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CLAIMS:

segments selected from the group D1-26, D2-2, D3-9, D3-10, D3-22, D4-17, D6-13 and 6-19.

2. The vertebrate or cell of claim 1, wherein the D gene segment repertoire consistsAf or
substantially consists of one, two or three human gene segments selected fromythe group D1-26,
D2-2, D3-9, D3-10, D3-22, D4-17, D6-13 and D6-19.

3. The vertebrate or cell of claim 1 or 2, wherein the genome comprises anlinrearranged

immunoglobulin heavy chain locus comprising (in 5’ to 3’ order) humgh VH, D and JH gene

segments and said human D gene segments recited in claim 1 are spfaced from the VH gene

segment(s) by no more than four other D gene segments (eg, by gfo D gene segments).

4. The vertebrate or cell of any preceding claim, wherein the gghome comprises an unrearranged
immunoglobulin heavy chain locus comprising said humarny/D gene segments and there are no

other D gene segments in the locus between said humagl D gene segments.

5. The vertebrate or cell of any preceding claim, wherfin the genome comprises three or more
copies of a human D gene segment selected frorfd D1-26, D2-2, D2-15, D3-3, D3-9, D3-10, D3-22,

D4-17, D6-13 and D6-19.

6. The vertebrate or cell of claim 5, whereinghe genome comprises first and second human D gene
segments selected from D1-26, D2-2, DZ-15, D3-3, D3-9, D3-10, D3-22, D4-17, D6-13 and D6-19
when the first D gene segment is pregent as three or more copies and wherein the second D
gene segment is present as three of more copies.

7. The vertebrate or cell of any
D2-2*02, D3-9*01, D3-10*
10*01, D3-22*01, D4-17%

eceding claim, wherein the D gene segments are selected from
and D3-22*01, or selected from D1-26*01, D2-2*02, D3-9*01, D3-
1, D6-13*01 and D6-19*01.

8. A non-human vertebfate (eg, a mouse or a rat) or a non-human vertebrate cell (eg, a mouse cell
or a rat cell), optighally according to any preceding claim, whose genome comprises a human

immunoglobuligZVH gene segment repertoire that is biased to one, more or all of gene segments

he group VH1-2, VH1-3, VH1-8, VH1-18, VH5-51, VH1-69, VH2-5, VH3-7, VH3-9,

-13, VH3-20, VH3-21, VH3-23, VH4-4, VH6-1 and VH7-4-1.

selected fro
VH3-11,V

9. The veftebrate or cell of claim 8, wherein the VH gene segment repertoire substantially consists
of of substantially consists of one, two or three human gene segments selected from VH1-2,
VA1-3, VH1-8, VH1-18, VH5-51, VH1-69, VH2-5, VH3-7, VH3-9, VH3-11, VH3-13, VH3-20, VH3-21,
H3-23, VH4-4, VH6-1 and VH7-4-1.
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10. The vertebrate or cell of claim 8 or 9, wherein the genome comprises an unrearranged
immunoglobulin heavy chain locus comprising (in 5’ to 3’ order) human VH, D and JH gene
segments and said human VH gene segments are spaced from the D gene segment(s) by no
more than four other VH gene segments (eg, by no VH gene segments).

11. The vertebrate or cell of any one of claims 8 to 10, wherein the genome comprises an

12. The vertebrate or cell of any one of claims 8 to 11, wherein the genome comyrises three or
more copies of a human VH gene segment selected from the group consisihg of VH1-2, VH1-3,
VH1-8, VH1-18, VH5-51, VH1-69, VH2-5, VH3-7, VH3-9, VH3-11, VH3-13 //H3-20, VH3-21, VH3-
23, VH4-4, VH6-1 and VH7-4-1.

13. The vertebrate or cell of claim 12, wherein the genome comprisef first and second human VH
gene segments selected from the group consisting of VH1-2, V/1-3, VH1-8, VH1-18, VH5-51,
VH1-69, VH2-5, VH3-7, VH3-9, VH3-11, VH3-13, VH3-20, VH3/21, VH3-23, VH4-4, VH6-1 and
VH7-4-1 when the first VH gene segment is present as thrge or more copies and wherein the
second VH gene segment is present as three or more cgfies.

14. The vertebrate or cell of any one of claims 8 to 13, fherein the VH gene segments are selected
from the group consisting of VH1-2*02, VH1-3*Qf, VH1-8*01, VH1-18*01, VH2-5*%10, VH3-7*01,
VH3-9*01, VH3-11*01, VH3-13*01, VH3-21*07, VH3-23*04, VH4-4*02, VH6-1*01 and VH7-4-
1*01.

15. The vertebrate or cell of any one of clayhns 8 to 16, comprising an immunoglobulin heavy chain
locus comprising two or more copies/0f a VH gene segment selected from said group.

16. The vertebrate or cell of any clagh, wherein the genome comprises a human JH gene segment
repertoire consisting of one gf/more human JH6 gene segments.

17. The vertebrate or cell of Any preceding claim, wherein the genome comprises a human
immunoglobulin JH gegfe segment repertoire that is biased to JH6, optionally JH6*02.

18. The vertebrate or/fell of claim 17, wherein the JH gene segment repertoire consists or
substantially coffsists of three or more human JH6 gene segments.

19. The vertebyate or cell of any preceding claim, wherein the sequence of each of said human gene
segmentfis a human germline gene segment sequence.

20. Thefertebrate or cell of any preceding claim, wherein one, more or all of the selected gene
ments are present in the genome as two or more copies, the copies being variants of each
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The vertebrate or cell of any preceding claim, wherein said human gene segments are provided
by homozygous immunoglobulin heavy chain loci.

A non-human vertebrate (eg, a mouse or a rat) or a non-human vertebrate cell (eg, a mous£ cell
or a rat cell) whose genome comprises a human immunoglobulin VH gene segment repepfoire,
one or more human D gene segments and one or more human JH gene segments, whefein the
VH repertoire does not comprise one, more or all VH gene segments selected from jhe group
VH1-2, VH1-3, VH1-8, VH1-18, VH5-51, VH1-69, VH2-5, VH3-7, VH3-9, VH3-11, VHZ-13, VH3-20,
VH3-21, VH3-23, VH4-4, VH6-1 and VH7-4-1.

A non-human vertebrate (eg, a mouse or a rat) or a non-human vertebrate/cell (eg, a mouse cell
or a rat cell) whose genome comprises a human immunoglobulin D geng/segment repertoire,
one or more human VH gene segments and one or more human JH gefie segments, wherein the
D repertoire does not comprise one, more or all D gene segments sglected from the group D1-
26, D2-2, D3-9, D3-10, D3-22, D4-17, D6-13 and D6-19.

The vertebrate or cell of claim 22 or 23, wherein the genomg/comprises a human JH gene
segment repertoire that does not comprise JH6.

A non-human vertebrate (eg, a mouse or a rat) or a ngn-human vertebrate cell (eg, a mouse cell
or a rat cell) whose genome comprises a human i unoglobulin JH gene segment repertoire

that is biased to human JH6.

The vertebrate or cell of claim 25, wherejh the genome comprises an unrearranged
immunoglobulin heavy chain locus confprising a plurality of human JH6 gene segments;
optionally wherein the genome is hgfhozygous for said locus.

The vertebrate or cell of claim 26, wherein the heavy chain locus comprises (in 5’ to 3’ order)
human VH, D and JH gene segfnents and said JH6 gene segments are spaced from the D gene
segment(s) by no more tha# two other JH gene segments.

The vertebrate or cell #f claim 25, 26 or 27, wherein are no other JH gene segments in the locus
between said humapf JH6 gene segments.

A non-human yrtebrate (eg, a mouse or a rat) or a non-human vertebrate cell (eg, a mouse cell
or a rat cell) yfthose genome comprises a human immunoglobulin JH gene segment repertoire
that consigfs of one or more human JH6 gene segments.

The vgfrtebrate or cell of any one of claims 25 to 29, wherein all of said gene segments are
hugAan germline gene segments.
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31. The vertebrate or cell of any one of claims 25 to 30, comprising different variant JH6 gene
segments.

32. The vertebrate or cell of any one of claims 25 to 31, wherein said gene segments are provi
homozygous immunoglobulin heavy chain loci.

