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Description
Title of Invention
METHOD FOR PRODUCING COMPLEX OF RNA

MOLECULE AND PEPTIDE, AND UTILIZATION THEREOF

Technical Field
[0001]

The present invention relates to a method for producing
a complex of an RNA molecule and a peptide encoded by the

RNA molecule, utilization thereof, and the like.

Background Art
[0002]

In recent years, development of molecularly-targeted
drugs typified by antibody drugs have been actively
conducted, and a market for the molecularly-targeted drugs
has been expanding. For further development and expansion,
however, there is a demand for a technique that enables
efficiently selecting a "high quality antibody" that has higher
specificity and higher affinity for an antigen. Further, there
are many intractable diseases and chronic diseases whose
causes are yet to be identified. Research into the causes has
been conducted but unsuccessful. Thus, "depletion of drug
discovery targets" has been recognized as a problem.

[0003]
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Generally, protein analysis is more difficult than gene
analysis. This is due to, for example, a fact that whereas
various gene amplification methods (e.g., PCR) have been
developed to enable easy preparation of samples in large
quantities, there is no means for directly amplifying proteins.
[0004]

In view of this, there has been developed, as an
example method for facilitating protein analysis, a method
that uses a complex in which a protein and a gene encoding
the protein are directly bound.

[0005]

For example, Patent Literature 1 and Non-patent
Literatures 1 and 2 disclose techniques in each of which a
functional peptide is selected with use of a complex in which
a gene (mMRNA) and a peptide as a translation product thereof
are linked by a covalent bond via puromycin. More
specifically, puromycin is linked via a predetermined linker
to a gene (mMRNA) on a 3' end side of the gene, and the gene
is translated so that the gene (mRNA) and a peptide as a
translation product thereof are linked via the puromycin.
The techniques, which are also referred to as "mRNA display
method", "in vitro virus", etc., enable using an enormous
library containing approximately 1013 to 10!% complexes.
Further, methods derived from the above method have also

been developed, such as (i) cDNA display in which mRNA is
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converted to cDNA to be used and (ii) RAPID display in which
unnatural amino acids can be used.

[0006]

As a method for linking a gene (mRNA) to puromycin or
an alternative thereof (generally referred to as a "peptide
receptor molecule”" or a "peptide acceptor”") in the mRNA
display method, several methods have been developed. At the
time when the mRNA display method was developed, a
method using a DNA called "splint DNA" as an anchorage
was a mainstream method. In this method, more specifically,
the above-described linker containing the peptide receptor
molecule and the 3' end side of the gene (mRNA) are caused
to hybridize with the same splint DNA to achieve enzymatic
ligation of the linker and the 3' end side of the gene (mRNA)
(Non-patent Literature 3 etc.).

[0007]

However, it has currently become mainstream to employ,
as a method for linking a gene (mRNA) and a peptide
receptor molecule, a method employing a linker which has,
at one end thereof, a side chain base pairing with a base
sequence positioned on a 3' end side of the mRNA and has,
at the other end thereof, a peptide receptor molecule (see
Patent Literature 2 etc.). When this linker is used, the one
end of the linker hybridizes with the base sequence on the 3'

end side of the mRNA and then the one end of the linker and



10

15

20

25

-4 -
the 3' end of the mRNA are enzymatically linked to form a

hairpin structure.

Citation List
[Patent Literatures]
[0008]

[Patent Literature 1]

International Publication No. WO98/31700 (Publication
Date: July 23, 1998)

[Patent Literature 2]

International Publication No. wW02011/049157
(Publication Date: April 28, 2011)

[Non-patent Literatures]
[0009]

[Non-patent Literature 1]

RNA-peptide fusions for the in vitro selection of
peptides and proteins. Proc. Natl. Acad. Sci. USA, 94:
12297-12302, 1997.

[Non-patent Literature 2]

In vitro virus: Bonding of mRNA bearing puromycin at
the 3'-terminal end to the C-terminal end of its encoded
protein on the ribosome in vitro. FEBS Letters 414: 405-408,
1997.

[Non-patent Literature 3]

Optimized Synthesis of RNA-Protein Fusions for in Vitro
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Protein Selection. METHODS IN ENZYMOLOGY, VOL. 318,

P268-293, 2000.

Summary of Invention

Technical Problem
[0010]

The method as disclosed in Non-patent Literature 3 etc.
of using a splint DNA has a problem that a failure to strictly
control both of the base sequence on the 3' end side of the
gene (MRNA) and the base sequence of the linker containing
puromycin results in a significant decrease in efficiency of
ligation of these base sequences.

[0011]

The method as disclosed in Patent Literature 2 etc. of
linking (forming a hairpin structure) a gene (mRNA) and a
peptide receptor molecule is superior to the method using a
splint DNA in that 1) no splint DNA is necessary and 2) there
is some tolerance with respect to exactness of hybridization
of the base sequence of the one end of the linker and the
base sequence on the 3' end side of the mRNA (enzymatic
linking is still possible even if one or several bases are
misaligned).

[0012]
However, the mRNA display method is a method

including various steps in addition to the step of linking a
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gene (mMRNA) and a peptide receptor molecule. As such, from
the viewpoint of efficiently obtaining a complex in which a
gene (mMRNA) and a peptide as a translation product thereof
are linked, the mRNA display method is likely to have much
room for improvement.

[0013]

It is an object of an aspect of the present invention to
provide: a method for efficiently obtaining a complex in
which a gene (mRNA) and a peptide as a translation product
thereof are linked via a peptide receptor molecule; and
utilization of thereof.

Solution to Problem
[0014]

The inventors of the present invention conducted
diligent study on the above problems. As a result, the
inventors have discovered an unexpected possibility that the
method of linking a gene (mRNA) and a peptide receptor
molecule with use of a splint DNA is superior from the
viewpoint of efficiently obtaining a complex of a gene (mRNA)
and a peptide as a translation product thereof. From this
knowledge, the inventors redirected their attention to the
method of using a splint DNA and consequently arrived at
the present invention.

[0015]

In order to attain the object, an aspect of the present
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invention is as follows.

(1) A method for producing a complex of an RNA
molecule encoding a peptide and the peptide encoded by the
RNA molecule, the method including the steps of: (i)
producing the RNA molecule from a DNA molecule via
transcription, the DNA molecule (a) containing a promoter
region and a region that is located downstream of the
promoter region and encodes the peptide and (b) containing
at least one 2'-modified nucleoside derivative on a 5' end
side of an antisense strand that is located most downstream;
(ii) binding, to a 3' end of the RNA molecule obtained in the
step (i), a peptide receptor molecule with use of a splint
polynucleotide as an anchorage; and (iii) performing
translation of the RNA molecule, to which the peptide
receptor molecule has been bound through the step (ii), to
produce the complex in which the receptor molecule and the
peptide encoded by the RNA molecule are linked via the
peptide receptor molecule.

(2) A DNA library for use in an mRNA display method,
containing: a plurality of different candidate DNA molecules,
each of the plurality of different candidate DNA molecules (i)
containing a promoter region and a region that is located
downstream of the promoter region and encodes a candidate
peptide and (ii) containing at least one 2'-modified

nucleoside derivative on a 5' end side of an antisense strand
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that is located most downstream.

Advantageous Effects of Invention
[0016]

An aspect of the present invention enables providing: a
method for efficiently obtaining a complex in which a gene
(mMRNA) and a peptide as a translation product thereof are
linked via a peptide receptor molecule; and wutilization

thereof.

Brief Description of Drawings
[0017]

Fig. 1 is a view illustrating differences between an
example conventional method and an example method of the
present invention.

Fig. 2 is a view illustrating results in Example 1.

Fig. 3 is a view illustrating results in Example 2.

Fig. 4 is a view illustrating results in Example 3.

Fig. 5 is a view illustrating a method for eluting cDNA
with use of protease in Example 4.

Fig. 6 is a view illustrating results in Example 4.

Fig. 7 is a view illustrating another example method of
the present invention.

Fig. 8 is a view illustrating results in Example 5.

