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Abstract

Most of the transgenic fish studies have been restricted to freshwater
teleosts. On the contrary, marine fishes have received little attention
despite the fact that they possess higher economic potential in
aquaculture. The pufferfish, 7akifugu rubripes is economically important
in marine aquaculture and also is valuable fish in molecular genetics. As
an effort to obtain a strong regulatory element for the construction of
an endogenous pufferfish expression vector, we isolated and sequenced
A —actin promoter, which is highly conserved protein. A reporter gene,
EGFP was cloned downstream of the promoter and the transcriptional
activity was tested using microinjection of the construct into zebrafish
embryos and transfection into CHSE-—-214 fish cell line and Vero cell
line.

The promoter region contains TATA box, CAAT box and CArG motif.
Transfection assays revealed that the promoter is functional in
CHSE—-214 cell lineand vero cell line. And expression of EGFP by §A
—actin promoter was observed in microinjected zebrafish. EGFP was
primarily expressed in the epidermis, blood vessels, muscle tissue, yalk
sac, notochord, finray, and eyes. The expression pattern was similar
when compared with that of CMV promoter. The transient expression
results may be exploited in future transgenesis experiments and in other

vertebrate animal researches.



I.A &

Fiu dAAA AT EAGtE AFEE T o 60%5 A8k Sl
v 7Hg 2 Adoly NHorE EE ERstHoRE ml$ tokd g =
Alskal itk (Nelson, 1988). o]dl o] 2 W& EAYETH A752 E7|u

A
=

AH B LHRE dHoR AT ok, Hel: A

A AESARQ A AT S sl A 7x, 54, 2l

A 712 ] vlaL Aol v TR BRI Al Holvk (Powers, 1989; Liu

oFt EfFel val vk d(embryo) S Atgsh Ao w Abgk
2 W3t hedtal A @el AVl 2 Wk ofdE A, w3t o]
Z&po] golatr] wiel] 7] A, w3tel #EE {FAAEY Vs 4 ol M
9 FE83HA AFEE T v} (Streisinger, 1981; Kimmel, 1989; Powers, 1989;
Liu et al, 1990b; ). o7 9 FAAE 277 428} =2 A4S 7HAA
Tk A5 (genome) @] A717F AR #ol F-H2F cloningely 54 &4k
fo|&ltt (Brenner et al, 1993; Elgar et al, 1996). FZole FA A3 of
¥ (transgenic fish) 9] AXE Ea WA A FH429 2 2 75 24 =
of sk Al o FE&F FHAAE EUdTFoEM MEE A e R
SEH w2 A7F wol A qltk. txA o detdol (Brem et al,
1988; Martinez et al, 1996; Rahman et a/, 1992), ¥A7/4°] (Gayomard
et al, 1989), tiXF Ao (Shears ef al, 1991), oFZe|7} W] (Volckaert
et al, 1994) so] 1 oojt},

ol gt FAHMS o FAL Aol AT ELE T o & FARE A
TR o}t g7t dEst fFAAE 2 GdAAZ = promoterel] #3
A37F F L3k Promotere] wWE A= CMV promoter & HFO]EH AU ¥+
FollAd Fag 2dAE ol Bds AFAFH oY o5& ofFel 28353

S Ae wdo] AR HA U= A7 T FAASA H90 (Hourrout et al,

FO“



1990; Penman et al, 1991). old AR Bekatr] flsto] of FolA Foist
ZHRNAE o] 7ol A GAIH o o]y o} EfsEolA st 2E AR
22 gyt w=rhe AFEo] waEo (Maclean er al, 2000) FAg of
Aakel A7 g5 HaAE R/t (Hwang et al, 2003).

o}5F Fe promoter AT+ Ao protamine FAAF (Jankowski and Dixon,

1984), FA7/N42] 2] metallothionein A £ B %%} (Zafaullah et al, 1988;

o

4

Olsson et al, 1995) #A|B.g}3) 412 myosin heavy chain 32 (Muller et

al, 1997), ¥X2] antifreeze protein 24X (Du et al, 1992; Gong et al,

1995), xof, o, A B —actin F82F & thstAl o] FoHh (Liu ef

al, 1990a; Liu et al, 1990b; Takagi et al, 1994; Noh et al, 2003).

A= A8 Alze] glojA] 7 & BEF] e @A sh

A3 -z Tl #olsiy Be A oA Aot EdEe S8
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(Liu et al, 1990a; McElroy et al, 1991; Moav et al, 1992; Marta et al,
1999).

53] B —actin promoter® ¢ Z} F3tell F AEAe Holy] wel B-
actin promoterel] g A= theFst o FoA o] FojA gkt o] F o (Liu
et al., 1989), %] (Liu et al, 1990a), AB&3]4] (Kelly and Reversade,
1997), & (Venkatesh et al, 1996), +3HAF @A (Lee et al, 2000a), &
HEA] (Lee et al, 2000b), =X (Lee et al, 2000b)7} A B3 9
t}. ®3 B —actin promoters ©]83}9] transgenic medaka (Takagi et al,
1994) & AAbslgior ) w)HtE] 9] B —actin gene? 3.2—kb upstream sequences©l|
GHE <273t expression vectorE ©o]&3sle] thxo Hls] 30y o FAL
FAAS v E sk A o] FoFl vk (Noh et al, 1999; Nam et al,
2001a, 2001b).

