
US 20020104109A1 

(19) United States 
(12) Patent Application Publication 

Bremel et al. 
(10) Pub. N0.: US 2002/ 0104109 A1 
(43) Pub. Date: Aug. 1, 2002 

(54) TRANSGENIC ANIMALS 

(76) Inventors: Robert D. Bremel, Hillpoint, WI (US); 
Gregory T. Bleck, Baraboo, WI (US) 

Correspondence Address: 
J. Mitchell Jones 
MEDLEN & CARROLL, LLP 
Suite 2200 
220 Montgomery Street 
San Francisco, CA 94104 (US) 

(21) Appl. N0.: 09/849,566 

(22) Filed: May 4, 2001 

Related US. Application Data 

(63) Continuation of application No. 08/821,984, ?led on 
Mar. 20, 1997, noW Pat. No. 6,080,912. Continuation 

Ovary 

of application No. 09/196,670, ?led on Nov. 19, 1998, 
noW abandoned. 

Publication Classi?cation 

(51) Int. Cl? .................... .. A01K 67/027; C12N 15/867 
(52) Us. 01. ............................. .. 800/15; 800/23; 435/456 

(57) ABSTRACT 

The present invention provides improved methods and com 
positions for the generation of transgenic non-human ani 
mals. The present invention permits the introduction of 
exogenous nucleic acid sequences into the genome of unfer 
tiliZed eggs (e.g., pre-maturation oocytes and pre-fertiliZa 
tion oocytes) by microinjection of infectious retrovirus into 
the perivitelline space of the egg. The methods of the present 
invention provide an increased ef?ciency of production of 
transgenic animals With a reduced rate of generating animals 
Which are mosaic for the presence of the transgene. 
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TRANSGENIC ANIMALS 

FIELD OF THE INVENTION 

[0001] The present invention relates to improved methods 
for the generation of transgenic non-human animals. In 
particular, the present invention relates to the introduction of 
retroviral particles into the perivitelline space of gametes, 
Zygotes and early stage embryos to alloW the insertion of 
genetic material into the genome of the recipient gamete or 
embryo. 

BACKGROUND 

[0002] The ability to alter the genetic make-up of animals, 
such as domesticated mammals such as coWs, pigs and 
sheep, alloWs a number of commercial applications. These 
applications include the production of animals Which 
express large quantities of eXogenous proteins in an easily 
harvested form (e.g., eXpression into the milk), the produc 
tion of animals Which are resistant to infection by speci?c 
microorganisms and the production of animals having 
enhanced groWth rates or reproductive performance. Ani 
mals Which contain eXogenous DNA sequences in their 
genome are referred to as transgenic animals. 

[0003] The most Widely used method for the production of 
transgenic animals is the microinjection of DNA into the 
pronuclei of fertiliZed embryos. This method is ef?cient for 
the production of transgenic mice but is much less ef?cient 
for the production of transgenic animals using large mam 
mals such as coWs and sheep. For eXample, it has been 
reported that 1,000 to 2,000 bovine embryos at the pro 
nuclear stage must be microinjected to produce a single 
transgenic coW at an estimated cost of more than $500,000 
(Wall et al., J. Cell. Biochem. 49:113 [1992]). Furthermore, 
microinjection of pronuclei is more dif?cult When embryos 
from domestic livestock (e.g., cattle, sheep, pigs) is 
employed as the pronuclei are often obscured by yolk 
material. While techniques for the visualiZation of the pro 
nuclei are knoWn (i.e., centrifugation of the embryo to 
sediment the yolk), the injection of pronuclei is an invasive 
technique Which requires a high degree of operator skill. 

[0004] Alternative methods for the production include the 
infection of embryos With retroviruses or With retroviral 
vectors. Infection of both pre- and post-implantation mouse 
embryos With either Wild-type or recombinant retroviruses 
has been reported (Janenich, Proc. Natl. Acad. Sci. USA 
73:1260 [1976]; Janenich et al., Cell 24:519 [1981]; Stuhl 
mann et al., Proc. Natl. Acad. Sci. USA 81:7151 [1984]; 
Jahner et al., Proc. Natl. Acad Sci. USA 82:6927 [1985]; Van 
der Putten et al., Proc. Natl. Acad Sci. USA 82:6148-6152 
[1985]; SteWart et al., EMBO J. 6:383-388 [1987]). The 
resulting transgenic animals are typically mosaic for the 
transgene since incorporation occurs only in a subset of cells 
Which form the transgenic animal. The consequences of 
mosaic incorporation of retroviral sequences (i.e., the trans 
gene) include lack of transmission of the transgene to 
progeny due to failure of the retrovirus to integrate into the 
germ line, dif?culty in detecting the presence of viral 
sequences in the founder mice in those cases Where the 
infected cell contributes to only a small part of the fetus and 
dif?culty in assessing the effect of the genes carried on the 
retrovirus. 

[0005] In addition to the production of mosaic founder 
animals, infection of embryos With retrovirus (Which is 
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typically performed using embryos at the 8 cell stage or 
later) often results in the production of founder animals 
containing multiple copies of the retroviral provirus at 
different positions in the genome Which generally Will 
segregate in the offspring. Infection of early mouse embryos 
by co-culturing early embryos With cells producing retrovi 
ruses requires enZymatic treatment to remove the Zona 
pellucida (Hogan et al., In Manipulating the Mouse Embryo: 
A Laboratory Manual, 2nd Ed., Cold Spring Harbor Labo 
ratory Press, Cold Spring Harbor, NY, [1994], pp. 251 
252). In contrast to mouse embryos, bovine embryos disso 
ciate When removed from the Zona pellucida. Therefore, 
infection protocols Which remove the Zona pellucida cannot 
be employed for the production of transgenic cattle or other 
animals Whose embryos dissociate or suffer a signi?cant 
decrease in viability upon removal of the Zona pellucida 
(e.g., ovine embryos). 

[0006] An alternative means for infecting embryos With 
retroviruses is the injection of virus or virus-producing cells 
into the blastocoele of mouse embryos (Jahner, D. et al., 
Nature 298:623 [1982]). As is the case for infection of eight 
cell stage embryos, most of the founders produced by 
injection into the blastocoele Will be mosaic. The introduc 
tion of transgenes into the germline of mice has been 
reported using intrauterine retroviral infection of the midg 
estation mouse embryo (Jahner et al., supra [1982]). This 
technique suffers from a loW ef?ciency of generation of 
transgenic animals and in addition produces animals Which 
are mosaic for the transgene. 

[0007] Infection of bovine and ovine embryos With retro 
viruses or retroviral vectors to create transgenic animals has 
been reported. These protocols involve the micro-injection 
of retroviral particles or groWth arrested (i.e., mitomycin 
C-treated) cells Which shed retroviral particles into the 
perivitelline space of fertiliZed eggs or early embryos (PCT 
International Application WO 90/08832 [1990]; and Haskell 
and BoWen, Mol. Reprod. Dev., 401386 [1995]). PCT Inter 
national Application WO 90/08832 describes the injection of 
Wild-type feline leukemia virus B into the perivitelline space 
of sheep embryos at the 2 to 8 cell stage. Fetuses derived 
from injected embryos Were shoWn to contain multiple sites 
of integration. The efficiency of producing transgenic sheep 
Was loW (ef?ciency is de?ned as the number of transgenics 
produced compared to the number of embryos manipulated); 
only 4.2% of the injected embryos Were found to be trans 
gemc. 

[0008] Haskell and BoWen (supra) describe the micro 
injection of mitomycin C-treated cells producing retrovirus 
into the perivitelline space of 1 to 4 cell bovine embryos. 
The use of virus-producing cells precludes the delivery of a 
controlled amount of viral particles per embryo. The result 
ing fetuses contained betWeen 2 and 12 proviruses and Were 
shoWn to be mosaic for proviral integration sites, the pres 
ence of provirus, or both. The ef?ciency of producing 
transgenic bovine embryos Was loW; only 7% of the injected 
embryos Were found to be transgenic. 

[0009] The art needs improved methods for the production 
of transgenic animals, particularly for the production of 
transgenics using large domestic livestock animals. The 
ideal method Would be simple to perform and less invasive 
than pronuclear injection, efficient, Would produce mosaic 
transgenic founder animals at a loW frequency and Would 
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result in the integration of a de?ned number of copies of the 
introduced sequences into the genome of the transgenic 
animal. 

SUMMARY OF THE INVENTION 

[0010] The present invention provides improved methods 
and compositions for the production of transgenic non 
human animals. In one embodiment, the present invention 
provides a composition comprising a non-human unfertil 
iZed oocyte comprising a heterologous oligonucleotide (i.e., 
a heterologous polynucleotide) integrated into the genome 
of the oocyte. In a preferred embodiment the unfertilized 
oocyte is a pre-maturation oocyte. In another preferred 
embodiment the unfertiliZed oocyte is a pre-fertiliZation 
oocyte. The present invention is not limited by the nature of 
the heterologous oligonucleotide contained Within the 
genome of the oocyte. In a preferred embodiment, the 
heterologous oligonucleotide is the proviral form of a ret 
roviral vector. 

[0011] The invention is not limited by the nature of the 
retroviral vector employed. Retroviral vectors containing a 
variety of genes may be employed. For example, the retro 
viral vector may contain sequences encoding proteins Which 
modify groWth rate, siZe and/or carcass composition (e.g., 
bovine groWth hormone or other groWth hormones) or 
foreign proteins of commercial value that are expressed in, 
and harvested from, a particular tissue component (e.g., 
blood or milk). The retroviral vector may contain genes that 
confer disease resistance to viruses or other microorganisms, 
including DNA sequences that are transcribed into RNA 
sequences that catalytically cleave speci?c RNAs (i.e., 
riboZymes) such as viral RNAs and DNA sequences that are 
transcribed into anti-sense RNA of an essential gene of a 
pathogenic microorganism. The above protein-encoding 
genes and DNA sequences are examples of “genes of 
interest.” 

[0012] The compositions of the present invention are not 
limited by the nature of the non-human animal employed to 
provide oocytes. In a preferred embodiment, the non-human 
animal is a mammal (e.g., coWs, pigs, sheep, goats, rabbits, 
rats, mice, etc.). In a particularly preferred embodiment, the 
non-human animal is a coW. 

[0013] The present invention further provides a method 
for introducing a heterologous polynucleotide into the 
genome of a non-human unfertiliZed oocyte, comprising: a) 
providing: i) a non-human unfertiliZed egg comprising an 
oocyte having a plasma membrane and a Zona pellucida, the 
plasma membrane and the Zona pellucida de?ning a perivi 
telline space; ii) an aqueous solution comprising a heterolo 
gous polynucleotide; and b) introducing the solution com 
prising the heterologous polynucleotide into the perivitelline 
space under conditions Which permit the introduction of the 
heterologous polynucleotide into the genome of the oocyte. 
The method of the present invention is not limited by the 
nature of the heterologous polynucleotide employed. In a 
preferred embodiment, the heterologous polynucleotide 
encodes a protein of interest. In a particularly preferred 
embodiment, the heterologous polynucleotide is contained 
Within genome of a recombinant retrovirus. 

[0014] The method of the present invention may be prac 
ticed using unfertiliZed eggs comprising a pre-maturation 
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oocyte. Alternatively, the method of the present invention 
may employ pre-fertiliZation oocytes as the unfertiliZed egg. 

[0015] When a recombinant retrovirus is employed infec 
tious retroviral particles comprising the heterologous poly 
nucleotide are preferentially employed. The method of the 
present invention is not limited by the nature of the infec 
tious retrovirus employed to deliver nucleic acid sequences 
to an oocyte. Any retrovirus Which is capable of infecting the 
species of oocyte to be injected may be employed. In a 
preferred embodiment, the infectious retrovirus comprises a 
heterologous membrane-associated protein. In a preferred 
embodiment, the heterologous membrane-associated protein 
is a G glycoprotein selected from a virus Within the family 
Rhabdoviridae. In another preferred embodiment, the het 
erologous membrane-associated protein is selected from the 
group consisting of the G glycoprotein of vesicular stoma 
titis virus, Piry virus, Chandipura virus, Spring viremia of 
carp virus and Mokola virus. In a particularly preferred 
embodiment, the heterologous membrane-associated protein 
is the G glycoprotein of vesicular stomatitis virus. 

[0016] The method of the present invention is not limited 
by the nature of the non-human animal employed to provide 
oocytes. In a preferred embodiment, the non-human animal 
is a mammal (e.g., coWs, pigs, sheep, goats, rabbits, rats, 
mice, etc.). In a particularly preferred embodiment, the 
non-human animal is a coW. 

