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1. A genetically modified non-human animal comprising in its germline an
immunoglobulin locus comprising a substitution or an insertion in an
immunoglobulin variabie locus of at least one non-histiding codon with a higjidine
codon, wherein the histidine codon is not encoded by a corresponding wijd-type
germline gene segment.

2. The non-human animal of claim 1, wherein the non-human Znimal
comprises a first and a second variable locus, wherein at 1east the first or the
second variable locus comprises an insertion of at least one bistidine codon or a
substitution of at least one non-histidine codon with a histigine codon.

3. The non-human animal of claim 2, wherein both/he first and the second
variable locus each comprise a substitution or insertign of at least one non-histidine
codon with a histidine codon.

4, The non-human animal of claim 3, wherain the first variable locus comprises
at ieast a functional portion of an unrearranged heavy chain variable locus
(unrearranged V, D, J segments).

5. The non-human animal of clajh 4, wherein the unrearranged heavy chain
variable locus comprises at least g/portion of a human locus (unrearranged V, 0,J

segments).

6. The non-human anifal of claim 4, wherein the unrearranged heavy chain
locus is a human locus cefmprising unrearranged V segments, a synthetic D

comprises at least one histidine codon.

8 The pon-human animal of claim 3, wherein the second variable locus
comprisey/at least a functional portion of an unrearranged light chain locus
(unreayfanged V,J segments).

9. The non-human animal of claim 4, wherein the second variable locus
mprises a rearranged immunoglobulin light chain variable gene sequence
(rearranged VJ sequence).

10. The non-hurman animal of claim 1, wherein the substitution of an non-
histidine codon with a histidine codon and/or the ingertion of a histidine codon is in
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a nucleic acid sequence that encodes a variable domain and the histidine is in a
region selected from an N-terminal region of an immunoglobulin chain, a loop 4
region of an immunoglobulin chain, a CDR1 of a heavy chain, a CDR2 of a hea
chain, a8 CDR3 of & heavy chain, a CDR1 of a light chain, a CDR2 of a light ¢
CDR3 of a light chain, and a combination thereof.

11.  The non-human animal of claim 2, wherein at least one of the fir
locus or the second variable locus is operably linked to an endogenous non-human
constant region nucleic acid sequence at an endogenous non-hu
immunoglobulin locus,

12. The non-human animal of claim 5, wherein the first vdriable locus
(unrearranged human V, D, J segments) is operably linked to an endogenous non-

human immunoglobulin heavy chain constant region nuCleic acid sequence.

13.  The non-human animal of claim 12, whereir/the first variable locus
(unrearrangd human V, D, J segments) is operaply linked to the endogenous non-

human immunoglobulin heavy chain constantfegion nucleic acid sequence at an

nstant region gene sequence, wherein one or more of the VV, D, and J
ents comprise at least one substitution of a non-histidine codon for a
histidige codon, or at least one histidine codon insertion, wherein the histidine
cogbn of the human unrearranged immunoglobulin heavy chain variable region
cleic acid sequence is not encoded by a corresponding human germline gene

segment;

at least a portion of a human unrearranged immunoglobulin light chain
variable region nucleic acid sequence (unrearranged V, J segments) operably
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linked to a constant region gene sequence, wherein one or more of the V and J
gene segments comprise at least ane substitution of a non-histidine codon for a
histidine codon, or at least one histidine codon insertion, wherein the histidine
codon of the human unrearranged immunoglobulin light chain variable region
nucleic acid sequence is not encoded by a corresponding human germiine gene
segment;

wherein the non-human animal expresses an immunoglobulin/heavy chain
variable domain and/or an immunogiobulin light chain variable dorpain that
comprises a histidine derived from a histidine substitution or ingértion in the
germiine of the mouse.

17.  The genetically modified non-human animal of clgifn 16, wherein the non-
human animat is a mammal.

18.  The genetically modified mammal of claim 7, wherein the mammal is a
rodent.

19. The rodent of claim 18, wherein the rgdent is selected from the group
consisting of a mouse, a rat, and a hamstgt.

20.  The genetically modified non-ydman animal of claim 16, wherein the human
unrearranged immunoglobulin heayy chain variable region nucleic acid sequence is
operably linked to a non-human gonstant region sequence.

