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I.A =

¢17F PTH % Calcitoning A Mo A EHlsl= FAA3 H ]2 A4t

B oA += 2y e 7b parathyroid hormone(hPTH)¥ calcitonin 3
2ol 9HE promoter®i= G (seminal vesicle)o] FZE-o]F <l P12
(seminal vesicle-specific, Dyck et al., 1999) promoterE A}-8 3o & A
o el o] FE AWl FEEHA T E o] ofrjy = o] 7FA] A

1=
94 2Age Ansets FAAR A4 AN 71ES st At

ZtE3 A7 A 217 parathyroid hormone(hPTH)#} calcitonine Z}
ZF Z2ASAA 2 2AFFAAARAY s 7HAA AT 2uEs
o] A JmAE 200010 349 efolw, 2005l = 659 HHE AFT
Aoz Aslar 9tH(Theta Report and Decision Resources, 2002). &
M = A5 A 5 hPTH+ mgwd 1000 €, human calcitonine mg
g 250 s ZUbske avhel oepFow olE dEAt & 4 v
BAAR dEEdE s F AR dudth



B oA ExE FuEs A 549 23 parathyroid hormone(hPTH)
#} calcitoning A9 (seminal vesicle fluid)o] 8] dtE & 2 A 3k %

Arkets AS HREE g o]y g ATEREE @5t fste ol&
d2Fe] WhE S =43 promoter® mouse P12 promoter (Dyck et
al, 199905 Ab&ste] ol 7|wS o] &35ty A& X sttt of&
] HA FAGe] v DA Fo] AXFS Atete] EAFAHTY] HAESE

% FAA A8 dAER A7E A9 59

V. 95 239 €83 719
1. o1& F-d=2] cloning

4.0 kb =712} seminal vesicle-specific promoter= PCR¥} sequencing<
23] cloningdl$dth. Human PTH (350 bp) & =}¢} calcitonin %
ZF (100 bp)= CLONTECHAF?] human cDNA libraryE 238 PCR<

%=3}9] cloning?d Uhg sequencing & 2 213F3



2. &3 vectord =

Seminal vesicle-specific promoters #l| &}l calcitonin®} PTHZ

= retrovirus vector® constructione thE-9o] Il

g8 FE9

=

PLNCX

LTR CMV promoter LTR

Seminal Vesicle
—specific Promoter

Bam HI Sal |
Bal Il Bal Il Sal |
Bam HI Sal |
Bgl Il
l Ligation
Bam HI/Bgl Il Sal | cDNA of Calcitonin or PTH
LTR Seminfa[Vesicle LTR
-specific Promoter
Sal | Sal |
Sal | i Ligation
Seminal Vesicle
LTR —-specific Promoter LTR

3. Retrovirus vector systemo. % HE <9 virus A4t

RetrovirusE AJAFsk= A E(retrovirus—producing cell)= ¥ A7l o]
sk 203mGPHy (Kim et al., 2001) packaging cell®ll retrovirus vector

E =YY% v VSV-G FAAE transfectionsto] AAF 5153



4. 94 o] 4

o5 FHAIE dold AAMEE HFAAZE Ak AAMEA] FHA}
TS retrovirus vector system= AF&3AY (retrovirus vector?! 7
<), DNA transfection (bovine casein promoter & #|3}o] calcitonin®] 4

PTH7} 28 5 A& design® DNA vector) o 9& A5t

7. Retrovirus vector system®] A E3+% <F4A (biosafety)e FA}

Ol

RetrovirusE AAkslE AlE Lol ofF e HxEg  371A 9
retrovirusE YF=+ DNA (gag-pol, retrovirus vector DNA, VSV-G
glycoprotein® codingdli= DNA)”} Homologous recombinationd} <]

replication competent® retrovirusS A A} t}.
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SUMMARY

I. Title

Production of transgenic pig harboring human PTH or Calcitonin

IT. Goals and significance of the research

Using nuclear transfer and retrovirus vector system, present research were
conducted to produce transgenic pigs harboring human PTH or calcitonin.
parathyroid hormone(hPTH)¥} calcitonin have been used to treatment for

osteoporosis.

Ill. contents and scope of the project

The goal of this study was to produce transgenic pigs secreting human
PTH through seminal plasma. To accomplish the goal, the project was

conducted following sub projects.

1. Cloning of genes

2. Construction of expression vector

3. Nuclear remodeling and nuclear reprogramming of nuclear transferred
embryos

4. nuclear transfer in the pigs

5. Embryo transfer



IV. Results and application of the result

1. Seminal vesicle-specific

sequencing.

promoter

were cloned with PCR and

Human PTH (350 bp) and calcitonin were confirmed (100 bp)

from human cDNA library after cloning and sequencing.

2. Construction of expression vector

The strategy of retrovirus vector containing seminal vesicle-specific
promoter.
pLNCX
LTR CMV promoter LTR Seminal Vesicle
—specific Promoter
Bam HI Sal |
Bal Il Bal Il Sall
Bam HI Sal |
Bal ll
l Ligation
Bam HI/Bgl Il Sal | cDNA of Calcitonin or PTH
LTR Seming[VesIcIe LTR
-specific Promoter
Sal | Sal |
Sal | l Ligation
Seminal Vesicle
LTR -specific Promoter LTR

3. Production of retrovirus

Retrovirus—producing cell were produced from 293mGPHy packaging cell

with retrovirus vector.

4. Nuclear remodeling and reprogramming were examined various

molecular and cell technologies.



5. embryos transfer of clone dtransgenic embryos
seven cloned piglets were obtained followinf embryo transfer,and among
them 2 were identified human PTH genes.

6. Bio safty were examined in Retrovirus vector system

V. Proposition for research, development and application

of the results

The results and the technologies derived from our projects might be applied

in

the various following areas and can be open in public including scientific

meeting

and also should be followed in similar studies in the future.

- All the studies where the introduction of foreign DNA into egg are

attempted.

- Researches and industries for the production of transgenic animals

- Research and industries for the development of bioreactor system where the
production of biosubstances in animals are expected.

— All researches and industries for genetic modification.

- Basic science and technology for the production of transgenic livestock
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M3} retrovirus vector systemol] 3 2 o] WS AMESlaLAl Sl
|

2ol A= ved 2n AA, FAES o] cloning Ve TP H
o] 7% 2 Wilmut(1997)el ]3] embryonic celle] obd #37F #d Fix2 A
xeo] & mEATde] 7 Aete] Dollysts ¥ A OZA AA A
F2e 2/ HAsd, 1 F Ciheli $1908) BolzAAE HE o 43kl
FeHor FopAE Aatet=d Aesidith ol 7w HATE ik 1
AA gar g FHATE AY F2 AFE AANEE o8 A FHEA =
Y FEAGANAE AN & %ol T olgHert Ava & 5 Ay EA,
Retrovirus vectro system= ©|-&3% A3 & A WS 2 e w

1% S} (Jaenisch et al., 1975) i s&2 Fo Ho =t 1 F4
olfr= HHi & embryonic celld]l Aol -3 retrovirus vector
systeméﬂ A At 23y F 2o Chan $5(1998)°] VSV-G (vesicular
stomatitis virus glycoprotein)oll ¥ %% retrovirus vector (Burns et al., 1993)
£ metaphase II ] 29 wsA7 jehddel FAbste] 100%9 FHHg &
olx & AAsIA =, ol gt Ao A B AFolAE FAAE HAE
AArEL =T 9ol A retrovirus vector system= Al-g38aLzl 3ol

2 AFoA Aietazt st JEASH A7 EHE Q17 parathyroid

hormone(hPTH)#} calcitonin & 2F2] 2& promoter®=+ 4 (seminal vesicle)

S

of ZZEo]A2l P12 (seminal vesicle-specific, Dyck et al, 1999) promoterE
ARE o 2 A o o] FEAUAA FEEEA R ofr|HE o
7HA el d FA8S HAigkstaak s
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2 8dvtgor FAkEa glon, EuaEe ARAGS 20000 349 e o
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H2d = o 2 7Z[s/Y g

A1d FUY 71/ a3 £A4F
1 =9 ds
19801 Gordon Soll ¢l3] d&A X3 AF (transgenic mouse) & AJAko]
A

Fo]
2 Ba® o Ao glo] A 23 7% ol§3 FAAR X
Aakol HauE =t ol AEstd thao xe Zrh

& =
= § o

2

AN

4= a7 (7149) =49 g FAA
1985 Hammer & A Ads=E

1987 Pursel & A AFSEE

1987 Pinkert % A7 Az =28 EHAA
1990 Pursel & QIZF IGF-1

1991 Weidle % HaZ2EY

1992 Swanson & a0 % [ globin

1992 DNX A Fr==A
1992 DNX Q17+ Protein C

1997 Paleyahda % Q17F Factor VIII
1997 Pursel & HY A=

1998 Immutran 217t DAF

1998 Bleck & 2~ n-lactoalbumin
1999 FA7EdA T4 o17+ Z49 <l A} (erythropoietin)
2000 PPL Therapeutics al-antitrypsin

2000 Chan & Green fluorescent protein
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(early embryo)ell Z=Siste] AAikst FAAZEs=o] oA, FAo Afe &9
A71¢} ATl ®BE e 2~3u7F = super mouse’t WHEo] HAWE 7hE)
AolM = R RHE =¥ GH Fdxke] A&AQ gdddow <l
of AelA wFol gygorm oy 7hA AAg Fzhgo] BT (Ebert
et al, 1988; Pursel et al, 1989). o] g ZAE AT F U YPoEE A
el A9 transgened] WaS <lHoz AT 4 3+ regulatory promoter?
Abgol Aol dAZFA 7HE dE] AF8EE  regulatory  promotert
metallothionein (MT) promoter, heat shock protein (HSP) promoter, whey
acidic protein (WAP) promoter $°] =4 °]E promoterE< inducer’} §1<
e AR =S Ahw Bt dio] 7] wiwol FHAASEES Akl
AREAL o] 7FA] A S WEstal vk oAl EeiA MTu HSP promoterell
ofsf 1 ddol SAHAE actd FAAE =9
=E 9% 127 AWl A Inducers FHol §l& WE AEHHo=
I HAH7] witol (o] dAE leaky’ 2} 3 AitE FAHAS}EE
& 3

o] Fzhe Wt oy} Agk ¢ 01'315& leaky &

d

(embryo development)ol®= &S w]z £ 3l Aol = olH 3 FAH
S FEE7] sl HZol AHd(seminal vesicle)o] =3Fsle] wWEH = P12
(seminal vesicle-specific, Dyck et al., 1999)& Al-&3lax} 3t} A 43k =%

o] Af 13] AP el oF 200 ml A= A AtetH FEI 49 calcitonin

&3}
of JAAY EAlsES a&40=2 Aiksta, o9 s E S I EAS
o] HABAHE AnE BAFT F S Aot 53], & Ve Fa+= dHY
a2 A rEE Y deld o]& dio|th(Genetic Engineering News,
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A1 A F8&Fdx(Calcitonin 2 PTH)¢] cloning #}

retrovirus vector system®] =

1. AlEv]

HoAgo A ALg3F PT67 (Clontech, USA)¥ GP293 (Clontech, USA), PFF
(A 2] EjobAlfob Al 3, porcine fetal fibroblast), —12] 3. CEF(5¢] ®jolAlf-of
M| X, chicken embryonic fibroblast):= 10%<] FBS (HyClone, USA)$} penicillin
(100 U/ml) - streptomycin (100 pg/m¢) (Pen/Strep; GibcoBRL, USA)¢] #H7}#
Dulbecco’s Modified Eagle Medium (DMEM, 4.5 g/ ¢ glucose, GibcoBRL, USA)
< AbE3te] 37T, 5% CO. 7oA st ot

2. ¢ FdA9] cloning

4.0 kb =719} seminal vesicle-specific promoter= PCR¥} sequencings &3}
o] cloning3}t91t. Human PTH (350 bp) 4 AFe} calcitonin 42+ (100 bp)
+ CLONTECHA}®] human cDNA libraryE Z%E PCRE %3}l9] cloning%F

t}& sequencing & 2 #2139l o,

7}. hPTH$} calcitonin®] cloning
hPTH (110 amino acids as a preprohormone) cDNA ©# (420 bp)& 74
& FARFH FE3 Fdd 22 RNAE template® 3+ RT-PCRS &3}

o] B R o] uf N als primer set?] sequences 5

~

tcagcatcagctactaacatacctg 3 * (+ strand primer)2} 5 7 ctgttttcattttcactgggatt3 ” (-
strand primer)°]t}. ¥, human calcitonin (32 amino acids as a
preprohormone) cDNA W (426 bp)2 TT A ¥(medullary thyroid carcinoma,
human, ATCC CRL 1803)Z5¥ F%3%F RNAZE template® 3 RT-PCRS &3}

o  sAlEkdY. RT-PCRol  AF&3  primer set®]  sequencex™ 5



atgggcttccaaaagttctcee 37 (+ strand primer) @t 57 ttagttggcattctggggeatg 37 (-
strand primer)E& A&}t

g3t cDNA ©@3¥ -2 pGEM T-easy vectorel =93] thg wA9 cloning
of AM-&3F3ATh

. Retrovirus vector2] cloning

B AFo = hPTHS calcitonin 449 2HdS $3F promoter® A4
(seminal vesicle)o] Eo]# el P12 promoter (Dyck et al, 1999)E A}-g&38}aLz} 3}
ATk ol= A ALtE FAAZ sEC QoA F duiHo]l FE o] Al A
s wAPowA of7|E = oY ZbA AEA FAES FHAsker] A9
olty, 18y Canada®l Dyck YHAL2HE 53k P12 promoteri= restriction
enzyme siteZ} B3 T & % J1x] o]FE retrovirus vector 22
internal promoter® Al&3&l7]|olE 7|&Aom EIlsstHth oo ik fetow
tetracyclineo] ¢l W3S FE3 4+ A= tetracycline-controllable promoter=
Algsl7|2 AES F£AFFAY. =3 WPRE  (woodchuck hepatitis  virus
posttranscriptional regulatory element) ©¥ & virus vectord 3~ @k H-9lo =
dste] A dtd o] FES A L3l Y. Tetracycline-controllable promoter2]
fzxroeg dg ArEE 1 g9 CMV propmterE A ettt ZF retrovirus

vectore ol#| o & strategy®E A ZTE AT}

@O pLNC-PTH

[tR - Neow [ owmv H—{ (TR |

R Hind il Hpa | .cla | Ecofl EcoRl
pLNCX PGEM-T

Easy-PTH

(e e +{ow

HindIll , Hpa | /EcoR | EcoR | /Hpal , Cla |l

PLNC-PTH
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F owv e
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® pRevITRE-PTH

Cla| /EcoR | EcoR ! /Clal
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[itR  Hyer

F mincmy H—{ LTR |

pReVTRE

® pRevTRE-Cal

BamH I, Sall ,Hpal ,clal

Sph | Sal |

PGEM-T
[ttR - Hyar  H mincmy

Easy-PTH
BamH | /Sph |
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pReVIRE-PTH
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@ pRevITRE-PTH-WPRE

