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(57) ABSTRACT 

A method for manufacturing polyhydroxyalkanoate-con 
taining structure, at least a part of a base material surface of 
the structure being coated With polyhydroxyalkanoate, the 
method comprises the steps of immobilizing a polyhydroXy 
alkanoate synthase on the base material surface, synthesiz 
ing, on the base material surface, polyhydroxyalkanoate 
using a 3-hydroXyacyl coenzyme A to become the substrate 
of the synthase and the synthase and coating at least a part 
of the base material surface With the synthesized polyhy 
droxyalkanoate, Wherein the synthase contains an amino 
acid sequence capable of binding to the base material. A 
polyhydroxyalkanoate-containing structure, at least a part of 
a base material surface of the structure being coated With a 
polyhydroxyalkanoate, comprises the base material, a poly 
hydroXyalkanoate synthase immobilized on the base mate 
rial surface, and the polyhydroxyalkanoate With Which at 
least a part of the base material surface is coated, Wherein the 
synthase contains an amino acid sequence capable of bind 
ing to the base material. 
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POLYHYDROXYALKANOATE-CONTAINING 
STRUCTURE AND MANUFACTURING METHOD 

THEREOF 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method for 
manufacturing polyhydroxyalkanoate-containing structure 
comprising the steps of immobilizing on a base material 
polyhydroxyalkanoate synthase involved in polyhydroxyal 
kanoate biosynthesis reaction and coating at least part of the 
base material With polyhydroxyalkanoate by polymeriZing a 
3-hydroxyacyl coenZyme A by use of the enZyme to syn 
thesiZe the polyhydroxyalkanoate. More particularly, the 
invention relates to a method for manufacturing polyhy 
droxyalkanoate-containing structure by immobiliZing to a 
base material polyhydroxyalkanoate synthase containing an 
amino acid sequence capable of binding to the base material. 

[0003] The present invention relates to a structure that has 
polyhydroxyalkanoate, base material and polyhydroxyal 
kanoate synthase immobiliZed on the base material, the 
polyhydroxyalkanoate coating at least part of the base 
material. The structure of the present invention encompasses 
a granular structure (hereinafter called a “capsular struc 
ture”) in Which polyhydroxyalkanoate is coated on a granu 
lar base material, and a plate- or ?lm-like structure (here 
inafter called a “laminated structure”) in Which at least part 
of a plate- or ?lm-like base material is coated With polyhy 
droxyalkanoate. 
[0004] The structure of the present invention can ?nd a 
Wide range of applications as a functional structure. For 
example, the capsular structure can have a large number of 
applications as a variety of functional structures such as a 
pigment dispersant of excellent dispersion stability and a 
toner for electrophotography of excellent electrostatic prop 
erty, and the laminated structure as various functional struc 
tures including an OHP ?lm and an electronic device. 

[0005] 2. Related Background Art 

[0006] Polymeric materials are essential to modern indus 
tries and our lives. The materials, Which are inexpensive and 
lightWeight and have good moldability, are Widely utiliZed 
as packaging material and cushioning material, or ?ber 
material, as Well as boxes for household electrical appli 
ances. On the other hand, diverse functional materials such 
as a liquid crystal material and a coat agent are also obtained 
by utiliZing stable properties of these polymeric materials to 
thereby place substituents of exhibiting various functions on 
molecular chains of the polymers. These functional materi 
als are higher in added values than polymers for structural 
materials and thus can be expected to have large market 
needs even in a small amount. These functional polymeric 
materials have been produced so far by organic, synthetic 
chemical methods in synthetic processes of polymers or by 
modifying synthesiZed polymers With substituents. Poly 
mers of basic frameWorks for functional polymeric materials 
have been obtained from petroleum based raW material by 
organic, synthetic chemical methods in most cases. Typical 
examples of these polymers include polyethylene, poly(eth 
ylene terephthalate), polyesters, polystyrene, poly(vinyl 
chloride) and polyacrylamides. 
[0007] Incidentally, the present inventors have focused on 
a multilayered structure, the base material of the structures 
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being coated With a polymeric compound, as a basic element 
that imparts large added values to the polymeric compound. 
A composite structure of extremely useful functionality can 
be obtained by coating a speci?c base material With a 
polymeric compound. 

[0008] While polymeric compounds used for coating base 
materials are conventionally synthesiZed and made to be 
structures by organic synthetic processes and then various 
functions are added to them, recently, the production of 
polymeric compounds by bioengineering approaches has 
been actively studied and part of it is operational. KnoWn 
examples include as polymeric compounds derived from 
microbes polyhydroxyalkanoates (hereinafter sometimes 
abbreviated as PHAs) such as poly-3-hydroxy-n-butyric 
acid (hereinafter sometimes abbreviated as PHB), and a 
copolymer of 3-hydroxy-n-butyric acid and 3-hydroxy-n 
valeric acid (hereinafter sometimes abbreviated as PHB/V), 
polysaccharides such as bacteria cellulose and pullulan, and 
polyamino acids such as poly-y-glutamic acid and polyl 
ysine. In particular, PHAs can be utiliZed for various prod 
ucts by melt processing, or the like, like conventional 
plastics and also exhibit excellent biocompatibility, thus 
being expected to ?nd applications including ?exible mate 
rials for medical treatment. 

[0009] Recently, an attempt has been started to synthesiZe 
PHAs in vitro by taking the aforementioned PHB synthase 
or PHA synthase out of the microbe. 

[0010] For example, a PHB composed of a 3-hydroxy-n 
butyric acid unit has been successfully synthesiZed by 
causing the action of 3-hydroxybutylyl CoA on a PHB 
synthase derived from Alcaligenes eutrophus (Proc. Natl. 
Acad. Sci. USA, 92, 6279-6283, 1995). In addition, PHBs 
composed of a 3-hydroxy-n-butyric acid unit or a 3-hy 
droxy-n-valeric acid unit has been successfully synthesiZed 
by causing the action of 3-hydroxybutyryl CoA or 3-hy 
droxyvaleryl CoA on a PHB synthase derived from Alcali 
genes eutrophus (Int. J. Biol. Macromol., 25, 55-60, 1999). 
Furthermore, in this study, a PHB composed only of the R 
form of a 3-hydroxy-n-butyric acid unit Was synthesiZed, 
due to stereo-selectivity of an enZyme, by the action of a 
racemic modi?cation of 3-hydroxybutyryl CoA. A PHB has 
been synthesiZed in vitro using a PHB synthase derived from 
Alcaligenes eutrophus as Well (Macromol. Rapid Commun., 
21, 77-84, 2000). 

[0011] In addition, a PHB composed of a 3-hydroxy-n 
butyric acid unit has been successfully synthesiZed by 
causing the action of 3-hydroxybutyryl CoA on a PHB 
synthase derived from Chromatium vinosum (FEMS Micro 
biol. Lett., 168, 319-324, 1998). 

[0012] APHA composed of 3-hydroxydecoic acid unit has 
been synthesiZed by causing the action of 3-hydroxyde 
canoil CoA on Pseudomonas aeruginosa of PHA synthases 
(Appl. Microbiol. Biotechnol., 54, 37-43, 2000). 

[0013] As discussed above, application of bioengineering 
approaches to polymeric compounds Will be able to synthe 
siZe neW polymeric compounds that are dif?cult to synthe 
siZe by conventional organic synthetic methods and provide 
neW functions and structures. In addition, although conven 
tional, organic, synthetic chemical methods requires a manu 
facturing step of many stages, the bioengineering method 
needs only a one-stage step in many cases and therefore is 
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expected to simplify the manufacturing step, save costs and 
shorten the turnaround time. Further, the method makes it 
possible to decrease the use of organic solvents, acids and 
alkalis, surfactants, etc., set mild reaction conditions and 
synthesiZe a target material from nonpetroeum-based raW 
material and loW purity raW material, thereby being able to 
realiZe a synthetic process of a loWer environmental load 
and a resource recycling type. Additionally, for more 
detailed description of the synthesis of the loW purity raW 
material, the bioengineering synthetic process generally has 
a high substrate speci?city of an enZyme, or a catalyst, 
Which permits a target reaction to selectively proceed even 
though a material of a loW purity is used, thus enabling the 
use of Waste and recycling raW material. 

