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FIBER-CONTAINING CRYSTAL, METHOD
OF PREPARING FIBER-CONTAINING
CRYSTAL, APPARATUS FOR PREPARING
FIBER-CONTAINING CRYSTAL, AND
MEDICINE SOAKING APPARATUS

TECHNICAL FIELD

This disclosure relates to a fiber-containing crystal, a
method of preparing the fiber-containing crystal, an appa-
ratus for preparing the fiber-containing crystal, and a chemi-
cal soaking apparatus. More particularly, the disclosure
relates to a fiber-containing crystal which 1s excellent in
mechanical strength and allows implementation of highly
accurate structure analysis, a method of preparing such
fiber-containing crystal, an apparatus for preparing such
fiber-containing crystal, and a chemical soaking apparatus
using such fiber-containing crystal.

BACKGROUND

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 1s crucial in developing, for example,
a new medicine or the like that can combine with the
biological substance. As a technique of analyzing the three-
dimensional structure of biological substances, for example,
crystal structure analysis 1s known. Crystal structure analy-
s1s 1s a technique to determine the structure of a crystal, 1n
which a crystal of a biological substance 1s prepared, dif-
fraction of X-rays or the like by the crystal lattice 1s
performed, and result of the diffraction 1s analyzed.

Unfortunately, the crystals of biological substances are
extremely brittle unlike the crystals of inorganic com-
pounds, and they are thus diflicult to handle. To solve this
problem, a technique for crystallizing a biological substance
in a gel has been proposed (WO 2009/091053).

The crystal preparing method described in WO 053 1s
usetul 1n that 1t can easily prepare a crystal compared to a
method of precipitating a crystal from a solution. However,
the gel 1s easily dried, and that needs to be taken care of.
Also, the work to take out the crystal formed 1n the gel
requires some skills. Therefore, there 1s room for further
improvement 1n the method described 1n WO ’053.

It could therefore be helpiul to provide a fiber-containing
crystal excellent 1n mechanical strength, easy to handle, and
allows for highly accurate structure analysis, and a method
of preparing such fiber-containing crystal; an apparatus for
preparing the fiber-containing crystal; and a chemical soak-
ing device using such fiber-containing crystal.

SUMMARY

We 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 disclosure.

We thus provide:

A fiber-containing crystal comprising a crystal body
which 1s a crystal of a biological substance and a
plurality of fibers which are at least partially incorpo-
rated 1n the crystal body.

A method of preparing a fiber-containing crystal, com-
prising a preparation step for preparing a plurality of
fibers; an addition step for adding a solution 1n which
a biological substance 1s dissolved to the plurality of
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fibers; a crystallization step for precipitating a crystal
by increasing the concentration of the biological sub-
stance in the solution; and an extraction step for
extracting, out of the obtained crystals, a fiber-contain-
ing crystal incorporating a part of a plurality of fibers
inside.

An apparatus for preparing the fiber-containing crystal,
comprising a fiber holding part on which a plurality of
fibers are laid; a solution holding part holding a solu-
tion 1n which a biological substance 1s dissolved; a
solution addition part extracting the solution from the
solution holding part and adding the solution onto the
plurality of fibers laid on the fiber holding part; and an
extraction part extracting, out of the crystals precipi-
tated 1n the solution after a predetermined period of
time, a fiber-containing crystal incorporating at least a
part of the plurality of fibers inside.

A chemical soaking device comprising a crystal holding
part holding a fiber-containing crystal, wherein the
fiber-containing crystal contains a crystal body which 1s
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 1n
which a chemical 1s dissolved; and a chemical addition
part extracting the chemical from the chemical holding
part and adding the chemical to the fiber-containing

crystal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a photomicrograph of a fiber-containing crystal.

FIG. 2 1s a diffraction 1mage of a fiber-containing crystal
immersed 1n an anti-freeze agent for 120 seconds in the
freezing step.

FIG. 3 1s a diffraction 1mage of a conventional crystal
immersed 1n an anti-freeze agent for 120 seconds in the
freezing step.

FIG. 4 1s a diffraction 1mage of a fiber-containing crystal
immersed 1 an anti-freeze agent for 300 seconds 1n the
freezing step.

FIG. 5 1s a photomicrograph of a fiber-containing crystal
obtained in Example 2.

FIG. 6 1s a photomicrograph of a fiber-containing crystal
obtained 1n Example 3.

FIG. 7 1s a photomicrograph of a fiber-containing crystal
obtained 1n Example 4.

FIG. 8 1s a photomicrograph of a fiber-containing crystal
obtained 1n Example 3.

FIG. 9 1s a photograph of the appearances of the super-
natants of Reference Example 1 and Reference Comparative
Example 1.

FIG. 10 1s a photomicrograph of a fiber-containing crystal
obtained in Example 8.

FIG. 11 1s a table showing the appearance of crystals
obtained 1n Examples 2-5 in response to a soaking test.

DETAILED DESCRIPTION
Fiber-Contaiming Crystal

A fiber-containing crystal comprises a crystal body and a
plurality of fibers partially incorporated 1n the crystal body.
The following describes constitutions thereof respectively.

Crystal Body

The crystal body 1s either a crystal of a biological sub-
stance or an easy-disintegrating crystal. In the following
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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.”

The biological substance 1s a main component of the
fiber-containing crystal. The biological substance 1s not
particularly limited. Examples of the biological substance
include a biopolymer, a protein, a peptide, a nucleic acid, a
sugar chain, a glycolipid, a glycoprotein, a vector, an anti-
body, an antigen, or the like.

The term “biological substance” 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. Specifically, for example, when the
biological substance 1s a biopolymer, the biopolymer may be
a macromolecule derived from a living organism, a synthetic
macromolecule having the same structure, or a dertvative or
artificial macromolecule having a similar structure. Also,
when the biological substance 1s 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 bio-
logical substance 1s a peptide, the peptide may be a peptide
derived from a living organism (a naturally occurring pep-
tide) (a native peptide), a synthetic peptide, or an artificial
peptide not occurring naturally. When the biological sub-
stance 1s a nucleic acid, the nucleic acid may be a nucleic
acid derived from a living organism (a naturally occurring
nucleic acid) (a native nucleic acid), a synthetic nucleic acid,
or an artificial nucleic acid not occurring naturally. When the
biological substance 1s a sugar chain, the sugar chain may be
a sugar chain derived from a living organism (a naturally
occurring sugar chain) (a native sugar chain), a synthetic
sugar chain, or an artificial sugar chain not occurring natu-
rally.

