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(57) ABSTRACT 

A particle siZe (or particle diameter) variable reactor com 
prises a granular substrate and a capturing unit ?xed onto the 
surface of the granular substrate. The capturing unit com 
prises a rod-shaped body having a length of 810 nm or less, 
a con?guration variable element Which may be structurally 
transformed When stimulation is applied, and a capturing 
structured body Which speci?cally captures an object to be 
captured. The particle siZe variable reactor is highly biode 
gradable and environmentally friendly, and can speci?cally 
act on and thus selectively capture its target alone. The 
reactor may preferably be used in various ?elds including 
medical and industrial ?elds. 
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Fig. 1 
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Fig. 2 



Patent Application Publication Nov. 14, 2002 Sheet 3 0f 9 US 2002/0168756 A1 

Fig. 5 
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Fig. 6 
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Fig. 8 
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PARTICLE SIZE VARIABLE REACTOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a highly biode 
gradable and less harmful, particle siZe (or particle diameter) 
variable reactor that can speci?cally capture a target and has 
a particle size, How rate, capturing reaction rate and ability 
to pass through a ?lter membrane Which are adjustable. The 
inventive particle siZe variable reactor can be used in various 
?elds. 

[0003] 2. Description of the Related Art 

[0004] Devices Which can speci?cally act on and thus 
selectively capture a particular target alone have been devel 
oped and utiliZed in various ?elds including medical and 
industrial ?elds. 

[0005] Today, hoWever, because of recent increasing pub 
lic interest in environmental pollution, a nature-friendly 
device is noW demanded Which can selectively capture a 
particular target in an aqueous and/or oil phase and produce 
highly biodegradable and less harmful Waste materials 
including the object captured. 

SUMMARY OF THE INVENTION 

[0006] In order to solve the above-described problems 
associated With the prior art, an object of the present 
invention is to provide a highly biodegradable and less 
harmful particle siZe (or particle diameter) variable reactor 
that can speci?cally act on and selectively capture an object 
to be captured, Which can be preferably used in various 
?elds including medical and industrial ?elds. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 is a schematic vieW shoWing one embodi 
ment of the amphiphilic rod-shaped body according to the 
present invention. 

[0008] FIG. 2 is a schematic vieW shoWing one embodi 
ment of a rod-shaped body according to the present inven 
tion Which has a con?guration variable element attached to 
one end of the linear chain thereof. 

[0009] FIG. 3 is a schematic vieW shoWing another 
embodiment of the rod-shaped body according to the present 
invention Which has con?guration variable elements 
attached to the side chains thereof. 

[0010] FIG. 4 is a schematic vieW shoWing another 
embodiment of the rod-shaped body according to the present 
invention Which has con?guration variable elements 
attached to both one end of the linear chain and the side 
chains thereof. 

[0011] FIG. 5 is a schematic vieW shoWing another 
embodiment of an amphiphilic rod-shaped body according 
to the present invention Which has a capturing structured 
body attached to one end and a con?guration variable 
element attached to the other end of the rod-shaped body. 

[0012] FIG. 6 is an explanatory vieW shoWing the prin 
ciple of a light re?ection of an incident light as colored 
interference light. 
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[0013] FIG. 7 is an explanatory vieW shoWing the prin 
ciple of a light re?ection of an incident light as colored 
interference light. 

[0014] FIG. 8 is a schematic vieW shoWing one embodi 
ment of a particle siZe variable reactor according to the 
present invention. 

[0015] FIGS. 9A and 9B are explanatory vieWs shoWing 
the change in the particle siZe of the particle siZe variable 
reactor 100 shoWn in FIG. 8 in Which the con?guration 
variable element 30 comprises an aZobenZene compound, 
Which can be structurally transformed by irradiation With 
light (UV or visible light). 

[0016] FIG. 10 is a schematic vieW shoWing exemplary 
particle siZe variable reactors according to the present inven 
tion. 

[0017] FIGS. 11A and 11B are exemplary vieWs of par 
ticle siZe variable reactors 100 in Which the con?guration 
variable element 30 (aZobenZene compound) is in its trans 
and cis-forms, respectively. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0018] The particle siZe (or particle diameter) variable 
reactor according to the present invention comprises a 
granular substrate and a capturing unit ?xed onto the surface 
of the granular substrate. 

[0019] {Capturing Unit} 
[0020] The capturing unit comprises a rod-shaped body, a 
con?guration variable element and a capturing structured 
body. 

[0021] <Rod-Shaped Body> 
[0022] The above-described rod-shaped body may be any 
rod-shaped material Which can suitably be selected depend 
ing on a particular purpose, including inorganic and organic 
rod-shaped bodies, and preferably organic rod-shaped bod 
1es. 

[0023] Organic rod-shaped bodies include biopolymers 
and polysaccharides. 

[0024] Examples of biopolymers preferably include 
?brous proteins, ot-helix polypeptides and nucleic acids 
(DNA, RNA, etc.). Fibrous proteins include those having an 
ot-helix structure such as ot-keratin, myosin, epidermin, 
?brinogen, tropomyosin, silk ?broin or the like. Apreferable 
example of polysaccharide is amylose. 

[0025] Preferable examples of organic rod-shaped bodies 
are those having a helix structure in the molecule since they 
can stably keep their rod-shaped structures and intercalate 
other substance or substances of interest therein When desir 
able, including ot-helix polypeptides, DNAs and amylose 
among those described above. 

[0026] {ot-Helix Polypeptide} 
[0027] The above-described ot-helix polypeptides are 
polypeptides having a certain type of secondary structure in 
Which every 3.6 amino acids form one coil and an imide 

group (—NH—) and a carbonyl group (—CO—) at every 
fourth amino acid in each of the tWo strands in the helix are 
bridged by a hydrogen bond Which extends substantially 
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parallel to the helix core. In this ot-heliX structure, repeat 
subunits each consisting of 7 amino acids are linked one 
another to form an energy-stable structure. 

[0028] The above-described ot-heliX polypeptide may be 
either deXtral or sinistral. It should be noted that all of the 
naturally-occurring ot-heliX polypeptides are deXtral due to 
its stability. 

