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ABSTRACT
The present invention provides a technique for crystallizing a
desired protein at a high probability; namely, a protein crystallizing agent and a method of crystallizing protein. The
present invention also provides a technique for determining
the conditions for protein crystallization easily with high
efficiency; namely, a method of screening the conditions for
protein crystallization and a protein crystallization screening
reagent. As the protein crystallizing agent, at least one compound selected from the group consisting of a basic amino
acid, acidic amino acid, ester derivative of amino acid and
amide derivative of amino acid is used, or at least one of these
compounds is used in combination with another protein crystallizing agent.
10 Claims, 8 Drawing Sheets
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PROTEIN CRYSTALLIZING AGENT AND
METHOD OF CRYSTALLIZING PROTEIN
THEREWITH
This application is a US National Stage of International
Application No. PCT/7P2007/068192 filed Sep. 19, 2007.
TECHNICAL FIELD
The present invention relates to a protein crystallization
accelerator and a protein crystallizing agent, which can be
used to obtain protein crystals from a protein-containing solution by accelerating precipitation of protein crystals. The
present invention further relates to a method for precipitating
protein crystals from a protein-containing solution. The
present invention also relates to a method for screening conditions of protein crystallization from a protein-containing
solution, and to a reagent for use therefor.
BACKGROUND ART

2
elaboration of conditions). Therefore, according to the above
process, it can be said that success of crystallization of a target
protein relies on whether crystallization conditions can be
found during the initial screening. Further, in order to crys5 tallize a target protein, the target protein must have high
purity suitable for crystallization.
The above-mentioned commercially available reagent kits
for screening crystallization conditions are useful because it
can be easily utilized. However, the reagent kits do not always
10 obtain crystals in high probability; therefore, the development of a screening reagent that can precipitate protein crystals in higher probability is anticipated. There is also a
demand for a reagent that makes the crystallization of proteins with low purity possible.
15 Patent Document 1: WO 2004/018744
Non-Patent Document 1: Journal of the Japanese Association
of Crystal Growth, Vol. 29, No. 5, 2002
Non-Patent Document 2: Journal of the Japanese Association
of Crystal Growth, Vol. 29, No. 3, 2002
20

DISCLOSURE OF THE INVENTION
In present post-genome research, attempts have been made
to discover drugs based on protein's three-dimensional structure; therefore, there is an urgent need for protein structure
analysis. An optimal technique for protein structure analysis
is crystal structure analysis. However, protein crystallization,
an essential step of crystal structure analysis, is currently very
difficult because the success rate is low, a considerable
amount of time is required, etc. For this reason, protein crystallization is a hindrance in the three-dimensional structure
analysis of proteins, and for drug discoveries utilizing them.
Generally, in order to precipitate a protein crystal from a
protein-containing solution, the degree of supersaturation
must be made high by means of either a solvent vaporization,
a temperature change, or a precipitant. When the degree of
supersaturation is low, nucleation may not occur, nucleation
and crystal growth may be delayed, etc. Conversely, when the
degree of supersaturation is too high, crystals are abruptly
precipitated and undergo rapid growth, causing quality
defects in the obtained crystals; further, an amorphous precipitate separated from the solution is likely to be produced.
Usually, the crystallization conditions are determined as a
result of trial and error by actually making several to a great
number of attempts at crystallization; however, this requires a
great deal of labor and time, and is thus inefficient.
In order to solve the above problems, a method for producing crystals within a short period of time by irradiating a
protein-containing solution with a short-pulse laser so as to
force the nuclei of crystals to generate, then stirring the solution, has been developed (see Non-Patent Document 1, Patent
Document 1, etc.). Additionally, as a method suitable for
growing high-quality large-sized protein crystals, a method
comprising growing a crystal on the interfaces of two liquids
upon decrease of the temperature has been proposed (see
Non-Patent Document 2, etc.).
On the other hand, reagent kits for screening protein crystallization conditions, which utilize the crystallization-accelerating properties of certain precipitants and buffers (for
example, products from Hampton Research Corp., Emerald
BioStructures, Inc., Jena Bioscience GmbH, Molecular
Dimensions Ltd., etc.), are commercially available. There is
no clear theory about protein crystallization. A technique
generally utilized therefor is to first find crystallization conditions by carrying out a screening under a wide range of
conditions (an initial screening or a random screening), and
subsequently narrowing the obtained crystallization conditions down to the optimal crystallization conditions (the
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An object of the present invention, which is accomplished
in view of the above circumstances, is to provide a technique
for crystallizing a target protein in high probability (a protein
crystallization accelerator, a protein crystallizing agent, and a
method for crystallizing protein). It is a further object of the
present invention to provide a technique for readily and effectively finding and determining protein crystallization conditions (a method for screening protein crystallization conditions and a protein crystallization screening reagent).
Means for Solving the Problems
The present inventor carried out intensive research to
achieve the above object, and found that the addition of a
small molecule such as specific amino acids, ester derivatives
of amino acids, amide derivatives of amino acids, and the like
to a protein-containing solution accelerates precipitation of
protein crystals; and that a protein is thereby crystallized in
high probability. Further, the inventor confirmed that the
above small molecules function as a protein crystallization
accelerator, and that the low molecule compounds can be
effectively used, as a protein crystallizing agent, singly or in
combination with a well-known protein crystallizing agent,
such as precipitants, pH buffers, etc. Additionally, the inventor found that the addition of the above low molecule compounds to a protein-containing solution enables precipitation
of crystals, even under conditions in which the precipitation
of protein crystals would not occur, and even with proteins
with a slightly low purity. Thereby, the inventor confirmed
that the small molecules can also be effectively used as a
screening reagent for evaluating protein crystallization conditions.
The present invention is completed based on the above
findings, and encompasses the following aspects.
(I) Protein Crystallization Accelerator
(I-1) A protein crystallization accelerator comprising, as an
active ingredient, at least one compound selected from the
group consisting of basic amino acids, acidic amino acids,
ester derivatives of amino acids, amide derivatives of amino
acids, and salts and solvates thereof.
(I-2) The protein crystallization accelerator according to
(I-1), wherein the basic amino acids are arginine, lysine and
ornithine; the acidic amino acids are aspartic acid and
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glutamic acid; the ester derivatives of amino acids are glycine
ethyl ester, lysine ethyl ester, and serine ethyl ester; and the
amide derivatives of amino acids are glycinamide, serinamide, threonine amide, argininamide, and prolinamide.
(II) Protein Crystallizing Agent
(1I-1) A protein crystallizing agent consisting of at least
one compound selected from the group consisting of basic
amino acids, acidic amino acids, ester derivatives of amino
acids, amide derivatives of amino acids, and salts and solvates
thereof; or a protein crystallizing agent comprising at least
one compound selected from the above group.
(1I-2) The protein crystallizing agent according to (II-1),
wherein the basic amino acids are arginine, lysine and ornithine; the acidic amino acids are aspartic acid and glutamic
acid; the ester derivatives of amino acids are glycine ethyl
ester, lysine ethyl ester, and serine ethyl ester; and the amide
derivatives of amino acids are glycinamide, serinamide,
threonine amide, argininamide, and prolinamide.
(1I-3) The protein crystallizing agent according to (II-1),
which comprises at least one compound selected from the
group consisting of arginine, lysine, ornithine, glycine ethyl
ester, serine ethyl ester, lysine ethyl ester, glycinamide, serinamide, threonine amide, argininamide, and prolinamide.
(1I-4) The protein crystallizing agent according to (1I-1) or
(II-2), which essentially consists of a combination of at least
one compound selected from the group consisting of basic
amino acids, acidic amino acids, ester derivatives of amino
acids, amide derivatives of amino acids, and salts and solvates
thereof; and at least one component selected from the group
consisting of precipitants and pH buffers.
(III) Method for Crystallizing Protein
(1II-1) A method for crystallizing protein, comprising the
steps of:
bringing the protein crystallization accelerator of (I-1) or
(I-2), or the protein crystallizing agent of any one of (1I-1) to
(II-4) into contact with a protein-containing solution; and
precipitating the protein.
(1II-2) The method for crystallizing protein according to
(III-1), comprising the steps of:
using, in a vapor diffusion method, a batch method, a
liquid-liquid diffusion method or a dialysis method, the protein crystallization accelerator of (I-1) or (I-2) as a protein
crystallization accelerator, or the protein crystallizing agent
of any one of (II-1) to (II-4) as a protein crystallizing agent;
bringing the protein crystallization accelerator or the protein crystallizing agent into contact with the protein-containing solution; and
precipitating the protein.
(IV) Method for Screening Protein Crystallization Conditions
(IV-1) A method for screening protein crystallization conditions, comprising the steps of:
bringing the protein crystallization accelerator of (I-1) or
(I-2), or the protein crystallizing agent of any one of (1I-1) to
(II-4) into contact with a protein-containing solution; and
observing the occurrence of precipitation of the protein.
(IV-2) The method for screening protein crystallization
conditions according to (IV-1), comprising the steps of:
using, in a vapor diffusion method, the protein crystallization accelerator of (I-1) or (1-2) as a protein crystallization
accelerator, or the protein crystallizing agent of any one of
(II-1) to (1I-4) as a protein crystallizing agent;
mixing the protein crystallization accelerator or the protein
crystallizing agent with the protein-containing solution; and
precipitating the protein.