[0014] On the other hand, as described previously, the 
present inventors have focused attention on a structure made 
by coating a base material With a polymeric compound as an 
element for imparting a large added value to the polymeric 
compound. Coating a speci?c base material With a poly 
meric compound like this can provide a composite structure 
having extremely useful functionality. In particular, if this 
type of structure can be produced by a bioengineering 
approach as previously mentioned, utiliZation of a novel 
polymeric compound that is dif?cult to produce by a con 
ventional organic synthetic method or neW additions of 
functions and structures Will be made possible and thereby 
a manufacturing process of a loWer environmental load and 
resource recycling type Will be realiZed at a loW cost. For 
example, use of extremely precise molecule recognition 
ability and stereo selectivity that are speci?c in catalytic 
action of living organisms can produce by a simple and easy 
process of a loWer environmental load a novel polymeric 
compound of functionality that is dif?cult to produce by a 
conventional organic synthetic chemical method, or a cap 
sular structure or laminated structure that is coated With an 
extremely high chirality polymeric compound. 

[0015] Therefore, it is an object of the present invention to 
provide a polymeric compound structure of high function 
ality by means of a bioengineering approach and a manu 
facturing method thereof and more speci?cally to provide 
more effective utiliZation of an enZyme When a structure, the 
base material of Which is coated With a PHA, is to be 
produced by taking a PHB synthase or PHA synthase out of 
the microbe to synthesiZe a PHA in vitro. In addition, it is 
another object of the present invention to provide a structure, 
the base material of Which is coated With a polymeric 
compound, that can be Widely utiliZed as a composite 
structure of functionality, and an effective manufacturing 
method thereof. 

SUMMARY OF THE INVENTION 

[0016] The present inventor have conducted a study that 
involves screening of an amino acid sequence of a peptide 
capable of binding to a base material from a peptide library, 
fusing the peptide of this amino acid sequence With a PHA 
synthase by means of a genetic engineering method and 
presenting it resulting in effective immobiliZation of the 
PHA synthase on the surface of a base material, performing 
a synthetic reaction by the addition of a 3-hydroxyacyl 
coenZyme A to the resulting material leading to a ?nding of 
effective coating of the base material surface With a desirable 
PHA, Which has completed the present invention. In other 
Words, the present invention relates to a method for manu 
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facturing a structure containing polyhydroxyalkanoate, at 
least part of the base material of the structure being coated 
With the polyhydroxyalkanoate, and to the method for pro 
ducing the structure that comprises immobiliZing on the base 
material polyhydroxyalkanoate synthase containing an 
amino acid sequence capable of binding to the base material 
and adding a 3-hydroxyacyl coenZyme A to be the substrate 
of the enZyme. 

[0017] The present invention can effectively immobiliZe a 
PHA synthase on the surface of a base material, and so When 
a synthesis reaction is conducted by the addition of a 
3-hydroxyacyl coenZyme A, no isolated PHA granules are 
generated, Which can effectively coat the base material 
surface With the PHA. 

[0018] A structure relating to the present invention has a 
structure Wherein at least part of the base material surface is 
coated With a PHA, and When the Whole base material is 
coated With a PHA layer, a capsular structure, the base 
material of Which is the nucleus, can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIGS. 1A and 1B shoW GC-MS analysis results of 
the outer shell of a PHA capsular structure using copper 
phthalocyanine in Example 4; 

[0020] FIGS. 2A and 2B shoW GC-MS analysis results of 
the outer shell of a PHA capsular structure using carbon 
black in Example 8; 

[0021] FIGS. 3A and 3B shoW GC-MS analysis results of 
the laminated body of a PHA laminated structure using a 
silicon board in Example 12; 

[0022] FIG. 4 shoWs a schematic diagram of a image 
forming apparatus having a reuse mechanism of a toner; 

[0023] FIG. 5 shoWs a sectional vieW of the main portion 
of a developing apparatus for a one-component developing 
agent; 

[0024] FIG. 6 shoWs an exploded perspective vieW of the 
main portion of a ?xation apparatus; 

[0025] FIG. 7 shoWs an enlarged sectional vieW of the 
main portion that illustrates a ?lm condition When the 
?xation apparatus is not run; and 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0026] In the present invention, for a base material to be 
coated With a PHA, if it can immobiliZe a PHA synthase, a 
general polymeric compound or inorganic solid material, 
e.g., resin, glass or a metal, can be selected, as required, and 
used. The kind or structure of a base material can be 
selected, as required, and used according to a method of 
immobiliZing a PHA synthase, the form of application of a 
produced structure, etc. 

[0027] Examples of the granular base material (core) 
include resin particulates produced by polymeriZing poly 
meriZable monomers selected from the group consisting of 
styrene base polymeriZable monomers such as styrene, 
ot-methylstyrene, [3-methylstyrene, o-methylstyrene, m-me 
thylstyrene, p-methylstyrene, 2,4-dimethylstyrene, p-n-bu 
tylstyrene, p-tert-butylstyrene, p-n-hexylstyrene, p-n-octyl 
styrene, p-n-nonylstyrene, p-n-decylstyrene, p-n 
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dodecylstyrene, p-methoxystyrene, and p-phenylstyrene, 
acrylic polymeriZable monomers such as methyl acrylate, 
ethyl acrylate, n-propyl acrylate, iso-propyl acrylate, n-butyl 
acrylate, iso-butyl acrylate, tert-butyl acrylate, n-amyl acry 
late, n-hexyl acrylate, 2-ethylhexyl acrylate, n-octyl acry 
late, n-nonyl acrylate, cyclohexyl acrylate, benZyl acrylate, 
dimethylphophate ethyl acrylate, diethylphosphate ethyl 
acrylate, dibutylphosphate ethyl acrylate, and 2-benZoyloxy 
ethyl acrylate, methacrylic polymeriZable monomers such as 
methyl methacrylate, ethyl methacrylate, n-propyl meth 
acrylate, iso-propyl methacrylate, n-butyl methacrylate, iso 
butyl methacrylate, tert-butyl methacrylate, n-amyl meth 
acrylate, n-hexyl methacrylate, 2-ethylhexyl methacrylate, 
n-octyl methacrylate, n-nonyl methacrylate, diethylphos 
phate ethyl methacrylate, and dibutylphosphate ethyl meth 
acrylate, vinyl base polymeriZable monomers including 
methylene aliphatic monocarboxylates, vinyl ethers such as 
vinyl acetate, vinyl propionate, vinyl benZoete, vinyl buty 
late, vinyl benZoate, and vinyl formate, vinyl ethers such as 
vinylmethyl ether, vinylethyl ether, and vinylisobutyl ether, 
vinyl ketones such as vinyl methyl ketone, vinyl hexyl 
ketone, and vinyl isopropyl ketone; resin particulates pro 
duced by adding to the above described monomers a variety 
of additives such as polymers of polar groups and colorants; 
particulates including paraf?n Wax, polyole?n Wax, Fischer 
Tropshch Wax, amide Wax, higher fatty acids, ester Wax, 
derivatives thereof, graft compounds thereof, and block 
compounds thereof; clay minerals such as kaolinite, bento 
nite, talc, and mica; metal oxides such as alumina and 
titanium dioxide; insoluble inorganic salts such as silica gel, 
hydroxyapatite, and calcium phosphate gel; black pigments 
such as carbon black, copper oxide, manganese dioxide, 
aniline black, activated carbon, nonmagnetic ferrite, and 
magnetite; yelloW pigments such as Chrome YelloW, Zinc 
YelloW, Iron Oxide YelloW, Cadmium YelloW, Mineral Fast 
YelloW, Nickel Titanium YelloW, Neburs YelloW, Naphthol 
YelloW S, HanZar YelloW G, HanZa YelloW 10G, BenZidine 
YelloW G, BenZidine YelloW GR, Quinoline YelloW Lake, 
Permanent YelloW NCG, and Turtladine Lake; orange pig 
ments such as Orange Chrome, Molybdenum Orange, Per 
manent Orange GTR, PyraZolone Orange, Vulcan Orange, 
Benjidine Orange G, Indanthlene Brilliant Orange RK, and 
Indanthlene Brilliant Orange GK; red pigments such as Red 
Iron Oxide, Cadmium Red Lead, mercury sulfate, cadmium, 
Permanent Red 4R, Lithol Red, PyraZolone Red, Watching 
Red, calcium salt, Lake Red C, Lake Red D, Brilliant 
Carmin 6B, Brilliant Carmin 3B, Eoxine Lake, Rhodamine 
Lake B, or AliZarin Lake; blue pigments such as Milori Blue, 
Cobalt Blue, Alkali Blue Lake, Victoria Blue Lake, Phtha 
locyanine Blue, Non-metal Phthalocyanine Blue, partly 
chloride Phthalocyanine Blue, Fast Sky Blue, and Indan 
threne Blue BC; violet pigments such as Manganese Violet, 
Fast Violet B, or Methyl Violet Lake; green pigments such 
as chromium oxide, Chrome Green, Pigment Green B, 
Malachite Green Lake, and Final YelloW Green G; White 
pigments such as Zinc White, titanium oxide, Antimony 
White, Zinc sulfate; and extender pigments such as baryta 
poWder, barium carbonate, clay, silica, White carbon, talc, 
and Alumina White. Of course, the granular base material is 
not limited to these substances. These substances can be 
used in a combination of tWo substances or more, as 