33. A monoclonal or polyclonal antibody composition or a population of antibody-prody€ing cells for

producing such composition, wherein the composition or population is prepared Jfy immunising
at least one vertebrate according to any preceding claim with an antigen, whergin the antibody
vertebrate AlID-

hen compared to

or antibodies have human heavy chain variable regions comprising non-hum
pattern somatic hypermutations, (eg, mouse or rat AlD-pattern mutations
corresponding human germline V, D and J sequences and/or non-human/{eg, mouse or rat)
terminal deoxynucleotidyl transferase (TdT)- pattern junctional mutatons when compared to
corresponding human germline V, D and J sequences; wherein the gbmposition comprises at
least one antigen-specific antibody having a HCDR3 length of at |

to IMGT).

st 20 amino acids (according

34. Anisolated antibody that specifically binds an antigen, the/antibody comprising human heavy
chain variable regions and non-human constant regiong/wherein the variable regions are
derived from the recombination in a non-human vertgbrate of (i) a human VH gene segment

selected from the group recited in claim 8 with (ii) #human D gene segment selected from the

group recited in claim 1 and with a human JH gegle segment (optionally JH6); wherein the

antibody has a HCDR3 length of at least 20 a

vertebrate AID-pattern somatic hypermutaty

/Mo acids (according to IMGT); and non-human

ns, (eg, mouse or rat AlD-pattern mutations) when

compared to corresponding human germjfne V, D and J sequences and/or non-human (eg,

mouse or rat) terminal deoxynucleotidyf transferase (TdT)- pattern junctional mutations when

compared to corresponding human g€rmline V, D and J sequences.

35. The antibody of claim 34, wherei the antibody is obtained or obtainable from a vertebrate
according to any one of claimg1 to 32.

36. A method of isolating an Antibody that binds a predetermined antigen, the method comprising
(a) providing a vertebghte (optionally a mouse or rat) according to any one of claims 1 to 32;
(b) immunising said/&ertebrate with said antigen;

(c) removing B lyghphocytes from the vertebrate and selecting one or more B lymphocytes

expressing antipfodies that bind to the antigen;

(d) optionallyimmortalising said selected B lymphocytes or progeny thereof, optionally by

producing fybridomas therefrom; and

(e) isolg#ing an antibody (eg, and IgG-type antibody) expressed by the B lymphocytes.

37. Thefmethod of claim 36, wherein in step (e) wherein the antibody has a HCDR3 length of at least

2¢ amino acids (according to IMGT).

. The method of claim 36 or 37, comprising the step of isolating from said B lymphocytes nucleic
arid anrnding s3id antibody that binds said antigen; optionally exchanging the heavy chain
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constant region nucleotide sequence of the antibody with a nucleotide sequence encoding a

human or humanised heavy chain constant region and optionally affinity maturing the variable
region of said antibody; and optionally inserting said nucleic acid into an expression vector a
optionally a host.

The method of claim 36, 37 or 38, further comprising making a copy, mutant or derivaffve (eg,
humanised version) of the antibody produced by the method.

The antibody composition, cell population, antibody or method of any one of cjdims 33 to 39,
wherein the antigen is an antigen of an infectious disease pathogen; optiona}fy wherein the
pathogen is a virus or bacterium.

The antibody composition, cell population, antibody or method of clayh 40, wherein pathogen is
selected from the group consisting of Haemophilus influenza, E coli/Neisseria meningitidis, a
herpes family virus, cytomegalovirus (CMV), HIV and influenza vi
The antibody composition, cell population, antibody or meth6d of any one of claims 33 to 41,
wherein the antigen is a HIV gp120 antigen or a HIV gp41 gntigen.
The antibody composition, cell population, antibody g method of any one of claims 33 to 40,
wherein the antigen comprises an active site or cleff, wherein the antibody having a HCDR3
length of at least 20 amino acids specifically bingf to the active site or cleft of the antigen.
A pharmaceutical composition comprising g/ antibody or antibody composition according to any
one of claims 33 to 35and 40to 43, or a

36 to 38, for treating and/or preventing/an infectious disease in a human (eg, wherein the

ntibody produced by the method of any one of claims
infectious disease is caused by a pathbgen selected from the group consisting of Haemophilus
influenza, E coli, Neisseria meningjfidis, a herpes family virus, cytomegalovirus (CMV), HIV and

influenza virus).

A repertoire of antibody hefvy chains (eg, provided by antibodies) comprising one or more
heavy chains whose varigble domain HCDR3 has a length of at least 20 amino acids {(according to
IMGT) and derived frogh the recombination of a human VH, D and JH, wherein
the VH is selectedfrom the group

VH1-2*02, VH1A*01, VH1-8*01, VH1-18*01, VH2-5*10, VH3-7*01, VH3-9*01, VH3-11*01, VH3-

DZA-9*01 and D3-10*01, or

1-26, D2-2, D3-9, D3-10, D3-22, D4-17, D6-13 and D6-19, or

D1-26*01, D2-2*02, D3-9*01, D3-10*01, D3-22*01, D4-17*01, D6-13*01 and D6-19*01, or
N2-2 N2.a N3-10, D3-22, D4-17, D6-13 and D6-19, or D2-2*02, D3-9*01, D3-10*01, D3-22*01,
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D4-17*01, D6-13*01 and D6-19*01, or
D1-26, D2-2, D3-10 and D6-19, or
D2-2, D3-9 and D3-10;

and optionally the JH is JH6 (eg, JH6*02);

Wherein
(a) the heavy chain variable domain has been produced in vivo in a non-human vfrtebrate (eg, a
mouse or a rat); and/or
(b) the heavy chain variable domain comprises non-human vertebrate AID-pgttern somatic
hypermutations, (eg, mouse or rat AID-pattern mutations) when compareg/to corresponding
human germline V, D and J sequences and/or non-human (eg, mouse orfat) terminal

deoxynucleotidyl transferase (TdT)- pattern junctional mutations whe/ compared to

corresponding human germline V, D and J sequences.

A nucleic acid collection encoding the heavy chain repertoire gf claim 45.

A method of obtaining an antigen-specific heavy chain (eg/provided by an antibody), the
method comprising exposing the repertoire of claim 4540 a predetermined antigen and
selecting one or more heavy chains that specifically bjfid to the antigen, wherein one or more
heavy chains is isolated that has a HCDR3 length ofAt least 20 amino acids.

A non-human vertebrate (optionally a mouse ¢r a rat) or vertebrate cell whose genome

comprises:

(c) An immunoglobulin heayf chain locus comprising one or more human V gene
segments, one or morg human D gene segments and one or more human J gene
of a constant region; optionally wherein the heavy chain locus is

segments upstrea

according to (a}f claim 81; and

(d)

C,ig/Cy or Ck); or

) one or more human VL gene segments, one or more human D gene segments
and one or more human J,; gene segments upstream of a constant region (optionally
a rearranged V,DJ,C, or V,DJ,C,, wherein the C_is C, or Ck); or

(iii) one or more human VL gene segments selected from the group consisting of: a
Vill gene family member, V,VII 4A, V411 2.1, V3 VI 4A, a V1 gene family member, a
Vi3gene family member, IGLV1S2, V;3-cML70, lalh2, lalvl, 1a3h3, Kv325, a Vkl gene
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family member, kl-15A (KLO12), VI family member, a VIl family member, a VkI
gene family member, kI-15A (KL012), VIl A2 (optionally the A2a allele), V, A27
(Humkv325) and a gene segment at least 80% identical thereto, and one or mor,

human J, gene segments upstream of a constant region;

Wherein the gene segments in the heavy chain locus are operably linked to thg/constant
region thereof, and the gene segments in the light chain locus are operably Anked to the
constant region thereof, so that upon immunisation the mouse is capablg of producing an
antibody comprising heavy chains produced by recombination of the feavy chain locus and
light chains produced by recombination of the light chain locus.
The vertebrate or cell of claim 48, wherein in (b)(i) the J gene seginents of the light chain locus
are J, gene segments and optionally the constant region of th£ light chain locus is a lambda
constant region; or in (b)(ii) the VL is a V, and optionally th# constant region of the light chain

locus is a lambda constant region.

The vertebrate or cell of claim 48 or 49, wherein
in (b)(i) the V gene segment repertoire of tffe light chain locus comprises or consists of one or
more VH gene segments selected from pghe group consisting of: a Vlll gene family member
(optionally, a VHIlIa or VHIIIb family ghember), a V41V gene family member, Vil 9.1 (VH3-15),
Vulll VH26 (VH3-23), Vi3-21, LSG6/f1, LSG12.1, DP77 (V3-21), V H11, VHIGRR, ha3h2, V,l-halcl,
Vulll-VH2-1, VH4.18, ha4h3, HYf051, 71-2, Hv1f10, VH4.11, 71-4, VH251, VH1-69 and a gene
segment at least 80% identjfal thereto; or

in (b)(iii) the light chgifi locus V gene segment repertoire consists of one VL gene segment type
(optionally and o

or mutants thereof), wherein the VL gene segment is selected from said

group of VL gepk segments.

angf/or in (b) said constant region is a light chain endogenous non-human vertebrate (optionally

ost mouse or rat) constant region.
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52. The vertebrate or cell of any one of claims 48 to 51, wherein endogenous heavy and light chain

expression has been inactivated.

