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요 약

본 연구에서는 돼지 난자내에 돼지정자, 여러 가지 처리된 정자두부 (1% T rit on , 0.1%

T rypsin , 100mM N aOH ) 및 이종정자 (소, 쥐, 사람)를 미세 주입한 후 난 활성과 웅성 전핵

형성, 전핵의 이동 및 배발달을 관찰하였다. 전자현미경으로 관찰한 결과 T rit on X - 100을

처리하였을 때 첨체가 제거되었으나 핵 주변 물질은 제거되지 않았고 T ryp sin 또는 N aOH

를 처리 할 경우 핵주변 물질 (perinuclear m at erial )이 제거됨을 볼 수 있었다. 돼지난자는
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정자, 정자두부 및 T riton X - 100을 처리한 정자두부의 주입을 통해 난 활성이 유도되었으며

쥐, 소, 사람의 정자를 주입하였을 때 난 활성이 유도되고 정상적인 전핵형성이 이루어졌다.

그러나 정자꼬리나 T ryp sin 또는 NaOH에 의해 정자 핵주변 물질(perinu clear m aterial)이

제거된 정자두부를 주입하였을 때는 난 활성은 야기되지 않았다. 유사분열 및 2- 세포기까지

정상적인 수정은 동종의 정자 및 정자두부를 주입한 난자에서 관찰할 수 있었으나 이종정자

를 주입한 난자에서는 관찰되지 않았다. 또한 상실배 및 배반포까지 정상적인 수정은 동종

의 정자 및 정자두부를 주입한 난자에서 관찰할 수 있었다. 이러한 결과는 돼지에서 정자

및 정자두부의 미세주입에 의해 수정이 이루어지는 것을 시사하며 수정시 정자유래의 난활

성인자는 정자 핵주변 물질(perinu clear m at erial )에 존재하며 종특이적이지 않다는 것을 보

여주는 것이다.

(Key w ords : P orcine eg g s , ICSI, F ert ilizat ion , A ct iv at ion , P erinuclear m at erial )

Ⅰ . Intro du ct ion

During fertilizat ion the sperm cell activ at es oocyt es by releasing an oocyt e

activ at in g fact or (s ) (OAF ) in to oocytes . P arr in gt on (1996) report ed th at OAF is a 33

kDa prot ein residin g in th e equ at orial segm ent r egion of th e acrosom e. Becau se

intr acyt oplasm ic sperm inject ion of foreign species , su ch a s ham ster , r abbit , pig , hum an

or sea urchin in to m ou se oocytes act iv at es oocyt es , OAF is n ot str ict species specific

for the m ou se oocyt e (W akay am a et al., 1997; Kim ura et al. 1998). In the m ou se OAF

appear s (or becom e act iv e) in sperm iogenesis an d locat ed in the perinu clear m at erial

- 2 -



(Kim ura et al., 1998). H ow ev er , inform at ion is largely lacking on the nature of act iv at ion

fact or s for any species other than th e m ou se.

T o get in sight int o the nature of sperm born oocyt e fact or s , w e det erm in ed th e

incidence of act iv ation , m ale pronuclear form at ion an d pronuclear apposit ion follow in g

inj ect ion of v ariou s porcine sperm com pon ent s an d foreign species sperm at ozoa in to

porcine oocyt es . In the present study w e also ex am in ed dev elopm ental ability in v itro

follow ing inj ect ion of a sperm atozoon an d an isolated sperm h ead.

Ⅱ . M A T E R IA L S A N D M E T H OD S

1 . I n V it r o M aturation

Prepubert al porcine ov aries w ere collected from a local slaught erhou se and

tr an sported t o the laboratory at 25°C in Dulbecco ' s ph osphat e buffer ed salin e

supplem ent ed w ith 5.54 m M D - glucose , 0.33 m M sodium pyruv ate, 75 m g/ m l pota ssium

penicillin G an d 50 m g/ m l str eptom y cin sulphat e (m DPBS ). Cumulu s - Oocyt e complex es

