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Summary-—ef-taventieon
Technical Problem
[0014]
The present invention has been made in light of such

a situation, and an object of the present invention is to



concentration, particularly, calcium ion concentraticn,
between plasma and early endosome or on the pHs cf these
environments and found that use of antigen-binding
molecules having calcium-dependent or pH-dependent
antigen-binding activity enables promotion of cellular
uptake of antigens by the antigen-binding molecules and
preparation of a library consisting essentially of
antigen-binding molecules that reduce antigen
concentration in plasma.

[0016]

Specifically, the present invention relates to a
library congigting essentially of a plurality of antigen-
binding molecules differing in sequence from each other,
wherein an antigen-binding domain in each of the antigen-
binding molecules comprises at least one amino acid
residue that changes the antigen-binding activity of the
antigen-binding molecule depending on ion concentration
conditions, & composition comprising a plurality of
polynuclectide molecules each encoding the antigen-
binding molecules, a compeosition comprising a plurality
of vectors each comprising the polynucleotide molecules,
a method for sgelecting the antigen-binding molecules, a
method for isolating the polynuclecotide molecules, a
method for producing the antigen-binding .mozecules, a
pharmaceutical composition comprising any of the antigen-

binding meclecules, etc.. More specifically,
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in a first aspect, the presgeni invention refers to a

library congisting egsentially of a plurality of antigen-

binding moleculeg differing in seguence from each other,

wher

fd

ein an antigen-binding domaln in each of the antigen-

binding molecules comprises a light chain variable region

which comprises at leagt one amino acid resgidue that

changes the antigen-binding activity of the antigen-

binding molecule depending on calcium lon concentration

conditions, wherein the amino acid regidus ig located at

any one or more of positions 30, 31, 2322, 50 and 92

defined by the Kabat numbering in the light c¢hain

variable region. In ancother aspect, the present invention

refers to a library consisting essentially of a plurality

of fusion polypeptides each comprising antigen-binding

molecules according te the present iInventicon, wherein

ezach of the fusion polypeptides is a fusion product of a

heavy c¢hain variable region of the antigen-binding

molecule and at least a portion of a wviral coat protein.

In ancother aspect, fthe pregsent invention refers to a

composition comprising a plurality of polynucleotide

nolecules eack encodlng antigen-binding moierules

differing in sequence from each other according to the

resent invention or fusion polveoeotides differing in
‘ YReo &

gequence fyom each other according to claim & or 9. In

sti1ll another aspect, the pregent ilnvention refesrs Lo &

composition comprising a plurality

e

compriging  a  plurality  of  oolyoucl
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aocording to the present invention in an operably linked

state. In another aspect, the present invention refers to

2 composition comprising a plurality of wviruses each

comprising vectors according to the present invention. In

still another aspect, the present invention refers to &

compogition comprising a  plurality of wviruseg each

L

displaying on theilr surface antigen-binding molecules

differing in sequence from each other according to the

present invention or fusion polypeptides differing in

sequence from each other according to claim 8 or 9. In

another aspect, the present invention refers to a library

compriging antigen-binding molecules differing i

secguence  from  each obher according to  the pregent

invention or fusion polypeptides differing in geguence
from each other sccording to claim 8 or &, wherein the

library has 1 x 10° to 1 x 10" distinct variable regicn

segquences, In still anothery aspect, the present invention

vefers to a method for prepaving a library consisting

.

essentially of a plurality of antigen-binding moleculeg

E

differing in seguence from each obhsr, the wmethod

comprising producing a plurality of antigen-binding

molecules designed go that an antigen-binding domain in

each of the antigen-binding molecules comprises a light

chain variable region which comprises at least one amino

acid residue that changes the antigen-binding activity of

the antigen-binding molecule depending on calcium ion

L £ o - s : o gy e - : P - B o
concentyration conditlions, wherelin the amino acld residue
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ls located at any one or more of positions 30, 31, 32, 50

and 92 defined by the Kabat numbering in the light chain

variable region. In another agpect, the present invention

refers bto a method for selecting an antigen-kbinding

molecule whose antigen-binding activity is  change

depending on calcium ion concentration conditlons, the

method compriging the sgteps of: &) preparing a library

congiasting essgentiszlly  of  antigen-binding molecules

differing in seguence from each other according to the

present invention or fusion polypeptides differing in

e

gequence from each other according te claim 8 oxr 9; b)

contacting the library with antigens undey two or more

different caloiunm ion  concentration conditions; <

sorting, from the library, a subpopulation of antigen-

Hinding wolecules whose antigen-binding activity is

changed depending on  the calcium  lon  concentration

condltions; and al isclating zzch antigen-binding
molecule  whose antigen-binding activit i changed