AAFE (Takifugu rubripes)2 +73 Hol& (Tetraodoniformes), 33}



(Tetraodontidae) o £38t= 344 o] F=EA Sguets v Zs B Frlo]lx
ool AFE TF=alel AA del wxsta, eyt dEE HET Fdel
Alob AlqellM = Bto] £ GFol TSl AEom Zpgntel oFAH = u

7E7FA] o Folt,
AES 2k 380 Mbe] FAAE 7HAAL vk AR 1A coding regi
Xx 1 coding region® B]1 A], Int
ronNg& AAAZ A ZE 24 FAALEE 72 9ol (Shin er al,
1997; Brenner et al, 1993; Elgar et al, 1996) QIzFF#AA}e] E4ole) o
Ao a gk, w3t H AR kS FdAk Ado] ¥ A (Aparicio er al,
2002) ¢l whet theket Fofoll A A o] &3 A7 o] Fo|xaL it uhebA
AFHOEHYH offF FoA & FAAE HEATIEH Ae oFr1dY &
Ax 24 HE Aldsty FA2 2dF90E 23ste I HMHE AxFo
22X veket ARG ofF A9 Theds A 7 e Slolth
o] Aol A 7lEe] WK AFEE B -actin A4 DS HEOR B
—actin A 2d B S SYste] I F2E SAS 245t 54
w2 (Enhance Green Fluroscent Protein : EGFP) Q] reporter §AAE o] &
&to] B —actin 542} promoter?] 7|5S Wk AEFZE o|E3 in vitro A

I A o]F9Q zebrafish® ©) €3t /n vivo AL 34T



1. AFE B —actin promoter G2 F7|AE £A

1) AAFE (Takifugu rubripes) 2] genomic DNA 3

AFEo7HE Z5S AFHs QlAamp DNA Mini Kit (Qiagen)S ©]&3}o]
A5E2] genomic DNAE #2|3F9tt. #3238 genomic DNAS %+ Unicam
UV/VIS Spectrometer (He Aios B, Unicam Ltd, UK)E ©]&3}o] 260 nmel

A optical densityE 74 3sto] ALttt

2) AFE B —actin promoterd E2Y3 GUINLE 4

(1) 8 —actin gene®] PCR & 4 £2Y

AEE0] B —actin FAA FES XHdE promoterE £E317] 93] NCBI
database®] FFEo| Q&= tixF do], xof, Yof, =&c], ARG, =9
B —actin F-AAE alignmentdtyct. HEF LS o] £3}o] forward (5'—A
TGGAGAAGATCTGGCAYCACAC—-3") ¢} reverse (5'=-TAYTCCTGCTTGST
RATCCACAT=-3) primers A#3a PCR ¥H&& St TFH8 A5
o] B—actin FH UFE pBluescript SK(—)eol 23t} A7IALE &l

sheivt.



(2) B—actin promoter 98 FTF<S $¥ LA(Long and accurate) PCR RHE-&-

LA PCR kit (Takara, Japan) 2 manualel] W&} 2A5FE-2] genomic DNA 5 uf
S 5 ul 10 X H buffer, 30 units® Hind U1ZE 23t 3 37T water bath I
A 3AIZE FRb wkg-sto] EtOH A& 714 DNARE A3l o5 F/F
10 ol resuspensionst$ith. Hind 1112 A x58E-2] genomic DNA 5 ul
S kitoll A AFE Hind 11 cassette 2.5 ul, ligation solution I 15 gf, ligation
solution II 7.5 pes} 7 16TelA 3087 WHgAIR oM, WHEAHES EtOH

A s il TFF 5 el FFAR T

LA PCR & 9%t primer A&
LA PCRS 43317 938+ LA PCR™ Kit (Takara, Japan)Wel 9 primer
Cl (5 =GTACATATTGTCGTTAGAACGCGTTAGAACGCGTAATACGACTCA

—-3")% primer C2 (5'-CGTTAGAACGCGTAATACGACTCACTATAGGGAGA
-3VE& A3 e 29 3t B —actin A-AAY FVIMLES vl O E reverse
primer R1 (5'-TGCTCCTCAGGGCAACTCTCAGCTCGTTGTAGAA—-3) 3} R2
(5'-TCGTTGTAGAAGGTGTGATGCCAGATCTTCTCCAT-3) = A& a3},

12} PCR

B —actin gene exon ¥%¢} promoter TS &8} 98t Hind 111 cassette
7} ligation® AF£E9] genomic DNA 2 W& SHF 32.5 ol A5t o=
94CellA 102k ®A2lsk%lch. DNA solution®] 10 X LA buffer I (Mg*"
plus) 5 ¢, dNTP mixture (2.5 mM) 8 g, primer C1 1 g, primer R1 1 02}
Takara LA Taq polymerase (Takara, Japan) 0.5 u¢Z Z3}8}31 mineral oil
%2 PCR reaction solution 9] ¢F2> 2% w5 ¥h=¢] solution o S-S W
A8k th. PCR reaction & PTC—150 Minicycler (MJ Recearch, USA)E
ol g3stslon Hkg =2 FHXE denaturation 94CelAl 13, denaturation 9
4CoA 30%, annealing 55C|A 30%, extension 72TCelA 3L 303

HEE519 0 ) wlA]ul extension <& 72TCeo|A 5#3F WH&-3Sith.



22+ PCR

12k PCR product® 10¥f= 3]438te], o] F 1 uE F7F 31.2 p, 10 X LA
buffer II(Mg*" plus) 5 uf, ANTP mixture(2.5mM) 8 uf, primer C2 1 u,
primer 1 9} Takara LA Tag DNA polymerase 0.5 pES AH7}3F & @&
A AT {bE 212 HZE denaturation 94CellA] 1, denaturation 94 CelA]
30%, annealing 55Co|4 30%, extension 72TCo|A 3E7FS 303 wHEES
o wA e extentions 72TCoA 583 WHSAFA Y. 5FH PCR products= 1%

agarose®] A7) 9Eslo] st}



(3) B —actin promoter §H F=2Y

Qiaquick PCR Purification kit (Qiagen) & ©]-&3}%] PCR productel] do}3]
+ primers, nucleotides, polymerase, salts® A|AstZ 50 w2 elution buffer
(10 mM Tris- HCIL, pH 8.5)° DNAE A8ttt gAlg PCR product= 7T
aq polymerase®] 28l 4% 3'2 AE A A3} Y8l 3 -5 exonuclease ac
tivityS 2zt Q1= Pfu polymerase (stratagene, USA)S ©]83}9 polishing
&t} Polishing < purification kit 24 A A% PCR product 30 woll 1 wf
9] 10 mM dNTP ¢} 10 X cloned Pfu buffer (200 mM Tris—HCI pH 8.8, 1
00 mM (NHy)2SO4, 20 mM MgSOy4, 1% Triton X—100, 1 mg/ml nuclease—
free bovine serum albumin) ®} 2.5 unit®] Pfu polymeraseE &38lslo] 72Tl
2 10%7F incubationdte] A A3 T ©] blunting® productE QIAquick PCR
Purification kit (Qiagen)< ©]&3to] QA3 DNAS s5E 54317 9
3l 1% agarose gelolX A719FS AASHTH