[0017] The present invention further provides a method 
for the production of a transgenic non-human animal com 
prising: a) providing: i) an unfertiliZed egg comprising an 
oocyte having a plasma membrane and a Zona pellucida, the 
plasma membrane and the Zona pellucida de?ning a perivi 
telline space; ii) an aqueous solution containing infectious 
retrovirus; b) introducing the solution containing infectious 
retrovirus into the perivitelline space under conditions Which 
permit the infection of the oocyte; and c) contacting the 
infected oocyte With sperm under conditions Which permit 
the fertiliZation of the infected oocyte to produce an embryo. 
In a preferred embodiment, the method of the present 
invention further comprises, folloWing the fertiliZation of 
the infected oocyte, the step of transferring the embryo into 
a hormonally synchroniZed non-human recipient animal 
(i.e., a female animal hormonally synchroniZed to stimulate 
early pregnancy). In another preferred embodiment, the 
method comprises the step of alloWing the transferred 
embryo to develop to term. In still another referred embodi 
ment, at least one transgenic offspring is identi?ed from the 
offspring alloWed to develop to term. 

[0018] The method of the present invention may be prac 
ticed using unfertiliZed eggs comprising a pre-maturation 
oocyte. Alteratively, the method of the present invention 
may employ pre-fertiliZation oocytes as the unfertiliZed egg. 

[0019] When pre-maturation oocytes are employed in the 
method of the present invention, the method may further 
comprise, folloWing the introduction of the solution con 
taining infectious retrovirus into the pre-maturation oocyte, 
the further step of culturing the infected pre-maturation 
oocyte under conditions Which permit the maturation of the 
pre-maturation oocyte. The art is Well aWare of culture 
conditions Which permit the in vitro maturation of pre 
maturation oocytes from a variety of mammalian species. 

[0020] The method of the present invention is not limited 
by the nature of the infectious retrovirus employed to deliver 
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nucleic acid sequences to an oocyte. Any retrovirus Which is 
capable of infecting the species of oocyte to be injected may 
be employed. In a preferred embodiment, the infectious 
retrovirus comprises a heterologous membrane-associated 
protein. In a preferred embodiment, the heterologous mem 
brane-associated protein is a G glycoprotein selected from a 
virus Within the family Rhabdoviridae. In another preferred 
embodiment, the heterologous membrane-associated protein 
is selected from the group consisting of the G glycoprotein 
of vesicular stomatitis virus, Piry virus, Chandipura virus, 
Spring viremia of carp virus and Mokola virus. In a par 
ticularly preferred embodiment, the heterologous mem 
brane-associated protein is the G glycoprotein of vesicular 
stomatitis virus. 

[0021] The method of the present invention is not limited 
by the nature of the non-human animal employed to provide 
oocytes. In a preferred embodiment, the non-human animal 
is a mammal (e.g., coWs, pigs, sheep, goats, rabbits, rats, 
mice, etc.). In a particularly preferred embodiment, the 
non-human animal is a bovine. 

[0022] The present invention further provides composi 
tions comprising a stably maintained recombinant mamma 
lian Zygote, Wherein the Zygote comprises a polynucleotide 
containing the proviral form of a retroviral vector integrated 
into the genome of the Zygote. In particularly preferred 
embodiments, the mammalian Zygote is a bovine Zygote, 
While in other preferred embodiments, the Zygote is any 
mammalian Zygote. Indeed, it is not intended that the present 
invention be limited to any particular animal species. In still 
other embodiments, the proviral form of the retroviral vector 
encodes a protein of interest. In yet further preferred 
embodiments, the recombinant retroviral vector comprises 
Moloney murine leukemia virus LTR. HoWever, it is not 
intended that the present invention be limited to any par 
ticular retroviral LTR. Indeed, it is contemplated that other 
retroviral LTRs, including, but not limited, to mouse mam 
mary tumor virus LTR, Will ?nd use in the present invention. 

[0023] The present invention also provides methods for 
introducing a polynucleotide contained Within the genome 
of a recombinant retrovirus into the genome of a mammalian 
Zygote, comprising: a) providing: i) a mammalian Zygote 
having a plasma membrane and a Zona pellucida, Wherein 
the plasma membrane and Zona pellucida de?ne a perivi 
telline space; ii) an aqueous solution comprising a poly 
nucleotide contained Within the genome of a recombinant 
retrovirus; and b) introducing the solution comprising the 
polynucleotide contained Within the genome of a recombi 
nant retrovirus into the perivitelline space, under conditions 
Which permit the introduction of the polynucleotide con 
tained Within the genome of the recombinant retrovirus into 
the genome of the Zygote, such that the polynucleotide is 
stably maintained. In particularly preferred embodiments of 
the method, the efficiency of the introduction of the poly 
nucleotide into the genome of the Zygote is at least tWenty 
percent. In still other embodiments, the ef?ciency ranges 
from approximately tWenty percent to one hundred percent. 
In yet other preferred embodiments, the polynucleotide 
contained Within the genome of the recombinant retrovirus 
encodes a protein of interest. In further embodiments, the 
method further comprises the step of transferring the Zygote 
into a mammalian female recipient that is hormonally syn 
chroniZed to simulate early pregnancy, thereby giving a 
transferred embryo. In other particularly preferred embodi 
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ments, the method further comprises the step of alloWing the 
transferred embryo to develop to term. In further embodi 
ments, the method comprises the additional step of identi 
fying at least one transgenic offspring. In other particularly 
preferred embodiments, the present invention provides 
transgenic animals produced according to the above meth 
ods. In particularly preferred embodiments, the mammalian 
Zygote is a bovine Zygote, While in other preferred embodi 
ments, the Zygote is any other mammalian Zygote. Indeed, is 
not intended that the present invention be limited to any 
particular animal species. 

[0024] In still other embodiments of the above methods 
and transgenic animals, the recombinant retrovirus com 
prises Moloney murine leukemia virus long terminal repeat. 
HoWever, it is not intended that the present invention be 
limited to any particular retroviral LTR. Indeed, it is con 
templated that other retroviral LTRs, including, but not 
limited to mouse mammary tumor virus LTR, Will ?nd use 
in the present invention. In particularly preferred embodi 
ments, the protein of interest is expressed by the transgenic 
offspring. In some embodiments, the protein of interest is 
expressed in at least one body ?uid of the transgenic 
offspring. In some particularly preferred embodiments, the 
expression of the protein of interest is preferentially mam 
mary-speci?c expression. 

[0025] In further embodiments of the above methods and 
transgenic animals, the recombinant retrovirus comprises a 
heterologous membrane-associated protein. In some 
embodiments, the heterologous membrane-associated pro 
tein is a G glycoprotein selected from a virus Within the 
family Rhabdoviridae. In other embodiments, the G glyco 
protein is selected from the group comprising the G glyco 
protein of vesicular stomatitis virus, Piry virus, Chandipura 
virus, Spring viremia of carp virus, Rabies virus, and 
Mokola virus. 

[0026] The present invention also provides methods for 
producing transgenic non-human animals, Wherein the 
genome of the transgenic non-human animal comprises a 
polynucleotide encoding a recombinant retrovirus and at 
least one protein of interest, comprising the steps of: a) 
providing: i) a non-human mammalian Zygote having a 
plasma membrane and a Zona pellucida, Wherein the plasma 
membrane and the Zona pellucida de?ne a perivitelline 
space; ii) an aqueous solution comprising a polynucleotide 
contained Within the genome of a recombinant retrovirus; b) 
introducing the solution comprising the polynucleotide con 
tained Within the genome of a recombinant retrovirus into 
the perivitelline space under conditions Which permit the 
introduction of the polynucleotide contained Within the 
genome of a recombinant retrovirus into the genome of the 
Zygote, such that the polynucleotide is stably maintained in 
a recombinant Zygote; c) transferring the recombinant 
Zygote into a non-human female mammalian recipient that is 
hormonally synchroniZed to simulate early pregnancy, 
thereby giving a transferred embryo; d) alloWing the trans 
ferred embryo to develop to term to produce a transgenic 
animal. In some particularly embodiments, at least one 
protein of interest is expressed by the transgenic animal. In 
other preferred embodiments, the recombinant retrovirus 
comprises Moloney murine leukemia virus long terminal 
repeat. HoWever, it is not intended that the present invention 
be limited to any particular retroviral LTR. Indeed, it is 
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contemplated that other retroviral LTRs, including, but not 
limited to mouse mammary tumor virus LTR, Will ?nd use 
in the present invention. 

[0027] In still other embodiments of the above methods, 
the ef?ciency of the introduction of the polynucleotide is at 
least tWenty percent. In still other embodiments, the ef? 
ciency ranges from approximately tWenty percent to one 
hundred percent. In further particularly preferred embodi 
ments, the expression of the polynucleotide is preferentially 
mammary-speci?c expression. In other embodiments, the 
methods comprise the further step of mating the transgenic 
animal to a non-transgenic animal under conditions such that 
transgenic offspring are produced. In particularly preferred 
embodiments, the transgenic offspring express the poly 
nucleotide. In other particularly preferred embodiments, the 
expression of the polynucleotide is mammary-speci?c 
expression. In yet other particularly preferred embodiments, 
the mammalian Zygote is a bovine Zygote, While in other 
preferred embodiments, the Zygote is any other mammalian 
Zygote. Indeed, is not intended that the present invention be 
limited to any particular animal species. 

[0028] The present invention also provides methods for 
expressing a protein of interest, Wherein the protein of 
interest is encoded by a polynucleotide contained Within the 
genome of a recombinant retrovirus, comprising the steps 
of: a) providing: i) a non-human mammalian Zygote having 
a plasma membrane and a Zona pellucida, Wherein the 
plasma membrane and the Zona pellucida de?ne a perivi 
telline space; ii) an aqueous solution comprising a poly 
nucleotide encoding a protein of interest contained Within 
the genome of a recombinant retrovirus; and b) introducing 
the solution comprising the polynucleotide encoding a pro 
tein of interest contained Within the genome of a recombi 
nant retrovirus into the perivitelline space, under conditions 
Which permit the introduction of the polynucleotide con 
tained Within the genome of a recombinant retrovirus into 
the genome of the Zygote, such that the polynucleotide is 
stably maintained; and c) alloWing the Zygote to develop 
into viable non-human animal, under conditions such that 
the protein of interest is expressed by the non-human animal. 

[0029] In some preferred embodiments of the above meth 
ods, the recombinant retrovirus comprises Moloney murine 
leukemia virus long terminal repeat. HoWever, it is not 
intended that the present invention be limited to any par 
ticular retroviral LTR. Indeed, it is contemplated that other 
retroviral LTRs, including, but not limited, to mouse mam 
mary tumor virus LTR, Will ?nd use in the present invention. 
In yet other preferred embodiments, introduction of the 
polynucleotide into the genome of the Zygote is at least 
tWenty percent. In still other embodiments, the ef?ciency 
ranges from approximately tWenty percent to one hundred 
percent. In yet other embodiments, the polynucleotide con 
tained Within the genome of a recombinant retrovirus 
encodes a viral protein. In other embodiments, viral protein 
is hepatitis B surface antigen. In still other embodiments, the 
present invention provides protein produced according to the 
above methods. In yet other embodiments, the method 
further comprises the step of harvesting the expressed pro 
tein of interest. In further embodiments, the expressed 
protein is expressed in the body ?uids of the non-human 
animal. In particularly preferred embodiments, body ?uids 
are selected from the group consisting of blood, milk, 
semen, and urine. In particularly preferred embodiments, the 
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mammalian Zygote is a bovine Zygote, While in other pre 
ferred embodiments, the Zygote is any mammalian Zygote. 
Indeed, it is not intended that the present invention be 
limited to any particular animal species. 

