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(57) ABSTRACT

Provided are a protein crystal device and method for crys-
tallizing protein capable of generating protein crystal with-
out imparting a heat effect, a protein crystal-cutting device
and method for cutting protein crystal capable of cutting
protein crystal without imparting a heat effect on protein
crystal, and bubble-jetting member and protein-adsorbing-
bubble-jetting member used in said device. A bubble-jetting
member is used in a protein crystal device to jet bubbles into
a protein solution to thereby allow protein crystals to be
obtained, the bubble-jetting member comprising: a core
formed of a conductive material; a shell part formed of an
insulating material, including an extended section extending
from the tip of the core, and in which at least a portion
closely adheres to the core to cover the core; and a gap
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having a bubble-jetting port, the gap being formed between
the extended section and the tip of the core.
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1
METHOD FOR CRYSTALLIZING PROTEIN

CROSS REFERENCE TO RELATED
APPLICATIONS

This patent application is a U.S. national stage application
under 35 U.S.C. § 371 of International Patent Application
No. PCT/JP2014/072387 filed on Aug. 27, 2014, which
claims the benefit of foreign priority to Japanese Patent
Application No. JP 2013-179848 filed on Aug. 30, 2013. The
International Application was published in Japanese on Mar.
5, 2015, as International Publication No. WO 2015/030038
Al under PCT Article 21(2).

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a bubble-jetting member
and protein-adsorbing-bubble-jetting member for a protein
crystal device, a protein crystal device and method for
crystallizing protein, and a protein crystal-cutting device and
method for cutting protein crystal, and particularly relates to
a bubble-jetting member and protein-adsorbing-bubble-jet-
ting member for a protein crystal device that are capable of
jetting bubbles from a bubble-jetting port in the bubble-
jetting member or jetting bubbles in which protein has been
adsorbed at a boundary from the protein-adsorbing-bubble-
jetting port in the protein-adsorbing-bubble-jetting member
to readily generate protein crystal, a protein crystal device
including the bubble-jetting member or protein-adsorbing-
bubble-jetting member, and a method for crystallizing pro-
tein crystal using the protein crystal device. The present
invention furthermore relates to a protein crystal-cutting
device and method for cutting protein crystal in order to cut
the corners of angular protein crystal or otherwise cut and
shape protein crystals for use in X-ray structural analysis or
the like.

2. Description of the Related Art

A structural analysis of protein crystal is indispensable in
order to discover the structure and function of protein
crystal. The most common technique for analyzing the
structure of protein crystal is X-ray structural analysis, but
a good-quality single crystal of protein must be obtained in
order to analyze the three-dimensional crystal structure of
protein by X-ray structural analysis.

Vapor diffusion, precipitation, and other conventional
methods are known as methods for generating crystals for
X-ray structural analysis of protein. However, vapor diffu-
sion has a problem in that several weeks are required to
crystallize protein and the method is time consuming. The
time required in precipitation is about one week to crystal-
lize protein and a precipitant is used; and there is therefore
a problem in that the precipitant becomes an impurity and
the purity of the protein crystal is reduced.

There is a known method (see Patent Document 1) for
solving the above-described problem that does not require a
precipitant, the method comprising a solvent-mixing step for
mixing a protein containing non-crystalline protein and a
smaller amount of solvent than the amount that corresponds
to the saturated solubility of the protein, a resting step for
resting the protein, and a stimulation-imparting step for
imparting agitation, ultrasonic waves, electromagnetic
waves, or other stimulation. However, the method described
in Patent Document 1 has a problem in that a step for resting
the protein is required and crystallization is as time-con-
suming as before.
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A method for crystallizing protein by stimulating a solu-
tion in which protein has been dissolved (which may here-
inafter be referred to as “protein solution”) is also known in
which a picosecond pulse laser or a femtosecond pulse laser
is emitted at a protein solution (see Patent Document 2).
However, there are problems in that the device for irradiat-
ing the laser is large and costly, optical equipment for
irradiating the laser onto the protein solution is required, and
focusing and other operations are laborious. With the
method described in Patent Document 2, it is thought that an
explosive phenomenon (laser ablation) occurs due to rapid
light absorption at the focal point when a pulse laser is
focused, the solution near the focal point suddenly evapo-
rates, and crystal nucleus is generated due to a concentration
of the solution. However, heat rapidly increases at the focal
point and the protein is liable to be modified.

The corners of the resulting protein crystals are preferably
removed or the protein crystals are otherwise processed into
a different shape in order to analyze the three-dimensional
crystal structure of protein by X-ray structural analysis, and
cutting a protein crystal with a femtosecond laser is a known
technique (see Non-patent Document 1). However, cutting a
protein crystal using a femtosecond laser involves local
high-density energy, and the protein at the cutting face of the
protein crystal is liable to be modified.

[Patent Document 1] JP (Kokai) 2004-277255
[Patent Document 2] WO 2004/018744

Non-Patent Documents

[Non-patent Document 1] Masafumi Kashii, et al., “Femto-
second Laser Processing of Protein Crystals in Crystalli-
zation Drop,” Japanese Journal of Applied Physics, Vol.
44, No. 27, 2005, pp. L873-1.875

SUMMARY OF THE INVENTION

The present invention was devised to solve the above-
described problems, and after thoroughgoing research, it
was newly found that immersing a bubble-jetting port of a
bubble-jetting member in a protein solution and outputting
electricity to a core of the bubble-jetting member and to a
counter electrode to jet bubbles from the bubble-jetting port
into the protein solution allows protein crystals to be gen-
erated without imparting a heat effect on the protein solu-
tion, the bubble-jetting member comprising: a core formed
of'a conductive material; a shell part formed of an insulating
material, the shell part including an extended section extend-
ing from the tip of the core, and at least a portion closely
adhering to the core to cover the core; and a gap having a
bubble-jetting port, the gap being formed between the
extended section and the tip of the core.

It was also newly found that protein crystals can be
generated without imparting a heat effect to the protein
solution by: fabricating a protein-adsorbing-bubble-jetting
member in which is arranged an outside shell part having the
same concentric axis as the center axis of the shell part, the
outside shell part being formed at a position away from the
shell part so that a space is left therebetween, and the outside
shell part having a protein-adsorbing-bubble-jetting port;
and outputting electricity to the core of the protein-adsorb-
ing-bubble-jetting member and to a counter electrode to jet
bubbles, in which protein has been adsorbed, from the
protein-adsorbing-bubble-jetting port.

It was newly found that protein crystal can be cut by
bringing bubbles from a bubble-jetting member into contact
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with protein crystals in continuous fashion. The present
invention was also devised on the basis of these new
findings.

In other words, an object of the present invention is to
provide a bubble-jetting member and protein-adsorbing-
bubble-jetting member for a protein crystal device, a protein
crystal device and method for crystallizing protein, and a
protein crystal-cutting device and method for cutting protein
crystal.

As described below, the present invention relates to a
bubble-jetting member and protein-adsorbing-bubble-jetting
member for a protein crystal device, a protein crystal device
and method for crystallizing protein, and a protein crystal-
cutting device and method for cutting protein crystal.

