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DESCRIPTION

Title of Invention: PEPTIDES HAVING AFFINITY FOR 

POLYDIMETHYLSILOXANE, AND USES THEREOF

Technical Field 5

[0001]

The present invention relates to peptides having an 

affinity for polydimethylsiloxane, and the use of the peptides.

Background Art10

[0002]

A variety of fields, including clinical examination, 

drug discovery research, environmental monitoring, and 

biochemistry, have widely used techniques to immobilize a protein, 

a nucleic acid, cells, etc., on a substrate for use in the 15

detection, quantification, or analysis of a desired substance. 

For instance, a technique is known that immobilizes a protein 

such as an enzyme or an antibody on a substrate to detect a 

desired substance based on the enzymatic reaction or antigen-

antibody reaction with the immobilized protein.20

[0003]

These techniques are still an active area of research

today, and aim to enable highly accurate and highly efficient 

detection, quantification, analysis, etc. For example, a study 

reports a technique to treat the surface of a substrate by25

chemical processing or plasma processing, depending on the

intended use. A peptide capable of immobilizing a protein on a 

polystyrene substrate (PTL 1) or a peptide capable of 

specifically and firmly immobilizing a protein on a polycarbonate

substrate or polymethylmethacrylate substrate (PTL 2) are also 30

reported.

[0004]

Polydimethylsiloxane, one type of silicone rubber, can 

be microfabricated, and is thus known as one of the substrates

for microchips, including microfluidic flow paths. Desirably 35
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immobilizing a protein on polydimethylsiloxane would enable 

highly accurate and highly efficient detection of a desired 

substance, etc., showing promise for further development of 

techniques using a polydimethylsiloxane substrate. However, 

peptides having an affinity for polydimethylsiloxane substrates5

are still unknown.

Citation List

Patent Literature

[0005]10

PTL 1: WO2009/101807A1

PTL 2: JP2011-168505A

Summary of Invention

Technical Problem15

[0006]

In view of the status quo of the art, an object of the 

present invention is to provide a polydimethylsiloxane (PDMS)

substrate to which a peptide having an affinity for PDMS is bound.

The present invention also provides a method for immobilizing a 20

target protein on a PDMS substrate. Another object of the present 

invention is to provide a peptide having an affinity for PDMS. 

Another object of the present invention is to provide a 

polynucleotide that encodes a peptide having an affinity for PDMS. 

Another object of the present invention is to provide a vector 25

using this polynucleotide, etc. 

Solution to Problem

[0007]

The present inventors conducted extensive research to 30

solve the above problem, and found a peptide having an affinity 

for PDMS. The present invention has been completed on the basis 

of this finding. Specifically, the present invention includes the 

following.

35
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Item 1. 

A polydimethylsiloxane substrate to which a peptide

having an affinity for polydimethylsiloxane is bound,

the peptide comprising the following peptide (1a) or 

(1b), or a fragment thereof:5

(1a) a peptide comprising an amino acid sequence 

represented by at least one member selected from the group 

consisting of SEQ ID NOs: 1 to 9; and

(1b) a peptide comprising the amino acid sequence of 

(1a) in which one or more amino acids are deleted, substituted, 10

and/or added, the peptide having an affinity for 

polydimethylsiloxane.

Item 2.

The polydimethylsiloxane substrate according to Item 1, 15

wherein the fragment comprises 15 to 58 amino acid residues.

Item 3.

The polydimethylsiloxane substrate according to Item 1

or 2, on which a target protein is immobilized via the peptide20

having an affinity for polydimethylsiloxane.

Item 4. 

A method for immobilizing a target protein on a 

polydimethylsiloxane substrate, the method comprising the step of25

bringing a peptide having an affinity for polydimethylsiloxane

into contact with the polydimethylsiloxane substrate, 

wherein the peptide is incorporated in the target protein, and 

the peptide comprises the following peptide (1a) or (1b), or a 

fragment thereof:30

(1a) a peptide comprising an amino acid sequence 

represented by at least one member selected from the group 

consisting of SEQ ID NOs: 1 to 9; and

(1b) a peptide comprising the amino acid sequence of 

(1a) in which one or more amino acids are deleted, substituted, 35
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and/or added, the peptide having an affinity for 

polydimethylsiloxane.

Item 5. 

A method for immobilizing a target protein on a 5

polydimethylsiloxane substrate, the method comprising the step of

binding the peptide having an affinity for polydimethylsiloxane

bound to the polydimethylsiloxane substrate according to Item 1

or 2 to the target protein.

10

Item 6. 

A composition for immobilizing a target protein on a 

polydimethylsiloxane substrate, the composition comprising a 

peptide having an affinity for polydimethylsiloxane, the peptide

comprising the following peptide (1a) or (1b), or a fragment 15

thereof:

(1a) a peptide comprising an amino acid sequence 

represented by at least one member selected from the group 

consisting of SEQ ID NOs: 1 to 9; and

(1b) a peptide comprising the amino acid sequence of 20

(1a) in which one or more amino acids are deleted, substituted, 

and/or added, the peptide having an affinity for 

polydimethylsiloxane.

Item 7. 25

Use of a peptide having an affinity for

polydimethylsiloxane in immobilizing a target protein on a 

polydimethylsiloxane substrate, the peptide comprising the 

following peptide (1a) or (1b), or a fragment thereof:

(1a) a peptide comprising an amino acid sequence 30

represented by at least one member selected from the group 

consisting of SEQ ID NOs: 1 to 9; and

(1b) a peptide comprising the amino acid sequence of 

(1a) in which one or more amino acids are deleted, substituted, 

and/or added, the peptide having an affinity for 35
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polydimethylsiloxane.

Item 8. 

A peptide having an affinity for polydimethylsiloxane, 

the peptide comprising the following peptide (1c) or (1d), or a 5

fragment thereof:

(1c) a peptide comprising an amino acid sequence 

represented by at least one member selected from the group 

consisting of SEQ ID NOs: 2 to 9; and

(1d) a peptide comprising an amino acid sequence 10

represented by at least one member selected from the group 

consisting of SEQ ID NOs: 1 to 9 in which one or more amino acids 

are deleted, substituted, and/or added, the peptide having an 

affinity for polydimethylsiloxane.

15

Item 9. 

The peptide having an affinity for polydimethylsiloxane

according to Item 8, wherein the fragment comprises 15 to 58 

amino acid residues.

20

Item 10.

A polynucleotide encoding the peptide having an 

affinity for polydimethylsiloxane according to Item 8 or 9. 

Item 11.25

The polynucleotide according to Item 10, which is 

represented by at least one member selected from the group 

consisting of SEQ ID NOs: 10 to 18.

Item 12.30

A vector for expressing a peptide having an affinity 

for polydimethylsiloxane, the vector comprising the 

polynucleotide according to Item 10 or 11.

Item 13.35
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A vector for expressing a peptide fusion protein, 

the peptide fusion protein comprising the peptide 

having an affinity for polydimethylsiloxane according to Item 8 

or 9 and a target protein, 

the vector comprising the polynucleotide according to5

Item 10 or 11 and a polynucleotide encoding the target protein

linked thereto.

Item 14.

A transformant obtainable by introducing the vector 10

according to Item 13 into a host cell to transform the host cell.

Item 15.

A peptide fusion protein comprising the peptide having 

an affinity for polydimethylsiloxane according to Item 8 or 9 and 15

a target protein, the peptide fusion protein being obtainable 

from the transformant according to Item 14.

Item 16.

A linker for immobilizing a target protein on a 20

polydimethylsiloxane substrate, the linker comprising the peptide 

having an affinity for polydimethylsiloxane according to Item 8

or 9.

Advantageous Effects of Invention25

[0008]

The peptide of the present invention has an affinity 

for PDMS. Because of the affinity, the peptide of the present

invention makes it easy to immobilize a target protein on a PDMS

substrate via the peptide. The present invention therefore 30

enables a target protein to be highly accurately and highly

efficiently immobilized on a PDMS substrate via the peptide 

having an affinity for PDMS.

Brief Description of Drawings35
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[0009]

Fig. 1 illustrates the adsorption density of peptide fusion 

proteins on a PDMS substrate.

Fig. 2 illustrates the remaining activity of peptide fusion 

proteins on a PDMS substrate.5

Fig. 3 illustrates a program of HPLC used in Example 3.

Fig. 4 illustrates the adsorption density of peptide fusion 

proteins on a PDMS substrate.

Fig. 5 illustrates the antigen-binding activity of peptide fusion 

proteins.10

Fig. 6 illustrates the antigen-binding activity of peptide fusion 

proteins.

Description of Embodiments

[0010]15

The present invention provides a PDMS substrate to 

which a peptide having an affinity for PDMS is bound, and the 

like. The following describes the present invention.

1. Peptide Having Affinity for Polydimethylsiloxane (PDMS)20

The peptide having an affinity for PDMS of the present 

invention comprises the following peptide (1-1) or (1-2), or a 

fragment thereof:

(1-1) a peptide comprising an amino acid sequence 

represented by at least one member selected from the group 25

consisting of SEQ ID NOs: 1 to 9; and

(1-2) a peptide comprising the amino acid sequence of 

(1-1) in which one or more amino acids are deleted, substituted, 

and/or added, the peptide having an affinity for

polydimethylsiloxane.30

[0011]

The “peptide” in the present invention refers to a 

peptide containing two or more amino acid residues bound through 

a peptide bond, including those called oligo peptides, 

polypeptides, and proteins, depending on the number of amino acid 35
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residues. 

[0012]

The peptide (1-1) is not limited as long as the peptide 

comprises an amino acid sequence represented by at least one 

member selected from the group consisting of SEQ ID NOs: 1 to 9. 5

For example, the peptide may comprise an amino acid sequence

represented by any of SEQ ID NOs: 1 to 9, or may comprise two or 

more amino acid sequences represented by any of SEQ ID NOs: 1 to 

9, while having an affinity for PDMS.

[0013]10

In the peptide (1-2), the range of “one or more” is not 

particularly limited as long as the peptide has an affinity for 

PDMS. The range of “one or more” is, for example, 1 to 15, 

preferably 1 to 10, more preferably 1 to 5, still more preferably 

1 to 4, particularly preferably 1 to 3, and yet more particularly 15

preferably 1 or 2. Techniques to delete, substitute, and/or add 

one or more amino acids in a specific amino acid sequence are

known.

