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Description

TECHNICAL FIELD

[0001] The present invention relates to a fiber-containing crystal, a method for preparing the fiber-containing crystal,
and a chemical soaking apparatus. More particularly, the present invention relates to a fiber-containing crystal which is
excellent in mechanical strength and allows implementation of highly accurate structure analysis, a method for preparing
such fiber-containing crystal, an apparatus for preparing such fiber-containing crystal, and a chemical soaking apparatus
using such fiber-containing crystal.

BACKGROUND ART

[0002] Conventionally, three-dimensional structure analysis of biological substances such as proteins and nucleic
acids has been promoted. To elucidate a three-dimensional structure of a biological substance is crucial for developing,
for example, a new medicine or the like that can combine with the biological substance. As a technique for analyzing
the three-dimensional structure of biological substances, for example, crystal structure analysis is known. Crystal structure
analysis is a technique for determining the structure of a crystal, in which a crystal of a biological substance is prepared,
diffraction of X-rays or the like by the crystal lattice is performed, and result of the diffraction is analyzed.
[0003] Unfortunately, the crystals of biological substances are extremely brittle unlike the crystals of inorganic com-
pounds, and they are thus difficult to handle. To solve this problem, a technique for crystallizing a biological substance
in a gel has been proposed (Patent Document 1).

PRIOR ART DOCUMENT

Patent Document

[0004]

Patent Document 1: WO 2009/091053
Non-patent Document 1: J. Gavira et al. Cryst. Growth Des. (2013) 13(6):2522-2529

SUMMARY OF THE INVENTION

[0005] The crystal preparing method described in Patent Document 1 is useful in that it can easily prepare a crystal
compared with a method for precipitating a crystal from a solution. However, the gel is easily dried, and that needs to
be taken care of. Also, the work for taking out the crystal formed in the gel requires some skills. Therefore, there is room
for further improvement in the method described in Patent Document 1. Non-patent Document discloses a protein crystal
lattice which incorporates silica fibers and produces fiber-reinforced protein crystals.
[0006] The present invention, unlike such conventional method, aims to provide a fiber-containing crystal which is
excellent in mechanical strength, easy to handle, and allows for highly accurate structure analysis, and a method for
preparing such fiber-containing crystal; and a chemical soaking device using such fiber-containing crystal.
[0007] As a result of intensive studies to solve the above problem, the inventors have found that, by incorporating a
plurality of fibers, the crystal to be obtained becomes excellent in mechanical strength, easy to handle, and allows for
highly accurate structure analysis, and thus they completed the present invention.
[0008] Specifically, a fiber-containing crystal of one embodiment of the present invention solving the above problem
is a fiber-containing crystal comprising a crystal body which is a crystal of a biological substance and a plurality of fibers
which are at least partially incorporated in the crystal body.
[0009] Also, a method for preparing a fiber-containing crystal of one embodiment of the present invention solving the
above problem is a method for preparing a fiber-containing crystal, comprising a preparation step for preparing a plurality
of fibers; an addition step for adding a solution in which a biological substance is dissolved to the plurality of fibers; a
crystallization step for precipitating a crystal by increasing the concentration of the biological substance in the solution;
and an extraction step for extracting, out of the obtained crystals, a fiber-containing crystal incorporating a part of a
plurality of fibers inside.
[0010] Also, a chemical soaking device of one embodiment of the present invention solving the above problem is a
chemical soaking device, comprising a crystal holding part holding a fiber-containing crystal, wherein the fiber-containing
crystal contains a crystal body which is a crystal of a biological substance and a plurality of fibers at least partially
incorporated in the crystal body; a chemical holding part holding a chemical solution in which a chemical is dissolved;
and a chemical addition part extracting the chemical from the chemical holding part and adding the chemical to the fiber-
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containing crystal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

FIG. 1 is a photomicrograph of a fiber-containing crystal of the present embodiment.
FIG. 2 is a diffraction image of a fiber-containing crystal which is immersed in an anti-freeze agent for 120 seconds
in the freezing step.
FIG. 3 is a diffraction image of a conventional crystal which is immersed in an anti-freeze agent for 120 seconds in
the freezing step.
FIG. 4 is a diffraction image of a fiber-containing crystal which is immersed in an anti-freeze agent for 300 seconds
in the freezing step.
FIG. 5 is a photomicrograph of a fiber-containing crystal obtained in Example 2.
FIG. 6 is a photomicrograph of a fiber-containing crystal obtained in Example 3.
FIG. 7 is a photomicrograph of a fiber-containing crystal obtained in Example 4.
FIG. 8 is a photomicrograph of a fiber-containing crystal obtained in Example 5.
FIG. 9 is a photograph of the appearances of the supernatants of Reference Example 1 and Reference Comparative
Example 1.
FIG. 10 is a photomicrograph of a fiber-containing crystal obtained in Example 8.

EMBODIMENT FOR CARRYING OUT THE INVENTION

<Fiber-containing crystal>

[0012] A fiber-containing crystal of one embodiment of the present invention comprises a crystal body which is a crystal
of a biological substance and a plurality of fibers which are at least partially incorporated in the crystal body, wherein
the biological substance is a protein or peptide, and wherein the fiber is a polyolefin-based fiber, a nylon-based fiber, a
polyester-based fiber, an acryl-based fiber, an aramid fiber, a cellulose-based fiber or a polyarylate fiber.
[0013] The following describes constitutions thereof respectively.

(Crystal body)

[0014] The crystal body is a crystal of a biological substance and may be an easy-disintegrating crystal. It should be
noted that, in the following explanation, a description common to both of a crystal of a biological substance and an easy-
disintegrating crystal may collectively refer them as a crystal of "a biological substance or the like".
[0015] The biological substance is a main component of the fiber-containing crystal of the embodiment. The biological
substance is a protein or a peptide.
[0016] The term "biological substance" in the embodiment may be a substance derived from an organism, a synthetic
substance having the same structure, or a derivative or artificial substance having a similar structure. Also, when the
biological substance is a protein, the protein may be a protein derived from a living organism (a naturally occurring
protein) (a native protein), a synthetic protein, or an artificial protein not occurring naturally. When the biological substance
is a peptide, the peptide may be a peptide derived from a living organism (a naturally occurring peptide) (a native peptide),
a synthetic peptide, or an artificial peptide not occurring naturally.
[0017] The fiber-containing crystal of the embodiment, as described below, may have a mechanical strength enhanced
by a plurality of fibers incorporated therein. Thus, even though the biological substance is a substance that naturally
forms a brittle crystal, such as a biopolymer, a protein, a peptide, a nucleic acid and a sugar chain, it can form a fiber-
containing crystal which has sufficiently enhanced mechanical strength. Consequently, highly accurate analysis of these
biological substances is possible.
[0018] The molecular weight of the biological substance is not particularly limited. In other words, the molecular weight
of the biological substance depends on its type. For example, when the biological substance is a biopolymer, the molecular
weight thereof is, for example, 5000 or more. Also, when the biological substance is a peptide, the molecular weight
thereof is, for example, 1000 or more.
[0019] The easy-disintegrating crystal is a crystal comprising an easy-disintegrating substance. The easy-disintegrating
substance is a main component of the fiber-containing crystal of the embodiment. In the embodiment, the easy-disinte-
grating crystal refers to a crystal having a crystalline form easily disintegrated by physical stress or by contact with
chemical substances such as a solvent. Examples of the easy-disintegrating crystal include crystals having a relatively
large gap in the crystal body and formed by a relatively weak bonding, such as a protein and a peptide Specifically, the
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crystal of easy-disintegrating substance is a crystal having a Vickers hardness of 10 HV or lower, which is measured by
"JIS Z 2244: 2009 Vickers hardness test", more preferably a crystal having a Vickers hardness of 5 HV or lower. It should
be noted that the lower limit of the Vickers hardness is not particularly specified. It may have an Vickers hardness
unmeasurable with the measuring equipment used in the above test method. For example, an ultra-macromolecule of
a self-organizing organic compound is difficult to be crystallized, and, even if a crystal is formed, it could be easy-
disintegrable and may be usefully employed in the embodiment. The crystal body, which is an easy-disintegrating crystal
as described, may have a mechanical strength enhanced by a plurality of fibers incorporated therein, as described below.
Specifically, its Vickers hardness may be increased to 0.05 HV or higher, more preferably 0.1 HV or higher. Therefore,
even though the crystal body comprises an easy-disintegrating substance, it can form a fiber-containing crystal having
a sufficiently enhanced mechanical strength. Consequently, highly accurate analysis of these easy-disintegrating sub-
stances is possible.
[0020] Returning to the description of the whole crystal body, the size of the crystal body is not particularly limited.
The size of the crystal body may be determined according to the purpose of use. For x-ray structure analysis, the fiber-
containing crystal has preferably a size of 5-pm cube or more, and, with an x-ray free-electron laser, which allows
structure analysis of a nano-sized crystal, the lower limit value of the size may be 50-nm cube or more. The upper limit
is also not particularly specified, and the crystal body may be grown to a desired size. For neutron beam diffraction,
relatively large crystal is desirable, it is satisfactory if the fiber-containing crystal has about a size of 10-mm cube. In the
above, it should be understood that expressions such as "5-mm cube or more" are not intended to limit the shape, but
the fiber-containing crystal is expected to have about the size mentioned.