(COC) w ere aspir at ed w ith an 18- gau ge needle in to a disposable 10- ml syrin ge from

follicles . F ifty porcine COC w ere m atured in 500 μl of BSA - fr ee NCSU 23 (P et t er s

and W ells , 1993) m edium supplem ent ed w ith 10% porcine follicu lar flu id , 0.6 m M

cy st ein e, 10 IU/ ml PM S G (Sigm a, St . Louis , M O, USA ) and 10 IU/ m l hCG (Sigm a )

under paraffin oil at 39°C for 40 t o 44 h .
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2 . P reparat ion of s p erm at oz o a an d i s o lat e d s perm h e a ds

P orcine sperm - rich fr action (15 m l) w a s collect ed from a b oar by glov ed h and

m ethod, and, aft er addin g antibiot ic - ant im y cotic solu tion (Sigm a ), the sem en sample w a s

k ept at 20°C for 16 h . S em en w as w ash ed 3 tim es by centr ifu gat ion w ith 0.9% (w/ v )

N aCl supplem ent ed w ith 10 m g/ m l BSA (fr act ion V ; Sigm a ). Sperm at ozoa w ere

su spen ded in 1.5 m l of T L - HEPES (Prather et al., 1995) for 30 m in t o in du ce

capacit ation . T he isolated sperm h eads w ere obt ained by the m ethod reported by the

Kuret ake et al (1996). T he sperm su spen sion w as sonicated in 9 ml of cold nucleu s

isolat ion m edium (NIM , Kuretake et al., 1996) in the presen ce of 0.05% trit on X - 100.

T he sonicat ion w as con du ct ed in w at er bath for 30 sec u sin g 100 % output of an ult r a

sonic sonicat or (M odel, Bran son 8210). T h e sonicat ed sperm su spen sion w a s dilu t ed an d

centr ifug ed for 5 min at 1,000 x g t o th e sperm heads . T he sperm heads w ere once

m ore w ashed in 10 m l of NIM by centrifug ation . F or an other series of experim ent s

isolat ed sperm heads w ere tr eat ed w ith 0.1% trypsin or 100 mM NaOH solut ion for 3 h

in tris buffer ed saline. S om e sperm heads w ith or w ithout tr eatm ent s w ere fix ed in 2 %

glut ar aldehy de in Dulbecco ' s phosph at e - buffer ed saline. T he specim en s w ere then

postfix ed in 2% OsO4 for 1 h , dehy drat ed in a graded eth anol series , and em bedded in

epox y resin . Ultr athin section s w ere cut w ith a diam on d knife and post - stain ed fir st

w ith 1% uranyl acet at e in 30% ethan ol an d w ith Reynolds lead cit rate. A tr an smission

electron m icroscope (Hit achi 600, Hit achi Lt d, Kashiw a , Japan ) w as u sed t o det erm in e

the presen ce an d ab sence of perinuclear m at erial.

Hum an ejaculat ed sem en sam ples w ere obtained by m asturbat ion . S em en w ere
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m ix ed w ith an equal v olum e of HEPE S - buffer ed hum an tubal fluid m edium

(HT F - P epes , Irv ine S cient ific, S ant a An a , CA ) and centr ifug e for 5 t o 10 m in at 1800 g .

T he pellet w as su spended in 1.5 ml of HEPE S - buffered HT F - P epes t o in du ce

capacit ation . M ou se sperm atozoa w ere collect ed from a m ature m ale m ou se (ICR, 8 t o

13 w eek old ) cau da epididym ise. Sperm atozoa w ere w ash ed in T L - HEPES and th en

su spen ded in 1.5 m l of T L HEP ES . Bov in e sperm atozoa w ere prepared from

frozen - th aw ed sem en . Sperm at ozoa w ere w a shed tw ice w ith T L - HEPES an d then

su spen ded in 1.5 m l of T L - HEPES . T h e sperm w as resu spended t o 1 ml w ith

h eparin - cont aining (10 u g/ m l) T L - HEP ES in a effen dorf tube and kept at 39 C for 30

t o 60 m in to in du ce capacit at ion .

