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Improvement of Somatic Cell Nuclear Transfer Technology
using Testis—derived Cell Extracts
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SUMMARY
(BELFE)

To improve the efficiency of pig cloning, new somatic cell nuclear transfer
technology was proposed. The title of this study was "improvement of

somatic cell nuclear transfer technology using testis—derived cell extracts"
and the results are as below.

1. Establishment of protein—free and completely defined culture medium and
optimization of in vitro developmental condition of porcine nuclear
transfer embryos by addition of 200 pM kinetin in the medium.

2. Increased expression of Hsp70 and Poly[A] genes by kinetin

supplementation in nuclear transfer embryos may be the evidences of stress

adaptation by Hsp70 and RNA processing control by Poly[A] as protein
carrier.

3. Improvement of blastocyst production by one—step nuclear transfer in
porcine somatic cell nuclear transfer program. In this simplified method,

enucleation and nuclear injection are performed simultaneously with
same microinjection.

4. Reprogramming of porcine fibroblasts into male germ cell functioning
cells using testis—derived cell extracts. Without morphology change, the

male germ cell specific markers were expressed in the reprogrammed
fibroblast cells,

0. Nuclear transfer of reprogrammed donor nuclei. In the reprogrammed
cell nuclear transfer blastocysts, expression levels of B—actin, Glucose



transporter—-1 (metabolism), Nanong (pluripotency), Cdx—-2 (implantation)
and Sox-9 (male germ cell differentiation) were increased. These results
suggest that nuclear transfer with reprogrammed cells may increase the
developmental competence of pre- and peri—implantation stage nuclear
transfer embryos.

6. Application of the technology. Two research articles were published as
full papers in AAAP 2006 Congress proceeding book, and more than two
original articles were submitted to peer-reviewed journals. Two or three
more articles are in preparation. A patent entitled 'Supplementation of

kinetin for mammalian preimplantation embryo development' is pending
now.
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3. AT 3o uuld A% % 99 2y BA

AXE FEdef dWid ¢S Bio-radAtel WA HPAE o] 8 Bradford Wyl <3
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NTP-mix, 10 uM FITC-Dextran, 1 IU SLO/ul) o] AZI" 25 plo AEF=E (Cell
extract: CE) £ AEFAFIZ 39T oA 2587 sy o)F  30%
sdlold Aol HrlE DMEM $H02 SLOE B3 A7z AEdo EBIHLE

eSS AES AT U 1N A WG Fo dARUTT

5. Fluorescence assisted cell sorting (FACS)

R
Hed
I
2
o
ot
o

AMEEFAES dAEE (420 x g, 4 min) 319 FF5 YL AAsl
ME BPL oAl 20 pg/mle propidium iodide (PI)7} HF PBSol AF-5-3
FACS ®A4L& AANsgt. FITCE F3438 Ay & F721H93 Pl AEE

277 AR 4FHer ABPE MEL FITC B& FHsta A Al Pl
ANE MEE ABFHA Lon 2L Aoz AL 5 Y. F A o 2dd
GE Ae s AdP Roz B 5 gtk 4TFHoz HRFY AXE AWF F
Hol Ao FostAY 1 ml9 TRIzold AFHF 2 -80ColM E#ste] o]F mRNA
o] Fostg



6. RNA =

HEZOWE AHE Sertoli ME, ES AX 9 Hf{folAXZ2FE RNAE FE39oh
Ztzko] A&l 200 nle chloroform--a— HA7Fe E AFLol A 387 AXIAIZI F 4T A
15000 x g = 15687 AAEE i35t o3 HAS A& 15 mie Fr E573
¥ 500 ul9] isopropanols H7Fetth AEE A2olA 1087 BAANZD F 4CdA
15000 x g 2 10870 A%z 39ch A=
Ngtol AFEFat 4TAA 15000 x g 2 5837 dAE 3Fut. daes AAT &
AIdg 1087 &7 FTolA AFAZI & 30 ulel diethyl pyrocarbonate (DEPC)-treated
HoOoll A5 stRth olg A F1ul¥ RNA “%% A4 A7pAl 80 C oA B3

= AAsta "dHE 05 mle 80%

7. RT-PCR

Zbztel RT-reaction (¥ 40 uD2 8 ul 5 x 1% strand buffer, 2 ul 0.1 mM ¢
dNTP-mix, 2 pl Random primers, 2 ul 0.1 mM DTT, 2 ul RNAse-out, 2 il
Superscript III, 20 ul DEPC-treated HyO % 2 ul RNA-extract® 3Z33}<t},
RT-reaction A3 RNA<® 2x +x& AA37] 3] 50TolA 608 AA Y
o] % strand elongation® s8] 70ToA 158 7F AASAT. £ 25 pld @8t 747
PCR wHd&= 25 ul 10x PCR buffer, 200 umol/l. ANTP, 1.3 mM MgCl, 1.1 U
TAQ-DNA polymerase, 175 ul H-O, 1 1l cDNA %2 1 umol/L reverse/forward primer
7b &R Eol A, PCRE 9BTCHAAM 6%E7F denaturation ¥HES A7l Aoz
Adsn ol 95TAA 45x, 58T /ﬂ 452, 72CAA 4529 denaturation,
annealing, elongation A& ¥HE3IAUT F= 35 Alo]F = 72T A 5F7F elongation
B4 AAL A A7 11T A %%—-—% A% PCR AELS A7|9s F UV
Lol A &1l Ht, A7|DdEE AL 2% DNA grade agarose 2 0.04 ul/mlel ethidium
bromideE XE¢3stATH Z47be] PCR AEEFEH 10 plg AEFE Ao £33t 100 bp
DNA ladders}t 37 A7 5o 2L3s4th
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7} g ate] v
el vgdsdE Ul dAE AAste] 10% FCS7F d7kd TCMI199 wl Aol Al 38-40
A zZF %ot ALulUdAlH metaphasell &) dAE FHEF G £8E AsdAs= 0.1%

hyaluronidase (Sigma, USA)7} #7Fd PBS(+)W oA mouth pipetting®.& dTAHYEE
AA3 WAN T A 1FA/ Rol: AWL MEsted A ArgAT. 2HS
gol3tA dlv] Yt FABS A 1FA AEE AXNIGEES 1AL pipette (7

