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Summary 	f Invcntion 

Technical Problem 

[0014] 

The present invention has been made in light of such 

a situation, and an object of the present invention is to 
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concentration, particularly, calcium ion concentration, 

between plasma and early endosome or on the pHs of 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 consisting 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, 	a 	composition 	comprising 	a 	plurality 	of 

polynucleotide 	molecules 	each 	encoding 	the 	antigen- 

binding molecules, 	a composition comprising a plurality 

of vectors each comprising the polynucleotide molecules, 

a method for selecting the antigen-binding molecules, 	a 

method 	for 	isolating 	the 	polynucleotide 	molecules, 	a 

method 	for 	producing 	the 	antigen-binding 	molecules, 	a 

pharmaceutical composition comprising any of the antigen- 

binding molecules, 	etc.. 	More specifically, 
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in a first 	aspect, 	the present invention refers to a 

library consisting 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 	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. In another aspect, the present invention 

refers to a library consisting essentially of a plurality 

of 	fusion polypeptides 	each comprising antigen-binding 

molecules 	according 	to 	the 	present 	invention, 	wherein 

each of the fusion polypeptides is a fusion product of a 

heavy 	chain 	variable 	region 	of 	the 	antigen-binding 

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

In another 	aspect, 	the 	present 	invention 	refers 	to 	a 

composition 	comprising 	a 	plurality 	of 	polynucleotide 

molecules 	each 	encoding 	antigen-binding 	molecules 

differing in sequence from each other according to the 

present 	invention or 	fusion pplypeptides 	differin• 	in 

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

still another aspect, the present invention refers to a 

composition 	comprising 	a 	plurality 	of 	vectors 	each 

comprising 	a 	plurality 	of 	polynucleotide 	molecules 



according to the present invention in an operably linked 

state. In another aspect, the present invention refers to 

a 	composition 	comprising 	a plurality of 	viruses 	each 

comprising vectors according to the present invention. In 

still another aspect, 	the present invention refers to a 

composition 	comprising 	a 	plurality 	of 	viruses 	each 

displaying 	on 	their 	surface 	antigen-binding 	molecules 

differing in sequence from each other accordin3 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 

comprising 	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, 	wherein the 

library has 1 x 106  to 1 x 1014  distinct variable region 

sequences. In still another aspect, the present invention 

refers to a method for preparing a library consisting 

essentially of a plurality of antigen-binding molecules 

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 
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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. In another aspect, the present invention 

refers 	to 	a 	method 	for 	selecting 	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 

consisting 	essentially 	of 	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; b) 

contacting the library with antigens under two or more 

different 	calcium 	ion 	concentration 	conditions; 	c) 

sorting, 	from the library, 	a subpopulation of antigea: 

binding 	molecules 	whose 	antigen-binding 	activity 	is 

changed 	depending 	on 	the 	calcium 	ion 	concentration 

conditions; 	and 	d) 	isolating 	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). 	In still 

another aspect, 	the present invention refers to a method 

for 	isolating 	a 	polynucleotide 	encoding 	an 	antigen- 

binding 	molecule 	whose 	antigen-binding 	activity 	is 

changes' depending on calcium ion concentration conditions, 

the 	method 	comprising 	the 	steps 	of: 	a) 	preparing 	a 

library comprising a plurality of replicable expression 

vectors each comurising, 	in an operably linked state, 	a 
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plurality_ of 	polynucleotides 	each 	encoding 	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; 	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; 

c) 	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 

dependinj 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. In another aspect, 	the present invention 

refers 	to 	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 replicable expression vectors 

each comprising, in an operably linked state, a plurality 

of 	polynucleotides 	each 	encoding 	antigen-binding 

molecules differing in sequence from each other according 
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to the present invention 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 molecules or the fusion 

polypeptides 	differing 	in 	sequence 	from 	each 	other 

encoded 	by 	the 	polynucleotides; 	c) 	contacting 	the 

plurality of viruses with ant Bens 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; 	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); 	f) 

isolating the polynucleotides from the isolated virus; q) 

culturing a host cell transfected with a vector having an 

operably linked insert of the isolated polynucleotides; 

