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TCCCTTCACC

2050
GAAGAGTCTC
GAAGAGTCTC'

2100
GCAAGGGTGG
GCAAGGGTGG

2150
GTGATGGGGC
GTGATGGGGC .

12200

CGCAGGAGAA

CGCAGGAGAA -

2250
ATGTCGCGTT -
ATGTCGCGTT -

2300
ACTTCTCCCT
ACTTCTCCCT

2350
CTTCCTGTAA
CTTCCTGTAA -

2400
GGGTCCTCAG

-GGGTCCTCAG.

. 2450
CCGCCTGTTC
CCGCCTGTTC
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clonell
clonel

cloneil
clonel

clonell
clonel

clonell

clonel

élonell
clonel

cloneéll
clonel

clonell
clonel

clonell
clonel.

clonell
clonel
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- clonel

2451
GGGAGCGCAT
GGGAGCGGCA

2501
GCTTAGTCTC
GCTTAGTCTC

2551

ACAGGAGTTT

ACAGGAGTITT

2601 .
TTTAATCACC
TTTAATCACC

2651
CCATCACTGC
CCATCACTGC

2701
CCCTCAGTGT

.ECCTCAGTGT

2751

. TGCCCCTCTC

TGCCCCTCTC

2801
CTGTCCCTCT
CTGTCCCTCT

2851
CTGCCCTGGG

.CTGCCCTGGG:

2901
ACCCCGTACC
ACCCCGTCCC

CTCCAGCATG
TCTCCAGCTG

GTGGTTAGAC
GTGGTTAGAC

CCTGTATTTT

CCTGTATTTT

TATTCTGCCC
TATTCTGCCC

' CCTCACTGIC
'CCTCACTGTC

CCCCTCAGAG
CCCCTCAGAG

TGCCCCTCTC

TGCCCCTCTC

CTGCCCCTCA
CTGCCCCTCA

GGAGGCCCGC
GGAGGCCCGC

CCCCGCCAGG

CCCCGCCAGG

CTGTCGCACA
CTGTCGCACA.

CAACCTGCTT
CAACCTGCTT

TCAACTTATA

TCAACTTATA

'CTTCATTTTC

CTTCATTTTC

CTTAAACTGT

‘CTTAARCTGT

TCACCTCCCT
TCACCTCCCT

TGTCCCTCCC
TGTCCCTCTC

CTGCTCCTCT
CTGCTCCTCT

ATCGAGGTGT
ATCGAGGTGT

of 16

GCTTCGTTGC

GCTTCGTTGC

TCTCGAGTAA
TCTCGAGTAA

'ATCCCCTAGT

ATCCCCTAGT

TCCCTATCGA
TCCCTATCGA

CCCTTARCTG
CCCTTAACTG

ATCACCTCAC
ATCACCTCAC

TGCCCCTCCC
TGTCCCTCCC

CTGCACCTCA
CTGCACCTCA

CTCTGCTCAC
CTCTGCTCAC

Fiéure 2(e)
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2500

TAACAAGACC
TAACAAGACC

2550

TTGTTAATTT -

TTGTTRATTT

2600
CAGATAACTC
CAGATAACTC

2650
TCTCAGCAAC
TCTCAGCAAC

2700
ACCAGACTGT
ACCAGACTGT

2750

TGTCCCTCTC - .
TGTCCCICTC .

2800
CGTCCCCTCT
CGTCCCCTCT |

2850
CTGCTCCTCA
CTGCTCCTCA

, 2900
CCCGTCCCCC
CCCGTCCCCC

2950
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Fiqure'eg

aagggatcac atggcaccac

ctggcaccct
gactacttcc
cacaccttcc
gtgccctcca
aacaccaagg
ggaagccagg -
cagcaaggca
cagggagagyg-
taacccaggc
ccgggaggac
gctcggacac
caaatcttgt -
gccctccage
agccgggtge
“cgtcagtctt
aggtcacatg
acgtggacgg
gcacgtaccg
- agtacaagtg
' aagccaaagg
ccctetgece
ccacaggtgt
acctgectgg
cagccggaga
ctctacagca
tcecgtgatge
ggtaaatgag

cctccaagag
ccgaaccggt
cggctgtcct
gcagcttggg
tggacaagaa
ctcagcgctce
ggccccgtct
gtcttctgge
cctgcacaca
cctgcecectg
cttctctect
gacaaaactc
tcaaggcggg
tgacacgtcc
cctctteccce
cgtggtggtg
cgtggaggtg
tgtggtcagce
caaggtctcc
tgggacccgt
tgagagtgac
acaccctgcc
tcaaaggctt
acaactacaa
agctcaccgt
atgaggctct

tgacctacct
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cctccaaggce

ctctettgea
cacctctggg
gacggtgtcg

acagtcctca:

cacccagacc
agttggtgag
ctgcctggac
gcctcttcac
tttttcccca
aaggggcagg
acctaagccc
cccagattcece
acacatgccc
acaggtgccc
acctccatct
ccaaaaccca
gacgtgagcc
cataatgcca
gtcctcaceg
aacaaagccc
9999?90939
cgctgtacca
cccatcccgg
ctatcccage
gaccacgcct

‘ggacaagagc

gcacaaccac

gcgagetgee’

gcctccacca
ggcacagcgg
tggaactcag
ggactctact
tacatctgca
aggccagcac
gcatcccggce
ccggaggcect
ggctctggge
tgctgggctc
accccaaagg
agtaactccc
accgtgccca
tagagtagcc
cttcetcage
aggacaccct
acgaagacce
agacaaagcc
tcctgcacca
tceccageccee
ggccacatgg
acctctgtcc
gatgagctga
gacatcgccg
cccgtgetgg
aggtggcagc
tacacgcaga

‘cctctececte

agggcccatc
ccctgggetg
gcgecetgac
ccctcagcag
acgtgaatca

‘agggagggag

tatgcagccc
ctgccecgccc
aggcacaggc
agacctgcca
ccaaactctc
aatcttctct
‘ggtaagccag
tgcatccagg
acctgaactc

‘catgatctcc

tgaggtcaag
gcgggaggag
ggactggctg
catcgagaaa
acagaggccg
ctacagggca
ccaagaacca
tggagtggga
actccgacgg
aggggaacgt
agagcctctc
cceceeccacge

ggtcttccecce
cctggtcaag
cagcggcgtg
cgtggtgacc
caagcccagce
ggtgtctgct
cagtccaggg
cactcatgct
taggtgccce
agagccatat
cactccctca
ctgcagagcc
cccaggcecte

gacaggcccec
ctggggggac
cggacccctg
ttcaactggt
cagtacaaca
aatggcaagg
accatctcca
gctcggceccca
gccccgagaa
ggtcagcctg
gagcaatggg
ctccttette
cttctcatgc
cctgtcteeg
cgcagctgt.

cgctgtgccg
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gaggtgcagce
acctgcgcag
ccagggaagg
gacagcgtga
caaatgaaca

ggagtgacag tgtcctgacc atgtcgtcectg tgtttgcagg
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tgtccagtgt

tgttggagtc
tctctggatt

cgggggaggt
caccttcagt

ctcgtccagce
agctatgcaa

ggctggaatg ggtcggagcc attagtggta

aaggccgatt
gtctgagagc
aggctgagcc

caccatctcc
cgaggacacg
cagacacaaa

agagacaact
gccgectatt
ccteecctgea

aggggeccte

Figure 10.

j‘ggagatgtcc

actggtacct

aagcctecgee

ggctgcacca
ctctgttgtg
ggataacgcc
cagcacctac
agtctacgcc
caggggagag
cctcge.-

Figure 11.

‘catgcaggag

géagtaccag

tctgtcttca
tgcectgetga
ctccaatcgg
agcctcagea
tgcgaagtca

gcaggaccca

tctteecgee
ataacttcta
gtaactcccea
gcaccctgac
cccatcaggg

gcatggacat

tgggactcct
cagtgtagcc
tggatatgtg
tctccatect
cagggcatta
ctgatttatg
tctgggacag
tactgtcaaa
aaacgtaagt

gctgetctgg
actaatgcct
tttttatgtt
ctctgtctge
gcaattactt
ctgcatccac
atttcactct
agtacaacag
gcactttcect

ctcccaggta

ggcacttcag’

cctaatatca
atctgtggga
agcctggtat
tttgcaatct
taccatcagce
tgccccteca
aatgttccte

aggagggaaa
gaaattcttc
gataccagat
gacagagtca
cagcagaaac
ggggtcccat
agcctgcagc
cttttcggeg
accgtttctg

caggggggac
tgagctgggt.
gtggtagcac
ccaagaacac

cctgagactc |
ccgccaggcet
atactacgcg
gctgtatctg -

actgtgcgaa agacacagtg

' .catccacat

atcctgtttg
atctgatgag
tcccagagag
ggagagtgtc
gctgagcaaa
cctgagctcg

. .ggcaggct

qgcacccagg'

cttctttect:
cagttgaaat:
gccaaagtac’
acagagcagg
gcagactacg
cccgtcacaa

.gcteccecacee

gagggtcccet:

caacaaaaat
ttagaacatt
gttacatcca
ccatcacttg
cagggaaggt

cgcggttcag
ctgaagatgt:

gagggaccaa
cctgatttgt

gctcagctce
tttattcage
actaatcatg
gatgacccag:
ccgagccagt
tcccaagctce
tggcagtgga
tgccacctat
ggtggagatc
ttgettttte

cattttttcgetat..

caggaactgt -
ctggaactgc
agtggaaggt
acagcaagga
agaaacacaa
agagcttcaa

tgttagagcg agacgcctgc cagggcaccg ccagcgacce tgaggéccag
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catacacag

ccatacatac

gcgtgtggec
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gctctgecte

tctcttgcag

ggctgccccece
cacactggtg
agatagcagc
caagtacgcg
ctacagctgc

tccgtcactc,
tgtctcataa

cccgtcaagg
gccagcagct
caggtcacgc

tgttccecgec
gtgacttcta
cgggagtgga
atctgagcct
atgaagggag
ggggatgcaa

ctcctctgag
cccgggagcc
gaccaccaca

gacgcctgag
caccgtggag

tgtgaggaca

gagcttcaag
gtgacagtgg
ccctccaaac

cagtggaagt -

aagacagtgg
gtggttcctce
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gtcagcccaa
ccaacaaggc |
cttggaaagc
aaagcaacaa
cccacagaag
cccctacaga
accctcectg

atgttcatag

tagtcccact
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ccectggtgea

gtcagtgctg

ccteggtgtc
taatttcgtc
agaccctcgg
ggctccaaac

tgggggcggyg

agcagccceg
tcttggtacC
gcatccctga
cggcgacgag

ggacaagaag
agcagctgcee
ccgattctec
gctgactatt
ccgtectagg

tcacgatctc
tggcactgcece
ggttccaaat
actgtgggac

tgagtcgctg

ctgctceceggg
cctaagcttc
ccggcacctce
ttgggacagc

acctcgtectc

tctagtagca
tgatctatga
agccacatta
agcctttctg
ggtctttctt
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acattggcga
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ggcatcactg
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Figure 15. Humanized chicken light chain locus.
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PRODUCTION OF HUMANIZED ANTIBODIES IN
TRANSGENIC ANIMALS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This is a divisional application claiming the benefit
of'the priority of copending application Ser. No. 09/921,819,
filed Aug. 3, 2001 under 35 U.S.C. 120, which is a non-
provisional application filed under 37 CFR 1.53(b), claiming
priority under 35 USC 119(e) to Provisional Application Ser.
No. 60/222,872, filed on Aug. 3, 2000, and Provisional
Application Ser. No. 60/276,156, filed on Mar. 15, 2001, the
contents of which are incorporated herein by reference.

FIELD OF INVENTION

[0002] This invention relates to humanized antibodies
produced from transgenic non-human animals. The non-
human animals are genetically engineered to contain one or
more humanized immunoglobulin loci which are capable of
undergoing gene rearrangement and gene conversion in the
transgenic non-human animals to produce diversified
humanized immunoglobulins. The present invention further
relates to novel sequences, recombination vectors and trans-
genic vectors useful for making these transgenic animals.
The humanized antibodies of the present invention have
minimal immunogenicity to humans and are appropriate for
use in the therapeutic treatment of human subjects.

BACKGROUND OF THE INVENTION

[0003] The therapy of infectious diseases caused by bac-
teria, fungi, virus and parasites is largely based on chemo-
therapy. However, the emergence of drug-resistant organ-
isms requires the continuous development of new
antibiotics. Therapies of patients with malignancies and
cancer are also based on chemotherapy. However, many of
these therapies are ineffective and the mortality of diseased
patients is high. For both infectious diseases and cancer,
improved and innovative therapies are needed. Therapy of
steroid resistant rejection of transplanted organs requires the
use of biological reagents (monoclonal or polyclonal anti-
body preparations) that reverse the ongoing alloimmune
response in the transplant recipient. The major problem of
antibody preparations obtained from animals is the intrinsic
immunogenicity of non-human immunoglobulins in human
patients. In order to reduce the immunogenicity of non-
human antibodies, genetic engineering of individual anti-
body genes in animals has been proposed. In particular, it
has been shown that by fusing animal variable (V) region
exons with human constant (C) region exons, a chimeric
antibody gene can be obtained. However, this approach may
only eliminate the immunogenicity caused by the non-
human Fc region, while the remaining non-human Fab
sequences may still be immunogenic. In another approach,
human immunoglobulin genes for both, heavy and light
chain immunoglobulins have been introduced into the
genome of mice. While this genetic engineering approach
resulted in the expression of human immunoglobulin
polypeptides in genetically engineered mice, the level of
human immunoglobulin expression is low. This may be due
to species-specific regulatory elements in the immunoglo-
bulin loci that are necessary for efficient expression of
immunoglobulins. As demonstrated in transfected cell lines,
regulatory elements present in human immunoglobulin
genes may not function properly in non-human animals.
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[0004] Several regulatory elements in immunoglobulin
genes have been described. Of particular importance are
enhancers downstream (3') of heavy chain constant regions
and intronic enhancers in light chain genes. In addition,
other, yet to be identified, control elements may be present
in immunoglobulin genes. Studies in mice have shown that
the membrane and cytoplasmic tail of the membrane form of
immunoglobulin molecules play an important role in expres-
sion levels of human-mouse chimeric antibodies in the
serum of mice homozygous for the human Cy1 gene. There-
fore, for the expression of heterologous immunoglobulin
genes in animals it is desirable to replace sequences that
contain enhancer elements and exons encoding transmem-
brane (M1 exon) and cytoplasmic tail (M2 exon) with
sequences that are normally found in the animal in similar
positions.

[0005] The introduction of human immunoglobulin genes
into the genome of mice resulted in expression of a diver-
sified human antibody repertoire in genetically engineered
mice. In both mice and humans, antibody diversity is
generated by gene rearrangement. This process results in the
generation of many different recombined V(D)J segments
encoding a large number of antibody molecules with differ-
ent antigen binding sites. However, in other animals, like
rabbits, pigs, cows and birds, antibody diversity is generated
by a substantially different mechanism called gene conver-
sion. For example, it is well established that in rabbit and
chicken, VD] rearrangement is very limited (almost 90% of
immunoglobulin is generated with the 3'proximal VHI1
element) and antibody diversity is generated by gene con-
version and hypermutation. In contrast, mouse and human
gene conversion occurs very rarely, if at all. Therefore, it is
expected that in animals that diversify antibodies by gene
conversion a genetic engineering approach based on gene
rearrangement will result in animals with low antibody titers
and limited antibody diversity. Thus, the genetic engineering
of large animals for the production of non-immunogenic
antibody preparations for human therapy requires alternative
genetic engineering strategies.

Relevant Literature

[0006] The use of polyclonal antibody preparations for the
treatment of transplant rejection was recently reviewed by
N. Bonnefoy-Berard et al., J Heart Lung Transplant 1996;
15(5): 435-442; C. Colby et al., Ann Pharmacother 1996;
30(10):1164-1174; M. I. Dugan et al., Ann Hematol 1997,
75(1-2):41-46. The use of polyclonal antibody therapies for
autoimmune diseases has been described by W. Cendrowski,
Boll Ist Sieroter Milan 1997; 58(4):339-343; L. K. Kas-
trukoffet al., Can J Neurol Sci 1978; 5(2):175-178; 1. E.
Walker et al., J Neurol Sci 1976; 29(24):303-309. The
depletion of fat cells using antibody preparations has been
described by L. De Clercq et al, J Anim Sci 1997
75(7):1791-1797; J. T. Wright et al., Obes Res 1995,
3(3):265-272.

[0007] Regulatory elements in immunoglobulin genes
have been described by Bradley et al. (1999), Transcrip-
tional enhancers and the evolution of the IgH locus; Lauster,
R. et al., Embo J 12: 4615-23 (1993); Volgina et al., J
Immunol 165:6400 (2000); Hole et al., J Immunol 146:4377
(1991).

[0008] Antibody diversification by gene conversion in
chicken and rabbit has been described by Bucchini et al.,
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Nature 326: 409-11 (1987); Knight et al., Advances in
Immunology 56: 179-218 (1994); Langman et al., Res Immu-
nol 144: 422-46 (1993). The generation of mice expressing
human-mouse chimeric antibodies has been described by
Pluschke et al., Journal of Immunological Methods 215:
27-37 (1998). The generation of mice expressing human-
mouse chimeric antibodies with mouse derived membrane
and cytoplamic tails has been described by Zou et al.,
Science 262: 1271-1274 (1993); Zou et al. Curr Biol 4:
1099-1103. The generation of mice expressing human
immunoglobulin polypeptides has been described by
Bruggemann et al. Curr Opin Biotechnol 8(4): 455-8 (1997);
Lonberg et al. Int Rev Immunol 13(1):65-93 (1995); Neu-
berger et al.,, Nature 338: 350-2 (1989). Generation of
transgenic mice using a BAC clone has been described by
Yang et al., Nat Biotechnol 15: 859-65 (1997).

[0009] The generation of transgenic rabbits has been
described by Fan, J. et al., Pathol Int 49: 583-94 (1999);
Brem et al., Mol Reprod Dev 44: 56-62 (1996). Nuclear
transfer cloning of rabbits has been described by Stice et al.,
Biology of Reproduction 39: 657-664 (1988). Rabbits with
impaired immunoglobulin expression have been described
by McCartney-Francis et al., Mol Immunol 24: 357-64
(1987); Allegrucci, et al., Fur J Immunol 21: 411-7 (1991).

[0010] The production of transgenic chicken has been
described by Etches et al., Methods in Molecular Biology
62: 433-450; Pain et al., Cells Tissues Organs 1999; 165(3-
4): 212-9; Sang, H., “Transgenic chickens—methods and
potential applications”, Trends Biotechnol 12:415 (1994);
and in WO 200075300, “Introducing a nucleic acid into an
avian genome, useful for transfecting avian blastodermal
cells for producing transgenic avian animals with the desired
genes, by directly introducing the nucleic acid into the
germinal disc of the egg”.

[0011] Agammaglobulinemic  chicken have  been
described by Frommel et al., J Immunol 105(1): 1-6 (1970);
Benedict et al., Adv Exp Med Biol 1977; 88(2): 197-205.

[0012] The cloning of animals from cells has been
described by T. Wakayama et al., Nature 1998; 394:369-374;
J. B. Cibelli et al., Science 280:1256-1258 (1998); J. B.
Cibelli et al., Nature Biotechnology 1998; 16:642-646; A. E.
Schnieke et al., Science 278: 2130-2133 (1997); K. H.
Campbell et al., Nature 380: 64-66 (1996).

[0013] Production of antibodies from transgenic animals
is described in U.S. Pat. Nos. 5,814,318, 5,545,807 and
5,570,429. Homologous recombination for chimeric mam-
malian hosts is exemplified in U.S. Pat. No. 5,416,260. A
method for introducing DNA into an embryo is described in
U.S. Pat. No. 5,567,607. Maintenance and expansion of
embryonic stem cells is described in U.S. Pat. No. 5,453,
357.

[0014] The mechanisms involved in the diversification of
the antibody repertoire in pigs, sheep and cows are reviewed
in Butler, J. E. (1998), “Immunoglobulin diversity, B-cell
and antibody repertoire development in large farm animals”,
Rev Sci Tech 17:43. Antibody diversification in sheep is
described in Reynaud, C. A., C. Garcia, W. R. Hein, and J.
C. Weill (1995), “Hypermutation generating the sheep
immunoglobulin repertoire is an antigen-independent pro-
cess”, Cell 80:115; and Dufour, V., S. Malinge, and F. Nau.
(1996), “The sheep Ig variable region repertoire consists of
a single VH family”, J Immunol 156:2163.
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SUMMARY OF THE INVENTION

[0015] One embodiment of the present invention provides
humanized antibodies (humanized immunoglobulins) hav-
ing at least a portion of a human immunoglobulin polypep-
tide sequence.

[0016] The humanized antibodies of the present invention
are made from transgenic non-human animals genetically
engineered to contain one or more humanized Ig loci.

[0017] Preferably, the humanized antibodies of the present
invention are prepared from transgenic non-human animals
which generate antibody diversity primarily by gene con-
version and hypermutation, e.g., rabbit, pigs, chicken, sheep,
cow and horse. The antibodies can be made by immunizing
transgenic animals with a desired antigen such as an infec-
tious agent (e.g., bacteria or viruses) or parts or fragments
thereof.