(V) Reagent or Reagent Kit for Screening Protein Crystallization Conditions
(V-1) A reagent or a reagent kit for screening protein crystallization conditions, comprising the protein crystallization
accelerator of (I-1) or (1-2), or the protein crystallizing agent
of any one of (II-1) to (1I-4).
(VI) Use of Amino Acid or Amino Acid Derivative as a
Protein Crystallization Accelerator or a Protein Crystallizing
Agent
(VI-1) Use of at least one compound selected from the
group consisting of basic amino acids, acidic amino acids,
ester derivatives of amino acids, amide derivatives of amino
acids, and salts and solvates thereof, as a protein crystallization accelerator or a protein crystallizing agent.
(VI-2) The use according to (VI-1), wherein the basic
amino acids are arginine, lysine and ornithine; the acidic
amino acids are aspartic acid and glutamic acid; the ester
derivatives of amino acids are glycine ethyl ester, lysine ethyl
ester, and serine ethyl ester; and the amide derivatives of
amino acids are glycinamide, serinamide, threonine amide,
argininamide, and prolinamide.
Regardless of its origin, e.g., natural, artificial (a chemical
synthesis method, fermentation method, gene recombination
method), etc., and production process thereof, the "protein"
targeted by the present invention includes peptide, polypeptide, protein, and complex thereof (for example, a complex of
(poly)peptide or protein and compound; a complex of (poly)
peptide or protein and saccharide; a complex of (poly)peptide
or protein and metal; a complex of (poly)peptide or protein
and coenzyme, etc.).
The terms "crystallization" and "precipitation of protein
crystal" used herein both have the same meaning, indicating
producing or growing protein crystals from a protein-containing solution so as to obtain a precipitate of the protein crystals.
The term "a protein-containing solution" refers to a solution in which a target protein for crystallization, or a target
protein for which crystallization conditions are defined by a
screening method, is dissolved.
Water is a typical example of a solvent usable for protein
dissolution, but the use of water containing an organic solvent
is not restricted. The protein-containing solution may comprise, in addition to the target protein, a protein solubilizer,
which helps in the dissolution of a protein, a stabilizing agent,
and the like.
In the present invention, "bringing a protein crystallization
accelerator or a protein crystallizing agent into contact with a
protein-containing solution" means to place the protein crystallization accelerator or protein crystallizing agent and the
protein-containing solution so as to contact each other. The
following are representative embodiments: an embodiment in
which a protein crystallization accelerator, a protein crystallizing agent or a solution thereof is added to a protein-containing solution; an embodiment in which a protein crystallization accelerator, a protein crystallizing agent or a solution
thereof is added to a protein-containing solution and mixed;
an embodiment in which the interface of a protein-containing
solution is brought into direct or indirect (via gel, dialysis
membrane or the like) contact with the interface of a solution
containing a protein crystallization accelerator or a protein
crystallizing agent; and the like.
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Basic amino acids, acidic amino acids, ester derivatives of
amino acids, amide derivatives of amino acids, and salts and
solvates thereof (hereinafter collectively referred to as
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"AMINO ACID") usable in the present invention possess
properties of accelerating precipitation of protein crystal in a
protein-containing solution, and are therefore effectively
used for protein crystallization. In view of this, the AMINO
ACID used in the present invention is useful as a protein
crystallization accelerator.
The AMINO ACID of the present invention possesses, as
mentioned above, properties of accelerating protein crystallization. Therefore, the use of the AMINO ACID alone or in
combination with a well-known protein crystallizing agent (a
precipitant, a pH buffer, etc.) can allow protein crystals to
promptly precipitate under a wide range of conditions. In
view of this, the AMINO ACID of the present invention can be
used singly or in combination with a well-known protein
crystallizing agent (a precipitant, a pH buffer, etc.), as a
protein crystallizing agent.
According to the protein crystallization accelerator or the
protein crystallizing agent above, crystals can be precipitated
even with respect to a protein with a slightly low purity.
Therefore, the probability (hit rate) of protein crystallization
can also be improved.
For this reason, the protein crystallization accelerator of
the present invention, which comprises the AMINO ACID,
and the protein crystallizing agent of the present invention,
which essentially consists of the AMINO ACID or a combination of the AMINO ACID and a well-known protein crystallizing agent, are useful as a screening reagent for finding
protein crystallization conditions. Therefore, according to the
screening method of the present invention with use of the
screening reagent above, protein crystals can be efficiently
precipitated under a wide range of conditions, making it
possible to promptly and readily find conditions that are optimal for protein crystallization. Further, the screening method
of the present invention with use of the screening reagent of
the present invention can find the conditions that are optimal
for protein crystallization, even with respect to a protein with
a slightly low purity.
Recently, a number of companies specializing in protein
crystallization or undertaking protein structure analysis have
been established internationally. The techniques provided by
the present invention are considered useful for protein crystallization, which is a rate-determining step due to its difficulty and indispensability for protein structure analysis, and
contribute to, for example, drug discovery based on protein
structure analysis.

BEST MODE FOR CARRYING OUT THE
INVENTION
I. Protein Crystallization Accelerator
A protein crystallization accelerator of the present invention has a feature of comprising at least one compound
selected from the group consisting of basic amino acids,
acidic amino acids, ester derivatives of amino acids, amide
derivatives of amino acids, and salts and solvates thereof.
Examples of known amino acids include monoamino
monocarboxylic acids, such as glycine, valine, alanine, and
the like; hydroxy monoamino monocarboxylic acids, such as
serine, threonine, and the like; monoamino dicarboxylic
acids, such as aspartic acids, glutamic acids, and the like;
diamino monocarboxylic acids, such as arginine, lysine, ornithine, and the like; sulfur-containing amino acids, such as
methionine, cysteine, and the like; and heterocyclic amino
acids, such as proline, histidine, and the like. The basic amino
acids targeted by the present invention among the above are
diamino monocarboxylic acids, such as arginine, lysine, and
ornithine. The targeted acidic amino acids among the amino

