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=국문초록=

본 연구에서는 소 난자 세포질내 원형정자 및 원형정자 핵을 미세주입 후 수정과정과 체

외 배발달을 조사하였다. 원형정자 주입 3 시간전에 인위적 자극을 주고 원형정자를 주입했

을 때 난자들의 수정율이 주입 직후에 자극을 준 것들과 자극을 주지 않은 것들보다 높았

다. 원형정자 주입과 원형정자핵을 주입한 후 전핵 형성율과 전핵 이동율을 조사하였으나

유의차를 발견할 수 없었다. 전핵의 형성과 이동중에 미세소관의 움직임을 간접형광면역법

및 공촛점 현미경을 사용하여 조사해본 결과, 난활성 직후 난자의 표층에서 미세소관이 발

생해서 이것에 의해 웅성 및 자성전핵이 난자 중심부로 이전됨을 볼 수 있었다. 수정후 원

형정자의 세포질내 Mit ochon dria의 분포상태를 알아보기 위해 MitoT racker에 노출시킨 원

형정자를 주입한 후 형광현미경에서 관찰해 보았다. 그 결과 원형정자의 Mit ochondria가 주

입후 4- cell 이전까지는 관찰되었으나 그 이후에는 발견할 수 없었다. 원형정자를 미세주입

한 후 소 난자를 체외에서 배양했을때 2.5%의 난자가 배반포로 발달하였다. 이상의 결과는

체외 배양한 소 난자 내에 원형정자 혹은 원형정자 핵을 미세 주입하여 정상적인 수정과 배

발달이 가능한 것을 보여주는 것이다.
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IN T R OD U CT ION

M ore basic ex perim ent s in anim als are of great significance for applicat ion and

im prov em ent of as sisted concept ion m ethods su ch as in tr acyt opla sm ic sperm (ICSI) or

roun d sperm atid inject ion (ROSI). Becau se sperm at ids are un able t o act iv ate oocyt es ,

m ainly du e t o lack of the oocyt e activ at ion factor s , addit ion al act iv ation procedure is

r equir ed to allow fert ilization follow ing sperm at id inj ect ion in the m ou se (Kim ura et al.,

1995), r abbit (S ofikitis et al., 1996) and pig (Lee et al., 1998). Kim ura an d Yanagim achi

(1995) report ed th at inject ion of ' un denuded ' m ou se sperm atid result ed in 14%

fert ilizat ion w ith a single electr ical stim ulat ion . In contra st , inj ect ion of sperm at id

nucleu s in t o oocyt es that hav e b een parth enogen et ically activ at ed 1 h b efore inject ion

resulted in m uch high er r at e of fert ilization . T his su gg est s th at ex perim ent al con dit ion s

employ ed affect fer t ilizat ion rat es follow in g round sperm at id or roun d sperm at id nucleu s

inj ect ion .

It h as been assum ed str ict m at ernal inherit an ce of m amm alian m it och on drial DNA

(m tDNA ). H ow ev er , patern al midpiece m it ochon dria enter the egg in th e m ajority of

m am m als but their ult im at e fat e is unknow n (Ankel- Sim on s & Cum m in s , 1996). T he

m echanism s by w hich th e pat ern al m itochondria are elim inat ed are ob scure an d

extr em ely div er se in eukary otic organism s (Birky , 1995; Ank el- Sim on s & Cum m in s ,

1996). If r ecognit ion an d elim inat ion of the pat ernal mit och on dria are based on

recognition by the em bry o of elem ent s of the sperm m idpiece, then th e m icroinject ion of

roun d sperm atids , w h ere th ese elem ent s m ay not hav e y et fully form ed, m ay allow

pat ernal m tDNA t o ev ade det ect ion an d elim in at ion . T his is pot ent ially a concern for

hum an infert ility t reatm ent , as th e dom in ance of m at ern al t r an smission of m tDNA m ean s

that m ale fitn ess is irrelev ant to th e ev olut ion ary ' in ter est s ' som e of the m itochondrial

g en om e, an d som e m it ochondrial disorder s (in clu din g perhap s som e form s of infert ility )

are m ore sev ere an d m ore prev alent in m en than w om en (John s , 1996; Cum min s , 1997).

