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METHOD OF ENUCLEATI ON AND OCCYTE ACTI VATI ON | N SQVATI C
CELL NUCLEAR TRANSFER | N PRI MATES FI ELD OF THE

WO DMERTI6ON The present invention relates to a PEWSG2004/000207

enucl eation and oocyte activation nethod in somatic
cell nuclear transfer in primtes. BACKGROUND OF THE
INNEENOIDDR FSE NG LE ATION rAND Q0 CiY T AICIHV ATERIN) IN SOMATIC CELL

power ful t echni guedGE ARFRANSFEROIN @fmpﬂgggte;ggs

animals, nultiplication of unique ani na
and its application is being further expanded to the

oreas of {ransoent oo GElE Hhe AR oo 1
et b e DAL IS068 $1haBiALHEHtn manoo

insbeatiotelinuoiebs traagfer iregrimatesi omedi cal research and
dramatically inpact on studies pertaining to i mune

system function and early devel O_Elﬂnent of specific
genetic di seasesBA@KﬁR‘zUhlfﬁbOFc EINVENHOW research

wll also help clarify errbr_‘yonl c stemcell potentials.
ﬁiomﬁiwgceltnu@@aétransf@rd%é‘{ i)dh 2PowWRITHhiechnismesior msaservation of

%ﬂ&ﬁhgére@elérﬁm%s Bea@tiplReibav o Iumq@rlmmawg@n@@pes and its

SucC at s

aRBlization ﬁqgg@gh@&thseﬁpﬁagéﬁge% s %@ﬂ%%%?% ggpock-in, or

}khacln@nt:h‘@tod:l{] Baetcfundmst]andn? @fscelrl'dryrthitnes ih laneer san also be
| C t
Bt by SENT TRERaRR e OBFRAC of eeiloBRy JUERRA Hnimals would
reduteathe nirabebd of aeinbNa, requised fgvrtblamadé%trewwh and dramatically
%Egé%rfﬁ%@eéiﬁﬁ%{ﬂhﬂ% tbhﬁn%tﬁf@éys@é}n%néﬁ% éﬁ@'eﬁﬁ? deb&opment of

hen aspirate
épsﬁnﬂg(ﬁ@?@ér@éeamu Fyrthag 2R C%&Eyf)ﬁ%ﬁc‘é\?tiga%%r&ht\%"' also help
arify Renryesietitem ey pb&"r’matéﬂG\I@mlghesuo%@eéﬂmﬂproductlon of animal

hn| ue'is to e enucl t dl e
e sandls 5365 Bes Bt SRSSE SRS EheciEG stoh as sheep,
tchﬁlaowhlae boalg, psdcatse ahdrrpbbitsasther@haméneetrm aectess (not even

et BRERA R BB ages el e

aspiration of a Iarﬁ;e vol ume of cytopl asm an
diec deteri fhejewise DReefTiciaat spyigation, snejbed ineﬁHG'@@r transfer. The

'%?érﬂia?d qaeﬁﬂﬁqus Maqrse%e &yé INGEdneD 33BUDaR &tairntHy b@éyte DNA,

e (16 ik D 3Bt T2 R ey B P95ed DA
qfﬁmpﬁidlébo@yns then aspirated according to epifluorescence imaging. As the
oocyte is exposed to UV, the procedure may harm the oocyte. Another technique
is to use a large enucleation needle to aspirate the 1%t polar body and the
cytoplasm under the polar body, and the Karyoplast is then stained with Hoechst
33342, and checked under UV light for successful enucleation. The
disadvantages include aspiration of a large volume of cytoplasm and uncertainty
whether the spindle has been removed before checking under UV.

Activation method is another key factor affecting the success of SCNT. Many
methods are used to activate oocytes, mostly direct current or chemical stimuli.
The choice of activation appears to be dependent on the species. For example,
Sr?* is suitable for activation of reconstituted mouse embryos, but not for other
species.
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The choice of activation appears to be dependent on
the species. For exanple, Sr2+ is suitable for

wa@edoswetseon of reconstituted nouse enbryos, buPCTISG200¢000207

ot her species. Qui escent GO dongr cells have been used
during initial SCNT experinments. However, SCNT has )
Quiesdesb>iatunev eckliai haveldiran disieds during higitial @NTGerReriments.

rARSRr, BENT $Rs AQYinh absleladits dohbeE8IDFY trd &N and G2/M
reports of s l e formation afte ti c,donor cell

pindl e, f SO .
iRREEBRtucin SRICENtROVINRS @Rdciankiisy tg@ﬁeyt Ve, hgegs reports of spindle
foedtichngfternesapticdenot eslemirollotion ftenhé \enucldadsd beeyte, and of

FOSIRESL a0t 08 2 Mo BT B3 gt 86806 that the
sittiatiore irs primaites isndifferenitdalthghiadotbler anvsalseas wisarayed abnormal
fn‘ﬁfd&fi?séﬂl?% W‘@%agﬁjﬁc% ggron%%rﬁgs Rerd ?&‘ﬂgéc?ﬁ all SCNT embryos,

res _ transferred int ]
andrisypregoantiegdesulind Bam $GMNdsempatosdransiesed inte surrogates.
somatic cell nuclear transfer in primtes currently

ﬁ%l%, berrehpwvt@gﬁg;\@@ Qﬁéﬂwfdsi’ﬂféfr iswartdtiencaf nﬁ@léﬁﬂﬁbhﬁl@?ﬁw primates
enbryQs _s al successful .pregnapcies can

cUReBlE il 1q Prvids, SuessTul etlalot PEIsansIRG s plnas such that
puoréskfulnmregnandies chndye dehieveske in somatic cel |

nucl ear transfer procedures so as to enabl e successf ul

i B S BRSE  RMBE WER P PSRN for wse i
comaticreetanuclesy tiansfas proceduees 6P s toeprAkle syecessdul activation of
sebdHtifute@MONURUMBR Dridtdtb \einrgps et hod and sequence

are inportant in inproving the efficiency and hence
the success in somatic ceil nuclear transfer in

pri mtes. The presSUMMARYOPTHENWN\EENTHONr ovi des new
nmet hods of enucl eation and oocyte activation invol ving

(fl)s disclosedr béimdnath @r)mhidimak dopthsoh  aspirstiantwith removal of the
[ [ [ f SPi (usi ' ' - .
SPRIER SR PR g NBPR MElBa AR BB bbbl i improving
¢he efficiannydand henemihel stocess ingematis call sugleenansfer &t primates.

| east one electrical pulse with subsequent treatnent

ks Grnalisbs ol g LAt cfduccaion o oo
I LU . . .
et mvRbin COAR @oRrale naniarGYUIR IR SotaRtdsualization
id‘ﬁ\ti@?tsbmdle (sing potareavlight dnigrosziopgyl aﬂ@wingefldr minimal removal of
cleall r Q 0

RGN g R PGERARn U ) PPLUEREEY ot fost one
redeciricalspylss avith metbsequeninpreamery wite afchesniaali aelivator, such as
ldt9Hol B SRR 64 ctivaRSR bF FtidneiRéd bRfmat® ehtBrodody

uring ce
Thus, according to a first embodiment of the invention, there is provided a

method for cell enucleation, comprising removal of the spindle body with a
minimal amount of cytoplasm from a cell in metaphase, said method comprising
use of polarized light microscopy for visualization of the spindle body during cell
enucleation.

According to another embodiment of the invention there is provided a method for
production of an activated reconstructed vertebrate cell, said method comprising:
a. culturing a reconstructed vertebrate cell for a period of time after
introduction of the donor nucleus to the recipient cell which is
sufficient for the formation of the prematured condensed
chromosome and spindle;
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enucl eation. According to another enbodinent of the
invention there is provided a nethod for production of

w@pooaoodeeat ed reconstructed vertebrate cell, seCTSG2004/000207

met hod conprising: a. culturing a reconstructed

vertebrate cell for a period of tinme after

i nt r oducbi onapplyingeatdeagironeueleeliicat jpulsa o theiquioastructed cell;
cell which is sufficient for the formation of the

premat ured ceultigimgethec kscomstraoedaodl $oi Adpe&idy of time sufficient to

oeonst ruct colepLine O BBl rBohyeF dein ¥ eleetigal puise: and

cell for ,a period of tinme sufficient to allow the cell i
menbr anedt o V%%mﬁbrt%rwpﬂﬁféu%t?%?mbéw wWith <; least ene chemical
treating theacthe@srstructed enbryo with at | east one

chem cal activator. The reconstructed cell nay be

. oy |
DBl ANRa e 8, A Y 4 AR Ry kg in e
it r baexargple. dwrconstruetedaall maybsugrodueed &y introducing a donor

ocC f
sowshaa uang ity 1 SrbOUSLERLEE/G0CY)S ki oot may b

repared b I on e ) ]
seharedchp fe ﬁs"t%l%?@ﬂpﬂr@?%@&{;ee? | ahoye gee@Ringfo the first
mnolbodioteaht cells isolated fromactivated
reconstituted cells, wherein said cells are obtained

brbtipBeerR AU MBS tEROSIR ﬁo%&?f@ﬁ?‘ébﬁ@ﬁﬁd %E&ﬁéﬂﬁlﬁ‘t@d?%{lela, wherein

anof h enbqdi nent. of the invention, there i s provi
&2 ?%[f'oef@&%qa@ﬁgr%hﬁga%gvamﬁmwﬁ@mp@y'%-d
met hod conprising inplanting an activated hod of
r r d a_net Q
VREBRIHE A7 PR ARaE Bt IneERENTSH, B BroviaEa method for
OEREMtNgcAISIoned  vedelraie $gid thethod reampiiising Implamtingean activated
at.i f e . . .

?%‘?“ﬁﬁ%@dns%%, PR Ear ) Hedins B BTG Sy dypention nto 2
Fampatidghestiufeiusal 1y +/- 4% of the stal ed val ue, nore
typically +/- 3%of the stated value, nore typically,
+/- 2% of the stated val u@ﬁﬁﬁﬂ.@%e typically +/- 1%
of the stated val ue, and ypically +/;j IO 5%

f « Jsed herein the term. adu
245 jor 1Rl e Bt ot PRI, Pk LR o components
ah theaformalationsy typécally shearsd+# 58nohthe tatad wdluehmore typically +/-
39}, BRthe 41BRIGAHING; mdkd BpiddIfRSY3% of the stated value, more typically,
+/- 2% of the stated value, even more typically +/- 1% of the stated value, and
even more typically +/- 0.5% of the stated value.

As used herein the term “adult cell” refers to any cell isolated from an adult
animal, and may be isolated from any part of the animal, including, skin, kidney,
liver, heart, follicle, and lung.

As used herein, the term “chemical activator’ relates to compounds that are
useful for non-electrical activation of reconstructed cells as known in the art. For
example, suitable chemical activators may include: ethanol; inositol trisphosphate
(IP3); divalent ions (e.g., addition of Ca** and/or Sr**); microtubule inhibitors (e.g.,
cytochalasin B); ionophores for divalent ions (e.g., the Ca?*" ionophore
ionomycin); protein kinase inhibitors (e.g., 6-dimethylaminopurine (DMAP));
protein synthesis inhibitors (e.g. cycloheximide); phorbol esters such as phorbol
12-myristate 13-acetate (PMA); and thapsigargin.
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liver, heart, follicle, and lung. As used herein, the
term"chem cal activator" relates to conpounds that

wae@soewbul for non-electrical activation of PCT/SG2004/000207

reconstructed cells as known in the art. For exanpl e,
sui tabl e chem cal activators y include: ethanol;
Asoséd (bierelnltbehensrpf‘raoleecﬂ refars tdiaveele rembryasic(eelly fetal cell, and/or

%ﬂ%ﬁ'@éﬂ ‘Plfavh ﬂUQr’EgF I§Ni3\+)5ﬁ8ﬁéﬁée$ttHQP||se d?)'%'temtfaﬂf/ssrmrlar or

t
identical tohe r@@berlleApﬂiﬁﬁl@ﬂC@n@fn?B@W)?r ceH l:é%h%zwlﬁo , fetal cell,

AIbP Ih#hal éﬁl %nd ﬁrrﬁ’éH‘WaBYtbé’éﬁ @@Héi‘dt@@ dyDl%El)a)ar transfer means.

rotein synt eS| i nhi b §‘(_} "
P aT1S ‘SUPEREIS WIS e DOPTICH SHE SRR e SeRbB, o e
(PMA); and thapsigargin. As used herein the term

As| ggepl’ hdré‘neth?e tterra tinhprisimdg yoedEns éiﬂbludirfgetpilnowuv, but not

and/ or e .
n%“‘ﬁ?ﬁg é{l I S"aé'?ﬁ‘%aﬁg ?%t?%rg‘ % aé nucl earéb%mlse and
?.Jemprrsee” d‘faverumlrtwpoodirﬂgly ‘eanﬁcymwall@tl fetal cell,
and/ or animal cell, and which has been generated by

ﬂQ ﬁsﬁarhetrélﬂgﬁé%rn'?eélﬂﬁrrea her ‘tcﬁlt[rﬁng SrH tréfér@ﬁdzéﬂd ¥ells refers to one

tical are descri

sed
wémgrﬁ aells thalk afe' BGyp?h Bydyghot dergpén%&phéilwsron in"an in vitro
Qﬁ\hﬂﬁ'irﬁé\ﬁﬂ yAn Mltrb@nvneﬁmamdyycmbme/ény weeditrnikoosvn in the art

