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Effects of Electric Stimulation Conditions on In Vitro Fusion and
Developmental Rates of Nuclear Transplanted Porcine Embryos

Park, J. K. and H. S. Park'
Dept. of Animal Science and Biotechnology, Chinju National University

ABSTRACT

This study was conducted to examine the effects of electric stimulation conditions on in vitro developmental
ability of procine embryos after somatic cell nuclear transfer. The porcine ear cell was cultured in vitro
for confluency in serum-starvation condition (TCM-199 + 0.5% FBS) for cell confluency. The zona pellucida
of IVM oocytes were partially drilled using laser system. Single somatic cell was individually transferred
into the enucleated oocyte. The reconstructed embryos were electrically fused with 0.3M mannitol. After
electric fusion, the embryos were activated and cultured in NCSU-23 medium containing 10% FBS at
39C, 5% CO; in air for 6 to 8 days.

Nuclear transferred(NT) oocytes which fused at a field strength of 1.90kv/cm showed a higher (P<
0.05) fusion rate(49.5%, 50/101) compared to 2.10 kv/em(25.8%, 24/93) or 2.50kv/cm(30.3%, 27/89).
After electric activation, the cleavage rate of NT embryos was 48.0(24/50), 66.6(16/24) and 70.3%
(19/27), respectively and these were not different. There was no significant difference in fusion rate by
duration and pulse of electric stimulation. In cleavage rate, however, more NT embryos(76.3%, 45/59)
cleaved at 60 usec twice than other embryos(49.1 to 56.5%) with different conditions of electric stimula-
tion(P<0.05). NT embryos activated at a field strength of 1.50kv/cm showed a higher developmental
rate(9.8%, 5/51) than those embryos activated at 1.25kv/em(0%) or parthenotes(6.4%, 7/109).

These results suggest that some factors such as field strength, duration and pulse of electric
stimulation could be affected to in vitro developmental ability of nuclear transplanted porcine embryos.

(Key words: Oocytes, Laser-drilled, Nuclear transfer, Activation, Electric fusion, Porcine)
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1. SIMIZ2 MF « vl

B Ay AMHEE A FE FA E(ear cel)E
A% 10719 ¥ Landrace® =§x]2] HE 5X5mm
AL AAste AR, 23S vAEHA Al
Asted 0.05% trypsin(Gibco, USA)3} EDTA(Sig-
ma, USA)7} A7+E D-PBS(Gibco, USA)Z 387}
vortexing S A A& et 10% FBS(Gibeo, USA)7}
#7h8 TCM-199(Sigma, USAi ¥l oz QAR
2 Az trypsingt EDTAE A A3 & TCM
-199 Hjckeio 2 A ZE B3k

BalE AEE 10% FBS7F #7719 TCM-1992
25 cm® flask(Falcon, USA)o| £33 CO, Wiok7)
ol A wikS AA G oH, vl 12417 T uhddoe
EA e AEE AASE, A48 TCM-199 H)
A 07 48A17kwl) WABHA 6~8U7F wiok
S AA YT Aok FAME7} flaskel] 90
% o|Ab zHgLS W, 0.05% trypsins} EDTAE A&
atod BRGAZ o2 128 Lol 153] ojAF ukiE
A vk AASIH T AN SR FHAEE
10% DMSO(Sigma, USA)7} A7+8 TCM-199 j
Folog =74 BES FI, Aol ALLE uf=
39T &5 Fasly FREIAE AAT s
AAE TCM-199 i FH-& H7bste] 4-well dish
(NUNC, Denmark)ell £33ted vl & 4 A8t o).
10% FBS7} d78 TCM-199 ikl o 2 njokgh
A 7} dish B}So] monolayerE %3] A 5t
< ] 0.5% FBS7} #7}9 TCM-199 ujokel o 2
Zop FE AAlAEH, 7|ohidE 3Y o4t
AN AEFIE GO BE GINE §58 o
& FANEE AL3ATh
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GEZRY st A8t
HFAEFo] APt
AEAol X3 xS Mdste] v 5(1999)
o] o F3ld A& fFEgth &, J5E
GEFE AYgAAEE 71 Y NCSU-23(Wang
=, 1997)¢) 10% FBS, 10% pFF(porcine follicular
fluid), 10 zg/ml LH, 2IU/ml hCG, 1 zg/ml estradiol
17-B3, | pg/ml FSHE #7138l 5% CO,9F 98~
99% &7t A 39T W E7IHAA 322 ©]
2 A ujore A] 71 thE, 4well-dishol] welld 30~
40719 vAE GEFE H)ste 4648417
ok uﬂohgo;&i A das Frasth