[0030] The present invention also provides methods for 
expressing a protein of interest Wherein the protein of 
interest is encoded by a polynucleotide contained Within the 
genome of a recombinant retrovirus, and the polynucleotide 
is integrated into the genome of a mammalian unfertiliZed 
oocyte, comprising the steps of: a) providing: i) an unfer 
tiliZed mammalian egg comprising an oocyte having a 
plasma membrane and a Zona pellucida, Wherein the plasma 
membrane and the Zona pellucida de?ne a perivitelline 
space; ii) an aqueous solution containing recombinant ret 
rovirus, Wherein the recombinant retrovirus comprises a 
polynucleotide encoding a protein of interest; b) introducing 
the solution containing recombinant retrovirus into the 
perivitelline space under conditions Which permit the infec 
tion of the oocyte to provide an infected oocyte; c) contact 
ing the infected oocyte With sperm under conditions Which 
permit the fertiliZation of the infected oocyte to produce an 
embryo; d) transferring the embryo into a hormonally syn 
chroniZed mammalian recipient animal; e) alloWing the 
embryo to develop into at least one viable transgenic mam 
malian animal, under conditions such that the protein of 
interest is expressed by the transgenic mammalian animal. 

[0031] In some preferred embodiments, the unfertiliZed 
oocyte is a pre-maturation oocyte. In other embodiments, 
folloWing the introduction of the solution containing infec 
tious retrovirus into the pre-maturation oocyte, the method 
comprises the further step of culturing the infected pre 
maturation oocyte under conditions Which permit the matu 
ration of the pre-maturation oocyte. In other preferred 
embodiments, the unfertiliZed oocyte is a pre-fertiliZation 
oocyte. 

[0032] In still other preferred embodiments, the method 
further comprises the step of identifying at least one trans 
genic offspring. In particularly preferred embodiments, the 
mammal is a bovine. HoWever, it is not intended that the 
present invention be limited to any particular animal species. 

[0033] In further preferred embodiments, the recombinant 
retrovirus comprises Moloney murine leukemia virus long 
terminal repeat. HoWever, it is not intended that the present 
invention be limited to any particular retroviral LTR. Indeed, 
it is contemplated that other retroviral LTRs, including, but 
not limited, to mouse mammary tumor virus LTR, Will ?nd 
use in the present invention. In yet other preferred embodi 
ments, the expression of the protein of interest is preferen 
tially mammary speci?c expression. In some particularly 
preferred embodiments of the method, the introduction of 
the polynucleotide into the genome of the infected oocyte, is 
greater than tWenty percent. In still other embodiments, the 
ef?ciency ranges from approximately tWenty percent to one 
hundred percent. In some preferred embodiments, the poly 
nucleotide contained Within the genome of a recombinant 
retrovirus encodes a viral protein. In some particularly 
preferred embodiments the viral protein is hepatitis B sur 
face antigen. In alternative particularly preferred embodi 
ments, the expressed protein is expressed in the body ?uids 
of the mammalian animal. In some particularly preferred 
embodiments, the body ?uids are selected from the group 
consisting of blood, milk, semen, and urine. In still other 
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embodiments, the methods further comprise the step of f) 
harvesting the expressed protein of interest. The present 
invention also provides a protein of interest expressed using 
the above methods. 

[0034] In yet other embodiments of the methods, the 
recombinant retrovirus comprises a heterologous mem 
brane-associated protein. In some embodiments, the heter 
ologous membrane-associated protein is a G glycoprotein 
selected from a virus Within the family Rhabdoviridae. In yet 
other embodiments, the G glycoprotein is selected from the 
group comprising the G glycoprotein of vesicular stomatitis 
virus, Piry virus, Chandipura virus, Spring viremia of carp 
virus and Mokola virus. 

DESCRIPTION OF THE DRAWINGS 

[0035] FIG. 1 provides a schematic shoWing the produc 
tion of pre-maturation oocytes, pre-fertilization oocytes and 
fertilized oocytes (zygotes). 

[0036] FIG. 2 shoWs an autoradiogram of a Southern blot 
of genomic DNA isolated from the skin (A) and blood (B) 
of calves derived from pre-fertilization oocytes and zygotes 
Which Were injected With pseudotyped LSRNL retrovirus. 

[0037] FIG. 3 shoWs an ethidium bromide stained agarose 
gel containing electrophoresed PCR products Which Were 
ampli?ed using neo gene primers (A) or HBsAg primers (B) 
from the blood and skin of calves derived from pre-fertili 
zation oocytes and zygotes injected With pseudotyped 
LSRNL retrovirus. 

[0038] FIG. 4 shoWs an ethidium bromide stained agarose 
gel containing electrophoresed PCR products ampli?ed 
using the neo gene primers (A) or HBsAg primers (B) from 
skin samples obtained from tWin calves, Who Were offspring 
of a transgenic bull. 

[0039] De?nitions 

[0040] To facilitate understanding of the invention, a num 
ber of terms are de?ned beloW. 

[0041] As used herein, the term “egg,” When used in 
reference to a mammalian egg, means an oocyte surrounded 

by a zona pellucida and a mass of cumulus cells (follicle 
cells) With their associated proteoglycan. The term “egg” is 
used in reference to eggs recovered from antral follicles in 
an ovary (these eggs comprise pre-maturation oocytes) as 
Well as to eggs Which have been released from an antral 
follicle (a ruptured follicle). 

[0042] As used herein, the term “oocyte” refers to a female 
gamete cell and includes primary oocytes, secondary 
oocytes and mature, unfertilized ovum. An oocyte is a large 
cell having a large nucleus (i.e., the germinal vesicle) 
surrounded by ooplasm. The ooplasm contains non-nuclear 
cytoplasmic contents including mRNA, ribosomes, mito 
chondria, yolk proteins, etc. The membrane of the oocyte is 
referred to herein as the “plasma membrane.” 

[0043] The term “pre-maturation oocyte,” as used herein 
refers to a female gamete cell folloWing the oogonia stage 
(i.e., mitotic proliferation has occurred) that is isolated from 
an ovary (e.g., by aspiration) but Which has not been 
exposed to maturation medium in vitro. Those of skill in the 
art knoW that the process of aspiration causes oocytes to 
begin the maturation process but that completion of the 
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maturation process (i.e., formation of a secondary oocyte 
Which has extruded the ?rst polar body) in vitro requires the 
exposure of the aspirated oocytes to maturation medium. 
Pre-maturation oocytes Will generally be arrested at the ?rst 
anaphase of meiosis. 

[0044] The term “pre-fertilization oocyte” as used herein, 
refers to a female gamete cell such as a pre-maturation 
oocyte folloWing exposure to maturation medium in vitro 
but prior to exposure to sperm (i.e., matured but not fertil 
ized). The pre-fertilization oocyte has completed the ?rst 
meiotic division, has released the ?rst polar body and lacks 
a nuclear membrane (the nuclear membrane Will not reform 
until fertilization occurs; after fertilization, the second mei 
otic division occurs along With the extrusion of the second 
polar body and the formation of the male and female 
pronuclei). Pre-fertilization oocytes may also be referred to 
as matured oocytes at metaphase II of the second meiosis. 

[0045] The terms “unfertilized egg” or “unfertilized 
oocyte” as used herein, refers to any female gamete cell 
Which has not been fertilized and these terms encompass 
both pre-maturation and pre-fertilization oocytes. 

[0046] The term “zygote” as used herein, refers to a 
fertilized oocyte that has not yet undergone the ?rst cleavage 
step in the development of an embryo (i.e., it is at the 
single-cell stage). 
[0047] The term “perivitelline space” refers to the space 
located betWeen the zona pellucida and the plasma mem 
brane of a mammalian egg or oocyte. 

[0048] As used herein, the term “trans” is used in refer 
ence to the positioning of genes of interest on the different 
strands of nucleic acid (e.g., alleles present on the tWo 
chromosomes of a chromosomal pair). The term “trans 
acting” is used in reference to the controlling effect of a 
regulatory gene on a gene present on a different chromo 
some. In contrast to promoters, repressors are not limited in 
their binding to the DNA molecule that includes their 
genetic information. Therefore, repressors are sometimes 
referred to as trans-acting control elements. 

[0049] The term “trans-activation” as used herein refers to 
the activation of gene sequences by factors encoded by a 
regulatory gene Which is not necessarily contiguous With the 
gene sequences Which it binds to and activates. 

[0050] As used herein, the term “cis” is used in reference 
to the presence of genes on the same chromosome. The term 
“cis-acting” is used in reference to the controlling effect of 
a regulatory gene on a gene present on the same chromo 
some. For example, promoters, Which affect the synthesis of 
doWnstream mRNA are cis-acting control elements. 

[0051] As used herein, the term “retrovirus” is used in 
reference to RNA viruses Which utilize reverse transcriptase 
during their replication cycle (i.e., retroviruses are incapable 
of replication; rather, these are useful RNA sequences that 
are packaged With at least tWo enzymes that are required for 
the insertion of the RNA sequences into the host cell 
genome). The retroviral genomic RNA is converted into 
double-stranded DNA by reverse transcriptase. This double 
stranded DNA form of the virus integrates into the chromo 
some of the infected cell and is referred to as a “provirus.” 
In preferred embodiments of the present invention, the term 
“proviral” is used in reference to constructs that are similar 



US 2002/0104109 A1 

to “retrotransposons.” These are integrated genes that are 
bracketed by LTRs in the host cell genome. However, in 
preferred embodiments, the proviral constructs cannot rep 
licate. In contrast, in Wild-type viruses, the provirus serves 
as a template for RNA polymerase II and directs the expres 
sion of RNA molecules Which encode the structural proteins 
and enZymes needed to produce neW viral particles. At each 
end of the provirus are structures called “long terminal 
repeats” or “LTRs”. The LTR contains numerous regulatory 
signals including transcriptional control elements, polyade 
nylation signals and sequences needed for replication and 
integration of the viral genome. The viral LTR is divided 
into three regions called U3, R and US. 

[0052] The U3 region contains the enhancer and promoter 
elements. The U5 region contains the polyadenylation sig 
nals. The R (repeat) region separates the U3 and U5 regions 
and transcribed sequences of the R region appear at both the 
5‘ and 3‘ ends of the viral RNA. 

[0053] As used herein, the term “provirus” is used in 
reference to a virus that is integrated into a host cell 
chromosome (or genome), and is transmitted from one cell 
generation to the next, Without causing lysis or destruction 
of the host cell. The term is also used in reference to a duplex 
DNA sequence present in an eukaryotic chromosome, Which 
corresponds to the genome of an RNA retrovirus. 

[0054] As used herein, the term “endogenous virus” is 
used in reference to an inactive virus Which is integrated into 
the chromosome of its host cell (often in multiple copies), 
and can thereby exhibit vertical transmission. Endogenous 
viruses can spontaneously express themselves and may 
result in malignancies. 

[0055] As used herein, the terms “amphotrope” and 
“amphotropic” are used in reference to endogenous viruses 
that readily multiply in cells of the species in Which they 
Were induced, as Well as cells of other species. 

[0056] As used herein, the term “ecotrope” and “ecotro 
pic” are used in reference to endogenous viruses that mul 
tiply readily in cells of the species in Which they Were 
induced, but cannot multiply in cells of other species. 

[0057] As used herein, the term “xenotrope” and “xeno 
tropic” are used in reference to endogenous viruses that 
cannot infect cells of the species in Which they Were 
induced, but can infect and multiply in cells of other species. 

[0058] The term “infectious retrovirus” refers to a retro 
viral particle Which is capable of entering a cell (i.e., the 
particle contains a membrane-associated protein such as an 
envelope protein or a viral G glycoprotein Which can bind to 
the host cell surface and facilitate entry of the viral particle 
into the cytoplasm of the host cell) and integrating the 
retroviral genome (as a double-stranded provirus) into the 
genome of the host cell. 

[0059] As used herein, the term “retroviral vector” is used 
in reference to retroviruses Which have been modi?ed so as 
to serve as vectors for introduction of nucleic acid into cells. 

[0060] As used herein, the term “vector” is used in refer 
ence to nucleic acid molecules that transfer DNA segment(s) 
from one cell to another. Retroviral vectors transfer RNA, 
Which is then reverse transcribed into DNA. The term 
“vehicle” is sometimes used interchangeably With “vector.” 
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[0061] The term “expression vector” as used herein refers 
to a recombinant molecule containing a desired coding 
sequence and appropriate nucleic acid sequences necessary 
for the expression of the operably linked coding sequence in 
a particular host organism. Nucleic acid sequences neces 
sary for expression in prokaryotes usually include a pro 
moter, an operator (optional), and a ribosome binding site, 
often along With other sequences. Eukaryotic cells are 
knoWn to utiliZe promoters, enhancers, and termination and 
polyadenylation signals. 

[0062] The terms “in operable combination, in operable 
order,” and “operably linked,” as used herein refer to the 
linkage of nucleic acid sequences in such a manner that a 
nucleic acid molecule capable of directing the transcription 
of a given gene and/or the synthesis of a desired protein 
molecule is produced. The term also refers to the linkage of 
amino acid sequences in such a manner so that a functional 
protein is produced. 