ST BRI o T

EcoRl EcoRl BamH | /Sph | Sal | ,Hpa | ,cla |

pGEM-T
Easy-WPRE pReVTRE-PTH
R FH Hye | minomv WPRE }—ﬁ TR |

Hpa | /EcoR| EcoR | /Hpal, Cla |

BamH | /Sph | Sal |
pReVTRE-PTH-WPRE

pRevTRE-Cal-WPRE

[ - wo [ mnomv o cal | Lrm ]

EcoRl EcoRl BamH | /Nco | Sal | ,Hpal clal

pGEM-T
Easy-WPRE pRevTRE-Cal

R FH  Ho | minowy }T{oaw WPRE h—1 LTR |
H

pal /EcoR| EcoR | /Hpal, Clal

BamH | /Nco | Sal |
pRevTRE-Cal-WPRE

9o ®, ®, @, 282 @F T vector *+F+E= minCMV promoter=
trans-activationA] 7] &= X 3tbe] vectors Q= gho) wepA] A AL 270
9] vectorg EAlOl =QEoF sk dRel 7] wiitel offe] @9 0 2
x5 7F vector?] +5& 1El Fo ATk

@ pRevIRE-PTH-Ubc-rtTA2°M2-WPRE

10 pRevTRE-Cal-Ubc-rtTA2°M2-WPRE

3. hPTHY 23S 93 retrovirus vector system® +3

B oo Faloa] oju] =4 retrovirus vector$! pLNRPTH®} pLNRPTHW ¢

RSV promoter 9 %o CMV promoterE t#|3le] pLNCPTHS} pLNCPTHWZ
T-58F S Tk

7182 9] retrovirus vector® TFolA hPTHe waS ghelsdl & o] wE S
E&Hos 28T 4 9= retrovirus vector systemS TFaaLAr sTh



Aol = tetracycline AlEe] E 2o o8] JelHAAe] TS - F
= tetracycline controllable expression system< X33 om 71E9 two
vector system< HE 43 3E]el one vector Tet systems T=317] ¢35F¢]
rtTA 99dS Fdsh= Fd2 A93 hPTH Ao @S wgshs
miniCMV promoter $¢17} £3H TRE $&8<S 3 vector ol AZgstaxt
shAth Rk olyel WPRE M & ole] fJA o =qistmem frzke] 2y 7
T} Ao =7t M 28492 vectors AHEsA 5T

WA pLNCX (Clontech, USA)Z%F 3 CMV promoter?} pGEM T
easy-hPTHZH-¥ #g3 hPTH 4 *Z pRevTRE vector (Clontech, USA)2]
minCMV promoter 3tell =9)3t¢] pRevIRE-hPTH-CMVpE T%3F3ith thd
GAZ rtTA Ao st T nTA2SM2 325 =599 Hillen
uhALR B g9 pUHrT62-1 plasmid2 -8 #elste] o] &
pRevITRE-hPTH-CMVp vector®] CMV promoter 3}ol] =430 24
pRevTRE-hPTH-CMVp-1rtTA2SM2 vectorE A 23t} ©] vector:
o g skl hPTH A7 B S F31A17]= 9A<Ql WPRE A d&
RPTH f3A2] 37 $1X19} ntTA2SM2 FAA2] 37 $1x]o] 7t7} &9 3}o]
pRevTRE-PTH-WPRE-CMVp-rtTA25SM2<}
pRevTRE-PTH-CMVp-rtTA2SM2-WPREE 5391t}

M ZE Z+zEe] retroviral vector: PT679) calcium phosphate W o2
transfectionsto] virus stocks F3 ¥ o] virusE GP293°] 7HEAIA
hygromycin (150 pg/ml)e] 37l MA@ EHMoz 253+ AASH), Add
Zyzye] M| calcium phosphate W o2 20 pge] pHCMV-GE YA|H oz

transfectiond} o] 484 7+o] 4 3}s & retrovirus/F EHE vl &

ol

rlo

o M

7F. pLNR-PTH$} pLNR-PTH-WPRE

T3 pLNC-PTH9 CMV promoter® $xo pLXRNelA &3 RSV
promoter& =%93te] pLNR-PTHE 753312 pLNC-PTH-WPRE®] CMV
promoter?]  $]Xo]  pLXRNelA &3 RSV  promoters: =3
pLNR-PTH-WPREE %t thFig. 1. 758 AZF vectorE2 Qiagen

maxiprep kitE Ab&ate] tigde]l & vh5 Aol AH83kSl



PLXRN pLNC-PTH

[ LR {T{ RSVD h—{ No HUR| [URH Neo }Tf OMVp IT{ PTH w LTR |

BamH| Hindlll BamHl  Hindlll , Hpa | /EcoR | EcoR | /Hpal, Clal

[ LR H  Neo }-ﬁ RSVD {Tf PTH_Jj| LTR]

BamHI Hindlll , Hpa | /EcoR | EcoR | /Hpa |, Cla |

PLNR-PTH

pPLXRN pLNC-PTH-WPRE

| LR h—{ AsVo fr{ Neo [ LR|[URH Neo }-ﬁ CMVp {Tf PTH_Jr{wereH TR ]

BamH| Hindlll BamH Hindlll , Hpa | /EcoR |  EcoR | /Hpa |, Cla|

[LRH  Neo }Tf RSVD {Tf PTH WWPREH LTR |

BamHI Hindlll , Hpa | /EcoR | EcoR | /Hpa |, Cla |

PLNR-PTH-WPRE

Fig. 1. Construction of pLNR-PTH and pLNR-PTH-WPRE retrovirus vectors.
LTR, long terminal repeat; RSVp, Rous sarcoma virus promoter; Neo',
Neomycin resistant gene; CMVp, human cytomegalovirus promoter; PTH,
human  parathyroid hormone gene; WPRE, woodchuck hepatitis
posttranscriptional regulatory element. Length of each sequence is not drawn

to scale.

. Tetracycline inducible expression vector®] 3

t pRevTRE-PTH vectorg 753t pLXRNol|A 2] g RSV promoter
9} ZAWS pUHrT62-1 plasmid®] rtTA2sM2 (rtTA © Ao s Fats )
F#<  pRevIRE-PTH®  PTH A& 3 A E=iste
pRevTRE-PTH-RSVp-rtTA2sM2 vectorZ A Z 535153 ot pGEM
T-easy-WPREZFH #23t WPRE 4¥9<S pRevIRE-PTH-RSV-rtTA<]

-
o
r U



PTH &4d#¢ 3 A9 rtTA 3 Ao  zZzt  4Hlshe]
pRevTRE-PTH-WPRE-RSV-1tTA% pRevIRE-PTH-RSV-rtTA-WPREZ +
=3 (Fig. 2). 758 AZ3 vectorE2 Qiagen maxiprep kitE Ab-&3to] o
o

22 ¥ thg A9l Agatact

PReVTRE-PTH
BRI HmmCMVp{Tf PTH 7| LTR
Sal | Clal BamH | /Sph | ,Ncol, Sal|,Sphl,Hpal,clal

| |
!

lurH Hg HminCMVpH PTH h—{ RSvp H A }—‘—f LR |

EcoRl EcoRl

pGEM-T Easy-WPRE

BamH | /Sph I ,Nco | Sal | Clal

PRevIRE-PTH-RSV-tTA

| |
!

lurH H HmmCMVp{Tf PTH_J7|_were ‘T’RSVD H 1A }—‘—f LTR |

BarmH | /Sph I ,Nco | Sal | /EcoRl EcoRl /Sal | Clal

PRevIRE-PTH-WPRE-RSV-tTA

| v
[tRH g HmmCMVp{Tf PTH [l RSvo || _rtTA h—{ were 7| LTR |

BamH | /Sph I Nco | Sal | Clal/EcoRI EcoRi/Cla |

PRevVTRE-PTH-RSV-tTA-WPRE

Fig. 2. Construction of pRevIRE-PTH-RSVp-rtTA retrovirus vectors. RSVp,
Rous sarcoma virus promoter; rtTA, rtTA consist of the reverse tetracycline
repressor (rTetR) fused to a VP16 transactivation domain; LTR, long terminal
repeat; Hyg', Hygromycin resistant gene; minCMVp, human cytomegalovirus
immediate early minimal promoter; PTH, human parathyroid hormone gene;
WPRE, woodchuck hepatitis posttranscriptional regulatory element. Length of

each sequence is not drawn to scale.



4. In vitrodl Xl hPTH A9 &3 =3

)l CEF¢}t PFFel 2b2} A AAM hygromycin WA HA7HE S4sslon =

MOIE 12 93o] U3 virus particle 5 F 4 A E
2 BAANAY. 2417 A3 & AEE 39 HF S F hygromycin (150 pg/ml)o]
7w om wEkste] FHAIF Hold AEFE FYstnh

A" 22+ AN FEo|A hPTHY 23S two-step RT-PCR¥} ELISA

5

S ol gdte] sl drt. 71 EZ S retrovirus vector T3¢ pLNCPTHS%
pLNCPTHWE o] &3le] F%3 AEFE 60 mm dishol 5x10°71¢] AEE 0
I B = SR = WEEFA 48X ZF w et & MEelA = RNAE 83t

_::
2L

o] RT-PCR& AAlstiem A w2 8sto] 100W) = 3]4 3 5 ELISA

£ AAF T Tetracycline inducible expression systemolA & ©] system©]
tetracycline A€ ¢l Edo] &Ad Ao F44 E&o] turn on¥H = system
S 7ketste] wiFuj Ao tetracycline =A<l doxycyclines #71s 799 #
7VatAl &8 9ol hPTH w42 &d S vlwstdeh, dd ZF AlE2E 60 mm
disholl 5x10°2.& FH|g & 7 t}Syd doxyeyclineS 1 pg/ml T2 H71et4
A H7bebA @2 A2 wgkal] FATE 48AIF v gt § ZF AlE o] ul kol

S Fstol 10M 2 345 § ELISAS A8t
Zda AEapgo]l By Zb AlE= trizolE ol &3k WHOE total RNAS
g3 & 1 pegol RNAZE ImProm-1II reverse transcription system& ©|-&3}¢]
RTE AAlste] cDNAE wFafdth zh2be] Aol 2 we] cDNAE F3o=
o]-&3to] PCRS AAISA o™ HMTA 30%, 50T~ 30%, 72TCAlA 30%%
&

ot

W83l cycles 253 wbE AAIS & FHF AGS Y 72TCoA 723 983
ST}, = 2 & o A3 primere + strand  primer<! 57
-TCAGCATCAGCTACTAACATACCTG-3" ¢+ - strand primer?l 57

~-CTGTTTTCATTTTCACTGGGATT-3 " & Alg3stglon 15% agarose gelS

o] &3 M719ES AAsY hWPTH ARl sidstE 420 bpe) DNA @H S

gkl sl ot

Al AALg Aol oy JS &9l
s

GAPDH A Aol t]3t primerZ PCRE

171 918kl 2b Alxe] cDNAE

g3t =d CEF= + strand primer

ol



2 5" -ACGCCATCACTATCTTCCAGGAG-3’, - strand primer® 5’
~CAGCAGCCTTCACTACCCTCTTG-3 " & At&atdew, PFFE=  + strand
primer2 5" “TCCACTACATGGTCTACATGTTCCAG-3 ", - strand primer® 5’
~ATGTCATCATATTTGGCAGGTTTCTC-3 " & AH&3t3ith PCR WHg 24
94T A 30%, 54Tl A 30%, 72TCAlA 30x7F W3l cycles 253] Wb A
A&kt

Virusell #9¥# & EHAE} PGH F347F Hoj¥l CEF-LNCPTH®}
CEF-LNCPTHW,  PFF-LNCPTH®  PFF-LNCPTHW AxX:5& 4%
DMEM/FBS Aol A 24A17F wfkat 5 2 wjgel& Fohsto] 1110002 34
dtel  ELISAE stk o W DSL-10-8000 ACTIVE I-PTH
Enzyme-Linked Immunosorbent Assay (ELISA) Kit (DSL-10-73100, USA)<
AL&3lE two-step sandwich—type immunoassay o]t} Standardel & 33s)
= A%x% PTH, HE+, 23+ goat anti-human PTH antibody = 3] #}o] &
A= microtitration wellol| 4] biotinylated anti-parathyroid hormone antibody <}
2ol wreA 7l & FAEH9 e HRP (horseradish peroxidase)® 3EAlo] #
streptavidin® A sAe. ©Al FASE T 4 welld 7120 TMB
(tetramethylbenzidine) & % 7Fslo] Hb-gA T 4 Ak A3 & vk T4 &
M-S M7}l microplate readerE AF-83F9] 450 nme| FAFoA SR EE =H
ST

Tet systemel oA hPTH #3748 F=4 2@ offeo e Fyd 7}
zZrel M¥E+FE DMEM/tetracycline free FBS v %] ¢}, o] sl A9 doxycycline (1
pg/me)ol H7EE wiA el A Zbzy A8AIZF vk F 1 vkl s S gste] 1010

s T
o2 3|X3te] Hxpel FLI Wy oz ELISA 48 AAEAT
7}. Retrovirus®] AAba} =2 AA xR 7Y

Aol M= retrovirusE AAEst7] flste]l 1A=} 23 d oA 53
vector % pLNR-PTH, pLNR-PTH-WPRE, pRevIRE-PTH-RSVp-rtTA,
pRevTRE-PTH-WPRE-RSVp-1tTA, pRevIRE-PTH-RSVp-rtTA-WPRE<2] =
Zg9 5709 retrovirus vector® Z+ZF PT67 (Clontech, USA) virus AAHA X<

]

calcium phosphate WO Z transfectiond ¥ F33 virusE: FEAAEQ



GP293°l infectiond} 1 th. Infection® GP293 E4AH|EFE Hygromycin (150ug
/mbe] HA7bE A &HoA 257 Aot AdE GP293 A+ calcium
phosphate B & o] &3}lo] 20pge] pHCMVGE tranfection 3Fo] 8A]7F vl <F
AMZE v o m dotFlnt. 4843 vl ¥ retrovirus7b X3 v g H S
stslo] PFF (porcine fetal fibroblast) Ao ZdAA At 49 ¥ PF

Hygromycin (150ug/ml)e] ¥&¥ A ajFfol A 257+ A HEA )

eS|
)
k

1}, LNR-PTH®} LNR-PTH-WPRE retrovirusell 7% PFF Al £ A9 PTH

4] ol 8l

PTH #Axe] o] off5 &letr] flste] zhzhe] Ad e PFF Al el A
RNAE #8 3% § RT-PCRS AAlstath 8 ¥ RNAT 50 pmole®] primer,
0.2mM dNTP, ImM MgSQO4 5U AMV Reverse Transcriptase, 5U Tfi DNA
polymerase, AMV/Tfi 5X Reaction Buffer® ¥FE reaction mixture<}
oAtk dak4 cDNAE $Hdst7] flste] 48T el A 45&3F whg-3k v+
AMYV Reverse Transcriptase®] &4 3}2} RNA/cDNA/primer?] denaturations
A3l 94T A 2E7F REGAIATE 22k ¢cDNAJ 7 PCR 534S 9@l 94Tl A
18, 50ColA 15 |, 72ToA 1837F WS35t cycles 358 WHE AAg & %
s 98l 72T A T WA TE vl AF-8-¢F primer + strand
primer® 5" TCAGCATCAGCTACTAACATACCTG 3°¢} - strand primer® 5°
CTGTTTTCATTTTCACTGGGATT 3'& AH&3tSl o™ 2% agarose gels

ol g3t ATE AT,

M M 1 2

4420bp for PTH

Fig. 3. RT-PCR analysis of hPTH gene expression in PFF cells. M, 100bp
ladder; N, PFF cell; 1, PFF-LNR-PTH; 2, PFF-LNR-PTH-WPRE.