21. The genetically modifiéd non-human animal of claim 20, wherein the non-
human constant region nygleic acid sequence operably linked to the human
unresrranged immunog/obulin heavy chain variable region nucleic acld sequence is
at an endogenous ngh-human immunoglobulin locus in the germline of the non-
human animal.

23.  The genetically modified non-human animal of claim 16, wherein the non-
human congtant region nucleic acid sequence operably linked to the human
unrearrafiged immunoglobulin light chain variable region nucleic acid sequence is
at an ghdogenous non-human immunoglobulin locus in the germiine of the non-

hugian animal.
A genetically modified non-human animal, comprising

at least a portion of a human unrearranged immunoglobulin heavy chain
variable region nucleic acid sequence (unrearranged V, D, J segments) operably
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linked to a constant region gene sequence, wherein one or more of the
unrearranged V, D, and J gene segments comprise at least one substitution of a
non-histidine codon for a histidine codon, or at least one histidine codon insertio
wherein the histidine codon of the human unrearranged immunoglobulin heay
chain variable region nucleic acid sequence is not encoded by a corresponding
human germline gene segment;

a human rearranged immunoglobulin fight chain variable regigh nucleic acid
sequence (rearranged VJ sequence) operably linked to a light chgih constant region
gene sequence, wherein the rearranged VJ sequence comprisgs at least one
substitution of a non-histidine codon for a histidine codon, or/at ieast one histidine
codan insertion, wherein the histidine codon of the humaryrearranged
immunoglobulin light ¢hain variable region nucleic acid fequence is not encoded by
a corresponding human germline gene segment;

wherein the non-human animal expresseg an immunogiobulin heavy chain
variable domain and/or an immunoglobulin light chain variable domain that
comprises a histidine derived from a histidiple substitution or insertion in the
germiine of the mouse.

25. The genetically modified nonfiuman animal of claim 24, which is 8 mammal.
26.  The genetically modified hammal of claim 25, which is a rodent.

27.  The rodent of claim 26/ selected from the group consisting of a mouse, a rat,
and a hamster.

28.  The geneticallyfnodified non-human animal of claim 24, wherein the human
unrearranged immugfoglobulin heavy chain variable region nucleic acid sequence is
operably linked to’a non-human constant region sequence.

30. The genetically modified non-hurman animal of claim 29, wherein the non-
human constant region sequence operably linked to the human rearranged
immunoglabulin light chain variable region nucleic acid sequence is at an
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endogenous non-human immunoglobulin locus in the germline of the non-human
animal.

31. A genetically modified non-human animal, wherein the animal comprises/in
its germline

at least one insertion, or at least one substitution, of a non-histiding codon
for a histidine codon at an immunoglobulin heavy chain locus, wherein the histidine
codon of the immunaglobulin heavy chain locus is not encoded by aorresponding
germiine gene segment; and

at least one insertion, or at least one substitution, of a pfon-histidine codon
for a histidine codon at an immunoglobulin light chain locus/wherein the histidine
codon of the immunoglobutin light chain locus is not encgded by a corresponding
germline gene segment; and

a B cell population that is characterized by an enhanced presence of
histidine residues in immunoglobulin heavy and/ight chains of the B cell population

as compared with a wild-type non-human anjmal.

32. The genetically modified non-human animal of claim 31, wherein the

enhancement is about 2-4 fold,

33,  The genetically modified noh-human animal of claim 31, wherein the

enhancement is about 2-10 fold

34. A genetically modified non-human animal that expresses immunoglobulin
light and heavy chains that comprise histidines encoded by substitutions and/or

insertions in germiine jfimunoglobulin sequences of the non-human animal.

