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EL EXTRACTO DE LA PRESENTE SOLIECITUD‘ DE PATENTE DE INVENCION
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FECHA 31 DE DICIEMBRE DE 2007 EL TERM!NO HABIL SENALADO POR LA
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NOTA: Dentro def plazo de los seis (8) meses siguientes a partir de la fecha de publicacion
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patentabilidad so pena de que la solicitud caiga en abandono, de acuerdo con lo
establecido en el Articulo 44 de la Decision 486/2000. '
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METHOD OF PR()DJgClNGAPOLYPEP'I‘IDE somatic mammary tissue. Wilmut et al, 1997, Narmre
IN AN UNGULATE ? 385:810-813. Some methods for cloning ovine gnimals

‘This. application is a continvation of uis. apph«:auon Ser.
No. -09/239,922, Jan. 28, 1999 U.S. Pat, No. 6,011,197
which ¢laims benefit of provisional appligation 60/073,019,
filed January 29, 1998, entitled “Cloning of Bio_logical

Organisms from Immonahied Totipoten
and & CIP of U.8. application Ser. No. 08/,
6, 1997, entitled “Method df Cloning Az
and a CIP of application Serial No. PCTN
Mar. 5, 1998, entilled “Method of G
. application)
031, filed Mar. 6, 1997, \entltled “Md
Bovines” (pending), each of which is he
by reference in its entirety in Iudlng any 4
each of which priority is claimed.

Cells” (pending);
12,851, filed Mar.
imals” Wending);
IS 98/04345, filed
loning Animals”
Ser. No. 08/812,
thod of Cloning
by incorporated
rawings, and from

10

15

focused upon utilizing ssrum deprived somatic ovine cells
and cplls isolated from ovine embryonic discs as nuclear
donors, PCT Publications WO 96/07732 and WQ 97 €7669

Other|methods for cloning ovine animals involved manipu-
lating|the activation state of an in vivo matured o after
nuclear transfer. PCT Publication WO 97/07668,

While few lambs were produced, publications
close ¢cloned lambs report a cloning efficiency that is, at best,
appro?imately 0.4%. Cloning eﬂic‘:icncy, as caleulated for
the p

bovin
FIELD OF THE INVENTION technig
. 20 420, (
The invention relates to tl%xe cloning of animals. | formed
" BACKGROUND QF THE INVI..N'I_‘ION ?}jﬁﬂ &
The following discussion of the backgrqund of the {nven: R eri
| oo eprod.
tion'is merely provxded 10 aid the reader in poderstanding the o5 TEportE

invention and is not admitt
art to the present invention. |

Researchers have been d&\:eloping me
mammalian animals over the past two

to describe or constituta‘ prior

hods far clcnmg
decades, These

reported methods typically include the steps of (1) isolating
a cell, most often an embryctiic cell; (2) mr rting the cell or

rucleus isolated from the cell into an g
(e.g., the coeyte’s aucleus wa ‘fprekuslye
allowing the embryo to mature in vivo
The first successful nuclear transfer ¢
mammalian cells was reported in 1983, wh

pucleated cocyte
xtracted), and (3)

xperiment using
ere the pronuclei

isolated from a murine (mouse) zygote were inserted into an

& Solter, 1983, Science 220:1300-1302. §
ers described the production‘ of chimeric
{e.g., embryos that contain a

 enucleated oocyte and resulied in like offspring(s). McGrath

Jbsequently, oth-
murine embryos

subset of cells having signifi-

ety For the Study of Fci'tlhty. Annugl Conferencc,

Southampton, 13:38.

Some publications ralatcd‘\ to murine
stress the Importance of steel factor for con
cells into pluripstent cells. U.S. Pat, Nos
5,670,372, entitled “Pluripotent Embryoni
Methods of Making Same,” %sued to Ho

publications indicate that murine pluripot

strong, uniform alkaline phosphatase staini

luripotent cells
erting precirsor
5,453,357 and
Stem Cells and
an, These same
nt cells exhlbit

ing,

Although murine animals were never clearly cloned from
nuclear transfer techmques using embryohic <ells, some

35

50

&3

60

there remains a great need in the art for methods and
materials that increase cloning efficiency. In addition there

cantly different ouclear DNA from other cells in the embry0)  remains a great need in the art to expand the variety of cells
using murine primordial germ cells (PGC). These cells are that can be utilized as nuclear donors, especially expanding
and can give rise to pluripotent cells (e.g., cells that can  quclear|donors to non-embryonic cells. Furthermore, there
differentiate into other types of cells but da not differedtiate 45 romaing 2 long felt need in the art for karyotypically stable
.into & grown animal). Matsui et al., 1992, Cell 70:841~847 permangnt coll lines that can be used for genome mahipu-
and Resnick et al., 1992, Nature 359 550; Kato et al,, 1994, lation and producﬁgn of tran_sgem’c cloned animals.
Journal of Reproduction and Fertility Abspact Series, So¢ie

SUMMARY

The present invention relates to cloning technologies, The
invetion relates in part to immortalized, totipotent cells
ugeful for cloning animals, the embryos produced from these
cells using nuclear transfer techniques, anirials that [avise
from these cells and embryos, and :the methods and|pro-
cesses for creating such cells, embryos, and animals.

The present invention provides multiple advantages jover

mamimal Jian cloning. Such features and advantages include:
(1) Production-of cloned animals from virtually any [iype:
of eell- Wh¢ invention provides maierials and methods for

animals. One of the first successful nuclear|transfer expem
ments utilizing ovine embryonic cells as nudlear donors was
reported in 1986. Willadsen, |1986, Nature 320:63-635. A

© decade later, others reported\that additional lambs were
cloned from ovine embryomc cells, Camptiell et al,, 1996, ¢5 lish a

reprograhnmmg nou-totipotent cells into totipotent cells.
These nd n-totipotent cells may be of non-eémbryonic origin.
This feature of the invention allows for the ability to 55
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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 ‘
5
i

donor in & nuclear teansfer procedure; {5) the indjvidual cell
is disaggregated from the inmeér cell mass of a blastocyst
stage embryo; (5) 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 oft (a) separating the embryo into one or 10

more individual cells, and (b) performing at: least ope
subsequent nuclear transfer between (i) an individual cell of
(), and (i) an oocyte; (9) the oocyte utilized for thé
subsequent nuclear transfer is 4n aged oocyte; (10) thé

cmicleated oocyte for the subscquent nuclear frarsfer; (11)
the subsequent nuclear transfer comprises at least 'ong of the

individual cell and/or the enucleated cocyte; (12) one .ot

Us 6,3§5,958 B1
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cocyte is activated. The age of the oocyte can dramatically
enhance the efficiency of nuclear transfér.

The term “ovulated in vivo™ as used herein refers to an
oocyte that is isolated from ap animal a certain number of
hours after the animal exhibits characteristics that it is in
estrus, The characteristics of an animal in estrus are well
kaows to a person of ordinary skill in the art, as described
in refer¢nces disclosed herein.

I anothet aspect the invention relates to a method for
preparmg a cloned mammatian embryo. The method com-
prises the step of a nuclear transfer between: (a) a totipotent
mammalian cell, where the cell is immortalized; and (b) an

oocyte, where the ooeyte is at a stage allowing formation of

individual. cell {5 placed in the perivitelline space of the- 1§ the embryo It peoforeed embodiments, any of the embodi-

thents of the invention concemmg cloned mammalian

. embryos apply to methods for preparing cloned mammahan

more-eells.of the cloned miammalian- embryo arising-frori 20

the. subsequent nuclear transfer comprises modified nuclear
DNA; and (13) the cloned miamimalian embryo arising from
the subsequent nuclear transfer may be subject to a subse--
quent manipulation, where the subsequent manip)ﬂation is

. L Y T s ‘sembros
steps of translocation, [njection, fusion, and activatiouof the . ! 4

Cloned Fetuses of the Invention

In another aspect, the invention featurés cloned matina-
lian fetuses arising from totipotent embryos of the invention.

Preferably, the mammmalian fetuses are ungulate fetuses, and -

| mére-preferably;-the-ungulate fetigés are bovine fetuses. A

any of the manipulation steps defined previously herein in 251
| animal,

relation to immortalized cells and/or ¢loned embr‘yos.

The tertm “individual cells” as used herein refers to cells
that have been isolated from 2 cloned mammalian embryo of
the invention. An individual single cell can be isolated from

fetis may bé isolated from the uterus of a pregnant fetiale

In praferred embodiments, (1) one or more. cells of the-

fetuses barbor modified. nuclear DNA (defined previously
herem), and (2) the fetuses miay bé subject to any of the

the rest of the embryonic mass by techniques well known to 30| manipulations defined herein. For example, one manipula-

those skilled in the art. See, U.S. Pat, Nos. 4,994,384 and
5,957,420, previously incorporated herein by reference in
their entireties.

The term “subsequent nuclear transfer” as described
herein is also referred to as a “re-cloning” step. Preferably,
a re-cloning step can be utilized to enhance nuclear. repro-
gramming during nuclear transfer, such that the product-of
nuclear transfer is a live born animal, The re-cloning step is
distint, sirice previous efforts towards re-cloning have been

5 |

‘tion may comprise the steps of isolating a fetus from the

uterus of é pregnant female animal, isolating 2 cell fron the
: \fetus (e.g., a primordial germ cell), and utilizing the isolated

directed to multiplying embryo number and not for enhance- 40

ment of nuclear reprogramming. The number of subsequent
nuclear wansfer sieps is discussed in greater detall hereafter,

Any of the preferred embodiments related 1o the
translocation, injection, fusion, and activation steps
described previously herein relate to the subsequent nuclear
transfor step.

The term “inner cell mass” as used herein refers to the
¢ells that gives rise to the embryo proper. The cells that line

‘cell as a nuclear donor for auclear transfer.

| Other aspects of the invention feature ( 1) a cloned mam-
wmahan fetus prepared by a process comprising the steps of
(2) preparanon of a cloned mammalian embryo defined
previously, and (b) maripulation of the cloned mammalian
emnbryo such that it develops into a fetus; (2) a method for
bre.panng a cloned mammalian fetus comprising the steps of
{(2) preparation of a cloned mammalian embryo defined
previously, and (b) manipulation of the cloned mammalian
embryo such that it develops into a fetus; (3) 2 method of
using a cloned fetus of the invention comprising the step of

5 isolating at least one cell type from a fetus (e.g for creating

the outside of a blastocyst are referréd to as the trophoblast sq

of the embryo. The methods for isolating inner cell mass
cells from an enibrypare well known to a person of ordinary
skill in the art. See, Sims and First, 1993, Theriogenology
39:313; and Keefer ot al, 1994, Mol Reprod. Dev.

38:264-268, hereby mcorporated by reference berein in 5

their entireties, including all figures, tables, and drawmgs
The termn “pre-blastoeyst” is well known in thé art and is
referred to previcusly.

The term “aged cocyte as-used herein refers to an doeyte

that has been matured in vitro or ovulated in vive for more 60

than 28 hours since the onset of maturation or ovulation. An
aged oocyte can be identified by its characteristically
homogenous coplasm, This appearance is to be contrasted
with the pycnotic appearance of young cocytes as described

previously herein. The age of the oocyte can be defined by 65

the time that has elapsed between the time that the oocyte is
placed in a suitable maturation medium and the time that the

a feeder cell layer); and (4) a method of using a cloned fetus

of the {nvention comprising the step of separating at loast

qne part of a fetus into individual cells (e.g., for establishing
g feeder cell layer).

" Cloned Animals of the Invention

. In another aspect the invention features 4 cloned marh-
malian antimal arising from a cloned embryo of the inven-
tion, The emibryo is totipotent and can arise from any of the
procesws 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
clder 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 animal is one member of a
plurality of animals, and whers the plurality of animals have
8 substartially similar nuclear DNA sequence. The term
“sabstannally similar” in relation to nuclear DNA sequences
is defined previously herein.