(Fiber)

[0021] The fiber is a fiber partially incorporated in the crystal body. In the fiber-containing crystal of the embodiment,
a plurality of fibers are incorporated in the crystal body. The fiber may be fully incorporated in the interior of the crystal
body, or may be partially incorporated so that a part thereof is exposed to the outside from the surface of the crystal
body. In the fiber-containing crystal of the embodiment, at least a plurality of fibers are incorporated, being exposed from
the surface of the crystal body.
[0022] The fiber is a polyolefin-based fiber such as polyethylene, a nylon-based fiber, a polyester-based fiber, an acryl-
based fiber, an aramid (wholly aromatic polyamide) fiber, a cellulose-based fiber, or a polyarylate (wholly aromatic
polyester) fiber. More specifically, the fiber is an aramid fiber (meta-aramid fiber, para-aramid fiber), a polytetrafluor-
oethylene fiber, a cellulose-based fiber, a polyarylate (wholly aromatic polyester) fiber, or the like. Among these, the
fiber is preferably an aramid fiber, a cellulose-based fiber, or a polyarylate fiber because they are easily fine-processed
and easily incorporated in the crystal body, and are excellent in mechanical properties such as strength and elasticity.
[0023] The length of the fiber is not particularly limited. The length depends on whether the fiber is present in a straight
shape or in a curved shape and on the size of the crystal to be grown to. When the fiber is too long, the part exposed
from the surface of the crystal body tends to entangle with a fiber which is not incorporated, making the extraction difficult.
The length of the fiber thus may be selected according to the size of the crystal. For example, the length of the fiber is
preferably 100 nm or more, more preferably 1 pm or more. Also, the length of the fiber is preferably 10 mm or less, more
preferably 1 mm or less, further preferably about one-tenth of the crystal size to be obtained or less. If many of the
contained fibers are 100 nm to 1 mm in length and shorter than one-tenth of the crystal size to be obtained, the part
exposed from the surface of the crystal body does not become too long in crystallization, and the crystal to be obtained
is excellent in handling property.
[0024] The thickness (diameter) of the fiber is not particularly limited. For example, the thickness of the fiber is preferably
1 nm or more, more preferably 10 nm or more. Also, the thickness of the fiber is preferably 100 pm or less, more preferably
10 pm or less. When it has a thickness of 10 nm to 10 mm, the fiber is, in crystallization, likely to be incorporated with
at least a part thereof exposed from the surface of the crystal body. Also, such fiber is likely to increase the mechanical
strength of the crystal body. The fiber may be in a shape of a single line or may be in a shape of a multiply branched
pulp in which a single thick fiber fibrillated.
[0025] Also, the thickness (diameter) of the fiber may be defined based on the relationship with the size of the entire
crystal, instead of the actual size described above or in accordance with the actual size. Specifically, the thickness
(diameter) of the fiber is preferably 1/1000 of the diameter of the crystal or more, more preferably 1/500 or more. Also,
the thickness (diameter) of the fiber is preferably 1/10 of the diameter of the crystal or less, more preferably 1/20 or less.
When the thickness (diameter) of the fiber is within the above range, the fiber is likely to be partially incorporated in the
crystal body. Thus, the crystal to be obtained is more easy to handle, and highly accurate structure analysis is easy to
perform.
[0026] The form of the fiber is not particularly limited as long as incorporation of a plurality of fibers in the crystal is
possible. The fiber may form a web in which the fiber is curled in a certain shape (such as helical or wavy shape) to be
curved, or a plurality of fibers cross each other or are entangled with each other; a spiral shape; or other three-dimensional
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networks such as a woven knitted fabric. When a fiber forming such network is incorporated at least partially in the
crystal body, the crystal body can be protected from a small external force applied by a solution flowing around the
crystal body and a load at the time of extracting the fiber-containing crystal. Consequently, the fiber-containing crystals
are less likely to be broken. It should be noted that, in the embodiment, the expression "a plurality of fibers" in "a plurality
of fibers which are at least partially incorporated in the crystal body" means that a plurality of fibers are incorporated in
the crystal body, which includes a case such as when a fiber projected from the crystal body forms a loop and is contained
again in the crystal body. More specifically, the fiber may be in a pulp-like form or in a form of an aggregate, a nonwoven
fabric, a woven fabric or the like of a fiber (preferably a nanofiber defined as a fiber having a fiber diameter of 1 pm or less).
[0027] The fiber may be a fiber commercially available or may be prepared. Examples of a preferable fiber include
aramid fiber pulp such as meta aramid fiber pulp and para aramid fiber pulp, polyarylate fiber pulp, polytetrafluoroethylene
fiber pulp, cellulose fiber pulp, kraft pulp, waste paper pulp, and mechanical pulp. More preferably, the fiber is aramid
fiber pulp, cellulose-based fiber pulp, or polyarylate fiber pulp. Commercial products such as Kevlar (registered trademark)
pulp, manufactured by Du Pont-Toray Co., Ltd., and Twaron (registered trademark) pulp, manufactured by Teijin Aramid
BV are appropriately used as the fiber. When the fiber is to be prepared, the preparation method is not particularly limited.
For example, the fiber is prepared by beating or fine-shredding a short-cut fiber, woven fabric, or nonwoven fabric.
Specifically, the fiber is, after being appropriately beaten or fine-shredded, suspended in a solvent such as ethanol, and
then centrifugally-separated. The obtained supernatant contains fibers shorter in length and smaller in diameter. This
supernatant is collected and dried as necessary. Thus, fibers adjusted to have a length and thickness within the above
ranges can be prepared.
[0028] Returning to the description of the entire fiber-containing crystal, FIG. 1 is a photomicrograph of a fiber-containing
crystal of the embodiment. FIG. 1 illustrates a fiber-containing crystal in which a plurality of meta-aramid pulps are
incorporated in a crystal body of lysozyme. As shown in FIG. 1, in the fiber-containing crystal of the embodiment, a
plurality of fibers incorporated therein are partially exposed to the outside from the surface of the crystal body. The fiber
is small in thickness and thus flexible. Thus, the fiber of the fiber-containing crystal can be in point contact with a surface
on which the crystal is precipitated (a precipitation surface). Such fiber-containing crystal, being in point contact with the
precipitation surface, can be extracted by scooping up the exposed fiber portion without touching the crystal body itself.
Alternatively, the fiber-containing crystal grows while incorporating a plurality of fibers, wherein the crystal is formed on
and in contact with residual fibers which are not contained in the crystal (fibers not contained in the fiber-containing
crystal and in contact with the crystal). Such fiber-containing crystal, being in point contact with the precipitation surface,
can be easily extracted by scooping up the exposed fiber portion. Consequently, compared with the case where the
crystal itself is in surface contact with the precipitation surface, the fiber-containing crystal is easily extracted from the
precipitation surface. Therefore, the fiber-containing crystal to be obtained is less likely to be broken.
[0029] As shown in FIG. 1, a plurality of fibers exposed from the periphery of the crystal body forms a three-dimensional
network (or a web) in which each fiber is curled in a certain shape (such as helical or wavy shape) to be curved or the
plurality of fibers cross each other or are entangled with each other. When the fiber-containing crystal body contains at
least a part of such network in the crystal, the interior of the crystal body is reinforced by the plurality of fibers. Therefore,
the crystal body can be protected from a small external force applied by a solution flowing around the crystal body and
a load at the time of extracting the fiber-containing crystal. Consequently, the fiber-containing crystal is less likely to be
broken.
[0030] Further, as shown in FIG. 1, a plurality of fibers are incorporated in the crystal body in irregular directions
respectively. Therefore, these fibers are, for example, in crystal structure analysis, less likely to be recognized as a
diffraction point and hardly affect a structure analysis result. Consequently, highly accurate structure analysis of the
fiber-containing crystal is possible.
[0031] The technique for analyzing the structure of the fiber-containing crystal of the embodiment is not particularly
limited. For example, the structure of the fiber-containing crystal can be analyzed by a technique such as x-ray crystal
structure analysis, neutron crystal structure analysis, and electron microscope observation. In any of these structure
analysis methods, the fiber-containing crystal, which has a mechanical strength enhanced by incorporating a plurality
of fibers, is less likely to be broken, and a highly reliable analysis data is likely to be obtained.