Description of Embodiments
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[0018]

A method in accordance with the present invention for
producing a complex of an RNA molecule encoding a peptide
and the peptide encoded by the RNA molecule is a method
including the steps of: (i) producing the RNA molecule from a
DNA molecule via transcription, the DNA molecule (a)
containing a promoter region and a region that is located
downstream of the promoter region and encodes the peptide
and (b) containing at least one 2'-modified nucleoside
derivative on a 5' end side of an antisense strand that is
located most downstream; (ii) binding, to a 3' end of the RNA
molecule obtained in the step (i), a peptide receptor molecule
with use of a splint polynucleotide as an anchorage; and (iii)
performing translation of the RNA molecule, to which the
peptide receptor molecule has been bound through the step
(ii), to produce the complex in which the receptor molecule
and the peptide encoded by the RNA molecule are linked via
the peptide receptor molecule.

[0019]
The description below deals with an embodiment of the
present invention in detail.
[0020]
Definition
In the present specification, the term "library" refers to

a set of a plurality of (two or more) different molecules (e.g.,
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a plurality of different DNA molecules, a plurality of
different RNA molecules, or a plurality of different RNA-
peptide complexes). For example, a "library" refers to a set of
a plurality of different molecules belonging to the same
category (e.g., a category of DNA molecule, a category of RNA
molecule, or a category of RNA-peptide complex). In relation
to a name of a molecule category, a "library" may be referred
to as a "DNA library" (a library of DNA molecules), an "RNA
library" (a library of RNA molecules), an RNA-peptide
complex library (a library of RNA-peptide complex molecules),
or the like. Because a method in accordance with the present
embodiment facilitates selections which begin, if desired,
with large numbers of candidate molecules, a "library" in
accordance with the present embodiment may contain
preferably 109 or more, more preferably 10!° or more, 101! or
more, or 10!2 or more, even more preferably 1013 or more
different molecules.
[0021]

The term "selection" refers to substantially partitioning
a molecule from other molecules in a population. For
example, "selection" refers to substantially partitioning a
molecule from other molecules in a set of a plurality of
different molecules that belong to the same category. As
used herein, "selection" can provide at least a 2-fold,

preferably, a 30-fold or more, more preferably, a 100-fold or
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more, and, even more preferably, a 1000-fold or more
enrichment of a desired molecule relative to undesired
molecules in a library following the selection. As indicated
herein, a selection step may be repeated any number of
times, and different types of selection steps may be
combined in a given approach.

[0022]

Conventional method

Before describing a method in accordance with the
present embodiment, the following description will first
briefly discuss, with reference to (A) of Fig. 1, an example
conventional mRNA display method which uses a splint
polynucleotide (DNA).

[0023]

In the example mRNA display method, the following
steps are carried out.
[0024]

(1) First, a library containing candidate DNA molecules
encoding respective candidate peptides is prepared. Each of
the candidate DNA molecules is ordinarily double-stranded
and has a structure in which a region encoding a
corresponding peptide is located downstream of a promoter
region recognized by RNA polymerase which is used in a
transcription reaction in a step (2). Upstream of the region

encoding the peptide, there is a translation initiation
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sequence (e.g., a start codon) suitable for a cell-free
translation system which is used.

[0025]

(2) Subsequently, RNA polymerase is caused to act on
each of the candidate DNA molecules to cause a
transcription reaction. Thus produced is a library of
corresponding candidate RNA molecules. Then, the candidate
RNA molecules produced are each separated from other
components of the transcription reaction.

[0026]

(3) Subsequently, a linker, to a 3' end of which a
peptide receptor molecule (e.g., puromycin) is bonded, is
ligated to a 3' end of each candidate RNA molecule. The
linker contains a nucleotide, to a 3' end of which the peptide
receptor molecule is bonded. Polyethylene glycol (PEG) may
be inserted in between the nucleotide and the peptide
receptor molecule. For binding the candidate RNA molecule
and the linker together, an oligonucleotide (e.g., "splint
DNA") referred to as a "splint polynucleotide" may be used.
In such a case, a splint polynucleotide containing a
sequence capable of hybridizing with the 3' end side of the
candidate RNA molecule and a sequence capable of
hybridizing with a 5' end side of the nucleotide of the linker
is used as an anchorage. That is, the splint polynucleotide

contains (i) a sequence complementary to a sequence on a 5'
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end side of the linker and (ii) a sequence which is adjacent
to this sequence of the splint polynucleotide and is
complementary to a sequence on the 3' end side of the
candidate RNA molecule. The candidate RNA molecule and
the linker, which are linked via the splint polynucleotide,
are ligated (bound) by a reaction in which, for example, T4
DNA ligase is used. Note that due to a characteristic of the
RNA polymerase used in the step (2), one or several bases
are added to the 3' end of the candidate RNA molecule at a
given frequency (e.g., approximately 50%). Accordingly, the
library produced contains candidate RNA molecules each
having one or several bases added to a 3' end thereof. This
non-uniformity of 3' end sequence can cause a decrease in
ligation efficiency. Subsequently, purification is carried out
to remove an unligated candidate RNA molecule. Failure to
remove the unligated candidate RNA molecule at this stage
causes a peptide that does not form a complex with RNA to
be produced in a step (4), so that an efficiency of obtaining a
desired candidate RNA-peptide complex is decreased when
the peptide is brought into contact with a binding partner in
a step (6).
[0027]

(4) Subsequently, the candidate RNA molecule is
translated in a cell-free translation system to produce a

candidate RNA-peptide complex in which the candidate RNA



10

15

20

25

- 14 -
molecule and a candidate peptide corresponding to the
candidate RNA molecule are linked via the linker. Then,
purification is carried out in order to remove impurities
(high concentration Mg, K, and the like) in the cell-free
translation system so that a reverse transcription reaction
can be carried out in a step (5).

[0028]

(5) Subsequently, with an aim to, for example, prevent
degradation caused by RNase, a reverse transcription
reaction is carried out so that the candidate RNA molecule of
the candidate RNA-peptide complex forms a double-stranded
region with a DNA (cDNA) molecule. Thus produced is a
library of candidate RNA-peptide complexes.

[0029]

(6) Subsequently, the candidate RNA-peptide complexes
in the library are each brought into contact with a binding
partner (e.g., an antibody immobilized on a solid support, or
the like) to carry out a binding reaction. Candidate RNA-
peptide complexes unbound to the binding partner are
removed by, for example, being washed using a buffer or the
like.

[0030]

(7) Subsequently, each candidate RNA-peptide complex

is dissociated from the binding partner and recovered. Thus,

a desired RNA-peptide complex is selected from the library of
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candidate RNA-peptide complexes.
[0031]

(8) Subsequently, amplification of cDNA is conducted
by PCR. Starting back from the step (2), the procedure is
similarly repeated using an amplification product obtained
by the amplification. This enables enrichment of a desired
candidate RNA-peptide complex.

[0032]

Method of present embodiment

The following description will discuss in detail, with
reference to (B) of Fig. 1, an mRNA display method in which
a method in accordance with the present embodiment is used.
[0033]

[Step 1]

In Step 1, a library of candidate DNA molecules is
prepared. The library contains a plurality of different
candidate DNA molecules each containing a promoter region
and a region which (i) is located downstream of the promoter
region and (ii) encodes a candidate peptide. Further, the
plurality of different candidate DNA molecules each contain
at least one 2'-modified nucleoside derivative on a 5' end
side of an antisense strand that is located most downstream.
[0034]

In the present specification, the term "polypeptide"

refers to a compound formed from two or more amino acids
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bound together by a peptide bond. The number of amino
acids is not limited, and may be, for example, 2 to 1000,
preferably 4 to 200, more preferably 6 to 100, even more
preferably 7 to 10. The peptide may be, for example, a
fragment or a full length of a protein. In one example, the
peptide may be an antibody (scFv or the like) or a fragment
thereof.

[0035]

Each candidate DNA molecule may be a molecule whose
sequence is known, or may be a molecule whose sequence is
unknown. As genome information, the sequence may be a
sequence that is based on a naturally occurring sequence
(e.g., a cDNA into which a naturally occurring mRNA is
reverse transcribed), or may be an artificially designed
sequence. For example, the candidate DNA molecule may
have a sequence randomly synthesized by organic synthesis,
or may be a sequence which, as a result of insertion of
random mutation into the sequence using PCR, encodes a
protein whose sequence is unknown.

