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DESCRIPTION

LIPID MEMBRANE STRUCTURE,
LIPID-MEMBRANE-STRUCTURE-IMMOBILIZATION CARRIER, AND METHOD

OF FUSING VESICLES

TECHNICAL FIELD
[0001]

The present invention relates to alipid membrane structure containing a
membrane-fusogenic lipid to be fused (capable of being fused) with avesicle having a
lipid bilayer membrane, alipid-membrane-structure-immobilization carrier in which the
lipid membrane structure is immobilized, and a method of fusing vesicles using the lipid
membrane structure and the lipid-membrane-structure-immobilization carrier. The
present invention also relates to a method of separating a vesicle, amethod of detecting a
vesicle, and a method of moving avesicle by using the fusion of vesicles.

Priority is claimed on Japanese Patent Application No. 2014-150868, filed on

July 24, 2014, the content of which isincorporated herein by reference.

BACKGROUND ART
[0002]

Conventionally, regarding the structures covered with alipid bilayer membrane,
such as amembrane vesicle derived from abiological body such asacell or an organelle
and an artificial membrane vesicle, analyses on the contents of these structures, the
substances held on the lipid bilayer membrane, and the like are conducted.

[0003]

In recent years, as an intercellular communication method, a method mediated



10

15

20

25

2

by an exosome, which isavesicle having alipid bilayer membrane, has drawn attention.

The exosome is a membrane vesicle which is known to contain a protein,
MRNA, micro RNA (miRNA), DNA, and the like in the inside thereof and can transmit
information to a cell at the destination by moving from cell to cell.  For example, itis
known that in a cell accepting a micro RNA-containing exosome derived from a cancer
cell, immune function is activated, or metastatic potential is obtained.

[0004]

The exosome contains genetic information that a cell releasing the exosome
holds, other signaling factors, and a factor which can control functions of other cell
accepting the exosome. It is considered that, therefore, the exosome can be used as a
new biomarker source for diagnosing diseases.

For example, Patent Documents 1 and 3 disclose a method of diagnosing cancer
or aharmful pregnancy outcome by analyzing miRNA in an exosome.

Patent Document 2 discloses a method of measuring each RNA for determining
the efficiency of atreatment using asmall interfering RNA (SSRNA)/miRNA treatment
agent.

Patent Document 4 discloses amethod of detecting a protein marker which isan
index of arisk causing the onset of a cardiovascular event.

Patent Document 5 discloses a method of diagnosing an autoantibody
production-related disease such as cancer or infertility by measuring alevel of
immunoreactive autoantibodies.

Patent Document 6 discloses a method of detecting an endoplasmic reticulum
stress response and arenal disease relating to the response by measuring urinary
exosomal aquaporin 1.

[0005]



10

15

20

25

3

The exosome can be separated and prepared from an exosome-containing
sample by a separation technique using a density difference such as ultracentrifugation or
density gradient ultracentrifugation. Furthermore, the exosome can aso be separated by
the method described in Patent Documents 7 or 8.  In addition, akit of separating and
purifying an exosome is commercially available (for example, ExoQuick manufactured
by System Biosciences, Inc. or Total Exosome Isolation manufactured by Life
Technologies Corporation).

PRIOR ART DOCUMENTS
PATENT DOCUMENTS
[0006]

[Patent Document 1]  Japanese Unexamined Patent Application, First
Publication No. 2013-102768

[Patent Document 2]  Published Japanese Tranglation No. 2011-524164 of the
PCT International Publication

[Patent Document 3]  Published Japanese Translation No. 2010-534480 of the
PCT International Publication

[Patent Document 4]  Published Japanese Tranglation No. 2013-516619 of the
PCT International Publication

[Patent Document 5]  Published Japanese Translation No. 2010-517048 of the
PCT International Publication

[Patent Document 6]  Japanese Unexamined Patent Application, First
Publication No. 2013-7698

[Patent Document 7]  Published Japanese Translation No. 2003-531864 of the
PCT International Publication

[Patent Document 8]  Published Japanese Translation No. 2002-535665 of the
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SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION
[0007]

In a case where an extracellular vesicle is separated from a sample, by
separating an extracellular vesicle by a separation technigque using a density difference
such as ultracentrifugation or a density gradient ultracentrifugation, a separated
extracellular vesicle can be prepared.  Furthermore, a kit of separating and purifying an
extracellular vesicle from a sample in a simple manner is commercially available.

[0008]

The ultracentrifugation, the density gradient ultracentrifugation, or the like
require a complicated operation procedure of separating an extracellular vesicle and takes
along time for separation and purification. Furthermore, the technique cannot avoid the
intermixing of foreign substances other than the extracellular vesicle and has a problem
with adegree of purification or reproducibility. In addition, the commercially available
purification kit which separates an extracellular vesicle in asimple manner has an
insufficient degree of purification and lacks reliability.

[0009]

A technique of separating an extracellular vesicle from a sample by using the
bonding between the extracellular vesicle and an antibody is not necessarily effective for
awide variety of extracellular vesicles.

[0010]

The present invention has been made in consideration of the above

circumstances, and objects thereof are to provide a lipid membrane structure and a

lipid-membrane-structure-immobilization carrier which enable vesicles to be efficiently
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fused with each other and to provide a method of fusing vesicles, amethod of separating
avesicle, amethod of detecting avesicle, and amethod of moving a vesicle that use the
lipid membrane structure and the lipid-membrane-structure-immobilization carrier.
MEANS FOR SOLVING THE PROBLEMS

[0011]

A method of separating a vesicle according to afirst aspect of the present
invention, includes: bringing either avesicular-shaped lipid membrane structure
containing a membrane-fusogenic lipid capable of being fused with avesicle having a
lipid bilayer membrane or alipid-membrane-structure-immobilization carrier, in which a
lipid membrane structure containing a membrane-fusogenic lipid capable of being fused
with avesicle having alipid bilayer membrane isimmobilized on a carrier into contact
with a sample having the vesicle such that membrane fusion occurs between the lipid
membrane structure and the vesicle.

[0012]

A fusant obtained by the membrane fusion between the lipid membrane structure
and the vesicle may be separated from the sample by using any of external attractive
force, size, weight, and affinity.

[0013]

A method of detecting a vesicle according to a second aspect of the present
invention, includes: detecting a fusant generated by the membrane fusion between the
lipid membrane structure and the vesicle in the method for separating a vesicle according
to the first aspect.

[0014]
A method of moving a vesicle according to athird aspect of the present

invention, includes: bringing a vesicular-shaped lipid membrane structure containing a
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membrane-fusogenic lipid capable of being fused with avesicle having alipid bilayer
membrane, and a characteristic-imparting substance into contact with the vesicle such
that membrane fusion occurs between the lipid membrane structure and the vesicle; and
attracting a fusant generated by the membrane fusion between the lipid membrane
structure and the vesicle to a predetermined field by using characteristics imparted or
changed by the characteristic-imparting substance contained in the fusant.

[0015]

The predetermined field may be a recess portion provided on a substrate.
[0016]

The predetermined field may be alipid-membrane-structure-immobilization
substrate, in which the vesicular-shaped lipid membrane structure containing a
membrane-fusogenic lipid capable of being fused with avesicle having alipid bilayer
membrane isimmobilized on a substrate, and the fusant may be fused with the lipid
membrane structure immobilized on the substrate.

[0017]

The recess portion may be provided with a membrane-fusogenic lipid capable of
being fused with avesicle having alipid bilayer membrane such that an opening portion
of the recess portion on a surface of the substrate is closed, and the fusant may be fused
with the lipid membrane structure on the substrate.

[0018]

A method of detecting a vesicle according to afourth aspect of the present
invention includes detecting the fusant in the predetermined field in the method of
moving a vesicle according to the third aspect.

[0019]

A reaction reagent may be disposed in the predetermined field, areaction may
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be caused between the reaction reagent and a constituent of the fusant, and the reaction or
areaction product generated by the reaction may be detected.
[0020]

The predetermined field may be a recess portion formed on a substrate, and the
reaction reagent may be contained in the recess portion.
[0021]

The predetermined field may be alipid-membrane-structure-immobilization
substrate in which a vesi cular-shaped lipid membrane structure containing a
membrane-fusogenic lipid capable of being fused with avesicle having alipid bilayer
membrane isimmobilized on a substrate, the reaction reagent may be contain in the lipid
membrane structure, membrane fusion may be caused between the fusant and the lipid
membrane structure, a reaction may be caused between the reaction reagent and a
constituent of the vesicle by the membrane fusion between the fusant and the lipid
membrane structure, and the reaction or areaction product generated by the reaction may
be detected.

[0022]

A lipid-membrane-structure-immobilization carrier according to afifth aspect of
the present invention includes alipid membrane structure containing a
membrane-fusogenic lipid capable of being fused with avesicle having alipid bilayer
membrane, the lipid membrane structure being immobilized on a carrier.

[0023]

The carrier may be a substrate, a recess portion may be formed on the substrate,
and the lipid membrane structure may be contained in the recess portion.
[0024]

The carrier may be a substrate, a recess portion may be formed on the substrate,
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and the lipid membrane structure may be immobilized such that an opening portion of the
recess portion on a surface of the substrate is closed.
[0025]

A lipid membrane structure according to a sixth aspect of the present invention
includes a membrane-fusogenic lipid capable of being fused with avesicle having alipid
bilayer membrane.

[0026]

A method of fusing vesicles according to a seventh aspect of the present
invention, includes: bringing either alipid membrane structure immobilized in the
lipid-membrane-structure-immobilization carrier according to the fifth aspect or the lipid
membrane structure according to the sixth aspect into contact with the vesicle such that
membrane fusion occurs between the lipid membrane structure and the vesicle.

[0027]

A liquid containing the vesicle may be mixed with an additive inducing
membrane fusion such that the lipid membrane structure and the vesicle contact each
other.

[0028]

The lipid membrane structure may contain a membrane fusion-inducing
substance.
[0029]

A method of detecting a vesicle according to an eighth aspect of the present
invention, includes bringing a lipid membrane structure containing a
membrane-fusogenic lipid capable of being fused with avesicle having alipid bilayer
membrane into contact with a vesicle immobilization carrier in which avesicleis

immobilized on a carrier such that membrane fusion occurs between the lipid membrane
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structure and the vesicle; and detecting a fusant generated by the membrane fusion
between the lipid membrane structure and the vesicle.
[0030]

The lipid membrane structure may contain areaction reagent reacting with a
constituent of the vesicle, the lipid membrane structure may be brought into contact with
the vesicle such that membrane fusion occurs between the lipid membrane structure and
the vesicle, areaction may be caused between the reaction reagent and a constituent of
the vesicle by the membrane fusion between the lipid membrane structure and the vesicle,
and the reaction or areaction product generated by the reaction may be detected.

[0031]

A method of detecting a vesicle according to a ninth aspect of the present
invention, includes:. attracting a vesicular-shaped lipid membrane structure containing a
membrane-fusogenic lipid capable of being fused with avesicle having alipid bilayer
membrane, a characteristic-imparting substance, and a reaction reagent to a
predetermined field by using characteristics imparted or changed by the
characteristic-imparting substance contained in the lipid membrane structure; disposing
the vesicle in the predetermined field; bringing the lipid membrane structure into contact
with the vesicle in the predetermined field such that membrane fusion occurs between the
lipid membrane structure and the vesicle; causing a reaction between the reaction reagent
and a constituent of the vesicle by the membrane fusion between the lipid membrane
structure and the vesicle; and detecting the reaction or areaction product generated by
the reaction.

[0032]
Other aspects of the present invention may be as below.

(2) A lipid membrane structure containing a membrane-fusogenic lipid to be
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fused with avesicle having alipid bilayer membrane.

(2) The lipid membrane structure described in (1), in which the vesicle having a
lipid bilayer membrane is an extracellular vesicle.

(3) The lipid membrane structure described in (1) or (2) that has a vesicular
shape.

(4) The lipid membrane structure described in any one of (1) to (3) further
containing a characteristic-imparting substance.

(5) The lipid membrane structure described in any one of (1) to (4) further
containing a membrane fusion-inducing substance.

(6) The lipid membrane structure described in any one of (1) to (5) further
containing a reaction reagent reacting with a constituent of the vesicle.

(7) A lipid-membrane-structure-immobilization carrier in which the lipid
membrane structure described in any one of (1) to (6) isimmobilized.

(8) The lipid-membrane-structure-immobilization carrier described in (7), in
which the carrier is a substrate, a recess portion is formed on the substrate, and the lipid
membrane structure is contained in the recess portion.

(9) The lipid-membrane-structure-immobilization carrier described in (7), in
which the carrier is a substrate, a recess portion is formed on the substrate, and the lipid
membrane structure is immobilized such that an opening portion of the recess portion on
asurface of the substrate is closed.

(20) A method of fusing vesicles, in which either the lipid membrane structure
described in any one of (1) to (6) or the lipid membrane structure immobilized in the
li pid-membrane-structure-immobilization carrier described in any one of (7) to (9) is
brought into contact with the vesicle such that membrane fusion occurs between the lipid

membrane structure and the vesicle.
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(11) The method of fusing vesicles described in (10), aliquid containing the

vesicle is mixed with an additive inducing membrane fusion such that the lipid
membrane structure and the vesicle contact each other.

(12) The method of fusing vesicles described in (10) or (11), in which the lipid
membrane structure contains a membrane fusion-inducing substance.

(13) A method of separating avesicle, in which either a vesicular-shaped lipid
membrane structure which contains a membrane-fusogenic lipid to be fused with a
vesicle having alipid bilayer membrane or alipid-membrane-structure-immobilization
carrier in which avesicular-shaped lipid membrane structure containing a
membrane-fusogenic lipid to be fused with a vesicle having alipid bilayer membraneis
immobilized on acarrier is brought into contact with a sample containing the vesicle
such that membrane fusion occurs between the lipid membrane structure and the vesicle.

(14) The method of separating a vesicle described in (13), in which afusant
obtained by the membrane fusion between the lipid membrane structure and the vesicleis
separated from the sample by using any of an external attractive force, size, weight, and
affinity.

(15) A method of detecting avesicle, in which either alipid membrane structure
containing a membrane-fusogenic lipid to be fused with avesicle having alipid bilayer
membrane or alipid-membrane-structure-immobilization carrier in which thelipid
membrane structure is immobilized on a carrier is brought into contact with the vesicle
such that membrane fusion occurs between the lipid membrane structure and the vesicle,
and afusant generated by the membrane fusion between the lipid membrane structure
and the vesicle is detected.

(16) A method of detecting avesicle, in which alipid membrane structure

containing a membrane-fusogenic lipid to be fused with avesicle having alipid bilayer
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membrane is brought into contact with a vesicle immobilization carrier in which avesicle
isimmobilized on a carrier such that membrane fusion occurs between the lipid
membrane structure and the vesicle, and a fusant generated by the membrane fusion
between the lipid membrane structure and the vesicle is detected.

(17) The method of detecting a vesicle described in (15) or (16), in which the
lipid membrane structure contains a reaction reagent reacting with a constituent of the
vesicle, the lipid membrane structure and the vesicle are brought into contact with each
other such that membrane fusion occurs between the lipid membrane structure and the
vesicle, areaction is caused between the reaction reagent and a constituent of the vesicle
by the membrane fusion between the lipid membrane structure and the vesicle, and the
reaction or areaction product generated by the reaction is detected.

(18) A method of moving avesicle, in which avesicular-shaped lipid membrane
structure containing a membrane-fusogenic lipid to be fused with avesicle having alipid
bilayer membrane, and a characteristic-imparting substance is brought into contact with
the vesicle such that membrane fusion occurs between the lipid membrane structure and
the vesicle, and by using characteristics imparted or changed by the
characteristic-imparting substance contained in a fusant generated by the membrane
fusion between the lipid membrane structure and the vesicle, the fusant is attracted to a
predetermined field.

(19) The method of moving avesicle described in (18), in which the
predetermined field is arecess portion provided in a substrate.

(20) The method of moving avesicle described in (18) or (19), in which the
predetermined field is alipid-membrane-structure-immobilization carrier in which the
vesicular-shaped lipid membrane structure containing a membrane-fusogenic lipid to be

fused with avesicle having alipid bilayer membrane isimmobilized on a substrate, and
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the fusant is fused with the lipid membrane structure immobilized on the substrate.

(21) The method of moving avesicle described in (19), in which the recess
portion is provided with the membrane-fusogenic lipid to be fused with avesicle having
alipid bilayer membrane such that an opening portion of the recess portion on a surface
of the substrate is closed, and the fusant is fused with the lipid membrane structure on the
substrate.

(22) A method of detecting avesicle, in which avesicular-shaped lipid
membrane structure containing a membrane-fusogenic lipid to be fused with avesicle
having alipid bilayer membrane, and a characteristic-imparting substance is brought into
contact with the vesicle such that membrane fusion occurs between the lipid membrane
structure and the vesicle; by using characteristics imparted or changed by the
characteristic-imparting substance contained in a fusant generated by the membrane
fusion between the lipid membrane structure and the vesicle, the fusant is attracted to a
predetermined field; and the fusant is detected in the predetermined field.

(23) The method of detecting avesicle described in (22), in which areaction
reagent is disposed in the predetermined field, areaction is caused between the reaction
reagent and a constituent of the fusant, and the reaction or areaction product generated
by the reaction is detected.

(24) The method of detecting a vesicle described in (23), in which the
predetermined field is arecess portion formed on the substrate, and the reaction reagent
is contained in the recess portion.

