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〓 국문초록 〓

본 연구는 동해방지제인 E F S 4 0을 이용한 초자화동결이 생쥐 미성숙란의

c y t o s k ele t on과 염색체의 성상에 미치는 영향을 in dire ct im m un o c y t o ch em i s try 방

법과 염색체 분석법으로 알아보고자 실시하였다 . 본 실험은 생쥐 미성숙란을 E F S 4 0

(4 0 % et hy le n e g ly c ol , 18 % f ic oll과 0 .5 M s u c ro s e가 들어있는 M 2 배양액 )으로 초

자화동결하여 융해한 후 16 시간동안 체외 성숙을 유도하여 , 제 1극체가 나타난 성

숙된 난자를 기준으로 동해제노출군 또는 대조군과 비교 조사하였다 . 본 실험에서 얻

어진 결과는 다음과 같다 . 초자화동결된 미성숙란의 융해 후 생존율과 체외성숙율은

90 .3 %과 64 .7 %로써 , 동해제노출군 (86 .7 %, 6 9 .2 %)과 대조군 (100 %, 58 .3 %)에 유사

하였다 . 초자화동결이 미성숙란의 m icrotubule과 m ic rof ilam en t에 미치는 영향을 조

사하였던 바 , 동결군의 m ic rotubule과 m ic rofilam e nt의 정상적인 형성율 (93 .9 %,

100 .0 % )은 동해제노출군 (94 .4 %, 10 0 .0 % )과 대조군 (100 .0 %, 100 .0 % )의 성적과 유

사하게 나타났다 . 또한 , 초자화동결군에서 정상적인 염색체수를 가진 난자의 비율도

65 .8 %로써 , 대조군 (7 9 .6 % )과 노출군 (6 9 .0 % )의 결과와 유의한 차이가 없었다 . 이러

한 결과로 미루어보아 , 생쥐 미성숙란을 E F S 4 0에 노출하고 동결하는 것이 미성숙란

의 cy t o s ke le t on과 염색체성상에 영향을 미치지 않으며 , 본 연구에서 사용된 E F S 4 0

을 이용한 초자화동결법은 생쥐 미성숙란 동결에 적합하다는 것을 알 수 있었다 .

(K ey w ords : Im m at ure m ou s e o o c y t e s , V it rif ic at ion , E F S 4 0 , Cy t o s k ele t on ,

Chrom o s om e an aly s i s )



IN T RODU CT ION

M any re s e arc h ers h av e s t u die d on th e c ry opre s erv at ion of im m ature

o o c y t e s , g e rm in al v e s ic le (GV ) s t a g e o o cy t e s in th e m ou s e (Can dy e t a l .,

1994 ) , rat (P e llic er e t a l ., 1988 ) , h am s t er (M an delb aum e t a l ., 1988 ) an d hum an

(S on e t a l ., 1996 ) . A l s o , it h a s kn o w n th at th e c ry opre s erv at ion of im m at ure

o o c y t e s h a s t h e pot ent ial t o ov e rc om e problem a s s o c iat e d w it h M et aph a s e Ⅱ

s t a g e o o c y t e s , s u ch a s s pin dle di s org an iz at ion (E ro g lu e t a l ., 1998 ) , di s rupt ion

of cy t o s k ele t al e le m e nt s (E ro g lu e t a l ., 1998 ) an d in cre a s e d abn orm al

c hrom o s om e s (Carroll e t a l. , 198 9 ) . A c tu ally , th e m ic rotubule s w e re h ig h ly

s en s it iv e t o t h erm al ch an g e s an d th e la s t s t a g e of m e io s i s s e e m s t o b e alt ere d

by c ry o - tre atm ent , but im m ature o o cy t e s w it h D N A en c lo s e d in th e nu c leu s

an d prot e c t e d by t h e nu cle ar m e m bran e m ig ht be le s s s en s it iv e t o th e

c ry opre s erv at ion pro c e s s t h an m at ure o o c y t e s (P ick erin g e t a l ., 1987 ) . E arlie r

s tu die s on im m at ure m ou s e o o cy t e cry opre s e rv ation h av e perf orm e d by s lo w

or c onv ent ion al c o olin g pro c e dure s u s in g dim ethy l s u lf ox ide (D M S O ) or

