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g Aol

kA B A= gt LMOS] b v e] dgtow A2y
AREET A AAZRoRE F£3 “Ysi E zebrafishe o] &3]
LMO #H7lRdl Agojo] stz 74 LMO< 274 984 " H7te

=
% Su 9 ole HAT AY QY AL BAow s At

D AR Al 3 EA 8 EH)
- AlEeby o] A= 285T M B 14417, o 10A17Ee] ok d
S E& FAEATY. FAH TS Ringer's solution (116 mM NaCl,
2.9 mM KCI, 1.8 mM CaCly, 5 mM HEPES, pH 7.2)2.2 4 o
Petri-dishell A 7191 om™, R4} FAn S S A=
#z2 sgx Hed uAE FAHAFLS AZF (hpf;  hours
postfertilization at 28.5C) 2 FE| g2 EA 5ol e} A3}
4% paraformaldehyde/PBS %= 3173}t
a8 3 FAAS o] F = A %E7] 93 DNA microinjections
A S M E7 e FAGES 1.2% agar plateo] ZAA 7 =
injection maniuplatorel AZA =] U= needleo] F2e] =HA cell
S F3A 3 F picopumpell o3 A7~ FE o & transgene
S FYAZY. ol transgenes 0.1% phenol red and 0.1M KCl

I A Aol ARE-FhT

- Ampli-Tag Gold polymerase (Perkin-Elmer, CA), zZtzte] +x=}¢]

o]

ORFE ¥3%3}+= Forward primer, Reverse primer (GenoTech,
KOREA), pGEM-T easy vector (Promega, USA), T, DNA ligase
(Prpmega, USA), 24hr zebrafish cDNA, Wizard*Plus Minipreps DNA
Purification Systems Kit. (Promega, WI), QIAEX®I Gel extraction Kkit.
(QIAGEN, GERMANY), pCS2+ vector, pCS2+ GFP vector, &3& w7



(Nikon ECLIPSE TE-2000U), AA@dw"7d (Leica S6E), Pneumatic
PicoPump, Injection manipulator, Z&47}2~ EcoRI Enzyme (Bioneer,
KOREA), Spectrophotometer, Cuvette, UV transilluminator, Alkaline
lysis solution I [ 50 mM glucose, 10 mM EDTA (pH &80), 25 mM
Tris-Cl (pH 8.0)], Akaline lysis solution II [0.2 N NaOH, 1% SDS],
Alkaline lysis solution I [5 M potassium acetate 60 ml, glacial acetic

acid 11.5ml, D.W 285 ml]

2) A F2d AlxH
- NCBI database®} Ensembl database, TIGRE ©]

24 FARE AARI, olF BE el FAHE A5 9
o

o ol
ol
2
0
N

&l thlastx, clustalW, protein domain 72 98] Pfam< 433
. F2Y 3 FA4AE zebrafish cDNA library S ©]-83}¢] #g
37] Y3l FastPCR¥ primer3 siteE o] &3t F2Y 3 G472
o] primerE A #gttl. o] 2 pGEM T-easy vector o] 24

H7IMEdS 24T

3) zebrafish cDNA library =
- zebrafish ¢+ o8 &S WulAlA FHFE I535H0
= ou) A GA Y AT A total RNAE 283k lug
WS o] total RNAE template® 3+ RT-PCR (Reverse-

]_

By
ofr

e

of o

=
==

ol

transcriptase polymerase chain reaction)S 3 38}9] first-strand

cDNAE A3t

2. % W

(1) zebrafish Melanin Concentrating Hormone 3 x}

1) NCBI and zfin database°l| ] MCH -+ =} 7144

- zfin (http://zfish.wustl.edu/)¥} NCBI databaseZ ©|-&3te] MCH
FAAES A3 A3 pratial2 A48 EST clone (fj41b12.y1
+ fj41bl2.x1r +fj37c10.yl)e Mt a, o] & o] &3t 375bpe]




MCH 429 full length ¢cDNA®] sequenceE &g 3ht}.

ot

2) MCH % %¢] ORFE 2% 3} Primer A%t
- FastPCR program¥} primer3 (http://frodo.wi.mit.edu/) web siteE
o] g3to] FHA o g8 Hol= MCH 2 A9 forward primer
5'-CAAGACAGGAAACAGCAGCCAAACC ¢} reverse primer
5 -CCATGTCTTCCCAGAAGTCCTACACE Al =#sl it

3) %€ cDNAZHFEH PCR7IAE ©]&% MCH F+d4 %
- A Z¥ primer®} zebrafish adult brain cDNAE template® 3} <]
forward, reverse primer (5 pM) Z+7+S 25 w0 ¥, 10X PCR
bufferE 2.5 wl, 5X Qual-up bufferE 5 g, 10 mM dNTP 1 wl,
template 1 x¢, Ampli-Taqg Gold polymerase 0.25 pl, D.W 10.25
e 2ol TFE 25 W= sty PCRe +33tdth PCR 272
5T A 12559t predenaturations 3}il, denaturation 94C 30

%, annealing 55C 30%, extension 72C 1min 34cycle® 3}¢]
PCRE 3315t

4) TA-vectorell S3%¥ MCH 37 224
- PCR®Z %% MCH %A product® pGEM-T easy vector
(Promega, USA)°l| subcloning 3t7] 938 &=L 20 W= 3o
PCRZ A3 productE 1 w, pGEM-T easy vectorE 05
10X ligation buffer 2 0, T4 DNA ligaseES 0.5 ul, DW= 165 1
Hol 20 wWE WrETY . 9] ligation mixtureE 4ToA 1283 &
s =
- TA vectord] PCR productE ligation$t mixtureE transformation
sto}, WA DH5atl = strain®] competent cell 100 x03} ligation
mixture 1 plE 412 F, Ao 3023 Y=k 29 FHof 42T
gzazd d54s 1% 0% ¢t Fi, oAl Aol 281 ¢

=t} of7)o] AA LBE 1 mlE i, 37C vjk7)o] 1A 7F ¢t



[e)

jur)
==

O

3 & X-gal plate (LB, ampicillin)oll =&38]A 37ColA 7]

Mo
+

- X-gal plating (LB, ampicillin)¥ Ao A =& 2}7}F9] colony s
g A9 colonydtH = LB HA v A +Ampicillin (100 pg/ml)o] £9]
A= 50 ml tubeo] HIFITTE o]E 37T FEE|LE7IA Y
12-16hrHf gkt
- Wizard®Plus Minipreps DNA Purification Systems KitZ ©]&3}o]
plasmid DNAES &g 3t} 12413 8jde EcoliEs 15 ml tubeol
Hal 12,000rpmell A 225t A Ed st AFAS Wil cell
resuspention solutions 2000 % il vortexdlil, cell lysis solution
= 200 pe Ha 7PEA EEolTTh A2olA H5E =
neutralization solutione 200 Ha 4TolA 168 &
12,000rpmell A 1523t 1 2elatal &5 & resindt &7 3713}
o] DNAE Zedit} o]Fo] 70% ethanolZ AojF=31, HvHd 15
ml tubedl %7 TEZ 50 pl Y A2dM 2BAE= Fi1
12,000rpmell Al 30x3F  dAZe g #2138 plasmid DNAE
spectrophotometer (260nm)E ©]-&38}o] A3t} Aol FE &l
st7] 918l EcoR I Digestiondtth. plasmid DNA 2 u, EcoR1
enzyme (Bioneer) 1 wl, 10X EcoRI buffer 1 ul, DW 6 wE 4
of FHE 10 oz 3t 37T oAl 2413 &< dgA ) 0.7%
(0.8-10kb)¢] agarose gelel A7) E3sle] e},

5) DNA sequencerZ o] &3 MCH 422 @744 £A4
- AFl¥ DNAS] WaFd S &2lgk 5, GenoTech
(http://www.genotech.co.kr/) o] Q7| EEAS o3t} dojx
DNA 7149 #4235 Ed=2 JHJE $3  Genebank
database (http://www.ncbi.nlm.nih.gov/BLAST) &S 2 A3}

SAbR oAl 4D e GBS Bl o5 fA14

= Al A ET



6) in vitro transcriptions &3t antisense mRNA 34
- zebrafish ZAujol A MCH 3 #Fe] &3l S &<lstr] 9l
pCS2+ vector?l cloning® MCH A AS BamH [ 2% digestion
3l % phenol:ichloroform® & A #| %t} o] linear form< template
2 o] &3] T7 polymerase®t 10Xdig-UTP mixtureE ©]83Fo] 24
&9 37T A incubationdl®] MCH antisense mRNAE 3/ s}
t}.

o

32

7) Whole mount in situ hybridization <=2}
- ol MR FHA Fde] WslE 1Y 913 mRNAE #83 29
7F §lo] A e BAE o] g3ly] wiol %=

