
CAVELIER 
A9OGADOS 

EDIFICIO SISKI 
www.cavelier.com CARRERA 4 No. 72-3 
cavelier@cavelier.com BOGOTA 8, COLOMBId 

Seæora Jefe do la 
DIVISION DE NUEVAS CREACIONES 
Superintendencia de Industria y Comercio 
E. S. D. 

It 

4 

TelØfono: (57-1) 347 3611 

SUPERINTENDENCIA DE INDUSrRIAY COMERCIC 

No. 06.039628. -00004-0000 
Fcha: 2008-08-27 16:31:31 Dep. 2020 NUECREACIONE 
Ira. 11 PATENTEIYU Eve: 379 FASENAClOruj 
Aat. 538 PETICION Folios: 2 

TrÆmite : 011 
Evento : 379 
Actuación: 538 

Referenda : Expediente No. 06.039.628 
Asunto : Solicitud do Patente para UN PROCESO PARA 

PRODUCIR PROTEJNA EXOGENA EN LA LECHE DE 
MAMIFEROS TRANSGENICOS Y UN PROCESO PARA 
PURIFICAR PROTEINAS DE ESTA MANERA 

Solicitante : STERRENBELD BIOTECHNOLOGIE NORTH AMERICA 
INC. 

Clase A61  0671027, A61  005/006, C12N 015/000 
Publicada en : La Gaceta No. 584 Del 31 de diciembre do 2007 
Fecha de Soilcitud : 26 do abril do 2006 

1. Yo, Emilio FERRERO, identificado como aparece at pie do ml firma, actuando 

como apoderado en el asunto do la referencia, atentamente, solicito se efectUe el examen 

de patentabilidad do Ia solicitud en referenda presentada do acuerdo con el CapItulo II del 

PCT y seg(in to establecido en el articulo 44 de la Decision 486 do la Comisión de la 

Comunidad Andina. Para tat efecto presento junto con este escrito el recibo por valor de 

$210.000.00, quo corresponde a la tasa fijada segün Ia dispuesto en Ia resoluciOn No. 

44372 de 26 de diciembre de 2007. 

2. Ruego atentamente a la Seæora Jefe so sirva ordenar que Se anexe este recibo 

para que so efecthe dicho examen y se continue con el trÆrnite do la solicitud. 

Seæora Jefe, 

COLO-1 5292-841-001-1 
ASG\AMG\JD-129442\WPCI 5292 
No. M-2008-129442\ASG 

EMILIO FERRERO 
T.P.A. No. 31.929 

NIT 860.041.367-3 



SUPFRINTENDENCIA DE INDUSTRIA Y Cth4ERCIO 

0. 
RECIBO OFICIAL DE CAJt4 : 08 - 45.911 
FECHA : JUN10 9 DE 2008 

NIT 1 800176089-2 

***C0NSIGNACION**** 

suPERlwTEN0 
DENDUSM’ 

COMERCIO 

UND  No. 06-03028- 
oo0O4-0000 

Dep. 
FeCha 20080627 16:3131 020 NUECR 

Tra. 11 PATENTEIVII 
Eve:379 FASENACIONALII 

M. 538 PETICION 
jQs: 2 

DEPOSITANIE TIPO PASO DANCO CUENTA No. PASO FECHA P80 Yr. PASO 

CAVELIER ADOSADOS CONSISNACION DANCO DE D080IA 062754387 2678328 09/06/2008 89,445000.00 

*$*** C U N C E P T 0 *$t* 

CANT. RENTISTICO. CONCEPTO TOTAL CONCEPTU 

1 50005-01-01 SOLICITUDES 114 FTC CAP-11 EXAMEN DE PATENHDILID 210?000.00 
1GIAL $ 210.000.00 

SON: DOSCIENTUS DIEZ NIL PESOS 

RESPONSADLE 4. 
RECIBO BE CAJA APLICADO AL EXPEDIENTE No.____________________________ 

Co 4(1’ 



Industria y Cornercio 
S UPE Ri NTEN DEN CIA 

DIVISION DE NUEVAS CREACIONES 

RADICACION EXPEDIENTE No. 06-39628 

EL EXTRACTO DE LA PRESENTE SOLI CITUD DE PATENTE DE JNVENC16N 

FUE PUBLICADO EN LA GACETA DE PROPIEDAD INDUSTRIAL No 584 DE 

FECHA 31 DE DICIEMBRE DE 2007 EL TERMINO HABIL SEIIALADO POR LA 

LEY EXPIRA EL 31 DE MARZO DE 2008 

NOTA: Dentro del plazo de los seis (6)meses siguientes a partir de (a fecha de publicaciOn 
en la gaceta de Propiedad industrial, deberØ sohoitar y cancelar al examen de 
patentabilidad so pens de qua la soIicitud caiga en abaridono, de acuerdo con lo 
establecido en el ArtIculo 44 de la Decision 486/2000. 

SE PRESENTARON OPOSICIONES POR PARTE DE TERCEROS. 

Si  NO X 



11111 IIIII 1111111111111111111111111111111 IHI liii 111111 fit 1111111 
USOO63959581 

United States Patent (10) Patent No.: US 693959958 81 
Stretchenko et al.(45) Date of Patent: May 28, 2002 

(54) METHOD OF PRODUCING A POLYPEPIThE FOREIGN PATENT DOCUMENTS 
IN AN UNGULATE 0 264 166 Bi 8/1996 

(7$) Inventors: Nikolai S. Strelchenko, DeForest VO 90,01541 2/1990WC)
 93/16729 9/1993 

Jefl1ey M. Betthauser,. Windsor; Gall 
wo 93/22432. 11/1993 

L. Jurgella, Madison; Marvin M. WO 94/07991 4/1994 
Pace, DeForest Michael D. Bishop, WO 94/19935 9/1994 
Rio, all of WI (US) WO 94i26884 11/1994 

WO 95/10599 4/1995 
(73) Assignee: Inilgen, Inc., DePorest, WI (US) 

wo 95/16710 6/1995 
WO 95/11085 6/1095 

(*) Notice: Subject to any disclaimer, the term of this WO 95/20042 7/1995 
patent is extended or adjusted under 35 WO 95/28412 10/1995 
U.S.C. 1$4(b) by 0 days. WO i 96/06165 2/1996 

WO 96/07732 3/1996 
(21) Appl. No. 09/354,276 WO 96/12793 5/1996 

(22) Filed: Jul. is, 1999 
WO 97/07662 .3/1997 
WO 97/07668 3/1991 

Related U.S. Application Data 
WO 97/07669 3/1997 
WO 97/12035 4/1997. 
WO 91/20035 6/1997 

(63) Continuation of application No. 09/239.922, filed onian. 28 
1999, now Pat. No. 6,011,191, and a continuation-in-pelt di 

wo 91/25412 7/1991 

application No. PCTIUS98/04345, filed on Men 5, 1998, wo 9717oo9 10/1997 1 WO 98/16630 4/199S and a continuation-in-part of application No, 08/812,851, 
Mod on Mar. 6, 1991, and a c uatiou.in-part of appli- OTHER PUBLICATIONS 

.cation 
(60) 

No, 08/812,031, filed on Mar. 6, 1997. 
Provisional application No. 60/073,019, filed on 29, }appell ci al (1992) �Current Opinion in Biotechnology 3, ,.ian. 
1998. 548-653/’ 

Wall (196) Theriogenology 45, 51-68." 
(51) mt. C1.7 ....................... C12P 21/00; A01K 67/027; lioudebirro (1994) J. Biotechnology 34, 269287.* 

C12N 15/00 Fulka et al (1998) BinEssays 20, 847,851.* 
Kono (1997) Rev. Reprod, 2, 74_.80.* 

(52) U.S. Cl. ............... ................ 800/7; 800/15; 800/16; Wolf et Al (1998) J. Biotech. 65, 99.110. 
800/17;’800/24 Mcinecke-Tillmann ot al (1984) Nature 307, 637-638. 

Domixakc ci al (1999) Bin. Reprod. 60, 1496.’1502.* 
(58) Field of Search ................................800/24, 8, 14, The Artificial Insemination and Embryo Transfer of Dairy 

800/15, 16, 17, 18, 4 435/69.1 and Beef Cattle: A Handbook and Laboratory Manual, 7th 

(56) References Cited edition, "Row to Inseminate Cattle-Techniques", The Inter-
state Pr/nters and Publishers, 1987, pp. 117_130.* 

U.S. PATENT DOCUMENTS Abeydera at a).., "Coeultnre with follicular shell pieces can 
4,227,381 A 10/1980 Sullivan at al. .. ........ ..... 62/223 enhance the developmental competence of pig oncytes after 

4,512,337 A 

4/1985 izvesids in vitro 

fertilization: Relevance to intracellular glutathione," S 4,664,097 A 5/1987 McGrath at a).............128/1 R UioL Rpivd. 58:213-218 (1998). 4,994,384 A 2/1991 Pratber at 

at............435/172.2 Ashworth ci al, "DNA microsatellite analysis 
of Dolly," 5,021,244 A 6/1991 Spaulding ...................424/561 Nature 394:329 (1998). 5,051,420 A 10/1991 Massey .................. 435/172.2 

Bellow et aL, "Embryo transfer: Application of traasvaginai 5,096,822 A 3/1992 Rosenkrans, Jr. 
ultrasound for performing amniocentesis in cattle," Therlo-at al....................... 435/240.1 genology 45:225 

(1996). 
5,160,312 A 11/1992 Welke] ....................... 600,4 Bondioli at al., ’Production of identical bovine offspring by * 

S 

5,213.919 A 5/1093 First at aL............... 435/240.2 5,227,301 A 7/1993 Turner at al. nuclear transfer," Theriogeno/ogy, 33:165-174 (1990). 
Btistad at., "Miniature swine: Development, 5,346,990 A 9/1004 Spaulding ...................530/350 ot management 

5,354;855 A 10/1994 Cccli et at................ 536/24.1 and 

utilization," Lab. An/m. Care 18:280-287 (1986). 5,439,362 A 8/1995 Spaulding ................424/185.1 (List continued on 
next page.) 

5,453,357 A 9/1995 Hogan .......................435/7.21 5,453,366 A 9/1995 Sims et al. Pr/awry 

Examiner�Deborah Crouch 5,496,720 A 3/1996 Susko-Parrish 
at aL,, 435,240.2 (74) Attorney, Agent or Finn�Foley & Larduer 5,589,582 A 12/1996 Hawley et al. ......... ...536i23.5 ($7) ABSTRACT 5,591,610 A 1/1997 Cech at a!...............435/01.31 5,612,205 A 3/1997 Kay at al. ....... ......... 435/172.3 5,633,076 A

 5/1991 DeBoer et a!...........435/172.3 The 

present invention relates to cloning tecimologies. The 5,645,986 A 7/1997 West at al. .................... 435/6 
invention relates /n part to immortalised and tot/potent cells 5,670,372 A 9/1907 Hogan .....................435/240.2 
useful for cloning animals, the embryos produced from these 5,831,141 A 11/1998 Lubon at aL .......... ,..... .. 800/2 C0119 nuclear 

transfer techniques, animals that arise 
5,849,992 A * 12/1998 Meade at ei. ................ .. 800/2 

,using 
from those cells and 

embryos, and materials, methods, an. 5,945,577 A 8/1999 SUce at a!....................800/24 

processes for establishing such cells, embryos, and animals. 6.011,197 A 1/2000 Strelcbenko at at...........800/24 6,147,276 A 11/2000 Campbell at a)..............500/24 16 Claims, 4 Drawing Sheets 



METHOD OF PRO!) 
IN AN 1 

This. application is a con 
No, 09/239,922, Jan. 28, 
which claims benefit of pvc 
filed January 29, 1998, 
Organisms from Immortali 
and a Ci? of U.S. applicatic 
6, 1997, entitled "Method 
and a CT? of application Sc 
Mar. 5, 1998, entitled 
Wending); and a CI? of U 
031, filed Mar. 6, 1997, 
Bovines" (pending), each 
by reference in its entirety i 
each of which priority is c 

1 
ICING A P1 
NGULATE 

inuation of U 
L999 U.S. 
’isional appli 
titled "Clot 
ad Totipotn 
Set. No. 081 
f Cloning A 
La! No. PT/ 
4etbod of 

. applieatio 
entitled "M 
which is It 
luding any 

FIELD OF T INVEI" 

The invention relates to the eloping 

BACKGROUND OF THE INV 

The following discussion f the backgr 
tionis merely provided to aid the reader in 
invention and is not Ædmitte to describe 
art to the present invention. 

Researchers have been dveloping me I 
mammalian animals over the past two 
reported methods typically include the ste 
a cell, most often an embryotie cell; (2) itt 
nucleus isolated from the cell into an e 
(e.g., the oucyte’s nucleuswa previously 
allowing the embryo to mature in vivo. 

The first successful nuclar transfer 
mammalian cells was reported in 1983, w 
isolated from a murine (mouse) zygote we 
enucleatSd cocyte and resultel in like offs 
& Salter, 1983, Science 220: 1300-.1302. S 
ers described the production of chimeric 
(e.g., embryos that contain a subset of col 
cantly different nuclear DNA from other en 
using murine primordial germ cells (PUC 
and can give rise to pluripotent cells (a. 
differentiate into other types 4f cells but d 
into a grown animal). Matsui et al., 1992. 
arid Resnick etaL, 1992, Nat4re 359:550;] 
Journal of Reproduction and ertiliryAbsp 
ety For the Study of Fitility, AnnU 
Southampton, 13:38. 

Some publications related to inurine 
stress the importance of steel  actor for cow 
cells into pluripotent cells. T4.S. Pat. Not 
5,670,372, entitled ’Pluripotet Embryonir 
Methods of Making Same," issued to }1ô1 
publications indicate that muine pluripot 
strong, uniform alkaline phosbatase stain 

AIthugb mnurine animals were never dc 
nuclear transfer techniques using embry 
progress was reported in the #eld of clonii 
animals. One of the first Succssful nuclea 
rnents utilizing twine embryonic cells as nu 
reported in 1986. Willadsen, 1986, Natu, 
decade later, others reported that additic 
cloned from ovine embryonic cells. Camp’ 
Nature 380:64-66 and PCT Publication 
Recently, another lamb was reprted to be cL 
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. application Ser. 
t. No. 6,01,197 
ation 60,)i3,019, 
ng of J3iojogical 
Cells" (pending); 
12,851, filed Mar. 
imals" Wending); 
IS 98/0434, filed 
lotting Animals" 
Set. Na 0/812, 

thod of Cloning 
reby incorporated 
awings, and from 

ON 

animals. 