[0036]

The candidate DNA molecule contains the region
encoding the candidate peptide. The candidate DNA molecule
contains, as necessary, a region (transcriptional regulatory
region) for carrying out transcription with wuse of an

antisense strand as a template. Examples of the
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transcriptional regulatory region contain the promoter region.
The transcriptional regulatory region may be selected from
those examples as appropriate, in accordance with a type of
RNA polymerase used in a transcription reaction in Step 2.
In one example, the promoter region may be a region (T7
promoter, SP6 promoter, or T3 promoter) recognized by T7
RNA polymerase, SP6 RNA polymerase, or T3 RNA polymerase.
[0037]

The candidate DNA molecule, which contains the
promoter region and the region located downstream of the
promoter region and encoding the candidate peptide, may be
single-stranded or double-stranded, or both (part of the
candidate DNA molecule is double-stranded and a rest of the
candidate DNA molecule is single-stranded), provided that a
candidate RNA molecule encoding the peptide is produced by
a transcription reaction.

[0038]

Specifically, the promoter region in the candidate DNA
molecule may be single-stranded or double-stranded, or both,
provided that a candidate RNA molecule encoding the
candidate peptide is transcribed from the region located
downstream of the promoter region and encoding the
candidate peptide. For example, the promoter region may
have such a structure that part of the promoter region is

constituted by a single strand (a sense strand or an
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antisense strand) and the rest of the promoter region is
double-stranded. Such a promoter region  partially
constituted by a single strand (a sense strand or an
antisense strand) is also encompassed in the scope of the
"promoter region" in the present specification. A promoter
region that exhibits promoter activity enables transcription
into a candidate RNA molecule encoding the candidate
peptide. Promoter activity can be measured by a well-known
method in the field. Transcription into a candidate RNA
molecule encoding the candidate peptide can be recognized
by detection of an RNA molecule, detection of a peptide
produced by translation, or the like carried out by a well-
known method in the field.

[0039]

Further, the region encoding the candidate peptide in
the candidate DNA molecule may be single-stranded or
double-stranded, or both, provided that a candidate RNA
molecule encoding the candidate peptide is transcribed by a
function of the promoter region located upstream of the
region encoding the candidate peptide. For example, an
entire coding region may be single-stranded (a sense strand
or an antisense strand). Since the candidate RNA molecule is
transcribed based on a sequence of an antisense strand as a
template, the region encoding the candidate peptide

preferably contains at least an antisense strand. Such a
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coding region partially or entirely constituted by a single
strand (a sense strand or an antisense strand) is also
encompassed in the scope of the "region encoding a peptide"
in the present specification. Containing at least an antisense
strand in the region encoding the candidate peptide is
preferable also from the viewpoint of enabling at least one
2'-modified nucleoside derivative to be contained on a 5' end
side of the downstream-most antisense strand of the
candidate DNA molecule.

[0040]

The candidate DNA molecule contains, as necessary, a
sequence for translation of the candidate RNA molecule. The
sequence for translation of the candidate RNA molecule may
be selected as appropriate in accordance with a type of a
ribosome used in Step 4. In a case where a ribosome derived
from E. coli is used as a cell-free translation system, the
efficiency of translation reaction is increased by including,
in a position upstream of a start codon, a Shine-Dalgarno
(SD) sequence which is a ribosomal binding sequence. In a
case where a cell-free translation system derived from a
eukaryote is used, the candidate DNA molecule may contain
a Kozak sequence which promotes translation initiation. In
the transcription reaction at Step 2, a 7-methylguanosine
cap structure may be added to the 5' end of the candidate

DNA molecule. Other sequences for transcription and for
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translation can be selected as appropriate by a person
skilled in the art.

[0041]

In Step 2 (described later), transcription of the
candidate DNA molecules is carried out. A method of the
transcription is not particularly limited. In a case where
transcription of all candidate DNA molecules in the library of
candidate DNA molecules is carried out in a single reaction
system, it is preferable that a sequence of a transcriptional
regulatory region be identical among all candidate DNA
molecules in the library of candidate DNA molecules. In Step
4 (described later), translation of candidate RNA molecules
is carried out. A method of the translation is not particularly
limited. In a case where translation of all candidate RNA
molecules in a library of candidate RNA molecules is carried
out in a single reaction system, it is preferable that a
sequence for translation of a candidate RNA molecule be
identical among all candidate DNA molecules in the library
of candidate DNA molecules. In Step 3 (described later),
ligation of a 3' end of a candidate RNA molecule and a 3' end
of an oligonucleotide of a linker is carried out using a splint
polynucleotide as an anchorage. In a case where ligation of
all candidate RNA molecules in a library of candidate RNA
molecules is carried out in a single reaction system, it is

preferable that, among all candidate DNA molecules in the
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library of candidate DNA molecules, a sequence
corresponding to a sequence which is (i) positioned on a 3'
end side of a candidate RNA molecule and (ii) used for
hybridization with a splint polynucleotide be identical. As
such, in a preferable example, among all candidate DNA
molecules in the library of candidate DNA molecules, one,
two, or all three of the following (a) to (c) are identical: (a) a
sequence of a transcriptional regulatory region, (b) a
sequence for translation of a candidate RNA molecule, and
(c) a sequence corresponding to a sequence which is (i)
located on a 3' end side of a candidate RNA molecule and (ii)
used for hybridization with a splint polynucleotide.

[0042]

In a more preferable example, among all candidate DNA
molecules in the library of candidate DNA molecules, a
sequence of a region other than a sequence in an open
reading frame (ORF) region is identical. It is a well-known
technique that, in order to allow (i) preparation of a library
of cDNAs into which naturally occurring mRNAs are reverse
transcribed and (ii) preparation of an artificially designed
library of DNAs to use (a) a common primer set in DNA
amplification, (b) a common transcription system in DNA-to-
RNA transcription, and/or (c) a common translation system
in RNA-to-peptide translation, all candidate DNAs contained

in a library share a common sequence at a site closer to a 5'
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end than an ORF region and share another common
sequence at a site closer to a 3' end than the ORF region.
[0043]

One of the characteristics of methods in accordance
with the present embodiment is that a candidate DNA
molecule contains at least one 2'-modified nucleoside
derivative on a 5' end side of an antisense strand. It is
preferable that the candidate DNA molecule contain
consecutive two 2'-modified nucleoside derivatives. It is
preferable that one of the at least one 2'-modified nucleoside
derivative be located at the second position from the 5' end
of the antisense strand of the candidate DNA molecule. In a
case where the candidate DNA molecule contains two or
more 2'-modified nucleoside derivatives, one of the two or
more 2'-modified nucleoside derivatives is preferably located
at the 5' end. Alternatively, one of the at least one 2'-
modified nucleoside derivative is located at the 5' end of the
antisense strand of the candidate DNA molecule.

[0044]

The S5' end of the antisense strand is located on an
opposite side to the promoter region across the region
encoding the peptide. Accordingly, the antisense strand has
the following structure: (promoter region)-(region encoding
the candidate peptide)-(at least one 2'-modified nucleoside

derivative) arranged in this order from the 3' end side (note
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that another sequence may be included in between). Thus,
the at least one 2'-modified nucleoside derivative is located
downstream in a transcription direction.

[0045]

Modification at 2' is not particularly limited, but may
be, for example, an alkoxy group having 1 to 10 carbon
atoms, a halogen group, an ester group having 1 to 10
carbon atoms, or the like.

[0046]

The at least one 2'-modified nucleoside derivative is
preferably 2'-O-methyl nucleoside (e.g., 2'-0-
methyladenosine, 2'-O-methylguanosine, 2'-O-methyl
thymidine, 2'-O-methylcytidine, 2'-O-methyluridine, and 2'-O
methylinosine, or the like), more preferably 2'-O-
methylguanosine. 2'-O-methylguanosine (Gm) is represented

by the following structural formula.

[0047]

A method for producing such a candidate DNA is not
particularly limited. Examples of the method include a
method in which a Reverse primer, in which at least one

nucleoside on a 5' end side has been substituted by a 2'-
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modified nucleoside derivative, and an ordinary Forward
primer are used to conduct a PCR reaction with respect to a
library of candidate DNA molecules in each of which no
nucleoside on a 5' end side has been substituted by a 2'-
modified nucleoside derivative. It is preferable that a
nucleoside at the 5' end and a nucleoside at the second
position from the 5' end of the Reverse primer are each
substituted by a 2'-modified nucleoside derivative.

