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SUMMARY

Hyperacute and cellualr rejection in Xenotransplantation is caused by activation of
complement, human natural killer cells(NK cells) on endothelium. The combination of
non-classical major histocompatibility complex class I molecules-G1(HLA-G1) and decay
accelerating factor(DAF/CD55) would be an effective strategy to overcome host
complement and NK cells-induced rejection in Xenotransplantation. In this study, we
produced the minipig clonal cell lines by transfection of the HLA-G1 and HLA-G1/DAF
gene into minipig fetus cell lines, as well as produced the HLA-Gl1 and
HLA-G1/DAF-transgenic minipigs using the nuclear transfer. Expression of the
HLA-Gl and HLA-G1/DAF gene in the minipigs would be to prevent hyperacute and
cellular rejection in Xenotransplantation.

And we tried to increase the developmental efficiency of the porcine oocytes. We
investigated the molecular function of several proteins involved in protein cleavage,
degradation, or modification. We suggest that the finely-regulated expression and
function of specific proteins such as AAA protease, BI-1, or SUMO are important for
high developmental efficiency of porcine oocytes. Moreover, We found that treatment of
specific flavonoids can modulate the cell viability. Also we investigated the sequence of
the zebrafish genome revealed a high degree of genetic conservation between humans
and other vertebrates. The function and morphology of zebrafish organs are very similar
to those of human. Zebrafish offers several advantages over rodent models; 1. zebrafish
produces 200 eggs per spawning, 2. Investigating the effects on overexpression,
mis—expression, knock—down of specific gene is easy during development, 3. zebrafish
development is completed within 48 hpf (hour post fertilization), 4. its embryos and
larvae are transparent, which allows for the development of the internal organs to be
easily observed. Because of these advantages, the zebrafish is a remarkable vertebrate
for characterizing the in vivo function of the specific gene for a number of reasons. We
have established efficient screening system using zebrafish. This system contribute to
more effective solutions to study of in vivo functions of specific gene that associated

with in vitro fertilization, maturation and immune system.
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hyperacute rejection = Xenogenic or
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cell-mediated 4 ¥ cog Siahs

effccts in the graft

<Y 2> o|FA7] oA MIAFRSY FF V1A

o} ARl Aol = #e] F7E o4 S H$ a-gal epitoped] 23 TAT= 2754 A

 NK AZE olFF/014 AYNEE Fag 4

Wk o] 9fol Natural Killer(NK) Ao o3t ARntgr st |, sixe] 7]
7} AbERe] o —‘é—oi% ] NKAZE # A9 endothelial cel(EC)S W A7 2 914
Ax&HE doq. A NK Axe] S48 AN T2 FAHE A5
WEYH NK /‘1]&1_94 cytotoxicityE =& = A& FHoly of7jo] 7HF HEs FHx}
U7 HLA-G. AF7kA1 9] A-ZA 3ol ot iAo ALl A Abghe] HLA-G
DAA7|H Q17 NK Al Eoll 93k Alx5Ao] dA3 Astgo] Bl HAS.
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7171% &, NK Alxe A4z ngdAde SEA-JA/Ed 48 (specific inhibitory /
activating receptor) 7} EAHAX Q] ligande} A@ 3oz o|FoH. = NK AxE9
cytotoxicitye= MIC, ULBP %9 @43x=3 HLA-class I ¥ non HLA-class I 4]
A=l oM =dH. NK Alxs &248A7]1= SH 7548 A (specific inhibitory
receptor) o+ KIR(the killer cell Ig-like receptor)¥ LIR1/ILT2, CD94/NKG2A7} <l
t}. o] &A= non HLA-class 2 MHC class I molecules® Ag3ste] NK AMEE =&
g4 3171

tlo
e

. AP = A 7Ee] o] Fo] A
© 7] o] HLA class 19

=g A o positive A0 2

Aol NK AlE= #A AXe] mEA o]F HES
A3 3 swine leukocyte Ag(SLA) class 10] NK A 3E

AGE7) &, 1 23 NK AXxE TAMNZIE T4
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pre-inflammatory cytokine&

wulshy] BHAR V)5S FUAY. TEE NK ALY B4 o)F AXEYL oA
AAE AL olFol Alo] MARE ARNLE FY & Y o= PP,
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v}, HLA-G= non-classical MHC class I molecule®A] 217Fe] 61 Ao 93 HLA-AY
o

A,

o}

7} %

telomericell 91#]8}aL, HLA-A29] 471D} sl dAg =3 HLA-G= HLA-B, C ¢t
= A 8709 exons ESHelal S exon 12 peptide signalS encodingdt®, a
1-domain(exon?2), a2-domain(exon3), a3-domain(exon4), transmembrane(exonbd),
cytoplasmic tail(exon6-7), untranslated region(exon8)52.& o]Folx ¢le. HLA-GE=
mRNA splicing®l 2814 G, G2, G3, G42] isoform¥} 2702 soluble form% G5, G6 7}
om o7]4 7P & HLA-GIZ exonl-8Hell B 1A 5. HLA-G®| ¥ isoform%
4] HLA-G1°] NK cell®] inhibitory receptor?! KIR, CD94/NKG2A, LIRI/ILT29} Z 33}
of NK AxE BT Ao g,

sl HLA-G ©]9d] HLA-CE o] &3te] NK AXE Bd4sA2d 4 9o}, HLA-C
= polymorphic alleleo] a1 o]ZFo]2]A] HLA-C¢] W3 o =z T A X 93 cytotoxicity

QA7 F et vt

a9, HLA-G #4847 498 4% ddAdez 48d o7t 98 Ao
HLA-G #A47 Soi7t 9448 HA7 Yusd o579 4158 743 o
o=

d Aor ol 598 A=Az 22 Axoldd= A4Ad A

A 584 S9N GAARe) HA Fro) Aoy
AAE AAFS BH BAVIEe BEAA SWolA B ol o}f st & 5 ¢
% Al BE IPHIE WEY] g ) he dAst Aash £ olFw A
B2 AA wol BAZ Bolzk AL A Aol BIHT Y o Fol® firelit Ab
A E B9 oRels] MR, AAY et ST ANFAS AR dAel
A P4 AFAEE A 3% UA Bar 249
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2 2002 A AAAR HAA GGTALE AAD AA7 SART BF AR Ay =2
Azl oa ® e WA FAAe At BE WHAW UnA 445 A
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3wl g il
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32 F 3 (human serum albumin AF&) A3 £Abo] A&

] Fuj A] o] A 1ol
23 7] 4 (squeezing ) S MidtE 5 23] w=go] o] Folx 1 §le. I Uzt A
¥ 74, w9 T8 AMEFY] #H FHAEY TARETH 24 AAUSES f
gate] grdyn AZ2aEE F8&E EoluA i ARRE o]FoAa S

. & o ubiquitin—proteasome system (UPS)3} apoptosis @& @z o] %%
ole] Q& FARA vl Fag JFS vHvkE AbHdo] Huwlont o gk
AAAQ AT AFE wg FEe A4 aYea A5y Aeed BAgoA o
A= oy 7FA FHA Bd Wstel 1ol wE apoptosis, UPSe] =4 WAYFS
TH3E A7 HE=A] o] Fojxfok d A, T3 mitochondria dependent—apoptosis
d Fo fFAAe 7lse] wiAE Ao wjolE ol&ste] A F] Hiol AbE wIAY
Foe] zolE et A FEAS B BAle= AAERES FEA7I7] SlE vE

Al s oF sk AT ok
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\ Very Low Efficiency of Animal Cloning \

0=

EE

=

=

r

Al Al

=
-

| BBAE F I

305 N B 1|

| EAl A e 2-5%wko] Abxb® Bjojuhal = AAol7] wi

o] 3

=

)
o
HH
o
o
Ho

n_mO

)

Y271

=K

ol

A5

A=

g 9

L, ol

folm
o}

K

<t

’

E]_]_'

il Eolt Abate] Adulgo] dAlF, 7o

9]

sEAE 5

] %

2

717l

ol

mJ
o

o
wir

O

X

7
W)
o
B

J—

o

rn

A AbAp Aake] wol ®aiwal gle]

CIETIE

0] =
A .

A7) 3L

3

B

Frpa F=5

Yol

wA kg ok 10,0007 2] A A7}

FaAe 7]

Al A BHE =

vk =l lojA Al

e

=
=

&

3l

)
=

(modification)

0

A

o)
ol
&

W

<

HA} (transcription) ZAMWwk ol Al

20



ul.

A,

10.

7}

(degradation) 7]1#t%= w4 T3 Ao WuHi =d], o5l thg AAA AT
A

2 AR 2 FR2o g A7 v B AA.

7hsol Aol A ZAd HF wjol AbibE o] 20-30%°l o2l JAINE #HE FAAY] T)E
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24§49 A% FHH A NS 99 zebrafish 222 Axwo]

Azroll Al A&t Sl FEAS HAlsEs WeE Wi, EASo] JHAY HA ol
2= G 22 ARt A T)se] g A7 REEA] o] Folxof 3 1y
U FHAu HAE o] &3 2agd > dAe] FUF Aol BAT|Io] o] Ao ol
& Aol B&.

Zebrafishe= 17te] F2et vl FAG =S AL U HAF5=49. s3E
Aol v, F4 5 WAAE £33 9 zebrafishe] &71= 71s3 9
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Human Chromosome Mouse Chromosome
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.2, HT FAAZ HA9 Aol B 3}
271 PAAD Y& o] A & Ay F 2l EE=
hDAF2& Aol 0-4 2002
hDAF % UECED 2-99¢ 2002
0 hCD59/hDAF & NECED) 674 2000
He CD154, CD23/B7 UECED 154 2005
hDAF & NS 1469 2005
GalT-KO UECED 671 2005
s CDS5, CDSY NAL %0 13-24A) 7t 2005
= H-transferase &3 - v
27 hDAF & 7N 5 0] 20.7¢ 2004
I 5 GnT-I0, DAF 2& Aol 9d 2004
7 hMCP =& UECE 124 2F 2002
* Z 2 Biosafety, gt A3 8td 79 - vlo] 2P A B AIE, 2007
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M3 d7Mgd=sd e 2 2

ALA o B, 9 A

O

1=}
H

LAl 1 AR A

B oA AE wyUsA ] AL Azt WeelA FARE T o % AL BA
e B BAAR BA WUHAE Aaste] o] FG7] o4 A dojup F4 WS
b W AEY AAARNSES AAT 5 JEF b sl thgat e el of
90

7k A e A
- AR HA EekE 4,
ot AEas ddedd § 10% FBS7E E3HE wiAolA widska AETE 90%

HEdg A A2 & AEZS trypsin-EDTAZF A7HE v A oA 5&
o
trypsinizationA] 7 Al thuj k3te] L F-= o] 2lo o] &3l YHA= &

3
conﬂuency of o]2wW

B ‘6]—]:]—

. HLA-G % DAF gene #2] &1

- JEG-3 cell line(HLA-G)& 37C, 5% CO2°14 w3 F TRIZOL Reagent
(Invitrogen, Inc)E A}&3Fe] RNAEZ EZ3ssch E2l"¥ RNAE AMV Reverse
Transcriptase(Invitrogen, Inc)& ©]&3l4 cDNAZE WE3 Bam HI/HInd III enzyme
site®  #H7}3t  primer(forward 5 -ATG/GAT/CCG/GAT/GGT/GGT/CAT/GGC/GCC
C-3’ Reverse 5-ACT/AAG/CTT/AGC/CTG/AGA/GTA/GCT/CCC/TCC/TT-3")E A}
43l PCR(95C -4min, 95C-1min, 58C-1min, 72°C—1min(300ycle), 72C-10min, 4T
—forever)S %3] HLA-G genes vl 1 % gel elutione %3 th%e HLA-G
DNAE 499} sequencing Y%= E3] 100% HLA-G geneo] 4AZ Fel&ct 3
human liver cDNA libraryE ©]| &34 EcoR I site’} X&% DAF primer(Forward
5 -TAG/AAT/TCG/TTC/TAA/CCC/GGC/GCG/CCA/TG-3/, Reverse
5'-TAG/AAT/TCA/AGA/AAC/TAG/GAA/CAG/TCT/GT-3")& AH&3ste] PCRS A4l
3 AIH95CT-4min, 95C-1min, 56C-1min, 72C-1min(30cycle), 72C-10min, 4T
—forever) hDAF genes &1 3}l w742 gel elutions &3l thde] hDAF DNAE
Ao sequencing 2 FHE %3 100% geneeo]l YA 3F= AL el

. HLA-G 2 DAF @& wE A=z}

- HLA-G 2d #E&E pcDNA 3.1, hDAF 2@ #®E & pCX-BSD #HE A&kt
pcDNA 3.19] MCS(mutl-cloning site)& Bam HIZ} Hind III A|$&ELE AT & o]
Xl T4 DNA ligase(Roche, Inc)E ©|&3}] HLA-G genes ligationS A|Z 3 E3H
pCX-BSD H#-1#9] EcoRI {#°] T4 DNA ligaseE A}-&3le] hDAF gene-% ligationA]
Atk &4 vectore]l Bam HI® Hind I, EcoRI Al3ta i 2 A3t 3 HLA-G gene
o] A3 hDAF genes &elatgla mgk Alxu & 913 DNAE Adaaz 4
et ©drte o2 REE $F phenol extraction® 2.2 DNAE #2383
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HLA-G, hDAF Zawelo] Ay F¢ 2 g9l
RSB B K B B 1 ¥ HLA-G 9HE 183 HLA-G FdA7F ddsie= vy
P 1ol AA X hDAF o4& #EZ lipofectamin 20008 ©]-&3}l¢] transfectiong A7l
S HLA-G= G418, hDAF+= BSD& 25F3F selectionS A A 3}04 colonyE x5t uj

oF3F it HH 4H colonyE 48wellol] 7)1 AdFAZF v & o] thA] 6well plate
o &tk AR cellg o] &3F°] 15ml tubed cell& & & o= lysis buffers o] &
3] cell & lysiss AZY. I & AR E AL83}o] colony PCR E4S AA3Y

PCR Z3 HLA-G(1024bp), hDAF(1200bp)E &2latA . A= oz Wy sf=]e] AA
3 ]t HLA-GSF hDAFZF =945 55 eHelsisih

CHAE B4

Colony PCRE &3to] dAo= gl AAMEE 6well 2712 Uro] dFd HX )
% % primary antibody®Z HLA-G= MEM-G9 monoclonal antibody, hDAF+
anti-CD55 monoclonal antibody& A}83}1 secondary antibody+ anti-mouse-FITC
g ALgEtel FAE $HS AASHEh HETOR normal MUsA AAELE A§3
A el wis) AlZelA HLA-GSF hDAFZF @73 S7kste AE5S 48 &

AT

s S7Fs MAEFE A¥3te] Chamber slideE AF-&3le] AXE
¥ mediag A7 ¥ cold PBS® F e washing 3t 95% EtOHS Ab&-3ho
i 71 &  HLA-G 4H84 monoclonal antibody, anti-CD55 monoclonal
= of Wel 27 e £AS LA AT

HLA-G ®jebAlZ, 2= PCR &4
g 2o HLA-G 43S o] & 12 £ =
of ®HielE 35Ul | Fol AgolA 7ol 4utE]e] Hols RISt HONEFE WE
Ak AZE EjolAlEF ] HLA-G 32 2d F55 Felsr] 98] HLA-G gene primer
& AH&ste PCRE AAletAdth
Tk 7 oukge] giE® Al E=olA F 9ukE] o] H A AxE Ak 2t H) 9
kgl o] AkzLE9] EjRES o] 83le] genomic DNAE FE3t%9i PCR 418 AAIA
o]
:

=
ok Ay guhe] BF FAASS gtk S 209" F 7=
2& wojie] Zulz T2 A7l & H&E staining 2 WY =2 g A4S HAA5H9
ot
NK AEZ=54 24

ol Aol AbgH HLA-G A AAZzF dobAl25, HLA-G A= F14E, HLA-G/DAF
5 AEe 98 NK AL AZEAAES 24590,
AxEEdd A3 MTT assay methodE AFE38EaL effector AlXEZE NKR2Z2MIE AR5
t}. 96well plateoﬂ 3X10"'e] MXE 39C incubatore] 23 Hdujdslm AF T
NK2MI A ZE 10012 52 AZo] & plated] ¥ 8A%F oldt= wjkg AAgch 1
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MTT €8& 20uX 23 427 ml %S 8t crystale] 2 F mediaE 25 AAT
off DMSO 200ulE& Yo crystalS =9 % 540nmolA S ¢t}

o

2+, LDH &4

HLA-G/DAF AM3Ee] frAlZ A A FA o &

4 oA A4EE 98l LDH assay HAletath A A3 SAd TS AE
W AEEC] Huwd 5A4S JAlste AL IS exposes A Alg) 96well plate
o FACS % western positive sample(target cell)= 24A17F Aol 2x10°49] cellS 2
g ved celle] & AgkeEA Sl F AR Aol deS 15medrol
vacutainero] A 30&3F o] & F dHo] S 2000rpm 1027 A= gk
AAEEY F = AHRZ(FH)S wA tubed &AFETH 1 F media®t 42

T experimental well(2 & sample)2 effector cell spontaneous releasedtol A}-& 3k

=

o} TE3E target cell spontaneous release, target cell maximum release, volume %

medium back ground controle H|3F & 5% CO2, 39TCA 6AF AL W 3=
10ul®] lysis buffers 7} & 458-7F 5% CO2, 39T A wjeFstc}, 1 & 250g, 457

AAEE, 2L 96well plateo] 50ul® &3 F assay bufferE ¥ F =204 30

F2F vf <, 50ul stop solution 7} $ ELISA reader® 492nmoll 4] &4 gk}

) o]x\]

G AFHE g GAE E5olA 38T AZAETTE EodE HeHS o%

st A= %H}:O‘}‘ijﬂ} 8 gauge FAZIE o] &3dte] dE A A dETS F

lste] WA ETE 273% O]“ A" A B MEFo] ddgh dxs st 05

pe/nt LH, 05u¢/nt FSH, 10ng/nt EGE7F H7H8 TCM-199 4% ojoll 4 427444174 4
1=

o
Stk Axdol #dstm AIFAZ HEH MO7] $AS AF o] 4343
e AlFAS 1 FHe 4 AARE B

Tt AAEdnh §32 110V, 30us, 23 T4& AAsAT. A9 n] e BSAZF
HA7hE NCSU-230 A4 vl A A skt A=

@ Fol P4 FFE Aty

i,
A
)
4 0
o
ru
o
=
i)
kd
2,
o
1>
ol
8
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=

ﬂ
= o
X
m
M
i)

AE wHANZ F FES Soto] v, AolAd I A A=
LE FEE HBSS o B2ag & Add= A4S ol A4de] FAE
pancreatic ductol] 20gauge catheter & &3] 0.15% Liberase PI (dissolved
)= Tt AGE BAANAA AEE mEbA 27 AGHA Eol7HA
H Al2E #28 & A 249eS =g 339 A4S oA
Falo] felxz W A 18 (pore-size: 500um)o] EolYdE AHdH A~ A
F % 37 OC 9 500ml HBSS &5 AWM= F=3AAA Liberase PI =
stAlA W B EEAES A A FEste] wkg F 48 5E vt
10ml FAF712 500ul #obA] dithiazone A& F3 Cl&EdS X&st= WEH AX
o] & du|AstdA FAsH WAL 7.%73 (chambers= 7FRAl E&&0] 7FHAL Wb
S A7 HE W& Aol AAEH s SojA HA 2SS FA B
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7},

e Al XS 20mle] &4ESA &9 (HBSS supplemented with 10% FBS and
DNAse) ©] E9°]9+ 50ml conical tubeol 30ml % 53 3 AEFso] HNEE
HAAZ Y. HBSS (10 % FBS)&d o2 33 &3}t (2000 rpm, 1min). FHAE Al
¥ Z commercial UW €9 100ml (2% FBS)Z #4171 3 dgolA 3027 WA,
T Mxe dFE Hs DTZ 945 T3l ] Az =& <o, COBE
2000 (Cobe BCT Inc, USA) ¥AE 7 7)o Continuous Ficoll Gradient (1.077 ->
1110)E P4 & 100ml UW §Ho=m FFAz7l AFMMEEHS Hrtste] d4ig

% 50ml conical tubedl ¥53}4 7} conical tubeollX dH-= FHsleo] DTZ FHHS
O]%“O‘}Oi UliEe] Alxel &4 28 (>80%)E AA I 141 v M) =27F 80%

L

o= = tube 9 ficoll & YA EEE o] &3lo] AlAg * HBSS (10% FBS) &9 o
2 23] M# g (2000 rpm, 2min). FAEH WEH AEXE MI199 = CMRLI1066 W
FHoz H{AZ T DTZ 948 Sl WEHAXL 4 A2 2443 F 150mm Hi

FH Al 50,000 7B EF3Fo] CO2 incubatorell i %3},

>

oo 4\
2o

A o]-&gk A EAE o]

A FHAE T cell ¥ B cell o o] =
o]  Streptozotocin (240mg/g)S FA3te TPuEIES TorEf&‘?]'. %‘%-’Fﬂﬂ
350mg/ml ©]4<l FElE 33Ul FAFHH T
Lt A3 9 Kkidney capsule o HHAEFEEH Hul"® #HAAE
Insulin Equivalent (IEQ)E ¢ & ddYeo Frrs Z43}
9 7]%<S 7% 3 ImmunohistochemistryS E3alo] o] 2d =X A AlFo A&
5 AFed HHY HAFozREEH FE S islet cellS vF$-22] kidney capsuleol
ol 2gto] Fmo]l fikE ke AAAR AFVITES FAY 7 e o AX
e fx} L AR o] AAEe] AETFEAS AT °F 5000 [EQ A Lo

ALE o Hste] 7% 8% 2% AXYEA] S5 FAsATh
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2. Al 1 F5AF2A

7}

7} dAGAEE B2 ¥ porcine HAERZHE @ FHd zolZ YedE FHA
I57ME Zrolal, o]59 AVIAMEY 7|5& A3 ©] &, NADHI2> NADH6
9} 37 energy metabolismol] #oldli= FAAE LA vk, KCRF (potassium
channel regulatory protein factor):= potassium ion®| channel2 3 o]FS =4
8t factor® €AY AY7139759 pigel Bax Inhibitor 1 (BI-1)g}= A A}<}
homology S 7FAaL  AAtk. NMO0154472] human¥} 84% homology S Zie
CAMSAP1 (calmodulin regulated spectrin-associated proteinl)© =2 9138
HERC3 (hect domain and RLD 3)+ ubiquitin protein ligase activity® 2zt
Ao d#A vk olF dF FAAS sIRNAE At {FHdze] 7]
zebra fish 2 AF oA dapH oz At gl

o}.ﬁ
S

of ¥
o rlr

HA Aol gl A maturation SAINA RE a2 He] TUHE = AS
g oglden, o3 71¥9] bovinedl Al maturation@H A A olE] HH A}
mRNA Fde] S7hgths A Aapel wddE & 4 M9tk 712] 3, apoptosis

1 =

Lo o
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towR mAglAe A WAY Aot A WA W F8F

ut.