E%@ﬁuﬁoél.e fo,qem |nt%plpgs?)%%u%h\élﬁ§ &Q? %@lgantﬂgqlqwd medium or

agaq foeeramptehe Specific’ examplesdof etmtabi@um umtrcmgynvlranments for cell
é@tlﬁ%g %9‘8 vreﬂl ﬁﬁé\bﬁ n’i ‘Pﬁ@'la?t LRdHe d’éﬁdﬂB 8 |ﬁefdr~°e>$a|hﬂ5le Culture of

undérgoi ng IVISI?B q
Animak Cellsanaum@nmln@f bagici ﬁ@cbﬂﬁﬂése@’vl pdiiRBnt 974 R Freshney

fWﬁn -gﬁ% lm,dcunlhrsrﬁi@rmeﬂsg &mﬁr@ahdtrh@dlal(tsggzlw Dakﬁ éarling, S.
1 tr ul

| oram it o ey o SobE S5 SR P30 Bl Sy puanuel (vl

@f 1998, tBlh_ eSpettor, R. ©. G(Baldnmnm;nﬂs mewami (edsyl, CalceSpring Harbor

EQ@% E[ﬁos\tl\ﬁr Igngﬁhin%(}:h g%g&%ﬁ%&%gg%ﬁ’? tg/ référrence in its

EBmimhy qERampBrsiofectll Guiure Desia iRiude, lFer @se mey In(né,iéd)to Dulbecco’s

th! ESserltiaf echuf%‘[1 bAd &Hler 4e8d Cévﬁﬂﬁ'tblé commercial
gﬁ] Dé ot %a & I@f/br an

smrsliscHch Medl3 mangonain 3ne H1IraB: SRTIGTRRRYCY F5iserum (0.,

tgﬂ@a‘i@ser@m&%ndﬁﬂ%ﬁé’br rmidre QoA BaRits ahd/dk cytatineaad described
eds.), Cold Spring Harbor Laboratory Press); each of

&% is incorporated herein by reference in its
entirety. Exanples of cell culture nedia include, but
Asausuat hérieiri thedterm ‘Bubrhsus ool nefers arangsaudiredor peaauiured cell

gﬁc\ﬁé’{%&% f%rﬂ%%ll% %ﬂgldrﬁlsgﬁé'sbﬁkr&hﬁd@g bBb le r@Lﬁ’lteﬂ)le methods
$@n isolgtinggand cultunng cumulus cells are we known Snthe art and are
discussed in, for example, Damiani et al. (1996), Mol. Reprod. Dev. 45: 521-534;
Long et al. (1994), J. Reprod. Fert. 102: 361-369; and Wakayama et al. (1998),
Nature 394: 369-373, each of which is incorporated herein by reference in its
entirety.

The term “electrical pulse” as used herein refers to subjecting a nuclear donor
and recipient oocyte to electric current. A nuclear donor and recipient oocyte can
be aligned between electrodes and subjected to electrical current. Electrical
current may be applied to cells as one pulse or as multiple pulses. Cells are
typically cultured in a suitable medium for delivery of electrical pulses.
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fetal calf serunm) and/or one or nore growth factors
and/ or cytokines as described herein. As used herein

wa b@spesopa " cunul us cel |l " refers to any cul t ur eBCD8G2004/000207

non-cultured cell that is isolated fromcells and/or
ti ssue surroundi ng an oocyte. Suitable nethods for
Asalsatlihegeiarttie dain dembgyad wmniembryaiic'srefers tael devaloping cell mass

L1 gy e or of R it senco e
tarm (‘ewomo” 3s usssk bareineiefersityp.a Jerfilizggh.cogyte, a cybrid, a pre-

Mk abstigeddeveldiifg ell Waads, & BR4tocyeR-ahdfor &AL bihel developing

which’is i t ed b f : its . .
£l sy e ioct 8r e cd PRIt REbr o Mdhfaligh dntg an uterine
ﬁ%‘n%@nbcofserbjaéﬁn_ iahpost. NEribeygos dayomotadigplage gerital ridge. Hence,
oocyte to el ect.ri c. cur
?Bcieﬁnie%w?mgogéf e'chﬁi%égﬁ?@%@H@tﬁg@e%ﬂgﬁ%c HREE earp]%ryo. An
soibjrex cad represeat multipdé stagaseoi celEievalopment, dueluding: a zygote; a
Hﬁ%ful%eof"%g*l%&g%)?é?. cells as one pulse or as nultiple

S

pu §eé. e typically cultured in a suitable
medi um for delivery of electrica | ses.

, , > » As d .
Rerusen hatein e orEniatab ADioPIacs ool Rl o ans fdierentated fotal cel
ﬂtawaboai fiSropRIst afmmf réﬁv@ét, aﬁ@lmﬁy bepilggntimu ieLrtdOisajhted by any
ut erine rane o mat er n st. nce, the term
Sgﬁqﬂ@@%@@&j’e%@@‘f@wfy%%q a fertilized oocyte,
a cybrid, a preblastocyst stage devel oping cell nass,
Asbliasd dugretn thadieom &ugiont hreferge te | apnbigatien | ofnrpegions of lipid

H@'{lbrj e Fc@rr@éﬁ%irﬁf t&%’ﬂ&@?ﬁ’%oﬁﬂ Qﬁ?té’ recipient oocyte. Lipid
I'mpl antation rnto am uterine menbrane of a rratpern?
mernbrapesr 788 ragyraseendi 4p1 MlAsNY e MaraPranegg e H@ﬁ%e?r nuclear
%ﬁ&%bﬁ%&ﬁe@kﬁb. Inguisml cdredctuowitangddiiomas Afisiem stimulus
L{a e ana;em{%%r aﬁ"q%]péf o'r:?leari} (rque re?@_netrh%tﬁ%' I‘ﬁaged adjacent to
mPetérTDt?@rr, cftb\lvhenstamuslbar Aonos ésl pesoeel in thee pedvitelline space of a
"fetal fibr S " ' enk i
P CORAEDI P i, PRI e R Al chemica
imiansi 49 a wellknewhan 8k 8. any suitable nmethod as are

well known in the art. As used herein the term

'Nsﬁé&f"he@ﬁ Qhé tbAn CTHIBELRA 1iR TefireRBE tth WHbYbs! té¥efs to insertion
menbr anes correspond] qg to a gﬁ)zl ear donor@and . .
inei 3 eRFYiBoytiBe Reryitalling fprHREING & &LPP Boﬁgf?r&@n material,
micﬂamlag wm;@rgaﬂam@éarcahlawr@y, gypibaw _withbrforeégn  Eallular  material
exa . I Qn can.occur Wt ti,on I

SR e AR, R SERATE s MR 9l S 3ha8, poans, for
wikempldyeinsartonp bfice duatiascdenort imto the oocyte or perivitelline space.
‘Foreign material’ in this context, may include material obtained from a cell of the
same species as the oocyte, but not from the same subject from which the oocyte

is obtained.

As used herein the term “isolated” refers to a cell that is mechanically separated
from another group of cells. Methods for isolating one or more cells from another
group of cells are well known in the art, and are described in, for example,
Culture of Animal Cells: a manual of basic techniques (3rd edition, 1994, R. L.
Freshney (ed.), Wiley-Liss, Inc.); Animal Cells: culture and media (1994, D. C.
Darling, S. J. Morgan, John Wiley and Sons, Ltd.); and Cells: a laboratory manual
(vol. 1, 1998, D. L. Spector, R. D. Goldman, L. A. Leinwand (eds.), Cold Spring
Harbor Laboratory Press).
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one another, or when a nuclear donor is placed in the
perivitelline space of a recipient oocyte, for

wex@spbdw24 Fusi on may be achi eved by el ectri cal POT/SG2004/000207

chem cal neans as are well kno in the art. As used
herein the term"injection"” in reference to enbryos,
Asf eisedt diereinerthe oterinmt émadifiedcytueleasr DM’ refers to a nuclear

8§§>§( bbﬁuzle Id@@@% ngk &f aPQfe‘ﬂt &mBiyof %ﬁjé?nor animal of the
iny

el gn nucl ear materi a
antien | frahi han be@n 0 giagénulatedr byatads Qr M@c.rﬁ‘f@abmant DNA

f@chhlq‘u'ég ARd ﬁhaﬁ]‘mﬁ%'e(ﬂﬂfclémfa@rd Waterlt o A¥naNIPARIOrRire
neans, for exanple, insertion of a nuclear donor into

he ooc te, o r| vitelli ace.. ' For.ej, .
A spctasin e Brmayonrer e Har e sam el SPREHERY sheoo! that i
ﬁﬁﬂ |bol@fted frenrsanensipgoi d\stor&embmomobgmraatm gellsroan foeotifferentiated
t he sar et 0 b
B R HR e Abpo B kA RRR B, S0 b o ol iolatec
fren‘rmbamtwlaryrr@épar ated from anot her group of cells.

Met hods for isolating one or nore cells from anot her

%Q}é%dq{eééﬁnl t'h% 8RR “WBtlkak ranbrelreiéte t@rlhtro@jtﬂr(\%'éefull complement

descr for exa t
AhRuaPaE PN PR DB %%&0%&%@3W&%ma§3§4enwe?te% before or
Eﬁéﬁihﬂ@}duélﬁg the déhbeDNA s Fypicatly,)the Astipient 6e|l lisenucleated before

j’g tlﬁgﬁ@@”?éﬁe%&q ]Dcﬁgdl\éacle%&%l@pﬁfeﬂ% I3 are’ eﬂ%own in the
aetpaat &modescnbeﬂg% fonDexamp&;eNa@ashlma et ald aﬁﬁh MQ/ Reprod.
@evl‘ﬁgnﬁé‘%éeﬁﬁgéshl% ﬁt§p£r ). 8 C(l? ﬁro'aa@érvaBSr ¥3-78: Prather et

rein

R ao4S%, Bial. Rapredh HickhiyH Soiathes ¢ @/c? 1945, Ebhe 20k 255: 355-
§58681arto Ry, .\/(qggﬁptAb%Is qneemauwabc@f,c\hm 269e067-@66; Batl Terlouw

Cbahri G88b. TAATPIRIP GGHLR (a0G BPE! & JETCH Hed BRITP Gy herein by

RsfBrdndenptite @ﬂirgnyn As used herein the term
“non-enbryoni c" or "somatic" ceII refers to a cell

&ﬂ,&ste%dih%gh Jcshseg et e‘%léj&)?ggr en sy%y NP REMRRIURE as known in
trun adi whighdnbibiit esdstahiige d‘awrcawbn@aiqrmaﬁﬁy diseeiivi er indirectly, and
5,342, 85 bl o3 fadinas it a1 chasn o
s to
NREPGAARIE N FOICTEING ebrg IeHHBR: 81 miGoNeaRe oRIEBIEE, shigh as. for
efbm té? taxesi Q@rrot@ﬁi klntaﬁé] iirfHibitarysueh &;_Mxmeﬂ*qihrbmbpuane (DMAP);
er r odug

3o Enevbbe! Ehiteh oS Pl e PHBsC 3l pster sueh as
pherbg)anFmWMaté\lm&la@etateKleﬁf)eor thepsigdsgiare wel | known

In the

As used herein the term “pluripotent” refers to a cell which, whilst not capable of
dividing and differentiating in such a manner as to result in a live born animal or
differentiating into any given cell type, is not fixed as to developmental
potentialities, and has developmental plasticity, being capable of multiplying and
differentiating into a plurality of cell types.

As used herein the term “reconstructed” refers to a cell which has been created
by replacing the genetic material of a recipient cell with that from a donor cell.
Other cellular components of the donor cell may also be transferred to the
recipient cell, including the whole of the donor cell. A nuclear donor cell and a
recipient oocyte can arise from the same species or different species. Any
nuclear donor/recipient oocyte combinations are envisioned by the invention. The
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art, and are described in, for exanple, Nagashinma et
al. (1997), Mdl. Reprod. DQV. 48: 339-343; Nagashi ma

W@R008/00564992) , J. Reprod. Dev. 38: 73-78; PrapdiEsGHEN4/000207

al . (1989), Biol. Reprod. 41: ,ff14-419; Prat her et al.