07 Y AT T AT &XE FA GEE d HIE
pipettes Fostd FHdiel AEA Apolo At dAe vAzAe &EFe
HAasey) g8 FHURE @AT Fo 75ug/me cytochalasin B(Sigma, USA)7E
gf8 PBS()el &7 20% 5

o ml Al zE 2 245

m M ZF7)o] AFE AL pipetteZ FHABL 1A} FYPLE HJoE FHUHE
E33 ¥ A 1Z39 metaphase chromosomesE 7AW ol karyoplast FElE JF9,
AASA} F8ae gas nH F AAAYFL AR F6E FAE Az Y
mAd Yz S2T gddxe] dAid FHUE F3 10% PVPE AEd TAHAELE
AxE Yo "—"l;ﬂ Zolge Ho)a FABEL FAEFPT. JAE  HolAHTE
A7VNEGEAANE ol &8t 16 kV/iem DC Aol 40 psecst 1-23] FX3He
01917 #AFE ¢xIR. B T HolABe 385T, CO, ¥l Y7 el Ll
A FAD eI A il AYuiFe AAGFger wIAA FHEHS AT 4L
Hl A EES =383t (W8 2 Ao A3 7]<). '
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1.

28 drdE R A
AAL oY

sjol Ao  FAE AMEIZA  HAY HolFRHolAEE  ol&FMUT. HAL
ol d Fold Ee =Tl AFg A 30-45U# e HolxAozHE wE e}
AR D WAS EIAASE trypsin AHE g A B ¥ 2mM L-glutamine©
g5 DMEM wjgdoz E3H5Ee 5% COy 39C ujdz] oA wjetsttt.
olZ (3] Al 3vield Ejo}lEZ HE] primary cell stockg 2-9 passageZ7t A 22t 10
vial o]dd ZHE  wna#sty Qlok. B ol ol X+ doubling timeo] 24A1%E
ooz HluwA WHEEHELEZ utgax AFolAEe ®lE oY gAES By

|8t2] o]Ate wFAY A ¢gto 9 passageZ7tA] AWEtE F<¢F (349 13 Adh)

A2 bl A4 NSAAE @esAs]l 98 9T fal PVAS
DEAEAR Agstd ASNEe AAdGT. A AGYE A dudHoz
dxas g7 WAAHE GTHE &ae z7lol @4H7 g % 22-244 7k
brole SANFEA Hew SANFYAY EFHE Golus]l s W
g3 NBdaFoR Yo AYPe YASAT (b F2). Zzte] APTL

al

o] &3l AJA<d FT Hoechst stainingg £ AL #BAFFon dF =
SARA S FEde sz USES BIFoH dFEE HolHd FASA
ol 2l ghol W& 5§ #ZS I

AS1EF: 1) IVM for 44 h in TC-PVAwith gonadotropin supplementation (eCG and
hCG, 10 IU/ml each) 2) IVM for 44 h in TC-PFF with gonadotropin; 3) IVM for 22
h in TC-PVA with gonadotropin then without hormonal supplements for an additional

22 h, 4) IVM for 22 h in TC-PFF with gonadotropin then without hormonal
supplements for an additional 22 h.
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Bl Adds A Hotd 12882 2 ulgd wdd nE dALsE

Group oocytes GV-GVBD MI MII
PVA - 175 24 26 125 (71.4)
PFF 164 24 03 87 (563.0)

PVA-PVA 148 25 40 83 (56.1)
PFF-PFF 157 16 30 111 (70.7)

GV: germinal vesicle, GVBD: germinal vesicle breakdown, MI/II: metaphase I/II
PV A: polyvinylalcohol; PFF. porcine follicular fluid
PVA-PVA / PFF-PFF: A4« 22/’*] 7HA) Ztzh o wjgd o2 w3k

Numh Number of

Group’ uinber 2—cells Blastocysts cells In

oocytes bl

astocysts

PVA 101 64 (63.4) 16 (15.8) 37.3x5H.1
PFF 99 61 (6_1.6) 7 (7.1) 33.8%+2.1
PVA-PVA 101 | 56 (55.4) 6 (5.9 38.84+6.0
PFF-PFF ‘ 39 55 (61.8) 16 (18.0) 40.5x7.5
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D ufokel wgko] o] ehel ) e|ul&of

Blastocysts

2—cells

Number oocytes

Group

153 67 (43.8) 13 ( 8.5)

PVA

97 47 (48.5) 10 (10.3)

PFF-PFF
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E 4. GLAAZ G2 A9 A SRt

=15

Q_ X
= s Te)

Duration of m vitro

Total oocytes

No.(%) 2-cells

No.(%) blastocysts

maturation (h) in culture
30 1738 113 (63.5) 7 ( 3.9)
38 183 121 (66.1) 4 ( 2.2)
40 144 94 (65.2) 18 (12.5)
42 196 128 (65.3) 22 (11.2)
44 219 139 (63.5) 34 (15.5)
46 170 97 (57.1) 33 (19.4)
48 157 87 (55.4) 47 (29.9)
4, SHAZAGu|SA A Bl el TEA 2 SHolAlghe] AL
T %;ﬂx_;‘ gl ok ) Al sl Ao o) alghe] AL #olA o] WA A glo]
Aol AACUA} @ duAES gy uUisd §3FYU wIAAE AMEE £ ok &
AFAL A odA 1-371A]2] AIAAE vfgoZ A 2 o] A el Tt
A A A BFEE Y3 AAS S o 2adE AHtr| 7R & AFAAE
AT dAo} B AFE F3] dojA AAZA A= oS5 2o
- g4 2 "G oluieito]l AR (NCSU23-PVA) A A stell= H4 o]
] FHgolu Al Hrle b AL foAHeE FAAFHT

_24,._.




BSA 7} vl g2 PVA7ZE #A71E St B SA A stelxe wiRtE7st F3)
He vl go] A3 "doj@on o] A7ld §F AAAA & dUAAE 71
Fe Aol EHHY AR HoH,

g4 2 HFSF ofnxAL EE embryonic genome activationold A4 ul 2
compaction ® HjutE =29l B3 5 A A wjole] A HAAI)d AH FFS v
e Aoz FAHUG.

