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EXPRESSION OF XENOGENOUS (HUMAN) IMMUNOGLOBULINS

IN CLONED, TRANSGENIC UNGULATES

Field of the Invention

The present invention is a genetically modified ungulate that contains

either part or all of a xenogenous antibody gene locus, which undergoes rearrangement

and expresses a diverse population of antibody molecules. In particular, the

xenogenous antibody gene may be of human origin. In addition, the present invention

provides for an ungulate in which expression of the endogenous antibody genes is either

reduced or eliminated. The genetic modifications in the ungulate (for example, bovine)

are made using a combination of nuclear transfer and molecular techniques. These

cloned, transgenic ungulates provide a replenishable, theoretically infinite supply of
xenogenous polyclonal antibodies, particularly human antibodies, which have use, e.g.,
as therapeutics, diagnostics and for purification purposes.

Background of the Invention
All references, including any patents or patent applications, cited in this

specification are hereby incorporated by reference. No admission is made that any
reference constitutes prior art. The discussion of the references states what their authors
assert, and the applicants reserve the right to challenge the accuracy and pertinency of

the cited documents. It will be clearly understood that, although a number of prior art

publications are referred to herein, this reference does not constitute an admission that
any of these documents forms part of the common general knowledge in the art, in

Australia or in any other country.

In 1890, Shibasaburo Kitazato and Emil Behring reported an experiment
with extraordinary results; particularly, they demonstrated that immunity can be
transferred from one animal to another by taking serum from an immune animal and

injecting it into a non-immune one. This landmark experiment laid the foundation for
the introduction of passive immunization into clinical practice. Today, the preparation

and use of human immunoglobulin (Ig) for passive immunization is standard medical
practice. In the United States alone, there is a $1,400,000,000 per annum market for

human Ig, and each year more than 16 metric tons of human antibody is used for

intravenous antibody therapy. Comparable levels of consumption exist in the

economies of most highly industrialized countries, and the demand can be expected to
grow rapidly in developing countries. Currently, human antibody for passive
immunization is obtained from the pooled serum of human donors. This means that

there is an inherent limitation in the amount of human antibody available for therapeutic
and prophylactic usage. Already, the demand exceeds the supply and severe shortfalls
in availability have been routine.
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In an effort to overcome some of the problems associated with the inadequate

supply of human Ig, various technologies have been developed. For example, the

production of human Ig by recombinant methods in tissue culture is routine.

Particularly, the recombinant expression of human Ig in CHO expression systems is well

known, and is currently utilized for the production of several human immunoglobulins

(Igs) and chimeric antibodies now in therapeutic use.

Mice retaining an unrearranged human immunoglobulin gene have been

developed for the production of human antibodies monoclonal antibodies) (see, for

example, W098/24893; W096/33735; WO 97/13852; W098/24884; W097/07671(EP

0843961); U.S. patent 5,877,397; U.S. patent 5,874,299; U.S. patent 5,814,318; U.S.

patent 5,789,650; U.S. patent 5,770,429; U.S. patent 5,661,016; U.S. patent 5,633,425;

U.S. patent 5,625,126; U.S. patent 5,569,825; and U.S. patent 5,545,806).

Additionally, WO00/10383 (EP 1106061) describes modifying a human

chromosome fragment and transferring the fragment into certain cells via microcell

fusion.

Further, WO01/35735 describes a bovine IgM heavy chain knockout.

U.S. patent 5,849,992 issued December 15, 1998 to Meade et al., as well as U.S.

patent 5,827,690 issued October 27, 1998 to Meade et al., describe the production of

monoclonal antibodies in the milk of transgenic animals including mice, sheep, pigs,

cows, and goats wherein the transgenic animals expressed human Ig genes under the

control of promoters that provide for the expression of the antibodies in mammary

epithelial cells. Essentially, this results in the expression of the antibodies in the milk of

such animals, for example a cow.

However, notwithstanding what has been previously reported, improved methods

and enhanced transgenic animals, especially cows, that produce antibodies (particularly,

polyclonal antibodies) of desired species, particularly human Igs, in the bloodstream and

which produce an array of different antibodies which are specific to a desired antigen

would be highly desirable. Most especially, the production of human Igs in ungulates,

such as cows, would be particularly beneficial given that cows could produce large

quantities of antibody, cows could be immunized with human or other pathogens and

cows could be used to make human antibodies against human antigens. The

availability of large quantities of polyclonal antibodies would be advantageous for

treatment and prophylaxis for infectious disease, modulation of the immune system,
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removal of human cells, such as cancer cells, and modulation of specific human molecules.

While human Ig has been expressed in mice, it is unpredictable whether human Ig will be

fractionally rearranged and expressed in bovines, or other ungulates, because of differences in

antibody gene structure, antibody production mechanism, and B cell function. In particular,

unlike mice, cattle and sheep differ from humans in their immunophysiology (Lucier et al., J.

Immunol. 161: 5438, 1998; Parng et al., J. Immunol. 157: 5478, 1996; and Butler, Rev. Sci.

Tech. 17: 43, 2000). For example antibody gene diversification in bovines and ovines relies

much more on gene conversion than gene rearrangement as in humans and mice. Also, the

primary location of B cells in humans and mice is in the bone marrow, whereas in bovines and

ovines B cells are located in the illeal Peyer's patch. Consequently, it would have been difficult,

if not impossible, prior to the present invention, to predict whether immunoglobulin

rearrangement and diversification of a human immunoglobulin loci would take place within the

bovine (or other ungulate) B cell lineage. In addition, it would also have been unpredictable

whether a bovine would be able to survive, elicit its normal immune functions, in the

absence of its endogenous Ig or with interference from human antibodies. For example, it is not

certain if bovine B cells expressing human Ig would correctly migrate to the illeal Peyer's Patch

in bovines because this does not happen in humans. Also, it is not clear if human Fc receptor

function; which mediates complement activation, induction of cytokine release, and antigen

removal; would be normal in a bovine system.

Brief Description of the Invention

In one aspect, the present invention provides for the production of a transgenic

ungulate (for example, a transgenic bovine) that rearranges and expresses a human, or other

species Ig gene locus. Preferably, this is accomplished by stably introducing a human

chromosome fragment containing human Ig genes, in order to produce a transgenic ungulate

(for example, bovine) having B cells that produce human or another species Ig, in addition to or

in lieu of endogenous Igs. This may also be accomplished by integrating a nucleic acid

encoding a xenogenous immunoglobulin chain or xenogenous antibody into a chromosome of

an ungulate. In a further aspect, the present invention provides for the production of transgenic

ungulates (for example, transgenic bovines) wherein the expression of endogenous Ig has been

reduced or knocked out. For example, a nonsense or deletion mutation may be introduced into

a nucleic acid encoding an endogenous immunoglobulin chain or antibody.

In a more specific aspect, the invention provides for the production of a

transgenic ungulate (for example, a transgenic bovine) wherein the constant region exon of the

light chain loci and/or the mu constant regions exons have been knocked out, and an artificial

chromosome containing a gene locus encoding another species' immunoglobulin, preferably

human, has been stably incorporated.
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In a more specific aspect, the invention provides for the production of a cloned

ungulate (for example, a cloned bovine) by the use of nuclear transfer and homologous

recombination procedures wherein the endogenous constant region exon of the light chain loci

and/or the mu constant region exons of the heavy chain locus have been knocked out, and an

artificial chromosome(s) comprising xenogenous heavy and light chain Ig genes, preferably a

human artificial chromosome(s) containing human heavy and light chain Ig loci, has been stably

introduced, resulting in a transgenic ungulate which produces Ig of another species, preferably

human, and which does not produce its endogenous Ig.

In another aspect, the invention provides for the production of an ungulate (for

example, a bovine) somatic or embryonic stem (ES) cell, preferably a fibroblast or B cell, and

more preferably a male somatic cell, wherein one or both alleles of the endogenous IgM heavy

chain gene has been mutated, for example, disrupted by homologous recombination. In a

related aspect, the invention provides for the production of a cloned ungulate (for example,

bovine) fetus and offspring wherein one or both alleles of the IgM heavy chain gene locus has

been mutated, for example, disrupted by homologous recombination.

In an still further aspect, the invention provides for the production of an ungulate

(for example, a bovine) somatic or ES cell, preferably a fibroblast or B cell, a female or

male somatic cell, wherein one allele of the IgM heavy chain gene has been mutated, for

example, disrupted by homologous recombination.

In a related aspect, the invention provides for the production of a cloned

(ungulate, for example, bovine) fetus or offspring wherein one allele of the endogenous heavy

chain IgM gene has been mutated, for example, disrupted by homologous recombination.

In a still further aspect, the invention provides for the production of male and

female heavy and light chain hemizygous knockout (M and F Hemi H/L) fetuses and ungulate

calves by mating male and female ungulates (for example, bovines) which respectively contain

a mutation, for example, a disruption of one allele of the endogenous IgM or a disruption of one

allele of an Ig light chain or by sequential homologous recombination.

In a still further aspect, the invention provides for the production of a

homozygous knockout (Homo H/L) fetus wherein both heavy chain alleles of the IgM gene have

been disrupted and both alleles of the Ig light chain have been disrupted by sequential

homologous recombination or by mating of the aforementioned male and female heavy and

light chain hemizygous knockouts (M and F Hemi H/L).

In another aspect, the invention provides for the insertion of a nucleic acid (for

example, an artificial chromosome) that contains genes necessary for the functional expression

of non-ungulate Igs or their heavy or light chains. Preferably, these Igs are human Igs produced

by introduction of.nucleic acid encoding these Igs or Ig chains into a Homo or a Hemi H/L

ungulate (for example, bovine) somatic cell, preferably a fibroblast, and producing cloned

H:\deborahk\keep\peci\2001 2 97523.doc 21/09/06



ungulates (for example, cloned bovines) wherein the nucleic acid (for example, human artificial

chromosome DNA) is transmitted into the germ line.

In a still further aspect, the invention provides for the introduction of an artificial

chromosome, preferably a human artificial chromosome (HAC), that contains genes that

provide for Ig expression into the aforementioned homozygous knockout (Homo H/L) cells and

generate ungulates (for example, cattle) by nuclear transfer which express non-ungulate

Igs, preferably human Igs, in response to immunization and which undergo affinity maturation.

As used herein, by "artificial chromosome" is meant a mammalian chromosome

or fragment thereof which has an artificial modification such as the addition of a selectable

marker, the addition of a cloning site, the deletion of one or more nucleotides, the substitution of

one or more nucleotides, and the like. By "human artificial chromosome (HAC)" is meant an

artificial chromosome generated from one or more human chromosome(s). An artificial

chromosome can be maintained in the host cell independently from the endogenous

chromosomes of the host cell. In this case, the HAC can stably replicate and segregate along

side endogenous chromosomes. Alternatively, it may be translocated to, or inserted into, an

endogenous chromosome of the host cell. Two or more artificial chromosomes can be

introduced to the host cell simultaneously or sequentially. For example, artificial chromosomes

derived from human chromosome #14 (comprising the Ig heavy chain gene), human

chromosome #2 (comprising the Ig kappa chain gene), and human chromosome #22

(comprising the Ig lambda chain gene) can be introduced. Alternatively, an artificial

chromosome(s) comprising both a xenogenous Ig heavy chain gene and Ig light chain gene,

such as AHAC or AAHAC, may be introduced. Preferably, the heavy chain loci and the light

chain loci are on different chromosome arms on different side of the centromere). In still

other preferred embodiments, the total size of the HAC is less than or equal to approximately

10, 9, 8, or 7 megabases.

In a still further aspect, the invention provides a source of human or other Ig for

passive immunization derived from a transgenic ungulate (for example, a transgenic bovine)

that contains and expresses Ig genes carried on an introduced nucleic acid (for example, an

artificial chromosome, and preferably a human artificial chromosome (HAC)) containing human

Ig heavy and light chain genes. In the present invention, these nucleic acids (for example,

HACs) include naturally arranged segments of human chromosomes (human chromosomal

fragments) or artificial chromosomes that comprise artificially engineered human chromosome

fragments, they may be rearranged relative to the human genome.

In yet another aspect, the invention provides for the production of hybridomas

and monoclonal antibodies using B cells derived from the above-described transgenic

ungulates (for example, transgenic bovines).

In a still further aspect, the invention provides for the production of ungulate

H\deborahk\keep\peci\2001 2 97523.doc 21/09/06



antiserum or milk that includes polyclonal human Ig. Such human Ig, preferably human IgG,

may be used as intravenenous immunoglobulin (IVIG) for the treatment or prevention of

disease in humans. The polyclonal human Ig are preferably reactive against an antigen of

interest.

In yet another aspect, the invention provides for the production of a transgenic

ungulate with one or more mutations in an endogenous gene or genes. The transgenic ungulate

is produced by inserting a cell, a chromatin mass from a cell, or a nucleus from a cell into an

oocyte. The cell has a first mutation in an endogenous gene that is not naturally expressed by

the cell. The oocyte or an embryo formed from the oocyte is transferred into the uterus of a host

ungulate under conditions that allow the oocyte or the embryo to develop into a fetus.

Preferably, the fetus develops into a viable offspring. In other preferred embodiments, the first

mutation is introduced into the cell by inserting a nucleic acid comprising a cassette which

includes a promoter operably linked to a nucleic acid encoding a selectable marker and

operably linked to one or more nucleic acids having

H;\deborahk\keep\speci\2001 2 97523.doc 21/09/06
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substantial sequence identity to the endogenous gene to be mutated, whereby the cassette

is integrated into one endogenous allele of the gene. In other preferred embodiments,

the mutation is introduced in the cell by inserting into the cell a nucleic acid comprising

a first cassette which includes a first promoter operably linked to a nucleic acid encoding

a first selectable marker and operably linked to a first nucleic acid having substantial

sequence identity to the endogenous gene to be mutated, whereby the first cassette is

integrated into a first endogenous allele of the gene producing a first transgenic cell.

Into the first transgenic cell is inserted a nucleic acid comprising a second cassette which

includes a second promoter operably linked to a nucleic acid encoding a second

selectable marker and operably linked to a second nucleic acid having substantial

sequence identity to the gene. The second selectable marker differs from the first

selectable marker, and the second cassette is integrated into a second endogenous allele

of the gene producing a second transgenic cell. In still other preferred embodiments, a

cell is isolated from the embryo, the fetus, or an offspring produced from the fetus, and

another mutation is introduced into a gene of the cell. A second round of nuclear

transfer is then performed using the resulting cell, a chromatin mass from the cell, or a

nucleus from the cell to produce a transgenic ungulate with two or more mutations. The

mutations are in the same or different alleles of a gene or are in different genes. In

preferred embodiments, the cell that is mutated is a fibroblast a fetal fibroblast).

Preferably, the endogenous gene that is mutated is operably linked to an endogenous

promoter that is not active in a fibroblast. In other preferred embodiments, the

endogenous promoter operably linked to the endogenous gene that is mutated is less than

70, 60, 50, 40, 30, 20, 10% as active as an endogenous promoter operably linked to a

endogenous housekeeping gene such as GAPDH. Promoter activity may be measured

using any standard assay, such as assays that measure the level ofmRNA or protein

encoded by the gene (see, for example, Ausubel et al. Current Protocols in Molecular

Biology, volume 2, p. 11.13.1-11.13.3, John Wiley Sons, 1995). This method for

generating a transgenic ungulate has the advantage of allowing a gene that is not

expressed in the donor cell the cell that is the source of the genetic material used

for nuclear transfer) to be mutated.

Accordingly, the invention as claimed features a transgenic ungulate having

one or more nucleic acids encoding all or part of a xenogenous immunoglobulin (Ig)

gene which undergoes rearrangement and expresses more than one xenogenous Ig
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molecule. In a preferred embodiment, the nucleic acid encoding all or part of a

xenogenous Ig gene is substantially human. Preferably, the nucleic acid encodes an

xenogenous antibody, such as a human antibody or a polyclonal antibody. In various

embodiments, the Ig chain or antibody is expressed in serum and/or milk. In other

embodiments, the nucleic acid is contained within a chromosome fragment, such as a

AHAC or a AAHAC. In yet other embodiments, the nucleic acid is maintained in an

ungulate cell independently from the host chromosome.

In still other embodiments, the nucleic acid is integrated into a chromosome of

the ungulate. In yet other embodiments, the nucleic acid includes unrearranged antibody

light chain nucleic acid segments in which all of the nucleic acid segments encoding a V

gene segment are separated from all of the nucleic acid segments encoding a J gene

segment by one or more nucleotides. In yet other embodiments, the nucleic acid

includes unrearranged antibody heavy chain nucleic acid segments in which either all

of the nucleic acid segments encoding a V gene segment are separated from all of the

nucleic acid segments encoding a D gene segment by one or more nucleotides and/or (ii)

all of the nucleic acid segments encoding a D gene segment are separated from all of the

nucleic acid segments encoding a J gene segment by one or more nicleotides. In yet

another preferred embodiment, the ungulate has a mutation in one or both alleles of an

endogenous Ig gene, alpha-(1,3)-galactosyltransferase gene, prion gene, and/or J chain

gene. In other preferred embodiments, the ungulate has a nucleic acid encoding an

exogenous J chain, such as a human J chain. Preferably, the ungulate is a bovine, ovine,

porcine, or caprine.

In another aspect, the invention features a transgenic ungulate having a mutation

that reduces the expression of an endogenous antibody. Preferably, the mutation reduces

the expression of functional IgM heavy chain or substantially eliminates the expression

of functional IgM heavy chain. In other preferred embodiments, the mutation reduces

the expression of functional Ig light chain or substantially eliminates the expression of

functional Ig light chain. In yet other preferred embodiments, the mutation reduces the

expression of functional IgM heavy chain and functional Ig light chain, or the mutation

substantially eliminates the expression of functional IgM heavy chain and functional Ig

light chain. Preferably, the ungulate also has a mutation in one or both alleles of an

endogenous nucleic acid encoding alpha-(1,3)-galactosyltransferase, prion protein,

and/or J chain. In other preferred embodiments, the ungulate has a nucleic acid
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encoding an exogenous J chain, such as a human J chain. In another preferred

embodiment, the ungulate has one or more nucleic acids encoding all or part of a

xenogenous Ig gene which undergoes rearrangement and expresses more than one

xenogenous Ig molecule. Preferably, the nucleic acid encoding all or part of a

xenogenous Ig gene is substantially human. In other preferred embodiments, the nucleic

acid encodes a xenogenous antibody, such as a an antibody from another genus a

human antibody) or a polyclonal antibody. In various embodiments, the Ig chain or

antibody is expressed in serum. In other embodiments, the nucleic acid is contained

within a chromosome fragment, such as a AHAC or a AAHAC. In yet other

embodiments, the nucleic acid is maintained in an ungulate cell independently from the

host chromosome. In still other embodiments, the nucleic acid is integrated into a

chromosome of the ungulate. Preferably, the ungulate is a bovine, ovine, porcine, or

caprine.

The invention also provides cells obtained from any of the ungulates of the

invention or cells that are useful in the production of any of the ungulates of the

invention.

Accordingly, in another aspect, the invention features an ungulate somatic cell

having one or more nucleic acids encoding all or part of a xenogenous Ig gene that is

capable of undergoing rearrangement and expressing one or more xenogenous Ig

molecules in B cells. Preferably, the nucleic acid encoding all or part of a xenogenous

Ig gene encodes a xenogenous antibody. In various embodiments, the nucleic acid is

contained in a chromosome fragment, such as a AHAC or a AAHAC. In yet other

embodiments, the nucleic acid is maintained in an ungulate cell independently from the

host chromosome. In still other embodiments, the nucleic acid is integrated into a

chromosome of the cell. In another embodiment, the nucleic acid is substantially

human. Preferably, the xenogenous antibody is an antibody from another genus, such as

a human antibody. Preferably, the cell has a mutation in one or both alleles of an

endogenous nucleic acid encoding alpha-(1,3)-galactosyltransferase, prion protein,

and/or J chain. In other preferred embodiments, the cell has a nucleic acid encoding an

exogenous J chain, such as a human J chain. Exemplary ungulate cells include fetal

fibroblasts and B-cells. Preferably, the ungulate is a bovine, ovine, porcine, or caprine.
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In another aspect, the invention features an ungulate somatic cell having a

mutation in a nucleic acid encoding an Ig heavy and/or light chain. In preferred

embodiments, the cell has a mutation in one or both alleles of the IgM heavy chain or

the Ig light chain. Exemplary mutations include nonsense and deletion mutations.

Preferably, the cell has a mutation in one or both alleles of an endogenous nucleic acid

encoding alpha-(1,3)-galactosyltransferase, prion protein, and/or J chain. In other

preferred embodiments, the cell has a nucleic acid encoding an exogenous J chain, such

as a human J chain. In preferred embodiments, the cell also has one or more nucleic

acids encoding all or part of a xenogenous Ig gene that is capable of undergoing

rearrangement and expressing one or more xenogenous Ig molecules in B cells.

Preferably, the nucleic acids encoding all or part of a xenogenous Ig gene is substantially

human and/or encodes a xenogenous antibody, such as an antibody from another genus

a human antibody). In various embodiments, the nucleic acid is contained in a

chromosome fragment, whereby the nucleic acid is maintained in the ungulate cell

independently from the host chromosome. Preferred chromosome fragments include

AHAC and AAHAC. In yet other embodiments, the nucleic acid is maintained in an

ungulate cell independently from the host chromosome. In still other embodiments, the

nucleic acid is integrated into a chromosome of the cell. Exemplary ungulate cells

include fetal fibroblasts and B-cells. Preferably, the ungulate is a bovine, ovine, porcine,

or caprine.

In another aspect, the invention features a hybridoma formed from the fusion of

an ungulate B-cell of the invention with a myeloma cell. Preferably, the hybridoma

secretes an exogenous antibody, such as a human antibody.

The invention also provides methods for producing antibodies using an ungulate

of the invention. One such method involves administering one or more antigens of

interest to an ungulate having one or more nucleic acids encoding a xenogenous

antibody gene locus. The nucleic acid segments in the gene locus undergo

rearrangement resulting in the production of antibodies specific for the antigen, and the

antibodies are recovered from the ungulate. In various embodiments, the nucleic acid

encoding the xenogenous antibody gene locus is contained in a chromosome fragment,

such as a AHAC or a AAIIAC. Preferably, the chromosome fragment is maintained in

an ungulate cell independently from the host chromosome. In other embodiments, the

nucleic acid is integrated into a chromosome of the ungulate. Preferably, the nucleic
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acid is substantially human. In other preferred embodiments, the light chain of the

antibodies and/or the heavy chain of the antibodies is encoded by a human nucleic acid.

The antibodies may be monoclonal or polyclonal. Monoclonal and polyclonal

antibodies against particular antigen have a variety of uses; for example, they may be

used as ingredients in prophylactic or therapeutic compositions for infection of

pathogenic microorganisms such as bacteria or viruses. In various embodiments, the

antibodies are recovered from the serum or milk of the ungulate. In preferred

embodiments, the ungulate has a mutation that reduces the expression of an endogenous

antibody, that reduces the expression of functional IgM heavy chain, or that reduces the

expression of functional Ig light chain. Preferably, the ungulate has a mutation in one or

both alleles of an endogenous nucleic acid encoding alpha-(1,3)-galactosyltransferase,

prion protein, and/or J chain. In other preferred embodiments, the ungulate has a nucleic

acid encoding an exogenous J chain, such as a human J chain. Preferably, the ungulate

is a bovine, ovine, porcine, or caprine.

In a related aspect, the invention features another method of producing

antibodies. This method involves recovering xenogenous antibodies from an ungulate

having nucleic acid encoding a xenogenous antibody gene locus. The nucleic acid

segments in the gene locus undergo rearrangement resulting in the production of

xenogenous antibodies. In various embodiments, the nucleic acid encoding a

xenogenous antibody gene locus is contained in a chromosome fragment, such as a

AHAC or a AAHAC. In particular embodiments, the nucleic acid is maintained in an

ungulate cell independently from the host chromosome. In still other embodiments, the

nucleic acid is integrated into a chromosome of the ungulate. Preferably, the nucleic

acid is substantially human. In particular embodiments, the light chain of the antibodies

and/or the heavy chain of the antibodies is encoded by a human nucleic acid. The

antibodies may be monoclonal or polyclonal. In particular embodiments, polyclonal

antibodies, such as IgG antibodies generated without immunization of the ungulate with

a specific antigen, are used as a therapeutic substitute for IVIG (intraveneous

immunoglobulin) produced from human serum. In various embodiments, the antibodies

are recovered from the serum or milk of the ungulate. Preferably, the ungulate has a

mutation that reduces the expression of an endogenous antibody, reduces the expression

of functional IgM heavy chain, or reduces the expression of functional Ig light chain.