N
1
vt
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In preferred embodiments, (1) the plurglity consisr.s of
five or more animals, ten or dore animals, one-hundret or
more animals, and nnc-thousa,nd or more animals; and (2)
the plurality of animals can have an identical nuclear DNA
sequence, The term “identical’ in reference|to auclear DNA

~sequences is described preVm\xsly herein, |

In another aspect, the mveqtmn relates {0 a cloned mam-
malian animal having one q»r more cells that compnsc
modified nuclear DNA. All of the preferrgd embodiments
relating to. modified nuclean DNA described previously
apply to cloned bovine animals of the invention. !

In yet another aspect, the ipvention featpres a methqd of
using 2 cloned mammalian apimal, comprising the step of
isolating at least one componeut from the matnmaliay ani-
mal, J :

~ The term “component” as used here
portion of an animal. Acompbnent can be

n refers to any
selected from the.

gamete, ombryo, and fetus Precusor e
fluids, biological fuids, cells, tissucs,
embryos, and fetuses 1solate¢ from cloned
- invention,

The term “gamete" berein refers to any cell
patticipating, directly or iud ctly, to the {epmducnve $y5-

may arise; from
1gans, gamelos,
organisms of the

group consisting of fluid, bm};}gw&l fluid, L%eﬁ, tissue, organ,

temn of an animal. Examples of gametes gre spermatocytes,
apermatogoma, oocytes, and oogonia. [Gainetes ¢an be
present in ﬂu:ds, tissues, and organs collected from animals
(e.g., sperm is-present in semen). For éxqmple, methods of
collecting semen for the pu@oses of artificial insemination
are well known to a person of ordinary s

¢.g., Physiclogy of Reproduction and Art]
of Canle (Zud edition), Sz;hsbury et al

mventmn relates to the collecuon of anyt
an animal,

The term “tissus” is defined prevzousl The term “organ
refers 1o any organ isolated from an animal or any portion of
an organ. Examples of organs and tissues are meuronal
tissue, Drain tissue, spl#en, heart, lung, gallbladder,
pancteas, testis, ovary and kidney. These examples 'are not
limiting and the iivention relates to any qrgan and any tissue
isolated from a cloned animal of the invention.

In 2 preferred embodunénts, the invention relates to (1)
fluids, biological fluids, cells, tissues| organs, gametes,
"embryos, and fetuses can be subject to i ampulauon, (2) the
manipulation can compns@ the step of) cryopreserving the
gametes, embryos, and/or fetal tissues; (3) the manipulation
can comprise the step of thawing the cryopreserved items;
(4) the man_ipulation can c}mprise the sfep of separating the

semen into X-chromopsome bearing semen and
Y-chromosoms bearing semen; (3) the mampulanon ¢om-
pnses methods of preparing the semen ffor artificial insemi-
nation; {6) the manipulation comprisesithe step of purifica-,
tion of zdesired golypeptideds) from the bxolnggc.al fluid or>
tissue: (7) the_ mampuiam;n comgprises. concentration of the_
b1olog1ca1 fiuids or Tissues;-and (R) the miatipulation can
comprise the step of transferring one dr more cloned cells,
Cloged tissucs, cloned oigans, and/or| portions of cloned
Organs 10 a recipient org Fxsm (c.g.; the recipicut organism
may be of a different specie than the donor source).

The term “separating’ as used herein in reférence to
separating semen refers to methods well known 10 a person
skilled in the art for fractiopating a| semen sample_into
sex-specific fractions. This type of sepgration can be accom-
plished by using flow ?]Zza:;ucters that are commcmally
available. Methods of utilizing flow cytometers fﬂom sepa-

| | us 6,395,958 B
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50

~55

60

65

ring Will Be of a Desired Sex,” Spaulding, iss
. 8, 1995, Sep 13, 1994, and Jun. 4,.

tration of the target polyp_epxide and the concentration af

centrifugation, and column chromatography techn 1ques,

implanting one or more cells, tissues, organs, and/or portions
of o gans from the cloned mamma.han aninial intg another

such as Alzheimer's disease. Alternatively, clomed cells,
tissues, and/or organs originating from a poreine organism

for accomplishing this preferred aspect of the inve
well krown to a person of ordinary skill in the a
ferring procedures may include the step of removi
tisspes, or organs from a recipient organism before a transfer
step, :
“#In other aspects the invention features (1) a cloned
mammalian animal prepared by a process complising the
steps of: (a) preparation of a cloned mammalian embryo by
any one of the methods described herein for producisg such.
a cloned mammalian embryo, and (b) manipulation of the
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cloned marnmalian embryo such that it develops into a live
born animal; (2) 4 process comprising the steps of: (a)
preparation of a cloned mammalian embryo by any oné of
the methods described herein for preparing such a 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 mammalisn embryo by
any one of the methods for producing such an embryo

described herein, and (b) manipulation of the cloned mam- 10

malian embryo such that it develops iito a live born animal,

In preferred embodiments, (1) the live born animal is
preferably an ungulate animal and more preterably a bovine
animal; (2) the mampulatwn can comprise the step of

estrus cycle of the animal can be synchronmized to the

30

i 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 phexiotype of an existing animal and then readily estab-
mammalian embryo, and (b) manipulation of the cloned $

[

implanting the embryo into a utcrus of an animial; (3) the %
{

developmental stage of the embryo; and (4) the manipula-
tion can comprise the step of implanting the embrye into an 3

artificial environment,

The summary of the invention described above is not 30

lirniting and other features and advantages of the invention ;
will be apparent from the following detailed description of |
the preferred embodiments, as well as from the claims.

|
T1G. 1 illustrates multiple embodiments of the invention
relaling to the generation of immortalized, totipotent cells
from precursor cells. The figure indicates that 1mmonahzed,
totipotent cells can arise from embryonic sterm cells, pri-
mordial germ cells, and cclls isolated from an animal. The '
precursor cell sources illustrated by FIG. 1 are not limiting !
and other precursor cell sonrces are described herein.

“FIGS. 2(A~D) illustrates an embodiment of the invention

related 10 cloning, The figure illustrates a cloning procedurs 35

in which (a) a precursor cell is reprogrammed into an !
immortalized, totipotent cell; (b) the immortalized, totipo-

tort cell is utilized as a donor for a first nuclear transfer,

which utilizes a young oocyte; (¢} the embryo arising from |
the first nuclear wansfer is cultured; (d) & cell isolated from
the embryo arising from the first nuclear transfer is utilized
as a muclear donor for a second nuclear transfer, which
utilizes an aged oocyte; and (¢) the embryo resulting from |
the second nuclear trapsfer may be cultired and then |

140

allowed to develop into a live bord animal, The embryos ‘45

resulting from the nuclear transfers may be cultured and/or |
eryopreserved and thawed. ‘ ‘

FIG. 3 illustrates multiple embodiments of the iavention .
related to pathways for establishing totipotent cell lines and.

cloned. animals. Fibroblast cells can be isolated from any 50

source described herein. This figure is described in further’
detail in the Examples scction, |

FIG. 4 illustrates multiple embodiments of the invention !
for creating cloned transgenic cell lines and cloned trans-!
genic animals, This figurs is described in further detail in the
Examples section.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS:

The present invention relates to cloning techmologies. 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

- 60

immortalized, totipotent cells useful for cloning animals. &

These immortalized, totipotent cells ¢an give rise to methods
of producing cloned animals by utilizing virtually any type

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 ¢ell lines than existing cell lines
used for cloning. For example, embryonic stem cell lines can
harbor multiple colonies of cells that are not totipotent. The
totipotent, immortalized cells of the invention hdrbor a
higher percentage of totipotent cells than cell lines previ-
ously reported.

Moreover, the fethods and processes for creating the
immortalized, totipotent cells, totipotent cloned embryos,
and cloned animals of the invention demonstrate the

. enhancéd cloning efficiency over cloning tools and tech-
BRIEF DESCRIPTION OF THE FIGURES 25

niques ;previously reported. In particular, the totipotent,
immortalized cell lines and the refined muclear transfer
techniques of the invention provide for this enhanced clon-
ing efficiency. This enhanced efficiency satisfies a long felt
needt in the art.

1. Immortalized and Totipotent Celis

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 colls: (1) embryos arising from the union of two
gametes in vitro or in vivo; (2) embryonic stem cells (BSC’s)
arising from embryos (e.g,, pre-blastocyst cells and inner
cell mass cells), (3) cultured and gon~cultured cells derived
from the imner cell mass of embryos; (4) cultured and
nonscultured cells arising from a fetus; (5) primordial germ
cells arising from a developing cell imass (e ., genital ndge
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
pon-cultured cells obtained from ammiotic fluid; (8) cultured
and non-cultured cells arising from an ovarian follicle (e &
cumulos cells); (9) cultured and non-cultured cells arising
from 2 liver (e.g., hepatocytes); and (10) cultured and
nonsciltured cells isolated from an animal.

ESCs and EGCs can be readily generated from methods

Ynownt in the art. See, e.g., Stice et al., 1996, Biology of

Reproduction 54: 100-110, hereby incorporated by refer-
snce herein in its entirety including all figures, tables, and
drawings. See also, Strelchenko, 1996, Theriogenology 45:
130-141. ESCs have been demonstrated to give rise to
fetuses, from which primordial germ cells and EGCs can be
derived. Therefore, ESCs are a noarly 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 cultire techniques well known to a person of
ordinary skill in the art. Preferably, cells of the invention are
extracted from bovine animals, Examples of maierials and
methods for reprogramming primary culture cells into
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- 1mmorta11zed totipotent cell.«i are descnbf
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d in exem?lary
embodiments hereafter. v
Although cxemplary embodiments of
directed to bovine animals, materials and| methods of the
invention can be applied to thi generation of immortalized,
totipotent cells using precussor cells isolaied from: any
mammal. Preferably immorfalized, totifotent cells are
extracted from ungulates. Exdmples of preferred ungulates
suvisioned for the invention are described prcvtowsty
Tmmortalized, totipotent cells of the inviention are pref-
erably generated from the examples of cellg indicated in the
preceding paragraph after treatment with 2 receptor ligand
cocktail. Examples of receptor ligands are well knownito a
person of ordinary skill in the art. Cytokines and/or growth

¢ invention are.

factors are preferred receptor ligands of the
e.g, R&D Systems Catalog, 614 McKin
Minneapolis, Minn. 55413, In gxemplary

invention. Ses,
ey Place N.E.,
embod:ment.s,

varying amounts of human recombinant leukemia inhibitory

factor (heLIF) and basic bovine fibroblas|

growth factor

{(bFGF) ¢can be added to the culiure medium o reprogram the
precursor cells into immortalized, totipotent cells. Varying
¢ancentrations of these two cytokines can be added to the

culture medium, preferably in concentrations of 1-~1000

ng/ml., more preferably in concentrations
ng/ml, dod most preferably aﬁ)out 100 ng/)
soluble and membrane-associated forms of
not required for converting px‘gcursor cells
“immortalized cells.