<Method for Preparing Fiber-Containing Crystal>

[0032] A method for preparing a fiber-containing crystal of one embodiment of the present invention is a method for
preparing a fiber-containing crystal of the invention, comprising a preparation step for preparing a plurality of fibers; an
addition step for adding a solution in which a biological substance or the like is dissolved to the plurality of fibers; a
crystallization step for precipitating a crystal by increasing the concentration of the biological substance or the like in the
solution; and an extraction step for extracting, out of the obtained crystals, a fiber-containing crystal incorporating at
least a part of a plurality of fibers inside. The following describes constitutions thereof respectively.
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(Preparation step)

[0033] In the preparation step, a plurality of fibers are prepared. The fiber is the same as those described above in
the embodiments of the fiber-containing crystal. According to the preparation step, a plurality of fibers are laid in a plate.
The shape of the plate is not particularly limited. The plate is preferably a flat, bottomed cylindrical plate (e.g., a petri
dish), which allows easy addition of a solution in an addition process described below.
[0034] In the preparation step, the fiber is used in this manner. Thus, a problem such as drying of gel does not occur
unlike, for example, the conventional way using gel. In terms of handling property, it is preferable that a liquid containing
the fiber is, for example, dropped onto the plate for addition to the plate and dried on the plate. Also, the plate used in
the method for preparing the fiber-containing crystal of the embodiment, in which the fiber laid thereon is dried, is excellent
in handling properties in storage and distribution. It should be noted that the drying of the fibers can be performed, for
example, by drying them at 80°C for 12 hours or more with a dryer.

(Addition step)

[0035] In the addition step, a solution in which a biological substance or the like is dissolved is added onto a plurality
of fibers. The biological substance or the like is the same as those described above in the embodiment of the fiber-
containing crystal. The biological substance or the like has been dissolved in an appropriate solvent in advance so that
the solution has a predetermined concentration. This solution is added onto the fiber laid on the plate. The method of
addition is not particularly limited. For example, a method in which the solution is sucked with a suction device (e.g., a
pipette device with a suction tip attached thereto) and then added onto the fiber by being dropped thereon may be adopted.
[0036] The addition step thus can be performed by a simple operation of dropping a solution in which a biological
substance or the like is dissolved on the fiber. Therefore, the addition process does not require skills in work and is
highly reproducible.
[0037] The solvent comprised in the solution is not particularly limited. For example, solvents used in known crystal
preparing methods may be used. More specifically, examples of the solvent include water, ethanol, methanol, acetonitrile,
acetone, anisole, isopropanol, ethyl acetate, butyl acetate, chloroform, cyclohexane, diethylamine, dimethylacetamide,
dimethylformamide, toluene, butanol, butyl methyl ether, hexane, benzene, methyl ethyl ketone and the like.
[0038] The concentration of the biological substance or the like in the solution is not particularly limited. For example,
the concentration of the biological substance or the like is preferably 0.2 mg/mL or more, more preferably 0.5 mg /mL
or more, further preferably 1.0 mg/mL or more. Also, the concentration of the biological substance or the like is preferably
300 mg /mL or less, more preferably 100 mg/mL or less, further preferably 50 mg/mL or less. When the concentration
of the biological substance or the like is within the above-mentioned range, the preparation is relatively easy, and a
crystal is easily precipitated in a crystallization process described below. It should be noted that a pH adjuster or the like
may be appropriately mixed to the solvent.

(Crystallization step)

[0039] In the crystallization step, a crystal is precipitated by increasing the concentration of the biological substance
or the like in the solution. A method for the crystallization is not particularly limited. The crystallization may be performed
by simply leaving the solution and waiting for a crystal of the biological substance to be precipitated. Also, a precipitating
agent solution may be added to the solution. The precipitating agent is not particularly limited. For example, precipitation
agents used in known crystal preparing methods may be used. More specifically, the precipitating agent can be sodium
chloride, calcium chloride, sodium acetate, ammonium acetate, ammonium phosphate, ammonium sulfate, potassium
sodium tartrate, sodium citrate, polyethylene glycol (PEG), magnesium chloride, sodium cacodylate, 2-[4-(2-hydroxye-
thyl))-1-piperazinyl]ethanesulfonic acid (HEPES), 2-methyl-2,4-pentanediol (MPD), tris(hydroxymethyl)aminomethane
(Tris-HCl), or the like. The solvent in the precipitating agent solution is not particularly limited. The solvent in the precip-
itating agent solution may be the same as that in the solution of the biological substance or the like as mentioned above.
The concentration of the precipitating agent is not particularly limited. For example, the concentration of the precipitating
agent is preferably 0.0001 M or more, more preferably 0.0005 M or more. Also, the concentration of the precipitating
agent is preferably 10 M or less, more preferably 8 M or less, further preferably 6 M or less. When the concentration of
the precipitating agent is within the above range, a crystal of the biological substance tends to be produced. It should
be noted that a pH adjusting agent or the like may be appropriately mixed to the precipitating agent.

(Extraction step)

[0040] In the extraction step, a fiber-containing crystal incorporating at least a part of a plurality of fibers is extracted
out of the obtained crystals. In the extraction step, for example, an observation device (such as an optical microscope)
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is used to observe the inside of the plate for selecting a desired fiber-containing crystal, and then extraction thereof is
performed.
[0041] The fiber-containing crystal may be selected visually by an observer or may be automatically selected by a
computer or the like executing a program in which the shape of the crystal or the like is stored in advance. The selected
fiber-containing crystal may be extracted by the suction device described in the above addition step or may be extracted
together with the surrounding solution by a loop-shaped, mounting device (a cryoloop).
[0042] As described above, a part of the plurality of fibers incorporated in the fiber-containing crystal is exposed to
the outside from the surface of the crystal body. The fiber is small in thickness and thus flexible. Thus, the fibers of the
fiber-containing crystal can be in point contact with a surface on which the crystal is precipitated (a precipitation surface).
When, for example, a loop-shaped mounting device is used for the extraction, such fiber-containing crystal, being in
point contact with the precipitation surface, can be extracted by scooping up the exposed fiber portion in such a way
that the mounting device itself does not touch the crystal body itself. Consequently, compared with the case where the
crystal itself is in surface contact with the precipitation surface, the fiber-containing crystal is easily extracted from the
precipitation surface. Therefore, the obtained fiber-containing crystal is less likely to be broken.
[0043] Structure analysis of the extracted fiber-containing crystal may be performed without chemical soaking or may
be performed after chemical soaking. Each of them is described below.

<Subsequent steps when structure analysis is performed without chemical soaking>

(Freezing step)

[0044] When structure analysis is performed without chemical soaking, it is preferable that the method for preparing
the fiber-containing crystal of the embodiment further includes a freezing step for freezing the fiber-containing crystal
obtained after the extraction step. It should be noted that the freezing step is more preferably performed after the fiber-
containing crystal is immersed in an anti-freeze agent. This prevents water in the crystal from forming ice crystals.
[0045] The anti-freeze agent is not particularly limited. Examples of the anti-freeze agent include glycerol (glycerin),
2-methyl-2,4-pentanediol (MPD), dimethyl sulfoxide (DMSO), polyethylene glycol (PEG), lithium acetate, and the like.
The anti-freeze agent may be used as it is, or an aqueous solution thereof in which the anti-freeze agent is appropriately
diluted with water may be used.
[0046] In a conventional method for preparing a crystal, there are cases where a crystal is damaged by an anti-freeze
agent. Thus, addition of an anti-freeze agent has required fine adjustment of an amount (concentration) of the anti-freeze
agent and screening of an optimum condition. Furthermore, an ideal anti-freeze agent has to be searched for according
to the type of a biological substance or the like. Contrary, the fiber-containing crystal of the embodiment has a strength
enhanced by the fibers incorporated in the crystal body. Thus, the concentration of the anti-freeze agent is not particularly
limited. For example, according to the embodiment, the crystal can be directly immersed in 100% glycerol, DMSO, PEG
or the like or in a high concentration aqueous solution (e.g., 50 to 60 % by mass) of glycerol, DMSO, PEG or the like.
The crystal also can be immersed in a low concentration aqueous solution (e.g., 10 to 50 % by mass) of glycerol, DMSO,
PEG, or the like for a long period of time. More specifically, when the fiber-containing crystal of the embodiment is
immersed in a 25% glycerol solution, for example, the crystal structure is not broken in an immersion for 120 seconds
or more and even in an immersion for 300 seconds or more.
[0047] The method for freezing the fiber-containing crystal is not particularly limited. For example, the fiber-containing
crystal can be frozen by a method in which the fiber-containing crystal is immersed in liquid nitrogen, a method in which
nitrogen is sprayed onto the fiber-containing crystal, or the like. The temperature for freezing is not particularly limited.
In general, for example, when x-ray crystal structure analysis is performed, the crystal is frozen at a temperature of 100
K or less so that water in the fiber-containing crystal is frozen in an amorphous state. Consequently, the moisture in the
fiber-containing crystal hardly affects a structure analysis result.
[0048] After the freezing step, the fiber-containing crystal is then subjected to a structure analysis step described below.

