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METHOD OF ENUCLEATI ON AND OOCYTE ACTI VATION I N SC]\/AW

CELL NUCLEAR TRANSFER I N PRI MATES FI ELD OF THE
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sp%@ ét ! t'ﬁe%%gé yugg%7yl9\§ nS’hL{ for success(%ul enucleation.  The
disadvantages include aspiration of a large volurne 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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cells have been used during initial SCNT experinents.
However, SCNT has al so been achieved with donor cells
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20p&aRELd Yighfaniclobcdp UaF Xit@fZation of the spindie body during cell
enucleation, wherein a non-spiked needle is used to aspiraté the spindle body
from the cell, and wherein the needle has an internal diameter of about 5um to
about 10pum and wherein the spindle body is removed by a small hole made by
any appropriate chemical or physical means permitting accurate perforation of
the zona pellucida.



2a I n an enbodi nent of the invention, there '§1Janumy2007
provided a nmethod for cell enucleation, conprising
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~ produced by introducing a donor vertebrate nucl eus
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be prepared by the cell enucleation nethod described
above according to the first 10 enbodi nent.

Toti potent or pluripotent cells isolated from
activated reconstituted cells, wherein said cells are
obt ai ned by the above nethods are al so di scl osed.
According to a further enbodi ment of the invention,
there is provided a nethod for generating a cloned
vertebrate, said nethod conprising inplanting an 15
activated reconstructed vertebrate cell produced by a
nmet hod of the invention into a conpatible host

uterus. DEFINITIONS As used herein, the term "about",
in the context of concentrations of conponents of: the
formul ations, typically neans +/- 5% of the stated

val ue, nore typically + 20 4% of the stated val ue,
nmore typically +/- 3%of the stated value, nore
typically, +/- 2%of the stated value, even nore
typically +/- |%of the stated val ue, ‘and even nore
typically +/- 0.5% of the stated val ue. S



As used herein the term"adult cell" refers tQ1QlBMuary2007
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s Gxample, suitabls chemical activators may include: ethanol; inositol trisphosphate
(IP3); divalent ions (e.g., addition of Ca®* and/or Sr**); microtubule inhibitors (e.q.,
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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and/ or cytokines as described herein. 25 As used
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30 Nafure 394: 369-373, each of which is incorporated herein by reference in its
entirety. '

The term “electrical pulse” as used herein refers fo subjecting a nuclear donor
and recipient oocyte to electric current. A nuclear donor and recipient oocyte can
be aligned between electrodes and subjected fo electrical current. Electrical

35 curent 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.



20 neans as are well known in the art. As useq1hﬁhgé@2007
the term"injection” in reference to enbryos, refers
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Laboratory Press). 11 January 2007 WO 2005/005624
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, Such as cells ISoO froman ex utero animal.
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P f’]?e?Pe&Eesﬁf ¢ opggediut ngt ts@m the same subject fram which the cocyte
Prisbbtemedt at (1990), Exp. ZooL 255: 355- 358; Saito
at at (1992), Assis. Reprod. Tech. Andro. 259:

2NE R hetBH thE T bolated” 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 (3" 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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at at (1992), Theriogenol ogy 37: 309, each of whkﬁ@@y§007
i ncor porated herein by reference in its entiret

used herein the term"ploidy stabilizer' is any
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inhibit or stabilize mcrotubule formation, arr
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- 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 celiular 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

35 - 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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| ess than abogETAILED 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

30 for somatic cell nuclear transfer and cloning of non-human primate animals. The
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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)
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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 oo large, the volume of
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- The at least one electrical pulse may be a direct current pulse, and may be
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direct current may be applied, and these may blﬁljaheéfé;zow
about 130 VVmmto about 180V/ mm for from about 40s
about 60s each. The anpunt of time for the cell

b RREs6 %p recover fromthe at | east one Q’CIGOMIOOOZO?
ectrical pulse may vary fromcell type to eFIS %ype

and/or fromspecies to specid$. However, as a guide,
'ntcPfa%nt LrofheY {réR B8dut Whﬁ‘:ﬁ‘etot 8b6ECaveV/mihS ®om about