A,

AR B ] Aol E YERY obFEA
A

. Formin family &2 = 312 Formin2 (Fmn2): &< (infertility) 3 &

of #ojsle] A= A Bel-2 family7b WA @dolut embryo@d Aol = &

B3¥ v} glojA, pro-apoptotic &S 3= BAXS} anti-apoptotic &3

3= Bcel-2, bel-XLo waS B389, AAA (ATPases associated with
diverse cellular activities)-protease family FAAEE 413} t}.

o

transcription & A A9l a-amanitin* 2] & E3] £33 =4, a-amaniting * g
A= PR F9lel cumulus cellEel & Eol A @i, oH3F] Gap
junction¥] o] &= AL &<l = AdATh Control HAFe] A& &2 74% o]
ol Wt  g-amanitin @ *7 WA= 8% EH} I, translation A A Q]
cycloheximideE 23t Wa}= 48% AE ¥+ Aoz Yeryt

AEAor BA HAE 7] YA FAY SutE Aso] 7] A4 HFT Ao
2 AARE A= TosHA #ESHA duk 53] in vitro vl %e PR 9] quality=
24 HAE wH==d v F23tth 2 GeneFishing A& A3}ol| A of&] FHA}
S0l AsdeA =& HdSs BAd AAF ofFEAL #E fHAE 2 AAA

BN
i)
av)
1=
i)
o
T
—_
lo,
o

<~

g PWG vUsAl et 54 PWG v A|zke] 2b =4l w@dxjo]l& RT-PCRS
Bt A¥E Ay A4 PWG vYH A= Testisoll Al &
HeartZ A|9]%F kidney, lung, liver, spleenollA @&o] HS Folstgich. &4
PWG YUY A = tesitisE W E3te] ZF ZH oA Tdo] FQom Lol thx o
Ae AiA ez ddo] ves gttt

Hj o] F Qo gk AEANE 2R F 3l Bel-27F SAPK (stress activated
protein kinase) A& @A WA= FFS 2AFs] Bokth SAPK Bel-29 9
3l &Ado] A=A, o]& Bel-29 dosedd 9jF3dte] AsES & ¢ AU 1

g]3l Bel-2& SEK1Y MEKKI EFe 848 Aslsttt. 5 Bel-2& SAPK7
(e}

a
Ry

OlFEA 2o g Fad wwdel ASKlI ¥ CAD v A} 3 Ajsle] ofF
EA2E oAsE /%S AL Qe CIA $447F 27 o) w9 2 A
Aol AR A AolE vhehde o 5 QTh EE COA Sae W o
of Tash dgs T$ddls Ao® Hid Formin 7o 9¥dEY A2 s 2
ot As AT AU

an

=]
2 HFHAHovary gene)Z HT 93X E=d, © Formin27} CHAS} A3 2831

LAl Fog 9gs 9P Ader 452 5 AU
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2k, Fmn2+ Formin family @92 ¢ shubldl, o] familyl+= Fmn, Fhos, Dia,
Bni 5 o] @iido] x3ET Ho, AxX =4
22l A¥l(actin)e] A S Zdsts ddo]l A=, o %739 L )
|

Bnilp#l 8+ Ao = E 2% (formin)o] &

Gl o] S£EkQth Yo R ofFE
Al I @Al CIIASH v o] 4420 758 Tty B9 #dd
Formin family @94 3¢ 45 28 7|28 A48t Ax 24 24 & &
Aoz AN v dd A vpaw &8sta, v ddE S &tz g

7.

El. 2 #-d FAAE BAste ATE AYsATh. ¢o 2 Leukaemia inhibitory
factor (LIF), BI-1, MMP-1, MMP-9, CIIA, Formin, Dia, integrin, TGF-1, JNK,
ERK, ErbBl o th3dt 7]Z2A < G242 @3 AFE AAZo=E ZPst A F o
.

1) Porcine sampleZ4%-E total RNA % % cDNA 34
Porcine oocyte®] @& IA djolE wAM=E Z+ 1007 samples A4 TRIzol

(Invitrogen)& AF&3to] total RNAE F=3FTh. ©] RNA sample?] IHE
spectrophotometer& Ab-&3to] st 1 thy B4 cDNAZA A A&t

2) Differential mRNA level= H ¢l genes® elution
PCR product 15ulE 1.2% ethidium bromide-stained agarose gelel loading3}<
electrophoresis% AA% & UV illuminatorel 4] long-wavee] UVE o] &3t ol
, target bandZ WAt 2ok agarose gelol A PCR products QIAquick Gel
Extraction Kit (QIAGEN)S ©]-&3}e] A Al 3} 3t}

3) Subcloning &91& 2138k At &4 A
miniprep.3t®] ¢& 7} cloned DNAWo| insert sizeES 2<13}7] a) AgdaALzE 37C
o] 4 HF-3-A]7l & ethidium bromide-stained 1.2% agarose geloll 100bp ladder(MBI)
9} 37| loading3t F electrophoresis (Mupid)E E3}o] sizeE &2l135Fth

4) NCBI GeneBank®] BLAST search program< %3t sequencing ¥4
homology search ¥4 Z 213 Alo]EQl http//www.ncbi.nlm.nih.gov/BLAST/ ol A
sequencing3 Z} clones?] sequenceE Y #Hsto], 7]&o] A A FHAY ESTSF v
TAS AAEA

5) RT(reverse-transcription) PCR
Taq buffer (TaKaRa), dNTP (TaKaRa), cDNA template©] Z+2}9] forward®} reverse
primer (20mM)E 78t e, PCRZAL 94T 3E 2% one cycle® denatration |
94T 30%, 62T 30%, 72T 302 35 Cyclei PCR FZ3d 1, 72T 722 final
extensiondt®] PCR E‘l?i kst
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6) Real-Time RT-PCR Quantification
mRNAE F%3}9 reverse transcriptiond}®] real-time quantitative RT-PCRel| A}-&3}
At} PCRYFS-9+= sequence specific primers: Primer3 Software v0.2c program< ©]
£3}o] design3dlith. DNA Engine OPTICON3 (M] Research, San Francisco, CA) 7]
715 o]gsle] HAAFAom 2X SYBR Green gPCR premix (FINNZYMES) 10ulel
1ul®] sequence specific forward ¢ reverse primers (20 pmole/ul)< z+7zF ¥ 1, 1ul9
cDNAQQug)S ¥ & "t 335F7FFE F 20ul2 ZFEAT. A He PCREIS 43
3} 3L, house keeping gene®l porcine GAPDH®] mRNA®& © 2 A normalized} it
w3 AE el z+e calibrator?] IM(immature oocyte)oll ThdF gholw, Artiz el wy

2}o] Z calibrator¢! IM(immature oocyte)o]l ™3+ n-fold= e AT

7) A A EAe] A AE
=AE #HRe GdARRE I3 #A vA L= TCM-199 wfekolol] 10% porcine
follicular fluid OFF), 05 pg/ml Folltropin-V, 100 IU/ml penicillin, 100 ug/ml
streptomycin®] H7}E 500 ple] #iEd el 50784 AXAIZ 39T, 5% CO.9] Hl}
G A AP ES  FEIY.  a-amanitine 25ug/mlE = 2 g 8kgl o,
cycloheximide® 10uME 6, 24, 4447+ E<t = 2] 3Fo] A <A # )

8) mousedll A in vivo$} in vitro FAF AHL vl g
mouse YA sampling< C57BL/6(6 weeks, female) mouseZ AM&3t) thS¢ 714
& B mineral oil¢te] CZB-HEPES dropelA Hastdch wAd&da A=
PMSG(pregnant mare serum gonadotropin, 5IU)S 7 FA}3E mouse?d WA E 484
ZF o]Z o] HZF3s}e, choppingdt %, follicle cell& 300ug/ml ¥%¢ Hyaluronidase”}
A9 mediadl A AAZ E GV(germinal vesicle) @AY OocyteE TE3)A]
sampling 3tk Ze]al, AsE G AFHE 919 FHor A& dAE 1820413

59H37T, 5% CO, incubator) IVC(in vitro culture)d}e], first polarbody9 &<21& &
3 &, AFHEATE. A9 a-amaniting 25ug/ml, cycloheximid 10uMZ Z+2} =g s}
o] wpAR7FR 2 18-20A 7H5 <t IVM(in vitro maturation)S AASHHEA, AsdH dAS
T, AAsF e, As A Foll dojue FHAY Bd ¥HEgds He A3

o
g 7 AES 9] Sdakel & 534 404709 dAE Ao ALain.

9) RT(reverse-transcription) PCR
b Ay gAY Wz 9 ool MEFERRYH mRNAE FE3te] A EAE o] &35
cDNAE 34 &, RT-PCRol AF&3sith. PCRYFE-9l= sequence specific primers
Primer3 Software v0.2c Z2I1#& o]§3le] tjxlsAth (Table 1). PCR 27 o=
95T Al 30%, 58-60TCA 30z, 72TClA 3024 F 303 wHE3ta, 72T 102 &<
final extensiondlo] WS FTHSITE Al Wel =HA<A PCR 23S G839,

house keeping gene?l #H#* GAPDH®¢ mRNAWdH o 2 dAT o7 WA

ol

10) W2 2 vjobe] A
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W2o] samplingS C57BL/6(6 weeks, female) mouseE AF&3TH th&¢ #ALe 2FE
mineral oil¢te] CZB-HEPES dropolA sttt v &2t 213 = PMSG(pregnant
mare serum gonadotropin, 5IU)E 7 FAFSH moused] WAE 48A1%F o] %o A &3}
o] choppingdt &, follicle cellS 300ug/ml & %9 Hyaluronidase’} % 7}¥l media®l A
A AE F GV(germinal vesicle) @419l OocyteE &34 sampling 33tk 28] 1,
Aad dzke] AFE 99 WHoez de HAE 182043 FHE7T, 5% CO,
incubator) IVC(in vitro culture)3}e], first polarbody 9 ¢S E&| &, AMFH3S
o] % 2AIZ7] e} 44 7], Morula, ¥IRFEZ7] €] Hljo} AMEFES A F 33T

11) Cell culture, Transfection, Etoposide®} HxO: | &
293T Al¥XF+= 10% fetal bovine serum™@ A A (50 pg/ml streptomycin 2 50 U/ml
penicillin)7} %7k DMEMC.& 37C, 5% CO. ®l%7]ol Al 100 mm ® 2ol #j a3l
3 2el A 3dell A EF3H Al wig S ZAolFAth. DNA transfections
93], Lipofect AMINE(Life Technologies, Inc.), electroporation &< ©] &3t z+zto)
Zgan =2 HNEF YUE =930 EtoposideZ 30uMel &%, H:0: 300uMe %
2 74zke] ME A Fol Askath

12) DAPI 4
203T A EZS PBSE Al H A3 & cell& acetone/methanol (50:50, vol/vol)Z 5%&7F
gz & PBSE 3¥W AR FA F F3S wn DNAol ZAdtet= @Al 4
6-diamidino-2-phenylinodole (DAPI, 2 ng/ml)&H o= 587+ dAsklct. 123 PBSE
2-3H Az FA F A" o mFe FFdAu Y (Zeiss) dFelA]l  ultraviolet
excitation filter (300-500 nm)E %3 #2334t

= % oxidant-sensitive fluorescent probe?]l DCFHDAZE o] §-3)
2 Z2AEY AEE (1 x 10° cells/ml) 35 mm i Fzo) A ujj ko 3}

Atk AlEZE= serum free WA Z 2 FA4] & 16A]3F starvationg Al
2 uM doxorubicing 12A17F A 2] & 5 mM DCFHDAE 30TCelAl 30
E7F Agstde. 2 3 PBSE 4 FAStL cover glassE HS o2 IGA €3 o)A

(excitation, 488 nm; emission, 520nm)< o] &3}o] 3hel g},

14) @3A715 ©l&3 ROS9 4
AE W ROSY A HAEE oxidant sensitive prode?! DCFHDAZE AF83}o] excitation
942 504 nm, emission FFE 524 nmol A peroxided] ]3] DCFHDAZ} At3l=o] A3
¥ DCF &35 A4t F4317] 307 ol DCFHDAE 300 mM H%=% A
g3la 30CoAA wed & AXES & % sonication buffer (50 mM Tris—HCl, pH 7.5,
5 mM MgCl,, 5 mM NaCl, 5% glycerol, 1 mM sodium orthovanadate, 50 mM sodium
fluoride, 1 mM p-nitrophenol phosphate, 1 mM PMSF)E #H7}sto] %&3 g7 & 4
=4 73] g F 12,000 x goll A 1583F dAEelste] AL e R dud S BSA

& 3T =42 % sto] BCA @A A% kits )83 562 nmollA FF=E FHste] 4
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15) RT(reverse-transcription) PCR& ©] &3t 13
AlxZe] TRIZOLS Iml ¥l Fo|F=t}h 7|9l Chloroforms 200ul ¥4 vortexing
T ARG AZ=HE A} tubed AT =29 isopropanoolE ¥ I -70T ol A
12417 B3 g, A2 sk A Ur% pelletS Eo] *%th. RNA A& ¥ MMLV
reverse transcriptase (promega)E AF&3|A] A 24 A& WHUIE cDNAE 45N
t}. PCRS Afg3L2 primer® PCRE& 3&to] 4315}, house keeping gene?! GAPDHS
mRNATH o 24 A3 For Bt

16) MTT assay
96 well platec] A2 ztzb 5X10° 7H/well& 37C, 5% CO2°l 4 24417t w3 Ho =
SR HO0x2 AZladth 2472k Hell wixE& AAZ F MTT solution(Thiazolyl
Blue Tetrazolium Bromide 0.05mg/ml)& 50 pl® A @ ste] 447k ¢t wjkstct. MTT
solutiong A 732 DMSO(Dimethyl sulfoxide)Z 150 ul® ¥o] Fth. ELISA leader

% 53 510 nmol N FHEE Sk

17) Flow cytometry= ©]-&3%F ROSe =4
12 well plated] AMEE ztz} 1X10° 7/well2 37C, 5% CO20014 24413+ wjoksh Zo
H:0:¢F NACE A8tttk AEX W ROSe AMA AEE oxidant sensitive prode$!
DCFHDAE AF&£319] flow cytometryE ©]£3}9] peroxided] 2]& DCFHDAZ} At3}E
of AAEE= Dcm i3S SAHAL DCFHDA% 300 mM %2 AHgsta 37
A 303t W - PBSell 3 Aoldl & A5t

18) Flow cytometry & o]&3 W& o} whA 9]o] =3
12 well plateo] M:EE Z+Z+ leOJ 7H/Welli 37T, 5% CO2914 24A17F vl st S
H.0,% NACE A3ttt v E ’CEM HHANE S o}t DiOCsE Al Eo] 40 nM=Z

Al F 37CelA 30&3F st = PBSel 3W Aol & FAstsith

19) 3= v <
A FErfEA o plated] 71 BRI AT} chollagen I (20:1)S 438 ®iA|E w|g] coating 3T}
a8)al 37C, 5% CO291 4 1A%t incubation $-of wj ol o] &3} T}

20) Mouse embryo in vitro culture
C57BL/6 wh9-2=o PMSGFAL 48A17F Fo hCGE FAbete] #Huwjdhs Frahith
mating ol GAE Icell SGACNA AF st M16uj Aol A] 37C, 5% CO2 =S = Hj
& sHATh

21) Mouse & ES cell H]%F

ohg-2 wjol ) Z7]AE< D3(CRL-1934, ATCOAEE o] &3t} 0.1% gelatin 3
B3  disholA] knockout Dulbecco’s modified Eagle’'s medium(KO-DMEM; Life
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Technologies; Paisley, UK) 2 o]&3}o] w|d3std o™, 20% fetal bovine serum< 37}
sFol  wjokEl k. 2 mM L-glutamine (Sigma), a nucleoside mixture of 3 mM
Guanosine, 3 mM Cytidine, 3 mM Adenosine, 3 mM Uridine and 1 mM Thymidine, 0.1
mM 2- mercaptoethanol (Sigma) <9} leukemia inhibitory factor (1000 units/ml of
ESGRO; Chemicon International; Middlesex, UK)7} A7tEden  37C, 5% CO2 %7
o A ul &ttt

22) Western blotting
Sampled A &S 3+ Fof 20 ug® loadingst 5 th. SDS-PAGE geldl electrophoresis (5X
buffer : 25 mM Tris, 192 mM glycine, 0.1% SDS)Z 120 VE 1A17F 30&7F 3 5
transfer buffer (25 mM Tris-base, 192 mM glycine, 20% methanol)oll A 65%%F 95 V,
4C Z7#A 2% membrane (Schleicher and Schuell, Protran10401396)°] transferE A3}
Gt o] & 1A]7F Fot 5% Skim milkel] blockingg A A]$ Fwashing (TBST: 25 mM
Tris-Cl (PH7.4) 150 mM NaCl, 0.1% Tween 20) 30%, 12} &A= 5% skim milkell 3]
23}e] binding QATHAIF o™, 22 &A (Amersham Bio. Anti rabbit IgG HRP,
NA934V/Cell Signalling, Anti mouse IgG HRP, #7076)= 1417t 5<t binding Al At} =
A e} 308 37F washingS 2 AI8FA T 2 Fo] ECLE9 (Amersham Boi. RPN2106)<

membrane®] &1 Ao A detections 3T}

23) 4 Ao W D A kA ¢
B9 GEee ART AT Gas E3PlA BT AAAART 5o
olg3te] APAE WA 18 gauge FAIE o §tol

o

%9
QIstel WAL 23% ol g AWk Ru AEdol AW dZaL Awste] 05
%9 v
A

it

2,
W R

/m¢ LH, 05 pg/m¢ FSH, 10 ng/m¢ EGF7} H7td TCM-199 A
sttt AsE s GFAEESE AASta, AlEZo] wdEH
UAE Aol o] &3ttt w9 WAL HU|AH AFo= 110 V, 30 us, 23]
ato]l 0.4% BSAZF H7FE NCSU-239] FlavonoidE® F%e] we 39C 5% CO*
INCUBATOROIA 747F A eujFs AAetar, &9 d8FAaS FF390E S0

BEe, MwEs] 294 2 9 £5 Adsn,

)
o
>,
> N

W O 2 zebrafish Al2®S TF8Ith Zebrafish A5 7
zebrafish WJ%F A9 F5eta o) gh Hie] Aol o] &% embryod] FE A
A 7198k A|l2~8xE F=39ch. 813 embryo°l| apoptosis % UPS ## A=
DNA =& RNA ¥FHZ microinjectiondt= WS stz 98 2 fFdzavioh 23
A=t 542 122l DNAY RNAS & xHde= 5 zebrafish embryool A2 4

Y 21S AAsAT

7b A BARA NN oY fFdAEe]l Aol vA= dFe e A ~ad
!
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. Microinjections %3t 4

A2 in vivo 7S AT87] f18ke] pCS2+ zebrafish€ vectorel cloning /\]/\E“
TE38 9. Apoptosis 2 UPS & ¥ human HtrA29} zebrafish HtrA FHAAE

3Fo] pCS2+ vectorel cloningdlal DNAE embryo©] microinjectiond}¢] HtrA22] %‘?ﬂ
HFsn 4oz el Injectiondt embryo o 75°85%¢ embryool Al HtrA2
ol FeolxEw HtrA2¢ 2do| we} embryod zz] AAo] JAHAY Mg Rk
719 YERY Tol w& 5o Fu Wt #EEAT ol e e wsirt dof

embryoi= A2 HAS o] F 2] HEAth

L O o

Zebrafish®] #ZA A3t X = F<lsr] 98l genotyping, immunostaining, RT
(reverse transcription)-PCR A3 W& 39t A 2 AgAdAa H{stn
91+ HuC-a-synuclein & 2 A3+ zebrafishs= %2 £o]& <2 HuC promotero] 23] 4
AAANAM T a-synuclein @ Fo] THE = FAASA o}, o]F o] &dle] mE A=
g ulo A4l genomic DNAE %, a-synuclein f+AA}o] Eo]4<l primerZ PCRS 4
gt FAAG MAE B E AT FeH jAS wjolE o] &dto
RT-PCRE F 33} a-synuclein 4% transcript’7} A= AAFH=X9 oF %

o

gol3tdet. T3k o]E ujolE a-synuclein A S o] &3}e] immunostainingS A Al
g A, AAANA a-synuclein @ Fo] Y= S &0 & F U 919
W o 2 apoptosis, UPS & fdxte} W ARRES A {FHxe] JAHASAE vl
+ 7% genomic DNA typingS &3l dst= 7/MAIR AA #8918 5 31a, RT-PCR,
immunostaingS &3 574 FxAS] 2d, DA A e} DA A wistE HA &

= A~
A3k = it}

54 AR Aud e otz EAd Fo% FHAAE oAt YEhYE o
gtold 4= 9lE in situ hybridizationS
o71= MPTP A4 =45 Adls o
/g—xqo %9] :rLHaX]o] z}ﬂgcﬂ—y _E‘rT

5} |3 Eo]& <l dopamine transporter?] DIG
labelled-RNA probeE ©]&3}e] MPTP £ in situ hybrdizationdt 23}
dopamine transporter®] L& ofo] 7HAslHon olAo R ZAAEI} EolFor AT

° PN
= AS &+ UL

A2k W o7 dojulE apoptosisE zebrafishol A &1}
71 A% Ay 7HA A S ?%6}915}. HtrA2 DNAY RNAZE injection 3 ¥
acridine orange staining< ©]-&3le] 43 n] 3sloll A apoptosis 7= 32l 6}031:}
Ay B F ozl my, FAdET a}ﬂ] A e ey, AR 2 v g
At FEl WMstE Holi= 3ol apoptosis7t Bol dojd S & F Adow oA
2 HtrA27F A 7o 54 FHoA 2= vwl$ 5318 apoptosis A4S Ho
o wpElA A Ao o] FojX A gEthE AS #3th ApoptosisE & Y
AAA o2 AF37] 98te] TUNEL assayE 3 Fo|™ apoptosisol] #THHE o g
7}A] A AZE microinjectiond}al zebrafisholl Al 2] Waa 248 deldd 4= 9l

