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Abstract

The purpose of this study is to examined the electrofusion and activation conditions for
the production of porcine somatic cell nuclear transfer (SCNT) embryos. In this study,
immature oocytes were cultured in TCM-199 with and without hormones for 22 hours. Skin
fibroblasts cells of porcine were transferred into the perivitelline space of enucleated in vitro
matured oocytes. Cell fusion was performed with two different pulses that each one pulse
(DC) of 1.1 kV/em or 1.5 kV/em for 30 psec. After fusion subsequent activation were
divided into three groups; non-treatment (control) and treatment with 2 mM 6-DMAP or 7.5
pg/ml cytochalasin B for 4 hours. Transferred embryos were cultured in PZM-3 (Porcine
Zygote Medium-3) in 5% CO, and 95% air at 39°C for 7 day. Apoptosis-related genes
(Caspase-3, BCL-2, mTOR, and MMP-2) were analyzed by immunofluorescence staining.
There was no significant difference between two different electrofusion stimuli in the
cleavage rate; 64.9+44.8% in 1.1 kV/cm and 62.7+4.0% in 1.5 kV/cm. However, blastocyst
formation rate (%) was significantly different among three different activation groups (no
treatment, 2 mM 6-DMAP or 7.5 pyg/ml cytochalasin B) combined with electrofusion of 1.1
kV/ecm. The blastocyst formation rate was 12.6+2.5, 20.0+£5.0, and 34.9+4.3% in control, 2
mM 6-DMAP, and 7.5 pg/ml cytochalasin B, respectively. Immunofluorescence data showed
that expression levels of caspase-3 in SCNT embryos undeveloped to blastocyst stage were
higher than those in the blastocyst stage embryos. Expression levels of Bcl-2 in blastocyst
stage embryos were higher than those in the arrested SCNT embryos. These results showed
that the combination of an electric pulse (1.1 kV/cm for 30 psec) and 7.5 pg/ml cytochalasin
B treatment was effective for production of the porcine SCNT embryos.
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AM|ZZ o] A(SCNT: Somatic cell nuclear transfer)& F& Ag &0 ikt A 5g BA| 5&& Pisk=d 183t 7]l
E3], SCNTO]| &Jgt 54 Hx] AR HYo] A =& T A75 Aksk= olFoldl Ao 288 4= 97| wio] SHe F84S
7}A| 2L QJthi(Prather, 2000; Lai?} Prather, 2003). 134 ] BA] &L 1-5%= thE 71=o| H|g] u]-& Jrti(Walker %, 2002;
Lai®} Prather, 2003). o|= &3, g3, &A%} 53 22 71&4d 2=(Yang 5, 2003)2} 8444 wdSKPark -5, 2001; Jeong
5, 2009), AR 2o EA|(Park 5, 2010; Ko 5, 2011; Park 5, 201 D)= QIgt Aoz d&A Ut

AAdA oz gty Yah= ARG E F7101A "HEA AeE AARAS Fte] Alo] oo WAl e felde FY
Ha s AR EE skl 27] AT WASHA E=t, BA A8tk GRel &gt /3 A=o) uijAlEE R q1914Ql
A=o] "AsHHCha 5, 1997; Park -5, 2015). 3o]4] apgol X A7|goke dAet FoiA|ae] g3 W Ixbe] Edste] o] g5ar
@111, simultaneous fusion and activation method (SFA)®} delayed activation after fusion(DA) W o] o] 8% thJolliffe} Prather,
1997). & " % Aaxor B 558 AR SH(Kubota 5, 2000; Bondioli 5, 2001; Hyun 5, 2003; Yin 5, 2003; Lee
5, 2005), F3 A vjote] ¥ 5 RS QJ3)] ionomycin, cycloheximide, 6-dimethylaminopurine(6-DMAP) and Cytochalasin
B 52 A7) A= T EAJs) o2 ALESIcHBoquest 5, 2002; Beebe &, 2009).

