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STUDY ON BOVINE PARTHENOGENETIC AND CLONING
POLYPLOID EMBRYOS

ABSTRACT

The efficiency of producing animals through somatic cell nuclear transfer
(SCNT) in mammalian is still low. Even when fetuses develop to term, the
phenomena such as large offspring and abnormal placenta development is often
present, which affect animal cloning efficiengy. Polyploid cells can give rise to
extraembryonic tissues. Transfer of aggregated embryos of polyploid and cloned
embryos can improve animal producing efficiency. Therefore, obtaining polyploid
embryos is very important for further study on developmental mechanism of cloned
animals. In this research, techniques such as immunfluorescent staining, drug
treatment, parthenogenetic activation, reverse nuclear transfer were employed to
study the methods of getting parthenogenetic and cloned polyploid embryos and to
analyze the effect of bovine oocyte nuclear on somatic cell nuclear reprogramming,

This research will provide experimental basis for perfection of SCNT technique.

1. Nuclear maturation process and dynamic changes of cytoskeleton and

chromosome of oocytes from bovine, goat and ovine during in vitro maturation

In this experiment, the bovine, goat and sheep oocytes matured in vitro for
different time were collected, respectively. The nuclear maturation process and
dynamic changes of cytoskeleton and chromosome were analyzed by
immunofluorescent staining. The nuclear maturation process of bovine and goat

oocytes exhibited similar characteristics, with GVBD initiate 4h after beginning of

 maturation. 50%-60% of oocytes arrived at MI at 12h. Peak of AI/TI appeared at

16h (42%), then most of the oocytes begin to expel polar body and enter MIL
Nuclear maturation process of sheep oocytes was slower than bovine and goat. The

peak of AI/TI appeared at 20h after IVM. The dynamic changes of cytoskeleton and

A
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chromosome of oocytes from three domestic animals were similar, but more

irregular spindle structure tend to occur in sheep oocytes.

2. Effects of cytochalasin B on in vitro maturation of bovine oocytes and

formation of diploid chromosome oocytes

This study was designed to investigate the effects of cytochalasin B (CB) on
bovine oocyte maturation, and to induce the formation of diploid oocytes. The
results showed that: (1) Incubation of oocytes in CB at >2.0 pg/mL concentrations
for 24 h significantly decreased oocyte maturation and the matured oocytes’ haploid
composition. Over 50% of the CB-treated oocytes did not expel PB1 (non-PB1),
and 50-65% of the non-PB1 oocytes contained 2n (60) chromosomes. (2)
Pretreatment of oocytes with CB at concentrations of 7.5 and 15pg /mL for 6-8h
did not affect the maturation rates compared to the control oocytes (about 80% vs.
83%), but prolonged pretreating time to 10h significantly decreased the oocyte
maturation(60%). (3) Oocytes were cultured for the first 10h and then transferred to
3.0-7.5 pg/mL CB-containing medium and cultured to 24h (post-treatment). The
results showed that 58.5%-92.8% of the oocytes could not expel PBl. (4)
Prolonging the post-treatment of oocytes in CB at 7.5pg /mL to 30h, 36h, and 48h,
respectively resulted in significantly decreased AI/TI oocytes to 1.9-6.4%
compared to 24h treatment group (15.3%) and increased the number of oocytesv

containing big spindles comprised of 60 chromosomes.

These results. indicated that CB disfigures spindle structure, inhibits PB1
extrusion, decreases oocyte maturation, and results in formation of diploid (2n or 4c)

oocytes.

3. Effect of Cytochalasin B treatment of bovine oocytes on tetraploid

parthenogenetic embryo development

This study was designed to induce the formation of tetraploid embryos. The
oocytes were matured in CB-containing media at different concentrations for 24h,

or pretreated with CB for 6-10h then into normal culture media up to 24h, or
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pre-culture in normal media for 10h then post-treatment of oocytes with CB to 24h.

The results showed that: (1) The parthenogenetic blastocysts (25-28%) derived

from the non-PB1 oocytes of posttreatment group was significantly higher than that
" from whole period treatment (5%-15%) , pretreatment (7%-16%) , and the control

oocytes (12-16%). (2) Cytogenetic analysis of the embryos derived from
CB-treated non-PB1 oocytes resulted in 74% of the one-cell stage embryos being
4n=120 chromosomes, 82% of two-cell stage embryos contained 4n chromosomes
in each blastomere, and 75% of the blastocysts were tetraploidy (4n=120). (3) The
stopped uncleaved one-cell embryos showed an amazing phenomenon of over 15%
of them containing extra chromosomes, which suggested multiple DNA duplication

occurred within 40 h after activation.

In conclusion, CB treatment results in formation of diploid (2n or 4c) oocytes.

The diploid oocytes resulted in a higher development of tetraploid embryos.

4. Effects of the presence of oocyte nuclei on the donor cell nuclear remodeling

and polyploid embryo development

In this experiment, the non-enucleated oocytes were used as recipient to
reconstruct embryos and examined the effects of the presence of oocyte nuclei on *
the donor cell nuclear remodeling, including premature chromosome condensation
(PCC) and DNA configuration, and subsequent embryo development. The results
showed that: (1) the presence of oocyte MII spindles was more likely to induce
donor cell PCC. (2) The positional relationship between the fused donor cell and
the oocyte metaphase spindle had an effect on oocyte PB2 extrusion. When the
fused donor cell was widely separated from the MII spindle, 94.4% of the
reconstructed oocytes expelled a PB2. When the donor cell was fused adjacently to

v

the MII spindle, almost all of the reconstructed oocytes did not expel the PB2; the -
majority (67.9%) formed a very large M-phase spindle in which the oocyte and the..—
donor cell chromosomes merged. (3) After activation, the oocyte and donor nuclei

exhibited a variety of pronuclear patterns and asynchronous development. (4) The
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embryos reconstituted with nonenucleated oocytes resulted in a similar cleavage

rate as observed in the control embryos reconstituted with enucleated oocytes.
Blastocyst developmental rates were no different between nonenucleated and
enucleated cloned embryos; however, the development rates from early to hatching
blastocysts significantly decreased in the nonenucleation group compared to
enucleation controls (0 vs. 23.1%; 27.5 vs. 67.8%), regardless with either cumulus
cells or fibroblasts as donor cells. (5) All nonenucleated oocyte-derived blastocysts
contained mixed polyploidy with a variety of compositions that included 2n/4n,
2n/6n, 2n/8n, and 2n/4n/8n; The blastocyst cell number in the nonnucleated groups
(about 60 cells) was significantly lower than the enucleated control groups (around
90 cells). (6) The in vitro developmental data of embryos produced by two reverse
nuclear transfer protocols showed that development of the RNT-1h group was much
higher than the RNT-3h group (47.2 vs. 20%, p<0.01). The enucleation 3h after

nuclear transfer induced abnormal DNA configuration.

We conclude that oocyte MII spindles induce donor cell PCC, the developmental
capacity of cloned embryos reconstituted with nonenucleated oocytes is inferior to

those with enucleated oocytes, and that all such derived blastocysts are polyploidy.

KEY WORDS: oocytes; nuclear maturation process; somatic cell reprogramming;

tetraploidy
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GivgTE E3's 3L
BSA Bovine serum albumin 4 EOER
FBS Fetal bovine serum fiG 4 (L
CB Cytochalasin B MR I EB
cD Cytochalasin D S ED
cocC Cumulus-oocyte complex SN E-BR R R Ak
DMEM Dulbecco's Modified Eagle Medium  # FC R Z2 ph il
DMSO Deimethyl Sulphoxide R
D-PBS Dulbecco's Phosphate Buffered Saline  # [ BEFE 22 M
D-PBS(-)  Dulbecco's  Phosphate  Buffered 4 e prmssmmhigy ( $€Ca2+,

Saline(free-Ca2+,Mg2+) M g2+ )

TE Trophectoderm cells e
ICM . Inner cell mass A 24 fie
GVBD Germinal vesicle breakdown A RIBHER
E2 Estradiol M
FSH Follicle stimulating hormone (R SR AE R
LH Luteinizing hormone HEERE
MPF Maturation promoting factor B 3 R F
MAPK mitogen-activated protein kinases RAOBERFLEABE
MLCK myosin light chain kinase ERE A2
RNT reverse nuclear transfer REgBHE
iPScell  Induced pluripotent stem cell BERE BT AR R
CRlaa Charles Rosenkrans 1 amino acid o
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- BRBARGEEESHSYPRENT), HRRENEERA B TELZREARGT
SERR A R ARHARE R, TREARZIASHENEW, LPEERBAREER. &4
HEE. AARZEGRERE. 2539, BARRIAANRE RIAAXER ORI,
SRS, EREFRURGBERIERARS.

SEARRERRAZ AR EZERNEN, MEIEFRENATE, PR
SR BRI LK RSN R RUR B, TR R O R . W L3 O R0 A K R
SRR B ERRAE LMY ARED, T TR AR £
F—RERPETEMERFE, FHRRERIERASFBARGLTESEE, AHW
BREAR 2. XRERHBICENFURASIEET KB B FERN BRI E A, FAUE
BRAENZRIVERE, DR TFRSHRNEE, BEAEWNGHARER, XRIEEZH
M. BTUAT X B30 Y00 B 40 M AR S R PR % 58 47 (S48 40 L RS R PRV AH S e D
YR, HTFRAGBEZERFEERXL.

P& (microtubule, MT) %% (microfilament, MF) EHMMARELIERS . WE
Amez RMHEEAERRRESEREIEERFFSN, KPamggsn™. mness
SRR R RS R BN BB D, YRR BUFURORL A B R X
B, GiEESE. REREENE. BRI BREROFRE. /5B 5340 gyEik
IBARS, NERALEHAEE—GEEEER, ARABEB (CB) MK
% D (CD) REEMLMAENZY, F CB AHE/MRIIF4M, GVBD W LLRAE, A5
BIEEFEEANRPORR, BERESEMRER"M, L RS CD &, FF
REOKEBRENE, BRANMRESRGEE, BREANERERELR, HYiE
XA ERIERATER— N KOEAL, TRk, BRoSAISaM. %L,
CB bEB IS 5/ R PR, Fitk, &t CB AE IR — £ 1A 50 B4 M vl A 3K 43 1Y
AR — & TTRER 2.

WAL EAEART PR GEARE, HARRERERRK. REHLMHG
BREARERE LR T, FREARFTROEEANEAEEIZYZ. RlERs
I IR RS R B B AT T KBTS, 1973 48, Snow ZPIFI41HkA % B
fe RIS AR H BRI RE 3 MUK, BLUEHERFARSER LR



BER S IMES ARG S T RE 2 AR R RO BT R

SR, DUk R A S — s SR B S AR RS A AT B A RHR, ISR 4
KR I i FESMAUR B B I 2 A6 048 R0, ISR RATE D — R RN R B (0
ATR, BRHBHBMEIRE, HUHDEANDGHERE YRR R . &
SEREP, FHEEILEIY 4n BERR AT RE B E EEE A B RIED, I IR ER A Rk
P4, it &l ke E . B, NEGSRREEBENHRZ—RAT ES 4HA PS
AR D R AAME SE R IR B R B RS AR IS, RSN L R R AR
SR EAR T UEARRAOEST. UEERES ES 4R FEEATHRESERLEL
AME, TR AR R R EAMER T AT 54 ES AR B TR Mz, B
SEHRAE T4 (ES) M 4n SAHUR &K & 16 /5 IRB 552 M ES ASREMIDN, T
etk MR A E A RN, TS, SRR R ARE T 50
MR TIPS GRRIEREARDS Y, Bhsh, SE3 TR SR P IR AL R S5 R
RTRE, Bl uEd D RERSSEwERRREERERRAAREARS, TR
THERERS, RARBOHARBIEEFREY, XEMMIRGHER T EHYRE
H®T’%.. '

B R AE 40 0 P B 4 P2 A A 0 P e AT ST 7 P 1) ] o o R A o
BRI 2 HE 8 K B 44 40 B % (R A 52 2 EE 47 F2 (incomplete reprogramming) ] fE & G %
BABMNEERE. EABKNEREREYRESZAIR G4 RIREHVIHXK. 4
PR 2k 0 R 22 1D VAR LA AR KR B LB ok T B SR AR AP, 78 it
B, JESRERAE MO iR A N>R —FEBR. XEKRK £ R REHERA
— SRR FHER, TXERTF N EHERIERSXRBI. 550R4RBAHEXK
FHEY R AL R AR M E TR P RIEEAYS), RIAZBH (reverse nuclear
transfer, RNT) BRA R4, sz ip B4 e AR FARRMERE. ik, KA
Fit o B MU R AR S B R AL, MU AHAEAERER N, STt
LHEHHERAERNEX.

FELBHAT 4 WEMBFE=FFE YO B R AR R R 4 A R34
k. CB A3 4 — £ ¢4 5N B 40 M A0 IO A5 (A DIUME R S A TE ARG BAR 4% 50 B 4t IR K M 32
1A 59 R4 HUAZ R4t B R AR I R 2 4% O BH 0 A PR 2 A 2 AR AR T LS
AR FBARFEBENE. FAGHREREISE., FARENYREREHISEE
—EEhl, HilARBHERDYETRESE.
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JCERERR

F—F WA FAROAIHKEIRE
4 e SN E 2 Yy,

v WY RAERO AR REILKENH

SRS S RIEED, IR XA RTAZE DNA ZHH, NEREH
RS BREANT . IMTENTRARFBEAENERRIEE RN, WHE4E
KIS HREBEARRIRE, RS AT GRATE R IR DR 2 () 0 23 B0 R FH o B A e
WA, MR DPIRAER— KK PR X MPAXFR) RS BERE—RF 2
FRIEDRRE, RHEBENML. RS ROAINRERBE—KBE SR EHNE
— RPN EALREFTE R, HE B KRS Ry NS AR E
REL:. EHAYR PRI RIR P ETGEAAN TR B2 THELIHAEEE.
1. ANHLR ,

ARHARAPBEB N HRIRAFH AR R BRENAME, REHRE TR
BEAFRZ— ANHSR=ERFRHRYMHRERD BERBRY RN 6 LEE T
Ao MR AN A IR A, BT R X YR A1 4 M B A5 B,
ARG S ARFFERMHARREHENAR. FLAINRIRYRES RTFRE
AR AR, BRERERERMERE LS TR, BBtk (cell polarity) B
RARAMBRIRMTR. BRREREARS, FERR % — e ZIRF A% D
i, MRS R4 AR E B . IER B TARBHENEEIB T ARMANER
433 (asymmetric cell division) m,

$ﬁ%ﬁﬁ%%@ﬁﬁﬁ:ﬁﬂﬁﬁ%%&%ﬁ%ﬁmﬁﬁmﬁﬁ,ﬂ@ﬁﬁ%ﬁﬂ
F(B#E mRNA MIEAR)BHTREAS . HordBIERESHREENSE, ©
AR, BASEFHMARMEERNZED . MARMELRTHROFR
W, MRRES TELXRNS FERERHAREROARNEORNEH, NT~E
AR, SRS HEMARBREL T, BEANREY, ZAREDREIANY.
TR HROERAERHEE, WEALSIHETEEORK, TEARENR LRI
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HER AP ARG 5 T B AR BT A

E/NHRRH 5-30um. HHERMARR T SARBEAERRIIEE VIR, WHETIE
ERREARRHITANRGESHS, LEARTEAREYSES VAT RRE. 41
AR ERN T Z XA RO TR BB . MEENAREE—ERK, £
FIEREASBRERRE, WEIKBHIERA. EEREEME,
2. IR RS R

2.1 AXHIRHA

EFHMBHYD, TFRED B (meiosis) & A KRNI H. FrttkHHmE
MR RIEERIFEKIEFREEGRNEFDR. HPREEXBOBFEERNY,
ATFRTERHZRERROEET). B4R LR RN R B E— P RKIRT
FIBANE R AT/ MRAN. w5 FL3h 40 59 B4 MR 7R 2 34 RO SRt R 4 B P 7 40 L B R X
ML RgERE. /DRI ERA R, AR G BEA MU AR I (germinal vesicle, GV) &
M SEE 4 B ) R e o R X R W E AL BIRTHIRES, GVEHMTRMME P ORAE
IL2) s — R B E R, KRAEGVBD (GV breakdown), FefafhlisE, MEZEWZES
Gk R RAER— ARG EA], FEE— KB REYIAAR (anaphase Itelophase I,
AUTD B, SEFETBINBAREAR. TERBESHEAHETH, IFERRERR
ERRRR S, NTiEEEBEs /MU, EBAE—4R, %Ik (the first polar body,
PB1) HiHdEEIE 3. PBIHE UG, SRR NS ZIREE SR, iKY 5 7EPB]
THREARR, EMITERRR, SiEAHSRETAT. SREREEEE 3
FIHENJE I, G5tk R R0 R AT B R AR IR A BRI PR, XS BHAEL K
WA AR, FENRXWETHHGVEN EMAFELER . £ RS, GV
Rr B IR (i B v U0 B B A B O PR AR ZE L A IERI D IIGVIE H R P Lo B o
T 55 — DR SR 4 1 B SR T B R AR 2.

22, ARHIRMTHREIELR

AHBABM— AN DRRE=E-NEBLEERT . H—PREHERRNAR. &
MY HEEREERE M T ZERBBEN . ATRERTRAD, FELRARAE,
MTIARREL SR TR A R RO, BRI TFARBAUUR—ERDER. AN
BEA—MERRU AR IR T RIRIPF RN —MUE, EXHEXL,
FUBR B R IR R LR K5 R EHFPROAR BRI ER, FERmRNA, EfIH®
ETHEBERNEBERD, ABILsYT, SHIERRY, BRIRINEETSRTR
HAFREX, EiER, WASYRFAROBRECIRAETHEERNENL Bk
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AREK¥ 82T 3

AR R AS TR . S A R A IR BRI, A R A,
SRR SR, SRS MARE, BRI R BT RE AT Tk
K, ¥ TPBUHSIALE . XA HBNARNA R BRI RRRRI. 2
RARRRIFARIEI MUK, B THAEESHTORIAR™, Faukns
WA HRBAT R T A AN, 22K, PRAUGH AR THE A RELERANK S,
WA, FIREBMISSHARRELHATER EREAK) WK LEARAE
R KA. 50, TR R A BTG BAIPB2H HE A

SN FHRACET R T SRRIRBRRI BRI, . 17 R0/ B T SRR TR S B
HEEERN. BOR LT EBAE IO T SPBISE A B A0 59 FHBR MR 47k PE . PBI—EL
HE, RAD g, TR RS RS %2 IR B, A s A e
%. Motosugi B IBTSBR, RAMHE S IFIBE BN T B TR L IREA
BT RE |

23, FHHA BB MR REA

B —YORE S BIATE, WAL B B RS LR — 0. SRR
R STHENAER S, BRBREERET SIS, HENRARORS, KRR
WARRRKTH. 8 KRR RS, UHEATRER, Bl T8 TK
RREPEEA, XM SBERLDOIRHEREFH. BATRE, TR TFHREML
FRFEINIEES Cactin) B, R, EA KSR RBRA SR G E TR, T
| R ERERL BRI R SRR B AT, B E A AR RS
FREEEMS., LR, FRSRE R b PR AERIEN, SRR
T ARAHEE, SRR AR, RSN RNEZ. ERESE
SRR R E R, TRA B TS SARAPBIH K R0, EE K
WHA B, GEAEF R RK. BT 4Rk LR
B BIPRE, BT RIS E,
24, BTEUHFHEARGEW

B EESIEMIB T LML . SN HIE 2h. MBS EKH,
actinlEENAM, FIN, GEATHRRAETOTEY, e REF AR,
BRI BRI DO, g R 8 B, Bk & RRREE
AR 2 DU R BRI T RORRBRIES ), KRB RATRIZN . B
W, PR RN SR SRR, RSN E 50 AR
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HER AU S A NG 5 TR £ A AR AR RO BT

RESIRMMIEZREZE ERRR KiK. XHES4REREEREM, ELREE
B, BRIZH PRSP, Fi, 5P8HR0A RN REAT G-I FRE R
#o MH, BESRIKE T RoE T T &£ REO,
3. SO U ARTE B )

3.1 GiEAETBH

Sl REMESIRANT, SEKTHRERERHNEY, HRENR

MRS, SEENTHREEEERBTME. MHHRLNEELSMHXBEMIBYRE
W30, HRBR, HEFTBEBT —MERRNZIEALBEE FFomin2®. Bk,
B o R A2 o B35 /) RO BR 4 AT SR IRSE, T A% T actinPI48 STRF 45 R 14
MBS, HRERER, EHBRETIBEZH, RRPELFE N TENHMLMLE.
KA RS RADAEUN LRGES, HEETERAN, SRy kAT
¥, MU NESEAMERR—M, XG5 S5EETBD,

EEREFINAGEER T BB T HE, BHE R &% Finocodazolest 2 5 R4
WA HE 2 G, REAHRETBIBENERRM, NIAWKIEREBENML
P&V TR, oh, EXRRBEENER TR IR EE, XAk
MBI R RA R AR, X RRAREANYE EUEARPL) REEHLE
BeRIS 5yEkE . BERHIAKRARY, FEARPBARF, FHRKEKnocodazole
REF BRI ARRE, BAMREARERETS, TAKKE Knocodazolesb 2 47
BWcE, BEAHNREN RS TIBRIRE. KK Enocodazolesb 5| RMITH/M FH A
K B R BB AR RE RS, TS RESEBMITBE RS, X2 RN E R E S
Ry RS (g 2 36 R i L

SRR R ER SN RE . IR 2 YA 2 50 B B AR R /R 2
B &KL MG EATHE, XAMEREH, BAMERES S AR Sl M
ERREES5HERIE, PP REGEEBD).

