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ABSTRACT 
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the avian oviduct, packaged into eggs laid by the avian. 
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AVIANS THAT PRODUCE EGGS CONTAINING 
EXOGENOUS PROTEINS 

[0001] This application is a continuation of application 
Ser. No. 11/274,674, Filed Nov. 15, 2005, Which is a 
continuation of application Ser. No. 10/696,671, Filed Oct. 
28, 2003, the disclosures of Which are incorporated in their 
entirety herein by reference, Which is a continuation of 
application Ser. No. 09/173,864, ?led Oct. 16, 1998, now 
US. Pat. No. 6,730,822, issued May 4, 2004, the disclosure 
of Which is incorporated in its entirety herein by reference, 
Which claims the bene?t of US. Provisional Application No. 
60/062,172, ?led Oct. 16, 1997. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates to vectors and meth 
ods for the introduction of exogenous genetic material into 
avian cells and the expression of the exogenous genetic 
material in the cells. The invention also relates to transgenic 
avian species, including chickens, and to avian eggs Which 
contain exogenous protein. 

[0004] b) Description of Related Art 

a) Field of the Invention 

[0005] Numerous natural and synthetic proteins are used 
in diagnostic and therapeutic applications; many others are 
in development or in clinical trials. Current methods of 
protein production include isolation from natural sources 
and recombinant production in bacterial and mammalian 
cells. Because of the complexity and high cost of these 
methods of protein production, hoWever, efforts are under 
Way to develop alternatives. For example, methods for 
producing exogenous proteins in the milk of pigs, sheep, 
goats, and coWs have been reported. These approaches suffer 
from several limitations, including long generation times 
betWeen founder and production transgenic herds, extensive 
husbandry and veterinary costs, and variable levels of 
expression because of position effects at the site of the 
transgene insertion in the genome. Proteins are also being 
produced using milling and malting processes from barley 
and rye. HoWever, plant post-translational modi?cations 
differ from vertebrate post-translational modi?cations, 
Which often has a critical effect on the function of the 
exogenous proteins. 

[0006] Like tissue culture and mammary gland bioreac 
tors, the avian oviduct can also potentially serve as a 
bioreactor. Successful methods of modifying avian genetic 
material such that high levels of exogenous proteins are 
secreted in and packaged into eggs Would alloW inexpensive 
production of large amounts of protein. Several advantages 
of such an approach Would be: a) short generation times (24 
Weeks) and rapid establishment of transgenic ?ocks via 
arti?cial insemination; b) readily scaled production by 
increasing ?ock siZes to meet production needs; c) post 
translational modi?cation of expressed proteins; 4) auto 
mated feeding and egg collection; d) naturally sterile egg 
Whites; and e) reduced processing costs due to the high 
concentration of protein in the egg White. 

[0007] The avian reproductive system, including that of 
the chicken, is Well described. The egg of the hen consists 
of several layers Which are secreted upon the yolk during its 
passage through the oviduct. The production of an egg 
begins With formation of the large yolk in the ovary of the 
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hen. The unfertiliZed oocyte is then positioned on top of the 
yolk sac. Upon ovulation or release of the yolk from the 
ovary, the oocyte passes into the infundibulum of the oviduct 
Where it is fer‘tiliZed if sperm are present. It then moves into 
the magnum of the oviduct Which is lined With tubular gland 
cells. These cells secrete the egg-White proteins, including 
ovalbumin, lysoZyme, ovomucoid, conalbumin, and ovomu 
cin, into the lumen of the magnum Where they are deposited 
onto the avian embryo and yolk. 

[0008] The ovalbumin gene encodes a 45 kD protein that 
is speci?cally expressed in the tubular gland cells of the 
magnum of the oviduct (Beato, Cell 56:335-344 (1989)). 
Ovalbumin is the most abundant egg White protein, com 
prising over 50 percent of the total protein produced by the 
tubular gland cells, or about 4 grams of protein per large 
Grade A egg (Gilbert, “Egg albumen and its formation” in 
Physiology and Biochemistry of the Domestic Fowl, Bell 
and Freeman, eds., Academic Press, London, NeW York, pp. 
1291-1329). The ovalbumin gene and over 20 kb of each 
?anking region have been cloned and analyZed (Lai et al., 
Proc. Natl. Acad. Sci. USA 75:2205-2209 (1978); Gannon et 
al., Nature 278:428-424 (1979); Roop et al., Cell 19:63-68 
(1980); and Royal et al., Nature 279:125-132 (1975)). 

[0009] Much attention has been paid to the regulation of 
the ovalbumin gene. The gene responds to steroid hormones 
such as estrogen, glucocorticoids, and progesterone, Which 
induce the accumulation of about 70,000 ovalbumin MRNA 
transcripts per tubular gland cell in immature chicks and 
100,000 ovalbumin mRNA transcripts per tubular gland cell 
in the mature laying hen (Palmiter, J. Biol. Chem. 248:8260 
8270 (1973); Palmiter, Cell 4:189-197 (1975)). DNAse 
hypersensitivity analysis and promoter-reporter gene assays 
in transfected tubular gland cells de?ned a 7.4 kb region as 
containing sequences required for ovalbumin gene expres 
sion. This 5' ?anking region contains four DNAse l-hyper 
sensitive sites centered at —0.25, —0.8, —3.2, and —6.0 kb 
from the transcription start site. These sites are called HS-l, 
-II, -III, and -IV, respectively. These regions re?ect alter 
ations in the chromatin structure and are speci?cally corre 
lated With ovalbumin gene expression in oviduct cells (Kaye 
et al., EMBO 3:1137-1144 (1984)). Hypersensitivity of 
HS-ll and -III are estrogen-induced, supporting a role for 
these regions in hormone-induction of ovalbumin gene 
expression. 