Despite im portan ce of v ariou s anim al m odels for the roun d sperm at id injection in the

hum an clinic, litt le inform at ion is av ailable on this subject for any species oth er than the

m ou se. In the present study w e det erm in ed fert ilizat ion processes an d dev elopm ent al

ability follow ing inject ion of roun d sperm atid and roun d sperm at id nu clei.

M A T ER IA LS A N D M E T H OD S

1 . In V itro M atu rat ion

T h e ov aries w ere collect ed from cow s at a slau ght erhou se and brought t o the

laboratory in salin e at 37℃. T he collect ed oocytes w ere w ashed three t im es in

T yrode- Hepes m edium (T L HEP ES ; P arr ish et al., 1985) an d w ash ed ag ain three tim es

in equibrat ed t is sue culture m edium (T CM - 199; 400- 1100, GIBCO BRL Co., USA )

supplem ent ed w ith 2.2 g/ l sodium bicarb on ate (NaHCO3 ), 10% heat - t r eat ed fet al bov in e

- 2 -



serum (F BS ; 200- 614, GIBCO), 0.22 ㎍/ m l Na pyruv ate , 25 ㎍/ m l g entam y cin sulfat e, 1

㎍/ m l F SH - p (S chering Co., U K ), and 1 ㎍/ m l estr adiol- 17β (BCE - 8875, Sigm a,

Missouri, USA ). T h en oocyt es w ere cultured in 50 ㎕ drops of T CM - 199 under paraffin

oil for 24 hr s at 39℃, 5% CO2 in hum idified atm osphere .

2 . Is olat ion an d preparation of R oun d S p erm at id s

T h e isolation of sperm at ids w as perform ed u sing th e m eth od of Lee et al (1998).

Briefly , test icular tis sue w as w ash ed w ith H ank ' s Balanced S alt S olut ion (HBS S , Gibco,

Gran d Island, NY , USA ) supplem ent ed w ith 12.5 m M HEPES (Sigm a ). A ft er w ashin g ,

t esticular t is su e w as m in ced int o sm all pieces w ith a pair of scis sor s an d th e cells in

the sem iniferou s tubules w ere released in to th e m edium by repeat ed pipett in g s . T he cell

su spen sion w as filt er ed through a m esh (50 ㎛, Nylon m esh ) t o rem ov e cell aggregates

and tis sue debris , tr eated for 1 m in w ith 0.1- 0.2 m g/ m l Pron ase (Sigm a ) in HBS S and

centr ifug ed at 400 x g for 5 m in . T his tr eatm ent elim inat ed m ost elon gating

(flag ellum - g enerat ing ) sperm atids and m ature sperm atids from the cell population by

agglutinat ing them in st icky m asses .

3 . L ab e lin g of Liv in g s perm atid w ith M it oT rack er

MitoT racker Green F M (M olecular Probes , Eug ene, OR ; cat alogu e no. M7514) w as

pepared as a stock 1M solut ion in anhy drou s dim ethyl sulphox ide (DM S O ) an d stored

desiccated at - 20℃. Sperm at og enic cell fr action s w ere in cubated for 10m in at a final

con centr at ion of 5 μM . T he labeled sperm at og enic cell fr act ion s w ere w a shed by tw o

cy cles of resu spen sion and centr ifu gat ion in T L - HEPES .

4 . O oc y te A c tiv ation

At 24 hr s aft er m aturat ion , cum ulu s - oocyt es com plex es (COCs ) w ere tr eat ed w ith

0.1% hy aluronida se in T L - HEPES an d pipet t ed repeat edly to rem ov e cum ulu s cells . T h e

denuded oocyt es w ere w ashed an d tran sferr ed t o drops of HEPES - buffer ed T CM 199

m edium under paraffin oil. Aft er or before inject ion , the oocytes w ere tr an sferr ed t o a

drop of 50 μM calcium ionoph ore A 23187 (Sigm a, USA ) in CR 1aa for 10m in at 39℃ t o

activ at e the oocytes . T hen th e sam e v olum e (50 ㎕) of PBS containing BSA (6 m g/ m l)

w a s added t o st op the act iv ation proces s (Keefer et al., 1990; Goto, 1996). A ct iv ated

oocytes w ere tr an sferr ed t o drop s of em bry o culture m edium , CR 1aa (Rosenkran s and