HAAA A BE e HEo] 7Hed ®

—

WA A7

O+

o]t}

- fixation

dste= HA Aol B 89S microtubedl Hol E& Al A g
% 4% paraformaldehydeS 500 wWE Yol 4TCoA 12A17F o]+
DA, 24X He= &S §9 (chorion)S "lg] AAZ 3
wmH 7 HALEE st nAGA Y. §Hol AAH embryoES
PBTw® 5%%F 5% A3 100% methanol® F W A& ZolE &
methanols o] -20Tel] 30 ©]% X gt Methanols # & s}
A A7 Ae] Tk st

- Proteinase K *] 2] ¢} hybridization

Methanole] E.3#¥ embryos<S 75%, 50%, 25% MeOH/PBTwol
A zbzE SR AR o w AolEth PBTw® 5&3F + ¥ Aol
% 24A17F embyo©l proteinase K (10 pg /mé PBTw)E 500 =
J3 oA 8% Frh 1Y ¥ 4% paraformaldehydeS 500 0
A W Zopsal AolA 2083 Evh PBTw® 527 58 A
of F=d oW, embryo’t HFAAT] HAFERE  FoF
Hybridization solution (50% formamide, 20x SSC, 0.1%
Tween-20, 5 mg/ml torula RNA, 50 pg/ml Heparin)< 200 @S 4

I, 70C, 1AZF prehybridizatione A7l 3 probe 1 w<& 4



T0ColA 1243F 452

- Probe washing

Probe7t & &9& AAST T 75%, 50%, 25% hybridization
solutoin (50% formamide, 20x SSC, 0.1% Tween-20)/2x SSCTw
g or 742y 0CHHE FAst 108 Aoz Zole: F
2xSSCTw= 3 ¥ v Zolet., 29 & 02x SSCTw=E 30+
HAo g F W Zol5o] hybridE 3FA %3F probeE Al A S| U
PBTw= 5:7F 3H A2 § &4 517t Fo

- Blocking®} anti-DIG A& o]&3F F1A &HF 9] A}

5% bovine serum 200 wlE 4
o ApdAlZItE, 1¥ F 5% bovine serum 300 03} 10008] 3
A1 anti-DIG-AP Fab (150 u/200 ¢, Enzo)E 300 wS& 41
o embryos Wil A2oA 4A7FEQ HESAIZITE Aol A
PBTw=Z 103t 61, 3027 39, W2 petri dishZ &4 1A+ &
oF AojErh, thA] AlEL  microtube® %7 PBTE AU}
NTMT buffer (0.1 M Tris-Cl pH 95 50 mM MgCl, 0.1 M
NaCl, 0.1% Tween-20)%2 5&3F 3H Ao+ oo &4 712l
NBT solution (Boehringer Mannheim) 400 @< Y1 342 75
T AEolA 3ATE ol dAnA o R wEsEA Mg Ao
29 embryoE<  PBTZ  5&7F 3 AL =
paraformaldehyde® 3174 3lt},

K
o
rlo
=2
>
w
>,
L
off
r (3
otk
__)fl_v“
rE
oo
2

oo %

]

Q) el wlEgl % MCH transgenic zebrafish #| 2t

- dguE el pCS2+9F MCHE TA vectorel] subclonig?d pGEM-T
easy vectorol: EcoR [olg}:= EF2Y AlolEVL  EA&7]d F
Mol WMEE EcoRIS®E A2t WA pGEM-T  easy
vector:-MCH (145 ng/ul)= DNA sample 4 @0, EcoR I enzyme 2

W, 5X EcoR I buffer 4 pl, DW 10 wlE o] T 20 W=,
pCS2+(480 ng/ul)+= vector 2 ul, EcoR I enzyme 1 ul, 5X EcoR
Ibuffer 2 W, DW 5 W& 2ol THFS 10 W= 3o 37Tl A



incubatoroll A 2A] 7+&QF HE
- MCH “~

EcoR12.2 A& pGEM-T easy vectorMCHZ A 7] %5314
UV transilluminatoroll A 71323k 2= °F 500bp (MCH size)ll
- MEE ek duE 15 ml tube B3, FAE SAST. 19
Ho] QIAEX®I Gel extraction kit. (QIAGEN, Germany)E A&
sto] A&t HA gelo]l QX I buffer 3 volumes ¥ i, 1 th&
o7 bead’} E°]UE QIAEXI solutiong vortex3d ¥ 10 W=
43 1252t vortexdth o] AJEE 50C &gl 10-202 5
F WhS- AlZIt) olw QIAEXT O 913+ bead®t DNAZF & 24
etst7] fl&l 28vich 7R A A= o] AlREE 12,000rpmell A 30
23 AT F e e pipettes AHSSt] 2AHSHA H
2]a, oAl QX I bufferE 500 ul9 L, vortex?d ¥ 12,000rpmeol A
0xEd AMFEgste] Aeds A2HA WG (o] @A+

agarose contaminants& A Ask= @AOlTh). I ThRo R AR

oo

A7,

s

Tol2lE salt contaminantsE A A7 fE ogtgo] Eodde
PE bufferE 500 pl9 3, 12,000rpmol A 30x &<t YA &5t 4
THE WG o WA= @ o Fddo W FH g2 ddA
pellete] Mol = uj7lx] °F10-15FF<¢tET} Beado]l Eojd+=
DNAE £323t7] ¢3] Elution buffer (10mM Tris-Cl, pH 85) &
SHTFE 20 W Ea vortexd &, oA 5EFS w9
A2 5 12000rpmel A 30x 59 YAAEE s & s HE Al tube
2 &7t} Gel extraction 3 MCH DNAZE A #Fst7] 98] 1/100=
3]A13lo] spectrophotometerZS ©] 83t A &3k},
- 2E HE (pCS2+) A A
pCS2+ WEZ EcoR 1 digestion 3+ & 1 & 1 WS #7195 A
2 AReA gz Bluste] Zlgt o] Ag (9 )l
DW 11 uE Wi 65T oA 16w2es €<= 718y
restriction enzyme® &4 glefla, CIAP (Calf Intestinal

Alkaline phosphatase) enzyme 0.5 f, 10X CIAP buffer 3 b,

r1r

il

o

2
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DW 65 pt & 93 A% vortexst ¥ 7hepekd] 37ColA 3
Qb Wk AIZITE 7)o (30 wt) TEE 120 wt #H7Fek $ 4T w
#= o] 9l phenol/chloroform (pH 8.0)= 150 ul (F3F)EL 2%
FoF vortexdte] 12,000rpmol A 10E-5<F A4 Eg 3} o] 1A
oANA AlFmoll FFol AV=H e ds (°F 140 wBE) WA A
tubeo] Y=t} 7] chroloform 140 (& =H)E Y1 A 285
o} vortex3 ¥ 12,000rpmell A 1085t A Eg] 3}, of 7)ol A
% tubedl &Ho] F Foz FHEH Fed (130 w)ES A
tubeZ 7t 29 Y5 FFE 500 w0 (k)Z AslA 3 M
sodium acetateE 50 W 92 YA 320 5 100% ethanolz 4
=t o] AlEE 70T A 30wt FAT7E YdAAEE 7|2 4Tel
A 12,000rpm e & 1575t &2 st 2A2~H A pipette o =
AzdS A AG 3 70% ethanolS 500 ! (k AT TH)Ea
vortex3Ft & QAR Z 4ToA 12,000rpmeE 5% JAE
gl o dede pipettec® ZASHA AAZL F AFolA
10-158%¢t F11, TE 10 wE ¥ i1 vortexste] = & A% o
A o ol2A AAF pCS2+  vector (linear form)E
S ol&sto] A=
- A#3 pCS2+ vectort MCHe =5 7tz 1 : 19 H[&=2 319
ligationgtt}. pCS2+ vector (95 ng/ul) 1 WS MCH (56 ng/ul) 2
W E 21 ligase enzyme 1 ul, 2X ligase buffer 10 pl (o]AF
Promega), DW 6 wlE 9oA g2 A 3-4A17F&s<t £

A

o

=

spectrophotometer=

- pCS2+ vectore]l MCHZE ligation$t mixtureE transformationdtt}.

- MCH7F A€ ZdwgE &<213t7] $13ll Transformationd] Al A2
colony & 16715 LB™" ujA|eo] Z=slo] 37T vjg7]olA 12-16
A ZF =oF wjekstty, =wsk zbzbe] colony & H“JHE 1.5 ml tube
o] ¥ &3t} of7]o] DWE 30 wf ¥ dgAIZl & 4T B
#xo] 9= phenol/chloroform (pH 80)& 30 w (T#E)4Ex
vortex &Fe] 12,000rpmo Al 10%5<t YAl &ttt 22 Al ol 4
SAS 10 ¥ WA A7)gdF3eh olul pCS2+ vector (circular

!