53. A non-human vertebrate (optionally a mouse or a rat) or vertebrate cell whose genome

comprises:

(f) An immunoglobulin heavy chain locus comprising one or more humén V gene
segments, one or more human D gene segments and one or mog human J gene

segments upstream of a constant region; and

(g) (i) An unrearranged immunoglobulin light chain locus cgmprising one or more
human VH gene segments and one or more human Jgene segments upstream of a
constant region, wherein each human VH gene sggment is a human gene segment
identical to (or mutant of) a human VH gene sggment used to produce a rearranged
VDJ encoding a heavy chain variable region/of a human antibody from an antibody-
expressing cell wherein said antibody bifAds to an antigen of an infectious disease
pathogen (optionally the variable regfons of said antibody being identical to an
antibody from a human individualsuffering, susceptible to, or recovered from, a
disease or condition caused or/nediated by an organism harbouring or secreting

said antigen; or from a humdn individual harbouring said organism); or

(ii) An immunoglobulj# light chain locus comprising a rearranged VI region or VDI
region upstream gf a constant region, wherein the nucleotide sequence of the
recombined regfon is identical to a nucleotide sequence produced by the
recombinatign of a human J gene segment and optionally a human D gene segment
with a hyfman VH gene segment that is identical to (or mutant of) the human VH
gene yégment used to produce a rearranged VDJ encoding a heavy chain variable
regfon of a human antibody from an antibody-expressing cell wherein said antibody
inds to an antigen of an infectious disease pathogen (optionally the variable
regions of said antibody being identical to an antibody from a human individual
suffering, susceptible to, or recovered from, a disease or condition caused or
mediated by an organism harbouring or secreting said antigen; or from a human

individual harbouring said organism);
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(h) Wherein the gene segments in the heavy chain locus are operably linked to the
constant region thereof, and the gene segments or VJ or VDJ in the light chain locu,
are operably linked to the constant region thereof, so that upon immunisation
mouse is capable of producing an antibody comprising heavy chains produced by
recombination of the heavy chain locus and light chains derived from the Aght chain

locus;

(i) Optionally when (b)(i) applies, each said VH gene segment in thefight chain locus is
selected from the group consisting of: a VHIII gene family meghber (optionally, a
VHllla or VHIIIb family member), a VHIV gene family mempfer, VHIII 9.1 (VH3-15),
VHIII VH26 (VH3-23), VH3-21, LSG6.1, LSG12.1, DP77 (Y3-21), VH H11, VH1GRR,
ha3h2, VHI-halcl, VHIII-VH2-1, VH4.18, ha4h3, Hv1gh1, 71-2, Hv1f10, VH4.11, 71-4,

VH251, VH1-69 and a gene segment at least 80%/dentical thereto;

1] Optionally when (b)(ii) applies, the nucleotjie sequence of the recombined region is
identical to a nucleotide sequence prodgced by the recombination of a humanJ
gene segment and optionally a humgh D gene segment with a human VH gene
segment selected from the group/£onsisting of: a VHIII gene family member
(optionally, a VHIlla or VHIIIb fAmily member), a VHIV gene family member, VHIII 9.1
(VH3-15), VHII VH26 (VH3-23), VH3-21, LSG6.1, LSG12.1, DP77 (V3-21), VH H11,
VH1GRR, ha3h2, VHI-ha}£1, VHIII-VH2-1, VH4.18, ha4h3, Hv1051, 71-2, Hv1f10,
VH4.11, 71-4, VH251/VH1-69 and a gene segment at least 80% identical thereto.

54. The vertebrate or cell of clgfn 53, wherein the J gene segments of the light chain locus are J,
gene segments and optighally the constant region of the light chain locus is a lambda constant

region.

55. The vertebrater cell of claim 53 or 54, wherein the V gene segment repertoire of the light chain

locus compphes or consists of human VH1-69 gene segment.

56. The vgftebrate or cell of claim 53, 54 or 55, wherein in (a) said constant region is a heavy chain

engogenous non-human vertebrate (optionally host mouse or rat) constant region.
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57. The vertebrate or cell of claim 53, 54, 55, or 56, wherein in (b) said constant region is a light

chain endogenous non-human vertebrate (optionally host mouse or rat) constant region.

58. The vertebrate or cell of any one of claims 53 to 57, wherein the genome of said vertebrate or

cell is homozygous for light chain locus (b)(i) or (ii); optionally wherein:

- the V gene segment repertoire of the light chain loci consists of one or more hfman VH gene
segments selected from the group consisting of: a VHIII gene family memberfoptionally, a VHIlla
or VHIIIb family member), a VHIV gene family member, VHIII 9.1 (VH3-15)/'VHIII VH26 (VH3-23),
VH3-21, LSG6.1, LSG12.1, DP77 (V3-21), VH H11, VH1GRR, ha3h2, VHIAalcl, VHIII-VH2-1,
VH4.18, hadh3, Hv1051, 71-2, Hv1f10, VH4.11, 71-4, VH251, VH1-68 and a gene segment at

least 80% identical thereto; or

- the recombined VJ or VDJ repertoire of the light chain logf consists of sequences identical to
one or more nucleotide sequences produced by the regbmbination of a human VH gene

segment selected from the group consisting of: a VH/II gene family member (optionally, a VHIlla
or VHIIIb family member), a VHIV gene family mefber, VHIII 9.1 (VH3-15), VHIII VH26 (VH3-23),
VH3-21, LSG6.1, LSG12.1, DP77 (V3-21), VH HZ1, VH1GRR, ha3h2, VHI-halcl, VHIII-VH2-1,
VH4.18, hadh3, Hv1051, 71-2, Hv1f10, VH4/11, 71-4, VH251, VH1-69 and a gene segment at
least 80% identical thereto, with a humgh J gene segment and optionally a human D gene

segment.

59. The vertebrate or cell of any ogfe of claims 53 to 58, wherein endogenous heavy and light chain
expression has been inactivAted, and wherein light chain loci according to any one of claims 53

to 58 are the only functighal light chain loci in the genome of the vertebrate or cell.

60. The vertebrate or fell of any one of claims 53 to 59, wherein each immunoglobulin light chain
locus of said veftebrate or cell is according to (b)(i) recited in claim 53 and comprises only a
single humayl VH gene segment selected from the group consisting of: a VHIII gene family

member foptionally, a VHIIla or VHIIIb family member), a VHIV gene family member, VHIII 9.1

H1-69 and a gene segment at least 80% identical thereto, optionally wherein the genome of

the vertebrate or cell is homozygous for said light chain so that all light chain loci comprise the
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same, single human VH gene segment.

The vertebrate or cell of any one of claims 53 to 59, wherein each immunoglobulin light chaj
locus of said vertebrate or cell is according to (b)(ii) recited in claim 53 and comprises o
single rearranged VJ or VDJ region, optionally wherein the genome of the vertebrate gf cell is
homozygous for said light chain so that all light chain loci comprise the same, singlgrearranged

VJ or VDJ region.

The vertebrate or cell according to claim 60 or 61, wherein each immunogfobulin light chain
locus further comprises a VH gene segment or rearranged region that j£ a mutant respectively of
said selected human VH gene segment or rearranged region, optiopally wherein the genome of
the vertebrate or cell is homozygous for said light chain mutant }H gene segment or rearranged

region.

The vertebrate or cell according to claim 60, wherein egCh immunoglobulin light chain locus
comprises only two human VH gene segments selecied from said group, optionally wherein the
genome of the vertebrate or cell is homozygous §6r said two light chain human VH gene
segments.

The vertebrate or cell according to claingd61, wherein each immunoglobulin light chain locus
comprises only two of said rearrangefl VJ or VDJ regions, optionally wherein the genome of the
vertebrate or cell is homozygous §0r said two light chain rearranged VJ or VDJ regions.
A monoclonal or polyclonalntibody composition prepared by immunisation of at least one
vertebrate (eg, mouse ofrat) according to any one of claims 48 to 64 with an antigen, optionally
wherein the antigen jf an antigen of an infectious disease pathogen, optionally wherein the
same antigen is ugéd to immunise all the vertebrates; optionally wherein the antibody or

antibodies are J6G-type.

A methogl of isolating an antibody that binds a predetermined antigen, the method comprising
(a) pybviding a vertebrate (optionally a mouse or rat) according to any one of claims 48 to 64;
Immunising said vertebrate with said antigen (optionally wherein the antigen is an antigen of
n infectious disease pathogen);

(c) removing B lymphocytes from the vertebrate and selecting one or more B lymphocytes
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expressing antibodies that bind to the antigen;
(d) optionally immortalising said selected B lymphocytes or progeny thereof, optionally by
producing hybridomas therefrom; and

(e) isolating an antibody (eg, and IgG-type antibody) expressed by the B lymphocytes.

The method of claim 66, comprising the step of isolating from said B lymphocytes plicleic acid
encoding said antibody that binds said antigen; optionally exchanging the heavy/chain constant
region nucleotide sequence of the antibody with a nucleotide sequence encgfling a human or
humanised heavy chain constant region and optionally affinity maturing tfe variable region of
said antibody; and optionally inserting said nucleic acid into an expresgfon vector and optionally

a host.

The method of claim 66 or 67, further comprising making a mfitant or derivative of the antibody

produced by the method of claim 66 or 67.