These examples are not méant to be lif
eytokine or combination of cytokmes cay
deleted from those-described |in exemplary

etween 10-500
ml. Exogenous
steel factor are
into totipotent,

niting and any
n be added or
¢ embodiments

described - hereafter. Preferred cytokines ffor generating
immortalized, totipotent cells can be selected from the group
consisting of fibroblast growth factor (FGF), leukemia
" inkibitor {actor (LIF), cardiotrophin 1 (CT-L), ciliary neu-
rotrophic {actor (CNTF), stem {eu factor (S{F), oncostatin

M (OSM), and any member of the interleukin (IL) family,
including 11.-8, TL-11, and IL-12 ‘
" Other cytokines and other molecules bes
can be added or deloted from ithe receptor
described in the exemplary empodm:euts described hereaf-
ter 1o create immortalized, toLTmem cells %m any of the

ides cytokines
ligand cocktail

. ¢élls described in the previous paragraph. Any of the con-
“ditions for generating immortalized, totipotent cells can; be
riodified from those deseribed | herem The. ability of these
modified conditions to generate immortaliged, totipotent
cells can be monitored by met‘hods defined|in the section
“Tdentification of Immottahmd and Tohpotent Cells”
described hereafier. 3

B. Culturing Immortalized and ’Toupotent Cells |
A variety of methods for culturing cells exist in the art.
See, e.g., Culture of animal cells: a manual\of basic tech-
nique (2nd. edition), Freshney, cppyright 1987, Alan R. Liss,
Ine., New York. Particularly the
for immortalized, totipoten as |well as the
immortalized, totipotent cells themselves, can be grown on
feeder layers. Examples of feedtr layers are well known!to
a person of ordinary skill in the art, and can arise from a
number of different cells that arg cultured in Witro. See, e.g.,
‘Strelchenko, 1996, Theriogenology 45: 130-141, as well as
exemplary embodiments descnbpd hereafter. However, pre-

cells,

cursor colls for immortalized, totipotent cellsjas well as the -

immortalized, totipotent cells thqmselve& ne
on feeder layers.
C. ldentification of Immonahm‘i and Tatipotent Cells
Identification of Imdmnahzed Cells ‘
Tmmonalized cells can be ide ptified as thode that are not
confined to the Hayﬂxc.k limit. The Hayflick limit is defined

not be grown

i

|

1ls that are precursor ¢ells
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by cells that divide for more than 60 cell divisions. Hence,
cells tht have divided fer more than 60 cell divisions are

nucleosa es, hpld associated sialic acids, polyammcs,

invention
khown in the art,

Macromolecnlar markers can be separated into several
classes i i
polypeptides, proteins, enzymes, growth factors, grow
factor receptors, hormones, hormone receptors, oncoge
oncogend
leculdr
extracelly
intracellular proteins, which may be membrane associated
soluble, Qne such marker for immortalized cells is telom-
erase or i ivit
No. 5,645,986, supra. Other examples of markers spec
for immartalized cells can be selected from the followi
List: :
1) Epidermal growth factor (EGF) and its receptor (EGF-R}

2) Transforming growth factor-alpha (TGF-alpha) and)its

receptor
3) c-erbBR receptor tyrosine kinase (HER2 product)
nag receptor (probably CD44, an integral me
yeoprotein)

m-

placental alkaline phos‘phatase (PLA

8) Cathepsin D (catalyzes degradation of laminin).
9) Ornithine decarboxylase (ODC) (catalyzes the rate-

limiting step in polyamine synthesis)
10) Beta-
11) Alphai6 integrin
12) Kera i
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15) Changes in p53 expression or p53 mutations

16) Heterogeneous nbonucleoprote1n-A2 (hnRNP-AZ)

overexpression
17) L-plastin
18) Ganglioside {ucosyl-GM1

19) Mob-1 expression (mob-1) (homology to promﬂamma-
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tory cytokines) These examples are not limiting and the |

invention relates to any markers specific for immortalized

cells that are known in the art, ‘

[ 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 types.

In examples pertaining to nucleic acid immortalization
markers, immortalized and non<immortalized cglls 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 fon-immortalized gells can be
screened for particular nucleic acid sequences. If samples
from nop-immortalized cells lack a mucleic 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 be a marker for distihguishing immortalized cells from
notsimmortalized cells. Similar methods can  ¢lucidate
polypeptide markers by utilizing polypeptide | analytical
technigues (e.g., PAGE, SDS-PAGE, procedures comprising
autibodies, and [IPLC techniques kiown in the art).

Identiflcation of Totipotent Cells

Totipotent 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 muclear transfer cycles with a
cell (as described hereafler) and developing the resulting
embryo into an animal.

Markers can be utilized t6 distinguish tonpotent cells
from non-totipotent cells. Markers ¢an be 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 be selected from the group consisting of
alkaline phosphatase, cytokeratin, vimentin, laminin, and

¢-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 cclls being ideatified for totipotency. As noted
previously, totipotent, immortalized bovine cells. of the
invention gegerally do not appreciably stain for alkaline
phosphatase. Therefore the cells of the invention are to be
contrasted with pluripotent cells discussed in previously
refercnoed 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. Foriexample,
although immortalized, totipotent bovine cells do not appre-
ciably stain for alkaline phosphatase, immortalized, totipo-
teat porcine cells may appreciably stain for alkaline phos-
phatase. The 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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Markers for totipoteney that are not clearly defined in the
art ¢an 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) wtilizing a potentially
iotipotent cell for nuclear transfer with an enucleated ooeyte;

" (2) allowing the resulting cybrid to devslop; (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 2 resulting
cybrid from step (3) to develop into an einbryo; (5) implant-
ing the embryo from step (2) or (4) into a uterine environ.
inent; and (6) allowing the embryo to develop. If the ensuing
fetus develops past the first trimester of preghancy then the
cells initially vsed for muclear transfer are miost likely
totipotent ¢ells. If the cells utilized for nuclear transfer
develop into a live born cloned animal then the cells are
definitively totipotent. Examples of the téchniques utilized
for this exemplary test (e.g., enucleation of oocytes and
nuclear transfer) are deseribed 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 of 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
2. person of ordinary skill in the art can readily produce
immortalized, totipotent cells by uuhzmg the materials and
methods described herein in conjunction with methods for
identifying immortalized, totipotent cells.
I 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-

: gemc 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 miclear 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, ¢.g., EPO 264 166, entitled “Transgenic Ani-

58

mals Secreting Desired Proteins Into Milk”; WO 94/19935,

» entitled “Isolation of Components of Interest From Milk”;
F WO 93/22432, entitled “Method for Identifying Transgemc
, Pre-implantation Embryos™; and WO 95/17085, entitled

60
"| ing all figures, drawings and tables.

65

“Transgenic Production of Antibodies in Milk,” all of which
are incorporated by reference herein in their entirety mclud~

Methoids for generating transgenic cells typically include

| the steps of (1) assembling a suitable DNA construct useful
' for. inserting ‘a specific DNA sequence into the nuclear

gengme of a cell; (2) trausfectmg the DNA construct into the

'eellsi (3) allowing rendom insertion and/or homologous

recombination to occur. The modification resulting from this
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process may be the insertion of|a suitable DNA construc&(s)

into the target genome; deleti
genome; and/or mutation of the target gene

JINAconsiructs.can comprise-a-gene of inf
msulamrs, enbancers, aud répressors-as well
ribosonal-Bifidiag to the RNA transeribed
eomsinict: DNA cofistriicts can| als6 encode)|

n of DNA iom the target

€.

anti-sense DNA and/or RNA, identified previously herein,

These examples are well known to a person'

- in the art and are not meant to be limiting, |

£ ordmary glull

Due to the effective recombinant DNA techniques aVaﬂ~

able in conjunction with DN sequences

for regulatory

clements and genes readily av{a.dablc in datp bases andithe
commereial sector, a person of ordinary skill in the art jcan

reachly generate a DNA consirtict appropria
ing transgenic cells using the matenals
described herein.

Transfection technicques are‘ well known

carrying out trapsfection of DNA construe
commercially available. Materials typically

ordinary skill in the art andi materials avF

¢ for establish-
and methods

10 a person of
metheds for
into cells are
sed to transfect

cells with DNA constructs are lipophilic conjpounds, such as
Lipofectin™ for example. Particular lipophilic compounds
can be induced to form liposomes for mediating transfcdtion

of the DNA construct into ther cells.

Target sequences from the DNA construg
into gpecific regions of the
design of the DNA construct. These design

can be inserted

uclear gename by ratipnal

techniques and

_methods are well known to a person of ordinary skill in the

art. See, U8, Pat. No. 5,633,067, “Method

of Producing a

Transgenic Bovine or Transgenic Bovine Embryo,"” DeBosr

et al, issued May 27, 1997; U.S. Pat.

No. 5,612,208,

“ Homologous Recombmatxon lin Mammaljan Cells,” Kay et

al.
93/22432, “Mcthod for I entifying T‘

publication WO

ansgenic Pre-

Lmplanlation Embryos,” both of which are incorporated by
reference herein in their entirety, including all ﬁgm'es,

drawings, and tables. Once |

e desiréd DNA sequew::e i

_inserted into the nuclear genome, the location of the inser-
tion region as well as the frequency with Which the desired

DNA scquence has inserted igto the nucleat

genoms can be

identified by methods well known to those skilled in the art,

Once the transgene is inserted into the nyclear genome of

the immortalized, totipotent cell, that cell

can be usedias 2

of the embodiments relate
deseribed in more detail herc‘ fter.
A. Diseases and Parasites i

nuciear donor for cloning a tr%nsgcmc

al. Adescnpuon
to transgenic ammals are

Desired DNA sequences can be mserted into the (mlclear

from the DNA._
ribozyimes aad ~
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N erostas wetlas-.
a.variety -of elements. including - regﬂﬂt‘ﬁzﬁﬁf_‘.’mmem"“-
elements for”
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B. Elements of DNA Constructs and ‘Production of DNA

Canstrucl .
A wuig variety of transcriptional and translational regu-
latory seguences may be employed, depending upon [the
nature of the host. The transcriptional and translational
regulatory signals may be derived from viral sources, such

“ as adengvirus, bovine papilloma virus, cytomsgalovirus,

10

is

20

28

30

35

45

simian virus, or the like, whereas the regulatory signals ate
associated with & particular gens sequence possessing pofen-
tial for high levels of expression. Alternatively, promoters
from mammalian expression products, such as actin, cagein,
alpha~lactalbumin, uroplakin, collagen, myosin, and the like,
may be employed. Transeriptional regulatory signals may be
selected which allow for repression or activation, so |that
expression of the gene product can be inodulated. Of interest
are regu{tltory signals which can be repressed or initiated by -
external| factors such as chemnicals or drugs. Other
examples of regulatory elements are described herein,
C. Examples of Preferred Recombinant Products

A variety of proteins and polypeptides can be encoded by
a gene harbored within 2 DNA construct suitable for credting
transgenje -cells, Those-proteins or polypeptides include
hormo_ne S, - ‘growth factors; enzymes, clotting factors,
apalipoproteins; redeptors, drugs, - pharmaceut:c als,
bioceuticals, mutraceuticals, oncogencs, tumor anti
tumor

examples of these compoinds include proinsulin, in
{growtti hormong, androgen receptors, insulia-like gr
factor Ltinsulin-like growth factor II, insulin growth factor
binding [proteins, epidermal growth factor, TGEq, TGE-B,
dermal growth factor (PDGF), angiogenesis factors (acidic
fibroblast growth factor, basic fibroblast growth factor and
angiogepin), matrix proteins (Type IV collagen, Typg VII
collagen, laminin), oncogenes (ras, fos, myce, erh, sre, sis,
jun), E6lor E7 transforming sequence, p53 protein, cyiokine
receptor, I1L-1, IL-6; IL.-8, 1.2, a, B, or YIFN, GMCSF,
iral capsid protein, and proteins from viral, bacterial
sitic organisms. Other specific proteins or polypep-
cwhich can be expressed include: phenylalaniné
hydroxylase, a-l-antitrypsin, cholesterol-7a-hydroxylase,

chemic%: cellular amd/or enzymatic processes. Sp cific

tein E, gpolipoprotein A1, LDL receptor, scavenger receptor
for oxidized lipoproteins, molecular variants of each,
and -combinations thereof. Other examples are clatting
factors, i

gellular) genome to enhance the resistance of a cloned
transgenic animal to particular parasites and diseases.
Lixamples of parasites include worms, flies) ticks, aud fleas.
E,xamples of infectious agents include baqteria, fungi, and

viruses. Examples of discdses include |Johne’s, BVD,
tuberculosis, foot and mouth,

BLV, BSE|and brucellosis.