F ir st , 1991) supplem ent ed w ith 3 m g/ m l fat ty - acid - fr ee BSA , 20 ㎕/ ml MEM essent ial

amino acid , 10 ㎕/ m l MEM n on - essent ial am ino acid, 0.44 ㎍/ m l Na pyruv at e, 1.46 ㎍/ m l

glu t am in e, 25 ㎍/ m l g ent am y cin .

5 . R ou n d S pe rm atid an d R ou n d S perm atid N u c le ar Inj e c t ion

Sperm at ogenic cell fr act ion s w ere centrifug ed (400 g , 5 m in ) an d resu spen ded in T L

HEPE S : 10% polyv inylpyrrolidone solut ion (1:1). A m icrodrop (5 ㎕) of this su spen sion

w a s placed in a slide , an d the slide w a s placed in Leit z Differ ent ial Int erference
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Contr ast inv erted m icroscope equipped w ith Leitz m icrom anipulat or s . T he oocyt es w ere

denuded cum ulu s cells by repeat ed pipett in g . Oocyt es w ith visible polar body an d of

ex cellent m orph ology w ere u sed for th is experim ent . Oocyt es w ere centr ifu ged for 10

m in in an Eppendorf centr ifu ge at 12,000 g in 50 m l T L - HEPE S m edium in 1.2 ml

Eppen dorf centr ifu ge tube. T he inj ect ion of sperm at id int o th e oocyt e cyt oplasm w as

perform ed u sin g the m ethod of Lee et al (1998). Briefly , the inject ion n eedle u sed w a s

of 6- 7 ㎛ inn er and 8- 9 ㎛ outer diam et er . T h e polar body w as at 6 or 12 o ' clock and

the point of injection at 3 o ' clock . An oocyt e w as pen etrated by th e inj ect in g

m icropipett e, a sm all am ount of cyt oplasm w as draw n int o the m icropipet t e, and then

the cyt oplasm t og ether w ith the sperm atid an d a sm all am ount of m edium w as ex pelled

int o th e oocyt e. In a series of ex perim ent s of roun d sperm at id nu clear inject ion , a

sperm at id w as draw n in an d out of an 4- 5 ㎛ inn er diam et er pipet t e unt il plasm a

m em bran e w as ruptured. T he sperm tid nucleu s w ith out plasm a m em brane w as then

inj ect ed u sing sam e m eth od m entioned abov e. Im m ediat ely aft er ooplasm ic inject ion , the

inj ect in g m icropipett e w a s w ith draw n quickly , an d th e oocyt es w ere released from the

h olding pipet te t o redu ce th e in tr acytoplasm ic pressure ex erted t o the oocyt e.

6 . Im m u n of lu ore s c en c e M icro s c opy

Microtubules and DNA w ere det ect ed by in dir ect imm unocyt och em ical t echniqu es

described by Kim et al (1996a ). Briefly , the oocyt es w ere perm eabilized in a m odified

Buffer M (Sim erly and S chat t en , 1993; 25% gly cerol, 50 m M KCl, 0.5 m M M g Cl2 , 0.1

m M ethylen ediam in et et raacet ic acid , 1 mM β- m ercapt oeth anol, 50 m M im idazol, pH 6.7,

3% T riton X - 100, and 25 m M phenylm ethylsulfonyl fluoride) for 20 m in , fix ed in

m ethanol at - 20℃ for 10 m in , and st ored in phosph ate buffered saline (PBS ) contain in g