depending - on the calcium lon concentration conditions

from the subpopulation sorted in the step <), In still

W

other aspect, the pregent invention refers to a method

for isolating a polynuclectide encoding an antigen-

binding wmolecule whose antigen-binding activity is

changed depending on calcium lon concentration conditlions,

the method comprising the steps of: &) preparing a

of replicable expression

cperably linked state, &
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plurality of polvnuclectides each encoding antigen-
binding meleculeg differing in secguence from each obther

aocording

to the present inv

tion or fusion polypeptides

differing in seguence

from

each other according to claim

) 130

a plurality of viruses each

transformed with the

exprassion

veohor tained in the

in

OO0

library to express on

their gurface the antigen-binding

moleculss ov The

fusion

olype

:-1'
=
;_,a:
-
{
Gr

differing in

sequence from esch

ther encoded by the polvnug

lectides,

o} contacting

the plurs

slity of wviruses with antigens

under two or

more different

caloium  1on concentration

conditions; ¢} sorting,

o

from the 1i

.

a subpopulatior

of  wviruses whose anbti

i

gen-binding activity

depending on the

caloium ion concentravion conditions;

isclat

ing each

virus whose antigen-kinding

acthivit is

depending  on

the calcoium  1on  concentration

conditions from the

VIS

subpopulation sorted 1in the

step d); and ) isolat

¢
Ry

the polymuclectides from Lhe

,_
£
55

iselated virus.

Iin anothey

aspact, the present invention

g method

ige

or producing an antigen-binding

moleoule whoae

antigen-binding

ctivity ig

depending on calcium

ion

concentration conditions,

a) preparing a libr

0

linked state, a plurality

1)

antigen-binding

seguence from each other according
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to the present invention or fusion polypeptides dif

[ el
h
0
i
-
£
L0

in sequence from sach other according to claim 8 or 2; b)

allowing a fJuL&Lluy of viruses each transformed with the

expreggsion vectors contained in the library to express on

their surface the antigen-binding moleculeg or the fusion

polypeptides differing in  seguence from each other

encoded by the polynucleotides; < contacting the

luraiity of wviruses with antigens under two or more

different calcium 1o concentration conditions; o)

sorting, from the library, a subpopulation of viruses

whose igen-binding activity i changed depending on

the calcium don concentration conditions; e) idsolating

<

each virus whoge antigen-binding activity 1g changed

depending on the calcium ion copcentraticon conditions

i~h

from the virus subpopulation sorted in the sgtep d);

isolating the polynucleotides from the isolated virus; g)

culturing a host cell transfected with a vector heving an

operably linked ingert of the isolated polvnucleotides;

and h) collecting the antigen-binding molecules from the

cultures of the cell cultured in the step ¢ . In ancther

aspect, the present invention refers to a method Ifor

producing an antigen-binding molecule whoge antigen-

binding activity is changed depending on cslcium 1on

pir

concaentra conditions, ths wethod comprising the steps

of: a) preparing a library comprising a2 plurality of

each comprising, in  an
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each encoding antigen-binding molecules differing in

sequence from esach other accoxrding to the pregent

invention oy fusion polyvpeptides differing in geguence

from esach other according to claim 8 or 9; b} gllowing &

plurality of viruses each trangformed with the expression

vectors contained im the library to express on thelr

surface the antigsn-binding molecules or the fusion

polveeptides differing in  seguence from each othey

encoded by the polyoucleotides; ¢ contacting the

plurality of wiruses with antigens under Two or more

different calocdum ion concenbration conditions; )

sorting, from the library, a subpopulation of viyuses

whose antigen-binding activity is changed depending on

rhe calcoium ion concentration conditiong: e) dgolating

each virus whose antigen-binding asctivity is changsd

depending on the caleium don concentration conditions

from the virus subpopulation sorted in the step d): £

isolating the polynucleotides from the isclated virus; o)

linking the idisolated polynuclectides in frame with =

polynucleotide encoding an antibody congtant region; h)

culturing a hogt cell transfected with a vector having an

operably linked insert of the polynucleotides linked in

o

the step g); and 1) ceollecting the antigen-binding

moleculas From the cultures of the cell cultured in the

step hj. #$he—The present invention isclogure  also

relabes degorihe
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Claims

[Claim 1]

A library consgisting essentially of a plurality of
antigen-binding molecules differing in sequence from each
other, wherein an antigen-binding domain in each of the
antigen-binding molecules comprises a light chain
variable region which comprises at least one aminc acid
residue that changes the antigen-binding activity of the
antigen-binding molecule depending on calcium ion
concentration conditions, wherein the amino acid residue
is lecated at any one or more of positions 30, 31, 32, 50
and 92 defined by the Kabat numbering in the light chain

variable region.

[Claim 2]
The library according to ciaim 1, wherein a light
chain framework region in the antigen-binding molecule

comprises a germline framework sequence.

