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Establishment of the expression system of human HtrA2 in the zebrafish. Sung-Won Cho", Hyo-Jin
Park®, Goo—Young Kim"?, Min-Kyung Nam'?, Ho-Young Kim"?, Inho Ko, Cheol-Hee Kim" and
Hyangshuk Rhim"™. "Department of Biomedical Sciences, *Research Institute of Molecular Genetics, College of
Medicine, the Catholic University of Kore, Seoul 137-701, Korea, *School of Life Science and Biotechnology, Korea
University, Seoul 136-701, Korea, 4Department of Biology, Chungnam National University, Daejeon 305-764,
South Korea — HtrA2/Omi, a mitochondrial trypsin-like serine protease, is pivotal in regulating apop-
totic cell death. Several lines of recent evidence suggest that HtrA2 is associated with the pathogenesis
of neurodegenerative disorders; however, the physiological function of HtrA2 still remains elusive. For
studying physiological function of HtrA2 in depth, it is necessary to develop a suitable expression sys-
tem in the model animal. We therefore utilized the zebrafish as a model animal to establish expression
of human HtrA2 (hHtrA2) in vivo. For expression of mature HtrA2 as GFP fusion in zebrafish em-
bryos, the HtrA2 (WT) or (5306A) cDNAs with the C-terminal GFP tag were inserted into the pCS2+
plasmid. Expression patterns of HtrA2 in HEK293 cells were first monitored by immunofluorescence
staining and immunoblot assays, showing approximately 64 kDa of the HtrA2-GFP fusion proteins.
Subsequently, the hHtrA2 plasmid DNA or in vitro transcribed mRNA was microinjected into zebra-
fish embryos. The expression patterns of HtrA2 in Zebrafish embryos were monitored by GFP fluo-
rescence in 24 hours-post-fertilization (hpf). Although expression patterns of HtrA2-GFP in developing
embryos were different between the injected DNA and mRNA, both nucleic acids revealed good ex-
pression levels to further study the physiological role of HtrA2 in vivo. This study provides a suitable
condition for expressing hHtrA2 in the zebrafish embryos as well as a method for generating useful

system to investigate physiological properties of the specific human genes.
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High temperature requirement protein A2 (HtrA2)#= mi-
tochondrial serine protease® Mxi2¢} A3 &85+ @z
2 A& FA453tHL,2,17]. HirA2= mitochondrial targeting
sequence (MTS), transmembrane domain (TM), protease do-
main, PDZ domain®.8 FA5¢] 2.1, mitochondria®) in-
termembrane spaceol] &) g-t}{10,21]. Bacterial HtrA: A€
# 25(37C)o M chaperon® g 243131, 120 un-
folded proteino|u} denatured proteing #| 7|8l proteaseZ
Aol 71%5& s v do|tH14,19] welx Escherichia coli
(E. coli) protein HitrA (¥+= Deg P)¢] human homologue$!
HirA2= A2} 3¢l 374 wstol) 0§83k chaperono|y} pro-
teaseZ 283 7hFAdo] .

# 2 UV, staurosporine 53 2+& A LA A}=o] F0]
A& v, mitochondriag 58 Smac/DIABLO, cytochrome ¢
3} ghA HirA271F A XA 2 w25 o] inhibitor of apopto-
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sis protein (IAP)9] 28-& AAA|A caspase 3-dependent
cell deathe] 48 FA3e ZAfSo] TxHT Yot
[511,17,20,21]. 32} A+E £ HtrA2& apoptosis 7 Z ol
A FF3F9 93-S G3dte 28AA F9 uR ¢ A
I vH11,17]. &3 linkage analysis$} mutation screening
4 %3) motor neuron degeneration 2 (mnd2) mice2] HirA2
S AR A serine 2760] cysteine . E mutationH o] & A
< 31393, HirA29] serine protease?] 7|55 3= Q3|
mnd2 mouse= A4 mouseR T} B ZAH FX9 77 F 1
29 2o} Ao, £540 ASHL, B $9e] o 0
d H57t He 59 phenotypes Yedth= 237} B
HYuH78,16]. o] dFAIE HrA27) 34 2o &
WARAN 228 4¥E T 4 dve 7t 8E AXNste
Aot a#yg o A3 HirA2e] A3 7)5d gaxe 2 ¢
BA 94 23, 498 52 2d A2UE AUH 1A
e ARol. WA HrA2e) 4214 715 ¢ 9% A% 3
A A787 gsixe AES 58 2 A 2Ho] Basty,
o]& o] 8-8te) HrA29] serine protease 48 B3l o
77y Basit