BRI HIF 115k B ML) %P Sactintf XK D& B Hmyosin. 76T
SREHEME R, Myosin 105 FEEARE B RX MHER DTN, EXMEREF, BWARER
WL RS A TRAERSY. Myosin 100 FU7E RSB ARPLLEEES, HH
XA AR A ] Bl 25 AR S MactinP 48 452k . LS, myosin 28BS\ th7E Y
HREEN, ZIMDREATRS SFEESRETIBRET| R E. & FimyosinfR

ReB 3l i B A E RIS R AR = R A5 | ST R A B B T B
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AR E K% BRI

Myosinf fimyosini2 # #&§ (myosin light chain kinase, MLCK) BUEH. #W%HIMLCK,
BB R T B, MLCKRMAPKHIEM®), Mos/MAPKIE B £ IR 4 R4 L A
HMEERRE, MGEEEMUREE. BB/ MmosEH5|RABATH K,
MHRZE R MR TR G B EBEM R, ik, mos/MAPK##2RZETMLCKIRAT
ReiEh S 557E 6T B MimyosinMIBiE . EREWAIDVHM AR S, MAPKIITEHERE
GVBDZ 5 RZMIEME, B HETRRE T SRHEANYE RN E - KRS B
YT B IRINT ),

3.2 BRELRLH

HFHARY, EPRPGHRNERABRIEPRAGREEEEN. X—FHEN
REDRBIMIE TN, BEETFMIGEE L HXEREHRBERN L RER, B2
EAMLPSY, Biactinil. BRAWER, FEANRESTISHFARBLASERE
4 fee 1'%, Flnocodazole/h 845 ¥ T MILKA ) 58 £} 40 J if% S Ytk M BUBULIE A T A
BEX, SN REFFRESE LHRRMRRM, KR BRRTHMAE, BRE Factin
(B R 7 e 5 R S BIMILES T A9 B P il T R RAE X —d AP E B
@, Behb, g FaB TR MRS A RT % E R R REAT), XHEA
RA QBRI R AR EAEFYREEER T RER . i Mactinld 28 KT E
HRERPRNER. HIMERBTBHRBE R EMER, BEZMBRAEE SRR
B, XSLRIEYN, RAGASTEIERINEHERES, -

MII

11 REEESEEME (Azoury et al, 2009)

MII58 B 41 Finocodazole b3 (+Noco), RIEHYELKRZYI(wash) -t —FBiE(+Ca?). &
o, Refatk; 4 Wy, G ME

XA BNER F/MGTPase RAN, 7EF #£HidEF, H5GTPEAMEHEMRAN
(RAN-GTP) ZE[H¥IRB7EM MG, HUBE S, XRHTHERPGTPEHETF

- RCCIZMZERER L. EHRAN-GTPHES, HERLTEENRRETHRIRIEHERS

@A, TARBRARP, AETIOBHREEHBHEAR (FRET) KRG
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HFR PR AHAE S R S R R IBTR

© Ran-GTPHYRWAEW, FERLMITHEFRan-GTPUARE Foh PO BBEREA A IRX M

BRETWI 2 R E AR OB AR H IR REA", EEHRAN-GTPIERXA
SR EEERA. INMRABRARGETIENERELANXREY. £ RPGAR
%, RAN-GTPHEURERNT L, FEF—KEESRIFHRIAL T I E R RAXE, &8
— KB G, REATIBIERKX, BTRAN-GTPREEFEL . RANKI TS T
AR A — /N NGTPase—rastXMCIWNHEEY (RAC). RACHISIN 4 75T 50 BE4fL R
R, BREGTPESHMEMHARRATEAXE. RACHEIEEEMRTHHL S 6K,
PLHRAN-GTPHEZEX ME BB B ME R . MBIRACIEH MG ERIEHE, H5IEYE
A AR FIMUSE B4 A BE T FRactin®l, SIS R ENHHT, RS A%
F, RACH#actin-myosin2 & A4\ BULAT LAHEM, ZERAN-GTPHEH%] FIRAC-GTP
RIAENSREAEELES EREL.

BRSO S R R RO E. Hl, ZXREERIRIRIETREEE
YEF . MIISERE4 B Finocodazole b B 2 J5 BHIEHELE 2 B0 45, WA YT EAELREAKE
EEIE). MHXL A RETIERE S B RSAAMARA™, WH, mTFEAN
ERREREHAE, ATXRNORERD. HMEZEETHFANERBRRRE, A
MEFEEAL B TE_REHHHTEX.

3.3 BERNKRIRIHERIF

B XIS R A AR L B FHUBIE T AR . BT T #formin-2C1
MAPKME ML A BRMISTEATIB I RENZS MHTFREBEENS) FOAS SR
BRHASYRFREERZ TH. ERESYH, =N LRFHEREERNES
PAR-3. PAR-6F13E #1745 (3 88 C(atypical Protein kinase C, aPKC)x} T 48 Mttt (@ L f
R RIRSCBMTT), L md, REBRANTHEREMELRXR, 3 LiRGSEE
ERAIL-Z ARG AR R4 ML 7 38 ZE R, PAR-3/PAR-6/aPKCHIRIRYMERT (1)
WHRARMRES: (2 BYMKLEARKNR-ERRYE: O) ENa8aT~t
AR EWAIERE, AT A R BB TR AR b AT
RURBXEN. BTFXEABAMXEER, TANENRWINYS 55T H%ER
BN FIRMERIIRE 2 T

0T 00 B 29, aPKCRIXASIP (F#EPAR-3FEITEY) FLREAL T ZhiR L3R,
PAR3. aPKCHIBIHPARGFIRY) (PARGARIPARGB) 7E/NRIFBI AP H Rk, Mob, %
BEGBPENNRLRERESY, EE—RE - RBRES BB EGEANGEA
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TSP R UAD'S
% L FaPKCHIPARGA M i . FEE— KRB B E KA, PARGATESIL K RN SEAR L&

%818, PARIFIPARGBE B — KRB A R B RE—iR. PARSTERAHHATHBE
actinfg 9 R K, PARGBZES ZRIHE A BRI H Flactinfi X R>%1, EFEMMzHE
% 52 AL AT DAHENI e AT T7E 5P B 40 AR P T R AN I AR 43 RO AR AR . (BZEMETL3h Y on 5
W, ERNERERERAMT, RmEsidkniEREPKC?. B2, PARES
HuEERBARANFFEEREER. RESE5ELH LS5 ESH RN
BRERFEENEER.

BRI P AR ARNRL,ROHML—L2F, BF ¢ BAMHXMIXEEA DI,
Epac, Rapl)F14i i #iad t & A (10 Numb, Pros A1 BratyS 2 A3 P19 HA BB AR
Rt EOEFRFEIYTRERN—F, MREMHEAYE LML R H
BRMRES A, T AR XFRE ST RA BRI K. i I KRR TR aE K
REB, Dig HER—FHENHER, RPREIRIBEETT Digl HkELfH, X
PR R L BB, ZULMERIET. Digl MiS5HRERBEDRER, &5
KT SR FRERRE .

PIP2 A5 {115 5 B AR pAcHE Hh B 4 OB A sE R BR R (R s+ B,
1% B (phospholipase C, PLC) R LAZK## PIP2 J¥ i — i 5t H ifi(diacylglycerol, DAG)M =B
JIEE(IP3), INA PLC MR, M LR R MRIRERL. PIP2 EERRBLED, R
5| REE AL BINBN R A3 . LREH, PIP2 BRI INRE MR, X ME TR H RhoA #
ftf9. Rho-GEF (Ect2)F{t 4540 Rac-GTP BHIE L& (K (MgcRacGAP)EE & 1E I
¥ PIP2, {Eit PIP2 ¥ ERM(R#E A MEC/BEREO)EE, REKREF M.
PIP2 B FF/KMEF=Y): IP3 H1 DAG Eid i@ # T &5 B 7 ME O %®E C (protein kinase C,
PKCHRHENIBRE A 1T K948 -

AP, R T RS ARSI RS RS LR TR
BN KK SRR MR, NN FHRET KRETHERRENDR. SR
AR BERI T F—HANKRARREIRURE, XdE THTFFAKBENRINZ
. EARTREED, ZERRARNEERBIERNITRENZ—. TEEEL
Bz, HERTREVRNZR, KAFEG—SRFEHERET, REAPITRES—LE
ENS5RERBRYR . XY RN FER R Gt AR#5 R 5 R 0P AL TS
EER, N6 R AR LR F AT S0 B AT AR ST RIS, SRR
SRR AT R AR A RO AR R BRER . XEEA KN ERITMEY E 4
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HER SIS ARG 5 T RE B AR IR BT R
BT BAKNRDRE D THE . AR RIGIREN T, TaABTEA R

HET .

=, e R R RAN R BB A
P B B A AR 2 R A — AN KR F RSN IR AE . A TIREIARKINE -
i), WLV RS BB NP REB BB EREEILIWF, BEA.
M 4 BRCR, SEFOIBUFHABTHL. BLbHRzEAZ, BBz
HA (actin) Al ML EMLLEERA. NWBREA=ZFEWRAETRASR, =ENRIZESD,

W5 5RBE AN BB PN MM HEEG . BT EYHERTE, EAG

B RRIAL I B RIX 5. RS E. FBEREERSE. S35RRAREREFKIY
FEF o TR AE SN R L RO AR R PR A RO B R IR IR AT R B K
1 HELRERER
memshEadAR. NshEAREERR, HHRARRNIED (globular
actin,G-actin), 3 FE&H 43 kD, ZEEFRE T ] LRI R A 40 FRIEMIRIRE ML .
RIEVIRED (myosin) FEWMLSEMFT LREMEE, EULANHD AW wmD, B
R4 (barbed end) FIR¥w (pointed end). HI¥ HIASE B R IR 10 £5, BBLIFH
FRANIES (plusend); TUARMG MR A F (minus end). FEEBAMP, FRAET M4
M. MLRRSEKRZFIRBNEMHEXRONET. £EEEHT, NshEROREGMK
“T4 AEHEEIEL (activation)s Bi#% (nucleation). 4 (elongation) FIEEA (steady
state) [N, BFHEHR (MQHE Ca2+) WASIRNSEAWR KB HLFEL. K
BHRMARENXBESR. WEMISEATURER_RE. ZRAHURE. N3h
BA—RGRARE, REE—EREEAN Ap23 EA4HAP formin®™. spire™ & 4B
HFHS5TRBNEAZREZL, FUAEMASERE. ATP £5K B ANZIE
H, MHLHEREFRFEMSD, TUREEAKME S ER, BRLRNHED
(filamentous actin, 5§ F-actin). 7F F-actin KK+, Z£E1 ATP Ak fE N ADP Al
B, WU ADP-actin ST 4 SURKIEM S TR, HAAmEE TR, BENSEONRS,
PR R K] G-actin IR % T FEBIIE FFIREE, SLI LSS 1 456 B9 S 0328 FOE 60 M 75 i 4 120
WY, BARLTPERS, NSHEAMREGERES. RERMLT S, BANESEE
S AEKEE S fm R E SR, Ul KENRIFEE. AN G-actin —8h ATP
L&A, 1 F-actin fnAER 5 G-actin £ ADP 4543, & F-actin KRR
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WEAEKE B VA8

REmdidi.
2. MEhEABZ

BERNSRELESNRES R, MLkl FRAaE SOEKAELYK. Bl
Ak, BRR=EKEEMactinfEF. |

$—2KRArp2/3 (actin related protein 2/3) &k, SMPA23E A RA R KK
BAEH, 48 5 A% R 2 B F(nucleation-promoting factors, NPFs). ATP. % B4 A5,
RLECHENMERRS S S, ERLMEEHERMED. SR+ REEAp3E 4
P B BE B T & Wiskott-Aldrich Syndrome Proteins (WASP) FEMG (SRS SRER
1] G Wiskott-Aldrich%F &9, R—FXR e AEH MMM ARIIREGR &R P,
TIWASPZ 5 X AT /NG FIE . X8, KA RIBE SEIERT—RIIZMGE, BiEh
GEH, SHWASPHIAm2AHIAIAMIELY, WASPHRE WA LAirsLiEthAmp23R & 1k. R
RRETWASPEL A FAMMHT R, FWMEIHEASEN, Cded2-GTP. PIP2E ElFfE S5
T E5WASPE A, ¥ WASPHE ZHEAL sITH I 44, UURRREIE M) B RNH], XM Amp2/3
REBA BRI EL. FHRA23E A RECLKBRIMLNE 705 K A R EHR
RERY, SBHOMLERMEKP,

BoRKRESpieEH, ZEABFHLHMLER, SAp23—HEERIMLRIRR.
PRl Sk e B 22 T 40 L fjactiniN#E & B (capping protein,CP) {73, X piikHFr=4E4
papikinly &2 : | |

Formins 2 #=XKMEBALBEEF . ENRRERTOED, EREEWEPRE,
BEHEEHE=AFHE /S (FH1, FH2, FH3) P71, FH2EH#IR 2 forminf #1530 & FI RS BB
B KT B, RBRA T forminfiy 32w 5 & s HLAE R ¢ /3 g
AT BRINEPRA, /MGEERhoT] ML forminfIE RS A, HEFHI-FH2EMBHRI
TR B R H 3 E 2 B H), Formins% & EINBNEALKRIN, EHAZBRESN
3. B, formins¥ FARXTKMELRMLHMHEIY. Formins?E1R % R A HIThAEH
REEH, BERESS. ARIBIEFLRBENER, SR, RWEER. 4
HARYE . MRS -NE R AR EEASEED, ENaaam%. —K_2%E
Diaphanous KKMEA, HAFERHRho-GTPaseZ & 4ME: 5—L K B CappucinoX
HIEE, A Rho-GTPases & 43R, FH1 5 13) & 8 -3 4 4 B A (actin-profilin) B &
Waa, BUSEERBEBATHENE, WAEEORBBIIR, BEAER— 1 ELH
KB 2 . /B Formin2  E IS —/ 166kDakti A, & HFHIFFH24 M1, HR
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HER - PRME 2 R AR 5 T RE 2 A AR R BB R

BHHEMFH3Z IR . Formin2 & RifCappucinoffiF Y. /PR, EREFRHZ R
KGR R R0,

3. WEHFRLKEY

MshEAREMESER. HPBERET (actin disassembly factor, ADF) FijnEEH
(capping protein,CP) 73 B 3T WBN & 315, ADFHITE M R EE BRI/ %
BERLEO S RBORS N TINA RIS o Slingshot BHRREE T X BERYLADF T 2 7 1L
14, MRacif 4 FLIMAE A B B RRLADF A2 RAEN™, 54k (1 ADFAT LUDTHUM 4 5 5% )
B, THRMEABERBRMLAREERNBEAYRESR. BERIER
T BNIENE G-ATPE S HIKEE, FRE RSB ANEHE 3-ATPR & 1k AT DU HEIE 3R A
WFEEK, WP T ARRRERE. PofilinZ2lsEANAI—FEaEH. BB
BN EH ZADPE A RA, profilinf i BNz R A L4 & HADPSATPIAS #, f#
BANEIRARNATPE SRS, BE5F—RMULERNES. E5ADFHARER.

CPInME £ L2 Rsmi P KM IR I L KK, SKLML, BRNMLEhRIE,
MTAREA BbF= a0 0 ; BEoh, INiEERT DR 3 R £ B L K D, A
B B AL R AR IR IE AR,  MTTARIESZ 177 [ 8 2.5 RO b st A K07,
4. MBE A B4 A MRS FIPLE

WIhE O Sl =Rl S A A RS . B HEIRIE R B L8AL3)
BARADREANSRHBMIE, HlimyosinsiiEil®., XMHETIZEANBEH
FEAARSAERER T TEER. $2, SN B30 E 3 Amyosin24H .,
BRI RIS S0 FUO RPOBSEWN S, EREREART,
WS R A MR RS AT B e i, =, MshR A AL R R
ERANTIFARE S, KAE A RES KR K,
5. BB REE S R B PR G E AT B INER

SHE4I LR EGVBDJG, JiEAETE4 P LI IR TR B R . X5 R ML 5
AR — B 7 30 FL3h 0 98 B 40 M0 w4 e e o SR R F O R E B /N R AT
R RMLMBRMANFHEB (CB) FAMIAHED (CD) 4B/ IH 41, GVBDTA]
AR, I AR E AR OB, ERMEEEALBIERE ", Jasplakinolide
BEEEIBE) ISR, TR ML RS MEEE . FJasplakinolideAh 32 /I i 5P BF 41 MU R 5 40
JAAS EBHIBCRM A, kP8, ML FYEE AR O BRI, KR
BRAMLNBEEBEHHD), ERFARARCHTRS S TBUR. M58 64
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REHKZE 246083
HEITPAR BAEKIKMPARDCA 44, BRE SRS AkNESN . PARDCA £5F—F

BRASGEATBAEXRNEAR. MRIIBHRS, SEARITFHTIB, PARD6ARS]
(K14} fi e 4548k L, GVBD J56 h, PARD6A 3B B3 B R I e p i _E 2,

BEM Factin ZMMAEAEHARREAREIBREEFTFR, HPaBERESH
M 2R G R AT B IR, NshEALBHRARER—EEESEHD.
BEMLBEUETR. MLERESEERBERE— Factin “ 87, FE4fHH—&
WMent. ERAMEHEEQRRHLOXMABEALHA, LA nocodazole L2
BB 2 JERA I F-actin £ RN4EH. Fk, F-actin “Zi4E4” SHE &K R EEH
KEER. 70 HSTREE Yt BRI & R, ISR ML R A . BN
Y5, myosinX % F-actin STEHIXEE, X FHEAHEMANHIRRIEEEEN,

MISERFA LR B & R AN RAL, RRAEREA EFHERMIXE, B
KEARAKERAR (FRAP) HHTRMER, ERSRBENML 5HMBXEMHLL, &
FEE, HFTUTNE, HBED. ZERUY, FRARKMLREHFELT, Hib
HRBAFMANSROY), ELRENactinfd 2L EAMENRTEPEE, BLak
THX AT NBE. Fit, Je 5 ERE RN B IRIE T RO A7 KR AHE .
6. MBFBMXEOSWRAREEIH
6.1 formin-2 ,

3K I formin-25 b /) B 1 5 4 MU 3L e 115 B 7 vh O, AN RESEH 3B —ARAK, 2452 K50T,
SBUUBA IR REATIRC. FEhRREMELR ER, BRformin-20 50 B4 2
FiE#, BRARERESH, FHFHRERRENRAEA— %S, FHERTH
gy, SHAONBRMATAR204. TTH, B—KRESRGEFNETBERT, R
BARE R R P R, RiE, FF-actindf PR RS ARLRERME RN, formin-2
B 5M% R B A IIF-actin UM%, HMBRHIEAKTE™. T7Eformin-2/% /D
R XAMBRAFENDN, EE—RBESBRMMY, NaEALES B EL%
BN EAREGEH, BN EOLESEAS R RER. Efmn2-/-50F, K&
RE M EERARZEN, Y Formin2 AR K AF-actinfiRER, XETENHALER-—

*E_ﬁIIS,SB.M]O .