_11_



form)& & o2 o] A7) F 3},
- Phenol crackingdlel MCH7} vectort] Ai® A 55 g} Hhak
g2l35}7] 93 vectoro &AjsF= SP6, T7 promotero] Z}z}
st SP6, T7 primeret MCHW | £A3}+= reverse primers
3to] colony PCRE F33ttt . 3709 ABE oA AR Fo]A
PCR tube®] ®HWo| &3], Z2+712] A& vt} reverse primer®] SP6
primer®} T7 primerE 22} 2 w0 Y3, 10 mM dNTP 2 i, 10X
PCR buffer 2 wl, Tag polymerase 0.2 g¢ (1 unit), DW 115 =
HolA TS 20 = o] PCRE 3 gttt
Aoz o7k pCS2+ MCH Al5E 100 mle] LB7} 9+ 4t
Z+Z gt~ A0 ampicillin 50 ﬂg/mﬁE Y1 HF3o o]FE 37C Wi F
71ol A 12-16hrs <t wjFgttt. wigst Al5& 50 ml tubeol H-
S ARV E A2oA 3000rpmo®E 10EE<t A sk}
1 s ASdAe Al ASL Alkaline lysis solution I [ 50 mM
glucose, 10 mM EDTA (pH 8.0), 25 mM Tris-Cl (pH 8.0)]& 5
ml %3l vortexste] o7] Oﬂ Alkaline lysis solution I [0.2 N
NaOH, 1% SDS]E 5 ml % Zh A &5k 5 Ad2elA 5&F<t
Fo. 2o % Alkaline lysis solution I [5 M potassium acetate
60 ml, glacial acetic acid 11.5 ml, DW 285 ml]l& 75 ml Y1, &
e J AR IR 4TCA 3000rpm e ® 20%F e AR 5

a1 A5daSs A=ZE ZejA]  ultra  centrifuge tubeo] YL

i
ox
o

—

)

i

H
g

|
[eZ0

’

5
isopropanol 15 ml (5 %)& Y3, vortex$® AoA 10%&5<t
ok o] AIEE 4TCelA 8000rpmo 2 2045k A4l 3
NS A A 70% ethanolZ Mol F oS | A3 )
TEE 1 ml® 923 vortexd ¥ o7]o] 5 M LiCl 1 ml¥ il vortex
3]-04 4Col 5&59 Tt} o] AlEE 4TAA 3,000rpme= 10% %

AAREE 3 F ATAS 490 w0 8709 1.5 ml tubed] 7o
%%D}. o] 7] ol isopropanol 490 % Hil, oA 10E5<t w1t
ATNA 3,000rpme = 105 diite] & & dsds AAz
Al&m ol 70% ethanol 1 mlZ vortexste] A& & 4ToA 3,000rpm

M

f

)\o]— =

(e

o
o ™

7

=2
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o2 5t dAEgste] dede AAgY. TE 125 wH g,
vortexslte] 5 B9 15 ml tube® &X1th o]7]e] RNase A (20
ug/mhE 2 WA 9L 5 37C d2FFol A 45-60%7F ¥Hg-A| 71t}
TEE 450 w® Hol F%F& 500 pl® 3stof 4T RaHo e
phenol:chloroform (pH 8.0) 500 uf (&#)E ¥, 1#-5<9F vortexd}
ol 13,200rpmell A 22F¢r AAZHdH. Fsds 2T
chloroform 480 @ (T %)E ¥ i, 1% 5<t vortexste] 12,000rpmeoll
Al 2dEet ARt s (450 WS Al tube®E & X1t o
71°l 0.3 M sodium acetate ¥ 100% ethanols 450 WS Yol 4+
A 1025¢ = o] AlEE 12,000rpmoll A 1025 YA &
25t FedS AAZ T 70% ethanol A F AF-2oA HAZRA
Z= o] 7] o TEZ g A7|dEow glol sl
spectrophotometerE ©]83 DNAES A =3t}
- AAE pCS2+MCHS} pCS2+GFPE 747} 3 11 o] Hl& =& oA o
5 UA] phenol red (0.2 M KCDHe} 1 : 12 44 DNAFEE 100
ng/03Fe] zebrafish embryo 1-cell stage®] microinjection %+t}.

9) ¢+ A el MCH transgenic zebrafish line 73
- 10721 & AFSE 4 & 25 liter ool MCH %3
zebrafishe ©¢F 378zt AA7F 2 wi7bA 7194, Z24s wild
type? WAE A|AA F1 AAE 4, o5 SA MirxE A
w7 8}011*1 #EGY. #2E Fls
Hoo]E9o HwmA el founder fish Fo MCH %=}
] =

el
=
i
i
N
NS
&

& SL e} L
S0 AnEe S0 A )

10) heat shock promoter& ©]83F transient expression vector 7%
- PJAAZ =S JNEEy] fst A= #‘4‘513 Al =gl o] Fljkol] oFA]

SAT A7l oo mEt i Tde 7R e E454

_13_



-

=

X2 % ¥ (hsp, heat shock promoter) & ©]&3}o] A
MCH #F+3dA2 A2 BUHY A|2=dS J)ds)
O 40TCAAM €545 W WdS 3Fi= hsp promoterE o] &

54, hsp MCH vectorg A 2s} St}

o

M

1

22

11) hsp-MCH W E o] &3} transgenic zebrafish A2}
- 543 Al7]o] MCH @d<S /%3l hsp-MCH ¥ EE zebrafish
1A 2 7] e microinjectiondte] EZFZ ol < MCH ##zte] 2d &
Ao 38 ##E3AA], hsp-MCHe 2d& glsta, o]
E< wild typedt wujste] JAdE RS sk, olE o] &5}

b4 A ¢l hsp~-MCH transgenic lineS =3t}

h o
o I

2

(2) zebrafish Antifreeze protein %=}

1) NCBI database®ll 4] AFP =} 34

- zfin (http://zfish.wustl.edu/)¥} NCBI databaseZ ©]-&3}o] AFP -+
AAS AME A pratial2 A8 EST clone (fw27d07.y1+
b64g03.x1r)S AASIH L, o]E o]&3lo] 395bpe] AFP 73 %}9
full length cDNA9] sequenceE E&& 4 ¢t}

2) AFP 7329 ORFE *23%3F+= Primer A%t
- FastPCR program¥ primer3 (http'//frodo.wi.mit.edu/ ) web siteZ
o] g3to] Ao &S Hol= AFP #%#9] forward primer
5'-ACGCAAGGCAACTCTTGCTCAACCS®} reverse primer
5 -TGGGTTTACTGAGGTGGCAGCATGE A 25t}

3) =% cDNAZFH PCR7|A= °|&3 AFP +d4 &

- A Z+E primer®} zebrafish 10hr nk ¢cDNAZE template® 3} ]
forward, reverse primer (5 pM) Z+7+S 25 w0 ¥, 10X PCR
bufferg 25 uf, 10 mM dNTP 1 wl, template 1 8, Taqg
polymerase 0.25 ul, DW 1525 wE Yo =% 25 w=2 3}

_14_



PCRS  Fd3dtt. PCR &L 95CeA] 12&5

2

predenaturation = 3}i, denaturation 94C 303, annealing 52C

30%, extension 72C 1%< 30 cycle® 3t PCRS 433} ).

4) TA-vectordl 53 ¥ AFP §3dx £24

- PCRZ $%%¥ AFP +3d#F productE pGEM-T easy vector
(Promega, USA)°l| subcloning 3}7] 9a %S 10 = 3}
PCRZ 43 product= 1 w, pGEM-T easy vectorE 0.5 ul,
10X ligation buffer 2 f, T4 DNA ligaseE 0.5 wl, DW= 65
Hol 10 s W=t} . o] ligation mixtureE 4Tl A 12417F &
s =

- TA vectord] PCR productE ligation$t mixtureE transformation
skt}, WA DHbazl= strain® competent cell 100 x03} ligation
mixture 1 plE 412> F, Ao 3023 Y=k 29 FHof 42T
gzazd d54s 1% 0% ¢t Fi, oAl Aol 281 ¢
=T} o7l AA LBE 1 mlg 21, 37C vjg7]el 1213 &<t
HH &3k & X-gal plate (LB, ampicillin)ol] =2&| A 37Co A 7]

- X-gal plating (LB, ampicillin)¥ wj &l A A& z}zHe] colony o
g A9 colonydt=E LB HA v A +Ampicillin (100 pg/ml)e] £
A+ 50 mb tubeo] HESHT) o] & 37C HEH|Yg7]o Har
12-16hrw) <F gk}

~ Wizard®Plus Minipreps DNA Purification Systems KitE ©] &3}
plasmid DNAE #2gth 1241 7F v $E Ecoli S 1.5 ml tubeel
33l 12,000rpmol A 285t e sta A5 HS Wil cell
resuspention solution= ZOOuB 31 vortexstal, cell lysis solution
S 200 wb BaL 7PHA & = Ao A SR &
neutralization solutions 200 pxl 23l 4TolA 15F &+