Preferably, the ungulate has a mutation in one or both alleles of an endogenous nucleic

-11-



WO 02/070648 PCT/US01/43128

acid encoding alpha-(l,3)-galactosyltransferase, prion protein, and/or J chain. In other

preferred embodiments, the ungulate has a nucleic acid encoding an exogenous J chain,

such as a human J chain. Preferably, the ungulate is a bovine, ovine, porcine, or caprine.

The invention also provides methods for producing transgenic ungulates. These

methods may be used to produce transgenic ungulates having a desired mutation or

having a desired xenogenous nucleic acid.

In one such aspect, the invention features a method of producing a transgenic

ungulate that involves inserting a cell, a chromatin mass from a cell, or a nucleus from a

cell into an oocyte. The cell includes a first mutation in an endogenous antibody heavy

chain and/or light chain nucleic acid. The oocyte or an embryo formed from the oocyte

is transferred into the uterus of a host ungulate under conditions that allow the oocyte or

the embryo to develop into a fetus. Preferably, the fetus develops into a viable

offspring. Preferably, the cell used in the production of the transgenic ungulate has a

mutation in one or both alleles of an endogenous nucleic acid encoding alpha-(1,3)-

galactosyltransferase, prion protein, and/or J chain. In other preferred embodiments, the

cell has a nucleic acid encoding an exogenous J chain, such as a human J chain. In other

embodiments, the cell includes one or more nucleic acids encoding all or part of a

xenogenous Ig gene that is capable of undergoing rearrangement and expressing one or

more xenogenous Ig molecules in B cells. Preferably, the nucleic acid encoding all or

part of a xenogenous Ig gene encodes a xenogenous antibody. In yet other

embodiments, the nucleic acid is integrated into a chromosome of the cell. Preferably,

the xenogenous antibody is an antibody from another genus, such as a human antibody.

In particular embodiments, the nucleic acid is contained in a chromosome fragment,

such as a AHAC or a AAHAC. In other particular embodiments, the chromosome

fragment is maintained in an ungulate cell independently from the host chromosome,

Preferably, the ungulate is a bovine, ovine, porcine, or caprine.

In various embodiments of the above aspect, the method also includes isolating a

cell from the embryo, the fetus, or an offspring produced from the fetus and introducing

a second mutation in an endogenous antibody heavy chain and/or light chain nucleic

acid in the cell. The cell, a chromatin mass from the cell, or a nucleus from the cell is

inserted into an oocyte, and the oocyte or an embryo formed from the oocyte is

transferred into the uterus of a host ungulate under conditions that allow the oocyte or

the embryo to develop into a fetus.
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In other embodiments of the above aspect, the cell used for generation of the

transgenic ungulate is prepared by a method that includes inserting into the cell a nucleic

acid having a cassette which includes a promoter operably linked to a nucleic acid

encoding a selectable marker and operably linked to one or more nucleic acids having

substantial sequence identity to the antibody heavy chain or light chain nucleic acid.

The cassette is integrated into one endogenous allele of the antibody heavy chain or light

chain nucleic acid.

In other embodiments, the cell is produced by inserting into the cell a nucleic

acid having a first cassette which includes a first promoter operably linked to a nucleic

acid encoding a first selectable marker and operably linked to a first nucleic acid having

substantial sequence identity to the antibody heavy chain or light chain nucleic acid.

The first cassette is integrated into a first endogenous allele of the antibody heavy chain

or light chain nucleic acid producing a first transgenic cell.

Into the first transgenic cell is inserted a nucleic acid having a second cassette

which includes a second promoter operably linked to a nucleic acid encoding a second

selectable marker and operably linked to a second nucleic acid having substantial

sequence identity to the antibody heavy chain or light chain nucleic acid. The second

selectable marker differs from the first selectable marker. The second cassette is

integrated into a second endogenous allele of the antibody heavy chain or light chain

nucleic acid producing a second transgenic cell.

In yet another aspect, the invention features another method of producing a

transgenic ungulate. This method involves inserting a cell having one or more

xenogenous nucleic acids into an oocyte. The xenogenous nucleic acid encodes all or

part of a xenogenous Ig gene, and the gene is capable of undergoing rearrangement and

expressing more than one xenogenous Ig molecule in B cells. The oocyte or an embryo

formed from the oocyte is transferred into the uterus of a host ungulate under conditions

that allow the oocyte or the embryo to develop into a fetus. Preferably, the fetus

develops into a viable offspring. Preferably, the nucleic acid encoding all or part of a

xenogenous Ig gene encodes a xenogenous antibody. In other preferred embodiments,

the antibody is a polyclonal antibody. In yet other preferred embodiments, the

immunogloblulin chain or antibody is expressed in serum and/or milk. In various

embodiments, the nucleic acid is contained in a chromosome fragment, such as a AHAC

or a AAHAC. The nucleic acid can be maintained in an ungulate cell independently
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from the host chromosome or integrated into a chromosome of the cell. Preferably, the

nucleic acid is substantially human. In other embodiments, the xenogenous antibody is

an antibody from another genus, such as a human antibody. Preferably, the ungulate is a

bovine, ovine, porcine, or caprine.

In yet another related aspect, the invention features another method of producing

a transgenic ungulate. This method involves inserting a cell, a chromatin mass from a

cell, or a nucleus from a cell into an oocyte. The cell includes a first mutation in an

endogenous gene that is not naturally expressed by the cell. The oocyte or an embryo

formed from the oocyte is transferred into the uterus of a host ungulate under conditions

that allow the oocyte or the embryo to develop into a fetus. Preferably, the fetus

develops into a viable offspring. Preferably, the gene that is mutated encodes an

antibody, alpha-(1,3)-galactosyltransferase, prion protein, or J chain. In another

preferred embodiment, the cell used in the production of the transgenic ungulate is a

fibroblast, such as a fetal fibroblast.

In various embodiments of the above method, the cell is prepared by inserting

into the cell a nucleic acid having a cassette which includes a promoter operably linked

to a nucleic acid encoding a selectable marker and operably linked to one or more

nucleic acids having substantial sequence identity to the gene; whereby the cassette is

integrated into one endogenous allele of the gene. In other embodiments, the cell is

produced by inserting into the cell a nucleic acid having a first cassette which includes a

first promoter operably linked to a nucleic acid encoding a first selectable marker and

operably linked to a first nucleic acid having substantial sequence identity to the gene.

The first cassette is integrated into a first endogenous allele of the gene producing a first

transgenic cell. Into the first transgenic cell is inserted a nucleic acid having a second

cassette which includes a second promoter operably linked to a nucleic acid encoding a

second selectable marker and operably linked to a second nucleic acid having substantial

sequence identity to the gene. The second selectable marker differs from the first

selectable marker. The second cassette is integrated into a second endogenous allele of

the gene producing a second transgenic cell.

In other embodiments of the above aspect, the method also includes introducing

a second mutation into the transgenic ungulate. In these embodiments, a cell is isolated

from the embryo, the fetus, or an offspring produced from the fetus, and a second

mutation is introduced in an endogenous gene in the cell. The cell, a chromatin mass
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from the cell, or a nucleus from the cell is inserted into an oocyte, and the oocyte or an

embryo formed from the oocyte is transferred into the uterus of a host ungulate under

conditions that allow the oocyte or the embryo to develop into a fetus.

The ungulates of the invention can be used to produce antiserum or milk

containing an antibody of interest. In one such aspect, the invention features ungulate

antiserum having polyclonal human immunoglobulins. Preferably, the antiserum is

from a bovine, ovine, porcine, or caprine. In another preferred embodiment, the Igs are

directed against a desired antigen.

In yet another aspect, the invention features ungulate milk having

polyclonal human Igs. Preferably, the milk is from a bovine, ovine, porcine, or caprine.

In another preferred embodiment, the Igs are directed against a desired antigen.

In preferred embodiments of various aspects of the invention, the heavy

chain is a mu heavy chain, and the light chain is a lambda or kappa light chain. In other

preferred embodiments, the nucleic acid encoding the xenogenous immunoglobulin

chain or antibody is in its unrearranged form. Preferably, an antigen of interest is

administered to a transgenic ungulate having the xenogenous immunoglobulin gene

locus and antibodies reactive with the antigen of interest are produced. In other

preferred embodiments, more than one class of xenogenous antibody is produced by the

ungulate. In various embodiments, more than one different xenogenous Ig or antibody

is produced by the ungulate. Preferred nuclear transfer methods include inserting a cell

of the invention, a chromatin mass from the cell, or a nucleus from the cell into an

enucleated or nucleated oocyte, and transferring the oocyte or an embryo formed from

the oocyte into the uterus of a host ungulate under conditions that allow the oocyte or

the embryo to develop into a fetus.

In other preferred embodiments of various aspects of the invention, the

ungulate has a mutation in one or both alleles of the endogenous alpha-(1,3)-

galactosyltransferase, prion, and/or J chain nucleic acid. Preferably, the mutation

reduces or eliminates the expression of the endogenous alpha-(1,3)-

galactosyltransferase enzyme, galactosyl(al,3)galactose epitope, prion protein, and/or J

chain. In still other preferred embodiments, the ungulate contains a xenogenous J chain

nucleic acid, such as a human J chain nucleic acid. Preferably, the ungulate produces

human IgA or IgM molecules containing human J chain. In various embodiments of

the invention, the
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nucleic acid used to mutate an endogenous ungulate nucleic acid a knockout

cassette which includes a promoter operably linked to a nucleic acid encoding a

selectable marker and operably linked to a nucleic acid having substantial sequence

identity to the gene to be mutated) is not contained in a viral vector, such as an

adenoviral vector or an adeno-associated viral vector. For example, the nucleic acid

may be contained in a plasmid or artificial chromosome that is inserted into an ungulate

cell, using a standard method such as transfection or lipofection that does not involve

viral infection of the cell. In yet another embodiment, the nucleic acid used to mutate an

endogenous ungulate nucleic acid a knockout cassette which includes a promoter

operably linked to a nucleic acid encoding a selectable marker and operably linked to a

nucleic acid having substantial sequence identity to the gene to be mutated) is contained

in a viral vector, such as an adenoviral vector or an adeno-associated viral vector.

According to this embodiment, a virus containing the viral vector is used to infect an

ungulate cell, resulting in the insertion of a portion or the entire viral vector into the

ungulate cell.

Exemplary ungulates include members of the orders Perissodactyla and

Artiodactyla, such as any member of the genus Bos. Other preferred ungulates include

sheep, big-horn sheep, goats, buffalos, antelopes, oxen, horses, donkeys, mule, deer, elk,

caribou, water buffalo, camels, llama, alpaca, pigs, and elephants. Preferably, the

transgenic ungulate expresses an immunoglobulin chain or antibody from another genus,

such as an antibody from any other mammal.

As used herein, by "a nucleic acid in its pre-arranged or unrearranged form" is

meant a nucleic acid that has not undergone V(D)J recombination. In preferred

embodiments, all of the nucleic acid segments encoding a V gene segment of an

antibody light chain are separated from all of the nucleic acid segments encoding a J

gene segment by one or more nucleotides. Preferably, all of the nucleic acid segments

encoding a V gene segment of an antibody heavy chain are separated from all of the

nucleic acid segments encoding a D gene segment by one or more nucleotides, and/or all

of the nucleic acid segments encoding a D gene segment of an antibody heavy chain are

separated from all of the nucleic acid segments encoding a J gene segment by one or

more nucleotides. Preferably, a nucleic acid in its unrearranged form is substantially

human. In other preferred embodiments, the nucleic acid is at least 70, 80, 90, 95, or
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99% identical to the corresponding region of a naturally-occurring nucleic acid from a

human.

In the claims which follow and in the preceding description of the
invention, except where the context requires otherwise due to express language or

necessary implication, the word "comprise" or variations such as "comprises" or
"comprising" is used in an inclusive sense, i.e. to specify the presence of the stated

features but not to preclude the presence or addition of further features in various

embodiments of the invention.

Brief Description of the Figures

Figure 1A contains an overview of the procedures used to produce a cow

that contains an Ig knockout and human artificial chromosome. The time line in Fig.

IA is based on an estimated 18 months to prepare the Ig knockout vector and generate

knockout cells, 2 months to generate fetuses from the knockout cells, 9 months to

perform subsequent knockouts, 9 months of gestation for calves to be born, 12 months
before embryos can be produced from calves, and 6 months to perform the HAC
transfers.

Figure 1B contains an overview of the methods used to produce a cow
that contains a mutation in an endogenous Ig gene and contains AHAC or AAHAC. For
the time line in Fig. 1 B, it is estimated that 250 colonies are screened per week for a

total of 3,000 colonies in 3 months to isolate male and female knockout cells. It is
assumed that one or more knockout colonies are produced per 1,500 colonies.

Homozygous knockout ungulates may be produced by introducing a second Ig
mutation in an isolated knockout cell before nuclear transfer, introducing a second
Ig mutation in a cell obtained from an embryo, fetus fetus at -60 gestation days),
or offspring produced from a first round of nuclear transfer and using the resulting
homozygous cell as the donor cell in a second round of nuclear transfer, or mating
hemizygous ungulates. In Figs. 1A and 1B, "Homo" denotes homozygous; "Hemi"
denotes hemizygous; denotes heavy chain; denotes light chain; "HAC" denotes
human artificial chromosome; "HAC 1" denotes either HAC; and "HAC2" denotes a
second HAC.

Figure 2A contains a mu (IgM heavy chain) knockout construct
according to the invention. Figure 2B is a restriction map of immunoglobulin loci from
a Holstein cattle.

Figures 3A and 3B contain schematic illustrations of construct
"pSTneoB" and "pLoxP-STneoB" that were used to produce the mu knockout DNA
construct, which is illustrated in Fig. 3C. Figure 3D is the polynucleotide sequence of
the 1.5 kb region of the genomic bovine mu heavy chain locus that was used as the first
region of homology in the mu knockout construct (SEQ ID NO:47). Figure 3E is the
polynucleotide sequence of the 3.1 kb region of the genomic bovine mu heavy chain
locus that was used
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as the second region of homology in the mu knockout construct construct (SEQ ID NO:

48). In this sequence, each represents any nucleotide or no nucleotide. The region

of consecutive nucleotides represents an approximately 0.9 to 1.0 kb region for

which the polynucloetide sequence has not been determined. Figure 3F is a schematic

illustration of a puromycin resistant, bovine mu heavy chain knockout construct. Figure

3G is the polynucleotide sequence of a bovine kappa light chain cDNA (SEQ ID NO:

All or part of this sequence may be used in a kappa light chain knockout construct.

Additionally, this kappa light chain may be used to isolate a genomic kappa light chain

sequence for use in a kappa light chain knockout construct.

Figure 4 is a schematic illustration of the construction of AHAC and AAHAC.

Figure 5 is a picture of an agarose gel showing the presence of genomic DNA

encoding human heavy and light chains in AHAC fetuses.

Figure 6 is a picture of an agarose gel showing the expression of human Cmu

exons 3 and 4 in a AHAC fetus at 77 gestational days (fetus #5996).

Figure 7 is a picture of an agarose gel showing the rearrangement of endogenous

bovine heavy chain in AHAC fetus #5996

Figure 8 is a picture of an agarose gel showing the expression of rearranged

human heavy chain in AHAC fetus #5996.

Figure 9 is a picture of an agarose gel showing the expression of the spliced

constant region from the human heavy chain locus in AHAC fetus #5996

Figure 10 is a picture of an agarose gel showing the expression of rearranged

human heavy chain in AHAC fetus #5996.

Figure 11A is the polynucleotide sequence of a rearranged human heavy chain

transcript from AHAC fetus #5996 (SEQ ID NO: 49). Figure 11B is a sequence

alignment of a region of this sequence ("Query") with a human anti-pneumococcal

antibody ("Sbjct") (SEQ ID NOs: 50 and 51, respectively). For the query sequence from

AHAC fetus #5996, only those nucleotides that differ from the corresponding

nucleotides of the human anti-pneumococcal antibody sequence are shown.

Figures 12A and 12B are two additional polynucleotide sequences (SEQ ID

NOs: 52 and 54) and their deduced amino acid sequences (SEQ ID NOs: 53 and 

respectively) of rearranged human heavy chain transcripts from AHAC fetus #5996.

Figure 13 is a picture of an agarose gel demonstrating that AAHAC fetus #5580

contains both human heavy and light chain immunoglobulin loci.
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Figure 14 is a picture of an agarose gel demonstrating that AAHAC fetuses

#5442A, and 5442B contain both human heavy and light chain loci.

Figure 15 is a picture of an agarose gel showing the expression of the spliced mu

constant region from the human heavy chain locus in AAHAC fetus #5542A.

Figure 16 is a picture of an agarose gel showing the rearrangement and

expression of the human heavy chain locus in AAHAC fetus #5868A.

Figure 17 is a picture of an agarose gel showing rearrangement and expression of

the human Ig lambda locus in AAHAC fetuses #5442A and 5442B.

Figure 18 is a picture of an agarose gel showing rearrangement and expression of

the human Ig lambda locus in AAHAC fetus #5442A.

Figure 19 is a picture of an agarose gel showing rearrangement and expression of

the human Ig lambda locus in AAHAC fetus #5868A.

Figure 20 is a polynucleotide sequence and the corresponded deduced amino acid

sequence of a rearranged human light chain transcript from AAHAC fetus #5442A (SEQ

ID NOs: 56 and 57, respectively).

Figure 21 is another polynucleotide sequence and the corresponding deduced

amino acid sequence of a rearranged human light chain transcript from AAHAC fetus

#5442A (SEQ ID NOs: 58 and 59, respectively).

Figures 22A-22H are graphs of a FACS analysis of expression of human lambda

light chain and bovine heavy chain proteins by AAHAC fetuses #5442A (Figs. 22A-

22D) and 5442B (Figs. 22E-22H). Lymphocytes from the spleens of these fetuses were

reacted with a phycoerytherin labeled anti-human lambda antibody (Figs. 22C and 22D),

a FITC labeled anti-bovine IgM antibody (Figs. 22D and 221-1), or no antibody (Figs.

22A, 22B, (22E, and 22F) and then analyzed on a FASCalibur cell sorter. The percent

of cells that were labeled with one of the antibodies is displayed beneath each histogram.

Figure 23 is a schematic illustration of the a-(1,3)-galactosyltransferase

knockout vector used to insert a puromycin resistance gene and a transcription

termination sequence into the endogenous a-(1,3)-galactosyltransferase gene in bovine

cells.

Figure 24 is a schematic illustration of a BamHI-XhoI fragment containing exons

2, 3, and 4 that was used as a backbone for the AAV targeting vector. A neomycin

resistance marker was used for insertional mutagenesis of the locus by insertion into
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exon 4. The location of the annealing sites for the PCR primers that were used for

subsequent confirmation of appropriate targeting is indicated.

Figure 25 is a schematic illustration of the construction of an adeno-associated

viral construct designed to remove endogenous bovine IgH sequence.

Figure 26 is a picture of an agarose gel showing the PCR analysis of individually

transduced clones for appropriate targeting events. The vector used in this experiment is

shown in Fig. 24. PCR products indicative of appropriate targeting are marked with

asterisks.

Figure 27 is table listing pregnancy rates for HAC carrying embryos.

Detailed Description of the Invention

As discussed above, the present invention relates to the production of a

transgenic ungulate, preferably a transgenic cow, wherein endogenous Ig expression has

optionally been knocked out and a nucleic acid (preferably, an artificial chromosome)

has been stably introduced that comprises genes which are necessary for the production

of functional antibodies of another species, preferably human. Thereby, a transgenic

animal may be obtained that does not produce its endogenous antibodies, but which

instead produces antibodies of another species. Any non-endogenous antibodies may be

produced including, without limitation, human, non-human primate, dog, cat, mouse, rat,

or guinea pig antibodies. While the production of human monoclonal antibodies in

goats has been previously reported, this has not been effected in cows, in serum or in

any ungulate that do not express its endogenous antibodies. Furthermore, the insertion

of germline (unrearragned) heavy or light chain genes, the rearrangement of these genes

and the expression of diversified antibody have not been performed in a transgenic

ungulate. It is unpredictable whether such ungulates would survive because it is

uncertain whether human Igs will be functionally expressed, or expressed in sufficient

amounts to provide for adequate immune responses. Also, it is uncertain whether human

chromosomes will be stably maintained in transgenic ungulates. Still further, it is

uncertain whether that ungulate (for example, bovine) B cells will be able to express or

properly rearrange human or other non-endogenous Igs.

In a preferred embodiment of the present approach, xenogenous immunoglobulin

production is accomplished essentially by the combined use of nuclear transfer,

homologous recombination techniques, and the introduction of artificial chromosomes
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carrying entire xenogenous Ig loci. More specifically, the process preferably involves

the targeted disruption of one or both alleles of the IgM heavy chain gene, and

optionally one or both alleles of the Ig light chain gene, although xenogenous antibody

production can also be accomplished in wild-type animals animals without Ig

knock outs). Gene knock outs may be effected by sequential homologous

recombination, then another mating procedure. In a preferred embodiment, this is

effected by initially effecting targeted disruption of one allele of the IgM heavy chain

gene of a male or female ungulate (for example, bovine) fetal fibroblast in tissue culture

using a suitable homologous recombination vector. The use of fetal fibroblasts is

preferred over some other somatic cells as these cells are readily propagated and

genetically manipulated in tissue culture. However, the use of fetal fibroblasts is not

essential to the invention, and indeed other cell lines may be substituted therefor with

equivalent results.

This process, of course, entails constructing a DNA construct having regions of

homology to the targeted IgM heavy chain allele such that the construct upon integration

into an IgM heavy chain allele in the ungulate genome disrupts the expression thereof.

An exemplary vector for carrying out such targeted disruption of an IgM allele is

described in the example which follows. In this regard, methods for constructing vectors

that provide for homologous recombination at a targeted site are well known to those

skilled in the art. Moreover, in the present instance, the construction of a suitable vector

is within the level of skill in the art, given especially that the sequence of the bovine IgM

heavy chain and Ig lambda light chain genes are known, as are the sequences of

immunoglobulon genes from other ungulates (see below) In order to facilitate

homologous recombination, the vectors used to effect homologous recombination and

inactivation of the IgM gene, respectively, comprise portions of DNA that exhibit

substantial sequence ideritity to the ungulate IgM heavy and Ig light chain genes.

Preferably, these sequences possessing at least 98% sequence identity, more preferably,

at least 99% sequence identity, and still more preferably will be isogenic with the

targeted gene loci to facilitate homologous recombination and targeted deletion or

inactivation.

Typically, and preferably the construct will comprise a marker gene that provides

for selection of desired homologous recombinants, for example, fibroblast cells, wherein

the IgM heavy chain gene and/or Ig light chain gene has been effectively disrupted.
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Exemplary marker genes include antibiotic resistance markers, drug resistance markers,

and green fluorescent protein, among others. A preferred construct is shown in Fig. 2A

and starting materials used to make this construct in Figs. 3A and 3B. Other constructs

containing two regions of homology to an endogenous immunoglobulin gene, which

flank a positive selection marker an antibiotic resistance gene) that is operably

linked to a promoter, may be generated using standard molecular biology techniques and

used in the methods of the present invention.

The mu knockout construct shown in Figs. 2A and 3C was designed to remove

the exons encoding the bovine immunoglobulin heavy chain constant region, designated

as "C-mu exons 1-4" and the two exons encoding the transmembrane domain,

designated "TM exons".

To construct this vector, the region designated as an Xbal-Xhol fragment

from the genomic mu heavy chain bovine sequence, was subcloned into the commercial

DNA vector, pBluescript (Stratagene, LaJolla, California), previously cut with the

enzymes XbaI and XhoI. Once this fragment was cloned, there was a NotI restriction

enzyme recognition sequence adjacent to the Xbal site, used to insert a NotI fragment of

approximately 3.5 Kb. This fragment contains a neomycin resistance marker, described

further below. If desired, other mu knock out constructs may be constructed using the

genomic mu heavy chain sequence from another ungulate breed, species, or genus 

the mu heavy chain sequence deposited as Genbank accession number U63637 from a

Swiss Bull/Holstein cross)

Once fragment and the neomycin resistance marker were joined together into

pBluescript, there remained a Sad site adjacent to the neomycin resistance marker. The

new construct was linearized with Sad and converted to a blunt end by filling in the

sticky ends left from the Sad digest, using DNA polymerase.

The fragment designated was isolated as an XhoI-BstI1071 fragment and

converted to a blunt-ended fragment by filling in the sticky ends left from the Xhol and

BstI1071 enzymes, using DNA polymerase.

Once finished, the final construct contained region 2, the neomycin resistance

marker and region 1, respectively.