(25) The method of detecting a vesicle described in (23) or (24), in which the
predetermined field is a lipid-membrane-structure-immobilization substrate in which a
vesicular-shaped lipid membrane structure containing a membrane-fusogenic lipid to be

fused with avesicle having alipid bilayer membrane isimmobilized on a substrate, the
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reaction reagent is contained in the lipid membrane structure, membrane fusion is caused
between the fusant and the lipid membrane structure, areaction is caused between the
reaction reagent and a constituent of the vesicle by the membrane fusion between the
fusant and the lipid membrane structure, and the reaction or areaction product generated
by the reaction is detected.

(26) A method of detecting avesicle, in which avesicular-shaped lipid
membrane structure containing a membrane-fusogenic lipid to be fused with avesicle
having alipid bilayer membrane, and a characteristic-imparting substance is attracted to a
predetermined field by using characteristics imparted or changed by the
characteristic-imparting substance contained in the lipid membrane structure, the vesicle
is disposed in the predetermined field, the lipid membrane structure and the vesicle are
brought into contact with each other in the predetermined field such that membrane
fusion occurs between the lipid membrane structure and the vesicle, areaction is caused
between the reaction reagent and a constituent of the vesicle by the membrane fusion
between the lipid membrane structure and the vesicle, and the reaction or areaction
product generated by the reaction is detected.

(27) A method of evaluating avesicle, includes: forming either afirst complex
composed of afirst vesicle having afirst immobilization substance and afirst subject
vesicle having afirst detection substance different from the first immobilization
substance or a second complex composed of a second vesicle having a second detection
substance and a second subject vesicle having a second immobilization substance
different from the second detection substance, immobilizing the first complex to a carrier
by using the first immobilization substance or the second complex to acarrier by using
the second immobilization substance, and detecting the first detection substance or the

second detection substance.
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(28) The method of evaluating avesicle described in (27), in which in all of the

first vesicle, the second vesicle, the first subject vesicle, and the second subject vesicle
are alipid bilayer membrane.

(29) The method of evaluating avesicle described in (27) or (28), in which the
first complex formed of the first vesicle and the first subject vesicle and the second
complex formed of the second vesicle and the second subject vesicle are artificially fused
with each other.

(30) The method of evaluating avesicle described in any one of (27) to (29), in
which aliquid containing the first vesicle is mixed with afirst additive inducing
membrane fusion such that the first vesicle and the first subject vesicle contact each other,
and aliquid containing the second vesicle is mixed with a second additive inducing
membrane fusion such that the second vesicle and the second subject vesicle contact each
other.

(31) The method of evaluating a vesicle described in any one of (27) to (30), in
which at least one of the first vesicle and the second vesicle contains a membrane
fusion-inducing substance.

(32) The method of evaluating a vesicle described in any one of (27) to (31), in
which the carrier has a substance, which is specifically bonded to at least one of the first
immobilization substance and the second immobilization substance, on a surface of the
carrier, and the carrier is a least any one of a substrate, afilm, amagnetic bead, asilica
bead, a glass bead, and a polymer.

(33) The method of evaluating avesicle described in any one of (27) to (32), in
which at least one of the first detection substance and the second detection substanceis 1
or more types of substance selected from the group consisting of a fluorescent substance,

a colorimetric substance, aluminous substance, an oxidation-reduction substance, an
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antigen, anucleic acid, and an enzyme.

(34) The method of evaluating avesicle described in (33), including a substance
reacting with at least one of the first detection substance and the second detection
substance.

(35) The method of evaluating avesicle described in (34), in which the
substance reacting with at |east one of the first detection substance and the second
detection substance is 1 or more types of substance selected from the group consisting of
amatrix, achemiluminescent substance, an oxidation-reduction substance, and an
antibody.

(36) The method of evaluating avesicle described in any one of (27) to (32), in
which at least one of the first detection substance and the second detection substanceis
selected from 2 types of fluorescent substance having a wavelength range in which
fluorescence intensity increases before and after membrane fusion.

Effects of Invention
[0033]

By using the lipid membrane structure or the
lipid-membrane-structure-immobilization carrier according to the af orementioned aspects
of the present invention, it is possible to efficiently fuse, separate, detect, and move
extracellular vesiclesin asimple manner. Furthermore, according to the method of
fusing vesicles, the method of separating a vesicle, the method of detecting avesicle, and
the method of moving a vesicle according to the aforementioned aspects of the present
invention, it is possible to efficiently fuse, separate, detect, and move extracellular

vesiclesin asimple manner.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0034]

FIG. lisaview schematically showing a
lipid-membrane-structure-immobilization carrier according to a second embodi ment.

FIG. 2 isaview schematically showing a
lipid-membrane-structure-immobilization carrier according to athird embodiment.

FIG. 3isaview schematically showing a
lipid-membrane-structure-immobilization carrier according to afourth embodiment.

FIG. 4isaview for illustrating a method of fusing vesicles according to afifth
embodiment.

FIG. 5isaview for illustrating a method of fusing vesicles according to a sixth
embodiment.

FIG. 6isaview for illustrating a method of fusing vesicles according to a
seventh embodiment.

FIG. 7 isaview for illustrating a method of separating a vesicle according to an
eighth embodiment.

FIG. 8 isaview for illustrating a method of separating avesicle according to a
ninth embodiment.

FIG. 9isaview for illustrating a method of separating avesicle according to a
tenth embodiment.

FIG. 10 isaview for illustrating a method of separating a vesicle according to
an eleventh embodiment.

FIG. 11 isaview for illustrating a method of separating a vesicle according to a
twelfth embodiment.

FIG. 12 isaview for illustrating a method of separating a vesicle according to a

thirteenth embodi ment.
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FIG. 13 isaview for illustrating a method of detecting avesicle accordingto a
fourteenth embodiment.

FIG. 14 isaview for illustrating a method of detecting avesicle accordingto a
fifteenth embodiment.

FIG. 15isaview for illustrating a method of detecting avesicle accordingto a
sixteenth embodiment.

FIG. 16 isaview for illustrating a method of detecting avesicle accordingto a
seventeenth embodiment.

FIG. 17 isaview for illustrating a method of moving a vesicle according to an
eighteenth embodi ment.

FIG. 18 isaview for illustrating a method of moving a vesicle according to a
nineteenth embodiment.

FIG. 19 isaview for illustrating a method of detecting avesicle accordingto a
twentieth embodi ment.

FIG. 20 isaview for illustrating a modification example of the method of
detecting a vesicle according to the twentieth embodiment.

FIG. 21 isaview for illustrating a method of detecting a vesicle according to a
twenty-first embodiment.

FIG. 22 isaview for illustrating a method of detecting a vesicle according to a
twenty-second embodiment.

FIG. 23 isaview for illustrating a method of detecting a vesicle according to a
twenty-third embodiment.

FIG. 24A isagraph showing particle sizes of liposomes measured after
membrane fusion is caused between liposomes in Example 1.

FIG. 24B is aview schematically showing the way the membrane fusion occurs
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between liposomes in Example 1.

FIG

. 25A is agraph showing fluorescence intensity measured after membrane

fusion is caused between fluorescence-containing liposomes in Example 2.

FIG

. 25B is a graph showing fluorescence intensity measured after membrane

fusion is caused between fluorescence-containing liposomes in Example 2.

FIG

. 25C isaview schematically showing the way the membrane fusion occurs

between liposomes in Example 2.

FIG
invention.

FIG
invention.

FIG

FIG
FIG
FIG

Example 5.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

. 26 isaview for illustrating a twenty-fourth embodiment of the present

. 27 isaview for illustrating a twenty-fifth embodiment of the present

. 28isaview for showing the results of Reference example 1 and Example

. 29 shows TEM images in Example 5.
. 30 shows the results of particle size distribution analysisin Example 5.

. 3lisaschematic view for illustrating a vesicle fusion experiment in

32 isagraph showing the results of fluorescence detection in Example 5.
33 shows TEM images in Example 6.

34 shows the results of particle size distribution analysisin Example 6.
35 isagraph showing the results of fluorescence detection in Example 6.
36 is a graph showing the results of fluorescence detection in Example 7.
37 isagraph showing the results of fluorescence detection in Example 8.
38 is afluorescence image in Example 9.

39 isafluorescence image in Example 9.
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FIG. 40 is a fluorescence image in Example 9.
FIG. 41 is a graph showing the results of fluorescence detection in Example 10.

FIG. 42 is a graph showing the results of fluorescence detection in Example 11.

5 EMBODIMENTS FOR CARRYING OUT THE INVENTION
[0035]
<<Lipid membrane structure>>
The lipid membrane structure according to the first embodiment of the present
invention contains a membrane-fusogenic lipid to be fused (capable of being fused) with
10 avesicle having alipid bilayer membrane.
The lipid membrane structure has alipid membrane in which alipid membrane
structure to be fused with avesicleisformed in 1 or more layers.
It is preferable that, in the lipid membrane structure, alipid bilayer composed of
2 layers of lipid membrane overlapping each other beformed. Thelipid bilayer is
15 represented by the cell membrane of acell. The membrane fusogenicity of thelipid
membrane structure may be a property of the lipid contained in the lipid membrane
structure or a property of the entire lipid membrane.
Examples of the lipid forming the lipid membrane of the lipid membrane
structure include a phospholipid, aglycolipid, a sterol, asaturated or unsaturated fatty
20 acid, and the like.
Examples of the phospholipid include phosphatidylcholine such as
dioleoylphosphatidyl choline, dipa mitoyl phosphatidylcholine, or
dilauroyl phosphatidylcholine; phosphatidylglycerol such as dioleoyl phosphatidylglyceral,
dipal mitoyl phosphatidylglycerol, or dilauroylphosphatidylglycerol;

25  phosphatidylethanolamine such as dioleoyl phosphatidylethanolamine,
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dipalmitoyl phosphatidylethanolamine, or dilauroyl phosphatidylethanolamine;

phosphatidyl serine such as dioleoyl phosphatidylserine, dipal mitoylphosphatidylserine, or
dilauroylphosphatidylserine; phosphatidic acid, phosphatidylinositol, cardiolipin,
sphingomyelin, egg yolk lecithin, soybean lecithin, the above phospholipids that are
hydrogenated, and the like.

Examples of the glycolipid include glyceroglycolipid such as sulfoxyribosyl
glyceride, diglycosy! diglyceride, or digalactosyl diglyceride; sphyngoglycolipid such as
galactosyl cerebroside, lactosyl cerebroside, or ganglioside; and the like.

Examples of the sterol include an animal-derived sterol such as cholesterol,
cholesterol succinate, or lanosterol; a plant-derived sterol such as stigmasterol, sitosterol,
or campesterol; and a microorganism-derived sterol such as zymosterol or ergosterol.

Examples of the saturated or unsaturated fatty acid include a saturated or
unsaturated fatty acid having 12 to 20 carbon atoms, such as palmitic acid, oleic acid, or
stearic acid.

[0036]

Although the membrane fusion between alipid bilayer membrane and alipid
membrane is a phenomenon that occurs spontaneoudly, it is preferable that the lipid
membrane undergo a change of the membrane structure due to an externa stimulus such
as pH, temperature, charge, or light and cause membrane fusion.

[0037]

The lipid membrane relating to the lipid membrane structure according to the
present invention may contain any substance in addition to the lipid forming the lipid
membrane, as long as the formation of the lipid membraneisnot hindered. Examples of
such a substance include a membrane stabilizer, a charged substance, a membrane

protein, and thelike. If the lipid membrane contains these substances, the membrane



10

15

20

25

22

stability can be improved, or the charge of the membrane can be controlled.
[0038]

Examples of the membrane stabilizer include a sterol, aglycerin, or afatty acid
ester thereof, and the like.

Specific examples of the sterol are the same as described above. Examples of
the fatty acid ester of glycerin include triolein, trioctanoin, and the like.

Examples of the charged substance that imparts a positive charge include a
saturated or unsaturated aliphatic amine such as stearylamine or oleylamine; a saturated
or unsaturated cationic synthetic lipid such as dioleyl trimethylammonium propane; and
the like.

Examples of the charged substance that imparts a negative charge include
phosphatidic acid, phosphatidylserine, phosphatidylinositol, and the like.

Examples of the membrane protein include a peripheral membrane protein,
integral membrane protein, and the like.

[0039]

The vesicle having alipid bilayer membrane has the shape of a vesicle formed
of alipid bilayer membrane. The vesicle may be an artificially made vesicle or a
natural vesicle. Examples of the natural vesicleinclude a cell having alipid bilayer
membrane, a unicellular organism, a microorganism, afungus, a bacterium, avirus, an
organelle, avacuole, amembrane vesicle, avesicle, atransport vesicle, an aggregate of
these, and thelike. Examples of the artificially made vesicle having alipid bilayer
membrane include a liposome, a vesicle obtained by pulverizing a natural vesicle and
making again a vesicular-shaped vesicle, and the like. The vesicle having alipid bilayer
membrane may be a vesicle derived from avesicle having alipid bilayer membrane. As

will be described later, the vesicle having alipid bilayer membrane includes a fusant
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composed of avesicle having alipid bilayer membrane and the lipid membrane structure
according to the present embodiment.
[0040]

The vesicle having alipid bilayer membrane is preferably an extracel lular
vesicle. Theextracellular vesicleis acell which exists outside acell and is preferably
secreted fromacell. Examples of the cell secreted to the outside of a cell include a
vesicle, amicrovesicle, ananovesicle, a secretory vesicle, an exosome, and the like.

In the present embodiment and the specification of the present application, the
extracellular vesicle includes a vesicle derived from an extracellular vesicle.  Examples
of the vesicle derived from an extracellular vesicle include a complex generated by the
membrane fusion that occurs between an extracellular vesicle and other vesicles having a
lipid bilayer membrane, and avesicle cut off from an extracellular vesicle. Herein,
other vesicles having alipid bilayer membrane include the lipid membrane structure
according to the present embodiment.

The extracellular vesicle fused with the aforementioned lipid membrane
structureis preferably an exosome. It is known that the exosome contains a protein,
MRNA, micro RNA (miRNA), DNA, and the like and can transmit information to a cell
at the destination by moving from cell to cell.

[0041]

The lipid membrane structure can be, as alipid membrane, for example, a
self-supported membrane, a membrane on an interface such as an agueous solution, an ail,
or ahighly concentrated solution, or amembrane on a substrate such as a metal, glass, or
plastic.

[0042]

The shape of the lipid membrane structure is not particularly limited, and
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examples thereof include a sheet-shaped lipid membrane in which alipid to be fused with

the vesicle having alipid bilayer membraneisformed in at least 1 or more planar layers.
The lipid membrane structure preferably has a sheet shape or a vesicular shape, and more
preferably has avesicular shape.

For example, in a case where alipid having alipid bilayer membrane has a
hydrophilic portion and a hydrophobic portion, the lipid bilayer membrane existing in an
aqueous solution is arrayed such that the hydrophilic portion is disposed on the surface of
the lipid bilayer membrane and the hydrophobic portion is disposed in the inside of the
lipid bilayer membrane. At thistime, if the layer isvesicular, the layer does not have an
end portion in which the hydrophobic portion becomes the surface of the lipid bilayer
membrane. Accordingly, compared to a sheet-shaped layer, the vesicular layer can
more stably existin aliquid. Therefore, because a vesicular-shaped lipid membrane
structure can stably exist in a solvent, the lipid membrane structure more preferably has a
vesicular shape. Because the vesicular-shaped lipid membrane structure can stably exist
in asolvent, mobility thereof isaso excellent. Accordingly, the vesicular-shaped lipid
membrane structure has more opportunities to contact with the vesicle having alipid
bilayer membrane such that fusion occurs, and hence the efficiency of fusion between the
lipid membrane structure and the vesicle can be improved.  Furthermore, if the lipid
membrane structure has avesicular shape, a substance can be held in the vesicle.

[0043]

When the lipid membrane structure has a vesicular shape, a maximum diameter
as asize of the vesicular-shaped lipid membrane structure is preferably 10 nm to 100 um,
and more preferably 50 nm to 10 um.  When the maximum diameter as a size of the

vesicular-shaped lipid membrane structure is 50 nm to 10 um, the maximum diameter is

more preferably 50 nm to 500 nm or 1 um to 10 pum.
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[0044]

Examples of a suitable combination of the lipid membrane structure and the
vesicle having alipid bilayer membrane to be fused with the lipid membrane structure
include a combination in which the vesicle having alipid bilayer membraneis an
extracellular vesicle, and the lipid membrane structure is an artificia vesicle.

Examples of the suitable combination also include a combination in which the
vesicle having alipid bilayer membraneis avesicle derived from avesicle having alipid
bilayer membrane and a fusant of an extracellular vesicle and an artificial vesicle, and the
lipid membrane structure is an artificial vesicle.

[0045]

It is preferable that the lipid membrane structure contain a
characteristic-imparting substance.  The state where the lipid membrane structure
contains a characteristic-imparting substance includes a state where the
characteristic-imparting substance is contained in the lipid membrane of the lipid
membrane structure, a state where the characteristic-imparting substance is anchored on
the outside of the lipid membrane of the lipid membrane structure, and, in a case where
the lipid membrane structure is vesicular, a state where the characteristic-imparting
substance is contained in the lipid membrane structure.

