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E: ISR ARG B I AN g R A . e @22 s Ak, B SERE PSR H E A% 2—5 mm 0P
HWHREREZ (GV) WENEANIE, | GV WA 2 P JE FE RSN (M) 4. GV A
M1 HAOREREAIIAS 0 3 4. XFHEA] . RO FIAL BRA MBS AL VR4l . M [T A R B: A0 it 2 43 4 A B S 4%
AT EOCHFILRERMEE (LSCM ) MEHEAS; 1 GV BITNEFAIMAL B e 28 44 h BUARE %, FEAME LscM T
EREA, UK RIA EE . OOt e )h, T LSCM TMEE, 45 B, BWHAP A4 oV Mo+
I ARG TR G, HAmIRZE M . Y IRHES S22 50 i IEH R BIN 42.9% . 89.6% 1 28.6% ; BiISILA
YR IE 3 WFEHR A IEH 2R3 HIN 10.1% .« 36.4% M 16.9% , FIHMZEREE (P <0.05); BREHAIFIA A
P R IEH R 5 X A TR R 22 740, PIREe 41 A HAb 3547 29 B BARF X BB (518 79.5% . 93.1%
72.3%, P <0.05)c M I I00E: 40 ¥4 5 A 3 7o) A0 BR2H A0 25 S AR 5 4 . Y (IR HES 5 T 22 43 A 1E 3 R 4 BN
34.4% . 61.3% 1 47.9%, TR AN 12.9% . 56.7% M 37.2%, BB EMFXRH (5500
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Cytoskeletal Changes of Vitrified Porcine Oocytes

WU Cai-hong, RUI Rong™, DAI Jian-jun, XIE Bing, JU Shi-giang, LU Xiao

(College of Veterinary Medicine, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: This experiment was designed to examine the spindle organization, and chromosomal and microfilament
distribution of vitrified porcine oocytes. The germinal vesicle -stage (GV stage) oocytes were aspirated from antral follicles
(2-5 mm in diameter). All Metaphase [ -stage (M Il stage) oocytes used in the experiment were derived from GV
oocytes matured in vitro . Either GV or M [[ stage oocytes were divided into three groups:the control group, the group
treated with vitrification solution, and the vitrified group. Vitrified-warmed M Il oocytes derived from maturation in vitro
were directly used for Laser-Scanning Confocal Microscopy (LSCM) ; vitrified-warmed GV oocytes were firstly cultured for
44 h and then used for LSCM. Oocytes used for the experiment were fixed and stained by immunofluorescence and were
then observed by LSCM. The percentage of GV stage oocytes treated with vitrification solution with normal spindle organi-
zation, chromosome alignment and actin filaments (F-actin) distribution was 42.9% , 89.6% and 28.6% , respectively.
These were significantly higher than those from the vitrified group of GV stage oocytes (10.1%, 36.4% and 16.9% , re-
spectively; P <0.05). The values for GV oocytes treated with vitrification solution were all significantly lower than those
from the control, except for the percentage with normal chromosome alignment (79.5% , 93.1% and 72.3% , respective-
ly, P <0.05). The percentage of M [| stage oocytes from the group treated with vitrification solution and from the vitrified
group with normal spindle organization, chromosome alignment and actin filaments (F-actin) distribution were 34.4% ver-
sus 12.9% , 61.3% versus 56.7% , and 47.9% versus 37.2% , respectively. These were significantly lower than those
from the control (78.3%, 90.1% and 72.8%, respectively; P <0.05). Results from this experiment suggest that irre-

versible damage to the cytoskeleton of porcine GV and M [ oocytes after vitrification could be an important factor affecting
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the maturation, fertility and subsequent development of the oocytes.