3 . Oo cy t e A ct iv at ion

T he procedures for electr ical st im ulat ion of porcin e oocytes w ere as described by

Kim et al (1996a ). E lectr ical st im ulat ion to induce act iv ation w as deliv ered w ith a BT X

Electro Cell M anipulator (Biot echnologies an d Ex perim ent al Research , Inc., S an Diego,

CA ) t o a cham ber w ith t w o parallel plat inum w ire electrodes (200 m m o.d .) spaced 1

m m apart ov erlaid . At 30 t o 60 min before sperm cell inj ect ion , cum ulu s cell denu ded

oocytes w ere st im ulat ed by a 10 sec pulse at 0.48 KV/ cm A C follow ed by a 30 m s

pulse at 1.26 kV/ cm DC at room t em perature (25°C). T h e oocyt es w ere th en tr an sferr ed

t o 500 m l of N CSU 23 m edium and cultured at 39°C in an atm osphere of 5% CO2 in air

unt il sperm cell inj ect ion .
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4 . S perm at o z oon inje c t ion int o O oc y te s

Sperm at ozoa w ere centr ifug ed (400g , 5 m in ) an d resu spended in T L HEPES : 10%

polyvinylpyrrolidon e solu tion (1:1). A m icrodrop (5 m l) of this su spen sion w as placed a

slide , and the slide w a s placed in Leit z Differ ent ial In terfer en ce Contr ast inv ert ed

m icroscope equipped w ith Leitz m icrom anipulat or s . T h e oocytes w ere denu ded of

cum ulu s cells by repeated pipet t in g . Oocyt es w ith v isible polar body an d of ex cellent

m orphology w ere u sed for this ex perim ent . Oocytes w ere centrifug ed for 10 m in in an

Eppen dorf centr ifu ge at 12,000 g in 50 m l T L - HEP ES m edium in 1.2 m l Eppen dorf

centr ifug e tube. T he injection of sperm at ozoon or isolated sperm h ead into th e oocyte

cytoplasm w as perform ed u sing the m ethod of Lee et al (1998). Briefly , the injection

n eedle u sed w as of 6- 7 m inn er an d 8- 9 m outer diam et er . T he polar body w as at 6 or

12 o ' clock and the point of inj ect ion at 3 o ' clock . An oocyte w as penetr at ed by the

inj ect in g m icropipett e, a sm all am ount of cytoplasm w as draw n into the micropipett e,

and then th e cyt oplasm togeth er w ith the sperm at id and a sm all am ount of m edium w as

expelled int o the oocyte. Im m ediat ely aft er ooplasm ic inject ion , the inject ing m icropipett e

w a s w ithdraw n quickly , an d the oocytes w ere released from the holding pipet te t o

redu ce th e intr acyt oplasm ic pres sure ex ert ed t o the oocyt e. Aft er inject ion , all of th e

oocytes w ere tr an sferr ed to NCSU23 m edium and cultured for at 39°C under 5% CO2 in

air . T h e oocytes w ere fix ed at 10 t o 15 h an d 20 to 24 h follow ing sperm cell inject ion .

A bout 10 oocytes w ere fix ed, stain ed w ith 1% (w/ v ) orcein and ex am in ed nuclear

m orphology at 200 X and 320 X m agnificat ion w ith ph ase contr ast microscopy . T he

other s w ere cultured for NCSU23 m edium at 39°C un der 5% CO2 in air .
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5 . Ch rom o s om al an aly s i s

At 22 h follow ing inject ion , the oocytes w ere cultured in culture m edium in th e

presen ce of 5 uM colcem id. T h e oocyt es w ere then centr ifug ed t o rem ov e lipids in the

cytoplasm , and placed in a hypotonic solu tion of sodium cit r at e (1% ) for 5 m in an d

fix ed in dividu ally on m icroscope slides by the air - dryin g m ethod (T arkow ski, 1966).

T he oocytes w ere st ain ed w ith 10% Giem sa at pH 6.8. T he chrom osom e con stituent of

each spread w a s determ ined at 1000 m agnification w ith a Zeis s m icroscope.

6 . S tati s t i c al A n aly s e s

T he dat a w ere pooled from at lea st four r eplication s . Differences in th e percent ages

of oocytes dev eloping t o a particular st ag e w ere det erm in ed by Chi- squ are procedures .