<Subsequent steps when structure analysis is performed after chemical soaking>

(Chemical immersion step)

[0049] If chemical soaking is performed, it is preferable that the method for preparing the fiber-containing crystal of
the embodiment further includes a chemical immersion step for immersing the fiber-containing crystal extracted in the
extraction step into a chemical solution in which a chemical is dissolved. In the embodiment, the chemical soaking is a
method for preparing a crystal of a complex by immersing the fiber-containing crystal in a chemical solution in which a
chemical is dissolved. For example, according to the chemical immersion step, a plate with a plurality of wells (recesses)
formed thereon is used. In each well, each of a plurality of chemical agents of different types and concentrations are
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stored. The fiber-containing crystal is added to each well. Subsequently, the same method as described in the above
crystallization step is performed to increase the concentrations of the biological substances or the like and the chemicals
so that a complex in which the biological substance or the like comprised in the fiber-containing crystal is bonded with
the chemical can be produced. The produced complex is extracted as a complex crystal by the same method as described
in the above extraction step.
[0050] The bonding between the biological substance or the like and the chemical may be in any manner of bonding.
For example, the bonding between the biological substance or the like and the chemical may be a covalent bond, an
ionic bond, a chelate bond, a coordination bond, a hydrophobic bond, hydrogen bonding, van der Waals bonding, bonding
by electrostatic force, or the like.

(Freezing step)

[0051] In the freezing step, the fiber-containing crystal after the chemical immersion step is frozen. The freezing step
is the same as the above-described freezing step in the case "when structure analysis is performed without chemical
soaking". It is more preferable that the freezing step is carried out after the fiber-containing crystal is immersed in the
anti-freeze agent. According to the freezing step, a frozen complex crystal can be obtained.
[0052] According to the method for preparing the fiber-containing crystal of the embodiment, the steps described above
are performed to prepare the fiber-containing crystal (or a complex crystal of the fiber-containing crystal and the chemical).
The mechanical strength of the obtained fiber-containing crystal is enhanced by a plurality of fibers incorporated therein.
Also, the plurality of fibers can be incorporated in irregular directions respectively in the crystal body. Therefore, these
fibers are, for example, in crystal structure analysis, less likely to be recognized as a diffraction point and hardly affect
a structure analysis result. Consequently, highly accurate structure analysis of the fiber-containing crystal is possible.

(Structure analysis step)

[0053] Structure analysis of the fiber-containing crystal can be performed by a variety of conventional structure analysis
techniques known in the art. For example, the structure analysis can be performed by a technique such as x-ray crystal
structure analysis, neutron crystal structure analysis, and electron microscope observation. In any of these structure
analysis techniques, the fiber-containing crystal, which has a mechanical strength enhanced by incorporating a plurality
of fibers, is less likely to be broken, and a highly reliable analysis data is likely to be obtained. In the following, an example
in which structure analysis of the fiber-containing crystal obtained after the above crystallization step and extraction step
is performed by the technique of x-ray crystal structure analysis is illustrated.
[0054] The fiber-containing crystal extracted in the extraction step is placed on a plate and is appropriately immersed
in the anti-freeze agent. Because the strength of the fiber-containing crystal of the embodiment is enhanced, the fiber-
containing crystal does not disintegrate even though it is immersed for a long period of time (e.g., for 300 seconds in an
aqueous solution of 0.2 M sodium acetate-5% NaCl-25% glycerol). Subsequently, the fiber-containing crystal is scooped
up by a loop-shaped mounting device. After being scooped up, the fiber-containing crystal is, for example, immersed in
liquid nitrogen so that it becomes frozen (see the freezing step as described above). The frozen fiber-containing crystal
is analyzed with an x-ray crystal structure analyzer. It should be noted that "disintegration" of the fiber-containing crystal
caused by being immersed in the anti-freeze agent in the above description means that its structure changes to such a
degree that the x-ray crystal structure analysis cannot be performed.
[0055] Specifically, the fiber-containing crystal is subjected to a monochromatic x-ray for obtaining an x-ray diffraction
image (diffraction data). From the obtained diffraction data, an electron density of the biological substance or the like is
obtained. Further, from the obtained electron density, a structural coordinate of the biological substance or the like is
obtained. Then, based on the obtained structural coordinate, a three-dimensional structure of the biological substance
or the like is analyzed. The fiber-containing crystal of the embodiment contains a plurality of fibers. These fibers are
irregularly incorporated in the crystal body, and thus are less likely to be recognized as a diffraction point and hardly
affect a structure analysis result. Consequently, a highly accurate analysis result is obtained. Also, even if they are in
order and generate a diffraction point, a good structure analysis can be performed by measuring a diffraction point with
only ordered fibers and removing it from a diffraction result of the fiber-containing crystal.
[0056] More specifically, a diffraction image of the fiber-containing crystal of the embodiment can be appropriately
analyzed as shown in FIG. 2 and FIG. 4. FIG. 2 is a diffraction image of a fiber-containing crystal (a crystal in which a
crystal body of lysozyme incorporates fibers contained in the supernatant, which are obtained by centrifugal separation
of aramid pulp fiber) immersed in the anti-freeze agent (an aqueous solution of 0.2 M sodium acetate-5% NaCl-25%
glycerol) for 120 seconds in the freezing step. It should be noted that FIG. 3 is a diffraction image of a conventional
crystal (a lysozyme crystal) which does not contain fibers immersed in the anti-freeze agent (an aqueous solution of 0.2
M sodium acetate-5% NaCl-25% glycerol) for 120 seconds in the freezing step. As shown in FIG. 2, even though the
fiber-containing crystal prepared in the embodiment is immersed in the anti-freeze agent for 120 seconds, the crystal
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does not disintegrate, and a good diffraction image can be obtained. On the other hand, when the conventional crystal
is immersed in the anti-freeze agent for 120 seconds, the crystal disintegrates, and an analyzable diffraction image
cannot be obtained as shown in FIG. 3.
[0057] Also, FIG. 4 shows a diffraction image of the fiber-containing crystal (a crystal in which aramid pulp fiber is
incorporated in a crystal body of lysozyme) immersed in the anti-freeze agent (an aqueous solution of 0.2 M sodium
acetate-5% NaCl-25% glycerol) for 300 seconds in the freezing step. As shown in FIG. 4, even though the fiber-containing
crystal prepared in the embodiment is immersed in the anti-freeze agent for a long period of time, the crystal structure
does not disintegrate, and a good diffraction image can be obtained. As described above, even though the fiber-containing
crystal of the embodiment is immersed in the anti-freeze agent over a long period of time such as 120 seconds or 300
seconds, the crystal does not disintegrate, and a good diffraction image can be obtained. Therefore, unlike the conven-
tional crystal, which can endure only short-time immersion (such as 10 seconds), the method for preparing the fiber-
containing crystal of the embodiment allows a sufficient operation time, and the anti-freeze agent can be sufficiently
applied to the fiber-containing crystal.

<Chemical soaking device>

[0058] A chemical soaking device of one embodiment of the present invention mainly comprises a crystal holding part
holding a fiber-containing crystal of the invention; a chemical holding part holding a chemical solution in which a chemical
is dissolved; and a chemical addition part extracting the chemical from the chemical holding part and adding the chemical
to the fiber-containing crystal. The below describes constitutions thereof respectively.