[0018] Such humanized antibodies have reduced immu-
nogenicity to primates, especially humans, as compared to
non-humanized antibodies prepared from non-human ani-
mals. Therefore, the humanized antibodies of the present
invention are appropriate for use in the therapeutic treatment
of human subjects.

[0019] Another embodiment of the present invention pro-
vides a preparation of humanized antibodies which can be
monoclonal antibodies or polyclonal antibodies. Preferred
antibody preparations of the present invention are polyclonal
antibody preparations which, according to the present inven-
tion, have minimal immunogenicity to primates, especially
humans.

[0020] A preferred preparation of polyclonal antibodies is
composed of humanized immunoglobulin molecules having
at least a heavy chain or light chain constant region polypep-
tide sequence encoded by a human constant region gene
segment. More preferably, the variable domains of the heavy
chains or light chains of the immunoglobulins molecules are
also encoded by human gene segments.

[0021] In another embodiment, the present invention pro-
vides pharmaceutical compositions which include a prepa-
ration of humanized antibodies, and a pharmaceutically-
acceptable carrier.

[0022] Another embodiment of the present invention pro-
vides novel sequences from the 5' and 3' flanking regions of
the Ig gene segments of non-human animals, preferably,
animals which rely primarily on gene conversion in gener-
ating the antibody diversity. In particular, the present inven-
tion provides novel nucleotide sequences downstream (3',
3-prime) of the genes coding for CA in chickens, Cy and Ce
in rabbits, Cy1,2,3 in cows and Cyl,2 in sheep, as well as
novel sequences 5' of rabbit Cy.

[0023] In another embodiment, the present invention pro-
vides recombination vectors useful for replacing an Ig gene
segment of a non-human animal with the corresponding
human Ig gene segment. These vectors include a human Ig
gene segment which is linked to flanking sequences at the 5'
end and the 3' end, wherein the flanking sequences are
homologous to the flanking sequences of the target animal Ig
gene segment.

[0024] Preferred recombination vectors are those useful
for the replacement of the animal’s Ig constant region. For
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example, recombination vectors useful for replacing the
rabbit heavy chain constant region genes are provided. A
preferred vector contains from 5'to 3', a nucleotide sequence
as set forth in SEQ ID NO: 12 or SEQ ID NO: 13, or a
portion of SEQ ID NO: 12 or SEQ ID NO: 13, a human
heavy chain constant region gene segment, a nucleotide
sequence as set forth in SEQ ID NO: 10 or a portion of or
SEQ ID NO: 10. Another preferred vector contains a nucle-
otide sequence as set forth in SEQ ID NO: 51, which
sequence is characterized as having a human Cyl gene
linked to flanking sequences from the 5' and 3' flanking
regions of a rabbit heavy chain constant region gene.

[0025] Recombination vectors are also provided useful for
replacing the rabbit light chain constant region genes. A
preferred vector contains a nucleotide sequence as set forth
in SEQ ID NO: 53, which sequence is characterized as
having a human Cxk linked to flanking sequences from the 5'
and 3' flanking regions of the rabbit light chain Cyl gene.

[0026] Other recombination vectors are provided which
are useful for replacing the chicken light chain constant
region genes. A preferred vector contains a nucleotide
sequence as set forth in SEQ ID NO: 57 which is charac-
terized as having a human CA2 linked to flanking sequences
from the 5' and 3' flanking regions of the chicken light chain
Ch gene.

[0027] Other recombination vectors provided include
those useful for replacing the animal’s Ig V region elements.
For example, a recombination vector useful for replacing a
rabbit heavy chain V region element is provided and con-
tains SEQ ID NO: 52. A recombination vector usefull for
replacing a rabbit light chain V region element is provided
and contains SEQ 1D NO: 54.

[0028] In still another embodiment, the present invention
provides transgenic constructs or vectors containing at least
one humanized Ig locus, i.e., an Ig locus from a non-human
animal or a portion of an Ig locus from a non-human animal
wherein the locus or the portion of a locus is genetically
modified to contain at least one human Ig gene segment.
Such humanized Ig locus has the capacity to undergo gene
rearrangement and gene conversion in the non-human ani-
mal thereby producing a diversified repertoire of humanized
immunoglobulins.

[0029] One humanized Ig locus provided by the invention
is a humanized heavy chain locus which includes one or
more V gene segments, one or more D gene segments, one
or more J gene segments, and one or more constant region
gene segments, wherein at least one gene segment is a
human heavy chain gene segment. The gene segments in the
humanized heavy chain locus are juxtaposed with respect to
each other in an unrearranged, or partially or fully rear-
ranged configuration. A preferred humanized heavy chain
locus contains a human constant region gene segment,
preferably,Co. or Cy. A more preferred humanized locus
contains multiple V gene segments and at least one human
V gene segment, in addition to a human heavy chain
constant region segment. The human V gene segment is
placed downstream of the non-human V gene segments.

[0030] Another humanized Ig locus is a humanized light
chain locus which includes one or more V gene segments,
one or more J gene segments, and one or more constant
region gene segments, wherein at least one gene segment is
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a human light chain gene segment. The gene segments in the
humanized light chain locus are juxtaposed with respect to
each other in an unrearranged or rearranged configuration. A
preferred humanized light chain locus contains a human
constant region gene segment, preferably, CA or Cx. More
preferably, the humanized light chain locus further contains
multiple V gene segments and at least one human V gene
segment. The human V gene segment is placed downstream
of the non-human V gene segments. Even more preferably,
the humanized light chain locus includes a rearranged
human VJ segment, placed downstream of a number of (e.g.,
10-100) VL gene segments of either non-human or human
origin.

[0031] Another embodiment of the present invention is
directed to methods of making a transgenic vector contain-
ing a humanized Ig locus by isolating an Ig locus or a portion
of'an Ig locus from a non-human animal, and integrating the
desired human Ig gene segment(s) into the isolated animal Ig
locus or the isolated portion of an Ig locus. The human Ig
gene segment(s) are integrated into the isolated animal Ig
locus or the isolated portion of an Ig locus by ligation or
homologous recombination in such a way as to retain the
capacity of the locus for undergoing effective gene rear-
rangement and gene conversion in the non-human animal.
Integration of a human Ig gene segment by homologous
recombination can be accomplished by using the recombi-
nation vectors of the present invention.

[0032] In another embodiment, the present invention pro-
vides methods of making transgenic animals capable of
producing humanized antibodies. The transgenic animals
can be made by introducing a transgenic vector containing
a humanized Ig locus, or a recombination vector containing
a human Ig gene segment, into a recipient cell or cells of an
animal, and deriving an animal from the genetically modi-
fied recipient cell or cells.

[0033] Transgenic animals containing one or more human-
ized Ig loci, and cells derived from such transgenic animals
(such as B cells from an immunized transgenic animal) are
also provided. The transgenic animals of the present inven-
tion are capable of gene rearranging and gene converting the
transgenic humanized Ig loci to produce a diversified rep-
ertoire of humanized immunoglobulin molecules.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] FIG. 1. Cow Cy 3' flanking sequences. Primers are
shown in shaded boxes. The 5' primer is in CH3, and the 3'
primer is in M1. The sequences of clone 11, clone 3, and
clone 5 are set forth in SEQ ID NO: 3, SEQ ID NO: 4 and
SEQ ID NO: 5, respectively.

[0035] FIG. 2. Sheep Cy 3' flanking sequences. Primers are
shown in shaded boxes. The 5' primer is in CH3, and the 3'
primer is in M2. The sequences of clone 11 and clone 1 are
set forth in SEQ ID NO: 8 and SEQ ID NO: 9, respectively.

[0036] FIG. 3. A novel 3' flanking sequence (SEQ ID NO:
10) of the rabbit Cgamma gene.

[0037] FIG. 4. A novel nucleotide sequence (SEQ ID NO:
11) 3' of the rabbit Ckappa 1 gene.

[0038] FIG. 5. Novel nucleotide sequences (SEQ ID NO:
12 and SEQ ID NO: 13) 5' of the rabbit Cgamma gene. The
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sequences between SEQ ID NO: 12 and SEQ ID NO: 13 (a
gap of about 1000 nt) remain to be determined.

[0039] FIG. 6. Comparison of human, mouse, rabbit,
sheep, cow and camel sequences for the M1 and M2 regions
3' of the Cgamma gene.

[0040] FIG. 7a. DNA construct for the replacement of
rabbit Ck with human Ck. A 0.5 kb fragment containing a
DNA sequence encoding human Ch. is flanked by sequences
from the rabbit Ck1 gene. The upstream sequence (5'Ck) is
2.8 kb, the downstream sequence (3'Ck) is 2.6 kb. The
vector also contains a lox-neo cassette for positive selection
and a Hsv-Tk casette for negative selection.

[0041] FIG. 7b. DNA construct for the replacement of
rabbit Cy with human Cyl. A 1.8 kb fragment containing a
DNA sequence encoding human Cyl is flanked by sequences
from the rabbit Cy gene. The upstream sequence (5'Cy) is 1.9
kb, the downstream sequence (3'Cy) is 3.1 kb. The vector
also contains a lox-neo casette for positive selection and a
Hsv-Tk cassette for negative selection. The figure is not up
to scale.

[0042] FIG. 8. DNA fragment (SEQ ID NO: 51) contain-
ing a human immunoglobulin heavy chain Cyl gene seg-
ment flanked by 50 nucleotides derived from the flanking
regions of rabbit Cy gene. Flanking sequences derived from
the flanking regions of rabbit Cy gene are underlined.

[0043] FIG. 9. DNA fragment (SEQ ID NO: 52) contain-
ing a V gene segment with more than 80% sequence identity
with rabbit V elements and encoding a human V element
polypeptide sequence. Flanking sequences derived from the
flanking regions of rabbit VH1 and J genes are underlined.

[0044] FIG. 10. DNA fragment (SEQ ID NO: 53) con-
taining a human immunoglobulin heavy chain Ck gene
segment flanked by 50 nucleotides derived from the rabbit
light chain immunoglobulin Kappal gene. Flanking
sequences derived from the flanking regions of rabbit Cx
gene are underlined.

[0045] FIG. 11. DNA fragment (SEQ ID NO: 54) contain-
ing a V gene segment with more than 80% sequence identity
with rabbit V elements and encoding a human V element
polypeptide sequence. Flanking sequences derived from the
flanking regions of rabbit immunoglobulin V and J genes are
underlined.

[0046] FIG. 12. DNA fragment (SEQ ID NO: 57) con-
taining a gene encoding human immunoglobulin light chain
constant region Clambda2 flanked by 50 nucleotides (under-
lined) derived from the flanking sequences of chicken
Clambda gene.

[0047] FIG. 13. Modification of the chicken light chain
locus using the ET system. A chicken genomic BAC clone
with the full-length light chain locus was modified by
homologous recombination. In a first step CA was deleted by
insertion of a selection cassette which was in a second
homologous recombination step exchanged against the
human Ch gene.

[0048] FIG. 14. DNA fragment (SEQ ID NO: 58) con-
taining a VJ gene segment with 80% sequence identity with
chicken V gene segments and encoding a human VJ immu-
noglobulin polypeptide. Flanking sequences derived from
the flanking regions of chicken immunolgobulin V and J
genes are underlined.

[0049] FIG. 15. Modified chicken light chain locus.
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DETAILED DESCRIPTION OF THE
INVENTION

[0050] One embodiment of the present invention provides
humanized immunoglobulins (antibodies).

[0051] By “a humanized antibody” or “a humanized
immunoglobulin” is meant an immunoglobulin molecule
having at least a portion of a human immunoglobulin
polypeptide sequence (or a polypeptide sequence encoded
by a human Ig gene segment). The humanized immunoglo-
bulin molecules of the present invention can be isolated
from a transgenic non-human animal engineered to produce
humanized immunoglobulin molecules. Such humanized
immunoglobulin molecules are less immunogenic to pri-
mates, especially humans, relative to non-humanized immu-
noglobulin molecules prepared from the animal or prepared
from cells derived from the animal.

[0052] The term “non-human animals” as used herein
includes, but is not limited to, rabbits, pigs, birds (e.g.,
chickens, turkeys, ducks, geese and the like), sheep, goats,
cows and horses. Preferred non-human animals are those
animals which rely primarily on gene conversion and/or
somatic hypermutation to generate antibody diversity, e.g.,
rabbit, pigs, birds (e.g., chicken, turkey, duck, goose and the
like), sheep, goat, and cow. Particularly preferred non-
human animals are rabbit and chicken.

[0053] In animals such as human and mouse, there are
multiple copies of V, D and J gene segments on the heavy
chain locus, and multiple copies of V and J gene segments
on a light chain locus. Antibody diversity in these animals is
generated primarily by gene rearrangement, i.e., different
combinations of gene segments to form rearranged heavy
chain variable region and light chain variable region. In
other animals (e.g., rabbit, chicken, sheep, goat, and cow),
however, gene rearrangement does not play a significant role
in the generation of antibody diversity. For example, in
rabbit, only a very limited number of the V gene segments,
most often the V gene segments at the 3' end of the V-region,
are used in gene rearrangement to form a contiguous VDIJ
segment. In chicken, only one V gene segment (the one
adjacent to the D region, or “the 3' proximal V gene
segment”), one D segment and one J segment are used in the
heavy chain rearrangement; and only one V gene segment
(the 3' proximal V segment) and one J segment are used in
the light chain rearrangement. Thus, in these animals, there
is little diversity among initially rearranged variable region
sequences resulting from junctional diversification.

[0054] Further diversification of the rearranged Ig genes is
achieved by gene conversion, a process in which short
sequences derived from the upstream V gene segments
replace short sequences within the V gene segment in the
rearranged Ig gene.

[0055] The term “Ig gene segment” as used herein refers
to segments of DNA encoding various portions of an Ig
molecule, which are present in the germline of animals and
humans, and which are brought together in B cells to form
rearranged Ig genes. Thus, Ig gene segments as used herein
include V gene segments, D gene segments, J gene segments
and C region gene segments.

[0056] The term “human Ig gene segment” as used herein
includes both naturally occurring sequences of a human Ig
gene segment, degenerate forms of naturally occurring
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sequences of a human Ig gene segment, as well as synthetic
sequences that encode a polypeptide sequence substantially
identical to the polypeptide encoded by a naturally occurring
sequence of a human Ig gene segment. By “substantially” is
meant that the degree of amino acid sequence identity is at
least about 85%-95%.

[0057] A preferred humanized immunoglobulin molecule
of the present invention contains at least a portion of a
human heavy or light chain constant region polypeptide
sequence. A more preferred immunoglobulin molecule con-
tains at least a portion of a human heavy or light chain
constant region polypeptide sequence, and at least a portion
of a human variable domain polypeptide sequence.

[0058] In another embodiment of the present invention, a
preparation of humanized antibodies is provided.

[0059] By “a preparation of humanized antibodies” or “a
humanized antibody preparation” is meant an isolated anti-
body product or a purified antibody product prepared from
a transgenic non-human animal (e.g., serum, milk, or egg
yolk of the animal) or from cells derived from a transgenic
non-human animal (e.g., a B-cell or a hybridoma cell).

[0060] A humanized antibody preparation can be a prepa-
ration of polyclonal antibodies, which includes a repertoire
of humanized immunoglobulin molecules. A humanized
antibody preparation can also be a preparation of a mono-
clonal antibody.

[0061] Although the immunogenicity to humans of a
humanized monoclonal antibody preparation is also reduced
as compared to a non-humanized monoclonal antibody
preparation, humanized polyclonal antibody preparations
are preferred embodiments of the present invention. It has
been recognized that humanized monoclonal antibodies still
invoke some degree of an immune response (an anti-idio-
type response) in primates (e.g., humans) when administered
repeatedly in large quantities because of the unique and
novel idiotype of the monoclonal antibody. The present
inventors have uniquely recognized that the overall immu-
nogenicity of polyclonal antibodies is less dependent on an
anti-idiotype response. For example, polyclonal antibodies
made from non-human animals with only the constant
region elements humanized (e.g., polyclonal antibodies hav-
ing constant regions encoded by human gene segments, and
having variable domains encoded by the endogenous genes
of the non-human animal), are substantially non-immuno-
genic to primates.

[0062] Without intending to be bound to any theory, the
present inventors have proposed that the reduced immuno-
genicity of such a humanized polyclonal antibody prepara-
tion is due to the fact that the preparation contains a very
large number of different antibodies with many different
idiotypes which are to a large extent defined by novel amino
acid sequences in the complimentarity determining regions
(CDR) of the heavy and light chain. Therefore, upon admin-
istration of such preparation into a primate such as a human,
the administered amount of each individual immunoglobulin
molecule in the preparation may be too low to solicit
immune response against each immunoglobulin molecule.
Thus, the humanized polyclonal antibody preparation which
has many different idiotypes and variable regions has mini-
mal immunogenicity to a recipient, even if the antibodies in
the polyclonal antibody preparation are all directed to the
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same antigen. To further reduce any potential residual
immunogenicity, a humanized polyclonal antibody prepara-
tion may be prepared which is composed of immunoglobulin
molecules having both the variable domains and the constant
regions encoded by human Ig gene segments.

[0063] In a preferred embodiment, the present invention
provides an antibody preparation which includes humanized
immunoglobulin molecules having at least a portion of a
human heavy or light chain constant region polypeptide
sequence. More preferably, the humanized immunoglobu-
lines in the antibody preparation of the present invention
further contain at least a portion of a human variable domain
polypeptide sequence, in addition to at least a portion of a
human constant region polypeptide sequence.

[0064] Preferred humanized antibody preparations of the
present invention are composed of humanized antibodies
made from transgenic non-human animals whose antibody
diversity is generated primarily by gene conversion, such as
rabbit, birds (e.g., chicken, turkey, duck, goose and the like),
sheep, goat, and cow; preferably, rabbit and chicken.

[0065] Once a transgenic non-human animal capable of
producing diversified humanized immunoglobulin mol-
ecules is made (as further set forth below), humanized
immunoglobulins and humanized antibody preparations
against an antigen can be readily obtained by immunizing
the animal with the antigen. A variety of antigens can be
used to immunize a transgenic host animal. Such antigens
include, microorganism, e.g. viruses and unicellular organ-
isms (such as bacteria and fungi), alive, attenuated or dead,
fragments of the microorganisms, or antigenic molecules
isolated from the microorganisms.

[0066] Preferred bacterial antigens for use in immunizing
an animal include purified antigens from Staphylococcus
aureus such as capsular polysaccharides type 5 and 8,
recombinant versions of virulence factors such as alpha-
toxin, adhesin binding proteins, collagen binding proteins,
and fibronectin binding proteins. Preferred bacterial antigens
also include an attenuated version of S. aureus, Pseudomo-
nas aeruginosa, enterococcus, enterobacter, and Klebsiella
preumoniae, or culture supernatant from these bacteria cells.
Other bacterial antigens which can be used in immunization
include purified lipopolysaccharide (LPS), capsular anti-
gens, capsular polysaccharides and/or recombinant versions
of the outer membrane proteins, fibronectin binding pro-
teins, endotoxin, and exotoxin from Pseudomonas aerugi-
nosa, enterococcus, enterobacter, and Klebsiella pneumo-
mae.

[0067] Preferred antigens for the generation of antibodies
against fungi include attenuated version of fungi or outer
membrane proteins thereof, which fungi include, but are not
limited to, Candida albicans, Candida parapsilosis, Can-
dida tropicalis, and Cryptococcus neoformans.

[0068] Preferred antigens for use in immunization in order
to generate antibodies against viruses include the envelop
proteins and attenuated versions of viruses which include,
but are not limited to respiratory synctial virus (RSV)
(particularly the F-Protein), Hepatitis C virus (HCV), Hepa-
tits B virus (HBV), cytomegalovirus (CMV), EBV, and
HSV.

[0069] Therapeutic antibodies can be generated for the
treatment of cancer by immunizing transgenic animals with
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isolated tumor cells or tumor cell lines; tumor-associated
antigens which include, but are not limited to, Her-2-neu
antigen (antibodies against which are useful for the treat-
ment of breast cancer); CD20, CD22 and CDS53 antigens
(antibodies against which are useful for the treatment of B
cell lymphomas), (3) prostate specific membrane antigen
(PMSA) (antibodies against which are useful for the treat-
ment of prostate cancer), and 17-1A molecule (antibodies
against which are useful for the treatment of colon cancer).

[0070] The antigens can be administered to a transgenic
host animal in any convenient manner, with or without an
adjuvant, and can be administered in accordance with a
predetermined schedule.

[0071] After immunization, serum or milk from the immu-
nized transgenic animals can be fractionated for the purifi-
cation of pharmaceutical grade polyclonal antibodies spe-
cific for the antigen. In the case of transgenic birds,
antibodies can also be made by fractionating egg yolks. A
concentrated, purified immunoglobulin fraction may be
obtained by chromatography (affinity, ionic exchange, gel
filtration, etc.), selective precipitation with salts such as
ammonium sulfate, organic solvents such as ethanol, or
polymers such as polyethyleneglycol.