B oA E human HirA2 (hHirA2)9l 2% 7|5&
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B} 283 79317] 9% 9802 zebrafishels )2 &
HAFFEEY S Y3ttt Zebrafishs © 7|7 2Ao)
ofFolAm ALgH £A7} ¢ £4the FHo] Y}, wE
embryost X|of Fej7} ol¢ Edste] Wre F7] B
Folsitte Aol don 7ty Ay r5Hoay §
HHo2 o) fAFSITH34,18]. 2 o) 2} & zebrafishe] #
HOoF A3 zebrafishs Q7 FA149) AElF 7|5 A1
AT JYFEE ¢ Z44g 23 Ytk Zebrafishol A 917+
a9 BeF 715& d787] dalAe 49X A ¢4
g THEIE 71z Aol AW olo sink wEly B A
TolMe hHrA29] Ael3 7158 B} 983 vs)7] 98
712 4802 zebrafisho] A hHrA2E 23 3}7] 98 A~
23 Fgstdnh

T2 X Wy

ZebrafishQ AFg

Zebrafishe A4 W{LEQ B85CTE $£2¢ #4319
AH58Q Zebrafishe) 2ets} £3& W o8l §5
B2 zebrafish 53 4L& ¥ 14 A|¢7 8 10 AJ7to2 o
718 233ts 2259t} Brine shrimp (INVE)E 285C
2 FAF 2% AFENA 18 A7t Wl UEte] 2aA 7 % )
R EZ 23712 AAS}LL zebrafish Holg A3}

o i1

Zebrafish &8 & hHtrA2 plasmid HIX

Zebrafisho]l 1 hHwrA2E @@A)7)7] 98}l hHirA2
¢DNAE pCS2+ expression vectore] 224 34c}h.
Zebrafisho] /) 38¥ BuAL §o] 344 237 Yatq
HtrA29] C-terminusl] green fluorescence protein (GFP)E
fusion A7) plasmid& # 2t Ao}, ofw]i 2t 1344588 ¥ &
&= hHtrA2 mature form2] cDNAE= pFlag-hHirA2 (aa
134-458) plasmid& Bgl M9} Kpn [ 0.2 Adsly A}
[17). Bgl T2k Kpn 122 8k pEGFP-N3 plasmid (Clonetech)
o] hHtrA2 fragment® 49J8ke] A28 plasmidE pEGFP-
hHtrA2-GFP=} w33} t}. pEGFP-N3 plasmid®] Xba [ en-
zyme site F9|9] sequence’} TCTAGATC(E2Z = Dam
methylase7} Q128 nucleotide sequence$l)o]2 g E. coli
Yol GATC sequence 3 A9) N° position®] Dam methyl-
ased] ©}3) methylations 2.2 Xba I (TCTAGA 917)) &4 2
© o] BEE A9E & gk o] EAE Hasy] 98
PEGFP-hHirA2-GFP plasmidE Dam methylase7} ZojH E.
coli®l DAM straindl] transformation A]7} & Bgl TS} Xba 1
O Ha3it. o] FA do}7 hHirA2 (aa 134-458)-GFPE
BamH1 3 Xba1 22 H9g pCS2+ plasmido) cloning3} o]
A% plasmidE pWT-GFP2} &3} chFig. 1B). Serine
306 residueE alanine . 2 73} serine protease A4 B

A& AAZ HtrA2 mutant forme 38} pFlag-hHirA2
(aa 134458, S306A) 2 5-E] hHirA2 (S306A) fragmentE 0]
A7)0 g Yo F plasmidE AFsle] 1 o]2g
pS306A-GFP2-3. %% 544 Ch(Fig, 1B).