[0010] HS-l and HS-ll are both required for steroid induc 
tion of ovalbumin gene transcription, and a 1.4 kb portion of 
the 5' region that includes these elements is su?icient to 
drive steroid-dependent ovalbumin expression in explanted 
tubular gland cells (Sanders and McKnight, Biochemistry 
27: 6550-6557 (1988)). HS-l is termed the negative-re 
sponse element (“NRE”) because it contains several nega 
tive regulatory elements Which repress ovalbumin expres 
sion in the absence of hormone (Haekers et al., Mol. Endo. 
9:1113-1126 (1995)). Protein factors bind these elements, 
including some factors only found in oviduct nuclei sug 
gesting a role in tissue-speci?c expression. HS-ll is termed 
the steroid-dependent response element (“SDRE”) because 
it is required to promote steroid induction of transcription. lt 
binds a protein or protein complex knoWn as Chirp-l. 
Chirp-l is induced by estrogen and turns over rapidly in the 
presence of cyclohexamide (Dean et al., Mol. Cell. Biol. 
16:2015-2024 (1996)). Experiments using an explanted 
tubular gland cell culture system de?ned an additional set of 
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factors that bind SDRE in a steroid-dependent manner, 
including a NFKB-like factor (Nordstrom et al., J. Biol. 
Chem. 268:13193-13202 (1993); SchWeers and Sanders, J. 
Biol. Chem. 266: 10490-10497 (1991)). 

[0011] Less is known about the function of HS-III and -IV. 
HS-III contains a functional estrogen response element, and 
confers estrogen inducibility to either the ovalbumin proxi 
mal promoter or a heterologous promoter When co-trans 
fected into HeLa cells With an estrogen receptor cDNA. 
These data imply that HS-III may play a functional role in 
the overall regulation of the ovalbumin gene. Little is knoWn 
about the function of HS-IV, except that it does not contain 
a functional estrogen-response element (Kato et al., Cell 68: 
731-742 (1992)). 

[0012] There has been much interest in modifying eukary 
otic genomes by introducing foreign genetic material and/or 
by disrupting speci?c genes. Certain eukaryotic cells may 
prove to be superior hosts for the production of exogenous 
eukaryotic proteins. The introduction of genes encoding 
certain proteins also alloWs for the creation of neW pheno 
types Which could have increased economic value. In addi 
tion, some genetically-caused disease states may be cured by 
the introduction of a foreign gene that alloWs the genetically 
defective cells to express the protein that it can otherWise not 
produce. 
[0013] Finally, modi?cation of animal genomes by inser 
tion or removal of genetic material permits basic studies of 
gene function, and ultimately may permit the introduction of 
genes that could be used to cure disease states, or result in 
improved animal phenotypes. 

[0014] Transgenesis has been accomplished in mammals 
by several different methods. First, in mammals including 
the mouse, pig, goat, sheep and coW, a transgene is micro 
injected into the pronucleus of a fertiliZed egg, Which is then 
placed in the uterus of a foster mother Where it gives rise to 
a founder animal carrying the transgene in its germline. The 
transgene is engineered to carry a promoter With speci?c 
regulatory sequences directing the expression of the foreign 
protein to a particular cell type. Since the transgene inserts 
randomly into the genome, position effects at the site of the 
transgene’s insertion into the genome may variably cause 
decreased levels of transgene expression. This approach also 
requires characterization of the promoter such that 
sequences necessary to direct expression of the transgene in 
the desired cell type are de?ned and included in the trans 
gene vector (Hogan et al. Manipulating the Mouse Embryo, 
Cold Spring Harbor Laboratory, NY (1988)). 

[0015] A second method for effecting animal transgenesis 
is targeted gene disruption, in Which a targeting vector 
bearing sequences of the target gene ?anking a selectable 
marker gene is introduced into embryonic stem (“ES”) cells. 
Via homologous recombination, the targeting vector 
replaces the target gene sequences at the chromosomal locus 
or inserts into interior sequences preventing expression of 
the target gene product. Clones of ES cells bearing the 
appropriately disrupted gene are selected and then injected 
into early stage blastocysts generating chimeric founder 
animals, some of Which bear the transgene in the germ line. 
In the case Where the transgene deletes the target locus, it 
replaces the target locus With foreign DNA borne in the 
transgene vector, Which consists of DNA encoding a select 
able marker useful for detecting transfected ES cells in 

Aug. 17,2006 

culture and may additionally contain DNA sequences encod 
ing a foreign protein Which is then inserted in place of the 
deleted gene such that the target gene promoter drives 
expression of the foreign gene (US. Pat. Nos. 5,464,764 and 
5,487,992 (M. P. Capecchi and K. R. Thomas)). This 
approach suffers from the limitation that ES cells are 
unavailable in many mammals, including goats, coWs, sheep 
and pigs. Furthermore, this method is not useful When the 
deleted gene is required for survival or proper development 
of the organism or cell type. 

[0016] Recent developments in avian transgenesis have 
alloWed the modi?cation of avian genomes. Germ-line 
transgenic chickens may be produced by injecting replica 
tion-defective retrovirus into the subgerminal cavity of chick 
blastoderms in freshly laid eggs (US. Pat. No. 5,162,215; 
Bosselman et al., Science 243:533-25 534 (1989); Thoraval 
et al., Transgenic Research 4:369-36 (1995)). The retroviral 
nucleic acid carrying a foreign gene randomly inserts into a 
chromosome of the embryonic cells, generating transgenic 
animals, some of Which bear the transgene in their germ line. 
Unfortunately, retroviral vectors cannot harbor large pieces 
of DNA, limiting the siZe and number of foreign genes and 
foreign regulatory sequences that may be introduced using 
this method. In addition, this method does not alloW targeted 
introduction or disruption of a gene by homologous recom 
bination. Use of insulator elements inserted at the 5' or 3' 
region of the fused gene construct to overcome position 
effects at the site of insertion has been described (Chim et al, 
Cell 74:504-514 (1993)). 