The fiber-containing crystal, as described below, may
have a mechanical strength enhanced by a plurality of fibers
incorporated therein. Thus, even though the biological sub-
stance 1s a substance that naturally forms a brittle crystal
such as a biopolymer, a protein, a peptide, a nucleic acid and
a sugar chain, 1t can form a fiber-containing crystal which
has sufliciently enhanced mechanical strength. Conse-
quently, highly accurate analysis of these biological sub-
stances 1s possible.

The molecular weight of the biological substance 1s not
particularly limited. In other words, the molecular weight of
the biological substance depends on its type. For example,
when the biological substance 1s a biopolymer, the molecu-
lar weight thereof 1s, for example, 5000 or more. Also, when
the biological substance 1s a peptide, the molecular weight
thereof 1s, for example, 1000 or more.

The easy-disintegrating crystal 1s a crystal comprising an
casy-disintegrating substance. The easy-disintegrating sub-
stance 1s a main component of the fiber-containing crystal.
The easy-disintegrating 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, a peptide, a
nucleic acid, and a sugar chain. Further, the easy-disinte-
grating crystal 1s not limited to those biological substances,
and any crystal having the same form as mentioned above 1s
also referred to as easy-disintegrating crystal. The following
description mainly explains a typical biological substance
which forms an easy-disintegrating crystal. The easy-disin-
tegrating crystal 1s not particularly limited to a crystal of the
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biological substance, and it also includes other easy-disin-
tegrating crystal bodies. Specifically, the crystal of easy-

disintegrating substance 1s a crystal having a Vickers hard-
ness of 10 HV or lower, measured by “JIS Z 2244: 2009
Vickers hardness test,” more preferably a crystal having a
Vickers hardness of 5 HV or lower. The lower limit of the
Vickers hardness 1s not particularly specified. It may have an
Vickers hardness unmeasurable with the measuring equip-
ment used in the above test method. For example, an
ultra-macromolecule of a self-organizing organic compound
1s difficult to be crystallized and, even 11 a crystal 1s formed,
it could be easy-disintegrable and may be usefully
employed. The crystal body, which 1s 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 preterably 0.1 HV or
higher. Therefore, even though the crystal body comprises
an easy-disintegrating substance, 1t can form a fiber-con-
taining crystal having a sufliciently enhanced mechanical
strength. Consequently, highly accurate analysis of these
casy-disintegrating substances 1s possible.

Returning to the description of the whole crystal body, the
size of the crystal body 1s 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-um cube or
more and, with an x-ray free-electron laser, that allows
structure analysis of a nano-sized crystal, the lower limait
value of the size may be 50-nm cube or more. The upper
limit 1s also not particularly specified, and the crystal body
may be grown to a desired size. For neutron beam difirac-
tion, relatively large crystal 1s desirable, 1t 1s satisfactory if
the fiber-containing crystal has about a size of 10-mm cube.
In the above, expressions such as “S-um cube or more™ are
not intended to limit the shape, but the fiber-containing
crystal 1s expected to have about the size mentioned.

Fiber

The fiber 1s a fiber partially incorporated in the crystal
body. In the fiber-containing crystal, 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 thereot 1s exposed to the
outside from the surface of the crystal body. In the fiber-
containing crystal, at least a plurality of fibers are incorpo-
rated, being exposed from the surface of the crystal body.

The type of the fiber 1s not particularly limited. As an
example, 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 cellu-
lose-based fiber, a polyarylate (wholly aromatic polyester)
fiber, or the like can be used as the fiber. More specifically,
the fiber 1s an aramid fiber (meta-aramid fiber, para-aramid
fiber), a polytetrafluoroethylene fiber, a cellulose-based
fiber, a polyarylate (wholly aromatic polyester) fiber, or the
like. Among these, the fiber 1s preferably an aramid fiber, a
cellulose-based fiber, or a polyarylate fiber because they are
casily fine-processed and easily incorporated in the crystal
body, and are excellent in mechanical properties such as
strength and elasticity.

The length of the fiber 1s not particularly limited. The
length depends on whether the fiber 1s present 1n a straight
shape or 1n a curved shape and on the size of the crystal to
be grown to. When the fiber 1s too long, the part exposed
from the surface of the crystal body tends to entangle with
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a fiber which 1s 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 1s preferably 100 nm or more, more preferably
1 um or more. Also, the length of the fiber 1s 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 1n 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 1n crystallization, and the crystal to be
obtained 1s excellent 1in handling property.

The thickness (diameter) of the fiber 1s not particularly
limited. For example, the thickness of the fiber 1s preferably
1 nm or more, more preferably 10 nm or more. Also, the
thickness of the fiber 1s preferably 100 um or less, more
preferably 10 um or less. When 1t has a thickness of 10 nm
to 10 um, the fiber 1s, 1n crystallization, likely to be incor-
porated with at least a part thereof exposed from the surface
of the crystal body. Also, such fiber 1s likely to increase the
mechanical strength of the crystal body. The fiber may be in
a shape of a single line or may be 1n a shape of a multiply
branched pulp 1n which a single thick fiber fibrillated.

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 1n accordance
with the actual size. Specifically, the thickness (diameter) of
the fiber 1s preferably Yiooo of the diameter of the crystal or
more, more preferably Ysoo or more. Also, the thickness
(diameter) of the fiber 1s preferably V1o of the diameter of the
crystal or less, more preferably Y20 or less. When the
thickness (diameter) of the fiber 1s within the above range,
the fiber 1s likely to be partially incorporated 1n the crystal
body. Thus, the crystal to be obtained 1s more easy to handle,
and highly accurate structure analysis 1s easy to perform.

The form of the fiber 1s not particularly limited as long as
incorporation of a plurality of fibers 1n the crystal 1s possible.
The fiber may form a web 1n which the fiber 1s curled 1n a
certain shape (such as helical or wavy shape) to be curved,
or a plurality of fibers cross each other or are entangled with
cach other; a spiral shape; or other three-dimensional net-
works such as a woven knitted fabric. When a fiber forming
such network 1s imncorporated 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-contaiming crystals are less
likely to be broken. The expression “a plurality of fibers” 1n
“a plurality of fibers which are at least partially incorporated
in the crystal body” means that a plurality of fibers are
incorporated 1n the crystal body, which includes when a fiber
projected from the crystal body forms a loop and 1s con-
tained again in the crystal body. More specifically, the fiber
may be in a pulp-like form or 1n 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 um or less).