necessary. The shape of the base material can be selected, as 
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necessary, dependent on its application and, for example, it 
is good to use a particle With a particle siZe of 0.1 pm to 1.0 
mm. 

[0028] In addition, other forms of the base material 
include ?lms made of plastics such as poly(ethylene tereph 
thalate) (PET), diacetates, triacetates, cellophane, celluloid, 
polycarbonates, polyimides, polyvinyl chloride, poly(vi 
nylidene chloride), polyacrylate, polyethylene, polypropy 
lene, and polyesters; porous polymer membranes such as 
poly(vinyl chloride), poly(vinyl alcohol), acetyl cellulose, 
polycarbonate, nylon, polypropylene, polyethylene, and 
Te?on; clothes such as Wooden plates, glass plates, silicon 
boards, cotton, rayon, acryl, silk, and polyesters; and paper 
such as high quality paper, medium quality paper, art paper, 
bond paper, recycled paper, baryta paper, cast coat paper, 
corrugated cardboard paper, and resin coat paper. Off course, 
the base material is not limited to these materials. Further, 
the aforementioned base material is acceptable even if its 
surface is even or uneven, or even if it is transparent, 
translucent, or opaque. Furthermore, a material made by 
binding tWo or more materials of the aforementioned base 
materials to one another is acceptable. 

[0029] In order to obtain an amino acid sequence of a 
peptide having binding af?nity to a base material of the 
present invention, an example of the phage display peptide 
library method described beloW is available. For forming a 
phage random peptide library, a random synthesis gene is, 
for example, connected to the N terminal side gene of the 
surface protein (e.g., the gene III protein) of a M13 base 
phage. Its methods have been reported by Scott, J K. and 
Smith (GP., Science Vol. 249, 386, 1990), CWirla, S E et al. 
(Proc. Natl. Acad. Sci. USA Vol. 87, 6378, 1990), etc. The 
siZe of a gene to be inserted is not particularly limited if the 
peptide is stably expressed; hoWever, the siZe corresponding 
to the number of amino acids of 6 to 40 (corresponding to 
a molecular Weight of about 600 to 4000) is appropriate in 
order to cover all the random sequences of a formed library 
and for these sequences to have binding ability, and of them 
the siZe corresponding to 7 to 18 amino acids is preferable. 
In order to select a phage that bonds to a target base material, 
the base material is, for example, ?xed on a column or a 
plate and the above mentioned library is contacted With the 
base material and then a binding phage is kept but a 
non-binding phage is Washed aWay. The phage left after 
Washing is eluted by means of an acid, etc. and the eluate is 
neutraliZed With a buffer and then the phage is incorporated 
into E. coli to amplify it. Repetition of this selection of a 
plurality of times concentrates a plurality of clones that are 
capable of binding to a target base material. At this time, to 
obtain a single clone, the phage is again alloWed incorpo 
rated into the E. coli to make a colony on a culture plate. 
After each single colony is cultured in a liquid culture 
medium, the phage present in a supernatant of the medium 
is precipitation puri?ed With polyethylene glycol, or the like. 
The structure of the peptide is determined by the analysis of 
this base sequence. 

[0030] A peptide chemically synthesiZed can be used in 
addition to the aforementioned phage-using method for the 
forming of a peptide library possessing a random amino acid 
sequence. The method includes, for example, a method of 
using beads (Lam, K S et al., Nature, 354, 82, 1991), a liquid 
focusing method (Houghton, R A et al., Nature, 354, 84, 
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1991), and a microplate method (Fodor, SPAet al., Science, 
251, 767, 1991), Which can be applied to the present 
invention. 

[0031] An amino acid sequence of a peptide having bind 
ing affinity to a base material obtained by the above men 
tioned method is utilized by fusing the sequence into poly 
hydroXyalkanoate synthase by means of a usual genetic 
engineering method. A peptide capable of binding to a base 
material can be expressed by being connected to the N 
terminal or C terminal of polyhydroXyalkanoate synthase. 
Alternatively, a suitable spacer sequence is inserted to 
express the peptide as Well. 

[0032] A spacer sequence preferably has a range of about 
3 to about 400 amino acids, and the sequence may contain 
any amino acid. Most preferably, a spacer sequence is one 
that does not prevent the function of a PHA synthase or does 
not disturb the binding of a PHA synthase to a base material. 

[0033] <PHA> 

[0034] PHA capable of being used in the present invention 
is not particularly limited as long as such a. PHA can be 

synthesiZed With a PHA synthesiZing enZyme involved in a 
biosynthesis reaction of PHA. 

[0035] Here, the biosynthesis of PHA is carried out 
through a polymeriZation reaction by an enZyme using as a 
substrate (R)-3-hydroXyacyl CoA produced from alkanoic 
acids as a substrate by Way of various metabolic pathWays 
in an organism (e.g. [3-oXidation system and fatty acid 
synthesis pathWay). It is a PHA synthesiZing enZyme (also 
referred to as PHA polymerase, PHA synthase) that cataly 
ses this polymeriZation reaction. The term “CoA” is an 

abbreviation of coenZyme A, of Which chemical structure is 
as folloWs: 
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[0036] A reaction by Which PHA is produced from 
alkanoic acid through a polymeriZation reaction by a [3-oXi 
dation system and a PHA synthesiZing enZyme is shoWn in 
the folloWing: 
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(L-3-hydroxyacyl —CoA) 
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H OH 

(D-3-hydroxyacyl —CoA) 

3-hydroxyacyl —CoA] 

PHA Synthasei 

$0 
poly (D-3-hydroxyalkanoate) 

[0037] On the other hand, if the reaction is carried out by 
Way of the fatty acid synthesis pathWay, it can be considered 
that PHA is similarly synthesiZed by the PHA synthesiZing 
enZyme using as a substrate (R)-3-hydroXyacyl CoA into 
Which (R)-3-hydroXyacyl-ACP (ACP means an acyl carrier 
protein) produced in the pathWay has been converted. 

[0038] In addition, it is knoWn that the above described 
PHB synthesiZing enZyme and PHA synthesiZing enZyme 
can be taken out from the cell to synthesiZe PHA in a 
cell-free system (in vitro), and speci?c eXamples thereof Will 
be described beloW. 