(1) A bubble-jetting member used in a protein crystal
device, the bubble-jetting member comprising:

a core formed of a conductive material;

a shell part formed of an insulating material, the shell part
including an extended section extending from the tip of the
core, and at least a portion closely adhering to the core to
cover the core; and

a gap having a bubble-jetting port, the gap being formed
between the extended section and the tip of the core.

(2) The bubble-jetting member of (1) above, wherein the
extended section of the shell part is tapered.

(3) A protein-adsorbing-bubble-jetting member used in a
protein crystal device, the protein-adsorbing-bubble-jetting
member comprising an outside shell part on the outside of
the shell part of the bubble-jetting member according to (1)
or (2) above, the outside shell part having an axis coaxial
with the center axis of the shell part, the outside shell part
being formed at a position away from the shell part so that
a space is left therebetween, and the outside shell part having
a protein-adsorbing-bubble-jetting port.

(4) The protein-adsorbing-bubble-jetting member of (3)
above, wherein the portion of the outside shell part formed
outside the extended section is tapered.

(5) The protein-adsorbing-bubble-jetting member of (3)
or (4) above, wherein a protein solution is included in the
space between the shell part and the outside shell part and/or
the space formed by the outside shell part and the tip of the
bubble-jetting member.

(6) A protein crystal device comprising the bubble-jetting
member of (1) or (2) above, a counter electrode, and
electricity output means.

(7) A protein crystal device comprising the protein-ad-
sorbing-bubble-jetting member of any of (3) to (5) above, a
counter electrode, and electricity output means.

(8) A method for crystallizing protein, comprising:

a step for immersing at least the bubble-jetting port of the
bubble-jetting member of the protein crystal device of (6)
above in a protein solution and allowing the counter elec-
trode to make contact with the protein solution; and

a step for outputting electricity to a pair of electrodes
composed of the core of the bubble-jetting member and the
counter electrode, and causing bubbles to be jetted from the
bubble-jetting port into the protein solution.

(9) A method for crystallizing protein, comprising:

a step for introducing a protein solution into the space
between the outside shell part and the shell part of the
protein-adsorbing-bubble-jetting member of the protein
crystal device of (7) above and/or the space formed by the
outside shell part and the tip of the bubble-jetting member;

a step for immersing at least the protein-adsorbing-
bubble-jetting port of the protein-adsorbing-bubble-jetting
member in a protein solution, buffer solution, or precipitant-
containing solution, and forming a state in which the core of
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the protein-adsorbing-bubble-jetting member and the coun-
ter electrode can be energized; and

a step for outputting electricity to a pair of electrodes
constituted by the counter electrode and the core of the
protein-adsorbing-bubble-jetting member, and jetting
bubbles, in which protein and/or a protein solution has been
adsorbed onto the boundary, from the protein-adsorbing-
bubble-jetting port into the protein solution, buffer solution,
or precipitant-containing solution.

(10) The method for crystallizing protein of (9) above,
wherein the protein solution is introduced into the space by
a liquid feed pump, or introduced by capillary action through
immersion of the protein-adsorbing-bubble-jetting port into
the protein solution.

(11) A protein crystal-cutting device comprising:

a bubble-jetting member having: a core formed of a
conductive material; a shell part formed of an insulating
material, the shell part including an extended section extend-
ing from the tip of the core, and at least a portion closely
adhering to the core to cover the core; and a gap having a
bubble-jetting port, the gap being formed between the
extended section and the tip of the core;

a counter electrode; and

electricity output means.

(12) The protein crystal-cutting device of (11) above,
wherein the extended section of the shell part is tapered.

(13) A protein crystal-cutting device comprising:

a member for jetting bubbles in which a solution has been
adsorbed onto a boundary, the member having an outside
shell part, which has the same concentric axis as the center
axis of the shell part, on the outside of the shell part of the
bubble-jetting member of (11) or (12) above, which is
formed at a position away from the shell part so that a space
is left therebetween, and which has a jetting port for jetting
bubbles in which a solution has been adsorbed onto the
boundary;

a counter electrode; and

electricity output means.

(14) The protein crystal-cutting device of (13) above,
wherein the portion of the outside shell part formed on the
outside of the extended section is tapered.

(15) A method for cutting protein crystal, comprising:

a step for immersing at least the bubble-jetting port of the
bubble-jetting member of the protein crystal device of (11)
or (12) above in a solution containing protein crystals,
arranging the bubble-jetting port so that the jetted bubbles
are in a position in contact with the cutting face of the
protein crystals, and ensuring that the counter electrode can
touch the solution containing the protein crystals; and

a step for outputting electricity to a pair of electrodes
composed of the core of the bubble-jetting member and the
counter electrode, and bringing the bubbles jetted from the
bubble-jetting port into contact with the cutting face of the
protein crystals.

(16) A method for cutting protein crystal, comprising:

a step for introducing a solution that can conduct elec-
tricity into a space formed between the outside shell part and
the shell part and/or a space formed by the outside shell part
and the tip of the bubble-jetting member, of the member for
jetting bubbles in which the solution has been adsorbed onto
the boundary, in the protein crystal-cutting device of (13) or
(14) above;

a step for immersing the jetting port for jetting bubbles in
which the solution has been adsorbed onto the boundary in
a solution containing protein crystals, arranging the jetting
port so that the bubbles in which the solution has been
adsorbed onto the boundary are in a position in contact with
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the cutting face of the protein crystals, and ensuring that the
counter electrode can touch the solution containing the
protein crystals; and

a step for outputting electricity to a pair of electrodes
composed of the counter electrode and the core of the
bubble-jetting member, and allowing the bubbles jetted from
the jetting port and in which the solution has been adsorbed
onto the boundary to touch the cutting face of the protein
crystals.

In the present invention, bubbles are jetted from a bubble-
jetting port in the bubble-jetting member of a protein crystal
device, and alternatively bubbles in which protein has been
adsorbed at a boundary are jetted from the protein-adsorb-
ing-bubble-jetting port in the protein-adsorbing-bubble-jet-
ting member, whereby protein crystal can be generated.
Therefore, the device can be made smaller and protein
crystals can be generated with a simple operation.

Protein crystals are generated using bubbles and the
protein is not liable to be modified by heat.

The protein crystal device of the present invention can be
fabricated by attaching the bubble-jetting member or pro-
tein-adsorbing-bubble-jetting member to a general-purpose
medical electric scalpel. Therefore, a protein crystal device
can be fabricated in a simple manner and provided at low
cost by combination with an existing device.

The protein crystal device and method for cutting protein
crystal of the present invention cuts protein crystal using
bubbles and can therefore shape protein crystal for X-ray
structural analysis without the protein undergoing modifi-
cation by heat.