These ¢xamples are pot limiting and the inyention relajes to

any disease or parasite or infectious agent
See, e.g., Hagan & Bruners !j;fecnom Die.

owa in the art.

ses of Domestic

Animals (7th edition), Gillespie & Timoney, copyright 1981

Cornell University Press, Ithaca NUY.

A transgene can confer resistance to a particular parasue
or disease by completely abrogating or partially alleviatmg

the symptoms of the discasd or parasitic

¢|condition, or by

producing a protein which controls the palrmte or dmpas&

6

R

nucleic amdsequencce not normally found-in the cells; (2
nuelexc am&moleculcs whlch A aormally foundin

twél_mc
mormally: expressed at physmlogxcal desired lovels; (4) othier™
nuicleicacid sequences which can be modified forexpr
in lelw and (5)-any combination of 1hé above
n a

into th{ \

can be transeribed into ribonucleic acid molecules that can
cleave other RNA molecules at specific regions. Ribonucleic

I
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acid moleculés which can cleave RNA molecules dre
reforted to in the art as ribozymes, which are RNA mol-
ocules themsolves. Ribozymes can bind to discrete regions
on a RNA molecule, and then specifically cleave 2 region
within that binding region or adjacent to the binding region. 5
Ribozyme techniques can thersby decrease the amount of
polypeptide translated from formerly intact miessage RNA
molecules.

Furthermore, DNA constructs ¢an be incorporated into the
nuclear complement of cells and when transcribed produce 19|
RNA that can bind 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, Anti-sense techniques can
thereby block or partially block the synthesis of particular 15
polypeptides in cells.

ML Nuclear Transfer

Nuclear transfer (NT) techmques nsing non-immortalized -
and nou-toupotent cells ;are well known to a person of 2d
orditary skill in the ast. See, U.S. Pat. No. 4,994,384 °
(Prather et al.) and U.S. Pat. No. 5,057,420 (M4asscy et al.). /
All of the advantages inherent to using the immotalized,
totipotent cells as described above are also advantages for
NT techniques, specifically the fact that the immortalized, 25
lotipotent cells are a nearly unlimited source of nuclear
donors and that these cells increase the efficiency 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, 30
preferably ungulates.

A. Nuclear Donors

Immortatized, totiporent cells of the mvennon canbe used |
as nuclear donors in a NT process for generating a cloned ‘
embryo. As described above, the immortalized, totipotent 35
cells can be generated from pearly any type of cell, For NT |
techniques, a donor cell may be separated from & growing |
cell mass or isolated from a cell line. The entire cell may be |
placed in the perivitelline space of a recipient coeyte or may
be.directly-injected into- therecipient-vodyte- by aspxxaxmg 240
the fAuclear donor.into a needle, placing the iéedls into the |
recipiétit tboyte, releasing the nuclear donor and removmg i
the needle without significantly disrupting the plasma mem= . -
brane of the oocyte. Alternatively, a nucleus (karyoplast)
may be isolated from 2 nuelear donor and placed into the ' 45
perivitelline space of or injected directly into the recipient.
ooeyte, for example. i
B. Recipient- Qocyies

A'recipient oocyte Is typically an oocyte w1th a poruon of
its ovplasm removed, where the removed ooplasm com- 50
prises the cocyte nucleus. Enucleation technigues are well
known to a person of ordinary skill in the art. Se¢ ¢.g., US)
Pat. Nos. 4,994,384 and 5,057,420,

Oocytcs can be isolated from either oviduots and/ot
ovaries of live animals by oviductal recovery procedures or 35
transvaginal oocyte recovery procedures well knowr in the
art and described herein. Furthermore, cocytes can be iso-
lated from deccased animals. For example, avarics can bé
obtained from abattoirs and the oocytes aspirated from these
ovaries. The cocytes ¢an also be isolated from the ovaries of 60
a recently sacrificed animal or when the ovary has been
frozen and/or thawed.

Ooeytes can be matured in a variety of media well known
to a person of ordinary skill in the art. One example of such
a medium suitable for maturing oocytes is depicted inm an 65
exemiplary embodiment described hereafter. Qocytes can bie
suceessfully matured in this ‘typs of mediu within an

,9‘58 Bl
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énvn'onmem comprising 5% CO, at 39° C. Oocytes may be
opreserved and then thawed before placing the ooeytes in
maturation medivm. Cryopresarvauon procedures for ¢ells

Jand 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 dge of the oocyte can be

‘determmed by the time that has elapsed since the oocyte was

’plaoed in maturation medinm and the time it was activated.
Ayoung ooeyte can be defined as an oocyte that is cultured
{int vitro less than 28 hours before activation. An aged oocyte

‘\ is defined as an cocyte that i cultured in vitro for more than

| 28 hours before activation.

J ~The age of the oocytes can be functionally identified by
| the ‘appedrance of their ooplasin. For examiple, because
certain cellular materials have not yet dispersed within the
| ooplasm of a young socyte, young 0ocyics have a pycnotic

‘ - appearance. Aged oocytes, in comparison, are characterized

‘ by 4 more horogeneous cy’toplasm A publication discuss-
ing the use of aged nocytes for NT is WO 97/07662, entitled
“Inactivated Oocytes as Cytoplast Recipients for Nuclear
Transfcr »

“ The nuclear donor cell and the reupwnt ¢ocyte can arise
ﬁfom the same specie or different species. For example, &

! bovine immortalized, totipotent cell can be inserted into a

bovmc enucleated cocyte. Alternatively; an immortalized,
totipotent cell derived from a bison can be inserted into a
bovine ienucleated vocyte. Any . nuclear donor/recipient
oocyte combinations 4re envisioned by the invention. Pref-
etably the nuctear donor and recipient cocyte arise from one
specie or different species of ungulates. Cross-species NT
technigites can be utilized to producs cloded animals that are
endangered.

The vocytes can be activated by slectrical 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 & medium containing one or more compo~
nents suitable for non.electrical activation prior to fusion.
Altemg‘ttively, & fused cybrid can be placed in 2 medinm
containing ope or more components suitable for non-
electrical activation. The activation process is dlscusscd in
greater detail hergafter.

C. Injection/Fusion -

A ruclear donor ¢an be translocated into an cocyte using
a variety of materials and methods that are well known to a
person of ordinary skill in the art, In one example, 2 nuclear
donor may be directly injected into a recipient cocyte, This
direct: m]ectmn can be accomplzshed by gently pulling a
nuclear donor into a needle, piercing a recipient cocyte with
that ncedle, releasing the nucloar donor into the cocyte, and
removing the needle from the cocyte 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-
nce.:

In ancther example, at least a portion of plasma mem-
brane 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, Willadsen, 1986, Nature
320:63~65, hereby incorporated herein by refercuce 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
refetences incorporated by reference herein.

Other exarmples of non-clectrical means of cell fusion
involve incubating eybrids in solutions comprising polyeth-
ylere glycol (PEG), and/or Sendai virus: Various molecular
weights of PEG can be utilized for cell fusion.
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Although the eﬁicwncy of NT as a process {5 sensitive to

minor modifications, other variables for fiision can be deter-

mined without undue experimentation. For exaraple, modi-
fications 1o cell {usion techniques can be monitored for thelr
efficiency by viewing the pegree of cell fusion under a
miecroscope. The resu]tmg eqmbryo can then be cloned and
identified as a totipotent embryo by the |same methods as
those prevzously described herein \for identifying
immortalized, totipotent cells, which car include tests for
selectable markers and/or teSts for develqping an animal.
D. Activation
Methods of activating aodytes and cybrids are known to
those of ordinary skill in the art. See, U.$. Pat. No. 5,496,
720, “Parthenogenic Qoeytel Acuvauon, Susko-Parrish et

al., issued on March 8, 1996; hereby incotporated by refer-

ence herein in its entirety m{:ludmg all figures, tables, and
drawings.
Both electrical and nop-slectrical means can be usqd for
activatiig the cybrids. Although use of|a non-electrical
means for activation is not always necessary, non-¢lectrical
activation can cnhance the) developme tal potential of
cybrids, particularly when young oocyte are uillwed as
recipients.
‘Examples of electrical techpiques for aetivating ::ells are
well known in the art. See, U.S. Pat. Nos. 4,994,384 and
5,057,420, Non-electrical means for acti ating cclls‘ can
include any method known jn the art that increases the
probability of cell division. | Exa.mples of non-electrical
means for activating a nuclear donor and/orrecipient can be
accomplished by introducing cells to ethanbl; inositol tris-
phosphate (IP,); Ca** jonophare and proteip kinase inhibi-
tors such as 6-dimethylaminopurine; temperature change;
protein. syathesis inhibitors (e.g., cyclohexdmide); photbol
esters such as phorbol 12-myristate 13-4cetate (PMA);
mechanical techniques, thapsjgargin, and lsperm factors.
Sperm factors can include any component ofla sperm. Qther
non-electrical methods for activation include subjecting the
cell or ¢ells to cold shock and/or mechanicql stress. .
Examples of preferred proteja kinase inhibitors arg pro-
tein kinase A, G, and Ic inhibitors such :as
6-dimethylaminopurine (DMAP), 5 autoSporm,
2~aminopurine, sphingosine. H’mennany, tyrosine kmaSe
inhibitors may alse be usilized o activate cells. ;
Although the NT process is sensitive to minor
modifications, other van_ables for activation|can be deter-
mined without undue expen:qdutauou Other activation
materials and methods can be identified by modifying the
specified conditions defined id the excruplary protocsls
described hereafter and in U.S. Pat. No. 3, 46 1720, ‘
The result of any modifications upon efficiency and
totipotency of the activated embryo can be iddntified by the
methods described previously in| the section entifled “Iden-
tification of Immortalized and ’ﬂ"onpotem Cells.” Methods
for identifying totipotent embryos can inchudd one or more
tests, such as (a) identifying spec;xﬁc markers for totipotent
cells in embryos, and (b) by |determining |whether the

embryos are totipotent by allowing them to deyelop into an-

animal. Therefore, the invention relates to any modifications
to the activation procedures desaribed herein leven though
these modifications may not be explicitly statad herein,
? Manipulation of Embryos Restﬁltmg from Niyclear Trans-
or
An embryo resulting from a N can be man
variety of mauners. The invention Irelates to clo
that arise from at least one NT. |
Execmiplary embodiments of the invention
that twa or more NT procedures may enhance
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A pref rred embodunent of the invention, for exam
relates es tola hrst NT uullzmg.a young @uuclsazed oocyt_ 85

by' o seie

overall efficiency for pmducmg cloned totipotent embrys
can be tested by practmng the tests for toupotency descn’be d

talized and [Totipotent Cells.”
The clongd totipotent embryos resulting from NTs can be
(1) disaggregated or (2) allowed to develop furthet.
If the :embryos are disaggregated, these cmbryonic
derived cellg can be utilized to establish cultured celis. An
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type of embryonic cell can be utilized to produce cultured
cells, These cultured cells are sometimes referred to as
embryonic stem cells or embryonic stem-like cells in the
scientific literature. The embryonic stem cells can be derived
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embodlments of the present invention do not require in vivo
development steps prior to implantation into the uterus, the
materials 4nd methods of the present invention represent an
inventive  step over cloning methods previously described by

from early embryos, morulae, and blastocyst stage embrycs s others.

Muiltiple methods are known to a person of ordinary'skill in
the art for producing cultured embryonic cells. These meth-
ods are enumerated in specific references prevmusly incor-
porated by reférence herein.