T g2 WYHs 75319, apoptosis A 2 UPS #& F127F vl Aol wl X
ATE + O AAFCE APT Aot}

o o

=

=

e ore
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1€]d <, A5, Aol #e3k= apoptosis, UPS #& 7142 CO‘JJr o 7
d Az AA EIE @]kl SQ1E = Qs A B YA A AEs oY

li

o

Rus

RNA, DNA microinjection technology< ©]-8-3}¢] zebrafish 54 #dA2] wa Alx~¥l 3¢
In situ hybridization® immunostaining ©. 2 zebrafishell &3k FH=1e] 7]5S &<l

A} Apopt051s A8 SART AA" H wlolel A FHo] wjolE =3 Hjole] AEAFH W
AUSS 119

AEARR GAA7 AAR Ao vlolE Belste] Aejolq Az

o}. Apoptosis ##E FHAFQ caspase-3 FHAAES FRFFA] Ao R celld Ao wE T
MEAEAEE g 3dx, 1xAd%dA F5%  microinjectionr 2® & F 3o
caspase-3 FLHAL =& §129 7|53 embryoe Ao A@@AS Arsig ).
A g o A el o] gAY W vt Zopx= FEjA WsE gls it
o]Z ulgto 2 TUNEL, AO stainingS %3 apoptosis’7} 4ol H-217} caspase-39l
93t AYS Felsl= =7 AFHE oA Fo|),

2}, 1A d = ol Al microinjectiong E3to] A3 W apoptosis B#H A=}l HtrA29 <
TE A% JA337] Y8 in slico screenings E3F0] AT Alo] =2 zebrafish HtrAl
(zHtrAl) §AAZ <l 39131, zebrafish larvae cDNAE o] &3] fAAE g r 359
t} o]E& F¥ o7 3}o DIG-labeled RNA probeE #|Z3lo] embryo WA ©hA oA

=]

zHtrA12] &3 A8 sty zHtrAl2 “”ﬁ Z 7]\ EE ubiquitouslydt A Z&
Ha low, BE A7 wAlo] Eus WAl I 48A7F = eye®} head, body, tail7h
A AAFoZ B JY5S FAT 7 QT o= zHtrAlo] AL E&Eola, A

1=}
= =
0B FAE 98 FRE FAANS F2T 5 Ak

AN A

E}. Apoptosis & Fd kel HtrA29 AA W 24 7|58 &Ad3t7] 93te] pGEX vector

A2l S o] 83le] HtrA29 substrateE ©AsA . MEAIE I AA O kst &
S E3 A R 283 awmar dex g SODIF A in vitro cleavage
testE A8 I SODI¢] HtrA2e] 98] detso] A= RS &Rttt o= SODI

I HtrA27F A ZAPE 7)Aol A 2 dadAZE &S et

7h o2 Wy oe R 4ol AA"E mnd2 miceE ©]E3}¢] HtrA29] substrate screening
S A O}Oil?‘r liver®} braing %4 &3} fractionation WH %3] mitochondrial

lysates €931, o5 AHAE HtrA2¢ ¥H-AZ ). HtrA29 substratei 4z HAX-1
o] AZ o]&3}e] western blotting analysisE® F3] WIS 3<1s$al, hetro,
homozygous mnd2 miceol Al A2l micedt thEA Vel o] 23 HtrA2%5 9 Al
IAPE ALY ATE fste] thgs W oRE AESAH] AFES APT Ao
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A1 ARDA A "

bz

[J HLA-G #284 &r 2 AAZF F4

- HLA-G 37 A, ste sl 34 dE ) Sgx
71 A Ao MEF Y Y 54

=i
=

=i
=

eol AlEU WEe] F4
5424

F243 AN

HLA-G 9448 2A5A 44

=i}
=

B A9 A
Ak A A S g
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HAA3 A=A A
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2. A1 534

=497

SIETRVIES 1974 [ 197 [ 127

1d =k 2d =} 3 2k

A1 WeTA : BATT B4 2 G408 G20 TIaE ALE 98 O e

Ciuh

O 54 33 27 2ARA T2 AF Al R
AEEE 24 38 #44 g2 2 siRNA 7iE

A9 7%

O 5A 48 7] 2ARA T2

O 23 A% 2d o] #3A4 5 2 75 dF

0 24 33 24ARAN Fa8 24 27 9
9 Ay 29 B9 FAde 28 P A7

027 24 2 34 24 B3 gade] Wy 2 24

Zd #48 9+
- Z7] A 9 2y A dE g WA (QAks)
ubiquitination &)oll ¥+ A+

- Z7] 4 1;_; Ak A4 7
=] 37

O z7] 24 = ZJr*J =4 34 &
£9 BAFAD %
A 47

S AEF R AYERES BE V)% AT Ave 88
(A 2% 3 AR

- A2 %3 AR Ake Al 1 APl G emAl
Al %}%

]||III””[
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3. A2

ofr

A

d7FHE 1 24 | 194 | 194

1d 2} 23z 39zt

A2 FeAA | BAAT - BATE WL Ged e ] ShiE S AR A e
A2=gle] 3

O =9 AYAs, AYFH, LA FAAs e
apoptosis, UPS #d {329 =3 AGA RG-S
#E FAAY AA EHE @700 FAF F U=
zebrafish A|2€& 39

- RNA, DNA microinjection technology, morpolino system-s-
o]-g-3to] zebrafish 54 FAAe] WA} AA A]2E
3¢

- In situ hybridization®} immunostaining, western blotting
O 2 gzebrafisholl =438 e 7|55 &9l

- 343} transgenic zebrafishE ©E FA}2] transgenic
zebrafishe} nwlste] 7fA)e] HAY} FZ Fo vx=

JGE 32

O Apoptosis #& #8247t AAE FHe| wote 34
A9l wotg Fa wote]l AE AbE WAUZES 79

- AlEAPESE G A" A wetE stk
o]

- western blotting, immunostaining, in situ hybridization2-
2 A4 F wjolst MEAMEHE A AAE F
wjote] £, A%, WAle] Aol 3l

It
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A3d A4y
1. 13x d5434
7k ALA -2 A

1) HLA-G 47 724 %g 2 sn

ot

- JEG-3 cell lines 37T, 5% CO2°l 4] w3t & TRIZOL Reagent (Invitrogen, Inc)E
A3t RNAE E3399 . AMV Reverse Transcriptase(Invitrogen, Inc)E ©]-&3}
o] ¢cDNAZ 9E3 Bam HI/HInd II enzyme siteE #7}3F primerE A83 PCRS
23 HLA-G genes 43tk I ¥ gel elutiong 3 thZe HLA-G DNAE <o

sequencing 9 & =3 100% HLA-G gene¢] 9X& Felsdrh(19d 1.)

1024bp 900bp

<29 7> JEG-3 A ¥¢ HLA-G cDNA PCR Z#(A) ¥ GAPDH Z%(B)

2) HLA-G AlZvj7hd "gzd Fd2 9y 74

- HLA-GEZ 3 ¥EE pcDNA 3.1 (Invitrogen, Inc; Z¥ 2.)& AL&3}
319 MCS(mutl-cloning site)2 Atz i=z Addt & o] 9

A
ligase(Roche, Inc)E ©]&3lo] HLA-G gened ligations A Attt A9 vectors
Aeasrz daddt & HLA-G gene?d AYS sty 3
2 Aol ddrigo g wE S (23 3B.) phenol extraction®

kAT

Y e opitope _GxHis [ 8

<a¥g 8 HLA-G FAAE €24 3% pcDNA 3.1 ¥



5500bp 6524bp

1024bp

&i::r
=
-
-
- -Il
-

<a¥ 9> AFEL AEE 53 HLA-G F4A &

3) "y = A A M HLA-G gene &<

- A2 AAME dAdE HLA-G @8 WEE FY3sIL lipofectamin 20008 ©] &3}
2]

o] transfectione A7l & G418% selection® A A]3}e] colony=

Gt #UdE colonyd dE¥-=
o3

snala ksl

double colony PCR #2418 %3l HLA-G(1024kb),

neo gene(680bp)E EHletF L AJH oz vy #Hxe] AAME Fdd HLA-G7} F
4.

dE e A eh(2d 4)

M 1 2 3 4 5 6 7 8 8 10 11

Lane M : Maker

: HLA-G REA 24E IE=F WM=(1024bp)

* pcDNA #1H dl20H0IM W& REZAKneo) 28 (=2 WHE
D SHE=20IUHE HIHIE)

! 8-1HLA-G RHEAI U M=

I B-4HLA-G REAL 2 M

! B-6HLA-G SHEX} 2kd
: 8-8 HLA-G REA} oFH

bl = I - R T B L ]

IEE
AT

<Y 10> "YHA HEE o]4&3 double PCR &4

- Double PCRE %3l Yoz & AAELE 60mm dish 2712 o] o A
Mg & MEM-GY monoclonal antibody& AF&3le] FAE E4S AAEAC

Sua

A A B A AXE AE HLA-G 2elo] vzt A&l H]al

43
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= AT (2" 1.

= [e]
R ;ii =
A B c
X2 AE
g OUSX XS B 8-1 HLA-G 5"_1 HLﬁ'_Gg*
&8 HME %4 NZ HiD

A=

r o
FLtlisigrt

D E F
UUSK HXZ Z 8-4 HLA-G b3 HEZ AZo
2 A= os AE 8-4 HLA-G
LH AE HIR
£ £
E Z Z
=
Wt T et e ) L E ) e AT
FLi-Heighl FLA-Height

<29 11> AUHAA dEzF AXY HLA-G G4 Ax9 §AXE 24

LS|
&

Hr

5 HLA-G 94 AAE9 western blot ¥ W %7 318t oA

- FAE BEXGA Lol F713 MEFE YA O E protein leveld Ao w3 els
] &l 4H84 monoclonal antibodyE A}-8-3le] western blotZ} W< 22 38t #4435
G

AN sFT 1 A fAE B v R 2 western blotol] A = HLA-

Lane M : Maker, 1: DIUMRAIOEZ HE, 3: T HAGYI HE, 7:64HAGHY X

<a¥ 12> HLA-G ¥ M E9 western blotting
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T = - e . -
.
- 3 D = :.
[} | . - = g o
- B - =
...,', ” ey
- - -
- - S = . -
JEG-3 Ml X2 (H=ES) OIUSH X HI M ZEFS A (HE=2)
ZEA{HLAG 2REULS)

| D .‘_'.

HLA-G =& 2= AldXZES

<d9g 13> WY z=7 35 g4

6) HLA-G Blo} Al¥e] g3 shol 24
<
5

- dlERel HLA-G #4%& o4 ¥ 19 Fol 92 458 #esta Jalo 43d ten
o Hobg BAPe] B Fol ATANM Aol 4vkel ] Hold Helatn HolAEEE WE
k. AFE WobdEFe HLA-G %44 2@ #%F #A37] A HLAG gene

primer®} nen gene primerE S Aol H7lsle] double PCRE AAISIATH el A} 47)¢]
e ol A £F ol Al HLA-G geneo] 1=t (1€ 14).

M1 2 3 4 5 6 7 8

1024pp,
— 60,

<Y 14> HjoA|EE ©] &3 double PCR £4

Lane M : Maker
1:HLA-G SEXL 24 HIXZZ WE(1024bp) % pcDNA #EH
W00l &l LY SF Xt(neo) AU WE(680bp)
24 EZ(D.W)
d WZZ(HLA-G, neo primer)
E2(H2 2 MAME)
EH OF Al ZZ
EH OF Al 2
EH OF Al 22
EH OF Al 2

(= JENT- NS B NN
@ =g g
g EEE

~
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8) HLA-G ¥4 AAEF L efolAEF2 human NK cell cytotoxicity assay

- ol A8 HLA-G %4 AAEFS Bopazre] AZY e 4 oA 49L 9
= A0

3l NK Al Axsd43S dAsdah 2A A3 $A iz Al2(JEG-3, sh=

42%, sz AEPWG, AF2)= 98%, dddxa AZ(HLA-G F48 AAE, =
ol

A= 55%, 19 HlopH ZF(FL, S4) 19%°] A3E selasith. &, fAx
A GE dobAES HU B o5 A 10 HeALEA NK AL AL

E

M= F2 A3E B

NK cytotoxicity assay

120
100 f
80
60

40
“ 1 1 =
E:T ratio 10:1 7h

target cell
‘EIJEGIS BPWG Odonor OF1 MF2 OF3 WF4 ‘

cell lysis(%,

<Z¥ 17> HLA-G YAAHNE 2 golAZ9 NK cytotoxicity assay

9) HLA-G %4574 Abel 3408 el 2 o
S S E I R P P

a3 20). 7 H

(
ot 9 w9 AAEL] EjHES o] 83}9] genomic DNAE F%3}9 32 double PCR

/\4% /\1/\] O]_oﬂr/} §]-

1

2 38k AMe AAEET AA A z=H oA HLA-

=2 =2

<39 18> BAHA AR AHMEE o€ double PCREAH

Lane M : Maker
1:HLA-G REA 2FE = ME(1024bp) = pcDMNA B1E]
H2O0IM LHE F8AKneo) ZFE A ™ E(660bp)
2: 548 MEAMA R A5
3-11:5HHA LA 85
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<29 20> HLA-GE 2d3= EAHA 4#

U A1P S 3A

ol
25

1) 74 2AGAEZ 2% porcine YAEZFE Wi WAS dZ total RNAE F&
Ao, spectrophotometers Ab&3sle] 1 FEE SASAT. 2t DDA A HH Aol
Hols FAAESE A48t A3E JAdsth 1 (MAsdA), 2 (B @A), 3 AIVEF
cleaved 2-4cell @A)l 1ul cDNAE 2 ul®] 10X reaction buffer (TaKaRa), 2 ul® 25 mM
MgCl, (TaKaRa), 2 ul®] 25mM dNTP (TaKaRa), GeneFishing PCRoI A 5L 3&A #H7}st
= 1 ul®] reverse primer dT-ACP2 (5'-CTGTGAATGCTGCGACTACGATXXXXX(T)15
-3¢} M= tE 2071e] forward primer$] arbitrary ACP( Annealing control primer)&
zZt 1 ul BS ZtZ ¥, Taqg polymerase (TaKaRa) 1ulE #o] £ 20 ul® 3o
GeneFishing PCRS A8ttt 2288 28 PCR productE ZF 5 ul¥® 1.2%9¢] ethidium
bromide-stained agarose gelol loading ¥ electrophoresis® %3}e] d-& AlRolt}y. 1 &
Z 5671¢] differential mRNA levelS H<Ql clonesE A®sto] 3EAIsATE Control
GeneFishing kitoll A A& 3st= E45Y A9 E129 A 2] mouse? conceptus tissuesol A F+&

i
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3l total RNAsS AFg3te] 43 cDNA(1Ong/ul) 1ulE FH o & forward primer® A
ACP13 3 reverse primerq] dT-ACP2 & ©]£3}%] Gene Fishing PCRE 2 A]% ZAyo|t),
ACP-based GeneFishing PCRS %3}9] differential display?t cloneES 2z} 24 @A ol A
HAEo #olE 7|FoR EHAUE W, 53] maturationdAANA FA Ul FHAAES] W
$o] ZolAE Ao ® YElyttl = maturationt Aol A AFH o2 HE WEHES Ho
clone2 & 447024 567019 cloneE % 79%°l 32 3l= H& o]t} GeneFishing PCRZ
B 92 & 56709 clone®l productE pCR TOPO vectorel cloningd}$ith. clone 17259
pCR2.1 TOPO vector®l -cloningd}t$ 2™, clone 26562 pCR4 TOPO vectorol
cloning3t gl t}. ligationS YollA M3k Wyo] wal WA AT g3 FAHOZ ligationdh
plasmid DNAZ transformationdle] & Z} colonyZ ampicillin(50ug/ml)< 3713 LB
A iRl 3mlel] Wi g = AAFEE 7oA 12000 X g 2%E9 FHREsY Ecoli cell&
T o}A], plasmid Mini—prep kit(QIAGEN)E A}-&3}4] plasmid DNAE & 5353t

1571 2] clone®l tW a4 NCBI GenBank®] BLAST search program= &3 &
® 1% 2
Z] A2 5L Vo2 BF39 o, identity?} GenBank accession number, Z} A3
A %33 clones? sequencing size?} £ ¥ homology &< Xol| YEeElWIT Cle A%
I IVF § cleaved 2-4cellgtAlol A =4 @dxS o BLAST searchZ2 3} accession
number: AF034253°19 pige] NADH1 422t 100% homologyE zZt:e Aoz EAEQ)
t}. NADH1S NADH6¢ 7 energy metabolismell #oldtsE F4dx42 LAt C7e
e Hao] m& Ao g BLAST searchZd i} accession numbers NM133523 <]
Rat¥} 90% homology®] KCRF (potassium channel regulatory protein factor)® %3 %
KCRF+= potassium ion?| channels %3 o]5& Z A3l factor® 48 A
CAx mA s A oA WB3lo] =gkon BLAST searchZ ¥ accession number”’} AY713975
2l pig®] Bax Inhibitor 1 (BI-1)#h= 2k homology S 7HA AL AA T

o o rr 2t

A
o

i

k)

e

.,_,
Ho
2

Z

e

ot

o

1‘
o,
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¥ 3.Transcriptleveld] Ao EYEHERFAAE

Developmental stage GenBa.nk Size(bp) of Species/

Clone Function Identity

Immature Matwre IVF24C o0~ clones Homology
Pig 1M%

Plwusm 7
Bat ?
Ehoman 7

c1 MNADHI1 T TT TT AF034253 211

Energy metabolizm Pig W1M

ca NADHG T Tt T AFI04703 412 Dlmu

KCRF{FPotaxium channel T Tt T NM138523 170 Pwuse 7

- . I
Regulation of potassium ion oo oL oy ——

€4  Inhibition of ap op toxix TEGT TT T T AYT13O0T5 243
©m  Siznalinh pathway CAMSAP1 T T T NMOL5447 147 Dlance 2
€27 Integral membrane protein SMP1 T T T NAIO014313 630 Delmucn B %

o FL.J20647 T Tt T AY 254046 161
Unfrow m

-} L 0132371 T Tt T BCO032582 179 Plmum 7

g
Ubiquitin-protein lizaxe HERCI{HE CT domain and T T T Blmuze ¥I%
activity RLD3} Fat¥2%

pro-apoptotic actirity BAX T TT T 25

T MNM_214285 250 Pelwuze 92 %

Anti apopiotic acti ity BclXL T TT
Bclk2 T T T BP165310 o = oW

CIJ009431 .
AAA-protease actvity YmelL1 TT TT T 238 Delmum W15

Afa3L2 TT TT T CE467201 208 Delanace BE S0

Tt T BG 834019 Pelwuze B5 %

-

Paraplegin

Cl0& AadoaA =& W3S Bow, BLAST searchZ ¥ accession numbers
NMO015447¢]  human¥ 84% homologyE z= CAMSAP] (calmodulin regulated
spectrin—associated proteinl) .2 3 At} o] {FHAS 7]FS& EW Ca ion binding
protein®] calmoduline Z & 3}™, signalling pathwayell #H#EE o] At} C27& Al stol A
T2 WdS HYow BLAST searchZ ¥, accession number’} NMO014313%] small
membrane proteinl 73 &o] o human® 89%, Rat¥} 88%, mouse$} 85%<] homologyS
EFUA T C282 AEdoA =2 23S ¥ o, BLAST searchZ ¥}, accession number
7} AY254046°]% humand 88%9] homology% zrow 7]e e ofA ¥ty A|A| Fe
hypothetical protein FLJ20647¢]t}. C29% ASESdolAd =& 2dg Boew, BLAST
searchd 7}, accession number’} BC032582¢]™, o}%#] 7]5 o] 9& A% &S LOC132321=
W E fFdAelth human® 85% ¢ homologyE zEokth C39& ALddA =& Wi s

B ow, BLAST searchZ ¥}, accession number’} D25215%1 HERC3(hect domain and
RLD 3)¢} Z+Z} human¥ 949, mouse®} 93%, Rat¥} 92%2] homologyE %+ Z o =2 el
Wt} o] A A= ubiquitin protein ligase activityS 2z = Aoz A gt C41&
ALdol ] =& ddS ®Bgom, BLAST searchd ¥}, accession number’} AF304203¢1
pig®] NADH69} 91%2] homologyE Z+=t}. ©o]= NADH family2A4 energy metabolismel
Holste FHAAE gEA v
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¥ 4.bovineFporcined| Al F AW E=AA N S A FAE=A S FATEI =/ AAE

Function Genes References
RN & transeription RN& poll Baranet al 2004; Humblot et of . 2004
mRN A& processing,addition of paly(4) tail Polyd Wrenzycki et ol . 1995
Grow th factors and hormones GDF-9GHGDF-ITGFL]VEGF Einspanier et al . 2002; Bieseraral 1993
Wrenzyeki et ol . 1999; Lequarre et al . 1997,
Ghueose trans porter proteins Ght1,-3,-8,5GLT Wavarrettel antos er ol 2000 4ugustiner ol |
2001,2003
Energy metabolism NADHL,-6 Shoffner and Wallace, 1995
whiquitin-protein ligase activity HERC3 Crzetal 1999
Control of cellular oxidative states GPE Lonergan et of . 2003
UBF 50X CREB,Y APS5 HMGH L ATF-1L HMGEL NF4R Oct-
Transeription factors initiation transeription AHDACITHATL GCHAUZsnE A H2A Y] HMGAL MEV 2, TEP, Lonerganeral. 2003%, Vigneault eral 2004
HMGH2,p300,RY-1,TEADZZFE, Lamin B, 185, GPL LD H, f actin
Signaling intermediates LE-b HE, PAIL uPA,GCS Wrenzyeki et af . 1999, Bleseraral 1998
Principal scavengers of superoxide Mu-5 0D, CuiZn-3 0D Harveyetal. 1995 Lequarre et o 2001
Gutierrez-Adan et of . 2004, Wrenzyckiet of.
Cell adhesion proteins Cxd3occludin JAM Z0-1 -2, Plako 1999 Lonergan ot af . 2003; Miller et al.