and h) collecting the antigen-binding molecules from the 

cultures of the cell cultured in the step g). In another 

aspect, 	the present 	invention refers 	to 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 

replicable 	expression 	vectors 	each 	comprising, 	in 	an 

operably linked state, 	a plurality of polynucleotides 
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each 	encoding 	antigen-binding 	molecules 	differing 	in 

sequence 	from 	each 	other 	according 	to 	the 	present 

invention or fusion ablypeptides 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 	molecules 	or 	the 	fusion 

pnlip2ptides 	differing 	in 	sequence 	from 	each 	other 

encoded 	by 	the 	polynucleotides; 	c) 	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 clqn-3:ng 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); 	f) 

isolating the polynucleotides from the isolated virus; 21 

linking 	the 	isolated 	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 i.); 	and 	i) 	collecting 	the 	antigen-binding 

molecules from the cultures of the cell cultured in the 

h). 	The 	 invention 	disclosure 	also step 	the 	present 

describeste the following: relates 
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Claims 

[Claim 1] 

A library consisting 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 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. 

[Claim 2] 

The library according to claim 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 a 

heavy chain variable region of the antigen-binding 

molecule comprises 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 residue forms a calcium-binding 

motif. 

[Claim 5] 

The library according to claim 4, wherein the 

calcium-binding motif is any calcium-binding motif 

selected from a cadherin domain, an EF hand, a C2 domain, 

a Gla domain, a C-type lectin, a domain, an annexin, a 

thrombospondin type 3 domain, an EGF-like domain, a 

domain of VkS, a domain represented by SEQ ID NO: 10, and 

a domain represented by SEQ ID NO: 11. 

[Claim 6] 

The library according to any of claims 2 to 5, 

wherein the amino acid residue is an amino acid 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, 

glutamine, aspartic acid, and glutamic 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 claims 1 to 7, wherein each 

of the fusion polypeptides is a fusion product of a heavy 

chain variable region of 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 pill, 	major coat protein pVIII, 	pVII, pIX, 	Soc, 

Hoc, gpD, pvl, and variants thereof. 

[Claim 10] 

A composition comprising a plurality of 

polynucleotide molecules 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. 

[Claim 11] 

A composition comprising a plurality of vectors each 

comprising 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 vectors. 
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[Claim 13] 

The composition according to claim 12, wherein each 

of the replicable expression vectors is an expression 

vector in which the polynucleotide is operably linked to 

a promoter region selected from the group consisting of a 

lacZ promoter system, an alkaline phosphatase phoA 

promoter (Ap), a bacteriophage 2PL promoter (temperature-

sensitive promoter), a tac promoter, a tryptophan 

promoter, a pBAD promoter, and a bacteriophage T7 

promoter. 

[Claim 14] 

The composition according to claim 12 or 13, wherein 

each of the replicable expression vectors is an M13, 	fl, 

fd, or Pf3 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 claims 11 to 14. 

[Claim 16] 

A composition comprising a plurality of viruses each 

displaying on their 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 claim 8 or 9. 
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[Claim 17] 

A library comprising 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, 

wherein the library has 1 x 106  to 1 x 1014  distinct 

variable region sequences. 

[Claim 18] 

The library according to claim 17, wherein the 

library has 1 x 108  or more distinct variable region 

sequences. 

[Claim 19] 

A method for preparing a library consisting 

essentially of a plurality of antigen-binding molecules 

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 claim 19, 

wherein the antigen-binding molecules are antigen-binding 

molecules according to 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 pIII, 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 conditions, the method 

comprising the steps of: 

a) preparing a library consisting essentially of 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; 
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b) contacting the library with antigens under two or more 

different calcium ion concentration conditions; 

c) 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) isolating 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 method for isolating a polynucleotide encoding 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 

replicable expression vectors each comprising, in an 

operably linked state, a plurality of polynucleotides 

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 molecules or 

the fusion polypeptides differing in sequence from each 

other encoded by the polynucleotides; 
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c) 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; 

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 

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

[Claim 26] 

The method according to any one of claims 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. 