Z}E olu| x4k wiRtx ol 13 Ao & IS v A RIAh

444 T &g Yoo 4t

#7188 Qg dojde BY ¥ @ FY & oA §FoFE BYL ANT WA
2go) 9,1004 B3 $39 DA AT A4 3F Az A HE GAAAR
AT H4e ARk Bt oldF AP WARELL FES] A8 B
Ae o]-g-s}oq e n 959E 44SE 939 299 =UAA,

a9 1 9FQHel oe) AAkE ol wuEe) g



6. RT-PCRE ©]%3}4 porcine testis sertoli cell &9l

A 18o| M B3 total RNAE First strand ¢cDNA synthesis kit (Roche co.)&
o]-& 34 RT-PCRS &4t} '

Sertoli cell

TP1 TP2 P71 P2MS 5 c-kit 4 PGK F.C polya

a9 2. SiR 318 total RNAE o] &34 RT-PCR3}Y sertoli cell ©] A& x| ol

TPitransition protein , Pprotamine, S:SOX9, A:acrosin, Pc: protein C

9 oA Ho|E sertoli cello]d] Eolxoz wWdARE oz AalR protamine
1,29} SOX9, c-kit, ACR, PKG-2, 2 protein C&] 23L& &9 & 4 Ut =hHI
fibroblast cellol A+ L& E A" sertoli celldl A= @] ¢t=ElE Aoz <zl IL6,
collagen, VEGFA, ¥ docrine %@2}'%94 sertoli cell S ©]&3 RT-PCRoIA 22X

B FAY & AUk

AHE-¥ porcine testis sertoli cell -specific primers ©h&3 2o}



3 b. Testis specific primers
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o

. gte ctt tte tgt ggg tgg g .
© aac ttc age aag gat gtt gg 244 sertoli cell

<
0
=)

. F: gcc aga tac aga tgt tge ¢ :
Protaminel(P1) Rictt cta cac cif ata ace gte tag cg 144 sertoli cell

- Ficcg cta cca cta cag aca ca -
Protamine2(P2) R'tge atc tte tee tee foc tg 128  |sertoli cell

Transition F:ctt ctc gta aat taa aat ctc atg ¢ 153

protein 1(TP1) |R:gag aac gat aat tac gat tag cat ca sertoli cell

Transition Fitct ggt cct caa tct cat gct 196

protein 2(TP2) |Ricac gtt tac gat gac gag ga sertoll cell

SOX9 Flaat ctc ctg gac ccc ttc at 199

Ritgt cct ctt cgc tet cct te sertoli cell

e F:gat gcc tic aag gat ttg ga :
c—kit R:gag gct goa gtc tic aat gg 198 sertoh cell

Preproacrosin F:1gg tca gcc tcc aga tct tt 169

(ACR) R:ctt ccc cac aca act tcg tt sertoli cell

Ph_osphoglycerat F:atg cct ttg cta atg gaa cg
ekinase2(PGK?2) |r:tcc tcc agt get cac aig ac

},_J.
(1
N

sertoli cell

* F': cct gat cat ctg ggc agt tt :
Protein C (Pc) |5 [, gaa gac cat tot gtt tt 217  |sertoli cell




Ic primers
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gga ttc cct ggc ict aaa gg
tcc gt tac tcc ctg gtt gg

-
-
»
-

3
R

ggg act ggg ttt caa tag ca
gcg ggc aga agt cat tag ag

L]
L]
+
[ ]

=
R

ctc tac ctc cac cat gcc aag

R:ggt act cct gga aga tgt cca cc

[

tgc ttc tgg tga tgg cta ctg cct tc

gtg agtg gct itg tct gga tt

F
R

Collagen

Decorin

VEGFA

[L(interleukin)6

7. HA 1852 Sertoli cell®

g

?

Sigma, b x Bradford

L ]
L]

fication (2% 3, 1 mg/ml BSA

t1

1N quan

- Lysate®] prote

7F. Cell lysate 971 (

L

Bio—Rad)

ABS ug/ul

samplie

0.075

2.5

1.007371

G.20b

0.18

424

9

0

1

189189

1

2

*

O

It

| CE

¥

sertol

. 96

O

20

protein quantification

- 0.01068
0.9967

C.0407 x

Y

20

.-...1".5............“.........................".....

0
series dilution

h oG U = 00— O —

OO0 o000 O

cgv

a9 3. Lysate?] protein quantification
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el B H%o] Proteing] F=7F vl §- @A S & 5 ded, 43
o3 1FE9 protein € ZtE testis tissue extractE 47] Y& o2 A= A
g 3o Hd 3 pg/ul )39 cell extracts L= F+ AT

8. Fbroblast celldl streptolysin O & ©]& 3} cell permeability 2] 7}
of|H] A g © & fibroblast celle]l Texas red-conjugated dextrano] So]7}H o] % Al

UeEtU =4 1Y) 93l dutEH o F celld] poreE @4 A7l =d Bo] ALE3=
0.2% Triton X-100& A 2]3 ¥ texas redE = ]| E gkt

[ microscopy grayscale rell

control

Texas
red

29 4. Tirton X-100 treated fibroblast cell

% 49} Zo| Texas red-conjugated dextran®] cell cytoplasme 2 S350 A E ujd
EA8t= protein¥ binding st W7HAS EIYS BHd £ gk aFAA BH
cell®] cytoplasmoll#] tesxas red7} WS Uels AC 2 Ho} triton x-1009] 2] &)
cell membrane®] pore7} A7 texas red7}F EzF AL & 9 & F 9ot 28} celly
FHol ARFR ¢ AL Z Bo} triton x-1009] celld toxic 34 & &3 e AE
4 4 glgirl.
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Qo] AP nigow Ao o] 4 & fibroblast cell®] membraned] poreE ¥4 st
extract7} A E B2 0z £ A MNF= streptolysin O(SLO)2| HAZFH F=
ZA2 A998 99 =22 AEXs AHeAn, vizE A Celld] poreE F4
e o2 349 TritonX-100% % ¥2 Agste] vlas] B3,