[0048]

[Step 2]

In Step 2, the candidate DNA molecules are transcribed
as templates to produce a library of corresponding RNA
molecules (an aspect of the "step (i)").

[0049]

Transcription can be conducted by a well-known
method. Typically, the transcription is carried out in situ or
in vitro, preferably in vitro. In a case where the transcription
is carried out in vitro, a type of RNA polymerase is not
particularly limited. Preferable examples of the RNA
polymerase include an RNA polymerase derived from
bacteriophage, such as T7 RNA polymerase, SP6 RNA
polymerase, T3 RNA polymerase, and the like. In particular,
T7 RNA polymerase is more preferable.

[0050]

Note that in the present embodiment, at least one 2'-
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modified nucleoside derivative is present on the 5' end side
of the antisense strand which serves as a template for RNA.
This reduces occurrence of a phenomenon in which one or
several bases not corresponding to the DNA template are
added to the 3' end of the RNA. In the present embodiment,
therefore, occurrence of addition of a base can be effectively
reduced even in a case where the above-described RNA
polymerase which is prone to cause addition of a base is
used. In a preferable example, 60% or more, 70% or more,
80% or more, or 90% or more of candidate RNA molecules in
the library of candidate RNA molecules do not have a base
added thereto.

[0051]

In a preferable example, all candidate RNAs in the
library of candidate RNA molecules are identical in (a) a
sequence of a transcriptional regulatory region and/or (b) a
sequence that is positioned on a 3' end side and used for
hybridization with a splint polynucleotide.

[0052]

In the conventional method, one or several bases are
added to a 3' end of a candidate RNA molecule due to a
characteristic of the RNA polymerase used. This causes a
decrease in binding efficiency of the linker in the step (3). In
order to solve this problem, a technique was developed in

which (i) a linker which is complementary to a 3' end region
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of the candidate RNA and to the 3' end of which puromycin
is bound is caused to hybridize with the 3' end region of the
candidate RNA and (ii) then the 3' end region of the
candidate RNA and the linker are linked by ligation with use
of T4 RNA ligase to form a hairpin structure. Also devised
was a method of conducting purification of the library by
high-resolution electrophoresis to remove a candidate RNA
molecule to which one or several bases have been added. In
contrast, the method of the present embodiment enables a
peptide receptor molecule to be bound more easily and
efficiently in Step 3 (described later) without conducting
purification.

[0053]

[Step 3]

In Step 3, a peptide receptor molecule is bound to the
3' end of the candidate RNA molecule with use of a splint
polynucleotide as an anchorage (an aspect of the "step (ii)").
[0054]

The "peptide receptor molecule" is not particularly
limited, provided that the peptide receptor molecule can be
linked to the peptide which has been translated. Examples of
the peptide receptor molecule encompass well-known peptide
receptor molecules such as puromycin, a puromycin
derivative, and an oligo RNA-amino acid complex (e.g., a

peptide acceptor region described in WO02011/049157).
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is represented by the following structural

The 3' end of the candidate RNA molecule and the

puromycin are

typically bound together via a linker

containing an oligonucleotide. A length of the oligonucleotide

is not particularly limited. For example, the oligonucleotide

consists of approximately 10 to 30 nucleotides, preferably 15

to 20 nucleotides. Examples of a nucleotide contained in the

oligonucleotide include DNA, RNA, PNA, LNA, and the like.

The linker may have inserted therein another substance (e.g.,

polyethylene glycol (PEG)) in addition to the oligonucleotide.

A length of the PEG is not particularly limited. In one

example, the PEG is preferably formed by linking 3 to 10

units each of which has a main chain having 6 to 18 atoms.

In one example, the linker may have the following structure:

S'-(oligonucleotide)-(PEG)-(peptide receptor molecule)-3'.

Such a linker may be produced by a well-known method.
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[0056]

The splint polynucleotide contains a sequence capable
of hybridizing with the 3' end side of the candidate RNA
molecule and a sequence capable of hybridizing with the 5'
end side of the oligonucleotide of the linker. Accordingly, in
a case where the candidate RNA molecule, the linker
containing the peptide receptor molecule and the
oligonucleotide, and the splint polynucleotide coexist, the 3'
end side of the candidate RNA molecule hybridizes with the
S5' end side of the splint polynucleotide and the 5' end side of
the oligonucleotide hybridizes with the 3' end side of the
splint polynucleotide. Then, the 3' end of the candidate RNA
molecule and the 5' end of the oligonucleotide are ligated
with each other with use of, for example, DNA ligase (T4 DNA
ligase or the like), RNA ligase (T4 RNA ligase or the like), or
the like.

[0057]

Examples of a nucleotide contained in the splint
polynucleotide include DNA, RNA, PNA, LNA, and the like. In
one example, the nucleotide is preferably DNA from the
viewpoint that DNA can be used also as a primer in reverse
transcription.

[0058]
The splint polynucleotide, for example, contains

approximately 14 to 40 consecutive nucleotides. In one
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example, consecutive nucleotides (for example,
approximately 7 to 20, preferably 9 to 15 consecutive
nucleotides) on the 5' end side of the splint polynucleotide
hybridize with the sequence on the 3' end side of the
candidate RNA molecule, and consecutive nucleotides (for
example, approximately 7 to 20, preferably 9 to 15
consecutive nucleotides) on the 3' end side of the splint
polynucleotide hybridize with the sequence on the 5' end
side of the oligonucleotide of the linker. In a particularly
preferable example, the splint polynucleotide is designed so
that, in a state where the candidate RNA molecule and the
oligonucleotide of the linker hybridize with the splint
polynucleotide, there is no gap (missing nucleotide) between
the splint polynucleotide and the 3' end of the candidate
RNA molecule and between the splint polynucleotide and the
S'-terminal side of the oligonucleotide of the linker.

[0059]

In the present embodiment, occurrence of addition of a
base in the candidate RNA is reduced as described above.
This enables an improvement in ligation efficiency. As such,
it is not necessary to carry out purification for removal of
candidate RNA molecules unbound to the peptide receptor
molecule. In contrast, the conventional method has poor
ligation efficiency, thus making it necessary to remove an

unligated candidate RNA molecule. Failure to remove the
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unligated candidate RNA molecule causes a peptide that
does not form a complex with RNA to be produced during
translation, so that an efficiency of obtaining an intended
candidate RNA-peptide complex is decreased when the
peptide is later brought into contact with a binding partner.
Omission of such a purification step enables reducing a
possibility of causing RNA molecules, which are relatively
unstable, to be degraded.

[0060]

[Step 4]

In Step 4, the candidate RNA molecule to which the
peptide receptor molecule has been bound through Step 3 is
translated to produce a library of complexes (candidate RNA-
peptide complexes) of the candidate RNA molecule and the
candidate peptide, in each of which complexes the candidate
RNA molecule and the candidate peptide encoded by the
candidate RNA molecule are linked together via the peptide
receptor molecule (an aspect of the "step (iii)").

[0061]

The translation is preferably carried out in a cell-free
translation system. Examples of the cell-free translation
system include: a cell-free translation system prepared with
use of an extract of wheat germ, rabbit reticulocyte, or the
like; a reconstituted cell-free translation system which is

prepared with use of E. coli ribosome by purifying and
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mixing factors necessary for translation; and the like (H. F.
Kung, B. Redfield, B. V. Treadwell, B. Eskin, C. Spears and
H. Weissbach (1977) "DNA-directed in vitrosynthesis of beta-
galactosidase. Studies with purified factors" The Journal of
Biological Chemistry Vol. 252, No. 19, 6889-6894; M. C.
Gonza, C. Cunningham and R. M. Green (1985) "Isolation
and point of action of a factor from Escherichia coli required
to reconstruct translation" Proceeding of National Academy
of Sciences of the United States of America Vol. 82, 1648-
1652; M. Y. Pavlov and M. Ehrenberg (1996) "Rate of
translation of natural mRNAs in an optimized in Vitrosystem"
Archives of Biochemistry and Biophysics Vol. 328, No. 1, 9-
16; Y. Shimizu, A. Inoue, Y. Tomari, T. Suzuki, T. Yokogawa,
K. Nishikawa and T. Ueda (2001) "Cell-free translation
reconstituted with purified components" Nature
Biotechnology Vol. 19, No. 8, 751-755; H. Ohashi, Y.
Shimizu, B. W. Ying, and T. Ueda (2007) "Efficient protein
selection based on ribosome display system with purified
components” Biochemical and Biophysical Research
Communications Vol. 352, No. 1, 270-276). The
reconstituted cell-free translation system 1is a system
obtained by (i) dividing a cell-free translation system
prepared mainly with use of an E. coli extract into factors
and (ii) reconstituting each factor to remove a component

unrelated to translation. The reconstituted cell-free
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translation system enables more easily preventing inhibitory
substances such as nuclease and protease from being mixed
in than a conventional cell-free translation system prepared
with use of a cell extract. Examples of a preferable cell-free
translation system include the PURE system.