12,000rpmel A 1523 YA &2 8t A5 AL resind} &7 373}

o] DNAZS Z8lt}. o] %o 70% ethanol® A ojFaL, HirdE 15

)

o o

)

o
S
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ml tubedl] %7 TEZ 50 wl Yl 204 28AE F11
12,000rpmoll A1 30%7F YAl +2] skt #2]3$F plasmid DNAE
spectrophotometer (260nm)E ©]-&3te] &3ttt AP FHE 8l

3t7] $13] EcoR1 Digestiongtt}. plasmid DNA 2 ul, EcoR1
enzyme (Bioneer) 1 uf, 10X EcoR1 buffer 1 pl, DW 6 W& 4
o] =S 10 oz 3dto] 37T oA 2417 &2 Wk A7t} 0.7%
(0.8-10kbh) 9] agarose gelell A7) %3] &2ldtu},

5) DNA sequencerZ ©| &3}

FP fd#ke] 471 E &4

= A
- A" DNAS Wakd S &2lst H, GenoTech

-

2T 1=

DNA 97149 2X4A3=2 Egz AdH4dS %3 Genebank

(http://www.genotech.co.kr/) o 97| FEA S o F st} Aoz
database (http://www.nchbi.nlm.nih.gov/BLAST) &A1& 2 A&} o]
FARSE o] eqt ME S e 9 A ES Foldlal o] 59 FARY

= Hla A g

6) in vitro transcriptione & 3%+ antisense mRNA 34

— zebrafish EAuj A AFP Fdzke] d S glstr] Hsl
TA-vectord] cloning® AFP #F#AE Pstl®

=

© %  digestion
3l % phenol:ichloroform®. 2 A A3k}, o] linear form< template

2 o] g3 T7 polymerase®t 10Xdig-UTP mixtureE ©]83Fo] 24

F5ot 37Tl Al incubationdted AFP antisense mRNAZ A3}
Aot

7) Whole mount in situ hybridization T

- MCH antisense mRNA¢} HYU3 HFH o7 AFP antisense mRNA

= probe® 39 zebrafish 24hr embryo®] AFP transcripts® @&
Fs gl

_16_



(3) zebrafish Growth Hormone %3}

1) NCBI®} ensembl database®l A GH =2 34

- NCBI databaseE ©]&3lo] GH FAAE AAe 23} pratialz &
Ask= EST clone (AY286447)S AMeta, olF o] &3t
ensembl zebrafish database (http://www.ensemblorg/) & ‘&3l
633bpe] GH -Fd#}9] full length cDNAY sequenceE £ & 4

AATH

2) GH §#¢] ORFE * &3} Primer A2t

- FastPCR program®} primer3 (http://frodo.wi.mit.edu/) web siteE
o] g3le] HZAo F&E Hole= GH F4#¢ forward primer
5" -GGACAAAATGGCTAGAGCATTGGTGS} reverse primer
5-'GGCTTTGACTAGCAATACATTGGCGE Al #sl St

3) =¥ cDNA®FH PCR7IAE ©l&3% GH Fx84 5%

- A ZE primer®} zebrafish 48hr cDNAE template® 3} ]
forward, reverse primer (5 pM) 275 25 w0 ¥, 10X PCR
bufferE 25 w, 25 mM dNTP 25 , template 1 pl, Taqg
polymerase 025 @, DW 1375 wlE Yo =%EF& 25 W= 3}
PCR< TPt A . PCR =0 95C ofl A SR s
predenaturation & 3}il, denaturation 95C 30Z%, annealing 58C

30%, extension 72T 1< 30 cycle® 3} PCRS <33}3t}.

4) TA-vectord] 5% ¥ GH F#A 24
- Yol L3 MCH 32} AFP fx#te EF2Y Wiy =
WS o] 83lo] TA WEoe| S22 3t

Z

5) DNA sequencerZ ©| 83 GH F4dA9] 47|44 d 4
- A% DNAS Wad & glst 5, GenoTech
(http://www.genotech.co.kr/)oll 7] dEX S o) 3t} Adojxl
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DNA 97159 #4475 Ed2 JdEdS 53 Genebank
database (http://www.ncbi.nlm.nih.gov/BLAST) B8 2 A5}
FASE oln a2t AME Szt A A5 S Folar o] 59 FARY

= Al A ET

6) in vitro transcriptions &3t antisense mRNA A

- zebrafish TAwjell A GH fdx9 2&d s sty 918
TA-vectord]l cloning® GH F3AE Ncol &% digestion
3 % phenol:ichloroform®. & A A3t} o] linear form< template
2 o] g3 sp6 polymerase?} 10Xdig-UTP mixtureE ©]-&3}o] 2

A ZH5<eF 37Tl A incubationdle] AFP antisense mRNAZS &4

7) Whole mount in situ hybridization <=2}
- MCH antisense mRNA%} Y3 #HH o= GH antisense mRNA
£ probe® 3}9] zebrafish 48hr embryoo] GH transcripts® @&

Q) wral wlEl % GH transgenic zebrafish = %}
- GH @2Adg of7F=5 Aztstr] fla] &3 #WEQl CS2+ Wy o] GH
A At ol g WHS CS2+ wWE MCH 7
2 ZF82Y ste WR A fAHA Fdstd e, GH 2 EQl
CS+ GH £ microinjectorE ©]83}¢] zebrafish 1A3E7]ufjol] Al
Ao FA3A FUH zebrafishE A7 HEZF 712 FHo o
wild typed} wwste] Qb Al zebrafish GH transgenicS T3

=3

29
Ny
il
iy
i
ol
SL

(o

u

ro
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1. 4 + 2 3

(1) zebrafish AAZHEZAQ FHAA g 2 g
- 55 AAV|TE 2ES F IdE MEES 7TAH FAAY Agd &

A ZE2X  (melanin concentrating hormone) T A}, A EA  (AFP,

r

antifreeze protein) @2, A% T=2E H21A (growth hormone), 5
o] EHEE st AE AHRIAHQA HIWA o= NCBI database,
zebrafish DNA databaseE st #d FHAY A5 AsHA
, ©]& zebrafish cDNAE ©o]&sto] Fstd o, zebrafish AW
oA oWt 7|FS 3JF=A in vitro transcription, microinjection,
Whole-mount in situ hybridization WS o]&3ste] AFS 235t

.

—_

al

1) MCH (Melanin—-Concentrating Hormone)

zebrafish adult brain cDNA ©. 2 X E 283 MCH §#xz9 g7144S
SIstda, 8 AHrRdsEd AVINEY HAeAHS g1 ZAx

o

C-terminal®] < A)3}= proteolytic cleavage site?l + 709 arginine site&
wHEE = AbT (2™ 1, 2). =3 AIEHE (hypothalamus)oll A 3 3h<=A)
(pituitary) & AAH & 2 295 E 17719 (mammaliane 197]) peptide®=
e dyrd Et'JJr 94% |49 FsAde gdskdo (' 1.

CAAGACAGGAAACAGCAGCCAAACCGCTAAAGCAAACGCTCAAGATCAAGAINNEAAGCTT
M K L
TCTGCTGGGACCGTCCTCATCACCGTTGCACTTTTGTCTGAGT GCTACT TTAAAACAGCT
TCERT S AGTVLTITVALLZSETCYTFIEKTA
GTTATTCCGATGACCAAATCTGAGGAAATCGAGCCAGATCTGCAAAGCTTTAGCGAGTCC
vIPMTIZ KT SETETIEPDILU QST FSES
TTGGAAGAGAACTCTCTGAGATCTACACCAGGTGGCTCCAGGATCATCGTGGTGGCTGAC
LEENSLRSTZPGGSRTITIUWVYVATD
TCCAATCTCCTGAGGACCCTGACAT CTCTGAACAGAGGAGT CCCTCATCTCAACGCACCC
— S NLLRTLTJ SLNRGVPHTLNATFP
GAAAGCCTTCTCAGCACAGAGCGCAGAGAAGTTGGTTCAGACCTGAGTCCGAATTTCGCC
ESLLSTETRIREUVGSDILSPNTF A
ATCATCAGAAGGGACACCATGAGGT GCATGGTGGGAAGAGTGTATCGGCCATGCTGGGAG
I T RRDTMRCMVGRVYRUPCWE

GTGIXEGACTTCTGGGAAGACATGG

V =

MOCH

|

29 1. zebrafisholl 5] £8]3 MCH §#x#}¢9} 971G 82A 43}
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humanMCH 8 MYFNTFRELGKGFQEEDTAEKSY

mouseMCH c IVFNTFRMGKAFQKEDTAERSY
ratMCH IYFNTFRMGEAFQEEDTAERSY
ZehraMCH
humanMCH ESSFMN HGLPLNLA 120
mouseMCH ESGFMN HGLPLSLA 120
ratMCH ESGFMKE HGLPLSLA 120
zehraMCH D——--SNL 83

K R . B DM E 1
humanMCH RCMIEGRYYRPCW alViREsls)
mouseMCH RCMIBGRVYRPCW oIV
ratMCH RCMIEGRYYRPCW alViRsls)
zehraMCH RCMUGRVYYRPCW D ViREEE