B

f r embawouThe durstinniob he: at laggianelBilseof diredt cyrrealbvay be applied
30fdf‘an$q“ (R SR %%Eutlﬁbuﬂ%o&’l rabouf 1QURs2BOH akdltP5Ns teabbet 90ps,
5olTP@, Ab AP A AP Ak e agglwaﬁﬁa 35 pRUGE. i gbout 40us
abtugbout G0psr from abmatd5ps Howbeyt 60us, o akiselBOps.hJuaspulses of
af Hﬁéct%ﬁ%hi?ﬁ%y [ %( hédﬂ ean%' 18644 hfad!be PdthSouPn 3O/ to about

utd

ARV s tos ol B Ol g he

reconstruct ed cell in culture nmedium co r‘J Si \r}g tlge| ¢
chéhe camousé 1af ilieey for e eelf Mesaiiae 9 FRCRYPT LM e & 1985 On®
10t helecieithl, philsé | e draby froms oelh dypendo well| type tandéer tromespecies to
ancf)% deMSng%f a&'}fﬂﬁl'as ”?nC&Jde Eild(rﬂﬁli ceﬂ’\ﬁﬁin%rane to recover

chem ca

© ofiorihe 2t JagRLows eleckigabpulpihe ol A, E‘oﬁmﬂw’ s frqmy gpout 10
ab@irutds fvdbout 20 abaty, frofPatiout 20 moinuteb doitab@edy1% hows, from about

I
apan iy ¥ dboul 0 RpAE by Btk 40 firRat ug&é%‘t??“"“'@% about
15 Apdminuds fovabau Brhous domsskeul P MAREHO G99 hpyrfrom about

abpibur Pubyutt ® habey or Sivabout Or halye wifter Upplicativh exf dhe electrical

| igﬂ@%%{ i"iﬁﬁé@@‘@“@%ﬁ?@?'ﬁ%} 40l o on' may be
sche gt Enarisa Bahvainp ety ARl nSrpcsfffiba col i

abuaumrez additm mnﬁmsugdbe cheginal @ctivaion for vificient fimeptsy @ctivate

far 6fthe ch I
2 Sty Byt i g o

or2CW¥Rt 5M The anmount of time that cells are
exposed to the chem cal activator, can als

hesecethepolps disedeasathei ehespisal aciivelop| C%\‘F&PB?*FP@S of ethanol for
aCddtNﬁidrﬂha beGRES abdiitel %@\ ke abayt 5086/ cfram mbseti2%w/v to about

{ BT R rBaL S UGG b BERE ﬂgﬁpﬁbﬁuthﬂw 8paRC0%vw,
25 20ram ﬁb@t&éﬁ%ﬂgﬁmbwtaw&mlv drom ab@tﬁlMg/v $p@hou o\?]\! fu rom about

2 95410 €5 8BSt REAVIS G ADEUOBRYN7 11 minutes and about 15

m nut es, between ‘about 2.5 minutes and about 12

m\ﬂﬂ%%sionoﬁ?élw‘?seﬂ%&ggé’ihécﬂ@nﬁila'éieéi;tl@él@r &i@ﬁl’ébnttiéhons of ionomycin

B AGR a5 ey b (M R B3Rl TR oyt o cbout

beitt)pNEnframcaliouM 5pM to about 30uM, from about 2uM to about 20pM, from
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The amount of time that cells are exposed to the chemical activator can also be
modified fo provide additional control over ihe activation process. The cells may
35  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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aladso crﬂn@geiaﬂul&cn@ﬂmﬂctle@bedwecor@truatbd well 5gl;hm preaghse of at least

c;bq,bgjma Y Biifizbs used as a ploidy stabilizer, the
concentration of 35 cycl ohexim de used nay be from

25 zﬁﬁl%t é%%’&k%a‘?&i“’%ﬁ?@@f&&"@%@%@’"t‘i 03 oA stablizer

g/m fromabout 3g/m to about 40g/m, from

about 4g/ m -
For example, where cytochalasin B is used as a ploidy stabilizer, the

concentration of cytochalasin B used may be from about 1pg/ml to about
50pg/mi, from about 1.5pg/ml fo about 25ug/mil, from about 2pg/ml to about

30 20pg/ml, from about 2ug/ml to about 15pg/ml, from about 2.5pg/ml to about
10ug/ml, from about 3pg/ml to about 9ug/ml, from about 3.5pg/ml fo about
8ug/ml, from about 4ug/ml to about 7pg/ml, from about 4.5pg/m! fo about 6pg/ml,
or about 5ug/mil.