Polishing® A}5%9] g —actin promoter regione Hind I1Z A¥% pBluescript
SK(—) vector (Stratagene, USA)l ligations}3it}. pBluescript SK(—) vector
100 ngell 1 w2 T4 DNA ligase buffer (660 mM Tris—HCI pH 7.6, 66 mM
MgClz, 100 mM DTT, 1 mM ATP), 4 09 insert DNA, 0.5 %] T4 DNA
ligase (Takara, Japan)E& ¥ Z A2 volumeo] 10 w7} HA 3 tt2 15T
oA 16A17F F<t ligationd}ith. LigationAtE2 E. coli DH 5a oA &2 A 3ts}
ATk 5 ul2 ligationXtE2S E. coli competent cell 70 w9} E3Fato] d LS9
A 40587 A3 42T 90%7F heat—shockd3t & LB medium 100 0
= 713k 37CeolA 30 ¥1F wiekst ¥ 80 w2 ampicillin, IPTG (isopropyl
— B —D—thiogalactopyranoside), X—gal (5—bromo—4—chloro—3—indolyl
— B —galactopyranoside)©] ¥3F¥ LB plateo] E=23}e] 37TColA 16A17F H)
okttt Hlk3t colony % white colony %2 A EIE}e] ampicilline] F7HE
LB brothell H&ste] 37CellA 16417+ sttt

g vt s QA ske] bacteria pelletS 33t HjFd O & BE

™

AccuPrep " Plasmid Extraction kit (Bioneer, Korea) & ©¢|£3%}%] plasmid



DNAE Eg3t9 k. 283 plasmid DNAE 1% agarose gelolA] A7) % &
E 3l #2139 1 Unicam UV/VIS Spectrometer® ©]€3to] 260 nmeol A
OD (optical density)E =43t & Macrogen (Korea)ol| & F3te] 7144

2 Falstart,

(4) B —actin promoter ¥Y2] g7] ¥ £4
goldl Ad& NCBI (http://www.ncbi.nlm.nih.gov/cgi—bin /BLAST)Z o]
43 NCBI®| database°l W$} = o7l &8z o& Fdx=2 ALy vl

AT,



A Z3 pFAP—-EGFP 2& vector A3}
Aoy ¥ g -actin FAA =4 F919 A4S Felsy] flsho
reporter 4 %<1 EGFP (Enhanced green fluorescent protein) S 2zt S+
pEGFP—-N1 (Clontech) ¥WE & o]&3}% ). B —actin promoter &3} pEGFP
—N1<& FEcoRl (Takara, Japan) ¥} KApnl (Takara, Japan) &2 Ztzt Aw3}9d
th A& EcoRl & AHE3te] dwstalom DNA = 2 pgell 10 X K buffer 5
w8 10 unit® EcoRlE &3tslo] 30ToNA 2A17F5et HES- A T HE-2-0]
W 5 1% agarose gelolld W7]gEsto] #d A& gelsty o S F
 AA 3 AA S ko] 50 wegH == 10X H buffer 5 2} 10 unit® Kpnls
Z5tele] 37TCAA 2A7Hsr W& AlAY. AdE DNALE 1% agarose gel

X

Ul

A71953sFe] &2l 3 Gel Purification kit (Bioneer, Korea) 2 AFg&3lo] A A
3ttt Adde pEGFP-N13¥ B8 —actin promoter ZF&2 T4 DNA ligaseZ
AFE-3Fe] ligationdh 2.1 ligationihs FHS 15 wl® 312 10 X ligation
buffer 1.5 ul, pEGFP—N1 2 w0, insert DNA 4 p®S Yol 15CoA 1647
=9t ligationiF$S A3t TE. Ligation AFEE £ coli DHS e ol &2 3ksf

l‘

Fon HAAE WYL E colif DHS ¢ competent cell 70 wlo] ligation A&
7 s EFEE] AFolA 4083 wjeksta 42°Co)A 90%7}F heat shock Fo]
ChAl d5o 287 wjekatadnt. olefl LB broth 700 wE 347kt 37TCelA 303t
wjoFsl & kanamycin®] 5919+ LB plateo] 100 s =Esto] 37TollA 16A7F
HjeFstadtt A ¥ colonyE kanamycin®] £98li LB brothell H&ske] 37T
oA 16A17F wj kst