2003, Wrenzyekier 2l 2001a

Watoneral 1992, Wingerer ol 1597,
Igfle Izf2 12F Prelle et 2l 2001,

Taseen et ol 2001 ;B ertoloni er of 2002

Embryonic  growth factors with  plelofropic
mitogenic activity

Prostanoid receptors-modulate renal hemodynamies

and salt and water excretioninkudney EP2-3-4 Calderezal. 2001

Modulation of coth ohydrate and lipid metabolism  Pit-1 Kolle et ol . 2001, Toudrey et of 2003

Cell eyele cyelin B, eyelind Watsan et al . 2000, Weksburg et al.
Producing HADPH GEPD Wrenzveki ef ol 2002; Lonerzan ot ol 2005k
[ntegzal memb rane protein SMP1{5mall memhrane proteinl) Wagner ard Flagel 2000 ;Feboul ez ol , 1999
Differentiation and implantation zpl30 Rizos etal 2002

Siznaling pather ay CAMSAP]

Catalyses the comenionofhyporantame and - popy Gutiernez-Adan er al 2000

guanine

Breakdown of the extracelhilar matnx MMPL Bieser et of . 1998

Potent mitogen , oocyle matiration WFGFFGFR Bieser et al. 1998 Lamzari et al . 2002
Ovarian follicle developrient, flk, it VEGF Einsparier af al . 2002

cummbis expansion

Mitogenesis and apoplosss COE-2 Calderetal. 2001

Synthesis and degradation TIMP1 Bieseretal 1995

Chaperones in protein folding,

iy fhsi.ng damlige 2 mm"g HSP Humblot ar al. 2004

Protealytic degradation Thiquitin Robert et ol 2002

Cytaskeleton component Tubulin Roberter ol 2002

Eemlation of potassium jon potassiun channel rezubstory facior Raifiman erol 2000

o] A5 F3 = A Al oA maturationTAo A HEH FHA} @] FUbE=
gA F dAewn, oFL 7]EQ bovineol Al maturationT AN A oI FH A}
mRNA @do] F7isttts A+ Ayt sty 18 =% FolA Wrenzycki®] &=

A A&9] bovine?AFe] in vitro®} in vivo maturationF o] YHETI H

Aot -2]7F 22 clones 29 cell Woll apoptosisell

o mlo

2

RoAmomn

ol
-

#Hosle] 2dst= F4AQ Bel-2 family7bF WA Z2doly embryo@ Aol & dojgitia H
z¥ ®b QolA, pro-apoptotic 9GS I BAXSF anti-apoptotic S F=
Bcl-2,bcl-XLE& 443} porcine EST sequenceZ%-E] homologueE Zroluidtl. E A0
AAA (ATPases associated with diverse cellular activities)-protease familyfdA5<S A
Asle]l Al porcine EST sequence®ZH-E] homologueES Ztolulo] Foll 37 vpelu it
of Gl AL cell W MEZE=golute] EAlstE Sl A2 A thE gl e] e e i
o] 7S e Aoz LA Urh. AAA protease (ATPase Associated with a variety
of cellular Activities protease)= %= & o @iz =z A o 712 Gz Eao] FQ3k
285 b @l o] Fajel AR FAA FA= o] o]FofA= Fiel wEkA AHE

&bz 7)1 Zkol g4 Apolzk yAl "uh Al A 9] el A<= ubiquitination©l] 2] & 4]

o 1|
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o] Foj A Ak mEZ=golet P24, vreglote o= AAA protease’t F8S 3kt
3 g A 9tk o] # 3 AAA protease?] 3 F7<l FtsHE dheglolol A AE AE AX
T, el gol 517 mRNAC] SHAe] JEgs Fu, AR STFAE d¥ES FU B
gt Algo AT EAS= FtsH fAME® Al Paraplegin (SPG7)¢] &4 3sl=d], oA
2 AAA protease % mitochondrial metallopeptidase®]t}. o] A o] W F o] zEFH &S
A =W, FAA A=A A mhH] (hereditary spstic paraplegia, HSP)S ¥ o 7ltta <
214 glvh 1 9ol YmelLl¥} Afg3l2ets Wl do] o &gt 99f 22 ARAS npgt

o2 F family FAAES AASG S, FolA H o] human, mouse, rat, porcine 7+ol

7} GAAELS =& homologyES 7FA 1L At}

A F2 ZE FAe] 2 BAGAE AAHA BEEE FAAES AR g2t
AR EAANA] T olyst FHAAES ZFolUo] 1 7|5 E ATete o x4&
stogx Jlest Aol a#M 7P FH ol cell signaling¥ apoptosisel] & 3k
[e)

FAAZ A anti-apoptoticet F TS 7FF Ao 2 4HF BI-1% o] A Wz} Ao
Aodt= F23 FAxY AoR ArRHY, T3 CAMSAPLIS Caicium binding protein?]
calmodulin®} ##H = o] cell signaling pathwayell #olsls= RAoz Al E o] AEsLe o,
RT-PCR#% real-time PCR& AAlste] 7zt A @Al oA o8 S A s

41, GeneFishing PCR& &% A& F<lsta, 24749 HAGA A TF e Xol& H
7] 9138k RT(reverse transcription) PCRS Al &8ttt A2 t& A 7o a9
2ol A AL Z}7} 9] total RNAE reverse transcription & & A3l cDNAE template®
o, 94 e primerg AH83te] PCR F%3tth. 1 A3 BI-12 vAds @A A
1ES Byow AL A9 IVE F cleaved 2-4 cell @A = wdo] s o=
%] Holx AL sttt clonel0 (CAMSAP1)S <A 233 GeneFishing
PCRAF 9 A#e} T 5 dANA =& TdS i 3S 3—%”0& 59 F.GAPDH+=
%9 cDNAZFH PCRE Al SS HolFe ZAAgolth 9 F+dAES quantitative
Real-time RT-PCR& o] &3}o], AA&E IM (immature oocyte), M (mature oocyte),
IVF2-4 (IVF% cleaved 2-4cell embryo)oll ¢ AtA el kg A3t 9 A w49
mRNAE F%3}¢9] reverse transcriptiond}l®] real-time quantitative RT-PCRell A}&-3}%1
t}. PCRYH-S-9| = sequence specific primers& AFE3FA Tk Al o] PCREE S 352
™ house keeping gene$! porcine GAPDHS| mRNA®H S 2 XA normalizedt Atk 3 A4
A2 zke calibrator?! IM (immature oocyte)oll wdh zholw, Aozl W3 Zol=
calibrator®! IM(immature oocyte)dl T3 n-fold®2 YERNAL. BI-1S A AAH
GeneFishing PCR¥ RT-PCRol| A &<¢l3t vl A2 o7 mRNA levelE =A&AS o, 1
oA ®Enkel o] mAds dAldA e BEES How, C10 (CAMSAPD S
ACP-based PCR differential display ¢ RT-PCRE %3] 3Hld Az} % A3HA
Maturation@ Al Al =4 dd ¥ = 2oz SPEAT (17 21).

oA %ol A(ControDe 9 ThE L220(A )2 wjAlsta dukd <l A<= w Ao
A ARl B A A FAERA, 2 FEHE AsE EA F9 ol cumulus cellEol g
Hol 9= Aow ok 4 0”31' YHH g-amaniting A2 FAHB)A A = A F9]
cumulus cellE°] &7=o] =] a1, o] 3] Gap junction™o] U= A& A & F YA
t}. cycloheximide(c)E A & 3k %X}t controlo] /] H.tbi= o}fYA| Wk a-amanitin A& WAt
Hops G4 o] dojut dles &1 & AdTh

ol
oL

o

oy o

flo rlo

o
‘ng

A
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conirol

Q-amanitin

cycloheximide

<ag 21> AAY AS A7 FA (A, control)®t  a-amanitin (25 ug/ml) (B),
cycloheximide (10uM) (C)& wlA| ¢ i3t controld 44A1HEN A5 A7 ERH Y
g sty #F A9

olgl st FejerAd #z oo %2 YEHAS W, controldAte] A &2 74% ©]/d<d
" g-amanitin #] 8 dAFE 8% B3840 11, cycloheximide (¢)& 83k W} 48%
AL H& Aoz Yyt (35).

¥ 5. a-amanitin (25 ug/ml), cycloheximide (10 uM) A &3 Ao A w5 WA
7t o dtg 58,

Treatment agent No. of immature oocytes Metaphase Il rates(n)
Control 404 74.3+6.0° (300)
- amanitin 404 8.0+1.9° (32)
cyel oheximide 404 479+6.6° (191)

aand b : P < 0.05

¥ 6. Bcl-2family ¢ Zt % 8 sequence-specificprimers

Primer sequence

Primer sequence

Gene Forward primer Product size Gene Forward primer Product size
Reverse primer Reverse primer
BI-1 5'ttgetggatttgctitoctt 194 BI-1 5'-trtgggraaccitctity 216
S'-getoatggctgacatcaaga 5'-ttcteattgaag gocaggat
BAX S'ttgctacagoattteatcoa 225 BAX 5'-getgatgocaacttcaacts 39
5'-amacatgtcagetgccacac 5'-actccagocacaaagatgst
Bel- XL 5'-gaaacccctagtgccatcaa 250 Bel- XL S'-ttogggatggagtasactgg 207
5'-cottoaatacctgcteaaage S'-ctgcattgttecootagaga
Bel-2 S'4tcegogatogootoaacts 93 Bel-2 5;-gaggattgtggectictitg 218
S'-ctoottgtetacgotetocac 5'-tragagacagecaggagasa
GAPDH 5'-gogratgaaccatgagaagt 230 GAPDH 5'-agaacatcatcoctgcatco 250

5'-aagcagagatgatatictas

5-tigaagtcgraggagacaac

Porcine primers
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Koz BA| HAE A7) A A uE A Lo 7] A4y HE:Hoz 4t
SHAl 234 ©k 53] in vitro WiYE Wake] qualitys EA A=

Q
wEsE w99 Fasth 2 GeneFishing A@AHNA ofe] fuAgo]l AHuels we
THL 1 A, ol & =

BE AAH, o]93 s Ao ] ud FEo dAE =
k)

¥7. AAA-proteasefamily 2 =} 9] 2+ 5 sequence-specificprimers

Primer sequence Primer sequence

Gene Forward primer Product size Gene Forward primer Product size
Reverse primer Reverse primer

YmelLl 5'-ccaaggecagatgtasaagg 238 YmelLl S'-tgagatgtitgtggacgtag 236
S'tegttcaggtecoattagg 5'-atgcetetggoaaatttaty

AfgAL2 S-gcatatgcooagattatiea 208 Afg3L2 5'-agmacgagecteaatettca 207
S-cottttocacgrcagetttc 5'“teagtcgettattegaants

Paraplegin 5'-caaaaagagccaggtoctct 211 Paraplegin 5'-gegeeteagagtttgchatt 236
Stacacatcegeteaaacage 5-atctagtottoocgotottt

GAPDH S'-gggcatgaaccatgagaagt 230 GAPDH 5'-agaacatcatcootgoatec 250

5'-aagcagggatgatatictag 5 Mtgaagicocaomagacaac

Porcine primers Mouse primers

porcine matured oocyte — No treat , ¢- amanitin, cycloheximide for 6 & 24hrs, respectively

Ehr 24hr
— — Ehr 24hr
1 2 3 4

1 2 3 4
: BI-1 3
hr 24hr Shr 24hr

1 2 3 4

‘.-i“‘ GAPDH

1 2 3 4

1 2 3 4
Bol XL

3: Mature(Con.) 4: Mature(-amanitin.)

1: Mature{Con.) 2: Mature(Q-amanitin.)

Porcine Immature & mature oocyte — No treat , ¢-amanitin, cvcloheximide for 44hrs

4dhe 4hr 44hr 44hr
1 2 3 1 2 3 1 2 3 1 2 3
W o [ ] sax [ pax el a2
1 2 3
j— o em— GAPDH

1:Immature 2. MIature 3: ‘-amanitin

<9 22> vAdsda FA4d 18-20A17F &<t a-amanitin, cycloheximide X8 & @
A} 9] Bel-2 family9} AAA-protease family 3¢ RT-PCR
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Mouse?] in vitro A <yol A apoptosis pathwayolA T#EF o] 9= Bel-2 apoptotic
familys x A2 F4d4< Bax, Bel-2, Bel-xL¢ %27} GeneFishing2 %3l porcine®
a2l wdaA oA wd el o]t S F2l% BI-19F AAA-protease family® ¥ %
ol fFHAF1 Ymelll, Afg3L2, paraplegin®] @& &S RT-PCRS 2Asle] g3tdd. ¢
AzrE9 wd ol mammalianoﬂfﬂ ZT&A HaF g B Aow FdE W mouse
Ao Aol zbolzt s R oy, Auidd A vl FARRALol o A =
Zkzy ztol7b & Aew oitste] ot ol HFES AASAT moused 2 FHA
sequenceE ZrolA FrAe] LHS ol 4 QLT HE  specific primerE  designdhed,
RT-PCRS A&ttt (& 6, 7).

14 lane ﬁ]*é% A o] dAfolw, 232 A Al FAE A 29 lane©] control
¢l Aaxdolm, 3¥o] transcription inhibitor® 2 &4# % g-amaniting A st A<5A 71
ol A= 7\] Fe 18-20A17F A9l wi%slsdtt. RT-PCRZ Y BI-1, Bax, Bel-X12 v
SA A BES BYgon, A4dd g-amaniting A @3 AL del e @ o] wrgkt)
Bcl-29] 7%= A laneol A specific bandE &eld 4 gt . wA S U A oA wHE o]

=dom AMewI q-amanitins A3 Ao s ddo] ¥kl Ymelll Afg3L29}
paraplegin®] A3} T3 Bel-2 family FAAA BAW 43 w28kt S v sy
Apoll A W& o] Eokom ALI g-amaniting A 2] 3 Aol s whdo] vkt

e o

Ymell1l
Afg3l2

1: Immature 2: In vivo mature 3: In vitro mature

<29 23> v &5YI in vivo in vitro B &Pl A Bel-2 family$ AAA-protease
family §3d*¢ RT-PCR

S Al wigst dxbet A dxpe] wd AolE glsl] HATE 1W laned M S
dztolmw, 2 & jn vivo FA, 3HLS n vitro W%E datolth BAXS Bel-XLE in vivod
A in vitroB T AdH o R =& W3S B on Bel-2E& in vivo WA A YF @ o]

At} BI-1€ 2dAo]7} gl Aoz YEryth Ymellld} paraplegine 1A Sytof A %
HS HolAWE in vitro MFS FAe in viveo FAFS] TE Zol= gl a2 Afg3l2
+ BAX¢}H Bcl XLe] Aol v 523t Ao Zin vivodl A in vitroXth FoiHoR =
ds Bt
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200bp

1: oocyte 2:embryo 2cell 3: Morula 4: Blastocyst

<39 24> TAGAE 7+ FARES T E.

AW TR GAEZE Bel-2 family -4 21 BAX, Bel-XL, Bel-29} cell cycle #+d &% =}
9l p53RB,p21 1831 MAPK (mitogen activate protein kinase) & 3Futel JNK ¢ &S
gelstArt. 1 A3 BAX+E Morula @Alol A SolAo® wdo] HeE AS B F %,
Bcl-XL< oocyte®} embryo 2 A E7]oA L&HES BT Bel-2& HiRFE 7oA 3 n]35HA
H%%]Q“q;ﬂﬁJﬂﬂﬂﬂH WhE g gold 4= 9, INKE oocyte®t embryo 2 Al

327], Morula @Al AA o] BS 1At RBE oocyteol Al T3 o] Ho]x o=
=9kom embryo2 AE7|E Wdo] HAt p2l1e oocytedl A Morula @A 744 =& &
A&S Bon, wivtxrjolA = 2wy

rulo I mlo

Shr 2dhr
1 2 3 4

GAPDH

1: Mature(Con.) 2: Mature(C-amanitin.) 3: Mature{Con.) 4: Mature(-amanitin.)

44hr A4hr
1 2 3 1 2 3
S b
. .o
1:Immature 2:Mature 3: ¢-amanitin

<Z¥ 25> Porcined mASEIH HAAAIIH 6, 24, 44X LT a-amanitin,
cycloheximide A 2 3 Y3 A2 Bcel-2 familyf+3A ¢ RT-PCR
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Mousedl| A &<¢ldt A3E vl 2 Z porcine HAFE MZ2ZA 99 U3 family = =
AR5 HHS RT-PCRE #2139l porcine sequence-specific primerS ¥ ¢ 7o)
Z} A=A porcine homologue sequenceZ 4B designdtth. Mouse sample¥} m}37}%]
2 g-amanitin® 2DBug/mlEEE @ ste] 6, 24, 444 7F F¢F Wik, AT 18 69
9 AARLe 7z 62447 AA A< A7] control YA (1, 3¥ lane)¥ a-amanitine X ] 3t
W2k (2, 49 lane)®5F-H mRNAE FZ3ato] RT-PCRsSith oAbzl mdsd (1
lane)? 4 A< (29 lane), 4441%F 5<QF a-amanitine 23 G2 ZHEH mRNAE F
%3t RT-PCR&Ith. =2 A3} BI-12 v Sdo A @do] =931 control HAfol| A 2t
do] vrolH ) 6, 24417 E<QF a-amanitin A 2] 3k WApell A A whabel Hluwsie] whE
o7} 1 om, 4N ZE FF A Gt M= A A FA(contro) Btk o] =kt
BAXE d AlZwolA 23S = F fleH, Bel-XL& BI-13 wp7HAI 2 6, 244 bl
Al a-amanitings A2 G B ARG EE Aozl =ZA] ggten, 4447 a
—amaniting A3 dApe Al W&ol =9th  Bel-2% Bel-XL¥ HlSzg AE UER
=3

—

_>,L'

ghr 24hr St zshr

1 2 3
[T i

Afg3L2

1: Mature(Con.)  2: Mature({® amanitin.} 3: Mature(Con.) 4: Mature{(-amanitin.)
Adhr 4dbr
_ Yme1L1 Paraplegin
Ll L I GAPDH

l:Immature 2:Mature 3: ¢--amanitin

<39 27> porcine? HA&WI A 6, 24, 44X 3+ F < a-amanitin,
cycloheximide &3 W3¢l AAA-proteae family ¢ RT-PCR

A

Lo
i)
>

AAA-proteae family 429 2&S vl ¥ 7 e 22y 624X 7 A A
A7l control WAH1. 39 lane)¥} a-amanitine A 2] 3k F2H2, 49 lane) Z5FE] mRNAE
Z=3te] RT-PCR&A T ofeiAb 2 wjAdsd (19 lane)JJr A AL (29 lane), 444
%9t g-amaniting A #3 FAZHE mRNAS FE3te] RT-PCRstgt =2 23
YmelL1& 6A17F Aol A= 2ol 7h il om, 24431 ’\VK‘/POﬂ/ﬂ a-amaniting # 2] g
Wapoll Al Bh whd o] =okal, 44413 date A= zbol 7 IATh Afg3L2e 6,244 3F Ak
o A& a-amaniting A2 gk dxpo Al wrE o] grobx|ar, 44t A= JA] Aol 7t uAM‘:}
Paraplegine 6, 24A]7Fol A= Afg3L29} W=k AH3S Hgor 44X 7= wHdo] &
skt

L e Hy
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BI-19] A% PWG wY= A et HA4 PWG vy A 7ke] 2t 22 ddAko]E RT-PCR
S &3t AHE Ay, 43 PWG vYSH A= Testisoll Al Zdo] 7 =9kon, Hearts
A3 kidney, lung, liver, spleenol*] #3o] HE F2lsAtt. HA| PWG vYH A=
tesitisE Wl Eote] 2t A oA wrdo] HYlom Au el thi oA Ao om wEo] v
= gedesi

* Expression of BI-1 normal PWG minipig each tissues
1 2 3 4 5 6 M

—]

BI-1: 194hp
‘ — e - e

[ S S ENSSES |  carpm230bp

1:Testis 2:Heart 3: Kidney 4: Lung 5:liver  &: Spleen

* Expression of BI-1 Dead NT cloned PW{ minipig each tissues

M 1 2 3 4 5 6 7 8

"'--i-vdh--—--—| BLI: 194bp

L L LT —"

1: Testis 2:Heart 3:Kidney 4:Lung 5:liver  6: Spleen 7: cerehrum B:cerehellum

<29 28> A% PWG "IUH A HA PWG vy A¢ Z =24 BI-1 &

to 2 BI-1¢ 2SS AGAS AFole o' d4o] UehueEA dotm AlgLld,
BI-19] t)3l siRNAZS A Z3}e], stable celld] ¥ 30uMe] etoposideE 48A17F &b A

g2lslA . apoptosisell oW W37 A=A Lot y] ¢4 DAPI staining® western
blotting© 2 PARP ##& #Qletlvh. 2442he] 23 siRNAS ¥ cello] 184 &2 A
3 HTh PARPe #do] t] @Wo] A7+ AoE YERew DAPI stainings &4 &
apoptotic cell®] Y] &%= Ao 7 ebykth

ek v g FQ3E AXEANE 2HAA F Y Bel-27F SAPK (stress activated

protein kinase) A Z A G A W A& F&S A BT Bel-2v HEZZ=gole 9dt
of F2 AT, A7} Aolrt=d A% ZHNAR o FEAAZEE AXE AES 9
T T3 Ve FHTE Bel2 familyWoll A= Al oFFEALS T QIARe} obFE

A28 EZstE AR FEHEU o} FEALE Y e 2AAE Bel-2, Bel-XL, }—7(]/\]7]‘:—
ez}t 2+ Bax, Bak, Bad 5°] &€&4 Atk 2% Bel2e C. elegans® ced-9 #d#k2] ¥
e AofAA Aoew 4 dar, £F ced-49 A Apafl (ApoptOSIS
activating factor 1)¢] 7]%5< Asfsts Aoz LA 9ot 38 stress Activated Protein
Kinase (SAPK)E= UV, etoposide 59 98 stressZHH FERHE FHAR o}FEA 29}
A E Aoz dHA vk o] stress2HEH A3t SAPKE Bel2ol s As)s =
Aow Hil Hojglth TgiA SAPK Asdd A v A= Bel-2¢ 7|53 28 714S &
A 2 AFS Ttk
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W - - + +

Bolz @ - % . +
MEKK L -— (G5T-5EK
WWoro- o+
Bel2 © -+ - 4
SAPK[ - == GST-JUN
e - - % + o+ o+
Bel2 © -+ - 2 4 B
SAPKS = GSTLJUN

<Y 29> SAPK AZAGA | ul X+ Bel-29 53

Stress Activated Protein Kinase (SAPK)‘—“ ozl AME F3e EZolY, UVEe

stress 8.9l o] UHd T AR ofFEA LS} WHT #AHo] e AR ¢
HA . UVy Staurosporm Etop051de So 93] SAPK7} €44 a1, Bel27b o] & 9
T UutE A Bavk Hojrh 1A 92l Bel-27F SAPK A 29 o= XA o]
& Ye AdA g AFES AASAT WA, UVel o8 fr=® SAPKe &4 ] Bel-2
o 9 =

=AE Byt 1 AY Bel-2¢l 9ls] Aol AsE AL, o]F Bel-29
JEs & 5 A E} 2284 SAPK® 49 Kinase?! SEKI1¥ MEKKI
o] A= o o 2}% N =4 47] 98] SEK1 ¥ MEKKI assays AA8kAch =
A3} Bel-2%& SEK13% ME