If-the—cmbryos ag allowed 16 develop 1a-ntkry, wells:
isolated from thedeveloping fvtustan bentitizedtoproduce- -
cuiized cells In preferred embodiments, primordial germ
colls are isolated from the genital ridge of 28 to 75 day old
devcloping cell miasses for the establishrnent of cell lines.
These cultured cells are sometimes referred to as embryonic
germ cells (EG). These cultured cells can be generited using

Q. Development of Embryos in utero

Cloned embryos can be cultured in an artificial or natral
juterfne environment after NT procedurss, Examples of arti-
[ficial devélopment cavironments are being developed and
|some are known to those skilled in the art. Components of

~-ithe artificial enviropment can be modified with lttle

| expenmemauon, for example, by modifying one component
' and monitoring the growth rate of the embryo. _
Methods for implanting, embryos into the uterus of an

janimal are also well known in the art. Preferably, the

 developmental stage of the embryo(s) is correlated with the

meéthods well known to & person of ordinary skill in the art.
The methods are enumerated in references previously incor-
porated by reference herein,

The cloned totipotent embryos resulting from NT ¢an also d
be manipulated by cryopreserving and/or thawing the
embryos. Sge, U.S. Pat. No. 5,160,312, entitled “Cryo-

estrus cyele of the animal.

Embryos from one specie can be placed into the uterine
© environment of an animal from another specie. For example
it has been shown in the art that bovine embryos can develop
in the oviducts of sheep. Stice & Keefer, 1993, “Multiple
generational bovine embryo Cloning,” Biology of Reproduc-

preservation Process for Direct Transfer of Embryos,”
Voelkel, and issued on Nov. 3, 1992; and U.S. Pat. No.
4,227,381, entitled “Wind Thnnel Freezer,” Sullivan et al,,
issued on Oct. 14, 1980, all of which are hereby incorporated
by reference herein in their entireties including all tables,
figures, and drawings. Other embryo mampulancm methods
include culturing, performing embryo transfer, d&ssocxatmg

| ton 48: 715-719. The invention relates to any combination
Fof ungulate embryo in any other ungulate uterine envirop.

25
i ofan endangered species. For example, a bison embryo can

ment. The cross-specics relationship between embryo and
uterus can allow for efficient production of cloned animals

develop in the uterus of a domestic bovine. In another
example, a big-horn sheep embryo can develop in the uterus

of 2 large domcsticated shoep.
Onge the embryo is placed in the uterus of an animal, the
embryo can develop to term. Alternatively, the embryo can

for NT, dissaciating for establishing cell lines for use in NT, 30
splitting, aggregating, sexing, and biopsying the embryos i
resulting from N'T, which are described hercafter. The exem- |

plary manipulation procedures are not meant to be limiting |
and the invention relates to any embryo manipulation pro-
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cedure known to 4 person of ordinary skill in the art.

IV. 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- 4
jected to these similar tests. The tests relate to similar |
markers for identifying totipotent cells, as well as a test for |
determining totipotency by allowing 2n embrye to develop !
until it passes the second irimester of gestation, ori

preferably, gives rise to a live bom animal. Methods for 45

ideutifying other markers for totipotency are also described |
in that section.
B. Culture of Embryos in vitro

Methods for culturing embryos in vitto are well known to

those skilled in the art. See, U.S. Pat. No. 5,213,979, enml&d‘ 50

*In vitro Culture of Bovine Embryos,” First et al., issued on|
May 25,1993, and U 8. Pat. No. 5,096,822, entitled “Bovine:
Embryo Medium,” Rosenkrans, Jt. et al., issued on Mar, 17,
1992, both of which are incorporated by reference herein in

its entirety, including all figures, tables, and drawings. In s5

addition, exemplary embodiments for media sujtable for
culturing ¢loned embryos in vitro are described hereafter,
Foeder cell layers may or may oot be utilized for cultunng
cloned embryos in vitro, Feeder ceolls are described previs
ously and in exemplary embodiments hereafter. ‘

The present invention is superior to ¢xisting materials and
methods for cloning organisms, because embodiments of the
invention allow for culturing all cells and embryos in vitré
prior to implantation. For ¢xample, cloning methods

described for cloning ovine organisms require an in vivo 65

development step in the oviducts of an ovine host anintal
before the embryos are irmplanted in 2 suitable host. Because

s

be allowed to develop in the uterus and then can be removed
at & chosen time. Surgical methods are well known in the art
for removing fetuses from lteri befors they are born.

‘ V. Cloned Animals
A. Bovine Cloned Animals

As deseribed 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 cloming of
bovine animals from blastomeres, a method that does not
allow for phenotype assessment.

Multiple products can be isolated from 2 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 séx-specific fractions. See, U.S, Pat.
Nos, 5,439,362, 5,346,990, and 5,021,244, cutitled “Sex-
associated Membrane Proteins and Methods for Increasing
the Probabxhty that Offspring Will be of a Desired Sex,”
Spauldmg, and issued on Aug. 8, 1995, Sep. 13, 1994, and
Jun, 4, 1991, respectively, all of which are hereby incorpo-
rated by reference herein in their entireties including all
figures, drawings, and tables. Methods of collecting semen
are well kaown to a person of ordinary skill in the art.
Physiology of Reproduction and Artificial Insemination of
Cattle (2nd. edition), Salisbury et al., copyright 1961, 1978,
W. H. Freeman & Co., San Francmco

The_invention f@la-t@%— in part-to--any prodiids. Eollected ™
fren:r‘a Tloned animal; preferably & cloned bovine anirnal,
The products can be any body finids or organs isolated from
the animial, or any products isolated from the flulds or
organs. In preferred embodiments, producis—suchas milk™~
and meat may be collected from ¢loned animals, preferably
¢loned bovine animals. In adother embodiment, the inven-
tion telates to determining the phenotype of a bovine steer,. ,
which is o nenfercd-animal;-and then-cloning, this am_mal*
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such that the cloned amma‘.ls are reproductively functional
and can be used to prp e Other|preferred embodi-
ments of the invention rclate to such products as xenograft
materials, sperm, embryos, | oocytes, anyltype of cells, and
offspring barvested from cloned animals
preferably cloned bovine anitnals, ;
Xenograft materials, which are des¢ribed previously
herem, can relate to any ccllilar material :gracted from one

otganism and placed into anbther organism. Medical proce-
dures for extracting the cellular material from one organismw
and grafting it into another organism are| well known to 2
person of ordinary skill in the art. Examples of preferable
xenograft celtular materials ¢an be selocted from the group
copsisting of liver, lung, heart, nerve; gallbladder, and
pancress cellular material. |
B. Non-Bovine Cloned Ammals
Due to the high DNA sequeuw homolog between bovine
animals and other ungulates,|the material§ and methods of
the invention can be utilized to clone other ungulates, The
materials and methods of the invention are the most efficient
means for cloning a mammal as known in the state of the art,
In preferred embodiments Nthe materials| and methods of
the invention can be uulued“to clong endangered species,
such as bison. In addition, the materials and methods of the
invention can be utilized to ‘ckme commercially relevant
ungulates, such as pigs. Due to the methods for reprogram-
ming primary cells 1solated from ah anpimal into
immiortalized, totlpotent c:eusJ the mare ¢ldsely related the
animal species is to cattle, the higher probability that the
cloning methods of the mvention will have |greater sucgess,
Exemplary embodiments are dpscnbed heredftor for clomng
_non-bovine animals, |
C. Cloned Animals with Modified NuclearjPN_A

As discussed in a previous section, transgénic animals can
be generated from the methods of the invention by using
transgemc techniques well knoWn to those Qf ordinary skill
in the art. Preferably, cloned transgenic bovine animals are
produced  from these mathods These cloped transgenic
animals can be engineered suéb that they are resistant or
partially resistant to diseases 1d parasites ehdemic to such
animals, Examples of these diseases and parasiles are out-
- lined in a preceding section, ‘

Moreover, the cloned transgenic animaly can be engi-
neered such that they produie a reoombfnam product,

Examples of recombinant products are outlingd in a preced-
ing section, The expression of thbse products ¢an be directed
to particular cells or regions within the cloned transgenic
animals by selectively cngmeev\%g a suitableipromoter ele-
ment and other regulatory clements to achieve this epd.”

For example, human recombinant products can be
expressed in the urine of cattle by operably linking a
uroplakin promoter to the DNA sequence enco ding a recom-
binant product. Alternatively, examples are wqll known to a
person of ordinary skill in the art for selectivaly expressing
buman recombinant products in the milk of a bhvine animal,

Onee the recombinant produ{:t or produels have been
expressed in a particalar nswe or fluid of the cloned
transgenic animal, the suitable t}ssue or fluid can be col-
lected using methods well known in the art., Recombinant
produets can be purified from that fluid or tissue by using
standard punﬁcation techniques Well known t¢ a person of
ordinary skill in the art, ‘

EXAMPLES

The examples below are nonfhmxtmg and
teprosentative of various aspocts and features o
invention, \

|

are merely
f the present
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EXAMPLE 1

Feeder Layer Preparation

. A feeder cell layer was prepared from mouse fetuses that
-were from 10 to 20 days gestation. The head, liver, heart and
alimentary tract were removed and the remaining| tissue
washed 4nd incubated at 37° C. in 0.025% trypsin-0.02%,

pre-equilibrated growth media was added.

Feeder cells can be established from bovine fetuses|from
30 to 70 days using the same procedure. Bovine fetall cells
may be| optionally treated with mitomycin C. -

EXAMPLE 2

Establishing Cultured Cells From Non-Embryonic.
Tissue

One advantage provided by the materials and methods
defined lhereinis the ability to create an immortalized and
totipotent cell from virtually any type of precursor |cell.
These procursor cells can be embryonic cells, cnltured
embryonic cells, primordial germ cells, fetal cells, and cells

the

hereafter. Although the illustrative protocol relates to lsar
punch samples, this protocol can apply to cells isolated from

1) Wash each ear sample twice with 2 mL of typsio/EDTA
solutien in two separate 35 mm Petri dishes. Process each
ear sarmple separately. Mince the ear sample with sterile
seissorsiand scalpel in a2 35 mm Petri dish containing 2 ml. -
of trypsin/EDTA solution. The minced pieces are prefer-
ably less than 1 mm in diameter. ;

2) Incubate minced ear pisces in the trypsin/EDTA solutidn
for 40-50 min, in a 37° C. incubator with occasional
-swirling| ‘The trypsin/EDTA solution i described in more
detail hercafter. The dish may be wrapped with a stretch-
able waterial, such as Parafilm®, to reduce CO, acoum:
lation.

3) Transferldigested ear pwces to a 15 mL sterile tube. Wash

_the dish From which the digested ear pieces were recov-
“ered with 2 mL of the trypsin/EDTA solution and transfer
this wash solution to the sterile tube

4) Vortex the tube at high speed for 2 min

5) Add 5 mL of media (defined below) to inactivate th
‘trypsio.

6) Centrifuge the 15 mL tube at 280xg for 10 minttes
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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 c¢nmfuge as |
deseribed in step (6). ‘

9) Decant the supernatant, re-suspend the pellet 3 as described '3

in step (7), then add 2 mL of media, |
10) Keep 2-3 pieces of the ear for DNA analysls and store |
at =20° C, in a 15 mL tube.
11) Transfer resuspended cells into a 35 mm Nunc cultu:e |

dish and incubate at 37° C. in & humidified 5% 002/95% :10

air atmosphere.
12) Change media every 2 days.
Trypsm/EDTA Solution:
0.025% trypsin (w/v) (Bacto trypsin, Difco #cat 0153-61-1)
0.02% EDTA (blgma) (wiv)

Dulbecco's phosphate-buffered saline (PBS) (Gibco cath |

450-1600EA) and sterilize by filtration through 2 0.2 ym

filter.
Media:

(Biowhitiaker) with 10% fetal bovige serum (Hyclone), 4

mM Leglutamine, 100 UfmL penicillin, 100 upg/ml,

streptomyein, 0.25 ug/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 vo 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 hereaftér 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 ¢elis for the reprogramming procedures described
below. As another example, the following provedure
describes one embodiment of the invention, where primor-
dial germ cells were utilized as precursof ¢ells for the
generation of immortalized, totipotent cells. An embodiment
of the reprogramming process is illustrated in FIG. 2.

