
;e3e|46TTQIWOIWVII'~I~V~ =PE~.f~~T.~~ i~~~~~~~w TRANSFORMANT AND PROCESS
FOR PRODUCING POLYESTER BY USING THE SAME 5 TECHNICAL FIELD The present
invention relates to a gene coding for a copolyester-synthesizing enzyme, a
microorganism which utilizes said gene for the fermentative synthesis of
apolyester, 1o and a method of producing a polyester with the aid of said
microorganism. More particularly, the present invention relates to a gene
which functions in a host organism and is related to synthesize, by an
enzyme, a plastic-like polymer degradable under the action of
microorganisms in the natural environment 15 (the soil, river or sea) , a
transformant derived from said host organism by transformation with said
gene and having an improved ability to fermentatively synthesize a
plastic-like polymer, and a method of producing a copolyester with the aid
of said transformant. 20 BACKGROUND ART It is already known that many kinds
of microorganisms accumulate polyesters as the energy-storing substance
intracellularly. A representative example is a homopolymer of 25
3-hydroxybutyric acid (hereinafter referred to briefly as 3HB), namely
poly-3-hydroxybutyric acid (hereinafter referred to briefly as P(3HB)),
which was first discovered in Bacillus megaterium in 1925. Since P(3HB) is
a thermoplastic polymer biodegradable in the natural environment, it has
attracted 3o attention as an eco-friendly plastic. However, because of its
high crystallinity, P (3HB) is so hard and brittle that it has found
application so far only in a limited assortment of practical uses and much
research work has been undertaken to correct for the drawback. 35 As
results of such researches, Japanese Kokai Publication   z J 



2 Sho-57-150393 and Japanese Kokai Publication Sho-59-220192 disclose the
production technology for a copolymer of 3-hydroxybutyric acid (3HB) and
3-hydroxyvaleric acid (3HV) (hereinafter referred to briefly as
P(3HB-co-3HV)). Compared 5 with P(3HB), this P (3HB-co-3HV) is so flexible
that it was initially expected to find application in a broader range of
end uses . Actually, however, P ( 3HB-co-3HV) responds poorly to a gain in
the molar fraction of 3HV so that particularly the flexibility required of
film and the like cannot be improved, 10 thus limiting its scope of use to
rigid moldings such as shampoo bottles and throw-away razor handles.
Recently, studies have been undertaken on the binary copolyester of 3HB and
3-hydroxyhexanoic acid (hereinafter referred to briefly as 3HH) (the
copolyester will hereinafter 15 be referred to briefly as P (3HB-co-3HH) )
and the technology of producing it. For example, such studies have been
described in Japanese Kokai Publication Hei-5-93049 and Japanese Kokai
Publication Hei-7-265065. The technology described in the above patent
literature for the production of P(3HB-co-3HH) 20 comprises fermentative
production from a fatty acid, e.g. oleic acid, or an oil or fat, e.g. olive
oil, with the aid of a soil-isolated strain of Aeromonas caviae. Properties
of P(3HB-co-3HH) have also been studied [Y. Doi, S. Kitamura, H. Abe:
Macromolecules 28, 4822-4823 (1995)]. In this report 25 referred to above,
Aeromonas caviae is cultured using a fatty acid of 12 or more carbon atoms
as the sole carbon source to fermentatively produce P ( 3HB-co-3HH) with a
3HH fraction of 11 to 19 mol ~ . This P (3HB-co-3HH) undergoes a gradual
transition from a hard, brittle one to a flexible one with an increasing 30
molar fraction of 3HH and has been found to show flexibility surpassing
that of P(3HB-co-3HV). However, this production method is poor in
productivity with a cell output of 4 g/L and a polymer content of 30$ and,
therefore, explorations were made for methods of higher productivity for
commercial exploitation. 35 A PHA (polyhydroxyalkanoic acid) -synthase gene
was cloned   T T 3 from a P(3HB-co-3HH)-producible strain of Aeromonas
caviae [T. Fukui, Y. Doi: J. Bacteriol, Vol. 179, No. 15, 4821-4830 (1997)
, Japanese Kokai Publication Hei-10-108682]. When this gene was introduced
into Ralstonia eutropha (formerly, Alcaligenes 5 eutrophus) and the
production of P (3HB-co-3HH) was carried out using the resulting
transformant, the cell output was 4 g/L and the polymer content was 30~.
Further, by growing this transformant on vegetable oil as the carbon
source, a cell content of 4 g/L with a polymer content of 80$ could be
accomplished to [T . Fukui et al . : Appl . Microbiol . Biotechnol . 49,
333 ( 1998 ) ] . A process for producing P(3HB-co-3HH) using bacteria, e.g.
Escherichia coli, or plants as hosts has also been described (WO 00/43525).
However, there is no disclosure of the productivity achieved by this
production technology. 15 Since this polymer P(3HB-co-3HH) may have a
broadly variable characteristic ranging from a rigid polymer to a flexible
polymer depending on the 3HH molar fraction, it can be expected to find
application in a broad spectrum of uses from television housings and the
like, which require rigidity, to 2o yarn, film and the like which require
flexibility. However, the productivity of said polymer is still invariably
low in these production methods and none are considered fully satisfactory
for practical production methods of this polymer. Recently, Leaf et al.
have conducted studies on the 25 production of biodegradable polyesters
using a yeast, which is considered to elaborate acetyl CoA, the precursor
of 3HB, with good efficiency as a producer organism (Microbiology, Vol.