(Crystal holding part)

[0059] The crystal holding part is a part holding a fiber-containing crystal. The crystal holding part may be the fiber
holding part described in the above apparatus for preparing the fiber-containing crystal or may be a different part on
which the fiber-containing crystal extracted by the above-described method for preparing the fiber-containing crystal or
apparatus for preparing the fiber-containing crystal is placed. When the fiber holding part also serves as a crystal holding
part, the apparatus for preparing the fiber-containing crystal and the chemical soaking device can be integrated as a
series of devices. On the other hand, when the crystal holding part is a distinct part, the influence of excess fibers
remaining in the crystal holding part can be excluded. When the crystal holding part is a distinct part, it is, for example,
a separately prepared plate. The plate is preferably a plate having a plurality of wells (recesses) formed thereon. Each
well can store the fiber-containing crystal.

(Chemical holding part)

[0060] The chemical holding part is a part holding chemical solutions in which chemical agents are dissolved. For
example, the chemical holding part is a plate having a plurality of wells (recesses) formed thereon, wherein chemical
solutions in which chemical agents are dissolved are stored in the wells. In each well, each of a plurality of chemical
agents of different types and concentrations can be stored.

(Chemical addition part)

[0061] The chemical addition part is a mechanism for extracting a chemical agent from the chemical holding part and
adding the chemical agent to the fiber-containing crystal. For example, the chemical addition part includes a suction
device (e.g., a pipette device with a suction tip attached thereto), a drive unit for driving the suction device, and a controller
for controlling the drive unit. The controller let the drive unit drive so that the suction device sucks a predetermined
amount of a chemical agent from a predetermined well of the chemical holding part. Subsequently, the suction device
is driven by the controller and the drive unit, and moved above the crystal holding part. Then the suction device is driven
by the controller and the drive device to drop the chemical onto the fiber-containing crystal.
[0062] The chemical addition part repeats the above operation multiple times so that it can add a plurality of chemical
agents of different types and concentrations to the fiber-containing crystals contained in the respective wells. Further,
for example, the suction device may be redesigned to be able to handle multiple chemicals simultaneously so that it can
add a plurality of chemical agents of different types and concentrations to the respective fiber-containing crystals contained
in a plurality of wells at once.
[0063] The chemical is dropped to be mixed with the fiber-containing crystal in the crystal holding part. From these,
as described above in the crystallization step, a complex of the biological substance or the like and the chemical can
be produced after a predetermined period of time. The produced complex is extracted as a complex crystal appropriately
by the extraction part described above, then, appropriately subjected to the above-described freezing step and structure
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analysis step.
[0064] According to the embodiment, a chemical which can exhibit activity against the fiber-containing crystal can be
easily searched for. This remarkably improves the convenience of the chemical soaking. In particular, when a plurality
of chemicals are added to a plurality of fiber-containing crystals by a single operation, a chemical which can exhibit
activity can be easily and quickly searched for.
[0065] The above embodiment mainly describes an invention having the following constitutions.

(1) A fiber-containing crystal comprising a crystal body which is a crystal of a biological substance and a plurality of
fibers which are at least partially incorporated in the crystal body, wherein the biological substance is a protein or
a peptide, and wherein the fiber is a polyolefin-based fiber, a nylon-based fiber, a polyester-based fiber, an acryl-
based fiber, an aramid fiber, a cellulose-based fiber or a polyarylate fiber.
According to this constitution, a fiber-containing crystal comprises a crystal body and a plurality of fibers partially
incorporated in the crystal body. Even if the crystal body comprises a biological substance which tends to form a
brittle crystal, the mechanical strength of the fiber-containing crystal to be obtained is enhanced by the plurality of
fibers incorporated therein. Also, the fibers of such fiber-containing crystal can be in point contact with a surface on
which the crystal is precipitated (a precipitation surface). Therefore, when, for example, a cryoloop is used to extract
the crystal by scooping it up, the crystal can be easily extracted from the precipitation surface, compared with the
case where the crystal body itself is in surface contact with the precipitation surface. Consequently, the fiber-
containing crystal to be obtained is likely to be extracted without being broken. Also, the plurality of fibers can be
incorporated in the crystal body in irregular directions respectively. Therefore, these fibers are, for example, in crystal
structure analysis, less likely to be recognized as a diffraction point and hardly affect a structure analysis result.
Consequently, highly accurate structure analysis of the fiber-containing crystal is possible. Even if they are in order
and generate a diffraction point, structure analysis can be performed by measuring a diffraction point with only
ordered fibers and removing it from a diffraction result of the fiber-containing crystal.
(2) The fiber-containing crystal according to (1) wherein the crystal body is an easy-disintegrating crystal.
According to this constitution, a fiber-containing crystal comprises a crystal body and a plurality of fibers partially
incorporated in the crystal body. Thus, even if the crystal is an easy-disintegrating crystal, the mechanical strength
of the fiber-containing crystal to be obtained is enhanced by the plurality of fibers incorporated therein. Also, the
fibers of such fiber-containing crystal can be in point contact with a surface on which the crystal is precipitated (a
precipitation surface). Therefore, when, for example, a cryoloop is used to extract the crystal by scooping it up, the
crystal can be easily extracted from the precipitation surface, compared with the case where the crystal body itself
is in surface contact with the precipitation surface. Consequently, the fiber-containing crystal to be obtained is likely
to be extracted without being broken. Also, the plurality of fibers can be incorporated in the crystal body in irregular
directions respectively. Therefore, these fibers are, for example, in crystal structure analysis, less likely to be rec-
ognized as a diffraction point and hardly affect a structure analysis result. Consequently, highly accurate structure
analysis of the fiber-containing crystal is possible. Even if they are in order and generate a diffraction point, structure
analysis can be performed by measuring a diffraction point with only ordered fibers and removing it from a diffraction
result of the fiber-containing crystal.
(3) The biological substance in the fiber-containing crystal according to (1) or (2) is a protein or a peptide.
According to this constitution, the structure of these biological substances can be analyzed with high accuracy. This
can improve the convenience in developing drugs and the like that can act on these biological substances.
(4) The fiber-containing crystal according to (3), wherein the biological substance is selected from a natural protein,
a synthetic protein, an artificial protein, a natural peptide, a synthetic peptide, an artificial peptide.
According to this constitution, the structure of these biological substances can be analyzed with high accuracy. This
can improve the convenience in developing drugs and the like that can act on these biological substances.
(5) The fiber-containing crystal according to any one of (1) to (4), wherein the fiber has a thickness of 1 nm to 0.1 mm.
According to this constitution, a fiber of such size is likely to be incorporated partially in the crystal body. Thus, the
crystal to be obtained is easier to handle, and highly accurate structure analysis thereof is easier to perform.
(6) The fiber-containing crystal according to any one of (1) to (5), wherein the fiber is an aramid fiber, a cellulose
fiber, or a polyarylate fiber.
According to this constitution, fine processing of the fiber is easy. Also, the fiber is likely to be incorporated in the
crystal body. Further, the fiber is excellent in mechanical properties such as strength and elasticity. In addition, the
fiber in the fiber-containing crystal to be obtained hardly affects a structure analysis result.
(7) The fiber-containing crystal according to any one of (1) to (6), which is for structure analysis.
According to this constitution, the fiber-containing crystal to be obtained has an enhanced mechanical strength
compared with that of conventional crystals and is easy to handle. Therefore, the fiber-containing crystal is particularly
useful for structure analysis.
(8) The fiber-containing crystal according to (7), wherein the structure analysis is x-ray crystal structure analysis,