Programmed Cell Death(PCD) I}4 = 31421 apoptosist= A A2y B2 Q35 A3 o] A AE ¢gt 2|34 © 2 (Ranganathan
9} Rangnekar, 2005; Ji 5, 2013), A1 0.2 QEAYS= apoptosist= Hljo} £33} H&As}e, Hijote] whdkm} Aol QlojA] Fa3t 94
oJth(Jeon 5, 2009). Z1e{ut AlfollA A/FE okl HjolaAetolu; FA Hiololl Al apoptosis®] B HlEo] wal W X9 Hl&
o] &2 Ao= HuEI glom(Feugang 5, 2002; Gjorret 5, 2002; Hardy, 1999), H|L]ollA mA| 22tE= 1y 5 Zd4kart
A7 22 AL AR 2ol SJsl A4 Apoptosis=(Pang 5, 2013) o] B Aol & vIA Ae] Artd Hjore
ARARL &£Alof 7]of3t

2 A =R AAME 3 A5 A7 A= A8 S AL, A BA] 459 apoptosisE
EAsto] AN BA| pARe] W a&o) Rlof] gt AlRE AlEstaAl Al

MEe H g

H Ao FAE Uals =2A oA =2FH X9 UAE A5t FRA|(Penicillin G 100IU/ml, Streptomycin 100pg/ml)E
o 37C2 25 A3k, 2417 o|Ujof] APAR 2NIslgict SNk Wik AEjAdeR 338 AHskal
18gauge FAPHO] HAE loml FAIZ 3-5mme] whmeld wmelmt nlds UAE Atk 4uE ugs s
Hepes-buffered tissue culture medium 199(TCM199; Gibco, Rockville, MD, USA)©f| 10ul/ml antibiotic antibiotic(Gibco, Rockville,
MD, USA), 0.3%(w:v) bovine serum albumin(BSA; Sigma, St. Louis, MO, USA)o] &7}l vijX|=Z 33] A&3t & 2.5pg/ml
gonadotrophic hormone(GTH; Sigma, St. Louis, MO, USA), 15ng/ml epidermal growth factor(EGF; Sigma, St. Louis, MO, USA)
9 30ug/ml kanamycin(Sigma, St. Louis, MO, USA)o|| 10% fetal bovine serum(FBS; Sigma, St. Louis, MO, USA)S Z7}3t
TCM199 d<sajFlol nldss GRS &A, 5% COu, 95%37] 18]al 39°C 2719 uljF7] ol 2241t &<t 13} A9 dss =
shodth. 7 & YT ALHLGAACIN GTHE A7 WiKE K183l 2241748 Hjesle] 23 Aod4e Smslo.

ol

2. SO EZH|

5% fef Boldlsmskin celh Landrace F A9 28 WAkl AASKACH, 2L vlAEkA AHslo] 0.05% trypsingh
EDTA”} 3715l D-PBS=Z 3571 vertexing= AAISHATE 10% FBS7} 271l Dulbecco/Vogt modified Eagle's minimal essential
medium(DMEM : Gibco, Rockville, MD, USA) vjFio 2 ABaE AA|51] trypsind} EDTAE A| A3t th2 Al415F DMEMH||SF
Mol AEFAA 25cm’flasko]] E5510] 5% CO,, 95% &7] 12|31 39°C 279 wifr| o)A ujoR AAske, uijoF 1241t 5 upet
off A %2 A3 AASEAL 10% FBS7} 371 DMEME{FH 0 = 48A17 e} mA|sha A 6~8 U7t viorS AAIsIGIch Alchul e
& FoAA|Z7} flaskol A 90%014; confluence AFER7} =12 wl, 0.05% trypsind} EDTAE #|&]slo] B8-A17] the 124 =X Lo
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158] o) whA HjoRE UAISEk ARt FOIAEE 10% DMSO7L H7Hel DMEM ool o 2 57 BEs) 31 8jo]4jo]
ARG T 39T 240 §oK5to] SRR A AAT he, 10% FBS7F H7HEl DMEMUfle: H7Fete] 4 well dishel] 2551
HloRS UAISIIEE. 10% FBS7L H71E DMEM sjofol o vjofh |5zt dish vetol monolayer B0] 58] H9ke u, 0.5%
FBS7} 4718l DMEM Hj9jo}0 2 391 o) slohi|ofe AX|sto] AER/IE GO B GI7IZ gk Bhe Fold|ma Agstlch

3. Ha o sol4]

sfol o] AHEE Pipetie 470] 100mme) Capillary tubes AHgs1o] T4 5 #9014 Pipeted Aot o} 418
Pipette ] 2172 20~30pum7} H=% 3kt BAE Pipette2 2)70] 120~150um, ZF == 15°90 Pipette(RIGIO Inc, USA)S ARE-5}
Ak Aldto] k=¥ Pipette> HoSO.0F 72 AARE thd BoAIA ARSI AeAdse] 2% dAH= 0.1% hyaluronidase”}
A71E] TCM1990] 225101 453E vortex AAJs1o] UFHIZE AAea, A4gh v]HZ WX AP§e % 7.5ug/ml Cytochalasin
B7} A71E v 2EE u|aF o g2 oA JFHu|7 Slol4 Metaphase II(MII) FX4A|2} Polar body(PB)E &%5te] &disiict &
sivkAfe] SlRizol] FolNlEg Felslo] ANE HolAe shasiar.