142, pp 1169-1180 (1996)). They introduced the Ralstonia eutropha polyester
synthase gene into Saccharomyces cerevisiae, a kind 30 of yeast, to
construct a transformant and cultured it using glucose as the carbon
source, to thereby confirm the accumulation of P (3HB) (polymer content
0.5~) . However, the polymer produced in this study was P (3HB), which is
hard and brittle. It is known that yeasts are fast-growing, with high cell
35 productivity. The yeast cell attracted attention as the single  



r 4 cell protein in the past and studies on the production of yeast cells
for use as a feedstuff usingn-paraffin as the carbon source, while their
component nucleic acids have been utilized as seasonings. Furthermore,
since yeasts are considered to 5 produce acetyl-CoA, which is a precursor
of the polymer. with high efficiency, a high polymer productivity is
expected. Moreover, since the separation of cells from the culture broth is
easy as compared with bacteria, it is possible to simplify the polymer
extraction and purification process. Therefore, 1o a demand has existed for
a process for producing P (3HB-co-3HH) having beneficial physical
properties with the aid of yeasts. DISCLOSURE OF INVENTION In light of the
above state of the art, the present invention 15 has for its object to
provide a polyester synthesis-associated gene which functions and can be
expressed with good efficiency in a yeast, a transformant of the yeast as
transformed with a gene expression cassette comprising said gene, and a
method of producing a polyester which is biodegradable and has excellent 20
physical properties, such as P(3HB-co-3HH), which comprises growing the
transformant obtained. After many investigations, the inventors of the
present invention constructed a gene expression cassette by ligating a
promoter and a terminator, both of which substantially function 25 in a
yeast, to at least one enzyme gene related to the synthesis of a
copolyester through copolymerization of 3-hydroxyalkanoic acids of the
following general formula (1) and can be substantially expressed in the
yeast, introduced said gene expression cassette into a yeast 3o to
construct a transformant, and cultured said transformant, whereby a
polyester, which is a copolymer of 3-hydroxyalkanoic acids of the following
general formula (1), could be successfully harvested from the resulting
culture. 35   Y 5 R IriO-CH-C-C-OH ( 1 ) HZ O in the formula, R represents
an alkyl group. The present invention, therefore, is concerned with a
transformant 5 wherein at least one kind of gene expression cassettes
comprising a polyestersynthesis-associated enzyme gene has been introduced
into a yeast. The present invention is further concerned with a method of
producing a polyester using said transformant 



io which comprises growing said transformant and harvesting the polyester
from the resulting culture. The term "substantially" as used herein means
that referring to the sequence of the polyestersynthesis-associated gene
and the gene sequences such as a promoter and terminator, 15 among others,
which are necessary for the construction of the gene expression cassette,
the nucleotide sequences may have undergone mutation, such as deletion,
substitution and/or insertion, as far as the functions of the gene and the
functions necessary for gene expression are retained. 2o Furthermore, the
present invention is related to a polyester synthesis-associated enzyme
gene which is modified from at least one gene code CTG to TTA, TTG, CTT,
CTC or CTA. The present invention is now described in detail. 25 BRIEF
DESCRIPTION OF THE DRAWINGS Fig. 1 is a schematic diagram showing the
plasmid pSUTS used as a vector in Example 2 (a). Fig. 2' is a schematic
diagram showing the plasmid pUTAl 3o used as a vector in Example 2 (b).
Fig. 3 is a schematic diagram showing the plasmid pSUT-phaJ constructed in
Example 2 (a).   r 6 Fig . 4 is a schematic diagram showing the plasmid
pSUT-PHA1 constructed in Example 2 (a). Fig. 5 is a schematic diagram
showing the plasmidp SUT-PHA2 constructed in Example 2 (a). 5 Fig. 6 is a
schematic diagram showing the plasmid pUALl constructed in Example 2 (b).
Fig. 7 is a schematic diagram showing the plasmid pUAL-ORF2 constructed in
Example 2 (b). Fig. 8 is a schematic diagram showing the plasmidp UAL-ORF3
10 constructed in Example 2 (b). Fig. 9 is a schematic diagram showing the
plasmid pUTA-ORF23 constructed in Example 2 (b). Fig. 10 is a plasmid
construction diagram showing the procedure of constructing the plasmid
according to Example 2 15 (a) . Fig. 11 is a plasmid construction diagram
showing the procedure of constructing the plasmid according to Example 2
(b) . 