[0029] Any amino acids Which are capable of forming an 
ot-heliX structure may be used to form the above-described 
ot-heliX polypeptide and can be suitably selected depending 
on a particular purpose. Preferably, amino acids Which are 
likely to form an ot-heliX structure may be used, including, 
for example, aspartic acid (Asp), glutarnic acid (Glu), argi 
nine (Arg), lysine (Lys), histidine (His), asparagine (Asn), 
glutarnine (Gln), serine (Ser), threonine (Thr), alanine (Ala), 
valine (Val), leucine (Leu), isoleucine (Ile), cysteine (Cys), 
rnethionine (Met), tyrosine (Tyr), phenylalanine (Phe) and 
tryptophan (Trp). Amino acids may be used alone or in 
combination. 

[0030] The above-described ot-heliX polypeptide may be 
either hydrophilic, hydrophobic or arnphiphilic depending 
on the amino acids selected. For hydrophilic ot-heliX 
polypeptides, serine (Ser), threonine (Thr), aspartic acid 
(Asp), glutarnic acid (Glu), arginine (Arg), lysine (Lys), 
asparagine (Asn) and glutarnine (Gln) may be preferably 
used. For hydrophobic ot-heliX polypeptides, phenylalanine 
(Phe), tryptophan (Trp), isoleucine (Ile), tyrosine (Tyr), 
rnethionine (Met), leucine (Leu) and valine (Val) may be 
used. 

[0031] In the above-described ot-heliX polypeptides, car 
boXylgroups in those amino acids forming the ot-heliX Which 
do not contribute to peptide bonds can be esteri?ed to obtain 
hydrophobic polypeptides While the esteri?ed carboXyl 
groups can be hydrolyZed to obtain hydrophilic polypep 
tides. 

[0032] Amino acids may either be L-arnino acids, 
D-arnino acids, or derivatives thereof With rnodi?ed side 
chains. 

[0033] The number of bonds (the degree of polyrneriZa 
tion) of the amino acid in the ot-heliX polypeptide is not 
particularly limited and may be appropriately selected in 
accordance With the object. HoWever, 10 to 5000 is prefer 
able. 

[0034] If the number of bonds (the degree of polyrneriZa 
tion) is less than 10, it may not be possible for the polyarnino 
acid to form a stable ot-heliX. If the number of bonds (the 
degree of polymerization) exceeds 5000, vertical orientation 
may be difficult to achieve. 

[0035] Suitable speci?c examples of the ot-heliX polypep 
tide are polyglutarnic acid derivatives such as poly(y-rnethyl 
L-glutarnate), poly(y-ethyl L-glutarnate), poly(y-benZyl 
L-glutarnate), poly(n-heXyl L-glutarnate), and the like; pol 
yaspartic acid derivatives such as poly([3-benZyl L-aspar 
tate) and the like; polypeptides such as poly(L-leucine), 
poly(L-alanine), poly(L-rnethionine), poly(L-phenylala 
nine), poly(L-lysine)-poly(y-rnethyl L-glutarnate), and the 
like. 

[0036] The ot-heliX polypeptide may be a commercially 
available ot-heliX polypeptide, or may be appropriately syn 
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thesiZed or prepared in accordance with methods disclosed 
in knoWn publications and the like. 

[0037] As one example of synthesiZing the ot-heliX 
polypeptide, the synthesis of block copolypeptide [poly(L 
lysine)25-poly(y-rnethyl L-glutarnate)6O]PLLZ25-PMLG6O is 
as folloWs. As is shoWn by the following formula, block 
copolypeptide [poly(L-lysine)25-poly(y-rnethyl 
L-glutarnate)60]PLLZ25-PMLG6O can be synthesiZed by 
polyrneriZing N‘-carbobenZoXy L-lysine N°‘-carboXy acid 
anhydride (LLZ-NCA) by using n-heXylarnine as an initia 
tor, and then polyrneriZing y-rnethyl L-glutarnate N-carboXy 
acid anhydride (MLG-NCA). 
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-continued 

(CH2)4 (CH2)2 

NH (3: 0 

i=0 J) 
J) (‘1H, 
(‘1H, 

PLLZm-PMLGH (m = 25,11 = 60) 

[0038] Synthesis of the ot-helix polypeptide is not limited 
to the above-described method, and the ot-helix polypeptide 
can be synthesized by a genetic engineering method. Spe 
ci?cally, the ot-helix polypeptide can be manufactured by 
transforming a host cell by a expression vector in Which is 
integrated a DNA Which encodes the object polypeptide, and 
culturing the transformant, and the like. 

[0039] Examples of the expression vector include a plas 
mid vector, a phage vector, a plasmid and phage chimeric 
vector, and the like. 

[0040] Examples of the host cell include prokaryotic 
microorganisms such as E. coli, Bacillus subtilis, and the 
like; eukaryotic microorganisms such as yeast or the like; 
Zooblasts, and the like. 

[0041] The ot-helix polypeptide may be prepared by 
removing the ot-helix structural portion from a natural 
?brous protein such as ot-keratin, myosin, epidermin, 
?brinogen, tropomyosin, silk ?broin, or the like. 

[0043] The DNA may be a single-stranded DNA. HoW 
ever, the DNA is preferably a double-stranded DNA from the 
standpoints that the rod-shape can be stably maintained, 
other substances can be intercalated into the interior, and the 
like. 

[0044] A double-stranded DNA has a double helix struc 
ture in Which tWo polynucleotide chains, Which are in the 
form of right-Wound spirals, are formed so as to be posi 
tioned around a single central axis in a state in Which they 
extend in respectively opposite directions. 

[0045] The polynucleotide chains are formed by four types 
of nucleic acid bases Which are adenine (A), thiamine (T), 
guanine (G), and cytosine The nucleic acid bases in the 
polynucleotide chain exist in the form of projecting inWardly 
Within a plane Which is orthogonal to the central axis, and 
form so-called Watson-Crick base pairs. Thiamine speci? 
cally hydrogen bonds With adenine, and cytosine speci?cally 
hydrogen bonds With guanine. As a result, in a double 
stranded DNA, the tWo polypeptide chains are bonded 
complementarily. 
[0046] The DNA can be prepared by knoWn methods such 
as PCR (Polymerase Chain Reaction), LCR (Ligase Chain 
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Reaction), 3SR (Self-Sustained Sequence Replication), SDA 
(Strand Displacement Ampli?cation), and the like. Among 
these, the PCR method is preferable. 