Fig. 3914 Yehd il o] 79 A1Z1 PFF Ao A& PTH A2l o7t
g om FAxTE Aol A e tEa MEoAE PTH F3dA7F E4138F
A Fes gl = ATk

ol Tet systemoll A AJ4HE retrovirusell 79 PFF Mo A o] PTH 72k
Aole] ghel

Tet systemol A e 3z o] of-5 &Qlstirzl total RNAS o83t
cDNAE #7443 % PCRE Fdqsto]l &<l atdvh. ®3F WPRE A a9 %
A wE AAF o] Zol7t A stz T pRevTRE vectors
o] g8t TEHE AMEEL A 2x10°2.2 2709 100 mm dishE FH| 8T} 2
dish = 3% dish® doxycyclineo] H7FE A && wjdodo g nlfo]lF1 tfE 3t
dish& doxycycline (1 pg/me)o] H7be wjFH oz npito] Fo) 4841 7F wl ¢
g ¥ RNAE ®eatdrh WA cDNA $4S $18ked total RNA 1 pg/mi,
MgClo7} ¥3t%l 5x Reaction buffer, 10mM dNTP, Oligo(d)T 0.5¢g/u1l, RNase

0

O

inhibition 40 U/ul, reversetranscriptase 200 U/, 50 pmole PTH primerg &
Fakadrh. cDNAE #4387l 93 #HE mixtureE A-2olA 10min, 42Tl A
60min?t ®¥F23F T}E  reversetranscriptase® 439} RNA/cDNA/primer$]
denaturations ]3] 95CelA 5 &3+ Wk&3k § 4T A 4 &3 WA o]

A skl TE01X] cDNA % 10 g5 ©]&3ato] 94Tl 1%, 50T~ 1% |, 7
=

2Tl A 183 9g-S 253] WHE3l= PCRS A Alsle] 2% agarose geloll A &<l
A= HE-S-o) S is primer + strand primer & 5
TCAGCATCAGCTACTAACATACCTG 3¢ - strand  primer® 5

CTGTTTTCATTTTCACTGGGATT 37°]t}.
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Fig. 4. 1. RT-PCR analysis of the teracycline-mediated hPTH gene
expression. 1 and 2, «cell line PFF, 3 and 4, cell line
PFF-RevTRE-PTH-RSV-1tTA,; 5 and 6, cell line
PFF-RevTRE-PTH-WPRE-RSV-1tTA; 7 and 8, cell line
PFF-RevtRE-PTH-RSV-rtTA-WPRE; 1, 3, 5 and 7 lanes untreated
doxycycline. 2, 4, 6 and 8 lanes treated doxycycline. II. Total RNA

electrophoresis of PFF cells.
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g3te] 758 vectorE2 RNAES ®gstes d A% $4d xdodlA] wjdst
o] mjFlS 53 g ECLIA W oz dulds Az 519t

LNR-PTH¢t LNR-PTH-WPRE®l ¢]3] # ¢+l +5% PFF AlX£= WPRE
Mol =9lEl AgolA dA% hPTHE F7HE #<lstth. PFF-LNR-PTHS
Hj koo A= 22 pg/mee] wulHo] xS o, WPRE Ads =9g
PFF-LNR-PTH-WPRE®] #j&do| A= 5000 pg/mb ooz A3 B
hPTH7} A2td S &9 = UJk(Fig. 5). ECLIA ®¥Rel 93 s=22 5749

A 217 A 5000 pg/miYdS Ferstd WPRES &3te Add oz
A=)

10000

1 PFF
B PFF-LNR-PTH
BN PFF-LNR-PTH-WPRE

1000

100 ~

pg/mL

10

fig. 5. Measurement of human PTH in culture media of non-transgenic and
transgenic PFF cells using ECLIA. PFF: non-transgenic PFF cells.
LNR-PTH: PFF cell was infected with LNR-PTH virus. LNR-PTH-WPRE:
PFF cell was infected with LNR-PTH-WPRE virus. All cell culture media

harvested after incubate during 48 hours.



hPTH F7A2] A &A1 oz Qe A4l
tetracyclineAl 2] E&o] FEA&
system< retrovirus vectorell =3 A3} AJabE TwlA ko] A3 zol =
gl & 4 AT doxycyclines FH7FsHA| &2 WA AME AHEA G

=g
Agkat Wss 20 pg/mee] wMdo] AAEE A sy on

PFF Az = 3 ,
doxycyclineg #7}3F v Ao A= WPRES] &4 #Fo wz} gz xakako]
gdeix = AS 39 & v PFF-RevTRE-PTH-RSV-rtTAol A= 82 pg/
mee]  wEiFel  AMES ¥ 4 Al WPRE Aol EYH
PFF-RevTRE-PTH-RSV-rtTA-WPRE|| 4 = 354 pg/me,

PFF-RevTRE-PTH-WPRE-RSV-rtTASI A= 865 pg/m= hPTH kel 3°
f1Ael WPRE Me& =9@ Aol 7P we diide] gatss As &
skl th(Fig. 6). odel Aol WPRE A<l

T ARdel gelEglon, AFhA e e A7 BiclMi= WPRE Aol
=R A HeEA Aew Aoy & AyelMe o fraAe] 3
Aol =gd A97h 7P 2Rl AR dEwth olHd Ay Ads
hPTHE Aatste AiAS wE7] 913 72 dd o= oo JAdst HA=
e 2= 9l JsAS A 23 Hnoz 7hE L},

AR -
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Fig. 6. Measurement of human PTH in culture media of PFF cells using
ECLIA. N, PFF cells; 1, PFF cells was infected with
RevTRE-PTH-RSV-rtTA  virus; 2, PFF cells was infected with
RevTRE-PTH-WPRE-RSV-rtTA virus; 3, PFF cells was infected with
RevTRE-PTH-RSV-rtTA-WPRE virus.

5. hPTHO| 2&& 93 retrovirus vector system® T3

oAl e Ak g A9k Ho MEolA hPTHO wd 4y 1
Aol =4 systeme= T5Fstazt oklvh. hPTHE Q17Fe] #3443 dol A i8] H =
84719] o]t o 2 o] Fojx WM AZA wWo|A e ZHo WES FHHse F
7150 Aol A Qo] AFFE A dF A9 §

S AsA7l= dds . o] #FdAE CMV  promoterstol]l  =%13ko]
pLNC-PTH retrovirus vectorE T3t om Axpu] st PFFeF CEF E 4 A X
of MolAAAM TAS A Ad 2 AE wike] 1 md 500 ~ 700 pgel A

’

BH FEE 354

HT ol
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FS ERUATE hPTHO #3S FoiA7]7] $15ke] pLNCPTHel WPRE A
S =998 =d PFF Aol A& 126,000 pg/ml, CEF Al ol A& 426,000 pg/
e AAES ek o] WPRE A 98 Z=skA &S 9o nHlsja 2
7} 2528, 609ul o] WE ZytE mooz M v|Ee Aol 9 fAzte] wy
S 3 ~ 5ulE TN AoRE vERd ol HlE ml =L 3d £33 A%
& YERAHFig. 7). 7] MEolA 23 RNAE RT9 PCRS A
A Ay, WPREZF =9® A& FolA PCR band7} W F4A uElyte
°]:= WPRE HCﬂol ArLS 2HJAAE mRNAS LS F7HA7]= ale
228k w9l Ao w Azt H(Fig. 8).
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Fig. 7. ELISA analysis of hPTH. Normal, PFF cells; LNCP, PFF cells
infected with LNR-PTH viruses; LNCPW, PFF cells infected with
LNR-PTH-WPRE viruses, respectively. All cell culture media were harvested

after 48 hours of incubation



Fig. 8 RT-PCR analyses of hPTH gene expression in CEF (A) and PFF
(B) cells. N, negative control; 1, 2, uninfected cell; 3, 4, cells infected with
LNR-PTH viruses; 5, 6, cells infected with LNR-PTH-WPRE viruses,

respectively.
6. One vector & Bl 9] tetracycline inducible expression system? +3

2 AFg= B E&42 FH1A Aol systemS FEF3H7] H3Fe] rtTA
9} TRE A 9<S 3 vector ol XA EH one vector systeme =3}l
2 3FAh. ol vectorel APTHE TRE A€ 3 YA E=sdoH
rtTA2SM?2 w-al A o]l th3t promoter2 CMV promoterE = dstuth 7 23 A
Z3t vectors=  pRevIRE-PTH-CMVp-rtTA2SM2& A o] vectore=
tetracycline A9 el Edo] EAstA rtTA “ido] 1 EA3 Agtsle] 1 &
347} TRE &0 Adddo 2R minCMV promoter 3+¢] hPTH Ao 4t
A5 YElA Ak

A28 pRevIRE-PTH-CMVp-rtTA2SM20] 2 #Fe] #&HS XA 7]=
Aoz 4 WPRE AM2E& o 9Add =sto] 7Hd &&2Q vector
system< AW3larzk 39t WPRE @3-S hPTH A#ke] 37 3 rtTA @l
S a5 3tslE AR 37 YA =g o =38 7F vectore] 7%+ Fig.



pRevTRE—FPTH-Chivp-riT AZSE2
— .
vutR H o oMye H TR | PTH | oMy | nraesmz H 3 ume |

pRaVvTRE -FTH-WPRE -CWMVp—riTAZSM?
- " —e

[E'LTnl_ Hyg' H TRE | FTH | it I‘-"""|"”‘-‘*‘-‘“E‘| s

PReVIRE -PTH-CMVp—TITAZSMZ-WPRE

—_— ¥ (8

[ 5 LTRH |‘ Hya' H TRE | FITH | LY ] T A=A | WRRE H 3 LTH

Fig. 9. Construction of tetracycline inducible expression retrovirus vectors.
TRE, Tet-response element; LTR, long terminal repeat; Hyg', Hygromycin
resistant gene;, PTH, human parathyroid hormone gene; WPRE, woodchuck
hepatitis  virus  posttranscriptional regulatory element; CMYV, human
cytomegalovirus promoter; rtTA2SM2, rtTA consist of the reverse tetracycline
repressor (rTetR) fused to a VP16 transactivation domain. Length of each

sequence is not drawn to scale.

A @A A =3 retrovirus vectorE GP293 A Lol Ho|A|AA o] AEE
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10). ol d@mde] B S F7HA7] 7] f1ste] =943k WPRE AME2 =9 914
of wel 2 d Fol A4 vEA vEetulth WA hPTH 472 37 A0l



WPRE”Z} $1 %8 RevIRE-PTH-WPRE-CMVp-rtTA2SM29] 7%~ doxycycline
o] f¥ zZIoA PEFelAE 3.0x10°, CEFellAlE 53x10" pg/mloz 714 =
L uy AEE Yegud e doxycyclinee] 1 Zdd W3 & zZ+z+
864, 9.6M = 7 =A YeElth(Fig. 10). APH AolA or'TA2SM29l o] &
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Fig. 10. Expression and fold induction of hPTH after doxycycline induction
for 48 hours in target cells. A: CEF cell, B: PFF cell, —: cell was grown in
the doxycycline free media with tetracycline free FBS. +: cell was grown in
the media supplemented with doxycycline (1 pg/mé). PEF cells were infected
RevTRE-PTH-CMVp-rtTA2S-M2(PCT),
RevTRE-PTH-WPRE-CMVp-rtTA2S-M2(PWCT),
RevTRE-PTH-CMVp-rtTA2S-M2-WPRE (PCTW), respectively.



Two-step RT-PCR9] ZHAAME A wdd F4S veluided, 2 239
oAl MAE Ao R o] FojA = e FelEtr] $18te] GAPDHel dish
RT-PCRE &4l Fastdomn e AgaodA $43 PCR @S YERS
= Hls] PTHel wigt PCR @& o8 7k« FeE Yepdth. 2E Tet
vectorel Al doxycyclineo]l #7bE A &2 Afwth Hrtd A, 5 FAxe] @
d F=7F dojd Aol PCRY AtEo] W Aoz xHom 53 WPREZ
PTH 42 thgol 23 pRevIRE-PTH-WPRE-CMVp-rtTA2SM2 vector”}
dolgl AEFoA 7HE e BAEH FE&S e o= ELISA W
S o] &% BAHAME FUe FS Bt old HlE] WPREZF 49l =1A] ¢4k
AW rtTA2SM2 F74#He] downsteamell 9238 7 9o+ doxycyclineo] F7}&
2o A HAF AEel f E&o] HlawH e o FlErh(Fig. 11).

