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DEVELOPVENT OF ANI MALS ERO\/I ﬁmmm-“MI YTES RECONSTI TUTED W TH ADULT
SOVATI ¢ CEL 5 This a i a continuation-in-p .S
Pat ent 10 Ag'ﬂl\ég&ﬁl‘on Seri al X , 104, filed August 10. q’rfég‘g,”&]hﬁéh
claims the benefit of U S. Provist®¥l Patent Applications) Serial No.

60/ 072,002, filed January 21 erial No. 60/089, 940) ﬁfléb}lg&ﬁ]ﬂ?
19, 1998. The U. S @vernmn!\‘!\ﬂﬁ@‘%\l\‘mﬂmﬁup license in this invention and
the right inlimted circuns O require the patent owner to |icense
others on 15 ~ reasonable ternms ¥ ovi ded for by the ternms of contract
No. RO1- HD- 03402 awarded by the National Institutes of Health, Public

Heal th Service. BAG,, GROUND OF THE | NVENT] ON The invention relates to the
cloning of animals by the insertion of 20 nucl eus of an adult somatic
cell into an enucl eated oocyte in such a way that the host oocyte fTorns an

enbryo and can develop into a live animal. In one enbodi nent of the
invention, insertion of aRULL AERMDEMNEDOPMENTOBANIMADS

el ectrically-actuated rg.crojnj i i ctd.90 | ar ge nunbers
of near-identical ani &@%&5%&%&3?9@%&5% %&%& rlpi‘éfépt i s expected
t hat broad nedi cal benefitswrep PRI SONESTMNERLLRUMEE]T- | dentical aninmals
are also genetically engineered (e.g., transgenic) aninmals. Genetically
altered | arge &nimals can act as |iving pharnmaceutical "factories" by
produci ng val uabl e pharmaceutical agents in their milk or other fluids or
ti ssue (a production nethod sonetines referred to as 30 "pharm ng") or act
as living organ or cell "factories" for.human organs or cells that will not
Do el acted by Lhe Durmn T SeRURHI s TReciAMhliRBaT of 082 Pydhers O
near-identical research aninmal s7"such asS m ce guinea pigs, rats, an

SUBSTI TUTE SHEET Agplkhtich6Jerial WO. 994137,1048 fledrAREISNTOO1 D981 Ivhichl aiinslthe 2002
hansters is al so.,desirahle. For.ex l e, the mousg i LRI AT arch
model for the st J’&S}e#8f°6}ﬁ'é§w§‘i°|"§h°“8F%S’&)/}ppgﬁﬁ""["ﬁ'eg%{{?zi'ﬁ’aE’Hoﬁ?g?ﬁ%’f fied

_near;] [ dent: cal, U?mfs;gzni1998;)ra?msaiar1bn~w.16@em,§4o, n}aewotﬂ».d%e. ve;I y benefi) Ci alj
in the analysis of, for exanple, enbryonic devel opnment, hunan dj seases) an
for testing of new 5 phar miBEHE- CAVEmMeR 18 2 py-up gese &7 UL AVEBERE
(e.g., in the conhexdn o likieRSctasthrdesoatauighise patint bWkeritd idnbé &hérs opn of
data generated in m'ce)l) it may be desiraple to ’[eliabl produce of fspring
of a pdfticul ar ArAsRRADIS wHps 35 Rro¥ided far b ths tepms,pf qanrast Ry RYHPH{B4B2 ent .
Further, wth resRafdedb) e RARASRSithies SLHEMN! PUbIRIRGRK Sefividde. 10 generating
transgenic animals are hot sufficiently advanced to guarantee the
programed control of gene expression in the context of the whole aninal.
Al though it is possible to NEWPWn ef fects caused,
by the quasi-random nmanner in I C e transgene Integrates into the host
genore, differences can exiThe¢inventiongelaigtiodhesioningef apimalebiethe insertign oh

ndi vi gyals_ car r i fighedrfl o iEBRalit AHIAG AR cfiRialol UGlyd BSEEE £lalnal iE_STE

| ocus i'nh the same copy numnber. us, generating even nodest nunbers of
transgeni ¢ ani malhestpoamgitecionys izhesnttego madi chredevelopoint@iaylivgi aremal. edwwbé nant

Cxacer bat ed beonfeBoNeREHBR I ATURH iR oE APk o BT PR ™ °°

(commonly only ortectritakly-b@udiedmédrbinizesioncy, and 20 many transgeni c founders
are infertile. One approach to solving thgese proble is.to 'clone"
genetical ly near-identical qaﬁfaﬂlﬂ RIodye fWPﬁé’%?é’f‘f"@c"&g?f’?aéﬂéﬂﬁﬁf‘lc"wals
non-tramsgeni ¢ aqsldry aciraBik. SFéritRhmpleifis axptetet itlblobdinediofl Hehety/fray Be t ar get
product at the desired level. "Co this e_nd} col oni es of genetically

near-i dentical arfbiined w(ltepérpfeggar-ww@l grimals are also genetically engineered (e.2.,

transgenic) animals. Genetically altered large animals can act as living

pharmaceutical "factories" by producing valuable pharmaceutical agents in their
milk or other fluids or tissue (a production method sometimes referred to as
30 "pharming") or act as living organ or cell "factories” for human organs or cells
that will not be rejected by the human immune system. The production of large

numbers of near-identical research animals, such as mice. guinea pigs, rats, and
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25 generated relatively rapidly fromthe cells of a single adult animal.,

Mor eover) se‘{,ﬁgéb.)é?s and reliable cloning of adult animals that ﬁﬁﬁ@g?’@ﬁw ‘

i ncreased yie m |k and neat could rapidly produce |arge

hi gh producers. Coning of animals fromadult somatic cells co

beneficial in the reproduction of pets (e.g., dogs, cats, horsii :‘uﬁsmz
etc.) and rare or endangered species. As 34 used herein, "cloning" refers
to the full devel opnent to adul thood of an ani mal whose non-m tochondri al
DNA may be derived froma somatic donor cell SU6STI TUTE SHEET (1~ULE 2B)

" WD 99/ 37143 PCT/ US99/01144 2 2 J UL 2002 3 through the transfer of

nucl ear chronosones fromthe somatic donor gell to a recipient cell (such
as an oocyte) fromwhich the resident chronbsones have been renoved. In

nor mal manmal i an evelop el rre ed at
The germnal vesi SRS HE sty €63 XREATAS mid S ABERIL Aebchr gl
Upon appropri ate d$ér 0l iidyoof framinalian telogye and thé asmnbiluy of mezn-lﬂguiwlr none) ,

nei osi s resunes, the germ nal vesicle, brea dovvn i.0

Vi s on 1s. conpl SRBHRAG PRSI e R L RO R R A S Re s e of
the second nei osi gxdmplet ehbrybmc“@veiobm@ﬁtc)hhﬁﬁn Ghdeadel S indd forOéstingt el and
fertilized. Once fertilized) the oocyte conpletes nejosis w sh _the

extrusi oh of the §E€B\Qﬁ°%‘6¥1&rﬂ!}t§d§¢raﬁﬂ“ﬁ@f FEPRRLF-Sninghe feftext ofbreeding| o
pronuclei. The e“lﬂ:[r*% | Gn 4t 0P Yark Qﬁ‘:&ﬂ&! il %hie) SiEhf Be & otic
di vi si ons before di fe;xgﬁglogﬁengtg?ﬁc}%pec?t ?c cel : S) lrgsu tfnc |sxrl1'£gl%1
organi zation of t kesekiablyapradupeqdfspringnf 8 pmellaopmmi that pqecs;namaﬁhsmres t he
successful transi cyte to offspring. Al though the cel Is of
early enbryos havﬁedg %{léﬂp{ﬁgl ?reggeen regarded as totipotent (that is) that
they are capable of devel omegharm\\dthamawtitndiradsglmkis,peurrse)protobc'nls for
vary!nglbet ween SBERTRYS EgEerts SPls R BSER RSN AR o Bl AT < e
20 underlying thi pr@wﬁmed\t:omml&;fcg‘ene eiprpsstoannyhabmtmcm’ltye whdker simald but
are presuned to r?‘ﬁ‘h S,ztihrsubt chan es |g %\IA enviro nt affec |ng
‘gene expressi on, pustyibis P %{‘W Iize FW“ SBIgPa %ca

bei ng bound by t hg@dsy-raridor haiet irewamhtulmaﬁraxﬁgmnﬂ@gﬁa&ehmwwetsoscguxbdxe,
possi bly either sgt% ert or m,m.c "reprogramin %"ﬁ’@ ven the enornous
practical benefit eNEPSFAR A I HAREIREPESUSR HVelp ATRARIURLYgRsls grreving

i nterests in over Ceigishde trResaa @gdthRl infkred hi@hiSsaniedodlie iethe BAridcdpg WuhB&hni ques
for the fusion of either enbryonic cells or fetal cells wth enucl eated

oocytes. To dat e, TRunsFRPRIRG BYSE Pgdesh BWRDHS |04 d1ansgenic AnHP3le @rosueing i s t hat
have reproduci bl Yd&%@&?[e%l‘é‘@fﬁw %vé@fe%rﬁﬁ“ﬁ{tgmﬂ&z dn v RBPEmE B R uREhadul t

somatic cells. For exanple, been reported that when bovi ne cumul us
cell nuclei were prf expeasive. nﬂ'@e@m}@b'@@ﬁé@m‘&:ﬁi‘égbm bpcapes demmberplect r o
SUBSTI TUTE~SHEET {cJgld Psprin \ﬁgn biiftronty dntsf oddPag (0 »Léf% andd UL
2002 activated, 9% okggég |nj lsoe oocgt es Hg’ q;lo-peg to b astggill ts, but
none defel oped t omany transgeiie fdundyrs Semidfertiled r us- medi at ed f usi on of adul t

Thi Tty o sixty mmnutes | at o SPrhchy o FRERAS ot B I i)y o

oocytes reachi ng héae-i@entiedll arbmsls aftjem thutceﬂmuéudmgehxopﬂdxdwymgbmmedm cel |

gl and cel | o+ wi t neBal A Pt asaprd Caify e S Rt opyle K Eoied BUT,
g ?_SegiSWhi (E)g I \lNas Tankd enE)OéC?lMuesg o géﬁghcallb' ne@:f-ldaﬁnca( aﬁx&ﬁ&% chiggé)%ﬁldﬁ .

- yisre to have devel op Qm one of | enucl eat e
oocyt es“)sel ect r of uB¥@rite ‘{J' t‘f’ﬁ‘ydﬁﬁ‘ﬁ’é’m%é’&ﬁ}??éﬂﬁ‘ﬁﬂ%a hemmgl JMasavernat had
been cul tured forgdidefioe dﬁd/?enumé%ronﬁgr@aammnﬁis tA& g(.)u*au%& fHcyeabddOReldd G Or di Ng
to the nethod reported to have been used to clone mamary gl and
cel 1" was insert e@ilkpngineatsanldarnidlyiprdyce lﬁ@%ﬂéﬂbﬂspéhlg\m@@ﬁeréec&m%n
enucl eat ed 000yt Cof Wk froh AR sSmbtiALolls BGulf Slsb e WeeFiclal AL ApRldbciiitP] ect ed

to an electric pu setoin uce menbr ane fusion an
of pets (e.g., dogs, cats, horses, birds, etc.) and rare or endangered species. As

30 used herein, "cloning" refers to the full development to adulthood of an animal

whose non-mitochondrial DNA may be derived from a somatic donor cell
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15 activate the oocyte to trigger resunption of the cell cycle. The
resulting enbryo (in addition to 28 others in the experinent) was

transf erredwbrggg.,?ﬁsui table recipient and, in this single Cai&ﬁ?&@”&"ﬁﬁd

pregnancy procéeeded to produce Dol ly. However, because the "

cell" was froma cell line established froma 6-year old sheep g?gl ﬁg? i
the third trimester of pregnancy, doubt has 20 been publicly ez U gbﬁ
to the identity of the cells fromwhich the donor nucl eus was obtai ned) and
even whether that cell was of adult origin. In our co-owned, copending U S.
Patent Application Serial No. 091132) 104, of which the present application
is a continuation-in-part) we disclosed and clained a controll able and

ef ficient nethod of cloning aninmals 25 fro?1adult somatic cells) as
exenplified by the successful production of cloned fertile mce from adult

cumul us cel | nuchtﬁtougmhé‘{r%fyio? ﬁh&@ﬁ(Eh}oElg:&%rf'x&eﬁ ttnggorﬁ%él ddnBcell to 2

successful ly use o°-produce clones of t oned mce. Since the source of
t he donor cunul usrecipiens célb(shenad & oayk) fiom whioheht whidentwhounasecies\kave

femal e. SUBSTI TUTE SHEET CGRULE 26) L WD 99137!43 s PCT/US99/01L 144 21 J U
L 2002 The presentFF/BMon is an extension of the method of the invention
to include the successful produginabnmmntdlianedevelopmentf f Dpeytesy becomnie
fibroblast.cells from adult ani s.. In particular, the nmethod of _the
invention 5 pr ovi‘{fég{pemﬁﬂ'é‘ ?’“’Fﬂ@%f’?’"ﬁﬂ'ﬁﬁ@“‘:ﬁ'& qq‘f)r%ﬁé%?@" 256 A haul ¢

nmal e ani mal s, shogksn@elotietdivibion. Rlappraphdé Besluiation @f.g auigddn sk oduci ng
femal e cloned animals. In an enbodi nent of the invention, the fibroblast

cel I's are cul t ur dyteinizing hgenonsy rpgiosis feaumss; e segningbyssiclsreaks deway sy

donors to producepngd pREMicANERhSs cmglefsa_uﬁecih@so&ﬁ@ tHheAVRbn e arkQledCd: ONi NG
animal s fromadult 10 somatic cells by direct ll\ZQ; nsetting the nucleus of
the somatic cel | mieaphasgefithe seponsfmeipsss (fiMet Bar Mas t ansytes ¢andhandierpyulated | east
the m pymum chro : L@l | t) ., | he
cytopl Rom of “an_ CAATRLEE Gk BrifRiint Bod R EEHEL AR R e (B oh o
of the reconstit uiféht seoond polardode sud theiformatibn vEmelefang fémaje prasucisieThiaer ei n)

the term"adult sQ ic.cell” n . fro t. 15 nat.al .ani nmal)
“which is theref oreé'm;rgji’st ‘Fle i i’f ?Jeeggpsoggﬂ%glﬁglrngaanmgﬁ%B?%ﬁﬁoéég'e‘ﬁ'?nsa‘ﬁgorﬁhi ch is
not of the ganet differesdaying iftvespeaifivictlisygesuitiaplin tiof brgpuizatipni of taswesané of t he
ot St OBk, Bhe A RS SoPH 1 S Bl e
i ncl udifig anphi bicabge té bff¥pringi rds (e.g.) donestic chickens, turkeys, geese)
and the like) and 20 manmal sych a i mat es, ovi nes, , bgvj nes or ci nes)
ursines) felines) canines, '@éj‘ﬁ?é‘b‘geﬁ‘?’&%ﬂ{@‘}méﬁﬂstf"l‘f@"‘l“?%ﬁ’""’r?“&%é‘%ed

enbodi ment of thensidm?ae@hi (Bt is] ci& tRYEd capablid 6f dROETBPihE inted hew MmdivililalpeF hat i S)

it possesses the djploid conplenent of chrompsones as seen in GO or Gl of
the cell cycle. TRl hidsipoterey isjesy following asmallinymbsnel divisions; that numbepyr ce or

may be froma culaHiffb&®bén dpebiBs (¥) BURERINE bBVing RmbRyo¥). VPheRtthaMsE the 2n
donor nucleus (i.e., 1n GO or Gl phase ) is a cunmulus cell. Cunulus (Latin
for "a20ittl e nownderyipg|this apparensolossapf tagippleney 8 ponsly wuserstopdshyitiate nass
(heap) of follic I | ' '

vl ati ng. | Fol | oy agmsaip Zpfi sl tidds 17 (IR ARkl BELAE dele | e
cell s remai n ass®sprassian, that are collectively termed "reprogramming”. Without being bound

by theory, it is believed that cloning techniques could possibly either subvert or
mimic "reprogramming”.

25 Given the enormous practical benefits of cloning, there has been
a commensurately great interest in overcoming technological barriers and
developing new techniques for the fusion of either embryonic cells or fetal cells
with enucleated oocytes. To date, however, there has been a lack of reported
protocols that have reproducibly generated full term development of clones from

30 adult somatic cells. For example, it has been reported that when bovine cumulus

cell nuclei were injected into enucleated oocytes which were then electro-
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30 with the oocyte (to formthe cunul us oophorusl and, in mce) nore than
90% ar e SUBSTI TUTE SHEET ( RULE 28) WO 99/37143 PCT/US99/ QL t 44 , Z Z JUL -
200Z 6 in GONG9933Hd) therefore, are 2n. The invention cont enplPETALSIHEI g .
donor nuclei taken fromother in vivo or in vitro (i.e., culturedﬁ o] e

of 2n adult somatic cells including) without |limtation, epitheli foﬂ[ﬂsSZD[]Z
neural cells, epidermal cells) keratinocytes, henatopoietic cells)

mel anocyt es) chondrocytes) |ynphocytes) 5 nacrophages, nobnocytes, nucleated
erythrocytes) fibroblasis, Sertoli cells) cardiac nuscle cells) skeletal
muscle cells, smooth nuscle cells) and other cells. from organs including)
without limtation, skin, lung) pancreas, |iver) kidney, urinary bl adder,
stomach) intestine) bone, and the like) anddtheir progenitor cells where

appropriate. 10 In another enbodi nent of the invention) the donor adult
somatic cel |l is "2ctivedO%;oft Bk injected pocyinst davalopeshdo thiastagysisi htsnange
di pl oi d genom ¢ . 991%&” firm@ I{.)iﬁé#i%é, ﬁxdﬁe\?ﬁxk-‘fﬁetdia?& AlfdnNSr R RSGse0f the
cell cycle. This donor cef may be obtal ne roman In vivo or an itnvitro
source of acti vel yhymedytisrvgthomh¢leatedMevid porytesdolowssi byl dctivatisg thigy tesiktyhel i al
cells, hematopoietic cells) .epi I ! | i.Qr ofl ast s,
and the |ike, and ngtleg‘aﬂ)err)évd@ﬁ:o)?g‘?’ggoélr%glt%ﬂi'gr7é§° aég%p%%%ﬁg{é&girﬁg é‘ﬁgbglﬂment
of the nethod of tshegej but@oié deveioped beyesd thed-cztlafage.of (i) allowi ng the
nucl eus (or portion ther€&of jncluding,the chronpbsopes o .be in contact
with the cytoplasm of the erﬁ:??‘ﬁ’éfeé’ﬂggffc?wcé%eo °°§°E'§1"%‘83°‘8f“’?4 TEAMIBAY ) 20
up to about 6 hourgiandadeller with efidiéz0ed doayes drodae)d singlblilve PFfssring sheep,
activation of the oqcyte, and é;”lﬂ) activatin i

S

) " . ac Pthe oocyte. In this
enbodi nent) the nudniglwas namedslaplyd Wi, I ¢ @l £1908), Nauise 835, SHE-8LRu Boli¥t ed

oocyte by a methodg Hﬂﬁhe&ﬂﬁﬁv@@&v%&@%éﬁwnﬁﬁdﬁlg@% OFT)E e9BEMIdRuselfNen a

donor nucl eus havi ng{1 2n chronosones i s enpl oyed, t hod further
f

i ncl ude$0t he st ep voith etils derpred frgmythe memmigry glangdihatdiad beeny @iwresdifen fivedays bl y
for the period of e ' tl : rd‘x'xﬁ b ' pUEveat ed
oocyte in order tﬁgﬁgﬁggﬁstdﬁgéﬁgrdﬁ%n% %‘?b%alpol g’r’l"sll‘_)‘g@%@gt ?‘FY‘S.I nt a?n t he
2n chronmosonme nuntbeen usgd torclorfedollyxthairanmary gland el rwas insemedby miceapinettyed,
this step of the I:S:.Qf t . i r nd t he
pl oi dy of 30 the ?@%E‘g&eegt% 'et"gﬁ%eo%g%e&gggnug%%% 0 eédwbﬁgﬁ*p%é%t%@SHEET
(RULE 26) i WO SetSimdmetBatellpEiibjedB8w @i eleckaic ulde B ipdiceaORbrane fusipnahdr r ed
enbodi t of the_ipaventiaon nucl eus 1.s i r 1.CLOl, Al ecti and,
nor e prg erably, t?flt?ﬁ?ee‘i’%o%ﬁygeg? rlll‘léﬁgn%éhﬂéd&%ﬁg? Eehg c%rll?g'rcgél{nﬁecgf %&Pﬁﬁg em%'ggse of
a piezo electric rincadilimdrupuldbdierssmathk expdrmengstvan gansicrédnings ki snitalslé t he
donor nucleus to be.performed with . a single needl e. 5 eover) t

enucl eation of thée%lgiéﬂ}'t@daﬁﬁthfsnflg‘éf Melih Pﬁ%*"&é’rﬂ]ﬁ?“&%ﬁt°er8fi%ﬁfs‘§‘$ly(:an be
pﬁrformed quihckl y_mswbh vef,fbkcduwﬁ\bymﬁ%arﬁgﬁﬁdagﬂgrsty[}onri]Viatd@ll|liﬁsﬁ&]§ﬂabmw ]EO )
t he oocvte~than wt reviousiy reporte t hods) such, as the fusi of the
donor cell and oo{mgﬁﬁfff“%&adxﬁ?‘ SRR FM‘F%GS‘EB%QH%%W‘E‘,’V'HQ““Q‘%‘

electrigoty or Dby beed posIt®Nbfprisséd/as tolfle Tdeatityndf el dells' #6mOkhich eHedonor
material by mcroinjection is distinct fromcell fusion, temporally and

t opol ogi cal | y. By npelgusvesabiainede andyevensthatber thaticell wag ehadultonigiine of t he
donor cell is punctured (to r ' fs. n 544 _or
nmore steps that are temoraffﬁ??ggoﬁ?’eﬁﬁﬁdg%gesl ?%?tyﬁgélﬁgﬁ%% Sﬂ?ﬁ?@us (or
a portion thereof 0PH3RIE#nef whichethstpresant 2pplicsionoises continugtionrintpargrve| eat ed
oocyte, also follqw . _ i events
are nota T oat ur o SF el b (RnlE ARG E SecienSRARG! B RAR Ul

separ at2bn of nuclfieusadubtrsomatic calld, asrexeroplifiedibytheaduccassfutprotiuasioned cloned

i ntroduction of terials.in ition to.the .nycl eus,. The.facility, t
remove extraneoug??‘g{cd'ﬂ'lcﬁ Rk tCSQUﬁFFg]&ﬂ%%‘a%ia‘jooqﬁ%ﬁ-l;s.cd ?&?r‘&ﬁ%&f‘%‘fs or
rgagents matyI be hig@lhh)becmrs]&e&ﬁbnlg)eusdaab_pea'dlixagbbnfmef mdd"d";faeﬁi)“'m“fhe g
advant ageousl y nodul ate enbr yo] ogi.cal _deyve ment .the renuycl eate
oocyte. Such a red%8ft 0%93%'&&15?'}53@88?1‘5%{%%9‘?8‘& cgjr\‘ﬁgﬁﬁﬁ%l"(?a?‘i?&lweé?gnal
ttansducti on inhi ldghfé., Or conbi nations thereof) wherein the anti body
and/or the inhibitor are directed against and/or inhibit the action of
proteins or other 25 nolecules that have a negative regulatory role in cell
di vi sion or enbryoni c devel opnent. The reagent nmay include a nucleic acid
sequence, such as a reconbinant plasmd or a transform ng vector construct,
t hat” may be expressed during devel opnent of the enbryo to encode proteins
that have a potential positive efSUBSTIFUTESHEETIRMLE 28)d/ or a nucleic acid

sequence that beconmes 30 integrated into the genone of the cell to forma
transforned cell and a genetically




