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Effects of Electric Stimulation and Activation Conditions on
the Fusion and Development of Porcine Somatic Cell Nuclear
Transfer Embryos
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SUMMARY

The present study was conducted to investigate the effects of fusion and/or activation protocol
on in vitro development of porcine somatic cell nuclear transfer (SCNT) embryos. Porcine fetal
fibroblast cells were transferred into the perivitelline space of enucleated in vitro matured
oocytes. Cell fusion and activation were induced simultaneous fusion/activation (SA) or delayed
activation (DA) with or without cytochalasin B (CB) treatment with electic pulses in 0.28 M
mannitol-based medium. The SCNT embryos were cultured in vitro for 7 days and stained with
Hoechst 33342 to determine the number of nuclei. After 7 days culture, cleavage and blastocyst
formation rates were 72.4% and 7.6% in SCNT and 76.3% and 20.4% in parthenotes. To
examine the effect of electric field strengths on development of SCNT embryos, oocytes were
fused two pulses of 110 V/mm, 130 V/mm or 150 V/mm for 30 sec post-injection. The fusion
and cleavage rates in 130 V/mm group (70.2% and 72.6%) and 150 V/mm group (72.6% and
70.5%) were higher (P<0.05) than 110 V/mm group (47.1% and 48.6%), respectively. However,
the rate of embryos developing to the blastocyst stage (8.1%, 9.7% and 10.7%) were not
different among three groups. The cleavage rates and the blastcyst formation rates were not
different among three treatment groups (SA group, 71.4% and 9.7%; SA+CB treatment group,
74.7% and 8.0%; DA+CB treatment group, 70.8% and 11.2%, respectively). And, no different
in the number of cells in blastocysts was observed among the three groups (22.5+12.8, 23.3+
11.2 and 21.6+10.4, respectively). These result suggest that two pulses of 130 V/mm or 150
V/mm for 30 sec with SA treatment or DA treatment are enough for fusion/activation of porcine
somatic cell nuclear transfer (SCNT) embryos to develop to the blastocyst stage.
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2002; De Sousa %, 2002; Walker %, 2002; Zhu
5, 2003), =& A M ZEA ) &5 BAHR ) A
Ato] @AatA o]0 SitHPolejaeva 5, 2000;
Onishi &, 2000; Betthauser 5, 2000; Bondioli &,
2001; Boquest 5, 2002; De Sousa %, 2002;
Walker 5, 2002; Yin %, 2002, 2003). o]&{3 &
A Ned FAFHLE £58 15 NAE T
AL, BEH71) A E4E T2 HIHH,
%A AMES A% FHAHE FEY A AV
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(Onishi &, 2000; Park 5, 2001a; Kurome %,
2003), 3}%3(Machaty 5, 1999; Tao 5, 1999;
Boquest 5, 2002) 2 #7]-3}8-3(Park 5, 2001b,
Lee %, 2003) Hyo] oj& =53 ity Park 5
(2001a)2 =HRA)ol 0] A] simultaneous fusion/acti-
vation (SA)H& ol-&3te] A ANE EAF
BAE oNatel FAHY BAAAE AAHRL
™, Yin $(2003) simultaneous fusion/activation
(SA)4H 3} delayed activation (DAY 2zt o]
23} delayed activation (DA) Wi ol A E A=) =)
£ AP Bysigch 22y AV H A5
o g SAFRT $Y L BAMEAE Ho)
2 dAte) $AE FEE FE AT TR
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g43tel 32 DEEE AT fEiA
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1. HHFH

VXS AdAgol AT i FdS NCSU
23L& N EujgY o2 o Baxter (Baxter Health-
care Co., US.A)S & 1 /E A Z3} 0.2 m filter
(Gelman Sci., US.A)Z sttt pHE 7.2~
7302 ZAEPLn 50 n tissue culture flask
(Falcon, U.S.A)9) 45 ¥ EF5o 4Ce) Y32
of HAStAA & 2 7+ AMG3IGT AYEE
Hf g & NCSU 23 v gFHoll 10% FE, 0.1 mg/
ml cysteine, 0.01 wg/ml EGF, 10 IU/ml eCG 18]
10 IU/ml hCGE 713t A Z3t5Th A 2ful g
2 NCSU 23 ujokolio]] 0.4% BSAE A7}l A}
&k AR GER L 2~7 m 2719 FEAA
HEAE s 1,900 x g2 33 4R}
X, HF 02 m FEHE AE F -20T ¥FZ
Bt AME-srATh