4. 8% U BN N2

sjo]alo] &z E WX A7] §¢-2 0.ImM CaCl,, 0.1mM MgCl,, 0.5mM HEPES”} 3£3Hel 280mM mannitolof|A] 1.1kv/emt:
L.5kviem®] 275 30usec 5¢t 13] FA5to] AZgoS F=8ktH(Table 1). 891 do]Aehe] SAsE fieshr] flste] 2mM
6-dimethylaminopurine(6-DMAP; Sigma, St. Louis, MO, USA), ¥ 7.5ug/ml Cytochalasin B7} Z+Z} H71el A|Q] sfjFolof A 44|17+
59t whepsieich

Table 1. Developmental competence of porcine SCNT embryos in vitro following different electrofusion and activation method

No. of oocytes developed to (%)
Electro fusion Activation No. of embryo cultured

>2 cell Blastocyst

Non 91 649 + 4.8 12.6 +£ 2.5

1.1kV/em 2mM 6-DMAP 92 75.1 £ 9.0 20.0 £ 5.0
7.5pug/ml Cytochalasin B 92 717 £ 7.3 349 £ 4.3*

Non 99 62.7 + 4.0 6.7 £ 1.3

1.5kV/em 2mM 6-DMAP 100 64.5 + 8.7 12.8 + 4.9
7.5pug/ml Cytochalasin B 102 67.0 £ 2.7 22.4 + 3.1*

* Values with different letter superscripts are significant difference (p<0.05).

5. Hlel uig

A8t Aol Bo|AJghe PZM-3 Wikl o2 3-43] AHat the PZM-3 WIS 4 well disho] H3le] ek A
wellol] 500u19] whaFola Sho] J2he 20~3074% Hof 5% CO,, 95% 87| 2|3t 39T ujerEzAel A 72Uk ek AlAsch

6. Annexin V ¥M 3} Immunofluorescence

Annexin V g2 PE Annexin V Apoptosis Detection Kit I (BD Biosciences, San Jose, CA)S o83}t AAE B4 +74
of HH4 T Apoptosis HI&-E S4517] 918l Aeller 24A17) vtk BA) SkE Sl4stol AUE XIS Sl BA] 4
k2 1xPBSo|| 33] A4 &, 1X binding Buffer 100ulol] Annexin V&} 7-AADS Z}z} Sul] F¢J3to] A0 147k 305 &M
HAIste] Bajslei

Immunofluorescence= AAM|EZ BA] 4TS 1xPBSZE 3824 23] A& & 10% normal horse serum .2 2057+ AR2-0]| 4] blocking
< AASFITE Primary antibody(Caspase-3, Bel-2, MMP-2, mTOR: Santa Cruz. CA. USA)E ARME-3}SIC} Primary antibodyS
blocking solutionol] 1:1000.2 3]A43}e] 4°CoA 18AIZFEST gk ¥1-S-S S=319ich o]3 1xPBSE 524 33 AHslwn
secondary antibody+= (anti-rabbit '+ anti-mouse: Santa Cruz. CA. USA) 1:5000.2 3]4}3}o] AF2o]|A] 3A|7Fs<Qt HES-5FaL THA]
IxPBS&E 584 33] AA3t 3 DAPIZ} 32§ H-12002.2 mount 3}ITh

o E

flo
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7. SAXE

H A1LE E3lo] FEF Ao gt A 242 GraphPad InstatZ ©]-8-5}0] Tukey-Kramer Multiple Comparisons TestS AR
g o $eld AolE mol= Ao RS,