[0014]

An example of the peptide having such a deletion,20

substitution, and/or addition is a peptide comprising an amino 

acid sequence having at least 50% identity to the amino acid 

sequence represented by at least one member selected from the 

group consisting of SEQ ID NOs: 1 to 9 and having an affinity for 

PDMS. Another example is a peptide comprising an amino acid 25

sequence having at least 50% identity to the amino acid sequence 

represented by any of SEQ ID NOs: 1 to 9, and having an affinity 

for PDMS. Of these peptides, more preferable peptides are those 

having at least 70% identity, preferably at least 80% identity, 

more preferably at least 90% identity, still more preferably at 30

least 95% identity, particularly preferably at least 97% identity, 

and yet particularly preferably at least 98% identity to the 

amino acid sequences described above.

[0015]

The fragment of peptide (1-1) or (1-2) is also not35



9

particularly limited as long as the fragment is a fragment of 

peptide (1-1) or (1-2) described above, and has an affinity for 

PDMS. Examples of the fragment include those containing 15 to 58

amino acid residues, preferably 15 to 45 amino acid residues, and 

more preferably 15 to 30 amino acid residues, and having an 5

affinity for PDMS.

[0016]

Without limiting the present invention, in an 

embodiment, a peptide comprising the amino acid sequence

represented by SEQ ID NO: 5 can also be referred to as a fragment10

comprising the amino acid sequence represented by SEQ ID NO: 2.

Without limiting the present invention, the peptide comprising 

the amino acid sequence represented by SEQ ID NO: 8 is identical

to the peptide in which 15 out of 17 amino acid residues form an 

amino acid sequence represented by SEQ ID NO: 7. 15

[0017]

Without the need to mention, in this specification, 

“a peptide comprising an amino acid sequence represented by at 

least one member selected from the group consisting of SEQ ID 

NOs: 2 to 9” and “a peptide comprising an amino acid sequence20

represented by at least one member selected from the group 

consisting of SEQ ID NOs: 1 to 9 in which one or more amino acids 

are deleted, substituted, and/or added, the peptide having an 

affinity for polydimethylsiloxane” can also be described 

substantially in the same manner as above, and also substantially 25

the same as in the description below. Specifically, for example, 

“a peptide comprising an amino acid sequence represented by at 

least one member selected from the group consisting of SEQ ID 

NOs: 2 to 9” is not limited as long as the peptide comprises an 

amino acid sequence represented by at least one member selected 30

from the group consisting of SEQ ID NOs: 2 to 9, and may be, for 

example, a peptide comprising an amino acid sequence represented 

by any of SEQ ID NOs: 2 to 9, or a peptide comprising two or more

amino acid sequences represented by any of SEQ ID NOs: 2 to 9,

while having an affinity for PDMS. Other features can also be 35
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described in the same manner.

[0018]

The term “having an affinity for PDMS” is not 

particularly limited as long as the peptide can be directly bound 

to a PDMS substrate whose surface is unmodified. The binding5

conditions may suitably be determined in accordance with the type 

of peptide for use, or the properties of a target protein to be 

immobilized on the PDMS substrate via the peptide or the 

properties of a desired substance interactive with the target 

protein. For example, the binding (incubating) conditions10

described in the Examples below may be applied, or a person 

skilled in the art may suitably determine the conditions with 

reference to the conditions described in the Examples. The 

peptide can be bound to a PDMS substrate, for example, by 

bringing a solution, such as a buffer solution (e.g., a PBS 15

solution) containing the peptide, into contact with the PDMS

substrate for a predetermined period of time. The PBS used in the 

Examples described below was obtained by diluting 10×PBS (NaCl 

1.38M (80.8 g), KCl 27 mM (2 g), Na2HPO4·12H2O 80 mM (29 g), KH2PO4

15 mM (2 g)) with ion-exchanged water to a volume of 1 L (a pH of20

7.4). For example, when the PBS is suitably diluted, or its pH 

value is adjusted, the peptide can also be bound to a PDMS

substrate.

[0019]

The “PDMS substrate” is not limited as long as the 25

substrate contains PDMS, with the surface of PDMS unmodified, on 

a part of the surface or on the entire surface of the substrate,

and as long as the peptide having an affinity for PDMS can be 

bound to the surface of PDMS. Examples of PDMS substrates include 

substrates formed of PDMS and substrates formed by laminating 30

and/or coating a part of the surface or the entire surface of a 

substrate formed of a different component/different components

with PDMS.

[0020]

The peptide having an affinity for PDMS of the present 35
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invention can be prepared by a known genetic engineering 

technique or chemosynthesis technique. For example, a desired 

peptide may be prepared by inserting a polynucleotide encoding a 

peptide represented by any of SEQ ID NOs: 1 to 9 into a vector, 

and then culturing the transformant into which the vector has 5

been incorporated. The peptide having an affinity for PDMS of the 

present invention may also be obtained by isolating and/or 

purifying a peptide from a microorganism capable of producing the 

peptide. The peptide having an affinity for PDMS of the present 

invention may also be synthesized by a known chemosynthesis 10

technique based on the information of the amino acid sequence 

represented by any of SEQ ID NOs: 1 to 9 or the nucleotide 

sequence encoding the amino acid sequence. The chemosynthesis 

technique includes peptide synthesis methods, such as liquid-

phase peptide synthesis and solid-phase peptide synthesis. A more 15

detailed example is the procedure described in the Examples below.

Whether the obtained peptide has an affinity for PDMS can be 

determined based on whether the obtained peptide can be directly 

bound to a PDMS substrate whose surface is unmodified in the same 

manner as described above. If the peptide directly binds to the 20

substrate, the peptide is determined to have an affinity for PDMS.

The binding conditions can suitably be determined in the same 

manner as described above.

[0021]

Because of the affinity for PDMS, the peptide having an 25

affinity for PDMS of the present invention makes it easy to 

immobilize a target protein on a PDMS substrate via the peptide. 

This makes the peptide having an affinity for PDMS of the present 

invention highly useful in immobilizing a target protein on a 

PDMS substrate. The present invention also enables a target 30

protein to be highly densely immobilized on a PDMS substrate via 

the peptide having an affinity for PDMS. The present invention

also enables a target protein to be immobilized on a PDMS 

substrate, with the activity of the protein maintained. The 

present invention also enables a target protein to be immobilized35



12

on a PDMS substrate, controlling the uniformity of the protein

orientation. Thus, the present invention can make a target 

protein on a PDMS substrate highly dense, highly activated,

and/or highly orientationally controlled. This present invention

enables a target protein to be highly accurately and highly 5

efficiently immobilized on a PDMS substrate via the peptide

having an affinity for PDMS, and further enables a desired 

substance interactive with the target protein to be highly 

accurately and highly efficiently bound to a PDMS substrate via 

the peptide having an affinity for PDMS. Thus, the peptide having 10

an affinity for PDMS of the present invention is useful as a 

linker for immobilizing a target protein on a PDMS substrate.

[0022]

The above indicates that the present invention provides

a linker for immobilizing a target protein on a PDMS substrate,15

wherein the linker comprises the peptide having an affinity for 

PDMS; a composition for immobilizing a target protein on a PDMS

substrate wherein the composition comprises the peptide having an 

affinity for PDMS; the use of the peptide having an affinity for 

PDMS in immobilizing a target protein on a PDMS substrate; and a 20

kit comprising the composition for immobilization and a PDMS

substrate. The peptide having an affinity for PDMS, the PDMS

substrate, the target protein, the immobilization (binding) 

conditions, etc., for the linker for immobilization, the 

composition for immobilization, the use, and the kit, and effects 25

obtained therefrom are explained in the same manner as described 

above.

[0023]

In the linker for immobilization, the composition for 

immobilization, and the kit, the target protein may be one kind 30

of protein, or two or more kinds of proteins.

[0024]

In the use, the target protein may be one kind of 

protein, or two or more kinds of proteins.

[0025]35
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As described above, the linker for immobilization is 

capable of immobilizing a target protein on a PDMS substrate via 

the peptide having an affinity for PDMS.

[0026]

The composition for immobilization may comprise at 5

least the peptide having an affinity for PDMS. Without limiting 

the present invention, in order to bind the peptide having an 

affinity for PDMS to a PDMS substrate in a simple operation, the 

composition may comprise a solvent, such as pure water, including

ion-exchanged water, distilled water, ultrapure water, and RO10

water, and a buffer solution, including PBS; a target protein;

and components necessary for immobilizing the target protein on a 

PDMS substrate via the peptide having an affinity for PDMS. An 

example of the solvent is preferably a buffer solution, and more 

preferably PBS. The peptide having an affinity for PDMS contained 15

in the composition for immobilization is as described above. 

Without limiting the present invention, for example, when the 

peptide is produced by culturing a transformant containing a

desired expression vector (e.g., E. coli), a peptide obtained 

after culture as is may be used as the peptide, and preferably a 20

peptide obtained through a known purification treatment, such as 

dialysis, may also be used. The use of such a composition makes 

it simple to bind the peptide having an affinity for PDMS to a 

PDMS substrate, thus making it simple to immobilize a target 

protein on the PDMS substrate via the peptide having an affinity 25

for PDMS.

[0027]

These can suitably be used in the preparation of, for 

example, biochips, including protein chips, column packing 

materials, microplates for use in ELISA, and immobilized enzymes.30

[0028]

In this invention, the term “comprising” also 

encompasses the meanings “consisting essentially of” and 

“consisting of.”

2. Polynucleotide35
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The present invention further provides a polynucleotide 

encoding the peptide having an affinity for PDMS. The 

polynucleotide of the present invention is not limited as long as 

it encodes the peptide having an affinity for PDMS described 

above, and examples of the polynucleotide include the following:5

(2-1) a polynucleotide encoding the peptide having an 

affinity for PDMS,

(2-2) a polynucleotide comprising a nucleotide sequence 

represented by any of SEQ ID NOs: 10 to 18, and

(2-3) a polynucleotide hybridizing to a complementary 10

strand of either polynucleotide (2-1) or polynucleotide (2-2) 

under stringent conditions and encoding a peptide having an 

affinity for PDMS.

[0029]

A person skilled in the art can readily analyze and 15

obtain polynucleotide (2-1) described above by a known method 

based on the amino acid sequence of the peptide having an 

affinity for PDMS.

[0030]

The amino acid sequence encoded by polynucleotide (2-2) 20

corresponds to any of amino acid sequences represented by SEQ ID 

NOs: 1 to 9.

[0031]

In (2-3) described above, the expression 

“hybridizing ... under stringent conditions” indicates that two 25

polynucleotide fragments can hybridize to each other under 

standard hybridization conditions. The conditions are disclosed 

in Sambrook et al., Molecular Cloning: A laboratory manual (1989), 

Cold Spring Harbor Laboratory Press, New York, USA. More 

specifically, “stringent conditions” refers to hybridization in 30

6.0×SSC at about 45°C, followed by washing with 2.0×SSC at 50°C.