..-....__.—-/"‘

6.2 myosin I1
/1 B B 48 P P 1 544 R B myosin TIA R XEH BT 7% 2 1912 Myosin IIE LR 2 Rid
B 5E&Mactinf ZMIEH, T7Efmn2-/~MRIIP, BIEHKBHRLmyosin IIE AR
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HER SIS AR S T R S AR IR AR R 5L

(T, Bk, WTEMERE, myosin A% 5F-actinP 45 5 7 2 (IR TE N T 6 5 G ph s ™
TERimyosinlIZES AR L ER, I HESML MY EARB3I. HNREORENS
(myosin light chain kinase, MLCK)y##IFIML-740 8/ RSP B f5 , X PP ERIERELL, &5
G A BEIT B B KR, 15 B myosinl L& i MR £ (1 Zehy 1 7= A 225 | G Bk B 3h AE T
[54]

6.3 CDC42

Cded2 2 /MGTPEERhoF I LA™, 3t FiRBME MM & 24 EEEA". cDCa2
FE/NRE B G R A I AR P R AR AU, ZECDCA2REI /MR, ik
AEERE R RRX TR, MEREHEFLE, RRISEQLUWAYSY, e R
& T Mactin . T 7Enocodazole b BB M E LR+, RERCDCL2 G EREAIRE
W) B RERS, actinfE ANRETE A
7. SR TERE AR A4 B HE Y ,

R4 B SR 00 1 SR BTSN S AR R A e 79T), /N SRR A =K
BH S RPGHEARFEETRBE . e/ DRBFABET R P SEEN A RRER
BRI, BHEINK, WBHEORAMHEFIMEN SN RS AR e, B
#5h, MYLK2Fimyosin 163 & G5 R Bes1, XS HRASMF, £E-RREH
PG EAEE TN HRRE, eI P S AT TR, 258
FHENEG A TEROOK, ZMERTRENTIAEE ZRAEH AR HH. CBAZWS
BANIBHIESR, HEMHZEENRENRAIR. 57, ROERIRIEESEE
BRATEARED, BTRR— MR, SIECBHER N MEEE K30, JiEER
JEHE K AN AT R o X T B R Rk 72 g7 A e AR A H B S S I JACBAR R T 14
2 3. Navarro %0776/ RIR R AR AP R BL, 41 A B RD Il T itk ies: .
Jasplakinolide2 —FHE ML R &M E MY, YEFSCBAEL, til®lon £H4 fo sl
BARRHRUS), RERRHBHLBANAYER MR ALY, BB T e aHmg
BRI ATERR, NS BGEERRE AR ARHBSENE . XSERER, Yk
R REER RN HEBEEE B, HAMLEHE RS2 R E RN .

RE HW ELUERMLE N FARRRIE DR GEETHE . RIERT, PRI
LSRR, ERNHAEREHEMAPHFEAERIE TREERERN. B THTH
KSR RS, ML, WE. FETE=FRAMHUEID R REEHOAT#. B, %
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ARG AF W2
SR ERAH 1A 3 L3 B R A S RIB R RAIE TR EH — PR, UMET LN &4

KRR BRI R P T iRMER .

=. RhoXEE A SR A RBRHI R

SRR MR R RAREA TR o 40 H 23 8 oo o o) 0 22 ) _E IR ARAE T PR B
GAMBERYE. EREPHFXFANBRIRERTRE S ROE AN WP OEM, &
RERNMR R G EFRREX . X/ R TR 4 RKFT RS, /NGTPase,
WCDC42. Rac. RanF#MZ 5HHIS BRI A A EN.

1. RhoFfRanFEKEEA

Rho & HFK /B TRas MK K(HHERas, Rho, Rab, RanFIRrfKIK) HINGTP £4%E
H, X4 FEA20~30KDZIE, EFANERARGPIEAFFHRBEHERLESHR
#BR1, ROBEAEARNESHFERPENESHER, FHTARSEIREOT
AL FAEYRRN, WMREEMARERES). BRESER. BRAN. ERERNE
SHETFHEES, HiRoE O YIFIN DR EF-U3hE AN EANHEZML
U28), (B R7Ei%E M PR G EIE S HENHERRRER . RhoBATAGH3N
AFMIEL: Rho, RacHCdcs2!'?],

RhofE FIAEMM/NGEE —H, RHERTHIGTPaseiHHK. GTP/GDPLi & BB
P4E, RoBAENHNEHENSET, S5GTP/GDPXHMAEER, K#EGTP;
BEMIMEERE T RN EFHEER, MTEEES, ASREEEE -1 EH
BREBWRCKS, XMEREKRS— LR TEFURBSHAE/ER, mafE. SRk
F /R EAEEY, ,

Rho® 74N SGTPHIGDPH REIIER 7, 3 HRAMK K AFEGTPase
132, X 5GTPRIGDPL & RAEM K FHEEZ3 KA ME T

@& FA #: K F(guanosinenucleotide exchange factors, GEFs), ] LME#GTP AR
GDP{#RhoE I ¥iE . ZEBIYI4H ML KB4 Rho GEFs & HDH 4141 (Dbl-homology
domain, DH) , H5#:PH % #yis(pleckst rin homology domain , PH). DH £y X E
Y RHEILGDP/GTP I H RN K 1TRho fIFEHE; PH #RNEE 56 M4 &1
Rho GEFs ZE4IMLP IERMIERL, FHFIEN SPHE RS & 1 e TR AC & & HE & MDH
SR EE D,

@GTPEE#E & A ( GTPase activating proteins, GAPs), 7ERho GAPF7ERY, RhoEEH A

25



BER AP S ARG S R S A5 IR R BIBT R

FERGTPEEE AR LIRS, E 5T 5GTPH B4 & GDPHA N KGR, XLERho GAP
BASFRA - MR AR ERRREHWNRTLEHIR, EHAR GTPasefiE AL A,
BiERhoE A MGTPEHE Y, ARTMIFH THEREIMIETNETEADY, B
ERAEMGAPEASRYNE S .

@GDP f# B F(GDP dissociation inhibitors, GDIs), FHIGDP5Rho% [ #145 #,
Bt SRhoZE (MG A FZFETRES, W R BEOEARAKENL. Rho GDISAH
METRE, B 2%4Rho GDIsAEFBREFETAMETH, 5GDP 4AHAMRoE AR
R&Y), PFiBRho&EAMGDPE AR ELEHGTPE AR, M0 FRE LE, RhoGDIsE
GTPE & A MRoFEEAEAE, FBGTPHAMR ™, HEILRMRAEWHAIAN,
GDI #IRho%E HiEd — MR R BEARCRREHWEBARLIEM, FRGDI—ANA A MINA Y
£ ¥y 58, ) BEL 38 GDPRIGTP f) A5 #5.1,,

CDC42FRacil it BB ABN & (1% R F A2 3EENF B AR E, Ap23HBIETI&E
ML RhoBEALS—MUSIEABEE FforminstifEM, {RHHELRBMLR
T o

ATIRIE, 7 LR AR R GPar3 RPar6 /) BRI M t 0k, A
B RXMIGEA R A E L, Par3, Par6HIaPKCARBE— M EEIEEY, LM
40 M A R T BRI 48 45 7 T R SR M R, AT Par & FE R ALah A P AR
SFRE B HPar6 5IEILRE (GTPAA) HiRacl HCded2ILE & A3 140,

Ranf& - 5GTPHIZ & G, 58RI TR 4 FH EAE AR AT A R A 2 1)
Bt RAGTPKMERHETE, #ILGTPKMEE 5GDPE &M RE. ¥, GEF#ELGTPRGDP
BB, GAPEGE/NGEOAMKEEENE. HARY, REOSHENGEAH, £
BHSEBPEB S TFHRKEM.

Ran GTPaseFI'E A H F—RanZi4HEA (RanBPs) . RanSEHMITHEF
(RanGEF)RCC1FRanGTPase ¥ iE & 1 (RanGAP) 3tFER, ZE41 M mIAlE M RH L5
BEAPPEEEENIAEER.

RanGAPEFAMAR AWHMET, RCCIGREARMES: FFAMRS MM, Ran
GTPaseLAGDP4: & MR AET M P, UGTPEAMEAFET UL . AT
HRan-GTPRE S ALBAEAY). BHEAVHEE, BREEYNHWE, FEBENE
B TFANBAZAYPBBAMRET A SRR NE S TEREBHE Y LizE)
MRS, XRRBE TR R R R i iE 3T 1 B A,
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ARE K% WA

LA R, RCCINA PR, FIE% K5+ RanGDP i RanGTPHI##4,
RanGTPE B BIMMETHIEAR &Y, HEBKEMNFESH FRBBIAMRED, XEY)HRE
HRBEEENARANEE, M ERanGTPHBEAE AP ERINUMABEEZH T
RME TR E LR ERRHRI, H4h, RanBARBBERMDNAL H BT
W, .

2. 5E41 R+ Rho GTPE§RIRan GTPEE K% #E

ZEMI, WS 7ERan GTPESE M TRt fa I RALEI 14, MRanGAPZERUR P i, -
EHMRHET RCCIERFAAARRE. XH, REHNARBEENEALEZR LR
Frk, 7EsEF, SR4MURIR4 Pk B T RanGTPHIBE S, B AABIERERE, B
Yo A ) X R AR 1490, ‘

RN EARS, FETFFRETHEE#THCIE B FERanGTPHE, BT —
¥, R A FFERanGTPIR ER T, B B Yo to PR BU BT IR B B M MK . 33P0 /R #FRanG TP
FOAR B AL BE R B ik 1 B R IX B34, $R7RRanGTPH] B8k 454 441 40 JE P9 ) 5 Br 42 75 22 18]
g%, :

HaletRlCarroll" i 57 45 A RacGTP I TR BREHSATHI R I/ W50 B0 b A ¥ 1k
Rac. FEGEEERIFHIBIIARENDRIPBAKP, RacGTPHAMAHERAK. 4
iR AR TR, ERacGTPRMES B LML REX, REHEARE. £
—RABRIG, TEHERacFEMIS A L5 BRRR, KRB REMENFELXR, X
—MBERER, BRESBPEARH—MES, B3RacGTPERABMRR. T
BRR—FZEBMN, AHEREEN R R E g, BT DU R 045 F
A A 44 O IRacGEFRE I, S B RactE R B AT B0, T HAEHN Rack) B 5
HRAEIE, MBI E (RS 7E R EE, BLBIRacl RIS S 5 B R R A R,
FENROR R, Rt tkitifr B AR T RanGTPEE M, BN FREANMAEESRT
JA#RacGTPIIAR R & EM— BB IR B RanGTPHE & MIRacGTPHI R HE L B B EE
BHEKA. 7R, JEHECDCA2MRhoATEMIN 7478 ik L T KHRE, 5/
B 50 BH 4 i P RacGTPROAR BARI, i, AFIHENIRhoARICDCA2 R R AT REHE
giakmE .

3. FEGETERME AL HER

EEHART, HERGHARETERMTAHMREN: BEREHRNAHAR. BEH
TEBTF PO EEY, PORBSMENGEARNLAE. RRARKB T PRanGTPase,
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BE®R H-PRAE A% ARG 5 7 e £ AR R BT AL

MEMNRCATFEALR. DRATETRSH A P05, FREXSHEES, BESR
ST Al R EAUBIAREI S, Rt P ERMR, 75 BRI 41,
B % A RanGTPREE A7 7E, MISTEM B RETL AP, WiH, *Fo9aH40M-P oA
RanGTPaseftI{E FREAT AT R BR: MILGTEE 4 (4% N RanG TPH & IR BUBME T R TMIS
BRI, XTRESMIZIE A MG EAEEE X, Hit, EXHEN LIRS
Ran-GTPEBHIHHIFT BEZ BIA R A M. B—HMH, JERDRIVEARTHEE
A, MTOCSHIGHE AEM B RAFER— PR M. Fik, XMARKBTFRan-GTPH B
BRABH GRS —MB KB R B K IEAA. Ran-GTPI—AN T WD
TPX2i% S 4 (4 4% A Bl Ran-GTPIE BN B 40 35151, 26/ R0 B4 R B - Bt 78, TPX2
RIZKFRZ B RE, WHLPRE, EE—RKBRES R HKRHEFGRE, —HIMI
HERAEAE . TOMISER A RIMILS 48 (40 35 B IR IE 47 AL FTPX2 B AKF A0, (R L AEMIS R
PRTE BB B A% B RanG TP F77E S B AR th RE S 41 3%, TTRanGTPHI— /MM S FTPX2H]
e KR IER .

7/ B 50 B4l M R AL AR H B RacRICded2 () B A R FBMIZI BRI E K, 77
FEREAREE RS E, BfifRacilSHEEER R ROAIE™, TEHH
Cdc42 R S EAE KIS, HIXHAN D TH B FAR. Cdod2f) B HAHERBAERK
SRR RRIE Y A AR B A 5 | S Gy s I B BR 40 M B2 X AT R 2 B4l -

4. B .

REKRSIES KRG ZETEIR M, SRMCAA2MHE—BiaHE . HH
XIS R R AMIZ 8 L5 A R EREK Pactinfl B FHAEXMER P, Cded2n]
BeRARHE AT R R T R B, R, WHICdea2s RYEATM, FHM
G ET E AL .

B DNA KBRS ZIMIDASN U, 51013 & B A BER fhmyosinII ) R #B AR
2, REEFHRTHLEEESI, ZHAEKRA, SDNATHBRAHXMEEUNE
FEE B kB e . BAZMIRIEH, RanGTPRYEFE FH KRN F 20 .
¥DNAGH TR A KR ARan (RanT24NRRME) ILRFS BIME T, SEARBE
B, EEREESEEM. BTFERMMGSREHERRRERARTR, Xy
G5 R ASib A AR B ¥R IERanT2ANKIMITGH 840 L P AR B8 T BaE i, SR Fi%
AR REHEH S AR, —FT Btk R RanG TP T4 MILS A 7E B2 57 FY ol 1 2
B, B RRE S TR LR R T BRE 2 RV KR R B B BN T
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EL PN BRI
SBWMREFRVLER. BE, 8 KRS ST ES, RanGTPAKF )58 52 KN

MITGT a5 B A6 F= AR LA RN, X BEBIFEMITE, RanGTPHE BN THIFER
(IR S AR L 0 Rt b 0 B R A X SR 2 A (21571, IS B B 40 i R IA R
EPERacHIEIG B IR S ERE RS, HERSEMOHRMISEAHAE™., %
FAMIFIMIEE g K& KIERIRacH 1, W U HIRacTRZ S A R M E, HEA
WENSE AR, actinfg iR BEAKBE T RanGTPEEE I FF7E

5. R |

FEEHED Y R B A AR RS F 5 RIE B, Cded2. Racl RAEEEH. &
41 5y S LR IR (contractile ring) BIFE R H: 58 B 46 2 B3 40 MURR BB AR ) R . WAL
REOKBFATHIINML AR, FBEREHRRSE, BRRESR, BRIFFEEHRA. T
SRR AR R0 TE B BB Cdea2 i) 2 5T, 26 TS SR B4 R R AR 2 B4t BB R, Cded2i@id
Y F-actinA) 5 3h SE B 2 B AARA B8, 7E7ES T Cded2T17N (dominant negative
Cded2, BAHECIca2)f MBI, REhmERABNERE, ERBARBRK,
% B & 9 F-actin R 2 LA WA, o WCded27E FMEF-actinZR 4 R 2 J& ML 4i3F K
g EERM), CdefE EARRMN/MRIBBARMANFI R B PUREERE
RS, Cde2REMITTRBR T SRS TR LMN T, FEE— R HE R
1§, REMCINMRETZEMHERBHBR. Cdcd2ih B AMRB AR REFENE
SRR RIS YRR, I B 5P R M R X KB 2 BIFH] . S fkrE
KA A HE 0 724 5IRac 1 75 1 A/ BLIR REAE fiE P /8 B35, Cded2FIRacl 5
THMMYPAK] (P21-activated kinase 1) A{ER, XFF /RO s B o Rid BB b it
RS AR EE /AU, FICdea2 B3I AL 2R /) B 50 R 40 i i A AR AR K K
EIQGAPIZES I (40 F, HBIARARIHEL, 51 KRB & (O M5,

FAROCK (Rho-associated kinase) /4% 7 14 H1HiI77 Ab 22 1of Fry 1 B} 40 MO TC vt 28 — e
REMlh, XRMTFROCKEHNTIE, LlTLNEANEE, REMLRRIY. 4
waARmih, WA % 2 HRhoA GTPaseid ¥, RhoA GTPase ¥iGmyosinFIl3)
RAZMAE, £ AR S, FRhoA BEEROCK)R:FIEMHIY-276324E B -
BT RhATA BSR4 RH, NI B — AR S =R R, T

_........_/'
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s L 5 I I 5 R 1 KM B B 5
N 2 L0 S e A A

ZREBRBAREREY, LEREFHME., RITE. ARFLFMENYT HERF
£, MHANEEEEARRPR—FLAKRE, HARKERERK. KSHEHE
HEEREERRERRETT, HEARFPROFEF. N THES AT EE
EYRZNA, FEBATHEF MM, MRALEAMAIWINERFE, "TRMEMR
Ao MREL BA AR EEASNYNEEERREH S ERRER, MNEILSHH R
EYHERMARESARAAEZNEX. FIRAWENFEERFEIS 53 7RI
#l, WREHSFERTENYIGRIERERE HE, RERENE. ARG HETAMN
RrEST4K (PS) MEERRE. HRMFAELREMNT, REXERENLAEER
AR KB .

L B3P HBEGRR

ZEARBEAREMYR U RSP EBEE, BERADYPEEGREEE
R B 1 R H A B ARARSET: T, ZE8 Sz, P HREF H—FEEM
VU fEek; LRFEFHYI I Dl Ok FUE DL A dn=4). BHP RS RIS S 2 S
EREARPFRE . BERMEMGTHE 250~300 5, MOMNLEARRALTMH. f
XK, FHFIRITES, REAREMNEN DNA B, EFTERM AN, LR,
BRI AP EEEL BHHAE . EWANDT, 2HHL A EARARNEIPIILAHE
R, BRFE _FEEIPECTSAHELARN, BEEEEHH.

Rl RIS ARG R B B 34T T KEMBI. 1973 4, Snow &'“/H4
Mkt E B e BRI H B BTIRE 3 MUEADIR, EUEHERTARBE
B R G R, Fik, ATESRENNEARRETRERTREANRRES
W HE, EERRTHFERYEEREONEEHEIAZNY, FRELYELTRT M (Red
Viscachrat, Tympanoctomys barrerae)(4n=102)"15 51 % gefa ik, i RBIEHARMRERE 26
stgetatk, HAMA DNA SBICHMBRE 4, BT LMK AIRER 51 0 FAuH,
B ARIE, MEREARKE, NMRIET EREENELR A KLY HET.