[Claim 27] 

The method according to claim 26, wherein the low-

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

The method according to claim 26 or 27, wherein the 

high-calcium concentration condition is 100 W 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 

replicable expression vectors each comprising, 	in an 

operably linked state, a plurality of polynucleotides 

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 molecules or 

the fusion polypeptides differing in sequence from each 

other encoded by the polynucleotides; 

c) 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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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); 

f) isolating the polynucleotides from the isolated virus; 

g) culturing a host cell transfected with a vector having 

an operably linked insert of the isolated 

polynucleotides; 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 

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 

replicable expression vectors each comprising, 	in an 

operably linked state, a plurality of polynucleotides 

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 molecules or 

the fusion polypeptides differing in sequence from each 

other encoded by the polynucleotides; 
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c) 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; 

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); 

f) isolating the polynucleotides from the isolated virus; 

g) linking the isolated 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 cultured in the step h). 

[Claim 31] 

The production method according to claim 29 or 30, 

wherein the steps c) and d) are additionally repeated at 

least once. 

[Claim 32] 

The production method 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 

concentration condition is selected. 

[Claim 33] 

a high -calcium 

The production method according to 

the low-calcium concentration condition 

1.04. 

[Claim 34] 

claim 

is 	0.1 

32, 

1.1M 

wherein 

to 30 

The production method according to 

wherein the high-calcium concentration condition 

1.114 to 10 mM. 

claim 32 or 33, 

is 100 
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Claims 

[ Claim 1] 

A library consisting essentially of a plura Aty of 

antigen-binding molecules differing in sequenc 	from each 

other, wherein an antigen-binding domain in 	ach of the 

antigen-binding molecules comprises at lea .t one amino 

acid residue that changes the antigen-b' ding activity of 

the antigen-binding molecule dependin• on ion 

concentration conditions. 

[Claim 2] 

The library according to c =im 1, wherein the ion 

concentration is a calcium io 	concentration. 

[ Claim 3] 

The library accordin• to claim 2, wherein the amino 

acid residue is contain d in the antigen-binding domain 

in a heavy chain of t e antigen-binding molecule. 

[Claim 4] 

The library .ccording to claim 3, wherein the 

antigen-bindin• domain in a heavy chain is a heavy chain 

variable reg • . 

[Claim 5] 

The 	ibrary according to claim 4, wherein the amino 

acid residue is contained in CDR3 of the heavy chain 

vari •le region. 

[C aim 6] 
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The library according to any of claims 2 to 5, 

wherein the amino acid residue is located at any on= or 

more of positions 95, 96, 100a, and 101 defined b 	the 

Kabat numbering in the heavy chain CDR3. 

[Claim 7] 

The library according to any of claims 	to 6, 

wherein an amino acid sequence except for the amino acid 

residue comprises the amino acid segue 	e of a naive 

sequence. 

[Claim 8] 

The library according to an 	of claims 3 to 7, 

wherein a light chain variable 	egion of the antigen- 

binding molecule comprises tye amino acid sequence of a 

naive sequence. 

[Claim 9] 

The library accor ing to claim 2, wherein the amino 

acid residue is con =ined in the antigen-binding domain 

in a light chain • 	the antigen-binding molecule. 

[Claim 10] 

The libr= y according to claim 9, wherein the 

antigen-biniing domain in a light chain is a light chain 

variable 	egion. 

[Claim Al] 

he library according to claim 10, wherein the amino 

ac • residue is contained in CDR1 of the light chain 

ariable region. 

[Claim 12] 
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The library according to claim 11, wherein the a ino 

acid residue is located at any one or more of posi 	ons 

30, 31, and 32 defined by the Kabat numbering in 	he CDR1. 

[Claim 13] 

The library according to any of claims 	1 to 12, 

wherein the amino acid residue is containe,  in CDR2 of 

the light chain variable region. 

[ Claim 14] 

The library according to claim 	3, wherein the amino 

acid residue is located at positi. 	50 defined by the 

Kabat numbering in the light ch. n CDR2. 

[Claim 15] 

The library according ,o any of claims 10 to 14, 

wherein the amino acid r 	idue is contained in light 

chain CDR3. 

[Claim 16] 

The library a• ording to claim 15, wherein the amino 

acid residue is 	ocated at position 92 defined by the 

Kabat numberin• in the light chain CDR3. 

