenesis %
(Planas et al., 1992), sockeye salmon, chum salmon®} chinook salmon®] AFgHA]7]¢] SL
AR Aze) gA43317F HaE QT (Olivereau and Rand-Weaver, 1994a: 1994b). ©|& ZI+
SLo] dojz} ojFe] Ada 7% 2Ad BAFE 2T 5 Uk oloke € FAM Fof
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e vlEold &7 ey 2o g o2 ¥F SL FE7} F7FHI (Kakizawa et al,, 1995),
aZgTAX AZgTE ©l5Al SL cello] ASHH (Kakizawa et al, 1993; Kaneko and
Hirano, 1993), SL A%+ Al 27} Ao F AR FoldlMe 8] B3 A2 F30] #Es o]
A A #dE Aoz Al A (Kaneko, 1996). o] % red drumollA] w7 w3lo) o
€ SL ¥% ¥3} (Zhu and Thomas, 1995), AW A4F F5 #odve I+ Z23x 20
31 Ut} (Kaneko, 1996). WEhA], SL-& GHS} PRLZ} Zo] thr)5A H3leA] 280z
48 Aoz HZEn

2 a7 v 49 ¢4 AN F8 FAddolE ez Fad YAE
AARA k= EF (Oplegnathus fasciatus) X sHrEAol A Bdsl= SLo 7158 #<lsl7] 943
A HAZ EF H3krA A mRNAE 228l SL F3A)] g cDNAE 243}
TR FxH 5L BolFe] SL#% vl - 43T 181, £2]3 cDNAE 4d ¥
o 2243l E. colidX wEEHE Ax3 9¥2E ZARIA

b 3y
cDNA ends (RACE)E ©l8% 3'# 5 ¥d SL cDNAY %

£ SL cDNAE 2243%}7] 93] GenBankdl 5550 A& ZZolFoA w3z
SL €71X¥ES o] &3t9 multiple alignmentE $838l1 SL @714¥EF /1% & REH 9§
Ho| ] PCR ¥5F-< ¢3¢ forward primer$! SL-F (5'-CTC AAC AAG ACY(T/C) AAG
TGG GT-3")%} reverse primer?l SL-R (5'-ACC ACT TR(G/A) CTC TTG TTG
AG-3)& AX3IE &% SL cDNA 3 99 #9& $Z317] 913 PCR w82 50 ng9l
first strand cDNA, 1 uM SL-F¢} oligo (dT)18 primer, dNTPs, 10x pfu polymerase
buffer, 2.5 unit® cloned pfu polymerase (Stratagene, USA) £&o] BH ¥ FFHFE
7beted HF 298 50 w2 RF3 DNA minicycler (PTC-150; MJ Research)& AHg-8}
o PCR %39t 3 @& S5 SL cDNA 2Z2 94T oA 1 87 predenaturation, 9
4CoA 30 %7t denaturation, 45C9A] 30 %7t primer annealing, 72ColA 1 &7

extensions 303} wrE3l3, HF 72TCoA 10 ¥7F extension 3+3Th

5 2 SL cDNAE FZ3}7] 93} first strand cDNAY] 3’ @] dGTP, 5x TdT

reaction buffer, terminal deoxynucleotidyltransferase (Amersham Pharmacia, UK) &
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gol-g 37T oA 30 B w33t poly(G) tails H331%ch o] DNAE #3802 SL-R%
oligo (dC)18 primerE ©] &3} PCR $Z3}3th PCR ¥H-3-& 72T oA 30 =& A5t
3 g4 FEZAY A Y9 Y. FEE 5’ 3 ¢ PCR AHEE 1.2% agarose

gel A7195E FY5td FHE HEY 271E FYsAHFig. 12).

Size
(bp)

800
600

400
200

AL

Fig. 12. RT-PCR& oj&3t

coding sequenced] =%

coding sequenceE YEMHT]
SL cDNA9 243 DNA €714 #4

ZZg 3 9y 5 2k c(DNAE cloningdl7] $18) PCR A& AccuPrepTM
gel purification kit (Bioneer, Korea) protocol] w2t B3y, Hincldz #d
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pBluescript II SK (-) vectord] T4 DNA ligase (Takara, Japan)Z& ©]-&3}d 16 ColjA] 3}
3% ligation 3Fth the2 E. coli DH5as] ¥ 88853 a-complementation A=}
o =aled vjoFstdr}. o] white colonyE A€3led ampicillin®] E7F2 LB brothd)] &
5l 37CoNA s v d3tdt. widd-E 1.5 ml microcentrifuge tubedl] Ho} JAIE
2)3t4] bacteria pellet& 433}3, AccuPrepTM plasmid extraction kit (Bioneer, Korea)
£ ©]83} plasmid DNAE #2349tk £ 9 plasmidW] SL cDNA €714 8 g4

dye terminator cycle sequencing kit# ABI 377 DNA sequencerE A}Mg-3}1

sequencing g 3+ primer+ pBS II SK(-) vector] multiple cloning site®] SK¢ T7<
o] &3l (F)rla =AY 3ty FA3HTh

E. coli BL21(DE3)oll4] SL ©@¥4d g

E% SLE ¢33}3tE open reading frame (ORF)E Z243}7] 98} 249 5
SL ¢cDNA @71 g9l 71238t 212t Algasd Ndel# BamHI #9495 E¥shs OFSL-N
(5'-GAG ACA TAT GCA CAT AAT GAC AGC CAT G-3)3 OFSL-C (5'-GAG
AGG ATC CTT ATG CGC AGT TGT ATT TCT CAG-3') primerE #A&3to ORF
o] X4 o]lg3lgct ZEZY AEL Hincll2 Z¥ pBluescript I SK (-) vectorol
subcloning@ o2 AFE 2 Ndel? BamHICZ double digestiondte] SL ORFE £2}3}
I 59 AFasz FY pET-11a vector (Novagen, USA)o| F293h ©lF E. coli
DH5ao 82 A3 ampicillin®] 718 LB agarol ¥l 2A& colonyE ampicillin®]
Z#€ LB brotho) AFF plasmid DNAE £33t £2€ plasmid DNAZ 438

SL DNAZ #3 ieA E714E2s $43kt

pET-11a° cloning® SL cDNAE E. coli BL21(DE3)ell #AH33 & A
colonyE ampicillin®] 9%+ LB broth 5 mlol} HZ38}e] 37T oA vhA) wjkstgdct oS
g A 2& LB-ampicillin broth 5 mlol 1/10 843ly HF3t OD600=0.6 7}A] v &
3ttt 719 100 mM IPTG (Isopropyl-B-D-thiogalactopyranoside)® HZF%E 04
mMo| Hx& Yol AzxH SL Gl o] FRHEE 30THA 3 NSt wYF3IA
o} o] wjgAS A4E S cellE 333 50 mM Tris-HCI (pH 8.0), 1 mM EDTA
bufferd] 73 & 2x SDS sample bufferg 7}t lysis AlZATE Cell lysate® 12%
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SDS-PAGE®] 3719%3k) 2dd SL @29 bandS 230

(th 23 2 %

E% SL cDNA AM¥ &4

#4¢ first-strand cDNAE F322 SL-F d(T)18 primerE ol8-3ts} 3' &
@ cDNAE PCR 538 23}, o 1180 bp7t SESUTH (Clone 1). 3’9 dG oligo® €%
first strand cDNAE SL-R# d(C)18 primer® PCR £XA] ¢F 480 bps] 5 @4 ¢cDNA .
7t FEF A (Clone 2). °1£9] F714EL 4% 23, clone 1& 267 bp? SL coding
region® 915 bp2] 3'-untranslated region (UTR)E 31 low clone 2& 26 bpe
5'-UTR3# signal peptide G714 €S X83}= 458 bp) SL coding region MEE ZE3L
Atk o} clone 13} 29 71%3}9 B9 EF SLY cDNA g7|4 @7 obv)=4t A2 & Fig.
139 Jehi i,
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AGAAGACTTCACGACTACTGAAAGAATGCACATAATGACAGCCATGCAGCGGAGTGTATGGGCAGTGTTG 70
M H I MTAMQRSVWAVL -15

CTCTGGCCCTATCTGCTTACCGTAAGCATCCCACTAGACTGTAAGGAAGAGCAGGGCAGCATCTCCCGCT 140
LwWPYLLTVSIPLDCCKEEQGSTIHI SR 14

GCCCCTCCATCTCCCAAGAGAAACTTCTCGACCGAGTCATCCAGCATGCTGAGCTCATCTACCGCGTCTC 210
cPSI SQEKLLDRVIQHAELIYRVS 38

AGAAGAATCATGCTCTTTGTTTGAAGAGATGTTTGTCCCCTTCCCATTGCAGCTCCAGAGGAACCAAGCT 280
EESCSLFEEMFVYPFPLQLQGQRNAO QA 61

GGCTATGCGTGCATCACCAAAACTTTACCCATCCCCAGCTCCAAAAGTGAAATCCAACAGATATCTGACA 350
G YACHITTKTLPIPSSKSEILI Qa1 SD 84

AATGGTTGCTCCACTCTGTGCTGATGCTGGTCCAGTCGTGGATCGAGCCTTTGGTCTACCTGCAGACCAC 420
KWLLHSVLMLVAQSWIEPLVYLAQTT 108

ATTGGATCAATACGATGGCGCTCCTGACATGCTACTCAACAAGACCAAGTGGGTGTCTGAGAAATTGATC 490
LbDbQ@YDGAPDMLLNIKTIKWVSEIKILI 131

AGTCTGGAGCAAGGGGTGGTGGTCCTCATCAAGAAGATGTTGGATGAGGGAATGATGACCACAAACTATA 560
SLEQGVV VLI KKMLDEGMMTTNY 154

GTGAGCAAGGCATATTCCAGCATGATGTGCAGCCAGAGATGCTGGAATCTGTTATGAGAGACTATACCTT 630
SEQGIFQHDVQPEMLESVMARDYTHL 178

GCTCAGCTGCTTCAAGAAAGATGCCCATAAGATGGAGACTTTCCTCAAGCTCCTCAAGTGTCGACAGACT 700
L S C¢CFKKDAHKMETFLIKLLEK ERAQT 201

GACAAATACAACTGCGCATAAAACATAAAGTGCAGCTTTTAAATAATACAATGTTTAGCTTTAAATTAAT 770
DK YNCA « 207
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TCTTGAGGTTGGTAGCTGTGCACTTATAGATGTGACCATGCCTTAGGCAATCCAGCCTTGTTTGCAATGC 840
AGTACATTCTTTATTGATTGTTTTGGAACACCTTCACACAAAAATAAGTAGGTGTAATGCTGTGCCCTTT 910
CTTCAGCATACTGCATTTTATATTTCCCTGCTCAGTTGTTATTTTAACCTGGCAAAGGCAACAGAGGGCA 980
AACTCCCAAAAGATTATTTGCGTGTCGAGCTGTCAAAAAAATCTGCATATCCTGCCATTGATTTCCATTT 1050
CCTTTGTTCTTAACTGGAGTTTGTATTCCTCGCTGGCTCTTGCAGTGTTTTGATTATTCCCACGGCCCCC 1120
AGAGTATTCAGTGAGACTCCCGTTTTAAATGGAGTTGGGTTCACTTCTGCATTAGTGAAATGAAACACTT 1190
TCAGCGGAGATGGGAGTCAAACAGAGAGCAATCACTACTTTAAAAAAGAGACACATTTTGATTGGTGAGA 1260
GAGTGTGTGAGAGAGACACAGAGAGAGAACAAATACCAGATAAAATGAGAGGCAAGCCTTATCTTGAGTG 1330
TTTGGTTAGACACAGGTTTAGATTTGTTGAGTGTTCATGTAAGAATCGTGAATATTTCTATGCCTAAACG 1400
TGCCTAATTTAACCTGAGTGTAGTAAAAGAAGTTGATTATTCACTTTAAATCATCAGGGGATATACAGTT 1470
TAAATTTTAATCGTTAGATGT TATGAATATGTAATGCAGACTGCACTCTACACTTTTGTACTATCATGTG 1540
TAAATAGAAGAAGCCCAATGTACTGTGAAAACCTTTCTAGTCGACCACTGTTGATTTAAGGCGCTAATAA 1610
AGCAAGT TTTAGAAAGAAAAAAAAAA 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

At lantic 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 ISRCPSISQEKLLDRVIQHAEL IYRVSEESCSLFEEMFVPFP
——-MNMMTVK-QGYWAALLWPYLLAASIPLDCKDEQGSFSACPS I SQEKLLDRVIQHAEL I YRVSEESCSMFEEMFVPFP
—-MNMMTVKQQGYWAALLWPYLLTASIPLDCKEEQGSLSRCPSTSQEKLLDRVIQHAEL IYRVSEESCSMFEEMFVPEP
~——MMTAVKQSGYWAVLLWPYLLAVSIQLDCRDEQGNMSRCPF ISQEKLLDRI IQHAEL ISR ISEESCSLFEELFVPFP
—-MLMFTAIQRGVWVALLWPHLLTASMPLDCREENGNLSRCPT 1 SQEKLLDRV IQHAEL TYRVSEESCSLFEEMFVPFP
——MRMIRATKQGQWAVLLWPYLLTASIPLDCRDEQGVLSHCPSISQEKLLDRVIQHAEL IYRVSEESCSLFEEMFIPFP
LWPYLLTVSIPLDCREEQSSLSRCPSISQEKLLDRV IQHAELIYRVSEESCSLFEEMFVPFP
—~-MYMMTALQRGVWASLLWPYL ITISIPLDCKEEQGSLSRCPSISQEKLLDRVIQHAEL 1YRVSEESCSLFEEMFVPES
—MHLVSVIQRGVWAVLLWPNLLASSVPLDCREEQGIL.SRCPSISQEKLLDRV IEHAEL IYRVSEESCSLYEDMFIP—
MH-TLAAVVVLQVCWAAVLWPCPPTHSSPVDCREEQAGSSQCPT I SQEKLLDRY IQHTEL IYRVSEESCSMFEDMFVPFP
——-MOKVKVLQVCAWVLLLWRCWGVLGYPLDCKDEQGS I ISCTSISLEKLLDRVIQHAEL 1 YHVSEESCTLFEEMFVPVS
MHNWKGVWLCSLFLTFGQLWNGIL-LAYPLDCKDEQGSYTRCTS I SLEKLLDRAIQHAELLYRVSEESCT IFEDNFAPFS
-——MFSIRMNKVLQGFVCLMLTHRIVGYPMDCKEDQDG—TRCPSISLDKLLﬁRIIQHAELIYRVSEESCTLFEEMYIPSS
—MNMMQVMQSVVWAVLLWPCLVSLGVPLECKDEQGS I ILCASISKEKLLDRVIQHAEL I YRVSEESCTLFEEMFVPEP
—MRKTTVLQVCMVFVVCSLQAV-IGSPVDCPDQDTAGVSCI- I SLEKLLERAVQHAEL THH I ARESKLLFDEML 1 SFG
——MIKTKVLQAWMGIWLCAVNGL-LGSDQDCSDRDPTGSRCS-1SVEKLLDRAIQHAEL IYRISDEARTLFEEMFIPLL

LQLQRNQAGYACITKTLPIPSSKSE1QQT SDKWLLHSVLMLVQSWIEPLVYLQTTLDQYDGAPDMLLNKTKWVSEKL ISL
LRLQRNQAGYACITKALPIPSSKSEIQQISDTWLLHSVLLLVQSWIDPLVYLQTTLDRYDNASEMLLNKTKWVSDKL ISL
LRLQRNQAGYACITKALPIPSSKSEIQQI SDTWLLHSVLMLVQSWIEPLVYLQTTLDRYDNAPDMLLNKTKWVSDKL ISL
LRLQRNTVGYACITKALPIPSSKSE1QQ I SDKWLLQSVLTLVQSWIEPLVYLQTTLDRYDNAPDVLLNKTKWVSEKLVSL
LQLQRNQAGFTCITKALATPSSKSETQQI SDKWLLHSVLMLVQSWIEPLVYLQNTLDRYDGAPDMLLNKTKWVSEKL ISL
LQLQRNQAGYPCITKALPIPSSKSEIQQI SDKWLLHSVLMLVQSWIEPLVYLQTTLNRYDGVPDMLLNKTKWVSEKLMSL
LQLQRNQAGYACITKALPIPSSKSEIQQ I SDKWLLHSVLML VQSWIEPLVYLQTTMDRY DGAPEMLLNKTKWVSEKL IGL
LQLQRNQAGYACITKAFPIPSSKSEIQQI SDKWLLHSVLML VQSWIGPLAYLQNTMDHY DGAPDMLLNKTKWVSEKL ISL
LQFQRNQVGYACI TKTLPVPSSKNE IGQ I SDKWLLHSVLMLVQSWIEPLVYLQTSLDRYNAAPEMLLNKTKWVSEKL ISL
VRLQRNQAGNTCI TKDFP IPTSKNELQQI SDTWLLHSVLMLVQSWIEPLVYLQTTLDRYDDVPDVLLNKTKWMSEKL ISL
MRTQQNRARNTCI TKAFPIPGSKSE QK I SDKWLLHSVLMLVQSWIEPLVYLQKTLDRYDDAPDT ILNKTKWVTNKLSSL
LVSQRSRNFNSCYTKGLRLPSSKSEAQQVSDKWLLHSVLVLVQSWIEPFVYLQRTLDTYNSLPGSLVNKTKWVSDKLPSL
IRAQLSRGGNACSTRSYPIQG~--RIQQISDEWLLHSTLVV IQSWTGPLQSLQ I TMDLYDNAPDGLLNKTKWMSTKLMNL
MRSQRNQAGY TCATKAFPIPGSKSE 1QQ T SDKWLLHSVL ILVQSWIEPLVYLQTTLDRYDDAPDTLLKKTKWVSEKLLSL
VYNLHI SEGTMCSPKTVSVPMSKTEIQQI SDEWLLHSVL ILVQFWINPLVDVQASLMNYQNAPSALVDRSKLMSTKITSL
IPAHQVHGGNSCTSNLVRVP I SKLETQQTSDKWLLHSISILVQVWIEPLADLQDSLDMYDNVPSSL ISKTRWMSTKLMNL

EQGVVVL IKKMLDEGMMTTNY SEQGIFQHDVQPEMLESVMRDY TLL SCFKKDAHKMETFLKLLKCRQTDKYNCA——
EQGVVVL IRKMLDEGML TATYNEQGLFQYDVLPDMLESVMRDYTLL SCFKKDAHKME I FLKLLKCRQTDKYNCP——
EQGVVVL IRKMLDEGML TATYNEQGLFQYDAQPDMLESVMRDYTLL SCFKKDAHKME [ FLKLLKCRQTDKYNCA—
EQGVVVL IRKMLDEGTLTTTYNEQDLLQYDVLPDMLESVMRDY TLL SCFKKDAHKME IFLKLLKCRQTDKFNCA-~-
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Rabbitfish
Gilthead sea bream
European sea bass
Red drum
Lumpfish
Atlantic cod
White sturgeon
African lungfish
Eel

Chum salmon
Goldfish

Channel catfish

EQGVVVL IKKMLDEGMATTAYNEQSLFQDDAQPDMLESVMRDY TLLSCFKKDAHKME ILLKLLKCRQNDIY SCA~~
EQGVVVLIKKMLDEEMMTTTY SEQGLFQDDGQPEMLEY VMRDY TLLSCFKKDAHKME ILLKLLKCRQNDMHSCR~~
BQGVVVL I KKMLDEGMMTTTY SEQGLFQYDVPPEMLESVMRDY T 11 SCFKKDAHKME [LLKLLKCRQTDTY NCA-~
EQGVVVL IKKMLDEGILTTTYSEQGLFQYEVQPDMLESYMKDYNLLSCFKKDAHKME ILLKLLKCRQTDIYNCP——
EQGVVVL IKKMLDEGML TINHSEQGLLQNGVQPOMLESYMRDY TLLSCFKKDAHKMEAFLKLLKCRQTDRYNCS—
EQGVVVLIRKMLDGAILNSSYNEYSAVQLDVQPEVLESILRDYNVLCCFKKDAHK [ ETILKLLKCRQIDKYNCALY
EQGIVEL IRKMLDEGLLAVDH-QQTLTRFDVQPEVVESILRDYAVL TCFKKDAHKMEVFLKLLKCRHTDKMSCY IS
EQGIVVLIRKMLHEGL 1 TTDF-QQSVIETEPSPEI TDSSARDYMILNCFRKDAHKMETFLKLLKCRQIKKLNCY—
EQGVTVLIRKMLNEDILVSDP-SQNL THFATQPNMVESVLTDY TLL TCFRKDAHRVETFLKLLKCRQSDRLSCFLY
EQGVVVLIRKMLDDDMLTTSYYEQGVAPYALQPEVLESVLRDY TLL SCFKKDAHKMETFLKLLKCRQTDKY SCFLH
EQGILVLIRQILGEGGLVVEG-PEDTSDHFVSSDTFETVRRDY SVIYCFRKDAHK 1QTLLKLLKCRQIDKENCSLF
KQGVLVLMSKMLDEGSVELEN-NESMLRHIVAPAMAEHVLRDYAVLSCFKKDAHKMETFLKLLRCRQTDNPTCSLF

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.