]
K1 3%94 A4S A& stgrt. = Bel-2& SAPKA = &4 &
MEKK1 4]l A ﬁﬂf:;% & AT}
U202 ofFEA 2o ufjg F o Agske] of

g @ del ASKI % CAD @A} 4

ZRAAZ JAEE 758 CHA fFdx7F 271 uf &g 8l 24 Al7]el
Ax dd el zpols YEPIS & 4 dth =3 CHA @ d e u) @] Fo3 ogts
g3dsts Ao BHiuE Formin 79 @WAEN M2 s AFste 2S 24T 5 A
t}. Formin family ¥ &= Fmn 1 Fmn 2, Dia, Fhos, Bni 1 5°] 4], ¥ A4
+ Formin # @@ A& Dia ¥ Fhos @l A3 A543 = AS Co-IPE E3A 4

0(1

1— /\ Olo-hq_

PR AR
Formin family &4 % 349l Formin2 (Fmn2)+ &4 (infertility) 2} #d¥d d4& /3
ZHovary gene)® H =, n2

Al

3] % Fol A E(egg cells)E Aoz 3 A3 Zy Fm
%) = A
(o)

g
g o] FHAE AgdE AS AAS 94 WS (pregnancy complication)o] HAY 3}=
o2 AT Fmn2 A= Z29-2(formin-2)h= @9 AS B A 7] =4, Bl
Hj o} =% (embyro loss), 718 (birth defects) &l dig olsle] %& AA HE F AL
ow ZdEn. AEAQ GFAG AR Arled dhe Ax 2E AAHS T A
BAe] AMA T AR AEEojopnt gttt 74 <A (meiosis)eol g &= ©
e

A7F A A G537 (Down’s syndrome) &

I_N

%
o
2
- m

&
N
)
X
o2
it
—_>‘4—I‘4
o
ox
1
riet
o
rﬂi“:
ok
12 on e Mmoo o

T AT Fmn2 A2 = A7 G222 248w |55 3t
oz AdHAY AT Ag, dubroz F oAl W ol YA £ (pregnancy)S AT
L ol AEA <Al £24 (recurrent pregnancy loss)olgl HETL BE oA 71&4)
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1% =7 o] & ARl 48 Ageth ol A5 Ao wEW, Fmn2 % 2ol
Edo] (mutation)”} FHFE =X = 3t "
7ted 7 Ads e ® Azt Fmn2 #3A7¢
I
N

D GAE Ao dmstA

Dt PR
SAPK FOS mm— il h i
—
aspase-H — a .
— ¥ —r
g ___— . e )
-« =" T
Caspate.?
;'. .
Cl&

TS
BiAy g T e il = Haliy
- T "
- A — -_-.-.:."-!.\_ |l - e s e -
. I} ;
B = 1 Colllysale » e HRLH ol » . -l
- Apoptosis B AsH . B

<A 30> LA F 2d ZolE YEHE olFEAX FH F4% CIIA 2 Formin
family @9 2 37ro] F 3524

Bgo] obd] FoEt @ge] Vet 1 A Al | F5Ed 9 dusts 9y A
21 Al 1 FA(polar body)7t A8 FHHA ReHn dAZ J%sor & BAEE] G4
A gtk Fmn2 $A47 299 43 AZTE B4R o] A5 Al gelA ThAL el
GAAE 20 gom ATl AYH o WEsH Rehu Addrhs Helth old we
Fmn2 #3048 223 9 4449 fAelAs T 49 da4g 2= debt wugd
Fmn2 §3270 298 37 A A% TAE 04T 49 4 £42 % &
= AR SAHTh olo] WA Fmn2 £047F AW Aol ad AZd 47 Al
A ClARE Aol 44 5o AdHE A%E WY 9 Fmn2 FAA7 EAlee
A Ask 2 Fmn2 #4247k 298 4R vl AE 7 7243 dhste 9

Fmn2+ Formin family ©¥ 2 F9] slueld], o] familyol+ Fmn, Fhos, Dia, Bni 5 ©¢]
¢ o] Z3bE o),

aea FHarol, AlE =4 (cytoskeleton)o] 4 4 &

I
3t dldo] ZHE=g o] TAHE A Bnilpgt EgE Ao 2 FEW(formin)o] &
el o] £Ekgith Bnilp @A RFH AA AAo] 2AHEHE dAYS TR (yeast) EH-
H =, Abgol olZ7|7HA] RE AlEeA wrddn Ael Fx= A"l m AR (actin
filaments)& TA3tiL o]50] A2 =4 FxE FASH drh B AR Ax 249¥
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¥ 8 Members of the Formin Family Proteins

TABLE 1

Members of the Formin Family Proteins

Protein Organism Mutant phenotype

Formins Vertebrates Limb deformities (1)

DFNAI (hDia) Human Nonsyndromic deafness (25)

mDia Mouse NDa

Diaphanous D. melanogaster Defect in cytokinesis (2)

Cappuccino D. melanogaster Defects in cytokinesis and oocyte polarity (6)

Bnilp S cerevisiae Defects in bipolar bud site selection (26) and
cytokinesis (8)

Bnrlp S. cerevisiae Defect in axial bud site selection (17)

Cdcl2 S. pombe Defect in cytokinesis (19)

Fusl S pombe Defect in conjugation (12)

FigA/SepA A. nidulans Defects in cytokinesis and cell polarity (27)

aNot determined.
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F2l A S, cytokines S

A ok #HE AFgol Al integrin avB3 9] &S JAHE W FFEo] A
Atk B AFA FHAdel 2o xd LIFZE 2741719 wjol TAle] Fa3d o
tl, 53] ©] A7]9] integrin FAAES] Ud 4& FAstaL ATk

sEuj7ize] wjol WAI} o] AUl #He] synchronization 2ol A olth A
qoll A of e A= FEAEY Hlo] 2HEE TEFY AES
gl d o ofd e oy AARJMAEDR FEASY] ddEY 29 a8 24 A W
sto] #stAA = 2 wEA AR Rk B AFdd A= BT AR Aol A
EGF &A% ErbBle] &EAF919 g1y odd s EAst s stach. 2AdF7] 5
proestrus 2 estrus A 7]l stroma AA A W& 3L metestrus A 7]l myometrium®l] 7}
7hE stromaol Al st diestrus Al7lel= 54 ARV HEEA G A
X171 & Al 195 = stroma AA A BGa, 28] = lumen stromaol A Bt} 723
HAAS woow 3YoE myometriumd] 717F$ stromacl A o ZebA @EE Ak 4
Aol = thA] stroma A NA FESIH 5ol = wo} ] stroma’t decidume HA
primary decidual zoneol A &3t A A FFA71E TGE-10] Aguiet o)Al
of MEAAAL WA= JFFE A FAd], AF] B, wjots F4H F 4 t
Fuj 2 HAste] Apgo® o]Fate] AT W] 2Aks shAl ®rh wiole] o eyl
Axe= Al FAEE i AvrkaL, 71 A o] S, wjols Ag et o

[o

mo M
e
oz

S
X
N
AT = R < A o e/ -1

it
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o) 7HA Hth Aol dojut= Ao At FIAE S wjolrp FESEA A, o] F
T AIANEES AEZAGAE doivta B ok AF e A5, Zujrt 2Ast=
HAoNA dojys AFlut A A £ A FAHAE autocrinal B+ paracrinal dHA 2 A

HolXth MEAAALE 2dstes AR Fol TGF-Blo] ZdA 7|6 dojuh= Al
o A7 A itk TGF-Blo] Xufj 2 A[7]o] Azt
GO AIES] apoptosisel A oW JES T ZAQIA dis| AstaAt itk TGF-1
neutralizing assayS E35lo] ¥w THE = B YE ATl I A E e
apoptosis 7} X HS FQlstoen, 53] apoptosisE do7= EHo] TGF-19&
TGF-1 neutralizing antibody® 13ttt 2FA7] F AgUlet AI A Eo A dojih=
OFFEA 2 in vivool A W, ZAA7]T Zujel Agujet A A E7F T F-919 2
R A e G A P T e s R
22 oA RH, Ad #-EE V& F83 98-S FIste AoE #AHE B,
MMP-1, MMP-9, CIIA, Formin, Dia, integrin, TGF-1, JNK, ERK, ErbBl %ol thdt -+
2 2 AFE AT Ao

Uk A2H s A

1) Tansgenic zebrafish line 753} genotyping WH &#
Alpha-synuclein transgenic zebrafish®] genotypingg PCR WHo=z FQlstx

homozygous transgenic zebrafish line®] T7%& 93 systems A H3}

A, Nt human a-synuclein transgenic zebrafish Fi

—

A0bp -

Transgenic Mon-transgenic

B. Heterozygoous e human g-synuclein transgenic zebrafish F1

*IIbP -—_Ewmlﬂ-n

1 2 3 q 5 & T ] M +
C. Homozygote HuC human a-symuclein transgenic zebrafish F1

mbp = _II-EYMH“

<19 32>a-Synucleintransgeniczebrafish 2] PCRgenotyping

- F1 zebrafish A (A$ oF 37149)e] mEA=gH| A genomic DNAE FE3|
Alpha-synuclein primer set® PCRE 33t & 2% agrose gel “doll 4 bande] + -
& g% (19 32).

- F1 zebrafish Alel2] nuje}t PCR genotyping &% homozygous F2 transgenic

zebrafish line -3 3%t



stel3l7] ¢3F in situ hybridization®] &3
}71 93] digoxigenin-labelled antisense

TRz HE RS g4l

ol

2) A
- Zebrafisholl Al 574 #dze] s &<ls
riboprobeE A 3te] in situ hybridization© 2 embryool A Zd ¥ = mRNAES 3
ol WS F53 (AP7F 23 Ho] 9l anti-digoxigenin antibody® WE-3
<, AP2] 714l NBT/BCIP (tetrazolium salt/5-bromo-4-chloro-3
Agete] FAA B AAS FAF.

idolylphosphate) & *

<19 33> Dopaminetransporterd & & Sinsituhybridizationo = & &

gt

fr A 2F2] microinjection®} Td Al 2w g

E R STl

3) Zebrafishell A &A

MNo
injection

fraztel 2d 2 &4

<33 34> Zebrafishol A
= zebrafish embryo

— Zebrafish expression vectore] cloning ¥ o] ¢+ GFP plasmid
o microinjection, GFPY] T&dYS FFAnFd oz dFste= Al=8 &3
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4) Apoptosis & FH2 (HtrA2)9] 233} apoptotic cell death &2 A] 2~

<9 35> Acridine orange (AO)E ©] &34 zebrafish embryonic cell death # &

- AO= staining® ¥+ FFF " )4 apoptotic cell death fr= o5& #=E
- Apoptosis® oF7| 5= B2 defectE zebrafish embryo= #&sh= WS % 9.

5) Apoptosis & fFHAHHrA2)7F AA" Aok A Fel wiolEs 3 Hiote] AlxAd
HAYUSES 718!

- mnd2 mouse?] X 2 W] ] PCRE genotyping & 9.

- mnd2 mouse?] phenotype #Z

- Mouse embryonic fibroblast®] wj ok A]l~gl 3=

2. 29 d74%%
7} LA R

1) DAF 434 A4 B 2 31
- Gene bankE &3] DAF frx7¢] sequenceE 2913kl clonings $1% enzyme

5 ol
site(EcoR)7} ®3te primerE A #skAth Al2HE primerE o] 83F¢] Hela cell

=
[e)

cDNA libraryol] A}&3le] 1.2kbe] DAF FAAE W1 gel elutions 53 vtk
DAF DNAE ¢ sequencing 9#HE E3] 100% DAF geneddS &<lataith (19
36)

- 1.2kb

<229 36> Hela cell cDNA libraryE ©] &3t DAF gene PCR 23
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2) DAF 294 H9z4d fdz 9y
- DAF #+3#2 2d3dE vectorts pCX-BSD vector(6kb)E AFE3Fa ol7]o] EcoRI
enzymeS Ab&3lo] A3 & T4 DNA ligase(NEB, Inc)E o]8&3e] DAF Az
ligation A AT 9448 pCX-DAF-BSD vectorZ EcoRI enzymes # @&} ligation 52
goletgd . T3 transfectionS 98] Sspl enzymel® @At o R WFE . phenol

extraction® &2 DNAZ £ sach.(29 37)

A Sspl

CMVIE

chiken beta-actin pECOR gr 6kb, pCX-BSD vector

7.2kb, pCX-DAF-BSD

N\
human DAF
- 1.2kb, DAF gene

pcx-DAF-BSD
7200 bp

Hindil

<a2¥ 37> DAF #AAE ZF=29Y3 pCX-DAF-BSD vector(A), EcoRIC.E &g
pCX-DAF-BSD(B), Sspl2. 2 A& & pCX-DAF-BSD &%

3) HLA-G 2@ viysiA] A x4 DAF frda el
- HLA-G &g vysfxe AAxze] 448" DAF +dx 2d  vectors: FHotaL
lipofectamin 20002 ©]-83}4] transfections A7l & G418 selections 2 A1+ colonyE
Suata v ek wdE colonye UH-Z PCR #4& 53] DAF #8AE 3latsd

o

A Ao mys Ao AAE <t DAF #8447 FRHMwS FAsATH(LEH 38).

1200bp
—_—

Lane M : 1kb DINA ladder
1: DAF FE A 2 CHZ=22 Y C (1200bp)
2: SEUE2O U A &AL =)

3-7:DAF FEA Y WHE

<29 38> WYH R AEE o]43F DAF PCR £ 235
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4) DAF &4 AA xS FAx 4
- PCRE 53] Aoz 3eld AAEE 60mm dish 2712 Uiro] 95U Ax wjF &
human DAF monoclonal antibodyE AF&3te] FAXE 248 AAledn 4 A3 A4
AAE A= DAF Zdd(H2 Aol thzat MS(3AMAXM)d vs] dA3% F7tsteE A
S Elstth Eg HLA-G 28 vy A AAEZAA HLA-G F32 9GA Zdste 3l
< AT (2™ 39)
& N 2 DAF 13 ® DAF22
10 10" 100 i0? 10* 1o 10" 10° 10* ot 10° 10 107 o7 o
FL1-Height FL1-Height FLA-Height
. 2 3 HLA-G
DAF-92 DAF-93 .
pig cell
i H i
o 10" FU-:L;‘ 10° 10 C'.ma o' m_:_g# 100 Toe o 10' &1-:;;1 10? 10
<2 39> "YHA AMEE o]&3 DAF FAXE 4 A9
5 DAF &4 AAMEe HzZ 3hsr g 4
- FAE EXoA dtdoe] F7E AEFE A S Z protein levelol A2 BdS 3HlEtr] 9
3l human DAF monoclonal antibodyE ©o]-&3le] wWdzz gy R
(Immunohistochemistry)& AA3FA T AA A3} negative control¥} HZE 3PS U

sampleel A @A 38 DAF 847k 2&sh= As FAsSAh(2d 40)

Al A

Z7 DAF AAXE B SAWZT vysA] AAE CD :

<29 40> frAE B4 44 sample Bz 354 £ 23

¢4 DAF AAE HE
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6) DAF %A A A EF LDH assay 2 NK cytotoxicity assay
FAIE B dAoz EAdd AEE5L o835ty g4 L AXA HYIA
913] LDH assay % NK cytotoxicity assayS AA8tHTh AA] A3 &

Hustd S wf AEFEo] A 548 JAlete AS Gdsrh(19 41)

KN
=

KN
=

A B

LDHassay NK cytotoxidty assay

100 100

04 ?I 20 ;
g a0 g 60
E £
E :
ﬁ :

a4 0
by )

N 20

1] " § f . . - : L1 T f T T f T

Feew ool e TAFR  DAFI3  TdFR22 iR JTdUFRes TURE Febw cell e DAF R ndF i3 DdF 22 nge a2 ndrag D4Fan

<2¥ 41> NK assay A8 733 374 9 LDH, NK cytotoxicity assay 23
A: %Al sample cell line, B: %4 sample cell line®} NK92MI cell line ¥+$, C @ ¥Fg & MTT
A 1A A3, D v = MTT A 241 A¥ E @ 98 & MTTAHE 4A12F 23, F
NK 92MT cell line

7) HLA-G/DAF & mUsjxe] o]4 2 ¢]a

- 948 P4 AME ABES ol§ste]l BAl FHBS AL of
A

% ol g3tol
ASTh A SR Helh R4 F 509 AFE stel HEHE AL FAsgd 99
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S BEYsta £ A3 g RoA Holrt HiHA g AL Agte A& 2292 53
of ZIsttt. dA 19 79 ®jol= 129 25Ul ol oA oltt

<29 42> HLA-G/DAF "8 & gAl
Ar 9)al 289 A3 B 94 609 A C:o°

8) A A Isletwe] B vl
- 93)o] Ax PWG mini-pigd #HAFo2HE islet cellE Easte] thakst =74 A
ujkS A =3k cell survivaldl A3 =1S gAEgt 2™ 83x¥  ficoll
gradient A= s+ 7b7F 372355 IEQ 2 162037 IEQS] +&S R UUh 4, 53] 49
H 29| perfusions AFsts W G ol A9 liberase T4 A wo] FFS W
olA # el endocrine cell?] &7} AA o] & L2

A Eajekole] glucagon-like proteing #H7letd HFo=
A AAAHozZN Az AE FEd A

43)

o] g
HE

24sE Ao B9 B, (2

ot o

1200000

1000000

800000

600000

pig islet IEC

0 46P00¢g 44p222

400000

|
200000

0

1 2 3 4 5 6 7 8 9 o
=2l No.

‘ Epre-ficoll Mpost-ficoll ‘

<TRA>AA A A EE T Lficol A F 2 DTZUA Al £5.
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0

STZ 1 2 3 5 6 8 10
day
—— ¥ —m— AHY2 71[%3‘

<2 ¥ 44> glucagon-like protein "7/ AT AESH 7}
dithiozine 92 % beta cell B4, 272 WA S normaliz3t $ Glp-1 analogue* 2] &
3 A¥e] WAHS =A3AS. CN: control, E1: InM of Excendin-4, E10: 10nM of
Excendin—-4, P1: InM of Excendin-4 analogue, P10: 10nM of Excendin-4 analogue

9. o]Fo] 4
- H A FHorHE Y3 islet cellS vF-222] kidney capsule®l] ©]2]3}o]
Fro] T mhg-2o B AT S AT 7 e o)A AFAEY
A g A ] o] A M xS AETFSAA S AFetdor ¢F 5000 [EQ HEe MEE
]

ol 4ste] 7% 8% % ALYEA $FFL B F (29 4)

% Deviation of beta-Cell Area compared to Control

250

200 A

150 A

% Deviation

100 A
50 4 I
0 ,—ﬁ.—_—ﬁ.—- : :
CN CT El EI P1 P10

Well ID

-50

-100

<Y 45> o]Fo) T Fud Fd AHFH glucose tolerance.
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t A9 5 A

D A4t
X 9. Sequence-specific primers of ubiquitin-related genes.
Sequence GenB
Gene Sc,l_>3, Product size accession
numb er
SUMO1 F: ggaggoaaaaccitcaactg 166 FIM_009460
E: cattggaactcoctgtotttg
SUMO2 Facgagaaacccaaggaagga 150 MM _133354
E: aaccctgeocgticacaatag
SUMO3 F: ccactgagcaagctgatgaa 162 MK_019929
E: tectgtctgetgotggaata
Ubas2 F: tcaaggoocaagatccaagac 192 FIM_026872
E: tgtactictgggeaagetga
UbB F: accagcagaggctgatcttt 123 NK_011664
E: ttcacgttctegatgetste
UbC F: ggecatgcagatctttgtgaa 156 BCOS4012
E: tcacacccaagaacaagcac
UbC1 Fgeaaagatccaggacaagga 160 NM_019639
E: caaagatctgeatccoacct
Ubap2 F: geagactttbigcagettect 170 NK_0Za872
E.: ctgaacattcageoectetga
Ube2l3 F: aggctgatgaaggagctiga 188 MM_009456
E: atcttggstootttzaates
cull F: atgcttgccaagagactggt 188 MM _012042
E: cggtictgaattegtoaggt
HERC3 F: taaaggtetetgstegcaaa 24a MNM_025705
E.: ccatgcocatagatggsaate
oo Ea et B ¥ ubiquitination®] 283 WE FAAES NCBI iAol Eo A 7]
ol umE AYES o Ao, 9 E 2 FAAES FHA PCR TS
T WA H = PCRAHE S o4+ Ato]= B NCBI GenBamkel| 5% WMIEES 19 7
e TE o8 g A5 coding sequenceF-$loll A primerE TIAFQ1EH] PCR 4 & ol
AHg8H Tk

o o — = < NS
N T suvo
— | — — T

<% 46> Evaluation of expression patterns of the genes encoding SUMO family proteins
in mouse pre-implantation developmental stages by using RT-PCR (Im, "|A&d M, A4
Wt 2C, 3 3 2M1¥7); 4C, 3 ¥ 44 ¥7); Mor, Morula; BL,#¥F¥7]).



SUMO (Small Ubiquitin-like Modifier) 7}F&< AE W wild B #xdd s 3
= FHlFA U ol &3 fAtsitka 71E AT Ao & A delA, SUMOL,2,3¢] wk$-
2 z27] 24 W 2 dA FAA dd AEE RT-PCRZ &1ttt 1 A3, v
(Im)A A & o] Z=dvh7h Asag Fo 2 ddo] FAsA, ¢4 F 24x7] ¢
FA oA A ZGA(zygotic gene activation)ol] ol8] z} FHAES wdo] 713t}
z27] ZFd A dAUAZZ] TR )= AN ET] A E 2 Hdgo] ok FAsgt
Morula$t WiWFE7] oA dAg gk dHES Bk (L7 46).