[0032]

A polynucleotide that hybridizes to a complementary 

strand under stringent conditions typically has a certain degree 

or more of identity to either nucleotide sequence (2-1) or35
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nucleotide sequence (2-2) described above. The polynucleotide has, 

for example, at least 70%, preferably at least 85%, more 

preferably at least 90%, still more preferably at least 95%, 

particularly preferably at least 98%, and yet more particularly 

preferably at least 99% identity to nucleotide sequence (2-1) or5

nucleotide sequence (2-2). The identity of the nucleotide 

sequence can be determined using a commercially available 

analytical tool or an analytical tool available through 

telecommunication (e.g., Internet). For example, software, such 

as FASTA, BLAST, PSI-BLAST, or SSEARCH, can be used for 10

calculation.

[0033]

The term “having an affinity for PDMS” is as described 

above, and is not limited as long as the peptide prepared using 

the polynucleotide described above can be directly bound to a 15

PDMS substrate whose surface is unmodified. The binding

conditions can also suitably be determined as described above.

The preparation of a peptide from the polynucleotide described 

above may be performed using a genetic engineering technique or 

chemosynthesis technique known in the art, and this is easy for a 20

person skilled in the art. For example, a peptide can be prepared 

by using, for example, an expression vector described below.

[0034]

The polynucleotide of the present invention can also be 

prepared by a known genetic engineering technique or 25

chemosynthesis technique (see Proc. Natl. Acad. Sci., USA., 78, 

6613 (1981); Science, 222, 778 (1983); Molecular Cloning 2d Ed, 

Cold Spring Harbor Lab. Press (1989); Lectures on Biochemical 

Experiments (Genetic Research Methods I, II, III), Journal of The 

Japanese Biochemistry Society (1986)). For example, the 30

polynucleotide may be obtained by preparing a cDNA library from a 

suitable source, such as microorganisms containing the desired 

polynucleotide, using a standard method, and obtaining the 

desired polynucleotide using a suitable probe from the library. 

Alternatively, a desired polynucleotide may be prepared and 35
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obtained by a known chemical DNA synthetic technique based on the 

sequence information of the amino acid represented by any of SEQ 

ID NOs: 1 to 9, or the sequence information of the nucleotide 

represented by any of SEQ ID NOs: 10 to 18.

[0035]5

3. Expression Vector

The present invention provides a vector for expressing 

a peptide having an affinity for PDMS, the vector comprising the 

aforementioned polynucleotide. The vector for expressing a 

peptide having an affinity for PDMS of the present invention is 10

not particularly limited as long as the vector comprises the 

polynucleotide described above, and can express the peptide 

having an affinity for PDMS or the linker for immobilization

described above in the host cell based on the base sequence of 

the polynucleotide. The vector is suitably selected based on its15

relationship with the host cell as typically performed in the art.

[0036]

More specifically, the vector for use in the present 

invention is not limited as long as the vector is an expression 

vector typically used in the genetic engineering field. Examples 20

thereof include plasmid vectors, such as pBR, pUC, pCD, pET, pGEX, 

pCMV, pMSG, and pSVL derived from bacteria such as E. coli or 

yeast; and viral vectors derived from retroviruses, adenoviruses, 

vaccinia viruses, baculoviruses, bacteriophages, etc.

[0037]25

These vectors optionally have a promoter linked thereto. 

The promoter is not limited as long as it is suitable for the 

host cell, and known promoters can be used. Examples of promoters

include lac promoter, trp promoter, tac promoter, trc promoter, 

racA promoter, λPL promoter, lpp promoter, and T7 promoter; and 30

these promoters are used, for example, when E. coli is used as 

the host cell. Other examples of promoters include SV40 promoter, 

CMV promoter, RSV promoter, HSV-TK promoter, LTR promoter, SRα 

promoter, and EF-1α promoter. These promoters are used, for 

example, when an animal cell is used as the host cell. With 35
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consideration for the relationship with the host cell, yeast cell 

promoters, insect cell promoters, and viral promoters may also be 

used. When the vector includes an endogenous promoter, the

endogenous promoter may be used.

[0038]5

The promoter-binding site in the vector for expressing 

a peptide having an affinity for PDMS of the present invention is 

not limited, as long as the peptide having an affinity for PDMS

can be expressed in the host cell. Typically, the promoter is 

linked to a site upstream of the polynucleotide encoding the 10

peptide having an affinity for PDMS. More specifically, the 

polynucleotide encoding the peptide having an affinity for PDMS

is under the control of the promoter in the vector for expressing 

the peptide having an affinity for PDMS of the present invention.

[0039]15

As a host cell, various known prokaryotic cells and 

eukaryotic cells may be used. Examples thereof include bacteria, 

such as E. coli, Bacillus subtilis, Streptococcus, Staphylococcus, 

actinomycetes, and filamentous fungi; yeast; Aspergillus; insect 

cells, such as Drosophila S2, and Spodoptera Sf9; and animal or 20

plant cells, such as L cells, CHO cells, COS cells, Art-20 cells, 

HeLa cells, C127 cells, myeloma cells, GH3 cells, FL cells, VERO 

cells, CV-1 cells, Bowes melanoma cells, and oocytes of platanna.

[0040]

These vectors, promoters, and host cells may suitably 25

be combined based on the common technical knowledge in the art. 

Examples of combinations include pET (T7 promoter)/E. coli BL21 

(DE3), and pGEX (Tac promoter)/E. coli BL21.

[0041]

In addition, base sequences of, for example, marker 30

genes, such as an enhancer, a splicing signal, a poly-A signal, a 

drug-resistant gene, green fluorescent protein (GFP), and others

may further be bound to the vector for expressing a peptide 

having an affinity for PDMS of the present invention. These base 

sequences are bound at any site of the expression vector, 35
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depending on the intended use.

[0042]

A base sequence constituting a linker for introducing a 

peptide having an affinity for PDMS into a target protein 

described later may further be bound to the vector for expressing5

a peptide having an affinity for PDMS of the present invention. 

For example, the base sequence constituting the linker may be 

bound to the 5’ terminal and/or 3’ terminal of the polynucleotide 

that encodes the peptide having an affinity for PDMS. The base 

sequence constituting the linker is not limited as long as the 10

effects of the present invention can be achieved, and a person 

skilled in the art may suitably determine the base sequence

within the general scope of investigation using a known technique. 

Examples of the linker include so-called flexible linkers, and an 

example of the amino acid sequences of flexible linkers is (G4S)n15

(e.g., n = 1 to 4). When the linker is used, a nucleotide 

sequence capable of expressing the linker may suitably be bound

to the vector.

[0043]

In addition, a polynucleotide encoding the amino acid 20

sequence of a target protein may further be linked to the

polynucleotide encoding the peptide having an affinity for PDMS

in the vector for expressing the peptide having an affinity for 

PDMS of the present invention. This enables a target protein

incorporating the peptide having an affinity for PDMS to be 25

expressed, and also enables a target protein incorporating the 

linker for immobilization to be expressed. An expression vector 

formed by binding a polynucleotide encoding the amino acid 

sequence of a target protein to the expression vector described 

above may be referred to as a vector for expressing a peptide 30

fusion protein that comprises the peptide having an affinity for 

PDMS and the target protein.

[0044]

In this specification, the target protein can be any 

protein, and without limiting the present invention, examples 35
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includes proteins, such as antigens, antibodies, enzymes, 

substrates, receptor proteins, and lectins. More specifically, 

examples thereof include, but are not limited to, glutathione 

transferases (GST: Glutathione S-Transferase), green fluorescent 

protein (GFP), alkaline phosphatases, peroxidases, luciferases, 5

β-galactosidase, trypsin, chymotrypsin, thrombin, Factor Xa, 

angiotensin-converting enzymes, tyrosine kinases, insulin 

receptors, EGF receptors, maltose-binding proteins, monoclonal 

antibodies, polyclonal antibodies, single-chain antibodies, 

multivalent single-chain antibodies (e.g., bivalent single-chain 10

antibodies), constant region fusion single-chain antibodies, Fab 

fragments and F(ab’)2 fragments (fragments of antibodies 

including antigen-binding sites), complement protein C1q, 

concanavalin A, lentil lectin, antibody-binding proteins (e.g., 

protein A, ZZ, protein G, and protein L), biotin, and 15

streptavidin (avidin).

[0045]

When the nucleotide sequences encoding the amino acid 

sequences of these target proteins are known, a desired 

nucleotide sequence may be positioned in the expression vector by 20

a known method based on the known sequence information. When the 

nucleotide sequence encoding the amino acid sequence of a target 

protein is unknown, a known genetic engineering technique or 

chemosynthesis technique may be used to analyze and prepare the 

polynucleotide encoding the amino acid sequence of the target 25

protein based on the amino acid sequence of the target protein, 

and the prepared polynucleotide may be positioned in the 

expression vector.

[0046]

To express the peptide fusion protein, the 30

polynucleotide encoding the amino acid sequence of a target 

protein is also positioned under the control of the promoter. As 

long as this is done, a person skilled in the art may suitably 

determine whether to bind the polynucleotide encoding the target 

protein upstream or downstream of the polynucleotide encoding the 35
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peptide having an affinity for PDMS, or whether to bind the 

polynucleotide encoding the peptide having an affinity for PDMS 

to the interior of the molecule of the target protein. In any

case, the polynucleotide is preferably linked to a site that does 

not adversely affect the physiological activity and conformation 5

of the target protein. For example, when the target protein is an 

antigen, the polynucleotide is preferably positioned on a site 

that does not adversely affect antigen determination; when the 

target protein is an antibody, the polynucleotide may be 

positioned on a site that does not adversely affect antigen-10

binding; and when the target protein is an enzyme, the 

polynucleotide may be positioned on a site that does not 

adversely affect enzyme activity. A person skilled in the art may 

suitably determine the introduction site depending on the 

properties and structure of the target proteins, such as antigens, 15

antibodies, enzymes, substrates, receptor proteins, and lectins. 

The polynucleotide encoding the peptide having an affinity for 

PDMS or the polynucleotide encoding the linker for immobilization 

is linked to a site that does not affect the properties of the 

peptide having an affinity for PDMS (e.g., the affinity for the20

substrate), and that does not adversely affect the effects of the 

present invention.