The fiber may be a fiber commercially available or may be
prepared. Examples of a preerable 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, kratt pulp, waste paper pulp, and
mechanical pulp. More preferably, the fiber 1s 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

10

15

20

25

30

35

40

45

50

55

60

65

6

BV are appropriately used as the fiber. When the fiber 1s to
be prepared, the preparation method 1s not particularly
limited. For example, the fiber 1s prepared by beating or
fine-shredding a short-cut fiber, woven fabric, or nonwoven
fabric. Specifically, the fiber 1s, after being appropnately
beaten or fine-shredded, suspended 1n a solvent such as
cthanol, and then centrifugally-separated. The obtained
supernatant contains fibers shorter 1n length and smaller 1n
diameter. This supernatant 1s collected and dried as neces-
sary. Thus, fibers adjusted to have a length and thickness
within the above ranges can be prepared.

Returning to the description of the entire fiber-containing
crystal, FIG. 1 1s a photomicrograph of a fiber-containing
crystal. FIG. 1 illustrates a fiber-containing crystal in which
a plurality of meta-aramid pulps are incorporated 1n a crystal
body of lysozyme. As shown in FIG. 1, imn the fiber-
containing crystal, a plurality of fibers incorporated therein
are partially exposed to the outside from the surface of the
crystal body. The fiber 1s small 1n thickness and thus flexible.
Thus, the fiber of the fiber-containing crystal can be in point
contact with a surface on which the crystal 1s 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 1s formed on and 1n contact with residual
fibers which are not contained in the crystal (fibers not
contained 1n 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 to when the crystal itself 1s 1n surface contact with
the precipitation surface, the fiber-containing crystal 1s eas-
1ly extracted from the precipitation surface. Therefore, the
fiber-containing crystal to be obtained 1s less likely to be
broken.

As shown 1n FIG. 1, a plurality of fibers exposed from the
periphery of the crystal body forms a three-dimensional
network (or a web) 1n which each fiber 1s curled 1n 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 1n the crystal, the interior of the
crystal body 1s reinforced by the plurality of fibers. There-
fore, 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 1s less
likely to be broken.

Further, as shown 1n FIG. 1, a plurality of fibers are
incorporated in the crystal body in irregular directions
respectively. Therefore, these fibers are, for example, 1n
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 1s possible.

The technique of analyzing the structure of the fiber-
containing crystal 1s not particularly limited. For example,
the structure of the fiber-containing crystal can be analyzed
by a technmique 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 1incorporating a plurality of fibers, 1s less likely
to be broken, and a highly reliable analysis data 1s likely to
be obtained.
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Method of Preparing Fiber-Containing Crystal

A method of preparing a fiber-containing crystal 1s a
method of preparing a fiber-containing crystal, comprising a
preparation step of preparing a plurality of fibers; an addi-
tion step of adding a solution 1n which a biological substance
or the like 1s dissolved to the plurality of fibers; a crystal-
lization step of precipitating a crystal by increasing the
concentration of the biological substance or the like in the
solution; and an extraction step of 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.

Preparation Step

In the preparation step, a plurality of fibers are prepared.
The fiber 1s the same as those described above in the
fiber-containing crystal. According to the preparation step, a
plurality of fibers are laid i1n a plate. The shape of the plate
1s not particularly limited. The plate 1s preferably a flat,
bottomed cylindrical plate (e.g., a petr1 dish), which allows
casy addition of a solution 1n an addition process described
below.

In the preparation step, the fiber 1s used 1n 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 1s preferable that a liquid containing the
fiber 1s, for example, dropped onto the plate for addition to
the plate and dried on the plate. Also, the plate used 1n the
method of preparing the fiber-containing crystal in which the
fiber laid thereon 1s dried, 1s excellent 1n handling properties
in storage and distribution. Drying the fibers can be per-
formed, for example, by drying them at 80° C. for 12 hours
or more with a dryer.

Addition step

In the addition step, a solution 1n which a biological
substance or the like 1s dissolved 1s added onto a plurality of
fibers. The biological substance or the like 1s the same as
those described above the fiber-containing crystal. The bio-
logical substance or the like has been dissolved in an
appropriate solvent in advance so that the solution has a
predetermined concentration. This solution 1s added onto the
fiber laid on the plate. The method of addition i1s not
particularly limited. For example, a method 1n which the
solution 1s 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.

The addition step thus can be performed by a simple
operation of dropping a solution in which a biological
substance or the like 1s dissolved on the fiber. Therefore, the
addition process does not require skills 1n work and 1s highly
reproducible.

The solvent comprised in the solution 1s not particularly
limited. For example, solvents used in known crystal pre-
paring methods may be used. More specifically, examples of
the solvent include water, ethanol, methanol, acetonitrile,
acetone, anisole, 1sopropanol, ethyl acetate, butyl acetate,
chloroform, cyclohexane, diethylamine, dimethylacetamide,
dimethylformamide, toluene, butanol, butyl methyl ether,
hexane, benzene, methyl ethyl ketone and the like.

The concentration of the biological substance or the like
in the solution 1s not particularly limited. For example, the
concentration of the biological substance or the like 1s
preferably 0.2 mg/mL or more, more preferably 0.5 mg /mL
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or more, further preferably 1.0 mg/mL or more. Also, the
concentration of the biological substance or the like 1is
preferably 300 mg /mL or less, more preferably 100 mg/mL
or less, further preterably 50 mg/ml or less. When the
concentration of the biological substance or the like 1s within
the above-mentioned range, the preparation i1s relatively
casy, and a crystal 1s easily precipitated in a crystallization
process described below. A pH adjuster or the like may be
appropriately mixed to the solvent.

Crystallization Step

In the crystallization step, a crystal 1s precipitated by
increasing the concentration of the biological substance or
the like 1n the solution. A method for the crystallization 1s 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 precipi-
tating agent solution may be added to the solution. The
precipitating agent 1s not particularly limited. For example,
precipitation agents used in known crystal preparing meth-
ods may be used. More specifically, the precipitating agent
can be sodium chloride, calctum chloride, sodium acetate,
ammonium acetate, ammonium phosphate, ammonium sul-
fate, potassium sodium tartrate, sodium citrate, polyethylene
glycol (PEG), magnesium chloride, sodium cacodylate,
2-[4-(2-hydroxyethyl))-1-piperazinyl] ethanesulfonic acid
(HEPES), 2-methyl-2,4-pentanediol (MPD), tris(hydroxym-
ethyl)aminomethane (Tris-HCI1), or the like. The solvent 1n
the precipitating agent solution 1s not particularly limaited.
The solvent 1n the precipitating agent solution may be the
same as that 1n the solution of the biological substance or the
like as mentioned above. The concentration of the precipi-
tating agent 1s not particularly limited. For example, the
concentration of the precipitating agent 1s preferably 0.0001
M or more, more preferably 0.0005 M or more. Also, the
concentration of the precipitating agent 1s preferably 10 M
or less, more preferably 8 M or less, further preferably 6 M
or less. When the concentration of the precipitating agent 1s
within the above range, a crystal of the biological substance
tends to be produced. A pH adjusting agent or the like may
be appropriately mixed to the precipitating agent.