[Claim 3]

The library according to claim 1 or 2, wherein &
heavy chain variable region of the antigen-binding
molecule comprigeg the amino acid sequence of a naive

sequence.
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[Claim 4]
The library according to any of claims 1 to 3,
wherein the amino acid regidue forms a calcium-binding

motif.

[Claim 5]

The likrary according to claim 4, wherein the
calcium-binding motif is any calcium-binding motif
selected from a cadherin deomain, an EF hand, a C2 domain,
a Gla domain, a C-type lectin, a domain, an annexin, a
thrombogpondin type 3 domain, an EGF-like domain, a
domain of Vk5, a domain represented by SEQ ID NO: 10, and

a domain represented by SEQ ID NO: 11.

fiClaim 5]
The library according to any of claims 2 to 5,
wherein the amino acid regidue is an amino ac¢id having a

metal-chelating effect.

[Claim 7]

The library according to claim 6, wherein the amino
acid having a metal-chelating effect is any one or more
amino acids selected from serine, threonine, asparagine,

gilutamine, aspartic acid, and gliutamic acid.

[Claim 8]
A library consisting essentially of a plurality of

fusion polypeptides each comprising antigen-binding
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molecules according to any of claimg 1 to 7, wherein each
of the fusion polypeptides is a fusion preduct of a heavy
chain variable region cof the antigen-binding molecule and

at least a portion of a viral coat protein.

[Claim 9]

The library according to claim 8, wherein the viral
coat protein is selected from the group consisting of
protein plIXI, major coat protein pVIII, pVII, pIX, Soc,

Hoc, gpD, pvli, and variants thereof.

[Claim 10]

A composition comprising a plurality of
polynuclectide moleculeg each encoding antigen-binding
molecules differing in sequence from each other according
to any of claims 1 to 7 or fusion polypeptides differing

in sequence from each other according to claim 8 or S.

[Claim 11]
A composition compriging a plurality of vectors each
comprisgsing a plurality of polynucleotide molecules

according to claim 10 in an operably linked state.

[Claim 12]
The composition according to claim 11, wherein the

vectors are replicable expression vectoxs.
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[Claim 13}

The composition according to claim 12, wherein each
of the replicable expregsion vectors is an expression
vector in which the polynucleotide is operably iinked to
a promoter region selected from the group consisting of a
lacZ promoter sygtem, an alkaline phosphatase phoA
promoter {(Ap), a bacteriophage APL promoter (temperature-
sensitive promoter), a tac promoter, a tryptophan
promoter, a pBAD promoter, and a bactericphage T7

promoter.

[Claim 14]

The compogition according to claim 12 or 13, wherein
each of the replicable expression vectors is an M13, fI,
fd, or P£3 phage or a derivative thereof, or a lambdoid

phage or a derivative thereof.

[Claim 15]
A composition comprising a plurality of viruses each

comprising vectors according to any of clilaims 11 to 14.

[Claim 16}

A composition comprising a plurality of viruses each
displaying on theix surface antigen-binding molecules
differing in sequence from each other according to any of
claims 1 to 7 or fusion polypeptides differing in

sequence from each other according to c¢laim 8 or 9.
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[Claim 17]

A library comprising antigen-binding molecules
differing in seguence from each other according to any of
claime 1 to 7 or fusion polypeptides differing in
gequence from each other according to claim & or 9,
wherein the library has 1 x 10° to 1 x 10" distinct

variable region sequences.

[Claim 18]
The library according to c¢laim 17, wherein the
library has 1 x 10’ or more distinct variable region

sequences.

[Claim 19]

A method for preparing a library consisting
essentially of a plurality of antigen-binding moclecules
differing in sequence from each other, the method
comprising producing a plurality of antigen-binding
molecules designed so that an antigen-binding domain in
each of the antigen-binding molecules comprises a light
chain variable region which comprises at least one amino
acid residue that changes the antigen-binding activity of
the antigen-binding molecule depending on calcium ion
concentration conditions, wherein the amino acid residue
is located at any one or more of positions 30, 31, 32, 50
and 92 defined by the Kabat numbering in the light chain

variable region.
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[Claim 20]
The preparation method according to c¢laim 19,
wherein the antigen-binding molecules are antigen-binding

moclecules according te any of claims 1 to 7.

[Claim 21]

The preparation method according to claim 19 or 20,
wherein a heavy chain variable region of each of the
antigen-binding molecules is fused with at least a

portion of a viral coat protein.

[Claim 22]

The preparation method according to any of claims 19
to 21, wherein the viral coat protein is selected from
the group consisting of protein pIil, major coat protein
PVIII, pVII, pIX, Soc, Hoc, gpD, pvl, and variants

thereof.