[0047]

In the vector for expressing a peptide fusion protein 

of the present invention, the polynucleotide encoding the peptide 25

having an affinity for PDMS is linked to the polynucleotide 

encoding the amino acid sequence of a target protein, and the 

linkage structure is not limited as long as a desired peptide 

fusion protein is expressed in the host cell. For example, in the 

vector for expressing a peptide fusion protein of the present 30

invention, the polynucleotide encoding the peptide having an 

affinity for PDMS and the polynucleotide encoding the amino acid 

sequence of a target protein may be present as a continuous base 

sequence; more specifically, these polynucleotides may be 

directly linked without a linker. Alternatively, these 35
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polynucleotides may be linked to each other via any base sequence, 

for example, a base sequence constituting a linker, such as the 

aforementioned flexible linker. As long as the effects of the 

present invention can be achieved, the linkage structure is not 

limited. The polynucleotide encoding the amino acid sequence of a 5

target protein in the present invention may be used singly or in 

a combination of two or more, as long as the effects of the 

present invention are not adversely affected.

[0048]

The expression vector of the present invention may be 10

prepared by a known method in the art, by positioning necessary 

base sequences, such as polynucleotides, on a suitable site of 

the vector using a restriction enzyme or the like.

[0049]

4. Transformant15

The present invention provides a transformant obtained 

by introducing the vector for expressing a peptide fusion protein

to a host cell and transforming the cell.

[0050]

In the present invention, examples of the host cell 20

include those described above.

[0051]

The method for obtaining a transformant by introducing 

the vector for expressing a peptide fusion protein into a host 

cell is not particularly limited, and a typical known method may 25

be used. For example, the transformant may be obtained by methods 

described in various standard laboratory manuals. Specific 

examples thereof include a calcium chloride method; a rubidium 

chloride method; DEAE-dextran-mediated transfection;

microinjection; cationic lipid-mediated transfection using, for 30

example, a liposome; electroporation; transduction; and infection 

by bacteriophage.

[0052]

5. Peptide Fusion Protein

The present invention provides a peptide fusion protein 35
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comprising the peptide having an affinity for PDMS and the target 

protein. The peptide having an affinity for PDMS and the target 

protein are as described above. The peptide fusion protein is a 

fusion protein unified by linking the peptide having an affinity 

for PDMS to the target protein.5

[0053]

Without limiting the present invention, in an

embodiment, the peptide fusion protein can be prepared by 

culturing the transformant in a suitable medium, and collecting 

the desired peptide fusion protein from the transformant and/or 10

culture. The culturing and collection methods are not 

particularly limited, and typical known methods may be used. For 

example, culturing may be performed by passage culture or batch 

culture using any medium commonly used for the host cell. The 

culturing may be continued until an adequate amount of peptide 15

fusion protein can be obtained, with the amount of the protein 

produced inside and outside of the transformant as an index. The 

culture conditions, such as temperature and time, may be known

conditions suitable for the host cell.

[0054]20

The peptide fusion protein thus obtained may further be 

optionally isolated or purified, by various isolation operations 

using its physical properties, chemical properties, or the like. 

Examples of isolation operations include solvent extraction, 

distillation, and various types of chromatography (see 25

Biochemistry Data Book II, pp. 1175–1259, First Edition, First 

Printing, 1980, Tokyo Kagaku Dojin Co., Inc.; Biochemistry, 

25(25), 8274 (1986); Eur. J. Biochem., 163, 313 (1987)). Since 

the peptide fusion protein of the present invention has an 

affinity for PDMS, the peptide fusion protein may be isolated and 30

purified by contacting the product obtained from a culture medium 

or transformant with a PDMS substrate to bind the peptide having 

an affinity for PDMS to the PDMS substrate. When the peptide 

fusion protein is expressed using a transformant, the peptide 

fusion protein may sometimes be present as an inclusion body. In 35
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this case, the peptide fusion protein may be isolated or purified 

by suitably solubilizing the inclusion body, and contacting the 

solubilized protein with a PDMS substrate to bind the peptide 

having an affinity for PDMS to the PDMS substrate. When the 

conformation of the peptide fusion protein of the present 5

invention has been altered, the peptide fusion protein may also 

be bound to the PDMS substrate with the conformation being 

altered. Conformational refolding may also optionally be

performed with the peptide fusion protein being bound to the PDMS 

substrate to isolate or purify the protein.10

[0055]

6. PDMS substrate to which a peptide having an affinity for PDMS

has been bound

The present invention provides a PDMS substrate to which 

a peptide having an affinity for PDMS has been bound. It 15

comprises the peptide having an affinity for PDMS bound to the 

PDMS substrate. The peptide having an affinity for PDMS and PDMS

substrate are as described above.

[0056]

The shape of the PDMS substrate is also not limited as 20

long as the peptide having an affinity for PDMS can be bound

thereto, and the PDMS substrate may be in any shape, such as a 

plate shape, film shape (sheet), spherical, granular (bead shape), 

fibrous, microplate, or cylindrical. When the PDMS substrate of 

the present invention is used as a biochip, such as a protein 25

chip, the PDMS substrate is preferably, for example, in the shape 

of a plate or a film (sheet).

[0057]

The PDMS substrate to which the peptide having an 

affinity for PDMS has been bound can be prepared by contacting 30

the peptide having an affinity for PDMS or the linker for 

immobilization to a PDMS substrate to bind the peptide having an 

affinity for PDMS to the PDMS substrate. The contacting

conditions may suitably be determined depending on the type of 

peptide having an affinity for PDMS, or the properties of the 35



24

target protein to be immobilized to the PDMS substrate via the 

peptide having an affinity for PDMS or the properties of a

desired substance interactive with the target protein. For 

example, a solution obtained by mixing the peptide having an 

affinity for PDMS with an solvent, or a composition comprising5

the peptide having an affinity for PDMS for immobilizing a target 

protein to the PDMS substrate may be added dropwise to the PDMS 

substrate, or the PDMS substrate may be immersed in such a 

solution, and then the PDMS substrate may be allowed to stand for 

a predetermined time period. Unnecessary components not bound to 10

the PDMS substrate can be removed by washing them off with a 

solvent such as a buffer solution or water. The binding

conditions of the Examples described below may be applied, or a 

person skilled in the art may suitably determine the contacting

conditions with reference to the binding conditions described in 15

the Examples.

[0058]

Because of the affinity for PDMS, the peptide having an 

affinity for PDMS can be directly bound to a PDMS substrate in 

the present invention.20

[0059]

A target protein may further be immobilized to the PDMS 

substrate to which the peptide having an affinity for PDMS has

been bound according to the present invention via the peptide 

having an affinity for PDMS. The target protein is as described 25

above. The target protein may be one kind of protein, or two or 

more kinds of proteins.

[0060]

The immobilization is not limited as long as the target 

protein is immobilized to a PDMS substrate via the peptide having 30

an affinity for PDMS. The target protein may be immobilized to 

the PDMS substrate by introducing the peptide having an affinity 

for PDMS into the target protein and contacting the result with

the PDMS substrate. Alternatively, the target protein may be 

immobilized to a PDMS substrate by introducing the peptide having 35



25

an affinity for PDMS bound to the PDMS substrate into the target 

protein. This can prepare a PDMS substrate to which a target 

protein has been immobilized via the peptide having an affinity 

for PDMS. The conditions for contacting with the PDMS substrate 

are as described above.5

[0061]

Introduction of the peptide having an affinity for PDMS

to a target protein is not limited, as long as the introduction

does not adversely affect the effects of the present invention,

and as long as the peptide having an affinity for PDMS can be 10

introduced. The peptide having an affinity for PDMS may be 

introduced to a target protein directly or via a linker. A person 

skilled in the art may suitably determine the linker as described 

above.

[0062]15

The peptide having an affinity for PDMS can be 

introduced into any site of a target protein, as long as the 

introduction does not adversely affect the activity and 

orientation of the target protein and the properties of the 

peptide having an affinity for PDMS (e.g., the affinity for the 20

substrate), and as long as the effects of the present invention

are not impaired. For example, when the target protein is an 

antigen, the peptide having an affinity for PDMS may be 

positioned on a site that does not adversely affect the antigen 

determination; when the target protein is an antibody, the 25

peptide having an affinity for PDMS may be positioned on a site 

that does not adversely affect the antigen-binding; and when the 

target protein is an enzyme, the peptide having an affinity for 

PDMS may be positioned on a site that does not adversely affect 

the enzyme activity. A person skilled in the art may suitably 30

determine the site depending on the properties and structure of 

the target protein, such as antigens, antibodies, enzymes, 

substrates, receptor proteins, or lectins. In particular, because

the site to introduce the peptide having an affinity for PDMS can 

suitably be determined in the present invention, it is possible 35
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to uniformly control the orientation of the target protein to 

immobilize the protein on PDMS, while maintaining the activity of 

the protein.

[0063]

The method for introducing the peptide having an 5

affinity for PDMS into a target protein is not particularly 

limited, and the peptide may suitably be introduced by a known 

genetic engineering technique or chemosynthesis technique. For 

example, the peptide may be introduced by using the expression 

vector as described above. For example, the peptide having an 10

affinity for PDMS may also be introduced into the target protein 

using a crosslinking agent, such as glutaraldehyde and NHS/EDC 

(N-hydroxysuccinimide/1-ethyl-3-(3-

dimethylaminopropyl)carbodiimide hydrochloride). Alternatively, 

for example, the peptide having an affinity for PDMS may be 15

introduced into a target protein by a specific bond via biotin-

streptavidin (avidin), which is a bond between a biotinylated

peptide having an affinity for PDMS and a streptavidin (avidin)-

labeled target protein. For example, the peptide having an 

affinity for PDMS may also be introduced into a target protein by 20

a specific bond via streptavidin (avidin), using a biotinylated

peptide having an affinity for PDMS and a biotinylated target 

protein. The peptide may be introduced by a known method as 

described here.

[0064]25

A preferable example of the peptide having an affinity 

for PDMS introduced into a target protein is the peptide fusion 

protein described above. By contacting the peptide fusion protein 

with a PDMS substrate as described above, the target protein can 

be immobilized on the PDMS substrate via the peptide having an 30

affinity for PDMS. Alternatively, by introducing the peptide 

having an affinity for PDMS into the target protein using the

crosslinking agent or specific bond, and contacting the result 

with the PDMS substrate as described above, the target protein 

can be immobilized on the PDMS substrate via the peptide having 35
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an affinity for PDMS. This indicates that the present invention 

further provides a method for producing a target protein capable 

of binding to a PDMS substrate, comprising the step of

introducing the peptide having an affinity for PDMS into the 

target protein, and also provides a target protein to which the5

peptide having an affinity for PDMS has been introduced.

