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MAMMALI AN TRANSGENESI S BY | NTRACYTOPLASM C SPERM | NJECTI ON 5 Thi s
application clains the benefit of U S. Provisional Pate

Serial No. 60/096,078, filed August 11, 1998, and Seri alnlto %PWWWO
filed May 13, 1999. The U S. CGovernnent has a paid-up license in this
invention apgeddderari ght in limted circunstances to requpd@udediespat ent
owner to license others on 10 reasonable terns as provided for by the
tenors of, contract No. HD 34362 awarded by the National Institute o i 1d
Heal th and Human Devel opnent. Transgenic animals are |rrport mnm“mmmmm
scientific, pharmaceutical and 15 agricultural purposes.

foreign proteins in mlk using genetically engineered Ii vest ock *ets¢yel i eved
to be a suitable system for naking therapeutic reconbi nant proteins.
Moreover, the insertion of human genes into the genones of aninmals, such as
pi gs, could enable such animmTaﬁNSﬂENi@ISr@én or cell "factories"”

for human organs or ceII !W ,@E‘ ?He@ he human i nmmune 20
system There are severa repo AJL oéd)gl’é taini ng transgeni ¢ mammal s
by introdugi ng foreign the| . tic I One of

t hese net hods, pronucl egll}%A 3’8“}11 llf“on ﬁggc‘ﬁeco%grﬂr V'fmnaﬁsﬂ&?fnand was
first devel opedpplications) SedalnNoeb60/096,078¢ fﬁalrhygnﬂ;Qams 1998, cmdcﬂeaar No.

m croinjection ils I nj.ectiqQn of transgene (tg) DNA into a pronucl eus
of a one-cell gﬁgéi%%%gﬁs\ﬁaé‘bﬁd@ﬁg et al., Proc. Natl. Acad. Sci. U S A
77, 7380 (1980) J.W GOr@ ars. mdcrﬁnbhtw@upmhmﬁeusﬁﬂ:knndﬁa}ﬁtbe 1981 );
R D. Palmter l(]jt te% nster, Annu. \ix et. 20, l465 50986 and J. W
Gordon, Int. *eﬁ*m HieamSigegs 6%5855“] °\WHEPL kTR isame T,

pronucl earl()zygeﬁaecmahmerb@emprsmai ohby ﬂfe\mmdofébntrha NG HPR34360 awarded 30 not
necessarily tr e d t he | arge commerci al ani mal
breeds. For at’?%g'fsﬂ #%F‘H‘F@h @w&e@% BMERYy  or onucl ear

i njection when the| r lipid richness renders them opaque, as in cattle and
pigs; in contrast, nouse zygot esare transl ucent WO 00/ 09674 2 10
February 2003 PCTI US99I | 81 BAGKGROLND OF FMK 40N, (ES) cells, obtained
by transfection w th DNArrgRpe tcrm‘hﬁalshawﬁgrh rfon‘«b‘éféﬂnfi@pﬁh’ﬁ@bdﬁu@i)laﬂ@“ c
is

animals in cattle, sheep, and_the |ike met hod invol ves the_ injection
of genetichlly agiyitueab pwgosess Pedpetion ofifercigncproteing dn milk ysingagergicalinit o
fertilized enbeygsecnlal miasiaieis Velided 18186 Ul sditlgRtel for Miiting3Rersyufl® cel | s)
or the bl astocyst s@a‘g about 100 cel]ls)_ of enbryonic devel opnment. Upon

i mpl ant ati on, Pvg‘é"sof ‘éfﬁ°‘(j’r\ﬂ%¢‘P?cg@“PﬁhW?sd“‘SH}erﬁ&'l‘%ms\%ose

subsequent br eﬁﬁihﬁﬁ; WadhhasWigsd eI enbl Rh SninfafsUol a2t b 1IGRE Btgah L cell
transm ssion of the ES cell-derived genone at variable frequencies (often

equal to zero) . Taperes & humen reans of eee thaoyillgethe rejegiekhycthe PumandMBAe because
l'arge nunbgys gfsidneCi pient animals 10 are required for enbryo transfer,

production of transgenic |arge animals by this nmethod has been di f50u|t
There are several reported methods of obtaining transgenic mammals

by introducing foreign DNA into their somatic and germinal cells. One of these
methods, pronuclear microinjection, has become widely used and was first
developed in a mouse model in the early 1980s. Pronuclear microinjection entails

25 injection of transgene (tg) DNA into a pronucleus of a one-cell embryo [J.W.
Gordon, et al., Proc. Natl. Acad. Sci. U.S.A. 77,7380 (1980); J.W. Gordon and F.H.
Ruddle, Science 214, 1244 (1981); R.D. Palmiter and R.L. Brinster, Annu. Rev.
Genet. 20, 465 (1986); and J.W. Gordon, Jnt. Rev. Cytol. 115, 171 (1989)]. Whereas

the generation of pronuclear zygotes has been straightforward in the mouse, this is

30  not necessarily true for species exemplified by the large commercial animal breeds.
For example, zygotes are difficult substrates for pronuclear injection when their

lipid richness renders them opaque, as in cattle and pigs; in contrast, mouse zygotes
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are translucent.




Nei t her the pronucl ear mcroinjection nethod nor the ES cell transfection
nmet hod, descri bed above, as yet permts the outconme of tg insertion to be
control l ed or predi cted because the |ntroduct| on of heterol ogous DNA into
the 1 S cell often results in detrimental "position" or &®p§bHamPOP3effects
caused bywdwgerasi - r andom manner in which the transgengcr/oseomsihs i pl e
copies thereof' integrate into the host genone (J. W Gordon, supra).
Therefore, the efficiency of these nethods in producing transgenic |arge
animal s has been low. It has been reported that greater control over the
outcone of transgene , j 20 integration can be achieved by using nouse ES
cell lines transfected with DNA constricts capabl e of honol ogous
reconbination [MJ. Evans and M H Kaufman, Nature 292, 154 ( 1981 ); M
Kuehn, et al.) ibid 326 rapgeniqemtygmicxtent (BS)selsgehieinedhyfeansfgctionyitel | s ar e
those in whi cbNIERfycEOffre BEAThLI 6 oA CRinkrE oliRARIPCoulliindth, SBRel 1 0 11 2
very preci se manner that does not ai~ect any other |ocus, genone-w de. 25
"| mort al i zedlike.r aFhigy methed Havalegs| the rimectivavel pensticaliyt engin cESandlSWeI I
characterized r.m -t However
gene ¢ ar gt  nipoia{ Rebk ARG i B re rlw S04l Aol

establ i shéd, drbont 2G¢o é@wpﬂﬂ)bmthmglaﬂﬁcxsteblagd: i(about 00 eells) of tembr)rmmse.

Linitations i a nanml | an 30 germ

| i nes have fugf‘; Ql%é"%}s(tea gﬁ@é@%{"er fat rng ﬁ?ﬁévg“&q%&ﬁ. %n%"e}?‘ﬁ% use of
reconbi nant raﬂmmmbmeatMdmmmmlmmmdsrqsulelmmdmuammiMryos [D. i
Jahner, et al Acad Sci 92 19 A WS,

Chars, et al. Ofthﬁi:‘acabg?' %mf—’%%trv&g?@cg %Eﬂ’@@‘g; %%%9/' 8118

14028 (1998)] timreffididney efpenettansfenis imwmmambmmmmmm at ed
del t t al I Aci ds R 3816 ( 1995)J.
rowever U1 e isASPLErAND yahsrfly itogbet S rebiesii AEs AMBRARNGR: g

speci al i zed cawtlodmashden difficdld. ti es for the reconbl nant adenovi ruses and
retroviruses that nust he en%l neere Del.i ver ‘%re Vi ru 1t hese
met hods still requires R¥RE °nP‘8F‘b‘i"r?féE‘FI°é‘H°‘é’& ngt e BSvell of ¢ he

zona pel | uci darafsfectiiemetfied] describdd dbace, ad yed poaaR uﬁeamrohecwt@aiserﬁ&eformt ozoa
may be useda vehl Iegs for. dellveréqéiurln en vitro fertilization
(IVF) [M Lavi FF&‘H pr pypdictedpecausg-fhe in 1‘9'8 fheterplpgqusNA P thech | ve

sper nmat ozpR akel Uﬁ@drcé\ﬂtsﬁn‘d&ﬁhﬁﬁtafﬁfosnh&ﬁ"r&cﬂéﬁ% AGmB& offeste khised By teNA i nto
the oocyte in vitro. Al though sperm nedi ated transfer to offspring has

the potential W FRAKEMapnRFhich thetaasgrasar Fultple eapies thereqfJategraieni nal s,

there has beefnts IShaLEERIR EON! GAMBH,SYpADO Utheteliste, 8hé effRfncPbf thee | 1ve
spermat ozoa nethod in pronoting transgene5| S because of its unreliability

in consi st ent MFHAdH I AEPIRYING rapsespin lasgcanimals bagboen o¥;i t rano, et al ., 1989,

supra; RN. 15 Brinster, It Ris bdnrepofted that2featef SshtrolA8Pthe offcoridremfisgett @ )
Mol . Reprod Dev. 50, 406 ( 1998)J. In one report, exogenous DN£ has been

denonst raIEQed iRjeTation cap be japhisyed bypemmweésuqﬁﬂam%miﬁcﬁﬁw% Nfon [ M
Lavitrano, et cadstruddbl aﬂ%@ﬂ%ol&é%\is recotbinatich [fvi .ﬂ-%gﬁ')s‘lmd M R3hffad, t hat

menbrane structures act as a barrier to the stable associ atl on of sperm

heads with ext’\faélﬁéé% 15ﬂéb%lMo&émewlb'dﬁ%néﬂ%@ﬁsm rdewr'igend i ve nouse
Sper mat 0zoa i fg, aﬁ%ckmaymsexﬁ%chm %rés;?@citﬂ@ @neglam'cﬁad%ﬁhowe‘j

sone upt ake of he exogenous DNA into the nucleus, as as the plasna
menbrane. Spemmdifiedin 2 veey prepiseardnacr dsdden not affaitahy %hqémust gmmmde been

injected g x Rk gmBE OV st E€L ?4]1 I wever,
none of these spermtozoa %erce %15%13' %?%Q?e??@’e"%éﬁ g guet and P.
Esponda, Mol . iRefiroth. cadfinfddbe cérbtructInted268) dite. However, gene targetmg is

currently restricted to the one species for which established, germline-contributing

ES cell lines exist -- the mouse.
Limitations in the available strategies for modifying mammalian
30 germ lines have fueled a search for alternative methods, including the use of
recombinant retroviruses to infect oocytes or preimplantation embryos [D. Jéhner,
et al., Proc. Natl. Acad. Sci. U.S.A. 82, 6927 (1985); AW.S. Chan, et al., ibid., 95,



Therefore, there is still a need for an efficient transgene transfer method
that can reliably be used to produce transgenic animls. Mre particularly,
there is a need for an efficient nmethod of obtaining geng(“: al%% ﬁ{ilgl neer ed
livestock or other large animals for use as pharmaceuticil TeFH¥YGPPEs" and
as a source of human 30 organs or cells for xenotranspl antation. 10
February 26030001 09674 4 PCTNS99/ 18118 The i nventi on gaaywesigsisa nmet hod
for obtaining a transgenic enbryo, conprising the steps of coinserting an
exogenous nucleic acid and-a nenbrane di srupted sperm head or a
denmenbranated sperm head into the cytoplasmof an 5 unfertilized oocyte to
forma transgenic fertilized oocyte, and allowing the transgenic fertilized
oocyte to develop into a transgenic enbfyo and, if desired, into a live

of fspring. The coinserring step preferably conprises the substep of

prei ncubati ng 14028 (981 and thei use @f raplication-defiriens adenavises-opdiated Heltverywi t h t he
exogenous nucl gj { O driRbacterld i C . about 5

m nut es, typi cgs{sfegégg'out 15 ?Lt(ﬁJ I'gglé@ﬁégggyoﬁ%b%%? Q%G ﬁlg%%f egggén‘gtr"glr?ypi cally
about 1 mi nut epiotecels dmply2extiansiepssin glpring; giepessitating rspedializad copleinmenfead and
exogenous nucl glfiiadbind Abdidhfs ARNisel S trilisiE Rl Bikir@ngiftelier abl v by
pi ezo electrica ! y-actuated m crol njection. e exogenous Ruel el ¢ acid

m xed wi t h 5t heDelisehyr of the-vithshythese chethodshtileequiresritheranicpinjectioreeqipmenty conpri se

nore than one {,Jéﬁgga?gpmck@#%m&g&gﬁﬁ@ [yo that is 15 transgenic for
rane-di srup

nore than one transgene. ed sperm heads suitable for use in
t he invention can be obfidiaseldo beaneorted that sphomataros pey behsias vehiclesehydr at ed

freeze-dried sper Qa. nethod f.or. pr.es { r mat gz '
freeze-drying oﬁm?%lbvephﬁmggf"e?&f’tfﬁlgﬂ {'%“c ns} Wuﬁ%ﬁn’f‘ ’eegf g%ﬁp?gg’d

sper mat ozoa t o71H({1989)) Zethisapproach, live spérmatozdaar@ised asxdvector forrimtypdacirgnd | i ve

of fspring s the subj af, qur copendin . S.. Patent .. pGati Seri al
No. 09/ 177‘,0391’??‘151‘1“%’368&‘8‘83'?%ﬁgﬁ’g@ %‘#8"%}1 ??Fb?ﬁq‘ég‘gb% “ s hereby
i ncor por at ed byo 6ffSpeing hasthe petertidd ta maikedly Sjirplify higogkaeratiod abirgnsgemic use in
the invenrion, conprisi he nucl.e an erinucl ear terial s, can be

obt ai ned by def%f§ nb’-"feggéibﬁ%h‘fo 'flerfuﬁggﬂ’ g@*ﬁ#ﬂﬁi@e’efggacaégg’h ¥d bel ow.
25 The nethod sfenhitezdanméethiéd @npivaoting trafsgenesia cAde o€ ifs namaRbilicirenbr yos or
B O e R WL T
to E r odUCFISL r aaﬁgﬁer%) e:laiz.nurat 5£hﬁaf?8?§scnai$ae, ul., rfmg't Réprod. }:wd !E)oo«mead
urchins, |obster one or. she : e netho y so be used to

pr oduce transgg‘r?%’ﬁﬁ‘f ﬁb‘ﬁ‘? '%“a%ﬁ%h@?haég?ﬂr%gmﬁ’ﬂ{%t? 3390'%‘*? gk peen .
di scover ed her gpefmitbh irl 4 reeerdivlansigeniM. Lavitraqy, en@, MbORaRSL. Do 3|I6sl) produced

by the process,of the. invention are thensel ves 10 February 20 5 capabl e
of producing tﬁ@ﬁ%@e‘l’?ﬂ'ﬁ“ﬁ‘ﬁf ﬂﬂ?&wtﬂﬁ’s&%?céafﬁtb@ﬁ?”ét‘?ﬁf? ﬁq’?"t he tg

into the foundagsodRMer spérth héads ithlekirinedus fechMBinb IARMBNA. In another
20  report, live mouse spermatozoa incubated in vitro for two hours with a plasmid DNA

showed some uptake of the exogenous DNA into the nucleus, as well as the plasma

membrane. Sperm from the vas deferens into which plasmid DNA had been injected

six hours previously, also showed some nuclear uptake. However, none of these

spermatozoa were used to fertilize oocytes [E. Huguet and P. Esponda, Mol. Reprod.
25  Dev. 51, 42 (1998)).

Therefore, there is still a need for an efficient transgene transfer
method that can reliably be used to produce transgenic animals. More particularly,
there is a need for an efficient method of obtaining genetically engineered livestock
or other large animals for use as pharmaceutical "factories" and as a source of human

30 organs or cells for xenotransplantation.



The nethod of mammualian transgenesis described herein contrasts with
previous in vitro nmethods involving pronuclear injection of exogenous DNA 5
into fertilized oocytes, or mxing live, intact spermato W th genous
DNA and using these treated spermatozoa to fertilize ooc@oé@"f%y?@ﬁ

t <ansgeni ¢ enbryos. The use of unfertiiizod netaphase Il oocytes in the
met hod of WA dention represents a greatly sinplifiedPSHUPAEM itatory
nmet hod over nethods that require zygotes., Myreover, transgenesis by
intracytoplasmc sperminjection (ICSn may circunmvent 10 certain drawbacks
to pronucl ear mcroinjection. For exanple) the use of mcroinjection

pi pettes with about a |1 00-fold | arger t‘{jp aperture (e.g., about D.78 um
for a pronuclear mcroinjection tip of diameter 1 pm conpared with about
78 um for an ICSI tip of déﬁm&ﬁk\ﬂ@F 0 yNVENTION | i tate the handling of
| arge constructs, such as y&ast or mammaliilan artiticial chronosones.
Moreover) by the 15 netTednehtidnprovides@meatimd fort dbéaining @ tansgeronemtirye,he t g DNA

wi t h nmenbrane-di st upt Lan ) ds.. further
tabi 1] 22t on AMETG Bl etps SEQTERAR AL SSRGS RREBI ARE Bl
Ac;:ﬁrgi Pg tob?ﬁbpjp!tﬁrspampt beai oofa detne m:;aamdlspdmvlmad_ iimo,tltxet;tmmsmsot f fp?xovi ded a
met hod for_obtajni.ng a tr eni c_enbrya.. gonpri si e steps o
co-insertihg é‘ﬁk@%g’e%&f%‘%m”e %%WCJ&‘EH@Q%WQ%QW%@% & Sper m heat
¥ ansgen 6 Tor CLL L son pocyt o ot o oarng by transoe e fortitized )
oocyte to devFPent e?‘ﬁ#&%@@ﬁ?&@ﬁ%ﬁ&ﬂ%&&%ﬁ“ﬁge& AGPURinEaspect  of
the present i niafdnbine-didepted o chﬁérﬂvriaﬁ@ﬂs?erﬁﬁﬁéa@dlitﬁ@{ XBfcAbIEY rigleRk
transgeni c enbryao, cor‘r}-pr;i‘igin rt he steps .o aBbt i nj n(t; ea mésn‘&r%neigi srupt ed
sperm head or “ﬂ'@rf%'n%?‘&ﬁgfw‘gﬂ@%g'ﬁé nds t0; PW&‘E‘H’@%&%‘F%‘ PgitdPupt ed
sper m heaglp or sel@R®TH aEHeS Aihubdd Shore Bdilyhbdit Rhif¥OBBOMS midGleei TheacCi d

" containing a desired gene, coinjecting the mxture into an iso| ated

unfertilized rfewsgsHersel be spramyhead prd pxoeRfoys muelRie geid: Bt BF LPPe BPYoocyt e

and al | owi ng tfigronjafl n%@féasrytglgz&d a&%yéa% Srustey ShieRidjkien.a THeansgeni c
enbryo. 10 February 2003 5a BRI EF DESCRI! pT' | ON OF TAE D~~W NGS 20 Fi gure
1 is a phot onickegsgeusprclalq 3pid mined jith the reamehrenerdigrupted or demembranatedon s

through the hegds RbdMHSGmPRS MBe W bnk Hahspli, ?o)ﬁ‘b&t&ranicﬂﬁ:%tthaﬁ fsresh) (A

or whose nenbranes had been disrupted by Triton 100 (B), eeze-t hawi ng
(O, or fleezdragsspnindormmye thagonefransgewsnl cap; eq, equatorial segment; pa,

post acr osomal region. 2‘51,:5'8&% Gist %ﬁaeﬁ%%mgrfmeﬂ IHd $dveRidnn 9

transgeni c enbryos produce SI transgenesis. Qocytes
wer e nicroi nj eet &d elitaiheds femntrezspdhawedaspermaatoznacer mhydnated g h a

m Xt ur es of pgbgglln- QE% gp;% own R
(X400) after 3. g‘gfé éﬁ%&&gﬁ?ﬁ%ﬁa ngffépﬁ?fg%gont réellglt§i Lt?n{r‘grﬂ%ts1copy I
unst ai ned ( Fi gesulting/Apconsigntedifrezzodriedpspernatazna io dertilize pepytesvie vérggton (480 nm)
ul travi ol ( ' i QU .an ' ' -

p- gat act Og? da édg%%géﬁ%%k&(%egursgn C&.tﬁé g‘a‘g&ggg?h&fée%%%%l’gg?b%M b
PCTNS99118118 Afiplication,Serial No. 9 bi7639i1 ciled)Oatoberi2B] 1998, the disgjoswmedfivdiich of
tail-tip biopsj fromtr i 0 er n ntr I rols.