[0046]

The characteristic-imparting substance is a substance that imparts characteristics
to avesicle which can be fused with the lipid membrane structure.  Furthermore, the
characteristic-imparting substance is a substance which adds new characteristicsto a
vesicle fused with the lipid membrane structure or changes alevel of existing
characteristics of thevesicle. Examples of the characteristics imparted by the

characteristic-imparting substance include weight, size, affinity with a certain substance,
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charge, magnetism, and a combination of these. In some cases, al of the weight, size,
affinity with a certain substance, charge, and magnetism exemplified above can be
considered as the existing characteristics of the vesicle which can be fused with the lipid
membrane structure. Therefore, it can be said that due to the characteristic-imparting
substance, alevel of these characteristicsis changed. Among the above, the affinity and
magnetism easily become new characteristics different from the existing characteristics
of the vesicle which can be fused with the lipid membrane structure.  Therefore, as
characteristics imparted by the characteri stic-imparting substance, affinity and
magnetism are more preferable.
[0047]

Examples of the characteristic-imparting substance more specifically include a
metal compound, a magnetic substance, a charged substance, and an affinity substance.

The metal compound includes 1 or more metal substances or metal particles
having any shape. It is preferable that a specific gravity of the metal compound be
greater than that of avesicle which can be fused with the lipid membrane structure.  As
the metal compound, metal colloid particles such as gold colloid are preferable.  Asa
metal colloid other than gold colloid particles, for example, fine particles of various
magnetic metals are used.

The magnetic substance includes 1 or more magnetic substances or
magnetizabl e particles having any shape and is attracted by magnetic force-generating
means. As the magnetic substance, ferrite particles such as magnetite are preferable.
As amagnetic substance other than ferrite, for example, fine particles of various
magnetic metals or various magnetic compounds are used.

Examples of the charged substance include a charged lipid, a peptide, a protein,

anucleic acid, apolymer, and the like.
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The affinity substance is a substance capable of being bonded to and desorbed

from a certain substance. Examples thereof include an affinity tag such as a His-tag and
aprotein such as an antibody.
[0048]

The characteristic-imparting substance can impart the characteristics of the
characteristic-imparting substance to a vesicle capable of being fused with the lipid
membrane structure.  Therefore, by using the imparted characteristics, it is possible to
separate, detect, and move the vesicle.

[0049]

It is preferable that the lipid membrane structure contain a membrane
fusion-inducing substance. The state where the lipid membrane structure contains a
membrane fusion-inducing substance includes a state where the membrane
fusion-inducing substance is contained in the lipid membrane of the lipid membrane
structure, a state were the membrane fusion-inducing substance is anchored on the
outside of the lipid membrane of the lipid membrane structure, and, in a case where the
lipid membrane structure is vesicular, a state where the membrane fusion-inducing
substance contains the characteristic-imparting substance in the inside of the membrane
fusion-inducing substance. From the viewpoint of inducing membrane fusion, itis
preferable that the membrane fusion-inducing substance exist on the surface of the lipid
membrane structure. That is, it is preferable that the membrane fusion-inducing
substance be contained in the lipid membrane of the lipid membrane structure.

[0050]

Inducing membrane fusion includes inducing and accel erating membrane fusion

between the lipid membrane structure and a vesicle, and increasing the frequency of the

membrane fusion.
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The membrane fusion-inducing substance is, for example, a
membrane-permeabl e peptide, a membrane-fusogenic polymer, a virus-derived protein,
or a stimulus-sensitive peptide or polymer.

Examples of the membrane-permeabl e peptide include polyarginine, polylysine,
polyhistidine, and the like. Examples of the membrane-fusogenic polymer include
polyethylene glycol, polypropylene glycol, and the like. Examples of the virus-derived
protein include a HA protein and the like. Examples of the stimulus-sensitive peptide
include a GALA peptide, aKALA peptide, and thelike. Examples of the
stimulus-sensitive polymer include poly-N-isopropylacrylamide and the like.

By the membrane fusion-inducing substance, it is possible to improve the
efficiency of membrane fusion during the membrane fusion between an extracellular
vesicle and an artificial vesicle.

[0051]

It is preferable that the lipid membrane structure contain a reaction reagent
reacting with a constituent of avesicle. The state where the lipid membrane structure
contains a reaction reagent includes a state where the reaction reagent is contained in the
lipid membrane of the lipid membrane structure, a state where the reaction reagent is
anchored on the outside of the lipid membrane of the lipid membrane structure, and, in a
case where the lipid membrane structure is vesicul ar, a state where the reaction reagent is
contained in the lipid membrane structure.

[0052]

The constituent of a vesicle includes a component constituting the lipid
membrane of the vesicle and contents of the vesicle.

The reaction reagent is, for example, areagent for biochemical analysis such as

areagent for nucleic acid analysis or areagent for protein analysis. The reagent for
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nucleic acid analysisis, for example, an Invader reaction reagent, and the reagent for
protein analysisis, for example, an immunoassay reagent.
[0053]

If the lipid membrane structure contains a reaction reagent reacting with the
constituent of avesicle, it is possible to detect the existence of the vesicle and the
existence of the content or constituent of the vesicle.

[0054]

<<L.ipid-membrane-structure-immobilization carrier>>

In the lipid-membrane-structure-immobilization carrier according to the second
to fourth embodiments of the present invention, the lipid membrane structure according
to the first embodiment isimmobilized. The lipid membrane structure according to the
second to fourth embodiments is the same as the lipid membrane structure described in
the first embodiment, and hence the description thereof will not be repeated.

The carrier isnot particularly limited as long as the lipid membrane structure can
be immobilized thereon. The carrier may have a plate shape or a particle shape.
Examples of materials constituting the carrier include glass, porous glass, an organic
compound, a polymer compound, aresin, gel, ametal, a semiconductor, an inorganic
compound, a mixture of an organic compound and an inorganic compound, and the like.

Astheresin, aresin used in acontainer for abiochemical reaction or thelikeis
preferable. Examples thereof include polypropylene, polystyrene, polycarbonate, and
the like.

In a case where the carrier islikely to hinder the reaction, it is preferable to
prepare a carrier by coating the surface of the carrier with aresin or the like which does
not hinder the reaction.

The carrier can also be used as a substrate, which will be described |ater.
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[0055]

The lipid-membrane-structure-immobilization carrier may further include
external attractive force-generating means such as electrophoretic force-generating
means or magnetic force-generating means. Examples of the electrophoretic
force-generating means include an electrophoresis device, an electric field-applying
device, an electrode, and the like. Examples of the magnetic force-generating means
include a magnetic force-generating device, a permanent magnet such as magnetite,
ferrite, neodymium, an electromagnet, and the like.

If the lipid-membrane-structure-immobilization carrier includes the external
attractive force-generating means, it is possible to control the behavior of alipid
membrane structure, avesicle, and afusant of the lipid membrane structure and the
vesicle. Accordingly, the lipid membrane structure and a vesicle to be fused with the
lipid membrane structure can be fused with each other with higher efficiency.

[0056]

The lipid-membrane-structure-immobilization carrier may further include a
reaction reagent reacting with a constituent of avesicle. Examples of the reaction
reagent include the same reagents as those described above as the reagents that can be
contained in the lipid membrane structure.

If the lipid-membrane-structure-immobilization carrier contains the reaction
reagent, it is possible to detect the existence of avesicle that has undergone membrane
fusion with the lipid membrane structure relating to the lipid-membrane-immobilization
carrier, and the existence of the content or constituent of avesicle.
[0057]

(Second embodiment)

In the lipid-membrane-structure-immobilization carrier according to the second
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embodiment of the present invention, the aforementioned carrier is a substrate, arecess
portion is formed on the substrate, and a vesicular-shaped lipid membrane structure
containing a membrane-fusogenic lipid to be fused with avesicle having alipid bilayer
membrane is contained in the recess portion. The
lipid-membrane-structure-immobilization carrier may have a plurality of recess portions
containing the lipid membrane structure.

FIG. 1 isaschematic view showing a lipid-membrane-structure-immobilization
substrate 1 according to the present embodiment. A substrate 2 is a plate-shaped
member in which arecess portion 4 isformed on asurface 3.  An artificial vesicle5
(vesicular-shaped lipid membrane structure) is contained in the recess portion 4 and is
immobilized on the bottom surface of the recess portion 4. Examples of methods of
immobilizing the artificial vesicle 5 include physical adsorption by hydrophobic
interaction, electrostatic adsorption by el ectrostatic interaction, chemical adsorption by
chemical bonding, and thelike. The artificial vesicle 5 contains a reaction reagent 6
reacting with a constituent of avesicle to be fused with the artificial vesicle 5.

[0058]

(Third embodiment)

In the lipid-membrane-structure-immobilization carrier according to the third
embodiment of the present invention, the aforementioned carrier is asubstrate, and a
sheet-shaped lipid membrane structure isimmobilized on the substrate.

FIG. 2 isaschematic view showing the
li pid-membrane-structure-immobilization substrate 1 of the present embodiment. A
fused membrane 15 (sheet-shaped lipid membrane structure) isimmobilized on the
surface 3 of the substrate 2.

[0059]
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(Fourth embodiment)

In the lipid-membrane-structure-immobilization carrier according to the fourth
embodiment of the present invention, the aforementioned carrier is a substrate, a recess
portion is formed on the substrate, and alipid membrane structure containing a
membrane-fusogenic lipid to be fused with a vesicle having alipid bilayer membraneis
immobilized such that an opening portion of the recess portion on a surface of the
substrate surface isclosed. The substrate in the
lipid-membrane-structure-immobilization carrier according to the fourth embodiment
includes external attractive force-generating means (external attractive force-generating
device) on aside (position) opposite to a side on which the lipid membrane structure is
positioned on the substrate.

FIG. 3isaschematic view showing the
lipid-membrane-structure-immobilization substrate 1 according to the present
embodiment. The substrate 2 is a plate-shaped member in which the recess portion 4 is
formed on the surface 3.  The fused membrane 15 (sheet-shaped lipid membrane
structure) isimmobilized such that an opening portion of the recess portion 4 on the
substrate surface 3isclosed. The reaction reagent 6 is contained in the recess portion 4
closed with the fused membrane 15.  The substrate includes a magnetic force-generating
device 7 (externa attractive force-generating means) on a surface opposite to a surface
on which the lipid membrane structure of the substrate 2 ispositioned. The
lipid-membrane-structure-immobilization carrier may have a plurality of recess portions
in which the lipid membrane structures are immobilized.

[0060]
<<Method of fusing vesicles>>

The method of fusing vesicles according to the fifth to seventh embodiments of



10

15

20

25

33

the present invention is a method of bringing either the lipid membrane structure
according to the aforementioned embodiment or the lipid membrane structure
immobilized on the lipid-membrane-structure-immobilization carrier according to the
aforementioned embodi ment into contact with the aforementioned vesicle such that
membrane fusion occurs between the lipid membrane structure and the vesicle. Asthe
lipid membrane structure and the lipid-membrane-structure-immobilization carrier, the
same ones as described above in <<Lipid membrane structure (first embodi ment)>> and
<<Lipid-membrane-structure-immobilization carrier (second to fourth embodiments)>>
can be exemplified.

Particularly, alipid membrane structure containing a membrane fusion-inducing
substance and a lipid-membrane-structure-immobilization carrier in which alipid
membrane structure containing a membrane fusion-inducing substance is immobilized on
acarrier can be exemplified as suitable ones.

[0061]

(Fifth embodiment)

In the method of fusing vesicles according to the fifth embodiment of the present
invention, aliquid containing an extracellular vesicle (vesicle) 110 is mixed with an
additive 111 inducing membrane fusion, thereby bringing the artificial vesicle (lipid
membrane structure) 5 and the vesicle 110 into contact with each other (FIG. 4).

Inducing membrane fusion includes inducing and accel erating the membrane
fusion between the lipid membrane structure and the vesicle, and increasing the
frequency of the membrane fusion.

Astheliquid containing avesicle, it is possible to use any material which can
contain avesicle, such as bio-derived sample solutions such as blood, serum, and urine

and solutions prepared from these.
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[0062]

Theliquid containing the vesicle 110 and the additive 111 may be mixed in
advance before the lipid membrane structure 5 and the vesicle 110 are brought into
contact with each other, mixed while the lipid membrane structure 5 and the vesicle 110
are being brought into contact with each other, or mixed after the lipid membrane
structure 5 and the vesicle 110 are brought into contact with each other.

In a case where the liquid containing the vesicle 110 is mixed with the additive
111 before the lipid membrane structure 5 and the vesicle 110 are brought into contact
with each other, for example, a serum containing the extracellular vesicle 110 is mixed
with the additive 111 so asto obtain a mixed liquid of the serum and the additive 111,
and then the mixed liquid is added to a solution containing the artificial vesicle 5.
Likewise, a bio-derived serum is mixed with the additive 111 so as to obtain a mixed
liquid of the serum and the additive 111, and then the mixed liquid is brought into
contact with an artificial-vesicle-immobilization substrate 201.

In a case where the liquid containing the vesicle 110 is mixed with the additive
111 after the lipid membrane structure 5 and the vesicle 110 are brought into contact with
each other, for example, a bio-derived serum and a solution containing the artificial
vesicle 5 are mixed together so as to obtain amixed liquid of the serum and the solution
containing the artificial vesicle 5, and then the additive 111 is added to the mixed liquid.
Likewise, abio-derived serum is brought into contact with the
artificial-vesicle-immobilization substrate 201, and then the additive 111 is added to the
serum contacting with the artificial -vesicle-immobilization substrate 201.

In the present embodiment, an artificial-vesicle-immobilization substrate 1 can
also be used.

[0063]
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Examples of the additive 111 include a pH adjuster, a surfactant, a metal

compound, and the like.

Examples of the pH adjuster include various buffer solutions. Examples of the
surfactant include Triton, Tween, and the like.

Examples of the metal compound include a cal cium-containing compound (for
example, calcium chloride), a magnesium-containing compound, and the like.

[0064]

By adding the additive 111 to afield of fusion between the extracellular vesicle
110 and the artificial vesicle5, it is possible to arbitrarily control the membrane fusion.
[0065]

(Sixth embodiment)

In the method of fusing vesicles of the sixth embodiment of the present
invention, in order to cause membrane fusion between the vesicle 110 and the artificial
vesicle 5, amembrane fusion-inducing device 113 isused (FIG. 5). The membrane
fusion-inducing device 113 is, for example, an electric field-applying device, a heating
device, or thelike.

Inducing membrane fusion includes inducing and accel erating the membrane
fusion between the lipid membrane structure 5 and the vesicle 110, and increasing the
frequency of the membrane fusion.

By arbitrarily changing the membrane structure by using the membrane
fusion-inducing device 113, it is possible to control the timing of the membrane fusion,
the vesicle that will undergo membrane fusion, the efficiency of the membrane fusion,
and the like.

[0066]

(Seventh embodiment)
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In the seventh embodiment of the present invention, in order to cause membrane
fusion between the extracellular vesicle 110 and the artificial vesicle, the artificial vesicle
115 modified with a membrane fusion-inducing substance 114 is used (FIG. 6).
Examples of the membrane fusion-inducing substance 114 include a
membrane-permeabl e peptide, a membrane-fusogenic polymer, avirus-derived protein, a
stimulus-sensitive peptide or polymer, and the like.

By the membrane fusion-inducing substance 114, it is possible to improve the
membrane fusion efficiency during the membrane fusion between the extracellular
vesicle 110 and the artificial vesicle.

[0067]

<<Method of separating avesicle >>

In the method of separating a vesicle according to the eighth to thirteenth
embodiments of the present invention, either a vesicular-shaped lipid membrane structure,
which contains a membrane-fusogenic lipid to be fused with avesicle having alipid
bilayer membrane, or alipid-membrane-structure-immobilization carrier, in which a
vesicular-shaped lipid membrane structure containing a membrane-fusogenic lipid to be
fused with avesicle having alipid bilayer membrane isimmobilized on acarrier is
brought into contact with a sample containing the vesicle such that membrane fusion
occurs between the lipid membrane structure and the vesicle.

The method of separating avesicle in the present embodiment and the
specification of the present application is a method of separating a vesicle from asample
containing avesicle. Asthe sample containing avesicle, for example, it is possible to
use any materiasthat are likely to contain avesicle, such as bio-derived sample solutions
such as blood, serum, and urine and solutions prepared from these.

[0068]



10

15

20

25

37

Asthe lipid membrane structure and the
lipid-membrane-structure-immobilization carrier relating to the method of separating a
vesicle according to the present embodiment, the same ones as described abovein
<<Lipid membrane structure (first embodiment)>> and
<<L.ipid-membrane-structure-immobilization carrier (second to fourth embodiments)>>
can be exemplified. Particularly, alipid membrane structure containing a
characteristic-imparting substance and a lipid-membrane-structure-immobilization carrier
in which alipid membrane structure containing a characteristic-imparting substanceis
immobilized can be exemplified as suitable ones.

[0069]

For the membrane fusion between the lipid membrane structure and the vesicle
relating to the method of separating a vesicle according to the present embodiment, it is
possible to suitably use the method described above in <<Method of fusing vesicles (fifth
to seventh embodiments)>>.

The separated vesicle can be recovered as a fusant of the lipid membrane
structure and the vesicle.