H, M R
a9 2. MCH Fd2e] ofv il d7IMd S b8 Al Edsa v 24

MCH fd=te] AW 2dd $3es gdst7l 9@l pGEM  T-easy
vectort o] A AZ FHAE vectord] EA3FE= promoterE ©]83o] in
vitro transcriptiong =3 mRNA probeE A, dEFH oz AT
mRNA probeZ E4 zebrafish embryo stage®] whole-mount in situ
hybridization®'H-& o] &35t FAe] Wd oAFE Il o1 Ao
MCH +3d#27F 3 & 2-dpf (day post—fertilization)o] ¥ (brain)el] <A
st A4S (hypothalamus)ol A W& s = AS AT = AAH(2H

3).

lateral dorsal

MHB
midbrain hindbrain

MCH probe

from TA MCH 48hr

219 3. in vitro transcriptions &3 Dig-RNA labelling® MCH mRNA %



A ZA 3 ¢+ Whole-mount in situ hybridizations ©] 83 MCH fdx}e] 2
Adds dFS A Aol ddsk= s 92

ol pCS2+ vector? EcoR1 sited] F243sle] o] 2d WMEE vAFdx%}
17] (microinjector)E ©]g€3}o] 2 100pg A =2 DNAZE zebrafish
of 1ME71¢] AZHe] FdstAtt (17 4).

Polylinker

BamH1 Stut Xoai

9) EcoRt (118)
Glat (00 aos) Snag1(140)
(107)

T7 promoter
‘ o

BstB1(92 Polylinker2

Hind3 (28)

SP8
promoter
—»

Not1/Eag1 (346)»

Dsal

Sac2

Nar1/Kast (354)

BstX1

Nsit ! /
Apal /
Asp718(373)+

T T3 promoter

BssH2 (410)

Neri/Kas1 (3687)

* Suggested sites for linearizing vector for SP6

Sal1 (3108) transcription.

AwN1 (1187)

Sspl (2598)

Ssp1 (2468) scatl2144)

Xmn (2263

712] 4. zebrafishollA] &&d WE R o] &5 11 &= pCS2+ map
A

1 A3 7] el microinjection

rlr
N
X,
2
R
i)



CMV promoter

T ———

s

TIET € § LR s

7] 9]

hyA
s

34 wAel 1 A

B

Al

=

el
3
o
o
i

)

e
olo

Q)
P

167§ A1 4 MCH

k]

wild type¥} uluj

A3} table 17 2] B line

o]

C line, I line, J lineol A &

F line,

’

(19 6).
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wild type and CMV-MCH injected transgenic embryos

2283 B ¢ F lined Fl1 AHE wild typed} wujalaA F2 Althe] 83
R wlde] Falo] W gt S SXE AT 46.8%00 A

N 2
FE 567%7H4 1t 19 Rd@Ze wE #FZ £ YAT (F D).
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Table 1. Mosaicism of founder fish and Mendelian inheritance of the F2

generation.
FO line F1 positive FZ positive remark
posil\gggsex negzl;;[:iglg/sex MlCiII;Ie I}O;‘t;(ve No. (%) FO Fl F2
A 3 dead
B 3 Bw@ 91211/403(52.3| dead TG breeding
Bw(®) ) ?
Bw(© 41101/184|54.8 TG breeding
Bw(d ) ?
Bw® s ?
Bw(D £ ?
Bw(@® 3 ?
Bwl) & dead
Bw® T ?
Bw(@) 3 ?
Bw® ) ?
Bw(@ o 78/140 |557 TG dead
Bw(@® 3 ?
Bw(©® & ?
Bw(® 3 ?
Bw(@ 3 ?
Bw(® S ?
C 3 TG identify dead |breeding
D 3 dead
E 3 dead
F 2 Fw@ 21262/559|46.8| dead TG breeding
Fw® 2| 43/87 (49.4 TG breeding
Fw(© s ?
Fw@ 3 ?
FwE) ) ?
G 3 dead
MCH
3 positive| dead
(dead)
I 3 TG identify Dclzgi%% e breeding
I ) TG identify Dggi%% " breeding
K 3 dead
L 3 dead
M 3 dead
N 3 ?
0 3 Dg’gg}i " breeding
MCH
P S positive
{dead}
MCH
Q s positive
{dead}

=51
ke
o
g

1 e FrmHd o3k MCH &2 4% o 79

2) AFP (Antifreeze Protein)
NCBI database®} zfin databaseE A 3slo] A2 234 AFP (antifreeze
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protein) A2t A7 EE AL, e RdFEd A Bl d7]A
A AEAAS v 27 5129 ORF (open reading frame)E 3
§al= forward, reverse primerEs A& etil o]E ABE k¥4 10hr nk
cDNA libraryE ©]-&3}o], RT-PCRS F33to] ¢F 400bp ¥+ full length
o] AFP f+4x5 Eestdch £8d AFP 34 d71448S& &2lstr] 9
3l TA vectorel SZYste] @71 LDE st (2" 7).

NGGNACACCAACGCGTTGTTTTTCTCTNCCATANCGTCGACCT GCAGGCGGLCGUGAATT
CACTAGTGNTTACGCAAGGCAACTCTTGCTCAACCCGCAATCIIMAAAT TCTCCCTCATC
M K F S L I
GCCGTCATTGTTGTTGCTCTGGCCATCGGCTCTGAGTCAGCATCTCTGGTCAAGAGAGAC
A¥Y I ¥ ¥ AL AIGSEZ SASLYKZETD
GCTCCTGCTGAGCTGGACAAGATCGUCAAGTACT TCCAGGATTTAGTGGACAATCTGAAG
A°PAELTDIEKTIAEKTYVFQDLVYDDNTLEK
AACGTTGAGGGTGCT GAGCTGGCTAACAAGGUCAATGCT TACCTGGAGCAGAGCAGAGCT
N VY EGAELANEKA ANAYTLETGQSZE A
— CAGTTTCAGCCCATGGT TGAGAAGCTCCAGGAGTAGCTGAAGCCCTTCTCCGGTAACATC
Q FQ PMYVY EIEKLOQEQQLIEKPTFSGNI
i GAAGAGCAGATCAAGCCTCTGGCTGCCTCCGTCCAGTCTCAGGT TGCCCCGUTGGLCGHT
. EEQ@ I KPLAAS Y QS QVY APLAG
ATGGTCCAGACCCACGT TGAGGACATGATCAAATTTGTTGCTGACCAGGCCAAAGCCATG
- M ¥y THY EDMTIIE KT FY ADAQAIEKANM
10nr 24hr CTGCCACCTCAGIACCCAAATCGAATTCCUNCGGCCGCCATGGNGGCCGGGANCATGE

L PP g -

[ rome

T 7. AlBEyl 4] 10hr cDNAZF-E 23 AFP #d2kek |74 E &4

23 ArEdy4 AFP  $AzFe]  olmnaAly s SAMEE W1 H
(Flounder)7toll 2548 vusdoh. 2 23 60%2] A4S Byt (2
).
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FlounderAFP MEFSLIAAVALLALAQGS-—————— FAQDAADLEEITQYFENLENEMTEDVTAFLNNQDWVA 54

ZebralAFP MEFSLIA-VIVVALATGSESASLVERDAPAELDEIAEYFQDLVDNLEN ————— VEGAELA 54
********:*** * & H -k-k-k-k *-k :-k [ et ::*

FlounderAFP NOAQTFMOERETQLEPLATQIQEQLRARATEFEEHITPLAAN V- ———QPVVENFQOQOMEA 110

ZebralAFP NKANAYLEQSRAQFQPMVEKLQEQLKPFSGNIEEQIKPLAASVQSQVAPLAGMVQTHVED 114
RS- E- S - - S R S - P -

FlounderAFP LVQELMEKTRSISN-——— 124

ZebralAFP MIKFVADQAKAMLPPQ— 130

29 8 ALk sh YAkl AFP fdte] AEA v

AFP frdzte]l AA U A s gelstr] 98l pGEM T-easy vector
e FAHs FAAS Pst] &2 linear formS WS L, vectortol <=7 &}
=  promoterE ©]-83} in vitro transcriptiong %3 mRNA probeZE $HA

stk dad oz A% mRNA probeZ 24hr zebrafish embryo stage©ll

:[o
_>‘i
Lo,
(3
me)
9
-
il

whole-mount in situ hybridization'd'§ & o] &3} <]
gyt 1 23 AFP 3271 yolkd A wh 2t stE AL ;OJ?‘% T AU
Atk (17 9).