[0017] In another approach, a transgene has been micro 
injected into the germinal disc of a fertiliZed egg to produce 
a stable transgenic founder bird that passes the gene to the 
F1 generation (Love et al Bio/Technology 12:60-63 (1994)). 
This method has several disadvantages, hoWever. Hens must 
be sacri?ced in order to collect the fertiliZed egg, the fraction 
of transgenic founders is loW, and injected eggs require labor 
intensive in vitro culture in surrogate shells. 

[0018] In another approach, blastodermal cells containing 
presumptive primordial germ cells (“PGCs”) are excised 
from donor eggs, transfected With a transgene and intro 
duced into the subgerminal cavity of recipient embryos. The 
transfected donor cells are incorporated into the recipient 
embryos generating transgenic embryos, some of Which are 
expected to bear the transgene in the germ line. The trans 
gene inserts in random chromosomal sites by nonhomolo 
gous recombination. This approach requires characterization 
of the promoter such that sequences necessary to direct 
expression of the transgene in the desired cell type are 
de?ned and included in the transgene vector. HoWever, no 
transgenic founder birds have yet been generated by this 
method. 

[0019] Lui, Poult. Sci. 68:999-1010 (1995), used a target 
ing vector containing ?anking DNA sequences of the vitel 
logenin gene to delete part of the resident gene in chicken 
blastodermal cells in culture. HoWever, it has not been 
demonstrated that these cells can contribute to the germ line 
and thus produce a transgenic embryo. In addition, this 
method is not useful When the deleted gene is required for 
survival or proper development of the organism or cell type. 

[0020] Thus, it can be seen that there is a need for a 
method of introducing foreign DNA Which is operably 
linked to a magnum-active promoter into the avian genome. 
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There is also a need for a method of introducing foreign 
DNA into nonessential portions of a target gene of the avian 
genome such that the target gene’s regulatory sequences 
drive expression of the foreign DNA, preferably Without 
disrupting the function of the target gene. The ability to 
effect expression of the integrated transgene selectively 
Within the avian oviduct is also desirable. Furthermore, there 
exists a need to create germ-line modi?ed transgenic birds 
Which express exogenous genes in their oviducts and secrete 
the expressed exogenous proteins into their eggs. 

SUMMARY OF THE INVENTION 

[0021] This invention provides methods for the stable 
introduction of exogenous coding sequences into the 
genome of a bird and expressing those exogenous coding 
sequences to produce desired proteins or to alter the phe 
notype of the bird. Synthetic vectors useful in the methods 
are also provided by the present invention, as are transgenic 
birds Which express exogenous protein and avian eggs 
containing exogenous protein. 

[0022] In one embodiment, the present invention provides 
methods for producing exogenous proteins in speci?c tissues 
of avians. In particular, the invention provides methods of 
producing exogenous proteins in an avian oviduct. Trans 
genes are introduced into embryonic blastodermal cells, 
preferably near stage X, to produce a transgenic bird, such 
that the protein of interest is expressed in the tubular gland 
cells of the magnum of the oviduct, secreted into the lumen, 
and deposited onto the egg yolk. A transgenic bird so 
produced carries the transgene in its germ line. The exog 
enous genes can therefore be transmitted to birds by both 
arti?cial introduction of the exogenous gene into bird 
embryonic cells, and by the transmission of the exogenous 
gene to the bird’s offspring stably in a Mendelian fashion. 

[0023] The present invention provides for a method of 
producing an exogenous protein in an avian oviduct. The 
method comprises as a ?rst step providing a vector that 
contains a coding sequence and a promoter operably linked 
to the coding sequence, so that the promoter can effect 
expression of the nucleic acid in the tubular gland cells of 
the magnum of an avian oviduct. Next, the vector is intro 
duced into avian embryonic blastodermal cells, either 
freshly isolated, in culture, or in an embryo, so that the 
vector sequence is randomly inserted into the avian genome. 
Finally, a mature transgenic avian Which expresses the 
exogenous protein in its oviduct is derived from the trans 
genic blastodermal cells. This method can also be used to 
produce an avian egg Which contains exogenous protein 
When the exogenous protein that is expressed in the tubular 
gland cells is also secreted into the oviduct lumen and 
deposited onto the yolk of an egg. 

[0024] In one embodiment, the production of a transgenic 
bird by random chromosomal insertion of a vector into its 
avian genome may optionally involve DNA transfection of 
embryonic blastodermal cells Which are then injected into 
the subgerminal cavity beneath a recipient blastoderm. The 
vector used in such a method has a promoter Which is fused 
to an exogenous coding sequence and directs expression of 
the coding sequence in the tubular gland cells of the oviduct. 

[0025] In an alternative embodiment, random chromo 
somal insertion and the production of a transgenic bird is 
accomplished by transduction of embryonic blastodermal 
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cells With replication-defective or replication-competent ret 
roviral particles carrying transgene RNA betWeen the 5' and 
3' LTRs of the retroviral vector. For instance, in one speci?c 
embodiment, an avian leukosis virus (ALV) retroviral vector 
is used Which comprises a modi?ed pNLB plasmid contain 
ing an exogenous gene that is inserted doWnstream of a 
segment of the ovalbumin promoter region. An RNA copy of 
the modi?ed retroviral vector, packaged into viral particles, 
is used to infect embryonic blastoderms Which develop into 
transgenic birds. Alternatively, helper cells Which produce 
the retroviral transducing particles are delivered to the 
embryonic blastoderm. 