[0072] For making a monoclonal antibody, spleen cells are
isolated from the immunized transgenic animal and used
either in cell fusion with transformed cell lines for the
production of hybridomas, or cDNAs encoding antibodies
are cloned by standard molecular-biology techniques and
expressed in transfected cells. The procedures for making
monoclonal antibodies are well established in the art. See,
e.g., BEuropean Patent Application 0 583 980 Al (“Method
For Generating Monoclonal Antibodies From Rabbits™),
U.S. Pat. No. 4,977,081 (“Stable Rabbit-Mouse Hybridomas
And Secretion Products Thereof”), WO 97/16537 (“Stable
Chicken B-cell Line And Method of Use Thereof), and EP
0491 057 B1 (“Hybridoma Which Produces Avian Specific
Immunoglobulin G”), the disclosures of which are incorpo-
rated herein by reference. In vitro production of monoclonal
antibodies from cloned cDNA molecules has been described
by Andris-Widhopt et al., “Methods for the generation of
chicken monoclonal antibody fragments by phage display”,
J Immunol Methods 242:159 (2000), and by Burton, D. R,
“Phage display”, Immunotechnology 1:87 (1995), the dis-
closures of which are incorporated herein by reference.

[0073] In a further embodiment of the present invention,
purified monoclonal or polyclonal antibodies are admixed
with an appropriate pharmaceutical carrier suitable for
administration in primates especially humans, to provide
pharmaceutical compositions.

[0074] Pharmaceutically acceptable carriers which can be
employed in the present pharmaceutical compositions can be
any and all solvents, dispersion media, isotonic agents and
the like. Except insofar as any conventional media, agent,
diluent or carrier is detrimental to the recipient or to the
therapeutic effectiveness of the antibodies contained therein,
its use in the pharmaceutical compositions of the present
invention is appropriate. The carrier can be liquid, semi-
solid, e.g. pastes, or solid carriers. Examples of carriers
include oils, water, saline solutions, alcohol, sugar, gel,
lipids, liposomes, resins, porous matrices, binders, fillers,
coatings, preservatives and the like, or combinations thereof

[0075] The present invention is further directed to novel
nucleotide sequences and vectors, as well as the use of the
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sequences and vectors in making a transgenic non-human
animal which produces humanized immunoglobulins.

[0076] In general, the genetic engineering of a non-human
animal involves the integration of one or more human Ig
gene segments into the animal’s genome to create one or
more humanized Ig loci. It should be recognized that,
depending upon the approach used in the genetic modifica-
tion, a human Ig gene segment can be integrated at the
endogenous Ig locus of the animal (as a result of targeted
insertion, for example), or at a different locus of the animal.
In other words, a humanized Ig locus can reside at the
chromosomal location where the endogenous Ig locus of the
animal ordinarily resides, or at a chromosomal location
other than where the endogenous Ig locus of the animal
ordinarily resides. Regardless of the chromosomal location,
a humanized Ig locus of the present invention has the
capacity to undergo gene rearrangement and gene conver-
sion in the non-human animal thereby producing a diversi-
fied repertoire of humanized immunoglobulin molecules. An
Ig locus having the capacity to undergo gene rearrangement
and gene conversion is also referred to herein as a “func-
tional” Ig locus, and the antibodies with a diversity gener-
ated by a functional Ig locus are also referred to herein as
“functional” antibodies or a “functional” repertoire of anti-
bodies.

[0077] In one embodiment, the present invention provides
novel sequences useful for creating a humanized Ig locus
and making transgenic animals capable of producing
humanized immunoglobulin molecules. In particular, the
present invention provides sequences from the 5' and 3'
flanking regions of the Ig gene segments of non-human
animals, preferably, animals which rely primarily on gene
conversion in generating antibody diversity (e.g., rabbit,
pigs, sheep, goat, cow, birds such as chicken, turkey, duck,
goose, and the like).

[0078] The 5' and 3' flanking regions of the genes coding
for the constant region are particularly important as these
sequences contain untranslated regulatory elements (e.g.,
enhancers) critical for high Ig expression in the serum. The
3' flanking region of the genes coding for the constant region
of the heavy chain also contain exons coding for the mem-
branous and cytoplasmic tail of the membrane form of
immunoglobulin (Volgina et al. J Immunol 165:6400, 2000).
It has been previously established that the membrane and
cytoplasmic tail of the membrane form of antibodies are
critical in achieving a high level of expression of the
antibodies in mice sera (Zou et al., Science 262:1271, 1993).
Thus, the identification of the flanking sequences permits the
replacement of exons and intervening introns of the Cy gene
with the human equivalent, and the maintenance of the
endogenous exons encoding the transmembrane and cyto-
plasmic tail regions as well as the endogenous non-coding
enhancer sequences.

[0079] In one embodiment, the present invention provides
3' flanking sequences of heavy chain constant regions of
non-human animals. More particularly, nucleotide
sequences downstream (3', 3-prime) of the genes coding for
rabbit Cy, cow Cyl1,2,3, and sheep Cyl,2 are provided.
Especially preferred nucleotide sequences include SEQ ID
NO: 10 (3' of rabbit Cy), SEQ ID NOS: 3-5 (3' of cow
Cy1,2,3), and SEQ ID NOS: 8-9 (3' of sheep Cy1,2).

[0080] In another embodiment, the present invention pro-
vides 3' flanking sequences of light chain constant regions of
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non-human animals. More particularly, the present invention
provides nucleotide sequences downstream (3', 3-prime) of
the genes coding for Ck in rabbits. Especially preferred
nucleotide sequences include SEQ ID NO: 11 (3' of rabbit
Ck).

[0081] In still another embodiment, the present invention
provides 5' flanking sequences of heavy chain constant
regions of non-human animals. More particularly, nucle-
otide sequences upstream (5', S-prime) of the rabbit Cy gene
are provided. Especially preferred sequences include SEQ
ID NO: 12 and SEQ ID NO: 13.

[0082] Another embodiment of the present invention pro-
vides 5' flanking sequences of light chain constant regions of
non-human animals.

[0083] Portions of the above novel flanking sequences are
provided by the present invention. By “a portion” is meant
a fragment of a flanking nucleotide sequence capable of
mediating homologous recombination between the human
Ig gene segment and the target animal Ig gene segment.
Generally, a portion is at least about 200 base pairs, pref-
erably, at least about 400 base pairs, for recombination in
animal cells such as ES cells or fibroblasts, and at least about
40 base pairs, preferably at least about 50 base pairs, for
recombination in . coli. Examples of portions of the above
novel flanking-sequences include SEQ ID NOS: 59-60,
61-62, 63-64, 65-66, 67-68 and 69-70 (represented by the
underlined sequences in FIGS. 8-12 and 14, respectively).

[0084] In a further aspect, the present invention provides
vectors useful for the replacement of an Ig gene segment of
a non-human animal with the corresponding human Ig gene
segment. These vectors, also referred to herein as “recom-
bination vectors”, include a human Ig gene segment which
is linked to flanking sequences at the 5' end and the 3' end,
wherein the flanking sequences have a degree of homology
with the flanking sequences of the target animal Ig gene
segment sufficient to mediate homologous recombination
between the human gene and the animal gene segments.
Generally, at least about 200 bases should be identical
between the flanking regions in a recombination vector and
the flanking regions of the target gene to achieve efficient
homologous recombination in animal cells such as ES cells
and fibroblasts; and at least about 40 bases should be
identical to achieve efficient homologous recombination in
E. coli.

[0085] Recombination vectors useful for replacing the
animal’s immunoglobulin heavy chain constant region
genes are provided, which contain from 5' to 3', a nucleotide
sequence homologous to the 5' flanking region of the target
animal heavy chain constant region gene, a human heavy
chain constant region gene (e.g., human Cyl), and a nucle-
otide sequence homologous to the 3' flanking region of the
target animal heavy chain constant region gene.

[0086] Preferred recombination vectors are provided for
the replacement of the rabbit heavy chain constant region
genes. One such vector contains from 5' to 3', a nucleotide
sequence as set forth in SEQ ID NO: 12 or SEQ ID NO: 13
or a portion thereof, a human heavy chain constant region
gene segment, a nucleotide sequence as set forth in SEQ ID
NO: 10 or a portion of or SEQ ID NO: 10. Another such
vector contains SEQ ID NO: 51 (FIG. 8) which is charac-
terized as having a human Cyl gene linked to flanking
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sequences from the 5' and 3' flanking regions of a rabbit
heavy chain constant region gene.

[0087] Recombination vectors are also provided which are
useful for replacing the animal’s immunoglobulin light
chain constant region genes. Such vectors contain from 5' to
3" a nucleotide sequence homologous to the 5' flanking
region of the target light chain constant region gene, a
human light chain constant region gene (e.g., human Ck or
C}A)), and a nucleotide sequence homologous to the 3'
flanking region of the target light chain constant region gene.

[0088] Preferred vectors include those useful for replacing
the rabbit light chain constant region genes. A preferred
vector contains a nucleotide sequence as set forth in SEQ ID
NO: 53, which sequence is characterized as having a human
Cx linked to flanking sequences from the 5' and 3' flanking
regions of the rabbit light chain Ck1 gene.

[0089] Other recombination vectors provided include
those useful for replacing the animal’s Ig V region elements.
For example, a recombination vector useful for replacing a
rabbit heavy chain V region element is provided and con-
tains SEQ ID NO: 52. A recombination vector useful for
replacing a rabbit light chain V region element is provided
and contains SEQ 1D NO: 54.

[0090] The recombination vectors of the present invention
can include additional sequences that facilitate the selection
of cells which have undergone a successful recombination
event. For example, marker genes coding for resistance to
neomycin, bleomycin, puromycin and the like can be
included in the recombination vectors to facilitate the selec-
tion of cells which have undergone a successful recombi-
nation event.

[0091] In a further aspect of the present invention, trans-
genic constructs or vectors carrying one or more humanized
Ig loci are provided.

[0092] In one embodiment, the present invention provides
transgenic constructs containing a humanized Ig heavy chain
locus which includes one or more V gene segments, one or
more D gene segments, one or more J gene segments, and
one or more constant region gene segments, wherein at least
one gene segment is a human heavy chain gene segment.
The gene segments in such humanized heavy chain locus are
juxtaposed wit respect to each other in an unrearranged
configuration (or “the germline configuration”), or in a
partially or fully rearranged configuration. The humanized
heavy chain locus has the capacity to undergo gene rear-
rangement (if the gene segments are not fully rearranged)
and gene conversion in the non-human animal thereby
producing a diversified repertoire of heavy chains having
human polypeptide sequences, or “humanized heavy
chains”.

[0093] 1In a preferred embodiment, the humanized heavy
chain locus contains at least one C-region gene segment that
is a human constant region gene segment, preferably, Co. or
Cy (including any of the Cy subclasses 1, 2, 3 and 4).

[0094] In another more preferred embodiment, the human-
ized heavy chain locus of the transgene contains a human-
ized V-region and a humanized C-region, i.e., a V-region
having at least one human VH gene segment and a C-region
having at least one human C gene segment (e.g., human Ca
or Cy).
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[0095] Preferably, the humanized V-region includes at
least about 10-100 heavy chain V (or “VH”) gene segments,
at least one of which is a human VH gene segment. In
accordance with the present invention, the human VH gene
segment included in the transgene shares at least about 75%
to about 85% homology to the VH gene segments of the host
animal, particularly those animal VH gene segments
included in the upstream region of the transgene. As
described above, a human VH segment encompasses natu-
rally occurring sequences of a human VH gene segment,
degenerate forms of naturally occurring sequences of a
human VH gene segment, as well as synthetic sequences that
encode a polypeptide sequence substantially (i.e., at least
about 85%-95%) identical to a human heavy chain V domain
polypeptide.

[0096] Preferably, the human VH gene segment(s) is
placed downstream of the non-human VH segments in the
transgene locus. Preferably, the non-human VH gene seg-
ments in the transgene are the VH gene segments from the
3' VH-region in the Ig locus of the host animal, including the
3' proximal VHI.

[0097] In another embodiment, the present invention pro-
vides transgenic constructs containing a humanized light
chain locus capable of undergoing gene rearrangement and
gene conversion in the host animal thereby producing a
diversified repertoire of light chains having human polypep-
tide sequences, or “humanized light chains”.

[0098] The humanized light locus includes one or more V
gene segments, one or more J gene segments, and one or
more constant region gene segments, wherein at least one
gene segment is a human light chain gene segment. The gene
segments in the humanized light chain locus are juxtaposed
in an unrearranged configuration (or “the germline configu-
ration”), or fully rearranged configuration.

[0099] In a preferred embodiment, the humanized light
chain locus contains at least one C-region gene segment that
is a human constant region gene segment, preferably, Ch or
Ck.

[0100] In another preferred embodiment, the humanized
light chain locus of the transgene contains a humanized
V-region and a humanized C-region, e.g., a V-region having
at least one human VL gene and/or at least one rearranged
human VJ segment, and a C-region having at least one
human C gene segment (e.g., human CA or Cx).

[0101] Preferably, the humanized V-region includes at
least about 10-100 light chain V (or “VL”’) gene segments,
at least one of which is a human VL gene segment. The
human VL gene segment included in the transgene shares at
least about 75% to about 85% homology to the VL gene
segments of the host animal, particularly those animal VL
gene segments included in the upstream region of the
transgene. Consistently, a human VL segment encompasses
naturally occurring sequences of a human VL gene segment,
degenerate forms of naturally occurring sequences of a
human VL gene segment, as well as synthetic sequences that
encode a polypeptide sequence substantially (i.e., at least
about 85%-95%) identical to a human light chain V domain
polypeptide.

[0102] Preferably, the human VL gene segment(s) is
placed downstream of the non-human VL segments in the
transgene locus. The non-human VL gene segments in the
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transgene construct are selected from the VL gene segments
in the 3'VL-region in the light chain locus of the host animal,
including the 3' proximal VL1.

[0103] In still another preferred embodiment, the human-
ized light chain locus includes a rearranged human VI
segment, placed downstream of a number of (e.g., 10-100)
VL gene segments of either non-human or human origin.

[0104] Another aspect of the present invention is directed
to methods of making a transgenic vector containing a
humanized Ig locus. Such methods involve isolating an Ig
locus or a portion thereof from a non-human animal, and
inserting the desired human Ig gene segment(s) into the
isolated animal Ig locus or the isolated portion of an animal
Ig locus. The human Ig gene segment(s) are inserted into the
isolated animal Ig locus or a portion thereof by ligation or
homologous recombination in such a way as to retain the
capacity of the locus of undergoing effective gene rearrange-
ment and gene conversion in the non-human animal.

[0105] Preferably, DNA fragments containing an Ig locus
to be humanized are isolated from animals which generate
antibody diversity by gene conversion, e.g., rabbit and
chicken. Such large DNA fragments can be isolated by
screening a library of plasmids, cosmids, YACs or BACs,
and the like, prepared from the genomic DNA of the
non-human animal. An entire animal C-region can be con-
tained in one plasmid or cosmid clone which is subsequently
subjected to humanization. YAC clones can carry DNA
fragments of up to 2 megabases, thus an entire animal heavy
chain locus or a large portion thereof can be isolated in one
YAC clone, or reconstructed to be contained in one YAC
clone. BAC clones are capable of carrying DNA fragments
of smaller sizes (about 150-250 kb). However, multiple
BAC clones containing overlapping fragments of an Ig locus
can be separately humanized and subsequently injected
together into an animal recipient cell, wherein the overlap-
ping fragments recombine in the recipient animal cell to
generate a continuous Ig locus.

[0106] Human Ig gene segments can be integrated into the
Ig locus on a vector (e.g., a BAC clone) by a variety of
methods, including ligation of DNA fragments, or insertion
of DNA fragments by homologous recombination. Integra-
tion of the human Ig gene segments is done in such a way
that the human Ig gene segment is operably linked to the
host animal sequence in the transgene to produce a func-
tional humanized Ig locus, i.e., an Ig locus capable of gene
rearrangement and gene conversion which lead to the pro-
duction of a diversified repertoire of humanized antibodies.

[0107] Preferably, human Ig gene segments are integrated
into the Ig locus by homologous recombination. Homolo-
gous recombination can be performed in bacteria, yeast and
other cells with a high frequency of homologous recombi-
nation events. For example, a yeast cell is transformed with
a YAC containing an animal’s Ig locus or a large portion
thereof. Subsequently, such yeast cell is further transformed
with a recombination vector as described hereinabove,
which carries a human Ig gene segment linked to a &'
flanking sequence and a 3' flanking sequence. The 5' and the
3' flanking sequences in the recombination vector are
homologous to those flanking sequences of the animal Ig
gene segment on the YAC. As a result of a homologous’
recombination, the animal Ig gene segment on the YAC is
replaced with the human Ig gene segment. Alternatively, a
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bacterial cell such as E. coli is transformed with a BAC
containing an animal’s Ig locus or a large portion thereof.
Such bacterial cell is further transformed with a recombi-
nation vector which carries a human Ig gene segment linked
to a 5' flanking sequence and a 3' flanking sequence. The 5'
and the 3' flanking sequences in the recombination vector
mediate homologous recombination and exchange between
the human Ig gene segment on the recombination vector and
the animal Ig gene segment on the BAC. Humanized YACs
and BACs can be readily isolated from the cells and used in
making transgenic animals.

[0108] In a further aspect of the present invention, meth-
ods of making transgenic animals capable of producing
humanized immunoglobulins are provided.

[0109] According to the present invention, a transgenic
animal capable of making humanized immunoglobulins are
made by introducing into a recipient cell or cells of an
animal one or more of the transgenic vectors described
herein above which carry a humanized Ig locus, and deriving
an animal from the genetically modified recipient cell or
cells.

[0110] Preferably, the recipient cells are from non-human
animals which generate antibody diversity by gene conver-
sion and hypermutation, e.g., bird (such as chicken), rabbit,
cows and the like. In such animals, the 3'proximal V gene
segment is preferentially used for the production of immu-
noglobulins. Integration of a human V gene segment into the
Ig locus on the transgene vector, either by replacing the
3'proximal V gene segment of the animal or by being placed
in close proximity of the 3'proximal V gene segment, results
in expression of human V region polypeptide sequences in
the majority of immunoglobulins. Alternatively, a rear-
ranged human V(D)J segment may be inserted into the J
locus of the immunoglobulin locus on the transgene vector.

[0111] The transgenic vectors containing a humanized Ig
locus is introduced into the recipient cell or cells and then
integrated into the genome of the recipient cell or cells by
random integration or by targeted integration.

[0112] For random integration, a transgenic vector con-
taining a humanized Ig locus can be introduced into an
animal recipient cell by standard transgenic technology. For
example, a transgenic vector can be directly injected into the
pronucleus of a fertilized oocyte. A transgenic vector can
also be introduced by co-incubation of sperm with the
transgenic vector before fertilization of the oocyte. Trans-
genic animals can be developed from fertilized oocytes.
Another way to introduce a transgenic vector is by trans-
fecting embryonic stem cells and subsequently injecting the
genetically modified embryonic stem cells into developing
embryos. Alternatively, a transgenic vector (naked or in
combination with facilitating reagents) can be directly
injected into a developing embryo. Ultimately, chimeric
transgenic animals are produced from the embryos which
contain the humanized Ig transgene integrated in the genome
of at least some somatic cells of the transgenic animal.

[0113] In a preferred embodiment, a transgene containing
a humanized Ig locus is randomly integrated into the
genome of recipient cells (such as fertilized oocyte or
developing embryos) derived from animal stras with an
impaired expression of endogenous immunoglobulin genes.
The use of such animal strains permits preferential expres-
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sion of immunoglobulin molecules from the humanized
transgenic Ig locus. Examples for such animals include the
Alicia and Basilea rabbit strains, as well as Agammaglobin-
emic chicken strain. Alternatively, transgenic animals with
humanized immunoglobulin transgenes or loci can be mated
with animal strains with impaired expression of endogenous
immunoglobulins. Offspring homozygous for an impaired
endogenous Ig locus and a humanized transgenic Ig locus
can be obtained.

[0114] For targeted integration, a transgenic vector can be
introduced into appropriate animal recipient cells such as
embryonic stem cells or already differentiated somatic cells.
Afterwards, cells in which the transgene has integrated into
the animal genome and has replaced the corresponding
endogenous Ig locus by homologous recombination can be
selected by standard methods. The selected cells may then
be fused with enucleated nuclear transfer unit cells, e.g.
oocytes or embryonic stem cells, cells which are totipotent
and capable of forming a functional neonate. Fusion is
performed in accordance with conventional techniques
which are well established. See, for example, Cibelli et al.,
Science (1998) 280:1256. Enucleation of oocytes and
nuclear transfer can also be performed by microsurgery
using injection pipettes. (See, for example, Wakayama et al.,
Nature (1998) 394:369.) The resulting egg cells are then
cultivated in an appropriate medium, and transferred into
synchronized recipients for generating transgenic animals.
Alternatively, the selected genetically modified cells can be
injected into developing embryos which are subsequently
developed into chimeric animals.

[0115] Further to the present invention, a transgenic ani-
mal capable of producing humanized immunoglobulins can
also be made by introducing into a recipient cell or cells, one
or more of the recombination vectors described herein
above, which carry a human Ig gene segment, linked to 5'
and 3' flanking sequences that are homologous to the flank-
ing sequences of the endogenous Ig gene segment, selecting
cells in which the endogenous Ig gene segment is replaced
by the human Ig gene segment by homologous recombina-
tion, and deriving an animal from the selected genetically
modified recipient cell or cells.

[0116] Similar to the target insertion of a transgenic vector,
cells appropriate for use as recipient cells in this approach
include embryonic stem cells or already differentiated
somatic cells. A recombination vector carrying a human Ig
gene segment can be introduced into such recipient cells by
any feasible means, e.g., transfection. Afterwards, cells in
which the human Ig gene segment has replaced the corre-
sponding endogenous Ig gene segment by homologous
recombination, can be selected by standard methods. These
genetically modified cells can serve as nuclei donor cells in
a nuclear transfer procedure for cloning a transgenic animal.
Alternatively, the selected genetically modified embryonic
stem cells can be injected into developing embryos which
can be subsequently developed into chimeric animals.