A 3EF] transfectiond}”’] 93k plasmid DNAYE AZeTH FE2 colonyE
Kanamycin (50 ug/wl) o] E°]U= LB brotholl 4&E3dte] 371C, 250 rpmelA
6417t wjeFal3itt. o] 5 LB—Kanamycin broth 100 sl 1/10 34 HFE
Stal 37°CeolA 16413 Wikl vad WS dAdEeste] bacteria
pellete % 3l3 Endofree Maxiprep kit (Bioneer, Korea)< ©|&3}] plasmid
DNAE #lskgity. 3 Plasmid Extraction kitS ©]83 #]gE cellZ5-F

plasmid DNAE #2]3}%] microinjectione 3}t



3. EGFP reporter-3AE T3 A5352] B—actin promoter G2 EAEA

1) #¥ AEFE o]&% AF5H2 B —actin promoter FHE] THYY 4
A S THAAFE Adsy] Sl& ofF F3F AESQl CHSE-214
(Chinook salmon embryo cell) Z#3 mammalian cell line?! vero cell line
S 7FA 3L transfections dFATE 2H2Ee] cell lines< 75F cell culture flask
o A7} £33t 9= MEM10 (Modified Dulbecco's Eagle's Medium,
10% FBS)H|A] S ©]8€3}9] monolayer® A== ol 7FF3pA| X = 20T,
T2 MXEFE 5% COF ¥5Ei 37TCoA vl o™ transfections 3f
7] 35 A monolayer® A# AlEE EDTA-PBS, EDTA-PBS/Trypsing <!
= Agste] AEE wold $ FFAATE o] &3te] 1 mm X 1 mmete] Al
X5 AT ASE AXESE 24 wellel 2X10° cells/ 500 w=A seeding
sto] FA7E Glis MEM10WRAIE ©]-&sto] Zbz} 20°C8 37 CollA wiekakiar, Al
XE7F 90-95% confluent® A2 W InvitrogenAlte] Lipofectamine 20002
A1 transfections 4= 3} T},

pFAP—EGFP DNAE 50 @09 serum®] ¢l MEMH A o] 80 ngo] HEE &
gska ohAl 50 pb MEMHIAO] 2 9] lipofectamines &@3te] 2204 5
w3t wjekesklty. 3149 lipofectamine 842 FHISE 50 w09 DNA 3]A 93 &
Fsto] 2027 A2 Aetglon dd ke Zb welld] wiAE A * 100
w2 DNASQ} lipofectamine & A& 2 wellell = AlXEo] Y¥Wo]F9] rocker
of 3%t WA|SFATE of7]el dHo] = MEMHIAE H7bste] 2+t 20C, 37T
o A 4A17F B3t wiketAdtt. 4A1ZF £ transfection NS A A YA <
10% FBS7} 59130+ MEMHIA S 3718t ZF 2L oA] reporter f-3#Fe] 2]
S FE3F9 ;. Transfection 36A17F § #|32E EDTA-PBS, EDTA-PBS/
Trypsing A3t AE2E dojdll $ PBSE& Ao AlXE F/A7]1 &eto]
= FEpsd Axs ZEFol AlEFolM reporter A BAS FF A9

sheln BsAT

_10_



o] £2] 42 g darHor AAsY] A8l 2-33] Al AT

Microinjection St A|Beps] 4 FAd2 A5o] oF 1 mm =9 holding slide
5 ARgSto] @ o r GHste] FUAIE HAsteRon WA Ao
Adoj}7] Ao 3 um capillary needle¥} microinjector (WPI micromanupilator)
£ AMESEY microinjections AASHE T vl AFUS 9159 100 ngel DNAE
0.5% phenol red’} &-8-% 0.1M KCl buffer 947} 1:1 B]&2 £33}9] embryo
= 2k 100 pg DNAS one cell stage AB2T ] At U3 1A

T TSGR gx2TE Fol e egg waterolA] 5 A3t 71 Ut
ARt 22 HA AR AR FA= dHrEl WY (Westerfield,

Aneksl 4ol 798 AFR g -actin promoterd] HH FFE 2] 9
AV AL o g3l AnehuAe Yuhe RAOE AAT F FYAS

om gl WAPFE BAAAT

o
o
o
o
o
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m 2 3

1. AFE B —actin promoter 4G 2] G| LE E4
AFEHOZFE B —actin AR 2AFAE FHA7]7] $18 primers Al ZEt

7] $18ko] ol & B —actin cDNAS 7| AE v e ® 3k 42 primer
£ AFsteleon, o]Rg o]&ste] AF&ES g -actin FHAAE G &
A FHAE] AVIMYEE o83t R1, R2 primerE A& 3stlon o5 o]
£3Fo] LA-PCRS 4338l B —actin gene? promoter &S Ath

ZZg FEO] B—actin genel promoter FES GUIAES H
3] pBluescript SK(—) vector®l cloningslit}l. o]S E3d}o] ut3 2 xFE 9]
B —actin frAA £HF-91¢] A& Fig. 1o el

AFE2] B —actin F-AAF ZAFE] L2 HA F 2659 bpEA transcription
start site, exon I , intron I , exon [19] F-FHo] FZHA} (Fig. 1). Exon |
> % 114 bpEA 1153 bp ~1238 bpell $1AtH o] @uds 353514
%+ mRNAS AJZHE-91Ql 5 “UTR ' (5 " untranslated region) ¥ <1831t
H& AEE° promoters o5& 4 9l PPNN (promoter prediction by
neural network)?] T Z 73S o] g3to] 1113 bp-1163 bp YAY E714H
S promoter® =3t 21 TATA boxE =385+ TATA box prediction
Z2 283 TATA boxE HIXES thE 2HFQ4E o585+ SIGNALSGAN
TRIPE olgstel tE AAAYES] mRNAIA 218 4= 9l TATA box,
CAAT box, CArG motif 2813 E-boxE IF3at3ith. o]+ Fig. 114 &<l
sk 4~ Ql%o] 80, 305, 388, 698, 1124 bp # A4 TATA box (TATAA),
1059 bp A4 CAAT box (CCAAT), 1089 bp YA ANA CArG motif
(CC(A/T)6GG), 123l 130, 422 bp $1A A E-box (CA=*TG)E <I5FS
Z M transcriptions ZA3E= FHEQo] eyt o]9) HEY exon 9]

=
oA GTA L3 Intron [°] Fy+= FF9 A4 AGE splicing®] €9

s i
s dE-QERY AF ¥R GT-AG HAC] A&51 YAt
F7IMLDE EATH SAll AFHE] B -actin promoter F-E°] TS 5

_12_



9 A3 dri FARAIE dotry] Sl thE ol FEolA #E Xl B —actin
promoter ALE2 HlwEAsAT. 1 A, A "ty ol (Oreochromis
niloticus) 2] promoter A¥o] 80% AEioE g7l dojdll AL 713
ol dAElom, I vg dEEA (Oryzas latipes) & 7% % T7% =9
AEAE HolFith
Alignment A3 @A <&z o] F

gg & A= vludide] ¥ o8 oFES FFoldel® Eska @l

o]el A3} FAFSE promoter?] 2H 245 7HAaL Q81T

=9] B —actin promoter?] BEH AdE

o

_13_



Fig. 1.