[0063] As used herein, the term “protein of interest” refers 
to any protein for Which expression is desired. For example, 
the term encompasses any recombinant forms of a protein 
that is desired. The term “gene of interest” refers to any gene 
that is desired. In particularly preferred embodiments, the 
gene of interest encodes at least a portion of a protein of 
interest. 

[0064] The term “genetic cassette” as used herein refers to 
a fragment or segment of nucleic acid containing a particular 
grouping of genetic elements. The cassette can be removed 
and inserted into a vector or plasmid as a single unit. 

[0065] As used herein, the term “long terminal repeat 
(LTR)” is used in reference to domains of base pairs located 
at the ends of retroviral DNA’s. These LTRs may be several 
hundred base pairs in length. LTR’s often provide functions 
fundamental to the expression of most eukaryotic genes 
(e.g., promotion, initiation and polyadenylation of tran 
scripts). 
[0066] Retroviral vectors can be used to transfer genes 
ef?ciently into host cells by exploiting the viral infectious 
process. Foreign or heterologous genes cloned (i.e., inserted 
using molecular biological techniques) into the retroviral 
genome can be delivered efficiently to host cells Which are 
susceptible to infection by the retrovirus. Through Well 
knoWn genetic manipulations, the replicative capacity of the 
retroviral genome can be destroyed. The resulting replica 
tion-defective vectors can be used to introduce neW genetic 
material to a cell but they are unable to replicate. A helper 
virus or packaging cell line can be used to permit vector 
particle assembly and egress from the cell. 

[0067] The terms “vector particle” or “retroviral particle” 
refer to viral-like particles that are capable of introducing 
nucleic acid into a cell through a viral-like entry mechanism. 

[0068] The host range of a retroviral vector (i.e., the range 
of cells that these vectors can infect) can be altered by 
including an envelope protein from another closely related 
virus. 

[0069] As used herein, the term “packaging signal” or 
“packaging sequence” refers to non-coding sequences 
located Within the retroviral genome Which are required for 
insertion of the viral RNA into the viral capsid or particle. 
Several retroviral vectors use the minimal packaging signal 
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(also referred to as the psi sequence) needed for encapsida 
tion of the viral genome. This minimal packaging signal 
encompasses bases 212 to 563 of the Mo-MuLV genome 
(Mann et al., Cell 33:153 [1983]). 

[0070] As used herein, the term “extended packaging 
signal” or “extended packaging sequence” refers to the use 
of sequences around the psi sequence With further extension 
into the gag gene. In Mo-MuLV, this extended packaging 
sequence corresponds to the region encompassing base 1039 
to base 1906 (Akagi et al., Gene 106:255 [1991]). The 
frequently used M-MuLV vector, pLNL6 (Bender et al., J. 
Virol., 61:1639 [1987]), contains the entire 5‘ region of the 
genome including an extended packaging signal from bases 
206 to 1039 of the Moloney murine sarcoma virus genome 
(numbering from Supplements and Appendices in RNA 
Tumor Wruses, 2nd Ed. [1985] pp. 986-988). The inclusion 
of these additional packaging sequences increases the effi 
ciency of insertion of vector RNA into viral particles. As 
used herein, the term “packaging cell lines” is used in 
reference to cell lines that express viral structural proteins 
(e.g., gag, pol and env), but do not contain a packaging 
signal. 
[0071] When retroviral vector DNA is transfected into the 
cells, it becomes integrated into the chromosomal DNA and 
is transcribed, thereby producing full-length retroviral vec 
tor RNA that has a psi+ sequence. Under these conditions, 
only the vector RNA is packaged into the viral capsid 
structures These complete, yet replication-defective, virus 
particles can then be used to deliver the retroviral vector to 
target cells With relatively high efficiency. 

[0072] The term “transfection” as used herein refers to the 
introduction of foreign DNA into eukaryotic cells. Trans 
fection may be accomplished by a variety of means knoWn 
in the art including calcium phosphate-DNA co-precipita 
tion, DEAE-dextran-mediated transfection, polybrene-me 
diated transfection, electroporation, microinjection, lipo 
some fusion, lipofection, protoplast fusion, retroviral 
infection, and biolistics. In contrast, as used herein, the term 
“transduction” refers to the delivery of a gene(s) using a 
retroviral vector by means of infection rather than by 
transfection. 

[0073] The term “membrane-associated protein” refers to 
a protein (e.g., a viral envelope glycoprotein or the G 
proteins of viruses in the Rhabdoviridae family such as VSV, 
Piry, Chandipura and Mokola) Which are associated With the 
membrane surrounding a viral particle; these membrane 
associated proteins mediate the entry of the viral particle 
into the host cell. The membrane associated protein may 
bind to speci?c cell surface protein receptors, as is the case 
for retroviral envelope proteins or the membrane-associated 
protein may interact With a phospholipid component of the 
plasma membrane of the host cell, as is the case for the G 
proteins derived from members of the Rhabdoviridae family. 

[0074] The term “heterologous membrane-associated pro 
tein” refers to a membrane-associated protein Which is 
derived from a virus Which is not a member of the same viral 
class or family as that from Which the nucleocapsid protein 
of the vector particle is derived. “Viral class or family” 
refers to the taxonomic rank of class or family, as assigned 
by the International Committee on Taxonomy of Viruses. 

[0075] The term “Rhabdoviridae” refers to a family of 
enveloped RNA viruses that infect animals, including 
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humans, and plants. The Rhabdoviridae family encompasses 
the genus Vesiculovirus Which includes vesicular stomatitis 
virus (VSV), Cocal virus, Piry virus, Chandipura virus, and 
Spring viremia of carp virus (sequences encoding the Spring 
viremia of carp virus are available under GenBank accession 
number U18101). The G proteins of viruses in the Vesicu 
lovirus genera are virally-encoded integral membrane pro 
teins that form externally projecting homotrimeric spike 
glycoproteins complexes that are required for receptor bind 
ing and membrane fusion. The G proteins of viruses in the 
Vesiculovirus genera have a covalently bound palmitic acid 
(C16) moiety. The amino acid sequences of the G proteins 
from the Vesiculoviruses are fairly Well conserved. For 
example, the Piry virus G protein share about 38% identity 
and about 55% similarity With the VSV G proteins (several 
strains of VSV are knoWn, e.g., Indiana, NeW Jersey, Orsay, 
San Juan, etc., and their G proteins are highly homologous). 
The Chandipura virus G protein and the VSV G proteins 
share about 37% identity and 52% similarity. Given the high 
degree of conservation (amino acid sequence) and the 
related functional characteristics (e.g., binding of the virus to 
the host cell and fusion of membranes, including syncytia 
formation) of the G proteins of the Vesiculoviruses, the G 
proteins from non-VSV Vesiculoviruses may be used in 
place of the VSV G protein for the pseudotyping of viral 
particles. The G proteins of the Lyssa viruses (another 
genera Within the Rhabdoviridae family) also share a fair 
degree of conservation With the VSV G proteins and func 
tion in a similar manner (e. g., mediate fusion of membranes) 
and therefore may be used in place of the VSV G protein for 
the pseudotyping of viral particles. The Lyssa viruses 
include the Mokola virus and the Rabies viruses (several 
strains of Rabies virus are knoWn and their G proteins have 
been cloned and sequenced). The Mokola virus G protein 
shares stretches of homology (particularly over the extra 
cellular and transmembrane domains) With the VSV G 
proteins Which shoW about 31% identity and 48% similarity 
With the VSV G proteins. Preferred G proteins share at least 
25% identity, preferably at least 30% identity and most 
preferably at least 35% identity With the VSV G proteins. 
The VSV G protein from Which NeW Jersey strain (the 
sequence of this G protein is provided in GenBank accession 
numbers M27165 and M21557) is employed as the reference 
VSV G protein. 

[0076] The term “conditions Which permit the maturation 
of a pre-maturation oocyte” refers to conditions of in vitro 
cell culture Which permit the maturation of a pre-maturation 
oocyte to a mature ovum (e.g., a pre-fertiliZation oocyte). 
These culture conditions permit and induce the events Which 
are associated With maturation of the pre-maturation oocyte 
including stimulation of the ?rst and second meiotic divi 
sions. In vitro culture conditions Which permit the matura 
tion of pre-maturation oocytes from a variety of mammalian 
species (e.g., cattle, hamster, pigs and goats) are Well knoW 
to the art (See e.g., Parrish et al., Theriogenol., 24:537 
[1985]; Rosenkrans and First, J. Anim. Sci., 72:434 [1994]; 
Bavister and Yanagimachi, Biol. Reprod., 16:228 [1977]; 
Bavister et al., Biol. Reprod., 28:235 [1983]; Leibfried and 
Bavister, J. Reprod. Fert., 66:87 [1982]; Keskintepe et al., 
Zygote 2:97 [1994]; Funahashi et al., J. Reprod. Fert., 
101:159 [1994]; and Funahashi et al., Biol. Reprod 50:1072 
[1994]. 
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[0077] As used herein, the term “remedial gene” refers to 
a gene Whose expression is desired in a cell to correct an 
error in cellular metabolism, to inactivate a pathogen or to 
kill a cancerous cell. 

[0078] As used herein, the term “selectable marker” refers 
to the use of a gene Which encodes an enzymatic activity that 
confers resistance to an antibiotic or drug upon the cell in 
Which the selectable marker is expressed. Selectable mark 
ers may be “dominant”; a dominant selectable marker 
encodes an enzymatic activity Which can be detected in any 
eukaryotic cell line. Examples of dominant selectable mark 
ers include the bacterial aminoglycoside 3‘ phosphotrans 
ferase gene (also referred to as the neo gene) Which confers 
resistance to the drug G418 in mammalian cells, the bacte 
rial hygromycin G phosphotransferase (hyg) gene Which 
confers resistance to the antibiotic hygromycin and the 
bacterial xanthine-guanine phosphoribosyl transferase gene 
(also referred to as the gpt gene) Which confers the ability to 
groW in the presence of mycophenolic acid. Other selectable 
markers are not dominant in that there use must be in 
conjunction With a cell line that lacks the relevant enzyme 
activity. Examples of non-dominant selectable markers 
include the thymidine kinase (tk) gene Which is used in 
conjunction With tk' cell lines, the CAD gene Which is used 
in conjunction With CAD-de?cient cells and the mammalian 
hypoxanthine-guanine phosphoribosyl transferase (hprt) 
gene Which is used in conjunction With hprt' cell lines. A 
revieW of the use of selectable markers in mammalian cell 
lines is provided in Sambrook, J. et al., Molecular Cloning: 
A Laboratory Manual, 2nd ed., Cold Spring Harbor Labo 
ratory Press, NeW York (1989) pp.16.9-16.15. 

[0079] As used herein, the terms “complementary” or 
“complementarity” are used in reference to polynucleotides 
(i.e., a sequence of nucleotides) related by the base-pairing 
rules. For example, for the sequence “A-G-T,” is comple 
mentary to the sequence “T-C-A.” Complementarity may be 
“partial,” in Which only some of the nucleic acids’ bases are 
matched according to the base pairing rules. Or, there may 
be “complete” or “total” complementarity betWeen the 
nucleic acids. The degree of complementarity betWeen 
nucleic acid strands has signi?cant effects on the ef?ciency 
and strength of hybridization betWeen nucleic acid strands. 
This is of particular importance in ampli?cation reactions, as 
Well as detection methods Which depend upon binding 
betWeen nucleic acids. 

[0080] As used herein, the term “hybridization” is used in 
reference to the pairing of complementary nucleic acids. 
Hybridization and the strength of hybridization (i.e., the 
strength of the association betWeen the nucleic acids) is 
impacted by such factors as the degree of complementary 
betWeen the nucleic acids, stringency of the conditions 
involved, the Trn of the formed hybrid, and the G:C ratio 
Within the nucleic acids. 