A method of producing a polyclonal antibody mixtug, the method comprising carrying out the
method of any one of claims 66 to 68 by separatgly immunising first and second vertebrates

(optionally first and second mice or first and sgfcond rats) with antigen and combining the anti-
antigen antibodies isolated from each vertgbrate (or mutants or derivatives of said antibodies)
to produce a polyclonal antibody mixtugg; optionally wherein the following apply separately or

in combination ((i) and (ii); or (i) and Aiii)):
(i) the vertebrates are immumfsed with the same antigen or different antigens (optionally
wherein the different antiggns are expressed by the same pathogenic organism (or a family

member thereof));

(ii) prior to immugfisation the light chain loci of the vertebrates contain the identical VH gene

ertebrates are identical prior to immunisation.
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A method of producing a polyclonal antibody mixture, the method comprising carrying out the
method of any one of claims 66 to 68 by immunising one or a plurality of vertebrates (optional
mice or rats) with first and second antigens and combining the anti-antigen antibodies isolaped
from each vertebrate (or mutants or derivatives of said antibodies) to produce a polyclo
antibody mixture; optionally wherein the following apply separately or in combinatiog/((i) and
(ii); or (i) and (iii)):

(i) the antigens are expressed by the same pathogenic organism {(or a familymember thereof));

(ii) prior to immunisation the light chain loci of the vertebrates contaif the identical VH gene
repertoire (optionally a single VH gene) and optionally the identical/ repertoire; optionally the

light chain loci of the mammals are identical prior to immunisatign;

(iii) prior to immunisation the light chain loci of the vertelfates contain the identical rearranged
VJ or VDI repertoire (optionally a single VJ or VDJ); optignally the light chain loci of the

vertebrates are identical prior to immunisation.

A method of producing host cells capable of efpressing a polyclonal antibody mixture, the
method comprising, in a method according/o claim 67:-
(a) immunising one or a plugllity of vertebrates (optionally mice or rats) with first and
second antigens (optionally wherein the different antigens are expressed by the same
pathogenic organism (or afamily member thereof));
(k) isolating nucleic acid epfoding first and second anti-antigen antibodies from B lymphocytes
from said vertebrat
(I) determining the plucleotide sequences of the heavy and light chain variable regions of the
first antibody;
(m) determining the nucleotide sequence of the heavy variable region and optionally the light
lable region of the second antibody;
(n) inserfing the heavy chain variable region coding sequence of each antibody into a heavy
in expression vector; optionally wherein the constant region coding sequence of each
eavy chain is exchanged for a nucleotide sequence that encodes a human or humanised

constant region;
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(o) inserting the light chain variable region coding sequence of the first antibody into a light
chain expression vector; optionally wherein the constant region coding sequence of the li
chain of the first antibody is exchanged for a nucleotide sequence that encodes a humagfor
humanised constant region;

(p) optionally inserting the light chain variable region coding sequence of the second Antibody
into a light chain expression vector; optionally wherein the constant region cogfng sequence
of the light chain of the second antibody is exchanged for a nucleotide sequénce that
encodes a human or humanised constant region; and

(q) introducing each expression vector into a host cell and co-expressing Antibody chains in a
mixture of said host cells to produce antibodies, each antibody copiprising one or both of
said heavy chain variable regions and a light chain; optionally wfierein the expression vectors

are introduced together into the same host cell (eg, a CHO gf HEK293 cell) so that the cell is

capable of expressing antibody light chains and heavy chfins, such that the cell or a plurality
of the host cells express antibodies, each comprising ghe or both of said heavy chain variable

regions and a light chain;
(r) optionally:
prior to immunisation the light chain Ig€i of the vertebrates contain the identical VH gene
repertoire (optionally a single VH ggfie segment) and optionally the identical J repertoire
(optionally a single J gene segmeft); optionally the light chain loci of the vertebrates are
identical prior to immunisatigh; or
prior to immunisation tfe light chain loci of the vertebrates contain the identical rearranged
VJ or VDJ repertoire foptionally a single VJ or VDJ); optionally the light chain loci of the
vertebrates are igentical prior to immunisation.
72. A method of préducing a monoclonal or polyclonal antibody mixture, the method comprising
carrying out/he method of claim 71 and expressing a monoclonal antibody or polyclonal mixture
of said a

ibodies; optionally followed by isolating an antibody comprising the heavy chain

varialfe region of the first and/or second antibodies.

he method of any one of claims 66 to 72, wherein each vertebrate used for immunisation is

provided by
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(a) isolating from a human blood or tissue (eg, B lymphocytes, PBMCs, bone marrow, spleen,
tonsil or lymph node) sample a B lymphocyte that expresses an antibody that binds a
predetermined antigen (eg, an antigen expressed by an infectious disease pathogen; optio
wherein said serum or tissue was from a human individual suffering, susceptible to, or r
from, a disease or condition caused or mediated by an organism harbouring or secretjg said
antigen; or from a human individual harbouring said organism);

(b) determining which human germline VH gene segment was recombined in the human to
produce the nucleotide sequence of said B lymphocyte that encodes the heg#y chain variable
region of the antibody;

(c) constructing a transgenic vertebrate wherein said human germling/VH gene segment is
provided in a light chain locus thereof according to any one of clainy 48 to 63; and
(d) providing said transgenic vertebrate for immunisation in the/method of any one of claims 66
to 72.

The method of any one of claims 66 to 72, wherein eachl vertebrate used for immunisation is
provided by
(a) isolating from a human blood or tissue (eg, BAymphocytes, PBMCs, bone marrow, spleen,
tonsil or lymph node) sample a B lymphocyte jhat expresses an antibody that binds a
predetermined antigen (eg, an antigen exgfessed by an infectious disease pathogen; optionally
wherein said serum or tissue was from Zhuman individual suffering, susceptible to, or recovered
from, a disease or condition caused gf mediated by an organism harbouring or secreting said
antigen; or from a human individyal harbouring said organism);
(b) determining a nucleotide $£quence of said B lymphocyte that encodes a rearranged VDJ or
VJ region of the antibody;
(c) constructing a transgknic vertebrate wherein said rearranged VDI or VI region is provided in
a light chain locus thefeof according to any one of claims 48 to 64; and

(d) providing saidf£ransgenic vertebrate for immunisation in the method of any one of claims 66

to 72.

An isolat#d antibody (eg, IgG-type antibody) obtainable or obtained by the method of claim
72,0r flaim 73 or 74 when dependent from claim 72, or a mutant or derivative antibody thereof
rein (i) the isolated antibody comprises two copies of the heavy chain variable region of said
irst antibody paired with two copies of the light chain variable region of said first antibody; or

(i) the isolated antibody comprises two copies of the heavy chain variable region of said second
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antibody paired with two copies of the light chain variable region of said first antibody; or (iii)
the isolated antibody is a bispecific antibody comprising one copy of the heavy chain variable
region of said first antibody paired with a copy of the light chain variable region of the first
antibody, and one copy of the heavy chain variable region of said the antibody paired wiph a
copy of the light chain variable region of the first antibody, optionally wherein the bisgecific
antibody binds to said first and second antigens recited in claim 71; optionally for ySe in

medicine, optionally for the treatment and/or prevention of an infectious disea

A monoclonal or polyclonal antibody mixture (eg, IgG-type antibody or anfibodies), wherein the
monoclonal antibody or mixture comprises or consists of antibodies pgbduced by the method of
any one of claims 65 to 71 and 72 to 74, or a mutant or derivative gAtibody thereof optionally
for use in medicine, optionally for the treatment and/or preventfon of an infectious disease,
wherein optionally wherein each antibody binds an antigen g an infectious disease pathogen,

preferably the same antigen.

The use of an isolated, monoclonal or polyclonal anjfbody according to claim 65, 75 or 76, or a
mutant or derivative antibody thereof in the maplifacture of a medicament for the treatment
and/or prevention of an infectious disease, opfionally wherein the infectious disease is a disease

caused by a bacterial or viral pathogen.

The antibody, mixture or use accordjig to claim 75, 76 or 77, wherein the infectious disease is
selected from the group consisting of a disease caused by a pathogen selected from the group
consisting of Haemophilus inflfenza, E coli, Neisseria meningitidis, a herpes family virus,

cytomegalovirus (CMV), HIYand influenza virus.