[0065]

The target protein can also be immobilized on a PDMS 

substrate via the peptide having an affinity for PDMS by 

introducing the peptide having an affinity for PDMS bound to the 10

PDMS substrate into the target protein using the aforementioned 

crosslinking agent, specific bond, or the like.

[0066]

The PDMS substrate to which the peptide having an 

affinity for PDMS has been bound according to the present 15

invention enables the target protein to be immobilized on the

substrate in a highly dense manner, with the activity of the 

protein being sufficiently maintained, and/or the orientation

being uniformly controlled. Because of this feature, the PDMS 

substrate to which the peptide having an affinity for PDMS has20

been bound according to the present invention enables highly 

accurate and highly efficient detection, measurement, and 

analysis of a target protein or a desired substance interactive 

with the target protein.

[0067]25

Thus, if in the shape of a plate, film (sheet), or the 

like, the PDMS substrate to which the peptide having an affinity 

for PDMS has been bound according to the present invention can be 

used as a biochip, in particular, a protein chip. The PDMS

substrate can also suitably be used as a column packing material 30

using an antigen-antibody reaction, enzyme reaction, or the like, 

a microplate for use in ELISA, an immobilized enzyme, etc. The 

substrate has applications in a variety of fields, including

clinical examination, drug discovery research, environmental 

monitoring, and biochemistry.35
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[0068]

7. Method for immobilizing a target protein on a PDMS substrate

The present invention provides a method for immobilizing 

a target protein on a PDMS substrate, the method comprising the

step of contacting the peptide having an affinity for PDMS5

introduced into the target protein with the PDMS substrate.

[0069]

The target protein, the peptide having an affinity for 

PDMS, the PDMS substrate, introducing the peptide having an 

affinity for PDMS into the target protein, and contacting the 10

peptide having an affinity for PDMS introduced into the target 

protein with a PDMS substrate are as described above.

[0070]

Because of the affinity for PDMS of the peptide, the 

immobilization method of the present invention can bind the 15

peptide having an affinity for PDMS to a PDMS substrate by simply

contacting the peptide having an affinity for PDMS introduced 

into the target protein with the PDMS substrate. Thus, the 

immobilization method of the present invention can easily

immobilize the target protein on the PDMS substrate via the 20

peptide having an affinity for PDMS.

[0071]

The immobilization method of the present invention may 

be performed by further combining the step of introducing the

peptide having an affinity for PDMS into the target protein. More 25

specifically, the step of contacting the peptide having an 

affinity for PDMS introduced into the target protein with the

PDMS substrate can be performed after conducting the step of 

introducing the peptide having an affinity for PDMS into the 

target protein. The introduction and the like are also as 30

described above.

[0072]

Additionally, the present invention also provides a 

method for immobilizing a target protein on a PDMS substrate, 

comprising the step of binding the peptide having an affinity for 35
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PDMS bound to the PDMS substrate to the target protein.

[0073]

The target protein, the peptide having an affinity for 

PDMS, the PDMS substrate, and binding the peptide having an 

affinity for PDMS to the PDMS substrate are as described above. 5

The binding of the peptide having an affinity for PDMS bound to 

the PDMS substrate to the target protein is also not limited as 

long as the binding does not adversely affect the effects of the

present invention. A person skilled in the art may suitably bind

the peptide having an affinity for PDMS bound to the PDMS10

substrate to the target protein in accordance with common 

technical knowledge. For example, the introduction method 

described above may be used.

[0074]

The immobilization method of the present invention may 15

be performed by further combining the step of contacting the

peptide having an affinity for PDMS with the PDMS substrate. More 

specifically, the step of binding the peptide having an affinity 

for PDMS bound to the PDMS substrate to the target protein can be 

performed after performing the step of contacting the peptide 20

having an affinity for PDMS with the PDMS substrate to bind them.

Contacting the peptide having an affinity for PDMS with the PDMS

substrate may be performed as described above.

[0075]

These immobilization methods can produce a PDMS 25

substrate on which a target protein has been immobilized in a 

simple manner. Because the target protein is immobilized on a 

PDMS substrate via the peptide having an affinity for PDMS, these 

immobilization methods can immobilize the target protein in a 

highly dense manner, with the activity of the protein being 30

sufficiently maintained and/or the orientation of the protein 

being uniformly controlled. Thus, the present invention makes it 

easy to produce biochips such as protein chips, column packing 

materials using an antigen-antibody reaction, enzyme reaction, or 

the like, microplates for use in ELISA or other assays, and 35
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immobilized enzymes. The immobilization method of the present 

invention is thus useful in various fields, such as clinical 

examination, drug discovery research, environmental monitoring, 

and biochemistry.

5

Examples

[0076]

The following describes the present invention with 

reference to Examples; however, the present invention is not 

limited to these Examples.10

Example 1

The affinity of the peptide represented by SEQ ID NO: 1

(ELV1 peptide), the affinity of the peptide represented by SEQ ID 

NO: 2 (TPV1 peptide), and the affinity of the peptide represented 15

by SEQ ID NO: 3 (OCV1 peptide) for polydimethylsiloxane (PDMS)

were examined in accordance with the procedure described below.

[0077]

1. Procedure

1-1. Construction of elongation factor Tu (ELN) expression vector, 20

tryptophanase (TPA) expression vector, and outer membrane protein 

C (OMC) expression vector

1) Chromosomal DNA of E. coli BL21(DE3) (Novagen) was extracted 

using a DNA purification kit (Promega Corporation).

2) PCR was performed with the chromosomal DNA as a template using 25

KOD plus ver. 2 PCR kit (Toyobo Co., Ltd.) to amplify the ELN 

gene.

3) The amplified ELN gene was mixed with a pET-22 vector 

(Novagen) to give a molar ratio of 3:1, and the same amount of 

Ligation High (Toyobo Co., Ltd.) as that of the mixture solution 30

was added thereto, followed by inserting the amplified ELN gene 

between the Nde I site and the Not I site for cloning.

4) E. coli HST08 Premium (Takara Bio Inc.) was transformed with 

the above vector and cultured undisturbed overnight on an LB-Amp 

agar medium.35
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5) 2 mL of an Amp.-containing LB medium (Nacalai Tesque, Inc.) 

was taken with a 15-mL tube. A single colony from the agar plate

was inoculated thereto, and cultured at 37C and 200 rpm overnight.

6) After culture, the vector was collected and purified by 

alkaline SDS.5

7) Incorporation of the gene was confirmed by agarose 

electrophoresis, and the nucleotide sequence of the introduced

ELN gene was also confirmed by DNA sequence analysis (Greiner).

8) E. coli Rosetta (DE3) was transformed with the vector obtained 

in step 6) and cultured, thereby preparing an ELN expression E. 10

coli.

[0078]

An OMC expression vector was prepared in the same 

manner as for the ELN expression vector, except that the ELN gene 

was replaced by OMC gene. A TPA expression vector was prepared in 15

the same manner as for the ELN expression vector, except that the 

entire gene of TPA was synthesized by outsourcing (FASMAC), and 

that the gene amplified by PCR using a KODplus ver. 2 PCR kit

(Toyobo Co., Ltd.) was used.

[0079]20

1-2. Construction of GST (glutathione-S-transferase) expression 

vector pGEX-3X

1) 1 μL of a GST expression vector (pGEX-3X) (GE Healthcare) was 

added to 50 μL of E. coli HST08 Premium Competent cells (Takara 

Bio Inc.), and the mixture was incubated on ice for 10 minutes.25

2) The mixture was incubated at 42C for 45 seconds and cooled on 

ice again.

3) The transformed E. coli was inoculated into an Amp.-containing 

LB agar plate, followed by culture at 37°C overnight.

4) 2 mL of an Amp.-containing LB medium was taken with a 15-mL30

tube, and a single colony from the agar plate was inoculated 

thereinto, followed by culture at 37C and 200 rpm overnight.

5) Centrifugation was performed at 10,000 g for 10 minutes, and 

the supernatant was removed.

6) pGEX-3X was collected by alkaline SDS.35
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7) 10 μL of Cut Smart Buffer (Nacalai Tesque, Inc.), 2 μL of CIAP

(Calf Intestine Alkaline Phosphatase, Toyobo Co., Ltd.), 2 μl of 

Eco RI-HF (New England Biolabs), and 2 μL of Bam HI-HF (New 

England Biolabs) were added to 20 μL of the collected vector

solution, and the mixture was incubated at 37°C overnight, 5

followed by cleavage and dephosphorylation of the vector. The 

cleavage state of pGEX-3X was confirmed by agarose

electrophoresis.

8) The vector subjected to enzyme treatment was purified using

illustraTMGFXTM PCR DNA and Gel Band Purification Kit (GE 10

Healthcare).

[0080]

1-3. Preparation of GST fused with ELV1 peptide, TPV1 peptide, or 

OCV1 peptide

1) From the amino acid sequence of ELV1 peptide, the nucleotide 15

sequence encoding this gene was determined, and oligo DNA was 

synthesized by outsourcing. The nucleotide sequence encoding ELV1

peptide is represented by SEQ ID NO: 10.

2) The nucleotide sequence obtained in 1) was cloned between the 

Bam HI site and the Eco RI site of the GST expression vector 20

pGEX-3X constructed as described above, and the nucleotide 

sequence encoding ELV1 peptide introduced into the vector was 

confirmed by DNA sequence analysis.

3) E. coli BL21 (DE3) was transformed with the constructed 

expression vector and cultured overnight in 10 mL of a 2YT 25

medium (Novagen) containing ampicillin (Amp., Nacalai Tesque, 

Inc.).

4) The cultured medium was added to 50 mL of the same medium as 

in step 3) until OD600 = 0.1 was achieved, and the mixture was 

cultured at 37C and 200 rpm until OD600 = 1.0 was achieved (about 30

1.5 hours).

5) 5 μL of 1M IPTG (Isopropyl-β-D(-)-thiogalactopyranoside, Wako 

Pure Chemical Industries, Ltd.) was added thereto, and the 

mixture was further cultured at 30C and 200 rpm for 7 hours.

6) After culture, centrifugation was performed at 4500 rpm for 20 35
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minutes, and the supernatant was removed.

7) 3 mL of BugBuster (BugBuster Protein Extraction Reagent, 

Novagen), 1.5 μL of Benzonase nuclease (Novagen), and 3 mg of 

lysozyme (Seikagaku Corporation) were added to the bacterial 

cells, and the mixture was stirred well and incubated at 37C for 5

1 hour for lysis of the bacterial cells.