PRFP-NLS plasmid HI=

Nucleus targeting vectorE A 2}3}7] 93| red fluorescence
protein (RFP)9] C-terminuso] nucleus localization signal
(NLS)E ZEAIA pRFP-NLS plasmid& Z243}c}. o] &
913} RFP cDNA fragmenti= pDsRed1-N1 plasmid (Clone-
tech)E templateZ 3l PCRE £3 dth PCRE 93
X143 primers RFP-F (5"-GCGCGAATTCATGGTGCGCT
CCTCCAAGAAC-3')9} RFP-R (5-GCGCGCGGCCGCTAG
TCGACCAGGAACAGGTGGTGGCGGC-3") o]t} $Z 3 RFP
fragment= EcoR [ 3} Not [ restriction enzyme® 2 Ath
8o pEGFP-N1 plasmid (Clonetech)o] 4+$}3}e] pRFPE
A&t NLS ¥-29) nucleotide® ¢7) ¢35 N1~N49]
4% 79 primerE ©] &3tk N1 (5-GCGC GTCGACGAT
CCAAAAAAGAAAAGAAAGGTAGATCCAAAA-3Y), N2
(6™-TAC CTTTCTCTTCTTTTTTGGATCTACCTTTCTCTTCT
TTTTTGGATC-3"), N3 (5"-A AGAAGAGAAAGGTAGATC
CA-3"), N4 (5*-GCGCGGCCGCTTATACCTTTCTC TTICTTT
TTTGGATC-3"). ¥ A N1z} N2& E§HA)st1 N39} N4g
EAB)F F 9B5TAAM 38T 4& 718 F A3 YA A
Z} complementary strandE-% annealingA]Zt}. A9} B uH¢-
&% £33}t T4 DNA ligase (Takara)E ©]&-3}a] % frag-
mentE ligationd}e] PCR template2 ©]-§3}gt}t. o] NLS
templateg N13 N4 primergE o] &3ld PCRE Z2Z3 %
Sal 1 3} Not I restriction enzyme -2 Aw3to] pRFP (Sal [
% Not1 &2 ) plasmidel cloningdte] pRFP-NLSg} 31
Fgst Ao

Cell culture ¥ transfection

HEK293 cell& 10% (v/v) fetal bovine serum, 50 U/ml
penicillin?} 50 pg/ml streptomycino] ¥7}8 Dulbecco’s
modified Fagle minimum essential medium (DMEM)
(Invitrogen)ol| A 5% CO, el & 37Tl A wj¥atsict.

LipofectAMINE reagent (Invitrogen)E o] &3] pWT-
GFP, pS306A-GFP, pCS2+EGFP (pGFP2} %) plasmid 2}
Z}-S HEK293 cello)) transfectiond}th. HEK293 celloj
pRFP-NLS¢} pWT-GFPY} pS306A-GFPE co-transfectiondt
F 2d %A immunofluorescent staining assay ¢} im-
munoblot assay ¥ oz #&3slgr).

Immunoblot assay
HEK293 celle] DNAZ transfectiond}e] 24 A7+ 7 7}3k



3 cell S harvestsle] vl 2| & A A 8kaL RIPA buffer (20 mM
Tris-HCl, pH 7.5, 150 mM NaCl, 0.1% SDS, 1% Triton
X-100, 1% sodium deoxycholate) & 30 E7F Lo A Hks
AA cell& 83713 14,400xgell A 30 #3F LA &2 8hod
cell AA71E AA3LH ). Protein Assay Solution (Bio-Rad)
& ol &3t 72+ 7o) dlAd g AT F, 20 nge) o
A& 15% SDS-PAGEZ #32]8F & nitrocellulose membrane
o} &7 immunoblottings A A}5}Ath hHtrA2 antibody &

3A 7l T secondary antibodyZ  antigen-antibody

complex®} ¥Hg-A]1Zl & ECL (Amersham Pharmacia
Biotech.) W o g Wi=& sol&tHri13,15].