4 & Grayscale Cell

[ dathi
no

10ul

20ul

13 5. Streptolysin 09 %ol W& F7



IF Grayscale Ce

2% 6. Triton X-1009) =9 Az

a9 5 6& 6x10° cellg dishol A A7 ¥, 27t Aeke AT £ 50ug/ml
Texas red& Az Aok, 4 a7 9% 230 ng/ml SLOE A g 4o @
HZE & Zolth. 29 3& Triton X-1002 52 A7 & Zo|th AAHo=
Hol SLOE A& A B} cello] 3L ROE Hol ¥ B cello] EYES ¢ F

AN, 23 GM 9} Zo] celle] FHo] Z|ReA ¥ HoZ Hol celld F=
damage”} SLOETE ¢ Ate AL & F AU )RS ngoz AYPJME A

_31_



ul&

O

AT cello] AleFE Atz e 9 celld 230ng/mlel SLOE 10 u
Zyzy A 2)8)al, Triton X-100 0.1% & A 83t 50 ug/ml Texas redE *

Z ] &tod H

*ch. ZAE VEMRA kA dishel]l ZAANZ F AHEE AHY g cell
membraned] pore’} AAH ST EF8 1 cell Rgo] §AHS B 4 9}

el duldd A7 E wgoz A fibroblast celll 230 ng/ml SLOE 5 ul&

A2k, cell extract & Azl 3 HUT. Streptolysin OF & F F  cell
morpology ] W3lE Holx] gqtrt

' SOX CH HGK c

1Y 7. porcine testis tissue extracts A S RT-PCR

el 2 794 E £ 5] SOX9 # PGK-2, Protein C 37FA 9] geneo] L3

= € F UMY olE ZAZ F¥H porcine testis-‘:"i sertoli extracts& A AE W
2 =A% o2 X, porcine fibroblast cell] FAx} & U*AS W3 A1 F A&
RT-PCRE &l = AT




0. FABAMYAA el A SR R GolHole Bg P MBS ofn)ite] £

R} AE BET B EFEE wlote] Adujd A, vt kel gE A AL

g TS W AguIAAL ol go} WS FLAYD glov 4% s
G AZY AAE dE AAE Ak AR AduFze] deol vote] 3
vt SstE Al AEAE, Jen Bdel $0% fARE Bde JFL vAchs
BuEe] vk 2t Y (serum)e] GEEF AWFAAL ol e Mol YoiA o)
M A¥E AUD Aok B4 2 HBF opulmie BAY dpe] Wol REdu ¢
oul, ARt ¥AY £HolF AYAE BARA FFS vAE 3 .

: .

= ™

A A A stellA o D vl o iqlo] T B 2
T A%E dolrotth

A G AT e B4 L uPS5 ol Abe] FIE Yopr | 9 T
o ol of] A F A=Al f R GAe] cumulus cellE AA T A7AZGFEAAE
oj-&3t 16 kV/cmolA 40 psecst 13] T3t A3 AlFHow o] dAEE Z+4
o AFLeE Uio] wggozA P, AFdIFSE A F 7HA, A LGS
(NC-PVA)et F M FANC-BSA) 2 % vlHGp on|xite HI7HRE=E Y5
H, 44 ol FAE HrbsA] L& IF, 4 ofu|xAbgt Huisk OF (EAA), HIES
A s=4teE A7 2F (NEAA), 29 9 vlga ol B5% #HIM3 OF (AAs)L
2 U5 #3399 (B olu| x4k 50 uM, v EF obr| =4k 100 uM H71E). ¢
At gFd (NC-PVA)Z} dbk A ujgd (NC-BSA)] vl ES ofmxibgke H7H3
S, +&&°] NC-PVA-NEAA UolA= 58.24%, NC-BSA-EAA Yo A= 67.03%=
Al el o ofn Al M A ZLA] (NC-PVA, NC-BSA)SH I ofm=Atat A7} A
(NC-PVA-EAA, NC-BSA-EAA), ag8l3 Z4 2 wjdy on|eiks BF A7
A% (NC-PVA-AAs, NC-BSA-AAs), 70% A% B&&2 el (21E 8A). Hf
BEEZ 8o 9 ojA NC-PVA-AAs 2 NC-BSA-AAsE AYF A APToNA @A
UEFY 9 U NC-PVA-AAso| A& 38.06%, NC-BSA-AAsE 58.82% 2 tl-$ =& vjdty

== ESY (29 8B). ol B4 9 H|FEF oluji=ito] HX Gy Iy

| 282 o uj9 EFHolm wjgd o dwA A (BSA)IE A

e Holx] &8 U+ Rolt, TH=2& AL AadE
ARtz o] u]&& NC-PVA-AAs ¥ NC-BSA-AAs oA Z+Zh 39.22% %)

O

o

MO o

X,

A

Akal
8

g 2 ke

Mo

=l

F B

oX [l ¥ %
2 dHo
R

N,

L 0{};4:
]

T fob o
el

1<
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55.71% %= Yeged (29 8C), ol Z4F ofv|iilto] wjole] weEr 3l wjulE P4
olF BEAH FFE FuE A& ANAEe Aot ojde AnziE ¥ H HIEF
op] =4t BT A Gz AIuF A AERE, wiNEPA, L ujole] wgs
Eol %€ RIS ¢ F AN

A.

o ®
b n
g )
8 ]
fo io
s &
5P %
i :
80 o
& o 0

Percertage of the

D Noactition’ EAAE NERAB A

a9 8. HA gYTAFA SATFH wjFd (NCSU-PVA) 2 EFAA7 v G
(NCSU-BSA)°| d4 (EAA) ¥ v|Z 4 (NEAA) obv|i4te] H7F A, AXEE
(A) 2 vt 9S-§ (B)Y ALtE vty F 33 2 RIjujrE FAH| S
(©).