] PTH

- GAPDH

Fig. 11. Determination of doxycycline induction of the hPTH gene in CEF
(A) and PFF (B) cells using RT-PCR analysis. N: Negative control, 1 and
2, cells infected with RevIRE-PTH-CMVp-rtTA2SM2. PWCT: target cell
infected with RevTRE-PTH-WPRE-CMVp-rtTA2SM?2. PCTW: target cell
infected with RevTRE-PTH-CMVp-rtTA2SM2-WPRE. -: cell was grown in
the doxycycline free media with tetracycline free FBS. +: cell was grown in
the media supplemented with doxycycline (1 pg/m¢). In RT-PCR analysis, two
primer sets were used: One for the hPTH gene and the other for the control

GAPDH gene.
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Figure 12. (A) STO feeder cell %42] pEG cells. Arrow indicates EG-like
colony. (B) pEG colony9] Alkaline phosphatase 943} th

2. OCT4 5-upstream region®] 54 % cis—regulatory elements T+

7}. Deletion mutant® ©] €3 hOCT4 gene 5 upstream region®] +4
hOCT4 gene 5 upstream regionWo] £x]3F+= mOCT4 promoter region¥}
conserved¥ 470¢] conserved region(CR1-4, 1% 13A)S 7|50 2 3t z}z}o

CRE Ad & deletion*] 2] mutant construct® W& % NCCIT cellS ©]£3}9]



promoter analysisE AASFH T 29 13Bo] Hlupel Zo] Z+-zke] CR4, CR3,
CR27} deletion ol w2} promoter activity’} 743 om, -10197-380 region
S deletion AlAS W promoter activity?} Z7F 8= A& B AT =313 o
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Figure 13. hOCT4 gene 5  Figure 14. hOCT4 gene 5 upstream
upstream region (-2601~-1)¢] 715 region (-15887-380) < 7]%# 24
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Figure 15. hOCT4 proximal promoter region®] £A]dt+= GC box® 7] 4

2. A, Human®} mouse OCT4 promoter conserved region 19 97|44 H]| .

B, GC box9 hOCT4 promoter activityol WX+ 3¢S Lol r gk},



2) hOCT4 proximal promoter region®]| £A]3}+= GC-1 siteol bindingst= A
AbQIZLS] 4t
hOCT4 proximal promoter regiond] £AJdt= GC-1 siteo] binding3d}te]
promoter activityo] 9&S v = AArel }% =l =TS ] 938t Electrophoretic
Mobility Shift Assay (EMSA)E A A3} gy 16). ol 913 wild type
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A g-ol=, C2 band’} AFeER RS Felsldtt. o] Axti= GC-1 sitedl Spl
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ZAFsE7] Y8ke] NCCIT cellS o] 83}9] co-transfection assayS 2
AlBF . 29 17914 Relulel o] hOCT4( -26017-1) 2 hOCT4(-3807-1)
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o], Sple positive, Sp3E negative regulator® 2#F83te] hOCT4 promoter
activityoll 9 n A= AL selss)



4) hOCT4 gene 5’ upstream region® =4

A
GG 1 W : 5 - CATCCAGEEEECEEEECCAG 3
GG 1 nut : 5 - CATCCAL Gaat t cGEECCAG 3’
>
v
B s SO ¢ s &
Q‘é‘&"‘é‘&& F & SPRPS
CEEEE FEE LS
.
ca— - - d— - S
cz —» c2 —» -
c3 —> C3 —»
gé 3 8% = = [ e

Figure 16. GC-1 site°] bindingdl+= NCCIT nuclear protein® =A}. A, GC-1

site wild type ¥ mutant ¥ 7]4 4. B, Electrophoretic mobility shift assay. C,

Gel supershift assay.
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ol el 19 194 29 179 AFHE £33 hOCT4 gene 5 upstream region
9] &4, hOCT4 promoter activity®l & 23 43S 1 X = regulatory element
2 minimal promoter region®| bindingdt®] hOCT4 promoter activityol] <3S

v A= AARRIARS P skth ((1F 18).
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Figure 18. hOCT4 5 upstream region® %% =3f. DE: distal enhancer,

PE: proximal enhancer, PP: proximal promoter, HRE: hormone responsive

element.
3. JYFAA £YS 93 non-liposomal gene delivery reagent®] 7§t

A nEES U AdLEAE Adetaat kol A EW 9
A2 a3l AdA 2 4e 2 non-liposomal gene delivery reagent$! PEI€]
S oiststaral branched 25kD PEIE °]&3&t3ith. ol& $l3] EGFP Zd
vectorg & #FHdAE o] &ste] PEIC] EAjske= Nitrogen (N)#F 9] 27 #}ell
F23}+= phosphate (P)e] 42| N/P ratio® ZA3IiA N/P ratio® FAsH
A3, 2% 199 mluker o]l F7IAIES] dFQl NCCIT cell line?t dw
cancer cell lineol Al N/P ratio’} #&+5 uifdAe A9 g&0] ¢F35C
W, N/P=40°] 7} &Aool om, 1 o]49] ratiodl A= © olde &5
#AFE = grokrh wd, AESE 11719 liposomal (Lipofectamine 2000,
Invitrogen), non-liposomal (Effectine, Qiagen; Linear 22Kd PEI [ExGen500],
Fermentas) gene delivery reagent®}e] &&S vlud Ay =53 3= e
Ui, 53,5 PEI A9 4E3std 31719 linear 22kD PEI (Exgen 500)<}
%= E71AEe] dF<Q NCCIT cell line?t HEK293T cell lineel Al &538 &7}
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1. 42 A% A% baculovirus vectord] 7Hg¢

7] &1 E AZ3 baculovirus vector®] CMV-promotere] A2t H-E3} & F&9 in
vitro mutagenesis 7|8 o]&3te] ATaA HAHEA(Bstl-ApaLlDE A Y
vector® U6 promoter FE5 728 Wi oz Agsle] CMV-promoter th4l AF¢lsith &
A AR S HFA17]17] 938 EcoRI-4 % primer-geccggge—4 o primer-BamHI2]
AR AZF cassetteE WE ] multiple cloning sited] A9ste] FAA AHAF: A
baculovirus vector® @Aty 9k CMV-promoter?] #dS &8317] 95t
baculovirus ¥ ¢ multiple cloning sited] 2% cassette?t AF1sh WEE A A2 &
At

=] fibroblast MX(1¥ 22)= 10% fetal bovine serum (FBS)o| X3-# DMEM
mediall Al Bl FEH ATk AN Adnk wjdA ol A= 3o o] o] Aol o] Fo] A4 &
sk ZIAQ wjEAAE Fysty] flate] 71 v} (L15 + 10% FBS)Ol 50mIU
Estrogen¥t 20ng/ml IGF-T1S F7kste] 2] WjIAAS &yste] 8d o] el Adaid
S AT 5 AT (2" 23). 50mIU ©]/de] Estrogen M7 271 4743 H3Ee] A
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figure 22. ¥ A fibroblastA] ¥



upeb] 115 skl 10% FBS9 50mlUS] Estrogens 7] vl Aoz Aes)
Axka] M Ee AAo 42 <l Insulin-like growth factor(IGF)-18] H7F =4S Ads)
At IGF-IS 20ng/ml #7F Ao Alze] A vl 3571 103] ooz w43 F
7bete A Hol F93L, 20ng/ml o)) IGF-1 H7b= Adiejdel 3¢5 57

ghokth mEkA B A43E B3 27 fASTAEE o AHshs Vel T
AL, AAAQ] HA ] v 205 Fyskith vz DMEM + 10% FBS + 50mIU
Estrogen + 20ng/ml IGF-1.
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2. GATA(alpha-1,3-galactosyl transferase) 42} &H 2 in vitro mutagenesis

GATA cDNAS tiatr] ffs) sfAe] dx AELZFEH mRNAE F2F F
S'-gaggagaaaataatg-3 ¥} 5'-caatttaaagtcag—3’' primerE ©|&3] full-length
GATA cDNA%E cloning 3%tk GATA f#ze] 45 AAA7]7] 9438t <
92 57 B¢9 amino acidZ Site-directed in vitro mutagenesis kit(promega)
= AR&ste] EdRol AT EAdWo] Al 919 EAdWol¥ amino acide
GbA, S45A, C226A, N296A, C301A o]t}

7] 1" AZF baculovirus vectord CMV-promoterd Az H&83p & FEd in
vitro mutagenesis 7|8 ©]835te] ATaAh HAHEHBstl-ApalDE AYe T pRNAi
vector®] U6 promoter &5 #& Wio=w Zé_‘-‘%é}oi CMV-promoter thAl AF¢dghct,
A AR BHE A45A717] Y8l EcoRI-4 S primer-geecggge— 24 5 primer-BamHI 2]
AA AF cassette® WE]Y multiple cloning sited] At FAA AHE QxR

baculovirus vector® @Aty wd CMV-promoter? HHE &83l7] 95t

Ho
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figure 24. +2AF 4% Baculovirus vector
3. WA fibroblast AlEell AZ3 GATAGEAW]) F42F #d 2 GATA F42 4%

A fibroblast AM¥ol WMol GATA FdAAE 2d A7y 8 AxF
baculovirus #E o] wildtype 2@ E4dWo] GATA FAXE AMQlete] nlo]lg] A~ A& 3}A
of 98] =% baculovirusE AZ T = GATA A 4F& A8 /A A
% A% baculovirus #WE el 5-ggcagcagtgctcagagg-geccggge—cctetgageactgetgee—3'
cassetteE Hste]l GATA FAAE ASAIZ 4 & baculovirus WEE Al#FstaL, vf
olg 2 A& HAGE wet AZEF baculovirusE AlZFSEATE AZHE Hlo]H A5 H A
fibroblast A3l FY3te] Az FAAES W& A7 G418, neomycin® & selection
3l cell lines A3}

GATA cDNAE 2usby] fls] si#e] A ALZHE mRNAE F53¢ §F
5'-gaggagaaaataatg-3 ¥} 5'-caatttaaagtcag—3’' primerE ©| &3] full-length
GATA cDNAE cloning 3tsith. @Al w12 GATA @A digh FA7F A=
HA g2 #AZ did By AHLEE Hwslr] 918te] Flagol#+ epitope tag
< A GATA cDNAe| F-zste] guid @A E 47 ddstanx shgivh
GATA FHzrel @45 AAA7I7] flste] del= 570 F-91¢] amino acidE
Site-directed in vitro mutagenesis system(promega)S AF&3lo] EdWHo] Al
ot EdWo] A7l Relel EWolE amino acidiE G5A, S45A, C226A, N296A,
C301A o]t}
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figure 25. GATA F3x#te] W3 A%
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FSH(35 pg/ml), estradiol-17f(1 wg/m)E F7FstH, 10 % FBSE #7}ste] 5%
CO2, 98~99% <%, 39T CO2 incubator oA 44 A|7F F¢t AJAH &S FE38)
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FeE XNBAR g g hPTHE Aarets d @48 dixo Ak
Abe3l7] 9Jslel hPTH F4AE 2870 s 2dsts ﬂ1 AMELE F53H=0

Q). o]= 93le] AR HMo] YO Z retrovirus vector systema AH&
stttk TRE vector®} Tet-On vectorE Aol Zgsliok oell Fxzte] e o]
o] Fo] A = FHE  one  vector  systemlE A %35} o] 71Z 9]
tetracycline-inducible expression vector®] ©HS H st on WH promoter
o] FHXE CMV promoter# 5+ ofyz} RSV promoter® /o= s}t
pLNR-PTH, pLNR-PTH-WPRE, pRevTRE-PTH- RSVp-1tTA,
pRevTRE-PTH-WPRE-RSVp-1tTA, pRevIRE-PTH-RSVp-rtTA- WPRE <]

FPN



A z3HE 570 €] retrovirus vectorE Zt7F PT67 (Clontech, USA) virus A 2HA|

H

o

o calcium phosphate B S =2 transfectiondt & F33b virusE: EHAME
GP293°l infectiond}$1t}. LNR-PTHS®} LNR-PTH-WPRE retrovirus®] 7<%
PFF Ao Aol PTH #FAA9 Hdol& kil tet systemelA A4t
retrovirusoll +9¥ PFF AZoAAN%E PTH 14 dol Feldt & A3

AT S A Fol Aol AT AT

)

)

4

o} A A E ol

A A ol 2 WHE Kato 5(1999) Wl F3ate] AAerh. dsd At
= 0.5% hyaluronidase® = 2]3}3 Hepes buffered TCMol| A pipetting & & W7+
AEE AASAY. FxFe] @382 75us/ml ¢ cytochalasin B7}F 3715 PBSel
AL AN TR o] A Alsta @3e] o = Hoechst 33342 A Asto] &1t &
3 5 FHE A AUAEE FAe Aol A YA FYPste] ol A
< FEsdoh A" o] @2 0.3M mannitolZ YA = electric

chamber®] 1.0mm 7tZ 9ol Ao Alolo] ZAAHA AAS A HT. AEY

Of

&332 Electro Cell manipulator BTX 20012 Ed%2 125V/mm, A
2busecO.® &kl 15 & FAS R 23] s S FEEAUT. 8 Fol
Aol #FAZE 93] SHuM  ionomycinel A 5E7F AFEF 1.99mM
6-dimethylaminopurine (DMAP)el A 3A17r #jE7] oA wj<ksldct. A3
o] & 3ol A &S mouse fibroblast® feeder layer cellsg HA 3 NCS
Aol Al 79 Fe] wiFS SHA FEEI widEs AESF D AXEFE AR
zAbetlom TUNEL assays &sho] sjoldbatel Aol AaEAt
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Table 25-1. o4 g A s=Awte] Aejol Ao gt

Fusion rate Cleavage per Blastocysts per
No. of oocyte
(2% +SEM) oocytes cleaved embryos
(%+SEM) (%+SEM)

429 69.1£2.8 61.3£3.9 15.5+4.1




Table 25-2. #0124 & #A #Ae AEE U ATAY

Fusion rate

No. of oocyte Blastocysts Cell Apoptosis
(%6+SEM) )
(%) numbers index (%)
248 6891+3.0 9.1+£24 36.1£11.3  7.8+0.8
gt FAAEE BA AU AESHH B}

Aelds AFozREH FA40] o]Folxl date dFAEE E2T F 25%
glycerol, 50mM KCI, 0.5mM MgCl,, 0.1mM EDTA, ImM 2-mercaptoethanol,
50mM imidazole, 4% Triton-X 100, pH 6.7 bufferd]l =% % -10C methanol®l
A BAAANHAG, 1 = 4% Triton-X 1009 0.5% BSAZF 3% PBSE 71A| 3
AAstder. oS fluorescein—conjugated dUTP  and the  terminal
deoxynucleotidyl transferase enzyme (Roche, USA)S. 2 37504 1A v &35}

o]o] A propidium iodide (PDelA 1AIZF&<F v eFsto] AMEE A} FA
TE Zstolth o] 2HFE FHolAg dArt AR FAHE WARU A EAL

ol ¥ Wol dojdS & = AU

=

R

g

v @A @ A AR EA AEA Hrt

Messenger RNA F%&  Wrenzycki et al(1999)¢] "W © =2 Dynabeads
mRNA Direct KitE AH&3st T ghefalAl Awstyd WAk = vjolE PBSolA
AH G $ A AL e -80TCo Btttz AR8-gth A8l Lysis/Binding
Buffer(100mM Tris-Hcl, pH 7.5, 500mM LiCl, 10mM EDTA, 1% LiDS, 5mM
DTT) 150utE ¥eol AEE &sAivh. 22ja A8l Ipge| rabbit globin
mRNAE 224 FFo=mx 77 dojen. A2oA 525 HoE T,
Dynabeadds Oligo (dT)25% 20uts &3d AZ7F 5o FHAl 247 Yo
FaL Ao A SEEF FERA HS olFoARES 4ot Beads® Dynal
MPC-S  magnetic particle concentratorel] 23] ¥ ™, Washing
bufferA(10mM Tris-Hel, pH 7.5, 0.15M Licl, ImM EDTA, 0.1% LiDS)300xl=

T+ W washingS @153 washing buffer B(10mM Tris-Hcl, pH 7.5, 0.15M



LiCl, 1mM EDTA) 150x4% 3 washingS @<t} Poly(A) RNAs+E 65T o A
25 <k 1040 Tris-HCI(10mM Tris-HCI, pH 752 37 wgA21 % beads
25YH &30 g o] &AL JHAAE S A ARREY. JHAE
0.5¢g/pl oligo(dT) 12 18, 10XRT buffer(200mM Tris-HCl; pH 8.4, 500mM
KCl), 25mM MgCl2, 0.1IM DTT, 10mM dNTPS Mix —1&] 3 Superscript I RT
2 HZFT EF 20pelA 42T, 505t sl 92 70ToA 1585k 1
¥ 5 FAAT

vt PCR Amplication

g=das a4 ¢S RT product 5= 33Ut 9+¢& 10XPCR
buffer, Taqg DNA polymerase 2.5 units, 10mM dNTP, 10pM sequence-specific
primersE HE%% 50ulo)l A GeneAmp PCR System 2700914 433}t
PCR cycle2 35 cyclee]al 95CX5’, 95TX30”, 55CX1'30", 72°CX1'30"°]t}.
RT-PCR products®= 1x0/ml ethidium bromide’} E9¢il+= 1XTAE buffer®
15% agarose gels< %S9 ultraviolet lightdkfooll 4 #zslsith.  ZF band9]
intensity™ image analysis program< AF-8-3l9] densitometry= =73} T
mRNA®| A&l 42 globing standrd® A i 42l & o)

At 7195 (Electrophoresis)

%471 DNA PCR WHg-A4kEel tiste] H71d5S F3stdth

471 PCR At=& 1% ob7tm2 AolA 7] sste] vk&e {75 &<lst
al, 6% denaturing polyacrylamide gel (6% acryamide solution, 7M urea, 1X
TBE buffer)S <H]sto] TEMED (Biorad, USA)¢} 10% Ammonium persulfate
= H7}ete] AL #3]a, A ZYolEE ¢ 50C7F € wi7tA] pre-runil A, Z+
Zre] PCR A& 6ule] STR 3X =29 <=9 (10mM NaOH, 95% formamide,
0.05% bromophenol blue, 0.05% xylene cyanol FF) 3uS A 7}8Fe] 95CeoA 2
-7 denaturating A7l Foll SA] A& HolFa, 1 = 6uE 74 welld] 29
3o, 1,900Voltsel A 50mA, 75W=Z  3AZFE<F SQ3  sequencer (Hoefer
Pharmacia Biotech Igc., USA)9 Al 719453}t



Table 1. Primers used for PCR.