Extraction Step

In the extraction step, a fiber-containing crystal incorpo-
rating at least a part of a plurality of fibers 1s extracted out
of the obtained crystals. In the extraction step, for example,
an observation device (such as an optical microscope) 1s
used to observe the inside of the plate to select a desired
fiber-containing crystal, and then extraction thereof 1s per-
formed.

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 1s stored 1n advance. The selected fiber-
containing crystal may be extracted by the suction device
described 1n the above addition step or may be extracted
together with the surrounding solution by a loop-shaped,
mounting device (a cryoloop).

As described above, a part of the plurality of fibers
incorporated 1n the fiber-containing crystal 1s exposed to the
outside from the surface of the crystal body. The fiber 1s
small 1n thickness and thus flexible. Thus, the fibers of the
fiber-containing crystal can be 1n point contact with a surface
on which the crystal 1s precipitated (a precipitation surface).
When, for example, a loop-shaped mounting device 1s used
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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 such that the
mounting device 1itself does not touch the crystal body 1tself.
Consequently, compared to when the crystal itself 1s 1n
surface contact with the precipitation surface, the fiber-
contaiming crystal 1s easily extracted from the precipitation
surface. Therefore, the obtained fiber-containing crystal 1s
less likely to be broken.

Structure analysis of the extracted fiber-containing crystal
may be performed without chemical soaking or may be
performed after chemical soaking. Each of them 1s described
below. Subsequent steps when structure analysis 1s per-
formed without chemical soaking

Freezing Step

When structure analysis 1s performed without chemical
soaking, 1t 1s preferable that the method of preparing the
fiber-containing crystal further includes a freezing step of
freezing the fiber-containing crystal obtained after the
extraction step. The freezing step 1s more preferably per-
formed after the fiber-containing crystal 1s immersed 1n an
anti-freeze agent. This prevents water in the crystal from
forming 1ce crystals.

The anti-freeze agent 1s not particularly limited. Examples
of the anti-freeze agent include glycerol (glycerin),
2-methyl-2,4-pentanediol (MPD), dimethyl sulfoxide
(DMSQO), polyethylene glycol (PEG), lithium acetate, and
the like. The anti-freeze agent may be used as 1t 1s, or an
aqueous solution thereof in which the anti-freeze agent is
appropriately diluted with water may be used.

In a conventional method of preparing a crystal, a crystal
may be 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 screen-
ing of an optimum condition. Furthermore, an 1deal anti-
freeze agent has to be searched for according to the type of
a biological substance or the like. On the contrary, the
fiber-containing crystal has a strength enhanced by the fibers
incorporated 1n the crystal body. Thus, the concentration of
the anti-freeze agent 1s not particularly limited. For example,
the crystal can be directly immersed in 100% glycerol,

DMSO, PEG or the like or 1n 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 1mn 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 1is
immersed 1 a 25% glycerol solution, for example, the
crystal structure 1s not broken in an immersion for 120
seconds or more and even 1n an immersion for 300 seconds
Or more.

The method of freezing the fiber-containing crystal 1s not
particularly limited. For example, the fiber-containing crys-
tal can be frozen by a method 1n which the fiber-containing
crystal 1s immersed in liquid nitrogen, a method in which
nitrogen 1s sprayed onto the fiber-containing crystal, or the
like. The temperature for freezing 1s not particularly limited.
In general, for example, when x-ray crystal structure analy-
s1s 1s performed, the crystal 1s frozen at a temperature of 100
K or less so that water in the fiber-containing crystal 1s
frozen 1n an amorphous state. Consequently, the moisture 1n
the fiber-containing crystal hardly aflects a structure analysis
result.
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After the freezing step, the fiber-containing crystal 1s then
subjected to a structure analysis step described below.

Subsequent Steps When Structure Analysis 1s
Performed After Chemical Soaking

Chemical Immersion Step

If chemical soaking 1s performed, it 1s preferable that the
method of preparing the fiber-containing crystal further
includes a chemical immersion step of immersing the fiber-
containing crystal extracted in the extraction step into a
chemical solution in which a chemical 1s dissolved. The
chemical soaking 1s a method of preparing a crystal of a
complex by immersing the fiber-containing crystal 1n a
chemical solution in which a chemical 1s dissolved. For
example, according to the chemical immersion step, a plate
with a plurality of wells (recesses) formed thereon 1s used.
In each well, each of a plurality of chemical agents of
different types and concentrations are stored. The fiber-
containing crystal 1s added to each well. Subsequently, the
same method as described 1n the above crystallization step
1s 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 1n
the fiber-containing crystal 1s bonded with the chemical can
be produced. The produced complex 1s extracted as a
complex crystal by the same method as described in the
above extraction step.

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 10nic
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

In the freezing step, the fiber-containing crystal after the
chemical immersion step 1s frozen. The freezing step i1s the
same as the above-described freezing step 1n the case “when
structure analysis 1s performed without chemical soaking.”
It 1s more preferable that the freezing step 1s carried out after
the fiber-containing crystal 1s immersed in the anti-freeze
agent. According to the freezing step, a frozen complex
crystal can be obtained.

According to the method of preparing the fiber-containing
crystal, 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 1s enhanced
by a plurality of fibers incorporated therein. Also, the
plurality of fibers can be incorporated 1n irregular directions
respectively 1n the crystal body. Therefore, these fibers are,
for example, 1n 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 1s possible.

Structure Analysis Step

Structure analysis of the fiber-containing crystal can be
performed by a variety of conventional structure analysis
techniques. For example, the structure analysis can be
performed by a technique such as x-ray crystal structure
analysis, neutron crystal structure analysis, and electron
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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, 1s less likely to be broken, and a highly reliable
analysis data 1s likely to be obtained. In the following, an
example 1n which structure analysis of the fiber-containing
crystal obtained after the above crystallization step and
extraction step 1s performed by the technique of x-ray crystal
structure analysis 1s illustrated.

The fiber-containing crystal extracted in the extraction
step 1s placed on a plate and 1s appropriately immersed 1n the
anti-freeze agent. Because the strength of the fiber-contain-
ing crystal 1s enhanced, the fiber-containing crystal does not
disintegrate even though 1t 1s immersed for a long period of
time (e.g., for 300 seconds 1n an aqueous solution of 0.2 M
sodium acetate-5% NaCl-25% glycerol). Subsequently, the
fiber-containing crystal 1s scooped up by a loop-shaped
mounting device. After being scooped up, the fiber-contain-
ing crystal 1s, for example, immersed 1n liquid mitrogen so
that it becomes frozen (see the freezing step as described
above). The frozen fiber-contaiming crystal 1s analyzed with
an x-ray crystal structure analyzer. “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.