3. SojAl

o] 2ol AE-F pipette #7°] Imm?l cap-
illary tube(Narishige, Japan)S A}-8-3te] HAL-
(holding), B3 &(enucleation) E F~Y-E(injection)
pipetteS 77k Al &atgich A& pipetted] 917
2 160~180 um, 233} F9& pipette> £]73°]
20~30 ymE ZAS AT A Zo] A7 H pipette
Z24 H,SOs 2 Nonidet P-40(Sigma, USA)C. 2
A& g ke, Sigmacote(Sigma, USA)E A2 & 3|
g & & HFAA AR Agsd 7
PFAHE 0.3% hyluronidase(Sigma, USA)7t #7148
D-PBSol] ¥o] YA EE A A3, D-PBSE 3
~43] A&3 2, 0.05M sucrose(Sigma, USA)
9 10% FBS 7} H7tE D-PBSolA A2 0] 43
2 AL FeEA Hels dARkE s
AHg-3Th 3ol 42 D-PBS ¥ ¥ 4%(60~80
uhell 7.5 pg/mle] cytochalasin B(Sigma, USA)<}¢
0.05M2] sucroseZ #7tste] SFIUE €2 o
& 02 236l sloplge AP FIAEE
gojA FAE o] FAMEE load-
ingd ¥ £ EAE= laserZ zona pellucidaE -5
o2 drillingd th& 24 pipette 2 FA| 9
AZAE FYoe ARG olnl Hx2 A
A= ok 30~40% FES AEIE FATOEA
g AASATHE 5. 2000). BAE WAz Zuh

2 Axdo] AAY F FAMNEZE AXEEH
FASA FUAFOEA Aol g A5EUT La-
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ser system(MTM, Switzerland)-2 ©]-& 3t zona drilling
o Park S(20012)8] el Fad AN
Z, laser systemo] 2@ T AW 73}l A laser
HE&AA(x400) 2 drilling3r 3 zle] EHUE
w2 o2 20~30 psecd] AEE laserE 13 ¥4
A F o ZM zona drillingg A A3k} Drilling
o] A BF L Migd e AT FE 97 Het
o zona 5§74 9 <o 60~80% =7t drillingstH T}
FAAE7E F48 dA= 10% FBS7E 2714 D-
PBSZ &A A71§E A7bA] NCSU-23 ufj o of
A 308~1A17E e A,

(o3
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Foj2jo] 5P PR FAAELL AEFY
$3 A ZEFAABTX, USA)E HA 33
t} ol iR = 0.1mM CaCl2(Sigma, USA)
2 0.I1mM MgCl(Sigma, USA)7} #7FE 0.3M
Mannitol(Sigma, USA) &-<f¢fl 2~387F BF & 4
A& o, ol @E chamberZ £ 4 & A A}
ojo) dHE FYate] AL AF FFH(+H)EF2
gslA) st A 2F L SF(-)F2E Fapi }04
A712A5% 7hetth o)A dRd FAHY §
g3t Ar1gAste tad ol AAsATh

A8 1) DC 1.90kv/cm, 30 gsec 13]+AC 5v/mm,
5sec 13]4+DC 1.50kv/cm, 30 usec 13]
2.10kv/cm, 30 gsec 13]+AC Sv/mm, Ssec
13]+DC 1.50kv/cm, 30 gsec 13]
2.50kv/cm, 30 zsec 13]+AC 5v/mm, Ssec
13+DC 1.50kv/cm, 30usec 13

A3 2) DC 1.90kv/em, 30psec 13]9F 23]+AC
5v/mm, 5sec 13]+DC 1.50kv/cm, 30 z sec
13]

DC 1.90kv/cm, 60 uzsec 13)9} 23J+AC
5v/mm, 5sec 13]+DC 1.50kv/cm, 30 y sec
13]

2% 3) AC 5v/mm, Ssec 13)+1.25kv/cm, 30 y
sec 13]

AC 5v/mm, Ssec 13]+1.50kv/cm, 30 g«
sec 13
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A5 F5E Fola FATL NCSU-232
Z 3~43 A A3 T 10% FBS/F A7+8 NCSU-23
i kel of A wl 3} o}