[Claim 17] 

The li,rary according to any of claims 2 and 9 to 16, 

wherein = light chain framework region in the antigen-

bindi.• molecule comprises a germline framework sequence. 

[Claim 18] 

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

wherein a heavy chain variable region of the antigen- 
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binding molecule comprises the amino acid sequence o 	a 

naive sequence. 

[Claim 19] 

The library according to any of claims 1 .0 18, 

wherein the amino acid residue forms a calcium-binding 

motif. 

[Claim 20] 

The library according to claim 19 	wherein the 

calcium-binding motif is any calcium •inding motif 

selected from a cadherin domain, a,  EF hand, a C2 domain, 

a Gla domain, a C-type lectin, a domain, an annexin, a 

thrombospondin type 3 domain, 	n EGF-like domain, a 

domain of Vk5, a domain represented by SEQ ID NO: 10, and 

a domain represented by SE" ID NO: 11. 

[Claim 21] 

The library accoreing to any of claims 2 to 20, 

wherein the amino ac'd residue is an amino acid having a 

metal-chelating of ect.  

[Claim 22] 

The libra' 	according to claim 21, wherein the amino 

acid having 	metal-chelating effect is any one or more 

amino acid 	selected from serine, threonine, asparagine, 

glutamin , aspartic acid, and glutamic acid. 

[Claim 23] 

he library according to claim 1, wherein the ion 

co centration conditions are pH conditions. 

Claim 24] 
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The library according to claim 23, wherein the amino 

acid residue is contained in the antigen-binding iomain 

in a heavy chain of the antigen-binding molecu -. 

[Claim 25] 

The library according to claim 24, whe ein the 

antigen-binding domain in a heavy chain i- a heavy chain 

variable region. 

[ Claim 26) 

The library according to claim 	5, wherein the amino 

acid residue is located at any on= or more of positions 

27, 	31, 	32, 	33, 	35, 	50, 	52, 	53, 	5, 	57, 	58, 	59, 	61, 	62, 

95, 	96, 	97, 	98, 	99, 	100a, 	100, 	100d, 	100f, 	100h, 	102, 

and 107 defined by the Kaba' numbering in the heavy chain 

variable region. 

[Claim 27) 

The library acco ding to claim 26, wherein an amino 

acid sequence excep 	for the amino acid residue at any 

one or more of po 	tions 27, 31, 32, 33, 35, 50, 	52, 53, 

55, 	57, 	58, 	59, 	.1, 	62, 	95, 	96, 	97, 	98, 	99, 	100a, 	100b, 

100d, 100f, 10dh 	102, and 107 defined by the Kabat 

numbering i 	the heavy chain variable region comprises 

the amino -cid sequence of a naive sequence. 

[ Claim 

T e library according to any of claims 23 to 27, 

wherein a light chain variable region of the antigen-

bi ding molecule comprises a germline sequence. 

//V Claim 29) 
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The library according to claim 23, wherein the - ino 

acid residue is contained in the antigen-binding d• ain 

in a light chain of the antigen-binding molecule 

[Claim 30] 

The library according to claim 29, wher 	n the 

antigen-binding domain in a light chain is = light chain 

variable region. 

[Claim 31] 

The library according to claim 35, wherein the amino 

acid residue is located at any one •r more of positions 

24, 	27, 	28, 	30, 	31, 	32, 	34, 	50, 	, 	52, 	53, 	54, 	55, 	56, 

89, 	90, 	91, 	92, 93, 	94, 	and 95• defined by the Kabat 

numbering in the light chain 'ariable region. 

[Claim 321 

The library accordin 	to claim 30 or 31, wherein the 

amino acid residue is contained in CDR1 of the light 

chain variable regio 

[Claim 33] 

The library .ccording to claim 32, wherein the amino 

acid residue is located at any one or more of positions 

24, 27, 28, 3', 	31, 32, 	and 34 defined by the Kabat 

numbering i 	the light chain CDR1. 

[Claim 34 

Th 	library according to any of claims 30 to 33, 

where n the amino acid residue is contained in light 

chain CDR2. 

[ rlaim 35] 
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The library according to claim 34, wherein the amino 

acid residue is located at any one or more of posi tions 

50, 	51, 	52, 	53, 54, 55, and 56 defined by the 	=bat 

numbering in the light chain CDR2. 