EP 3 360 883 B1

11

5

10

15

20

25

30

35

40

45

50

55

neutron crystal structure analysis, or electron microscope observation.
According to this constitution, the fiber-containing crystal to be obtained, which has sufficient mechanical strength,
is less likely to be broken and can maintain its crystal quality even in those structure analyses. Therefore, highly
reliable analysis data is likely to be obtained.
(9) A method for preparing a fiber-containing crystal according to any one of (1) to (8), comprising a preparation
step for preparing a plurality of fibers; an addition step for adding a solution in which a biological substance is
dissolved to the plurality of fibers; a crystallization step for precipitating a crystal by increasing the concentration of
the biological substance in the solution; and an extraction step for extracting, out of the obtained crystals, a fiber-
containing crystal incorporating at least a part of a plurality of fibers inside.
According to this constitution, in the preparation step, a plurality of fibers are prepared. Thus, a problem such as
drying of gel does not occur unlike, for example, the conventional way using gel. Also, the addition step is simple,
where it is only necessary to add a solution in which a biological substance is dissolved onto the fibers. Also, in the
extraction step, the crystal is hardly broken and easily extracted.
(10) The method for preparing the fiber-containing crystal according to (9), further comprising a chemical immersion
step for immersing the fiber-containing crystal, which is extracted, in a chemical solution in which a chemical is
dissolved.
According to this constitution, a chemical which can exhibit activity against the obtained crystal can be easily searched
for. This remarkably improves the convenience of the chemical soaking.
(11) The method for preparing the fiber-containing crystal according to (9), further comprising a freezing step for
freezing the fiber-containing crystal after the extraction step.
According to this constitution, the obtained crystal can be appropriately frozen. The crystal of the present invention
contains a plurality of fibers. When such crystal is frozen, the crystal structure thereof is less likely to be broken.
That makes various kinds of structure analysis such as x-ray crystal structure analysis more applicable to the frozen
crystal of the present invention.
(12) The method for preparing the fiber-containing crystal according to (10), further comprising a freezing step for
freezing the fiber-containing crystal after the chemical immersion step.
According to this constitution, the obtained crystal is combined with a chemical and can be appropriately frozen.
The crystal of the present invention contains a plurality of fibers. When a complex crystal such as this is frozen, the
crystal structure thereof is less likely to be broken. That makes various kinds of structure analysis such as x-ray
crystal structure analysis more applicable to the frozen complex crystal of the present invention. Consequently, the
manner of the bonding between the biological substance in the fiber-containing crystal and the chemical can be
easily analyzed.
(13) The method for preparing a crystal according to (11) or (12), wherein the freezing step is a step for freezing
the fiber-containing crystal after the fiber-containing crystal is immersed in an anti-freeze agent.
According to this constitution, water in the fiber-containing crystal is frozen in an amorphous state. Consequently,
the moisture in the fiber-containing crystal hardly affects a structure analysis result.
(14) A chemical soaking device, comprising a crystal holding part holding the fiber-containing crystal according to
any one of (1) to (8), wherein the fiber-containing crystal contains a crystal body which is a crystal of a biological
substance and a plurality of fibers at least partially incorporated in the crystal body; a chemical holding part holding
a chemical solution in which a chemical is dissolved; and a chemical addition part extracting the chemical from the
chemical holding part and adding the chemical to the fiber-containing crystal.
According to this constitution, a chemical is added to a fiber-containing crystal incorporating a part of a plurality of
fibers. Thus, a chemical which can exhibit activity against the obtained crystal can be easily searched for. This can
remarkably improve the convenience of the chemical soaking.
(16) The chemical soaking device according to (15), wherein the chemical comprise different types of chemical
agents; the crystal holding part is provided with a plurality of wells, each of which stores the fiber-containing crystal;
and the chemical addition part drops each of the different types of chemical agents to the fiber-containing crystal
stored in each of the wells.
According to this constitution, activities of a plurality of chemical agents against a crystal can be examined by a
single operation. Thus, a chemical which can exhibit activity against the crystal can be easily and quickly searched
for. This can remarkably improve the convenience of the chemical soaking.

EXAMPLE

[0066] The present invention is described below in more detail in reference to examples. The present invention is not
limited to these examples.
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<Calculation method of characteristic values>

(Fiber diameter)

[0067] With fibers observed by an 80 times magnification stereomicroscope, 10 (61) pieces of fibers which were as
clearly observable as their measurement were possible were randomly extracted, their fiber diameters were measured,
and the arithmetic mean value of the diameters was obtained for obtaining the fiber diameter.

<Example 1, Comparative Example 1>

(Preparation of fiber-containing crystal)

Preparation step

[0068] First, pulp-like meta-aramid fiber was dried, 0.02 g of the dried fiber was suspended in 1 mL of ethanol, and
centrifugal separation thereof was performed under the condition of 1800 rpm and 10 seconds, and the resultant super-
natant was collected. A plate provided with a well having a depth of 4 mm and a diameter of 8 mm (also referred to as
a protein well for containing a protein solution) and a well having a depth of 16 mm and a diameter of 17 mm (also
referred to as a reservoir well for containing a reservoir solution) was prepared, and 200 mL of a prepared reservoir
solution (0.2 M sodium acetate buffer (pH 4.5)-5% NaCl) was placed in the reservoir well. Then 2 mL of the resultant
supernatant was dropped to the plate bottom of the protein well and dried so that the fiber was laid in the protein well.
It was found that the laid, dried fiber (meta-aramid pulp) had a thickness (diameter) of approximately 2 mm and a weight
of approximately 1.2 mg. For comparison, a reservoir solution was placed in a well having no fibers laid, and the same
operation was performed.

Addition step

[0069] 1 ml of a solution (0.2 M sodium acetate buffer, concentration: 20 mg/mL) in which a biological substance
(lysozyme) was dissolved was added onto the fiber in the protein well, 1 ml of a reservoir solution was added thereto,
and subsequently the fiber and the solution were appropriately mixed.

Crystallization step

[0070] The protein well, to which the above biological substance had been added, and the reservoir well were sealed
with a tape and left to stand in an incubator at 20°C for 24 hours or more. From an observation using an 80 times
magnification stereomicroscope, it was confirmed that about two to three crystals having a size of approximately 200
mm were produced. FIG. 1 was a photomicrograph of that fiber-containing crystal. The observation showed tendencies
that crystals were likely to be precipitated at portions where the fibers were present and a crystal which incorporates a
lot of fibers was likely to be produced if there were a large number of fibers present.

Extraction step

[0071] Out of the produced crystals, only a fiber-containing crystal was extracted with a cryoloop (radius: 0.2 to 0.4 mm).

Structure analysis step

[0072] Next, the fiber-containing crystal was scooped up together with the fibers surrounding the crystal with a cryoloop
(radius: 0.2 to 0.4 mm) and mounted to an x-ray crystal structure analyzer manufactured by Rigaku Corporation, Micro
Max, (where the x-ray source was a Cu-Ka and the imaging plate detector was R-AXIS VII). The fiber-containing crystal
was immersed for 10 seconds in a cryoprotectant solution which had been adjusted to have the final concentration of
an aqueous solution of 0.2 M sodium acetate-5% NaCl-25% glycerol prior to analysis, and subsequently, it was instan-
taneously frozen at -196°C using liquid nitrogen (freezing step). Thereafter, x-ray diffraction measurement of the frozen
crystal was performed under the conditions of an exposure time of 15 seconds, a distance of 85mm, and a vibration
angle of 0.5 to 1.0° in a low-temperature environment (-173°C), and that provided a good diffraction image. Also, the
result of the structure analysis using the diffraction image confirmed that, even if the fiber had been included, the same
protein structure as that of the conventional method was obtained. It should be noted that the evaluation of the diffraction
image was performed by using HLK 2000 (available from Rigaku Corporation). Also, the evaluation of the diffraction
point was performed on the basis that the resolution was lower than 2 angstroms and the spot was clear.
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[0073] In addition, irradiations of x-rays were performed in different immersion time conditions in the cryoprotectant
solution. Specifically, the immersion time in the cryoproteinase solution was changed to 120 seconds and 300 seconds
for comparison of crystal strengths. FIG. 2 is a diffraction image of a fiber-containing crystal which was immersed in an
anti-freeze agent for 120 seconds in the freezing step. FIG. 4 is a diffraction image of a fiber-containing crystal which
was immersed in an anti-freeze agent for 300 seconds in the freezing step. In the evaluation of the crystal formed without
laying fibers being laid, when the immersion time was 120 seconds, no diffraction point was observed. FIG. 3 is a
diffraction image of a crystal of Comparative Example 1 which was immersed in the anti-freeze agent for 120 seconds
in the freezing step. Further, it was found that, in a crystal formed with fibers being laid, a diffraction point appeared even
if the immersion time was 900 seconds or longer.

<Comparative Examples 2 to 5>

[0074] Fiber-containing crystals were prepared in the same way as Example 1, except that the dropping amount of
the supernatant containing the fibers obtained in Example 1 into the well was changed to 0.5 mL (in Example 2), 1.0 mL
(Example 3), 1.5 mL (Example 4), and 2.0 mL (Example 5). For crystallization, the well was left to stand in an incubator
at 20°C for 1 to 3 days until an approximately 0.2 mm crystal was obtained. The results are shown in FIG. 5 to FIG. 8.
FIG. 5 to FIG. 8 are photomicrographs of the fiber-containing crystals obtained in Examples 2 to 5, respectively.
[0075] With the obtained crystal, the following soaking test was performed. For the soaking test, a 40% aqueous
solution of 0.2 M sodium acetate-5% NaCl-dimethyl sulfoxide (DMSO) was used. Each crystal formed in the well was
scooped with a cryoloop and immersed in the 40% aqueous solution of 0.2 M sodium acetate-5% NaCl-DMSO. Obser-
vations on those crystals were performed by using an 80 times magnification stereomicroscope to measure lengths of
time until they showed appearance collapse, and thus they were compared in strength. The results were shown in Table
1. It should be noted that what the "appearance collapse" in the evaluation means is that, different from the disintegration
caused when the crystal was immersed in the anti-freeze agent, a change occurs in the appearance of the crystal.