5. SHISHE A 2wl

EAFY Ty Aou g 10% FBS7F H7Hd
NCSU-23 ufjof} 0.7 3~43] A% sl 60x15 mm
dish(Corning, USA) 4% o] A &L Yol 5% CO,
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Al oAl F 6~8U7MA] A QS Ak wy
HNEy|2e] Bgs FEIAT
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L-3}o] A A8 2.1, GLM(General Linear Model)
procedureE JL3ta] z} 2219] least square mean
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Hoja FZTY Fo¢S At H7H FE=
90, 2.10 2 2.50kv/cmE &3S F9US 1

e BYES Table 194 B upe} 7th
1.90kv/cm, 30 usec 13]¢) A7|AFo 2 ¢3S

AAEAS W ST &S 1.90kviemEH

o] 49.5%(50/101)2M 2.10kv/cm(25.8%, 24/93)9}

2.50kv/em(30.3%, 27/89)8] ZAXT §9FH(P<
0.05)°.2 9tk §3 = A3HAC; 5v/mm Ssec
13] +DC; 1.50kv/em, 30 usec 13))7} 719 #o)
A FARe] BELL 2.50kviem A 7)Aol 70.3
%(192NZA 71} =4 Jelgen, 2.10kviem
(66.6%, 16/24)S} 1.90kv/em(48.0%, 24/50)9= =}
o]7b ATt

Miyoshi £(2000)2 71222 100, 150, 200,
250 2 300vimm&) tekdt AH 2 AZFS 7}
S | Ao} FHTY §FF-E<] 100v/mmof

T &0l A3 o)FAXA &%, 200v/ mm
o} 250v/mmoll A= 64%} T7%7t §fol o] FolA
150v/mm(28%) <} 300v/mm(52%) 2.t} §-2] 2(P<0.05)
02 U 3Tk Du 5(1999) A E o

FotHE el Hold AT FAE flste A
Z1ZA=(1.5kv/em, 60 psec 23])2 FUE o §8&
I B8 747} 76.5% D 58%0|Y Tk 3tge
o, Ott 5(2000) A BjoldfotAE R 8
ol4] F£AJL 1.1kv/em, 40 psec 23] ZHo =2 A
NAFE FAE W FEEo] 4% on, &
2 56%°| ATk st ek ES Hill 5(2000)02 &
ol FTAMEE 1.6kvicm, 20 usec 23] 2] A7)=}
o2 A S o fetal 3} adulte] §3H&0] 7t
Z £2%8} 59% 2R FAMEY F7 E}EW i}
o7t ATt stHk. & AFAd, A7AF
F&e A7) AFAEY AARYgE tda ‘iuli
o, BE&2 o5 AHS FAM AEE YR
Atk o9 AFHE & o) HojA FHT 27
A L FAMES FEHERe] 2o HEe
A7NA= Z700] Gylsojop 3 7107 AzbETh

Table 1. Effect of electric field strengths on fusion and cleavage rates of porcine NT embryos

Strength No. of oocytes No. of oocytes No. of embryos
(kv/cm) used fused(%) cleaved(%)*
1.90 101 50(49.5)° 24(48.0)°
2.10 93 24(25.8)° 16(66.6)"
2.50 89 27(30.3)" 19(70.3)°

* Blectric activation : AC; 5v/imm Ssec once and DC; 1.50kv/cm, 30 ysec once.

™ Values with different superscripts in the same column were significantly(P<0.05) different.
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2. MI|XI= AlZiat 0] e oAl S~z
9| gt REE
AN A71E 1.90kv/iemo.2 T A3}, A
711}3«] EANZFE 30 gsecd) 60 usec A= 3

TE 139 23|82 747 e o oy sy#
o] §3&3 B8-S Table 2014 Hi= ups} ek

o4 FHTE 30 usec T 1319} 23819 A

AR FEE AASAS | Hol A
o] §3FES 27t 50%(55/110)9F 50%(46/92)%H .
o, 60 usec ¢t 13)9} 239 FANME Zbz}
58.4%(66/113)9} 50.8%(59/116)Z 4 doj2] 3
o] F&E AAA A7 AFAIZH 3o
o Zole YT §Fo] o] F ol o) 43
@9 A7)|ZASHAC Sv/mm Ssec 13] + DC 1.50kv
fem, 30 usec 13)F% T §FAIS] A71H 2714
wWE 2382 30 usec £0F 13]9) 23]9] glojM =
49.1%(27/55)9} 56.5%(26/46)ZH =ol7} AL
U, 60psec £t 231(76.3%, 45/59)A A 519E 7S
o= 13)(56.1%, 37/66)9] v)atal &2 2(P<0.05)
o8 2 #¢&E Byt