(Fi gur e 3a) Pty iAoy ieipt d5feaied 3o RASERASE UL

nont r ansgeni c if thg irfventichecobfpyisiag themuelessgand iperinugleaematetisls roas beotitaigds) ( nouse
3) lines. Geen { uorescgl{;tts#%nhcoul d be 5 Xi SL%Idi zed t hrough non-green
hairs. (Fi gur &YSEfrEsBuTREPH! B) 5eh SRATGIOZ 8F desEt “from control B6D2F1,
(wild typ2s wt) (0) andThe method s eheniviidntion IndyShe wsed)to piddu¢etrihsgent8 (S to

9), and 41 ( 2)cm%§)lors] gr l?vc%%n%cg;glf?nfmmrgar & Iirs?gt}ch gssprPnl;a(l)th?bviggsE l)g%rtle%,d porcines,

ursines, felines, canines, equines and rodents. The method may also be used to

produce transgenic invertebrates such as, but not limited to sea urchins, lobster,
abalone or shell fish. The method may also be used to produce transgenic fish,
30  amphibians, reptiles and birds. It has been discovered herein that live transgenic

offspring (founder animals) produced by the process of the invention are themselves



'tg copy nunbers per genone are shown in parentheses. (Figure 3C) PCR

anal ysis of total DNA from nouse nunber 16) 17, 30, 36, 47, 49, control
B6D2F1 (w), 10 nouse nunber 3, 19, 28, and 41. The inventdon brgyiges

nmet hods for obtaining a transgenic enbryo by coinserti ngfraa#e 5%2%335

nucl eic acid and a nmenbrane-di srupted sperm head or 15 a denenbr anat ed
sperm head into an unfertilized oocyte. The nethod of the invention
conprises the steps of (i) obtaining a nmenbrane-disrupted spernatozoon or a
denmenbr anated sperm head) (ii) mxing the menbrane-di srupted spermat ozoon
or denmenbranated sperm head with an exogenous nucleic acid containing a
desired gene, and (iii) coinserting the #xogenous nucleic acid and the
menbr ane- di srupted 20 sperm head or denenbranated sperm head into an

i sol at ed unf er t ichiable @f produging transgénig offspring; sheudimerstabledntpgrytivnef thedsintong a
-desired transgeRg foddder FRINOCITRY fefritifyl J¥Sie GRHERLI S€ the step of irplanting
the transgenic enbryo into the utezus of a surrogate nother and all ow ng
the enbryo to devel op i ntlye ghethod of mpmmalianfragsasnesssiescabed teroeinmestt s of t he
i ndi vi dual st epsyi@evidtd & 18P methodsiRvolRhd Mesuckhr igRcldi®r ERYEINL BRAAT € Now

presented in greater _detail. Preparation of fresh spermatozoa. Fresh

sper mat ozoa i r §HP ferifized opYten erdmixing live intashipsialozes withexpgegeus NAd et hods
known to those Sdihgdhed wedledsPa@matoloa W RitilIXSIEPESo foiltdfisBerdidiibis 0TRAa of 30
rodents, such as rr%usge,ﬁlgg‘l den i an) hapster, g;.u nea pig, rabbit, and
the like, may b&tYue ’F‘F‘&Ph%’[& <8 1t e Bsthed of thy ioventien represeais o

speci es) such aa gieatipRénplified)and HoiliGdsy nizthol Sverd@athsds tﬁm&quiraayzgotebg l'i ke,
mat ur e sper nat ozpa may, be 1Q Eebruyary 2003 \WQ 00l 4 7 PCTNS99/ 18118

i solated from f °§?ﬂv9>'/ %T"é%cﬂ‘fsgg’éd&?%ﬁ% °$’8‘T‘i‘f‘4°%“°ﬁg'%g§.ma§ﬁ§?"r'f€f’ﬁ'zoa of
fish (e.g., 16wokektsn |drawtiagkds ooh prouecldae thietoinjecdod | For esxhmple atteSusesofch as sea
urchins (Tripneustes.grati.lla). . e cted.fromthe test of mature
mal es. An ex anplmelcrgweg&or?&'%cgﬁg &%{jﬁf(&gﬁgﬁ? &%@8%3(?4’-0%?‘&%27§uda 5

epi di dyni s f ol | ewd for Apmauaiar misradnjetion tp pEdiameteniadn foompared wih aboet 78l € nouse
(approxi matel y we - Rler l.dar) - I i.pose tissue
are renoved froﬁln!t hg&:&l‘}? agge‘p%?dﬁ 5%%8&%?’&9{%@9%&369%@23 tgﬁgaa?&corrpressed
to rel ease a deqanstygsss suchps yeaet onmammalian anifiiial ghrombsegies. Monapver.dyitheer s, pl)

of sperm mags i snelod 66 inbentibie 1eUbGioRlof the Bz PAA IWithinteRibrahdThikeufed ¥PT OPY ! ene
centrifuge tubes and 10 overlaid wth 0.5 m of warm physi ol ogi cal nedi um

such as CzB nedidemembrarated sapmsheedonsessts\bs fetherstilizationsad protacten of phosphat e

buffered sal i nemepibaseHall Qb fiegaBask Behserdtitd. €1 about 10 to 20 mi nutes at 37C;-
notil e spermatozoa rnay be collected fromthe supernatant. An exanple of a

met hod for obtaining spermatozoa fromsenen 15 foll ows. Freshly ejacul ated
human senen is allowed to quuef\é]for about 30 m nutes roo erature
C

t te
(about 25 CAccwHiszdemeaihsspeient fieinsstt RrewoRbEre 11 oomden s aeliqdiel and
filtered tth@ﬁ%ﬁ@%é&wg¢l@&§!&Mds gstﬁéiﬁel;ga,m_er to renove debris. The

filtrate may centrifuged at 400 x g for about 10 m nutes, and the
sedi nent ed sper net-omoding 8 exgEenouschuceicacishans agnergbrang-disypiedispertead desired
concentration. 20 An exanpl e of - QL 0Nt 3lcted SRERLREGR: from
testes foll SM.C?CN?"@’ﬁﬂagfgggptere%thggd ?@8 gﬁg&"ef%{l}l%&aﬁdcgreyt hrocyt e- I.jé/si ng buffer
(e.0., 155 fertilized oocyte; and allowing the transgenic fertilized oocyte to develop into a

transgenic embryo.

n
i According to further aspect of the present invention, there is provided a method for
i obtaining a transgenic embryo, comprising the steps of :
obtaining a membrane-disrupted sperm head or demembranated sperm head ;
mixing the membrane-disrupted sperm head or demembranated sperm head
with an exogenous nucleic acid containing a desired gene,

coinjecting the mixture into an isolated unfertilized metaphase II oocyte to

form a transgenic fertilized oocyte; and

allowing the trangenic fertilized oocyte to develop into a transgenic embryo.



mllinolar (tnM NH4A, 10 mM KHCO3, 2 mM EDTA, pH 7.2-7.4), mnced using a
pair of fine scissors, and filtered through.about two | ayers of tissue
paper to renove debris. The filtrate is then centrifuged ée.g., 700 x g, 5
m nutes) and the 25 pellet is resuspended in a physiol ogil@&EPREMAIBN at a
desired concentration. Muse spenmat ®oa so recovered, having intact plasma
and acrosonal nenbranes are illustrated in Figure 1(A), which is a
phot om crograph of a representative sagittal sections through the head of a
nouse spermatozoon where "ac" represents the acrosonmal cap, "eq", the
equatorial segnent, and "pa") the 30 postacrosonal region. The spernatozoa
are suspended i n a physiBRIER BESCREPTION QICEAE IPRAWIR . i n preparation
for the fpgeze-thaw ng eze-dryin rQcess. ebruary 2003 WO
00l 09674 8 PCTI US99/ 181%“% er ?%@%?Eef%ll@ﬂannﬂfmmm sagitier’ go
further proced$8stions ﬂlmualbﬂ:aheaddefmméq{b&hﬁdzo%ﬁﬁ.ﬁ(ﬂcﬁ%?tﬂ&-i BRI ON Of

ed R sgersrrg

nmenbr an~di sru t 0Z0oa .5 nbr ane- di_ sr upt res zoa. The
menbr anes of ??g'gﬂéﬁégﬁganmé’ o‘?%eﬁbh@grmbﬂnme&%@ﬂ, fedsoerthawing (09, di srupt ed

by nechani cal offeszs-dndngaD).ax:, hyosdinal @p g hasR ads, fromtails in
the microinj eg%%'i&p pi pette by the app ?égaﬂagn of %Elgsqt’ﬂ%%os‘ﬁﬁ%@“?lr om a
pi ezoel ectrically actuated mcroinjection unit, as described further bel ow.

As used h®rein, 10 the Figure 2 fis @Sk, A f ers to.such
e B Ok s

menbr ane- di srpﬁ,tdg‘gedst?er.n?t zog for mcroin roni
oocytes) and these are™ i stohdontls tanspensals. Dryteepreasantoigedid {@pence from

"l'ive" sper masmrmatorimabat #isd ¥&ipedifcinhRd withA L8k LeleY A evious reports of

| VF. 15 Freezg; sper mat oz'{ija. Fir1 eezi ng 'glné"?shoéﬁc 94 86&r mat 0zoa
BCHBTRRL P it

results in di SPupt® ONSt TR &ape erabrrosramishawre(X496) aftes SSs@sls Didwii Bf?i lity

st ai ni ng t echHoffmas mbddatidh Ccdn i sLingui shin tween pl asma
menbr anejntagt (L v%&ind pl agﬁ%ngf%%ﬁe asr%gc:aéldiﬁa'é%dgﬁbeforsggﬁs

descri bed i n FRBFSSion: °%W6W?m8!bdfﬂqm®e¢tmvidmmﬂ)ﬁéhtm£mﬁang-agasrupt ed
sper mat 0zoa astsin&Dwh R | il nventional sense. Freeze-thawed
spermat ozoa may be pr egar ed‘k%ggg?ﬂfi%é?%c%ﬁ’g(ﬁﬁ'ﬁ% ‘described in T.
Wakayama, et al., J. Reprod. Fen. 112,11 (1996) and S. Kuretake, et al.,

Bi ol ogy of Reproduction 55, 789 (1996). In particular, nouse epididynal
sper mat ozoa suspended in CZB nmedium prior to cooling to -20 or -50 or -196C
with or 25 wi thout cryoprotectants such as 18% {w v) raffinose, and stored
frozen for one to 28 days prior to thawi ng, supported the devel opnent of
normal fertile live offspring when their heads were mcroinjected into
unfertilized oocytes. In the exenplary nethod for freezing nouse epididymal
spermat ozoa, the spermconcentration in CZB nmediumis about 3 to 10 x 106
per m. 30 An aliquot of 100 ul of the sperm suspension is transferred to a
1.5 m pol ypropyl ene mcrocentrifuge tube (Fisher Scientific, Pittsburgh,
PA) and m xed thoroughly with an equal volume of CZB nmedium wth or

wi t hout 36% (W v) D(+) 10 February 2003 WO 00109674 9 PCTNS99118118
raffinose (giving a final concentration of 18% raffinose). A 50 pl aliquot
of this suspension is dispensed into a labeled 1 m cryogenic vial (A'S
NUNC, Copenhagen). The vial is tightly capped and placed directly into a
-20 Cor -50 Cfreezer or liquid nitrogen (-196C). The sanple may be
stored for periods ranging 5 firmoae day to fow weeks.




For thawing, the via( is renoved fromthe fi-eezer or liquid nitrogen and
placed in water or air at 24 to 26 C for about ten mnutes. The thawed
sperm suspension is now ready for use in intracytoplasm c I:perm i nj ection
(1CSI), as described below. 10 Although the nethod of obflfi ﬁPW@W 03
freeze-th rm has been described herein for nouse

sper mat Ozg%%@gﬁof ordinary skill in the art may adapt P’?E}ejg%lg Wod to
spermat ozoa from ot her vertebrates and invertebrates w thout undue
experinmentation. 15 Re6ydrated Freeze-Dried Spermatozoa. Freeze-drying
spermatozoa results in disruption of the plasma nenbrane, as assessed by
viability staining techniques that are gapable of distinguishing between
pl asma nenbrane-intact (live) and plasna nenbrane damaged (dead) cells

(described bel ow). Sucfm&meaea,ﬂrbioﬁgcirs@ﬁﬁmmﬂrg%m%@&f@anﬁae;ssr@t 0zoa are

considered "dead" in the conventional sense. Freeze-dried spernmatozoa may
be prepared adisy Gnsgenicofonpdernindnoaganseands canirals; (FiguredadKlneresend R

Yanagi machi , I triuag u endi ng

U. S. Patent Aplé%l I {élgctrr on, g&@aﬁg&l%&/ﬁﬁ7 45‘91 ?‘r)lfgg’j lln?l(l)%eirr&g'ga 1998. In
parti cul ar) tmnssmxemeeaﬁb'preé%r Gh(mnuse 3)dines. Geeae flnoreseentskincould®e rmy be
used Tor 2 ! LeeaRef b %&H%ﬁ@%ﬁ;{ﬂ%ﬁ?@o‘ﬁ&%ﬂ%ﬁ& HAflsis By ehd €01 At €5

In an exerrpl ary met nouse sper mat ozoa suspended I n ( 1) CzZB

medi um wi t houDNA figthcprtrl BADREL (‘Bidrmm)r(@) ﬁ@rfwﬂ(emﬁ‘«)nm A(xp Ay 4 nygl nf

BSA, or (2) s %MS d with 10%
(v/v) fetal Dg\b/?%gfgg w&hqgﬁé%%gggcwﬂg‘r’ or toﬁ'lfdreezr ng&:rﬁn liquid ~
ni trogen and dggqpmguxﬂﬁerspcregemeeresqumarmemamger@@d?@emalysrand st or ed
freeze-dried f t [ t9 158 tin t he

devel opnent OP??\OéélerrbBII\IRf er W%ﬁ)ﬁs}g’r%g V\/Ixjéirfat e‘gfo\l/vgrggaﬂefﬁgr ated and
their heatls wescasemumber B K¥Wc2&adnd4t.o unfertili zed oocytes. 10 February
2003 WO 00109674 10 PCTNS99/ 18118 In the exenplary nethod for freezing
nouse epi di dynmal spermatozoa, the sperm concentratr on in the CZB or DVEM
mediumis about 3 to ED P9 ; ' of t he sperm

suspension is put in a * 7 t|f| |

Cat al ogue No. 651506) V Ep’b?’ﬁ‘ﬂ{_’,; %ﬁ?(gsﬁ mf’ﬁf‘gmf‘?% mh'i'yf’rogen. Ten
m‘t tnut ﬁsdl ater )byadipseheg aﬁhﬁog&h@ﬁﬁdﬁgga&‘fiﬂ arde:)mmtbrstkf#sxﬁﬂal sgscme:zai-a‘rl ask
attache ee S e e

The inl et resa {fﬂ?'q% Fé?f“rrg%aé ‘Vof“rﬂnl%frf%flm%o ©ie 'ﬁ%r"g ater

flask is rerm\iﬁdnﬁdnrcmnbhm Hestepsafali) &ftalhihg ha&nhmedfstdphdaépamrahz@hgon

TR A I ARy U i e mm

fi~ame- s;aal ed oﬁﬁétﬂnbﬁ{ja&d}s?ﬁﬂlﬁi(ﬁﬁﬂﬁin&&@ﬂo&%ﬁiﬁ al:lfﬁeo[ﬂaﬁur:jg&d&kimdgd out hof
it. Anpules are ind vr ua apped with ol | ~and stor in the !
dark at room t2%p “&%‘Eﬁ% g@ou%pucéqlcgp ¢ pgmbEng 'dffé"é’F"%prr or to

use. For why&baﬁimwfd&m&ﬂraeg@p@ﬂlﬁwﬂz&md&dnaéd&mﬁmzaamo@mule 15
containing freeze-dried, spe)&’ prepared as ,above is _broken and_ 100 ul of
distilled watdPmd  Frerexsing.f desited trapseene Theensthed max Bhper m

suspensi on. AlchRpiidithd st STRhPRing theMhsplerit Bibrys s!the usus dfaQdrsgdicl ed sperm

has been descri bed herein for nouse epidi dynal er mat ozoa, one of ordinary
skill in t thdnother apdiglloyingthe crbryadq %alowtgpé-rﬁgmgeac pITERTNgt her
vertebrates and ° 20 i nE@b@mEmé Sihe/thdibialdi s %Fh?&bm@hﬁiﬂo@{bf as taught
in US. Patent Application) Serial No. 09/17 91 has bin noted that
the inci déhce thﬁmw&lytléfea’@WW%ﬁ“%mmt%éFMI fertr lization follow ng sperm
head i njection appears to decrease with increasing tinme after rehydration

of freeze-dried sperm The allowable tinme period between 25 rehydrati on and
i nj ecti on nmay Rreparatien offeeshspexmatezoahowever, as an exanple, this tine
period for nouse spernm . aration of
denmenbr anat ed sperm heaﬁd"%glp%ehﬁartrgglEJ gﬁg{nqgv%wg'rg%‘g E'?&ziéd%& a‘}“&a‘%s‘ﬁ? ool

det er gent - ext rhyaiegisbdhlacia to Ktwse skilleld irSthe a:&lFormxhnalnssatutempbmcﬁtngaoﬁﬁe pl asma

menbr ane 30 d I!‘Q(Pe%{s sucg 2Ot Le, 2&5&5@%‘&) hamster, guinea pig, rabbit, and the like,

may be collected from caudae epididymes; whereas, in other species, such as

humans, pigs, horses, bulls, goats, fowl, and the like, mature spermatozoa may be



menbranes) but retain the nucleus and perinuclear material. For exanple,
sperm heads may be denenbranated by treatnent with Triton X-100 with or
wi thout SDS 10 February 2003 WD 00109674 11 PCTN89911%6 %ﬁ és?§h$n1
dodecyl sulfate). Triton X-100 is a wel | known non-i oni &0 EEhHaY that is
wi dely used for renoval of nenbrane conponents under non-denaturing
condi tions. L.5 an anionic detergent used to sol ubili I
pr ot ei ns, ﬂﬁ?ﬁ@@?ﬁg menbrane proteins. In the nouse, spé%ﬁr%ggygﬂ§
denmenbranated by using 5 Triton X-100 have been shown to be capabl e of
activating oocytes, |leading to normal enbryonic devel opnent. An exenplary
net hod for denenbranating sperm heads follows. An aliquot of a sperm
suspensi on, prepared as above, is sonicated. For exanple, spermatozoa
col l ected from caudae epidi dynes, testes or senen, as above, may be 10
suspended i n SisolteBiolifidskly ejadiftatedicikblof fedfle fileE:DSPormawgoadT iahelg.| s- HCl, pH
. 70% 80% ouf put of a osoni k soni cat or

7.2) and sonicated fqr 30 secopds a j

(Bronwi | | Sci efftqr tﬁ*@%@e&'ﬂé@@sﬁ@%m invesjRDratessHich S geaélrﬁmsgiweaffés

decapi tat ed byghdnlis), inafBé soRBGted Foin GRITEIRIEMAfuE: thides. Sper m heads, the

soni cated sperm suspension is centrifuged at 2?00 x g for 5 mnutes, and the

pel let is washed with BMrPRIe of adm fRepbttiping SREMAOZPLEPMN AGMER at ure for

S minutes Wi thegidfuyist Pllows. 18Qahda mzmﬂisumaowlmﬂhm BaABsicuké of 123.0
MM KCl, 2.6 n~lvl NaCl, 7.8 mM NaH2PO4, 1.4 nM KHzP04, 3 nM Nai EDTA,
having a pH of (2pproximatehe 8 egkrcafier birthrripldenh By blped BMIBPSGENENIM nedi um

and resuspendegpioVedAsh %%M&Q@&ﬁh@&uﬁ@ﬂﬁd&{ﬁni@% ARG TIMPREseRfto Fk@EEN
viability. The photom crograph of Figure I(B), (C and (('D)’ representing
| ongi t udi nal c# gense sass ploRematozen; ofy dronc(abowt @ migrolitesy b Pt spermiBasper m heads,

shows that thepRleasBme Beude BP%S”ﬁillilﬂ&”@ﬁlg?glgprioﬁyﬁﬁé)&nfn%gé ARe€and the

equatorial region, 25‘hare absent or disru ) spermat ozoa treated by
Triton X- 1160 ( eearlaidgwith 9.5 m)of warre physiolpgiodl mediug), sueh 5/ GES medivp (the (D) .
Viability of t : ' L 1l met hod
that 15 capabl CTeaiene) SHOR i TRREd B AR VRS phute Walrat itk Mo T
conventional sealige, Afigraboud}0 td@f ehinytessay 37 °Lh otile sparmatozed thay becelleeted e
viability test gkityfor tseq n the invention is Liveldead 30 FertilLight,
avai |l abl e from Ml ecular Probes, Eugene, Oregon, which differentiates

bet ween pl asma nmenbr ane-Amexawple(dfia/mpthad forpbteainieg spembatazee- femsgwen ( dead)

|1 i i .
i cr oscopeaf t Sibs rbplUERGENGRAHELS BT Fhet) of BPUGHiNE
stai ning with pirogm démpreratusei(atianit SYRBE). he séhen istheh diluted with abaait 18 pdofat ozoa -
ith intact pl . " d"
spermat ogon |1 Core e AREENRut MALEARD PR Ysnb}BET5 KRR SeblLs THERC, |
fsper mat ?rz]oa_ pr &ateaurytthendia paitifagedrae AN xap for aioyt Lpminutes, apd theyedimented e
reeze-thawn - | i . descri be
9 me&égtgﬁ%ir%ﬁ%ﬁéﬁd %pggl??{sggﬁﬁqp Joﬂﬂl%h 2P0 a8 90%5&5.:“0& S

above, wll be conv
20 An example of a method for obtaining spermatozoa from testes

follows. An excised testes is placed in an erythrocyte-lysing buffer (e.g., 155

millimolar (mM) NH,Cl, 10 mM KHCO,, 2 mM EDTA, pH 7.2-7.4), minced using

a pair of fine scissors, and filtered through about two layers of tissue paper to

remove debris. The filtrate is then centrifuged (e.g., 700 x g, 5 minutes) and the
25  pellet is resuspended in a physiological solution at a desired concentration.