315
Add the trypsin and EDTA to Ca®*-free and Mgz*-frec 1
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Combine Alpha minimum ecsscotial medmm (MEM) ‘
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A bovine fetus approximately 40 days old was obtained 44

from a pregnant animal. The genital ridges were located at
the caudo-ventral part of the abdominal cawty Genital
ridges were removed aseptically and washed in phosphate
buffered saline (PBS) (Gibco, Cat # 14287-015) with 500
U/mL penicillin/500 pg/ml streptomyein, The tissue was
sliced into 1~1.5 mm pieces and placed into 2 solution
containing pronase E (3 mg/ml; Sigma Cat # P6911) in
Tyrodes Lactate (TL) HEPES (Biowhittaker, Cat # 04—616F)
for 3045 minutes at 35-37° C. The proteolytic! action of
pronase E disaggregated the slices of genital ridges to a cell
suspension. Pronase E was removed by dilution: and cen-
tnfuganon in TL HEPES solution, After this step, the cell
suspension was frozen and stored at ~1 96° C.

A thawed cell suspension (final concentration 100,000

cells/ml) was placed into & 35 mm Petri dish containing a 60

rnurine primary embryoric fibroblast feeder layer. The cul-
ture media used was MEM alpha (Biowhittaker, Cat #
12-169T) supplemented with 0.1 mM 2-mercaptoethanol
{Gibeo, Cat # 21985-023), 4 mM glutamine, 100 ng/ml
human recombinant leukemia inhibitory factor (6rLIF; R&D
System, Cat # 250-L), 100 ng/m] bovine basic fibroblast
growth factor (bFGF; R&D System, Cat # 133-FB) and 10%
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fetal calf serum (FCS, HyClone, Cat # A1111D) at 37.5° C,
and 3.5% CO;. Exogenous steel factor (e.g., membrane
associated steel factor and soluble steel factor) was 1ot
added to the culture media, After 24 hours, and again at 48
hour. intervals, supplemented culture media was replaced.
After an E As initial culture of 6 days, concentrations of
hrLIF and bFGF were lowsred to 40 ng/ml, respectively.
After nirie days in culture, hrLIF and bFGF wers removed
from the medium entirely.

At the beginning of in vitro culture of genital ridge cells,
siraple embryonic bodies were occasionally observed, These
bodies eventually disappeared with subsequent passages,
The rate of establishing irnmortalized, totipotent cell lines
from genital ridge cells was 100% and did not appear to be
sex dependent. Table 1 contains data from éstablishment of
seven immortalized, totipotent cell lines. Established
immortalized, totipotent cell lines were maintained in
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
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
supplement, diluted to 1:100 (Sigma Cat # 11884). As a
preventive measure against mycoplasma contamination,
short term cultivation with tylosine tartrate (Sigma, Cat
T3151) was carried out. Before NT, cell lines were tested for
presence of mycoplasma by PCR performed with DNA

primers specifie for mycoplasma sequences (Stratagene, Cat
302007).
TABLE 1
Charatterization of Estabhshed Bavu:e
beol and Totipote: 11
il line  Weight of fetus (gm) Days in culture Sex of Cell line
BG 142 »400 mele
'BG-1 202 =300 male
EG-2 39 =30 Bemale
EG-3 4.8 *30 male
BG4 39,8 »100 female
EG-§ 39 250 male
EG-6 8.6 »30 male
EXAMPLE 4

Embryo Construction

The following embodiment of the invention describes
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

i procedures. As described previously, multiple NT proce-
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dures can be utilized to create a totipotent embryo. The
following two examples describe a multiple NT procedure,
which describes the use of two NTs,

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

| glass meedle. The isolated immortalized, totipotent cells
! were then incubated in a TI. HEPES solution containing

' from 1 to 3 mg/ml pronase E at approximately 32° C, for 1
| 1o 4 hours, the amount of time which was needed in this

65 example to disaggregate the eells, Once the cells were in a

- single cell suspension they were used for NT within a 2-3
! - hour period.

v
¥
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(16 hours) in maturation| medium.
(Biowhittaker, Cat #12-119F) supplemented

!
Qocytés aspirated from ovaIies were mat

hormone 101U/ml (LH; S1gqa, Cat # L9

serum, was used, Within 16 hours of matur

ured overnight
Medium 199
with luteinizing
773); 1 mg/ml

ion, the curnu~

estradiol (Sigma, Cat # £8875) and 10% 14(;"3 or estruis cow

tus layer expanded and the firs{ polar bodies

In the first NT procedure, young ooeytes

were extruded.
were stripped of

their cumulus cell layers and nuclear materfal stained with

Hoechst 33342 Smg/ml (Sigma, Cat # 2261
solution supplemented with cytnchalasm B
Cat # C6762) for 15 min. Oocytes were the

TL. HEPES solution undgr mineral

immortalized, totipotent cell of optxmal sizg
was then inserted from a cell suspension a
the perivitelline ‘space of the enucleate
- immortalized, totipotent ¢ell and cocyte nj
then induced 1o fuse by electrofusion in 2 8
pulse of S0V for 15 us.’

by application of an electrical

434-437. Mitotic divisions of|the ¢ybrid fo

in TL HEPES
7 pg/mal, ngma,
n enucleated in
oil. A single
(12 to 15 um)
hd injected into
(- oocyte. The
embranes were
00 um chamber

Three days later the embryos were transferrgd to CR2 media

containing 10% FCS for thé remnainder
culture,

bf their in vitro

Table 2 shows the effect ‘of oocyte age on blastocyst

development. The data was q)btamcd utili;
from in vitro produced embryos or immort

ring blastomeres
alized, totipotent

med an embryo. -
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EXAMPLE 5
Second Nuclear Transfer (Recloning)

btained from fotuses and embryos produced by
dures described herein can be used in a second

the
NT,
har-

¢

vested from a maternal host, the head, vicera, and genital
tidge rernoved, and the remaining fetal cells used to estab-

lish a cell line to provide nuclear donor material f

Dr a

subsequent NT procedure. The following example describes

obtaining and using a blastomere from an NT embryo

nuclear

as a
§onor in a recloning procedure,

Embryos from the first generation NT at the morula stage

pgregated olthcr by pronase E (1—3 mg/ml in TL

. o . matured “young’ oocytes for an additional time in CR2
Cybrid activation was indu¢ed by a 4 min exposire to 5 20 . ; oy s

#M caleium ionophore A231§7 (Sigma Cat. # C-7522) or gl‘gidlé ith 3 mgfml BSA in bumidified air with 5% CG, st
ionomycin Ca-salt in HECM (hamster. pmbryo. culture A "’1 b duced fr
medium) containing 1 mg/ml BSA followed by a 1:1000 stomere from an embryo produced from an
dilution in HECM containing 30 mg/ml BSA for 5 min. For immortatized, totipotent cell was fused into the enucleated
HECM medmm, 868, C.8 Seshagm & |Barister, 1989, 25 oocyt:a ia electrofusion in a 500 pn chamiber with an
“Phosphate is required for inhibition of glucose of dével- electgw pulse o_f 105V°for 15 us in an isotonic sforbxtol
opment of hamster eight-cell embryos [n vitro,” Bio/, ~ Seiution (025 M) at 30° C. Aged oocytes were simulta.
Reprod. 40: 599-606. This step is followed by incubationin  0Ously| activated with a fusion pulse, not by chemical
CR2 medium containing 1.9)mM 6-dimefhylaminopurine  2CHvation as with young oocytes.
(DMAP; Sigma product, Cat # D2629) for 4 hrs followed by 30 After biastomere-cocyte fusion, the cybrids from second
a wash in HECM and then cultured in CR2 media with BSA ~ gensration NT were cultured in CR2 media supplemented
(3 mg/ml) under humidified air with 5% €D, at 39° Ci For ngh BSA (3 mg/ml) under humidified air with 5% CO, at
CR2 medium, see, e.g., Rosenkrans & First| 1994, “Effectof ~ 39° C. On the third day of culture, developing embryos were
free amino acids and vitamins|on cleavage nd developmen-  evaluated and cultured further until day seven in CR2 media
tal rate of bovine zygotes in viwo,” J.|Arim. Sci, 72: % containing 10% FCS. Morphologically good to fair quality

embryos were nop-surgically transferred into recipient

femal
achieve
totipotent cells.

. Table 3 shows the increased gestation length
by use of recloned (double NT) immortalized,

TABLE 3

Development of Tmmortalized and Totipotent Cells

cells as donor nuclei in the Nl procedure, Developmental Derived Fotnses after Double NT
potential was measured in young versus aged oocyles:
‘ 43 No, of No. of preguant
embryos  No. of recipients recipients after  No, of
TABLE 2 o transferred  tramsferred intd 140 days ves
Effect of Qocyte 'I‘“mu.ng r Different Cell Sour " Expet #1 15 3 1 1
Exper #2 18 6 1 (two fetuses) |2
Immortalized and j : 50 ;
_oocyte ago (hours)  Totipotent Cells (n = 174)  Blastomeres (n = 192)
16-28 17.9% blastocyst . 10 development .
(= 175) (n = 140) 1 mess EXAMPLE 6
28-48 1o development 17.3% blastocyst . .
{n = 191) (o= 0311) (: - 157)m 55 ) Cloning Non-Bovine Ungulates
oo " The specification provides for methods of cloning non-
The data presented in Table 2 shows that oocyies main-  bovine) ungulates. Examples. of such ungulates can be
tained in culture for 16-28h were more shitable recipients  selecteql from the group consisting of bovids, ovids, cervids,
for immortalized, totipotent dells, while agled oocytes main.  suids, equids and camelids, such as bison, sheep, big-horn
tained in culture for 28-48 hwere a more jsuitable recipient o sheep, (cariboy, antelope, deer, goat, water buffalo, camel,
for blastomeres derived from embryos, In eddition, activa- and pig.

Immortalized, totipotent cell lines can be prepared from

tion procedures differed between young
multiple types of cells isolated from the non-bovine ungulate

Young oocytes, when used in the NT pro

and aged oogytes.
pedure, appear to

require chemical activation| with jomomycin and DMAP by usidg the methods described in previous examples relat-
_from these studies. Aged ooagtes, on the other hand, appear 65 ing to bovine animals, or by using the screening procedures
to be easily activated by electrofusion agcording to these for these methods as described in the specification. Virtually

studies. any type of cell isolated from the non-bovine ungulate can
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be utilized to establish an immortalized, totipotent cell line.
For exarnple, ad ear-purich sample taken from a bison can be
cultured in vitro using a variety of ¢ell culture media such as
MEM-alpha medium.

Bison-derived primary cells can then be converted or
reprogrammed into immortalized, fotipotent 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 canverted into immortalized, totipotent ¢ells by supple-
menting the growth medium with other types of molecules
identified by methods for identifying such reprogramming
moleculés as described in the specification. The repro-
grammed bison-derived cells can then be tested for totipo.
tency by anmalyzing selected markers, such as alkaline
phosphatase, lamoini, and c-kit. 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 confluency after being replated under conditions
where the cells are not in physical contact with onc another,
for example.

Once totipotent, immortalized cells have been established
as nuclear donors, proper enucleated oocytes ¢an. be pre-
parcd for NT. Qocytes from the same or different specie as
the nuclear donor can be used for NT. For example, a

hison-derived nuclear donor cell can be fused or directly |

injected into a bison-derived enucleated oocyte or an enucle-
ated vocyte from another specie, such as a bovine.

As described in the speclﬁcauon, the oocytés can be
derived from any ungulate in a variety of ways, such as
sacrificing an agimal and retricving oocytcs from its
oviducts, or spaying the animals by ovarian hysterectomy

and isolating the oocytes fromt the oviducts or ovaries.’