EF SL cDNAY] 9714492 1636 bpE &=t EF SLL 25 bpe] 5'-UTR,
< YsslsheE 693 bpel ORF$} 865 bpel 3'-UTRE T4 5] 3t &%
SL& 2478¢] aaZ T4 o] Y& signal peptide® 207702 aaQl mature protein 2 = o]
AT & SLY polyadenylation signal sequences poly(A) tailol A A+ 15 bpoll X
St o, I MEe AMYEA HIE T U consensus sequence$) AATAAAS}
T3t ORFl 712% £ SLY £AFH A4 o 26,775 Da®t 5622 53300
(Expert protein analysis system-proteomics server from the Swiss Institute of
Bioinformatics). =3, £% SL olu|xit QoA chl o] ojstksl Ao B3l 7709
A 2ElQ) (Cys5, Cysl5, Cysd2, Cys65, Cysl8l, Cys198% Cys206) ©ide) e431%
A3t Bost= 5 789 putative N- glycosylation siteE Asn 1213 Asn 153 oluie4t
7)) EAEH T

SL prehormone

&% SL cDNAx® % 1636 bpE A |71XE9 ¢ 53%0) 3Fsl= 7 3'-UTR
# #& 5-UTRE Zx 1o, 231709 ofv|ieibs 4538l SL prehormoned] 24 aa
signal peptide otF|=At &Adol 7lEsty AAHEY ole EAAA LA AR
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SL signal peptided] #AM-S 2ta Qlok FE3H 207 aal® F4 ¥ mature protein® B

HojH oF SLBI mature protein 2049141 209 aa Mo EF= 1 St

E% SL# ZAE°]F SL Hlw

g % SL wEY LEol=9 ofrliei} NEE A7HA] WA BZolF SLY
TEH eI} opuxeAt ME A HIWSHHT (Table 2). Goldfish$t channel
catfishE A 95}3 olujixit HEL 61.1-926%, wEFHLEI|E A EL 63-926%] A ¥
JxE BPtt. E3] EFo] £3 Fo|E (Perciformes) 9JH European sea bass, red
drum, rabbitfish®} gilthead sea bream®] SL ojv]xAt A Eol= Z+zt 92.6%, 87.8%,
85.3%, 85.2% (nt. identity 92.6%, 87.8%, 86.4%, 87.4%), 7}FA¥]E- (Pleuronectiformes)
o]#2l Japanese flounder, Atlantic halibut® soleoll:= 88.7%, 85.5%, 83% (nt. identity
87.9%, 86.7%, 846%)9] & olv|=At# wEHE|E FUIAFY UXE Ho|AT,
goldfish®} channel catfish®] 7% 49.3% (nt. 57.7%)¢}t 57.8% (nt. 61.6%)] *& F5A
£ Byt =g SL mature protein Apole} vl % o] Aste) Uxjd= AVIME A
RS B4 debA, s oF Abole] SL ofr|etd 7 2o
PRLo] o}% Apolol ¢F 40%9] 45A4S Role AR 28 22 HEAS AT ASES & &
ok

3

{n
oX
ol
oX
flo
D
s
e

N

%2

EF SL opviat 3 dA7bA) $83 &0l SLY opvledt A EE ol&3t
o multiple alignmetE F33}3ch (Fig. 14). 2 2%, 3709 variable domain®] ¢l3t Y
FolAE= 4709 conserved domain®l 15-40 aa, 72-105 aa, 119-146 aa®l 173-206 aa°llA
s len, o}g 99¢ domian ASL, BSL, CSL# DSLZ ®9stgch 5 SLI €]
Z7 SL conserved domain AteloAle] opmjial ME AFALS 652-100% (ASL),
66.7-100% (BSL), 48.1-100% (CSL)¢} 69.7-97.1% (DSL)E YJEtRth. 53], o3 7}
AU 2 o]0 =L ME dXE RGO eel, goldfish®} channel catfishote F& A F9
A& B @A AHE cDNAS ofmeit MEoA HoAE Aet dXFE & 5 U
E% SLAAM dehdes 4709 domaine 7 &% GHS PRLA ojr] 23 Ak 3=
F GHY 2%, A, B, C9} D domain® ¥& BEAHS Ho|x §lo] GHY BE8H E4d
P Aog B go] gloy (Chen et al, 1994), E5< EF3 Ao F SLo| 4719
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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 88.7 379
Red drum 8738 37.8
Atlantic halibut 855 86.7
Rabbitfish 85.3 86.4
Gilthead sea bream 35.2 874
Lumpfish 831 86.4
Sole 33.0 84.6
Chum salmon 79.1 78.8
Atlantic cod 75.0 76.6
White sturgeon 67.4 71.0
African lungfish 65.2 63.0
Eel 61.1 66.3
Channel catfish 578 61.6
Goldfish 493 57.7

o)At A7) E 9] alignmento]A 6709) A|2HY 7] (Cysh, Cysls, Cys65,
Cysl18l, Cys198 % Cys206)7F & o|F SL ovl=ite] FY ofnieit Fojo st 3)
Fol #AQHA 53], C-wdo] EAlst= 4ol A28 27) (Cys6, Cysl8l, Cys198
3} Cys206)9) 91A= GHSt PRLAAM #2EHE Z#H9 YA (Chen et al, 1994),
goldfish®} channel catfish®] N-Z&e) 17)9) A2EHQ 7] (Cysd2)7} AEd F4E A
i oJA7A YA ojFel SL TS A&HA ZVE I dgol #HEIou,
Atlantic éod°1])~1 22" SL& reduction® S-carboxymethylation #4122 8719 A]H|
A A7NE 73 e Aoz B FHtHRand-Weaver et al, 1991). Al2=HQl 59} 15, 65}
181, 198 206 AtololMe o)33 AEE FATAT, Al2E|Q 4291 180 Ato]ol M free
SH groupl & ZEA3}o o33} A3S FAFA 2L e Rand-Weaver et al,,
1991). webd, 5 F919 AZHY W78 23 g E5 T oJFY SL 9E
3709 ol AFE FAsin, 299 A2EQ) W)= 0|3 A BAHEA %g AL

ft
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N-glycosylation 410 2 (Asn-X-Ser/Thr) %5 SL-& Asnl213 Asnl5io) &
N9 potential N-glycosylation ¥9& ztir JA%E Elo]Z#9] alignmentoA chum
salmon, goldfish®t channel catfishE A9Jg oFAA IFTEFHOZ Asnl2l9
N-glycosylation site® 2zt US& FRISHAT (Fig. 14). ZAFoFolA gld
glycosylation sitet= lumpfishe 37§ (Iraqi et al, 1993), Atlantic. cod, Atlantic halibut,
sole, eel¥ rabbitfishe 270 (Ayson et al, 1999; Iragi et al, 1993;14, Pendon and
Martinez-Barbera, 1994; Rand-Weaver et al.,, 1991), Japanese flounder, gilthead seabream,
lungfish, red drum® European sea basst 17} z'1Z A9 (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®] LysQ.Z X|&&o] ]
o] goldfish (Cheng et al, 1997), channel catfish (Tang and Chen, 1993)%} Zo]
N-glycosylation siteE ztil 1A ¢tk oA o] FA glycosylation sitew THFsHAl B
3153 YA, Atlantic coddlA E® SLO deglycosylationd ©53E FAORE
Asnl21®] glycosylation site7} ©#WAe BesE AfY AT s
(Rand-Weaver et al., 1991). ©W&}4, H35A] 229 glycosylationS T E2&9] £y} &
A A, A5 AT AELE A F23I}EE 579 glycosylation HEl= SLo| A&
&2 A vehte A zolg A5  Us Zoln.

EE SLY E. coli ¥4

Az SL gide] 28 FFe FQAdr) st F7IMEo] 4" EF S
cDNA M4 7]238td AFEL FHE 2T primerE A#8t4 SL coding regions 55
3lo) pET-11a vectoroll A A3ATE A48 SL cDNAGA G#de] 2dS 98] E. coli
BL21(DE3)ol A&t} IPTGO) 93 AZxY Gz 43
3t} =¥ 99Ee 12% SDS-PAGE 719
A %F SL gl AL ok 27 kDa®] monomer FHIE FLHAHN Y, oj= FoA SL cDNA

g 71239 €58 9NAe 79 FAEE € F AT (Fig. 15).

—
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e M 1 2

Fig. 15. Expression of rock bream SL in E. coli BL21(DE3) cells. Lane M is the

molecular marker. Lane 1 and 2 are non-induced and induced E. coli cell lysates,

respectively. The arrow indicates the expressed SL band.

129 5 A2 4FE28e) 5% 329 DNA 9HE RT-PCRE ol 43 33% 1
Holrh. 5% DNAT 53 32| Z}7} 600pbet 300bpE SHejglon F% ¥ DNA THZ

pUCI19 vectorell st
sequence™®S PCR
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Size
(bp)

800
600

400
200

AL

Fig. 16. RT-PCR& o] &3 #E AAs=22 §Ax 5 2ot 3¢ 1281 coding
sequenced] F%.

Ae 53 3 2ge FEZ3 Zilolal BE coding sequenceE FE3 ZAdoltt M2 size
markerE YeEli® Z7]E YeldSlth 57 3 ARz ER] 53 3 Bus Yyehid Ce
coding sequenceE YEITh

Fig. 172 #5% AYS2E9 d7IM9 45 &S Uehd 222 AA cDNA9 ZHol&
864bpe]™ 5’ untranslated %3 3’ untranslated %<& Z+7Z 49bpe}t 224pbolth. 2
cDNAE 196709 amino acidg ¢&3lste} 17719 A5 E signal peptideE 7HA Qlth. ol
o] BE7 o Fe] A2 g Bad ZI dd Ao HE, 29 EY, WX 42 754,

745, 588% Fd3tct.
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ATGGACAAAGTGATACTCGTGTTGCTGATGTCTTTGGGCGCGTCCTCTICAGCCACTTACA 60
GACACTCCACGTTTGTTCTCCATGGCTGTGAGCAGGGTTCAACACCTCCACCTGCTTGCT 120
CAGAGACTTTTCGCAGATTTTGAGAGTITCCCTGCAAACCGATGAGCAGCGACAGCTTAAC 180
AAARARTTCCTCCCITTCTGCAACTCCGATTCCATCATCAGCCCCAATGATAAACACGAG 240
ACCCAGCGTAGITCGGTCCTCAAGCTATTGTCCATTTCCTATCGACTGATTGAGTCTTGG 300
GATTTTCCCAGTCTTTCTCTCTCTGGTGGGCTTTCACCAAAACTGICTGACCTGAAGACA 360
GGTATCTTACTTCTCATCAAGGCCAGTCAGGATGGAGCTGATATGTTTITCTGAGAGCACA 420
ACTCTTCAGCTAGGTCCCTATGAAAACTATTATCAAARATCTGGGAGGAGAGGAGCCACTG 480
ARAAGAACATATGAACTTITAACATGTTTTAAGAAGGACATGCACAAGGTGGAGACCTAC 540

CTAACTGTTGCCAAATGTAGACTCTCTCCTGAAGCCAACTGCACTCTTTAA 591

Fig. 17. ZE9 HA35=2E cDNA E714 <.

Nucleotide sequence Foll & HEE 22 29 o nucleotide?] W& E YERH amino
acid®] ¥ 3& amino acid sequence ol YeEMIRITE 53 3’ untranslated % |74 E2
VERA @3rem H7IMEH olrliedt 9 n FRASIH oY YEA] F& A goltt

(5) ¥

Yzl A3 22 coding sequence cloning

Fig. 18& dx9 HAIZEE coding sequences %3+ Aot} Coding sequence

g FE37] 918 oln) B AFE 229 WA codon F2 codong 7HAIL b F A

primerg 4314 ©| primerd] A#da4 AHEAE F9 cloningg &olstA -t £
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¥ coding sequencet °F 580bpeln Z7]E WA sequenced 7|} FUd FEE
coding sequence BHE pUC19¢] Smal ZEFHel cloning3dtdth A9 4FS2E FAA

AL Belslr] A8t sequencingdtied oln] B A §AAY 22 AAE A

Size M C
(bp)

800 —»
600 —
400 —>
200 —»

Fig. 18. RT-PCR% °]&43% YX9 coding sequence &3F.

Z 3 coding sequence $H-E ¢F 600bpolth. ML size marker$ YENA™ markere] 37)1&
% o
=

do) Vet CE coding sequences YERATE

=
(5
9

. set

©2
i
Jo
2l
2

(1) #A5% (Takifugu rubripes)
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7h ME

FE @AA EAlste AFEE T ATEAA M 24893, HFFE
60%E A s Ye 7P 2 Aoz AN oz 2B EHIHOER v gt Hy
Ith(Nelson, 1994). webx 25704 B2 £ e84 A7 E
Y ZRFE deR AAHY g, HITde B2 A4S v wet 2 4%
£ 224 ojfq g #Ao] FobAT (Powers, 1989; Sin, 1997). ofell ut& ojf{o] ¥ 4
A A7E EAZA g AEEY FAA 72, 54, 28 24 7% 9 A3 A7
EFFY HFTE 222§ FasA UFoAA HA (Powers, 1989; Liu et al., 1990b).

lo

fu
i
>
3
£l
;O

AFE EHF 1)) TP ¢ (ege)S A fg Jom APAUAAE 4 2 3
37} 7hseta AR AV & B ofY e FHsie] A, £33 #Y BEFH x23to] o
5t7) MEA 7] 24, 39 dEd A9 71 BY T o 783 s i
(Streisinger, 1981; Powers, 1989; Kimmel, 1989; Liu et al, 1990b) oi§9 FAxE d$ &
2 AE5AS yeEhA T E/FED Al=(genome)d) Aol =7} A4 Fo} §-A% cloning oY
AR EAES BA8tEd &ol5lckBrenner et al, 1993; Elgar et al, 1996). ol 32
% olF (transgenic fish)9] AZE T3 24 B 329 £ 2 7% 24 T #3 &7
o} o] Fr 8T HAAE ST BN HE2E FA S ZE oF FF A wE A7) 8o
PG g}t gjxH oz gatyo}l (Brem et al, 1988; Rahman et al.,1992; Martinez et al.,
1996), FA7/0%°] (Gayomard et al., 1989), Atlantic salmon (Shears et al., 1991), African
catfish (Volckaert et al,, 1994) Eo] 1 djolt}. o]g{ 3t transgenic fish #Z Aol 4H3
2E 5o tdd H8 A AR B St A9 fAAE F 2EANE e 24
Q2 (regulatory elements)oll B3 A7l Zo] olFojxer ot Igdld B AFNEL
CMV promoter & “}0131/“‘4 EFFAAM FaEd 244 gaivo] 2dE ATARAAT o]
$ 7 HL3HE AL aberrant A nil expression HE A7 £F 2ASA HA
H(Hourrout et al., 1990; Penman et al, 1991). o)& EAA-L B A7) A5 ofFolM #
g ZAJNRE oFol HEA71A HAE viral originolV ERE5ENA FaAld 222480
A FH7 EoiE Q750 #EH UK Maclean et al, 2000). transgenic fish 44k} 477t
S AgPsoixct (Hwang et al ,2003)

rN

o) Fo A Fad 2HEJIAESS dEHOE A9 protamine FHA (Jankowski and
Dixon, 1984), FA170$912] metallothionein A and B 33 (Olsson et al., 1995; Zafaullah
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et al,, 1938), AlB 214 2] myosin heavy chain gene (Muller et al, 1997), Yx9) 354 ©
B2 #5382 (Du et al, 1992; Gong et al, 1995), grass carp B-actin F+#82}t (Liu et al,
1990a), common carp B-actin +3 2} (Liu et al,, 1990b), &Ate] (Oryzias latipes) B-actin
w32} (Takagi et al, 1994) $ &332 transgenic fish lineE 57| Y3t promoterd &
F7} o]FoiZHH(Noh et al ,2003).

Fioll gt 23 Sold, IA Eold HIAWIE BgFE EXo] o) (Gunning et al, 1987;
Kusakabe, 1997) A=, 358, F3F &9 A7 actin promoterS ®o] o] &3} g}

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

53}, B-actin promoter®] F-¥ &4 F0] =2 AEAL Boji BE offF ZoA 22
3] 715 43T = 7] WEo B-actin promoterd] W3 AT thakst o] Fo A o] Foj ALY
t} o] F 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 B} o]2l3k B-actin promoterE ©]-&3t9 transgenic medaka (Takagi
et al, 1994; Keliko et al, 1998) A4tsl o vl e]9] B-actin gene?l 3.2-kb upstream
sequences®l GHE 923 expression vectorE ©]-23}4 controlol] vl 308y of A48 &
AR v s Piste dFE o]F)HHNoh et al, 1999; Nam et al., 2001a, 2001b ).

AAFEB(Takifugu  rubripes) EF7%44  Eo|E  (Tetadoniformes), =3}
AFEA 8 UeE v F3 dE Zrlolk old, Tl

B &3 Fdopr|o} x| HojjAE qto] 31 oJoko] ERGlo] A

O.J.a

(Tetradonitidae)ll &3t Aetx
de ¥ty fuetet 92

o2 Zhhe IRIPHA o

to

——

9

:1(11
E
2
-
e
rlo
=
Eiv)
w
o0
(e}
%
o
i
N
i
)
x
=
%2

Il
FEEEY FAAE FAA M 2L TRIA SI3FFHE B A% EF U AF
29 Intron ¥¥& vlg AAXNZ A} Zos B30 9314 (Shin et al, 1997; S.
et al,1993; Elgar et al, 1996) B2 d7A 50| AFEE 53 F3A Ao =2 #HE 2
Aok £33 AFE] A FHA A Do) €A (Aparicio et al, 2002)9] wel B2 AFof vt
A& 7kt itk BE o]F FoJAM & FAAE LA 7= A3 o FrIdY fAA =
FHE AT oldF M2 2HERAE X 2 HHE AxFdozA dFd YA

w
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B AFoMe 7]& $8A AFE9 B-actin FAA HEE v C2 B-actin A
Ao 23 HHYE BeEsld 1 Fx23 EAS 24312 =4 ¥P3d9F(Enhance Green
Fluroscent Protin : EGFP) ¢! reporter #3%E 0|83} B-actin &4 24 #4919 7|5<
olF ME FolA vlm A, £F ¢4 224YT A=Y 2 AHE microinjections 53}

o] 4% 2Uo)E9 zebrafished) $A o) FYshe] WARAS A3}

(W) 2zt

A3

AzBozne geldt foactin 28 F9 B 4

2

ez ]
=2

He

AFBozRE f-actin FAA ZARAE FFANI7) Y% primerE AF3E7] $
gto] olu] g4 B—actin cDNASY 71N E& vtg o=z & 29 primerg AFs2H o
RE olg3to] AFH p-actin FAAE AT, FAE F3%Y A7IAEE o] &3t
R1, R2 primerg& A&AsIR 0 o]AE o] &3] LA-PCRE 33}l B —actin gene? pro
moter &S €& & AU

LA-PCR & %3}9 &U¥ AFE B -—actin gened promoter ¥ pBluescrip
t SK(-) vector®] cloning3te] @714 44L& 2& 3 ol & Fsto] &8A (FE2] g
—actin §#3AA 22 F 8] MELE Fig. 1991 Yehiglth. $&5 4 AFE2] f-actin #AA £
HARE MEE AA F 2659 bpEA transcription start site, exon I, Intron I, exon II
o ghi-Eo] FEHUSE Fig. 191 Yetislth Exon I& ¥ 114 bpEA] 1153 bp ~1238
bp ol A3t ol @WAL ¢T3eA ¢E mRNA & A FF-HA 5 UTR (5 untrans

lated region) @< I 5 YU}

[+

AMAAEE promoters NZE 4 9+ PPNN (promoter prediction by neural n
etwork) 2] ZZ2 188 o]&3e] 1113 - 1163 bp2 A AIIMEEL promoterZ o F
315 o0 olgl tyjEo] TATA boxE 9535+ TATA box prediction TZ133 TATA b
oxE BIRE U& AN 24F AF3FE SIGNALSGAN Z2a3g o83t b
AME mRNAA Q& 4 3l TATA box, CAAT box, CArG motif Z28]3 E-box¥
sttt ol Fig. 19914 & 4 U%e°] 80, 305, 388, 698, 1124 bp HAAIX TATA
box (TATAA), 1059 bp XA CAAT box (CCAAT), 1089 bp HA A CArG motif

(CC(A/T)sGG), 28lal 130, 422 bp AANA E-box (CA**TQ)Z =¥ 22 A transcrip
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tiong £H3te= FEHE FANAFAT. 1% tiE0] exon I0] Bye FEA GT AL

A7NMEE BAFH FAo 4522 B —actin promoter FEo] T E o F F R

I dul}y FARSERE dotr 7] Y o oFEoA B3 A B —actin promoter A2 E 39

vin BRI A, Oreochromis niloticus (Nile tilapia)Z 2 promoter A &0°] 80%
BEH4eE 7t dojd Md 7HF "ol AdAE ey I & Oryzas Jatipes (Japanes

e medaka)F BFNE 77452 45L& BAFA ol& Bt¥ 22 Fig. 20914 promot
er %ol X33 Y= BEH Adel TATA box , CAAT box , CArG motifE carpZ
vl 23 13t o9 promoter FE T multiple alignment® 33t A3t Alignme
nt 23 A &z o]FE°] p-—actin promoterdX A U BEH AIES JHAX
RS AT & AR} 53], vludgide] & o AFE2 &

AF &3 F-AHEE promoter®] £ 248 JHA 3 AoE AR AU
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AAGCTTATAGAGATGGAAATCATTTAAAAGCAGCCCACTAGAAGGATAATATTCAGTGGG
AATAAACTGAATAAATACATATAAAGGATGCCACTCAGAAAGGAAAAGCAAGTGGCAAAG
TATA box
TAAGACAAGCACATGTATCTGTGGGTGCTGGTTTAAAAGGGGAAGTTGCTCAACAGTTGA
E-box
GAGGAAACTCGGGTGTGAAAATGGTTCACTTTATAGTTAGATTTCGAACATTTIGGTGTT
GTCATCGTCTCATTTTTGAAGATGTGAGCAGAATAAAGTAGTATTTAACAATATTAGACA
GTGGTATAAGGGTTTCCTGTATGGTTGAACTGCAGCTGAAAGCACAACAGATAGTGCTC
TATA box
TCCACACTTCCATTGTGTTTAATTTAATATAATCTGAAAAACTTGCTTGTTTTAACACCT
GCATGTGCAATGCTGCAGGCAATGCAATCTAAATATGATGACTGCCATATCTGTGACTGA
E-box
AAACCAGACACATACAGCACAAGAGCTTGATCAATAAGGGAGTCTTAGCAGCTGAGGAGT
GCAGAGAAGCGATGGCCTACATATGTGGTCATTCCCCAGCCCTGCCAGGGAATCTTGTGT
GTGTCATATGATTGACCTGGTGATGAACTGGCTGTGAGCCACAGTGAAGTTTTTGCAAAT
CGAATGCTTACATCTGCATCGCCTCTGACATCGTTGATATAAAGTGAAAAGAAGAGGGCA
TATA box
GCCATTGACTAGCAGCCTTGGTGGAGTCTGTACAGGGAGGGGTCCCGAGTACAAATCTCT
TCCGTTAACACTTAAGTATGTACTGAAGTCTTGGTGGCAGGTGCAGGGGCTGTTTGAAGA
AAGTCCCGGCATCCTGTAATTGCTAATCAACCGATTAGCAATCTATTATCTTATTAGACC
TCGTGGCATTACCCACGTTCCTTTTATTTTCTTCAGTTCTTTGCTATTATCGCCGCTCAT
TCTCAACCTCTCTCTTCCCCTCTCTCTCTCTCTCCCTCAAATCGCTAGCCCCCAGTGCAG
CAGTGTGCACGCGACGTGCCCTGGTGCATGACGCTGGACCAATCAGAAGGCACGATTCCG
CAAT box
AAAGTTTACCTTTTATGGCTCGAGCCCGGGCAGCTGACCTAGTTATAAAAGACAAGCGCC