ON 

of the inven-

coustitutip prior 

ids for cloning 
decades. These 
of (1) isolating 

arting the 
cell 

or 
ucleated opcyte 
:tractłd), and (3) 

rperiment using 
re the pronuclei 
inserted into an 

ing(s). McGrath 
bsequently, oth-

having signifu. 
sin the embryo) 
These cells are 
, cells that can 
not differentiate 
’ell 70:8414-847 
:ato ci al., 1994, 
2ct Series, $oci-
1 Confer  nee, 

luripotent cells 
arting Precursor 
5,453,257 and 

Stem Cells and 
an. Thàe Same 
nt cells exhibit 
1g. 

rly cloned from 
aic cells, some 
g ovine (sheep) 
transfer experi-
lear donors ’was 

320:63-65. A 
tal lambs were 
all et al., 1996, 
WO 95/20042, 
tied from ovine 

2 
somaic mammary tissue. Wilmut et at., 1997, Wature 
385:80-813. Some methods for cloning ovine 4nimals 
focu$d upon utilizing serum deprived somatic ovue cells 
and Us isolated from ovine embryonic discs as iuclear 
donor PCT Publications WO 96/07732 and WO 97/p7669 
Other methods for cloning ovine animals involved nampu 
atthgthe activation state of an in viva matured oocye after 

nucle4r transfer. PCI Publication WO 97f07668. 
Wh1e few lambs were produced, publications at dis-

o close 4loned lambs report a cloning emcioncy that is, t best, 
approtimately 0.4%. Cloning eciency, as calcutta ed for 
the pt vious estimate, is a ratio equal to the on or of 
clonoO lambs divided by the number of nuclear t. nafers 
used produce that number of cloned lambs 

Dc ite the slower progress endemic to the ft hi of 
clonin bovine animals, a bovine animal was clone using 
emb nic cells derived from 2-64 cell embryos This 
bovin animal was cloned by utilizing the nuclear ansfer 
techni ties set forth in U.S. Pat. Nos. 4,994,384 and ,057, 

20 420 thers reported that cloned bovine embryo were 
form by nuclear transfer techniques utilizing the in er cell 
mass Us of a blastocyst stage embryo. Sims & First, 1993, 
rheri 

Łnology 39:313 and Keefer at al., 1994, Mo!. 
Repro . ,Dev. 38:264-268, In addition, another pub ’� don 
report d that cloned bovine embryos were prepar d by 
nuclea transfer techniques that utilized POCs isolate from 
fetal "us. Delbaise et al., 1995, Reprod. Fert. Dc ’clap. 
7:121 1219; Lavolr 1994, J Reprod. Dev. 37:413-4 ; and 
PCI’ a plication WO 95/10599 entitled "Embryonic Stem 

30 Celi-L a Cells." However, the reports demonstrate that 
cloned PGC-derived bovine embryos never clearly evcl-
aped eat the first trimester during gestation. Similarly, 
embry rue stem cell (e.g., cell line derived from e bryos 
which re undifferentiated, pluripotent, and can esta lish a 

35 perro ant cell line which exhibits a stable kaiyotype), ESC, 
deny bovine embryos never developed past flIt -five 
days, p estimably due to incomplete placental develop cut. 
Stice e al., 1996, Riol, Reprod. 54: 100-110. 

Des ’te the progress of cloning ovine and bovine an als, 
40 there r mains a great need 

in 

the aft for method and 
materi that increase cloning eciency. In addition there 
remain a great need in the art to expand the variety a cells 
that Ca be utilized as nuclear donors, especially expa ding 
nuclear donors to non-embryonic cells. Furthermore, there 

45 rem ’ a long felt need in the an for karyotypically table 
perman nt cell lines that can be used for genome in pu-
lation d production of trartsgenic cloned animals. 

SUMMARY 

50 The resent invention relates to cloning technologies The 
invàdd ri relates in part to immortalized, totipotent cells 
useful f r cloning animals, the embryos produced from eec 
cells us g nuclear transfer techniques, animals that arise 
from di cells and embryos, and the methods and pro-

55 ceases r creating such cells, embryos, and animals. 
The esetu invention provides multiple advantages over 

the to  and methods currently utilized in the lIe! of 
mamma ’an cloning. Stich features and advantages inc ude: 

(1)1? pdnctxon of-cloned-animals from virtually any pa 
60 Of cell 1Th invention provides materials and method for 

repiograming non-totipotent cells into totipoteot cue, 
These $n-totipoterit cells may be of non-embryonic .or gin. 
This feature of the invention allows for the ability in as 
the phentype of an existing animal and then readily tab-

65 lish aprmarient cell line for cloning that animal. 
(2) Ceation of permanent cell lines from virtually any 

type of dl1. Permanent cell lines provide a nearly uni’ Lied 



Wiv 

US 6,395,958 BI 
25 

cloned embryo is subject to manipulation; (3) the manipu-
lation comprises the step of disaggregating at least one 
individual cell from a cloned embryo; (4) the manipulation 
comprises the step of utilizing the individual cell as a nuclear 
donor in a nuclear transfer procedure; (5) the individual cell 
is disaggregated from the inner cell mass of a blastocyst 
stage embryo; (6) the individual cell is disaggregated from 
a pre-blastocyst stage embryo; (7) the manipulation com-
prises the process of re-cloning; (8) the re-cloning process 
comprises the steps of: (a) separating the embryo into one or 
more individual cells, and b) performing at least one 
subsequent nuclear transfer between (Q an Individual cell of 
(a), and (u) an oocyte,;_. (9) the oocyte utilized for the 
subsequent nuclear transfer is an aged oocyte, (10) the 
individual cell is placed in the penvitelhne space of the 
e.nucleatod oocyte for the, subsequent nuclear transfer; (11) 
the subsequent nuclear transfer comprises at least onii of the 
steps of translocation, injection, fusion, and activ*niof the 
individual cell and/or the enucleated oocyte; (12) one or 
more cells of -the cloned mammalian embryo ansmg frcun 
thc.suhsequsnt nuclear transfer comprises modified:nuclear 
DNA,...and (13) the cloned mamalian embryo arising from 
the subsequent nuclear transfer may be subject to a subsØ-
quent manipulation, where the subsequent manipulation is 
Any of the manipulation steps defined previously herein in 
relation to immortalized cells and/or cloned embr’os. 

The term "individual cells" as used herein refers to cells 
that have been isolated from a cloned mammalian embryo of 
the invention. An individual single cell can be isolated from 
the rest of the embryonic mass by techniques well known to 
those skilled in the art. See, TJ.S Pat, Nos. 4,994,384 and 
5,957,420, previously incorporated herein by reference in 
their entireties. 

The term "subsequent nuclear transfet" as described 
herein is also referred to as a "re-cloning" step. Preferably, 
a re-cloning step can be utilized to enhance nuclear.repro-
grammiug during nuclear transfer, such that the product of 
nuclear transfer is a live born animal. The recloning step is 
distinct, since previous efforts towards re-cloning have been 
directed to multiplying embryo number and not for enhance-
ment of nuclear reprogramming. The number of subsequent 
nuclear transfer steps is discussed in greater detail bcrcafter. 

Any of the preferred embodiments related to the 
translocation, injection, fusion, and activation steps 
described previously herein relate to the subsequent nuclear 
transfer step. 

The term "inner cell mass" as used herein refers to the 
cells that gives rise to the embryo proper. The cells that line 
the outside of a blastocyst are referred to as the trophobiast 
at the embryo. The methods for isolating inner cell mass 
cells from an enibryp4re.*ell known to a person of ordinary 
skill in the art. See, Sims and First, 1993, Thoge,zotoy 
39:313; and Keefer et al., 1994, Mo!. 1eprod Dcv. 
38:264.268, hereby incorporated by reference herein in 
their entireties, including all figures, tables, and drawings. 
The term "pre-hiastocyst" is well known in the art and is 
referred to previously. 

The term "aged oocyte" as-used herein refers to an oocyte 
that has been matured in vitro or ovulated in viva for more 
than 28 hours since the onset of maturation or ovulation. An 
aged oocyte can be identified by its characteristically 
homogenous ooplasm. This appearance is to be contrasted 
with the pyrnotic appearance of young oocytes as described 
previously heroin. The age of the oocyte can be defined by 
the time that has elapsed between the time that the oocyte is 
placed in a suitable maturation medium and the time that the 

6 
oocyte is activated. The age of the oocyte can dramatically 
enhance the eciency of nuclear transfer. 

The term "ovulated in vivo" as used herein refers to an 
oocyte that is isolated from an animal a certain number of 
houts after the animal exhibits characteristics that it is in 
estrus. The characteristics of an animal in estrus are well 
known to a person of ordinary skill in the art, as described 
in refcrnces disclosed herein. 

In another aspect the invention relates to a method for 
preparinga cloned mammalian embryo. The method cam-
prises the step of a nuclear transfer between: (a) a totipotent 
mammalian cell, whore the cell is immortalized and (b) an 
ooyte, where the oocyte is at a stage allowing formation of 
the embryo In preferred embodiments, any of the embodi-
meats of the invention concerning cloned mammalian 
embryos apply to methods for preparing cloned mammalian 
embryos. 

Cloned Fetuses of the Invention 
2.0 

In another aspect, the invention features cloned mamma-
lian fetuses arising from totipotent embryos of the invention. 
Preferably, the mammalian fetuses are ungulate fetuses and 
more preferably the ungulate-fetuses are bovine fetuses...-,A 

2,1 fetus may i  -isolated .from the uterus of a pregnant fothale 
animal. 

In preferred embodiments, (1) one or more. cells of tbe 
fetuses harbot modified., nuclear DNA (defined previously 
herein); and (2) the fetuses may 1C subject to any of the 

30 1 manipulations defined herein. For example, one manipula-
tion may comprise the steps of isolating a fetus from the 
uterus of 4 pregnant female animal, isolating a coil from the 
fetus (e.g., a primordial germ cell), and utilizing the isolated 
cell  as a nuclear donor for nuclear transfer. 

Other aspects of the invention feature (1) a cloned mans-
"malian fetus prepared by a process comprising the steps of 
(a) preparation of a cloned mammalian embryo defined 
prOvious1y, and (b) manipulation of the cloned mammalian 
embryo such that it develops into a fetus; (2) a method for 

40 preparing, a cloned mammalian fetus comprising the steps of 
(a) preparation of a cloned mammalian embryo defined 
’previously, and (b) manipulation of the cloned mammalian 
embryo such that it develops into a fetus; (3) a method of 
using a cloned fetus of the invention comprising the step of 

45 isolating at least one cell type from a fetus (e.g., for creating 
a feeder cell layer); and (4) a method of using a cloned fetus 
of the invention comprising the step of separating at least 
QUO part of a fetus into individual cells (e.g., for establishing 
a feeder cell layer). 

so i 

Cloned Animals of the Invention 

In another aspect the invention features a cloned mam-
malian animal arising from a cloned embryo of the inven-

55 tion The embryo is totipotent and can arise from any of the 
processes or methods described previously herein. 

In preferred embodiments, the cloned mammalian animal 
(1) is preferably a cloned ungulate animal and more pref-
erably a cloned bovine animal; and (2) is equal in age or 

60 older than an animal selected from the group consisting of 
pre- and post-pubertal animals. 

In yet another aspect the invention relates to a cloned 
mammalian animal, where the annual is one member of a. 
plurality of animals, and where the plurality of animals have 

ss a substantially similar nuclear DNA, sequence. The term 
"stibstantially similar" in relation to nuclear DNA sequences 
is 4efined previously herein. 
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In preferred embodiments, ’(1) the pi 

five or more animals, ten or more animal 
more animals, and one-thousrnd or more 
the plurality of animals can have an identi 
sequence. The term "idenucal’r in rotercao 
sequences is described previously herein. 

In another aspect, the inveition relates 
mallen animal having one or more ccl, 
modified nuclear DNA. All of the prefeæ 
relating to modified nuclear DNA des 
apply to cloned bovine animals of the in 

In yet another aspect, the iivention fez 
using a cloned mammalian animal, enrol 
isolating at least one compor$nt from the 
mal, 

The term "component". ó used hero 
portion of art animal. Acompnent can be 
group consisting of fluid, biological fluid, 
gamete, embryo, and fetus, Precursor eel 
fluids, biological fluids, ce1, tissues, 
embryos, and fetuses isolated from clone; 
invention 

The term "gamete" as used herein i 
participating, directly or indrect1y, to the 
tern of an animal. Examplesl of gametes 
spermatogonia, nocytes, and oogonia 
present in fluids, tissues, and organs colic 
(e.g., sperm is present in semen). For CX1 
collecting semen for the puposes of arti 
are well known to a person of ordinary & 
e.g., Physiology of Reprodution and Arti 
of Cattle (2nd edition), Sltsbury et al 
1978; WFI Freeman & Co, San Franc 
invention relates to the collection of any I 
an animal. 

The term."tissue" is dflied previousi 
refers to any organ isolated rorn an anim 
an organ. examples of organs and t 
tissue, brain tissue, splen heart, 1 

pancreas, testis, ovary and kidney. Thee 
limiting and the invention relates to any: 1 

isolated from a cloned animal of the ii 
In a preferred embcidimnts, the mv r 

fluids, biological fluids,pells, tissues 
embryos, and fetuses can b subject to 
manipulation can comprise the step of 
gametes, embryos, and/or fetal tissues; 3 
can comprise the step of tiawing the e 
(4) the manipulation can cinprise the sic. 
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cloned mammalian embryo such that it develops into a live 
born animal; (2) a process comprising the steps of: (a) 
preparation of a cloned mammalian embryo by any one of 
the methods described herein for preparing such a cloned 
mammalian embryo, and (b) manipulation of the cloned 
mammalian embryo such that it develops into a live born 
animal; and (3) a cloned mammalian animal, comprising the 
steps of: (a) preparation of a cloned mammalian embryo by 
any one of the methods for producing such an embryo 
described herein, and (b) manipulation of the clOned main- ik 
malian embryo such that it develops into a live born animal. 