Oocytes can alsé be obtained from live aniimals by utilizing
such methods as tran&;vagmal oocyte recovery. The oocytes
can then be enucleated by using methods described hiercin as
applied to sheep or cattle. These methods can’be easily
applied to cocytes derived from other ungulates.

Nuclear transfer techniques can be pcrformed after
enucleated ococytes and nuclear domor cells are: prepared.
Young or aged cocytes can be utilized for the NT procedure,
and the number of NTs can vary as described in the
specification. Tn 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 sxample, the NT cycles defined in a previous
exentplary 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 alksline phosphatase, cytokeratin,
vimentin, laminin, and c-kit. In addition, the embryo can be
tested for totipotency by implanting it info 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
lnclude cryopreserving, thawing, culturing, disaggregating
the sfmbryo into single cells, and implanting the embryo. The
embryo may be cultured in an artificial development envi-
ronment (as deseribed previously) or may be placed in utero
of a properly sym.hromzed female animal. An embryo
derived {rom one spec..w may be placed in a uterus of the
same or different specie. For example, a bison-~derived
embryo can be 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,

US 6,395,958 Bl
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EXAMPLE 7

: Multiple Pathways for Cloring Animals

FIG. 3 illustrates multiple embodiments of the invention.
Ammals ¢an be cloned from cells that are reprogrammed

| into totipotent and immortalized cells.

Fibroblast cell cultures were prepared as defined above
from"TeTﬁf “purrchey extracted-from-an-adult bovine-animalk

However, the cell cultures could be established From any

type of differentiated cell. Individual cells isolated from
these cultures were utilized as muclear 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 muclear transfer
cycles-could be applicd to obtain these embryos., Also
optional: is (1) the addition of a stimulus before or after
muclear transfer, and (2) an activation step before or after
nuclear fransfer.

The embryo.of step.3_in FIG. 3 was implanted into_a_
rggpwnt:bevmﬂgmm a8 deserbed Boteinandatotus _(stEp

7y Was_isolated from _that_female.-.Celis isolated from

| embTyos of step 5 may bé titilized to establish embryonic
- stem coll cultures (step 4). In addition, the embryos of step _

3 may be implanted into-4 fomalehiost and-—atlowed: "
deveiopdnw—a_elaae&amm&}{swp -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
cells, specifically primordial germ cslls, from the fetus of
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
extracted. Example 1 defines a method for establishing
foeder cells. The head region and body cavity contents were
removed from the fetus before the fotus was digested into 2
consistency suitable for establishing feeder cells. However,
the fettis 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

i 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, head région, and
body eavity contents were removed. Step 11 illustrates that
cell cultures may be established utilizing fetuses from which
tio cell fypes have been removad.

In step 12, cell cultures were either (1) subjected to'a
mechanical stimulus, or (2) not subjected to a mechanical
stimuius., When applied, the mechanical stimulus was
effected by supplementing the cultyrs medium with a recep-
tor ligand cocktail comprising 100 ng/ml human recombi-
nant leukemia inhibitory factor (hrLIF; R&D Systern, Cat #
250-L) and 100 ng/ml bovine basic fibroblast growth factor
(bFGE; R&D Systent, Cat # 133.FB). After step 12, cells

| were 1solated from the cell cultures and utilized as nuclear
' donots in nuclear tramsfer processes, which are defined
. previously, Although one puclear transfer eycle was utilized

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 2

bovine recipiont feimale and develop into a ¢loned 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

{ (Kq
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be transfected with a IXNA construct to form transgenic cslls Cells can then be transfected with a DNA construct. Cells
. suitable for cloning transgenic animals. Ong embodiment for  can be fransfected at multiple steps, 28 indicated in F[G. 4,
cloning transgenic animals iy defined in the next exahiple. Materials ‘and methods for preparing transgenic og

B PLE 8 ‘ P defitied in publications referenced previously. Immortalise

Cloning Transgenic Animals . ) ~
: Transgemc cells suitable for ereating a ¢loned transgenic a cempound designmed-i418; (b)-a-gene orcrding the =

‘animal can be prepared from cells isolated from an adult ,, SRZYIEe ﬁMﬂ@ﬁ:qui(c)mmmmr clerme
animal. FIG. 4 illustrates processes that dan be utilized to The trapsfected cells were selected for transgenic mod A
create such transgenic cells. Although transgenic celisdanbe  tion by selecting for fransgenic cells in coll culture condi- -
created from nearly any cell type by using the teachings of  tions harboring G418. The transgenic cells are then screened
the inveation, FIG. 4 iilustrates procedures for establishing  for trarlsgenic modification by utilizing one or more sereen-
transgenic embryonic stem cells and trabsgenic immortal- .. ing tecniqucs Examples of these techmques are: L)) poly~

Jized and totipotent cells, o _

. Fibroblast cell cultures can be ¢stablished from ear filter p ocedures. These techniques are ‘WH kmowr to a
punches extracted from a bovine animal ps defined pmvi.. person of ordmary 51{111 in the art. The latter two techt 1ques
ously. Individual cells can be isolated from this cell culture  are wl
and utilized as nuclear donors in a muclear transfer process. 20 OUG S
A single nuclear transfer cycle or multiple nuclear transfer e screening procedures can be apphed 1 trans Eect-.ed
cyeles can be applied. Other gptional sieps are defined i“ e . gells af any of the steps indicated in FIG. 4. Cloned frans-
previous example. genic animals may be created from transgenic fetyses. Table

Pre-blastocyst stage embryos and/or blastocyst 1s,tage 4 shows the cloned bovine animals produced by the methods
embryos doveloped from the nuclear transfer process canbe  deseribed in Examples 1-8..

¢ of Petis  Type of -~ Type of
Agla:veswd Cell Used Cell Used

Al

Dhie of Birth  Gender| Breed  (days)  (I°NT)  (2°NT) Stimiilos
2/6/97 M " 60 (est) EG Blastomere LIF, FGF
T (%) M H 60 (est) EG Blastomere LIF, FGF
WIRT M- H 60 (est) EG Blastomere LIF, BGF
Y98 ... F I H 55 (est) EG Blastomrere,  LIF, FOF, FSK.
2126/98 F H 55 (gst) EG Blastomere  LIF, FGF, FSK
10/26/98 B H 55 (est) EG Blastomere  LIF, FGF, FSK
160/28/58 ¥ H 58 . EG Blastomere  LIF, FOF, BSK
12208 F BS 58 EG n/a LIF, FOF, FSK
| 12/6/98 o H 58 BG /s Cultyre
! 12/22/98 (%) ¥ H 53 EG nfa Cuttpre
3 12/22/08 F | H 58 B oA Culrze
/ 13/22/98 (") ¥l uu 88 BG (1) n/a LIF, BGF
! 12/30/68 ¥ H 58 "EG na C\ﬂn}u‘e
: 12/30/98 r | ® s8 "BG n/a
‘ 1%/31/98 ¥ | H 58 - afe Cultirs
; 16758 v " 58 EG (1) nle LIF, BGF
; 17198 ¥ H 38 EG. - na Cultyre
; 1/7/99 ¥ H 58 EG n/a Culture
! ;/15/99 ¥ H 58 EG nfa Culturs
| 115/60 ) H 58 BG(M o wa LIF, BGF
119/99 ¥ H 58 G () n/s LIF, FGF
: (%) » Stillborn .
I H » Holstein )
! BS - Brows, Swiss _ -
: Age of fetus harvested r Age (in days) of fulus used as @ sousee of precursor cells i

‘ (t) tmasgenis aucless fonos: & mucless donor cell traasfected with u DNA cons 4t have
: é a himan o, gl ucoszc%se gene
EGF - Epidermal growth factor
1IF - Leukenta mh.ibm r factor
| F‘?‘sK Forgkolin.
. I .
utilized to establish embryonic stem cells. Materials and Whilé the invention has beer described and exemplified
methods for preparing embryonic stem ¢ells are described  in sufficient detail for those skilled in this art to make and use -
-by Stice et ‘al.,, 1996, Biology of Reproduction 54: 100110,  it, varjous alternatives, modifications, and improvements
hereby. incorporated by reference herein in its entirety, should| be apparent without departing from the spirit and
including all figures, tables, apd drawings, [mmortalized and 65 scope of the invention.
totipotent cells can be established according to the proce- One|skilled in the art readily appreciates that the present
dures defined in previous examples. : | invention is well adapted to carry out the objects and obtain

1
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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 arc represcntative of preforred
embodiments are exemplary, and are not intended as limi. -

tations on the seope of the invention. Modifications therein $

and other uses will oceur to those skilled in the art. These
modifications are encompassed within the spirit of the
invention and are defined by the scope of the ¢laims.

It will be readily apparent to a person skilled ins the art that

varying substitutions and modifications may be miade to the 10|

invention disclosed herein without departing from the scope
and spirit of the invention.

All patents and publications mertioned in the specnﬁca~
tion ar¢ indicative of the levels of those of ordinary skill in
the aft 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-
eally and individually indicated to be incorporated by ref-
erence.

‘I'ie invention illustratively described herein suitably may
be practiced in the absence of any element or elements,
limitation or limitations which is not specifically disclosed
herein. Thus, for example, in each instance heréin any of the
terms “comptising”, “consisting essentially of” gad “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, aud there is no intention that in the use of such

terms and expressions of excluding any equivalents of the .4

features shown and described or portions thereof, bit it is
tecognized 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-

US 6,395,958 BL
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. (b) before, during, or after said forming step, activating
' said oocyte, whereby an activated nuclear transfer
: embryo is provided following said forming and acti-
i vatirig steps; and
() transferring said activated nuclear trausfer embryo, or
a recloned embryo thereof; into the uterus of a host
--ungulate of the same species as the ungulate ponem-
bryonic cell so as to produce a fetus that undergoes fill
fetal development and parturition to generate said
ungulate, wherein said ungulate cxpresses said DNA
sequence and produces said polypeptide in mﬂk, blood,
! seruin, or plasma in detectable quantities. AL
' 2.A method according to claim 1, whersin said ungulate

15‘ 15 a bovine,

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

- 4. Amethod according to claim 3, wherein said fetal cell
| is an embryonic germ cell.

8, A method ax:cordmg to claim 1, wherein said activating
step coniprises increasing intracellular levels of divalent
cations and reducing phosphorylation of cellular proteins in
said vocyte.

6. A method according to claim 5, wherein said activating

g step compnses mcmbatmg said coeyte in a medium com-

prising fonomycin.

7. A method according to claim 8, wherein said activating
stép comprises incubating said oocyte in a medium com-
| prising 6-dimethylaminiopurine.

8. A method according to claim §, wherein said activating
| step comprises mcubatmg said cocyte in a medium com-

 prising jonomyein and 6- -digethylaminopurine.

9. A method according to ¢laitn 1, wherein said milk

protein promoter is selected from the group cons1stmg of

cally disclosed by preferred embodiments and optional 3$ a-81-casein promoter, whey acidic protein promoter,

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 10 be
within the scope of this invention as defined by the appended

(i-casein promoter, and a-lactalbumin promoter.

16, A method according to claim 1, wherein said polypep-

tide is a human polypeptide.

11. A method according to claim 1, where.m said ungulate

¢laims. 4 nonembryonic cell is not serum starved.

In addition, where features or aspects of the invention are
described in terms of Markush groups, thosé skilled in the
art will recognize that the invention is also thereby deseribed
in terms of any individual member or subgmup of members

\
of the Markush group. For example, if X is described as 4§ ¢ompr

selected [rom the group cousisting of bromine, chlorine, and
ioding, claims for X being bromine and ¢laims for X being
brorine and chlorine are fully described.