CArG motif TATA box

CACAATCCATAGACTCACTCTGAGCGTCGTCACACGCAGCTTGTGCGGATTCATTTGCCT

Exon |
GTACCGGTTTCCTTAAGCGAAAACCCCCCCACCCAAAGO tAAGGCTATGGAGACGTTTAC
AAATGCTTAACATTAGAACGATGTTTACTACGTAAGTGGTGACGTGGCAATTTGITTTTC
ATAGTTTTTACGAAATTTGGCACCGGACACGAGGTTCTTTGTTTAATCACTGACACTAAA
CGAAGTTCTTTACCCTAATGTTTAAAAATGTTGTACAACTGTATTTTGAGGCGTCTACAG
TAATTAATCGGGCGTATTCGCTGGCCGCAGGTGCTTTCGGATGCAGCCGGCTTTTGTICTC
ATGCGATAGGAAATAACGGTTTTACGGGTTTTGATAAGTCATGACTTATGTGCGGATTCT
GGACTAGCTTGCCCGGTATGATTCCAAACGATGTGGAGTAGATGATTAAGGTCCCGCTGE
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TCCCTTGTGCAAATGCAGACGGGTGTGACCTACTTAGTAAGCACGTAAGCTACGACCGGC 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
GTTGGGTAACGGCGCCCCCTRTCTGCGRTTCAGTCGACCTGCAGTCTGATCAAAGAGTGA 2580
GCTCATCGAAGCGGATGCTGGAAAGGAGATCTGATACTTTAACGTTTTTCTCCCCCCTCC 2620
CTTTTCCTGCag TTGAGCC 2659
Exon || —

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
grass carp
medaka

black carp

Nile tilapia
oryzias latipes
stinging catfish

fugu

common carp
grass carp
medaka

black carp

Nile tilapia
oryzias latipes
stinging catfish

fugu

common carp
grass carp
medaka

black carp

Nile tilapia
oryzias latipes
stinging catfish

fugu

43 CCGGGTGTGTGACGCTGGA CCAAT CAGAGCG 73
23 CCGGGTGTGTGACGCTGGA CCAAT CAGAGGG 53
92 CCCCAGTGAGTGACGCTGGA CCAAT CACATGC 123
23 CCGGGTGTGTGACGCTGGA CCAAT CAGAGGG 53

GTGAGTGACGCCGGA CCAAT CAGGAGG 27
92 CCCCAGTGAGTGACGCTGGA CCAAT CACATGC 123
82 CCCCAGTGAGTGACGCTGGA CCAAT CACA~GC 112
10 CCCTGGTGCATGACGCTGGA CCAAT CAGAAGG 41

74 CAGAGCTCCGAAAGTTTA CCTTTTATGG CTAG 105
54 CAGAGCTCCGAAAGTTTA CCTTTTATGG CTAG 85
124 CGCGATTCCGAAAGTTTA CCTTTTATGG AAAG 155
54 CAGAGCTCCGAAAGTTTA CCTTTTATGG CTAG 85
28 CGCAATTCCGAAAGTTTA CCTTTTATGG CTAG 59
124 CGCGATTCCGAAAGTTTA CCTTTTATGG AAAG 155
113 CGCGATTCCGAAAGTTTA CCTTTTATGG AAAG 144
42 CACGATTCCGAAAGTTTA CCTTTTATGG CTCG 73

106 AGCC-GG-CATCTGCCGTCA- TATAAA AGAG 133
86 AGCC-GG-CATATGCCGTCA- TATAAA AGAG 113
156  AGCC-GGGCAACGGACGGAC- TATAAA TACCA 185
B6 AGCC-GGGCATATGCCGTCA- TATAAA AGAG 114
60 AGCC-AGGCAACCGACTGAG- TATAAA AATCA 89
156  AGCC-GGGCAACGGACGGAC- TATAAA TACCA 185
145 GGCC-GGGCAACGGACGGAC- TATAAA TACCA 174
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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HE MEFE 0] &3 AFE-9 f-actin 2H 7§ TIFY F

AFE g —actin XS] 2 R Y9 reporter FAAA EGFP F3AE 34359
A Z3t pFAP—-EGFP2t CMV promoter® 72 pEGFP-C19 2d YA AELFE o] g3}
o Bl BX37] $8]l mammalian cell line8] 3 F7/<Q vero cell line, Ao} Hijo} MELF
CHSE-214 cell line, 9o} AEZF EPC cell line® transfectiondte] EGFPS 2 & &<l
&t

Mammalian cell line % 342l Vero cell line®ld ¥ #HE o BHE Fig. 394 #
23 4 9t Fig. 21(A)= pEGFP-C1& Lipofectamine®} 1:18 ®B]&& transfection?dt
EGFP 2# & g ZAolth. dF Apxlo] FEHu|F S Fto] BEEF vero celld] ARlo]
o] F 3ol EGFP 282 B2 AR 224 CMV promoter® A% @iz
S QT 4 9o 3L Fig. 21B)E AFE B —actin promoter®] 28] E
GFP/ &8 & 3t AFR O 2 A) B —actin promoterd] WHEEL FFdHu|F AolA positive
control?l pEGFP-C19 Aol EXAA 2 & 3o} R
o] AAEL Fs dAnjFoE {FAJAT FR7] WEN AT LEGE AT 7 AdJh
otk Zzke] AREe 4 Z AXEvit AAFH R 18 #HAHES Yehfo] A L
dAE7F st ASS AHALE I F JUT

Aoy wjo} M EFEQ CHSE-214 cell line®lA transfection® 3t A XS EGFP
Gzl Wy okArS vl 3 AFRE Fig. 4 Fal3kAch Fig. 22(A)+ CMV promoter ° 9
3t EGFP 2& ZA#ol1 Fig. 22(B)= AFE2 B —actin promoter®l] 23 EGFP2 o2& 2

o F = AlRolt}. CHSE-214 cell lineoiA o] ¥ WEWE 9 transfectionS o F T3
A X2 E4 0 F mammalian cell lineHF %32 YA 2dd AEe LFHEE JALR
#ZE WS 9 mammalian cell lineA g} vixe 2} A& #FE & Uk AelsiA Lipof
ectamine® ©]4% transfection® E &S Z AMTFY FFY AXZEY dddd w2t =24
Uebdtx ot g —actin promotere] &l $HHE EGFPY %d AEE Aol7t gl oz &
<= A

%o

Q]

“

I 2EFo] ¥

Zd@el & H3
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o
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(A)

(B)

Fig. 21. Expression of EGFP report gene in the mammalian cell lines observed by
bright field microscopy and fluorescent microscopy. (A) Transfected pEGFP-C1
(1pg / 218 - DNA / lipofectamine), (B) Transfected pFAP-EGFP (2.2ug / 444 :
DNA / lipofectamine).
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(A)

(B)

Fig. 22. Expression of EGFP report gene in the CHSE-214 cell lines observed by
bright field microscopy and florescent microscopy. (A) Transfected pEGFP-C1 (1
vg / 218 : DNA / lipofectamine), (B) Transfected pFAP-EGFP (1.1ug / 214 : DNA

/ lipofectamine).
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24 ofF el AxE e (pFAP-EGFP) 9] 28 ¥4

LA-PCRE %3tdq $%d A559| B-actin gened A YR A HAd EGFPE A
Z§ % pFAP-EGFPSt CMV promoterg 7HA 1 9 pEGFP-C1 28 & of{o] 4¥R
453 & zebrafish?l one-cell stage &4l viAFY AlHh FL transgened 23 57+
reporter #34Q] EGFP @822 32 & & dded 23 tifl 4 F 12A70A Aoz o
Aoy 2do] v ks yehgen O ¥ 2@ HA FUke 4¢SS U

One-cell stage®] FAd] mlA U} T 4877 A3 A pFAP-EGFP¢
pEGFP-C19] EGFP2] ¥d 432 Fig. 24 oA B& vle} Zo] F2 zebrafish 59 2
FoA FiH o2 gk ¥y FHE .‘19510“1 3 Yok ¢S 93 e BgMEe 7R
4 F FHdME gFEAFEE FA & F YA o]59 2B DNAE AT
734 JeElIE A3 Al mosaic expression pattern & B9 H(Fig. 23). thi& o4 Ayt
AHA Edo] BAHJ oA 53| 25 —;F“'ﬂﬂl-‘e Aol APLFE gl B HFE o] F
AHFig. 23). o] = AF = EGFPY Edo] #&H A= Aol HA W 3¢
H Zo] ol A4S BFY F AJATh EF od A ALde = FH obiv]

Foole w@e ¥ @ %
AATHFig. 24). F3 F 5U0] BAE F AAY W Wolx AATL 2F PHo] ik Fof
Ex A% Byon ¥ 3 A
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Fig. 23. Expression of EGFP reporter gene of pFAP-EGFP and pEGFP-C 1 into
zebrafish in the two-day-old transgenic zebrafish. (A) non-injected zebrafish
observed by bright field microscopy; (B) Injected pEGFP-C1 observed by
fluorescence microscopy; (C) Injected pFAP-EGFP observed by fluorescence

Mmicroscopy.
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Fig. 24. Expression of EGFP report gene in the 48hr transgenic zebrafish. Red arrow
represented fluorescence expression pattern. (A) Expressed on its heart and eye;

(B) Expressed on yolk sac; (C) Expressed on its muscles and somite; (D) Expressed

on its tail.

W) 1%

AU A8 22 o] L8 FA A3 Rl B ATE YEHoR P o
F9 w7 E gez AETH &y HuHan b
Aol 2 oz B ATE ome AAo
A7 A Qo A71H oy thHog ofF A /AT Y WA FH FHAY
ATE Q7H3 glon

4ol #
1% 53 d 24 AT @ 5 A& AVIE nEs] dEel Be AT
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AL 71A3 glE B-actin gened A ¥
AE FEZ319 1 A7IAEH AR 2 E 54E BAH e B-actin o 2 9 @

4 5HL A8 2o ofF Soln 2d Wy Auel 2 At

2249 ¥ AF59 B-actin AR ZEFY 97142 ¥4 27 Fig. 19914 Yebd Az 2
o] 5 UTR %9 exon I ¥ exon 0 & ¥&3t9 2659bp2 B-actin #AAe] 24 RIS
2L & AR} Fig. 19).

AFEol B-actin genedl ZZEEY F promoter FE2 £ conserved ©
sequence’} &Rt} ZF Zof] ulg} th2 2|9k transcription start siteo] A tEF 200 bp ¢tof] &
sk AALe) BA43te] BEH 7 AAEY M2 & 2 o FHAY BHo] 2Hdr
2 2#AH JrHQuitschke, 1989 ). o123 promoter?] EAL ZFZ P AFEPM T o}l
AA+=d CAAT box, TATA box, E-box 5 FAAENZZ YL %3l 428 ¢+ AN
ot} =3 TATA box®t CAAT box folE A3AQ AAIZAE a49 Uz AT FZF 2o
A ek oflet BE actin FAA] EAI8HH, 53] a-actin o] B¢ o5 503 2 I+
 MEZ BauFolA (Minty and Kedes, 1986; Miwa and Kedes, 1987) CArG motif
(CCA/TIBCHIE &Y T 4 AATh ©] MEL Lui et al (1990)AA ZxHAR] CAAT
box ¢t TATA box Atele] EAstH FZd AFE HEoME exon | AZAAEBE 7IEL R
g 49 -29 94X TATA box 9 -94 $1x9) CAAT box Aloll -64 $A|lA
(CCTTTTATGG) 89 4 Ut} ot Fo 4 actin promo terd] £ & & 4 UA 3=
MEdg <A 7] "o (Chung and Keller, 1990; Lui et al., 1990b; Kirchhammer et al.,

1996; Mange et al, 1996) $Z € AF59 A9 % B-actin promoter?] AU 8471 $L
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%2

t}. promoterZ OI—?——‘E 2¢l CAAT box, CArG motif$ transcription
start siteZtoll= Adle o9 Aoz RuH YA A Cap signal oA 220 bp <ol &
A3t TATA box® upstream®] EA3HE Aol AW ojti( Larsen et al, 1995). AF52]
A3 vzt g on g2 Fd v&] vn3 &2 promoterE 7ML YSAE BF3} uf
FAEFANY FAGe] QARG #AG EGFP 2@ WA CMV promoterE o]-8-3
pEGFP-C19 28 X% 2d&S el Aoz Bof X0 dilzdo] ¥ 483 48
S 233 gy Ao 2 Mgt 3 consensus binding site®] @3¢} tE9] binding factor
o} consensus sequence A}0]9] A3 A& TAINA Fok o A AM LHHE actin 9 F
g dAe ARt BuE BH(Kichhammer et al, 1996; Kusakabe, 1997; Robinson and
Cooley, 1997) AFEY ASE TARA S AAFE 1 23 Heo] ¥stdE= Aol fo 22
olfr2t dAZY 1 9= HARAANA splicing®] =€ intron 19 ANZHGT)H #(AG)E YE
W+ intron-exon junctiong conser ved sequence®A(Breathnach and Chambon, 1981)
Fig. 19914 & ¢ 950°] AFE9 exon 1 exon I AlololA GT-AG HEE &3 & 2
o BLAST 23, vY exon 13 intron I 8 %ol 22 g4 dyolEH Ak}
M2 2 A54E

99} o] EAE AFE B-actin promoter® 33 ZAHHAE olgsto] A
pFAP-EGFPE 7|&0] A @5+ pEGFP-C1 WEg} &7 wld MEF U, zebrafishel 3¢
of FUgoeN 1 Id IS vZELY £ JAT. Fig. 21 EFFE Y vero cell
line 4] EGFP 2&d9] A4S vlw gk 2¢eld #1233 pFAP-EGFPE @3 du|7 TaoA
T pEGFP-C19] 23¥ 2 g2 28 &S Bt AL FUsth Fig. 219 22€ oF &
o] ujoF MEFQ CHSE-214 cellst EPC cell line ZoiMe] #d& yehd Aol
Mammalian cell lineol A 9+& 9} transfection £&& YeERA] FRAT #v7 o] HdFY

$-2]7} Az pFAP-EGFP W €7} pEGFP-C19] 2@ v 53 e 23 g B
gt AL #1% F 9o o2 FAAFF Ao glo} AFE2| B-actin promoter’t &
2 gz B3PS FE Ao AT EI AEFE o] &3 HFA B-actin promoter?]
BHA T AEFY Fi 0 BHAAEE AFH o2 FA] AsAe 2HAVE FA=
A3} control# Hlwafol shEd 2H AEE AFHLE HUshy] M= RT-PCR, cell

counting, B-galac tosidase assay, luciferase assays9 48 Fdsjol @ Aoz AyZHch

W AEFANA JE R 2ol zebrafishe] Fdd) plAFAHEE T3 in vivo
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FoAME FUT EGFP Fdo] 7153 E A ARE Fig. 6,781 AYstdtt. F+Hd ¢&
el o] e §FE reporter F34H¢] EGFP 9 28e2 ¢ & Aled 99 F W9 2
&t 74 F 1222004 AE F2EA 2 o] vy et vt or wEdo] A
A Frbetbe AR AstAh 3 F 482 AH Al EGFPE o€ 73 2E$ Jehile
o zebrafishol4] A3A<Q mosaic expression pattenS BAHFig. 24). AZRH
PFAP-EGFPUY pEGFP-C1 27 of iutxez ga=glon 259 A9 F2 Aoz
2H g YehA T o] 52 zebrafishe] F2 Z5ollA ZstAl gdsAd o 2@ A9} level
2 "¢ mosaic3tz TEF] B-actin HFAAS] 5AAL TE AHAE & £ AAK
Patwary et al., 1996; B. Venkatesh et al,, 1996 (G+x 10,20)). Mosaic 23 %42 A3 o
A& wEAA 4ot DNA injectionidos TdHA] L& Axe HozHE HEd
DNA #1292 Rolgtm 71&3ta Utk &, construct £ M X2 & o] Eoj7lobat a7 A
At} o] o] FojA i ujolt). Zebrafishe €A 283404 E7o] transgene?] #ul7}
HA v 849 Aozt AZEHM ol injected embryoold E3| B F gl ol
(Maclean et al, 1994). =& o1& o) o]z Azs) & 4 d= A& 2 HE9Y transgene
o} EAG7E g2r] wige] 2@ Axx et Aolth(Rohmna et al., 2000). o9 &
AT zebrafish, medaka, tilapia®t carpolAE R 2E oS8 913 &= UAKStuart et
al,, 1990; Tsai et al., 1995, Hwang et al., 2003).
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uth A% 718 DNA construct?t m§- ZsHAY o) Fo) wet 2704 oFaA BAL 3
AAE B2 2 5 ATk ol @ B4 DNA injectiond] 7
#o] Ueh}r] WEolgtn Rl At

webA B-actin promoterE 183 2@ AHE FFHEG ofFAYL B8 7= =€

Thor o BAAR ATH £ AT S U2 Ao 4AET E
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positive control=
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188 CMV promoterg AAsh Axg He ot vjwsty g o AFEo2RE Az

HE 7} control EAES WE GAS B2E 02 M reporter HrAA EGFP o #3dL EGFP
o) 5 &0 YA 3}t Y AFE-9 B-actin promoterd A71E P H 0B AjAbStL Q7] WlE
o $7t Az AR Y xFo] AFHo|JotL Azdrt. ojd e} Bud w29 B-actin
promotert carp?] B-acin promoterol Al A¥ Z+2}+9) transcription regulatory element® 2
& A UHE Azste 7 2 84S0 gui Y A% nAEAE Gzt A
ofz} o Yobrh ol8 MR EF Et ol R S| AW FUSA 2 P 2ASS B
e A7 2o Aoz Agdrh AFEY B-actin #AA9] promoter’t 35 A AE of
7 AZE 99 4F dg Ax A, EYstaxste 8 FAKY o3 HEY 8% 2 Y
AZAM 1 71%5E 794 7 dS Aold Aot

(2) 255 (Takifugu rubripes)el &9} 65(dA, 540, EF, Futg, 2], FH)2
2ZHH HEdY A2

olA7tA WA o {F9 beta-actin FHAE Ui F BREFI F FES
st 2709 primer& G 3AS. 259 ©}5F genomic DNA (b4, £5,)8 53
o2 3lo] PCR &2 3 A3} oF 1200 bp =9 DNA ©HE AUt SZH 2%
ol 52| beta-actinF A AE pUCII cloningdte 4|71xd& #dstgeh. 2d 10-112
¥xl, %59 beta~actin @714 289 dEEE YHEHA Holth Il ArINEE o %
3l beta—actin % A X} (promoter)E cloning3t@ o £ G AR 27| 3 - 35

kbolt}. Cloning® &2 449 47149e A5z .