[0117] Transgenic animals produced by any of the fore-
going methods form another embodiment of the present
invention. The transgenic animals have at least one, i.e., one
or more, humanized Ig loci in the genome, from which a
functional repertoire of humanized antibodies is produced.

[0118] In a preferred embodiment, the present invention
provides transgenic rabbits having one or more humanized
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Ig loci in the genome. The transgenic rabbits of the present
invention are capable of rearranging and gene converting the
humanized Ig loci, and expressing a functional repertoire of
humanized antibodies.

[0119] In another preferred embodiment, the present
invention provides transgenic chickens having one or more
humanized Ig loci in the genome. The transgenic chickens of
the present invention are capable of rearranging and gene
converting the humanized Ig loci, and expressing a func-
tional repertoire of humanized antibodies.

[0120] Cells derived from the transgenic animals of the
present invention, such as B cells or cell lines established
from a transgenic animal immunized against an antigen, are
also part of the present invention.

[0121] In a further aspect of the present invention, meth-
ods are provided for treating a disease in a primate, in
particular, a human subject, by administering a purified
humanized antibody composition, preferably, a humanized
polyclonal antibody composition, desirable for treating such
disease.

[0122] The humanized polyclonal antibody compositions
used for administration are generally characterized by con-
taining a polyclonal antibody population, having immuno-
globulin concentrations from 0.1 to 100 mg/ml, more usu-
ally from 1 to 10 mg/ml. The antibody composition may
contain immunoglobulins of various isotypes. Alternatively,
the antibody composition may contain antibodies of only
one isotype, or a number of selected isotypes.

[0123] In most instances the antibody composition con-
sists of unmodified immunoglobulins, i.e., humanized anti-
bodies prepared from the animal without additional modi-
fication, e.g., by chemicals or enzymes. Alternatively, the
immunoglobulin fraction may be subject to treatment such
as enzymatic digestion (e.g. with pepsin, papain, plasmin,
glycosidases, nucleases, etc.), heating, etc, and/or further
fractionated.

[0124] The antibody compositions generally are adminis-
tered into the vascular system, conveniently intravenously
by injection or infusion via a catheter implanted into an
appropriate vein. The antibody composition is administered
at an appropriate rate, generally ranging from about 10
minutes to about 24 hours, more commonly from about 30
minutes to about 6 hours, in accordance with the rate at
which the liquid can be accepted by the patient. Adminis-
tration of the effective dosage may occur in a single infusion
or in a series of infusions. Repeated infusions may be
administered once a day, once a week once a month, or once
every three months, depending on the half-life of the anti-
body preparation and the clinical indication. For applica-
tions on epithelial surfaces the antibody compositions are
applied to the surface in need of treatment in an amount
sufficient to provide the intended end result, and can be
repeated as needed.

[0125] The antibody compositions can be used to bind and
neutralize antigenic entities in human body tissues that cause
disease or that elicit undesired or abnormal immune
responses. An “antigenic entity” is herein defined to encom-
pass any soluble or cell-surface bound molecules including
proteins, as well as cells or infectious disease-causing organ-
isms or agents that are at least capable of binding to an
antibody and preferably are also capable of stimulating an
immune response.
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[0126] Administration of an antibody composition against
an infectious agent as a monotherapy or in combination with
chemotherapy results in elimination of infectious particles.
A single administration of antibodies decreases the number
of infectious particles generally 10 to 100 fold, more com-
monly more than 1000-fold. Similarly, antibody therapy in
patients with a malignant disease employed as a mono-
therapy or in combination with chemotherapy reduces the
number of malignant cells generally 10 to 100 fold, or more
than 1000-fold. Therapy may be repeated over an extended
amount of time to assure the complete elimination of infec-
tious particles, malignant cells, etc. In some instances,
therapy with antibody preparations will be continued for
extended periods of time in the absence of detectable
amounts of infectious particles or undesirable cells. Simi-
larly, the use of antibody therapy for the modulation of
immune responses may consist of single or multiple admin-
istrations of therapeutic antibodies. Therapy may be contin-
ued for extended periods of time in the absence of any
disease symptoms.

[0127] The subject treatment may be employed in con-
junction with chemotherapy at dosages sufficient to inhibit
infectious disease or malignancies. In autoimmune disease
patients or transplant recipients, antibody therapy may be
employed in conjunction with immunosuppressive therapy
at dosages sufficient to inhibit immune reactions.

[0128] The invention is further illustrated, but by no
means limited, by the following examples.

EXAMPLE 1

Novel Sequences 3'Prime of the Cy Gene from
Cows, Sheep and Rabbits

[0129] Genomic DNA was isolated from blood of a Sim-
mental cow using the QIAamp DNA Blood Kit (QIAGEN).
The genomic region 3' of the cow Cy gene (i.e., the cow Cy
gene 3' flanking sequence) was PCR-amplifled using the
isolated genomic DNA as template and the following prim-
ers:

5' primer:

5'cgcaagcttCCTACACGTGTGTGGTGATG3 ' ; (SEQ ID NO: 1)

3' primer:

5' cgcaagcettAAGATGGWGATGGTSGTCCA3 ' (SEQ ID NO: 2)
The upper-case portion of the 5' primer was from exon 3 of
Cy, and the lower-case portion represented a terminal Hin-
dIII restriction site. The upper-case portion of the 3' primer
was a degenerate sequence designed according to the pub-
lished sequences from the human M1 exon and the mouse
M1 exon, and the lower-case portion represented a terminal
HindllI restriction site. A 1.3 kb PCR fragment was obtained
using the EXPAND long template PCR system (Roche). The
fragment was gel purified, digested with HindIIl, and cloned
into a Bluescript cloning vector. The resulting clones fell
into three populations, which differ from one another in the
pattern of the restriction fragments obtained with BamHI,
EcoRI and Xhol. One clone from each population was
sequenced, and the sequences are shown in FIG. 1 (SEQ ID
NOS: 3-5).

[0130] Genomic DNA was isolated from blood of a
Merino sheep using the QIAamp DNA Blood Kit
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(QIAGEN). The genomic region 3' of the sheep Cy gene
(i.e., the sheep Cy gene 3' flanking sequence) was PCR-
amplified using the isolated genomic DNA as template and
the following primers:

5' primer:

5'cgeggatccCCTACGCGTGTGTGGTGATGS ! (SEQ ID NO: 6)

3' primer:
5'cgcggatccACCGAGGAGAAGATCCACTTS (SEQ ID NO: 7)
The upper-case portion of the 5' primer was from exon 3 of
Cy, and the lower-case portion represented a terminal
BamHI restriction site. The upper-case portion of the 3'
primer was designed according to the published sequences
from the human M2 exon and the mouse M2 exon, and the
lower-case portion represented a terminal BamHI restriction
site. A 2.9 kb PCR fragment was obtained using the
EXPAND long template PCR system (Roche). The fragment
was gel purified, digested with BamHII, and cloned into a
Bluescript cloning vector. The resulting clones fell into two
populations, which differ from each other in the pattern of
the restriction fragments obtained with HindIII, EcoRI and
Xhol. One clone from each population was sequenced, and
the sequences are shown in FIG. 2 (SEQ ID NOS: 8-9).

[0131] A 10 kb EcoRI fragment containing the Cy gene
and its flanking sequences from A2 allotype rabbit was
subcloned from a genomic cosmid clone (cos 8.3 from
Knight et al., J Immunol (1985) 1245-50, “Organization and
polymorphism of rabbit immunoglobulin heavy chain
genes”). The nucleotide sequences 5' and 3' of Cy were
determined using standard methods and are set forth in FIG.
3 and 5, SEQ ID NO: 10, 12, 13, respectively.

[0132] Sequences 3' of rabbit Ckappal were determined
from an EcoRI/BamHI subclone from VJk2CAIn pSV2neo.
The nucleotide sequence is set forth in FIG. 4, SEQ ID NO:
11.

[0133] The amino acid sequences encoded by the M1 and
M2 exons from cow, sheep and rabbit were deduced from
the above 3' flanking sequence. These amino acid sequences
were aligned with the published M1 and M2 sequences from
camel, human and mouse, as shown in FIG. 6.

EXAMPLE 2

A Vector for Replacing the Rabbit Endogenous Cy
Gene Segment with the Human Cyl Segment

[0134] Genomic DNA is isolated from rabbit fetal fibro-
blasts of an a2-homozygous rabbit. The DNA sequence
upstream of rabbit Cy (i.e., the 5' flanking sequence of rabbit
Cy) is amplified by PCR using the following primers:

5' taattatgcggccgceCTTCAGCGTGAACCAC (SEQ ID NO: 39)
GCCCTC 3!
with a 5' NotI site and

5' GTCGACGCCCCTCGATGCACTCCCAGAG
3'.

(SEQ ID NO: 40)

[0135] The DNA sequence downstream of rabbit Cy (i.e.,
the 3' flanking sequence of rabbit Cy) is amplified with the
following primers:
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5' ggtaccCTCTCCCTCCCCCACGCCGCAGC
3
with a 5' KpnI site and

(SEQ ID NO: 41)

5' atatctcagaACTGGCTGTCCCTGCTGTAGT (SEQ ID NO: 42)
ACACGG 3'
with a 5' XhoI site.

[0136] Human genomic DNA is isolated from human
peripheral blood lymphocytes. The DNA fragment encoding
human Cy1 is amplified using the following primers:

5' GTCGACACTGGACGCTGAACCTCGCGG 3'
and

(SEQ ID NO: 43)

5' GGTACCGGGGGCTTGCCGGCCGTCGCAC
3'.

(SEQ ID NO: 44)

[0137] The fragments are digested with restriction
enzymes and cloned into a Bluescript vector. Subsequently,
a lox neo-cassette is inserted into the Sall site and an Hsv-tk
cassette into the Xhol site. A schematic drawing of the final
construct is shown in FIG. 7a.

EXAMPLE 3

A Vector for Replacing the Rabbit Endogenous Ck
Gene Segment with the Human Cx Segment

[0138] Genomic DNA was isolated from rabbit fetal fibro-
blasts of a b5-homozygous rabbit. The DNA sequence
upstream of rabbit Cx1 (i.e., the 5' flanking sequence of
rabbit Ck1l) was amplified by PCR using the following
primers:

5' gcggecgeTGGCGAGGAGACCAAGCTGGAGA (SEQ ID NO: 45)
TCAAACG 3'
with a 5' NotI site

5' GTCGACGCAGCCCAAAGCTGTTGCAATGGGG (SEQ ID NO: 46)
CAGCG 3'.

[0139] The DNA sequence downstream of rabbit Ck1 (i.e.,
the 5' flanking sequence of rabbit Ck1) was amplified with
the following primers:

5' atatggtaccGCGAGACGCCTGCCAGGGCAC (SEQ ID NO: 47)
cGee 3
with a 5' KpnI site

5' GGATCCCGAGCTTTATGGGCAGGGTGGGGG
3'.

(SEQ ID NO: 48)

[0140] Human genomic DNA was isolated from human
peripheral blood lymphocytes. The DNA fragment encoding
human Ck was amplified using the following primers:

5' ATATGTCGACCTGGGATAAGCATGCTGTTTT (SEQ ID NO: 49)
CTGTCTGTCCC 3'

5' CTAGGTACCAGCAGGTGGGGGCACTTCTCCC (SEQ ID NO: 50)
3'.

The fragments were digested with restriction enzymes and
cloned into a Bluescript vector. Subsequently, a lox neo-
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cassette was inserted into the Sall site and an Hsv-tk cassette
into the Xhol site. A schematic drawing of the final construct
is shown in FIG. 7b.

EXAMPLE 4

Replacement of the Endogenous Cy and Ck Gene
Segments in Rabbit Fetal Fibroblasts with the
Corresponding Human Gene Segments

[0141] Rabbit fetal fibroblast cells are prepared by stan-
dard methods. After one passage, fibroblasts are transfected
with 5 ug of the Notl-linearized targeting vector as shown in
FIG. 5a for Cy or F1G. 515 for Ck, and are seeded in 96-well
plates (2x10° cells/well). After a positive selection with 600
pg/ml G418 and a negative selection with 200 nM FIAU,
resistant colonies are replica-plated to two 96-well plates for
DNA analysis and cryopreservation, respectively. PCR and/
or Southern blot analysis is performed to identify cells with
the human Cy1 gene segment integrated in the genome. The
cells having the integrated human Cyl gene are used in
rabbit cloning as described in Example 5.

EXAMPLE 5

Cloning of Rabbits

[0142] Mature Dutch Belton rabbits are superovulated by
subcutaneous injection of follicle stimulating hormone
(FSH) every 12 hours (0.3 mgx2 and 0.4 mgx4). Ovulation
is induced by intravenous administration of 0.5 mg lutein-
izing hormone (LH) 12 hours after the last FSH injection.
Oocytes are recovered by ovidual flush 17 hours after LH
injection. Oocytes are mechanically enucleated 16-19 hours
after maturation. Chromosome removal is assessed with
bisBENZIMIDE (HOECHST 33342, Sigma, St. Louis, Mo.)
dye under ultraviolet light. Enucleated oocytes are fused
with actively dividing fibroblasts by using one electrical
pulse of 180 V/em for 15 us (Electrocell Manipulator 200,
Genetronics, San Diego, Calif.). After 3-5 hours oocytes are
chemically activated with calcium ionophore (6 uM) for 4
min (#407952, Calbiochem, San Diego, Calif.) and 2 mM
6-dimethylaminopurine (DMAP, Sigma) in CR2 medium
(Specialty Media, Lavalett, N.J.) with 3 mg/ml bovine serum
albumin (fatty acid free, Sigma) for 3 hours. Following the
activation, the embryos are washed in hamster embryo
culture medium (HECM)-Hepes five times and subse-
quently, cultivated in CR2 medium containing 3 mg/ml
fatty-acid free BSA for 248 hours at 37.8° C. and 5% CO,
in air. Embryos are then transferred into synchronized recipi-
ents. Offsprings are analyzed by PCR for a segment of the
transgene.

EXAMPLE 6

Construction of a DNA Fragment Containing a
Portion of a Rabbit Heavy Chain Locus with a
Human Cyl Gene Segment and a VH Gene
Segment Encoding a Human VH Domain
Polypeptide Sequence

[0143] The upstream and downstream regions (i.e., the 5'
and 3' flanking regions) of the rabbit heavy chain Cy gene
from an a2-allotype rabbit were sequenced. A DNA frag-
ment (SEQ ID NO: 51) is generated by PCR using overlap-
ping oligonucleotides wherein the DNA fragment contains
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from 5' to 3', a sequence derived from the 5' flanking region
of the rabbit Cy gene, the human Cyl gene, and a sequence
derived from the 3' flanking region of the rabbit Cy gene
(FIG. 8).

[0144] A genomic BAC library derived from an a2-allo-
type rabbit is generated by standard procedures and screened
with probes specific for rabbit Cy. A BAC clone containing
rabbit heavy chain gene segments is identified. The rabbit Cy
gene on this BAC clone is replaced with the human Cy1 gene
by homologous recombination in E. coli using the DNA
fragment of SEQ ID NO: 51 and the pET system. This
replacement is accomplished by two consecutive recombi-
nation steps: first the rabbit Cy gene segment is replaced
with a marker gene; then the marker gene is replaced the
human Cyl gene segment.

[0145] The modified BAC clone containing rabbit heavy
chain genes and the inserted human Cyl gene is further
modified by replacing the 3'proximal VH1 segment with A
synthetic VH gene segment (FIG. 9). This synthetic VH
gene segment (SEQ ID NO: 52) is made using overlapping
oligonculeotides and includes a 5' flanking sequence, a 3'
flanking sequence, and a sequence coding for a polypeptide
nearly identical to the human immunoglobulin heavy chain
variable domain polypeptide sequence described by Huang
and Stollar (J. Immunol. 151: 5290-5300, 1993). The coding
sequence of the synthetic VH gene segment is designed
based on the published sequence of a rabbit VH1 gene (a2,
Knight and Becker, Cel// 60:963-970, 1990) and is more than
80% identical to rabbit VH gene segments. The 5' and the 3'
flanking sequences in the synthetic VH segment are derived
from the upstream and downstream regions of the a2-allo-
type rabbit VH1 gene. The synthetic VH gene of SEQ ID
NO: 52 is used to replace the rabbit VH1 gene on the BAC
clone by homologous recombination using the pET or the
redefy system. The modified BAC clone is amplified and
purified using standard procedures.

EXAMPLE 7

Construction of a DNA Fragment Containing a
Portion of a Rabbit Light Chain Locus with a
Human Ck Gene Segment and a VI Gene Segment
Encoding a Human VL Domain Polypeptide
Sequence

[0146] The upstream and downstream regions (i.e., the 5'
and 3' flanking regions) of the rabbit light chain Ck1 gene
from a b5-allotype rabbit were sequenced. A DNA fragment
(SEQ ID NO: 53) is generated by PCR using overlapping
oligonucleotides wherein the DNA fragment contains from
5'to 3', a sequence derived from the 5' flanking region of the
rabbit Ck1 gene, the human Ckl gene, and a sequence
derived from the 3' flanking region of the rabbit Ck1 gene
(FIG. 10).

[0147] A genomic BAC library derived from a b5-allotype
rabbit is generated by standard procedures and screened with
probes specific for rabbit Ck1. A BAC clone containing
rabbit light chain gene segments is identified. The rabbit
Cxk1 gene on this BAC clone is replaced with the human Cxk 1
gene on the DNA fragment of SEQ ID NO: 53 by homolo-
gous recombination in E. coli using the pET or the redefy
system. This replacement is accomplished by two consecu-
tive recombination steps: first the rabbit Cx1 gene segment
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is replaced with a marker gene; then the marker gene is
replaced the human Ck1 gene segment.

[0148] The modified BAC clone containing rabbit light
chain genes and the inserted human Ck1 gene is further
modified by inserting a rearranged VI DNA fragment into
the J region of the rabbit light chain locus. The rearranged
VI DNA fragment encodes a human immunoglobulin vari-
able domain polypeptide described by Pritsch et al. (Blood
82(10):3103-3112, 1993) and Lautner-Rieske et al. (Fur J.
Immunol. 22 (4), 1023-1029, 1992)) (FIG. 7). The nucle-
otide sequence of the rearranged VI fragment is designed to
maximize the sequence homology at the nucleotide level to
the rabbit Vkappa sequence published by Lieberman et al.
(J. Immunol. 133 (5), 2753-2756, 1984). This rearranged VJ
DNA sequence is more than 80% identical with known
rabbit Vk genes. Using overlapping oligonucleotides in
PCR, the rearranged VJ DNA fragment is linked to a 5' and
a 3' flanking sequence, resulting the DNA fragment of SEQ
ID NO: 54 (FIG. 11). The 5'flanking sequence is derived
from 5' of a rabbit VK, the 3'flanking sequence is derived
from 3' of rabbit J2. The DNA fragment of SEQ ID NO: 54
is subsequently inserted into the rabbit light chain locus by
homologous recombination in . coli using the pET or the
redefy system. The insertion is performed in such a way that
the rabbit light chain region containing the rabbit Vk1 gene
segment, the rabbit J1 and J2 segments, and the sequences
in between, is replaced with the rearranged VJ DNA frag-
ment. Again, this insertion is accomplished by replacement
of the rabbit V to J region with a marker gene, followed by
the replacement of the marker gene with the rearranged VI
DNA fragment. The modified BAC clone is amplified and
purified using standard procedures.

EXAMPLE 8

Transgenic Rabbits Expressing the Humanized
Immunoglobulin Light and/or Heavy Chain
Transgene

[0149] Transgenic rabbits are generated as described by
Fan et al. (Pathol Int. 49: 583-594, 1999). Briefly, female
rabbits are superovulated using standard methods and mated
with male rabbits. Pronuclear-stage zygotes are collected
from oviduct and placed in an appropriate medium such as
Dulbecco’s phosphate buffered saline supplemented with
20% fetal bovine serum. The exogenous DNA (e.g., the
humanized BAC clone from Example 4 and/or 5 which has
been linearized prior to injection) is microinjected into the
male pronucleus with the aid of a pair of manipulators.
Morphological surviving zygotes are transferred to the ovi-
ducts of pseudopregnant rabbits. Pseudopregnancy is
induced by the injection of human chorionic gonadotrophin
(hCG). Between about 0.1-1% of the injected zygotes
develop into live transgenic rabbits. Integration of the trans-
gene in the genome is confirmed by Southern blots analysis
using a probe specific for the transgene.

[0150] cDNA is prepared using RNA isolated from B cells
(in blood, spleen and/or lymph nodes) of a transgenic rabbit.
Primers specific for the human transgene (human CH gene
segment or the synthetic humanized VH gene segment) are
used to generate amplified products from cDNA. The obser-
vation of amplified products indicates that the transgene is
rearranged in the transgenic animal and the rearranged
transgene is transcribed in the animal. Amplified products
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are sequenced and the presence of donor sequences from
upstream V genes indicates that the transgene introduced
into the germline of the animal undergoes gene conversion.

[0151] The presence of antibodies containing human IgG
and/or human kappa light chain antigenic determinants in
the serum of transgenic founder rabbits is determined using
an ELISA assay.