[0062]

It is preferable that the cell-free translation system
contain substantially no nuclease (in particular, RNase). In
the present specification, to "contain substantially no
nuclease" means that measurement of nuclease activity
shows that a numerical value indicating nuclease activity is
not higher than a certain level. There are well-known
methods for measuring nuclease activity. For example,
degradation of a fluorescently labeled RNA substrate by
RNase can be detected with reference to a change in
fluorescence intensity as an index. In one example, it is
preferable that the cell-free translation system contain
substantially no RNase. In a case where the cell-free
translation system contains substantially no nuclease (in
particular, RNase), the possibility of causing RNA molecules
to be degraded is reduced. This eliminates the need of
performing reverse transcription reaction  which is
conventionally carried out after Step 4.

[0063]

It is preferable that the cell-free translation system
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contain substantially no RNA polymerase having an activity
on the candidate DNA molecule. In the present specification,
an "RNA polymerase having an activity on a candidate DNA
molecule" refers to an RNA polymerase capable of having a
transcription reaction with respect to the candidate DNA
molecule. Examples of the "RNA polymerase having an
activity on a candidate DNA molecule" include an RNA
polymerase that corresponds to a promoter contained in the
candidate DNA and has not been deactivated. In a case
where the cell-free translation system contains substantially
no RNA polymerase having an activity on the candidate DNA
molecule, it is unnecessary to remove, prior to Step 4, an
unligated candidate DNA molecule and an unligated
candidate RNA molecule.

[0064]

It is preferable that the cell-free translation system
contain substantially no protease. In the present
specification, to "contain substantially no protease" means
that measurement of protease activity shows that a
numerical value indicating protease activity is not higher
than a certain level. There are well-known methods for
measuring protease activity. For example, degradation of
fluorescently labeled casein by protease can be detected with
reference to a change in fluorescence intensity as an index.

In a case where the cell-free translation system contains
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substantially no protease, a possibility of causing a
translated peptide to be degraded is reduced.

[0065]

An amino acid contained in the candidate peptide may
be a natural amino acid or a non-natural amino acid.
[0066]

In one example of the present embodiment, a candidate
RNA-peptide complex is produced in which candidate RNA-
peptide complex (i) a peptide receptor molecule is linked to a
C-terminus of a candidate peptide translated from the
candidate RNA molecule and (ii) the candidate RNA molecule
and the candidate peptide corresponding to the candidate
RNA molecule are linked together via the peptide receptor
molecule. In a case where the peptide receptor molecule is
puromycin, the puromycin is linked to the C-terminus of a
peptide chain which is elongating as a substrate of a peptide
transfer reaction in a ribosome. In one example, the
candidate RNA-peptide complex may have the following
structure: RNA molecule-(optionally linker)-peptide receptor
molecule-candidate peptide.

[0067]

In a preferable example in which a cell-free translation
system containing no RNase and/or protease, it is not
necessary to carry out purification after Step 4.

[0068]
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In one example, the candidate RNA-peptide complex

produced in Step 4 is not subjected to reverse transcription

reaction, so that candidate RNA is single-stranded in the

library of candidate RNA-peptide complexes.

[0069]

[Step 5]

In Step 5, the library of candidate RNA-peptide
complexes is brought into contact with a binding partner to
cause a binding reaction.

[0070]

The binding reaction may be based, for example, on
binding between an antigen and an antibody, binding
between a protein receptor and a ligand, binding between an
adhesion molecule and a partner molecule, binding between
an enzyme and a substrate, binding between a nucleic acid
and a protein bound to the nucleic acid, binding between
proteins in a signaling system, binding between a
glycoprotein and a protein, binding between a sugar chain
and a protein, or the like. The binding partner may be
selected as appropriate depending on the purpose of
selection. The binding partner may be, for example,
immobilized on a solid phase or labeled by a substance
captured by a solid phase. The solid phase may be any
substance that can be bound to a binding partner, and is in

the form of, for example, a plate, a rod, particles, beads, or
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the like. The solid phase may be a material insoluble in
water and an organic solvent which are mediums used for
screening. Examples of a material that can be used as the
solid phase include plastics, glass, resins such as
polystyrene, and metals such as a gold thin film. It is also
possible to use magnetic beads or the like. Note that the
binding partner contained in a single reaction system may be
of a single kind or of two or more kinds.

[0071]

A candidate RNA-peptide complex unbound to a binding
partner may be removed by, for example, being washed with
use of a buffer or the like.

[0072]

[Step 6]

In Step 6, a reverse transcription reaction is carried
out so that the candidate RNA molecule of the candidate
RNA-peptide complex forms a double-stranded region with a
DNA (cDNA) molecule. In the present embodiment, the
reverse transcription reaction may be carried out after the
candidate RNA-peptide complex is dissociated from the
binding partner by elution or the like, or may be carried out
while being bound to the binding partner. Performing the
reverse transcription reaction in a state where the candidate
RNA-peptide complex is bound to the binding partner

advantageously reduces cDNA bound via RNA (aptamer). The
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reverse transcription reaction can be conducted, for example,
by an ordinary method. In the present embodiment, the
reverse transcription reaction is carried out after Step 5.
This advantageously eliminates the mneed to carry out
purification for the reverse transcription reaction prior to
Step 5. Accordingly, the present embodiment is free from a
problem of the conventional method that purification
reduces diversity of candidate RNA molecules.

[0073]

[Step 7]

In Step 7, each candidate RNA-peptide complex is
dissociated from the binding partner and recovered. A
method for dissociation may be selected as appropriate
depending on the type of binding with the binding partner.
For example, a protease such as ficin, papain, or trypsin, or
an antibody sequence-specific protease such as IdeS or IdeZ
can be used. By conducting Steps S through 7, a desired
RNA-peptide complex 1is selected from the library of
candidate RNA-peptide complexes (an aspect of the "step
(iv)").

[0074]

[Step 8]

The RNA-peptide complexes which have been selected
may be then subjected to analysis of an RNA sequence

and/or a peptide sequence, and the like. The analysis may
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be performed by use of an ordinary amino acid sequencer, or
by performing reverse transcription of a DNA from the RNA
bound to the peptide and analyzing a base sequence of a
cDNA thus obtained. Further, purification and quantification
may be carried out as appropriate.

[0075]

Further, the above-described Step 1 may be carried out
using the cDNA obtained through this step. For example, the
cDNA obtained through this step or an amplification product
thereof is subjected to a PCR reaction with use of a Reverse
primer in which at least one nucleoside at a 5' end thereof is
substituted by a 2'-modified nucleoside derivative and an
ordinary Forward primer. Then, DNA molecules obtained by
the PCR reaction are used to carry out Steps 2 through 7
again. Thus repeating a cycle consisting of Steps 1 through 7
a plurality of times enables enrichment of a candidate RNA-
peptide complex having desired properties. This candidate
RNA-peptide complex is then subjected to analysis.

[0076]

Method in accordance with another embodiment

In a method in accordance with another embodiment,
the order of performing Step 5 and Step 6 in the above-
described embodiment may be reversed. That is, in Step 4 of
the conventional mRNA display method, the candidate RNA

molecule to which the peptide receptor molecule has been
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bound through Step 3 is translated, and then a reverse
transcription reaction corresponding to Step 6 is carried out
so that the candidate RNA molecule of the candidate RNA-
peptide complex forms a double-stranded region with a DNA
(cDNA) molecule. Then, a binding reaction (corresponding to
Step 5) in which the library of candidate RNA-peptide
complexes is brought into contact with a binding partner is
carried out.