Mouse spermatozoa so recovered, having intact plasma and
acrosomal membranes are illustrated in Figure 1(A), which is a photomicrograph
of a representative sagittal sections through the head of a mouse spermatozoon
where "ac" represents the acrosomal cap, "eq", the equatorial segment, and “pa", the

30 postacrosomal region. The spermatozoa are suspended in a physiological medium,

described below, in preparation for the freeze-thawing or freeze-drying process.



sense. Sel ection and preparation of exogenous nucleic acid containing a
transgene. ' Cenetic transfornmation, according to the invention, is the
stable 10 integration of an exogenous foreign DNA into the genone of a
zygote, and i-ncludes integration of the foreign DNA into Hé&dteboery 20081 ear
DNA and/ or extranuclear DNA in mtochondria. Foreign DNA is genetic

materi al tW90*%™not i ndi genous to (not nornally resi der?Frf‘ﬁ%"tsHé zygot e
before transformation or is not nornmally present in nore than one copy.
However, "foreign” DNA may include a further copy of an 15 indi genous gene
or genetic sequence that is introduced for purposes of cosuppression. The
foreign genetic material may conprise fi~omany origin including) but
not limted to, plants, bacteria, viruses, bacteriophage, plasm ds)

pl asti ds, rramtm{ aags t j QP[A n tsﬁ“Tellggjé- YeaPSbdafy Ci Fcul ar
or 20 linear ore%aan ’rrgﬂ;} Eéédglgtﬁg e-"ga rg{l\c(rfg%) or “goubi’é- gltqgatr?dgg. he DNA
may be i nsert demembranatédspesmsheadel | DNA in a sense or anti-sense
configuration and in single stranded or doubl e-shanded form Al or part of

the DNA inserted into the host cell may be integrated into the genone of
t he host. Sel ®répavatiene/membrantldisropted spermvatezoaon of pl asm ds and ot her

cl oni ng 25, vect or s, cont ai ni.n ific genes are well known in the art.

Synt heti c 5construc{vé3 a%ﬁﬁgmﬁgfﬁfs&ssﬁf%g&%(fﬁai n the gene or gene of

i nterest and frequent| yTieaffmbragesof G63h spemidickon bblained as dasefipedwbes obt ai ned
fromdiverse sources to.facilitate insertiop into fhe_.host genane. Althoug
prokaryotic cl"§¥i°h ‘SWBW}}V“%W%?“%%}‘&‘“HBYQ'& Hff@%'{‘gadé%"f"he D
i Et egration fftﬁ@ﬁ&ﬁ@éﬁﬁcl’;t‘_ﬁiﬂj&ﬁﬁn@iﬂ&teﬁyﬁﬂa@ﬁlﬂ?ﬁonbﬁa&h@@qbﬂ@d’lﬁ&ﬁawdt ha’éj

t hey can severeiy. inhibit the expression, of eykaryotic genes introduce

into a germ| icﬁég'ﬁ?‘{}é‘cm@‘y nygtgs F‘f‘l’é“ﬁb‘ﬁo‘gﬂﬁ“‘ Te™ ., s

Mani pul at 10 e U h EgieiiRozo2e&lbrs @such naxRaR-digtuptedictm@Bidafer Har bor

10 February 2003 WD Q0/ 09674 PCf NS99/ 18118 13 Laboratory Press, p. 22 (

1994)]. Ther efjfreivjgetionigo yafegtilized gpeyges; and thess, are disfngyishedafromn. 814 yect or
sequences f I ORResert AAFTr&RE BoRSfIReespehdtorbd Gl &hsivehicRt forlDNeA 8livenl | ne of a

mammal , such as a nouse, if ogtlnal expression of the gene is desired.

Vect or sequendRBreHgys 16po by enpl oying restriction enzynes, 5

according to the restriction sites present on the vector, by nethods known
to those skilled in the art) to produce fragnents containing the desired
gene, prohdters, eKFeepethazved spermatezopi ke. The | evel of expression of the

i ntroduced gene dependsFlg%&I;‘ﬁ'g%dq&ntmﬁ%g&gﬂhgz&fmg‘ﬁ@irpm &l ofald the copy
in

nunber of the integraxed the 10 Transfected cells. Therefore,
expr essi on vediasmg membrangcas\assegsed by yighility gaipingitechniguesthatare eapalidead ear|y or

ate brondt e il BRBLP Hlalis nloHERMNE ARGt @)Y add Pk EimeRfopiiel e, he
cytoplasmc (i-actin pronoter, and the adenovirus major late pronoter. The )
successful deldamaged (dead) hellmdr:a@bedainc@pte"ml brloysr efuchifrrgre-thywads
component 21 {Ra B AR pGinaitod g lrkiflre IFAE: infind BAREIGaliERE, ° 2
di f f er ent t harfreeaethawed spermatozoa may be prepared according to the methods described in
T. Wakayama, et al., J. Reprod. Fert. 112, 11 (1996) and S. Kuretake, et al., Biology
of Reproduction 55, 789 (1996). In particular, mouse epididymal spermatozoa
suspended in CZB medium prior to cooling to -20° or -50° or -196°C with or
25  without cryoprotectants such as 18% (w/v) raffinose, and stored frozen for one to 28
days prior to thawing, supported the development of normal fertile live offspring
when their heads were microinjected into unfertilized oocytes.
In the exemplary method for freezing mouse epididymal
spermatozoa, the sperm concentration in CZB medium is about 3 to 10 x 10° per ml.
30  An aliquot of 100 pl of the sperm suspension is transferred to a 1.5 ml
polypropylene microcentrifuge tube (Fisher Scientific, Pittsburgh, PA) and mixed

thoroughly with an equal volume of CZB medium, with or without 36% (w/v) D(+)-



transgene conferring another desired property. The property conferred on
the transfornmed cell or tissue by the reporter gene is usually easily

det ect abl e by hi stochem cal or fluorescence assays. There are a Lhr&t;er of
comonly used in 20 vitro reporter genes for quantifyi néotFreQH@l%gQ n

ef Eci enci es, and nunerous plasm ds and cl oning vectors containing reporter
transgenes g gyddsal | abl e from comerci al sources, known jeraiddgigisskilled in
the art, such as Sratagene, Inc., LaJolla, CA and Contech Laboratories,
inc., Palo Alto, CA Exenplary reporter genes for use in the present
invention include, but are not limted to, secreted al kaline phosphat ase 25
[ SEAP; p-gal actosidase (p-gal); firefly luciferase, and chl oranpheni col
acetyltransferase (CAT)]. In vivo repor®er assays, such as in situ (3-gal
staining, in situ ~i-glucuronidase [GQJS] and in situ luciferase assays are
al so avai |l abl erdffiiosel gdiwiag ik fmalgenentratamsifd 8% maffmosd)erA $0 xkaliqeetidfshior ti ssue
sections. These procedures all.ow visuali ion of transfect S

foll owi ng stai ﬁlfsﬁa'swntﬁ g‘ﬁ%‘?ﬁc&t fige S%E%F%?tgn%ﬁrwgmgﬂt‘?ﬂo@lgmng t hese
procedur es, i nCapdnhage). Tk vial ia tiphtlygappekd land\placedadigectsimtoon-20FC bh80ES cher i chi a
coli LacZ gene_.is a w dely use because of jts. sinplicity and
sensitivity. i ﬁ#ﬁﬁ%wﬂvlgéléﬁ’&?b(?‘ﬁégt ﬁmgslcﬁqaa%e stﬂr?drfsoﬂr’l’%o%‘aﬁ Eubstrate
10 Februarys 20@3m\6ke adl@Iourdvetis. PC f/ US99/ 18118 produces a rich blue col or
that can be easily visuglized. under. a |ight m crosgcope and). there) provides
a direct assessnent of tei:lr"éﬁ'é‘lmé‘é’t DRAE T V&‘i‘\?ﬁ‘.’"ﬁﬁ%%ﬁ"’%‘@ﬂ% ent
protein (GFP) hidpTaded e whtet otfairab24QMPEOCEsr bb@itad mthufas Thethawed spermt Mpor t ant
reporter for nonitoring gene expression and 5 protein _|localization in a
variety of cel FEPESPndF §ayireatly fpruse injatracytoplasmic spegy imjggtigp KKmD. 65, 509 (
1998); G Zhangeschbed®elow.Bi ochem cal and Bi ophysi cal Research

Commruni catjons 2Z7, 707-711 (1996); T. Takada) et al" Nature_ Bi otechnol ogy
15, ) 458-Ubo, ( 1997) JAlthoughthedn fdtaypg freezgthaveedspera hasheemt e f or
detection) it Q@aBribedMerefh fothb1ALEAAIERNAIPerm@ozdaléne T oRfiAdrP Bl {n the @RS geni ¢
enbryos. GFP expressed in 10 eukaryotic cells yields green fluorescence
when cel | s ar e max @snt dheyipethod, to, spepnatazqa; fypm other, ¥ertqbratesRndriaverigbragep | s
intrinsic to t%h&fthﬂ&fdex?érﬁh&ﬁa%ﬁ of the protein, and fluorescence from
GFP does not require additional cofactors, substrates, or additional gene
products. GFP fluorescence is stable, species-independent, and can be

moni tored [wni nvasi RedparaRd Feez&PRidl Gperinftbzdal UOr €scence m croscopy, flow

| S cytonetry, and macroscopic imaging. To increase the fluorescent
intensity of GFP when eXupezedniing spammatozaghresultinine diseptien) ofithe plepp) vari ant
has been const pligiefle ( REGERsE by aVighiligDsSinfnp Ol it Shkt_k2bApaROkes) that
contains the immediate early pronoter "of human CW and SV40 pol yadenyl ati on
signal s to dri distieguishingshetwicenfplasma marbrapesintact (lived and plagmace¢mbrane2) M xi ng
of spermat 0zoa gy AR ak W _ i ) .

Sper mat 0zoa prg%vg%%g\(%tlg ccl)l\gug mygﬁga?na&e%%r%ﬁ%‘f eéiv%g[ﬁ%’%ﬁ?@ggﬁ}gﬁt wi t hout
further pr¥par apdrostotdar arshyonsiderad t"drad” hisy ther econyerisjonal sense. oFrgers-doied t he t hr ee
menbr ane- di sru én@iﬁo%%%hg%ggﬁﬂar&%%x’d&\g% B0 Réhrods &s@t’iﬁeﬁ?ﬁ $oly pg 25

procedure, 1 It ) Ol Ut on contalning a vector fragment (about 2.5
ng/ pl) is mi xednd\RtYar@gumachif Natum Bipterigiobogy 46,639i (1P98) and naur opendiBg x 10s
spermatozoa in j. O i gggi 0°95"l“7|? myxed by
pi petting to giU\?/Se'pé?{ |tthf ragrlren ' concgﬁ?’ra [ og&gﬂf\él'gﬂ'%hgla%fl .I?'(The
m xture is incputicwar, te pagonapplicatien disaloses (gaialtm@bods)tha mayrbeiused foor  about
30 secondszst 0 ?‘rlggz%!dr?mén sﬁle%gt§Ma from vertebrates and invertebrates. In an exemplary
method, mouse epididymal spermatozoa suspended in (1) CZB medium without
ethylenediamine tetraacetic acid (EDTA) containing 4 mg/ml BSA, or (2)
Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% (v/v) fetal

bovine serum (Hyclone, Logan, UT) prior to freezing in liquid nitrogen and drying

30  toa water content of near zero percent, and stored freeze-dried for up to six months
prior to rehydrating, supported the development of normal fertile live offspring when

they were rehydrated and their heads were microinjected into unfertilized oocytes.



30 typically about 45 seconds to about 3 mnutes, nore typically about ane
to about 3 m nutes, preferably about one m nute. The concentration of sperm
and DNA fragnents may be varied, as well as the incubation tinmes and

t enper at ur es, 10 February 2003 WO 00/ 09674 1$ PCTNS99! 1¥1Aebrersp@fed ng on
_the size t agnent, or the size of the sperm and as known
to those ski'l ’g%ff’]{n the art. Mcroinjection of the m xt lfrk‘gﬁjg#dllsgglernat 0zoa
and DNA fragnent is usually carried out at roomtenperature within one hour
of sperm DNA m xing or 5 within one hour of sperm denmenbranation. The

reci pi ent oocytes. Recipient oocytes that may be used in the nethod of the
invention include both imuature (e.g., j@v stage) that are subsequently
matured in vitro, and 10 mature (i.e., Met |l stage) oocytes that have been
harvested from an ani majp vt eemn yﬁ,e@odrafbrbﬁe@mgarmﬁe é@mdﬁmarrrpl e) by

i nduci ng an ani mal to superovul ate by .injections adotrop c or ot her
hor nones (for W%MWPP%P%‘N@% d?ngM’g&‘gPlﬁés

chori oni c gonQtherOﬂ?hﬂ)AﬁﬂﬁhuSWI%Eﬁhfthé‘ép\éﬁﬁﬁ raalsgmamsamﬁt ueefter

ovul ation (e.g hour s af onse estrous in the’

domestic cat, (‘Mw@t@n SeientificMillyflie N, Catalogyedia. 651508k whigh is plupgedidireetlyy and 13
to 15 hours afilighilied B3 TR iBRL/I9US s e FREAT 1 pHRER (15046 O Y

possi ble to obtain i mmature oocytes y are cultured in a

mat ur at i on- pr dresee-flaskmitaghed i fibeze-dnheygtemsModsl BHP20s VirdisGo-\Bardear;, this is

k h b
cocytes are cdelf TR HILbGERls sfotimall) PRRTLAT Abtll ObiETREH IR OOV, €, )
Eppi g & Tel f erflaghsiémaayed mmmw@ylmb@ﬂMMMMEmmllﬂmay 1993) .

The stage of ig, *ﬂ?ﬂgﬁ,e@%“epg?‘?‘@fﬁ?ﬁ%‘%gf%‘éﬂ%a‘i“??Nf" @an been

previ ously repor gni I'm vi‘'tro nucl ear
transf er bt houdapuieds conmected tongyvasniompomp ahd fiamedseadedrafichmore than ghestmi stry o f

the oocyte 25 Lyl %?meggﬁaigggé.pw&%snox@pwgﬁmaérrfaa BvRpSaseit  For

exanple) a cytoplasmc a assocl at e ura I"on,

met aphase- pr orahimingm ffaildnd rsto(ddli@ﬂié)larkra&obm ¢impcratiretahous 2@°Q)@c wt4€ fat

met aphase of th 0frrstnrr}er |c division, declining with the formation and
expul si on of e’ FIFEP B tioar ‘body, and agai n reaching high |l evels at Met

1. MPF activity renmai nﬁomregtzdmmmof;gmefsregmmgesftem-cktedI\dbemﬂ,la,n anapiled | y

di m ni shi 30 upon opcyte.activation encral,, re { f.. l'ian
nucl ear tpgnsfcgpgﬂ’é%gf%%ﬁf' spﬁgxép@par%fs ﬁb Vo B drqksa %@%Oégiogﬂgﬁﬁgm%t | |
oocytes are ofwdtérard added toahdlympule tocforis & ret&isadxtmp'ém tuspdnziong sper mat ozoa.
When a cell nucleus is iniroduced 0 .Fe raary 2003 V\(R 001 09674
16 PCT/ 11599118118 cyt oé?‘ﬁ%%g ﬁ{“tj’:ﬂ(}rgf’ z’é‘HdWE"?fﬁeF 6‘15?8{”%“‘& %%, one
\tI)\A' t hkhi gh VPF teen ?}&Etﬁb@%l hcichefogﬂmhﬁad’pldﬁd}'ﬁ&ll tq:ﬂﬁnétbioai, 6ncM9rm9t skifl ut he cell }
reaks down angd chromati nden resultin n i,on )
met aphase chrgﬂ% ﬁ@@ﬁ er'ﬂe cif; sermpta ub& 8&?&/"?\%? ?é%st fi-om

ovi ducts 26 odﬁﬁ@b&twmdwrsn@elek drinfeatatione as tanght(ih B Bateit Apphivitioar ed

medi-um such di um (descri bed below). Curmulus cells are

di spersed wi t%se&;ﬁ‘ﬁ%ﬂgﬁ??ﬁg{eenzyne such as 0.1 % bovine testicular

hyal uroni dase (e.g., 30& pa¥tel Abled iHaTthe inciedda dF BBSALUc Patlofi andAGHml Mesa,

CA. It is preferred t hat . cunmul us-free oocytes are kept. in a_medi um such
as CzZB medi um Egijzatiop following;spermohepd, migstiqnpppears taichreas%r‘f"diE“’@?s‘@ e ynder

mneral oil (SifeP rafydiafieh of\rdet @i Sgei) ETIR. alRAtabRDIMAE PeiON Betwided NCEL ON,

N~ for |less than one hour before further treatnents. Spermcorrponents
necessar y2§ or relydeationapd injestion may vary betwepr, esigs; hpweyes ag apgkrmmkathis j n t he

mouse, normal ¢&d bdrol Z6HrhQRe GRAMRESzAGEHrEREBIy one hour or less.