Fragment
Genes Primer sequences (positions) size (bp)
Histone H2a 5'-GTGGCAAACAGGGAGGCAAG 207
3-TTTCCGCGGTCAGGTACT
PTH 5'- TCAGCATCAGCTACTAACATACCTG 420

3-CTGTTTTCATTTTCACTGGGATT

Histone Hza
M 1 2 3 4 5

M: DNA marker
Line 1: control (PTH=-)
Line 2~4: Treated groups (PTH+)

Line 5: somatic cells used for line 2~4

Figure 26. J213% LNR-PTH AAMEE o] &3] do]2dk F=Avk( nlnt
Z)¢] RT-PCR #A¥. House keeping -7dA¢l histone H2AE Control,
LNR-PTH AAEZ=z Ho]2]gk njutx = [NR-PTH AAEA 2ZF 2AFA
AlwE LNR-PTH #A#= LNR-PTH AAE2 o2 3k wfubLoAqnk w3 ¥
A+

2. IGF-TE wikeel H7HA A sA4vke] 2a 24}

o2 whape] kg wjoto] HE FFAITIV] flste] =HA GepRA WAt
o] &3t v Ao 100ng/mle] IGF-2& X 71sle] wiubx71x] o] wbekg- ujl
FoA ] FAEF D AEAIE Y M EAPE ] sk FHAY] HAFES £
ALt S et

il



EEelA HAE FFate] APAAA R T 18G FAE o] &3k
A WA st Rpe] B etk TCM-199 s koo A 5% CO2, 39%
9] incubatorel A 44A17F A SAIZI T A A A7 S o] 88k
A3t A]1 715 cyclohexamideol 4] 3A]17FE<QF vl FetS AlEsle] NCSU 23 8%
Mol A 30A1ZFE <t EEAZITE 30AE 2-M 2T A= AEE 3 FEkd
NCSU 23 skl 0.19% PVA 22 04% BSAE z7bstal 7b wjkenict 0, 10
%2 100ng/mle] IGF-2% #H7iste] @ag, MExs 2 MEAPE) 1o #dE

A AE real-time PCRE %39 ZA}8IA

Table 2. A& A& % Primer? sequence.

Annealin Amplification

Gene  Genbank accession nc Primer sequence ,
tem. (C) size (bp)
beta-acti SACTACCTCATGAAGATCCTC
u07786 95 391
n 3ATCTCCTTCTGCATCCTGTC
5 GGAGCTGGTGGTTGACTTTC
Bel-xL  AF216205 3 95 518

TAGGTGGTCATTCAGGTAAGG

5 AAGTTCCCAAGCAAGGGATT
Fas AJ001202 55 207
3 AATTTCCCATTGTGGAGCAG

5 CTAGAACCTAGCAGCACCAT
Bak AJ001204 55 151
3 CGATCTTGGTGAAGTACTC




7} IGE-17F #7FE v <ol A
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Percentage of blastocyst

PVA BSA

Figure 27. 2-AxZ7]e &= AEE 3]gste] NCSU 23 vjFdeo] 0.1% PVA
2 04% BSAE H7lsta 7zt wjekalnict 0, 10 =2 100ng/mle] IGF-2&
Zbet S o wiwkE7pA] o] Wt g dltd o= PVA/BSA 2 IGF-2 3719

27
ool daglel SAA Aol 7h A

wh IGF-T7F A7k kool A a2 s uf AE5e] A}

40

Number of cell:

20

PVA BSA

Figure 28. 2-AlxE7]e Qe AEE 3|ste] NCSU 23 w9l 0.1% PVA

2 04% BSAE H7}elar z+ wjekdinitt 0, 10 &S 100ng/mle] IGF-2& #H

7}0} Ao wiuE oA o] FAHEF. 04% BSAZF EA18k= v o] 100ng/ml
o] IGF-2& #H7tatlsw AxF7F Fo)A s F7haksith (P<0.01)



ok IGF-17F 27k sl gelol A waA 218 o Al £AHE

9.5 1

4.5

Apoptotic index (%)

PVA BSA

Figure 29. 2-A27]°] Q&= AlEZE 3|43t NCSU 23 W g el 0.1% PVA
22—8— 0.4% BSAE 7bstal 7b wjekeinttt 0 52 100ng/mle} IGF-25 #7tst

S wo] wjukE oA FAEZSF. 04% BSAZE EA8tE sk o] 100ng/mle]
IGF-2& #H7lstgSu A ¥AEo] gojdoz 7hastdtt (P<0.01).

eh. IGF-I7F H7hd wikedol ) daazle w AZAbEe ddd FH24e]

ENS

Relative abundance of Fas/Bcl—x
o
~
T

0.2

BSA

Figure 30. 2-Al%7] 3= AEE 3s8te] NCSU 23 vjeiel 0.1% PVA
5<& 04% BSAE #H7bstal Zb wigenitt 0 52 100ng/mle] IGF-25 H7}s)
FE o] wiwtE A MFTEALE #FHE f129 L3, 04% BSAVF A=
d) eloll 100ng/mle] IGF-2 S @t Fas/Bel-xL
o] v go] frejHew At (P<0.01)
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vk IGE-I7F H7be wfgetoll A 22z v AlxEAbde] dds {2t

ZA}

Relative abundance of Bak/Bcl-xL
o
~

0.2
PVA BSA

Ir

Figure 31. 2-MX7]ol] &= AEE 3]Fste] NCSU 23 wj ol 0.1% PVA
& 04% BSAE #H7bstal zF wjkdwitt 0 =2 100ng/mle] IGF-2& 7}t
= we] wiRkzolA el AEAbE B FAAe] BE. 04% BSAVE EAste
ko] 100ng/mle] IGF-2E #H7lstdSuwl Al ZAFE #-d {32 Bak/Bel-xL
v go] frojAow sttt (P<0.01).

ﬁ:;&J}o{

3. Polyamine®| z}z} == 2314 2 polyamined A AAH S o
w421 DFMO ¢F CHAE dide H7tstaS o Axe] dd, Nxg ¥
51

AEAE AEAbde] HAE FAAe] o] A= FF 24}

Polyamine2 #& 12k aliphatic amin® 24 A|3E 2] #3}e} F2]o] djsh
of 28-S doFity 1R o]y FAde] Wwdd ik L JIFS L2
A Eo] ¢4 G IS EdfE AMS] Bkt
=S5 FAaE dadte] APFAA EREEE $ 18G FAIE o] &8t
£ 3 i Fato Al 5% CO2, 39%=
9 incubatoroﬂfﬂ UANZE A AT dasd daeE A7ATHE o] 83519
A3 A1721% cyclohexamideol A 3AIZFE < w3l Al&3te] NCSU 23 #i <
Ao Al 30AIZFEF WAL 30AIZFE 2-AIEV] ] e AEE 3|5
NCSU 23 wiFdel 04% BSAE #H7kstar 2z wiFedwitd  putrescine,

spermidine ¥ spermineg ¥ 7}38F1 2™, ® putrescine, spermidine ¥ spermine



o BAlE 7tk 24279 AL wiwtE7bA o] whds ) wjnbEoA o] F
Az, MEAFE D Al EARE] #ofsts fFdAke] WS real-time PCRE &
ako] FAbsATH

1 2ol polyamine?d Aol JA 2420 DFMO ¥ CHAE wjgode] X7}
sts W TGS Y, MEs B AEANE R AZAREe] #ost= FHAL
228l 3 polyamine®] AgAol] #oIst= &4< ODC spermidine synthase?]
mRMA 2d-& AR

Table 3. 8o AFEE primer? sequence.
Genbank Ann. ]
Genes. .Sequence Size
acc. No. Tem. (C )
5'- gtg gca aac a ag gca a
Histone H2a BF703857 gie & 88 gag & 60 391

3'- ttt ccg cgg tca ggt act

5'-gga gct ggt ggt tga ctt tc
Bel-xL AF216205 g8a g¢t g8l get 18 55 518
3'-cta ggt ggt cat tca ggt aag

S'-cta gaa cct agc agc acc at
Bak AJ001204 60 151
3'-cga tct tgg tga agt act ¢

5'-aag ttc cca agc aa a tt

Fas AJ001202 g £ & 88 60 207
3'-aat ttc cca ttg tgg agc ag
5'-gag gca gac ttc ttg tat gc

Caspase 3 NM_ 214131 gag gea & g g 55 236
3'-cat gga cac aat aca tgg aa

S'-cac gcg tat taa cgt gta ga
OoDC U36394 88 s 88 60 263
3'-cag cag ttg aag cct tta gt

Sermidine S'-gca gta aga cct atg gca ac
BC000309 55 293
Synthase (£ 3'-gct tgt aac act tgg ttg gt




7}. Polyamine®] Z+ F+AA & 3 putrescine, spermidine, spermines 21z} 0,

0.1, 1, 10uM H7latle wf wiizsxe] wage] %A}

60 1

—e— putrescine
—m— spermidine
—&— Spermine

Percentage of blastocyst
~
o

20
0 uM 0.1uM 1 uM 10uM

Figure 32. 2-AlZ7]o] & AEE 3|538to] NCSU 23 sjkedo] 0, 0.1, 1,
10uM @] putrescien/spermidine/spermineS Z+zF A 7lstgSu] wiHbE7FA o] 2
24 01 2 1luMS #rhdeds dE2a(0uM) ¥ 2ol 7 il oy 10uMS 37}

< wol= 2eEo]l Fad (P<0.05)

1}, Polyamine®] Z+ A4 3 putrescine, spermidine, spermines 21z} 0,

0.1, 1, 10uM 3 7Fstole o) wjRbEzol A o] A E0] ZA}

—e— putrescine
—— spermidine
—&— Spermine

Cell numbers
w
[6)]
;

20
0 uM 0.1uM TuM 10uM

Figure 33. 2-AMx7]o] A= MEE 53kl NCSU 23 #] A 0, 0.1, 1,
10uM$] putrescien/spermidine/spermineE Z}Z} 718t S wo] AE4 01 &
1TuMS H7H8S w= g2 OuM)T 2ol 7 9ot 10uMS ?47}6“ ff of] =

MEZF7F 28RS 7438 (P<0.05).



t}. 3709l polyamine (putrescien+spermidine+spermine)®] &A= 0, 0.1 %

1 uM A7bekgl e w E A o] e ge] Al

70 1

55

Percentage of blastocyst

40

0 uM 0.1 uM 1 uM

Figure 34. 2-AX7]o] A= AXEE 3]F3sle] NCSU 23 wjFedol 0, 0.1, 1luM
9] putrescien+spermidine+spermine HZAE H7ISR S we] HdEE 01 2
IuME H7F s de g2t (uM) I o vl&)] ddgo] fFodo=z F7tstd+

(P<0.05).

2}. 3709l polyamine (putrescien+spermidine+spermine)®] &A= 0, 0.1 %

1 uM A7H9E o Rz o] AT 9 AEAEY 24}

60
1%}
[0}
k= 0o uM
s 0.1 uM
© 1 uM
£ 30 miu
kS
©
R
i /

0 _ ]}

Cell number Apoptosis (%)

Figure 35. 2-Al3x7]o] &= MEE 3|53t NCSU 23 wikel 0, 0.1, luM
9] putrescien+spermidine+spermine HFAE H7IEAS weo] AESF 01 E
M-S A7Hle wie Az OuM)H o His) AEZ5rt froldos Srhekdlal
A EAPE L ol o 3H48 35 (P<0.05).



v}, Polyamine ¢ A4l A4 &42 DFMOE 0, 5 10 2 20mM

Wbl e W MuREbA o] g 24}

~
o
1

0O omM

Effect of DFMO
w
I3

0
Cell number

Figure 36. 2-Al37]°] A= AEXE 3]53ke] NCSU 23 vEel 0, 5, 10, 20
mMe] DFMOE H7tg& weol miirxzbxe] webgat mjirxoAe] Alxs

DFMOE #713S o Bd g 9 ANEFE Lo gEFHoE 7HA39 L.

v}, Polyamine ¢ A& #4AF e dAa4< CHAZ 0, 0.05 05 % 1.0mM

bl e W MEREbA o] g 2A)

%2 al1rrM

Figure 37. 2-Al3£7]el] Q= AEE 3|438te] NCSU 23 Hjkeiel] 0, 0.05, 0.5
mMel CHAE #7Hig wel wwEsxel wags wuzese Az,

CHAS #7HS o 22s 3 AEFE g2 oEHor 3AasAs



A}. 371¢] polyamine (putrescien+spermidine+spermine)?] A= 0, 0.1 2
1 uM #H71e9S w AlEZALE #BostE= F-A A} Fas/Bel-xL,
Bak/Bcel-xL % caspase 3¢ polyamine®] A4 €49 ODC #
spermidine synthase ¢ mRNA W&ol nmx&= o

25 |00 uM a

-
i

2

H2a Bak/Bcl-xL Fas/Bcl- Caspase OoDC SMS
xL 3

Effect of polyamines on mRNA
expression
ol

Figure 38. 2-AM3E7]o] A& AXE 343t NCSU 23 wjgedo] 0, 0.1, luM
9] putrescien+spermidine+spermine &3S H71E RS wlo]l A EAPH] o]

et kel 2E. (P<0.05).

o}. Polyamine ¢ A&gA#AAe dA&i2 DFMOZ 0, 5, 10 2 20mM
A7TSA S w MEAIEA #HoJstE A Fas/Bel-xL, Bak/Bel-xL %
caspase 39 polyamine®] X34 &< ODC % spermidine synthase 2
mRNA 2o vA= 9

a

3.5 1

Effect of DFMO on mRNA expression

Figure 39. 2-Al37]el Q= AEE 3|53kl NCSU 23 HjeFeel 0, 5, 10 %
20mMe] DFMO 7bshel& wle] AEAbE] dojsah= fdxke] wd. (P<0.05).