0.02% sodium azide an d 0.1% bovin e serum album in for 2 t o 7 day s at 4℃. Microtubule

localization w as perform ed u sing ant i - α- tubulin m onoclonal antibody (Sigm a ). F ix ed

oocytes w ere in cubated for 90 m in at 39℃ w ith antibody dilut ed 1:300 in PBS . Aft er

sev eral w ash es w ith PBS cont aining 0.5% T rit on X - 100 an d 0.5% BSA , oocyt es w ere

incubat ed in a blockin g solu tion (0.1 M gly cine, 1% goat serum , 0.01% T riton X - 100,

1% pow dered m ilk , 0.5% BSA , an d 0.02% sodium azide ) at 39℃ for 1 h . T he blocking

w a s follow ed by incubat ion in F IT C- labeled g oat antim ou se antibody (Sigm a ). DNA w as

fluorescently det ect ed by exposure t o 5 m g/ ml propidium iodide (Sigm a ) for 1 h . Stain ed

oocytes w ere th en m ount ed un der a cov er slip w ith antifade m ount in g m edium (Univ er sal

M ount , F isher S cient ic Co., Hunt sville, AL ) t o ret ard ph ot obleachin g . Slides w ere

ex am ined u sin g laser - scannin g confocal microscopy . Laser - scannin g confocal m icroscopy

w a s perform ed u sin g a Bio- Rad MRC 1024 equipped w ith a Krypton - arg on ion laser for

the sim ultaneou s ex citat ion of fluorescein for microtubules and of propidium iodide for

DNA . T he im ag es w ere recorded digitally and archiv ed on an erasable m agn et ic optical

disk .

7 . S t at i s t ic al A n aly s e s
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T h e dat a w ere pooled from at least four r eplicat ion s . Differ en ces in th e percent ag es of

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

RE S U LT S

At 18 t o 20 h follow ing round sperm at id injection , the chrom atin configuration w as

det erm in ed in th e oocyt es in either act iv ated at 3 h before injection or act iv at ed

im m ediat ely aft er inject ion . T he oocytes w ith closely apposed t w o pronu clei, 2- cell an d

t w o pronu clei and t w o polar body w ere clas sified as norm al fert ilization . A s show n in

T able 1, the in ciden ce of norm al fer t ilizat ion follow ing activ at ion at 3 h before sperm at id

inj ect ion w as higher th an that w ith n o st im ulat ion or w ith st im ulat ion im m ediately aft er

inj ect ion . T able 2 sum m arizes chrom atin configurat ion in bovin e oocytes at 18 t o 20 h

aft er round sperm atid inj ect ion or denuded sperm at id injection . T h e in ciden ce of n orm al

fer t ilizat ion w as sim ilar that follow ing sperm at id an d denuded sperm at id inject ion .

T h e m icrotubules w ere organized from th e cort ex an d th en filled the w hole cyt oplasm

in all ca ses in n orm ally fert ilized oocyt es (F ig 1A , B, C). T his m icrotubules seem t o

m ov e both pronuclei in to the oocyt e cent er . F ollow ing pronulear apposit ion , m icrotubules

w ere disappeared from oocyt es . T his organizat ion is sim ilar t o w hat has been show n

previou sly in the parthen og en etically act iv at ed catt le oocytes (Nav ara et al, 1994). F ig

1D sh ow ed diploid chrom osom e spread at 22 h follow ing inject ion , su gg est in g complet e

fer t ilizat ion of bovine oocyt e by round sperm at id.

F ollow ing inject ion of roun d sperm atid , w hich h ad exposed t o the 5μM Mit oT racker

for 1 h , pat ern al deriv ed Mitochondria w ere seen in the oocyt es (F ig 1E ). T his pat ern al

m itochondria appeared t o elim inat e from durin g fertilization (F ig 1F ).

A s sh ow n in T able 3, the stain in g int en sity ten ded to declin e w ith t im e, so th at w hile

in the 1- cell em bry os at 10- 12 h 20 of 26 had bright (4) flu orescen ce th is declin ed to 10

of 21 (47.6% ) in the 1- cell at 20- 22 h , 0 of 6 (0% ) in the 2- cell an d 0 of 5 (0% ) in th e

4- cell em bry os . T h e final fate of m itochondria appeared g enerally t o be sm all point s of

fluorescen ce w ithin sin gle cells .