For transfection of bovine fibroblasts, the construct was digested with the

restriction enzyme, Kpnl (two Kpnl sites are shown in the diagram) and the DNA

fragment was used for homologous recombination.
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The neomycin resistance construct was assembled as follows. A construct

designated "pSTneoB" (Katoh et al., Cell Struct. Funct. 12:575, 1987; Japanese

Collection of Research Biologicals (JCRB) deposit number: VE039) was designed to

contain a neomycin resistance gene under the control of an SV40 promoter and TK

enhancer upstream of the coding region. Downstream of the coding region is an 

terminator sequence. The neo cassette was excised from "pSTneoB" as a XhoI

fragment. After the ends of the fragment were converted to blunt ends using standard

molecular biology techniques, the blunt ended fragment was cloned into the EcoRV site

in the vector, pBS246 (Gibco/Life Technologies). This site is flanked by loxP sites.

The new construct, designated "pLoxP-STNeoR", was used to generate the mu knockout

DNA construct. The desired fragment of this construct is flanked by loxP sites and NotI

sites, which were originally present in the pBS246 cloning vector. The desired NotI

fragment, which contains loxP-neo-loxP, was used for replacement of the

immunoglobulin mu constant region exons. The SV40 promoter operably linked to the

neomycin resistance gene activates the transcription of the neomycin resistance gene,

allowing cells in which the desired NotI fragment has replaced the mu constant region

exons to be selected based on their resulting antibiotic resistance.

After a cell line is obtained in which the IgM heavy chain allele has been

effectively disrupted, it is used as a nuclear transfer donor to produce a cloned ungulate

fetus (for example, a cloned bovine fetus) and eventually a fetus or animal wherein one

of the IgM heavy alleles is disrupted. Thereafter, a second round of gene targeted

disruption can be effected using somatic cells derived therefrom, fibroblasts, in

order to produce cells in which the second IgM heavy chain allele is inactivated, using a

similar vector, but containing a different selectable marker.

Preferably, concurrent to the first targeted gene disruption, a second ungulate (for

example, bovine) somatic cell line is also genetically modified, which similarly may be

of male or female origin. If the first cell line manipulated is male, it is preferable to

modify a female cell line; vice versa if the first cell line manipulated is female, it is

preferable to select a male cell line. Again, preferably, the manipulated cells comprise

ungulate (for example, bovine) fetal fibroblasts.

In a preferred embodiment, the female fetal fibroblast is genetically modified so

as to introduce a targeted disruption of one allele of the Ig lambda light chain gene. This

method similarly is carried out using a vector having regions of homology to the
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ungulate (for example, bovine) Ig lambda light chain, and a selectable marker, which

DNA construct is designed such that upon integration and homologous recombination

with the endogenous Ig light chain results in disruption (inactivation) of the targeted Ig

lambda light gene.

Once a female fibroblast cell line is selected having the desired targeted

disruption, it similarly is utilized as a donor cell for nuclear transfer or the DNA from

such cell line is used as a donor for nuclear transfer.

Alternatively, this cell may be subjected to a second round of homologous

recombination to inactivate the second Ig lambda light chain using a similar DNA

construct to that used to disrupt the first allele, but containing a different selectable

marker.

As discussed in the background of the invention, methods for effecting nuclear

transfer, and particularly for the production of cloned bovines and cloned transgenic

bovines have been reported and are described in U.S. patent 5995577 issued to Stice et

al. and assigned to University of Massachusetts. Still, alternatively the nuclear transfer

techniques disclosed in WO 95/16670; WO 96/07732; WO 97/0669; or WO 97/0668,

(collectively, Roslin Methods) may be used. The Roslin methods differ from the

University of Massachusetts techniques in that they use quiescent rather than

proliferating donor cells. All of these patents are incorporated by reference herein in

their entirety. These nuclear transfer procedures will produce a transgenic cloned fetus

which can be used to produce a cloned transgenic bovine offspring, for example, an

offspring which comprises a targeted disruption of at least one allele of the Ig light chain

gene and/or IgM gene. After such cell lines have been created, they can be utilized to

produce a male and female heavy and light chain hemizygous knockout (M and F Hemi

H/L) fetus and offspring. Moreover, these techniques are not limited to use for the

production of transgenic bovines; the above techniques may be used for nuclear transfer

of other ungulates as well.

Following nuclear transfer, production of desired animals may be affected either

by mating the ungulates or by secondary gene targeting using the homologous targeting

vector previously described.

As noted previously, a further object of the invention involves creating male and

female heavy and light chain hemizygous knockouts wherein such hemizygous

knockouts are produced using the cell lines already described. This may be affected
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either by mating of the offspring produced according to the above described methods,

wherein an offspring which comprises a disrupted allele of the IgM heavy chain gene is

mated with another offspring which comprises a disrupted allele of the Ig light chain.

Alternatively, this may be affected by secondary gene targeting by manipulating a cell

which is obtained from an offspring produced according to the above-described

procedures. This will comprise effecting by homologous recombination targeted

disruption of an allele of the IgM heavy chain gene or allele of the Ig light chain. After

a cell line is produced which comprises a male and female heavy and light chain

hemizygous knockout (M and F Hemi H/L) it will be used to produce a fetus or calf

which comprises such a knockout. As noted, this is effected either by mating or

secondary gene targeting.

Once the male and female heavy and light chain hemizygous knockouts are

obtained, cells from these animals may be utilized to create homozygous knockout

(Homo H/L) fetuses. Again, this is affected either by sequential gene targeting or

mating. Essentially, if affected by mating, this will involve mating the male heavy and

light chain hemizygous knockout with a female heavy and light chain hemizygous

knockout and selection of an offspring which comprises a homozygous knockout.

Alternatively, the cells from the hemizygous knockout described above may be

manipulated in tissue culture, so as to knock out the other allele of the IgM or Ig light

chain (lambda) gene. Secondary gene targeting may be preferred to mating as this may

provide for more rapid results, especially given that the gestation period of ungulates,

such as bovines, is relatively long.

Once homozygous knockouts (Homo H/L) have been obtained, they are utilized

for introduction of a desired nucleic acid which contains genes (preferably, entire gene

loci) for producing antibodies of a particular species, such as a human. Preferably,

human artificial chromosomes are used, such as those disclosed in WO 97/07671 (EP

0843961) and WO00/10383 (EP 1106061). These human artificial chromosomes also

are described in a corresponding issued Japanese patent JP 30300092. Both of these

applications are incorporated by reference in their entirety herein. Also, the construction

of artificial human chromosomes that contain and express human immunoglobulin genes

is disclosed in Shen et al., Hum. Mol. Genet. 6(8):1375-1382 (1997); Kuroiwa et al.,

Nature Biotechnol. 18(10):1086-1090 (2000); and Loupert et al., Chromosome

107(4):255-259 (1998), all of which are incorporated by reference in their entirety
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herein. Human artificial chromosomes may also be utilized to introduce xenogenous

antibody genes into wild-type animal cells; this is accomplished using the methods

described above. Introduction of artificial chromosome into animal cells, especially

fetal fibroblast cells can be performed by microcell fusion as described herein.

In an alternative to the use of human artificial chromosome, nucleic acid

encoding immunoglobulin genes may be integrated into the chromosome using a YAC

vector, BAC vector, or cosmid vector. Vectors comprising xenogenous Ig genes

(WO98/24893, W096/33735, WO 97/13852, W098/24884) can be introduced to fetal

fibroblasts cells using known methods, such as electroporation, lipofection, fusion with a

yeast spheroplast comprising a YAC vector, and the like. Further, vectors comprising

xenogenous Ig genes can be targeted to the endogenous Ig gene loci of the fetal

fibroblast cells, resulting in the simultaneous introduction of the xenogenous Ig gene and

the disruption of the endogenous Ig gene.

Integration of a nucleic acid encoding a xenogenous immunoglobulin gene may

also be carried out as described in the patents by Lonberg et al. (supra). In the

"knockin" construct used for the insertion of xenogenous immunoglobulin genes into a

chromosome of a host ungulate, one or more immunoglobulin genes and an antibiotic

resistance gene may be operably-linked to a promoter which is active in the cell type

transfected with the construct. For example, a constitutively active, inducible, or tissue

specific promoter may be used to activate transcription of the integrated antibiotic

resistance gene, allowing transfected cells to be selected based on their resulting

antibiotic resistance. Alternatively, a knockin construct in which the knockin cassette

containing the Ig gene(s) and the antibiotic resistance gene is not operably-linked to a

promoter may be used. In this case, cells in which the knockin cassette integrates

downstream of an endogenous promoter may be selected based on the resulting

expression of the antibiotic resistance marker under the control of the endogenous

promoter. These selected cells may be used in the nuclear transfer procedures described

herein to generate a transgenic ungulate containing a xenogenous immunoglobulin gene

integrated into a host chromosome.

Using similar methodologies, it is possible to produce and insert artificial

chromosomes containing genes for expression of Ig of different species such as dog, cat,

other ungulates, non-human primates among other species. As discussed above, and as
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known in the art, immunoglobulin genes of different species are well known to exhibit

substantial sequence homology across different species.

Once it has been determined that the inserted artificial chromosome, for example,

a human artificial chromosome, has been stably introduced into a cell line, a bovine

fetal fibroblast, it is utilized as a donor for nuclear transfer. This may be determined by

PCR methods. Similarly, animals are obtained which comprise the homozygous

knockout, and further comprise a stably introduced nucleic acid, such as a human

artificial chromosome. After calves have been obtained which include the stably

incorporated nucleic acid (for example, human artificial chromosome), the animals are

tested to determine whether they express human Ig genes in response to immunization

and affinity maturation.

Modifications of the overall procedure described above may also be performed.

For example, xenogenous Ig genes may be introduced first and than endogenous Ig

genes may be inactivated. Further, an animal retaining xenogenous Ig genes may be

mated with an animal in which an endogenous Ig gene is inactivated. While the

approaches to be utilized in the invention have been described above, the techniques that

are utilized are described in greater detail below. These examples are provided to

illustrate the invention, and should not be construed as limiting. In particular, while

these examples focus on transgenic bovines, the methods described may be used to

produce and test any transgenic ungulate.

Knockout Procedures to Produce Transgenic Ungulates

That Express Human Is

As discussed above, the present invention relates to the production of Homo H/L

fetuses or calves. The approach is summarized in Fig. 1. There are three schemes

outlined therein. The first relies on successive knockouts in regenerated fetal cell lines.

This approach is the technically most difficult and has the highest level of risk but as

noted above potentially yields faster results than breeding approaches. The other two

schemes rely on breeding animals. In the second scheme, only single knockouts of heavy

and light chain genes are required in male and female cell lines, respectively. This

scheme does not rely on regeneration of cell lines and is technically the simplest

approach but takes the longest for completion. Scheme 3 is an intermediate between

schemes 1 and 2. In all schemes only Homo H/L fetuses are generated because of
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potential difficulties in survival and maintenance of Homo H/L knockout calves. If

necessary, passive immunotherapy can be used to increase the survival of Homo H/L

knockout calves.

Experimental Design The present invention preferably involves the production

of a hemizygous male heavy chain knockout (M Hemi H) and a hemizygous female light

chain knockout (F Hemi L) and the production of 40 day fetuses from these targeted

deletions. The cells from the embryos are harvested, and one allele of the light locus is

targeted in the M Hemi H cells and one allele of the heavy chain locus is targeted in the

F Hemi L cells resulting in cells with hemizygous deletions of both the H and L loci

(Hemi These cells are used to derive 40 day fetuses from which fibroblasts are

isolated.

The M Hemi H/L fibroblasts are targeted with the other H chain allele to create

M Homo H/Hemi L, and the F Hemi H/L are targeted with the other L chain allele to

create F Homo L/Hemi H. In order to create homozygous deletions, higher drug

concentrations are used to drive homozygous targeting. However, it is possible that this

approach may not be successful and that breeding may be necessary. An exemplary

strategy which relies on cre/lox targeting of the selection cassette allows the same

selective systems to be used for more than one targeted deletion. These fibroblasts are

cloned and 40 day fetuses harvested and fibroblast cells isolated. The fetal cells from

this cloning are targeted to produce homozygous deletions of either the H or L loci

resulting in M Homo H/L and F Homo H/L fetal fibroblasts. These fibroblasts are cloned

and 40 day fetuses derived and fibroblasts isolated. The Homo H/L fetal fibroblasts are

then used for incorporation of the HAC optionally by the use of breeding procedures.

Library Construction Fetal fibroblast cells are used to construct a genomic

library. Although it is reported to be significant that the targeting construct be isogenic

with the cells used for cloning, it is not essential to the invention. For example,

isogenic, substantially isogenic, or nonisogenic constructs may be used to produce a

mutation in an endogenous immunoglobulin gene. In one possible method, Holstein

cattle, which genetically contain a high level of inbreeding compared to other cattle

breeds, are used. We have not detected any polymorphisms in immunoglobulin genes
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among different animals. This suggests that sequence homology should be high and that

targeting with nonisogenic constructs should be successful.

A library is constructed from one male cell line and one female cell line at the

same time that the "clonability" testing is being conducted. It is envisioned that at the

end of the process, a library will be produced and a number of different fetal cell lines

will be tested and one cell line chosen as the best for cloning purposes.

Genomic libraries are constructed using high molecular weight DNA isolated from the

fetal fibroblast cells. DNA is size fractionated and high molecular weight DNA between

20-23 Kb is inserted into the lambda phage vector LambdaZap or LambdaFix. The

inventors have had excellent success with Stratagene prepared libraries. Therefore,

DNA is isolated and the size selected DNA is sent to Stratagene for library preparation.

To isolate clones containing bovine heavy and light chains, radiolabeled IgM cDNA and

radiolabeled light chain cDNA is used. Additionally, light chain genomic clones are

isolated in case it is necessary to delete the locus. Each fetal cell library is screened for

bovine heavy and light chain containing clones. It is anticipated that screening

approximately 10s 106 plaques should lead to the isolation of clones containing either

the heavy chain or light chain locus. Once isolated, both loci are subcloned into

pBluescript and restriction mapped. A restriction map of these loci in Holsteins is

provided in Fig. 2B (Knight et al. J Immunol 140(10):3654-9, 1988). Additionally, a

map from the clones obtained is made and used to assemble the targeting construct.

Production of Targeting Constructs Once the heavy and light chain genes are

isolated, constructs are made. The IgM construct is made by deleting the IgM constant

region membrane domain. As shown by Rajewsky and colleagues in mice, deletion of

the membrane domain of IgM results in a block in B cell development since surface IgM

is a required signal for continued B cell development (Kitamura et al., Nature 350:423-

Thus homozygous IgM cattle lack B cells. This should not pose a problem since in

the present strategy no live births of animals lacking functional Ig are necessary.

However, if necessary, passive immunotherapy may be used to improve the survival of

the animals until the last step when the human Ig loci are introduced.

An exemplary targeting construct used to effect knockout of the IgM heavy chain

allele is shown below in Fig. 2A. For the heavy chain, the membrane IgM domain is

replaced with a neomycin cassette flanked by lox P sites. The attached membrane
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domain is spliced together with the neo cassette such that the membrane domain has a

TAG stop codon inserted immediately 5' to the lox P site ensuring that the membrane

domain is inactivated. This is placed at the 5' end of the targeting construct with

approximately 5-6 kilobases of 3' chromosomal DNA.

If increasing drug concentrations does not allow deletion of the second allele of

either IgM heavy or light chains, the cre/lox system (reviewed in Sauer, 1998, Methods

14:381-392) is used to delete the selectable marker. As described below, the cre/lox

system allows the targeted deletion of the selectable marker. All selectable markers are

flanked with loxP sequences to facilitate deletion of these markers if this should be

necessary.

The light chain construct contains the bovine lambda chain constant region 

the lambda light chain constant region found in Genbank accession number AF396698

or any other ungulate lambda light chain constant region) and a puromycin resistance

gene cassette flanked by lox P sites and will replace the bovine gene with a puromycin

cassette flanked by lox P sites. Approximately 5-6 kilobases of DNA 3' to the lambda

constant region gene will be replaced 3' to the puromycin resistance gene. The

puromycin resistance gene will carry lox P sites at both 5' and 3' ends to allow for

deletion if necessary. Due to the high degree of homology between ungulate antibody

genes, the bovine lambda light chain sequence in Genbank accession number AF396698

is expected to hybridize to the genomic lambda light chain sequence from a variety of

ungulates and thus may be used in standard methods to isolate various ungulate lambda

light chain genomic sequences. These genomic sequences may be used in standard

methods, such as those described herein, to generate knockout constructs to inactivate

endogenous lambda light chains in any ungulate.

A kappa light chain knockout construct may be constructed similarly using the

bovine kappa light chain sequence in Fig. 3G or any other ungulate kappa light chain

sequence. This bovine kappa light chain may be used as a hybridization probe to isolate

genomic kappa light chain sequences from a variety of ungulates. These genomic

sequences may be used in standard methods, such as those described herein, to generate

knockout constructs to inactivate endogenous kappa light chains in any ungulate.

Additional ungulate genes may be optionally mutated or inactivated. For

example, the endogenous ungulate Ig J chain gene may be knocked out to prevent the

potential antigenicity of the ungulate Ig J chain in the antibodies of the invention that are
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administered to humans. For the construction of the targeting vector, the cDNA

sequence of the bovine Ig J chain region found in Genbank accession number U02301

may be used. This cDNA sequence may be used as a probe to isolate the genomic

sequence of bovine Ig J chain from a BAC library such as RPC1-42 (BACPAC in

Oakland, CA) or to isolate the genomic sequence of the J chain from any other ungulate.

Additionally, the human J chain coding sequence may be introduced into the ungulates

of present invention for the functional expression of human IgA and IgM molecules.

The cDNA sequence of human J chain is available from Genbank accession numbers

AH002836, M12759, and M12378. This sequence may be inserted into an ungulate

fetal fibroblast using standard methods, such as those described herein. For example,

the human J chain nucleic acid in a HAC, YAC vector, BAC vector, cosmid vector, or

knockin construct may be integrated into an endogenous ungulate chromosome or

maintained independently of endogenous ungulate chromosomes. The resulting

transgenic ungulate cells may be used in the nuclear transfer methods described herein to

generate the desired ungulates that have a mutation that reduces or eliminates the

expression of functional ungulate J chain and that contain a xenogenous nucleic acid that

expresses human J chain.

Additionally, the ungulate c-(1,3)-galactosyltransferase gene may be mutated to

reduce or eliminate expression of the galactosyl(a 1,3)galactose epitope that is produced

by the ca-(l,3)-galactosyltransferase enzyme. If human antibodies produced by the

ungulates of the present invention are modified by this carbohydrate epitope, these

glycosylated antibodies may be inactivated or eliminated, when administered as

therapeutics to humans, by antibodies in the recipients that are reactive with the

carbohydrate epitope. To eliminate this possible immune response to the carbohydrate

epitope, the sequence of bovine alpha-(1,3)-galactosyltransferase gene may be used to

design a knockout construct to inactive this gene in ungulates (Genbank accession

number J04989; Joziasse et al., J. Biol. Chem. 264(24):14290-7, 1989). This bovine

sequence or the procine alpha-(1,3)-galactosyltransferase sequence disclosed in U.S.

patents 6,153,428 and 5,821,117 may be used to obtain the genomic alpha-(1,3)-

galactosyltransferase sequence from a variety of ungulates to generate other ungulates

with reduced or eliminated expression of the galactosyl(al,3)galactose epitope.
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If desired, the ungulate prion gene may be mutated or inactivated to reduce the

potential risk of an infection such as bovine spongiform encephalopathy (BSE). For the

construction of the targeting vector, the genomic DNA sequence of the bovine prion

gene may be used (Genbank accession number AJ298878). Alternatively, this genomic

prion sequence may be used to isolate the genomic prion sequence from other ungulates.

The prior gene may be inactivated using standard methods, such as those described

herein or those suggested for knocking out the alpha-(1,3)-galactosyltransferase gene or

prion gene in sheep (Denning et al., Nature Biothech., 19: 559-562, 2001).

For targeting die second allele of each locus, it may be necessary to assemble a

new targeting construct containing a different selectable marker, if the first selectable

marker remains in the cell. As described in Table 1, a variety of selection strategies are

available and may be compared and the appropriate selection system chosen. Initially,

the second allele is targeted by raising the drug concentration (for example, by doubling

the drug concentration). If that is not successful, a new targeting construct may be

employed.

The additional mutations or the gene inactivation mentioned above may be

incorporated into the ungulates of the present invention using various methodologies.

Once a transgenic ungulate cell line is generated for each desired mutation,

crossbreeding may be used to incorporate these additional mutations into the ungulates

of the present invention. Alternatively, fetal fibroblast cells which have these additional

mutations can be used as the starting material for the knockout of endogenous Ig genes

and/or the introduction ofxenogenous Ig genes. Also, fetal fibroblast cells having a

knockout mutation in endogenous Ig genes and/or containg xenogenous Ig genes can be

uses as a starting material for these additional mutations or inactivations.

Targeted Deletion of Ig Loci Targeting constructs are introduced into embryonic

fibroblasts, by electroporation. The cells which incorporate the targeting vector are

selected by the use of the appropriate antibiotic. Clones that are resistant to the drug of

choice will be selected for growth. These clones are then subjected to negative selection

with gancyclovir, which will select those clones which have integrated appropriately.

Alternatively, clones that survive the drug selection are selected by PCR. It is estimated

that it will be necessary to screen at least 500-1000 clones to find an appropriately

targeted clone. The inventors' estimation is based on Kitamura (Kitamura et al., Nature
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350:423-6, 1991) who found that when targeting the membrane domain of IgM heavy

chain constant region approximately 1 in 300 neo resistant clones were properly

targeted. Thus, it is proposed to pool clones into groups of 10 clones in a 96 well plate

and screen pools of 10 clones for the targeted clones of choice. Once a positive is

identified, single clones isolated from the pooled clone will be screened. This strategy

should enable identification of the targeted clone.

Because fibroblasts move in culture it is difficult to distinguish individual clones

when more than approximately ten clones are produced per dish. Further, strategies may

be developed for clonal propagation with high efficiency transfection. Several

reasonable strategies, such as dilution cloning, may be used.

Cre/Lox Excision of the Drug Resistance Marker As shown above, exemplary

targeting constructs contain selectable markers flanked by loxP sites to facilitate the

efficient deletion of the marker using the cre/lox system. Fetal fibroblasts carrying the

targeting vector are transfected via electroporation with a Cre containing plasmid. A

recently described Cre plasmid that contains a GFPcre fusion gene [Gagneten S. et al.,

Nucleic Acids Res 25:3326-31 (1997)] may be used. This allows the rapid selection of all

clones that contain Cre protein. These cells are selected either by FACS sorting or by

manual harvesting of green fluorescing cells via micromanipulation. Cells that are green

are expected to carry actively transcribed Cre recombinase and hence delete the drug

resistance marker. Cells selected for Cre expression are cloned and clones analyzed for

the deletion of the drug resistance marker via PCR analysis. Those cells that are

determined to have undergone excision are grown to small clones, split and one aliquot

is tested in selective medium to ascertain with certainty that the drug resistance gene has

been deleted. The other aliquot is used for the next round of targeted deletion.

-33-



WO 02/070648 PCT/US01/43128

Table 1: Selectable markers and drugs for selection

Gene Drug

Neor G4181

Hph Hygromycin B 2

Puro Puromycin 3

Ecogpt Mycophenolic acid4

Bsr Blasticidin S

HisD Histidinol6

DT-A Diphtheria toxin7

1Southern PJ, Berg P. 1982. Transformation of mammalian cells to antibiotic

resistance with a bacterial gene under control of the SV40 early region promoter. J Mol

AppI Genet 1:327-41.
2 Santerre RF, Allen NE, Hobbs JN Jr, Rao RN, Schmidt RJ. 1984. Expression of

prokaryotic genes for hygromycin B and G418 resistance as dominant-selection markers

in mouse L cells. Gene 30:147-56.
3Wirth M, Bode J, Zettlmeissl G, Hauser H. 1988. Isolation of overproducing

recombinant mammalian cell lines by a fast and simple selection procedure. Gene

73:419-26.
4Drews RE, Kolker MT, Sachar DS, Moran GP, Schnipper LE. 1996. Passage to

nonselective media transiently alters growth ofmycophenolic acid-resistant mammalian

cells expressing the escherichia coli xanthine-guanine phosphoribosyltransferase gene:

implications for sequential selection strategies. Anal Biochem 235:215-26.

Karreman C. 1998. New positive/negative selectable markers for mammalian

cells on the basis of Blasticidin deaminase-thymidine kinase fusions. Nucleic Acids Res

26:2508-10.

6Hartman SC, Mulligan RG. 1988. Two dominant-acting selectable markers for

gene transfer studies in mammalian cells. Proc Natl Acad Sci U S A 85:8047-51.
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7Yagi T, Nada Watanabe N, Tamemoto H, Kohmura N, Ikawa Y, Aizawa S.

1993. A novel negative selection for homologous recombinants using diphtheria toxin A

fragment gene. Anal Biochem 214:77-86.