8) Centrifugation was performed at 10000 rpm for 20 minutes, and

the supernatant was collected as a soluble fraction.

9) The soluble fraction was applied to a GSTrap HP column (GE 

Healthcare), and the interior of the column was washed with PBS 10

containing 1 mM DTT (Dithiothreitol, Nacalai Tesque, Inc.).

10) ELV1 peptide fusion GST was collected by gradient elution 

with 100 mM Tris-HCl (pH 8.0) containing 20 mM reduced 

glutathione.

11) The eluate was dialyzed with PBS overnight, and the 15

concentration was quantified by a DC Protein Assay Kit (Bio-Rad 

Laboratories, Inc.).

[0081]

The PBS used in Example 1 was prepared before use by 

diluting a pre-prepared 10PBS (NaCl (80.8 g) 1.38 M, KCl (2 g) 20

27 mM, Na2HPO4/12H2O (29 g) 80 mM, KH2PO4 (2 g) 15 mM) to a volume 

of 1 L with ion-exchanged water.

[0082]

TPV1 peptide fusion GST and OCV1 peptide fusion GST

were also prepared from TPV1 peptide and OCV1 peptide, 25

respectively. The nucleotide sequence encoding TPV1 peptide was 

represented by SEQ ID NO: 11, and the nucleotide sequence

encoding OCV1 peptide was represented by SEQ ID NO: 12.

[0083]

The steps after step 3) were performed in the same 30

manner, except that the constructed expression vector was 

replaced by GST expression vector pGEX-3X constructed in section 

1-2, thereby preparing a wild-type GST.

[0084]

1-4. Adsorption of wild-type GST (wt-GST), ELV1 peptide fusion 35
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GST, TPV1 peptide fusion GST, and OCV1 peptide fusion GST on a

PDMS substrate

1) PDMS (Sylgard® 184 Silicone Elastomer, Dow Corning) was 

dissolved in chloroform, and a 2.5 w/v% PDMS solution was 

prepared.5

2) 60 μL of the PDMS solution prepared in step 1) was added onto 

a QCM (quartz crystal microbalance) sensor chip (QCMST27C, 

Initium, Inc.), and a PDMS thin film was formed by spin coating

(6000 rpm, 1 minute). The film was then determined to serve as a 

PDMS substrate (approximate surface area: 81cm2, area/volume 10

ratio: 27 cm-1).

3) The obtained PDMS substrate was set in the QCM device (Affinix

QN, Initium, Inc.), and incubated in PBS until the baseline was

stabilized. 

4) The wt-GST solution or each of the peptide fusion GST15

solutions (hereinafter, “GST solutions”) was added onto the 

substrate to sequentially give a final concentration of 0.1, 0.4, 

1.3, 3.4, or 9.7 μg/ml, and each substrate was monitored for 1

hour for each. The GST solutions were prepared by adding the wt-

GST or each peptide fusion GST to PBS.20

5) From the measurement data, their adsorption density was 

calculated (-1Hz=0.62 ng/cm2). The adsorption density (μg/cm2) was 

calculated by applying the adsorption density and mol

concentration to the following equation. 

[0085]25

[0086]

2. Results
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Fig. 1 shows the results.

[0087]

Fig. 1 shows the adsorption density on the PDMS

substrate. As is clear from Fig. 1, ELV1 peptide fusion GST, TPV1

peptide fusion GST, and OCV1 peptide fusion GST exhibited 5

remarkable improvement in adsorption density on the PDMS

substrate as compared with wt-GST. This indicates that the 

introduction of the peptides represented by SEQ ID NOs: 1 to 3

made it possible to easily and densely immobilize GST on the PDMS

substrate. Although not shown here, the use of OAT1 peptide 10

fusion GST instead of ELV1 peptide fusion GST also exhibited 

remarkable improvement in adsorption density on the PDMS

substrate as compared with wt-GST. OAT1 peptide is a peptide

represented by SEQ ID NO: 4, and the nucleotide sequence encoding

OAT1 peptide is represented by SEQ ID NO: 13. OAT1 peptide fusion 15

GST was also prepared in the same manner as described above.

[0088]

The results indicate that peptides represented by SEQ 

ID NOs: 1 to 4 have excellent affinity for a PDMS substrate, and 

are useful in immobilizing a target protein on a PDMS substrate.20

The peptides can also be introduced into a desired site of GST as 

described above, and thus-obtained peptide fusion GST exhibited 

improvement in adsorption density. This indicates that the 

peptides can maintain the activity of a target protein and 

control the orientation of the protein. 25

[0089]

The examination of the dissociation constant Kd (nM)

revealed that the dissociation constant of ELV1 peptide fusion 

GST from the PDMS substrate was 5.7 nM, while the dissociation 

constant of ELV1 peptide fusion GST from a substrate other than 30

PDMS (e.g., a silicon nitride substrate) was 82 nM. A smaller 

dissociation constant indicates a lower likelihood of the peptide

dissociating from a substrate. ELV1 peptide has an affinity for a 

PDMS substrate that is about 14 times higher than for a silicon

nitride substrate, indicating that ELV1 peptide has a higher 35

http://eow.alc.co.jp/search?q=silicon&ref=awlj
http://eow.alc.co.jp/search?q=nitride&ref=awlj
http://eow.alc.co.jp/search?q=silicon&ref=awlj
http://eow.alc.co.jp/search?q=nitride&ref=awlj
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affinity for a PDMS substrate than for a silicon nitride

substrate.

[0090]

Example 2

In accordance with the following procedure, a study was 5

performed to examine whether a peptide fusion GST immobilized on 

a PDMS substrate maintains the activity inherent to GST.

1. Procedure

1.1. Construction of Peptide Fusion GST

This Example used ELV1 peptide fusion GST, TPV1 peptide 10

fusion GST, OCV1 peptide fusion GST, OAT1 peptide fusion GST, and

wt-GST prepared in Example 1.

[0091]

1-2. Measurement of GST Remaining Activity

1. Procedure15

1) GST solutions of wt-GST, ELV1 peptide fusion GST, TPV1 peptide 

fusion GST, OCV1 peptide fusion GST, and OAT1 peptide fusion GST

were diluted with PPB to prepare 2940 μL of each GST solution 

such that the GST concentration was 0.5 μg/ml when 30 μL of 100

mM CDNB and 30 μL of 100 mM GSH were added thereto.20

2) 30 μL of 100 mM CDNB and 30 μL of 100 mM GSH were added 

thereto, and the absorbance at 340 nm was measured at 25°C for 3 

minutes with a spectrophotometer (V-630BIO, JASCO Corporation),

followed by calculation of a change in absorbance (min-1·cm-1).

3) From the following equation, the value of specific activity of 25

each GST before adsorption was calculated. From the molar 

absorbance coefficient ε=9.6 mM-1·cm-1 of the product CDNB-GSH, the 

amount of the product generated in 1 minute was calculated, and 

the result was determined to be enzyme activity.

[0092]30

[0093]

http://eow.alc.co.jp/search?q=silicon&ref=awlj
http://eow.alc.co.jp/search?q=nitride&ref=awlj
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4) GST solutions of wt-GST, ELV1 peptide fusion GST, TPV1 peptide 

fusion GST, OCV1 peptide fusion GST, and OAT1 peptide fusion GST

were diluted with PBS, and adjusted to prepare 2 mL of each to 

give 100 μg/mL. These solutions were individually mixed with a 

PDMS substrate (approximate surface area: 54 cm2, area/volume 5

ratio: 27 cm-1), and adsorption was performed at 25°C for 2 hours.

5) The supernatants were removed, and the PDMS substrates were 

washed with PBS three times and with PPB once.

6) 2940 μL of PPB, 30 μL of 100 mM CDNB, and 30 μL of 100mM GSH

were added to the washed PDMS substrates. Changes in absorbance10

at 340 nm were measured every 30 minutes with stirring at 37°C

and 300 rpm with NanoDrop (Thermo), and changes in absorbance

were calculated (min-1·cm-1).

7) The value of the specific activity of each GST after 

adsorption was calculated from the equation above, and the15

remaining activity was calculated from the values of the specific 

activity before and after adsorption.

[0094]

20

[0095]

PPB for use was prepared by diluting 0.1M KH2PO4 to a 

volume of 1 L with ion-exchanged water and adjusting the pH to 

6.5 with KOH.25

2. Results

Fig. 2 shows the results. As is clear from Fig. 2, GST 

constituting peptide fusion GST maintained the activity inherent 

to GST even after immobilization on the PDMS substrate. This 

confirms that even when immobilized on a PDMS substrate, a target 30

protein to which the peptide having an affinity for PDMS is bound 

exhibits its high activity.

[0096]
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Example 3

The affinity of each of the peptides represented by SEQ 

ID NOs: 1 to 9 for a PDMS substrate was examined in accordance 

with the following procedure.

1. Procedure5

1) A PDMS substrate (approximate surface area: 81 cm2, area/volume 

ratio: 27cm-1), which was the same as the substrate in Example 1,

was mixed with each of PBS solutions containing the peptides 

represented by SEQ ID NOs: 1 to 9, and each of the mixtures was

shaken at 25C and 200 rpm for 2 hours. The peptides represented 10

by SEQ ID NOs: 1 to 4 are as described above. The peptide 

represented by SEQ ID NO: 5 was defined as TPV2 peptide, the 

peptide represented by SEQ ID NO: 6 was defined as TPT1 peptide, 

the peptide represented by SEQ ID NO: 7 was defined as OCT2

peptide, the peptide represented by SEQ ID NO: 8 was defined as15

OCV2 peptide, and the peptide represented by SEQ ID NO: 9 was 

defined as OCT3 peptide. 

2) A portion of the supernatant of each solution was analyzed by 

HPLC, and the remaining solution of each was further mixed with 

the PDMS substrate. To perform this, the area/volume ratio per mL20

of the substrate was set to 27 cm-1. 

3) Step 2) was repeated three times in total. 

4) Because a peptide that exhibits a significantly reduced peak 

area after adsorption can be determined to have an affinity for 

the PDMS substrate, chromatograms before and after adsorption 25

were compared.

[0097]

In step 2), the analysis by HPLC was performed as 

follows. First, an HPLC system was started up, and Lines A and B

were replaced by HPLC liquids A and B. HPLC liquid A was then fed 30

to a column at a flow rate of 1 ml/min to equilibrate the column. 

Subsequently, the PBS solution that had not been applied to the 

experiment yet and a portion of the supernatant collected in step

2) were individually filtered through a pretreatment filter, and 

500 μL thereof was fed to the column. The concentration of liquid 35
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B was linearly increased in accordance with the program shown in 

Fig. 3 below to elute the peptide from the column. Thereafter,

chromatograms before and after adsorption were compared.