[Table 1]

[0076]
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[0077] As shown in Table 1, a Solution crystal which contains no fibers showed appearance collapse after 20 seconds,
and, in contrast, many of the crystals which were crystallized with fibers so that the fibers were incorporated therein
showed appearance collapse after about 40 seconds. Further, among them, the one which incorporated far more fibers
than the others (Example 4 in Table 1) took 100 seconds, longer than 40 seconds, to show appearance collapse. In
Example 5, appearance collapse was observed after 40 seconds; however, this might be because the crystallization
had occurred at a portion where there had been few fibers to be observed. Even so, the strength of the crystal was
improved compared with that of a crystal which had not been formed without fibers being laid (e.g., a Solution crystal).

<Examples 6, 7, Comparative Example 2, Reference Example 1, Reference Comparative Example 1>

[0078] Crystals having different amounts of fibers had been obtained even on plates having the same amount of fibers
laid thereon, and thus soaking tests of those were also performed in the similar manner. Specifically, fiber-containing
crystals formed on the wells were observed with an 80 times magnification stereomicroscope so that, among those, a
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fiber-containing crystal containing a relatively large number of fibers (Example 6) and a fiber-containing crystal in which
no fibers were observed (Example 7) were extracted, and soaking tests were performed in the same manner as Example
2. In addition, as Comparative Example 2, the crystals obtained in Comparative Example 1, which contained no fibers,
was extracted and subjected to a soaking test. The results show that the lengths of time until the crystal showed
appearance collapse were 100 seconds (in Example 6), 40 seconds (in Example 7), and 20 seconds (in Comparative
Example 2), respectively.
[0079] Thus it was inferred that the fiber-containing crystal containing many fibers which could be observed with an
80 times magnification stereomicroscope has better soaking resistance and enhanced strength. However, comparison
between the crystal of Comparative Example 1, which contained no fibers at all, and the crystal of Example 7, which
was formed on the fibers laid, but had no observable fibers in the observation using an 80 times magnification stereom-
icroscope showed that the latter took longer time until crystal appearance collapse. Therefore, it was inferred that fine
fibers not observable with an 80 times magnification stereoscopic observation were present, and that enhanced the
strength of the crystal.
[0080] The presence of the above fine fibers was examined by the following method: 1 mL of a supernatant obtained
by the same method as described in Example 1 was further subjected to a centrifugal separation at 1800 rpm for 10
seconds, and, after relatively thick fibers were sunk, the resultant supernatant was collected (Reference Example 1).
The presence of fibers in this supernatant could not be confirmed with the unaided eyes. This supernatant was placed
in a 1 mL vial bottle, a laser having a wavelength of 532 nm was irradiated thereto, and the particle size was obtained
by Rayleigh scattering and Mie scattering. As a result, particle sizes of approximately 50 nm and approximately 500 nm
were be confirmed. As Reference Comparative Example 1, a similar vial bottle was prepared, except that the supernatant
liquid was changed to ethanol, and the laser was irradiated on it. As a result, no luminescent spot was confirmed. The
results are shown in FIG. 9. The photographing conditions, with a single-lens reflex camera (manufactured by Nikon
Corporation), were as follows: the shutter speed was 1/10, the aperture value (f-stop) was 20, and the exposure com-
pensation was -5. FIG. 9 is a photograph of the appearances of the supernatants of Reference Example 1 and Reference
Comparative Example 1. The left is the supernatant of the Reference Comparative Example 1 and the right is the
supernatant of Reference Example 1. For FIG. 9, the following image processing was performed. First, the image
photographed by View NX was converted to JPEG, and then, EasyAccess was used to obtain the luminance information.
The average values of the numbers of luminescent spots in Rayleigh scattering and Mie scattering are shown below. It
should be noted that the numbers of luminescent spots were counted in a range of 200 3 180 pixels.

<Rayleigh scattering>

[0081]

Comparative Reference Example 1: 5.5
Reference Example 1: 52

<Mie scattering>

[0082]

Comparative Reference Example 1: 1.2
Reference Example 1: 21.8

[0083] The presence of fibers was confirmed in the supernatant of Reference Example 1, and it is thus considered
that, in the supernatant of Example 1, fine fibers which were not observable with the unaided eyes were suspended.
Therefore, it is considered that the reason why the crystals formed in a portion where there was no fibers observable
with a stereomicroscope had better soaking resistance than that of the crystal formed without fibers being laid is that
the former had incorporated the fine fibers while growing.

<Example 8>

[0084] Crystallization was performed in the same manner as in Example 1, except that a pulp-like para-aramid fiber
(Kevlar (registered trademark) pulp, manufactured by Du Pont-Toray Co., Ltd.) was used instead of a pulp-like meta-
aramid fiber. FIG. 10 is a photomicrograph of the fiber-containing crystal of Example 8. As shown in FIG. 10, even when
the pulp-like para-aramid fiber was used, the fiber-containing crystal was obtained as in Example 1.
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Claims

1. A fiber-containing crystal comprising a crystal body which is a crystal of a biological substance and a plurality of
fibers which are at least partially incorporated in the crystal body,
wherein the biological substance is a protein or a peptide, and
wherein the fiber is a polyolefin-based fiber, a nylon-based fiber, a polyester-based fiber, an acryl-based fiber, an
aramid fiber, a cellulose-based fiber, or a polyarylate fiber.

2. The fiber-containing crystal according to claim 1, wherein the crystal body is an easy-disintegrating crystal having
a Vickers hardness of 10 HV or lower determined according to JIS Z 2244: 2009 Vickers hardness test.

3. The fiber-containing crystal according to claim 1 or 2, wherein the biological substance is selected from a natural
protein, a synthetic protein, an artificial protein, a natural peptide, a synthetic peptide, or an artificial peptide.

4. The fiber-containing crystal according to any one of claims 1 to 3, wherein the fiber has a thickness of 1 nm to 0.1 mm.

5. The fiber-containing crystal according to any one of claims 1 to 4, wherein the fiber is an aramid fiber, a cellulose
fiber, or a polyarylate fiber.

6. The fiber-containing crystal according to any one of claims 1 to 5, which is for structural analysis.

7. The fiber-containing crystal according to claim 6, wherein the structure analysis is x-ray crystal structure analysis,
neutron crystal structure analysis, or electron microscope observation.

8. A method for preparing a fiber-containing crystal according to any one of claims 1 to 7, comprising:

a preparation step for preparing a plurality of fibers;
an addition step for adding a solution in which a biological substance is dissolved to the plurality of fibers;
a crystallization step for precipitating a crystal by increasing the concentration of the biological substance in the
solution; and
an extraction step for extracting, out of the obtained crystals, a fiber-containing crystal incorporating at least a
part of a plurality of fibers inside.

9. The method for preparing the fiber-containing crystal according to claim 8, further comprising a chemical immersion
step for immersing the fiber-containing crystal, which is extracted, in a chemical solution in which a chemical is
dissolved.

10. The method for preparing the fiber-containing crystal according to claim 8, further comprising a freezing step for
freezing the fiber-containing crystal after the extraction step.

11. The method for preparing the fiber-containing crystal according to claim 9, further comprising a freezing step for
freezing the fiber-containing crystal after the chemical immersion step.

12. The method for preparing a crystal according to claim 10 or 11, wherein the freezing step is a step for freezing the
fiber-containing crystal after the fiber-containing crystal is immersed in an anti-freeze agent.

13. A chemical soaking device, comprising:

a crystal holding part holding the fiber-containing crystal according to any one of claims 1 to 7;
a chemical holding part holding a chemical solution in which a chemical is dissolved; and
a chemical addition part extracting the chemical from the chemical holding part and adding the chemical to the
fiber-containing crystal.

14. The chemical soaking device according to claim 13, wherein
the chemical comprise different types of chemical agents;
the crystal holding part is provided with a plurality of wells, each of which stores the fiber-containing crystal; and
the chemical addition part drops each of the different types of chemical agents to the fiber-containing crystal stored
in each of the wells.
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Patentansprüche

1. Faserhaltiger Kristall, umfassend einen Kristallkörper, der einen Kristall aus einer biologischen Substanz ist, und
eine Vielzahl von Fasern, die zumindest teilweise in den Kristallkörper eingearbeitet sind,
wobei die biologische Substanz ein Protein oder ein Peptid ist und
wobei die Faser eine Faser auf Polyolefinbasis, eine Faser auf Nylonbasis, eine Faser auf Polyesterbasis, eine
Faser auf Acrylbasis, eine Aramidfaser, eine Faser auf Cellulosebasis oder eine Polyarylatfaser ist.