Key words: Porcine; Oocytes; Vitrification; Cytoskeleton; Laser-scanning confocal microscopy

BEE ML S A A W) BRI R i, Sy B
BRI AP VR IRAE , TEShYIRP BV AR 3P 1 H 45 2
NSRRI TS ST . Z2 Rl OR B 40 i 2 B8
A% (Vajta et al, 1998), HILHIGHZHER . K
T AA I T e O BR AR . A AR 22 IR 3K e B
BEANRE AV VRORAE . TEIX LRI R, BR B4R A
Baik LI ek, & — DA 2R 5 A
Ko WIRERY, ZROHFLMIS Ui 2
( Metaphase 11, M1 ) BB 248 6 277 o) A I A 1)
R, DR REAN M S 20 2w AR B N, Ay
G5 A R TS K TR B AR A R, kT S B
R E, HMILE N2 5K E (Boiso et
al, 2002; Rojas et al, 2004; Albarracin et al,
2005 ). /) BUO B A0 25 B AR AE 0 °C 4 45—60
min Ji7 76 2 fi# % ( Magistrini & Szollosi, 1980 ); A
O EJ 2 0 275 AT = il AR BRI, o kAR R O
AR (Almeida & Bolton, 1995 ). 455K i
J5 O BRI 25 FRAR TR S, (ELYR 52 P8 7 A T B
FRINE () A B ) Fh 2 E A AR K 25 5 ( Magistrini &
Szollozi, 1980; Aman & Parks, 1994; Wang et al,
2001 ). AbTF GV ( Germinal vesicle ) HAAYDREEAHAE,
HYPAR M R, (BB A BIZ 3 09 B 240 i Ve vk
Ja, 5 R E I WA AR (Park et al,
1997; Rojas et al, 2004 ), FHICJEEAIA T .

OPS (open pulled straw ) EBEIEILR VR, &8
AT R SR AR A A — ol FE T T 7L 0 0y U i R O 5 240 i v
IRAE o T R dR R, Y VR &
A, BB TR R RV VR , M ET T
RBEAH ¥ R PR AE I B AR 5 i Z — (Vajta et al,
1998 )0 JLAFR, A S 5 XA O -BE AR IV VR R AT
AT T RGNS, AN AR R, M ov Y
PRSI ML 3 BFBE 4 M 7E 22 OPS YA B AL 18 Uk
JG, AETE 1 S IRANZRE IR K RE 1 5 8 e BB 40 i
FIECE I TR, GV IS M1 O R) 4i i [a] o A7
Bl 225, LA GV 1 01 B 20 i v VR AR AE AR 1
N T AW BRI, 1A% RGN
A—a sy, AXER M E X fE O BRI R ), LY
SEAALEH . Y@ IRHES 5 22 o A R AT LB
LAY 335 O B 240 M B AV ORI, % 200 B A i
SN, SRR 2R R g A 2 v R DR A AL

BRI S %
1 MR575E

1.1 DUPEZEAa kIR

GV H51BE4H H 2 FH 4 0 3 DR S 4 DN S 3R 1
B 2—5 mm UPMIPORAE, SRS k3
JZ K 3 2 LA E 0P B 40 Y B Fe— B0 B 41 i 2 G AR
(coc), H 10%#HA4 Mm% (NCS, GIBCO BRL ™
fl ) TCM199 ( GIBCO 77 ih ) ¥k 2—3 RIG & M. Fir
KEEM COC LR, BT 3RA5 M I 0 B £ 40
Ml ( Fujihira et al, 2004 ). J7i%/2&% 15 # coc —
H, BT 100 pL BEAREFRW D, 7E£38.5C. 5 %
CO, SR SO FNE B 451 T 55 44 ho
1.2 ¥ GVHE M HIPEHARNS ERTE

AGRI AT M A BE B4, ¥ ov BIoR L
YIRS SIS SR G IR . DL 0.1 9% 35 B 5 R i 7%
WAL M I HBR BRI 5 min, FHLWEWRIT X
BRYHCAY B0 oA ME, 28 TCM199 5 32 ik 2—3 K
&, AFHEARE; LLcoc TBAEER GV HI0P
BRI B TR

FEONEE AN S HE 20% £ —FE (EG, iR
— A7) TCM199 WP 5 min, %% A 40% EG
+0.5 mol/L FENE ( LAk 22 it5n A R |7 5
TCM199 WiH, T30 s N3EA OPS &, HEHEAS
O RN, 24 2 oL BERALIR . R 5 S R A
- 196 CHANBIRIRAT

fEVRES, ¥ opS MR A UL B E T 37 C
0.5 mol/L FEMEVSW T, RIS BR BRI, ~F-1fr 5
min J&7, P A P EEAR AR AS A 0.25 mol /L BEKE
WP 5 min, TCM199 B 3RM0E 2—3 &
1.3 UIEBAMNEREREREE