[0039] For example, in Proc. Natl. Acad. Sci. USA, 92, 
6279-6283 (1995), it is reported that PHB comprising a 
3-hydroXy-n-butanoic acid unit has been successfully syn 
thesiZed by making 3-hydroXybutyryl CoA act on a PHB 
synthesiZing enZyme derived fromAlcaligenes eutrophus. In 
addition, it is reported in Int. J. Biol. Macromol., 25, 55-60 
(1999) that PHA comprising a 3-hydroXy-n-butyryl acid unit 
or a 3-hydroXy-n-valeric acid unit has been successfully 
synthesiZed by making 3-hydroXybutyryl CoA and 3-hy 
droXyvaleryl CoA act on the PHB synthesiZing enZyme 
derived from Alcaligenes eutrophus. In addition, according 
to this report, When racemic 3-hydroXybutyryl CoA Was 
made to act on the enZyme, PHB comprising only a 3-hy 
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droXy-n-butyric acid unit of R-con?guration Was synthe 
sized due to the stereoselectivity of the enzyme. Synthesis of 
PHB outside the cell using a PHB synthesizing enzyme 
derived from Alcaligenes eutrophus is also reported in 
Macromol. Rapid Commun., 21, 77-84 (2000). In addition, 
it is reported in FEMS Microbiol. Lett., 168, 319-324 (1998) 
that PHB comprising a 3-hydroXy-n-butyric unit has been 
successfully synthesized by making 3-hydrozybutyryl CoA 
act on a PHB synthesizing enzyme derived from Chroma 
tium vinosum. It is reported in Appl. Microbiol. Biotechnol., 
54, 37-43 (2000) that PHA comprising a 3-hydroXydecanoic 
acid unit has been synthesized by making 3-hydroXyde 
canoyl CoA act on a PHA synthesizing enzyme from 
Pseudomonas aeruginosa. 

[0040] In this Way, the PHA synthesizing enzyme is an 
enzyme catalyzing a ?nal stage in the PHA synthesis reac 
tion system in an organism, and any PHA knoWn to be 
capable of being synthesized in the organism is synthesized 
under catalytic action by the enzyme. Therefore, by making 
3-hydroXyacyl CoA corresponding to desired PHA act on the 
enzyme ?xed on the medium in the present invention, 
pigment-coated capsular structure With any type of PHA 
knoWn to be capable of being synthesized in the organism 
can be prepared. 

[0041] As an eXample of PHA for use in the present 
invention, PHA containing at least monomer units expressed 
by the folloWing formulas [1] to [10] can speci?cally be 
shoWn. 

[0042] (Wherein the monomer unit is at least one selected 
from the group consisting of monomer units having any of 
the folloWing combinations of R1 and a: 

[0043] a monomer unit in Which R1 represents a 
hydrogen atom (H), and a represents an integer 
number of 0 to 10; 

[0044] a monomer unit in Which R1 represents a 
halogen atom, and a represents an integer number of 
1 to 10; 

[0045] a monomer unit in Which R1 represents a 
chromophoric group, and a represents an integer 
number of 1 to 10; 

[0046] a monomer unit in Which R1 represents a 
carboXyl group or a salt thereof, and a represents an 
integer number of 1 to 10; and 

[0047] a monomer unit in Which R1 represents, 
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[0048] and a represents an integer number of 1 to 7.) 

CH2 

(CH2)b 

[0049] (Wherein b represents an integer number of 0 to 7, 
and R2 represents any one selected from the group consist 

ing of a hydrogen atom (H), halogen atom, —CN, —NO2, 
—CF3, —C2F5 and —C3F7.) 

(CH2) 0 

[0050] (Wherein c represents an integer number of 1 to 8, 
and R3 represents any one selected from the group consist 

ing of a hydrogen atom (H), halogen atom, —CN, —NO2, 
—CF3, —C2F5 and —C3F7.) 

R4 

/ 

cH2 

(CH2)d 
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[0051] (wherein d represents an integer number of 0 to 7, 
and R4 represents any one selected from the group consist 
ing of a hydrogen atom (H), halogen atom, —CN, —NO2, 
—CF3, —C2F5 and —C3F7.) 

CO 

(CH2)€ 

[0052] (Wherein e represents an integer number of 1 to 8, 
and R5 represents any one selected from the group consist 
ing of a hydrogen atom (H), halogen atom, —CN, —NO2, 
—CF3, —C2F5, —C3F7, —CH3, —C2H5 and —C3H7) 

S / 

cH2 

[0053] (Wherein f represents an integer number of 0 to 7.) 

_ [7] 

S / 

CO 

(CH2)? 

[0054] (Wherein g represents an integer number of 1 to 8.) 

[8] 
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[0055] (Wherein h represents an integer number of 1 to 7, 
R6 represents any one selected from the group consisting of 
a hydrogen atom (H), halogen atom, —CN, —NO2, 
—COOR‘, —SOZR“, —CH3, —C2H5, —C3H7, 
—CH(CH3)2 and —C(CH3)3 Wherein R‘ represents any of a 
hydrogen atom (H), Na, K, —CH3 and —C2H5, and R“ 
represents any of —OH, —ONa, —OK, a halogen atom, 
—OCH3 and —OC2H5 

cH2 

S 

(CH2)i 

[0056] (Wherein i represents an integer number of 1 to 7, 
R7 represents any one selected from the group consisting of 
a hydrogen atom (H), halogen atom, —CN, —NO2, 
—COOR‘ and —SOZR“ Wherein R‘ represents any of a 
hydrogen atom (H), Na, K, —CH3 and —C2H5, and R“ 
represents any of —OH, —ONa, —OK, a halogen atom, 
—OCH3 and —OC2H5 

S / 

S 

[0057] (Wherein j represents an integer number of 1 to 9.) 

[0058] Furthermore, eXamples of the above described 
halogen atom may include ?uorine, chlorine and bromine. 

[0059] A speci?c eXample of 3-hydroXyacyl CoA for use 
as a substrate for synthesiZing the above PHA may be 
3-hydroXyacyl CoA expressed by the folloWing Chemical 
Formulas [12] to [21]: 

[12] 
OH 

[0060] (Wherein —SCoA represents a CoA bound to 
alkanoic acid, and the combination of R1 and a is de?ned as 
the same as the combinations of R1 and a in the monomer 
unit expressed by the above described Formula 
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[13] 

/ 
R2 — 

[0061] (wherein —SCoA represents a CoA bound to 
alkanoic acid, and b and R2 are respectively de?ned as the 
same as b and R2 in the monomer unit expressed by the 
above described Chemical Formula 

[14] 

OH 

/ 
R3 — 

[0062] (Wherein —SCoA represents a CoA bound to 
alkanoic acid, and c and R3 are respectively de?ned as the 
same as c and R3 in the monomer unit expressed by the 
above described Chemical Formula 

[15] 

[0063] (Wherein —SCoA represents a CoA bound to 
alkanoic acid, and d and R4 are respectively de?ned as the 
same as d and R4 in the monomer unit expressed by the 
above described Chemical Formula 

[16] 

OH 

[0064] (Wherein —SCoA represents a CoA bound to 
alkanoic acid, and e and R5 are respectively de?ned as the 
same as e and R4 in the monomer unit expressed by the 
above described Chemical Formula 

[17] 
OH 

S 

[0065] (Wherein —SCoA represents a CoA bound to 
alkanoic acid, and f is de?ned as the same as f in the 
monomer unit expressed by the above described Chemical 
Formula 
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[18] 
OH 

S 

[0066] (Wherein —SCoA represents a CoA bound to 
alkanoic acid, and g is de?ned as the same as g in the 
monomer unit expressed by the above described Chemical 
Formula 

[19] 

OH 

/ 
R6 — 

[0067] (Wherein —SCoA represents a CoA bound to 
alkanoic acid, and h and R6 are respectively de?ned as the 
same as h and R6 in the monomer unit expressed by the 
above described Chemical Formula 

[20] 

OH 

[0068] (Wherein —SCoA represents a CoA bound to 
alkanoic acid, and i and R7 are respectively de?ned as the 
same as i and R7 in the monomer unit expressed by the 
above described Chemical Formula 

[21] 
OH 

S 

[0069] (Wherein —SCoA represents a CoA bound to 
alkanoic acid, and j is de?ned as the same as j in the 
monomer unit expressed by the above described Chemical 
Formula [10].) 