Z}. Polyamine ¢ A 4ol A& 42 CHAZ 0, 0.05 05 2 1.0mM
A71e9 S Wl Al EAREC #olstE F A2 Fas/Bel-xL, Bak/Bel-xL %
caspase 3¢ polyamine®] A §A @49 ODC ¥ spermidine synthase 2

mRNA 3ol nx=

0OomMm
0.05mM
00.5mM
H1.0mM

%
|
%

7
H2a Bak/Bcl-xL Fas/Bcl-xL Caspase 3 SMS

Effect of CHA on mRNA expression

(

Figure 40. 2-AM37]e] Q= AEZE 3|48kl NCSU 23 wjEde] 0, 0.05, 0.5
2 10mMSl CHA #7btde wel AsmAdel #olshs faxe] 2d.
(P<0.05).

4. A 2] A A A H genomic activation¥# A x| &l

A HA TG A Quf el A 24327 9 iRk
ol ZAlsTh #H A S FAHTS o] &dto] HAA
ol A o] njole] Wt W genomic activationo] #o]steE FAAE 2 A 2*%]_“‘{
716F vk o A 8] Fpolub= FHAE APC ‘”"?3% Eokol wlwEA s Ak 17}
mRNA = wjwbx ol 2412 7|9 MER2RE 2= 39, 1207129 ACP-primer
= Abg3FQlt). first-strand cDNAZS template® 3}9], second-strand cDNAs =
A3 3L, arbitrary ACP primeret dT-ACP2E o]&3le] PCRE S35ttt
PCRe #H WA 9A= 65504 838191, olo]A 55504 40 cycleE +3)

a3tk A719E, cloning 2 A7IMEE A A A wiRkaEe} 24| £ 7] 9] Al E

M Mz v2A Tdet= 9] FHAAS ST AT g FAAES
Al RT-PCR % Real time PCRE Fd§o=x A3E E‘r/\] W HSshe=



ZAPEAE AR A3 9] F
bt the BRAHoR AMEEI

AAbs 25 ACPolA 9 22 2d Fds

e APEEL A FHBE olgatd]
o] 9719l FAAE real-time PCRE E3}4 t}A] &35t}
table 4. h=A B H = FAAe H=.
) ) Genbank acc.
Funtional role Identix Clone Homology
no
Cytoskeleton GDP-dissociation 1 U07951 Mouse 89% (1223/1363)
reorganization inhibitor 2(GDI-2) AF0273 Dog 88% (1182/13)
Myotubularin related
protein3 NM_001494 | Human 87% (1185/1357)
(MTMR3) BC002834 Rat 85% (BC061767)
Intracellular mediator | C7 | NM_021090 | Human 95%(305/318)
containing kelch AK122261 Mouse 91% (281/307)
motifs C8 | BC002834 |Human 89% (BC002834)
(MKLNT1) U72194 Mouse 95% (309/324)
Peptidyl arginine NM 031359 Rat 92% (301/324)
) deiminase C15 | XM 372767 | Human 87% (217/248)
Nucleocytoplasmic
aff (ePAD) XM 233601 Rat 80% (264/330)
raffic
BC053724 | Mouse 78% (313/397)
. Nucleoporin 88 Cl12 | AJ532593 Mouse 91% (515/565)
Nonsense-mediated
(NUP88) BC000335 | Human 90% (517/572)
mRNA decay
NM_053616 Rat 89% (508/565)
L UPF3 regulator of | C21 | NM 023010 | Human 82% (146/178)
Cell migration &
" i nonsence XM 233312 Rat 80% (135/167)
cell cycle
y. transcripts homolog B XM 110787 Mouse 84% (81/96)
progression )
(UPF3B) C25 L25886 Bovine 90% (196/216)
Integrin alpha 2 NM 002203 | Human 88% (188/212)
. subunit AB067445 Rat 81% (176/215)
Unclassified
(ITGA2) AKO051050 | Mouse 80% (173/216)
C16 | BC009348 | Human 93% (405/435)
NM 011574 | Mouse 88% (359/406)
Cirrhosis, autosomal XM_214663 Rat 89% (317/354)
recessive 1A C27 | AF151898 | Human 90% (325/360)
(CIRHIM) AKO010893 | Mouse 88% (290/326)
CGI-140 protein XM 2138 Rat 88% (288/32
(CGI-14




table 5. Sequence-Specific Primers used for Quantification of Differentially

Expressed Transcripts.

Cl1 Pig Forward 5'-CTGGGGCTGTGTGCAGTTTG-3' 170 AY553929
Reverse 5'-CCAAACGCGTAGCTGTGCTG-3'
Mouse Forward 5'-GACGCCAACTCCTGCCAGAT -3' 188 U07951
Reverse 5'- GGTTCCAAAAGCTCCAGGGC-3'
C7 Pig Forward 5'-TGCCTCCCTCCCTCTTG-3' 237 AY553930
Reverse 5'-GCTCTTGGCTTTTGCCTGGA-3'
Mouse Forward 5'- GGCCCCAGCCTCTCTTTGTT-3' 238 BC032166
Reverse 5'- GGACTTGGGAAGGCAGCAGA-3'
C8 Pig Forward 5'-GGCTTTTCGGATGTGGATCA-3' 231 AY553928
Reverse 5-TCTGGTGCAGTCCTCGGTCA-3'
Mouse Forward 5'- AGAGGGGGCCATCAAATGGT-3' 175 BC013703
Reverse 5'- GACACGATCTGGCACTCGGA-3'
Cl12 Pig Forward 5'-AGGGAGATTTCAGCGGAGGG-3' 112 AY553927
Reverse 5'-CGCTCAGCCATTTCCCGTAG-3'
Mouse Forward 5'- TGCCAACCCAGCATTTCTCA-3' 167 AJ532593
Reverse 5'- TGACCCTCCGCTGAATCTCC-3'
Cl5 Pig Forward 5-TTCTAATGGGAGGGAGGCCC-3' 173 AY553925
Reverse 5'-GCTCCAGGCAGAAGAGCTGC-3'
Mouse Forward 5'-AACCAGCAGAGCACCAAACT-3' 224 AF529423
Reverse 5'-GCACAGACGTCCCCTATGTT-3'
Cl6 Pig Forward 5 TCCAAAATGCCAGCGTTCCT-3' 124 AY553924
Reverse 5-TGAAGCTTCCCTCCAGCAGC-3'
Mouse Forward 5'- TTGCATACTTTCCAGCCGCA-3' 201 NM 011574
Reverse 5'- GTTGTTGGTATTGGGGGCGA-3'
C21 Pig Forward 5'-GGGAGCGGGATTATGAGCGT-3' 100 AY553923
Reverse 5'-TCATAGCGCTCCTTCTGCCT-3'
Mouse Forward 5'-AGGAAACCGGAAAAAGGAGA-3' 227 XM_110787
Reverse 5'-ATCATGCGCTCCTGATCTCT-3'
C25 Pig Forward 5'-AGCAGCAGCATCACAGCCAG-3' 245 AY553922
Reverse 5-TAAACTCCGGACCAGCCAGC-3'
Mouse Forward 5'- CAAAGCATTGCTGACGTGGC-3' 167 BC065139
Reverse 5'-TCCGCATCAAGCGTCATGTT- 3'
C27 Pig Forward 5'-CCCGCCCAGTGAGTGTAACC-3' 297 AY553921
Reverse 5'-AGAGGGGTCCAGGATGGGAC-3'
Mouse Forward 5-GGGTTGCTGTCTACTGCTCC -3' 115 CK129509
Reverse 5'- AGATAGGACATCACCACGGC-3'
H2a Pig Forward 5-GTGGCAAACAGGGAGGCAAG-3' 177 BF703857
Reverse 5'-TTTCCGCGGTCAGGTACTCC-3'
Mouse Forward 5'- TAACGGCCGAGATCCTGGAG-3' 196 U62674
Reverse 5'- TGGCTCTCCGTCTTCTTGGG-3'
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Figure 46. Laser scanning confocal microscopic images of chromatin and
microtubules in porcine oocytes following pig somatic cell nuclear transfer
(X630). A) Soon after NT. B) At Sh following NT. C) At 18h following NT.
D) Nuclei numbers of NT blastocyst.



Figure 47. Laser scanning confocal microscopic images of chromatin and
microtubules in porcine oocytes following pig somatic cell nuclear transfer
under delay-activated condition. A) Soon after NT. B) At 1h following NT.
C) At 3hr after fusion. D and E) Chromatin developed into two or more

pronuclear-like structures. F) At 18h following NT.

-

Figure 48. Laser scanning confocal microscopic images of chromatin and
microtubules under simultaneously activated condition. A) Soon after NT. B

and C) At 6h following NT. D)
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. mGM-CSFE7F Al25ell v = 3

10ng/mle] GM-CSF& BSA7Zl ¢l wlgde] H7tetals o cleavages &
S7bekA ekskont wimbEZpA o] Mg e fojHom A Zth (Table 4,
P<0.05). NCSU 23 ujkele] 5 mM2| glutathione®t GM-CSFS H7Ft1S
GM-CSFY+ #7batd s wimth winkare] FAJo] fojshAl = At e
mGM-CSFE stz ol A o] AEFE F7HA17]1A] %8kt

mGM-CSFE  51%]  8o] A ykzpe] wh
(Table 5). & NCSU 23 uj ol glutathiones 7tk mGM-CSFE 715
92 W morula X MMEAA ] WIS BAHow FPYAZOon WY 3 A

of wpeFelo] FBSE H7HhAS Wi wee] fod G vk

2k, mGM-CSF7} 273 faxke] wao] X = 3

mGM-CSF= BSA7F EA413H= vl A &
3 oh(Fig. 49 & 50). 23 BSAZF ¢l NCSU 23 #jkeio]l mGM-CSFE %7}
g AHdRE FAA LIF-re 2ds gAY a8y SGLT-13%
IL-69] T3loll= s vAA Eepaith

d

Table 6. Developmental ability of porcine parthenotes after 7 days culture in

NCSU 23 medium in the presence of BSA

Percentage of embryos

[MGM No. of embryos developed to Cell

~CSF] examined (r) Cleaved Morulae Blastocysts mumbers
0 200 (7) 73.2£5.1 23729 155£1.9 50.8%+59

2 mM 111 (5) 8l 75 271+£39 163 2.1 51.2+34

10 mM 196 (7) 78.6+6.8 26.8+3.3 17321  41.246.5
100 mM 95 (5) 71.0£3.5 23.0+5.3 196431  42.649.1




Table 7. Developmental ability of porcine parthenotes after 7 days culture in

NCSU 23 medium in the absence of BSA

Percentage of embryos

[MGM No. of embryos developed to Cell
~CSF] examined (r) Cleaved Morulae Blastocysts mumbers
0 159(5) 431451 0 0° n.d
2 mM 73(3) 41.4+73 99+2.0" 53+21%  36+7.3
10 mM 162(5) 495+52 11.2+3.2* 6.3+1.5° 38+8.5
100 mM 81(3) 52.0+3.5 124+2.1" 81+3.0° 37£5.5

Table 8. Developmental ability of porcine parthenotes after 7 days culture in

NCSU 23 medium in the absence of BSA

Percentage of embryos
Supplement No. of embryos developed to Cell

. . b
to medium examined (r) Cleaved Morulae  Blastocysts numbers

Control

_ 85(2) 75.043.1%  32.3+4.1% 225+25% 42.6+8.1
(with BSA)

Control

(without 222(5) 45.6+25° 0° 0° n.d
BSA)

GM-CSF 216(5) 51.6+36° 23+04% 14+02% 34.3+84

Glutathione 273(5) 585+5.6° 12.1+3.7° 7.0+1.6° 36.6+55
Glutathione

+GM+CSF

248(5) 61.8+6.1° 21.9+45" 14.1+1.8" 38.7+5.1




Table 9. The developmental ability of porcine nuclear transferred embryos

after 7 days culture in NCSU 23 medium in the presence of BSA

Percentage of embryos
Supplement No. of embryos & Y
developed to

To medium examined (r)

Morulae Blastocysts
Nothing 24 (2) 0 ¢ 0 ¢
Glutathione 85 (4) 9+ 43°¢ 5+ 21°¢
GM-CSF
. 89 (4) 21 + 36° 15 4.1 °
+Glutatione
Dual cult
Hal G es () 39 + 63 * 98 455 °

systems*

b,c Different superscripts within columns denote significant differences (P <
0.05).
* Dual culture system : NCSU 23 + 23 (3 days) and NCSU 23 + fetal

bovine serum (4 days)

L PN12234356

Figure 49. Semi-quantitative RT-PCR analysis of SGLT-1 (Lane 1,2), IL-6
(Lane 3, 4), and LIF-r (Lane 5, 6) in blastocysts cultured in the presence
(Lane 1,3,5) and absence of mGM-CSF (lane 2, 4, 6).
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Figure 50. Relative abundance of SGLT-1, IL-6 or LIF-r mRNA expression
in porcine parthenotes after 7 days cultured in the absence (A) or presence
(B) of 04% BSA 2% BSA. Open bars, control; Black bars, mGM-CSF

treatment.

6. Epidermal Growth Factor (EGF)7} #H1#] ©@¢2Adxte] whaby) A ZAbg
D A FEAFE] EALH| THEE fAAte] wrde njx= 9

HA E2AE AYgASAIFT AAFoRE GeddSs fFESATH
cytochalasin BE 3A17F X gld o 24 diploid &2 AAGAS A} 4847+
ot 0.4%<] BSAZF 7 NCSU 23 s FH o Al v st 4-cell stager-E] BSA
7 EAEAY0.1% B 04%) e EAEHA] 8= NCSU 23 Wikl EGF&
10ng/ml H7Fgo 2 a4 vlaat3 A g atAbolel Aewbd, vt o] e FA 25

=
Al zARE B A EARE ] Fofshs Fxke] wde] FEFe] A=AE 5/\}3};:;1;}_

7t EGF7} 4-cell stage®] s T4y whape] whdkel] mjx= %

0.199 0.4%°] BSAZ} EA13H= NCSU 23 vl aol Al BSAZF gl wladol
AR el o s B2 d-cell stage®] =iA D9 dATE winE/RA] dE
skl th(Fig. 51, P<0.05). 22tk BSAZF EAlsts wi el 10ng/mle] EGFE

A7retsls W wiRtEzbx o) W as FPAI71A ekt

=



th. EGE7F 4-cell stage®] =A @A wxpo] A xago AlxAbdel wXA=
93

EGFE BSA7F & i wintire] Axys Z7HA171A Bttt
(Fig. 51). 184 0.1%%F 0.4%°] BSA7} EAlsHE vl G ol A= siukare] Al
TE T8 F7HA H THP<0.01).