Preparation of demembranated sperm heads.
Demembranated sperm heads are rletergent-extractcd heads that lack
30 all membranes, including the plasma membrane and inner and outer acrosomal
membranes, but retain the nucleus and perinuclear material. For example, sperm

heads may be demembranated by treatment with Triton X-100 with or without SDS



15 by injecting isolated spermheads into oocytes, and that the plasm and
acrosomal nenbranes and all tail conponents are not essential for nornal
enbryo devel opnent. The nouse and, perhaps, npbst conmon | aboratory rodents
are ' "exceptional” in that a spermcentrosonme is not réc&iabaery 8¢0hor ni al
fertilization and, during normal fertilization, the spermcentrosone in the
neck regi ovagoeedie 20 spermat ozoon is destined to degeneacatusyosiiai n t he
oocyte after fertilization. In contrast, in nost other eutherian mammal s,
including cattle and humans, the sperm centrosone plays a central role in
the formation of the m crotubul es which are essential for the union of nmale
and fermal e pronuclei, as well as in the subsequent cleavages during
enbryoni ¢ devel opnent. Therefore) in t Hdse 25 speci es, the introduction of

both a sperm nuc| eu head nd.a centroso j nto an .oqcyte see to be
essenti alo f or (fwé“’bfsj?fg‘ﬁ&ﬁ“ifﬂ&)?nﬁ%ﬁﬂ%bﬂgg}h?&“ W@"?@cg‘gfacﬁﬂﬁtd at this
time whether tifavigdl§rued 46t FsvaEOf hiefibfuhé BRGNS Gider Tidh denbburing
freezethaw ng, fieeze- SCP%I ng or .denmenbranati on by di?,ter ents. If not, a
centrosome fi GRPHOMNT POPel L RNIRG Heterag ‘fsﬁ‘?é‘bts%'blb 17 S UGS t oget her
with the freezgcridimyyaghbrake ]frBt@EZ.Qn@KciMw&rspéﬂﬂmﬂ&ﬂ%&%&&ﬂ?rﬁsﬁgad in
excessi ve

order to secure normal enbryoni c devel opnent. Introductiqn o

nunber s of 3 centTitys¥rid havebgenshown (o be capable of activating ogeytss: deding fgmedlear

devel opnment angh R dRbiopibity oni ¢ devel opnent . 10 February 2003 WO
00109674 17 PGINS99/ 18118 The centrosone is nornally attached either to the
posterior end of the spémnexenanrlay sethod for dememhranating sperghesds foHevss Har m t ai |
when the head ARfoléH 4 spund SERALGGH, Greparbd s abb RS isSRAEdNAE Hok RRANPle,TBY be
inserted into tﬁeooocyfe Si wlténé u I.g/. vvitah thé sper m head) %Em?fay be
inserted by nemematroataligrtedifion gandse enididymesetestes arsemens @s ehoye ey by sper m
tail. Insqpti dedRfT 5 TR M Bafren H3 nNACl 2 xﬁ]@l‘ﬁﬂ’hﬁ%? 9@ MM Priscaeg entire

sper mat ozoon ca e colnjected wth the exogenous nuclerc acid into the
cytopl asm of tpie72kandysaateated dard0scconds ati7A%sH8 pwputiof a Figsenik serdcatay

sper mat ozoa ar 1) Qs i qﬁ%o%;g} 2 DGl j ably

i nj ected di rec@r‘%/ﬁirlﬁtg %lel?‘[?g’ %@Jth%%ﬁ?’as | of a@égflsgl en‘t&gh;%%%@(;&&ﬁ:&

m croi nj ect i orthiséredtmienfud’o demembrpnatef the spetin headh dat sohicated sperms sispgrsioni on of t he
exogenous nucl.gj ' | k= t Mqﬁ -driied sperrn
head or derrenb‘rggﬁlg?fg%& sﬂ\pzérdrkgggg Lo’ %%\rﬁge |e%i£t§r}¥gg%%:‘§@]e, t gf@rpa?lgzo

el ectri callby- cthén treated at pinplemperatues fiog & dnindtgs with 1% Abtos X%i160 on NIMct ri c

i ve Uni by el SIRFRllE QRER B 5 BARGAEL YA Cha T, T ract

utilizes the pNEELBOgllebmM KHRO,etmM Na, EDTan baving apHiofil.gh( Thebeads sl | ed,
o | W STy St o (
(apor oxi ot el y DT EMe OIS with RV iedifh 41 reBusflaba Sl e SUBLARGE

vari ed and 20 medumegul ated by a control unit. For injection into an
oocyt e, az'ai ngl e spermatozoon, in the m xture of the spem-/sperm heads and

exogenous nhucleic acid, is aspirated tail first {if it has a tail) into an
i nj ection pi peAssessheut ofpparm ability.f | at tip with an inner dianeter of about

5 pm housed in the piezo.electricallysactuate nj A4, .a din o the
instructions of 25 the vgﬁ’ﬁgﬁf’m?ﬁéo%% roiwﬁ%'éﬁqgﬁd@)aﬁnﬁ?gi’éepsf%ﬁ[étfnét ed by
appl yi ng a si nighgitdinahcrossAseBlianz thrgugh thesariterior hegionaxd ther spegnoleads] lowsead i s
then drawn deeply into th ipette. Alternative .ag single spermhead in
e mxtur e of Dl aRbB Rl Hembrades, acret o i i P Syl £85he

aspi r at ed 25nt oart laBsenNpedisiupred [ frithfozoh Afealed bg TtrikdW X100 @deddtgen0q®B).e. 30

Thr oughout the_coinjecti of _the, sperm head.(nucl eus) and exogenous
nucl ei c acid, Fef °‘B{9mge?¢])s°rafﬁ€%mgﬁ%'a M rﬂ('Z it SHerpAiPZ9R I’i'&?' ®pette. The

tip of the injfedsk@byPidiey iy LAMRPMBIBY thidt FUapblLs BRMEMsRABetvEenbr Ought
Into

spermatozoa that are, in the conventional sense, live or dead. A suitable
commercially available viability test kit for use in the invention is Live/dead
30 FertiLight, available from Molecular Probes, Eugene, Oregon, which differentiates
between plasma membrane-intact (live) and plasma membrane-damaged (dead) celis

according to a fluorescence pattern under an ultraviolet (UV) microscope after



10 February 2003 WO 001 09674 PCT/ US99118118 18 intimate contact wth the
zona pellucida of an oocyte and several piezo pulses (using controller
setting scales of intensity 1-5) speed 4-6) are applied to advance the

pi pette while maintaining a |ight negative pressure withil@Febwary 2098 tip of
the pipette has passed through the zona pellucida, the resultant zona plug
is expeIIéHOWW?SPS the perivitelline space and the sper AFHERE#48 pushed
forward until it is near the tip of the pipette. The pipette tip is then
apposed to the plasma nmenbrane and advanced (toward the opposite face of
the oocyte) and the holding pipette al nost reaches the , opposite side of
the cortex of the oocyte. The oocyte p ?sna menbrane i s now deeply

invagi nated around the tip of the injeCtion needle. Upon application of one
10 to two piegh nm# %p&g.ﬁﬁ.ﬁnahgxfgimﬁms %ua}mfthee--%sk WPoh Highunct ur ed
at the pipette tip, as i1ndicate axation he ool ema,

whi ch may be uitashplagmy mginbtages ffmesspelemhﬁmas ﬂloshef]"dmﬁesneunhtozwo t he

cont i ng ¢ noudbt BHIRAERE e 100 hocticdion: 8l ol BIRAA TR B
wi t hdrawn, | ephysivg! tniembnanel distuptiony durcled ﬂ’rae&demthdwmg.t freezedryipg ah 15 of t he

T d f-or med, b I b h f, 10-15
ooy €, T bR B e VAL R AR, 10

Al ternative nsams®i nj ecti on vari.ants, in which a conventional injection _
pipette is enployed, nmay be used for the coinjection procedure. An exanplej
of a suitable mcroinjection nethod enploying a conventional pipette, for
injecting a 28elegtivhrandqaeparifich sfexbicabuONiYdiCacid Somtainidg abﬁdnég%nyanagi da,

K., Yanagi machi, R, Perreault nfeld) Bio

Reproduction 44, 440- 44%"¢4 ﬁmfwa?%W%%%ﬁ@ 1gyenfiRfci "{3%? lFnl ng to
such met hrd iFtdgﬂh&bkéfiﬂb&ﬂgeﬁ&is&'bﬁ@:mﬂ/Bliﬁegﬁﬂmewﬁ?&ﬁgo@nbhm@ahde@n of tEe g
exogenous nucl ei c ac mat ozoon/ sper r anat sperm hea
of fers several® mﬂPg'B% 1“1‘%‘? iﬁ@ﬁ?@g a‘&a’diﬁ Mvery by

M croi nj ecti ok m&oﬁﬁﬂhm&ﬁbirﬁfd DN& Wg@ﬁctﬂé%ﬁdt&{a}'tl@f 1s§ﬁemig%h&zsqa (hotpes,
irrespective of sjze ,. and the like. Second, mcroi n{ ection

al | ows car ef uF?r?‘aHbFFﬂdB‘ItI"EH“‘(?&‘P‘?IP@E’F"B‘FF*FWFW HE et AeBRallyRIeseRtiB 2 oon/ sperm

head) of ot hemoAd@a 8ne dopy.2HBWEVR " fbreighONAAGEMEMAe B BirtiR SopyCdfdndescr i bed
above, into the oocyte at the tine of injectjon. These are exerrpllfled 30

bel ow. Thi% d, Indigeneils BPSRT; BRBRHC Stauenss thfrinfreducefh dPe PRPPHS Rt $Bn of t he
sper mat ozoon/ sippreddibead i s by piezo electrically-actuated m croinjection,
rapid and efficient processing of sanples is afforded, thereby reducing .
trauma to spermand 1GcremsiElgeyetzgnaenabmay conprse BNASOM30YLIgN18 oocyt es

under goi ng MafHcRdimd b ot Tifited 6, Y1 iits, %ct&%rﬁ&e%&fen@%e ,plaBkiag) are not
anenable to m croinjection using conventi onal needl es ereas piezo

e(ectrical |y Bestigstreammslsandisypthetic DINA spussmets. EhePNA maykeds sirpylaror 5
Activati oy of ih&k tbrni ZREmMAPEY kifigle-stranded or double-stranded. The DNA may be

inserted into the host cell DNA in a sense or anti-sense configuration and in single-
stranded or double-stranded form. All or part of the DNA inserted into the host cell

may be integrated into the genome of the host.

Selection and/or synthetic construction of plasmids and other cloning

25  vectors containing specific genes are well known in the art. Synthetic constructs of
chimeric plasmids contain the gene or gene of interest and frequently comprise
promoter and/or leader sequences obtained from diverse sources to facilitate
insertion into the host genome. Although prokaryotic cloning vector sequences have

no apparent effect on the integration frequency of microinjected genes, it has been

30  noted that they can severely inhibit the expression of eukaryotic genes introduced
into a germ line of a mammal, such as a mouse [see B. Hogan, et al, in
Manipulating the Mouse Embryo, Section E, Second Ed., Cold Spring Harbor



It is known that the nouse oocyte can be activated by injection of a
single, intact nouse spermatozoon or its isolated head. |solated sperm
tails are unable to activate the oocyte. Active spcrmb

oocyte-activating factors) typically appear during trangb%gﬂ‘é‘?fyo?rpogf t he
round spermatid into the 10 spermatozoon. The action of these factors is
not hi ghl ywgRgedsfs- speci fic because nouse oocytes are aghRdeRciPY

i njection of spermatozoa finmforeign species, such as the hanster, rabbit,
pig, human and even fish. It has been reported that one such activating
factor is a 33 kilodalton protein residing in the equatorial segnent region
of the acrosone. This protein, called oscillin, is readily extractable from
mature 15 (hanster) spernatozoa by sinpte freezing and thaw ng. Besides
oscillin, mature spernmatozoa appear to carry another activating factor that
IS not readil LaborhtonCPrsd, @) 22uf1999)) Therelidre inathyoye advjsabid takentaveat nent of
spermat ozoa w th Triton X-100 and SDS. Lt i,s nat .known whether the readily
ot ract abl o oStk ySrdon s BPpiafned B R AHBOMOTER ] Bt or o ar e
bi ol ogi cal | y gefh tihesT £ alamymal kit aCalmousy) if dptintal leRpressidnall the |gedenis heads
sonicated in the presence of Trito% X 100 .l.ose illl conponents but the

nucl eus and pdFTFlc| ELIOr AeRuERdes, may bezemoxgd by smploying fegiricton shMehct ed i nt o
oocyt es, ssich addordigiito ¥helredriétion dit@Praagr oMtheadtr, byavdtngls khewhntsahaes and

peri nucl ear rrati?ri al s, but no@gl }sarra menbr anes). can_ _activate oocytes as

ef ficiently askiled Hthe aeloRipdiss rasmenticoniainiog thedesird gene. BIOMASHendi ng

U. S. Patent Apphdnéa,afdthefiRéi al No. 09/177,391 and in T. Wakayama) et al .,
1997, supra, at least in the nouse, spernborne oocyte-activating nol ecul es
nust be resistant to frEleelofsrpresgionpttheintrodused geng densnds raestly gathgaj ority of
the oocytes t Rabnght bF théSshombRr lafd BfeldoBf rdinbbf 6£AR in PNA fe@ée-dri ed
sperm heads were activated and fertilized normally. 30 If in other species
t he i nj ecl9 on t@nsfected celise Thengors CxprRssion yrctar  ptilize VEFY SHPRE RIOBOICKR SYSBC Y t e,
activation mays inlsvad kahtor Pite RahbBC e 8RbRks oV Mtmedidie LarBICIV-IE)

el ectroactivation, injection of one or norée oocyte-activating substances)
or transfer PIOngteEHheesplamicd-itin pomotes and hepd@ovinsanaier Istopemolehe oocyt es
into nedia containing one or nore oocyte-activating substances. Reagents
capabl e of providing an activati nq' stinulus (or conbination of activating
stinmuli) include, but aFhespesessfijl delivery of the DA inte 2 gelbpmabaprelimwasilyat i ng

factor, a C i lgngg 00l &.&gpé&] d r signal
t ransduct ?gn %‘Iﬂg%ﬁ tor@fégg\xﬂgéﬁﬂr%y e |ﬁt§5§)§ggogcg§§éltgﬁlgl&ﬁﬁtteégtel on
after) or condenPanuded foy transfopnitiop and imay befthe pames preomdiffeveat tharithex ogenous
nucl ei ¢ aci d. i i i J ﬁer&ro i o1 Male’ sfer of
the fertili zeﬂ%%??gédfﬁh%e%tg&cdgﬁkégi%{) g bnyﬁwﬁéﬁbgrs of {)a'{ g‘&b-set of
activating corposfaumed ¢elcdr tissyegbys therrepatten iggneois Wudlly easily [detestadble dyg.
e A7 hid ARG G RBP a3 AR LIRS Ll w1 NNC1)
nodul at orz@)of phosphopr ot etlgn Slt%;’lg I n'gf e. gm -am@ggpurl n%)istadtgr ospuri ne,
and sphi nddsi rvéfyo reparter genvy for @uantfying rinsfestornt ¢fci¢ncie.and numgro@ G Mi

cyc! ohexi M de)nq GrodiaTEA: BAARRY rddfier Pihs BB LRIIANS 8 doBiinniog0T NG
(e.g., 6 di rretaﬁyl am opurge anlad:iln nonycil né;e n an exenp (glra%mst dod,
activation of spwoscknpemys thoseskillad initaearg suvh as Gtatagewe, fror, LaJ Arandi n
caze-Tree 25 AR ATAARbAL R Ipatd Ao, 0 Belibary ol iRl CRIELin fle DI YOS
to produce viable Tetuses ah '0? spri'ng oF'Ina\)a\fyr{E)popro%ucT eus formation) the
enbryo may be presemituineshtiom inchidepbutratd hotilimitedato hsesretddealilaline phbdphsthsge or

nor ul a/ bl gsto st at . whi I the 20 _enbryo .may. be transferred
into the g?/i d&%ﬁkg’r @gglf“ﬁ%s“gfe a&?%ai)f g?"ergg't Hugferase. A o }?ﬁgméhﬁf'é@t i on of
Bi ol ogi cal | y laoétgiransfering (CADY! dnaasreplirten asspw; Sactiaathssick P -gad eraiirippsti ment  of

the invention, .m.cro-coi.njecti of . the sperm 25 head and exogenous nucl eic
acid into an o‘éfﬁﬁ'@“ﬁﬁ?'}#’lﬁg T‘ttihgff”ﬁit Wo‘dfﬁc'f‘&g‘t'ﬁsc grigt a’t%‘*i%ﬁ‘ﬁ)ﬁﬁ‘a? Yr after

the injection defectifiegénp transférciadithddtfied bells @9 €¥dud section© NPheédk prazedur@gent s with

the potential to alt he devel o t ut c of the enbryo. For
exarrgl e aslow v&suaelfzatgon of transfect: gg{; fﬁlow?ng stalomngg w];th cnzymag:[:) substrates

30 or antibodies. Among these procedures, in sifu 3-gal staining following expression
of the Escherichia coli LacZ gene is a widely used method because of its simplicity

and sensitivity. In this procedure, reaction of f3-gal with the X-gal substrate



an additional ribonucleic acid (RNA) or DNA nmay be introduced into the
oocyte by mcroinjection prior to or follow ng coinjection of the sperm
head and exogenous 30 nucleic acid. For exanple, injecti 35 FOL rec, I nant
DNA harboring cis-active signals may result in the transctippPi8F
sequences womsmegts on t he reconbi nant DNA by resident or mauspymeised
transcription factors, and subsequent expression of 10 February 2003 WO
001 09674 21 PCT/ US99/ 18118 encoded proteins with an antagonistic effect on
devel opment inhibitory factors, or with a positive effect on enbryo

devel opment. Moreover, the transcript rra/ possess antisense activity

agai nst nRNAs encodi ng devel opnent inhi¥itory proteins. Alternatively,

anti sense regul ation nay be achieved by injecting nucleic acids (or 5 their
deri vatives) Mcearaélchgluécqlwba&m begasilyrisuptized pdep s iight miggscoppadlact i ng

directly with ddaeintovidis aQirect afsesntcht Standfedtioh Riitienby.i OF transcription
within the oocyte. Reconbinant DNA (linear or otherw se%}fﬁlﬁnt roduced by the

met hod of the inventi onThagreen fiperessentprpicinctGRRh flony b li¢lydish dequoseani ng one
oxhi b 1 g ey, b Bekbfah B0t Skt B 16ARNAS sl ApRERIDRE

exhibiting anything tr rrow to a opneht al expression
profile. Fdr exeteipllecalization/in @rvatiety oficghls andi erganismisniRe¥li Bsien, Apon. Ravi ef
expressi on whegy; [ Al t] i ; )

ntroduced DNAGERT RSP ISEY G Bl & 48 SABCHLmIclt il hily ol RGN |
devel opnment, dforiméigtiats@2B {700l Q9960 T cTahedmerial., Natrg Biogcholagyadh) y )
replicated thr i t sul.ti I rdic.individual. In
one 15 enbodi rﬁg’ﬁ%wgg% rgﬁﬁgpé‘ﬁ%oﬂé?%u%uﬁgﬁbggﬁégogtdft-egué’lnhlgpmprotei ns,
such as t el ondeasmiteble mader fotithe salection tofl rensgeniy etbbrydpsit GBH egmrdssediiro t he

te b ' | nj ti e t ' Ly, h t ei I,n] ted
airoct 1y, 160" PRk AT Vsl ifeenhinkedte FE v i PRRe BV Y OF ¢ ne
ma][ nbraln_e didsrlight %c&hﬁbhmpt_xdiemméﬁpatn_eidt&qhepﬁﬁh@m?adfﬂ?métﬁg, into an
nfertilized oocyte a replic -deficient fragnent. of a plasni
gont ai ni ng an a@ﬁﬁ"@é"é‘éﬂﬁéﬂ?ﬂ%@?%ﬁn@t Tefge P&‘&“‘ﬂ%g‘f%ﬁ?@n{‘}ggﬁ%ﬁsf Shsgeni c
mouse enbr yos additonal génetprodags oBFE flabrespiice ixstdbltpspetiesitiepundent,\anl o&i ed. The

use of a reporter gene enabled the direct 25 identification of enbryos and
Ve ot fspr | nde NS MITOREVY ARG rrinaveef SHaTS0eS TUCORPRe dRor 21 n ar o

not intendsd teptohRtr, aftl inlati@scopis iMiging KTd in@eask thelfludreséent itknbicl sFEGRRONI ze t hat
R L RN ST S T S TR
of the inventiEBEGFRE1 avaliable &6\ GénteciABordio: e i ntind the'idehediarRakly €agent s.
PC T/US99/181 ]igomoter of human CMV and SV40 polyadenylation signals to drive expression of
the EGFP gene in mammalian cells.
20
Mixing of spermatozoa with vector fragment containing a desired transgene.
Spermatozoa prepared as above may be mixed with the vector
fragment without further preparation (fresh) or after they are subjected to one of the
three membrane-disruption protocols, described above. In a typical mixing
25  procedure, 1 pl of a DNA solution containing a vector fragment (about 2.5 ng/pl)
is mixed with 9 pl of a suspension containing about 2 to 5 x 10° spermatozoa in a
physiological medium, such as CZB or NIM, and mixed by pipetting to give a final
DNA fragment concentration of 7 ng/pl. The mixture is incubated at room
temperature (about 25°C) or on ice for about 30 seconds to about 5 minutes,
30  typically about 45 seconds to about 3 minutes, more typically about one to about 3
minutes, preferably about one minute. The concentration of sperm and DNA

fragments may be varied, as well as the incubation times and temperatures,



All inorganic and organi c conpounds were purchased from Si gna Chem cal Co.
(St. Louis, MD unless otherwi se statod. Harvested oocytes were kept in CZB
medi um (Chatot, et al., 1989. 5 J. Reprod Fert. 86, 679_%‘%"%@% o]
coi njection of exogenous DNA and nenbrane-di srupted spermo ranat ed
sperm heads. CZB nedi um conprises 81.6 mMM NaCl, 4.8 mMMKCl, 1.7 nM Cad 2,
1.2 raM MySRé.00/d968 ™M KHXPO-, 25.1 nM NaHC03, 0.1 nM NazgEfdsssaddiieM
Na.lactate, 0.3 mv Na.pyruvate, 7 Umnm penicillin G 5 Um streptonycin
sulfate, and 4 ng/ M bovine 10 senun al bum n (BSA). The nedium for oocyte
coll ection from oviducts, subsequent treatments and m cromani pul ati on was a
nodi fi ed CZB contai ning 20 nM Hepes) a reduced anpunt of NaHCO3 (5 tnlvl)
and BSA (3 ng/m). This nmediumis herei A5t ermed Hepes- CZB. For

m croinjection purposes, it was preferred to replace the BSA in the Hepes
CZB with 0.1 nylependinglopthegize af o egmen\ox the sizeiofidie spermp panshihe likg,Rsaver age
nol ecul ar mass A kept the wall of the injection pipette
| ess sticky ovel&rl a O(])tﬁgge:r&%gﬂﬁége%g time than BSA and was beneficial during
repeated use of a singl eMsrginje¢tionpbthe migture of speapasozoalandBNAofragneent isansf er s.