A method for making a non-human animal that makes antibody variable
domains with histidines encoded by germline histidine codons, comprising:

modifying the non-human animal in its germline to comprise at least one
substitution of histidine codon for a non-histidine codon, or insertion of a histidine
207

AMENDED SHEET (ARTICLE 19)



huang.liangshu
Line


WO 2013/138712 PCT/US2013/032036

codon, in an unrearranged immunoglobulin heavy chain variable (unrearranged V,
D, J segments) locus, wherein the histidine codon of the unrearranged
immunoglobulin heavy chain variable locus is not encoded by a corresponding wid-
type germline gene segment; and,

modifying the non-human animal in its germline to comprise at leagt one
substitution of a histidine codon for a non-histidine codon, or insertion of/a histidine
codon, in an unrearranged immunogilobulin light chain variable (unregfranged V, J
segments) locus, wherein the histidine codon of the unrearranged fmmunoglobulin
light chain variable locus is not encoded by a corresponding wild“type germline
gene segment,

38.  The method of claim 37, wherein the method comgrises genetically
modifying the germline of the mouse to comprise at leaét a portion of a human
unrearranged immunoglobulin heavy chain variable fV, D, J segments) locus, and
making the histidine substitution or Insertion in thg unrearranged immunoglobulin
heavy chain variable (unrearranged V, D, J segments) human locus.

39.  The method of claim 37, wherein th¢ method comprises genetically
modifying the germline of the mouse to gomprise at least a portion of 8 human
unrearranged immunoglobulin light chéin (unrearranged V, J segments) locus, and
making the histidine substitution oy/insertion in the unrearranged human
immunoglobulin light chain locug.

40. The method of claim/47, wherein the non-human animal is a rodent.

41, The method of cigim 40, wherein the rodent is selected from a mouse, a rat,
and a hamster.

42. A method §or making a non-human animal that makes antibody variable
domains with hiétidines encoded by germline histidine codons, compriging:

modgifying the non-human animal to comprise at least one substitution of
histidine £odon for a non-histidine codon, or insertion of a histidine codon, in an
unreagfanged immunoglobulin heavy chain variable (unrearranged V, D, J
segfnents) locus, wherein the histidine codon of the unrearranged immunoglobulin
eavy chain variable locus is not encoded by a corresponding wild-type germline
gene segment; and,

modifying the non-human animal to comprise at least one substitution of a
histidine codon for a non-histidine codon, or insertion of a histidine codon, in a
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rearranged immunogiobulin light chain variable sequence (rearranged VJ
sequence) in the germling, whereln the histidine codon comprised in the rearrange
immunoglobulin light chain variable sequence is not encoded by a correspondin

wild-type germiine gene segment.
43, The method of claim 42, wherein the non-human animal is a rodeny/

44. The method of claim 43, wherein the rodent is selected from a mouse, a rat,

and a hamster.
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The claims defining the invention are as follows:

1. A genetically modified non-human animal comprising in its germline an
immunoglobulin locus that comprises an unrearranged immunoglobulin variable gene
sequence comprising a substitution of at least one non-histidine codon with a histidine codon
or an insertion of at least one histidine codon, wherein the substituted or inserted histidine
codon is not encoded by a corresponding wild-type gene segment, wherein the non-human
animal expresses a nucleotide sequence encoding an immunoglobulin variable domain that
comprises a histidine amino acid derived from the substitution of the at least one non-histidine
codon or insertion of the at least one histidine codon in the unrearranged immunoglobulin

variable gene sequence.

2. The non-human animal of claim 1, wherein the non-human animal comprises a first
and a second immunoglobulin variable locus, wherein at least the first or the second
immunoglobulin variable locus comprises an unrearranged immunoglobulin variable gene
sequence comprising the insertion of the at least one histidine codon or the substitution of the
at least one non-histidine codon with a histidine codon.

3. The non-human animal of claim 2, wherein both the first and the second
immunoglobulin variable locus each comprise an unrearranged immunoglobulin variable gene
sequence comprising the substitution of the at least one non-histidine codon with a histidine
codon or the insertion of the at least one histidine codon.

4. The non-human animal of claim 2, wherein the first immunoglobulin variable locus
comprises at least a functional portion of an unrearranged immunoglobulin heavy chain

variable gene sequence (unrearranged V, D, J segments).

5. The non-human animal of claim 4, wherein the unrearranged immunoglobulin heavy
chain variable gene sequence comprises at least a portion of a human immunoglobulin heavy

chain gene sequence (unrearranged V, D, J segments).

6. The non-human animal of claim 4, wherein the unrearranged immunoglobulin heavy
chain variable gene sequence is a human immunoglobulin heavy chain gene sequence
comprising unrearranged V segments, a synthetic D segment that comprises a linker, and a

human J segment.