Ⅲ . R E S U LT

F e r t il iz a t ion of p or c in e oocy t es f o llow ing inj e c t ion of sp e rm a t oz oa or is ola t e d

sp e rm hea d

T he oocyt es w ith t w o large pronu clei and tw o polar bodies (2 PN + 2 Pb ) w ere

clas sified as norm al fert ilization at 10 to 15 h follow ing ICSI or intr acyt oplasmic sperm

h ead inject ion (T able 1). T he in ciden ces (52 t o 56 % ) of norm al fer tilization w ere not

differ ent bet w een follow ing sperm at ozoon an d sperm h ead injection . T able 2 sum m arize
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chrom atin configurat ion in porcin e oocyt es at 20 t o 24 h aft er sperm at ozoon or isolated

sperm h ead inject ion . T h e incidence of pronuclear apposit ion , m it osis and t w o cell

div ision w as con sidered as n orm al fer t ilized . F ollow in g ICSI and head inject ion , 49% and

44% w ere n orm ally fertilized, r espect iv ely .

T able 1 . Chrom at in c onf ig u rat ion s in pig o o cy t e s at 12 t o 15 h f ollo w in g

in tra cy t opla s m ic s perm ato z oa or i s o la te d s p erm h e ad

P aram et er assessed
T ype of cells inject ed

Sham Sperm at ozoon Sperm Head

No. of oocyt es a

su ccessfu lly inject ed (r eplication ) 51 ( 5) 60 ( 5) 62 ( 5)

w ith t w o PN and tw o PB (% ) 0 ( 0) 31 (52) 35 (56)

w ith one PN , sperm head and t w o PB (% ) 0 ( 0) 9 (15) 5 ( 8)

w ith t w o PN , sperm head and on e PB (% ) 0 ( 0) 2 ( 3) 4 ( 6)

w ith three PN + on e PB (% ) 2 ( 4) 5 ( 8) 6 (10)

w ith t w o PN + on e PB (% ) 9 (18) 1 ( 2) 0 ( 0)

w it h on e P N + t w o P B (% ) 36 (71) 0 ( 0) 0 ( 0)

w ith oth er sb 4 ( 8) 12 (20) 12 (19)

aAbbreviat ion s : PN , pronucleu s ; PB ; polar b ody .

b Other s in clu de the oocytes w ithout or unidentified mult iple nuclei.

T able 2 . Chrom at in c onf ig u rat ion s in pig o o cy t e s at 20 t o 24 h f ollo w in g

in tra cy t opla s m ic s perm ato z oa or i s o la te d s p erm h e a
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P aram et er assessed
T ype of cells injected

Sham Sperm at ozoon Sperm H ead

No. of oocyt es a

su ccessfu lly inject ed (r eplication ) 49 ( 5) 61 ( 5) 62 ( 5)

closely apposed 2 PN 0 ( 0) 20 (33 ) 18 (29)

Mit osis 1 ( 2) 2 ( 3 ) 3 ( 5)

T w o- cell 2 ( 4 ) 8 ( 13 ) 6 ( 10)

w ith t w o PN and tw o PB (% ) 0 ( 0) 7 ( 11) 14 (23 )

w ith one PN , sperm head and t w o PB (% ) 0 ( 0) 9 ( 15) 5 ( 8)

w ith t w o PN , sperm head and on e PB (% ) 0 ( 0) 2 ( 3 ) 4 ( 6)

w ith t w o PN + on e PB (% ) 10 (20) 0 ( 0) 0 ( 0)

w ith one PN + t w o PB (% ) 27 (55) 0 ( 0) 0 ( 0)

w ith oth er sb 9 ( 18) 13 (21) 12 ( 19)

aAbbreviat ion s : PN , pronucleu s ; PB ; polar b ody .

b Other s in clu de the oocytes w ithout or unidentified mult iple nuclei.