1,2 - propan e diol an d v ariab le s of u lt rarapid f re e z in g m et h o ds , an d re port e d th at

th e re i s n o de le t eriou s e ff e ct on th e m orph olo g y of th e s e c on d m eiot ic s pin dle

of t h e o o cy t e (V an der E l s t e t a l ., 19 92 ; F ry dm an e t a l ., 1997 ; E ro g lu e t a l. ,

1998 ) . In our prev iou s s tu dy (Y i e t a l ., 199 9 ) , w e s u g g e s t e d t h at im m ature

m ou s e o o cy t e s c an b e cry opre s e rv e d s u c c e s s f u lly u s in g E F S s olution ba s e d on

et hy le n e g ly c ol (E G ), an d th e ir de v e lopm e nt al pot ent ial in v iv o w a s hig h . In

th i s s tu dy , w e inv e s t ig at e d w h eth e r th e v itrif ic at ion m eth o d u s in g E F S 4 0

f re e z in g s olu t ion h a s det rim e nt al e f f e ct on th e cy t o s k ele t on an d chrom o s om e

c on s t itu t ion of th e im m ature m ou s e o o c y t e s by in dire c t im m un o c y t o ch e m i s try

an d chrom o s om e an aly s i s .

MA T ERIA LS A N D M ET H OD S

1 . Colle ct ion of GV - s t a g e m ou s e o o cy t e s

Oo c y t e s c olle c t e d from 3 t o 5 w e ek s old f em ale m ic e (C57B L/ CB A ) F 1

hy brid w e re prim e d w ith an intraperit on eal inje ct ion of 7 .5 IU pre g n ant m are 's



s erum g on a dotrophin (P M S G , S ig m a ) . B e t w e en 48∼ 5 2 hr aft er P M S G inj e c t ion ,

th e an im als w e re kille d . T h e ov arie s w e re re m ov e d af t er rupture of th e

periov arian s a c an d in cub at e d s ub s e qu e ntly in M 2 m e dium s upplem ent e d w ith

10 % f et al b ov in e s e rum (F B S , Gib c o ) an d c ont ain in g 0 .25 m M t h e m e iot ic

inh ib it or dibuty ry l cA M P (dbc A M P , S ig m a ) . F u lly g ro w n GV - s t a g e o o c y t e s

(7 0∼ 8 0 ㎛ ) w e re s e le c t e d . Oo cy t e s w e re w a s h e d an d div ide d int o t hre e g roups

a c c ordin g t o ex perim e nt al purpo s e ; c ontrol , ex po s ure t o c ry oprot e c t ant an d

v itrif ic at ion . T h e e x po s e d g roup w a s put throu g h th e s am e pro c e dure a s

v itrif ie d g roup ex c ept b ein g plun g e d int o liqu id n itro g en (LN 2 ) .

2 . V itrif ic at ion an d th a w in g

A ll m anipu lat ion s w e re c arrie d out u s in g M 2 m e dium c ont ain in g 10 % F B S

an d db cA M P at 25℃ . F re e z in g s olu t ion w a s u s e d E F S 4 0 (4 0 % ethy len e g ly c ol

(E G ) , 18 % fic oll , 0 .5 M s u c ro s e an d 10 % F B S a dde d in M 2 ) . B ef ore f re e z in g ,

th e c um ulu s - f re e o o cy t e s w e re e quilibrat e d w it h e x po s ure t o 20 % E G f or 5

m in . T h en , o o c y t e s w ere ex po s e d in E F S c on s i s t in g of 4 0 % E G f or 3 0 s e c .

b ef ore b ein g plun g e d int o LN 2 . T h a w in g w a s ac h iev e d by a g it at in g th e s t ra w s

in a 25℃ w at e r un til ic e cry s t al s di s appe are d . Oo cy t e s w ere re le a s e d in t o M 2

m e dium c ont ain in g 0 .5 M s u cro s e f or 5 m in , an d th e n t ran s f e rre d int o M 2

m e dium f or 10 m in .