The protein crystal device of the present invention can
furthermore be used as a protein crystal-cutting device, and
can therefore generate protein crystal and shape protein
crystal for X-ray structural analysis using a single device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1(a) is a drawing showing the method for producing
the bubble-jetting member used in the protein crystal device
of the present invention, FIG. 1(b) is a photograph used in
lieu of a drawing and is an enlarged photograph of the
bubble-jetting member fabricated in example 1, and FIG.
1(c) is a photograph used in lieu of a drawing and is the
photograph in FIG. 1(b) further enlarged;

FIG. 2 is a descriptive view of the method for crystallizing
protein using the protein crystal device 10 comprising the
bubble-jetting member 1 of the present invention, FIG. 2(1)
is an example in which the container 12 and the counter
electrode 11 are separately provided, and FIG. 2(2) shows an
example in which the counter electrode 11 has been affixed
to the container 12;

FIG. 3 is a drawing showing the overall configuration of
the protein crystal device 10;

FIGS. 4(a) to 4(d) are drawings showing the method for
producing the protein-adsorbing-bubble-jetting member
used in the protein crystal device of the present invention,
and FIG. 4(e) is a photograph used in licu of a drawing and
is an enlarged photograph of the protein-adsorbing-bubble-
jetting member fabricated in example 2;

FIG. 5 is a photograph used in lieu of a drawing and is a
photograph showing a state in which the counter electrode
11 and the tip portion of the bubble-jetting member 1 of the
protein crystal device 10 have been inserted into the protein
solution 13 in example 4;

FIG. 6(1) is a photograph used in lieu of a drawing and is
a photograph showing a lysozyme crystal in the protein
solution generated in example 4, and FIG. 6(2) is a photo-
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graph used in lieu of a drawing and is a photograph showing
the protein solution of comparative example 1;

FIG. 7(1) is a photograph used in lieu of a drawing and is
a photograph showing a cytochrome C crystal in the protein
solution generated in example 5, FIG. 7(2) is a photograph
used in lieu of a drawing and is the photograph of FIG. 7(1)
further enlarged, and FIG. 7(3) is a photograph used in lieu
of a drawing and is a photograph showing the protein
solution of comparative example 2;

FIG. 8(1) is a photograph used in lieu of a drawing and is
a photograph showing a lysozyme crystal in the protein
solution generated in example 7, FIG. 8(2) is a photograph
used in lieu of a drawing and is a photograph showing the
lysozyme crystals in the protein solution generated in
example 8, and FIG. 8(3) is a photograph used in lieu of a
drawing and is a photograph showing the protein solution of
comparative example 3;

FIG. 9(1) is a photograph used in lieu of a drawing and is
a photograph obtained prior to the bubbles making contact
with the lysozyme crystals in the solution in example 9, and
FIG. 9(2) is a photograph used in lieu of a drawing and is a
photograph obtained after the bubbles made contact with the
lysozyme crystals; and

FIG. 10(1) is a photograph used in lieu of a drawing and
is a photograph showing an NADH-GOGAT crystal in the
protein solution generated in example 10, FIG. 10(2) is a
photograph used in lieu of a drawing and is a photograph
showing an NADH-GOGAT crystals in the protein solution
generated in example 11, and FIG. 10(3) is a photograph
used in lieu of a drawing and is a photograph showing an
NADH-GOGAT crystals in the protein solution generated in
example 12.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The bubble-jetting member and protein-adsorbing-
bubble-jetting member for a protein crystal device, a protein
crystal device and method for crystallizing protein, and a
protein crystal-cutting device and method for cutting protein
crystal of the present invention will be described in detail
with reference to the drawings. The same reference numerals
indicate the same objects in each drawing.

FIG. 1(a) is a drawing showing an example of the method
for fabricating the bubble-jetting member 1 of the present
invention. In the fabrication method shown in FIG. 1(a), (1)
a hollow insulating material 2 is prepared, (2) a core 3
formed of a conductive material is inserted into the hollow
insulating material 2, and (3) heat 4 is applied and the
insulating material is pulled apart, (4) whereupon the
bubble-jetting member 1 can be fabricated. In the present
production method, due to the difference in viscoelasticity
between the insulating material 2 and the core 3, a shell part
6 comprising an extended section 5 in which the insulating
material 2 is further extended from the tip of the core 3 is
formed so as to be in close contact with the external
periphery of the core 3, as shown in FIG. 1(5), and it is
possible to form a bubble-jetting member 1 comprising a
gap 7 formed by the extended section 5 and the tip of the
core 3 and having a bubble-jetting port 8. The core 3 is
endowed with a pointed shape when the bubble-jetting
member 1 is fabricated using the above-described method.
This is preferred in that the extended section 5 of the shell
part becomes tapered and the jetted bubbles are given
directionality.

There are no particular limitations as to the insulating
material 2 provided it is one that insulates electricity; for
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example, there can be cited glass, mica, quartz, silicon
nitride, silicon oxide, ceramics, alumina, and other such
inorganic insulating materials, silicone rubber, ethylene pro-
pylene rubber, and other such rubber materials, ethylene
vinyl acetate copolymer resins, silane-modified olefin resins,
epoxy resins, polyester resins, vinyl chloride resins, acrylic
resins, melamine resins, phenolic resins, polyurethane res-
ins, polystyrene resins, fluororesins, silicone resins, poly-
sulfide resins, polyamide resins, polyimide resins, polyeth-
ylene, polypropylene, cellulose resins, UV-curing resins,
and other such insulating resins.

The conductive material forming the core 3 is not par-
ticularly limited, provided that the material can be used as an
electrode. A metal is preferred, examples of which include
gold, silver, copper, aluminum, and the like, as well as alloys
to which small amounts of tin, magnesium, chromium,
nickel, zirconium, iron, silicon, or the like, have been added.
As described above, the gap 7 is formed by the tip of the core
3 and the extended section 5 in which the insulating material
2 is extended further out from the tip of the core, and
therefore any combination of suitable materials such that the
viscoelasticity of the insulating material 2 is greater than the
viscoelasticity of the core 3 is acceptable. Examples of a
combination of the insulating material 2 and the core 3
include glass and copper, glass and platinum, glass and
aluminum, glass and gold, glass and silver, glass and nickel,
epoxy resin and copper, epoxy resin and platinum, epoxy
resin and aluminum, epoxy resin and gold, epoxy resin and
silver, epoxy resin and nickel, acrylic resin and copper,
acrylic resin and platinum, acrylic resin and aluminum,
acrylic resin and gold, acrylic resin and silver, acrylic resin
and nickel, silicone resin and copper, silicone resin and
platinum, silicone resin and aluminum, silicone resin and
gold, silicone resin and silver, and silicone resin and nickel.

When bubbles are to be jetted using the bubble-jetting
member 1, electricity is outputted, whereupon bubbles are
jetted from the bubble-jetting port 8 as though to be pulled
apart once formed in the gap 7, as later described. Accord-
ingly, there is no need to feed gas from the exterior to the
bubble-jetting member 1. Consequently, the core 3 of the
present invention is formed in a solid state in which the
conductive material has been extended, and a tube or the like
for feeding air to the interior of the core 3 is not formed, as
shown in FIG. 1(b). At least a portion of the shell part 6 is
configured so as to closely adhere to the core 3 near the tip
of the bubble-jetting member 1 due to the difference in
viscoelasticity between the insulating material 2 and core 3.