In preferred embodiments, (1) the live born animal is 
preferably an ungulate animal and more preferably a bovine 
animal; (2) the manipulation can comprise the step of 
implanting the embryo into a uterus of an animal; () the 15 

estrus cycle of the animal can be synchronized to the 
developmental stage of the embryo; and (4) the manipula-
tion can comprise the step of implanting the embryo into an 
artificial environment. 

The summary of the invention described above is not 
limiting and other features and advantages of the invention 
will he apparent from the following detailed description of 
the preferred embodiments, as well as from the, claims. 

BRIEF DESCRIPTION OF THE FIGURES 

HG. 1 illustrates multiple embodiments of the invention 
relating to the generation of immortalized, totipotent cells 
from precursor cells. The figure indicates that immortalized, 
totipotent cells can arise from embryonic stem cells, pri- o 
mordial germ cells, and cells isolated from an animal. The 
precursor cell sources illustrated by FIG. 1 are not limiting 
and other precursor cell sources are described herein. 

FIGS. 2(A -D) illustrates an embodiment of the invention 
related to cloning. The figure illustrates a cloning procedure 35 
in which (a) a precursor cell is reprogrammed into an 
immortalized, totipotent cell; (b) the immortalized, totipo-
tent cell is utilized as a donor for a first nuclear transfer, 
which utilizes a young oocyte; (c) the embryo arising from: 
the first nuclear transfer is cultured; (d) a cell isolated from 40 
the embryo arising from the first nuclear transfer is utilized 
as a nuclear donor for a second nuclear transfer, which 
utilizes an aged oocytc; and (e) the embryo resulting from 
the second nuclear transfer may be cultured and then 
allowed to develop into a live born animal. The embryos 45 

resulting from the nuclear transfers may be cultured and/or 
cryopreserved and thawed. 

PIG. 3 illustrates multiple embodiments of the invention 
related to pathways for establishing totipotent cell lines and 
cloned animals. Fibroblast cells can be isolated from any 
source described herein. This figure is described in further 
detail in the Examples section. 

FIG. 4 illustrates multiple embodiments of the invention: 
for creating cloned transgenic cell lines and cloned trans. 
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genie animals. This figure is described in further detail in the 
Examples section. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

60 
The present invention relates to cloning technologies. The 

present invention provides multiple advantages over the,: 
tools and methods currently utilized in the field of cloning 
technology. For example, the invention relates in part to: 
immortalized, totipotent cells useful for cloning animals. 65 
These immortalized, totipotent cells can give rise to methods 
of producing cloned animals by utilizing virtually any type 

of cell. For example, cells isolated from a live born animal 
can be reprogrammed into immortalized, totipotent cells. 
This feature of the invention provides the ability to assess 
the phenotype of an existing animal and then readily estab-
lish a permanent cell line for cloning that animal. As 
described previously herein, no methods in the art have 
allowed for such advantages. 

In addition, the immortalized, totipotent cells of the 
invention allow for creating permanent cell lines from 
virtually any type of cell. This reprogramming method is 
described previously herein. These permanent cell lines offer 
a nearly unlimited source of donor cells for nuclear transfer 
cloning techniques. Moreover, this feature provides the 
advantage of enhancing cloning efficiency due to the lower 
differentiation rates of these cell lines than existing cell lines 
used fci cloning. For example, embryonic stem cell lines can 
harbor multiple colonies of cells that are not totipotent. The 
totipoteut, immortalized cells of the invention harbor a 
higher percentage .of totipotent cells than cell lines previ-
ously reported. 

Moreover, the methods and processes for creating the 
immortalized, totipotent cells, totipotent cloned embryos, 
and cloned animals of the invention demonstrate the 
enhanced cloning efficiency over cloning tools and tech-
niques previously reported. In particular, the totipotent, 
immortalized cell lines and the refined nuclear transfer 
techniques of the invention provide for this enhanced clon-
ing efficiency. This enhanced efficiency satisfies a long felt 
need in the art. 

I. Immortalized and Totipotent Cells 
A. Generation of Immortalized and Totipotent Cells 

Immortalized, totipotent cells of the invention can be 
produced from virtually any type of precursor cell, Preferred 
embodiments of the invention relate to the following types 
of precursor cells (1) embryos arising from the union of two 
gametes in vitro or in vivo; (2) embryonic stem cells (ESC’s) 
arising from embryos (e.g., pre-blastocyst cells and inner 
cell niss cells); (3) cultured and non-cultured cells derived 
from the inner cell mass of etubryos, (4) cultured and 
non-cultured cells arising from a fetus; (5) primordial germ 
cells arising from a developing cell mass (e.g., genital ridge 
cells); (6) immortalized cultured cells arising from primor-
dial germ cells, where the immortalized cells are referred to 
as embryonic germ cells (EGCs) in the art; (7) cultured and 
non-cultured cells obtained from amniotic fluid; (8) cultured 
and nOn-cultured cells arising from an ovarian follicle (e.g., 
cumulus cells); (9) cultured and non-cultured cells arising 
from ’a liver (e.g., hepatocytes); and (10) cultured and 
nonictiltured cells isolated from an animal. 

�ESs and EGCs can be readily generated from methods 
known in the art. See, e.g., Stice at al., 1996, Biology of 
Reproduction 54: 100-110, hereby incorporated by refer-
en" herein in its entirety including all figures, tables, and 
drawings. See also, Strelchenko, 1994 Theriogenology 45: 
130-141. ESCa have been demonstrated to give rise to 
fetuses, from which primordial germ cells and EGCs can be 
derived. Therefore, ESCs are a nearly unlimited source for 
primordial germ cells and EGCs. 

Cells derived from an animal can be isolated from nearly 
any type of tissue. For example, an ear-punch can be taken 
from an animal, the cells from the sample can be separated, 
and the separated cells can be subsequently cultured in vitro 
by using cell culture techniques well known to a person of 
ordinary skill in the art. Preferably, cells of the invention are 
extracted from bovine animals. Examples of materials and 
methods for reprogramming primary culture cells Into 
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15) Changes in p53 expression or p53 mutations 
16) Heterogeneous rihonuclooprotein-A2 (httRNP-rj 

overexpression 
17) L-plastin 
18) Ganglloside fucosyl-GM1 S 

19) Mob-I expression (mob-1) (homology to proinflamma-
tory cytokines) These examples are not limiting and the 
invention relates to any markers specific for immortalized 
cells that are known in the art. 
In addition to markers for immortalization known in the 

art, markers for immortalization can be identified using 
methods well known in the art. For example, immortaliza-
tion markers can be identified by analyzing particular mol-
ecules (e.g., nucleic acid molecules and polypeptide 
molecules) that are unique to specific cell typed. 

In examples pertaining to nucleic acid immortalization 
markers, immortalized and non-immortalized cells may be 
subjected to analysis for nucleic acid sequence content (e.g., 
hybridization techniques with nucleic acid probes). Nucleic 
acid samples from particular immortalized cells and nucleic 
acid samples from particular non-immortalized cells can be 
screened for particular nucleic acid sequences. If samples 
from non-immortalized cells lack a nucleic acid sequence 
present in immortalized cells, then this nucleic acid 
sequence could be a marker for distinguishing immortalized 
cells from non-immortalized cells. Similarly, if samples 
from non-immortalized cells harbor a nucleic acid sequence 
that immortalized cells lack, this nucleic acid sequence 
could he a marker for distinguishing immortalized cells from 
non-immortalized cells. Similar methods can: elucidate 
polypeptide markers by utilizing polypeptide analytical 
techniques (e.g.. PAGE. SDS-PAGE, procedures comprising 
antibodies, and UPLC techniques known in the art). 

Identification of Totipotent Celia 

Totipoteut cells can be identified by a number of tests. 
Examples of these tests include: 
(1) identifying a marker specific for totipotent cells; 
(2) performing one or more nuclear transfer cycles with a 

cell (as described hereafter) and developing the resulting 
embryo into an animal. 
Markers can he utilized to distinguish totipotent cells 

from non-totipotent cells. Markers can he selected from the 
group of low molecular weight markers, macromolecular 
markers, cell surface markers, and intracellular markers. 
Examples of markers that may be suitable for identifying 
totipotent cells can he selected from the group consisting of 
alkaline phosphatase, cytokeratin, vimentin, laminin, and 
c-kit. These markers are well known to a person of ordinary 
skill in the art and these examples are not meant to be 
limiting. 

Some of these markers have been tested for cultured 
bovine cells being identified for totipotency. As noted 
previously, totipotent, immortalized bovine cells of the 
invention generally do not appreciably stain for alkaline 
phosphatase. Therefore the cells of the invention are to be 
contrasted with pluripotent cells discussed in previously 
referenced publications. It should be noted that some of the 
exemplary markers listed previously may not be specific for 
totipotent cells as some of these markers may exist in 
pluripotent cells as well as in totipotent cells. For example, 
although immortalized, totipotent bovine cells do Oct appre-
ciably stain for alkaline phosphatase, immortalized, totipo-
tent porcine cells may appreciably stain for alkaline phos-
phatase. Ihe invention relates to any markers specific for 
totipotent cells that arc known to a person of ordinary skill 
In the art, 
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arkers for totipotency that are not clearly defined in the 

can be elucidated by processes defined in the previous 
section, which illustrates methods for elucidating immortal-
ization cell markers. 

A preferred test for determining totipotency of cells is 
determining whether cells give rise to totipotent embryos 
and eventually cloned animals This test represents a defini-
tive test for cellular totipotency. An example of such a test 
includes the following Steps: (1) utilizing a potentially 
totipotent cell for nuclear transfer with an enucleated oocyte; 
(2) allowing the resulting cybrid to develop; 3) separating 
an embryo that developed from the cybrid into individual 
cells and subjecting one or more of the individual cells to a 
second round of nuclear transfer; (4) allowing a resulting 
cybrid from step (3) to develop into an embryo; (5) implant-
ing the embryo from step (2) or (4) into a uterine environ-
ment; and (6) allowing the embryo to develop. If the ensuing 
fetus develops past the first trimester of pregnancy then the 
cells initially used for nuclear transfer are most likely 
totipotent cells. If the cells utilized for nuclear transfer 
develop into a live born cloned animal then the cells are 
definitively totipotent. Examples of the techniques utilized 
for this exemplary test (e.g., enucleation of oocytes and 
nuclear transfer) are described completely in the art and in 
exemplary embodiments defined hereafter. 

Hence, the materials and methods provided herein are the 
first to feature immortalized totipotent cells for cloning a 
bovine animal. As described above these materials and 
methods can be applied to other ungulates due to the high 
degree ,f nuclear DNA sequence homology among ungu-
lateS. Using the tests for identifying immortalized, totipotent 
cells, the methods and materials described herein can be 
modified by a person of ordinary skill in the art to produce 
immortalized, totipotent cells from any type of precursor 
cell. Hence, the invention covers any of the materials and 
methods described herein as well as modifications to these 
methods for generating immortalized, totipotent cells, since 
a� parson of ordinary skill in the art can readily produce 
immortalized, totipotent cells by utilizing the materials and 
methods described herein in conjunction with methods for 
identifying immortalized, totipotent cells. 

II. Transsenic Immortalized and Totipotent Cells 

Materials and methods readily available to a person of 
ordinary skill in the art can be utilized to convert 
immortalized, totipotent cells of the invention into trans-
genie immortalized, totipotent cells. Once the nuclear DNA 
is modified in the immortalized, totipotent cells of the 
invention, embryos and animals arising from these cells can 
also comprise the modified nuclear DNA. Hence, materials 
and methods readily available to a person of ordinary skill 
in the art can be applied to the immortalized, totipotent cells 
of the invention to produce transgenic animals and chimeric 
animals. See, e.g., EPO 264 165, entitled "Transenic Ani-
mals Secreting Desired Proteins Into Milk"; WO 94/19935, 
entitled "Isolation of Components of Interest From Milk"; 
WO 93/2432, entitled "Method for Identifying Transgenic 
Pre-implantation Embryos"; and WO 95117085, entitled 
"Transgenic Production of Antibodies in Milk," all of which 
are incorporated by reference herein in their entirety includ-
ing all figures, drawings and tables. 

Methods for generating trausgenic cells typically include 
the steps of (1) assembling a suitable DNA construct useful 
for; inserting a specific DNA sequence into the nuclear 
goncme of a cell; (2) transfecting the DNA construct into the 
cells (3) allowing random insertion and/or homologous 
recombination to occur; The modification resulting from this 
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Target sequences from the aNA construf can be inserted 
into specific regions of the iuclear gen(me by rational 
design of the DNA construct ,Thes desigi techniques and 
methods are well known to a person of orclnary shill in the 
art. See, US Pat. No. 5,633,Q67, "Metho of Producing a 
Tranagenic Bovine or Transgen Bovine nhryo’ DaUber 
et ai., issued May 27, 199’?; U.S. Pat No, 5,612,205, 
Homologous Recombination in Mammaltn Cells,"Kay et 

al., issued Mar. 18, 1997; and PCT tiblication WO 
9/22432, "Method for Identifying Tansgenic Pro-

f Embryos," both f which are incorporated by 
reference herd in their entirety, inelu4ing all figures, 
drawings, and tables. Once the desired DNA sequence is 
inserted into the nuclear genme, the loeation of the inser-
tion region as well as the frequency with $icb the desired 
DNA sequence has inserted into the nucle4 genomo 

can 

be 
identified by methods well knwn to those ikiUed 

in 

the art. 
Once the transgene is mae 

the immortalized, totipotent 
nuclear donor for cloning a 
of the embodiments relat 
described in more detail hei 
A. Diseases and Parasites 

Desired DNA sequences 
cellular) genome to enhan 
transgcnic animal to part 
Examplós of parasites incluc 
Examples of infectious age] 
viruses. 

Examples of disc 
tuberculosis, foot and moo 
These examples are not lirni 
any disease or parasite or in. 
See, e.g.. Hagan 8r Bruners 
AP?bnalr (7th edition), Gilles, 
Cornell University Press, It] 

A transgene can confer re 
or disease by completely ab 
the symptoms of the diseas 
producing a protein which  

4 into the it clear genoine of 
U, that cell an be used:as a 

nsgenic 
al. A description 

to transge ic animals,are 
fter. 

ibe inserted into the (nuclear 
the resists cc of a cloned 

LIar parasite. and diseases. 
Worms, fiis ticks, and fleas. 
include bacteria, fungi, and 

les include Johne’s, UVD, 
I31V, BSE and brucellosis. 