A nucleotide sequeng€ encoding an antibody of claim 65, 75 or 76, optionally wherein the

nucleotide sequenfe is part of a vector.
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(c) An immunoglobulin heavy chain locus comprising either:-
(i) one or more human VL gene segments, one or more human D gene segments a
one or more human J gene segments upstream of a constant region (optionally
rearranged V DJ,C,, or V,DJ,,Cy); or
(ii) one or more human VH gene segments selected from the group consi
VHIII gene family member (optionally, a VHIlla or VHIIIb family memb
gene family member, VHIII 9.1 (VH3-15), VHIII VH26 (VH3-23), VH3-Z1, LSG6.1,
LSG12.1, DP77 (V3-21), VH H11, VH1GRR, ha3h2, VHI-halcl, VHAI-VH2-1, VH4.18,
ha4h3, Hv1051, 71-2, Hv1f10, VH4.11, 71-4, VH251, VH1-69 ghd a gene segment at
least 80% identical; one or more human D gene segments And one or more human J,
gene segments upstream of a constant region; and
(d) An immunoglobulin light chain locus comprising ¢he or more human V gene
segments and one or more human J gene segpfents upstream of a constant region,
optionally wherein the light chain locus is g€cording to (b)(i) or (b)(ii) of claim 48.
Wherein the gene segments in the heavy chg locus are operably linked to the constant
region thereof, and the gene segments infhe light chain locus are operably linked to the
constant region thereof, so that upon ymunisation the mouse is capable of producing an
antibody comprising heavy chains g/oduced by recombination of the heavy chain locus and
light chains produced by recombfation of the light chain locus.
82. The vertebrate or cell of claim&1, wherein the V gene segment repertoire of the light chain locus
comprises or consists of ong or more VL gene segments selected from the group consisting of a
Vill gene family membey/ V,VII 4A, V411 2.1, V3 VI 4A, a V,1 gene family member, a V,3gene family
member, IGLV1S2, VB-cML70, lalh2, lalvl, Ia3h3, Kv325, a Vkl gene family member, kl-15A
(KLO12), VIl family/member, a VIl family member, a VkI gene family member, kl-15A (KL012),
V1 A2 (optiongfly the A2a allele), V., A27 (Humkv325) and a gene segment at least 80% identical
thereto; angfor wherein or in (a)(ii) the heavy chain locus V gene segment repertoire consists of
he segment type (optionally and one or mutants thereof), wherein the VH gene

t is selected from said group of VH gene segments.

he vertebrate or cell of any claim 81 or 82, wherein in (a) said constant region is a heavy chain

endogenous non-human vertebrate (optionally host mouse or rat) constant region and/or in (b)
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said constant region is a light chain endogenous non-human vertebrate (optionally host mouse

or rat) constant region.

84. The vertebrate or cell of any one of claims 81 to 83, wherein endogenous heavy and lighy/chain

expression has been inactivated.

85. A non-human vertebrate (optionally a mouse or a rat) or vertebrate cell whose genome

comprises:

(a) (i) An unrearranged immunoglobulin heavy chain locus cofhprising one or more
human VL gene segments, one or more human D genefegments and one or more J,
gene segments upstream of a constant region, whey€in each human VL gene
segment is a human gene segment identical to (gf mutant of) a human VL gene
segment used to produce a rearranged VJ enghbding a light chain variable region of a
human antibody from an antibody-expresgfng cell wherein said antibody binds to an
antigen of an infectious disease pathogg#n (optionally the variable regions of said
antibody being identical to an antibgfly from a human individual suffering,
susceptible to, or recovered fromya disease or condition caused or mediated by an
organism harbouring or secrejfng said antigen; or from a human individual

harbouring said organism)./r

(i) An immunoglobujh heavy chain locus comprising a rearranged VI region or VD
region upstream gf a constant region, wherein the nucleotide sequence of the
recombined region is identical to a nucleotide sequence produced by the
recombinat6on of a human J gene segment and optionally a human D gene segment
with a hyfman VL gene segment that is identical to (or mutant of) the human VL gene
segmgnt used to produce a rearranged VJ encoding a light chain variable region of a
hyMman antibody from an antibody-expressing cell wherein said antibody binds to an
ntigen of an infectious disease pathogen (optionally the variable regions of said
antibody being identical to an antibody from a human individual suffering,
susceptible to, or recovered from, a disease or condition caused or mediated by an
organism harbouring or secreting said antigen; or from a human individual

harbouring said organism);
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(b)

(d)

(e)

An immunoglobulin light chain locus comprising one or more human V gene
segments and one or more human J gene segments upstream of a constant region;

and

Wherein the gene segments in the light chain locus are operably linked tgf&he
constant region thereof, and the gene segments or VJ or VDJ in the heglry chain
locus are operably linked to the constant region thereof, so that upgh immunisation
the mouse is capable of producing an antibody comprising light ghains produced by
recombination of the light chain locus and heavy chains derivgd from the heavy

chain locus;

Optionally when (a)(i) applies, each said VL gene seg/ent in the heavy chain locus is
selected from the group consisting of a VAl genefamily member, VAVII 4A, VAl 2.1,
VAVII 4A, a VA1 gene family member, a VA3gegfe family member, IGLV1S2, VA3-
cML70, lalh2, lalvl, Ia3h3, Kv325, a Vkl geng/family member, kl-15A (KLO12), VI
family member, a VkIll family member, #Vkl gene family member, kI-15A (KLO12),
VkIl A2 (optionally the A2a allele), Vg/A27 (Humkv325) and a gene segment at least

80% identical thereto;

Optionally when (a)(ii) appljés, the nucleotide sequence of the recombined region is
identical to a nucleotide fdequence produced by the recombination of a humanJ
gene segment and opgfionally a human D gene segment with a human VL gene
segment selected ffom the group consisting of a VL gene segment selected from the
group consisting of a VAll gene family member, VAVII 4A, VAl 2.1, VAVII 4A, a VAl

gene family fhember, a VA3gene family member, IGLV1S2, VA3-cML70, lalh2, lalvl,

la3h3, Ky£25, a Vkl gene family member, kI-15A (KL012), VkIl family member, a VIl
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87. The vertebrate or cell of claim 85 or 86, wherein in (a) said constant region is a heavy chain

endogenous non-human vertebrate (optionally host mouse or rat) constant region.

88. The vertebrate or cell of claim 85, 86 or 87, wherein in (b) said constant region is a light

endogenous non-human vertebrate (optionally host mouse or rat) constant region.

89. The vertebrate or cell of any one of claims 85 to 88, wherein the genome of saig/vertebrate or
cell is homozygous for heavy chain locus (a)(i) or (ii); optionally wherein:
- the V gene segment repertoire of the heavy chain loci consists of one/or more human VL gene
segments selected from the group consisting of a VL gene segmentfelected from the group
consisting of a VIl gene family member, V;JVII 4A, V,l1 2.1, VI 44, a V,1 gene family member, a
Vi3gene family member, IGLV1S2, V;3-cML70, lalh2, lalvl, [a343, Kv325, a Vkl gene family
member, kI-15A (KL012), VIl family member, a VIl familyfmember, a Vkl gene family member,
Kl-15A (KLO12), V.l A2 (optionally the A2a allele), V, A2/ (Humkv325) and a gene segment at
least 80% identical thereto; or
- the recombined VJ or VDJ repertoire of the h€avy chain loci consists of sequences identical to
one or more nucleotide sequences producgd by the recombination of a human VL gene segment
selected from the group consisting of a XL gene segment selected from the group consisting of a
VAll gene family member, VAVII 4A, WAII 2.1, VAVII 4A, a VA1 gene family member, a VA3gene
family member, IGLV1S2, VA3-cMAL70, lalh2, lalvl, a3h3, Kv325, a Vkl gene family member, kl-
15A (KL012), VklIl family membér, a Vklll family member, a Vkl gene family member, kl-15A
(KLO12), VkII A2 (optionallyZhe A2a allele), Vk A27 (Humkv325) and a gene segment at least 80%

identical thereto with a fuman J gene segment and optionally a human D gene segment.

90. The vertebrate or £ell of any one of claims 85 to 89, wherein endogenous heavy and light chain
expression haseen inactivated, and wherein heavy chain loci according to any one of claims 85

to 89 are th¢ only functional heavy chain loci in the genome of the vertebrate or cell.

91. The vgftebrate or cell of any one of claims 85 to 90, wherein each immunoglobulin heavy chain
s of said vertebrate or cell is according to (a)(i) recited in claim 85 and comprises only a
ingle human VL gene segment selected from the group consisting of a VL gene segment

selected from the group consisting of a VAll gene family member, VAVII 4A, VAl 2.1, VAVII 4A, a
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VA1 gene family member, a VA3gene family member, IGLV1S2, VA3-cML70, lalh2, lalvl, 1a3h3,
Kv325, a Vkl gene family member, kl-15A (KL012), VkII family member, a VklIl family member,
VKl gene family member, kI-15A (KLO12), VkIl A2 (optionally the A2a allele), Vk A27 (Humkv325)
and a gene segment at least 80% identical thereto, optionally wherein the genome of th
vertebrate or cell is homozygous for said heavy chain so that all heavy chain loci compfise the
same, single human VL gene segment.
92. The vertebrate or cell of any one of claims 85 to 90, wherein each immunoglgbulin heavy chain
locus of said vertebrate or cell is according to (a)(ii) recited in claim 85 ang comprises only a
single rearranged VJ or VDJ region, optionally wherein the genome of yhe vertebrate or cell is
homozygous for said heavy chain so that all heavy chain loci comprjfe the same, single
rearranged VJ or VDJ region.
93. The vertebrate or cell according to claim 91 or 92, whereigeach immunoglobulin heavy chain
locus further comprises a VL gene segment or rearranggd region that is a mutant respectively of
said selected human VL gene segment or rearrangeg/region, optionally wherein the genome of
the vertebrate or cell is homozygous for said lighfchain mutant VL gene segment or rearranged
region.
94. The vertebrate or cell according to clainf91, wherein each immunoglobulin heavy chain locus
comprises only two human VL gene $¢gments selected from said group, optionally wherein the
genome of the vertebrate or cell f homozygous for said two heavy chain human VL gene

segments.