N
=

1. H7I§Ya B Z70o W2t sojalzto] wag

i

AME EA AT ujete RS 98] A7]-83H(1.1kV/em, 1.5kV/em)1} ZA43H6-DMAP, cytochlasin B) 2742 Z12F X3
sto] AAE EA] ] uplEES BASHICHTable 1). A7]1-8% 2491 1.1kV/ieme} 1.5kV/emE BlwskglS off 1.1kV/em?
2649 + 4.8%)TF HIHEES(12.6 + 2.5%)0] 1.5kV/eme] WFEh8(62.7 + 4.0%)TF HiHHES(6.7 = 1.3%)1R0} =9k1, SHAls} ]
off TAgle] 1.1kV/em®| §-3t2719] Wekaa uivtzgol] 1.5kV/iemo] o2kt =0ke). &3} 2o whg ke viRbza-2
1.1kV/eme] A7)1§8 24 o o], TAH2]7H64.9 + 4.8%, 12.6 + 2.5%)X T} 6-DMAPAZH75.1 + 9.0%, 20.0 + 5.0%)3} cytochlasin
BA2]7H71.7 £ 7.3%, 34.9 £ 4.3%)ol|A &1} vRbEg-o] =l E3F 1.5kV/eme] A7) 24Y tle FA2462.7 + 4.0%,
6.7 + 1.3%)5c} 6-DMAPX|2]7(64.5 + 8.7%, 12.8 = 4.9%)7} cytochlasin B 2|5H67.0 + 2.7%, 22.4 + 3.1%)0 4] Ws-&a} ujulz
fol B9tk A/I8Y 2T Auglo] RATRT A2l oA T TS0l £ AL Hel & % AAT. LIKViems}
1.5kV/em®] A7) g3} 27 BE B@)aL(12.6 + 2.5%, 6.7 + 1.3%)2C}F Cytochalasin BHZ(34.9 + 4.3%, 22.4 + 3.1%)0] &-0]]
o7 2 iRk sS Btk AY AnE TS o, 1.1kV/iem®] 7|83 % Cytochalasin BO] 23} 22|17} 152 wivbzaS
Hch

o

2. sojAjzto] g TY Apoptosis 4]

o] Algko] 9] vk THAEE apoptosis7} LojLhE= H[E-2 PE Annexin V Apoptosis Detection Kit I (BD Biosciences, USA)S
olgato] BAallck AN AT Aeler T 24A17ktct Sldalo] BAS Alel, Zak whe 2719l 2cella} doell T

S| ou] A viore] 54.29%2} 47.6%]4 Apoptosis7t X1 FolAu AFERE Lo UERTE. 8cellit morulathA oAt 80%2}
87.5%7} apoptosis7} 213 o] AL} APEEE Ao Uelte). HiRkEslz] 445t EeiE 33.3%2] ufolellA apoptosis7h = %
olghs AL o 4 YIUTKTable 2).

Table 2. Analysis of apoptosis of porcine SCNT embryo development stages

Number of apoptotic cells (%)

2cell (24h) 4cell (48h) 8cell (72h) Morula (96h) Blastocyst (120h)
Alive 9/24 8/21 1/25 1/8 3/6
(37.5%) (38.1%) (4.0%) (12.5%) (50.0%)
Early Apoptosis 3/24 2/21 3/25 3/8 2/6
(12.5%) (9.5%) (12.0%) (37.5%) (33.3%)
Late Apoptosis or Dead 12/24 11/21 21/25 4/8 1/6
(50.0%) (52.4%) (84.0%) (50.0%) (16.7%)

3. HASHY BEAMB S =51 Apoptosis B4

A LJufoF 7R} HojAl-S Fl4=5lo] ZF TAH apoptosisiHH TS Immunofluorescence 2 E-4]3}% ) Apoptosis markerQl
Caspase-32] &2 ko] A3 2cell, 4ceell, Scell TAOlA] HiRRE GA R} =2 WS Bt 2cell BAOA 7Y =2 UdlS
B, wjdkre YA H3; gashs W S HSItKFig 1). Anti-apoptotic 712+Q1 Bel-22] 79 'do] A7t 2cell,
4cell, 8cell TA Tt viREE TAlOA HA} S7Fehe I S B, aivtE gl 7Y =2 IS BRI Fo02 3 Ajo]
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= HolA| Fekth(Fig 2). MMP-29] I o2 vtz ARG o] A3t thg @A oflA Edo] SA yehgAt e dAolA
Bl HAS HAlAL iRk whAleke] FofFQl Aol= flSH(Fig 3). mTORS| W A= vt GAlofl A o] HARt o
AR HEHo] A UEREARE Fol#Ql AolE Holx] eiRtal, HE wAolA vt waS Hltk(Fig 4).