R
¥

AnnnnnnAGARNNNANAATRNNNAN TTCnnnnnnGT TnnnnnnAT TnnnnnnCTCnannnn -~ 60

nTTTCTCCACACTTCCGTCTATTCTTCTCTTATAAACCTCCTCTTCCTCTCCTCCTGGTG 120
TCAACGCACAGCAAACATGTGCATGCACACATGTACATTCACTGTGATCCTTCCTCCATT 180
TGTCCAGCCACATGCACGGCAGCTCCCCTCCACCATTAGAGTTATAATTAATCCGACTGC 240
TCCTGTGACAGAGCAGAGGAGGCGGGTAAGGTTTCAGCTGTTGGCTGTTTCTGTGRTTCT 300
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CTCCTTATTTATTCAATGGGCT TCAGACAGATCTGTGTGAACACATGAGGTCTGCACAGT
GGCAGATTAATTAATTTTAATTACTATGTATGTAAAAAGAAAGTAAGAATACAACACTAT
TGTGTGTGCAGTGATACATTGCAATTTGTCACAAAATGAGATCTTCAGTGCACACACATT
AATCTTTAGGATTTATTATGATATGTCATTCATTTATGGTGACATATACACTAATGGTGT
AGATGCAAAAAATAATGTAAATTAATTAATTCATATATTGTTCATCTTTAATGCAACATT
TAATGCAATCAACCACAGATAACACCTTGATTTGATTTGATTAACTGAAATGAACTGTGT
ACACACAGAATGTCCCTGCTCAGCTTTAATGGTGTGATGTTGGGAAATCTGTGTGATCTC
CATAATGAGAATTGAACTCTTAATTGGCATTTAATGGCTGCAGCTCAGCTCCTGTGTAGG
CTGTCAGTCCTGCTGGGGCCTAAATTTGTTCAGATGAGAGCAGCATTTCCCATTTTAAGG
CTGGATGGAGCCGAGTAGCGGCGAATCTGCAACCCTGCTAGGGAGCAACTGTCTCCCCTA
GAAACCCCAAGTGGCCCTCGCGCTCCTTTTACGGCCCTCGAGGTGGGACCGCGAGATCGA
TGGGAGGTCAAAGCGACAGTTCCATATATGGCGCGCGCTCTCTCCTCGTCGGGGGCGCGC
ACGTCACTCCTCATGCCCCCTCTCCTGATGCCCGATGGATGAGGGCACCCGTCCTCCCAC
CCTGAGGOGCGCCTCCATGCTGAACCCCCACCCACTCCTCACCCTCOGCCTGTCAGCATC
CTAATATGGCAGAGGGCCGGGATGGGGGCCAGTGCTGAGGTTTGTGAATGGTGGAGCTCG
GGTATAAAAGGTGGACGAGCTGCACAGAGGACCGTAGCTGGTTCAGCAGTAGCACTGGTT
GGGTCTTTCACTCCGAAGCCGCAGACACACCTCCTAAGGTAAGACCCTGAAGCCACTCAT
CCGCACCGGGATAGCAGACTGTAGGTCTTACCCTGTGCACCACTGCAGCATCTACTGGAG
CAGGAGTCAGACAGGACCTGACCGGGGCCAGGACGCACGAACAGGGGCAGGCTCCACTGG
AAGAGAGGCTAGGAGAGGGCTGAGGACTGAGAGAGAGGGGAACACATTTACTGCGCCGGG
CAGGAGAAGCTCTAATCTTAGGATCTAGAAACT TTAGATCGATAAAGGGATAAATAGATA
AAGCAGATACAGTAGATTAATCTGAGTCACCAGCTTCACAGAGGCTGATGCTGCAATGCG
CAATCAGACAATTTGAATTAGAATTAGAATAAGTGAATAATGGTAATTTAAATATCACTC
TGTAAGGAATTGATTTTAGTCAAGACCATTCGTTATCTTAACGAAAACCTTTTCGTTCCA
TACTTAAAATTTGAGTGTGTAGATTTATACAGGCCTCTAGTAACGGCCTTGTATCCGTGC
GTCATGGATGCATTTTGCGCAAACCACAGACATGATCATGATCCTGCTCCAGTAAATGTT
ACAGCTGTTTTTTCGTTCTTTTAGTCAGTTTTTAATCCTGTGTGAGCTTACTAGAAACAG
ATATTTAATTTGGGAGTCATTTTTGTCACATACAGTATCTCCGTGTGAATTTTACTTGTT
GAACTCAAGCCTTTTTTCTCCATCTCCTCACAGAAGCCATCATGTGTGACGACGAAGAGA
CTACCGCCCTTGTGTGCGACAACGGCTCCGGCCTTGTGAAGGCTCGGTTCGCCGGAGACG
ATGCCCCCAGGGCTGTGTTCéCCTCCATCGTTGGCCGCCCCCGTCACCAGGTAAACAGCG
AGGAAATGCCTCTATAGGGACTGAGAGTGAGGACAGACTAATTGGCAATATTAAATAAAT

Fig. 25. #29) vgde 384 T2 499 J718D
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GAATTCTACTGTAAGTTTATGAGTCTTTGTCCAGTGCCCTTATTGAGTTAAAACAGCACC
CTGACACACCCACTTAAGTCTCTGGTCAACTTACAGTATGAGATGAGCTTTGCATGATGA
CTTCCAAGTGTGTTATCATAAAAGAAAAAAATCTAAACAAGTAATACAGGTTAGAGATGC
ACCATCCCTGTGTGTCATACTTGGGTGTGTCTATGAGCAGGTGTATATGCATATCAGCGT
GAGTCACATTCCTGAATAGTAATTTCATTTCAGCACCAAATATAGGTATGTTCCGGAGAG
TGCACACCTGTCTATTACATCACTAAGGCAAGCAAGGTTAACCTGCACCCTCCACTCACT
TAAGCATTACAGGCGATGAGAGATAAGAGATTTACACCCTCCTAAGTGTTTGCTGTAAAC
ATACCTCAGCTTGACCACATGTATCACTGTCGCTCTGACCTGCATGTGTGTGTGTGTGTG
TGTATGTGTGAGACACTGGTATGCCAGGCAGACGTGTTAATCAGGGTGTTAACAGTGCTG
TCAGTGACCCCACGTCCTGGCACTACTGACCACGAGTGTCTGCCATGAATTTGCAAATGC
ATTAGCACAGTCTTCAGTGCAGTCCTTTGCATTCCCTCATATCCTTCACTTGCATTAGAT
GAATCACGGATCTGTTTGTCTGCACTTTTCCACCAATGCACAAATATAGAGCAGAAGACA
ATAGCATGGGTATATGAATCAAATGAGACTTTGTGTAATCAGGATGTGTAAGCCCCCTTC
CCAATGTGCATGATGTCGTGGATTAATACTCTAACAGTGGAGACAGTTCAGTAGAAAATA
ACATAAAAGCACATATTTCAACTTGTTTCACACTCAAGGACTCTGCTGTGGGTTTTGCAG
CTGTGATTTGTTGCCCACGTGTGTATCACCCACATTGAGATCACAATAQTGATGAAGAAG
GATATAAAAATGTGTTTTATTGAACACTGAACGACCCCAGATTGGTAGTATTGATAGTAT
ATAGGTTAGTTTTGGTGCTGCTTGTCCCCCCTGTCTTGTCAGAGCGCAGGACCGTTATGC
ATGCGCCACACCCAGTGGATGCGGCAGGACCAATCAGAGGGCGCCGTGCGGAAAGTTCTC
CTTTTATGGAGAGGGGCTGCAGCGCGAGCTCTGATAAAACCCTGCAATTTATTGGCGTCC
ATTGCAGTCAAGTTCAGACACTAAATCTACCGGAGTGTAGCGCTCAGTCACAGCCTTCCT
AACGCCGACAACCCTCCCTCTAACAGGTAAGACAACTGCGGAGTGAAGATGAAAGTTTCT
GTCACATTTTAAATGCCTTTGTTTTAACACAAGTGTGTGTAATATCACAGCCAGGCGCCG
GTTAAGTTATGATGTGGGTTTTCTGTGTGACTTCCAAGTTGAAGCAACCGTTACAACTGC
TAACTGAAATTCACGTAGCCTGTCATTCATTAACGT TACATGTTTTGACTGGGCACCGTT
ACAGCTTAAGGGGATGCTGCCGGTAACCTTTAAGTGTGGCTGTTTGTCGGCATGCTGTCG
TTTGTTTTAAAGAGTTGGTGTGAAATAACCCGGCTGCTCCGTGCTGTCACCACTTCATCA
CTTTAACAAATCAGACGGCGTTAAAAAAGCTTGACCTTCTCGCTTACATGTAAGCATCTG
CTTTGGCACGGTCCCCGGGTCTGCTGTCTCCGATTTCACACACGGACAGATGATGGCAGA
TTAGACGGATTAaACTTAAAAGACT TCACTTAAATTGCGTGGAGACATAAGaAAATGTTG
CAGTGACATTACAGCCATAATGTCATTTGGTGATCAAGT TAACGTTACGTCTGGCAAATG
TCAGAAGTTGCTATTTATCATATAACCTTGTAAGTATGAATGATGGTCACGACAAAACCG
TGCATCTGATGACTGACATGATAGTGAATGGAAGTTTATGCACATCGGAACTGCTGTATG
AAATTGTGCGTTAGAGATGTGTGGTTGGTTAATTCAGTGATGGTGATCCCGGTAAAGGGA
GTGGCCGGCTGTCGGTGTCATTTGAGGT TTAACGGCACACGGGGCGGCTTCACGGGCCGC
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GTGCCGCCGTCTCTAAGCTGCTCTCACTTTTGCCTTATATGGCCATGGCCAGACCGAGGG
AGAAACTGCCTTTGTTTCTCAGCTCTGGATTTGGGCTGGGACCTGCGCCACTGCGACATC
CAGCGTCCAGTCTCCATAATGACAAGGCTTTCATCCAGTTGATGTTTGCCAGATGTAACT
CATAACTGTCACAGAGCATCAGTTGTAACCATCCTTCCTCTTTTTCATCCTTCCTCCTGT
TCAGAAAATGGATGATGAAAtcGCCGCCCTCGTTGTTGACAACGGATCCGGTATGTGCAA
AGCTGGCTTTGCAGGAGATGATGCTCCACGTGCTGTGE TCCCCTCCATTGTAGGACGTCC
CAGACATCAGGTACAGTTTGTGCATAATCTCATATAAAACATTAATACCTAAACTTGTCC
TACCTTTGTCTTGATTTTAACCTCCTGTCTTCTTCCCCAGGGTGTGATGGTTGGTATGGG
CCAGAAGGACAGCTATGTTGGTGATGAGGCACAGAGCAAAAGGGGCATCCTGACCCTGAA
GTACCCCATTGAGCACGGTATTGTCACCAACTGGGACGACATGGAGAAGATCTGGCATCA
CACCTTCTACAACGA

Fig. 26. Y 9] beta-actin 32} ZT2HE 949

GAATTCCTAGTGTAAGTTTATGAGTCTTTGTCCGGTACCCTTATTGAGT TAAAACAGCAC
CCCGACCCACCCACTGGTCAACTTATAAGATGAGCTTTGCAATAGAGTGTAACCGTAAAA
ATAAATATGACGGGTAAACAAGTATTTCAGGTTAGAGATGTGCAAAGACTCACCTCGTGT
GACTCATTTGGGTGTGTGCATGAGCAGGTGTGTACATGCAAATCAAAGTGAGTCACATTC
CTCCCATGATAATAATTTCATAACAGGGCTCGTAGTTTAATTTGGACACCAAATTAGTTT
AATTTGGACGCCAAATTAAACTACTAATTAAACTACTGCATCTCATGGAGACGAGCAGGG
GTAATCTGTCCCCTCCACTCACTTAAACATCACAAGTGATGAGAGATATGAGATTTACAG
CCCACTGAGTGTTTGCTGTAAACATACCTCAGCTTGATCCACATGTATCACCGTCACTCT
GCTCTGCATGTGTGTGTGTGTGTGTGAGACACTGGCATGCCAGACGTGTCAGGGTGTTGA
CAGCGCTGTCAGTGACCCTGAGATTGCAACCACACCATATCCTGGCACTGCTAACCACGA
GTATCTGCCATGAGTAAAGATTTTTTTTTTTTGCTTTGCAGATGCATTAGCACAGTCTTC
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
CTCTCTGTCCAGAAAATGGAAGACGAAATTGCCGCCCTCGTGT TGACAACGGATCCGGT 2460
ATGTGCAAAGCTGGCTTTGCAGGAGATGATGCTCCACGTGCTGTGTTCCCCTCCATTGTT 2520
GGACGTCCCAGACATCAGGTACAATCTCCTTCCAATATTATATAAGTCATAAACTAACAA 2580
AGCTTGTAAAAACTATTCTACAGTTCTGTATTAAGTTTTCCTGTTTGCTTTGCAGGGTGT 2640
GATGGTTGGTATGGGCCAGAAAGACAGCTATGTTGGTGATGAGGCACAGAGCAAAAGGGG 2700
TATCCTGACCCTGAAGTACCCCATTGAGCACGGTATCGTCACCAACTGGGATGACATGGA 2760
GAAGATCTGGCATCACACCTTCTACAAG

Fig. 27. 5o} beta-actin DNA g714 ¥

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
TCGGTGCTGCTTGTCCCCCCTGTCTTGTCAGAGCGCAGGACCGT TATGCATGCGCCACAC
CCAGTGGATGCGGCAGGACCAATCAGAGGGCGCCGTGCGGAAAGTTCTCCTTTTATGGAG
AGGGGCTGCAGCGCGACGTCTGATAAaACCCTGCAATTTATTGGCGTCCATTGCAGTCAA
GTTCAGACACTAAATCCTACCGGAGTGTAGCGCTCAGTCACAGCCTTCCTAACGCCGACA
ACCCTCCCTCAAACAGGTAAGACAACTGCGGCAGGAAGATGAAAGTTTCTGTCACATTTT
AAATGCCTTTGTTTTAACACAAGTGTGTGTATTATCACAGCCAGGCGCCGGTTAAGTTAC
AAAGTGGGGTTTTCTGTGTGACTTCCAAGTTGCAGCAACCGTTTCAACTGCTAACTGAAA
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 <2

GAATTCCTACTGTAAGTTTATGAGTCTTTGTCCGGTGCCCTTATTGAGTTAAAACAGCAC
CCTGACACACCCACTTAAGTCTCTGGTCAACTTACAGTATGAGATGAGCTTTGCATGATG
ACTTCCAAGTGTGTTATCATAAAAGAAAAAAATCTAAACCTCTAATACAGGT TAGAGATG
CACCATCCCTGTGTGTCATACTTGGGTGTGTCTATGAGCAGGTGTATATGCATATCAGCA
TGAGTCACATTCCTGAATAGTAATTTCATTTCAGCACCAAATATAGGTATGTTCCGGAGA
GTGCACACCTGTCTATTACATCACTAAAGCAAGCAAGGT TAACCTGCACCCTCCACTCAC
TTAAGCATTACAAGCGATGAGAGATAAGAGATTTACACCCTCCTAAGTGTTTGCTGTAAA
CATACCTCAGCTTGACCACATGTATCACTGCCGCTCTGATCTGCATGTGTGTGTGTGTGA
GACACTGGTATGCCAGGCAGACGTGTTAATCAGGGTGTTAACAGCGCTGTCAGTGACCCC
ACGTCCTGGCACTACTGACCACGAGTGTCTGCCATGAATTTGCAAATGCGTTACGACAGT
CTTCAGTGCAGTCCTTTGCATTCCCTCAAATCCTTCACTTAAACTAGATGAATCACGGAT
CTGTTTGTCTGCACTTTTCCACCAATGCACAAATATAGAGCAGAAGACAATAGCTCGCGT
ATATGAATCAAATGAGACTTTGTGTAATCAGGATGTGTAAGCCCCCTTCCCAATGTGCAT
GATGTCATGGATTAATACTATAACAGTGGAGACAGTTCAGTAGAAAATAACATAAAGCAC
ATTTCAACTTGTTTCACACTCAAGGATTCTGCTGGGTGTTTTGCAGCTGTGATTGTTGC
GCATGTGTATATCACCCACATTGAGATCTAATAATGATGAAGAAGGATATAAAAATGTGT
TTTATTGAACACTGAACCCCAGATTGGTAGTATTGATAGTATATAGGTTAGTTTTGGTGC
TGCTTGTCCCCCCTGTCTTGTCAGAGCECAGGACGGTTATGCATGCGCCACACCCAGTGG
AAGCGGCAGGACCAaTCAGAGGGCGCCGTGCGGAAAGTTCTCCTTTTATGGAGAGGGGCT
GCAGCGCGAGCTCTGATAAAACCCTGCAATTTATTGGCGTCCATTGCAGTCAAGTTCAGA
CACGAAATCCTACCGGAGTGTAGCGCTCAGTCACAGCCTTCCTAACGCCGACAACCCTCC
CCCTTACAGGTAAGACAACTGCGGTGCGAAGATCAAAGTTTCTGTCACATTTTAAATACC
TTTGTTTTAACACAAGTGTGTGTAATATCACAGCCTGGCGCCGGT TAAGTTCGATGTGGG
GTTTTCTGTGTGACTTCCAAGTTGCAGCAGCCGTTACAACTGCAACTGAAATTCACGTAG
cCTGTCATTCATTACATGTCTTTGAATGGGCACCGTTAAAGT TTAAGGGGATGCTGCCGG
TAATATTTAACGCCTTTAAGTGTGGCTGTTTGTCGGCATGCTGTCGTTTGTATTAAAGAG
CTGGTGTGAAATAACCCGGCTGCTCCGTGCTGTCACCACTTCACCACTGAAACAAATCAG
ACGGCGTTAAAAAAGCTTGACCTTCTCGCTTACATATAAGCATCTGCTTTGGCGCGGTCC
CCGGGTCTGCTGTCTCCGATTTCACACACGGACAGATGATGGCAGATTAGACGGATTAAA
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CTTAAAAGACTTCACTAAATGCATGGAGACATAAGAAAAGGTTGCGTTGACATTACAGCC
ACAATGTCATTTGGTGATCAAGTTAACGTTACGTCTAGCAAATGTCAGAAGTTGTTATTT
ATCATGTAACCTTGTAGGTATGAATAATGGTCACGACAAAACTGTGCATCTGATGGCTGA
CATGATAGTGAATGGAAGT TTATGCACATCAAAACTGCTGTATGAAATTGTGCGTTAGAG
ATGCGTGGTTGGTTAATTCAGTGATGGTGATCCCGGTAAAGGGAGTGGCCGGRCTGTCGRT
GTCATTTGAGGT TTAACGACACACGGGGCGGCTTCACGGGCCGCGTGCCGCCGTCTCTAA
GCTGCTCTCACTTTTGCCTTATATGGCCATGGCCAGACCGAGGGAGAAACTGCCTTTGTT
TCTCAGCTCTGGATTTGGGCTGGGACCTGCGCCACTGCGACATCCAGCGTCCAGTCTCCA
TAATGACAAGGCTTTCATCCAGTTGATGTTTGCCAGATGTAACTCGTAACTGTCACAGAG
CATCAGTTGTAACCATCCTTCCTCTTTTTTCATCCTTCCTCCTGCTCAGAAAATGGATGA
TGAAATCGCCGCCCTCGTTGTTGACAACGGATCCGGTATGTGCAAAGCTGGCTTTGCAGG
AGATGATGCTCCACGTGCTGTGTTCCCCTCCATTGT TGGACGTCCCAGACATCAGGTACA
GTTTGTGCAGAATATCATATCAAACATTAATACCTAAACTTGTTCTACATTTGTCTTGAT
TTTAACCTTCTGTCTTCTTCCCTAGGGTGTGATGGTCGGTATGGGCCAGAAGGACAGCTA
TGTCGGTGATGAGGCACAGAGCAAAAGGGGCATCCTGACCCTGAAGTACCCCATTGAGCA
CGGTATTGTCACCAACTGGGACGACATGGAGAAGATCTGGCA

Fig. 20. Huig) o) digt g

AAGCTTATAGAGATGGAAATCATTTAAAAGCAGCCCACTAGAAGGATAATATTCAGTGGG
AATAAACTGAATAAATACATATAAAGGATGCCACTCAGAAAGGAAAAGCAAGTGGCAAAG
TAAGACAAGCACATGTATCTGTGGGTGCTGGTTTAAAAGGGGAAGTTGCTCAACAGTTGA
GAGGAAACTCGGGTGTGAAAATGGTTCACTTTATAGTTAGATTTCGAACATTTTGGTGTT
GTCATCGTCTCATTTTTGAAGATGTGAGCAGAATAAAGTAGTATTTAACAATATTAGACA
GTGGTATAAGGGTTTCCTGTATGGT TGAACTGCAGCTGAAAGCACAACAGATAGTGCTCT
TCCACACTTCCATTGTGTTTAATTTAATATAATCTGAAAAACTTGCTTGTTTTAACACCT
GCATGTGCAATGCTGCAGGCAATGCAATCTAAATATGATGACTGCCATATCTGTGACTGA
AAACCAGACACATACAGCACAAGAGCT TGATCAATAAGGGAGTCTTAGCAGCTGAGGAGT
GCAGAGAAGCGATGGCCTACATATGTGGTCATTCCCCAGCCCTGCCAGGGAATCTTGTGT
GTGTCATATGATTGACCTGGTGATGAACTGGCTGTGAGCCACAGTGAAGTTTTTGCAAAT
CGAATGCTTACATCTGCATCGCCTCTGACATCGTTGATATAAAGTGAAAAGAAGAGGGCA
GCCATTGACTAGCAGCCTTGGTGGAGTCTGTACAGGGAGGGGTCCCGAGTACAAATCTCT
TCCGTTAACACTTAAGTATGTACTGAAGTCTTGGTGGCAGGTGCAGGGGCTGTTTGAAGA
AAGTCCCGGCATCCTGTAATTGCTAAQTCAAaCCGATTAGCaAACTATTATCTTATTAGA
CCTCGTGGCATTACCCACGTTCCTTTTATTTTCTTCAGTTCTTTGCTATTATCGCCGCTC
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ATTCTCAACCTCTCTCTTCCCCTCTCTCTCTCTCTCCCTCAAATCGCTAGCCCCCAGTGE
AGCAGTGTGCACGCGACGTGCCCTGGTGCATGACGCTGGACCAATCAGAAGGCACGATTC
CGAAAGTTTACCTTTTATGGCTCGAGCCGGGCAGCTGACCTAGTATAAAAGACAAGCGCC
CACAATCCATAGACTCACTCGGAGCGTCGTCACACGCAGCTGTGCGGGATATCATTTGCC
TGTAaCCGGTTTCCTTAAGCGAAAACCCCCCCACCCAAAGGT AAGGCTATGGAGACGTTT
ACAAATGCTTAACATTAGAACGATGTTTACTACGTAAGTGGTGACGTGGCAATTTGTTTT
TCATAGTTTTTACGAAATTTGGCACCGGACACGAGGTTCTTTGTTTAATCACTGACACTA
AACGAAGTTCTTTACCCTAATGTTTAAAAATGTTGTACAACTGTATTTTGAGGCGTCTAC
AGTAATTAATCGGGCGTATTCGCTGGCCGCAGGTGCTTTCGGATGCAGCCGGCTTTTGTC
TCATGCGATGGAAATAACGGTTTTACGGGTTTTGATAAGTCATGACTTATGTGCGGATTC
TGTACTAGCTTGCCCGGTATGATTCCaAACGATGTGGAGTTAGATGATTTAGGTTCCGGC
TGCTCCCTTTGTGCGACTGCGACGGGGTGTGACCTACTTTAGTTAGCACGTTAGCCTAGC
CGCACTATGCTAACACCGCCCTACACGCCATGCAt TTTTGAAAACCTGCCTGTGGTTCAC
GGTCGTAGGAAATCTCGTAGGTAaCTCAAAATTTCACATATTGGACTTGTATACGATTTT
TTTTTGTCTTCGTCTCTATTCAACGTGCCGGTTACATAAAGGGCAATTTATGAATGACGA
TCAGTCCTGGCGAAAGGCGTGGCTTTCGGGAAATTAAAGATCAGTCTGGAACTTGACCCA
TTCATGAATCGGCATGAGTAATGACGCAACCCCCCATTAAGGCGTCAGTAATCAGCCCGA
GTTAAAGGATATTAAGCGAGCCGTCTGTGACGCAGCTAAATTTAAGTTGCGCGTGATTCA
TTGTAAAAGCATAAAGACGTGAGTAGGGGGGAGGAAGCTAGGGACGACAAGGAAGTCTGG
CTTGTGAAGTAGAGGGAGTGGTCGCTCAGCTCTGGGCCCGTTAACGCGTAAGTCCGTTAT
GGATGTTCCTGGCAGCCGCCATGGCGCCGGTAGCCGCAAAGCTGCTCGAAAACGAAGCAT
GTCCATATATGGTAACGATGGGATGCGGCGCCATTTTCTTTTGTCTGAGTCGGAATGTTG
GGTAACGGCGCCCCCTGTCTGCGGT TCAGTCGACCTGCAGTCTGATCAAAGAGTGAGCTC
ATCGAAGCGGATGCTGGAAAGGAGATCTGATACTTTAACGTTTTTCTCCCCCCTCCCTTT
TCCTGCAGTTGAGCCATGGAAGATGAAATCGCCGCACTCGT TGt TGACAT tGGATCCGGT
ATGTGCAAAGCCGGATTCGCTGGAGACGACGCCCCTCGTGCTGTCTTCCCCTCCATCGTT
GGTCGCCCCAGGCATCAGGTAAACTATTTCTATGGCATTAATACTGATACTTTCATTAAT
GGTTCTTGAATATAGTTAACCCATTTATTTATTTTGTGTTCAGGGTGTGATGGTGGGTAT
GGGCCAGAAAGACAGCTACGTTGGTGATGAAGCCCAGAGCAAGAGGGGTATCCTGACCCT
CAAGTACCCAATTGAGCACGGTATTGTGACCAACTGGGATGACATGGAGAGTCTGGCATC
ACACCTTCTACAACGA