The pH of both ' g@? i gat el A4 I ErTBRIAR j Qns were
carried out inuEEaggg- u ?‘gt%gé)%& %%?&'@B@euhﬁgg(?yshl nergﬁ%qxﬁﬁéaﬁq room

t enper at ur & ( 23vithirporie h@dr f5p@in demembranatidne nedi um used for isol ation of
fresh spernmat ozoa was CZB nedi um Freeze-thawed and rehydrated freeze-dried

spermat ozoa were suspended in either CZB nedium or nucl ear isolation nmedium
(NI'Tvl) consi stThegecipiedOacPtessM KCl, 2.6 mM NaCl, 7.8 mM NaHzP04, 1.4 nmM

KlizPO4, 3 nmM Nal EDTA. Jts.pH 25 v e s adj.usted to, 7 b ddi ti on of
a smal |l quantity of 1 MHAF %Pg%csjfbaimt 8?8%'?‘31?“8%4’& _r‘ﬁ%g'?tcf "wer e
har\é_estedt| n ghﬁdlmnigdoﬁlmm«a@tged}r}bmgﬂﬂhmem&@ealggm;aﬁicﬁl?nvitra,%SI\B/I A](‘j ter
washi ng, e an rm he wer e suspen in r medi um
ARer i ncubg(?i o™ °f‘ﬁe%’§§f%gt |W$%P“ﬁ$’m%awpef'ﬁéj§%a’éﬁ'ﬁﬁ‘§ % he

g xt Er e vvais su%gb?easzpﬁb) obthifled? 07 f(éai;ﬁé,ag&ndmgxgéugla\e}r\gaggblsotggfzﬂﬁﬁwoo, | CN

i ocheni cal s, sta Mes o epr uar .

PCT/ US/ 18118 SRR 12l §."%Fﬂ%ﬂ‘% Qs 8HRF PofRRes don fspmRley sPauetialng ai ned

i n accordance \dinkhisthton Wf dejuingesndohurhdie chatlvaicagoradowsphii | andesurgiesl at t he

University of Hawaii and those prepared by the Comjttee on Care d Use of
Labor atory Ani HaNEste afjpxs shortlx pReavEIaRen (e ofiodH hes i dissomehatonal

Resear ch CpsinCiestrdubiEdY dathdsti€ adt] 2o DO houlrd Midr Ihe@fse? 3f estrBivd i@k dow ahd85) . The
protocol of animal handling. and treatnment was reviewed and approved by the

Ani mal Care and3®b keymAfet e onset of gtrouminthe wpysg). oWheag s poly ppss LE 1

Cocyt e prepar atdb@h itidatir€odeiies, ey afexbRhred f 2imddRNich) prbmbilgomdiinGs uk@r €
i nduced to supeyovul ate by consecutive jnjections of 7.5 |nt z"rr?ﬁ{;'bonal
Uruts (ILI) pr have prosgessest tonMgolatisn 15 SpPKn aadr yitne PRURHAR o oni ¢
gonadot ropi n ( IN&hodd For TUM &f ithmaBiR@Bdvinefoabytésapdddreritied i M@ o8/01H41] aidect i on,
cumul us- oo%t e canpl exes were ) ) .
for immature mouse oocytes in Eppig & Telfer (Methods in Enzymology 225, 77-84,
Academic Press, 1993).

The stage of in vivo maturation of the oocyte at fertilization has been

previously reported to be significant to the success of in vitro nuclear transfer
methods for producing embryos. It is known that the chemistry of the oocyte
25 cytoplasm changes throughout the maturation process. For example, a cytoplasmic
activity associated with maturation, metaphase-promoting factor ("MPF"), is high
in immature oocytes at metaphase of the first meiotic division, declining with the
formation and expulsion of the first polar body, and again reaching high levels at
Met II. MPF activity remains high in oocytes arrested at Met 11, rapidly diminishing
30  uponoocyte activation. In general, reports of mammalian nuclear transfer describe
the use of Met I oocytes as recipients. Met I oocytes are of the type ready to be

activated by fertilizing spermatozoa. When a cell nucleus is introduced into the



collected fromoviducts and treated with bovine testicul ar hyal urorudase
(300 USP U m; ICN Biochem cals, Costa Mesd, CA) in Hepes-CZB nediumfor 3

m nutes to disperse cunulus cells. Prior toinjectionvvi& er | ei,
the oocytes were rinsed and stored in CZB nedi um under ni lée?rgparg}zﬂb':?

equi | i bratgdid@e.2% (v/iv) C2 in 20 air, at 37C for up L@r/ﬁ BeHis EXAVPLE 2
Prepar ati on 01‘ ?resh spermat ozoa Fresh spennat ozoa were colTected fromthe

caudae epi di dynes of 25 B6D2F1 nmale mice. Wile applying finger pressure o
each epididyms, its distal portion was punctured with sharp forceps. A
dense sperm mass 00zing out of the epididyms was transferred to a petri
di sh. Drops (about 2 pl) of spernmatozog were placed in the bottomof 1.5 n
pol ypropyl ene m crocentrifuge tubes (Fisher Scientific, Pittsburgh, PA) and

overlai d w t heyfeplastOoCantunifdrtiKz68 Me ¢ abyteAf 4. Sdne Hithi High! NEFRF RAvigf), thoout 20
mn, the upper 0.4 m _of ,rregl um was_ col | ected and exam ned. Over 90% of the
sper mat ozoa i #Poledeenyglope St das ‘(“&bﬁf‘@‘k Felbhreaks dawp gnd ghrgmatiyeagdenses, ) wer e

actively notifeulting it the TORNARR V1 HSEPhA IO 24 EXAMPLE 3 Preparation of
freeze-thawed spermatozoa PCTI US99/ 18118 Freeze-thawed spermat ozoa were

prepared according to RedpPisatassesprRirgigally haryested framyidvgts appasytenni t t i ngham

and R YaBagi ghshs cell- coRpRtikeandpti&itin a bhlred edhi, sh39 s Hepésaf2y, drops of
spermat ozoa obtained fromthe cauda epididym s were placed in the bottom of
éwmédrﬁppﬁ

1.5 nl pol ypr@gdive deseribgd belowly Cummliscelisnae ing eRZYmMe, war m CZB.

After about 2Qucffiad ¢issHdvine R8icAP Hyaflrchidthe ©g 360 URPRENGAL! RATC. The )
suspensi on contai ned approxi nately g to 10 X 1%)6 sperm per . An aliquot (
100 p. 1) of tPearmprenticals, SostaMesn G It isprefemed that cumulusifre® oboytes are -

pol ypr opyl ene, i oL ‘di*ﬁ ) N qgual

vol une of CZBk%I*agfﬁﬁl]%&nH t &gr%svm '88@%?&?‘?\%? S?q%?%@(‘ﬁf@\bgemﬁe final
concent r a0 on3B$°Q, abfierminerahal (8% asrthg%vaileble) fromdsBeSquibklagd Seds, quot s (50
pl) of each s i i Ent I m cryogenic vials
(A'S N JING, cié%%%ﬁé’g’ﬁﬁ>f¥ﬁ%§éﬁmi°ﬁgﬂ&§f2°§*°?ﬁ %ﬁk‘?‘?@%‘ﬁ%ﬁ'@a and placed directly
into a -20C or -50 C freezer or liquid 15 nitrogen (-196 C). Al sanples

were stored f er | Lha fromone.day_to : ks. For thaw ng,
vials were reﬁ%e\fglocr okn (r)‘%?r']eét%gg#?%e g°r”8r°°ﬁ"§d¥a‘ ‘N {e?é(%zé‘ﬁﬁgnd pl aced in water
or air at 24-26C for abtiskndh thiatnin the s@nyel, sorofal fehtdizhticn/ead bs padrieved uspensi on

was examned %or. tility.and “viability" b rciall 20 avai | abl e
sperm vi a‘gi | X/m{cgg?g 'ﬁ?l? ‘\é? E‘f%i‘&%‘%d“‘&&?éf‘ﬁ é}ﬁﬁ%ﬁ%%smaaaf’d ?rgf)o&%l inc.,
Eugene, OR), membmaey iahd chllhedileicompd@ue. ardl hots pémial dan aofmazembryo t he
absence of raffinose we non-nptil e .and "dead" % %Br ne disrupted). At.
least 979 of  SPEPRREN, oL PiSYsand, Peaps, mesCRommen JabpraeY SOUPls HS
t enper at ur e Weaxeeptiorad‘in that £spaiilcendosuthe. is #dt refaived forwethabforilimatdn amptNsi on was
washed once apd. resus nge iﬁn 400 ul CZB nedi um ﬁ;i or Lo mxing wth J
exogenous DNA' “rﬂgs?‘lfﬂ{% Aubization othe sperm, Sentrosere i, thq prekyragipnlale, o
M Croscop, aspeirhdtoldbh af dectiried td-degandiatd Within tht Sdcyetafienfertilizatidar est in the
menbr anes of the acr osqnmal cap. 30 . . )
contrast, in most other eutherian mammals, including cattle and
humans, the sperm centrosome plays a central role in the formation of the
microtubules which are essential for the union of male and female pronuclei, as well
as in the subsequent cleavages during embryonic development. Therefore, in these
25  species, the introduction of both a sperm nucleus (head) and a centrosome into an
oocyte seems to be essential for the production of normal offspring. It is not known
at this time whether the sperm centrosome from all species can survive freeze-
thawing, freeze-drying or demembranation by detergents. If not, a centrosome from
an unfrozen sperm must be injected into an oocyte together with the freeze-thawed,
30 freeze-dried or demembranated sperm head in order to secure normal embryonic

development. Introduction of excessive numbers of centrosomes, however, would

result in abnormal pronuclear development and abnormal embryonic development.



10 February 2003 WO 00/ 09674 PCT/ US99/ 18118 25 EXAMPLE 4 Preparation of
rehydrated freeze-dried spermtozoa Rehydrated freeze-dried spermtozoa
were prepared according to the nethods described in T. é_aq)éana ?&g’ R_
Yanagi machi, Nature Bi otechnol ogy 16, 5 638-640," 1998, a s opendi ng
U.S. Patent Application, Serial No. 09/177,391. Briefly, an aliquot (100
pl) of the wosqpmeai on of nouse spermat ozoa, S - preparedp@Gusdosalis bed
above, was transferred to a 1.5 m pol ypropyl ene m crocentrifuge tube and
m xed tharoughly with one ml of either CZB medi um wi t hout EDTA containing 4
ng/ M BSA, or Dul becco's nodified Eagle's nedium 10 (DMEM' suppl enent ed
with 10% (v/v) fetal bovine serum (Hycl one, Logan, UT). After incubation
for 30 minutes at 37.5 C, the upper 0.3%to0 0.5 mM of the nediumwas renoved
fromthe tube. The suspension contai ned approximately 3 to 10 x 106 sperm
per m. An aliquot ( 100hpsentresomelienogpailyigitachsdeithst tothopesteriorend pfthe 2 ni
anpul e 15 (Wegioft nofd Gl thd Grterbér!duif Lol it spbltn csiiufilh B SheRd L0 i rect |y
into liquid nitrogen. Ten m nutes |ater, Sgrrpul es were placed 1n a precool ed
(-SOC) fi-eezeseprratel. atfhug hthel spormn centeasorae dngy dpsingeried Motie|thel @026, VirTi s,

Gardner, NY). I H Q[ i ) Lol out 12
hours | ater, t%ﬁlﬁ asl%iym‘gg’qgé%\%Wfﬁg he @%&%%éﬁﬂgﬁ?ﬂt&n&o@gen filled
wi t h ar gon 5supgp dosstcistyveiimsgrtiof ofia spesm thilyi ng jar 20 (Fi sher Scientific)
Pittsburgh, PA, Catal ogue No. 09-204). Each anpul e was connected to a
vacuum punp and frane-seal ed after nore than greater than 99% of the gas
was punped out Imskrtion. of Apgrmatazoseudeusrintiorecpigbt gocyteapped wi t h al um num f oi |
and stored in the dark S9emte agaguge Labo%tect%a] C}h r at 4 C. For
rehydration, an anmpul e coORtarti ng Yreeze g PedeB&rmYor eg'grcé‘ag%u%s above
was broken andnddéic fdid ifto dle stoplasadofithd recipient eocptd e irf spediécinavhipgH the t 0 form a
reconstituted sperm suspension. .Disruption of .th nbr anes was confirmnmed
by el ect roff i STRRBIYF SEES, Bt e heft (sen) ) P JARERe | <
cl earest in t hdirseyintathe sytopladnh6f suetipizarodkyte 8 a nd€roinjetAorrebtiiquey 2003 WO
00! 09671 26 EXANPLE P%{i 991 18118.Pr0?§g ation of lDema‘g‘or.tgn ted Sperm
Heads. Sper nat 9% Pretppg o SHCTR-CPBUFCR: rAENSRCFS AP A Mg 2 Tnely
choppi ng two ceiadad; réfyidehied ¥R se-dited Spdnf htadCori dendni¥ramacd pdrmetiedd fritd 4 er i ng t he
5 resulting sperm suspensjon. to rod“c .a fipal .volune of 900 W . For
Triton X-100 e¥XFPRAL posyte. hgpicqy elpgmiepllydriy ey micrapingfiRs W% Tri t on X- 100 was
?ddegoto trﬂed900 pl of glﬂﬁtﬁblspi&ﬂﬁami | mﬁivmghiﬁthaﬂd{n?rMaméoTPi&?raFi on
or seconds_qn i ce. .S re pellete . cent ugation for 1 min. at
20! 000 x g at Misromapyartitrg g Deive fit b Bir Tkt HhBhbRAkN 1 bef or o
repel l eting fOken? Jipaf).atThe Onib Qfllides Ghedpiezo electric effect to advance, in a highly

controlled, rapid manner, the (injection) pipette holder a very short distance

(approximately 0.5 pm). The intensity and duration of each pulse can be varied and
20  areregulated by a control unit.
For injection into an oocyte, a single spermatozoon, in the mixture
of the sperm/sperm heads and exogenous nucleic acid, is aspirated tail first (if it has
a tail) into an injection pipette having a short, flat tip with an inner diameter of about
5 pm housed in the piezo electrically-actuated unit according to the instructions of
25  the vendor. The sperm head and tail are separated by applying a single or a few
Piezo pulses to the neck region. The head is then drawn deeply into the pipette.
Alternatively, as single sperm head in the mixture of spermy/sperm heads and
exogenous nucleic acid may be aspirated into the injection pipette, for injection into
an oocyte.
30 Throughout the coinjection of the sperm head (nucleus) and
exogenous nucleic acid, the oocyte is anchored by a conventional holding pipette.

The tip of the injection pipette containing a selected sperm head is brought into



10 2C. The final pellet was resuspended in 400 pl of CZB or NIM

Denenbr anati on of the sperm heads was confirmed by el ectron m croscopy, as
illustrated in Figure 1 (B). Disruption is clearest in tjgg %nbrggs of the
acrosomal cap. 15 EXAMPLE 6 Preparation of Transgenes Th ESfuaY green

fl uorescentydubsi 1 (EGFP) tnansgene was a large (3.5 K Fﬁ;gg ~Bam Hl
figment of pl z(i’sm'd pCX- EGFP. The fragnent harbors an EGlt'P gen?algé?pressed

finma strong cytomegal ovirus-I|E-chicken ~i-actin enhancer 20 pronoter
conmbi nati.on, but |acks a eukaryotic origin of replication. [H Nwa, K
Yamanura, J. Myazaki, Gene 108, 193 ( 1991 ); G Zhang, G Vanessa, S. R
Kai n, Biochem Biophys. Res. Commun. 2218 707 (1996); T. Takada et al.,
Nat ure Bi otechnol. 15, 458 (1997)j. The 3.5 kb fragnent contai ning the EG-P
gene was o:ot aiiﬂﬁﬁatbgbgtﬁcg\eﬂi‘ ﬂxeﬁo:ﬁgelldaiﬁa}armd bﬂea@@ehligﬂlii%tpblsésf{ﬁsh:]gestri ction
enzynes Sal 25 G and Bam H n urifpe t hods,. kno to those
SKilled in theonreller seffing F‘é"l&éﬂ“j °‘%§Vb‘5$»iﬁ*?§“ﬁy 4-Rlage 2palie P%?F&ﬁt"? of
px- C@ELacZ we &;fpatgtﬁlae?ﬁhmfﬂégel?@i asgative P&eskm% Mmﬁa:wﬁn Ok tiheT the andTﬁal

: e px- ac o |l-Sa ragnent cks a replication orjgin. e
~3- gal act osi dRiRFiehrs passed @wusktbeme elhicidgy e fesuiant 2001t UG s SKeslled it | on
signal . 305! n wepRivraIARE spabdird thespern Red iDplsA¥Y forwdrd UAQITER efthdipasm d pCX
LacZ was obtained by digestion with Sal Q@ and Pst | to produce a pCX-LacZ
Sal 10 Febr uthe Pinste THOPIGHE W thep apposeiiathy plagma merabraps and adyancedy nent .