3 . I n v i t ro m at urat ion an d a s s e s s m en t

F or th e in v it r o m at urat ion , GV - s t ag e o o cy t e s c olle ct e d f rom e a ch

tre at m e nt g roups w e re c o cu lture d in th e c um ulu s c e ll m on olay ere d drop (10㎕ ) .

A ft er c o c u lture f or 16 hr , m eiot ic m at urat ion of o o cy t e s w a s a s s e s s e d at

ex tru s ion of f irs t polar b o dy .

4 . In dire ct im m un o cy t o c h em i s t ry

S t ain in g pro c e dure s w ere de s c ribe d in det ail by Kim e t a l ( 1996 ) . In e ac h

g roup s , o o cy t e s w ere tre at e d w ith B uff er M (25 % g ly c erol , 5 0 m M K Cl , 0 .5

m M M g Cl2 , 1 m M E GT A an d 5 0 m M im ida z ol , pH 6 .7 ) f or 3 - 5 m in . at 37℃ ,

f ix e d in m et h an ol f or 10 - 15 m in . at - 20℃ an d s t ore d in P B S c ont ain in g 0 .02 %



N aN 3 an d 0 .1% b ov in e s e rum album in at 4℃ un til t h e s t ain in g . M ic rot ubule

lo c aliz at ion w a s pe rf orm e d u s in g anti -α - t ubulin m on o c lon al an tib o dy (S ig m a )

in w hich dilu t e d 1 :200 in P B S f or 6 0 m in . an d 1 :100 of F IT C - lab ele d g o at

anti - m ou s e an tib o dy (S ig m a ) f or 6 0 m in . T h e c hrom atin w a s f lu ore s c ent ly

de t e c t e d by ex po s ure t o 1 ㎍ / m l propidium io dide (S ig m a ) f or 90 m in . T o

de t e c t di s t ribut ion of m icrof ilam ent s , th e o o cy t e s w ere cu lture d in F IT C-

labele d phalloidin (10 ㎍/ m l ) f or 90 m in . S taine d oocy te s w ere m ount e d un de r a

c ov ers lip w it h m ountin g m e dium (U n iv ers al M oun t , F i s h e r S cie ntif ic Co .,

H unt s v ille , A L , U S A ) an d w ere ob s e rv e d w ith flu ore s c e n c e m ic ro s c ope .

5 . Chrom o s om e preparat ion an d an aly s i s

T h e pro c e dure w a s m o dif ie d t o th at of B ou qu et e t a l (1992 ) . T h e o o c y t e s

w ere plac e d in 0 .5 % pron a s e (S ig m a ) f or 2 m in . an d a hy pot on ic s olu t ion of

s o dium c itrat e (1% ) f or 2 m in . A n d t h en th e y w ere f ix e d w ith ac et ic alc oh ol

(ab s olu t e m ethy l alc oh ol : g la c ial a c e t ic ac id = 3 : 1 ) . S lide s w e re s t ain e d w it h

2 % Giem s a an d n orm ality w a s s c ore d w ith m ic ro s c ope . T h e n orm al o o cy t e s

w ere c on s ide re d w h en th ey c om po s e d of 20 s eparat e d chrom o s om e s . A n euploid

w a s c on s ide re d w h ere t h ere i s an delet ion (hy poploid ) or addit ion (hy perploid ) .

P oly ploid h a s an a ddit ion of a s et of chrom o s om e s .

6 . S t at i s t ic al an aly s i s

In e ac h g roups , th e re s u lt s w e re c om pare d u s in g th e ch i - s qu are (X 2 ) t e s t .