3. 7% ZFFEE ( s R4 R\ A4
72 ) PBS W& 2 B0 BE A AL 30 min, £ PBS Uk 3 K
JG, % A 0.4% Triton X-100 ( Boster /= ) PBS
YEZEBE AL PE 30 min, A 0.2% 4 1M F&EH
(BSA, SIGMA i) PBS ] 1 h; ZJEXTORLE
AR . O B AR e b B, [ | 2R
% B Ye A B TE 37 ¢ R T,

B 0 IR BRI S5 5T o SIS AR T B BRI
(1:50, NeoMarkers ;=i ) JL[EFE 1.5—2 h,
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H5H/MR 166 - EWE (1:50, Boster 77 ) WEH 1
h, BSHAEWREN - Cy5 (2 pg/ml, Rockland
P ) HEFEEE 30 min; AR5 RERK - FITC
(0.2 pg/mL, ALEXIS ) HL[FEWFE 1 h, &ETE
500 pg/mL WAL TN BE (PI, Boster /7 ) HH YL 20
min. VA FRRIFE G, B 37 CHA 0.1%
Tween 20 ( EZERLF AT A R2AF ) PBS (V/
V) WP 4K, 10 min/IR. LG, BEE
b, s ME A (Chen et al, 2000; Liu et
al, 2003; Albarracin et al, 2005 ),

A 2 B ARS8 CyS . FITC & PI
FENL, TEECEHAMILRE B RS (TCS SP2) ML
HIRES IR, ZE R, Mat,

IR B GT ARAR Th 3 25 (1) IEH Yikk
A GiRIR AR, YR DIARESE AR RS T
AR, OEMREES A, RS ) — A, 5
MG R BI e EAA s (2) SR YRk M
WA HES SR G R B | B8 0 T8 e A e
B (3) YRR I Geto A S8 BB WA 20 il
BAETE (Liu et al, 2003 )o

UREEANA Y R AN 3 2 (1) IEW G
I PR HEGTE SRR IR B AR -, BiE oA 2y
FRALE FE B, 3508 A7 AE T A0 M 5 Y B — A
(2) SR gk Yo @R o e 78 T 4 i 5T N5
(3) e fRis . M Y EARETE (Liu et
al, 2003 ),

REEAH L 13 22 3 A I o3 (1) IEH 22
TEFE N AT WIS B E )2 (2) RE M.
FERTE T LSl 2 ARELL A, LSl 1 &
ATRE (3) JCIZZATAE . BREEAN A N A ILEE 2|
F - Msh &\ FAAF1E ( Albarracin et al, 2005 )o
1.4 LWt

SrHLARE GV AT M IT 59 51 B 20 il Sk BF 53 X6F
5, FLBR AR TR IR A RN B B Ak A 5 T R4
[{0E2 R B NN R N & 7 €A 1 ety
1.4.1 GV HWOREE4Nsr 20 GV WOREE4N 4 H
3. (1) XPHEZH . BREEARAVEAR AL 2E, (HiE
FHARSMARG TR 44 hs (2) BRI R B . Bp
FEANMIAVER VR, (HE T VRET . )5 A3 T
FRUEF RSN BLARG I 44 hs (3) BEESALRURAL: 8P
BRI 25 OPS W3 ISRV Uh— IR VR Je MRS 3
Higt 44 ho SHTEMBIG TGRS T e DY
o, K,

1.4.2 MIABREEANAEAT 20 M1 I OREE 40 5 A
3. (1) XPHRAL . i fief OB 40 M AS £ Ak 2 4 g
oy (2) BIHEEP R IR . RSN BIETR 42 h
FIINEE A VER R, (R AT . G B AL B R
J¥, ZIG4kEERE SR 2 h, BATYE; (3) BEESLR
HRdL: COC BRI ANEFR 42 W J5, F OPS 1k
I LR Wk, MRVR)G TR 9E 2 hy B0 ( Albar-
racin et al, 2005 )o
1.5 %itFH=E