[0070] In addition, in the case Where the surface of the 
base material is hydrophilic in the PHA-containing struc 
ture, PHA having a hydrophilic functional group is used as 
PHA constituting the PHA-containing structure. The hydro 
philic functional group may be any hydrophilic functional 
group, but an anionic functional group can be used, and the 
anionic functional group may be any anionic functional 
group, but a carboxyl group can be used in particular. An 
example of PHA having a carboxyl group may be PHA 
comprised of at least one selected the group consisting of 
monomer units expressed by the folloWing formula [11]. 
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COOH 

(CH2)k 

[0071] (wherein k represents any one of integer numbers 
of 1 to 10.) 

[0072] In addition, a speci?c example of the above PHA 
may be PHA containing 3-hydroxypimelic acid expressed by 
the following Formula [23]. 

[23] 
COOH 

(CH2)3 

[0073] In addition, an example of 3-hydroxyacyl CoA for 
use as a substrate for synthesiZing PHA expressed by the 
above Formula [11] may be 3-hydroxyacyl CoA expressed 
by the folloWing Formula [22]. 

OH 

[0074] (Wherein SCoA represents a CoAbound to alkanoic 
acid, and k is de?ned as the same as k in the monomer unit 
expressed by the above described Formula [11]. 

[0075] In addition, 3-hydroxyacyl CoA for use as a sub 
strate for synthesiZing PHA containing 3-hydroxypimelic 
acid expressed by the above Formula [23] may be 3-hy 
droxypimeril CoA expressed by the folloWing Formula [24]. 

[24] 
OH 

[0076] Furthermore, speci?c examples of the above 
described halogen atom may include ?uorine, chlorine and 
bromine. In addition, the above described chromophoric 
group is not particularly limited as long as its 3-hydroxyacyl 
CoA body can be subjected to catalytic action of the PHA 
synthesiZing enZyme, but it is more desirable that a meth 
ylene chain having 1 to 5 carbon atoms exists betWeen the 
carboxyl group With CoA bound thereto and the chro 
mophoric group in the 3-hydroxyacyl CoA molecule if 
considering steric hindrance that may occur during synthesis 
of a polymer. In addition, if the optical absorption Wave 
length of the chromophoric group is in the visible range, a 
colored PHA-containing structure can be obtained. 
Examples of such chromophoric groups may include 
nitroso, nitro, aZo, diarylmethane, triarylmethane, xanthene, 
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acridine, quinoline, methine, thiaZole, indamine, indophe 
nol, lactone, aminoketone, hydroxyketone, stilbene, aZine, 
oxaZine, thiaZin, anthraquinone, phthalocyanine and indi 
goid. 
[0077] For PHA to be used in the present invention, 
random copolymers and block copolymers each including 
the above described plurality of monomer units can also be 
used, thus making it possible to control properties of PHA 
and provide a plurality of functions using the properties of 
respective monomer units and contained functional groups, 
to realiZe neW functions using interaction betWeen func 
tional groups, and so on. In addition, it is also possible to 
synthesiZe a block copolymer of any order and composition 
on the surface of the base material by selecting as appro 
priate the amount and order in Which 3-hydroxyacyl CoA as 
a substrate is added. In addition, as required, chemical 
modi?cation and the like may also be made after or during 
synthesis of PHA. 

[0078] It is also possible to change the composition of the 
monomer unit of PHA in the laminating direction of the 
polyhydroxyalkanoate-containing structure to the outside 
thereof by changing With time the composition such as type 
and concentration of 3-hydroxyacyl CoA as a substrate, for 
example. Thereby, for example, if it is necessary to form a 
coated structure With PHA having a loW af?nity for the base 
material, the base material is ?rst covered With PHA having 
a high af?nity for the base material, and the composition of 
the monomer unit of PHA having a high af?nity for the base 
material is changed to the composition of the monomer unit 
of desired PHA in the laminated direction to form, for 
example, a multi-layer structure or gradient structure, 
thereby making it possible to form a PHA cover With its 
bonding to the base material enhanced. 

[0079] In addition, chemical modi?cation of the PHA can 
provide polyhydroxyalkanoate-containing structure various 
properties of Which are improved. For example, the incor 
poration of a graft chain into a PHA can give polyhydroxy 
alkanoate-containing structure in Which at least part of the 
base material has been coated With the PHA being given a 
variety of properties attributable to the graft chain. Further, 
crosslinking the PHA can provide polyhydroxyalkanoate 
containing structure in Which at least part of the base 
material has been coated With the PHA given a variety of 
physicochemical properties (for example, mechanical 
strength, resistance to chemicals and heat resistance). The 
term, “chemical modi?cation” as used in the present inven 
tion indicates the meaning that the molecular structure of a 
polymer substance is altered by alloWing an intramolecular 
or intermolecular chemical reaction of the polymer sub 
stance or a chemical reaction betWeen the polymer substance 
and another chemical substance. The term, “crosslinking” 
indicates the meaning that a polymer substance is chemi 
cally or physicochemically bonded intramolecularly or inter 
molecularly to form a netWork structure. Furthermore, a 
crosslinking agent refers to a substance having a certain 
reactivity With the aforementioned polymer substance Which 
is added to carry out the above crosslinking reaction. 

[0080] Furthermore, PHA synthesiZed by a PHA synthe 
siZing enZyme, Which is used in the structure of the present 
invention, is generally an isotactic polymer constituted only 
by a R-con?guration. 

[0081] 3-hydroxyacyl CoA as a synthesis substrate for 
PHA can be synthesiZed for use by a method appropriately 
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selected from an in vitro synthesis method using enzymes, 
an in vivo synthesis method using organisms such as micro 
organisms and plants, a chemical synthesis method, and the 
like. In particular, the enZyme synthesis method is a method 
that is generally used for synthesis of the substrate, and 
knoWn enZyme synthesis methods include a method using 
the folloWing reaction using commercially available acyl 
CoA synthetase (Acyl CoA Ligase, E.C.6.2.1.3)(Eur. J. 
Biochem., 250, 432-439 (1997), Appl. Microbiol. Biotech 
nol., 54, 37-43 (2000), etc.): 

[0082] 
[0083] 3-hydroxyalkanoic acid+CoAQ3-hydroxyacyl 
CoA. For the synthesis process using enZymes and organ 
isms, a batch type synthesis method may be used, or series 
production may be carried out using immobiliZed enZymes 
and immobiliZed cells. 

acyl CoA synthetase 

[0084] <PHA SynthesiZing EnZymes and Microorganisms 
for Producing the EnZymes> 

[0085] For the PHA synthesiZing enZyme for use in the 
present invention, an enZyme produced by a microorganism 
appropriately selected from microorganisms capable of pro 
ducing the enZyme, or a transformant With the gene of a PHA 
synthesiZing enZyme introduced into the host may be used. 

[0086] For microorganisms for producing PHA synthesiZ 
ing enZymes, PHB or PHB/V producing microorganisms 
may be used, and as these microorganisms, Burkholderia 
cepacia KKOl, Ralstonia eutropha TB64, Alcaligenes sp. 
TL2 that have been isolated by the inventors may be used in 
addition to Aeromonas sp.,Alcaligenes sp., Chromatium sp., 
Comamonas sp., Methylobacterium sp., Paracoccus sp., 
Pseudomonas sp. and the like. Furthermore, KK01, TB64 
and TL2 are deposited as FERM BP-4235, FERM BP-6933 
and FERM BP-6913, respectively, in National Institute of 
Advanced Industrial Science and Technology, International 
Patent Organism Depositary. 