8UBSTI TUTE SHEET ( RULE 28) WD 99/ 39143 s PCT/U$991 01144 , 2 2 J U L 2002
alteretl animal. The introduction of a reagent into a cell may take place
prior teo, during) or after the combining of a nuclous with an enucl eat ed
oocyte. Accowding7ma® one aspect of the present invention, therectraspsomused
a nethod for cloning a non-human mammal conprising the steps of: _(a)
collecting a nucleus froma somatic cell of an adult non-human n%ﬁthULiﬁﬂDZ
inserting at | east a portion of the nucleus that Includes the chronpbsones
into an enucl eated oocyte to forma renucl eated oocyte; (c) allow ng the
renucl eated oocyte to develop into an enbryo; and (d) allow ng the enbryo
to develop into a live offspring. The file of this' patent eontaics at |east
one drawi ng executed in color. Copies of this patent with col or draw ngs)
will be provided by the U S. 1 p Patent and Trademark O fice upon request
and paynment of the necessary fee. Figure | Ais a photom crograph of a live
ovul at ed oocyte surrounded by cunulus cells. The egg coat) the zona

pel l uci da) appears as a relati M@w oocyte. Figure 1B
i s a photom crograph taken wt ' jection of a

cunul us cell nucleus into tirRe pydseml insentioh iarancetedsial ofl trompthed othdwi ng
the intact cunulus cell nucleus within }Pre qocyte cytopl asm _QOocyt es
injected with cumifi¥§atientq inglude e syseessipl Rrodyction of fdopedn vy, AETRSGEAMIRd wi t h

a phase contrast HbrdbPEEEAR- frdnk GdtiiCankiralsS IR pRRiGLIAN I Methad of BRQM<Ation
transformation of the 20 ~ nucleus into _apparently disarrayed chronpsones 3

hours affer injecerayidesfclened. Hue o8springTiemdfibrablagy fram | eduls mate animalsal
situation in whiclnglifgln RORIERRE Il ERHol iRl %o PRINCAE rahilE dideq @
e spi e, ase

single pole of th and are therefore not alfgne n a nmetap
pl ate. Figure 1D asimalspthmaoeniadoyerd pfithe iventich. thefibrelflast celisare odlturainfoof t he

oocyte with Srs- show chror S i r -

(b m dbody) 6 UBs TP OEAELRTRRIIRR /38 REEaEHobch ol i@ soiaiss, _
J UL 2Q(1 Figures 1 E and The Hetmdeofpthetioventom doraplosingadnémalS flomumadulaf t er
activatjon of the oocyte wth Srl. show t pseudo-pronucl ei _w.th

varyi ng{(ﬁunber of scgp§é¢ﬁ%¥y£gﬁ%1ﬂ&fg{lﬁ @gng‘ﬁ?‘ﬁc‘?ﬁ}eﬁmﬁﬁ%&e (HTBP%“‘BEP?egg
"The size and nunbeie mtlefrconwfits iciuditg atileastahe aihinmitgg@ohbsognal ifaretialable
segregation of ' chmmsorr&s Iol I o&.n@ @gc te actigati on.. 5 ~ ~ Fi gurf | F
is a phot oni crogr ShRURPETY fkyslopment g, e CYIQRIZRTL &4 2n; guelsaied PAKeedM on of
enucl eat ed oocyt esaciitdting GHibHjoRR detdlbprient bfthe rekBnstifutedloot$telto FABRTH 4 liW& BHEET
i RULE 26) WD 99/ 37143 PCTI US99/ 01144 9 L 20(!'2 Figqure 2Ais a

M [L] 2 J u ”
phot ogr aph of f ouPtisREBk- 45 UseddFisie the Bt @fultsnmatr el (M35 REFLERTAP PRFT h her
foster ppther. Fi gubPardRal, WhithRb HeRISRRABIUNT 2Bl EdINTorah efbrydiiEdISad th the

which is not of the gamete lineage. The resulting viable offspring is a clone of

the animal that originally provided the somatic cell nucleus for injection into the

oocyte. The invention is applicable to cloning of all animals, including

amphibians, fish, birds (e.g., domestic chickens, turkeys, geese, and the like) and

20 mammals, such as primates, ovines, bovines, porcines, ursines, felines, canines,
equines, rodents, and the like.

In one embodiment of the invention, the donor adult somatic cell

is "2n"; that is, it possesses the diploid compiement of chromosomes as seen in

GO or Gl of the cell cycle. The donor cell may be obtained from an in vivo

25 source or may be from a cultured cell line. An example of an in vivo source of

the 2n donor nucleus (i.e., in GO or G1 phase ) is a cumulus cell. Cumulus (Latin

for "a little mound") cells are so-called because they form a solid mass (heap) of

follicular cells surrounding the developing ovum prior to ovulating. Following

ovulation in some species, such as mice, many of these cells remain associated

30 with the oocyie (to form the cumulus oophorus) and, in mice, more than 90% are

SUBSTITUTE SHEET (RULE 26)



pups she produced following mating with a CD-1(albino) nmale. 5 Figure 2Cis
a photograph of two B6C3Fl-derived, cloned) agouti young (center) in front
of their al W@8AY4Ier nother (CD-1)) a B6D2F1 oocyte donor (bPEEMSISIgH ).,
and the B6C3F1 cumul us cell donor (agouti, left). The two agouti 1(‘2]3

in the center are clones (identical '"twin' sisters) of the agoutl nﬂljhsﬁﬂ
cell donor and are two of the offspring described in Series C (see text) 10
and Table 2. Figure 3 illustrates the devel opnent foll ow ng uterine
transfer of enbryos derived following injection of Sertoli cell nuclei into
enucl eat ed oocytes. Figure 3A is a photom crograph of the uteri of

reci pient females 8.5 days post coitum (dpc)) fixed with Bouin's fluid,
dehydrated and cleared with 15 benzyl benzo&te. All uterine irrpl antation

sites failed to devel op except .in ong rrow) .where a re 3B)
appear ed nor mal arﬁ’élcﬂéfg 1 andl. theeeforeragg2n; %la 6‘PH°PE°%‘E%%"PWF‘F§H§‘ g‘?‘%@ents

DNA typi ng of donQsi&ndisin Qfie? BY 1iVdot i vaps (i8S c@ltﬁ&ﬁ?s&u@é&'fs omdaa’@bm.a%).- t hat
corroborates genetic identity between cl | oned 20 of fspri q%é curul us cel |

donors, and non- i ¢ells incldingt wishoyt Bwitgtian, epithelial el newsal c sQPéfk'"ﬂ #alles.
Placental DNA fromp S
conpared with DNA F ;%%O%Q}hés %%l?'g@g%luggn% ﬁg (g:ﬂeﬁnggﬁgéo%? Adr ﬁﬁgﬂ@éw\f@@

the thre® oocyte mesrqrbegds, mmatyss, (duglratsd Jerpiyocyte, ﬁhmb!dstseécndstceﬂaanal es
(lanes 7-9). Control BL6, (Lane |f] H. (L an 7

b o (1ane 15y R mysrG reld QPR IRlsRis el Smichle e el W b,
DlNiA size mar ll%r:2 | Fbete ogang BxcﬁhﬁtgnwﬂmmTMmdaaﬁhfskin,EmggE par(hgelafA,nuZ%kBkngﬁtpure4gA
illustrates t n the stra Ci rker r i gure
11t r at o5 POR ¢ JBPAY HHCKRS somEcts iing, B pad fhe Tk eaH tiginfrpseayor cols
PCRanpl i fied DNA meg,apﬂ,ﬁ,pamgé Fig. 4B) fromF 1 hybrid mce exhibit an

addi tional 30 gel band not seen in DNA.from_the i nbred parental strains

(I anes 1%-20). This extra b&'hﬂ'm&?FF'éE‘t%"ﬁif‘é of thednyropiap.dbnex adplt sopsHe  r om
the two parental BERGIEIS 1o QUBS(FhJHTEc%EﬁIOGB%ENg%eS A BRiB gitbinic

PCT/ US991 01' 144 . 2 2 JUL 20 0 whose conformation results in anonal ous
.gel nmigration. Fi gmtenwe all’FSIUMsﬂf re@!le%losémrrﬂe?i phase ef the ¢4| GygleoThis donor cell
strain-specific EP&.—% Qfﬂtanﬁéé%m aﬁwavmn'%m}o sfw&l{rf%cﬁwélﬁd@ldﬁfgfk%ﬂ?“ c
representation of t oning procedure of the present invention.

DETAI LED DESCRI PTirchedilg, eimot Kitednoanitiitlial enlls.diematapeietic eslis) @lfbﬁsdﬂeﬂﬁ,t hat
every c that d g t Ugid-E"

cells. g\lA synt heg%{ﬂgqgécﬁhﬁb?oé%ggﬁaa{n r@g %{Jt@hg{e&:h&ggﬂl&:‘\gﬁeg% cycl e but
is restricted to appeptiatef it, nanely the synt heti c phase (or "S" phase)
before mtosis. Agap of L1 TG ohBodinRhcloR AkhA of e MVRYTNERE Bednhs Dol or ©
cell division; another gap urs a & VE SEh an ore he next
S phase. The cell of:(y):dlm»\nﬂigmaeomiensstoraaoufontthmedﬂl(ndudmg tfrc)ch;dmer):es) tébd phase

(the first~gap), the e (the secand n ktol\/l
Many nondi vi di ng %?qngcpwaﬁﬁg§t‘,’|‘8§2af£8?&'§ﬁ é°% gﬂtelf%s{)‘%‘ﬁxﬁgio% ‘f%st s)
ag_spﬁnﬁlza he cycl gu?fd £ould h&ﬁT)lﬁﬁBﬁmlﬂimdt;ﬂ?ﬁ tnags@rt]e $uc;|ihorlt@56tivg@on aghé S 15h
iC ave exite romthe ce e befqre, se, e s to be in the
GO state. Cells efPefs W@H’ﬂ"'i‘%‘%ﬁ??fﬂcn?'f ﬁ?%""gl? 'B“l"eh'b’b‘\‘cz‘r"'ﬁ fsyinsspted or
very long peri odsint®ahé QJytog%H of AR eAIRIHaRAAS oodyRd ngilrﬁ@étﬁod that does not
characteristically do not divide in adult aninmals remain at G0. More

t han 90% of currulG@’%@‘I“Pé"bswlﬁ’é‘ehbﬁmmecently ovul ated (nouse) oocytes are
in GO or G The nuclei of Gghdn$ doﬂor‘?@cﬁﬁs iedirfgl cﬁn&oﬂx’eﬂsgg{ak{yg@)thw

cont ent .e.) they have two copies each nor phol ogi cal nct
chrono me (of n- medudmmﬂcblﬁﬁihbsm disypntisig, mwwmr@rormxceélangm n &

have a 4C DNA con I r 3 opi es
of the each of thsesgé};‘bl?'lf%épéB%Bgr?ggg%eaggkﬁ&}t been "?‘g“ |cgt"§ tﬁe%g él’%% acpr esent
i nvention descri bem:yae madiruexdofsopprgssnbtrbhnatgpmcbfmndamﬁodyand alairasie tien2mal s.

In the nethod, eagh clone devel r.om an .enu at ed te that )

recei ved the nucI QmpsgmenUmAer. O@ﬁeq (& F5gpPie ‘f%‘g‘l"fk@"“@ "5¥%%{§'Bl°yetdh&'s
chronosones) of astepeiftht memod is cmited such that Hpelarctddgds foened, ahd thegldidy ent i on,
cl oned ce were @orn foll ow ng m croinj ggtl on of the nuclei of cunulus

cells 3 g renusleatsd 2PF AR CaRe requced 04Tk ) i nto enucl eated oocvtes by
t he net hOd Of the SUBSTI TUTE SHEET ( RULE 26) WO 991 37143 PCTNS99/01 144
2'LJ UL 20Uz
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11 invention. In another enmbodi ment of the invention, cloned nmce were born
fol | ow ng mcroinjection of the nuclei of adult tail fibroblasts into

enucl eat ed ‘5 tes by the nmethod of the invention. In enbodi nents of the

i nvention esg é%/?‘ﬂd%. brobl asts, sone f broblasts were cul tur eBcFWSQ?’?'r"b‘ in
media that did not contain serum thus) these fibroblasts were ? U/ &
order to induce them,r to remain in G or G 1 phase of the ce12| cj I.e UdQ
known to those skilled in the art) and they are presuned to contain 2n
chronosones. Qther fibroblasts were cultured in vitro in nedia that
.contained serum thus, these fibroblasts continued the cell cycle through
division and were presuned to be 2Cto 4C. In further 10 enbodi nents of the
invention, thynus cells, spleen cells) macr7ophages were used as the adult
somatic cell nuclear donors. Additional aninmals such as, but not limted

to, primates, cattle, pigs,,cats be . al so
cl oned by the nethod of thelqwgﬁg?@%ﬁofﬁcﬁﬁglgﬁﬁvg ' E&;Wﬁ%ﬁ%“é‘s' %?\ﬁﬁd herein
to provide a hi ghbvahﬁcrﬁfmel:ﬁowumﬂesmﬁul pdﬁhmbtypmmtpneio e!mtrwaﬂy-hauitb@

not ul a/ bl ast ocyst st a at e .of ant ation of tr erred enbryos
o et pi ont 1 oot BRCTRRRRtiey ) kgt & e atic Ris ool otz Birjgeting

resul ting newbor nafe iRyedtfon Jmerm.ar tnuéleusoio bBgsepfofthéd Wnﬂn@lsﬁ'rglefmﬁﬁ t hat
the nethod of the invention is readi] reprodu0| ble. Steps an substeps of

one enbddi ment of MorRovaR thrrmueleatiaRof sy qagyiefnd drjestinn ofithrdaqgr eell nislensl are
|Ilustrated|nth@anea&aﬂmt, f d (1
) from an oocyte donor ani négl uﬁkg“d'nﬁe?ﬁc@fdﬁ%hf’zﬁng&ﬁ)sﬁﬁtﬁznwgi\i/lgeﬁ(?{a%fﬁﬁﬁda form
an enucl eat ed oocW@OQ\Ghmybmlo}ﬁlymﬂpﬂﬂ me@gsls sighag thedusing ¢fshedanor
harvested (3) fro , (4))
and their nuclei {gl%rﬁiﬁoc gﬂ?%ﬁ%dtq){]@ghﬁgyl ncP@dﬁmm?&Lé F‘gtﬁgg}l 35925 are
obtained (5). A sfusggemcrmnlseus is injected (6) into the cytoplasm of an
enucl egti\ed oocyte. The nucI f{ asm of
t he enﬂ@l eated oocyte (7) f mm? u?%' q‘:l&g ?‘Jlmg%y% Jah“#‘?r@'s 7“5‘%50@
condensati on nmay fremaletdusiar 1erﬂ'ﬂmalq(m1¢ttepalsgncdibn Bacmbmacmmjc(cﬂ)m matholle
. presence of an |nh|b tor of mcr ul e a d/_or of i | rrent ass ly (9)
to suppress the 3 @F%WB‘R”&F@*“S%P&?"S &P“‘&H’F% gRable SBEUonQTAe ¢ e
period, the for rra:tuocuuspﬁ opeexudmprepmmadmtempratngseﬁnaed/&dncsg bOHthay ng
pseudo- pronucl ei ? sel ected SUE’h?:r HEET %%?RU 2@) WO ?9/ 37143 12 J
PCT/ USQ0/ h 1144 2WSTeyS (O aReguon oo iaciuding i d F!?geﬁ PREFAMES) {jp anrhe
enbryogsare then drudlaiedr sishe( alsb rolmufgosptaemasmeﬁmmwpmtub@rss)epmtdoer m t
the birth ( 12) of live offspr%ﬂgq. Thus, errbodl ment of the nethod of
the invention forPCHEAEGvetsH féﬁfﬂfﬁq §é fYsiRn-£ o | owi ng steps: (a)

col lecting a somatic cell mgw&re,ihagpaao&mfpbr@@eﬁdmmcﬁfxﬁeleaﬂemowl at
| east the chronpsones, froma somatic cel n adul t, manmal

inserting the at 3nd8trodysten plows FRBlied mrodustion;of reaseral %Mdéli’émlt?lg’l? an
enucl eat ed oocyt eyjcfuf OFHY fakikit§ M fehR 9t BraRQSY Eﬁwpfaﬁ)\ afd loQiM-d?ﬂcé :ﬂﬂmonal

renucl eat ed oocyte to develop into an enbryo; d (d) | o ng the enbryo
to devaPop into amitesials eFreagents may bsaeﬂhlmesmé%l’@lt@p@pi@ha@%mvewmam oW in
detail. 10 The s ( ing the
chr onosones) may Lﬁtg ﬁél#éﬁ% Irldo%élnmg '2'2, Lb;ﬁ ?f‘&ﬁat ﬁg‘;{%r%@%@e@han 2n
chronosones (e.g. qocmqe Smh @iredgent nyec@mpmmrt antibody, rephasmagellogikab sighal

genom ¢ content) i froma
somatic cell thattmﬁg‘gjcgswtﬂ{)ggcr?e Pe g“raé k e&ggﬁgﬁéﬁg ?é}o(f&r?ucl eus
is inserted into mhnbnmyhmpdnmtvdlfgm{st hﬂtﬁmenmlixeﬂteetbtwna;ftmoteifheorl otherr t i on

of the,pucleus is prefer acconpl.i shed and, nor
preferﬁgl y, by pi™® lﬁc‘g?se@P ¥ 3513 VE'&Y’U% %591&:“]%@,\6%“ ﬂEf’f‘Q'&'PF'ﬁn of
the oocyte nay t aleQeiBpmém. PTHeOfeagen) nchyrﬂnamde arnuldie acitl RquensE sutipas af t he
somatic cell nucleus. In one gnbodi ne the activati OH%(Ste 20 takes pl ace

from zero to abodfcagibinangplasmidiar airan QE?'PS(Yﬁc'B'f“t"ﬁE“"éd {4y ReXPrestsel eus i n
order to allowt f&nﬂﬂ@e@é&ﬁpfh&t% the emBRl0G! enbbld) pﬁmwﬁﬁplﬂk@ﬁ‘pﬁenﬁﬂe
oocyte for a period of tine prior to activation of the oocyte. Activation
may be achi eved tppsiixeicéiees amedavelopment andiog e wlmmvd sequenascthato pecomes

el ectrggctivatio :ﬂ'ttlt'by Imn&g actors,
oocyt egreceptor ']me%raéﬁ)ﬁ@?ﬂggno%% m m‘{e}lz‘gﬁg‘gﬁar maco é@?g‘{é}c{gﬁﬂgl nuﬂ?ors of
Ca2+ rel ease (e.qg. ) caffel ne)) Ca2+ ionophores (e.g., A2318, ionomycin),
modul at ors of phosphoprotein signaling) inhibitors of protein synthesis,
and the |like, or conmbinations th i t of the invention)
the activation is achieved by exgﬁéwgggﬁm%?rsgnti umions (SrZ+).
30 Activated) renucl eated oocytes injected with 2n chronosones are
preferably exposed to a microtubule and/or microfiianent disrupting agent
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13 (described below) to prevent the fornmation of a polar body, thus

retaini ng al yg dyp3ghy onosones of the donor nucleus within the r BGRAISINHES
host oocyte. Activated, renucl eated oocvtes injected with 2C to 4C nucl ei

are preferably not exposed to such an agent, in order to allowt ALHH%QUZ
formation of a polar body to 5 reduce the nunber of chronbsones 2 :
step of allowi ng the enbryo to devel op may include the substep of
transferring the enbryo to a femal e mammal i an surrogate recipient’, wherein
the enbryo develops into a viable fetus. The enbryo nmay be transferred

Enbodi nents of the present invention may have one or nore of the follow ng
advant ages) as well as other advantages not 8isted. First, nucleus

delivery (or delivery of nuclear ‘constituents including the chronmpsones) by

at any stage, fromgfiied Gfiiral, [ Theodudidn cﬂ'&h’engymtmmtaa@a ma&akﬂpl\nce priorithose

skilled 10 in the art. mcroinjectjion |g Bﬁ % de vari ety of
cel | types - whet hduring,onafterthe combiping oba njigieds Wit an ¢ (99?’08 of size,

nor phol ogy, devel opnental stage” of donor, and the I|ke Second) nucl eus

delivery by m croi Ré#fdihg %o 6hé BbSSCt GRS prbsém iventior,ethere, is (provided: atmathod for
the vol une of nucl @&ging @n-Ki@than AdrARbPEoMBRthg thel steps ofs i(a) cdliecting: achucieus
the enuel eated 00CH§R alsofafic idelfofodn AUGI PR-HumERL rianmalagbjeirisertingoatsleast a
material nmay "poi sguiion 6N RbGHICRIE hatMRdiedds the chidtdesbmedlntouan endcleated vecyte
by m croisnj ection @lbeNa reAlictéatbd YosRe! (EPallcing thel rehacleated docytsitotdereldp into

nucl eus) of additignambAacand (d)allewihheaniyo tadevélop irtoa ligé offspringar
i njection. These are exerrpl i f| ed beI OW._ Fourt h, nucI eus deI | very by

m croinjection allows a peri dBRIH eustothe

cytopl asm of the enucl eat ed ' d n
aIy'I O\FI)V chromatin 35 renodeéli ngﬁ? ﬂﬁ'%@ﬁﬁ%ﬁé‘&o\?‘vﬁaﬂs ﬁ t° 552%“2'23&8% dfin™
ermbryoni ¢ devel opnesior. Copiedidf thh(pheummeboluedmwhtg(s)mdn be provideddy the UBys a

wi de range of choi es for ucPse u activation protoc in_one

brbodi il the s shik pitocipon ted EnEhmmial e Besiiging e
different effects on devel OpFigliiTr@hApOitsQﬂbhcﬂbmwﬁbgﬂﬁh ofigtliveadiditedyciRe i N
t he presence of m crotubu e- and(orﬁ'ﬁr;e of | anent 30 di Slwﬁé' g% agents tin

one enmbodi ment, cyFWEGHRAed by cpulus ¢ g Pam S PAve ol peelh as @

nodi fi ers of ceI | utetdtivelyf dicak edd @bundihé bavyeene enbodi nent) St BSTi T' UTE
SHEET (RULE 2B) J WO 99/ 37143 14 _PCT/ US99/01144 , . 2 Z,g Ul 2002

di met hyl sul f oxi de) to pronDtE‘gFéﬁleébPBh%@V'éqr faken withintemimgtesafter, i n

one enbqgi Nent) nuijeRtsn BF4 t bMﬁinlMs wn :maens RO IR coDpladsMVf al eAddletddEsbeyte,
m croi njection, allow,ng rapid and efficient proc ssing of sanples and

t her eby reducing tﬁ?ﬂ’ﬁ%ﬁ%“ﬁé‘f‘lcgmﬂhﬂé?b&‘ s e thinthe 20¢ ﬁcyt?ﬂf’im1 Qocytss part
because somatic nujgjeikd vﬁtrpénﬁmﬁaéemmcwn %wﬁmdmw&d pHofogriythe@ i £at ed
oocyte may be performed with .r the sane inj ection needle (in contrast to
conventional mcr &hﬁ%@ﬂt@ﬁ'@&c&s&ﬂﬂs whi ch require at |east one change of
inj ection needl e between Cormaar@fci;aepmcng}apu%hmngmnﬁeaﬁ&mmwf the
oocyte plasma nenbrane). Moredver) the oocytes of some species )

nouse) @Pe net andiighius intg apparenslyrfisasnayeshchiremesomes 3houtaafter !:ﬂ:l@ﬁﬂolﬂe%dh%s)
wher eas pi ezo el eGhcid é" Wcéﬁ&@ﬁﬁe&ﬂﬂﬁlnﬁhﬁ%&h&%%%fcﬂ% l@'cgnde?lgﬁfess
rate. Finally, not on y indi'viddal steps in the present Inv nti on

their relationshi ;ﬁhmma&dehre@lamtadsdao abingle poleof thetspindla, mdraregmmu‘mmg
efficiency. The i now presented in greater detail to
show how t hey ar eq‘g ‘53‘2%"‘%{“@%8?@?% of one to the other in the present

i nvention. 15 The reci pient Rigm'etlBss a phetorticrograpif taken Vhour aftet activhiiamofof t he

oocyte enucl eat r transfer has been re ted to be

oo 11 Bnt to ¢ nah€ FoRas W SFhc oA BpuR B AL SHESEEEY G BOUPFepor ¢
of mammal i an nucl ¢mb=iidbedyrr describe the use of Met Il oocytes as

reci pients. Met |l oocytcs are of the type normally 20 activated by
fertilizing spermatozoa. It is known that the chem stry of the oocyte
cytopl asm changes t hroughout the maturation process. For exanple, a
cytoplasmc activity associated with maturation. netaphase-pronoting factor
("MPF"), is maximal in imuature oocytes at netaphase of the first neiotic
di vi sion ("Mt I")) declini ng with the formati on and expul sion of the first
polar 25 body ("Pb 1 ")) and again reaching high IeveIs -at Met 11. MPF
activity remains high in oocytes arrested at Mt idly di mnishing
upon oocyte activation. SUBSTITUTE SHEET(RULE 265)
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When a somatic cell nucleus is injected into the cytoplasmof a Met I
oocyte (i.e., one with high MPF activity), its nuclear envel ope breaks down
and chromatin condenses, resulting in the formation of netaphase

chr onosomwe 9¢4#i$3 | TUTE SHEET ( RULE 2B) WO 99/ 37143 i s PCTPUSABDDO114414 2
2 J UL 2002 Qocytes,that may be used in the nethod of the invention

i nclude both immture (e.g., GV stage) and nmature (i.e., Met Il stage)
oocytes. Mature oocytes nmay be obtained, for exanple, by indyginng hqal
to super-ovul ate by injections of gonadotrophic or other hor %ﬂdﬂwﬂﬁﬁﬂ
exanpl e, sequential 5 adm nistration of equine and human chorionic

gonadot rophi ns) and surgical Y harvestd ng of ova shortly after ovul ation
(e.qg., 80-84 hours after the onset of dstrous in the donestic cat, 72-96
hours after the onset of estrous in the cow and 13-15 hours after the onset
of estrous in the nmouse). Wiere it is only possible to obtain i mmature
oocytes, they arc cultur &fgines 4ErmudkEltdro phqtomicoagraphs takenuinhdirs after [ t hey .