RE S U LT S

In our f re e z in g s t u dy , th e s urv iv al rat e s of ex po s e d an d v itrif ie d g roup

w ere 8 6 .7 % an d 90 .3 %, re s pe c t iv e ly , th e re w a s n o s ig n if ic an t dif f ere n c e . A l s o ,

in v i t ro m aturat ion rat e s w e re s im ilar am on g tre at m e nt g roup s (c ont rol : 5 8 .3 %,

ex po s e d : 6 9 .2 % an d v itrif ie d : 64 .7 %) . T o det e rm in e th e ef f e c t of f re e z in g t o

th e c y t o s k e le t al c onfig uration of im m at ure m ou s e o o cy t e s , m ic rotubule an d

m icrof ilam ent of v itrif ie d - th a w e d im m ature m ou s e o o c y t e s w e re ex am in e d by

in dire ct im m un o cy t o c h em i s t ry aft er in v it ro m at urat ion . F rom ex am in e d



o o c y t e s in e ac h tre at m e nt g roup (u s in g m at ure d o o c y t e s ) , th e v a s t m ajorit y

(> 9 0 %) di s play e d n orm al m icrotubule s org an iz at ion (c ontrol : 100 %, ex po s e d :

94 .4 % an d v it rif ie d : 93 .9 %) . W it h re s pe ct t o b arre l - s h ape d s pin dle an d n orm al

c hrom o s om e alig nm ent , n o s ig n if ic ant diff eren c e w a s ob s erv e d am on g

tre at m e nt g roups (F ig . 1A ) . H o w ev er , th ere w a s a f e w abn orm al appe aran c e in

w hich t w o s m all c lu s t ers w e re s e en at th e s pin dle pole s apart from th e

e qu at orial plat e ( =a ct iv at e d ) in e x po s e d (3/ 54 : 5 .6 %) an d v it rif ie d g roups (4/ 66 :

6 .1%) (F ig . 1B ) . In a ddit ion , th e m icrofilam ent w a s ob s e rv e d in t o n orm al

m orph olo g y in dic at e d a s a n et w ork t hrou g h out t h e c y t opla s m (F ig . 1C ) ,

irre s pe ct iv e of tre at m e nt g roup s ［ c ontrol ; 4 7/ 47 (100 .0 %) , e x po s e d ; 3 0/ 30

(100 .0 %) an d v itrif ie d ; 34/ 34 ( 100 .0 %)］ . On th e oth er h an d , w h en a c ert ain

c h an g e of c hrom o s om e c on s t it u t ion of im m ature m ou s e o o cy t e s a c c ordin g t o

ex po s e d an d v itrif ie d in E F S 4 0 w a s ex am in e d , t h e rat e s of o o c y t e s c ont ain in g

a n orm al chrom o s om e num b er (n =20 ) in e x po s e d an d v itrif ie d g roup w ere

6 9 .0 % an d 65 .8 %, re s pe ct iv e ly . A l s o , t h ere w a s n o s ig n if ic ant dif f e re n c e

c om pare d t o th at (7 9 .6 % ) in c on trol (T able 2 ) (F ig . 2A ) . B ut , hy poploid rat e of

ex po s e d (3 1 .0 % ) or v itrif ie d (34 .2 %) g roup w a s t en d t o in cre a s e th an th at

(18 .5 % ) of c ontrol (F ig . 2B ) , alth ou g h th e re w a s n o s ig n if ic ant diff eren c e . In

c ontrol g roup , 1 out of 54 (1 .9 % ) m at ure d o o c y t e s w a s f oun d t o poly ploid (F ig .

2C ) .