AAGCTTATAGAGATGGAAATCATTTAAAAGCAGCCCACTAGAAGGATAATATTCAGTGGG

AATAAACTGAATAAATACATATAAAGGATGCCACTCAGAAAGGAAAAGCAAGTGGCAAAG
TATA box
TAAGACAAGCACATGTATCTGTGGGTGCTGGTTTAAAAGGGGAAGTTGCTCAACAGTTGA
E-box
GAGGAAACTCGGGTGTGAAAATGGTTCACTTTATAGTTAGATTTCGAACATTTTGGTGTT

GTCATCGTCTCATTTTTGAAGATGTGAGCAGAATAAAGTAGTATTTAACAATATTAGACA

GTGGTATAAGGGTTTCCTGTATGGTTGAACTGCAGCTGAAAGCACAACAGATAGTGCTC
TATA box
TCCACACTTCCATTGTGTTTAATTTAATATAATCTGAAAAACTTGCTTGTTTTAACACCT

GCATGTGCAATGCTGCAGGCAATGCAATCTAAATATGATGACTGCCATATCTGTGACTGA
E-box
AAACCAGACACATACAGCACAAGAGCTTGATCAATAAGGGAGTCTTAGCAGCTGAGGAGT

GCAGAGAAGCGATGGCCTACATATGTGGTCATTCCCCAGCCCTGCCAGGGAATCTTGTGT
GTGTCATATGATTGACCTGGTGATGAACTGGCTGTGAGCCACAGTGAAGTTTTTGCAAAT

CGAATGCTTACATCTGCATCGCCTCTGACATCGTTGATATAAAGTGAAAAGAAGAGGGCA
TATA box
GCCATTGACTAGCAGCCTTGGTGGAGTCTGTACAGGGAGGGGTCCCGAGTACAAATCTCT

TCCGTTAACACTTAAGTATGTACTGAAGTCTTGGTGGCAGGTGCAGGGGCTGTTTGAAGA
AAGTCCCGGCATCCTGTAATTGCTAATCAACCGATTAGCAATCTATTATCTTATTAGACC
TCGTGGCATTACCCACGTTCCTTTTATTTTCTTCAGTTCTTTGCTATTATCGCCGCTCAT
TCTCAACCTCTCTCTTCCCCTCTCTCTCTCTCTCCCTCAAATCGCTAGCCCCCAGTGCAG

CAGTGTGCACGCGACGTGCCCTGGTGCATGACGCTGGACCAATCAGAAGGCACGATTCCG
CAAT box
AAAGTTTACCTTTTATGGCTCGAGCCCGGGCAGCTGACCTAGT TATAAAAGACAAGCGCC
CArG motif TATA box
CACAATCCATAG ACTCACTCTGAGCGTCGTCACACGCAGCTTGTGCGGATTCATTTGCCT

Exon |
GTACCGGTTTCCTTAAGCGAAAACCCCCCCACCCAAAG gtAAGGCTATGGAGACGTTTAC
AAATGCTTAACATTAGAACGATGTTTACTACGTAAGTGGTGACGTGGCAATTTGTTTTTC
ATAGTTTTTACGAAATTTGGCACCGGACACGAGGTTCTTTGTTTAATCACTGACACTAAA

Nucleotide Sequences of the 7akifugu rubripes B —actin gene and

upstream region. Sequence iIn lowercase correspond

60
120

180

240
300
360

420
480

540
600
660
720

780
840
900
960
1020
1080

1140

1200
1260

1320
1380

its

non—

transcribed promoter and intron. Sequences in italics correspond to the 5

untranslated region. Exon [ and exon II indicated with capitals and

underline. non—-capitals represented GT/AG role. The underlined sequences

correspond to putative regulatory elements.
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CGAAGTTCTTTACCCTAATGTTTAAAAATGTTGTACAACTGTATTTTGAGGCGTCTACAG
TAATTAATCGGGCGTATTCGCTGGCCGCAGGTGCTTTCGGATGCAGCCGGCTTTTGTCTC
ATGCGATAGGAAATAACGGTTTTACGGGTTTTGATAAGTCATGACTTATGTGCGGATTCT
GGACTAGCTTGCCCGGTATGATTCCAAACGATGTGGAGTAGATGATTAAGGTCCCGCTGC
TCCCTTGTGCAAATGCAGACGGGTGTGACCTACTTAGTAAGCACGTAAGCTACGACCGCC
TAAGTAAAAACGCCTAACAGCCTGCTTTTGGAAACATGCCTGTGGGTACAGGCTGAATGA
AAACCTGAATGAAATCATAAACCATTAAGGGTTTTGATAAGTCATGACTTATGTGCGGAT
TCTGTACTAGCTTGCCCGGTATGATTCCAACGATGTGGAGTTAGATGATTTAGGTTCCGG
CTGCTCCCTTTGTGCGACTGCGACGGGGTGTGACCTACTTTAGTTAGCACGTTATGCCTA
GCCGCACTATGCTAACACCGCCCTACACGCCATGCATTTTTGAAAACCTGCCTGTGGTTC
ACGGTCGTAGGAAATCTCGTAGGTAACTCAAAATTTCACATATTTGGACTTGTATACGAT
TTTTTTTTTGTCTTCGTCTCTATTCAACGTGCCGGTTACATAAAGGGCAATTTATGAATG
ACGATCAGTCCTGGCGAAAGGCGTGGCTTTCGGGAAATTAAAGATCAGTCTGGAACTTGA
CCCATTCATGAATCGGCATGAGTAATGACGCAACCCCCCATTAAGGCGTCAGTAATCAGC
CCGAGTTAAAGGATATTAAGCGAGCCGTCTGTGACGCAGCTAAATTTAAGTTGCGCGTGA
TTCATTGTAAAAGCATAAAGACGTGAGTAGGGGGGAGGAAGCTAGGGACGACAAGGAAGT
CTGGCTTGTGAAGTAGAGGGAGTGGTCGCTCAGCTCTGGGCCCGTTAACGCGTAAGTCCG
TTATGGATGTTCCTGGCAGCCGCCATGGCGCCGGTAGCCGCAAAGCTGCTCGAAAACGAA
GTTGGGTAACGGCGCCCCCTGTCTGCGGTTCAGTCGACCTGCAGTCTGATGAAAGAGTGA
GCTCATCGAAGCGGATGCTGGAAAGGAGATCTGATACTTTAACGTTTTTCTCCCCCCTCC
CTTTTCCTGCag TTGAGCC
Exon Il —