Fig. 30. Atuieje] Hetde FH2 222E 499 G
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t}. Insulin-like growth factor (IGF-1) A& 2

(1) 255 IGF-19 9714 <

ATGTCTAGCGCTCTTTCCTTTCAGTGGCATTTATGTGATGTCTTCAAGAGTGCGATGTGCTGTATCTCCTGTAGCCACACCCTCTCACTACTGCTGT
GCGTCCTCGCCCTGACTCCGACGGCAACAGGGGCGGGCCCAGAGACCCTGTGCGGGGCGGAGCTGGTCGACACGCTGCAGTTTGTGTGTGGAGAGAG
AGGCTTTTATTTCAGTAAACCAACAGGTTATGGCCCCAATGCACGGCGGTCACGTGGCATTGTGGACGAATGCTGCTTCCAAAGCTGTGAGCTGCGG
CGCCTGGAGATGTACTGTGCACCTGCCAAGACTAGCAAGGCTGCTCGCTCTGTGCGTGCACAGCGCCACACAGACATGCCGAGAGCACCCAAGGTTA
GTACCGCAGGGCACAAAGT GGACAAGGGCACAGAGCGTAGGACAGCACAGCACCCAGACATGACAAAAAACAAGAAGAGACCTTTACCTGGACATAG
TCATTCATCCTTCAAGGAAGTGCATCAGAAAAACTCAAGTCGAGGCAACACGGGGGGCAGAAACTACAGAATGTA

(2) 543 IGF-19 |7IM ¥

ATGTCTAGCGCTCTTTCCTTTCAGTGGCATTTATGTGATGTCTTCAAGAGTGCGATGTGCTGTATCTCCTGTAGCCACACCCTCTCACTACTGCTGT
GCGTCCTCACCCTGACTCCGACGGCAACAGGGGCGGGCCCAGAGACCCTGTGCGGGGCGGAGCTGGTCGACACGCTGCAGTTTGTGTGTGGAGAGAG
AGGCTTTTATTTCAGTAAACCAACAGGCTATGGCCCCAATGCACGGCGGTCACGTGGCATCGTGGACGAATGCTGCTTCCAAAGCTGT GAGCTGCGG
CGCCTGGAGATGTACTGTGCACCTGTCAAGACTAGCAAGGCTGCTCGCTCTGTGCGTGCACAGCGCCACACAGACATGCCGAGAGCACCCAAGGTTA
GTACCGCAGGGCACAAAGT GGACAAAGGCACAGAGCGTAGGACAGCACAGCAGCCAGACAAGACAAAAAACAAGGAGAGACCTTTACCTGGACATAG
TCATTCATCCTTCAAGGAAGTGCATCAGAAAAACTCAAGTCGAGGCAACACGGGGGGCAGAAACTACAGAATGTAg

(3) #uta] IGF-19] €714 4

ATGTCTAGCGCTCTTTCCTTTCAGTGGCATTTATGTGATGTCTTCAAGAGTGCGATGTGCTGTATCTCCTGTAGCCACACCCTCTCACTACTGCTGT
GCGTCCTCACCCTGACTCCGACGGCAACAGGGGCGGGCCCAGAGACCCTGTGCGGGGCGGAGCTGGTCGACACGCTGCAGT TTGTGTGT GGAGAGAG
AGGCTTTTATTTCAGTAAACCAACAGGCTATGGCCCCGATGCACGGCGGTCACGTGGCATTGT GGACGAATGCTGCTTCCAAAGCTGTGAGCTGCGG
CGCCTGGAGATGTACTGTGCACCTGTCAAGACTAGCAAGGCTGCTCGCTCTGTGCGTGCACAGCGCCACACAGACATGCCGAGAGCACCCAAGGTTA
GTACCGCAGGGCACAAAGTGGACAAAGGCACAGAGCGTAGGACAGCACAGCAGCCAGACAAGACAAAAAACAAGAAGAGACCTTTACCTGGACATAG
TCACTCATCCTTCAAGGAAGTGCATCAGAAAAACTCAAGTCGAGGCAACACAGGGGGCAGAAACTACAGAATGTAG
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(4) ¥ IGF-19 E71M <

ATGTCTAGCGCTCTTTCCTTTCAGTGGCATTTATGTGATGTCTTCAAGAGTGCGATGTGCTGTATCTCCTGTAGCCACACCCTCTCACTACTGCTGT
GCGTCCTCACCCTGACTCCGACGGCAACAGGGGCGGGCCCAGAGACCCTGTGCGGGGCGGAGCTGGTCGACACGCTGCAGT TTGTGTGTGGAGAGAG
AGGCTTTTATTTCAGTAAACCAACAGGCTATGGCCCCAATGCACGGCGGTCACGTGGCATTGTGGACGAGTGCTGCTTCCAAAGCTGTGAGCTGCGG
CGCCTGGAGATGTACTGTGCACCTGCCAAGACTAGCAAGGCTGCTCGCTCTGTGCGT GCACAGCGCCACACAGACATGCCGAGAGCACCTAAGGTTA

GTACTGCAGGGCACAAAGT GGACAAGGGCACAGAGCGTAGGACAGCACAGCAGCCAGACAAGACAAAAAACAAGAAGAGACCTTTACCTGGACATAG
TCATTCCTTCAAGGAAGTGCATCAGAAAAACTCAAGT CGAGGCAACACGGGGGGCAGAAACTACAGAATGTAG

(5) 7k IGF-19] 47144

ATGTCTAGCGCTCTTTCCTTTCAGTGGCATTTATGTGATGTCTTCAAGAGTGCGATGTGCTGTATCTCCTGTAGCCACACCCTCTCACTACTGCTGT
GCGTCCTCGCCCTGACTCCGACGGCAACAGGGGCGGGCCCAGAGACCCTGTGCGGGGCGGAGCTGGTCGACACGCTGCAGTTTGTGTGTGGAGAGAG
AGGCTTTTATTTCAGTAAACCAACAGGTTATGGCCCCAATGCACGGCGGTCACGTGGCATTGTGGACGAATGCTGCTTCCAAAGCTGTGAGCTGCGG
CGCCTGGAGATGTACTGTGCACCTGCCAAGACTAGCAAGGCTGCTCGCTCTGTGCGT GCACAGCGCCACACAGACATGCCGAGAGCACCCAAGGTTA

GTACCGCAGGGCACAAAGT GGACAAAGGCACAGAGCGTAGGACAGCACAGCACCCAGACAAGACAAAAAACAAGAAGAGACCTTTACCTGGACATAG
TCATTCATCCTTCAAGGAAGTGCATCAGAAAAACTCAAGTCGAGGCAACACGGGGGGCAGAAACTACAGAATGTAG

- 111 -

IP:14.49.138.138, 2017-11-03 15:36:59



2}. Natural killer cell enhancement factor (NKEF) 247 23

gtgcgegtgeat caaggcaaagagaact t tctcegtccacacagaacagtaccaacaagcaaget t caagATGTCTGCTGGAAACGCTAAGATCGGTC
AGCCTGCTCCTCAGTTCAAGGCCACAGCAGTGGTAGATGGACAGTTTAAAGACATTCAGCTCTCAGACTACAGAGGGAAGTATGTTGTGTTGTTTTT
CTATCCCCTTGATTTCACCTTTGTGTGTCCCACCGAGATCATTGCGTTCAGCGAGCGGGCAGCTGAGTTTCGTAAAATGGGTGTGGAGCTCATCECT
GCCTCCACAGACTCTCATTTCAGCCATCTAGCATGGATCAACACACCACGGAAGCAGGGTGGCCTTGGCTCCATGAACATCCCGCTGGTGGCCGACC
TGACGCAGTCCATCTCCCGTGATTACGGAGT TCTGAAGGAGGACGAGGGCATCGCCTACAGAGGTCTGTTTGTGATTGACGATAAGGGCATCTTGAG
GCAGATCACCATCAATGACCTGCCGGTGGGTCGATCTGTGGACGAGACTCTTCGACTGGTGCAGGCCTTCCAGCACACCGACAAATACGGAGAAGTT
TGTCCTGCTGGATGGAAGCCAGGAAGTGACACCATTGTTCCCGACGTGCAGAAGAGCAAGGAGTTTTTCTCCAAGCAGTAAcagtctctatttetge
attcgetgogetgttgaageacttaaat tcagectgagggggtctagaaaagt tgat t tagecatcgtaacaaacacaggt taaatgeactagt tag
tctoatttctgtctgtctgaagaagetgtttcagecagegtctetcatgeactgaaatatctgtagt ttotgttcagetagt tagtctgeattgeat
atttggtactctgtgaacatagctggttttaaattctctcaagtigttggetttctggtgatttgtcaatatctctgttaaataaacaggetgttat

tgctaaaaaaaaaa

Fig. 31. Zebrafish NKEF &3 *}2] cDNA 97]A4 4.
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ctgccagaaatcgctggtgaagcccagtatgaaggtcctgctcatctctttgctgggatgtctggttgtggcactgccatcagccagcgcttaa
aagaaagtcaaatggtgtgtgacaacacaaaatgagcagagcaaatgcaggcatctecgecaccaaageagceagacattgagtgtcatctee
aacccactgtcattgactgcatgaggagcatageggctggtggaacggatatigttacagtagatggagcaaatgttttcactggtggacta
aataattatctgctecgtccaatcatigcagagaaaaaaaagaatgetgttatgetgtggctgecagtaaaggcetggetetggettecaatatcaa
tgagcttaaaggaaagagttcctgtcacagctgttatcagaggictggaggcetggaatactectattggaaaactgattgcaaccaataagat
tacatgggagggtcetaatgag ATGCCTGTCGAGAGGGCTGTGTCAGAATTCTTCTCGAGCAGTTGT
GTCCCTGGTGTATCTAAACCCAAATACCCAAACCTGTGCAAAGCCTGTCAGGGTGACTGC
AGCTGCTCACACAACGAGAAGTACTTCGGTGATGACGGAGCCTTCCAGTGCCTGAAAAAT
GATAATGGACAGGTTGCATTTGTTTGCCACCATGCAATCCCAGAGAGTGAGAGGCAGAA
CTACGAGCTGTTGTGCATGGACGGCAGCAGGAAAAGTGTGGAGGATTATAAGACATGCA
ACTTCGCCAGAGAGCCTGCCCGCACTGTCATTGCTCGCACCGATACTGATTTACAATATG
TTTATGATGTCCTGAAGCAGATTCCGGCCTCAGATCTTTTCTCTTCTCAAGCTTTTGGT
GGTAAAGACCTGATTTTCTCAGACTCTGCGACTGAGCTGATGCTGCTTCCTAAAAGAAC
AGACTCCCTCCTCTACCTGAAGGAAGAATATTATGAGGCCATGCAAGCCTTTAAAGATG
GGAACCCGTCAGCACCTACAAGTCAAACTAAATTGGCCATGTGTACCATTGGCCATGCAG
AGAAAAATAAGTGTGACAGTTTGGATCATGTTAAGAAGTCGTGCATTTTGGAAGCATC
TGTGGATGATTGCATCGAGAAAATCAAGCGCAAAGAAGCAGATTTCTTAGCAGTTGATG
GTGGCCAGGTGTATATTGCTGGAAAGTGTGGTCTAGTTCCAGTCATGGCTGAACAATCC
AATTCACAAAGCTGCTCTAGTGGTTCAGGAGGGACCGCAAGTTACTACGCTGTGGCTGT
TGTGCGTAAGGGCTCAGGTTTAACGTGGAATAACCTAGAAGGAAAGAAGTCCTGCCACA
CTGGCCTGGGTCGCAGTGCTGGTTGGAAAATCCCAGAGTCAGCCATATGTGGCGAAAAAG
ATAAATGTACCCTTGACAAGTTCTTTAGCGAAGGCTGCGCTCCTGGTGCTGACCCTACAT
CAAACATGTGTAAACTGTGTAAAGGCAGTGGGAAGGCTGTTGGAGATGAAAGCAAATGC
AAACCCTCTGCTGAGGAGCAGTATTATGGCTATGATGGGGCTTTCAGGTGTCTTGCAGA
AAAAGCTGGTGATGTTGCTTTTATTAAGCACACTGTGGTCGGGGACTACACAGATGGTA
AAGGAAAGGACTGGGCAAAGGATTTAAAGTCAGAGGATTTTGAACTTATTTGTCCAAAC
ACACCAGACACAACAATAAAATACACTGACTTTGAAAAGTGTAACCTTGCCCAAGTGCC
AGTTCATGCTGTGATTACCCGGGAAGATGCGCGCAGTGCTGTGGTGTCCTTTTTGTCTGA
CATTCAAAGCAAAAATAATGACCTTTTCACCTCCAAAGATGGGAAAAATCTCCTTTTCA
CTGATGGCACTAAATGCCTTCAAGAGATAAAAGGATCTGTGGATGATTTCCTGACGAAA
AAGTACATCGATATGATTGAGAGGACCTACAAGACTAGCCAGAATGTACCAGATCTGGT
GAAGGCATGCACTTTGGGCAACTGTATTAGCTCCTAGtacctatcttacggtcatcaaacacatcaaacagtc
atagatgtgatcaggtttctgtttt

Fig. 32. Zebrafish transferrin cDNA @714 4.
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vl Q9 G Ao]E 9] transferrin FAA ©H Eg

F2 FAAFAEY transferrin FHAE oA FET mRNAS FHo=
cDNAE 43 o2 internal primerS A Zsle] PCR w2 3 A3} ok 100 bpY
DNA ©HE At} o] DNA ©#HE cloning vectord cloningdtd |7144& 29

sttt o852 5% o F transferrin &%) internal sequence?] ¥714EL ey

(1) 54} transferrin internal sequence

AGATCATGCGTAAAGAGGCAGATGCCATAGCGGTGGATGGAGGACAGGTGTACACCGCTGGGAAGT
GTGGTCTGGTCCCTGTCATGGTGGAGCAGTATGATG

(1) Z9]E-2 transferrin internal sequence

AGATCATGCGTAAAGAGGCAGATGCCATAGCAGTGGATGGAGGACAGGTGTACACAGCGGGGAAGT
GTGGTCTGGTCCCTGTCATGGTGGAGCAGTATGATG

(3) &% transferrin internal sequence

AGATCATGCGTAAAGAGGCAGATGCCATAGCAGTGGATGGAGGACAGGTGTACACAGCTGGGAAGTGT
GGTCTGGTCCCTGTCATGGTGGAGCAGTATGATG

(4) £4}2) transferrin internal sequence

AGATCATGCGTAAAGAGGCAGATGCCATAGCAATGGATGGAGGAGAGGTGTACACCGCTGGGAAGT
GCGGTCTGGTCCCTGTCATGGTGGAGCAGTATGATG

(5) A+E transferrin internal sequence

AGATCATGCGTAAAGAGGCAGATGCCATAGCAGTGGACGGAGGACAGGTGTACACGGCCGGGAAGT
GCGGTCTGGTCCCTGTCATGGTGGAGCAGTATGATG
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ol FFA e V|EAQ AARAL Hx9 H$oFZ @It Yo FFEIANZ
4L FEste d Ao ol SHeA o Fe AFFTES FEAIY] A% Az
Ao i, Atsde ngstet i AA% A AFY AN, 2 HAeSF
L ES JENEA 23 At ARHe] 4%
I JoHLi et al, 1982, Kang and Jang, 1996),
Fxol & S sty AN A5 52
o] 28353 1(Suzuki et al, 1983b), Aol W& AF aFHE A7) At AA

2 o493 AHJo et al, 1995 Jang et al, 1996). olFel 473

< UE HFFEF AVAR HFARYH RBulHE AFSE2E g8 xHH
ojFel 4% FXL AT AFISEEY A2 A 2% A7V AYHI YT
dAojel HAAF=EI & oFY HAZTZEL UE ofFd F43 Ax A= &
77 FHAG(Bilton et al, 1982, Kawauchi et al, 1992, Steiny et al, 1984;
Suzuki et al, 1988a; Wagner et al., 1985). ol¥tol]l ET/F 2 ZTE2E Zd Ao AA
% 2 & (Komourdjian et al, 1976) ojy &9 AATEE0] o]Fo AAS &JAZgE
o] e AT st F¥ A} (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 #HX 9 AAZZT=2E

(Growth Hormone, GH)& 357t AA" FX7%0i0 Fo48 AFS FIANAHL

[
i
i
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o
£
R
Mo
2
2
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=
oo X
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™ Gill et al (1985)2 recombinant bivine growh hormoneo] &@o}9] foje] A=A
Zze g7t dokn 2 udgdth Agellon et al (1988)& A%< 43 Fo AR AY
of 98 Fx]7/j%o]ol recombinant salmon GHE F43ted A#o] &4 HJln B
924, Schulte et al (1989)2 FA7iEofo] 4% 4AF §lo] recombinant bovine
GH 5o 9¥& ANEdlo A% ZIE Bl Weatherley and Gill (1982)2 FX|7
9] Aojel bovine GHE FA3te] 4% EF#E FHsAY. Cook et al (1983)2 &
L dojo] A2 EL FAEY #8019 AFES 2% F/NAT D RustA
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AMEo], WA} dx|, o]zt doj)o] recombinant bovine somatotroping ¥ 35}
o AAEF 57 A0 Hto] AFsTh o] vhell Ishioka et al (1992) AMx#
2l & AF Fold FAst 4% e SHAT
3l# bovine somatotropin (BST)2 49 H3l<Al Eu]Ad o3 A=A
191709} opm=ito 2 FAH YHAA SE2Eo|th BSTH A 3222 2
FY EBEA BAEHWY o] TEEL RE FE A, @A gz 1 e AlA 7]
Sof uf$ Fastch 1930d Ul E Z Ao BSTE FASIY % A o
Ve 27A8HY. BST 98 E5E 29 HseAdAt 45 = gl o

& BSTHS w$ Hz wad H2 A9 493 95 434 Az 7%

zj_:
it
Lo
X
9
fots
I

of i

i

(recombinant DNA technology)®] 2#€2 th¥ A4 4+ QA o w2 197008t T
HE JEozA sde] EASEHY. oG AFE HAd Bistd w= FDA
(Food and Drug Administration ; 7] A%¢] k=) BST F42 A4d 7o g
Avk Alge] 38 P AAo] i kAL FAH o2 FRAAT. whetA olH T A

Z3F A2 AHAQD o8 HA FHE Aoz dq3dd

1}, pET expression system< ©]-838 E5 Az 29 243 2 £

(1) pET expression system® &4

Cloning® E¥¢ A%s22 FAAZRH Az dFz=Ee U7 A8t
pET expression system2 AF£3t¥th pET expression system< ©lA|7lz FdFo=
available3t expression vectorZoNA ©WA L JHF ®ol WAIE vectordy shukolth o]
expression vectors bacteriophage T7 promoterE® 7}A 3 9120, T7 RNA polymeraseE host

cell WollA] A Fsle] £ 2524 promoterd down streamoll cloning® target gened ¥H&o]

- 116 -

IP:14.49.138.138, 2017-11-03 15:36:59



E¥o] Atk T7 RNA polymerase™ T7 promoterolqt Mgz oz Eon &Aool ujg o}
BaE AA wwde of 5%l AgHE Axd Bude 22 & ok

pET expression systemol= T4 TFY vector’t JEdl 254 pET-11as} 16bE AR
3td k. pET-16b vectoroll= Ncol restriction site®] 7BA] codon®] o0 LHAHE AXF o
WA o] olujz Teke] 10749 A4H T histidineo] EHE o] ddiAe B3 2L HAs ol
t}. pET-1la vectore] = Ndel restriction site7} translation 7§A] codon®l 31t °] vector®
Ndel restriction 842 &AW3}l3l complete cDNAS coding regions ©] vectore] cloning3s}s

BAREzEEs TIERAG.