o] & o]# g ofmiite] FHIL wjoptde] ol A|7)o] FE ojufgt ofw|izito] o3
FFe Uehtex Dolms] s volRARAs F8 2r¥o] HE Maternal
Embryonic Transition (MET; $A &9 AALZFo] AFAHE GAZ HA A 44X
71 A%F) &A% compaction ($EFFAME o|F& A2 U AEE 3
2o o3 HiutEzo AXEIFE FHsE A7) F A7E VLR I} otH| =4t
o] E9E A& B AN H8e 59E 1By g8 Suiddo] wjAlE 4AS
HULFAAE o] &8t WA MET o] &) oln|x=itg H71e AHT (el 2¢
BE #H7} PVA (2 days)-> PVA+AAs; 28 9. A-C)3} Compaction 2 F9o o}n] =4k
S AT AYE A9 49AREH H7l, PVA (4 days)-> PVA+AAs; 1% 0.
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D-F), vl A F Ao AAsE /I3 48T (PVA+AAs; 29 9. G-I), Compaction #
742 olrxAbE MR AT (AYulF 1-497+A H7l, PVA+AAs (4 days)->
PVA; 29 9. J-L) ¥ MET ©]dd ojnliits #H7lg 4w (AYguld 1-29 5%
H7}, PVA+AAs (2 days)-> PVA; 29 9. M-0)o2 o] ztz 23dg wjelEd A
& 2 FA/Rut¥E v Le FAE AT

A. B. C.

Mg a8 s

3]

o o

PVA(Zey)—PVA@

mdhm@gﬁwm
S G

[0 Noatiin EAAR NEAAR Af|

D. E. By

8 3 B8

PAah)-AND

mdﬂnwm
o v B3 o B B 8 & &

P -PA@ 5o PR TG

|8 Noation EAAR NEAAR A's|
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Percertage dtfnam“%elopedto
= O

PR ER gﬁﬁ’%%”é‘&d

PAGR)-PA

|0 Noadtiiond 2 Nevs e

a8 9. HA SR TA SAFAIY (NCSU-PVA)Y maternal embryonic
transition @ compaction AF A|7]o] P4 F u|PS ojv|xito] AEEE
(AD,J,GM) Hjutx o3& (BEKHN) 2 vjutx F 33/23vjulxe] H
€ (CF,LLO) v|A= 9T

E AFE 5359 olvixAte IF F v F olu|inito] FAY HIlE|ojof @9 TA
B5o Z5FA LS UEdE o] EHMY. 53] BgolvAtet d50o =2 HIG
T A A7 2F g AL EFRV AU FU|R ZFE A
Bi&md dee “]i]-‘é RAew Yegos ¥ EF ofvxibe Z 5o )
340 £ 4L vAA Rdeyd Frde &
4 2 FglujulE o] H] ol :757311 FEe ulH wjvtxe] AEAY L YFESE IF
S HAHE RAoE #AGHUY. Fv2E AL Compaction A7]1E 7|22 1 oA EE
Fo G, v dF olH A4S A HFUMS AS- EF dxZe dvE Astd $S5ES
2 WA (D-F, J-L #FX) 2-797t"x dF4 £ G5/8|ZF opm| =i FHIb A
(A-C) &5 ¥ FF/F3ugc) FA3] MNAHE B¢ By Z4F ofv|e4d} 53] &
Fropu| :=Ato] FAulS] compaction AFeo] A&EAFE X FE3] FFE 9 vivE F
AR ALY S FXE Aoz FHHIUT

2 |
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A vetd g vz #Fd oF e o4 @E o xAte] H7b
g el dAA stelA wigste] witEze W&g fFEIHUT (Z¥ 10,11, FHolA e
Wl Al ofmi=dte] wiAE FAuFAA (NC-PVA) sl e wjitEs 53 5 fi
o1} opmidte] HrbE A4 dAH &S] wiwxE R E £ AT (Z¥ 10). 2,
39 (BSA) H7F wiFA A vsixe Azl Y44E Yeo] o] F Kinetind
o] &3 FEIATE FHIHAU

A. 3 B. - C.

70 G 128 2 50
b a &
2 65 ) a 45 =
5 T 20 5z
o $ 2 z40
2ihh ™ a_8
: g% s 2550
250 i Tos
o 0 ot
L ] o 2% 30
o 22" g8
-3 - 5 . 25
=8 s &
g 35 % § 20
< 30 § 0 548

|EPvA+aAs BBSA+AAS | & [mPVA+AAs DBSA+AAS | & BPVAAAS B BSA+AAS |

a3 3. A FHolaFoA SLAFAH wMFd (NCSU-PVA) 2 IFLA7 AFd
(NCSU-BSA)| d4 @ H|AS oluiite] 7 A, AXEE 2 wijvrxs
w89 wj¥lY F expanding/expanded 12 il hatching ®|¥FE Q] H]&.

a9 4. =4 2 HA$ ojuxato]l FAA wlF e (NCSU-BSA-AAs)olA 244
AAE o] fa wjutxe] Bi (243 F 8UA).



10. HgEgullFA A stoll A Gl L o] 2] Kinetin 37} &3

Kinetine A &Ax o] AEXFEEE FUAIE cytokinine 2 gl 2 & T2 E0]
o}, Kinetin®] DNA®] &A1& 7 $-dl+= repair enzyrne-‘-ﬂ dAd-& F7HAI71 3L superoxide
dismutases FA|7]v Ao Ul o], £ ribosomal RNA transcriptiong &
A7l Aoz delAd o 28y ERFEQ] A Zz7|vjole] o) £ a7
obzl B g vlrt glvk Mt B A3 dHxe gyt Ady o)A de x7) )
| ol glo] kinetino] B X]&= P &&S ZALS AT

Aok v FA A 8 (NCSU-PVA)A A Y kinetin H7} & A3 87

o, @SS 22k 100, 200, 400 F 800 uM<e] kinetino] F7be & 3HA ul kool A
LA A A EEIE, BT dgs, a8 F odeky 2 g 9 23l way

.