[0081] As used herein, the term “Tm” is used in reference 
to the “melting temperature.” The melting temperature is the 
temperature at Which a population of double-stranded 
nucleic acid molecules becomes half dissociated into single 
strands. The equation for calculating the Trn of nucleic acids 
is Well knoWn in the art. As indicated by standard references, 
a simple estimate of the Trn value may be calculated by the 
equation: Tm=81.5+0.41(% G+C), When a nucleic acid is in 
aqueous solution at 1 M NaCl (See e.g., Anderson and 
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Young, Quantitative Filter Hybridization, in Nucleic Acid 
Hybridization (1985). Other references include more sophis 
ticated computations Which take structural as Well as 
sequence characteristics into account for the calculation of 
T 

[0082] As used herein the term “stringency” is used in 
reference to the conditions of temperature, ionic strength, 
and the presence of other compounds such as organic 
solvents, under Which nucleic acid hybridizations are con 
ducted. With “high stringency” conditions, nucleic acid base 
pairing Will occur only betWeen nucleic acid fragments that 
have a high frequency of complementary base sequences. 
Thus, conditions of “Weak” or “loW” stringency are often 
required With nucleic acids that are derived from organisms 
that are genetically diverse, as the frequency of complemen 
tary sequences is usually less. 

[0083] As used herein, the term “ampli?able nucleic acid” 
is used in reference to nucleic acids Which may be ampli?ed 
by any ampli?cation method. It is contemplated that “ampli 
?able nucleic acid” Will usually comprise “sample tem 
plate.” 
[0084] As used herein, the term “sample template” refers 
to nucleic acid originating from a sample Which is analyzed 
for the presence of “target” (de?ned beloW). In contrast, 
“background template” is used in reference to nucleic acid 
other than sample template Which may or may not be present 
in a sample. Background template is most often inadvertent. 
It may be the result of carryover, or it may be due to the 
presence of nucleic acid contaminants sought to be puri?ed 
aWay from the sample. For example, nucleic acids from 
organisms other than those to be detected may be present as 
background in a test sample. 

[0085] As used herein, the term “primer” refers to an 
oligonucleotide, Whether occurring naturally as in a puri?ed 
restriction digest or produced synthetically, Which is capable 
of acting as a point of initiation of synthesis When placed 
under conditions in Which synthesis of a primer extension 
product Which is complementary to a nucleic acid strand is 
induced, (i.e., in the presence of nucleotides and an inducing 
agent such as DNApolymerase and at a suitable temperature 
and pH). The primer is preferably single stranded for maxi 
mum ef?ciency in ampli?cation, but may alternatively be 
double stranded. If double stranded, the primer is ?rst 
treated to separate its strands before being used to prepare 
extension products. Preferably, the primer is an oligodeox 
yribonucleotide. The primer must be suf?ciently long to 
prime the synthesis of extension products in the presence of 
the inducing agent. The exact lengths of the primers Will 
depend on many factors, including temperature, source of 
primer and the use of the method. 

[0086] As used herein, the term “probe” refers to an 
oligonucleotide (i.e., a sequence of nucleotides), Whether 
occurring naturally as in a puri?ed restriction digest or 
produced synthetically, Which is capable of hybridizing to 
another oligonucleotide of interest. Probes are useful in the 
detection, identi?cation and isolation of particular gene 
sequences. It is contemplated that any probe used in the 
present invention Will be labelled With any “reporter mol 
ecule,” so that is detectable in any detection system, includ 
ing, but not limited to enzyme (e.g., ELISA, as Well as 
enzyme-based histochemical assays), ?uorescent, radioac 
tive, and luminescent systems. It is further contemplated that 
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the oligonucleotide of interest (i.e., to be detected) Will be 
labelled With a reporter molecule. It is also contemplated 
that both the probe and oligonucleotide of interest Will be 
labelled. It is not intended that the present invention be 
limited to any particular detection system or label. 

[0087] As used herein, the term “target” refers to the 
region of nucleic acid bounded by the primers used for 
polymerase chain reaction. Thus, the “target” is sought to be 
sorted out from other nucleic acid sequences. A “segment” 
is de?ned as a region of nucleic acid Within the target 
sequence. 

[0088] As used herein, the term “polymerase chain reac 
tion” (“PCR”) refers to the methods of US. Pat. Nos. 
4,683,195, 4,683,202, and 4,965,188, all of Which are 
hereby incorporated by reference, directed to methods for 
increasing the concentration of a segment of a target 
sequence in a mixture of genomic DNA Without cloning or 
puri?cation. This process for amplifying the target sequence 
consists of introducing a large excess of tWo oligonucleotide 
primers to the DNA mixture containing the desired target 
sequence, folloWed by a precise sequence of thermal cycling 
in the presence of a DNA polymerase. The tWo primers are 
complementary to their respective strands of the double 
stranded target sequence. To effect ampli?cation, the mix 
ture is denatured and the primers then annealed to their 
complementary sequences Within the target molecule. Fol 
loWing annealing, the primers are extended With a poly 
merase so as to form a neW pair of complementary strands. 

The steps of denaturation, primer annealing and polymerase 
extension can be repeated many times (i.e., denaturation, 
annealing and extension constitute one “cycle”; there can be 
numerous “cycles”) to obtain a high concentration of an 
ampli?ed segment of the desired target sequence. The length 
of the ampli?ed segment of the desired target sequence is 
determined by the relative positions of the primers With 
respect to each other, and therefore, this length is a control 
lable parameter. By virtue of the repeating aspect of the 
process, the method is referred to as the “polymerase chain 
reaction” (hereinafter “PCR”). Because the desired ampli 
?ed segments of the target sequence become the predomi 
nant sequences (in terms of concentration) in the mixture, 
they are the to be “PCR ampli?ed”. 

[0089] With PCR, it is possible to amplify a single copy of 
a speci?c target sequence in genomic DNA to a level 
detectable by several different methodologies (e.g., hybrid 
iZation With a labeled probe; incorporation of biotinylated 
primers folloWed by avidin-enZyme conjugate detection; 
incorporation of 32P-labeled deoxynucleotide triphosphates, 
such as dCTP or dATP, into the ampli?ed segment). In 
addition to genomic DNA, any oligonucleotide sequence 
can be ampli?ed With the appropriate set of primer mol 
ecules. In particular, the ampli?ed segments created by the 
PCR process itself are, themselves, ef?cient templates for 
subsequent PCR ampli?cations. 

[0090] “Ampli?cation” is a special case of nucleic acid 
replication involving template speci?city. It is to be con 
trasted With non-speci?c template replication (i.e., replica 
tion that is template-dependent but not dependent on a 
speci?c template). Template speci?city is here distinguished 
from ?delity of replication (i.e., synthesis of the proper 
polynucleotide sequence) and nucleotide (ribo- or deox 
yribo-) speci?city. Template speci?city is frequently 

Aug. 1, 2002 

described in terms of “target” speci?city. Target sequences 
are “targets” in the sense that they are sought to be sorted out 
from other nucleic acid. Ampli?cation techniques have been 
designed primarily for this sorting out. 

[0091] Template speci?city is achieved in most ampli? 
cation techniques by the choice of enZyme. Ampli?cation 
enZymes are enZymes that, under conditions they are used, 
Will process only speci?c sequences of nucleic acid in a 
heterogeneous mixture of nucleic acid. For example, in the 
case of Q6 replicase, MDV-1 RNA is the speci?c template 
for the replicase (Kacian et al, Proc. Nat. Acad. Sci USA 
69:3038 [1972]). Other nucleic acid Will not be replicated by 
this ampli?cation enZyme. Similarly, in the case of T7 RNA 
polymerase, this ampli?cation enZyme has a stringent speci 
?city for its oWn promoters (M. Chamberlin et al., Nature 
228:227 [1970]). In the case of T4 DNA ligase, the enZyme 
Will not ligate the tWo oligonucleotides Where there is a 
mismatch betWeen the oligonucleotide substrate and the 
template at the ligation junction (Wu and Wallace, Genomics 
4:560 [1989]). Finally, thermostable polymerases, such as 
Taq and Pfu, by virtue of their ability to function at high 
temperature, are found to display high speci?city for the 
sequences bounded and thus de?ned by the primers; the high 
temperature results in thermodynamic conditions that favor 
primer hybridiZation With the target sequences and not 
hybridiZation With non-target sequences. 

[0092] Some ampli?cation techniques take the approach 
of amplifying and then detecting target; others detect target 
and then amplify probe. Regardless of the approach, nucleic 
acid must be free of inhibitors for ampli?cation to occur at 
high ef?ciency. 

[0093] As used herein, the terms “PCR product” and 
“ampli?cation product” refer to the resultant mixture of 
compounds after tWo or more cycles of the PCR steps of 
denaturation, annealing and extension are complete. These 
terms encompass the case Where there has been ampli?ca 
tion of one or more segments of one or more target 

sequences. 

[0094] As used herein, the term “nested primers” refers to 
primers that anneal to the target sequence in an area that is 
inside the annealing boundaries used to start PCR (Mullis, et 
al., Cold Spring Harbor Symposia, Vol. 11, pp.263-273 
[1986]). Because the nested primers anneal to the target 
inside the annealing boundaries of the starting primers, the 
predominant PCR-ampli?ed product of the starting primers 
is necessarily a longer sequence, than that de?ned by the 
annealing boundaries of the nested primers. 

[0095] The PCR-ampli?ed product of the nested primers is 
an ampli?ed segment of the target sequence that cannot, 
therefore, anneal With the starting primers. Advantages to 
the use of nested primers include the large degree of 
speci?city, as Well as the fact that a smaller sample portion 
may be used and yet obtain speci?c and ef?cient ampli? 
cation. 

[0096] As used herein, the term “ampli?cation reagents” 
refers to those reagents (deoxyribonucleoside triphosphates, 
buffer, etc.), needed for ampli?cation except for primers, 
nucleic acid template and the ampli?cation enZyme. Typi 
cally, ampli?cation reagents along With other reaction com 
ponents are placed and contained in a reaction vessel (test 
tube, microWell, etc.). 
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[0097] As used herein, the terms “restriction endonu 
cleases” and “restriction enZymes” refer to bacterial 
enzymes, each of Which cut double-stranded DNA at or near 
a speci?c nucleotide sequence. 

[0098] As used herein, the term “recombinant DNA mol 
ecule” as used herein refers to a DNA molecule Which is 
comprised of segments of DNA joined together by means of 
molecular biological techniques. 

[0099] DNA molecules are said to have “5‘ ends” and “3‘ 
ends” because mononucleotides are reacted to make oligo 
nucleotides in a manner such that the 5‘ phosphate of one 
mononucleotide pentose ring is attached to the 3‘ oxygen of 
its neighbor in one direction via a phosphodiester linkage. 
Therefore, an end of an oligonucleotides referred to as the 
“5‘ end” if its 5‘ phosphate is not linked to the 3‘ oxygen of 
a mononucleotide pentose ring and as the “3‘ end” if its 3‘ 
oxygen is not linked to a 5‘ phosphate of a subsequent 
mononucleotide pentose ring. As used herein, a nucleic acid 
sequence, even if internal to a larger oligonucleotide, also 
may be said to have 5‘ and 3‘ ends. In either a linear or 
circular DNA molecule, discrete elements are referred to as 
being “upstream” or 5‘ of the “downstream” or 3‘ elements. 
This terminology re?ects the fact that transcription proceeds 
in a 5‘ to 3‘ fashion along the DNA strand. The promoter and 
enhancer elements Which direct transcription of a linked 
gene are generally located 5‘ or upstream of the coding 
region HoWever, enhancer elements can exert their effect 
even When located 3‘ of the promoter element and the coding 
region. Transcription termination and polyadenylation sig 
nals are located 3‘ or doWnstream of the coding region. 

[0100] As used herein, the term “an oligonucleotide hav 
ing a nucleotide sequence encoding a gene” means a DNA 
sequence comprising the coding region of a gene or in other 
Words the DNA sequence Which encodes a gene product. 
The coding region may be present in either a cDNA or 
genomic DNA form. Suitable control elements such as 
enhancers/promoters, splice junctions, polyadenylation sig 
nals, etc. may be placed in close proximity to the coding 
region of the gene if needed to permit proper initiation of 
transcription and/or correct processing of the primary RNA 
transcript. Alternatively, the coding region utiliZed in the 
expression vectors of the present invention may contain 
endogenous enhancers/promoters, splice junctions, inter 
vening sequences, polyadenylation signals, etc. or a combi 
nation of both endogenous and exogenous control elements. 

[0101] As used herein, the term “transcription unit” refers 
to the segment of DNA betWeen the sites of initiation and 
termination of transcription and the regulatory elements 
necessary for the ef?cient initiation and termination. For 
example, a segment of DNA comprising an enhancer/pro 
moter, a coding region and a termination and polyadenyla 
tion sequence comprises a transcription unit. 