Im ™M 2zC 4C Mor BL

UbAS2

UbB

UbC

UbC1

<Y 47> Evaluation of expression patterns of the genes encoding
ubiquitination- proteins in mouse pre—implantation developmental stages by using
RT-PCR (Im, "|dsE M, A& 2C, 4 F 24£7]; 4C, ¥4 F 441%7]; Mor,
Morula; BL,8J4F¥ 7).

fFHlFE ol A #&A F4A F Ubiquitin family”} @134l ubiquitin—associated protein 2
(UbA52), ubiquitin B (UbB), ubiquitin B (UbC), UbC transcript variant 1 (UbC1)2] %7]
2 A G FAA e FAE Gl UbAL2e wd s Tl wdde] H<Sl
I A dA A Bdo] dAF ATk 24 E 7)o A thA] wd o] Al ZFE| o] 44 E 7]
A gk G A7 =A Bdo] A F AT UbBeF UbCE 7} A wA| oA v S2gh 2y
FdE HERRRA T AR UbClel 4§ 27] @AleA A9 A H A %o, Morulath
At vk Al A HHE T (LH 47

~

Im M 2C 4C Mor BL

Ubap?2
Ube?2I3

Cull

HERC3

7
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<Y 48> Evaluation of expression patterns of the genes encoding
ubiquitination-related proteins in mouse pre-implantation developmental stages by
using RT-PCR (Im, WA &Y M, A5d; 2C, &3 F 24 £7]; 4C, 3 F 44X
7]; Mor, Morula; BL,8j¥tX 7]),

ubiquitin  1F ¥ A FulFAE ol #HEE gud 2a) A8S sictan dezl
ubiquitin—associated protein 2 (Ubap2), ubiquitin-conjugating enzyme E2L3 (Ube2l3),
cullin 1 (cull), Hect domain and RLD 3 (HERC3) ¢ 23 d4d<S &ls] 2 Az, Ubap2
o} HERC39] %ol @asx] ¢oton, Ube2l3: wAdsGAdA ddE 7t A5

40 r
nr
F1 o

293T

-Para - - -
293T
yme

<Y 49> Effects of etoposide and H202 on ROS production of 293T cells , and
ymellLl, paraplegin (SPG7), afg3l2-overexpressed cells.

oA ATt 2ME7|AA BA] wdo] F71EH Al Morula® Al 7FA] W& o] =iyl wjukE
71oll A Td o] dA 1 A AT cullS mA S, s H 2 EV7HA olgd 7] AT
AolA =A Tdo] FAEHGIF I F Al 2F Tde] A AT (11 48).
Conirol  Etoposide 90 £
293T 2
E 70
$ 60} ——
293T = O Fioposide
=

N Y N

03T 29Talk 299Tpam  29IT-yme

Control  Etoposide 60
203T 50 F
=
‘5‘_‘\' O Conirol
= 7T N Etoposil
25T ¢ Iﬂzng';s ]
-afg 8 a0 |
=
2
)
203T 2 20 r
_para -
1
_}rm 0 A A L

203T 203T-afg 293T- 203T-yme
para

<29 50> Effects of etoposide and H20s on viability and apoptosis of 293T cells
,and ymellL1, paraplegin (SPG7), afg3l2-overexpressed cells.

nEZEgol oAz oy Fal Az AP A A E S dojst 2ddtta &
HA 9&, AAA-protease familyol] W3t AFE JPstAt). 33 AE AFAAE o]gfsh
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ubiquitination®} W]<s=3A @z EE v E3 A
AAA-protease familyZ ©] & = A

A A5 AYgsvid EA4 & TAES
AAA-protease (ATPase associated with a number of cellular act1v1t1es)‘—1:‘ °1]L17<] -4%@,
?l protease® Al AE -3} FFAC Fad GTE vk oY 7| Fe] EA AR I F
oA mEZ=gol Yo 9X3t= AAA-protease®A] ymelll, paraplegin (SPG7), afg3l12
Sol don, o5l AXE u 53], vEIZE=goldAe &3 ROS (Reactive oxygen
species)®o] @A el v ATE AUt 203T M EFo] ymelll, paraplegin
(SPG7), afg312e] &433} H-99] sequenceE od WMEo F24YE 3lo], Z17F transfection

of

S E3 AE Yz 293 5§ Zzte §AA7 A EE fEFE s ZF A EF
MEAESE FE5tE E29 etoposideE 30 uMe FEE 1247 ¢ A 39 1, ROSY
g TR absteas (H0)5 300 uMel =2 12Al7¥ FE Aelste], ROSe 47474
5 FAAvBE ol &ste] S DCFHDAE}“ H0. 5 Eolzoz gaal= Alof
S ol&3te] ROSE FAF 43 dxwo= AbgH 293T AlxEFo4= ROS Aol 57t
F QAW ymelll, paraplegin (SPG7), afg3l27} Ietd == A EF A= ROS Ao A
Ee elatdith. Ati# 9l DCFHDAS &34 #d AxE yekdl 2= Ao np

2 7FA & 293T AlEF 1t} ymelll, paraplegin (SPG7), afg3l27} LA == A EFol| A=
=gk o= dAsHA ROS Aol wolds & = AUtk (19 49).

ymell1, paraplegin (SPG7), afg3l27} m|EEZ=glolol A HA %= ROSY AAS oA T
= Ay E npgo g o33 ROS7} MFEAE S FE3=%9 AAA-protease’t ROS A
A ERE ofyet ME AMEE A=A AT AT 1E 4ol A AREEAW AlEFO 2
= MEZ MEAE S FEste 549 etoposide 30 uMe] FX¢ ROSe| 3t F

TH
344 (H0:) 300 uMel sEE 12417 FoF A3 T Hu RS g ew A
g 4= 9l DAPI AW o] &3lo] A% /\}‘I‘Oﬂ ofs veluEs 3o RS I3 dvA
S Bk #ESATE 1 A3, 293T AlEZFA A= HOp o oal o] st dojuh=
R o] #EE o] apoptosis7t frEHTE 2SS & F AAAIR ymelll, paraplegin (SPG7),
afg3l2®= A2 b A= Aole AR o= AE W= AFoR apoptosme | 3l gk}
= 3AS & F AU T3 etoposided] 213 DAPI Ao A= & g5 Wsle] zo]

7F ol #EE AT

AA MENA DAPIGA F Aol t+tH3l7t #2E apoptosis MEEC] et vj&& 28
X AFE TEFs BASE S dolZ 293T AXFolA HoO, o 23+ apoptosis A ¥ES9]
%717} ymelll, paraplegin (SPG7), afg3l2dll 9 ZAadEtsE AS &4 = dAdd (29
50).
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Conirel H202 Conirol H202

293T
293T -afe-dC-EN
293T 293T
-afg -afg-dC-KN
204T 293T
—yme -para-FL-EN
293T
-para

Afg dTM

Afg dTM KN -2 ATP hydrolysis domain
Afg dTM EA > Metal binding domain
Para FL. EA - Metal binding domain

<29 51> Effects of H202 on ROS production of wild type ymelLl, paraplegin
(SPG7), afg3l2-overexpressed cells and mutant paraplegin (SPG7), afg312 cells.

afg3l2¢] Zuwlel % ATP hydrolysis =wWl¢l, Metal binding =W<¢lg W

afg3l2 AlXFE WS 3l paraplegin® Metal binding ="l F9E= WH3AZ] mutant
paraplegin A ZF5 o] ZF muQlo] o5 FHAE Fad AES t=A AP
=3

afg312¢] ATP hydrolysis =<3} Metal binding ="21& HE A 7] mutant Al EFAA =
wild type afg312¢] ROS A4 Aal Tt wrdl=, ROS7E Aol =& 2S gt
T3 wild type? paraplegin® Metal binding =92l 97 ¥ E mutant M EFIA =
7R 2 H0000 213 ROS Aol S7FE Ay (21 51).

o 229 5 A

1) 1. Apoptosis #FH §A=}FQ] caspase-39] FHx & H.

- Apoptosis &# F4 <l caspase-32 apoptosis®t embryotAol it FHAe] V)%
S AFEH7] fste] ol Ao F5 P pCS2+ zebrafish§ vectord] #ZAE cloning 3t
PR
AR .

- Human caspase-3+& caspase cascade® E3}9] initiator caspase’} effector caspase®
activation@tt}. Initiator caspase’} &3}t HA] &2 ZHANA%E caspase-32] active
formo®2° A4S FE37] $elA  caspase-2 prodomain (C2P)&  fusion*] 7!

caspase-3E pCS2+ vector®l| cloningd}t$i
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| caspase 3 [ _GFF__ |Caspase3GFP

Cpmodomain ] ~ caspase3 [ GFEP__|C2P-Caspase-3-GFP
[l
| predomain,_| caspase-3 | GFP _ |C2?P-Caspase-3(C163G}GFP

!_ mouse caspase-Z prodomain

<29 52> A FE caspase-3 GFP fusion constructs® T+%

~ Zebrafish =@ Al~glo] e W3lr} A8t A| 22 caspase-39 Ztdo| <o A
Q1A], C2Poll 2J3t caspase-39] &/l gk A= &Qlstr] 138, C2P domain®] &
A 5FA ?% = pro—caspase-3 FAAe}t FAR-YYE mutation A1 C2P-caspase-3
(C163G) FHAAE zebrafish & expression vector®] cloningdt$ith & FH A=
d glo] folFEE fFHAte] C-Eeke] GFP @A S fusiond S Th

2.Caspase-3construct®] & @ &<l 7 Al AL <l
- Caspase-3-GFPZ zebrafisholl /] #+& A)1717] Aoll, HEK293 cellsell transfectiond} o]

33387 © & active caspase-39] W3 FAS sheolslg]

DAPI M erge

GFP
Caspase-3-GFP
C2P-caspase-3-GFP

C2P-caspase-3 (C163G)-GFP

<% 53> HEK293 cellso| A C2P-caspase-3-GFP¢] o3& 44+
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Procaspase-3-GFPE HEK293 celldl transfectiond3l& Wl Ao HA wa s
AL Fdastgrt. AW C2P-caspase-3-GFPe] A ¢ dlo| A w3tz 9
Ao, izl GFPel Hlgte] GFP 2d Ak

C2P-caspase-3 (C163G)-GFP= 33} A|EX Ao o] 2% fiber =+ dot-like
= ddass 1S dlstdn

w3k C2P-caspase-39 @3S =

&l et

rot

o
oX,
Lo
lo
2
4
il
5
D
74
D
=
=}
=3
o
&
=
i
o
offt
2
X
to
o

1B AN PARP | i m—

B

16 : Andl Bactin

<9 54>C2P-caspase-3-GFPS] &Aoo ¢ PARPY A &<l

of| A

Gl
caspase—2 prodomain®] 23] procaspase-37} active caspase-3% processing B O %
catalytic activity7} &7+ A& &1ttt

=
—4

PARP &AS o] &3le] EA3 A}, C2P-caspase-3-GFPS transfectiondt 7 %
Tk cleaved PARP fragment (86 kDa)7} A€ A& A& F AL o & &

% &

- C2P-caspase-39] Zdo] w2 A EAE-S DAPI staining assayS 53Fe] &<l

=

e
8 1001
= |
T 80
©
L
% 60 -
o}
g, 40 - [
s ae
20 -
0 - ;
& & & &
o o ot
d? (f’&i (&
&
&

<2¥Y55> C2P-caspase-39 &Ad o3 A EAE F<l
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- GFPY procaspase-3-GFP, C2P-caspase-3(C163G)-GFP H|3}e] C2P-caspase-3-GFP
£ transfectiondt 74 9-oll = caspase-3 @A 3}o] 23+ apoptotic cell death ¥]&9°] 80%
ol &

2 37t A2 FA8 + A

3.C2P-caspase-39] # 248 & E3embryo 2 Ao Aol FA=e 715 3l
- C2P-caspase-3¢] DNAZ microinjectiondte] +dxte] 23S dAGAEZ GFP=
Yy Esta, dde wE embryo Aol o] FEjHstE Rl

Prim-5 stage N

(24hpf) © "
D )

M, m = GFP
N, n = Caspase-3-GFP
* O, 0 = C2P-caspase-3-GFP
P, p = C2P-caspase-3 (C163G)-GFP

C2Pcas3 C2Pcas3
GFP Cas3GFP GFP mutGFP
B €.~ D

90% epipoly |

e ----
5 somite
o ---.

15 somite

o ----

<13 56> DNAmicroinjectiong 53 C2Pcaspase-32| 43 A} J e s A2
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- A7) Wi EH EE GFPe BdS FdlA caspase-39 wdE S gl
celloll A <} U}%W}ﬂi iz vlas|A GFPe Hd g =7t
. A F 24417 12 GFP injection®] % AAFZ <l @A) °]T°1 A
o1} C2P-caspase-3-GFPZ injection® embryosol A& Z2]7} 3 oA AU &7}

oA = A4S EAT 9191‘3} Caspase-3-GFPY C2P-caspase—-3(C163G)-GFP

£ injectiondt Ao AE =EA maElrl oA FEjz wWaE B T 5 9
A9k C2P-caspase-3-GFPZ mJectlon?& oA HeA Wy €453 we Aol
glE At

- In vitroolA #|Z+3E capped mRNAZ embryo©| microinjectiond 7 %% DNA
injectiond ¥} 9} w27 X 2 C2P-caspase-37F #&H embryosoll 4] 2] ] v A A+
Al WA w7 2ol A = FEl ) wWalrt gl o

A a, D, d=GFP;, B bE, e G g = C2P-caspase-3-GFP; C, c, F, f = C2P-caspase-3(C163G)-GFP
A Bud stage (10 hpf), & Bud

10 hoff] (€Bud stage (10 hofl| ) Prim 5 stage (24 hpf)!/ F Prim 5 stag

T

F Prim 5 stage (24 hpf) qg Prim 5 stage (24 hpf)

< 957>RNAmicroinjectionS 53 C2Pcaspase-32] & A A Fef A3 A F
4. HtrA2¢F A5 A o] =& zebrafish HtrAl1¢] 2d okAF 3o

8-cell 8-cell 16-cell 16-cell 256-cell

-
Qa00®

-0 e

20ss 20ss 24 hpf | 24 hpft

. = agwpf 48 hpf- -

<2¥E 58> zebrafishHtrA19 &3 %A &<l

48 hpf
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- 13 A] AFEAE apoptosis
in slico screeningS %3lo] A%5A

3} 3L, zebrafish larvae cDNAZ ©]

33
zHtrAl1e] 7
gk A oA o

=

HHa glem

tail7hA] A A A 2

aL, A el A =

A A

zebrafish HtrAl (zHtrAl) +3AE el

o
o] FAAES gH3e] pBS vectorel cloning

5. pGEX vector Al 2=#l& o] &3k HtrA29] ¢l

A

1
GST-SOD1 [__GST __|LVPR GSPEFA|

Th-S50D1

B

Thrombin

GST-SOD1
GST-G93A - -
GST-HirA2
GST-5306A -

GSPEFA|

kDa e&6-

45-

31- |-

21.5-

- GST-HIrA2
- GST-S0D1

-

31- |-

21.5- |»

14.4-

[¥'Y)

Sup

GST-S0D1 + +
GST-GS3A - -

GST-HirA2 - +

PPt

= GST-HirA2
= GST-S0D1

IB: anti-FLAG
Sup

IB: anti-S0D1

<Z2¥Y59> HtrA29] 93 GST-SOD1 3 GST-GI93A ¢ A o] A ot A+
(A) GST-SOD1 3= d Ale]9] thrombin H -9

(B) HtrA2el ©]gF GST-SOD1# GST-G93A

T} ul

Ry |

A9 Aw

(C) Immunoblot assayss

Science, 2006. 16)
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- Apoptosis #H#H H-AxFel HtrA2¢9 A W %2 7]%5S 3
substrateE A sIG T AT S o] &35t HrA2E wdAZ 4= e pGEX vector

Azgle ol §ato] human HirA2 994 & 4 ootk =& AxAEs AA

Of

ikl 28-S T A4 FA Fos didE dEA JE SODIS 22 Al~F
o2 gHFoz I43H Y. SODIY HtrA2¢Fe] #AIE in vitro cleavage testE A A|
sttt

1 A3 SODI1e] HtrA2e] 23] Auxo &= Aol FEstA &35t o]+ SOD1
I HtrA27F A EZAPE 7] oA dA a3 A7F S e

°

. Apoptosis A 2¢l HtrA27} A ® miceE ©] &3+ HtrA29 substrate 2+l
gAdo] AAE mnd2 miceE ©]-&3le] HtrA2¢ substrate screening= 2 A 331t}

wt Hetero Homo

mito cyto mito cyto mito cyto

kDa

170— =
130 e

100— ~
[

S5 —

40

33— [~ HAX-1

24

17—

= mito : mitochondria

= ¢yto : cytosol
= % : HAX-1 cleavage product

<2 E60> mnd2micelysatesE o] £ tHAX-12] ¥ 3} &<l

- mnd2 mice?} 322 miceoll A liver®} braing 4 %35}¢] fractionation WHS F 3l
A 31, mitochondrial lysatesE g o] &3te] A HtrA29F ¥EH-8-A1 A HtrA29]
substrate®= <& 7 HAX-19] &A= o] 83} western blotting analysis® %3 W3}
= g9l gt HAX-19] 93 42 hetro, homozygous mnd2 miceol A A4 <l
mice$} ThE A YERST o] 81 $ HtrA2%5 9 AX AME f7zte] AFE 98t thefdd

oz ALdel 488 Haldt o Aol

-
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3.3dx 4723
7¢. A 1A -3 A

1. HLA-G 82 A% 54 nysfA & g4

- PJAAEE HA vysiA e} wild-typee] wYH A AAuwE T3 FE A5
A HLA-G =& vYsj=| o} wild-type PlU=H A} W& A7l $ F1 4vte]E& AAkekad
ag f5 zlfﬂ% PCRE &3l &Qlatdr. ®g F1 &3 +71& wwfste] HLA-G 34 %
HU= A F2 6vtel & Aateta 448 {55 PCRS &d &stsith

A M P W ONZT Z O3 o4 E 6 7 8 9 (B}

M 1 2 3 4 & & T ® 9 w12

HLA-G =

€y M PN 1 2 3 4 5§ 7 8

HLA-G

<29 61> HLA-G F1, F2 A& PCR screening
(A), (B) HLA-G A= F1, (C) HLA-G A= F2

2. HLA-G/DAF 2% M X9 RT-PCR
- HLA-G/DAF 2% AHX5E A¥3 5 total RNAE TrizolS AFE3te] B3 g
cloned AMV kitE AH&3te] cDANE 43ttt 7 § HLA-G % DAF primergs At
43}l RT-PCRS %3] RNA levelol A9 wd karS shelalit,

=

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

HLA-G
DAF

<29 62> HLA-G/DAF E&A X599 RT-PCR



3. HLA-G/DAF 2& AANEFS] =1 £3]

- HLA-G/DAF Z% AAEFAAe diadwsd 95 98 anti-DAF  mouse
monoclonal antibody & AF-&3l] =¥l E31& AAst. 2 23 DAFQ expect size
91 75kD<9] band”} &<l = Sith

<2¥ 63> HLA-G/DAF €& AN XF DAF 924" &3

3. HLA-G/DAF &4 wu=)=] A4t

- 13vkel o] diE R Al =M F 3nbe] el siA] AbAE AAEE AT SkAIRE 2wk o] Ak}
7b #AbetaL 1vkE] o] s A2k B ESRA + 3ukE] o] AAtEe] AEAHE o] §
ste] genomic DNAE F&3F9 3 PCR #48 AAlstdth. &4 3vig] 25 47

=
>¥
=
>
.

0 Mo 2 3 4 5 6 (B

Lane M : Maker, 1 : Positive control, HLA-G1/hDAIF minipiglet
2. 3 - Negative control
4-5 : HLA-G1/hDAF mini-piglets sample

<% 64> HLA-G/DAF A= PCR screening

. AL E A

D vEZ=gol yamdaa dd Za) Ax APEI A E g ol gt
a4 A = AAA-protease familyol]l w3t A5 s E. AAA-protease (ATPase
associated with a number of cellular activities):= olUYA] ¢]&ZA el proteaseZA] A E ZH
I AR TR ATES sk oe Tl EA sHAN 1 FolA mEZ =g ol Wiute
Y % 3F= AAA-protease® A Afg3l27F 1o, 2230 d % Ao A= transient 3HA] L=
AE el A7 DA ojHel= AlE ol A Afg3L27}t stabledtAl Hd = uf,
EZcgolo] o] 9&3 ROS (Reactive oxygen species)9Fe] #Aldl s tfg A+E

=)
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& ek A k.

203T A EFo| Afg3L2e] w3 WE S transfectionWH S AF&sle] AE W2 =Y3 H,
G418% selection 3}o] stable cell lines A& 3ttt Hd &

RT-PCR= #<l&tdtt (11 65).

A A3 primers A8 %

—_

M 293T Afg3l2

RT-PC

=
o

0.6

Relative intensity

= O
[ T O Y £

203T Afg312
<29 65> HEK 293/Afg3L2 Al E£F9 &4d &9l.
oA Aol Al ROSZE <13t cell deathES Afg3L2 transient cello] &A|stt= AAE &<l
7] 93to], Afg3L2 stable cell lineo| theksl 5= HoO, (0.2, 0.4, 0.6 mM)E 2441 7F A

23t & cell viability &Fo]E& MTT assay® &2ttt 2 A3}, Afg3L2 stable cell line
ol A= HoO00 23+ cell death7} #4st= A4S & & AU (2™ 66).

110

= —_
S 100 | - + —_
= ~~
= w0t
=
-
= wt
.-
- 7
— 70
'—'o ——203T
O st —m— Af5L2
0 . . .
control 0.2mM 0.4mM 0.6mM

<29 66> Hy02¢1 tid HEK 293, HEK 293/Afg3L2 cell line® cell death &<l.

Afg3L2 FAA7F B E = Az nEZ=goldA ROSY iAol dAdAldvE AaE
Hlgko 2 o]#]3k ROS A A7} stable cell linedl A% HUstA veluyE=Ex A4 &
t}. control¥ Afg3L2 stable cell linee] 04 mM HO.5 24417+ s A8l L,
DCFH-DA#lE= AJoks Atg3le] AlEW ROSE Eojzoxm AMEte] flow cytometry®E
Aadch 1 A, H0x5 HEdhA 22 AEA = Afg3l2 stable cell line?] ROS A4
o] T =ttt sHAIRE, HiO.5 A3 A Eo|A = controlel Hla] ROS A4 F7Fo] &
S & F AT olEZH Afg3l2e AlXEW ROSE Z**é—?ﬁz*oi FTAANA F= A=
el Ak ok Mxy AAHE ROSE A AA = N-acethyl cysteineS H.0» =] 3s}
302 doll 1 mM=E HA2E st & A7EHY /‘é@@i}% gelstdet (29 67).