T able 4 show ed dev elopm ental ability of bovine oocytes follow in g injection of roun d

sperm at id . T w o point fiv e percent oocyt es w ere dev eloped t o th e blastocy st st age at 7

day s follow ing inj ect ion .
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Ta ble 1. Fe rtiliza tion of bovine oocytes at 18- 20 h following round s pe rmatid injection

P ar am et er a s se s s ed

A ct iv a t ion t im e

N on e
3 h b ef or e

in ject ion
A f t er in ject ion

N o. of oocy t es a

w it h su cces s fu lly in ject ed 33 5 1 4 8

w it h clos ely app os ed t w o P N (% ) 2(6 . 1) 8 (15 .7 ) 3 (6 .25 )

w it h 2 - cell (% ) 1(3 .0 ) 5 (9 .8 ) 3 (6 .25 )

w it h t w o P N an d t w o P B (% ) 0 (0 ) 7 (13 .7 ) 7 (14 .6 )

w it h t h r ee P N + on e P B (% ) 0 (0 ) 8 (10 .2 ) 12(25 )

w it h m et ap h a s e Ⅱ (% ) 19 (57 .6 ) 10 (19 .6 ) 10 (20 .8 )

w it h ot h er s b (% ) 11(33 .3 ) 12 (23 .5 ) 13 (27 . 1)

aAbbrev eat ion : PN , pronucleu s ; polar body , b other s in clu de w ith of w ithout unidentified

m ult iple nuclei.

Ta ble 2. Fe rtilization of bovine oocytes at 18- 20 h following round s pe rmatid injection a nd
round s pe rmatid nucle us inje ction
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P ar am eer a s se s s ed R OS I R O S N I

N o. of oocy t es a

w it h su cces s fu lly in ject ed 54 5 1

w it h clos ely app os ed t w o P N (% ) 5 (9 .3 ) 3 (5 .9 )

w it h 2 - cell (% ) 6 (11. 1) 4 (7 .8 )

w it h t w o P N an d t w o P B (% ) 10 (18.5 ) 12 (23 .5 )

w it h t h r ee P N + on e P B (% ) 9 (16 .7 ) 9 (17 .6 )

w it h m et ap h a s e Ⅱ (% ) 11(20.4 ) 13 (25 .5 )

w it h ot h er s b (% ) 12(22.2 ) 10 (19 .6 )

aAbbrev eat ion : PN , pronucleu s ; polar body , b other s in clu de w ith or w ith out unident ified

m ult iple nuclei.

Ta ble 3. Pe rs iste nce of MitoTra cke r- sta ined s pe rmatid mitochond ria in the bovine oocyts

following injection

S t a g e T im e

N o. of

oocy t e s

ex am in ed

In t en s it y of Gr een F lu or en ce

4 3 2 1

1- cell (% ) 10 - 12 h 26 20 (76 .9 ) 4 (15 .4 ) 2(7 .7 ) 0 (3 .8 )

20 - 22 h 2 1 10 (47 .6 ) 6 (28 .6 ) 4 (19.0 ) 1(4 .8 )

2 - cell (% ) 6 0 (0 ) 0 (0 ) 4 (66.7 ) 2(33.3 )

4 - cell (% ) 5 0 (0 ) 0 (0 ) 2 (4 0 ) 3 (60 )
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Ta ble 4. In vitro deve lopme nt of bovine oocytes following a s pe rmatid injection

In ject ion
N o (% ). of oocy t es

ex am in a t ion cleav a g e m or u la B la s t ocy s t

sh am 5 2 5 (9 .6 ) 0 (0 ) 0 (0 )

sp erm at id 79 25 (3 1.6 ) 11(13 .9 ) 2 (2.5 )

D IS CU S S ION

Present stu dy dem on str ated th at addit ional activ at ion procedure is r equir ed for the

successfu l fer t ilizat ion w ith roun d sperm atid. T his r esult ex t ended t o th e cat t le th e

requir em ent of act iv at ion procedure follow ing round sperm atid inj ect ion in m ice (Kim ura

et al., 1995), hum an s (F ishel et al., 1997), r abbit (S ofikit is et al., 1996) an d pig (Kim et

al., 1998). Previou s stu dies indicated that the oocyt e act iv ation factor s , probably oscillin ,

is a 33 kDa protein residin g in the equatorial segm ent region of the acrosom e

(P arr in gt on et al., 1996). In the m ou se, pig OA F appear s (or becom es act iv e) in

sperm iogenesis an d is locat ed in th e perinuclear m at erial of sperm head (Kim ura et al.,

1998).