Fig. 12 shows the result of an analysis, by capillary gas 2o
chromatography, of the polyester produced in Example 3. Fig. 13 is an NMR
analysis chart of the polyester produced in Example 3. Fig. 14 is an IR
analysis chart of the polyester produced in Example 3. 25 Fig. 15 is an NMR
analysis chart of the polyester produced in Example 4. BEST MODE FOR
CARRYING OUT THE INVENTION (1) The host 3o The yeast to be used is not
particularly restricted but may be any of the yeasts belonging to the
following genera and deposited with any of authoritative culture
collections (such as IFO, ATCC, etc.): Aciculoconidium, Ambrosiozyma,
Arthroascus, Arxiozyma, 35 Ashbya, Babjevia, Bensingtonia, Botryoascus,
Botryozyma,   r 7. Brettanomyces, Bullera, Bulleromyces, Candida,
Citeromyces, Clavispora, Cryptococcus, Cystofilobasidium, Debaryomyces,
Dekkara, Dipodascopsis, Dipodascus, Eeniella, Endomycopsella, Eremascus,
Eremothecium, Erythrobasidium, Fellomyces, 5 Filobasidium, Galactomyces,
Geotrichum, Guilliermondella,
Hanseniaspora,Hansenula,Hasegawaea,Holtermannia,Hormoascus, Hyphopichia,
Issatchenkia, Kloeckera, Kloeckeraspora, Kluyveromyces, Kondoa, Kuraishia,
Kurtzmanomyces, Leucosporidium, Lipomyces, Lodderomyces, Malassezia, to
Metschnikowia, Mrakia, Myxozyma, Nadsonia, Nakazawaea, Nematospora,
Ogataea, Oosporidium, Pachysolen,
Phachytichospora,Phaffia,Pichia,Rhodosporidium,Rhodotorula, Saccharomyces,
Saccharomycodes, Saccharomycopsis, Saitoella, Sakaguchia, Saturnospora,
Schizoblastosporion, 15 Schizosaccharomyces, Schwanniomyces, Sporidiobolus,
Sporobolomyces, Sporop_achydermia, Stephanoascus, Sterigmatomyces,
Sterigmatosporidium, Symbiotaphrina,
Sympodiomyces,Sympodiomycopsis,Torulaspora,Trichosporiella,
Trichosporon,Trigonopsis,Tsuchiyaea,Udeniomyces,Waltomyces, 20
Wickerhamia,Wickerhamiella,Williopsis,Yamadazyma,Yarrowia, Zygoascus,
Zygosaccharomyces, Zygowilliopsis, Zygozyma. As the yeast used for the
transformant according to the present invention, Candida malosa or Yarrowia
lipolytica is preferred and,Candida malosa is particularly preferred. 25
(2) The polyester synthesis-associated enzyme gene The polyester
synthesis-associated enzyme gene is not particularly restricted but is
preferably one coding for an enzyme derived from a bacterium. Specifically,
preferred is an enzyme gene associated with the synthesis of a copolyester
30 of 3-hydroxyalkanoic acids of the above general formula (1), more
preferred is an enzyme gene associated with the synthesis of P(3HB-co-3HH)
which is a copolyester resulting from the copolymerization of
3-hydroxybutyric acid of the following formula (2) and 3-hydroxyhexanoic
acid of the following formula 35 (3) .   r 8 



~3 HO-~-C--C-OH ( 2 ? HZ O HO ~-CH--C-C-OH ( 3 ? HZ O The enzyme gene
involved in the synthesis of a copolyester 5 of 3-hydroxyalkanoic acids of
the above general formula ( 1 ) is not particularly restricted but may for
example be the polyester synthase gene described in Japanese Kokai
Publication Hei-10-108682. As a specific example of such polyestersynthase
gene, a PHA synthase gene can be mentioned. Furthermore, a to polyester
synthesis-associated enzyme gene may be used in combination with the
present polyester synthase genes. Such enzyme genes include (R) -specific
enoyl-CoAhydratase gene which converts enoyl-CoA, an intermediate in the a
-oxidation pathway, to therebysynthesize monomeric
(R)-3-hydroxyacyl-CoA[T.Fukui 15 et al . : FEMS Microbiology Letters, Vol .
170, 69-75 ( 1999) ] , /3 -ketothiolase gene which dimerizes acetyl-CoA to
monomeric 3-hydroxybutyryl-CoA, and NADPH-dependent acetoacetyl-CoA
reductase gene [Peoples OP et al.: J. Biol. Chem., 264 (26) 15298-15303
(1989)]. 2o Some species of said host yeast show abnormalities in the
translating of genetic codes . For example, Candida cylindracea [Y.
Kawaguchi et al., Nature 341, 164-166 (1989)] and Candida maltosa ~[H.
Sugiyama et al., Yeast 11, 43-52 (1995)] are nonconventional yeasts in
which the genetic code CTG is not 25 translated into leucine but into
serine. When a polyester synthesis-associated enzyme gene is to be
expressed in such a yeast, genetic code translating abnormalities may take
place so that an enzyme having an amino acid sequence different from that
of the proper enzyme is produced at times . Therefore, the    9 function of
this enzyme is not fully exhibited. Such a phenomenon can be avoided by
using a gene constructed by modifying the genetic code CTG contained in the
gene beforehand to a different genetic code corresponding to leucine (TTF~,
TTG, 5 CTT, CTC, CTA). Analysis of the genetic codes of organisms inclusive
of yeasts reveals that the frequency of usage of genetic codes varies
widely with different organisms. Thus, among a plurality of genetic codes
specifying the same amino acid, the genetic code to to be used vary with
different organisms and it has been pointed out that the translation
efficiency of a gene consisting of genetic codes with high frequencies of
use is high. For example, the GC contents of Aeromonas caviae PHA synthase
gene and (R)-specific enoyl-CoA hydratase gene are 67.16% and 65.77%, 15
respectively, but among the enzymes so. far reported in Candida maltosa,
the contents are 39.55% for phosphoglycerate kinase and 35.67% for ALK2-A.