2, LHEEe R

E dFo FAE diE &M 2AREF
GAE H23lo penicillin G (100 units/ml )9}
streptomycin (100 wpg/nl)e] EH2 A4 F4(30
~35Cyt EollE B2 ot 3~4A17F W
AYAE WA nAds GEZBL 23]
A dAFAY AW AEEIE AANE, A
2P FE 3~43] M HFE &, 18-G needleo] F-&7
20 ml FAPIE ©]88t] 2~7 me) TMAGEE
Elgte] dxIE ABIATE FE®R AHAA
AHEE HigdS 0.1 mg/m PVAZF 3718 TALP-
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HEPES (Prather =, 1995)% Al&3lgitt 42
GEALe 5~10 B AXAIZ F AHE 5o
&5 e HRez FAstE F7A 60 m W FHA
o &A 40x Wi ge) THARA(Olympus Co., Ja-
pan)ol A HEHXE ST F AJdsE 72
ok} NCSU 2322 4~53) A3sHAa Aeels
ok GE S A2 GFAEY BA FE X
ol FAX W AAFPen, HAd 23 o
Aol dFAEZOE Hol Y, MEHo] FY3}
T 34T Ag Adstd e FAAT

3 LR A eds

vEde AgH&EE AJdsE wgdE 4-
well dish (Nunc, Denmark)o] 500 u4& EF3}o
18 A7t ol B L {FET b ALY A
A& L okl YA X} 25 o]l T AT
Ho] A% 100~150 MY FEFL YT 5%
CO,, 98~99% %%, 39°C CO; incubatorol A A&
20~22A 7 ¢t T2 Fo] H7tE AAH&FE
vkl o A, T 20~22A17HE 32 Fo] F7HH
A & W FY A, F 40~44A2 FX WREE
o AYH&E FEaAh

L BN ES A L HHY

B Ao AHEE FAMNEE A4 30~3594F
2 SR "HollA £, ol&&drh AYEANE
AHAT eole] 2L mASA AAIA 0.05%
trypsin (Gibco, USA)3} EDTA (Sigma, USA)7l &
7}®l D-PBSE 387 A3 ¥ D-PBSZ YAE
e 29 trypsinz EDTAS A Astgich

23" MEE 10% FBS7} H71EY DMEMO 2
25 of flask (Falcon, USA)e) &#3F3td CO; incu-
batorol| Al kS AAIBFHOH, Wi 12417 F
vkl B ¢& AxE AAsly, A48 DMEM
) 10% FBS7} 3719 wjkeaj o2 majsta 3~
597+ wiekst ok AT FS FRAAETT flaskl
80% ©]4 #Ask& af, 0.05% trypsinZt EDTAE
gt /A7 ohE 1/3~1/44 vro] 103 o]
4 AREA vlks AABE T Al g 34
A EE 10% DMSO7} H7+g DMEM ujofai o 3
2 BE R, HolHd) A48 W= 38~39

T &5 815t EHAEIAE AAS o A
A5 DMEMd| 10% FBS7} H7tgE wjokgo = |
3] Alhulekst & M Z7} culture dishe] monolayer
£ 233 8439 confluency AEIE 2~39 A
T uigRezn GO GIRARZ f23 vhs ¥
AHLE AHS-EAT

5. 0|4

Holdlo] ALEH L FZ o] 1 mme capil-
lary tube (Sigma, USA)E Al43l5ioH, HAL&
B9 AL 150~160 wm, BH3 UL HH
2 970 20~30 mE ZAFHHT AYAE @
Z}& 0.1% hyaluronidase (Sigma, USA)7} F7+&
D-PBS9l| {0} 2~3%7} vortexingdle] GFAEE
48] A AR, 3~43] PVA-TALP-HEPESZ A
A3 2, 0.05 M sucrose (Sigma, USA) ¥ 0.4%
BSA7} H7tE widddA MEZe] AL
Al FA7F FREA Role dARhs: Ay
g8 o] o] &3tk Yol42 0.4% BSAT} H7HE
NCSU-23 uj<efo] 7.5 wg/ml® cytochalasin B
(CB) (Sigma, USA)$} 0.05 M sucroseE J718 &
Aol A AASGTh B 10~20% HES] HE
AL FUFoH AL AAINAULH, ¥ E ¢
2o A EFo] AAR FZ G0Y Gleg fr=
T FAAZE AZAR ZAHA FIHAT F
A X7 FUY daie AVIEEE AAE A
7+X] 0.4% BSA7Z} H 78 NCSU-230)| A uf} o313
1=