Fig. 3. Continued
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common carp
grass carp
medaka

black carp

Nile tilapia
stinging catfish
pufferfish

common carp
grass carp
medaka

black carp

Nile tilapia
stinging catfish
pufferfish

common carp
grass carp
medaka

black carp

Nile tilapia
stinging catfish
pufferfish

Fig. 2. Alignment of the conserved region sequences of pufferfish (7akifugu

43 CCGGGTGTGTGACGCTGGA
23 CCGGGTGTGTGACGCTGGA
92 CCCCAGTGAGTGACGCTGGA|
23 CCGGGTGTGTGACGCTGGA|

GTGAGTGACGCCGGA
82 CCCCAGTGAGTGACGCTGGA|
10 CCCTGGTGCATGACGCTGGA|

CCAAT |CAGAGCG 73
CCAAT |CAGAGGG 53
CCAAT |CACATGC 123
CCAAT |CAGAGGG 53
CCAAT |CAGGAGG 27
CCAAT |CACA-GC 112
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
113 CGCGATTCCGAAAGTTTA [CCTTTTATGG [AAAG 144
42  CACGATTCCGAAAGTTTA [CCTTTTATGG [CTCG 73

106 AGCC-GG-CATCTGCCGTCA-
86 AGCC-GG-CATATGCCGTCA-
156 AGCC-GGGCAACGGACGGAC—
86 AGCC-GGGCATATGCCGTCA-|
60 AGCC-AGGCAACCGACTGAG-
145  GGCC-GGGCAACGGACGGAC—
74 AGCCCGGGCAGCTGACCTAGT

TATAAA JAGAG 133
TATAAA JAGAG 113
TATAAA |TACCA 185
TATAAA [AGAG 114
TATAAA |AATCA 89
TATAAA |TACCA 174
TATAAA [AGACA 105

rubripes) B —actin promoter with other known A —actin promoters. The
sequence of pufferfish A —actin promoter is compared with the
sequences of common carp (accession number of M24113), grass carp
(M25013), medaka (S74868), black carp (M25013), Nile tilapia
(A116536), stinging catfish (AY531754). The three boxes indicate a
known conserved region in CAAT box (CCAAT), CArG box (CC(A/T)s
GG), TATA box (TATAA).
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2. W AEFE 0] 33 AFH B —actin promoter FH| LAY
A8 B —actin F+3A2] promoter B} reporter F-F Al EGFP 7 A}F
= A43 o] Z3MEjel pFAP (Fugu B —actin promoter) —EGFPE A 2+a}9
t}. #2¥ pFAP-EGFPS CMV (Cytomegalovirus) promotersS 7}Z pEGFP
—C19 3 RS MEFE o83t Bl #4387 Y mammalian cell line
9] s+ F/F = african green monkey? A& 22l vero cell lined o] uj
oF M35 CHSE—-214 cell line®l transfectiondte] EGFP2 wd-& &elsk
ATk

Mammalian cell line & 3t Vero cell lineolA + e o] #d-& w23}
At} (Fig. 3). Fig. 3(A)= pEGFP-C1< Lipofectamine® 1:12] H]&% tran
sfectiond EGFP @& &<1d dafolr}. % Apxlo] Fadn| A4S Fsto
&3 vero cell?] Alzloln, 2 &

OS24 CMV promoter® <lgt wild We S &Ity A55E B —actin
promoterel] 2J3] EGFP %&d 7 Ak
—C19 Ayl XAQA e FAFTS Huth

flo
ok
4
)
E

(Fig. 3B). ©o] d¥+= 33t &
E

EGFP Z&okAte vlwstith(Fig. 4). Fig. 4(A)E CMV promotero] 2]3F
EGFP ¥d A¥tola, Fig. 4(B)+= A+59 g —actin promoter®] 23t EGFP
o] WHgl A3E ®olF= Apxlolty, CHSE-214 cell lineolA 2] & 23w 9

© 2 mammalian cell lineRtE 270 kS

1o
At

transfection o5 F3AE

ARE GAE AES] W

A

A ob vlszet s ERA ST,

28 Lipofectamines ©]&3F transfection®] &&2 7+ MEFQ F7F
AEE2] Aol mEt 2A YEFSEAITE B —actin promoterel] 2] A E =
EGFPe I AL A7t gle Aoz ddEsin

o

rr

Ho

to® ¥

FL

Z3#S vl mammalian cell line®l
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A)

®)

Fig. 3 . Expression of EGFP reporter gene in the mammalian cell line observed
by bright field microscopy and fluorescent microscopy.