-

e

84



70

0293T
80 WAfg3L2
30
40
30
20
10
0

control 0.4mM 0 4mM+NAC

% of ROS positive cells

<29 67> H02¢1 ti§ HEK 293, HEK 293/Afg3L2 cell line®] ROS A4 &<l.

e

o] 3= AAA protease= AEWlA ROS A % FX Fa3t 2&S sl Aoz &
ol Atk o]y 3 AAA protease (ATPase Associated with a variety of cellular
Activities protease)= Th&st FolA EAE st 2 dWd 2 A og] 7FA] @9 73 o
Q3% 285 st Aow HIAAHY E. colid) A $-o+ FtsHElE= AAA protease’} &4
strp= Ao] Fel Foew tpddt substrate’t EATh BT O F 2 JdFHL

YccA#tE proteing A ¥%l32 ZA©] human Bax inhibitor-12] homolog?l A& gheldt
}\ /\)\ A% T;]'
“Protease Organism (organelle) Proteolytic substrates
“Quality control Regulation
[FisH E. coli SecY, Fo subunit a, YooA” | 072, ACIF, ACIT A, LpaCr
B, subiilis 7 SpoVM:
m-AAA-protease (YtalOp/Ytal2p) 8. cerevisiae (mitochondria)  Fo subunits 6, 8, 9, Coxl, Cox3, Cob  ?
i-AAA-protease (Ymelp) S. cerevisiae (mitochondria)  Cox2 ?
FisH A. thaliana (chloroplasts)  Rieske Fe/S 7
Soluhle and peripheral membrane proteins,
*The classification of YecA s tentative as its function remains to be determined. | TIBS, 25:247-251(2000) |
Paraplegin & Bax inhibitor-1

- human homolog of FtsH : human homolog of YccA

<19 68> FtsH7} YccAE degradationdt+ EA T

227} dFstaAtelsE @A el Bax Inhibor-1-2 anti-apoptoticdt Bel-2¢9F A3 2831
pro-apoptotic & Bcl-2 family¢l Baxol €3t A ZEALE S Aejdictn 7]&—0] R
Aok 2 ER %+ mitochondriao EA3tta e low thetst s S AxA}
Hs olEra HaHEa Qv E3 oxidative StressiTEi MNEZS Eié}tﬂ, calcium<
z43}e] ER stressoll 23 AlZAVEE A& strhar ¥ A o)

BI-12 A%, o, vt &, 2, 243 A, A8 5 A9 Ui AlA 7] #e A Tdy
H E3] AioA A LddEHE F271%x¢ TEGT (Testis enhaced gene transcript)#lil=
st Fu HAdE Fag A4S T o= A7

w2l A AAA protease?] Th¥3 759 ROS =4 28 BI-13 Ad3] A3 A
o] & Zo& HolArk BI-17 AAA protease 7H9] A#A 9 75 A= g A A

o
¢
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ggobAl BI-19] Al zZHEe] g A7E T3
Bax inhibitor-1°l o ATE AZsH7] 8] o3 cDNAOA BI-1 #3 A9 cloningS
A ZFatth. NCBIOl 91E hBI-19] nucleotide sequenceZE 7122 % primers A &é9) o,
PCR method& AM4-3t¢] F% 3s}¢lth HFB (human fetal brain), 293T, HaCaT®] ¢cDNAZ
templateZ Al-&3le] PCR3 DNAZ pcDNA vectordl cloning 3ttt HE3F 7]&£9] =F&
Zz3te] BI-19] c-terminal 97} amino acidE A4 3% AC mutant form< #12 &9t}
BI-1 wild type, AC mutant form ¢ AX W 7|5S ZAS7] YsiA, 479 ad
vectorS HEK 293 cellol transfection 3}, transfection ¥ A XE (G418= selection 3o}
o] stabled}Al BI-1, BI-1 ACE 2&53}+= cell line?l HEK 293/hBI-1, HEK 293/hBI-1 AC
= A 25 232 western blotting® RT-PCRZ sttt (19 69).
)

S ‘3},\\\"5’

1B : a- HA | -_| hBI-1 (HA)

IB : a- Actin

<238 69> HEK 293/hBI-1, HEK 293/hBI-1 AC cell lined =d #9<l. hBI-1,
hBI-1 AC expression vector® HEK 293 celldl =9 %, G418% selection3d}
stable expression cell& WEJY. ZF cell linedlAe 2dAS HA antibody <}t
RT-PCRZ 2l 3ttt

Zy7t o] stable celll Al BI-19] 7155 #2137l 93] mitochondria - stress reagent?l
etoposide A2l ¥ cell death 2Fo]E& MTT assay® &<2l3te] ® kvt 2 A3}, stoposideol
2)%t cell deathsS BI-1°] JAstG A%, AC mutant= A a3}A] Eol= Aoz e
(¥ 70).

120 = -203T
? | T == hBI-1
S 100 ) —F]- ‘hBL-1 AC
=80 F b
= 60 F \Cl
= 40 F Ty
0 b
SR

O b L i g

- 7.5 15 30
Etoposide (uM)

<Y 70> etoposided t3d HEK 293/hBI-1, AC cell line9 cell death #<¢l. HEK
293, HEK 293/hBI-1, HEK 293/hBI-1 AC cell line®| etoposided8A]17t F<t X & 3
& MTT assay® cell deathE 39 34t
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BI-1°] A& A7 etoposide®] 2%+ cell death 7} #<1 apoptosisel] 23k x}o]Qq x| <ol H 7]
98] DAPI staining2 ©]&3l°] nucleus fragmentation® W3tE 913913, western
blottoing © & 3t el dQl PARP cleavage W3} 4/dS ##solth. HEK 293 cellel A
2] 3+ etoposide®] F%=7F S7FeS= nucleus fragmentation®] 718t S-S &l 319
I, HEK 293/hBI-1 celldlA & o]l#3 dA4o] A=Ak BI-19] negative control
hBI-1 AC & A|3}A] E3sl= Aoz ZAFE AT 3 o]¢} FAFSHA etoposide &=
7Fell w2 PARPY cleavage %717} hBI-19 3 walo] osiA AalgdS gelstucnt (28
71).

A
=
[e)

O
[d293T - \
! ,\ d\
M 1BI-1 'qu's & \\q,\
100 B hBI-1 AC

Etoposide — + + — + + — + +
— 24 48 — 24 48 — 24 48 hr

Cleaved
60 IB: 0-PARP| & = -] Cleavee
20 ’_Y_E IB : a-Actin ‘-—-—-————-——-.—-——-—-‘
0
- 7.5 5 3

Etoposide (uM)

Apoptotic cell rate (%)
.
=

<Y 71> etoposided] w3 HEK 293/hBI-1, HEK 293/hBI-1 AC cell lined]
apoptosis &49¢l. A. HEK 293, HEK 293/hBI-1, HEK 293/hBI-1 AC cell linedl
etoposide (30 uM)S 48A|7F F<¢¢ A 3§ F DAPI staining®® DNA
fragmentation® ¢ ¢ t. B. HEK 293, HEK 293/hBI-1, HEK 293/hBI-1 AC
cell lined] etoposide (30 pM)E 24, 48A17F ¢ A8 & ¥ western blotting2 &
PARP cleavageE &<l 3t}

apoptosis7} dojyE oy %“é g A 2 B e mitochondria’l £4% A =
mitochondria®] =} ¢l 7} "@oJA A #vh. HEgH mitochondria Fell AW vhekst @z
o] Bto g 1} WA apoptosisE ‘rr_-—O]'7] slt}, o] 2| %k o]-f-& BI-1°] mitochondria®] %
%] 2 mitochondria W ©® &9l cytochrome C9 W3lor Had¢S F=X AHEgTH
21 AZ, etoposide®] 2] ¥ mitochondria®] = A9 A3Fe} 12 Q13 cytochrome Co] AlXE
4 U &S Bl-1o] Asliste AS2 YER I, mutants GASHA XS & 5 AN

(g 72). kA BI-1< etoposide®] 2] 3F mitochondria’d - apoptosisE® A 3fsl= AL

}\ /\)\}\}\Tq-

hins

Ty #

ne b
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o o C
2110 L con NV & A N

3 W eto24h DN SN

2100 | SUR AR SR

Tt

S 90 F ‘Wmm‘ ‘ ‘control
= IB:a-CytC

2 s L ‘ ‘ ‘m - w&‘etoposlde
=

]

2 5 , , IB : 0-VDAC |[Sa]

293T hBI-1 hBI-1 AC mitochondria cytosol

<q 72> etoposide stresseol] ™3 HEK 293/hBI-1, HEK 293/hBI-1 AC cell line®]
mitochondria potential & cytochrome C release &¢l. A. Etoposide 30uMS 24A| 7t
28 ¥, mitochondria potential® DiOC6¢ FACs analysis® &<ttt B. 543
Ao A AEZE mitochondria®t cytosolZ2 ## 3 F cytochrome C& W3
western blotting 22 #2135}l ¥ o).

140 Etoposide — + — +
~ 120 . ad
e IB: - PARP |y, g - ‘
£ 80 Normal BTG
.'.é' 60 MEF MEF
= 40 g ’I -
=z 22 IB : a- HA
[T ?‘) 3

O
‘t‘g) QC"&
ﬁ*‘” &

<a¥ 73> BI-13 A A3 w922 MEF celldl A etoposide®] ™3 apoptosis A3 &
7 8<Ql. A. EtoposideE 943 TEZ 48A% A F, cell viabilityE MTT assay
oz ¢354, B. 30uM etoposide A& F western blotting2 3t PARP

cleavage¥A vl

ATFE 98kl BI-1Y7 mutant®] }3d FAHE w25 AZskAd. Bl-1
e FAAs vle-22 FE 7E Mouse embryonic fibroblast (MEF) cell& AF-&3}¢]
g3t A3t 203T celld] A& A A8 etoposided] €13 M EAFE S o) A&t}
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B TEGT
s | OTEGT AC

C G @
8 & «gn"\ 'ﬂ"ﬂ‘p& <

A

Fi K2
<a¥ 74> BI-132 A% uf$-29 AR v . Bl-19] F23dFE mouse? normal
T+ BI-1 delta C mutant TG mouse?] MA+E A WPz BNl v wd

_n

BI-19 shardlo] wHEold TG moused] ol W@ Fge FiA Folur] Slaja #ad
ak-

A3 Bl-1o] #4d ¥= TG moused AHAF #7F A4 mouse T+ mutant mousel] ¥ 3]
A ARRpETE B e Ao R Q’O]Qoqﬂr (L 74). olgdt A== FEH, Afg 59 AAA
protease ¥ FHAAET, BI-1 A7 AIZ W] ROSS L s Ad3AdE 7FAa ok
= A ¢ g Uden, 0131‘} FAAESY £HE SalAM, F BEY] 585 =Y T US
Ao Atz ETh

T3 ROSO 248 SalA & LY 2885 5d F IS Jom AAEe= EeE o]
=Eo i A% A WS FgErolEE AEoA FEI A MAEAEA,
Ak A el 300001 7Aool EAg T A lom, kst AgS v el dtAg, 3
G2E & A HelA oy 7HA &S srha delA v oY g EetH o= A=
Al 714s AV EY] 9 v 2 ARES JdsAr

kil
ofe] Bekuiwo|=E FolA AL Eoleku ohiz
2

e LI

ghE o] B QIR e AlEQ)
o AZAES A FEY AZ

EAe BET S oYU Wt AR B3 7}7@741 347 94
22} #

2
>
o
It
o
>
1>
_"'Ei
e
% o H

o, H]::L_HH S -1—74% Ak 2%}
71E9] 27 Wi A ET BUE A 2
& Aldl BHo o S5 SR o=l 3E 1T & 9l91 . 101] WP AZAHES
AP F doju= olFEAAE DAPL A4S
of ¥ s detv= AS Fskdn (2" 75).
Lrob7k, MCF-7 et Aol ZAZa Eo oaf Aol obFEA 27 ROS9 v
of Aot AL glstry] 98k, 3xF w g =1 StellA ROSE 43t th 18 x5
ol o3k ofFEAL 4S5 ERKSE wreldthe= 71E9] A77F slolA, ERKe A A<l
PDI8059E &7 A elste] ROSS
WAt tdS ARt I Ay AxAEed oA F2E ROS7E PDIS059eN ol aiA & o
e A4S Fdskdvi (2 d 76).
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aea, oy EPREOEES AR FAFAMEQ HaCaTAH o AHeElsh & Mxe] &

Control Kaempferol

Apoptotic cell (%)
e
=

Control Kaempferal

3D
Apoptotic cell (%)
2
S

Conirol Kuempferol

<a¥ 75> MCF-7 A ¥4 Kaempferolx 3@ ¥ o}FEA 29 #AZ.

D
Kaempfersl
Control Kacmplerol +PDYS05Y PDMSD5Y

Ly
S0

ol

40

i1}
o
Kaempferel| —
FDusDse | — —

Relative Mouoreseence (%)

<9 76> Kaempferol 2 PD98059 x 7 & ROS¢ =HA.

]

>

of vAE G AWugTh 7 A%, SehnwolmEd mek ALE U FHEA S &
g 742l BehnwolmEw, AEe) F4E oSk FehuwolsEol sl 43
A% I FF AATHTY 7D
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160 p

0O 1uM|
140 }
S0 ¢ 0 10uM
< £ 20uM 9 120 |
g1 & 30uM| Z 100 |
£ 100 Z w0
L z
E 80 = 60
] “ a0
60 20
40 o
20
-
] w?

= A5 Ao 3 HFolxn tFEE 2 phenylalanine®l

Utk HZ FHAsrA ol g4 #Alo] o] flavonoid®] Tx9k 7]l ZF el
< FAAES AX ojteyp AbAjEo] Qlar, Ao A A Ee] Az

2 Atk EELS UV lightdl d&iA A=5o] e 43S ®=1) Flavonoid
+ phenolic compound®]™ diphenylpropane(C6C3C6) skeletonell ¢l&] EA43d F+x& 7}
A}, o] FZE monomeric flavanol, flavone, flavanol, flavanono] YEel1 o]gdt E&
3352 cancer preventione X33 human health] A& A& dolf7] §3k T2
g A5 sted Zestth A A Wl de F2oQuer Yulg AR ¥Foth
keratinocyte= epidermis® T4 ¥ principle cell type®]i % epidermis cell® 90%E =}A|
ghth. Q1%F keratinocyte cell line A wf A3 AAG EHo] QI%b epithelial cell line
ol EA pb39 mutations Yot} AW, HaCaT celle FHAAA HEAAE 43t F
A= ¢tk Q1% HaCaT cellsoll | x]+= l“/‘r"hﬂ flavonoid®] &S H7tst7] fsliA $-2
olE Ao Z+tzt vy 9 flavonoidE A&k, MTT assayE &3l cell viabilityS
313 E} MTT assaye ol AEe mEF ‘:310}4 EAHAL sl o]EakH, Al
A5 HojFErh B2 flavonoidE HaCaT cells® cell viabilityE 7FAA] 7]
AL HoFa, 32-dihydroxyflavone, 34‘-dihydroxyflavone eriodictyolS cell
viability g &7} A7l &35 RAFAY. olgst A= oY flavonoidel 3 5ol

o

= r2
r)'
i‘l

[ ] r1

0% ZHF, oA = 9] diphenylpropane(C6C3C6) skeleton © &3] #H$wHti= A
S 4 g AT
olgfgt AFER | Fo] Rol FEtH ol FiFo VS Ao

ojgfgt ZetH o5 Fio] T2 WA NN AW d3Fs mHA, 2L HA
2 A9 B4 FHE D 5&S wolaod 98 T 7 USA #EE 5] 98k, o
] 7HA WEo R EdfRrol=E o] &3t AFES st

A v wjolE AT A ZEtEolEo HItEHNE Polr 7] 95t D3 wl$-2 Y

ofF7IAxEe 5 FelH xol= (3 4-Dehydroxyflavone) &

i
off

=2 AgE skl MTT
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A 54 HAAFE AAS A3 Al digh 540 YA eFgkem 17 78 oA Hi=

Hho} o] FetRxolEE FEHEE HUSIAES @ 194 10 uM XA FERE AX

o] FAo] & HE ARE A O]Eﬁf} ANES ntgoz HE FAo #oEE o

7HAl A AFe] @ Alol & western blot & AASEY] #ASAY. o A vl AXE F

2lo] #AE P-Akt, P-Erk S°] 43} Q—E Adg YEHon, 3 MEFT]o e
= A

072 1
071 |
07

069
068
067
066
065
064
063
062

control 10uM 20uM

<ag 78> W fE wWob E/1MEMD3 cel)d FHol 54 EFumo:s
(3',4’-Dehydroxyflavone)7} BIXE 9. ZHH==E XN F MTT assayE 53
A cell viabilityE &3

Control 1uM SuM
| pr——pe—
p—‘-\kt| ; e — |
e |
p-Erk l"“‘"—" e A —— |

p—h'tat3, |

Actin l B — — — —_-|

<APT79> up-2 fref v o} Z 7] M E(D3cell) o] E2tH 0] = A
Z g} B 0] =(3',4’-Dehydroxyflavone)S 24h A 3F F AHXE
blotting A Al.

o2 AAR FE o B o JIFTFES v A=
‘rloﬂ EA ZgH xolE (3 4-Dehydroxyflavone, 10 uM)E A &
ro slo o

ojefgt ANES W
E ¥
e o HHE FHAe] wddo] vEA Yeue As AT 5

{3k, v
in vitro AEfo A Hj %
}}\)\}\E]' (j‘a 80)
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4C 4F

TNE

BAX

Bcl-2

Cyto-C

HSPT70

GAPDH

<Y 80> Mouse embryod| flavonoidE A& F vl %A FARe TF G,
(4C: 4cell stage control group/ 4F: 4cell stage flavonoid treat group)

n}§-22= C57BL/6, 4- 6%‘»'3 mhe-2~E olgetglon, e f= ¥ mating& AZow,
IAE GAdA GRS 35 ik 353 dAE controld} bR -ol= AP IFow

Fom, wF Al D‘rﬁltﬂi AHA st RT-PCR= AT 1 A3 ZdtE w0 =9
Az Qs 2R FHae] HEo] Aolu= AS st 4ME GAA 53
JNKe] do] Fefricolt A agdA AsfEs AS et wg dA A9 &
A w4 A §&5 =ol7] S s Wd Folrh
A A3 gyl gYsitn e EA ZEH o] = (3 4'-Dehydroxyflavone) S H]

sk ojg] ZefR o= 59o dol HAF o] FAo] A|Qudkel] A&t ARS AY

28 Folw, A EA FAGAA S dIge FAHAN FFE A7 HHg T
& 34 Foltt (29 8. 0 nMolAFH 50 mM7tA o] thgdh w2 AgE 3 B
om XF7A 9 AE Hol EAH ZdtH o=l 3 4'-Dehydroxyflavoneo] Qo] &=
o wAe EHaAl FAGe] A wige] AHdd Aow qFHE == 10 uM oY
o2 qiEH, £ AR7t dEHE EdErxolEER FUIE AFES T Al 9

0::‘

f

;

SOHS 3o 1 owE >1-ﬂl
fll
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-- “ 24 hpf - 24 hpf

Concentration Oocyte Cleaved Oocvte Blastocyst

0 nM 83 58
10 nM 82 51
20 NM 82 56 6
Concentration Oocyte Cleaved Oocyte Blastocyst
0 uM 82 53
0.1 uMm 81 58
1 uM 81 53 53
Concentration Oocvte Cleaved Oocyte Blastocyst
0O uMm 85 49
10 uM 85 49
50 uM 85 45 -

<9 81> #o| EBAHR S =G AL vjgFAld HILg
Z g1 0] =(3' 4’ -Dehydroxyflavone) ] <3 3.

2% 5 A

Apoptosis ##H F42 (HtrA2)2] LA Ao 7] gl

HtrA2 DNAE ARy A] #fole] 1 A|EZ7]oA microinjectiond}], 12 h post
fertilization (hpf) (576 somite stage, 567129 somite’} L= GAlolH HER Fo
THEE = GADe 24 hpfoll A st o, WdAsk= wjote] SHS #EesT

pWT-GFP, pS306A-GFP, pGFP plasmid =5 Y3t <2 DNAE  wjolo
microinjectiondto] Z} @A Eo] wHSFLS HAzE A (2. 82 B, C, D). GFP7} A

Bepo| Al ool A FAE G- zebrafishe] Al A3 & WAA = AL #F
& g ARG A BT Alol A WT-GFP 7} S306A-GFP K.th thh A& o] 3
71 a7t Zbe] HirA2 @] 2dS 47 #dd 5 9l3 GFP AA = Al Bty

o] =y

Aol EFE 7NAA gomz A WellA HirA29] Ae4 7sS A7t
T

A2HE o8 = YN
B c D
- pWT-GFP pS306A-GFP
Uninjected pG

12 hpt 24 hpt I2llpl '2“‘" REDEL

<a¥ 82> ABZHIA wjolo A AEAE #FH A HtrA29 S LGS
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hL ) f H . .

AB e Al wjolo] Aol gloj A HtrA2¢] whizo] A& US W o] phenotype©l
el =22 #Zse9 vl HtrA2E microinjectiondt embryos =4 3714 e =
TEA o] &S F vk 37HA P s v Jes A we, gl v
af 22 W 5), o] FEsi(ee ALy, E”E‘ﬂr #He meEl F), AAAJA FH
Hsh(AAY Ags wget #a w2 g, HF7F 52 A ol A Aol
pWT-GFPZ microinjectiond & 907} ¢ ZﬂEE}uJ Al embryo & 6.7%% W7 W3}
311%w ne] W3l 244%% AAAQ FeiwisE EAtH(1H. 83).

ol¢} vl dle] pS306A-GFPE A B g}y A] wolol] microinjectiondtil pWT-GFPE 3
A& I FAdstA g A3, F 8579 wiol & wEWste glloen, aewst
11.8%, A Fejwist 4.7%E 203 5 A}tk pWT-GFP2t+= th=24 pS306A-GFP
of ogk A F FHWIINAE F 165%=E UERRTE oledt AyvE vigoeR
WT-GFP= embryooll Al 2@ swl A2 A4S A S & 5 dv

2719 A3 E WT-GFPE= Hjobe] A2l S Afgs & + A=, olys o
¢lo] oz Aol Huw niel o] WT-GFP7} apoptosis® #F=3F= 7|50l 23
AelA] oty 3] TUNEL assays 3ottt ol fste] 1 AE7]2] Hfolo
pWT-GFP, pS306A-GFP, pGFPZ microinjectiond ¥ 24 hpf =} A3}, o3&
TUNEL @A4& AAste]l vl 48tk pWT-GFP+ pS306A-GFP, pGFP, un-
injected®t 22l dot FEfS] WHEEo] AME S B F ATHIH 84).

o]= TUNEL positive Z23Z apoptosis’} €Wttt HS 20y, pS306A-GFP,
pGFP, no injected embryoolA dotB el WkEHo] old YW wWHoz HAH BES

background©] t}. pS306A-GFP, pGFP, no injectedol A= A% TUNEL positiveE &
T Ao o3 pWT-GFPel vlste] w442 vl&olt}, o] Ay pWT-GFP7} Al
Bty Ao A B3 = ] apoptosisE FEHEE AL F = AU

300

|
- A \,/J 2l

150

# TUNEL podsitive odls

‘i

A B C D

<39 83> ABZIA| vjotol A A ZAFE #YE FAA HtrA29] LA o3 ez wst
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WT-GFP S306A-GFP
Negative control Phenotype

phenotype n=90 phenotype n=85

N KN | .
P oo S e .
' d A" ™ -ﬂh‘!c :
_ ) Normal i a7.8% £ \ o

: 1 83.5%
B 24hpt
Small head
Short tail
Short and bent- 24.4% 4.7%
up axis
Bent-up Tail 3M1% 11.8%
Small and flat 6.7% 0%

Head

<9 84> TUNEL assayE 53 AR A4 hHtrA27} #+23}= apoptosis &<l

13. Al2gtuA] HtrAl19] & S A9} morpholino (MO) system®] T3
- Apoptosis ##H {7 AFQ] HirA29] A+E AlE s} HBH in slico screening
3to] el AsAdo]l =& Arey A HtrAl (zHtrAl) FAAE 191, o]

KeR
=

=
=

BL

dEE oAlet7] 913 RNA splicingS @3t MOS A4, z“é}OiE}
- zHtrAl°] mRNAS} MO7} wiofell gapx o= AP A=x 2
S A8 transcriptE #2039t mRNAE injection@ 79 transcriptZ} ®j o}

s
=
=

F 0% 3}o] in vitro transcription 473 mRNAZE #| 23}tk =3 HtrAl 449

21st7] $18 RT-PCR

Ul

o HHEFor EAstE AL 23, MOZ injectiondt 4% endogenous zHtrAlo]

AABES BT 5 Agith

- MO mRNAZ®| microinjectione E3}e] zHtrAl19] 2dS 243 ZAy, A EZI A
A

wjofell Al zHtrAle] @l do] RAHEHGNS W= o ¢
Avk, FHEAE 5 AT o Aol AES T

AL, o] Aol Asfum, mele] Ao]r} FrolA|
A el E At ol = zHtrAlel 44 A7 Al

g AAET

7HA et 5

o K

>~

-
.