[0070]

(Eighth embodiment)

The method of separating a vesicle according to the eighth embodiment of the
present invention is a method of bringing the artificial- vesicle -immobilization substrate
201, in which an artificial vesicle (lipid membrane structure) isimmobilized on the
substrate 202, into contact with a sample 116 containing the extracellular vesicle
(vesicle) 110 such that membrane fusion occurs between the artificial vesicle and the
extracellular vesicle 110 (FIG. 7). Asshownin FIG. 7, the artificia vesicle 115 may

contain the membrane fusion-inducing substance 114.
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By bringing the extracellular vesicle 110 contained in the sample 116 into
contact with the artificial vesicle 115 such that membrane fusion occurs between the
extracellular vesicle 110 and the artificial vesicle 115, it is possible to rapidly separate
the extracellular vesicle 110 contained in the sample 116 in a simple manner.

The artificial-vesicle-immobilization substrate 201 is obtained by immobilizing
an artificial vesicle by using a substrate 202 not having a recess portion 4 of the
lipid-membrane-structure-immobilization carrier 1 shownin FIG. 1.

[0071]

Furthermore, it is possible to make a differentiation between the extracellular
vesicle 110 not being fused with the artificial vesicle 115 and afusant 112 obtained by
the fusion between the extracellular vesicle 110 and the artificial vesicle 115.

[0072]

In the present embodiment, a case where the artificial-vesicle-immobilization
substrate 201 and the sample 116 are brought into contact with each other is exemplified.
However, even in acase where an artificial vesicle which is not immobilized on acarrier
such as a substrate is brought into contact with the sample 116, due to the fusion between
the artificial vesicle and the extracellular vesicle 110, for example, the size of the
extracellular vesicle 110 can beincreased. Therefore, in this case, the vesicle separation
efficiency can be further improved than in a case where a conventional method of
separating avesicleisused. In addition, the method of separating a vesicle according to
the present embodiment can be used in combination with the conventional method of
separating avesicle.  For example, the method of separating a vesicle according to the
present embodiment can also be used as a pre-treatment method of the conventional
method of separating avesicle.

Examples of the conventional method of separating avesicle that is suitable for
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being used in combination with the method of separating avesicle according to the
present embodiment include ultracentrifugation, density gradient ultracentrifugation,
filtration centrifugation, and the like.

[0073]

In the method of separating a vesicle according to the present embodiment, the
fusant 112 obtained by causing membrane fusion between the lipid membrane structure
and the vesicle may be separated from the sample 116 by using any of external attractive
force, size, weight, and affinity.

[0074]

(Ninth embodiment)

The method of separating avesicle according to the ninth embodiment of the
present invention is amethod of bringing an artificial vesicle (lipid membrane structure)
into contact with a sample containing the extracellular vesicle (vesicle) 110 such that
membrane fusion occurs between the artificial vesicle and the extracellular vesicle 110,
and separating the fusant 112 obtained by the membrane fusion from the sample by using
weight.

In the present embodiment, in order to efficiently separate the fusant 112 of the
extracellular vesicle 110 and the artificial vesicle, an artificial vesicle 118 containing a
metal compound 117 or thelikeisused. Examples of the metal compound 117 include
the same ones as described as the characteristic-imparting substance in <<Lipid
membrane structure (first embodiment)>>.

FIG. 8 isaschematic view illustrating the method of separating avesicle
according to the present embodiment. The artificial vesicle contains the metal
compound 117. A solution containing a metal compound-containing artificial vesicle

118 is mixed with a sample solution containing the extracellular vesicle 110 such that the
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metal compound-containing artificial vesicle 118 and the extracellular vesicle 110
contact each other, thereby obtaining the fusant 112. At this time, membrane fusion
may be induced by controlling a pH, atemperature, and the like.

In the present embodiment, in order to separate the fusant 112, which is obtained
by the membrane fusion between the extracellular vesicle 110 and the artificial vesicle
118 containing the metal compound 117, from the sample, centrifugal force-generating
meansisused. Asthe centrifugal force-generating means, a centrifuge or the likeis
preferable. Thefusant 112 can be more easily separated from the sample by the
centrifugal force-generating means.

[0075]

According to the method of separating a vesicle of the present embodiment, it is
possible to make a differentiation between the extracellular vesicle 110 not being fused
with the artificial vesicle and the fusant 112 obtained by the fusion between the
extracellular vesicle 110 and the artificial vesicle.

[0076]

(Tenth embodiment)

The method of separating a vesicle according to the tenth embodiment of the
present invention is amethod of bringing an artificial vesicle (lipid membrane structure)
into contact with a sample containing the extracellular vesicle (vesicle) 110 such that
membrane fusion occurs between the artificial vesicle and the extracellular vesicle 110,
and separating the fusant 112 obtained by the membrane fusion from the sample by using
acharge (externa attraction force).

In the present embodiment, in order to efficiently separate the fusant 112 of the
extracellular vesicle 110 and the artificial vesicle, an artificial vesicle 120 modified with

acharged substance 119 isused. The charged substance 119 is the same as the charged
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substance described above as the characteristic-imparting substance in <<Lipid
membrane structure (first embodiment)>>.

FIG. 9isaschematic view illustrating the method of separating avesicle
according to the present embodiment. The artificial vesicle is modified with the
charged substance 119. A solution containing the charged substance-modified artificial
vesicle 120 is mixed with a sample solution containing the extracel lular vesicle 110 such
that the charged substance-modified artificial vesicle 120 and the extracellular vesicle
110 contact each other, thereby obtaining the fusant 112. At thistime, membrane fusion
may be induced by controlling the pH, temperature, and the like.

In the present embodiment, in order to separate the fusant 112, which is obtained
by the fusion between the extracellular vesicle 110 and the artificial vesicle modified
with the charged substance 119, from the sample, electrophoretic force-generating means
121 isused. The electrophoretic force-generating means 121 is, for example, an
electrophoresis device or an eectric field-applying device. The behavior of the fusant
112 can be controlled by the electrophoretic force-generating means 121.  For example,
because the artificial vesicle 120 shown in FIG. 9 is modified with the charged substance
119 that is negatively charged, the characteristics of the fusant 112 have changed such
that the fusant 112 is easily attracted to a positive electrode side, and the fusant 112 can
be more easily separated from the sample.

[0077]

According to the method of separating avesicle of the present embodiment, it is
also possible to make a differentiation between the extracellular vesicle 110 not being
fused with the artificial vesicle and the fusant 112 obtained by the fusion between the
extracellular vesicle 110 and the artificial vesicle.

[0078]
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(Eleventh embodiment)

The method of separating avesicle according to the eleventh embodiment of the
present invention is amethod of bringing an artificial vesicle (lipid membrane structure)
5 into contact with a sample containing the extracellular vesicle (vesicle) 110 such that
membrane fusion occurs between the artificial vesicle 5 and the extracellular vesicle 110,
and separating the fusant 112 obtained by the membrane fusion from the sample by using
Size.

In the present embodiment, in order to efficiently separate the fusant 112 of the
extracellular vesicle 110 and the artificial vesicle 5, an artificia vesicle 5 that enables
sizeexclusonisused. Theartificial vesicle that enables size exclusion is preferably an
artificial vesicle 5 having a size larger than the size of aforeign substance such asa
protein in the sample, and more preferably an artificial vesicle having asize larger than
the size of the extracellular vesicle 110.

FIG. 10 is aschematic view illustrating the method of separating avesicle
according to the present embodiment. The artificial vesicle 5 has asize larger than the
size of the extracellular vesicle 110. A solution containing the artificial vesicle5is
mixed with a sample solution containing the extracellular vesicle 110 such that the
artificial vesicle 5 and the extracellular vesicle 110 contact each other, thereby obtaining
thefusant 112. At thistime, membrane fusion may be induced by controlling the pH,
temperature, and the like.

In the present embodiment, in order to separate the fusant 112 of the
extracellular vesicle 110 and the artificial vesicle 5 that enables size exclusion,
Size-exclusive separation means 122 isused. The size-exclusive separation means 122
is, for example, acolumn. The fusant 112 can be easily separated from the sample by

the size-exclusive separation means 122.
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[0079]

According to the method of separating a vesicle of the present embodiment, it is
also possible to make a differentiation between the extracellular vesicle 110 not being
fused with the artificial vesicle 5 and the fusant 112 obtained by the fusion between the
extracellular vesicle 110 and the artificial vesicle 5.

[0080]

(Twelfth embodiment)

The method of separating avesicle according to the twelfth embodiment of the
present invention is amethod of bringing an artificia vesicle (lipid membrane structure)
into contact with a sample containing the extracellular vesicle (vesicle) 110 such that
membrane fusion occurs between the artificia vesicle and the extracellular vesicle 110,
and separating the fusant 112 obtained by the membrane fusion from the sample by using
affinity.

In the present embodiment, in order to separate the fusant 112 of the
extracellular vesicle 110 and the artificial vesicle, an artificial vesicle 124 modified with
an affinity substance 123 isused. The affinity substance 123 is a substance capable of
being bonded to a specific substance and preferably a substance capable of being bonded
to and desorbed from a specific substance. The affinity substance 123 is the same as
those described above as the characteristic-imparting substance in <<Lipid membrane
structure (first embodiment)>>.

FIG. 11 isaschematic view illustrating the method of separating a vesicle of the
present embodiment. The artificia vesicle is modified with the affinity substance 123.
A solution containing the charged substance-modified artificial vesicle 120 is mixed with
a sample solution containing the extracellular vesicle 110 such that the charged

substance-modified artificial vesicle 120 and the extracellular vesicle 110 contact each
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other, thereby obtaining the fusant 112 modified with the affinity substance 123. At this

time, membrane fusion may be induced by controlling a pH, atemperature, and the like.

In the present embodiment, in order to separate a fusant 112, which is obtained
by the fusion between of the extracellular vesicle 110 and the artificial vesicle 124
modified with the affinity substance 123, from the sample, affinity separation means 125
isused. Asthe affinity separation means 125, a column including a substance capable
being bonded to the affinity substance 123 or the like is preferable. By using the
affinity separation means 125, the fusant 112 can be easily separated and recovered from
the sample.

[0081]

According to the method of separating a vesicle of the present embodiment, it is
also possible to make a differentiation between the extracellular vesicle 110 not being
fused with the artificial vesicle and the fusant 112 obtained by the fusion between the
extracellular vesicle 110 and the artificial vesicle.

[0082]

(Thirteenth embodiment)

The method of separating a vesicle according to the thirteenth embodiment of
the present invention is a method of bringing an artificial vesicle (lipid membrane
structure) into contact with a sample containing the extracellular vesicle (vesicle) 110
such that membrane fusion occurs between the artificial vesicle and the extracellular
vesicle 110, and separating the fusant 112 obtained by the membrane fusion from the
sample by using magnetic force (external attractive force).

In the present embodiment, in order to efficiently separate the fusant 112 of the
extracellular vesicle 110 and the artificial vesicle, an artificial vesicle 127 containing a

magnetic substance 126 isused. The magnetic substance 126 is the same as the
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magnetic substance described above as the characteristic-imparting substance in <<Lipid
membrane structure (first embodiment)>>.

FIG. 12 isaschematic view illustrating the method of separating avesicle of the
present embodiment. The artificial vesicle contains the magnetic substance 126. A
solution containing the magnetic substance-containing artificial vesicle 127 is mixed with
a sample solution containing the extracellular vesicle 110 such that the magnetic
substance-containing artificial vesicle 127 and the extracellular vesicle 110 contact each
other, thereby obtaining the fusant 112. At this time, membrane fusion may be induced
by controlling apH, atemperature, and the like.

In the present embodiment, in order to separate the fusant 112, which is obtained
by the membrane fusion between the extracellular vesicle 110 and the artificial vesicle
containing the magnetic substance 126, from the sample, magnetic force-generating
means 7 isused. The magnetic force-generating means 7 is a permanent magnet or an
electromagnet. By the magnetic force-generating means 7, the fusant 112 can be more
easi|y separated from the sample.

[0083]

According to the method of separating avesicle of the present embodiment, it is
also possible to make a differentiation between the extracellular vesicle 110 not being
fused with the artificial vesicle and the fusant 112 obtained by the fusion between the
extracellular vesicle 110 and the artificial vesicle.

[0084]

<<Method of detecting avesicle— 1>>

In the method of separating a vesicle according to the fourteenth to seventeenth
embodiments of the present invention, examples of the lipid membrane structure and the

lipid-membrane-structure-immobilization carrier include the same ones as described
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above in <<Lipid membrane structure (first embodiment)>> and
<<Lipid-membrane-structure-immobilization carrier (second to fourth embodiments)>>.
Particularly, alipid membrane structure which contains a reaction reagent and a
lipid-membrane-structure-immobilization carrier in which alipid membrane structure
containing areaction reagent isimmobilized can be exemplified as suitable ones.

[0085]

For the membrane fusion between the lipid membrane structure and the vesicle
in the method of separating a vesicle according to the present embodiment, it is possible
to suitably use the method described above in <<Method of fusing vesicles (fifth to
seventh embodiments)>>.

[0086]

(Fourteenth embodiment)

In the method of detecting a vesicle according to the fourteenth embodiment of
the present invention, alipid membrane structure, which contains a membrane-fusogenic
lipid to be fused with avesicle having alipid bilayer membrane, is brought into contact
with the vesicle such that membrane fusion occurs between the lipid membrane structure
and the vesicle, and the fusant 112 generated by the membrane fusion between the lipid
membrane structure and the vesicle is detected.

FIG. 13 isaschematic view illustrating the method of detecting avesicle
according to the present embodiment. A solution containing the artificial vesicle5is
mixed with a sample solution containing the extracellular vesicle 110 such that the
artificial vesicle 5 and the extracellular vesicle 110 contact each other and the fusant 112
is obtained, and then the fusant 112 is detected by detection means 128. The detection
means 128 is, for example, a sensor using surface plasmon resonance (SPR) or a quartz

crystal microbalance (QCM).



10

15

20

25

47

By detecting the extracellular vesicle 110 as the fusant 112, even avery small
vesicle, which is not easily detected by the conventional method, can be detected, and the
detection efficiency can be improved.

[0087]

(Fifteenth embodiment)

In the method of detecting a vesicle according to the fifteenth embodiment of the
present invention, the lipid membrane structure 5, which contains a membrane-fusogenic
lipid to be fused with a vesicle having alipid bilayer membrane, is brought into contact
with avesicle immobilization carrier in which the vesicle 110 isimmobilized on a carrier
such that membrane fusion occurs between the lipid membrane structure and the vesicle,
and the fusant 112 generated by the membrane fusion between the lipid membrane
structure 5 and the vesicle 110 is detected.

FIG. 14 isaschematic view illustrating the method of detecting avesicle of the
present embodiment. The solution containing the artificial vesicle 5 is brought into
contact with an extracellular-vesicle-immobilization substrate 301 in which the
extracellular vesicle 110 isimmobilized on a substrate.  The substrate includes the
detection means 128.  On the substrate, the fusant 112 of the artificial vesicle 5 and the
extracellular vesicle 110 is obtained, and the fusant 112 is detected by the detection
means 128. The detection means 128 is, for example, a sensor using surface plasmon
resonance (SPR) or a quartz crystal microbalance (QCM).

The extracellular-vesicle-immobilization substrate 301 in which the extracellular
vesicle 110 isimmobilized may be obtained by a conventionally known method or
obtained as a substrate, on which the vesicle (fusant) 112 derived from the extracellular
vesicle 110 isimmobilized, by using the method of separating a vesicle according to the

embodiment described above. Examples of the substrate obtained by the embodiment
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described above include an extracellular-vesicle-immobilization substrate (fusant
immobilization substrate) obtained by, as shown in the eighth embodiment of <<Method
of separating vesicle >>, bringing the artificial-vesicle-immobilization substrate 201, in
which the artificial vesicle (lipid membrane structure) 5 isimmobilized on a substrate,
into contact with a sample containing the extracellular vesicle (vesicle) 110 such that
membrane fusion occurs between the lipid membrane structure 5 and the extracel lular
vesicle 110.

In this way, the extracellular vesicle 110 can be detected as the fusant 112, and
the detection efficiency of the extracellular vesicle 110 can be improved.
[0088]

(Sixteenth embodiment)

In the method of detecting a vesicle according to the sixteenth embodiment of
the present invention, the lipid membrane structure 5 contains the reaction reagent 6
reacting with a constituent of the extracellular vesicle 110, the lipid membrane ructure 5
is brought into contact with the extracellular vesicle 110 such that membrane fusion
occurs between the lipid membrane structure 5 and the extracellular vesicle 110, a
reaction is caused between the reaction reagent 6 and the constituent of the extracellular
vesicle 110 by the membrane fusion between the lipid membrane structure 5 and the
extracellular vesicle 110, and the reaction or areaction product generated by the reaction
IS detected.

FIG. 15 isaschematic view illustrating the method of detecting avesicle
according to the present embodiment. A solution containing areaction
reagent-containing artificial vesicle 129 is mixed with a sample solution containing the
extracellular vesicle 110 such that the reaction reagent-containing artificial vesicle 129

and the extracellular vesicle 110 contact each other, thereby obtaining the fusant 112.



10

15

20

25

49
Then, the fusant 112 is detected by the detection means 128. Because the reaction

reagent 6 reacts with the constituent of the extracellular vesicle 110, only after the
extracellular vesicle 110 and the reaction reagent-containing artificial vesicle 129 form
the fusant 112, thereaction occurs. Therefore, it is possible to detect only the fusant
112 of the extracellular vesicle 110 and the reaction reagent-containing artificia vesicle
129.