DIS CU S S ION

T hi s s tu dy de m on s trat e d th at ex po s ure in E F S 4 0 fre e z in g s olu t ion an d

t e m pe rature lo w erin g (v it rif ic at ion ) durin g th e GV - s t a g e h av e n o de let e riou s

ef f e ct on th e m orph olo g y of t h e s e c on d m e iot ic s pin dle , m ic rof ilam en t an d

c hrom o s om e c on s t itu t ion of im m ature m ou s e o o cy t e . It h a s b e en w ell kn o w n

th at c ry opre s erv ation of GV - s t a g e m ou s e o o c y t e s i s a dv an t a g e ou s t o

c irc um v ent th e s pin dle dam a g e an d in cre a s e d c hrom o s om e abn orm alit ie s n ot e d

in cry opre s e rv ation of M e t aph a s e Ⅱ o o c y t e s (E ro g lu e t a l ., 19 98 ) . T h e

GV - s t ag e o o cy t e s are th e oret ic ally le s s s u s c e ptib le t o t h i s k in d of fre e z in g

injury , be c au s e th e chrom at in at GV - s t a g e i s in a de c on de n s e d s t a g e an d f e w



m icrotubule - org an iz in g c ent e rs are f oun d at th e perinu c le ar s it e an d m o s t of

th e m ic rot ubular s y s t em i s n ot org an iz e d (Rim e e t a l ., 1987 ) . A n orm al s pin dle

appe are d a s f in e m ic rot ubule s trav ers in g th e m et aph a s e plat e , f orm in g t h e

c la s s ic b arre l s h ape . Re c en tly , m any re s e arch e rs h av e re port e d th at t h ere i s n o

s ig n if ic ant abn orm alit ie s in cy t o s ke le t al org an iz at ion on GV - s t a g e o o c y t e s

aft er cry opre s e rv ation (V an der E l s t e t a l ., 1992 ; B ak a e t a l ., 1995 ; F ry dm an

e t a l ., 1997 ; E ro g lu e t a l. , 19 98 ) . A l s o , t h i s s tu dy in dic at e d th at th e re w a s n o

de trim e nt al c o olin g ef f e c t at m ic rofilam e nt (dat a n ot s h o w n ) w hic h are

pre s ent e d a n orm al di s tribution th at i s lo c at e d m ain ly in t h e c e ll c ort e x ,

re g ardle s s of t re atm ent g roup s (F ig . 1C ) .

W e h av e furth e r s tu die d th e ef f e c t of cry opre s e rv ation at th e GV - s t a g e on

th e chrom o s om al c on s t it u t ion a s c ount in g th e num b er of chrom o s om e in

o o c y t e s from e ac h g roup . In all t re atm ent g roup s , alt h ou g h m orph olo g ic al

m at urat ion rat e s w ere s im ilar , th e chrom o s om e abn orm ality af t er e x po s ure t o

f re e z in g s olu t ion an d v itrif ic at ion of im m ature m ou s e o o cy t e s s h o w e d a

t e n den cy t o in cre a s e an e uploid , e s pe c ially hy poploid . It h a s kn o w n th at th e

di s rupt ion or depoly m eriz at ion of t h e s pin dle af t er ex po s ure t o lo w

t e m pe rature s g iv e s ri s e t o an euploidy or poly ploidy (V an der E l s t e t a l ., 19 92 ;

S aran ant h an e t a l ., 1988 ) . T ak en alt o g et h er , th e s e re s u lt s in dic at e d t h at

ex po s ure t o cry oprot e c t ant or f re e z in g h a s n ot e ff e c t on t h e alt erat ion of

c y t o s k ele t on m orph olo g y an d th e chrom o s om e c on s t itu t ion of im m ature m ou s e

o o c y t e s an d th at our v it rif ic at ion m et h o d u s in g E F S 4 0 fre e z in g s olu t ion w a s

s u it able f or th e c ry opre s erv at ion of im m ature m ou s e o o cy t e s .