[0087] Also, as microorganisms for producing PHA syn 
thesiZing enZymes, microorganisms producing mcl-PHA 
and unusual-PHAmay be used, and as these microorganisms 
may be used Pseudomonas sp. microorganisms such as 
Pseudomonas putida P91, Psuedomonas cichorii H45, 
Pseudomonas cichorii YN2, Pseudomonas jessenii P161, 
etc. that have been isolated by the inventors, in addition to 
Pseudomonas oleoborans, Pseudomonas resinoborans, 
Pseudomonas sp. 61-3, Pseudomonas putida KT2442, 
Pseudomonas aeruginosa and the like, and Burkholderia sp. 
microorganisms such as Burkhola'eria sp. 0K3 (FERM 
P-17370) described in Japanese Patent Application Laid 
Open No. 2001-78753 and Burkholderia sp. 0K4 (FERM 
P-17371) described in Japanese Patent Application Laid 
Open No. 2001-69968. Also, in addition to these microor 
ganisms, microorganisms belonging to Aeromonas sp., 
Comamonas sp. and the like and producing mcl-PHA and 
unusual-PHA can be used. 

[0088] Furthermore, P91, H45, YN2 and P161 are depos 
ited on an international basis as FERM BP-7373, FERM 
BP-7374, FERM BP-7375 and BP-7376, respectively, in 
National Institute of Advanced Industrial Science and Tech 
nology, International Patent Organism Depositary, under 
Budapest Treaty on international approval for deposition of 
microorganisms in terms of patent procedures. 
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[0089] For normal culture of microorganisms for use in 
production of PHA synthesiZing enZymes according to the 
present invention, for example preparation of stock strains, 
and reproduction for securing the number of cells and their 
active states required for production of the PHA synthesiZ 
ing enZyme, a culture medium containing components 
needed for groWth of microorganisms to be used is appro 
priately selected and used. For example, any type of culture 
media such as general natural culture media (broths, yeast 
extracts, etc) and synthetic culture media With nutrient 
sources added thereto may be used unless they adversely 
affect groWth and survival of microorganisms. 

[0090] For the culture, any method such as liquid culture 
and solid culture may be used as long as reproduction of the 
microorganisms is possible. In addition, any type of culture 
including batch culture, fed batch culture, semi-continuous 
culture and continuous culture may be used. As for the form 
of the liquid batch culture, a method in Which oxygen is 
supplied by shaking With a shaking ?ask, a method in Which 
oxygen is supplied using a stirring aeration system With a jar 
fermenter and the like are employed. In addition, a multi 
stage method in Which these steps are connected in multiple 
stages may be employed. 

[0091] In the case Where the PHA synthesiZing enZyme is 
produced using PHA producing microorganisms as 
described above, for example, a method in Which the micro 
organism is groWn in an inorganic culture medium contain 
ing alkanoic acid such as octanoic acid and nonanoic acid, 
and cells of the microorganism in the logarithmic groWth 
phase to the early stage of the stationary phase are collected 
by centrifugation or the like to extract a desired enZyme, and 
so on may be used. Furthermore, if the microorganism is 
cultured using a condition as described above, mcl-PHA 
derived from added alkanoic acid is synthesiZed in a cell of 
the microorganism, but in this case, it is generally said that 
the PHA synthesiZing enZyme exists in such a manner as to 
be bound to small particles of PHA produced in the cell. 
HoWever, as a result of studies conducted by the inventors, 
it has been found that almost equivalent enZyme activity is 
present even in the supernatant liquid after conducting 
centrifugation of the liquid from fragmentation of cells 
cultured by any of the above described methods. It is 
assumed that this is because an almost equivalent amount of 
PHA synthesiZing enZyme exists in a free state in a relatively 
early stage of culture, Which is from the logarithmic groWth 
phase to the early stage of the stationary phase as described 
above, since the enZyme is actively produced continuously 
in the cell. 

[0092] For the inorganic culture medium for use in the 
above culture methods, any medium containing components 
enabling microorganisms to be groWn such as phosphorous 
sources (eg phosphates) and nitrogen sources (eg ammo 
nium salts, nitrates, etc.) may be used, and inorganic culture 
media may include, for example, a MSB medium, E medium 
(J. Biol. Chem., 218, 97-106 (1956)) and M9 medium. 
Furthermore, the composition of the M9 medium for use in 
Examples of the present invention is as folloWs: 

[0093] Na2HPO4: 6.2 g 
[0094] KH2PO4: 3.0 g 
[0095] NaCl: 0.5 g 

[0096] NH4Cl: 1.0 g 
[0097] (per liter of medium, pH 7.0). 
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[0098] In addition, about 0.3% (v/v) of a solution contain 
ing minor components shoWn below is preferably added in 
the above inorganic culture medium for ensuring satisfac 
tory groWth of the microorganism and production of the 
PHA synthesizing enZyme: 

[0099] (Solution Containing Minor Components) 

[0100] nitrilotriacetic acid: 1.5 g 

[0101] MgSO4: 3.0 g 

[0102] MnSO4: 0.5 g 

[0103] NaCl: 1.0 g 

[0104] FeSO4: 0.1 g 

[0105] CaCl2: 0.1 g 

[0106] CoCl2: 0.1 g 

[0107] ZnSO4: 0.1 g 

[0108] CuSO4: 0.1 g 

[0109] AlK (SO4)2: 0.1 g 

[0110] H3BO3: 0.1 g 

[0111] Na2MoO4: 0.1 g 

[0112] NiCl2: 0.1 g 

[0113] (per liter) 
[0114] The culture temperature may be any temperature at 
Which the above microorganism can satisfactorily be groWn, 
for example 14 to 40° C., preferably 20 to 35° C. 

[0115] Also, a desired PHA synthesiZing enZyme can be 
produced using a transformant having a PHA synthesiZing 
enZyme gene of the aforesaid PHA producing microorgan 
ism. Cloning of the PHA synthesiZing enZyme gene, prepa 
ration of an expression vector, and preparation of the trans 
formant may be carried out in accordance With an 
established method. In a transformant obtained With a 
microorganism such as Escherichia coli as a host, the 
medium for use in culture is a natural medium or a synthetic 
medium, for example, a LB medium, M9 medium or the 
like. A culture temperature is in the range of from 25 to 37° 
C. In addition, aerobic culture is conducted for 8 to 27 hours 
to achieve groWth of the microorganism. Thereafter, cells 
can be collected to collect the PHA synthesiZing enZyme 
accumulated in the cells. Antibiotics such as kanamycin, 
ampicillin, tetracycline, chloramphenicol and streptomycin 
may be added in the medium as necessary. Also, in the case 
Where an inductive promoter is used in the expression 
vector, an inductive material corresponding to the promoter 
may be added to the medium to promote expression When 
the transformant is cultured. Such inductive materials 
include, for example, isopropyl-1-thio-[3-D-galactoside 
(IPTG), tetracycline and indolacrylic acid 

[0116] For the PHA synthesiZing enZyme, liquids from 
fragmentation of cells of microorganism, and crude enZymes 
such as salted ammonium sulfate obtained by precipitation 
and collection of protein components With ammonium sul 
fate and the like may be used, or enZymes puri?ed by various 
kinds of methods may be used. Stabilizers such as metal 
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salts, glycerin, dithiothreitol, EDTA and bovine serum albu 
min (BSA), and activators may be added to the enZymes as 
necessary. 

[0117] For isolation and puri?cation of PHA synthesiZing 
enZymes, any method alloWing enZyme activation of PHA 
synthesiZing enZymes to be retained may be used. For 
example, obtained cells of microorganism are crushed With 
a French press, a supersonic crusher, lysoZyme, various 
kinds of surfactants and the like, and thereafter, for a crude 
enZyme solution obtained by centrifugation or salted ammo 
nium sulfate prepared therefrom, means such as affinity 
chromatography, cation or anion exchange chromatography, 
and gel ?ltration is applied alone or in combination, Whereby 
a puri?ed enZyme can be obtained. In particular, a gene 
recombination protein can be puri?ed more conveniently by 
expressing the protein in the form of united protein With 
“tags” such as histidine residues bound to the N terminal and 
C terminal, and making the protein to be bound to an affinity 
resin through these tags. For isolating a desired protein from 
the united protein, methods of cleaving the linkage by 
protease such as thrombin and a blood coagulation factor 
Xa, decrasing the pH, adding a high concentration of imi 
daZole as a competitive binding agent and the like may be 
used. Alternatively, if the tag includes intein as in the case 
of using pTYBl (manufactured by NeW EnglanBiolab Co., 
Ltd.) as a expression vector, a reduction condition is 
achieved by dithiothreitol or the like to cleave the linkage. 
For the united protein enabling puri?cation by affinity 
chromatography, glutathione-S-transferase (GST), chitin 
bound domain (CBD), maltose bound protein (MBP) and 
thioredoxine (TRX) are also Well knoWn in addition to the 
histidine tag. The GST united protein can be puri?ed by the 
GST af?nity resin. 