[0047] Further, the DNA can be prepared by being directly 
removed enZymatically from a natural gene by a restriction 
enZyme. Or, the DNA can be prepared by a genetic cloning 
method, or by a chemical synthesis method. 

[0048] In the case of a genetic cloning method, a large 
amount of the DNA can be prepared by, for example, 
integrating a structure, in Which a normal nucleic acid has 
been ampli?ed, into a vector Which is selected from plasmid 
vectors, phage vectors, plasmid and phage chimeric vectors, 
and the like, and then introducing the vector into an arbitrary 
host in Which propagation is possible and Which is selected 
from prokaryotic microorganisms such as E. coli, Bacillus 
subtilis, or the like; eukaryotic microorganisms such as yeast 
or the like; Zooblasts, and the like. 

[0049] Examples of chemical synthesis methods include 
liquid phase methods or solid phase synthesis methods using 
an insoluble carrier, such as a tolyester method, a phospho 
rous acid method, or the like. In the case of a chemical 
synthesis method, the double-stranded DNA can be prepared 
by using a knoWn automatic synthesiZing device or the like 
to prepare a large amount of single-stranded DNA, and 
thereafter, carrying out annealing. 

[0050] {Amylose} 
[0051] Amylose is a polysaccharide having a spiral struc 
ture in Which D-glucose, Which forms starch Which is a 
homopolysaccharide of higher plants for storage, is joined in 
a straight chain by ot-1,4 bonds. 

[0052] The molecular Weight of the amylose is preferably 
around several thousand to 150,000 in number average 
molecular Weight. 

[0053] The amylose may be a commercially available 
amylose, or may be appropriately prepared in accordance 
With knoWn methods. 

[0054] Amylopectin may be contained in a portion of the 
amylose. 
[0055] The length of the rod-shaped body is not particu 
larly limited, and may be appropriately selected in accor 
dance With the object. HoWever, from the standpoint of 
causing light re?ection of an incident light as colored 
interference light, Which Will be described later, a length of 
810 nm or less is preferable, and 10 nm to 810 nm is more 
preferable. The length of diameter of the rod-shaped body is 
not particularly limited, and in the case of ot-helix polypep 
tides, it is approximately 0.8 to 2.0 nm. 

[0056] The entire rod-shaped body may be hydrophobic or 
hydrophilic. Or, the rod-shaped body may be amphiphilic 
such that a portion thereof is hydrophobic or hydrophilic, 
and the other portion thereof exhibits the opposite property 
of the one portion. When the rod-shaped body is 
amphiphilic, it is advantageous in that orientation or disper 
sion at the boundary face in oil-phase—aqueous phase 
mixtures, and gaseous phase—liquid phase mixtures 
becomes easy. 

[0057] In the case of an amphiphilic rod-shaped body, the 
numbers of the lipophilic (hydrophobic) portions and hydro 
philic portions are not particularly limited, and may be 
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appropriately selected in accordance With the object. Fur 
ther, in this case, the portions Which are lipophilic (hydro 
phobic) and the portions Which are hydrophilic may be 
positioned alternately, or either type of portion may be 
positioned only at one end portion of the rod-shaped body. 

[0058] In the case of the amphiphilic rod-shaped body, 
there is no particular limitation for the numbers of the 
moiety shoWing hydrophobicity and the moiety shoWing 
hydrophilicity but that may be appropriately selected 
according to the object. In that case, the moiety shoWing 
hydrophobicity and the moiety shoWing hydrophilicity may 
be alternately positioned. Any of the moieties may be 
positioned only at one end of the rod-shaped body. 

[0059] One example of the above-described amphiphilic 
rod-shaped structure is shoWn in FIG. 1. In this Figure, a 
rod-structured element 10 comprises a hydrophobic part 10a 
at one end and a hydrophilic part 10b at the other end 
thereof. 

[0060] {Con?guration Variable Element} 
[0061] Any material Which can be structurally trans 
formed by stimulation may be used as the con?guration 
variable element and the material can be selected depending 
on a particular purpose. 

[0062] Stimulation includes chemical stimulation and 
physical stimulation. 

[0063] Examples of chemical stimulation include pH 
change and co-existence of a certain substance. Examples of 
physical stimulation include those using light, electric ?eld, 
heat, magnetic ?eld and pressure, and preferably light, 
electric ?eld and heat. 

[0064] Examples of con?guration variable element that 
can be structurally transformed When exposed to light 
include photo chemically reactive compounds, including 
photoreactive ring-opening compounds such as spiroben 
Zopyran, compounds having photo ioniZation functional 
groups and stereoisomers. 

[0065] Geometrical stereoisomers may preferably be used 
as stereoisomers since they can be structurally transformed 
to develop color When exposed to light. 

[0066] Those materials that can be structurally trans 
formed When exposed to light may be used alone or in 
combination. 

[0067] Those materials that can be structurally trans 
formed When an electric ?eld is applied include, for 
example, liquid crystalline molecules. 

[0068] Examples of liquid crystalline molecules include 
rod-shaped liquid crystalline molecules and discotic liquid 
crystalline molecules. 

[0069] Examples of rod-shaped liquid crystalline mol 
ecules include aZomethine compounds, aZoxy compounds, 
cyan biphenyl compounds, cyanophenylester compounds, 
ester benZoate compounds, cyclohexane carboxylic pheny 
lester compounds, cyanophyenylcyclohexane compounds, 
cyano-substitution phenylpyrimidine compounds, alkoxy 
substituted phenylpyrimidine compounds, phenyldioxane 
compounds, tolan compounds and alkenylcyclohexyl ben 
Zonitrile compounds. Preferably, rod-shaped liquid crystal 
line molecules may also include liquid crystal polymer 
molecules. 
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[0070] Discotic liquid crystalline molecules include com 
pounds disclosed in literatures such as C. Destrade, et al., 
Mol. Crysr. Liq. Cryst., vol. 71, p. 111 (1981); Japan 
Chemical Association eds., Kikan Kagaku Sosetsu, No.22, 
Chemistry of Liquid Crystal, Chapter 5, and Chapter 10, 
Section 2. (1994); B. Kohne et al., AngeW, Chem. Soc. 
Chem. Comm. p. 1794 (1985); J. Zhang et al., J. Am. Chem. 
Soc., Vol. 116, p.2655 (1994) and Japanese Patent Applica 
tion Laid-Open Nos.5-5837, 8-27284, 8-334621 and 
9-104656. 