[0098]

The following is the details of the HPLC system, liquid5

A, liquid B, pretreatment filter, and program.

HPLC system

PU-2089 Quaternary Gradient Pump (JASCO International Co., Ltd.)

LC-NetII/ADC (JASCO International Co., Ltd.)

MD-2018Plus Photodiode Array Detector (JASCO International Co., 10

Ltd.)

UV-1575 Intelligent UV/VIS Detector (JASCO International Co., 

Ltd.)

TSKgel ODS-100Z 3 μm (column size: 4.6 mm, I.D. × 15 cm) (Tosoh 

Corporation)15

Liquid A

Ultrapure Water (1 L)

TFA (Trifluoroacetic acid for high-performance liquid 

chromatography, Wako Pure Chemical Industries, Ltd.) (1 ml) 

0.1v/v%20

Liquid B

Acetonitrile (Chromasolv for HPLC, gradient grade, ≥ 99.9%)

(Sigma-Aldrich Japan) (1 L)

TFA (for high-performance liquid chromatography) (1 ml) 0.1v/v%

Pretreatment Filter25

Non-Sterile 4 mm Millex® HV syringe Driven Filter Unit (450 nm)

(Millipore Corporation)

Program

Fig. 3 shows the program.

[0099]30

2. Results

Table 1 shows the results.

[0100]

Table 1

35
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[0101]5

As is clear from Table 1, the use of any solution 

exhibited a decrease in peak area after adsorption, indicating 

that all of the peptides represented by SEQ ID NOs: 1 to 9 have

an affinity for a PDMS substrate. This reveals that the peptides 

having these amino acid sequences make a target protein on a PDMS10

substrate via these peptides highly dense, highly activated, and 

highly orientationally controlled.

[0102]

Example 4

In accordance with the following procedure, the 15

peptide represented by SEQ ID NO: 1 (ELV1 peptide), the peptide 

represented by SEQ ID NO: 2 (TPV1 peptide), and the peptide 

represented by SEQ ID NO: 3 (OCV1 peptide) were individually

linked to a single-chain antibody to C-reactive protein (CRP),

and the obtained peptide fusion proteins were evaluated for their20

affinity for a PDMS substrate and activity.

[0103]

1. Procedure

1-1. Preparation of Peptide Fusion scFv

1-1-1. Construction of Vector Incorporating ELV1 peptide, TPV125

Peptide, or OCV1 Peptide

1) A sense strand having a nucleotide sequence (SEQ ID NO: 10) 

encoding the amino acid sequence represented by SEQ ID NO: 1 and 

an antisense strand that has a complementary sequence to the 

sequence were synthesized by outsourcing.30

Peptide Decrease (%)
ELV1 45
TPV1 97
OCV1 63
OAT1 60
TPV2 88
TPT1 86
OCT2 45
OCV2 60
OCT3 69
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2) The sense strand and the antisense strand were individually 

diluted with sterile water to give 10 pmol/μL, and 1 μL of each

strand was mixed with 2 μL of a 10×High buffer (Toyobo Co., Ltd.)

and 16 μL of sterile water. The mixture solution was incubated at 

90°C for 5 minutes, and then the incubator was turned off, 5

followed by cooling to room temperature, thereby preparing 

double-stranded DNA for ELV1 peptide.

2) pET-22 vector-bearing E. coli (pET-22-XL1 Blue, Novagen) was 

inoculated into 10 ml of an Amp.-containing LB medium, and 

cultured at 37°C at a rotation frequency of 200 rpm overnight. 10

The plasmid was collected by a miniprep, and digested with 

restriction enzymes NotI and XhoI.

3) The double-stranded DNA (insert) prepared in step 1) and pET-

22 vector (which had been treated with a restriction enzyme

beforehand) were mixed to give a molar ratio, insert:vector = 3:1, 15

and incubated at 50°C for 10 minutes. The temperature was 

decreased to 16°C, and the same amount of Ligation high ver. 2

(Toyobo Co., Ltd.) as that of the mixture solution was added 

thereto, and incubated for 3 hours.

4) The sample after ligation was added to E. coli HST08 Premium 20

Competent cells, and incubated at 42°C for 45 seconds to 

transform E. coli.

5) The transformed E. coli was inoculated into an Amp.-containing 

LB agar medium, and incubated at 37°C overnight. Six colonies 

expressed on the agar medium were picked up and inoculated into 225

ml of an Amp.-containing LB medium, and cultured at 37°C at a 

rotation frequency of 200 rpm overnight.

6) 2 ml of the obtained culture solution was placed in an 

Eppendorf tube, and centrifuged (4°C, 10000 rpm, 15 minutes) to 

remove the supernatant. Further, the plasmid DNA was collected by 30

alkaline SDS. A restriction enzyme XhoI was added to a portion of 

the collected plasmid DNA, and whether it was cleaved was 

confirmed by agarose gel electrophoresis. The sequence of the 

uncleaved sample was confirmed by outsourcing the DNA analysis.

[0104]35
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1-1-2. Construction of Peptide Fusion scFv Vector

1) PCR was performed using the single-chain antibody to CRP as a 

model scFv, and scFv gene was amplified.

2) The pET-22 vector bearing DNA that encodes ELV1 peptide

obtained in section 1-1-1 above and scFv amplified by PCR were 5

digested with restriction enzymes NdeI and NotI.

3) Subsequently, ligation, transformation, and culture were 

performed in the same manner as in steps 3) to 6) in section 1-1-

1, and the plasmid was collected by a miniprep. The band was

confirmed by agarose gel electrophoresis, and then the sequence10

was confirmed by outsourcing the DNA analysis.

[0105]

1-1-3. Production, Purification, and Expression Confirmation of 

Peptide Fusion scFv

1) The peptide fusion scFv vector obtained in section 1-1-2 was 15

added to E. coli Rosetta (DE3), which was then transformed and 

inoculated into 10 ml of an Amp.-containing 2×YT medium, followed 

by preculture at 37°C and 200 rpm overnight.

2) The culture solution of step 1) was added to a 500 ml-

Erlenmeyer flask equipped with a baffle containing 50 ml of an20

Overnight Express TB medium (OE medium, Nacalai Tesque)

containing Amp. and chloramphenicol (Cm.) such that OD600=0.1 was 

achieved, and the mixture was cultured at 37°C and 200 rpm

overnight. The culture solution was transferred to a 50 ml-

centrifuge tube, and centrifuged at 10000 rpm for 20 minutes, 25

thereby removing the supernatant. 

3) 10 mL of 1×PBS, 100 μL of Triton X-100, and 100 μL of Protease 

inhibitor Cocktail (Nacalai Tesque) were added to the bacteria in 

the pellet form, and the mixture was vortex-mixed, followed by 

immersing the tip of an ultrasonic homogenizer into the solution30

to perform ultrasonic fragmentation for 4 minutes 3 times (output 

50W, DUTY 30%).

3) Subsequently, centrifugation (4°C, 10000 rpm, 15 minutes) was 

performed, and the supernatant was removed. 5 mL of ion-exchanged 

water was added, and the mixture was vortex-stirred, followed by 35
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centrifugation again (4°C, 10000 rpm, 15 minutes). This operation 

was repeated twice, and the supernatant was removed. 3 mL of ion-

exchanged water was added, and the mixture was suspended with 

vortex, followed by freezing at -80°C, and further freeze-drying

overnight.5

4) Subsequently, 5 mL of a solubilizing buffer containing 6M 

guanidine hydrochloride (6M guanidine hydrochloride, 2×PBS, pH

7.5) was added to the freeze-dried product, and the inclusion 

body was solubilized, followed by centrifugation (4°C, 10000 rpm, 

15 minutes), thereby collecting the supernatant.10

5) ELV1 peptide fusion scFv was purified by metal-chelate 

affinity chromatography under the following conditions.

Column: His-Trap HP

Binding buffer (per liter): urea 8M (480 g), imidazole 20 mM 

(1.36 g), 10×PBS 200 mL (adjusted with HCl to a pH of 7.5, and 15

made up to a volume of 1 liter with deionized water)

Elution buffer (per liter): urea 8M (480 g), imidazole 400 mM

(27.2 g), 10×PBS 200 mL (adjusted with HCl to a pH of 7.5, and 

made up to a volume of 1 liter with deionized water)

TPV1 peptide fusion scFv and OCV1 peptide fusion scFv were also 20

prepared from TPV1 peptide and OCV1 peptide in the same manner. 

As a control, D10 peptide fusion scFv was prepared in the same 

manner, except that D10 peptide (a peptide having 10 contiguous

aspartic acid residues) was used instead of ELV1 peptide. The 

individual peptide fusion scFv had a peptide sequence in 3'25

terminal of which 6 histidine residues were contiguously present. 

[0106]

1-2. Refolding and Recovery of Peptide Fusion scFv

1) Peptide fusion scFv was diluted with 8M urea-PBS such that the 

final concentration of scFv after purification was 1 mg/ml, that30

DTT was 100 mM, and that the total volume was 2 ml, and incubated 

at 4°C for 2 hours.

2)  The solution in step 1) was placed in a dialysis membrane, and 

dialyzed at 4°C for 65 hours with 8M urea and 1 L of 50 mM Tris-

HCl (pH 8.5) as an external solution, followed by DTT removal and 35
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air oxidation (the external solution was replaced in the middle).

3) The external solution was replaced by 1 L of 50 mM Tris-HCl

(pH 8.5), and dialysis was performed, followed by removing the 

remaining urea (the external solution was replaced in the middle).

4) The internal solution after dialysis was centrifuged at 4°C5

and 20000 rpm for 5 minutes, and the supernatant was recovered. 

The concentration of the recovered peptide fusion scFv was 

calculated using a DC Protein Assay Kit.

5) The recovery rate was determined by dividing the concentration

of the recovered peptide fusion scFv by the concentration of10

peptide fusion scFv before dialysis, and multiplying the result

by 100.

[0107]

1-3. Adsorption of Peptide Fusion scFv on a PDMS Substrate

1) In the same manner as in section 1-4 of Example 1, PDMS was 15

dissolved in chloroform, and a 2.5 w/v% PDMS solution was 

prepared. This solution was applied onto a QCM sensor chip with

spin coating (6000 rpm, 1 min) to form a PDMS thin film. This was 

determined to serve as a PDMS substrate.