Specifically, the fiber-containing crystal 1s subjected to a
monochromatic x-ray for obtaining an x-ray diffraction
image (diflraction data). From the obtained difiraction data,
an electron density of the biological substance or the like 1s
obtained. Further, from the obtained electron density, a
structural coordinate of the biological substance or the like
1s obtained. Then, based on the obtained structural coordi-
nate, a three-dimensional structure of the biological sub-
stance or the like 1s analyzed. The fiber-containing crystal
contains a plurality of fibers. These fibers are 1rregularly
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 1s obtained. Also, even 1f they are 1n order and
generate a diflraction 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.

More specifically, a diffraction image of the fiber-con-
taining crystal can be appropriately analyzed as shown in
FIGS. 2 and 4. FIG. 2 1s a diffraction 1image of a fiber-
contaiming crystal (a crystal in which a crystal body of
lysozyme 1ncorporates fibers contained in the supernatant,
which are obtained by centrifugal separation of aramid pulp
fiber) immersed 1n the anti-freeze agent (an aqueous solution
of 0.2 M sodium acetate-5% NaCl-25% glycerol) for 120
seconds 1n the freezing step. FIG. 3 1s 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 1n the freezing step. As shown in FIG. 2,
even though the fiber-containing crystal prepared 1is
immersed in the anti-freeze agent for 120 seconds, the
crystal does not disintegrate, and a good diflraction image
can be obtained. On the other hand, when the conventional
crystal 1s immersed 1n the anti-freeze agent for 120 seconds,
the crystal disintegrates, and an analyzable diflraction image
cannot be obtained as shown 1n FIG. 3.

Also, FIG. 4 shows a diffraction image of the fiber-
contaiming crystal (a crystal in which aramid pulp fiber 1s
incorporated 1n a crystal body of lysozyme) immersed 1n the
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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 1n FIG. 4, even though the fiber-
containing crystal prepared 1s immersed in the anti-freeze
agent for a long period of time, the crystal structure does not
disintegrate, and a good diffraction 1mage can be obtained.
As described above, even though the fiber-containing crystal
1s immersed 1n 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 diflraction i1mage can be
obtained. Therefore, unlike the conventional crystal, which
can endure only short-time immersion (such as 10 seconds),
the method of preparing the fiber-containing crystal allows
a suflicient operation time, and the anti-freeze agent can be
sufliciently applied to the fiber-containing crystal.

Apparatus for Preparing Fiber-Containing Crystal

An apparatus for preparing the fiber-containing crystal
comprises a fiber holding part on which a plurality of fibers
are laid; a solution holding part holding a solution 1n which
a biological substance or the like 1s dissolved; a solution
addition part extracting the solution from the solution hold-
ing part and adding the solution onto the plurality of fibers
laid on the fiber holding part; and an extraction part extract-
ing, out of the crystals precipitated 1n the solution after a
predetermined period of time, a fiber-containing crystal
incorporating at least a part of the plurality of fibers inside.
The below describes constitutions thereof respectively.

Fiber Holding Part

The fiber holding part 1s a part on which a plurality of
fibers are laid. For example, the fiber holding part 1s a plate
on which a plurality of dried fibers are laid. The shape of the
plate 1s not particularly limited. The plate 1s preferably a flat,
bottomed cylindrical plate (e.g., a petr1 dish) because that
allows easy addition of a solution thereto by a solution
addition part as described below.

As the fiber to be laid on the fiber holding part, the
above-mentioned fiber 1s preferably used. In particular,
fibers obtained by dispersing beaten fibers 1n a solvent and
applying or dropping the supernatant obtained by centrifugal
separation of the yielded solution are preterably used. The
applying or dropping of the supernatant described above
may be performed not only once but multiple times.

Solution Holding Part

The solution holding part 1s a part holding a solution 1n
which the biological substance or the like 1s dissolved. For
example, the solution holding part 1s a container storing a
solution 1n which the biological substance or the like 1s
dissolved. The shape of the container 1s not particularly
limited. The container 1s preferably a wide-mouth container
having an opening on the upper surface (e.g., a beaker)
because that allows easy addition or extraction of a solution
by a solution addition part as described below.

Solution Addition Part

The solution addition part 1s a mechanism to extract the
solution from the solution holding part and adding the
solution onto the plurality of fibers laid on the fiber holding
part. For example, the solution addition part include a
suction device (e.g., a pipette device with a suction tip
attached thereto), a drive unit to drive the suction device, and
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a controller to control the drive unit. The controller let the
drive unit drive so that the suction device sucks a predeter-
mined amount of the solution from the solution holing part.
Subsequently, the suction device 1s driven by the controller
and the drive unit, and moved above the fiber holding part.
Then the suction device 1s driven by the controller and the
drive device to drop the solution onto the fibers.

Dropping the solution causes mixture of the plurality of
fibers and the biological substance or the like in the fiber
holding part. From these, as described above in the crystal-
lization step, a fiber-containing crystal can be produced after
a predetermined period of time.

Extraction Part

The extraction part 1s a mechanmism to extract, out of the
crystals precipitated in the solution after a predetermined
period of time, a fiber-containing crystal incorporating at
least a part of the plurality of fibers 1nside. For example, the
extraction part includes an observation device (such as
optical microscope) to observe the fiber-containing crystal
and an extraction device (e.g., a pipette device with a suction
tip attached thereto) to extract the fiber-containing crystal.

Extraction of the fiber-containing crystal may be per-
formed by an observer operating these observation device
and extraction device or may be automatically performed by
a computer or the like executing a program in which the
shape of the crystal or the like 1s stored in advance. The
mechanical strength of the fiber-containing crystal prepared
1s enhanced by a plurality of fibers incorporated therein.
Also, the fibers of the fiber-containing crystal are in point
contact with a surface on which the crystal 1s precipitated (a
precipitation surface). Therefore, when the extraction device
1s used, 1t can easily extract the fiber-containing crystal
without directly touching the crystal body. Consequently, the
crystal to be obtained 1s likely to be extracted without being
broken. The extracted fiber-containing crystal can be appro-
priately subjected to the above-described freezing step and
structure analysis step.

Chemical Soaking Device

A chemical soaking device mainly comprises a crystal
holding part holding a fiber-containing crystal; a chemical
holding part holding a chemical solution 1n which a chemai-
cal 1s dissolved; and a chemical addition part extracting the
chemical from the chemical holding part and adding the
chemaical to the fiber-containing crystal. The below describes
constitutions thereof respectively.