6
acids mentioned above are monoamino dicarboxylic acids,
such as aspartic acid and glutamic acid. Among the basic
amino acids, preferred are lysine and ornithine; and among
the acidic amino acids, preferred are glutamic acids.
5
Ester derivatives of amino acids may be those in which
carboxyl group of amino acid is methyl-esterified or ethylesterified. Examples thereof include glycine ethyl ester, glycine t-butyl ester, glycine benzyl ester, arginine methyl ester,
nitroarginine methyl ester, arginine ethyl ester, lysine methyl
10 ester, lysine ethyl ester, phenylalanine ethyl ester, aspartic
acid dimethyl ester, cysteine ethyl ester, serine ethyl ester,
threonine ethyl ester, and proline ethyl ester. Preferable
examples of ester derivatives of amino acids include glycine
15 ethyl ester, arginine ethyl ester, lysine ethyl ester, serine ethyl
ester, and cysteine ethyl ester. Particularly preferred are glycine ethyl ester, lysine ethyl ester, and serine ethyl ester.
Amide derivatives of amino acids may be those in which
carboxyl group of amino acid is amidated. Examples thereof
20 include glycinamide, serinamide, threonine amide, argininamide and prolinamide. Preferred among those are prolinamide, glycinamide, and serinamide.
The basic amino acids, acidic amino acids and amino acid
derivatives (amino acid ester derivatives, amino acid amide
25 derivatives) may all be in the form of a salt or solvate.
Examples of such salts include salts with alkali metals such as
sodium, potassium, and the like; salts with alkaline earth
metals such as magnesium, calcium, and the like; ammonium
salts; salts with inorganic acids such as hydrochloric acid,
30 phosphoric acid, nitric acid, sulfuric acid, sulfurous acid, and
the like; and salts with organic acids such as formic acid,
acetic acid, propionic acid, butyric acid, oxalic acid, malonic
acid, succinic acid, maleic acid, fumaric acid, tartaric acid,
35 and the like. Examples of solvates include hydrates.
The protein crystallization accelerator of the present invention comprises the above basic amino acid, acidic amino acid,
amino acid ester derivative and amino acid amide derivative,
and salts and solvates thereof (the AMINO ACID). The pro40 tein crystallization accelerator of the present invention may
comprise a single compound selected from the AMINO ACID
above, or a combination of two or more compounds arbitrarily selected from the AMINO ACID.
The protein crystallization accelerator of the present inven45 tion possesses properties of accelerating crystal precipitation
of the protein dissolved in a solution, and is mainly used for
such a purpose. The case where protein is crystallized as a
result of the acceleration of crystal precipitation is also considered as utilizing the properties of accelerating crystal pre50 cipitation, and is therefore encompassed by the use of the
protein crystallization accelerator of the present invention.
The protein crystallization accelerator usually consists of
the AMINO ACID; however, as long as the protein crystallization acceleration properties are not impaired, the protein
55 crystallization accelerator may contain another component,
in addition to one or more compounds selected from the
AMINO ACID. Examples of such components include preservation stabilizers, solubilizers and solubilizing agents,
which assist dissolution with respect to a protein-containing
60 solution, and the like. Specific examples thereof include, but
are not limited to, glycerol, saccharides, metal ions (for
example, Ca Mg-~ Mn") salts, buffers, and the like.
The protein crystallization accelerator of the present invention is not particularly limited in form, and may be either a
65 solid (for example, lyophilized form, powder, granules or a
tablet) or a liquid. A liquid form is easy to handle, and is
therefore preferable. The protein crystallization accelerator
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in liquid form is usually prepared as an aqueous solution
salts and solvates thereof (AMINO ACID) not only function
containing the AMINO ACID at a concentration of about 0.1
as a protein crystallization accelerator, but can also be used
mM to the saturation.
alone as a protein crystallizing agent for protein crystallizaThe protein crystallization accelerator of the present invention (see Example 5). Additionally, the AMINO ACID postion is, as mentioned above, used in order to accelerate protein 5 sesses, as mentioned above, the properties of further accelercrystallization. In such a use, the protein crystallization accelating protein crystallization when used in combination with
erator of the present invention may be used in combination
another protein crystallizing agent (for example, a wellwith a protein crystallizing agent. Examples of protein crysknown crystallizing agent, etc.); therefore, theAMINOACID
tallizing agents usable herein include those conventionally
may be combined with the other protein crystallizing agent
used as protein crystallizing agents (hereinafter referred to as io (the well-known crystallizing agent) for use as a protein crysa "well-known crystallizing agent"). Specific examples
tallizing agent. Specifically, the protein crystallizing agent of
thereof include precipitants which have a function of decreasthe present invention encompasses: (1) an embodiment in
ing the solubility of a protein, and pH buffers.
which the AMINO ACID is used singly, as an active ingrediSpecific examples of precipitants include salts (for
ent (a single-use embodiment); and (2) an embodiment in
example, chlorides such as sodium chloride, calcium chlo- 15 which the AMINO ACID is used in combination with the
ride, magnesium chloride, lithium chloride and the like; sulother protein crystallizing agent (the well-known crystallizfates such as sodium sulfate, ammonium sulfate, magnesium
ing agent), as an active ingredient (a combined-use embodisulfate, lithium sulfate, cadmium sulfate, and the like; phosment).
phates such as sodium phosphate, potassium phosphate,
Examples of the basic amino acids, acidic amino acids,
anhydrous ammonium phosphate, anhydrous potassium 20 ester derivatives of amino acids, amide derivatives of amino
phosphate, and the like; hydrogen phosphate salts such as
acids, and salts and solvates thereof (AMINO ACID) usable
sodium dihydrogen phosphate, potassium dihydrogen phosin the protein crystallizing agent of the present invention may
phate, and the like; nitrates such as sodium nitrate, and the
be the same as those exemplified in (I) above; and may be, as
like; acetates, such as sodium acetate, potassium acetate,
mentioned in (I), used singly or in a combination of two or
magnesium acetate, calcium acetate, ammonium acetate, zinc 25 more thereof.
acetate, and the like; citrates such as trisodium citrate, and the
Preferable examples of the AMINO ACID, when used in
like; formates such as sodium formate, potassium formate,
the single-use embodiment in (1) above, include basic amino
and the like; organic acid salts such as potassium sodium
acids such as lysine, arginine, and ornithine; acidic amino
tartrate, sodium malonic acid, and the like; and hydrates
acids such as glutamic acid and aspartic acid; amino acid ester
thereof), water-soluble polymer compounds (for example, 3o derivatives such as serine ethyl ester, lysine ethyl ester, and
polyethylene glycol, polyethylene glycol monoalkyl ether,
glycine ethyl ester; and amino acid amide derivatives such as
polyethyleneimine, and the like, which have a molecular
glycinamide, serinamide, threonine amide, prolinamide, and
weight of about 400 to about 20,000), and organic solvents
argininamide.
(for example, 2-methyl-2,4-pentanediol, ethanol, methanol,
Examples of protein crystallizing agents (the well-known
isopropanol, n-propanol, tert-butanol, dioxane, and the like). 35 crystallizing agent) usable in combination with the AMINO
Examples of pH buffers include well-known pH buffers,
ACID when used in the combined-use embodiment (a comsuch as phosphate buffers, citrate buffers, tris buffers, Good's
bined use with the well-known crystallizing agent) listed in
buffers, and the like. Specific examples thereof include
(2) above include precipitants which have a function of
sodium acetate trihydrate; potassium phosphate; imidazole;
decreasing the solubility of a protein, and pH buffers.
sodium citrate; sodium cacodylate; Good's buffers such as 40
Examples of usable precipitants may be the same salts,
MES, Bis-Tris, ADA, PIPES, ACES, MOPSO, BES, MOPS,
water-soluble polymer compounds, and organic solvents as
TES, HEPES, DIPSO, TAPSO, POPSO, HEPPSO, EPPS,
exemplified in (I) above. Preferable examples of salts include
Tricine, Bicine, TAPS, CHES, CAPSO, CAPS, Bis-Tris Procalcium chloride, magnesium chloride, ammonium sulfate,
pane, and the like; and AMPSO, CABS, glycine, HEPBS,
lithium sulfate, phosphoric anhydride sodium, phosphoric
MOBS, TABS, TEA, and the like.
45 anhydride potassium, anhydrous ammonium phosphate,
The protein crystallization accelerator of the present invenpotassium dihydrogen phosphate, magnesium acetate, caltion may be used in combination with, in addition to the
cium acetate, ammonium acetate, sodium acetate, zinc
well-known crystallizing agent (for example, a precipitant
acetate, trisodium citrate, sodium formate, potassium forand/or a pH buffer), one or more other adducts, such as a
mate, potassium sodium tartrate, and hydrates thereof. Prefmonovalent or divalent salt, an organic solvent, a glycerol, a 50 erable examples of water-soluble polymer compounds
saccharide, a high molecular compound, a coenzyme, a subinclude polyethylene glycol having a molecular weight of
strate, a surfactant, and the like.
about 400 to about 20,000. Preferable examples of organic
The well-known crystallizing agent is not limited to the
solvents include 2-methyl-2,4-pentanediol and isopropanol.
above precipitants, pH buffers and adducts, and may be those
Examples of usable pH buffers may also be the same pH
disclosed in prior art documents and those used in commer- 55 buffers as exemplified in (I) above. Preferable examples
cially available protein crystallization screening kits (for
include sodium acetate trihydrate, potassium phosphate, imiexample, products of Hampton Research Corp.; Emerald
dazole, sodium citrate, sodium cacodylate; and Good's buffBioStructures, Inc.; Jena Bioscience GmbH; Molecular
ers such as HEPES•Na, Tris-HCI, and the like. Such pH
Dimensions Ltd., etc.).
buffers may be effectively used to adjust and maintain the pH
II. Protein Crystallizing Agent
60 conditions of a protein-containing solution in a suitable range
The protein crystallizing agent of the present invention
for crystal precipitation from, for example, pH 3 to 10, and
possesses properties of accelerating precipitation of protein
preferably from pH 4 to 9. The pH buffers may be used singly
crystals from a protein-containing solution, and is mainly
or in a combination of two or more thereof, for the purpose of
used for this purpose.
adjusting the pH conditions as above; if required, an acid or an
The present invention is based on the findings that the 65 alkali may be used together therewith.
aforesaid basic amino acids, acidic amino acids, ester derivaThe AMINO ACID of the present invention may be comtives of amino acids, amide derivatives of amino acids, and
bined with, in addition to the precipitant and/or pH buffer
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mentioned above, other adduct, such as a monovalent or
With regards to the protein crystallizing agent of the
present invention used as the set agent, the AMINO ACID and
divalent salt, an organic solvent, a glycerol, a saccharide, a
at least one component selected from the well-known cryshigh molecular compound, a coenzyme, a substrate, a surfactallizing agent are not preliminary mixed, so that the AMINO
tant, and the like, as the well-known crystallizing agent, so as
5 ACID and at least one component selected from the wellto be used as a protein crystallizing agent.
known crystallizing agent are mixed at the time of use. InsoThe well-known crystallizing agent is not limited to the
far, the form of each package is not critical.
above precipitants, pH buffers and adducts, and may be those
For example, the AMINO ACID and at least one compodisclosed in prior art documents and those used in commernent selected from the well-known crystallizing agent are
cially available protein crystallization screening kits (for
io identical or different in form, and may be either a solid (for
example, products from Hampton Research Corp.; Emerald
example, lyophilized form, powder, granules or a tablet) or a
BioStructures, Inc.; Jena Bioscience GmbH; Molecular
liquid. The protein crystallizing agent in liquid form is usuDimensions Ltd., etc.).
ally prepared as an aqueous solution containing the AMINO
The protein crystallizing agent of the present invention in
ACID at a concentration of about 0.1 mM to the saturation.
the single-use embodiment listed in (1) above usually consists 15 When, as the well-known crystallizing agent, a salt is
of the AMINO ACID; however, as long as the properties of
included, the concentration thereof is usually 0.1 M to the
accelerating protein crystallization are not impaired, the prosaturation; when an organic solvent is included, the concentein crystallizing agent may contain other components, in
tration is usually 1 to 80% (v/v); when a water-soluble polyaddition to one or more compounds selected from the
mer is included, the concentration is usually 1 to 60% (w/v);
AMINO ACID, etc. Examples of such components include 20 and when a pH buffer is included, the concentration is 5 mM
preservation stabilizers, solubilizers and solubilizing agents
to 0.3 M.
that assist dissolution with respect to a protein-containing
III. Protein Crystallization Method
solution, and the like. Specific examples include, but are not
The method for crystallizing protein of the present invenlimited to, glycerol, saccharides, metal ions (for example,
tion has a feature of using, in protein crystallization, the
Calms Mg, Mn-), salts, buffers, and the like.
25 protein crystallization accelerator of the present invention as
In such a case, the protein crystallizing agent of the present
a protein crystallization accelerator, or the protein crystallizinvention is not particularly limited in form, and may be either
ing agent of the present invention (the AMINO ACID, or a
a solid (for example, lyophilized form, powder, granules or a
combination of the AMINO ACID and the well-known crystablet) or a liquid. A liquid form is preferred for its simple
tallizing agent) as a protein crystallizing agent.
usage. The protein crystallizing agent in liquid form is usually 30
Heretofore, as a protein crystallization technique, a batch
prepared as an aqueous solution containing the AMINO
method, a vapor diffusion method, a liquid-liquid diffusion
ACID at a concentration of about 0.1 mM to the saturation.
method and a dialysis method have been employed. The
The protein crystallizing agent of the present invention in
method of the present invention is applicable to any of these
the combined-use embodiment listed in (2) above essentially
techniques.
consists of a combination of the AMINO ACID and at least 35 (Ill-1) Batch Method
one component selected from the well-known crystallizing
A "batch method" is a method of precipitating a crystal,
agent mentioned above. The AMINO ACID and at least one
comprising gradually adding a protein crystallization accelcomponent selected from the well-known crystallizing agent
erator or a protein crystallizing agent to a solution containing
mentioned above may be mixed beforehand so as to be
a target protein for crystallization (a protein-containing soluincluded in one package (a combination agent). Alternatively, 40 tion) so as to bring them into contact with each other; subthe AMINO ACID and at least one component selected from
jecting, when the resulting protein-containing solution
the well-known crystallizing agent mentioned above may
becomes slightly cloudy, the protein-containing solution to
separately be packaged, so that all the components are mixed
centrifugal separation so as to remove the insoluble subat the time of use for the protein crystallization (a set agent).
stance; introducing the obtained supernatant into a container
The protein crystallizing agent may contain, as long as the 45 such as a small test tube; sealing the container; and subseproperties of accelerating protein crystallization are not
quently allowing the container to stand still. Alternatively, the
impaired, other components, in addition to theAMINOACID
method may comprise mixing a protein crystallization acceland the well-known crystallizing agent. Examples of such
erator or a protein crystallizing agent with a trace amount (for
components include preservation stabilizers, solubilizers and
example, about 1 µl) of a protein-containing solution; and
solubilizing agents which assist dissolution with respect to a 50 storing the resulting product under the conditions in which
protein-containing solution, and the like.
evaporation does not occur (for example, storing it as a dropThe protein crystallizing agent of the present invention
let in a nonvolatile oil). Therefore, the method for crystallizprepared as a combination agent is not particularly limited in
ing protein according to the present invention may be applied
form, and may be either a solid (for example, lyophilized
to the batch method with use of the protein crystallization
form, powder, granules or a tablet) or a liquid. A liquid form 55 accelerator of the present invention as the protein crystallizais easy to handle, and is therefore preferable. The protein
tion accelerator used in the batch method as above, and the
crystallizing agent in liquid form is usually prepared as an
protein crystallizing agent of the present invention as the
aqueous solution containing the AMINO ACID at a concenprotein crystallizing agent used in the batch method as above.
tration of about 0.1 mM to the saturation, and having a pH
This method is usually performed under the conditions of—S°
range of 3 to 10, preferably 4 to 9. Additionally, when, as the 60 C. to 30° C., preferably 0° C. to 25° C.
well-known crystallizing agent, a salt is included, the concenThe concentration of a protein in a protein-containing solutration thereof is, for example, 0.1 M to the saturation; when
tion is usually 0.1 to 15% (w/v), preferably 0.3 to 10% (w/v),
an organic solvent is included, the concentration is, for
and more preferably 0.5 to 2% (w/v). To the protein-containexample, 1% to 80% (v/v); when a water-soluble polymer is
ing solution, a solubilizer or a solubilizing agent, which helps
included, the concentration is, for example, 1% to 60% (w/v); 65 in the dissolution of protein, a pH buffer, a stabilizing agent,
and when a pH buffer is included, the concentration is, for
or the like may be added beforehand, in addition to a target
example, 5 mM to 0.3 M.
protein.
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The protein crystallization accelerator or protein crystallizing agent added to the protein-containing solution is preferably in liquid form. The protein crystallization accelerator
or protein crystallizing agent usually contains the AMINO
ACID at a concentration of 0.1 mM to the saturation, and
preferably 50 mM to 2M. When the protein crystallizing
agent contains the well-known crystallizing agent (a salt, an
organic solvent, a water-soluble polymer, or a pH buffer), the
content of a salt is, for example, usually 50 mM to the saturation, and preferably 0.1 to 2 M; the content of an organic
solvent is, for example, usually 1 to 80% (v/v), and preferably
5 to 40% (v/v); the content of a water-soluble polymer is, for
example, usually 0.1 to 60% (w/v), and preferably 1 to 40%
(w/v); and the content of a pH buffer is, for example, usually
5 to 300 mM, and preferably 50 to 200 mM.
The protein crystallization is usually carried out at a pH
range of 3 to 10, preferably from 4 to 9. Therefore, a pH buffer
is preferably used in such a proportion that the pH of a
protein-containing solution is in the range above.
(III-2) Vapor Diffusion Method
A "vapor diffusion method" comprises placing a droplet of
a protein-containing solution that is mixed with a protein
crystallization accelerator or a protein crystallizing agent into
a container containing a buffer solution (reservoir solution)
comprising the protein crystallization accelerator or protein
crystallizing agent, which have a higher concentration; sealing the resulting container; and subsequently allowing the
container to stand still. The method is classified as a hanging
drop method or sitting drop method, depending on how the
droplet is placed. The hanging drop method comprises, as
shown in FIG. 1, placing a small droplet of a protein-containing solution comprising a protein crystallization accelerator
or protein crystallizing agent onto a cover glass; turning the
cover glass upside-down so that the droplet hangs from the
cover glass; and sealing the container by the cover glass
intimately attached to the container's circumference. The
sitting drop method comprises providing a droplet stand
inside a container containing a buffer solution (reservoir solution) comprising the protein crystallization accelerator or
protein crystallizing agent, which have a higher concentration; placing a droplet of a protein-containing solution that is
mixed with a protein crystallization accelerator or a protein
crystallizing agent onto the droplet stand; and sealing the
container with a cover glass, or the like. The volume of a
droplet of a protein-containing solution is usually adjusted to
about'/oo of an external liquid volume. The vapor diffusion
method is suitable for a broad screening of crystallization
conditions, since multiple conditions can be evaluated with a
small amount of a protein.
The method for crystallizing protein according to the
present invention may be applied to the vapor diffusion
method by using the protein crystallization accelerator of the
present invention as the protein crystallization accelerator
used in the vapor diffusion method as above, and the protein
crystallizing agent of the present invention as the protein
crystallizing agent used in the vapor diffusion method as
above. This method is usually performed under the conditions
of 0° C. to 30° C., preferably 4° C. to 25° C.
The concentration of a protein usable herein in a proteincontaining solution is usually 0.1 to 15% (w/v), preferably 0.3
to 10% (w/v), and more preferably 0.5 to 2% (w/v).
The reservoir solution containing a protein crystallization
accelerator or protein crystallizing agent usually contains the
AMINO ACID at a concentration of 0.1 M to the saturation,
and preferably 0.2 to 2 M. When the protein crystallizing
agent contains the well-known crystallizing agent (a salt, an
organic solvent, a water-soluble polymer, or a pH buffer), the