(1990), Exp. Tool. 255: 355- 358; Saito et al. (1992),

Asclear dReqr and réeipientAayte mso be2Bom e same genysuay from the

Ema! spé&ggzbr%s%lﬁﬁéa%nﬁﬂ&&%r FonsRP%echffuesl chi K8 utilized to

'S I'nCor porated herein by reference in Its entirety.

produse ¢lanadeanimalethes are epangsregisdtinger * is any

sui tabl e compound as known in the art which inhibit or

1?\5 S!,%FH 'Chtéfeiﬁ‘tﬁé gémb Eﬂeprcﬁgfrég‘ﬁﬁiin hor thepasrashnaed” refers to conversion

,_and may i ncl ude ; e .

o i ar R, RSBt R SR Sngracteristc, inclucing

anctbdazell épecihiat i nonlypmally expeessed durinigcthetliie wyele of the former

tabilj ok | . . .
SR Filmaly S 8iaalaoRt B8R e beebiodRtiLiflo s otpotent
eelhrosteediffersptintesk sematiticell can beuehragsagyed s eriptiotest cell.
phor bol ester such as phorbol 12-nyristate 13-acetate

gem%ppﬁrgwﬁemﬁ%m céP rBRes t pleipbtditertistipatent cells isolated

f t, L1 .whtch [
ERHBN ETOPT G PrkiFG TRt d 4 dhbit el Shliie,c ptgm cells may be
g;ﬁlﬂ?@ﬂ \ﬁtﬁh toy withhoutt feeden de!llsx,eabdrmlawhmwstabﬁshed from embryonic
iffer Latin a ' '
Sl R hA% Bt B afl FBpB Sl oMo MRk Bistooys
dingel epbeosaindpprashlastocyst #agegmiupedl e of nul tiplyi ng
and differentiating into a plurality of cell types. As

ﬁ?ﬁﬁéﬁf KérRirt Ret &M "EE5RBAtAINC shflilar ehekslation atoc @luclear DNA
iC as been creat@g bly 'acing the genetic . .
REAGRIGES dPaiey ot pusiears dPNA SHUBRSES 1 Ml asioRgprly  identical
ﬁ%regéé@@étv@%d itkh%rsietwt@ﬁcégmh@y afisé res dmsulta'ﬁldopiymg errors or
e transferr o_the reci : o '
Bh, Sep R B o i S5 Pl Pl O geer DA
$ubfetdnﬁ'e&w1simi¢mybb!ﬁeaeqmrh<m mayne lgeeatendham &7i% ddestical, more
nt eci : Y 0
BBl i SeE, (o % RSRHER RCAIdSt JroRIanY GRtéCthan 09%
Tentical. ¢Bhe dienor “idaatityecaspiused HEESin eCamyalse Fefeimte namino acid

seffeisdiSit idf gféf@ﬁé&hénéaéﬁpéﬁé&imt_@&éﬁ* $INA&I 86quences are
nucl ear transfer ,tefhnl gues can be utilized to produce
ieitiisal farcloned at@@isar e endangered or extinct. As used

herein the term "reprogramm ng" or "reprogranmed"
pef as6d therepntey séom “titipoterd! Irefens doaaotelecapable of dividing and

havi na..at | - i ~t 5 St | .
PR Al B L a4 Ty B 8 g o qrjmal. e torm
étotipetesdmay alsyrafaetd afceﬁélgm i8 capablﬁaeoffdi%ﬁ@nﬁa@mg into any given

.'(Z:Q[It anpl e, a non-totipotent cell can be reprogramred
into a totipotent

DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to new methods for use in cell enucleation and
reconstructed primate embryo activation, and even more particularly in methods
for somatic cell nuclear transfer and cloning of non-human primate animals. The
methods of the invention involve (1) An accurate non-harmful method of constant
visualization of the spindle (using polarized light microscopy) allowing for minimal
removal of the oocyte cytoplasm during enucleation without exposing the cell(s)
to UV light, and (2) A sequence of at least one electrical pulse with subsequent
treatment with a chemical activator, such as ethanol or ionomycin for activation of
reconstructed vertebrate cells. The studies described herein establish that (1)



cell, or a differentiated somatic cell can be
reprogrammed into a totipotent cell. As used herein
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totipotent cells isolated fromgan enbryo that are
maintained in in vitro cell culture. Stemcells may be
cuinimabaopkasm aspirtionouith fereaeal afdhe spinghelimpspviee the likelihood of

esﬂc%@'séfﬁh%‘étrfxéﬁﬁﬁ %rtréwrgtﬁutell &ars' ?%a @dthfer QBHRIHRRY Rsthod and

at any sta i nclu | ast ocyst

STAYENERF d@pgﬁf@nb?‘cg r@@pgy agrfi cgnbgpy%%ccegg in somatic cell

unssledretraigdlet rh&/etrl@bi’@\tesubSt antially simlar” in
relation to nucl ear DNA sequences rel ates to nucl ear

DNA sequences that are nearly identical. D fferences

bft\/veee ﬁ\ﬁ}lﬁ:z%%g_es_ may arise as a result of copying

errors or i fications which may occur during

gF&te'n? ﬂw%BB %g%fﬁ%l'é %bhé’le?h&ﬂ 'ﬂm%g removal

nces
gheﬁ@moue SEENALE a n“anlrr@%mwﬁtqf@atopl%ﬁm fippe 8 "cell in metaphase,

F%Iaﬁf(ﬂ ?ﬁélhb?d DRI Ugé%f%%%riz‘é@nﬁgrﬁ&hrcr@%@pﬁ/%mrsualrzatron of the

"i dent s use can also refer to"am no acid
Lfﬂ Llr'Wgsc reé”fU&‘fﬁag@ Nand expected that nucl ear

use @\ereé}?o‘?.ﬁ )a fe@g%ér‘f%lbo[.rf’b q,|I8§$ %%ﬂ?%é’oﬁess than about

cipalsiss than @bOUbeﬁ%g Iaawhanfab@uéﬁ% ale$31tj1a|nratmtt H%. less than about
r@%n%ssampabssrrlb%,' iBs& thaﬁ%mtm%nbﬂﬁéss 3R ésaslga 0.5% of the

gotent ly I'so refer to IS ca

lagra, BAY bgt ?H@Vieﬁtffprﬁﬁﬁ'dg?@bn cel | type. DETAI LED

DESCRI PTI ON OF THE | NVENTI ON The present invention

releacel may hevameobyds irfaudiog @ verteleriate, enaninealicing prinmate or non-

frﬁﬁﬁ&ﬁb Hﬁt&%r%b@%? enbryo activation, and even nore

parti cu ods for somatic cell nuclear

nsfer and.cl oni ng, of,, non-h rimate ani mal
R e OF T B Y 5, Biipde thrBSh @ sml
rfenie fienmdcuin thetzZood pelluciolas bhiite cosdal | zati on of the
spi ndl e (using polarized Iight mcroscopy) allow ng

fYHe RbRI ABJS EMBeahiral i sPec te@sﬁwtsgﬁicfeﬁruété’rrbr\gremovar of the

t |1
S BodC e i o B m%gfbegfréﬁbﬁ U1 P 1o, gbBut 30um, from
vabdmtmmequrz 26pat, feorh abdub Sune e raboailt 2@@“2 Medrabout 5pum to
r.i=0 Ct i [ , .
A 33 BN AL sPRT B BhP PRt ouiaum te ghovt sum in
tdaieterest abl i sh that (1) mi ni mal oopl asm aspiration
with renoval of the spindle inproves the Iikelihood of

STachslefrahy detrsdé b9ran®'fa£rﬁcpﬁ@tbl dhignsidalc pHsicainehdatls permitting
ta%%u?e%' V@r%r%? ion f @re zona pellucida. Such methods may include zona
drilling using acidic solutions, such as acid Tyrode’s solution (NaCl, 0.8g/100mi;
KCI, 0.02g/100ml; CaCly*2H,0, 0.024g/100ml;  MgClx*6H.0, 0.01g/100ml;
glucose, 0.1g/100ml; polyvinylpyrrolidone (PVP) 0.4g/100ml), or laser, or may
include mechanical means, such as perforation using the needle for spindle body
removal or other appropriate means. The small hole may be made by zona
drilling using acid Tyrode’s solution, the pH of which may be from about 2.5 to
about 1.5, from about 2.3 to about 1.6, from about 2.1 to about 1.7, from about
1.9 to about 1.8, or about 1.8.

To facilitate accurate and controlled removal of the spindle body from the cell, the
internal diameter of the needle is important. If it is too large, the volume of
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sequence are inportant for the efficiency and hence
the success in somatic cell nuclear transfer in

wao et es. 1. Cell Enucl eation The present PCWEGL000000207

provides a nethod for cell enugleation, conprising
renoval of the spindle body with a m nimal anount of
cytbplasas nerhoeed audag leriuclestivap had econsaimitamt chibalar damage will be

8%@5‘]“% n?u‘ﬁfeto f rﬁgll a{He gﬁnb%%taygﬁé Hﬁﬁ&,ﬂpﬁ H8pirate: the spindle

visuall Zation O
gizads e@rmahy ab@gt&(ﬂ@nmabﬁbe lut@%al |d¢@§e?erﬁacﬁ the digedipgnay be the

Bﬁﬁn% §|Eénona§ Ityg%féaké?'slﬁ élf@@hé@%’é sEf’r’?dlé %8 taH) if required, the

out 6% | ess

es an _abou
Relanmagg.in 15,20nBaelIE: an bR nesAe ek h en%@naw&ma@éameter of
from §§§utt$paﬁ t@%@bt QOF% Gfort labogvnpml t@saibcrm;QE}pwn from about 5pm

ot aey s, Yo pum (R L B0 Bt b 10w or

fronnabeuﬂ\lﬁ;hmdoqttomt Svheissusér tc aekpirate the spindledodynizgom the cell.

Rb'ﬁg %Ilgﬂq%/eﬂgya R6n.! eSI%[R% eﬁeécﬂéogﬁ&; fﬁﬁl/é e{ihﬁin?%mﬁl diameter of

orne zona ida o
freauiabew Guem ke ﬁbﬁbﬂ @umds peed ;t@tasgrraueﬂh@ §Pindie baty frgm the cell.

By  bEreAuRHa G AckAten Kesaotiister VeumbralS selism t

gheuPrésranm inﬁ/énmrabawm provides Eﬁb(methaﬂmfort fp{%drr?n(ag?uan activated
u

Ry B R e Bte gt PR R Ao B Bi P8 11 N0 oy

be nade @y caltyringppr rgmna’trecteldevmw)ratﬁ celhyen aaperiachet time after

permtti ng&ﬁf&dﬁcﬂbﬁ é’rcﬁido?nn@cfl b &oZHRA r@&bie‘r‘u@'é@l which is

Such net hods may I nc € zona g usi n Cl
sol uti ons, syfiiiems fat; H‘eryf%’ﬂ%? 53“5013 tm?n PR@@F urec? condensed

0. 8g/ 100 chifrhosdhm@3@0imdle; CaCl 2 2H20,
0. 0249/ 100m ; MgCl 2 6H20, 0.01g/1 00m ; gl ucose,

0. 1g/ 100nd applbing/ainghstyonetiedtiival pilg)to the prcctBtiuptedosell;
| aser, or may include nmechanical neans, such as

per f ?L até, Oeumﬂ.@tﬁém:aﬁ@ﬁuaea Qielﬁ@r* é‘@bﬁo@@ﬁYn’f@ﬁ!ﬂ’ﬁ@bnt to allow
or o er a

by zona dr %LI & et?{@nﬁg?(ﬁeq?)’%z@”% %9]&9 rl?ﬁﬁ/ %@ 3513

of which may be fromabout 2.5 to about 1.5, from
about 2.3 tieatinguthel reconstpiateshoembyol With a#olgast. pne chemical
from about gdtjhthp about 1.8, or about 1.8.

The reconstructed cell may be produced by introducing a donor vertebrate
nucleus into an enucleated cell.

The amount of time required after introduction of the donor nucleus to the
recipient cell for the prematured condensed chromosome and spindle to form
may vary from cell type to cell type and/or from species to species. In order to
allow sufficient time for the prematured condensed chromosome and spindle to
form, the cell may require culturing for from about 0.5 hours to about 10 hours,
from about 1 hour to about 8 hours, from about 1.25 hours to about 6 hours, from
about 1.5 hours to about 4 hours, from about 1.75 hours to about 3 hours, or
about 2 hours after introduction of the donor nucleus to the recipient cell.

The at least one electrical pulse may be a direct current pulse, and may be
applied at from about 50V/mm to about 300V/mm, from about 75V/mm to about
250V/mm, from about 100V/mm to about 225V/mm, from about 125V/mm to
about 200V/mm, from about 130V/mm to about 180V/mm, from about 135V/mm
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To_ facilitate accurate and controll ed renoval of the
spi ndl e body fromthe cell, the internal diameter of

wo b@snesed e is inportant. If it is too |arge, PEESG2004/000207

vol une of cyt opl asm r enoved durli)ng enucl eation, and
concomi tant cellular damage wi be excessive. But if
too@bsutl 170\l/htm,s fromd| abowly 1H&Vdinf i toulabout HPY/rane:from about

Aﬂgﬁ/gﬁﬁg Soﬁ’c %%Vﬁ‘grﬂorﬂﬂoﬁt QBQerr?\)Qr@HI:PghEH% the reconstructed

amat er dle ma same
@mbgya. g'lﬁhe;duga’@m of thenat|east pnarpttlweogsirﬁaﬁ %urﬁ%mymame applied

fr?fé 58 it Bflfr gvhhesggﬂﬁt) RELabsut 1E0,%0 ﬂh@nﬁ)%ibbu@lzaﬁs talm)out 90us,

e T et L 3 S ATELEL P RO bt 40,0

l@bﬁl%utm\@ Cfr@htcébodclmﬁnslfd am)uﬁ)ﬁﬂms 50xn’abou1a50;m$ TBvonpulses of
0. ahouyt r

LET B AT R, TR S8 TERYSREEEY o t s

186V fowhlfor ffom atemd|4@sde aboub6bps esphked needl e, and

may have an internal diameter of from about 6mmto

7 g“écmeégﬁ‘lnbf Sims g6r tife asfli mahtbrahe tepravdiver My theoat least one

Pr od t f .
clecirion) ausoamad vare Tcesl S dhe sl ML oS, fifim, species to
di@@l fHI!Sw@\reTrdlaSIang;uaie dntordet tal allewothst celbrrwnbrane to recover

ﬁe” 8 BatCabe sLATTMINE (60T Ry Be, il Yot O about 10

afinutes ito abodti20 inenraffremahash 3P mintes ® abowhEd hours, from about

ﬁﬁ%lﬂhﬁétto%dut \‘l’g H?ﬂjré sirswfdddet 20tminated featbautrartoues) from about
e prenature

L e e ST Cotoghied COTERSE. sl TS, from abou
W?tg: él%lﬁgt? ?’?gkso f@rt fldrtdtidulft:czlﬂ gouisea{t?c glp}lslléc\rleil:nﬂgdcgel electrical

r BH@" /‘l%ot %Elﬁ%?”‘?‘r%ﬁﬁ?’ﬁﬁ é?é’é\fm{”&al pul se; and d.
D A ST L, Ty Gt i o
e&%c%dmm'd&ﬁ@ﬂ# i Rheaficdl activarirrfor sufficiériutime to activate
I oo LS50 i FAE A S, 8 e chemica

eeﬁ\ygno_f:nt cell for the prematured condensed chronbsone
and spindle to formmay vary fromcell type to cell

I?%Ie&@@/ﬁﬁblt IsIr 8%& %%Cihéscﬁé}ﬂﬁ:ﬁﬁ‘ébﬁ@atof fbd?fdéﬁ[rah@n@ldf @thanol for

@ﬁﬁ@f@bw@yg}ﬁj rggq 13 1[P V/?lggrﬁ%qxﬁ gﬁf' \9{? n’rﬁg@ ?té‘?ﬂ} 2%vlv to about
QabAw | fiemf sisodtr3veviaioudbdut AWk sfrom abouit 4%/ hisuakout 20%v/v,

from about 5%v/v to about 10%v/v, from about 6%v/v to about 9%v/v, from about
6%vV/v to about 8%v/v, or about 7%V/v.