Crystal Holding Part

The crystal holding part 1s a part holding a fiber-contain-
ing crystal. The crystal holding part may be the fiber holding
part described i1n 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 of preparing the fiber-containing crystal or apparatus
for preparing the fiber-contaiming crystal 1s 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 1s
a distinct part, the influence of excess fibers remaining 1n the
crystal holding part can be excluded. When the crystal
holding part 1s a distinct part, 1t 1s, for example, a separately
prepared plate. The plate 1s preferably a plate having a
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plurality of wells (recesses) formed thereon. Each well can
store the fiber-containing crystal.

Chemical Holding Part

The chemical holding part 1s a part holding chemical
solutions 1n which chemical agents are dissolved. For
example, the chemical holding part 1s a plate having a
plurality of wells (recesses) formed thereon, wherein chemi-
cal solutions 1n which chemical agents are dissolved are
stored 1 the wells. In each well, each of a plurality of
chemical agents of different types and concentrations can be
stored.

Chemical Addition Part

The chemical addition part 1s a mechanism of 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 to drive the suction device, and a
controller to control the drive unit. The controller let the
drive unit drive so that the suction device sucks a predeter-
mined amount of a chemical agent from a predetermined
well of the chemical holding part. Subsequently, the suction
device 1s driven by the controller and the drive unit, and
moved above the crystal holding part. Then the suction
device 1s driven by the controller and the drive device to
drop the chemical onto the fiber-containing crystal.

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 1n the respective wells. Fur-
ther, 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 1n a plurality of wells at once.

The chemical 1s dropped to be mixed with the fiber-
containing crystal in the crystal holding part. From these, as
described above 1n 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 pro-
duced complex 1s extracted as a complex crystal appropri-
ately by the extraction part described above, then, appropri-
ately subjected to the above-described freezing step and
structure analysis step.

A chemical that can exhibit activity against the fiber-
containing crystal can be easily searched for. This remark-
ably improves the convemence 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.

In the above, one example 1s described. This disclosure 1s
not particularly limited to the above example. The above
example mainly describes the following;:

(1) A fiber-containing crystal comprising a crystal body
which 1s a crystal of a biological substance and a plurality
of fibers at least partially incorporated 1n the crystal body.
According to this constitution, a fiber-containing crystal

comprises a crystal body and a plurality of fibers partially

incorporated in the crystal body. Even 1f the crystal body

comprises a biological substance which tends to form a

brittle crystal, the mechanical strength of the fiber-contain-

ing crystal to be obtained 1s enhanced by the plurality of
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fibers incorporated therein. Also, the fibers of such fiber-

containing crystal can be 1n point contact with a surface on

which the crystal 1s precipitated (a precipitation surface).

Theretfore, when, for example, a cryoloop 1s 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 1s 1n surface contact with
the precipitation surface. Consequently, the fiber-containing
crystal to be obtained 1s likely to be extracted without being
broken. Also, the plurality of fibers can be incorporated in
the crystal body 1n 1rregular directions respectively. There-
fore, these fibers are, for example, in crystal structure
analysis, less likely to be recognized as a diffraction point
and hardly aflect a structure analysis result. Consequently,
highly accurate structure analysis of the fiber-containing

crystal 1s possible. Even 1if 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) A fiber-containing crystal comprising a crystal body
which 1s an easy-disintegrating crystal and a plurality of
fibers which are at least partially incorporated in the
crystal body.

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 1f the crystal 1s
an easy-disintegrating crystal, the mechanical strength of the
fiber-containing crystal to be obtained 1s enhanced by the
plurality of fibers incorporated therein. Also, the fibers of
such fiber-containing crystal can be 1n point contact with a
surface on which the crystal 1s precipitated (a precipitation
surface). Therefore, when, for example, a cryoloop 1s used
to extract the crystal by scooping it up, the crystal can be
easily extracted from the precipitation surface, compared to
when the crystal body itself 1s 1n surface contact with the
precipitation surface. Consequently, the fiber-containing
crystal to be obtained 1s likely to be extracted without being
broken. Also, the plurality of fibers can be incorporated in
the crystal body 1n irregular directions respectively. There-
fore, these fibers are, for example, in crystal structure
analysis, less likely to be recognized as a diffraction point
and hardly aflect a structure analysis result. Consequently,
highly accurate structure analysis of the fiber-containing
crystal 1s possible. Even 1if 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 fiber-contaiming crystal according to (1) or (2),
wherein the biological substance 1s a biopolymer, a pro-
tein, a peptide, a nucleic acid, or a sugar chain.
According to this constitution, the structure of these

biological substances can be analyzed with high accuracy.

This can improve the convenience i developing drugs and

the like that can act on these biological substances.

(4) The fiber-containing crystal according to (3), wherein the
biological substance 1s selected from a natural protein, a
synthetic protein, an artificial protein, a natural peptide, a
synthetic peptide, an artificial peptide, a natural nucleic
acid, a synthetic nucleic acid, an artificial nucleic acid, a
natural sugar chain, a synthetic sugar chain, and an
artificial sugar chain.

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

10

15

20

25

30

35

40

45

50

55

60

65

16

(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 1s likely
to be incorporated partially in the crystal body. Thus, the
crystal to be obtained 1s easier to handle, and highly accurate
structure analysis thereof 1s easier to perform.

(6) The fiber-containing crystal according to any one of (1)
to (5), wherein the fiber 1s an aramid fiber, a cellulose

fiber, or a polyarylate fiber.

According to this constitution, fine processing of the fiber
1s easy. Also, the fiber 1s likely to be incorporated in the
crystal body. Further, the fiber 1s excellent 1n mechanical
properties such as strength and elasticity. In addition, the
fiber 1n the fiber-containing crystal to be obtained hardly
aflects a structure analysis result.

(7) The fiber-containing crystal according to any one of (1)
to (6), which 1s for structure analysis.

According to this constitution, the fiber-containing crystal
to be obtained has an enhanced mechanical strength com-
pared to that of conventional crystals and 1s easy to handle.
Theretore, the fiber-containing crystal 1s particularly useful
for structure analysis.

(8) The fiber-containing crystal according to (7), wherein the
structure analysis 1s x-ray crystal structure analysis, neu-
tron crystal structure analysis, or electron microscope
observation.

According to this constitution, the fiber-containing crystal
to be obtained, which has suflicient mechanical strength, 1s
less likely to be broken and can maintain its crystal quality
even 1n those structure analyses. Therefore, highly reliable
analysis data 1s likely to be obtained.