.g and the in onion relates to 
tious agent own in the art. 

"ecrious Di sesofl)omeseic 
& Timone),copyright ’1981, 

.aN.Y. 
uance to a articular parasite 
gating or pa ’ally alleviating 
or parasitic condition, or by 
itrols the p. asite or disease. 
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36 
its of DNA Constructs and Production of 

4 variety of transcriptional and translational 
euences may be employed, depending upor 
o the host. The transcriptional and translati 

signals may be derived from viral sources, 
qvirus, bovine papilorna virus, cytomegalov 

or the like, whereas the regulatory signal; 
a with a particular, gene sequence possessing p 

gh levels of expression. Alternatively, prom, 
i rnalian expression products, such as actin, ca 

talbumin, uroplakin, collagen, myosin, and the 
a ployad. Transcriptional regulatory signals tnt 

which allow for repression or activation, so 
I ii of the gene product can be modulated. Of irit 

tory signals which can be repressed or initiate 
1 factors such as chemnicals or drugs. C 

of regulatory elements are described herein. 
ples of Preferred Recombinant Products 
ty of proteins and polypeptides can be encode 

I rbored within a DNA construct suitable for ccci 
i -cells,. Those proteins or  polypeptides in 

s, growth factors enzymes, clotting fec 
i roeins’rodptors, drugs, pharmaceuti 

ale, nutracetiticals, oncogencs, tumor antil 
ppressors, cytokizacs, viral antigens, part 
bacterial antigens and chemically synthet 
and polymers biosynthesized and/or modifie 

II. cellular and/or enzymatic processes. Spe 
* of these compounds include proinsulin, ins 

&moç, androgen receptors, insulin-like gri 
-insuiin-like growth factor 11, insulin growth 
iproteins, epidermal growth factor, TGF-a, TE 
growth factor (PDGE), angiogenesis factors (a 
t growth factor, basic fibroblast growth factot 
iin), matrix proteins (Type IV collagen, Type 
,larninin), oncogenes (ins, fos, myc, orb, arc 
or E7 transforming sequence, p53 protein, cyt 

.,
 

ILA, IL-6,IL-8, IL-2, a, 3, or yIFN, GM 
irai capsid protein, and proteins from viral, ha’ 

’tic organisms. Other specific proteins or pol 
bich can be expressed include: phenylal 
la-se, et-1-antitrypsin, eholesterol-7a-hydro 

apolipprotein B, lipoprotein lipase, apolip 
polipoprotein Al, LDL receptor, scavenger re 

d lipoproteins, molecular variants f each, 
binations thereof. Other examples are el 
apolipoproteins, drugs, tumor antigens, 
parasitic antigens, monoclonal antibodies 

1 antigens. One skilled in the art readily appre 
se proteins belong to a wide variety of ci 

and that other proteins within these classes ca 
These are only examples and are not meant I 

in any way. 

)uld also be noted that the genetic material w 
rated into the cells from DNAconstructs includ 
acid-sequences notnormaily found 

 
the ell 

acithuelecuies which am normally found in 
expressed at physio1ogcal signillcant 1ev 
acid sequences normally found in the -call 
expressed at physiological desired levels, (4) 

aud squences-wbieh can be modified for expr 
and (5)-any tombination of the above.: 

dillon, DNA constructs may become .incorp i 
nuclear DNA of cells, where the incorporated I 
:ranscnibed into ribonucleic acid molecules th I 
’titer RNA molecules at specific regions. R.ibon 
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acid molecules which can cleave RNA molecules are 
referred to in the art as ribozymes, which are RNA mol-
ecules themselves. Ribozyrnes can bind to discrete regions 
on a RNA molecule, and then specifically cleave 

a 

region 
within that binding region or adjacent to the binding region. 
Ribozyme techniques can thereby decrease the amount of 
polypeptide translated from formerly intact message RNA 
moiccuics. 

Furthermore, DNA constructs can be incorporated into the 
nuclear complement of cells and when transcribed produce 
RNA that can hind to both specific RNA or DNA sequences. 
The nucleic acid sequences are utilized in anti-sense 
techniques, which bind to the message (mRNA) and block 
the translation of these messages. AntisenSe techniques can 
thereby block or partially block the synthesis of particular 
polypcptides in cells. 

10 

1$ 

IlL Nuclear ’flansfer 

Nuclear transfer (NT) techniques using non immortalized - 
and non-totipotent cells are well known to a person of 
ordinary skill in the art. See, U.S. Pat, No. 4,994,384 
(Prather et at,) and U.S. Pat. Ne5,057,420 (M4asscy et al.).,/ 
All of  the advantages inherent to using -the immortalized, 
totipotent cells as described above are also advantages for 
NT techniques, specifically the fact that the immortalized, z 
totipotent cells are a nearly unlimited source of nuclear 
donors and that these cells increase the emcieucy of NT. 
Exemplary embodiments define a two-cycle NT technique 
that provides for efficient production of totipotent bovine. 
embryos. This technique can be applied to any mammal, o 
preferably ungulates. 
A. Nuclear Donors 

Immortalized, totipotent cells of the invention can be used 
as nuclear donors in a NI’ process for generating a cloned 
embryo. As described above, the immortalized, totipotent 

s 

cells can be generated from nearly any type of coll. For NT 
techniques, a donor cell may be separated from a growing 
cell mass or isolated from a cell line. The entire cell may be 
placed in the perivitelime space of a recipient- oocyte or may - 

7.
 

be dire.tly inject-ed uito-the-recipient oocy1 Ixyaspiraung ao 
the qucluar donor into a needle placing theneedle into the 
xecipiettt ooytà, relŁinirijthe nuclear donor and removing 
the needle without significantly disrupting the plasma mom-:’ 
brane of the 000yte. Alternatively, a nucleus .(aryoplast) 
may be isolated from a nuclear donor and placed into the: 4$ 
perivitelline space of or injected directly into the recipient 
oocyte, for example. 
B. i0YteS 

.Areciptciit oocyte is typically an oocyte with a portion of. 
its ooplasm removed, where the removed ooplasm comn- 50 
prises the oocyte nucleus. Bnucleatihn techniques are well 
known to a person of ordinary skill in the.art. See e.g., U.S.: 
Pat. Nos. 4,994,384 and 5,057,420. 

Oocytes can be isolated from either oviducts and/or 
ovaries of live animals by oviductal recovery procedures or $5 

tranavaginal oocyte recovery procedures well knowfl in the 
art and described herein. Furthermore, oocytes can he iso-
lated from deceased animals. For example, ovaries can be 
obtained from abattoirs and the oocytes aspirated from these 
ovaries. The oocytes can also be isolated from the ovaries of 60 
a recently sacrificed animal or when the ovary has been 
frozen and/or thawed, 

Oocytes can be matured in a, variety of media well kzzown 
to a person of ordinary skill in the art. One example of such 
a medium suitable for maturing oocytes is depicted in 

an 

6s 

exemplary embodiment described hereafter. Oocytes can be 
successfully matured in this type of medium within an 
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environment comprising 5% CO at 391 C. Oocytes may be 
ryopreserved and then thawed before placing the oocytes in 

maturation medium. Cryopreservation procedures for cells 
md embryos are well known in the art as discussed herein. 

The nuclear donor may be. incorporated into either a 
young or an aged oocyte. The age of the oocyte can be 
determined by the time that has elapsed since the oocyte was 
Placed in maturation medium and the time it was activated 
A young oocyte can be defined as an oocyte that is cultured 
in vitro less than 28 hours before activation.. An aged oocyte. 
is .dCflned.as an oocyte that is cultured in vitro for more than 
28 hours before activation. 

The ago of the oocytes can be functionally identified by 
the appearance of their ooplasm. For example, because 
certain cellular materials have not yet dispersed within the 
ooplasm of a young oocyte, young oocytes have a pycnotic 
appearance. Aged oocytes, in comparison, are characterized 
by a triers homogeneous cytoplasm. A publication discuss-
ing the us-, of aged oocytes for NT is WC) 97/07662, entitled 
"Inactivated Oocytes as Cytoplast Recipients for Nuclear 
’transfer." 

The nuclear donor cell and the recipient oocyte can arise 
from the: same specie or different species. For example, a 
bovine immortalized, totipotent cell can be inserted into a 
bovine onucloated oocyte. Alternatively, an immortalized, 
totipotent cell derived from 

a 

bison can be inserted into a 
bovine :euueleated oocyte. Any . nuclear donor/recipient 
oocyte combinations are envisioned by the Invention. Pref-
erably the nuclear donor and recipient oocyte arise from one 
specie Or different species of ungulates. Cross-species NT 
techniques can be utilized to produce cloned animals that are 
endangered. 

The oocytes can be activated by electrical and/or non-
electrical means before, during, and/or after fusion of the 
nuclear donor and recipient oocyte. For example, the oocyte 
can be placed in a medium containing one or more compo-
nents suitable for non-electrical activation prior to fusion. 

1terntively, 
a 

fused cybrid can be placed in a medium 
containing one or more components suitable for non-
electrical activation. The activation process is discussed in 
greater detail hereafter. 
C. Injeetien,lrusion 

A nuclear donor can be translocated into an oocyte using 
a variety of materials and methods that are well known to a 
person of ordinary skill in the art. In one example, a nuclear 
donor may be directly injected into a recipient oocyte. This 
direct injection can be accomplished by gently pulling a 

nuclear 

donor into 
a needle, piercing a recipient oocyte with 

that needle, releasing the nuclear donor into the oocyme, and 
removing the needle from the oocyte without significantly 
disrupting its membrane. Appropriate needles can be fash-
ioned from glass capillary tubes, as defined in the art and 
specifically by publications incorporated herein by refer-
once.: 

In another example, at least a portion of plasma mom-
brano from a nuclear donor and recipient oocyte can be fused 
together using techniques well known to a person of ordi-
nary: skill in the art. See, Wil1aden, 1986, Nature 
320;63-.65, hereby incorporated herein by reference in its 
entirety including all figures, tables, and drawings. 
Typically, lipid membranes can be fused together by elec-
trical and chemical means, as defined previously and in other 
references incorporated by reference herein. 

Other examples of non-electrical means of cell fusion 
involve incubating cybrids in solutions comprising polyeth-
ylene., glycol (PEG), and/or Sendai virus. Various molecular 
weights of PEG can be utilized for cell fusion. 
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Although the efficiency of NT as a 

minor modifications, other ariables for 
mined without undue exper.mentation. F 
fications to cell fusion techniques can bet 
efficiency by viewing the legree of e 
microscope. The resulting embryo can ti 
identified as a totipotent embryo by the 
those previously described herein 
immortalized, totipotent cells, which cat 
selectable markers and/or tests for develi 
D. Activation 
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ess is sensitive to 
tsion can be deter-
)r example, modi-
tinitored for their 
II fusion under a 
ten be cloned and 
same methods as 
for identifying 
include tests for 

ping an animal. 

Methods of activating oodytes and cyb ’ds are known to 
those of ordinary skill in th art. See, U. . Pat. No. 5,496, 
720, ’Parthenogenic Ooeyte Activation," Susko-Parrish at 
aL, issued on March 5, 1096 hereby inca orated by refer- is 
circe herein in its entirety inluding all 1i res, tables, and 
drawings. 

Both electrical and non-alctrical mea can be used for 
activating the cybrids. Alth4nrgh use of a nonelectrieal 
means for activation is not always necesea , non-electrical 20 
activation can enhance the developme 

tel potential of 
cybrids, particularly when young ooeytó are utilized as 
recipients. 

Examples of electrical techpiques for an ivating cells are 
well known in the art. See, V.S. Pat. No . 4,994,354 arid 

2,55,057,420. None1eetrical means for sell ating  cells can 
include any method known n 

the
 art. tbt increases the 

probability of call division. 1 Examples non-electrical 
means for activating a nuclear ,donor and/or recipient can he 
accomplished by introducingella to ethan I; inositol ris, o 
phosphate (IPa), Ca ronopbre and protci kinase tnbibr 
tors such as 6-dimethylaminopurine; tem rature change; 
protein, synthesis inhibitors (eg., cyclobez ide); pbotbol 
esters such as phorbol 12-niyristate 13 cetate (PMA); 
mechanical techniques, tbapsgargiu, and sperm faetprs. .s 
Sperm factors can include any 4omponent o a sperm. Other 
non-electrical methods for acti’’atiori inclu4 subjecting the 
coil or cells to cold shock andor mechanic I stress. 

Examples of preferred protein kinase mb bitors are pro-
tein kinase A, 0, and IC inhibit rs such 40 
cr dim  thy lam rnopurine, (OMAP) s aurosporn, 
2 ammopurirle sphrngosrne Iotentially, I risme kinaSa 
inhibitors may also he utilized to activate cc is. 
Although the NT process is sensiti a to minor 

modifications, other variables or activation can be deter- 45 
iniuod without undue export rr4entauon 0 or activation 
materials and methods can be dentrfied by oditying the 
specified conditions definedin the exemp ry protocols 
described hereafter and in U.S. eat. No. 5,4 5,72() 

The result of any modifications upon ciency and so 
totipotency of the activated embryo can be Id ntified by the 
methods described previously in the section e titled "Iden-
tification of Immortalized and Tptipotent Cc ." Methods 
for identifying totipotent embrys can inelud one or more 
tests, such as (a) identifying specific markers -or totipotetzt ss 
cells in embryos, and (b) by "determining whether the 
embryos are totipotent by allowirg them to do elop into an 
animal. Therefore, the invention relates to any odificationi 
to the activation procedures des4ribed herein yen though 
these modifications may not be explicitly stat d herein. 60 
F. Manipulation of Embryos Resulting from N clear Trans-

fer 

M embryo resulting from a. Nt can be ma pulated in a 
variety of manners. The invention telates to do ed embryos 
that arise from at least one NT. 65 

Exemplary embodiments of tle invention etnonstratç  
that, two or more NT. procedures ay enhance a eicienc 

for e production of totipotent embryos. The exmp 
em, o iznents indicate that incorporating two or mre 
prom ures into methods for producing cloned toip 
embr os may enhance placental development. In a4dil 

5 mere tug the number of NT cycles involved in a prc4es 
produ g totipotent embryos may represent a nees 
factorl for converting non-totipotent cells into, totpc 
cells. e effect of incorporating two or more NT c$ le the

 to potency of resulting embryos is a surprising re;
o 

which was not previously identified or explored in 
In rporating two or more NT cycles into math ds 

cloned totipotent embryos can provide another adv cit 
macorp cation of multiple NT procedures into inetho a 
creatin cloned totipotent embryos provides a moth d 
multip ying the number of cloned totipotent embryo 

Wh n multiple NT procedures are utilized for the f 
lion of a cloned totipotent embryo, young or aged o 
can be tthzed as recipients in the first, second or subse 
NTp ures. For example, if a first NT and then a 
NT are performed, the first NT can utilize a young e v 
ated 00 to as a recipient and the second NT may uti’ 
aged en cleated oocyte as a recipient. Alternatively, th 
NT m utilize an aged enucleated ooeyte as a recipie 
the sec4nd NT may utilize a young enucleated 000yt 
recipie for the same two-cycle model for NT. In add I 
both N’ cycles may utilize young enucleated oocyt 
recipien or both NT cycles may utilize aged enuci 
oncytes as recipients in the two-cycle NT example. 