FIG. 1(c) is a further enlarged photograph of FIG. 1(b).
Bubbles are continuously jetted from the bubble-jetting port
8 when electricity is outputted to the bubble-jetting member
1 of the present invention and the counter electrode 11 (not
shown), and during this time, bubbles having a size approxi-
mate to the inside diameter (which may hereinafter be
notated as “diameter D” or “D”) of the bubble-jetting port 8
are generated in the gap 7, and the bubbles are jetted from
the bubble-jetting port 8 as though to be pulled apart.
Consequently, the depth of the gap 7 (the length from the tip
of the core 3 to the bubble-jetting port 8; which may
hereinafter be notated as “L.”’) must at least be of a size that
allows bubbles to be generated inside the gap 7, L/D
preferably being at least 1. Meanwhile, the upper limit of
L/D is not particularly limited as long as it is of a magnitude
that allows bubbles to be continuously jetted. Since the tip
of the bubble-jetting member is very narrow and readily
damaged, and when consideration is given to convenience in
handling, /D is preferably 1 to 4, more preferably 1 to 3,
and even more preferably 1 to 2, 1 to 2 being particularly
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preferred. L/D can be adjusted by varying the pull-apart
speed and the temperature when heat is applied with con-
sideration given to the relationship between the temperature
and viscosity of the conductive material and the insulating
material used in production.

The size of the bubbles to be jetted can be adjusted by
varying the diameter D of the bubble-jetting port 8. The
diameter D of the bubble-jetting port 8 is not particularly
limited as long as protein crystals can be obtained by jetting
bubbles into the protein solution. 1 to 50 pm is preferred, and
5to 15 um is more preferred. When the diameter is less than
1 um, the possibility of generating protein crystal nuclei is
reduced, and when the diameter is greater than 50 pm,
considerable disturbance is imparted to the protein solution,
which is undesirable in that needle crystals and/or polycrys-
tals are liable to be generated rather than single crystals. The
diameter D of the bubble-jetting port 8 can be adjusted by
varying the pulling-apart speed and the temperature during
heating. For the size of the bubble-jetting port 8 to be within
the above-stated range, the diameter of the core 3 after
pulling-apart should be 1 to 100 um, and the insulating
material 2 should be formed so as to cover the periphery of
the core 3, though this may depend on the pulling-apart
speed and the temperature during heating. In relation to the
size of the insulating material 2 and the core 3 used for
producing the bubble-jetting member 1, a material should be
used which results in a diameter of 1 to 1000 um for the core
3, and an outside diameter of 1 to 50 mm and an inside
diameter of 0.5 to 40 mm for the insulating material 2,
though this may depend on the pulling-apart speed and the
temperature during heating.

The bubble-jetting member production method is not
limited to the aforedescribed example, and production by,
for example, providing the tip of the core 3 with a member
of a photoresist, thermosetting resin, or the like, then pro-
viding about the circumference of the core 3 an insulating
material such as silicon nitride, silicon oxide, or the like by
a sputtering process, and thereafter removing the photore-
sist, thermosetting resin, or the like, would also be accept-
able. Alternatively, the tip of the core 3 may be provided
with a photoresist, thermosetting resin, or the like of tapered
shape, to impart a tapered shape to the shell part subsequent
to sputtering. In the case of producing the bubble-jetting
member by a sputtering process, appropriate adjustments
may be made to the length of the extended section 5
provided to the tip of the core 3, to adjust the aforementioned
L/D.

FIG. 2 is a descriptive view of the method for crystallizing
protein using the protein crystal device 10 comprising the
bubble-jetting member 1 of the present invention. FIG. 2(1)
shows an example of the protein crystal device 10, and
includes the bubble-jetting member 1, the counter electrode
11, and electricity output means (not shown) for outputting
electricity to the counter electrode 11 and the core 3, which
is formed using the conductive material of the bubble-jetting
member 1. When protein crystals are to be generated from
the protein solution using the protein crystal device 10
shown in FIG. 2(1), a protein solution 13 is injected into a
well plate or other container 12 commonly used in the field
of biochemistry, at least the bubble-jetting port 8 of the
bubble-jetting member 1 is immersed in the protein solution
13, the counter electrode 11 is arranged so as to be in contact
with the protein solution 13, and electricity is outputted to
the core 3 and the counter electrode 11.

In the present invention, the boundary of bubbles jetted
from the bubble-jetting port 8 is charged. It is therefore
thought that the charged protein and/or protein solution is
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adsorbed onto the boundary of the bubbles jetted into the
protein solution 13, the protein and/or protein solution
(“protein and/or protein solution” may hereinafter be
described as simply as “protein”) adsorbed onto the bound-
ary of the bubbles is concentrated when the bubbles contract,
and the protein is crystallized. Carboxyl and amino groups
in the protein vary depending on hydrogen-ion concentra-
tion. Consequently, varying the pH allows the protein charge
(plus or minus charge) to be adjusted. Therefore, the pH of
the protein solution can be suitably adjusted in accordance
with the type of protein and can be adjusted so as to make
adsorption to the bubbles possible.

FIG. 2(2) shows another example of the protein crystal
device 10, and includes the bubble-jetting member 1, a well
plate or other container 12 to which the counter electrode 11
is affixed, and electricity output means (not shown) for
outputting electricity to the counter electrode 11 and the core
3. An electrical circuit for connecting the counter electrode
11 and the electricity output means may be provided to the
container 12, and the counter electrode 11 and the electricity
output means may be connected by an electric wire or the
like during use. When protein crystals are to be generated
from the protein solution using the protein crystal device 10
shown in FIG. 2(2), the protein solution 13 is injected into
the container 12, at least the bubble-jetting port 8 of the
bubble-jetting member 1 is immersed in the protein solution
13, and electricity is outputted to the core 3 and the counter
electrode 11.

The counter electrode 11 is not particularly limited as long
as electricity can be conducted therethrough, it being pos-
sible to fabricate the counter electrode 11 using the same
conductive material as the core 3. In the case of the example
shown in FIG. 2(2), the fabricated counter electrode 11 may
be welded, bonded, or otherwise provided to the container
12, and may also be sputtered or otherwise deposited onto
the container. When an electric circuit is to be provided, the
electric circuit may be affixed to the container, or may be
sputtered or otherwise deposited on the surface of the
container 12 at the same time as the counter electrode 11. In
the case of either protein crystal device of FIG. 2(1) or FIG.
2(2), the counter electrode 11 should be in contact with the
protein solution when the protein solution 13 is added to the
container. A single well is provided to the container 12
shown in FIG. 2, but a plurality of wells may be provided to
a single container 12.

FIG. 3 is a drawing showing the overall configuration of
the protein crystal device 10. The electricity output means
comprises at least an ordinary commercial AC power supply
unit 20, and an electric wire 21 for forming a circuit with the
counter electrode 11 and the core 3 (active electrode) of the
bubble-jetting member 1, and may be provided with a
non-inductive resistance 22, a voltage amplification circuit
23, and a digital input/output (DIO) port or the like (not
shown) as required. The electricity output means may incor-
porate the non-inductive resistance 22 and/or the DIO port
or the like in an electric circuit for a conventional medical
electric scalpel, and can be formed in a simple manner by
being set in an output configuration for very small applica-
tions.