[Claim 36] 

The library according to any of clai s 30 to 35, 

wherein the amino acid residue is cont- ned in light 

chain CDR3. 

[Claim 37] 

The library according to cla m 36, wherein the amino 

acid residue is located at any •ne or more of positions 

89, 	90, 	91, 	92, 93, 	94, and • a defined by the Kabat 

numbering in the light cha 	CDR3. 

[Claim 38] 

The library according to any of claims 29 to 37, 

wherein a light chai. framework region comprises a 

germline framework sequence. 

[Claim 39] 

The libra• 	according to any of claims 29 to 38, 

wherein a he 	y chain variable region has a naive 

sequence. 

[Claim 4' 

T 	library according to any of claims 23 to 39, 

wherein the amino acid residue is an amino acid having a 

sire chain pKa of 4.0 to 8.0. 

/  

Claim 41] 
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The library according to any of claims 23 to 4P, 

wherein the amino acid residue is glutamic acid. 

[Claim 42] 

The library according to any of claims 2 	to 39, 

wherein the amino acid residue is an amino -cid having a 

side chain pKa of 5.5 to 7.0. 

[Claim 43] 

The library according to any of . aims 23 to 40 and 

42, wherein the amino acid residue 	s histidine. 

[ Claim 44] 

A library consisting essen 	ally of a plurality of 

fusion polypeptides each comprising antigen-binding 

molecules according to any • 	claims 1 to 43, wherein 

each of the fusion polype, ides is a fusion product of a 

heavy chain variable re• on of the antigen-binding 

molecule and at least 	portion of a viral coat protein. 

[ Claim 45] 

The library = cording to claim 44, wherein the viral 

coat protein is -elected from the group consisting of 

protein pIII, 	ajor coat protein pVIII, pVII, pIX, Soc, 

Hoc, gpD, pv , and variants thereof. 

[Claim 46] 

A c• position comprising a plurality of 

polynu leotide molecules each encoding antigen-binding 

molecules 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 47J 

A composition comprising a plurality of vector- each 

comprising a plurality of polynucleotide molecul 

according to claim 46 in an operably linked st- e. 

[Claim 48] 

The composition according to claim 47, wherein the 

vectors are replicable expression vectors. 

[Claim 491 

The composition according to cla 	48, wherein each 

of the replicable expression vector 	is an expression 

vector in which the polynucleotid; is operably linked to 

a promoter region selected from 	he group consisting of a 

lacZ promoter system, an alka 	ne phosphatase phoA 

promoter (Ap), a bacterioph..e ?,PL promoter (temperature-

sensitive promoter), a ta• promoter, a tryptophan 

promoter, a pBAD promot- , and a bacteriophage T7 

promoter. 

[Claim 50] 

The composition according to claim 48 or 49, wherein 

each of the rep scable expression vectors is an M13, fl, 

fd, or Pf3 ph-se or a derivative thereof, or a lambdoid 

phage or a . rivative thereof. 

[Claim 51] 

A c• position comprising a plurality of viruses each 

comprising vectors according to any of claims 47 to 50. 

[Cla' 	52] 
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A composition comprising a plurality of viruses each 

displaying on their surface antigen-binding molecu es 

differing in sequence from each other according 	o any of 

claims 1 to 43 or fusion polypeptides differin• in 

sequence from each other according to claim .4 or 45. 

[Claim 53] 

A library comprising antigen-bindin• molecules 

differing in sequence from each other 	ccording to any of 

claims 1 to 43 or fusion polypeptide- differing in 

sequence from each other according to claim 44 or 45, 

wherein the library has 1 x 106 	• 1 x 1016  distinct 

variable region sequences. 

[Claim 54] 

The library according 	o claim 53, wherein the 

library has 1 x 108  or me e distinct variable region 

sequences. 

[ Claim 55] 

A method for •.eparing a library consisting 

essentially of a •lurality of antigen-binding molecules 

differing in s=•uence from each other, the method 

comprising p educing a plurality of antigen-binding 

molecules •-signed so that an antigen-binding domain in 

each of 	e antigen-binding molecules comprises at least 

one am 	o acid residue that changes the antigen-binding 

activ ty of the antigen-binding molecule depending on ion 

co 	entration conditions. 

laim 56] 
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The preparation method according to claim 55, 

wherein the antigen-binding molecules are antige 	binding 

molecules according to any of claims 2 to 43. 