[Claim 23]

A method for selecting an antigen-binding molecule
whose antigen~binding activity is changed depending on
calcium ion concentration conditiong, the method
comprising the steps of:

a) preparing a library consisting essentially of antigen-
binding mclecules differing in sequence from each other

according to any of claims I toc 7 or fusion polypeptides
differing in sequence from each other according to claim

8 or 9;
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b) contacting the library with antigens under two or more
different calcium ion concentration conditions;

¢) sorting, from the library, a subpopulation of antigen-
binding molecules whose antigen-binding activity is
changed depending on the calcium ion concentration
conditions; and

d) isclating each antigen-binding molecule whose antigen-
binding activity is changed depending on the calcium ion
concentration conditions from the subpopulation sorted in

the step c).

[Claim 24]

A methed for isolating a polynucleotide encoding an
antigen-binding molecule whose antigen-binding activity
is changed depending on calcium ion concentration
cenditions, the method comprising the steps of:

a) preparing a library comprising a pliurality of
replicable expression vectors each comprising, in an
operably linked state, a plurality of polynuclectides
each encoding antigen-binding molecules differing in
sequence from each other according to any of claims 1 to
7 or fusion polypeptides differing in sequence from each
other according to claim 8 or 9;

b} allowing a plurality of viruses each transformed with
the expression vectors contained in the library to
express on their surface the antigen-binding moleculeg or
the fusion polypeptides differing in sequence from each

other encoded by the polynucleotides;
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¢} contacting the plurality of viruses with antigens
under two or more different calcium ion concentration
conditions;

d) sorting, from the library, a subpopulation cf viruses
whose antigen-binding activity is changed depending on
the calcium ion concentration conditions;

e) isolating each virus whose antigen-binding activity is
changed depending on the calcium ion concentration
conditions from the virus subpopulation sorted in the
step d); and

f) isolating the polynucleotides from the isolated virus.

[Claim 25]
The method according to claim 60, wherein the steps

¢) and d) are additionally repeated at least once.

[Claim 26]

The method according to any one of claimgs 23 to 25,
wherein an antigen-binding molecule having lower antigen-
binding activity under a low-calcium concentration
condition than that under a high-calcium concentration

condition is selected.

[Ciaim 27]
The method according tc claim 26, wherein the low-

calcium concentration condition is 0.1 uM to 30 uM.
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[Claim 28]

The methed according to claim 26 or 27, wherein the

high-calcium concentration condition ig 100 pM to 10 mM.

[Claim 29]

A method for producing an antigen-binding molecule
whose antigen-binding activity is changed depending on
calcium ion concentration conditions, the method
comprising the steps of:

a} preparing a library comprising a plurality of
repilicable expression vectors each comprising, in an
operably linked state, a plurality of polynucleotides
each encoding antigen-binding molecules differing in
seguence from each other according te any of claims 1 to
7 or fugion polypeptides differing in gequence from each
other according to claim 8 or 9;

b} allowing a plurality of viruses each transformed with
the expression vectors contained in the library to
express on their surface the antigen-binding molecules or
the fusion polypeptides differing in sequence from each
other encoded by the polynucleotides;

¢) contacting the plurality of viruses with antigens
under two or more different calcium ion concentration
conditions;

d) sorting, from the library, a subpopulation of viruses
whose antigen-binding activity is changed depending on

the calcium ion concentration conditions;
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g) lsolating each virus whosge antigen-binding activity is
changed depending on the calcium ion concentration
conditiong from the virus subpopulation sorted in the
step 4dj;

f) isclating the polynuclectides from the isolated virus;
g) culturing a hosgt cell transfected with a vector having
an operably linked insert of the isclated
polynucieotides; and

h} collecting the antigen-binding molecules from the

cultures of the cell cultured in the step g).

[Claim 30]

A method for producing an antigen-binding molecule
whogse antigen-binding activity is changed depending on
calcium ion concentraticn conditions, the method
comprising the steps of:

a} preparing a library comprising a plurality of
replicakble expression vectorsg each comprising, in an
operably linked state, a plurality of polynucleotides
cach encoding antigen-binding molecules differing in
sequence from each other according to any of claims 1 to
7 or fusion polypeptides differing in sequence from each
other according to claim 8 or 9;

b) allowing a plurality of viruses each transformed with
the expregsion vectors contained in the libkrary to
express on their surface the antigen-binding molecules or
the fusion polypeptides differing in segquence from each

other encoded by the poclynucleotides;
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c) contacting the plurality of viruses with antigens
under two or more different calcium ion concentration
conditicons;

d) sorting, from the library, a subpopulation of viruses
whose antigen-binding activity is changed depending on
the calcium ilon concentration conditions;

e) isclating each virus whose antigen-binding activity is
changed depending on the calcium ion concentration
conditions from the virus subpopulation sorted in the
step d);

£) isclating the polynucleotides from the igclated virus;
g} linking the isoclated polynucleotides in frame with a
polynucleotide encoding an antibody constant region;

h) culturing a host cell transfected with a vector having
an operably linked insert of the polynucleotides linked
in the step g); and

i) collecting the antigen-binding molecules from the

cultures of the cell cuitured in the step h}.