ot hods Tor 1 VAPRIPTREbEPeRR Yt 56N oE ud el BnlH Y ines o)

-and for inmat UhgmBBUSRIIRIEY hedled]is-Mepstaucturdsalifcemablbipehesd. The size/mdol 09y

22s, 77-84) Academ c Press, 1993).. Qocyte enuc|eation 15 Preferably, ‘the
oocyte i s expoBunbergof PFEB?‘QIH{"@B?\‘FhiVﬁFF\é; SUEBEHING: SOl SFETSBRIOR @fof i | anent
di srupting age%oﬁn}:ﬁ&ﬁcs%“&&}ﬂ: E{RGchviioheat i on. Disruption of the |

m crofil ament.s and/or m crotubul csinparts relative fluidi téd;o t he cell

menbr &ne and under | yi ng Eigure d&) is s pegiomicmeranbesf bvecblastogysisaproduedor |t he -
oocyte encl oseg kil fliédiB% BPLARR ated BoBAS With Bfindtgddelidh@Ri Nto 20 a pipette

with mininmal danage to’ cellular structures. One m crotubui e-disrupting
agent of choice is cytochalasin B (5 ~tg/nL). . OQher suitable

_mcrotubul edi srupting agents, such as nocodazol e, 6-dinethylam nopurine and

col chicine) are known to those skilled in the art. Mcrofilanments
di srupting agents are also known and include, but are not Iimted to)
cytogpalasin D, jasplakinolide) 25 [atrunculin A, and the like. In one

preferred enbodi nent of the invention, the enucleation of the Met Il oocyte
is achieved by aspiration using a piezo electrically-actuated mcropipette. .
Thr oughout the enucl eation mcrosurgery) the Met Il oocyte is anchored by a

conventional holding pipette and the flat tip of a piezo electrically

" SUBSTNUTE SHEET ( RULE "26) WO 991 37143 16 PCT/US99/01144 Z 2 J U L 2002

driven enucl eat.ion pipette (internal dianeter = 7 pn) is brought into
contact with the zona pellucida. A suitable piezo electric, driving unit is
sot dltinder the name of Piezo M cronanipul ator/Piezo I npact Drive Unit by
Prime Tech Ltd. (Tsukuba) Ibaraki-ken) Japan). The unit utilizes the piezo
el ectric effect to 5 -advance) in a highly controlled, rapid marutei) the
(injection) pipette holder a very short distance (approximately 0.5 un).

. The intensity and interval between each pulse can be varied and are

regul ated by a control unit. Piezo pulses (for exanple) intensity = 1-5,
speed = 4.16) are applied to advance (or drill) the pipette through the
zongygeel | uci da while maintaining a small negative pressure 10 within the
pi pette. In this way) the tip of the pipette rapidly passes through the
zona pellucida and is thus advanced to a position adjacent to the Met ||
pl at e

25
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(discernible as a translucent region in the cytoplasmof the Met Il oocytes
of several species, often lying near the first polar body). pocyte
cyt.opl asm cont ai nl the netaphase plate (which contains the

chr omosone- gﬁéﬁWéggS conpl ex) is then gently and briskly suck¥d/PR%g'{He

injection pipette in a mninml volunme and the injection pipet (
containing the Met Il chronosones) withdrawn slightly. The ef é&: J@XZQPZ

procedure is to cause a pinching off of that part of the oocyte cytoplasm
containing the Met Il chronosones. The injection pipette is then pulled

cl ear of the zona pellucida) and the chronposones are 20 di scharged into

nei ghboring nediumin preparation for m crosurgical renoval of chronosones
fromthe next oocyte. \Where appropriate, batches of oocytes may be screened
to confirmconplete enucleation. For oocytes with granul ar cytoplasn1(such

as porcine, ovine and felin ARCES I%Nﬁ

fluorochrone (e.qg. Hoeschs? é%%élif) ga@%égﬁa g’)‘é\g%n“?rnma%k 8?’%‘% %‘g‘v"ﬁﬁ) 25
illum nation (enhahmadmhy(fomgmmﬂg@nhrhb:efosmtfmeuﬂervl deo nmonitor) is

advant ageous i n determ ni ng L Ci atl C on of
the Met |1 oocyte may be ac ?Bo e}}?é "I'P&‘t“ﬁg‘u “?'Eﬁ& §’°Pﬁ’é g‘e‘b%ri bed
in U S Patent No.pufs Qﬁ‘br&ﬁx@ed faqnbwmg&nmxfg witaICDeRkIbimo) filale. be acconpl i shed

m crosurgically using a conventi onal 30 micropipett s.opposed to a piezo
el ectri cgl l'y-driven nicropi Fi#We2C1ARoPgRPRE tB’BI?:ﬁ;ﬁﬂI% cdragPY 26)

VO 99137143 17 PClp 8:%9&9)4& ﬁ%n?oflzh&'r hb&GQ&:&%tﬁéﬁ@Dbm 5&%1)@%‘[‘%&9@@ zona

pel lucida of the oocyte with a glass needle alon

circunference cl osienqrdblaﬁensbtéuanﬂmmﬁhewmmsc?I dﬂﬂpbﬁﬁlﬁ%h@)( fThetwpi ndl e
is located in the f

nicroscopy) . The Og&h[ Sf%sp%m xg?hé)c?e%}'etr?aréjéﬁorfe'ls (@@ﬁtﬁ!}l ft@In %I%ﬁf ég{ﬁ%g;ﬁ?th
cytochalasin B in camniuslcdh@mopuhcmmmo ofnaabﬁfsprm@wnmmbsdmsﬁmasé(senmbd vm th
an enucldeatl on pi gg%trgb haw ng an unshar pened) beveled tip. After

enucl eat1on, the 00 eS“are ready to be reconstituted with adult somatic
cell nuclei. It is prefer rea‘nglme pilbpaaies thedoiclbpinent foﬂmgahgmeméﬂmnsfeabbut 2

hours of donor nucl us | JDQ 10 Pre ’g‘Wn {lﬁon lof g l SOTTB.'[I ﬁll

nucl ei Cells deri \7 quso % plqwigg Jnise efjQly, §elh Mupiel, mie te,nacazﬁ
containing cells %&ﬁeﬁm.ghfmmt&@c@gmphmﬂﬁ utét meapxeﬁ femalelrs.yr eat er
t han 2C chronpsones are normal ly i may be

sui t abl e nucl ear &BYﬁ)P‘%??C?‘W“bfp@cbrf’dS@IWrm%ﬂs flwig, i’?‘i‘\)’éﬁ‘}f"fj&ﬁd ¢ "I“}@ddlé'm s are

folliclg 15 (cumilpeslyl Sé‘dzbﬁtehﬁrll\/\ﬁéﬁrfé%fpla[ﬁ{ﬂnaﬁ'sx?éi%niedﬁ@ﬁ%'lopaé%@eﬂ'xﬁeﬁé sed
mechani cal | y and/ or enzyrratl cally (e.qg. hyal uroni dase). The resulting

di spersed cel | suépEndivdiranmembeyp(Fs e3maepemeémmﬂuap®wa% inghe etriember
facilitating detaigbffe siagpxam nation, selection and manipul ation of

i ndi vidual cells to avoid those with certain characteristics (e.g

exhi biting advanced stages Bigua@‘bpptpscrmsDNédmas@fd@noram@ffspsng)m)Sen@ent | e
and repeated aspi f e

pl asma nenbr anes gﬁk‘eal Txgvavsnﬁ algfec%ﬂhgggﬁcpopmésn é’leé\%gdeﬁw éiﬁgérnvgls%{311

| ndi vi Rfal |y sel eoffsptingaod etimuiuecdilmbnomsqmdmah-mtbnntytbrtmmonp;ﬁetlonms qmcbet te,
descri bed bel ow) for .i rtiongint l.eat ed .oocytes.. | ot h

erbodi ment of _t he T R ey BleltryEUE S Ay e BBt Serict £ e,
fibroblasts. Fibrobligpias thed Mﬂxamwadfrém-tmmu mxluﬂuéaaennmidaadenm I

known to those ski I I ed n the art. For .exa fibroplast be obt ai ned
fromadult nouse {1apgss! %))y‘ 'Sﬁﬁerfb’cﬁ‘ieﬁﬁ%ﬂe'ﬁt I“a%‘FQQ’E% ‘F@e&“ °t°é?°ﬁﬂ

culture (e.g., S ferkléSiants BY). TIrHNINA wcRCSTBL6 maemrcmawwm tl e
I n

fi brobl asts present in the culture becone the gredom nant cell

furt her®enbodi menPBASR (lape | BoBAGIEh(lanen 9) end RolA2IEk(lang 20&50@@?\8%@3/!1 (Qp)

h
561 37043 s pCT/ ULDYS HE el 1851B e fpohiSp AL b A ek Higure g0
Met hods for obt ai mmvgatm?ﬁﬂsmngs:pmeehn wm-smﬁ‘penarkm@wnéd wiFligurg dan t o
hose skilled 10 WGAL PORSRARNIGRD WE%BE HULAL Neteer Bop AT Rn DY

| avage of the peri onea cavi nown 1o those of
skill in the art. aﬁpﬁﬁdﬂ@NAQﬁm4s andFigs4Bfadm Frhyylimi mice exhilsit sroaddaiemalbf

| ei 4ynclude, t hout [ ithelial cell !
oo der il Ccei s, " Eehtand gk DR s teT e i e [P e) T
chondrocytes, |ynphadihécorredFonds o Sietersdipler dbtbd oyt the 6.y pLental pesduots)

cells) cardlac nuscl e _cells, skeletal muscle cells, smoth nuscle cells,

and other cells fromorgans incl ud| ng tsg%uEtE‘l’l(iFlWLEal;[ﬁson’




10 skin) lung, pancreas, liver) kidney, urinary bladder, stonach,

intestine, and the |ike, (and, where appropriate, their progenitor cell s)
derived diraeobyzfiaomirr vivo sources, or follow ng culture iprCWUSITIBII44

| asertion of donor nucl eus into eaucl eated oocyte Nuclei (or nucl ear
constituents including the chrompsomes) may 1 S be injected dlﬁac;“éﬂ hp..
the cytoplasm of the enucl eated oocyte by a mcroinjection te a
preferred nmethod of injection of nuclei fromsomatic cells into enuci eat ed
oocytes, a piezo electrically-driven mcropipette is used) in which one may
essentially use the equi pnent and techni ques descri bed above (wth respect
to enucl eation of oocytes)) with nodifications here detailed. 20 ~' or
exanple, as injection pipette is prepared, 186s previously described, such
that it has a flat tip with an inner dianeter of about 5 em The injection
needl e contains rrevlwr:yonfeamanphecsultpmaamdmabu!ngdsmaramnnt Figuge dE€ollustrates
electrically-actu accordin i NSty uctio d endor. The
presence of a rrereas’tl?r%gl € lrof ‘¥ping oggtrﬂg%épct&d}%"fv I%%I dif':"r‘fjec .V*’S%“ péll'ﬁve;{

i ncreases the ?5 rmrrentum arFiguree5ds e%ﬂrem)anpmpedsemhmmgofah@albmhgtpyoceﬁhe tip
of an injection pipette containing individually selected nuclei is brought
into inti mte cont eWﬁeﬂl PK&Bna pel | uci da of an enucl eated oocyte and
several piezo pulses (using controller setting scales of intensity 1-5)
speed 4-6) are applied t'0 advance the o ette whlle mai nta| ning a |ight
negative’pressure within. DA <P . L hE Fpassed t hrough
the zona pellucida, the resqh&&rkbu@ém Hkk!ﬁlsuke%ﬂ%gé‘é eémhaxtavra&edo'ﬁhi&%ﬂ TUTE
SHEET (RULE 26) WO 99/ 37143 PCT/ US99/01144 L 2002

perivitelline spacPeUdrﬁﬁnﬁmmﬁwcﬂletaslwpsﬂapzmﬁeﬁv"ﬁ orﬂhbﬁﬂ @yRfhesis d‘?qs NOLOGR¥Er t he
tip of the pipett inet e rane
and advanced (tomglrlr(?wﬁeﬁé% %cilld& ac C%ITB ﬁghsgg%ggt)@/?e‘§ QLY%I[;] ﬁfﬁ% ﬁ'ggﬁlglr}g?gg

pi pette al nost r eayhthstid prasofptS| plasgibdromitodie dogape tiofe (G ovunyafisr The
oocyte asma ne pe. i vag t he

i nj ect | g{)] needl e. p‘é Sy t?xes?sl %ng\t’glego?g chydx?'lglo% z{r{&g}} ?gﬁﬁ{)@@%@ﬂrp?ﬂér dl?wggn
“(typically) int enanﬁwefora)hmes phise. tThe cetll oyoleahussconsisstafitiee Mamitdue)

pi pette tip, as indicat rapid rel axation ol e

be clearly visiblé “Fh%aﬂeg?lséﬁg‘ei S‘tgﬁ@n‘héisp"%’?feeaﬁzrﬁt“as%ﬁ‘&‘e‘q‘l’ “a\"’\@\ﬂ‘ ha

m ni Ime arrﬁgnt (;albﬁblt 6 Ml) rI;/anyr’jtg\.;{fhﬁrqiki?lﬁ\gIcgltj;s Iifgdism (Td’ree)rmrnﬁé tzﬂlhlratxhilenl 10
gently withdrawn) | eaving the ne roduced. nuc) eus " . cytopl asm
of the oocyte. Thif® ‘% &’SP%“dﬁE‘?‘f%}‘rf’Bﬂ”B'r’?qu Bﬁ“f&%vhl FeSHag 3 ﬁ% of

10- 15 engicl eat ed Q@Y RéveWrited fram tAd telDdydR befdrBBSphases afebialt @ibeaA tHerGE Ul t ur e
conditions. Alternative mcroinjection varjants, in which a c¢conventi onal

i nj ection pipette Sf&e eﬁﬁﬂl%%ﬂ‘“grﬁ‘?/c%’e""'ﬁ@@dmttws sielemPEFAR Y BT B VAYdPREIS. An
15 exanpl e of a suefigdl tsemwears%@ﬁédr&ﬁ fm-mﬁbx@rmhayknamanyewarm@aal

pi pette, f-or inserting spermnuclel 1nto hanster oocyte, is described in
Yanagi da, K.) Yandgp t:dmlmaleUt r¢ragin atu0. t Mo timn YyglofRumulys cellsumionunding ol ogy
of Reproduction 4 i r ing to
such nmethod is heé}g%ﬂ&)g) o‘ﬁ'ﬁ%%({r n%or%gc} ééylést}?e 9 eSr‘sde:Ar{gfJ ﬁ]equfx)g]kp{m\%ggﬁghpof t he
host o0oéQte In onéibrhbwarxﬁpimdofznb rthAmnatcm,cw,, ttheynuweawed:ogue)ptf@ac}are

returned to cul tur n hour. Vi Thus)

i n one enbodi nent nggrpﬁ)(ﬂggllgﬂs' ﬁft,n%{ﬁhrgrgggﬂn%c &@ %Q%C o vg't%;%’ 9'%& g?f?es)tl me up
to approxi mat el y @heaucisi dfictlis in G2date pecmuqcmmn o eduririgeSaphiase), DNaMther by
25 electroactivatiogg i.nj ection .of fgﬁe :{'E% te-activati :}%
substances, or tr&ASt 8f W W EORIER9 ?aﬁ'ﬂd’ el ‘E}n‘frg?‘ﬁf’sf?éncé s dehor e
oocyt e-activating replRateances. Reagents capabl e of providing an activating

sti mul us (or conbination of _activating stinmuli) include, but are not

i mi ted-?o sperm 30 cyt opl JQ?rPYGS"&E‘t“VWPi‘ Aeseribgs agrethogfar geperating,clones of

phar macol ogi cal ¢ QRREYAMSniall- 1n SR2HeRblSkon oRE dSVEREEh frithldh GHilicarcdO

991 37143 PCT/ US99/0, 1144 , 20 and ot her_signal transduction
nmodul at ors)) whi cwomytlwehasmcma@wmu@yuﬂpu pomion therend inpluding, ableast, lhe
concomtantly wt iy %

foll owi ng transf ep: oc?ﬁcgg%@aotr ﬁ qungg@? E%?efﬁ% hﬂger;ﬁ%m&hgttgtﬂe m"g’w fovm ng
a latent period) tcionedadiice wantbamﬁoﬂgwmgenmo:mmmbepﬁtmfnualesubsuseﬂuscchlls

activat hhg conpoun ds) ors_of .

caffei ng?] Caz+ .. on%‘b’ﬂgerdes suc‘ﬁﬁlﬁmﬂ%ﬂ%‘zf“ﬁﬁé@gg V%?’??l‘%%%‘ﬂ&e?fﬁ%ol),
nmodul at ors of phosphoprot ein signaling (e.g., 2-amnopurine, staurospurine,
and sphi ngosine), inhibitors of pPSUBSTITUTESHEST (RULE 26), A 23187,

cycl ohexam de)) 6di net hyl am nopuri ne) or conbi nations of the foregoing
(e.g.) 6 10 dinethylam nopurine and iononycin). In one embodi nent of the
|nvent|on actlvatlon of nmouse oocytes IS achleved by culture for 1-6 hours

e ,_’__ N~ T ] o~ 2 A~ Ao~ N L R T LT e




m crofil anent assenbly (e.g., 5 ~tg/nL cytochal asin B) or agents, such as

t hose descri bed above, to inhibit extrusion of chronosones (via a "polar
body") on or_soon after application of the activating stinmulus. In one
embodi nent oVOME"I4Avent i on enucl eat ed oocytes may be 20 acti vBEEASHIPUM t o
renucl eation. Activation nethods nmay be as described above. F lﬁ lpg_ ZUUZ
exposure to an activating stinulus, oocytes may be cultured f \31

-approxi mately 6 hours prior to injection of a 2n somatic cell nucleus as
descri bed above. In this enbodi nent, somaticaliy-derived chronosones
transformdirectly into pronucl eus-tike structures within the renucl eated
oocyte, and there is no need 25 to suppress "pol ar body" extrusion by
culture with a cytokinesis-preventing agent, such as cytochal asi n-B.

Devel opnent of enbryos to produce viable f dtuses and of fspring Fol | ow ng
pronucl eus for mati.oné 1 he enbr%o ma% (ﬁe al Ito}g\ed'to.dev%og b.\F/l cuItBre in a
medi um t hat does riBYSHiGAt 4N AngtRs EPBIGIGEROIENE INYSRtioR CiRRed JAHE WeR, P e ey
continue to the 2-18116@1\;1\%r§fb@ﬂ§e&ibniwrthb| ichi 35 h@Ay &l firetdsts o SidRAleUTE
SHEET ( RULE 2B) '~ 991 37143 PCTNS99/01 144 2 2 J U L 2002 21 which
time the enbryo nmeRPCHES by dhe msthadof; the dnyamiion, il fabodimenispl thepinventiogst er
mot her . Al't er nat i védo{dyifdBorshiRdy, SoMBYibRib1aR!were AllGrdd 1R viRS Insmé&dionat it
expanded, for the purpose of inproving yield. Aternatively or

addi tiondlly, it Botegnidivsqrensthis, élestbﬁ?brpwmwagredstgrwed"ds ogder (@ wmdnee themr yos
to be achi eved by - i | { on of
donors andlor if l}gg&lﬁﬁén[r?a%@ ro@%ﬁ%%ﬁ@%‘slscp%g%g&%“(‘ﬁ%@?@??‘f?ﬁmﬁgfer)
wher eby nucl ear cacmdtthéyeretmesumedto esntain 2y claninoyasesne@thior fibroblesfsewered back

into an enucl eated_ gQocyte). accordi to the nmethod of t Lhvention

descr | bed above) - BTG ErArERERTS Ak dsmiatneS sffiie” 3 Hit REro BN Ree o
the invention, theaeheteahorliehrovghidividon sndwbde piesdmied to/bey OCTte Covih fgrtitbrr ect
transfer,.into a suitahl e recipient. dul ation of cell division or
rryont® Gever op EHDORS L BBt ROTHS S4RP Ry G B TORBRBY Eob98n of
an oocyte permts agliige ddktseaed deimcleird ddhods0, during, or after the
conbining of a nucleus with 15 the enucl eated oocyte, ,of one or nore agents

] ! yte, . .
‘with the potential to alter Adgisioggh Adsraalsavah s, %t"&b'r‘r@“B‘F % IPE“@FEBTSP(S‘.“"
Al ternatively or gafigl 9Nk thorse!lAnd GRMIE) maRBe BRo ClohEPBY ARINBNSPES the OF
foll owi ng renucl eation. For exanple, nuclei may be co-injected with
ant i bodi es di r ect daveation.ndhe ppvspdor settiogHs 15heysn heeinctel Prekige 3ghigh yate Of es
wi th thespotential sl ik v pnfent & e Mortl L b R of
i nvention. Such m?l&eégulﬁggkrray [ Rcﬁde bu?ﬁ]gr.e?r%gj?lalg?m@gadgf 8) rbglr%t el ns
i nvol ved in vesi climplantationof franstermgd embpyies pn wcinipnt foster mamaaads, and 8 igreatey
medi ate chronmatin > i I n@}ﬁn oyl
check-poi nt nol ecu %sﬁil%%g%rsm%ﬁ(@%#ﬁ?ﬁgﬂg‘gg%mt a %’S@?ﬁ?@%@% ol(?rt]l?eggcyt e
signaling (e.g., S$fiicigiciesmennsibat thdqinethodofithe ynvohlor is readily Diproducible.
met hyl transf erases). Menber | ass f | @ Y, 0 be
the (indirect) targets of m%%fg% 3{‘%?@&bﬁgr°gé)§§le§&ogﬂqu82n sﬁll%tn%?oo uhgd by
m croi np@ct i on andnweniiod faraclening e ainmra | avg) diustrated ih decexampdn bf Figlires. Bot h

anti bodi es and ph ol ogj cal .agent k by binding to. their.r tive
target ol ecul es. %é"? s?&’r'&&“ﬁaé@ﬁ"ﬂ’ ﬁ%PB‘f%‘%ﬁ’%ﬂéf‘P‘é‘@ﬂ %%theﬁaelf
devel oprment al  out paes rénitvad (2) flfontd ah eslicfeated bocyBe(chionosémally, "ecaipryatrrdgher e
the target has a %05| t.ive effect on devel ogg%;@ out cqone,, the bi nding

. SUBSTI TUTE SHEET SPR3fiEcells)are hagrssiash @ fram smaduetHopage 9Falshyalaaking sells | 2002
pronotes that fungéiedst (41 )ah@thBirhici8l(dnnubRekEbARinRshclidiEthe @lﬁl@m‘o%?@ész ant in
the cloning process nmay be achieved direct]ly by the injection of proteins
(e.g., those in t e ebtaigsd£S)and\aingle augleys is injacted &t intonthie aytaslasm eHan hem
In a further enmbod ik i i : J i i d (RNA)
or deoxyri bonucl eiq*é aC}e&%}a%ﬁTﬂ%@%&é?ﬁ{l%ﬁﬂggg 1 n‘{’%i??hme@ggd y%sgl @;‘hg

m croi nj ection pr ieowcleatedopodytsd (Dwiongupr ton 6 ouest iduring Fdhicle tismep chrpmiosgraet | on

. of reconbi nant I ha: S .Sz i i ' ult in
the' transcr i pti oncateabh Ry b SaRERe il dockls ;s BEh nfaBlatB R B aEF er

or co injected tr afiacinhipitoraf nficrotubuia andivd midrbilanemassembpy (93 & suppreds thercoded
proteing,wth 10 an_antagpni sti.c effect qgn devel opnent inhibitory fagtors,
or wi 1% posi ¢ v ESTERAERE! Spelar Aoy Difeine s ArEMELoMIBPERRrian, th formaign &t r i pr
may possess anti sggdo-pronudtbititay@Abbdied TRYLS formigPsdidoromicRPare Bélected
inhibitory proteins. Alternatively) antisense regulation may be achi eved by
injecting nucleic acids (or their derivati veséﬂ:t hat (3 able to exert an
inhibitory effect by interacting S/BEETUJE{H i(ngLF%r nucl ei c acid
targets) without prior transcription within the oocyte.