O
olr

% oo

o 2 A

L
=

X 7. dASHE v A (NCSU-PVA) 3t A kinetin A7} A #H X @ ubAl ol vl A
= kinetin® =% g3k '

Blastocyst Expanding &
Y P . Exp./total

Total Cl %) development( anded
ota eavage(% elop exp blastocysts(%)

%) blastocysts
40/102(39.22
PVA+ AAs 268 195(72.76%) 102(38.06%) 40(14.93%) %)
(8]
PVA+AAs+ 100 uM 85/199(42.71
o 498 398(79.92%) 199(39.96%) 85(17.07%)
kinetin %)

PVA+AAs+ 200 uM

o 195  153(78.46%) 79(40.51%) 39(20.00%) 39/79(49.37%)
Kinetin

PVA+AAs+ 400 uM

.. 104 79(75.96%) 40(38.46%) 13(12.50%) 13/40(32.50%)
kKinetin

PVA+AAs+800 uM |
kmztin - 146 116(78.38%) 60(40.54%)  26(17.57%) 26/60(43.33%)

m
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ARG u A A (NCSU-PVA) 3loll A kinetin 7} A], x| &9 LA "%.’:_’fc’l Al )
WY SR E2 WO E Aol Holx AR wivtE F &3 9 Bty wdtEe

& 200 uM9] kinetin H7} Al (49.37%) ZT (PVA+AAs; 39.22%)° vlslod =A e}
L}, ol= kinetine] ® A9 %7] djole W& E ZI7MAIFH, ZU|djoldde] glo
kinetino] |54 &2 Falst &S vAA Fevds RE RATH

99 A7) ALuiSA Al (NCSU-BSA) 3dtol A kinetino] = A @A
A 9%= 7‘-4‘6}"5’5} O A3 diZza (BSA+AAs)O] HlE] 200 uM e
kinetin 7} Al ui¥b¥e] Wehg e 588%0lA 40.82% % A 1y wigE F
g R OF3E uinbx e vl & 5571%A 70.00%2 F7FetRT (R 8). ol=

e
i)
fhes
iy
2
.|

kinetin

L= 3 T FEdoer FAHAYA £737F sley BSAS
X FAANE EAAHQ J&o] 942 BHAFT rh

¥ 8. BSA H7bul %ol ol 4 Kinetino] $% ©gl@ee] g vHE 95

Q

Expanding &
Blastocyst Exp./total
Total Cleavage(%) expanded

development(%) blastocysts(%)

| blastocysts
BSA+ AAs 238 201(84.45%) 140(58.82%) 78(32.77%) 78/140(55.71%)

BSA+ AAs+ 200 uM
Lo ST es 78(7950%)  40(40.82%)  28(28.57%)  28/40(70.00%)
inetin |

oo AANEL EdZ 59 kinetin B7} A, A Z7|ujo} w2eA 2 compaction
H
TE O
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Day 6

BSAAAs  BKX0 PVAIAAs  PKXI0

10
0

8 B € 8 &
(1sA201SB|q _ﬂoubm.aooawumn
1sAD0)SB|q 6D€}S yoE® jOo ebe)

Day 5

B8 B @ 8 8§ & ©
(1sAo0]se|g |B10}/1SAD0)SB|q YOBE)
1sA00]se|q 8bBB]Ss Yoee jo ebeiuedlad

|El compaction B early B mid B exp. B fully exp. Ihatching|

|3 compection B early B rid B exp. E fully exp.  hatching|

7

Day

g 8 8 § KF » 2 v ©
(1sAoojse|qg |p10}/1sAD0l8E|q YOES)
1sAo0)se|q ebels yoee jo ebejuedled

on Bearly B mid B exp. Bfully exp. B hatching\

chi

lE_cornpa

(BK200:

ALxE

28
BSA+AAs+200 uM kinetin, PK200: PVA+AAs+200 uM Kkinetin).

UEg HA GHEAde ug

e

Kinetin 9]

g 12,
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I A3 SAFHMEAA (PVA H7bhet @39 A7 wigA (BSA H b
Zt 200 UM kinetin& 7M1 A$, wjulxe] AAELE e AEYo] FrHEe AR
uUelyttt, 535 BSA H7F WA Al M E kinetin 7t Al Wit E FPu & & At &
HO(F 8 Fx) = uiE shed RabE upibxe] W &e 200 uM kinetin H7F Al
0.95% 4 10.00%2 Z718t] kinetino] vitE 9] F24& FAAIIE IAYE EAT.

o)F G AT de AREEL EdE Fol4 @ kinetino] AT Bl
dal AT (2 13). geolA e ol dAgAuFA A 200 uMe| kinetins
A7t AL w9z H8Fo] 750%AA 1538%=2 F7lston, oA BSA 7} H
FH A A wjgT HolAel wiwtE WS 1280%9 HluwE T Aok EF
BSA #H7} wFA A} PVA 7t A A kineting H7MstAS = A€ wjkE e
g4 2 Bauuzze] B2 zhzt 3750% 2 33.33%°1A 50.00% R 43.75%=2 7t
slo) oA Bo] W&o 9ol kinetin® BSAS &4 §Fo Aol witEe] T& A
AERY a9471 e o2 FEHUH

A B. C.

8
&
8

g5

=]

oped to

8

(5]

B85 B8 3848
=]

(3]

—
(=)

—_
(=]

Percentaos of cleaved oocvites

(=]
(=]

(=]

B BSAASs B PV
B PVAAAS UM Kinetin B BEAdAastXIUM Kinetin

Percentage of expanding and expanded
bl&stocl\?sts (Exgﬁn to‘ceﬂ blaslucvstg)

Percentage of the a%o&@zel
5T

a9 13, A ol Aol FAFA M FAINCSU-PVA) 2 2] <] u % (NCSU-BSA)eI
kinetin F@7F A, AF¥EEdI 2 dixe dges uplE F
expanding/expanded Z1¥] 3l hatching ®j¥F¥E L] H]&.