[0026] In one embodiment, the vector used in the methods 
of the invention contains a promoter Which is magnum 
speci?c. In this embodiment, expression of the exogenous 
coding sequence occurs only in the oviduct. Optionally, the 
promoter used in this embodiment may be a segment of the 
ovalbumin promoter region. One aspect of the invention 
involves truncating the ovalbumin promoter and/or condens 
ing the critical regulatory elements of the ovalbumin pro 
moter so that it retains sequences required for high levels of 
expression in the tubular gland cells of the magnum of the 
oviduct, While being small enough that it can be readily 
incorporated into vectors. For instance, a segment of the 
ovalbumin promoter region may be used. This segment 
comprises the 5'-?anking region of the ovalbumin gene. The 
total length of the ovalbumin promoter segment may be 
from about 0.88 kb to about 7.4 kb in length, and is 
preferably from about 0.88 kb to about 1.4 kb in length. The 
segment preferably includes both the steroid-dependent 
regulatory element and the negative regulatory element of 
the ovalbumin gene. The segment optionally also includes 
residues from the 5' untranslated region (5' UTR) of the 
ovalbumin gene. In an alternative embodiment, the mag 
num-speci?c promoter may be a segment of the promoter 
region of the conalbumin, ovomucoid, or ovomucin genes. 

[0027] In another embodiment of the invention, the vec 
tors integrated into the avian genome contain constitutive 
promoters Which are operably linked to the exogenous 
coding sequence. Alternatively, the promoter used in the 
expression vector may be derived from that of the lysoZyme 
gene, a gene expressed in both the oviduct and macrophages. 

[0028] If a constitutive promoter is operably linked to an 
exogenous coding sequence Which is to be expressed in the 
oviduct, then the methods of the invention may also option 
ally involve providing a second vector Which contains a 
second coding sequence and a magnum-speci?c promoter 
operably linked to the second coding sequence. This second 
vector is also expressed in the tubular gland cells of the 
mature transgenic avian. In this embodiment, expression of 
the ?rst coding sequence in the magnum is directly or 
indirectly dependent upon the cellular presence of the pro 
tein expressed by the second vector. Such a method may 
optionally include the use of a Cre-loxP system. 

[0029] In an alternative embodiment, the production of the 
transgenic bird is accomplished by homologous recombina 
tion of the transgene into a speci?c chromosomal locus. An 
exogenous promoter-less minigene is inserted into the target 
locus, or endogenous gene, Whose regulatory sequences then 
govern the expression of the exogenous coding sequence. 
This technique, promoter-less minigene insertion (PMGI), is 
not limited to use With target genes directing oviduct 
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speci?c expression, and may therefore be used for expres 
sion in any organ When inserted into the appropriate locus. 
In addition to enabling the production of exogenous proteins 
in eggs, the promoter-less minigene insertion method is 
amenable to applications in the poultry production and 
egg-laying industries Where gene insertions may enhance 
critical avian characteristics such as muscling, disease resis 
tance, and livability or to reduce egg cholesterol. 

[0030] One aspect of the present invention provides for a 
targeting vector Which may be used for promoter-less mini 
gene insertion into a target endogenous gene in an avian. 
This vector includes a coding sequence, at least one marker 
gene, and targeting nucleic acid sequences. The marker gene 
is operably linked to a constitutive promoter, such as the 
Xenopus laevis ef-lot a promoter, the HSV tk promoter, the 
CMV promoter, and the [3-actin promoter, and can be used 
for identifying cells Which have integrated the targeting 
vector. The targeting nucleic acid sequences correspond to 
the sequences Which ?ank the point of insertion in the target 
gene, and then direct insertion of the targeting vector into the 
target gene. 

[0031] The present invention provides for a method of 
producing an exogenous protein in speci?c cells in an avian. 
The method involves providing a targeting vector containing 
the promoter-less minigene. The targeting vector is designed 
to target an endogenous gene that is expressed in the speci?c 
cells into avian embryonic blastodermal cells. The trans 
genic embryonic blastodermal cells are then injected into the 
subgerminal cavity beneath a recipient blastoderm or oth 
erWise introduced into avian embryonic blastodermal cells. 
The targeting vector is integrated into the target endogenous 
gene. The resulting bird then expresses the exogenous 
coding sequence under the control of the regulatory ele 
ments of the target gene in the desired avian cells. This 
method may also be used for producing an avian egg that 
contains exogenous protein if a mature transgenic bird is 
ultimately derived from the transgenic embryonic blastoder 
mal cells. In the transgenic bird, the coding sequence is 
expressed in the magnum under the control of the regulatory 
sequences of a target gene, and the exogenous protein is 
secreted into the oviduct lumen, so that the exogenous 
protein is deposited onto the yolk of an egg laid by the bird. 

[0032] In one embodiment of the invention, the targeted 
endogenous gene is a gene expressed in the tubular gland 
cells of the avian oviduct. A preferred target endogenous 
gene for selective expression in the tubular gland cells is the 
ovalbumin gene (OV gene). While the invention is primarily 
exempli?ed via use of the ovalbumin gene as a target 
endogenous gene, other suitable endogenous genes may be 
used. For example, conalbumin, ovomucoid, ovomucin, and 
lysoZyme may all be used as target genes for the expression 
of exogenous proteins in tubular gland cells of an avian 
oviduct in accordance With the invention. 