Therefore, in order that a polyester synthesis-associated gene may be
efficiently expressed in Candida maltosa, for instance, it is preferable to
use said gene 20 in which said genetic code CTG is changed to a different
genetic code specifying leucine and, at the same time, the genetic codes
are changed to those with high frequency of use. The polyester
synthesis-associated enzyme gene of the invention maybe used as it is in a
yeast which shows no translating 25 abnormality of the genetic codes . As
an alternative, a modified gene as modified by changing genetic codes to
those used by the particular yeast with high frequencies without
alternation of the amino acid sequence may be used. In a yeast which shows
translating abnormality of genetic codes, the CTG codon of said 30 enzyme
gene may be changed to TTA, TTG, CTT, CTC or CTA, or a gene as modified by
changing genetic codes to those used by the particular yeast with high
frequencies without alternation of the amino acid sequence may be used. For
example, when the host is Candida maltosa, the gene identified in SEQ ID
N0:3 or N0:4 35 can be used as the polyester synthesis-associated enzyme
gene  



10 of the invention. The nucleotide sequence of this gene may have
undergone mutation, such as deletion, substitution, insertion and/or the
like, provided that the resulting mutant gene produces the said polyester
synthesis-associated enzyme. 5 The polyester synthesized by said PHA
synthase is a copolymer of 3-hydroxyalkanoic acids of the above general
formula (1), and can be represented by the general formula (4) shown below.
Preferred is the copolyester P(3HB-co-3HH) obtainable by copolymerization
of 3-hydroxybutyric acid of the above formula to ( 2 ) and
3-hydroxyhexanoic acid of the above formula ( 3 ) and can be represented by
the following general formula (5). R H O--CH-C-C OH t 4 ) m R = alkyl group
m = an integer of not less than 2 H O-CH-H-~ O-~-H-CO OH ( 5 ) z m z a rn,
n = an integer of not less than 1 15 (3) Construction of a gene expression
cassette For the expression of a gene in a yeast, it is necessary to ligate
DNA sequences such as a promoter, UAS, etc, upstream of the 5'-end of the
gene and to ligate DNA sequences such as poly-Aaddition signal, terminator,
etc . downstream of the 3' -end 20 of the gene. These DNA sequences may be
any arbitrary sequences that may function in the yeast. While the promoter
includes sequences relevant to constitutive expression and sequences
relevant to inducible expression, whichever kind of such promoter sequence
can be employed. 25 Moreover, in the transformant of the invention, the
above promoter and terminator are preferably those which function in   11
the organism used for the production of a polyester. Construction of a gene
expression cassette to be used for the construction of a transformant
according to the invention is now described, referring to (a) the case in
which Yarrowia 5 lipolytica is used as the host and (b) the case in which
Candida maltosa is used as the host as examples. (a) When Yarrowia
lipolytica is used as the host When Yarrowia lipolytica is used as the
host, the promoter to and terminator to be used are preferably those
derived from Yarrowia lipolytica. More preferably, a promoter derived from
Yarrowia lipolytica ALK3 and a terminator derived from Yarrowia lipolytica
XRP2 are used. The DNA sequence of said promoter and/or terminator may be
the DNA sequence derived by the deletion, 



15 substitution and/or addition of one or more nucleotides as far as it may
function in Yarrowia lipolytica. The vector for use in the above
construction may be any vector which is a plasmid capable of autonomous
replication in Escherichia coli and may have a region which will be
autonomously 2o replicated in the yeast. Such a vector capable of
autonomous replication in the yeast will be contained intracellularly.
Moreover, the gene expression cassette can then be integrated onto the
chromosome . _ In Yarrowi:a lipolytica, the autonomously replicating pSAT4
and pSUTS can be employed (Toshiya Iida: 25 Studies on the
n-alkane-inductive cytochrome P450 gene group of the yeast
Yarrowialipolytica,a doctoratedissertation thesis, Tokyo University
Graduate School, 1997). In the above yeast, the polyester
synthesis-associated enzyme gene is preferably a gene derived from
Aeromonas caviae, 3o and for example, the A. caviae-derived PHA synthase
gene (hereinafter referred to briefly as phaC) (SEQ ID N0:1) or the
(R)-specific enoyl-CoA hydratase gene (hereinafter referred to briefly as
phaJ) which converts phaC and enoyl-CoA, which is an intermediate in the a
-oxidation pathway, to the monomeric 35 (R)-3-hydroxyacyl-CoA [T. Fukui et
al., FEMS Microbiology   12 Letters, Vol. 170, 69-75 (1999) ] (SEQ ID N0:2)
can be used with advantage. The promoter ALK3p (SEQ ID N0:5) (GenBank
AB010390) of Yarrowia lipolytica Alk3 gene can be ligated upstream of the 5
5'-end of each of these structural genes. To prepare the restriction enzyme
site necessary for linking the promoter to the structural gene, a PCR
technique can be utilized. The primer sequences used in the PCR are shown
in SEQ ID N0:8 through N0: 14. PCR conditions may be arbitrary 10 as far as
the objective gene fragment can be amplified. As to the promoter, ALK3X
with XbaI at~5'-end and NdeI at 3' -end and ALK35 with SacI I at 5' -end
and NdeI at 3' -end can be constructed from SEQ ID N0:8 and N0:9 and SEQ ID
N0:9 and N0:10, respectively, using SEQ ID N0:5 as a template. As to 15
phaC, a 100-by (approx. ) fragment with NdeI at 5'-end and PstI at 3' -end
can be constructed from SEQ ID NO: 11 and NO: 12 using SEQ ID NO:1 as a
template. To this fragment is ligated the remaining 1700-by (approx.)