For techniques that incorporate two or more 
cycles, us or more of the NT cycles may be pre 
follow and/or carried out simultaneously with an an 
lion Ste . As defined previously herein, an activation 

I

be accomplished by electrical and/or nonelectt 
means s defined herein. Exemplified embodim 
desvibó hereafter describe NT techniques that incerpc 
an activ tion step after one of the NT cycles,Howi 
activatio steps may also be carried out in conjunction, 
NT cyol (e.g., simultaneously with the NT cycle) an 
activatio steps may he carried out prior to a NT cycit 

A prof rred embodiment of the invention, for exazr 
relates to a first NT utilizing ayoungenuce4eLo0cyt 

ectpieijt toilowed byaenvauon This, in turn is folio 
by a sectnd NT utilizing an -aged enucleated oocyte 
recipient This second NT procedure is not fo1owe 
activationj This example 

is 

not meant to be limiting aul 
invention relates to any number of NT cycle4 that 
optionally preceded by, followed by, simultaneously car 

out 

with 
a activation procedure. 

NT tee niques may utilize virtually any cell as ’a nuc 
donor. Fo example, in a preferred embodiment, first

utliiz an immortalized, totipotent cell of the inven 
as a uncler donor and a second NT may utilize n. em 
onic cell a a nuclear donor. The second NT cycle in 
example ay utilize a blastomere (a cell isolated Iron 
embryo), a cell isolated from a fetus (e.g. a primordial g 
cell) as a ci clear donor, a cell isolated from a cell line, 
synchroni d cell (described herein) The invention pert 
in part to u" g nearly any type of cell as a nuclear d 
in any NT. a effect of using dtherent nuclear dnts or 
overall e� ency for producing cloned totipotent embi 
can be test by practicing the tests for totipotency 4escr 
in the prec ing section entitled "Identification of lint 
talizad and otipotent Cells." 

The don totipotent embryos resulting from NTh ca 
(1) disaggre ated or (2) allowed to develop fnrthe. 

If the a bryos arc disaggregated, these embryt 
derived ca114 can be utilized to establish cultured cells, 

for 

tar)’ 
tent on nit, 

art. 
for ige. 

for 
for 

e an first and as a as I 
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type of embryonic cell can be utilized to produce cultured embodiments of the present invention do not require in vivo 
cells These cultured cells are sometimes referred to as development steps prior to implantation into the uterus, the 
embryonic stem cells or embryonic stern like cells in the materials and methods of the present invention represent an 
scientific literature The embryonic stem cells can be derived inventive step over cloning methods previously described by 
from early embryos, rnorulao, and blastocyst stage embryos 5 others 
Multiple methods are known to a person of ordinary skill in C Development of Embryos in utoro 
the art for producing cultured embryonic cells. These ninth- Cloned embryos can he cultured in an artificial or natural 

ds are enumerated in specific references previously incor- uterine environment after NT procedures. Examples of arti-
porated by reference herein. ficial development environments are being developed and 

iii devTop in utero, cclls10 some are known to those skilled in the art Components of 
isolaledfrom -the developing iTems can eutthzetho-produce 

- 

the artificial environment can be modified with little 
crulFZalla:ln preferred embodiments, primordial germ experimentation, for example, by modifying one component 
cells are isolated from the genital ridge of 28 to 75 day old and monitoring the growth rate of the embryo. 
developing cell masses for the establishment of cell lines. Methods for implanting, embryos into the uterus of an 
These cultured cells are sometimes referred to as embryonic 15 animal are also well known in the art Preferably, the 
germ cells (EG). These cultured cells can be generated using developmental stage of the embryo(s) is correlated with the 
methods well known to a person of ordinary skill in the art. estrus cycle of the animal. 
The methods are enumerated in references previously incor embryos from one specie can be placed into the uterine 
porated by reference herein, environment of an animal from another specie. For example 

The cloned totipotcnt embryos resulting from NT can also it has been shown in the art that bovine embryos can develop 
be manipulated by cryopreserving and/or thawing the in the oviducts of sheep. Stice & Keefer, 1993, "Multiple 
embryos. See, U.S. Pat. No. 5,160,312, entitled "Cryo- generational bovine embryo cloning," Biology of Repr4uc-
preservation Process for Direct Transfer of Cmbryos," non 48 115-719 The invention relates to any combination 
Voelkel, and issued on Nov. 3, 1992; and U.S. Pat. No. of ungulate embryo in any other ungulate uterine environ-
4221,381, eutit.ld "Wind Tunnel Freezer, Sullivan or al, 25 meut The cross species relationship between embryo and 
issued on Oct. 14, 1980, all of which are hereby incorporated uterus can allow for efficient production of cloned animals 
by reference herein in their entireties including all tables, of an endangered species For example, a bison embryo can 
figures and drawings Other embryo manipulation methods develop in the uterus of a domestic bovine In another 
include culturing, performing embryo transfer, dissociating example, a big horn sheep embryo can develop in the uterus 
for NT, dissociating for establishing cell lines for us-, in NT  3 10of a large domesticated sheep. 
splitting, aggregating, sexing, and biopsying the embryos Once the embryo is placed in the uterus of an animal, the 
resulting from NT, which are described hereafter The exem embryo can develop to term. Alternatively, the embryo can 
p1az’y manipulation procedures are not meant to be limiting be allowed to develop in the uterus and then can be removed 
and the invention relates to any embryo manipulation pro at a chosen time. Surgical methods are well known in the art 
cedure known to a person of ordinary skill in the art, for removing fetuses from dteri before they are born. 

lv. Development of Cloned Embryos 
A. Totipotency 

Totipotent embryos can be identified by the methods 
described in the section "Identification of Immortalized and 
Totipotent Cells." Individual cells can be isolated and sub- 40 
jeered to these similar tests. The tests relate to similar 
markers for identifying totipotent cells, as well as a test for 
determining totipotency by allowing an embryo to develop 
until it passes the second trimester of gestation, or 
preferably, gives rise to a live born animal. Methods for : 
identifying other markers for totipotency are also described 
in that section. 
B. Culture of Embryos in vitro 

Methods for culturing embryos in vitro are well known to 
those skilled in the art. See, U.S, Pat. No. 5,213,979, entitled so 
’In vitro Culture of Bovine Embryos," First et at., issued on1 
May 25,1993, and U.S. Pat. t’.lo. 5,096,822, entitled "Bovine: 
Embryo Medium," Rosenkrans, Jr. et al., issued on Mar. 17, 
192, both of which are incorporated by reference herein in: 
its entirety, including all figures, tables, and drawings. In: 5 
addition, exemplary embodiments for media suitable for 
culturing cloned embryos in vitro are described hereafter, 
Feeder cell layers may or may not be utilized for culturing 
cloned embryos in vitro. Feeder cells are described previ 
misty and in exemplary embodiments hereafter. 60 

The present invention is superior to existing materials and 
methods for cloning organisms, because embodiments of the 
invention allow for culturing all cells and embryos in vitro 
prior to implantation. For example, cloning methods 
described for cloning ovine organisms require an in vivo 65 
development step in the oviducts of an ovine host animal 
before the embryos are implanted in a suitable host. Because 

V. Cloned Animals 
A. Bovine Cloned Animals 

As described previously herein, the invention provides the 
advantages of being able to assess the phenotype of an 
animal before cloning. This is an advantage of the invention 
since previous reports have only allowed the cloning of 
bovine animals from blastomeres, a method that does not 
allow for phenotype assessment. 

Multiple products can be isolated from a cloned animal. 
For example, semen can be collected from an animal, such 
as a bovine bull. Semen can be cryopreserved as well as 
separated sperm into sex-specific fractions. See, U.S. Pat. 
Ntis, 5,439,362, 5,346,990, and 5,021,244, entitled "Sex-
associated Membrane Proteins and Methods for Increasing 
the Probability that Offspring Will be of a Desired Sex," 
Spaulding, and issued on Aug. 8, 1995, Sep. 13, 1994, and 
Jun.. 4, 1991, respectively, all of which are hereby incoipo-
rated by reference herein in their entireties including all 
figures, drawings, and tables. Methods of collecting semen 
are well known to a person of ordinary skill in the art. 
Physiology of Reproduction and Artificial Insemination of 
Cattln, (2nd. edition), Salisbury et al., copyright 1961, 1978, 
W. H. Freeman & Co., San Francisco. - 

Theuivention relates-n part-te any -pror1uta collected 
ctcmfidi animal preferably a cloned bovine animal 

The products can be any body fluids or organs isolated from 
the animal, or any products isolated from the fluids or 
organs In preferred embodiments, products-such -as inilk 
and meat may be collected from cloned animals, preferably 
cloned bovine animals. In another embodiment, the inven-
tion relates to determining the phenotype of -it. bovine steer , 
which is-a- neuteredammal -andulhen cloning th imunaL 
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such that the cloned animals are reprod etively functional 
and can he used to preferred embodi-
ments. of the inventi relate, to such pro uôts as xenograft 
materials, sperm, embryos, l,00cytes, any type of cells, and 
offspring harvested from cloned animal of the invention, 
preferably cloned bovine animals. 

Xenograft materials, which are de ribed previously 
heroin, can relate to any ceiltkiar material xtracted from one 
organism and placed into another organis . Medical proce-
dures for extracting the cellular material in one organism 
and grafting it into another organism are well known to a 
person of ordinary skill in the art. Exam lea of preforable 
xenograft cellular materials an be select d from the group 
consisting of liver, lung, heart, nerve, gallbladder, and 
pancreas cellular material. 
B. Non-Bovine Cloned Aninials 

Due to the high DNA sequence bomolog between bovine 
animals and other ungulates, the materi and methods of 
the invention can be utilized i to clone oth r ungulates; The 
materials and methods of the invention are e most efficient 
means for cloning a mammal as known in t estate of the art. 

In preferred embodiments the materials and methods of 
the invention can be utilized Ito clone end gered species, 
such as bison. in addition, tb materials an methods of the 
invention can be utilized to liclone comm rcially relevant 
unguistos, such as pigs. Due to the metbo for reprogram-
ming primary cells isolated from a animal into 
immortalized, totipotent celts, the more Cl ely related the 
animal species is to cattle, the higher pro ability that the 
cloning methods of the invention will have greater success. 
Exemplary embodiments are dscribed here ter for cloning 
non-bovine animals. 
C. Cloned Animals with Modified Nuclear 

As discussed in a previous section, traosg’ ni 
be generated from the methods of the mv n 
transgenic techniques well known to those f 
in the art. Preferably, cloned tiansgenic ho ’n 
produced from these methods. These do 
animals can be engineered such that they 
partially resistant to diseases a4d parasites e 
animals. Examples of these di.eases and p 
lined in a preceding section. 

Moreover, the cloned tranagenic animal 
neered such that they produ4e a recomb 
Examples of recombinant products are outlin 
lug section, The expression of thse products 
to particular cells or regions ithin the cl 
animals by selectively engineering a suitable 
meat and other regulatory clemönts to aehie 

For example, human recombinant pro 
expressed in the urine of cattle by opera 
umplaldn promoter to the DNA sequence enco 
binant product. Alternatively, ex4mpies are W( 
person of ordinary skill in the art for selectiv 
human recombinant products in the milk of a b 

Once the recombinant produt or produc 
expressed in a particular tissue or fluid c 
transgenic animal, the suitable tissue or fiui 
looted using methods well known in the art., 
products can be purified from tht fluid or ii 
standard purification techniques wall known 
ordinary skill in the art. 

The examples below are nonlimiting anti are merely 
representative of various aspects and features 

°r 

the present 
inventiori. 

animals can 
tion by using 
ordinary skill 
a animals, are 
d trausgenic 
s resistant or 
lemic to such 
sites are out-

can be engi-
iste product. 

in a preeSd-
an be directed 
ad tranagenic 
promoter cIa-
a this end. 
ucts can be 
ly linkinga 
ding a recom-
31 known to a 
ly expressing 
viue animal. 

s have ’been 
’ the cloned 
can be col" 
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EXAMPLE 1 

Feeder Layer Preparation 

A feder cell layer was prepared from mouse fete s that 
were rom 10 to 20 days gestation. The head, liver, he rt and 
alimeitary tract were removed and the remaining tissue 
wasbel and incubated at 370 C. in 0.025% trypsin .02%, 
ED TiN (Difco, Cat # 0153-61-1). Loose cells were Itured 
in is4ue culture dishes containing MEM-alpha pple-

10 mente with penicillin, streptomycin, 100/6 fetal calf serum 
and 0, mM 2-mercaptoetbanol. The feeder cell c ltures 
were tablished over a two to three week period at 3740 C., 
3.5% O and, humidified air. Before being used as ’aeder 
cells, ousa fibroblasts were pre-treated with mitom cin C 

’ (Caib’ them, Cat # 47589) at a final concentration of 10 
ug’nal or 3 hours and washed S times with PBS fore 
pre-eq ilibrated growth media was added. 

Peed r cells can be established from bovine fetuses from 
30 to 7 days using the same procedure. Bovine feta cells 

- may b optionally treated with mitomycin C. 

EXAMPLE 2 

Eat bliabing Cultured Cells From Non-Embryoni 
25 Tissue 

One dvantage provided by the materials and we hots 
defined erein is the ability to create an immortalize and 
totipote t can from virtually any type of precursor cell, 
These racursor cells can be embryonic cells, cul red 

30 
embryo ic cells, primordial germ cells, fetal cells, and us 
isolated om the tissues of adult animals, for example. ells 
isolated omn the kidney and ear of an adult grown bo ’tie 
have be n utilized as precursor cells for the generatio of 

35 
immo ’zed totipotent cells. 