[0071] Those materials that can be structurally trans 
formed When an electric ?eld is applied thereto may be used 
alone or in combination. 

[0072] Those materials that can be structurally trans 
formed When exposed to heat may include: those Which 
exhibit thermal expansion or shrinkage; crystalline materials 
Which Will melt or materials Which Will be crystalliZed When 
heated; thermoplastic materials; thermosetting materials; 
and the above-described liquid crystalline molecules. 

[0073] The above-described thermoplastic materials 
include thermoplastic resins, for example, and particularly 
polyethylene, polypropylene, polyvinyl chloride, polysty 
rene, polyvinylidene chloride, ?uororesin or polymethyl 
methacrylate, condensation polymers of polyamide, polyes 
ter, polycarbonate, polyphenylene oxide, addition polymers 
of thermoplastic polyurethane, and ring-opening polymers 
of polyacetal. 

[0074] The above-described thermosetting materials 
include thermosetting resins, and particularly urea resin, 
melamine resin and phenolic resin. 

[0075] Those materials that can be structurally trans 
formed When exposed to heat may be used alone or in 
combination. 

[0076] Preferably, these con?guration variable elements 
can be reversibly transformed so that they can be suitably 
used in various situations Where the control of color to be 
developed is required. For this purpose, geometrical isomers 
and liquid crystalline molecules are preferable, and geo 
metrical isomers are more preferable. 

[0077] Any geometrical isomers that can be structurally 
transformed When exposed to light may be used, including 
cis-trans isomers and syn-anti isomers. Particularly, com 
pounds having an aZogroup (—N=N—) such as am com 
pounds and aZoxy compounds are preferable. 

[0078] Examples of am compounds include aZobenZene 
compounds, aZomethane compounds, aZodicarbonamide 
compounds and diethyl aZodicarboxylate compounds. 

[0079] Examples of aZoxy compounds include aZoxy 
dibenZate compounds and aZoxybenZene compounds. 

[0080] Structural change in the above-described aZoben 
Zene compound caused by irradiation With light Will be 
described beloW. An aZobenZene compound (trans-isomer) 
may typically have an absorption band of 300-400nm and 
the distance betWeen the distal ends of the tWo benZene rings 
(of Which the distal ends being located at the para-positions 
With respect to the aZogroup by Which the tWo benZene rings 
are bridged) is about 9.0 A (see (a) beloW). Irradiation of the 
aZobenZene compound With UV light may cause the trans 
formation of the aZobenZene compound from trans- to 
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cis-isomer in Which the distance between the distal ends of 
its benzene rings is about 5.5 A (see (b) below), resulting in 
preferable color change. 

Formula 2 

R 

____________ _ _ R 

UV light N : ‘ 0 
4% || 5.5A 

. N Visible N 

90A Né light O \ 
R 

R 

(a) (b) 

300~400nm adsorption 400~500nm 
band 

0.5D dipole moment 3.1D 

[0081] A con?guration variable element or components 
may be bonded to one end of the linear chain (as shoWn in 
FIG. 2), to the side chain or chains (as shoWn in FIG. 3), or 
both to one end of the linear chain and to the side chain(s) 
(as shoWn in FIG. 4) of the above-described rod-shaped 
body. Preferably, a con?guration variable element may be 
bonded at least to one end of the linear chain of a rod-shaped 
body for better color change. 

[0082] When a con?guration variable element or compo 
nents are bonded to the side chain or chains of the above 
described rod-shaped body, any percentage of the total side 
chains of the rod-shaped body may be bonded by con?gu 
ration variable element(s) and can be desirably selected. 

[0083] <Capturing Structured Body> 

[0084] Capturing structured bodies include any structures 
Which can capture or trap a particular target of interest, and 
can be suitably selected depending on a particular purpose. 

[0085] Examples of capturing modes include, but are not 
limited to, physical adsorption and chemical adsorption. A 
capturing (coupling) structure may be formed, for example, 
via a hydrogen bond, intermolecular forces (Van der Waals 
forces), coordinate bonds, ionic bonds, or covalent bonds. 

[0086] Particular examples of the above-described captur 
ing structured body preferably include host components 
contained in clatharate compounds (hereinafter interchange 
ably referred to as a “host”), antibodies, nucleic acids, 
hormone receptors, lectin and physiologically active agent 
receptors. Among all, host components (contained in 
clatharate compounds) and antibodies are preferable. 

[0087] A capturing structured body may capture its target; 
a host may capture its guest (a component to be included or 
captured) in an clatharate compound; an antibody may 
capture an antigen; a nucleic acid may capture another 
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nucleic acid, tubulin, chitin or the like; a hormone receptor 
may capture a hormone; lectin may capture sugar or the like; 
and a physiologically active agent receptor may capture a 
physiologically active agent. 

[0088] {Host in Clatharate Compound} 
[0089] Any host contained in clatharate compound that 
has a molecular recognition ability (host-guest binding abil 
ity) may be used and can be selected depending on a 
particular purpose. Such hosts preferably include, for 
example, those having a tubular (one-dimensional), layer 
(tWo-dimensional) or cage-like (three-dimensional) cavity 
or cavities, and others. 

[0090] Examples of the clatharate compounds having a 
tubular (one-dimensional) cavity include urea, thiourea, 
deoxycholic acid, dinitrodiphenyl, dioxytriphenylmethane, 
triphenylmethane, methylnaphthalene, spirochroman, PHTP 
(perhydrotriphenylene) cellulose, amylose and cyclodextrin. 
It should be noted that cyclodextrin may have a cage-like 
cavity in a solution. 

[0091] Examples of the object (i.e., a guest) to be captured 
by urea include n-paraf?n derivatives. 

[0092] Examples of the object (e.g., a guest) to be captured 
by thiourea include branched or cyclic hydrocarbons. 

[0093] Examples of the object (e.g., a guest) to be captured 
by deoxycholic acid include paraf?ns, fatty acids and aro 
matic compounds. 

[0094] Examples of the object (e.g., a guest) to be captured 
by dinitrodiphenyl include diphenyl derivatives. 