11, so]Alghe] HAA st A

Kinetino] #7}e wjFodof A wijcte soj4] 2 oA winlz o] F-Ad A4S 48
7 A8l SAAESH 7R ol &3te ulAlet #EE 7hE FAAE BASAT (B-actin,
HSP70, Glucose transporter—1, poly [A]l polymerase). 77 23 HSP70, poly [A]e]
ol F7tatg o oj= ujdol U9 kinetino] HAANHAAM el weld 3x1E HEY LF

7 =

E AA2AZI HAAF 3 WHolE FHAadlslEdH BxA 98 8

HSP70

Glut-1

Poly [A]

~APDH

N

e - .
we' f ¥ - E "
w *:Cr X ,‘C" ' N
S “ . - S
N N N

HSPT0  Glutl  Polv A
1 14, Yol gl ALY Al H7 kinetin®] HSP70,Glucosetransporter—1 2

]
poly [Alpolymerase A A8 B&@o) v]X= 9. HSP70 2L poly [Ale] &
dol F7HH A2
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12. Cell extracts& ©]& 3 fibroblasts® reprogramming

Porcine testes tissues®| A cell extractsE& €=d YA LFEE2 protein 2 L7
st of#] ¥ porcine testes tissues®] sonication A& Z A3 ¢k 60% powerd A
°f 50x 2 24 sonication ¥H8E W LASA o 42 mg/ml FEE 7;%-5- cell
extractsE ¥& T U} olE A AL cell extractsE 230 ng/ml streptolysin O & A
2] 8l permeabilityE Z*+ porcine fibroblasts®t 37 vjekstgth, o)dl, ATP reagent
system (I mM ATP, 10 mM creatine phosphate, 25 ug/ml creatine kinase)®@ 1 mM
NTP, 100 uM GTPE &7 Yo o9 extracts7F AlE UdiA 2 A2 9
T 23S @7 Yo 37C water bathol| A 508 7+ wdshdA 208 17202 7tepgt
= H]E% resuspending *]74 FA%. 2 mM CaCl27t E9ldE DMEM HjA] 9
permeablized ® AMXE Yi 37CoA wl¥ 89 pore?t A FH cell membranes &
resealing 3 & ¥ 15% FBS DMEM mediaZE 2o MXE7} culture disholA 2 A=

F St th 2719 W} reprogramming A4 HE AAEY tg 2 AHE At

Pl P2 SOX ACR PGK Pc

200bp

GAPDH

; . .
' .
-fw#ﬂmmnqmj

19 15. porcine testis tissue extracts ## & RT-PCR. P: protamine, SOX:
SOX9, ACR: preproacrosin, Pc: protein C

2% 15% porcine testes extractsE 23t plating ¥ 48A17F ¥l mRNAZ ¢,
RT-PCR 3t PCR AFE& 1% agarose gel 9 loading 3t UVE o]&38le AT A}

_._44.....



Aok, 4 FAY nxE @A &5 #sil 3= protamine 2 FAAZE H1

e Ho=z Hola A3 ALolA X} porcme testes®] AAE Zte AER
reprogramming H AT E £ vt 9] protamine 2 ¥ AAE &9 & 4 3o

3 .y
&2 marker genel 2 EHA Q7] diFoltt. g 2 9 ok SOX9 oy A
HAo] &A= acrosin®] AT A Q] preproacrosin FAHAE Bl T 4 O‘i’iﬂ, protein
C k= ¢ & & AAgY. A3 M House keeping gene?l GAPDH +
29 DNAE ARSI &S HAFT AL

r_>d,
)
i
2
op
Ol
ot
it

Pl P2 SOX ACR PGK Pc

200bp

GAPDH

19 16. porcine testis tissue extracts A ¥ ¥ 72417t & RT-PCR
Pprotamine, SOX:SOX9, ACRpreproacrosin, Pc . protein C

¥ 162 porcine testes tissues extractsE A3 & 724)17F o] Ad & RT-PCR
HE-&

9O
=
]

AAl & A, F%9 DNAE ol &3to PCRE AHEE agarose geld| X UVE o] &3}
of &2l & A3 SOX9olY preproacrosind 7L FAXEo] HdEIT gL 9
g o AT HANA FAFd AAE porcine testes tissues extractsE o] &3}

reprogrammed porcine fibroblastsE €& 4 UUH. W 52=E reprogrammed porcine
fibroblastsE At ke 84S W% reprogrammed A Qo] $A7F H=x], §47 B}
Hduty #fi7teA & #1E RIUIASIA Yol AY

reprogramming % 438E 3 ¥ culture dish®] 80% A X AX7F YRS o A
l WiFS 3t RT-PCRS &3] 24 sirdrt.

= o)
St :ﬁlq‘ ?E-'}:"'LT HC]'%JQE

—
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200bp

(ﬂ' APDI I i

19 17. porcine testis tissue extracts A3t A dulg & RT-PCR
i P: protamine, MIS: mullerian inhibitory $:SOX9, c-kit: c¢-kit ligand, Pc :
protein C

%Y 172 porcine testes tissues extractsE A 2gt A{of AELE Adujtst £
RT-PCR 3}¢ PCR AHE-& 1% agarose geldl loading 3t UVE £33 £ Aojr}h. A
¢S FHRIFANE B4 Ao marker® ¢# A protamine 2 FAAIT AAT
AL SEE T QeSS AT +£ QA E8 hE marker2 A A c-kit protein®
binding & 4 T c-kit ligand’} 2@ H 2 9SS &9 & 4+ I 2 e 2 JHX
TAAE BHEHIT Yoy HAE 7R testese EAHolEtn ¢#Hl A 27FA marker
gene®| W 3 Qe HOZ Hol o] porcine fibroblastst porcine testes tissues
extractsol|] 2]sfA reprogramming HUvtn & ¢ AgAdct Yo AH}=Z porcine
testes tissues extractsE ©} 83l porcine fibroblasts’} reprogramming HA o= AL
gAag 4 AU | |

BILZEQ] Aoz oo o] 83 Aol EE primary culture ¥ Aoz Al7bol Ayt
o 2} A *’4127} Aol MEAE vol7l 8o HAAE Adte x5 =AY o2 HE
TE° HEste AEZ Ho AFL2 U o4 AR Esle TAAF] vk LA
0| stable 3} & o cell Line® 2 TF2=5 2 7129 porcine cell S o] &3sle] A& Bk
- A A3 w7 E porcine cellol 4] porcine testes®] specificdt FHAE
H¥H ==X RT-PCRE &3} ﬂ?__, al Betth 2 A3 fibroblast celldl A= #& S
A"k sertoli celldl e HEo] ¢F Iy Ao=E <4#lA IL6, collagen, VEGFA, %
docrine FZAE°] sertoli cell& ]%'{l" RT-PCRoll A Q=R &&8& ¢ AFAA

o Lo N o
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slolsl e, A o] ¥ 7}A porcine cell lineEg ©] &34 repgrogramming A ¢
& 39t AFo] o83 cell line® = 5 7R E S (spontanous stable porcine
fibroblast), V6 (Transfected SV40 porcine fibroblast), TE (Transfected hTERT porcine
epithelial cell), V22 (Transfected SV40 porcine epithelial cell), VTE (Transfected SV40
and SV40 porcine epithelial cell)® ©]&3t A@&A. 4 57Fx ¢ porcine cell=
230 ng/ml streptolysin OE& ©]83}o permeability A1Z] ¥ porcine testes tissues
extractsE * 88l RT-PCR-& 3o #2lslglc.