95. The vertebrate or cell agfording to claim 92, wherein each immunoglobulin heavy chain locus
comprises only two gf said rearranged VJ or VDI regions, optionally wherein the genome of the

vertebrate or cell § homozygous for said two heavy chain rearranged VJ or VDJ regions.

96. A monoclonfl or polyclonal antibody composition prepared by immunisation of at least one

(eg, mouse or rat) according to any one of claims 81 to 95 with an antigen, optionally

wheregfn the antigen is an antigen of an infectious disease pathogen, optionally wherein the

sapfie antigen is used to immunise all the vertebrates; optionally wherein the antibody or

ntibodies are IgG-type.
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97. A method of isolating an antibody that binds a predetermined antigen, the method comprising
(a) providing a vertebrate (optionally a mouse or rat) according to any one of claims 81 to 95;
(b) immunising said vertebrate with said antigen (optionally wherein the antigen is an antigén of
an infectious disease pathogen);
(c) removing B lymphocytes from the vertebrate and selecting one or more B lymphgfytes
expressing antibodies that bind to the antigen;
(d) optionally immortalising said selected B lymphocytes or progeny thereof, ogftionally by
producing hybridomas therefrom; and
(e) isolating an antibody (eg, and IgG-type antibody) expressed by the B [fmphocytes.
98. The method of claim 97, comprising the step of isolating from said lymphocytes nucleic acid
encoding said antibody that binds said antigen; optionally exchafging the heavy chain constant
region nucleotide sequence of the antibody with a nucleotid¢/sequence encoding a human or
humanised heavy chain constant region and optionally affjity maturing the variable region of
said antibody; and optionally inserting said nucleic acidfnto an expression vector and optionally

a host.

99. The method of claim 97 or 98, further comgrising making a mutant or derivative of the antibody

produced by the method of claim 97 or 8.

100. A method of producing a gblyclonal antibody mixture, the method comprising carrying out

the method of any one of cjdims 97 to 99 by separately immunising first and second vertebrates
(optionally first and secghd mice or first and second rats) with antigen and combining the anti-
antigen antibodies isglated from each vertebrate (or mutants or derivatives of said antibodies)
to produce a polygfonal antibody mixture; optionally wherein the following apply separately or
in combinationA(i) and (ii); or (i) and (iii)):

(i) the vyfrtebrates are immunised with the same antigen or different antigens (optionally
wherefn the different antigens are expressed by the same pathogenic organism (or a family

ber thereof));

(ii) prior to immunisation the heavy chain loci of the vertebrates contain the identical VL gene
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repertoire (optionally a single VL gene) and optionally the identical D and/or J repertoire;

optionally the heavy chain loci of the mammals are identical prior to immunisation;

(iii) prior to immunisation the heavy chain loci of the vertebrates contain the identical
rearranged VJ or VDJ repertoire (optionally a single VJ or VDJ); optionally the heavy chéin loci of
the vertebrates are identical prior to immunisation.

101. A method of producing a polyclonal antibody mixture, the method comp/ising carrying out
the method of any one of claims 97 to 99 by immunising one or a plurality/of vertebrates

(optionally mice or rats) with first and second antigens and combining
antibodies isolated from each vertebrate (or mutants or derivativey/0f said antibodies) to
produce a polyclonal antibody mixture; optionally wherein the f#llowing apply separately or in

combination ({i) and (ii); or (i) and {iii)):

(i) the antigens are expressed by the same pathogenig/forganism (or a family member thereof));

(ii) prior to immunisation the heavy chain loci of£he vertebrates contain the identical VL gene
repertoire (optionally a single VL gene) and opfionally the identical D and/or J repertoire;
optionally the heavy chain loci of the mamphals are identical prior to immunisation;

(iii) prior to immunisation the heavy/£hain loci of the vertebrates contain the identical
rearranged VJ or VDJ repertoire (ghtionally a single V) or VDJ); optionally the heavy chain loci of

the vertebrates are identical pfor to immunisation.

102. A method of produciig host cells capable of expressing a polyclonal antibody mixture, the
method comprising, iA a method according to claim 98:-

(a) immunising/one or a plurality of vertebrates (optionally mice or rats) with first and second
antigeny/(optionally wherein the different antigens are expressed by the same pathogenic
orgagism (or a family member thereof));

(b) isglating nucleic acid encoding first and second anti-antigen antibodies from B lymphocytes

from said vertebrates;

c) determining the nucleotide sequences of the heavy and light chain variable regions of the

first antibody;
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(d)

(f)

(g)

(h)

determining the nucleotide sequence of the light variable region and optionally the heavy
chain variable region of the second antibody;

inserting the light chain variable region coding sequence of each antibody into a light c
expression vector; optionally wherein the constant region coding sequence of each |j
chain is exchanged for a nucleotide sequence that encodes a human or humaniseg constant
region;
inserting the heavy chain variable region coding sequence of the first antibgfly into a heavy
chain expression vector; optionally wherein the constant region coding s€quence of the
heavy chain of the first antibody is exchanged for a nucleotide sequepfCe that encodes a
human or humanised constant region;

optionally inserting the heavy chain variable region coding seqy€nce of the second antibody
into a heavy chain expression vector; optionally wherein thef£onstant region coding
sequence of the heavy chain of the second antibody is exghanged for a nucleotide sequence
that encodes a human or humanised constant region;
introducing each expression vector into a host cell Znd co-expressing antibody chainsin a
mixture of said host cells to produce antibodies&ach antibody comprising one or both of
said light chain variable regions and a heavy ghain; optionally wherein the expression vectors
are introduced together into the same hogt cell (eg, a CHO or HEK293 cell) so that the cell is
capable of expressing antibody light chéiins and heavy chains, such that the cell or a plurality
of the host cells express antibodies £ach comprising one or both of said light chain variable
regions and a heavy chain;
optionally:

prior to immunisation tfie heavy chain loci of the vertebrates contain the identical VL gene
repertoire (optionallf a single VL gene segment) and optionally the identical D and/or |
repertoire (optiogfally a single D and J gene segment); optionally the heavy chain loci of the
vertebrates arf identical prior to immunisation; or

munisation the heavy chain loci of the vertebrates contain the identical
reargAnged VJ or VDJ repertoire (optionally a single VJ or VDJ); optionally the heavy chain

lofi of the vertebrates are identical prior to immunisation.

A method of producing a monoclonal antibody or polyclonal antibody mixture, the method

comprising carrying out the method of claim 102 and expressing a monoclonal antibody or
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polyclonal mixture of said antibodies; optionally followed by isolating an antibody comprising

the light chain variable region of the first and/or second antibodies.

104. The method of any one of claims 97 to 103, wherein each vertebrate used for immunfsation
is provided by
(a) isolating from a human blood or tissue (eg, B lymphocytes, PBMCs, bone marrgiw, spleen,
tonsil or lymph node) sample a B lymphocyte that expresses an antibody that bjds a
predetermined antigen (eg, an antigen expressed by an infectious disease pgfhogen; optionally
wherein said serum or tissue was from a human individual suffering, suscgptible to, or recovered
from, a disease or condition caused or mediated by an organism harbgiring or secreting said
antigen; or from a human individual harbouring said organism);
(b) determining which human germline VL gene segment was rg€ombined in the human to
produce the nucleotide sequence of said B lymphocyte that ghicodes the light chain variable
region of the antibody;
(c) constructing a transgenic vertebrate wherein said iman germline VL gene segment is
provided in a heavy chain locus thereof according tg/any one of claims 81 to 95; and
(d) providing said transgenic vertebrate for immgnisation in the method of any one of claims 97

to 103.

105. The method of any one of claims 9740 103, wherein each vertebrate used for immunisation
is provided by
(a) isolating from a human blood/r tissue (eg, B lymphocytes, PBMCs, bone marrow, spleen,
tonsil or lymph node) sample lymphocyte that expresses an antibody that binds a
predetermined antigen (eg/an antigen expressed by an infectious disease pathogen; optionally
wherein said serum or tigsue was from a human individual suffering, susceptible to, or recovered

from, a disease or copfdition caused or mediated by an organism harbouring or secreting said

antigen; or from afhuman individual harbouring said organism);
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106. Anisolated antibody (eg, IgG-type antibody) obtainable or obtained by the method of claim
103,0r claim 104 or 105 when dependent from claim 103, or a mutant or derivative antibody
thereof wherein (i) the isolated antibody comprises two copies of the heavy chain variable
region of said first antibody paired with two copies of the light chain variable region of sgfd first

antibody; or (ii) the isolated antibody comprises two copies of the heavy chain variabl£ region of

chain variable region of said first antibody paired with a copy of the light chg/h variable region of

the first antibody, and one copy of the heavy chain variable region of saidfhe antibody paired
with a copy of the light chain variable region of the first antibody, optighally wherein the
bispecific antibody binds to said first and second antigens recited in/claim 102; optionally for use

in medicine, optionally for the treatment and/or prevention of gf infectious disease.