AR EANTERESE. DR EARRENIRNE 0.1%, REERES
BB RFE R ILFAE L1~T1%R R EA NS a0, R348 RARSMAT
BERILES . ALERNEAEREEBAERENFRER, IFRGEEIEREE
MESMG R T ZAMME. BR, &40k, BOBAWGBEY. K1, H0HEHE
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ARG KE R UA'
FERGA I S — e BB I — AR R 0 AT ik & MO RHAR, DDA AR AR 40 MUK B H i RRAMA

[RGB AR, AERREEG— A,
2. PUfEEERG IRE

PUfE ARG R — R AR B A H TR, HLEANHEXBONEARS.
Hal, ZLRED, SHEHAZY 40 BIROERER TRELEWIE, HEE, WEER
il

2.1 ARZBHEE

HIE A RE B B E R0 R B I B S, BNE— o) R4 i E
BB, XRERGTRMERRE 4 BRI XMFEBVNAERT L,
b EZEAN R B —MBI R ICM AR EARER B AN IR, MAXMHTERHE |
DUfEPARRRR, *HERMERARERE R, FNEHBRENBRREGRR, NF 9%-15%HEH
B K B 2R,

2.2 MFITRER D R

R TR MEIRR AR AR A S RUAE MR AR HFPRRAES N, B
Jf# DNA BB E—ANM Mg, MR an BERRUSL, —BCRAARATE B IRk
MBS RFIE 2- sk 4-90 SR RERKEF=UAEERERG . Snow # 2-40 LSRR AR
FEA I TLE B PAAEBEFE, 60%Zh MM A U KRR G, Hrb 40%-75%6ER & 2%
RIS, BhfE, RERFEREF XA ERE T UEERERS. B, XHEdEiEl
BRI DA T, R AR BRI R BRI A R, &
ZRERMBEROEE. B XATEREERPRIROAR T, H—AIPRRET
BRI T T B — AR A B R IR, AR A AL S
20% L4 £,

2.3 flE Ak

EFEENEARR AT ER PR A, XM ERETHEREDE TR
BRI B RR AR — M RZ B R E NS E R KEHPYUR_LE
(PEO). Mi&RER B S NRERRE. MERERREAXASARBA N —F
TS, R R S (R A TR T T L 4 PR R A T 7 4 DU £ R AR,
EXMTENRAE 2- AR BTRE, T HEXRER S, WHEERENBONE, A
— KRR —HBUER, B, RUKBEBANEFRS. RL-BTEKS TEES
SBRa, BPRARBKTRERBEHORENTEHREA. XA EX RS
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HER i e o F A Y i LA

BX, BAaatSe s, dEdnREAE R ARENNRREmE L EE N —E
SRET Rk, 72T 18] PO G40 BB R A PTSRE ME F B E FL, AAR AR TR R ER A MO R A
&, WG IE)E T BRI A, KRB & ANk Rk AN, B
AR, o 2-ARERPEAN SRR EME S s T EE, XEATREE
FRRAERR. TR TEERLFRFNEFNRIFBORER TR, AR RS
B, BERRERAIER, CEENFHENFARREEHNTE. FRDPRRTAER
iEH, KA -4 RS R A R R A AR £ R IR A RRRR, AFEEE 4ni2n A
AP0,
3. ME IR R AN

FHXRMR G ARG R E B R KIRE £ Snow 4 FI 4 I B &/ RIURHEIER,
B2 M ARIREES 24 RBFRZAN, K9P 14 RER, KR 8 MERS,
RIRAIH 67 MERANERRERZM, KERFARTME, 55 1 MEMBRK
BRERER, 4 2 AnANSS, ERESREAGBESNERER. B, AT
R KSR RET RE 2IERE A WA S M. JFR, Tarkowski 1 5] Snow FIFER
BAR, BHEFHEENNEAIER, #BEER 10 REGTRAE™T, K#BSERTE 8d %
FrAR R A H TR, M AR TR BB T RBRERP., KLREmT
RIS PR R T — L L AN, AMARSBEAIYNARRE SN
BANERAHAN. PRUMSGEERERE EREHEREETY, PRTUREFER
FEH, BARFTARREIBEME.
4. 7 BSR40 B S 2R

UL % AT DL S BUR A e S Lo et B R AR . 1992 4F, Henery SEXFHL
AR RENEARRNTAER, HKREXNMYIER ZFAEREG 85%, B4R
HTFEEN—¥, ARBERDDAEBERAFEZ. 1995 4, Koizumi ZRIHLIIfE
R AR SRR A 14.03hr, BIEF AN 12.02hr BEK, EABEHL
B hCG FE51/E 72hr, B 4-4000/EH, BERERELHHILT hCG /5 96hr, B 32 AHHHA
A, APRRTRSRFEEEN 8- ARG5S 64-ARB™. RIS AR
A E KA R ERERYERN — L EAH:; KRNFR PR BRNGAN=
EARSHAREEERRA, HRERKNEET LAEL—B, WEERRBELNE
FER LA ) b L —3, T ERRR A B R A R, pgk, wHRC A
HOAFABRATTT DU WS At U5 4 B AR AR R/ . ZERIRA R BRI L, Koizumi™*HA
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AREKE 8- 2#hr 3
AV A REE RS A AUREET 2 M.

5. PURSERRERG 92 B &

XML Y R RER R X B ARA: DEERE R B4 i & o A
RNA HIREKF NS, EEMALADH EOHREERTRLNSER. PROUGERE
i RNA A RMEERHATA RN RAMN 1.5 &0, THEFARLEER>)L
BT AR R R R RE B BIE T EF S AR,

SR, BEARBREEE, BESAE—ENERANBRAER—KF LRES
HEEE, BHNHET 129/5v #1 C5TBU6 DPRIIEMR D R SRE )G, WEE B ePl

(GlueosePhosPhatelsomeraseoPx, HIZHMMFHES) REKFE, FRKR: RERMEE
—REEEAN GPI RXKFEAR, £FERES, BHAYESRAAZELNNE. B
WEIRRNGRRY: NEARRFRARANEARURE SRR NE. SEAIZEN
WEZAREREEERALFR, EXER AR THAL BRI K E.

6. UEGRRKERENIERR

FEFRAHA N ERRRE T T REOPA, NEGEPRRAREE
BHAREY. RREARECD. SRANRAHANREWHER K MERE, A5
VIR E 2. REANEUELFEREITKMER, REERRE., JHkE
%, Mt SREFRAMAFE. K, OEEREERNAYETEFFFERNER,
N N FIA R EEEL, MLNERRE . BARHENREREERAMIT, &
BRI, T RRTER BB, BAMARREEIE R R B H B AW B2 b T ENEE R H19
5 1gf2 FKRAEEFLTTFEE . 2004 4, Kono FF ABFF B\ EENZEEE H19 Fl Igh2 7
T B BE T N RIE B BIMHX PR R TIA ) T B e B, WiTEE— B e TiX—
AU RERTUAR, WEAERARERKE, WTRRET HI9 M Ig FEEER
IR E MEER BN H RGN .

7. VUAE A RE AR A A
dn RIS AR H R, UK ES fME 4n B RAHEHRFELAME, £
8 2n4n REBARRAIFREBREEF RGN ARERDRNEEFR. FH2HXA
ES 4ififr SRR, BAREUYRODEER) R —EHREER, EHER
RIHT, RAVETTREXTHLIR R &b A 4042 B8 o A 50 25 R ) T B8 b5 TR 428 i REEAT RO
Hil, WEARKRREZMAREMT ES 41fuf0 IPS 41U iksMER. EF
ERESMAARE KBS EARAR, MEFEESRANEAEFEAR, AREXNYH
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HE® - PUME 2 AR S5 0 e B A5 AR AR OB 5L

WA G REAUTFINEERFRSHAR. NEEHREH R T WS AR RS, FI
AL R ALK IT T BRI T IS ARER. HRBKASRE LR ES 4
K ARBSMAR KBRS ARRERERSAERE, BEAMEERETHRRE
BREUGEARREAA). WEARIGS ES SRR T EE G HR R LR T AME,
AP X R A R R BAME B PT A R H SE 4 ES LR B IR M3h 4 . 5orh U544 R
RN S 5N EREAR BB EEFEARER (BERMEEAR. EREHH) 1
ER, ESHMTZ85kk. RENHERETRERAERTHEENER, TirsEss
SEE N ENRREF R R RGER. FARRTAR (ES) M 4n AHRES
TRk &4 R kB 5e A ES ZRRIEMBTA S, WEAaREIEFEARBHIS, 5
EREFTS, AR RERE AL Th B 4E b 1) 2k B DURBFERE /D LIPS ARV 5 AR
U181, M kaMeB Rt T A B/ MRIM R, S”AERESHHETREK, ES 4k
5D AT BAMEH T R MR R R R DR N E . SRR REE
SIMERBM ES AR RRNARTE.

R RBERRKE KRR S, H-RBHRRERRESMMAREHER, 4
EATRAERRR, HEERNRRSERERERGRKERNE. LUEFR 4n B 51X
REERBRER (2n) REE, ATRNEEMBILRE MRS, E2BHERKE
SRE, NTIBRARBEENY.

FEXTE LB YV B FRUE R 2 O ML SRR AR o — R R R F R 40 M BB F (K Th e AL
I, 2n-4n KA BAR BT H BB AL A S1ER . B MR “4n IR R0E ", Guillement
HIKE T Mash-2 ERARMISIEIIESMA LK E KR ER,

ok, Ext RS ARSI JLE KA (large offspring syndrome, LOS) BAK A f
RESSRABER TR, EiH VARG 8 v 2 I e 2 7 e R A6 B 9 40 7
HRE, SBHEARAEE LEETRARFSAE, RENEBAHERT. Uin
R EBBHEEMRRRTAERN ES AR (K ESHMEAR) AE n-an RG], AUNE
PR R B2 B 7 3 BT B RSN R R B R H IR, AR R RE K RE R
BHRBE, WTREENTENRE, dltda RS RARERN T ESY).
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ATk 2 %0
. SRR SRR E G ARERENRR

WERR, WANWK R AR, KR T RERIE IR RE. %
ERSHEY, BTERBARNEEXRZN. Hit, £—BEREVERT, WK
BARTES (CSD. MR ERDMTES, BALEINFEENRERS, X T
REX R RTHEN.

1. SRR AR S B RS S (ICSD

PRIITF HE DR ERAR. TEESHYH R, R A NS
MR ERBHIMAE, 2SBEBRREMRE. Antczak 1 Van Blerkom™ S5 T
leptin A1 STAT3 A4 HUHFREH, WAYRBMMEAFHA LR, B—RIEE THWR
%3f, leptin A STAT3 EEAMZELER. SHLIRX T 13t RAEWIRL IR & ST
MR L FohR™, XA L £ RN RMAR . RE 50 THE
BRI 82

7 ICSI M, BTHARTFHNENLENERMEE, TN BIREAMRS)
YIR AL AR T BT SR AR OO, TCST AR R T 5 06 B S5 T4 8 e o B A
BEWEHEAEARERORE. LTS RREABFH (MID K%L 50 4,
BH LB —RANAERGE MI SIBENAE. BR, ALREGT, BTRETRES
SR IR, ARG MI SRS — A B . BT, BRI E
R DU SR MIT R MRr B, A A git, ZEMBR L, 90%Lh BRI MII 59
BN EAH R ES PBl, —F 2 MAAHRANR—HRA, LEAHESEG
B2 F PBI HHERS, #RAETF 11 ARNEH RTINS REERHOZRE. BRE
FRABAZLTN8, 270 A G0 Rk L B4 EIFOR, B HRREY R
BT ERAXNEEIRFO. BREMPSRER. DREPTZETETROFENY
%, MBS, VREENHATLEYRD, T, BETHEE LN RBH M
KRE®), TENMERATK ARG TFENRIEBRRNER. FETLES, MR
FHEANCE MR EREPIURE KRR ARG BAT RS HREORT-RTRAE. 5
TG AR RS B SR DL R B AR R -
2. SRR SRR e

R4 A% % K (somatic cell nucleart ransfer, SCNT)R 16 B E LI R IEE BB B
SRR TR, EEHERRETOERTXRAMA RS ERENER, FEER
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BER A SRR 5 T RE S ARG BB 5T
EXRERRNMAXER, NTERRMUATETFERA, FERENLRE. BAGYKR

RS FEY R IRA T, (BRI BN B 5T SRR AT 5 R B B K
PRI P2, e M P A 4 B A PR A (A B AT & TSRO RS e D )
RPRE. BEREIEAGEROAEHER. DNA FEAL. ABAZBL. DTERR
& SRKERE . X-ReahRiEEr2E, A BHESEARR Y DNA BRIk, X
ERERWBHEBHNSER, LLEBRENERRAER. BREBENIERRA e
A BBk I 5 8 R W 1A% B 4 P2 (epigenetic reprogramming) P B R SBULE M F EFRE.

EAGRERERTNR, BRE5ZAPSHAREREDHERN. Ve REZHY AP
PR — A, 7T DM R R ARAL S L IR F IO E BB LI R B R,
H5REG—BERET, FE-ANHREMER. BEMUKEAREZENPRTFRES,
PR E AN EMNFEHRE, BRRERRKERHN. B, SH7FRER—AHEK
R, B ERFR, MRS 0N KR 2 R AR B AR KRR B b B v T
BRSO, 040 A SRR AR Pk 3 A6 7T e R W i A U R B SR AR T R 3L
FERERRE. BB MI S0 8R40 R 2 k. BB EREE KB RY
BANERA—N R (BERENZ BBA, NIREKER. ZBdREFRIER
ROPBAMRE MI SiEANEARN O BIE—RXEER, 8T8 RRE DRI E L
ek, FELEZIEREEEMER T YRR RKR. KRR ERERE &R
HERGEEHARRNE 5%-50%2 8, MHNT%EREFLHMRERT, ZLEFTRex
BEHBERIEFE KRN,

WER K, REOaAEgFESEREAT, 3 XM ESEHLAERMM. XN
B #F /b GTPase RAN. 7E/)NROW BRI MR 2 Ran-GTP AR BN .0 2B
051, X AVEE B & A2 A TR B A R e 0 B A UKL PR L AR e B B R ALY, TE B
RAN-GTP ZEXAME R EEMEM. RAN T4 F RAC 35 894046 T 50 B 40 U B R
HEH GTP ZANERHARRATFELAXE, RAC MBIETEIRTHILROHR, Xk
2 REURE T B4 RS RS, REAsREREETELSHRARERERXNY
FAET, EEBHEGEES, XEHEFHLAE—EHEEIRT.

ERREKYFESE T REMEA LR HEF, BRXLETFREMNIRENE
FrmiERE s, BRTELRIERE. ERIXIEE T RME T K25 &4 TR R &
HREWE . 504 REHXNERYRNFEETREREENERELRTRIEER
B2 3 T o SRR B R AR SE R TR R B 7 LW, AT T B2 e
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HREKE LA
MEBHEERE" WER. NPEREYN, RRARNENHEHTREARNERRE, T

BAEBTEGBROVRERES AN, B SREARXBREERAAREZBES
. |
3. RnEBH

EBE—BIRFAEEEEEE, RAMRMEBHE (reverse nuclear transfer, RNT) J
BRATEAYREB TR BARE, FHTRSARMEE. E5ERT SRR
DURERRES R . Munsie 2 (2002) ] piezo #Bh I BMIE S 5 5K BUR 0 ML 5 21 52
B MO DMRSBAREED, REE 2h AEZRIVBAREPHZ, PEARAESES
5he X— A BRA T BEMBRERRKEE, FHFFEMRK T BB . Verma 55 (2002)
AL B LT S S R A RS, FNETEE, REE 4-6h }EBRIEHHK
B, S5HEAFEML, EHERIRENERRTE. Para % (2003) PN R MEHH
BELERHEARMEENATRE. £R%Y, REESEREAL, TENEEEE
ERTRE. BEA% MI SRE4 KNS5 AL T 5 58— R AR BRI 57 5140 L5 A 19
¥R, Bk e L AT B B S B A M A SRR AL E, SRS IR RR A AT
EWLE. HHIRRERE, REFNMREESH SRR A EA FRX 7
B ESHAA R, B ERAREN RGN ERR ZE. EXMTEERXTEE o
B, HX/NR RNT BT RRY, @i 5T A S 30min B 1h A%
RO R AT LURRE NS B Y, ERE SE B R ML, THRESE 3h
EHABNERB TR EEREARZR). Yag % (20100 PUMHAKN, T8
{K)/IN LB R4 M B 5 7 AR M A A AT B, JF HEAR R BB UL T B 212 AR,
BASBEFEE 4n B ES 4.
4. REGERENIRE

SENBARRARERENTERBEMREPRRABHEXRT, Mo
WHREARLNARET, SIEETHRRAKNE, SHERNERERXD,
ALV R T B0 R4 B S AL IR /5 X R A B S ASRE N, R TR
MEHR. EHLARPPEASHRTEAREDRIEERNRRRT (W A-kinase
anchoring protein AKAP95) 758 FF41 ML - 3R b 47521, Bhsh, FERB RBAMZ
KBRS R AR E T (0 MPF) e stk A A A BHESERARX
WAL T4 ERERIOEESRED. EERRERPHTER RHRR LR
HAk, TR 51 B 28 00 B 40 0 /8 B BE A o 22 LR A B, IR SR B0 M
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BER FINHE 2 AR RS 5 TURE A R KBTS

Ferri kPR, BB DNA BRNBERE. XLERUY, REAMRBAHEX
KRFH S EREIRER EREA.

GLER, WEARKNKERETHITREIE, ETE-MANROARI R, &R
ETARNRRAREHEEBHN. HUIRZHERRREHEFRNEEDR, HRED
KRR T REEGERNYRRT. HERBTREBARTFLEEBNRIESEFY
Ji, AHRERAAIE TSN A B, WAR IR R A S R 7 R
B, MOHAHAEAEERNL NTNErEESEHRAERNE .
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Table 2-1 Nuclear state of oocytes from bovine, goat, sheep at different time during in vitro maturation

B GV(%) PreMi(%) MI(%) AVTI(%) MII(%)

Maturation time Total
4R
Oh 39(97.5) 12.5) 0 0 0 40
2h 30(96.8) 13.2) 0 0 0 31
4h 29(85.3) 4(11.8) 0 12.9) 0 34
6h 15(48.4) 16(51.6) 0 0 0 31
8h 3(10.0) 23(76.7) 4(13.3) 0 0 30
10h 4(11.4) 20(57.1) 11(31.4) 0 0 35
12h 3(6.8) 19(43.2) 22(50.0) 0 0 44
16h 0 0 10(41.7) 10(41.7) 4(16.7) 24
20h 0 0 4(12.5) 7(21.9) 21(65.6) 32
24h 0 0 5(14.3) 0 30(85.7) 35
26h 0 0 6(17.1) 0 29(82.9) 35
E )
Oh 24(88.9) 0 13.7) 0 2(74) 27
2h 16(88.9) 1(5.6) 1(5.6) 0 0 18
4h 22(81.5) 4(14.8) 13.7) 0 0 27
6h 8(38.1) 13(61.9) 0 0 0 21
8h 8(26.7) 22(73.3) 0 0 0 30
10h 2(5.7 16(45.7) 15(42.9) 0 2(5.7) 35
12h 1(3.0) 12(36.4) 20(60.6) 0 0 33
16h 0 0 15(34.9) 18(41.9) 10(23.2) 43
20h 2(54) 0 38.1) 12.7) 31(83.8) 37
24h 0 , 0 3(13.6) 0 19(86.4) 22
26h 2(3.1) 0 8(12.5) 0 54(84.4) 64
IR
Oh 39(95.1) 12.5) 0 0 124) 41
2h 42(93.3) 3(6.7) 0 0 0 45
4h 51(100.0) 0 0 0 0 51
6h 23(56.1) 18(43.9) 0 0 0 41
8h 10(28.6) 22(62.6) 3(8.6) 0 0 35
10h 10(19.2) 23(44.2) 18(34.6) 1(1.9) 0 52
12h 2(4.8) 17(40.5) 23(54.8) 0 0 42
16h 30.7) 0 23(59.0) 10(25.6) 3(7.7) 39
20h 124) 0 6(14.3) 21(50.0) 14(33.3) 42
24h 0 0 8(15.7) 4(7.8) 39(76.5) 51
26h 5(9.6) 0 5(9.6) 3(5.8) 39(75.0) 52
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Fig. 2-1 Nuclear maturation
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Fig. 2-3 Characteristics of chromosomes and spindles of goat and ovine oocytes that different from
 bovine oocytes during in vitro maturation

A-C: GV stage ovine oocytes; D-E: tripolar A/TI spindles of ovine oocytes; F-G: MII stage ovine oocytes; H:
MII oocytes of goat with dispersed chromosomes in polar body

Red: chromosome; Green: microtubule.
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Fig. 2-4 Dynamic changes of microfilaments of oocytes from bovine, goat and ovine during in vitro
maturation.