[Claim 31]
The production method according to claim 29 or 30,
wherein the steps c¢) and d) are additicnally repeated at

least once.

[Claim 32]
The production methoed according to any one of claims
29 to 31, wherein an antigen-binding molecule having

lower antigen-binding activity under a low-calcium
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concentration condition than that under a high-calcium

concentration condition is selected.

[Claim 33]
The production method according to claim 32, wherein
the low-calcium concentration condition is 0.1 uM to 30

HM.

[Claim 34]
The production method according to claim 32 or 33,
wherein the high-calcium concentration condition is 100

UM to 10 mM.
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Clainms

{Claim 1]

acid residue that changes the antigen-bipding activity of
the antigen-binding molecule depending on ion
concentration conditions.

[ Claim 2]

The library according to o {im 1, wherein the ion
concentration is a calcium io  concentration.
[ Claim 3}

The library according to claim 2, wherein the amino
acid residue is containgd in the antigen-binding domain
in a heavy chain of the antigen~binding molecule.

[ Claim 4]

The library ﬁécording to claim 3, wherein the
antigen-binding/domain in a heavy chain is a heavy chain
variable regibn.

[ Claim 5]

Library according to claim 4, wherein the amino
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The library according to any of claims 2 to 5,
more of positions 95, 96, 100a, and 101 defined by the
Kabat numbering in the heavy chain CDR3.

[ Claim 7]

The library according to any of claims'
wherein an aminc acid sequence except for the amino acid
residue comprises the amino acid seque,fé of a naive
sequence. |
[ Claim 8]

The library according to any/of claims 3 to 7,
wherein a light chain variable /region of the antigen-
binding molecule comprises tife amino acid sequence of a
naive sequence. |
[ Claim 9]

the library accopﬂing to claim 2, wherein the amino
acid residue is conthined in the antigen-binding domain
in a light chain ¢f the antigen-binding molecule,

[ Claim 10] :
The librgry according te claim %, wherein the
antigemwbindfﬁq domain in a light chain is a light chain
variable *égiom.
[ clainm A
fhe library according to claim 10, wherein the amino
acifl residue is contained in CDR1 of the light chain

 ériable region.

[ Claim 12}




The library according to claim 11, wherein the apino
acid residue is located at any one or more of positions
30, 31, and 32 defined by the Kabat numbering in Ahe CDRI.
[ Claim 13} |

The library according to any of claims i.to 12,
wherein the amino acid residue is contained in CDRZ of
the light chain variable region.
{Claim 14)

The library according to claim A3, wherein tha amino
acld residue is located at positigh 50 defined by the
Kabat pumbering in the light ch#in CDR2.

[Claim 15]

The library according 7o any of claims 10 to 14,
wherein the aminc acid refidue is contained in light
chain CDR3.

[Claim 18]

The library agtording teo claim 15, wherein the amino
acid residue is JYocated at positicon 82 defined by the
Kabat numb@rina.in the light chain CDR3.
fClaim 17}

The li:ﬁary according to any of claims 2 and 9 to 16,
wherein A& light chain framework region in the antigen-

molecule comprises a germline framework seguence.

The library according to any of claims 2 and 9 to 17,

wherein a heavy chain variable regicn of the antigen-
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binding molecule comprises the amino acid sequence of
naive seguence.
[ Claim 19]

The library according to any of claims 1
wherein the aminc acid residue forms a calci ;
motif,

[ Claim 207

The library according to claim 19,.wherein the
calciuvm-binding motii is any calcium_binding motif
selected from a cadherin domain, ar:EF hand, a CZ domain,
a Gla domain, a C-type lectin, a éomain, an annexin, a
thrombospondin type 3 domain, 1 EGF~-1like domain, a
domain of Vk$%, & domaln reprgsented by SEQ ID NO: 10, and
a domain represented by SE&.ED NO: 11.

[ Claim 21}
The library accorfing to any cf <¢laims 2 to 20,
wherein the amino acfd residue is an aminc acid having a
metal~-chelating effect.

[ Claim 221

The librarpy according to claim 21, wherein the amino
acid having g metal-chelating effect is any one or more
amino acidg selected from serine, threonine, asparagine,
glutamiar; aspartic acid, and gilutamic acid.

[ Cilaim/23]
he library according to claim i, wherein the ion

coprentration conditions are pH conditions.
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The library according to claim 23, wherein the/amino
acid residue 1s contained in the antigen-binding domain
in a heavy chain of the antigen~bhinding moleculg.