Where cycloheximide is used as a ploidy stabili{er, the conceniration of
35  cycloheximide used may be from about 1ug/m! to about 100ug/ml, from about



to about 30g/m, from about 5g/m to about 20g4Manuary 2007
fromabout 6g/mM to about 18g/m, from about 7g/m ?,o
about 16g/m, from about 8g/m to about 14g/m, from
about 99/ m to about 12g/m, or about 10g/m . S Th
rg'é)o’ﬁgs(ggffaf ed cell may be cultured with mrePFWQﬁzogﬂ%0°2°7

ploidy stabilizer, for exanpl& with both cytochal asin

B ﬁlg/ﬁlﬁﬁ'a%ﬁ&quﬂﬁ‘ f%ﬁ%ﬁ&&%P@Ml%%@S‘thﬁi g!n'ﬂ?ﬁorh%bout Apg/ml
| i ' t ab t bopt .1
ok ok o Lbutbas Haal: oAb G o
howibsut 18 @ymBtHiont alfould 7pbuirts dhout béug/ml,Grdm ebsyt Gugdni to about
b 5 10
oy Lo Bk ool A o b oWyl o BRI bout
10 4 ; -
510 BB g RGP RE o By, At for
Celexampiecyifh) kaih cylechalasia B apdecycphernidNT procedur es
of the present invention may be any suitable cell
i ndhadesansiuelpd o]l maydbavsuliusest yita she plidgodshilzer &erfrasa about 1
| Sabat @athdLR POONGISICHSEM ABMIOL KRS k@ abeit 18 Heurs| from about 2.5

Cr GG ag Akt 56 hoes! i SR % pG TS Fbu L FOCHY, BomPhbout 0.5

10t hbowrstio abguti$2 holtse froneakout 4 heurade @bouk 10 hewsy frem about 4.5

CaRote WRbGEhduds, riidit Shout B hdilpsitcrabii b hspwn to a
person of ordinary skill in the art, and may be

Cr ¥9pT §3&&ihRaht ®flst hen thawed 20 before placing the
oocytes 1 n maturation nmedium Conponents of an oocyte

at | [ [ t ; .
T B 5 Sl 5, Bt ton ey e

c epnysuiiatlecerls inslidingoagddes. AbYH 9osYiee art as
di scussed herein. The recipient cell may be from any

15 vePpeyieacen bprigslated frgmevidiots asd/peeyasiesfof By ondegegged animals

a1 By BviBAEEN rBEbSy BlocBYINGS or BAAsVHEITHN oBEy e RIcOvenyi tecedures well
caijtle .stnee&, n?o ts ({}.Oérsies’ rabbits, birds, cats
anfYPHLY g aRS )%%'?ﬂq e vertebrate is human, or

non- human primate. Even nore typically, the vert at

R A e o S R R
nupdrecrs offeydinary askill iathe al, endamay ibe agbpreserved end then thawed

20 iCg’k%f&%hgﬁgﬁg?ﬂg}]ﬁﬁg&?%@eﬁﬁﬂmﬁﬁch‘%ﬂﬁlrﬁ’.r édrﬁﬁ&'ﬂ’.ltn@bf an oocyte

( . . roma qui escent sonat i celg .
i nmagation dpediimpraseincipde  auiRsUIRS| thatgjrest 994 dRgturaton.
vemﬁy@bfe_abﬁfati?m Ekddéﬂn@sﬁaﬁvﬁls%rﬁfémbm dre walltm_mw@nldbp art as
co L__human, rion-human primte, mce, cattle,
o rlSgyRSedfolin.

11 January 2007 WD 2005/ 005624
PTiHeseeitent oo Py ba Bommnyeericbiaiei insludipy maammegls selagtgd from

25 498 grdl CohfRInGA AumdM SorSir Blifmates MBSt sheep, goats,
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horses, rabbits, birds, cats and dogs. More iypically, the vertebrate is human, or
non-human primate. Even more typically, the veriebrate 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,



non-human primate. Even nore typically, the ventgRialeoo7
i's non-human primate. Both the oocyte and the donor
nucl eus may be of primate origin. A nuclear donor cell