PstI-BamHI fragment to construct the full-length phaC with NdeI at 5'-end
and BamHI at 3'-end. 2o As to phaJ, phaJ fragment with NdeI at 5' -end and
KpnI at 3' -end can be constructed from SEQ ID N0: 13 and N0: 14 using SEQ
ID N0:2 as a template. As to the vector, the plasmid vector pSUTS (Fig. 1,
SEQ ID N0:19) and the vector pSUT6 obtainable by changing the NdeI site of
pSUTS to an XbaI site by using a linker DNA 25 shown in SEQ ID N0:20 can be
used. To the mufti-cloning site SacII, KpnI of pSUT6, ALK3S and phaJ can be
ligated to construct a plasmid pSUT-phaJ (Fig. 3) . Then, to the
mufti-cloning site XbaI, BamHI of pSUTS, ALK3X and phaC can be ligated to
construct a plasmid pSUT-PHAl (Fig. 4). 30 Further, ALK3S, phaJ and
downstream terminator can be excised as a unit from the plasmid pSUT-phaJ
using SacII and XbaI and ligated to the SacII, XbaI site of plasmid
pSUT-PHA1 to construct a plasmid pSUT-PHA2 (Fig. 5) . In this manner, two
kinds of plasmids for recombination can be constructed. 35 By the above
procedure, there can be constructed a gene   13 



expression cassette for the production of a copolyester of
3-hydroxyalkanoic acids of the above general formula ( 1 ) in the yeast
Yarrowia lipolytica. 5 (b) When Candida maltosa is used as the host When
Candida maltosa is used as the host, the promoter and terminator to be used
are preferably those which function in Candida maltosa, more preferably
those derived from Candida maltosa. Still more preferably, the promoter and
terminator io derived from Candida maltosa ALK1 are used. The DNA sequence
of said promoter and/or terminator may be a DNA sequence derived by the
deletion, substitution and/or addition of one or more bases only provided
that the sequence may function in Candida maltosa. 15 The vector for use in
the construction may be the same as the one referred to above for the case
(a) . In Candida maltosa, the autonomously replicating pUTU1 can be used
[M. Ohkuma at al., J. Biol. Chem., Vol. 273, 3948-3953 (1998)]. When
Candida maltosa is used as the host, the polyester 2o synthesis-associated
enzyme gene is preferably the gene coding for the same amino acid sequence
as the Aeromonas caviae-derived enzyme. For example, the gene coding for
the same amino acid sequence as the Aeromonas caviae-derived PHA synthase
in Candida maltosa (this gene is hereinafter referred to briefly as ORF2,
25 which is defined by SEQ ID N0:3), or the gene coding for the same amino
acid sequence, in Candida maltosa, as ORF2 and the (R)-specific enoyl-CoA
hydratase which converts enoyl-CoA, which is an intermediate in the
/3-oxidation pathway, to the monomeric (R)-3-hydroxyacyl-CoA (this gene is
hereinafter 30 referred to briefly as ORF3, which is defined by SEQ ID
N0:4) [T. Fukui et al., FEM5 Microbiology Letters, Vol. 170, 69-75 (1999)],
can be used with advantage. The promoter ALKlp (SEQ ID N0: 6) and
terminator ALKlt (SEQ ID N0:7) (GenBank D00481) [M. Takagi et al., Agric.
Biol. Chem., 35 Vol. 5, 2217-2226 (1989) ] of the Candida maltosa Alkl gene
can   14 be ligated upstream of the 5' -end and downstream of the 3' -end
respectively in each of these~structural genes. To prepare the restriction
enzyme site for linking the promoter and terminator to the structural gene,
a PCR technique 5 can be utilized. The primer sequences for use in the PCR
are shown in SEQ ID N0: 15 through NO: 18. The conditions mentioned above
for the case (a) can be employed as the consitions for the PCR. As to the
promoter region, ALKlp with SalI at 5' -end and to NdeI at 3'-end can be
prepared from SEQ ID N0: 15 and NO: 16 using SEQ ID N0:6 as a template. As
to the terminator region, ALKlt with HindiI I at 5' -end and EcoRV at 3'
-end can be prepared from SEQ ID N0: 17 and N0: 18 using SEQ ID N0: 7 as a
template . As to the vector, the vector pUTAl (Fig. 2) prepared by
modifying the 15 marker gene from Ura3 to Adel using pUTU1 and Candida
maltosa Adel gene (SEQ ID N0:21, GenBankD00855) [S. Kawai et al., Agric.