Application of Targeting Strategies to Altering Immunoglobulin Genes of Other

UngulatesTo alter immunoglobulin genes of other ungulates, targeting vectors are

designed to contain three main regions. The first region is homologous to the locus to be

targeted. The second region is a drug selection marker that specifically replaces a

portion of the targeted locus. The third region, like the first region, is homologous to the

targeted locus but is not contiguous with the first region in the wild type genome.

Homologous recombination between the targeting vector and the desired wild type locus

results in deletion of locus sequences between the two regions of homology represented

in the targeting vector and replacement of that sequence with a drug resistance marker.

In preferred embodiments, the total size of the two regions of homology is

approximately 6 kilobases, and the size of the second region that replaces a portion of

the targeted locus is approximately 2 kilobases. This targeting strategy is broadly useful

for a wide range of species from prokaryotic cells to human cells. The uniqueness of

each vector used is in the locus chosen for gene targeting procedures and the sequences

employed in that strategy. This approach may be used in all ungulates, including,

without limitation, goats (Capra hircus), sheep (Ovis aries), and the pig (Sus scrufa), as

well as cattle (Bos taurus).

The use of electroporation for targeting specific genes in the cells of ungulates

may also be broadly used in ungulates. The general procedure described herein is

adaptable to the introduction of targeted mutations into the genomes of other ungulates.

Modification of electroporation conditions (voltage and capacitance) may be employed

to optimize the number of transfectants obtained from other ungulates.

In addition, the strategy used herein to target the heavy chain locus in cattle 

removal of all coding exons and intervening sequences using a vector containing regions

homologous to the regions immediately flanking the removed exons) may also be used

equally well in other ungulates. For example, extensive sequence analysis has been

performed on the immunoglobulin heavy chain locus of sheep (Ovis aries), and the

sheep locus is highly similar to the bovine locus in both structure and sequence

(Genbank accession numbers Z71572, Z49180 through Z49188, M60441, M60440,
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AF172659 through AF172703). In addition to the large number of cDNA sequences

reported for rearranged Ovis aries immunoglobulin chains, genomic sequence

information has been reported for the heavy chain locus, including the heavy chain 

enhancer (Genbank accession number Z98207), the 3' mu switch region (Z98680) and

the 5' mu switch region (Z98681). The complete mRNA sequence for the sheep secreted

form of the heavy chain has been deposited as accession number X59994. This deposit

contains the entire sequence of four coding exons, which are very homologous to the

corresponding bovine sequence.

Information on the sheep locus was obtained from Genbank and used to

determine areas of high homology with bovine sequence for the design of primers used

for PCR analysis. Because non-isogenic DNA was used to target bovine cells, finding

areas of high homology with sheep sequence was used as an indicator that similar

conservation of sequences between breeds of cow was likely. Given the similarity

'between the sequences and structures of the bovine and ovine immunoglobulin loci, it

would be expected that the targeting strategies used to remove bovine immunoglobulin

loci could be successfully applied to the ovine system. In addition, existing information

on the pig (Sus scrofa, accession number S42881) and the goat (Capra hircus, accession

number AF140603), indicates that the immunoglobulin loci of both of these species are

also sufficiently similar to the bovine loci to utilize the present targeting strategies.

Procedures for Insertion of HACs

Essentially, male and female bovine fetal fibroblast cell lines containing human

artificial chromosome sequences (#14fg., #2fg., and #22fg.) are obtained and selected

and used to produce cloned calves from these lines.

For example, HACs derived from human chromosome #14 comprising

the Ig heavy chain gene), human chromosome #2 comprising the Ig kappa chain

gene) and human chromosome #22 comprising the Ig lambda chain gene) can

be introduced simultaneously or successively.

The transmission of these chromosome fragments is tested by mating a male

#14fg. animal to female #2fg. and #22fg. animals and evaluating offspring. If

transmission is successful then the two lines are mated to produce a line containing all

three chromosome fragments.
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Also, #14fg., #2fg., and #22fg. chromosome fragments may be inserted into Homo H/L

fetal cells and used to generate cloned calves or cross transgenic HAC calves with Homo

H/L calves. Alternatively, other HACs, such as AHAC or AAHAC, may be introduced

as described in Example 2 or introduced using any other chromosome transfer method.

Rationale Germline transmission of HACs should be useful for introducing the

HACs into the Ig knockout animals and in propagating animals in production herds. The

concern in propagation of HACs through the germline is incomplete pairing of

chromosomal material during meiosis. However, germline transmission has been

successful in mice as shown by Tomizuka et al. (Proc. Natl. Acad. Sci. USA, 97:722,

2000).

The strategy outlined in Fig. 1A consists of inserting #14fg. into a male line of

cells and #2fg. and #22fg. each into female cell lines. Calves retaining a HAC are

produced and germline transmission can be tested both through females and males. Part

of the resulting offspring should contain both heavy and light chain HACs.

Further crossing should result in a line of calves containing all three chromosomal

fragments. These animals are used for crossing with Homo H/L animals, produced from

fetal cells as previously described.

Experimental Design Cells are obtained from the original screening of cell lines.

These may be Holstein or different lines than those used above. This allows crossing

while maintaining as much genetic variation in the herd as possible. Introduction of

HACs into cell lines and selection of positive cell lines is then effected. Selected cell

lines are used for nuclear transfer and calves are produced. Starting at 12 months of age

semen and eggs are collected, fertilized, and transferred into recipient animals. Cell

samples are taken for DNA marker analysis and karyotyping. Beginning at birth, blood

samples are taken and analyzed for the presence of human Ig proteins.

As indicated above, HACs are also transferred into Homo H/L cell lines using

the procedures developed in the above experiments.

Testing for Human Ig Expression

The goal of the experiment is to generate male Homo H cells and cloned fetuses,

to insert one or more HACs that together contain human IgH and human IgL loci (such
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as HAC #14fg. and #22fg.) into Homo H cells and generate calves, and to test expression

of human Ig response to immunization and affinity maturation. This is carried out as

follows.

Experimental Design Homo H cells are generated from Hemi H cells produced

as described previously. The double knockout is produced either by antibiotic selection

or a second insertion. HACs are transferred into these cells as described previously.

Calves are produced by nuclear transfer. Testing calves retaining a HAC begins shortly

after birth and includes evaluation for human Ig expression, response to

immunization, affinity maturation, and transmission of the HACs to offspring.

Human Ig expression is monitored by bleeding the animals and assaying for the

presence of human heavy and light chain expression by ELISA, RT-PCR, or FACS

analysis. Once it has been determined that the animals produce human Ig, animals are

immunized with tetanus toxoid in adjuvant. Animals are bled once a week following

immunization and responses to antigen determined via ELISA or FACS and compared

to pre-bleeds collected before immunization. One month after the initial immunization,

animals are boosted with an aqueous form of the antigen. One week following the boost,

the animals are bled and response to antigen measured via ELISA or FACS and

compared to the prebleed. The ELISA or FACS assay permits measurement of most of

the titer of the response as well as the heavy chain isotypes produced. This data allows a

determination of an increase in antibody titer as well as the occurrence of class

switching. Estimates of average affinity are also measured to determine if affinity

maturation occurs during the response to antigen.

After the transgenic bovines have been obtained as described above, they are

utilized to produce transgenic Igs, preferably human, but potentially that of other

species, e.g. dog, cat, non-human primate, other ungulates such as sheep, pig, goat,

murines such as mouse, rat, guinea pig, rabbit, etc. As noted, Ig genes are known to be

conserved across species.

Transgenic Antisera and Milk Containing Xenogenous Antibodies

The bovine (or other ungulate) yields transgenic antisera directed to whatever

antigen(s) it is endogenously exposed, or to exogenously administered antigen(s). For

example, antigens may be administered to the ungulate to produce desired antibodies
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reactive with the antigens, including antigens such as pathogens (for example, bacteria,

viruses, protozoans, yeast, or fungi), tumor antigens, receptors, enzymes, cytokines, etc.

Exemplary pathogens for antibody production include, without limitation, hepatitis virus

(for example, hepatitis immunodeficiency virus (for example, HIV), herpes virus,

parvovirus, enterovirus, ebola virus, rabies virus, measles virus, vaccinia virus,

Streptococcus (for example, Streptococcus pneumoniae), Haemaphilus (for example,

Haemophilus influenza), Neisseria (for example, Neisseria meningitis),

Coryunebacterium diptheriae, Haemophilus (for example, Haemophilus pertussis),

Clostridium (for example, Clostridium botulinium), Staphlococcus, Pseudomonas (for

example, Pseudomonas aeruginosa), and respiratory syncytial virus (RSV).

One or more pathogens may be administered to a transgenic ungulate to generate

hyperimmune serum useful for the prevention, stabilization, or treatment of a specific

disease. For example, pathogens associated with respiratory infection in children may

be administered to a transgenic ungulate to generate antiserum reactive with these

pathogens Streptococcus pneumoniae, Haemophilus influenza, and/or Neissaria

meningitis). These pathogens may optionally be treated to reduce their toxicity by

exposure to heat or chemicals such as formaldehyde) prior to administration to the

ungulate.

For the generation of broad spectrum Ig, a variety of pathogens multiple

bacterial and/or viral pathogens) may be administered to a transgenic ungulate. This

hyperimmune serum may be used to prevent, stabilize, or treat infection in mammals

humans) and is particularly useful for treating mammals with genetic or acquired

immunodeficiencies.

In addition, antibodies produced by the methods of the invention may be used to

suppress the immune system, for example, to treat neuropathies, as well as to eliminate

particular human cells and modulate specific molecules. For example, anti-idiotypic

antibodies antibodies which inhibit other antibodies) and antibodies reactive with T

cells, B cells, or cytokines may be useful for the treatment of autoimmune disease or

neuropathy neuropathy due to inflammation). These antibodies may be obtained

from transgenic ungulates that have not been administered an antigen, or they may be

obtained from transgenic ungulates that have been administered an antigen such as a B

cell, T cell, or cytokine TNFa).
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Transgenic antisera generated from transgenic ungulates that have not been

administered an antigen may be used to manufacture pharmaceuticals comprising human

polyclonal antibodies, preferably human IgG molecules. These human antibodies may

be used in place of antibodies isolated from humans as Intraveneous Immunoglobulin

(IVIG) therapeutics.

Transgenic antiserum may optionally be enriched for antibodies reactive against

one or more antigens of interest. For example, the antiserum may be purified using

standard techniques such as those described by Ausubel et al. (Current Protocols in

Molecular Biology, volume 2, p. 11.13.1-11.13.3, John Wiley Sons, 1995). Preferred

methods of purification include precipitation using antigen or antibody coated beads,

column chromatography such as affinity chromatography, magnetic bead affinity

purification, and panning with a plate-bound antigen. Additionally, the transgenic

antiserum may be contacted with one or more antigens of interest, and the antibodies

that bind an antigen may be separated from unbound antibodies based on the increased

size of the antibody/antigen complex. Protein A and/or protein G may also be used to

purify IgG molecules. If the expression of endogenous antibodies is not eliminated,

protein A and/or an antibody against human Ig light chain lambda (Pharningen) may be

used to separate desired human antibodies from endogenous ungulate antibodies or

ungulate/human chimeric antibodies. Protein A has higher affinity for human Ig heavy

chain than for bovine Ig heavy chain and may be used to separate desired Ig molecules

containing two human heavy chains from other antibodies containing one or two

ungulate heavy chains. An antibody against human Ig light chain lambda may be used

to separate desired Ig molecules having two human Ig lambda chains from those having

one or two ungulate Ig light chains. Additionally or alternatively, one or more

antibodies that are specific for ungulate Ig heavy or light chains may be used in a

negative selection step to remove Ig molecules containing one or two ungulate heavy

and/or light chains,

The resultant antisera may itself be used for passive immunization against an

antigen. Alternatively, the antisera has diagnostic, prophylactic, or purification use, e.g.

for attaining purification of antigens.

Alternatively, after antisera administration, B cells may be isolated from the

transgenic bovine and used for hybridoma preparation. For example, standard

techniques may be used to fuse a B cell from a transgenic ungulate with a myeloma to
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produce a hybridoma secreting a monoclonal antibody of interest (Mocikat, J. Immunol.

Methods 225:185-189, 1999; Jonak et al., Hum. Antibodies Hybridomas 3:177-185,

1992; Srikumaran et al., Science 220:522, 1983). Preferred hybridomas include those

generated from the fusion of a B-cell with a myeloma from a mammal of the same genus

or species as the transgenic ungulate. Other preferred myelomas are from a Balb/C

mouse or a human. In this instance, hybridomas are provided that make xenogenous

monoclonal antibodies against a particular antigen. For example, this technology may

be used to produce human, cat, dog, etc. (dependent upon the specific artificial

chromosome) monoclonal antibodies that are specific to pathogens. Methods for

selecting hybridomas that produce antibodies having desirable properties, enhanced

binding affinity, avidity, are well known.

Alternatively, a B cell from a transgenic ungulate may be genetically modified to

express an oncogene, such as ras, myc, abl, bcl2, or neu, or infected with a transforming

DNA or RNA virus, such as Epstein Barr virus or SV40 virus (Kumar et al., Immunol.

Lett. 65:153-159, 1999; Knight et al., Proc. Nat. Acad. Sci. USA 85:3130-3134, 1988;

Shammah et al., J. Immunol. Methods 160-19-25, 1993; Gustafsson and Hinkula, Hum.

Antibodies Hybridomas 5:98-104, 1994; Kataoka et al., Differentiation 62:201-211,

1997; Chatelut et al., Scand. J. Immunol. 48:659-666, 1998). The resulting

immortalized B cells may also be used to produce a theoretically unlimited amount of

antibody. Because Ig is also secreted into the milk of ungulates, ungulate milk may also

be used as a source of xenogenous antibodies.

While the invention has been described adequately supra, the following

examples are additionally provided as further exemplification of the, invention.

EXAMPLE 1: Bovine IgM Knock Out

The following procedures were used to generate bovine fibroblast cell lines in

which one allele of the immunoglobulin heavy chain (mu) locus is disrupted by

homologous recombination. A DNA construct for effecting an IgM knockout was

generated by the removal of exons 1-4 of the Mu locus (corresponds to IgM heavy chain

gene) which were replaced with a copy of a neomycin resistance gene. Using this

construct, neomycin resistant cell lines have been obtained which were successfully used

in nuclear transfer procedures, and blastocysts from these cell lines have been implanted

into recipient cows. Additionally, some of these blastocysts were tested to confirm that
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targeted insertion occurred appropriately in the mu locus using PCR procedures.

Blastocysts resulting from nuclear transfer procedures from several of the cell lines

obtained indicated that heterozygous IgM-KO fetuses were in gestation. Additionally,

both male and female cell lines that comprise a single IgM heavy chain (mu) knockout

have been produced.. It is anticipated that mating of animals cloned from these cell lines

will give rise to progeny wherein both copies ofmu are inactivated. These procedures

are discussed in greater detail below.

DNA Construct The DNA used in all transfections described in this document

was generated as follows. The four main exons (excluding the transmembrane domain

exons), CH1-4, are flanked by an XhoI restriction site at the downstream (CI-4) end and

an XbaI site at the upstream (CH1) end. The construct used for the transfection

procedure consisted of 1.5 kb of genomic sequence downstream of the XhoI site and 3.1

Kb of genomic sequence upstream of the XbaI site (Figs. 3D and 3E). These sequences

were isolated as described herein from a Holstein cow from a dairy herd in

Massachusetts. A neomycin resistance marker was inserted between these two

fragments on a 3.5 Kb fragment, replacing 2.4 Kb of DNA, originally containing CH1-4,

from the originating genomic sequence. The backbone of the vector was pBluescriptII

SK+ (Stratagene) and the insert of 8.1 Kb was purified and used for transfection of

bovine fetal fibroblasts. This construct is shown in Figs. 3A-3C. Other mu knockout

constructs containing other homologous regions and/or containing another antibiotic

resistance gene may also be constructed using standard methods and used to mutate an

endogenous mu heavy chain gene.

Transfection /Knockout Procedures Transfection of fetal bovine was performed

using a commercial reagent, Superfect Transfection Reagent (Qiagen, Valencia, CA,

USA), Catalog Number 301305.

Bovine fibroblasts were generated from disease-tested male Charlais cattle at

Hematech's Kansas facility and sent to Hematech's Worcester Molecular Biology Labs

for use in all experiments described. Any other ungulate breed, genus, or species may

be used as the source of donor cells somatic cells such as fetal fibroblasts). The

donor cells are genetically modified to contain a mutation that reduces or eliminates the

expression of functional, endogenous Ig.
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The medium used for culture of bovine fetal fibroblasts consisted of the

following components: 500 ml Alpha MEM (Bio-Whittaker 12-169F); 50 ml fetal calf

serum (Hy-Clone #A-1 111-D); 2 ml antibiotic/antimyotic (Gibco/BRL #15245-012); 1.4

ml 2-mercaptoethanol (Gibco/BRL #21985-023); 5.0 ml L-Glutamine (Sigma Chemical

#G-3126); and 0.5 ml tyrosine tartrate (Sigma Chemical #T-6134)

On the day prior to transfection procedures, cells were seeded in 60 mm tissue

culture dishes with a targeted confluency of 40-80% as determined by microscopic

examination.

On the day of transfection, 5 ptg of DNA, brought to a total volume of 150 1d in

serum-free, antibiotic-free medium, was mixed with 20 pl of Superfect transfection

reagent and allowed to sit at room temperature for 5-10 minutes for DNA-Superfect

complex formation. While the complex formation was taking place, medium was

removed from the 60 mm tissue culture dish containing bovine fibroblasts to be

transfected, and cells were rinsed once with 4 ml of phosphate-buffered saline. One

milliliter of growth medium was added to the 170 pl DNA/Superfect mixture and

immediately transferred to the cells in the 60 mm dish. Cells were incubated at 38.5 0 C,

carbon dioxide for 2.5 hours. After incubation of cells with the DNA/Superfect

complexes, medium was aspirated off and cells were washed four times with 4 ml PBS.

Five ml of complete medium were added and cultures were incubated overnight at

38.5 0C, 5% CO 2 Cells were then washed once with PBS and incubated with one ml of

0.3% trypsin in PBS at 37C until cells were detached from the plate, as determined by

microscopic observation. Cells from each 60 mm dish were split into 24 wells of a 24

well tissue culture plate (41.7 ul/well). One milliliter of tissue culture medium was

added to each well and plates were allowed to incubate for 24 hours at 38.5°C and 

CO 2 for 24 hours.

During all transfection procedures, sham transfections were performed using a

Superfect/PBS mixture containing no DNA, as none of those cells would be expected to

contain the neomycin resistance gene and all cells would be expected to die after

addition of G418 to the tissue culture medium. This served as a negative control for

positive selection of cells that received DNA.

After the 24 hour incubation, one more milliliter of tissue culture medium

containing 400 gg G418 was added to each well, bringing the final G418 concentration

to 200 tig/ml. Cells were placed back into the incubator for 7 days of G418 selection.
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During that period, both transfected and sham transfection plates were monitored for cell

death and over 7 days, the vast majority of wells from the sham transfections contained

few to no live cells while plates containing cells that received the DNA showed

excellent cell growth.

After the 7 day selection period, the cells from wells at 90-100% confluency

were detached using 0.2 ml 0.3% trypsin in PBS and were transferred to 35 mm tissue

culture plates for expansion and incubated until they became at least 50% confluent, at

which point, cells were trypsinized with 0.6 ml 0.3% trypsin in PBS. From each 35 mm

tissue culture plate, 0.3 ml of the 0.6 ml cell suspension was transferred to a 12.5 cm

tissue culture flask for further expansion. The remaining 0.3 ml was reseeded in 35 mm

dishes and incubated until they attained a minimal confluency of approximately 50%, at

which point cells from those plates were processed for extraction of DNA for PCR

analysis. Flasks from each line were retained in the incubator until they had undergone

these analyses and were either terminated if they did not contain the desired DNA

integration or kept for future nuclear transfer and cryopreservation.

Screening for targeted integrations As described above the DNA source for

screening of transfectants containing the DNA construct was a 35 mm tissue culture dish

containing a passage of cells to be analyzed. DNA was prepared as follows and is

adapted from a procedure published by Laird et al. (Laird et Simplified mammalian

DNA isolation procedure", Nucleic Acids Research, 19:4293). Briefly, DNA was

prepared as follows. A cell lysis buffer was prepared with the following components:

100 mM Tris-HC1 buffer, pH 8.5; 5 mM EDTA, pH 8.0; 0.2% sodium dodecyl sulfate;

200 mM NaC1; and 100 ug/ml Proteinase K.

Medium was aspirated from each 35 mm tissue culture dish and replaced with

0.6 ml of the above buffer. Dishes were placed back into the incubator for three hours,

during which time cell lysis and protein digestion were allowed to occur. Following this

incubation, the lysate was transferred to a 1.5 ml microfuge tube and 0.6 ml of

isopropanol was added to precipitate the DNA. Tubes were shaken thoroughly by

inversion and allowed to sit at room temperature for 3 hours, after which the DNA

precipitates were spun down in a microcentrifuge at 13,000 rpm for ten minutes. The

supernatant from each tube was discarded and the pellets were rinsed with 70% ethanol

once. The 70% ethanol was aspirated off and the DNA pellets were allowed to air-dry.

-44-



WO 02/070648 PCT/US01/43128

Once dry, each pellet was resuspended in 30-50 ul of Tris (10 mM)-EDTA (1 mM)

buffer, pH 7.4 and allowed to hydrate and solubilize overnight. 5-7 microliters of each

DNA solution was used for each polymerase chain reaction (PCR) procedure.

Two separate PCR procedures were used to analyze transfectants. The first

procedure used two primers that were expected to anneal to sites that are both located

within the DNA used for transfection. The first primer sequence is homologous to the

neomycin resistance cassette of the DNA construct and the second is located

approximately 0.5 Kb away, resulting in a short PCR product of 0.5 Kb. In particular,

primers Neol (5'-CTT GAA GAC GAA AGG GCC TCG TGA TAC GCC-3', SEQ ID

NO: 42) and IN2521 (5'-CTG AGA CTT CCT TTC ACC CTC CAG GCA CCG-3',

SEQ ID NO: 43) were used. A Qiagen PCR kit was used for this PCR reaction. The

PCR reaction mixture contained 1 pmole of each primer, 5 ul of 10X reaction buffer, 

ul of Q solution, 5 ul of DNA, and 1 ul of dNTP solution. The reaction mixture was

brought to a total volume of 50 ul with H20. This PCR amplification was performed

using an initial denaturing incubation at 94°C for two minutes. Then, 30 cycles of

denaturation, annealing, and amplification were performed by incubation at 94°C for 

seconds, 60°C for 45 seconds, and 72 °C for two minutes. Then, the reaction mixture

was incubated at 720C for five minutes and at 4°C until the mixture was removed from

the PCR machine. Alternatively, any other primers that are homologous to the region of

the knockout construct that integrates into the genome of the cells may be used in a

standard PCR reaction under appropriate reaction conditions to verify that cells

surviving G418 selection were resistant as a result of integration of the DNA construct.

Because only a small percentage of transfectants would be expected to contain a

DNA integration in the desired location (the Mu locus), another pair of primers was used

to determine not only that the DNA introduced was present in the genome of the

transfectants but also that it was integrated in the desired location. The PCR procedure

used to detect appropriate integration was performed using one primer located within the

neomycin resistance cassette of the DNA construct and one primer that would be

expected to anneal over 1.8 Kb away, but only if the DNA had integrated at the

appropriate site of the IgM locus (since the homologous region was outside the region

included in the DNA construct used for transfection). The primer was designed to anneal

to the DNA sequence immediately adjacent to those sequences represented in the DNA

construct if it were to integrate in the desired location (DNA sequence of the locus, both
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within the region present in the DNA construct and adjacent to them in the genome was

previously determined). In particular, primers Neol and OUT3570 (5'-CGA TGA ATG

CCC CAT TTC ACC CAA GTC TGT SEQ ID NO: 44) were used for this

analysis. This PCR reaction was performed using a Qiagen PCR kit as described above

for the first PCR reaction to confirm the integration of the targeting construct into the

cells. Alternatively, this PCR analysis may be performed using any appropriate reaction

conditions with any other primer that is homologous to a region of the knockout

construct that integrates into the genome of the cells and any other primer that is

homologous to a region in the genome of the cells that is upstream or downstream of the

site of integration.

Using these methods, 135 independent 35 mm plates were screened for targeted

integration of the DNA construct into the appropriate locus. Of those, DNA from eight

plates was determined to contain an appropriately targeted DNA construct and of those,

three were selected for use in nuclear transfer procedures. Those cells lines were

designated as "5-3C" and "10-1C". Leftover blastocysts not used for transfer

into recipient cows were used to extract DNA which was subjected to additional PCR

analysis. This analysis was effective using a nested PCR procedure using primers that

were also used for initial screening of transfected lines.