[0033] The point of insertion in a method involving pro 
moter-less minigene insertion may be in the 5' untranslated 
region of the target gene. Alternatively, if the targeting 
vector used for the insertion contains an internal ribosome 
entry element directly upstream of the coding sequence, then 
the point of insertion may be in the 3' untranslated region of 
the target gene. 

[0034] Another aspect of the invention provides for an 
avian egg Which contains protein exogenous to the avian 
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species. Use of the invention alloWs for expression of 
exogenous proteins in oviduct cells With secretion of the 
proteins into the lumen of the oviduct magnum and depo 
sition upon the yolk of the avian egg. Proteins thus packaged 
into eggs may be present in quantities of up to one gram or 
more per egg. 

[0035] Other embodiments of the invention provide for 
transgenic birds, such as chickens or turkeys, Which carry a 
transgene in the genetic material of their germ-line tissue. In 
one embodiment, the transgene comprises an exogenous 
gene operably linked to a promoter Which optionally may be 
magnum-speci?c. In this transgenic bird the exogenous gene 
is expressed in the tubular gland cells of the oviduct. In an 
alternative embodiment, the transgene instead comprises an 
exogenous gene Which is positioned in either the 5' untrans 
lated region or the 3' untranslated region of an endogenous 
gene in a manner that alloWs the regulatory sequences of the 
endogenous gene to direct expression of the exogenous 
gene. In this embodiment, the endogenous gene may option 
ally be ovalbumin, lysoZyme, conalbumin, ovomucoid, or 
ovomucin. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] FIGS. 1(a) and 1(b) illustrate ovalbumin promoter 
expression vectors comprising ovalbumin promoter seg 
ments and a coding sequence, gene X Which encodes an 
exogenous protein X. 

[0037] FIGS. 2(a), 2(b), 2(0) and 2(d) illustrate retroviral 
vectors of the invention comprising an ovalbumin promoter 
and a coding sequence, gene X, encoding an exogenous 
protein X. 

[0038] FIG. 2(e) illustrates a method of amplifying an 
exogenous gene for insertion into the vectors of 2(a) and 
2(1)). 
[0039] FIG. 20‘) illustrates a retroviral vector comprising 
an ovalbumin promoter controlling expression of a coding 
sequence, gene X, and an internal ribosome entry site 
(IRES) element enabling expression of a second coding 
sequence, gene Y. 

[0040] FIGS. 3(a) and 3(b) shoW schematic representa 
tions of the ALV-derived vectors pNLB and pNLB-CMV 
BL, respectively. The vectors are both shoWn as they Would 
appear While integrated into the chicken genome. 

[0041] FIG. 4 shoWs a graph shoWing the amount of 
[3-lactamase found in the egg White of eggs from hens 
transduced With NLB-CMV-BL, as determined by the [3-lac 
tamase activity assay. 

[0042] FIG. 5 shoWs a Western blot indicating the pres 
ence of [3-lactamase in the egg White of eggs from hens 
transduced With NLB-CMV-BL. 

[0043] FIGS. 6(a) and 6(b) illustrate magnum-speci?c, 
recombination-activated gene expression. Schematic cre and 
[3-lactamase transgenes are shoWn integrated into the 
genome of a hen in a non-magnum cell in FIG. 6(a). In FIG. 
6(b), schematic cre recombinase and [3-lactamase transgenes 
are shoWn integrated into the genome of a hen in a magnum 
cell. 

[0044] FIG. 7 illustrates an alternative method of silenc 
ing [3-lactamase expression using loxP sites in Which tWo 
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loxP sites ?anking a stop codon (TAA) in frame With the ?rst 
codon (ATG) are inserted into the [3-lactamase signal peptide 
coding sequence such that the signal peptide is not disrupted. 

[0045] FIGS. 8(a) and 8(1)) illustrate targeting vectors 
used for insertion of a promoter-less minigene of the inven 
tion into a target gene. 

[0046] FIG. 9 illustrates a targeting vector used for detect 
ing correct homologous insertion of a promoter-less mini 
gene of the invention into a target gene. 

DETAILED DESCRIPTION OF THE 
INVENTION 

a) De?nitions and General Parameters 

[0047] The folloWing de?nitions are set forth to illustrate 
and de?ne the meaning and scope of the various terms used 
to describe the invention herein. 

[0048] A “nucleic acid or polynucleotide sequence” 
includes, but is not limited to, eucaryotic mRNA, cDNA, 
genomic DNA, and synthetic DNA and RNA sequences, 
comprising the natural nucleoside bases adenine, guanine, 
cytosine, thymidine, and uracil. The term also encompasses 
sequences having one or more modi?ed bases. 

[0049] A “coding sequence” or “open reading frame” 
refers to a polynucleotide or nucleic acid sequence Which 
can be transcribed and translated (in the case of DNA) or 
translated (in the case of mRNA) into a polypeptide in vitro 
or in vivo When placed under the control of appropriate 
regulatory sequences. The boundaries of the coding 
sequence are determined by a translation start codon at the 
5' (amino) terminus and a translation stop codon at the 3' 
(carboxy) terminus. A transcription termination sequence 
Will usually be located 3' to the coding sequence. A coding 
sequence may be ?anked on the 5' and/or 3' ends by 
untranslated regions. 

[0050] “Exon” refers to that part of a gene Which, When 
transcribed into a nuclear transcript, is “expressed” in the 
cytoplasmic mRNA after removal of the introns or interven 
ing sequences by nuclear splicing. 