Reconbi nant DNA (linear or otherw se) introduced by the nethod of the

i nvention may conprise a functional replicon containing one or nore
expressed, fwooferndl gene under the control of a pronoter exhiperminisyg/ioriaq -
anything = froma narrow to a broad devel opnental expression profile. For
exanple, the 20 pronoter mi ght direct imrediate, but brief expr i

that pronoter is active only in the early zygote. Introduced mﬁ%mm
be | ost at some paint during enbryonic devel opnment, or integrate at one or
nore genomc loci, to be stably replicated throughout the life of the
resulting transgenic individual. In one enbodi nent, DNA conswcts encodi ng
putative "anti-aging" proteins, such as 25 tel onerase or superoxide

di snut ase, may be introduced into the oocyte by m croinjection.

Al ternatively) such proteins may be injected directly. The follow ng

exanpl es il ustr atand flecedsi emtinef culinee (10y.eThé embpos atc et Gundfapsdet) &f |ive
of fspring from ooceétes injected with aduI'}] ﬁ.o H]@(I: ell 30 nuclei. In
particul ar) the ex=2fi5T BEToOgRle athers, Lo peputing Ifﬁg of live offsPRRE- enucl eat ed
SUSBSTITUTE SHEET (RULE 26) THAQcR2kRBbdimeridf e thdddilfthblihdéhtidn Jorkiddifg 2002

oocytes injected with nuclei jsolated fromadult nouse cunulus cells,
Sertoli cells, neu’®ABMatempsisesthe follpwing sepss ta)colectingaspmatig aelknucisuss and
macr ophages. The e&aagggln bl Sdaty 18 EnrbbSingRd mpl es
of ani mal oocytes, adul Iﬁs‘g&rrgﬁicq celﬂ% aanof nggi 125; hat'?rg@alt}gnﬁgggelfﬁpt he
process of the i nvaradulymamsale) insestingdhe atigastibagortion o€ theisarnationsit nuciewst her
exanpl es of enbodi, I '%1 yqu i | C Jo y
those skilled in tlﬁgoné'?te%ﬁge%%dehgélsggﬁl I norgegﬁélgﬁéﬂnaxggga{ﬁcﬁ%g}l &}fgs

wer e purchased fr oenileue oGhprite dévelip infoStn enboryd;sand ND) allomlings theatibeymios e

stated. 10 The nedjum used f.or | turi Q tes af.ter nm crosurger s CZB
medi um (Chatof , | etSXFIoP Tigadive sTtsprng it of [Rese s is Jepcpbed Belay 38 i cq
with ?;1 %6 nM D- gl untesematid&inmdieusaraplearseastiidents dﬁMaN;i@ thezhfonid¥biflet), 1.7
mM CaCl z, 1.2 nM MyS04 . 8 M KH2P04) 25 1 mM NaHC03). 0,1 nM NaZEDTA, 31
mV Na. |l actate, O. gﬁw@%ﬁ% é,s°“?a‘l§“ﬁﬁ that hascgreatsr thag 2nchromaspraes (E'g'-
streptonycin sul f R whidhthador®lé Bko ¥4 e nSrefaldibRidsenbmic cbRfniyE Beferhtipy
oocyte collection fromoviducts, subsequent treatnents an

s and
mi cr omani pul at i on WassomaHp el Berletnic spestedi figme samatcpesl hat baucdd
amount of NaHCO03 (dprdidsomBs] FREY¥abIy, B sotHiR! el Hidled s idséied iflto thEtyfopiBall um i s
herein termed Hepes-CZB. The pH of _the CZB and 20 Hepes-CZB nedi a _was
appr oxi hdt el y 7. 5.oftherenpgleatediagpite Thminprutiqnos dhenucleus;is sraferably accomplishedep| ace
the BSA'in the Hergs fiZiioibnOas MGRL Rl by bieah olicdRhl £flabanat o1
sol ubl e) average nrrglseqq g\ﬁé rrlarsls 10 X 10~‘§} eeacawﬁsey?k}A kep% téh@»waﬂa of the
i njection pipette Mmemsnjeatiopky over a | onger period of tinme than BSA and was
beneficial during repeated f i i ol t Lol
nucl ei / oocyte transfers. The%%ﬁr‘é lloﬁ%fﬁiscem%l:ftgB{aggégesjé{c?gﬂggk' P‘gll(‘:%ﬁéff Ut ed
oocyt es was Ca2+- fthemsegidh af thret sarmatio gelbmicleus. Olnroke BniBbdimentdths apyvation step

cytochalbgsin B. A stock solutio f Sri. 0. An distilled ter) ~t-~as
Y or o 2871 oom 1 oriies Bes Bt g o fHoull horrs en oo attht domaeidel bk, o o
in 30 dincthyl sul fimsiddeto allivisthe nueleusto be @iticontact Witlthe tyopldsrabéthy obeftofe use)
t he SUBSTI TUTE SHEET . E 26 WO 99/ 37143 24 f PCT/.US99/ t.44 2J UL
2002 Sr''-stock s@lﬂﬁf'é‘g#l_‘l%esprgﬂ'%‘icé’aa‘f"ﬂg the; QORY1EASYatign may eéﬂﬂﬁveamt t he
final concentrati Gariefs rEads \Wdudife, Bt ndhEmitdd 0 BRL@SdcvAion! OF kxposlrettoon was
diluted with Ca2~-free CZB such that the final cytochal asin_concentyation

was ~ pg/m in a fFrA 2leohol SEm CyiRkG RIS, goqRe rAeRIATnligdaPRiide
i sol atign of brai migflibs maeasgﬁmssuﬁm@w &nCéJWr@féﬁgeE@é( NdgfBelnes, 00" St 1 ng
of 123.0 "M KCl, 2.6 nmM IﬁaCI, /7.8 mM NaH~P04) 1.4 nM K O, ~, 3 MM NazEDTA.
Its pH val ue was aefopheresi(eigo A231 8pipnomycin), medulatass efphiosphpprateintsignaling. M

HCl. H M I 3 L W I I
Bi ochem CZIJE p Eong?éalﬁﬁ}éag@a@t&yg%g@“ﬁ%g%g?d;mfgﬁéséhgrg%@ﬁﬁgbngrﬂjf?%df'celﬁgg epri or

to injection. embodiment of the invention, the activation is achieved by exposing the cell to

strontium ions (Sr2+).
30 Activated, renucleated oocytes injected with 2n chromosomes are

preferably exposed to a microtubule and/or microfilament disrupting agent
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Ocher nedia used in the exanples are discl osed where appropriate. Aninmals
B6D2F1 (C57BLJG x DBA/ 2), B6C3F1 (C57BL6 x C3H He) and DBA/2 female mice) 5
to, 10 Weeksé@%ﬁ\‘\ge used as oocyte donors. C57BL/6) 15 C3H He% DBA/¢2]‘)
B6D2F1 and emale nmice, 5 to 10 weeks ol d, were used asPrRYSHUNIIS
of cumulus cell nuclei. B6C3F 1 male mce, 10 to 12 weeks ol d, r S S
the donors of fibroblast cell nuclei. B6D2F1 mal e and fenal e @ﬁ@m
-weeks ol d, were used as the donors of other adult.cell nuclei. Foster

not hers were CD-1 fenales nated with vasectom zed nal es of the same strain.
20 Al animals used in these exanples were maintained in accordance with
the guidelines of the Laboratory Animl Service at the University of Hawaii

and those prepared by the Comrittee on Caer and Use of Laboratory Aninals
of the Institute of Laboratory Resources 1ional Research Counci | ( DHEW

ublication no.” | H.,80-23. revised, in 1985).. Th rot acol of . ani,ngl
Iﬁandl ing 25 and 'E{Héﬁlé}’ﬁﬁ‘gk’émgmrpéﬁeg%ﬁ?oma"ﬂ{)opfr‘acﬁ?g’ﬂg%@'ﬂﬁg 'ﬂﬁ'in}?&laug‘? e and
Use Comittee at ¢Hrembkunvesr Si‘S teye Qfonb’ﬁwlﬁf:lieus |wiinBSﬂ'é.-Ebﬂﬂg_lrcl‘5Hggg?Jz I%JL'.;?&:_Z'[ZS)

s wo 99a7 ~ 43 25,EXAMPLE 1 Sonmtic cel. epar.ation P U ot t44 ZJ
U I~ 2002 In thi sS4 E."“E’E?ﬁ ag%féwwgctgé Hﬁﬁ&gdgégmmewﬁsa@mm at ed

for use as a sour&@osdd RMch ah @gBAL fn 6rabr tonuMehethe ffo¥matibh @¢aipafar BP0
enucl eat ed nouse oqgcytes. Derivations of the cloned mce produced 1n Series

A-D of Pable 2, aiduisdbepymest ofshigmosepes 9180 described in Wakayama, et
al.) 1998, Nature 394) 369 Es lafoetig %k @ﬁlﬂg i n
Series A and B)) B6C3Fl (CSBIZ%L?C?)@&?—V Hg usgg’ I'n eée?g?ép o%cglg%glll—él
cloned mice 10 prudsicedl imanderingsharmigye td fftowmdaimammeligesumpghta recigiont,
consecutive intr i ni i S i f j choripnic
gonadot r ophi n (ew&gﬁgnﬁbgﬁia%g%ﬁﬂn? %%1‘3?115 r?g?\sgcql r’%r%}"gﬂiﬁg‘g)o"%a g‘}?%%ﬁl n
(hCG . Thirteen hoangstage, Bomh@c-delijtembrubaihlastonysi stzgepmdyroenco tpkesidled see
Fi gurené A) were .cgl | ected fromoviducts and treated in Hepes-CZB nedi um
suppl emented wit " l&ﬁ"he testicular 15 hyal uronidase (0.1 %[w v], 300

U mg, |ICN Biochenicals, Cosfimbddinents 6Athe (peeseitipehtion mdirihvesoneak hfore df2di um
- sized cunulus cells 10-1 lrmin diagneter) were the nmost commonly found
(5700 and t hese. v BoBg pdianiagss. iy el o5 ofier b THgas Aok U dish puclet | o

- were transferred defivélgnes d&iABrE 0N natiBirt@nitit@omd Wcludingohy \chiyddaymed) vydone
(average nol ecul ar, weir ght, 3G0. 000 daltons) and retained ?0 at room

tenperature for JUPCIRNSCHARiF SPRIiqaBle tp @ WiF aaristp Al cathbes -pvhethss grawincel |
preparasi on In tmiﬁa@amﬂbe)m&séa%lofﬁs‘é,lnfor@mbgb,r@évelofr(ab&ta st43€ 8F Qdtidl, Ver e
\Y

isolated fromadult mce. These cells characteristica do not divide in
adul t ?S ani mal s @A &herlikenSacopdr muekap deliverybyanicpriniecsion enabiies cagafnl copole.

Semini ferous tuRuleesmiBhatis® 8F ¢k WbRMe BP nbbRld Jomdct RPSELsth Xnd

nucleoplasm introduced into the enucleated oocyte at the time of nuclear

injection, as extraneous material may "poison" developmental potential. Third,
20 nucleus delivery by microinjection allows carefully controlled co-injection (with
the donor nucleus) of additional agents into the oocyte at the time of nuclear
injection. These are exemplified below. Fourth, nucleus delivery by
microinjection allows a period of exposure of the donor nucleus to the cytoplasm
of the enucleated oocyte prior to activation. This exposure may allow chromatin
25 remodeling/reprogramming which favors subsequent embryonic development.
Fifth, nucleus delivery by microinjection allows a wide range of choices for
subsequent activation protocol (in one embodiment, the use of Sr2+). Different
activation protocbls may exert different effects on developmental potential.
Sixth, activation may be in the presence of microtubule- and/or microfilament-
30 disrupting agents (in one embodiment, cytochalasin B) to prevent chromosome

extrusion, and modifiers of cellular differentiation (in one embodiment,
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20 mnutes at 30C to a solution of | ng collagenase per nml of Hepes-CZB.,
Tubul es were then mnced with a razor blade and placed in Hepes-CZB
containing twopysTidat 1 nelnm with occasional agitation. The recTiUSggMII44 |
suspensi on SUBSTI TUTE SHEET (RULE 26) f WD 991 37143 26 PCT/ US %1 | 4' 4

2 J UL 2002 was then allowed to stand. The Sertoli cell rich f? JU 20[]2
settled first. Suspended cells were renoved by aspiration and fresh nedi um
used to resuspend the remainder. Sertoli cells, with characteristic

nmor phol ogi cal features, are readily identiFable under | ow power m croscopy.
Mani pul ati on of individual Sertoli 5 cells was Qerforned using a |arge
injection pipette (inner dianeter =10 pm. Neuronal cells were isolated
fromthe cerebral cortex of adult B6D2F1 felal es. Brain tissue was renoved
with sterile scissors) quickly washed in erythrocyte-lysing buffer and
gently hand- hormgediimcmylshlfoxidc)ﬁmme@dm@mbierdemlopmunaliosmbm:jSnnemke«'ﬁcum (NIM

at roomterrperature . a 10 L Cu eol us

i ndividually coll Y bogplflf'g'n{"fcﬁ f‘@gﬂs ba suspeﬁén% y-ag{&%t%dm%ro‘%e}'\ﬁg?l on
pi pette, prior to a]lbwm@myxdlanﬂefﬁmehq&basaﬂg oesam;ilmalhmbwbmxcuigXMﬂ?bE 3"
Somatic cell preparation Fi br.obl ast Zaéills re Earedfromthe tciuls of
adul t B6C3F1 15 mi'@&ellsyrdqrgpipe fannuiaion; Jpis 150/ RathoRFSRHSe SPmAKE PYSIEHs; ¢ s
skin) cu§ into S”Bdrlg»ﬂtﬁﬁ%h ifdudtionGme tmmﬂcﬁa&u%ame fidy belp@fddnswith S5
Dul becco's Modi fled Eagke's Medium (DVEM Sigma) supplenented with 10%
fetal calf serum (hespmegnictipr neadisfihcontrastyo CN‘t"éF‘m‘!?l fricroingegtion grptocols

| ncubati on at 37, uigokidie A1t he cthuidh b infEioh AddAlcHalvich Solf 6 ERa

spreadi ng al ong the inner surface of In some experinents, the
medi um i n the di sipeliteida apd puneturipg pf ﬁ@ssqcmeplmwwrwbt (Mesdovesy than

L0, 81,2 ol i

cont ai nitg 0. 25% tcpypsmmnasl meleddesABherdds qaidzq blectadalbmmm@tmiaméedtion affords ( EDTA)

Specialty Media, L ette) n nedi

201 tated by pi pet (4G Fipes i Fipalf ol A G s i e PR Rt
.surface of the di diut thdie reteibnshipwaseacivlotireetasch avhdler ervsulisf inge dhighl&ibningg f or
|0 m nutes) to sedipent t | he cells were then wa thre tlrres
by centrifugation fﬁEmﬁMqﬁEHﬁ hqs é’t)‘é’éﬁe"l‘ﬂﬁé’ rejeRied ! ﬁﬁ’fﬁ‘%gﬂ%% ¥ 37143
EXaMPLE a Somati C thé) dre prranped ad tchﬁBnUt&ﬂﬁ%k&tMtﬁhc%re%ex& ulli'ehtnﬂ'QOZ Spl eens
were renoved fromadult nale and femal e B6D2F1 mice. After bl ood adhering
to the surface was renoved by washing in CZB nmediun) S each spleen was

pl aced i ~ m of THRDRSIp fef@og®désym and torn into small pieces to allow the

cells to disperse into the medi um EXAMPLE 5 SOITB.}_I c cell preparation
The stage of in vivo maturation of the oocyte at enucleatlon and

nuclear transfer has been reported to be significant to the success of nuctear

. transfer methods. In general, reports of mammalian nuclear transfer describe the

use of Met II oocytes as recipients. Met I oocytes are of the type normally

20 activated by fertilizing spermatozoa. It is known that the chemistry of the cocyte
cytoplasm changes throughout the maturation process. For example, a

cytoplasmic activity associated with maturation, metaphase-promoting factor

("MPF"), is maximal in immature oocytes at metaphase of the first meiotic

division ("Met I"), declining with the formation and expulsion of the first polar

25 body ("Pb1"), and again reaching high levels at Met II. MPF activity remains
high in oocytes arrested at Met II, rapidly diminishing upon oocyte activation.

When a somatic 'cell nucleus is injected into the cytoplasm of a Met II oocyte

(i.e., one with high MPF activity), its nuclear envelope breaks down and

chromatin condenses, resulting in the formation of metaphase chromosomes.
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Thynuses were renoved fromadult male and Fenal e B6D2F1 10 mice. After

bl ood adhering to the surface was renoved by washing in CZB nedi um each

t hynmus was pl n ~mnm. of Hepes-CZB nmedi umand tominto small eces to
all ow t he ce\@ﬁg@‘al sperse into the nedium EXAMPLE 6 15 SonatPFa"‘EséP’P““
preparation Imediately after a female or nale (B6D2F1 ) nouse g’?éJUL 2002
eut hani zed, 5 m of 0.9% NaCl or CZB nmediumwas injected) throu

hypoderm ¢ needle) into its peritoneal cavity. The abdonen was then
massaged and t he medi umrecovered through the needle. The recovered nmedi um
containing 20 peritoneal nmacrophages was centrifuged to sedi nent the cells.
The cells were then resuspended i n Hepes-CZB nedi um EXAMPLE 7 Enucl eati on
of mature unfertilized oocvtes In this Exanple, nmurine Met |l oocytes were
harvest ed) ?5 enucl eated, and subsequently croinjected with nucl ei

isolated fromthe cells of ampl es |t hrouuh usi n | ezo. .
electrically-actuated mcr O%B&R?séﬁa‘maly b88§‘{}!‘['8G'M?‘fb‘iﬂg%ﬁﬂg’ii}%c“?‘eﬂﬁ‘ﬁ?‘& and
insertions ofceil Hminanaxmr(@ngMmgmdamdefe (aelmeen stige)bdeores] Miathre
preferably containing Vitamn E as_an anti such as that aval | abl e

from E. R Squi bb arﬂ?cgs%@aym%efcbfer%nps “‘FWE“M ORI VYIgtE by wo
991 57143 ) PCTNSO%aLidt 3 ZonadduiopRi03, StheFidmheRts! ABr Qhat, QOGRES Was
achi eved by aspiration with piezo el ectric-driven m CI‘OEI pette using the
Pi ezo M &romani pul adminiskgies| ofmumebyxqumﬁ@ chewipni tgenadotrophingaand) yugignli - ken,
Japan). This unit Sidd'6f Wa%ﬁanﬁl ?f‘férro'vﬁﬂaﬁ&g?égé.. %?’85‘%8@@%%&“@&1‘386&{6

hol der a very short di sttance (approxi mte .5 p Ime at a very

hi gh speed. The i reseousiin theaiothesteant 76-196ﬂ1hm9ﬁ¢r3h;e auseieofiestpuisan 8 coy wride
controll er. Qocvt b 1 i red
femal es) were freglg ésono ?slaf%%p@egn#us{%gp 3’? hﬂs;(ﬁgar# whe aé ré)ﬂm&éf ?%gﬁﬂerﬁoat
37.5C under approxubmm ahmamdé docktes, the€y gre cultumed intarhaturatiepppromatingAngliamp of
10 oocytges (usuall -20,in nu sferred into a droplet. (about
10 piy 8% epes. ol Bdantte Aoeresiad ap Mor SRR Rofi) M Biror2Hpbioh
previously pl acr:] efl ("vNihe Maﬁdscatfoﬁnlngmmﬁramabmﬁe mogfeeamcl:rweag@ wof ter
an oocyte was he an oocte ol di ng ette,, | n e

“"drilled" by appl &8(% 84 b\and rppgggxr?)mogggg?qytqs% prggf%&ﬁeredlfffd’%gt’f'on

pi pette (about 10 Bmvhdloiy 3! 71-840AedaehR Press ®3)et |1 chronpsone-spindl e
conpl ex) di sti ngui shed as a translucent spot in the ooplasm was drawn into
the pipette with a small amount of acconpanying ooplasm then gently pulled
avway from the oocyddytt¢nulcledtisn ' €t ched cytopl asm c bridge was pinched of f.