203


huang.liangshu
Rectangle

huang.liangshu
Line


10

15

20

25

30

35

7. The non-human animal of claim 6, wherein the synthetic D segment comprises at
least one histidine codon.

8. The non-human animal of claim 2, wherein the second immunoglobulin variable locus
comprises at least a functional portion of an unrearranged immunoglobulin light chain variable

gene sequence (unrearranged V, J segments).

9. The non-human animal of claim 2, wherein the second immunoglobulin variable locus
comprises a rearranged immunoglobulin light chain variable gene sequence (rearranged VJ
sequence).

10. The non-human animal of claim 1, wherein the substitution of the at least one non-
histidine codon with a histidine codon and/or the insertion of the at least one histidine codon
is in a nucleic acid sequence that encodes an immunoglobulin variable domain and the
inserted or substituted histidine is in a region selected from an N-terminal region of an
immunoglobulin chain, a loop 4 region of an immunoglobulin chain, a CDR1 of an
immunoglobulin heavy chain, a CDR2 of an immunoglobulin heavy chain, a CDR3 of an
immunoglobulin heavy chain, a CDR1 of an immunoglobulin light chain, a CDR2 of an
immunoglobulin light chain, a CDR3 of an immunoglobulin light chain, and a combination
thereof.

11. The non-human animal of claim 2, wherein at least one of the first immunoglobulin
variable locus or the second immunoglobulin variable locus is operably linked to an
endogenous non-human immunoglobulin constant region nucleic acid sequence at an

endogenous non-human immunoglobulin locus.

12. The non-human animal of claim 5, wherein the unrearranged immunoglobulin heavy
chain variable gene sequence (unrearranged human V, D, J segments) is operably linked to
an endogenous non-human immunoglobulin heavy chain constant region nucleic acid

sequence.

13. The non-human animal of claim 12, wherein the unrearranged immunoglobulin heavy
chain variable gene sequence (unrearranged human V, D, J segments) is operably linked to
the endogenous non-human immunoglobulin heavy chain constant region nucleic acid

sequence at an endogenous non-human immunoglobulin locus.
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14. The non-human animal of claim 8, wherein the immunoglobulin light chain variable
gene sequence (unrearranged V, J segments) is operably linked to an endogenous non-

human immunoglobulin light chain constant region sequence.

15. The non-human animal of claim 14, wherein the endogenous non-human
immunoglobulin light chain constant region sequence is at an endogenous non-human

immunoglobulin locus.

16. A genetically modified non-human animal, comprising

at least a portion of a human unrearranged immunoglobulin heavy chain variable
region nucleic acid sequence (unrearranged V, D, J segments) operably linked to an
immunoglobulin heavy chain constant region gene sequence, wherein one or more of the V,
D, and J segments comprise at least one substitution of a non-histidine codon with a histidine
codon, or at least one histidine codon insertion, wherein the histidine codon substituted or
inserted into the one or more of the V, D and J segments of the human unrearranged
immunoglobulin heavy chain variable region nucleic acid sequence is not encoded by a
corresponding human germline gene segment; and;

at least a portion of a human unrearranged immunoglobulin light chain variable region
nucleic acid sequence (unrearranged V, J segments) operably linked to an immunoglobulin
light chain constant region gene sequence, wherein one or more of the V and J segments
comprise at least one substitution of a non-histidine codon with a histidine codon, or at least
one histidine codon insertion, wherein the histidine codon substituted or inserted into one or
more of the V and J segments of the human unrearranged immunoglobulin light chain
variable region nucleic acid sequence is not encoded by a corresponding human germline
gene segment;

wherein the non-human animal expresses an immunoglobulin heavy chain variable
domain and/or an immunoglobulin light chain variable domain that comprises a histidine
derived from the at least one histidine codons substituted or inserted into the one or more of
the V, D and J segments of the human unrearranged immunoglobulin heavy chain variable
region nucleic acid sequence and/or one or more of the V and J segments of the human
unrearranged immunoglobulin light chain variable region nucleic acid sequence, respectively.