2@5@@5?# Lient oocyte can arise fromthe sapg. @85)94/&&207

erent species. Any nucl ear donor/reC| pI ent
oocyt e conbinations are envidBoned by the invention.
Thbomes;, rabibitsd bids, cateland dogs. eMorelypigaly, s vertelraig s human, or

th 0 "
o SRR PAtRe Cbvar Bl ABieART MERHEbER: is non-nyman primate
utlllzedto roquce .cl oned ani mal.s t.hat are.endangered
or Bolb s Aeevtd 200 B fEnarariciba Ty eyl PGSy i e
present invention nay be synchroni sed .w %{hl n
st Agwiclepr gaeorceal a%@x@lr@lp'&ﬁﬁf’%?a"’sé%e BBhihe?*‘cﬁV‘e gpecies or
5 eVelﬁeI@htJuép&ﬁ% ofAnyc etdciesr n denpidpuibiant onoofte c ebmbinaiigns  are
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Oy MSGTAED b8 (RRTIG20R, Aol Pl bndfon e may o fom
th@easam%@ewe‘va oy drqratthe oFATBR | FPCCiRf F@é?%s %'%PH‘&!@%’ ransfer

vveiebhﬁﬁ@@éwcam btsh@tuaeﬁ to Grbtisceneipndxt aniymaté rtoati aredetjangsred or
aré)(g [Jtng them (i.e., cells are not dividing) in a

e stage of the cell cycle. A nuclear donor may
be injected into the cytoplasm of an oocyte. This
10 di Celltfor sy imcthie anetapes obihb presené invektiomymay d»easypeh@ﬁﬁed within

Ofa 04l %@{g\é oﬁﬁ% kel J‘%n@ratbouﬁ’d% bt '79 . of Bi/&? bb&R 90% of

proac ear ans

| el it poRUIGaR of sels,may b sraf%ﬂsfeg}ﬂanﬁﬁgw B i gyge. Col
| secrtstshd dsamb@disﬁhgwﬂmd herelative celesize at evedirasdty a variety of cell

of}@%&s & r}n&ﬂo&ié ‘Weﬁ'lt %WFTL it aﬁaycgg’s ?ﬁﬁg Y ”é%@hﬂ%!zed by

nmenbr ane e 1so] at
15 siarresting e (i. enu@l"é are RelHividing) 'aﬁcﬂ'iﬁf%@rﬁéagwﬁg?&ﬁﬁ °¥°ﬁe

any proportion. An oocyte may be pre-treated to
enhancleat Henorstag st jerfted irdo e sytaplaembofaare cosyieh Bkis direct

b%nfe@tfo%%ﬁﬁrﬁgcﬂ k?v@ﬁ%h@g L, asﬂgréeﬁ_%f o?(flthl’y $1Q |n the art. For a

in a nucl ear eus W
b et inipgtiow apprEEh ﬁ%a@%&%ﬁ%aa@wfﬁ L@P ?%Be![!lecp% info an
l rbo@?ﬁel on altendtively, Heucleus dsolgied from @ cdlbmeyusd éyeded into an

20 009% h?"&g neié&a%@t@;&inéag'?negf be él.!]’ﬁ)di‘@%{i} ? ‘i*ﬁ:g%%g Er?n‘lbrs!/ne only,
beprithe ﬂ&ﬂlﬁi@@dlliclﬁué ma¥ b@n%f%'ﬂfi Q@rtﬁ)em rane and plasma

elrﬁ@hmﬁd%%wbrdﬂmﬂmnuwnee@ prbitieatdte tolenbance the

Lt e o Y A S s

| rpnortohajeghmyofea nodeardangss for pl aci ng a nucl ear
or into t er||t.eI|nes C d
25 b, othrcniglos Rirufel Rrpisgs PRS 6| crfi@|eRitf GBBHE oy direct
ofinjedtimarandrendyr mmttfodumchmtmtklee@uc@atﬁﬁ oeayie P¥ @lilrsp’fe'ﬁlectlon of
OQﬁﬁvﬁole%ﬂoPEelLM&?fﬁetd&%her by utilizing techniques

nown in the art, and described 11 January 2007 _
V@lt@%%(/&Q 5@,%430'3 gﬁ%@Qﬂ‘(a?%ﬁ@od%d into the enucleated oocyte by

electrofusion of the enucleated oocyte with the donor cell.