[0077]

In the reverse transcription reaction, adding EDTA to a
sample and then subjecting the sample to a heating
treatment enables increasing an efficiency of the reverse
transcription reaction.

[0078]

Example applications

The above-described embodiments are applicable, for
example, to: identification of a protein which interacts with
a drug discovery target molecule; analysis of a drug
discovery target protein; acquisition and modification of an
antibody molecule; identification of an antigen protein
recognized by an antibody and an antigen site of the antigen
protein; modification of various functional proteins and
peptides; confirmation of activity of a vaccine; and the like.
[0079]

In particular, in the above-described embodiments,
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which are obtained by improving mRNA display method
which is one of peptide selection methods, 5' ends of
antisense strands of a DNA library are modified by 2'-O-
methylguanosine to reduce occurrence of addition of one or
several bases and thus allow an mRNA library to have
uniform 3' ends. This enables a dramatic increase (from
approximately 50% to approximately 90%) in efficiency of
linking of the 3' ends of the mRNA library to a peptide
receptor molecule (e.g., puromycin). Further, exclusion of
RNA polymerase from a cell-free translation system (PURE
system) eliminates the need to cause template DNA and
mRNA containing no puromycin to be removed by
purification, nuclease treatment, or the like prior to
translation. Further, use of the PURE system which does not
include RNase allows RNA to be relatively stable, and thus
eliminates the need to carry out purification and a reverse
transcription reaction immediately after translation. These
enable purification and reverse transcription to be carried
out during positive selection, and thus simplify peptide
selection. This enables high-throughput peptide screening
which employs a multi-channel automatic dispenser. Further,
since the number of overall steps 1is small and RNA
degradation and adsorption can be reduced during operation,
it becomes possible to carry out peptide screening with

increased efficiency. Further, carrying out operations in
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parallel enables cost reduction.
[0080]

As a result, it becomes possible to achieve: discovery of
new drug discovery targets by screening of antibody drugs
and identification of causes of diseases whose causes have
been unidentified; support of development of highly effective
vaccines enabled by quantification of effective antibody
production by vaccines; assessment of a state of health by
immunoassay; classification of diseases; and the like. It also
becomes possible to help promote research on rare diseases.
Thus, the methods in accordance with the above-described
embodiments are applicable to various purposes.

[0081]

Examples of specific aspects in accordance with the
present invention

(1) A method for producing a complex of an RNA
molecule encoding a peptide and the peptide encoded by the
RNA molecule, the method including the steps of: (i)
producing the RNA molecule from a DNA molecule via
transcription, the DNA molecule (a) containing a promoter
region and a region that is located downstream of the
promoter region and encodes the peptide and (b) containing
at least one 2'-modified nucleoside derivative on a 5' end
side of an antisense strand that is located most downstream;

(ii) binding, to a 3' end of the RNA molecule obtained in the
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step (i), a peptide receptor molecule with use of a splint
polynucleotide as an anchorage; and (iii) performing
translation of the RNA molecule, to which the peptide
receptor molecule has been bound through the step (ii), to
produce the complex in which the receptor molecule and the
peptide encoded by the RNA molecule are linked via the
peptide receptor molecule.

(2) The method as set forth in (1), wherein the
translation is performed in an in vitro translation system
containing substantially no RNase.

(3) The method as set forth in (1) or (2), wherein the
translation is performed in an in vitro translation system
containing substantially no RNA polymerase having an
activity on the DNA molecule.

(4) The method as set forth in any one of (1) through (3),
wherein the DNA molecule contains two consecutive 2'-
modified nucleoside derivatives.

(5) The method as set forth in any one of (1) through (4),
wherein the at least one 2'-modified nucleoside derivative is
2'-O-methylguanosine.

(6) The method as set forth in any one of (1) through (95),
wherein the peptide receptor molecule is puromycin.

(7) The method as set forth in any one of (1) through (6),
wherein a plurality of different complexes of an RNA

molecule and a peptide, each of the plurality of different



10

15

20

25

- 43 -
complexes being the complex, are produced with use of a
plurality of respective different DNA molecules, each of
which is the DNA molecule.

(8) An mRNA display method including a method recited
in any one of (1) through (7), the mRNA display method
further including the step of: (iv) selecting a desired complex
from among the complex of the RNA molecule and the
peptide obtained in the step (iii). Note that prior to the step
(iv), a least part of the RNA molecule of the complex of the
RNA molecule and the peptide may form a double-stranded
structure with a complementary cDNA (DNA) molecule.

(9) The method as set forth in (8), wherein a cycle
consisting of the steps (i) through (iv) is repeated a plurality
of times.

(10) A DNA library for use in an mRNA display method,
containing: a plurality of different candidate DNA molecules,
each of the plurality of different candidate DNA molecules (i)
containing a promoter region and a region that is located
downstream of the promoter region and encodes a candidate
peptide and (ii) containing at least one 2'-modified
nucleoside derivative on a 5' end side of an antisense strand
that is located most downstream.

(11) The DNA library as set forth in (10), containing
1013 or more different candidate DNA molecules.

[0082]
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The following will provide Examples to more specifically
describe embodiments of the present invention. As a matter
of course, the present invention is not limited to Examples
provided below, and details of the present invention can be
realized in various manners. Further, the present invention
is not limited to the embodiments described above, and it
may be varied in various ways within the scope of the
appended claims. Thus, an embodiment based on a
combination of technical means disclosed in different
embodiments is encompassed in the technical scope of the
present invention. Furthermore, all of the publications and
patents cited in the present specification are incorporated
herein by reference in their entirety. This application claims
priority on Japanese Patent Application, Tokugan, No. 2017-
053621 filed in Japan on March 17, 2017, the entire

contents of which are hereby incorporated by reference.

Examples
[0083]

[Example 1: Search for antigen peptide from serum of
autoimmune encephalomyelitis (EAE) model laboratory
mouse]

[Method]

(1) Production of autoimmune encephalomyelitis (EAE)

laboratory mouse antibody-immobilized magnetic beads
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A C537B6 mouse (10-week old) was immunized with
MOG35-55 peptide (MEVGWYRSPFSRVVHLYRNGK) with use
of Freund's complete adjuvant. 20 to 22 days after the
immunization, whole blood was recovered and mixed with an
equal amount of PBS. A serum component was separated
using Ficoll. 100 pL of the serum was bound to 100 pL of
Protein G magnetic beads (dynabeads) at 4°C for 1 hour. A
resultant product was washed with 500 pL of washing buffer
(SOmM Tris-HCI1, pH 7.5, 300 mM NaCl, 0.1% Triton X-100)
for 5 times to produce magnetic beads on which an EAE
mouse antibody was immobilized.
[0084]

(2) Production of library DNA

10 nM random library DNA: GCTGCCGCTGCCGCTGCC
(MNN)n CATATGTATATCTCCTTCTTAAAG (n=8) or cDNA (from
the second cycle) recovered in (7) below was subjected to
PCR (94°C: 10 seconds, 58°C: 10 seconds, 72°C: 30 seconds,
8 cycles) with use of 1 pM F-primer
(CCTAATACGACTCACTATAGGGTTAACTTTAAGAAGGAGATATA
CATATQG) and 1 nM R-primer
(GmGMTCGGCGGATCAAAGTAGCTGCCGCTGCCGCTGCCGCA
(Gm: 2'-O-methylguanosine)). Thus produced was a template
DNA library:
CCTAATACGACTCACTATAGGGTTAACTTTAAGAAGGAGATATAC

ATATG (NNK)n
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TGCGGCAGCGGCAGCGGCAGCTACTTTGATCCGCCGACC (n=8)
containing a T7 promoter sequence, a Shine-Dalgarno
sequence (SD sequence), and the random ORF region. The
template DNA library was purified using FastGene Gel/PCR
Extraction Kit.
[0085]

(3) Transcription reaction

From 10 nM template DNA library, an RNA library was
produced by carrying out transcription at 37°C for 1 hour in
a 50 pL scale (0.086 ng of T7 RNA polymeras, 4.5 mM NTP,
40 mM HEPES-KOH (pH 7.6), 20 mM MgCl,, 2 mM
spermidine, S mM DTT).
[0086]

(4) Addition of puromycin (Pu)