Caspase-3 DAPI Bright field
A

Figure 1. Expression of Caspase-3 protein in different development stage of porcine SCNT embryo. (A~C) 2cell stage, (D~F) 4cell stage,
(G~I) 8cell stage, (J~L) blastocyst. Red. Casp-3, blue. Nuclei.

Bcl-2 DAPI Bright field

50

!F

;

50pm

Figure 2. Expression Bcl-2 in the development stage of porcine SCNT embryo. (A~C) 2cell stage, (D~F) 4cell stage, (G~I) 8cell stage,
(J~L) blastocyst. Red. Bcl-2, blue. Nuclei.

J. Emb. Trans. (2018) Vol. 33, No. 3 123



o SHX] HMZE SH| 2P| X AFE 2

MMP-2 DAPI Bright field

Figure 3. Expression MMP-2 in the development stage of porcine SCNT embryo. (A~C) 2cell stage, (D~F) 4cell stage, (G~I) 8cell stage,
(J~L) blastocyst. Green. MMP-2, blue. Nuclei.

mTOR DAPI Bright field
€ me

Figure 4. Expression mTOR in the development stage of porcine SCNT embryo. (A~C) 2cell stage, (D~F) 4cell stage, (G~I) 8cell stage,
(J~L) blastocyst. Red. mTOR, blue. Nuclei.
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SONT 344 % 716313 B4sks Solvixier FolAlErke] 4750 Tolska, Al
T 5 EE A9H AT T FaT FYoItHCha 5, 1997; Yang 5, 2003). uHHOR g ATRESo| 27t ohE
o

2 3FA3} 2 AL ARESEL 9o, 1.1~2.0kV/eme] ZFER 10-60us, 1 = 2 DC pulsesE 713 wo] ARSI} 2 A4 H7]&
3t 249 49 1 DC pulses 30us o], 1.1kV/em A0 1.5kV/cme] XARTE =2 W3} vjdkZ8-8- Ho|n, Cong 5(2008)2]

2
Ao A 1.2kviem ZAY wEbEa vHEE8-0] (63.3+£3.0%, 18.442.3%) 1.6kv/iem ZZA9] wjdbdLy} wHlEL8(46.7+7.5%,
10.343.9%) K} =th= B9} fARE AiE Hof, 2 A7) AFHe W A7|A=0] viwbazgoluy Wt 243t 3ol 93
A= Aoz AlmErh & A5 Aujola] BAs o] e FATET 6-DMAPA 27} Cytochalasin BA 2ol &2 Uds
I} wfiRkE8-S UERHLE Protein serine/threonin kinase A|AZ &8t $HdE21 6-DMAP= maturation-promoting factor(MPF) &4
& oAjslo] 4He WY AR Yold 4 RS slvl, EGEE WAE 4THo Basleis Ao UehdrhAlexander £,
2006). Cytochalasin B+= microfilament 5% SA|A|o, A2 £EE AR5t SCNT Hfjofell A FofMlzet FMA Y] &4 1Y)
918l 2t 215 ARG-EITH(Beebe 5, 2009). wEbA SCNT H4 - 6-DMAPU Cytochalasin BO] 22w 54| 4eto] Wge] 34
Aol FES v|x= ALRE AlREHLE ESF E AS AdtofA 1.1kV/iem A3} 1.5kV/em 27 2% FAEto] H|3f Cytochalasin
Bo] AejolA oA em & ufivtZ &S Hol, 1.lkv/em 7|58 § Cytochalasin B A 2]7} EA] 78] Igaa viRtZ&of
ol SR I A Aes AlrEch