SEEA 3L, FrREE ] ANOVA 1E22
550 VT

2 & R

=A

2.1 ¥ coVHNEBHpELEENMEEERETN

R 1 R, SEOCHA R E B MBI,
XHE 4 58 K 3% 35k B B 40 B 1E K A BB RE FR
79.5%FHNIEH iR (B 1A), 15.6% %57
% (E 1B, C. D), 4.8% KWK (K 1E ).
WEH 97 R AR O BE A0 A, Y o R # HE 51 A AR 3 A
b 8 MR H Y ERIR DI RE A, Hy A F B IR
W1 MOR WO I BE A, TR LS 3 Y (014
FIAFAE s oAy 3 MOnREAiiE, Gy @i 4n i i
o FER R R B S5 dR L, OB 8 5%
Ja, HEERIE R R B E TR, HHARGRHHE
TR HRPFLIH (P <0.05); % iRk
FICL R B IR BRI H R A B3 BT (P <
0.05)o RURARI5) kb B ZH 5 ¥4 VA 41 19 e (1R 1
REAR, ELVA Uk 4 e (o 1R IE 5 g 2 KT X B 4
(P<0.05), AbHL 5% VR 41 1 4 0 {4 43 B0 1
Z, HAGA S AEREE (P <0.05). fi
BRI, 7E5 5 YRR R0 i, R0 1B
g e fRHES] (1 1B ).

RURIRIP AL PR B 38 A2 VR X GV B BR B
YT LZ A R R DL 6 2. W VR IR I b B2 5
RURA IR, 2RSS IR 5 A S22 43 A1 1
WHRYBE TR, FHEMEm,

2.2 BEMIEMEBMEMLERNMEBRERETL

M T 3 BB 240 i 2898 VR 4 7] Ak P 8 8t 3 072
WG, LR RN e o R IE F R SF R AR AR 35
PR 500 A0 BE5 B 38 A0 A IR M T 303 O -H3: 40 ity
T2 A 2 L3 4.

3 W i
A SR AR Tl A 9 BT TS R B A 2R
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Tab. 1 Influence of cryoprotectants and vitrification on meiotic spindle organization and chromosome

distribution of porcine GV oocytes

YiAIE S H AR RN
P PUEZS e Percentage of spindle morphology ( % ) Percentage of chromosome ( % )
il Group
No. observed EH# L FI i ik FIiL
Normal Abnormal Absent Normal Dispersed Absent

X} BEZH Control 58 79.5 (467 156 (9)r 4.8(3 )1 93.1 (54 5.3(3) 1.6 (1)r
AEFRLE Treated 60 42.9 (26> 26.3 (16> 30.9 (18> 89.6 (54 7.3 (4F 3.0(2)
RURA Vitrified 69 10.1 (7>  46.5(32) 43.2(30r 36.4(25» 37.6 (26> 26.1(18)

wbe [i—F PR R TR FRZEREE (P <0.05); H55 N ARG B0 .

a:b-¢ Values with different letters within columns are significantly different ( P < 0.05 ); numbers in parenthesis represent the corres-
ponding number of oocytes .
®2 RERPFILESHEBULEFEXE GV BN SARBL S HRIM
Tab. 2 Influence of cryoprotectants and vitrification on distribution of actin filaments

of porcine GV oocytes

Vil PUE=S/i IEH % SR [ 5

Group No. observed Normal rate ( % ) Abnormal rate ( % )  Negative rate ( % )
XFHRZ Control 58 72.3 (42 26.1 (15 » 1.6 (1r
AL Treated 60 28.6 (17 43.2 (26 P 28.1 (17 »
VYR Vitified 69 16.9 (12 F 52.7 (36 P 30.4 (210

b [q] —F PR R FREE RN ZEF BE (P <0.05); 55 AR Y OB 40 £
ab-¢ Values with different letters within columns are significantly different, P <0.05; numbers in pare-

nthesis represent the corresponding number of oocytes.

®3 RERPFLEERBURLFEE M BN FHEBBASEERSSREESH

Tab. 3 Meiotic spindle organization and chromosome distribution of porcine M Il oocytes after treatment

with cryoprotectants or vitrification

LR IRTEAS H % PR N
P WEEEL Percentage of spindle morphology ( % ) Percentage of chromosome ( % )
5341 Group
No. observed W L Y [’ ik I

Normal Abnormal Absent Normal Dispersed Absent
XTEEZ Control 51 78.3 (40F 15.7(8F 6.5(3) 90.1 (46 » 6.0 (3 ) 3.9(2)r
AEFRLH Treated 67 34.4(23» 41.7(28» 23.9(16» 61.3(41F 17.5C(17> 13.5(9)
RURA Vitrified 62 129 (8  49.9 (31 37.2(23r 56.7(35) 25.1(11>r 25.8(16)F

vbee [@—F P AR FREFIRZEREE (P<0.05); 365 A WARRLRY I BRI %

@b Values with different letters within columns are significantly different, P <0.05; numbers in parenthesis represent the corres-

ponding number of oocytes.