To 3 pL of the RNA library obtained, 1 pL of 10 mM ATP,
2 pL of 100 pM Pu-DNA
(CTCCCGCCCCCCGTCC[spacerl18]|sCC[Puromycin]), 2 pnL of
100 pM splint-DNA (GGGCGGGAGGGTCGGCGGATCAA), and
13 pL of x1 T4 DNA ligase buffer were added. A mixture thus
obtained was heated at 95°C for 3 minutes. The mixture was
cooled at room temperature. Then, 0.5 pL of T4 DNA Ligase
(70 U/pL) was added, and a reaction was allowed to take
place at 37°C for 1.5 hours.
[0087]

(5) Translation reaction / production of mRNA-peptide
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library

2.4 pL of the resultant puromycin-added RNA library
was caused to react using a PURE system in a 20 pL-scale
(14 pL of Solution A, 2 pL of Solution B (RNA polymerase,
RF1 minus), 2 pL of 50 mM Hepes-KOH (pH 7.6), 100 mM
KCl, 10 mM MgClz, 30% glycerol) at 37°C for 1 hour. Then,
30 pL of binding buffer (50 mM Tris-HCIl (pH 8.0), 61 mM
EDTA) was added.
[0088]

(6) Peptide selection

The mRNA-peptide library obtained in (5) was added to
10 pL of Protein G magnetic beads (dynabeads) on which an
antibody derived from a healthy mouse was immobilized, and
a reaction was allowed to take place at 4°C for 30 minutes.
The supernatant was added to 10 pL of magnetic beads to
which an antibody derived from an EAE mouse was bound,
and a reaction was allowed to take place at 4°C for 30
minutes. The magnetic beads were washed with 50 pL of
washing buffer (50 mM Tris-HCI pH7.5, 300 mM NaCl, 0.1%
Triton X-100) for 8 times.
[0089]

(7) Reverse transcription reaction

To the magnetic beads, 1x ProtoScript buffer containing
200 pM dNTP, 1 mM DTT, 0.5 pL of 200 nM Primer P2

(GGTCGGCGGATCAAAGTAGCTGCCGCTGCCGCTGCCGCA),
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and 200 U of ProtoScriptll RTase was added, and a reaction
was allowed to take place at 37°C for 30 minutes. The
supernatant was discarded, and the remainder was washed
once using 50 pL of washing buffer.

[0090]

(8) Elution

50 pL of elution buffer (10 mM Tris-HC1 (pH 8.0), 75
mM KCl, 0.1% Triton X-100, 10 mM DTT) was added. A
mixture thus obtained was heated at 97°C for 3 minutes,
and the supernatant was recovered.

[0091]

Five cycles of the above steps (3) through (8) were
carried out using biomek FX. PCR was conducted using
Primer-F2: CCGAAGGAGATATACATATG and Primer-R2:
ANNCTGCCGCTGCCGCTGC (N = A,G,C,T). Single-read
sequencing (80 bases) was carried out using HiSeq 2500.
[0092]

[Results]

The results are shown in Fig. 2. (A) of Fig. 2 illustrates
peptide sequences obtained from the peptide selection and
scores of the peptide sequences with respect to MOG protein.
The seventh position of Rank 2 is a stop codon. It is thus
presumed that only the sequence of the first to sixth
positions was translated. (B) of Fig. 2 illustrates a MOG

protein recognition site of the EAE mouse antibody. (C) of
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Fig. 2 illustrates a sequence motif of the EAE mouse
antibody with respect to an antigen. As indicated by Fig. 2, a
sequence motif having a high homology with part of the
MOG35-55 peptide was obtained from the amino acid
sequences obtained. Further, the search detected no
sequences corresponding to other sites of the MOG protein,
and thus succeeded in specifically obtaining a peptide which
caused the disease.
[0093]

[Example 2: Improvement of efficiency of peptide
selection by 2'-O-methylguanosine]

(1) Production of DNA

Produced was 10 nM template DNA in which guanosine
(WT) or 2'-O-methylguanosine (Gm) had been introduced to
two bases at a 5' end of an antisense strand of FLAG peptide
template double-bonded DNA:
GGCGTAATACGACTCACTATAGGGTTAACTTTAACAAGGAGAAA
AACATGAAGTACTCCCCAACCGACTGCGGCAGCGGCAGCGGCA
GCTACTTTGATCCGCCGACC.
[0094]

(2) Transcription reaction

Each template DNA (10nM) was caused to react in a 20
pL scale (0.086 ng of T7 RNA polymerase, 4.5 mM NTP, 40
mM HEPES-KOH (pH 7.6), 20 mM MgClz, 2 mM spermidine, 5

mM DTT) at 37°C for 1 hour, and mRNA thus transcribed
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was quantified using Qubit.
[0095]

(3) Peptide selection

Each mRNA (1 pM) and anti-FLAG (registered
trademark) M2 antibody magnetic beads (Sigma M8823)
serving as a solid phase carrier were used to conduct
selection using Biomek FX in a similar manner to Example 1.
Each cDNA obtained was quantified by qPCR.

[0096]

[Results]

The results are shown in Fig. 3. (A) of Fig. 3 illustrates
efficiencies of peptide recovery achieved with use of
respective template DNAs. (B) of Fig. 3 illustrates a
calibration curve of cDNA obtained by qPCR. As calculated
from Fig. 3, it was found that the use of the template DNA
into which 2'-O-methylguanosine (Gm) had been introduced
improved the efficiency of peptide selection by approximately
10 times.

[0097]

[Example 3: Comparison with conventional method]

Double-stranded DNAs encoding respective three types
of FLAG peptides were produced. The double-stranded DNAs
differed from one another only in terms of a sequence
(underlined) located downstream of a stop codon and used

for linkage with Pu-DNA. Efficiencies of peptide selection
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carried out with use of the respective double-stranded DNAs
were examined.

[Table 1]

Experiment 1: Examination of efficiency of mRNA/Pu-
DNA ligation

From the above template DNAs, mRNAs were produced
using T7 RNA polymerase. For each mRNA, quantification of
RNA was carried out using Qubit (registered trademark) RNA
HS Assay Kit, and 7 pM of RNA was prepared. RNA derived
from Template DNA 1 was mixed with 15 pL of x0.6 T4 RNA
Ligase Dbuffer (attached) containing 10 pM Pu-DNA
(CTCCCGCCCCCCGTCC[spacerl18]|sCC[Puromycin]) and 1 mM
ATP, and the mixture was heated at 95°C for 2 minutes and
cooled at room temperature. Then, 1 pL (10 U) of T4 RNA
Ligase 1 (manufactured by NEB) was added, and a reaction
was allowed to take place at 37°C for 1.5 hours. RNA (3ul)
derived from Template DNA 2 and RNA (3pl) derived from
Template DNA 3 were each mixed with 15 pL of x0.6 T4 DNA

Ligase buffer (attached, containing 1 mM ATP) containing 5
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nM Pu-DNA and S nM splint-DNA
(GGGCGGGAGGGTCGGCGGATCAA), and the mixture was
heated at 95°C for 2 minutes and then cooled at room
temperature. Then, 1 pL (400 U) of T4 DNA Ligase
(manufactured by NEB) was added, and a reaction was
allowed to take place at 37°C for 1.5 hours or at 16°C
overnight (16 hours). 0.5 pL of each product thus obtained
was subjected to electrophoresis (180 V, 45 min) with use of
7M urea 10% PAGE. An mRNA/Pu-DNA linking site had a
structure illustrated in (A) of Fig. 4.
[0098]

The results are shown in (B) and (C) of Fig. 4. (B) of Fig.
4 illustrates efficiencies of mRNA/Pu-DNA ligation achieved
in cases where the reaction was conducted at 37°C for 1.5
hours. (C) of Fig. 4 illustrates efficiencies of mRNA/Pu-DNA
ligation achieved in cases where the reaction was conducted
at 16°C overnight. As illustrated in (B) and (C) of Fig. 4,
under both conditions, the efficiency of mRNA/Pu-DNA
ligation was in a descending order of: Template DNA 3 >
Template DNA 1 > Template DNA 2. It was thus revealed that
the template DNA employing Gm exhibited the highest
efficiency. The higher efficiency of Template DNA 3 than that
of Template DNA 1 suggested a possibility that a decrease in
efficiency is caused by the fact that puromycin is located on

an inner side, rather than on an end side, of the molecule
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when a hairpin structure is formed in the case of Template 1.
[0099]

Experiment 2: Examination of efficiency of peptide
recovery

Each mRNA (7 pM) used in Experiment 1 and 10 pL of
anti-FLAG (registered trademark) M2 antibody magnetic
beads (sigma M8823) serving as a solid phase carrier were
used to conduct selection using Biomek FX in a similar
manner to Example 2. Each c¢DNA thus obtained was
quantified by qPCR. For peptide selection using Template
DNA 1, T4 RNA ligase 1 (manufactured by NEB) was used.
[0100]

The results are shown in (D) of Fig. 4. (D) of Fig. 4
illustrates efficiencies of peptide selection achieved with use
of respective template DNAs. The template DNA employing
Gm (Template DNA 3) exhibited the highest peptide recovery
rate. It was thus revealed that it was far more efficient to
conduct mRNA/Pu-DNA ligation by use of Gm than to
conduct mRNA/Pu-DNA ligation by forming a hairpin
structure (Template DNA 1) on a run-off (a base added to an
end) product of RNA polymerase. Template DNAs 1 through 3
exhibited an mRNA collection rate of 1.3%, 1.4%, and 11.8%,
respectively.