Ⅴ . S U M MA RY

T hi s s tu dy w a s t o c onfirm w h et h er th e v itrif ic at ion m e th o d u s in g E F S 4 0

f re e z in g s olu t ion h a s det rim e nt al e f f e ct on th e cy t o s k ele t on an d chrom o s om e

c on s t itu t ion of th e im m ature m ou s e o o c y t e s by in dire c t im m un o c y t o ch e m i s try

an d chrom o s om e an aly s i s . Im m ature m ou s e o o c y t e s w ere v itrif ie d u s in g E F S 4 0

(4 0 % et hy len e g ly c ol , 18 % fic oll , 0 .5 M s u cro s e dilu t e d in M 2 m e dium ), th a w e d

an d th en s urv iv e d o o cy t e s w ere in v i t r o m ature d f or 16 hr . W h en th e



m icrotubule m orph olo g y an d m ic rof ilam en t di s tribution in v it rif ie d - th a w e d

im m ature m ou s e o o cy t e s w e re ex am in e d , n orm al pe rc en t a g e of t w o

c y t o s k ele t on in v itrif ie d g roup (9 3 .9 an d 100 .0 %) w a s n ot s ig n if ic ant ly

dif f e re nt from t h at in c ont rol (10 0 .0 an d 100 .0 %) an d ex po s e d g roup (94 .4 an d

100 .0 % ) . T h e rat e of o o cy t e s c ont ain in g a n orm al chrom o s om e n um b er in

v itrif ie d g roup w a s 65 .8 %, th i s re s u lt w a s n ot s ig n if ic ant ly diff eren t f rom th at

in c ont rol (7 9 .6 %) an d ex po s e d g roup (6 9 .0 %) . T h e s e re s u lt s in dic at e d t h at

ex po s ure t o cry oprot e c t ant or f re e z in g h a s n ot e ff e c t on t h e alt erat ion of

c y t o s k ele t on m orph olo g y an d th e chrom o s om e c on s t it u t ion of m ou s e o o c y t e s

an d th at our v it rif ic at ion m et h o ds u s in g E F S 4 0 f re e z in g s olu t ion w a s s u it ab le

f or t h e cry opre s e rv ation of im m ature m ou s e o o c y t e s .
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T able 1 . T h e s pin dle m orph olo g y of im m ature m ou s e o o c y t e s v itrif ie d in

E F S 4 0

T re at -
m e nt

N o . of (% ) * S pin dle m orph olo g y (%)

v itri -

f ie d

re c ov -

ere d

s urv i -

v e d

m atur -

e d
b arre l

- s h ape d
ac ti -
v at e d

n o
s pin dle

Control - - 96
56

(58 .3 )
56

( 100 .0 )
- -

E x po s e d 90
90

(10 0 .0 )
7 8

(86 .7 )
54

(6 9 .2 )
5 1

(94 .4 )
3

(5 .6 )
-

V itrif ie d 12 0
113

(94 .2 )
102

(90 .3 )
66

(64 .7 )
6 2

(93 .9 )
4

(6 .1 )
-

T able 2 . In c iden c e of chrom o s om e abn orm alit ie s of im m ature m ou s e o o cy t e s

v it rif ie d in E F S 4 0

T re at -

m e nt

N o . (%) of o o c y t e s

s c ore d
n orm ally
m ature d

an euploid
poly ploid

hy poploid hy perploid

Control 54 4 3 (7 9 .6 ) 10 ( 18 .5 ) - 1 (1 .9 )

E x po s e d 4 2 29 (6 9 .0 ) 13 (3 1 .0 ) - -

V itrif ie d 38 25 (65 .8 ) 13 (34 .2 ) - -



F ig ure 1 . Im m un oflu ore s c e n c e lo c aliz at ion of m ic rotubule s (A , B ) an d m ic ro -
f ilam ent s (C ) (Gre en : m ic rotubule s , m icrof ilam ent ; re d or y e llo w :
c hrom atin ) . A . n orm al : b arre l - s h ape d , P in dic at e s th e chrom atin of
polar b o dy , x 6 00 , B . abn orm al : ac t iv at e d , x 6 00 , C . n orm al , x 4 00 .



F i g u re 2 . Ch ro m o s o m a l c o n s t it u t io n o f o o c y t e m a t ure d in v i t r o , A . n o rm a l

(n =2 0 ) x 12 0 0 , B . hy poploid (n =17 ) x 8 00 , C . poly ploid (2n =4 0 ) . × 8 00 .