(A) Transfected pEGFP—C1; (B) Transfected pFAP—-EGFP.
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(A)

(B)

Fig. 4. Expression of EGEFDP reporter gene in the CHSE=214 cell line obscerved
by bright field microscopy and fluorcscent microscopy,

(A) Transfected pEGEFP=C10 (B) Transfected pFAP=-LEGED.
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3. AlBZ 4 ajdA e AF52] B —actin promoter FEG 2] HHAIY
LA-PCRE &3t %% A5 B —actin gene® promoter$} & 3wt

_1‘3‘:
w

s
H

Q1 EGFPE A =x¥3t pFAP—-EGFP, 18|12 CMV promoter® EGFPE A%
gk pEGFP-C1 ZdHWHE A3ARd o] JFE AMSEI Q& zebrafish T4
Al FY AT FYE transgened] ¥ 5= reporter A1 EGFP %
Fow ¢l orn UdES 7 microinjection 12A17F & xS0 7 #HEH
o o] w9 oFeAl YERRte I 5 wEdgE A FUhst L
Bl ol vt

One—cell stage® F%ol microinjection & 48A1%xF A3} A] pFAP-EGFP2}
pEGFP-C1¢] EGFPe & <> F2 zebrafish A8 ZFolA Aoz o
2T 3 s ®nolon

1
O RYNE YRUAPLS FAT + AT Fig. 6). o5 wAAHL

=

=12

13

rlr
tlo

%

o2

i)
o,

DNA<E microinjection <
BTt (Fig. 6, 7). ti¥f-2 oA =t
THol= Wgo] IYIFF grff 2ok LA o] F]UTh o]k AAelA
EGFPS] wrlo] gl Ago] 97 e fRuan go] zutols @4
& B2 5 Y (Fig. 7A). =5 ofd 7jAS Aol w919 ok
o= o] #EF oY, Wdly me|REo % 9IA] mosaic expression pattern
(Fig. 7). microinjection § 5¢ A3} Al 7]A o] w& WHol= 1A
Ty o] tha Fote AFS HeloH Wddte 2S5 AdAE U5
FHA FHE FES Uehllar oA e AAe] AXA A cw Wdes KA
S HA] )& AFEE I 9l CMV promoterel] ] 3t

ur
k=4
actin promotere]] 23t WHT ofAo] HAWkH o Z

ol

itlo
<
ﬁ
g

o
o
©
M
flo
iih)
o
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Fig. 5. Expression of EGFP reporter gene of pFAP—EGFP and pEGFP-C1 into
zebrafish in the two—day—old transgenic zebrafish.
(A) Non-—injected zebrafish observed by bright field microscopy; (B) Injected

EGFP—-C1 observed by fluorescent microscopy; (C) Injected pFAP—EGFP
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observed by fluorescent microscopy.

Fig. 6. Expression of EGFP report gene in the 48hr transgenic zebrafish.
Red arrow represented fluorescence expression pattern.

(A) Heart and eye; (B) Yolk sac; (C) Muscle and somite; (D) Tail.
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o
T Sl AZIE e wide] B2 d7xEe] #AS Hola gtk o]yt
e mdsby] A E 8 AR Aagdd dEe] ol A &
24 S el e ] f£8 ARk b Aol mEAQ ddEs 9%
S E o A Zo] Aostrt. ol2ldt WHE Alxst=d ol 27t dike
AAE adF oz HIAAL 5 e ARSI A892 FoRuE FasiH,
53] o]fF 5Folzl ¥d WMHE Axgtel SlojAe ofF faHle =dF97F 4
gtk A5 AR (Maclean ef al, 2000) 32 dg o] Fo] 2AHFH e #
st A= gL @A AYE 3 vk (Hwang ef al, 2003)

EE0lal, T AEAdo] ol thekst FolA &g & e FHES A
Ql&= B —actin gene? promoterE FE38Att. 5FE promoterd FHAFY

Tz 8 54 BAglon goacting 22 99 B s Be) Bo

5
Egrebn F 2659 bpRom AFEC] B —actin gene?

promoter @A FIte] REH FVIANLES IS AFHEoz2HY &

D
b
@]
j)
—
1
(@)
b
@]
)
—
—
il

Ql¥l B —actin promoterX @ollA = CRF/NF 7} Agtsln] AAleke] gws %

A3l= CAAT box, transcription factor’} Agsl= H9 %2 RNA polymerase
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17} A2ste] AAF /A& F%3s= TATA box, E—box7} $1A|8F3Ith &3k
APl Az o490 stz Agd =424 Rt ofyet BE actin
Aol Ak, 53] a—actin o A <5 5ol4 Lde] AFAd MEE
HuEo]x (Minty and Kedes, 1986; Miwa and Kedes, 1987) CArG motif
(CCA/T)GH &= FAE Tt o] AL Lui er al (1990) oA ZFxH %0l
CAAT box ¢ TATA box Alelol EAstY FHE A5 A HoA = exon
[AAAE S 7lEoz & 49 —-29 9128 TATA box ¢ —94 $1A9
CAAT box Ate]l =64 A (CCTTTTATGG) ol At (Fig. 1).

FA7EA et FolA B —actin promoter®] Sl #d A7} o] FolF =
d] (Chung and Keller, 1990; Kirchhammer ef al, 1996; Mange et al,
1996; Lui et al, 1990b) AF59] A% A —actin promoter® 57o] &
A ATt Promoter 992 £ YA 7F oMW =Xk gl F2 transcription
start siteol] A T2k 200 bpgloll A3}, AALS] &Aoo Tojdle] Z; QIxE
o Mz v Aol oa A d#Eol £HHW Al TATA box?
upstream®l] Ast= o] Awtdolel &# A v+ (Quitschke, 1989). A5
°] 7, B—actin 42 promoter D2 ¢F 120 bpdEZ WE Fol Hs|
w4z promoters 7FA AL U=l Wi AEFE FA oA S
EGFP @&k o] control EA9k2 7102 Mol At AALzde] & H Q3
QA4S ZFa e FeE AZEY. I 9= AARAelA  splicing® &=
intron 12 AZH(GT) # #(AG)S YEM+= intron—exon junctions HEH MY
% (Breathnach and Chambon, 1981) AF829] exon I 3} exon II AFo]efA
ghlskgith. BLAST Z 3= Bl exon 1% intron I o 2% 29 g oF
Ao)F3 FAbeb AR Ade @ AsAds dErddith ol AFEY =
A3k AVIMEe] xR OE T3 dside] w2 Aol A

ek ol M€ A559 B-actin promoters ©]-&3dte] A3 pFAP
—EGFPE pEGFP-C18 7 wiF AzFek AlBefa o FAddo] F]1go
A 2 I e v Fth. Fig. 3% Fig. 49 @d Fdela gl o]