EXAMPLE 9

Production of Humanized Antibodies From
Transgenic Rabbits with the Genetic Background of
the Alicia and/or Basilea Rabbit Strain

[0152] The Alicia strain lacks the VHI gene segment and
therefore has an impaired Ig heavy chain expression. Trans-
genic founder rabbits capable of expressing humanized
heavy chain molecules in the genetic background of the
Alicia rabbit strain are generated, e.g., by using fetal fibro-
blasts established from Alicia rabbits in Examples 4-5
above, or by using zygotes from female Alicia rabbits mated
with male Alicia rabbits in Example 8 above. Transgenic
animals are also obtained which are homozygous for the
Alicia Ig phenotype and are also homozygous for a human-
ized heavy chain transgene. Serum is tested in ELISA for the
presence of humanized heavy chain (e.g., a human heavy
chain constant region). The concentration of antibodies with
humanized Ig heavy chains in these homozygous Alicia
animals is substantially higher, e.g., about 10 to 100 fold
higher, than that produced from a transgene integrated in the
genome of wild type (non-Alicia) rabbits.

[0153] The Basilea strain does not express k1 light chain
and in its place exclusively express the k2 and A light chains.
Transgenic founder rabbits capable of expressing humanized
light chain molecules in the genetic background of the
Basilea rabbit strain are generated, e.g., by using fetal
fibroblasts established from Basilea rabbits in Examples 4-5
above, or by using zygotes from female Basilea rabbits
mated with male Basilea rabbits in Example 8 above.
Transgenic animals are obtained which are homozygous for
the Basilea light chain phenotype, and are also homozygous
for a humanized light chain transgene. Serum is tested in
ELISA for the presence of the humanized light chain. The
concentration of the humanized light chain in the homozy-
gous Basilea animals is substantially higher, about 10-100
fold higher, than the concentration of a humanized light
chain in a transgenic rabbit with the wild type (non-Basilea)
genetic background. Transgenic founder rabbits are mated
with each other to generate transgenic rabbits with the
following traits: (1) having at least one humanized light
chain transgene, (2) having at least one humanized heavy
chain transgene, (3) homozygous for the Alicia heavy chain
locus, and (4) homozygous for the Basilea light chain locus.

EXAMPLE 10

Construction of a DNA Fragment Containing a
Modified Chicken Light Chain Locus Having a
Human Clambda2 Gene Segment and a VI Gene
Segment Encoding a Human VL. Domain

[0154] A genomic BAC library derived from a jungle fowl
chicken was screened with radiolabeled probes specific for
chicken light chain Clambda and chicken Vpsi25 (the V
gene segment at the very 5' end of the light chain locus). A
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BAC clone containing the entire lambda light chain locus
was identified. The chicken CA gene on this BAC clone is
replaced with the human CA2 gene by homologous recom-
bination in E. coli using the pET system (Zhang et al., Nat.
Biotechnol. 18(12):1314-7, 2000) as follows.

[0155] A first DNA fragment containing a kanamycin
selection cassette was generated by PCR using primers
specific for TnS gene. The 5' primer (5'catacacagccatacat-
acgegtgtgoccgctetgectctetct-

tgcagg TATGGACAGCAAGCGAACCG 3', SEQ ID NO:
55) was designed to include 50 bp at the 5' end (lower case),
derived from the 5' flanking region of the chicken light chain
Chgene. The 3' primer (5'atcagggtgacccctacgttacactcct-
gtcaccaaggagtgggagegac [CAGAAGAACTCGTCAAGA
AG3', SEQ ID NO: 56) was designed to include about 50 bp
at the end (lower case), derived from the 3' flanking region
of the chicken light chain C)) gene.

[0156] A second DNA fragment (SEQ ID NO: 57) was
synthesized using overlapping oligonucleotides wherein the
DNA fragment contains from 5' to 3', a sequence derived
from the 5' flanking region of the chicken light chain
Clambda gene, the human Clambda2 gene, and a sequence
derived from the 3' flanking region of the chicken Clambda
gene (FIG. 12).

[0157] E. coli cells of the chicken light chain BAC clone
were transformed with a recombination plasmid expressing
the recE and recT functions under an inducible promotor.
Cells transformed with the recombination plasmid were then
transformed with the first DNA fragment above and selected
afterwards in media containing kanamycin. Clones resistant
to kanamycin were identified, and the replacement of the
chicken Ch segment by the kanamycin selection cassette via
homologous recombination was confirmed by restriction
enzyme digest.

[0158] In the second homologous recombination step,
cells positive for the kanamycin selection cassette were
transformed with the second DNA fragment above. Trans-
formed cells were screened for the loss of kanamycin
resistance as indicative of the replacement of the kanamycin
selection cassette by the human CA2 gene. The exchange
was confirmed by restriction enzyme digest and/or sequence
analysis.

[0159] The ET cloning procedure is summarized in FIG.
13.

[0160] The BAC clone containing the chicken light chain
locus and the inserted human Clambda2 gene segment was
further modified by inserting a rearranged VI DNA frag-
ment. The rearranged VJ DNA fragment encodes a human
immunoglobulin variable domain polypeptide described by
Kametani et al. (J. Biochem. 93 (2), 421-429, 1983) as IG
LAMBDA CHAIN V-1 REGION NIG-64 (P01702) (FIG.
14). The nucleotide sequence of the rearranged VJ fragment
was so designed as to maximize the sequence homology at
the nucleotide level to the chicken Vlambdal sequence
published by McCormack et al. (Cell 56, 785-791, 1989).
This rearranged VJ DNA sequence is more than 80% iden-
tical with known chicken light chain V genes. The rear-
ranged VJ DNA fragment was linked to a 5' flanking
sequence and a 3' flanking sequence, resulting in the DNA
fragment of SEQ ID NO: 58 (FIG. 14). The 5' flanking
sequence was derived from 5' of chicken Vlambdal, and the
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3'flanking sequence was derived from 3' of chicken J. The
DNA fragment of SEQ ID NO: 58 was subsequently inserted
into the chicken light chain locus in E. coli using the pET
system as shown in FIG. 15. The insertion was performed in
such a way that the region on the chicken light chain locus
from the 5' end of the chicken Vlambdal gene segment to
the 3' end of the chicken J region was replaced with the
rearranged, synthetic VI DNA fragment. Again, this inser-
tion wais accomplished by the replacement of the chicken
V-I region with a marker gene, followed by the replacement
of the marker gene with the rearranged VJ DNA fragment.
The modified region of the chicken light chain locus is
shown in FIG. 15. The modified BAC clone was amplified
and purified using standard procedures.

EXAMPLE 11

Construction of a DNA Fragment Containing a
Portion of a Chicken Heavy Chain Locus With a
Human Cyl Gene Segment and a VH Gene
Segment Encoding a Human VH Domain
Polypeptide Sequence

[0161] A jungle fowl chicken genomic BAC library was
generated by standard procedures and screened with probes
specific for chicken Cy. A BAC clone containing chicken
heavy chain gene segments is identified. The upstream and
downstream regions (i.e., the 5' and 3' flanking regions) of
the heavy chain Cy gene are sequenced. The chicken Cy gene
on this BAC clone is replaced with the human Cyl gene by
homologous recombination in E. coli using the pET system
as follows.

[0162] A first DNA fragment containing a kanamycin
selection cassette is generated by PCR using primers specific
for Tn5 gene. The 5' and 3' primers are designed to include
about 50 bp at the end, derived from the 5' and 3' flanking
regions of the chicken heavy chain Cy gene.

[0163] A second DNA fragment is generated by PCR
using overlapping oligonucleotides wherein this second
DNA fragment contains from 5' to 3', a sequence of about 50
bp derived from the 5' flanking region of the chicken Cy
gene, the human Cyl gene, and a sequence of about 50 bp
derived from the 3' flanking region of the chicken Cy gene.

[0164] E. coli cells of the chicken CY BAC clone are
transformed with a recombination plasmid expressing the
recE and recT functions under an inducible promotor. Cells
transformed with the recombination plasmid are further
transformed with the first DNA fragment and selected in
media containing kanamycin. Clones resistant to kanamycin
are identified, and the replacement of the chicken CY
segment by the kanamycin selection cassette via homolo-
gous recombination is confirmed by restriction enyme
digest.

[0165] In the second homologous recombination step,
cells positive for the kanamycin selection cassette are now
transformed with the second DNA fragment described
above. Transformed cells are screened for loss of kanamycin
resistance as indicative of the replacement of the kanamycin
selection cassette by the human Cyl gene. The exchange is
confirmed by restriction enzyme digest and/or sequence
analysis.

[0166] The BAC clone containing the inserted human Cy1
gene is further modified by replacing the 3'proximal VH1
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segment (i.e., the 3'proximal VH1 gene in the V region) with
a synthetic VH gene segment. This synthetic VH gene
segment is designed based on the published sequence of a
chicken VH1 gene (Arakawa et al., EMBO J 15(10): 2540-
2546, 1996). The synthetic gene segment is more than 80%
identical to chicken VH gene segments and encodes an
amino acid sequence that is identical to the amino acid
sequence of a human immunoglobulin heavy chain variable
domain polypeptide described by Matthyssens and Rabbitss
(in Steinberg CM and Letkovits 1, (eds). The Immune
System: 132-138, S. Karger, NY 1981). This synthetic VH
segment including 5' and 3' flanking sequences is synthe-
sized by PCR using overlapping oligonucleotides. The &'
and the 3' flanking sequences are derived from the upstream
and downstream regions of chicken VH1 gene. This syn-
thetic VH segment is used to replace the chicken VH1 gene
on the BAC clone by homologous recombination using the
pET system. The modified BAC clone is amplified and
purified using standard procedures.

EXAMPLE 12

Transgenic Chicken Expressing the Humanized
Immunoglobulin Light and/or Heavy Chain
Transgenes

[0167] The production of transgenic chicken is carried out
using techniques as described by Etches et al., Methods in
Molecular Biology 62: 433-450; Pain et al., Cells Tissues
Organs 1999; 165(34): 212-9; Sang, H., “Transgenic chick-
ens—methods and potential applications™, Trends Biotech-
nol 12:415 (1994); and in WO 200075300, “Introducing a
nucleic acid into an avian genome, useful for transfecting
avian blastodermal cells for producing transgenic avian
animals with the desired genes, by directly introducing the
nucleic acid into the germinal disc of the egg”.

[0168] Briefly, the modified BAC clones are linearized
and mixed with a transfection reagent to promote uptake of
DNA into cells. The formulations are injected into a multi-
cell stage chicken embryo in close proximity to the germinal
disc. The window in the egg shell is closed and the eggs are
incubated. After hatching chimeric chickens are identified
by PCR and Southern blot analysis using transgene specific
sequences. Integration of the transgene in the genome is
confirmed by Southern blots analysis using a probe specific
for the transgene. Heavy and light chain transgenic animals
are bred with each other to generate transgenic chickens
expressing antibodies having humanized heavy and light
chains.

[0169] cDNA is prepared using RNA isolated from B cells
(in blood, spleen and/or lymph nodes) from transgenic
chickens. Primers specific for the human transgene (e.g.,
human CH gene segments and/or the synthetic humanized
VH gene segments) are used to generate amplified products
from cDNA. The observation of amplified products indi-
cates that the transgene is rearranged in the transgenic
animal and the rearranged transgene is transcribed in the
animal. Amplified products are sequenced and the presence
of' donor sequences from upstream V genes indicates that the
transgene introduced into the germline of the animal under-
goes gene conversion.

[0170] The presence of antibodies containing human IgG
and/or human kappa light chain antigenic determinants in
the serum of transgenic chickens is determined using an
ELISA assay.
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EXAMPLE 13

Production of Functional Humanized Antibodies in
Transgenic Chicken with the Agammaglobulinemic
Phenotype

[0171] Transgenic chickens with the following traits are
produced: (1) having at least one humanized light chain
transgene, (2) having at least one humanized heavy chain
transgene, and (3) homozygous for the agammaglobuline-
mic phenotype. These animals produce antibodies into the
blood and eggs, and antibodies can be purified from either
source. In general, antibody concentrations in the eggs are
about 5% to 50% of antibodies concentration in the blood.
Animals that contain humanized antibodies at high levels in
eggs can be selected and bred to produce offspring. Alter-
natively, transgenic animals can be generated that specifi-
cally secrete humanized antibodies into their eggs.

EXAMPLE 14

Generation of Transgenic Chickens Expressing
Humanized Immunoglobulin

[0172] Chicken embryonic stem cells are isolated and
cultured as described by Pain et al. (Development 122,
2339-2348; 1996). Chicken embryos are obtained from eggs
immediately after they are laid. The entire blastoderm is
removed by gentle aspiration, embryos are slowly dissoci-
ated mechanically and cells are seeded in ESA complete
medium on inactivated STO feeder cells. ESA medium is
composed of MEM medium containing 10% FCS, 2%
chicken serum, 1% bovine serum albumin, 10 ng/ml oval-
bumin, 1 mM sodium pyruvate, 1% non-essential amino
acids, 1 uM of each nucleotide adenosine, guanosine, cyti-
dine, uridine, thymidine, 0.16 mM f-mercaptoethanol, ESA
complete medium is supplemented with 10 ng/ml bFGF, 20
ng/ml h-IGF-1, 1% vol/vol avian-SCF and 1% vol/vol
h-LIF, 1% vol/vol h-IL-11. Cell cultures are incubated wt
37° C. in 7.5 CO, and 90% humidity. After 48 hours fresh
blastodermal cells are added to the culture in half of the
original volume of ESA complete medium. After an addi-
tional incubation for three days, the culture medium is
partially (50%) replaced with fresh ESA complete medium,
and totally every day thereafter. For cell harvesting, cultures
are washed with PBS and incubated in a pronase solution
(0.025% w/v). Dissociated cells are transfected with various
linearized transgenic constructs containing a humanized Ig
locus. Transfected cells are incubated with STO feeder cells
(as described above) in the presence of selective antibiotics.
Cells are transferred onto fresh feeder cells twice per week.
Antibiotic resistant cells are isolated and the integration of
a humanized Ig gene fragments at a random site or at the
corresponding chicken immunoglobulin gene loci is con-
firmed by PCR.

[0173] Subsequently, genetically modified cells are
injected into recipient embryos. As recipient embryos,
freshly laid eggs are irradiated (6Gy—Cobalt source).
Between 100 to 200 genetically modified cells are injected
into the subgerminal cavity using a micropipet. The window
in the egg shell is closed and the eggs are incubated. Somatic
chimerism of hatched chickens is evaluated by PCR. Germ-
line chimerism is assessed by mating of somatic chimeras.
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EXAMPLE 15

Immunization of Transgenic Animals

[0174] Genetically engineered chickens are immunized
intramuscularly with purified Hepatitis B surface antigen
(HBsAg) (5 pg in incomplete Freund’s adjuvant) on day O,
14 and day 28. On day 35 animals are bled and serum is
prepared. ELISA plates (NUNC, Denmark) are coated with
1 pg/ml HBsAg in PBS for 1 hour at room temperature.
Subsequently, available binding sites are blocked by incu-
bation with 1% non-fat dry milk (NFM) in PBS (300
ul/well). Chicken serum is diluted in PBS/1% NFM and
added to the coated wells. After an incubation of 1 hour, the
plates are washed 3 times with PBS/0.05% Tween 20 and
bound Ig is detected using goat anti-human Ig conjugated
with horseradish peroxidase. Conjugated goat antibody is
detected using o-phenylenediamine dihydrochloride
(Sigma) at 1 mg/ml. The colorimetric reaction is stopped by
addition of 1 M HCI solution and the absorbance is mea-
sured at 490 nm. As a control, serum from non-immunized
chicken is used. Serum from non-immunized chickens does
not react with HBsAg. At a dilution of 1:250 the optical
density measured in uncoated and HBsAg coated wells is
below 0.2. In contrast, serum from immunized chickens
contains humanized antibodies reactive with HBsAg. At a
serum dilution of 1:250 the measured optical density is 2.3.
Upon further dilution of the serum the measured optical
density declines to 0.1 (at a dilution of 25600). No antibod-
ies reactive with a goat anti-chicken 1gG-HRP conjugate can
be detected. This demonstrates that the genetically engi-
neered chickens produce humanized anti-HBsAg antibodies
following immunization.

[0175] Genetically engineered rabbits are immunized
intramuscularly with purified Hepatitis B surface antigen
(HBsAg) (10 pg in incomplete Freund’s adjuvant) on day 0
and day 14. On day 28 animals are bled from the ear and
serum is prepared. ELISA plates (NUNC, Denmark) are
coated with 1 pg/ml HBsAg in PBS for 1 hour at room
temperature. Subsequently, available binding sites are
blocked by incubation with 1% non-fat dry milk (NFM) in
PBS (300 pl/well). Rabbit serum is diluted in PBS/1% NFM
and added to the coated wells. After an incubation of 1 hour,
the plates are washed 3 times with PBS/0.05% Tween 20 and
bound Ig is detected using goat anti-human Ig conjugated
with horse-radish peroxidase. Conjugated goat antibody is
detected using o-phenylenediamine dihydrochloride
(Sigma) at 1 mg/ml. The calorimetric reaction is stopped by
addition of 1 M HCI solution and the absorbance is mea-
sured at 490 nm. As a control serum from non-immunized
rabbits is used. Serum from non-immunized rabbits does not
react with HBsAg. At a dilution of 1:100 the optical density
measured in uncoated and HBsAg coated wells is below 0.4.
In contrast, serum from immunized rabbits contains partially
human antibodies reactive with HBsAg. At a serum dilution
of 1:100 the measured optical density is 2.8. Upon further
dilution of the serum the measured optical density declines
to 0.2 (at a dilution of 25600). No antibodies reactive with
a goat anti-rabbit IgG-HRP conjugate can be detected. This
demonstrates that the genetically engineered rabbits produce
humanized anti-HBsAg antibodies following immunization.
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EXAMPLE 16

Complement Mediated Cytotoxicity of Virus
Infected Cell Line Using Humanized Antibodies

[0176] A human liver carcinoma cell line expressing
HBsAg is labeled with 0.1 mCi >*Cr in 100 ul PBS for 1 hr
at 37° C. Two thousand *'Cr-lableled cells are incubated
with serum from genetically engineered rabbits or chickens
expressing anti-HbsAg humanized immunoglobulins. After
two hours at 37° C. the release of °Cr into the supernatant
is determined by measuring radioactivity using a scintilla-
tion counter. For the determination of maximum release, 1%
Triton X100 is added. The degree of cell lysis is calculated
as follows: % Lysis=CPM
experimental+CPM#spontaneous/CPM# total+CPM sponta-
neous. Incubation of labeled cells with serum (diluted 1:30)
from non-immunized rabbits does not result in cell lysis
(<10%). However, incubation of cells with serum from
immunized rabbits causes 80% cell lysis. Inactivation of
complement in the serum by heat treatment (56° C. for 30
minutes) renders the serum from immunized rabbits inac-
tive. These results demonstrate that humanized antibodies
produced by genetically engineered rabbits bind to HBsAg-
positive cells and cause complement dependent lysis.

EXAMPLE 17

Immunization of Transgenic Animals against
Staphylococcus aureus

[0177] Genetically engineered chickens are immunized
intramuscularly with a recombinant fragment of the Staphy-
lococcus aureus collagen adhesin protein (100 pg in incom-
plete Freund’s adjuvant) on day 0, 14 and day 28. On day 35
animals are bled and serum is prepared. ELISA plates
(NUNC, Denmark) are coated with 2 ng/ml collagen adhesin
protein in PBS for 1 hour at room temperature. Subse-
quently, available binding sites are blocked by incubation
with 1% non-fat dry milk (NFM) in PBS (300 pl/well).
Chicken serum is diluted in PBS/1% NFM and added to the
coated wells. After an incubation of 1 hour, the plates are
washed 3 times with PBS/0.05% Tween 20 and bound Ig is
detected using goat anti-human Ig conjugated with horse-
radish peroxidase. Conjugated goat antibody is detected
using o-phenylenediamine dihydrochloride (Sigma) at 1
mg/ml. The calorimetric reaction is stopped by addition of 1
M HCI solution and the absorbance is measured at 490 nm.
As a control, serum from non-immunized chicken is used.
Serum from non-immunized chickens does not react with
collagen adhesin protein. At a dilution of 1:250 the optical
density measured in uncoated and collagen adhesin protein
coated wells is below 0.2. In contrast, serum from immu-
nized chickens contains humanized antibodies reactive with
collagen adhesin. At a serum dilution of 1:250 the measured
optical density is 2.3. Upon further dilution of the serum the
measured optical density declines to 0.1 (at a dilution of
25600). No antibodies reactive with a goat anti-chicken
IgG-HRP conjugate can be detected. This demonstrates that
the genetically engineered chickens produce humanized
anti-Staph. aureus collagen adhesin antibodies following
immunization.