As noted above, three cell lines were generated using the gene targeting construct

designed to remove exons 1-4 of the mu locus. These lines all tested positive for

targeted insertions using a PCR based test and were used for nuclear transfers. Leftover

blastocysts resulting from those nuclear transfers were screened by PCR testing the

appropriately targeted construct. The following frequencies of positive blastocysts were

obtained:

Cell Line 8-1C: 6/8

Cell Line 10-1C: 2/16

Cell Line 5-3C: 0/16

Although at forty days of gestation, 11 total pregnancies were detected by

ultrasound, by day 60, 7 fetuses had died. The remaining 4 fetuses were processed to

regenerate new fetal fibroblasts and remaining organs were used to produce small tissue

samples for PCR analysis. The results of the analyses are below:

Line 8-1C: two fetuses, one fetus positive for targeted insertion by PCR
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Line 10-1C: one fetus, positive for targeted insertion by PCR

Line 5-3C: one fetus, negative for targeted insertion by PCR

Surprisingly, although the frequency of 10-1C blastocysts testing positive for

targeted insertion was only 2/16, the one viable 60-day fetus obtained from that cell line

was positive as determined by PCR. A positive fetus from 8-1C was also obtained.

Southern blot analysis of DNA of all tissue samples is being effected to verify that the

construct not only targeted correctly at one end (which is determined by PCR of the

shorter region of homology present in the original construct) but also at the other end.

Based on results to date, it is believed that two heavy chain knockout fetuses from two

independent integration events have been produced. Also, since these fetuses were

derived from two different lines, at least one is likely to have integrated construct

correctly at both ends. Once the Southern blot analyses have confirmed appropriate

targeting of both ends of targeting construct, further nuclear transfers will be performed

to generate additional fetuses which will be carried to term.

Nuclear Transfer and Embryo Transfer Nuclear transfers were performed with

the K/O cell line (8-1-C and eight embryos were produced. A total of six embryos

from this batch were transferred to three disease free recipients at Trans Ova Genetics

Iowa).

Frozen embryos have been transferred to ten disease free recipients to obtain

disease free female fibroblast cell lines. Fetal recoveries are scheduled after confirming

the pregnancies at 35-40 days.

Pregnancy Diagnosis and Fetal Recovery Pregnancy status of the eighteen

recipients transferred with cloned embryos from knockout fetal cells was checked by

ultrasonography. The results are summarized below.
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Table 2. Pregnancy at 40 days using mu heavy chain knockout donor cells

Clone ID No ofrecips transferred Pregnancy at 40 days 

8-1-OC 5 4 

10-1-C 6 4 (67)

5-3-C 5 3 

Total 16 11 (69)

Pregnancy Diagnosis Pregnancy status of the three recipients to whom cloned

embryos were transferred from knockout cells (8-1C) was checked; one was open and

the other two required reconfirmation after one month.

Fetal Recoveries and Establishment of Cell Lines Eleven pregnancies with the

K/O embryos at 40 days were obtained. Four live fetuses were removed out of these at

days. Cell lines were established from all four and cryopreserved for future use.

Also we collected and snap froze tissue samples from the fetuses and sent them to

Hematech molecular biology laboratory for PCR/Southem blot analysis.

All four of the cell lines were male. In order to secure a female cell line, cell

lines were established and cryopreserved for future establishment of K/O cells from the

fetuses (six) collected at 55 days of gestation from the pregnancies established at Trans

Ova Genetics with disease free recipients. Recently, the existence of a female cell line

containing a mu knockout was confirmed. This female cell line may be used to produce

cloned animals which may be mated with animals generated from the male cell lines,

and progeny screened for those that contain the double mu knockout.

EXAMPLE 2: Introduction of HAC

Additional experiments were carried out to demonstrate that immunoglobulin

heavy chain (mu) and lambda light chain may be produced by a bovine host, either alone

or in combination. In addition, these experiments demonstrated that the

immunoglobulin chains were rearranged and that polyclonal sera was obtained. In these

procedures, immunoglobulin-expressing genes were introduced into bovine fibroblasts

using human artificial chromosomes. The fibroblasts were then utilized for nuclear
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transfer, and fetuses were obtained and analyzed for antibody production. These

procedures and results are described in more detail below.

HAC Constructs The human artificial chromosomes (HACs) were constructed

using a previously described chromosome-cloning system (Kuroiwa et al., Nature

Biotech. 18: 1086-1090, 2000). Briefly, for the construction of AHAC, the previously

reported human chromosome 22 fragment (hChr22) containing a loxP sequence

integrated at the HCF2 locus was truncated at the AP000344 locus by telomere-directed

chromosomal truncation (Kuroiwa et al., Nucleic Acid Res., 26: 3447-3448, 1998).

Next, cell hybrids were formed by fusing the DT40 cell clone containing the above

hChr22 fragment (hCF22) truncated at the AP000344 locus with a DT40 cell clone

(denoted "R clone") containing the stable and germline-transmittable human

minichromosome SC20 vector. The SC20 vector was generated by inserting a loxP

sequence at the RNR2 locus of the S20 fragment. The SC20 fragment is a naturally-

occurring fragment derived from human chromosome 14 that includes the entire region

of the human Ig heavy chain gene (Tomizuka et al., Proc. Natl. Acad. Sci. USA 97:722,

2000). The resulting DT40 cell hybrids contained both hChr fragments. The 

hybrids were transfected with a Cre recombinase-expression vector to induce Cre/loxP-

mediated chromosomal translocation between hCF22 and the SC20 vector. The stable

transfectants were analyzed using nested PCR to confirm the cloning of the 

megabase hChr22 region, defined by the HCF2 and AP000344 loci, into the loxP-

cloning site in the SC20 vector. The PCR-positive cells which were expected to contain

AHAC were then isolated by FACS sorting based on the fluorescence of the encoded

green fluorescent protein. Fluorescent in situ hybridization (FISH) analysis of the sorted

cells was also used to confirm the presence of AHAC, which contains the 2.5 megabase

hChr22 insert.

Similarly, AAHAC was also constructed using this chromosome-cloning system.

The hChr22 fragment was truncated at the AP000344 locus, and then the loxP sequence

was integrated into the AP000553 locus by homologous recombination in DT40 cells.

The resulting cells were then fused with the R clone containing the 

minichromosome vector. The cell hybrids were transfection with a Cre-expression

vector to allow Cre/loxP-mediated chromosomal translocation. The generation of
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AAHAC, which contains the 1.5 megabase hChr22 insert, defined by the AP000553 and

AP000344 loci, was confirmed by PCR and FISH analyses.

The functionality of AHAC and AAHAC in vivo was assessed by the generation

of chimeric mice containing these HACs. These HACs were individually introduced

into mouse embryonic stem (ES) cells, which were then used for the generation of

chimeric mice using standard procedures (Japanese patent number 2001-142371; filed

May 11, 2000). The resulting mice had a high degree of chimerism (85-100% of coat

color), demonstrating a high level of pluripotency of the ES cells containing these HACs

and the mitotic stability of these HACs in vivo. Furthermore, AHAC was transmitted

through the germline of the AHAC chimeric mouse to the next offspring, demonstrating

the meiotic stability of this HAC.

Chicken DT40 cells retaining these I-ACs have been deposited under the

Budapest treaty on May 9, 2001 in the International Patent Organism Depository,

National Institute of Advanced Industrial Science and Technology, Tsukuba Central 6,

1-1, Higashi 1-Chome Tsukuba-shi, Ibaraki-ken, 305-8566 Japan. The depository

numbers are as follows: AHAC (FERM BP-7582), AAHAC (FERM BP-7581), and 

fragment (FERM BP-7583). Chicken DT40 cells retaining these HACs have also been

deposited in the Food Industry Research and Development Institute (FIRDI) in Taiwan.

The depository numbers and dates are as follows: AHAC (CCRC 960144; November 9,

2001), AAHAC (CCRC 960145; November 9, 2001), and SC20 fragment (the cell line

was deposited under the name SC20 CCRC 960099; August 18, 1999).

The 2.5 megabase (Mb) hChr22 insert in AHAC is composed of the following

BAC contigs, which are listed by Genbank accession number: AC002470, AC002472,

AP000550, AP000551, AP000552, AP000556, AP000557, AP000558, AP000553,

AP000554, AP000555, D86995, D87019, D87012, D88268, D86993, D87004, D87022,

D88271, D88269, D87000, D86996, D86989, D88270, D87003, D87018, D87016,

D86999, D87010, D87009, D87011, D87013, D87014, D86991, D87002, D87006,

D86994, D87007, D87015, D86998, D87021, D87024, D87020, D87023, D87017,

AP000360, AP00361, AP000362, AC000029, AC000102, U07000, AP000343, and

AP000344. The 1.5 Mb hChr22 insert in AAHAC is composed of the following BAC

contigs: AP000553, AP000554, AP000555, D86995, D87019, D87012, D88268,

D86993, D87004, D87022, D88271, D88269, D87000, D86996, D86989, D88270,

D87003, D87018, D87016, D86999, D87010, D87009, D87011, D87013, D87014,
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D86991, D87002, D87006, D86994, D87007, D87015, D86998, D87021, D87024,

D87020, D87023, D87017, AP000360, AP00361, AP000362, AC000029, AC000102,

U07000, AP000343, and AP000344 (Dunham et al, Nature 402:489-499, 1999).

Generation of Bovine Fetal Fibroblasts To generate boviie fetal fibroblasts, day

to 60 fetuses were collected from disease-tested Holstein or Jersey cows housed at

Trans Ova (Iowa), in which the pedigree of the male and female parents were

documented for three consecutive generations. The collected fetuses were shipped on

wet ice to Hematech's Worcester Molecular Biology Division for the generation of

primary fetal fibroblasts. Following arrival, the fetus(es) were transferred to a non-

tissue culture grade, 100 mm plastic petri dish in a tissue culture hood. Using sterile

forceps and scissors, the extraembryonic membrane and umbilical cord were removed

from the fetus. After transferring the fetus to a new plastic petri dish, the head, limbs

and interal organs were removed. The eviscerated fetus was transferred to a third petri

dish containing approximately 10 ml of fetus rinse solution composed of: 125 ml 1X

Dulbecco's-PBS (D-PBS) with Ca2 and Mg2+ (Gibco-BRL, cat#. 14040); 0.5 ml

Tylosine Tartrate (8 mg/ml, Sigma, cat#. T-3397); 2 ml Penicillin-Streptomycin (Sigma,

cat#. P-3539); and 1 ml of Fungizone (Gibco-BRL, cat#. 15295-017) (mixed and

filtered through a 0.2 mu nylon filter unit [Nalgene, cat#. 150-0020).

The fetus was washed an additional three times with the fetus rinse solution to

remove traces of blood, transferred to a 50 ml conical tissue culture tube, and finely

minced into small pieces with a sterile scalpel. The tissue pieces were washed once with

lX D-PBS without Ca2+ and Mg 2+ (Gibco-BRL, cat#. 14190). After the tissue pieces

settled to the bottom of the tube, the supernatant was removed and replaced with

approximately 30 ml of cell dissociation buffer (Gibco-BRL, cat#. 13151-014). The

tube was inverted several times to allow mixing and incubated at 38.50 C/5% CO 2 for 

minutes in a tissue culture incubator. Following settling of the tissue to the bottom of

the tube, the supernatant is removed and replaced with an equivalent volume of fresh

cell dissociation buffer. The tissue and cell dissociation buffer mixture was transferred

to a sterile, 75 ml glass trypsinizing flask (Wheaton Science Products, cat#. 355393)

containing a 24 mm, round-ended, spin bar. The flask was transferred to a 38.50

CO 2 tissue culture incubator, positioned on a magnetic stir plate, and stirred at a

sufficient speed to allow efficient mixing for approximately 20 minutes. The flask was
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transferred to a tissue culture hood; the tissue pieces allowed to settle, followed by

removal of the supernatant and harvesting of the dissociated cells by centrifugation at

1,200 rpm for five minutes. The cell pellet was re-suspended in a small volume of

complete fibroblast culture media composed of: 440 ml alpha MEM (BioWhittaker,

cat#. 12-169F); 50 ml irradiated fetal bovine serum; 5 ml GLUTAMAX-I supplement

(Gibco-BRL, cat#. 25050-061); 5 ml Penicillin-Streptomycin (Sigma, cat#. P-3539); 1.4

ml 2-mercaptoethanol (Gibco-BRL, cat#. 21985-023) (all components except the fetal

bovine serum were mixed were filtered through 0.2 Vm nylon filter unit [Nalgene, cat#.

151-4020]), and stored on ice. The dissociation process was repeated three additional

times with an additional 30 ml of cell dissociation solution during each step. Cells were

pooled; washed in complete fibroblast media; passed sequentially through 23 and 26

gauge needles, and finally through a 70 pm cell strainer (B-D Falcon, cat#. 352350) to

generate a single cell suspension. Cell density and viability were determined by counting

in a hemacytometer in the presence of trypan blue solution, Sigma, cat#. T-8154).

Primary fibroblasts were expanded at 38.50 C/5% CO 2 in complete fibroblast

media at a cell density of 1 x 106 viable cells per T75 cm 2 tissue culture flask. After 3

days of culture or before the cells reached confluency, the fibroblasts were harvested by

rinsing the flask once with IX D-PBS (without Ca2 and Mg and incubating with 

ml of cell dissociation buffer for 5 to 10 minutes at room temperature. Detachment of

cells was visually monitored using an inverted microscope. At this step, care was taken

to ensure that cell clumps were disaggregated by pipeting up-and-down. After washing

and quantitation, the dissociated fibroblasts were ready for use in gene targeting

experiments. These cells could also be cryopreserved for long-term storage.

Introduction of HACs into Bovine Fetal Fibroblasts AHAC and AAHAC were

transferred from the DT40 cell hybrids to Chinese hamster ovary (CHO) cells using

microcell-mediated chromosome transfer (MMCT) (Kuroiwa et al. Nature Biotech. 18:

1086-1090, 2000). The CHO clone containing AHAC ("D15 clone") was cultured in

F12 (Gibco) medium supplemented with 10% FBS (Gibco), 1 mg/ml ofG418, and 0.2

mg/ml of hygromycin B at 37°C and 5% CO2 The D15 clone was expanded into twelve

flasks. When the confluency reached 80-90%, colcemid (Sigma) was added to the

medium at a final concentration of 0.1 jtg/ml. After three days, the medium was

exchanged with DMEM (Gibco) supplemented with 10 tg/ml of cytochalacin B
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(Sigma). The flasks were centrifuged for 60 minutes at 8,000 rpm to collect microcells.

The microcells were purified through 8, 5, and 3-jim filters (Costar) and then

resuspended in DMEM medium. The microcells were used for fusion with bovine

fibroblasts as described below.

Bovine fetal fibroblasts were cultured in o-MEM (Gibco) medium supplemented

with 10% FBS (Gibco) at 37°C and 5% CO 2 The fibroblasts were expanded in a T175

flask. When the confluency reached 70-80%, the cells were detached from the flask

with 0.05% trypsin. The fibroblast cells were washed twice with DMEM medium and

then overlayed on the microcell suspension. After the microcell-fibroblast suspension

was centrifuged for five minutes at 1,500 rpm, PEG1500 (Roche) was added to the pellet

according to the manufacturer's protocol to enable fusion of the microcells with the

bovine fibroblasts. After fusion, the fused cells were plated into six 24-well plates and

cultured in a-MEM medium supplemented with 10% FBS for 24 hours. The medium

was then exchanged with medium containing 0.7 mg/ml ofG418. After growth in the

presence of the G418 antibiotic for about two weeks, the G418 resistant, fused cells

were selected. These G418-resistant clones were used for nuclear transfer, as described

below.

Similarly, AAHAC from the CHO clone AAC13 was transferred into bovine fetal

fibroblasts by means of MMCT. The selected G418-resistant clones were used for

nuclear transfer.

Nuclear Transfer. Activation, and Embryo Culture The nuclear transfer

procedure was carried out essentially as described earlier (Cibelli et al., Science 1998:

280:1256-1258). In vitro matured oocytes were enucleated about 18-20 hours post

maturation (hpm) and chromosome removal was confirmed by bisBenzimide (Hoechst

33342, Sigma) labeling under UV light. These cytoplast-donor cell couplets were fused,

by using single electrical pulse of 2.4 kV!cm for 20 psec (Electrocell manipulator 200,

Genetronics, San Diego, CA). After 3-4 hrs, a random sub-set of 25% of the total

transferred couplets was removed, and the fusion was confirmed by bisBenzimide

labeling of the transferred nucleus. At 30 hpm reconstructed oocytes and controls were

activated with calcium ionophore (5 tM) for 4 minutes (Cal Biochem, San Diego, CA)

and 10 pg Cycloheximide and 2.5 pg Cytochalasin D (Sigma) in ACM culture medium

for 6 hours as described earlier (Lin et al., Mol. Reprod. Dev. 1998: 49:298-307;
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Presicce et al., Mol. Reprod. Dev. 1994:38:380-385). After activation eggs were

washed in HEPES buffered hamster embryo culture medium (HECM-Hepes) five times

and placed in culture in 4-well tissue culture plates containing irradiated mouse fetal

fibroblasts and 0.5 ml of embryo culture medium covered with 0.2 ml of embryo tested

mineral oil (Sigma). Twenty five to 50 embryos were placed in each well and incubated

at 38.5 0 C in a 5% CO 2 in air atmosphere. On day four 10% FCS was added to the

culture medium.

Embryo Transfer Day 7 and 8 nuclear transfer blastocysts were transferred into

day 6 and 7 synchronized recipient heifers, respectively. Recipient animals were

synchronized using a single injection of Lutalyse (Pharmacia Upjohn, Kalamazoo,

MI) followed by estrus detection. The recipients were examined on day 30 and day 

after embryo transfer by ultrasonography for the presence of conceptus and thereafter

every 30 days by rectal palpation until 270 days. The retention of a HAC in these

bovine fetuses is summarized in Table 3 and is described in greater detail in the sections

below.
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Table 3: Summary of HAC retention in bovine fetuses

HAC Cell Recip/Fetus NT Date Recovery Fetal Age HAC

Clone No. Date Retention

H L

AA 4-12 5580 2/14 4/13 58 

AA 2-14 5848 2/15 4/13 57

AA 4-12 5868A 2/14 6/13 119 

AA 4-12 5868B 2/14 6/13 119 

AA 4-12 5542A 2/14 5/16 91 

AA 4-12 5542B 2/14 5/16 91 

AA 4-12 5174 2/14 5/16 91 (abnormal) nd nd

AA 4-12 6097 2/14 Remains 160 (7/24) nd nd

A 4-8 6032 1/31 3/30 58 

A 2-13 5983 2/2 3/30 56

A 4-2 5968 2/2 3/30 56 

A 2-22 6045 2/2 3/30 56 

A 4-8 5846 1/31 4/20 79

A 2-13 6053 2/2 4/27 84 

A 4-2 5996 2/1 4/20 77 

Introduction of a HAC containing a fragment of human chromosome #14 The

fragment, a human chromosome #14 fragment ("hchr.14fg", containing the Ig

heavy chain gene), was introduced into fetal fibroblast cells in substantially the same

manner as described above. Any other standard chromosome transfer method may also

be used to insert this HAC or another HAC containing a human Ig gene into donor cells.

The resulting donor cells may be used in standard nuclear transfer techniques, such as

those described above, to generate transgenic ungulates with the HAC.

The pregnancy status of the 28 recipients to whom cloned embryos were

transferred from cells containing the hchr. 4fg was checked by ultrasonography. The

results are summarized in Table 4.
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Table 4: Pregnancy at 40 days using donor cells containing hchr.l4fg

Clone ID No ofrecips Pregnancy at 40 days

transferred 

2-1 08 03(38)

4-2 10 00(00)

4-1 05 00(00)

4-1 03 01(33)

2-1 02 01(50)

Total 28 05 (18)

The pregnancy rates were lower than anticipated. This is believed to be

attributable to extremely abnormally hot weather during embryo transfer.

As illustrated in Fig. 27, pregnancy rates for HAC carrying embryos appear to be

equivalent to non-transgenic cloned pregnancies. One recipient carrying a AAHAC calf

gave birth recently to a live healthy calf. Others will be born over the next several

months

Demonstration of Rearrangement and Expression of Human Heavy Chain

Locus in a AHAC Bovine Fetus

Cloned AHAC-transgenic bovine fetuses were removed at various gestational

days and analyzed for the presence, rearrangement, and expression of the human

immunoglobulin loci. Analysis of genomic DNA and cDNA obtained by RT-PCR from

spleen and nonlymphoid tissues (liver and brain) of one of these fetuses indicated the

presence, rearrangement, and expression of the AHAC.

Presence of Human Heavy and/or Light Chain in AHAC Fetuses To determine

whether the human heavy and light chains were retained in AHAC fetuses, liver DNA

was isolated from AHAC fetuses and analyzed by PCR for the presence of genomic

DNA encoding human heavy and light chains.
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For the detection of genomic heavy chain DNA, the following primers were

used: VH3-F 5'-AGTGAGATAAGCAGTGGATG-3' (SEQ ID NO: 1) and VH3-R 

CTTGTGCTACTCCCATCACT-3' (SEQ ID NO: The primers used for detection of

lambda light chain DNA were IgL-F 5'-GGAGACCACCAAACCCTCCAAA-3' (SEQ

ID NO: 3) and IgL-R 5'-GAGAGTTGCAGAAGGGGTYGACT-3' (SEQ ID NO: 4).

The PCR reaction mixtures contained 18.9 |pl water, 3 pl of 10X Ex Taq buffer, 4.8 pl of

dNTP mixture, 10 pmol forward primer and 10 pmol of reverse primer, 1 pl. of genomic

DNA, and 0.3 pl of Ex Taq. Thirty-eight cycles of PCR were performed by incubating

the reaction mixtures at the following conditions: 85°C for three minutes, 940 C for one

minute, 98 0 C for 10 seconds, 56 0C for 30 seconds, and 72 0 C for 30 seconds.

As shown in Fig. 5, fetuses #5968, 6032 and 6045 each contained both human

heavy chain and light chain loci. Fetus #5996 contained only the human heavy

chain locus. Fetus #5983 did not contain the human heavy chain and may not have

contained the human light chain. Fetus #5846 did not contain either human sequence.

Thus, fetuses #5983 and 5846 may not have retained the HAC. These results suggested

that AHAC can be stably retained up to gestational day 58 in bovines.

Presence of Human Cmu Exons in AHAC Fetus #5996 Primers specific for a

mRNA transcript including portions of Cmu 3 and Cmu 4 were used to determine

whether AHAC was present and expressing transcripts encoding the constant region of

the human mu locus of fetus #5996.

For this RT-PCR analysis of the genomic constant region of the human mu heavy

chain, primers "CH3-F1" (5'accacctatgacagcgtgac-3', SEQ ID NO: 5) and

"CH4-R2" (5'-gtggcagcaagtagacatcg-3', SEQ ID NO: 6) were used to generate a RT-

PCR product of 350 base pairs. This PCR amplification was performed by an initial

denaturing incubation at 95 0 C for five minutes. Then, 35 cycles of denaturation,

annealing, and amplification were performed by incubation at 95 0 C for one minute,

59°C for one minute, and 72 0C for two minutes. Then, the reaction mixtures were

incubated at 720 C for 10 minutes. Rearranged bovine heavy chain was detected using

primers I7L and P9, as described below (Fig. As an internal control, levels of

GAPDH RNA was detected using primers "GAPDH forward" 

SEQ ID NO: 7) and "GAPDH reverse" (5'-aacaacttcttgatgtcatcat-3', SEQ ID NO: 8).

For this amplification of GAPDH RNA, samples were incubated at 95°C for five
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minutes, followed by 35 cycles of incubation at 950C for one minute, 550 C for one

minute, and 72 0 C for two minutes. Then, the mixtures were incubated at 72 0 C for seven

minutes.

This analysis showed that RT-PCR analysis of the spleen of fetus #5996

produced a band (lane 3) matching the amplification products generated using control

human spleen cDNA (lane 4) and cDNA obtained from a AHAC chimeric mouse (lane

(Fig. No such band was detected in nonlymphoid tissues: bovine liver (lane 1) or

bovine brain (lane The capacity of these tissues to support RT-PCR was shown by

the successful amplification of the housekeeping gene, GADPH, in both liver (lane 10 of

Fig. 6) and brain (lane 6 of Fig. 7).