The electric current, voltage, and frequency of the elec-
tricity to be outputted to the core 3 and counter electrode 11
are not particularly limited as long as it is in a range that
allows protein crystals to be generated and does not damage
the bubble-jetting member 1. For example, the electric
current is preferably 10 to 80 mA, and more preferably 25
to 75 mA. Bubbles may not be adequately generated when
the electric current is less than 10 mA, and the electrode
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becomes worn when the electric current is greater than 80
mA, both of which cases being undesirable. The voltage is
preferably 100 to 800 V, and more preferably 200 to 600 V.
When the voltage is less than 100V, it is difficult to generate
bubbles, and when the voltage is greater than 800 V, the core
3 is liable to become worn and the bubble-jetting member 1
to become damaged, such being undesirable. The frequency
is preferably 1 kHz to 1 GHz, more preferably 5 kHz to 1
MHz, and particularly preferred is 10 to 60 kHz. When the
frequency is less than 1 kHz, the protein solution is sub-
jected to appreciable shock and the bubble-jetting member 1
is liable to be damaged, and when the frequency is greater
than 1 GHz, bubbles are unlikely to be generated, neither of
which cases is desirable.

The solution for dissolving the protein is not particularly
limited as long as electricity can be conducted therethrough
and the protein does not become modified, it being possible
to use a solution obtained by dissolving sodium acetate in
water, or another known solution for dissolving protein. A
precipitant for accelerating precipitation of the protein dis-
solved in the solution may be added as required within a
range that does not affect the generation of crystals. The
precipitant may be a water-soluble polymer, a crystallization
agent, a buffer solution, or other known precipitant.
Examples of the water-soluble polymer include PEG and
glycerol. Examples of the crystallizing agent include sodium
chloride or other metal salt, and ammonium sulfate or other
ammonium salt. Examples of the buffer solution include
acetic acid, phosphoric acid, and Tris. These precipitants
may be used alone or in combination. The concentration of
the dissolved protein may be a per-saturated state or an
unsaturated state, and may be suitably adjusted as required.
As described above, in the present invention, it is thought
that protein is adsorbed onto the boundary of the bubbles,
the protein adsorbed onto the boundary of the bubbles
becomes concentrated when the bubbles contract, and the
protein crystallizes. Therefore, adjusting the charge so that
a considerable amount of protein adsorbs onto the boundary
of the bubbles facilitates generation of protein crystals.
Consequently, the protein solution is preferably supersatu-
rated, though this is not an essential condition; the protein
solution may be in an unsaturated state.

Jetting bubbles into the protein solution 13 using the
protein crystal device 10 of the present invention allows
protein crystals to be generated, and it is possible to grow the
crystals by placing the container 12 including the generated
crystals in a protein crystal growth device containing a
reservoir solution having greater concentration than the
protein solution in order to grow the generated crystals. The
protein crystal growth device containing a reservoir solution
may be a hanging-drop device, a sitting-drop device, or
other known protein crystal growth device.

FIGS. 4(a) to 4(d) are drawings showing an outline of the
procedure for fabricating a protein-adsorbing-bubble-jetting
member 30 for the protein crystal device of the present
invention. In the present invention, the term “protein-ad-
sorbing bubbles” refers to bubbles to which protein and/or
protein solution has been adsorbed onto the boundary. The
protein-adsorbing-bubble-jetting member 30 of the present
invention can be fabricated by producing the bubble-jetting
member 1 using the same procedure as (1) to (4) in FIG. 1(a)
(corresponding to (a) to (b) of FIG. 4), then fitting a coaxial
positioning washer 31 fabricated by soft lithography/3D
optical shaping or the like using a polymer film, rubber
washer, or polydimethyl siloxane (PDMS) onto the bubble-
jetting member 1, and fitting an outside shell part 32 onto the
coaxial positioning washer 31, the outside shell part having
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an axis concentric to the center axis of the shell part 6,
having a diameter greater than that of the shell part 6, and
being fabricated by pulling apart a glass tube, plastic tube,
or the like using heat, whereby the protein-adsorbing-
bubble-jetting member 30 is fabricated having a space 36
between the outside shell part 32 and the shell part 6 of FIG.
4(d) and into which the protein solution 13 can be inserted.
The washer 31 preferably includes a hole 33 to allow a pump
(not shown) to feed the protein solution 13. The outside shell
part 32 may be fabricated by pulling apart a glass tube or
plastic tube as described above, and fitted directly onto the
washer 31; or, as shown in 4(c), the outside shell part may
be fabricated by adhesive bonding of a guide 35 fabricated
from plastic or the like (e.g., an Eppendorf tube (an Ibis®
pipette tip) IN12403Y) around pulled-apart glass 34 or the
like, and the guide 35 portion then fitted onto the washer 31.
The outside shell part 32 may be provided with multiple
layers, so that protein solutions of different types can be
introduced between the layers. Additionally, although not
shown in the drawings, in the above-described FIG. 4(¢), the
counter electrode 11 may be arranged on the outside face of
the shell part 6 or the inside face of the outside shell part 32.
The material for forming the outside shell part 32 can be the
same as that of the shell part 6.

The size of the protein-adsorbing bubbles to be jetted can
be adjusted by varying the diameter D of the bubble-jetting
port 8 and the inside diameter of a protein-adsorbing-
bubble-jetting port 37. The diameter D of the bubble-jetting
port 8 is preferably 1 to 50 pm, more preferably 5 to 15 um,
but is not particularly limited as long as protein is adsorbed
onto the boundary of the bubbles by the bubbles being jetted
into the protein solution introduced into the space 36. On the
other hand, the inside diameter of the protein-adsorbing-
bubble-jetting port 37 is preferably 1 to 800 pum, and more
preferably 30 to 200 pum, 50 to 150 pm being particularly
preferred. Feeding solution is difficult when the inside
diameter of the protein-adsorbing-bubble-jetting port 37 is
less than 1 pm. On the other hand, the protein sample is a
very small amount, and about several microliters will there-
fore be the amount when the protein solution is added to the
container 12. Accordingly, when the inside diameter of the
protein-adsorbing-bubble-jetting port 37 is greater than 800
um, a portion of the protein-adsorbing-bubble-jetting port 37
is liable to be outside of the protein solution 13 placed in a
well, which is undesirable because the operation becomes
laborious. The inside diameter of the protein-adsorbing-
bubble-jetting port 37 can be adjusted by varying the tem-
perature and the pulling-apart speed during heating.

In the case of a protein crystal device in which the
protein-adsorbing-bubble-jetting member 30 is used, the
counter electrode 11 can be provided separately from the
protein-adsorbing-bubble-jetting member 30 as shown in
FIG. 2, but the counter electrode 11 may also be provided to
the protein-adsorbing-bubble-jetting member 30. When the
counter electrode 11 is provided to the protein-adsorbing-
bubble-jetting member 30, the counter electrode 11 may
form a circuit with the core 3. Therefore, the space 36
formed by the shell part 6 and the outside shell part 32, or
the space 36 formed by the tip of the bubble-jetting member
1 and the outside shell part 32 is not particularly limited as
long as there is a location for contact with the introduced
protein solution 13, as shown in FIG. 4(e).