[0051] Nucleic acid “control sequences” or “regulatory 
sequences” refer to translational start and stop codons, 
promoter sequences, ribosome binding sites, polyadenyla 
tion signals, transcription termination sequences, upstream 
regulatory domains, enhancers, and the like, as necessary 
and su?icient for the transcription and translation of a given 
coding sequence in a de?ned host cell. Examples of control 
sequences suitable for eucaryotic cells are promoters, poly 
adenylation signals, and enhancers. All of these control 
sequences need not be present in a recombinant vector so 
long as those necessary and su?icient for the transcription 
and translation of the desired gene are present. 

[0052] “Operably or operatively linked” refers to the con 
?guration of the coding and control sequences so as to 
perform the desired function. Thus, control sequences oper 
ably linked to a coding sequence are capable of effecting the 
expression of the coding sequence. A coding sequence is 
operably linked to or under the control of transcriptional 
regulatory regions in a cell When DNA polymerase Will bind 
the promoter sequence and transcribe the coding sequence 
into mRNA that can be translated into the encoded protein. 
The control sequences need not be contiguous With the 
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coding sequence, so long as they function to direct the 
expression thereof. Thus, for example, intervening untrans 
lated yet transcribed sequences can be present betWeen a 
promoter sequence and the coding sequence and the pro 
moter sequence can still be considered “operably linked” to 
the coding sequence. 

[0053] The terms “heterologous” and “exogenous” as they 
relate to nucleic acid sequences such as coding sequences 
and control sequences, denote sequences that are not nor 
mally associated With a region of a recombinant construct or 
With a particular chromosomal locus, and/or are not nor 
mally associated With a particular cell. Thus, a “heterolo 
gous” region of a nucleic acid construct is an identi?able 
segment of nucleic acid Within or attached to another nucleic 
acid molecule that is not found in association With the other 
molecule in nature. For example, a heterologous region of a 
construct could include a coding sequence ?anked by 
sequences not found in association With the coding sequence 
in nature. Another example of a heterologous coding 
sequence is a construct Where the coding sequence itself is 
not found in nature (e.g., synthetic sequences having codons 
different from the native gene). Similarly, a host cell trans 
formed With a construct Which is not normally present in the 
host cell Would be considered heterologous for purposes of 
this invention. 

[0054] “Exogenous protein” as used herein refers to a 
protein not naturally present in a particular tissue or cell, a 
protein that is the expression product of an exogenous 
expression construct or transgene, or a protein not naturally 
present in a given quantity in a particular tissue or cell. 

[0055] “Endogenous gene” refers to a naturally occurring 
gene or fragment thereof normally associated With a par 
ticular cell. 

[0056] The expression products described herein may con 
sist of proteinaceous material having a de?ned chemical 
structure. HoWever, the precise structure depends on a 
number of factors, particularly chemical modi?cations com 
mon to proteins. For example, since all proteins contain 
ioniZable amino and carboxyl groups, the protein may be 
obtained in acidic or basic salt form, or in neutral form. The 
primary amino acid sequence may be derivatiZed using 
sugar molecules (glycosylation) or by other chemical deriva 
tiZations involving covalent or ionic attachment With, for 
example, lipids, phosphate, acetyl groups and the like, often 
occurring through association With saccharides. These modi 
?cations may occur in vitro, or in vivo, the latter being 
performed by a host cell through posttranslational process 
ing systems. Such modi?cations may increase or decrease 
the biological activity of the molecule, and such chemically 
modi?ed molecules are also intended to come Within the 
scope of the invention. 

[0057] Alternative methods of cloning, ampli?cation, 
expression, and puri?cation Will be apparent to the skilled 
artisan. Representative methods are disclosed in Sambrook, 
Fritsch, and Maniatis, Molecular Cloning, a Laboratory 
Manual, 2nd Ed., Cold Spring Harbor Laboratory (1989). 

[0058] “PMGI” refers to promoter-less minigene inser 
tion, a method in Which a gene lacking a promoter is inserted 
via homologous recombination into a target gene such that 
the target gene’s regulatory sequences govern the expression 
of the inserted gene in an appropriate tissue. A minigene is 



US 2006/0185029 A1 

a modi?ed version of a gene, often just a cDNA With an 
appropriate polyadenylation signal and sometimes an intron. 
A minigene usually lacks all of the introns of the genomic 
gene. 

[0059] “Vector” means a polynucleotide comprised of 
single strand, double strand, circular, or supercoiled DNA or 
RNA. A typical vector may be comprised of the folloWing 
elements operatively linked at appropriate distances for 
alloWing functional gene expression: replication origin, pro 
moter, enhancer, 5' mRNA leader sequence, ribosomal bind 
ing site, nucleic acid cassette, termination and polyadeny 
lation sites, and selectable marker sequences. One or more 
of these elements may be omitted in speci?c applications. 
The nucleic acid cassette can include a restriction site for 
insertion of the nucleic acid sequence to be expressed. In a 
functional vector the nucleic acid cassette contains the 
nucleic acid sequence to be expressed including translation 
initiation and termination sites. An intron optionally may be 
included in the construct, preferably 2100 bp 5' to the 
coding sequence. 

[0060] In some embodiments the promoter Will be modi 
?ed by the addition or deletion of sequences, or replaced 
With alternative sequences, including natural and synthetic 
sequences as Well as sequences Which may be a combination 
of synthetic and natural sequences. Many eukaryotic pro 
moters contain tWo types of recognition sequences: the 
TATA box and the upstream promoter elements. The former, 
located upstream of the transcription initiation site, is 
involved in directing RNA polymerase to initiate transcrip 
tion at the correct site, While the latter appears to determine 
the rate of transcription and is upstream of the TATA box. 
Enhancer elements can also stimulate transcription from 
linked promoters, but many function exclusively in a par 
ticular cell type. Many enhancer/promoter elements derived 
from viruses, eg the SV40, the Rous sarcoma virus (RSV), 
and CMV promoters are active in a Wide array of cell types, 
and are termed “constitutive” or “ubiquitous.” The nucleic 
acid sequence inserted in the cloning site may have any open 
reading frame encoding a polypeptide of interest, With the 
proviso that Where the coding sequence encodes a polypep 
tide of interest, it should lack cryptic splice sites Which can 
block production of appropriate mRNA molecules and/or 
produce aberrantly spliced or abnormal mRNA molecules. 