TUNELE o] &3le] MEZAIES A tHEFig. 52 & 53) BSA7F &4 384X
g gl EGFE sivrEe] MEZAIES AAEA el 2y 0.4%
°] BSA7} EA18k= NCSU 23 v g o= EGFE #H7tstls o winkazoel A
of AEAIES Alsh= Aoz YERETHP<0.001).
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Figure 51. Percentage of 4-cell stage embryos that developed into
blastocysts in the presence or absence of BSA and/or EGF. Open bars,
control; Black bars, EGF treatment.
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Figure 52. Number of cells per blastocyst after 5 days culture of 4-cell
stage embryos in the presence or absence of BSA and/or EGF. Open bars,

control; Black bars, EGF treatment

Figure 53. Laser scanning confocal microscopic images of total nuclei and
fragmented DNA in porcine blastocysts following parthenogenetic activation
(x 400). A) Total nuclei of 0.4% BSA group. B) Fragmented DNA of 0.4%
BSA group. C) Total nuclei of addition of EGF in 0.4% BSA group. D)
Fragmented DNA of addition of EGF in 0.4% BSA group.
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Figure 54. Degree of apoptosis (apoptotic cell no./total cell no.) in the

blastocysts after 5 days culture of 4-cell stage embryos in the presence or

absence of 0.4% BSA and/or EGF. Open bars, control; Black bars, EGF

treatment.
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Figure 55. Relative abundance of Bcl-xL (A) and Bak (B) mRNA

expression in porcine parthenotes after 5 days culture of 4-cell stage embryos

in the presence or absence of 0.4% BSA and/or EGF. Open bars, control;

Black (B) bars, EGF treatment.
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Slordl dET T T AEI AGstA FAE L A AEdoe] wddk ARt
= st B Aol A FAE T HA FAao A AlAdg AeAdaE b

o g 5E Tt
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&, cloning ¥ A7IAEEARAE S AX vAdsHERe] ol {1171 A
Szte] Bold FHA 13/ME FAEF A A FHAT sl A
Soldow By FHAAE ) Addete] A 2 2o|vjere] 7w
GA o e wjofES thA] RT-PCR ¥ Real time PCRE F3&d oz Ay

rﬂ =

oAl B AEsE ZAAGAE AFY. 29 1Y FAxE BEF ACPOA 9
2o d FEs YUET v RE-o R AEEHI e AdsEd AFAY
TAHE o] &3] o] 479 FHAAE real-time PCRE #4319 <.

table 10. ® A W]/ds5do A Solxow Iy

, , . AK036040 |Mou. [262/284 (92%)
hypothetical Cation channels (non-ligand gated) 131/141 (92%)

containing protein AC091100 |Hum. [112/118 (94%)
34/36 (94%)

AC108751 |Hum. |20/20 (100%)
AC133204 |Mou. [18/18 (100%)
AK093297 |Hum. [187/211 (88%

fr

F27

f

3 BAC RP11-278L15

Tenr mRNA for RNA binding protein

)

X84693 Mou. [164/186 (88%)

AB098977 |Bov. [379/408 (92%)

NM_003746 |Hum. |366/404 (90%)

cytoplasmic dynein light chain 1 234/250 (93%)
BC034258 |Mou. [43/45 (95%)

20/20 (100%)

clone RP5-991B18 on chromosome AL049541 Hum. {19/19 (100%)

20013.11-13.3 Contains a putative novel
gene, ESTs, STSs and GSSs

AL953842 |Zeb. [21/22 (95%)

261/284 (91%

BCO06569  |Hum. 187§199 %l

. . /202 %

N-myristoyltransferase 1N-myristoyltransferase 1|BC016526  |Mou. 28 & %g

AF500494 Bov. 158/164 (96%)

AJ492222 Rab. |156/164 (95%)

latipes OIGC—R2 gene for guanylyl cyclase AC009646 |Hum. [18/18 (100%)
Cisplatin resistance related protein CRR9p XM_229475 |Rab. |43/45 (95%)

(
AK032295 |Mou. [43/45 (95%)
AK128462 |Hum. [48/54 (88%)
AY007685 |Hum. [48/54 (88%)

AL160396  [Hum. [12]413R483%)

AC104326 |Mou. [22/22 (100%)
AC115118 |Mou. [24/25 (96%)
AL935115 |Zeb. |23/24 (95%)
NM_020189 |Hum. |517/534 (96%)
DC6 protein AK032957 |Mou. [501/534 (93%)
XM_216913 |Rab. |453/484 (93%)

clone RP11-569D9 on chromosome 13

BAC clone RP23-84N24 from 5




table 11. S| A AsdolA Solxow AHH = FHAE
[ dentity Clone #GenHank acc. @ | Homology (Ya)*  Species
Hepaths B vines 1 interactng protem (HEEIF) 2 AKO03I5S BLE0AESE) | Mowse
KM _006402 I76M30(T%) | Human
Hypothetscal Canon channels (pon-ligand 3 AC091100 ITHI95 (M%) | Human
gated) contaning protein AKN36040 262304 (92%) | Mouse
Ghtamyl-prolyltRNA synthetase (Epre) T EM_129647 4BI5T (920 Mouse

TM_213969 | 45/52(92%) | Rahbit
HM_D04446 HVST (B7%) | Humam

Clome RP44-428H14 0 AC129961 | 444510 (B6%) | Porcine
Clore RP11-1%403 on chromosome 6 13 ALI33319 426 (92%) | Humam
contamesTEs, ESTs and (G85¢ . . |
Mitochandrion 16 AFI3Z53 415 (91%) | Porcine
Transerptson factor TZP (TZF) 19 AY037523 | 118127 (95%%) | Human
AKOII017 150123 (9984 | Mouse
B.AC clone 35K19 (LEML HL79) 0 ACIDSES 81321 (B8 | Humean
ACN96226 |84/222 (8% | Ruabhit
Clope 35186 Il |AF131831 1134126 (8%%) | Humean
BCOH0TY | 103120 (B9%) | Mmuse
Armenin A1 (ANXAT) 21 [NM_00403% 263281(94%) |  Humean
HM_174716 MM | Bovae
BCOMESY | 186/202(92%) | Mouse
Hrpmoa-nducihle protem 2 (HIGI) 23 [BCOOEST3 H5122{4%) | Human
ACII4D | 2M2NI00R4) | Mose
BAC clone RP11-30B23 from 4 5 (ACIT9ERT 1472 (100%) | Humean
B4 TME 2425 (96%) | Zehrafish
ATPase f 2 AFI4I00 13W139(98%) | Puorcine

table 12. Real time PCRell AR89 si#] B vh$-2 fxd2ke] primer

[ S Prmer raquence iﬂﬁﬁ Mmj_:mafm: ]EL::
fituon ize | PE |7 CTOOCRRRCATOACIEARES | oyt | arc |17
Vs UNCSIOOIUTOTINES | G | e | 1
e el v e P R
hdl e A P R
oz | P8 EEACOSMOTCCTIOUCACT | i | e | ies
Mews | SCACEOAPTICRTSCION ] | mommary | are |

7l [Pg | F STICTICCCCAOADTCTOCTOT-3 : i _
HiGz R SACCACOAODACATCCAAQTOC | AYTIAIR | orc | 169
Mesade B A AT CTATOTOCTOOOSATE S

| F =2ACTOCTOROHIAT RRATROT.0 | AF 14131 | = | 172

Pig | F SOTATTCOTAATACCCAAAGT.]
AiFmed | | B ATOOGTOYOAATOAGTOTOgrY | AFIMN0 | 37C | 190
Mousr P 20T R A, TR, T, o, T DT AFI9I6T? i 114

B STTCCTTOT D0hAA R AA TTFF-1
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8 A wjobe] wiwkx oA SojA o WHE= Frze] FH

oS el A L A%

ESAAM midEe tseaRE dAas st A9gds fFEs ued &
of AAlEATt F =FNA =5 HA dAE 5Fste] 39T HA A4S
F7F Eolde Hewol ol 1A ool Add R Rtetth 9t dAae
A B AAFE AHT g 70 % SFAEAE o] &3l i WS
253 thy, 18 gauged] FAMHE o] &3to] 2-6m 7|9 TRAIGEAA 3 4H
GES F odTAEsE AEsA FAET G Axde] #dd A A

of B AgolA FAEAT

n| A st A )4 <52 TCM-199 (Sigma) HjQFen o 2 0.014mM
sodiumbicarbonate, 2} 0.2ml/100ml prnicillin/streptomycing % 7}8+al, hormones
SLH10 pg/mb), FSH(35 pg/ml), estradiol-17((1 pg/ml)E H7FskH, 10 % FBSE
A7kl 5% CO2, 98~99% +%, 39T CO2 incubator 14 44 A|ZF &<t A9 A

=
%e fEshan.



. s A wjoke] 241 7] 9 owiwkaE o] 34

=H 2= AVAFHE o] &35ty EA43 A 7S cyclohexamideol A 34| 7+
et wjgeS Al&Ete] NCSU 23 ujFoo) Al 304 7HE <t dEA 71T 304 5
AEZE 3 3te] 0.1% PVAZF 23H PBSolA AWl A#s &
AT 70%A Aol FAZWEA] Byl sk A

t}. RT-PCR % Real time PCR

Zr mRNA & WNEE9}L 24%7]9] AMEXEHY EE sz, 120719
ACP-primerZ AFH&3FAt}. first-strand cDNAZ template® 3}, second-strand
cDNAs & #4311, arbitrary ACP primer®} dT-ACP2Z o]&3}o] PCRZ
gatsitt. PCRY A WAl @Al= 6550l FasklaL, oo}x 55kellA 40 cycles
FAsh 4719%, cloning ¥ 971G E R4S AA uwzg} 2A1]E7]9] AL

o4 A v wdeks 97le FAAE FAUS 9tk HIH FAREE A
RT-PCR ¥ Real time PCRE $#30 24 Avs th] 3 %%é}% ZAAE
ARk A% 99 A B ACPAASH 2 wE P4e et e na
How AgHm Qi APELI A FHAS g3l o 979 FAAE

real-time PCRE %3}o] tfA] &lseint



table 13-1. i#] wjoje] wjRkEo A Sojzow wash= Fd4HE (1)

Sequence homelogs
Rmctional rok (&iﬁ?@j W Gﬁ*ﬁyﬁﬁm Species :ﬁfﬁ’{j
Prmteiny CRELY | AVSS0065 | Rbosmalpootei, brge TL (MM 01525 | Mopsgdws, | 207210 003
sthess 045 (242 | AVA067 | Rbosomalprien L (BOOOGS12) Hapiee | 20802 B1¥)
C43(266) | AVSS00GE | Rbosmalpmiein S16 (EOIOTT) Hapize | 205217 M%)
CAOES) | AVSSOOM | Rbosomalpmtein SX (¥51537) Eomegios, | 29512 509
CSB97) | AVSSOT | Rbowmalpmten S0 MDD 174204) | Biamis | L4VLE 2
OO0 (FEE) | AVSSOOTS | Rbosmalpmtein SEa (ABIDSEED) Bingus | IHE5 MW
CEIEIS) | AVSS00SE | Rbosomalpmotein S5 { AFEITEN) Etagus | D606 003
76 @61) | AVSRMH) | Rbosmalpootem L7 (BOD0ESS) Hoapize | 399831529
C77(01) | AVERM] | Rbosomalpootein S (AR Btams | 193000 43
CE1(537) | AVAMZ | RbosomalprteinLll [EBO015970) Hoapize | 50853 4%
COP(578) | AVSME | Trreltinfucta sul (B COOS96) Hoapize | 556578 967
Cl0 (58] | AVHI3S | RbowmalpotenLll (M000975) | Hoapies | S4LST6 (550
CI02(40F) | AVS944 | 60G Rweomalproben I35 (ABDSSES4) | S.corfa | 4067 (9974
CI06(611] | AVS9MS RbowmalpotenLl? (MDLOOOSTS) | Hoapies | S305TL 2%
C109 (452) | AVSM6 | Rbosomalpmtein S11(BCOLMEY) Hapize | L4157 91%)
C112(405) | AVS9030 | Polymerse Ipokpeptide C(BO00E1S) | Hoapies | 139130 (507
Einopthes O MG3] | AVIS00E9 | Spermidine spdhese (B 053106) Hoopias | 243274 90%)
CEE D) | AVSO0E (NI‘;'[_.ITHIJ AR £ oame | G3TEOTR1)
CI04(364] | AVSSO0SS | AmipdBMAcmilemse D0 OD957) | Hompies | 302336 020
Thebesifled | posigpeny | avssoos mj proei LOBESE | o o | oo e
CET(10M] | AVS90X | Cpenresliwfome 100 (MMOSS6E) | Hoapies | 269500 227
COB ) | AVSN0X | Coikdcolbelor CHCHDS (MMLO17812) | Hoopies | 178200 E5%)
CI0(571) | AVS9002 | COLS1pooten (BO011621) Hapiee | 305430 0%




table 13-2. sj%] wjole] w3y ox Eo]q oz Wdsl= FHAE (2)
Serqpuence homolozs
ESTrame JES NS Crarie or EST Dresription Base paw
Fumcticnalrole | (langthinbp) | A Ho. [ CepBapdy S Mo Species Tifatch (34
Signal C46 (226 ] A0S | TREAf1ced gae (AFD0E 5G] H.sgpime | G36713 #9%)
085 28] LTEA05E | Scarengerecepor clare B2 (MM _005306) | Hoopime | 3MET2 ETH)
Co0 @00 ATFRANE] | OTP hinding pmted Reh S5 (718420 ) H.ocmpime | 2P0E02025)
Trane ciption 064 (807 ) ATEA06] | Bhpotuticnl proted (A FS26R00) 2. ool JENTAD [PE)
D65 [@56] ATEA0E2 | Polymerase Dpolypeptide I(MM 006252 | H.oopime | 288518 (00%)
ChE E13) ATSAN0EE | FEP-intemcting rapmessor (B OEH 55 ) H.oogime | 20025 @95
C110 (250) LTEA064 | TED-wsodated factor (008513 H.cgpime | 206217 (943
Crytoskelatan C34(771) ATEA0EE | Dyosiiregalabory hobt chadn (BOOMPM ) | Hoopime | 402455 (B854
052 @520 ATSA06 | Beta-ggd, (S5141970) Botmms, | 11730243 (43
CEE(7R2) ATEA0TL | Actchindivg proted (AFA Y5 H.sgpime | 690767 (913
C117 G322} ATRENTE | AlheR.mtendn (B O0E 1262 H.cmpime | 8087 0154
Dreme bpmmert 086 (8] ATSA00TE | Dilouse brad probed TG (B 0007508 ) H.cgpime | 256503 #3%)
CLOS(17E1) | AWSS0037 | ADED (AFSB4676) 2. smaf 16D G0 (D0
0335410 ATRAN04T | BMDP (AT4N0527) 2 somaf IEEEI6 AL
Trefarue. Cad (693) L5042 | Terti abmcedges (BOIO0D1S) H.cgpime | 632400017
COLME99) ATEA048 | Liver fictmmeferss (HE 1455 2. smaf AGSHTE DB
119 (1091 | AWS50051 | MPEPPS (HL_0065 10 ) H.omime | 102FA001 (045
028 (@3] LRI | edE aeme (U17248) H.sgpime | 1I&17 (923
. C31(619) LTSNS | Bepiobidizpmten (0599 ) 5. somaf G425 (993
035 @8] ATEA05 | Hape biudiygprotein 1 (HI 015027 ) H.cgpime | 13087 853
C36 (1406) ATEIE045 | Soldoe currier fumity 25 (HI 1660 Bl | S40803 0923
44 (611} ATSAR2S | BATHFD (H_I556 ) H.empime | ZRLA33 @7V
COS EI0) LTS AN05T i s (TT20504 ) B.tmms, | SSLAE4 @6
table 14. Real time #4jo| A9 primers.
OerHank
Clons Prochuct d=ngth (b
Prammesr waims Ssquence ! Mo Ho
sk
3l Forsreed AECATOATATOGADAA DOARS" 172 AY 530054
Fewveess P EACOTACTTGAGSTOOTCATA
(M} Forsard AT AACTT CACHA CAAACH-3" 200 AT aMDET
Feverss FOCTASAGOIOAATTTAGOAD S
C34 Forsresd P ECAGTTCOTGOAGETACTTT G- 175 AN SFEIAL
Eevigia MLEGTGATCT TCACCAGACAAT-I"
Cadd Forsrerd FIATATTOATTTOOACCCTOAS" 157 AYSH0RIY
Fewverss POTTCT RO G0ARACTOCTACT-Y
L Forwesd = A O T G T AT T T ARG Fp] AN A0
Fleverss FTOTAACTATADCTT ROT A"
(B Forsreed FECACGTAAGACCTATOOC A AT i AY 55000
Hoverae TGN AT RET TG 5
Hia Foraard FOTOOTAMC AAACATHRIAT. 3 El BFTIZESY