When protein crystals are to be generated using a protein
crystal device in which the protein-adsorbing-bubble-jetting
member 30 shown in FIG. 4(e) is used, the tip of the
protein-adsorbing-bubble-jetting member 30 is immersed in
the protein solution 13 to introduce the protein solution to
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the space 36 by capillary action; alternatively, the protein
solution 13 is introduced in advance to the space 36 by a
pump or the like from the side opposite from the tip of the
protein-adsorbing-bubble-jetting member 30. Next, at least
the protein-adsorbing-bubble-jetting port 37 of the protein-
adsorbing-bubble-jetting member 30 is immersed in the
protein solution, buffer solution, or precipitant-containing
solution, and when the counter electrode 11 is separately
provided, it is brought into contact with the protein solution,
buffer solution, or precipitant-containing solution, as shown
in FIG. 2. Electricity is outputted to the counter electrode 11
and the core 3 of the protein-adsorbing-bubble-jetting mem-
ber 30, whereby, first, bubbles are jetted from the bubble-
jetting port 8, next, protein is adsorbed onto the boundary of
the jetted bubbles, and protein-adsorbing bubbles can be
jetted from the protein-adsorbing-bubble-jetting port 37.
When the protein-adsorbing-bubble-jetting member 30 is
used, the solution to be placed in the container 12 may be a
protein solution, buffer solution, or precipitant-containing
solution. When the concentration of the protein solution 13
introduced to the space 36 is high and the amount of protein
is sufficient to generate crystals, the protein-adsorbing
bubbles may be jetted into the protein solution, buffer
solution, or precipitant-containing solution. On the other
hand, when the concentration of the protein solution 13
introduced to the space 36 is low and the amount of protein
adsorbed onto the bubbles is low, the protein-adsorbing
bubbles can be jetted into the protein solution, and the
solution to be injected into the container 12 can be suitably
adjusted in accordance with the concentration of the protein
solution 13 introduced to the space 36.

The protein solution 13 placed in the container 12 may
include a precipitant as described above, but when the
concentration of the precipitant is increased, the viscosity of
the protein solution 13 increases. Accordingly, when the
bubble-jetting member 1 is used, the jetted bubbles are less
likely to migrate in the protein solution 13, and as a result,
protein crystals may be generated with greater difficulty. On
the other hand, when a protein-adsorbing-bubble-jetting
member 30 is to be used, reducing the concentration of
precipitant contained in the protein solution 13 to be intro-
duced to the space 36 and jetting the protein-adsorbing
bubbles in which protein has been sufficiently adsorbed onto
the boundary of the bubbles into the protein solution makes
it possible to reduce the concentration of precipitant and the
amount of protein injected into the container 12. Therefore,
a protein crystal device that uses the protein-adsorbing-
bubble-jetting member 30 is preferably used when crystals
are to be generated for a type of protein that requires a
relatively high amount of precipitant for crystal generation.

The protein crystal device of the present invention can
also be used as a protein crystal-cutting device without
changing the configuration. When a protein crystal is to be
cut using the protein-cutting device, electricity can be fed
and protein crystals can be added to a solution in which
protein is not modified, e.g., the solution for dissolving
protein as described above, a buffer solution, or the like.
When electricity is outputted to energize the core 3 and the
counter electrode 11, bubbles can be continuously jetted at
a high rate of several hundred to several thousand cells per
second from the bubble-jetting port 8, and bringing the jetted
bubbles into direct contact with the protein crystals allows
the protein crystals to be cut. The electrical output of the
protein crystal-cutting device can be the same as the elec-
trical output of the protein crystal device including the
bubble-jetting member 1. The present method makes it
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possible to cut the corners of protein crystals or perform
other processing, which was conventionally difficult to do.
The protein crystal device in which the protein-adsorbing-
bubble-jetting member is used may also be used as a protein
crystal-cutting device. In such a case, in lieu of the protein
solution, it is possible to introduce a buffer solution or other
solution that can conduct electricity into the space of the
protein-adsorbing-bubble-jetting member, use the protein-
adsorbing-bubble-jetting member as a member for jetting
bubbles in which the solution has been adsorbed onto the
boundary, and bring the jetted bubbles in which the solution
has been adsorbed onto the boundary into contact with
protein crystals, and then cut the protein crystals.
Examples are provided below to describe the present
invention in detail. However, these examples are merely for
description of the present invention and are provided for
reference for specific modes. These examples are for
describing specific detailed modes of the present invention,
and do not limit the range of the invention disclosed in the
present application, and further do not represent limitations.

EXAMPLES
Example 1

Fabrication of a Bubble-Jetting Member for a
Protein Crystal Device or a Protein Crystal-Cutting
Device

The bubble-jetting member 1 was fabricated by inserting
a copper wire having a diameter of 30 um into a hollow glass
tube (made by Drummond Corp., outside diameter 1.37 mm,
inside diameter 0.93 mm), and heating and pulling the glass
tube apart using a glass puller (P-1000IVF made by Sutter).
FIG. 1(b) is a photograph of the tip portion of the bubble-
jetting member 1 fabricated in example 1, FIG. 1(c) is the
photograph in FIG. 1(5) further enlarged, and the diameter
D of the bubble-jetting port 8 is about 10 pum.

Example 2

Fabrication of a Protein-Adsorbing-Bubble-Jetting
Member for a Protein Crystal Device

The outside shell part 32 was fabricated by heating and
pulling apart a hollow glass tube (made by Drummond
Corp., outside diameter 33 mm, inside diameter 1.63 mm)
one size greater than the hollow glass tube used to fabricate
the bubble-jetting member 1 using a glass puller (P-1000IVF
made by Sutter). Next, a washer fabricated by layering
polymer film was fitted onto the bubble-jetting member 1
fabricated using the same procedure as example 1, and the
fabricated outside shell part 32 was inserted onto the exterior
of the washer to fabricate the protein-adsorbing bubble-
jetting member 30. FIG. 4(e) is a photograph of the tip
portion of the protein-adsorbing-bubble-jetting member 30
fabricated in example 2, and the inside diameter of the
protein-adsorbing-bubble-jetting port 37 was about 100 um.

Fabrication of a Protein Crystal Device
Example 3
The bubble-jetting member 1 fabricated in example 1 was

incorporated in lieu of the scalpel in a medical electric
scalpel (Hyfrecator 2000 made by ConMed Inc.), and a
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non-inductive resistance and DIO port were incorporated in
the electricity output means to fabricate the protein crystal
device 10.

Protein (Lysozyme) Crystallization
Example 4

A protein-dissolving solution was fabricated by mixing 30
ul of a 5 M NaCl solution, 46.8 uL. of 80% glycerol solution
(made by Wako Pure Chemical Industries), 65.7 uL. of pure
water, and 7.55 pL. of 1 M acetate buffer (pH 5.5). Next, 1
uL of a 70-mg/mL lysozyme solution (made by Wako Pure
Chemical Industries) was mixed with 1 pl. of the above-
described protein-dissolving solution to fabricate 2 ul. of the
protein solution 13.

Next, the protein solution 13 was placed in a well, and a
counter electrode 11 made of tungsten and the tip of the
bubble-jetting member 1 of the protein crystal device 10
fabricated in example 3 were inserted into the protein
solution 13 as shown in FIG. 5. Electricity was outputted to
the core 3 and counter electrode 11 with a current of 27.7
mA, a voltage of 309 V, an output frequency of 32.5 kHz, a
sampling frequency for impedance matching of 450 kHz,
and feedback at 3.5 kHz. The electricity was outputted 10
times and bubbles were jetted into the protein solution 13.
After electricity was outputted, the upper surface of the well
was covered with a film, and protein crystal generation was
observed. FIG. 6(1) is a photograph of the protein solution
13 after elapse of 22 hours and 50 minutes. Lysozyme
crystals were confirmed to have been generated in the
protein solution 13 as clearly shown in the photograph.