PCX-LacZ is a @isfatd/fid bpisitd fallofiieTobyte) andith lbldiRe piptRd 21MB R SedcRes'thd! aced by’
one t hat encod(?at‘s%‘F ~3-gal?i§(s:lt osi dase. Eng{C/PLE 75 rglggaation %fc cnsixtures ol ~

DNA fragment s epesitssiderniithy epstes ot hgecsviea The eprteplamme membrapg chodove,
ei ther fresh Odeeff inthgihdtVarbiid dﬁ%bﬁﬂ@hf&ﬁ&ﬂn&?epﬁﬁoﬁépﬂiﬂﬁﬁﬁ of one

menbr ane-di sruption protocols: freeze-thaw ng, freeze-dryi or Triton

X- 100 ext Afct i tofwvo piedocpulses@atensity hr2aspepdal )f the aejerama is punctured @t the pivetiel ow. 10 A
vol unme of 1 ulg : Qibtg'\’a%ﬂ | e=TeNs LR P gene was
m xed with 9 ptllﬁ’)%f&@ﬁaé previ oggﬁﬁhgﬁggﬁe spe%ﬁggghgzghg%ﬁﬁgﬂf@éht aining 2
to 5 x 10' speFhespemorepd isthen qxpeliedimfo tthe applasm avithi amminindig a@eenti(abogirent

concentration ﬁ% Lh-Aar A L. .Qf.: 4 .. d or Xho
I/Sal A fi- agér;él%{fsa&\%e“ggn ea sgﬁplgéf{% e é%rﬁ%%fﬂé\‘nmt “9‘5“3‘&8 [ b@r ?%ﬁ%ef of the
sperm 15 sus peis e gentlyovithidvawng leaving the BewlyGntroduc&liidad svithiinf thegyteplasm
concentratikon 4 /81 . t.LV: .| riments
I n which sllsnglcgqjus1 ggcy%uﬁ'(sa@&gﬁéggé@s@sea \%/gigﬁ gstg%'g{"%/ ﬁeﬂr%(tac?’gﬁf gd(rrgf y0S
coexpressi ng tauwytegwhich ht ablrother simes)hre nmdintaivedinicnjtee tomlitionsper m heads were
m xed, prior to inj ecti,on i th .ransgenes, . .,. e, I 0 DNA 20 .
sol ution containing pCx- wvuﬁ?mé%eﬁé\rﬁ gl?qf’l-na%lﬁ%hn%com'?nﬁg alggér?gght ration
2.5 ng/pl) andpipdiid emploRal m@ béesed forfthagpimiadtiop pravadure. oA examplt nbm 2. 5
ng/Pl). The ab gy g g R GE R o A SP ShHofing W ofenti S ppBRE 18! Sibellg 4 0Om
20 sperm head into hamster oocyte, is described in Yanagida, K., Yanagimachi, R,
Perreault, S.D. and R.G. Kleinfeld, Biology of Reproduction 44, 440-447 (1991), the
disclosure of which pertaining to such method is hereby incorporated by reference.

Micro-coinjection of the exogenous nucleic acid and

spermatozoon/sperm head/demembranated sperm head offers several advantages.

25  First, spermatozoon/sperm head delivery by microinjection is applicable to a wide
variety of spermatozoa types, irrespective of size, morphology, and the like. Second,
microinjection allows carefully controlled co-injection (with the donor
spermatozoon/sperm head) of other agents, in addition to the exogenous nucleic acid
described above, into the oocyte at the time of injection. These are exemplified

30 below. Third, in the embodiment of the invention wherein insertion of the
spermatozoon/sperm head is by piezo electrically-actuated microinjection, rapid and
efficient processing of samples is afforded, thereby reducing trauma to sperm and



tenperature (about 25 C) or on ice for 1 mnute, and then mxed with a

pol yvi nyl pyrrol i done (PVP, average nol ecul ar wei ght 360 000) solution to
give a 25 final concentration of about 10% (w v) PVP. U%aﬁbé ment s,
to determne the effect of washing the sperm after |ncuba |on

plasmd fragment, the DNA-sperm m xtures were divided into two 5-pl
aliquots i nuRybbdde?d Yy after mxing and incubating with pC¥ ks P for
mnute. One aliquot (washed spern) was diluted and washed by m xing 30 vveII
with 50 p.I of ice-cold, fresh CZB or NIM Both aliquots were then pelleted
for 2 mn at 20,000 x g at 2C. The supernatant fromthe washed sperm
aliquot was carefully renoved and replaced with S ul of fresh CZB or NIM
‘The super nat ant 10 February 2003 WO 0@909674 28 PCT/LJS99/181 18 fromthe
second aliquot was used to resuspend its own pellet. (Therefore, this

sanpl e was not onemsedr)ergoirrgmaﬁmﬂaﬁnqnél’liermcutsofsmmmr(tgemhmzetﬁmct of
injection of the et(f)rzi-l rrlgrégtwalugne W tuho &gﬂ el %c lly-
sper mat 0zoa, a"*f“F’é A MRS RID LS Gonken og pagrrenﬁ'tc St pl asmi d
pCX- EGFP (7 nglaptuatedimidrdifjestinm affiorde d hightsiicoass ratgual voI umre of PVP 20%(v/ V)
prior to injection. For all experinents, the above-obtained m xtures were
then placed on a m croscope stage for mcroinjection, as described bel ow
Al'l injecti®ns AlwwaidimeeritmzhbmyteCZB medi um at room tenperat ure within one
hour of sperm DNA 10 m i Fll n one haour Triton X-100

m xi ng. EXAMPLE 8 M cr oi }S%e © DPRIGACRYIE FAY; eIaﬁ Y:il plegtioRafac o
ection of Spermdg&ad&caﬁﬂu@mmﬁomts isblatell head) ' Bplate@dpdrm @RENEES, A

m croi nj ecti on chanber was re ar ed enpl oying the cover, (10 mm.in depth)
of a plastic d|“§ﬁb6{f foectwmex 15’0%’? F“&}/‘B‘bﬁp‘ﬂ"é’é’ﬂec@cngf'ﬂ %é@\"m'@it al ogue

No. 1001 ). A rigyicaingppehd REiriflf datfobRatii  QF Ofik Slotind Néhepnftide b gtleed
dropl et was _placed along the center line of the dish. The first droplet (2

pl; 2 nmi*0di a?ﬁ%‘?”é?"f"‘tﬁasn!ccﬁc“?)‘l ofdhese fagtornisigt highly speciesespecifie becanssg 129

[W V] PVP, averagfe Seyesat aivald Wpin@bio Hoba iR Rreign JS)@cnéﬁﬁimd dropl et
(2 pl; 2 nmin dianeter) was the mxture of spermatozoa an fi ~agcnent)

prepared as abﬁ@eh?ﬁ%“tﬁb‘?lﬂpﬁ»b‘%a&taé@ie‘tﬁlcﬁﬁh hgshegn reported thationesuehd 6 mm
ong) was. HepeSofAlhAgh b 9KidcRn RGNS lEAR heudib8AScliPhglon Ve

covercd with mneral oil (E R Squibb and Sons, Princeton) NJ). The dish
was placed on tdhdhesacragemerf This Protgmroalied oscillin iscwspbily 3tragieble fiemamatirecont r ast

opti 05, M §5 0- Qi Piefiibthoa $) SifI0 HEdofg A a0 AR B TrsuROCY ! €5

was achi eved by t pi ezo-el ectric mcroinjector nethod described
previ ousl y) err;fp@;yiaﬁgoataneeaﬁw moghenaatinating| faptas thagis et repdily exrpctalle.ne Tech

Ltd. (Tsukuba, gubmbpd cbleEidd by %al@&hﬁcnﬂ&?sbc&ﬁﬁ%oé%ﬁ’h%@( PdRlr i C
effect to advance the pi E‘ette hol der a very short distance (e.g., 0.5

S lrm) at a time SS-dtisawy Whathes the raadily extrasiablegiseillinand tag feeac/hewt he pul se
were regul ated &M‘a&hhﬁ résRBhf kofi are biologically and chemically identical.

20 It is known that sperm heads sonicated in the presence of Triton X-

100 lose all components but the nucleus and perinuclear materials. Yet, when
microsurgically injected into oocytes, such Triton X-100-treated sperm heads
(having the nucleus and perinuclear materials, but no plasma membranes) can
activate oocytes as efficiently as intact spermatozoa.

25 As described in the our copending U.S. Patent Application, Serial No.
09/177,391 and in T. Wakayama, et al., 1997, supra, at least in the mouse, sperm-
borne oocyte-activating molecules must be resistant to freeze-thawing and freeze-
drying because the majority of the oocytes that survived the injection of freeze
thawed or freeze-dried sperm heads were activated and fertilized normally.

30 If in other species the injection of the sperm head does not serve to
activate the oocyte, activation may take place by parthenogenetic means, such as by

electroactivation, injection of one or more oocyte-activating substances, or transfer



10 February 2003 WO 00/ 09674 PCTNS99118118 29 For injection into an oocyte
prepared as above) a single spermhead in mxture with the exogenous DNA
was aspirated into an injection pipette (about 5 uM LD. @t e%nhe t'h&%%mhi ch
had been attached to the Piezo electric pipette drivi ng1 i ol e
spermat ozoa were used, a single spermatozoa was aspirated tail 5 first into
“the inj ecYOWOhette. The sperm head and tail were sepBSHYSRYIHIE applying a
single or a few Piezo pulses to the neck region. The intensity and speed
(frequency) of the pulses were regulated by the controller PVMAS-CTO |
(controller setting scales: intensity 2, speed 1 ). The heads were then
drawn deeply into the pipette and a s | volune (about 0.5 pl) of nercury
was placed in the proximal end 10 of the injection pipette. Dislocation of
the sper<rt h i i ?c@?eﬁ presents a
di ffcrence be‘?lav\ggr?og’ﬁgg #l?oeljg lgcéé%amtn z"gggﬁse?l n-t aecggglé‘farrgﬁ%ém&gnd
previ ous r epoReagenss cdpableofnuevi dmgmzmvmm)muhg (arrcambigetiersofactinating/F.

Meanwhi | e, a e croscope
stage in Hepes- Q%‘H{?}(j bl %&&g%@&tﬁ )eg’ ?’i %ﬁ#ﬂ;QQﬁﬂﬁ%&t%?p te and the
tip of Itlhe |gg:emint flwmmmdh gical \campdnmdslt géag |S oammbtlncatsgnelommdnl ctmnt? thet
zona pel | gci da iti ever zo-pul ses (jintensity
1-2, spee l'\'/!/%tores ciln ?%é""f)rloﬁ'&cﬁ%nv\ﬁfr! %”%"T’(mb‘%t" l?!legatl ve
pressure was ﬁph,laoﬁdednonbfﬂmbﬂm lkktEaddlepopixoﬁshﬂcmcmid.Sohadc@magd t hr ough
the zona pell yci a C rica |ec ona IIU|d.a|nthe

pi pette was ea’ﬁ'é'% Hﬁ%“?ﬂ%“ﬁ%i‘?‘@(efg Efét‘q‘fﬁéi f‘f’é‘ 8 of the
sper mat OZOﬁn mrﬂmﬁofowd Cbﬂ;@dvaiurx]gdomwﬁndaaﬁﬁludxhgsﬁnhﬂmﬁof?é injecti ﬁnd
pi pette, the ette advanae. chani its t reache
the opposite %ﬁ"féé kﬁ ?Pe 1on 'E°§>§“° X‘og:ﬂé d, jauomcin. (2 ed by
applyi ng 1o OretBarBll)eZ&noﬂhlhﬁ&S dfl r)ﬁ\aaﬁ\bfmeﬁr 2sigiapiagd (.., apQdndidpuiiegd of the

spermat ozoon was 25 expelled into the .oop gsmlt is estimated_t at about 1

picoliter (pl§2¥pshurae. and spBsqsHE): dﬂ‘i‘h‘&ri REP Sruhesseg v L3 5 pl aced
front he pipet Ey%lthixﬁiideW&&ﬁfeﬁ?ﬁhﬁfdphﬂ& or-laaﬁlbﬁiaﬁ&{sto?ﬂiéﬁ"ére% S e3e- | Y

w t hdrawn, |eaving the head of the ermat ozoon within the ooplasm All
i nj ections V\ei"é‘eﬁ\é’FaF‘Bﬁ"?Péﬂ"qaﬁdI%BEXQ‘@ZB‘%XF’BUWWF%W’@“@W‘E&W oocyte

was injected yidyfes WRhRPKTBP R for REhoUr [IREHT Yred CEB &R GotltARinger €
mcroinjected by this gpthod within 10-1 S minutes. Oocytes that |ysed soon

after inj¥ctidi oM scarded. 10 February 2003 WO 001 09674 30
PCTI US99/ 18118 I n experinents to determne the effect of injection of the
DNA fragment alone, w thout the coinjection of spermatozoa, about 1 pl of.

the Sal G BanPrrelepmentehembryop fapraduceNishiefytuses andofispringcri bed above, was

injected per 5 oocyte. F%il&@ﬁxgﬁroﬁﬁ&aﬁ%ﬁﬁaﬁdﬁe%b@otr&y%gcﬁﬂ:u?ed% vilgom
tenperature, the injected oocytes were transferréd to Caz-free CZB

cont ai ni ng 10uphisraarhes shei2-Bisll s{age lor mosila/blestaeyet ﬁggﬁgéﬂucbylﬂfcﬂ‘&l asin B at‘
5 ug/m) and bﬂﬁ&g%a‘%@cmﬁsf&ﬁ%%%wd%z&r Uty faSodtBahoth&e Not activated

by spernmat ozoa of spérm heads nmust be activated by other nmeans in order for
enbryoni ¢ devel opnent to take place. 10 Activation by strontiumions is one

art. and det o PagERbLEAEoK U SYGRAP Ber AR RubRud A0S0 Spebdl |0 11
09/ 132, 104, f Heads August 10, 1998, the disclosure of which
In one embodiment of the invention, micro-coinjection of the sperm
25  head and exogenous nucleic acid into an oocyte permits the introduction, prior to,
during, or after the injection of the sperm head into the oocyte, of one or more agents
with the potential to alter the developmental outcome of the embryo. For example,
an additional ribonucleic acid (RNA) or DNA may be introduced into the oocyte by
microinjection prior to or following coinjection of the sperm head and exogenous
30  nucleic acid. For example, injection of recombinant DNA harboring cis-active
signals may result in the transcription of sequences present on the recombinant DNA
by resident or co-injected transcription factors, and subsequent expression of



pertaining to oocyte activation is hereby incorporated by reference. The
use of cytoki nesis-blocking agents is well known to those skilled in the
art, for preventing 15 extrusion of the chronosones. Th? gigcl O?r‘ébg of U. S
Patent Application, Serial No. 09/132, 104 relating to bfSERPHAY
cytokinesis in oocytes is also hereby incorporated by reference. The
part henoge i y activated oocytes were then transfes B nmedi um
and incuba?’?’t(ghlﬁégynti nued under standard enbryo cul ture (l:,g‘ri: is%lﬂgﬁg) 20
descri bed bel ow. GFP expression by the enbryos was scored after 3.5 days in
culture, by the nmethod described bel ow. EXAMPLE 9 QOocyte exam nati on,
enbryo culture and transfer to surrogate nothers 25 Sper m head- exogenous
DNA-i nj ected oocytes were incubated in2¢ZB at 37 C under mneral oil
equilibrated in 5% (v/v) COz in air and exam ned with an inverted
M cr oscope 5- Genbaied protaifisewith ihasaonisiideffestonidesélopméent frihibiitecy factossnok a second
pol ar body were. .consi.dered nornal ly fertilized an ultured for 4 days in
CZB. Those rea‘ﬁ’ma}fﬁ’s‘f‘ﬁ%efﬁ’ﬁﬁﬂe rEa“%V%\%ﬂ“&?Bkr °r§?v§ﬁgr§e COPYPRY PP ed i nt o
me ﬁohuél eL [ n&nh@d’n@ﬁ aafviuryleag'aﬁisemmd oaaingtdepéleﬁlnhy iﬂri]ibito@glhbmms.f emal esl)
iC a een ted wWwth vasectom ze CD- 1 mal es.t hree,da reviously
to synchroni zeAg?E';‘B"r‘VBIHi ‘E‘“ﬁ%\?’éf@ﬂ%?ﬂ'&?yéet%fwgw)f‘mef%“ a ‘H’gd%ls{’)reri ne
endonet ri ust  Ansieadtivativdd) dabirt ably 120R7 MEHIBIdPP effctt By iftérdding Bird&iy18 number
of eight norul ag/ I,ast?glg;éétv\ere transferred i.nto each _horn. Femal es were

al l owed to del Vietheinpup AERUS) Without R franssriptgs, Wit the 90eytemt ur e mmal e

and femal e of f spri ng weReconMIAANDNASEhEE b StharsbelTuir8aude® b MR Théllkod! hei r
fertility. 5 EXAMPLE 1Q Exam nation of enbryos_ for the_ expression of a

transgene Thre¥ g invegtion ynay gomprisea fuactions!l feRlicop SANtaRAE 9¥s ONRYE exani ned

for expressi onepfesdsh fulk¥iom? bde4AAQ Bt BT £ ﬁasepmmﬁgwugiﬁ%t source
(480 nm wth fluorescein isothi oczanate filters. This enabled the clear

i denti fi cd0i ona eAToYJo 3bFgad dey | exporssiayrprofiley (Fes examyple, thaasamater
fluorescent, %ﬁ%h?&ife@fﬂhﬂedﬁdtéﬁ%ﬁﬁﬁ&?@y&epr&mw&e%ﬁ@pmwr%ﬁ\é@bxﬁ?mmr e
ingly. of the px-CANL

scored accord Expressi on .acZ ~3-gal act osi dase was

assessed i n daipe Zadyisygate, Insodyeedc PNJemhay reithier bes lpslpt same ppint dpgngur e

Bi ot echnol ogy - M o ¥ et tioh nper at ur e
i n phosphat e- bﬂrﬁ%‘?@%dé‘é&%ﬁﬁn? %;BESH?J%% %pélﬂegi.ilG r%gnt al {ﬁalﬁt?]:g tﬁ(%é%\i/ﬂlbslyl)e

f or mal dehyde) @phomed\thioughouiithe difel of yiteresulting Bamseerse ipdividyal. 8%¢ erbryos
were wash th ﬂmn?( M3 AP t 'Sgd',ﬂ% B6y Y pAfnS tsid by

i ncubat i oﬁgf ora‘g‘mﬁours %ISAS%?‘%%P@BA confal m"fgg""ss 5P /nﬁ?)s)aaﬂgan

pot assi um f er rielomerasel@r swpernkide tdismyitasen may rbgciptraduged intonte MPCYE, byand 5

brm- 4-chl or - G galith, Al RaBRlASIAMEARPELIS ARRodyl MO/ ). Enbryos

were 20 exam ne scared ght "'m croscopy.” I'n expefrinments in which
two transgenes were coinjected with the sperm heads, day 3 to 3.5 enbryos

were first scored for GFP expressi oWn for (3-gal act osi dase
expression, by the nethods descri be ve. For photograph, enbryos were

mount ed b@ween a ni cr oJodbstratt thd method ofthcinvention, the ability of thegreembmace
disrupted and/or demembranated spermatozoa to transfer into an unfertilized oocyte
a replication-deficient fragment of a plasmid containing an expressed reporter gene,
and the development of transgenic mouse embryos and live transgenic offspring
therefrom, was evaluated. The use of a reporter gene enabled the direct
25  identification of embryos and live offspring expressing the transgene.

The examples described herein are not intended to be limiting, as one
skilled in the art would recognize that other transgenes, spermatozoa and oocytes
from sources other than the mouse, and other physiological media or reagents may
be used in the method of the invention.