A-D: microfilament distribution in bovine oocytes at GV-MII stages; A’-D’: microfilament distribution in goat
oocytes at GV-MII stages; A”-D”: microfilament distribution in ovine oocytes at GV-MII stages.
Red: chromosome; Green: microtubule.
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2—. WREGBRARE SEXMIBRRET . BESRIBT L AKKERS BN
WRARMERRETEXEE. SEIRRARMERAKRESRS BN —MRERE
R4, HEARASGBRAME NG FLIRRRE S B ROERIE R HRC BB
ARSI ER M E R, BIEREAIBIRES), ATEeRarRERIERETIER
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ERAETHRNTR. ROEKNEREERET BRI T REKESBIRPARE N
EAHMER, HRBAMNGHFENT R FRGREEFIREAARE, HFEIEEH
R R EAS HREE—R, MEREHEZEXNEHXIRIEXSLSTREER, Nig
BB _RBE AR YiEE. XL HRRARBRIE—SENHRN,

BT HFRE, ZMRSEAIESRMBEE—BEN. RENFURNGVEE
A=A, HPRLER, FERREIHAETERCHFRHM (B2-3AB) IRRK
BRABEMFF, BAWESKEH, FERZ. TEED. RER. FHEEE (B
2-3C) W—MARER BB E, ERXMIRD, TEARRED, EKNEFFERR
EGVBDH B FH— AR XFEN, FIEMEEND. BERBS M RAVT
HA=ARGiE % (E2-3D,B) , RAKER—KFHP=R, XREREKIILRLES
ATHROAREE RO FHRREHRARE, LRELP—HARFEREATLEE
. FWAARGARABRENLEN, RERaASRFER. ZBAEZ/LHE, A
RMEMLERE (F2-30) , FRURAMENE (B2-3L) , BEHMREREH. X
FRRRI IR A AR AR . AR A SRR B — AT 14, %
. RN 24, 8. KHE; 3%, FxE. Bh. AHIRRE K45
ZRRET2RMEE WA AN, 3 BRI TR R T . AT iR ik R
YRR AR T R BAIN Z I — 32 4. B2, Ebnel™ AN B — AN AER
SRR, WEMIHI R RA B REH R EAZTHRE (B2-3F), XA RERE
A T MILE FR R AR R BB A R AR ST, W ER A R EAE BN
fio

WA RT SRR HBEREERERIY, At EBLA R R4
HIREMGVBDI AL, I HGVBDERBS R ERRE V. HE, WEHRYE
ARG R T E B AR TR, RAAKHBERNH . AZRN =M EZHY S
MeSHHMES R SEREMNFHER A (E2-4), P4 RAGVIZIMIIRHL S
HERE T HERX, WEHFGRERCEERMRMLN N, BLBSEREK, BE
Yo 4 R BB (R T 2 4 KB 43 BE 2B — R A

ALREEREW, 4. L%, BENINEH NS SRS TE T4 M H SR B AR
BABEAME, FRLEEIRRE R RBGERRARL, SRR RS T4
3. XAERAY RSB HERERBER R AETREEBHAEAGTEEREX.
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¥=E kA EB (CB) X4 EpE4HARMR BN
Zf5 6 4 O B A B R AR G %2 M

illlg

HI

FRRNBHEE (F-actin) B} % (microfilament, MF) X FT A RE M4 (AHER
F), FH B RAI M HAFIE. HRNEE—MERIOIESERNBIED (G-actin)
e, FIT 44 e A 2R AL I RUE A 35 AR F-actin (988 01, OB R MMM 2
HE, REEMERNMLNAL, ERESRGEELNR. REKIFIINIE. BURM
Marh.0 i BRX T LR PB1 1 PB2 HEH S BHREEPREBIRRAEND. M4
MRS ROFIRER, JLEFAEK MTs §1 MFs 764 0 841 US40 Rl B 405
PB1 Al PB2 ik HE .

WM 5N RRES BRI BT E NS S EE . BRTESSEETH, &
N BB RBRL R B, BRGEEEE. AERAAIE. S5RASREREF
RITE AR, B — 300 A T2 44 40 R 9 5 4 AR B U B R 42 P AL 3 R T R Y
HHTE. fRRkEBRE— M HTHAARERNEY, EREESWNEYH. H
MR RGRRTER B REMEYER RN ML ERSS, H#5EF-UsiEaRE,
AN TENE—SRE. DHARMBENAZFEARGE, VSBAFETREXR, #3)
I & PSSR, AEARNBE. FWIER. RIS, MR8
0 R 5 B 2 v T S R L AR TR 9250 CB B, CD AR ERAM | MIF 435 AR 244 o 51 4
Mi% 4 GVBD, {HRSHRME (polar body, PB) HEHIfIKIK. /MR ENFF4IMA CD L2,
RGOS EESE, BEFENMRES R EE, BEEATERERRSR, B
G XA E SR ST — N KRS EAS, 5 E, CBESIRMTES /MR PR
B, ARG THEL MR WERRUNNS, FEBHT BB A4
Bl AFFUERRRENARRBE B B4 REAMME, X4 MARA. HWE
HRGEERMEEZA. BEAREL MR AKARTRT THA.

1. HHETE

1.1 #%
PR A SR R SRR R B —E AR
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4 50 B 41 FRLER 1 S R

HERE—E. BRELRTEERBEPREN CB.
122 HEAMLNRERERE

HHRERRALTRAKRRARE, BeRbEe, #THERRLRAaRRc e, B
BhERE—E,

1.2.3

58 R0 g .tk H

BRI TR LN B, K5 225 59 .40 ) 59 R0 HU7E 0.8% AT R RR VS R
FKBALE 3-5Smin, A)F 2-3 H—4EDBRBBPETERA £, REEH LM 12 3
BB (FEEIKZRR=3:D OB e R Bk e tatk. BT 240 DL, EROMBER
B EREZ JE A 1:100 BB HEBFERERE 30min, EKAEERREEE, WT/EH
A, EBEME (Nikon 801) TFMEH A,

1.24

(D

(2)

(3

(4)

ER®I
e 0.1. 0.2 0.5, 1.0. 2.0, 5.0, 7.5 #110.0 pg/nﬂBQCB ReE 4GB}

4 24h (2FELE) B, Bl CB SRR ENLCANARKZE W, & PB1 HF

FESR AT ER BB . 7 PB1 FIE PBI IR REAA LA T AT B BT
SRR 7.5 A 1S pg/ml CB RIS BIALEE 6. 8. 10h (FULE). REH
JEFEYEOR RN, 3 ER AR RE 24, RARAFHER. ALRAT
HasE i CB TALE SN B4 ML B 8 W B

R I SH B CB Ab, COC HIE7EIE % MMM HES 100, LI T EH41
REEHTHPH, BENEBEEH 1.0, 3.0, 50 # 7.5 pg/ml CB HHEFRF
BEFRE 240 (EALED. ARJE R0 59 BEA fo i) B IR o

K (3) ZR4E CB FRAELHMIN B4 . COCs BHEEERFEFRET
B3 10h, RIGEAS 7.5 pg/ml CB MI3EFRE P, 45 ZE 24h. 30h, 36h. 48h,
RERRARREAAR. £EREEHRIMTRERE CB PHFFMREILE KD IF
Btk d R— KGR R JLRIE M.

1.2.5 $@ o

A RALRBAEE =R L. SARBRENREAARA -RBITEETHR.
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2. 1

2.1 CB b3 24h 34 59 5340 M 5 R0 B 65 p B A e P B

F CB &b 45 B 41 i 24h (45 R B7R, CB LFRIB MBI 755w 5N BF 40 F AR 2
BAKKEEE. 4 CB KE<LO pgm B, NBAROBRERGNBATLEEER

(83%-85%), {HE, 4IKER 2.0 pg/ml Fl 5.0 pg/ml B EAE K 44.8%F1 29%, BEMRKT

St FRZH(P<0.05), WREIAF) 7.5 pg/ml A 10.0 pg/ml B Fr A7 SRAR A He PB1 (LK 3-1).

STHEH PB1 R B4 AT S AT BR, CBIRE<1.0 pg/ml B, 88%-95%H 5N
BRA o g AR BOR BRI (0=30), WREER 2.0pg/ml B A5 B3 T B (74%, P<0.05), #E
&2 5.0pg/ml B, REFL 50%5H40 i B B (RE 3-1).

Xt KHE PB1 B0 MO HEAT B 44 S AT R B 50% bA L 0 59 40 fu 2 €6 2 — 454 (2n=60)
(%K 3-1), EHEFHH 30 FFE05(E 3-1D-G)FE & —4 60 £ A48 3-1H-L).

F3-1 T FRBECBALE24h /5 ¥ B340 FU ) Rl ¥4  FI PB 1 B0 i B9 B EEAA A R
Table 3-1 Maturation of oocytes incubated in CB-containing medium at different concentrations for 24 h and

chromosomal analysis of the oocytes with PB1

PB1
8 AR %(—):c];:ﬂ Cfomosi?iﬂji%P?fkrjes
(pg/ml)  No. oocytes
with PB1(%) #EHNo.  N=30 n>30 N<30
" Control 89 74 (83.1)° 65 61(93.8) 0 4(6.2)
0.1 127 112 (88.2)° 87 83(954°  1(LD) 3(3.4)
0.2 121 103 (85.1)° 77 68(88.3° 2(2.6) 709.1)
0.5 119 103 (86.6) 82 72(878°  8(9.8) 2(24)
1.0 131 111 (84.7)° 90 820911  6(54) 2(22)
2.0 116 52 (44.8) 46 34(73.9°  5(10.9) 7(152)
3.0 121 42 (34.7Y 36 21(583° 4(111)  11(30.6)
50 109 32 (29.4)° 25 13 (52)° 4(16) 8(32)
15 110 0 0 0 0 0
10.0 121 0 0 0 0 0

FA—5ARRN LR BER G EEEZR. a, b F b, c: P<0.05; a, c: P<0.01.
Values with different superscripts within the same column differ significantly. a, b and b, c: P<0.05; a, c:
P<0.01.
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Table 3-2. Chromosomal analysis of non-PB1 oocytes after incubation of oocytes in CB-containing media at
different concentrations for 24h

— % PB1 SN SRR BRI B BB AR (%)
CB B Chromosome status of oocytes without PB1 (%)
(ug/ml) T:ﬂ No. wlo ﬁt!{fﬂ x W v 2n SPEH41AR 20 oocyt;;

PB1 (%) 60 30+30

identified Total

0 89  15(16.8) 14 11(78.7  3(214)° 0 0 0
1.0 131 3029 26 16(61.5¢ 7(26.9)  3(11.5)° 0 3(11.5)°
20 116 64552 54 16(29.6)° 11(204)* 17(31.5 101850  27(50)°
30 121 T79(65.3) 72 2027.7)° 8(11.1)* 3345.8)" 11(153)° 44(61.1)
50 109  77(70.6) 68 16(23.5° 8(11.8)* 31(45.6)° 13(19.1)° 44(64.7)°
7.5 110 110(100)* 97 24247 12(124)° 32(33.0° 29(29.9° 61(62.9)"
100 121  121(100) 101 28(27.7)° 11(10.9* 28Q27.7)* 34(33.7)° 62(61.4)

A5 AR EAFBERTHEERZER. a,b fl b, c: P<0.05; a, c: P<0.0L
Values with different superscripts within the same column are significantly different. a,b and b,c: P<0.05; a,c:

p<0.01.

E3-1 BRARAESHCBMERBPHERFHIREERE. (A BMIEERE; (CMIRER; (D)RAI
WIRELR &Y E, E)FL305LAE, F GFRA0LREANPRIRMAELRL; H-L)EH3

—RE Y&, 20 (4c) =60. 1000X

Fig.3-1 Chromosomal state after the oocytes incubated in CB-containing media. (A, B) MI chromosomes; (C)
MII chro- mosomes; (D) Homologous chromosomes separated in early anaphase I; (E) two
30-chromosomes in a cell; (F, G) the two 30 plates move together; (H-L) the merged chromosomes, 2n
(4c)=60. 1000 X,
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XPFCRA16h, 20h. 22hH124h i SR BF AR MLEAT SR PGB E R BR, S RA R
HuAftt(Fig. 3-2 A-E), CBRAEARAMER W TRAE: (1) SHTEEMERRE, Ko%EER
RAMU(E3-2F); 2) RBER AL EEARERAS R, BARGEERRA9ERE
3-2G-J), XFBARELEIGhHFIREFSHIL, 200K 0 fZE %, 22-24hBRD; (3) 7E20h
gnt %, FBHA— MBS EE (B3-2K-L), 22-24hif$BATIRE. RERAGiEE
R—A KGR0 B M 55 13- 190 30 % R A RIG0 & R AR R Y, B ABER 1%
i,

&3-2 CBE I G AMM ST REFA. MRAMBIA-C). THID)RIMIKIE)SF EHAM. CBAHE G4
REIRGEARAN F). HAFIMGEBG-)). GH—EBRBRGEEK, L), FEYEE
M-0). 630X

Fig. 3-2 Meiotic spindle morphology of oocytes treated by CB. Oocytes at MI (A-C), TI (D), and Ml (E) in

control oocytes. Cytochalasin B caused spindle irregular and expanded (F), two spindles (G- J),, merged
large spindle (K, L). Abnormal spindles (M-O). 630X.

2.2 CB it 2 6-10h Xt 5P 41 R R BB H W

TERRIEFFHIAT 6-10h I CB A2 69 &340 Hfu LA RS () M 0 7 2R W 5 BE 40 B A .
7.5 1 15pg/ml #) CB FUALE 6h 1 8h BRI BAE (4 80%) SXRAME (83%). X
A 15pg/ml FRETALHE 8h Bf, MAEEETH (65.9%). FULERRIZEKE 10h &,

- FNRER CB BRI BRREEE TR (60%) (K 3-3),
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R3-3 AL TF AT A CBALEXT 4 50 BH 40 MR AR 51 BRI R W
Table 3-3 Effect of pretreatment with CB on in vitro maturation of bovine oocytes

kE B CB BRAR%E  H PB1 BRI

Treatment (2g/ml)  No.oocytes Oocytes with PB1(%)
EE BB PRER24D GHRD 0 116 96(82.8)
CB 4% 6h 5 IE# BB P4k 43552 24n TS 1g 126 105(83.3)"
" IVM in CB for 6hr then in NMM to 24hr 15.0 pg 121 97(80.2)°
CB A7 sh G # R P gk a3 53] 240 7518 163 136(83.4)"
IVM in CB for 8hr then in NMM to 24 hr 15.0 pg 166 109(65_7)b
CB AbH 10h J5 E# MR 4k S5 240 7508 139 82(59.0°
IVMin CB for 10 hr thenin NMM to 24 br ~ 15.0 g 145 87(60.0)°

=5 AR LR RERR T BENER. a,b: P<0.05.

Values with different superscripts in the same column differ significantly. a, b: P<0.05.

2.3 CB Ja AT 68 RE40 f fk 41 B R R B

e BT (% 34), BE CB IREKE 1pg/ml, 57EE40 M AR (7.2%-69.6%)
5% A (84.9%) HILL# B3 FR( p<0.05 B p<0.01). CB #EH 3.0, 5.0 # 7.5 pg/mL

B, F 58.5%-92.8%F 5 B 41 i B HEH PB1.

% 3-4 FFWRE CB J& {5 B 40 Ltk 41 BRI
Table 3-4 In vitro maturation of oocytes posttreated at different concentrations with CB

F PB1 5i¥((%)
No. with PB1 (%)

CB ¥ ¥ (ng/ml) 3ROV R4 B
CB concentration(ug/ml)  No. oocytes incubated
0{control) 285
1.0 336
3.0 400
5.0 399
1.5 346

242(84.9)°

234(69.6)°

166(41.5°
125(31.3y
25(7.2)° ——

F—5P AR SR RE BEEER. a,b Al b, c: P<0.05; a, c: P<0.01.

.”"\.‘\ .1

Values with different superscripts in the same column are significantly different. a, b and b, ¢: P<0.05; a, et~—r"

P<0.01,
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2.4 FEK CB J5 AL EEmT R) R 69 BR 40 MO e 2 R L BRI RS

COCs %FEIEH I WP IEIR 100, RIEHAR 7.5 ng/ml CB FIEFHT, SHHEFRE
24h, 30h, 36h. 48h 5, XT3 HEH AR 0B A0 KOS5 I HEAT S TOOL R OB 40 L B
KBt EREM, HEXRAP, 83.3%HI PB1 BRIl #2E M1, 16.7%4L T AI/TI
W; MK CB EAENAN, RAWRDHMGH B4 fuHH PB1 3li MILH, 5 PB1 B+
H 33%-36%0T M1, B 51.8%-62.3% 50 R4 g 6 A SR — 5/ (4n=60); BLAT,
CB JG A= 30h LA L4 AUTI $ABHEI LB R 1.9-6.4%, BEMETLAHEZE 24h A ¥ 153%,
T H 60 %& Bt i) E RS EER IR EE I (K 3-5).

it KHk PB1 (SR B4 kAT Yo AT BR, 40 T0% VR F A B IR — A g %,
60 2 Yo fhHEFI2E AR TEAR L BRTE BRI % 30 &Rtk (K 3-6 MR 3-3). #5400 EH4H
Kb T MIE (B 3-3F), BANHIRSARAEROEIEATS (B 3-30) RPAEHES
BARBORR L ARAA (B 3-3K). 76 CB 35553 30 Bl L, U 60 &30 4& (BIER
EXYidER) MNBARKEERTAE 240 A (38 3-6).

K 3-5 % CB BERFIR BAHE RN W AP S EATEE

Table 3-5 Spindle morphology of the oocytes with no pbl after incubation of oocytes in CB-containing media

for different time.
&
win -
normal spindles
AH% REXK
MI(%) AUTI(%) Bk % .
group  No. BY (%) 298K (%) Eki ) xEe
uge R
t Total(%) 2-spi % (4]
oocyte otal(%) 2-spindles(%) spindle(%) ther
pagicl 12 10(83.3) 2(16.7) 0 0 0 0
24h 85 28(32.9) 13(15.3)° 44(51.8) 15(17.6) 22(25.9) 7
30h 59 21(35.6) 2(3.4)b 36(61.0) 8(13.6) 24(40.7) 4
36h 53 19(35.8) 1(1.9)b 33(62.3) 8(15.1) 21(39.6) 4
48h 47 16(34.0) 3(6.4)" 28(59.6) 4(8.5) 17(36.2) 7

F—5ARM SRR BEEER. ab: p<0.05. *AFE=HK. NRSBEFRLEADEFE.
Values with different superscripts in the same column are significantly different. a,b: p<0.05. *Including
tripolar spindles, tetrapolar spindles and abmormal chromosome segregation.
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% 3-6 CB ACERNFIM R4 5 B 0 B B £, 1k 73 A

Table 3-6 Chromosomal state analysis of bovine oocytes incubated in CB-containing media for different time.

% pbl % PB1 SR SR 40 G A AR 2 7
PR g (%)
Wi BER Oocyte B WAH (%) w230 2WBMEN  HE
growp - No. with Total Tetrad (%) =600 (%) 2n0ocyte  Other’
oocyte PB1 :
(%)
St 44 35(79.5) 9 8(88.9)° 1(1L1) 0 1(11.1)° 0

24h 48 3(63) 45 8(17.8°  18(40.0° 14311 327110 5

30h 43 247 4 922.0°  24(585° 5122 29707 3

36h 56  2(3.6) 54  11204° 31(574° 70130 38704 5

48h 54 2637 52 8(154°  26(500° 1121.2)° 37(71.2° 7
FA—3FRRAK LR ERRE BEER. ab: P<0.05. *BREFRWREHKSBATZLBEREESHA

5, REKREER.
Values with different superscripts in the same column are significantly different. a,b: p<0.05. *Including

incomplete or abnormal chromosomes, or chromosomes aggregate together.