The reaction reagent 6 is the same as the reagent described above in <<Lipid
membrane structure (first embodiment)>>. By reacting with the content or constituent
of the extracellular vesicle 110, the reaction reagent 6 generates asignal. The generated
signal is, for example, coloration, fluorescence, or an oxidation-reduction potential.
The signal may be detected using the detection means 128 suitable for each signal.
Examples of the detection means 128 include a CCD camera, aflow cytometer, and the
like. Furthermore, by the detected signal, it is aso possible to detect the fusant 112 by
using a separation device such as acell sorter.

[0089]

(Seventeenth embodiment)

The method of detecting a vesicle according to the seventeenth embodiment of
the present invention is a modification example of the method of detecting avesicle
according to the sixteenth embodiment. FIG. 16 isa schematic view illustrating the
method of detecting a vesicle according to the present embodiment. The reaction
reagent-containing artificial vesicle 129 isimmobilized on asubstrate. In the present
embodiment, the electrophoretic force-generating means 121 isalsoused. Asshownin
FIG. 16, because the extracellular vesicle 110 is negatively charged, by disposing a
positive electrode on the substrate side, it is possible to attract the extracellular vesicle

110 to the substrate. By using the electrophoretic force-generating means



10

15

20

25

50

(electrophoresis device) 121, the efficiency of fusion between the reaction
reagent-containing artificial vesicle 129 and the extracellular vesicle 110 can be
improved. Furthermore, it is possible to shorten the time taken for the step of detecting
the signal generated by the reaction between the constituent of the extracellular vesicle
110 and the reaction reagent 6, and to improve the detection efficiency.

[0090]

<<Method of moving vesicle>>

In the method of moving a vesicle according to the eighteenth and nineteenth
embodiments of the present invention, avesicular lipid membrane structure, which
contains a membrane-fusogenic lipid to be fused with avesicle having alipid bilayer
membrane and a characteristic-imparting substance, is brought into contact with the
vesicle such that membrane fusion occurs between the lipid membrane structure and the
vesicle, and by using characteristics imparted or changed by the characteristic-imparting
substance contained in a fusant generated by the membrane fusion between the lipid
membrane structure and the vesicle, the fusant is attracted to a predetermined field.
[0091]

Asthe lipid membrane structure in the method of moving avesicle according to
the present embodiment, the same lipid membrane structure as described abovein
<<Lipid membrane structure (first embodiment)>> can be exemplified. Particularly, a
vesicular-shaped lipid membrane structure containing a characteristic-imparting
substance can be exemplified as suitable one.

[0092]

For the membrane fusion between the lipid membrane structure and the vesicle

in the method of moving a vesicle according to the present embodiment, it is possible to

suitably use the method described above in <<Method of fusing vesicles (fifth to seventh
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embodiments)>>.
[0093]

The method of moving a vesicle according to the present embodiment can be
performed in any liquid containing avesicle. By being performed in a sample solution
containing avesicle, the method of moving a vesicle according to the present
embodiment can function as the method of separating a vesicle from the sample.

[0094]

Examples of the aforementioned predetermined field include a detection portion
which includes detection means of detecting avesicle (fusant) derived from avesicle, a
recovery portion which isfor recovering a fusant, areaction portion which isfor fusing a
lipid membrane structure with avesicle, and thelike. The shape of the predetermined
field isnot particularly limited, and examples thereof include a recess portion provided
on asubstrate. The recess portion is, for example, areaction well.

[0095]

The aforementioned predetermined field may include the lipid membrane
structure according to the first embodiment.

For example, the predetermined field may be a
li pid-membrane-structure-immobilization substrate in which a vesicular-shaped lipid
membrane structure, which contains a membrane-fusogenic lipid to be fused with a
vesicle having alipid bilayer membrane, isimmobilized on a substrate, and the
aforementioned fusant may be fused with the lipid membrane structure immobilized on
the substrate.

Alternatively, the predetermined field may be arecess portion provided on a
substrate, the recess portion may be provided with a membrane-fusogenic lipid to be

fused with avesicle having alipid bilayer membrane such that an opening portion of the
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recess portion on a surface of the substrate is closed, and the fusant may be fused with
the lipid membrane structure on the substrate.
[0096]

(Eighteenth embodiment)

In the method of moving a vesicle according to the eighteenth embodiment of
the present invention, a vesicular-shaped lipid membrane structure, which contains a
membrane-fusogenic lipid to be fused with a vesicle having alipid bilayer membrane and
a characteristic-imparting substance, is brought into contact with the vesicle such that
membrane fusion occurs between the lipid membrane structure and the vesicle, and by
using characteristics imparted or changed by the characteristic-imparting substance
contained in the fusant 112 generated by the membrane fusion between the lipid
membrane structure and the vesicle, the fusant 112 is attracted to a predetermined field.
The predetermined field is a recess portion provided on a substrate.

FIG. 17 isaschematic view illustrating the method of moving a vesicle of the
present embodiment. A solution containing the magnetic substance-containing artificial
vesicle 127 is mixed with a sample solution containing the extracellular vesicle 110 such
that the magnetic substance-containing artificial vesicle 127 and the extracellular vesicle
110 contact each other, thereby obtaining the fusant 112. A field to which the fusant
112 isto be moved is arecess portion provided on a substrate.

In the recess portion, magnetic force-generating means (magnetic
force-generating member or a magnetic force-generating device) 7 isdisposed. Then,
by using the magnetic force-generating means 7, the fusant 112 containing the magnetic
substance 126 is attracted. The magnetic force-generating means 7 is, for example, a
permanent magnet or an electromagnet. By the magnetic force-generating means 7, the

behavior of the artificial vesicle can be controlled, and the artificial vesicle can be moved
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and separated to an arbitrary field from the sample solution containing the extracellular
vesicle 110.
[0097]

(Nineteenth embodiment)

Although the magnetic force-generating means 7 is used in the eighteenth
embodiment, in the nineteenth embodiment of the present invention, the electrophoretic
force-generating means (el ectrophoresis device) 121 can be used instead of the magnetic
force-generating means 7.

FIG. 18 isaschematic view illustrating the method of moving a vesicle of the
present embodiment. The artificia vesicle is modified with the charged substance 119.
By the electrophoretic force-generating means 121, the behavior of the artificial vesicle
can be controlled, and the artificial vesicle can be moved and separated to the recess
portion provided on the substrate from a sample such as a solution containing the
extracellular vesicle 110.

[0098]

<<Method of detecting vesicle — 11>>

The method of detecting a vesicle according to the twentieth to twenty-third
embodiments of the present invention described herein is amethod which isa
combination of the method exemplified above in <<Method of detecting vesicle — |
(fourteenth to seventeenth embodiments)>> and the <<Method of moving vesicle
(etghteenth and nineteenth embodiments)>> described above. Herein, membrane fusion
isnot essential for causing a reaction between areaction reagent and constituent of a
vesicle.

[0099]

(Twentieth embodiment)
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The method of detecting a vesicle according to the twentieth embodiment of the
present invention is amethod of detecting a vesicle using a method of moving avesicle
in which avesicular-shaped lipid membrane structure, which contains a
membrane-fusogenic lipid to be fused with a vesicle having alipid bilayer membrane and
a characteristic-imparting substance, is brought into contact with the vesicle such that
membrane fusion occurs between the lipid membrane structure and the vesicle, and by
using characteristics imparted or changed by the characteristic-imparting substance
contained in the fusant 112 generated by the membrane fusion between the lipid
membrane structure and the vesicle, the fusant 112 is attracted to a predetermined field.
The fusant 112 is detected in the predetermined field.

[0100]

The reaction reagent 6 may be disposed in the predetermined field. Itis
possible to exemplify an aspect in which the predetermined field is a recess portion
formed on a substrate, and reaction reagent 6 is contained in the recess portion.

FIG. 19 is a schematic view illustrating the method of detecting avesicle of the
present embodiment. A solution containing the charged substance-modified artificial
vesicle 120 is mixed with a sample solution containing the extracellular vesicle 110 such
that the charged substance-modified artificial vesicle 120 and the extracellular vesicle
110 contact each other, thereby obtaining the fusant 112. The field to which the fusant
112 isto be moved is the recess portion provided on the substrate.  The electrophoretic
force-generating means (electrophoresis device) 121 is disposed in the recess portion,
and the recess portion contains the reaction reagent 6.  Then, by using the
electrophoretic force-generating means 121, the fusant 112 modified with the charged
substance 119 is attracted.

A reaction is caused between the reaction reagent 6 and the constituent of the
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vesicle, and the reaction or areaction product generated by the reaction is detected. In
the present embodiment, examples of the constituent of the vesicle reacting with the
reaction reagent 6 include a membrane protein of the extracellular vesicle 110.

[0101]

The reaction reagent 6 may be contained in the lipid membrane structure 1
according to the first embodiment.

FIG. 20 isaschematic view illustrating a modification example of the method of
detecting avesicle of the twentieth embodiment. A solution containing the magnetic
substance-containing artificial vesicle 127 is mixed with a sample solution containing the
extracellular vesicle 110 such that the magnetic substance-containing artificial vesicle
127 and the extracellular vesicle 110 contact each other, thereby obtaining the fusant 112.
The field to which the fusant 112 isto be moved is arecess portion provided on a
substrate.  The magnetic force-generating means 7 is disposed in the recess portion, and
the recess portion contains the artificial vesicle 129 containing the reaction reagent 6.
Then, by using the magnetic force-generating means (magnetic force-generating member
or magnetic force-generating device) 7, the fusant 112 containing the magnetic substance
126 isattracted. The magnetic force-generating means 7 is, for example, a permanent
magnet or an electromagnet. By fusing the fusant 112 with the artificial vesicle 129 on
the substrate, areaction is caused between the reaction reagent 6 and a constituent of the
extracellular vesicle 110, and the reaction or areaction product generated by the reaction
is detected.

[0102]
(Twenty-first embodiment)
In the method of detecting a vesicle according to the twenty-first embodiment of

the present invention, a membrane-fusogenic lipid to be fused with avesicle having a
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lipid bilayer membrane is provided such that an opening portion of the recess portion,
which is formed on the substrate in the twentieth embodiment, on a surface of the
substrate is closed, and an artificial vesicleis fused with alipid membrane structure on
the substrate such that a reaction occurs between the reaction reagent and the constituent
of the vesicle, and the reaction or areaction product generated by the reaction is detected.

FIG. 21 isaschematic view illustrating the method of detecting avesicle
according to the twenty-first embodiment. A solution containing the magnetic
substance-containing artificial vesicle 127 is mixed with a sample solution containing the
extracellular vesicle 110 such that the magnetic substance-containing artificial vesicle
127 and the extracellular vesicle 110 contact each other, thereby obtaining the fusant 112.
The field to which the fusant 112 isto be moved is arecess portion provided on the
substrate.  The magnetic force-generating means (magnetic force-generating member or
magnetic force-generating device) 7 is disposed in the recess portion, and the recess
portion contains the reaction reagent 6.

Then, by using the magnetic force-generating means 7, the fusant 112 containing
the magnetic substance 126 is attracted. The magnetic force-generating means 7 is, for
example, a permanent magnet or an electromagnet. A membrane-fusogenic lipid to be
fused with avesicle having alipid bilayer membrane is provided such that an opening
portion of the recess portion, which is formed on the substrate, on a surface of the
substrate is closed, the artificial vesicleis fused with the lipid membrane structure on the
substrate such that a reaction occurs between the reaction reagent 6 and a constituent of
the vesicle, and the reaction or areaction product generated by the reaction is detected.
[0103]

(Twenty-second embodi ment)

In the method of detecting a vesicle according to the twenty-second embodiment
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of the present invention, the aforementioned predetermined field is the
lipid-membrane-structure-immobilization substrate 201 in which a vesicular-shaped lipid
membrane structure, which contains a membrane-fusogenic lipid to be fused with a
vesicle having alipid bilayer membrane, isimmobilized on a substrate, the
aforementioned reaction reagent is contained in the lipid membrane structure, membrane
fusion is caused between the fusant and the lipid membrane structure, areaction is caused
between the reaction reagent and a constituent of the vesicle by the membrane fusion
between the fusant and the lipid membrane structure, and the reaction or areaction
product generated by the reaction is detected.

FIG. 22 isaschematic view illustrating the method of detecting avesicle of the
present embodiment. A solution containing the magnetic substance-containing artificial
vesicle 127 is mixed with a sample solution containing the extracellular vesicle 110 such
that the magnetic substance-containing artificial vesicle 127 and the extracellular vesicle
110 contact each other, thereby obtaining the fusant 112. The field to which the fusant
112 isto be moved is the artificial- vesicle-immobilization substrate 201 in which the
artificial vesicle 127 isimmobilized on asubstrate.  The magnetic force-generating
means (magnetic force-generating member or magnetic force-generating device) 7 is
disposed in the substrate, and the artificial vesicle 127 contains the reaction reagent 6.
Then, by using the magnetic force-generating means 7, the fusant 112 containing the
magnetic substance 126 is attracted. The magnetic force-generating means 7 is, for
example, a permanent magnet or an electromagnet. By fusing the fusant 112 with the
artificial vesicle 127 on the substrate, a reaction occurs between the reaction reagent 6
and a constituent of the extracellular vesicle 110, and the reaction or areaction product
generated by the reaction is detected.

[0104]
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(Twenty-third embodiment)

The method of detecting a vesicle according to the twenty-third embodiment of
the present invention is a method of detecting a vesicle using a method of moving alipid
membrane structure, in which avesicular-shaped lipid membrane structure, which
contains a membrane-fusogenic lipid to be fused with avesicle having alipid bilayer
membrane, a characteristic-imparting substance, and a reaction reagent, is attracted to a
predetermined field by using characteristics imparted or changed by the
characteristic-imparting substance contained in the lipid membrane structure. The
vesicle is disposed in the predetermined field, the lipid membrane structure and the
vesicle are brought into contact with each other in the predetermined field such that
membrane fusion occurs between the lipid membrane structure and the vesicle, areaction
is caused between the reaction reagent and a constituent of the vesicle by the membrane
fusion between the lipid membrane structure and the vesicle, and the reaction or a
reaction product generated by the reaction is detected.

FIG. 23 isaschematic view illustrating the method of detecting avesicle of the
present embodiment. A solution containing the an artificial vesicle 130 which contains
the magnetic substance 126 and the reaction reagent 6 is brought into contact with the
extracellular-vesicle-immobilization substrate 301 in which the extracellular vesicle 110
isimmobilized. The magnetic force-generating means (magnetic force-generating
member or magnetic force-generating device) 7 is disposed in the substrate, and the
artificial vesicle 130 containing the magnetic substance 126 is attracted to the substrate.
Then, the artificial vesicle 130 and the extracellular vesicle 110 are brought into contact
with each other such that they are fused, areaction is caused between the reaction reagent
6 and a constituent of the extracellular vesicle 110, and the reaction or areaction product

generated by the reaction is detected.
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[0105]

The substrate on which the extracellular vesicle 110 isimmobilized may be a
substrate obtained by a conventionally known method, or a substrate obtained as a
substrate, on which the vesicle (fusant) 112 derived from the extracellular vesicle 110 is
immobilized, by using the method of separating a vesicle according to the eighth to
thirteenth embodiments.  As the substrate of the embodiments described above, it is
possible to exemplify a vesicle immabilization substrate (fusant immobilization
substrate) which is obtained by, as shown in the eight embodiment of <<Method of
separating vesicle>>, bringing the artificial-vesicle-immobilization substrate, in which
the artificial vesicle (lipid membrane structure) isimmobilized on a substrate and a
sample containing the extracellular vesicle ( vesicle) 110 into contact with each other
such that membrane fusion occurs between the lipid membrane structure and the vesicle.
[0106]

As shown in the twentieth to twenty-third embodiments, by attracting the
extracellular vesicle 110 or the fusant 112 to a predetermined field such as arecess
portion formed on the substrate, it is possible to shorten the time taken for the step of
detecting asignal generated by the reaction between the reaction reagent 6 disposed in
the predetermined field and the extracellular vesicle or the fusant, and to improve the
detection efficiency.

Furthermore, as shown in the twentieth to twenty-third embodiments, in a case
where the lipid membrane structure of the present invention is disposed in the
predetermined field, by attracting the extracellular vesicle 110 or the fusant 112 to the
predetermined field such as arecess portion, it is possible to improve the efficiency of
fusion between the extracellular vesicle or the fusant and a lipid membrane.  In addition,

it is possible to shorten the time taken for the step of detecting asignal generated by the
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reaction between the reaction reagent 6 disposed in the predetermined field and the

extracellular vesicle or the fusant, and to improve the detection efficiency.
[0107]
<<Method of evaluating vesicle>>

The method of evaluating a vesicle according to the twenty-fourth to
twenty-seventh embodiments of the present invention will be described bel ow.

The vesicle and the subject vesicle in the present embodiment have alipid
bilayer membrane.

Examples of the lipid constituting the lipid bilayer membrane include a
phospholipid, aglycolipid, a sterol, a saturated or unsaturated fatty acid, and the like.

Examples of the phospholipid include phosphatidylcholine such as
dioleoyl phosphatidyl choline, dipa mitoylphosphatidylcholine, or
dilauroylphosphatidylcholine; phosphatidylglycerol such as dioleoyl phosphatidylglycerol,
dipal mitoyl phosphatidylglycerol, or dilauroylphosphatidylglycerol;
phosphatidyl ethanolamine such as diol eoyl phosphatidylethanolamine,
dipal mitoyl phosphatidylethanolamine, or dilauroyl phosphatidylethanolamine;
phosphatidylserine such as dioleoylphosphatidylserine, dipa mitoylphosphatidylserine, or
dilauroyl phosphatidylserine; phosphatidic acid, phosphatidylinositol, cardiolipin,
sphingomyelin, egg yolk lecithin, soybean lecithin, the above phospholipids that are
hydrogenated, and the like.