30



25 collected to show devel opnent and GFP expression before fixation and
staining to show LacZ expression. EXAMPLE 11 Exam nation of live offspring
for transgene expression 30 Live offspring obtained from epbryos i npl ant ed
in surrogate nothers, as described above, were exaninednﬁ%ggﬁ mx28§§s after
delivery for 10 Febnaary 2003 wo 001096~a PCTNS99118 t 18 32 expression
of ectopi VR ErP expression was clearly observabl e a$CHUEPEBHESKi n col or
under incidental illumnation froma WIight source (480 nn). EXAMPLE 12 5
Anal ysi s .of genom c integration of transgene Physical analysis of tail-tip
gatom ¢ DNA by Southern blotting or by polynerase chain reaction (PCR) was
performed. Tail-tip biopsies were perfaﬁned on 3- to 6-week-old, randomy
sel ected green nouse pups and their non-green littermates. The tail-tip

ti ssue was us : ion of total, genom c DNA by 10 net hods well
known to thosgqgs‘{zﬁllugﬁgﬁt'he art. Photography of the tails was under a

fl uorescent stereonicrodld ipLang peginigi compauntig Gvedelpurchanedf frdm SigmaFor
omnegapipian

Sout hern bl ot LS, ! Em sanpl e was digested with

Eco RI and pr(%g@]cﬁx\fdgﬁ(?%go@g%a‘g‘g%gg@% co‘%?d‘fragrrent of pCXEGFP. For

detection of the GFP geHayvesRgRouvpess wer keptne CZRimddidm (Chptatf etgbni®8Pc 15 DNA

per reactigon) i ng ,f C@T TTOG(ECACCAT GQ.GC and r rs

(TTGAATT Al TM&G@%"%@% %J&ﬁﬁc?eﬁ?’ﬁ%r? e °§Fn%al%t¥$oﬁ%par aneters

were 95C for Snembrangdistyptéd spearn dorOdéthdntbranhfedsgenn d headsO CCZBr médiumeconds,

Zalzch ?(r)pﬁgrzgiccgg‘g‘:r'sfﬁg gfé&éﬁ@@iﬁé@r&fiﬁﬁﬁfﬁiﬁﬁ@%ﬁ@ E&d’r‘ﬁ{de, 20 2

Expressi on of KH 050258 mM NAHOQ.09. Pl MNSEDTAS BT niI ONAlactare 0.8 GAMOT

Met aphase 11| cytes Exqgenaus Reporter- Encogdi ng r. Sperm Heads or
Bot h. Expr essi e J@&ﬁﬂﬁéﬁﬂﬁmwm“ﬂ%‘&&%g‘ﬂ] os that
25 had begq Clbrpafilmin(BSA)! Phefmiddiuin for 86dite RIlécEibn EBRIOVIdAAS ski¥equeRt €

prei ncubat ed for oneygg’cnute and then coinjected G-P was_detected by

epi | uor escendEERt 3aGRsjomanpulation was,a modified CLR containipg . 2Q wit Hepest aj ni ng,

as described aheitGed alttfint STNAHCD, €5 AM)lahd BSAQS &ig/rhl). TARInRdium i¥Merefy OpoOrti on

of enbryos containing fluorescing bl astoneres was | owest. (2699 when

pCX- EGFP DNA \gEed HeppseC£B o Foy mistaipigction pyrnosesy Havas Peeferred tp replace e cased to

hi gher val ues mqammeg@ézmmimm iHf1lalto R EPVR! @IPRatériasiublead been
subj ected to nenbrane disruption by,Triton X-100 64.;;?1,éfi eeze-t hawi ng
2

(82% , or 1§ r edy&ags prlkgulammags 103K 1) )ckecausa PYA kentdhe ¢he injeetiqfopr yar y
2003 WO 00/ 096fduc3dsshidi Svaed I%ﬁgeigcrﬁﬁ%‘fhﬁé tintBS A hER4s eRchcRX afef-acZ DNA

fragments and either fréeze-thawed or freeze-dried spermal so generated a
hi gh proport i dePepiad vse of agimgle pipetts for pultiple sperachepd/gogetrangters. (Ihe pHoduct
~3-gal act 0si dg3Both Fdhials Hﬂfr&cim&@l?!’ll@%ll S8yt imaRipd G VA SEhriididhe f M Xt ure
of two dil~"erent tg DNAs (respectively enCoding GFP and 5 LacZ) produced }
onbr yos. expr oSkl €ZB Glpps ) uhdegmunortl ol FoBviemgeranS @3¢ 19 2 '
ilTustrateg traReEPRRIC embryos produced by such a singlc-shot double

transgenesi s.
The medium used for isolation of fresh spermatozoa was CZB

medium. Freeze-thawed and rehydrated freeze-dried spermatozoa were suspended
in either CZB medium or nuclear isolation medium (NIM) consisting of 123.0 mM
KCl, 2.6 mM NaCl, 7.8 mM NaH,PO,, 1.4 mM KH,PO,, 3 mM Na,EDTA. Its pH
25  value was adjusted to 7.2 by addition of a small quantity of 1 M HCl.  Fresh
spermatozoa for demembranation were harvested in NIM and also treated by Triton
X-100 extraction in NIM. After washing, the demembranated sperm heads were
suspended in NIM or CZB medium. After incubation of the sperm (in CZB or NIM)
with exogenous DNA, the mixture was supplemented with PVP (average molecular
30 mass 360,000, ICN Biochemicals, Costa Mesa, CA).



Qocytes were mcroinjected with spermatozoa that had been preincubated with
a mxture of pCX-LacZ and pCX-EGFP tg DNAs. The sane enbryos are shown
(X400) after 3.5 days viewed by Hof frnan nodul ati on cont t,. mcr. opy
unstai ned 10 (Figure 2A), for GFP expression under |ong-5@€%‘?@%’é’?ﬁ6€480 nm
W light (Figure 2B), and stained wth X-gal for ~3-gal actosi dase

expressi on waoamwére 2C). Coll ectively, the foregoi ng dat apdpgdesadifs t hat

coi njection of menbrane-di srupted sperm heads and exogenous nucleic acid
into unfertilized oocytes can efficiently produce transgenic enbryos. 15
Sper mat ozoa that had been washed with fresh nedium after being mxed with
pCS-EGFP DNA retained the ability to produce fluorescent bl astocysts,
albeit with a slightly reduced efficien2y (63% versus 80%, conpared with

t heir nonwashe~ counterparts (Table 1). This suggests a rapid association
bet ween exogendmimdA and spermat ozoa during m xing (before injection). 20

To probe whet hcr asin‘ilﬂﬁ- J I i ! dg% te (after

injection), we injected spe?%%%@%%ﬁ%&%%g@gl a %‘,"th no

g\é\i ng before 'thwjgairtelhtm.ofm Iad)(?/sltwy @rpﬂa}fSéaide@drlderdmmeéen¢ﬁs (GFP)
expressi on, _even 0.pQsi tiMe cont.ro [ ,§ [ = haw sperm

headpCX- EGFP C&°§?§f&?§4§ﬁ‘§§\e§p‘@§ i anvf/g{rjge ‘i%@?’é‘g"ﬁn : ﬁrgég%‘é-thawed

sper m 25 henads Insttung efdtabatateiyt Resp@ikesH@EEnal ReS@tchfCpuptil (DHE Whiblicatio®0 pg/ pl )

produced bl ast oc r essi eryabl P. This threshol d of GFP

fetectton (cor PEADBNDA, E5Rtb, 3R80THE profaeTSbomi RaidRag BEPESATTRS T { o

" represents an sueredewal antdSappoovkd by mhk eiimels Cprer arndi Usd Comimiitey) stcthed. | n
contrast to coy;l% ecti op wi t.h a spermhead, injection of a simlar 30

quantity of GFPMVESEKRIHESHE did not precl ude good parthenogenetic

devel opment (98% of oocytes surviving injection devel oped to the

nmor ul a- bl ast ocyst stage) (' Table 1). %{ﬁg‘ er, none of the resulting

enbryos exhf bited observable tg 1E 1y 2003 WO 00/ 09674 34

expression. Hence, in the absence Oubytspedpirstivnds there coul d have been

little tg expression or epichr | _persistence of .transcrjptionally
active tg DNA. The dataM&‘“F%%g%i?&%@ Xi?@ fF’Bﬁ‘e&‘ccdwffFé‘?‘#‘fF@é?i on
associ ati on besRRNuRKOY ehHREmtIRNN Bh¢hs 8PS m&@ﬂﬂnﬁw RERnGhiECt ur es,

conceivably 5 involving predoninantly basic proteins o per.i nucl ear
matrix [F.J. L&FY® ganadgtropinand T} JU Bugpn c@@swcmsiomz@sﬁjﬁ) A hgRer

experiment g5 i NapdH. |FREALA! KuYs afl@ KEE Snjetiond chialus-S6tdcompleds wadt ai n at
| east one endonucl ease and at 25 C . | 'PCTNS99/ 18118 denenbranat ed

sper mat 0zoa quicRikeelpd framevidnes andipratediijthigving rstipularhyplprogidase GRP LS .
devel oprment [ Byu/iBiieReBigthemicals, Bb¥a Mesd, CR) fi-HéRs-CrBBhediuh36r/3 minlbgr ef or e,

it is 10 unlikely that the sperm genom c . used here, was damage-free)
consi stent wit I‘Pg‘ﬁ@"ffr‘é%‘@%éc’éﬁ- Erion ¢ imiestionwigh prepm puclel, the apgvirtWemsci | it at e
oocyt e- medi at eginted ahd 5628 AL 2 melithn RHG miner)tRi1RGRRbr¥RE 3% 4/6) GOhY 0S

cont ai ni ng_both G-P _positive and -negative bl astoneres (+/-

nor ul ae- bl 88t o@fsat3Y Gfferap te fdderrshead- pCX15 EGFP coi nj ection, but not after
i njection of pCX-EG-P DNA al one (Table 1). The frequency of such +/-
nosaics inplies that tg DNA integrati on was sonetinmes del ayed until after
the first S-phase of the cell cycl e EXAMPLE®S| . Such del ayed integration
apparently did not occur unl tiahlor injected with a sperm
head. One interpretation of t l?g’&ﬁ‘s tha@p@?ﬁ@é@?‘?{/ed material stabilizes
20 exogenous DNA wit hi n Frash sparmatozentwererolicdted fom theaeaudae epididgnesedfay ed

integratiogs | : ter] o i henot
Lhe oxogontys BORELAREAREE bR b iresslud b ARl Symis R henot ©9)

portion was punctured with sharp forceps. A dense sperm mass oozing out of the

epididymis was transferred to a petri dish. Drops (about 2 pl) of spermatozoa were
placed in the bottom of 1.5 ml polypropylene microcentrifuge tubes (Fisher
Scientific, Pittsburgh, PA) and overlaid with 0.2 to 0.5 ml CZB medium. After
30 incubation of about 20 min, the upper 0.4 ml of medium was collected and
examined. Over 90% of the spermatozoa in the suspension (approximately 3 to 10

x 10° per ml) were actively motile.



After sperm head- pCX- EGFP coi nj ection, the devel opnental potential of
enbryos decreased as the proportion that contained fluorescent 25

bl ast omeres increased {Table 1). In contrast, tg expressj| erm
head pxCANhacZ coi njection did not inhibit enbryonic de\jke)ﬁ%gﬁe[ahfé?@gb le 1
). Wthout being limted by theory, it is possible that this reflects a

del eteri ou‘goé?"?’g?,‘t o f GFP expression. That is) early eRET¥8H18 %evel oprent
may be exquisitely sensitive to the evolution of HZOZ that acconpani es

mat uratign of the GFP chronophore (R Y. 30 Tsien, supra). 10 February
2003 WO 001W9674 35 PCT/ US99118118 Expression of Transgene in Live

O fspring Produced After Mcroinjecti orb40f Met aphase |1 Oocytes Wth
Exogenous Reporter-Encodi ng DNA or Sperm Heads or Both. To determ ne

whet her genom c integration of tg ucts 5 could be denonstrated in
the live offspring (founder mce), sperm heads that had been subjected to
one of the three menbranePoépanitipni of Areszeothashed epermatazosoi nj ected with

o for % o' 15 173, R S EnRiS, Uk GRSt

transferred t alesambed ga¥eWabayamasD.GhONbittingham\aed R. Yianagithachit) Reprole basi s of
fluorescenge. Ph vy ngl.ysi s, of i ntegration ) exam nation
of tail -tig bléﬁtg’:}gg ﬂr‘gzhjlg ?gngﬂ‘\é{%’?’?ﬁs EC‘L&?{E‘*‘W "trbmeél\é%% SAtTol ni ce,
{/\I/: _usth{ at _erﬂ [ @Ei@u?s?awél‘é\bh):edaiﬂ'tﬂleﬁbm?ftﬁﬁ\ﬁp)oolymﬁﬂﬂﬁ@tdm eifupe tuh&lﬁiafd I ong-\A/ay§
: r -fluar n n m ‘
Vi sual'i zed t hiROGRe M S aER AR ebgﬁt*&rﬁ%%??f“&ﬁw%%ﬁf@%ﬁeof :
of f spri ng wer anddidi @€ tbllecdd! ITheaagRasion comkinal apiixanstEiy 31k BpIESsi on in
b ane i or UBEP Pt AbabelaBT B of bp SEn ShRrirOS Fasrelioa Sy ot |
devel opmend t guitpRIyptopPlete mdiRaitiRkeube indaixed Bbroufity With &6 eof
menbrane di srupted sperm hﬁl%gs_ 12%toﬁ3_40/2, but relatively | ow corapared

with rates obtAfAEdnE R Rt de%i(wfY) BX(F)pthiposs, The hinabequseptaionys i n t he

absence of exqgedmbie was 183 er 0¥4) ,%&ﬁﬁﬂ ; &lﬂﬁl&&%ﬁoﬁﬂ of Whdtsudpemsignesul t s
illustrated in Table 1. The datgﬁi@ndi cate }itehat enbri)fo’s that contain

GFP-negat i ve c¥rt 4spepiediingp dabelpd bm) crygeamis dals (/B rrapsapgemo&achyi t h cel | s

that are all REgiwal Hghiy _ dir&@Aintola\ 80 ¢ §rSHe O GebRpbr iRy €d
negative are likely to have ari'sen fromnosaic enbryos that contained 25

bot h GFP- pdsi thitrechriP6 o gAl samples averestored forperiodsyangingfym greday g fowout  bei ng
bound by theoryeekd.t is believed that coinjected pCX-EG-I' DNA may have a
del eterious effect on both pre- and postinplantati on enbryoni c devel opnent .

However) it is not knowRontheyeing vialsiere remoned from therfresees or Hgnid Aitragston

devel opnment | $ng pEROSRAMRAGSE aftfat $426°P IR 3B6RM0Min Ol dahPlIURREMEReOf |
exogenous DNA per se. 30 Physical analysis of tail -tlg total genom c DNA by;
)]

Sout her n bl ot tspefp uspension vap)exapingd ferapotility gnd Svighilitys by ieepmopageiallyl 1 f ounder
mouse |ingg that; oY ] PIRS Jnd.NCl udi ng
one_ that | ihs. FRmH) jrteh Sl &, ki (RERERTFGIRGR, RRIEHI Mped ooy T ool

8118 Eugene, OR), as described herein above. All spermatozoa frozen in the absence of

raffinose were non-motile and "dead" (membrane disrupted). At least 97% of
spermatozoa frozen in the present of raffinose at any temperature were non-motile
and "dead".

25 The thawed sperm suspension was washed once and resuspended in
400 pl CZB medium prior to mixing with exogenous DNA.

Disruption of the membranes was confirmed by electron microscopy,
as illustrated in Figure 1(C). Disruption is clearest in the membranes of the
acrosomal cap.
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phenotypi cal ly negative, but whose biopsied tail tip exhibited G-P
expression. In three cases, the tg was denonstrated by PCR in founders that
| acked detectable green fluorescence. without being bou t he

bel i eved that the nonexpression of the tg is due to |oca 6&’5 2@?‘%

el enments at the tg integration | ocus. Southern 5 blot analysis of total DNA
fromcontrelodsedsgk, (W) (0) and from founder m ce numbgicg3odigirs0 9), 19
(>50), 28 (5to 9), and 41 (2), using a pCX-EG-P fragnent as probe is
illustrated in Figure 3B, where estimted tg copy nunbers per genone are
shown in parentheses. The Southern blot analysis indicated that tg copy
nunbers in founders ranged froms 1 to >50. This result resenbles the
pattern of tg 10 integration after prmmu23 ear mcroinjection. Both the

physi cal characterization of genom c pCX- EGFP DNA and the efficiency of GFP
expression suggest that tg DNA did EXAMRHEHgo gross rearrangenments on

i ntegration. PCR analy 0 Q0 30, 36, 47, 49,
control B6D2F1 (wt)) $I§"a9 %Jné @?&Seﬁlﬁerz %&si)gr:ﬂt’o gure 3C and
confirms the presence 1aiebfdrathrbﬁ@dmmpagmmmmwempmddhccﬁdm9toahd 28. A

random sel ecti gn ssin der.s s from
Table 2 and an"\eg‘agcl)su%%%‘g‘r‘é‘gw y@’“@gg‘ig‘wmb& ﬂ%crlﬂ'oo mal s and
produced | i%t e638-640,a1998pabd omamas)per(dixtgrmiSe)Patﬁt Ahﬂtciﬁonf, achnll Nof ounder S,

8 20 produced pressin P n.thelr skin,

requancy of 2R T1 P RR I afaior OGN Themenion 5t howss FomilbtPance i n
nost -cases waspreparsd sisedésctibedhabidvad edas atfangferred 1t ne tsaasrpo%ro@meﬁé a single
| ocus GFP gene. .Wi | e the |nv ntJ op has peen descr]

reference to t FucToRenifige B‘Sﬂ?@r‘l’gg y With one i, b°é Hné&é‘t"m%“that it

i s not intendedithéut'BDEA cdnh@mhg'WﬂigleCBEA @r DABesddR Ghddiffed FAEIEE nibdigd osed. On
t he contra% @Mh i ntended ,to ca all nodificatiogns and alternative
forms fall1%g SRR e M 111 (o] sl Bpvins sy (yRomsognAFBLE 1 1
vitro Culture af@ringubalibd fF 30 fiindés AR5 YO Ihe S :$¢b &b Wt of e Gheaiun ecti on of
Met aphase || Oocytes Wt h Exogengus Reparter-Encoding DNA or Sperm Hesds or

Both Total ror YESEMOVeTm the fube The,suspension qontamed appresmatelyd) todP xd03j nj ng
(LacZ) on day gpemhpgrmnt* Sperm ~ No. of mb - +/ +** Treatnent oocytes
(%9t pCX-EG-PNone (fresh)l 62134 (83)al001321apCX- EGFPTri ton X-100Q270212
(79) 7537100bpCX- EGFPFr e AN WP InE thesperm suspansion waxprtdrppbampitle) y 278154
(55) b2023I 14 16@&&“—8@%&5@%%H@WM&@& lunged directly into liquid nitrogen.
(73)374558bpx NLacZFr eeze dry1:§61(56 78 8% 6g6 CX- EGFPWashed153114

(75) " 43467 pchml%mmme%mn@s@l@r 7€) frepaguiiask attaghed FGEP 77
56 (79) 56 0 Oy @ségeﬁgystcﬁrmentd:@u GATRSGLAR:, 199).0 T REXpREER. al one -~ -
49 48 (98) . 48 0 O * ogenous 1%nh?nts vvereqt;& EGFP-IgamIlI-SaI d
or px- CANLacz- %af aRBF°’“‘BﬂP1Y E&milliforn Abgpt Bheuys latgy g flask wassrempvedifeons o e
colum with s Uﬂﬁrs%téin&tﬁ%r it fad 6URA fil1Bd with ergs.?maﬁﬁ&ﬂby ¥ Ak IaBfing jar

5|gn|f|cantly P < Val ues in the same columm w th Superscript "c" do

not differ2&ig ‘Fh’-‘éasﬁtql jfic, Pattsburghe BA; Gatalogue NogQ9209): Eachpumguls was +/ - m b
cont ai ni ng bot Rorihe&Bftoa vaGhunulpRRd Game-scaldd ¥adr nfbrOtan grkafer than 99% of

the gas was pumped out of it. Ampules were individually wrapped with aluminum

foil and stored in the dark at room temperature (about 25°C) or at 4°C.
For rehydration, an ampule containing freeze-dried sperm prepared
25  asabove was broken and 100 pl of distilled water were added to the ampule to form
a reconstituted sperm suspension.