Apoptosis®] A2 DNA &4 507 n|EF ool A Cytochrome C7} WEE| 0] apoptosome®] &A= apoptosomeo] 23]
Caspase-37} &A4J3lz]o] o]F o]t Chae 5, 2006). Annexin V= A|3ZofA] apoptosis7} ZIBYE|™ phosphatidylserine®] cell
membrane 0.2 = %+=Y| o] =E% phosphatidylserineo]] 23510 apoptosisE FX|5H= G WOt Levy 5, 1998). & Lo
A BA Adghe] WS AR apoptosis7h Yol HIEE Amnexin VAME Foto] BAFE, Y 27191 2cell A4 AA|
Hjo}9] 54.2%7} apoptosis7} 18 Fo| AL APESIAL, HiREAE7IR] AdAstole oF 33.3%9] ujolol| 4] apoptosis7t ZIFE L U=
g IS 4= Q3Uek o] Ak A9 ujkE Ixb uiotol A A9l ey 2710 & 9] apoptosis?} 2 HIEO UE AAE
HRlth= dF(Hardy 5, 1999)} viote] A|efuiel Al AAtEl= SHIAMAZ(ROS)S vlobo] Whdy} g Asfishe Qas Alxuta
DNAe] 4% =1 apoptosisE -FISHLL, ol= 2Md 589 ARk} 4 23to] A|siE E22tH(Jeon 5, 2009)= H 1o} o] A
32 B pdeke] A9 Aatshe S Q91Al ARAl=T Aok ofs) Wd 27158 2 apoptosis7} 'AYSIAL Lot
EA e aEo] W2 dlo] He Aor AR AME BEASETE wijef TYAel 33to] apoptosis] A LS
immunofluorescence= 43t A1}, apoptosis markerQ] Caspase-39] W& Al whto] AR[GE 2cell, 4cell, 8cell THAOA] vk
AR & HES B, 2cell SAlA widkE WA= ZFEHA FH3} HEo] adhe ElS eyl o] FARE 2cell,
4cell, 8cell TA|o|A] Caspase-39] w2 YH R & wj, Apoptosis7} Hjore] Wrgh X2} A ApZe] J3EE n]x]= AR Al=EH
Anti-apoptotic 22} Bel-29] W FARS vk TAof| A digo] AR|3T 2cell, 4cell, 8cell THART =2 WS Bt Bel-29)
o] Ao whddh ujdkx gAol A | EERIths Hil(Hao 5, 2003)9F 22 Atz & wf o|= Caspase-39] A& Ao}
Zo] apoptosis7} Z7] Hjole] WEd AR} M2 APHO| F¥R2 w|x]= Ao R AlEECE Matrix Metalloproteinase (MMP)&= Al 3E
9] 714 A& w3l AaE MMP-2&= Al & Ao #azstn] A|lZ7]de] FERAIE Sl Axe] A4 Foll #olst(Kim
3, 2010), apoptosis®] ZHdo] =il A2z Higo] Ad wf SETt wolAls Aer dEA Slth 2 AolA MMP-29] ¢
HiRbsz A ETE FAH 2cell, 4eell, Scell THAOA Brdo] 7| UebdARE Bs TA oA Bl ddS Bylon fo4l Atol=
Uk o= MMP-27} viopdlgh A] Alaz A=tgdol] oiste] B TAoflA Ido] Uelhs Ao Alm¥th. Mammalian target
of rapamycin(mTOR)S E-x}2Fo| 289-kDagl A|H-E| 2 <1Aks}a 4 (serine-threonine kinase)o|™, AARFIR}, ofu]x] Ae] 5 AJX
wiefe] ghgof wet Az 29, AL 5ol TofrtthPark 5, 2015). & A4 mTORE] a2 ujnksz whA|o A AA|H 2cell, 4eell,
8cell TAET) W] A UehgA|9t & T4 Bl&gt HdS Uehdal, §o023l Aol HolA] ¢igtrh o= mTOR®] Bel
family o3} 2340 2 2-8(Castedo 5, 2002; Park 5, 2015)3PH apoptosis7} Zo] Lojit ThA o A+= Pro-apoptotic-F-HAA=}
=0 apoptosisE Ul HivtE THAoA= Anti-apoptotic ARSI Bofsl= Ao m AlRETh webs & AG-dT= SCNT
o] Ao 712 W A28/ Q1A Cytochalasin B)2] 2187t Ao 27] Wl @3ks = 0= AlRE, nEd
Egjotof| A HHIE] = internal-apoptosis AlSAAO] F&S o] anti-apoptosisE Z-gdh= o2 AlREch & &2 A5 &-85)o]
SCNT#HE] Wa&SE SV &= & Aol Eok

0

e,

L

J. Emb. Trans. (2018) Vol. 33, No. 3 125



o SHX] HMZE SH| 2P| X AFE 2

REFERENCES

Alexander B, Coppola G, Di Berardino D, Rho GJ, St John E, Betts DH. and King WA. 2006. The Effect of
6-Dimethylaminopurine (6-DMAP) and Cycloheximide (CHX) on the Development and Chromosomal Complement of Sheep
Parthenogenetic and Nuclear Transfer Embryos. Mol. Reprod. Dev. 73:20-30.