Onishi 5(2000)2 1Al BjobdfroldE e
Ho)a Aete] H7)18A3E 1.5kv/em, 100 gsec
13]9} 1.3kv/em, 60 usec 33|15 HAISHES o o
ol FA e Bago] 7tz 90.8%2) 86.4% M
ol 7b (AR 3k ek Shin 5(2001)2 =) A4
SA7HS 2Eld G247 28A17HE A& )
AX Fell FAHMER fo]Ag AAste A7)z}
=(1.75~1.85kv/cm, 15 usec 13RO R §3+-2

m[o wj

AXNEHE W) FEEo] A S 242 7H53%)F
28A17H61%) 7kl Zhol7t Al om, BEEE 7zt
T7%(24N 709k 81%(28ATHEH S8 gke) 3214
SAIZH] M2 ol AT stk 3§ Kih-
holzer 5(2001)2 A EloldFolHEE FoA
EZ 0]335te 7)opu kst Zlopul ok AAE A &
k& W 2.6kv/em, 30 usec 23] 9} A7)A §3 A
NHE FEE0] 62%9} 58%2H =ol7t UYL
o, 2445 38%% 4% EH Rolrt gtz 3}
Rk v} o] 5(1999)2 A7) A 7)(streng-
thE 1.75kv/icm 0.2 31313, 34E 1,2 9 33
£ FUSE o g8l 17X 652%=HR 23
(432%) 38(36.5%) Rtk ERXOH, EFg 9
ol M % 7}7t 88.4, 62.9 E 13.0%EM 13] R3o]
A JebT . 238k o)A B uig
ol oA FAHAS A7|AFOE §TFL AA
S W AT 2 e §HEH BT

< AFAE watd B2 Aol7t g&S @
=t o1H% olfE 8N AAF2A

-
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2ok opet FAMEY FF, Jlohie oy, ¥
g2 £, $one 4424 2 YN § T
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ste] A7) AFE 1.25kv/em T} 1.50kvieme] ZA 0

Table 2. Effect of different duration and pulse of electric stimulation on fusion and cleavage rates of

porcine NT embryos

No. of oocytes

No. of oocytes No. of embryos

Durati No. of pul
uration 0. ot pulse used fused(%) cleaved(%)*
“ 110 55(50.0)* 27(49.1y°
2 9 46(50.0)* 26(56.5)°
N 13 66(58.4)" 37(56.1)"
2 116 59(50.8)° 45(76.3)°

* Values with different superscripts in the same column were significantly(P<0.05) different.
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Table 3. Effect of different electric activation on

somatic cells

in vitro development of porcine NT embryos with

Strength No. of No. of embryos No. of embryos developed to(%)

(kv/cm) fused oocytes cleaved(%) 4-cell Morula Blastocyst
Parthenotes 175/ 109(62.3)™ 68(62.4) 26(23.8)" 7(6.4)°
1.25 28/ 90 16(57.1)* 10(62.5) 2( 7.1 0(0.0)*
1.50 70/127 51(72.8)° 27(53.0)° 9(17.6)® 5(9.8)

* Values with different superscripts in the same column were significantly(P<0.05) different.

2 FE3e o ol FAA] F8EH A
g Table 304 By uhel 2tk
ANATF T Fo] o]Foi FH TS BEE
150kv/cm-4 A7) A BA3 ZANME 72.8%
(51/70);&1 1.25kv/iem ) 57.1%(16/28) K.tk -] %
(P<0.05)2.2 EtoH, dEds FEst7] 9
3t AC Sv/imm Ssec 13]+DC 1.50kv/ecm, 30 psec
1319 23S FUS o BFEL2 60.9%(64/105)
ZH Zol7t UATh AolH FAF T[] Wi E
9] Behg-2 1.50kvieme] AN A= 9.8%(5/
51)7b jutEs 2 drgstg o, 1.25kviem &7
oA wjutEr| 2 9] whgo] A3 QITHP<0.05).
chej b ehe wiutE 7| 2 o] Wehg-o] 6.4%(7/109)
24 o)A FA(.5kviem)F -2 F(P<0.05)
Ql Aol7t YAATH
Miyoshi 5(2000)2 §§o] o]Folxl #o]4
AT ¢ & A71AH120v/mm)E A AIFY
g o B&go) 65%2N H71FGSHE HAIEHA
ARS we] 38%HETE FRoH, wWiviErje] U
o JolNE A7|AFE 7HEHA] ks W= e
o] A3 AL, M/NAFE FFetRE W 3%O]
Aty gtk Onishi £(2000)2 shA] AW FE
FE ANAF oz adIAE {FE3Y
NCSU-23& wjekdo g s HAASIE e
Wiz 7] 29 wehgo] 31.2%(1.5kv/em, 100 usec
13])9} 21.4%(1.3kv/em, 60 psec 33])H 21, mWM
wjofo| M= 7tz 4.0 2 1.0%7F Wit ES 2 W
gate] wjkdo] welr wEgo] Ao|rt Ak
31tk Koo 52000y #o]4] 4 S 120v/mm
9} 150vmmZ A7)1843s =39S o 2