[ Claim 28] |

The library according to claim 24, wheyein the
antigen-hbinding domain in & heavy chain ig a heavy chain
variable region,

[ Claim 26}

The iLibrary according to claim /&5, wherein the amino
acid residue 13 located at any ong or more of positions
27, 31, 32, 33, 35, 30, 52, 53,/55, 57, 58, 59, €1, &2,
95, 96, 97, 98, 88, 100a, 100K, 100d, 10CE£, 100h, 102,
and 107 defined by the Kabay¥ numbering in the heavy chain
variable reglon.

[ Claim 27]

The library according to claim 26, wherein an amino
acid sequence except/ for the aminc acid residue at any
cne or meore of posdtions 27, 31, 32, 33, 35, 50, 52, 53,

55, 87, 58, 59, A1, 62, 95, 96, 97, 98, 99, 100a, 100b,

THe library according to any of claims 23 to 27,
whergin a light chain variable region of the antigen-
bidding molecule comprises a germline sequence.

/Clain 29
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The Library according to claim 23, wherein the  .ino
acid residue i1s contained in the antigen~binding d;.ain
in a light chain of the antigen-binding mclecuie,f
[ Claim 30)

The library according to claim 29, wheredn the
antigen-binding domain in a light chain is A light chain
variable region. :

[ Clzim 31]

The librery according to claim 3§, wherein the amino
acid residue is located at any one Ar more of positions
24, 27, 28, 30, 31, 32, 34, 50, 54, 52, 53, 54, 55, 56,

88, 90, 91, %2, 83, 94, and 95ﬁfdefined by the Kabat

[ Claim 32]

The library accordigylta claim 30 or 31, wherein the
amino acid residue is Qrﬁtained in CDR1 of the light
chain wveriable regiogQ
[ Claim 33

The library gécording to claim 32, wherein the amino
acid residue is'iocated at any one or more of positions
@, 31, 32, and 34 defined by the Kabat

" the light chain CDRI.
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The library acceording to claim 34, wherein thefémino
acld residue 1s located at any one or more of posjfions
50, 51, %2, 53, 534, 55, and 56 defined by the %
numbering in the light chain CDRZ. |
[ Claim 36}

The library according to any of claéfé 30 to 35,
wherein the amino acid residue is cont,fned in light
chain CDR3.

[ Claim 37}

The library according to claim 36, wherein the amino
acid residue is located at any.gne or more of positions
89, 90, 91, 92, 93, 94, and 95
numbering in the light chaif
[ Claim 38} |

The library accorqth to any of claims 29 to 37,
wherein a light chai;fframeWOIR region comprises a
germline fram@workféequence.

[ Claim 39

The libra,;.accordiﬁg to any of claims 29 to 38,
wherein a heg%y chain variable region has a naive
sequence._g:

[ claim 49

e library accaording to any of claims 23 to 39,

o

whergin the amino acid residue is an amino acid having a
side chain pKa of 4.0 to 8.0.

/Claim 41]
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The library asccording to any of claims 23 to 44,
wherein the aminoc acid residue is glutamic acid.
{Claim 42]

The library according to any of claims 23 to 35,
wherein the amino acid residue is an amino Acid having a
side chain pRa of 5.5 to 7.0.

[ Cladim 43]

The library according to any of ¢laims 23 to 40 and
42, whersin the amino acid residue Ys histidine.
[ Claim 44]

A library consisting essentially of a plurality of
fusion polypeptides each compylising antigen-binding
melecules according to any oL claims 1 to 43, wherein
each of the fusion polypeptides is a fusion product of a
heavy chain variable re-ibn of the antigen-binding
molecule and at least A portion ¢f a viral coat protein.
[ Claim 457

The librarvy afgcording to claim 44, wherein the wviral
coat protein is gelected from the group consisting of
protein pilll,  ajor coat protein pVIII, pViI, pilX, Soc,
Hoc, gpD, pvid, and variants thereof.
[ Claim 46)/

A cwﬁposition comprising a plurality of

"

olynug

e

leotide molecules each encoding antigen-binding
molegules differing in sequence from each other according
to/any of claims 1 to 43 or fusion polypeptides differing

n sequence from each other according to claim 44 or 45.
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[ Claim 47]

2 composition comprising a plurality of vectord each
comprising a plurality of polynuclectide molecul; 
according to claim 46 in an operably linked sta/
[ Claim 48]

The composition according to claim 47, /wherein the
vectors are replicable expression wvectors/
{Claim 49]

The composition according to clajm 48, wherein each
of the replicable expression vector;:ig an expression
vector in which the polynucleotiddg is operably linked to
a promoter regicn selected from/the group consisting of a
lacZ promoter system, an alkaline phosphatase phod
promoter (Ap), a bacteriophgge APL promoter {temperature-
sensitive promoter), a tac'promoter, a tryptophan
promoter, a pBAD promotef, and a bacteriophage T7
promoter.