30 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 ococyte
can be fused together by utilizirig techniques well known in the art, and described



in, for exanple, Wlladsen (1986), Nature 320:183mfgary 2007
hereby incorporated herein by reference in its
entirety. Typically, lipid nenbranes can be fused

t Q@chibsky el ectrical or chemcal nmeans. PrReR&sRH000207
for fusion that are not explicitly discussed herein

can be determined 5 without ulfdue experimentation.
FOlin, §odiingle, Willabibe {19863, Nature3d0:63+65 Onereby irforpprsed herein

can be ni.t.or.ed f.or. thei ffici i ew
co by Aol if 8 ity RGP, g Ribalis ¥af He Wb Bgether by
r e slgctricaboregiienyien! @@@Nchen be cloned and identified as

a totipotent enbryo by nethods well known in the art, .
whiPedcesaes farrfosian dhatere g1t explicillyediseussed herale can fegieiprmined
5? e%\ﬁtﬁoﬁt‘ébn&@é’ eé)&ﬁhﬁ'%_n?dﬁtoﬁ.gi PR - eﬁe?nptﬁe{ ijkbtﬁmiattiﬁ’ﬁé hodeell fusion

or_produci ng ,an_actl v ecopstituted .ver

colachpiuen san 57 ARoR Br S BBty WeyPiny P Heree of call
f ofusions undempeal midrasadpei glihe nesultiag GPYbrey seanihes be dpned and
t Oidéaﬁﬁéﬂ %Qfa Mwi?ﬁhﬁé%ﬁ&;t BAyl_tilnétQ@ds %p%b@:lﬁ iAfthe L, which can
spindl e of an cyte, AC] r sol u .
(plnchgySsts ot selpotabis tediest ohcionBSBRr deiily &lapipal

create a small opening (needle ID: 2-3pm hole 15 ID:
10 °- ARPDicalf thB@ob Yor FadaﬂﬁingFﬁd‘é&iv@%@dﬂe@oﬁéﬂﬁate&deﬁéhﬁam sell by the
e

used,to aspirate i ndl e w m ni mal oopl asm
Thiethods o s Bl e'&é‘b‘f“%@ﬁ%ﬂ“ +szoﬁ%vg%t 0.1-0.5% of the

whol e oocyte. (1) Enucleation: the spindle usin
polenclarizedlighh miemErEYBIsiEM Foused ty Peck:{os g Présenee and the
| Np&SMDHEGT tﬁetzszg’msd & ANMiIsocrgieacheld Tyradle’dvoluttamipH=1.8) is used

oopl asm,i s, t oW, LUSi -shl ke [ X .
OB S SR, 0 B0 S e R B8l 197254 ol
15i nty S-Bpminiingllyaseacrspiived negdig; (lacB-10um)etst yssd oy agpirate the
el §GhdIevithS iimal 8oflBdmAThé \tetal dlum@. adpiratat iscatioue0t1-0.5% of
is,applied to pul se the reconstructed eggs 11 January
200 WARS 99889-005624 PCT/ SG2004/ 000207 15 b.
Approxi mately 2h later, exposure to chem cal activator
Y Enuglagliall or i ononycin) for about 5 min c.

t reconstituted enbryo for about 5h in

nddj um_ \\
TV ho

i njection of the donor cell, the

cyte is actjvated wth direct current
SAle Sl polarizen IgBigTIOroseaPer 2

20 b Drill a smal} 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.

25 (2) Acfivation: .

- a. Direct current is applied to pulse the reconstructed eggs



reconstituted enbryo is treated with 7%/v ethangh 490007
about 5 mn, then cultured in culture nmedium
suppl enent ed with 10 pg/ M of cycl ohexinm de and 5

PR oosRbss2£ Yt OChal asin B for Sh. 10 Accordi ngd‘lgcfoﬁﬁooozm
i nvention, the donor nucleus for use in producing a

activated reconstituted primat® cell may conprise

gﬁ& fiedp l*d)&inﬁﬂél PhistefVestpbad t@glgérﬁ@a:ta&wﬂodr@ qumﬁaﬂ@ or
sequen a reconbi nant produc ic

may prg)?/' %&c'QP éﬁg?‘ﬁyéﬁ] or advant ageous phenot p

resul t Chitaredhe msanstivied eabrye for abauPhoin mgdiwn wi

val ue wooglokssihrieHRE dytochaReinds (CxoBpt ed from cul t ured
ceII(s) 15 and is typically a polypeptide or a

WSurs yfl&r &%ggﬁ)bp?{étdcﬂ{o‘?%ﬂtthgar cr?‘%trg@t’éﬂrd%%?t%qs'a'&twated

IO og ca SSue

bt urrent G5es 1SRV GPisR). ST ahetd ARAter iy ulture, the
f u f@ddn@nuwa ibrog i wéaned wither 9wy ,etﬁaml foalabyut % plire dher cultured