Z}3k phenotype©] WEFE
Atk 53] Wz #olA
3

=2l 3}k

oA MARANA WS F 25}

- ole@ MO systeme] F@e HANA AL W g B FAAE Ak A9
R 2

morpholino A8 © & knock downd}o], ##
g} A Aol ofw S mAEAE wWE AR Yol Zldd F IS
Aol 43 3 X3S AR S WA AA A wfg Fog AT st AE

>,\I
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W, A 0 A 2 pd fA4E B2l o fHAe) Jwe FusE $4
o morpholino Al2~®] && A|lB ety Ale] wjo}o] microinjectiondlte] A 7]= v A
oAel WMakE FAste] olF fAAE AANAY BAL FANAES @ YT £
UE oAy FAHES v dF AT F s Aotk
A o
[T [=]
o =
c & 8 E E
S 6 T % %
zHtrA1 534 bp
ZzB-actin 385 bp
B 12 hpf
Un-inj  netecherd zHtrA1 GFP un-inj
4
‘r\ A S p
/ '_'_J telencephalon 4 T =
derebellum 1 dpf || Reduced developmenty ¢ 1 dpf
zHtrA1 GFP cMO
1 dpf
GFP zHtrA1 GFP zHtrA1 MO
— = F
D 'Y D
1 dpf 1dpf :[E:::gd development 1 dpf
zHtrA1 GFP zHtrA1 MO
i
1 dpf
<Y 85> A HFIA] wlotol A zHtrAl AR XA o & W3 &9l

A. RT-PCRE 5% 2d &< (Un : Uninjected, GFP :
GFP zHtrAl injected, cMO control MO injected, zHtrAl

injected) B. Microinjection ¥ phenotype® W3} &<l

GFP injected, zHtrAl
zHtrAl MO
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¥ AME, ZAF 2 A 2d Al FAAA 2 AlF-3A])E zebrafish Al 2®o| A 3k

knock-downA] # Bjo} wrAlo] u X = kS W1 E g

t} 20073 % 3t

1

AGEE 0 Apoptosis W AL 435490 zebrafish apoptosis A AFe] FHbE
knock-downg &3 apoptosis #H F2+9] 7153} embryoe] Ay @A A
o} Apoptosis ## FAAE] substrate ®HAS g 2 AEZAPE wAYF O
AT FeATol o AEE WAAFREE % FHAA 1 AF-TA) L Al EAE

A E AR 2d A A 2 AFAADE zebrafish Al =®lol A dEbd
knock-downA| A AEZAME, 24 B 4k 24 B Ak dAAA T e Y]
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A2d A= AN Zx5o G-
1. Al1A =2}
=293
a Ty & 194 | 294 | 3 &4
1843 | 2d9x | 3dx
O] HLA-G 5-3d# &1 2 AAMxzF &g 1009
(] HLA-G §8x 724 5 2 G weqdy) 2 .
7] Sl AERESR LR R 100
T W F9 9 PAAS AAE g 2
Ejlo} AEY wEe F9 A A3 A A J 100%
= OT’__“‘I
(] HLA-G @243 2A5x A2t 100%
O RAlrel Aol A4 Y e ol A7 RAgte] Al |
A A A Fus 2 QaHA HA s} °
O 8443 2494 A% 88 =4 9 g¥etd EA4
1009
2 A
(] DAF ¥&43F BA== g4t 95%
[ Balgke] 9] A2 2 giaj® o] 2w BAede] 59 100%
AR A A Fos 2 QA HA s ?
443 = A 5E 274 9 AEeE EA
Em A BaA A BAF B8 A g 000
- 1 A3 & A A AxE = &
EHLA G A A = A A 1 2] 7] 80%
)= ]
[] HLA-G/DAF 23 82438 2482 At 2 484 7 L00°%
1=
] HLA-G/DAF dsxe] T&8 74} 100%
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3. A28 -5 A

2 &4

289 #

O dxpe] A<, AL4A, dAo] #osl= apoptosis,
UPS #d =] =9 AARAE A FAR
AA & 7| G F e ABGIA] A~

o
We oy

[J Apoptosis & 1271 AAR F <2 wlolet 4 F 9
wjolE Fal wjole] A APE WAYSE 117

100%

O d2e] A8, Ade4, Ao #ost=
apoptosis, UPS ## fzxe EARAESHH 7]5S
7| 7bko] ElE 4= Q)= zebrafish Al2=®S 7 4
e AT

100%

(] Apoplosis ## §0217k 79 el wlotsh B4 ]
wlobg B3 whobe] AEAE MAVES

100%

O FsdATd oa) e HAARRES
1 AlF-aAD et Az Abd, 24 2 Ak 24
FAZ(A 2 AF-IA)E zebrafish Al== A 3}
T+ knock-downAl 7 Bo} Aol WA= S

e

1002

[J Apoptosis & 242} 23524 zebrafish apoptosis
fAd2e] #Hdd == knock-downS E3F apoptosis
#H F422] 7153 embryod WA @A A

hul

-

100%

] Apoptosis ## F2 A9 substrate 84S F3 Al
IAE AYSE A

100%

D FTEATel o AHE WAARENS H8 FdA
A 52 A]) oF "1]4/\} 2 9 Az 2l 3
XdXP(Xﬂ 2 AF-IA)E zebraﬁsh A 2=l 13
+ knock-downAl A WA A 7] A o] b 7]
%L

100%

103




ol

00
ofl

ol
=
T
il

T

H5E ¢

o

o

A A7ArE TR e

L A LA -2 A

tol Al A o] Aakel glojA At

[e] =)
e F°

A

&

7},

oo
el

A ATl Az AR

v
X

= ol &3 =714

o
-

2. A1 s A

wK

!

B

3)
=

A s

U2 ARE

3
T

sl ol 7%

=]
RN

=1
=

w

o

AR

3|

Hokol

H ALY

SHAF =8 AAT

H

o

el

el

oFsh 714

3. A2 s A

!

XY
o

ol

B

&

KeX
=

7}54& A Zebrafish system

7} In vivoEA Y

3 87 34 of A

oM ez A

o1
Mﬂ
il
N
Njo
ol

yA

wK

ojn

%

¢+
o
oo
el

0

il
Tor
Ho
,.mo

_Z#ﬁ
—_
N

1o
=

o

<
T

of Al

g o7l

155
=

2A AARE 2E ATE F5 A A

AT

[

24 g A

o -
TS

AEE

7144

Lok ol 7)o

104



7] ok

\

e
o

9] o]

14,

SRR

&

b grlel A 1% Ee AU 3YEA @

3|

o] ujm|

Hol R )

taoh 2Eu B2 olF

S

o
—a=

b ek,

7] Al As

A7t

ki3

el

)

Hho] 6.4 7] &

1
.

shal A=t A

ol A A<

A =

=
-

C¢220555 LQ < | N
OO DD (D o OIS
TISISISISISS 8 888

_~

J
o | | || O [ 3 || %
W IR = BlCl=| = [P
=o| L TS| —= TRl & (2N
S E=IEN — | © n,,o N —

—
iy olo|o|o|o| ©o |o| |o
Eoﬂ% o|fo || dfo| Ao |fo| T |fo
e el el o B e Ao
ﬂ%iiiﬂi ™| || W
NIRRT & I]| |~
B = R
i I . Y G e
= P ol s e N
LWEHEADHE"_KC aHEAHE
a1 =YS] 12 1 R - IS =9
G| <= <=9
JCDDWMDarO mDmM
xhh51hGFDu Slal |2
=88 P 2l
NS =BG

—_— ~~ Y

~ KO N ) o P
- A Y 5
X0 <A N RER

4B AE, 2007

. Biosafety, 3+=43

]

=%

%

2l

oF 154 ¢

Are ARl A

d 99 ImutranAl, 72 NextransAl 2 AlexionAl, ¢

R

—

L
A=

A2

A2+ DAF(decay

= ol M=

[e;
[¢]

2 FHEo gk

Al ©
T —

==
K3

accelerating factor)®} MHC

A7} Qs o] shry.

bl

S

o]
L

o

g

iy
—_

3l

= A% DAF +

9= ImutranA}el A

o.

105



)
-z
2:3
010

A (baboon) el 7k 24 o4 & UEhA e w 2197HA AEe Al
3 wnssen, Agolde ATE BUAAA AEAAGT wusu. RS B3
Ag7)ee o8 2FGAFNES ol AL FHIFEsItE AS A4 B

6. A= ImmutranAtol A= Aol w2 2L o]Awe 160 ] Fxte] AL F7
At e WA A dlERuol e Bdo] HE HEHA @Fkvha Hal

At

7. 1l= Missouri-Columbia] 2} Immerge Bio TherapeuticAlE 234 ©] 2] A
Pe1om deA a(l 3)—Galactosyltransferase FrAzE AFAzl FAA
Mol Hx= st o] & FAME AaAbeE7E A& Bl
ol Al e 2gA ol AARRES T FHATE AFdE HAY AGE
o|2stA s W FFFIF ol AAFRES glo] 81d7HA| AEs At A9 BEIalEIaL

AT,

8 m=ar NIH Abah7] oA ut o] Fo] 4] dtel] 1999720031 Ake] oF 309 ©eje] A+
7 AL vk 2 E vlol gy #a ATl R4, FAA, AU, 4 F
HEAZAQD A7AYE il vk g o 24, dES 2000 “EHYY ZRAET9

Ao mA Aol okl AFE AFAHoRE FX5H7] flste] olFdtd A

(RIKEN) 229 w38t AlE (Center for Developmental Biology)E A @3sl4 1 20034

7hA] ok 23991 dll(oF 240091 1) 9] ks Fabeka o)t

9. AdA=re] MAVJel = vl el To4de AAsta welervle Adde 9
g FAel ALE Holth v, dE, FYH T ATAAME Ao s 3
< dXstan FR-Eu L7J7l°1j°ﬂ*1 g Aoz dEs g FAE shal 9l
ot

106



Lambrigts D, Sachs DH, Cooper DKC. Discordant organ xenotransplantation in primates:

World Experience and Current Status. Transplantation 1998; 66: 547.

Cascalho M, Platt JL. The Immunological barrier to xenotransplantation. Cell 2001; 14:
437.

Hiroshi M, Hiroshi N, Yoichi T et al. Transgenic pigs expressing human
decay—accelerating factor regulated by porcine MCP gene promoter. Mol Reprod Dev

2002; 61: 302.

Lai L, Kolber-simonds D, Park KW et al. Production of a-1,3-Galactosyltransferase
knockout pigs by nuclear transfer cloning. Science 2002; 295: 1089.

Phelps CJ, Koike C, Vaught TD et al. Production of a-1,3-Galactosyltransferase deficient
pigs. Science 2003; 299: 411.

Carosella ED, Dausset ], Kirzenbaum M. HLA-G revisited. Immunol today 1996; 17: 407.

Ober C, Aldrich CL. HLA-G polymorphisms: neutral evolution or novel function?. J
Reprod Immunol 1997 ; 36: 1.

Rouas—Freiss N, Marchal RE, Kirszenbaum M et al. The al domain of HLA-G1 and
HLA-GZ2 inhibits cytotoxicity induced by natural Killer cells: Is HLA-G the public ligand
for natural Kkiller cell inhibitory receptors?. Proc. Natl. Acad. Sci. USA 1997; 94: 5249.

Perez-Villar JJ, Melero I, Navarro F et al. The CD94/NKG2-A inhibitory receptor
complex is involved in natural Killer cell-mediated recognition of cells expressing

HLA-G1. J. Immunol 1997; 158: 5736.

Rouas-Freiss N, Goncalves RMB, Menier C et al. Direct evidence to support the role of
HLA-G in protecting the fetus from maternal uterine natural Killer cytolysis. Proc. Natl.

Acad. Sci. USA 1997; 94: 11520.

Riteau B, Menier C, Khalil-Daher I et al. HLA-G1 co—expression boosts the HLA class
I-mediated NK lysis inhibition. Int Immunol 2001; 13: 193.

Sasaki H, Xu XC, Mohanakumar T et al. HLA-E and HLA-G expression on porcine
endothelial cells inhibit xenoreactive human NK cells through CD94/NKG2-dependent and

107



- independent pathways. J. Immunol 1999; 163: 6301.

Sasaki H, Xu XC, Smith DM et al. HLA-G expression protects porcine endothelial cells

against natural Killer cell-mediated xenogeneic cytotoxicity. Transplantation 1999; 67: 31.

Dorling A, Monk N, Lechler R. HLA-G inhibits the transendothelial cell migration of
human NK cells: astrategy for inhibiting xenograft rejection. Transplant Proc 2000; 32:
938.

van den Berg CW, Morgan BP: Understanding the immune protection afforded by

endogenous complement regulatory molecules. Graft 4:63, 2001

Benet W, Bjorkland A, Sundberg B, et al. Expression of complement regulatory proteins
on islets of Langerhans: a comparision between human islets and islets isolated from

normal and hDAF transgenic pigs. Transplantation 2001; 72(2): 312

Dalmasso AP, Vercellotti GM, Platt JL, et al. Inhibition of complement mediated
endothelial cell cytotoxicity by decay—accelerating factor: potencial for provention of

xenograft hyperacute rejection. Transplantation. 1991; 52(3): 530

Annealing control primer system for improving specificity of PCR amplification — Hwang
et al. Biotechniques 35(6);1-5 (2003)

Annealing control primer system for identification of differentially expressed genes on
agarose gels. — Kim et al. Biotechniques 36(3);1-5 (2004)

Identification of differentially regulated genes in bovine blastocysts using an annealing
control primer system — Hwang et al. Molecular reproduction and development 69;43-51
(2004)

Effect of speed of development on mRNA expression pattern in early bovine embryos
cultured in vivo or in vitro — Gutierrez et al. Molecular reproduction and development

68;441-448 (2004)

Expression of caspase and Bcl-2 apoptotic family members in mouse preimplantation
embryos. - Exley et al. Biology of reproduction 61;231-239 (1999)

Bax inhibitor-1, a mammalian apoptosis suppressor identified by functional screening in
yeast.— Xu et al. Mol cell 1;337-346

Bcl-X and Bax regulate mouse primordial germ cell survival and apoptosis during

108



embryogenesis -~ Edmund et al. molecular Endocrinology 14(7) 1038-1052 (2000)

The pro—apoptotic gene Bax is required for the death of ectopic primordial germ cells
during their migration in the mouse embryo. - Stallock et al Development 130(26);
6589-6597 (2003)

The Bcl-2 protein family: arbiters of cell survival - Adams, J.M. and Cory, S. . Science
281, 1322-1326 (1998)

BCL-2 family members and the mitochondria in apoptosis. — Gross, A. et al Genes
Dev.13, 1899-1911(1999)

Mouse models of cell death. - Ranger, A.M. et al. Nat. Genet. 28, 113-118 (2001)

Programmed cell death: alive and well in the new millennium - Scott H. Kaufmann
TRENDS in Cell Biology Vol.11 No.12 (2001)

AAA proteins - Andrei N Lupas et al. currentopinion in structural biology
12:746-753(2002)

AAA protease : cellular machines for degrading membrane proteins — T.langer TIBS 25
(2000)

Taking cell-matrix adhesions to the third dimension. Cukierman E, Pankov R, Stevens

DR, Yamada KM. Science 294:1708-1712. (2001)

Modulation of apoptosis in HaCaT keratinocytes via differential regulation of ERK
signaling pathway by flavonoids. Lee ER, Kang YJ, Kim JH, Lee HT, Cho SG. ] Biol
Chem 280:31498-31507. (2005)

How death shapes life during development.Baehrecke EH. . Nat Rev Mol Cell Biol. 3,
779-87.(2002)

Apoptotic molecular machinery: vastly increased complexity in vertebrates revealed by

genome comparisons. Aravind L, Dixit VM, Koonin EV. Science. 291, 1279-84. (2001).

Loss of m-AAA protease in mitochondria causes complex I deficiency and increased
sensitivity to oxidative stress in hereditary spastic paraplegia. Atorino L, Silvestri L, Koppen
M, Cassina L, Ballabio A, Marconi R, Langer T, Casari G. J Cell Biol. Nov 24;163(4):777-87.
(2003)

109



Cohen GM. Caspases: the executioners of apoptosis. Biochem ] 1997;326:1-16.

Degterev A, Boyce M, Yuan J. A decade of caspases. Oncogene 2003;22:8543-67.

Stennicke HR, Salvesen GS. Properties of the caspases. Biochim Biophys Acta

1998;1387:17-31.

MacFarlane M, Williams AC. Apoptosis and disease: a life or death decision. EMBO Rep

2004;5:674-8.

Arimura T, Kojima-Yuasa A, Suzuki M, Kennedy DO, Matsui-Yuasa L

Caspase-independent apoptosis induced by evening primrose extract in Ehrlich ascites

tumor cells. Cancer Lett 2003;201:9-16.

Cregan SP, Dawson VL, Slack RS. Role of AIF in caspase-dependent and

caspase-independent cell death. Oncogene 2004;23:2785-96.

Nicholson DW. Caspase structure, proteolytic substrates, and function during apoptotic

cell death. Cell Death Differ 1999;6:1028-42.

Slee EA, Adrain C, Martin SJ. Serial Kkillers: ordering caspase activation events in

apoptosis. Cell Death Differ 1999;6:1067-74.

Adams JM. Ways of dying: multiple pathways to apoptosis. Genes Dev 2003;17:2481-95.

Boatright KM, Renatus M, Scott FL, Sperandio S, Shin H, Pedersen IM, Ricci JE, Edris

WA, Sutherlin DP, Green DR, Salvesen GS. A unified model for apical caspase

activation. Mol Cell 2003;11:529-41.

Shi Y. Mechanisms of caspase activation and inhibition during apoptosis. Mol Cell

2002;9:459-70.

Okun I, Malarchuk S, Dubrovskaya E, Khvat A, Tkachenko S, Kysil V, Ilyin A,

110



Kravchenko D, Prossnitz ER, Sklar L, Ivachtchenko A. Screening for caspase-3

inhibitors: a new class of potent small-molecule inhibitors of caspase-3. ] Biomol Screen

2006;11:277-85.

Cryns V, Yuan J. Proteases to die for. Genes Dev 1998;12:1551-70.

Riedl SJ, Shi Y. Molecular mechanisms of caspase regulation during apoptosis. Nat Rev

Mol Cell Biol 2004;5:897-907.

Abou-Sleiman PM, Muqit MM, Wood NW. Expanding insights of mitochondrial

dysfunction in Parkinson’s disease. Nat Rev Neurosci. 2006 ;7:207-19.

Evans TG, Yamamoto Y, Jeffery WR, Krone PH. Zebrafish Hsp70 is required for

embryonic lens formation. Cell Stress Chaperones. 2005 ;10:66-78.

Faccio L, Fusco C, Chen A, Martinotti S, Bonventre JV, Zervos AS. Characterization of

a novel human serine protease that has extensive homology to bacterial heat shock

endoprotease HtrA and is regulated by kidney ischemia. ] Biol Chem. 2000 ;275:2581-8.

Gray CW, Ward RV, Karran E, Turconi S, Rowles A, Viglienghi D, Southan C, Barton

A, Fantom KG, West A, Savopoulos J, Hassan NJ, et al. Characterization of human

HtrA2, a novel serine protease involved in the mammalian cellular stress response. Eur

J Biochem. 2000 ;267:5699-710.

Grunwald DJ, Eisen JS. Headwaters of the zebrafish - emergence of a new model

vertebrate. Nat Rev Genet. 2002 ;3:717-24.

Guo S. Linking genes to brain, behavior and neurological diseases: what can we learn

from zebrafish?. Genes Brain Behav. 2004 ;3:63-74.

Seong YM, Choi JY, Park HJ, Kim KJ, Ahn SG, Seong GH, Kim IK, Kang S, Rhim H.

111



Autocatalytic processing of HtrA2/Omi is essential for induction of caspase-dependent
cell death through antagonizing XIAP. J Biol Chem. 2004 ;279:37588-96.

Shin JT, Fishman MC. From Zebrafish to human: modular medical models. Annu Rev
Genomics Hum Genet. 2002;3:311-40.

Spiess C, Beil A, Ehrmann M. A temperature-dependent switch from chaperone to

protease in a widely conserved heat shock protein. Cell. 1999 ;97:339-47.

112



Ki-

ATE ML et

10

=
110

3. =7t

toiM = ot ELEt

S

HEE = 2|
— [e>)

= L

113



114



	세포성 면역조절 유전자를 이용한 형질전환 복제돼지의개발 및 생산효율 향상
	요 약 문
	목 차
	제1장 연구개발과제의 개요
	제1절 연구개발과제의 필요성 및 목적
	제2절 연구개발과제의 내용 및 범위

	제2장 국내외 기술개발 현황
	제1절 국•내외 연구개발 내용
	제2절 국내․외 바이오장기 분야

	제3장 연구개발수행 내용 및 결과
	제1절 이론적, 실험적 접근방법
	제2절 년차별 연구내용
	제3절 연구결과
	1. 1년차 연구결과
	2. 2년차 연구결과
	3. 3년차 연구결과


	제 4장 목표달성도 및 관련분야에의 기여도
	제5장 연구개발결과의 활용계획
	제6장 연구개발과정에서 수집한 해외과학기술정보
	제7장 참고문헌