(2) pET expression vectoro] AA T2 & FAA9] coding sequence cloning

Novageno. 288 F43% pET-16b% pET-1l1a plasmidE ZZt Ncol# Ndel A3HE 4
2 AY3 & 1% agarose gel’dolA A9 plasmid 9L £33 pETI6bo] AT =2E
< cloning2 &7 Zo] stk 53 3] ZZ Neol ATEA HIEHEHE 7M1 A
coding region DNA fragmentE 47| 3t F 78] primerg 2 ¢34 PCR reactiondt .
do]zx DNA fragment™ Ncol restriction enzymel % digestiondtB 2 ZAE®  fragmentE
DNA purifiction kitg ©]43te} ¥23td ) pETllas) AFEZE FAAE cloningdts ¥
3

(o)
~

O+
e

£ pET16bE cloning 3= %H¥3 Zoh o9t Neol ATFE AR Ndel AFELE AR
AFEALZ A& pET-16b, pET1la vectordt 22 AFELE A2 HAFIZ=2E 99 g

ol

o F

&

T4 DNA ligaseE ©] &3} ligationdtGth. Ligation® vectorE E. coli DH5a strain (recA-)
o} transformationdt™ & colonyE ampicilino] 100 ug/ml oY+ 15 ml LB media®) 3
%38t 71% F plasmid DNAE %319t &% DNAE APIAE AAd F agarose gel

ArlgEsted ARz 22 37 AYE cloned FASUL, T7 primerE A&

(3) BL21(DE3) E. coli stran®l A 9] ¥ 28 =@

EF 4328 49¥ pET expression vectorZ2FE Gl & BAAFI7] HiA
37 7ol T7 RNA polymerase’} 23t} T7 RNA polymeraseE A3
o7 LT A3 A7l FHE7] Astd A T7 RNA polymerase f3AE 7Hd E.

coli strain BL21(DE3)S A}231%t}. o] straine bacteriophage A2 derivativeg! DE3 lysogen

Ir

o
2
2
@
ofl
.?{..'.
N

- 117 -

IP:14.49.138.138, 2017-11-03 15:36:59



©2A Jacl, lacUV5 promoter “12] 2 T7 RNA polymerase FAAE 7Fx 1 9t E. coliviol
A T7 polymeraseﬂ W82 JacUV5 promoterl 93] ZAHET  lactose FAFERQA
IPTG(Isopropyl-B-D-thiogalactopyranoside)ol <3l #A7b o)

Sequencingdte] A2 clone2ZF & DNAE FZ3t4 BL21(DE3) straindll transformations}
At} Transformationo] €3] WA E colonyE ampicillin®] 100 ug/ml E°iY+E 1.5 ml LB
H#E3led 37Col A shaking3t® A overnight culturedtth. th8-2 overnight cultureE freshdt
1.5 ml®¥) LB-amphicilin ¥j 2]l 108} 34 AA v FstHAth. ODeso”t 0.6°1 2 W74 wjFgt o}
S 100 mMe IPTGE %9 final %7} 04 mMe] HAsed T7 RNA polymerased @&
$ESE SA0 A2¥ ARz $dAL FEAUG. vUA BAL 30T shaking
incubatoro} A 3A17bE <t A&E T Aol 2EE cultureE YA FE A cell& harvest
#99th. Harvest® celle 50 ul®) 50 mM Tris-HCl (pH 8), 1 mM EDTA buffero)
resuspensiondt @ a2 50 ul?] 2X sample loading buffer® A7tste] & 2} 95CAHA 583
uk2-3led cell® $A3] lysisAlZth Cell lysate 5-10 wld 12% SDS gelo] A7]9%F & of3

o

commasie brilliant staining solution®. 2 stainingdts] AZF AT =R BHgG Feldc)
Fig. 332 pETlla, pET16bd A" & AFS=E F4#9 prepro GH (growth hormone)

9} mature GHS] 23d& Jeldl 1ol
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Fig. 33. % AZ3x 289 24d pattern.

(A) pET1la vectorg °©] &% 5F HFEZ2E9 prepro GH 2@ pattern. (B) pET11a vector
g o83 2E AT EE matwre GH 23 pattern. (C) pET16b vectorE ©} &% &% A
AF 229 prepro GH 28 pattern. (D) pETI6B vectorg o]-£% % AAZ=Ho mature
GH 23 pattern. 2@ 18 olX Lane 12 protein markerE YEIM® lane 2¥ uninduced cell
lysate, lane 3& induced cell lysate® YElJTH pETlladl AYE AFI=2R FHAY
induction patternol*l 21.5kDa$} 31kDa marker A}o]9 3} band’} induced® A3 = go)
T} pETI6bY cloning® A3 3=28<e AL pETlladld wdd iz uot 10709 hisitine

WE 71 sized AL

pET-16b vectoro]l ¥4Y€d HFEE2E F¥AEs dfido] 2dd ¢ ofvjx T 10

JAT oo} o] 108 A&H %

uu
-3
i
oft
=
il
ox

e} D43 histidines 7F2 fusion
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5 ¥ cell& 40 ml binding buffer®l suspension3}$3dth Suspension® cell& 100

=
ml Blo|F o] &3 F Hlo|AE d2Hd &7 FL& HHE sonicationdty celle st H}.

it
"™
o
ne
flo

I

I,

Cell lysate® 40,000 x gollA 3087 EAEZEd d¥Adoe]l Zolgle A% H(supernatant) 7
cell debris2 U¥Fr ¥, 4S5dozRE Ni¥column ©]£5e d@#adg £es%c. Binding
buffer2 equilibrate=)©] & NiZ' columnd] FH]3 H SRS JoadingdtDE A5 Ho) A3
WEH 2t ¥ column #¥9] 10vo] s33tE %9 binding buffer® columng AA3tgct. 19
I A column® 6¥1EE %9 wash buffer2 AAH& & Ni¥* columnol BojUE fusion T
A& elution buffer2 elutiondt i th. elutiond GHAE 12% SDS gel F71¥5 S 3t @A
9l £59 yieldE FAsAU Fig. 3= coumnl 22X ¥ elution®d ©HW 22| patterns 2o
o 22d AFz=229 o 80%9 £5%& YEMNAY. lane 12 molecular size marker,
lane 2= B9 SWAY 10 i E SDS-PAGES Ao2 HiAl Egd E59 ARZI=EL2 ¢
7 mgl 2 $3dEA gl (150 mg/liter culture) °F 5% A olt}. o|9} o] EE guia ol

ko] AL olfE uHEE9 $HE G Ao] insolubled AH|C! inclusion body® &A3t7] o

97.4
66.2 |«

-
@
——
e
i

31 |-

205 -

Fig. 34. ¥2l3 &% mature GH2 SDS-PAGE.
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o B AT ARz 2RY Fold 9% AAFA HARAY

(D) A9e A% 2 44 2 A%

Ao AHEE AHS4ZE FRPAASY 7187 B3 e< 3719 4342(019%cmx 2
°]80cm: F128)d ZZ A Y gHxE AR WA ZA &3
AP Z2e LT AFRAo BoF A$ole BBE A AS Alolo] Zo] A=z
gD £ JUEFE HASdHey FARFAE A3t Ao o2& WEERE AR HXAIHAG
(Fig. 35). &+ A1&5zHe B8 20//mino2 £3AHAOH Zt 7 AZALANE &
F o2& B3z F8 8o 4 A#zRE FUIES HolodA ASET AERUE Hd
e FUIEE YTt ¢, UETFE E HAYE st $F 250 gE Y £FAFFE 670E

l

AES 3 47

B 4)
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(2) Az H4F3=E9 9

pET1la Z3dWE] cloningd &% AZAI=2E9 #dZ #H3lA E. coli strain
BL21(DE3)< LB-ampicillin broth 5 mloll H#3te 37C, 250 rpmo. 2 s st dA wl %
g8S LB-ampicillin broth 50 milol HZE&d 3-4A12F < oAl wjFsidch o) &
LB-ampicillin broth 12l HZ&td 37CHA ODso = 057} 2 w742 wjFa Rt o7)¢) IM
IPTGS HEFFE 400 mMo} S =% 400 S 7Hetod 30ColAM 3413+ &<t inductionS 3t T

induction® ®¥AS DA 308 FXF F, 4T 4000 rpmAA 303 A9
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FEAg ?1]713}57_ cell pelletsE 1xPBS &de] RFAZ0F, thr] 4T 3000rpmoil A} 1587 ¥
MR sle] A2 Ae AASE cell pelletsS FHIF . of7ld 1xPBSE g% 5 ml® A7)
o cell& HFA1713, 4719 lysomes 3 mg/gel HEF 718t g olA 1080ttt inverting
£ A 143 B lysisE 33T cell lysated] 1x PBS solution2 20 mi/ge] HEZ
Z7+sted ultrasonic homogenizer (Bandelin inc.)& ©]&3te 3024 6317 cell® EHA AT
A9 cell lysate Ztzt 10 mi® Uyo] -70To] B#AEQ 7t dol FojA] oM HHAH
o 2EE A5 2R FEF FA357] 9189 SDS-PAGES 53t v =& s,

(3) Folol A% 4 43

A APe gt FPF BB L 39 8L 23 Xoj2H o]F F 114v]E Tz}
A2 FE3d A3 A= Table 39 et AFS BT 1.74 golRorm +Y3 o
150011 % A3 AT $29] 349 AgFe] B £85k] AR Azsdnh. Hol
= 949 HA A5 o 3% AERE FFo) 38(2A 104, &F 24 a3 ¥ 6ADE UF
oA Folstgon A wat MF 448 F YEE Fo|FL THFAT. Y AFA
71l Aol 728 cm 2T AF L 927 golAth olE EFL FAYE AXsto M AHS
Sz 2tz 3000 & FERen Fxe d2FA AYF), 390H HAZEE F4TB A
7)), 282 Y FAdRC IR PRI 29 ANSAS 3o T3
2Z2 % 40 mg/olMTkge2 Holo] AFAAAN Fojagtnc. adzm FFZL 2
AZH 1Fe T 52 % 39S Aoz AAFAT

w

i

435

Ol'
o
-
ol

Ao 2

rlo

all

Table 3. Az FYUF EF X9 AF, AF 2z AX

Items measured WEIGHT(XIZ) TL(&E) SL(HIE)
N of cases 114 114 114
Minimum 1.110 3.500 2.800
Max imum 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% CI Upper 1.811 4.403 3.480
95% Ci Lower 1.671 4.287 3.383
Std. Error 0.035 0.029 0.024
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Fig. 369 vetv Aok 243 27, 24 ARA AF 927 g, AF 729 cmold E5S 23
F8A AF 2795 g, AF 1090 cmE 65 F¢ AT AF F7HE R A 3] Fxe 7
A A olMe AFIT2E FAF7 dETd v 9oz o

E BEgev 7+ 24 A £33 AEE two sample t-test®t ANOVAZ EA3 3

Al

U
F ZAZAZ W dz2Te AT Aol F A B, C A48T 1o AT A Fo2 5%
T

AN QAHA e BA FHAY] Aol 43 Aols T FARFAA BT e

o) ARHAT. WA o] 4 3 Fold A 47 I EAde BFTHA Frh

40

30

20

WEIGHT

Fig. 36. €52
1. tiEF(A); 2. 3434 FA4F(B);

COMPARE

n
a?
1 83

1]
3
g
g
4

AxY HAEEE FIE T% ST AR
3
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7 %27 ol4 A A2

gxle] A% dA fFall 4Fs2E] AFHA o4& st theH 2ol
2d e E ARsi 23 9EE AFEY] Adte ted 2ol 409 fragmentE
Pfu DNA polymeraseE |43t PCR $Z3tHth dX B-actin® promoter 99
A HA intron 39 £33 949(2018 bp, Fragment 1) EcoRIZ Sall A3FE-9E
Adsted &2 ® primer (Vector-F1, 5-CGA ATT CAA GCT TGA GAA TTT
GTA ATT TG-3', EcoRI A&+ A4 Vector-Rl, 5-TGT CGA CGG CTT CTG
TGA GGA GAT GGA-3', Sall AjgH ¢ H4A)E o839 PCR FFad1, A A
4528 mRNA9 poly(A)-signal ¥9& TIE YA 4FE2E mRNA precursor
9 <(834 bp, Fragment 2)& Sall## BamHl AF#E4E AUddd txAE primer
(Vector-F2, 5'-CGT CGA CAC TGA AGA ACT GAA CCA GTA-3', BamHI A%+
79 A4 Vector-R2, 5-AGG ATC CGA CTG AAT GAA ATC TTT ATT-3,
EcoRI A &#9 A44)E 1838t PCR FFH3 A E3, ampicillin?} ColEl origin +
A= F3I3 2043 bpel P A(Fragment 3)2 pBluescript II SK(-)olA]  EcoRI&#
BamH1 A5 = A4dste] tAd " primer (Vector-F3, 5'-CGG ATC CTC ACT
GCC CGC TTT CCA GTC-3', BamHI A[3FH 43Y; Vector-R3, 5-TGA ATT
CGC CGC TAC AGG GCG CGT CAG-3, EcoRI AgE9 A44)E ol&3ste PCR F
Z3tdch. o9t YEo] Sall BamHl AIAFAE AHsty oA"Y primer
(Vector-F4, 5'-CGT CGA CAT GGT GAG CAA GGG CGA GGA-3, Sall A5,
Vector-R4, 5'-AGG ATC CGC AGT GAA AAA AAT GCT TTA-3, BamHI A%
BAE o] &3t Ad-EGFP vector2% ¥ poly(A)-signal +9E ¥ &3 EGFPE <
238l Q= F9(924 bp, Fragment 4)& PCR ZE319 4.

o9} Zo] ZZH PCR productE < 0.8% agarose gel AollA &elste] oAts

= ZHol9 fragmentE EF31 AE FAE o] QIAEX IO Gel Extraction Kit
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(QIAGEN Inc., USA)E o]&3le AAs pBluescript SK(-)¢ Hincll restriction
site®] subcloning3}1th. Subclonedmf AHZ3 A3 E A (Fragment 1, EcoRI-Sall;
Fragment 2, Sall-BamHI;, Fragment 3, BamHI-EcoRI; Fragment 4, Sall-BamHI)E
o] &3l AT3 FTo] QIAEX I Gel Extraction Kit (QIAGEN Inc., USA)& o] &3}
o A stH .

ol@A AAH cohesive endE 7} fragmentE2 pFVIGH (Fragment 1 -
Fragment 2 - Fragment 3)9 pFVIGH-EGFP (Fragment 1 - Fragment 4 -
Fragment 3) ¥ 2 A&7 9389 T4 DNA ligase (Takara Shuzo Co., Ltd)E o©]
43t ligation*] ZAt}. ligation® A& 42TColA 1% 30% F¢F heat shockS 713t
NovaBlue competent cell (Novagen)® #EZA3AIZ] Fo), 100 pg/mee] ampicilling
¥33F LB (Luria-Bertani) plateo] =3t 37ColA HA] widstdot. 1 wfxjoll A
single colonyS A%3te] ampicilline] £¢1¢l= LB broth ¥l #]olA 37CoA HLwkA] 7]
A wha) ol st oh.QIAprep Spin Miniprep Kit (Qiagen Inc.)& ©]-8-3le o]g€ A @
A wldE Blx)ZEE plasmid DNAE A FI4AY ¥ 292 #FHAolY
vector® YEH ZAo|tl Fig. 37Ac 9Xx9 AHAITE2E cDNAE dX9 djeld=l
promoter$) fﬁi A3 intron 2ol AYU3I vectorol®™ Fig. 37BE dxlel A=
promoter downstream®l] Green fluorescent protein (GFP) §AAE A& Ro2 g

2| 9" promoter $WA) ZAF BW AL BAsEw 48P Rolth

{EsEl TEgoRl
Amnpickin g Ampicilin, .
- N
= % : k- fhetaotinPt
: % .fomadctinp! L

{ ',_,/—" ‘}{ -

pFEGR }’ PFLEGHETFR

@213 P et

! ColES_ongin
\: Fee
BamH1” Ssal
EGFF

=4

Fig. 37. A=z d o4 23 HE.
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U 4288 oA 249 A4se 4wge vm

FRAA olAlg 93t zebrafish®] W& olF 8A A0 A &3 dg +£43)
AW AF FAAAA Ao ALL3F T zebrafish® 1-cell stage 717+ 26Tl A
3 3 o 408 Foolen -stereo microscope(Olympus, SZX9)o| FEHH

micromanipulator (WPI, USA)$¢} Bio-rad®] electroporator® A}83ta microinjection
WA B electroporation WS AHE3] HESATE.  electroporation®] HAZXAE &
71T CujddE AR ALGE SHFE A& HelAE AFE EioH
capacitanced] A$de FAE LA TFE AFEo] Holxo. ojg Z2 B|dY
.05 KV, capacttance 254F, pulse number
1, 28 F3die] Adteld 713 52 AREL 2Py o] 27X elctroporationdt
FRBFG oAFIE FRDY] e 3 F 102748 27 AFes B2 2
© U5 2o F 1He vAFY Ads @ AR AF TN e
13.3-60.0%2 wWol7} Astden gxzT9 Agoe 933%e w2 F3&s HA
T3 B3 3 10449 A& 10-40%9 9 dEFE 86.7%9 =2 ARE

o}, Pandian et al (1991)2 zebrafish® WA o2 vMFA A 25-85% HAY F
ed HJU RSP ol £ AT AFJEY bk L& FIE YEHUALH
B3g3 ol A5 M2 integration H| &= HE ArHTAS
33 electroporation WAL o] &I S ABF FIHEL AP FoNM 3-3B%, 7] AZ
L 0-21%2 =T ZH7 91%% 84%l HIgA AR WL FAF B
A}, transgenic fishe vlAIFY WHE ALEstE Aol adFHolatn AztHo 3

AF AL WAFY WAL Ahgae] AASATH

i
B
i
=
u)
o
frl
)
i)
i)
B
)
Py
v
o
2
510_'
o

A

+ i
£
rir
Sl
lo
il
i
B
3
U

|14

ot 29 olF oA Az FAA% Nel (pFV4aEGF~GH) 9] 28 44

e Angle AFEZ=2E3 EGFE AXY pFV4aEGF-GH HHE

zebrafish® one-cell stage A& YAFUFAT FUH transgenee] A FF+
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reporter Ao dHoz & 5 ATt FYE transgenee] THE W) £H F
12A1Zb A Ago2 B o Bo] wfj g kA YEtoen I § BEHF] A
2 F7beteE A8 vehudct ol = promotor! actin gened L&A 7o FH$Hha
A7yEAth 1-cell stage®) FA o wA FA% F 2474 A H}A EGFY 28 Fg2
F 2 zebrafish & (trunk)e] ZHEANA AgHe= 7 &
w3 I e BHAEYG F5 H ¥ FHAAE
3t ¥ 54 AFAee EGFY 2do] AaA yvetten dF AL mosaic
expression patterng X AtHFig. 38). o] A g Auto] AxjA wdo] BEAHJoY F
2 SRk BdL Uelo] o]go] ZKolA AstAl L& Aoz Az o
= e 2dE 93 promotore actin FAAER AEEFY] WELE AzEY o
o= A A GFPe] #do] AU,

53 3 10d0] Afs F 7

ol S
=
1=}

o

F2lot olrtn] o= WAL #FBE F gloA actin FAAS LHL ofHo] AW
Aoz dojyttt, o#lA, actin promotore transgene®] oA AWt oz RHEZ

2
4 Aol F&3A AT = dg ez AZdd. EF, o AFe oA
=R
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Fig. 38. Zebrafishol 4 9] transgene®] && &4,

3 AEs Fdd 4 glojor ot g x, Y4B I FAXE Z&HoR
w@AA D £ 9lE promotor® PRI glejor @k ok Ze HEL TP sl
pFV3CATS} pFV4aCAT vector system& £Xo] ozt A&l on ofdo e =
AGAzLe] HHL By YA reportor FHAAZE GFP geneg— Arg-stg T} Spel
3} BamH1l #A3tas HUE9ES H713 primerd A}£3}o] green fluorescence
protein (GFP) §AAE ZZ3§ 3L pFV4aCAT #WEle] E4A A5 HAE dd
& t}&o) ligationstgdth. 2elx Sstllel Spel siteE 712 primerE AF&3ty
NKEF &#x9 cDNA9] coding region® ZZ3 t}2 GFPel 5 Zo 43ttt
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(2) #R% =9 3

P =M FY

A} 283k plasmid DNA¥ XL-1 blue o transformation 3 % plasmid
prepE Al&-3lo Hastgdor. 131 spectrophotometerE ARE3le] plasmid DNA
o] kg AB/I e 0.1M KCIZ2 3|AM3ste 100 ng/mz THE 3T A A|eto =z
phenol redg HAF¥ %= 0.5%FH A 1 s AFHAEd il 1749 one—cell stage
3P 100 pge vAFAsA. vl FH-L WPl micromanupilatorg AF8-5+%d
o £AHL holding slide® AMSstd ¥F WwFoz AIANAN FAMLE AL
£ 15 e A

(1}) Electroporation

Electroporatione $3t Gene Pulser I (Biorad, USA)E A}&3}AU
FRY AZ && FHsl ARl AMHF F FPS bufferE A83o
electroporation3dtgtr. HA AL 27| Ysled Ao 0.05 0.1, 0.15, 0.2 KV
Agtak 1, 3, 10, 25, 50 pFe] capacitanced BHANA AFZES Fodz EA
electroporationdlatr. HAZAL 2L F A pulse numberE Z+7 1, 2, 3, 4,

g FolH AELL ¥ g 4¥ 2de FA}IY. T3 DNAY &=

(3) AR JFA A HAAH} YR W@

SAz o] S 9138t zebrafishe] F& ofF 8A| Ao 2 A& *g FAT
Ao Algstgd ). zebrafishe] 1-—cell stage 7]+ 26Co
A A & ok 408 Eqtolglon, stereo microscope(Olympus, SZX9) ¢ F3d
micromanipulator (WPI, USA)$} Bio—rad®] electroporatorg  A}-8-3t
microinjection vk 3} electroporation [P\ R A}£-3} o] A3 st A ot
electroporation®) HAZAL L7193 duady A7 ALL LUYFE YBLo] ¥

o}X e AP BAoT capacitanced] F¢oE FAE FA TFF BFEo] Holx
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qudd 2
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hu

rot

capacitance 25gF, pulse number 1, 231

B

%_L
3 10Q74x 9] 27] ARES v A= Table 494 BE vle} 2tk & 119
13.3-60.0%2 ®Woj7} AsHdom v

o) A% Y

=79

APE @ 27 4TI
BFle 93.3%9 =& FiE

B3Hge

H

tlo

fi

4t

ol

o] ZZAo|A elctroporationd FATI v|AFUS FAHTY F3&a

a4 b=
o

—

3 HAzAL At 0.05 KV,

FEoe AdeM M w2 %S

L L

10479 AZee

10-40% g o 2T+ 86.7%9 =& AAES B4t Pandian et al (1991)&
zebrafish® dlA o2 ujM £ A3 25~-85% HY9 35 < 29t Rusy

3 ol B AT A#ARY ¢
u) g3}
electroporation W& o] 83lH &

2 0-21%% x5 ZZ 91%% 8

integration

A], transgenic fish¥e

Bl F AFE HAF

e

Ha

R Rl

9 PR AHgs] AASGL

&
a5

@

A% 3oEe

4% BN

FAE Yethdges R3g3t o]y
A3 A 7}

FAR

Aoz  RuIFPT 3

1 1} O

L

A FoA 3—-35%, %7] AF}E
FAE By we
Aol Aozt AzZtE o] FAA

Table 4. A2 & HFHAEY WU AH8A] zebrafish o] F3&3 7] B3&
B] 3
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 WellA o] Az FAHI NE](pFV4aEGF-NKEF) ] & ¥4