6. 0|4 ~Fato| gF Y &5l

oo FE dAtet FAHEY FHES A
A ZERAABTX, USAYE oj &3t B71&
e 0.1 mM CaCl, (Sigma, USA) & 0.1 mM
MgCl; (Sigma, USA)7} H7+g 0.28 M Mannitol
(Sigma, USA) £ 2~387 HHPE HAAIe
2, A7) §3& chamberZ &4 AA3HT A7
S-S Mz 7o) @t 110~150 Vimme) ZEE
50 psec, 2 pulsed FReH, A7|¢H F g45
E uZ YA A= 100 V/imm, 20 psec, 2
pulsesE Fol BABE RENAT Yol £H
#eo AR A 8HE K2 O cyto-
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chalasin B (CB)9] 4417} 3] ¥ A Jufake AA
sQth

7. XA+ X A Y

83 84371 A =8 F8TS 0.4% BSATL
HA7tE A Quekeld NCSU 230 3~43] A3 ¥
20~3070% 504 dropel ol 39T, 5% CO, in-
cubatorol| A Wi FEATh F8 F 48417 HAS
Ade FEES ZARIH LB, 144~168A1 7471
HiREE 7] e o] vt &S AT

8 MAsFe EAs ZA

Ay @ F4g A A%t 3
T 7d7bA whkgk wiukE 7 ul S Hoechst 33342
(Sigma, US.A.)& ©]4&3}o Pursel 5(1985)¢] 4
Yol £33t LS FNHT, YFHUF 200~
400 o} wi&3lollA e & RAMSATH

0. BASE 24

HAE AR FAF #4242 SAS packageE ©]
£33t AAI3F L™, GLM (General Linear Mo-
del) procedureE Z£3}cd Z} 2919 least square
meang ol 2ezel HeAAE AHAAH

Aot 3 0F

1 HAHES 0SB X SRR TRIUY
Blo| HQIULE |
Holyo] g AME BALH B A 3
AN $HHoE Yoly FAH A7 A3

A% S LT 2YgEH FIMEY e
ZA}ete] Table 137 2+ ZAE At} 2w
F 48417kl ZALE E & UM E dojy &
AFg et G Tz QoA vl AFAE
Yerl Ao, ek 7dA vtz |2 Yeg
o glolME EAleA B 7.6%= Ve g
A 20.4%° B3] §-FH o2 (P<0.05) Y&
o] wsirh

Park 5(2001b)2 A& dAE A7 AT
E gAE FEste AAE R Tl o
Aol BEEL 79.3%E AME BEA,Acte] 28
g 245%ET 5 43S Jehlden, mux
712 dgde) JAME ST A E
EAFABANA 42 26.8%9 4.9%2 e} &
93 =o]& YeERUTT BRI Chung
5(2002)& AT g AYHE Gy &
AE FESY Qg ST A
Ca™'e) = Aolo] wetA z7] e g
StE 2o wege BIYEH, 1.0 mM
Ca’o] A7t8 2oAM 79.3%2) BE&3} 32.4%9)
HErE 72 o] BEeS vehle] 0.1 mM Ca™
o] H7tE ZolAMe Z+zt 68.4%9) 19.3%9 we
L2 §93(P<0.05)02 B4 Yyttt £§
xR Ak YA BEE G vinkEs)u)
29 Bggd MR Ca¥'Y Bz uaty 2z
7} 0.1 mM (68.6%, 6.3%)S} 1.0 mM (74.3%, 15.8
%)l X EHELS FFQ o) & JeElA %
Sy it 29 TE&ol YoM FoFHQY
2ol & YERA AT Yin $(2003)S M E EAF
AT Qs 98 AP B Qs e

Table 1. In vitro development of porcine zygotes cultured for 7 days following nuclear transfer or parthenogenetic

activation
Oocyte No. (%) of No. (%) of No. of embryos
conditions oocytes fused embryos cleaved developed to blastocysts (%)
NT* 145 105 (72.4) 11 ( 7.6)°
Parthenogenesis** 186 142 (76.3) 38 (20.4)°

! Values with different superscripts differ significantly (P<0.05).