2) The obtained PDMS substrate was set in the QCM device, and 20

incubated in PBS until the baseline was stabilized. Each of the 

peptide fusion scFv solutions was added to give a final 

concentration of 0.5, 1.8, 4.9, 12.7, and 32.3 μg/ml, and the

adsorption behavior at each concentration was monitored at 25°C 

at a rotation frequency of 1000 rpm for 1 hour. The solutions 25

were prepared by adding each peptide fusion scFv to PBS.

3) The adsorption density was calculated from the measurement 

data obtained in step 2) (ΔF:-1Hz=0.62 ng/cm2).

[0108]

1-4. Antigen-binding Activity of Peptide Fusion scFv30

1) 1 μg/mL of CRP (antigen) (diluted with 1×PBS) was immobilized

on a Maxisorp microplate (Thermo Fisher Scientific Inc.) (4°C, 

overnight). 

2) The plate was washed with 0.1% PBST (PBS-0.1% Tween20), and 2% 

BSA-PBST was added thereto, followed by blocking at 25°C for 135



45

hour.

3) The plate was washed with 0.1% PBST, and peptide fusion scFv

serially diluted to 0 to 100 μg/mL with 0.2% BSA-PBST was added 

thereto, followed by incubation at 25°C for 1 hour.

4) The plate was washed with 0.1% PBST, and a HRP (horseradish 5

peroxidase)-labeled Anti 6×His antibody diluted with 0.2% BSA-

PBST by a factor of 5000 was added thereto, followed by 

incubation at 25°C for 1 hour.

5) The plate was washed with 0.1% PBST, and a TMB substrate 

solution was added thereto to develop color (25°C, 15 minutes).10

0.3M H2SO4 was added thereto, and the absorbance of the dominant

wavelength at 450 nm and the complementary wavelength at 650 nm

was measured.

[0109]

1-5. Antigen-Binding Activity of Peptide Fusion scFv Immobilized 15

on a PDMS Substrate

1) A PDMS substrate was prepared in the same manner as above.

2) The PDMS substrate was set in the QCM device, and incubated in 

PBS until the baseline was stabilized. 15 μg/mL of each of the 

peptide fusion scFv solutions was added thereto, and immobilized20

at 25°C at a rotation frequency of 1000 rpm. The solutions were

prepared by adding peptide fusion scFv to PBS.

3) Subsequently, PBS was replaced by 0.2% BSA-PBST, and CRP was 

added to give a final concentration of 0.1, 1.1, and 6.1 μg/mL. 

The adsorption behavior until equilibrium was monitored at each 25

concentration in the same manner as above, and the amount of 

antigen-binding (ng/cm2) was calculated from the measurement data 

(ΔF:-1Hz=0.62 ng/cm2).

[0110]

2. Results30

2-1. Recovery Concentration and Recovery Efficiency of Peptide 

Fusion scFv

Table 2 shows the results of section 1-2, specifically 

the recovery concentration and recovery efficiency of peptide 

fusion scFv.35
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[0111]

Table 2

D10 Peptide 
Fusion scFv

ELV1 Peptide 
Fusion scFv

TPV1 Peptide 
Fusion scFv

OCV1 Peptide 
Fusion scFv

Recovery 
Concentration

1.17 mg/ml 1.18 mg/ml 1.27 mg/ml 1.37 mg/ml

Recovery 
Efficiency

96% 96% 98% 97%

[0112]

As is clear from Table 2, every peptide fusion scFv was5

recovered at a high concentration, and the recovery rate was as

high as 96% or more. This reveals that peptide fusion scFv can 

achieve refolding at high rates, and that peptide fusion scFv can 

be recovered highly efficiently.

[0113]10

2-2. Adsorption of Peptide Fusion scFv on PDMS

Fig. 4 shows the results of section 1-3. As is clear 

from Fig. 4, D10 peptide fusion scFv (D10-scFv) was practically 

not adsorbed onto the surface of the PDMS substrate. In contrast,

adsorption of fusion scFv with any of ELV1 peptide, TPV1 peptide, 15

or OCV1 peptide on the PDMS substrate increased in a 

concentration-dependent manner. In particular, the use of ELV1

peptide fusion scFv exhibited a significant increase in 

adsorption. This indicates that the use of the peptide having an 

affinity for PDMS makes it more efficient to immobilize a desired 20

protein on a PDMS substrate.

[0114]

2-3. Antigen-Binding Activity of Peptide Fusion scFv

Fig. 5 shows the results of section 1-4. The antigen-

binding activity of peptide fusion scFv after refolding was 25

evaluated by indirect ELISA, and as is clear from Fig. 5, every 

peptide fusion scFv exhibited excellent antigen-binding activity. 

Because the signals increased, depending on the concentration of

peptide fusion scFv, peptide fusion scFv was found to have 

antigen-binding activity useful for antigen-antibody reaction.30

[0115]
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2-4. Antigen-Binding Activity of Peptide Fusion scFv Immobilized 

on a PDMS Substrate

Fig. 6 shows the results of section 1-5. As is clear 

from Fig. 6, D10 peptide fusion scFv exhibited a significantly 

low amount of antigen-binding. This indicates that D10 peptide 5

fusion scFv was practically not adsorbed on the substrate. In 

contrast, fusion scFv with any of ELV1 peptide, TPV1 peptide, or

OCV1 peptide exhibited an increased amount of antigen-binding,

depending on the concentration of the antigen. This indicates

that these fusion scFv have sufficient antigen-binding activity10

when immobilized on a PDMS substrate.

Sequence Table

PCT_polydimethylsiloxane_20160212_110714_5.txt

15
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CLAIMS

[Claim 1]

A polydimethylsiloxane substrate to which a peptide

having an affinity for polydimethylsiloxane is bound,

the peptide comprising the following peptide (1a) or 5

(1b), or a fragment thereof:

(1a) a peptide comprising an amino acid sequence 

represented by at least one member selected from the group 

consisting of SEQ ID NOs: 1 to 9; and

(1b) a peptide comprising the amino acid sequence of 10

(1a) in which one or more amino acids are deleted, substituted, 

and/or added, the peptide having an affinity for 

polydimethylsiloxane.

[Claim 2]15

The polydimethylsiloxane substrate according to claim 1, 

wherein the fragment comprises 15 to 58 amino acid residues.

[Claim 3]

The polydimethylsiloxane substrate according to claim 120

or 2, on which a target protein is immobilized via the peptide

having an affinity for polydimethylsiloxane.

[Claim 4]

A method for immobilizing a target protein on a 25

polydimethylsiloxane substrate, the method comprising the step of

bringing a peptide having an affinity for polydimethylsiloxane

into contact with the polydimethylsiloxane substrate, 

wherein the peptide is incorporated in the target protein, and

the peptide comprises the following peptide (1a) or (1b), or a 30

fragment thereof:

(1a) a peptide comprising an amino acid sequence 

represented by at least one member selected from the group 

consisting of SEQ ID NOs: 1 to 9; and

(1b) a peptide comprising the amino acid sequence of 35
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(1a) in which one or more amino acids are deleted, substituted, 

and/or added, the peptide having an affinity for 

polydimethylsiloxane.

[Claim 5]5

A method for immobilizing a target protein on a 

polydimethylsiloxane substrate, the method comprising the step of 

binding the peptide having an affinity for polydimethylsiloxane

bound to the polydimethylsiloxane substrate according to claim 1

or 2 to the target protein.10

[Claim 6]

A composition for immobilizing a target protein on a 

polydimethylsiloxane substrate, the composition comprising a 

peptide having an affinity for polydimethylsiloxane, the peptide15

comprising the following peptide (1a) or (1b), or a fragment 

thereof:

(1a) a peptide comprising an amino acid sequence 

represented by at least one member selected from the group 

consisting of SEQ ID NOs: 1 to 9; and20

(1b) a peptide comprising the amino acid sequence of 

(1a) in which one or more amino acids are deleted, substituted, 

and/or added, the peptide having an affinity for 

polydimethylsiloxane.

25

[Claim 7]

Use of a peptide having an affinity for

polydimethylsiloxane in immobilizing a target protein on a 

polydimethylsiloxane substrate, the peptide comprising the 

following peptide (1a) or (1b), or a fragment thereof:30

(1a) a peptide comprising an amino acid sequence 

represented by at least one member selected from the group 

consisting of SEQ ID NOs: 1 to 9; and

(1b) a peptide comprising the amino acid sequence of 

(1a) in which one or more amino acids are deleted, substituted, 35
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and/or added, the peptide having an affinity for 

polydimethylsiloxane.

[Claim 8]

A peptide having an affinity for polydimethylsiloxane, 5

the peptide comprising the following peptide (1c) or (1d), or a 

fragment thereof:

(1c) a peptide comprising an amino acid sequence 

represented by at least one member selected from the group 

consisting of SEQ ID NOs: 2 to 9; and10

(1d) a peptide comprising an amino acid sequence 

represented by at least one member selected from the group 

consisting of SEQ ID NOs: 1 to 9 in which one or more amino acids 

are deleted, substituted, and/or added, the peptide having an 

affinity for polydimethylsiloxane.15

[Claim 9]

The peptide having an affinity for polydimethylsiloxane

according to claim 8, wherein the fragment comprises 15 to 58 

amino acid residues.20

[Claim 10]

A polynucleotide encoding the peptide having an 

affinity for polydimethylsiloxane according to claim 8 or 9. 

25

[Claim 11]

The polynucleotide according to claim 10, which is 

represented by at least one member selected from the group 

consisting of SEQ ID NOs: 10 to 18.

30

[Claim 12]

A vector for expressing a peptide having an affinity 

for polydimethylsiloxane, the vector comprising the 

polynucleotide according to claim 10 or 11.

35
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[Claim 13]

A vector for expressing a peptide fusion protein,

the peptide fusion protein comprising the peptide 

having an affinity for polydimethylsiloxane according to claim 8 

or 9 and a target protein, 5

the vector comprising the polynucleotide according to

claim 10 or 11 and a polynucleotide encoding the target protein, 

wherein the polynucleotide according to claim 10 or 11 is linked 

to the polynucleotide encoding the target protein.

10

[Claim 14]

A transformant obtainable by introducing the vector 

according to claim 13 into a host cell to transform the host cell.

[Claim 15]15

A peptide fusion protein comprising the peptide having 

an affinity for polydimethylsiloxane according to claim 8 or 9 

and a target protein, the peptide fusion protein being obtainable 

from the transformant according to claim 14.

20

[Claim 16]

A linker for immobilizing a target protein on a 

polydimethylsiloxane substrate, the linker comprising the peptide 

having an affinity for polydimethylsiloxane according to claim 8

or 9.25

30