[ Claim 50]

The compesitign according to claim 48 or 49, wherein
each of the repldcable expressicn vectors is an M13, fi,
£d, or Pf3 phaie or a derivative therecf, or a lambdoid
phage or a dgrivative thereof.

{ Claim 51] /

A c,ﬁposition comprising & plurality of viruses each
compri,ing vectors according to any of claims 47 to 50.

[ Claimm 521
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A composition comprising a plurality of viruses=éach
displaving on their surface antigen-binding moelecufas
differing in seguence from each other accoerding 15 any of
claims 1 to 43 or fusion polypeptides differina.in
sequence from each other according to claim A4 or 45.
[ Claim 53]

A library comprising antigen—bindinq'molecule&
differing in sequence from each other gccording to any of
claims 1 to 43 or fusion poiypeptidea.differing in
saequence from each other according/to claim 44 or 45,
wherein the library has 1 x 10° f; 1 x 10" distinct
variable region sequences.
[ Claim 54]

The library according.‘b claim 53, wherein the
library has 1 x 10° or mofe distinct variable region
sequances.
[ Claim 55]

A method for pheparing a library consisting
egssentially of a Alurality of antigen-binding molecules
differing in sefuence from each other, the method
comprising prbducing a plurality of antigen-binding
meclecules 9 §igned so that an antigen-binding domain in
each of é antigen-binding molecules comprises at least
one amifioc aclid residue that changes the antigen~binding
activity of the antigen~binding molecule depending on ion
Jentration conditions.

Claim 58]




The preparaticn method according to claim 55,
wherein the antigen-binding molecules are antigenfbinding
molecules according te any of claims 2 to 43,
[ Claim 571

The preparation method according to ¢liim 55 or 56,
wherein a heavy chain variable region of gach of the
antigen-binding molecules is fused with/at least a
portion of a wviral coat protein.
[ Claim 58]

The preparatiocn method accorgﬁng to any of claims 55
to 537, wherein the viral coat prétein is selected from
the group consisting of prote}h pIIl, major ccat protein
oVIII, »VII, pIX, Soc, Hoc, ng, pvl, and variants
therect. |
[ Claim 59]

& method for sel;fting an antigen-binding molecule
whose antigen-bindiFQ activity is changed depending on
lon concentzationfionditions, the method comprising the
gteps of: |
aj) preparing -Elibrary consisting essentially of antigen-
binding molgfﬁles differing in sequence from sach other
according;55 any of claims 1 to 43 or fusion polypeptides
differip# in sequence from each other according to claim
) q#htacting the library with antigens under two or more

different ion concentration conditions;
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¢y soxting, from the library, a subpopulation of anthigen-
binding molecules whose antigen-binding activity
changed depending on the ion concentraticon condi
and
d} isolating each antigen-binding moleculs ose antigen-
binding activity is changed depending on the icn
concentration conditions from the subpopllation sorted in
the step «©).
[ Claim 80]

A methoed for isclating a polyfﬁcleotid@ ancoding an
antigen-binding molecule whose ghtigen-binding activity
iz changed depending on ion CQséentration conditions, the
method comprising the steps,bf:

&) preparing a library cor;rising a plurality of
replicable expressicn v7Vtors each comprising, in an
operably linked state{5a plurality of polynucleoctides
each encoding antigf »binding meilecules differing in
sagquences from @acﬁsother according to any of claims 1 to
43 or fusion poffpeptid@s differing in sequence from =sach
other according to claim 44 or 45;
b} allowing /& plurality of viruses each transformed with
the expre.sion vectors contained in the library to
expressfiﬁ their surface the antigen-binding molecules or
the f,fion polypeptides differing in sequence from each

encoded by the polyvmiclectides;

Ander two or more different ion concentration conditions;




d} sorting, from the library, & subpopulation of virusés
whose antigen~binding activity is changed depending_on
the ion ¢oncentration conditions;
&) isolating each virus whose antigen-binding ae’ivity is
changed depending on the ilon concentration co,ditions
from the virus subpopulation sorted in the gter di; and
£} disoclating the polynuclectides from the,isolated virus.
[Claim &1]

The method according te claim 60,ﬁwh@r@in the steps
¢y and d) are additiocnally repeated/at least once.

[ Claim 62]

The method according to an;.of claims 5% to 61,
wherein the ion concentration,is a calcium ion
concentration,

[ Claim 63]

The method accordi_g to claim 62, wherein an
antigen-~binding molecyle having lower antigen-binding
activity under a low-calcium concentration condition than
that under a high, calecium concentration condition is
selected.
[ Claim 64}

The me?ﬁod according to claim 63, wherein the low—

calcium gbncentration conditicon is 0.1 uM to 30 uM.
fClaim A
fhe method according te claim 63 or 64, wherein the

high-calcium concentration condition is 100 pM to 10 mM.

fﬁiaim 66]
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The method accoerding to any of claims 58 to &1,
wherein the l1on concentration conditions are pH
conditions.