After all oocvtes in one group (usually 20 oocytes) were enucl eated (which
took abd¥t 10 minutes)) thefrefenpblypthet pasyter isrexpasadnioor ayedisem spRginingsaf r ee

CZB and kept ther ¢nifQhudiie bRd/6r }}H*gfo?lbﬁﬂen’twdlﬁﬁbur@? e Sprie QY ahd dufiggand

stai ning the oocytes, as descri be ove ency of enucl eatFon was
100% EXAVPLE 8 | eBesiedtion. oPisaetion dothatm@rqféameman@pr inricrotubnicsimparts d

oocvtes 25 For | ”Jrﬁ&y Q@:&& (SRRE ReSbShe %ﬂg@%ﬂgﬁ%ﬁ%ﬁ@% Bmogx}’ch‘?%at

prepared as descri a mcroinjec repar
enpl oyi ng the covarpo(tmpmfmelonamebgclosedmthm ajmpmhl)anc)tmapillsabdaspxrdnedlmt() 100

mm x 1 mm  Fal con. Pl ast nard, CA, catalo no. .| 00 o A r.ow

Consi st Fhg of ¢ vio SPEHE i BibimaLohe: e AE R EE GP ity st ong
j[hed_center I)i ne ofhgéﬂtleafdjhahe lihﬂrﬁﬂﬁal}ﬁuﬁ%ﬁg ﬁi@#@%Hgg?ﬁg%:%@%iwnﬁ\%& ? mm
in dianmeter) was for ette in

001 37143 29 PCT/ USHBIRYRY azenis, such 2558 22905 'megwem&va ng g cokshigineydre) pyp.
average nol ecul ar kﬁ&lvﬂh‘é thod® Gkifled irtl et 1) SMicrd IRMEAE WiuptingPdgRhts are also
(approxi mately 2 ? mmin dianeter) contained a suspensi on of donor

cells in Hepes-CZ omeanslnmladem%gaéa aet imigpd do. qmoghplasip Iinjagpigkinalide.6 mm

| ong) wes of Hepes,‘,mg,?,g;,mpgldﬁmt,f,p{]ket he oocyt es. Each of 5 these droplets
were covered with mneral oil was placed on the stage of an

inverted microscope wth mmdmmr%mgnemhoémww&thawemm; the enpglentionof ect i on
of donor cel | nuchﬁl th%ogﬁg yd &%xe%@b?gmlﬁﬁggugﬁ a piezo electrically-actuated

micropipette. Throughout the enucleation microsurgery, the Met II oocyte is

anchored by a conventional holding pipette and the flat tip of a piezo electrically-
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the piezo electric mcroinjection nmethod described previously. Nuclei were
renmoved fromtheir respective somatic cells and subjected to gentle
aspiration iWOPSB3EIA out of the injection pipette (approxi matelPETUSIBOIMMer
dianmeter) until their nuclei becanme "naked" or al nost naked (i.e.. | el
devoid of visible cytoplasmc material). For cells with "tough" @%sj@ﬁ_ Zﬁﬂz
menbranes (e.g., tail libroblasts), a few Piezo pulses were applied to
break the nmenbranes. After the "naked" nucl eus was drawn deeply into the

pi pette, the next cell was drawn into | 5 the sane pipette. These nucl ei
were injected one by one into enuel eated oocytes. For nucleus injection, a
smal | volunme (about 0.5 ~tL) of nercury vvaqupl aced near the proxinmal end of
the injection pipette, which was then conn ed to the piezo

el ectric-driven unit described above. After the nercury had been pushed
towards the tip ofdriveremicieatiorepipeitedimternal diametes =0f pmipid browgROntoxpptactwitat el y
10 pL) was sucked jnto th | pette. An, enucl eated, oocyt.e S positioned on
a m croscope stagél’fﬁm‘épﬁﬁb‘g‘i"‘ofAEZ‘Bb‘QBEﬁZH °Ei5ﬁtd5'i"mgﬁ§'¥’35 SQIfh ppgler 4a RAME | asi n

B. The oocyte was drepizd MrrdiinibuldodPieLs IRpadti DAvd Uit bp Pimé lech Nitgct i on
pi pette was brought into intipmate contact wth the zona pel | uci da, Several

pi ezo pul ses (e. g.(TswkybanBiagaki-keny Japag).s Fhe it wilizge the piezeplestscfdirahice t he
pipette while a | 'c#abﬁncgﬁgﬁzht%ﬁ@da ﬁoclﬁ'g,r ﬁp%ﬁnﬂ&?ihhﬁqe@ﬁ&ﬁbﬁeh% hol&b%'@e{yhe. tip

of the pipette had passe rough t zona pellucida. the cylindrical piece
of the zona in thehpitdistance (approxigately @8 nmit dhe insensdy and ingdrvdl hetwegacach Aft er

t he donor nucl eus = she r war e ad hey:L.) t
i njection pi pette)pu e&gi lL;;eetg ee(am%@ %&\?%déietgd ?’r’tgc gorﬁl?@glqlp%' ?ﬁ%iﬂrp‘ﬁ%eé (?(l?rp 30
al nost reached t hexemphesiintensity cel-5f spced =061 §) eresapphed wxadviine (oolddiijrthenas

punctured by applying 1 or ? piezo |.ses . (t~=picall intensity |-?. speed
1) arid SUBSTI TUF@%%%E‘P“%%E@%B&H‘C%“@&F?‘/@%‘“B@%5!5?3'#&“‘{%{“2“’2 J U
(2082 3010 he) nufcl e usithim shepipetie) ﬁgtmm@,tﬁbetip@mhambw tabicﬁ;l; llaa's@ésrtmsugmuege
about 6 pL) of acco nyi ng ium Sonefines, .as pessible of, the nmedium
was retrieved. Th§°B$Bgf‘ié§Pav%g‘?’i Hhs aﬁ%?‘{/‘% PW%\%}aq"%‘a\?i‘hﬁM%& patel eus
the ooplasm Each (aResthBle\@sa iritisRicbtGeyibi lin GHRecyRdptdsAUSE th&MItAK bbBtad of 5- 20
oocytes were 5 mcroinjected bﬁ;@thls met hod within 10-15 m nutes. All

i nj ections were pdfFYSrinERsciss, ofsanivingpear dhe dfiasturalan Pedy)n PoRys srigelagm

24-28C. Al mani pebadaindits tNe nietdpRhde0 pARA (Which ORI RRY hrehRsérdé-spin@le26
C). Each_nucl eus was |nh§ct ed into a separate, enucl eated oocyte wthin |ess

S€EpP | ed ! | L
than L & ni nut es &pmplexhistheagentbrand boskly sueked into the fnjectipn pipstteinagmpimal cel |
nucl eus in an enu Vi gl } ok R i ucl ei
of Sertoli cells g’hgﬁ’%‘fg?dg%élhﬁgm%&gg%%@gmas églggltgéey?gi Exﬂgr?ﬁ;ggﬁggp wer e
al so injected by pitdraval séighthy. Theieffect ofifhismrpesdutens o cewsealpinching ofbefithass, by
t he met hod descri | D .B6t:] I
nucl o of saib fiBase HepE gl i fhe Mot BibSechits; The bl
prepared as descr ipipetteiis thiengpubled cledr ofijheSzonapellédida, aspdabe chrempyomes greal so
i nj ect egl, by piezo &l i.c [ hjection.|nt ucl eat oocytes) by the
met hod descri bed g gﬂﬁ;ﬁeé ()'Ptot"ﬁg"lgérﬂmgéf %‘%“ﬁn (')'1K Frgﬁaﬁﬁ{&ﬂg‘chxgﬁcFogyrggS%%mS)é%lﬁf es
contai ni ng an i nj ehfoamsannes feuns themea cobyae Wherermpprdprite| batches of\oveptds may

descri bed in Exanple 9. her simlar oocytes were jncubated for a tine
period of up to 258&"“‘6"%0!59 §°’Eﬁ'?’bf°‘f’5'°%fc ':?‘{F.Zetaf'?)’h. MKES Q‘”&)@W\%‘ia’
activation Fol | owcj@phomBkich 28 §okcint @itk ant o1t ddRites)s My Witha DNACOCYt es
35 were placed inmedjately in i--free CZB containing both 10 nM Sr'' and

5 pg/ nL cyt ochal a8PS5ifis flugrochromsie.g. Hagsghst a3 arg brird examinationcyibdewd bocyt es
injectegs with CU”Hllﬂﬁnﬁﬁ)ln'(erﬁﬁﬁée@'by"ﬁriﬁla#@imen i'ﬁc@zﬁe@ onitor) is%dgggtg%eoﬁ%s( viv)

CQZ in air for about 1 to about 6"hoursj preferably about "I ut
hours, during whi #hdet¢rmining therefiidiensy ofienuslestiome oocyte decondensed and

transfornmed into 30 visible - I, Sppthi | vz, The
oocvtes were then incubat edﬁwéﬁpimﬁ%%?l(%@éﬁ% Sg a\?\@%@fb—'-%}i l-31
PCTI US99101144 2 fhethods, su2h@g tabdesatibed in6U1So PateotiNo.74,594384. | ForGxample, ee CZB
cont ai ning both 10 ue' and S ltn, i cvtochal asin B for 6 hours, for
activation. Sr2a f?‘gyela ‘htm%ﬂiev fcgﬂip{l'ﬁgéao&%’é‘ér.g' 18,8 eorvseiafalsin B
prevent3d subsequeiidropipetrl asupgyseli @ apiezddlednichllyldioéitiédipetid) THRTaNBe

expul sion. thus assuring that all the chronosones
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S of the adult somatic cell nucleus remained in the cytoplasmof the
activated oocyte. Exam nation of enucleated oocytes injected with cumul us
cell nuclei Xe@ g t hat chronmosone condensati on had occurred within I
hour fol | owi (S? jlg tion (see Figure 1C). Wen, subsequent to ACYVHSH Yt s
incubation in Sr2'free nedium oocytes were activated in cul tugggamaz
containing Sr'' and 10 cvtochalasin B, their cunul us-derived c

segregated (see Figure 1D) to formstructures resenbling the pronucl ei
formed after normal fertilization (referred to here as pseudo-pronuclei).
Exam nati on of 47 such oocytes after f xation and staining showed that A%
had two pseudo-pronuclei (see Figures | Eand | E) and 36% had three or
nore. Qocytes with at | east one distinct P$ udol S pronucl eus were
considered normally activated. Chronosone anal ysis of 13 such oocytes fixed

rior tothe first cle (dat 0 00 nor mal
8i ploid chr omsonécﬁﬁvﬁgég’lggg&g @6%8% ﬁe}}é{i?&\’/\@%{l&\égg% gsatg\?‘\g;ﬁ% \%l/gsal#‘]bg’g lghd
cultured in Sri - 28%doftistdehaifasice chs&math€gesitecofuine Mat Ilichtdnsysomesithed t he
2- to 8-cell or 20 myru al bl ast.ocyst stage.at 37.SC upder $S%. v/ 02 in
air. Figure 1 F i F‘P’gg r St Egatr:z?\pét ?&8‘?‘8&:?@8‘? ﬁ?%gﬁdﬂ 3@‘%'&5#%"%“ on
of enucl eat ed oocwiiesopl)) aWeLHodHteGe Iplacedied QismaEWpTOPl:EedhﬂnEl&hfaMﬁn%
%

transfer_2S Two- to eight-cell epbryos (24 hours or_48 hours after the
onset of? activati GWP"W&‘F@" Brigagpicroraamn '8“(98?’8'2&51 Chimosomes agsrremo¥ed:

mot hers (CD-1 al biyi@antchaticits dasee HEARPBCHIsKAbeIP0Rediph vasect ori zed
CD-1 males 1 day previously. Mrul ae/blastocysts (72 hours after

activation) were transferredfienenyicleaign, thefoopyies ase ready techereepnstiiyteg; with

vasect om zed mal e - PL.avi | ¥ [ | ast s
were used as nucl 2%@1 g%ﬁ%}cs%eﬂrdggtégi grﬁ %&gﬁ&ﬁ%ﬁ%@ﬁ%@%d%@%&teéw( RULE
26) WO 991 37143 aRQT2 U896/ df doder mucleusinsertioooa 32 eut hani zed at 19.5 dpc
and their uteri were exam ned for the presence of fetuses and inplantation
sites. Live fetuses, if any, were raised by other lactating foster nothers
(CD-1 )10 W hen ot RPeepasatios ofaddt sonmaticicell ngeleie. , spl een and thynus cells and
~ macrophages) were used, aIICr cigi. egt femaltﬁst. were euthanized at 8.~ to
-12.5 5 dpc, and their uteri Srg e rﬁ%&o? ?"i"ﬁé"’p‘%g’em‘é%f" f’g{oug'bds and

i mpl ant at i gnhsibt es«;mﬁmlg’latﬁs Wﬂth(?hléhﬁo?tﬁisd’lﬂes[@lb\lé\.ftro@tfﬁntdimorf@l)m‘vg'ré@cram r ol
strains an ybri s obtaine 0 from spl.een tissye: 7BL[6J . ,
C3H HeJ (C3)) DBAS%@“?‘D‘Z%“EBR%&:L‘ qinlg pypphigh a'ﬁrﬂﬁ"?#&ﬁﬁ'@ﬂ ?é‘é“*@?ﬁm us
)cel I gonﬁr fﬁrml efu&lE&C&Eois.l)ln bﬁrecgt_ngdsd)aﬁemﬁythe i:ﬁ\%ﬁiciicﬂi, ahé célmlahef_su(cEGDZF i

, and the three foster fenales s prepared fromtail ti,

bi opsi €. Total DiAMYlgphesksch lﬁ‘ﬂ’é?i‘\\;\@‘ﬂs E‘GWBWLEP ’F&‘ﬁefidﬂcc\ﬂé%‘gﬂ}yepar ed
fromtheir associ gife BAARRNEAS (1D ﬁo%ﬂmgmg&;os%%dmﬁ@ ABpdeddScdll M t 46)

DSIMtlol, and D3Mt49, priner pairs (MapPairs) were purchased from
Resear ch Genet i csSYsPEnsiangnzy beplagsd)in & picrompnipyfatin champerfagilitagng detailed v

described=in Di et g} ffinaniih, ?&le&‘ibn}g 8?@glgﬁ§{x/1gtﬁon1&3d&$3§ﬂgé?s tbhVGidmose Pt t hat

PCR reactions were carried out _cycles and products were separated by
3% agar ose gel s ( hdrtaimptharactesistits 20g.véxbibitingadyansyd stages of apaptasisyhersosis e ni ng.

The Tdentification. of ) .
soquencds (Enrv. | Dibiorio CHARR NS réxeilbd Bhigasth b4 Afs s IAn ) biRes 00
DNA to the di agnobteakagerafiypdasnpEmebranescansl allowg the cerrsporsting dudescoi ized i n
Taylor, B.A and szirveRs?é/g.e ' Ir%%ﬁﬁ‘arlfycsselc%tedzr&x%fe?%?e {heJ: %?p?x)atedl:g{n?ob %n injection

pipette. described below, for insertion into enucleated oocytes.

In another embodiment of the invention, the donors of the adult

25 cell nuclei are fibroblasts. Fibroblasts may be obtained from animals by methods
well kpown to those skilied in the art. For example, fibroblasts may be obtained

from adult mouse tails by placing minced tail tissue into short-term culture (e.g.,

5-7 days at 37.5°C under 5% CO, in air), during which time fibroblasts present

in the culture become the predominant cell type. In further embodiments of the

30 invention. thymus cells, spleen cells. macrophages are employed as the adult
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25 | abeling) Southern biotting) and hybridizati on procedures were as a
previously described in Johnson, KR et al., Gerronrics 12. 503-509
(1992). SUBW® MMPAM4BHEET ( RULE 26) WD 991 37143 PCTI US99I 0114RCTUI0IL4. .
2002 33 EXAMPLE 12 Exam nation of placenta Wien full termfet usezzdj& 5
dpc) were found in uteri) placentas were isolated) wei ghed and fi l-t 2002
Bouin's solution for |ater exam nation of 5 histological details. In

general, only one or two of the inplanted cl oned nouse of fspring reached
termin each of the host foster nothers. During the course of the present
study) it was noticed that the placenta of cloned fetuses are significantly
| arger than those of nornal fetuses (see Table 7). To investigate the
possibility that the |arge placenta nmay beldue to the small nunber of

fetuses in | O each uteri_(during a norpal pregnancy, each nouse uterus
carries several) &Pmauc felhpucleustdagorss eMEng@Q?,fmt Aktajring Bymus A& sgleem ey

pregnanci es was pyadyaafibas 4r& WA Kowd o s Mifled (B4R fBRbLFhABECAaYBE ©
mated with C3H He mal es. The next day, eggs containing pronuclei were

col l ected from t heb@inedforexamnlg, by lavags ofdg pemioneal cavalyor dierlungs by metheds

ovi ducts of each - : ter mother (CD 15 1) in order to allow
the i nplantation gﬁ&gﬂ&yﬂé&%@?@iléxﬁrﬁfgs The enbryos and pl acentas were

wei ghed on 19.5 dpc. RESULTGthE somiatig cellsithat enayiblemsedcas| soumessif aiscleiihelude,

prei mpl ant ati on devgl opitent. of host cl o) I Nj wi.th the
el o from comul emaet igcR; tflal S pERbE IR FR ! UE KRG, P
subj ected to an ahémwepoiege stlisyuhelandeyesdichdrairgeyads) dympinjegtes, aohodyded, (84. 1
5 , .

vl oped- i nt o moPHALSHE! SRBEREE Serel vy Greipp TSR colsoskeleB mgge b of 508
injected oocytes gabbauRbecelis3aktPsthér caflé Rbmi dtp@stihddiding@Reltobtllirhfatida?) out
of 182 injected oocytes activated 3-6 hours 25 after injection, were

successfl |y act i ¥bdynsmpanciensy livergkidasy, uppary blasgder, siomaghgintgsiine and thesg 9j ) |
respectively) devgkQRed, WikrOagfRdpriak! hbid plogenif Sells, détivddUiredhefréth H fivo
significantly hieher proportions of oocvtes devel oped into

.nor ul ai bl ast ocyst souyress, erfplleyvipg epture@pviier e activated 1-6 hours after

nucl eus injection. as conpared to oocvtes activated i medi ately after

i njection (p<0.005)) SUBSTI TUTE SHEET ( RULE 26 WD 991 37143 PCT/ US99/ 01

i d4 34 and the tinsertiencefidenonpucieusrintoenugleatedgasyte on and oocyte
activation in these experi Q:a J

devel opnment. The devel opneﬁa%é (ﬁ%@?@érﬁcgéﬂxé%%sﬁﬁ%lg@?? éiea%hﬁ?@ézsf g‘g%fyh t he
nucl ei B cunul usbe ahjested sdirdcHy sintoatieed cytoplisinl ef Ithe | mutlaated | qosytesby iaes of
experinments 5 (Series. A, a total of 142 .devel gpi s S {2 Il to
nor ul a/ bl ast ocyst&é‘ierélg’j'é%‘:t’%}eg ' "z’fhsi"e? P éeée eode Tgﬁlro g%fgﬁg‘m&f%‘(na l(§3's.?r%§§r1en

t hese fenal es wer soneatiareklisdsto @nuadkayed®obytesy d picko siedaicalhpdtivenanicropifettpds) ) 5
live and 5-dead fet Yses re seen in‘%‘t eri.. lnthe ec(gnq?_lzeri gs o{)
experiments (Seri &%) WhChope may spsenially iz iy rauipment pnd leehmiqies, gescRbegt 54
foster nothers. Vitonve Geilitiegty 16 emicleation sfdoeytes), with hrvdifudiens hkfe detalRdS dpc,

17 Iive,,fetuses were found.. O these, 6 died spon after delivery, 1 died
approxidfately 7 days after F(?él‘?"%‘l’?f: g Jpieeten PIRFHE iF REFPREFYf ARPrEdouwslYy vi ved

and are apparent | JesBRBdd Sich tide it Haf a FIREHEwith AR hdide ARrdelt? of htiout 5 AL NTHenamed

"Curmulina", in the foreground of, the photograph, Figure 2A, with her al bino
foster nother) haiRiecherMegdle santaing rarscyry dieat then Hp rand sis domsadnim the piezo

of f spring. Figur eel?c?‘i{:ﬁly?acﬁgﬁh%ﬁ@%ox?&n%élﬂ?gﬁ%iogs )%f gﬂ;{g@:ﬁg\“ Uthe! NE

pups she produced OWi ng mating w : 1'bino) | . Several of
t hese of f spring heresence of 3 menguryrtyopletencat pdig af thainfestion pigetsadineresses the

25 momentum and, therefore, penetrating capability. The tip of an injection pipette

containing individually selected nuclei is brought into intimate contact with the
zona pellucida of an enucleated oocyte and several piezo pulses (using controller
setting scales of intensity 1-5, speed 4-6) are applied to advance the pipette while
maintaining a light negative pressure within. When the tip of the pipette has

30 passed through the zona pellucida,. the resultant zona plug is expelled into the
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In a third series of experinents (Series Cin Table 2)) BGC3F1 cunulus cell
nucl ei+ were injected into enucleated BG2F1 oocytes. \Wereas 20 B6D2F 1

m ce are bl agﬁg F1 mice carry a copy of the agouti A gene)

consequent | y aggﬁf&% Ofspring fromthis experinment should th P%@’roﬁlé'

an agouti coat color, rather than the black of the BGD2F1 oocy d r
total of 298 enbryos derived from BGC3F1 cumul us cell nucl ei V\g? J)U(t 2002
transferred to 18 foster nothers. Cesarean sections perfornmed 19.5 dpc
revealed 6 |live fetuses 25 whose placentas were used in DNA typing anal ysis
(see Exanple 6 above). Although 1 died a day after birth) the ~ extant
femal es are healthy and have the agouti coat phenotype. Figure 2C shows two
such cl oned agouti pups with their albino ster nother (CD-i ) in the
center of the photograph. To the left of the photograph is the

correspondi ng ago m 30 C ry are
| i ke the identi ca"lérlvt"vm n 55“%%%@?}3;4?&1&9&%“?& are tﬁggét oﬂ%g%t& o?"?l]i

SU9STI TUTE SHEET piRestes M)pxpett\M)pQQﬁ@ﬁ amsbs%tonﬁﬁ' pwsﬁ@mmm andAdtantedZ ~a~

chTuL s 0N o e PR ST Lo BB e BB sl o, {1
i nvesti gate whet hie opbmesme@lﬂthi doetexe bf theioocyte. yThéommhplnsmmbﬁmqmaﬁs rounds
of 5 recloning. In this ex nt%ll% mJI u% cells.were lha[fveste from
B6C3FI Cagout ) CRURGEPYIREE O die iyegtinfieric,, HepR prRlispion

injected into enugt &@tted'wB@Eé%E pluse@gy;slemyt ‘iht@ﬁﬂ?ﬂ&’.f, pedibny the dolemiVey €
transferred as described for Series A-C, A tota 87 enbrl)‘/os deri ved

from cl oned B6C2FRUNSHsed aighepipette fip: (g indigatediby ayapidirelagatio of ghe epiemama,

not hers. Wen Oes@ﬁl@ﬁﬂla%ge §l@zﬁ'w @ﬂ@le""?ﬁ@mﬂ:ﬁrug QrtE%Qx%alea iftB e doplabvivithSt USes
were recovered. Althoug died soon after birth surviving fenal es

are heal thy and haménimpm amesndebant & gblief aceempanyngmadja. Tippipette Sshant s

suggestygt hat clo

pr oduceg with as n{lggﬁl%r??flgfen%&l g@@gé&toggf‘é& &Lei%ﬁgﬁlﬁ’?{eéeﬁép%%ﬁl eto
repeat the procestbeworytg Thisnmetbod mmr@emr-debn{kl! dapigaliyoin tBcheh @fiP-14s
cunul us chronoso i int r s (third
- generation cl oners%?1 v El]%}ng é%{reg%!cg‘ ag%b!étg?rstnﬁﬁg{ néﬁgtgtenseglngélﬁ&é%éoﬁlgﬁ '08%‘5 of

cl ones do not undergo chang’den(aeiivbhmlcrqmséttohvammsnagathm}e)a dona¢ntiondll uence
t he outconme of the. c{onln ggro e COI’]fII‘ITB.tIS .ofngﬁnatic identity of
clones to cunmul us™&le" B ffof"epP °%&d .“HYJ’s"tH*Sﬁ? YR eg L WEU 1B nd 4C,
DNA tyasng of domxmparmtaeﬁdﬁlrmngnmectﬁarmabod.‘emmbyingrarcanmtibim pipengti c
identity of cloned offsprin WS cell donors. and.nqp-identjty to
oocyte donors ano‘%ﬁH‘aS?m §sp fFéI“B% hamBger eqayle n&%ﬁ %Ng V&é éﬂg ke

usi ng highly varl\abiagnﬁkmneﬂzeﬂer{eamt & D250 KRG Ki6inferd, Bﬁd?&ﬁyoﬁRé;ﬂ*B@z&hbﬁwf t he
C57BLI6) C3H) DBA/ 2 a use strains. 25 These strains) or their F 1

hybri ds) were USéﬁwT%-lt(Fl?%l)V\k‘?F idisslogure iad yviigheparaiing taysuch methed {5 hersb¥unt f or
all of the genot,umgo,%@§$pgfe,eﬁ& all of the Figures, placental DNA from
the six- ctoned Series C oftspring (lanes 10-15) was conpared with DNA tiom
the three cumulus cell donor fermales ( B6C3F 1, lanes 1-3) , the three
oocyt e pgonor fe”@l&ﬁa(no@ﬁﬁxe'ﬂo&odc es ~#-6), and the three host 30 fenales
(CD-I, lanes :-9 Contro ~~a from C57BLI6 (lane 16), C3H SUBSTI TUTE
SHEET ( RULE 26) W 99J371n e8¢ pwbedisssy of the-inventipn, rgnualeged docyiesaare 17),
o e 1) SR BT e i 10 e
strain-specific mﬂodmnﬂommﬂ&)vammbmmytbs)ﬂjayandadﬁvgmdatMiyltimumprtat es the

results of DNA ty i rn bl ot
strain-specific §8E’r?3 'T“g@ Eﬂ?q\'/'? (H’Ensaterﬁnﬁer\gﬁsﬁq{cﬁa'r‘wéﬁ%a%o’l‘h@"B%ft by
presenkgd in thestectrogitivetons Apectimnest be or more oocyte-activating substances, or

transfer of the oocytes into media containing one or more oocyte-activating

substances.
Reagents capable of providing an activating stimulus (or
combination of activating stimuli) inciude, but are not limited to, sperm