[Claim 57] 

The preparation method according to claim 55 or 56, 

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 58] 

The preparation method accor• ng to any of claims 55 

to 57, wherein the viral coat p otein is selected from 

the group consisting of protein pIII, major coat protein 

pVIII, pVII, pIX, Soc, Hoc, gpD, pvl, and variants 

thereof. 

[Claim 59] 

A method for set= ting an antigen-binding molecule 

whose antigen-bindi • activity is changed depending on 

ion concentration 	onditions, the method comprising the 

steps of: 

a) preparing - library consisting essentially of antigen-

binding mol= ules differing in sequence from each other 

according 	o any of claims 1 to 43 or fusion polypeptides 

differi • in sequence from each other according to claim 

44 or 	5; 

b) •ntacting the library with antigens under two or more 

d' ferent ion concentration conditions; 



- 921 - 

0) sorting, from the library, a subpopulation of an 	gen- 

binding molecules whose antigen-binding activity '-

changed depending on the ion concentration cond' ions; 

and 

d) isolating each antigen-binding molecule 	ose antigen- 

binding activity is changed depending on 	e ion 

concentration conditions from the subpor lation sorted in 

the step c). 

[Claim 60] 

A method for isolating a poly ucleotide encoding an 

antigen-binding molecule whose • tigen-binding activity 

is changed depending on ion c• centration conditions, the 

method comprising the steps •f: 

a) preparing a library co..rising a plurality of 

replicable expression v= tors each comprising, in an 

operably linked state, a plurality of polynucleotides 

each encoding antig 	-binding molecules differing in 

sequence from eac 	other according to any of claims 1 to 

43 or fusion po 	peptides differing in sequence from each 

other accordi • to claim 44 or 45; 

b) allowing = plurality of viruses each transformed with 

the expression vectors contained in the library to 

express •n their surface the antigen-binding molecules or 

the f 	ion polypeptides differing in sequence from each 

oth: 	encoded by the polynucleotides; 

c) contacting the plurality of viruses with antigens 

nder two or more different ion concentration conditions; 
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d) sorting, from the library, a subpopulation of viru 	s 

whose antigen-binding activity is changed depending •n  

the ion concentration conditions; 

e) isolating each virus whose antigen-binding a• ivity is 

changed depending on the ion concentration co..itions 

from the virus subpopulation sorted in the 	ep d); and 

f) isolating the polynucleotides from the isolated virus. 

[Claim 61] 

The method according to claim 60, wherein the steps 

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

[Claim 62] 

The method according to an 	of claims 59 to 61, 

wherein the ion concentration is a calcium ion 

concentration. 

[Claim 63] 

The method according to claim 62, wherein an 

antigen-binding molec•le having lower antigen-binding 

activity under a lo'-calcium concentration condition than 

that under a hig 	calcium concentration condition is 

selected. 

[Claim 64] 

The me hod according to claim 63, wherein the low-

calcium .•ncentration condition is 0.1 gM to 30 pM. 

[Claim 	.5] 

he method according to claim 63 or 64, wherein the 

hi. -calcium concentration condition is 100 µM to 10 mM. 

[Claim 66] 
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The method according to any of claims 59 to 61, 

wherein the ion concentration conditions are pH 

conditions. 

[Claim 67] 

The method according to claim 66, wherei 	an 

antigen-binding molecule having lower antig 	-binding 

activity in an acidic pH condition than tvat in a neutral 

pH condition is selected. 

[Claim 68] 

The method according to claim .., wherein the acidic 

pH condition is pH 4.0 to 6.5. 

[Claim 69] 

The method according to c aim 67 or 68, wherein the 

neutral pH condition is pH • 7 to 10.0. 