Examples of the glycolipid include glyceroglycolipid such as sulfoxyribosyl
glyceride, diglycosyl diglyceride, or digalactosyl diglyceride; sphyngoglycolipid such as
gaactosyl cerebroside, lactosyl cerebroside, or ganglioside; and the like.

Examples of the sterol include animal-derived sterol such as cholesterol,

cholesterol succinate, or lanosterol; a plant-derived sterol such as stigmasterol, sitosterol,
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or campesterol; and a microorganism-derived sterol such as zymosterol or ergosterol.

Examples of the saturated or unsaturated fatty acid include a saturated or
unsaturated fatty acid having 12 to 20 carbon atoms, such as palmitic acid, oleic acid, or
stearic acid.

[0108]

The lipid membrane may contain any substance in addition to the lipid forming
the lipid membrane, as long as the formation of the lipid membrane is not hindered.
Examples of such a substance include a membrane stabilizer, a charged substance, a
membrane protein, and the like.  If the lipid membrane contains these substances, the
membrane stability can be improved, or the charge of the membrane can be controlled.
[0109]

Examples of the membrane stabilizer include a sterol, aglycerin, afatty acid
ester thereof, and the like.

Specific examples of the sterol are the same as described above. Examples of
the fatty acid ester of glycerin include triolein, trioctanoin, and the like.

Examples of the charged substance that imparts a positive charge include a
saturated or unsaturated aliphatic amine such as stearylamine or oleylamine; a saturated
or unsaturated cationic synthetic lipid such as dioleoyl trimethylammonium propane; and
thelike.

Examples of the charged substance that imparts a negative charge include
phosphatidic acid, phosphatidylserine, and phosphatidylinositol.

Examples of the membrane protein include a periphera membrane protein,
integral membrane protein, and the like.

[0110]

The vesicle or the subject vesicle having alipid bilayer membrane has the shape
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of avesicle formed of alipid bilayer membrane, and may be an artificially made vesicle
or anatural vesicle. Examples of the natural vesicle include acell having alipid bilayer
membrane, a unicellular organism, a microorganism, a fungus, a bacterium, avirus, an
organelle, avacuole, amembrane vesicle, avesicle, atransport vesicle, an aggregate of
these, and thelike. Examples of the artificially made vesicle having alipid bilayer
membrane include aliposome, a vesicle obtained by pulverizing a natural vesicle and
making again avesicular-shaped vesicle, and the like. The vesicle having alipid bilayer
membrane may be a vesicle derived from a microsome having alipid bilayer membrane.
[0111]

As a sample containing the subject vesicle or the vesicle, for example, itis
possible to use any sample such as a bio-derived sample solution such as blood, serum or
urine, asolution prepared from these, or a buffer.

[0112)]

A carrier 108 to be used is at least one of a substrate, afilm, amagnetic bead, a
silicabead, aglass bead, and a polymer, and afirst substance 107 should be immobilized
on asurface of the carrier.

[0113]

(Twenty-fourth embodiment)

A membrane fusion evaluation system according to the twenty-fourth
embodiment of the present invention will be described. FIG. 26 is a schematic view of
the membrane fusion evaluation system according to the present embodiment.

[0114]

In the twenty-fourth embodiment, the carrier 108 is a substrate, and the vesicle

103 isalipid bilayer membrane having afirst fluorescent substance 104 and a second

fluorescent substance 105. A fluorescence wavelength of the first fluorescent substance
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104 is close to an excitation wavelength of the second fluorescent substance 105. The
subject vesicle 101 isavesicle with alipid bilayer membrane containing an
immobilization substance 102. The subject vesicle 101 and the vesicle 103 may contain
amembrane-fusogenic lipid.

After the complex 106 being formed, the complex 106 isimmobilized on the
carrier 108 due to the bonding between the immobilization substance 102 and afirst
substance 107. Dueto the mixing of lipids, the first fluorescent substance 104 and the
second fluorescent substance 105 become distant from each other in the complex 106,
and hence the fluorescence wavelength of the first fluorescent substance 104 increases.
Therefore, afact that the subject vesicle 101 and the vesicle 103 are fused with each
other can be evaluated.

[0115]

Asthefirst substance 107, at |east one substance, which is selected from the
group consisting of an antibody, an antibody fragment, a complete antigen, and a hapten
according to the subject substance, is adopted. It is preferable that the first substance
107 exhibit high specificity with respect to the immobilization substance 102.  For
example, the first substance 107 is easily bonded to the immobilization substance 102 in
asample but is not easily bonded substances other than the immobilization substance
102.

It is also possible to recover acomplex by breaking the bond between the
immobilization substance 102 and the first substance 107.

[0116]

Any substance can be used as the first fluorescent substance 104 and the second

fluorescent substance 105 as long as the substance is a combination of adonor molecule

and an acceptor molecule causing Fluorescence resonance energy transfer (FRET).
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Specifically, examples thereof include a mixture of 3,3’-dioctadecyloxycarbocyanine
perchlorate (hereinafter, abbreviated to DiO) and octadecyl rhodamine B chloride
(hereinafter, abbreviated to rhodamine), a mixture of
4,4-difluoro-5-octyl-4-bora-3a,4a-diaza-s-indacene-3-pentanoic acid (hereinafter,
abbreviated to C8-BODIPY (R) 500/510C5) and rhodamine, a mixture of
nitrobenzoxadiazol e (7-nitrobenz-2-oxa-1,3-diazol-4-yl) (hereinafter, abbreviated to
NBD) and rhodamine B chloride, and the like. When membrane fusion occurs,
fluorescent molecules of these fluorescent substances that label the membrane are
diffused and diluted, and the donor molecules and the acceptor molecul es become distant
from each other.  Accordingly, the fluorescence intensity of the donor molecules
increases. The combination of the fluorescent substances in the present embodiment is
not limited to the above examples.

[0117]

(Twenty-fifth embodiment)

In the twenty-fifth embodiment of the present invention, detection is performed
using a substance reacting with a second substance 109 in the complex 106. Examples
of the substance reacting with the second substance 109 include a matrix, a
chemiluminescent substance, an oxidation-reduction substance, and thelike. Inthe
present embodiment, by detecting a signal generated by the reaction between the second
substance 109 and the af orementioned substance, only the complex 106 formed of the
subject vesicle 101 and the vesicle 103 can be detected and evaluated.  Furthermore,
detection may be performed using a substance which isimmobilized on the carrier 108
through the second substance 109 in the complex 106 and reacts with the immobilization
substance 102.

[0118]
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The detection substanceis at least one labeling substance selected from the

group consisting of a colorimetric substance, a fluorescent substance, an
oxidation-reduction substance, anucleic acid, and an enzyme. Examples of the
luminescent substance include a fluorescent molecule, a phosphorescent molecule, a
chemiluminescent molecule, an enzyme conjugate molecule, and the like.  Examples of
the detection method at the time of using anucleic acid as alabeling substance include a
nucleic acid detection method such asimmuno PCR, an Invader method, a Tagman
method, or afluorescent probe method.

[0119]

(Twenty-sixth embodiment)

In the twenty-sixth embodiment of the present invention, instead of the
af orementioned method in which detection and evaluation are performed by forming the
complex 106 of the subject vesicle 101 and the vesicle 103 and then immobilizing the
complex 106 on the carrier 108, a method can be used in which the complex 106 is
formed after the subject vesicle 101 or the vesicle 103 isimmobilized on the carrier 108
in advance and then detection and evaluation are performed.

[0120]

(Twenty-seventh embodi ment)

In the twenty-seventh embodiment of the present invention, detection and
evaluation can be performed by using a color change resulting from areaction which is
caused in the vesicle by the fusion between the subject vesicle 101 containing an enzyme
and the vesicle 103 containing a matrix.

Furthermore, detection and evaluation may be performed by using a color
change resulting from areaction which is caused in the vesicle by the fusion between the

subject vesicle 101 containing a matrix and the vesicle 103 containing an enzyme.
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Examples
[0121]

Hereinafter, the present invention will be more specifically explained by
describing examples, but the present invention is not limited to the following examples.
[0122)]

[Example 1] Membrane fusion of artificial vesicles induced by addition of
membrane fusion inducer

As amembrane fusion model, a membrane fusion experiment was performed
using dioleoylphosphatidylcholine (DOPC) liposomes (particle size: 100 nm, Fourmular
Scientific) as artificial vesicles and polyethylene glycol (PEG) (molecular weight: 6,000,
Wako Pure Chemical Industries, Ltd.) as a membrane fusion inducer (additive).

PEG solutions at different concentrations (0, 10, 20, and 40 wt%) were added to
a 100 ug/mL DOPC liposome solution, followed by stirring for 20 minutes, thereby
causing membrane fusion of liposomes.  For evaluating the membrane fusion, by using
ananoparticle size analyzer (NanoSight NS-500, Quantum Design Japan), the particle
size of the DOPC liposomes after the addition of the PEG solutions at different
concentrations was measured. Theresults areshown in FIG. 24A. FIG. 24B isaview
schematically showing the way the membrane fusion of the artificial vesicles occursin
the present embodiment. It was confirmed that unlike an average particle size (153.01
nm) of the liposomes at a PEG concentration of 0 wt%, an average particle size of the
liposomes to which PEG was added increased depending on the concentration of the
added PEG after the addition of PEG and stirring.

[0123)]
[Example 2] Membrane fusion of fluorescence-containing artificial vesicle

induced by membrane fusion inducer
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Membrane fusion was tested using NDB-containing liposomes (molar ratio,
DOPC:CHOL:NBD = 54:45:1) and Rhodamine-containing liposomes (molar ratio,
DOPC:CHOL:Rhodamine = 54:45:1) (particle size: 100 nm, Fourmular Scientific) as
fluorescence-containing vesicles and polyethylene glycol (PEG) (molecular weight:
6,000, Wako Pure Chemical Industries, Ltd.) as a membrane fusion inducer (additive).

PEG solutions at different concentrations (0, 10, 20, and 40 wt%) were added to
a 100 ug/mL DOPC liposome solution, followed by stirring for 20 minutes, thereby
causing membrane fusion of liposomes.  For evaluating the membrane fusion, by using
afluorescent plate reader (Infinite M200, TECAN), FRET fluorescence intensity of the
liposomes after the addition of the PEG solutions at different concentrations was
measured. Theresults are shown in FIGS. 25A and 25B. FIG. 25Cisaview
schematically showing the way the membrane fusion occurs between
fluorescence-containing artificial vesiclesin the present example. It was confirmed that
unlike a FRET fluorescence intensity at a PEG concentration of 0 wt%, a FRET
fluorescence intensity of the liposomes increased depending on the concentration of
added PEG after the addition of PEG and stirring.

[0124]

From the above results, it was confirmed that membrane fusion occurred
between liposomes. The membrane fusion between the liposomes was accel erated
depending on the concentration of added PEG as a membrane fusion-inducer (additive).
Furthermore, by the measurement of FRET fluorescence intensity, it was confirmed that
afusant of liposomes was formed, and the existence of the fusant could be detected.
[0125]

[Example 3]

<Evauation of fusion between biotin-modified liposome and
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fluorescence-labeled liposome>

In the present embodiment, by using a biotin-modified liposome and a
fluorescence-labeled liposome as vesicles, an experiment for evaluating membrane
fusion was performed. Asafirst substance, avidin recognizing biotin was used by
being immobilized on asubstrate. As a second substance, a fluorescent substance
rhodamine was used.

[0126]

<Preparation of fluorescence-labeled liposome>

In a glass test tube, 1,2-dioleoyl-sn-glycero-3-phospho-L-serine (hereinafter,
abbreviated to DOPS, manufactured by NOF CORPORATION) and
Rhodami ne-Phosphati dyl ethanolamine (hereinafter, abbreviated to Rhodamine-PE)
(manufactured by Avanti Polar Lipids, Inc.) were dissolved in chloroform such that a
molar ratio thereof became 100:1, thereby preparing a 10 mg/mL DOPS-Rhodamine-PE
chloroform solution.  The DOPS-Rhodamine-PE chloroform solution was dried under
reduced pressure by using a desiccator such that the organic solvent was removed,
thereby preparing alipid thin membrane. The lipid thin membrane was mixed with 1
mL of a25 mM MES 125 mM NaCl pH = 7.4 buffer (hereinafter, abbreviated to MES
buffer), and the mixture was treated with ultrasonic waves for approximately 1 minute by
using a bath-type sonicator, thereby preparing fluorescence-labeled liposomes.

In order to adjust the size of the fluorescence-label ed liposomes, the liposomes
were passed through afilter of Nuclepore polymembrane carbonate (manufactured by
Whatman plc) having a pore size of 100 nm, thereby preparing uniform
fluorescence-labeled liposomes.

[0127]

<Preparation of biotin-modified liposome>
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DOPS (manufactured by NOF CORPORATION) and

1,2-dioleoyl-sn-glycero-3-phosphoethanolamine-N-(cap biotinyl) (hereinafter,
abbreviated to DOPE-biotin, manufactured by Avanti Polar Lipids, Inc.) were dissolved
in chloroform such that a molar ratio thereof became 100:1, thereby preparing a 10
mg/mL DOPS:-DOPE-biotin chloroform solution. The DOPS-DOPE-biotin chloroform
solution was dried under reduced pressure by using a desiccator such that the organic
sovlent was removed, thereby preparing alipid thin membrane. The lipid thin
membrane was mixed with 1 mL of the MES buffer, and the mixture was treated with
ultrasonic waves for approximately 1 minute by using a bath-type sonicator, thereby
preparing biotin-modified liposomes.

In order to adjust the size of the biotin-modified liposomes, the liposomes were
passed through afilter of Nuclepore polymembrane carbonate (manufactured by
Whatman plc) having a pore size of 100 nm, thereby preparing uniform biotin-modified
liposomes.

[0128]

<Preparation of dichroic fluorescence-labeled liposome>

In a glass test tube, DOPS, Rhodamine-PE, and NBD-Phosphatidylethanolamine
(hereinafter, abbreviated to NBD-PE, manufactured by Avanti Polar Lipids, Inc.) were
dissolved in chloroform such that a molar ratio thereof became 100:1:0.5, thereby
preparing a 10 mg/mL DOPS-Rhodamine-PE-NBD-PE chloroform solution.  The
DOPS -Rhodamine-PE-NBD-PE chloroform solution was dried under reduced pressure by
using a desiccator such that the organic solvent was removed, thereby preparing alipid
thin membrane. The lipid thin membrane was mixed with 1 mL of a25 mM MES 125
mM NaCl pH = 7.4 buffer (hereinafter, abbreviated to MES buffer), and the mixture was

treated with ultrasonic waves for approximately 1 minute by using a bath-type sonicator,
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thereby preparing dichroic fluorescence-label ed liposomes.

In order to adjust the size of the dichroic fluorescence-labeled liposomes, the
liposomes were passed through afilter of Nuclepore polymembrane carbonate
(manufactured by Whatman plc) having a pore size of 100 nm, thereby preparing
uniform dichroic fluorescence-labeled liposomes.

[0129]

[Reference example 1]

In Reference example 1, detection was performed using the biotin-modified
liposomes (DOPS/biatin), the fluorescence-labeled liposomes (DOPS/rhodamine), and a
96-well plate.

A solution obtained by mixing 10 uL of the biotin-modified liposomes (10
mg/mL) with 190 pL of a MES buffer and a solution obtained by mixing 10 pL of the
fluorescence-labeled liposomes (10 mg/mL) with 190 uL of a MES buffer were
incubated for 1 hour at 37°C. Then, 100 uL of aliposome solution (lipid concentration:
62.5 ug/mL) caused to react with a Streptavidin Coated Plates (HBC) Black 96-well with
SuperBlock Blocking Buffer (manufactured by Thermo Fisher Scientific Inc.) washed 3
times with 300 pL of PBS was added thereto, followed by incubation for 5 hours at
25°C.

The resultant was washed 3 times with 300 uL of PBS, and then the
fluorescence intensity of rhodamine (excitation wavelength: 560 nm, fluorescence
wavelength: 580 nm) was measured using a plate reader (Infinite M200, manufactured by
TECAN). Theresultsare shownin FIG. 28.

[0130]

[Example 4]



10

15

20

71

In Example 4, amixed solution of the biotin-modified liposomes and the
fluorescence-labeled liposomes was prepared in the same manner as in Reference
example 1, and fluorescent liposomes were detected using a 96-well plate.

A solution (DOPS/rhodamine + DOPS/biotin), which was obtained by mixing
10 uL of the biotin-modified liposomes (10 mg/mL), 10 uL of the fluorescence-labeled
liposomes (10 mg/mL), and 180 uL of a MES buffer together, and a solution
(DOPS/rhodamine + DOPS/biotin + Ca5 mM), which was obtained by mixing 10 uL of
the biotin-modified liposomes (10 mg/mL), 10 pL of the fluorescence-labeled liposomes
(10 mg/mL), a MES buffer, and 180 uL of a CaCl, solution (final concentration: 5 mM)
together, were incubated for 1 hour at 37°C. Then, 100 uL of aliposome solution (lipid
concentration: 62.5 ng/mL) caused to react with a Streptavidin Coated Plates (HBC)
Black 96-well with SuperBlock Blocking Buffer washed 3 times with 300 uL of PBS
was added thereto, followed by incubation for 5 hours at 25°C.