[0061] The termination region Which is employed prima 
rily Will be one of convenience, since termination regions 
appear to be relatively interchangeable. The termination 
region may be native to the intended nucleic acid sequence 
of interest, or may be derived from another source. 

[0062] Avector is constructed so that the particular coding 
sequence is located in the vector With the appropriate 
regulatory sequences, the positioning and orientation of the 
coding sequence With respect to the control sequences being 
such that the coding sequence is transcribed under the 
“control” of the control or regulatory sequences. Modi?ca 
tion of the sequences encoding the particular protein of 
interest may be desirable to achieve this end. For example, 
in some cases it may be necessary to modify the sequence so 
that if may be attached to the control sequences With the 
appropriate orientation; or to maintain the reading frame. 
The control sequences and other regulatory sequences may 
be ligated to the coding sequence prior to insertion into a 
vector. Alternatively, the coding sequence can be cloned 
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directly into an expression vector Which already contains the 
control sequences and an appropriate restriction site Which 
is in reading frame With and under regulatory control of the 
control sequences. 

[0063] A “marker gene” is a gene Which encodes a protein 
that alloWs for identi?cation and isolation of correctly 
transfected cells. Suitable marker sequences include, but are 
not limited to green, yelloW, and blue ?uorescent protein 
genes (GFP, YFP, and BFP, respectively). Other suitable 
markers include thymidine kinase (tk), dihydrofolate reduc 
tase (DHFR), and aminoglycoside phosphotransferase 
(APH) genes. The latter imparts resistance to the aminogly 
coside antibiotics, such as kanamycin, neomycin, and gene 
ticin. These, and other marker genes such as those encoding 
chloramphenicol acetyltransferase (CAT), [3-lactamase, 
[3-galactosidase ([3-gal), may be incorporated into the pri 
mary nucleic acid cassette along With the gene expressing 
the desired protein, or the selection markers may be con 
tained on separate vectors and cotransfected. 

[0064] A “reporter gene” is a marker gene that “reports” 
its activity in a cell by the presence of the protein that it 
encodes. 

[0065] A “retroviral particle”, “transducing particle”, or 
“transduction particle” refers to a replication-defective or 
replication-competent virus capable of transducing non-viral 
DNA or RNA into a cell. 

[0066] The terms “transformation”, “transduction” and 
“transfection” all denote the introduction of a polynucleotide 
into an avian blastodermal cell. 

[0067] “Magnum” is that part of the oviduct betWeen the 
infudibulum and the isthmus containing tubular gland cells 
that synthesiZe and secrete the egg White proteins of the egg. 

[0068] A “magnum-speci?c” promoter, as used herein, is 
a promoter Which is primarily or exclusively active in the 
tubular gland cells of the magnum. 

b) Transgenesis of Blastoderrnal Cells 

[0069] By the methods of the present invention, trans 
genes can be introduced into avian embryonic blastodermal 
cells, to produce a transgenic chicken, or other avian species, 
that carries the transgene in the genetic material of its 
germ-line tissue. The blastodermal cells are typically stage 
VII-XII cells, or the equivalent thereof, and preferably are 
near stage X. The cells useful in the present invention 
include embryonic germ (EG) cells, embryonic stem (ES) 
cells & primordial germ cells (PGCs). The embryonic blas 
todermal cells may be isolated freshly, maintained in culture, 
or reside Within an embryo. 

[0070] A variety of vectors useful in carrying out the 
methods of the present invention are described herein. These 
vectors may be used for stable introduction of an exogenous 
coding sequence into the genome of a bird. In alternative 
embodiments, the vectors may be used to produce exog 
enous proteins in speci?c tissues of an avian, and in the 
oviduct in particular. In still further embodiments, the vec 
tors are used in methods to produce avian eggs Which 
contain exogenous protein. 

[0071] In some cases, introduction of a vector of the 
present invention into the embryonic blastodermal cells is 
performed With embryonic blastodermal cells that are either 
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freshly isolated or in culture. The transgenic cells are then 
typically injected into the subgerminal cavity beneath a 
recipient blastoderm in an egg. In some cases, however, the 
vector is delivered directly to the cells of a blastodermal 
embryo. 

[0072] In one embodiment of the invention, vectors used 
for transfecting blastodermal cells and generating random, 
stable integration into the avian genome contain a coding 
sequence and a magnum-speci?c promoter in operational 
and positional relationship to express the coding sequence in 
the tubular gland cell of the magnum of the avian oviduct. 
The magnum-speci?c promoter may optionally be a segment 
of the ovalbumin promoter region Which is su?iciently large 
to direct expression of the coding sequence in the tubular 
gland cells. For instance, the promoter may be derived from 
the promoter regions of the ovalbumin, lysoZyme, conalbu 
min, ovomucoid, or ovomucin genes. Alternatively, the 
promoter may be a promoter that is largely, but not entirely, 
speci?c to the magnum, such as the lysoZyme promoter. 