Other embodiments are set forth within the following

claims. ‘ 50

What is claimed is:

1. A method of producing .2 po a.polypqp_nde m au ungulate,}

the méthad comprising:

“(a) forming a nuclear transfer embryo by translocatmg &

12, Ametbod accordmg to ¢laim 1, wherein said aclivated

nuclear transfer embryo is cultured prior to said transferring

step (c) —
135

NOF rodncmg_apclypepnde in o ungalate-gecording To-
mémiheé@rﬂmnﬂ*m e

——

semnhﬂmﬂmaf smd_unglﬂaw, -

14. A'method according to claim 13, wherein said ungu.
late is & bovine.

- 15. A method of producing a polypeptide in an ungulate,
the method comprising: providing a second ungulate by

sexual reproduction or clong of a first ungulate, wherein said

cultured ungulate nonembryonic cell, or a nucleus 95 first ungnlate is produced by the method of claim 1, and

thereof, into an enucleated oocyte obtained from the
same species as the upgulate nopembryonic cell,
wherein said ungulate nonembryonic cell is, or is
obtained by culture of, a cell transfected in vitro with

wherein said second ungulate expresses said DNA sequence
and produces said polypepude in milk, blood, serum, ot
plasma in detectable quantities.

16. The method of claim 15, wherein said first ungulate

a DNA sequence encoding said polypeptide operably 50 and said second ungulate are bovines.

linked to a milk protein promoter, such that said DNA |
sequence integrates into the genome of said cell;

LI I S

s05¢] o : ptaming_a polypeptide, the mﬂhod3
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51 ABSTRACT

A transgenic bovine is disclosed whose somatic and germ
cells contain a transgene, wherein the transgene comprising
4 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
transgené such that the polypeptide of interest is detectable
in milk produced by the transgenic bovine,
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2. Objeto de la invencion

.

| N
Titulo de la solicitud (folio 1): “Un proceso para producir proteina exdgena en
la leche de mamiferos transgémcos y un proceso para purificar proteinas de
ésta manera”.

La presente solicitud se refiere a la produccion de proteinas y compuestos a
partir de animales transgénicos para su consumo en la dieta de humanos.
También, se refiere al proceso de purificacion de dichos compuestos.

El problema planteado en esta solicitud es la necesidad de proporcionar un
proceso para la produccion de sustancias biologicas tales como polipéptidos
eucaridticos a partir de organismos modificados, como animales transgénicos.

Para solucionar este problema técnico la solicitud en estudio proporciona un
método para producir una proteina que comprende a) elaborar un mamifero
transgénico no humano que produce una proteina de interés en su leche, b)
obtener dicha leche a partir de dichc mamifero transgénico no humano, y ¢)
purificar dicha proteina de interés de dicha leche.

La Clasificacién Internacional de Patentes (IPC) es: C12 N 015/00, C12 P
21/00, A61K 67/027, A61P 5/06.

De la solicitud de Patente

Reivindicaciones (articulo 30 D 486)

El capitulo reivindicatorio de la solicitud en estudio presenta los sxgurentes
defectos: :

La reivindicacién 1 menciona un método para producir una proteina a partir
de un mamifero transgénico pero no especifica que la proteina purificada sea
la procedente a partir de la modificacion genética realizada en el mamifero.
Existe entonces una objecién por que no se entiende si la procedencia de la
proteina esta dada a partir del constructo o si se trata de cualquier proteina
producida por el mamifero, para lo cual no tendria existiria ademas sustento
en la descripcidn.

Las reivindicaciones 22 ~ 29 y 41 - 46 se encuentran definidas
incorrectamente mediante resultados a alcanzar, lo cual no permite precisar
las caracteristicas técnicas del método reivindicado.

Por lo anterior, el capfitulo reivindicatorio NO cumple con el requisito de
definicion, claridad, concision o sustento por la descripcién de acuerdo al art. 30
de la Decisién 486.y/o art.22 Tratado PCT.
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4. Unidad de invencién (articulo 2550 486)

La presente solicitud no tiene . umdad de invencién, dado que contempla
diferentes conceptos inventivos relacionados asi:

* Un método para producir una proteina que comprende elaborar un mamifero
transgénico no humano que produce una proteina de interés en su leche,
obtener dicha leche a partir de dicho mamifero transgénico no humano, y

- purificar dicha proteina de interés de dicha leche (reivindicaciones 1 - 29).

¢ Unmétodo para purificar una hormona de crecimiento recombinante de leche
' de un mamifero transgénico no humano que produce una hormona de
~ crecimiento recombinante que comprende: clarificar la leche y someter dicha
leche a cromatografia. Asi mismo, las reivindicaciones independientes 36 y

37 obedecen a este mismo concepto inventivo (reivindicaciones 30 a 48).

Entre ellos no existe una relacién dado gue el método para la produccion de la
proteina en un animal transgénico es independiente de la purificacién de dicha
proteina. L.os dos procesos pueden ser llevados a cabo por técnicas diferentes, y
los resultados de un proceso no involucran las caracteristicas del otro.

Por lo anterior, se puede concluir qué la presente solicitud no cumple con el requisito
de unidad de invencién.

5. No es una invencion (articulo 15 D 486 literal a) f)

El articulo 15 en su literal b) seﬁala que: :

No se consideran invenciones el todo o parte de los seres vivos tal como se encuentranenla
naturaleza, los procesos bioldgicos naturales, el material biolégico existente en la naturaleza
0 aquel que pueda ser aislado inclusive genoma o germoplasma de cualquier ser vivo natural.

» La reivindicacién 1 y dependientes ensefian una un método para producir
una proteina a partir de un mamifero transgénico, que se obtiene a partir de
su leche, purificando dicha proteina.

Este despacho considera que dichas reivindicaciones no son una invencién
debido a que obedecen a un material biolégico existente en la naturaleza que
puede ser aislado al no especificar que la proteina es codificada por el
constructo genético.

Por tal razén las reivindicaciones 1 y dependientes no pueden ser consideradas
invenciones.

8. Determinacion del Estado de la Técnica
La fecha que se ha tenido en cuenta para determinar el Estado de la Técnica es:

Fecha de presentacion de la solicitud prioritaria: 30/09/2003.
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Teniendo en cuenta la fecha indicada se realizé la bisqueda en el estado dﬁa/
técnica de documentos relacionados con la solicitud encontrandose los
“siguientes documentos mas relevantes:

b

Fecha dé
publicacién®

N° | Documento - Titulo
D1| US 6.395.958 Method of producing a polypeptide in an 28/05/2002

e . ungulate _
D2 US 5741957 _ Transgenic bovine _ 21/04/1998
Accurate spatial and temporal transgenes
~‘ D3| Cerdén efal, expresion driven by a 3.8 kilobase 04/1998

promoter of teh bovine beta-casein gene
in the factating Mouse marnmary gland

7. Analisis de patentabilidad (articulo 14 D486)

7.1.Novedad (articulo 16 D486)

¢ La solicitud en estudio divulga. en resumen, un meétodo para producir una
proteina que comprende elaborar un mamifero transgénico, obtener la
proteina a partir de la leche y purificaria. Las reivindicaciones posteriores
divulgan obtener el mamifero transgénico mediante la insercion de un
plasmido que posee un gen con un promotor en células sométicas y fusionar
dichas células con un oocito eunucleadoc que resulta en un embridn,
transferirlo al dtero del mamifero receptivo y monitorear su gestacion. El
‘promotor es un promotor de beta caseina y la proteina de interés es la
hormona de crecimiento humano (Reivindicaciones 1-3, 7, 11 - 13, 17 - 19).

D1 ensefia (ver folios: 173 - 181) la obtencién de animales clonados (ungulados
en general y particularmente bovinos) para la obtencion de proteinas como
hormonas de crecimiento (col 36, linea 23 y 32) a partir de la manipulacién
genética a partir de constructos de ADN (col 35, lineas 4 - 8) y de transferencia a
oocitos eunucleados con la misma metodologia de la solicitud (col 37 - 39) para
transferirlo al (tero de un mamifero receptivo (col 50, linea 23). El elemento
promotor es de caseina y el constructo esta unido a un gen de resistencia a
neomicina (col 52, linea 6 - 9). lguaimente el compuesto de interés se obtiene a
partir de la leche de mamifero transgénico (reivindicaciéon 13).

Los elementos caracteristicos de las composiciones reivindicadas, ya eran
conocidos como se evidencia en D1, la forma de realizar el mamifero transgénico
y los productos obtenibles a partir de la leche, asi como su purificacién (col 28,
lineas 18 — 32). Por tal razén, los métodos reivindicados no pueden ser
considerados novedosos.

» Ademas de lo mencionado anteriormente, la solicitud en estudio divuiga la
obtencién de un mamifero transgénico a partir de un bovino superovulado con
semen de un macho transgénico, para la obtencién de la proteina de interés
en su leche (reivindicaciones 15-20).
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El documento del estado de la técnica D2 (ver folios: 182) ensefia la obtencion de
proteinas como la hormona de crecimiento a partir de bovinos transgénicos en la
leche. Este documento menciona ademas la obtencién del mamifero mediante un
proceso que comprende superocular el mamifero hembra para su inseminacion

artificial con semen de un bovmo macho transgénico (col 51, ejemplo 25).

De esta forma se establece que las relvmdlcacnones 1-3, 7,11~ 13, 17 ~ 20 no
cumplen con el requisito de Novedad segin lo divulgado por D1y las
reivindicaciones 15 - 20 segun lo dxvulgado porD2.

7.2. Nivel inventivo (articulo18 0486)

La Unica diferencia de la solicitud, es la unién del promotor especifico de beta
caseina para la obtencion del constructo de ADN para la obtencién del mamifero
transgénlco | \

El documento del estado de Ia técmca D3 (ver folios: 183) sefiala la produccion de la
hormona de crecimiento humana mediante la construccién de un plasmido con el
promotor de beta caseina bovina, obteniendo resultados favorables en la produccion
de esta hor‘moha en leche de mamifero. |

El problema técnico planteado en esta solicitud que era de proporcionar un
proceso para la produccion de sustancias biologicas tales como polipéptidos
sucari6ticos a partir de organismos modificados, como animales transgénicos, se
habia resuelto previamente mediante el mlsmo tipo de compuestos ya conocidos.

Se considera que la produccion de sustanclas hioldgicas como la hormona de
crecimiento desarrollado con un constructo de ADN con un promotor de beta
caseina como el desarroliado en D3, a partir de un mamifero transgénico como
se ensefiaen D1 oen D2, es evidente para una persona medianamente versada
en la materia. ‘

De esta forma se establece que las rewmd:cacxones 1 a 29 no cumplen con el

requisito de Nivel Inventivo.
1

8. Conclusion:

Los requisitos de patentabilidad de }_at presente Sc)licitud se encuentran afectados asi:

o — e Reiwhdﬁﬁc:dnéé o | |
N N Documento N. ”  afectadas | Reqwslto que af@cw
1-3, 7, 11~ 13, 17 - 20" Novedad
_0,1 ; US 6_'395'_958 , 1-20 __Nivel Inventivo
o s ; 15-20 Novedad
D2| US5741957 1-20 | Nivellnventivo
D3| Cerdénetal, . 1=-29 __J_.___Nivel Inventivo_
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1
En cumplimiento del articulo 45 de la Decisioén 486 de la Comision de la Comunid’gg
Andina, se le indica que debe dar respuesta dentro del término de 60 dias contados
a partir de la fecha de notificacion de la presente comunicacion. En caso de no dar
respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran los
impedimentos para la concesidn, se denegara la patente.

Notifiquese el presente oficio conforme a lo dispgesto enel numeral 5.2, literal &), del
capitulo quinto del titulo primero de la Circular Unica N° 10 de 2001.

7

ALIX CARMEN ESPEDES DE VERGEL
Directora de Nugvas Creaciones (C)

\
El anterior requenmlento fue notificado por fijacién en lista, de fecha

pia g
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