O ocy t e a c t iva t ion and p r on ucl ea r f orm a t ion f ollow ing inj e c t ion of va r io us sp e rm

c omp one nts

T able 3 summ arizes the in ciden ce of act iv at ion an d m ale pronuclear form at ion

b etw een 10 t o 12 h follow in g injection of v ariou s sperm com ponent s . W h en a

sperm at ozoon or T rit on X - 100 tr eat ed porcin e sperm h eads w ere inject ed int o porcine

oocytes , th e oocyt es w ere activ at ed , w h ereas t ail did n ot in du ce activ at ion . Inject ion of

either t rypsin tr eat ed sperm head or NaOH treat ed sperm at ozoa failed t o in du ce

activ at ion . M ale pronucleu s w a s form ed in th e activ at ed oocytes follow ing injection of

T rit on X - 100 tr eat ed sperm head. Neith er t ryp sin n or NaOH treat ed sperm head w a s

deconden sed in porcine oocyt es w hen they w ere inject ed . T ran smission electron
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m icroscopy show ed sagit t al section s of isolated sperm heads aft er sonication in the

presen ce of tr iton X - 100 or trypsin (F igure 1). W hile T riton X 100 tr eatm ent left

perinuclear m at erial around the nucleu s , tryp sin or N aOH rem ov ed perinu clear m aterial

ext en siv ely .

T able 3 A ct iv at ion an d m ale pron u c le ar f orm at ion in porc in e oo cy t e s at 10 to 15

h f ollo w in g v ariou s s perm c om pon ent s

Sperm heads tr eat ed

No. (% ) of oocyt es

su cces sfully

inj ect ed (r )
act iv at ed MPN

none 42 (5) 7 (17) -

sperm atozoa 25 (4) 19 (76) 15 (60)

sperm h ead

1% trit on 46 (5) 41 (89) 29 (63)

0.1% trypsin 44 (5) 10 (23) 6 (14)

100 m M N aOH 35 (4) 3 (9) 0 (0)

sperm t ail 19 (3) 2 (11) -

MP N : m ale pronucleu s

F ig 1. S agit t al section s of porcine sperm h ead follow ing v ariou s treatm ent s . A ) Intact

sperm at ozoa , B ) S onicat d sperm head in th e presence of tr iton X, C) T h e sperm head

cultured in 100 m M NaOH .
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O ocy t es a c t iva t ion and m a le p r onuclea r f orm a t ion f ollow ing inj e c t ion of f or e ig n

sp e c ies sp e rm a t oz oa

M ost oocytes w ere activ at ed at 10 to 12 h follow in g inject ion of sperm cell

r eg ardles s of electr ical st im ulat ion (T able 4). Although som e oocytes (23% ) w ere

activ at ed in the oocytes follow ing sham injection , the rat es is v ery low . T h e in ciden ce

of activ at ion an d pronuclear form ation w as n ot differ ent in oocyt es follow in g injection of

porcine, b ovine, m ou se or hum an sperm atozoa (T able 4) in the ab sen ce of electr ical

stim ulat ion . A ddition al electr ical st im ulat ion did n ot increa se the in ciden ce of m ale

pronuclear form at ion (P > 0.1). At 36 h follow in g injection , m ajority oocyt es , w hich

w ere inject ed porcine sperm at ozoa , w ere cleav ed t o the 2- cell stag e (T able 5). How ev er ,

n on e of oocyt es w ere norm ally div ided t o the t w o cell st age follow ing foreign species

sperm injection . Alth ou gh som e oocyt es w ere div ided t o the t w o- cell stage follow ing

sham , m ou se, bovin e or hum an sperm cell injection , it appear s to be due t o

parth enogenet ic activ at ion .