£o] 2zt 71.4+10.9%9} 63.7+8.1%EH x}o)7}t
oty &9, WiHEr|Z2e @ loMe
120v/mm7}t 11.6+£1.6%Z4 150v/mm2] 6.5+2.3%
2o =4 Jelgthy sk Park 5(2001b)
g ol £A G A 7]A=(1.14kv/em, 30psec 13])
o g AE FRIAE W oA FHH
o] Balgo] 245+472% 2 T FATL] 79.3+
5.6%8.th Wdtky gl o, Hola FATe] u
w2z el g glojMe 4.9:24%EM @
WA (26.843.8%) B0} @okthy shith o] AL B
ArAHECE tha ARG AgH o, Hold £F
o] mjwtEyiR o] v ¥ 2 g3t 2ol
QoM HMEZEF, A71AF9] A7) & FHAL F
o] 3L A Ao AzZtE oo ARE
2 oo Sx ol AT H7AH FREALE
1.90kv/cm, 60 usec., 23], o] A3 ZA
o2 Wtz dEdEE 1.50kviem7t Xt
RoE Aztdt.
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€ GTE A HATRel B Bl
371 9

04 1 A 120‘17195‘1 QHOW

A}tz 9] AAjstgth %’—OEMIET_— Landrace
o A AxxHE AFHsk 0.05%9] trypsin}
EDTA7} 7} D-PBSE A% Ealste TCM
-199 g A s dAlste] ARSI
t} 3 o]2]L laser system 0. E FHUE drillings}
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Fedate] FA 9 WS MAGF F FAME
FAstRom, Ao AR A7F AFL
4T €43t ANEY £8E AEET 2
o] o]Foizl Fo]A FHFL 10% FBS7H A7}
# NCSU-23 wj¥j o 2 CO, ujckr)ol A 6~8Y
et AU gS AAlste WjwtEr|2 deE §
Z3T 2 drdges 4 A5 qoksy
e 2tk
1.90kv/em, 30 usec 13]9] A7|x2o g £33
AANBAES o) Aol FFTe] §E&E 1.90kv/
em?} Z70] 49.5%= M 2.10kv/em(25.8%)$} 2.50
kv/em(30.3%)¢] ZART £ H(P<005)22 ¥
gtom, 3 & S F717 Hol4] B
B2 250kviem A7)AFo| 703%2H 7HA
A velgth dold] TS 30 usec T 13
o 239 HIAFOE S AABIEE | &
P& BF 50%90H, 60 usec EF 13)9 23]
o] ZANME 7}7} 58.4%9} 50.8%ZH A7|<)
ASAZ s o] @2 AbolE Yl %%Ol o]
Fo17 ol AT A7BAYE /i F §F
Al A7 A Ao 2 BE8L 30 usec %1
39} 23)0] SlolAE 49.1%9} 56.5% =M x}o]7}
AN, 60 usec 5 23)(76.3%) AA AL 7
S0 = 13)(56.1%)) Hl8 /2 FH(P<0.05)0.2 &
FEEE Btk AZAF F g8 0] o]FolR
¥ BEge 150kv/cm4 A7H BAE z

=
=
2

7‘3%-"4 “H‘?lEﬂiJ %‘%E% 1.50
kvieme] §8ZANAME 9.8%7) viwrxr| 2 Uy
3P o, 1.25kviem Z A M wjblz 7] 2 o] Wb
go] As gt dedA e nivtxr|2 o]
2&-2 6.4%2H ol 2 21 5kviem) 3 9] H(P<
0.05)%1 ato]7b §ith ol FHE & o Yo
A FAge wintxriz e Bae % 2 43
HgoN QoA AEFF, A7 A7) 2 5
AIZE ol 4EE MAE AL2E AztE, HA
Hol P& #1714 F¥E12 1.90kv/em, 60
usec., 23], g 848 7o g wivix
7129 W& 1.50kviem7t A Roz A7
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