Where ionomycin is used as the chemical activator, concentrations of ionomycin
for activation may be from about 0.5uM to about 50uM, from about 1pM to about
40pM, from about 1.5uM to about 30uM, from about 2uM to about 20uM, from
about 2.5uM to about 10uM, from about 3pM to about 9uM, from about 3.5uM to
about 8uM, from about 4uM to about 7uM, from about 4.5pM to about 6uM, or
about 5pM.

The amount of time that cells are exposed to the chemical activator can also be
modified to provide additional control over the activation process. The cells may
be exposed to the chemical activator for between about 1 minute and about 30
minutes, between about 1.5 minutes and about 20 minutes, between about 2
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from about 1 hour to about 8 hours, from about 1.25
hours to about 6 hours, fromabout 1.5 hours to about

W@ 2006100524 from about 1.75 hours to about 3 houPGT/SG2004/000207

about 2 hours after introductiion of the donor nucl eus
to the recipient cell. The at feast one el ectrica
mirutes amg dbeut 18imiactes; befveern phoule?. Sanidutasyamgeabout 12 minutes,

ée‘ﬁ utf§ ML?[ 4hd Otr?i eyt e’i%gﬁrgﬁouft rfi%mutes and
2

out rom a out

awut9 mmmﬁetwe@maép@@@ﬂ mptesAnd abaﬁfo%mlnw@w hﬁﬁween about 4

§‘%Htat§é’t@\ﬂ Fmtes absiiechSDEuI nifiias aip@udbout 6 minutes, or
%o about 170/ mm from about 140V/ nmm to about

MM about 145V/ nmto about 155V/nmm, or
about 150V/ mm are applied to the reconstruct ed enbryo.
THeere wthana ordpnemyciatis lusedtasothe ghamisabactiyater; the réconstructed

Al FEYD {28 Wi bbS %R//\ﬁeﬂ%hbp&r Aot Wyéﬂﬂ'@r about 4
eell b hegaten Wity ot o

25ns to about from
isnaRautIominutes éMB‘GP"BB'érFﬁ'nUFEFSom about 35ms to about
70nms, from about 40nms to about 60ns, from about 45ns
tro oadheruto FrapEveothealiselinasoinef stiaeessills setivation; teet ploidy of the

g@gﬁvﬂhc@?ycemes%gg%n né@e%lﬂﬁ%n R sftélﬂlﬁa'%fb‘i’#%f microtubule

o abo or from about 40ns
polymesigation Tise adwautagesius: ifae Pisveptieg ci1e RRRAYFUCR: ?{) multiple

Rfrﬁl\éﬁﬂf tﬂé@éb} Hfélﬁbldl@%brréaﬁpléio%ﬁtThl@aéarpbé%\%th by culturing
r
i Sobufbet Plaii. Hbilzge” Fiejg RbitFeTs Afe RIS Y i fiteand may

trﬁ:lddtd:r&bl’oémmpltaoarrarr?wtebufermmmbesac? leaytoahatasin B, nocodazole,
[ic f .

SR e, S RGBSt S 9 Sor S8, oo =
profeine kinaseabichibitas sushr @5 B-dimeihyamimepurineut(BMAR); a protem
?WHES%%HFB%F suEﬁoe@ Hﬁ% $hidE: rb\"p%%rﬁcﬂ @ﬁ@#&u&h‘é@rﬁhorbol 12-

6 hours, from about
migtaie 1303%@@(%/"?\)3&"% aﬁsr'gﬁfgﬁbout 1 hour to about 3
hours, or for about 2 hours after application of the
@bentpirm\tmtherjddehhooqbprf suceessful @astnnemn vthe isell sbhwlgh ke cultured with

?ﬁ:é n%l\é?ogg%tabﬂ_%%aéﬁ@ggtt %Ytéér:becglgﬁgﬁru Fléﬁk %rm?‘uon and should
h@demvgd ipereaftay tvmeal&h%ﬁoe%ﬂ ea&rﬁt dyt%?n takes place.

sufficient time to activate the cell, foll owed by
Washbj the tiethoelfor prdducing poractivetidireabestiidiedf verbeorate cell may

%E@Eoﬁris}g l;xly@{ngtﬁe\%%gte%t Héﬁaﬁélru& %%ﬂ n‘f"ﬁ]é ?l%sence of at least

_ 1 concentratrons o
aoeipleidy stabifigerbe from about 1%/v to about 50%/ v,
from about 2%/v to about 40%/v, from about 3%/v to
FheutoéBftrationt obrplaidgustabifeer requiskduwill2@epénd on the stabilizer

selected.

For example, where cytochalasin B is used as a ploidy stabilizer, the
concentration of cytochalasin B used may be from about 1ug/ml to about
50ug/ml, from about 1.5ug/ml to about 25ug/ml, from about 2ug/ml to about
20ug/ml, from about 2ug/ml to about 15ug/ml, from about 2.5ug/ml to about
10ug/ml, from about 3pg/ml to about 9ug/ml, from about 3.5ug/ml to about
8pg/ml, from about 4pg/ml to about 7pg/ml, from about 4.5ug/ml to about 6pg/mi,
or about 5pg/ml.

Where cycloheximide is used as a ploidy stabilizer, the concentration of
cycloheximide used may be from about 1ug/ml to about 100pg/ml, from about



10

15

20

25

30

from about 5%/v to about 10%/v, from about 6%/v to
about 9%/v, from about 6%/v to about 8%/v, or about
wQq 2050056%er e i ononycin is used as the cheni caPCT/SG2004/000207
activator, concentrations of ygnonycin for activation
may be from about 0.5mMM to about 50mM from about 1nM
2)09/at) doitaboQ &0 pd/ind nframoakout . Fgimi to ab@u&4@®ml frersrabout 4pg/ml

@g% f%%gﬁ@% I#EM%@WF‘% 14 anaftré‘ﬂ?xo%out 6ug/mi to
alamuﬂ&m{ml,ffr@mmm L@V tcoakeidy Gp;gm &'@@@%Lﬁug/m?to about
@Mnma%m@ Ymicto a8t 2pgivhl, Bhebaooidig/ail. ti e

cell's are exposed to the chenical activator can

?h%?ggc?n St kdd 8dil Hoa e)pb8vd,.ﬁﬁr@cfi%ﬁﬂ' %?é 1A bhe! 5plS’\‘J?rstablhzer for

1 On "proces be exp
eanpbe\mﬂmbptm@ytovimlasslnf%an@@w!@é!ﬁxwéat 1 minute and
about 30 m nutes, between about 1.5 m nutes and about
2Re mémﬁﬁmctéwb@kmyalb@utJItli’msUnmtm;h@ptd)ldr,bsiab|lﬂz§r for from about 1

Aol 2R s MLFS B, m, abowt 25
betrsetoralkzdudutt BoBrsyifrom edouhd havatto abeud dﬂebourﬁetfmmout 3.5
ﬁ&?r‘étto atg&gu’h’gﬁoé&d ft%kﬁ?‘é oﬁt 7 i€ o Q)”h@l.*?r%mfrof‘n about 4.5

bet ween m nut es
aﬂwsé@@houg 8rhawis é@rfrqm %éhﬁ h@Uﬁﬁ" FRJ@%%U" G/\h%lﬂré et hanol

or iononycin is used as the chem cal activator, the
22conRecipientiCellsl nay be treated with about T/ v
et hanol or about 5nMiononycin for about 4 to about 7

%Biﬁéﬁ cdll¥FbE abé ¥n %@%N'E%roééd@é@lﬁf the pregumvsvérition may be
t he ploidy of the

?@%éngﬁt%ﬁd'nEEﬁdl'negia%?Wﬁg%{%@ I'ré)oga’yﬁeesd | nhi bition or

stabilization of m crotubul e /yrrerlsatlon i s
3

foeyiesepobe isalatedfvre avidvgts Wéd F e¥ades ehiney ongdeesanegd animals

Bg%ﬁ}gﬂcﬁél ’reéé\%rf Yodéﬂu?é@bﬂtraﬂsw ﬁﬁ@oc@ié’t&!&bve%r@ceduras well
ng Béwlntece wth a ploidy

KWQ\M‘I'” Ccapg ﬁ?'ei' rs are known in the art,

and may i ncI ude, for exanple: a mcrotubul e inhibi tor

Kunécassanyt cotyiénson B2 maltiserdol @ vasishe bl anediaowell known to a

E@ s‘b‘ﬁ"bfjord'i‘né?ycél{‘m P e ol %{ﬁ'd' S be THIAD ré§ervé@rand then thawed

rotein kinase’inhibltqor such
eemrﬁmlﬁymarﬁhﬁogwtﬁ% in pRAgEYyation phedidin, Qﬁm '“38 of an oocyte
Maw.@tbﬁr rﬁ@mbnﬂ%mqh@lbaél msleculas piivitbekrees t @dcyde c maturation.

ho tate 13:acetat PMA) . . Or . .
ERuRaaratan PracedrEPR e Pl i Snhrabs e vl kg iy the art as
disicugsed harein.he cell should be cultured with
The recipient cell may be from any vertebrate, including mammals selected from

the group consisting of human, non-human primate, mice, cattle, sheep, goats,
horses, rabbits, birds, cats and dogs. More typically, the vertebrate is human, or

non-human primate. Even more typically, the vertebrate is non-human primate.

2.3 Donor Nucleus

The donor nucleus may be any suitable somatic cell nucleus, including a cumulus
cell nucleus or fibroblast cell nucleus, and may be from a quiescent somatic cell
in the GO or G1 phase.

The donor cell may be from any vertebrate, including mammals selected from the

group consisting of human, non-human primate, mice, cattle, sheep, goats,
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the ploidy stabilizer at |east after activation until
pronucl eus formati on, and should be renoved

wo beseafoeer, typically before the first divisiPCI/sae$000207
pl ace. Thus the mat hod f or py 9 duci ng an activated
reconst L?E vert ra e cel

hqipesria rd;ctcp fR dpgémg\g?rl%té/al Sﬂg,e% erfqeq{%te is human, or
AURAGRER Jﬁlmé‘ﬂe |BaAS meRe HiJiAINY thid wartdura®y is n'Ehﬁhuman primate.

concentr on of ploidy stabilizer required wll

depenpd on the abi | i zer elect wh

EghabR somemns IHe Sl M TRE b SRR RId, e ©

concentration of ochal asin B used nay be from about

Arﬂycmartdﬂrmm@dl %Uﬁg/rﬁplplﬂﬂtd?ﬁcéﬁﬁ)gﬁn P@ﬁgff?ﬂn the saspespecies or
out 2’s %n@gl g%a U Qe H@n@\%@tplé’rﬂﬁgdd‘d ef rc@l’t’lbmatlons are

@WP”Q@ /the 'HY%'%;EEER?%FA Gh a8 J@{slpﬁg%cry%f Mgy, be from
t%@oﬁém% BBH(S] of FréotHe &ﬁg{dﬂspebie@mcabestspémsnhuclear transfer

Bﬂ'tﬂuégg‘;arﬂ bevM@Fsab@’cPW 'gb {j 'ﬁ@%ég g@%é?q engéngered or

ettimet.l i zer, the concentration of cycl ohexi m de used

mta)y bg f;%m about 1ng/ m to about 100nmg/ M, from

about 2ng/ nl to about 50 from about 3

@plbsiforameginthe me’@@ggmﬁng @ﬁ%s;ernt inye |88dpag%>ﬁgs,mc?1romsed within

5 rsgmeaa@gb JPeé Gkl byclabana aBeuY60%, abbah7a%g ot eey/arout 90% of

kbRl i€ BB b b A0 of BBLA] k.
tyclebtuge diné distinguished ity refatyerdell streas abras b)a 6t\@cﬂ|ety of cell

W
Epbko T Yu ptbbd, S TR g D R0 bRk Ko symcfronized by
ayrestigstion Ge., aells ar@crmwu\ﬁrdﬂag)swl %é‘!ﬂcr‘ﬁﬁxﬁt@@e emhqﬁ leycle.

wWth the ploidy stabilizer for fromabout 1 hour to

ﬂbr%’éle%rodaﬁé'ﬁ ﬁ1ayf béﬂhj@@féél |rﬁo hﬁé‘ r(.‘;ytdp]ag’ﬂocbﬁ ad®duyte.s, This direct

t
M@ﬁt PRBaEk 'wﬂ@bﬁ@wg f Po"i‘npgfﬁﬂﬂ Oﬁaﬁd'ﬂ%ﬁ)’r §'?F$H3B%Lﬂ” For a
&%editqwe%tlofrn] @@m@mﬂmo Adudiesir sansfernEowholEOcélbmay, be injected into an
abo our,s
980’@808{ aétel:m}wg y, gﬁ%&g pllgél% e%Cerﬁfﬂ ! ogélf‘h%éﬁ {oé |Hﬁéfe%| into an
bocytas SLich arhisoBtad npcl@ueduasebe@wmé pd bywclear membrane only,
bPﬁ%ﬁ%&&eWu&@u@Wa et &Pﬂr&ﬂ)ﬁ(ﬁid b 'ﬁlﬁ&lé&* H@n%}éﬁé%d plasma

es can e 1 SO rom
FRbiansy Y PBY. PPPTIPE. orﬂ\meeﬁﬁt@emaé(né%?@-ﬂ‘eat% '§"8hRance the

strength of its plasma membrane, such as by incubating the oocyte in sucrose
prior to injection of a nuclear donor.