In vitro transcription0fl 2|3 mRNA A=

pWT-GFP plasmidE Nsi] &2 linearizationdt ¥
mMESSAGE mMACHINE high yield capped RNA tran-
scription kit (Ambion)& o] &-3}o] in vitroo] /] mRNAE &
334tk o] plasmidell SP6 promotors} EA5t2E SP6
polymerase 200 unit, capping®} RNA #Ad) o|&HE
NTP mixtureZ E§sle] 37CoA 2417 B¢ 192 AlA
cap 72E 7IA = mRNAE Ao FAdst
mRNA (100 ng/ul FE)E 2t embryo 3 400~600 plE mi-
croinjections} ] z} embryool ¢F 40~60 pge] mRNAE in-
jections} T}

Microinjection

Microinjection-g plasmid= HiYield Plasmd Mini kit
(Real Biotech Corp. RBC)& ©]&3} FA|3t¥ 1, o] AAH
DNAZE zebrafish embryoo] microinjectiond}$ith. Needle
(World Precision Instrument Inc.)& 8~10 pm# #)2+3ta A
A8 needled] DNA X RNA £9& Yo I injector
(World Precision Instrument Inc)E o]8-3}ed embryooi
DNA =+ RNAZ microinjection 3t5t}. DNA = RNA
g FY% gt 1 AE7)Y embryoZ o]43}e] micro-
injectiong- 43315 2.1, sampleo] embryoo] & injection
HAe AE &R1517] 913 DNAY RNAS E st 43t
B A9 mi= phenol red (Sigma) £9& 1:1 W &2 4]
A AL23l9 T} Embryo @ 250 ng/plel =& <] DNA
£-o8-9- 140~240 pl¥ microinjection 31% 2.1, ol embryo
oJ F¢sk= DNAQ %& embryod oF 35~60 pgo|th

gt 7} ¢] embryod]| microinjectiond}= DNA £& RNAY]
A3 s &7 Y3lME HA embryoo] microinjectiond}
T DNAY RNA &99] §£3)& ¢ofopgrt. Embryoo] mi-
croinjectiondl= sample?] ¥3]F hemacytometers} heavy
oil (Sigma)g o]g3de =A%t Embyroo] micro-
injectiond}A] == DNAU RNA £33 FUF H9
sample injectorE ©|-83}4] heavy oile] loadingS 3}A|
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T o), o] ¥ loading® &4& 79 FHE WA HER
hemacytometer& o] 79 ¥AEE A5t Fof 2§
AoH e 53] = 4/3m). o] 79| $3)9} & embryoo
& microinjectiond} sampled] ¥3& FU}EZ, o] §-9
g o] 43ld ¢ JlE FE9 stock DNAY RNAZHE] &
embryo™ microinjectiond: DNAU RNAS & 3&3) ¥

% 9

Microscope BH&
Embryo2] ## & Stereo-Microscope (Leica)#} inverted
fluorescence-microscope (Olympus)Z ##&3}3, ALzl DP

70 tj A9 7ivg} (Olympus)E &933Ath
2

ZebrafishOllAl hHirA28 2SAIF|7| I8t plasmid HZt
1 0|2

hHirA2¢) A3 71%¢ 4787 AfMe 22 $8
2o A hHrA2E 988 4 gle A1 Fgo] as
t} o]2 9Y5te] HEFEQ zebrafishE FERUE &3}
A3, o] zebrafishol q 54 FAAE LAY 43} 713 4
2 AFEE I 9 pCS2+ plasmidol] 1349 A 458 amino acid
residue2 ©] &0}z mature HtrA2E encodingd}= hHirA2
c(DNAE cloning3} % thFig. 1). ZebrafisholA] hHtrA29] %
Forake g.0)5)A BA3}17)9) 8] hHirA29] Cterminusd]
GFPZ fusionA] ZCHFig. 1B). Zebrafisho] | hHtrA2e] 42
A 715 g vl BA387) 93 U0 E serine protease ac-
tivity2 231 91 wild type hHirA2 27t ojg}, 306 ami-
no acid residue®) serine alanine® 2 B}40] serine pro-
tease activityZ A3 mutant hHtrA2E d83t= con-
structE-g AZ8H T} o} plasmidE- zebrafish embryoo]
microinjectiondte] embryo2] WA TA oA hHirA29] H3
FAS dAFste d AHEsATh ], in vitrool A TG
mRNAE zebrafish embryod] microinjectiondts] &3 4
o] HHGE ATFE F Utk ol E A3 pWG-GFP plas-
midE Nsi [ site restriction enzyme© & A, linearlized}
o] zebrafish embryod| microinjectiond hHtrA2 mRNAE
4387 Y93 templateZ o] £-3 T