3. itig

e BB RIS, SEREMDREFH, FEREA N ZREHREE
FEEMERYE, RO EFFAROHRER, £ GV. GVBD. FiH# I A I
BN HERBE THERR, €81 ZHERBRKFRF M. HLM AL E TI
BRBRAE. NRSBEHENAR B, BLHEERAREETR—EHHE PBI H.
7 PBl HH A BP, JLEHARMLHEERAHL, RENRERTLEMLEE. &
= RRB R0 PB2 Hit it P I F MBS, ZEABIR S, CB BEARE W R
RN HE, HRGEAMERBIR, REKNSLRERRNIEENH, RENH
T PB1 ffiHE .

M AR NEAMEFID CB. CD M LAT &% F T4 B EHBIR, RHEMLKFY
RN FENEAR, B CB AL SRR M 3 300 RF 40 S W e M 3, {E R AW GVBD,
Yot SRBHE RSB ATE R, (B R BRI T GBI, R SRR .

7L, B 1, 3R Spgml (9 CB EIIRF4 44h 51, 4 78%-91%KISRRAMIEHE

MI #, X380 1 pg/ml (8 CB 2 LAEI PB1 iHEH . 24 |, CB IREZ T T 1pg/ml
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HER H-NHE SRR NG 5 TR & AR ROBT 5L
AL%m PBI MHEH, EHREY CBREXTET 2.0pg/ml M GFARKALEE TR (K

3-1). EMEEWEE (7.5 F110.0 pg/ml) f) CB AW GVBD k4. K5 oRRa K
AT GVBD {BEHAE MI H#. X4 RER, BN R4 MY CB R R AR,

I BRYFEE R

V %g

bu B
3-3 BGIREE CB e [V 5E 57 50 - 59 R 40 M e €5, A B 3
(A-D) XA: (E-L) CB4EA. (A-C) MIIH; (D) W4HA: (BE) MILH; (F) WU5H4: (G-H)
AHP—RERARK, 20=60; (-DFHA 30 £REHE (K REKIERHE: (L) ARREHIEANE
4. 1000X
Fig.3-3 Chromosomal state of bovine oocytes after prolonged incubation with high concentration of CB.
(A-D)control; (E-L): CB treatment. (A-C)M II chromosome; (D)tetraploid; (E)M Il chromosome; (F)tetraploid;
(G-H)the merged chromosomes, 2n =60; (I-J)two 30-chromosomes; (K)abnormal chromosome segregation;

(L)incomplete segregation of homologous chromosomes. 1000 X

BT 4 I B ER, CB WREEE 1.0pg/ml BRAE TR B BT AR Wa bR B 40 Ay
Mgk fEd, 24 CB REMME 2.0ug/ml, AUERBAERL, &FHPOKREN
BERK. ROOBIERY, 2.0pg/ml B THIKRER CB FIRFABREHEIIFNE,
M SB S HATEY. KEFEE CB A5 REOASEKZL, XTHRIE

74



REAKE LA
PB HHE P REMABRRCHIH, ERRLNEFAMFREEIHHARL. X CB

KEJE R HEH PBI SRR R B, 50%EL ERISB RIS 60 & (4c) Refutk, B
RIR—4H 60 &Rk, FHRBASA 30 £FEAE 3-1E-L; K 3-2).

FERRSEFRATHA CB MBI sh AW FARKA. CB AR 7 E
K3 10h o PR EE, RA—FE4 M PBl. CB AbFN &R 41 f ol B s Wi 2
AAHM . STRTRHE TSP 1 MR BAMA CB T — S, B RBRKER
1.0pg/ml B BE 5 AR AHE 3 i) B3 MK . K54 SR 40 M Hi PBL, HEBA 524 (o
GV #1) WEPRA AL, SRR HMN AR CB E8UR. XRH PB1 SRE4
BATREASTEIR, XEHPREHEH 60 K5 120 LRk (2n=60 B 4c=120). %
BERELERBER, CBESHASNRAKVEFHNYEE. RERNSEAHLRIEH
AR KIGIESE, SRR E AR BARRTR, %5 REE 5 Sa 7
CB HEKEHMHH—PER . XEEREN, HE CBKNEFRAREIHLE. FH
RERBA AL TR E, i PB1 HH, 33 2n=60 5 4c=120 SR FERL. CB
Kb HR R 58 1 41 SR B A T AL ER A 4 B B4 Pt MRS B B o R IRIX A AR R BRI L )
EHREH— BT

2% 30
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54-61. ,
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FME BYENTEEB (CB) AIRIRBLMAET

o (R TR BE RS & B R R

bk

RY

ot

WA R AR S RN S R B W EERAY, 2SI S — AR
kA, TSEER RS SRR R, 75 4020 AEIS, DRAM N
AR A4 —ES 5 ICM (inner cell mass)KIHIEE, TIREM A FRFSMEEST
BAERIIER, —HHARS5BERBARNGE, WEEHRRS SRS
R, BEEIERNINEK, H)LARP IR, H AR T4M (ES)
1 4n SRR A TR A HERE A ES MIRRBHTFD, WA RREFARE
FIRALR, ZE R TR, DU ARERR AT A o RS2 A LA/ A2 5 60/ R IPS 4108
REHERIMM, MM ARLEE T AN RITE, TESRE PS AR, KX
WL T HA, SR THRAS. o, DK PSR 5 5k A o 7 e 13 40
AR S, AR RS RRAT 26 55 6 5%, BTN RO TR N E
ETH,

DU AR RAE I — MBI AR B A S TR, ARURNEERE, FESAAY
BRI VI RER LUERF A2 . DURSARIERAZE N S BRI ST LA Ei IR A
B, IRREAT, RbmAPCREA. SRR AR RERTEN
MEDUAE ARERA AR AT 8. ABFSLE L) PB1 A1 PB2 Hk ARG IS IR . ATEH 1
b BB PB RAS N, EARRRENMRLBE B B4 HBARE, #*
BRI, XSGR R ML AT TSGR 5 AR 10 R R AL AT T 9
510 |
11 R | o
1.3 #8

FHEL R 4 Sh R U SRR S — AR
14 JFik
141 459 R I PSR



AR HIEE AN S e 2 AR R IBT R

FERE—E. WELRFEERABTHMDCB.
142 SPERAE R DUME SO

BBIESRE, MAPBIFLPBISR RS BIHAT G . BIEHER: SIMKE TER
b3 5min, 485 F-& 7 10pg/mlffCHXH5ug/ml CBHICR 1aa (F5113%FBS) #£39°C 5% CO,
%M T AL ESh. CBERINFICHX ¥ H 2 MHIPBIAIPB2HEH DA R =4 MU 5 fRRG . #9E
JG» SRR AE30uIFICR 1aa+ BSA P R B 35 3740h. SRALGRHB B4 B4 RAEEFRE b
BHEBTIR, BFHEMAYCR1aa+FBS, HFHFE&MH39°C 5% COso

143 FEESHNARERT

1410 - AR B R TAN REAARMERAERTEOSE. 1
M. 2-Z0HFERAFE 0.05ug/ml FIBKKAURE (Gibeo) HAbEE 20h, FEFEZE 0.05pg/ml AIEKK
AP A She RIEHEITE 1% BRRNPRBLE 10-15min, BB THEKF LE
B, BT, BT 1%5BERE 10mine FAMK7E 1000 X BT (Nikon 801)
M, BB RRAREAAR, AR BT ROAKTE S BEUER ST AN
BRI, FERAT R AR i R BT 4 4

144 TR
) FERBBPEN 0.1, 024 0.5+ 1.0. 3.0~ 5.0. 7.5 10.0 pgml ff) CB AbE 4585

418 24h J5, Xt45 PB1 1L PB1 fS0 BRI 4 HIREATOUMESRE, XK BH AT
S |

(2) GE4IMAA 7.5 R 15 pg/ml CB MIBARS A FLLE 6. 8. 10h. R/EHIEHYE
SRERA M, JEFIER AL P) 25h. MERGHHELR, HiH PB1 SIE4
MR AT BE R SR, MBEKEREL.

(3) COCHGAEIER BB PHEFE 100, RERENHBEEH 1.0.3.0.50 M 7.5 pg/ml
CB W5 ZE 24h. A PB1 L PBI SR AT BGE R E T, W
BREWER.

% _ERIMEEGE R FEFROEE. KPR, REEMHN 2-HBRERE TR EHEH
RS HEZARES.
1.4.5 BEA BT

HHRBLREBAER=KU L. FARERHRBALRRTESHT (ANOVA) i#
FPELEE 4L RRENE & B AR LR IR A T HEAT
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2. &8
2.1 44 CB 48 24h X BGERIERE B REW

i CB b EEBREE4IM 24h 5, SHHEHFKHES PB1 K50 S M4 BT IUERGE . 7
PB1 HH4H, XEAM 0.1pg/ml AABAEMEESH A 15.1%H 14.9%, BEEF/T 0.5
1.0ug/ml AbFRA (] 6.9%F1 5.0% (K 4-1). 3 B MU EABEE CB Kb B2 38 v > (R
4-2), WAHEL PBI (RGP ERAN Mot Be 8 R B B BEMEBT BL(K 4-1).

S EMHATLREMAMTER, REFH PBl RRNERSE 50-60%2 &K, HHME
CB IR B (38 b — £ 44/ DA B A AR EOE n. SR B PB1 SREIZERE 75% DA b A2 DU 7%
R, RERHCB REXE 7.5ug/ml i, FrAERBESENMGHER (42D,

F4-1 RFIHRBECBALE N BEAH ML TUME RIS 5 UK B
Table 4-1 Parthenogenetic development of oocytes matured in different concentrations of Cytochalasin B

~ CB BERK 1:F:3: 3 E $13: 4
(pg/mi) No. activated Cleavage (%) Blastocyst (%)
% PBI1 BRI (Oocytes with PB1)
%} Control - 99 76(76.8)" 15(15.1)"
0.1 121 97(80.2)° 18(14.9)*
0.5 102 80(78.4)* 7(6.9)°
1.0 99 65(65.7)* 5(5.0)°
% PB1 SERH4IM (Oocytes without PB1)
3.0 88 58(65.9)" 8(9.1)°
5.0 87 60(69.0)* 8(9.2)
7.5 91 46(50.5)° 5(5.5)°
100 104 37(35.6)° 0

F—FPARK LA RELEREEENLER. a,b Ml b, c: P<0.05; a, c: P<0.01.
Values with different superscripts within the same column differ significantly. a,b and b,c: P<0.05; a, c: P<0.01.
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F4-2 RFIVKRECBALEE 5P B340 o AU A J BERE B 2 P 4L R
Table 4-2 Chromosomal composition of parthenogenetic blastocysts derived from oocytes incubated in
CB-containing medium for 24 h

CB E 103 )i 2k 8
B 2n 2n/3n/ 2n/4n  2p0/3n/4n 4n Cell
(ng/ml)
Total number

"7 PB1 ¥4I Oocytes with PBI

X
13 8615 1(7.7° 20154 0 2(154°  68.6+12.1°
Control
0.1 18 1161.1° 155 20111 155  3(167)"  71.0£10.3°
0.5 7 4571 0 20286 0 1(143)°  45.845.8°
1.0 4 2(50)* 0 2500 0 0 32.849.1°
7 PB1 541 Oocytes without PB1

3.0 8 0 0 2(25)® 0 6750  45.1x4.7°
5.0 8 0 0 116.7)° 0 78750  43.0£13°
75 5 0 0 0 0 5(100°  39.7+3.9°

F—FIh R E R BRI E R BERER. a,b Fl b, c: P<0.05; 3, c: P<0.0L.
Values with different superscripts within the same columndiffer significantly. a, b and b, c: P<0.05; a, ¢: P<0.01.

2.2 | CB FiAb 2SR 40 faxt 5 SRR R B W

B=EHER TR, A 7.5ugml M 15ug/ml ) CB HisbE 5P &40 4 6h. 8h. 10h B,
BB AL BRI KK, RARHE TR, SHAEEHS PBI MV TIBRIENSRE
T (%43), 6h MEAMMNBAMBRER, ERRERNERARERFEEER. LE
8h [150 B B PUHEIE S 15pg/ml CEAMBIEER 7.9%, BERET 7.5pg/ml LEEAR
15.7% IR AL 15.6%. 403 10h SRR B RAERA BN BERK (K 4-3). K
B CB AR KB T R R R -

2.3 Fil CB JE b3 59 &40 X REf X A () 3

SR EH OZE RIS SR I0)G 14h i CB AL, #§Hki PB1 R HE PB1 ISR RIS
BATIOMIE, SRER, SOEAMIIRE (68.8-84.5%) EXRA (79.8%) EEE
HER., HE CB ABANEREE R (24.8-27.7%) HEERTHEA (153%) (K 44).
VRS E B CB R EREERKE .
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R 4-3 F CB RUMACEL G0 R 40O X 4 TR DUMERERG R & I W

Table 4-3 Effect of pretreatment of oocytes with CB on subsequent parthenogenetic embryo development

CB B MRE KX E vt
(pg/mi) Total Cleavage (%) Blastocyst (%)  Blastocyst cell no.
CB H4b# 6h JG7EIE H BB 4k 8L 5 57 3 24h
IVM in CB for 6hr then in NMM to 24hr -

75 ug 105 80(76.2)" 14(13.3) 79.5+18.2°
15.0 pg 93 73(78.5)° 13(14.0)* 71.1£16.3*
CB &b % 8h JS7EIE H B H 4 8E 357 3 24h '

IVM in CB for 8hr then in NMM to 24 hr

7.5 ug 127 80(62.9)° 20(15.7)° 75.8+14.6°
15.0 ug 101 50(49.5)° 8(7.9)° 58.4+12.7°
CB H4bH 10h JF7EIEH BRI P 45357 ] 24h

IVM in CB for 10 hr then in NMM to 24 hr

7.5 ug 80 41(51.3y 6(1.5° 459+10.2°
15.0 ug 87 39(44.8)° 6(69° | 34,2493
EH RS 240 CHHRD
IVM in NMM for 24 hr (control)
Control 9% ‘ 73(76.0)* 15(15.6)" 71.6+10.6*

F—F AR LFEERTE BEEER. a,b M b, c: P<0.05; a, c: P<0.01.
Values with different superscripts within the same column differ significantly. a, b and b, c: P<0.05; a, c:
P<0.01,

% 4-4 CB Ja kb ZR6W BH 40 Hu s PUME R K B RO R M
Table 4-4 Parthenogenetic development of oocytes postireated with CB

CB PB1 BiEH RE (%) KEH (%)
(pg/ml) No. activated Cleavage (%) Blastocyst(%)
10 T 234 188(80.3)° 62(26.5)°
3.0 + 161 136(84.5)" 40(24.8)°
3.0 - 84 © 188(80.0)° 65(27.8)°
5.0 + 125 86(68.8)" 31(24.8)°
5.0 - 274 ©197(71.9)° 76(27.7)*
15 - 286 210(73.4)* 73(25.5)"
Control + 228 182(79.8) 35(15.3)°

SRR ] B T B R NCHX+CBEIE . S ARM EARBER A BEEER. a,b: P<0.05.
The oocytes were activated by ionomycin and CHX+CB. Values with different superscripts within the same
column differ significantly. a, b: P<0.05.
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ST R BRSAT R EOAM T BR, CBAEARIX A PHHPBIIIRBENERF
53.3-60.9%2 _fi1kH, BAMERARBRA BEMEER. WH3.0. 5.087.5 ug/mL CB
R HE 5 R HEPBIIE KRB EEF, HHETI%. 75%H76%RNMEE (4n=120), FiFfEfh
ARG (R4-5), FHEHITH MBS % EECT X RA R AH HPB1RIF
B (%4-5),

% 4-5 H CB J& b7 67 5} 40 MR 15 ) BEAE 52 €6 A2 R
Table 4-5 Chromosomal composition of blastocysts derived from oocytes post-treated with CB

a4 RAER BEGEAAA (%) b ek

Group ¥ Chromosomal composition of blastocysts (%) Blastocyst
Embryos 2n 4n 20/3n  2n/4n 4n/8n  JLfh* cell no.
examined Other*

1.0,pbr 45 24(533) 2(44Y 1(22) 16(356) 0  2(44) 673£112°
30,pb+ 30 17(566) 3(10)° 0 7233) 0  310)  64.1+92°

3.0, pb- 49 0 36734 0  4(82) 482 5(102) 532+10.7°
50,pbt 23 14609 143 1(43) 4(174) 0  3(13.0) 621167
5.0, pb- 56 0 427500 3(54) 589) 3(53) 3(53) 447x20.1°
7.5, pb- 67 0 51761F 0  6(89) 5.5 5(7.5) 434+17.8°
Control 68  39(573) 7(103)° 7(103) 15(22.0) 0 0  669+14.7°

*R4FE 3nt4n. 2n+3n+4n. 3n+nt+énfl4n+6ntSnfEff. pb+: HEPB1AIORRIAML; pb-: AHPB1KIEE

BAM. A—-FPARK EARERTABERER (P<0.05).
*Including 3n+4n, 2n+3n+4n, and 4n+6n+8n embryos, respectively. pbt: oocytes with PB1; pb-: non-PB1
oocytes. Values with different superscripts within the same column differ significantly ( p<0.05).

HT THRERPGPEEORE, KERMT 5L B0 R KR IF A SR, 8
140, 2- R RREAAR. ERER, 74% (31/42) K1-4 R R R 4A R 4an=120
%, 12% (5/42) R2n=60%. 82% (95/116) K12-41 MUERAORBR Ran=120, L13%MIEAR
R2n+Hnik &1

F4-1. 4-3M448 7R, RAWHIMCBAEI B RARR, 7EHIELI400)5 FHTE
1- IR Bt ZEXTIRAP, 80%MIARINRBIMEREINEEBRNMEKH B . MCBLAE)G
(e TR 1 -4 LR RGA 50-60%F IR 2N 3-60N R, 7-11% AR 1S FE4n T 1A

(F4-6), HN15%H-BRAEBREHELME (2 F4) RE4, EEEEHTREKTR (B
4-1D-F),
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b
Bi4-1 BIEREEAR. (A-C)40=120; (D-F) HHZEI-ARYIARPRIER T RS FEREAE. 1000X
Fig 4-1 Chromosomal compositions of the blastocysts. (A~C) 4n%4120; (D-F) Multiple chromosomes in a

single cells in uncleaved stopped one-cell embryos. 1000 X

3. itig

AT B RPN CBA S MMM RH 1. FYMRICBI LT, FIAE
Ho4nibH, AEEPBISHAIEPBISIA S FIMERGE. SRET, SHMLBARME
MR RAILE, BEYAEATIERAEPBIALRETLPBIA, BREERLRE (25-28%). X
B, FICBX S EINAT L BB AR R R, HILSHR B SER AT
B, BES—HUTI. REEMTLT, CBLESHKHPEI 5 Rk BN R
R U ST BRRIY A JERE R B PB L FIPB2A SF LSRG RHALF AT IR
IR B U CBAL Y, $IPBLAHE H H S B A RS 40 MR L A (2n, BR4c=60).
FEETIE IR, CHXHER TR MCBRE— S HIPB2E Y, R IUEAIER. T4 R
B, el BB S IR R, RN R R T &
e, RAEWRE, BT ARTERAEEES, LEHH 0 1-HRAERRL- AR
SRR RGN (Ra-5). BRI ntIH L1 B IA- AR BATRT, AE4ni
BB B

FECBRA T, A FHARRRE, TRELR E40nR B AN . &
B R AR SR VI | IR 7, INTTZEIR 5 o 99 SR Mk 2
TR, RAIE T RIVREM AT T RE AT, THEAD, 80%b5L LIRS
W BB B B (R 7ECBAM RSN ENEh, BLT SR % REARH,
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ELPN B a0A; e
BHE3-6MEM S T, iEARTHREL15%KERE— MR &HE

CEZREK, HHEDOET18n. WEL-15TR, HARETRREAAREDTHE. ZE40hK 4 FIDNA
RHREEREUERN. I ALHAXHRAR HILTRANE. BREREPHE
FRRIZEE R B R B Rk, X3 RN RIRK L T HRER HIDNARIGES .
ARARRMENNERLIES S T ROEXLEBFIUZENAR, XEHHTE
B—HHA.