[0102] As used herein, the term “regulatory element” 
refers to a genetic element Which controls some aspect of the 
expression of nucleic acid sequences. For example, a pro 
moter is a regulatory element Which facilitates the initiation 
of transcription of an operably linked coding region. Other 
regulatory elements are splicing signals, polyadenylation 
signals, termination signals, etc. (de?ned infra). 

[0103] Transcriptional control signals in eukaryotes com 
prise “promoter” and “enhancer” elements. Promoters and 
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enhancers consist of short arrays of DNA sequences that 
interact speci?cally With cellular proteins involved in tran 
scription (Maniatis et al., Science 23611237 [1987]). Pro 
moter and enhancer elements have been isolated from a 
variety of eukaryotic sources including genes in yeast, insect 
and mammalian cells and viruses (analogous control ele 
ments, i.e., promoters, are also found in prokaryotes). The 
selection of a particular promoter and enhancer depends on 
What cell type is to be used to express the protein of interest. 
Some eukaryotic promoters and enhancers have a broad host 
range While others are functional in a limited subset of cell 
types (for revieW see Voss et al., Trends Biochem. Sci., 
111287 [1986]; and Maniatis et al, supra [1987]). For 
example, the SV40 early gene enhancer is very active in a 
Wide variety of cell types from many mammalian species 
and has been Widely used for the expression of proteins in 
mammalian cells (Dijkema et al., EMBO J., 4:761 [1985]). 
TWo other examples of promoter/enhancer elements active 
in a broad range of mammalian cell types are those from the 
human elongation factor 10. gene (Uetsuki et al., J. Biol. 
Chem., 26415791 [1989]; Kim et al., Gene 911217 [1990]; 
and MiZushima and Nagata, Nuc. Acids. Res., 1815322 
[1990]) and the long terminal repeats of the Rous sarcoma 
virus (Gorman et al., Proc. Natl. Acad. Sci. USA 7916777 
[1982]) and the human cytomegalovirus (Boshart et al., Cell 
411521 [1985]). 

[0104] As used herein, the term “promoter/enhancer” 
denotes a segment of DNA Which contains sequences 
capable of providing both promoter and enhancer functions 
(i.e., the functions provided by a promoter element and an 
enhancer element, see above for a discussion of these 
functions). For example, the long terminal repeats of retro 
viruses contain both promoter and enhancer functions. The 
enhancer/promoter may be “endogenous” or “exogenous” or 
“heterologous.” An “endogenous” enhancer/promoter is one 
Which is naturally linked With a given gene in the genome. 
An “exogenous” or “heterologous” enhancer/promoter is 
one Which is placed in juxtaposition to a gene by means of 
genetic manipulation (i.e., molecular biological techniques) 
such that transcription of that gene is directed by the linked 
enhancer/promoter. 

[0105] The term “factor” refers to a protein or group of 
proteins necessary for the transcription or replication of a 
DNA sequence. For example, SV40 T antigen is a replica 
tion factor Which is necessary for the replication of DNA 
sequences containing the SV40 origin of replication. Tran 
scription factors are proteins Which bind to regulatory ele 
ments such as promoters and enhancers and facilitate the 
initiation of transcription of a gene. 

[0106] Promoters and enhancers may bind to speci?c 
factors Which increase the rate of activity from the promoter 
or enhancer. These factors may be present in all cell types or 
may be expressed in a tissue-speci?c manner or in virus 
infected cells. In the absence of such a factor the promoter 
may be inactive or may produce a loW level of transcrip 
tional activity. Such a loW level of activity is referred to as 
a baseline or “basal” rate of activity. Additionally, viral 
promoter and enhancers may bind to factors encoded by the 
virus such that the viral promoter or enhancer is “activated” 
in the presence of the viral factor (in a virus infected cell or 
in a cell expressing the viral factor). The level of activity in 
the presence of the factor (i.e., activity “induced” by the 
factor) Will be higher than the basal rate. 
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[0107] Different promoters may have different levels of 
basal activity in the same or different cell types. When tWo 
different promoters are compared in a given cell type in the 
absence of any inducing factors, if one promoter expresses 
at a higher level than the other it is said to have a higher 
basal activity. 

[0108] The activity of a promoter and/or enhancer is 
measured by detecting directly or indirectly the level of 
transcription from the element(s). Direct detection involves 
quantitating the level of the RNA transcripts produced from 
that promoter and/or enhancer. Indirect detection involves 
quantitation of the level of a protein, often an enZyme, 
produced from RNA transcribed from the promoter and/or 
enhancer. An commonly employed assay for promoter or 
enhancer activity utiliZes the chloramphenicol acetyltrans 
ferase (CAT) gene. A promoter and/or enhancer is inserted 
upstream from the coding region for the CAT gene on a 
plasmid; the plasmid is introduced into a cell line. The levels 
of CAT enZyme are measured. The level of enZymatic 
activity is proportional to the amount of CAT RNA tran 
scribed by the cell line. This CAT assay therefore alloWs a 
comparison to be made of the relative strength of different 
promoters or enhancers in a given cell line. When a promoter 
is said to express at “high” or “loW” levels in a cell line this 
refers to the level of activity relative to another promoter 
Which is used as a reference or standard of promoter activity. 

[0109] The presence of “splicing signals” on an expression 
vector often results in higher levels of expression of the 
recombinant transcript. Splicing signals mediate the removal 
of introns from the primary RNA transcript and consist of a 
splice donor and acceptor site (See e.g., Sambrook, J. et al., 
Molecular Cloning: A Laboratory Manual, 2nd ed., Cold 
Spring Harbor Laboratory Press, NeW York [1989], pp. 
16.7-16.8). Acommonly used splice donor and acceptor site 
is the splice junction from the 16S RNA of SV40. 

[0110] Efficient expression of recombinant DNA 
sequences in eukaryotic cells requires expression of signals 
directing the efficient termination and polyadenylation of the 
resulting transcript. Transcription termination signals are 
generally found doWnstream of the polyadenylation signal 
and are a feW hundred nucleotides in length. The term “poly 
A site” or “poly A sequence” as used herein denotes a DNA 
sequence Which directs both the termination and polyade 
nylation of the nascent RNA transcript. Ef?cient polyade 
nylation of the recombinant transcript is desirable as tran 
scripts lacking a poly A tail are unstable and are rapidly 
degraded. The poly A signal utiliZed in an expression vector 
may be “heterologous” or “endogenous.” An endogenous 
poly A signal is one that is found naturally at the 3‘ end of 
the coding region of a given gene in the genome. A heter 
ologous poly A signal is one Which is one Which is isolated 
from one gene and placed 3‘ of another gene. A commonly 
used heterologous poly A signal is the SV40 poly A signal. 
The SV40 poly A signal is contained on a 237 bp Bam 
HI/Bcl I restriction fragment and directs both termination 
and polyadenylation (Sambrook, J ., supra, at 16.6-16.7). 

[0111] Eukaryotic expression vectors may also contain 
“viral replicons” or “viral origins of replication.” Viral 
replicons are viral DNA sequences Which alloW for the 
extrachromosomal replication of a vector in a host cell 
expressing the appropriate replication factors. Vectors Which 
contain either the SV40 or polyoma virus origin of replica 
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tion replicate to high copy number (up to 104 copies/cell) in 
cells that express the appropriate viral antigen. Vectors 
Which contain the replicons from bovine papillomavirus or 
Epstein-Barr virus replicate extrachromosomally at loW 
copy number (~100 copies/cell). 

[0112] The term “stable transfection” or “stably trans 
fected” refers to the introduction and integration of foreign 
DNA into the genome of the transfected cell. The term 
“stable transfectant” refers to a cell Which has stably inte 
grated foreign DNA into the genomic DNA. 

[0113] As used herein, the term “stably maintained” refers 
to characteristics of recombinant (i.e., transgenic) animals 
that maintain at least one of their recombinant elements (i.e., 
the element that is desired) through multiple generations. 
For example, it is intended that the term encompass the 
characteristics of transgenic animals that are capable of 
passing the transgene to their offspring, such that the off 
spring are capable of maintaining the expression and/or 
transcription of the transgene. It is not intended that the term 
be limited to any particular organism or any speci?c recom 
binant element. 

[0114] The term “transient transfection” or “transiently 
transfected” refers to the introduction of foreign DNA into 
a cell Where the foreign DNA fails to integrate into the 
genome of the transfected cell. The foreign DNA persists in 
the nucleus of the transfected cell for several days. During 
this time the foreign DNA is subject to the regulatory 
controls that govern the expression of endogenous genes in 
the chromosomes. The term “transient transfectant” refers to 
cells Which have taken up foreign DNA but have failed to 
integrate this DNA. 

[0115] As used herein, the term “gene of interest” refers to 
the gene inserted into the polylinker of an expression vector. 
When the gene of interest encodes a gene Which provides a 
therapeutic function, the gene of interest may be alterna 
tively called a remedial gene. 

[0116] As used herein, the terms “nucleic acid molecule 
encoding,”“DNA sequence encoding,” and “DNA encod 
ing” refer to the order or sequence of deoxyribonucleotides 
along a strand of deoxyribonucleic acid. The order of these 
deoxyribonucleotides determines the order of amino acids 
along the polypeptide (protein) chain. The DNA sequence 
thus codes for the amino acid sequence. 

[0117] As used herein, the term “adoptive transfer” is used 
in reference to the transfer of one function to another cell or 
organism. For example, in “adoptive immunity,” transfer of 
an immune function is made from one organism to another 
through the transfer of immunologically competent cells. 

DESCRIPTION OF THE INVENTION 

[0118] The present invention provides improved methods 
for the production of transgenic animals. The methods of the 
present invention provide, for the ?rst time, the production 
of transgenic animals by the introduction of exogenous DNA 
into pre-maturation oocytes and mature, unfertiliZed oocytes 
(i.e., pre-fertiliZation oocytes) using retroviral vectors Which 
transduce dividing cells (e.g., vectors derived from murine 
leukemia virus [MLV]). In addition, the present invention 
provides methods and compositions for cytomegalovirus 
promoter-driven, as Well as mouse mammary tumor LTR 
expression of various recombinant proteins. 
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[0119] For example, the human cytomegalovirus (CMV) 
promoter has been developed for use in retroviral vectors for 
driving the expression of various recombinant proteins, and 
cell lines have been infected With these vectors, With result 
ant recombinant protein expression. In addition, the mouse 
mammary tumor virus (MMTV) LTR has been previously 
shoWn to control expression of a recombinant protein in 
transgenic mice (Yom et al., Animal Biotech., 4:89-107 
[1993]). In these mouse lines, expression Was predominately 
observed in the mammary gland and milk, but loW expres 
sion Was also observed in the salivary gland, spleen, lung 
and kidney. The transgenic mice used in this experiment 
Were produced using typical microinjection techniques. In 
contrast, the present invention provides methods and com 
positions for the use of MMTV LTR-driven expression 
Which avoids the need for microinjection techniques. For 
example, the MMTV LTR has been developed for use in 
retroviral vectors for driving the expression of various 
recombinant proteins, and cell lines have been infected With 
these vectors, With resultant recombinant protein expression. 

[0120] The folloWing Description of the Invention is 
divided into the folloWing sections: I. Retroviruses and 
Retroviral Vectors; II. Integration of Retroviral DNA; III. 
Introduction of Retroviral Vectors into Gametes Before the 
Last Meiotic Division; IV. Detection of the Retrovirus 
FolloWing Injection into Oocytes or Embryos; and V. 
Expression of Foreign Proteins in Transgenic Animals. 

[0121] 
[0122] Retroviruses (family Retroviridae) are divided into 
three groups: the spumaviruses (e.g., human foamy virus); 
the lentiviruses (e.g., human immunode?ciency virus and 
sheep visna virus) and the oncoviruses (e.g., MLV, Rous 
sarcoma virus). 

I. Retroviruses and Retroviral Vectors 

[0123] Retroviruses are enveloped (i.e., surrounded by a 
host cell-derived lipid bilayer membrane) single-stranded 
RNA viruses Which infect animal cells. When a retrovirus 
infects a cell, its RNA genome is converted into a double 
stranded linear DNA form (i.e., it is reverse transcribed). The 
DNA form of the virus is then integrated into the host cell 
genome as a provirus. The provirus serves as a template for 
the production of additional viral genomes and viral 
mRNAs. Mature viral particles containing tWo copies of 
genomic RNA bud from the surface of the infected cell. The 
viral particle comprises the genomic RNA, reverse tran 
scriptase and other pol gene products inside the viral capsid 
(Which contains the viral gag gene products) Which is 
surrounded by a lipid bilayer membrane derived from the 
host cell containing the viral envelope glycoproteins (also 
referred to as membrane-associated proteins). 