- yolk sac
AFP -
T7 pDI:-'rnE_rasH
Eald AFP mRNA expression pattern of zebrafish 24hr embryo

2l 9. in vitro transcriptions &3k Dig-RNA labelling® AFP mRNA 3
1743 ¢ Whole-mount in situ hybridizationg ©] &3+ AFP f+d#Fe] g
7}

FAS BAE A yolko] H BE3E AL 39l (arrowhead)
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3) GH (Growth Hormone)

A B g HolA growth hormone FdAE E&3t7] ¢3] NCBI
databaseS A sle] AY286447 ©]2}+= partial cloneE AUt} o] & nigro
% ensembl zebrafish databaseE &3 full length cDNA2] 7] LS &9l
AL, e EdEEoA e AL Aeds vlusdt. 47
A A2l ORF (open reading frame)E ¥ 3% forward, reverse primers
A2t o] & A BT 9] 48hr ¢cDNA libraryE ©]&3te], RT-PCRS
sl < 650bp ¥+ full lengthe] GH A& &ttt #83 GH
TR A7IM LS &dstr] fla TA vectoro] =Y 3sto] @714 LES &<l

At (¥ 10).

TTGGACAAATRGCT AGAGCATTGGTGCTGTTGCAGT TGGTGGTGGT TAGTTTGCTGGIG

M A RALVLLG@LVYVYVSLLYV

AATCAGGGGAAAGCCTCOGAAAACCAGOGGCTCTTCAGCAACGCAGT CATCOGTGTGCAA

N @ GKASENG GRTLTFSUNAYIRTYQ

CACCTTCACCAGCT GGCTGCAAAAATGATT AACGACT TTGAGGAAGGTCT TATGCCTGAG

HL HGQLAAEKUMTIEINTDTFTETEGLHMTEPE

- GAACGCAGACAGTTGAGTAAAATCTTCOCT COGTOGT TCT GCAACTCTGACTCCATCGAG

ERRQLSEKIFPPSFCNSTDSTIE

ACGCOGACGGGAAAAGATGAAACGCAAAAAAGCTCTATGT TGAAGCT GCT TCGTATCTCT

TPTGEKTDETG GEEKSSMLEKLTLTETILS

TTCCGCCTCAT TGAATCCTGGGAGTTTOCCAGCCAGACCT TGAGCTCCACTATCTCAAAC

FRLIESVW®%ETFPSG QTLSSTTISHN

2 AGCCTGACCAT CGGAAACCCCAACCAAATCACT GAGAAACTGGCGGACCT GAAAATGGGC

B S L TIGNTPNG GTITETEKTLA ADTLTEHMG

ATCAGCGTGCT CATCAAGGGATGT CTCGAT GGACAGCCAAATATGGATGACAACGACTCC

o S gk I S VL IKGC CLTUDG GG PUNUBMDTDTENTD S

CTGCOGTTGOCTTT TGAGGATTTCTACCTGACCGTAGGGGAGACCAGTCT CAGAGAGAGC

LPLPFEDTFTYLTVGETSTLTERES

TTTCGCCTGCT GGCCTGCTT CAAGAAGGACATGCACAAGGTGGAAACTTACCT GAGGGTT

FRLLACTFTEKTEKTDUMEHEEKTYETTLE RV

GH PCR product GCGAATTGCAGGAGATCTCT GGAT TCCAACTGT ACCCTGIIT®AGGGCGCCAATGTATTGC
35 G s ANCRRSLDSUHNC CTTL -

T AGTCAAAGCC

l

S

a9 10. Al223 4 48hr cDNAZF-H £33 GH FAA9 471449 &4
By Ho A Egd 2107019 GH ofn]w=Ale] thE AW rd X5 y}o

AE5AS vastr] Y8 NCBI databaseol 4] €17 (human), vF$2 (mouse),

o] (salmon), FA7/ %o (rainbow trout), 4ol (Megalobrama
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amblycephala)®] GH olv|:=4bs HAgE & 747t A7 EE& o] 8359
ClustalW (http://www.ebi.ac.uk/clustalw/)ol A %A S vlwstgch 1 2
¥ Fukoh zpol= AAHE, AB IS AS tE FERuUE Jofs} J

o] == AE & 5 AJdY (2 11).

hiGH MATGSRETSLLLAFGLLCLPWLOEGSAFPTIPLSRLFDNAMLEAHRIHQLAFDTYQEFEEA 60
mEH MATDSRTSWLLTVSLLCLLWPQEASAFPAMPLSSLF SNAVLRAQHLHQLARDTYEELERA &0
3GH ———-MGQVFLLMPVLLVSCFLSQGRAAMEN)———RLFNIAVNRVQHLHELMAQFMFNDFEGT 53
rtGH ——==MGOYVFLLMPVLLYVSCFLSQGAATENG—~-—-RLFNIAVSEVOHLHLLAQEMFNDFDGT 53
maGH ———-MARALVLLSVVLVSLLVNQGTASENG——-RLFNNAVIRVQHLHQLAAFMINDFEDN 53
zzH ————MARALVLLQLVVVSLLVNQGKASENQ———RLFSNAVIRVQHLHQLAAKMINDFEEG 53
i : i . 5 R, R RLaER OR ]
hGH TIPKEQKYSFLONPQTSLCFSESIPTPSNREETQQKSNILELLRISLLLIQSWLERPVQFLR 120
m=H TIPEGORYS-TIONAQRAFCFSETIPAPTGRERAQORTDMELLEFSLLLIQSWLGEVOFLS 119
SEH LLPD-ERRQLNKIFLLDFCNSDSIVSPIDKELETQRESSVLELLHISFRLIESWEYPSQTLT 112
rtGH LLPD-ERRQLNKIFLLDFCNSDS IVSPVDKHETQRESSVLELLHISFRLIESWEYPSQTLI 112
maGH LLFE-ERRQLSKIFFPLSFCNSDSIEAPTGRDETQESSMLELLEISFRLIESWEFPSQTLS 112
z5H LMPE ERRQLSKIFPPSFCNSDSIETPTGKDETQKSSMLKLLRISFRLIESWEFPSQTLS 11z
______ **:*:*_:X*::X*:*:**** E
hGH SYFRNSLVYGASDSNVYDLLEDLEEGIQTILMGRLEDGSPRTG——-QIFEQTYSEFDTNSH 177
m=H RIFTNSLMFGTSDR-VIEKLEDLEEGIQALMQELEDGSPRVG--—QILKQTYDKFDANME 175
sGH —=ISNSIMVENSNO-TSEKLSDLEVGINLLIKGSQDGVLSLDONDSQOLPPYGHNYYQNLG 169
rtGH ——ISNSLMVRNANQ-ISEKLSDLEVGINLLITGSQDGYLSLDDNDSQOLPEPYGNTYQNLG 169
maGH GRISNSLTVGNPNQ-ITEKLADLEVGISVLIEGCLDGRPUMDENDS LPLP-FEDFYLTMG 170
ZH STISNSLTIGNFNQ-ITEKLADLEMGTI SYLIRGCLODGQFNMDDNDS LELP-FEDFYLTVE 170
1—*‘.\' s e ] -x-x-x -x* *: **

hiGH NDDALLENYGLLYCFREDMDREVETF LRIVQCR-SVEGSCGE 217

mEH SDDALLENYGLLSCFKEDLHFAETY LRVMECRREFVESSCAF 216

3GH GDGNVRRNYELLACFEEDMHEEVETY LTVAKCRESLERANCTL 210

rtGH GDGNVRRNYELLACFERDMHEEVETY LTVARKCRESLEANCTL 210

maGH ~ESSLRESFRLLACFREDMHEVETY LRVANCRRSLDSNCTL 210

zzH —~ETSLRESFRLLACFEEDMHEEVETY LRVANCRRSLDSNCTL 210

*k kEekke ok kkek . sEE HE—

¥ 11, A4 GH F3dA9 & F3re] FA3d ¥lal h; human, m;
mouse, s, salmon, rt; rainbow trout, ma, Megalobrama amblycephala, z;

zebrafish

AB ety Hol A g GH ko] AA W T S st 9sl
pGEM T-easy vectort]®] FAHg {FHAXE Ncol &= linear forms 1
531, vectorjoll £A]3}= promoterE ©]-83}4 in vitro transcriptions &3l
mRNA probeE TAAIT. <dFHo=2 FAHS mRNA probez  48hr

zebrafish embryo stage®] whole-mount in situ hybridization®5 < o] &3}
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of $AAte] W@ o3 Folaturh. 1 A% GH FA77F He] mjEe] &
3]

Ask= H8kAl (pituitary)oll M TAS= AS &I = AAT (2™ 12).

lateral view Ventral view
TA-GH/ ;
spb 'E
= -
= |
2
.l
s
©
- o
Qo
GH probe

19 12. in vitro transcriptions & 3%F Dig-RNA labelling® GH mRNA
St A3 9 Whole-mount in situ hybridizationg ©]83 GH % %} 2]
DA GGS AES Ay HstFAA Bt AS &2l (arrow head)

e g Ardgyd GH 345 AAdAA ] 7eS dotrr] fla 3
Bl Ql CS2+ WE 9] EcoR 1 siteo] 24ttt (28 13). 18] a1 o]8to] 7]
A wild typedto] RAFS B vlwstH oY, oA A= FEEHA A
ojvt= As #FE T 7 Al
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1A

injection

GH antisense mRNAZE ©]83}4 Whole-mount in situ hybridization

Polylinker

BamH1
(79)
Cla1

Xba1
(115)