Feverss

SLCATTTCOC 0T CAGITACTC. 3"
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1. AT e 3]
2 Ao A g3 AW AT FHE 939 altrenogest, PMSG, hCG
5o s #e Frota, JdFFEEs B8 A0 & 54

s
filo
o,
r>~
ofs
-

chald HIHAZE S x] ek o] e A EAbEe] vA= dFE =
Abstazh ATk A dAE A7jASo 2 @B AAIZLF cytochalasin B
3747 Heste] diploidg FE3HAth 30h (2-cell) Ei= 72h (late 4-cell) &
oF 0.4% BSAOA v]%3EE WIAE collection 3Fe] Z}zFe] 2] ] tol A HHOké}Oi
ok F HlEE, 0.1% PVA, 10% FBS H& 04% BSA] 7oA wjkizztA]
o) e, iR EAAe] FATS, ATAE R AT golshs fate]

7h el HIRAE A A dApe] el v 9

NCSU 23 sjFelol 10%°] FBSE % 7Hatd < u11 2-cell stage’-¥ #e] 317
U E= late 4-cell stage?H Asd v 5 HA(NCSU 23) % 0.1%9]
PVA A3t winkeziA o] dape] e WAZ—]?J Aol 7k itk (Fig. 62).
a2y 04%°] BSAE H7FelAS mi= 2-cell £ late 4-cell stage=FE A
glaels W 25 vlaidt, 01%°] PVA A@d 5 10% FBS A elatmoh wijwks
7hA o] o] frolsiAl FFE AT elal Hlaw, PVA E= FBS A#ae
R lata 4-cellFEH A0 W 2-cellFE AesdS wir wdgo] &9k
tH(P<0.001).

i HIEA T xS H A EANE ] WA= G
HiRESE O A o] M EFE ZAFE = 2-cell B A gAY = late 4-cell
FE A A At BT FBSS H7bate] Mlalwt, PVA 2 BSA Aglwxth Al
E57F FoshA vtk (Fig. 63, P<0.05). TUNELe] 23k A ZAPE & AL 2



o] ot M EAIE S 2-cell © late 4-cellZF-E] 9] A glujdo] A =¥ FBSY
A7bato] Mlalwt, PVAYW %= BSA 7Rt AlZAbdo] FofstA B g
e THFig. 64, P<0.01).

o @A HAAAZE AlEARG e d-EE AR dde mR= Pk
S odAlskE FHAAQ Bel-xL# MEAE S FEskE A2l Bak
o] WFE RT-PCRES Sdto] ZAFsEATE 2-cellFE AdsAqAY =&
4-cellF-8 AHZsGAY EF FBS #H7FolA in vitro ¥ x, PVASE BSA
A7 EE in vivo HIRFEZETE Bel-xLe] 2dEe #93A wHka(Fig. 65,
P<0.05) ¥t 2 Bake] 2@ frelskAl =kth(Fig. 66, P<0.005). 71914 in
vitro 1M, 0.1% 7 2 04% BSA 72 EZ5F in vivo 73
Bel-xL % Bak frdzke] @dlo] Fo] <l ztol& yehliA] &okth 1ela Al
AbEe] #E shvhe]l 7z P53 wde vuad EE AT 2 oin
vivo BN A Z}o]lE HolX| gFtth(Fig. 67).
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Figure 62. Percentage of 2- (24h) or 8-cell (72h) stage embryos that
developed into blastocysts in the NCSU 23 medium supplemented PVA, FBS
or BSA.
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Figure 63. Number of cells per blastocyst at day 7 that cultured from 2-
(24h) or 8-cell (72h) stage embryos in the NCSU 23 medium supplemented
PVA, FBS or BSA.

9,
n a a
3 T L
g
867 b k b ECGn
= T ¢ E t  oPA
g Oms
31 OBA
(O]
o
(O]
o
0

2 7h

Figure 64. Degree of apoptosis (apoptotic cell no./total cell no.) in the
blastocysts at day 7 that cultured from 2- (24h) or 8-cell (72h) stage
embryos in the NCSU 23 medium supplemented PVA, FBS or BSA.
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Figure 65. Relative abundance of Bcl-xI.. mRNA expression in porcine

parthenotes at day 7 that cultured from 2- (24h) or 8-cell (72h) stage
embryos in the NCSU 23 medium supplemented PVA, FBS or BSA.
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Figure 66. Relative abundance of Bak mRNA expression in porcine

parthenotes at day 7 that cultured from 2- (24h) or 8-cell (72h) stage
embryos in the NCSU 23 medium supplemented PVA, FBS or BSA.
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Figure 67. Relative abundance of P53 mRNA expression in porcine
parthenotes at day 7 that cultured from 2- (24h) or 8-cell (72h) stage
embryos in the NCSU 23 medium supplemented PVA, FBS or BSA.

3. doj oAl m A e Wl RAL

7ho xS 3¢ B A s

5ol A GAE Igote] HIARE VS FEZE dad ZHs
slicing ste] GV el = v ¢ 3485 NCSU379l 100 ng/ml EGF,
(Sigma), 10 IU/ml PMSG (Sigma) and 10 IU/ml hCG (Sigma), 10 IU/ml 17
beta—estradiolZ A 7}8}al paraffin oilS Y& & at 372904 72 A|zF wjstdict
2 7E A

1__

% 1 mg/ml hyaluronidase oAl 15% F¢F 37%olA wjdst &
pipetting 0}04 WTFAEE AA F do] Ao AFeAT) .

o sl A A A FEH]

A4 A FHE 2EA R Fe S di#H punch® A%4 < dojuje] DME
Hjekaloz AA MAsle] & o]l o]&a}Th
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figure 68. WA =7] AxE 9 figure 69. S7]AX 2 AAXE
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hCGE Agstale well= 4-12¢9 Atelol 86.6%2] 7HA7F EA o]l 5713k 53U
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A A 7€) DNA &4

human PTH DNAE o] &3slo] o] 2 1- 2*ﬂﬁ7]9] W2E g F718E
recipient®] Watel] o] A ste] A7 E ST F 963 o] HAE
glo)2late] 1% 856 Mo FATS 11w 9 re01p1ent°ﬂ o] At 729 M7=
AAE AT Hold A= A Ao REEE genomic DNAZ F%3t9 PCRS



2 A1kl PTH specific primerE ©]&3to] A} 7] s %] ¢9] genomic DNAE
PCRZ #4339yl ooz ie Aikd =X A7jeA FA2 48 A4S
T3 GAASNYAE ARy P oy FAASA X7} obdS Flstit)h

Table 15. HAlFATe] FHF= o] 2,
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Figure 70. Embryo transfer of transgenic embryos into foster mother oviducts.

Table 16. Transgenic efficiency in pigs following nuclear transfer.

No. of N ; No. of No. of No. of
0. 0
Treatment embryos o pregnant piglets transgenic
recipients . .
transferred recipients born piglets
Nuclear
963 11 6 7 0

Transfer
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|5 Al Ao EHE HuEs AEAR dEA A= hPTHE A4bst
= FEAG H A2 Asbol| AFEEL7] 98kl hPTH FHAE 28402 WHds)
= HX ALE o5 st FHA o] FTFO R retrovirus

vector systeme A3 +=dl, 719 retrovirus vectord]l WPRE (Woodchuck

5
el
it
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rr
in)

hepatitis virus Posttranscriptional Regulatory Elemenet) #4193} Tetracycline
inducible expression system= =93 o ZX hPTH =& KA A F7}
9} A hPTH 422 WdS tetracyclineC 2 &= & 4 U, B AF9

2% YYEE aokd gt 2

1) 2 AFdA Aastazxl = R A A7 FHE AZF parathyroid
hormone(hPTH)#} calcitonin & 2F2] 23d promoter=+ 4 (seminal vesicle)

of Xz Eo]x <l P12 (seminal vesicle-specific, Dyck et al., 1999) promoter=
AbEEo 2 A ofF dwdoe] FEAUAA FEESHA ddE o ofrjEE oy

2) hPTHE Aibste Fdd8E sj#]o] Aabo]ite] AdE vt o g sto] 97
FAAe] = Tdy 1 A EHH Ll 9% A FAES HagseE
A3 2d FE systemS WPREZF AhPTH #7349 downstreamel] =%
RevIRE-PTH-WPRE-CMVp-rtTA2SM2¢] Aoz EQlxglom ¢ko g H|f
Ze A 1o B4 Fdx Hd ] turn off7b o] FA A F YEE FFRHO

MAHolof & Ao Az

.

L

3) hOCT4 promoter &4 +He A= nlero g pOCT4 FA A 2al 7] A9
THS A3 AEE o]&E 4 gow X3 hOCT4 promoter-reporter system
S T3 HA 27)AE =YA A hOCT4 promoter 3Foll reporter geneo]

=
¥ = HASVIAES AdFoan Z7AE 25 Eolet AHEE & S



o1 OCT4 promoter activity®l #HHHE SQlA}Eo] F7|A XL Ael Eold wtg

-
of 9= A% HAA TNMES] BAARE AET + vk Hok

4) B AFol A F=3%F PEI reagents= AE7AZIW A2 =9 &
71 vt BuEQ o AE3 % gene delivery reagentt W na| 7FZAo] A
Ao w =538 AHAsta A =9 E&o] Fote] HA=ET]AE
YAt =ds flel AFEAl w8 Aolgt AR ol
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7) "2~ Granulocyte-Marcrophage Colony-Stimulating factor(GM-CSF)7}
W% S ErAl wzp 2 dlo] 4] Uxpeo] Wty AT §Axte] wao] u)x=
FFES dobd A= mGM-CSE7} cleavage® S S7HAI 714 @kgkovt  wiwkx

9&e fFoHom “@%”\]ﬁﬂr. NCSU 23 wjddel 5 mMo
glutathione$t GM-CSF< #7tstsls ol GM-CSFRF 378t lS wrth vk
o @Aol folshl FARNAT T mGM-CSFE djstzel el Azs
F7AAA AT GM-CSFE A7 ol aubre] Mo e nate g

il



< 1At mGM-CSFE BSA7E EA8ts wjgdo] A 7o) wrdo] o 3
S A A Koy, 2y BSAZE gl NCSU 23 wj o] mGM-CSFE 3 7}3f
Feus AFHE FAAQ LIF-ro] 2ds FdAZT 22y SGLT-13%
IL-6¢] 2ol 9FS vAA skt

8) Epidermal Growth Factor (EGF)el #3F A ZA3= 4-cell stageol A 0.1%
o} 0.4%°] BSA7F &Al8k= NCSU 23 v kolo Al BSAZE §li= 8l oo A Bt}
FolH o W 4-cell stage] A B FA7E winkEzbR] gt
ey BSAZE EA15HE Wil 10ng/mle] EGFE 7hstdlS w w71
o] A g5 FAAIF)IH Esldtt. EGE7) 4-cell stagesptd EGFE BSA7ZE ¢
= MGder s etz NEFE F7H7IA Rakdvh 1ev 0.1%9 0.4%
o] BSAZl EAstE WG A= wivtxEe] MNESFE fostA FUHAIFT
(P<0.01). RT-PCRE %3l9] EGF7} AEZALde] " Faxe ddo] wX
t 9SS AR T EGFE BSA7ZE ¢l sl ool A

AA AEAPE S AASE 424 Bel-xLel @do ggS nAA %A
th 22y 04%9 BSA7E EAskE Mg H el A= Bel-xLo] #dE S folatA 3
AAATHP<0.01). EGFE wlkdel] BSAZF iAWY siAUYE E235ta A 2AE

2 fehs FA79 Bakel WHol: JBe mAA kst
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>
53]
>
>

i3
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e
i,
Ho

9) FA% o]4e BAHoE ANHI] Sstel £H@ o4 /%S Fustud
ATE AARAT, B ATHAIAE A S o0 A o4 A%
282 A4S

10) &9 " H7 A7 S A GeE A dahe] wde] wX = J el #e AT
7= NCSU 23 sfekodel] 10%2] FBSE H71st9S wl 2-cell stagef-El * 23}
AAY H= late 4-cell stagetH AR AU EF HuF(NCSU 23) %
0.196°] PVA At} wiubz7p2] o] whape] whdbo] fo] Al zte]7F Ik 1
HY 04%9 BSAZS FH7139S Wl 2-cell &3+ late 4-cell stageZHE A g
S W R Hlat, 0.1%° PVA AHElwr 9 10% FBS A @ wtt wjukxz}
o] wrekgo]l folshA FAE AT 1Ela ¥laldt, PVA & FBS A8
B lata 4-cell#H HEsAS W 2-cellFH AHE RS wroh dedgo] =9

i

=



tH(P<0.001).

11) wigtx oMol MEIFE ZASIA=H 2-cellFEH APIFAAY TEE late
4-celli-H APstgAY 25F FBS FH7krte] Hlua, PVA 9 BSA AHelak
o M ES7F %946}741 SSHTH(P<0.05). TUNELCl &3k Al ZAME S ZARSE 23t
of olstH A EAFHELS 2-cell ¥ late 4-cellZ2H-E 29 =g ujdolA EF FBSO
A7bato] Hlaldt, PVAY %+ BSA H7biRtE AlxAldo] folshA B ghs
L ERH THP<0.01).

12) AZAESE oAlsts F429 Bel-xL3 AZEAIES fEsts F4A9
Bake] @d& RT-PCRe &3t ZAMSHATE 2-cellFH A stA ALY H+= late
d-cell}-H A3 IAY EF FBS9 H7brolA in vitro Hlaw*, PVAS BSA
A7k T in vivo MIRFERT Bel-xLo A fFoakAl wkal(P<0.05) wF
g2 Bakel @32 FosHA =dohP<0.005). 7]l A in vitro 1M 2T, 0.1%
A7 2 04% BSA 72 25 in vivo 37 Bel-xL % Bak 73 #}2]
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