(9) A method of preparing a fiber-containing crystal, com-
prising a preparation step ol preparing a plurality of
fibers; an addition step of adding a solution in which a
biological substance 1s dissolved to the plurality of fibers;
a crystallization step of precipitating a crystal by increas-
ing the concentration of the biological substance in the
solution; and an extraction step of 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 1is
simple, where 1t 1s only necessary to add a solution 1n which
a biological substance i1s dissolved onto the fibers. Also, 1n
the extraction step, the crystal 1s hardly broken and easily
extracted.

(10) The method of preparing the fiber-containing crystal
according to (9), further comprising a chemical 1mmer-
s1on step of immersing the fiber-containing crystal, which
1s extracted, 1n a chemical solution 1n which a chemaical 1s
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 of preparing the fiber-containing crystal
according to (9), further comprising a freezing step of
freezing the fiber-contaiming crystal after the extraction
step.

According to this constitution, the obtained crystal can be
appropriately frozen. The crystal contains a plurality of
fibers. When such crystal 1s frozen, the crystal structure
thereot 1s less likely to be broken. That makes various kinds
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ol structure analysis such as x-ray crystal structure analysis

more applicable to the frozen crystal.

(12) The method of preparing the fiber-containing crystal
according to (10), further comprising a freezing step of
freezing the fiber-containing crystal after the chemical 5
immersion step.

According to this constitution, the obtained crystal 1s
combined with a chemical and can be appropnately frozen.
The crystal contains a plurality of fibers. When a complex
crystal such as this 1s frozen, the crystal structure thereof 1s 10
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. Conse-
quently, the manner of the bonding between the biological
substance in the fiber-containing crystal and the chemical 15
can be easily analyzed.

(13) The method of preparing a crystal according to (11) or
(12), wherein the freezing step 1s a step of freezing the
fiber-containing crystal after the fiber-containing crystal 1s
immersed 1n an anti-freeze agent. 20
According to this constitution, water 1n the fiber-contain-

ing crystal 1s frozen 1n an amorphous state. Consequently,

the moisture 1n the fiber-containing crystal hardly aflects a

structure analysis result.

(14) An apparatus for preparing the fiber-containing crystal, 25
comprising a fiber holding part on which a plurality of
fibers are laid; a solution holding part holding a solution
in which a biological substance 1s dissolved; a solution
addition part extracting the solution from the solution
holding part and adding the solution onto the plurality of 30
fibers laid on the fiber holding part; and an extraction part
extracting, out of the crystals precipitated in the solution
after a predetermined period of time, a fiber-containing
crystal incorporating at least a part of the plurality of
fibers 1nside. 35
According to this constitution, a fiber-containing crystal

incorporating a plurality of fibers 1s prepared. The mechani-

cal strength of the crystals to be obtained 1s enhanced by a

plurality of fibers incorporated therein. Also, the fibers of the

fiber-containing crystal can be 1n point contact with a surface 40

on which the crystal 1s precipitated (a precipitation surface).

Consequently, compared to when the crystal itself 1s 1n

surface contact with the precipitation surface, 1t 1s easy to

extract from the deposition surface. Therefore, the crystal

can be easily extracted from the precipitation surface, com- 45

pared to when the crystal body itself 1s 1n surface contact

with the precipitation surface. Consequently, the obtained
crystal 1s easily extracted without being broken. The plural-

ity of fibers can be incorporated in the crystal body in

irregular directions respectively. Therefore, these fibers are, 50

for example, 1n 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 i1s possible.

(15) A chemical soaking device, comprising a crystal hold- 55
ing part holding a fiber-containing crystal, wherein the
fiber-containing crystal contains a crystal body which 1s 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 60
which a chemical 1s 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 1s added to a 65
fiber-containing crystal incorporating a part of a plurality of
fibers. Thus, a chemical which can exhibit activity against
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the obtained crystal can be easily searched for. This can

remarkably improve the convenience of the chemical soak-

ing.

(16) The chemical soaking device according to (15), wherein
the chemical comprise different types of chemical agents;
the crystal holding part 1s provided with a plurality of
wells, each of which stores the fiber-containing crystal;
and the chemical addition part drops each of the difierent
types of chemical agents to the fiber-containing crystal
stored 1n 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 chemi-
cal soaking.

EXAMPLE

Our crystals, methods and apparatus are described below
in more detail 1n reference to examples. This disclosure 1s
not limited to these examples.

Calculation Method of Characteristic Values
Fiber Diameter

With fibers observed by an 80 times magnification ste-
reomicroscope, 10 (x1) 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

First, pulp-like meta-aramid fiber was dried, 0.02 g of the
dried fiber was suspended in 1 mL of ethanol, and centrifu-
gal separation thereof was performed under the condition of
1800 rpm and 10 seconds, and the resultant supernatant 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 uL of a prepared reservoir solution (0.2 M
sodium acetate buller (pH 4.5)-5% NaCl) was placed 1n the
reservolr well. Then 2 uL 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 um and a weight of approxi-
mately 1.2 mg. For comparison, a reservoir solution was

placed 1n a well having no fibers laid, and the same operation
was performed.

Addition Step

1 ul of a solution (0.2 M sodium acetate bufler, concen-
tration: 20 mg/ml) 1 which a biological substance
(lysozyme) was dissolved was added onto the fiber in the
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protein well, 1 ul of a reservoir solution was added thereto,
and subsequently the fiber and the solution were appropri-
ately mixed.

Crystallization Step

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 magnifi-
cation stereomicroscope, 1t was confirmed that about two to
three crystals having a size of approximately 200 um were
produced. FIG. 1 was a photomicrograph of that fiber-
contaiming 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 1f there were a large number
of fibers present.

Extraction Step

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

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-contain-
ing crystal was immersed for 10 seconds 1n a cryoprotectant
solution which had been adjusted to have the final concen-
tration of an aqueous solution of 0.2 M sodium acetate-5%
NaCl-25% glycerol prior to analysis, and subsequently, it
was 1nstantaneously 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 85 mm, and a
vibration angle of 0.5 to 1.0° 1n a low-temperature environ-
ment (-173° C.), and that provided a good difiraction 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. The evaluation of the diffraction 1mage 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.

In addition, irradiations of x-rays were performed in
different immersion time conditions in the cryoprotectant
solution. Specifically, the immersion time 1n the cryoprotei-
nase solution was changed to 120 seconds and 300 seconds
for comparison of crystal strengths. FIG. 2 1s a diffraction
image of a fiber-containing crystal which was immersed 1n
an anti-freeze agent for 120 seconds in the freezing step.
FIG. 4 1s a diffraction 1mage 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
1s a diffraction 1image of a crystal of Comparative Example
1 which was immersed in the anti-freeze agent for 120
seconds 1n the freezing step. Further, it was found that, 1n a
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crystal formed with fibers being laid, a diffraction point
appeared even 1f the immersion time was 900 seconds or
longer.