content of a salt is, for example, usually 50 mM to the saturation, and preferably 0.1 to 2 M; the content of an organic
solvent is, for example, usually 1 to 80% (v/v), and preferably
5 to 40% (v/v); the content of a water-soluble polymer is, for
example, usually 0.1 to 60% (w/v), and preferably 1 to 40%
(w/v); and the content of a pH buffer is, for example, usually
5 to 300 mM, and preferably 50 to 200 mM.
The concentration of the protein crystallization accelerator
or protein crystallizing agent in a droplet of the proteincontaining solution is about'%oo to about $%oo of the reservoir solution. Specifically, the concentration of the AMINO
ACID is usually, for example,'%oo to $%oo of 0.1 mM to the
saturation, preferably 1 mM to 1 M. When the protein crystallizing agent contains a well-known crystallizing agent (a
salt, an organic solvent, a water-soluble polymer, or pH
buffer), the concentration of a salt is usually, for example,
10/ioo to $%oo of 50 mM to the saturation, and preferably 0.1 to
3.5 M; the concentration of an organic solvent is usually, for
example,'%oo to $%oo of 1 to 80% (v/v), and preferably 10 to
70% (v/v); the concentration of a water-soluble polymer is
usually, for example, '%oo to $%oo of 0.1 to 60% (w/v),
preferably 1 to 40% (w/v); and the concentration of a pH
buffer is usually, for example, 5 to 300 mM, and preferably 50
to 200 mM.
The protein crystallization is usually carried out at a pH
range of 3 to 10, preferably from 4 to 9. Therefore, a pH buffer
is preferably used in such a proportion that the pH of proteincontaining solution is in the range above.
(1II-3) Liquid-Liquid Diffusion Method or Dialysis Method
A "liquid-liquid diffusion method" (a "free interface
method") or a "dialysis method" is a method comprising
bringing the interface of a protein-containing solution into
direct contact or indirect contact via a gel or a semipermeable
membrane with the interface of a buffer solution containing a
protein crystallization accelerator or protein crystallizing
agent; thereby allowing the protein crystallization accelerator
or the protein crystallizing agent to move to the proteincontaining solution so as to gradually increase the concentration thereof. These methods can be suitably used to obtain
good-quality protein crystals.
The method for crystallizing protein according to the
present invention may be applied to the liquid-liquid diffusion method or the dialysis method by using the protein
crystallization accelerator of the present invention as the protein crystallization accelerator used in the liquid-liquid diffusion method or dialysis method as above, and the protein
crystallizing agent of the present invention as the protein
crystallizing agent used in the liquid-liquid diffusion method
or dialysis method as above. These methods are usually performed under the conditions of-5° C. to 30° C., preferably 0°
C. to 25° C.
The concentration of a protein usable herein in a proteincontaining solution is usually 0.1 to 15% (w/v), preferably 0.3
to 10% (w/v), and more preferably 0.5 to 2% (w/v).
With regard to the protein crystallization accelerator or
protein crystallizing agent in a buffer solution, the concentration of the AMINO ACID is usually 0.1 mM to the saturation,
and preferably 0.2 to 2 M.
When the protein crystallizing agent contains the wellknown crystallizing agent (a salt, an organic solvent, a watersoluble polymer, or a pH buffer), the content of a salt is, for
example, usually 50 mM to the saturation, and preferably 0.1
to 2 M; the content of an organic solvent is, for example,
usually 1 to 80% (v/v), and preferably 5 to 40% (v/v); the
content of a water-soluble polymer is, for example, usually
0.1 to 60% (w/v), and preferably 1 to 40% (w/v). Buffer
solution containing the protein crystallizing agent may be, for
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example, an aqueous solution prepared using the pH buffer
the multiple combinations of the parameters above, the combination of parameters suitable for crystallization of a target
mentioned above; the concentration thereof is usually, for
protein.
example, 5 to 300 mM, preferably 50 to 200 mM; and the pH
The screening method of the present invention is preferconditions are, for example, pH 3 to 10, preferably pH 4 to 9.
In these methods, the occurrence of crystal precipitation 5 ably performed using a microarray or multiple plates, in
which a plurality of parameters (purities and concentrations
may usually be observed with the naked eye (visual observaof a target protein; types and concentrations of the protein
tion); however, for more accuracy, the observation may be
crystallization accelerator or the protein crystallizing agent of
carried out using a stereoscopic microscope, an electron
the present invention to be used; and, when a plurality of
microscope, a light microscope, an X-ray diffractometer, or
10 protein crystallization accelerators or protein crystallizing
the like. According to the method above, the occurrence of
agents is used, the combinations and compositions thereof,
crystal precipitation may be confirmed in a period of several
pH conditions, etc.) are provided with the wells. Thereby,
tens of minutes to 30 days, although it varies depending on the
optimal conditions may readily and promptly be determined
type, purity, concentration, etc. of the target protein. Under
from many of the presumed crystallization conditions, using
some conditions, a crystal may be obtained after several 15 a small amount of protein samples.
months.
For example, although the protein concentration, one of the
The precipitated crystals may be, as necessary, withdrawn
parameters, is not limited, it is preferable that the concentrafrom a solution using a capillary, a pipette, or the like; or
tion is usually set to several values ranging from 0.1 to 150
removed or collected from a solution by means of a small loop
mg/ml. The protein-containing solution may contain, in addior a spatula.
20 tion to a target protein, a solubilizer, which helps in the
IV. Method for Screening Protein Crystallization Conditions
dissolution of the protein; a stabilizing agent, such as a reducand Reagent Used Therefor
ing agent; and the like.
Regarding the type of protein crystallization accelerator or
The screening method of the present invention comprises
protein crystallizing agent, one of the parameters, it is preffinding and determining protein crystallization conditions
from a number of conditions (types and concentrations of a 25 erable to include a variety of embodiments. That is, an
embodiment in which one compound selected from basic
protein crystallization accelerator or a protein crystallizing
amino acids, acidic amino acids, ester derivatives of amino
agent, pHs, and temperatures, etc.), and has a feature of using
acids, amide derivatives of amino acids, and salts and solvates
the protein crystallization accelerator or the protein crystalthereof (AMINO ACID) is used; an embodiment in which
lizing agent of the present invention (the AMINO ACID, or a
combination of the AMINO ACID and the well-known crys- 30 two or more compounds arbitrarily selected from theAMINO
ACID are used in combination; and an embodiment in which
tallizing agent), as a protein crystallizing agent. The method
one or more compounds selected from theAMINO ACID and
is suitably used particularly for a random screening (an initial
one or more component selected from the well-known crysscreening) in the early stage of determining crystallization
tallizing agent (precipitants (salts, water-soluble polymers
conditions.
35 and organic solvents), pH buffers and other adducts) are used
The screening method of the present invention can be perin combination. With respect to the concentrations (concenformed using any of the foregoing techniques of batch
trations in a reaction mixture) of the AMINO ACID, it is
method, vapor diffusion method, liquid-liquid diffusion
preferable to set several values ranging from, usually, 20 mM
method and dialysis method. Preferred is a vapor diffusion
to 1 M. When a well-known crystal agent is used together, it
method (a hanging drop method and a sitting drop method), 40 is preferable to set several values ranging from, in terms of a
since multiple conditions may be evaluated with a small
salt (a precipitant), usually 50 mM to 2.5 M; in terms of a
amount of a protein.
water-soluble polymer (a precipitant), usually from 0.5 to
When a vapor diffusion method is utilized, the screening
40% (w/v); in terms of an organic solvent (a precipitant),
method of the present invention is performed by placing a
usually from 1 to 40% (v/v); and in terms of a pH buffer,
droplet of a protein-containing solution that is mixed with the 45 usually from 10 mM to 0.2 M.
protein crystallization accelerator or protein crystallizing
Since temperature conditions and pH conditions are also
agent of the present invention, into a container containing a
required to be included in the protein crystallization condibuffer solution (an external liquid) comprising the protein
tions, a screening is preferably performed at several different
crystallization accelerator or protein crystallizing agent,
temperature values and pH values. The temperature condiwhich have a higher concentration; and allowing the con- 50 tions may be set to several values ranging from, for example,
tainer to stand still while the container is sealed. Specifically,
4°C. to 25° C., and pH conditions may be set to several values
the screening method of the present invention is performed by
ranging from, for example, pH 3 to 9.
mixing a solution containing a target protein with the protein
Under the conditions with various parameters such as
crystallization accelerator or protein crystallizing agent of the
above, a target protein and the protein crystallization accelpresent invention; and placing the protein in the presence of 55 erator or protein crystallizing agent of the present invention
the protein crystallization accelerator or the protein crystalare allowed to stand still in a coexisting manner, until the
lizing agent of the present invention.
crystal is precipitated. The sufficient time required for the
Protein crystallization is influenced by parameters such as
protein to precipitate is, although it varies depending on the
the purities and concentrations of the target protein; the types
type, concentration and purity of the protein, usually 1 hour to
and concentrations of a protein crystallization accelerator or 60 10 days. If precipitation does not occur even after 30 days or
protein crystallizing agent used; and, when a plurality of
more, the crystallization conditions (a combination of the
protein crystallization accelerators or protein crystallizing
parameters) can be considered unsuitable for crystallization.
agents is used, the combinations and compositions thereof,
The occurrence of crystal precipitation may usually be
pH conditions, and temperature conditions, etc. Therefore,
observed with the naked eye (visual observation); however,
protein crystallization conditions are determined according to 65 for more accuracy, the observation may be carried out using a
the combination of these parameters. Specifically, screening
stereoscopic microscope, a light microscope, an X-ray difof protein crystallization conditions refers to selecting, from
fractometer, or the like. The appearance of crystal precipita-
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tion under multiple crystallization conditions may be
The screening reagent may be, in addition to the above, in
the form of a kit comprising a set of a microarray, a microrecorded with, for example, a CCD camera equipped with a
plate, a cover glass, a specification, a buffer solution, etc.,
microscope, and the obtained image may be processed;
which are used in a screening method.
thereby, the success or failure of crystallization may be
5
promptly evaluated from a remote location.
EXAMPLES
When a protein crystal is observed, the conditions (a combination of the parameters) used for the crystal precipitation
The present invention is described below with reference to
are determined as crystallization conditions. As required, in
experiments and examples; however, the present invention is
order to narrow the obtained conditions down to further
not limited thereto.
10
detailed protein crystallization conditions, a second stage
Example 1
screening method under protein crystallization conditions, in
which the crystallization conditions are adjusted to a narUsing lysozyme (Seikagaku Corporation) as a protein,
rower range, or a method under the conditions more precisely
various amino acids (glycine, alanine, methionine and ornidefined, may be carried out.
15 thine (Wako Pure Chemical Industries, Ltd.), and lysine
Using the thus-determined crystallization conditions, the
(Sigma)), amino acid ester derivatives (glycine ethyl ester,
target protein can be crystallized to form a crystal that is more
lysine ethyl ester and cysteine ethyl ester (Sigma)), and amino
favorable for an X-ray experiment by means of a protein
acid amide derivatives (glycinamide and prolinamide (Wako
crystallization technique (a batch method, a vapor diffusion
Pure Chemical Industries, Ltd.)) were examined for their
method, a liquid-liquid diffusion method or a dialysis 20 functions as a protein crystallizing agent or a protein crystalmethod), which are usually utilized in the related technical
lization accelerator.
field.
(1) Process of Experiment
According to the screening method of the present invenMore specifically, a lysozyme solution at a concentration
tion, which utilizes a vapor diffusion method, a screening of
of 25 mg/ml or 50 mg/ml was prepared as a protein solution
appropriate conditions from multiple protein crystallization 25 using a 0.1 M buffer solution (sodium acetate (pH 4.5) or
conditions can easily be carried out using a small amount of
sodium phosphate (pH 6.5)), to which the above-described
protein; accordingly, this method is useful to easily and
various amino acids, amino acid ester derivatives, or amino
promptly determine protein crystallization conditions.
acid amide derivatives were added so that the final concenThe screening method above can be easily performed by
tration was 0.2 M. Using this protein solution, the initial
using a screening reagent comprising: the protein crystalliza- 30 screening for crystallization was performed by a sparse
tion accelerator of the present invention comprising the
matrix method (J. Jancarik and S.-H. Kim, J. Appl. Cryst.
AMINO ACID mentioned above; the protein crystallization
(1991) 24, 409-411). Crystallization was carried out using the
accelerator of the present invention comprising, as an active
hanging drop vapor diffusion method ("Crystallization of
ingredient, the AMINO ACID mentioned above; or the proprotein; For diffraction structural biology", p. 373, Kyoto
tein crystallizing agent of the present invention essentially 35 University Press; supervised by Noriyoshi Sakabe, edited by
consisting of the AMINO ACID or a combination of the
Shigeo Aihara) in accordance with the procedure described
AMINO ACID and a conventionally well-known protein
below (see FIG. 1).
crystallizing agent (the well-known crystallizing agent).
A commercially available screening kit, Crystal Screen 1
Therefore, the present invention provides the foregoing pro(Hampton Research), was used for screening. The kit
tein crystallization accelerator and the protein crystallizing
includes the 50 types of solutions shown in Table 1, which
agent, as a screening reagent.
were used as reservoir solutions.
TABLE 1
No.
1