+38 % NKEF #7379t EGFE AZ¥ 3 pFV4aEGF-NKEF #8 & zebrafish
9] one—cell stage FA T WHFAEHAT FYH transgene?] TH HFFE reporter
TR dHoR o F AT FYE transgene?] FHL Ui A T 12413k A
AqEFog BAHJoY 2dol mig oFstA Yetsten a2 ¥ Bd=e] HA Frlste
3%&E YeEhAS. ol promotorq! actin gene®] ZIAA|7)o] FH¢-dHon AYZErh
1-cell stage®] FA T uwAl FYTF F 24X BHA EGFY 28 42 F=2
zebrafish FA(trunk)e] 2FENA 4oz 28 THE 2Jon 1 =
S 22 e ZIAEY FF 2 ¥ FHAIAME 4 2ESs B

73 & 59 AFAA = EGF 2deo] AsA vEbste® MNP HA mosaic
expression patterng Btk oA Hukd ZAA o] BAHJLY F2 YR
Fo 2HE Uelo] olgo] ZHAA AdA Ldste Ao AAHY ol WEY
THS A% promotore actin FHAE ALESIH7] WEOE AZ4HY, o] Qdr A
Fel X GFPe 2Zdeol #ZHIY

d

[o)

= N
ot

o

HAE 2d& EAHFig. 39). 221 ojd A A
Sole ¥ FHYG otvl FHAE HEE AFF F QoA actin FAALY BEL o
Ao Murd o g Adojutry wrEbA, actin promotore transgene°] o] Ao Aty o Z
LEED 48 AHo F8&3HA AL + dS HAoE AZd B, o] A
o] M reporter A2 EGF2 2&& EGFS 5 Fo ¢tz de X9 AF &
2Zo] BdEE AE WHAHSE AABIE oA HE FFo] AFHoAdn A

Zan
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' Fig. 39. 3 % 1097419 3348 Anetns

=9 #34 T,

FZAM $A3] TAE A 100% AAEES Role ATAREY dJdAE
zebrafish®] AF o= HE] TSA WA & o| &3t Aeromonas hydrophilaE %3392

o 28 FHL APl 20E kitZ A Asti(Table 5), ZBA AF sl=22 Z3}
Table 6] YetWAch £8 F 59 HAE AL TFE TSA brotholl A 24X]F
STAZ F 3000 rpmo) A 2087 ¥A AE 9A 2884
T2 33 AL d& HAH FEE FAF gd TEFHF 0 unE 5
A of Tl FA 29 F A N2eiste] oAE 2
3] FRANAozAN Fo F5HE HEFEAZ TFE TSA brothol A 24Xt S8t A
Tt 2En oAHF 1 g@ 50 uldS Aol 101 FAste] 7ol W] FHAPA R
22X HAGdE Adstn dE2TY oAd= T TSA brothE AAF 1 g@ 50 ul¥

rr

Mo
AU

ol

oL

8

,
=]

ol

~ K
2

1o
2
o3l
lo
o
4
o
!
o
Y]

AP E 15 L) Azhfelszd] 433, $28 2841C WAR ol
#7108 s Agsgth HPo] oHMFES 1 - 2g AR P @A AR
ZLARE 2Asl7] S8 FANZ Auste] AgelN WATY 2AS A
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Table 5. The results of APl 20E Kit test for isolated

bacteria from the zebrafish

IiIT=>x
HEASF

Tests Zebrafish M Jtel
(KCTC2944)
ONPG +
ADH +
LDC +
0oDC -
CIT - - .
H2S - - -
URE - - -
TDA - - .
IND + + +
VP + + +
GEL + + +
+ + +
+ + +

o+ 4+
+

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

o Trials
Antibiotics First Second Third
Doxycycline (30 «g) 2.1 20 2.1
Ampicillin (10 ug) - - -
Sulfadiazine (0.25 mg) 1.6 1.6 1.5
Trimoghoprirm-Sulfamethoxazole (25 rg) 2.5 2.3 2.3
Chioramphenicol (30 ug) 3.0 26 26
Lincomycine (2 ug) - - -
Cephalothin (30 «g) - - -
Neomycine (30 ug) 1.9 2.0 1.8
Amoxicillin/Clavulanicacid acid (30 pg) - - -
Norfloxacin (10 ug) 3.1 3.0 3.1
Gentamicine (10 ug) 2.2 20 1.9
Tetracycline (30 ug) 2.1 22 2.0
Novobiocin (5 ug) - - -
Ciprofloxacin (5 ug) 3.1 3.4 3.3
Erythromycine (15 rg) 1.4 1.5 1.4
Kanamycine (30 u8) 2.2 20 2.2
Nalidixic acid (30 #g) 2.2 2.1 25
100 »
. 80
S
o 60|
o
T 40
)
O
20

[ |

0 100 200 300
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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M2 Ry 22 54" 55 TSA broth vix]o]l HFsted 6417 A wjekst
5000 rpme.2 YA E7 3t Dulbeco s phosphate buffered saline (PBS, pH 7.2)l
HEA 2 % 33 QAAAHSY A (immersion) T 253 8FAHintramuscular
injection)oll 93 ZEAEE FAsEh AT F HATY =& A 4
st BT ¢ 0D #AE &7 938t A2 AT ODE AL
ol VIFLoE gAY AlTEEE FAHNNLY AEE AdTe 4F FY ANEE
A% TSA BiAd =23 F Ad+FE AFsidt. 4380l WA transgenic o F
£ /83 ZEAE S ddted dxFe 2L AFS AT 28030 T A3
g 15 LY AtFAfFEszd F831, 72
glsttt. 1 A3 Fig. 400 YElAT 281 2E 25 94 Hd7 s &

e o

(<]
~

ot o

i)

{127

T ANH(Fig. 41).

A 2Z2Y9E zebrafish2l

B : control(2%)

Fig. 41. Aeromonas hydrophila®l 7+ 8% zebrafishe] &5 2%
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EREES

(Epithelioma papulosum cyprini) cell& AH&-3F3ith

SHRV (snakehead

rhabdovirus) &

171
EPC cell® 22914 minimal

sty EPC

essential medium®l 10% fetal calf serum® 2 mM L-glutamine (MEM-10) E €3}

A& 3o

MEM-2% Ab$3tgith 22n 70%9) CPEE 2 v Zd¥ EPC celle $73

j=3

o HAHFx nto]gxg oA HZol FAst] W

A HEFe AT 2 2 okelel deilt

O
=X

Hlol

05 MOIZ EPC celloj

Table 7. Mortality of challenged zebrafish with virus

HAAR o

SEE

uj ool &

o

S zebrafish cell line (ZEM2)& o]&3to] thA] 547 ¥ plaque assayg A Ao

A€ 2AEIR e o | %=

Group 1 (N=6) Group 2 (N=5) Grou'p 3 (N=10) Group 4 (N=10)
Days Previously CCV Previously SHRV Previously control Injected culture
post-injection exposed to culture .
exposed for 12 days|exposed 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 ZEMZ

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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[@x}
Ay
£
2
A
BN
BN
=2
2
4
o
iy
J u
f
|
fnie]
o
oy
oX,
afft
o)
2
r a)
o
we
>
)
Ho
bt

7k AE

lo

ne

ojFel ATt uid £ AT A4 EulA Aufel oa) ARG o]FY] 2HL K5

dhe A #72A°ltKVlaming, 1975; Lee and Hanyu, 1984). 3748900 &3 27
1937'd Hooveroll 83} o]Fo Hon O F thst AES Y2 E & AdFEo
HHAn, 1995; Lee et al,, 1984). 53] 35719 &2 A4 40 ZsiA A8ste A
Frolfiot sl RN Ba Ha glon ol FFT|e} & o &3 Adfrxe] B3 AT
Eo] 3] o]FojA 1 UtH(Jeong et al, 1998; Kim and Hur, 1991). ©]gid 934z Arak
x| Boste FF7G £ ERH o2 AEE, Fo "t st 47] d2A vehde
Aoz B3 3 JiKim and Hur, 1991; Kim et al, 1993).

d
0
T
Z
e
o
2

T, dE9 Wste djatolFY ARG 2 JFE v 2N o2 1 HY o

A4S doA oA AR o3 € AAXAL ZYW3(Singley and Chavin, 1971), =4

3 dedsle R A 29 ¥ 4 o(Hur and Chang, 1999; Chang et al, 1991).

T AT AEC] 2L oFS A8 Al 27 Aol AAR AE L

Fo) B ATFo] FY3) o]FAXIL AUk )9} #A3A Milk fishe] ATIME FEF 2

o 45A8S S WA ¢ HHolAFAEZ 9IS F= AoZ Hu HA(Swanson,

1996) | 2], Paralichys olivaceus & 2 A} - xjo}e] @¥ WA (Chun and Rho, 1991), 55,

Takifugu rubripes® & 2 7 - 2jo19] AR (Go, 1993), Fulele] de] B mjxle &
2 AR 9¥(Song, 1998) 5o &HA Ut

LYyt iR FAES IX|(Paralichthys olivaceus)\t Z 3B (Sebastes
schlel) &2 AF3sta 1o FAUG FF9 G4 o] M= JoH 1 F ¢4 Agd
g %o A X FFHe we FL3 QAT k. B E, Acnthopagrus
schegeli& W AJF2A el € &9 At To| X F) o] oF 2 2-334FH
Aod 7oz JHssty fejviete] dAtdl 4-679) 4K Chyung, 1977). <] 74
+ SEANE Y7 TYst APstAU JE AAF o2 FA8IA Fx2 WelM Zd A
BA7IE o} el BEE A7 AT AFFA 3 TR Ba s A
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(Lee and Rho, 1987) £@1a52 Wold A9AA 02 423 4% 8 #5719 &
FRAMGE BET Arioln) 23} Gl A W A3 AFole) Az B 25D AHo]
o olsh Bl2o] FhS) Aol £:27} Bol B4 AVTol A% Z7HhT glon] sl F A
oA F93 FolAY YFEEs} WA 2] wis) DolA P A Fo2M BAY
of Fshsln ok weh TR 27] 4A) 44 AN 48 ABoZ S8 F2ANY %
A4 BASY LE, 9% 2 77 292 B9 2ATY 2D 45 BHT AA0)9 4
E5 el IAE Y $23 GRS FHR ZRALA o5 A3 o] A7E 5
sk

N

T

. Hols SR} AL

Ago) AHe-E 23E 680telE 2003 6¥7 I AFdga sjgzstst

FASTAILE st oy okg s] 48-S HAG F 2709 1 ton 2 +83
AT AAES FEE FE57) H8A 2709 6ton X E AHESIATE Tank 1ol= 1€ 5
dof 40 wiel9} tank Iojl= 3¥9 3¥9l 28 mlElE &4 ARSIt @42 BAHFY AFLS
550-800 go]i 742 28-31.8 cm oItk A H7EA Yol ARHI Y= FHAIRE Y
28101, A2 Urold SRS AIME A/E 7D 4 Fx29 AF) ASo] AFe] 2% A
EE FTHAALH A Age] dold o|F o B 24E A3 93 Y 139 Holg F
392 vld & (Fig. 42)% FE(Fig. 43) 2 DO(Fig. 4)E 339t

ot

25
£ 2}
@ & (L
S First spawning
E 15| (Mar.3)
3
£
g 10F
5 —O— Tank |
2
© 5t —e&— Tank I
2
0 1 ] I { 1. !
Nov. Dec. Jan. Feb. Mar. Apr. May
Date

Fig. 42. Water temperature of tank cultured in
Black seabream fish.
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First spawning
(Mar. 3)

Dissolved oxygen (ma/l)
(o] - n W s W ] ~ o3

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

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

35
First spawning
30 F (Mar. 3)
—~ 25
8
g 20 -
z
£ 15
a 10 —0— Tank |
—&— Tank 1l
5
0 Nov.  Dec. Jan. Feb. Mar, Apr. May
Date

Fig. 44. Changes of salinity in the recirculated culture
tanks.

2R AR A8 28 19-22 TE #A89 R, FF7e iy £397 F249 =
A3e Adstgon WNIAT(100 W)E o] &3t dFF7)E 15: 9L : D)ollA 12 @ 12(L -
D)7+ AA3] S7HA A K (Fig. 45).

ArghE oke o2 100 mQ Miller 7HAE e A2 E FEsidon wld 23 84
79 @& FASAT FAZ ¢ FAAdT AAGS Bt 24zt AeEe AEtda, 4
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T2 30709 ¥ A Fo AR dBH {7AE P FF7I(PI300, Mitutoyo)E ©]-8-3}]
0.001m7HA] 48t

14
‘é‘ 12F 0 eI
£ /
-] 10 First spawning
2 {Mar. 3)
g L —o— Tank |
8 —&— Tank 1!
5 ; . .
Nov. Dec. Jan. Eeb. Mar. Apr. May
Date

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

EER

BB A2 HolE tank 13} tank TN 25 38 3de] 3 Argo)
ANAHQ

A 2 3,139,1007H(tank I, 1,818,00078; tank I, 1,321,10070) R 2™, £4

T 1,546,3007(tank 1, 805,0007); tank I, 741,3007D)Ach. R/3EL tank I & tank O

A Z4z} 45.0% 9} 62.0% S.2 H 535% Atk FHB ¢AL 083-1.02 mmAL, F+7A

& 0.18-0.22 mm Rt} T AT IFI KB Ade] IYHAN FolAe AL F

=

A ev ofFo ol F4 F ohA] Aol HIUS W WEH #7239 2717 o Fo}
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Date

Fig. 46. Fertilization rate of the floating eggs during the
spawning period.

A% F29 vhge] Qe AT L S g% 29 HA) A4 e @R
oA FF 98 SFINAT EEFE 22, 23, 24, 25 2 26%°04 £ F9E 594

(surface, upper, middle, lower, bottle) & FE3td 2H vl&L 231920 2719 vtEs

Sof 7t ABTT & 10744 A8
QB Yo ALEL 2AT AT VhIAE Uol BF WreHen 25%e) Fikl
NE ZE do] 248 o] BAHAY. £ 6HolAE T BHN BF AT Ao BRS

tHTable 8).

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)
0 6 12 18 24 30 36 42 43
10%0 100 98.3+1.6° 787+65° | 69.3+89° | 547+47° | 493+15° | 427:3.1° | 34.0282° o°

W.T Salnity

15C| 20% 100 99.3+0.6° 97.3+1.5° | 933x15" | 91.0£1.0° | 87.0:20* | 75.0:36" | 81.3:06* | 787+2.1%

35% 100 96.3+4.6° 92.0+4.6° 84.3:55" | 78.0+29° | 76745 | T5.0:36" | 74340 | 733+35

10%o 100 94.3+06° 78.7+¢3.2° | 709:8.1° | 643+76° | 567+45° | 49.0+6.1° | 41.3+67° o

20C | 20%o 100 93.7+1.5° 95.3+0.6° | 90.1:21* | 84.0+2.7 | 823x40* | 79715 | 770+10° | 747+1.2°

35%0 100 98.0£1.5" 9.3:£3.0° 83.7+0.6" | 86.3x06" | 847:06° | 843t1.2" | 840+1.0° | 83.7:06°

10%o 100 97.0£2.0° 787£3.1° 70.7£55° | 60.3%7.6° | 48765 | 39.3:3.1° | 183t6.7° | 18367

25C | 20%0 100 98.3:1.2° 830£3.0° | 717+38 | 68376 | 67.7+25" | 67.7#25% | 67.7t25% | 67.7:25%

35%0 100 98,3+1.2° 943+3.1° | 90.03.1° | 850:27° | 83.3+38 | 83338 | 833#38 | 83.3:3&

88 Z337) Y8iA 15, 20 2 25T 2 34
2 AP7E AAT Fo 0|8 g3t F 9N
o] A9FE wERen 2t 4AF 7 3WETE Fol AR o] APF= 1 £ HlolHA
o) & 10070% 83ta] 43A1ZF Bt 4] Rig 9 HEES SHHAG

2% W9 15 20, 25T E% W9 10, 20, 35% oMY ol AELE 647 vt} &
3 A7 209 35% oA 83.7% HEE] Yeh & 252 2% 9 & A¥7EG
¥ AEE] YeltiTable 9). & &% 27349 A& AEEL 10%T 20% Bt
Bkl AEEC] EUTh ojHT AHAE FI 2 dEUFE AEE] #A st Aol
FEEHAT FEEE B2 A8 10% S 20% B} 5% 04 sxor 19 tE & &
FS @Yol KA F 52 259 dRA TSI £ 2] BAHJYG. =T
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20 |

0 12 24 36 48 60 72 96 120 144
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Fig. 47. Survival rates of the 1-day-old fingerling
exposed to different salinities without supply of feed.

o Holo] 4EE 37

Aol 20TAA zHz 3t & 19, 7¢48 A& A3z, 289 10,20 2 3
5% 3TAE BAsPen zZt 437 7 3 HETE T AT T Xo] 0/4AY FEF F
124)7F vht} AR 72A13b0] Foll e 24A17tetth £33 o] Hole FH-& RotiferE mé
3 oF 2007441 SmE stEel Al ¥ FEFFAT 3 F 19" AE Ho| ITH8le] dEE

(10, 20 & 35%) HEES SH3) A3l 43 + 7 2o 307HAH +8F F A8

{0

O

23 F 199 Mo o] &3t AEL S FAATHFIg. 47). 35% 1A AEEL 10%
20% 9 AESHC} FASGAT AFMNA F 24ARVAA] fojzke BEEA th(p>0.05).
24717k o] FH-E] 96X 7R FET FroAke UERETHP<0.05). 120A)12F o] F & F&lA A
olo] AEEL FH3 AP on, 14447 o]F EE FEAMY Aol BF AT AL &
A& 4 Ak
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23} 198 Xojs} 7UH Xoj9l Ho| FolA| ARE AESES ZAHT 14° Ao A

T 35% 2 WEEL 2417l F 10% 7 20% Boh §A3 A ZAsHL 748 Ao H$ 35%
o] AEEL 12712 o1F 10% T 20% Bok SASHA ZadFi e I F 2A7A ALEA
o} 72X ol ol 35%ETH 20% AEE0] RRAAT FolAe #EHA AUHp>0.05). 2¥
Z2A 10%, 20%, 35% |EANAY #- ol WELE 19" AofolM 256%, 40.0%,
389%7F Ve, 20% 014 Xole AEEE O Q7ET 7 B4 BAHAAT Q8T F
443 YA RTHP>0.05). 748 XM Ad FAA 10%, 20%, 3H% BN 27
42.2%, 34.5%. 42.2% eI, 35% 914 Aole) AEEL e dRET 7P 4 #EHUA
T FET e Ve EJATKP>0.05). Az o2 G FAA S AES 2, 199
Zole} 74" o] BTN 36A1EF 60217 AboloAe @R 9430 YA RHP<0.05),
60A17 Aol FRE AY FAAMA oL Yehtbx FRTHP>0.05).