After ella are isolated from their respective tissues, the 
cells can be subjected to the materials and methods de ned 
in Example 3. 

A first i step towards generating immortalized, tntipo 
40 cells fro tin tissues of grown animals includes a prim 

culture f isolated cells. A protocol for culturing c 
isolated from the tissues of grown animals is provi 
hereafter. l Although the illustrative protocol relates to 
punch sariples, this protocol can apply to cells isolated fi 

45 any type if tissue. 
The lb owing steps are preferably performed utilil 

sterile prccedures: 
1) Wash ecb ear sample twice with 2 mL of trypsin/Et 

so ear Sal 
scso 
of tryj 
ably l 

2) Incubi 
55 for 4C 

� swirlir 
detail 
able n 
lation. 

e by using 60 3) Transfei 
a. person of the dish 

ered wit 
this was 

4) Vortex I 
65 5) Mt 5 

trypsin. 
6) Centrift 

In two separate 35 mm Petri dishes. Process a 
,le separately. Mince the ear sample with st 
and scalpel in a 35 min Petri dish containing 
.o/E1)TA solution. The minced pieces are pre 

than 1 min in diameter. 
minced ear pieces in the trypsin/WTA solu 
0 mitt. in a 370 C. incubator with occasi 
The trypsin/EDTA solution is described in m 
eafter. The dish may be wrapped with a stre 
nial, such as ParafiIrn, to reduce CO2 accu 

igested ear pieces to a 15 mLstenile tube. V 
morn which the digested car pieces were re 
2 mL. of the, trypsinlEDTA solution and trar 
solution to the sterile tube, 
a tube at high speed for 2 mm. 
L of media (defined below) to inactivate 

the 15 tnL tube at 280xg for 10 minutes. 



US 6,35,958 131 
45 46 

7) Decant the supernatant and re-suspend the cell pellet in 
residual solution by gently taping the side of the tube. 

8) Add 2 mL of media to the tube and then centrifuge as 
described in step (6). 

9) Decant the supernatant, re-suspend the pellet as described 
in step (7), then add 2 mL of media, 

10) T(eep 2-3 pieces of the ear for DNA analysis and store 
at �20° C. in a 15 mL tube. 

11) Transfer resuspended cells into a 35 mm Nunc culture 
dish and incubate at 37* C. in a humidified 5% CO2/95% 
air atmosphere. 

12) Change media every 2 days. I 

TrypsinIEDTA Solution: 
0.025% trypsin (w/v) (Bacto trypsin, Difco #cat 0153-14) 
0.02% EDTA (Sigma) (w/v) 
Add the trypsin and EDTA to Ca -free and Mg2-free 

Dulbecco’s phosphate -buffered saline (PBS) (Gibco cat# 
450-1600llA) and sterilize by filtration through a 0.2 um 
filter. 

Media: 
Combine Alpha minimum essential mediup (MEM 

(l3iowhittaker) with 10% fetal bovine serum (Hyclone), 4 
caM L-glutamine, 100 U/tnL penicillin, 100 ag/niL 
streptomycin, 0,25 g/mL amphotercin B (Fungizone). 

This protocol has been also successfully utilized to estab-
lish cultures of kidney and liver cells isolated from grown 
bovine animals. As discussed above, the protocol can be 
utilized to create cell cultures from any type of cell isolated 
from a grown animal, for any species or family of animals. 

EXAMPLE 3 

� Reprogramming and Establishment of Immortalized 
and Totipolent Cells from Precursor Cells 

The reprogramming procedures described hereafter can 
utilize any cell type of cells as precursor cells for the 
generation of immortalized, totipotent cells. As an example, 
the cell cultures described previously can be utilized as 
precursor cells for the reprogramming procedures described 
below, As another example, the following procedure 
describes one embodiment of the invention, where primor-
dial germ cells were utilized as precursor cells for the 
generation of immortalized, totipotent cells. An embodiment 
of the reprogramming process is illustrated in FIG. 2. 

A bovine fetus approximately 40 days old was obtained 
from a pregnant animal. The genital ridges were located at 
the caudo-ventral part of the abdominal cavity. Genital 
ridges were removed aseptically and washed in phosphate 
buffered saline (PBS) (Gibco, Cat # 14287-015) with 500 
U/caL penicillin/S00 g/ml streptomycin. The tissue was 
sliced into 1-1.5 rum pieces and placed into a solution 
containing protlase E (3 mg/ml; Sigma Cat # P6911) in 
Tyrodes Lactate (TL) HEPES (Biowbittaker, Cat # 04-616F) 
for 30-45 minutes at 35-37° C. The protcolytic action of 
pronase li disaggregated the slices of genital ridges to a cell 
suspension. Pronase E was removed by dilution: and cen-
trifugation in TI, IIEPES solution. After this step, the cell 
suspension was frozen and stored at �1960  C. 

A thawed cell suspension (final concentration 100,000 
cells/ml) was placed into a 35 mm Petri dish containing a 
murine primary embryonic fibroblast feeder layer. The cul-
ture media used was MEM alpha (Binwbittaker, Cat # 
12-169L’) supplemented with 0.1 mM 2-mercaptoethanol 
(Gibco, Cat # 21985-023), 4 triM glutamine, 100 ng/ml 
human recombinant leukemia inhibitory factor (brLIF; R&D 
System, Cat # 250-L), 100 ng/ml bovine basic fibroblast 
growth factor (br, GF; R&D System, Cat # 133-1713) and 10% 

fetal calf serum (FCS, HyClone, Cat #A1111D) at 37.5° C 
and 3.% CO2. Exogenous steel factor (e.g., membrane 
associated steel factor and soluble steel factor) was not 
added to the culture media. After 24 hours, and again at 48 

is houi intervals, supplemented culture media was replaced. 
After an E As initial culture of 6 days, concentrations of 
hrLIP and hFGF were lowered to 40 ng/ml, respectively, 
After nine days in culture, hrLlF and bPOF were removed 
from the medium entirely. 

At the beginning of in vitro culture of genital ridge cells, 
simple embryonic bodies were occasionally observed. These 
bodies eventually disappeared with subsequent passages. 
The rate of establishing immortalized, totipotent cell lines 
from genital ridge cells was 100% and did not appear to be 
sex dependent. Table I contains data from establishment of 
seven immortalized, totipotent cell lines. Established 
immortalized, totipotent cell lines were maintained in 

I, MEM-alpha supplemented with 10% FCS which was 
replaced every second or third day. High density population 
cells were passaged every week at a dilution ratio of 1:4 to 

*0 1:8. Cells were passaged by incubating with 0.025% 
.trypsin.-0.02% EDTA mixture and preparing new cultures in 
fresh growth medium. The growth promoting capacity of 
MEM-alpha media for immortalized, totipotent cells was 
enhanced by adding insulin-transferrin, sodium selenite 

15 supplement, diluted to 1:100 (Sigma Cat # 11884). As a 
preventive measure against mycoplasrna contamination, 
short term cultivation with tylosinc tartrate (Sigma, Cat 
T3151) was carried out. Before NT, cell lines were tested for 
presence of mycoplasmna by PCR performed with DNA 

o primers specific for mycnpiasma sequences (Stratagene, Cat 
302001). 

TABLE 1 

Characterization of stabltsbed Bovine 
1nmrt5llzC4 and Totiporeni Cell )4nes 

- Cell line Wel5ht of fetus (gm) nays in cuitute Sex of Cell line 

SO 14.2 >400 male 
50-1 20.2 >300 male 

40 50.2 3.9 2.130 female 
E0-3 4.8 >30 male 
E04 39.6 >100 female 
E0-5 3.9 >250 male 
E0-6 8.6 >30 male 

4$ 
I �� I EXAMPLE 4 

Embryo Construction 
The following embodiment of the invention describes 

56 materials and methods utilized to produce totipotent 
embryos of the invention. Immortalized embryos of the 
invention can be produced by utilizing immortalized and 
totipotent cells of the invention as nuclear donors in NT 
procedures. As described previously, multiple NT proce-

s dures can be utilized to create a totipotent embryo. The 
following two examples describe a multiple NT procedure, 
which describes the use of two N-B. 

Mycoplasma free immortalized, totipotent cells used in 
the NT procedure, were prepared by cutting out a group of 

601 immortalized, totipotent cells from the feeder layer using a 
glass needle. The isolated immortalized, totipotent cells 
were then incubated in a TL X-IEPES solution containing 
from 1 to 3 mg/ml pronase B at approximately 32° C. for 1 
to 4 bou–s, the amount of time which was needed in this 
example to disaggregate the cells. Once the cells were in a 
single cell suspension they were used for NT within a 2-3 
hour period. 
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Oocytes aspirated from ovaies were ma ired overnight EXAMPLE 5 
(16 hours) in maturation medium. vTedium 199 
(Biowhittakcr, Cat #12419F) supplemented ,ith luteinizing Second Nuclear Transfer (Recloning) 
hormone IOIU/nil (LU; Si a, Cat # L9 73) 1 mg/ml 

(1s btamed from fetuses and embryos produced b the 
estrathol (Sigma Cat # 8875) and 10% JC or estrUs ctw s 

NT proc dures described herein can be used in a second NT serum, was used. Within 16 hours of matun 
lus layer expanded and the first polar bodies 

Ion, the cmmu- 
were eztrut.ed 

or redo 
I 

a procedure For example, a fetus can be tar 

In the first NT procedure, young oocytes 
vested 

N ore stripped of ridge re 
om a maternal host, the head, vicera, and ge ital 
oved, and the remaining fetal cells used to tab-

their cumulus cell layers and iuclear mater al stained With Ush a c 11 line to provide nuclear donor material I r a 
Hoechst 33342 5mg/mI (Sigma Cat # 2261 
solution supplemented with cytochalasm 13 

in TL HERS 10 
subsequ 

( ig/ml, Sigorm 
nt NT procedure The following example dose ibes 

Cat # C6762) for 15 mm. Ooiytes were tfi 
obtaining 

ii enucleated in nuclear 
and using a blastomere from an NT embryo as a 

Ionor in a recinin procedure. 
TL HEPES solution undr mineral 
immortalized, totipotent cell o optimal 

oil A single 
(12 15 ) Embryos from the first generation NT at the morula tage 

was then inserted from a cell suspension and injected into 15were dir ggregated either by pronase E (1-3 mg/ml i TL 

the perivitelline space of the enucleate 1 oocyte The HEPES) or mechanically after treatment with cytocha asin 

immortalized, totipotent cell and cocyte r embranes were B. Singe blastomeres were placed into the penvite line 

then induced to tuse by electr6fusion in a,5 00 zm chamber .pace 
incubati 

I enucleated aged oocytes (28-48 hour of 
n) Aged oocytes were produced by mcub trng by application of an electrical1 pulse of 90 for 15 

20 "young" cytes for an additional time in R2 
0ihumidified 

14M calcium ionophoro A231?7 (Sigma Q 
exposure to media 

t-. # C-7522) or 00 C. 

td 
h 3 mg/ml BSA * C at 

ionomycin Ca-salt in HECM (hamster 
medium) containing I mg/m ESA followed 

mbtyo culture 
by a 1:1000 A bi stomere from an embryo produced fro r an 

dilution in HECM containing 0 mg/ml ES for 5 min For immort lazed, totipotent cell was fused into the enucl ated 

HECM medium, see, e g, eshagin & Barister, 1989, 25 000yte ia electrofusion in a 500 um chamber wit an 

’Phosphate is required for inhibition of g ucose of dvel electric 1 pulse of 105V for 15 ps in an isotonic so itol 

opment of hamster eight cell embryos n vitro, solutior (025 M) at 30° C Aged oocytes were sin ulta 

Reprod 40 599-606 This ste is followed y incubation in neously activated with a fusion pulse not by chei ical 

CR2 medium containing 1.9 mM 6-dime tylaininopurine activati n as with young oocytes. 

(DMAP Sigma product, Cat 0 1)2629) for 4 his followed by 30 After bla 6i5cyte-fusioi the cybrids from so ond 

a wash in HECM and then cultured in CR2 nedia With BSA generation NT were cultured in CR2 media supplem nted 
(3 mg/ml) under humidified air With 5% (’ ) at 39°  Ci For with WA (3 mg/nil) under humidified air with 5% C at 

CR2 medium, see, e g , Rosenkrans & First 1994, "Effect of 39° C n the third day of culture, developing embryos ’ere 

free amino acids and vitam1nson cleavage id developnaen evaluat d and cultured further until day seven in CR2 I edia 

tal rate of bovine zygotes in vitro,’ J Aium Sci 72 3 contain rig 10% FCS Morphologically good to fair q ality 
44-437 Mitotic divisions of the cybrid ía med an embryo enibryo were non surgically transferred into reci uent 
Three days later the embryos were transferr ci to CR2 media female Table 3 shows the increased gestation 1 rigth 
containing 10% FCS for theremainder I their in vitro achievi’ I by use of recloned (double NT) immorta zed, 
culture, totipOte a cells. 