RS Hedlfin %Bgﬁ{a@gg&% i RRQIPRPES oeiaRAREe and 5 pg/mi of

teéﬁﬁpféﬁl%%lnﬁrf@rﬁkll known in the art, and may incl ude
inserting a DNA sequence from anot her organisminto ]
10t aAgedrdingdbehe idAtion, disé eibhagnorleusforasedn PRducing an activated

S e USRS HAGeh' ?imart@&&Fﬁ'naP Ge %lfle@%dé&? UP@U CMB)GIT" ed nuclear

one or-npre ase. A site-direc
mubh¥ iBRlstes AlNA éea'éenqeu@ GRCOdaR/R rpRMBED Hmﬂ’”f”bwf‘@ may
f oproivmisea tbenaficial edreadvantageods rplﬂeabiypn rebulhirc thearesDiiant cell(s),

O 2P of BER 4 AV dfierPESortSLAd BRI SochtBEKSATtured coll(s),

ar t ar e escr in,
15 ox e FbIPRBI HOMPODIdHPhg. Noebmsor T FPoRAR Prshigt may be
Edexpred<289n aSsistbgioaldluid-or tissue, 'l&minw]ﬁecahusleamNA comprises at

Spfﬁ%fﬁ&{_%&&%g %%hgf %ﬁn g(t:tlollJl a%a F%éxlat&‘? element, typically

Ceselected kigm #e group ,@@g@gn%qa p{@notj_agg?n FCPET, msulator and
PuRipkdsabf.on WO 93/ 22432, "Method for 30 Identifying
Tr ansgenl c Pre-Inplantation Enbryos"; and WO 98/ 16630,

20 P ﬁ&'{@% r}teﬁgl?age%hg#qﬁgglénn%r‘ggu%{o&r@% é@ﬁ?gﬁt rgﬁgtrﬁé‘,?jsmclude
Trlaﬁg‘g@g”Q Diya rﬁgﬁug@p@c, rem angifien Yyuanigme inte garget nuctear DNA,

i Wétﬂ@f @iccor mbRy PNA éeqwea&eg froaetargetinuslean DNAgtand introducing
gﬁn ?%' Sr%% méﬁﬁt%&&{ss gé‘ @ ) %It%cﬁlt&;%&ia&hté@ﬁ?f‘ I Giérg%ta Ruclear
AN Methodsherhtashslop insesian, @@l@@nh@%mé@ﬁn o Kivsleres PNA of

25 O%amMa‘llaN\A&bWat%a.wéil Rt 0 a J}iir@drﬁoﬂ@rdﬁrmmeklllaxm@aﬁﬁdnd are

f 0 n
2015850086, BepratBlo Aoistdey LEhg & el peue 7 =
let%ﬁoSembrcmﬂ IFsitsthe apd ddaniatis, rﬁrdﬂﬁmmgdﬂ@ op Laheratagy Press);

t Q§ 5PPLEMNo. 3612 205, BIb@Blogeas IRechbR®irtien if MeMmalian Cells,” Kay

et al., issued Mar. 18, 1997; PCT publication WO 93/22432, “Method for

30 ldentifying 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

35 cells, embryos, fetuses, or animals in which one or more genes have been
“knocked out”, in which said gene(s) isfare no longer expressed in a functional
manner.



activated reconstituted vertebrate cells, whergi pn§ay®oo7
cells are obtained by the SCNT nethods of the

invention. 5 Acell resulting froma nucl ear transfer

p be mani pulated in a variety of manners.
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o nBRDE0s, BRas, anfilpsioct sage PRATocliRogR{or producing Sultured
di senfpeposigadells greolvels koowen esthé art. nucl ear transfer

processes; disaggregating bl astoneres or inner cell
mafemiayds afeosllonaidatel develapginte lal fetusnr wtérar cellis isolated from that
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20 mematstndl gecipiget) edisadgregatingl biastomeeest frnucksarstaansfer processes;
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g
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25 i rAnsk ﬁgw_enti@ rRIFER I3 aB0embrypm BTz Qgec?ure known in the art.