30 cytoplasmic activating factor, and certain pharmacological compounds (e.g.. Ca?*
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superinposability between cumul us nucl eus donors and putative clones, and
genetic non-identity with either the oocvte donors or the foster nothers.
Theref ore, YRIUYA of each of the six cloned mce was deri vEETV3AI4e .
| 0 nucleus of a cunulus cell. That all of the live offspring repz‘r;gﬂég_egﬁoz
in Series B-D represent clones derived exclusively fromthe chro

cumulus cells is confirned in several ways. ( 1 ) The oocytes/eggs were not
exposed to spermatozoa in vitro. (2) Foster nothers (CD-1, al bino) were
mated wth vasectom zed males (CD-1) 15 al bino) of proven infertility. In
the unlikely event of fertilization by such a vasectom zed male, the

of fspring would be al bino. (3) The 2-8 cell,.enbryos or bl astocysts were
transferred into oviduct/uteri of foster ndthers. It is well established

that 2-8 cell nouse ,enbryos/hl astocysts_are totally.refractor 0
fertilization by <88 %F%f’éﬁa ?rﬁ'}s(aﬂfyqont g}orﬁﬂﬁf? I‘Vﬁ%f’@yg%? Hn%?‘{uﬁcq)lbgck
eyes. 20 The SEFVimkij&ioﬁrm&.S&r 'FIQ&oﬁithﬁtsewhh?Edﬁuﬂeami aﬂdm'i:rf'lﬁetiﬁﬂi’n‘gi ving
5in Series C have ,agquti coats.. This pattern of cqat col ar, i pherjtance
exact|y matches tﬁ&f"%_gla@dﬁ"?;‘@ fB‘}““(’H%“g‘E%ﬁ‘JPbE%““W‘ ﬁ@cmﬁéF‘gﬁéf% Bitelyn each
case. Since B6D2F gl faliowdng Aatent preioap@thédidtotRifing drid®r afttiblets dTaCblskt opel | €S
C nust have inherited their agouti coat color froma non-BGD2F1 nuclgus.
(5) DNA %yping of astiving compapids, inatuding stgudatorsiptleh o salease (8- + sadfeps, Cé%, D2
and CD-1 strains 1 i,gu e I SASRIDA doubt
that the six cl ongﬁppgegﬁué\}galgnAgzgﬁ?égﬁgqf%l%&rﬁisar?gl %J{gzg‘gl)bne t?}gé}k |fed
soon after birth) phosphoproginrsegraling (dg.t2aaminhpurime catanndspuring lahd sphingosine)yal es

used (B6C3F1 ) and_dp..not gontain rived fr i ther .t he oocyte donors
(B0 ) o hoot SRS brbRLT wRhesS (e ALIRE RlonBinREY:
ex:rurs]i on of (éhr_cl)_mﬁmahpl];smimbmﬁimlt air b@?hl?ﬁatms stﬁppmeﬁsgcﬂrggdhyg gﬁgg% 'I§UTE
cytochal asin B. us,.if enucleation of the oocytes e .

SHEET (RULE 26) %@f‘@b‘i@’f‘f&%"%ﬂ“ﬁ!@@%‘f’éﬁ‘i‘“ﬂ R gie, Smboglieni piing veptiof | y
unsuccessful or onk§vaian tof alduye 5oWARSS hcHievedlbly caliie)fos 1 6touts M@ Fren

hyper pl oi d and wo not, have develo intasnormal offspring. (7) In nock
-experinents) in V\K}Zg%mﬁ Hmﬁewrégg%\éfgod@hﬂéf eated and exanined after

fixation and staining, no ciyenBsianEfis dRhESindiYdh Whedeirbihe dOHtatis stikiBlus
efficiency of S chronmpsone renoval exceeded 99.99% In Exanple 1, the cell
type used was ideht PPRlisg coscyrrRmtly ith (28 afier irsnugleptiorn repuglFatedgpeytestare

certainfsy. The CeldagsridQo Rifedii Edniiting BneVdriidre infiBRbR of MiGtoWdaledndRp f Or
cunulus nuclei to transforminto condensed chronosones within the cytoplasm

of enucl eated Met misroflsmpniassemihe ezt & ngmlepiodhalasio By eyegensnaieh as those

mor ul ae/ bl ast 0CysysscARh dobd, IinftinitQReriiGch SThibntdsSiles <'b3§a°:1 %%’Bgd#'g%nhl- e
benveen nucl ear injection and oocyte activation was benefici al r both
pre-inplantati on &aeah afiesepplisgianmidhe antivatingstioplisnt (see Tables 1 and 2) and

feprogrammng Tor enbryont cilsRriT R ieliof BIERxed oBOAE Blhvbe .
a piez cQOeI ectric metoaedprionoretucleatidms cAdivation toetheds may ke dsidgbaribed abevei n
donor cel 15 (o. o Toltpipg FregsPRE et stiiiits FEvBh ey baruRlreERESR I . "and
injecting of donouappretimatelyd iuts privr keinjretidroslaEdd symatic dgllinaddbys Bdscribed

efficiently. Introductjon of danor nuclei into cytes using_a piezo 20
electric driven pF?fE’f‘t L‘“E‘ﬁﬁ@g?@mtcﬂt’ ﬂﬂ“"}“é%lb' '?Wffﬁ&\’%lrﬂc’sf’ﬂlef H@%mi@ﬁ&f han
the use of an el egité proniRiusS-ike SARARES Withik! the RnuIRAYES RV tBdrY fsQloneand
allows for introduction of the somatic cell nucleus directly into the

cyt opl @Sm of the KosyppEess Apaler badys extusinr byrcultergavith: a cytokinegismeveating
introduced into epuml alSH (PRENIISInWAS M nim zed by mcroinjection. This
may al so have contributed to the high 25 preinplantation devel opnent of
enbryos in the present invention. Coning wwth Sertoli and brain cell

l ei . Ab ' = 0 . d wth
Senoi i cel I nuct ePeeoprft of bmrad o o BRUIAE AL SR RED O, 11 o

nmor ul ae/ bl ast ocysts ur vi t rkollaming pronediesdorffation. the embryo may be allowed to

develop by cuiture in 2 medium that does not contain a microtubule disrupting

30 agent. Culture may continue to the 2-8 cell stage or morula/blastocyst stage, at
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and 46, respectively were transferred to uteri of recipient foster nothers.
Figure 30 3 illustrates devel opnent of transferred enbryos follow ng
injection o j SUBSTI TUTE SHEET (RULE 26) WD 99137143 3

PCT/ USQQ/Ol&%igﬁ*SHJUL Z002 cell nuclei into enucl eated oocyt ersér'ﬁgéﬁ’rlb“BA
i's a photograph of the uteri of recipient at 8.5 dpc. However)? IUULe?@Q?
inplantation sites failed to devel op except for one |live fetus (Figure
-was found in the uterus of a foster nother euthanized 8.5 dpc (Table 3).
None of the enucl eated oocytes injected with brain 5 cell nuclei devel oped
beyond 6-7 dpc (Table 3). Thus, the nethod of the invention provided
enbryoni c and fetal devel opnent of oocytes injected with the nuclei of
Sertoli cells or brain cells. Coning withyadult fibroblast nuclei. The
results of experinments in which the nuclei~of fibrobiasts from10 the tails

B6DoF1 f emal o5, (nangnio Y tirb iy A W4 et i BB

about 50% of the motherat ed oocytes injected with fibroblasts cultured in
serunctont ai ni ng nmedi um devel pped.to the rul a/ bl.ast pcyst ..stage., O  t hese,
177 2cel | or norul al bl ast oc?ggmg?gg% ‘Bﬁﬁ%g? wgetspﬁhg‘?‘%p’ree‘:&ﬁf S0P pi ent
foster 15 not her sexpandedl fdrth®purpbe FMiapioRingyeelah atkefmatiVely oF Mditionally, i | 1 ve
of fspring were born). About 58% of the' amc‘;tjvate oocvtbes i,njected with
fibrobl a@sts cul t U@y b Rossiblefor incesasedinlds a@b@e&f?&%te ¢ Achieved by means
mor ul a/ bl ast ocyst offhagresedtiindclBSLby &ibnal ek PinkioR of ABAYTS BhDOABLRGY fladSbfOe
enbryos were transferred to I’QCIPI ent foster npthers, and 1.0% of the
enbryos reached f el preeassnofisedal (nuclepn) dragstes pvhasepynauclens gonstisuents from v e

of fspring were : [ ) id the
donors of the finﬁeg%flgggnﬁﬁgf @%\fﬁ%@%%ﬁ e?ﬁ%@ﬁ@\%@ 68? ?g%‘r’(f‘?\ﬂgcg%r %‘f\?glgﬂigg be
fertile when nat ew.theNpethhé pf the inventiandesdribied alvestogenenate ameiv ambeyo.i In a
serumf,ree nediu medi um wi.t h ser . t | .i r no

i f1er dloe it nelRREEr o Pigg AP ARRERBa N B Shhief P aaur ¢
spl een, thynus anfbliowiigajifeageansfer ireo a suitabledtesipienpprent of enucl eat ed oocytes
recei ving nuclei of adult spleen, thynmus or macrophage cells is also
‘illustrated in Table 4. In these studies, thynmus cells supported the

devel opnent of 3. MoYuRitica@lf ickihtiRikiciDovémBryoficrdevetopieht ast ocysts, but none
de~~ei oped beyond this stage. SUBSTI TUTE SHEET i‘RULE 26) .. WD, 99137t 43 39
PCT/ US99/ 01144 Z 2 JUL 2002ngnesabodinant i the dnvetion, sepucieation,of a5,0qcyte

devel opment  of ?I %dmitih¥irtfodagionyice tb, a@enL, SaflePthe B6mBMingloflh Ridéis V6thSt
stage. Although nmany inplanted after transfer) they appeared to be resorted

by 6 td37 dpc. MAEF SpRHemieaedes o AFpndRere ABFYHIIE WEPeIBHEAlSE the3os to 5
31 % of activat edd&%?f&@xﬁaltdﬁtdgﬁ{el&fﬁﬁ/eﬁb%? QWﬁxﬁﬂelybbFadSﬁBﬁa\W?th&ggeﬁt(ﬁbsOr bed
or stopped their devel opnment before 6 td 7 dpc. Thus, the nethod of 'the

i nventi on provi desaxbminirediiced arier tp or flloyingsenynieationoForgramplesnyclgiadyed with
t he nucl ei= of .th F Qr i i ﬁﬁﬁ% udi es,
t hymus, spl een a%%yr%r%g?g%ﬁgg%ﬂ}nﬁﬁﬁﬁgg r%%aggﬁalg%ﬁ%%&n?ﬁ%&ms %ovve n?rl&@lre
limited support fregulaiarrples withdles/rdtentinkn influsrge theieutteme efthe methot of ther
fibrobl,gst nuclei; 1t. ap r Lkel v ft. nuel e ol e ol y
suppor tzat he devel l?)‘ﬁértr%ﬁ?' %‘?ﬁl I;ﬁ?}éédg%f%a I’lFéI?l% e’ utaréal%of[ g&%g%;f E@W‘?é%’%ﬁ\@
nucl ei in vesicle transport (e.g.. synaptotagmins), those which may mediate chromatin-

t han

ooplasm communication (e.g.,, DNA damage cell cycle check-point molecules
such as chkl), those with a putative role in oocyte signaling (e.g., STAT3) or
those which modify DNA (e.g., DNA methyltransferases). Members of these
25 classes of molecules may also be the (indirect) targets of modulatory
pharmacological agents introduced by microinjection and which have roles
analogﬁus to those of antibodies. Both antibodies and pharmacological agents
work by binding to their respective target molecules. Where the target has an
inhibitory effect on developmental outcome, this binding reduces target function,

30 and where the target has a positive effect on developmental outcome, the binding
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fromother adult cells. Coning with cunmulus cell nuclei frominbred and
h~~brid 15 I f mce. Experinents were perfornmed in whic
cell nucl ei S‘?bgwﬁﬁgee different inbred strains and two hybri dpgi}r@%@ﬁé‘? ,

t he nmouse were injected into enucl eated oocytes. The results arQZG LJ,J&'I-zQ—%Z
illustrated in Table 6. Wien cunmulus cells of inbred mce (C57BL5

and DBA/2) were injected into hybrid 20 (BGD2F 1 ) oocytes, sone oocytes
devel oped i nto normal -1 ooki ng bl astocysts, and one (DBA/2 X

BCGD2F1) devel oped to a full-termlive offspring. In contrast) a total of 41
live offspring (2% 4% of transferred enbryos) were obtai ned when cunul us
cell nuclei fromhybrid BG2F1 and BGC3Fl ng,ce were injected into

enucl cat ed oocytes of the sane hybrid mce) respectively. These offspring
were 25 all fenal hl.a . he
donors of the cumﬁﬁ a@l—{:}gﬁapﬁlﬂg%& %Blﬁ%ﬁzcrlg’%eésu@lﬁﬁ? @%ﬁgéseﬁygﬁﬁnv@?&tﬁt of
cl oned ~~s. nor nalclomnspropese grag be aahieve SHIREHY Bt igieioh of Rudt€in2@)g., thad®

99/ 371 43 PCT/ US991.01.144 2 2] L.2002 40 During.the course of our study, a
mar ked difference ’Béﬁé@ﬁespﬁb%#efﬁtgfret anQeEps &i%‘ﬁ%’d“‘ﬂ{%@ﬂghd normal nice was
noticed) with respect to thdnwadurfer efbodifentRf drcntétioARxbgdnuss ftstnaéleicn

Tabl e 7) _the nmean wej ght of the placenta, o | oned, nmjce was .0.35 to 0. 33
grams) whereas t h@CIddRNAer éS?i‘tYF‘BP“”(“HE?rm&@“HP%Q?]F‘H%'&?F%H@%‘W&"%&WE

number of fetuses WagicaiRitidd prior tiPorTollowils AiMbeieditns IFopRRarAbIe Uhjeltidnforof t he
wei ght of the clonéd mce placenta. W belTeve that alt the |live offspring
reported here repreeuphinant habpring-the neesssan oistackyhsignals may respltin die
particul arly cumnul j j r{ﬂﬁ : L C
contam nation for fﬁg&ﬁgoﬁg\?ﬁn uyr’%é@%%@?ﬁbhé(l@ié &%&?gé;% é’géssl&?\;\'{g?;e‘%oﬁever
exposed to sper nmatinjizesed transcriftion dacthrs, andsubsequent expression of encededsprpieins witht s. | n

| i nt act j t 2
Foster Wthers (B pialfl e AR Eldbaid hERIY A8 ot RRInt) | )
of proven inferti lontembrivdavelopmunts dMorconerzibd tramscept ByEssess anlisese activitpz oa

and fertilized CD_1 .00cC all of thejr offspri. should b |l bing. | ~
.Reconstructed 2- aganggtcéﬁ%ﬁpgﬁ&ngopevdogg&egtc1 bsl[%\?\%rp é&? & g‘nsgg pay e:Pyr'it o]
ovi ductsl uteri of ahtisdne¢ reguldiionsSmaybe hactlievel bpiinjectnd myckeicwadids (vebeirbe
fertilized by spermatozoa even {{ vasectorni.zed | es. ej acul at.ed .

Sper mat ozoa. (3] APTVAREs 153 B a1 B0 ARGTEPIG5Y HIGH BRI PACHPAEEHY Wik

al bi no) 1&nd the pafdiehitidé adi@ tirget@) Wthdud PrRdr thanberption aditiy thewbeytes t hat

predi cted by the genotype of the 20 nucl eus donor |n each case, BG2F1 m ce
| ack the agosui gene which RSN PHA (Horay prePtheswisg) iBie .ce%ﬂé‘?‘%%%édthe

only way to obtai Bf{eiHvientth SRy cO@prist &iuactidial fPNiesn 66thiniidCdneW? mdteJ.
tail fibroblasts and sone_ cunulus cells) fromthe BGC3F1 m.ce. (4). The sex

of the cloned ni cé&xpigssedofiastianahgengupdsr thesoneql affe RPBOEHFYHDIHNG ARG nes
derived frem fenmalgQnt Wikt t&%'&&d"&%v&%&béntil @RBYeSsiof proffS For el&hpiaflef rOM
male tail fibroblasts were all male. (5) The extrusion of chronosones into
pol ar b&i es was prametesmight direqttimmediateobutbyict expiessianiwisre that promogesris i f

| eat i f th iall
Chececcrur” o1 PSSR DS BN S el
d I i nt bnng & puig deBilbsiTdnier Bittigratc @Ruictor dfire genid 1488
P(Ca:\{'/euggQI/ 8124202 é UL u%;grggdmgl ‘Ité' @ | l.e de @psé{rg;m?j .Qgerdei.:p Lt}at t he
nmet hod of the inv ﬁPliycgﬁp eals B-go g q"?eo' 55@5 'r'lersrﬁ"]ll{} , ng%mne noUe 81°f'§pri ng

from adul t cunul usmbedimeagdNA constructs encoding putative "anti-aging" proteins, such as

25 telomerase or superoxide dismutase, may be introduced into the oocyte by

microinjection. Alternatively, such proteins may be injected directly.

EXAMPLES

The following examples illustrate the method of the invention and
the development of live offspring from oocytes injected with adult somatic cell

30 nuclei. In particular, the examples illustrate the cloning of mice from enucleated
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adult fibroblast cell nuclei. The success rate has been up to 3% To date.
t he net hod has been the nost successful wth the nuclei of cunulus cells.
The S r-easonﬁ for this are not clear. Each nobuse oocvte is sue\ﬁ)@ﬁgeg b‘é
about five WHIWHAY cunul us cells (data not shown). It is kno oL
cunulus cells all comunicate with each other via gap juncti onz Zdh\lmgm
follicular devel opnment. Those closest to the oocvte (corona ra#i‘at
-are in contact ~~ith the oocyte via gap junctions. Wthout being bound by
theory) it is thought 10 to be conceivable that signif cant exchanges of
ions and small nol ecules (<2,000 M) occur between the oocyte and
surroundi ng cunulus cells. This may affect cunulus cell genes) such that
t he genone becones nore readily "reprogra ble" within the cytoplasm of an
enucl eated oocyte. It was found that the Best cloning results were obtained
by the 15 net hod | Al b O id mce
were injected i ntogé)g%c ég%}éé@ﬁ%ﬁ%}%@%?&l%Ua?gﬁﬁ}éélgg%g%n%ush%g%y%w%ﬂce' The
only exception waells henrormbeellsfibrdtilats. spieéh 2elis thymuscetle hhd macrbphagese (The
injected into hybrid . (BGD2EL ) 00cCVtes. cumyl us cel |l nuclei of inbred
i ce_comonl y 1 afEPIEL e Rt Minethie 05 Bl Seritics aEimGroofgR yos | <
28; 1k;1;)wn at thidsdﬂ?]l't f&nart]izQ(ejlmm:iﬂ ﬁxe@lafﬁalemybe ﬁQﬂwlﬁkhb]BifoHgs dftthe ith@Rrfon| 333 (
reported that the devel opnental potentia rogenetic
aggregalion chi m3phare %".‘_t“&e%dc?ﬁ@ B;‘(Tﬁé‘h‘!"gdéi)% glsamples; Hsmhogiments obthe
Moreover) it is VRlehtid@¥dldr&lly bbRecEEHZADY tREseERIRE iMiHeladS are nuch
easier to culture irr i~irro than those of "inbred mce. (Suzuki, ct al. (
199G Reprod. Fertil. Dev. 8, 975-980). It appears that heterosis 25
facilitates the %ggénqprrent of cloned enbryos to term Three live cloned
m ce ~ere produced Dy the nethod of the present invention using fibroblasts
of adult males. It has prehilinmsganidaed organiacormpbuntdsivereipurchesed Somdiigmat o
cl one sheep was i f the cell cycle. For
exanple) V~lil rru{dﬂglgfcgrgo'glsg?‘t%ﬁ{ssﬁ@L’éltﬁ?stoﬁ%]s%ggﬁt S in serumfree 30
medi umM@o "starve" them | The medipmased forexpeingeotytes aftaemicrasutigenpvasppear

" Serum fr e nedi uneEgnebin (FRTEN oL LebebrogoFen. dics b lahiipetted

PCTI US991011 a4 2ath3l8i6 ndMQ2giubesecGZB niddiinseongrizes §1a6 mMNaCl,agim. KCY, has

U tured il theserdimibcasts 1 ey e86) b G 3 e el S0 |
appears that an aRLENEAY3 MmN ANDEc@PB HMONa.piruoak] B WAL pendibintG, 5

devel opnent to termafter nuclear transfer_and, that serumstarvation is 5
not a hecessary UmhsHememysn spiéatepnd 4 mefal boying seRyEEAbumip. t hese

experiments, it was noted fh&inedlum for Voefte (cBlieiRg MG dvidudes, RBLFEHRENAS |
al nrost twice as |large as normal placentas. Cccasionally) a_I.ar%% pl acent a

|
wi t hout a di scer HeBMmensand sniggamanipwiagiop deasA MadifRadoGAR. canpinias P0ambht as
vere al so-not ed und0nQeditedimodrdl NRECEE 1€ nM)lahd BbVinsefunt Afbinin bk di pl oi d

10 parthenogenetic enbryos devel oped froma mature oocyte fused with a very

young, snall oocyeénLAThisapedignys béreigdermed iHepps-CEBs cTheapH 0 the(SFRand:

eI Vo 120 XCCRBLEa kB SRRy KPP SR i e 1

| ack expressi on of genes fro he I ncreased
enbryoni ¢ and pl prefanted| to depledeotheeBRA @ theaepets tGZBovitha0. 1 nmg/mL Bolywinyt her

genes may be i npgrt.ant speci fical for plagental deyel nt. such as
The vt o nal 1y oAEPEE SEYR, B Saler btk Bfac rRiEUNR imdf {G L RORBpanuB E1 50
9, 235- 242]2 ) andp}ag.tleﬁna# Wil GD]:Qﬁé gﬁ&ﬁd? ;ﬁiﬁateeésaﬁii&w dgeper mgolzrfb)eri&gm&ne
necessary for proliferation e, pol ar trophectodermcells arton, et
orooS T opsy . P hapRSadpn Sae SenshcR) BpR e s RER s PIPHISHLTRITE  sone
cl onecpsri ce t hat nghil@@otHstramsfiférer birth had a larger weight 20 than others.