Table 2 shows the effect of oocyte age on blastócyst 
40 

development The data was obtained utilizing blastorieres  TABLE 3 

from in vitro produced embryos or immott 
cells as donor nuclei in the t I procedure 

ilized, totipotent 
Developmental 

Development of Immortalized and Totipotent Cells 
rit FSIiSS after Doulile NT 

potential was measured in young versus aged oocytes 
No. of No. of pregnant 

TALE 2embryłs  No. of reefpienrs recipients after o. of 
transferred transferred into 140 days tives 

#i 15 5 1 1 Effeet. of Oaovle rumg ’fnr Diffetent Ccl &urca Eape 

and Lnuiorteizcd 
zpe 

50 -___________________________________________ 
#2 18 6 1 (two fenacs) 2 

- 
nocyte s (hours) Totipotent Ce1s (it 174) B astomereS (a 102) 

no development 
(a 35) EXAMPLE 6 

16-2S 1.9% b1stocyst 
(it 175) 

(11, 

40) 
28-48 tic dcvcopment 

(n 101) (it H34) 
17.% blsstooyst 

(a si) Cloning Non-Bovine Ungulates 
55 

The Ispocification provides for methods of cloninl non 
The data presented in Tab e 2 shows ti at oucytes main bovine ungulates Examples of such ungulates e ii be 

tamed in culture for 1 6-28b1 were more s itable recipients selecte from the group consisting of bovids ovads ci rvids, 
for immortalized, totipotent dells, while a cci oocytes main suids, quids and cainelids, such as bison, sheep, bi born 
tamed in culture for 28-48 h were a more suitable recipient 60 sheep, caribou, antelope, deer, goat water buffalo amel, 
for hlastomerłs derived frorr embryos. In addition, active- and pi 
lion procedures differed betieen young and aged ooytes. Imr ortalized, totipotent cell lines can be prepare from 
Young oocytes, when used i the NT pro edure, appear to rnultip e types of cells isolated from the non bovine un ulate 
require chemical activation with inuom ciii and DMAP by usi g the methods described in previous examples relat-
from these Studies. Aged oocytes, on the other band, appear 65 ing to ovine animals, or by using the screening pro c cures 
to he easily activated by elctrofuion a cording to these for the c methods as described in the specification Vi irally 
studies arty ty e of cell isolated from the non-bovine urigula e can 
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be utilized to establish an immortalized, totipotent cell line. 
For example, an ear-punch sample taken from a bison. can be 
cultured in vitro using a variety of cell culture media such as 
MEM-alpha medium. 

Bison-derived primary cells can then be converted or 
reprogrammed into immortalized, totipotent bison cells by 
supplementing the cell culture medium with hrLIF and 
bFGF as described in previous examples and in the speci-
fication. Alternatively, the bison-derived primary cells can 
be converted into immortalized, totipotent cells by supple-
menting the growth medium with other types of molecules 
identified by methods for identifying such reprogramming 
molecules as described in the specification. The repro-
grammed bison-derived cells can then be tested for totipo-
tcncy by analyzing selected markcr, such as alkaline 
pbospbatase, lanuiini, and c-ldt. In addition, the bison. 
derived cells can be considered permanent If the number of 
cell divisions exceeds the Hayflick limit and/or if the cells 
can grow to cotifluency after being replated under conditions 
where the cells are not in physical contact with one another, 
for example. 

Once totipotent,imniortalized cells have been established 
as nuclear donors, proper eriucleated oocytes can be pre-
pared for NT. Oocytes from the same or different specie as 
the nuclear donor can be used for Ni For example, a 
bison-derived nuclear donor cell can be fused or directly 
injected into a bison-derived enucleatod oocyte or an enucle-
ated oocyte from another specie, such as a bovine. 

As described in the specification, the oocytes can be 
derived from any ungulate in a variety of ways, such as 
sacrificing an animal and retrieving oocytes from its 
oviducts, or spaying the animals by ovarian hysterectomy 
and isolating the cocytes from the oviducts or. ovaries. 
Oocytes can also be obtained from live animals by utilizing 
such methods as transvaginal oocyte recovery. The oocytes 
can then be enuclealed by using methods described herein as 
applied to sheep or cattle. These methods can be easily 
applied to oocytes derived from other ungulates. 

Nuclear transfer techniques can be performed after 
eueleated oocytes and nuclear donor cells are prepared. 
Young or aged oocytes can be utilized for the NT procedure, 
and the number of NTs can vary as described in the 
specification. In addition the parameters that define the 
fusion step for a NT may be varied as described herein. An 
activation step can be applied to one or more of the NT 
cycles. For example. the NT cycles defined in a previous 
exemplary embodiment can be applied to the generation of 
cloned bison. The embryo resulting from the NT can be 
tested for totipotency by utilizing tests for one or more 
markers, such as alkaline phosphatase, cytokeratin, 
vimentin, latninin, and c-kit. In addition, the embryo can be 
tested for totipotency by implanting it into the uterus of an 
animal and allowing development to term. 

Once a cloned totipotent embryo is produced from the 
methods described above for a non-bovine ungulate, the 
embryo can be further manipulated. Such manipulations 
include cryopreserving, thawing, culturing, disaggregating 
the embryo into single cells, and implanting the embryo. The 
embryo may be cultured in an artificial development envi-
ronment (as described previously) or maybe placed in utero 
of a properly synchronized female animal. An embryo 
derived from one specie may be placed in a uterus of the 
same or different specie. For example, a bison-derived 
embryo can he placed in the uterus of a bovine. The embryo 
can be allowed to develop until term, or may be retrieved 
from the uterine environment before birth. 

so 

EXAMPLE 7 

Multiple Pathways for Cloning Animals 

FIG. 3 illustrates multiple embodiments of the invention. 
51 Animals can be cloned from cells that are reprogrammed 

into totipotent and immortalized cells. 
Fibroblast cell  were_prepared.. as.. defined. above 

fromi? punches extracted- from-auadu1t txvme animal 
Hever, the cell cultures could be established from any 

19 type of differentiated cell. Individual cells isolated from 
these cultures were utilized as nuclear donors in a nuclear 
transfer process, labeled as step 2 in FIG 3 Although one 
nuclear transfer cycle was utilized to obtain embryos 
(labeled’ as step 3 in FIG. 3), multiple nuclear transfer 

i cycles-creld be applied to obtain these embryos. Also 
optional is (1) the addition of a stimulus before or after 
nuclear transfer, and (2) an activation step before or after 
nuclear transfer. 

The embryo.. of-step- 3-in-F.I.G. 3..w_jmplante4ipa., 

7) sisolaxed from_that Lemale Cells isolated from 
ethtOfitSibC

 
utilized -to establish embryonic 

stem cell cultures (step 4) In addthon, the embryos of step 
3 may be to 
dejop-mto ned’anumal--&tcp 5). 

The steps labelled 8, 9, 10, 11, and 12 in FIG. 3 were 
performed to establish totipotent and immortalized cells. 
The fetus of step 7 was manipulated in three manners. The 
manipulation in step 8 involved the isolation of genital ridge 

30 
cells, specifically primordial germ cells, from the fetus of 

i step 7 In step 9, the primordial germ cells were placed In 
co-culture with feeder cells. The feeder cells were either 
established from mouse fibroblast cells or from the rest of 
the fetus from which the primordial germ cells were 

35 
extracted. Example 1 defines a method for establishing 
feeder cells. The head region and body cavity contents were 
removed from the fetus before the fetus was digested into a 
consistency suitable for establishing feeder cells.. However, 

40 the fetus may be digested before the head region and 
contents of the body cavity are removed. In addition, feeder 
cells may be established from a fetus other than the fetus 
from which the primordial germ cells are isolated. 

In step 10, a cell culture was established with a digested 
fetus from which the primordial germ cells, bead region, and 
body cavity contents were removed. Step 11 illustrates that 
cell cultures may be established utilizing fetuses from which 
no cell types have been removed. 

In step 12, cell cultures were either (1) subjected to ’a 
50 mechanical stimulus, or (2) not subjected to a mechanical 

stimulus. When applied, the mechanical stimulus was 
effected by supplementing the culture medium with a recep-
tor ligand cocktail comprising 100 rig/ml human recombi-
nant leukemia inhibitory factor (hrLIF; R&D System, Cat # 
250-L) and 100 rig/ml bovine basic fibroblast growth factor 
(bFGF; R&D System, Cat # 133-PB). After step 12, cells 
were isolated from the cell cultures and utilized as nuclear 
donors In nuclear transfer processes, which are defined 
previously. Although one nuclear transfer cycle was utilized 

60 for step 13, more than one nuclear transfer cycle could be 
utilized. 

Embryos developed after the nuclear transfer process of 
step 13. The embryos of step 14 may be implanted into a 
bovine recipient female and develop into a cloned bovine 
animal. 

Cells isolated from any of the developing cell masses of 
steps 1, 3,4,5, 7,8, 9, 10, 11, 12, 13, and 16 in FIG. 3 may 
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be transfected with a DNA copstruet to for  a tranagenic cells Cells can then be transfected with eDNA construct. Cells 
suitable for cloning trans geni’ animals. On embodiment for can be ransfected at multiple steps, as indicated in MG. 4. 
cloning tranagenic animals is defined in t1l e next exam It. Materi $ and methods for preparing trausgenic cc s are 

deflie in publications referenced previously, lmr 
EXAI PLE 8 5 and-tot ceflstinenfiowwere-suftllhit 

Cloning Tree genie Amm 
L,tW 

s 
U1iW.4- .UIi J &j4% 

tit-reniese-ce&-resi tutitr 
Trarisgenie cells suitable f r creating a loned transgeni a 

cc 

nd41-8; (b) eiennrrtll rtbca 
animal can be prepared from cells isolat d from an adult CUZ 

10 
-.-glUCC Se.nd(o)-acacn-promGterd t 

animal. FIG. 4 illustrates processes that an be utilised to The.tr sfected cells were selected for tranagenic mc 
create such transgenic cells. A Ithough traps enic cells can be don b selecting for trarisgenie cells in ccli culture ndi-
crcted from nearly any cell .ype by usin, the teadhixgs of tions b xboriag 0418. The ttausgenin cells are then set ened 
the invention, PIG. 4 illustra es procedure 5 for establihing for tra genie modification by utilizing one or more reen--
transgenc embryonic stem 011s and tra genie immortal- �ing techniques. Examples of these techniques are: (1) poly- 
ized and totipotent cells. . merase àbin reaction, (2) Southern blotting, and (3) 15H-

Fibroblast cell cultures can be csta lished from car alter procedures. These techniques are well knowt. to a 
punches extracted from a bovine animal s defined previ. person of ordinary skill in the art. The latter two techt iques 
ously. Individual cells can be isolated from this cell culture are uti zed to determine the number of copies of an in erted 
and, utilized as nuclear donor in a nuclear transfrprocess 2,o gene a quence in embryonic stem cell nuclear DNA. 
A single nuclear transfer cycle or multiple nuclear transfer These screening procedures can be applied to trans ected 
cycles can be applied. Other optional steps are defined n the cells ai any of the steps indicated in FIG. 4. Cloned trans 
previous example. genie animals may be created from tranagenie fetuses. Table 

Pre-blastocyst stage, embryos 
. and/or blastocyst stage 4 shows the cloned bovine animals produced by themethods 

embryos developed from the rnclear transi or process can be described in Examples 1-8.. 

TABLE  
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1/31/98 P B 58 

- EQ n/a uitte 
. 

/6/99 F if $8 EQ (1) n/a lIE, 
1/1/99 F 13 58 EQ. n/a Cultrs 

utilized to establish etubr, 
methods for preparing cml 
by Stice oval,, 1996 Bio1oj 
hereby incorporated by r 
including all figures, tables, 
totipotent cells can be esta 

- . ditres defined in previous 

tic stem ca 
onic stem 0-
of of Reprodu 
rence herei 
d drawings, 

1/7/99 : P if 58 EQ No Cril 
� 1/15/99 F K $8 EQ n/a Cul 
� F H 58 EQ (t) n/a LIE, 

119/99 F H $8 EQ (t) n/a LIE. 
I- ..- ��.. �, 

stillborn  
Holstein - 

B- Srowe Svrisa 
AWe 01 letos barvssied Age (in clays) of fetus used as a source of precursor call 
NT 
(9 * tranagenic nuclear .oaor: a Suclear donor cell tranafected with a DNA coast 
ittgahimanc’, glucosic we gaze 
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Materials and While the invention has been described and oxen 
s are des<lribed in stt ’lent detail for those skilled in this art to make 
n 4: 100-110, it various alternatives, modifications, and improv 
in its entirety, should be apparent without departing from the sp 
tmortalizcd and 65 scope of the invention. 
g to the Proce- One skilled in the art readily appreciates that the 

inventi1 n is well adapted to carry out the objects and 

has’. 

use 
lute 
and 
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the ends and advantages mentioned, as well as those inherent 
therein. The cell lines, embryos, animals, and processes and 
methods for producing them are representative of preferred 
embodiments are exemplary, and are not intended as limi-
tations on the scope of the invention. Modifications therein 
and other uses will occur to those skilled in the art. These 
modifications are encompassed within the spirit of the 
invention and are defined by the scope of the claims. 

It will be readily apparent to a person skilled in the an that 
varying substitutions and modifications may be made to the 
invention disclosed herein without departing from the scope 
and spirit of the invention. 

All patents and publications mentioned in the specifica-
tion are indicative of the levels of those of ordinary skill in 
the art to which the invention pertains. All patents and 
publications are herein incorporated by reference to the 
same extent as if each individual publication was specifi-
cally and individually indicated to be incorporated by ref-
erence. 

The invention illustratively described herein suitably may 
he practiced in the absence of any element or elements, 
limitation or limitations which is not specifically disclosed 
herein, Thus, for example, in each instance herein any of the 
terms "comprising", "consisting essentially of" and "con-
sisting of" may be replaced with either of the Other two 
terms. The terms and expressions which have been 
employed are used as terms of description and not of 
limitation, and there is no intention that in the use of such 
terms and expressions of excluding any equivalents of the 
features shown and described or portions thereof, but it is 
recognised that various modifications are possible 

within 

the 
scope of the invention claimed. Thus, it should be under-
stood that although the present invention has been specifi-
cally disclosed by preferred embodiments and optional 
features, modification and variation of the concepts herein 
disclosed may be resorted to by those skilled in the art, and 
that such modifications and variations are considered to be 
within the scope o this invention as defined by the appended 
claims. 

In addition, where features or aspects of the invention are 
described in terms of Markush groups, those skilled ,in the 
art Will recognize that the invention is also thereby dscribed 
in terms of any individual member or subgroup of members 
of the Markush group. For example, if X is described as 
selected from the group consisting of bromine, chlorine, and 
iodine, claims for X being bromine and claims for X being 
bromine and chlorine are fully described. 

Other embodiments are set forth within the following 
claims. 