Rearrangement of Bovine Heavy Chain Locus by 77 Gestational Days The

AHAC fetus #5996 was tested to determine whether it had undergone the developmental

processes necessary for the expression and activation of the recombination system

required for immunoglobulin heavy chain locus rearrangement. For this analysis,

standard RT-PCR analysis was performed to detect the presence of mRNA transcripts

encoding mu-VH rearrangements. RNA isolated from the spleen, liver, and brain of

fetus #5996 was analyzed by RT-PCR using primers "17L" (5'-ccctcctctttgtgctgtca-3',

SEQ ID NO: 9) and "P9" (5'-caccgtgctctcatcggatg-3', SEQ ID NO: 10). The PCR

reaction mixtures were incubated at 95 0 C for 3 minutes, and then 35 cycles of

denaturation, annealing, and amplification were performed using the following

conditions: 95°C for one minute, 58 0 C for one minute, and 720 C for two minutes. The

reaction mixture was then incubated at 72 0 C for 10 minutes.

Lane 5 of Fig. 7 shows that a product of the size expected for amplification of a

rearranged bovine heavy chain (450 base pairs) was obtained. This product migrated to

a position equivalent to that of a control bovine Cmu heavy chain cDNA known to

contain sequences corresponding to rearranged bovine heavy chain transcripts (lane 7).

As expected, the rearranged heavy chain was expressed in the spleen (lane but absent

from the brain (lane 2) and liver (lane 3) at this point in development.

Rearrangement and Expression of the Human Heavy Chain locus in the AHAC

Fetus #5996 The rearrangement and expression of the human heavy chain locus was

demonstrated by the amplification of a segment of DNA including portions of Cmu and
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VH regions. Primers specific for RNA transcripts including portions of Cmu (Cmul)

and VH (VH3-30) were used to determine if RNA transcripts containing rearranged

human Cmu-VDJ sequences were present (Fig. 8).

For this RT-PCR analysis, primers "Cmul" (5'-caggtgcagctggtggagtctgg-3', SEQ

ID NO: 11) and "VH3-30" (5'caggagaaagtgatggagtc-3', SEQ ID NO: 12) were used to

produce a RT-PCR product of 450 base pairs. This RT-PCR was performed by

incubating reaction mixtures at 950 for 3 minutes, followed by 40 cycles of incubation at

950 for 30 minutes, 69° for 30 minutes, and 72° for 45 minutes, and one cycle of

incubation at 720 for 10 minutes. This RT-PCR product was then reamplified with the

same primers by one cycle of incubation at 95 0 C for three minute, 40 cycles of

incubation at 950 C for one minute, 59 0C for one minute, 72 0C for one minute, and one

cycle of incubation at 72°C for 10 minutes. As an internal control, RT-PCR

amplification of GAPDH was performed as described above.

The gel in Fig. 8 shows that RT-PCR analysis of the spleen from fetus #5996

produced a band (lane 5) matching the amplification products generated using human

spleen cDNA (lane 4) or AHAC chimeric mouse spleen cDNA (lane No such band

was detected in bovine liver (lane 2) or bovine brain (lane As a positive control,

amplification of GADPH RNA (lanes 8 and 9) showed the capacity of these tissues to

support RT-PCR.

Rearrangement and expression of the human heavy chain region in fetus #5996

was also demonstrated by RT-PCR analysis using primers CH3-F3 

GGAGACCACCAAACCCTCCAAA-3', SEQ ID NO: 13) and CH4-R2

GTGGCAGCAAGTAGACATCG SEQ ID NO: 14). These PCR reaction

mixtures contained 18.9 pl water, 3 tl of 10X Ex Taq buffer, 4.8 pl of dNTP mixture,

10 pmol forward primer, 10 pmol of reverse primer, 1 tl of cDNA, and 0.3 pl of Ex

Taq. Forty PCR cycles were performed by incubating the reaction mixtures under the

following conditions: 85°C for three minutes, 94 0 C for one minute, 98 0 C for 10 seconds,

0 C for 30 seconds, and 72 0 C for 30 seconds.

As shown in lanes 6 and 7 of Fig. 9, an amplified sequence from the spleen of

fetus #5996 was the same size as the spliced constant region fragments from the two

positive controls: a sample from a human spleen (lane 8) and a AHAC chimeric mouse

spleen (lane As expected, the negative controls from a normal mouse spleen and a

bovine spleen did not contain an amplified sequence (lanes 1 and Samples from the
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liver and brain of fetus #5996 did not contain an amplified spliced sequence of the same

size as the spliced human mu heavy chain constant region fragments but did contain a

amplified sequence of an unspliced genomic fragment derived from genomic DNA

contaminating the RNA sample (lanes 3, 4, and 

VDJ Rearrangement of the Human Heavy Chain Locus in a AHAC Fetus RT-

PCR analysis was also performed to further demonstrate VDJ rearrangement in the

heavy chain locus in AHAC fetus #5996. Nested RT-PCR was performed using primer

Cmu-1 (5'-CAGGAGAAAGTGATGGAGTC-3', SEQ ID NO: 15) for the first reaction,

primer Cmu-2 (5'-AGGCAGCCAACGGCCACGCT-3', SEQ ID NO: 16) for the second

reaction, and primer VH3-30.3 (5'-CAGGTGCAGCTGGTGGAGTCTGG-3', SEQ ID

NO: 17) for both reactions. The RT-PCR reaction mixtures contained 18.9 p1 water, 3

pl of 10X Ex Taq buffer, 4.8 pl of dNTP mixture, 10 pmol forward primer, 10 pmol of

reverse primer, 1 p1 of cDNA, and 0.3 pl of Ex Taq. The RT-PCR was performed using

38 cycles under the following conditions for the first reaction: 85 0 C for three minutes,

94°C for one minute, 98 0 C for 10 seconds, 65°C for 30 seconds, and 72 0C for 

seconds. For the second reaction, 38 cycles were performed under the following

conditions: 85 C for three minutes, 94 0C for one minute, 98 0 C for 10 seconds, 65°C for

seconds, and 72°C for 30 seconds using primers VH3-30.3 and Cmu-2

(5'-AGGCAGCCAACGGCCACGCT-3', SEQ ID NO: 16).

As shown in lanes 6 and 7 of Fig. 10, RT-PCR analysis of the spleen of fetus

#5996 produced a heavy chain band of the same size as the positive controls in lanes 8

and 9. Samples from the liver and brain of fetus #5996 contained some contaminating

rearranged DNA (lanes 3 and The negative controls in lanes 1 and 2 produced bands

of the incorrect size.

Verification Of AHAC Rearrangement By Sequencing The cDNA obtained by

reverse transcription of RNA from the spleen of the AHAC fetus #5996 was amplified

with primers specific for rearranged human mu and run on an agarose gel. The band

produced by amplification with the Cmul-VH3-30 primer pair was excised from the gel.

The amplified cDNA was recovered from the band and cloned. DNA from a resulting

clone that was PCR-positive for rearranged human mu was purified and sequenced (Fig.

11A).
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The sequence from this AHAC fetus is greater than 95% homologous to over 

known human heavy chain sequences. For example, the mu chain of a human anti-

pneumococcal antibody is 97% homologous to a region of this sequence (Fig. 11B).

Additional sequences from rearranged human heavy chains were also obtained

by RT-PCR analysis of the spleen of fetus #5996 using primers Cmu-1 and VH3-30.3,

followed by reamplification using primers Cmu-2 and VH3-30.3. The RT-PCR products

were purified using CHROMA SPIN column (CLONETECH) and cloned into the

pCR2.1 TA-cloning vector (Invitrogen) according to manufacturer's protocol. The Dye

Terminator sequence reaction (ABI Applied System) was performed in a 10 pl volume

reaction mixture composed of BigDye Terminator reaction mixture (3 l1), template

plasmid (200 ng), and the Cmu-2 primer (1.6 pmol). The sequencing reaction was

performed using a ABI 3700 sequencer. For this analysis, twenty-five cycles were

conducted under the following conditions: 96 °C for one minute, 96 0 C forl 0 seconds,

for five seconds, and 60°C for four minutes.

At least two rearranged human heavy chain transcripts were identified, which

were VH3-11/D7-27/JH3/CJ and VH3-33/D6-19/JH2/C|i (Figs. 12A and 12B). These

results demonstrate that VDJ rearrangement of the human mu heavy chain locus occurs

in the AHAC in the spleen of fetus #5996. The identification of more than one

rearranged heavy chain sequence from the same fetus also demonstrates the ability of

AHAC fetuses to generate diverse human immunoglobulin sequences.

Rearrangement and Expression of Human Heavy and Light Chain Loci in

AAHAC Fetus

Cloned fetuses derived from bovine fetal fibroblasts transchromosomal for the

AAHAC were removed from recipient cows at various gestational days. The fetuses

were analyzed for the presence and rearrangement of the HAC-borne human

immunoglobulin heavy and lambda light chain loci. Studies of genomic DNA from

these tissues indicated the presence of the human immunoglobulin heavy and light

chains in some of the fetuses. Examination of cDNA derived from the spleens of these

fetuses indicated rearrangement and expression of the immunoglobulin heavy and light

chain loci in some of these fetuses. FACS analysis also demonstrated the expression of
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human lambda light chain protein on the surface of splenic lymphocytes in two of the

fetuses.

Presence of Human Heavy and Light Chain Loci in AAIHAC Fetuses To

determine whether AAHAC fetuses retained the human heavy and light chain loci, PCR

analysis was performed on genomic DNA from the liver of 58 day fetus #5580, 57 day

fetus 5848, and 91 day fetuses #5442A and 5442B. The PCR primers used for

detection of the heavy chain loci were VH3-F (5'-AGTGAGATAAGCAGTGGATG-3',

SEQ ID NO: 18) and VH3-R (5'-CTTGTGCTACTCCCATCACT-3', SEQ ID NO: 19),

and the primers used for the detection of the light chain were IgL-F

(5'-GGAGACCACCAAACCCTCCAAA-3', SEQ ID NO: 20) and IgL-R

(5'-GAGAGTTGCAGAAGGGGTYGACT-3', SEQ ID NO: 21). The PCR reaction

mixtures contained 18.9 pl water, 3ul of 10X Ex Taq buffer, 4.8 pl of dNTP mixture, 

pmol forward primer, 10 pmol of reverse primer, 1 jil of genomic DNA, and 0.3 ul of Ex

Taq. Thirty-eight PCR cycles were performed as follows: 850 C for three minutes, 94°C

for one minute, 98 C for 10 seconds, 56°C for 30 seconds, and 72°C for 30 seconds

(Figs. 13 and 14).

As illustrated in Figs. 13 and 14, positive control 58 day fetus #5580 contained

both human heavy and light chain immunoglobulin loci. Additionally, the 91 day

fetuses #5442A and 5442B also contained both heavy and light chain loci (Fig. 14). In

contrast, fetus #5848 did not contain either human loci and may not have contained

AAHAC. These results suggested that AAHAC can be stably retained up to gestational

day 91 in bovine.

Rearrangement and Expression of Human Heavy Chain Locus in AAHAC Fetus

#5442A RT-PCR was used to detect expression of rearranged human heavy chain RNA

transcripts in AAHAC fetus #5542A. The RT-PCR primers used were CH3-F3 

GGAGACCACCAAACCCTCCAAA-3', SEQ ID NO: 22) and CH4-R2 

GAGAGTTGCAGAAGGGGTGACT-3', SEQ ID NO: 23). The RT-PCR reaction

mixtures contained 18.9 g1 water, 3 ul of 10X Ex Taq buffer, 4.8 tl of dNTP mixture,

10 pmol forward primer, 10 pmol of reverse primer, 1 pl of cDNA, and 0.3 pl of Ex

Taq. Forty cycles of RT-PCR cycles were performed as follows: 85 0 C for three
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minutes, 940 C for one minute, 98°C for 10 seconds, 60 0 C for 30 seconds, and 72 0 C for

seconds.

Lanes 4 and 5 of Fig. 15 contained amplified spliced mu heavy chain constant

region sequences from the spleen of fetus #5442A that are similar in size to that of the

positive control samples. These results indicate that fetus #5442A expressed a

rearranged mu heavy chain transcript in its spleen. Faint bands were also seen in the

region of the unspliced genomic sequence, which are amplified from genomic DNA

contaminated in the RNA sample. Control samples from the liver and brain of fetus

#5442A did not produce a band of the size expected for an amplified rearranged heavy

chain sequence.

Rearrangement and Expression of Human Heavy Chain Locus in AAHAC Fetus

#5868A RT-PCR was used to detect expression of rearranged human heavy chain RNA

transcripts in the spleen of a AAHAC fetus at 119 gestational days (fetus #5868A). The

primers used for this analysis were VH30-3 (5'-caggtgcagctggtggagtctgg-3', SEQ ID

NO: 24) and CM-1 (5'-caggagaaagtgatggagtc-3', SEQ ID NO: 25). Additionally,

primers "GAPDH up" (5'-gtcatcatctctgccccttctg-3', SEQ ID NO: 26) and "GAPDH

down" (5'-aacaacttcttgatgtcatcat-3', SEQ ID NO: 27) were used to amplify GAPDH

control transcripts. For this PCR analysis, the reaction mixture was incubated at 95 0C

for five minutes and then multiple cycles of denaturation, annealing, and amplification

were performed by incubation at 950 C for one minute, 58 0 C for one minute, and 72°C

for two minutes. Then, the mixture was incubated at 720C for 10 minutes.

Lane 3 of Fig. 16 contains the RT-PCR product produced from this analysis of

AAHAC fetus# 5868A. This RT-PCR product was the size expected for the

amplification of a rearranged human heavy chain (470 base pairs) and migrated to the

same position in the gel as the control cDNA known to contain sequences corresponding

to rearranged human heavy chain transcripts. As controls, both AAHAC fetus# 5868A

fetal spleen cDNA and normal bovine cDNA samples generated a product when

amplified with GAPDH primers, demonstrating the capacity of the cDNA to support

amplification (lanes 7 and 8).
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Rearrangement and Expression of Human Lambda Locus in AAHAC Fetuses

#5442A and 5442B Primers specific for amplification of a transcript including portions

of human lambda were used to detect RNA transcripts from a rearranged human lambda

light chain locus.

For the RT-PCR analysis shown in Fig. 17, an equimolar mixture of primers CX1

GGGAATTCGGGTAGAAGTTCACTGATCAG SEQ ID NO: 28), C22-3

GGGAATTCGGGTAGAAGTCACTTATGAG SEQ ID NO: 29), and CX7

GGGAATTCGGGTAGAAGTCACTTACGAG SEQ ID NO: 30) was used with

primer VI1 LEA1 CCCCCAAGCTTRCCKGSTYYCCTCTCCTC SEQ ID NO:

31). The RT-PCR reaction mixtures contained 18.9 pl water, 3 p1 of 1OX Ex Taq buffer,

4.8 d of dNTP mixture, 10 pmol forward primer, 10 pmol of reverse primer, 1 p1 of

cDNA and 0.3 l of Ex Taq. The RT-PCR conditions were as follows: 40 cycles of

0C for three minutes, 94 0 C for one minute, 98 0 C for 10 seconds, 600 C for 30 seconds,

and 720 C for one minute.

As shown in Fig. 18, this RT-PCR analysis was also performed using an

equimolar mixture of primers VX3LEA1

SEQ ID NO:32), V3JLEAD

ATCGGCAAAGCTTGGACCCCTCTCTGGCTCAC SEQ ID NO: 33),

VXBACK4 (5'-CCCCCAAGCTTCTCGGCGTCCTTGCTTAC-3', SEQ ID NO: 34) and

an equimolar mixture of primers CX1

GGGAATTCGGGTAGAAGTTCACTGATCAG SEQ ID NO: 35) C12-3

GGGAATTCGGGTAGAAGTCACTTATGAG SEQ ID NO: 36) and C%7

(5'-GGGAATTCGGGTAGAAGTCACTTACGAG-3', SEQ ID NO: 37). The RT-PCR

reaction conditions were the same as those described above for Fig. 7.

Lanes 6 and 7 of Fig. 17 and lanes 4 and 5 of Fig. 18 contained RT-PCR

products from the spleen of fetus #5442A that are similar in size to the positive control

bands, indicating the presence of rearranged light chain RNA transcripts in this fetus.

The spleen sample from fetus #5442B produced very weak bands of the appropriate size

which are not visible in the picture. This RT-PCR product indicates that fetus #5442B

also expressed a rearranged light chain immunoglobulin transcript in its spleen. As

expected, samples from the brain of fetuses #5442A and 5442B did not express human

rearranged lambda light chain transcripts.
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Rearrangement and Expression of Human Lambda Locus in AAHAC Fetus

#5868A RNA transcripts from a rearranged human lambda light chain locus were also

detected in AAHAC fetus# 5868A. For this analysis, primers specific for amplification

of a transcript including portions of human lambda were used to detect AAHAC-encoded

expression of transcripts encoding portions of a rearranged human lambda locus. Primer

VL1 LEAI (5'-cccccaagcttRccKgStYYcctctcctc-3'; SEQ ID NO:38) and an equimolar

mixture of primers CL1 (5'-gggaattcgggtagaagtcactgatcag-3'; SEQ ID NO:39), CL2-3

(5'-gggaattcgggtagaagtcacttatgag-3'; SEQ ID NO:40), and CL7

(5'-gggaattcgggtagaagtcacttacgag-3'; SEQ ID NO:41) were used for this analysis. For

this RT-PCR reaction, the reaction mixtures were incubated at 95 0C for 5 minutes and

then multiple cycles of denaturation, annealing, and amplification were performed by

incubation at 950 C for one minute, 60 0 C for one minute, and 72°C for two minutes.

Then, the mixtures were incubated at 72 0C for 10 minutes.

This analysis demonstrated that spleen cDNA from AAHAC #5868A (lane 4 of

Fig. 19) produced a RT-PCR product of the same size as the TC mouse spleen cDNA

(lane 6) positive control. No such RT-PCR product was detected using either brain or

liver cDNA from AAHAC #5868A (lanes 2 and 3, respectively). The capacity of each of

these tissues to support RT-PCR was shown by successful amplification of the

housekeeping gene, GAPDH using primers "GAPDH up" and "GAPDH down" (lanes 8

and 

Verification of AAHAC Rearrangement by Sequencing RT-PCR analysis was

performed on a spleen sample from fetus #5442A using an equimolar mixture of primers

CMX, C/2-3, and CX7 with primer V11LEA1, or an equimolar mixture of

primersV,3LEA1, VX3JLEAD, and VXBACK4 and an equimolar mixture of primers

CM1, CX2-3, and CX7 in. The PCR products were purified using a CHROMA SPIN

column (CLONETECH) and cloned into the pCR2.1 TA-cloning vector (Invitrogen),

according to manufacturer's protocol. The Dye Terminator sequence reaction (ABI

Applied System) was carried out using the CM1, CX2-3, and C27 primers in an

equimolar mixture. Twenty-five cycles were performed at 96 0 C for one minute, 96°C

for 10 seconds, 55 0 C for five seconds, and 60 0C for four minutes. The 10 Ft1 reaction

mixture contained BigDye Terminator reaction mixture (3 1 template plasmid (200
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ng), and the CX1, C2-3, and CX7 primers (1.6 pmol). The reaction mixture was

analyzed using a ABI 3700 sequencer.

At least two rearranged human lambda light chain transcripts were identified

(V1-17/JL3/CX and V2-13/JL2/C). These results demonstrate that VJ rearrangement of

human lambda light chain genes occurs in the AAHAC in the spleen of fetus #5442A

(Figs. 20 and 21).

FACS Analysis of Expression of Human Lambda Light Chain and Bovine Heavy

Chain in AAHAC Fetus #5442A and 5442B Splenic lymphocytes from AAHAC Fetus

#5442A and 5442B were analyzed for the expression of human lambda light chain and

bovine heavy chain proteins. These cells were reacted with a phycoerytherin labeled

anti-human lambda antibody (Figs. 22C and 22D), a FITC labeled anti-bovine IgM

antibody (Figs. 22D and 22H), or no antibody (Figs. 22A, 22B, 22E, and 22F) for 

minutes at 40C. Cells were then washed twice with PBS plus 2% FCS and analyzed on a

FASCalibur cell sorter. The percent of cells reacting with the antibody was calculated

using the non antibody controls to electronically se the gates. These percentages are

displayed beneath each histogram. Fetus 5442A (Figs. 22A-22D) and fetus #5442B

(Figs. 22E-22H) expressed both human lambda light chain protein and bovine heavy

chain protein.

EXAMPLE 3: Transgenic Ungulates Producing Xenogenous Antibodies and

Reduced Amounts of Endogenous Antibodies

Transgenic ungulates expressing a xenogenous antibody and having a reduced

level of expression of endogenous antibodies may also be generated. By increasing the

number of functional xenogenous immunoglobulin heavy or light chain genes relative to

the number of functional endogenous heavy or light chain genes, the percentage of B

cells expressing xenogenous antibodies should increase.
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To generate these transgenic ungulates, AHAC or AAHAC transgenic ungulates

may be mated with transgenic ungulates containing a mutation in one or both alleles of

an endogenous immunoglobulin chain a mu heavy chain or a lambda or kappa light

chain). If desired, the resulting transgenic ungulates may be mated with transgenic

ungulates containing a mutation in one or both alleles of an endogenous alpha-(1,3)-

galactosyltransferase, prion, and/or J chain nucleic acid or (ii) transgenic ungulates

containing an exogenous J chain nucleic acid human J chain). Alternatively, a cell

a fetal fibroblast) from a AHAC or AAHAC transgenic fetus may be genetically

modified by the mutation of one or more endogenous immunoglobulin genes. In another

possible method, AHAC or AAHAC is introduced into a cell a fetal fibroblast) in

which endogenous immunoglobulins (mu heavy and/or lambda light chains) are

hemizgously or homozygously inactivated. In any of the above methods, the cells may

also be genetically modified by the introduction of a mutation, preferably a knockout

mutation, into one or both alleles of an endogenous alpha-(1,3)-galactosyltransferase,

prion, and/or J chain nucleic acid or (ii) the introduction of an exogenous J chain nucleic

acid. The resulting transgenic cell may then be used in nuclear transfer procedures to

generate the desired transgenic ungulates. Exemplary methods are described below.

DNA Constructs The mu heavy chain (Fig. 2A), lambda light chain, kappa light

chain, alpha-(1,3)-galactosyltransferase, prion, and/or J chain knockout constructs

described above may be used. Alternatively, the puromycin resistant mu heavy chain

construct described below may be used (Fig. 3F). This knockout construct was designed

to remove the 4 main coding exons of the bovine mu heavy chain locus but leave the

transmembrane domain intact, resulting in the inactivation of the mu heavy chain locus.

The puromycin resistant construct was assembled as follows. A 4.4 kilobase

XhoI fragment containing the region immediately proximal to coding exon 1 was

inserted into the XhoI site ofpBluescript II SK+. Plasmid pPGKPuro, which contains a

puromycin resistant gene, was obtained from Dr. Peter W. Laird, Whitehead Institute,

USA. A 1.7 Kb XhoI fragment containing a puromycin resistance gene was subcloned

adjacent to, and downstream of, the 4.4 Kb fragment into the Sall site present in the

polylinker region. This 1.7 Kb puromycin marker replaces the coding exons CH1, CH2,

CH3 and CH4 of the bovine immunoglobulin heavy chain locus. An XbaI fragment

containing a 4.6 Kb region of the mu locus that is downstream of these four exons in the
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wild-type genomic sequence was added to this construct for use as the second region of

homology.

To generate the final targeting construct, a subclone of this construct was

generated by cutting the three assembled fragments with NotI and Mlul The Mlul

restriction digestion truncates the 4.6 Kb fragment down to 1.4 Kb. The NotI site lies in

the polylinker and does not cut into the subcloned DNA itself. The Mlul site was filled

in with a Klenow fragment to generate a blunt end, and the Notlfilled in Mlul fragment

was subcloned into a fresh pBluescript II SK+ vector using the NotI and Smal sites

present in the pBluescript vector. For gene targeting, the final vector is linearized with

NotI.

Gene Targeting by Electroporation and Drug Selection of Transfected

Fibroblasts For electroporation, a single cell suspension of 1 x 107 bovine fetal

fibroblasts fibroblasts obtained as described in Example 2 from a AHAC or

AAHAC transgenic fetus) that had undergone a limited number of population doublings

is centrifuged at 1200 rpm for five minutes and re-suspended in 0.8 ml of serum-free

Alpha-MEM medium. The re-suspended cells are transferred to a 0.4 cm

electroporation cuvette (Invitrogen, cat#. P460-50). Next, 30 tg of a restriction enzyme-

linearized, gene targeting vector DNA is added, and the contents of the cuvette are

mixed using a 1 ml pipette, followed by a two minute incubation step at room

temperature. The cuvette is inserted into the shocking chamber of a Gene Pulser II

electroporation system (Biorad) and then electroporated at 1000 volts and 50 tF. The

cuvette is quickly transferred to a tissue culture hood and the electroporated cells are

pipetted into approximately 30 ml of complete fibroblast medium. The cells are equally

distributed into thirty 100 mm tissue culture dishes (Coming, cat#. 431079), gently

swirled to evenly distribute the cells, and incubated at 38.5 0C/5% CO 2 for 16 to 24 hours.