107. A monoclonal or polyclonal antibody mixture (eg, IgG#ype antibody or antibodies), wherein
the monoclonal antibody or mixture comprises or consjts of antibodies produced by the
method of any one of claims 97 to 101 and 103 to 145, or a mutant or derivative antibody

thereof optionally for use in medicine, optionallyfor the treatment and/or prevention of an

infectious disease, wherein optionally whereifeach antibody binds an antigen of an infectious

disease pathogen, preferably the same antj

108.  Anisolated chimaeric antibody f#r treating and/or preventing an infectious disease or
condition, the antibody comprising a non-human vertebrate (optionally a mouse or rat) heavy

chain constant regions and hughan variable regions that bind an antigen of an infectious disease
pathogen, wherein the antifody is obtainable or obtained in a method comprising immunisation
of a vertebrate of any opf of claims 48 to 64 and 81 to 95 with said antigen.
109.  Anisolated hyfan antibody for treating and/or preventing an infectious disease or
condition, the ghtibody comprising human heavy chain constant regions and human variable
regions that/ind an antigen of an infectious disease pathogen, wherein the antibody is
obtainab}€ or obtained in a method comprising affinity maturation of antibody variable regions
In a transgenic non-human vertebrate (eg, mouse or rat) when said variable regions are
opgrably linked to heavy chain constant regions of said vertebrate (eg, mouse or rat heavy chain
onstant regions) by (a) immunisation of a vertebrate of any one of claims 48 to 64 and 81 to 95

with said antigen, (b) isolation of nucleic acid encoding a chimaeric antibody according to claim
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108, (c) replacing the nucleotide sequences of the nucleic acid that encode the non-human
vertebrate heavy chain constant regions with nucleotide sequence encoding human heavy chaj

constant regions to produce nucleic acid encoding a human antibody; (d) expressing the hugan

and/or producing a derivative thereof).

110.  An antibody comprising human variable domains that bind a predetermigfed antigen (eg, an
antigen expressed by a bacterial or viral pathogen), wherein the variable glomain sequences are
encoded by rearranged VDJ and VJ regions, each of the VDJ and/or V] jfeing a hybrid region
produced by the in vivo rearrangement of human heavy and light cjfain variable region gene
segments (V and J and optionally D segments); optionally wherejf the antibody comprises

human constant regions.

111. A mixture of first and second human antibodies, e antibody being according to claim 109
or 110 and capable of binding to an antigen of an injfctious disease pathogen (optionally
wherein the first antibody binds a first antigen apfl the second antibody binds a second antigen,

said antigens being from the same pathogen; #r wherein the antigens are the same).

112.  The mixture of claim 111, wherein t}ie light chain amino acid sequence of the first antibody
is identical to the light chain amino gfid sequence of the second antibody, or has up to 15 amino

acid changes therefrom.

113.  The use of an isolated, ghonoclonal or polyclonal antibody or mixture according to any one of
claims 96 and 106 to 11/ in the manufacture of a medicament for the treatment and/or
prevention of an infegtious disease, optionally wherein the infectious disease is a disease caused

by a bacterial or vifal pathogen.

114.  The antppody, mixture or use according to any one of claims 96 and 106 to 112, wherein the
infectiouf disease is selected from the group consisting of a disease caused by a pathogen
selectfd from the group consisting of Haemophilus influenza, E coli, Neisseria meningitidis, a

hepgbes family virus, cytomegalovirus (CMV), HIV and influenza virus.
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115.  First and second nucleotide sequences encoding the heavy and light chains of an antibody
recited in any one of claims 96 and 106 to 112 or at least the variable regions thereof, optional

wherein each nucleotide sequence is part of a vector.

116. A host cell comprising one or more expression vectors encoding the heavy chains Af the first
and second antibodies recited in claim 110 or 112, and the light chain of the first a
recited in claim 110 or 112 (and optionally also the light chain of the second an{body recited in
claim 110 or 112).

117. A pharmaceutical composition comprising the antibody or antibodis recited in any one of

claims 96 and 106 to 112 and a diluent, excipient or carrier; optiongfly wherein the composition

is provided in a container connected to an IV needle or syringe gf in an |V bag.

118. A synthetic immunoglobulin locus comprising one or nfore variable and J gene segments

(and optionally one or more D gene segments) operablyflinked 5’ of a constant region, wherein

the locus comprises a 5’ to 3’ V(D)J arrangement selgcted from the group consisting of

immunoglobulin locus can be constructed with offe or more of the following arrangements (5’ to

3'):-

(a) [V (heavy, lambda or kappa)] — fwo-turn RSS] --- [one-turn RSS] — [D] — [JH], wherein
said RSSs are in an opposite grientation;

(b) [VH] - [D] - [two-turn RSH --- [one-turn RSS] — [J lambda], wherein said RSSs are in an

opposite orientation;

(c) [VH]-[D] - [one-tyfn RSS] --- [two-turn RSS] — [J kappa], wherein said RSSs are in an

(heavy, lambda or kappa)] — [one-turn RSS] --- [two-turn RSS] — [D] — [JH], wherein
said RSSs are in an opposite orientation;
(g) [VH] - [D] - [one-turn RSS] --- [two-turn RSS] — [J lambda], wherein said RSSs are in an

opposite orientation;
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(h) [VH] - [D] - [two-turn RSS] --- [one-turn RSS] — [J kappa], wherein said RSSs are in an

opposite orientation;

(i) [VH or V kappa] - [one-turn RSS] --- [two-turn RSS] — [J lambda], wherein said RSSs aye in

an opposite orientation;

(i) [V kappa] - [two-turn RSS] --- [one-turn RSS] — [JH or J lambda], wherein said BASs are in

an opposite orientation.

119. A non-human vertebrate (eg, a mouse or rat) or cell comprising the locugof claim 118.
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CLAIMS:

1. A method of producing an antibody with an HCDR3 sequence of at least 20 amino acids in
length, wherein the antibody binds to an antigen of an infectious disease pathogen, the method
comprising:
(a) providing a transgenic mouse or rat whose genome comprises
an immunoglobulin heavy chain locus comprising one or more human VH gene
segments selected from the group consisting of: a VHIIl gene family member (optionally, a
VHIlla or VHIIIb family member), a VHIV gene family member, VHIII 9.1 (VH3-15), VHIII
VH26 (VH3-23), VH3-21, LSG6.1, LSG12.1, DP77 (V3-21), VH H11, VH1GRR, ha3h2, VHI-
hatc1, VHIII-VH2-1, VH4.18, ha4h3, Hv1051, 71-2, Hv1f10, VH4.11, 71-4, VH251, VH1-69
and a gene segment at least 80% identical; one or more human D gene segments and one or
more human JH gene segments upstream of a constant region;
wherein the heavy chain locus comprises VH and/or D gene segments capable of
yielding HCDR3s of 20 or more amino acids in length, comprising VH gene segments IGHV1-
2*02, IGHV1-18*01, IGHV3-7*01, IGHV6-1*01, IGHV3-9*01, IGHV2-5*10, IGHV7-4-1*01,
IGHV1-3*01, IGHV4-4*02, IGHV3-13*01, IGHV3-23*04, IGHV1-8*01, IGHV3-21*03 and/or
IGHV3-11*01, and/or comprising D segments IGHD2-2*02, IGHD3-9*01, IGHD3-10*01,
IGHD6-13*01, IGHD4-17*01, IGHD6-19*01, IGHD3-22*01 and/or IGHD1-26*01, and
an immunoglobulin light chain locus comprising one or more human V gene
segments and one or more human J gene segments upstream of a constant region,
wherein the gene segments in the heavy chain locus are operably linked to the
constant region thereof, and the gene segments in the light chain locus are operably linked to
the constant region thereof, so that upon immunisation the mouse or rat is capable of
producing an antibody comprising heavy chains produced by recombination of the heavy
chain locus and light chains produced by recombination of the light chain locus;
(b) immunising said mouse or rat with said antigen;
(c) removing B lymphocytes from the mouse or rat and selecting one or more B lymphocytes
expressing antibodies that bind to the antigen;
(d) optionally immortalising said selected B lymphocytes or progeny thereof, optionally by
producing hybridomas therefrom; and

(e) isolating an antibody expressed by the B lymphocytes.

2. A method according to claim 1, comprising the step of isolating from said B lymphocytes a
nucleic acid encoding said antibody that binds said antigen; optionally exchanging the heavy chain
constant region nucleotide sequence of the antibody with a nucleotide sequence encoding a human
or humanised heavy chain constant region and optionally affinity maturing the variable region of said
antibody; and optionally inserting said nucleic acid into an expression vector and optionally a host
cell.
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3. A method according to claim 1 or claim 2, further comprising making a mutant or derivative of

the antibody produced by the method of claim 1 or claim 2.