Salt
0.02 M

Calcium chloride
2H20

pH Buffer
0.1 M Sodium acetate
3H20

pH
4.6

Precipitant (I)
30% v/v

2

0.4 M

3

0.4 M

4
5

0.2 M

6

0.2 M

Trisodium citrate
2H20
Magnesium
chloride 6H20

7
8

0.2 M

9

0.2 M

10

0.2 M

Trisodium citrate
2H20
Ammonium
acetate
Ammonium
acetate

11

12

0.2 M

Magnesium
chloride 6H20

0.1 M Tris-HCI
0.1 M HEPES-Na

8.5
7.5

2M
30% v/v

0.1 M Tris-HCI

8.5

30% w/v

0.1 M Sodium cacodylate

6.5

1.4 M

0.1 M Sodium cacodylate

6.5

30% v/v

0.1 M Trisodium citrate
2H20
0.1 M Sodium acetate
3H20
0.1 M Trisodium citrate
2H20

5.6

30% w/v

4.6

30% w/v

0.1 M HEPES-Na

5.6

7.5

1M

30% v/v

2-methyl-2,4pentanediol
Sodium potassium
tartrate 4H20
Ammonium
dihydrogen
phosphate
Ammonium sulfate
2-methyl-2,4pentanediol
Polyethylene
glycol 4000
Sodium acetate
3H20
Isopropanol
Polyethylene
glycol 4000
Polyethylene
glycol 4000
Ammonium
dihydrogen
phosphate
Isopropanol

Precipitant (II)
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TABLE 1-continued

No.

Salt

13

0.2 M Trisodium citrate
2H20
0.2 M Calcium chloride
2H20
0.2 M Ammonium
sulfate

14
15
16
17

0.2 M

18

0.2 M

19

0.2 M

20

0.2 M

21

0.2 M

22

0.2 M

23

0.2 M

24

0.2 M

Lithium sulfate
H2O
Magnesium
acetate 4H20
Ammonium
acetate
Ammonium
sulfate
Magnesium
acetate 4H20
Sodium acetate
3H20
Magnesium
chloride 6H20
Calcium chloride
2H20

25
26
27
28

0.2 M Ammonium
acetate
0.2 M Trisodium citrate
2H20
0.2 M Sodium acetate
3H20

29
30
31

pH Buffer

pH
8.5

30% v/v

0.1 M HEPES-Na

7.5

28% v/v

0.1 M Sodium cacodylate

6.5

30% w/v

0.1 M HEPES-Na

7.5

1.5 M

0.1 M Tris-HC

8.5

30% w/v

0.1 M Sodium cacodylate

6.5

20% w/v

0.1 M Tris-HC

8.5

30% v/v

0.1 M Sodium acetate
3H20
0.1 M Sodium cacodylate

4.6

25% w/v

6.5

30% v/v

0.1 M Tris-HC

8.5

30% w/v

0.1 M HEPES-Na

7.5

30% v/v

0.1 M Sodium acetate
3H20
0.1 M Imidazole

4.6

20% v/v

0.1 M Trisodium citrate
2H20
0.1 M HEPES-Na

5.6

30% v/v

7.5

20% v/v

0.1 M Sodium cacodylate

6.5

30% w/v

0.1 M HEPES-Na

7.5

0.8 M

6.5

0.2 M Ammonium
sulfate
0.2 M Ammonium
sulfate

32
33
34

Precipitant (I)

0.1 M Tris-HC

1M

30% w/v
30% w/v

Polyethylene
glycol 4000
2-methyl-2,4pentanediol
Polyethylene
glycol 4000
Polyethylene
glycol 400
Isopropanol
Sodium acetate
3H20
2-methyl-2,4pentanediol
Isopropanol
Polyethylene
glycol 8000
Sodium potassium
tartrate 4H20
Polyethylene
glycol 8000
Polyethylene
glycol 4000
Ammonium sulfate
Sodium formate
Sodium formate

4.6

35

0.1 M Sodium acetate
3H20
0.1 M HEPES-Na

2M
4M
2M

7.5

0.8 M

Sodium dihydrogen
phosphate

36

0.1 M Tris-HC

8.5

8% w/v

37

4.6

8% w/v

38

0.1 M Sodium acetate
3H20
0.1 M HEPES-Na

7.5

1.4 M

39

0.1 M HEPES-Na

7.5

2% v/v

40

0.1 M Trisodium citrate
2H20
0.1 M HEPES-Na

5.6

20% v/v

Polyethylene
glycol 8000
Polyethylene
glycol 4000
Trisodium citrate
2H20
Polyethylene
glycol 400
Isopropanol

7.5

10% v/v

Isopropanol

20% w/v

Polyethylene
glycol 8000

30% w/v

Polyethylene
glycol 1500
Potassium formate
Polyethylene
glycol 8000
Polyethylene
glycol 8000
Ammonium sulfate

41
42

0.05 M Potassium
dihydrogen
phosphate

43
44
45
46

0.2 M Zinc acetate
2H20
0.2 M Calcium acetate
H2O

47
48

49
50

1 M Lithium sulfate
H2O
0.5 M Lithium sulfate
H2O

0.1 M Sodium cacodylate

6.5

0.2 M
18% w/v

0.1 M Sodium cacodylate

6.5

18% w/v

0.1 M Sodium acetate
3H20
0.1 M Tris-HC

4.6

2M

8.5

2M

2% w/v
15% w/v

Precipitant (II)

Polyethylene
glycol 400
Polyethylene
glycol 400
Polyethylene
glycol 8000
Lithium sulfate
H2O
Polyethylene
glycol 4000
Polyethylene
glycol 8000
Isopropanol

Ammonium
dihydrogen
phosphate
Polyethylene
glycol 8000
Polyethylene
glycol 4000

0.8 M Potassium
dihydrogen
phosphate

2 M Ammonium
sulfate
20% w/v Polyethylene
glycol 4000
20% w/v Polyethylene
glycol 4000
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Crystallization Procedure: Hanging Drop Vapor Diffusion
tion used above, a lysozyme solution at a concentration of 25
Method (FIG. 1)
mg/ml or 50 mg/ml that was prepared by means of a 0.1 M
Procedure 1: A reservoir solution (500 µl) of each compobuffer solution free from amino acids and amino acid derivasition shown in Table 1 is put in a beaker, and 1 t1 of protein
tives (sodium acetate (pH 4.5) or sodium phosphate (pH 6.5)).
solution (lysozyme solution at a concentration of 25 or 50 5
The presence or absence of crystal precipitation was determg/ml) is placed on a cover glass.
mined by observing the precipitates produced in the protein
Procedure 2: 1 t1 of reservoir solution is taken out from the
solutions through an optical microscope. Precipitates having
beaker.
a sharp and clear shape (crystal edge) and high transparency
Procedure 3: The taken reservoir solution (1 µl) is mixed
were determined to denote the "presence of crystal precipiwith the protein solution (1 µl) on the cover glass.
io tation".
Procedure 4: The cover glass is reversed and tightly covers
(2) Experimental Results
the top of the beaker for sealing so that the droplet of the
Tables 2 and 3 show the results of crystallization under
protein solution is hung towards the inside of the beaker.
different pH conditions (pH 4.5 and pH 6.5). The numbers
Procedure 5: The beaker is allowed to stand at 20° C. in this
indicated in each table represent the number of the solution
state, and the presence or absence of crystal precipitation is 15 that resulted in crystal deposition, among the 50 reservoir
observed,
solutions used, and the % next to the numbers represents the
Additionally, the same procedure was performed as a consuccess rate of crystallization (hit ratio). In addition, FIG. 2
trol experiment (control) using, in place of the protein soluillustrates these results in graph form.
TABLE 2
Buffer: 0.1 M Na phosphate (pH 6.5)

Crystal Screen
Additive

Control

No. of success

6, 7, 9, 15, 20, 29,

Buffer: 0.1 M CH3COONa (pH 4.5)

Success rate of

Crystal Screen

crystallization (%) No. of success

24.0%

7, 9, 22, 28, 29, 34, 35,

34, 40, 41, 43, 45, 48
Gly

7,9,22,28,29,31,34,

6, 7, 9, 15, 17, 20, 22,

22.0%

7, 9, 29, 34, 35, 38, 40,

6, 7, 9, 12, 22, 28, 29,

16.0%

48

26.0%

6, 7, 9, 15, 17, 20, 22,

29,30,34,40,41,48
Met

16.0%

48

35,40,41,48
Ala

Success rate of
crystallization (%)

24.0%

29,34,38,40,48
18.0%

7,9,22,34

8.0%

34, 40,

TABLE 3
Buffer: 0.1 M Na phosphate (pH 6.5)

Crystal Screen
Additive
Lys

No. of success
6, 7, 9, 10, 15, 16, 17,

Success rate of

Buffer: 0.1 M CH3COONa (pH 4.5)