[0095] Examples of the object (e.g., a guest) to be captured 
by dioxytriphenylmethane include paraf?ns, n-alkenes and 
squalenes. 

[0096] Examples of the object (e.g., a guest) to be captured 
by triphenylmethane include paraf?ns. 

[0097] Examples of the object (e.g., a guest) to be captured 
by methylnaphthalene include C1_ 16 n-paraffins and 
branched paraf?ns. 

[0098] Examples of the object (e.g., a guest) to be captured 
by spirochroman include paraf?ns. 

[0099] Examples of the object (e.g., a guest) to be captured 
by PHTP (perhydrotriphenylene) include chloroform, ben 
Zene and various polymers. 

[0100] Examples of the object (e.g., a guest) to be captured 
by cellulose include H2O, paraffins, CCl4> colorants and 
iodine. 

[0101] Examples of the object (e.g., a guest) to be captured 
by amylose include fatty acids and iodine. 

[0102] Cyclodextrin is a cyclic dextrin produced by amy 
lase digestion of starch. Three types of cyclodextrin are 
presently knoWn, including ot-cyclodextrin, [3-cyclodextrin 
and y-cyclodextrin. Cyclodextrin derivatives can also be 
used in the present invention, including those partially 
having OH-group(s) substituted by other functional group(s) 
such as alkyl allyl, alkoxy, amide and/or sulfonic acid 
group(s). 
[0103] Examples of the object (e.g., a guest) to be captured 
by cyclodextrin include: phenol derivatives such as thymol, 
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eugenol, resorcin, ethylene glycol monophenylether or 2-hy 
droxy-4-methoxy-benZophenone; benZoate derivatives such 
as salicylic acid, methyl parahydroxybenZoate or ethyl 
parahydroxybenZoate and esters thereof; steroids such as 
cholesterol; vitamins such as ascorbic acid, retinol or toco 
pherol; hydrocarbons such as limonene; allyl isothiocyanate; 
sorbic acid; iodine molecule; Methyl Orange; Congo Red; 
and potassium 2-p-toluidinylnaphthalene-6-sulfonate 
(TNS). 
[0104] Examples of layer (tWo-dimensional) hosts con 
tained in clatharate compounds include clay minerals, 
graphite, smectites, montmorillonite and Zeolite. 

[0105] Examples of the object (i.e., a guest) to be captured 
by clay minerals include hydrophilic materials and polar 
compounds. 

[0106] Examples of the object (i.e., a guest) to be captured 
by graphite include O, H504’, halogen, halides and alkali 
metals. 

[0107] Examples of the object (i.e., a guest) to be captured 
by montmorillonite include brucine, codeine, o-phenylene 
diamine, benZidine, piperidine, adenine, guianine and lipo 
side thereof. 

[0108] Examples of the object (i.e., a guest) to be captured 
by Zeolite include H20. 

[0109] Examples of cage-like (three dimensional) host 
contained in clatharate compounds include hydroquinone, 
gaseous hydrates, tri-o-thymotide, oxy?avan, dicyanoam 
mine nickel, cryptand, calixarene, and croWn compounds. 

[0110] Examples of the object (i.e., a guest) to be captured 
by hydroquinone include HCl, S02, acetylene and rare gas 
elements. 

[0111] Examples of the object (i.e., a guest) to be captured 
by gaseous hydrate include halogen, rare gas elements and 
loWer hydrocarbons. 

[0112] Examples of the object (i.e., a guest) to be captured 
by tri-o-thymotide include cyclohexane, benZene and chlo 
roform. 

[0113] Examples of the object (i.e., a guest) to be captured 
by oxy?avan include organic bases. 

[0114] Examples of the object (i.e., a guest) to be captured 
by dicyanoamminenickel include benZene and phenol. 

[0115] Examples of the object (i.e., a guest) to be captured 
by cryptand include NH4+ and various metal ions. 

[0116] The Calixarene is a cyclic olygomer comprising 
phenol units polymeriZed via methylene groups Which can 
be synthesiZed from phenol and formaldehyde under appro 
priate conditions. Calix[4-8]arenes are knoWn. Examples of 
the object (i.e., a guest) to be captured by p-tert-butylcar 
ixarene (n=4) may include, chloroform, benZene, toluene, 
and the like. Examples of an object to be captured (the guest) 
by the p-tert-butylcarixarene (n=5) may include, isopropyl 
alcohol, acetone, and the like. Examples of an object to be 
captured (the guest) by the p-tert-butylcarixarene (n=6) may 
include, chloroform, methanol, and the like. Finally, 
examples of an object to be captured (the guest) by the 
p-tert-butylcarixarene (n=7) may include, chloroform. 
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[0117] The croWn compounds include a macrocyclic com 
pound having not only a croWn ether having oxygen as an 
electron-donating donor atom but also a donor atom such as 
nitrogen, sulfur, and the like. as an analog thereof as 
constituting elements for a ring structure, and also includes 
a multicyclic croWn compound comprising tWo or more 
rings represented by cryptand for example, and there may be 
exempli?ed cyclohexyl-12-croWn-4, dibenZo-14-croWn-4, 
tert-butylbenZo-15-croWn-5, dibenZo-18-croWn-6, dicyclo 
hexyl-18-croWn-6, 18-croWn-6, tribenZo-18-croWn-6, tetra 
benZo-24-croWn-8, dibenZo-26-croWn-6, and the like. 

[0118] Examples of the object (i.e., a guest) to be captured 
by a croWn compound are: various metal ions including 
those of alkali metals such as Li, Na or K and alkali-earth 
metals such as Mg or Ca; NH4+; alkyl ammonium ion; 
guanidium ion; and aromatic diaZonium ion. CroWn com 
pounds may form complexes With those targets. Examples of 
the object (i.e., a guest) to be captured by a croWn compound 
further include polar organic compounds Which have a 
group of relatively stronger acidity such as C—H (e.g., 
acetonitrile, malonitrile and adiponitrile), N—H (e.g., 
aniline, aminobenZoic acid, amide and sulfamide deriva 
tives) and/or O—H (e.g., phenol and acetate derivatives) 
unit or units. CroWn compounds may also form complexes 
With these targets. 