Biol . Chem. , Vol . 55, 59-65 ( 1991 ) ] . By ligating ALKlp to the PvuII,
NdeT site of pUCNT (described in WO 94/03613) and ALKlt to the HindIII,
SspI site of the pUCNT, pUALl (Fig. 6) can be 2o constructed. Then, by
ligating 0#tF2 to the NdeI, PstI site of pUALl, the plasmid pUAL-ORF2 (Fig.
7) can be constructed. Further, by ligating ORF3 to the NdeI, HindIII site
of pUCNT-ALKlt in the course of construction of pUALl and further
ligatingALKlp, pUAL-ORF3 (Fig. 8) can be constructed. 25 Then, by excising
ORF2, upstream promoter and downstream terminator as a unit from the
plasmid pUAL-ORF2 using EcoT22I and ligating it to the Pstl site of pUTAl,
pUTA-ORF2 can be constructed. In addition, by excising ORF3, upstream
promoter and 3o downstream terminator as a unit from pUAL-ORF3 using SalI
and ligating it to the SalI site of pUTA-ORF2, a plasmid pUTA-ORF23 (Fig.
9) can be constructed. By the above procedure, there can be constructed a
gene expression cassette for the production of a copolyester of 35 alkanoic
acids of the above general formula (1) in the yeast   



15 Candida maltose. (4) Construction of a transformant Introduction of the
polymer synthesis-associated gene 5 expression cassette cloning vector into
a yeast can be carried out by the per se known method. Thus, the calcium
method [Lederberg. E. M. et al., J. Bacteriol, 119, 1072 (1974)] or the
electroporation method [Current Protocols in Molecular Biology, 1, 1. 8 . 4
. , 1994 ] , for instance, can be employed. A l0 commercial transformation
kit, such as Fast Track's-Yeast Transformation KitsM (Geno Technology) ,
can also be utilized. For example, Yarrowia lipolytica CXAU1 strain [T.
Iida et al., Yeast, 14, 1387-1397 (1998)] can be used as the host. By
transforming this strain with the polymer 15 synthesis-associated gene
expression cassette by the above transformation method, there can be
constructed Yarrowia lipolytica PHA1 containing pSUT-PHA1 and Yarrowia
lipolytica PHA2 containing pSUT-PHA2. As the host, Candida maltose CHA1 [S.
Kawai et al., Agric. 2o Biol. Chem., Vol. 55, 59-65 (1991)] can also be
used. By transforming this strain with the polymer synthesis-associated
gene expression cassette by the above transformation method, Candida
maltose CHA1 containing pUTA-ORF23 can be constructed. 25 (5) Production of
a polyester In the method of producing a polyester according to the present
invention, the polyester is harvested from a culture obtained by growing
the transformant of the invention. The production of a polyester by
cultivation of a 3o transformant of the invention can be carried out in the
following manner. The carbon source for use in this cultivation may be any
substance that the yeast is able to assimilate . Furthermore, when the
expression of the promoter is inductive, an inducer can be added as needed.
There are cases in which the inducer 35 serves as a principal source of
carbon. Referring to nutrients    16 other than the carbon source or
sources, a medium containing sources of nitrogen, inorganic salts and other
organic nutrient sources can be utilized. The cultivation temperature may
be a temperature at which that strain can grow but is preferably 5 20C to
40 C. The cultivation time is not particularly restricted but may range
from about 1 day to 7 days . Thereafter, the polyester can be harvested
from the grown cells or the culture broth thus obtained. The carbon source
which can be used includes carbohydrates l0 such as glucose, glycerol,
sucrose, etc . , oils and fats, fatty acids, and even n-paraffins and the
like. As said oils and fats, there can be used rapeseed oil, coconut oil,
palm oil and palm kernel oil, among others. As said fatty acids, there can
be mentioned saturated or unsaturated fatty acids such as hexanoic 15 acid,
octanoic acid, decanoic acid, lauric acid, oleic acid, palmitic acid,
linoleic acid, linolenic acid, myristic acid, etc., and derivatives of such
fatty acids, e.g. their esters and salts. The cultivation of Candida
maltosa or Yarrowia lipolytica, for instance, can be carried out using an
oil or 2o fat as the carbon source . In the case of a yeast which cannot
assimilate oils and fats at a11 or cannot assimilate them with good
efficiency, the efficiency can be improved by adding lipase to the medium.
Moreover, by transforming the lipase gene, an oil-assimilating function can
be imparted. 