{ Claim 67]

The method according te claim 66, whereirn/ an
antigen~binding molecule having lower antigen-binding
activity in an aclidic pH condition than t,ét in a neutral
pH condition is selected.
[ Claim 68]

The method according to c¢laim 66, wherein the acidic
pH condition is pH 4.0 to €.5.
{ Claim 69]

The method according to clfaim 67 cor €8, wheresin the
neutral pH condition is pH 607 to 10.0.

[ Claim 70]

A method for producfﬁg an antigen-binding molecule

whose antigen-binding Activity is changed depending on

ion concentration cozditions, the method comprising the
steps of: |
a) preparing a ;~brary comprising a plurality of
replicable expfession vectors each comprising, in an
operably lin?ed state, a plurality of polynucleotides
each encodfﬁg antigen-binding molecules differing in

sequence/from each other according to any of claims 1 to
fasion polypeptides differing in sequence from each

/ according to claim 44 or 45;




D) allowing a plurality of viruses each transformed
the expression vectors contained in the library to

prad

express on their surface the antigen-binding moigcules or

the fusion polypeptides differing in sequencs from each
other encoded by the polynuclecotides;
c¢) centacting the plurality of viruses wit}l antigens
under two or more different lon concentrgtion conditions;
d) scrting, from the library, a subpopdlation of wviruses
whose antigen-binding activity is chgnged depending on
the ion concertration conditions:
e) isclating each virus whose an¥igen-binding activity is
changed depending on the ic¢n cyhncentration conditions
from the virus subpopulation/sorted in the step d);
f) isclating the polynucleytides from the isclated virus;
g) culturing a host cellfiransf@cted with a vector having
an operably linked insgrt of the isolated
polynucieotides; and/
h} collecting the :htigen—bindinq molecules from the
cultures of the ¢ell cultured in the stap g} .
[ Claim 71]
AR methodg/ for producing an antigen-binding molecule
whose antiyén—binding activity is changed depending on
ion conc; tration conditions, the method comprising the
steps Qf:
a) pjéparing a library comprising a plurality of
replicable expression vectors each comprising, in an

oberably linked state, a plurality of polynucleotides
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each enceding antlgen-binding molecules differing in
seqguence from each cther according to any of claim;.l to
43 or fusion pelypeptides differing in sequence from each
other according teo claim 44 or 45; |
b) allowing a plurality of viruses each trandformed with
the expression vectors contained in the lijrary to

express on their surface the antigen-binding molecules or
the fusion polypeptides differing in sgquence from each
other encoded by the polynuclectides/

4
4

@} contacting the plurality of virfises with antigens

under two or more different ion  6nceﬂtration conditions;
d) scoriting, from the library,ff:subpopulation of viruses
whose antigen-binding activi’ﬁ is changed depending on
the ion concentration conq'{ions;

el isoclating each virus. hose antigen-binding activity is
changed depending on tie icn concentration conditions
from the virus subpc;ulation sorted in the step d);

£} isolating the ;élynucleotides from the isclated virus;
g) linking the }éolated polynucleotides in frame with a
polynucleotid:sencoding an antibeody constant region;

h) culturiana host cell transfected with a wvector having
an operabfg linked insert of the polynuclectides linked
in the ;éep g): and

i) co;iecting the antigen-~binding molecules from the

cuL;ﬁres gf the cell cultured in the step h).
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The production method according to claim 70 or
wherein the steps c¢) and d) are additionally repes
least once.

[ Claim 73]

The preduction method according to any 4Of claims 70
to 72, wherein the ion concentration is a /falcium ion
concentraticn.
fClaim 74]

The production method accordin_ to claim 73, wherein
an antigen-binding melecule having lower antigen-binding
activity under a low-calcium contentration condition than
that under a high-calcium congéntration condition is
selected.

[ Claim 75

The production methbd according to claim 74, wherein
rhe low-calcium cmnce,.ration condition 1s 0.1 uM fo 30
M.

75

[ Claim 78]

The production method according to claim 74 or 75,
wherein the high-calcium concentration condition is 100
M te 10 mM/
{ claim 771/

The'production method according to any of claims 70
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The production method accerding to claim 77, wheyein
an antigen-binding mclecule having lower antigen-bipding
activity in an acidic pH condition than that in a/neutral
pH condition is selected.

[ Claim 78]

The production method according to claym 78, wherein
the acidic pH condition is pH 4.0 to 6.5.

[ Claim BO]

The production method according ¥o claim 78 or 79,
wherein the neutral pH condition is/pH 6.7 to 10.0.

[ Claim 81}

An antigen-binding moleculd produced by a production
method according to any of cléims 70 to B80.

[ Claim 82}
A pharmaceutical composition comprising an antigen-

binding molecule according te claim 8l or a modified form