[0124] The organiZation of the genomes of numerous 
retroviruses is Well knoWn in the art and this has alloWed the 
adaptation of the retroviral genome to produce retroviral 
vectors. The production of a recombinant retroviral vector 
carrying a gene of interest is typically achieved in tWo 
stages. First, the gene of interest is inserted into a retroviral 
vector Which contains the sequences necessary for the 
ef?cient expression of the gene of interest (including pro 
moter and/or enhancer elements Which may be provided by 
the viral long terminal repeats [LTRs] or by an internal 
promoter/enhancer and relevant splicing signals), sequences 
required for the ef?cient packaging of the viral RNA into 
infectious virions (e.g., the packaging signal [Psi], the tRNA 
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primer binding site [—PBS], the 3‘ regulatory sequences 
required for reverse transcription [+PBS] and the viral 
LTRs). The LTRs contain sequences required for the asso 
ciation of viral genomic RNA, reverse transcriptase and 
integrase functions, and sequences involved in directing the 
expression of the genomic RNA to be packaged in viral 
particles. For safety reasons, many recombinant retroviral 
vectors lack functional copies of the genes Which are essen 
tial for viral replication (these essential genes are either 
deleted or disabled); the resulting virus is said to be repli 
cation defective. 

[0125] Second, folloWing the construction of the recom 
binant vector, the vector DNA is introduced into a packaging 
cell line. Packaging cell lines provide viral proteins required 
in trans for the packaging of the viral genomic RNA into 
viral particles having the desired host range (i.e., the viral 
encoded gag, pol and env proteins). The host range is 
controlled, in part, by the type of envelope gene product 
expressed on the surface of the viral particle. Packaging cell 
lines may express ecotrophic, amphotropic or xenotropic 
envelope gene products. Alternatively, the packaging cell 
line may lack sequences encoding a viral envelope (env) 
protein. In this case the packaging cell line Will package the 
viral genome into particles Which lack a membrane-associ 
ated protein (e.g., an env protein). In order to produce viral 
particles containing a membrane associated protein Which 
Will permit entry of the virus into a cell, the packaging cell 
line containing the retroviral sequences is transfected With 
sequences encoding a membrane-associated protein (e.g., 
the G protein of vesicular stomatitis virus [VSV]). The 
transfected packaging cell Will then produce viral particles 
Which contain the membrane-associated protein expressed 
by the transfected packaging cell line; these viral particles 
Which contain viral genomic RNA derived from one virus 
encapsidated by the envelope proteins of another virus are 
said to be pseudotyped virus particles. 

[0126] Viral vectors, including recombinant retroviral 
vectors, provide a more ef?cient means of transferring genes 
into cells as compared to other techniques such as calcium 
phosphate-DNA co-precipitation or DEAE-dextran-medi 
ated transfection, electroporation or microinjection of 
nucleic acids. It is believed that the ef?ciency of viral 
transfer is due in part to the fact that the transfer of nucleic 
acid is a receptor-mediated process (i.e., the virus binds to a 
speci?c receptor protein on the surface of the cell to be 
infected). In addition, the virally transferred nucleic acid 
once inside a cell integrates in controlled manner in contrast 
to the integration of nucleic acids Which are not virally 
transferred; nucleic acids transferred by other means such as 
calcium phosphate-DNA co-precipitation are subject to rear 
rangement and degradation. 

[0127] The most commonly used recombinant retroviral 
vectors are derived from the amphotropic Moloney murine 
leukemia virus (MoMLV) (Miller and Baltimore, Mol. Cell. 
Biol., 6:2895 [1986]). The MoMLV system has several 
advantages: 1) this speci?c retrovirus can infect many 
different cell types, 2) established packaging cell lines are 
available for the production of recombinant MoMLV viral 
particles and 3) the transferred genes are permanently inte 
grated into the target cell chromosome. The established 
MoMLV vector systems comprise a DNA vector containing 
a small portion of the retroviral sequence (the viral long 
terminal repeat or “LTR” and the packaging or “psi” signal) 
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and a packaging cell line. The gene to be transferred is 
inserted into the DNA vector. The viral sequences present on 
the DNA vector provide the signals necessary for the inser 
tion or packaging of the vector RNA into the viral particle 
and for the expression of the inserted gene. The packaging 
cell line provides the viral proteins required for particle 
assembly (MarkoWitZ et al., J. Virol., 62:1120 [1988]). 

[0128] Despite these advantages, existing retroviral vec 
tors based upon MoMLV are limited by several intrinsic 
problems: 1) they do not infect non-dividing cells (Miller et 
al., Mol. Cell. Biol., 10:4239 [1992]), 2) they produce loW 
titers of the recombinant virus (Miller and Rosman, Bio 
Techn., 7: 980 [1989]; and Miller, Nature 357: 455 [1992]) 
and 3) they infect certain cell types (e.g., human lympho 
cytes) With loW ef?ciency (Adams et al., Proc. Natl. Acad. 
Sci. USA 89:8981 [1992]). The loW titers associated With 
MoMLV-based vectors has been attributed, at least in part, 
to the instability of the virus-encoded envelope protein. 
Concentration of retrovirus stocks by physical means (e.g., 
ultracentrifugation and ultra?ltration) leads to a severe loss 
of infectious virus. 

[0129] The loW titer and inefficient infection of certain cell 
types by MoMLV-based vectors has been overcome by the 
use of pseudotyped retroviral vectors Which contain the G 
protein of VSV as the membrane associated protein. Unlike 
retroviral envelope proteins Which bind to a speci?c cell 
surface protein receptor to gain entry into a cell, the VSV G 
protein interacts With a phospholipid component of the 
plasma membrane (Mastromarino et al., J. Gen. Virol., 
68:2359 [1977]). Because entry of VSV into a cell is not 
dependent upon the presence of speci?c protein receptors, 
VSV has an extremely broad host range. Pseudotyped ret 
roviral vectors bearing the VSV G protein have an altered 
host range characteristic of VSV (i.e., they can infect almost 
all species of vertebrate, invertebrate and insect cells). 
Importantly, VSV G-pseudotyped retroviral vectors can be 
concentrated 2000-fold or more by ultracentrifugation With 
out signi?cant loss of infectivity (Burns et al., Proc. Natl. 
Acad. Sci. USA 90:8033 [1993]). 

[0130] The VSV G protein has also been used to pseudot 
ype retroviral vectors based upon the human immunode? 
ciency virus (HIV) (Naldini et al., Science 272:263 [1996]). 
Thus, the VSV G protein may be used to generate a variety 
of pseudotyped retroviral vectors and is not limited to 
vectors based on MoMLV. 

[0131] The present invention is not limited to the use of 
the VSV G protein When a viral G protein is employed as the 
heterologous membrane-associated protein Within a viral 
particle. The G proteins of viruses in the Vesiculovirus 
genera other than VSV, such as the Piry and Chandipura 
viruses, that are highly homologous to the VSV G protein 
and, like the VSV G protein, contain covalently linked 
palmitic acid (Brun et al., Intervirol., 38:274 [1995]; and 
Masters et al., Virol., 171:285 [1990]). Thus, the G protein 
of the Piry and Chandipura viruses can be used in place of 
the VSV G protein for the pseudotyping of viral particles. In 
addition, the VSV G proteins of viruses Within the Lyssa 
virus genera such as Rabies and Mokola viruses shoW a high 
degree of conservation (amino acid sequence as Well as 
functional conservation) With the VSV G proteins. For 
example, the Mokola virus G protein has been shoWn to 
function in a manner similar to the VSV G protein (i.e., to 
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mediate membrane fusion) and therefore may be used in 
place of the VSV G protein for the pseudotyping of viral 
particles (Mebatsion et al., J. Virol., 69:1444 [1995]). The 
nucleotide sequence encoding the Piry G protein is provided 
in SEQ ID NO:5 and the amino acid sequence of the Piry G 
protein is provided in SEQ ID NO:6. The nucleotide 
sequence encoding the Chandipura G protein is provided in 
SEQ ID NO:7 and the amino acid sequence of the Chan 
dipura G protein is provided in SEQ ID N08 The nucle 
otide sequence encoding the Mokola G protein is provided 
in SEQ ID NO:9 and the amino acid sequence of the Mokola 
G protein is provided in SEQ ID NO:10. Viral particles may 
be pseudotyped using either the Piry, Chandipura or Mokola 
G protein as described in Example 2 With the exception that 
a plasmid containing sequences encoding either the Piry, 
Chandipura or Mokola G protein under the transcriptional 
control of a suitable promoter element (e.g., the CMV 
intermediate-early promoter; numerous expression vectors 
containing the CMV IE promoter are available, such as the 
pcDNA3.1 vectors [Invitrogen]) is used in place of pHCMV 
G. Sequences encoding other G proteins derived from other 
members of the Rhabdoviridae family may be used; 
sequences encoding numerous rhabdoviral G proteins are 
available from the GenBank database. 

[0132] II. Integration of Retroviral DNA 

[0133] The majority of retroviruses can transfer or inte 
grate a double-stranded linear form of the virus (the provi 
rus) into the genome of the recipient cell only if the recipient 
cell is cycling (i.e., dividing) at the time of infection. 
Retroviruses Which have been shoWn to infect dividing cells 
exclusively, or more ef?ciently, include MLV, spleen necro 
sis virus, Rous sarcoma virus and human immunode?ciency 
virus (HIV; While HIV infects dividing cells more ef?ciently, 
HIV can infect non-dividing cells). 

[0134] It has been shoWn that the integration of MLV virus 
DNA depends upon the host cell’s progression through 
mitosis and it has been postulated that the dependence upon 
mitosis re?ects a requirement for the breakdoWn of the 
nuclear envelope in order for the viral integration complex 
to gain entry into the nucleus (Roe et al., EMBO J ., 12:2099 
[1993]). HoWever, as integration does not occur in cells 
arrested in metaphase, the breakdoWn of the nuclear enve 
lope alone may not be suf?cient to permit viral integration; 
there may be additional requirements such as the state of 
condensation of the genomic DNA (Roe et al., supra). 

[0135] III. Introduction of Retroviral Vectors into Gametes 
Before the Last Meiotic Division 

[0136] The nuclear envelope of a cell breaks doWn during 
meiosis as Well as during mitosis. Meiosis occurs only 
during the ?nal stages of gametogenesis. The methods of the 
present invention exploit the breakdoWn of the nuclear 
envelope during meiosis to permit the integration of recom 
binant retroviral DNA and permit for the ?rst time the use of 
unfertiliZed oocytes (i.e., pre-fertiliZation and pre-matura 
tion oocytes) as the recipient cell for retroviral gene transfer 
for the production of transgenic animals. Because infection 
of unfertiliZed oocytes permits the integration of the recom 
binant provirus prior to the division of the one cell embryo, 
all cells in the embryo Will contain the proviral sequences. 

[0137] Oocytes Which have not undergone the ?nal stages 
of gametogenesis are infected With the retroviral vector. The 
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injected oocytes are then permitted to complete maturation 
With the accompanying meiotic divisions. The breakdown of 
the nuclear envelope during meiosis permits the integration 
of the proviral form of the retrovirus vector into the genome 
of the oocyte. When pre-maturation oocytes are used, the 
injected oocytes are then cultured in vitro under conditions 
Which permit maturation of the oocyte prior to fertilization 
in vitro. Conditions for the maturation of oocytes from a 
number of mammalian species (e.g., bovine, ovine, porcine, 
murine, caprine) are Well knoWn to the art. In general, the 
base medium used herein for the in vitro maturation of 
bovine oocytes, TC-M199 medium, may be used for the in 
vitro maturation of other mammalian oocytes. TC-M199 
medium is supplemented With hormones (e.g., luteinizing 
hormone and estradiol) from the appropriate mammalian 
species. The amount of time a pre-maturation oocyte must 
be eXposed to maturation medium to permit maturation 
varies betWeen mammalian species as is knoWn to the art. 
For eXample, an eXposure of about 24 hours is sufficient to 
permit maturation of bovine oocytes While porcine oocytes 
require about 44-48 hours. 