Chem ical stim ulat ion at 3 h b efore inject ion enhan ced th e in ciden ce of fertilization of

oocytes follow in g round sperm at id inj ect ion . T his su gg est s th at the tim in g of sperm at id

inj ect ion and oocyte act iv ation is im portant for th e n orm al dev elopm ent of pronu clei and

for the form at ion of syng am y . W hile the injected sperm atid is in G1, the unfert ilized

oocytes at m et apha se II is M phase. Unlik e the sperm DNA , th e sperm at id DNA is n ot

prot ect ed again st an imm ediate act ion of oocyt e cyt opla sm ic fact or s by the as sociat ion

w ith prot am in es . W hen sperm atids are inject ed int o oocytes , m et aph ase prom oting fact or

(MPF , M a sui et al., 1971), w hich m aint ain s th e oocyt e chrom osom es in the m et aph ase of

the secon d m eiot ic div ision , m ay also driv e the sperm at id nu clei to conden se. F ishel et

al (1997) sug gested that th e problem of cell cy cle im balan ce bet w een the sperm at id and

the m etaphase II oocyt e can b e av oid by art ificially act iv ating the oocyt es sev eral h our s

b efore inject ion . T herefore, syn chronization of cell cy cle follow ing sperm at id injection by

activ at in g sev eral hour s before inject ion w ould enh ance th e in ciden ce of fert ilizat ion an d

sub sequent embry onic dev elopm ent s in bovine oocytes .

T h e im port an ce an d role of cyt oplasm ic com ponent s of th e sperm atid durin g
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fer t ilizat ion are poorly un der stood. Since the sperm at id has ju st com plet ed m eiosis and

contain s a com plet e h aploid set of th e chrom osom e in it ' s nu cleu s , th e nucleu s could

m ingle w ith fem ale chrom atin and dev elop furth er t o offsprin g . In the m ou se injection

of sperm at id nuclei r esult ed in 77 % fert ilizat ion w hile injection of undenuded nu clei

r esulted in the 14% fert ilizat ion (Kim ura et al., 1995). T his su gg est ed th at som e

cytoplasm ic com pon ent s , w hich per sist som e tim e aft er injection , inhibit m ale pronu clear

form at ion .

Con cern s hav e been raised t ow ards the fert ilization processes w ith sperm atid or

sperm at id nu cleu s . Unlike m ou se and ham st er , m ost anim als in clu ding pig an d hum an

show ed pat ern al inheritan ce of centrosom e/ centr ioles during fert ilizat ion (Kim et al.,

1996a ,b ; S chat ten et al., 1994). Recently w e report ed successful fer t ilizat ion in porcin e

oocytes follow ing inject in g eith er isolated sperm h ead or sperm at id (Kim et al., 1998;

Lee et al., 1998). T he function al m icrotubules for m ale an d fem ale pronuclear m ov em ent s

w ere org anized from th e oocyt e cyt oplasm durin g fert ilization w ith sperm at id or isolat ed

sperm head (Kim et al., 1998; Lee et al., 1998). F ert ilizat ion w ith sperm atid nucleu s

confirm ed our previou s findin g s that fer tilizat ion proces ses can be occurr ed in the

ab sen ce of pat ern al deriv ed centrosom e in the pig .