The media is removed by aspiration and replaced with complete fibroblast medium

containing the selection drug of choice. The media is changed every two days and

continued for a total time period of 7 to 14 days. During the drug selection process,

representative plates are visually monitored to check for cell death and colony

formation. Negative control plates are set up that contained fibroblasts that are

electroporated in the absence of the gene targeting vector and should yield no colonies

during the drug selection process.
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Picking of Drug Resistant Fibroblast Colonies and Expansion of Cells Following

completion of the drug selection step (usually 7 to 14 days), the drug resistant colonies

are macroscopically visible and ready for transfer to 48 well tissue culture plates for

expansion. To assist in the transferring process, individual colonies are circled on the

bottom of the tissue culture plate using a colored marker (Sharpie). Tissue culture plates

containing colonies are washed 2X with IX D-PBS (without Ca2 and Mg and then 

ml of a 1:5 dilution of the cell dissociation buffer is added per plates. Following a 3 to

five minute room temperature incubation step, individual colonies start to detach from

the bottom of the tissue culture dish. Before the colonies detached, they are individually

transferred to a single well of a 48 well tissue culture plate using a P200 pipetmen and

an aerosol barrier pipette tip (200 or 250 id). Following transfer, the colony is

completely dissociated by pipeting up-and-down and 1 ml of complete fibroblast

medium is added. To ensure that the cells are drug resistant, drug selection is continued

throughout the 48 well stage. The transferred colonies are cultured at 38.50C/5% COz

and visually monitored using an inverted microscope. Two to seven days later, wells

that are approaching confluency are washed two times with IX D-PBS (without Ca 2

and Mg2 and detached from the bottom of the well by the addition of 0.2 ml of cell

dissociation buffer, followed by a five minutes room temperature incubation step.

Following detachment, the cells are further dissociated by pipeting up-and-down using a

P1000 pipetmen and an aerosol pipette tip (1000 l1). Approximately 75% of the

dissociated fibroblasts are transferred to an individual well of a 24 well tissue culture

plate to expand further for subsequent PCR analysis and the remaining 25% is

transferred to a single well of a second 24 well plate for expansion and eventually used

for somatic cell nuclear transfer experiments. When cells in the plate containing 75% of

the original cells expanded to near confluency, DNA is isolated from that clone for

genetic analysis.

DNA Preparation The procedure used to isolate DNA for genetic analyses is

adapted from Laird et al, Nucleic Acids Research, 1991, Volume 19, No. 15. In

particular, once a particular clone has attained near-confluency in one well of a 24 well

plate, culture medium is aspirated from that well and the adherent cells are washed twice

with PBS. The PBS is aspirated off and replaced with 0.2 ml buffer to lyse the cells and
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digest excess protein from the DNA to be isolated. This buffer is composed of 100 mM

Tris-HC1 (pH 5 mM EDTA, 0.2% SDS, 200 mM NaC1 and 100 ug/ml proteinase K.

The 24 well plate is returned to the tissue culture incubator for a minimum of three hours

to allow the release of the DNA and digestion of protein. The viscous product of this

procedure is transferred to a 1.5 ml microcentrifuge tube and 0.2 ml of isopropanol

added to precipitate the DNA. The precipitate is recovered by centrifugation, the DNA

pellet is rinsed with 70% ethanol, and after air-drying, the pellet is resuspended in 25-50

ul of buffer containing 10 mM Tris, pH 8, and 1 mM EDTA. This DNA is used for PCR

analyses of clones.

Screening of Clones Two different approaches are used to screen clones, both

employing the polymerase chain reaction (PCR). All approaches described in this

section are adaptable to the targeting of any other gene, the only difference being the

sequences of the primers used for genetic analysis.

According to the first approach, two separate pairs of primers are used to

independently amplify products of stable transfection. One pair of primers is used to

detect the presence of the targeting vector in the genome of a clone, regardless of the site

of integration. The primers are designed to anneal to DNA sequences both present in the

targeting vector. The intensity of the PCR product from this PCR reaction may be

correlated with the number of copies of the targeting vector that have integrated into the

genome. Thus, cells containing only one copy of the targeting vector tend to result in

less intense bands from the PCR reaction. The other pair of primers is designed to detect

only those copies of the vector that integrated at the desired locus. In this case, one

primer is designed to anneal within the targeting vector and the other is designed to

anneal to sequences specific to the locus being targeted, which are not present in the

targeting vector. In this case, a PCR product is only detected if the targeting vector has

integrated directly next to the site not present in the targeting vector, indicating a desired

targeting event. If product is detected, the clone is used for nuclear transfer.

For the neomycin resistant heavy chain knockout construct, primers

Neol (5'-CTT GAA GAC GAA AGG GCC TCG TGA TAC GCC-3', SEQ ID NO: 42)

and IN2521 (5'-CTG AGA CTT CCT TTC ACC CTC CAG GCA CCG-3', SEQ ID NO:

43) are used to detect the presence of the targeting vector in cells, regardless of the

location of integration. Primers Neol and OUT3570 (5'-CGA TGA ATG CCC CAT
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TTC ACC CAA GTC TGT SEQ ID NO: 44) are used to specifically amplify only

those copies of the targeting construct that integrated into the mu heavy chain locus.

For these PCR reactions to analyze the integration of the neomycin resistant

heavy chain knockout construct, a Qiagen PCR kit is used. The PCR reaction mixture

contains 1 pmole of each primer, 5 ul of 1 OX reaction buffer, 10 ul of Q solution, 5 ul of

DNA, and 1 ul of dNTP solution. The reaction mixture is brought to a total volume of

ul with HO20. This PCR amplification is performed using an initial denaturing

incubation at 94°C for two minutes. Then, 30 cycles of denaturation, annealing, and

amplification are performed by incubation at 94°C for 45 seconds, 60°C for 45 seconds,

and 72 °C for two minutes. Then, the reaction mixture is incubated at 72°C for five

minutes and at 4°C until the mixture is removed from the PCR machine.

In the alternative approach, a single primer set is used to amplify the targeted

locus and the size of the PCR products is diagnostic for correct targeting. One primer is

designed to anneal to a region of the locus not present in the targeting vector and the

other primer is designed to anneal to a site present in the targeting vector but also

present in the wild type locus. In this case, there is no detection of targeting vector that

had integrated at undesirable sites in the genome. Because the region deleted by the

targeting vector is different in size from the drug selection marker inserted in its place,

the size of the product depended on whether the locus amplified is of wild-type genotype

or of targeted genotype. Amplification of DNA from clones containing incorrect

insertions or no insertions at all of the targeting vector results in a single PCR product of

expected size for the wild type locus. Amplification of DNA from clones containing a

correctly targeted ("knocked out") allele results in two PCR products, one representing

amplification of the wild type allele and one of altered, predictable size due to the

replacement of some sequence in the wild-type allele with the drug resistance marker,

which is of different length from the sequence it replaced.

For the puromycin resistant heavy chain knockout construct, primers Shortend

AGC CAA GCA GTG GCC CCG AG-3', SEQ ID NO: 45) and Longend 

GGG CTG AGA CTG GGT GAA CAG AAG GG-3', SEQ ID NO: 46) are used. This

pair of primers amplifies both the wild-type heavy chain locus and loci that have been

appropriately targeted by the puromycin construct. The size difference between the two

bands is approximately 0.7 Kb. The presence of the shorter band is indicative

of appropriate targeting.
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For this PCR reaction to analyze the integration of the puromcying resistant

heavy chain knockout construct, a Promega Master Mix kit is used. The PCR reaction

mixture contains 1 pmole of each primer, 2.5 ul of DNA, and 25 ul of 2X Promega

Master Mix. The reaction mixture is brought to a total volume of 50 ul with H20. This

PCR amplification is performed using an initial denaturing incubation at 94°C for two

minutes. Then, 30 cycles of denaturation, annealing, and amplification are performed by

incubation at 94C for 45 seconds, 600C for 45 seconds, and 72 OC for two minutes.

Then, the reaction mixture is incubated at 72 0 C for five minutes and at 40C until the

mixture is removed from the PCR machine.

First Round of Nuclear Transfer Selected fibroblast cells in which an

immunoglobulin gene has been inactivated may be used for nuclear transfer as described

in Example 2 to generate a transgenic ungulate containing a mutation in an endogenous

immunoglobulin gene and containing a HAC encoding an xenogenous immunoglobulin

gene. Alternatively, nuclear transfer may be performed using standard methods to insert

a nucleus or chromatin mass one or more chromosomes not enclosed by a

membrane) from a selected transgenic fibroblast into an enucleated oocyte (U.S.S.N.

60,258,151; filed December 22, 2000). These methods may also be used for cells in

which an endogenous alpha-(1,3)-galactosyltransferase, prion, and/or J chain nucleic

acid has been mutated.

Second Round of Mutagenesis and Nuclear Transfer If desired, a cell a

fetal fibroblast) may be obtained from a transgenic ungulate generated from the first

round of nuclear transfer. Another round of gene targeting may be performed as

described above to inactivate the second allele of the gene inactivated in the first round

of targeting. Alternatively, another immunoglobulin mu heavy chain, lambda light

chain, kappa light chain, or J chain), alpha-(1,3)-galactosyltransferase, or prion gene

may be inactivated in this round of targeting. For this second round of targeting, either a

higher concentration of antibiotic may be used or a knockout construct with a different

antibiotic resistance marker may be used. Antibiotic resistance cells may be selected as

described above. The selected cells may be used in a second round of nuclear transfer as

described above to generate, for example, a transgenic ungulate containing two

mutations in endogenous immunoglobulin genes and containing a HAC encoding an
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xenogenous immunoglobulin gene. Alternatively, the selected antibiotic resistant cells

may first be treated to isolate G1 phase cells as described below, which are used for the

second round of nuclear transfer.

To isolation of G1 cells for nuclear transfer, 5.0x10 5 cells are plated onto 100

mm tissue culture plates containing 10 ml of a-MEM FCS, twenty four hours prior to

isolation. The following day, plates are washed with PBS and the culture medium is

replaced for 1-2 hours before isolation. The plates are then shaken for 30-60 seconds on

a Vortex-Genie 2 (Fisher Scientific, Houston, TX, medium speed), the medium is

removed, spun at 1000 G for five minutes and the pellet is re-suspended in 250 pl of

MEM +FCS. Newly divided cell doublets attached by a cytoplasmic bridge, are then

selected, as these cells are in early G1. This isolation procedure is referred to as the

"shake off' method.

EXAMPLE 4: Transgenic Ungulates Having Reduced

a-1,3-galactosyltransferase Activity

Bovine fibroblast cell lines in which one allele of the c-1,3-galactosyltransferase

locus is mutated were generated by homologous recombination. The DNA construct for

generating the a-galactosyltransferase knockout cells was used to prevent transcription

of functional, full-length a-galactosyltransferase mRNA by inserting both a puromycin-

resistance gene (puro, described in Example 3) and a transcription termination cassette

(STOP) in exon 9 which contains the catalytic domain. Thus, the resulting immature a-

galactosyltransferase transcripts lack the catalytic domain. The DNA construct the

a-galactosyltransferase KO vector) was electroporated into three independent bovine

fibroblast cell lines, and then puromycin-resistant colonies were isolated. Based on PCR

analysis, homologous recombination in the exon 9 region occurred in some colonies.

Thus, bovine fibroblast cell lines in which one allele of al,3-galactosyltransferase locus

is mutated were generated. If desired, the second allele can be mutated by using the

same knockout vector and a higher concentration of antibiotic to select for homozygous

knockout cells or using another knockout vector with a different antibiotic resistance

gene. This method may also be applied to cells from other ungulates to generate

transgenic cells for use in the nuclear transfer methods described herein to produce

transgenic ungulates of the present invention.
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These methods are described further below.

Construction of an ao-1,3-galactosyltransferase KO vector The c-1,3-

galactosyltransferase KO vector was generated as follows (Fig. 23). To isolate genomic

DNA around exon 9 of the ca-l,3-galactosyltransferase gene, a DNA probe was

amplified by PCR using the following primer pair 5'-gatgatgtctccaggatgcc-3' (SEQ ID

NO: 61) and 5'-gacaagcttaatatccgcagg-3' (SEQ ID NO: 62). Using this probe, a bovine

genomic k phage library was screened, and 7 positive k phage clones were identified.

One clone, which contained DNA from a male Charolais bovine fibrolast cell, was

analyzed further by restriction mapping. The Not I-Xho I genomic fragment containing

exon 9 was subcloned into pBluescript II and then bothpuro and STOP cassettes

were inserted at the Avi I site in the Not I-Xho I genomic fragment which is 5' to the

catalytic domain. A diphtheria toxin gene (DT-A, Gibco) was also added to the vector

construct to kill cells in which the targeting cassette was integrated nonhomologously.

Transfection /Knockout Procedures Transfection of three fetal fibroblasts cell

lines (two from a male Jersey bovine and one from a female Jersey bovine) was

performed using a standard electroporation protocol as follows. The medium used to

culture the bovine fetal fibroblasts contained 500 ml Alpha MEM (Gibco, 12561-049),

ml fetal calf serum (Hy-Clone #ABL13080), 5 ml penicillin-streptomycin (SIGMA),

and 1 ml 2-mercaptoethanol (Gibco/BRL #21985-023). On the day prior to transfection,

cells were seeded on a T175 tissue culture flask with a targeted confluency of 80-100 

as determined by microscopic examination. On the day of transfection, about 107 bovine

fibroblasts cells were trypsinized and washed once with alpha-MEM medium. After

resuspension of the cells in 800 pl of alpha-MEM, 30 |tg of DNA was added to the cell

suspension and mixed well by pipetting. The cell-DNA suspension was transferred into

an electroporation cuvette and electroporated at 1,000 V and 50 pF. After that, the

electroporated cells were plated onto twenty 24-well plates with the alpha-MEM

medium supplemented with the serum. After a 48 hour-culture, the medium was

replaced with medium containing 1 pg/ml ofpuromycin, and the cells were cultured for

2-3 weeks to select puromycin resistant cells. After selection, all colonies which

reached close to 100 confluency were picked, and genomic DNA was extracted from

the colonies to screen for the desired homologous recombination events by PCR.
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Screening for targeted integrations As described above, the genomic DNA was

extracted from each 24-well independently using the PUREGENE DNA isolation Kit

(Gentra SYSTEMS) according to the manufacture's protocol. Each genomic DNA

sample was resuspended in 20 tl of 10 mM Tris-Cl (pH8.0) and 1 mM EDTA (EDTA).

Screening by PCR was performed using the following primer pair 

aagaagagaaaggtagaagaccccaaggac-3' (SEQ ID NO: 63) and 

cctgggtatagacaggtgggtattgtgc-3' (SEQ ID NO: 64). The sequence of one primer is

located in the a-l,3-galactosyltransferase KO vector, and the sequence of the other

primer is located just outside of the integrated vector in the targeted endogenous locus

(Fig. 23). Therefore, the expected PCR product should be detected only when the KO

vector is integrated into the targeted locus by homologous recombination.

The PCR reaction mixtures contained 18.9 pl water, 3 Ftl of 10X LA PCR buffer

II (Mg 2 plus), 4.8 41l of dNTP mixture, 10 pmol forward primer, 10 pmol of reverse

primer, 1 pl of genomic DNA, and 0.3 p1 of LA Taq. Forty cycles of PCR were

performed by incubating the reaction mixtures at the following conditions: 850 C for

three minutes, 94°C for one minute, 98 0 C for 10 seconds, and 68°C for 15 minutes.

After PCR, the reaction mixtures were analyzed by electrophoresis. Puromycin-resistant

clones which generated PCR products of the expected size were selected (Fig. 23).

Thus, bovine fibroblast cell lines in which one allele of the a-1,3-galactosyltransferase

locus is mutated by the KO vector were successfully generated.

EXAMPLE 5: Alternative Method for Producing Transgenic Ungulates using

Adeno-associated Viruses to Mutate an Endogenous Gene

Adeno-associated virus (AAV) can be used for specific replacement of targeted

sequences present in the genome of cells (Inoue et al., Mol. Ther. 3(4):526-530, 2001);

Hirata et al., J. Virol. 74(10):16536-42, 2000); Inoue et al., J. Virol. 73(9):7376-80,

1999); and Russell et al., Nat.Genet. 18(4):325-30,1998)). The gene targeting rate is

highly efficient in comparison to more conventional gene targeting approaches. AAV

has a broad range of host and tissue specificities, including specificity for both bovine

and human skin fibroblasts. Thus, AAV can be used to produce transgenic ungulate

cells containing one or more mutations in an endogenous immunoglobulin mu

heavy chain, lambda light chain, kappa light chain, or J chain), alpha-(1,3)-
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galactosyltransferase, or prion gene. These transgenic cells can then be used in the

nuclear transfer methods described herein to produce transgenic ungulates of the present

invention.

Using AAV resulted in homologous recombination of the bovine

immunoglobulin heavy chain locus at higher frequencies than previously obtained using

traditional gene targeting strategies electroporation and lipofection procedures). In

the first round of gene targeting experiments, five appropriately targeted fibroblast

clones were obtained out of 73 stable transductants containing the DNA introduced

through an AAV vector.

These experiments were carried out as follows.

AAV Knockout Vectors AAV constructs can disrupt a gene either by simple

insertion of foreign sequences or replacement of endogenous sequences with new

sequence present in the AAV vector. Figure 24 shows an AAV construct in which all

four coding exons of the bovine immunoglobulin heavy chain mu constant region are

present on a 2822 base pair BamHI-XhoI fragment. A 1.16 Kb fragment containing a

neomycin resistance marker present in the commercially available vector, pMC1Neo,

was inserted into a SacII site present in exon 4 of the mu heavy chain locus from a

Holstein bovine. This locus is the one contained in the phage clone isolated to generate

the knockout vector described in Example 1. To generate the AVV vector, the SacII site

in the mu heavy chain locus was filled in to create blunt ends, which were then ligated to

blunt Sall linkers (New England Biolabs). Then, the XhoI fragment ofpMC1Neo,

which contains the neomycin resistance gene, was ligated to the SalI site added to the

locus through the Sail linker. This ligation can be performed because the XhoI and Sail

restriction sites have compatible ends. This knockout vector causes a disruptional

insertion of the neomycin resistance gene into the endogenous mu heavy chain gene,

thereby inactivating the mu heavy chain gene. This gene inactivation occurs without

deleting regions of the endogenous mu locus.

An alternative vector was designed to remove exons 3 and 4 from the

endogenous locus during targeting, resulting in the replacement of these two exons with

a functional copy of the neomycin resistance gene (Fig. 25). This construct was

generated using PCR amplification of genomic DNA from a female Jersey bovine. In

particular, the 3' region of homology was amplified using the following primers: 
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GGGGTCTAGAgcagacactacactgatgggcccttggtcc 3' (SEQ ID NO: 65), which adds a

XbaI restriction site, and 5' GGGGAAGCTTcgtgtccctggtcctgtctgacacag 3' (SEQ ID NO:

66), which adds a HindIII restriction site. The 5' region of homology was amplified with

primers 5' GGGGCTCGAGgtcggcgaaggatggggggaggtg 3' (SEQ ID NO: 67), which adds

a XhoI restriction site, and 5' GGGGGGTACCgctgggctgagctgggcagagtggg 3' (SEQ ID

NO: 68), which adds a KpnI restriction site. The capitalized nucleotides in these primer

sequences are nucleotides that do not anneal to the mu heavy chain locus but are

included in the primers to add restriction sites to facilitate later subcloning steps. The

first four guanines are added to separate the restriction sites from the very end of the

primers because restriction enzymes do not cleave sites that are at the very end of

primers as well as internal sites. The 5' region of homology is 1.5 Kb long and contains

exons 1 and 2. The 5' region of homology also contains the first 25 nucleotides of exon

3 to maintain the splice acceptor site of exon 3. The splice acceptor site allows exon 3 to

be used for splicing and thus prevents the possible splicing of exons 1 and 2 to the

downstream transmembrane domain to form an aberrant membrane-bound product. The

3' region of homology is 1.24 Kb long and contains the region immediately downstream

of exon 4.

For the construct shown in Fig. 24, the targeting cassette was inserted into the

AAV vector reported by Ryan et al. of Virology 70:1542-1553, 1996), which

contains viral long terminal repeat (LTR) sequences, using standard methods. The AAV

vector was packaged into capsids using the TtetA2 packaging cell line as previously

described (Inoue and Russell, 1998, J. Virol. 72:7024-7031, 1998) and purified as

previously described (Zolotukhin et al., Gene Therapy, 6: 973-985, 1999). For the

construct shown in Fig. 25, the above method or any other standard method can be used

to insert the targeting cassette into the AAV vector described by Ryan et al. or any other

AAV vector (such as a commercially available vector from Stratagene) and generate

viruses containing the vector.

Transduction procedures Fibroblasts from a female Jersey bovine were seeded

into one well of a 48 well tissue culture plate at 40,000 cells per well and cultured in

complete medium at 38.5 0 C and 5% COz until cells attached to the bottom surface of the

well. Once cells adhered, the medium was removed and replaced with 0.2 ml of fresh

medium containing AAV particles with the vector shown in Fig. 24 at a multiplicity of
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infection (MOI) of 500-20,000 particles/cell. The MOI was chosen based on pilot

experiments that determined the resulting numbers of colonies and the spacing of the

colonies during the drug selection phase. Plates were incubated overnight. After this

incubation, the transduced wells were rinsed with calcium and magnesium-free PBS and

detached from the wells using either trypsin or the cell dissociation buffer described

above. A uniform cell suspension was obtained by gentle pipetting of the detached cells,

and the cells from the well were redistributed among ten 100 mm tissue culture dishes.

Dishes were incubated with complete medium overnight.

Following this incubation of the 100 mm dishes, the medium was replaced with

selective medium containing G418 at a concentration of 350 micrograms/ml. Selective

medium was changed every 2-3 days until colonies were macroscopically visible on the

surface of the dish. At that point, individual colonies were picked and transferred into

their own vessels.

Regions containing colonies were marked on the outer surface of the tissue

culture dish. Once all colonies were circled, medium was aspirated off the plates, and

the plates were washed three times with calcium and magnesium-free PBS. After

washing, the plates were flooded with a 1:25 dilution of IX trypsin and allowed to sit at

room temperature until the colonies had visibly begun to detach from the surface of the

plate. Plates were kept stationary to prevent detached colonies from floating to another

location of the plate. A pipet tip was used to pick up cell clumps in a volume of 

microliters, and the contents of the pipet tip were transferred into one well of a 24 well

tissue culture plate. Once all colonies were transferred, complete medium containing

G418 was added, and the isolated clones were allowed to proliferate to near confluency.

When an individual well was close to confluency, it was washed twice with

calcium and magnesium free PBS. Cells were detached using 0.2 ml of cell dissociation

buffer. Of this cell suspension, 20 gl was transferred to a new 24 well plate, and the

remaining cells were allowed to reattach to the surface of the original 24 well plate

following the addition of 2.0 ml of complete medium. The original plate was incubated

to 100% confluency. The new plate serves as a source of appropriately targeted cells for

future bovine cloning procedures.

When a well from the original 24 well plate became 100% confluent, the

medium was removed, and the cells were washed once with PBS. PBS was removed

and replaced with a cell lysis buffer adopted from Laird et al. (Nucleic Acids Res.
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19:4293, 1991). Briefly, 0.2 ml of lysis buffer containing 200 mM NaC1, 100mM Tris-

HC1 pH 8.5, 5 mM EDTA, 0.2% SDS, and 100 ug/ml proteinase K was added to the

well. The plate was returned to the incubator for between three hours and overnight.

The viscous cell lysate was then transferred to a microfuge tube. An equal volume of

isopropanol was added to precipitate DNA. Following a 10 minute spin in a microfuge,

the supernatant was discarded, and the pellet was washed once with 0.5 ml of 

ethanol. After removal of the ethanol, the DNA pellet was air-dried and resuspended in

microliters of TE buffer (10mM Tris pH 8 and 1 mM EDTA). Aliquots of 3 |tl were

used for PCR analysis.

PCR analysis DNA samples from drug resistant clones transduced with AAV

particles were screened for appropriate targeting of the vector using PCR analysis. This

screening strategy used one primer that anneals within the DNA encoding the drug

selection marker and another primer that anneals within the targeted locus, but outside

the sequence present in the AAV targeting particles. PCR products are only detected if

the AAV targeting DNA has integrated into the desired location of the endogenous

genome.

Results from a single targeting experiment using these AAV particles are shown

in Fig. 26. Based on this analysis, five out of 73 independent clones contained the

appropriate targeted vector DNA.