Mammalian cellOflM hHirA29| Waigkat Hlm 4

Zebrafish embryool] microinjectionste} W@ AJ2~8-& A
¥3l7) Ao} HEK293 cellof] pWT-GFPY pS306A-GFP plas-
midE transfections}®] hHirA29] @& A4S immunoblot-
ing Wi o g 95 r}Fig. 2). ExPASy Molecular Biology
Server Program (http://us.expasy.org/tools/pi_html)& ©]
g3t g Ao EAFS o]EFHo R ALSHH mature
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Fig. 1. Schematic representation of the HtrA2-GFP expression constructs in zebrafish embryos. A. Schematic diagram of human

Fig. 2.

HtrA2. Human HtrA2 consists of functional domains: MTS,
domain (aa 105-123), trimerization motif (aa 146-155), serine

mitochondrial target sequence (aa 1-40), TM, transmembrane
protease domain (aa 150-343), and PDZ domain (aa 364-445).

B. Schematic diagram of zebrafish expression constructs for HtrA2. pWT-GFP and pS306A-GFP are mature HirA2 (aa
134-458) with C-terminal Green Fluorescence Protein (GFP) epitope tag. WT indicates wild-type HtrA2 with serine protease
activity, and S306A indicates the proteolytically inactive HirA2 mutant by replacing the serine 306 residue with alanine.
The plasmid backbone for expressing HirA2-GFP in zebrafish embryos is the pCS2+ plasmid. The plasmid was linearized
with Nsi I (asterisk) and transcribed with SP6 RNA polyemrase to synthesize run-off HirA2-GFP mRNA.

kDa _..__..__.m_]
N
IB ; anti-GFP
8-} o
~—Q <
42 o
28—
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Expression patterns of hHtrA2 in mammalian cells. A
plasmid encoding pWT-GFP, pS306A-GFP or pGFP
(pCS2+ EGFP) was transiently transfected into HEK293
cells, proteins were resolved by 15% SDS-PAGE and
visualized by immunoblot (IB) assay with anti-hHirA2
(lower panel) or anti-GFP (upper panel) antibodies.
HtrA2-GFP proteins are indicated by arrowhead.

hHtrA2:& 3498 kDao] 12 GFP+ 26.94 kDa ¢]2 & hHitrA2-
GFP fusion @@ A¢) 2agFe 61.92 kDao]t}. SDS-poly-
acrylamide gel 4ol 4 o 64 kDa2] hHirA2-GFP fusion ©
WEe B2Y & sled, ot JEHA BABY FAs)
A §aahc.

Immunofluorescent staining assay S ©]-83}< cell Ul A
WT-GFPu} S306A-GFP fusion @l 4 o] B 5= kAT cel-
lular localization-g 2213} $1tHFig. 3). NLS sequenceE X3
&+ pRFP-NLS plasmidE hHtrA2 28 vector$} co-trans-
fectiondt & cell9] nucleus= RFPS) B@ o g #Fs}a, GFP
fusion Tl A7} RFPQ] merge 5 & WT-GFPU S306A-GFP

7} nucleuso] ZA3He 2 J2E st WI-GFPg}
S306A-GFP z}zto] RFP$} merge7t HA ¥ete AL

GFP-fusion ©t# 2 o] nucleuss] £A43}1#] gevhe AL T
8] 2t}. Mitochondriad] F2 £} full-length HirA29}
= 2d) N-terminusd] A8 MISE A AT WI-GFPs}
S306A-GFP9| A& FZ cytosold 4] 2= € A& #2Y
& Jded, ole 7189 47 ZAAd dAFU{A0]
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Fig. 3. Expression and localization of HtrA2 in HEK293 cells.
HEK293 cells were transiently cotransfected with plas-
mids encoding RFP-nucleus marker (pRFP-NLS) and
HtrA2-GFP fusion proteins (WT-GFP or S306A-GFP).
Expression of RFP-NLS and GFP-fusion was monitored
with RFP (red) and GFP (green) expression, respectively.