The resultant was washed 3 times with 300 uL of PBS, and the fluorescence
intensity of rhodamine was measured using aplate reader. The results are shown in FIG.
28.

[0131]

FIG. 28 shows the result obtained from the fluorescence-label ed liposomes
(Reference example 1), the result obtained from the biotin-modified liposomes
(Reference example 1), the result obtained from the “fluorescence-labeled liposomes +
biotin-modified liposomes” (Example 4), and the result obtained from the sample
(Example 4) prepared by adding 5 mM Cato the “fluorescence-labeled liposomes +
biotin-modified liposomes”.

Herein, the ordinate shows the fluorescence intensity of rhodamine after
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washing.

[0132]

Asshownin FIG. 28, it was confirmed that the fluorescence intensity was
different depending on whether or not fusion is caused by the addition of Ca. It was
also confirmed that it was possible to evaluate the fusion of vesicles by using the
biotin-modified liposomes and the fluorescence-labeled liposomes.

[0133]

[Example 5]

<Preparation of DOPS liposome>

In a glass test tube, DOPS (manufactured by NOF CORPORATION) was
dissolved in chloroform, thereby preparing a 10 mg/mL DOPS chloroform solution.
The DOPS chloroform solution was dried under reduced pressure by using a desiccator
such that the organic solvent was removed, thereby preparing alipid thin membrane.
The lipid thin membrane was mixed with 1 mL of a MES buffer, and the mixture was
treated with ultrasonic waves for approximately 1 minute by using a bath-type sonicator,
thereby preparing DOPS liposomes.

In order to adjust the size of the DOPS liposomes, the liposomes were passed
through afilter of Nuclepore polymembrane carbonate (manufactured by Whatman PLC)
having a pore size of 100 nm, thereby preparing uniform DOPS liposomes.

<Testing fusion by Ca addition>

The following experiment was performed using the DOPS liposomes and the
dichroic fluorescence-labeled liposome prepared by the method described Example 3.

A solution, which was obtained by mixing 2 puL of amixed liquid of the DOPS
liposomes (10 mg/mL) and the dichroic fluorescence-labeled liposomes (10 mg/mL) with

198 uL of amixed liquid (final concentration: O, 1, 3, and 5 mM) of a MES buffer and
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CaCl,, was incubated for 1 hour at 37°C.

FIG. 29 shows TEM images obtained by observing fusants of the DOPS
liposomes and the dichroic fluorescence-label ed liposomes that were formed in a case
where the Ca concentration added to the mixed liquid of the DOPS liposomes and the
dichroic fluorescence-labeled liposomes was changed to 0 mM, 1 mM, 3 mM, and 5 mM.

Asshownin FIG. 29, by using TEM, it was possible to confirm that the particle
size of the fusants markedly increased when the Ca concentration was equal to or higher
than 3 mM.

FIG. 30 shows the results of particle size distribution analysis on the fusants that
were obtained in a case where the Ca concentration was changed within arange of 0to 5
mM. For the particle size distribution analysis, a nanoparticle size analyzer (NanoSight
NS-500, Quantum Design Japan) was used.

Asshownin FIG. 30, it was confirmed that when the Ca concentration was
egual to or higher than 3 mM, the average particle size of the fusants increased, and the
number of particles resulting from the membrane fusion decreased.

FIG. 31 isaschematic view illustrating a vesicle fusion experiment according to
the present embodiment.

In the lipid membrane structure (corresponding to the dichroic
fluorescence-labeled liposome) modified with NBD and rhodamine, NBD and rhodamine
are adjacent to each other. Therefore, fluorescence isin aquenched state. The
fluorescence intensity in the lipid membrane structure modified with NBD and
rhodamine is defined as a FRET cancellation rate of 0%.

In a case where a surfactant was added to a fusant of the lipid membrane
structure and a vesicle and hence the fusant burst (in a case where the fusant underwent

complete disassociation), the FRET cancellation rate was defined as being 100%.
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In a case where the lipid membrane structure (corresponding to the dichroic
fluorescence-labeled liposome) is mixed with avesicle (corresponding to the DOPS
liposome), and membrane fusion occurs between the lipid membrane structure and the
vesicle, because NBD and rhodamine become distant from each other, FRET is canceled,
and an increase of fluorescence intensity isobserved. By this method, the extent of
membrane fusion can be evaluated based on a change of fluorescence intensity (FRET
cancellation rate).

FIG. 32 shows a graph of the FRET cancellation rate (%) obtained in a case
where the concentration of Ca added to avesicle is changed within arange of 0 to 5 mM.
Fig. 32 also shows the results obtained in a case where a fusant was burst (the fusant was
underwent complete disassociation) by using a surfactant (Triton).

Asshown in FIG. 32, the FRET cancellation rate increased (fluorescence
intensity increased) when the Ca concentration was equal to or higher than 3 mM.

In the present embodiment, it was confirmed that by adding Ca as a membrane
fusion-inducing additive the membrane fusion between the lipid membrane structure and
avesicle was induced.

[0134]

[Example 6]

<Preparation of pH-responsive liposome and pH-responsive
fluorescence-labeled liposome>

In aglasstest tube, 1,2-Dioleoyl-sn-Glycero-3-Phosphoethanolamine
(hereinafter, abbreviated to DOPE, manufactured by NOF CORPORATION) and
Cholesteryl hemisuccinate (hereinafter, abbreviated to CHEMS) (manufactured by
Avanti Polar Lipids, Inc.) were dissolved in chloroform such that a molar ratio thereof

became 3.2, thereby preparing a 10 mg/mL DOPE:CHEMS chloroform solution.  The
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DOPE-CHEMS chloroform solution was dried under reduced pressure by using a
desiccator such that the organic solvent was removed, thereby preparing alipid thin
membrane. Thelipid thin membrane was mixed with 1 mL of a MES buffer, and the
mixture was treated with ultrasonic waves for approximately 1 minute by using a
bath-type sonicator, thereby preparing pH-responsive liposomes.

Furthermore, in a glass test tube, DOPE, CHEMS, NBD-PE, and Rhodamine-PE
were dissolved in chloroform such that a molar ratio thereof became 60:40:1:0.5, thereby
preparing a 10 mg/mL DOPE-CHEM S NBD-PE-Rhodamine-PE chloroform solution.
The DOPE-CHEM S:NBD-PE-Rhodamine-PE chloroform solution was dried under
reduced pressure by using a desiccator such that the organic solvent was removed,
thereby preparing alipid thin membrane.  The lipid thin membrane was mixed with 1
mL of a MES buffer, and the mixture was treated with ultrasonic waves for
approximately 1 minute by using a bath-type sonicator, thereby preparing pH-responsive
fluorescence-labeled liposomes.

In order to adjust the size of the pH-responsive liposomes and the pH-responsive
fluorescence-labeled liposomes, the liposomes were passed through afilter of Nuclepore
polymembrane carbonate (manufactured by Whatman PLC) having a pore size of 100 nm,
thereby preparing uniform pH-responsive liposomes and pH-responsive
fluorescence-labeled liposomes.

<Testing pH-responsive fusion>

A solution, which was obtained by mixing 2 uL of amixed liquid of the
pH-responsive liposomes (10 mg/mL) and the pH-responsive fluorescence-labeled
liposomes (10 mg/mL) with 198 uL of MES buffers having different pH (pH 4.5, pH 5.0,

pH 5.5, pH 6.0, and pH 7.4), was incubated for 1 hour at 37°C.
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FIG. 33 shows TEM images obtained in a case where the pH in membrane
fusions of the pH-responsive liposomes and the pH-responsive fluorescence-label ed
liposomes was varied (pH 4.5, pH 5.0, pH 5.5, pH 6.0, and pH 7.4).

Asshown in FIG. 33, by using TEM, it was possible to confirm that the particle
size of fusants of the pH-responsive liposomes and the pH-responsive
fluorescence-labeled liposomes markedly increased when the pH was equal to or less
than 5.5.

That is, it was confirmed that the membrane fusion was accelerated when the pH
was equal to or lessthan 5.5.

FIG. 34 shows the results of particle size distribution analysis on the fusants at a
pH 4.5, apH 5.0, apH 5.5, apH 6.0, and apH 7.4. For the particle size distribution
analysis, ananoparticle size analyzer (NanoSight NS-500, Quantum Design Japan) was
used.

Asshown in FIG. 34, it was confirmed that when the pH was equal to or less
than 5.5, an average particle size of the fusants increased, and the number of particles
resulting from the membrane fusion decreased.

FIG. 35 shows a graph of a FRET cancellation rate (%) obtained when the pH of
the mixed liquid of the pH-responsive liposomes and the pH-responsive
fluorescence-labeled liposomeswas 7.4 and 5.5.  In the present embodiment, in a case
where the pH was 7.4, the FRET cancellation rate was defined as being 0%.

FIG. 35 also shows the results obtained in a case where the fusant was burst by
using asurfactant (Triton) (a case where a fusant underwent compl ete disassociation, and
the FRET cancellation rate was 100%).

Asshown in FIG. 35, the FRET cancellation rate increased (fluorescence

intensity increased) when the pH was equal to or less than 5.5.
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By the present example, it was confirmed that, by modifying the lipid membrane
structure with a pH-responsive lipid, the membrane fusion between the lipid membrane
structure and a vesicle was induced.

[0135]
[Example 7]

Fluorescent liposomes were detected using biotin-modified liposomes,
fluorescence-labeled liposomes, and a 96-well plate.

One hundred (100) uL of biotin-modified liposomes (lipid concentration: 62.5
ng/mL) were added to a Streptavidin Coated Plates (HBC) Black 96-well with
SuperBlock Blocking Buffer, and the resultant was incubated for 5 hours at 25°C,
thereby preparing an artificial-vesicle-immobilization substrate in which an artificial
vesicle (lipid membrane structure) was immobilized on asubstrate.  After the substrate
was washed 3 times with 300 uL of PBS, a solution (DOPS/rhodamine) obtained by
mixing 10 uL of the fluorescence-labeled liposomes (10 mg/mL) with 190 uL of aMES
buffer and a solution (DOPS/rhodamine + Ca5 mM) obtained by mixing 10 pL of the
fluorescence-labeled liposomes (10 mg/mL) with 190 uL of a MES buffer-CaCl, solution
(final concentration: 5 mM) were incubated for 1 hour at 37°C. The resultant was
washed 3 times with 300 uL of PBS, and then the fluorescence intensity of rhodamine
was measured using a plate reader.

FIG. 36 shows a case (DOPS/rhodamine + DOPS/biotin) where fluorescent
molecul e-containing liposomes (DOPS/rhodamine) were added to the
artificial-vesicle-immobilization substrate in which biotin-modified liposomes
(DOPS/biotin) were immobilized and a case (DOPS/rhodamine + DOPS/biotin + Ca 5

mM) where fluorescent molecul e-containing liposomes (DOPS/rhodamine) and Cawere
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added to a substrate in which abiotin-modified liposome (DOPS/biotin) was

immobilized. InFIG. 36, the ordinate shows the fluorescence intensity resulting from
rhodamine.

Asshown in FIG. 36, it was confirmed that, even in a case where the
artificial-vesicle-immobilization substrate, in which abiotin-modified liposome was
immobilized, was used, by adding fluorescent mol ecule-containing liposomes
(DOPS/rhodamine) and Ca, the membrane fusion between liposomes was accel erated.

By the present example, it was confirmed that the use of a
lipid-membrane-structure-immobilization carrier (artificial-vesicle-immobilization
substrate) enables vesicles to be fused with each other on acarrier (enables alipid
membrane structure and a vesicle to be fused with each other).

Furthermore, by the present example, it was confirmed that the use of a
lipid-membrane-structure-immobilization carrier makes it possible to separate, move, and
detect avesicle.

[0136]

[Example §]

<Preparation of magnetic substance-containing liposome>

In aglasstest tube, DOPS (manufactured by NOF CORPORATION) was
dissolved in chloroform, thereby preparing a 10 mg/mL DOPS chloroform solution. A
mixed solution of the DOPS chloroform solution and 10 mM glucose (manufactured by
Wako Pure Chemical Industries, Ltd.) in methanol was dried under reduced pressure by
using a desiccator such that the organic solvent was removed, thereby preparing alipid
thin membrane. The lipid thin membrane was mixed with 200 nm magnetic particles
(manufactured by Tamagawa seiki Co., Ltd.) and 1 mL of a MES buffer, and the mixture

was stirred for approximately 1 minute by using a Vortex mixer, thereby preparing
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magnetic substance-containing liposomes.

In order to adjust the size of the magnetic substance-containing liposomes, the
liposomes were passed through a syringe filter of polymembrane carbonate
(manufactured by Millipore Corporation) having a pore size of 3 um, thereby preparing
uniform magnetic substance-containing liposomes.

In order to remove magnetic particles not being contained in the liposomes and
liposomes not containing the magnetic substance, centrifugation (20,000 G, 10 minutes),
collection by a magnetic stand, and washing were repeated 3 times, thereby preparing
magnetic substance-containing liposomes.

<Fluorescence-labeled GUV liposome>

In aglasstest tube, DOPS (manufactured by NOF CORPORATION) and
Rhodamine-PE (manufactured by Avanti Polar Lipids, Inc.) were dissolved in
chloroform such that amolar ratio thereof became 100:1, thereby preparing a 10 mg/mL
DOPS Rhodamine-PE chloroform solution. A mixed solution of the
DOPS-Rhodamine-PE chloroform solution and 10 mM glucose (manufactured by Wako
Pure Chemical Industries, Ltd.) in methanol was dried under reduced pressure by using a
desiccator such that the organic solvent was removed, thereby preparing alipid thin
membrane. Thelipid thin membrane was mixed with 1 mL of a MES buffer, and the
mixture was stirred for approximately 1 minute by using aVVortex mixer, thereby
preparing fluorescence-labeled liposomes.

In order to adjust the size of the fluorescence-labeled GUV liposomes, the
liposomes were passed through a syringe filter of polymembrane carbonate
(manufactured by Millipore Corporation) having a pore size of 3 um, thereby preparing

uniform fluorescence-labeled liposomes.
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<Testing fusion-magnetic separation>

A solution, which was obtained by mixing 5 uL of the magnetic
substance-containing liposomes and the fluorescence-labeled GUV liposomes, and 95 uL
of aMES buffer-CaCl,solution (final concentration: 5 mM) together, was incubated for 1
hour at 37°C. Caoallection by a magnetic stand and washing were performed 3 times, and
then the fluorescence intensity of rhodamine was measured using a plate reader.

FIG. 37 shows the results obtained when the fusant was magnetically separated.
In FIG. 37, Ca(+) represents a case where the mixed solution of the magnetic
substance-containing liposomes and the fluorescent liposomes contains Ca.  In acase
where the mixed solution of the magnetic substance-containing liposomes and the
fluorescent liposomes contains Ca, the formation of afusant is accel erated.

In FIG. 37, Ca(-) represents a case where Cawas not added to the mixed
solution.

In FIG. 37, Mg (+) represents a case where the fusant was separated using a
magnetic force-generating device (magnetic stand).

In FIG. 37, Mg (-) represents a case where magnetic separation was not
performed.

The ordinate in FIG. 37 shows the fluorescence intensity.

Asshown in FIG. 37, in a case where Cawas added to form afusant and
magnetic separation was performed (a case of Ca (+) and Mg (+)), the fluorescence
intensity more markedly increased than in a case where Ca was not added and magnetic
separation was not performed.

That is, the magnetic substance-containing fusant generated by the membrane

fusion caused by the addition of Ca was magnetically separated and fluorescently



10

15

20

81
detected.

By the present example, it was confirmed that the fusant can be separated and
moved to and detected in an arbitrary place (for example, a detection site or the like) by
using magnetic force-generating means.

[0137]

[Example 9]

<Preparation of membrane chamber>

A flow cell, in which micropores having a diameter of 5 um and a depth of 3 um
were formed on glass and which is obtained by combining a CY TOP (manufactured by
ASAHI GLASS CO., LTD.) chamber with glass sheet for feeding, was fed twice with 20
uL of amixed solution of aMgCl, solution (final concentration: 1 mM), a MOPS buffer
(10 mM, pH: 7.9), 1% glycerol, and Alexa 488 (final concentration: 2 uM), and then fed
with 20 uL of alipid solution which was obtained by dissolving 4 mg of
1,2-Dioleoyl-sn-glycero-3-phosphocholine (herei nafter, abbreviated to DOPC,
manufactured by NOF CORPORATION) and
1,2-Dioleoyl-sn-glycero-3-phosphoglycerol (hereinafter, abbreviated to DOPG,
manufactured by NOF CORPORATION) in 1 mL of hexadecane. The flow cell was
then fed twice with 20 uL of a mixed solution of aMgCl, solution (final concentration: 1
mM), aMOPS buffer (10 mM, pH: 7.9), and 1% glycerol, thereby preparing a
fluorescence-containing membrane chamber.

<Preparation of fluorescence-labeled liposome>

In aglasstest tube, DOPC, DOPE (manufactured by NOF CORPORATION),
and Rhodamine-PE (manufactured by Avanti Polar Lipids, Inc.) were dissolved in

chloroform such that amolar ratio thereof became 100:100:1, thereby preparing a 15
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mg/mL DOPC:DOPE-Rhodamine-PE chloroform solution. A mixed solution of the

DOPC-DOPE-Rhodamine-PE chloroform solution and 10 mM glucose (manufactured by
Wako Pure Chemical Industries, Ltd.) in methanol was dried under reduced pressure by
using a desiccator such that the organic solvent was removed, thereby preparing alipid
thin membrane. The lipid thin membrane was mixed with 1 mL of amixed solution of
aMgCl; solution (final concentration: 1 mM), a MOPS buffer (10 mM, pH: 7.9), and 1%
glycerol, and the mixture was stirred for approximately 1 minute by using a Vortex mixer,
thereby preparing fluorescence-labeled liposomes.