Further) as reported by Kato) et al., &Sci ence 282, 2095-2098 ( 1998)),
dead cl oned cal ves deri vedlle Badispngsed dorcastivatiqne pfjesgonssityed 0asxies Wahan

Ca*'-free CZB containing both 10 mM SrCl, and 5 pg/ml cytochalasin B. A

stock solution of Sr*” (100 mM in distilled water) was stored at room

temperature. A stock solution of cytochalasin B (500 pg/ml in
30 dimethylsulfoxide. DMSOQ) was stored at -20°C. Immediately before use, the
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the Iive ones. This would suggest that during nucl ear reprograrrm' ng of -«
somatic cells after nucl ear transfer, sone genes were not conpletel
finished or “F%%b arnmed to work nor nal | y. Wthout being boun Hysg%ﬂ&“y,,
t hese findings 35 woul d be consistent with possible changes in e
gene expression. Wiile the invention has been described herein ﬂhJULdZOUZ
reference to the preferred enbodinents) it is to be understood that it is
not rntended to limt the invention to the specific forns disclosed. On
tire contrary, it is intended to cover all of the manifold nodifications
and alternative forns falling within the 30 spirit and scope of the

i mention. SUBSTI TUTE SHEET (RULE 26) g MNNt mmGNVvl r. f TABLE |
Prel npl ant at| on Devel opnent of Enucl cat ed 695 I nj ect edii'ith Curmulus Cell

|
erbr yo devel oped P ofbeR FUSEL AR dhiierell it G VireR. 4 s, fat e naf

oocyt esacti vat ed mymmnpn af St dwis lzﬂfrhlelr 'Iélxetcyme}talahmgyﬂcﬁmnmﬁtv&s diletgd es

af t erusedi nj ectionl-cebl

8-cel I Morulal || a¥ B%g’st -fEf %ﬁﬁ"ﬁ’ that th fingl ©gehalesia songentsation wasp ueiml 7 756

1 (39.9 I (,.Q" W dfihd)i1 98 DMBD cehckigational | rr573Sti S50847a (93.3)2t1 177277
(Sb.a~l2. G~ ii~jcct~onw3-G | u~ur ulicri95191182151 (83.0)9 411(11 (GG 9 t
14 4)"if ection Superscri pt Themegium usgd for isolptien afbrin eells wiahnuclens isglagion
signiflcant diffe lpﬁ-%we ‘Wa@ t he
Chi -square test. ﬁu@&ﬂiﬁ{é( &“s%giootQ%b mMR@ QBW ﬁ@ﬁyﬁﬁ%ﬁm{: r mN
V f O aJTABLE 2Post. ﬂmwaﬁﬂ-eaomhnmm&m%nttsmvﬂnamaﬂawdﬁg@@ byraddiiod Wt h
ﬂjglrjr: us Cell Nucl 8‘? %allj q&%tﬁ)}t oP9°¥4 % NRIMOsupg en)ehl&i \L% W(a@‘é‘%ﬁé oped
transf er r edNo. (%) motecalar heass Bvatl DYAION Bidchernicaiss Costa ddésapCa tvedsi wsad nddr vosne
wbor n from)ocytet nbr I‘ mtransferredlotal 8 5 dpc | 1.5

dpct r andf er r ed( Re¥HPS "éirf %E @1 3200 YyIRISEYY s Li ve Dead Live

DeadASi nul t aneous| y8234 ( 4) OthePmtedia udd in theexaniplesiary distiosedhede fprdpiate.
after13645 (5)32 (71.t)7 (15.G 3 2' 2 0---injection3-6 hours after12463
-(7)36 (57.1 )3 (4.8) 0 2xt O t'"tt---injectionlil-3 hour afterl 345710
(49)------ --- --Animals---1G2.1)i nj ection3-G hour a fter6240 (5 )------

--- --- --- ---t (2.5 )injectionCl-3 hour after458298§7 ------
--- ---G (2.0)-ainj ectlonnh%@zl?(ﬁéﬁﬁué’f&%‘?ﬁ@é%gﬂ 57BL/6 x C3tHe) and _ __

---8 (2.8)injecti OBRAS Rnfhd mice, 5 10Q0-weekdold, wErc'usedMsTo‘kaEdgnc{r§0057l§lll/6N CNN
NmCNCl Series @)'V Cesarean_section were perfon~ed on 8. pc or 11.5

dpe; SdPi es B andCHI/Ho DBA2nBERRF] and REEEF hsprals mics. diP lfBWS‘ﬂqSQ'QS“GFR: I'n
Series A and I3, gaghs Hﬁ%ﬁoﬂ%‘ﬂc%ﬁlu&%eﬁ ﬁ%laB@@?F%aﬁm&U@tﬁqueeﬂq

Series C) each donor nucleus is froma GC 3F1 cumul us cel Scr~es D)

each donor nucl eudld,were neadas tCopms of ﬂbwétasmusx@clrer oﬁﬁmdsaléiandsfﬁpviescr i pts

and b: i mpl ant at s 0rP L VeI SRR a2 Bk S e TRlEET D
anal yzed by Chi - syothems weesCP-1 f8malep natedGvith disestohized malasaf theGanhe ciraig $$:
[)icd l2’8‘ dpc WN ice:

All animals used in these examples were maintained in accordance
with the guidelines of the Laboratory Animal Service at the University of Hawaii
and those prepared by the Committee on Care and Use of Laboratory Animals of
the Institute of Laboratory Resources National Research Council (DHEW
publication no. [NIH] 80-23, revised in 1985). The protocol of animal handling

25 and treatment was reviewed and approved by the Animal Cm"e and Use

Committee at the University of Hawaii.
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CCor~Ny NCmNMNZmm-d 70 C mNr TABLE 3 Dcvcl opnent of
Enucl eated Eggs Injcctcd Wth Sertoli or I3rain Ccll Nuclei* Cell typeNo.
of No. (% of Talgde3943 (%9 of No. transferredNo. PCT/US99/01144
f 9% of i nj ect edsur vi vi ngoocyt esnor ul ael bl ast ocyst senbr yosi npl ant ati on

Fet usesoocyt esacti vat eddevel oped(Reci pient)sites iinject edScrtZZlaiﬁggzﬂﬂz
(100)63 (39.G"'S9 (8)41 (69.S) 1 (1.7)%liraitt228223 (97.8)50 E42.

(5)25 (54.3) 1 (2.2)t * Al recipients were euthanized at 8.5 dpc.
Superscripts a or b within the same columm indicate a significant

di fference (P<0.005) between and b. |)icd about Gto 7 dpc. $ Still alive
at day 12.5 dpc. .aa~O~0o~owr yw'i~nc a NCNZmwCr mN

f WTABLE 4Devel opnent of Enucl eated Mouse Eggs Injected with Various Types
of Adult Somatic Cell Nuclei Adult cell Scx of No. of oocytcsNo. (/~~of
oocy~,sNo. of No. ("% o~typecell donorsurviving afterActivatedDevel oped

t ot i ansl encJl npl ant aUonf et usesnucl ear

t ransf er nor ul ael enbr yossi t esbl ast ocyst s(EX8MRPERtls) Thynusr crmal e1761 GS
(95.5)5 (3. 1) U------ Mal e9GE8 (0. 4) 0Q=-=-x: = | e8049 (GL.3)1 |
(22.4)1 1 (2)10 (90.9)2 (18.2)Mal e52 ‘é‘“i‘%f‘ﬁ'@sﬁgﬁ@ )8 ( 1)G

(75) OMacr ophagel crmal e308f 87 (I80hi ¥adp{e3dundigste{lSJra@ nidaBe 6Yiducts were isolated
(7.7)~lvlale2U51()9,.(53.2)25 (22.9),25 (3)1 7G P)=.0 .1' hc nunber , of

i npl antation sits aff "fce"tslﬂ§8‘§£?/\éragglbsé’f“%f’%’f%é§i'd§f%.'"EBCCP%}"T% %""g%‘&'?d WOYSE g
or stuppcd growi ng akws. Bedivhidng§Tehe cfonked thice produckt fa SBries N-DoCThbIE 2,TAd31. E
5 Full Term Devel opnent. of Enucl eat ed Al ouse c~~tes Injected Wth_ Nucl ei
of "fail Fibrobl ast sdefribsdipelomyarealse desgibedin Wakayama, peal £ 9%8e Vatyre fel36%-onal
3-5 Day Culture of Ejfirohlasts in Scrum Frce Medium Atter an Initiaf 5-7
l)ay Culture in Serum Containing Medium Culture of fibroblasts No. of in
serumfree (-) or enucl eat ed EsralgBeBH a(GH7BEY/ ¢ *»)DBAE\used in Beretis xrpnd B),

injectedNo. of inf eﬁkéﬁ’FP?@é‘ﬁﬁ% x C3H/He used in Series C) or B6C3F1 cloned mice

10 produced in Series D were induced to superovulate by consecutive intravenous

injections of 5 to 7.5 units of equine chorionic gonadotrophin (¢CG) and 5 to 7.5
units of human chorionic gonadotrophin (hCG). Thirteen hours after hCG
injection, cumulus-oocyte complexes (see Figure 1A) were collected from
oviducts and treated in Hepes-CZB medium supplemented with bovine testicular
15 hyaluronidase (0.1% [w/v}], 300 U/mg, ICN Biochemicals, Costa Mesa, CA) to
disperse cumulus cells. Medium sized cumulus cells (10-12 pm in diameter)
were the most commonly found (>70% and these were selected for injection.
Following dispersal, cells were transferred to Hepes-CZB containing 10% (w/v)
polyvi.nylpyrrolidone (average molecular weight, 360,000 daltons) and retained

20 at room temperature for up to 3 hours prior to injection.

EXAMPLE 2
Somatic cell preparation
In this Example, Sertoli cells and brain cells (neurons) were
isolated from adult mice. These cells characteristically do not divide in adult
25 animals and remam permanently in GO phase of the cell cycle.
Seminiferous tubules were isolated from the testis and exposed for
20 minutes at 30°C to a solution of 1 mg collagenase per ml of Hepes-CZB.
Tubules were then minced with a razor blade and placed in Hepes-CZB

containing trypsin at | mg/ml with occasional agitation. The resultant suspension
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Surviving, Activated injected (%9 No. (% of oocytes devel oped to norul al
bl ast ocyst stageNo. of transferred enbryos (recipients)No. (% of live
of f spri ngf WQ@y3143327 (78.9)1 & (49.5)*177 ( 1 Q2 ( | .1 )ron@esIRau 9

13G (&.1)35 (Sh.3)*97 (9)1 ( I.U* 2-cell to blastocyst stage Zﬁmfszﬂme
transferred into the oviducts or uteri of recipients.No signi @f
di fference was observed in the success rate of obtaining live offspring
bet ween femal e and mal e cl ones. Dat a wereanal yzed by (' hi-square tests. O .a
~owJ yw-aNcLCor NON NCmMmNt mCr mNOlt TABLE 6 ' Full
Term Devel opnent of Enucleated |ltouse Oocytes After Injection of Cunulus
Cell Nuclei s From Various Strains and | 3ybrids of the Atousc ('unulus cell
Qocyte No. of No. of ooc_ytes % activated 26ocytes No. of No. ('% of
nucl eus elonor recipient enucl eatcd Survivi nﬁ,. Activated devel oped to

e

nmorul a/ enbryos Mes thrpjlowsd jorstandt die Semolitsied sich &petionsettlgd first. r Suspensied ed

orulal embryos M e .
Pnbr onr (2728157 SPAENEDS remayed v a5pipiqn, P Rety msgitm, used fp Jegyspend the
1382i ) 13A/ 21 ) | 3Ar@BAISdét Geabli cdBEWith yhamattérB 6 ndiptbldgdBDRELKSRIE radilBf

| " 13G ) 2F15021 3GDRF .1l 3GC3F | 381E3GC3U | | 3GC3EL3G7Sybt ot.al 2811 | 00G
(96. 3) ) 23. 8413 ( éiﬁ"ﬂ%—'ﬁé'fg‘?’df’g‘?f"zﬁ°“’zf§ THIEEOPY Né;'%%fl:?g??f ?‘é‘é‘."%ﬁ‘alésiuég%os

1091 (9. 3) S 4G g 703 Uid oy 15221444
E 94? 9) gz) o) 865 ( %3?32‘%)'5( %7'%@%%3%% g"é';%)z fi .“f"g’gf’gde?%)c '(7&(9%'&% 3%%5?3"21'

(9S.2)49.4 189 (18)7 (3.7) NeuBoil (GB.W3r8 Isolat@GFoni2bs Berebral cier HHSARIE9

(94.5)1633 (1 IS . Op0 .a Jis w]|«~ L.a.0' N. O~ or is
W TABLE 6 (cont' %j%% ‘?x‘%‘ﬂesz Brgin e R feidved i efe Soistops, Qlicki WaPed o' whon
enbryos were cul tinégthrdsytd-iging lbafeoaddentdy kapd-hohldgedzaticfot a &wseyorndsiver e
transferred to recipient fenal eds. . .
nucleus isolation medium (NIM) at room temperature. Nuclei harboring a
10 conspicuous nucleolus were individually collected from the resulting suspension

using the injection pipette, prior to delivery into a recipient enucleated oocyte.

EXAMPLE 3
Somatic cell preparation

Fibroblast cells were prepared from the tails of adult B6C3F1
15 mice. The tail was isolated from a mouse, freed from its skin, cut into small
pieces, and placed into a tissue culture dish in 5 ml Dulbecco's Modified Eagle's
Medium (DMEM, Sigma) supplemented with 10% fetal calf serum (FCS,
Hyclone, Logan, UT). After 5 to 7 days of incubation at 37.5°C under 5% CO,
in air, many fibroblasts were seen spreading along the inner surface of the dish.
20 In some experiments, the medium in the dish was replaced with FCS-free DMEM
and culwured for an additional 3 to 5 days. To detach fibroblasts from the dish,
the medium was replaced with Ca**-free, Mg”-frec phosphate buffered saline
(PBS) containing 0.25% trypsin and 0.75 mM ethylenediaminetetraacetic acid
(EDTA, Specialty Media, Lavallette, NJ). Ten minutes later, the medium was
25 agitated by pipetting for a few minutes to release the cells from the surface of the
dish. The medium was collected and centrifuged (150 x g for 10 minutes) to
sediment the cells. The cells were then washed three times by centrifugation in

DMEM medium.
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"fhcsc data include the data of'1'able 2) Series A and B for BGD2F1 mice,
and '!'able 2) Scries C For B6C3F1 mice. Superscripts indicate a

statistical swedigant difference between a and b (p<0.005). W&,@Il“
anal yzed by Chi-square tests. O NNL Cr wn v' 17 EOCmMm

N ... TABLE 7 Weight of Placenta of Cloned Mce at 19.5 Dpc Adtzz ayg 2
Sex of Fetus Placenta Cell Used for Coning No. Exam ned Wi ght nz[m

mean ~ standard devi ation) (range) Cunulus Fermale 23 0.33a f 0.08 (0.2l -
0.61 ) Fibroblasl Male 3 0.34at 0.U7 (0.29 - 0.39) - Fenale 10 0.12b t
0.02 (0.10 - 0.16) (non clone) - Male 11 0.15b f 0.03 (0.10 - 0.18) (nun
clone) * Superscripts indicate statistical si gni ficant difference between a
and b (p<Q 001). Data were analyzed by Studepf's t-tests. ~0o J r w-0 NNL
0O COr NaOON 22ZJ UL 2002 52 Clainms: 1. A nmethod for cloning a
non- human mammal conprising the steps of E‘((Aq\).pggl.gl ecting a nucleus froma
somatic cell of an adult non-human mammal ; (b) inserting at |east a portion
of the nucleus that includes the chr §amatieed) preparatiencnucl eat ed oocyte to

forma renucl eated oocyte; (Cgy@hl ﬁgﬂegﬁg&féﬂ ﬁfoﬁ{hgﬁﬂzg@fe%ﬂd fé%}’etﬁ‘qdﬁl%k/?' op

into an enbryo; and (d) all ow ng t ryo t evelop into a
of fspring. 2. The nméfthoblood adiedngtolthe simface iwas rdmovad by washingindGIB ectime, f r om

a somatic cell that s_.2n. .chr onbso Th od of claiml Whereln
the nucleds is col Ieeagﬁ RSP, acg‘g'r?gf'f’ @iﬁﬁpf &%g{?" mARd tofn jpo srjall gece

met hod of claim1, wheloeithe tdIB 1edi8pcstSiniohé Mediined | nto t he cytopl asm of

t he enucl eated oocyte. 5. The nethod of claim4, wherein the inserting step
is acconplished by mcroinjection. 6. The nethod of claimb5, wherein the

m croinjection is piezo electrically-actggihgfpmEgroinjection. 7. The method
of claim1, wherein the enucleated oocyte is arrested in the nmetaphase of
the second neiotic division. 8 The Hemaugiceliprepaiaipn further conpri sing

the step of activating the 0 \!th-cE1 r&ﬁoveﬁrfm‘i’ﬁ’g&%al%n@? 1 BBB2F1

insertion of the nucleus. l'al m erein the activation
step takd® pl ace frmmezeﬁfberthiocab@dhtnw jo tho sndfacgfvasremineedibyswashingrindGZB he

nucl eus. 10 The rebtinolacklidhiBas BIELARY ANECAGLEYIH80uBh R BHTHS oo

el ectroactivation, or exposur em cal
small pieces to allow the cells to dlsperse into the medmm

EXAMPLE 6
15 Somatic cell preparation
Immediately after a female or male (B6D2F1) mouse was
cuthanized, 5 ml of 0.9% NaCl or CZB medium was injected, through a
hypodermic needle, into its peritoneal cavity. The abdomen was then massaged
and the medium recovered through the needle. The recovered medium containing
20 peritoneal macrophages was centrifuged to sediment the cells. The cells were

then resuspended in Hepes-CZB medium.

EXAMPLE 7
Enucleation of mature unfertilized oocytes
In this Example, murine Met II oocytes were harvested,
25 enucleated, and subsequently microinjected with nuclei isolated from the cells of
Examples | through 6. using a piczo electrically-actuated micropipette. All
oocyte manipulations. culture, and insertions of cell nuclei were performed under
a layer of mineral oil. preferably containing Vitamin E as an antioxidant, such as

that available from E.R. Squibb and Sons, Princeton, NJ.
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11. The method of claim 10, wherein the chem cal activating agent is |,

sel ected fromthe group consisting of ethyl alcohol, spermcytoplasmc
factors, o0¥QY®3Tiddeptor |igand peptide mnetics, pharnacol ogﬁ@aUS”/OllM
stinmulators of Ca2+ rel ease, Ca2+ ionophores, strontiumi ons
phosphoprotein signaling, inhibitors of protein synthesis, Eod:lﬂﬁngﬁﬁz
thereof. 12. The nethod of claim 11, wherein the chem cal actl vating agent
is selected fromthe group consisting of caffeine, the Ca2+ i onophore A
23187, ethanol, 2-am nopurine, staurospurine, sphingosine, cyclohexani de,

i onomyci n, 6-di methyl am nopurine, and conbinations thereof. 13. The net hod
of claim 11 wherein the activating agent conprises Srz+ 14. The met hod of
claiml, further conprising the step of diZ8r upti ng microtubul e 22J UL
2002 53 formation in the oocyte for a tine interval prior to or after
insertion of the nucleus. 1®UC‘W@“H§‘@‘HB‘EFYEF§WG¥%V&@Y%‘&‘@PW‘&“H@‘%ZPWE
nterval s zero Lg.abGilentnilid ?&te&ﬁxglﬂ?ﬁeimmnml pthed} Mloddh MBIGEET Nt he

m crotubule formation Is a selection fromthe group consisting
of cytochal asin BPrtmecfaddzél(Esukum&ﬂaéﬂ ken, Japa). dbisninHasesohs piekeelegsfic 17.
The net hod of cl aj ed by
cytochal asin B. 1 %ﬁm%ﬂ? {ﬁ% B@%Heel?d;ale%%&g ﬁéfﬂé‘%ﬁ%ﬁ#&#ﬁtew ng H R‘E’ep of

di sruptisng actin itid amentr s vany high pead/t #hé dnterwity iand speedesfvthle puiseovere o or
after insertion of the g (L:heus 9 The nethod of claim 18, wherein the
time interval is FEORCABYS ec?@ﬁ“blefo about 6 hours. 20. The nethod of claim
19, wherein the actin fil ammswmalﬁkdsmmwbdathtmye&&hﬁ&dc rimed

jaspl akinolide, latrunculin A or conbinations thereof The nmet hod of

claim 1, wherein temeles} weredreed frogyhs sumpiys ogphares g held i (353 B medivg 3t ve

of fspring further3comPuh&espfrbamahssBRAVAY CO,amsdiidtl Reqil8. NTBIoUP of 0 2
femal e surrogate recipient, wherein the enbryo devel ops into a viable
fetus. 10 oocytes (usually 15-20 in number) was transferred into a droplet (about 10 pf) of
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""109&0) -f 109%& () -y' 444s SEQﬁaBlBlilll!lsyt@@s a cumulus cell nucleus in an enucleated

1098 61098 ( 08! " Sl . 109& () - SY+10%& () - 2666667
777~ (@3'%100/@& (§ ”%‘5)& §’m‘§b‘¥/&ﬁl ﬁté)looz/&'() 10()10 -2
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10%PoP& m 5 .g, 10%KKE 1093 B} B&
el 10 ple 2. ekl bieed BY pibsols oe s pia oo ate Shysisated) | 1

g, 10%0oQ&’ () - M Poocytes, by the method described above for the injection of cumulus cells.

15 The nuclei of tail fibroblasts, spleen cells, thymus cells and
macrophages, prepared as described in Examples 3, 4, 5, and 6, respectively, were
also injected by piezo electric microinjection into enucleated oocytes, by the
method described above for the injection of cumulus cells.

Some oocytes containing an injected nucleus were then

20 immediately activated as described in Example 9. Other similar oocytes were

incubated for a time period of up to about 6 hours prior to activation.

EXAMPLE 9
Oocyte activation

Following somatic cell nucleus injection. some groups of oocytes

25 were placed immediately in Ca’™-free CZB containing both 10 mM St** and §
pg/mL cytochalasin B for 6 hours. Additional groups of enucleated oocytes

injected with cumulus cell nuclei were left in CZB at 37.5°C under 5% (v/v) CO,

in air for about 1 to about 6 hours, preferably about 1 to about 3 hours, during

which time the nucleus within the ococyte decondensed and transformed into

30 visible chromosomes {is this stated correctly?}. The oocytes were then incubated
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10 ug/mL cytochalasm B for 6 hours for acuvauon Sr” treatment activated the

f 3109 " 109 , Ko évia cau r R
A0 A o B A S ey o

109%&' ()-y9" 10%&' () - reTaB‘g@o;@ng_gann) thus assuring that all the chromosomes

008 (13088 ) U el bt M e ol BT
)-ZZZ[[[[!'[O[ bC 10! 283886 ExdminhtidioSeniu}leatdd bbchddylinjected with cumulus cell nuclei
10M c=} 109 () - f g%gfé%%d {Rat (I\:#l;r:)r]f)%(@rfgc ((.(angll;sglc\)ll} l\ull oc]clml ﬁlm 1 hour following
injection (see Figure 1C). When, subsequent to 1 to 6 hours incubation in Se?"-
free medium, oocytes were activated in culture medium containing Sr*” and
10 cytochalasin B, their cumulus-derived chromosomes segregated (see Figure 1D)
to form structures resembling the pronuclei formed after normal fertilization
(referred to here as pseudo-pronuclei). Examination of 47 such oocytes after
fixation and staining showed that 64% had two pseudo-pronuclel (see Figures 1E
and 1E') and 36% had three or more. Qocytes with at least one distinct pseudo-
15 pronucleus were considered normally activated. Chromosome analysis of 13
such oocytes fixed prior to the first cleavage (data not shown) revealed that 85%
had a normal diploid chromosome number (2n = 40).