Comparative Example 1

Other than excluding output of electricity, generation of
protein crystals was observed using the same procedure as in
example 4. FIG. 6(2) is a photograph of the protein solution
13 after 22 hours and 50 minutes had elapsed. It is apparent
from the photograph that generation of lysozyme crystals
was not confirmed in comparative example 1.

Generating Protein (Cytochrome C) Crystals
Example 5

A protein-dissolving solution (pH 5.7) was fabricated by
mixing 6 pul. of a 4.0 M ammonium sulfate solution and 4 pl.
of'a 2.5 M sodium nitrate solution. A 2 ul. protein solution
13 was fabricated by mixing 1 pulL of a 1-wt % cytochrome
C solution (made by Sigma-Aldrich Co.) derived from
bovine cardiac muscle with 1 pl, of the above-noted protein-
dissolving solution.

Next, protein solution 13 was placed in a well, and
generation of protein crystals was observed using the same
procedure as in example 4. FIG. 7(1) is a photograph of the
protein solution 13 after 12 hours had elapsed, and FIG. 7(2)
is an enlarged photograph of the circled portion of FIG. 7(1).
It is apparent from the photograph that generation of
cytochrome C crystals in the protein solution 13 was con-
firmed.

Comparative Example 2
Other than excluding output of electricity, generation of

protein crystals was observed using the same procedure as in
example 5. FIG. 7(3) is a photograph of the protein solution
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13 after 12 hours had elapsed. It is apparent from the
photograph that generation of cytochrome C crystals was not
confirmed in comparative example 2.

Example 6

Fabrication of a Protein Crystal Device

A protein crystal device 10 was fabricated with the same
configuration as that in example 3, except that the protein-
adsorbing-bubble-jetting member 30 fabricated in example
2 was used in lieu of the bubble-jetting member 1 of the
protein crystal device in example 3.

Generating Protein (Lysozyme) Crystals Using the
Protein Crystal Device 10 Fabricated in Examples
3 and 6

Example 7

A protein-dissolving solution was fabricated by mixing
100 pL. of a 5 M NaCl solution, 156.2 ulL. of 80% glycerol
solution (made by Wako Pure Chemical Industries), 218.8
uL of pure water, and 25 pl. of 1 M sodium acetate buffer
(pH 4.5). Next, 1 ul. of an 80-mg/ml. lysozyme solution
(made by Wako Pure Chemical Industries) was mixed with
1 pL of the above-described protein-dissolving solution to
fabricate 2 plL of the protein solution 13.

Next, the protein solution 13 was placed in a well, and
bubbles were jetted into the protein solution 13 using the
same electrical output and procedure as in example 4 using
the protein crystal device 10 fabricated in example 3. After
electricity was outputted, the well was placed in a hanging-
drop device with the protein-dissolving solution being used
as a reservoir solution, and crystals were allowed to grow.
FIG. 8(1) is a photograph of the protein solution 13 after 20
hours had elapsed. It is apparent from the photograph that
generation of lysozyme crystals in the protein solution was
confirmed.

Example 8

The growth of protein crystals was observed using the
same electrical output and procedures as in example 7,
except that the protein solution 13 was introduced into the
space 36 using a peristaltic pump (Ring Pump RP-Q1.5S-
PO1A made by Aquatech) from the side opposite from the
protein-adsorbing-bubble-jetting port 37 of the protein-ad-
sorbing-bubble-jetting member 30 prior to outputting elec-
tricity using the protein crystal device 10 fabricated in
example 6 in lieu of the protein crystal device 10 fabricated
in example 3. FIG. 8(2) is a photograph of the protein
solution 13 after 20 hours had elapsed. It is apparent from
the photograph that more lysozyme crystals were generated
than in example 7.

Comparative Example 3

Other than excluding output of electricity, generation of
protein crystals was observed using the same procedure as in
example 7. FIG. 8(3) is a photograph of the protein solution
13 after 20 hours had elapsed. It is apparent from the
photograph that generation of lysozyme crystals was not
confirmed in comparative example 3.
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Cutting Protein Crystals
Example 9

The protein crystal device fabricated in example 3 was
used as a protein crystal-cutting device and an experiment
was carried out for cutting protein crystals.

First, a protein-dissolving solution was fabricated by
mixing 30 pl. of a 5 M NaCl solution, 46.8 ul. of 80%
glycerol solution (made by Wako Pure Chemical Industries),
65.7 ulL of pure water, and 7.55 pulL of 1 M acetate buffer (pH
4.0). Next, 1 uL. of a 100-mg/mL lysozyme solution (made
by Wako Pure Chemical Industries) was mixed with 1 pulL of
the above-described protein-dissolving solution to fabricate
2 uLL of the protein solution 13. Bubbles were jetted in the
protein solution 13 using the same electrical output and
procedure as in example 4 and then left standing for 18 hours
to prepare protein solution containing lysozyme crystals.

Next, the bubble-jetting port 8 of the bubble-jetting mem-
ber 1 of the protein crystal-cutting device was arranged in a
position in which the jetted bubbles were touching the
cutting face of the lysozyme crystals, electricity was out-
putted with an electric current of 27.7 mA, a voltage of 309
V, an output frequency of 32.5 kHz, a sampling frequency of
450 kHz for impedance matching, and feedback at 3.5 kHz,
and bubbles were brought into contact with the lysozyme
crystals. FIG. 9(1) is a photograph obtained prior to the
bubbles making contact with the lysozyme crystals, and
FIG. 9(2) is a photograph obtained after the bubbles made
contact with the lysozyme crystals. It is apparent from FIGS.
9(1) and (2) that protein crystals were successfully cut by
bringing bubbles into contact with protein crystals.

Generating Protein (NADH-GOGAT) Crystals
Using the Protein Crystal Device 10 Fabricated in
Example 3

Example 10

Next, NADH-dependent glutamate synthase (NADH-
GOGAT), which is a protein that is difficult to crystallize,
was crystallized. Ordinarily, about 25% PEG6000 precipi-
tant must be added to obtain NADH-GOGAT crystals, but a
precipitant is an impurity and only needle crystals unsuitable
for structural analysis can be obtained.

A protein-dissolving solution was fabricated by mixing
pure water with NaCl to a concentration of 100 mM,
2-oxoglutaric acid (2-OG, made by Wako Pure Chemical
Industries) to a concentration of 4 mM, azaserine (made by
Sigma-Aldrich) to a concentration of 4 mM, Tris-HCI to a
concentration of 100 mM (pH 7.5), glycerol (made by Wako
Pure Chemical Industries) to a concentration of 12 v/v %,
and PEG6000 (made by Hampton Research) to a concen-
tration of 20 w/v %. Next, 1 uL. of a 80-mg/ml. NADH-
GOGAT solution (obtained by cloning cyanobacterium Lep-
tolyngbya borynana genes. The cloning procedure is found
in Okuhara, H., Matsumura, T., Fyjita, Y., and Hase, T.,
1999, Plant Physiol. 120, 33-42.) and 1 pL of the above-
described protein-dissolving solution were mixed together
to fabricate 2 ul. of the protein solution 13. The ultimate
concentration of PEG6000 in the protein solution was 10
wiv %.