EcoR1
(94)

Stu1
(103) Xhot

Hind3 (28) SnaB1(140)
SP6 T7
promoter promoter
Polylinker2
Scat
(3928) Dsal
Sac2
Nar1/Kas1 (3687) Nar1/Kas1 (354)
BstX1
Nsit
Apal
Asp718(373)
T T3 promoter
BssH2 (410)
Sall (3108)
AwN1 (1187)
Ssp1 (2598)
SspT (2468) Scal(2144)
Xmn (2263)
29 13 GH @ e 2
AB g 4lo] FY3 CS2+ GH ¢ transcriptE 3Helslz] 9] 3)
sk Wb A Wl S 24A1 7EA ol 4% paraformaldehyde® 11 A3 & o] &=
(e}

= 799 GH® mRNAES gelstidtt. 1 23 A 40hrel 23 st= GH7}

non-injected =AY

GH7} EAlejo =z ofg x4 9

ol A= 2ds sbAl %%kal, injected 'TA Mol A=
Tt As FAdsidv (2" 14).

_30_



GH probe WISH

uod

H9Z-AW

24hr

GH antisense mRNA =

NA 2+ wild types

Hls

= %
=

a9 14. CS2+ GH

=
=

1] -2} 2] o] beta—actin promoter2} GH

23!

718 A ef A

23!

1A

B E

]

=
B
Gl

1=

§ocheel

9|

371 9
bk (29 1)

S

p—

o

o

A B2} 1] 5 of] A
el m A=<

S
=

—~
fite)

o
o

=

o

et

MAE 5

s

sl

I Ay vk e] GHZF 2R o=

wobd 7

S
= -

aL, 1 A=

A % dow A 2vte], FA 3uke] 9 GH7

l4g o2 ZALEJT o] Z3= Bt vjFekA o] GH

n=

T
T

o] A

16).
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L2 ProMoteriaz,, X

pML 8 aGH
(9100bp)

a9 16, ABgI ol mAlFdE vFetx]e] GH E3dawy., n|HebA] o A
2% 42 kb9 beta-actin promoter?} 2.1 kb9 growth hormone?]
pBluescript I KS(-) ®WEH A=l 3

o

AddtH o2 FAAS FHdx9 EUEHH LS genomic DNA®] ths] PCR ¥
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ox FAAY, HZod= Ay e 25FFFAA (GFP)7F &85 A

Y # AAY] F8 B3R stue 7EY Eqa% AlzglEh g4 kg
il A Alzds idets d dv 2HA AlBg Ao g A
ZAEA F o7 AMNS x4 =22 MCH (Melanin Concentrating
Hormone)E ol &3to] FHddSEE9o AAS 93 dAdS FPstaa g
A @wo]l LE&HIAI 9 GFP §HA9 ASdE 7|EAozr BAS
et FF dAnjAde] dasty, MCHS 4 fole @A &<t 5 Axe W
sivto 2% PHAHASsESY Aol Jhsaty] wwol LMORE3 #e, +4

=2
ot
~N
2
ro,
N
v
u
oo
oo

[0 = e
AN
il
o,
=

A= o= 7pA - A
g Aot 454 ARler dEAdd e HEE 2 7 U= A

B2} hsp (heat shock promoter)ol]l th
olg 3 A3 LMOME o]Fd oA LMOS 43 2 otdA o
o}

Zhell &40 WS A SHA 2 Aol
[©)

ot $Adow dEAe Jed fAxe] WAL FEE heat
shock promoterE o|g3slx, AMES ZHdE =222 MCHE reporter®
domn HAAR 2o Ao e AFL H714 FAAL fAAL

d BUHH Al="S etz shlth

AA, e d54S Jtetd fHdA Es
promoter$t A Be}d] oA Eelgk MCH A&
HE S AAstAdnt (L9 17).

el olwl gk hsp-GFP WHE o]&3ste] dFZAdl thdk heat
shock promoter?] A ZAS ZAsIAY. 2 A3 40ColA 1A s
heat shockZ 5% heat shock promoter®] ZAS &34 dAn|7 dto| A GFP
S-S gt o N FAEATE (11 18).

T4 hsp-GFP #HH 9} hsp-MCH ®HE 1: 3 9 HE&Z HF 5
100 ng/ul® 3sFo] A B ty]4] wAnje] 14 Z7] woll microinjectorg ©]
of FUstHh 1glal WA 34hr Aol EFAS Fa1, 2413 Holl #EFA
o (2" 18).

(-
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Polylinker
Stu 1 Xho 1
BamH1 (103) ) SnaB 1 (140)
79 Gy Xba 1
(87) (115)

Hind3 (28)

SP6
promoter

EcoRV
ECOR| == BstB 1 (92)

SV40 polyA

Polylinker2

Pstt | T7 Not1/Eagl (346)
Pvult promoter

Taql Dsat
EcoR1 Sac2

B:ﬁgiz —Nar1/Kas1 (354)
[—BstX1
Nsit
Pvu2 (595) Apal

Asp718(373)*

\T3 promoter
BssH2 (410)

BamH1
Hpal Hsp-MCH

Sall (3108) vector
4580bp

AwN1 (1187)

Ssp1 (2468)
Scal(2144)
Xmn (2263)

13 17. heat shockZ 7}sbd MCH fd#te] @dS fx8t= WA=

hsp-MCH : hsp-GFP injected embryos

36h

50h
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% 18, hsp-MCH$} hsp-GFP7F =98 2 A E =4 ¢ 3dhrAo] &
A& Fid § g dAvF g g
hsp~-MCH : hsp-GFP ®WE 7} vlA+d d MA=

(e=]
H =
3 du7 C. 8% dnA D 924 I Ahr E. 932 T l4hr

ofd
i
=)
o
QL
=
X
e
e
s
g
o
—
<
(o)
(@]
@ o
|
ST o

o ot Rl nZ
= B
I
>
L
)

)
1=
o

off
X

it

o

T
>
S"L
rir
P
o
ot
0,
S"L
38
Au)
[
i)
—
L

=
4 5 wild typedt nujeAtt. 1F FEAG FAAE vAFY #

3 370
A7 e wlElZEE ALS 15099vtE]le] F1 AldlE A 50417 e 545
Fa 10417 Fol sk 2 23 30mke] 7 S 120mbe] 7F Aold ke

g, 2% SBeidd A4 fAde] WAL FAFT £ Ak ey

coinjectiondt GFP+ &2 %] &ekth (21 19).

hsp MCH TG F1 generation (60hr)

2% 19. hsp-MCH7F €242 | 7iAe] F1 AldiolA 454 59 £8F
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(3) 92AE /L 7ie &d 2 Brtnd 43 A

- DNA microinjectione &3 JAH3sE A=Al g A F 2 g
ofF sl mEAo] Uth oA MAFEYVIE T FEAT FHAE
wAgufe] 1 AlE7]e 0.1M KCle] E°1 %1 phenol red$t &3 ato] Ao
TYE oY, FHdE A3} FAASES U] AEK0 " olFate] HAA

1 Y ¥ MEEo BEES FaA st MA=E T

A
Aok, olu FHA FAAS ol FE TEV] e A FHA
7F 2 A9l germline cell(A2] AlaE)o] Eof7fok St} o]¥l DNA
microinjections &% FHA LI FAAe FHAA] FELS AT AT
Azte] ogtH wj§ e AEES Hole FHoE dHA 3l

A 8= I-Sce I o] 2= meganucleaseE ©o]-&3to] A A3 by
%9 §8S =Y F 9= #HEg A~dS szt st meganuclease
= yeastoll A 3t E4EH 18bpY AVIMES <A ste] A=A Har, o
213t meganuclease®] = &2 20024 Jean-stephane Jolyol <23 medaka®l
A e AT o] 52 meganucleaseE ©]835te] FAAZ oFE AU
Aol 30%9] =2 FAH3 §8S HAYI drh o] meganuclease A
o] M EZA transgenes linear forml = ZetFi FMA o] &840

I
2 A & W m9FE R dth ad4 SUE 58 RE AE
S

oA Tdst= CMV promoter’t EAehe= WE 9F dFZ ol ol #Fx=te]
W3S =3l heat shock promoter’} <= A]3dk= WE o] NotI, Sall A%t
B4 QARAE o] 83}, meganucleaseF 7| AL S AUdd g8 A< A
g Al2=glE JREe AT (29 20).
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Nar1/Kas1 (3687)

Sall (3108)

Ssp1 (2598)

Ssp1 (2468)