[0118] A various kinds of reported methods may be used 
for measuring activity of the PHA synthesiZing enZyme, and 
for example, the activity may be measured by the folloWing 
method in Which as a measurement principle, CoA released 
in the process through Which 3-hydroxyacyl CoA is poly 
meriZed under the catalytic action of the PHA synthesiZing 
enZyme to form PHA is colored With 5,5‘-dithiobis-(2 
nitrobenZoic acid) to carry out measurements. Reagent 1: 
bovine serum albumin (manufactured by Sigma Co., Ltd.) is 
dissolved in a 0.1 M Tris hydrochloric buffer (pH 8.0) in the 
concentration of 3.0 mg/ml, Reagent 2: 3-hydroxyoctanoyl 
CoA is dissolved in a 0.1 M Tris hydrochloric buffer (pH 
8.0) in the concentration of 3.0 mM, Reagent 3: trichloro 
acetic acid is dissolved in a 0.1 M Tris hydrochloric buffer 
(pH 8.0) in the concentration of 10 mg/ml, and Reagent 4: 
5,5‘-dithiobis-(2-nitrobenZoic acid) is dissolved in a 0.1 M 
Tris hydrochloric buffer (pH 8.0) in the concentration of 2.0 
mM. First reaction (PHA synthesis reaction): 100 pl of 
Reagent 1 is added in 100 pl of sample (enZyme) solution 
and mixed together, and is pre-incubated at 30° C. for a 
minute. 100 pl of Reagent 2 is added thereto and mixed 
together, and is incubated at 30° C. for 1 to 30 minutes, 
folloWed by adding thereto Reagent 3 to stop the reaction. 
Second reaction (reaction of coloring free CoA): the ?rst 
reaction solution of Which reaction has been stopped is 
subjected to centrifugation (15,000><g, 10 minutes), and 500 
pl of Reagent 4 is added in 500 pl of supernatant liquid of 
this solution, and is incubated at 30° C. for 10 minutes, 
folloWed by measuring an absorbance at 412 nm. Calcula 
tion of enZyme activity: the amount of enZyme for releasing 
1 pmol of CoA per minute is de?ned as one unit 
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[0119] <Preparation of Structure> 
[0120] An example of a method for producing a structure 
containing polyhydroXyalkanoate of the present invention at 
least comprises the steps of: (1) immobilizing on a base 
material a PHA Synthase containing an amino acid sequence 
capable of binding to the base material, (2) adding a 3-hy 
droXyacyl CoA, or a substrate, (3) conducting a PHA 
synthesis reaction, and (4) processing a structure containing 
polyhydroXyalkanoate, the structure being coated With the 
polyhydroXyalkanoate, depending on an application, as 
required. 
[0121] An amino acid sequence capable of binding to a 
base material of the present invention is an amino acid 
sequence determined by screening of a random peptide 
library, or an amino acid sequence rationally designed by 
means of the chemical properties of a base material. 

[0122] The random peptide libraries of the present inven 
tion include a random synthesis peptide library Wherein a 
random peptide is chemically synthesiZed in a soluble form, 
a solid phase immobiliZed peptide library Wherein a peptide 
is synthesiZed on resin beads, a peptide library Wherein a 
DNA of a random sequence chemically synthesiZed is 
biosynthesiZed in a ribosome in vitro, a phage display 
peptide library Wherein, for eXample, a random synthesis 
gene is connected to the N terminal side gene of the surface 
protein (e.g., the gene III protein) of a M13 base phage, a 
random peptide library Wherein, in a similar Way above 
mentioned, a membrane protein of a microbe, Omp A 
(Francisco et al., 1993, PNAS, 90, 10444-10448, or Pistor 
and Hoborn, 1989, Klin. Wochenschr., 66, 110-116), PAL 
(Fuchs et al., 1991, Bio/Technology, 9, 1369-1372), Lamb 
(Charbit et al., 1988, Gene, 70, 181-189 and Bradbury et al., 
1993, Bio/Technology, 1565-1568), ?mbrin (Hedegaard and 
Klemm, 1989, Gene, 85; 115-124, and Hofnung, 1991, 
Methods Cell Biol., 34, 77-105) and IgA protease [3 domain 
(Klauser et al., 1990, EMBO J., 9, 1991-1999) are fused and 
presented. 
[0123] A method of screening an amino acid sequence 
capable of binding to a base material by means of these 
random peptide libraries, When a chemical synthesis peptide 
library is used, involves causing a peptide library to make 
contact With a base material, removing a peptide incapable 
of binding to the base material, and subsequently retrieving 
a peptide binding to the base material to determine the amino 
acid sequence by use of Edman degradation, etc. 

[0124] On the other hand, When a phage display peptide 
library is used, a base material is ?xed on a column or plate 
if the base material is granular, or if a base material is a plate, 
the aforementioned library is directly added on the base 
material surface for contact, and then a binding phage is kept 
and a non-binding phage is Washed aWay. A phage left 
subsequent to Washing is eluted With an acid, etc. After 
neutraliZation With a buffer, the phage is incorporated into E. 
coli to amplify it. Repetition of this selection of a plurality 
of times concentrates a plurality of clones that are capable of 
binding to a target base material. At this time, to obtain a 
single clone, the phage is again alloWed incorporated into 
the E. coli to make a colony on a culture plate. After each 
single colony is cultured in a liquid culture medium, the 
phage present in a supernatant of the medium is precipitation 
puri?ed With polyethylene glycol, or the like. The structure 
of the peptide is determined by the analysis of this base 
sequence. 
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[0125] Screening of a peptide capable of binding to a base 
material by means of a phage display peptide library can be 
suitably used for this invention in that an operation Wherein 
a phage that bonds more strongly to a base material is 
concentrated, so called panning, is included so that a more 
reliable peptide candidate can be selected. The method of 
forming a phage random peptide library includes, for 
eXample, coupling a random synthesis gene to the N termi 
nal side gene of the surface protein (for eXample the gene III 
protein) of a M13 base phage. The method has been reported 
by Scott, J K. and Smith (GP., Science Vol. 249, 389, 1990), 
CWirla, S E et al. (Proc. Natl. Acad. Sci. USA Vol. 87, 6378, 
1990), etc. The siZe of a gene to be inserted is not particu 
larly limited if the peptide is stably expressed; hoWever, the 
siZe corresponding to the number of amino acids of 6 to 40 
(corresponding to a molecular Weight of about 600 to 4000) 
is appropriate in order to cover all the random sequences of 
a formed library and for these sequences to have binding 
ability, and of them the siZe corresponding to 7 to 18 amino 
acids is preferable. 

[0126] Where tWo or more kinds of peptides capable of 
binding to a base material by screening of a phage display 
peptide library are obtained, all or part of the amino acid 
sequence out of at least one peptide selected from the group 
consisting of these peptides may be combined in series in a 
suitable combination to prepare a peptide capable of binding 
to the base material for use. In this case, it is desirable to set 
up an appropriate spacer sequence betWeen tWo kinds of 
amino acid sequences. The spacer sequence preferably has a 
range of about 3 to about 400 amino acids, and the sequence 
may contain any amino acid. Most preferably, the spacer 
sequence is one that does not prevent the function of a PHA 
synthase or does not disturb the binding of a PHA synthase 
to a base material. 