17. The genetically modified non-human animal of claim 16, wherein the non-human

animal is a mammal.

18. The genetically modified mammal of claim 17, wherein the mammal is a rodent.

205


huang.liangshu
Rectangle

huang.liangshu
Line


10

15

20

25

30

35

19. The rodent of claim 18, wherein the rodent is selected from the group consisting of a

mouse, a rat, and a hamster.

20. The genetically modified non-human animal of claim 16, wherein the human
unrearranged immunoglobulin heavy chain variable region nucleic acid sequence is operably

linked to a non-human immunoglobulin heavy chain constant region sequence.

21. The genetically modified non-human animal of claim 20, wherein the non-human
immunoglobulin heavy chain constant region nucleic acid sequence operably linked to the
human unrearranged immunoglobulin heavy chain variable region nucleic acid sequence is at
an endogenous non-human immunoglobulin heavy chain locus in the germline of the non-

human animal.

22. The genetically modified non-human animal of claim 16, wherein a non-human
immunoglobulin light chain constant region nucleic acid sequence is operably linked to the

human unrearranged immunoglobulin light chain variable region nucleic acid sequence.

23. The genetically modified non-human animal of claim 22, wherein the non-human
immunoglobulin light chain constant region nucleic acid sequence operably linked to the
human unrearranged immunoglobulin light chain variable region nucleic acid sequence is at

an endogenous non-human immunoglobulin locus in the germline of the non-human animal.

24. A genetically modified non-human animal, comprising

at least a portion of a human unrearranged immunoglobulin heavy chain variable
region nucleic acid sequence (unrearranged V, D, J segments) operably linked to an
immunoglobulin heavy chain constant region gene sequence, wherein one or more of the
unrearranged V, D, and J segments comprise at least one substitution of a non-histidine
codon with a histidine codon, or at least one histidine codon insertion, wherein the histidine
codon substituted or inserted into the one or more of the V, D and J segments of the human
unrearranged immunoglobulin heavy chain variable region nucleic acid sequence is not
encoded by a corresponding human germline gene segment; and;

a human rearranged immunoglobulin light chain variable region nucleic acid sequence
(rearranged VJ sequence) operably linked to an immunoglobulin light chain constant region
gene sequence, wherein the rearranged VJ sequence comprises at least one substitution of a
non-histidine codon with a histidine codon, or at least one histidine codon insertion, wherein
the histidine codon substituted or inserted the rearranged VJ sequence is not encoded by a

corresponding human germline gene segment;
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wherein the non-human animal expresses an immunoglobulin heavy chain variable
domain and/or an immunoglobulin light chain variable domain that comprises a histidine
derived from the at least one histidine codons substituted or inserted into the one or more of
the V, D and J segments of the human unrearranged immunoglobulin heavy chain variable
region nucleic acid sequence and/or the rearranged VJ sequence, respectively.

25. The genetically modified non-human animal of claim 24, which is a mammal.

26. The genetically modified mammal of claim 25, which is a rodent.

27. The rodent of claim 26, selected from the group consisting of a mouse, arat, and a

hamster.

28. The genetically modified non-human animal of claim 24, wherein the human
unrearranged immunoglobulin heavy chain variable region nucleic acid sequence is operably

linked to a non-human immunoglobulin heavy chain constant region sequence.

29. The genetically modified non-human animal of claim 28, wherein the non-human
immunoglobulin heavy chain constant region sequence operably linked to the human
unrearranged immunoglobulin heavy chain variable region nucleic acid sequence is at an
endogenous non-human immunoglobulin heavy chain locus in the germline of the non-human

animal.

30. The genetically modified non-human animal of claim 29, wherein a non-human
immunoglobulin light chain constant region sequence is operably linked to the human

rearranged immunoglobulin light chain variable region nucleic acid sequence.

31. A genetically modified non-human animal, wherein the non-human animal comprises
a B cell population that is characterized by an enhanced presence of histidine residues in
immunoglobulin chains of the B cell population as compared with a wild-type non-human
animal, wherein the enhanced histidine residues are encoded by substitutions and/or
insertions of histidine codons not encoded by corresponding gene sequences.