x4 AERPFIRBESHRLLEEE M HINBEBNMLS R
Tab. 4 Distribution of actin filaments of porcine M I[ oocytes after treatment
with cryoprotectants or vitrification
vl PS5 e SR (e

No. observed Normal rate ( % ) Abnormal rate ( % )  Negative rate ( % )

Group
XFBEZH Control 51 72.8 (37 % 18.3 (9 r 8.9 (5)
bR Treated 67 47.9 (32 ) 42.0 (28 )0 9.5(7)
BURA Vitified 62 37.2 (23 r 53.3 (33 10.1 (6)

wbee [@] —F PR R FREFE RIRZE R B E (P <0.05); H5 N AR B BE4H AL
ab-¢ Values with different letters within columns are significantly different, P <0.05; numbers in paren-

thesis represent the corresponding number of oocytes .

) B BT XTI A8 B2 A A T AL GUR B g, B, IR ) — 88l g 2R SR D E T AR
i R R R g M . Ejmz—zﬁ, W%z F (Chen et al, 2004; Kim et al, 1996, 1998 ), BJ
MGRUE AR S IR A i sl . 2R MR A B R R B 40 A 27 B R 32 2 U F R, AR S iR 2
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Bl1 o B o0 BN MO TE SO G R 3L R R T T B WS R IR ZE K . e B ATE S0
F - JULBhEE (1 A 1 0

Confocal micrographs of porcine oocytes used in the experiment showing spindle

Fig. 1

organization, chromosome alignment and actin filaments localization

MR F - NBhEA R0 MEREO;

YRR M. WEMLI OIS (Green im-

ages: actin filaments; blue images: microtubules; red images: chromosomes; pink images: overlay of blue

and red )o

AL BT WYTEEAZER, P RHES] FIRIEM (An oocyte shows a normal meiotic spindle organization and
chromosome alignment ); B. Je{AHESIIEHR , (HYHRIAMIESR ( Chromosome aligned normally, but poles
of spindle disappeared ); C. ZiFRIATS MR, HYEAIKIEH (Partially disassembled spindle, with normal
chromosome alignment ); D. ZifRIATT MR, JAMIHK (Partially disassembled spindle, without chro-
mosome alignment ); E. Y K HUAETE, 25 HERIH 2% ( Dispersed chromosomes without spindle pres-
ence ); F. IEWAMMALEE A, H5A7AE T AT T ( Normal distribution of actin filaments :
actin filaments evenly located beneath the plasma membrane ); G. WIENE I SA L0, Hisk P Wiz
Ak (Actin filaments distributed discontinuously with the rupture arrowed ); H. WIZhEE TR 4i ( Actin
filaments diffuse ); 1. JEALBNE IFETE (Actin filaments absent )o

HRFICEFETE (Inoue, 1981 ). IEH YL AIARTET
R YR KNG & R A s B AR
(Zhang & Nicklas, 1995; Eroglu et al, 1998 ).
I, TEORERANIE AR . A NS R R TR,
W2z . E G EAR D RE AT E MR | A 4y
)8

O EE A1 0 S AR IR o B, 2RI AL B
AR S IR BR A, 52 IS 27 R A A2 AR A
FI] Liu et al (2003 ) iiE, 4 M [T 393 51£ 4 g