[0178] Genetically engineered rabbits are immunized
intramuscularly with recombinant fragment of the Staphy-
lococcus aureus collagen adhesin protein (100 pg in incom-
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plete Freund’s adjuvant) on day 0 and day 14. On day 35
animals are bled and serum is prepared. ELISA plates
(NUNC, Denmark) are coated with 2 ng/ml collagen adhesin
protein in PBS for 1 hour at room temperature. Subse-
quently, available binding sites are blocked by incubation
with 1% non-fat dry milk (NFM) in PBS (300 pl/well).
Rabbit serum is diluted in PBS/1% NFM and added to the
coated wells. After an incubation of 1 hour, the plates are
washed 3 times with PBS/0.05% Tween 20 and bound Ig is
detected using goat anti-human Ig conjugated with horse-
radish peroxidase. Conjugated goat antibody is detected
using o-phenylenediamine dihydrochloride (Sigma) at 1
mg/ml. The colorimetric reaction is stopped by addition of
1 M HCl solution and the absorbance is measured at 490 nm.
As a control, serum from non-immunized rabbit is used.
Serum from non-immunized rabbits does not react with
collagen adhesin protein. At a dilution of 1:250 the optical
density measured in uncoated and collagen adhesin protein
coated wells is below 0.2. In contrast, serum from immu-
nized rabbits contains humanized antibodies reactive with
collagen adhesin. At a serum dilution of 1:250 the measured
optical density is 2.3. Upon further dilution of the serum the
measured optical density declines to 0.1 (at a dilution of
25600). No antibodies reactive with a goat anti-rabbit IgG-
HRP conjugate can be detected. This demonstrates that the
genetically engineered rabbits produce humanized anti-
Staph. aureus collagen adhesin antibodies following immu-
nization.

EXAMPLE 18

Protection Against Staphylococcus Aureus Infection
in a Mouse Model

[0179] Naive mice are passively immunized i.p. on day -1
with 16 mg of the immunoglobulin fraction containing
antibodies specific for the S. aureus collagen adhesin protein
(from Example 17) or with the immunoglobulin fraction
from non-immunized animals. On day O, the mice are
challenged i.v. with 4x10” CFU S. qureus per mouse and
mortality is monitored over the next 7 days. Mortality rate
in the control groups is 80% and 10% in the group treated
with the immunoglobulin fraction containing antibodies
specific for the S. aureus collagen adhesin protein. The data
indicate that anticollagen adhesin antibodies can protect
mice against lethal S. aureus challenge.

EXAMPLE 19
Antigen-Specific Hybridomas Made from
Transgenic Animals

[0180] Transgenic animals are immunized with an antigen
(e.g., KLH, human red blood cells or sheep red blood cells).
Spleen cells are removed at various times after immuniza-
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tion and fused with myeloma cell lines derived from rabbit
and chicken, respectively. After fusion cells are plated into
96 well plates and supernatants are tested for the presence of
humanized antibodies. To demonstrate that the antibodies
contain human immunoglobulin sequences, hybridomas are
stained with fluorescent-labeled antibodies reactive with
human heavy and light chain immunoglobulins. Limiting
dilution is conducted to purify hybridomas to monoclonality.

EXAMPLE 20

Evaluation of Immunogenicity

[0181] Serum samples are collected from five cynomolo-
gous monkeys on day 0. Subsequently, a purified partially
human polyclonal antibody preparation (5 mg/kg) is admin-
istered into five cynomologous monkeys by intravenous
administration. The administration is repeated six times in
bi-weekly intervals. Monkeys are monitored closely for any
side-effects (e.g., anaphylactic shock, reflected by an
elevated body temperature). After seven months serum is
collected from blood samples. Affinity resins containing
purified human IgG or partially human IgG are produced by
standard procedure using CNBr-activated Sepharose. Mon-
key serum samples (3 ml) are added to the IgG-affinity resin
(4 ml) containing 10 mg human or partially human IgG.
Subsequently, the columns are washed with PBS. Bound
monkey immunoglobulin is eluted from the column with
0.1M gleyin/HCI pH2.5 and dialyzed 2 times against PBS.
The protein content of the eluted fractions is determined
using the BCA assay using human IgG as a standard. The
total amounts of protein in these fractions demonstrate that
therapy with partially human IgG does not lead to a signifi-
cant antibody response in the treated animals.

EXAMPLE 21

Treating Animals Using Humanized Antibodies

[0182] Humanized polyclonal immunoglobulins are puri-
fied from the serum of genetically engineered rabbits, or
from egg yolk of genetically engineered chickens, by ammo-
nium sulfate precipitation and ion exchange chromatogra-
phy. SCID-mice are injected with one million human liver
carcinoma cells expressing HBsAg. Subsequently, 25 ng
immunoglobulin is injected peritoneally once per day. Ani-
mals treated with antibodies isolated from non-immunized
rabbit serum die after about 60 days. This is similar to
untreated recipients of liver carcinoma cells. In contrast,
mice treated with antibodies isolated from immunized rabbit
serum survive for more than 150 days. This demonstrates
that human antibodies produced in genetically engineered
rabbits are capable of eliminating human carcinoma cells
from SCID-mice.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 58

<210> SEQ ID NO 1
<211> LENGTH: 29
<212> TYPE: DNA
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-continued

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence:primer

<400> SEQUENCE: 1

cgcaagcttc ctacacgtgt gtggtgatg 29

<210> SEQ ID NO 2

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:primer

<400> SEQUENCE: 2

cgcaagctta agatggwgat ggtsgtcca 29
<210> SEQ ID NO 3

<211> LENGTH: 1714

<212> TYPE: DNA

<213> ORGANISM: cow

<400> SEQUENCE: 3

cctacacgtg tgtggtgatg cacgaaactt tacggaatca ctacaaagag aagtccacct 60
cgaggtctcc gggtaaatga gcctcgcgec gctgatctag tggacgttce ctcatccacce 120
cacccctcece cccaccceegg gctccaggte cagccaggge gccctagecce ctccetgtgt 180
gcattcctece tgggccgeccg tgaataaagc acccaggccg ccctgggacce ctgcaacgcet 240

gtgctggttc tttccgagge agagccctgg tggccgccag gcectgcgggg gtgggctgag 300

ccgactctgg gccactttgt tcagcatctg tgggggagect gaccccactc cgggccagac 360
acacagtgag tgggtccagc aggccacctg ggggctgccc aaggccacag aggggcttgg 420
ccagaggcac agctccacgg tcccctccag ccaccacctg ctgggccgge ctctggacag 480
gaaccgggga agcccccgag accctcaggg attgaggccce aatgcttcce gectetgete 540
cagcccacgc tgtggggcag ggccacatcc ttgtccccag gccectgtee ttgggtgtcee 600
agagtccttg tgtccactect gggcctgecct ggagccacge atggccaggg ggtggccctg 660
cttcaccctce aggctcccaa ggtcaggcct cgcccteccct cggeccaggag gectcectgecceg 720
gctctcecctg cccagggecca ggcctgtgeg cccatgggga ggtcatccct gtgcctgaaa 780
ggggtccagg ccgagagccc tgaatgtcca gggcagggac ctagctgctec cctgtggaca 840
cggagcccag agccacagac aacaagcccc agccccgcac gcacacgaga cagcccgcac 900
ccagcctcct ccacacgcac tcaggtgtac atgcgcacat gagcacactt caccccgtca 960
cacccacaca cctacacaca ctcaggtctc gcactcgggg acccatgggg tgaccccacg 1020

ggcccagacc agagctgggt cttgtgagcc ctccctgtgg acaccagctg ggccccacce 1080
tccagcgece atgggetget cagcggccct ttcccacact gaccacactg accaggtcag 1140
acatccgttc cttgcctcce ctgggacacc cacgcccctce cctagcagge tgagatcccc 1200
cctcageccce tcgtcectgge agecctcacce ctcgggcaca gcacccctca ggcccggtge 1260
tgtcagccect cccteccecgg gggcagggece caggaacgtg cgctetgetg accctceccag 1320
ctccaggcct ggcccccagg gcagaggagg ccaggaactg agcctctgte ctgtggggag 1380

gtagggtcag ggtcccagct cagggcacag ctcaggatgg gagcaggacc ccacaggcca 1440
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ggcccagata gcagccaggg ctggaggggt tggggctggg gctgggcccce agagactgac 1500
ctcaggtgac ccctgcctgg cccatgggga gatcacgcca ccttccccce acccagaggg 1560
agccctgeccce taccccagtg accctgccca gccctcecegtg ggcagacaca gcactgacca 1620
ccccteecctg tgcagacttg ctgctggagg aggagatctg tgcggacgac ctggatgggg 1680
agctggacgg gctctggacc accatctcca tectt 1714
<210> SEQ ID NO 4

<211> LENGTH: 1704

<212> TYPE: DNA

<213> ORGANISM: cow

<400> SEQUENCE: 4

cctacacgtg tgtggtgatg cacgaggccc tgcacaatca ctacacgcag aagtccacct 60
ctaagtctgc gggtaaatga gcctcacgtc cctgcaccag caagccctca cccagcccac 120
cctceceeggg ctccaagtce agccaggacg ccctagccce tccctgtgtg cattecteet 180
gggccgccgt gaataaagca cccaggccac cctgggaccce tgcaacgctg tgctggttet 240

ttccgaggca gagcectggt ggccgccagg cctgcagggg tgggctgage cgactctggg 300
ccactttgtt cagcatctgt gggggagctg accccgctcce gggccagaca cacagtgagt 360

gggtccagca ggccacctgg gggctgcccg aggccacgga ggggcttgge cagaggcgta 420

cctccacgge cccctccage caccacctge tgggccggcece tctggacagg aaccggggaa 480
gcccccgaga ccctcaggga ttgaggccca atgecttcccg cctetgetec agecccacget 540
gtggggcagg gccacatcct tgtccccagg cccctgtecce tgggtgccca gagtccttgt 600
gtccactctg ggcctgecctg gagccacgceg tggccggggg atggccctge tccaccctca 660
ggctcccaag gtcaggcctce gccctcccte agccaggagg ctetgccecgg ctcecteectge 720
ccagggccag gcctgtgege ccatggggag gtcatccctg tgcctgaaag ggctccagge 780
cgggagccct gaatgtccag ggcagggacc tagctgctcce ctgcagacac ggagcccaga 840
gccacagaca acaagcccca gccccgcacg cacacaagac agcccgcacce cagcectccte 900
cacacgcact caggtgtgca tccgcacatg agcacacttc accccgtcac acccacacgce 960
ctacacacac tcaggtctcg cactcgggga cccatggggt gaccccacag gcccagaccce 1020

agagctgggt cttgtgagcc ctccctgtgg acaccagctg gtccccaccce tccagcgccc 1080
atgggctgct cagtggccct ttcccacact gaccacactg accaggtcag acatccgttc 1140
cttgcctecece ctggggcacce cacgccccte cctagcagge tgagatccce cctcagcccee 1200
tcgtecctgge accctcacce ctcaggcaca gggacacagc ccggcegctgt ctgccctecce 1260
tcecetggggg cagggcccag gctcacatge tctgetgacce cteccecggete caggectgge 1320
ccccagggca gaggaggcca ggaactgagc ctctgtcctg gggggaggtg gggtcaggge 1380
cccagctcag ggcacagctce aggatgggaa caggacacca caggccaggc ccagacagtg 1440
gccagggctg gaggggtggg gtctggggcet ggggcccaga gactgacctc aggtgatccce 1500
tgcccagece atggggggat cctgccacct tccccccacc cagagggagce cctgccccga 1560
ggccctgatg atgccaccca gccccccgtg ggcagacaca gcactgacca cccctecctg 1620
tgcagacctg ctgctggagg aggagatctg tgcggacgcc caggacgggg agctggacgg 1680

gctctggacg accatcacca tctt 1704
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<210> SEQ ID NO 5
<211> LENGTH: 1704
<212> TYPE: DNA
<213> ORGANISM: cow
<400> SEQUENCE: 5
cctacacgtg tgtggtgatg cacgaggccc tgcacaatca ctacacgcag aagtccacct 60
ctaagtctgc gggtaaatga gcctcacgtc cctgcaccag caagccctca cccagcccac 120
cctceceeggg ctceccaggtce agccaggacg ccctagccce tccctgtgtg cattecteet 180
gggccgccgt gaataaagca cccaggccgc cctgggacce tgcaacgctg tgctggttet 240
ttccgaggca gagcectggt ggccgccagg cctgecggggg tgggctgage cgactctggg 300
ccactttgtt cagcatctgt gggggagctg accccactcc gggccagaca cacagtgagt 360
gggtccagca ggccacctgg gggctgccca aggccacaga ggggcttgge cagaggcaca 420
gctccacggt cccctccage caccacctge tgggccggece tctggacagg aaccggggaa 480
gcccccgaga ccctcaggga ttgaggccca atgecttcccg cctetgetec agecccacget 540
gtggggcagg gccacatcct tgtccccagg cccctgtect tgggtgtcca gagteccttgt 600
gtccactctg ggcctgecctg gagccacgca tggccagggg gtggccctge ttcaccctca 660
ggctcccaag gtcaggcctce gcccteccte ggcoccaggagg ctetgccegg ctcecteectge 720
ccagggccag gcctgtgege ccatggggag gtcatccctg tgcctgaaag gggtccagge 780
cgagagccct gaatgtccag ggcagggacc tagctgctcce ctgtggacac ggagcccaga 840
gccacagaca acaagcccca gccccgcacg cacacgagac agcccacacc ccgectccte 900
cacacgcact caggtgtgca tccgcacatg agcacacttc accccatcac acccacacgce 960
ctacacacac tcaggtctcg cactcgggga cccatggggt gaccccacag gcccagaccce 1020
agagctgggt cttgtgagcc ctccctgtgg acaccagctg gtccccaccce tccagcgccc 1080
gtgggctgect cagcggtcct ttcccacact gaccacactg accaggtcag acatccgttc 1140
cttgcctecce ctggggcacce catgccccte cctagcagge tgagatcccc cctcagcccce 1200
tcgtecectgge accctcacce ctcaggcaca gggacacagc ccggtgctgt ctgccctecce 1260
tcecetggggg cagggcccag gctcacatge tctgetgacce ctcccagetce caggectgge 1320
ccccagggca gaggaggcca ggaactgagc ctctgtcctg gggggaggtg gggtcaggge 1380
cccagetcag ggcacagctce aggatgggag caggacacca caggccaggc ccagacagtg 1440
gccagggctg gaggggtggg gtctgggget gggccccaga gaatgacctc aggtgatcce 1500
tgcccagece atggggggat cctgccacct tccccccacc cagagggagce cctgccccga 1560
ggccctgatg atgccaccca gccccccgtg ggcagacaca gcactgacca cccctecctg 1620
tgcagacctg ctgctggagg aggagatctg tgcggacgcc caggacgggg agctggacgg 1680
gctctggacc accatcacca tctt 1704

<210> SEQ ID NO 6
<211> LENGTH: 29

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial

<400> SEQUENCE: 6

Sequence:primer
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cgcggatccce ctacgcecgtgt gtggtgatg

<210> SEQ ID NO 7
<211> LENGTH: 29

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence:primer

<400> SEQUENCE: 7

cgcggatcca

ccgaggagaa

<210> SEQ ID NO 8
<211> LENGTH: 2842

<212> TYPE:

DNA

<213> ORGANISM: sheep

<400> SEQUENCE: 8

cctacgegtg
ctaagcctce
cctceceeggg
gggccgccat
ttcecgaggcea
gccgettggt
tgggtcecgge
agcttcacgg
agccccegac
gaggggcagg
gtccactctg
ggctccecgag
ggggccaagce
ggagccctga
cccagacacc
cacgcactca
cctgcacaca
cagagctggg
cttgggctge
ctcgectece
tcgtecctgge
tcteggggac
cccagggcag
ccagctcagg
ccagggcetgg
atgggggatc

ggcceegecc

tgtggtgatg
gggtaaatga
ctccaggtce
gaataaagca
gagccctggt
tcagcatctg
agggcacctg
ccecectecag
acctcaggga
gccgeggect
ggcctgectg
gtcaggcatc
ctgtgtgcce
acgtccaggg
aagccccage
ggcgtccacce
ctcaggtcte
tctcatgage
tcagtggccce
ctggggcacc
accctcaccce
agagcccagg
aggaggccag
gcacagctca
ggctgggget
acaccgccat

agccccecgt

gatccactt

cacgaggctce
gccacatgcce
agccaggacg
cccaggecge
gaccgccagg
tgggggcget
ggggctgccece
ccaccacatt
ttgaggccca
tgtcceccagg
gagccagact
atcctcgtceg
atggggaggt
cagggaccta
cccgcacgea
cgcacacaag
acgctcecggg
cctececectgtg
tttceccacac
cacgccecte
ctcgggcaca
cacgtgtgct
gaattgagcc
ggatgggagce
ggggcccaga
cccecececgec

gggcagacac

tacacaacca
cccgcaccag
ccctagecce
cctgggacce
cctgeggggy
gacccctcte
gaggcctegg
ctgggccaga
acgcttceccg
ccecetgttee
ggcccagggg
gccagtagcet
cgtccctgtg
gctgctcect
cacgagacag
catgcttcac
acccatggag
gacaccagct
tgaccacact
cctecgcagge
gggacacagc
ctgctgagcee
tctgtectge
aggaccccac
gactgacctc
gcagagggag

agcactgacc

ctacacacag
caagccctca
tcecetgtgtg
tgcaacgctg
gtgggctgag
cgggccagac
aggggcttgg
ctctgggcag
cctetgetece
tgggtgccca
gaggccctge
ctgcctgget
cctgaaaagg
ggggacactg
cccacaccca
cccegtcaca
tgatcccacg
ggtccccatt
gaccaggtca
tgagaccccce
ccggcactgt
tcceggetece
g999aggtygg
aggccaggcec
aggtgacccc
ccectgececg

ccececteectg

aagtcgatct
cccagcccgce
catgcctect
tgcttgttet
cccactectgg
acacagtgag
ccagaggcgce
gaacggggga
agcccacgct
gagtccgtgt
ttcaccctca
ctctctgece
gcccaggcetg
agcccagagce
gcgtccteca
cacccacatg
ggcccagacce
ctccagecgece
gacatccttce
cctcagcccce
ctgccctecce
aggcctggcce
ggtcagggec
cagacagtgg
tgcececggecce
aagccccgat

tgcagatctg

29

29

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620
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ctgctggagg aggagagctg tgcggacgcc caggacgggg agctggacgg gctctggacg 1680
actatctcca tcttcatcac gcccttecctg ctcagegtet getacagege caccgtgacc 1740
ctcttcaagg tgggggtcca ccctgetggg ccctecgggec cecctetectgt cccoccagggtce 1800
cccgcagagt ccctcecctge ccctcactgt ccctcectgt ccctectetgt ceoctetetgt 1860
ccctectetgt ccctoctetgt ceogttcattt tcccttcace gtaagecttga gacagattgg 1920
ggtcatttca gagggcgtct gaagagtctc tgtgccgcac gcctccctte atgtcagtgg 1980
ggagaattca gcaagggtgg agtgctgggt gagaaatgag gcttgcggeg ctcacgagca 2040
gtgatggggc actgctgctc cctgagacct gcgcggacac cgttttccat cgcaggagaa 2100
gcgggcaagg gaaaacgccc tcttggtcte tcttgagtaa atgtcgegtt ttggtcatca 2160
gtcccteccce cagtgaggct agaggagttt acttctcecct ctecgatggtcec aggtcaggac 2220
tgtcatagac tccggatcac cttcctgtaa atgcttgett tttgtgtgca gagagcctgt 2280
tttagectcgg gggtcctcag ctcactgage tcgcggggca ggggtggget cgggectggeg 2340
ccgectgttc gggagcgcat ctccagcatg ctgtcgcaca gettcgttge taacaagacc 2400
gcttagtctce gtggttagac caacctgctt tctcgagtaa ttgttaattt acaggagttt 2460
cctgtatttt tcaacttata atcccctagt cagataactc tttaatcacc tattctgccc 2520
cttcattttc tccctatcga tctcagcaac ccatcactge cctcactgtc cttaaactgt 2580
cccttaactg accagactgt ccctcagtgt cccctcagag tcacctccct atcacctcac 2640
tgtccctete tgccecctete tgecccctete tgtccctcee tgeccecctecee cgteccctet 2700
ctgtcecctet ctgcccctca ctgcteoctet ctgcacctca ctgctcecteca ctgecctggg 2760
ggaggcccgce atcgaggtgt ctctgctcac ccecgtcecccce accccgtace ccccgceccagg 2820
tgaagtggat cttctcctcg gt 2842
<210> SEQ ID NO 9