Activated oocytes were washed and cultured in Sr*™- and
cytochalasin B-free CZB medium until they reached the 2- to 8-cell or
20 morula/blastocyst stage at 37.5°C under 5% (v/v) CO, in air.

Figure 1F illustrates live blastocysts produced following injection

of enucleated oocytes with cumulus cell nuclei.

EXAMPLE 10
Embryo transfer
25 Two- to eight-cell embryos (24 hours or 48 hours after the onset
of activation) were transferred into oviducts or uten of foster mothers (CD-1,
albino) that had been respectively mated with vasectomized CD-1 males 1 day
previously. Morulae/blastocysts (72 hours afier activation) were transferred into
uteri of foster mothers mated with vasectomized males 3 days previously. When

30 cumulus celis or fibroblasts were used as nucleus donors, recipient females were
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DNA typing
DNA from the following control strains and hybrids was obtained
10 from spleen tissue: C57BL/6J (B6), C3H/HeJ (C3), DBA/2J (D2), B6C3F1 and
B6D2F1. DNA from the three cumulus cell donor females (B6C3F1), the three
oocyte recipient females (B6D2F1), and the three foster females (CD-1) was
prepared from tail tip biopsies. Total DNA from six B6C3F|-derived, cloned
offspring was prepared from their associated placentas.
15 For the microsatellite markers DIMit46, DS2Mit102, and
D3Mit49, primer pairs (MapPairs) were purchased from Research Genetics
(Huntsville, AL) and typing performed as previously described in Dietrich, W.
et al., Genetics 131, 423-447 (1992), except that PCR reactions were carried out
for 30 cycles and products were separated by 3% agarose gels (Metaphor) and
20 visualized by ethidium bromide staining.

The identification of endogenous ecotropic murine leukemia
provirus DNA sequences (Emv loci) was following hybridization of Pvull-
digested genomic DNA to the diagnostic probe, pEc-B4, according to the method
described in Taylor, B.A. and L. Rowe, Genomics §, 221-232 (1989). Probe

25 labeling, Southern biotting, and hybridization procedures were as previously
described in Johnson, K.R. et al., Genomics 12, 503-509 (1992).
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Examination of placenta
When full term fetuses (19.5 dpc) were found in uteri, placentas
were isolated, weighed and fixed with Bouin's solution for Jater examination of
5 histological details. In general, only one or two of the implanted cloned mouse
offspring. ;eached term in each of the host foster mothers. During the course of
the present study, it was noticed that the placenta of cloned fetuses are
significantly larger than those of normal fetuses (see Table 7). To investigate the
possibility that the iarge placenta may be due to the small number of fctuses in
10 each uteri (during a normal pregnancy, each mouse uterus camies several, or as
many as ten, fetuses), the litter size of normal pregnancies was purposely
reduced, as follows: C57BL/6 female mice were mated with C3H/He males. The
next day, eggs containing pronuclei were collected from the oviduct, and 2 to 3
eggs were transferred to the oviducts of each pseudo-pregnant foster mother (CD-
15 1) in order to allow the implantation of only | to 2 embryos. The embryos and

placentas were weighed on 19.5 dpc.

RESULTS
Cloning with cumulus cell nuclei. The preimplantation
development of host enucleated oocytes injected with the nuclei from cumulus
20 cells is illustrated in Table 1. Out of 182 oocytes subjected to an activating
stimulus immediately after injection, 153 (84.1%) were successfully activated
and survived. Of these 153 oocytes, 61 developed into morula/blastocysts in
vitro. However, 474 (93.3%) out of 508 injected oocytes activated 1-3 hours
after injection, and 151 (83.0%) out of 182 injected oocytes activated 3-6 hours
25 afier injection, were successfully activated and survived. Of these, 277 (58.4%)
and 101 (66.9%), respectively, developed into morula/blastocysts in vitro.
Therefore, significantly higher proportions of oocytes developed into
morula/blastocysts in vitro when they were activated 1-6 hours after nucleus

injection. as compared to oocytes activated immediately afier injection (p<0.005),
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and the time interval between nucleus injection and oocyte activation in these
experiments appears to affect the rate of oocyte development.

The development of host enucleated oocytes injected with the
nuclei of cumulus cells is illustrated in Table 2. In the first series of experiments
(Series A), a total of 142 developing embryos (at 2-cell to morula/blastocyst
stage) we.n:e transferred to 16 recipient females. When these females were
examined on day 8.5 and 11.5 day post coitum (dpc), 5 live and 5 dead fetuses
were seen in uteri. In the second series of experiments (Series B), a total of 800
embryos were transferred into 54 foster mothers. When Cesarean sections were
performed on 18.5-19.5 dpc, 17 live fetuses were found. Of these, 6 died soon
after delivery, 1 died appréximately 7 days after delivery, but the remaining 10
females survived and are apparently healthy. All of these, including the first-bom
(named "Cumulina", in the foreground of the photograph, Figure 2A, with her
albino foster mother) have been mated and delivered and raised normal
offspring. Figure 2B is a photograph of Cumulina at 2.5 months with the pups
she produced following mating with a CD-1 (albino) male. Several of these
offspring have, in turn, now developed into fertile adults.

In a third series of experiments (Series C in Table 2}, B6C3F1
cumulus cell nuclei were injected into enucleated B6D2F1 oocytes. Whereas
B6D2F1 mice are black, B6C3F1 mice carry a copy of the agouti A gene, and are
consequently agouti. Offspring from this experiment should therefore have an
agouti coat color, rather than the black of the B6D2F1 oocyte donors. A total of
298 embryos derived from B6C3F1 cumulus cell nuclei were transferred to 18
foster mothers. Cesarean sections performed 19.5 dpc revealed 6 live fetuses
whose placentas were used in DNA typing analysis (see Example 6 above).
Although 1 died a day after birth, the 5 extant females are healthy and have the
agouti coat phenotype. Figure 2C shows two such cloned agouti pups with their
albino foster mother (CD-1) in the center of the photograph. To the left of the
photograph is the corresponding agouti B6C3F1 cumulus donor. The cloned

pups (center) are like the identical ‘twin' sisters (i.e.. they are the clones) of the
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(agouti) clones generated in Series C, and their nuclei were injected into
enucleated B6D2F1 oocytes to generate embryos that were transferred as
described for Series A-C. A 1otal of 287 embryos derived from cloned B6C2F1
cumulus cell nucler were transferred to 18 foster mothers. When Cesarean

10 sections were performed 19.5 dpc, 8 hive fetuses were recovered. Although 1
died soon after birth. the 7 surviving females are healthy and have the expected
agouti coat phenotype. These results suggest that clones (Senies B and C) and
cloned clones (Series D) are produced with a similar efficiency. Subsequently, it
has been possible to repeat the process using animals from Series D (data not

15 shown) as cumulus chromosome donors, resulting in the birth of cloned clones
(third generation clones). Therefore, it appears that successive generations of

clones do not undergo changes (either positive or negative) that influence the

outcome of the cloning process.

Confirmation of genetic identity of clones to cumulus cell.

20 donors. As illustrated in Figures 4A, 4B and 4C, DNA typing of donors and
offspring in Series C corroborates the genetic identity of cloned offspring to

cumulus cell donors. and non-identity to oocyte donors and host foster females.

PCR typing of DNA was employed, using highly variable alleles (strain-specific

markers) diagnostic of the C57BL/6, C3H, DBA/2 and CD-1 mouse strains.

25 These strains, or their F1 hybrids, were used in this work and they therefore
collectively account for all of the .genotypes present. In all of the Figures,

placental DNA from the six cloned Series C offspnng (lanes 10-15) was

compared with DNA from the three cumulus cell donor females (B6C3F1, lanes

1-3) , the three oocyie donor females (B6D2F1, lanes 4-6), and the three host

30 females (CD-1, lanes 7-9). Conirol DNA was from CS7BL/6 (lane 16), C3H
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strain-specific markers D/Mit46 and D2Mit102, and Figure 4C illustrates the
results of DNA typing employing Southern blot analysis and the strain-specific

5 Emv loci (Emvi, Emv2 and Emv3) markers.

The data presented in these Figures show genetic
superimposability between cumulus nucleus donors and putative clones, and
genetic non-identity with either the oocyte donors or the foster mothers.
Therefore, the genome of each of the six cloned mice was derived from the

10 nucleus of a cumulus cell.

That all of the live offspring reported here in Series B-D represent
clones derived exclusively from the chromosomes of cumulus cells is confirmed
in several ways. (1) The oocytes/eggs were not exposed to spermatozoa in vitro.
(2) Foster mothers (CD-1, albino) were mated with vasectomized males (CD-1,

15 albino) of proven infertility. In the unlikely event of fertilization by such a
vasectomized male, the offspring would be albino. (3) The 2-8 cell embryos or
blastocysts were transferred into oviduct/uteri of foster mothers. [t is well
established that 2-8 cell mouse embryos/blastocysts are totally refractory to
fertilization by spermatozoa. (4) All term animals were born with black eyes.

20 The surviving 10 from Series B have black coats and the surviving 5 in Series C
have agouti coats. This pattern of coat color inheritance exactly matches that
predicted by the genotype of the nucleus donor in each case. Since B6D2F1 mice
lack the agouti A gene, the agouti mice in Series C must have inherited their
agouti coat color from a non-B6D2F1 nucleus. (5) DNA typing of highly

25 variable alleles diagnostic of the B6, C3, D2 and CD-1 strains used here (Figure
4) demonstrates beyond reasonable doubt that the six cloned offspring in Series
C (which includes one that died soon after birth) are isogeneic with the three
cumulus cell donor females used (B6C3F1) and do not contain DNA derived
from either the oocyte donors (B6D2F1) or host foster mothers (CD-1). (6)

30 Following enucieation, extrusion of chromosomes into polar bodies was

suppressed by using cytochalasin B. Thus, if enucleation of the oocytes had been
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totally unsuccessful or only partially successful. all embryos would have been

hyperploid and would not have developed into normal offspring. (7) In mock

expenments, in which 204 oocytes were enucleated and examined after fixation

and staining, no chromosomes were apparent, suggesting the efficiency of
5 chromoson}e removal exceeded 99.99%.

. In Example 1, the cell typ.c used was identified as the cumulus
cell, with a high degree of centainty. The cells were not cultured in vitro. Ample
time was given for cumulus nuclei to transform into condensed chromosomes
within the cyloplasm of enucleated Met 1I oocytes. The rate of embryo

10 development to morulae/blastocysts and implantation was very high. Prolonging
the time benween nuclear injection and oocyte activation was beneficial for both
pre-implantation and post-implantation development (see Tables 1 and 2) and
may have enhanced the opportunity of cumulus cell genes to undergo
reprogramming for embryonic development.

15 It is believed that the use of a piezo electric micromanipulator also

contributed to a higher rate in embryonic development. This apparatus allowed
manipulation of cocytes and donor cells (e.g., dnlling the zona pellucida to
enucleate the oocyte, and injecting of donor cell nuclei) to be performed very
quickly and efficiently. Introduction of donor nuclei into oocytes using a piezo

20 electric driven pipette appears to be less traumatic to the oocytes than the use of
an electric pulse, Sendai virus or polyethylene glycol, and allows for introduction
of the somatic cell nucleus directly into the cytoplasm of the cocyte. Also, the
amount of somatic cell cytoplasm introduced into enucleated oocytes was
minimized by microinjection. This may also have contributed to the high

25 preimplantation development of embryos in the present invention.

_ Cloning with Sertoli and brain cell nuclei. About 63 (40%) and
50 (22%) of enucleated oocytes injected with Sertoli cell nuclei and brain cell
nuclei, respectively, developed into morulae/blastocysts in virro and, of these 59
and 46, respecuvely were transferred to uteni of recipient foster mothers. Figure

30 3 illustrates development of transferred embryos following injection of Sertoli

SUBSTITUTE SHEET (RULE 26)



10 U 1=t 10% U& ()- , 8MLO% U& ()- 610% U& ()-! C3" 1094JU& ()-zOYrdE @
1.0810%-!&' ()-F109%4& () - $, 10941& () - myodoou& () - T 109 ()-LF 109& ()-?1"?] _@
10" 910%H& (&/ Z" 109H& () 109H& () f')lO%)&'() f &&- 109%4H&’ ()-'kYI 109K Hk H&' ()-
"dej _@ 0 99/37143 PCT/US99/01144

0 -v9 0948 () - Y40%H&' () - 0948 ()-"-10%4& ()-LMLO '
]@09(10/H& ()-y9s' 109&' () - %40%H& () - L$109& () 10944& () T?JULV?B&Q_

10610%4&' ()-fL,5"10%4& ()-3, 10%& ()-L, 2Z10%44& ()-010944& ()-!5 +" 10%H& () -
y' z{|}b@10! a#@.0% ! & ()-10%&' ()- 10H 10H 10H=s109%& ()-f:

10948 ()-910%4& ()-D'<b@ 10! H@ 10%& ()-'!!1 @ 10%&' ()-'!! @ 10%&' () -

109%&' () - #@L0% & () - #@ 0% ()- %} ?b@ 10! 410%&' () @ "10%&' () -

1109%& () - 010%&' ()- 1 &@ 10%&' ()-'!! Q@ 10%& (:2 .

10! 1 %10% & () - S, 10% & ()-l“ 10%\t\ & () 810 10

10F=s10%&' I" %&' 9g<}N?~ 10! %& -s10% & 10% &' -

F!I 10%b\ b\ &-( %) @zs a@bw ym%wm@%owes og &os avhmoz'gph SFihe utert of

ig"d/g m @&' () - 9LY%.0f&:fsidnk a%%%% &Howevé?, APMefind ImplARIK dites Yofied Whdeloh-
101121 "10% & () - oxsentdos e fiye GetusiFigure By wag foumein the uterymal g fostergnotiier0oa & ()

;I.'([)C 1@0 (:b(? :& (&§B ELP;Q&TL&%SL/TEL{? g@ (d%é gl:ég% /g)é%ne %Lt;] tgg(%nucl@ated oocytes injected with brain
19| o .16% 1& () - |¢q:n a6 deyelbpddr beyood 6¢F dp¢ {Talged).( ) Thus, thclmcthod of thel
(a0 O 8810 e s A R A AR NI O
10=t 10%& () S; " 1086R1<i pf Sdritikce(13 of biBInGelO! Q NYY
"109%&' ()-z10%9& ()-310%& ()-10%& ()-%40%& ()-Fl %40%& () -2
Cloning with adult fibroblast nuclei.
The results of experiments in which the nuclei of fibroblasts from
10 the tails of B6C3F1 adult males (agouti) were injected into enucleated oocytes of
B6D2F1 females (non-agouti) are illustrated in Table S. As illustrated, about
50% of the activated oocytes injected with fibroblasts cultured in serum-
containing medium developed to the morula/blastocyst stage. Of these, 177 2-
cell or morula/blastocyst stage embryos were transferred to recipient foster
15 mothers, and 1.1% of the embryos reached full term (i.e., 2 live offspring were
bom). About 58% of the activated oocytes injected with fibroblasts cultured in
serum-free medium developed to the morula/blastocyst stage. Of these, 97 2-cell
or morula/blastocyst stage embryos were transferred to recipient foster mothers,
and 1.0% of the embryos reached full term (i.e., 1 live offspring was born). All
20 live offspring were males and had black eyes and agouti coat color, as did the
donors of the fibroblast nuclei. All of the above offspring proved to be fertile
when mated. Whether or not the fibroblasts were cultured in serum-free medium

or medium with serum appeared to make little or no difference in the number of

live offspring obtained.

25 Cloning with adult spieen, thymus and macrophage nuclei.
The development of enucleated oocytes receiving nuclei of adult
spleen, thymus or macrophage cells is also illustrated in Table 4. In these
studies, thymus cells supported the development of 3.1% of activated oocytes to

morulae/blastocysts, but none deveioped bevond this stage.
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Spleen cell nuclei supported embryonic development 0of 21% to
22% of activated oocytes to the morula/blastocyst stage. Although many
implanted after wransfer, they appeared to be resorbed by 6 10 7 dpc.
Macrophage nuclei supponed embryonic development of 23% to
5 31% of activated oocytes to morulae/blastocysts, but embryos were absorbed or
stopped their development before 6 to 7 dpc.
Thus, the method of the mvention provided embryonic and fetal
development of oocytes injected with the nuclei of thymus. spleen or macrophage
cells. Since, in these studies, thymus, spleen and macrophage nuclei from adult
10 amimals showed more Iimited suppon for embryonic development than cumulus
cell nuclei or fibroblast nuclei, it appears hkely that nuclei from these cells may

support the development of live offspning, but at a lower efficiency than nuclei

from other adult cells.

Cloning with cumulus cell nuclei from inbred and hybrid

15 strains of mice.

Experiments were performed in which cumulus cell nuclei from
three different inbred strains and two hybrid strains of the mouse were injected
into enucleated oocytes. The results are illustrated in Table 6. When cumulus
cells of inbred mice (C57BL/6, C3H/He and DBA/2) were injected into hybrid

20 (B6D2F 1) oocytes, some oocytes developed into normal-looking blastocysts, and
one (DBA/2 x B6D2F1)developed to a full-term live offspring. In contrast, a
total of 41 live offspring (2%-4% of transferred embryos) were obtained when
cumulus cell nuclei from hybrid B6D2F1 and B6C3F1 mice were injected into
enucleated oocytes of the same hybnd mice, respectively. These offspring were

25 all females. They had black eyes and the same coat color as the donors of the

cumulus cell nuclei.

Differences in the placental weight of cloned vs. normal mouse

pregnancies.
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During the course of our study, a marked difference between
pregnancies with cloned mice and normal mice was noticed, with respect to the
weight of the placenta. As illustrated in Table 7, the mean weight of the placenta
of cloned mice was 0.25 to 0.33 grams, whereas that of the contro! (normal)

5 placenta having the same number of fetuses was about 0.12 to 0.15 grams, which

was about half of the weight of the cloned mice placenta.

We believe that all the live offspring reported here represent
clones derived from adult somatic cell nuclei, particularly cumulus cells and
fibroblasts, in the absence of genetic contamination for the following reasons:

10 (1) Oocytes/eggs were never exposed to spermatozoa in vitro during the course
of the experiments. In mammals, intact oocytes cannot develop to term without
spermatozoa. (2) Foster mothers (CD-1) were mated with vasectomized males
(CD-1, albino) of proven infertility. Even if vasectomized males ejaculated
spermatozoa and fertilized CD-1 oocytes, all of their offspring should be albino.

15 Reconstructed 2- to 8-cell embryos or blastocysts were transferred into
oviducts/uteri of foster mothers. Such developing embryos will never be
fertilized by spermatozoa even if vasectomized males ejaculated spermatozoa.
(3) All full-term animals were bom with black eyes (not albino) and the pattern
of coat color inheritance exactly matches that predicted by the genotype of the

20 nucleus donor in each case. B6D2F1 mice lack the agouti gene which was used
for oocyte recipients. Therefore the only way to obtain agouti offspring is via the
donor cell nucleus (e.g., tail fibroblasts and some cumulus cells) from the
B6C3F1 mice. (4) The sex of the cloned mice was consistent with the sex of the
donor mice. Clones derived from female cumulus cells were all female. Clones

derived from male tail fibroblasts were all male. (5) The extrusion of

v
W

chromosomes into polar bodies was suppressed by the use of cytochalasin B.
Thus, even if enucleation of the oocytes had been totally unsuccessful or only
partially successful. all zygotes would have been hyperploid; such embryos

cannot develop into normal offspring.
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??@EYNC 5 reasons fc.n" this are not clear. Each mouse oocyte is surrounded by about five

thousand cumulus cells (data not shown). 1t is known that the cumulus cells all

communicate with each other via gap junctions throughout follicular

development. Those closest to the oocvie (corona radiata cells) are in contact

with the oocyte via gap junctions. Without being bound by theory, it is thought

10 to be conceivablie that significant exchanges of ions and small molecules (<2,000
Mr) occur between the oocyte and surrounding cumulus cells. This may affect
cumulus cell genes, such that the genome becomes more readily
"reprogrammable” within the cytoplasm of an enucleated oocyte.

It was found that the best cloning results were obtained by the

15 method of the invention when cumulus cell nuclei of hybrid mice were injected
into enucleated oocytes of the corresponding hybrid mice. The only exception
was the case in which dBA/2 cumulus cell nuclei were injected into hybrid
(B6D2F1) oocvies. Why cumulus cell nuclei of inbred mice commonly failed to
support postimplantation development of embryos is not known at this time.

20 Mann and Stewart (Developmen: 113. 1325-1333 (1991)) reported that the
developmental potential of androgenetic aggregation chimeras is to some extent
dependent on the mouse strain. Moreover, it is well known that the embryos of
mouse hybrids are much easier to culture in virro than those of inbred mice.
(Suzuki, ct al. (1996) Reprod. Fertil. Dev. 8, 975-980). It appears that heterosis

25 facilitates the development of cloned embryos to term.

Three live cloned mice were produced by the method of the
present invention using fibroblasts of adult males. It has previously been claimed
that the key success to clone sheep was to bring a donor cell to GO phase of the
cell cycle. For example, Wilmut et al. did this by culturing cells in serum-free

30 medium to "starve” them. In the present experiments, there did not appear to be

a marked beneficial effect of culturing adult fibroblasts in serum-free medium to
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10! &$, 10% U&' () - dés@idpent compared to normal mice. Some other genes may be important
15 specifically for placental development, such as the matemnally expressed Mash 2
(Guillemot et al., (1995). Nature Genet. 9, 235-242), and paternally expressed

(matemally repressed) genes necessary for proliferation of the polar

trophectoderm cells (Barton, et al., (1985). J. Embrvol. Exp. Morphol. 90, 267-

285). In addition, some cloned mice that died just after birth had a larger weight

20 than others. Further, as reported by Kato, et al., (Science 282, 2095-2098
(1998)), dead cloned calves derived from somatic cells tended to be larger than

the live ones. This would suggest that during nuclear reprogramming of somatic

cells after nuclear transfer, some genes were not completely finished or

reprogrammed to work normally. Without being bound by theory, these findings

25 would be consistent with possible changes in imprinted gene expression.

While the invention has been described herein with reference to
the preferred embodiments, it is to be understood that it is not intended to limit
the invention to the specific forms disclosed. On the contrary, it is intended to
cover all of the manifold modifications and alternative forms falling within the

30 spirit and scope of the invention.
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TABLE 6
{cont'd)
Superscripts indicate a statistical significant difference between a and b (p<0.005). Data were analyzed by Chi-square tests.

These data include the data of Table 2, Series A and B for B6D2F! mice, and Table 2, Scries C for B6C3F1 mice.

These data were calculated when embryos were cultured to the blastocyst stage.

All 2-cell embryos were transferred to recipient females.
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formation in the oocyte for a time interval prior to or after insertion of the nucleus.
15. The method of claim 14, wherein the time interval is zero to about 6 hours.
16.  The method of claim 14, wherein the microtubule formation is disrupted by a
selection from the group consisting of cytochalasin B, nocodazole, colchicine, and

combinations thereof.

17. The method of claim 16, wherein the microtubule formation is disrupted by
cytochalasin B.

18. The method of claim 1, further comprising the step of disrupting actin filaments in
the oocyte for a time interval prior to or after insertion of the nucleus.

19. The method of claim 18, wherein the time interval is from about zero to about 6
hours.

20. The method of claim 19, wherein the actin filaments are disrupted by
cytochalasin D, jasplakinolide, latrunculin A, or combinations thereof.

21. The method of claim 1, wherein the step of allowing the embryo to develop into a
live offspring further comprises the substep of transferring the embryo to a female
surrogate recipient, wherein the embryo develops into a viable fetus.