TE 24 CHERF 5 min, SPHEARRIJTIAMESR ; YR
T4 CHy, HARRHEE IR, EIRE 9 B AR S
FEAR A B, Pickering & Johnson ( 1987 ) fizi&, /I
SN BRI T 4 CHCE 1 h 5, HIREIKE F 37
CIF, A 89% 1 I BRI S 1 0 D5 R IR TE 25
AT DL, 5 O BE 20 i 275 S R 0] TR B 05 B S
& ARIARERY], oPS BB RS, it
J& GV Wb 2 M WA IR 20, 5 RiAIE S IR H
BT R W2 TR BV AMER R, SUTHR
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AR, W m B iR ATE S . AR
BH BB % B 8 A v Ak PR AR AR B5UB% ( Rojas
et al, 2004; Albarracin et al, 2005), ASSZHK i —
HARUE T X SR I 25 R . GRS,
BHEM MBHMEEARLEMESSEN
(MAP) RAE M B RS 7T 3 ) AR L5
R, "TRBEH TXERRFS TIMEEAME,
MR T IE B MRS S5, -5 30 B A LR AR
EARLBONREIE M. 7 M [T BIOPEEA0 L, Yy e fAom it
B LRAR G AT JTFHES T B BRI R 1
M b, X ARE T 520 5 g% 0 0 i IE A 43 B
TE R e ORI ad R OG5 T iR 1 ie . A
I, —HYiAZ 2R, 25 YL @R B
RAESHE, W E AR IR K& 245K kA= 2838,
MRG R IE R BB 52 85m, Beah, MYkt
SRR, O BT TR AR SR R T2 A, (BN
TEBIE# 74E R (Liu et al, 2003 ). AL H & B
() — L S B R O, It By bR Y — e
k51 &M, Hit, WCYiERARS Y ks, X
BB . 2K SR B HEA B L,
GV I GI-BE4H L 1) B BT N AEAE R it vk 2z, AEON
BRI R % (GVBD ) Tk ASE — R
BOrZPI (M T ) 5, ez AeLifas
J& GVBD KM LELMF. Longo & Chen ( 1985)
RIE, 2L PGS R 1B BB GVBD Fs 4
IREESE, SRIMOPEEAN i — P kB 232 2. 78
¥ b, BNERANMIZZ AN RE I GVBD . Yy REEE Al
M [ BRI B S R R MR T, (HZL ik
WIE, M T B ERAARNL B K B S ) R G i 25 57 5]
] (Sun et al, 2001 )o XF/)NFRBHREEH L A 55 26
B, FEOREEANME ARG R, L ST R e R R
WUk [v) J2 i X A3EFS ( Connors et al, 1998 ); T H
R o Uk B R X, B 4 A RE A B AR
Ao TE GV ADIEEZNAL, Y AR T 40 A N
LA AR TE A, (HR RIS R AL BRIEIR T 2
A2 BC, o i 2 e B Bk 40 B Y B 2, Sun et al
(2001 ) #iE, FEO0ELANMEZAGRT, TR NS+ 5F
EFREZAMEH. Wang et al (2000) 7E5 591 4

SE 3k

Aigner S, Van der Elst J, Siebzehnrubl E, Wildt L, Lang N, Van
Steirteghem AC. 1992. The influence of slow and ultra-rapid freez-

MR G K B h R, A F - Nsh&E AR
BRG], 22 BH LR SR REZ0 A BRI G K Y
B, TG, XM 1 HORERAN AR, YR R ER
RO, RV gAY AR IEH, A
ZRNEIR, SRR NG & B RS FEAR, Aigner
et al (1992) MIMFFEHERI], VR RN T K
RN M, 51 B AR T R R, Sk
YRR TE B R A ZE AL SN RRIE B, Y ik Rk A o
o I, BRSNS IRGELE, TCieInEEgn At
FUR—mH, REEgimis . ek F- PlshEN
R —AZ 20, #SEmMEEMAT, 2R
B VRRI

BB A B S Z A AR, BRI L
SrFHLE . XF/NRBIBF T A R, 2R E
FIAGE ( MAPK ) £33 16l DB 20 i 2 €0, 5 U A8
T R EEAEH , MAPK A3 AT (i 48 F e 2
it AR (Verlhac et al, 1994 ). 74k, A
BAEHEFE T (MPF) (Arellano et al, 1993), £4&
HAEKFEF (PGF) (Del Campo et al, 1995), A&
PHIEF COM T ) ( Armstrong & Xia, 1993 ) 4
JEARKAPEI A+ (CSF)  ( Funahashi et al, 1994 )
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BN BRI S BRIV R R A X A 1) R4
JL LA 5 2 RE ML 1 g, E T ARV AR, AT
i — T
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R ARG AL SR X 2 ) AR 2% 1 1) — A B s TR
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Bs: R K F AR AR F A B AT
BRELEERTARNREREZE AR EREZHK
Bk &AM, ZER TR EAEEBIELSL
TR B, B,

ing on the organization of the meiotic spindle of the mouse oocyte
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