[0138] Oocytes may be matured in vivo and employed in 
place of oocytes matured in vitro in the practice of the 
present invention. For example, When porcine oocytes are to 
be employed in the methods of the present invention, 
matured pre-fertilization oocytes may be harvested directly 
from pigs that are induced to superovulate as is knoWn to the 
art. Brie?y, on day 15 or 16 of estrus the female pig(s) is 
injected With about 1000 units of pregnant mare’s serum 
(PMS; available from Sigma and Calbiochem). Approxi 
mately 48 hours later, the pig(s) is injected With about 1000 
units of human chorionic gonadotropin) (hCG; Sigma) and 
24-48 hours later matured oocytes are collected from ovi 
duct. These in vivo matured pre-fertilization oocytes are 
then injected With the desired retroviral preparation as 
described herein. Methods for the superovulation and col 
lection of in vivo matured (i.e., oocytes at the metaphase 2 
stage) oocytes are knoWn for a variety of mammals (e. g., for 
superovulation of mice, see Hogan et al., supra at pp. 
130-133 [1994]; for superovulation of pigs and in vitro 
fertilization of pig oocytes see Cheng, Doctoral Dissertation, 
Cambridge University, Cambridge, United Kingdom [1995] 
). 
[0139] Retroviral vectors capable of infecting the desired 
species of non-human animal Which can be groWn and 
concentrated to very high titers (e.g., >1><108 cfu/ml) are 
preferentially employed. The use of high titer virus stocks 
alloWs the introduction of a de?ned number of viral particles 
into the perivitelline space of each injected oocyte. The 
perivitelline space of most mammalian oocytes can accom 
modate about 10 picoliters of injected ?uid (those in the art 
knoW that the volume that can be injected into the perivi 
telline space of a mammalian oocyte or zygote varies 
someWhat betWeen species as the volume of an oocyte is 
smaller than that of a zygote and thus, oocytes can accom 
modate someWhat less than can zygotes). 

[0140] The vector used may contain one or more genes 
encoding a protein of interest; alternatively, the vector may 
contain sequences Which produce anti-sense RNA sequences 
or ribozymes. The infectious virus is microinjected into the 
perivitelline space of oocytes (including pre-maturation 
oocytes) or one cell stage zygotes. Microinjection into the 
perivitelline space is much less invasive than the microin 
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jection of nucleic acid into the pronucleus of an embryo. 
Pronuclear injection requires the mechanical puncture of the 
plasma membrane of the embryo and results in loWer 
embryo viability. In addition, a higher level of operator skill 
is required to perform pronuclear injection as compared to 
perivitelline injection. Visualization of the pronucleus is not 
required When the virus is injected into the perivitelline 
space (in contrast to injection into the pronucleus); therefore 
injection into the perivitelline space obviates the difficulties 
associated With visualization of pronuclei in species such as 
cattle, sheep and pigs. 

[0141] The virus stock may be titered and diluted prior to 
microinj ection into the perivitelline space so that the number 
of proviruses integrated in the resulting transgenic animal is 
controlled. The use of a viral stock (or dilution thereof) 
having a titer of 1><108 cfu/ml alloWs the delivery of a single 
viral particle per oocyte. The use of pre-maturation oocytes 
or mature fertilized oocytes as the recipient of the virus 
minimizes the production of animals Which are mosaic for 
the provirus as the virus integrates into the genome of the 
oocyte prior to the occurrence of cell cleavage. 

[0142] In order to deliver, on average, a single infectious 
particle per oocyte, the micropipets used for the injection are 
calibrated as folloWs. Small volumes (e.g., about 5-10 pl) of 
the u8ndiluted high titer viral stock (e.g., a titer of about 
1><10 cfu/ml) are delivered to the Wells of a microtiter plate 
by pulsing the micromanipulator. The titer of virus delivered 
per a given number of pulses is determined by diluting the 
viral stock in each Well and determining the titer using a 
suitable cell line (e.g., the 208F cell line) as described in EX. 
2. The number of pulses Which deliver, on average, a volume 
of virus stock containing one infectious viral particle (i.e., 
gives a MOI of 1 When titered on 208F cells) are used for 
injection of the viral stock into the oocytes. 

[0143] Prior to microinjection of the titered and diluted (if 
required) virus stock, the cumulus cell layer is opened to 
provide access to the perivitelline space. The cumulus cell 
layer need not be completely removed from the oocyte and 
indeed for certain species of animals (e.g., coWs, sheep, pigs, 
mice) a portion of the cumulus cell layer must remain in 
contact With the oocyte to permit proper development and 
fertilization post-injection. Injection of viral particles into 
the perivitelline space alloWs the vector RNA (i.e., the viral 
genome) to enter the cell through the plasma membrane 
thereby alloWing proper reverse transcription of the viral 
RNA. 

[0144] IV. Detection of the Retrovirus FolloWing Injection 
into Oocytes or Embryos 

[0145] The presence of the retroviral genome in cells (e. g., 
oocytes or embryos) infected With pseudotyped retrovirus 
may be detected using a variety of means. The expression of 
the gene product(s) encoded by the retrovirus may be 
detected by detection of mRNA corresponding to the vector 
encoded gene products using techniques Well knoWn to the 
art (e.g., Northern blot, dot blot, in situ hybridization and 
RT-PCR analysis). Direct detection of the vector-encoded 
gene product(s) is employed When the gene product is a 
protein Which either has an enzymatic activity (e.g., [3-ga 
lactosidase) or When an antibody capable of reacting With 
the vector-encoded protein is available. 

[0146] Alternatively, the presence of the integrated viral 
genome may be detected using Southern blot or PCR 
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analysis. For example, the presence of the LZRNL or 
LSRNL genomes may be detected following infection of 
oocytes or embryos using PCR as folloWs. Genomic DNA is 
extracted from the infected oocytes or embryos (the DNA 
may be extracted from the Whole embryo or alternatively 
various tissues of the embryo may be examined) using 
techniques Well knoWn to the art. The LZRNL and LSRNL 
viruses contain the neo gene and the folloWing primer pair 
can be used to amplify a 349-bp segment of the neo gene: 
upstream primer: 5‘-GCATTGCATCAGCCATGATG-3‘ 
(SEQ ID NO:1) and doWnstream primer: 5‘-GATGGATTG 
CACGCAGGTTC-3‘ (SEQ ID NO:2). The PCR is carried 
out using Well knoWn techniques (e.g., using a GeneAmp kit 
according to the manufacturer’s instructions [Perkin-Elmer] 
). The DNA present in the reaction is denatured by incuba 
tion at 94° C. for 3 min folloWed by 40 cycles of 94° C. for 
1 min, 60° C. for 40 sec and 72° C. for 40 sec folloWed by 
a ?nal extension at 72° C. for 5 min. The PCR products may 
be analyZed by electrophoresis of 10 to 20% of the total 
reaction on a 2% agarose gel; the 349-bp product may be 
visualiZed by staining of the gel With ethidium bromide and 
exposure of the stained gel to UV light. If the expected PCR 
product cannot be detected visually, the DNA can be trans 
ferred to a solid support (e.g., a nylon membrane) and 
hybridiZed With a 32P-labeled neo probe. 

[0147] Southern blot analysis of genomic DNA extracted 
from infected oocytes and/or the resulting embryos, off 
spring and tissues derived therefrom is employed When 
information concerning the integration of the viral DNA into 
the host genome is desired. To examine the number of 
integration sites present in the host genome, the extracted 
genomic DNA is typically digested With a restriction 
enZyme Which cuts at least once Within the vector sequences. 
If the enZyme chosen cuts tWice Within the vector sequences, 
a band of knoWn (i.e., predictable) siZe is generated in 
addition to tWo fragments of novel length Which can be 
detected using appropriate probes. 

[0148] V. Detection of Foreign Protein Expression in 
Transgenic Animals 

[0149] The present invention also provides transgenic 
animals that are capable of expressing foreign proteins in 
their milk, urine and blood. As indicated in Examples 8-10, 
the transgene is stable, as it is shoWn to be passed from a 
transgenic bull to his offspring (See, Example 8). In addi 
tion, as shoWn in Examples 9 and 10, transgenic animals 
produced according to the present invention express foreign 
proteins in their body ?uids (e.g., milk, blood, and urine). 
Thus, these data further demonstrate the utility of using the 
MoMLV LTR as a promoter for driving the constitutive 
production of foreign proteins in transgenic cattle. It is also 
contemplated that such a promoter could be used to control 
expression of proteins that Would prevent disease and/or 
infection in the transgenic animals and their offspring, or be 
of use in the production of a consistent level of protein 
expression in a number of different tissues and body ?uids. 

[0150] For example, it is contemplated that the MoMLV 
LTR of the present invention Will ?nd use in driving 
expression of antibody to pathogenic organisms, thereby 
preventing infection and/or disease in transgenic animals 
created using the methods of the present invention. For 
example, it is contemplated that antibodies directed against 
organisms such as E. coli, Salmonella ssp., Streptococcus 
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ssp., Staphylococcus spp., Mycobacterium spp., produced 
by transgenic animals Will ?nd use preventing mastitis, 
scours, and other diseases that are common problems in 
young animals. It is also contemplated that proteins 
expressed by transgenic animals produced according to the 
present invention Will ?nd use as bacteriostatic, bactericidal, 
fungistatic, fungicidal, viricidal, and/or anti-parasitic com 
positions. Thus, it is contemplated that transgenic animals 
produced according to the present invention Will be resistant 
to various pathogenic organisms. Furthermore, the milk 
produced by female transgenic animals Would contain sub 
stantial antibody levels. It is contemplated that these anti 
bodies Will ?nd use in the protection of other animals (e.g., 
through passive immuniZation methods). 

[0151] Experimental 
[0152] The folloWing examples serve to illustrate certain 
preferred embodiments and aspects of the present invention 
and are not to be construed as limiting the scope thereof. 

[0153] In the experimental disclosure Which folloWs, the 
folloWing abbreviations apply: M (molar); mM (millimolar); 
pM (micromolar); nM (nanomolar); mol (moles); mmol 
(millimoles); pmol (micromoles); nmol (nanomoles); gm 
(grams); mg (milligrams); pg (micrograms);pg (picograms); 
L (liters); ml (milliliters); pl (microliters); cm (centimeters); 
mm (millimeters); pm (micrometers); nm (nanometers); ° C. 
(degrees Centigrade); AMP (adenosine 5‘-monophosphate); 
BSA (bovine serum albumin); cDNA (copy or complimen 
tary DNA); CS (calf serum); DNA (deoxyribonucleic acid); 
ssDNA (single stranded DNA); dsDNA (double stranded 
DNA); dNTP (deoxyribonucleotide triphosphate); LH 
(luteiniZing hormone); NIH (National Institutes of Health, 
Besthesda, Md.); RNA (ribonucleic acid); PBS (phosphate 
buffered saline); g (gravity); OD (optical density); HEPES 
(N-[2-Hydroxyethyl]piperaZine-N-[2-ethanesulfonic acid]); 
HBS (HEPES buffered saline); PBS (phosphate buffered 
saline); SDS (sodium dodecyl sulfate); Tris-HCl (tris[Hy 
droxymethyl]aminomethane-hydrochloride); KlenoW (DNA 
polymerase I large (KlenoW) fragment); rpm (revolutions 
per minute); EGTA (ethylene glycol-bis([3-aminoethyl ether) 
N,N,N‘,N‘-tetraacetic acid); EDTA (ethylenediaminetetrace 
tic acid); bla ([3-lactamase or ampicillin-resistance gene); 
ORI (plasmid origin of replication); lacI (lac repressor); 
X-gal (5-bromo-4-chloro-3-indolyl-[3-D-galactoside); 
ATCC (American Type Culture Collection, Rockville, Md.); 
GIBCO/BRL (GIBCO/BRL, Grand Island, NY); Perkin 
Elmer (Perkin-Elmer, NorWalk, Conn.); Abbott (Abbott 
Laboratories, Diagnostics Division, Abbott Park, Ill. 60064); 
and Sigma (Sigma Chemical Company, St. Louis, Mo.). 

EXAMPLE 1 

Generation of Cell Lines Stably Expressing the 
MoMLV Gag and Pol Proteins 

[0154] The expression of the fusogenic VSV G protein on 
the surface of cells results in syncytium formation and cell 
death. Therefore, in order to produce retroviral particles 
containing the VSV G protein as the membrane-associated 
protein a three step approach Was taken. First, stable cell 
lines expressing the Gag and Pol proteins from MoMLV at 
high levels Were generated (e.g., 293GP cells; Example 1). 
These stable cell lines Were then infected using the desired 
retroviral vector Which is derived from an amphotrophic 










