Disruption of the membranes was confirmed by electron microscopy,
as illustrated in Figure 1(D). Disruption is clearest in the membranes of the
acrosomal cap.
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0O00Ooe 0O-nmacn-NOOW . 10 February 2003 WO 00/ 09674

PC f NS99/ 18118 38 TABLE 2 Devel opnent of Pbenotypicaliy Transgenic (G een)
Pups and Their Siblings SpermNo. ofmb Trans-Total + 10 Feb 2003

(gr een) Tr eat ment * Cocyt esf er r edt PupsPups Freeze-dryl11667 '°'ooruary

(4) 143**Freeze-t hawd753 (3)122**Triton X-100218150 (9)316** * Each rnw
records deV@WPHEnt of enbryos and pups produced from o8EFEYRYPnj ect ed
wi t h denmenbranat ed sperm heads and a fi~agi nent of plasm d pCX-EG-P. m b,
Mor ul ae- Ql ast ocysts. Val ues in parentheses show t he nunber of surrogate

not hers used as recipients in enbryo transfers. Tg expression: +, positive
pups are those expressing G-P ectopi cal in their skin. ** Values do not
differ significantly. 10 February 20 WO 00/ 0967d PCf/US99/18118 39 W
claim 1. A nethod for obtaining a h&mﬁﬁisc enbryo, conprising the steps
of co-inserting an exogenous nucl eic acid and a nmenbrane-di srupted sperm
head or a denenbranat ed Breparationafl Demembranated Sperin Headd. oocyte to 5 form a
transgenic fertilized o c_an hzed oocyte
to develop into a transgé%%ngmezg';m??gﬂm%wk#g °Q%{°§%$§%gﬁtgr%e@t“ 1er ein the
coi nserting st eppping e cavdhd epididyrhes ap0® mol W mCNIM arliiuyn, and filtéring the

i i nj Th th f 2, . Wh i | ei
e and« Re. nisTyE e G o s £ Sapieas 0t A THRAGETIE M1 o' ¢
cytopl asm of t &rattivihel G0 fiiof 0.8%OFtyin&NIMY of TiRomKt100 dvas hddaldas the D00 wher ei n t he

menbr ane-di sru ed sper m hea ed from er mat 0zoon t has bee
frozen and t ha W?fﬁigmé E'it‘fﬁ‘ti a% ‘{%ﬁg'c’e etit Y
menbr ane- di sr uw&;eq;enaafﬁy M&ﬁugﬂloﬁtﬁrall méf af 20,0000 g&hydc,aﬁxﬂdhérbegm)e dried

sper mat ozoon. 6. f cl wher e rm is a
denenbr anat ed F?é‘éf’ﬂ“@ﬁ%?g‘?ﬂ gm&eéﬁ’&hﬁ’é‘ﬂl 2%&@?‘?&?5 7. The
met hod of 1@l ai ;@, mmh?enettmre@mh&aendwﬁm(&mm head is 20 obtai ned

froma detergent-treate spernat Qzoon e nethod of claiml1, wherein
the unfertilized oocyt e Dmembrzatigmefshe spermohapde was copfrmed 8y &1estem Febr uary

2003 PC TNS99/ f:@dckéopy Cas Musthited inBitipnd gi) Tisty &vlsmﬁéﬁ'@ﬂkmrxﬂﬂh@§ert' ng
step conprises the substep of prerncubating he menbr ane- di srupted or
denenbr anat ed 9ifh¢ #Fresemal APt h t he exogenous nucleic acid for a first tine
period. 10. The nethod of claim9, wherein the first tinme period is about
30 seconds to 5 about 5 mnutes. 11. The nethod of claim 10, wherein the
first tinddperiod is about 45 seconBXAMPEE®ut 3 ninutes.

Preparation of Transgenes

I-

The enhanced green fluorescent protein (EGFP) transgene was a large
(3.5 kb) Sal GI-Bam HI fragment of plasmid pCX-EGFP. The fragment harbors an
EGFP gene expressed from a strong cytomegalovirus-IE-chicken f3-actin enhancer- g
20  promoter combination, but lacks a eukaryotic origin of replication. [H. Niwa, K.
Yamamura, J. Miyazaki, Gene 108, 193 (1991); G. Zhang, G. Vanessa, S.R. Kain,
Biochem. Biophys. Res. Commun. 227, 707 (1996); T. Takada et al., Nature
Biotechnol. 15, 458 (1997)]. The 3.5 kb fragment containing the EGFP gene was
obtained by digestion of the plasmid pCX-EGFP with the restriction enzymes Sal
25 Gl and Bam HI, and purified by methods known to those skilled in the art.
Purified lacZ-harboring linearized fragments of px-CANLacZ were
obtained by digestion either with Sal GI or Xho I and Sal GI. The px-CANLacZ
Xho I-Sal GI fragment lacks a replication origin. The (}-galactosidase encoded by
px-CANLacZ contains a nuclear localization signal.
30 In some experiments described below, a fragment of plasmid pCX-
LacZ was obtained by digestion with Sal GI and Pst I to produce a pCX-LacZ Sal



12. The method of claim 11, wherein the fast tine period is about 1 mnute
to about 2 mnutes. 10 13. The nethod of claim1l) wherein the exogenous
nucl ei ¢ acid conprises nore than one transgene. 14. The ﬂ&:hod of ééai m1,
further conprising the step of allowing the transgenic e tyupry 2889 el op
into a live offspring. 15. The nethod of claim 14, wherein the al I owi ng
step conpri substep of 15 transplanting the transggRigse yo into a
surrogate n‘gﬁ?o&mm The net hod of claim1) wherein the oocsgyt %d t he
sperm head are toma manmal . 17. The nethod of claim1l S, wherein the
manmal is selected fromthe group consisting of prinmates, ovines, bovines,
porci nes, ursines, felines, canines, 20 equi nes and rodents. 18. The net hod
of claim1l, wherein the oocyte and the gperm head are froman invertebrate.
10 February 2003 WO 00/ 09674 PCTNS99/f 8118 41 19. The nethod of claim1,
wher ei n t he oo@GliPet Bfisgridne pO¥«Lac Bsaddeativetiferof pCX-EGEP in whichmghEGFBNn, a

reptile or a bird alml wherein the oocyte and the
sper m head aregfff“dﬁfea‘a&@%ﬂneﬁﬂ ﬁemgd‘fsgiogatl@os das¢- abal one) or a shellfish. °
S~ 1. Anethod for obtaining a transgenic enbryo) conprising the steps of:
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B& () - gLs 10v@BR’ixtye of spermatozoa and DNA fragment, prepared as above. The third elongated
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was achieved by the piezo-electric microinjector method described previously,
employing the Piezo Micromanipulator Model MB-U by Prime Tech Ltd. (Tsukuba,

Ibaraki-ken, Japan). This unit uses the piezo electric effect to advance the pipette
30  holder a very short distance (e.g., 0.5 pm) at a time at a very high speed. The -
intensity and speed of the pulse were regulated by the controller.
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U& ()-!, & 30% firstinto the injection pipette. The spcrm head and tail were separated by applying
a single or a few Piezo pulses to the neck region. The intensity and speed
(frequency) of the pulses were regulated by the controller PMAS-CTO1 (controller
setting scales: intensity 2, speed 1). The heads were then drawn deeply into the
pipette and a small volume (about 0.5 pl) of mercury was placed in the proximal end
10  of the injection pipette. Dislocation of the sperm heads from tails disrupts the
membranes and, thus, represents a difference between the fresh spermatozoa used
in these examples and previous reports of live spermatozoa promoting transgenesis
by IVF.
Meanwhile, a mature unfertilized oocyte was positioned on a
15 microscope stage in Hepes-CZB medium. The oocyte was held by a holding pipette
and the tip of the injection pipette was brought into intimate contact with the zona
pellucida at the 3 o’clock position. Several piezo-pulses (intensity 1-2, speed 1-2)
were given to advance the pipette while a light negative pressure was applied to it.
When the tip of the pipette had passed through the zona pellucida, a cylindrical piece
20  of the zona pellucida in the pipette was expelled into the perivitelline space. After
the head of the spermatozoon was pushed forward until it was near the tip of the
injection pipette, the pipette was advanced mechanically until its tip almost reached
the opposite side of the oocyte’s cortex. The oolemma was punctured by applying
1 or 2 Piezo pulses (intensity 1-2, speed 1) and the head of the spermatozoon was
25 expelled into the ooplasm 1t is estimated that about 1 picoliter (pl) of the mixture
including the exogenous DNA was displaced from the pipette interior per injection.
The pipette was then gently withdrawn, leaving the head of the spermatozoon within
the ooplasm.
All injections were performed in Hepes-CZB at room temperature.
30 Each oocyte was injected with one sperm head. Approximately 5 to 20 oocytes were
microinjected by this method within 10-15 minutes. Oocytes that lysed soon after

injection were discarded.
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In experiments to determine the effect of injection of the DNA
fragment alone, without the coinjection of spermatozoa, about 1 pl of the Sal GI-
Bam HI fragment of plasmid pCX-EGFP in PVP, described above, was injected per
5  oocyte. After a recovery time of 5 to 10 min at room temperature, the injected
oocytes were transferred to Ca’-free CZB containing 10 mM SrCl, and the
cytokinesis-blocking agent cytochalasin B at 5 pg/ml, and incubated for 6 hours at )
37°C. Oocytes that are not activated by spermatozoa or sperm heads must be
activated by other means in order for embryonic development to take place.
10  Activation by strontium ions is one of many parthenogenetic activation methods,
known to those skilled in the art, and detailed in our copending U.S. Patent
Application, Serial No. 09/132,104, filed August 10, 1998, the disclosure of which
pertaining to oocyte activation is hereby incorporated by reference. The use of
cytokinesis-blocking agents is well known to those skilled in the art, for preventing
15 extrusion of the chromosomes. The disclosure of U.S. Patent Application, Serial No.
09/132,104 relating to blocking of cytokinesis in oocytes is also hereby incorporated
by reference.
The parthenogenetically activated oocytes were then transferred to
CZB medium and incubation continued under standard embryo culture conditions,
20  described below. GFP expression by the embryos was scored after 3.5 days in
culture, by the method described below.

EXAMPLE 9
Oocyte examination, embryo cuiture and transfer to surrogate mothers
25 Sperm head- exogenous DNA-injected oocytes were incubated in
CZB at 37°C under mineral oil equilibrated in 5% (v/v) CO, in air and examined
with an inverted microscope 5-6 hours later. Those with two distinct pronuclei and
a second polar body were considered normally fertilized and cultured for 4 days in
CZB. Those reaching the morula or blastocyst stages were transferred into the
30  uterine homs of recipient females (typically CD-1 albino females) which had been
mated with vasectomized (CD-1) males three days previously to synchronize

embryonic developmental stages with that of the uterine endometrium. A mean
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EXAMPLE 10
Examination of embryos for the expression of a transgene

Three to 3.5 days after micro-coinjection, embryos were examined
for expression of GFP by epifluorescence microscopy with a UV light source (480
nm) with fluorescein isothiocyanate filters. This enabled the clear identification of
nonfluorescent (non-GFP-expressing), weakly fluorescent, and strongly fluorescent
embryos and mosaics, which were scored accordingly.

Expression of the px-CANLacZ B-galactosidase was assessed in day
3 embryos, as described in T. Tsukul, et al., Nature Biotechnology 14, 982 (1996),
after a 5-minute fixation at room temperature in phosphate-buffered saline (PBS)
(pH 7.6) containing 1% (v/v) formaldehyde, 0.2% (v/v) glutaraldehyde, and BSA (5
mg/ml). Fixed embryos were washed thoroughly in PBS containing BSA (5 mg/ml)
and stained by incubation for 5 hours at 37°C in PBS containing BSA (5 mg/ml), 4
mM potassium ferricyanide, 4 mM potassium ferrocyanide, 2 mM MgCl,, and 5-
bromo-4-chloro-3-indolyl §-D-galactopyranoside (X-gal) (1 mg/ml). Embryos were
examined and scored by light microscopy.

In experiments in which two transgenes were coinjected with the
sperm heads, day 3 to 3.5 embryos were first scored for GFP expression and then for
B-galactosidase expression, by the methods described above. For photograph,
embryos were mounted between a microscope slide and a coverslip and images were
collected to show development and GFP expression before fixation and staining to

show LacZ expression.

EXAMPLE 11
Examination of live offspring for transgene expression
Live offspring obtained from embryos implanted in surrogate

mothers, as described above, were examined one to 4 days after delivery for
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EXAMPLE 12
Analysis of genomic integration of transgene

Physical analysis of tail-tip genomic DNA by Southem blotting or by
polymerase chain reaction (PCR) was performed. Tail-tip biopsies were performed
on 3- to 6-week-old, randomly selected green mouse pups and their non-green
littermates. The tail-tip tissue was used for extraction of total, genomic DNA by
methods well known to those skilled in the art. Photography of the tails was under
a fluorescent stereomicroscope equipped with a 480/440-nm filter.

For Southern blot analysis, 10 pg of genomic DNA per sample was
digested with Eco RI and probed with the 733-base-pair Eco RI fragment of pCX-
EGFP. For detection of the GFP gene, PCR was performed with 1 pg of genomic
DNA per reaction, using forward (TTGAATTCGCCACCATGGTGAGC) and
reverse (TTGAATTCTTACTTGTACAGCTCG-TCC) oligonucleotide primers.
Reaction parameters were 95°C for 9 min (1 cycle) and 94°C for 45 seconds, 60°C
for 30 seconds, 72°C for 45 seconds (40 cycles). PCR products were separated by
electrophoresis and visualized afier staining with ethidium bromide.

Expression of Transgene in Embryos Produced After Microinjection of
Metaphase II Oocytes With Exogenous Reporter-Encoding DNA or Sperm
Heads or Both.

Expression of GFP and f3-galactosidase was recorded in embryos that
had been cultured in vitro for 3.5 days after sperm and DNA were preincubated for
one minute and then coinjected. GFP was detected by epifluorescence microscopy
and B-galactosidase was detected by staining, as described above. The results are
illustrated in Table 1. The proportion of embryos containing fluorescing
blastomeres was lowest (26%) when pCX-EGFP DNA was coinjected with fresh
spermatozoa, but it increased to higher values when the DNA was coinjected with
spermatozoa that had been subjected to membrane disruption by Triton X-100
(64%), freeze-thawing (82%), or frecze-drying (87%). Coinjection of unfertilized
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10% u&' () - M t @QuenptesdingtBblacZ tg product B-galactosidase. Furthermore, coinjection of a sperm
head with a mixture of two different tg DNAs (respectively encoding GFP and

S  LacZ) produced embryos expressing both tg's from a single microinjection. Figure

2 illustrates transgenic embryos produced by such a single-shot double transgenesis.

Oocytes were microinjected with spermatozoa that had been preincubated with a

mixture of pCX-LacZ and pCX-EGFP tg DNAs. The same embryos are shown

(X400) after 3.5 days viewed by Hoffman modulation contrast microscopy unstained

10 (Figure 2A), for GFP expression under long-wavelength (480 nm) UV light (Figure

2B), and stained with X-gal for B-galactosidase expression (Figure 2C).

Collectively, the foregoing data indicate that coinjection of
membrane-disrupted sperm heads and exogenous nucleic acid into unfertilized
oocytes can efficiently produce transgenic embryos.

15 Spermatozoa that had been washed with fresh medium after being
mixed with pCS-EGFP DNA retained the ability to produce fluorescent blastocysts,
albeit with a slightly reduced efficiency (63% versus 80%), compared with their
nonwashed counterparts (Table 1). This suggests a rapid association between
exogenous DNA and spermatozoa during mixing (before injection).

20 To probe whether a similar interaction could occur inside the oocyte
(after injection), we injected sperm heads and pCX-EGFP DNA serially, with no
mixing before injection. We consistently failed to observe exogenous (GFP) DNA
expression, even though 75% positive control embryos (freeze-thaw sperm head-
pCX-EGFP coinjection as for Table 1) were fluorescent. Freeze-thawed sperm

25  heads coinjected with pCX-EGFP at 500 pg/u! (but not at 50 pg/ul) produced
blastocysts expressing observable GFP. This threshold of GFP detection
(corresponding to 50 to 500 pg of pCX-EGFP DNA per microliter) represents an
average of 15 to 150 molecules per picoliter injected.

In contrast to coinjection with a sperm head, injection of a similar

30  quantity of GFP tg DNA alone did not preclude good parthenogenetic development
(98% of oocytes surviving injection developed to the morula-blastocyst stage)

(Table 1). Moreover, none of the resulting embryos exhibited observable tg
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Curiously, we observed mosaic embryos containing both GFP-
positive and -negative blastomeres (+/- morulae-blastocysts) after sperm head-pCX-
15 EGFP coinjection, but not after injection of pCX-EGFP DNA alone (Table 1). The
frequency of such +/- mosaics implies that tg DNA integration was sometimes
delayed until after the first S-phase of the cell cycle after ICSI. Such delayed
integration apparently did not occur unless tg DNA had been coinjected with a
sperm head. One interpretation of this is that sperm-derived material stabilizes
20  exogenous DNA within the early embryo, thereby facilitating delayed integration;
in the absence of such material (for example, in parthenotes) the exogenous DNA
would be degraded before it could integrate.
After sperm head-pCX-EGFP coinjection, the developmental
potential of embryos decreased as the proportion that contained fluorescent
25  blastomeres increased (Table 1). In contrast, tg expression after sperm head-
pxCANLacZ coinjection did not inhibit embryonic development (T'able 1). Without
being limited by theory, it is possible that this reflects a deleterious effect of GFP
expression. That is, early embryonic development may be exquisitely sensitive to
the evolution of H,0, that accompanies maturation of the GFP chromophore (R.Y.
30  Tsien, supra).
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10  analysis of tg integration was by examination of tail-tip biopsies from transgenic
mice and nontransgenic control mice, illustrated in Figure 3A(a) and Figure 3A(b),
respectively, under long-wave UV light. The green-fluorescent skin of the
transgenic mice could be visualized through non-green hairs. A high proportion
(17% to 21%) of offspring were transgenic with respect to observable GFP
15  expression in the skin (Table 2). This efficiency of expression did not depend on
the membrane disruption method used to prepare spermatozoa. Rates of zygotic
development to term were comparable for each of the three groups of membrane-
disrupted sperm heads (12% to 14%), but relatively low compared with rates
obtained after microinjection of similarly treated heads in the absence of exogenous
20 DNA.
These data are consistent with the results illustrated in Table 1. The
data indicate that embryos that contain GFP-negative celis are more likely to develop
to term than those with cells that are all positive. Additionally, some live offspring
that scored negative are likely to have arisen from mosaic embryos that contained
25  both GFP-positive and -negative celis at day 3.5 of culture. Without being bound
by theory, it is believed that coinjected pCX-EGFP DNA may have a deleterious
effect on both pre- and postimplantation embryonic development. However, it is not
known whether the inhibition of postimplantation development is a consequence of
tg expression or of the presence of exogenous DNA per se.
30 Physical analysis of tail-tip total genomic DNA by Southern blotting
(Figure 3B) or by PCR (Figure 3C) showed that all founder mouse lines that
exhibited green fluorescence possessed the tg, including one that was initially scored
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genomic pCX-EGFP DNA and the efficiency of GFP expression suggest that tg
DNA did not undergo gross rearrangements on integration.
PCR analysis of total DNA from mice 16, 17, 30, 36, 47, 49, control
B6D2F1 (wt), 3, 19, 28 and 41 is illustrated in Figure 3C and confirms the presence

15 of the GFP transgene in mice 17, 3, 19 and 28.

A random selection of 12 GFP-expressing founders (8 females, 4

males, from Table 2 and analogous series) were crossed with nontransgenic animals

and produced litters in all but one case (female). Of the 11 fertile founders, 8

20  produced pups expressing GFP ectopically in their skin, with a frequency of 27% to

50% (average - 40%). The pattern o tg inheritance in most cases was consistent with
Mendelian germ line transmission of a single locus GFP gene.

While the invention has been described herein with reference to the

25 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
modifications and alternative forms falling within the spirit and scope of the

invention.
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1 m-b, Morulae-blastocysts. Values in parentheses show the number of
surrogate mothers used as recipients in embryo transfers.
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5 form a transgenic fertilized oocyte; and

allowing the transgenic fertilized oocyte to develop into a transgenic
embryo.

2. The method of claim 1, wherein the coinserting step is accomplished by

piezo-electrically actuated microinjection.

10 3. The method of claim 2, wherein the exogenous nucleic acid and the
membrane-disrupted sperm head are coinjected into the cytoplasm of the

unfertilized oocyte.

4, The method of claim 1, wherein the membrane-disrupted sperm head is
obtained from a spermatozoon that has been frozen and thawed.

15 S The method of claim 1, wherein the membrane-disrupted sperm head is
obtained from a rehydrated freeze-dried spermatozoon.

6. The method of claim 1, wherein the sperm head is a demembranated head

comprising the nucleus and perinuclear materials.

7. The method of claim 6, wherein the membrane-disrupted sperm head is
20 obtained from a detergent-treated spermatozoon.
8. The method of claim 1, wherein the unfertilized oocyte is a metaphase II

oocyte.
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17. The method of claim 15, wherein the mammal is selected from the group
consisting of primates, ovines, bovines, porcines, ursines, felines, canines,

20 equines and rodents.

18. The method of claim 1, wherein the oocyte and the sperm head are from an
invertebrate.
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5 #£1. A method for obtaining a transgenic embryo, comprising the steps of:
obtaining a membrane-disrupted sperm head or a demembranated
sperm head;
mixing the membrane-disrupted sperm head or demembranated
sperm head with an exogenous nucleic acid containing a desired gene,
10 coinjecting the mixture into an isolated unfertilized metaphase 11
oocyte to form a transgenic fertilized oocyte; and
allowing the transgenic fertilized oocyte to develop into a transgenic
embryo.