<211> LENGTH: 2840

<212> TYPE: DNA

<213> ORGANISM: sheep

<400> SEQUENCE: 9

cctacgegtg tgtggtgatg cacgaggctc tgcacaacca ctacacacag aagtcggtcect 60
ctaagcctcce gggtaaatga gccacacgcc cccgcaccag caagccctca cccagcccge 120
cctceceeggg ctceccaggtce agccaggacg ccctagccce tcecctgtgtg catgecteet 180
gggccgccat gaataaagca cccaggccgc cctgggacce tgcagcgctg tgctggttet 240
ttccgaggca gagccectggt gatcgccagg cctgecggggg gegggctgag cccactetgg 300
gccgettggt tcagcatctg tgggggcget gacccctcte cgggccagac acacagtgag 360

tgggtccgge agggcacctg ggggctgccce gaggcctcecgg aggggcttgg ccagaggege 420

agctccacgg ccccectceccag ccaccacatt ctgggccaga ctectgggcag gaacggggga 480
agcccccgac acctcaggga ttgaggccca acgcttcccg cctetgectece agcccacget 540
gaggggcagg gccgcggcect tgtccccagg cccectgttcece tgggtgccca gagtcegtgt 600
gtccactctg ggcctgecctg gagccagact ggcccagggg gaggccctge ttcaccctca 660
ggctcccgag gtcaggcatc atcctegtcg geccagtaget ctgectgget ctectetgece 720

ggggccaagc ctgtgtgccc atggggaggt cgtccctgtg cctgaaaagg gcccaggcectg 780
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ggagccctga acgtccaggg cagggaccta gctgctccct ggggacactg agcccagagce 840
cccagacacc aagccccagc cccgcacgca cacgagacag cccacaccca gcogtcoctcca 900
cacccactca ggcgtccacc cgcacacaag catgcttcac ccccgtcaca cacccacatg 960

cctgcacaca ctcaggtctc acgctccggg acccatggag tgatcccacg ggcccagacce 1020
cagagctggg tctcatgagc cctccctgtg gacaccaget ggtccccatc ctccagcgec 1080
cttgggctge tcagtggccce tttcccacac tgaccacact gaccaggtca gacatccttc 1140
ctcgecctecce ctggggcacce cacgccccte ccttgcagge tgagacccce cctcagcccee 1200
tcgtecctgge accctcacce ctcegggcaca gggacacagce ccggcactgt ctgccctecce 1260
tctcggggac agagcccagg cacgtgtgcet ctgctgagec tccecggetec aggcctggec 1320
cccagggcag aggaggccag gaattgagcc tctgtcctge ggggaggtgg ggtcagggcece 1380
ccagctcagg gcacagctca ggatgggagc aggaccccac aggccaggcec cagacagtgg 1440
ccagggctgg ggctggggct ggggcccaga gactgacctc aggtgacccce tgcccggccce 1500
atgggggatc acaccgccat cccccccgec gcagagggag ccctgccccg aagccccgat 1560
ggccccgcecce agccccccegt gggcagacac agcactgacce cccctccctg tgcagatctg 1620
ctgctggagg aggagagctg tgcggacgcc caggacgggg agctggacgg gctctggacg 1680
actatctcca tcttcatcac gectcttecctg ctcagegtet getacagtge caccgtgacc 1740
ctcttcaagg tgggggccca ccctgetggg ccctecgggec cecctetectgt cceccagggtce 1800
cccgcagagt ccctcecctge ccctcactgt ccctcectgt ccctectetgt ceoctetetgt 1860
ccctectetgt ccctoctetgt ccogetcattt tcccttcace gtaagecttga gacagattgg 1920
ggtcatttca gagggcgtct gaagagtctc tgtgccgcac gcctccctte atgtcagtgg 1980
ggagaattca gcaagggtgg agtgctgggt gagaaatgag gcttgcggeg ctcacgagca 2040
gtgatggggc actgctgctc cctgagacct gcgcggacac cgttttccat cgcaggagaa 2100
gcgggcaagg gaaaacgccc tcttggtcte tcttgagtaa atgtcgegtt ttggtcatca 2160
gtcccteccce cagtgaggct agaggagttt acttctcecct ctecgatggtcec aggtcaggac 2220
tgtcatagac tccggatcac cttcctgtaa atgcttgett tttgtgtgca gagecctgttt 2280
tagctcgggg gtcctcaget cactgagectc gcggggcagg ggtgggctcecg ggetggegec 2340
gcctgttecgg gagcggcatc tccagctgect gtcgcacage ttcgttgecta acaagaccgce 2400
ttagtctcgt ggttagacca acctgctttc tcgagtaatt gttaatttac aggagtttcc 2460
tgtatttttc aacttataat cccctagtca gataactctt taatcaccta ttctgccccet 2520
tcattttctce cctatcgatc tcagcaaccc atcactgccc tcactgtcct taaactgtcec 2580
cttaactgac cagactgtcc ctcagtgtcc cctcagagtc acctccctat cacctcactg 2640
tceccteotetg ccoccctetetg cececctetetg tecctetetg teccteccceg tecccteotet 2700
gtccctetet gcccctcact getcctectet gcacctcact getectcact gecetggggg 2760
aggcccgcat cgaggtgtct ctgctcaccc cgtcccccac ccecgtccecce ccgeccaggtg 2820
aagtggatct tctcctcggt 2840
<210> SEQ ID NO 10

<211> LENGTH: 3120

<212> TYPE: DNA
<213> ORGANISM: rabbit
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<400> SEQUENCE: 10
ctcccececcca cgeccgcaget gtgcaccccg cacacaaata aagcacccag ctctgcecctg 60
agaggctgtc ctgattcctt ccaaggcaga ggcttccact cgggccggac agggttggge 120

gggcgccegtg ggctctgetg tggccagcag ccagaacggt caacagtggg acaggggcag 180

acccacagca caggggcctg ccaagaactg ggctcagccg gagtgctgtg gcaggtccce 240
ccttgcaget agcacgtgtg tgctgggcag gcagaggccc ccaggggagg agcacacagce 300
taccacctct gcaagagcct ggcctggecge ccaggtccca gtccacaggg tgtgtagtac 360
acagagcctc atcttaccac agatgtaggg acagacccac cacgcccctg caccccaccce 420
agcctcgece cttgtgggac cagggctacc actccactcce cccgcccaga gcagcagaag 480
caggtggcat cctcagcaga gggacagtct cacccctcca cggcactgag ccctgaccca 540
tcaaacaagc ccctectget gcacagcacce tgtgtgcaca tcacacacac acacacacac 600
acactgaggc ctgaccccat caaacaagcc cctcctgctg cacagcacct gtgtgcacat 660
cacacacaca cacacacaca cactgaggcc tgaccccatc ctgccctecct getgcatgge 720
acctgtgtgc acatcacaca cacatgcaca cacacactca cacacactga gccctgacce 780
catcctgcce tcectgectgca tggcacctgt gtgcacatca cacacacaca cacacacaca 840
cacacactga gccctgaccce catcctgeccce tcctgectgca tggcacctgt gcacacatca 900
caaacacgcc tgcctcatac actggcactc agaaggggcc cctgtacacg catacacatg 960
cacacacctt gacacatggg ccccctacac acgcatcaca cacactcatg cacactccte 1020
acacatggcc ctcctgcaca tacattgcac acacatgtgc acagacctca caatgggccc 1080
ctgcacacac attgtacaca cgcatgtgca cacacttcac acatgggccc cctgcacatg 1140

cattgcacac acagacacac acatgtgcat tcctcacaca ttggggcctt gcaagggatg 1200

ccctgcacac acattgcaca tgctcacatg tgcacacacc ccacactgga gccttgcata 1260
gggccccctg tacacacacc atgcatacac acacacctca cacaaggggc cccctacata 1320
cgcaaaacac acacacacac atgcacacac ctcatacacg ggccccctac acacatcaca 1380
cacacacaca cacacacgta tgcatgcctc acacacagac cttgcaaggg gccccctgca 1440
catgcatcaa acacatatgc acatgtttca cacacacggt cccctacaca cactgcacac 1500

gcacacatgt gtacatgctt cacacactgg ggccttgcat ggggtcccct gcatagcata 1560

gcacccagag ccacgccagg tgcctgggca catggacact ggtgcacaca cagcacccaa 1620
gcccagcectet cccatccaag gggcaccagc accccccact cacgagcacc ctgaattcet 1680
gctccccaca agcgaacgtg caccctacct ctccagacgt ccctttcetg tggccactcc 1740

cataggtatt ggcgagaccc tcccttgacc cttgggecctg gtcacccagg ggacaggaga 1800
gggccaagtt gggccacagt accactgccc agcaggggtg aggcaagcag agggtgggtce 1860
tgtgaggcgt ctggccagcc gtgctgggge ccaggtgggg agcagctggg tggctgaggt 1920
ggcttccttg caggtggttg gggggagctg gccccacaag tgccactgcc cagcactgtce 1980
cagtgcttce ccctgaacct cccggeccacc catccccage tgcagccgca gagggagtge 2040
ccecteggect ccteggcaag acgcacgcetg actgccccte cccatccaga getgcagetg 2100
gacgagagct gtgccgaggc ccaggacggg gagctggacg ggctgtggac caccatcacc 2160

atcttcatct ccctcttcet getcagegtg tgctacageg ccacagtcac cctcecttcaag 2220
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gtgggtgctg cacccggcac gggtgggctg ggggccaggyg gegggggecyg ggggccaggce 2280
cctcctcace ccgegecgec getgectgcag gtgaagtgga tcttectegte cgtggtggag 2340
ctgaaacaca ccatcgctcc cgactacagg aacatgatcg ggcagggggc ctaggccctt 2400
cgttctcaca gcctgecctece ctggccagca ggagcccccg cctecgecte ggaccccatg 2460
gctctetget ctggececgete cggaccccte cgecctcggga gaagcgcgca gctgatgect 2520
gccggeccct ccacgcagca gtgcggacag cacgcatctg tcgtccacce ggcaggacce 2580
cacccagggc cagccctgac cgccagcctc ctggactcag ggctcctctg agaaaaggcece 2640
cacttgttgg tcccctcage ccacacccag gcagcctccg gtgggtgett cccectggaccce 2700
cagcctgagg cctatgecttg ttctcetgtg getcttactce agaggccegt getggactcce 2760
cacccacagg gacagtgccc tgctccaacc ctcactgcac tgggggtcat ggggccacct 2820
tctgtgcagg ggtcctgget ccaaggagaa cactcgaagg gcctgecttgg ccacctggea 2880
ccacgggagc cccgctgggt agecttggcag ggacccctga gtagaggtgg gtgcacccag 2940
ccagaaagcc tgctggatgg acaggagcct ggcgtccggg ccccaggcag gcagacacgg 3000
cttcatggac aggagaggcc aaggaacatc agcaaagaga gacagctggg ccgggcgtte 3060
cagccagacc catcctgcag cccagcatcg gccccgtgta ctacagcagg gacagccagt 3120
<210> SEQ ID NO 11

<211> LENGTH: 2587

<212> TYPE: DNA

<213> ORGANISM: rabbit

<400> SEQUENCE: 11

gcgagacgcc tgccagggca ccgccagtga ccctgaggcce cagcectcecgecce gctcecctecee 60
ctcagtggac ccattcccac cacagtcctc cagcccctce ccteccggec ctcaccccet 120
ccttggettt aaccttgcga atgttggtga gatggatgaa taaagtgaat ctttgcactt 180
gtgacttctc tctgcttctt catttaatgg ttattactca tggtttccca gttgccctaa 240
agtcaccgcc atttcatcct ccatcccacc ctgccctget gtcecctccggg agacaccact 300
ccctgaaacc cacaggcccce tgtcttcaca ccgccgacce cgaccacacqg tgaggggctt 360
gcttcgtgte tcactcccect catcgageccc cagagtccte ctttagtgtt cttacagtca 420
catacagtta tacagtttga gtcaatccaa cctgccctge caatttccca aaacaaagat 480
tttcagaata aaacagctat gaagaaagtc atttatggaa gcatgatata caacaacaaa 540
acaatgcaaa caacctaact gaataagcag agggaaatgt tcagacacac tatggggctt 600
gggcttcatg gagtattaca ccttcattac atttttaaac ttgtattaag gagctcctat 660
attacaagga ttatactaga gcactttcca tgacctaatt aattctcatt acactgtgag 720
gttaaaagca ttagttaaaa tattgggcag gctccctata gccaacagtt gttcatattce 780
cataacccaa ccatcattta ggtgactcag ggtccttgtc caccaagaac tttggcaaga 840
atgttcagag caacttcctt tataaaagtc aaaaattgga agtaactcaa atgtctacca 900
acagtagaat gggctgttaa ttggcatatg tttacatatt agaatgctgt ttaataaaga 960
gaattaacaa actacaacta tccctaataa cataggtgac tcataaacat gatgttaagc 1020
acaagaaccc aaacacaaaa gacacactgt gtatgttttc atccatagga agttcaaaac 1080

tagttaaaaa ttgaattaga aattgagatg aagtttactc ttggctgggg gtgtggagtg 1140
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aggcggtgcc tggtggggga cagaaagtgg ctgctggggt cttggtgatg ttctagtcect 1200
cactgtggtg tgtgctactc tgaaaatgta ttgagtacac aattaggttt tgtgctttca 1260
ttatactcca aagtaagttc tcataaacat tgccttacac ggggtctaca gataagagag 1320
actaagagga atgagtaaca gatcaaggcc acacagctgg taggcatggg cctgggatca 1380
aaccctgtct gcccaattct gctctcettga gccctacact attctttcca gcactggaat 1440
gccatgcaga acagggagta ggacatgcta cctccctagg gtctcctcect ttacccacct 1500
aaccaggagc acccatacat agaaacagga tggaaaagac catcagcaat ggaacaaggg 1560
agagattaac cttgttcagt attgtgatcc catgtaggaa agattgtggg aggagggctg 1620
cacacagagc accgtccccce ttctatgtgce ccaccgctct gtgccccett atctgctcac 1680
ccgcccageg tgcattcact cagcaccctt ttcgecctgece ctctgaaaga ggtgcagaag 1740
taactaaacc agcttccctc cttcagtgac ttggaatcca gttttcctec tctatttccce 1800
cctecctttte agtgcaggag cctggagaaa tgtgatttgt gttattataa atttcccaca 1860
tcattttgtg taagggaaaa tatactcaac agtcataact ggtaaaactg ctgtgaaaac 1920
taagagaagt aattcatgcg aaggttgagc accagccttg tatatactaa gagatccaga 1980
agtgttagtc accgttagaa ataagaagga gtagctcaat ttgactagtt cctggttcac 2040
tccttgaaca tgttcttcag ttatcatctt tcagtcccaa atgattgaac ttggaattaa 2100
ctcacatgga ttctagacct gtgccgagaa tggctgccac tcgtgctcta gagctctggg 2160
gatgaggctg tccctactgt ggtgtgctac aggtctaaca acacaccagg ttttgaagac 2220
ttagcactat gaatatatat atatattata ttccaataaa tttaacatac tttctacttt 2280
cattgcatgt tgagatagta atctactttg gatatatttg gttaaaccaa actattctca 2340
agacaaattt cataggttta tggttttttt acaatttaat caaaatataa acatagtcca 2400
aacaattaat ccatttaaag tggagaatgg cccaagtgtt tgggcccctg ctacccattt 2460
ttaagaccag atgttgctct tggcttctgg cttttgettg gctcagccet ggccattgcea 2520
gccatctgag gagtaaacag tggatggaag acatctcccc ccaccctgecc cataaagctc 2580
gggatcc 2587
<210> SEQ ID NO 12

<211> LENGTH: 1205

<212> TYPE: DNA

<213> ORGANISM: rabbit

<220> FEATURE:

<221> NAME/KEY: Unsure

<222> LOCATION: (997)

<223> OTHER INFORMATION: n at position 997 is uncertain

<220> FEATURE:

<221> NAME/KEY: Unsure

<222> LOCATION: (1127)

<223> OTHER INFORMATION: n at position 1127 is uncertain

<400> SEQUENCE: 12

cttcagcgtg aaccacgccc tcccgctgag tctcacgcac ccccggtgca ggcagtccgg 60
cctcacctgg aaggtgcact gactgaagac actgcaaggg gtgagagcat ttctcaggaa 120
agagccctga gtttagaagg ccagagagca gagggctgag ggctgccttg cgctgcaacc 180
catggaaaca caggcttagc agatgttcaa gctccgggag tccacactgg gtgagggcag 240

gcgtccagece tgacatggcc cccacagact cgcccacagg tgacgccaga tgaggacggt 300
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caaggatcgg gggatcctac atgcccaggg gcaccaagac agccaggaga gcaccagagg 360
ccacaagaga ggcctgggac agtctccctg ctgacatcca gagcccagge cccacttgge 420
agagctggct gagaacacgt ctctgcggtg gaagctgccce cgtcecctgggt gttgetcgge 480
gggctaagcc gactgacgcg gggcgggcca ggccatcgge cccacggcect gcagettcet 540
ccccageccca ggccacgtgg gctcctgget gaactggecg ctcecgectgage tctcaccccee 600
ccacccagca gcaggccggg cggtgctgec atgagctcca ttcccaccac acaagcgaca 660
gcccgggcag cgccccagge ccacggggeg tttgectgtge ggetcgcact cgectgcectcag 720
ggccagcgca gggtgcagca gggactcacc aacccgcccce gactcggctg gcacgtttac 780
tggaggcctc tgagcctgac cgtggcagtg gggcccgagce aggctccagg ctgccccctg 840
caccctgggce ttgccgctecce gggacccetg gtgggcacct tcccagatgt gectcccaccg 900
tgcctecettg gggetectggg ctcatagegg tcactcteceg cecttetctece teccagecect 960

ttcctgecte cctatggcce catctagetc tgccetntet agagcctcta cctggaagga 1020
atctgctgtt ggaccaagac accacccgca gcacaggtgg gcgccttgca ctgtgctagg 1080
ccctcececege acagaaaagg gccctaggct ctggaggetg ctgectgnctce tggggctgge 1140
atcgggcgca ccctgcacce tgcaccctga ggaaactcag gcctgcccge tccaggectg 1200
tcecet 1205
<210> SEQ ID NO 13

<211> LENGTH: 668

<212> TYPE: DNA

<213> ORGANISM: rabbit

<400> SEQUENCE: 13

gaagctttac ttgttggggg cgggcaggtc taagggacct gccaggtgtg ggggctggge 60

ttgactcagc aggagccttc tagaaggaaa gctctggaga aggtgggggc agagggcggg 120

aaaggcctgt gaggaggcgg gtggtgggca gggccactgg gaagggaggyg ctgggggtga 180

cactcaggtt ggcactgggg aggacctgag gaggcaggtg ccaggcacag agctgaacct 240
gggcagggca ggggcaggta acaagaagga ttctccttgg agcctggtcc agggtggtce 300
agggcggtcc agggcctggg gtttgcaage tgggctgtga cagggcctct ctccccaggg 360
gcaagcagca aagcctggge acagagccca aagcccccac acagagaagc tccccaggge 420
agggcctgca gggcttgggg gaccttcttg gagcaggcag aggacagagg catgagatca 480
gcctcccaga ggctggaatg ataggtccag caggaggggce ccacatggge tctggttage 540
aggagaaaac agcccccagg tccccatgge caccacgcac cgactgctgg tgaagcectttg 600
ggtggcagac gagagccaca tggcagctgc tcctgtcact ctcetgggagt gcatcgaggg 660
gcgtcgac 668

<210> SEQ ID NO 14
<211> LENGTH: 45
<212> TYPE: PRT

<213> ORGANISM: camel

<400> SEQUENCE: 14

Glu Pro Leu Leu Glu Glu Glu Ser Cys Ala Glu Ala Gln Ser Gly Glu
1 5 10 15

Leu Asp Gly Leu Trp Thr Thr Ile Ser Ile Phe Ile Thr Leu Phe Leu
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20 25 30

Leu Ser Val Cys Tyr Ser Ala Thr Val Thr Leu Phe Lys
35 40 45

<210> SEQ ID NO 15

<211> LENGTH: 44

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 15

Glu Leu Gln Leu Glu Glu Ser Cys Ala Glu Ala Gln Asp Gly Glu Leu
1 5 10 15

Asp Gly Leu Trp Thr Thr Ile Thr Ile Phe Ile Thr Leu Phe Leu Leu
20 25 30

Ser Val Cys Tyr Ser Ala Thr Val Thr Phe Phe Lys
35 40

<210> SEQ ID NO 16

<211> LENGTH: 44

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 16

Glu Leu Gln Leu Glu Glu Ser Cys Ala Glu Ala Gln Asp Gly Glu Leu
1 5 10 15

Asp Gly Leu Trp Thr Thr Ile Thr Ile Leu Ile Thr Leu Phe Leu Leu
20 25 30

Ser Val Cys Tyr Ser Ala Thr Val Thr Phe Phe Lys
35 40

<210> SEQ ID NO 17

<211> LENGTH: 44

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 17

Glu Leu Gln Leu Glu Glu Ser Cys Ala Glu Ala Gln Asp Gly Glu Leu
1 5 10 15

Asp Gly Leu Trp Thr Thr Ile Thr Ile Phe Ile Thr Leu Phe Leu Leu
20 25 30

Ser Val Cys Tyr Ser Ala Thr Val Thr Phe Phe Lys
35 40

<210> SEQ ID NO 18
<211> LENGTH: 44
<212> TYPE: PRT
<213> ORGANISM: mouse

<400> SEQUENCE: 18

Gly Leu Gln Leu Asp Glu Thr Cys Ala Glu Ala Gln Asp Gly Glu Leu
1 5 10 15

Asp Gly Leu Trp Thr Thr Ile Thr Ile Phe Ile Ser Leu Phe Leu Leu
20 25 30

Ser Val Cys Tyr Ser Ala Ala Val Thr Leu Phe Lys
35 40

<210> SEQ ID NO 19
<211> LENGTH: 44
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<212> TYPE: PRT
<213> ORGANISM: mouse