30

PCT/ SG20041000207 17 EXAMPLES WMaterials and Met hods
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
reconsfructed 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. :



Animals  Mature femal e Long-tail ed Macaques (M1 january 2007
fascicularis) weighing between 2.0 and 5 2.5 kg weré
made available for this study by the WIldlife Reserves

S\'ng@ Monkeys were kept in a holding encgl r
pri or&?ocrg?%“ei ng housed in individual cages i %Cgfs&éq%iuuoozm
ventilated roomw th an averagé&’room tenperature of

28C and 12h daylight for rAMpLESat ment s of
e

gonadot r opi n Monkeys wer ed a mxed diet of fresh
fr&ﬂl&@gﬁ—ﬂi&%s, suppl enented with commercially
avaA gg 10 nonkey chow and water. Al ani nal
procedures were approved by the Aninmal Hol ding Unit,

Fagubtive RimdE dbed-tated Nméda@{nak (Mniaseicsakiy) Wéighing Bepaseh 2.0 and

Pot R vt Fukble 1cDe S nx PR VIR FSeRRE ginospor.

an dMankeyarveerefkepbiloa I@dtling TensinsareSplier s b@sgs&mwed in individual
QRS¥s FiP AGIATEVENIREE rdbph WitBthr ARifade #6tin davpelatLre®ff 28°C and

233 i G fon SeRBatants 3 geSdtiondte, MokeyS Abnd e @ mived

celdiat ofefrestoliuiis mod vYagetahidre supbleimsnted wiitht eemmgrdajlyeavailable

10f 1 ‘?ﬁ&nk@? | HaWORY Wvafer WeAIP aﬁiﬁiﬂpb%bedﬁf&&bel‘éuﬁﬂ;ﬂrﬁﬁe@ Bl ltitse Animal

wer e further, tr

20 HeUI36 Vi et Ueilafe NitoRe PBbPEY ERBRRRfE, and the
bi dnmwpn:metu ofe Metetimagy, weoneervationCaand- /Ragardh; eWildlife Reserves
Duldiffperd’BS (PBS; Invitrogen) and minced into

pi eces. Tissue pieces were planted onto the bottom of
4-wel | di shes (Nunc, Denmark) before addi ng Dul becco

o dEstaldishibrayit@ndri@iune of DN T Geilanssug Sn).lrmmpl enent ed

with 100 TUm of penicillin, 100 25

15st Bjae &'%P@Vnsmlrgma Weg ddarissl( fmm) af étSQTdamw fBalge Lgng-tailed
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(Fﬁﬁncahw |(M. ofaeeiduiams) fetud tand esh aﬂulﬂﬂﬁalenLWétﬁﬂﬂi Macaque (M.

centdishy R RFI PO Gialioy Tt o Sﬁé{ { BR) mathies from

whigheoesytesoweteh eeroveshy eEreshA@Ltr@nlw &alnwege 1@@% as donor cells

cowﬁth&ﬁrfgaherqmg%gmgrs of cells were di saggregated
using PBS containing 0.15% (wvV) trypsin and 1.8 nM

oF bef ore being
20 ¢ RSt R AR AR Guittg it EfreRidss WS (wi vy di met byl
SUBRiﬁangst S%%igténél%gé;\gé%dl iA Ch?gwnlgtz?flr%é Qﬂﬁlb?/cco PBS (PBS;
{ HEVEBERRL S BN B o | DSRRRBRE BN Gl g botiom
f i of etbmustohshmr e\lmwdd:t@mamerbaml adding Buthescetmpdifed Eagle
H@oq0Mhl lliz8100 mg/mi
i;tleﬁlrl.lg{‘(bsl\gEM v&ﬂﬁ%ggﬁi &Héﬁtﬁ% h v‘\lgrog fh r;%ig?ﬁsﬁbl i mg !
PO (SBR[ 8 YN Lo boligaeBhsS: fgstrogen) an
20@51:&1@5@237 G AFR 04 TaB02 Pikced Jere 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 Gell Cycle

The cell cycle comparisons of primary fibroblasts were made between cycling,
serum-starved cells and cells that were cultured fo confluency. Cell culture
flasks (75 cm® volume) were plated with frozen/thawed fibroblasts at a
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CQ2 in air. 15 Qocytes stripped of cumulus cells by
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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

30 as donor cells for nuclear fransfer. Single donor cells were picked up from ICSI-
100 (Vitrolife, Sweden), ‘then directly microinjected into enucleated oocytes
through the dpening in the previously “drilled” zona peliucida. 8pm and 5um L.D.
spiked pipettes were respectively used for fibroblast and cumulus celis.