[0073] FIGS. 1(a) and 1(b) illustrate examples of ovalbu 
min promoter expression vectors. Gene X is a coding 
sequence Which encodes an exogenous protein. Bent arroWs 
indicate the transcriptional start sites. In one example, the 
vector contains 1.4 kb of the 5' ?anking region of the 
ovalbumin gene (FIG. 1(a)). The sequence of the “—1.4 kb 
promoter” of FIG. 1(a) corresponds to the sequence starting 
from approximately 1.4 kb upstream (-1.4 kb) of the oval 
bumin transcription start site and extending approximately 9 
residues into the 5' untranslated region of the ovalbumin 
gene. The approximately 1.4 kb-long segment harbors tWo 
critical regulatory elements, the steroid-dependent regula 
tory element (SDRE) and the negative regulatory element 
(NRE). The NRE is so named because it contains several 
negative regulatory elements Which block the gene’s expres 
sion in the absence of hormone. A shorter 0.88 kb segment 
also contains both elements. In another example, the vector 
contains approximately 7.4 kb of the 5' ?anking region of the 
ovalbumin gene and harbors tWo additional elements (HS-III 
and HS-IV), one of Which is knoWn to contain a functional 
region enabling induction of the gene by estrogen (FIG. 
1(b)). A shorter 6 kb segment also contains all four elements 
and could optionally be used in the present invention. 

[0074] Each vector used for random integration according 
to the present invention preferably comprises at least one 1.2 
kb element from the chicken [3-globin locus Which insulates 
the gene Within from both activation and inactivation at the 
site of insertion into the genome. In a preferred embodiment, 
tWo insulator elements are added to one end of the ovalbu 
min gene construct. In the [3-globin locus, the insulator 
elements serve to prevent the distal locus control region 
(LCR) from activating genes upstream from the globin gene 
domain, and have been shoWn to overcome position effects 
in transgenic ?ies, indicating that they can protect against 
both positive and negative effects at the insertion site. The 
insulator element(s) are only needed at either the 5' or 3' end 
of the gene because the transgenes are integrated in multiple, 
tandem copies e?fectively creating a series of genes ?anked 
by the insulator of the neighboring transgene. In another 
embodiment, the insulator element is not linked to the vector 
but is cotransfected With the vector. In this case, the vector 
and the element are joined in tandem in the cell by the 
process of random integration into the genome. 
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[0075] Each vector may optionally also comprise a marker 
gene to alloW identi?cation and enrichment of cell clones 
Which have stably integrated the expression vector. The 
expression of the marker gene is driven by a ubiquitous 
promoter that drives high levels of expression in a variety of 
cell types. In a preferred embodiment the green ?uorescent 
protein (GFP) reporter gene (Zolotukhin et al., J. Wrol 
70:4646-4654 (1995)) is driven by the Xenopus elongation 
factor 1-60 (ef-lot) promoter (Johnson and Krieg, Gene 
147:223-26 (1994)). The Xenopus ef-lot promoter is a strong 
promoter expressed in a variety of cell types. The GFP 
contains mutations that enhance its ?uorescence and is 
humanized, or modi?ed such that the codons match the 
codon usage pro?le of human genes. Since avian codon 
usage is virtually the same as human codon usage, the 
humanized form of the gene is also highly expressed in avian 
blastodermal cells. In alternative embodiments, the marker 
gene is operably linked to one of the ubiquitous promoters 
of HSV tk, CMV, or [3-actin. 
[0076] While human and avian codon usage is Well 
matched, Where a nonvertebrate gene is used as the coding 
sequence in the transgene, the nonvertebrate gene sequence 
may be modi?ed to change the appropriate codons such that 
codon usage is similar to that of humans and avians. 

[0077] Transfection of the blastodermal cells may be 
mediated by any number of methods knoWn to those of 
ordinary skill in the art. The introduction of the vector to the 
cell may be aided by ?rst mixing the nucleic acid With 
polylysine or cationic lipids Which help facilitate passage 
across the cell membrane. HoWever, introduction of the 
vector into a cell is preferably achieved through the use of 
a delivery vehicle such as a liposome or a virus. Viruses 
Which may be used to introduce the vectors of the present 
invention into a blastodermal cell include, but are not limited 
to, retroviruses, adenoviruses, adeno-associated viruses, her 
pes simplex viruses, and vaccinia viruses. 
[0078] In one method of transfecting blastodermal cells, a 
packaged retroviral-based vector is used to deliver the vector 
into embryonic blastodermal cells so that the vector is 
integrated into the avian genome. 

[0079] As an alternative to delivering retroviral transduc 
tion particles to the embryonic blastodermal cells in an 
embryo, helper cells Which produce the retrovirus can be 
delivered to the blastoderm. 

[0080] A preferred retrovirus for randomly introducing a 
transgene into the avian genome is the replication-de?cient 
ALV retrovirus. To produce an appropriate ALV retroviral 
vector, a pNLB vector is modi?ed by inserting a region of 
the ovalbumin promoter and one or more exogenous genes 
betWeen the 5' and 3' long terminal repeats (LTRs) of the 
retrovirus genome. Any coding sequence placed doWn 
stream of the ovalbumin promoter Will be expressed at high 
levels and only in the tubular gland cells of the oviduct 
magnum because the ovalbumin promoter drives the high 
level of expression of the ovalbumin protein and is only 
active in the oviduct tubular gland cells. 

[0081] While a 7.4 kb ovalbumin promoter has been found 
to produce the most active construct When assayed in 
cultured oviduct tubular gland cells, the ovalbumin promoter 
must be shortened for use in the retroviral vector. In a 
preferred embodiment, the retroviral vector comprises a 1.4 
kb segment of the ovalbumin promoter; a 0.88 kb segment 
Would also su?ice. 


