Crystal Screen

crystallization (%) No. of success
42.0%

6, 7, 9, 10, 15, 17, 20,

20, 22, 25, 28, 29, 30,

22, 25, 28, 29, 30, 31,

31, 34, 35, 38, 39, 41,

34,35,38,39,40,41,48

Success rate of
crystallization (%)
40.0%

48,
Orn

6, 7, 9, 10, 15, 17, 20, 22,

40.0%

25, 28, 29, 30, 31, 34, 35,
38, 39, 40, 41,48
GIyEE

6, 7, 9, 15, 17, 20, 21, 22,

6, 7, 9, 15, 17, 20, 22, 28,

32.0%

29, 30, 31, 34, 35, 38, 40,

38, 39, 40, 48, 50
6, 17, 22, 34, 38, 45

34.0%

40,48
40.0%

25, 28, 29, 30, 31, 34, 35,

ArgEE

6, 7, 9, 15, 16, 17, 20, 22,
29, 30, 31, 34, 35, 38, 39,

48
12.0%

7, 9, 15, 17, 22, 28, 29,

26.0%

30,31,34,35,38,39
LysEE

6, 7, 9, 10, 12, 15, 17, 20,

40.0%

22, 25, 28, 29, 30, 31, 34,
35, 38, 39, 40,48
CysEE

6, 7, 8, 9, 15, 20, 22, 25,
28, 29, 30, 31, 34, 38, 39,
40

6, 7, 9, 10, 15, 17, 18, 20,

40.0%

22, 25, 28, 29, 30, 31, 34,
35, 38, 39, 40,48
32.0%

5, 7, 9, 11, 12, 13, 15, 17,
20,26,28,29,34,38,40

30.0%
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Tables 4 and 5 show the results of crystallization at pH 4.5
under different protein concentration conditions (25 mg/ml
and 50 mg/ml). Similar to Tables 2 and 3, the numbers indicated in each table represent the number of the solution that

resulted in crystal deposition, among the 50 reservoir solutions used, and the % next to the numbers represents the
success rate of crystallization (hit ratio). In addition, FIG. 3
illustrates these results in graph form.
TABLE 4

Buffer: 0.1 M CH3COONa (pH 4.5)

Buffer: 0.1 M CH3COONa (pH 4.5)

25 mg/ml lysozyme

50 mg/ml lysozyme

Crystal Screen

Success rate of

Crystal Screen

Success rate of

crystallization (%) No. of success

Additive

No. of success

control

9, 22, 25, 29, 34, 35

12.0%

crystallization (%)

2, 6, 7, 9, 10, 22, 28, 29,

22.0%

34,35,41
Arg

17,34,35,48

8.0%

6, 7, 9, 10, 15, 20, 22, 24,

36.0%

28, 29, 30, 31, 34, 35, 38,
39, 42, 48
Lys

6, 7, 17, 22, 29, 30, 34, 35,

20.0%

7, 8, 9, 15, 17, 20, 22, 25,

40,48

30.0%

29,30,31,34,35,38,48

TABLE 5
Buffer: 0.1 M CH3COONa (pH 4.5)

Buffer: 0.1 M CH3COONa (pH 4.5)

25 mg/ml lysozyme

50 mg/ml lysozyme

Crystal Screen
Additive

Orn

GIyEE

GlyAmd

No. of success

6, 7, 9, 15, 16, 17, 20, 22,

Success rate of

Crystal Screen

crystallization (%) No. of success

34.0%

2, 6, 7, 9, 10, 11, 15, 17,

29, 30, 31, 34, 35, 38, 39,

20, 22, 25, 28, 29, 30, 31,

40,48

34,35,38,39,40,48,50

6, 7, 9, 15, 17, 20, 22, 28,

32.0%

6, 7, 9, 10, 13, 15, 17, 18,

29, 30, 31, 34, 35, 38, 40,

20, 22, 23, 25, 28, 29, 30,

48

31,34,35,38,39,40,48

7, 9, 10, 15, 17, 20, 22,

32.0%

28, 29, 30, 31, 34, 35, 38,

6, 7, 9, 10, 11, 15, 17, 20,

Success rate of
crystallization (%)

44.0%

44.0%

46.0%

22, 23, 25, 28, 29, 30, 31,

39,40

34,35,38,39,40,41,48,
50

LysEE

6, 7, 9, 10, 15, 17, 18, 20,

40.0%

22, 25, 28, 29, 30, 31, 34,

2, 6, 7, 9, 10, 11, 13, 14,

56.0%

15, 16, 17, 18, 20, 22, 23,

35, 38, 39, 40,48

25, 28, 29, 30, 31, 35, 39,
40,41,46,48,49,50

CysEE

5, 7, 9, 11, 12, 13, 15, 17,
20,26,28,29,34,38,40

30.0%

2, 5, 6, 7, 9, 10, 11, 15,
17, 20, 22, 28, 29, 30, 31,
34,35,38,40,46,48

42.0%
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Table 6 shows the results of crystallization at pH 6.5 under
different protein concentration conditions (25 mg/ml and 50
mg/ml). Similar to Tables 2, 3, 4 and 5, the numbers indicated
in each table represent the number of the solution that resulted
in crystal deposition, among the 50 reservoir solutions used,
and the % next to the numbers represents the success rate of
crystallization (hit ratio). In addition, FIG. 4 illustrates these
results in graph form.

show that these amino acids or amino acid derivatives function as a protein crystallizing agent or protein crystallization
accelerator.
Example 2
Using lysozyme (Seikagaku Corporation) as a protein,
various amino acids (glycine, serine, aspartic acid, glutamic

TABLE 6
25 mg/ml lysozyme

Additive

Crystal Screen
No. of success

50 mg/ml lysozyme

Success rate of
Crystal Screen
crystallization (%) No. of success

control

6, 7, 9, 15, 20, 29, 34, 40,
41,43,45,48

24.0%

Lys

6, 7, 9, 15, 17, 22, 25, 28,
29, 30, 31, 34, 35, 38, 39,
40,41,48
6, 7, 9, 10, 15, 17, 20, 22,
25, 28, 29, 30, 31, 34, 35,
38, 39, 40, 41,48
6, 7, 9, 15, 17, 20, 21, 22,
25, 28, 29, 30, 31, 34, 35,
38, 39, 40, 48, 50
6, 7, 9, 10, 12, 15, 17, 20,
22, 25, 28, 29, 30, 31, 34,
35, 38, 39, 40,48
6, 7, 8, 9, 15, 20, 22, 25,
28, 29, 30, 31, 34, 38, 39,
40
6, 7, 9, 10, 15, 16, 17, 20,
22, 25, 28, 29, 30, 31, 34,
35,38,39,41,46,48
6, 7, 9, 10, 15, 17, 20, 21,
22, 25, 28, 29, 30, 31, 34,
35,38,39,40,41,43,45,

36.0%

Orn

GIyEE

LysEE

CysEE

GlyAmd

ProAmd

40.0%

40.0%

40.0%

32.0%

42.0%

44.0%

Success rate of
crystallization (%)

2, 6, 7, 9, 10, 13, 15, 17, 20, 22,
25, 28, 29, 30, 31, 34, 35, 38, 39,
40,41,43, 45, 48
6, 7, 9, 10, 15, 17, 18, 20, 22, 24,
25, 28, 29, 30, 31, 34, 35, 38, 39,
40,41,45,48
2, 6, 7, 9, 10, 11, 13, 15, 17, 18,
20, 22, 23, 25, 28, 29, 30, 31, 34,
35,38,39,40,41,46,48,50
6, 7, 9, 10, 13, 15, 17, 18, 20, 22,
25, 28, 29, 30, 31, 34, 35, 38, 39,
40, 46, 48, 50
2, 6, 7, 9, 10, 11, 12, 13, 15, 17,
18, 20, 22, 23, 25, 28, 29, 30, 31,
34,35,38,39,40,41,46,48,50
6, 7, 8, 9, 10, 11, 13, 15, 17, 18,
20, 22, 25, 28, 29, 30, 31, 34, 35,
38, 39, 40, 41, 48
6, 7, 9, 10, 13, 15, 17, 18, 20, 22,
23, 25, 28, 29, 30, 31, 34, 35, 38,
39,40,41,43,44,46,48,50
6, 7, 9, 10, 13, 15, 17, 18, 20, 23,
25, 28, 29, 30, 31, 35, 38, 39, 40,
42,43,45,46,48,

In case the success rate of crystallization when using the
amino acids or amino acid derivatives is larger than that of the
control experiment (control: left end of each graph), it is
determined that the protein crystallization is promoted by the
addition of the amino acid or amino acid derivative.
The results in FIG. 2 revealed that the crystallization was
promoted by using lysine, ornithine, glycine ethyl ester,
lysine ethyl ester, cysteine ethyl ester and glycinamide,
regardless of the pH level. Further, FIG. 3 showed that in the
case of lysozyme at a concentration of 25 mg/ml, the crystallization was facilitated by using lysine, ornithine, glycine
ethyl ester, lysine ethyl ester, cysteine ethyl ester and glycinamide; whereas in the case of lysozyme at a concentration of
50 mg/ml, the crystallization was facilitated by using arginine, lysine, ornithine, glycine ethyl ester, lysine ethyl ester,
cysteine ethyl ester and glycinamide.
Moreover, FIG. 4 indicated that when using lysozyme at a
concentration of 25 mg/ml, the crystallization was facilitated
by using ornithine, glycine ethyl ester, lysine ethyl ester,
cysteine ethyl ester, glycinamide and prolinamide; whereas
when using lysozyme at a concentration of 50 mg/ml, the
crystallization was facilitated by using ornithine, glycine
ethyl ester, lysine ethyl ester, cysteine ethyl ester, glycinamide and prolinamide.
These results demonstrate that although the type of effective additives varies depending on the pH level, protein concentration and other conditions, the addition of the basic
amino acids (arginine, lysine, and ornithine, amino acid ester
derivatives or amino acid amide derivatives to the protein
solution promotes crystallization, which means that the success rate of crystallization is enhanced. That is, these results