25 Moreover, by using a fatty acid or n-paraffin having an odd number of
carbon atoms as the carbon source, the proportion of the odd-number
component of the carbon chain can be increased in the copolyester of
3-hydroxyalkanoic acids of~ the above general formula (1). 3o The nitrogen
source includes ammonia, ammonium salts such as ammonium chloride,
ammoniumsulfate, ammonium phosphate, etc., peptone, meat extract, yeast
extract and so on. As to said inorganic salts, there can be mentioned, for
example, potassium phosphate, potassium diphosphate, magnesium phosphate,
35 magnesium sulfate and sodium chloride, etc.    i~ As other nutrients,
there can be mentioned, for example, amino acids,such
asglycine,alanine,serine,threonine,proline, etc., and vitamins such as
vitamin Bl, vitamin B12, biotin, nicotinamide, pantothenic acid and vitamin
C, etc. 5 In the practice of the invention, the following techniques can be
used for harvesting the polyester from the grown cells . Thus, after
completion of cultivation, the culture broth is centrifuged with centrifuge
to separate the cells and those cells are washed with distilled water,
methanol or the like and dried. to From the dry cells, the polyester is
extracted into an organic solvent such as chloroform. From this
organicsolventsolution containing the polyester, the cellular component is
removed by filtration or the like and the polyester is precipitated by
adding a poor solvent, such as methanol, hexane or the like, to the 15
filtrate. After removal of the supernatant by filtration or centrifugation,
the precipitated polyester is dried and recovered. The thus-obtained
polyester is analyzed by gas chromatography or nuclear magnetic resonance
spectrometry, for instance. 2o The method of producing a polyester
according to the present invention, constituted as above, is capable of
producing a copolyester of 3-hydroxyalkanoic acids of the above general
formula (1) with good productivity. Furthermore, by the above-mentioned
method which 25 comprisesconstructing a recombinant
Yarrowialipolyticastrain containing the plasmid pSUT-PHA1 or pSUT-PHA2 or a
recombinant Candida maltosa strain containing the plasmid pUTA-ORF23, for
instance, and growing either strain, said copolyester P(3HB-co-3HH)
resulting from the copolymerization of 30 3-hydroxybutyric acid of the
above general formula (2) and 3-hydroxyhexanoic acid of the above general
formula (3) can be produced. EXAMPLES 35 The following examples illustrate
the present invention   1 18 in further detail. It should, however, be
understood that the technical scope of the invention is by no means defined
by those examples. 5 (Example 1) Polyester synthesis-associated genes (a)
When Yarrowia lipolytica was used as the host As polyester
synthesis-associated enzyme gene, the PHA synthase gene (phaC: SEQ ID N0:1)
derived from Aeromonas caviae and (R)-specific enoyl-CoA hydratase gene
(phaJ~ SEQ ID N0:2) 



1o which converts enoyl-CoA, an intermediate in the a-oxidation pathway, to
the monomeric (R)-3-hydroxyacyl-CoA [T. Fukui et al., FEMS Microbiology
Letters, Vol. 170, 69-75 (1999)] were used. (b) When Candida maltosa was
used as the host 15 As polyester synthesis-associated enzyme gene, this
gene was constructed with reference to the amino acid sequences of
Aeromonas caviae-derived PHA synthase and (R)-specific enoyl-CoA hydratase
which converts enoyl-CoA, an intermediate in the /3-oxidation pathway, to
the monomeric 20 (R)-3-hydroxyacyl-CoA [T. Fukui et al., FEMS Microbiology
Letters, Vol. 170, 69-75 (1999)]. Candida maltosa is a yeast which
translates the CTG codon to serine, not to leucine. Therefore, for use
inCandidamaltosa, CTG was not assigned to the leucine-specifying codon. As
the 25 codon corresponding to each amino acid, the codon with the high
frequency ofusagein Candida maltosa waspreferentiallyselected. For
information on the frequency of usage of each codon, Klaus Wolf:
Nonconventional Yeast in Biotechnology (published by Springer) was
consulted. Specifically, ATG and TGG were 3o assigned to the
methionine-specifying codons and the tryphtophan-specifying codons,
respectively. TTT or TTC was assigned alternately to the
phenylalanine-specifying codons. As the leucine-specifying cadons, CTC and
CTG, both of which are used in DNA sequences of Aeromonas caviae, were
modified 35 to TTA and TTG respectively, while TTA and TTG were used as
such.   19 As the isoleucine-specifying colons, ATC and ATA, both of which
are used in DNA sequences of Aeromonas caviae, were modified to ATT and ATC
respectively, while ATT was used as such. As the valine-specifying colons,
GTG and GTA, both of which are 5 used in DNA sequences of Aeromonas caviae,
were modified to GTT, while GTC and GTT were used as such. As the
serine-specifying colons, AGC, TCA and TCG, a11 of which are used in DNA
sequences of Aeromonas caviae, were modified to TCT, while TCC and TCT were
used as such. As the proline-specifying colons, all of to the corresponding
colons were modified to CCA. As the threonine-specifying colons, ACC, ACG
and ACA, a11 of which are used in DNA sequences of Aeromonas caviae, were
modified to ACT, ACC and ACC respectively, while ATC was used as such. As
the alanine-specifying colons, GCC, GCG and GCA, a11 of which are 15 used
in DNA sequences of Aeromonas caviae, were modified to GCT, GCC and GCT
respectively, while GCT was used as such. As the tyrosine-specifying
colons, TAT and TAC were assigned alternatively as the tyrosine-specifying
colons as used in DNA sequences of Aeromonas caviae. As stop colons, TAA
was used. 20 As the histidine-specifying colons, CAT and CAC were assigned
alternatively as the histidine-specifying colons as used in DNA sequences
of Aeromonas caviae. As the glutamine-specifying colons, a11 of the
corresponding colons were modified to CAA. AAT and AAC were assigned
alternatively to the corresponding 25 asparagine-specifying colons.