Polylinker

BamH1 Ecort oY :(bm)
(79) 115,
Hind3 (28) Qa1 (54 (03). o1 SnaB1(140)
SP6 (107) | T7 prompter
promoter
— -
BstB1(92) Polylinker2
Scal
((;:QEZS) — | Not1/Eagi (346)*
Dsal
Sac2
Nar1/Kas1 (354)
BstX1
Nsit
Apal
Asp718(373)x

pCS2+mega

4131bp

a0 1292

Sca1(2144)
Xmn (226

T T3 promoter
BssH2 (410)

AwNT1 (1187)

Sall and Not1 site=Mega site link

(5-TAGGGATAR CAGGGTAAT-3)

Polylinker
Ecor Stu 1
BamH1 on  (103) éh(;; SnaB 1 (140)
79 caq Xba 1
Hind3 (28) prat o
SP6
promoter
EcoRV > ! SV40 polyA .
EcoRl =} BstB 1 (62) Polylinker2
7
Pett Pvuli promoter Not1/Eagl (346)*
Taql Dsal
EcoR1 Sac2
B:ﬁgz [—Nar1/Kas1 (354)
e‘ [—BstX1
O\ Nsit
O((\ Pyu2 (595) Apat
(Q\ Q’QQ Asp718(373)»
BamH1 Q '@Q 3 promoter
£ Hsp-Not Sal %,“ BssH2 (410)
fipal mega vector 'é‘
Sall  |——
(3108) 4616bp

Ssp1 (2598)

Ssp1 (2468)
Scai1(2144)
Xmn (2263)
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AlwN1 (1187)

mm) Mega linker site

Sall, Notl site-break



a9 200 FEAS NETle

Lo
fot
o
ity
S
¥
o,
i

ME A AR

(4) §24d¢ 7179 &4 A4 R ¢RAY BV FE

7L FeAAS v usEAT (http//www.ncbinlm.nih.gov/BLAST/). A&
S &2l pGEM-T easy vectort]9 #HA A3 FHdAE vectord] = 3s}f
= promoterE ©]-83} in vitro transcriptiong %3 mRNA probeZE Al &}
A, elyAHoz A3 mRNA probe® E7 zebrafish embryo stagedl
whole-mount in situ hybridization®3'H& o] &3lo] FHxtel 2g oR=
glatdt olFA ABeIHAY AAZEEH e FEAZ FHaA9
1y o B-5 gelstal, ARy ARl S A7 918 T
Bl pCS2+ vectorst HQagh A5 = dFFol s FAd8 Fdxte &
HS FE 4 2+ heat shock promoter 7} £ A3+ vectorel] E =434
a

o] DNAZ " AfAAF17] (microinjector) & ©]€3}e] °F 100 pg A=

DNAS ABepd 4] AT 127 o] Axde] Fystaltt. 2 A3 ¢

7h el @ Al e Az e ABevle] Bl b A
ek 712 ol v wm2r) o] fHAE FUY FAAE A =
A& GFP kel wds g8 &<lo] 7bestdla, uhe vhadel A

o wie] we wAYe = 3 2
go GFPY MCHE o8& a4 wd 2Ude Axge E9 g
LMO®] Ade] 7bsau, o] &
4 u kel gF ATE B g
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Q
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wn
D
1o
N
=
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[@N
Q
S
o
Q
w
(@)
i
)
2
(e}
ol
£
2
T
i)
B
it
4
&2
o
0%

[e)

©
ANzA=dS Z2ASEE Y. 25 MCHeF AFP, GHE full length cDNAE #
StR AL, Efg3tel] desAdS vlusty] 98 |riAEs 246 o1 4
1% ZE9 mammalian7t#A] FA1x A7)

We PAG S QAT 4o &

\1

whole-mount in situ hybridization

WS Sl FdE 5 A aga AAxdedaM e MCH
=
E

=
AAT 77 a3 Fovk FAAS %{X}Q] IRy
= heat shock promoterE o] &3}

al
= MCH #3245 ol8ste], 454
2}

medakaoll Al A XS g&o] =55 SIstAa, o] = B
U3 3l CMV promoter’t =78} vectoret &7 o & FdAte w3
S %38+ heat shock promoter’} £ A#]3}= vectore] meganuclease sites

kA7 A48 182 ¥Y 5 s Wy Axde Awsg. aga
H

Felel Add B ARV HAES ol&ste] tE ofFe AAxzd =Hol
e A9 F7F 2 A BoF 71 BEe 7567 s FAaH L
= ARy e AAxd Bds s g A =4
e vhe Rde=3 vaste] 7lse WA et AEg AWl T

S
9kAF-S in vitro transcription® Whole-mount in situ hybridizations ©]-&

shol gelstdrh. aElar zhzke] Az BAd fld kS st
93 wEWMEES  AZsla, o2  AxBggH  wajule]  1AE7]
microinjectorg o] &3sto] FYatdtt 1 Ax zhzte] AAxd B &

S AFEE F AR, ARG O Frhs AARE Sl U A By

SERE F7k ANE AX dggor FARNEAE dor o A

“

>i
=
o
2
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2003 F=EAAZAESS R FFASFEALETS] XY FLRHI

Isolation and expression pattern of the WH gene in zebrafish and construction of

transgenic fish.
JUNG Seung-Hyun, YOO Kyeong-Won, KIM Cheol-Hee
Department of Biology, Chungnam National University, Daejeon, Korea.

WH gene is originally isolated from chom salmon pituitaries and is named for its
role in color regulation in teleost fish, in which it is a neurohypophysial hormone. It
is synthesized as a preprohormone in the pitutary and is secreted into  the
circulation. The organization and expression patterns of these gene are highly
conserved among different species. We have cloned the zebrafish WH gene cDNA,
which encodes a protein highly homologus to other vertebrate WH. By whole-mount
in situ hybridization, we found that WH gene is expressed in the hypothalamus.
Using the expression vector (CS2+CMV-WH), we have injected DNA into the
cytoplasm of the fertilized eggs. And we have identified the transgenic zebrafish in
which WH gene was stably transmitted in germ cell lines. In future, this transgenic
line of zebrafish might be used for a genetic analysis of insertional mutagenesis.
[This work was supported by grant Korea Sea Grant Program from Ministry of
Maritime Affairs & Fisheries]
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Isolation of zebrafish MCH gene and its use in transgenesis
JUNG Seung-Hyun, YOO Kyeong-Won, KIM Cheol-Heex*

Dapartment of Biology, Chungnam National University, Daejeon, Korea.

MCH gene is originally isolated from chom salmon pituitaries and is named for its
role in color regulation in teleost fish, in which it is a neurohypophysial hormone. It

is synthesized as a preprohormone in the pitutary and is secreted into the
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circulation. The organization and expression patterns of these gene are highly
conserved among different species. In fish, MCH gene is a cyclic 17-amino acid
polypeptide with a cysteine—cysteine disulfide bond. We have cloned the zebrafish
MCH c¢cDNA, which encodes a protein highly homologus to other vertebrate MCH.
By whole—-mount in situ hybridization, we found that MCH gene is expressed in the
hypothalamus. Using the expression vector, we have injected DNA into the
cytoplasm of the fertilized eggs. And we have generated the transgenic zebrafish in
which MCH gene was stably transmitted in germ cell lines. Our results suggest that
expression of MCH gene provides a simple and highly efficient tool for detection of
transgene. In future, this transgenic system might be used for a genetic analysis of
insertional mutagenesis. [This work was supported by grant Korea Sea Grant

Program from Ministry of Maritime Affairs & Fisheries]
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Cloning and expression of growth hormone in zebarfish and construction transgenic.
JUNG Seung-Hyun, YOO Kyeong-Won, KIM Cheol-Hee"

Department of Biology, Chungnam National University, Daejeon, Korea

The function of growth hormone in vertebrates is mainly associated with the
stimulation of body growth and metabolism. The growth hormone is the most
abundant hormone secreted by the pituitary gland in the brain and is important in
stimulating and regulating of growth. We have cloned the zebrafish (Danio rerio)
growth hormone that it was isolated from total mRNA of zebrafish 48h embryos
using RT-PCR. The open reading frame of zebrafish growth hormone (633 bp)
encodes a precursor of 210 amino acid comparising a 26 aa signal peptide and a
184 aa mature protein with four cysteine residures similar to the typical primary
structure of mammalian GH precursor. Zebrafish GH shares a low degree of identity
(31-38%) with that of human, rat, mouse, salmon, xenopus, but a very high identity
(81%) with carp GH. By the whole-mount in situ hybridization revealed that the GH
transcript was only specifically expressed in the pituitary gland of brain. Using the
expression vector, we try to the growth hormone transgenic zebrafish construction
but not yet do it successed to dramatically phenotype of growth rate in CMV-GH
injected zebrafish. We will construct the GH transgenic fish, and studies on the
another biological activity of zGH. [This work was supported by grant Korea Sea

Grant Program from Ministry of Maritime Affairs & Fisheries]
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