40

45

50

55

6o

65

48.0%

46.0%

54.0%

46.0%

56.0%

48.0%

54.0%

48.0%

acid, arginine and ornithine (Wako Pure Chemical Industries,
Ltd.), and lysine (Sigma)) and amino acid derivatives (glycine
ethyl ester (Sigma) and glycinamide (Wako Pure Chemical
Industries, Ltd.)) were examined for their functions as a protein crystallizing agent or protein crystallization accelerator.
(1) Process of Experiment
Using, as a protein solution, a lysozyme solution at a concentration of 25 mg/ml that was prepared by means of a 0.1 M
buffer solution (sodium dihydrogen phosphate (pH 6.5)), and
using an amino acid- or amino acid derivative-containing
solution of the following composition as a reservoir solution,
the presence or absence of crystal precipitation was observed
by the same procedure as the hanging drop vapor diffusion
method used in Example 1 (Procedures 1 to 5).
Composition of Reservoir Solution
Buffer solution: 0.1 M sodium dihydrogen phosphate (pH
6.5)
Precipitant: 2.0 M to 0.1 M sodium chloride
Additives: 0.1 M to 1.0 M various amino acids or amino
acid derivatives
Moreover, the same procedure was performed as a control
experiment (control) using, as a reservoir solution, a solution
containing only the above buffer solution (0.1 M sodium
dihydrogen phosphate (pH 6.5)) and precipitant (2.0 M to 0.1
M sodium chloride), rather than the additives (amino acids
and amino acid derivatives).
(2) Experimental Results
FIGS. 5, 6 and 7 show the results. FIG. 5 indicates the result
that was observed on the 9th day from the beginning of
crystallization, and FIG. 6 indicates the result that was
observed on the 3rd day from the beginning of crystallization.
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FIG. 7 shows the result of crystallization at a protein concenamide derivatives in combination with a known protein crystration of 50 mg/ml. The vertical axis of each figure indicates
tallizing agent in the initial screening of protein crystallizathe concentration of the precipitant (NaC1) used for crystaltion.
lization. The bar obtained when adding various amino acids
Example 3
or amino acid derivatives, which is longer than that obtained 5
in the control experiment (control; left end in each figure),
Using lysozyme (Seikagaku Corporation) as a protein,
indicates that crystallization is promoted with the amino acid
various amino acids (glycine, arginine and ornithine (Wako
or amino acid derivative, expanding the concentration range
Pure Chemical Industries, Ltd.), and lysine (Sigma)), amino
of the precipitant for precipitating crystals; namely, widening
10 acid ester derivatives (glycine ethyl ester, serine ethyl ester
the range of crystallization conditions.
and lysine ethyl ester (Sigma)), and amino acid amide derivaAs shown in FIG. 5, the addition of the amino acids (acidic
tives (glycinamide, serinamide, threonine amide, prolinaamino acids, i.e., arginine and lysine; and basic amino acids,
mide and argininamide (Wako Pure Chemical Industries,
i.e., aspartic acid and glutamic acid) other than glycine and
Ltd.)) were examined for their functions as a protein crystalserine, and the amino acid ester derivative (glycine ethyl
ester) provided different results from the control. More spe- is lizing agent or a protein crystallization accelerator in the
same manner as in Example 2.
cifically, it was confirmed that arginine and glycine ethyl ester
FIG. 8 shows the results observed on the 2nd day from the
promoted protein crystallization in a high-concentration prebeginning of crystallization at a lysozyme concentration of 50
cipitant-containing solution (highly supersaturated solution),
while the other amino acids (lysine, aspartic acid and 20 mg/ml. The vertical axis of the figure indicates the concentration of the precipitant (NaC1) used for crystallization. The
glutamic acid) and glycine ethyl ester promoted protein crysbar obtained when adding various amino acids or amino acid
tallization in a low-concentration precipitant-containing
derivatives, which is longer than that obtained in the control
solution (low supersaturated solution).
experiment (control; left end in each figure) or is shifted from
This shows that crystals can be precipitated under a wide
range of conditions by using the above amino acids (basic 25 the range of the control bar, indicates that crystallization is
amino acids, i.e., arginine and lysine; and acidic amino acids,
promoted with the amino acid or amino acid derivative,
i.e., aspartic acid and glutamic acid) or amino acid ester
expanding the concentration range of the precipitant for prederivatives in combination with a known precipitant. In other
cipitating crystals; namely, widening the range of crystallizawords, it was found that the use of these amino acids or amino
tion conditions.
acid ester derivatives promotes crystallization, and thereby 30
As shown in FIG. 8, the addition of the amino acids (basic
crystals are precipitated even under conditions where no crysamino acids, i.e., arginine, lysine and ornithine) other than
tallization occurs when using a conventional precipitant (conglycine, the amino acid ester derivatives (glycine ethyl ester,
trol), enhancing the success rate of crystallization.
serine ethyl ester and lysine ethyl ester), and the amino acid
FIG. 6 shows the result of the crystallization on the 3rd day
amide derivatives (glycinamide, serinamide, threonine
from the beginning of crystallization. Even under a condition 35 amide, prolinamide and argininamide) provided different
where no crystallization occurred through the use of a conresults from the control. More specifically, it was confirmed
ventional precipitant (control), crystals were precipitated by
that arginine, glycine ethyl ester, serine ethyl ester, lysine
using the above-described amino acids or amino acid ester
ethyl ester, glycinamide, threonine amide, prolinamide and
derivatives. Further, from the fact that this result is not much
argininamide promoted protein crystallization in a high-condifferent from that of the 9th day from the beginning of 40 centration precipitant-containing solution (highly supersatucrystallization (FIG. 5), the addition of the above amino acids
rated solution), while the other amino acids (lysine and ornior amino acid ester derivatives results in a reduction of the
thine) and glycine ethyl ester, serine ethyl ester, lysine ethyl
time necessary for the crystal precipitation.
ester, glycinamide and prolinamide promoted protein crystalFurther, as shown in FIG. 7, the addition of the amino acids
lization in a low-concentration precipitant-containing solu(basic amino acids, i.e., arginine, lysine and ornithine; and 45 tion (low supersaturated solution).
acidic amino acids, i.e., aspartic acid and glutamic acid) other
This shows that crystals can be precipitated under a wide
than glycine and serine, the amino acid ester derivative (glyrange of conditions by using the above amino acids (basic
cine ethyl ester), and the amino acid amide derivative (glyciamino acids, i.e., arginine, lysine and ornithine), amino acid
namide) provided different results from the control. More
ester derivatives, or amino acid amide derivatives in combispecifically, it was confirmed that arginine, glycine ethyl 50 nation with a known precipitant. In other words, it was found
ester, and glycinamide promoted protein crystallization in a
that the use of these amino acids, amino acid ester derivatives,
high-concentration precipitant-containing solution (highly
or amino acid amide derivatives promote crystallization, and
supersaturated solution), while the other amino acids (lysine,
thereby crystals are precipitated even under conditions where
aspartic acid, glutamic acid, and ornithine), glycine ethyl
no crystallization occurs when using a conventional precipiester, and glycinamide promoted protein crystallization in a 55 tant (control), enhancing the success rate of crystallization.
low-concentration precipitant-containing solution (low
supersaturated solution).
Example 4
These results reveal that crystallization is promoted by
adding the above amino acids (basic amino acids such as
The crystallization of lysozyme using ammonium sulfate
arginine, lysine and omithine; and acidic amino acids such as 6o as a precipitant is considered extremely difficult (Acta Cryst.
aspartic acid and glutamic acid), amino acid ester derivatives,
(1997) D53, 759-797; and Acta Cryst. (1994) D50, 366or amino acid amide derivatives to a protein solution during
369)). Hence, under the condition where ammonium sulfate
crystallization, thereby allowing crystal precipitation under a
was used as a precipitant, whether crystals of lysozyme would
wide range of conditions and in a short period of time. That is,
be precipitated was examined when the acidic amino acid
these results imply that the success rate of protein crystalli- 65 (glutamic acid), basic amino acid (arginine, lysine or ornization can be enhanced by using basic amino acids, acidic
thine), amino acid ester derivative (glycine ethyl ester) or
amino acids, amino acid ester derivatives, or amino acid
amino acid amide derivative (glycinamide) was added.
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(1) Process of Experiment
Using, as a protein solution, a 0.1 M buffer solution (sodium dihydrogen phosphate (pH 6.5)) that was prepared by
means of a lysozyme solution at a concentration of 100 mg/ml
or 150 mg/ml, and using an amino acid- or amino acid derivative-containing solution of the following composition as a
reservoir solution, the presence or absence of crystal precipitation was observed by the same procedure as the hanging
drop vapor diffusion method used in Example 1 (Procedures
1 to 5).
Composition of Reservoir Solution
Buffer solution: 0.1 M sodium dihydrogen phosphate (pH
6.5)
Precipitant: 1.5 M to 0.1 M ammonium sulfate
Additives: 0.1 M to 1.0 M various amino acids or amino
acid derivatives
Moreover, the same procedure was performed as a control
experiment (control) using, as a reservoir solution, a solution
containing only the above buffer solution (0.1 M sodium
dihydrogen phosphate (pH 6.5)) and precipitant (1.5 M to 0.1
M ammonium sulfate), rather than the additives (amino acids
and amino acid derivatives).
(2) Experimental Results
FIG. 9 (100 mg/ml lysozyme) and FIG. 10 (150 mg/ml
lysozyme) show the results three weeks after the beginning of
crystallization. The vertical axis of the figure indicates the
concentration of the precipitant (ammonium sulfate) used for
crystallization. As shown in FIGS. 9 and 10, no crystals were
precipitated in the control experiment (control; left end) in
which none of basic amino acids, acidic amino acids, and
amino acid derivatives was used; however, when using basic
amino acids, acidic amino acids, amino acid ester derivatives
or amino acid amide derivatives, particularly glutamic acid,
arginine, lysine, ornithine, glycine ethyl ester, or glycinamide, crystals were precipitated in the presence of the precipitant (ammonium sulfate). This result indicates that crystallization is promoted with basic amino acids, acidic amino
acids, amino acid ester derivatives, and amino acid amide
derivatives, allowing for crystallization of lysozyme using
ammonium sulfate as a precipitant, which was traditionally
considered to be difficult; in addition, the use of basic amino
acids, acidic amino acids, amino acid ester derivatives, and
amino acid amide derivatives expands the variety of precipitants efficiently usable in protein crystallization, which
means that the range of crystallization conditions usable in
the initial screening of protein crystallization can be
extended.
In the documents (Acta Cryst. (1997) D53, 759-797; and
Acta Cryst. (1994) D50, 366-369) described above, lysozyme
crystallization using ammonium sulfate as a precipitant was
finally successful after purifying commercially available
lysozyme to obtain high-purity lysozyme. However, according to the method of the present invention, crystallization of
commercially available lysozyme using ammonium sulfate
was successful only by adding the above-described amino
acids or amino acid derivatives to the lysozyme, as stated
above. This indicates that even proteins with poor purity can
be successfully crystallized by the use of the above amino
acids or amino acid derivatives.

(1) Process of Experiment
Using, as a protein solution, a 4% (w/v) hemoglobin solution that was prepared by means of a 0.1 M buffer solution
(sodium dihydrogen phosphate (pH 6.5)), and using an amino
acid-containing solution of the following composition as a
reservoir solution, the presence or absence of crystal precipitation was observed by the same procedure as the hanging
drop vapor diffusion method used in Example 1 (Procedures
1 to 5).
Composition of Reservoir Solution
Buffer solution: 0.1 M sodium dihydrogen phosphate (pH
6.5)
Precipitant: 12.5% (w/v) to 25.0% (w/v) polyethylene glycol 3350
Additives: 0.2 M to 1.0 M various amino acids
Moreover, the same procedure was performed as a control
experiment (control) using, as a reservoir solution, a solution
containing only the above buffer solution (0.1 M sodium
dihydrogen phosphate (pH 6.5)) and precipitant (12.5% (w/v)
to 25.0% (w/v) polyethylene glycol), rather than the additives
(amino acids).
(2) Experimental Results
FIG. 11 shows the result on the 3rd day after the beginning
of crystallization. The vertical axis of the figure represents the
concentration of the precipitant (PEG) used for crystallization. The concentration range of the polyethylene glycol 3350
examined was lower than 25% (w/v). Accordingly, the bar
obtained when adding various amino acids, which extends
downwardly longer than that obtained in the control experiment (control: left end in each figure), indicates that crystallization is promoted with the amino acid, expanding the concentration range of the precipitant (PEG) for precipitating
crystals; namely, widening the range of crystallization conditions. This result showed that the use of acidic amino acids,
i.e., aspartic acid or glutamic acid, widens the range of crystallization conditions when using polyethylene glycol as a
precipitant.
FIG. 12 shows micrographs of crystals that were precipitated through the use of aspartic acid or glutamic acid (eyepiece lensxl0, objective lensx4). In addition, a micrograph of
a crystal that was precipitated through the use of arginine is
also provided. The micrograph represented by "no additive"
shows the protein crystal obtained in the control experiment
(control), which could not be used in the X-ray diffraction
experiment due to the overlapping of small crystals (originally, 4% (w/v) hemoglobin and, as a precipitant, 17.5%
(w/v) PEG 3350 were used). On the other hand, the protein
crystals obtained by adding aspartic acid, glutamic acid, or
arginine were all single crystals that had good quality, allowing them to be suitably used in the X-ray diffraction experiment. This suggested that acidic amino acids can not only
extend the range of crystallization conditions, but also
improve the quality of the crystals.
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Example 5
Using hemoglobin (Sigma) as a protein, various amino
acids (proline, serine, aspartic acid and glutamic acid (Wako
Pure Chemical Industries, Ltd.)) were examined for their
functions as a protein crystallizing agent or a protein crystallization accelerator.