T able 4 . A c tiv ation an d m ale pronu c le ar form at ion in porc in e o oc y te s at 10 t o 15

h f ollo w in g m ou s e , b ov in e , hu m an an d porc in e s perm inje c t ion
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S ource of

sperm atozoa

electr ical

st im ulat ion

No. (% ) of oocyt es

su ccessfu lly

injected (r )
activ at ed MPN

none

(sham inject ion )

+ 28 (4) 26 (93) 0 ( 0)

- 26 (4) 6 (23) 0 ( 0)

pig
+ 55 (6) 53 (96) 34 (62)

- 50 (6) 42 (84) 29 (58)

cow
+ 52 (6) 50 (96) 31 (60)

- 52 (6) 43 (83) 23 (44)

hum an
+ 54 (6) 48 (89) 25 (46)

- 59 (6) 39 (66) 31 (53)

m ou se
+ 50 (6) 49 (98) 36 (72)

- 51 (6) 37 (73) 29 (57)

T able 5 . c l e av a g e an d nu c le ar s ta tu s of porc in e o oc y te s at 36h f ollo w in g

in tra cy t opla s m ic inje c tion of p orc in e , b ov in e , m ou s e or h um an s p erm at oz o a .

S ource of

sperm at ozoa

No. (% ) of oocyt es

su cces sfully

inject ed (r )
one cell n orm al tw o cella abnorm al t w o cellb

sham injection 15 (2) 11 (73) 1 ( 7) 4 (27)

pig 26 (3) 5 (19) 17 (65) 4 (15)

cow 27 (3) 17 (63) 0 ( 0) 10 (37)

hum an 25 (3) 16 (64) 0 ( 0) 9 (36)

m ou se 29 (3) 19 (66) 0 ( 0) 10 (34)

aEm bry os w ith t w o int erpha se nu clei

b T w o t o four cell stage eg g s w ith a bla st om ere w hich hav e no or m ultiple nu clei.

I n V itr o d e v e lop m en t of p orc in e o ocy t es f o llow ing inj e c t ion of a sp e rm a t oz oon or

is ola t e d sp e rm hea d
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Chrom osom e an aly sis rev ealed that m ost oocyt es am ong ident ified them (73% in

ICSI; 70% in h ead inject ion ) w ere diploid follow in g ICSI an d isolat ed sperm h ead

inj ect ion . T h ere is n o diploid in oocytes at 22 h after sham inject ion (T able 6). T he

m ost oocytes cleav ed at 24 h an d divided t o 4- cell at 48 h follow in g ICSI or isolat ed

sperm head inject ion (T able 7). H ow ev er , the sham oocyt es cleav ed to the 2- cell aft er

24 h . At 7 day s the in ciden ces of blastocoel form ation follow in g ICSI (38% ) an d isolated

sperm head injection (22% ) w ere higher that follow ing sh am inject ion control (3% , T able

8). S om e oocyt es follow in g sham inject ion w ere dev eloped t o blastocy st s at 9 day s .

T able 6 . Chrom o s om al an aly s i s o f porc in e o oc y te s at 22 h f o ll ow in g

s perm at o z oon or i s o lat e d s pe rm h e ad inje c tion

T ype of cell injected
No. (% ) of eg g s

tested ident ified haploid diploid > t etraploid

none 22 9 9 (100) 0 ( 0) 0 ( 0)

sperm at ozoon 26 15 2 ( 13)* 11 (73)* 2 (13)*

sperm head 25 10 2 ( 20)* 7 (70)* 1 (10)*

*P〈 0.05.

T able 7 . Cle av ag e of porc in e o o cy t e s at 24 an d 48 h af ter s p erm at oz o a or

i s o lat e d s perm h e a d inje c t ion
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T im es (h )

aft er inject ion

T ype of

cell inject ed

T ot al n o. of

oocyt es injected

N o. (% ) of egg s cleav ed to

1- cell 2- cell 4- cell fr agm ent at ion

24

n on e 65 50 (77) 7 (11) 1 (2) 7 (11)

sperm at ozoa 65 13 (20) 45 (69)* 6 (9) 1 (2)

sperm head 65 16 (25) 38 (58)* 8 (12) 5 (8)

48

n on e 65 15 (23) 32 (49) 6 (18) 12 (9)

sperm at ozoa 65 8 (12) 10 (15) 38 (58)* 9 (14)

sperm head 65 11 (17) 16 (25) 41 (63)* 7 (11)

*P〈 0.05.