32. The genetically modified non-human animal of claim 31, wherein the enhancement is
about 2-4 fold.
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33. The genetically modified non-human animal of claim 31, wherein the enhancement is
about 2-10 fold.

34. A genetically modified non-human animal that expresses immunoglobulin chains that
comprise histidines encoded by substitutions and/or insertions in germline endogenous

immunoglobulin sequences of the non-human animal.

35. The genetically modified non-human animal of claim 1, wherein an immunoglobulin
variable region sequence in the immunoglobulin variable locus comprises 2, 3, 4, or 5
histidines that are substitutions of a histidine codon for a non-histidine codon and/or insertions
of histidine codons.

36. The genetically modified non-human animal of claim 5, wherein the unrearranged
immunoglobulin heavy chain gene sequence comprises D gene segments that are inverted
with respect to the direction of orientation of the immunoglobulin heavy chain gene sequence.

37. A method for making a non-human animal that makes antibody variable domains with
histidines encoded by germline histidine codons, comprising:

modifying the non-human animal in its germline to comprise at least one substitution
of histidine codon for a non-histidine codon, or insertion of a histidine codon, in an
unrearranged immunoglobulin heavy chain variable (unrearranged V, D, J segments) gene
sequence, wherein the histidine codon of the unrearranged immunoglobulin heavy chain
variable gene segment is not encoded by a corresponding wild-type germ line gene segment;
and,

modifying the non-human animal in its germline to comprise at least one substitution
of a histidine codon for a non-histidine codon, or insertion of a histidine codon, in an
unrearranged immunoglobulin light chain variable (unrearranged V, J segments) gene
sequence, wherein the histidine codon of the unrearranged immunoglobulin light chain
variable gene segment is not encoded by a corresponding wild-type germ line gene segment.

38. The method of claim 37, wherein the method comprises genetically modifying the
germline of the mouse to comprise at least a portion of a human unrearranged
immunoglobulin heavy chain variable (V, D, J segments) gene sequence, and making the at
least one histidine substitution or insertion in the unrearranged immunoglobulin heavy chain

variable (unrearranged V, D, J segments) human gene sequence.
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39. The method of claim 37, wherein the method comprises genetically modifying the
germline of the mouse to comprise at least a portion of a human unrearranged
immunoglobulin light chain (unrearranged V, J segments) gene sequence, and making the at
least one histidine substitution or insertion in the unrearranged human immunoglobulin light

chain gene sequence.

40. The method of claim 37, wherein the non-human animal is a rodent.

41. The method of claim 40, wherein the rodent is selected from a mouse, arat, and a

hamster.

42. A method for making a non-human animal that makes antibody variable domains with
histidines encoded by germline histidine codons, comprising:

modifying the non-human animal to comprise at least one substitution of histidine
codon for a non-histidine codon, or insertion of a histidine codon, in an unrearranged
immunoglobulin heavy chain variable (unrearranged V, D, J segments) gene sequence,
wherein the histidine codon of the unrearranged immunoglobulin heavy chain variable gene
sequence is not encoded by a corresponding wild-type germline gene segment; and,

modifying the non-human animal to comprise at least one substitution of a histidine
codon for a non-histidine codon, or insertion of a histidine codon, in a rearranged
immunoglobulin light chain variable sequence (rearranged VJ sequence) in the germline,
wherein the histidine codon comprised in the rearranged immunoglobulin light chain variable
sequence is not encoded by a corresponding wild-type germline gene segment.

43. The method of claim 42, wherein the non-human animal is a rodent.

44, The method of claim 43, wherein the rodent is selected from a mouse, a rat, and a

hamster.

45. The non-human animal of claim 8, wherein the unrearranged light chain gene
sequence is a human unrearranged light chain gene sequence (unrearranged V, J
segments).

46. The non-human animal of claim 9, wherein the rearranged immunoglobulin light chain

variable gene sequence is a human rearranged immunoglobulin light chain variable gene

sequence (rearranged VJ sequence).
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47. The genetically modified non-human animal of claim 30, wherein the non-human
immunoglobulin light chain constant region sequence operably linked to the human
rearranged immunoglobulin light chain variable region nucleic acid sequence is at an

endogenous non-human immunoglobulin light chain locus in the germline of the non-human
animal.
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