Beebe LF, Mcllfatrick S.J. and Nottle MB. 2009. Cytochalasin B and Trichostatin A Treatment Postactivation Improves In Vitro
Development of Porcine Somatic Cell Nuclear Transfer Embryos. Cloning and Stem Cells 11:477-482.

Bondioli K, Ramsoondar J, Williams B, Costa C and Fodor W. 2001. Cloned pigs generated from cultured skin fibroblasts derived
from a H-transferase transgenic boar. Molecular Reproduction and Development 60:189-195.

Boquest AC, Grupen CG, Harrison SJ, Mcllfatrick SM, Ashman RJ and d’Apice AJ. 2002. Production of cloned pigs from cultured
fetal fibroblast cells. Biology of Reproduction 66:1283-1287.

Castedo M, Ferri KF and Kroemer G. 2002. Mammalian target of rapamycin (mTOR): pro- and anti-apoptotic. Cell Death Differ
9:99-100.

Cha SK, Kim NH, Lee SM, Baik CS, Lee HT and Chung KS. 1997. Effect of Cytochalasin B and cycloheximide on the activation
rate, chromosome constituent and in vitro development of porcine oocytes following parthenogenetic stimulation. Reprod. Fertil.
9:441-446.

Chae JI, Cho SK, Seo JW, Yoon TS, Lee KS, Kim JH, Lee KK, Han YM and Yu K. 2006. Proteomic Analysis of the
Extraembryonic Tissue from Cloned Porcine Embryos. Mol. Cell Proteomics. 5:1559-1566.

Cong PQ, Kim ES, Song ES, Yi YJ and Park CS. 2008. Effects of fusion/activation methods on development of embryos produced
by nuclear transfer of porcine fetal fibroblast. Animal Reproduction Science 103:304-311.

Feugang JM, Roover DE, Leonard S, Dessy F and Donnay I. 2002. Kinetics of Apoptosis in preimplantation bovine embryos
produced in vitro and in vivo. Theriogenology 57:494.

Gjorret J, Wengle J, King WA, Schellander K and Hyttel P. 2002. Occurrence of Apoptosis in bovine embryos reconstructed by
nuclear transfer or derived in vivo. Theriogenology 57:495.

Hao Y, Lai L, Mao J, Im GS, Bonk A and Prather RS. 2003. Apoptosis and In Vitro Development of Preimplantation Porcine
Embryos Derived In Vitro or by Nuclear Transfer. Biol. Reprod. 69:501-507.

Hardy K. 1999. Apoptosis in the human embryo. Rev. Reprod. 4:125-134.

Hyun SH, Lee GS, Kim DY, Kim HS, Lee SH, Kim S, Lee ES, Lim JM, Kang SK, Lee BC and Hwang WS. 2003. Effect of
maturation media and oocytes derived from sows or gilts on the development of cloned pig embryos. Theriogenology
59:1641-1649

Jeon YB, Biswas D, Yoon KY and Hyun SH. 2009 Prediction of Developmental Ability of In Vitro Fertilized Porcine Embryos
by Analysis of Early Cleavage Pattern. Journal of embryo transfer 24:65-69.

Jeong YS, Oh KB, Park JS, Kim JS and Kang YK. 2009. Cytoplasmic localixation of oocyte-specific variant of porcine DNA
methyltransferase-1 during early development. Dev. Dyn. 238:1666-1673

Ji Q, Zhu K, Liu Z, Song Z, Huang Y, Zhao H, Chen Y, He Z, Mo D and Cong P. 2013. Improvement of porcine cloning
efficiency by trichostain A through early-stage induction of embryo Apoptosis. Theriogenology 79:815-23.

Jolliff WJ and Prather RS. 1997. Parthenogenic development of in vitro-matured, in vivo-cultured porcine oocytes beyond
blastocyst. Biology of Reproduction 56:544-548.

Kim SH, Kang HA, Kim DS, Lee MS, Seo KS, Min KS and Yoon JT. 2010. Expression Analysis of Matrix Metalloproteinases
and Tissue Inhibitor of Matrix Metalloproteinases from In Vitro Maturation Oocytes Complexes in Porcine. Reproductive &
developmental biology 34:55-62.