T able 8 . In v it ro dev e lopm ent of p ig zy g ot e s cu lture d for 7 an d 9 day s f ol lo w in g

s perm at o z oon or s p erm h e ad inje c t ion

T ype of cell

injected

No. of em bry os

ex am ined (r )

N o. (% ) of oocytes dev eloped to bla st ocy st s

at 7 day s 9 day s of culture

none 65 (5) 2 ( 3) 8 (12)

sperm at ozoon 65 (5) 25 (38)* 29 (45)*

isolated sperm h ead 65 (5) 14 (22)* 20 (31)*

*P〈 0.05.

Ⅳ . D IS CU S S ION

Intr acyt oplasmic sperm inject ion (ICSI) h as becom e a rout in e clin ic procedure for the

tr eatm ent of m ale fact or infertility . Becau se inj ect ion of a sin gle sperm atozoon int o an

oocyte bypasses cont act an d fu sion b etw een the plasm a m em brane of both g am et es ,

- 14 -



con cern s hav e b een raised how the oocyt es can be act iv at ed follow in g ICSI. It has been

know n that in the hum an dir ect inj ect ion of sperm at ozoa induce oscillat ory pat tern of

Ca +2 rise by introduct ion of sperm born oocyte act iv ating fact or s (OA F , probably

oscillin , T esarik et al., 1994). In the m ou se , the OAF appeared to be a 33 kDa protein

residin g in the equat orial segm ent region of th e acrosom e (P arr in gt on et al., 1996). It

w a s also know n that in the m ou se OAF appear s (or becom e act iv e) in sperm iogenesis

and locat ed in the perinuclear m at erial (Kim ura et al., 1998). Our experim ent show ed

that T rit on X - 100 treated porcine sperm h ead has ability of act iv ating oocyt es .

H ow ev er , n eith er t rypsin tr eat ed n or NaOH treat ed sperm aozoa did n ot act iv ate oocyt es .

T ran smission electron m icroscopy rev ealed that perinuclear m at erial is boun d tightly t o

the sperm plasm a m em bran e, and tr eatm ent of tryp sin or NaOH rem ov ed perinuclear

m at erial. T herefore, like in the m ou se (Kim ura et al., 1998), in the pig som e sub st ance

in perinuclear m at erial, w hich is firm ly at t ached sperm plasm a m embrane, m ay activ at e

porcine oocyt es during fert ilizat ion or follow in g ICSI. Our study also show ed that

intr acyt oplasm ic sperm injection of foreign species such as b ovine, m ou se or hum an

activ at ed porcine oocytes . Previou s result s sh ow ed th at the m ou se oocytes are readily

activ at ed by injection of h am st er , hum an , r abbit , pig or sea urchin sperm atozoa

(Rybouchkin et al., 1995; W ak ay am e et al., 1997, Kim ura et al., 1998). Collectiv ely , the

sub stance of oocyte act iv at ion seem s not t o be species specific for the porcine oocyt e,

lik e for the m ou se oocyte .

During tr an sit of sperm at ozoa throu gh epididym is , sperm nuclei ar e v ery st able by

an ex ten siv e of cross - linking by disufat e bon d of protam ines , the sperm specific basic
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prot ein s , (Bedford & Calv in , 1974). F ollow in g sperm pen etr ation int o oocyt e cytoplasm ,

prot am in s are rem ov ed an d replaced by hist on es , and the sperm nu cleu s w as rem odeled

int o pronucleu s w ith a ssem bly of the nuclear env elope . Reduction of the sulfat e bond by

glut ath ione (Sut opski et al., 1996) an d nu cleoplasm in from the germ inal v esicle (Philpott

et al., 1991; M aeda et al., 1998) seem to play th e k ey role to deconden se sperm nu cleu s

and form th e m ale pronucleu s . In the present study w e dem on strated that the nuclei

from v ariou s species sperm at ozoa can deconden se an d form the m ale pronu cleu s in

porcine oocytes w hen they w ere inject ed . T his r esult ex t ended in the pig the previou s

successfu l pronu clear form at ion in m ice or ham st er oocyt es follow ing injection of hum an ,

pig , sea urchin or fish sperm at ozoa (Yan agida et al., 1991, W ak ay am a et al., 1997,

Kim ura et al., 1998). In the present study the form at ion of m ale pronu cleu s h as only

b een ob serv ed in the activ at ed oocyt es , su gg est ing that decon den sation and pronuclear

form at ion of sperm nuclei in th e oocyt e cyt oplasm is cell cy cle dependant . In ham ster

and m ou se oocyt es the act iv ity for the sperm decon den sation appear s after break dow n of

g erm in al v esicle, an d reaches a m axim um at m et aphase II an d disappear s follow in g

pronuclear form at ion (U sui an d Yanagim achi, 1976; U sui et al., 1997; M aeda et al., 1998).