[0119] A host in an clatharate compound may have a 
cavity of any siZe Which can be selected depending on a 
particular purpose. Hosts having a siZe of 0.1 nm-2.0 nm 
may be preferable since they can exhibit stable molecule 
recognition ability (host-guest binding ability). 
[0120] The mixture ratio (molar ratio) of host to guest 
contained in an clatharate compound may depend on the 
type of the host and guest to be used. Typically, the host: 
guest ratio may be 1:0.1-1110, and preferably 1:0.3-113. 

[0121] {Antibody} 
[0122] Any antibody Which can speci?cally bind to its 
target antigen (the object to be captured) may be used, 
including polyclonal and monoclonal antibodies. Fab‘, Fab 
and F(ab‘)2 fragments of IgG, IgM, IgE and IgG can also be 
used. 

[0123] Any antigen may be used as the above-described 
target antigen and can be suitably selected depending on a 
particular purpose, including plasma proteins, tumor mark 
ers, apoproteins, viruses, auto antibodies, coagulation/?brin 
olysis factor, hormones, blood drugs, and HLA antigens. 

[0124] An exemplary amphiphilic rod-shaped body Which 
has a capturing structured body and a con?guration variable 
element bonded thereto is shoWn in FIG. 5. In this Figure, 
a rod-shaped body 10 comprises a hydrophobic part 10a at 
one end and a hydrophilic part 10b at the other end thereof, 
and has a capturing structured body 2 attached to one end 
and a con?guration variable element (aZobenZene com 
pound) attached to the other end of the rod-shaped body 10. 
A plurality of capturing structured bodies 2 may be bonded 
to the side surface of the rod-shaped body 10. 

[0125] <Re?ection of the Incident Light as Colored Inter 
ference Light> 

[0126] Preferably, the above-described capturing unit can 
exhibit color forming so that it can easily be detected and 
identi?ed. 
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[0127] Color forming may include color formation using 
colorant (e.g., dyes and/or pigments), Which is based on a 
chemical structure, in Which electron transition may occur 
When exposed to light thereby developing color, as Well as 
by re?ecting an incident light as colored interference light 
(e.g., those found in tropical ?sh or phosphorus poWder on 
butter?y Wing), Which is based on a physical structure, in 
Which a color tone may change corresponding to the thick 
ness of the membrane (layer) and its refractive index. 

[0128] Re?ection of the incident light as colored interfer 
ence light is based on the multi-layered thin ?lm interference 
principle, the basic principle of color forming exhibited by 
the scaly poWder of the Wings of a Morpho butter?y and, 
When an external stimulation such as an electric ?eld, a 
magnetic ?eld, heat or light (e.g., natural light, infrared ray 
or UV light) is applied to a material Which exhibits light 
re?ection of the incident light as colored interference light 
(e.g., membrane or layer), a portion of the incident light 
Which has a Wavelength of a particular range Will be 
re?ected corresponding to the thickness of the material 
Which exhibits light re?ection of the incident light as colored 
interference light (membrane or layer) to be used as Well as 
to its refractive index, Whereby the surface of the material 
Which exhibits light re?ection of the incident light as colored 
interference light may exhibit color. Its color tone may be 
suitably regulated (as found on the skin of the chameleon) 
depending on the external stimulation to be applied. 

[0129] Among all, a light re?ection of the incident light as 
colored interference light may be preferable for the present 
invention since it may not require use of dyes or pigments 
and can thus reduce the volume of liquid Waste resulting 
from manufacturing processes and can economiZe on energy 
(Water and electricity) required for dying processes as Well 
as it is human/nature-friendly Without causing dye- or pig 
ment-induced skin trouble and so on. 

[0130] The principle of light re?ection of the incident light 
as colored interference light Will be described beloW. As 
shoWn in FIGS. 6 and 7, When a membrane consisting of 
rod-shaped bodies is exposed to light, the wavelength (9») of 
the interference light caused by the membrane may be 
emphasiZed by condition (1) beloW While enfeebled by 
condition (2) below: 

[0131] In equations (1) and (2) above, 9» means the Wave 
length of interference light (nm), 0t means the incident angle 
of the light directed to the membrane, t means the thickness 
(nm) of the membrane, 1 means the number of layers in the 
membrane, n means the refractive index of the membrane, 
and m means an integer of 1 or more. 

[0132] Membranes may preferably have a thickness of 810 
nm or less, and more preferably 10 nm-810 nm. 

[0133] The color (Wavelength) may be changed by select 
ing the thickness of the membrane. This technique can be 
applied to color imaging technology. 
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[0134] The re?ection of incident light as colored interfer 
ence light may be performed by a single repeat subunit 
comprising a rod-shaped body and a con?guration variable 
element, or by a linear chain consisting of tWo or more of 
such repeat subunits Which are linked to another. 

[0135] {Granular Substrate} 
[0136] Any granular substrate that has a surface onto 
Which a capturing unit can be ?xed may be used. The siZe 
of the granules can be suitably selected depending on a 
particular purpose. Preferably, it may have a smaller range 
of particle siZe distribution so that it can ef?ciently capture 
its target and be post-treated easily. 

[0137] The above-described granular substrate may be 
made of polymer such as polyacrylamide, gelatin, agar, and 
inorganic metals (e.g., silicon). The surface of a granular 
substrate may be processed, When desired, so that a captur 
ing unit can easily be ?xed to the substrate. 

[0138] <Embodiments of Particle SiZe Variable Reactor> 

[0139] One preferable embodiment of the above-described 
particle siZe (or particle diameter) variable reactor comprises 
a granular substrate and a capturing unit ?xed onto the 
granular substrate in Which the capturing unit has a plurality 
of repeat subunits each comprising a rod-shaped body, a 
con?guration variable element attached to one end and a 
capturing structured body ?xed to the other end of the 
rod-shaped body. 
[0140] One preferable example of this embodiment of the 
above-described particle siZe variable reactor may be a 
particle siZe (or particle diameter) variable reactor 100 
Which comprises a granular substrate 40 and capturing unit 
1 ?xed onto the surface of the granular substrate 40 as shoWn 
in FIG. 8. In the particle siZe variable reactor 100, each 
subunit of capturing unit 1 may comprise a rod-shaped body 
10, a con?guration variable element 30 and a capturing 
structured body 2. 