The donor nucleus may be introduced into the enucleated oocyte by direct
injection, and may be introduced into the enucleated oocyte by direct injection of
the whole donor cell into the oocyte.

Alternatively, the donor nucleus may be introduced into the enucleated oocyte by
electrofusion of the enucleated oocyte with the donor cell.

A nuclear donor can also be placed into the perivitelline space of an oocyte for
translocation into the oocyte. Techniques for placing a nuclear donor into the
perivitelline space of an enucleated oocyte are well known in the art.

At least a portion of plasma membrane from a nuclear donor and recipient oocyte
can be fused together by utilizing techniques well known in the art, and described
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by ovi ductal recovery procedures or transvagi na
oocyte recovery procedures well known in the art and

waele®sinidsed herein. |If necessary, oocytes can bECTYG204000207

in a variety of nedia well kn to a person of
ordinary skill in the art, and may be cryopreserved
ianfortéramplb aWaitadseihof1©8p) aldatnge t320:G50651 bereby incorporated herein

n._ned f
(B TR o0 TRAGA, Fofl @R PR SaMHid et Bactnor by
elacinicat eloghengicpbmeaser vat i on procedures for cells and
enbryos are well known in the art as di scussed herein.
Pheesees foreiisiorethat ramy riue éxphnﬁlyr@rsmtadkhaem can be determined
|ncI d' n%ugoﬁgﬁéﬁfg%ﬁ ?l%h:?elf-'&?nr%gea%l %Bdlﬁeﬁﬁdr%t 1t89¢cell fusion
@chnmueambe mabldsolteed fai theis, efélaue@cwhy Wieydng NBe edegree of cell
fu)éFH %Hg%é '?ﬁc?b%"cb?@rat’r?le' fo dﬁﬁ@‘en% BOBak4ABA be cloned and

|caIIy,

rate.l .
ontifiedvas BrotRatent STHIY RN Mtk e‘m@%m?fﬁ%ar@u@h'ch can
ifRM dRseaf3Yob Héleatibfe ARiMRErsCarkib te@tylfoedévelbf)iﬂglm aginzal.
cunul us cell nucleus or fibroblast cell nucleus, and
may be froma quiescent somatic cell in the Glor Gl
Ahgpieal fitethatbfior proelucingagn tEctivated wopnstititesh vartebrate cell by the

hRAIAHL HAnEUIITR IRRRRNGE ACiTBdde Of oub cons! Sting
uman, non- human Imate, mce, cattl e, sheep,
goat S, hor ses, rabbi ts bi rds,

cat
yiolaezed lighthmicreseamt aysens 'Shﬁ?ﬁfi log eﬁlégorhmgaﬁresence and the
Béélﬂ@ﬁ of tl@’@ﬁmﬂﬂ!@f ay IMIC@bbyte tA@dVBjrb@@BastoﬁJtlm (pH=1.8) is used

cyte

udeadluertag Z0BeebFRimeccrgrfopomal REh B (GRG0 grpum: hote
A58 une); i fimatint aonory—tsmkxednnaedlee(llf)r @ Qo) darusespter iaspirate the

f , 0
S5i0lecwBb T Rer §ERent "M HEeE Soly AR ebT AUl Hiout 0.1-0.5% of
fftreewhalel exoytelonor and reci pi ent oocyte may be fromthe
same genus, or fromthe sanme species. Cross-species

E Hebf,aﬁsfer techni ques can be utilized to produce

, nal s that are endangered or extinct. Cells
f o usa\i n| the nethods of the present invention may be
syincheohi sed within a same stage of the cell cycle,
A abgyt H50% about 70% or even about 90% of cells

eeer e gardle Gy PoCOTERLRARRE One ~20°

hed by relatlve ceII size as well as by a
cell

b. Drill a small hole in convenient position using acid

C. Minimum ooplasm is taken out using non-spiked
enucleation needle.

The somatic cell is subsequently introduced into the enucleated oocyte by direct
injection or by electro-fusion.

(2) Activation:

a. Direct current is applied to pulse the reconstructed eggs
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mar kers and nmet hods well known in the art. Cells may
be synchroni zed by arresting them (i.e., cells are not

walpaosaozeed in a discrete stage of the cell cycP@r/Sé2004/000207

nucl ear donor may be injected i5nto t he cytoplasm of an
oocyte. This direct injection approach is well known
bo a AppsoimafelpRuilatar,yexprisute fonchdmical activeder (&.@li ebenol or

i nj ecfoin?m@?pggp?ﬁ?ﬁt% Rlas! ear transfer, a whole cell

may be 0 an oocyte, or alternatively, a
aucl eGulturoihgtregonstiuies enabiyoray abeut b dxmediymvithan

oocyt ycloHeRinie lah@l AicchadMiih ®ICX®BR) be surrounded by
nucl eaf menbrane only, or the isolated nucl eus may be

T B 3 EHAT o SRR e st

gﬁthai‘lmt fcherest t(@]].gﬂﬁ@ﬁ/n’m’_nsZpUlaeﬁb afertabooé anstiwr 24s culture, the
in : . .

ok SR R0 BBBI R 5M S350 15 a1 4R ol

imeultueceddium supplemanted avthetiO aigéy of syclahexdptide and 5 pg/ml of

E@bgﬁéﬂagmﬂmr{[&y be introduced into the enucleated

oocyt e

( y direct injection of the whole donor cell
into the oocyte. Alternativel t he _donor . nucl

BECRIRNITG 2, a1 Nenion phecpRPB dRUS JRi Hige i) Producing ah activated
ﬁécﬁﬁisti’fgﬁé@ iplﬁfheﬂé gbhmwmhpﬁwmmﬁﬂgd auoleah DN/e. titottified nuclear
. uc onor .
EBIA n i h 5 Rt gt A 8L Bt wich may
pravide lze benefjtial. of adiantagesus ahepoiipin gesuthir teayresultant cell(s),
AR WHIER id JSPY:HEé Wetneé)kﬂrﬁ%éd’ B¢ Catd/oP Bofates ik editured cell(s),
oocyte are wel nown in'the art: At least a portio
end s d¥pigalie atRalyrertideneradikazyaie- d dher regrmb tp‘?rQHPCt may be
%955&@5%8%‘ a_b&ofo%&%‘lj fllRost fisylebyThE MddifietntelelnDMesomprises at
I knovw in the art, d describedin, for ﬁxang'le .
lRast ang Aiherighd Secisnie dnalRRMEAINGHON 8 A RAUIAIOTY Blefrient, typically
sBleetabrfedrad ter gioupbyonsikstingno promdter, eehhaetsr, insulator, and
T%(@l calrl y, lipid nmenbranes can be fused together by
EFRIEPY'cal or chenical neans. Processes for fusion
that are not explicitly discussed herein can be )
Recomtiimant WNAdechnigiae asepavalinkrowni sh theoarteaadpmay include

Mrﬁﬁ%?:%imﬂ Eﬁ%ﬁ?&{de freph hoteE Bk GBIaSMC o PRIrget nuclear DNA,

6PISBE] o1, OT GAPTAANA SEGHRACES JEss (orERe oGS (g 2 introducing
QB ¥ it Mn? nlﬂ.ﬁaﬂdnlw%ﬁ.ganéiteﬁ-ldﬁecﬂeﬂi euitations) into target nuclear
VAR SO0 S TRl M0 b4, b B ppar DNA o
nesmalian mdls elrepivelkeowarto reapersant giporcinaneskiibin therart, and are
@&ggﬁﬁédqgn,a%ragiéﬁﬁﬁfe?d%%%ﬁﬁt EloHisy wersshessp mehlar @™ Ed.,
1989, Sambrook, Fritsch, and Maniatis, Cold Spring Harbor Laboratory Press);
U.S. Pat. No. 5,612,205, “Homologous Recombination in Mammalian Cells,” Kay
et al., issued Mar. 18, 1997; PCT publication WO 93/22432, “Method for
Identifying Transgenic Pre-Implantation Embryos”; and WO 98/16630, Piedrahita
& Bazer, published Apr. 23, 1998, “Methods for the Generation of Primordial
Germ Cells and Transgenic Animal Species,” each of which is incorporated
herein by reference in its entirety.

Advantageously, use of such recombinant techniques can result in transgenic
cells, embryos, fetuses, or animals in which one or more genes have been
“knocked out”, in which said gene(s) is/are no longer expressed in a functional
manner.
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met hods of the present invention is as follows. A
pol arized |ight m croscopy systemis used to check for

w0 b@spowsence and the position of the spindl e PET/8G2004/000207

oocyte. Acid Tyrode's solution (pH=1l .8) is used to

di ssol ve the zona pel |l uci da trol create a small opening
8needPlurifbtentShotipotend Gdlls 5-8nm) ; finally, a

non- spi ked needle (ID: 8-10mm) is used to aspirate the
$herpresenii invention migo peplidesriotipeéentopraplugigptant cells lsolated from

Eétﬁ}afté'& ‘?chﬁst Ht v&iegjrgté%l@sf Wﬁ@re%%bﬁj eery fe dbtdined by the
AUC

eat| on: spi ndl e using pol arized |ight
W%Ofﬁbﬁ'PYe'H‘%\ml | hole in convenient

g‘ﬁs%' 0GB AP HRERRR RS wflflalin o verioty of
mmansels e glieatinyentivrr oelatesdto mianacheelimibakatied fsopyatk least one
%?I%F Shsfep) €ction or by el ectro-fusion. (2)

|va ron:” ‘a. Direct current is applled to pul se the

liotenenlis arS cermbiaris Bl rsTa fiafh ot e Galsry Era o geted  cel
Imiutfceahby rthe. méthddsr ef tie u:\‘mrmumt |the$@dgayrtqulsfaggregated and
y |
WP YRGS DD I ORI B BN S8 cols o
ehrmry@mo rfemdikeecelisocThe enbryenicvsieaycelis pamibeederived from early
I;Htfrgﬁ urﬁér‘?f@% %%Igﬁoc?ﬁ@té EmiéE Meteds f@ﬁﬁ’r‘o@@bmg cultured

e reconst enbryo is treated with
¢%WV°@PW§H%F3WWF’ Ahewn ig 'ﬂ?ﬁ‘ then cultured in
cul ture nmedi um suppl enented with 10 ng/nml of
tfyernbhyesi aiedallawed %o rgvalopointe y teduslimsiterogcelis ignated from that

t
SRS AT ol b i s o
ﬁb;nbiaﬁmeﬂlg@anm wilizgd do establispqulturggdealSed nucl ear

DNA i ncl udes a DNA seguence t hat encodes a reconbi nant
@lok plusipoténtnarytotipoteint eclis besidfing fraim ouckeav dranstarozan also be

\?ﬁq\er@ﬁﬁlégéocp{/ ;%dﬁreé @aﬁ?@!'tﬁ%ﬁ@gcﬁ@ é{fb Q%Q?tﬂér manipulation
methods lincludel Iﬁe\Ylthsf}Ultuéi@uchP§e?e%ﬂ§|, mﬂo}?ﬂwqa&ﬁg}cwgtim{@sfer into a
Hratlridl FREBht; IRRguRETRigNBIRIstdhed4Clor MRYCIES transfer processes;
disaggregating blastomeres or inner cell mass cells for establishing cell lines for
use in nuclear ftransfer procedures; embryo splitting procedures; embryo
aggregating procedures; embryo sexing procedures; and embryo biopsying
procedures. The exemplary manipulation procedures are not meant to be limiting
and the invention relates to any embryo manipulation procedure known in the art.

4. Cloned Vertebrates and Methods Therefor

According to another embodiment of the invention, there is provided a method for
generating a cloned vertebrate, said method comprising implanting an activated
reconstructed vertebrate cell produced by a method of the invention into a
compatible host uterus.

The invention will now be described in greater detail by reference to specific
Examples, which should not be construed as in any way limiting the scope of the
invention.
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expressed in a biological fluid or tissue. The
nodi fi ed nucl ear DNA conprises at | east one ot her DNA

W@ emseoesed t hat can function as a regul atory el POESG2004/000207

typically selected fromthe gryoup consi sting of
pronot er, enhancer, insulator, ‘and repressor.
Reconbi nant DNA t echni quesEXAMREES known in the art,

q AR5 .éﬁ‘&ll\)l‘éjt oidg‘serti ng a DNA sequence from anot her
%%nrmﬁo—&rget nucl ear DNA, del eting one or nore

gguences fromtarget nuclear DNA and introducing
one or nore base nutations (e.g., site-directed

%téféﬁ%gﬁl?}n@n@algﬁé@ ;Néadawﬁga(m. Db@_eicbl@ribp@b@igﬁuwg b%ﬁd/lfen 2.0 and
. A all . § .

35 anwais ERdeeRvalalS K fHie i by R Wit REhe RS singapore.
Mdi‘ih@?éwﬂiéi képt Im tihisoldiny, eacidsareepres to ibeirdy ihousédrin individual
exa . e, ecul. 0 °
EA6EB 15 bR Sh b Blad P e, B FRRAEE P BRIl A8 b 26°C anc
$ghi daylight mcgrdajwotreamnytsmeeg;er)adqtroep.im?dvlonkws were fed a mixed
Bk 7, A S ASEBEE RO e M rimerialy vl
pumikeyaghayh and waler2 44k animgt psedares were iappreed by the Animal

Hoz%iﬁgﬁppg lp-fa%ultmtifaMe@'iéiﬁ@H gmﬁbmalsyniwlrgié%\tbf934r@@@ee and the

er, publishe r. , " )
Dlsparabitio ot Sefeainasy. RroTaritan i, REFarch, G Reserves
Birgegesi ¢ Ani mal Speci es, " each of which is

i ncorporated herein by reference in its entirety.
Advant ageousl y, use of such reconbi nant techni ques can

Essablishment anddeultdrecef DonosGall bissuecS@ukces or

animal s in which one or nore genes have been Linocgid) .