65

Example 6
Using ribonuclease A (Worthington) as a protein, various
amino acids (alanine, glutamic acid and ornithine (Wako Pure
Chemical Industries, Ltd.), and aspartic acid and lysine
(Sigma)), and amino acid derivative (glycine ethyl ester) were
examined for their functions as a protein crystallizing agent or
a protein crystallization accelerator.
(1) Process of Experiment
Using, as a protein solution, 25 mg/ml ribonuclease A
solution that was prepared by means of a 0.1 M buffer solution (sodium acetate (pH 6.0)), and using an amino acidcontaining solution of the following composition as a reser-
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voir solution, the presence or absence of crystal precipitation
was observed by the same procedure as the hanging drop
vapor diffusion method used in Example 1 (Procedures 1 to
5).

Composition of Reservoir Solution
Buffer solution: 0.1 M sodium dihydrogen phosphate (pH
6.5)
Additives: 0.75 M to 2.0 M various amino acids or amino
acid derivatives
(2) Experimental Results
FIG. 14 shows the result on the 14th day after the beginning
of crystallization. Crystals were precipitated when adding the
amino acids (lysine, arginine, ornithine, aspartic acid and
glutamic acid), amino acid ester derivatives (arginine ethyl
ester and glycine ethyl ester), or amino acid amide derivative
(glycinamide). This result demonstrates that the acidic amino
acids (aspartic acid and glutamic acid), basic amino acids
(arginine, lysine and ornithine), amino acid amide derivative
(glycinamide), and amino acid ester derivatives (arginine
ethyl ester and glycine ethyl ester) independently crystallize
protein, and are thus useful as protein crystallizing agents.

Composition of Reservoir Solution

5

Buffer solution: 0.1 M sodium acetate (pH 6.0)
Precipitant: 35% (w/v) ammonium sulfate
Additives: 0.5 M various amino acids or amino acid derivatives
Moreover, the same procedure was performed as a control
experiment (control) using, as a reservoir solution, a solution
containing only the above buffer solution (0.1 M sodium
acetate (pH 6.0)) and precipitant (35% (w/v) ammonium sulfate), rather than the additives (amino acids).

10

15

(2) Experimental Results
FIG. 13 shows micrographs of crystals that were precipitated through the use of aspartic acid or glycine ethyl ester
(eyepiece lensx 10, objective lensx4). The micrograph represented by "no additive" shows the protein crystal obtained in
the control experiment (control), in which no crystal precipitation was observed, but only amorphous precipitates were
observed. Meanwhile, protein crystals of good quality were
obtained by adding aspartic acid or glycine ethyl ester. In the
document (Protein Sci. (2002)11(1). 72), ribonucleaseA was
successfully crystallized by using ammonium sulfate as a
precipitant. However, depending on protein purity, protein
crystallization often does not occur under previously reported
crystallization conditions. According to the method of the
present invention, however, as stated above, the crystallization of commercially available ribonuclease A using ammonium sulfate was successful only by adding the above-mentioned amino acid or amino acid derivative to the ribonuclease
A, which is not crystallized under existing crystallization
conditions and is considered to have a slight purity problem.
This means that even proteins with insufficient purity can be
successfully crystallized by the use of the above amino acids
or amino acid derivatives. This suggested that particularly
acidic amino acids can enhance the crystallization of proteins
even with insufficient purity.
Example 7
Using lysozyme (Seikagaku Corporation) as a protein,
various amino acids (glutamic acid, ornithine, arginine and
aspartic acid (Wako Pure Chemical Industries, Ltd.), and
lysine (Sigma)), amino acid ester derivatives (glycine ethyl
ester and arginine ethyl ester (Sigma)), and amino acid amide
derivative (glycinamide (Wako Pure Chemical Industries,
Ltd.)) were examined for their function as a protein crystallizing agent, when used singularly.
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(1) Process of Experiment
Using, as a protein solution, a lysozyme solution at a concentration of 50 mg/ml, 100 mg/ml, or 150 mg/ml that was
prepared by means of a 0.1 M buffer solution (sodium dihydrogen phosphate (pH 6.5)), and using an amino acid- or
amino acid derivative-containing solution of the following
composition as a reservoir solution, the presence or absence
of crystal precipitation was observed by the same procedures
as the hanging drop vapor diffusion method used in Example
1 (Procedures 1 to 5).

6o
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FIG. 1 illustrates an outline of the procedure of the hanging
drop diffusion method used for crystallization in Examples 1
to 6.
FIG. 2 is a graph showing the results (Tables 2 and 3) of
Example 1. More specifically, the figure indicates the crystallization success rate through the use of various amino acids
(horizontal axis) in initial screening, with respect to each pH
level (pH 4.5 and pH 6.5).
FIG. 3 is a graph showing the results (Tables 4 and 5) of
Example 1. More specifically, the figure indicates the crystallization success rate through the use of various amino acids
or amino acid derivatives (horizontal axis) in initial screening, with respect to each protein concentration (25 mg/ml and
50 mg/ml) (pH 4.5).
FIG. 4 is a graph showing the results (Table 6) of Example
1. More specifically, the figure shows the crystallization success rate through the use of various amino acids or amino acid
derivatives (horizontal axis) in initial screening, with respect
to each protein concentration (25 mg/ml and 50 mg/ml) (pH
6.5).
FIG. 5 shows the crystallization state on the 9th day from
the beginning of crystallization in Example 2. The vertical
axis represents the concentration of the precipitant (NaC1)
used for crystallization, and the horizontal axis represents the
amino acids and amino acid derivatives used for crystallization. The protein concentration is 25 mg/ml.
FIG. 6 shows the crystallization state on the 3rd day from
the beginning of crystallization in Example 2. The vertical
axis represents the concentration of the precipitant (NaC1)
used for crystallization, and the horizontal axis represents the
amino acids and amino acid derivatives used for crystallization. The protein concentration is 25 mg/ml.
FIG. 7 shows the crystallization state three weeks after the
beginning of crystallization in Example 2. The vertical axis
represents the concentration of the precipitant (NaC1) used
for crystallization, and the horizontal axis represents the
amino acids and amino acid derivatives used for crystallization. The protein concentration is 50 mg/ml.
FIG. 8 shows the crystallization state two days after the
beginning of crystallization in Experiment 3. The vertical
axis represents the concentration of the precipitant (NaC1)
used for crystallization, and the horizontal axis represents the
amino acids and amino acid derivatives used for crystallization. The protein concentration is 50 mg/ml.
FIG. 9 shows the crystallization state in Example 4. The
vertical axis represents the concentration of the precipitant
(ammonium sulfate) used for crystallization, and the horizon-
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tal axis represents the amino acids and amino acid derivatives
4. A method for screening for protein crystallization conditions, comprising the steps of:
used for crystallization. The protein concentration is 100
bringing a protein crystallizing agent into contact with a
mg/ml.
protein-containing solution, to prepare a mixture; and
FIG. 10 shows the crystallization state in Example 4. The
5
observing
the occurrence of precipitation of the protein to
vertical axis represents the concentration of the precipitant
screen for protein crystallization conditions,
(ammonium sulfate) used for crystallization, and the horizonwherein the protein crystallizing agent comprises at least
tal axis represents the amino acids and amino acid derivatives
one compound selected from the group consisting of
used for crystallization. The protein concentration is 150
ornithine, an amide derivative of an amino acid, a salt
mg/ml.
thereof and a solvate thereof; and
FIG. 11 shows the crystallization state in Example 5. The 10
wherein if the mixture contains ornithine or a salt thereof or
vertical axis represents the concentration of the precipitant
a solvate thereof, then the ornithine or the salt thereof or
(polyethylene glycol) used for crystallization, and the horithe solvate thereof is contained in the mixture at a conzontal axis represents the amino acids and amino acid derivacentration of 20 mM or more.
tives used for crystallization.
5. The method for screening for protein crystallization
FIG. 12 shows images of the crystals obtained in Example 15 conditions according to claim 4,
wherein the protein is precipitated and crystallized in a
5, observed under a stereoscopic microscope. In the figure,
vapor diffusion method.
the image represented by "no additive" shows the protein
6. The method for screening for protein crystallization
crystal obtained in the control experiment (control).
conditions according to claim 4,
FIG. 13 shows images of the crystals obtained in Example
wherein the amide derivative of an amino acid is glycina6, observed under a stereoscopic microscope. In the figure, 20
mide, serinamide, threonine amide, argininamide, or
the image represented by "no additive" shows the appearance
prolinamide.
of the drop in the control experiment (control). In the control
7. A method for crystallizing a protein, comprising the
experiment, no crystals but only precipitates were obtained.
steps of:
FIG. 14 shows the crystallization state in Example 7. The
bringing a protein crystallizing agent into contact with a
horizontal axis represents the amino acids, dipeptides, and 25
protein-containing solution, to prepare a mixture; and
amino acid derivatives used for crystallization, and the vertiprecipitating and crystallizing the protein,
cal axis represents their concentration.
wherein the protein crystallizing agent comprises at least
one compound selected from the group consisting of an
The invention claimed is:
30
amide derivative of an amino acid, a salt thereof and a
1. A method for crystallizing a protein, comprising the
solvate thereof.
steps of:
8. The method for crystallizing a protein according to claim
bringing a protein crystallizing agent into contact with a
7,
protein-containing solution, to prepare a mixture; and
wherein the amide derivative of an amino acid is glycinaprecipitating and crystallizing the protein,
35
mide, serinamide, threonine amide, argininamide, or
wherein the protein crystallizing agent comprises at least
prolinamide.
one compound selected from the group consisting of
9. A method for screening for protein crystallization conornithine, an amide derivative of an amino acid, a salt
ditions, comprising the steps of:
thereof and a solvate thereof; and
bringing a protein crystallizing agent into contact with a
wherein if the mixture contains ornithine or a salt thereof or
40
protein-containing to prepare a mixture; and
a solvate thereof, then the ornithine or the salt thereof or
observing the occurrence of precipitation of the protein to
the solvate thereof is contained in the mixture at a conscreen for protein crystallization conditions,
centration of 20 mM or more.
wherein the protein crystallizing agent comprises at least
2. The method for crystallizing a protein according to claim
one compound selected from the group consisting of an
1,
45
amide derivative of an amino acid, a salt thereof and a
wherein the protein is precipitated and crystallized in a
solvate thereof.
vapor diffusion method, a batch method, a liquid-liquid
10. The method for screening for protein crystallization
diffusion method or a dialysis method.
conditions according to claim 9,
3. The method for crystallizing a protein according to claim
wherein the amide derivative of an amino acid is glycina1,
50
mide, serinamide, threonine amide, argininamide, or
wherein the amide derivative of an amino acid is glycinaprolinamide.
mide, serinamide, threonine amide, argininamide, or
prolinamide.