Collect iv ely , m am m alian oocytes seem s to h av e non species specific, cell cy cle dependent

ability to decon den se sperm nu clei.

During conv ent ional fer t ilizat ion , on ce m ale an d fem ale pronuclei ar e in close

prox im ity , the nu clear env elops disper se, allow ing int erm ix in g of the chrom osom e.

Despit e of high percentage of apposit ion of pronuclei follow in g injection of foreign

species sperm atozoa , w e did not ob serv e form ation of syn gam y or norm al t w o cell
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division in porcin e oocytes . Relat iv ely lit tle is know n y et of th e det ail of form at ion in

syng am y during fertilization . A pparent ly , the union of the m ale and fem ale g am etes t o

form syng am y seem s t o be controlled by species specific characterist ics of th e oocyt e

cytoplasm . F urther stu dies are r equired t o identify factor s in oocyt es affecting pronu clear

union t o form syn gam y follow in g inj ect ion of h om og en eou s an d h et erog eneou s

sperm at ozoa .

T his stu dy dem on str at ed , for the fir st tim e, th at porcine oocytes inject ed either a

sperm at ozoon or an isolated sperm head are capable of dev eloping blastocy st s . Althou gh

a few sh am inject ed oocytes dev eloped to th e bla st ocy st s , the incidence of dev elopm ent

is v ery low . F urtherm ore the t im e requir ed to form blastocy st s is m uch long er than that

follow ing sperm cell inj ect ion . T he dev elopm ent to the bla st ocy st follow ing sh am

inj ect ion is du e to parthen og enetic act iv ation . T he low er incidence and delay ed form ation

of blast ocy st of parthen og et ically act iv ated porcin e oocyt es as com pared fert ilized one

h av e prev iou sly been report ed (Cha et al., 1997; Kim et al., 1997b ).

Ⅴ . S U M M A RY

W e det ermined the incidence of act iv ation , m ale pronuclear form at ion an d apposition

of pronu clei in porcine oocyt es follow ing intr acyt oplasm ic injection of v ariou s porcin e

sperm com ponent s and foreign species sperm atozoa , such a s m ou se, hum an or cat tle.

T he porcine oocytes w ere activ at ed by injection of a sperm at ozoon or an isolat ed sperm

h ead. Neith er isolat ed sperm tail n or perinuclear m at erial r em ov ed sperm head act iv at ed
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oocytes . Becau se injection of m ou se , bovine or hum an sperm at ozoon act iv at ed porcine

oocytes , the sperm born act iv at ion fact or s is not st r ict species specific. M ale pronu clear

form at ion an d pronu clear apposition w ere ob serv ed in th e porcine oocyt es follow in g

inj ect ion of porcine , bovine , m ou se or hum an sperm atozoa . T h e electrical st im ulat ion

follow ing sperm cell inject ion did n ot enh ance th e incidence of m ale pronuclear

form at ion nor pronuclear apposit ion com pared w ith sperm cell injection alon e (P > 0.1).

Mit osis an d tw o cell div ision in som e oocytes w ere ob serv ed at 20 to 24 h after

inj ect ion of porcine sperm at ozoon . H ow ev er , none of oocyt es follow ing inject ion of

m ou se, bovin e or hum an sperm at ozoa dev eloped t o th e m itotic m etaphase or n orm ally

div ided to the t w o cell st age. T hese result s sug gested that the oocyt e act iv at in g

fact or (s ) present ed in th e perinu clear m aterial and it is not species specific for the

porcine oocyt e.
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