[0127] An amino acid sequence capable of binding to a 
base material of the present invention is an amino acid 
sequence determined by screening of a random peptide 
library, or can also be an amino acid sequence rationally 
designed by means of the chemical properties of a base 
material. 

[0128] The immobiliZation of a PHA synthase With respect 
to a base material is established through an amino acid 
sequence capable of binding to the base material having 
been fused into the synthase and presented. EnZyme proteins 
including a PHA synthase are polypeptides of many amino 
acids combined, Which eXhibit the properties of an ion 
adsorbent via free ionic amino acids such as lysine, histi 
dine, arginine, asparagine, and glutamate, and also offer the 
properties of a hydrophobic adsorbent due to organic poly 
mers and through amino acids having free hydrophobic 
groups such as alanine, valine, leucine, isoleucine, methion 
ine, tryptophan, phenylalanine, and proline. Accordingly, 
enZyme proteins can be immobiliZed on base materials that 
have hydrophilic, hydrophobic, or both hydrophilic and 
hydrophobic properties although there are varying degrees 
of immobiliZation. 

[0129] When base materials that primarily present ionic 
functional groups on their surfaces, for eXample, inorganic 
pigments containing clay minerals, metal oXides, etc. as 
main components are utiliZed, a PHA synthase can be 
immobiliZed by the ionic adsorption method by choosing 
sequences containing many amino acids having free ionic 
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groups such as lysine, histidine, arginine, asparagine, and 
glutamate as amino acid sequences capable of binding the 
base materials to be fused into the synthase and presented. 

[0130] In addition, When a base material, the surface of 
Which is mainly nonpolar, for example, an inorganic pig 
ment comprising a carbon crystal such as an aZo pigment 
having a plurality of aromatic rings or condensed polycyclic 
phthalocyanine base pigment, an organic pigment such as an 
anthraquinone base pigment, or carbon black, is used, a PHA 
synthase can be immobilized via hydrophobic adsorption by 
selecting a sequence containing many amino acids having 
free hydrophobic groups such as alanine, valine, leucine, 
isoleucine, methionine, tryptophan, phenylalanine, and pro 
line as an amino acid sequence capable of binding the base 
material to be fused into the synthase and presented. 

[0131] Amino acid sequences capable of binding to a base 
material obtained by the aforementioned methods are fused 
into polyhydroxyalkanoate synthase and utiliZed by means 
of usual genetic engineering methods. Apeptide capable of 
binding to respect to a base material can be expressed by 
connecting the N terminal or C terminal of polyhydroxyal 
kanoate synthase. Also, it can be expressed by insertion of 
an appropriate spacer sequence. 

[0132] A spacer sequence preferably has a range of about 
3 to about 400 amino acids, and the sequence may contain 
any amino acid. Most preferably, a spacer sequence is one 
that does not prevent the function of a PHA synthase or does 
not disturb the binding of a PHA synthase to a base material. 

[0133] Where tWo or more kinds of peptides capable of 
binding to a base material by operations such as the above 
described screening of a phage display peptide library are 
determined, a mixture of a plural kinds of PHA synthases 
produced by individually fusing these peptides into a PHA 
synthase can be utiliZed in the present invention. 

[0134] For a method of separating and purifying a PHA 
synthase containing an amino acid sequence capable of 
binding to a base material, as described above, any method 
can be used if it is a Way to maintain the enZyme activities 
of the PHA synthase. 

[0135] A step of immobiliZing a PHA synthase on a base 
material is achieved by causing a PHA synthase containing 
an amino acid sequence capable of binding to a base material 
to make contact With the base material in an aqueous 
medium. 

[0136] The composition of the aqueous medium for syn 
thesis of PHA in this step may be any composition that does 
not interfere the step of carrying out the PHA synthesis 
reaction, but the composition may be adjusted into a com 
position alloWing the activity of the PHA synthesiZing 
enZyme to be exerted in order to simplify the subsequent 
steps. As the composition alloWing the activity of the PHA 
enZyme to be exerted, for example, a buffer may be used. For 
the buffer, general buffers for use in biochemical reactions, 
for example, acetate buffers, phosphate buffers, potassium 
phosphate buffers, 3-(N-morpholino) propane sulfonate 
(MOPS) buffers, N-tris (hydroxymethyl) methyl-3-amino 
propane sulfonate (TAPS) buffers, trischloride buffers, gly 
cin buffers, and 2-(cyclohexylamino) ethanesulfonate 
(CHES) buffers are suitably used. The concentration of the 
buffer alloWing the activity of the PHA synthesiZing enZyme 
to be exerted may be a general concentration, namely in the 
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range of from 5 mM to 1.0 M, but is preferably in the range 
of from 10 to 200 mM. Also, an adjustment is made so that 
pH is in the range of from 5.5 to 9.0, preferably from 7.0 to 
8.5, but the possibility is not excluded that a pH condition is 
set in a range other than the above described range depend 
ing on the most suitable pH and pH stability of a PHA 
synthesiZing enZyme to be used. 

[0137] In addition, When the base material is a poWder, for 
maintaining a dispersion condition of the base substrate in 
the aqueous medium, a suitable surfactant may be added as 
long as the surfactant has a type and concentration not 
interfering the subsequent steps. Examples of the surfactant 
may include, for example, anionic surfactants such as 
sodium oleate, sodium dodecylsulfonate, sodium dodecyl 
sulfate, sodium dodecyl-N-sarcosinate, sodium cholate, 
sodium deoxycholate and sodium taurodeoxycholate; cat 
ionic surfactants such as cetyltrimethylammonium bromide 
and dodecylpyridinium chloride; ampholytic surfactants 
such as 3-[(choleamidepropyl)dimethylammonio]-1-pro 
panesulfonic acid (CHAPS), 3-[(3-choleamidepropyl) dim 
ethylammonio]-2-hydroxy-1-propanesulfonic acid 
(CHAPSO), palmitoyllysolecithin and dodecyl-ot-alanine; 
and nonionic surfactants such as octylglucoside, octylthio 
glucoside, heptylthioglucoside, decanoyl-N-methylglucam 
ide (MEGA-10), polyoxyethylenedodecylether (Brij, 
Lubrol), polyoxyethylene-1-octylphenylether (Triton X), 
polyoxyethylenenonylphenylether (Nonidet P-40, Triton N), 
polyoxyethylene fatty acid ester (Span) and polyoxyethyl 
enesorbitol ester (TWeen). 

[0138] In addition, for maintaining a dispersion of the base 
material in a state of poWder in the aqueous medium, a 
suitable auxiliary solvent may be added as long as it has a 
type and concentration not interfering the subsequent steps. 
For the auxiliary solvent, one or tWo types of substances 
selected from, for example, linear aliphatic hydrocarbons 
such as hexane, and their derivatives such as monovalent 
alcohols such as methanol and ethanol, polyvalent alcohols 
such as glycerol, fatty acid ethers and carboxylates may be 
selected and used. 

[0139] ImmobiliZation of a PHA synthase on a base mate 
rial by means of the ion adsorption method or hydrophobic 
adsorption method can be achieved by admixing a base 
material With a PHA synthase in a speci?ed aqueous 
medium so as to give a speci?ed concentration. In this case, 
the reaction vessel is desirably shook or stirred With a 
suitable strength so that the enZyme is uniformly adsorbed 
on the base material surface. 

[0140] In the immobiliZation treatment described above, 
the composition of an aqueous medium of a mixture of a 
base material and an enZyme is desirably prepared taking 
into account the fact that the positivity or negativity of the 
surface charges, the amounts of charge, and hydrophobicity, 
of the base material and the PHA synthase vary depending 
on the pH and salt concentration of the aqueous medium. For 
example, When the base material is mainly ion adsorbent, 
loWering the salt concentration can increase the amount of 
charge that contributes the adsorption betWeen the base 
material and the PHA synthase. In addition, changing the pH 
can increase the amounts of the opposite charges of the tWo. 
When the base material is primarily hydrophobic and adsor 
bent, increasing the salt concentration can increase the 
hydrophobicity of the tWo. Further, the measurement of the 
























































































































