Next, the protein solution 13 was placed in a well, and
bubbles were jetted in the protein solution 13 with the same
electrical output and procedure as in example 4 using the
protein crystal device 10 fabricated in example 3. After
electricity was outputted, the well was placed in a hanging-
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drop device with a reservoir solution, and crystals were
allowed to grow. The reservoir solution was obtained by
mixing pure water with Tris-HCI to a concentration of 85
mM (pH 8.5), sodium acetate trihydrate (made by Hampton
Research) to a concentration of 0.17 mM, PEG6000 (made
by Hampton Research) to a concentration of 14 w/v %, and
glycerol (made by Wako Pure Chemical Industries) to a
concentration of 10.5 v/v %. FIG. 10(1) is a photograph of
the protein solution 13 after two weeks had elapsed.

Example 11

Crystals were grown using the same procedure as in
example 10, except that the concentration of PEG6000 in the
protein-dissolving solution was set to 16 w/v % and the
concentration of glycerol was set to 10.5 v/v % to thereby
obtain an ultimate concentration of PEG6000 in the protein
solution of 8 w/v %, the concentration of PEG6000 in the
reservoir solution was 8 w/v %, and the glycerol concen-
tration was 5.25 v/v %. FIG. 10(2) is a photograph of the
protein solution 13 after two weeks had elapsed.

Example 12

Crystals were grown using the same procedure as in
example 10, except that the concentration of PEG6000 in the
protein-dissolving solution was set to 12 w/v % and the
concentration of glycerol was set to 9.0 v/v % to thereby
obtain an ultimate concentration of PEG6000 in the protein
solution of 6 w/v %, the concentration of PEG6000 in the
reservoir solution was 6 w/v %, and the glycerol concen-
tration was 4.5 v/v %. FIG. 10(3) is a photograph of the
protein solution 13 after two weeks had elapsed.

It is apparent from the photographs in FIGS. 10(1) to (3)
that protein crystals were successfully obtained by jetting
bubbles into a protein solution, even when the concentration
of the PEG6000 precipitant in the protein solution was 10
w/v. % or less. Single NADH-GOGAT crystals were
obtained when the PEG concentration in the protein solution
was reduced to 6 w/v %, as shown in FIG. 10(3). Using the
protein crystal device of the present invention makes it not
only possible to obtain crystals even with a reduced con-
centration of PEG6000 precipitant, but adjusting the con-
centration of PEG6000 also makes it possible to differentiate
and fabricate needle crystals and single crystals. Further-
more, since single crystals can be fabricated, there is expec-
tation for structural analysis of NADH-GOGAT.

INDUSTRIAL APPLICABILITY

Incorporating the bubble-jetting member and protein-
adsorbing-bubble-jetting member for a protein crystal
device according to the present invention into a conventional
general-purpose medical electric scalpel or the like makes it
possible to fabricate a protein crystal device in a simple
manner. The protein crystal device of the present invention
is not liable to modify protein with heat because protein
crystals are generated using bubbles. The protein crystal
device of the present invention can furthermore be used as
a protein crystal-cutting device, and can therefore generate
protein crystals and shape protein for X-ray structural analy-
sis using a single device. Therefore, the present invention
can be used in the analysis of protein crystal structure in
medical facilities, universities, industry, and other research
facilities.
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3 Core (conductive material)

5 Extended section

6 Shell part

7 Gap

8 Bubble-jetting port

10 Protein crystal device

11 Counter electrode

12 Container

13 Protein solution

20 Ordinary commercial AC power supply unit

21 Electric wire

22 Non-inductive resistance

23 Voltage amplification circuit

30 Protein-adsorbing-bubble-jetting member

31 Coaxial positioning washer

32 Outside shell part

33 Hole

34 Glass

35 Guide

36 Space

37 Protein-adsorbing-bubble-jetting port

What is claimed is:

1. A method for crystallizing protein using a protein
crystal device,

the protein crystal device comprising:

a bubble-jetting member, a counter electrode, and an

electricity output means,

the bubble-jetting member comprising:

a core formed of a conductive material;

a shell part formed of an insulating material, the shell
part including an extended section extending from a
tip of the core, and at least a portion closely adhering
to the core to cover the core; and

a gap having a bubble-jetting port, the gap being
formed between the extended section and the tip of
the core; and

the method for crystallizing protein comprising:

a step for immersing at least the bubble-jetting port of the

bubble-jetting member of the protein crystal device in

a protein solution and allowing the counter electrode to

make contact with the protein solution; and

a step for outputting electricity to a pair of electrodes

composed of the core of the bubble-jetting member and

the counter electrode, and causing bubbles to be jetted
from the bubble-jetting port into the protein solution;

wherein the method for crystallizing protein is done in
vitro.

2. The method for crystallizing protein using the protein
crystal device of claim 1, wherein the protein solution
comprises a precipitant.

3. The method for crystallizing protein using the protein
crystal device of claim 2, wherein the precipitant is selected
from PEG and Tris.

4. A method for crystallizing protein using a protein
crystal device,

the protein crystal device comprising:

a protein-adsorbing-bubble-jetting member, a counter

electrode, and an electricity output means,

the protein-adsorbing-bubble-jetting member comprising:

a core formed of a conductive material;

a shell part formed of an insulating material, the shell
part including an extended section extending from a
tip of the core, and at least a portion closely adhering
to the core to cover the core;

a gap having a bubble-jetting port, the gap being
formed between the extended section and the tip of
the core; and
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an outside shell part on the outside of the shell part;
wherein

the outside shell part has an axis coaxial with the center
axis of the shell part,

the outside shell part is formed at a position away from
the shell part so that a space is left therebetween, and

the outside shell part has a protein-adsorbing-bubble-
jetting port,

the method for crystallizing protein comprising:

a step for introducing a protein solution into the space
between the outside shell part and the shell part of the
protein-adsorbing-bubble-jetting member of the pro-
tein crystal device and/or the space formed by the
outside shell part and a tip of the extended section of
the shell part;

a step for immersing at least the protein-adsorbing-
bubble-jetting port of the protein-adsorbing-bubble-
jetting member in a protein solution, buffer solution, or

20

precipitant-containing solution, and forming a state in
which the core of the protein-adsorbing-bubble-jetting
member and the counter electrode can be energized;
and

a step for outputting electricity to a pair of electrodes

constituted by the counter electrode and the core of the
protein-adsorbing-bubble-jetting member, and jetting
bubbles, in which protein and/or a protein solution has
been adsorbed onto the boundary, from the protein-
adsorbing-bubble-jetting port into the protein solution,
buffer solution, or precipitant-containing solution.

5. The method for crystallizing protein using the protein
crystal device of claim 4, wherein the protein solution is
introduced into the space by a liquid feed pump, or intro-
duced by capillary action through immersion of the protein-
adsorbing-bubble-jetting port into the protein solution.
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