<400> SEQUENCE: 19

Gly Leu Asp Leu Asp Asp Val Cys Ala Glu Ala Gln Asp Gly Glu Leu
1 5 10 15

Asp Gly Leu Trp Thr Thr Ile Thr Ile Phe Ile Ser Leu Phe Leu Leu
20 25 30

Ser Val Cys Tyr Ser Ala Ser Val Thr Leu Phe Lys
35 40

<210> SEQ ID NO 20
<211> LENGTH: 45
<212> TYPE: PRT

<213> ORGANISM: mouse

<400> SEQUENCE: 20

Pro Gly Leu Gln Leu Asp Glu Thr Cys Ala Glu Ala Gln Asp Gly Glu
1 5 10 15

Leu Asp Gly Leu Trp Thr Thr Ile Thr Ile Phe Ile Ser Leu Phe Leu
20 25 30

Leu Ser Val Cys Tyr Ser Ala Ala Val Thr Leu Phe Lys
35 40 45

<210> SEQ ID NO 21
<211> LENGTH: 44
<212> TYPE: PRT
<213> ORGANISM: mouse

<400> SEQUENCE: 21

Glu Leu Glu Leu Asn Glu Thr Cys Ala Glu Ala Gln Asp Gly Glu Leu
1 5 10 15

Asp Gly Leu Trp Thr Thr Ile Thr Ile Phe Ile Ser Leu Phe Leu Leu
20 25 30

Ser Val Cys Tyr Ser Ala Ser Val Thr Leu Phe Lys
35 40

<210> SEQ ID NO 22
<211> LENGTH: 44
<212> TYPE: PRT
<213> ORGANISM: mouse

<400> SEQUENCE: 22

Glu Leu Glu Leu Asn Gly Thr Cys Ala Glu Ala Gln Asp Gly Glu Leu
1 5 10 15

Asp Gly Leu Trp Thr Thr Ile Thr Ile Phe Ile Ser Leu Phe Leu Leu
20 25 30

Ser Val Cys Tyr Ser Ala Ser Val Thr Leu Phe Lys
35 40

<210> SEQ ID NO 23
<211> LENGTH: 44
<212> TYPE: PRT
<213> ORGANISM: sheep

<400> SEQUENCE: 23

Leu Leu Leu Glu Glu Glu Ser Cys Ala Asp Ala Gln Asp Gly Glu Leu
1 5 10 15
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Asp Gly Leu Trp Thr Thr Ile Ser Ile Phe Ile Thr Pro Phe Leu Leu
20 25 30

Ser Val Cys Tyr Ser Ala Thr Val Thr Leu Phe Lys
35 40

<210> SEQ ID NO 24
<211> LENGTH: 44
<212> TYPE: PRT
<213> ORGANISM: sheep

<400> SEQUENCE: 24

Leu Leu Leu Glu Glu Glu Ser Cys Ala Asp Ala Gln Asp Gly Glu Leu
1 5 10 15

Asp Gly Leu Trp Thr Thr Ile Ser Ile Phe Ile Thr Leu Phe Leu Leu
20 25 30

Ser Val Cys Tyr Ser Ala Thr Val Thr Leu Phe Lys
35 40

<210> SEQ ID NO 25
<211> LENGTH: 19
<212> TYPE: PRT
<213> ORGANISM: cow

<400> SEQUENCE: 25

Leu Leu Leu Glu Glu Glu Ile Cys Ala Asp Asp Leu Asp Gly Glu Leu
1 5 10 15

Asp Gly Leu

<210> SEQ ID NO 26
<211> LENGTH: 19
<212> TYPE: PRT
<213> ORGANISM: cow

<400> SEQUENCE: 26

Leu Leu Leu Glu Glu Glu Ile Cys Ala Asp Ala Gln Asp Gly Glu Leu
1 5 10 15

Asp Gly Leu

<210> SEQ ID NO 27
<211> LENGTH: 43

<212> TYPE: PRT

<213> ORGANISM: rabbit

<400> SEQUENCE: 27

Leu Gln Leu Asp Glu Ser Cys Ala Glu Ala Gln Asp Gly Glu Leu Asp
1 5 10 15

Gly Leu Trp Thr Thr Ile Thr Ile Phe Ile Ser Leu Phe Leu Leu Ser
20 25 30

Val Cys Tyr Ser Ala Thr Val Thr Leu Phe Lys
35 40

<210> SEQ ID NO 28
<211> LENGTH: 27
<212> TYPE: PRT
<213> ORGANISM: camel

<400> SEQUENCE: 28

Val Lys Trp Ile Phe Ser Ser Val Val Glu Leu Lys Arg Thr Ile Val
1 5 10 15
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Pro Asp Tyr Arg Asn Met Ile Gly Gln Gly Ser
20 25

<210> SEQ ID NO 29

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 29

Val Lys Trp Ile Phe Ser Ser Val Val Asp Leu Lys Gln Thr Ile Ile
1 5 10 15

Pro Asp Tyr Arg Asn Met Ile Gly Gln Gly Ala
20 25

<210> SEQ ID NO 30

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 30

Val Lys Trp Ile Phe Ser Ser Val Val Asp Leu Lys Gln Thr Ile Ile
1 5 10 15

Pro Asp Tyr Arg Asn Met Ile Gly Gln Gly Ala
20 25

<210> SEQ ID NO 31

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 31

Val Lys Trp Ile Phe Ser Ser Val Val Asp Leu Lys Gln Thr Ile Ile
1 5 10 15

Pro Asp Tyr Arg Asn Met Ile Gly Gln Gly Ala
20 25

<210> SEQ ID NO 32
<211> LENGTH: 27
<212> TYPE: PRT

<213> ORGANISM: mouse

<400> SEQUENCE: 32

Val Lys Trp Ile Phe Ser Ser Val Val Glu Leu Lys Gln Thr Leu Val
1 5 10 15

Pro Glu Tyr Lys Asn Met Ile Gly Gln Ala Pro
20 25

<210> SEQ ID NO 33
<211> LENGTH: 27
<212> TYPE: PRT

<213> ORGANISM: mouse

<400> SEQUENCE: 33

Val Lys Trp Ile Phe Ser Ser Val Val Glu Leu Lys Gln Thr Ile Ser
1 5 10 15

Pro Asp Tyr Arg Asn Met Ile Gly Gln Gly Ala
20 25

<210> SEQ ID NO 34
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<211>
<212>
<213>

LENGTH:
TYPE: PRT

<400> SEQUENCE:
Val Lys Trp Ile
1

Pro Glu Tyr Lys
20

<210>
<211>
<212>
<213>

SEQ ID NO
LENGTH:
TYPE: PRT

<400> SEQUENCE:
Val Lys Trp Ile
1

Pro Asp Tyr Arg
20

<210>
<211>
<212>
<213>

SEQ ID NO
LENGTH:
TYPE: PRT

<400> SEQUENCE:
Val Lys Trp Ile
1

Pro Asp Tyr Arg
20

<210>
<211>
<212>
<213>

SEQ ID NO
LENGTH:
TYPE: PRT
ORGANISM:
<400> SEQUENCE:

Val Lys Trp Ile
1

Pro Asp Tyr Arg
20

<210>
<211>
<212>
<213>

SEQ ID NO
LENGTH: 8
TYPE: PRT
ORGANISM:
<400> SEQUENCE:

Val Lys Trp Ile
1

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO
LENGTH:
TYPE: DNA

FEATURE:

<400> SEQUENCE:

cgcaagcttc ctacacgtgt gtggtgatg

27

27

27

27

29

ORGANISM: mouse

34

Phe Ser Ser Val Val Glu Leu Lys Gln Thr Leu Val
5 10 15

Asn Met Ile Gly Gln Ala Pro
25

35

ORGANISM: mouse

35

Phe Ser Ser Val Val Gln Val Lys Gln Thr Ala Ile
5 10 15

Asn Met Ile Gly Gln Gly Ala
25

36

ORGANISM: mouse

36

Phe Ser Ser Val Val Gln Val Lys Gln Thr Ala Ile
5 10 15

Asn Met Ile Gly Gln Gly Ala
25

37

rabbit
37

Phe Ser Ser Val Val Glu Leu Lys His Thr Ile Ala
5 10 15

Asn Met Met Gly Gln Gly Ala
25

38

sheep
38
Phe Ser Ser Val

5

39

ORGANISM: Artificial Sequence

OTHER INFORMATION: Description of Artificial Sequence:primer

39

29
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<210> SEQ ID NO 40

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:primer

<400> SEQUENCE: 40

gtcgacgccce ctcgatgcac tcccagag 28

<210> SEQ ID NO 41

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:primer

<400> SEQUENCE: 41

ggtaccctct ccctccccca cgccgcage 29

<210> SEQ ID NO 42

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:primer

<400> SEQUENCE: 42

atatctcaga actggctgtc cctgctgtag tacacgg 37

<210> SEQ ID NO 43

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:primer

<400> SEQUENCE: 43

gtcgacactg gacgctgaac ctcgcgg 27

<210> SEQ ID NO 44

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:primer

<400> SEQUENCE: 44

ggtaccgggg gcttgeccgge cgtcgcac 28
<210> SEQ ID NO 45

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:primer

<400> SEQUENCE: 45

gcggccgetg gcgaggagac caagctggag atcaaacg 38

<210> SEQ ID NO 46
<211> LENGTH: 36
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:primer

<400> SEQUENCE: 46

gtcgacgcag cccaaagctg ttgcaatggg gcagcg

<210> SEQ ID NO 47

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:primer

<400> SEQUENCE: 47

atatggtacc gcgagacgcc tgccagggca ccgcc

<210> SEQ ID NO 48

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:primer

<400> SEQUENCE: 48

ggatcccgag ctttatgggce agggtggggg

<210> SEQ ID NO 49

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:primer

<400> SEQUENCE: 49

atatgtcgac ctgggataag catgctgttt tctgtctgte cc

<210> SEQ ID NO 50

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:primer

<400> SEQUENCE: 50

ctaggtacca gcaggtgggg gcacttctcc ¢

<210> SEQ ID NO 51

<211> LENGTH: 1719

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:human
immunoglobulin heavy chain C?1 gene segment
flanked by nucleotides derived from the rabbit
heavy chain.

<400> SEQUENCE: 51
tgacctacct accctgccaa ggtcaggggt cctccaaggce aagggatcac atggcaccac
ctctecttgeca gcctccacca agggcccatc ggtcttccce ctggcaccct cctccaagag

cacctctggg ggcacagcgg ccctgggetg cctggtcaag gactacttcc ccgaaccggt

36

35

30

42

31

60

120

180
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gacggtgtcg tggaactcag gcgccctgac cagcggcegtg cacaccttce cggetgtcet 240
acagtcctca ggactctact ccctcagcag cgtggtgacc gtgccctcca gcagettggg 300
cacccagacc tacatctgca acgtgaatca caagcccagc aacaccaagg tggacaagaa 360

agttggtgag aggccagcac agggagggag ggtgtctgct ggaagccagg ctcagcgctce 420

ctgcctggac gcatcccgge tatgcagccc cagtccaggg cagcaaggca ggccccgtet 480
gcctettcac ccggaggecct ctgcccgeccce cactcatget cagggagagg gtcttetgge 540
tttttcceca ggctectggge aggcacagge taggtgcccce taacccaggce cctgcacaca 600
aaggggcagg tgctgggctc agacctgcca agagccatat ccgggaggac cctgcccctg 660
acctaagccc accccaaagg ccaaactctc cactccctca gectcecggacac cttectecteet 720
cccagattcc agtaactccc aatcttctcet ctgcagagcc caaatcttgt gacaaaactce 780
acacatgccc accgtgccca ggtaagccag cccaggcctce gccctccage tcaaggcggg 840
acaggtgccc tagagtagcc tgcatccagg gacaggcccc agccgggtge tgacacgtcece 900
acctccatct cttcectcage acctgaactc ctggggggac cgtcagtctt cctettcccee 960

ccaaaaccca aggacaccct catgatctcc cggacccctg aggtcacatg cgtggtggtg 1020
gacgtgagcc acgaagaccc tgaggtcaag ttcaactggt acgtggacgg cgtggaggtg 1080
cataatgcca agacaaagcc gcgggaggag cagtacaaca gcacgtaccg tgtggtcage 1140
gtcctcaccg tcctgcacca ggactggetg aatggcaagg agtacaagtg caaggtctcc 1200
aacaaagccc tcccagcccce catcgagaaa accatctcca aagccaaagqg tgggacccgt 1260
ggggtgcgag ggccacatgg acagaggccg gctcggccca ccctctgece tgagagtgac 1320
cgctgtacca acctctgtcce ctacagggca gccccgagaa ccacaggtgt acaccctgece 1380
cccatccecgg gatgagctga ccaagaacca ggtcagcctg acctgecctgg tcaaaggcett 1440
ctatcccage gacatcgccg tggagtggga gagcaatggg cagccggaga acaactacaa 1500
gaccacgcct cccgtgetgg actccgacgg ctccttectte ctctacagca agectcaccgt 1560
ggacaagagc aggtggcagc aggggaacgt cttctcatge tccgtgatge atgaggctcet 1620
gcacaaccac tacacgcaga agagcctctc cctgtctccg ggtaaatgag cgctgtgecg 1680
gcgagctgece cctctececcte cecccccacge cgcagetgt 1719
<210> SEQ ID NO 52
<211> LENGTH: 390
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence:a VH gene
segment encoding a human VH element polypeptide
sequence, with flanking sequences derived from

rabbit immunoglobulin DNA segquences.

<400> SEQUENCE: 52

tgagtgacag tgtcctgacc atgtcgtctg tgtttgcagg tgtccagtgt gaggtgcage 60
tgttggagtc cgggggaggt ctcgtccage caggggggac cctgagactc acctgcgcag 120
tctectggatt caccttcagt agctatgcaa tgagctgggt ccgccagget ccagggaagg 180
ggctggaatg ggtcggagcc attagtggta gtggtagcac atactacgcg gacagcgtga 240
aaggccgatt caccatctcc agagacaact ccaagaacac gctgtatctg caaatgaaca 300

gtctgagagc cgaggacacg gccgcctatt actgtgcgaa agacacagtg aggggccctce 360
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aggctgagcc cagacacaaa cctccctgca

<210> SEQ ID NO 53
<211> LENGTH: 445

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:containing a
human immunoglobulin light chain C??gene segment
flanked by 50 nuleotides derived from the rabbit
light chain immunoglobulin Kappal gene.

<400> SEQUENCE: 53

catccacatg
ttetttecte
agttgaaatc
ccaaagtaca
cagagcagga
cagactacga
ccgtcacaaa

cagcgaccct

gcacccaggg
aggaactgtg
tggaactgcce
gtggaaggtg
cagcaaggac
gaaacacaaa
gagcttcaac

gaggcccagce

<210> SEQ ID NO 54
<211> LENGTH: 632

<212> TYPE:

DNA

gagatgtcca
gctgcaccat
tctgttgtgt
gataacgccce
agcacctaca
gtctacgccet
aggggagagt

ctcge

ctggtaccta
ctgtcttcat
gcctgctgaa
tccaatcggg
gcctcagcag
gcgaagtcac

gttagagcga

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:a V??gene

agcctcgeca
cttcccgeca
taacttctat
taactcccag
caccctgacg
ccatcagggce

gacgcctgcce

segment encoding a human V??element polypeptide
sequence, flanking by sequences derived from
rabbit immunoglobulin DNA.

<400> SEQUENCE: 54

ggcaggctge
gggtccctge
acaaaaattt
agaacattac
tacatccaga
atcacttgcce
gggaaggtte
cggttcagtg
gaagatgttg
gggaccaagg

tgatttgttt

tceccacccca
tcagctcectg
tattcagcca
taatcatgtg
tgacccagtc
gagccagtca
ccaagctcct
gcagtggatc
ccacctatta
tggagatcaa

gctttttcca

<210> SEQ ID NO 55
<211> LENGTH: 70

<212> TYPE:

DNA

tgcaggaggce
ggactcctge
gtgtagccac
gatatgtgtt
tcecatcctet
gggcattagce
gatttatgct
tgggacagat
ctgtcaaaag
acgtaagtgce

tttttteget

agtaccaggc
tgctectgget
taatgcctgg
tttatgttcce
ctgtctgcat
aattacttag
gcatccactt
ttcactctta
tacaacagtg
actttcctaa

at

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence:primer

<400> SEQUENCE: 55

aggacccagc
cccaggtaag
cacttcagga
taatatcaga
ctgtgggaga
cctggtatca
tgcaatctgg
ccatcagcag
cccctecact

tgttcctcac

tcetgtttge
tctgatgage
cccagagagg
gagagtgtca
ctgagcaaag
ctgagctcge

agggcaccgce

atggacatga
gagggaaaca
aattcttctt
taccagatgt
cagagtcacc
gcagaaacca
ggtcccatcg
cctgcagect
tttcggecgga

cgtttctgcece

390

60

120

180

240

300

360

420

445

60

120

180

240

300

360

420

480

540

600

632
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catacacagc catacatacg cgtgtggccg ctctgcctet ctettgcagg tatggacage

aagcgaaccqg

<210> SEQ ID NO 56

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:primer

<400> SEQUENCE: 56

atcagggtga cccctacgtt acactcctgt caccaaggag tgggagggac tcagaagaac

tcgtcaagaa g

<210> SEQ ID NO 57

<211> LENGTH: 419

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:a gene
encoding human immunoglobulin light chain constant region
Clambda2 flanked by nucleotides derived from the chicken light
chain gene.

<400> SEQUENCE: 57

catacacagc catacatacg cgtgtggccg ctctgecctet ctettgcagg tcagcccaag

gctgcceccct ccgtcactet gttcccgece tectctgagg agecttcaage caacaaggcece

acactggtgt gtctcataag tgacttctac ccgggagccg tgacagtggce ttggaaagca

gatagcagcce ccgtcaaggc gggagtggag accaccacac cctccaaaca aagcaacaac

aagtacgcgg ccagcagcta tctgagcctg acgcctgage agtggaagtc ccacagaagce

tacagctgcc aggtcacgca tgaagggagc accgtggaga agacagtggc ccctacagaa

tgttcatagt agtcccactg gggatgcaat gtgaggacag tggttcctca ccctccecectg

<210> SEQ ID NO 58

<211> LENGTH: 416

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:a VJ gene

segment encoding a human VJ immunoglobulin

polypeptide, with flanking sequences derived from

chicken immunoglobulin DNA.
<400> SEQUENCE: 58
ttgcecgtttt ctccectete tectectecet cteccaggtte cctggtgcag tcagtgctga
ctcagccgee ctcecggtgtca gcagccccecgg gacaagaagt cacgatctcce tgctcecgggt
ctagtagcaa cattggcgat aatttcgtct cttggtacca gcagctgcct ggcactgcce
ctaagcttct gatctatgat aacaacaaga gaccctcggg catccctgac cgattctceg
gttccaaatc cggcacctca gccacattag gcatcactgg gctccaaacc ggcgacgagg

ctgactatta ctgtgggact tgggacagca gcctttctgt tggtatgttt gggggcggga

cacgcgtgac cgtcctaggt gagtcgctga cctegtctcg gtetttette ccccat

60

70

60

71

60

120

180

240

300

360

419

60

120

180

240

300

360

416
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What is claimed:

1. A humanized immunoglobulin molecule comprising at
least a portion of a human immunoglobulin heavy chain
constant (C) region, and variable region amino acids
sequences encoded by more than one immunoglobulin vari-
able (V) gene segment.

2. The humanized immunoglobulin molecule of claim 1
which is derived from a nonhuman transgenic animal relying
primarily on gene conversion and/or somatic hypermutation
to generate antibody diversity.

3. The humanized immunoglobulin molecule of claim 2
wherein said transgenic animal is a rabbit, chicken, sheep or
cow.

4. The humanized immunoglobulin molecule of claim 1
wherein said human immunoglobulin heavy chain C region
sequence is a C,, C,, or C, sequence.

5. The humanized immunoglobulin molecule of any one
of claims 1-4, which is specific for an antigen.

6. The humanized immunoglobulin molecule of claim 5,
wherein said antigen is a microorganism selected from
bacterium, fungus, or virus; an antigenic portion of said
organism; an antigenic molecule derived from said micro-
organism; or a tumor-associated antigen.

7. The humanized immunoglobulin molecule of claim 6,
wherein said bacterium 1is selected from S. aureus,
Pseudomonas aeruginosa, enterococcus, enterobacter, and
Klebsiella pneumoniae.

8. The humanized immunoglobulin molecule of claim 6,
wherein said fungus is selected from Candida albicans,
Candida parapsilosis, Candida tropicalis, and Cryptococ-
cus neoformans.

9. The humanized immunoglobulin molecule of claim 6,
wherein said virus is selected from respiratory synctial virus
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(RSV), Hepatitis C virus (HCV), Hepatitis virus (HBV),
cytomegalovirus (CMV), EBV, and HSV.

10. The humanized immunoglobulin molecule of claim 6,
wherein said antigen is selected from Her-2-neu antigen,
CD20, CD22, CDS53, prostate specific membrane antigen
(PMSA), and 17-1A molecule.

11. A monoclonal antibody preparation comprising a
humanized immunoglobulin molecule of claim 5.

12. A monoclonal antibody preparation comprising a
humanized immunoglobulin molecule of any one of claims
6-10.

13. The monoclonal antibody preparation of claim 11
which is substantially non-immunogenic to human.

14. The monoclonal antibody preparation of claim 12
which is substantially non-immunogenic to human.

15. A pharmaceutical composition, comprising a pharma-
ceutically acceptable carrier and the monoclonal antibody
preparation of claim 11.

16. A pharmaceutical composition, comprising a pharma-
ceutically acceptable carrier and the monoclonal antibody
preparation of claim 12.

17. A method of treating a disease in a human subject
comprising administering to said subject a therapeutically
effective amount of a pharmaceutical composition of claim
15.

18. The method of claim 17 wherein said disease is caused
by bacterial, fungal or viral infection, or said disease is a
cancet.