This method may also be used with the AAV vector shown in Fig. 25 or with any

other appropriate adenovirus or adeno-associated viral vector. If desired, the second mu

heavy chain allele can be mutated in the isolated colonies by transducing them with an

AAV vector with a different antibiotic resistance gene a gene other than a

neomycin resistance gene). To select the resulting homozygous knockout cells, the

infected cells are cultured in the presence of the corresponding antibiotic. Alternatively,

the isolated colonies can be transduced with an AAV vector containing a neomycin

resistance gene and cultured in the presence of a high concentration of antibiotic a

concentration of antibiotic that kills heterozygous knockout cells but not homozygous

knockout cells).
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Other Embodiments

From the foregoing description, it will be apparent that variations and

modifications may be made to the invention described herein to adopt it to various

usages and conditions. Such embodiments are also within the scope of the following

claims.

All publications mentioned in this specification are herein incorporated by

reference to the same extent as if each independent publication or patent application was

specifically and individually indicated to be incorporated by reference.
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STHE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

O
dU S1. A transgenic ungulate comprising one or more nucleic acids encoding all or part of a

xenogenous immunoglobulin (Ig) gene which undergoes rearrangement and expresses more

than one xenogenous Ig molecule, said gene being present in ungulate cells.

S2. The ungulate according to claim 1, comprising a mutation that reduces the expression of an

Sendogenous Ig gene.

3. The ungulate according to claim 1, wherein said nucleic acid comprises unrearranged
O

antibody light chain nucleic acid segments in which all of the nucleic acid segments encoding a

V gene segment are separated from all of the nucleic acid segments encoding a J gene

segment by one or more nucleotides.

4. The ungulate according to claim 1, wherein said nucleic acid comprises unrearranged

antibody heavy chain nucleic acid segments in which either all of the nucleic acid segments

encoding a V gene segment are separated from all of the nucleic acid segments encoding a

D gene segment by one or more nucleotides and/or (ii) all of the nucleic acid segments

encoding a D gene segment are separated from all of the nucleic acid segments encoding a

J gene segment by one or more nucleotides.

The ungulate according to any one of claims 1 to 4, comprising nucleic acid encoding a

xenogenous antibody.

6. The ungulate according to claim 5, wherein said xenogenous antibody is a human antibody.

7. The ungulate according to any one of claims 1 to 6, wherein said Ig chain or antibody is

expressed in serum and/or milk.

8. An ungulate somatic cell comprising one or more nucleic acids encoding all or part of a

xenogenous Ig gene, wherein said gene is capable of undergoing rearrangement and

expressing one or more xenogenous Ig molecules in B cells.

9. The cell according to claim 8, wherein said nucleic acid encodes a xenogenous antibody.

The cell according to claim 9, wherein said xenogenous antibody is a human antibody.
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11. The cell according to any one of claims 8 to 10, wherein said cell is a fetal fibroblast.

S12. The cell according to any one of claims 8 to 10, wherein said cell is a B-cell.

13. A hybridoma formed from the fusion of the cell according to claim 12 with a myeloma cell.

14. A method of producing antibodies, said method comprising the steps of:

administering one or more antigens of interest to an ungulate according

to any one of claims 1 to 7; and

recovering said antibodies from said ungulate.

The method according to claim 14, wherein said ungulate comprises a mutation in a nucleic

acid encoding an endogenous Ig gene, said mutation reducing the expression of said

endogenous Ig gene.

16. A method of producing antibodies, said method comprising recovering xenogenous

antibodies from an ungulate comprising nucleic acid encoding a xenogenous antibody gene

locus, wherein the nucleic acid segments in said gene locus undergo rearrangement resulting in

the production of xenogenous antibodies, said gene being present in ungulate cells.

17. The method according to claim 16, wherein said ungulate comprises a mutation in a nucleic

acid encoding and endogenous Ig gene, said mutation reducing the expression of said

endogenous Ig gene.

18. The method according to any one of claims 14 to 17, wherein said antibodies are

monoclonal.

19. The method according to any one of claims 14 to 17, wherein said antibodies are

polyclonal.

The method according to any one of claims 14 to 19, wherein said antibodies are recovered

from the serum or milk of said ungulate.

21. A method of producing a transgenic ungulate, said method comprising the steps of:

inserting a cell having one or more xenogenous nucleic acids into an

oocyte; wherein said xenogenous nucleic acid encodes all or part of a

xenogenous Ig gene; said gene capable of undergoing rearrangement
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O and expressing more than one xenogenous Ig molecule in B cells; and

0 transferring said oocyte or an embryo formed from said oocyte into the

Suterus of a host ungulate under conditions that allow said oocyte or said

embryo to develop into a fetus.

22. The method according to claim 21, wherein said nucleic acid encodes a xenogenous

antibody.

S23. The method according to claim 22, wherein said xenogenous antibody is a human antibody.

24. The method according to claim 22 or claim 23, wherein said antibody is a polyclonal

antibody.

The method according to any one of claims 21 to 24, wherein said immunoglobulin chain or

antibody is expressed in serum and/or milk.

26. The method according to any one of claims 21 to 25, wherein said fetus develops into a

viable offspring.

27. The ungulate according to any one of claims 1 to 7, the ungulate somatic cell according to

any one of claims 8 to 12, or the method according to any one of claims 14 to 26, wherein said

nucleic acid is substantially human.

28. The ungulate according to any one of claims 1 to 7 and 27, the ungulate somatic cell

according to any one of claims 8 to 12 and 27, or the method according to any one of claims 14

to 27, wherein said nucleic acid is contained within a chromosome fragment.

29. The ungulate, the ungulate somatic cell, or the method according to claim 28, wherein said

chromosome fragment is a AHAC, or a AAHAC.

The ungulate according to any one of claims 1 to 7 and 27, the ungulate somatic cell

according to any one claims 8 to 12 and 27, or the method according to any one of claims 14 to

27, wherein said nucleic acid is integrated into a chromosome of said ungulate.

31. The ungulate, the ungulate somatic cell, or the method according to claim 28, wherein said

nucleic acid is maintained in an ungulate cell independently from the host chromosome.
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S32. The ungulate according to any one of claims 1 to 7 and 27 to 31, the ungulate somatic cell

Saccording to any one of claims 8 to 12 and 27 to 31, or the method according to any one of

Sclaims 14 to 31, wherein said ungulate is a bovine, ovine, porcine, or caprine.

33. The ungulate, the ungulate somatic cell, or the method according to claim 32, wherein said

ungulate is a bovine.

S34. Ungulate antiserum comprising polyclonal human immunoglobulins (Igs), wherein said

polyclonal human immunoglobulins are produced by a method according to any one of claims

14 to 

Ungulate milk comprising polyclonal human Igs, wherein said polyclonal human Igs are

produced by a method according to any one of claims 14 to 

36. The ungulate antiserum or milk according to claim 34 or claim 35, wherein said ungulate is

a bovine, ovine, porcine, or caprine.

37. The ungulate antiserum or milk according to claim 36, wherein said ungulate is a bovine.

38. The ungulate antiserum or milk according to any one of claims 34 to 37, wherein said Igs

are directed against a desired antigen.

39. The ungulate according to claim 1, the ungulate somatic cell according to claim 8, or the

method according to any one of claims 14, 16, and 21, wherein said ungulate comprises a

mutation in one or both alleles of an endogenous nucleic acid encoding alpha-

3)-galactosyltransferase.

The ungulate according to claim 1, the ungulate somatic cell according to claim 8, or the

method according to any one of claims 14, 16, and 21, wherein said ungulate comprises a

mutation in one or both alleles of an endogenous nucleic acid encoding prion protein.

41. The ungulate according to claim 1, the ungulate somatic cell according to claim 8, or the

method according to any one of claims 14, 16, and 21, wherein said ungulate comprises a

mutation in one or both alleles of an endogenous nucleic acid encoding J chain.

42. The ungulate according to claim 1, the ungulate somatic cell according to claim 8, or the

method according to any one of claims 14, 16, and 21, wherein said ungulate comprises a
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Snucleic acid encoding an exogenous J chain.

cU

S43. The ungulate, the ungulate somatic cell, or the method according to claim 42, wherein said

_J chain is a human J chain.

44. A transgenic ungulate according to claim 1, an ungulate somatic cell according to claim 8, a

Shybridoma according to claim 13, an ungulate antiserum according to claim 34, or ungulate milk

according to claim 35, substantially as herein described with reference to any one of the

0examples and/or figures.

A method according to any one of claims 14, 16, and 21, substantially as herein described

with reference to any one of the examples and/or figures.
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1 2 3 4 5 7 8 .9 11.. marker

2000bp
1200bp
800bp

400bp
200bp
100bp

1. Humanmu constant region in bo vine liver cDNA.from fetus 5996.

2. Human mu constant region in bovine brain cDNA from fetus 5996..

3. Human mu constant region in bovine spleen cDNA from fetus 5996.

4. Human mu constant region in human spleen cDNA.

Human mu constant region in mouse spleen CDNA with HAC.

6. Bovine rearranged Cmu heavy chain in bovine spleen cDNA from fetus 5996.

7. Bovine rearranged Cmu heavy chain in human spleen qDNA.

8. Bovie Tearrapged Cnu heavy chain in mouse spleen CDNA with HAC.

9. GAPDH primers m bovine spleen cDNA from fetus 5996.

GAPDH primrs in bovine liver cDNA

11. GAPDH primers in mouse spleen CDNA with HAC.

Figure 6
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Marker I 3 4 5 6 7

2000bp
1200bp
800bp

400bp
200bp
100bp

GAPDH primers in bovine liver cDNA

Bovine rearraged Cmu heavy chain in bovine brain cDNA from fetus 5996.
Bovine rearranged Cmii heavy chain in bovine liver oDNA from fetus 5996.

GAPDH- primers in bovine spleen cDNA from fetus 5996.

Bovine rearranged Cmu heavy chain in bovine spleen cDNA from fetus 5996.

GAPDW primers in in bovine brain cDNA from fetus 5996.

Bovine rearranged Cmu heavy chain positive control.

Fi1gure 7
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1 2 3 4 5 mairker 6 7 8 9 

I1. Duman rearranged Cmii heavy chain in mouse spleen CDNA wfi HAG control).

2. Human rearranged Cmii heavy chain in bovine liver cDNA from fetus.

3. Human rearranged Cmii heavy chain in bovine brain cDNA from fetus 5996

4. Human rearranged Cmii heavy chain in human spleen oDNA control).

Human rearna~ed Cmii heavy chain in bovine spleen cDNA from fetus 5996.

6. GAPDH primers in bovine spleen oDNA from fetus 5996.
7. GAPDII primers in in mouse spleen CDNA with HAC
8. GAPDI-i primers in bovine brain cDNA from fetus 5996.

9. GAPDH- primers in bovine liver cDNA from fetus 5996.
GAPDH primers positive control.

.Figure 8
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1. Mouse spleen (negative control)

2. Bovine spleen (negative control)
3. 'Fetus 5996 brain
4. Fetus 5996 liver

Fetus 5996 liver
6. Fetus 5996 spleen
7. -Fetus 5996 spleen'
8. AfIAC-chimeric mouse spleen

(positive control)
9. Iguwan spleen (positive control)

Unspiced genomic fragment
Spliced transcript

13 4 5 6 7 8 9

Figure 9
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1 2 1 4 e 7 R
I. Mouse spleen (inegative control)
2. Bovine spleen (negative control)
3. Fetus 5996 brain
4. Fetus 5996 liver

Fetus 5996 liver
6. Fetus 5996 spleen
7. Fetus 5996 spleen
S. AHAC-cbimeiric mouse spleen

(positive control)
9. [Human spleen (positive control)

Figure 
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52

Figure 1113 S 15 Ads9 'V~S0 Ct 

V-D-3 region 1-4constant mu region
Subject: 

~ttgtac tactgggCCagaaCC tgtca CGt tCtCagGqaGtCa tcCgcccca

Quer~y

Subj ect 
ace cttttccccctcgtctcctgtgagaattccccgtcggataCgagcagcgtggccgtt

Query

Subject; 
ggctgcctcgcaaggacttccttccc 3'

CmuJ. primer
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19 *~28 37 46 
GGA GOC TTG GTC AAG CCT GGA GGG TCC CTG AGA CTC TCC TGT GCA GCC TCT GOA

OO0L V XC P G GS L R L S C A A S 0

,64 73 82 91 10010
'FrC ACC TTC AGT G3AC TAC TAC ATG AG3C TGG ATC CGC CAG OCT CCA GOG AAG 000

F TF S D YY M S.W I R. -A P G K G

.1B 127 136 145 154 163
CTG GAG TGG OTIT TCA TAC KIT ACT ACT AGT CGT ACT ACC ATA TAC TAC GCA GAC

L E W VS Y I S S S G S T IY YA D

172 181 190 199 208 217
TCI' GTO AAG GOC CGA TTC ACC AIC TCC AGO GAG AAC GICC AAG AAC TCA CtG TAT

S V K G R F T I S R D N A K N S L Y

-226 235 244 253 262 271
CTG CAA ATG AAC AGC Cr0 AGA GCc GAG GAC ACO GCT OTO TAT TAC TOT GCG AGA

L Q M N S L R A E DT A VY Y C AR.

280 289 298 307 316 325
ATA ACT GGG-GAT OCT liT GAT ATC TOG CCC CAA 000 ACA ATG GTC ACC GTC TCT

I T G DA F D I1W G Q G T M VT V S

DI -27
334 343 352 361 370 379

TCAGOGAG(W(A TCC ;CC ('CA AC' err -i'C ('CXt' -C(3W CTCTU7T GAO AAT T(c'
S a S A S AP T L F P L V S C E N S

388 ~4
CCC3 TLX]' GAT ACG AGC 3'

P S D T S

Figure 12A
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aOI TG GAG TCT GGG GGA GOC TIG GTA CAG CCT.GGc3 AGG TCC CTG AGA CTC TCC TOT
V E S G a 0 L VQ P G R S L R L S C

OCA GCG TCA GGA 'rrC ACC TTC AGG AAC TIT GGC ATO CAC TO GTC CGC CAC ocT
A A B G F T F R N F 0 M H W V R -Q A

VES~-33
CCA GGC AAG GGG CTG GAG TOG GTG ACA CIT ATA TOG TAT GAGC GGA AGT AAT CAA
PG0 K G L W V T V I W Y D 40 S N Q.

TAC TAT ATA GAC TCC GTG AAG GGC CGA TTC ACC ATC TCC AGA GAC AAT TCCAAG
Y Y I D S V'K 0 R F TI S R D N S I

AAC ATO TFG TAT CTG CAA ATO AAC ACC CTG AGA GCC GAG GAT ACO OCT OTO TAT
K M L Y L Q M N -S L RA E D T A V Y

TAC TGT GCG AGA-GAT CGC AAT GGC CTG AAO TAC TTC GAT CTC TOG GGC CGT C
Y C A R D R NOG L K Y F D L WG R G

DI6297Apd~56o

ACC CM' GTC A~CT GTC TCA TCA GGG A(ST GCA rcc UCCCC('(AAC T'F C
T L V T V S S G S A S A P T L F P L

(3TC TC. TT(3AT TCC(CG CWJ( GAl AQC 3
V S C E N S P S D T S

Figure 12B
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1 2 3 45 67 8 910 1112

Bo-vine geflomficfDNA (negative
control)

2. Fetus 5580 genomic DNA (IgX)

3. Fetus 5580 gen oric DNA 
4. Fetus 5R48 gen omic DNA (Igk.)

Fetus 5848 genaoiic DNA (IgX.)
6. Positive control (Human genomic

DNA)
7. B~ovine genoinic DNA (negative

control)
8. Fetus 5580 genomic DNA (IgH)
9. Fetus 5580 genomic DNA (1gB)
10. Fetus 5848 genoxuic DNA (IgH)

Fetus 5848 genomic DNA (1gB)
12. Positive control (Human genomic

DN4A)

Fetus "Clone Ai. i

5580 412 Fos Pos,
5848 214 Neg Neg.

Figure 13
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IgH 1. Bovine genomic DNA (negative control)

2. Fetus 5442A genomic DNA (91 day)
3. Fetus 5442A genomic DNA (9-1 day)
4. Fetus 544213 genoinic DNA (91) day)

Fetus 5442B genoinic DNA (9-1 day)
6. Fetus 5968 genoinic DNA (06.day; positive

control)
7. Bumxan genornic DNA (positive control)

1g%.

1 7t 6 '7

FigUre 14
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1. Bovine spleen (Ineg~tive conrTl)
Fetus 5,142A brain
Yeles'5442A liver

4. Fetus 5442A spleen
iiis 544-2A spleen3

6. Fetus U996 spleen (posilive con t-ror)

7 z ia-:C-cbjn eic mollse splee~n
(PbSi bye control)

67

Figure 
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1 2 3 4 5 6 7 8

I10.0kb

1.4

0.7.

0.4
0.3
0.2

1. Low Mass Ladder: 2.0, 1.2, 0.8,0.4, 0.2 and
0.1kb

2. Normal Bovine spleen cDNA negative control
3. MAHAG 5868A spleen cDNA
4. empty

Hi Lo
:10.0,6.0,4.0,3.0,2.0,1.5,1.4,1.0,0.7,0.5,0.4,0.3,
0.2,0.1kb

6. Tc Mouse HAC spleen eDNA positive control
7. GAPDH product from 5868A spleen eDNA

S. GAPDH product from normal bovine spleen
cDNA

ig~ure 16
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1. Bovine spleen (negative control)
2. Fetus 5442A brain'
3. Fetus 5442B brain
4. Fetus 5442A liver

Fetus 5442B liver
6. Fetus S442A spleen
7. Fetus 5442A spleen
8. Fetus 5442B spleen
9. Fetus 5442B spleen

AHMC-cbhneric mouse spleen
(positive control)

1 2 3 4 5 6 7 8 9 10

Figure 1i7
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I Bovine spleen (negative control)
2. Fetus 5442A brain
3. Fetus 5.442A liver
4. Fetus 5442A spleen

Fetus 5442A spleen
4-6. ATIAC-cijimeric mouse spleen

(positive control)

1 23 45 6

Fjg-ure 18
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1 2 3 4 5 6 7 8 9 

LML

1.2
0.8
0.4
0.2

1. Hi-LoMTyW:2.OA1.5,l.4,l.0,0.7,0.5 kb
2. AAI{AC.5869A fetal brain cDNA'
3. AIIAC 5868A fetal liver cDNA
4. AAMAC 5868A fetal spleen cDNA

Low Mass Ladder
6. Tc Mouse RAC spleen cDNA positive control (530bp)
7. Low Mass Ladder
S. GADH AAHAC 58969A brain cDNA
9. Low Mass Ladder

GAPDB AAHAC 5868A liver cDNA

I-igmre 19



o Mo c./l c,,,g9
ACC CTC CTC ACT CAC TGT GCA GGG TCC TOG 0CC GAG TCT GTG CTG, ACT CAG CCA

T L L T H C A 0GS W AQ S V L T Q P

CCC TCA GCG TCT GGG ACC CCC GO0 CAOI AGO OTC ACC ATC TCT TOT TCT GGA AGC
P S A -S 0 T P G Q R V T I S CSG S

AGC TCC AAG ATC GGA AGT AAT TAT GTA TAG TOG TAG CAG GAG GTC CCA GGA ACG
S S N I G S N YV Y WY Q Q LP G T

0CC CCC AAA GTG CTC ATC T AT AGG AAT AAT GAG CGG CCC TCA GGG GTC CCT GAC V 1-7
A P K L L I Y R N N QR P S G VP D

CGA TTC TCT GCC TCC AAG TCT GGC AGC TCA GCC TCC CTG 0CC ATC ACT GGG CTC C
R F S G S K SOGT S A S L A I S G L

COG TCC GAG GAT GAG OCT OAT TAT TAC TGT OCA GGA TGG OAT GAG AGC CTG AGT
R S. E D EA D Y Y C. A AWiVD DS L S.

GGT CTT TTC GOC OGA 000 ACC AAG CTG ACC GTC CTA GOT CAG CCC AAG OCT 0CC
0 L F 000G T K L T VLG Q P K A A

CCC TCG GTC ACT CTG TTC CCA CCC TCC TCT GAG GAG CTT CAA 0CC AAC AAG CC
P S -V T L F P P-S S EE L Q A N K A

c%~
ACA CGG TG 3'

T L V 1

~(3U(Q ~kC



ro/v'~ aoid~T

AGT TOG ACC CCT CTC TGG CTC ACT CTC TTC ACT CTT TGC ATA GGT TCT

.S W T P LWL T L FT L C I G s

GTG OTT TCT TCT GAG CTG ACT CAG GAG CCT GCT GTG TCT GTG GCC TTO GGA CAG

V V S'S E L T Q D P A V SV A L G Q

ACA GTC AGG ATC ACA TGC CAA GOA GAC AGC CTC AGA AGC TAT TAT GCA AGC TGG

T V R I T C QG D S L R S Y Y A S W

TAC, CAG GAG AAO CCA OGA CAG GCC CCT GTA CTT OTC ATC TAT GOT AAA AAC AAC V/2 :3

Y Q Q.-K P G Q A P V L V I Y G K N N

CGG CCC TCA GGG ATC CCA GAC CGA TTC TCT GGC TCC AOC TCA GGA AAC ACA OCTw

R P S G I P D R F S G S S S G N T A 

TCC TTG ACC ATC ACT GGG OCT CAG GCG GAA OAT GAG OCT GAG TAT TAC TOT AAC
S L T I TOG A Q A E D E A D Y Y C N

TCC CGG GAG AGC AGT GGT AAC CAT GIG GTA TTC GGC GGA GO ACC AAG GIG ACC

S R D S SOGN H LV FO0G G T K L T L

GTC CTA GOT GAG CCC AAG OCT GCC CCC TCO GTC ACT CTG, YrC CCA CCC TCC TCT

V L G.Q P K A A PS V T L F P P S S

GAG GAG CTT CAA 0CC AAC AAG 0CC ACA CTG GTG 3'
E EL Q A NK A T L V

1 LA
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Cat

Exon 9

-7"1

1.2 kb of left arm

alytic domain

a- gal locus

Catalytic domain

U
Puro

Targeting vector
8.2 kb of right arm

Homologous recombination

Catalytic domain

Targeted locus
mool. 

9 kb of PCR product

AAAA .AAAA

a-~gal transcript without its catalytic domain STOP; transcription termination sequence
DT-A; diphtheria toxin gene.
Puro; puromycin-resistant gene

I:igure! 23



BamHI hoXhol

Sacl site

.1 Kb-

i 1.3Kb

Primer I
-4-

Primer 2
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1662 bp fragment 14.23 bp fragment

4Exons 3 and 4
L deleted

Insert drug marker

\QiS'
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NT. ET and pregnancies:Delta HAC regenerated fibroblasts
Cell line Total NTs Noof Blast Noof Blast Pregnancy status

ID in culture Tranfarred No Recips 40d 60d 9gO d 120 d 150 d 180d 10d
05968 174 34(28) 27 17 3 3 3 3 3 3 3

06045 215 10(7) 8 4 1 1 1 1 1 1

06045 122 20(23) 12 9 1 0 0 0 0 0

06032 161 18(16) 14 1 3 3 3 2 2 2

D6032 188 15(11) 11 11 3 a 0 0 0 0

D6032 198 20 (14) 16 10 1 1

06032 200 17(12) 12 8 2 2 2 2

06032 180 11 10 5 3 1 1 0

06032 135 22(23) 22 11 2 1 1 1

05968 140 35(36) 25 13 2 2 1

05968 160 30(24) 26 13 2 2 1
06045 170 46(39) 32 16 4

06045 80 7(13) 1 1 0

06045 SLOT 108 9 (12) 3 2 1

06045 76 8(15) 2 1 0

08045 SLOT 128 12(13) 7 5 0

06045 47 6(18) 5 3 2

D6045SLOT 112 3(4) 3 2 2

06045 120 28(33) 18 9

06045 SLOT 100 11(16) 2 1

06045 78 15(27) 16 8

0D045 SLOT 91 0 2 1

06045 98 16(23) 10 

06045 SLOT 104 16(22) 10 
05968 128 24(27) 8 4

05988 SLOT 65 10 (22) 8 4

05968 120 28(33) 14 7

0D5968 SLOT 95 13 (19) 6 3

0D968 08 17 (25) 20 10

05968 SLOT 93 14 (22) 12 6

D 13 1(11) 1 3

SLOT 63 8 (18) a 3

D 10B 4(5) 4 3

SLOT 100 1(1) 1 3

D 90 10(16) 10 6

SLOT 110 13(17) 13 6

D 90 10(16) 10 1

SLOT 83 56(9) 5 1

D 105 20(27) 20 9

SLOT 78 7(13) 7 2

D 88 7(11) 7 4

SLOT 93 9(14) 9 4

D 85 20(33) 20 10

SLOT 77 4(7) 4 2

4987. 516(49) 481 258

summary
Preg Status No of Pagnandes

40d 9
2.

S120d 4
S18Od 3

210d 3
Total 21

SiL, fe a 7


	Abstract
	Description
	Claims
	Drawings