&lir bippsyvfiRasineans \yeree (derives/ e i 1¥hgey-okkping ng-tailed

'M‘?cl%\du_%ﬂ@ﬂ/ﬂ Q‘B@éic{ﬁléﬁﬁ)elfett@ls Bh@{émqamt maletliipattaitd Macaque (M.
S resent invention a rovides totipotent

oo GRS By BRI Aok ok B, HFResobe B Ribagues from

N\gﬂ@ﬂﬁdcylaseWerelrembvad.e Emlshscumbieisecellsswiede aseldsaardeonor cells

obt ai nmet hods of the invention. A cell

r %@W%}%%?Qgﬁﬁll ear transfer process may be

mani pul ated in a vari et¥ of manners. The invention

(Esitablishment apdc@uibure of Fileroblast{eells om at | east one

nucl ear transfer. |If the cells are,enhryonic |'s

&kt iigpst sRe@imens: ok dvpshedoins Galicie™ desq Eﬁﬁb@%&%&’% (PBS;

gb{viirbgeﬂﬁéﬁ@g‘ﬁn@%d ihe pisoeant TigBue (hese wele blented onto the bottom

olfsggngerlle%ﬁ‘sth%s ?IQlunc, Denmark) before adding Dulbecco modified Eagle

medium (DMEM; Invitrogen) supplemented with 100 IU/ml of penicillin, 100 mg/ml

of streptomycin (Sigma), and 10% (v/v) fetal bovine serum (FBS; Invitrogen) and

cultured at 37°C in 5% CO,. Tissue pieces were removed using 30G needle (BD)

when cells with fibroblast-like morphology started to migrate out of the tissues.

After reaching 100% confluency, monolayers of cells were disaggregated using

PBS containing 0.15% (w/v) trypsin and 1.8 mM EDTA and passaged two more

times before being frozen in DMEM with 20% FBS and 10% (w/v) dimethyl

sulfoxide (Sigma) and stored in liquid nitrogen.

Fibroblasts Treatments and Flow Cytometric Analysis of the Cell Cycle

The cell cycle comparisons of primary fibroblasts were made between cycling,
serum-starved cells and cells that were cultured to confluency. Cell culture
flasks (75 cm® volume) were plated with frozen/thawed fibroblasts at a
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15

utilized to establish cultured cells, referred to as
enbryonic stemcells or enbryonic stemlike cells. The

weppsyperneL stem cell s can be derived from ear | RCT/SG2004/000207

enbryos, norul ae, and bl ast ocg}%t st age enbryos.

Met hods for produ0|ng cul tured enbryonic cells are

vehderitration ofrl -8 xt0%aells/flaske iftey seaatting J0%v@RPLtapnfluency, cycling
f [ e S

PR VRRo AR Ty Shitfl Hs AiRineB bl PTINE golieWore used as

centrels f@m@maarlmruglérp@éesS and fetal fibroblast cells

can be utilized to establish cultured cells. C oned

Pt @@Nsewerér rb®hi RPHO0Y% @:@hﬂ@erﬁc@suhaltngnfalm@amwlt@afne of the

oL o Sl 15y LS RLF B, i i

DIMEMde 0.506viFBS carliCuiture for anemdgitiongd@r 6rob rdayg (eentuny starvation);

ol T TEET A, Py B0 tonar 2 o 5

dawggcmgﬂel(ngntbb‘amhmﬂm@s or |nner cell mass cells
for establishing cell lines for use in nuclear

Féjg‘ﬁ%f?én péé?l%eﬁjéfﬁeéacrﬁﬁéém%rﬁﬁhéﬁet HREgHFRERsN B8Sdescribed above,

r oce seX
pe&t@amségent%ﬁw SRB BT G JaPRGgPRE %%qn@g iy mi of PBS, and
RN hdiked ml 8l mt bDOolﬁr wowwxﬁ)saaaeom oAftereainieasol e of ethanol

Rl A S AR, AR P 3y ganes i s

Ven’iaﬁhngt(éé"/carﬁﬂv)\/ﬁ'ﬂlmds)(-TB@r O D rmgled oofd RiNpseo Aaratch@P mg/ml of
ﬁgﬁﬁ&gﬂfn&dl&é (g‘@pé”m » 15 MRIe at %7%“'8‘%‘&938 cells s were then

I'hg a ed vertebrate, sal

titbenedi &hrw@gh ﬁpﬁi(&mmrfg'%rhrfmh (Refag $\@'é%ﬁfanﬂ&1anéidanalyzed with an
E?dse |78 flo®eAnal é?Q%%ﬂePMS@\)mér@énl@@ebhﬁ defly @Sttsltlﬁg within the

conpat e host u i nventio
é‘ésgrla&@dé{ ﬂV'gPIE%Stee?T hg[‘ﬁl 1:elb§;yplgf @’P&%C@ITL\ET&‘ ed USifg Winmdi

S/Qr‘skbrf P@B Exsapbie the PMThhistomrach. not be construed as in
any way limting the scope of the invention. EXAMPLES
Materials and Met hods Animals Mature femal e
Long-tail ed Macaques (M fascicularis) weighing
between 2.0 and 2.5 kg were nmade available for this
study by the Wldlife Reserves Singapore. Mnkeys were
kept in a holding enclosure prior to being housed in
i ndi vidual cages in a well ventilated roomw th an
average room tenperature of 28C and
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12h daylight for daily treatnents of gonadotropins.
Monkeys were fed a m xed diet of fresh fruits and

wo egsvaisbes, suppl emented with conmerci al |y aveaT/861004/000207

nonkey chow and water. Al ani g'al procedures were
approved by the Animal Hol di né Unit, Faculty of
Okdrianr8timbikdtiam ahdMacagqeée OQoayte Raopvesye and t he

Depart nent of Veterinary, Conservation and Research,
Ridogidutes fee seperyuGitingapfdhe Lopgttaiied MasaatedhaT Wy IM.Jascicularis)

8ig %jl%&ti&?'déff Fﬂeﬁﬁ%cgfgér f8Se Sdeh RicaReivedPBRVIBIRY (Ng, S. C.,

Vel Mow.aSc o Mg 3¢k & amciFiant BYARGEAiaY 58.1385-1307
gzgmg?)t :asrf%igl\/&?apemg fléfﬁalfim@m?&j%s- w@tmlﬂyperstm?lhlatemmah a GnRH
, ) 0 S
Soeyeb e dhBraRerhl.c ERr B A ey EargniL e fubGhgdis, then
ﬁ@ﬂg@h r@tebhmmmttrf_ou'rclef sﬁmbtatinlgrma ¢F SiEst Gbhalshmépi), Serono,
n e of BIE !
@8(‘8%&’%803%'”%%?‘?@;? 5?%45@* E@% Eéosqg%é ?@@% F8PFtreatment,
huwianr ogkerjoriad ganasedropin o (bC6sesProfagis udSgspaees GRieya) was
ARSI, AARIGELLER Cofytells Yrbsmidues o sthotied
FORIBIE i APEYORRIDC SOliH B BRDERIa (K0t PUPRNGE adiinistration)
ae&/&ni/ ia#:leaitjnlin gﬂﬂ__m(rﬁbdiﬁédsﬂ’yme?rﬁomtimn( Siitmelburing l@tate, and
al,. DO ne ser : . . .
by T B85 D & Pine Rt BE i omred, 15, 228-207
(E077)) SOREIEinY 0.GRD)BSA &THS| ihsani inbulpator @l 3&'C, | $%eCO: in air.

CREIR 9623 8 e, O 8 bonl) i Hnper oxosure to
#erymiicf ayglusgaideae (Sigma. waraipkaces o E@%%ﬁ\é?ﬂo (Vitrolife,

Slaeh) vitde kn8y WaEIRedtan hropesbERA dtV87 WDIre5% WX, until further
before"being frozen in DVEMw th 20% FBS and 10% (w v)

4Pfet hyl sul foxide (Sigm) and stored in liquid
ni trogen. Fibroblasts Treatnents and Fl ow Cytonetric

g:aﬁ(?,} S o& the Cell Cycle The cell cycle conparisons
ﬁﬁ?? ¥§95 obl ast s were made bet ween cycling,

r v .
BRI MRS Spld okl Bofity ol cropiets
pubtafdHWPES fhudiesed t Viweaediupy dbedisul, Aelgium) containing 10pg/ml
gg@g:ﬁg%fsrrﬁ@ ﬁi%@fﬁéknéf UNP, el the/ dihas bottOht aishr @astedls, Butler,

Elandy SEldeclr Molie BEnBuPEREL 8] s, e bl Agidic Tyrode
genttioal (pH=ars casingra Spm PO fesesmade pipette, followed by enucleation
using an 8um I.D. non-spiked homemade pipette to aspirate the second meiotic
spindle under polarized light microscopy (SpindleView, Cambridge Research

Instrument Inc., MA).

Nuclear Transfer. LoTM fresh cumulus and starved fetal skin fibroblast cells, as
well as starved Lion-tailed Macaque (LiTM) adult skin fibroblast cells were used
as donor cells for nuclear transfer. Single donor cells were picked up from ICSI-
100 (Vitrolife, Sweden), 'then directly microinjected into enucleated oocytes
through the opening in the previously “drilled” zona pellucida. 8um and 5pm I.D.
spiked pipettes were respectively used for fibroblast and cumulus cells.

Activation was induced between 2-4 h after cell microinjection by electric pulses
followed about two hours later by treatment with culture medium comprising SuM
ionomycin (Sigma) or 7% ethanol for 5 min. Two consecutive direct current
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O her cells were grown to 100% confl uency and then
allocated to one of the followi ng treatnents before

wheiongofoeked: (a) replacenent of growth nedi unP@i/s62004/000207

DMVEM + 0.5% FBS and cul ture f an additional 2 or 5
days (serum starvation); or (B) changin regul ar
pulees N(1cidi/am, aleppel) véerdagaliviesed dy ad%ﬂ'N &iedll Mandpulgtor 2001

{‘:@é%ﬁfesrﬂ%on%g LHES %oﬁié;ygg télg)girang_F‘Eﬁ bufiefed | h‘né%ﬂum containing

rom’each trea saggregate
te¥cr CBdSigmake, pelleted by centrifugation (5 mn at
130*g), resuspended in 0.5 nm of PBS, and slowy m xed

BCINT Entbivo ©hitGd d, 70% (v/v) ethanol. After at |east
12h of ethanol fixation at 4C, cells were pelleted,

MSS@@NT[ whitgywé twerBBSultwed Bt anauieimi VIPRS (dtrokifieni Sigeden) after

Raiaion abhiheRAT st r & Rl bl Ao, A 8% co2, 5%

G)ZCandSt%%etﬂzceIAfterV\ecte/atlben SGNifeemiDryw ovRfe gutktareﬁlmn IVF-20

lllt%ﬂ‘ll ﬁéch ihZg | nal ¥eRExiMiES ?(ﬂ' 5h, then
B 55

I CS- oW anal yzer Per cent

tranaf@rneg ’@(lr@ﬁdlb\@" Wt #0n aftee V@?ﬂ"‘@g . timesy fdh-E8n br activation,
RO&eAS f8imatith ®ak!cHaskbe bpsie t@é\hﬁéi ﬁi peb-8gLillbratéd miedium G1.2

Tialiea St AHE Rt Abocy T REBNS YR Shadtkand gpansferred
0 ARIdH I GR. Q((Iv’ltcdllfé fﬁwéde@) t Aftérecultvire douandgtheRB-30h, selected 4-
as .t . .
BRSO P IR il Ot e rbaialy

Liow, S. L, Herbert S. & Ch, S. H, Theriogenol ogy

EsnhnesTgsfer and Pregnencyignitesingi ng femal e m)nkeys
were hyperstinulated with a GhRH a orel i

Precavps Jor epdiye jpnserepl regansh, gor& 3mt{r)t4é§| klgeen described
E{g qeson@ NRErtdip! PiL,cLibvet STULAt Hegherr ong Oh, S. H.,
FSH, r@na

Eraberlon) 58,146k TegT- LA, AU A%, BUSKE hERos were

ig,epmnscdmallgmlapw etdatheofallopiah GGhe Rfad asonkeefromowhich oocytes
Vv t
NP Bho VR EAUBL T, BAE S BY Erd Rab i ™ Sl G2.2 and
laapmaieslco#m a8 pretrinsed) self-aasieremboie W@ﬁfee%théfqréiorﬁ@b%d by a 1-
'%/Hh%é E%Uﬁﬂ)ﬁ %ﬁw’@‘feﬁ@}'& He@&?ﬁjﬂ@%é& ?‘féé éré/thé!é? was inserted
e R o g, PR o e
|d§(§By(’i %};}og&gér@héIammﬂls?&feBSﬁtrému%ulaﬂyz&m' 14 days starting
bﬁﬁtﬁﬁaé Prreesanept paeraedrnd gl AfsBlnd with the

@xmme&)fta)wablelgeﬂtamﬁna’nysabmndmewsleeqtgi gma, USA) were
placed in medium I VF-20 (Vitrolife,