Mammalian cell line|A "2 82 YA AT HAvjd o] dd

0

S|
ax

M
Of

-



o
|o
i
f

o} 927} A2t pFAP-EGFP @& ¥ 7} pEGFP-C19] W&y} H]

S8k WS Helo g A o[ AAkel Qo] A52] B —actin promoter
= o] g3 o A W f-g3 Aow yH
nd HFFEQ zebrafish® FFwel vAFUAHES T in vivodd

promoter A} WS F3 EGFP wdo=z Flsttt (Fig. 5, 6).

Microinjection $ 48A17F A3} Al A3 Al mosaic expression patterne X

sler (Fig. 6) Venkatesh (1996) A9 A #t% pFAP-EGFP¢ pEGFP-C1

B oA Avtdor fEEg o 250 A FE SRge] HdS e
o

%=%1¥ reporter A= zebrafish® =

=

T e ] H2e) levelS wl-$ mosaicdtil thekdle] g —actin AR EA A
ol e HEdS & 4 ATk (Patwary ef al, 1996; Venkatesh et al,
1996). Mosaic L@ gde] detst Q912 a4 kot DNA injection'd
HE =¥ DNA w&d Heolgty 5
3Fal 9tk (Volhard and Dahm 2002). =, construct’} A2 & o] &0
FIAQ AL o] o] FofXIth= ojw]o|tk. Zebrafish®] AIA] 33}
golldl o] transgened Ewi7F HA = AL Zlolgt AAHW o=
injected embryoolA &3] & 4 2+ dAolztr 4¥A Qth (Maclean et
al, 1994). T3 7} ME9 transgene® HAF7F th27] wie] wde =
T gepvtas delAd glied (Rohman ef al, 2000) ©]9F & A AX
g4, SAk, ol YoM BuEoQltt (Hwang ef al, 2003;
Stuart et al, 1990; Tsai et al, 1995).

e

pFAP—EGFPE Microinjection 60 A7} & Wd S W=z At A= B
—actin promoter® 13}] A FE FolA TEEAY. 53], Aol wt
AL dolHoles Ut A AT ddor Qs Hguts Al Fgad

Ry

=
AP=d o]yt dloleE Fall 4 AF one—cell stageolA A4S s

A
Aok A vE A 2F A dEE 7gE s Flolgt AzbE
Microinjection 39 74 ¥ Al  zebrafishol| A 2] reporter Fd=Fe] THS AIZE
of Ag4F wr Boko] g wulde] wdo] A3 HS WACER WIEHS
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e ¢ A% AAE F 100 Aupd FFEde] AbAe FEFE B3
th. kAW 7FE DNA constructZb w9~ ZFatA v o Feof whef ofatA| vk 25 o]
& s sk AR w2 5 olslsdl ©li= DNASC] injectionSl B¢ &
2 SolAel wasio] Wol yehr] wigeleta A Stk (Volhard and

Dahm, 2002).

up2bA B —actin promoterd ©]&3% W WE = FHAS o FAEALel
A= B OYe ofF A dgelA &St AR ¢ s A
AZrE ), 3 positive control® AFEE CMV promoterE 7}2 A %3
of vuetls W AFHoEHY Axd Az FEZL control EA S
3Fal reporter AR EGFPO #d2 EGFPe 57 Fo $A|sta & A
9] B —actin promoter?] M7|E IHHZA 02 AAFsEaL QL7] Wl %27t Al
WE] o] Fslo] JF Aol & 4 v} v gl B —actin promotertt

carp®] B —actin promoter A7-°A 2} o] (Noh et al, 2000; Hwang ef al.,

o

o
[T
&

)

]

z
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Z 3t

ro

2003) A9 transcription regulatory elementS A&A]Z7l WEE A Zsh
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Transgenic 7]%- BFolES AR B BxS o]Fo] g4 transgenic
fish Azl A o] A g2 A= SH|ER S Agshs 2 B2 Ad9st 25
2 E A7 = Qe 24 Q 4 (regulatory elements) & Ztohji= Zo] FQaht},
W AFNELS vpolgi Ay EfRFolA Frefdh 2ARJMAE Wauo] HAE AT
ok SAIRE of Foll A frefidh 1A B @t Holds Bl dghEo] WEE
3l transgenic fish AAAT7F 0% &3] A= o 5t

o] AFrollA = FHAE Agel® Wol AR AL Qlom AT oF2 Abdell a7t
2 o]F 0 Z AR AFEA BE A FoA LS L8 B —actin promoter

FAS TElste] 971 dE +48S Tt Yo%l B —actin promtoer % 92 EGFP

)

reporter gened AA3st] & FFE #2321 Microinjection®} transfection

e ol &= controldt S EAPS SIS 1 A, F 2659 bpo

371 9E A9l o TATA box, CAAT box, CArG motif 723 E—box & &<ls}
Aot B9 Mdz DM E S A2 ete] A Ed o] 75<Ql zebrafish =8, o

o
m

E= AEFOAM TS B Ay AlxEel Y AAIA SR control FA|eF

L reporter gene? W3O Z A 23 pFAP-EGFP ®E 7} 222 S glst3 )

o] AN=5 MBOE A5 B
&

# ol F A7el $8% 5 9L Holeku oA

—actin promoters ©]-8-3F WH W E S thoFst A
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