What is claimed is: 
1, \ tho&oLprdn p.*ptid.j 

anthe m6fteLcopp-rism  
ungu1te 

....................... 
(a1iing a nuclear transfer embryo by translocating a 

cultured ungulate nonembtyonic cell, or, a nucleus 
thereof, into an enucleated oocyte obtained from the 
same species as the ungulate nonenibryonic cell, 
wherein said ungulate nonembryothe cell is, or is 
obtained by culture of, a cell transfected in vitro with 
a DNA sequence encoding said polypeptide operably 
linked to a milk protein promoter, such that said DNA 
sequence integrates into, the genome of. said cell; 

54 
during, or after said forming step, activating 

said oocyte, whereby an activated nuclear transfer 
embryo is provided following said forming and anti-
vatixg steps; and 

(c) transferring said activated nuclear transfer embryo, or 
a recloned embryo thereof, into the uterus of a host 
ungulate of the same species as the ungulate nonem-
bryorxic cell so as to produce a fetus that undergoes fill 

in fetal development and parturition to generate said 
ungulate, wherein said ungulate expresses. said DNA. 
seqflence and produces said polypeptido in)rnlL, lood, 
serum, or plasma in detectable 

2 A method according to claim 1, wherein said ungulate 
s is a bovine. 

3. A method according to claim 1, wherein said ungulate 
nonembryoric cell is a fetal cell. 

4. A method according to claim 3, wherein said fetal cell 
is an emryonic germ cell. 

S. A method according to claim 1, wherein said activating 
stop comp rim increasing intracellular levels of divalent 
cations and reducing phosphorylation of cellular proteins in 
said oocyte. 

6. A method according to claim $, wherein said activating 
stop comprises incubating said oocyte in a medium com-
prising ionomycin. 

l.A method according to claim $, wherein said activating 
step comprises incubating said oocyte in a medium coin-
prising 6-dlmethylaminopurine. 

$ 8. A method according to claim 5, wherein said activating 
step comprises incubating said oocyte in a medium com-
prising ionotpycin and 6-dintethylaminopurine. 

9. A method according to claim 1, wherein said milk 
protein promoter is selected from the group consisting of 
c -S1 -casein promoter, whey acidic protein promoter, 

-casein promoter, and a-lactalbutuiu promoter. 
10. Amethod according to claim 1, wherein said polypep-

tide Is a human polypeptide. 
11. A method according to claim 1, wherein said ungulate 

40 nonembryonic cell is not serum starved. 
12.Amethod according to claim 1, wherein said activated 

nuclear transfer embryo is cultured print to said transferring 
step (c). 

--

13 uiThod ofpJ,taminapltideJhe method 
4ompEn i 
(a)poep_-unguleeccorthng lo 
thh ssn1an 

(b) ,1 leg-sal yppptkt–nnrthe:mflk,_bloOd, 
serum- -erpbsmLof aitLungalate 

SP 14. method according to claim 13, wherein said ungu-
late is a bovine. 

15. A method of producing a polypeptide in an ungulate, 
the method comprising: providing a second ungulate by 
sexual reproduction or doug of a first ungulate, wherein said 
first ungulate is produced by the method of claim 1, and 
wherein said second ungulate expresses said DNA sequence 

I and produces said poiypeptide in milk, blood, serum, or 
plasma in detectable quantities. 

16. The method of claim 15, wherein said first ungulate 
O and said second ungulate are bovines. 

(b) 

B1. 

before, 
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1571 ABSTRACT 

Atransgenlc bovine Is disclosed whose somatic and germ 
cells contain a transgene. wherein the transgene comprising 
a mammary gland specific promoter, a mammary gland 
specific enhancer. a DNA sequence encoding a signal 
sequence functional In bovine mammary gland secretory 
cells and a DNA sequence encoding a heterologous polypep-
tide of Interest wherein the transgenic bovine expresses the 
transgene Such that the polypeptide of interest is detectable 

in milk produced by the tranagenic bovine. 

36 Claims, 41 Drawing Sheets 
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2 Objeto, de la invenciôn 

TttuIo de la solicitud(folio 1): ’Un proceso para producir proteina .exógena en 
Is leche de mamiferos transgenicos y un proceso para punficar proteinas de 
Østa manera". 

� La presente solicitud se refiere a Is produccion de proteinas y compuestos a 
partir de anmaIes transgentcQs para 8U consumo en Is diets do humanos 
Tanibin, so refiere at proceso do purificación do dichos compuestos. 

El problema planteado en esta solicitud es Is necesidad de proporcionar un 
proceso para la produoción do sustanotas biotOgicas tales come polipØptidos 
eucariOticos a partir de organismos modificados, come animates transgØnicos 

� Para sotucionar este problerna tØcnico Is solicitud en estudlo proporciona un 
metodo para producir una proteina quo comprende a) elaborar un mamifero 
transgØnico no humano quo produce una protelna do interes en su leche, b) 
obtener dicha leche a partir do dlcho mamifero transgØnico no humano, y c) 
purificar dicha proteina dØ interØs de dicha leche. 

� La Clasificaciôn lntemacionäl do Patentes (IPC) es: C12 N 015100, C12 P 
21/00, A61  671027, A61  5/06. 

3 Do la solicitud do Patente 

Reivindicaciones (articulo 30 D 486) 

El capitulo reivindicatorio do Ia solicitud en estudlo presenta los siguientes 
defectos: 

� La reivindicacin I menciona un mØtodo para producir una proteina a partir 
de un mamifero transgenico pero no especifica quo Is proteina purificada sea 
Is procedente a partir do Is modificactOn genØtica reahzada en el mamifero 
Existe entonces una objeción por quo no so entiende si Is procedencia do Is 
proteina esta dada a partir del constructo o at so trata de cualquier protelna 
producida por el mamifero, para to cual no tendria existirla ademØs sustento 
en Is descripción. 

Las reivindicaciones 22 - 29 y 41 - 46 Se encuentran definidas 
incorrectamente mediante resultados a alcanzar, to cual no permite precisar 
las caracteristicas tØcnicas del mØtodo reivindicado. 

Per to anterior, el capftulo reivindicatorlo NO cumple con el requisito do 
definiciOn, claridad, conclsiOno sustento per le descripción do acuerdo at art. 30 
de la DecIsion 48.y/o art22 Tratado POT. 



4. Unidad do invención artfeuIo 28D 486) 

La preente solicitud no tiene inidad de invención, dodo quo contempla 
diferentes conceptos inventivos relacionados as[: 

� Un mØtodo para producir una proteins qua comprende elaborar un mamifero 
transgenico no humano quo produce una proteins de interes an su leche, 
obtener dicha leche a partir do dicho mamifero transgenico no humano, y 
punficar dicha proteins do interes de dicha leche (reivindicaciones I - 29) 

� Un mØtodo para purificar una hormone de crecimiento recombinante do leche 
de un mamifero trarisgenico no humano quo produce una hormone de 
crecimiento recombinante quo comprende clanficar Is leche y someter dicha 
leche a cromatograf1a AsI mismo, las reivindicaciones independientes 36 y 
37 obedecen a este mismo concepto nlventivo (reivindicaciones 30 a 48) 

Entre ellos no existe una relación dada qua el mØtodo para Is producción de  Is 
proteins an un animal transgenico as independiente de Is purlficacion de dicha 
proteins. Los dos procesos pueden ser Ilevados a cabo por tecnicas diferentes, y 
los resultados do un proceso no Involucran las caracteristicas del otro 

Por 10 anterior, so puede concluir quo, Is presente solicitud no cumple con el requisito 
do unidad do invención. 

5. No as una invención (artIculo 15 D 486 literal a)-t)) 

El articulo 15 en su literal b) sane/a qua: 
No se consideran invenciones el toclo a parts de los seres vivos tel coma se encuentran en la 
neturaleza, los procesos bsológicos naturales, at materiel biologico existente en /a naturaleza 
a equal que puecia seraislado inclusive gerioma a gennoplasma cia cualquierservtvo natural 

� La reivindicación I y dependientes enseæan una un mØtodo para producir 
una proteins a partir do un mamifero transgenico, qua se obtiene a partir do 
.su leche, purlficando dicha proteina. 

Este despacho considers qua dichas reMndicaciones no son una invención 
debido a quo obedecen a un material biologico existente an la naturaleza quo 
puede ser aislado al no especificar quo Is proteins as codificada por el 
constructo genØtico. 

Par tat razón (as reivindicaciones 1 y dependientes no puederi ser consideradas 
invenciones. 

S. Determinaciôn del Estado de la TØónica 

La fecha qua se he tenido an cuenta para determiner at Estado de Is TØcnica as: 

Fecha do presentación do la:: solicitud prioritaria: 30/0912003. 

H 



Teniendo en cuenta Is fecha indicada se reahzó Is b(isqueda en el estado 
de?7 

a 
tØcnica de documentos relacioriados con Is solicitud encontrÆndose los 
sig ulentes documentos rnÆs relevantes: 

NO Documento Titulo p?aacoen* 

DI US 6.395.958 Method of producing :polypeptide in an 28105/2002 
ungulate 

02 US 5741957 
, 

Transgentc bovine 21/04/1998 
Accurate spatial and temporal transgenes 

03 eta/.,  C rdØnexpresiôri  
epromoter 

driven by a 3.8 kilobase 
04/1998 of teh bovine beta-casein gene 

_ja2tlnMuse ammalan_ 

7. AnÆlisis de patentabUidad (articulo 14 D486) 

1.1.Novedpd (articulo 16D486) 

La solicitud en estudlo divulga. on resurnen, un mØtodo pars producir una 
proteins que comprende elaborar un marnifero transgØnico, obtener Is 
proteins a partir de Is leche y purificarla. Las reivindicaciones posteriores 
divulgan obtener el mamifero transgenico mediante Is inserción de un 
plÆsmido que posee un gen con un promotor en cØlulas somÆticas y fusionar 
dichas cØlulas con un .00cito eunucleado que results en un embrión, 
transferirlo al Otero del marnIfero receptivo y monitorear su gestaciOn. El 
promotor es un promotor de beta caseina y Is proteins de interØs es Is 
hormone de crecimiento hu.rnano (Reivindicaciones 1-3,7, 11 �13, 17- 19). 

Dl enseæa (ver folios:173 - .181) la obtención de animales clonados (ungulados 
en general y particularmente bovinos) pars Is obtenclOn de proteinas como 
hormonas de crecimiento (cal 36, linea 23 y 32) a partir de Is manipulación 
genØtica a partir de constructos de ADN (col 35, Ilneas 4-8) y de transferencia a 
oocitos eunucleados con Is misma metodologia de Is solicitud (col 37-39) pare 
transferirlo al Otero de un mamifero rØceptivo (cal 50, lines 23). El elemento 
promotor es do caseina y el constructo esta unido a un gen de resistencia a 
neomicina (col 52, lines 6 -9) Igualmente el compuesto do interØs se obtiene a 
partir do Is leche de mamifero transgØnico (reivindicación 13). 

Los elementos caracterIsticos do las composiciones reivindicadas, ya eran 
conocidos como so evidencia en Dl, Is forma do realizer el mamifero transgenico 
y los productos obtenibles a partir do la leche, asi coma su purificacion (cal 28, 
lIneas 18 - 32). Par tal razón, los mØtodos reivindicados no pueden ser 
considerados novedosos. 

� AderflÆs do Ia menclonado anteriormente, Is solicitud en estudio divuiga Is 
obtención do un mamIfero transgØnico a partir de un bovino superovulado con 
semen de un macho transgØnico, pare Is obtención de la protelna de interes 
en su leche (reivindicaciones 15-20). 



,1 

El documento del estado de la tØcnica 02 (vet folios 182) enseæa Is obtenciOn de 
proteinas como la hormona do crecimiento a partir de bovinos transgenicos en Is 
leche Este documento menciona ademÆs Is obtenciOn del mamifero mediante un 
proceso quo comprende superocutar el mamifero hembra pars su tnseminactón 
artificial con semen do un bovinô macho transgØnico (cal 51, ejemplo 25). 

Do esta forma se establece que las rØlvindicaciones 1-3, 7, 11 - 13, 17 - 20 no 
cumplen con el requlsito de Novedad segn lo divulgado por Dl y las 
reivindicaciones 15-20 segCin Ia divulgado porD2. 

7.2. Nivel Inventivo c’artfculol8 D486 

La ünica diferencia de Is  solicitud, es la uniOn del promotor especifico do beta 
caseina pars Is obtenciOn del constructo do ADN pars Is obtencion del mamifero 
transgŁnico. 

El documento del estado de Is tØcnica D3 ver folios: 183) seæala Is producciOn de Is 
hormona do crecimiento humans mediante Is construcciOn de un plÆsmido con el 
promotor do beta caseina bovina, obtenieædo resultados favorables en Is producciOn 
do esta hormoia en leche do mamifero. 

El problema tØcnico planteado en esta solicitud quo era de proporcionar un 
proceso pars Is produccion de sustancias biologicas tales como polipØptidos 
eucarioticos a partir do organismos modificados, como animales transgØnicos, so 
habia resuelto previamente mediante el mi8rno tipo do compuestos ya conocidos. 

Se considers quo la producciOn do sustancias biolOgicas coma Is hormona do 
crecimiento desarrollado con un constructo de ADN con un promoter do beta 
caseina coma el desarrollado en D3, a partir do un mamifero transgenico como 
so enseæa en Dl a en 02, es eviderite pars una persona medianamente versada 
en Is materia, 

Do esta forma se establece quo las reivindicaciories I a 29 no cumplen con el 
requisite do Nivel Inventivo. 

B. Conclusion: 

Los req uisitos do patentabilidad de la: presente solicitud so encuentran afectados asi; 

N° DocumentoN° Relvindicacionos _Requiso quo afecta 

01 US 6.395.958 1-3,7, 11 �13, 17-20 Novedad 
1-29 Nivel Inventivo 

02 US 5741957 15-20 Novedad 
1 �29 Nivel Inventivo 

03 CerdØn et a!, 1 �29 Nivel Inventivo 



1$ 
En cumplimiento del articulo 45 de la DecisiOn 486 de la Comisión de la Comunidad 
Andina, se le indica que debe dar respuesta dentro del trmino de 60 dias contados 
a partir de la fecha de notiflcaciOn de la presente cornunicaciOn. En caso de no dar 
respuesta al presente requerirniento, ó si a pesar de la respuesta subsistieran los 
impedimentos para la concesión, se denegarÆ la patente. 

NotifIquese el presente oficlo conforme a 10 dispuesto en el numeral 5.2, literal e), del 
capitulo quinto del titulo primero de la Circular Unica NO 10 de 2001. 

ALIX CARMENZ(CESPEDES DE VERGEL 
Directora de Nu(,as Creaciones (C) 

El anterior recuerirniento fue notificado por fijaciOn en lista, de fecha 

CONCEPTO TECNICO EXAMINADOR TECNICO 
No. 818 L Codlgo No. 202089 
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