SPUAAN AR FHFL At 2AES R AFIa o] FAUE F5 o
&g o]l HE1 oy 1 F A A AR olF 5
A AR Atk 2y FRe YA 29 EBE G dgo) v FojFe

I Sl a2y 2o S0 g W
% & 3tz YrHGaumet et al, 1995; Partridge and Jeckins, 2002).
< 8733 299 2HE T3 oAFY A% € HoldFAE BF AUt JHAHT ey
2% 23, Acanthopagrus butcheric AR T 24%004 AFol ¢ 93 B3 Hu
tH(Partridge and Jeckins, 2002). &3] sjolA MA3te o]F 2 £XAIA AnAIAA &
A} A3 AE FF87] A3 B2 olfE L E & @d AT ¢ A% B AL
Y= 9o (Gaumet et al., 1995; Han et al., 2001) 53] 5§ doAM A9 2
Acanthopagrus butcheri= @54 £X7} 753 ALE ¥31 g3 Yoi(Partridge and
Jeckins, 2002). 719} tlBo] 7180 2 4Rt e QRN ALSE o]F9] AR tisiA
A7 ARH Ut

Ll
r}o
H
o
et
He
ot
j:__l‘
m
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429 2 943 Wi AEE FE37) AM ST BT 2 2R X
< 5% Ao B3 A7 @43 JAHT I (Jeong et al, 1998). AA71 AFL F &
F7lo g w2 vehtn, dutEo g B Al olfe A4 A%
A2 aFd7)e) AR 229 Aol gt fEE AeE HuEn YItiViaming, 1975).
B FF717F 3019 A3t AP vjAle Gl Bt FE Aol A £28 12T
3oz 2Aste AR AP7 9 19T Y AdlFE A4 AHT A7 Ay Zoje 9
Aot A4 7FARRS AIE 15709 992 4 AT stk & ATelME 27
23718 AN o2 289 dEo] 49 28 F7HIA AdxAE el 2 H(1991)
o] Hu g Ao vl 1 2 wa] 4o o] Fo|Fh R
8%, 12L/12DAIA R o] s o A7) Bl 2L 20722°C <) 3UAA 547}
A ok 3MY B Ao FAHNUG 27 o & 2 Bt A4FD Yo FAE vge AT
2ot AAcrk 490] HEN F7Ftgen ojo) JdEe Az $¢ A - Fu] FE glo]
A2 YRk Y 5% 5% RT R AR AT HAHez
sto] A7} Lol A, 5% 9 2& Aol oFe] YAso] IS Fx ol YA
Ao BofshA e AL B T Uk ANSH BEF 5 25 2ol 3% IR 2 g}
o] Aarske) glo] A9 9 wx] Pe Aeg By glrH(Kefford and Nugegoda, 2005).
ol A Wl AES) Ao Belsle 528 57 e Aeld WFd ITE FA g R
< 22% % Qldk oldF AAE B3 BAEY A FRol ASA Ao AP FA gon]

=9 FFINE 282 T3 c@FEHAA Ad ARy we FEAd] s g AR A

A
lo
r
o ¢
iS)
OE

o Ho
=

4
y

[*]

¢
£
2
Y
4
rlo
&
oo
a
ja}
Ao
N
w

SIS T AEH Qo) wiFo] 790 &
o AAUT RGO WrolXn] FET] S5 olFE o

kA
s

Asuche 23 e of
repAuoz 1Y /7
g AL ADOKF, 1976). £ SFANE B53 2L RN JEE AS Ul 478 B
8 5 AT, A2 ) ol BE AYT. oldE Aoe ALY ABo2 A olRe
% AH9) otz Qo) PAHE Aoz ARAT. B Do B £9T 25 2H %%
oA ZE Fo| HEe| mE AL FAAATE T AUE FHN GRS W%l dAN F
BA4ke] FhseiTia AzkEc

T
e

£ 7MY 24 EY 93T +774L 42 083-1.02 mm, 0.18-0.22 mm ¥, ot
g Jd7xe ZAnE AmAd HE0912)E 075-090mm, 02lmm, FH (1969)=
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0.74-094mm, 0.17-0.23mm {RE%F (1980)2 089+0.02mmEZ Y13y, Kim(1970)L
0.81-0.96mm HHZA 5¥8259 o3 AL 2719 ABY d agdn ¥ Ho YA B d
Toll AoAXME 27| A" AT F7EY A7 Hew HE AdsEAM 20171 Fopd o
& Aolg Bolu 3int. oy AHE eHFEUAM 5T JYTFE Tl 93 2 2}
& Aeg Aado

ol de 2o &3 NAFE W Y 29 vy st ¥ T B3 &5}
AAHAR 2o} 518 EE AEEL ojo) 22 FFTAEL YojuA] gon £29) Eitold
FaEglel AHFE HY WM e Yehye A0 Lee et al,(1997)% Han et al,
(20009 AN B Hu 3len FEA o1FZ F LA Fole /M F& 25U 14T
A F3go]l ol £2 RS2 B3 HI JtiHan et al, 2001). £ A7 E 35% 04 AHSA]
159} 20T B} 26°CoAN 2 ulgst] 23} £x71 w2t 20T 713 F& 28489
Uehsth 423 #d3td, 35 %9 GRN 7P 2 Hehgol Yehgern, olgd d7dn
© Penaeus merguiensis ©1%2 A7 = YJehla 9lck(Zacharia and Kakati, 2004). vk
Ao BEolF &2 Aol A FEE (300-400 mosm)9l 717k AU HEEEE F33ly
(Alderdice, 1938), Y% o1FolA dul A7) AF2d7} o] Hol(Alderdice, 1988) 2 ujj )
(embryo) Wi FAIZe] EA4 (Guggion, 1980; Hwang and Hirano, 1985)7} 15t} o] AL
T Aole e & Aoy, FHTol 27 B F AFERH) 5EL 23 e Aok 1
Ay AF2EFEL v, 225 Mgy AED 29T G BARA] Fa o
HololN 57 HF¥o] Z38lA Yehdti(Alderdice, 1988). o] AL & Aol BalA7t Y
F3H&o] TS v & Sloke ojth o9 B B 4P 25T, 10TAA el Esirt
He AL 32 ¢ F 31%eH 7iAue be) 23 QFME 2L dart el thi(Lee et
al, 1997). ol FRTo| L5 o JgsithiA dalsle e ol 4FExAE 2w

2

ofuict 4R 28 Aolz sl YA} AT 2] ThE Aol B LA
AHBoeuf and Payan, 2001). Fg4 o}F2 2 222 Fold doIME 50%1} 25% 354
A olF7 AGFROE A& O £ AYE AA20(Chang, et al, 1996), o9 3
ME 13, 20, 27, 37 % 9] AJZANA AR E o1F F 13 %ol M 71 5o AEo] 2FE @
RAATHHan et al, 2001) € AFIME AY F2A 10, 20, 35%) APzANM AHSE AF
F 35 %olA &S] 7PF Eo} 71E9 A1} A O xolE RAAT AAAE] EHA
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Ato) &S dA-H+(Lee and Rho, 1987)0A H3l & 149 AlojoA] AFAI e = FAMSEIY o]

oAFeict ARY2AFH olZ ol AHE A0 AU oA FHFL AR

2

rit
o
N
ot
N
rﬂ
L
Ay
e
g

2o} WBe R 428 WF 2 bl TEe WSE At 43E
| 2ol Ao We 4% 9ol sAntziol slok Bk

LG
L
2
o
N
30
N

Ao E 377 72 4 dEsEd £HL F
€ Z2HE 4o ol T3 dd i UAHeE o] 7heE R AlREHY dvdE ¢
EAL 20T, 3% A 7HE =T EF, Aol GRE HEFE2 AY Aot gl AL
Uelt a9 tiEo] FrtEe s FRE 2U]9 AAEtd fejiuete] ¢4 A 4318 8
ot ojF g ol g3t FFUI9 2 3 dES 2YS FH E
g 471 A% ASHY A7t Jsolok dlH ol T3 AAE oF qIF FEA A%
H A& BEE 7S] ASHeE s ojof ot

=
LN
ox
it
lo
(X
T
flo
_>‘i
r2
>
e
e
a
=

(1) @219 AL wig
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A3, s Ee] Fadel R AR wel oY WIAEE o)

AF7} ol olA, o F Al Bl RR) WFATFA o) $HT Uk T YRR
o ARAEFE AAAYOE, ol F A F2F YR A4HTL 9, Aol

oFE FAHeE AW, AYEAY ¥ FETHA A7 5 WS tIEA olFoxz ¢
o Aol ARFE AT MIAEE S5 oFY IAZI 25 olEHT YE
3 Ed wdze 28 88 58 AFE 5 ¥ in vitro system TEE 9
| ly 2 | %3t e AdAHol
ot 2 dFoMe ol Re AE F 2 widzde FHe Hs) sAsgok
A, o799 MIETEE Collagenase =¥ Trypsin® 2 THHFY 47}
AbgEo] A3 Ak olH® F4e 1 B4 2% 36TAFo7] wEol o FAHE
Aol E EAEAY WE AE &40 YeEldth(Yeo and Mugiya, 1997). 227 @&
of ol wet A3t MEEAF AES} o] FoAof gt
2 AP E 7IEY oF AEuG 7IES R YA HAEe BIE
ANFAG. A ES A Soe FAAEA HAZuE 7]& S =YU3HA collagenase
g ol&3At. dX9 HAEY HS HF2FA FX
A = st FAMEole] BFAMG Zo] BHAY B5Fo] Lo)dtx E3}
Atk W B AgolNE AT FHe EAETS A4S AN BRI To
24 %3 @

p=
=
o BRAe] ARHA 2a A

N

f&oio B8] 2 =77 =232

mlm
o
+
N
30
32
o
I

Hu, BEAEAE Zeto] collagenase’t E3+
EEL 2/t o] FolAA oz 33 AF Ao AA
AT ol WS ol&3std gH 2 £AME T TAE ZuiulFe AA
Eaa=g
WA (Paralichthys olivaceus) AT SR HFIT2old AT AF
640124 g& AFE3t9 . dX = 0.01% 2-phenoxyethanolZ w3 E A7l & iy 7+
o] F& £tk TEHA Ca2+o] EFHA ¥ AFE buffer (120 mM NaCl,
MgSO47H20, 4.7 mM KCl, 1.25 mM KHzPO4 23 mM NaHCOs;, pH 7.4)E
#HFoIA St (5~8 mé/min.). = F Collagenase (0.3 mg/mé; Sigma) ¥ & 3
0.98 mg/m¢, Sigma)E EFT #F & buffer o] 2F 2087+ (65~8 mé/min.), 2
mM EDTAS #H7bste] Ca¥ € Mg & AA® #F4 buffer o] o 1083 242t #F
ST ¥F F S 100ml volA ol CaZe—free #FE buffer= 33 AU
T, 50 me] #F-& buffer WA AEIZ ZA BAAZAY 248 ZHAEE pipet

N
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o2 ¢f £ A Fof dAEE (700 rpm, 2&)F 33 wHEste] HEAAE
olgle] AF (MAAAME, 44 ME, AT AH F AP F)E AA}AEG.

Z+A £ positive-charge® 33k 250 m¢ T/C Z223 (Falcon)oll 2x10-67)&
Yol wjgalget vldol= 0.2 uM Bovine insulin (Sigma), Streptomycin (100 gg/me),
Penicillin (70 pg/m¢), @ NaHCO3 (23 mM)E 7}t Willlam’'s medium (Life
Technol. Inc.)& °l&8 At THAEE widd 20 E FH7lsto] wigFstdoh. Abd u)
Fe 397 dotn, wigAL 39 Ao wEAsAh MIGAEY Y& HAE T
¥ ¥ 003% EDTAE X3 A4Buffer (137 mM NaCl, 268 mM KCl, 8.09 mM
NaHPOy, 147 mM KHPO)E H713) ATAA MiFPAEFE AT 3 494
€ 0.05% crystal violete} E&® 0.1M citric acid® 2417 B¢ #egx, & 5+
Thomas E7AILHRE o] &std FAHSAUT. 2 23, G219 A EE collagenaseol
ojs) & mie] F 85x108719 TAEZ B EHJLoH, 3“34 REELE 0% oldoz
LEbst T

g vlGAE ] Al 397t AR GS F& T/C k3o WA &4t
go] 2tk 7 T wde A& wa 7~107 AR e Axdgoldr A
A e & dojuz FEHA dFo 2 AT

gy, A7lelA A3 William's medium$ F7FSHA] g3 dutd oz gol
o] & =& Leibovitz-15 medium$ A& A& A Fole, AAAL G ] A2 7F
s o, William’s mediumell B3] AEe] @353 AL i =X AL
2 JEigt =3 AEoA AAEHE AA giFde] & g F 1094 ST A
7} oF 18%= William’s mediume AHg3te wigs AA7 =& Ao el

AXe] AEETH dFEN A gy o= AR HAN Fg239 TFH
d WIFHNE 2 Hojs etk B ATNAN F2 AEF  Falconite
positive-chargeE ¥ Zel2za7l B} A E AT E HAEF A= vyt 9
FT o2 AlEE TPPALY ZetadoAlE AlXe Fito] v ol Z#E UE
Wk olgg A3z HYoiFe M T wjdel = positive-charge®E & Zetxa

o WPFHARLEE EASI] At 15T~30TY FAA 251
o2 777 AAe]l YL Ntk AR BHL PTALFY wEe T
o o] ol A n.
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15~30C9 7428 AT iz Wit DAEe) BE&S e
9] M} HAEE 275CHA F F 49 F 8Yel 22 149% 2 17.9%
o 7V & AESEES JEHUAY 2, 20~275TCd A 9 s A =
atolz GERA ggtth. 175Co oA A&l 7 2 275C A¥Fo) »
FAsHA $e AELS YERNJTHPL0.05). 53], 15C 9 AN e ulg £ 49 2
8Ll 747} 396% R 47.6%% FZH3 AE&ol Ao, AE AL goN=E
A EwFlA deEldE e AE gojE dAEX £IA
ol Foll olNg TAE wiFe WHo], FANFAE Pz o]Folx go
Y(Peyon et al., 1993; Yeo, 1998), EfF-of vla] AlEo] & 2 A o] nlF3
Hol gtk 53, slAdoFol A AR wide BF AFE AR 4
e 2 T oet A4 873, 53 HAF2] 2 TAENG ol&FHE &
(collagenase)®] 2+8-3 M| Eo] Ag 2z Aol ALA ] o]Folxjof Fr} B A+
e 15CT~30TY HedAA FHHNEE g AF, 275C 7M=& &S Y
PRt (Fig. 48). Bi¥ ZHAIEY AEEE 175Colstol A FE3] Dol ALS
GEtAoh @ukrd oz YA A 28 11T~23CTE ¢34 Jenz VIGY
AL A% AR uiYg ARBEEE 275T ASEH 7% AolE veuyA &L
20C~25TCY HS7t AHEge Aoz A
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Fig. 34. Effect of temperature on the survival rate
in primary culture of oliver flounder hepatocytes for
8 days.
(mean+SE) percentage of five experiments.
P< 0.01 for 275C.

Vertical bars

(2) @219 v FAE] A vfF

represent

the

average

gale) v AEe Wi a3 22 eME EFS AAsAT. 9A, 9%

A X E PBS (KH2PO3 0.82g, NaZHPO4(12H20) 341g, NaCl 7.01g, NaN3 1g / 14)Z

33 A3t

7Hlz Z2A A9

23y, Bdd bAAMAEE AzE AFHF F
positive-chargeE &3k 250 m¢ T/C E&&= (Falcon)dl 2x10-671& 4

s Fat At

Bf ¢l 2 minimum essential medium(MEM, pH 7.2~74)& A}&3stgth. MEM &
fetal bovine serum(FBS), streptomycin (100 pg/ml), penicillin (70 pg/me), 2 NaHCO3
(15%)& H7lstd AFES st WYX+ 24CE 9oy, vld 109 F9 AE
£ 0.1M EDTAZ 7bgA A& 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)& 1~283F A2
F ARSA AASAT. 2 3 obAl 1ml2} Versen-Trypsin £ 4-& H7lslo] 4~68
b A2 st AEE EYste] A2 MEME 2ml 3718t AFAA HNEE 973
BEHAZ 3 ATE A A¢ F 2x10-6MY AE7 HEES 238ke] thA] by
e Aok wEdY sFAle ofw Bl MEFE o 113% FUHEE Aoz
Bhgh ol 43 & &g wEetel Aguge 2Asm Aok

(¢]

(3) o179 cell line &%

HZAEe] AgERS 84S o8 248 94 Bl vE I

So] of 1L7H) ol L FHoE yeh AXY v HAE o&d ®EYst Bo
A Ao g BIHYT MELEE 24TE e, oig 104 F9 AZE o
% Az AERT HE 125%2 77 vElgth AdguSd wgAEe] Frte
drH e Aiuie] o]FAAL Y= AEF B FHol =2 HAoE YEHH.
g3, FAEAM BidE GRFe] wre B3] A JYEET. F, in vitro®] ¥
FAEE 32 ZAol in vivod] Blst tds] ¥ Hog AT

THAREY WE T WELSL SHREAY AL Aoz 823%E YEHUA
. DMSO9| 15%7F 7H¢ 2 51.3%E Yoy, 10% A7Hrek F3 Aols
e A &skth 5% HobT e M ¥e BEEE YEh A (Fig. 49).

(XAHAQA BAREAZ 2 AAALd HF REI} SE5FETA AYF 37
TEFATA AT 4olMe 4 BEEC] F 325% F 30%9 ZFAE UEhdo]
-80TC BE 43FEG 2 4ELS Yt ol d 232 Ed2 FHREY
BANH I wE QYELY WHIE AR 1 2 SE£FEYES ol & LY
R FEEFEAYE o ET RN BAHY A BE AEE ¥IE A9 Ue
Aoz yebol(Fig. 50, 5D).
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25 pte)4 WA B 50 kel E AEe APe] Ahgstach AuEE 2

7247t MEe AoAol W1 ALY B ARE LE 2312 T, AUGE 5045 %,
7] 3% 10~12 3l/hr, ZHAZ 12 hr, 2% 150~300 Lux® 4

AEgith AR 4EFES DRABHINEFHANE, B ASESE AF A

HAA

{6
oxl
it}
oift
1]
i
2
X

>,

oflt

10, 100, ¥ 1000 mge F 3 AX " (Table 10), € A4F FTETAA A3 AT

Aol A  BEAZ gz AZ TEE oOidk AU GFALE HAESTA
Sprague-Dawley F=E oz FASHAIES AHAlstdt dx
|22 1 mg/kgB Tt 1000819 1,000mg/kgs HATFFo43 T 797 #EAI A3 Algolu

Az 2 9Py 5& A3 24

&
a4
22
lo
&
ok
m
N
N
JQ.L'
o
r )
(3
2
X
1
2
B
-+
2

Mgl frol@ F4e wAskA Takdch olHe

Table 10. Experimental design for acute oral toxicity study of flounder
growth hormone (FGH)

No. of Animals
Grou Dose
roup (mg/kg) Male Female
Control - 5 5
FGH1 (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 05 0/5 - -

Table 12. Changes of body weights in SD rats

'No abnormality was detected

administered orally with FGH'

Sex Davsafter oo FGHI FGHZ 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 1581 155.2 161.1
. S. D. +0.58 +1.03 +0.68 +0.52 +0.99
N 5 5 5 5 5
Mean 139.2 141.1 1434 143.7 142.7
0 S. D. +0.21 +052 +0.79 +0.29 +1.05
N 5 5 5 5 5
M Mean 138.3 1903 198.8 1839.8 195.4
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
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Table 13. Gross findings of necropsy in SD rats administered orally

with FGH

Dose Male Female

Group

(mg/ke) NO' NGF¥ NO  NGF

FGH1 1 5 5 5 5
FGH2 10 5 5 5 5
FGH3 100 5 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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ofofl 2] 7=

2.

- FodAolF 5F(AFE, T, FHutel, &5, AvEDLERE Insulin-like growth factor
(IGF-1)9] Z83 RS-

- Zebrafish2%-E] WHA T transferrin®} thioredoxin (natural killer cell enhancement factor)
cDNA #RAAE Bsigden FoUdoF 5T (T4, =IEFH, =F, Hvukg, AFH)Y
transferrin internal sequence §H& @

- WETIES ¥ promotor2A @R, FE, EF, Hute, Aute, 54019 6522 FH Bractin
#4219} zebrafish® thioredoxin promotor #3893

- AFA B F 1019 FE/RAAE BYse A2 Yot 5749 transferrin internal

N

o

- AT dgolFe AzY 4F2E wuI YUHAL,
ol
AA

- YIRS olg3ta ol4uE e 2RPYS 2ASAL.

- ATAAIRY AZ AT e FYHYL.

- AZYYFEEBY FOZAY FAYS AFHYS.

7l =

A AR HAAE B, B BN ol FAE o8 of
79 SERY ohye FAIRE Yoz @ BTN A 28T 7 e A
o2 A7
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M5 & datferddte] EE8A

o HeH B
rod $AAE o1§F AR 4% BA 7Y T
oJFe WM #HA AT B4
A AT DAl Yk ATAS} TEATE TN LEES 5 AR

o A BEAY
A4 23 242 99 B35 A7 WA Yol AZF HFB2EY Y
q ol gel @ A¥ue AEo| ¢ Aoz AL of A B olFe UAR A
o glold 2 WY P Ao A,

¥

FB B8
o) TR threl HAA Re% QrINde Fug HFRoY o BEH
Foll A AA ol8d & 7] W] FHHOE ARE

FJ
J{o

Aol B1F AS BE A
TESE H71E ool 44 BekA Sl 5929 AY(A, BF, Huka), 2
uhel, 4o AUzZEEe FAADFD Yot ol F ANME Fe BFATI} Qo

oksto] 3 Foll UE.
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Safety Evaluation of Transgenic Tilapia with Accelerated Growth
237 A3 dalylole] tAA Hut

4 AAYoE FoW AR 2179 AFE BE & YA AT oIE
YA 227 ATE AT 47 AL Holw FNIA YBYS FolFE F
e PFoz UTHT Ytk ATol YN YRS Legol AFL wEou
AA FARAA oF AFEL 7197 A ARYFeE JEFARAYTH BAHA I
Fol o BrHE 27SHAT W) MY Desols FAR) PEAL A5
27 WAL IS Boher) Astel LA YT olst ok Ysolst I

A% Yeklote kY o el
3 d2F oFs vmAA $RHE S e 4F 43 B ¥3
A9 Leslole] YAE2Ro) AFS AYH GFFA FoHAL A AEFAQ
€]
=

71ee #EEA God digy, A3 AYAE ddez JEAS

A3 HEe AL oW FFE BFHA @YYk oY FHE FAFAA
YA 2eulold 71¢ A9l BAHA GFo| glon Algoel HAHY Dtuo}
J HFEEL 26T ATE FAHAE FAL FA dece AL ouwc
JHS Ao FANP Lekdols] FYH &uE AAste Zoz AR Wt
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A SUEE AAAL qARe AEHA Wz Ao 4% FF o 19 E

of =¢3ld 2™ (Beddington 1995). ol&= 44 & T3l FAE Ao ZE Hok
atE AL 9ustn Ut WY HEFE vl FAFEY Fod AL z2A

& de 7HeAH S AA S lth(de la Fuente 1998). o1& £49, AZIZE FAA
E S=YUstE A4S AT AEE ofF ASS MY # due ot Hew and
Gong 1992; Maclean and Rahman 1994; de la Fuente et al. 1995, 1996; de la Fuente
1998). getglote MAA ZAxdAM AR we F 05} To= FutdMe dFolF
el 70% oS AA L YTk o] ofFE A AdHE Z71A FA 250
gtA A < 67190 28 FHM(Tave 1993) QA A% §F T2 3¢S %
HolAlFd F4&S JYeEFHATHOIdort et al. 1989, Sa’nchez et al. 1994; Marti'nez
et al. 1996). @WetA, AAEZHE AT o5 AAFEY FAA £ dds] Fasich
JAAE O. homorum &% "dedole A3+ cytomegalovirus (CMV)e] &R 74 =}

Yoimols] 4% 2E DNA 283 SV vholzizsl Zelobuld ol
ste] e WE F ALEEY WESHTH(Martinez et al. 1996). HAE 7 s}
FHol FHAAZ o7 AFES FHs=H ALE
HAth o] £ FHAE Fl, F2, F3 2832 F4 A7x] AdFAgdoz & A
Aoy ols £F Axoz YA AP o2 EYHYTtE AL Y
th(de la Fuente et al. 1996, Guille'n et al. 1996, Marti'nez et al. 1996). 2o} A
B2 BHLE F13 F2 Alde AR o7 A4, 7, ¥, 221 ISHAX
NA okstAl B E Y H(Marti'nez et al. 1996; Herna'ndez et al. 1997). €&tgjo} 4%
5289 gd Lol BEHA vAE FTE ZASHY] At Fl13 F2 Al |32
g o7 AFES =T AWEH v, FASGAT. S 2N 471 E F1 3
A% o7 189l et gz AwjF 200 E gdeR v&d 4 XA 5744
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Evaluation of Consumption of Transgenic Tilapia by Human Healthy Volunteers
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A A=A

oMol AT A2 EL A=A HRTF HAJAALE AXEA A F
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Cheng and Chen 1995). wt® 5
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