[0101]

[Example 4: Method of collecting peptide with use of
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protease]

[Method]

Under the same conditions as Example 2, FLAG
peptide-cDNA was prepared, and a method for collecting
cDNA from anti-FLAG (registered trademark) M2 antibody
magnetic beads (sigma M8823) was studied.

[0102]

To the magnetic beads, 10 pL of ficin buffer (50 mM
Tris-HCI (pH 6.8), 10mM EDTA, 5mM cystein) and 0.1 mg to
2 mg of ficin (SIGMA: F4125) was added, and a mixture thus
obtained was left to stand at 37°C for 1 hour. The
supernatant was heated at 98°C for 5 minutes to deactivate
ficin, and cDNA eluted was quantified by qPCR. Further,
cDNA that was remaining on the beads was collected by
being heated in ficin buffer at 98°C for 5 minutes, and was
quantified by qPCR. Fig. 5 is a view illustrating a method for
eluting cDNA with use of protease in Example 4.

[0103]

The results are shown in Fig. 6. As indicated by Fig. 6,
it was found that using ficin in an amount of 0.1 mg or more
enabled eluting 95% or more of the entire cDNA, and using
Ficin in an amount of 0.75 mg or more enabled eluting 99%
or more of the entire cDNA. It is possible to similarly use a
protease such as papain or trypsin, or an antibody

sequence-specific protease such as IdeS or IdeZ.



10

15

20

25

- 55 -
[0104]

[Example 5: Another example of DECODE]

[Method]

With use of the same template DNA used in Example 2,
a FLAG peptide-mRNA complex was produced in a 20 pL
scale. The FLAG peptide-mRNA complex was divided into
four equal amounts. 0.23 pL of EDTA (0.5 M) was added to
three samples among four samples thus obtained. The three
samples were left to stand still at 25°C for 10 minutes, at
50°C for 10 minutes, and at 95°C for 1 minute, respectively.
0.33 pL of MgClz: (0.5 M) was added, and 20 pL of reverse
transcription mix (1x ProtoScript buffer containing 1 mM
dNTP, 10 mM DTT, 0.125 pL of 0.2 pM Primer P2
(GGTCGGCGGATCAAAGTAGCTGCCGCTGCCGCTGCCGCA),
and 100p of ProtoScriptll RTase) was added. A reaction was
allowed to take place at 37°C for 40 minutes. A resultant
product was subjected to a binding reaction in which the
resultant product was bound to 1 pL of anti-FLAG M2
antibody magnetic beads (SIGMA: M8823) at room
temperature for 30 minutes. Then, a resultant product was
washed using 50 pL of washing buffer for 10 times. 30 pL of
elution buffer (10 mM Tris-HCl (pH 8.0), 75 mM KCI, 0.1%
Triton X-100, 10 mM DTT) was added, and a mixture thus
obtained was heated at 97°C for 3 minutes. The supernatant

was recovered immediately after the heating and was
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quantified by qPCR. To the remaining one sample, 20 pL of
binding buffer (50 mM Tris-HCI (pH 8.0), 61 mM EDTA) was
added. A mixture thus obtained was subjected to a binding
reaction in which the mixture was bound to 1 pL of anti-
FLAG M2 antibody magnetic beads (SIGMA: M8823) at room
temperature for 30 minutes. Then, a resultant product was
washed using 50 pL of washing buffer for 10 times. 30 pL of
elution buffer (10 mM Tris-HCl (pH 8.0), 75 mM KCI, 0.1%
Triton X-100, 10 mM DTT) was added, and a mixture thus
obtained was heated at 97°C for 3 minutes. The supernatant
was immediately recovered after the heating and was
quantified by qPCR (control).

[0105]

The DECODE conducted in Example 5 is illustrated in
Fig. 7.

[0106]

[Results]

The results are shown in Fig. 8. As indicated by Fig. 8,
it is possible to conduct the DECODE by a procedure in
which c¢DNA synthesis is carried out immediately after
translation and then an antibody-binding reaction is carried
out. By conducing high-temperature treatment after addition
of EDTA, it is possible to expect a slight improvement in

efficiency.
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Industrial Applicability
[0107]

The present invention is applicable, for example, to the
field of discovery of drugs such as molecularly-targeted

drugs typified by antibody drugs.
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Claims

Claim 1

A method for producing a complex of an RNA molecule encoding
a peptide and the peptide encoded by the RNA molecule,

said method comprising the steps of:

(i) producing the RNA molecule from a DNA molecule via
transcription, the DNA molecule (a) containing a promoter region and a
region that is located downstream of the promoter region and encodes
the peptide and (b) containing at least one 2'-modified nucleoside
derivative on a 3' end side of an antisense strand that is located most
downstream

(ii) binding, to a 3' end of the RNA molecule obtained in the step
(i), a peptide receptor molecule with use of a splint polynucleotide as an
anchorage; and

(iii performing, in an in vitro translation system containing
substantially no RNA polymerase having an activity on the DNA
molecule, translation of the RNA molecule, to which the peptide receptor
molecule has been bound through the step (ii), to produce the complex
in which the RNA molecule and the peptide encoded by the RNA
molecule are linked via the peptide receptor molecule, wherein

purification of the RNA molecule obtained in the step (i) is not

carried out prior to the step (ii) and purification of the RNA molecule
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obtained through the step (ii) to which the peptide receptor molecule

has been bounded is not carried out prior to the step (iii).

Claim 2
The method as set forth in claim 1, wherein the DNA molecule

contains two consecutive 2'-modified nucleoside derivatives.

Claim 3
The method as set forth in claim 1 or 2, wherein the at least one

2'-modified nucleoside derivative is 2'-O-methylguanosine.

Claim 4
The method as set forth in any one of claims 1 through 3, wherein

the peptide receptor molecule is puromycin.

Claim 5

The method as set forth in any one of claims 1 through 4, wherein

a plurality of different complexes of an RNA molecule and a
peptide, are produced with use of a plurality of respective different DNA

molecules, each of which is the DNA molecule.

Claim 6

An mRNA display method comprising the method-as set forth in
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any one of claims 1 through 5,
the mRNA display method further comprising the step of:
(iv) selecting a desired complex from among the complex of the

RNA molecule and the peptide obtained in the step (iii).

Claim 7

The mRNA display method as set forth in claim 6, wherein

the in vitro translation system contains substantially no RNase,
and

purification of the complex of the RNA molecule and the peptide

obtained in the step (iii) is not carried out prior to the step (iv).

Claim 8
The mRNA display method as set forth in claim 6 or 7, wherein a
cycle consisting of the steps (i) through (iv) is repeated a plurality of

times.

Claim 9

Use of a DNA library in the mRNA display method as set forth in
any one of claims 6 through 8, comprising:

a plurality of different candidate DNA molecules,

each of the plurality of different candidate DNA molecules (i)

containing a promoter region and a region that is located downstream



-61 -

of the promoter region and encodes a candidate peptide and (ii)
containing at least one 2'-modified nucleoside derivative on a 5' end side

of an antisense strand that is located most downstream.

Claim 10
Use of the DNA library as set forth in claim 9, comprising 1013 or

more different candidate DNA molecules.