Our result s dem on str at ed that sperm at id m it och on dria are, if anythin g , les s viable in

the oocyt e an d em bry o than those of m ature sperm at ozoa . T his w ould therefore seem t o

alleviate the concern s that the m icroinject ion of im m ature germ cells in the tr eatm ent of

hum an m ale infert ility m ight lead to m itochondria disease in offspring (Cum m in s , 1997;

H ou shm and et al., 1997). W hile it is g enerally assum ed th at m itochondrial segreg ation is

r an dom at cell div ision and that r eplication occur s independent ly of th e cell cy cle, in fact

there is a com plex species - specific and ev en cell - specific sy stem of comm unicat ion

b etw een th e m it ochondrial an d nu clear genom es (P oyt on & M cEw en , 1996). It h as been

know n for som e y ear s th at m itochondrial r eplication in hybrid cell lines is strongly

influen ced by the nu clear genom e (De F rancesco et al., 1980), an d m it och on drial

g en om es in su ch het eroplasm ic situ at ion s can behav e in either a co- dom in ant or a

dominant/ r eces siv e m ode (H ay ashi et al., 1987). Jenuth et al. (1997) found strong

t is su e- specific and ag e- r elated selection for deffer ent m it och on drial gen otypes in

h et eroplasm ic m ice creat ed by em bry o- cytoplast fu sion . T his ag ain highlight s th e

com plex n ature of nucleo- cyt opla sm ic in t er act ion s for m itochondrial segregat ion an d

t is su e energ et ics .

In sum m ary , our study show s su cces sful fer tilizat ion and in v it ro dev elopm ent of

b ovine oocyt es follow ing inj ect ion of round sperm at id. In ciden ces of fer t ilizat ion in

b ovine oocytes w ere n ot differ ent thoses follow ing injection round sperm atid or roun d

sperm at id nucleu s . F ert ilizat ion processes w as sim ilar w ith th ose ob serv ed previou sly in

porcine an d m ou se oocytes .

S U M M A R Y
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In th is stu dy w e determ ined fertilization processes an d dev elopm ent al ability of porcine

oocytes follow in g injection of roun d sperm at id in the presence of art ificial act iv ation .

E lectr ical st im ulat ion at 3 h b efore sperm at id inj ect ion significant ly in creased th e

incidence of norm al fer t ilizat ion as com pared t o th ose follow ing inject ion w ithout

stim ulat ion or w ith stim ulat ion im m ediat ely aft er injection . T he in ciden ces of tw o

pronuclear form at ion and apposition w ere not differ ent in oocyt es bet w een follow in g

intr acyt oplasm ic sperm atid and sperm at id nu cleu s inj ect ion . In dir ect im m un ocyt ochem istry

and laser scanning confocal m icroscopy study rev ealed th at m icrotubules w ere organized

from th e oocyte cort ex follow ing round sperm at id inject ion , and this seem ed to m ov e

b oth m ale and fem ale pronuclei in to th e oocyt e center . P at ernal m it och on dria w hich are

introdu ced w ith sperm at id hav e been ob serv ed up to 4- cell. Our stu dy in dicat ed that

either round sperm at id or it ' s nu cleu s can be u sed t o produ ce viable bovin e em bry os by

inj ect ion in t o unfertilized oocyt es .
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Figure 1. A , B, C , D. Chromatin, mic rutubule a nd chromosome asse mbly in bovine oocytes

fo llowing round s pe rmatid injection. A , B, C : La se r sca nning confoca l microscopy ; gree n,

microtubules ; re d, DNA ; ye llow, ove rla ped image of gre e n a nd red . D : Hoechst dye of

chromosome . A . two ma le a nd fe ma le nucle i we re se e n at 12 h following injection.

Microtubules we re o rga nized from the cortex a nd see med to mo re both pronucle i into the

oocyte ce nte r. B. Two pronucle i we re a pposed in the oocyte ce nte r at 18 h following round

s pe rmatid inje ction. C . Two ce ll divis ion was occurred at 20 h following round s pe rmatid

injection. D . Chromosome s prea d in bovine oocytes at 20 h following round s pe rmatid
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injection. E, F. Mitochondria a nd chromosome in bovine oocytes fo llowing round s pe rmatid

injection. gree n, mitochondria ; red, DNA ; ye llow, ove rla ped image of gree n a nd red. E .

Mitochondria a djace nt to ma le pronuc le i. F . Mitochond ria in bovine synga my.
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