In order to adjust the size of the fluorescence-label ed liposomes, the liposomes
were passed through a syringe filter of polymembrane carbonate (manufactured by
Millipore Corporation) having a pore size of 3 um, thereby preparing uniform
fluorescence-labeled liposomes.

In order to remove fluorescent substances not being contained in the liposomes,
collection by centrifugation (20,000 G, 10 minutes) and washing were repeated 3 times,
thereby preparing fluorescence-label ed liposomes.

<Membrane chamber-liposome fusion test>

The aforementioned fluorescence-contai ning membrane chamber was fed with
the fluorescence-labeled liposomes and 20 uL of a CaCl, solution (final concentration: 1
mM) and fed with 80 uL of a mixed solution of a MgCl; solution (final concentration: 1
mM), aMOPS buffer (10 mM, pH: 7.9), and 1% glycerol. Then, by using a
fluorescence microscope BX50 (manufactured by OLY MPUS CORPORATION),
fluorescence of Alexa 488 and rhodamine was observed.

FIG. 38 shows a fluorescence image of the inside of the membrane of the

membrane chamber in which alipid membrane was formed in recess portions (wells) of a
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substrate. Asshown in FIG. 38, it was confirmed that the membrane chamber was
formed on the substrate.

FIG. 39 shows a fluorescence image of the fluorescence-labeled liposomes. It
was understood that, in a case where the fluorescence-labeled liposomes exist, a
fluorescence image as shown in FIG. 39 is obtained.

FIG. 40 shows a fluorescence image of a membrane chamber obtained in a case
where an experiment of a membrane chamber-liposome fusion test was performed.

From the result shown in FIG. 40, an increase of fluorescence resulting from the
fusion between a lipid membrane formed on the membrane chamber and the
fluorescence-labeled liposome was detected.

By the present example, it was confirmed that it is possible to cause a reaction
between areaction reagent and a constituent of avesicle by fusing an artificial vesicle
with alipid membrane structure on a substrate, and to detect the reaction or areaction
product generated by the reaction.

[0138]

[Example 10]

<Testing detection reaction in fusant>

In the present example, detection of areaction in afusant as shown in FIG. 15
was investigated.

<Preparation of Rhodamine-containing liposome and NBD-containing
liposome>

In a glass test tube, DOPS (manufactured by NOF CORPORATION) was
dissolved in chloroform, thereby preparing a 10 mg/mL DOPS chloroform solution. A
mixed solution of the DOPS chloroform solution and 10 mM glucose (manufactured by

Wako Pure Chemical Industries, Ltd.) in methanol was dried under reduced pressure by
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using a desiccator such that the organic solvent was removed, thereby preparing alipid
thin membrane. The lipid thin membrane was mixed with Rhodamine-PE
(manufactured by Avanti Polar Lipids, Inc.) and 1 mL of a MES buffer, and the mixture
was stirred for approximately 1 minute by using a VVortex mixer, thereby preparing
fluorescence-labeled liposomes.

In order to adjust the size of the Rhodamine-containing liposomes, the
fluorescence-labeled liposomes were passed through a syringe filter of polymembrane
carbonate (manufactured by Millipore Corporation) having a pore size of 3 um, thereby
preparing uniform Rhodamine-labeled liposomes.

In order to remove the fluorescent substance not being containing in the
liposomes, collection by centrifugation (20,000 G, 10 minutes) and washing were
repeated 3 times, thereby preparing Rhodamine-containing liposomes.

In aglasstest tube, DOPS (manufactured by NOF CORPORATION) was
dissovled in chloroform, thereby preparing a 10 mg/mL DOPS chloroform solution. A
mixed solution of the DOPS chloroform solution and 10 mM glucose (manufactured by
Wako Pure Chemical Industries, Ltd.) in methanol was dried under reduced pressure by
using a desiccator such that the organic solvent was removed, thereby preparing alipid
thin membrane. The lipid thin membrane was mixed with 1 mL of NBD-PE
(manufactured by Avanti Polar Lipids, Inc.) and a MES buffer, and the mixture was
stirred for approximately 1 minute by using aVVortex mixer, thereby preparing
fluorescence-labeled liposomes.

In order to adjust the size of the NBD-containing liposomes, the liposomes were
passed through a syringe filter of polymembrane carbonate (manufactured by Millipore
Corporation) having a pore size of 3 um, thereby preparing uniform NBD-label ed

liposomes.
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In order to remove the fluorescent substance not being contained in the
liposomes, collection by centrifugation (20,000 G, 10 minutes) and washing were
repeated 3 times, thereby preparing NBD-containing liposomes.

<Testing FRET in fusant>

A solution, which was obtained by mixing 5 uL of amixed liquid of the
Rhodamine-containing liposomes and the NBD-containing liposomes with 95 uL of a
MES buffer-CaCl, solution (final concentration: 5 mM), was incubated for 1 hour at
37°C, and then fluorescence intensity of FRET (excitation wavelength: 463 nm,
fluorescence wavel ength: 580 nm) was measured using a plate reader.

FIG. 41 shows the results obtained from the Rhodamine-containing liposomes
(DOPS/rhodamine), the NBD-containing liposomes (DOPS/NBD), the
“Rhodamine-containing liposomes + NBD-containing liposomes (DOPS/NBD +
DOPS/rhodamine)”, and a sample (DOPS/NBD + DOPS/rhodamine + Ca 5 mM)
obtained by adding 5 mM Ca to the “Rhodamine-containing liposomes +
NBD-containing liposomes”.

Herein, the ordinate shows the fluorescence intensity of FRET.

Asshown in FIG. 41, in a case where Cawas added, the fluorescence intensity
in the fusant more markedly increased than in a case where Ca was not added.

That is, in afusant generated by the membrane fusion caused by the addition of
Ca, aFRET reaction occurs between Rhodamine and NBD, and an increase of
fluorescence intensity was detected.

By the present example, it was confirmed that areaction in afusant can be
detected using membrane fusion.

[0139]

[Example 11]
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<Testing liposome-exosome fusion and particle size distribution>

<Preparation of DOPC liposome and DOPS liposome>

In aglass test tube, DOPC or DOPS (manufactured by NOF CORPORATION)
was dissolved in chloroform, thereby preparing a 10 mg/mL DOPC chloroform solution
or a10 mg/mL DOPS chloroform solution. A mixed solution of the DOPC chloroform
solution or the DOPS chloroform solution and 10 mM glucose (manufactured by Wako
Pure Chemical Industries, Ltd.) in methanol was dried under reduced pressure by using a
desiccator such that the organic solvent was removed, thereby preparing alipid thin
membrane. Thelipid thin membrane was mixed with 1 mL of aMES buffer, and the
mixture was stirred for approximately 1 minute by using a VVortex mixer, thereby
preparing DOPC liposomes (GUV (DOPC)) or DOPS liposomes (GUV (DOPS)).

In order to adjust the size of the DOPC liposomes or the DOPS liposomes, the
liposomes were passed through a syringe filter of polymembrane carbonate
(manufactured by Millipore Corporation) having a pore size of 3 um, thereby preparing
uniform DOPC liposomes or DOPS liposomes.

<Testing liposome-exosome fusion>

A solution, which was obtained by mixing the DOPC liposomes or the DOPS
liposomes, 4.5 uL of exosomes prepared from human serum (manufactured by Lonza),
and 95.5 uL of aMES buffer together, was incubated for 1 hour at 37°C.

FIG. 42 shows the results of particle size distribution analysis performed on the
DOPC liposomes (GUV (DOPC)), the DOPS liposomes (GUV (DOPS)), the exosomes,
the DOPC liposomes + exosomes (GUV (DOPC) exosome), and the DOPS liposomes +
exosomes (GUV (DOPS) exosome). For the particle size distribution analysis, a
nanoparticle size analyzer (NanoSight NS-500, Quantum Design Japan) was used.

Asshownin FIG. 42, it was confirmed that in the DOPS liposomes + exosomes,



10

15

20

25

87

an average particle size of the exosomes increased, and the number of particles
decreased.

By the present example, an interaction between the DOPS liposomes and the
exosomes was confirmed.

[0140]

Hitherto, embodiments of the present invention have been specifically described
together with examples with reference to drawings, but the specific constitution of the
present invention is not limited to the embodiments.  Within a scope that does not
depart from the present invention, design change and the like are also included in the
present invention.  Furthermore, the constituents described in each of the above
embodiments can be appropriately combined.

Industrial Applicability
[0141]

By using the lipid membrane structure or the
lipid-membrane-structure-immobilization carrier according to the present invention, itis
possible to efficiently separate, detect, and move extracellular vesiclesin asimple
manner. Furthermore, according to the method of fusing vesicles, the method of
separating a vesicle, the method of detecting a vesicle, and the method of moving a
vesicle of the present invention, it is possible to efficiently fuse, separate, detect, and
move extracellular vesiclesin asimple manner. It is considered that the lipid membrane
structure, the lipid-membrane-structure-immobilization carrier, and the aforementioned
methods will be widespread as substitutes for a method of preparing vesicle sample, a
collecting device, a detection method, and the like that have been conventionally used.
DESCRIPTION OF REFERENCE NUMERAL

[0142]
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1,201 lipid-membrane-immobilization substrate
(lipid-membrane-structure-immobilization substrate, artificial-cell-immobilization
substrate)

2,202 substrate

3 surface

4 recess portion

5 artificial vesicle (lipid membrane structure)

15 fused membrane

6 reaction reagent

7 magnetic force-generating device (magnetic force-generating means)

101 subject microsome

102 immobilization substance

103 microsome

104 first fluorescent substance

105 second fluorescent substance

106 complex

107 first substance

108 carrier

109 second substance

110 extracellular vesicle

111 additive

112 fusant

113 membrane fusion-inducing device

114 membrane fusion-inducing substance (fusion-inducing substance)

115 artificia vesicle modified with membrane fusion-inducing substance
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(membrane fusion-inducing substance-modified artificial vesicle)

116

117

118

119

120

121

sample containing extracellular vesicle

metal compound

metal compound-containing artificial vesicle
charged substance

charged substance-modified artificial vesicle

electrophoretic force-generating means (el ectrophoresis device,

electrophoretic force-inducing device)

122

123

124

Size exclusive separation means
affinity substance

artificial vesicle modified with affinity substance (affinity

substance-modified artificial vesicle)

125
126
127
128
129
vesicle)
130
131
132
133
134

301

affinity separation means

magnetic substance

magnetic substance-containing artificial vesicle
detection means (sensor)

reaction reagent-containing artificial vesicle (reagent-containing artificial

artificial vesicle containing magnetic substance and reaction reagent
liposome

PEG

NBD

Rhodamine

extracellular-vesi cle-immobilization substrate
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CLAIMS

1. A method of separating a vesicle, comprising:

bringing either a vesicular-shaped lipid membrane structure containing a
membrane-fusogenic lipid capable of being fused with avesicle having alipid bilayer
membrane or alipid-membrane-structure-immobilization carrier, in which alipid
membrane structure containing a membrane-fusogenic lipid capable of being fused with a
vesicle having alipid bilayer membrane isimmobilized on a carrier into contact with a
sample having the vesicle such that membrane fusion occurs between the lipid membrane

structure and the vesicle.

2. The method of separating avesicle according to Claim 1,
wherein a fusant obtained by the membrane fusion between the lipid membrane
structure and the vesicle is separated from the sample by using any of external attractive

force, size, weight, and affinity.

3. A method of detecting a vesicle, comprising:
detecting afusant generated by the membrane fusion between the lipid
membrane structure and the vesicle in the method for separating a vesicle according to

Claim 1.

4, A method of moving a vesicle, comprising:
bringing a vesicular-shaped lipid membrane structure containing a
membrane-fusogenic lipid capable of being fused with avesicle having alipid bilayer

membrane, and a characteristic-imparting substance into contact with the vesicle such
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that membrane fusion occurs between the lipid membrane structure and the vesicle; and
attracting a fusant generated by the membrane fusion between the lipid
membrane structure and the vesicle to a predetermined field by using characteristics

imparted or changed by the characteristic-imparting substance contained in the fusant.

5. The method of moving a vesicle according to Claim 4,

wherein the predetermined field is a recess portion provided on a substrate.

6. The method of moving a vesicle according to Claim 4 or 5,

wherein the predetermined field is a lipid-membrane-structure-immobilization
substrate, in which the vesicular-shaped lipid membrane structure containing a
membrane-fusogenic lipid capable of being fused with avesicle having alipid bilayer
membrane is immobilized on a substrate, and

the fusant is fused with the lipid membrane structure immobilized on the

substrate.

7. The method of moving a vesicle according to Claim 5,

wherein the recess portion is provided with a membrane-fusogenic lipid capable
of being fused with avesicle having alipid bilayer membrane such that an opening
portion of the recess portion on a surface of the substrate is closed, and

the fusant is fused with the lipid membrane structure on the substrate.

8. A method of detecting a vesicle, comprising:
detecting the fusant in the predetermined field in the method of moving avesicle

according to Claim 4.
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0. The method of detecting avesicle according to Claim 8,

wherein areaction reagent is disposed in the predetermined field,

areaction is caused between the reaction reagent and a constituent of the fusant,
and

the reaction or areaction product generated by the reaction is detected.

10. The method of detecting avesicle according to Claim 9,
wherein the predetermined field is a recess portion formed on a substrate, and

the reaction reagent is contained in the recess portion.

11. The method of detecting a vesicle according to Claim 9 or 10,

wherein the predetermined field is a lipid-membrane-structure-immobilization
substrate in which avesicular-shaped lipid membrane structure containing a
membrane-fusogenic lipid capable of being fused with avesicle having alipid bilayer
membrane is immobilized on a substrate,

the reaction reagent is contained in the lipid membrane structure,

membrane fusion is caused between the fusant and the lipid membrane structure,

areaction is caused between the reaction reagent and a constituent of the vesicle
by the membrane fusion between the fusant and the lipid membrane structure, and

the reaction or areaction product generated by the reaction is detected.

12. A lipid-membrane-structure-immobilization carrier, comprising:

alipid membrane structure containing a membrane-fusogenic lipid capable of
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being fused with a vesicle having alipid bilayer membrane, the lipid membrane structure

being immobilized on acarrier.

13. The lipid-membrane-structure-immobilization carrier according to Claim 12,
wherein the carrier is a substrate,
arecess portion isformed on the substrate, and

the lipid membrane structure is contained in the recess portion.

14. The lipid-membrane-structure-immobilization carrier according to Claim 12,
wherein the carrier is a substrate,
arecess portion isformed on the substrate, and
the lipid membrane structure isimmobilized such that an opening portion of the

recess portion on a surface of the substrate is closed.

15. A lipid membrane structure comprising:
amembrane-fusogenic lipid capable of being fused with avesicle having alipid

bilayer membrane.

16. A method of fusing vesicles, comprising:

bringing either alipid membrane structure immobilized in the
lipid-membrane-structure-immobilization carrier according to any one of Claims 12 to 14
or the lipid membrane structure according to Claim 15 into contact with the vesicle such

that membrane fusion occurs between the lipid membrane structure and the vesicle.

17. The method of fusing vesicles according to Claim 16,
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wherein aliquid containing the vesicle is mixed with an additive inducing

membrane fusion such that the lipid membrane structure and the vesicle contact each

other.
18. The method of fusing vesicles according to Claim 16 or 17,
wherein the lipid membrane structure contains a membrane fusion-inducing
substance.
19. A method of detecting a vesicle, comprising:

bringing alipid membrane structure containing a membrane-fusogenic lipid
capable of being fused with avesicle having alipid bilayer membrane into contact with a
vesicle immobilization carrier in which avesicleisimmobilized on a carrier such that
membrane fusion occurs between the lipid membrane structure and the vesicle; and
detecting afusant generated by the membrane fusion between the lipid

membrane structure and the vesicle.

20. The method of detecting avesicle according to Claim 3 or 19,

wherein the lipid membrane structure contains a reaction reagent reacting with a
constituent of the vesicle,

the lipid membrane structure is brought into contact with the vesicle such that
membrane fusion occurs between the lipid membrane structure and the vesicle,

areaction is caused between the reaction reagent and a constituent of the vesicle
by the membrane fusion between the lipid membrane structure and the vesicle, and

the reaction or areaction product generated by the reaction is detected.
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21. A method of detecting a vesicle, comprising:

attracting a vesicul ar-shaped lipid membrane structure containing a
membrane-fusogenic lipid capable of being fused with avesicle having alipid bilayer
membrane, a characteristic-imparting substance, and a reaction reagent to a
predetermined field by using characteristics imparted or changed by the
characteristic-imparting substance contained in the lipid membrane structure;

disposing the vesicle in the predetermined field;

bringing the lipid membrane structure into contact with the vesiclein the
predetermined field such that membrane fusion occurs between the lipid membrane
structure and the vesicle;

causing areaction between the reaction reagent and a constituent of the vesicle
by the membrane fusion between the lipid membrane structure and the vesicle; and

detecting the reaction or areaction product generated by the reaction.