2. Faserhaltiger Kristall nach Anspruch 1, wobei der Kristallkörper ein leicht zerfallender Kristall mit einer Vickershärte
von 10 HV oder niedriger ist, bestimmt nach dem Vickers Härtetest JIS Z 2244:2009.

3. Faserhaltiger Kristall nach Anspruch 1 oder 2, wobei die biologische Substanz aus einem natürlichen Protein, einem
synthetischen Protein, einem künstlichen Protein, einem natürlichen Peptid, einem synthetischen Peptid oder einem
künstlichen Peptid ausgewählt ist.

4. Faserhaltiger Kristall nach einem der Ansprüche 1 bis 3, wobei die Faser eine Dicke von 1 nm bis 0,1 mm aufweist.

5. Faserhaltiger Kristall nach einem der Ansprüche 1 bis 4, wobei die Faser eine Aramidfaser, eine Cellulosefaser
oder eine Polyarylatfaser ist.

6. Faserhaltiger Kristall nach einem der Ansprüche 1 bis 5, der für die Strukturanalyse bestimmt ist.

7. Faserhaltiger Kristall nach Anspruch 6, wobei die Strukturanalyse eine Röntgenkristallstrukturanalyse, eine Neu-
tronenkristallstrukturanalyse oder eine elektronenmikroskopische Beobachtung ist.

8. Verfahren zur Herstellung eines faserhaltigen Kristalls nach einem der Ansprüche 1 bis 7, umfassend:

einen Herstellungsschritt zur Herstellung einer Vielzahl von Fasern;
einen Zugabeschritt zur Zugabe einer Lösung, in der eine biologische Substanz gelöst ist, zu der Vielzahl von
Fasern;
einen Kristallisationsschritt zur Ausfällung eines Kristalls durch Erhöhung der Konzentration der biologischen
Substanz in der Lösung; und
einen Extraktionsschritt zur Extraktion eines faserhaltigen Kristalls, der zumindest einen Teil einer Vielzahl von
Fasern im Inneren enthält, aus den erhaltenen Kristallen.

9. Verfahren zur Herstellung des faserhaltigen Kristalls nach Anspruch 8, des Weiteren umfassend einen chemischen
Tauchschritt zum Eintauchen des faserhaltigen Kristalls, der extrahiert wird, in eine chemische Lösung, in der eine
Chemikalie gelöst ist.

10. Verfahren zur Herstellung des faserhaltigen Kristalls nach Anspruch 8, des Weiteren umfassend einen Gefrierschritt
zum Einfrieren des faserhaltigen Kristalls nach dem Extraktionsschritt.

11. Verfahren zur Herstellung des faserhaltigen Kristalls nach Anspruch 9, des Weiteren umfassend einen Gefrierschritt
zum Einfrieren des faserhaltigen Kristalls nach dem chemischen Tauchschritt.

12. Verfahren zur Herstellung eines Kristalls nach Anspruch 10 oder 11, wobei der Gefrierschritt ein Schritt zum Einfrieren
des faserhaltigen Kristalls ist, nachdem der faserhaltige Kristall in ein Frostschutzmittel eingetaucht wurde.

13. Vorrichtung zum chemischen Einweichen, umfassend:

einen Kristallaufnahmeteil, der den faserhaltigen Kristall nach einem der Ansprüche 1 bis 7 aufnimmt;
einen Chemikalienaufnahmeteil, der eine chemische Lösung aufnimmt, in der eine Chemikalie gelöst ist; und
einen Chemikalienzugabeteil, der die Chemikalie aus dem Chemikalienaufnahmeteil extrahiert und die Chemi-
kalie dem faserhaltigen Kristall zugibt.

14. Vorrichtung zum Einweichen von Chemikalien nach Anspruch 13, wobei
die Chemikalie verschiedene Arten von chemischen Mitteln umfasst;
der Kristallaufnahmeteil mit einer Vielzahl von Vertiefungen versehen ist, von denen jede den faserhaltigen Kristall
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aufnimmt; und
der Chemikalienzugabeteil jede der verschiedenen Arten von chemischen Mitteln auf den in jeder der Vertiefungen
aufgenommenen faserhaltigen Kristall tropfen lässt.

Revendications

1. Cristal contenant des fibres comprenant un corps cristallin qui est un cristal d’une substance biologique et une
pluralité de fibres qui sont au moins partiellement incorporées dans le corps cristallin,
dans lequel la substance biologique est une protéine ou un peptide, et
dans lequel la fibre est une fibre à base de polyoléfine, une fibre à base de nylon, une fibre à base de polyester,
une fibre à base d’acrylique, une fibre d’aramide, une fibre à base de cellulose ou une fibre de polyarylate.

2. Cristal contenant des fibres selon la revendication 1, dans lequel le corps cristallin est un cristal se désintégrant
facilement ayant une dureté Vickers inférieure ou égale à 10 HV déterminée selon le test de dureté Vickers JIS Z
2244 : 2009.

3. Cristal contenant des fibres selon la revendication 1 ou 2, dans lequel la substance biologique est choisie parmi
une protéine naturelle, une protéine synthétique, une protéine artificielle, un peptide naturel, un peptide synthétique
ou un peptide artificiel.

4. Cristal contenant des fibres selon l’une quelconque des revendications 1 à 3, dans lequel la fibre a une épaisseur
de 1 nm à 0,1 mm.

5. Cristal contenant des fibres selon l’une quelconque des revendications 1 à 4, dans lequel la fibre est une fibre
d’aramide, une fibre de cellulose ou une fibre de polyarylate.

6. Cristal contenant des fibres selon l’une quelconque des revendications 1 à 5, qui est destiné à une analyse struc-
turelle.

7. Cristal contenant des fibres selon la revendication 6, dans lequel l’analyse structurelle est une analyse de la structure
cristalline par rayons X, une analyse de la structure cristalline par neutrons ou une observation au microscope
électronique.

8. Procédé de préparation d’un cristal contenant des fibres selon l’une quelconque des revendications 1 à 7,
comprenant :

une étape de préparation destinée à préparer une pluralité de fibres ;
une étape d’addition destinée à ajouter une solution dans laquelle une substance biologique est dissoute à la
pluralité de fibres ;
une étape de cristallisation destinée à faire précipiter un cristal par augmentation de la concentration de la
substance biologique dans la solution ; et
une étape d’extraction destinée à extraire, des cristaux obtenus, un cristal contenant des fibres incorporant au
moins une partie de la pluralité de fibres en son sein.

9. Procédé de préparation du cristal contenant des fibres selon la revendication 8, comprenant en outre une étape
d’immersion chimique destinée à immerger le cristal contenant des fibres, qui est extrait, dans une solution chimique
dans laquelle un produit chimique est dissous.

10. Procédé de préparation du cristal contenant des fibres selon la revendication 8, comprenant en outre une étape de
congélation destinée à congeler le cristal contenant des fibres après l’étape d’extraction.

11. Procédé de préparation du cristal contenant des fibres selon la revendication 9, comprenant en outre une étape de
congélation destiné à congeler le cristal contenant des fibres après l’étape d’immersion chimique.

12. Procédé de préparation d’un cristal contenant des fibres selon la revendication 10 ou 11, dans lequel l’étape de
congélation est une étape destinée à congeler le cristal contenant des fibres après l’immersion du cristal contenant
des fibres dans un agent antigel.
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13. Dispositif de trempage chimique, comprenant :

une partie de retenue de cristaux qui contient le cristal contenant des fibres selon l’une quelconque des reven-
dications 1 à 7 ;
une partie de retenue de produit chimique qui contient une solution chimique dans laquelle un produit chimique
est dissous ; et
une partie d’addition de produit chimique qui extrait le produit chimique de la partie de retenue de produit
chimique et ajoute le produit chimique au cristal contenant des fibres.

14. Dispositif de trempage chimique selon la revendication 13, dans lequel
le produit chimique comprend différents types d’agents chimiques ;
la partie de retenue de cristaux est pourvue d’une pluralité de puits, chacun d’eux stockant le cristal contenant des
fibres ; et
la partie d’addition de produit chimique dépose chacun des différents types d’agents chimiques sur le cristal contenant
des fibres stocké dans chacun des puits.
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