Comparative Examples 2 to 5

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 1nto
the well was changed to 0.5 ulL (in Example 2), 1.0 uL
(Example 3), 1.5 ulL (Example 4), and 2.0 uLL (Example 3).
For crystallization, the well was left to stand 1n an incubator
at 20° C. for 1 to 3 days until an approximately 0.2 mm
crystal was obtained. The results are shown 1n FIG. 5 to FIG.
8. FIG. 5 to FIG. 8 are photomicrographs of the fiber-
containing crystals obtained 1n Examples 2 to 35, respec-
tively.

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 1n the well was scooped with
a cryoloop and immersed in the 40% aqueous solution o1 0.2

M sodium acetate-5% NaCl-DMSOQO. Observations 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 1n FIG. 11. What the
“appearance collapse” 1n the evaluation means 1s that, dif-
ferent from the disintegration caused when the crystal was
immersed in the anti-freeze agent, a change occurs 1n the
appearance of the crystal.

As shown 1n FIG. 11, a Solution crystal which contains no
fibers showed appearance collapse after 20 seconds, and, 1n
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 FIG. 11) took 100 seconds, longer than
40 seconds, to show appearance collapse. In Example 5,
appearance collapse was observed after 40 seconds. How-
ever, 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
to 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

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-contain-
ing crystals formed on the wells were observed with an 80
times magnification stereomicroscope so that, among those,
a fiber-containing crystal containing a relatively large num-
ber 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 con-
tained 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 (1n Example 7), and 20 seconds (in
Comparative Example 2), respectively.
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Thus, we inferred that the fiber-containing crystal con-
taiming 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 1n the observation using an 80 times magnification
stereomicroscope showed that the latter took longer time
until crystal appearance collapse. Therefore, we inferred that
fine fibers not observable with an 80 times magnification
stereoscopic observation were present, and that enhanced
the strength of the crystal.

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 sub-
jected 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 pres-
ence of fibers 1n 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 1rradiated on it. As
a result, no luminescent spot was confirmed. The results are
shown 1n FIG. 9. The photographing conditions, with a
single-lens reflex camera (manufactured by Nikon Corpo-
ration), were as follows: the shutter speed was Vio, the
aperture value (f-stop) was 20, and the exposure compen-
sation was -5. FIG. 9 1s a photograph of the appearances of
the supernatants of Reference Example 1 and Reference
Comparative Example 1. The left 1s the supernatant of the
Reference Comparative Example 1 and the right 1s the
supernatant of Reference Example 1. For FIG. 9, the fol-
lowing 1mage processing was performed. First, the image
photographed by View NX was converted to JPEG, and
then, FasyAccess was used to obtain the luminance infor-
mation. The average values of the numbers of luminescent
spots 1n Rayleigh scattering and Mie scattering are shown
below. The numbers of luminescent spots were counted 1n a
range of 200x180 pixels.

Rayleigh Scattering

Comparative Reference Example 1: 5.5
Retference Example 1: 52

Mie Scattering

Comparative Reference Example 1: 1.2
Reference Example 1: 21.8

The presence of fibers was confirmed in the supernatant of
Reference Example 1, and 1t 1s thus considered that, 1n the
supernatant of Example 1, fine fibers which were not observ-
able with the unaided eyes were suspended. Therefore, 1t 1s
considered that the reason why the crystals formed 1n a
portion where there was no fibers observable with a stereo-
microscope had better soaking resistance than that of the
crystal formed without fibers being laid 1s that the former
had incorporated the fine fibers while growing.

Example 8

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
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fiber. FIG. 10 1s 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 1n Example 1.

The 1nvention claimed 1s:

1. A fiber-containing crystal comprising a crystal body
which 1s a crystal of a biological substance and a plurality of
fibers at least partially incorporated in the crystal body,

wherein the fiber 1s a polyolefin-based fiber selected from

the group consisting of polyethylene, a nylon-based
fiber, a polyester-based fiber, an acryl-based fiber, an

aramid fiber, a cellulose-based fiber and a polyarylate
fiber.

2. A fiber-containing crystal comprising a crystal body
which 1s an easy-disintegrating crystal and a plurality of
fibers at least partially incorporated in the crystal body,

wherein the fiber 1s a polyolefin-based fiber selected from
the group consisting of polyethylene, a nylon-based
fiber, a polyester-based fiber, an acryl-based fiber, an
aramid fiber, a cellulose-based fiber and a polyarylate
fiber.

3. The fiber-containing crystal according to claim 1,
wherein the biological substance 1s a biopolymer, a protein,
a peptide, a nucleic acid, or a sugar chain.

4. The fiber-containing crystal according to claim 3,
wherein the biological substance 1s selected from a natural
protein, a synthetic protein, an artificial protein, a natural
peptide, a synthetic peptide, an artificial peptide, a natural
nucleic acid, a synthetic nucleic acid, an artificial nucleic
acid, a natural sugar chain, a synthetic sugar chain, and an
artificial sugar chain.

5. The fiber-containing crystal according to claim 1,
wherein the fiber has a thickness of 1 nm to 0.1 mm.

6. The fiber-containing crystal according to claim 1,
which 1s for structural analysis.

7. The fiber-containing crystal according to claim 6,
wherein the structure analysis 1s X-ray crystal structure
analysis, neutron crystal structure analysis, or electron
microscope observation.

8. A method of preparing a fiber-containing crystal, com-
prising:

a preparation step of preparing a plurality of fibers;

an addition step of adding a solution 1n which a biological
substance 1s dissolved to the plurality of fibers;

a crystallization step of precipitating a crystal by increas-
ing the concentration of the biological substance in the
solution; and

an extraction step ol extracting, out of the obtained
crystals, a fiber-containing crystal incorporating at least
a part of a plurality of fibers inside,

wherein the fiber 1s a polyolefin-based fiber selected from
the group consisting of polyethylene, a nylon-based
fiber, a polyester-based fiber, an acryl-based fiber, an
aramid fiber, a cellulose-based fiber and a polyarylate
fiber.

9. The method according to claim 8, further comprising a
chemical immersion step for immersing the fiber-containing
crystal, which 1s extracted, 1n a chemical solution 1n which
a chemical 1s dissolved.

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

11. The method according to claim 9, further comprising
a freezing step of freezing the fiber-containing crystal after
the chemical immersion step.
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12. The method according to claim 10, wherein the
freezing step 1s a step of freezing the fiber-containing crystal
after the fiber-containing crystal 1s 1mmersed 1n an anti-
freeze agent.
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