ZebrafishOlA hHtrA22] DNALI RNAQ| i&iokato] H
o EY

Zebrafisholl A hHirA29] 23okas dolry] 93ty
pWT-GFP DNAUY ©] plasmidZ linearlized} o] in vitroo] A
338 WT-GFP mRNAE 7}z embryodl] microinjection}
of tuld w9 KL RS HFg. 4). WI-GFP DNA
(Fig. 4, middle penal)\} mRNA(Fig. 4, right penal) Z7+-&
one cell stage®] embryoo ¢} 35 pg-& microinjectiond} $3.2.
M, $4 3 24 AZEAQ0 prim-5 stage [somite(dd) wHAl o]
Fue BA(E 30719 somite 24|l A #2354 . DNA
<} microinjection 3 WT-GFP¢] 23 %42 embryo ]9
dot Fef 2 Uethe A& FAE 4= ot Yorkol M #25
T EA9 YL plasmidZHH F¥ 5= WI-GFP &2

1
Uninjected DNA RNA

Fig. 4. Expression patterns of hHtrA2 derived from DNA or
mRNA microinjection into zebrafish embryos. Embryos
were microinjected with WT-GFP DNA (middle panel)
or mRNA (right panel). GFP expression was examined
in lateral view of embryos under a fluorescent micro-
scope at 24 hpf.
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o] ofrjg} york A7} HH-& F54FO2M e back-
groundo|t}. WT-HtrA2 mRNAE embyoo] microinjection
& WT-HtrA29] %S #23% 23, DNAES embryod)
microinjectiond} & o FAT & YUY dot e G
e 2y & dAd 9A gle A 2L EEEE BY
ot} £3], $AAA =9 zebrafishe] # ] Zo|A WT-HirA2
7} ZstA EdEY E5% ng £08 A4E ok 2y
95 AL #2% £ Atk o|E A transientZ zebrafish
embryoo]] ] DNA F= RNAZ RE WI-HtrA2 g9y 2.8 g
HAAS W B8 AEAA F1F ZAHAE FAT ze-
brafishe] body Ao HA HdeE Fde BT &£
DNASI mRNA 5 whxsbA Z 9 zebrafishol A 28 A} 7]
A 9 A4 wEd 2 EAT0 glenz 4Y 34 u
DNAY mRNAE A&3}le] zebrafish embryoo]| micro-
injectionste 48S #9F 4 Ik

ZebrafishOllMS] WT-HirA2 THYE & A|AH 75

o A& oA DNAY mRNAS embryool microinjection
319 w GFP fusion Gl o] W3S 2 #24% 4+ glon
2, in vitroo] ] mRNAES Ttoe #3H L AXA E1 plas-
mid DNAZ embryoo] 4 microinjectiond}e] A7
Z9] zebrafisho) A WT-GFP9] ®r& <Al B&sie uhy S
Aelsltt. DNAQ microinjection® zebrafish embryo2l
one cell stagedl M AAE A T e g HAA 7
12 hours post fertilization (hpf) (5~6 somite stage, 5~67} <]
somite7} LA stE DAl HXE Fol TEHE BA)%
24 hpf oA #Z3sH o, BA3l= embyrod] FHE F&
3} cHFig. 5).

pWT-GFP, pS306A-GFP, pGFP plasmid 2% U3 9]
DNAE embryodl| microinjectiondte] z S A o] ut& ot
A& 239 HFig. 5B, C, D). GFP7} zebrafish embryod)
A B8 E 79 zebrafishe] S A3 J3S X7 ¥e
A& B2 4 3ithFig. 5B). Zebrafishe] ) WT-GFP (Fig.
5C)7} S306A-GFP (Fig. SD)R.th b4 &L 9ko] B H 7=
s}, Ztzte] HirA2 dhlgel 238 S A4 U8 5 1
GFP A# % zebrafisho| |3F& 71X 7] gorz AH o
A Hra2e) 4214 715 ¢ A7a o of 98 Aade
o] &8 4= gluk. gk AL&-3F GFPU HirA2 &8 vector 25
o A embryoe] DNAZE microinjectiondt ¥ 24A17F & o B