* 150 Voltages, 50 usec, 2 pulses.
** 120 Voltage, 30 usec, 2 pulses.
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WHO g hRTFEA A7|H AT ofsf &3}
E 2agA T AAE FE3t 19.6%9] Wit
7w 2ol WeEEE BRIFHHUT

£ d7ZFHTable 1)oll sloix £EE2 A
SRS SHEPT T KR AR
Park 5(2001b)¢] Ao} ¥l uy o, G LA &
B4E vad Ao oy AMZEA ST
s W B BTE(724 : 245%)E YERAA
o AANE BA AT B 2SS viREY)
we] degoe] Zzhe] AFEI} tEA YEhy
T olfE F9 stus 77 oE A¥AAIA
Uehs dd9] Aojd 71dEdL £ & UE
A2 AgHY, A §¥I Y E AR =
ZEo] ook & Aol

2. MY g8 =Ho| ME X AMME SX$
e SHSD HAUES

Table 26 A& ol4 FAHTFY H71H F]
oA H7|A=e] A BHE §HEH 2L
I3 F/M R YEEE XA 2Fde o
7 zZth 110 Vimme] AFo] F+oz FoAE
47.1%2M 130 V/mme] RF2o] Zoi7 2(70.2%)
3 150 Vimme] z}Fo] Foi3 F(72.6%)] H]&]
FH(P<0.05)2.2 @& §HEE YL, &
ggo YIME zHzZ} 48.6%, 72.6% T0.5%E
Yeht 110 Vimme) o] Fojh FejAl 130
Vimme] A=3 150 V/imme] o] Fo43 o
Hshe] £2) 5 21(P<0.05) ol VieRAATH 12
U it rie| 2o dage sloiA= Al A E
zhz} 8.1%, 9.7% R 10.7%2 Vet fo=el 2

o] & YelA gtk

Chung $(2002)2 SR 9] AHEE o] &£3% &
AFRF Aatel] oA ol FHF9 §FHAl
A8 AFE A% AN E 125 VimmE I
AZ ZFo 23] TE 332 EAs8Y Ued %
&(79.7%, 79.8%)3 E&-&(71.6%, 69.7%) R Hj
RE7M 29 BEE(15.7%, 14.1%)° AN F
27k FoFel Aol UERA ¥sitiy
B34t B A7) E 110 Vimmel A& 47.1
%ol §¢& 48.6%2 EE&E Jehlo 99
Ao Hdte @& ARE JEgien, 130
V/mms} 150 Vimmol s §8-&(70.2%, 72.6%)
I B88(72.6%, 70.5%)9] ojME ¥lsg Az
E Uil vintzs|mEe gado o
e ta e dEes JYeicth

Park 5(2001c)2 ol £AH H7F A5
of <)%t %A 120 Vimms} 130 Vimmel A &
& 7479 Az zpolE JYERNR] ¥
o, A E 130 Vimm HFZNA 70.6%E
58.9%% UEME 120 Vimm AZZEET £97
(P<0.05)2.2 A Uehgony, wintxslmze &
289 g 120 Vimm HlZd A 11.4%2
130 V/imm 2 3.5%Ett 5L {F 3}
o) JeEniitte B stget Yin $(2002)2 =
2o "ol ot EE o83 Holy F£ATY
AZ1FZA 150 Vinm=Z FARE o 9% H)
R LgES UEiio] B d7e] wiiiEy)
vle] we-gs A8 ASE e

£ A7y A Hold FHT| FHA
130 Vimm °|49] 7|3 7=t H¥EH 110

Table 2. Effect of electric pulse strengths on fusion and development of porcine NT embryos

Fusion No. of No. (%) of No. (%) of No. of embryos
conditions* oocytes oocytes embryos developed to
(V/mm) used cleaved blastocysts (%)
110 157 74 (47.1)° 36 (48.6)" 6 ( 8.1)°
130 161 113 (70.2)° 82 (72.6)° 11 (9.7
150 168 122 (72.6) 86 (70.5)° 13 (10.7)°

t Values with different superscripts differ significantly (P<0.05).

* Voltages, 50 usec, 2 pulses.
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Vimme ZEE AgeN oz Ard. 19
1} Chung 5(2002) % Park $(2001c)2 120 V/
MmN E HEE AAE AYODEZ, o 7Y
sl AHIE 0|89 HALHAL A7 9
AME Wolq +HF Wo1H §4e AT I
o WARAF 2] GYsolol ¥ ALE AT
.

3 HME SHsFR MY SEI BYs
o ME MAUHs

Table 30llA & ol 4] H7F &3
g/dstel glolA 37FA A2 Z(A type, B type B
C type)S Z}7] Ot RALE Xl £&L
vt x| 2] YEE ¥ EF4E A A9
© O3 2tk 3719 Mg Fo JojM e B
2 717} 71.4%, 74.7% & 70.8%E eI £
HQl AolE JERA gton, wivtE w29
B JoIME ZHz}F 9.7%, 8.0% 2 11.2%E
el f-9132l Aol g Yebl A gkgieh. E 3 o)
wE7u) o] gl YJME 37FR] HBlZodl A
Z}z} 22.5+12.8, 23.3+11.2 ¥ 21.6+1042 i}
W F93FHt apelE JERRA] Gttt