~ Activation was induced between 2-4 h after cell microinjection by electric pulses
35 followed about two hours later by treatment with culture medium comprising 5pM
ionomycin (Sigma) or 7% ethanol for 5 min. Two consecutive direct current
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| asers for the simultaneous excitation of
FIIT -ﬁ_ronj ugat ed secondary anti bodi es (Sigma) and
pr 9miodide DNA stain. Statistical Anal ysi s

?ﬁ%iﬁ%@%‘?@@ﬁ?@&ﬁé@%ﬁogﬂj MedtBR dIRPASHRALEN, Feiconsttitteoocytes
weré processed for immunocytochemical staining to observe cyloskeletal
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 sfored 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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c hiing & SEAT Sinbivo; Vs 7o Dlgrarsbbpsgigs By onof 68 ypes, being

PGimigE209digtheadize different types of donor cell: cumulus, fetal fibroblast and
cross-species adulf 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 oocyles 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
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Pregnancy oufcomes after embryos transfer

.On day 3, 93 reconstructed embryos (4-10 cell stages) were transferred to 31
LoTM's (same macaques from which the oocyles were collected). The results of
SCNT embryos fransfer are shown in Table 3. The pregnancy rate was not
markedly affected by donor cell type. The preghancies were confirmed by
ultrasound. ‘

Table 3: The results of SCNT embryos transfer®

Donor cell type No. of SCNT| No. of | No. of Pregnancy
emb. fransferred | Recipients Pregnancies Rate %

LiTM Adult Fibroblast | 57 18 4 22.2

LoTM Cumulus 25 9 2 222

LiTM Adult Fibroblast | 3 0 0

LoTM Cumulus

LoTM Fetal Fibroblast| 4 2 1 50.0

LoTM Cumulus 2

TOTAL: ¥ 93 31 7 226

* Pregnancy was confirmed by ulirasound.
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Fi broblas193 4 2 1 50.0 LoTM Cumul us 2 TOTAL:
* Pregnancy was confirmed by ultrasound. 15
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Cy&’&(g’;lﬁé%m@t%ecﬁ ongdensgd Chromosome, 2n) within 2 hours of being
introduced into the cocyte, 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 nommally, 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 MII oocytes; microtubules assembled in 68.5% of
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January 2007 28 Cdains: 1. A nethod-for cel

enucl eation, conprising renoval of the spindle body

with a mninmal anmount of cytoplasmfroma primte cel

i n nmetaphase, said nmethod conprising use of polarized
l'ight mcroscopy for visualization of the spindle body
during cell enucleation, wherein a non-spi ked needl e

is used to aspirate the spindle body fromthe cell

and wherein the needl e has an internal dianmeter of

about 5limto about 10m and wherein the spindl e body

is renoved by a small hole nmade by any appropriate

chem cal or physical neans permtting accurate

perforation of the zona pellucida. 2. The nethod of
claim1, wherein |less than about 2% of the: -cytopl asm

is 'renoved fromsaid cell.



3. The nethod of 'claim2; wherein |ess than ahqUtanddf, 2007
of the cytoplasmis renoved. 4. The nmethod of claim

1, wherein the cell is an oocyte. 5. The nethod of
claim1, wherein the cell is "a primate M oocyte. -6.

The method of claiml, vvhe&gi nsaidcell is an M|
non-hﬁ%?n primate oocyte. 7. The nethod of claiml,
wher el’ff Tfie cell is an oocyte, and the spindle body.
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2, The method of claim 1, wherein less than about 2% of the cytoplasm is
‘removed fram said cell, ‘ |

3 The method of claim 2; wherein less than about 1% of the cytoplasm is
removed. a

4. Thg method of claim 1, wherein the cellis an oocyte,
5. The method of claim 1, whérein the cellis a primate ,Mll oocyte.
6. The method of claim 1, wherein said cell is an Ml noh-human primate
oocyte. . _ .
7. Thf_a me_thod of claim 1, wherein the cell is an oocyte, and the spindle

body.is removed through a small hole formed in the zona pellucida.-
8 ‘ The method of claim 7, wherein said small hole is from about 5m to
about 10pm. - B :
9. The method of claim 7, wherein said small hole is made by zona drilling '
using acid Tyrode's solution. : '
10. Thg method of claim 9, wherein the pH of the acid Tyrode's solution is
about 1.8. '

) 11. . The method of claim 1, wherein a needle having an intemal diameter of
. about 6pm to about 10pm is used to aspirate the spindle body from the cell.