Ko YG, Im GS, Lee HC, Cho SR, Choi SH, Choi CY, Lee PY, Cho JH and Yoo YH. 2011. Non-CPC methylation of Pre-1
sequence in pig SCNT blastocyst. Reprod. Dev. Biol. 35:93-97.

Kubota C, Yamakuchi H, Todoroki J, Mizoshita K, Tabara N, Barber M and Yang X. 2000. Six cloned calves produced from
adult fibroblast cells after long-term culture. Proceedings of the National Academy of Sciences of the United States of America
97:990-995.

126



AL,

He

A

o

Lai L and Prather RS. 2003. Production of cloned pigs by using somatic cells as donors. Cloning Stem Cells 5:233-241.

Lee GS, Kim HS, Hyun SH, Lee SH, Jeon HY, Nam DH, Jeong YW, Kim S, Kim JH, Han JY, Ahn C, Kang SK, Lee BC
and Hwang WS. 2005. Production of transgenic cloned piglets from genetically transformed fetal fibroblasts selected by green
fluorescent protein. Theriogenology 63:973-991.

Levy R, Benchaib M, Cordonier H, Souchier C and Guerin JF. 1998. Annexin V labelling and terminal transferase-mediated DNA
end labelling (TUNEL) assay in human arrested embryos. Molecular Human Reproduction 4:775-783.

Pang YW, An L, Wang P, Yu Y, Yin QD, Wang XH, Xin-Zhang, Qian-Zhang, Yang ML, Min-Guo, Wu ZH and Tian JH. 2013.
Treatment of porcine donor cells and reconstructed embryos with the antioxidant melatonin enhances cloning efficiency. J.
Pineal. Res. 54:389-397.

Park CH, Uh KJ, Mulligan BP, Jeung EB, Hyun SH, Shin T, Ka H and Lee CK. 2001 Analysis of imprinted gene expression
in nomal fertilized and uniparental preimplantation porcine embryos. PLoS One 6:€22216.

Park JY, Park MR, Hwang KC, Chung JS, Bui HT, Kim T, Cho SK, Kim JH, Hwang S, Park SB, Nguyen VT and Kim JH.
2011. Comparative gene expression analysis of somatic cell nuclear transfer-derived cloned pigs with normal and abnomal
umbilical cords. Biol. Reprod. 84:189-199.

Park MR, Kim BK, Lee HC, Lee P, Hwang S, Im GS, Woo JS, Cho C, Choi SH, Kim SW and Ko YG. 2010. The imprinted
messenger TNA expression in cloned porcine pre-implantation embryos. J. Emb. Trans. 25:127-131.

Park YG, Lee SE, Kim EY, Hyun H, Shin MY, Son YJ, Kim SY and Park SP. 2015. Effects of Feeder Cell Types on Culture
of Mouse Embryonic Stem Cell In Vitro. Development & Reproduction 19:119-126.

Park, S.J, Ryu, J, Kim, L.LH, Choi, Y.H, Nam, T.J. 2015. Activation of the mTOR signaling pathway in breast cancer MCF-7 cells
by a peptide derived from porphyra yezoensis. Oncol Rep. 33:19-24.

Prather RS. 2000. Cloning. Pigs is pigs. Science. 289:1886-1887.

Ranganathan P and Rangnekar VM. 2005. Exploiting the TSA connections to overcome Apoptosis-resistance. Cancer Biol. Ther.
4:391-392.

Walker SC, Shin TY, Zaunbrecher GM, Romano JE, Johnson GA and Bazer FW. 2002. A highly efficient method for porcine
cloning by nuclear transfer using in vitro-matured oocytes. Cloning Stem Cells 4:105-112.

Yang YH, Choi SY, Lee SY, Park CK, Yang BK, Kim CI and Cheong HT. 2003. Study on the improvement of bovine somatic
cell nuclear transfer rechnique. Korean J. Animal Reprod. 27:233-240.

Yin XJ, Cho SK, Park MR, Im YJ, Park JJ, Bhak JS, Kwon DN, Jun SH, Kim NH and Kim JH. 2003 Nuclear remodelling and

the developmental potential of nuclear transferred porcine oocytes under delayed-activated conditions. Zygote 11:167-174.

J. Emb. Trans. (2018) Vol. 33, No. 3 127