DA EG5SRRH, CBAE bk 22 40 5 ¥y 40 1 37 5% e 4 59 B 40 iU ) . CBTSIAE 21 )5 38
RS ME PR E (2nkdc) GRERANM. A OR-ERYE M 1R w0 VO £ A TR
REE, XA RBAREBNEEEROARER. HFI5%RRIR-AREREHBE
ffk.
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F1E POAMENFENEEEREEREREN
EACY YR A A
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R

milf

ARBBH RN T ERERR S L R BRI
081, ZEERREREERRE LR, MG () MREMRLE 06 2R
ST BERE R BB, & TRESMMA AR EHENE T, E2AHRAH0
BB DNA 28, FRy“E87. TR % BT R S B MIT 458 (RIS 0>
BF—F£R, XREBHNLRIBLI—.

%5 TR KR, MI ISR E MI % GV S50 B4 TS 4 1E 0 MR 32449,
MII $ISBARESHRBKFREERRREE T MPF 1 MAPK, BN#FEERR
(NEBD). EMIL{ABE (PCC). HCAEL, A HTRN THEREHRRLRN
7, Ze & FY EMBILER, RAMMH. FRARAR, FRBEEFRRRBRKORN, -
BAEE PCC RIRARREREHRAFASY, 2 EH, PCCHTFBAREHERESLR
g0, KB, SAARBANFBARETREER RN PCC, KRR AR
RIEM, ZEE b, 5EROR AL, K5 £ 45 R £ NEBDY,
4 b, PCCARMEMRE BEN, MM RESEIIE PCC RN, RATE XM
WRER DR, BAEIMEL MR ANEKBRERNGEARS, HEEEHTHE
MERRE A ED, HR, FRARMNEERTEM. MBI WEA
B R4 PCCIERARLN . ,

TR EE, WAERNRE, SSEBEHNRE, FHETRE
RYABERRORAETRE A RFR, H I )% ok = o B A
P40 Ff0 B4 AL TR 2 32 K& (semi-cloning )", iXFh ¥ F 4% A TR F . Lacham-Kaplan
USlageyg — (e A AR £ 8D BRI RAAT & F, BRILTF B BHRR.
ARIRENBI™E, Kk R B A B L R AT T AT SRR A TR
BEFFIT), SRS F RV S BRSO R HOAR  HLE JeC AA5E R
EoRHEAE, WIURAT, RERERNTERRL. BRI LA X5k nE
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HER A-BUE S AR ARG 5 TE R S A AR AR BT AL

B, REEEFRHLERIRI5%), ARG EHRREG T E2R ™ EXNROAR
G, DRIRZEMAIRE RN . WS NPPIOUR 0 0 R0k J TR A &
BB OTTARE, T8RN ARESHE SRS TESRR, FAERE
BB T BB S EARER, e B2 4n (¥ ES 41H0.

AHARUREBIR B0 BN A R R A ERRE AR, 27 T SR B 40 g g
A A R R P B 3hAT h,  DAR SN R B IR AE R R e & B AR A A R
M. ‘

1. #H5hE
1.1 #18
L11 FENRRE

B AR EI (Narishige, N8SNEN2), #r4F{{ (Narishige, PN-30), BE4H{ (Narishige,
EG-400), Ri&1X (KA, Cryologic, Voltain EP1 Cell fusion system), M.zt BH%
(Nikon, SMZ1500), CO,3¥548 (SLBE, HF90), #BiIHE (FWE), BoH.

1.1.2 & R

DMEM/F12 5734 Gibco 7=, THlEE K D-PBS-h HARGRARA, RECE, &
F%& E(Inomycin), HZLEE (CHX), Hochest33342 & SIGMA ATI=H, s g
) TBD F= &, HABFAE=Mr2E, WAEFR, 24 FEFE Nune 78, KRB
I E R A,

12 Hik

1.2.1 SRR At R IR
PR R R R . BRHESR 16h J5, TE 0.1%% ¥ SRR R R R

(I, RFREAEBRBRTHEFRE 200, ERSRRIRZ)E, BT 16h LM~

BB ERE2LHE, FT 20h WHEE RS —RA SRR M JiZARIETREE
PrETH. Eik, PBl BHTEH AL AR E, BWidixhsks i on MK b i
EHHIET) 90%°,
1.2.2 B4R 40 g 5%

SRR, MBI 24h MBI 0.1%E N EREREAE AR, H
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WEEHKEF B R=2A9'8
DMEM/F12 (1: D3RR L=1k, ZEZRIN 10%FBS ¥) DMEM/F12 5 37°C. 5%CO, &4

THFE. .
_ BAEARET: N3 SRPBAEBEARTTAR, RN 2%FBS MbiEEK PBS #

BAIEY . REHALBIRE, RN 15% FBS MHi4EA DMEM/ F12 (LB, B
3 60mm 5 M BEATARHIETE, BFRFMHH 37°C. 5% COyp HEFF7-10 K. BREAH
R EARICA FILT] 80% B HATHAR. ERTHBHMZATREARNL, 10-12um X
/N AR R A

123 BB H

SHRRAE AT 2 AR R, AR S 454E00 PBS 80 3mg/ml A4 BRI ER i) BSA Fi! 5.0
pg/ml CB N ¥fE. 2B, % PBI EFENNEWBARBEMRBRRZR. £8E
7@t Fl Hoechst 33342 Jea 30 K4 UM MR HRE . A BLAN B )R AR I 5
R

AEEAS, KoM PB BB E 3 REMOALE, BMERERXER PB1 HREHARK
B4 m8 GERK) 5830 GEREX) MEKMMNARN. '

1.2.4 BEFIRTE
RES¥Hh 1.2kViem B 25 psec, MARN 0.27M K H FEER 0 0.1mM CaCly, 0.1

mM MgClL f1 0.05% BSA. )5 (1 EHI IR 22 M SR 40 BT 4R ST AT 24 B 25h Z [R3EAT
BOE, MIEHFENESE 5pM BT EZE (ionomycin) 4 Smin, T RHLH W
(cycloheximide, CHX) Ab#E 5h.

1.2.5 R F

W% 5 B BERAZE 30u %10 0.3% BSA i CRlaa X BB P K FHEIF 40h. AR5 H PRI
RS 2 LA ) R VAT RIS RS, SRR BN 30ul 7500 3% FBS
CRlaa, #KELHES 5K, & 48h Bl —IK, HEFEMH 39°C. 5% CO AHAEFMMK T
FRJE 1 48h 1 7d HATWRERERE R TR ML .

1.2.6 oA ETHNZN TN

RALUS M E ek, REREZEBR (NEBD). Mt/E, HHRECHRAEMAT R ”:"‘;’."
M. BBRAEAREAHE PCC, KRB EMBETRE, B RASAET
¥ MHERIER, BMABRRSIRARBYBUR .
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[SE:323 H PN B ARG S RS (AR R BT R
1.2.7 Reafh bt B2 B T3

FLRIEZE 0.05 pg/ml FIBKKAURE (colcemid, Gibeo) HIEH Sh, )5 H 0.8%H
FERAALE 10-15min, BRANMEREBIEHA £, BeiAERERE. ROKE
1000 X #5e FIREE, LA SN ERMROELAE. REFOEARSMTILR: ZfEHk
(2n=60). PU{%4k(4n=120). ¥EE 5440 20/3n, 20/4n, 20/3n/4n, 2n/4n/6n F 2n/4n/8n). %t H
S50 0 2 SR BOR SRR M BR A ARHEAT 2 K78 BIEEER I R EAT T 40 v 4

128 BRI RETERE

MENRERARETERE—E.,
1.3 ZR®t:

ER—: T HRAEE S EBER £ O R T R R B AR .
HAMB T B 0 M SR IALE . SR IEMINZE CR1aa PHEEFE 0.5 1.
2. 3. 4. 5. 6h I 20h, REHATEEIFBITHREMPEERBEIIETE.

SR Ot B R B ST BT B R 2 R B MIT GBI ROALE, it
40 Fo 0 59 B 40 B % P B A AR A

L= TR T BIE R BA R e R 2 0 B R B AL . BN
FEEN CHX #ATHIE. BUBMOIESE 0.5, 1. 2. 3, 4. 5. 6 h F1 20 h FRTEEM%
BRNGA.

SR HRTHAGRBEIARZENBARPHBERRORKEHEL. BEENE
WIRRRAZE CR1aa PR E R TR, vk THRE, BRRKEE, 047 T BEOFAKH.

SERT: Wi RIAEBIE (reverse nuclear transfer, RNT) KI5 ERF5 TSI RS I 0
FAEMTRERRE MW, S, PEARMRARLE6 SK 12 AME, REEHR
HAMEEN 3 SAE. BRBASARME. BA/ER 1h (RNT-1h) 5 3h (RNT-3h) Xf
Atk 40 B PR Th Rl A B I B0 ML AT A% B, ZHZ0RA Hoechst B3 K5+ SR IAE
EHR, EHPERFHPIKEIESR 0min, RFHEFERN CHX g, BRIMKERKE
— S REEF: WHERIEETFABEER 2. 4 7 6h #ATEE, WHMER DNA BHTRMA,
¢ RNT 57 e R £ e 6 A 4 AR AT T M.

14 B4
FANRKBHEFHEERANRRES RO ETLR . FHRRHTREPRENER
RERMEENER. p<0.05 HANRFEERER..




ARG K% . B+ AR 3

2. 57

21 RERFBARTHREHR PCC REBR

fEEB4A, BAJE1LShE, KEoHA% KR ENEBDIFENRT T I B, RekREE
HBUNGRE R (FS-1A 1 B); RiAJa2h, HH4A4M KR EPCCH IR KIMBIYiE
# (E5-1C); MA3hZSE, YiBAmKEBILELY .

ERERYA, AR ERSEH30minfl R EPCCHEEMAIFSi A (B5-1D); M
A JE1h, SPERA R AIMIG) A ALK M 55 B (R SL A7 T B (RS- 1EFIF); & Ja2h
PLE, SthgfgEAER (B5-1G M H), FASBRANSS (BS5-1D. Hilk, 5&
SYRHAMUAREL, REBSIRIA M P ER S R4 G A4 fPCC,

BIEJ520h, 74.4% (90/121) YR Z 850 BHA MR it AMITL. BLAR 40 BB om i %
PR, M (49.6%) 4543\ 1-4MKBIS7ER IR B (18.2%) 453 R Bk (PN) (6.6%)
PLURBRECR Ytk (8.3%) (RS-1). 7E10.7% (13/121) MEMBRAMP, SHOMESE
ARG FIMA R A LIRS E—& (B5-1-L). SRR R E L RPN,
B4 fth R 6.6%TEBPN.

#5-1 REZI AN L pLa4 faR-A 5 20h i R &
Table 5-1. Nuclear state at 20 h after the fusion of nonenucleated oocytes with donor cells

TR RERE P B RE B (%)
MIII M 60 (49.6)
MIil 14K g5k 22 (182)
MIIl ¥ (PN) 8 (6.6)
REARREL R 10 (8.3)
A MR K g1 1% 8 (6.6)
REFB K% » ' 13 (10.7)

A 121
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Bs-1 AEEZRRERFHARNENREEROZRE. (A-C) ZEBBH: (A-B) BE/E1-1.5h,
MR TR FHNB: (C) BAJE2h, BAEARERARE PSS K. (D-L) REBREBHE: (D)
R4 JE30min, BHAMMRERF RS EE: (E, F) BA&/G1h, SPR4 MY AR SIMY &
#H#F. (G, H) Bia/R4-6h, HAEARGEFEHIAN. (D Bafa4-6h, BLAHMRTEES BL
MHB. (J-L) BA/R20h, SPEHARAGHAR MM R B AEXRKIFRAE—E. ON: AR,
CN: Mz, (FiEEH630x)

Fig. 5-1. Nuclear state of the enucleated or unenucleated cloned embryos. (A—C) enucleated nuclear transfer;
(A-B) 1-1.5 h after fusion, cell nuclei were at premetaphase state; (C) 2.0 h after fusion, donor cell formed
typical M-phase spindle. (D-L)Unenucleated nuclear transfer; (D) 30 min after fusion donor cell formed
metaphase-like spindle; (E, F) One hour after fusion, oocyte MII spindle and the donor M-phase spindle
coexisted. (G, H) Four to 6 h after fusion, donor cell spindles became disfigured. (I) Donor cell spindle
separated into several pieces after fusion for 4 to 6 h. (J-L) After fusion for 20 h, donor cell nuclei oocyte
M-phase and donor cell M-phase chromosomes connected or merged together. ON: oocyte nucleus; CN: cell

nucleus. Bar, 50 mm. (all images 630x).

2.2 fHEd KB A LT X P A RPB2HE H W

BN Hu i AL B S W B SR ARPB2AHE o 2430 LR 40 M B\ I 95 B B4 IMIT S5
B ER, 94.4% (85/90) MIEMIIHHPB2, MM BREMISEAR, LTRE
NTERHEH PB2, MIST R RHAA MBS E S EARLFREE—BER—MANYE
k. EEBXNRBA, 52% (477) MEMQRHELPB2. EINMBENRA, 93.8% (61/65)
HIMITGN B 40 O 2E 805 Jo HE HPB2. ([&15-2).
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100. 0% ger

80. 0%

¥ 60. 0%

S 40. 0% f
a, ;

20.0% f

0.0% bl o _
NT+N away N+NT close Control NT PA

&l 5-2 HLiR4n M R A b B XY 6B R4 AR PB2 HELH MR . NT+N away: {LAMMREA00 R
TEARLZIPFAMR MU 5% 4: NT+N close: HLik4RMm A4 B fER L&KW 4R
MII 434{K;: Control NT: LBiHHH; PA: JMEMIE.

Fig.5-2. Fusion position of donor cell affected oocyte PB2 extrusion. NT+N away: unenucleated
NT the donor cell far away from oocyte MII spindle; NT+N close: nonenucleated NT the donor
cell fusing close to MII spindle; Control NT: enucleated nuclear transfer; PA: parthenogenetic
activation.

23 EMRREERBEREARIRBARENEERE

EMREMEE FE R SmintCHX Sh#iELH )G, 81%MBNEARZER —NEZ.
IR, 67%MH 50 &40 MU e iR D F B R (B 5-3A), JAME 25%H) 69 BE4 k%
TR UH R |

A5EFR 200 J5, S52.6%HITTRERERG T FFAE R B R AR MB A GERINER (B

5-3B); H 6.6%RIEEM H A RIBK RZARKEL (B 5-3C, D); 1E 9.2%MBERAT, BAMR
GRATR— N KIERZ (B 5-3B); AF DB%NERTRKERRL, WREEH K
BEELTEENBEELTFHHENE: 55 B US%EREREARN, B
AgEmR (8 5-3F G). NBAMELR (B 5-3H). Fakiki (B 53D URFEAKY
itk (B 530 SRR (R 52). BN ARBEATE—ENERENE —KE
“5%, MARAEE-ENFEHARRERFESH (B 5-3K),
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B 5-3 LR LB SR EHA MM B M Sy B R B O B LR M SR RE B IR B R B . (A) CHX U
Sh EHAARBEE— M ANER, BRAREERMIEE: (B) 45 b5 a4 A4s4a R
REHRANER: (C,D) 159 R A G4 B RIB B A R ARE SR (B) PB4 A B4
HRRFAHNEZRETEE—NAREE: (F-1) BRARNEE: (K) E—RELHB, &
REE MBS ERYRREEHESER. 630X

Fig. 5-3 Development of unenucleated reconstructed oocytes after activation. (A) Cell nucleus formed a large

" PN, while the oocyte nucleus formed a small PN 5 h after CHX treatment. (B)Two nuclei formed from
oocyte and donor. (C, D) Two PNs derived from donor and oocyte connected. (E) A large PN formed
after fusion of donor cell and oocyte nuclei. (F-J) Irregular nuclear development. (K) First mitosis, noted
several small masses of chromatin formed PN-like structures. 630X,

£ 5-2 LURERIP R Huthl & 00 52 BERERABLTE R 20h 59 R M RV BL K40 MUAZ O R &
Table 5-2. Oocyte and donor cell nucleus state of the nonenucleated clones 20 h after parthenogenetic

activation treatment
WFHI Prokan ek K RERMHK
Oocyte nuclei Cell nuclei Characteristics No. of clones (%)
PN+2Pb PN 40 (52.6)
PN+2Pb PN BRI R 5(6.6)
U AGLA A L R &
B— AR 702)
PN+2Pb 1-3 MG 3(3.9)
PN+2Pb Gab:o RHHE 4(53)
MIII+Pb PN , 3(39)
MIII+2PB e " 339
AR AH EREAN MR ERE 11(14.5)

B 76
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ARAKFE B EA 9
24 AIRZEHBAREBOTERBNRE

UREBIBERWERERE, 247 2-. 3-. 40 6-ARMNBHEHRER, 4 60%H
SRR R, F 0%, BF LA RREHE DNA. FEE P A AR,
2-6 A IR BUE AR 94%H SRR BK 2 S Bk (K1 (B 5-4).

EMRESTREREFRE, UNERRAGAERPRENERRTRIHA 81.9%M
22.3%, SEBXIRAR 84.9%M 29.1%BHREEZR (p>0.05); LIRAEAMABEE
B SRR RBEIE R EE DA A 90.3%H 22.7%, SHRALK 81.9%M 3LI%tURAEBEER

(p>0.05); TUREALRBILAMILAGE 40 f b LAk 0, DARKET4E40 b LK RT 27.5%, 45
KT EBARAR 23.1% (p<0.05) M 72.3% (p<0.05) (K 5-3).

A C

Bl 54 HAREEPFHENEVRBOARE. A:2-4MIER, B: 4-4RIER, C: 14-ARIER

Fig. 5-4 Cell nuclear of early stage embryos constructed by nonenucleated oocytes.A: two-cell stage embryos, B:
4-cell stage embryos, C: 14-cell stage embryos.

%53 UREZEMAEZPURNEMRIRKESIRE
Table 5-3. In vitro development of the cloned embryos reconstituted with nonenucleated versus with enucleated

oocytes

BRE RAREE RER LA 3

Cleavage = Morula Blastocyst Hatched

S RETE EHRRN

Donor cells Protocol No.

(%) (%) (%) (%)
gl ik N+NT 188 154(819) 53(282)  42(223) 0
Bovine cumulus
450 LA NT 179 152(849) 63(352)  52(29.1)  12(23.1)
Bovine cumulus
FHRARER  NaNT 176 159(903) 45(25.6) 40(227) 11275
Bovine fibroblast
S e NT 177 145(819) 65(36.7)  S5(GLI)  40(72.3)
Bovine fibroblast

NT: %@ LGB NT+N: DUREZIPEARAREZER TS, R+, ab;bc;ac:
p<0.05.
NT, normal enucleation nuclear transfer; N+NT, unenucleation nuclear transfer, At the same column, a,b; b,c;

a,c: p<0.05.
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2.5 BAREEIN IR AT A2 IR A AR

REKHFERER, EEENBANREBRATRERS, THANTLAIRLE
AR N 15%M0 10%. FEXBA, LLOH 40 MR RLAF 40 40 M A 1A 758 2 I BE AE 4 )
H 5% 82% R A5k . FEREGA, TR EAMRERURAERABGE, 7
B RE (4 60 M) HEDTHEBANELARE (4 90 M) (B
5-5A-B), FEMARERMERBEEELN, FIW 20/3n. 20/4n, 2n/6n. 20/8n. 4n/6n.,
4n/8n. 1n/20/4n. 20/30/40/F 20/4n0/8n % (B 5-5 C-F), RAEMFHEEKZ 20/4n, 20/8n.
4n/8n. 20/4n/6n Fl 2n/4n/8n B EHE (R 5-4).