[Claim 70] 

A method for produc ng an antigen-binding molecule 

whose antigen-binding =ctivity is changed depending on 

ion concentration c• ditions, the method comprising the 

steps of: 

a) preparing a 	brary comprising a plurality of 

replicable exp ession vectors each comprising, in an 

operably lin ed state, a plurality of polynucleotides 

each enco• ng antigen-binding molecules differing in 

sequence from each other according to any of claims 1 to 

43 or 	usion polypeptides differing in sequence from each 

othe 	according to claim 44 or 45; 
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b) allowing a plurality of viruses each transformed 	ith 

the expression vectors contained in the library to 

express on their surface the antigen-binding molecules or 

the fusion polypeptides differing in sequence 	rom each 

other encoded by the polynucleotides; 

c) contacting the plurality of viruses wit' antigens 

under two or more different ion concentration conditions; 

d) sorting, from the library, a subpopulation of viruses 

whose antigen-binding activity is ch nged depending on 

the ion concentration conditions; 

e) isolating each virus whose antigen-binding activity is 

changed depending on the ion c• centration conditions 

from the virus subpopulation sorted in the step d); 

f) isolating the polynucleotides from the isolated virus; 

g) culturing a host cell transfected with a vector having 

an operably linked ins rt of the isolated 

polynucleotides; and 

h) collecting the 	ntigen-binding molecules from the 

cultures of the •ell cultured in the step g). 

[Claim 71] 

A metho• for producing an antigen-binding molecule 

whose anti•en-binding activity is changed depending on 

ion conc= tration conditions, the method comprising the 

steps • 

a) p•eparing a library comprising a plurality of 

re, icable expression vectors each comprising, in an 

••erably linked state, a plurality of polynucleotides 
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each encoding antigen-binding molecules differing in 

sequence from each other according to any of claim• 1 to 

43 or fusion polypeptides differing in sequence 	rom each 

other according to claim 44 or 45; 

b) allowing a plurality of viruses each tra -formed with 

the expression vectors contained in the 1 erary to 

express on their surface the antigen-bi 	ing molecules or 

the fusion polypeptides differing in s quence from each 

other encoded by the polynucleotides 

c) contacting the plurality of viruses with antigens 

under two or more different ion 	oncentration conditions; 

d) sorting, from the library, 	= subpopulation of viruses 

whose antigen-binding activ 	y is changed depending on 

the ion concentration con. tions; 

e) isolating each virus 	hose antigen-binding activity is 

changed depending on 	e ion concentration conditions 

from the virus subp.•ulation sorted in the step d); 

f) isolating the 	olynucleotides from the isolated virus; 

g) linking the 'solated polynucleotides in frame with a 

polynucleotid= encoding an antibody constant region; 

h) culturin• a host cell transfected with a vector having 

an operab 	linked insert of the polynucleotides linked 

in the -tep g); and 

i) co 	ecting the antigen-binding molecules from the 

cul ures of the cell cultured in the step h). 

Plaim 72] 
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The production method according to claim 70 or 	1, 

wherein the steps c) and d) are additionally repe- ed at 

least once. 

[Claim 73] 

The production method according to any .f claims 70 

to 72, wherein the ion concentration is a 	alcium ion 

concentration. 

[Claim 74] 

The production method accordin• to claim 73, wherein 

an antigen-binding molecule havin• lower antigen-binding 

activity under a low-calcium co 	entration condition than 

that under a high-calcium con•-ntration condition is 

selected. 

[Claim 75] 

The production met •d according to claim 74, wherein 

the low-calcium conce 	ration condition is 0.1 µM to 30 

µM. 

[Claim 76] 

The produc 	on method according to claim 74 or 75, 

wherein the h'•h-calcium concentration condition is 100 

pt4 to 10 mM 

[Claim 77] 

Th- production method according to any of claims 70 

to 72 	wherein the ion concentration conditions are pH 

con. tions. 

[ 	aim 78] 
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The production method according to claim 77, wherein 

an antigen-binding molecule having lower antigen-binding 

activity in an acidic pH condition than that in a. neutral 

pH condition is selected. 

[Claim 79] 

The production method according to cla 	78, wherein 

the acidic pH condition is pH 4.0 to 6.5. 

[Claim 801 

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 molec 1 	produced by a production 

method according to any of claims 70 to 80. 

[Claim 82] 

A pharmaceutical comoosition comprising an antigen- 

binding molecule according to claim 81 or a modified form 

thereof. 