MIS S c-kit A PGK Pc

200bp

GAPDIH

par Apy

V6 . Transfected SV40 porc

P1 P2 MIS

T
e
e

Pc

e e T
LR T e R

i

L\Eg\%}_\ﬁ\.\h‘t{'&{ﬁl

o A R

SRR
s

T,

)

R

L L L L L R R T i Ll L L T e T L LI L h I By =i oo bk b R = A N ML AN NN LN A AN AN AEANE N NN A AREEETELTEAFAIIESEEATEEETE

GAPDH

rudid

T
N
w ol
7
By
G

Pl P2 MIS S c-kit K

200bp SR R

PRy m armswarrhabeahak 5 -

Mk bk bk AR AR N AR AL RAAEREEY LN EAR LA A AR LEimiaat — ek b LR EAA AN LEAsE R mnnn —rama

VTE : Transfected SV40 and SV40 porcine epithelial cell]

19 18. Porcine cell linedl] porcine testes tissues extractE # ¥ 3 & RT-PCR
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f

1Y 1894 stable 3} ¥ porcine cell lineS ©o]&38te] HAH3F A7 3 74 cell linedl
M E 7FA] 9] testes specifictt AR HHEHE AL AT S 9t g EE PGK2
(Phospho-glyceratekinase 2) genes W@ &= ATV 23 AL &9 & 4 It =1
gl fibroblast 7} o} epithelial cell line A+ Y& design 3+ A} thE Alojxe
METL specific stA HERYE RS A 4 Atk o] A3 2 o]n stabledt € cell
line B.t} primary culture ¥ porcine fibroblasts® A reprograminge] & dojduvl+ A

Q

S

= 3. a8y, t S 2% o]¥ reprogrammed porcine cell® At wl%E 348
™ reprogramming ¢ AL FA HEA Qs Bl

200bp

GAPDH

Pl P2 MIS S c-kit A PGK Pc

200bp

GAPDH

[V22-2 Transfected SV40 porcine epitehlial cell |
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200bp£:¢i 

R T

GAPDH

[VTE : Transfected SV40 and SV40 porcine epithelial cell]

1Y 19. Porcine cell line9] porcine testes tissues extractE ] @) 3sto] A oj v
43 3 RT-PCR

I 199 A B %o] stable 3 © porcine cell line& Ao 8j%sted RT-PCR 3§ 43
olty, ¥ AM RHXEo] V69 V22 cell line Sl A+ 48A1F Fo 4% AHY ¢ BE
TR HEEHE AL Y € 5 YT 2 ARE 9 2 AL .
2 VTE cell line A+ 48 ]?{l o HEEHY fFAAE A @wARHA 3 LA
EE 2o Rozw ARG o9 e AFRZE Hol primary culture® porcine
fibroblasts7} stable3}¥ cell line .t} reprogramming? &&°] ¢ L& & 4 YA
T}, WEtA primary culture ® porcine fiboblastsE ©] £ 3} reprogrammed cellS W&

1)

e

AN AEZHG Ao}, o] f Holo] o]gFoRH 1 HEo| FolXEA HAsU
)4 ATe e 2o

13. Bslel 23 sojA el A4 R AZ=TY Az FoAY ALE

479 % ALST 71MS olgstd ofuluFL ANY A3t AFYo] g HoARe F
Fol 449 AoZ AUHY 1AIT A7 F AEEH 8 QNS Fusgon dF
Aol oslf ZE HolAMRAE AP ol AZLZIUFH AXLE o]&, SHUNALE AN=Z
TR AL 939 Aol I3 dol4g fd, Hol4 wREE QAT (F 9
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0. AZEORH FAMEE o] & ;A AAXE o] A)ofuf <

total nuclear

* % % | %

DQnor cell niected oooytes cleaved (%) blastocysts (%) hatching (%)
Reprogrammed 119 72 (60.5) 27 (22.7)° 10 (8.4)
control 83 46 (55.4) 11 (13.3)° 5 (6.0)

*Reprogrammed: donor cells treated with streptolysin-O were co-incubated with cell

extracts derived from whole porcine testes.

5<0.05
F 9oA B vpel Zo ”H"cﬂ*’*‘*ﬂﬁi AZZ IV AEE o] ZH$- vtz A
MEgo]l FAHog Z7stHt old ojE QA4Eo] AMNAE FHAAEA &Eelsr]

e A2 ATY F%, dA 2 WAASFH RS B-actin, glucose transporter-1 %
Poly[A], A543 #&3te Poudf (Oct-4##H) H Nanog, #olHd &g AZz=H +
SANANER AxzaAg Hxe Aoja & Ak Fole 93 Sox-—g, Z7) #2243
-l cdx-2 ¥ Eomesd @dEE AR oz vlusdit (I )
A SAANAZE AZ20PF AXEE HolHdoz % >
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HA 2HE7] HolA A o] PFEAE st WHL Piotrowska et al. (2001)9]
Fel T thgI ol F3. Axw T4 gl DIl (1,1-dioctadecyl-3,3,
3',3'-tetramethylindocarbocyanine perchlorate; Molecular Probes, OR, USA)E virgin
olive oil®] 25 mg/ml8] FTEZ %9 o AYFYL vAHoz F, vlAzF7d F
Z. 9Ad0] FHE mAeR EPUE 538 F oUniHe T Az B
MA Fot GAde] ERHEE FAY AXGS #Fsl AXE Uz FdH FY98 %
o oju) 24 E7] dejuATe] A 7o A2 GRS FYEF F o 14w
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Rk T B REHOZ 24 E7)9 E@EAd] wat wjoli e} wjojelRE YHE AL
s gon g4ds] FEHA e F9dE WRAEANE FAE 3= BEF A4S
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