B 5-5 KEBIVRAR T EAHBENARBANRECEAR AB: BENAKE: C: FHES 20§
ftk; D: B 3n efofh; E: BHETD 4n Rfoth; F: TP 6n Ltk

Fig. 5-5 Cell number and chromosomal composition of cloned blastocysts derived from nonenucleated oocytes.
A,B: Cell number of resulted blastocysts; C: 2n chromosomes; D: 3n chromosomes; E: 4n
chromosomes; F: 6n chromosomes

2.6 RFAEBHE (RNT) EEFAAREKNEEESH ,

7E RNT KR P, ZEATHRAEM 357 ANRh, KA E4ME (70.9%) 5HAKH R
&, H 0.6%H A S RARE, 4.2%0 SRR R SIRARGEAS RITREE: 15.7%
MERRERSE, 5HF 8.7%MMEMEN (B 5-6).

MEE Ih#TREMMEEL (RNT-1h) B, 65%5F MR R EARE RKESH,
EFFEHIESE 6h WRE DNA BRI, BIFHARR—NEBESH . L5881
g A E/ERIRMEK ) 3h, BD@EAJE 3h £ (RNT-3h) B, BREARTHIER
&, 5 RNT-1h 4ittk, FEEZEMARN. R4 EHEN LT REREE 6h ERR
BEEH (B S5-7).
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Fig. 5-6 Fusion results of oocyte—cell pairs reconstituted by inserting somatic cells into perivitelline

space of oocytes with polar bodies.
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Fig. 5-7 Somatic cell nucleus status of cloned embryos produced by RNT-1h (A-C) and RNT-3h (D-F)
protocols at 2—6 h postonset of activation treatment. In the RNT-1h group, DNA pieces became
swollen 2 h postonset of activation (A); DNA pieces deployed and began to form a pronucleus-like
structure; some DNA pieces still remained undeployed (B); more DNA pieces deployed and formed
a pronucleus-like structure (C). In the RNT-3h group, DNA pieces remained more unorganized at 2
(D), 4 (E), and 6 h (F) postonset of activation; this morphology changed little during this period of
culture.
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Table 5-5. In vitro development of reverse nuclear transfer cloned embryos

NTTE  wm SmE  RRER B px T RRER

No. Cleavage (%) Morula (% Blastocyst (% Hatched (%
Protocol ge (4) &) yst (4) &) iploid cells (%)

RNT-1h 89 60 (67.4) 49 (55.1)° 42 (412)° 39(92.9) 81.2
RNT-3h 120 85 (70.8) 31(36.5) 24 (20)° 20 (83.3) 80.6

Proportion of

F—%9, ab: p<0.05.
At the same column, a,b: p<0.05.

3. itig

HSHESHY G0 B O TP RS ) MPF S e R U R R RIB 4E F5
HASEES M SIS0 B EME%. MPF B4R M I T ReRME, %
G2 BB BT . %4 MPF [ cyclinB IR RIES, 5P EHAHMZERE MII SHBH R .
B /K MPF H1 MAPK &5 BB KR A PCC H 5 ERBEMR. £/PRMTES,
HeikB R 4 PCC RIBKXEM. ZEARF, PCCHEPHALR R ARRMRIFRE A
Rt AR IRERE. XE5FARFE, FHEERETRES PCC ARLFR. AHFA
SRR, MATKE R ERFEL 3 MRS FBERBEN RS R A%
H&Y, BESIR NT BRTPERAN, FARSIREAD, EHARARARLIY
iR, Tani Z'\ N, SHAREMERBERRE MPF F MAPK P EEREH.

ARG RRY, PEARMIEEARNEERESHRIEAMREREPCC. %
BB REPCCHL R R MNEBHERRKED1h. BTMPFRESREAS
A4, B 50 R0 L S AR B A FE T MRAE K PMPF I 4ERF, IX W RE S5 440
MIPCCH . EBTHEER T KIAMPF, MM i E K PMPFRIERIHRE
B2 e R R R REE L], 2 BHR P MPEA IR R Ae 9 ¥ S PCC™, (BRXH
BRER T8, T¥ L, SHM5 K 2% 00 B R & It R IR IR S
KEHHREPCC, BREEUINRMANH, K EARKRFTED,

BE-NRARBARASA —ERERAK, HERESERAKTRIBHE
FREBHEER LA, FASBEMRRET. ERERNGBREERD, ATH
BEBHEBRAZEAAR, BE_FEeARBHEERANAES. £PRF,



HER UHE S ARG 5 T 2 AR R IR IR L

HENE A RES R Z RN AR . &R USRS PB2: — K
EON B, B— AR E AR REAS, TR T o A
QR BB SRR B, T BT DB S B TT SBTR =/
B, AR, FREGSMMRN BRI, kMmO B8 5
FIMIGT AR, L7 SRR A0 (P2, 4k i £ b B B0 2 50 B 40 UM
G, BAERBAE—RE, RAGAIES PERRAKEARR— EXE
1, SRR SEHEPB2. RATMG RIR, K00 R B
WREHA G R SRR R B R B A R

RAVAHT T S MO 51 B & Bk 200 R I RS R E ARG R
Bo Z/NE, RIS B 2 0 R O P AR A A A B AR R
% (80-90%) MIREFERER (50%), ERBERE#AERHR. 4L, RN
GRER, FIR 2 M0 B0 ORI 202 00 B0 0 2 EE AT R 78 AR H B2 o
(82-90%). Bk 4% 5 RE4H MO0 FE (O BENE R SR HUMEC T S 0 R 0 MO P O B
%,

B 3R B R 2% 00 B M 0 S R TR A R B AP IR A . 02-6-1 L S R
BT T RIL, AHA0%MERIVRRSEHAN I, I EH A PERBA .
S EH KA IR R R A BT R, 25745 80% i BE IR L 2 — A5k S, 5 Rpay
OB A0 77 P A B B B B S B B P A B M i . AR A M 5 — 1
th (BA B RAMIGEL) BBk (RAMETEMIZENE) HERMRIOHE
HSBEMERT R AR k. KRR & SR ATIR. 400
BRI TR R IER R B W BIRE . A 25 I 78 B R T 4
REA BB, B LERRFRENER— RO LR AR
BB, 0B AR LR BAS TR ENTI RS, B Ehak
LR A A BIRRIEN (6%R12%) 189, TatenoZ(RER], L3IREMEMH R
VRO B RBENN, SR ERROAKS BHTRESRASRERX. B
U, EFMEATHEH RO B R SRIER— 0 E % IR AR A R 5
PR, FH4 (20=60) % TIRERRRATYHIE % Yot B 4ot v B Mz I T
N (2n=40). XTTHERERE T RATHOBER P —MEAMBECHH 4 16T ESRGER /N ST
.

B TR AR SRR B W, RITAT ROBBE, tat

100



LELp (L RR=ZUAS'S
BRI A4 RS /5 691h (RNT-1h) #3h (RNT-3h) X} 50840 MuikiT £#%.

ZRNT-1h4l, ESEERE, WPCC. MK LIKXDNAS B SLUTARLL %M TR R E
RHRE. BEHEHNEREERENER, RE/EMITRE, B2, 7ERNT-3h
4, SIEA A RDNAS REAMRY, HAREEREFRAS, HYEER6h
KR BIXF A . ROVMHSNR T RIE S KRNT B IA DNAL H A — .
RNT-Ih OB RE R %0 B A FRNT-3h41, S5HAMBRREE. SREY, W
R I VR A B TR L U M R, T O RO I K B R
B BDNAG IS % H A — 5 R SRS, B X/ D RRNTHBISRY, Eid
VEST T AT, 7E30min ] 1hp 2 B 50 R0 BOA AT LASRAD % 0 S REZD 4,
3 AMEEEAGBHERA, TR E3hE AR T R &
HBEIZE,

ARRLEREY, HT LU CLT B RN M, K RERENE
MR, ERCIREREE 2R, KRR MR B AIRM ERR
FRYEH A ENRNEE.

B2, RNMMSRER, (1) SEAK M SEASE R SAMRER % PCC;
(2) SRR EAS SEREANTEERIOREBAR: (3) RERNNE -
MRS R R BN B (4) HREH S RE R MR A
BA Bk

B -

[1] Wakayama T, Perry AC, Zuccotti M, et al. Full-term development of mice from enucleated oocytes
injected with cumulus cell nuclei. Nature 1998, 394: 369-374.

[2] Hill JR. Abnormal in utero development of cloned animals: implications for human cloning.
Differentiation 2002, 69: 174-178.

[3] Campbell KHS, Alberio R. Reprogramming the genome: role of the cell cycle. Reproduction 2003,
Suppl. 61: 477-494.

[4] Miyoshi K, Rzucidlo SJ, Pratt SL, et al. Improvements in cloning efficiencies may be possible by
increasing uniformity in recipient oocytes and donor cells. Biol. Reprod. 2003, 68: 1079-1086. '

[5] Lee JH, Campbell KHS. Effects of enucleation and caffeine on maturation-promoting factor (MPF)
and mitogenactivated protein kinase (MAPK) activities in ovine oocytes used as recipient cytoplasts- ——~"
for nuclear transfer, Biol. Reprod. 2006, 74: 691-698.

[6] LiGP, White KL, Bunch TD. Review of enucleation methods and procedures used in animal cloning:
state of the art. Cloning Stem Cells 2004, 6: 5-13.

\-\

N

101



a&® AU AR IR 5 7 R 151K I BB X
[7] Collas P, Balise J, Robl JM. Influence of cell cycle stage of the donor nucleus on development of

nuclear transplant rabbit embryos. Biol. Reprod. 1992, 46: 492-500.

[8] LoiP, Ledda S, Fulka J, et al. Development of parthenogenetic and cloned ovine embryos: effect of
activation protocols. Biol. Reprod. 1998, 58: 1177-1187.

[9] Shin MR, Park SW, Shim H, et al. Nuclear and microtubule reorganization in nuclear-transferred
bovine embryos. Mol. Reprod. Dev. 2002, 62: 74-82.

[10] Simerly C, Dominko T, Navara C, et al. Molecular correlates of primate nuclear transfer failures.
Science 2003, 300: 297.

[11] Hirabayashi M, Kato M, Takeuchi A, et al. Factors affecting premature chromosome condensation of
cumulus cell nuclei injected into rat oocytes. J. Reprod. Dev. 2003, 49: 121-126.

[12] Tani T, Kato T, and Tsunoda Y. Reprogramming of bovine somatic cell nuclei is not directly |
regulated by maturation promoting factor or mitogen-activated protein kinase activity. Biol. Reprod.
2003, 69: 1890-1894.

[13] Aston K1, Li GP, Hicks BA, et al. Effect of the time interval between fusion and activation on

nuclear state and development in vitro and in vivo of bovine somatic cell nuclear transfer embryos.
Reproduction 2006, 131: 45-51.

{14] Dominko T, Chan A, Simerly C, et al. Dynamic imaging of the metaphase II spindle and maternal
chromosomesin bovine oocytes: implications for enucleation efficiency verification, avoidanceof
parthenogenesis, and successful embryogenesis. Biol. Reprod. 2000, 62: 150-154.

[15] Tesarik J. Reproductive semi-cloning respecting biparental origin: embryos from syngamy between a
gamete and a haploidized somatic cell. Hum. Reprod 2002, 17: 1933-1937.

[16] Lacham-Kaplan O, Trounson DRA. Fertilization of mouse oocytes using somatic cells as male germ
cells. Reprod. Biomed. Online 2001, 3: 205-211.

[17) Tateno H, Akutsu H, Kamiguchi Y, et al. Inability of mature oocytes to create functional haploid
genomes from somatic cell nuclei. Fertil. Steril. 2003, 79: 216-218.

[18] Chen S, Chang C, Lu C, et al. Microtubular spindle dynamics and chromosome complements from
somatic cell nuclei haploidization in mature mouse oocytes and developmental potential of the
derived embryos. Hum. Reprod. 2004, 19: 1181-1188.

[19] Heindryckx B, Lierman S, Van der Elst J, et al. Chromosome number and development of artificial
mouse oocytes and zygotes. Hum. Reprod. 2004, 19: 1189-1194.

[20] Fujii W, Funahashi H. In vitro development of nonenucleated rat oocytes following microinjection of
a cumulus nucleus and chemical activation. Zygote 2008, 16: 117-125.

[21] Kimura Y, Yanagimachi R, Development of normal mice from oocytes injected with secondary
spermatocyte nuclei. Biol. Reprod. 1995, 53: 855-862.

[22] Hui Yang, Linyu Shi, Shenghua Zhang, Jiangwei Lin, Jing Jiang, Jinsong Li. High-efficiency somatic
reprogramming induced by intact MII oocytes. Cell Research, 2010, 20: 1034-1042,

[23] Fulka J J, First NL, Moor RM. Nuclear transplantation in mammals: remodeling of transplanted
nuclei under the influence of maturation promoting factor. Bioessays 1996, 18: 835-840.

[24] Sung LY, Shen PC, Jeong BS, et al. Premature chromosome condensation is not essential for nuclear

102



ARERE BRI
reprogramming in bovine somatic cell nuclear transfer. Biol. Reprod. 2007, 76: 232-240.

[25] Fulka JJ, First NL, Pasqualino L, et al. Cloning by somatic cell nuclear transfer. Bioessays 1998, 20:
847-851.

[26] Mohamed NMS, Takahashi Y. In vitro developmental potential of bovine nuclear transfer embryos
derived from primary cultured cumulus cells. J. Vet. Med. Sci. 2000, 62: 339-342.

[271 Li GP, Bunch TD, White RL, et al. Development, chromosomal composition, and cell allocation of
bovine cloned blastocyst derived from chemically assisted enucleation and cultured in conditioned
media. Mol. Reprod. Dev. 2004, 68: 189-197. .

[28] Li GP, White KL, Aston KI, et al. Conditioned medium increases the polyploid cell composition of
bovine somatic cell nuclear-transferred blastocysts. Reproduction 2004, 127; 221-228.

[29] Plusa B, Grabarek JB, Karasiewicz J, et al. Meiotic maternal chromosomes introduced to the late
mouse zygote are recruited to later embryonic divisions. Mol. Reprod. Dev. 2005, 70: 429-437.

[30] Wakayama S, Cibelli JB, Wakayama, T. Effect of timing of the removal of oocyte chromosomes
before or after injection of somatic nucleus on development of nt embryos. Cloning Stem Cells 2003,

5:181-189.

i

103



HER IS ARG 5 TR & A IR IR A

4

: ¢ﬂM$§B&ﬁﬂBﬂBﬁ&ﬁi%ﬂﬂ#ﬁM SR O R R R T R AL

=R LR R R A ZTAR RIS RLTE.

. HHRAIEE B (CB) BB ML TR EIAGHRFE, MBI NS R4

(PBL) ik, BRESHEHAMA R, SECEROCAIIRA AR,

. % CBALEI N MEBIMERCES, BEW 5 R L& A DR ARRR AR TR R
. SRERA LAY MIT G5 AR HOAF7E, RS A 5 A AN BO B4t Ml o A B AR B (TR IR

£ (PCC).

o BURZEBI 50 B 40 O L R R A AT i A M e R B, SLOERE IR R O B RE D UL &5

BRI R RE R NE, FARRINFTERSR S Kk,

. RIVEHHE (RNT) MAEBREXGRERE. RNT-1h ANBERRXEFRNUERT

RNT-3h 4, 5% BB ETTRARL. 11 59540 MO %) K6 0 16 77 7 RE WS (e (4
MBI E R T 0 R AR A I ) A7 7E T RE TS S BL AR 41 A% DNA RS
. WA & B 2 2R

104



- S
AREARZE AR

B

HE—HEBMRBYOE, EROELECRICTRMNE, BT TROBH.
EELRXIVE, RREZPBREZMZIFHOMMNE. X—BER, TREME, K
BB, ERd, @i, mEE, HEESHTRIGERNE—Z. R
WIEXBR S APATFREGHER, STRIONY, LFRIFNEROTHEE
i, FIERAA!

Je 8 s U HF Bt L AL RO A, JREMZ ERBRRARNMILT ™
BRI S, RETHROELRFENLREMS. BRBTLENERESREZ
MR E 2 HF ISR MY, BRALEEERNNLRLE, ELTRENE
WHRE Mo s R K B0 MR, 2R — 2 R NEEARR
AR RS M. BB B CARBY—MEBIFE, ERIGHIEHEEm
BEELHVE, HERBEIBIMEIER. 2, B2 EHN 5 &
AT TREMRL, FEHREIMB AR R AR RO G

B2, R ERERPELMAET XEMN M. ANRTEAE |
Wit TRAFRMERSLHE, IRRERMH. BXWPRABESRRESE
AEREZZIMMOOAX. REZELIHNE, EXNEPELMNETRRENE
EEMHERFED. B5ED, ARBRETELERMOALEME. EHRRHE!

HFRIBEFPHERE . IRAARERE. TEREX, ERRIEPFBZM
TIMFAENARKER. FEBARMKE. &F. LESHTIERTHAR. TE.
XE, Rk, ERE, RERETRPHKNED S A% TR RAES SRR
BHSHHBATEER. B/ %, 85 NHSHKHEY ELeRAMITERE
HEESHEAITRER. BRE. #RE. WROXOFBSHY. BRLERF
BB HERESHHBE T RERMMIKERKRIEL (Dr. Qinggang Meng) MR -
BERK DB R TR IRE MBS 2 A2 T R BN A% Dr. Bunch, Dr.
White, ¥Ufth A3/ Dr. Aston, Dr. Huong Z AR KA. 7ML, RMAMIRRZLHR
e BFRAI AR DL F A IKIRAE X JLEH, Eﬁ%ﬁ%~¥%§5ﬁ%ﬂ%ﬁ¥ﬁﬁ
RETHB G, RERMNF—IAL

R BEBP T ORI RMFAESEROKD XESIH. DOBHILE
— S T R BRI ZIT R

105



BE® A-PIHE 2 A5 AR RS 5 T e 2 A KRR AR BT AR

#l, REEBHRENTARLERNRINRA. BRARNYT, BoLELERS
FAFROFORENEE. BHLENROFENRELE, EONEEEH0N
BENRIBD, REBFRZ. HBERI LS ERRERN AN R OAER,

JUEFRBROTAEAHRERRARLL, EABRTATRAERSHER
. BJF, RRIBWHOIEEROMTRR, ELmS hEE REtz
FTAENR], RIS R

106



AREKZE AR

BUE 7 1A R R 18 3C

. Qinggang Meng*, Chunling Bai*, Ying Liu, Xia Wu, Thomas D. Buncﬁ, and
Guang-Peng Li. In Vitro Development and chromosomal configuration of bovine
somatic cloned embryos with nonenucleated metaphase II oocytes. Cellular
reprogramming. 2010, 12(4): 481-490

. Bai C* Liu H*,Liu Y, Wu X, Cheng L, Bou S, Li GP. Diploid oocyte formation and
tetraploid embryo development induced by cytochalasin B in bovine. Cell Reprogram.
2011, 13(1):37-45.

. Chunling Bai*, Cheberi*, Lei Cheng, Fengxia Yin, Dongsheng Wu, Xihe Li, Bou Shorgan,

Guang-Peng Li. Effect of Jasplakinolide on the in vitro maturation of bovine oocytes, African Journal
of Biotechnology. (B #:4)

. BAiH, BFYR, BE, BET, UM 4550 RN ARG A KVEFETA,
B 4L R, 2009,335(4): 1-5. '

. BEHR, K, RS ARTAZLEREARTE, ARG REER 201,
42(2): 190-195.

. AER, HAH, W HE. LE, SIBARRREEPHRENMKREE

| WEAEERNL. PESHPERFTARE ARRRERERTRERIBEILE,

S R TR T e

R U

209, ERRILAE, 2009F10H.
. AER, KoL, 2% BRFALERAARTE. STHREE4ARSSTE
- EAREARBTS, M, 20104E108.

e o

107