AHNEE ol &8 BAsALs Aol oA
doly FRwel 714§ B P o
oA o8 A7l 3 Azs A zolE
Hebl L Aok Chung §(2002)> ol s
< AN A= 3 simultaneous fusion/acti-
vation (SA) Y'Y 3} delayed activation (DA) W3 &
o] §3te] AAE FAHY EIEL SA WHol

672%Z Jeh} 76.3%E Uebd DA W ET &
gHoR @ A4S YTk Ty vt
71 29 T glojM s 2zt 16.4%9} 20.3%
2 yeht f93FHA AolE JehiA gkgkow,
DA Wd] ¢ F715 ol +HH] 843
= M2 BEgoe 9%8S vAA e
I sttt

Kurome $(2003)2 simultaneous fusion/activa-
tion (SA) ¥H 3} delayed activation (DA) W&
Hzate] Ags A3 vintEr|aze dggs
7tz 11%9} 12%E Yetlo] 5 A3l §9
39l Rolg UeHhA WO, o] T 7HX why
BF7H AR BANAY 4] B}Foletn
SOy, G YANE § Aol o
a7be) Aol el Yehg & UTHT AT & o
TFoAAE CB A b= F&glol 3714 X F(SA
W, SA ¥ CB X2 I8 DA s
CB M)A A ZFH9} fAMSE AAE Je}
Wtk 28, Yin §(2003)& AMEE o] &
BA s Aatddl dolA oA £ A
714 %Al SA W3 DA & v st S o o
e 2 o) BE-g-2 SA WA 32%Z 7.9%
vetd DA W ET ¥ A3E Jepldt
B EH . Martinez Diaz £(2003)2 AAME
ol& & Wl FHTY §H/A SAYEF DA
ol Qoix FEAFLHHRY £EEd M=
ApelE “ebl A gk, wintEria 2 wg
&9 AIE 22 20.9%sh 41%F ERf ol A
N AFoZ % BAHE SA0 A SA

of i kI

Table 3. Effect of different: fusion andfor activation treatment on the development of porcine NT embryos

Treatments* No. of No. of No. of developed to  Cell number of
oocytes fused  embryos cleaved (%)  blastocysts (%) blastocysts
A type 175 125 (71.4) 17 ( 9.7) 22.5+12.8
B type 162 121 (74.7) 13 ( 8.0) 23.3x11.2
C type 178 126 (70.8) 20 (11.2) 21.61104

* Three fusion and/or activation methods; A type: Fusion and activation were conducted simultaneously using two pulses
of 150 V/mm for 50 usec. B type: Fusion and activation were conducted simultaneously using two pulses of 150 V/mm
for 50 psec, and then CB treatment for 4 h. C type: Fusion pulses (150 V/mm X 2) followed by 2 direct current
activation pulses of 100 V/mm for 20 psec after 1 hr, and then CB treatment for 4 h.
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XA M DA HeEZhth 2 /93(P<0.01)
9l Aol & MDY 3o, T3 o]F 4
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F3 150 Vimme] o] Folzm T ZoAg]
70.2%8} 72.6%0) H]&) ¥ §E&& YA,
BE&gol JoME zHz}t 48.6%, 72.6%2} 70.5% =
Yeh 110 Vimme] zp=o] o7 FolA F A
BT W 43 & deidch 23y minx
7IWi 29 gl oM E Zdztel He e
o1 8.1%, 9.7% 2 10.7%=Z JEl} §oFel =}

ol& YERNA] gtttk AMEE o]&g Holas
A A71A Ao 23§ A8 sl
A 37}A 9] Z17] ok E A=A type, SA HH; B
type, SA i3 CB A Z; C type, DA Wiz}
CB A F)LE Yo AR A3 37kR)9 A
ol AoAAM e BEELE HZ 71.4%, 747% 2
70.8% % VeI §9 3 ol g Yehix e
o, BiHEE 7| 2 9] g AME ZH 9.7%,
8.0% % 11.2%E Yept <0 2tolE repl
A skt E8 wigtEsjue] Fpdel oM E
37kA) A ollA 2z 22.5+12.8, 2334112 €
21.6 1042 Ve #2331 Aol JepRA &
ket ol AY AAES FHE BY, B A7
M A AMEE o] &5 Hold FAHT|Y
&34 130 V/imm =+ 150 V/mm, 50 usec, 2 pul-
seS] A71H ZEE o|&3T, A YL Ee
SA W E& DA #EE WYtid SRS S
o] AANEEE FFANY F ASE AAEIE T o
A HA ] AMNZE o & BAFHYe] A4t
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713 AFe g §83 48t #AG T2
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