Imaging

At different time points following injection and activation, reconstructed oocytes
were processed for immunocytochemical staining to observe cytoskeletal
organization and DNA configuration. Microtubules and DNA were detected as
described previously®. Briefly, the oocytes were permeabilized in modified buffer
M for 20 min, fixed in methanol at -20°C for 10 min and stored in solution at 4°C
for 1-7 days. Fixed oocytes were incubated for 90 min at 38.5°C with 1:300
dilution of anti-a-tubulin antibody (Sigma, USA) in PBS. After several washes,
oocytes were incubated in a blocking solution for 1h at 38.5°C, followed by
incubation with 1:200 dilution of FITC-labeled goat anti-mouse antibody (Sigma,
USA) in PBS. DNA was fluorescently detected by exposure to 50ug/ml of
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Sweden) where they were kept in an incubator at 370C
in 5% CQ2 until further use. SCNT Procedures

wepslesstd on. Reci pient M| oocytes were | 0adeRiCT/SG2004/000207

individually into small droplegts, 5m of HEPES
buf fered I'VF nmedium (Ferticul t, Bel gium containing
p@pidiuin dydide haNAs istail fosi 3Pmin. MICowsAp, insfudese ngnasynune and

ok o LSy ey B2y b Sk oamined
RS weﬁ% cted using a-

geingtlaser-ggamningyonforagmicreasrnyb, Mig

fuplulinvestidRdyenLsseaddapminty cbafoval BiBtdsBopy Aas pekierned using a
gomw(ﬁ@petteto.s|rateétﬁf.sec nd rirelot|c .

geAdaMaR0 erupped wtLBraaTARd HeLREElR) et it g dpuitaneous

Sacttatiodasd FRESesunjligdted tseuomadrylamtibpdies)(Sidina) ead propidium iodide
LoTM fresh cunul us and starved fetal skin

ﬁwsfelar.
8@]%& cells, as well as starved Lion-tail ed

Macaque (Li TM adult skin fibroblast cells were used
Statistical Avalysisf or nucl ear transfer. Single donor

cells were picked up fromICSl- 100 (Vitrolife,

Breulis yvere anpbygediusing the Rearsens CheqHaTRE o8 A Poalg of <0.05

Qa8 opsidehs® s be shRistBEN Signifisahtle previ ously
“drilled" zona pellucida. 8mm and 5mm LD. spi ked

pi pettes were respectively used for fibroblast and
Eurruitus cell's. Activation was induced between 2-4 h
ell mcroinjection by electric pulses foll owed

R TP ot B GRALERSY SCATT Gt e conor
gells Two consecut ive direct currentpulses (1.5kV/cm

B L o Yol 2 B e B 8L 20208 o Long:
taffednesidagues N{L TV N id e Es diGilgns) in SONTyEldsr Yoy laparoscopy.
B ol R 5 SR AR, o5.0% o
(@msas;nm ﬂe;n&iningi BtaIMil oocylbs were atse87i0r wither S%pedomknts) were
SR, ARy VoS o LG e PETnRIBES alfon of e
eougleatec pecyiresvaredRIdeessiBiy mireriniectassyith tbeea fypes of somatic
GBI TGk Loy asa ol o i gitbarmacaque (LT,
MasinePesiogs bpaUIL RN CBRass AT Afeys. pove ADRi§ davs of serum
S dstion, 24B2Yat 86%, aFT%SeNd 4ty yfsthee ffibrotilastsedreamdin G1/GO,
trersapne%tci%lry?dTable 1 shows the results of nuclear formation and first cleavage
after activation using three types of donor cells. Nuclear formation and normal
division of SCNT embryos were not markedly affected by donor cell types, being
similar among the three different types of donor cell: cumulus, fetal fibroblast and
cross-species adult fibroblast. Interestingly, two-nuclei formation rate was
significantly higher in iso-species nuclear transfer (cumulus & fetal skin fibroblast)
then hetero-species nuclear transfer (adult skin fibroblast), and abnormal
divisions were significantly lower in iso-species NT than in hetero-species nuclear

transfer.

Spindle formation in NT embryos (Table 2)

Microtubule assembly and DNA changes of reconstructed oocytes were
examined by fixing at the different time-points after the somatic cells were
introduced into the enucleated oocytes. There was minimal change in somatic



to medium &.2 (Vitrolife, Sweden). After culture for
anot her 28-3Ch, selected 4- 8 cell SCNT enbryos were
w@b@smaseent o reci pi ent oviducts | aparoscopi cal PET/SG2004/000207
Enbryo Transfer and Pregnancy bpnitoring Procedures
ggg eq%£éo transfer of reconstructed enbryos has been
EraNKER0 phigkateRide psergblyswitin, theirste3Qmin after aell amjection. Within
Swolhourslestg rdctivatiorfthe prefaturd éélﬂﬁ&%ﬁo&%fﬁmo?ggnes segregated

ATl BB dam e eabele ples i Famiogitee udlel  Fifyfour

gecanstosttey daoytesivaierd fb@uyaeahmaﬁﬁr_ cen QMj@EZ:ﬁén.gan)h% {(38/54) of
Qpr S e rr qe ym .2 an
E&g‘??‘at el aubpg&?‘%"ﬁs gsdé@ﬁ o8k de g‘?FHP yBepafHEg fondensed

catheter controlled by a 1- cc syringe through a 25g
hypoderm c needle. The tip of the catheter was
inserted 1-cm deep into the oviduct, and enbryos
expel | ed. Luteal phase support was provided by 10ny
progesterone adm ni stered intranuscularly for 14 days
starting on the day of OR Pregnancies were
ascertained by fetal ultrasound with the presence of a
vi abl e gestati onal sac and heart beat46. |Imagi ng At
different tinme points follow ng injection and
activation, reconstructed oocytes were processed for

i mmunocyt ochem cal staining to observe cytoskel et al
organi zati on and DNA configuration. M crotubul es and
DNA were detected as described previously 20. Briefly,
the oocytes were perneabilized in nodified buffer M
for 20 min, fixed in nmethanol at -20 OC for 10 m n and
stored in solution at 4C for 1-7 days. Fixed oocytes
were incubated for 90 mn at 38.5C with 1:300 dilution
of anti- -tubulin antibody (Sigma, USA) in PBS. After
several washes, oocytes were incubated in a bl ocking
solution for 1h at 38.5C, followed by incubation wth
1: 200 dilution of FITC |abel ed goat anti-nouse

anti body (Sigma, USA) in PBS. DNA was fluorescently
detected by exposure to 50nmg/ m of propi di um i odi de DNA
stain for 30mn. Controls included non-inmune and
secondary anti bodi es al one, which did not detect
spindle. Slides were exam ned using | aser-scanni ng
confocal mcroscopy. M crotubul es were detected using
atubul in anti body. Laser-scanning confocal m croscopy
was perfornmed using a Zeiss LSMb00 equi pped with Argon
and Helium Neon | asers for the simnultaneous excitation
of FI TG conjugated secondary anti bodi es (Signa) and
propi di um i odi de
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DNA stain. Statistical Analysis Results were anal yzed
usi ng the Pearson's Chi-squared test. A P val ue of
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and noved towards the two spindle poles thus formng
two nuclei. Fifty-four reconstructed oocytes were

w0 poosdosae4 2h after cell injection. 70.4% (38/ 5B)T/66G2004/000207

somati c cell DNA underwent conggnsation to form

prenmat ur e czn&ensed_Tabl e 1: Efficiency of SCNT in

NEESEIRE M0 Al )oBnieratieyle | agsepablyi oacuned i 618%e487/54) of the
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S Wit ¢ Pefes, . Conlil somali ‘F‘?Htseleie@éed ird@ sparenucleated oocytes
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97.4 155 33.5 11.0a 15.5 a 7.0 25.2 14.8 a 41.3a 18.7

2 2 etal skin 54 52 96.3 44 38.6 15.9 ab 15.9 a 6.8
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v an

bocyt €s snown here are [fess than those—giver—+i-the
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DRBRMES SOME CoRdcAsatRRY (MYmAt REEmEY¥ BEY ] for
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exanml
ﬁ‘&i? @t e t hat—figures vichMmeseRecapiiremm show a
si gni ficant | dohdepsioee,| AbnSmaPadsemiy 9Ni ficantiy 155

di f f er ent flgm P gP.<O. ., but a b i1s not
Si gni fi cant Iy deRPdiP A Noasasmbly,, 1 (p<Q _05)!81 | o4&

U

Long-t ai | ed| Necague; Migaasmbbsséayyari s Li TM = 13.0
LM)@-.;‘ iled ue; 1j;faca silenus T RN =
rew?n'b@!f uct a%%ﬁa.ggusc... SASSAY (pocy: nicrdt@ibul el 16.7

HEafelivbbyesoneidr red i n 68. 5% (37/54) of the
reconstructed enbryos, and 14.8% (8/54) of them forned

Phsgiidni&y olitddthes %r@?ﬁﬁ?}gﬁe gﬁhgferwi th 2 poles.

@ont r ol g%rmtl c cells in I'nNto non-enucl eat ed
Dc{R%s: s BPaohEHEsieAoPmRNVOsp(hdDecsll stappe) wersdiansferred to 31
EoFidis (same maBetilics fildhy AhicH theloddyies wes 'Sc/:ok/%%tégi.' ?Re results of

' [ nsed cr ot ubul senb
%gﬂgrgr? a@%%ﬁ oS d@clyﬁg'@%}’o NOPeePregpaney sate was not

e sy aifestecNdymdbnas seitbtypeni tThe? mehesnded e confirmed by
wiraesisd. Condensation Normal assenbly but inproper 5
9.3 Spindl e chronbsone capture Condensati on Abnor nal

assenbly 17 31.5
Table 3: The results of SCNT embryos transfer*

Donor cell type No. of SCNT| No. of | No. of | Preghancy
emb. transferred | Recipients Pregnancies Rate %

LiTM Adult Fibroblast | 57 18 4 222

LoTM Cumulus 25 9 2 222

LiTM Adult Fibroblast | 3 2 0 0

LoTM Cumulus

LoTM Fetal Fibroblast| 4 2 1 50.0

LoTM Cumulus

TOTAL: 5 93 31 7 22.6

* Pregnancy was confirmed by ultrasound.
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Condensation No assenbly 8 14.8 No Change Abnor mal
assenbly 7 13.0 No Spindle No Change No assenbly 9

wagF/0s56Ipt al oocytes: n=54. Pregnancy out cOneBCEHSGHE04/000207

enbryos transfer On day 3, 93 peconstructed enbryos
(4- ;;1(0 ceI stages) were transferred to 31 LoTM s (sane
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nsfer nor_celrT [Type No. of SCNT No.—of No—of

tr . . .
1rgfgﬁgnancy ¥-0% r angf err ed M ekt s Precﬁﬁanc: es A tS
drecl TM Adu4t 4 oFd4br obl st 57 2.2 LoTM mul us
2 22.2 Li 'ldl\1/l1/£ddl}lt ilbr obl as %é‘ﬁlﬁ%fﬁ’bo LoTM'®urul us *2’5‘
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q?rl 3 31 7({22.6 Pregnancy was confirnmed by
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U trasoun Results D Date F E Donor Cel | 'Bay
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Fi brob. 15 f/

The first cell cycle of SCNT reconstructed embryos

Based on the above data, it appears that the G1/G0 donor nucleus (diploid, 2n)
needs to undergo chromosomal changes as with any other cell undergoing
mitotic division. Hence the DNA of the somatic cell undergoes condensation
(PCC, Pre-matured Condensed Chromosome, 2n) within 2 hours of being
introduced into the oocyte, with the formation of a normal spindle in about 14.8%
of cases. The majority undergo various abnormal changes, including formation of
normal microtubules but improper capture of condensed DNA, formation of an
abnormal spindle, absence of microtubule assembly, absence of DNA
condensation with an abnormal spindle, and even absence of change. Following
activation, with a decline in MPF amongst other signals, mitosis resumes, and the
DNA separates normally, or abnormally. After this, the PCC (2n) decondenses to
chromatin, the nuclear membrane reforms, the cell goes into G1 and S phase,
and the DNA starts to duplicate from 2n to 4n. Culture in cytochalasin B for a few
hours after activation at this stage prevents cleavage which results in haploid (1n)
cells, thus resulting in 2 nuclei about 14-16 hours after activation, seen in 11.1%
of the reconstructed embryos. Multiple and single nuclei are also seen in 9.2%
and 17.2% of cases respectively; the former probably arise from an abnormal
spindle, whilst the latter probably arise from absence of DNA separation or
absence of microtubule formation. In the next cell cycle, in which a normal
spindle reforms, the DNA (4n) re-separates into normal diploid states (2n) or
abnormal aneuploid states, sometimes resulting in severe fragmentation.

In this study, 70.4% of somatic cell DNA underwent condensation following
introduction into enucleated MIl oocytes; microtubules assembled in 68.5% of
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first cell cycle of SCNT reconstructed enbryos Based
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F%E%Hé?rw mﬂ? 1 Qn'r?\/éleﬁqr‘]-kﬁé of dnjactiominte enuelestechpecytes, and
thatdhese reddms&uéfﬁdésl@Nﬂerﬂ%y@fs c%@ﬁr%%uft‘iﬁﬁﬁﬁlbh%ﬁo)ﬁ arfcp?regnancy
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I
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| n severe fragnmentation. In this study, 70.4% of
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=) \gme,n may also be a contrlbutory factor as an optimal medium for SCNT
has not been reported. In fact, our data supports the conventional belief that
incomplete nuclear re-programming is probably the reason for the lack of SCNT-

derived pregnancies in primates.

With the methods of the present invention, we have obtained pregnancies after
transfer of SCNT embryos into recipients. This is the first report of pregnancies in
non-human primate SCNT.
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Nucl ear formation rate in this study was 37.5% though
DNA condensati on and m crotubul e assenbly occur in 70%

w@booseewnst ruct ed enbryos. The first mtotic dPEI/SGTNG000207

of the reconstructed enbryos rz;ulting in equa

nor mal | ooki ng bl astoneres was Seen in 24.7% of our
series. This is higher than formation of nornal
spindles (14.8% as well as formation of 2 normal
nuclei (11.1% . The filndiusialdApplicakilityer ei n

e t - I ; .
U 3 preeftinesfon o iy i I3EBTATTor Sxaffpfe:
ebilc| éxeaetnd inglving heryss of eruisleated egls.rand partisgarly methods
temnﬂwfﬁg tﬁ@ntsé@i@b_bytbﬁ a‘tsm%bmérﬁtdﬁ% lf@%dfvé@&w_ Yr;af ter

nsfer in reci pi en osts.. Nucl ear fornmafion,
Ag el M Vi WOFR’QE‘I\'FQ eﬁﬁ{]wg’nan‘ge Hﬁ@@ﬂ%‘i’f&'gﬁdaf y@itebrate cells,
sendrdésdsrofdhadw amested. were not markedly affected by the

or . as r [, ng the three .
G317 e Faghliotdt of el b Ao BN EPBegic Stem Cels
(EBCoD) fas thesapy adfarcreéatinnoni medelsTor thet study oédisehass.
been no successful live-birth with SCNT in non-human
pri mtes. Wthout wi shing to be bound by theory, we

ostul ate that this due to technical problens such.