[0141] When a particle siZe variable reactor 100 has a 
con?guration variable element 30 that can be structurally 
transformed by irradiation With light (e.g., UV or visible 
light), the particle siZe of the reactor 100 may be changed by 
irradiation With light (e.g., UV or visible light) as shoWn in 
FIG. 9A and 9B. 

[0142] FIGS. 9A and B are explanatory vieWs shoWing 
the change in the particle siZe of the particle siZe variable 
reactor 100 (shoWn in FIG. 8) Which comprises an aZoben 
Zene compound as a con?guration variable element 30, 
Which can be transformed by irradiation With light (UV or 
visible light). The con?guration variable element 30 shoWn 
in FIG. 9A is the trans-isomer of the aZobenZene compound. 
As shoWn in FIG. 9 A, UV irradiation of the particle siZe 
variable reactor 100 may cause the transformation of con 
?guration variable element 30 (aZobenZene compound) from 
trans- to cis-isomer as described above. As a result, rod 
shaped body 10 may be tilted and thus the particle siZe 
variable reactor 100 may have a reduced particle siZe (or 
particle diameter) (FIG. 9B). In this Way, the particle siZe of 
the reactor 100 can be reduced by UV irradiation. 

[0143] On the other hand, When the reactor 100 shoWn in 
FIG. 9B is irradiated With visible light, con?guration vari 
able elements 30 (aZobenZene compound) may be trans 
formed into trans-isomer as described above. As a result, the 
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tilted rod-shaped body 10 may be again stood up and the 
reactor 100 may thus have an increased particle siZe (see 
FIG. 9A). In this Way, the particle siZe of the reactor 100 
may be increased by irradiation With visible light. 

[0144] As described above, the particle siZe of the reactor 
100 can be reversibly increased and decreased by selecting 
irradiation light (UV or visible light). By this con?guration, 
the ?oW rate of the reactor 100 or the speed of target 
capturing (capturing reaction rate) can be desirably con 
trolled. Therefore, a target can be suitably captured regard 
less of the type of the object to be captured, the dispersion 
degree of the object, capturing ef?ciency and the environ 
ment of the dispersion solution into Which the object has 
been dispersed. 
[0145] FIG. 10 shoWs another example of particle siZe 
variable reactor 100 in Which the con?guration variable 
element 30 comprises an aZobenZene compound, With being 
irradiated With UV light. As described above, since con?gu 
ration variable element 30 (aZobenene compound) has been 
transformed into cis-isomer by UV irradiation, rod-shaped 
body 10 is tilted so that the reactor 100 has a reduced particle 
siZe. Therefore, the number of the reactor 100 that can be 
accommodated per unit volume may be increased and thus 
a higher capturing ef?ciency per unit volume can be 
obtained. 

[0146] Further, a ?lter membrane may be preferably pro 
vided Which alloWs the passage of a particle siZe variable 
reactor With cis-isomer of the con?guration variable element 
(aZobenZene compound) but not With trans-isomer. Accord 
ing to this embodiment, for example, an aqueous phase into 
Which an object to be captured has been dispersed may be 
separated from an oil phase by providing such a ?lter 
membrane therebetWeen, Whereby the object dispersed into 
the aqueous phase can be selectively transported into the oil 
phase. 
[0147] FIGS. 11A and 11B shoW the particle siZe variable 
reactors 100 With the con?guration variable element 30 
(aZobenZene compound) of trans- and cis-isomers, respec 
tively. The particle siZe variable reactor 100 of a larger 
particle siZe cannot pass through the ?lter membrane 50 as 
shoWn in FIG. 11A While one With a smaller particle siZe 
can as shoWn in FIG. 11B. 

[0148] In FIGS. 11A and 11B, for example, When an 
aqueous phase into Which a lipophilic target and particle siZe 
variable reactor 100 have been dispersed is separated from 
an oil phase by providing a ?lter membrane 50 therebetWeen 
in the presence of visible light irradiation, the particle siZe 
variable reactor 100 may ?rstly capture the object in the 
aqueous solution. Since the con?guration variable element 
30 (aZobenZene compound) is present as trans-isomer, the 
particle siZe variable reactor 100 has such a larger particle 
siZe that it cannot pass through the ?lter membrane 50. Next, 
UV irradiation may convert the con?guration variable ele 
ment 30 (aZobenZene compound) into cis-isomer. As a 
result, the particle siZe of the particle siZe variable reactor 
100 may be reduced so that it can pass through the ?lter 
membrane 50 into the oil phase. Since the object captured by 
the particle siZe variable reactor 100 Which has migrated into 
the oil phase is lipophilic, it may be released into the oil 
phase. In this Way, the object may be selectively transported 
from the aqueous phase to the oil phase. 

[0149] In the particle siZe variable reactor according to the 
present invention, the distance betWeen the surface of the 
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granular substrate and the capturing structured body located 
on the distal end of the rod-shaped body may preferably be 
810 nm or less, and more preferably 350 nm-810 nm. 

[0150] The particle siZe variable reactor according to the 
present invention can be preferably used in various ?elds 
including medical and industrial ?elds. 

[0151] Examples of the present invention Will be provided 
beloW though the present invention is not limited thereto. 

EXAMPLE 1 

[0152] Preparation of Particle SiZe Variable Reactor 

[0153] Polymerization of N-carboxyl-glutamate anhy 
dride y-methylester (MG-NCA) is performed using [3-cyclo 
dextrin having an amino group as an initiator to obtain 
poly(y-methyl L-glutamate (PMGSZOO-CyD (polymerization 
degree: 5200)) Which has [3-cyclodextrin (capturing struc 
tured body) at one end of the molecule. Then, aZobenZene 
compound is bonded to the other end (e.g., the end to Which 
[3-cyclodextrin is not attached) of the molecule of the 
resulting PMGSZOO-CyD by any knoWn method to obtain 
PMG52OO-CyD-21ZOb6I1Z6I16 compound. 
[0154] The poly(y-methyl L-glutamate) has a length of 
0.78 pm. Next, PMG52OO-CyD-21ZOb6I1Z6I16 compound is 
alloWed to react directly With halogenated alkyl thiol to 
incorporate a thiol group into PMG52OO-CyD-21ZOb6I1Z6I16 
compound at its aZobenZene compound side. The resulting 
product is ?xed onto a granular substrate (gold particle) 
having an average particle siZe (or diameter) per volume D5O 
of 40 pm at room temperature (24° C.) to prepare a particle 
siZe variable reactor Which exhibited light re?ection of 
incident light as colored interference light. 