+ early timeQ] 12 Aj7tofof WT-GFP fusion T F o] r
B8 s BFY 5 YUk Zebrafishy} 3 433
o) whel gy Ao dyo] Zasin 72 A7 Hole WI-
GFPe] B8 S A9 #dd 4 ¢lith(data not shown). we}
A B Ao ME zebrafisho A Q17F £ 21Q] hHirA2E =
BARoE HaAY F v Al2FE FHToEHN, goz
zebrafishol] A hHirA2¢9] A2] 3 7]5-8 dFste d 1o 7]
EA A52 &8 ¥ § Jdg 3otk
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Uninjected

pGEP

pS306A-GFP

Fig. 5. Expression patterns of hHtrA2 in zebrafish embryos. The plasmid encoding GFP (B

), WI-GFP (C

, or 5306A-GFP (D) was

microinjected into zebrafish embryos. GFP expression in the microinjected embryos was v1suahzed by fluorescent micro-
scopy at two different embryonic developmental stages, 12 hpf (5~6 somite stage) and 24 hpf (prim 5 stage).

LI
B2 d7AEe] AFAA #48 L1 e trA2°ﬂ i
g ATEL enzyme activityl} o] ©elzl o] A-]]_Tf_/\]-
AA Y 715, e AEAIEY Fdse e & 544

352G Fol B UE&Eo FE °]¢E}[l,2,9,11,12,15,
17,20,21]. o] &3 AT EL cell Woll A HirA27} Bofdle A
A ¥H3-9] mechanismg FHs= d o] &HAG AAE
whole-organism oA HtrA2¢) Agld 71%< A3ty
A Al z"oly PG FERDY dEMEe Ay <A
2 74 A=

£ A7 A= hHrA29) el 7l5¢ B 3983 dF
317] A% 71N 71eS FEE] 98, A FARE A2
HEFE 29l zebrafishE A€ ste] o] E37]9 SAHA
% hHtrA2 23& 3288 e A2 E vector A2}
Wl 218 F9381 ). Expression vectord] pcDNAE hu-
man CMV promoterE 7} 2|3 $19] zebrafisht} mammalian

cellf A 54 225 2ds= o o] &8 4 Yo, in vi-
trod) 4] mRNAE @Aste ol Asrie HAESA @b
pCS2+ vectorg AME-3F% T} o] vector= simian CMV pro-
moterE 7FX| 93 SV40 polyA tail FHol multiple re-
striction enzyme site’7} £A8}2 2 plasmid DNAZ embryo
o] microinjectiond 4= $1-& Bt olg}, o] plasmidE line-
arlizedld] polyA tailg 7}A 3 3= mRNAE in vitrod) A
AA AR ¢ Ao FPE ATFig 1),

pCS2+ vector A|A&Hl-E ]88 o] zebrafishol A micro-
injection3t & WT-GFP2] DNA9} mRNAZHE Tl do]
B8 S v 24 AP zo|HE HolA ¥l DNA
© mRNASE 2] embryool] microinjectiondld nucleus
2 7}A transcriptiono] ¥ojutx, F4E mRNAZL cyto-
plasm & 2 export¥® % protein synthesis machineryZ % 3|
Bu o) FEA} GnE vud B Bl ga @
& 4 92 B0 BHsE 8 A2l 28 + Yo} of
=

2717} 4o & ZQo] Yk



WT-GFP DNAE Z@AA ths 43¢ Agstr] 9% o

0.2 o 7k F%(10, 50, 100 pg)e] DNAE embryod
microinjectiond}$itt. DNA 100 pg2 embryoo] micro-
injectiond} g2 WE HAH-E 87T W RES mi-
croinjection ¥ embryos} Aldte] f-7zle] THE A2
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