Towill %@Qgr%afggpthﬁat%‘wuaﬁ WA arwrcdiraentst ¢fiheinyention have
beeapdesoribed eraipviet the purposetdidiistetionheafe@s eiddifications may

iV ' therefore,.excessive renov of factors , . .
G BA0b Htholf ey aihg RS i SRR AL <GRPE Shind o veBpT a8 defined in
ithe fdlewingaclaimal ; cell injection technique; and

activation nmethods. Culture environment nmay al so be a
contributory factor as an optiml nediumfor SCNT has

not been reported. In fact, our data supports the
conventional belief that inconplete nuclear

re-progranmng i s probably the reason for the | ack of
SCNTderived pregnancies in primtes. Wth the methods

of the present invention, we have obtained pregnancies

after transfer of SCNT enbryos into recipients. This

is the first report of pregnancies in non-hunan

primate SCNT.Industrial Applicability The nethods of

the present invention can be readily used in, for

exanple: (1) Any nethod involving the use of

enucl eated cells, and particularly methods invol ving

the use of oocytes as recipient cells for nuclear

transfer; (2) Any nmethod involving activation of
reconstituted vertebrate cells,
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regardl ess of how created. (3) Production of primate
(human and non- human) Enbryonic Stem Cells (ESCs) for

wo besams2or for creation of nodels for the st urgT/862004/000207

diseases. It will be appreciatgd that, although

speci fic enbodi nents of the invention have been

dSafhsbed herein for the purpose of illustration,

vari ous nodifications my be made w thout deviating

from t heAsmietiidd fordtetlcaneleftionheoimprisivg mmasal dsfftheaghindle body

2 B TRl < BT g B s meivoc
wiorhprisimg nsewl§ patarined lght eyicosicapynfor visualizstion dfrthe spindle body

%ﬁp%ﬂ%n%é}ioﬁet hod conprising use of polarized
I'ght m croscopy for visualization of the spindle

| e body _
dur2ng céhe ef«itdaim 1,whamedn lasstban @boel aimphithe cytoplasm is
WBRIRel fldms Sald@d). about 2% of the cytoplasmis renoved
fromsaid cell. 3. The nmethod of claim2, wherein |ess
t haB. aboThe Hiethbdtdielaiyt D phhasmein kssahan athoutt 1%Tbkthe cytoplasm is
EFFEHBQ/Q of claim1, wherein the cell is an oocyte. 5.

e rrefjhod of claiml1, wherein the cell is a
hod of claim1,

whei n- T8 Teainpaick o dharel hegisie ah PO

met hod of claim1, wherein said cell is an M|
nonShumahhgmethod abstaimel, véherghethemetlde aofertgbaate M|l oocyte.
wherein the cell is an oocyte, and the spindle body is

remgved Theongthod of echklim halieerbir thiectdllrs ahsriraateaMil oocyte.
pel lucida. 9. The nethod of claim8, wherein said

| h ' 5 ; :
ot Fod of A HO8 BRAL 1 PREEen 3Ry bof AEh M nofdfman primate

&rilling using acid Tyrode's solution. 11. The
nmet hod of claim 10, wherein the pH of the acid
Tyr 8de' sThelmethod dfsclainodt whegeinlthe Gileisnan loodytef and the spindle

Yoy FernIEd BiBuBn BeSHAR noRYORREA T b SomabefliagE er

to about 10mmis used to aspir e

SP! Qd e ?ngmét%%@ éfh §afﬁ$|8l, wherein said small hole is from about 5pm to
about 10um.

10.  The method of claim 8, wherein said small hole is made by zona drilling
using acid Tyrode’s solution.

11.  The method of claim 10, wherein the pH of the acid Tyrode’s solution is
about 1.8.

12.  The method of claim 1, wherein a needle having an internal diameter of
about 6um to about 10um is used to aspirate the spindle body from the cell.

13. The method of claim 1, wherein a non-spiked needle is used to aspirate
the spindle body from the cell.

14. A method for production of an activated reconstructed vertebrate cell,
said method comprising:

a. culturing a reconstructed vertebrate cell for a period of time after
introduction of the donor nucleus to the recipient cell which is
sufficient for the formation of the prematured condensed
chromosome and spindle;
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13. The nmethod of claim 1, wherein a non-spi ked needl e
is used to aspirate the spindle body fromthe cell.

wazeoslosset hod for production of an activated PCT/SG2004/000207

reconstructed vertebrate cell,,sSaid nmethod conpri sing:

a. culturing a reconstructed vértebrate cell for a

period db. tiapplyhg at ldast ood eadtical plulsehte thermecomsitiaied cell;
to the recipient cell which is sufficient for the

for nglt i 0%1 Ofcu‘ltlhﬂn@ftﬁ@?blubﬁﬁtrméd&fufleﬁ)tr@rpé:mbaodlifﬁtim@dsufficient to
spindle;b. a i n east ope electric 0 )
the reconst reﬁl@%@eﬂaﬂlme@_ rank F%'chl%'ef fggn}atgggétgf’[ﬁﬁélt%%se, and
cell for a period of time sufficient to allow the cell )
menbr anedt o iteaadingr ther seransirustas emiyp with «; leagh ane chemical

treating thediggs@pstructed enbryo with at | east one
chem cal activator. 15. The nethod of claim 14,

er-gl e UGk e 1o .
1R PO ol "GO BN, By BuEfen i PEAMFRIUOY cell is produced by
inttadusinged dosbr verigbratmpueteus dosm enugleated cell. cl ai m
15, wherein step (a) conprises culturing the

I‘1f6:3 Q‘lh%_tmtéﬂidgﬂoftccﬂbilm ﬂ?roraﬂmm 18, \Ehéltelimbtapt (a3 comprises culturing the
after intr n : .
ectRphRAgH el 1o otk e AT BR0UFY Bolishatet ibfqution of the donor

15, nudleustonthet repipfent ceinpri ses cul turing the
reconstructed cell for about 1 to about 3 hours after

appi7catTiee mbtHdie oftclhianst4d @reclalrecd, adlerginl sep 8. comprises

shtutie 856 serrbelRd polforcaBonl 13 ol Bl iatet ffication of
1305t keashore efgutiicad putset he reconstructed cell for from
about 40 to about 60nms for each pul se. 19. The nethod

of I ‘|F$._ai n‘:’ﬂé‘ r?é’g@d?‘b{]nc@m Vl'hleéleicﬂaiﬁﬁQS,r Qi liéinf ?&éq:tw’hlses of direct
ce s freated w nol ,as che activat or,.

S51ToTh oA 1Bd ABPUE | KSR RePBPYE | TROIMER: pishc SpligR to the
et tenatiuctaxhpell foe $roim ebodutg) tdebowat 60ps foh eadh putse.

medi um conpri si ng about 7%/v ethanol for about 4 to

aboydh 7 Thaw ﬁod?e?-cla—il’l?"Iﬁ%rﬂﬂginﬁ’ﬁ59Weﬁ‘éiﬂa4th@rre;@bﬁétmlcted cell is

15, wherein t reconstructed cell i1s treated wt
Tisatee) With eanpl asch P benicahpreater

20. The method of claim 19, wherein the treatment with ethanol comprises
treating the cell with culture medium comprising about 7%v/v ethanol for about 4
to about 7 minutes.

21. The method of claim 14 or claim 15, wherein the reconstructed cell is
treated with ionomycin as a chemical activator

22. The method of claim 21, wherein the treatment with ionomycin
comprises treating the cell with culture medium comprising about 5pM ionomycin
for about 4 to about 7 minutes.

23.  The method of claim 14 or claim 15, further comprising the step of
culturing the reconstructed embryo in the presence of at least one ploidy
stabilizer.

24. The method of claim 23, wherein the ploidy stabiliser comprises
cytochalasin B.
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22. The nethod of claim 21, wherein the treatnent with
i ononycin conprises treating the cell with culture

wore@seseeonpri si ng about 5nmM i onomyci n for aboRECT/EG2004/000207

about 7 mnutes. 23. The netho Oof claim14 or claim
15, further conprising the step of culturing the
r ec@bst r The edethotirgfaclaim 2hewpeesieribe re€oretructsds endmgo is cultured

%éj?ﬂress%zﬂ%lolféﬁf)ut ggg/mTﬁSdeEﬂa% f claim 23, wherein

I'ser I ses cytochal asin B.25. The

%1 t u&gé'ﬁ%t??pgjg)f&lmggrb I gnrgq: algbgg %%qulﬁﬂt e ceﬂtl)s cultured in the

qyta@@ﬂmd aflscytochal26in Brfoe abeuhbdo & hairai m 24 or cl aim
25, wherein the cell is cultured in the presence of

cyt gghal ?ﬁé”rﬂ%ﬂﬁé’d GPLIHImO 280 FhERH Sthezﬁloﬂymstﬁﬁ'hfé}d comprises

of claim?2 wherein the ploidy stabilizer conprises
6‘3)’§|0$'|%W'H19de 28. The nethod of claim 27, wherein the

cell is cultured in the presence of about 10ng/ni
cycR8hexThedeethd.of Teinm2T hwtersfin theicell B8culhrrediim thépresence of

c%ddut"lgugﬁhlt%%e&nnigge presence of cycloheximde for

ours The net hod of cI aim 23,

eelllscltu nth ut
Sore oy Decined o Sl g8 heteln, b el Rcgdifre iR figipresence of
fcyclcﬁiwmmdé fooalfoutdutos6 hdtirs.The net hod of cl ai m 15,
wherein the enucleated cell is prepared by the nethod

of gpai Mrhe M&thodhsr cElﬁ’h’ﬂQG %e@éwtﬁb]&h |SV&1ﬂlflﬁéd1 irs el presence of

R E6I ESornaBs PSR ABSHETaBREH SR for about 5 1o 6

fwméi c cell nucl eus. 34. The nethod of cla|n115,
wherein the donor nucleus is introduced into the

enugh eat ?ﬁe%ét'ho@bf@lélﬁpﬁ Oh&ein e edledied dBRtSPredred by the

cl a| m 33, wherein the donor nucleus is introduced into
tRethof Rl dalfel cel | by direct injection of the donor

cell into the cell.
32. The method of claim 15, wherein said enucleated cell is an enucleated

oocyte.

33. The method of claim 15, wherein the donor nucleus is a somatic cell
nucleus.

34. The method of claim 15, wherein the donor nucleus is introduced into
the enucleated cell by direct injection.

35. The method of claim 33, wherein the donor nucleus is introduced into
the enucleated cell by direct injection of the donor cell into the cell.

36. The method of claim 15, wherein the donor nucleus is introduced into
the enucleated cell by electrofusion of the enucleated cell with the donor cell.

37. The method of claim 15, wherein the donor nucleus is a cumulus or
fibroblast cell nucleus.

38. The method of claim 15, wherein the donor nucleus is a quiescent cell
nucleus in the GO or G1 phase.

39. The method of claim 15, wherein said vertebrate is a primate.
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36. The nethod of claim15, wherein the donor nucl eus
is introduced into the enucl eated cell by

webk@snoswiusi on of the enucl eated cell w th thePcD8G2004/000207

cell. 37. The nethod of claim15, wherein the donor
nucleus is a cumulus or fibrobliast cell nucleus. 38.
The4Oret hbee ahethlodi of LhaimHér, evhetelire sichorertalchteuss ias nan-human
ﬁghﬁ% ent cell nucleus in the Goor Gl phase. 39. The

of claim 15, wherein said vertebrate is a
primate. 40. The t hod .of, cl ai 5,. Wher ei [ .
ver nEbr ot tOfiROtENh Q- PIUARALEHH .fétm?ee'k'?(ﬂ?ﬁse@o%m ag activated
pbetrighiaiten vertebiagdicall ebtathéd by thahesthbd ofrclaimalet dveltied 15.
reconstituted vertebrate cell obtained by the nethod

of g ai n‘\'Hé af oFl:I%anﬂISwh%?em-@é‘?d G&hébrale & ApAnfile.

V\hereln sal verte is a primate. 43. The cell of

o4, g4 SR, FASHALT BB AR hurman prime

vert ebr at e, said nethod conprisi | anti ng, an ..
act44at et TPebersor @@néﬁﬁtm@@mrwgwggbraﬁ o%ﬁ%‘é &pethpd comprising

mh ldmhb% attivehed lﬂédcﬂﬁs@lfucfécﬂvgﬂté&atélggll @W b@klﬁ% method of
m ereln sal
@%'Wet# gt g]afrgﬁg infa %p@paggle%qé l“ﬁod of clai m 44

wherein said vertebrate is non- human pri mat e.
cl obed vERe emthed of @\aénalﬁeavfwemr@l%em*@re& iscq arlmaia

48. The cloned vertebrate of claim47, which is a
pri4@t e. THE. méthedc lob ratainy ef4, elvhatein cs‘aiatl\aa'rtebﬁte whiac mon-human

ip?‘in?at@.on' human pri nmat e.

47. A cloned vertebrate generated by the method of claim 44.
48. The cloned vertebrate of claim 47, which is a primate.

49. The cloned vertebrate of claim 47, which is a non-human primate.