4. A method of producing a polyclonal antibody mixture, the method comprising carrying out a
method according to any one of claims 1 to 3 by separately immunising first and second mice or rats
with antigen and combining the anti-antigen antibodies isolated from each mouse or rat, or mutants or
derivatives of said antibodies, to produce a polyclonal antibody mixture; optionally wherein the
following (i), (ii) or (iii) apply separately or the following (i) and (ii) or (i) and (iii) apply in combination:
(i) the mice or rats are immunised with the same antigen or different antigens, optionally wherein
the different antigens are expressed by the same pathogenic organism or a family member thereof;
(ii) prior to immunisation the light chain loci of the mice or rats contain the identical VH gene
repertoire, optionally a single VH gene, and optionally the identical J repertoire; optionally the light
chain loci of the mice or rats are identical prior to immunisation;

(iii) prior to immunisation the light chain loci of the mice or rats contain the identical rearranged
VJ or VDJ repertoire, optionally a single VJ or VDJ; optionally the light chain loci of the mice or rats

are identical prior to immunisation.

5. A method of producing a polyclonal antibody mixture, the method comprising carrying out a
method according to any one of claims 1 to 4 by immunising one or a plurality of mice or rats with first
and second antigens and combining the anti-antigen antibodies isolated from each mouse or rat, or
mutants or derivatives of said antibodies, to produce a polyclonal antibody mixture; optionally wherein
the following (i), (ii) or (iii) apply separately or the following (i) and (ii) or (i) and (iii) apply in

combination:
(i) the antigens are expressed by the same pathogenic organism, or a family member thereof;
(i) prior to immunisation the light chain loci of the mice or rats contain the identical VH gene

repertoire, optionally a single VH gene, and optionally the identical J repertoire; optionally the light
chain loci of the mice or rats are identical prior to immunisation;

(iii) prior to immunisation the light chain loci of the mice or rats contain the identical rearranged
VJ or VDJ repertoire, optionally a single VJ or VDJ; optionally the light chain loci of the mice or rats

are identical prior to immunisation.

6. A method of producing host cells capable of expressing a polyclonal antibody mixture, the
method comprising, in a method according to claim 2:

(a) immunising one or a plurality of mice or rats with first and second antigens, optionally wherein
the different antigens are expressed by the same pathogenic organism or a family member thereof;
(b) isolating nucleic acid encoding first and second anti-antigen antibodies from B lymphocytes

from said mice or rats;
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(c) determining the nucleotide sequences of the heavy and light chain variable regions of the first
antibody;
(d) determining the nucleotide sequence of the heavy variable region and optionally the light

chain variable region of the second antibody;

(e) inserting the heavy chain variable region coding sequence of each antibody into a heavy
chain expression vector; optionally wherein the constant region coding sequence of each heavy chain
is exchanged for a nucleotide sequence that encodes a human or humanised constant region;

(f) inserting the light chain variable region coding sequence of the first antibody into a light chain
expression vector; optionally wherein the constant region coding sequence of the light chain of the
first antibody is exchanged for a nucleotide sequence that encodes a human or humanised constant
region;

(9) optionally inserting the light chain variable region coding sequence of the second antibody
into a light chain expression vector; optionally wherein the constant region coding sequence of the
light chain of the second antibody is exchanged for a nucleotide sequence that encodes a human or
humanised constant region; and

(h) introducing each expression vector into a host cell and co-expressing antibody chains in a
mixture of said host cells to produce antibodies, each antibody comprising one or both of said heavy
chain variable regions and a light chain; optionally wherein the expression vectors are introduced
together into the same host cell, optionally a CHO cell or HEK293 cell, so that the cell is capable of
expressing antibody light chains and heavy chains, such that the cell or a plurality of the host cells
express antibodies, each comprising one or both of said heavy chain variable regions and a light
chain;

(i) optionally:

prior to immunisation the light chain loci of the mice or rats contain the identical VH gene repertoire,
optionally a single VH gene segment, and optionally the identical J repertoire, optionally a single J
gene segment; optionally the light chain loci of the mice or rats are identical prior to immunisation; or
prior to immunisation the light chain loci of the mice or rats contain the identical rearranged VJ or VDJ
repertoire, optionally a single VJ or VDJ; optionally the light chain loci of the mice or rats are identical

prior to immunisation.

7. A method of producing a monoclonal or polyclonal antibody mixture, the method comprising
carrying out a method according to claim 6 and expressing a monoclonal antibody or polyclonal
mixture of said antibodies; optionally followed by isolating an antibody comprising the heavy chain

variable region of the first and/or second antibodies.

8. A method according to any one of claims 1 to 7, wherein each mouse or rat used for
immunisation is provided by:
(a) isolating from a human blood or tissue, optionally B lymphocytes, PBMCs, bone marrow,

spleen, tonsil or lymph node, sample a B lymphocyte that expresses an antibody that binds the
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antigen, optionally wherein said serum or tissue was from a human individual suffering, susceptible
to, or recovered from, a disease or condition caused or mediated by an organism harbouring or
secreting said antigen; or from a human individual harbouring said organism;

(b) determining which human germline VH gene segment was recombined in the human to
produce the nucleotide sequence of said B lymphocyte that encodes the heavy chain variable region
of the antibody;

(c) constructing a transgenic mouse or rat wherein said human germline VH gene segment is
provided in a light chain locus thereof according to claim 1; and

(d) providing said transgenic mouse or rat for immunisation in a method according to any one of

claims 1to 7.

9. Use of a transgenic mouse or rat for producing an antibody with an HCDR3 sequence of at
least 20 amino acids in length, wherein the antibody binds to an antigen of an infectious disease
pathogen, wherein the mouse or rat genome comprises human VH, D and J gene segments provided
in a heavy chain locus upstream of the endogenous mouse or rat constant region, wherein

the VH gene segments comprise IGHV1-2*02, IGHV1-18*01, IGHV3-7*01, IGHV6-1*01,
IGHV3-9*01, IGHV2-5*10, IGHV7-4-1*01, IGHV1-3*01, IGHV4-4*02, IGHV3-13*01, IGHV3-23*04,
IGHV1-8*01, IGHV3-21*03 and/or IGHV3-11*01, and wherein

the D segments comprise IGHD2-2*02, IGHD3-9*01, IGHD3-10*01, IGHD6-13*01, IGHDA4-
17*01, IGHD6-19*01, IGHD3-22*01 and/or IGHD1-26*01.

10. An isolated antibody that specifically binds an antigen of an infectious disease pathogen, the
antibody comprising human heavy chain variable regions and non-human constant regions, wherein
the variable regions are derived from the recombination in a non-human vertebrate of
(i) a human VH gene segment selected from IGHV1-2*02, IGHV1-18*01, IGHV3-7*01, IGHV6-1*01,
IGHV3-9*01, IGHV2-5*10, IGHV7-4-1*01, IGHV1-3*01, IGHV4-4*02, IGHV3-13*01, IGHV3-23*04,
IGHV1-8*01, IGHV3-21*03 and/or IGHV3-11*01 with
(i) a human D gene segment selected from IGHD2-2*02, IGHD3-9*01, IGHD3-10*01, IGHD6-13*01,
IGHD4-17*01, IGHD6-19*01, IGHD3-22*01 and/or IGHD1-26*01 and with
(iii) a human JH gene segment, optionally JH6; wherein

the antibody has an HCDR3 sequence of at least 20 amino acids in length ; and non-human
vertebrate AlD-pattern somatic hypermutations, optionally mouse or rat AlD-pattern mutations, when
compared to corresponding human germline V, D and J sequences and/or non-human, optionally
mouse or rat, terminal deoxynucleotidyl transferase (TdT)- pattern junctional mutations when

compared to corresponding human germline V, D and J sequences.

11. Use of a monoclonal or polyclonal antibody produced by the method of any one of claims 1 to
5 or 7 or an antibody according to claim 10 in the manufacture of a medicament for treating and/or

preventing an infectious disease.
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12. A method according to any one of claims 1 to 8, wherein the antigen is an antigen expressed

by a bacterial or viral infectious disease pathogen.

13. Use according to claim 9 or claim 11, wherein the antigen is an antigen expressed by a

bacterial or viral infectious disease pathogen.

14. An antibody according to claim 10, wherein the antigen is an antigen expressed by a bacterial

or viral infectious disease pathogen.

15. A method according to claim 12, wherein the antigen is an antigen of HIV.

16. Use according to claim 13, wherein the antigen is an antigen of HIV.

17. An antibody according to claim 14, wherein the antigen is an antigen of HIV.

18. A method according to claim 12, wherein the antigen is an antigen of malaria.

19. Use according to claim 13, wherein the antigen is an antigen of malaria.

20. An antibody according to claim 14, wherein the antigen is an antigen of malaria.

21. A method according to any one of claims 1, 4, 5, 6, or 7, substantially as hereinbefore

described with reference to the examples and figures.

22. Use according to claim 9 or claim 11, substantially as hereinbefore described with reference

to the examples and figures.

23. An antibody according to claim 10, substantially as hereinbefore described with reference to

the examples and figures.
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