[0155] Capturing the Object, Irradiation With Visible or 
UV Light, and the Like 

[0156] Next, a solution of 2-p-toluidinylnaphthalene-6 
sulfonate (TNS; SIGMA Corp.), Which is the object to be 
captured by PMGSZOO-CyD, and the particle siZe variable 
reactor obtained above in Water is combined With n-hexane 
to form aqueous/oil phases Which are partitioned by provid 
ing a ?lter membrane betWeen the tWo phases under the 
conditions of visible light irradiation. After tWo hours, these 
phases are irradiated With UV light. Particle siZe variable 
reactor is detected in the oil phase. 2-p-toluidinylnaphtha 
lene-6-sulfonate (TNS) is detected in the resulting particle 
siZe variable reactor. 

[0157] The color that is structurally developed (i.e., 
re?ected) by the particle siZe variable reactor When irradi 
ated With UV light is different from that developed (i.e., 
re?ected) by the reactor When irradiated With visible light. 

[0158] In the present example, the average particle diam 
eter per volume (D50) of the particle siZe variable reactor is 
40.01 pm When irradiated With UV light While it is 41.6 pm 
When irradiated With visible light. A ?lter membrane of 
40.08 pm mesh diameter is used. 

EXAMPLE 2 

[0159] The process described in “-Preparation of particle 
siZe variable reactor-” in Example 1 Was repeated except for 
using aZomethane instead of aZobenZene compound to pre 
pare a particle siZe variable reactor (of Which poly (y-methyl 
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L-glutamate) had a length of 0.78 pm), and analysis and 
detection Were performed as described in “-Capturing the 
object, irradiation With visible or UV light, and others-” in 
Example 1 above. The same results as those obtained in 
Example 1 Were obtained. 

[0160] In the present example, the average particle diam 
eter per volume (D50) of the particle siZe variable reactor 
Was 40.01 pm When irradiated With UV light While it Was 
41.6 pm When irradiated With visible light. A ?lter mem 
brane of 40.08 pm mesh Was used. 

EXAMPLE 3 

[0161] The process described in “-Preparation of particle 
siZe variable reactor-” in Example 1 above Was repeated 
except for using aZoxybenZene instead of aZobenZene com 
pound to prepare a particle siZe variable reactor (of Which 
poly(y-methyl L-glutamate) had a length of 0.78 pm), and 
analysis and detection Were performed as described in 
“-Capturing the object, irradiation With visible or UV light, 
and others”-in Example 1 above. The same results as those 
obtained in Example 1 Were obtained. 

[0162] In the present example, the average particle diam 
eter per volume (D50) of the particle siZe variable reactor 
Was 40.01 pm When irradiated With UV light While it Was 
41.6 pm When irradiated With visible light. A ?lter mem 
brane of 40.08 pm mesh Was used. 

What is claimed is: 
1. A particle siZe variable reactor comprising: 

a granular substrate; 

a capturing unit ?xed onto a surface of the granular 
substrate, Wherein the capturing unit comprises: 

a) a capturing structured body for speci?cally capturing 
an object; 

b) a con?guration variable element Which can be struc 
turally transformed When stimulation is applied; and 

c) a rod-shaped body having a length of 810 nm or less. 
2. A particle siZe variable reactor according to claim 1, 

Wherein the capturing unit further comprises a repeating unit 
formed by the rod-shaped body and the con?guration vari 
able element, a ?rst end of the capturing unit bonded to the 
granular substrate, and the other end thereof bonded to the 
capturing structured body Which speci?cally captures the 
object. 

3. A particle siZe variable reactor according to claim 1, 
Wherein the distance from the surface of the granular sub 
strate to the capturing structured body located at the distal 
end of the capturing unit is 810 nm or less. 
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4. A particle siZe variable reactor according to claim 1, 
Wherein the particle siZe variable reactor re?ects the incident 
light as a colored interference light. 

5. A particle siZe variable reactor according to claim 1, 
Wherein the rod-shaped body is a rod-shaped organic sub 
stance. 

6. A particle siZe variable reactor according to claim 5, 
Wherein the rod-shaped organic substance is selected from 
the group consisting of ot-helix polypeptide, DNA and 
amylose. 

7. A particle siZe variable reactor according to claim 6, 
Wherein the number of amino acids in the ot-helix polypep 
tide is 10 to 5000. 

8. A particle siZe variable reactor according to claim 6, 
Wherein the DNA comprises a double-stranded DNA. 

9. A particle siZe variable reactor according to claim 6, 
Wherein the amylose has an average molecular Weight of 
1,000 to 150,000. 

10. A particle siZe variable reactor according to claim 1, 
Wherein the rod-shaped body is amphiphilic. 

11. Avariable particular siZe reactor according to claim 4, 
Wherein the variable particular siZe reactor changes colors 
corresponding to a change of the colored interference light 
in the con?guration variable element. 

12. A particle siZe variable reactor according to claim 1, 
Wherein the con?guration variable element can be structur 
ally transformed When exposed to light. 

13. A particle siZe variable reactor according to claim 1, 
Wherein the con?guration variable element can be structur 
ally transformed When an electric ?eld is applied thereto. 

14. A particle siZe variable reactor according to claim 1, 
Wherein the con?guration variable element comprises a 
geometrical isomer. 

15. Aparticle siZe variable reactor according to claim 14, 
Wherein the geometrical isomer is a cis-trans isomer. 

16. A particle siZe variable reactor according to claim 1, 
Wherein the con?guration variable element is at least one 
compound selected from the group consisting of an aZo 
compound and an aZoxy compound. 

17. Aparticle siZe variable reactor according to claim 16, 
Wherein the am compound is at least one compound selected 
from the group consisting of an aZobenZene compound, an 
aZomethane compound, an aZodicarbonamide compound 
and a diethyl aZodicarboxylate compound. 

18. Aparticle siZe variable reactor according to claim 16, 
Wherein the aZoxy compound is at least one compound 
selected from the group consisting of an aZoxydibenZoic 
acid compound and an aZoxybenZene compound. 

* * * * * 