Asthelysine-specifying colons, a11 of the corresponding colons were
modified to AAA. As the asparic acid-specifying colons, a11 of the
corresponding colons were modified to GAT. As the glutamic acid-specifying
colons, a11 of the corresponding colons were modified to GAA. As the 30
cysteine-specifying codons,all of the corresponding codons were modified to
TGT. As the arginine-specifying colons, a11 of the corresponding colons
were modified to AGA. As the glycine-specifying colons, all of the
corresponding colons were modified to GGT. In Aeromonas caviae-derived PHA
synthase DNA 35 sequence, two T nucleotides (at No. 969 and at No. 1449)
were   20 modified to C so as to construct two KpnI sites. Amino acid
sequence structure was not changed by these substitutions. 



Thus, PHA synthase gene (ORF2; SEQ ID N0: 3) and (R) -specific enoyl-CoA
hydratase gene (ORF3; SEQ ID N0:4) were accordingly 5 designed, and based
on these sequences, ORF2 and ORF3 were constructed by total synthesis.
(Example 2) Construction of a recombinant plasmid and a recombinant strain
io (a) When Yarrowia lipolytica was used as the host In order that the
above genes may be expressed in Yarrowia lipolytica, the Yarrowia
lipolytica A1K3 gene promoter ALK3p (SEQ ID N0:5) (GenBank AB010390) was
ligated upstream of the 5' end of each gene. The restriction enzyme sites
necessary 15 for linking the promoter to the structural gene were prepared
by PCR. The primer sequences used in PCR are shown in SEQ TD N0:8 through
N0:14. PCR was carried out in 25 cycles of 94 C 1 min., 55 C x 2 min., 72 C
x 3 min. for amplification of the particular gene fragment. The polymerase
used was Takara 20 Shuzo's ExTaq. Regarding the promoter region, ALK3X with
XbaI at 5' -end and NdeI at 3' -end and ALK3S with SacII at 5' -end and
NdeI at 3'-end were prepared from SEQ ID N0:8 and SEQ ID N0:9 or SEQ ID N0:
9 and SEQ ID N0: 10 respectively, using SEQ ID N0: 5 as a template. 25 As
regards phaC, an about 100 bp-fragment with NdeI at 5'-end and PstI at
3'-end was prepared from SEQ ID N0:11 and SEQ ID N0:12 using SEQ ID N0:1 as
a template. To this fragment was ligated the remaining PstI-BamHI fragment
sized about 1700 by to construct the full-length phaC with NdeI at 5'-end
and 30 BamHI at 3' -end. As to phaJ, phaJ fragment with NdeI at 5' -end and
KpnI at 3' -end was prepared from SEQ ID N0: 13 and N0: 14 using SEQ ID
N0:2 as a template. As to the vector, the plasmid pSUT5 (Fig. 1, SEQ ID N0:
19) and the plasmid pSUT6 prepared by changing the NdeI site of pSUT5 35 to
an XbaI site by using a linker DNA shown in SEQ ID N0:20 were    21 used.
To the multicloning site SacII, KpnI of the above pSUT6, ALK3S and phaJ
were ligated to construct the plasmid pSUT-phaJ (Fig. 3). Further, ALK3X
and phaC were ligated to the multicloning site XbaI, BamHT of pSUTS to
construct a plasmid 5 pSUT-PHA1 (Fig. 4). Then, from the plasmid pSUT-phaJ,
ALK3S, phaJ and downstream terminator were excised as a unit using SacII
and XbaI and ligated to the SacII, XbaI site of plasmid pSUT-PHA1 to
construct a plasmid pSUT-PHA2 (Fig. 5) . In this manner, two 10 kinds of
plasmids for recombination, pSUT-PHA1 and pSUT-PHA2, were constructed. By
the above procedure, a gene expression cassette for producing a copolyester
of 3-hydroxyalkanoic acids of the above general formula ( 1) in the yeast
Yarrowia lipolytica was constructed. The overall construction diagram is
shown in 15 Fig. 10. As the host, Yarrowia lipolytica CXAU1 strain (T. Iida
et al., Yeast, 14, 1387-1397 (1998)) was used. For the introduction of the
constructed plasmid into the host, Fast Track'-Yeast Transformation KitSM
(Geno Technology) was used. 2o Transformation was carried out in accordance
with the protocol and using a selection plate ( 0 . 67 w/v ~ yeast nitrogen
base without amino acid, 2 w/v ~ glucose, 24 mg/L adenine hydrochloride, 2
w/v o agar), a recombinant strain was obtained. (b) When Candida maltosa
was used as the host 25 In order that said ORF2 and ORF3 could be expressed
in Candida maltosa, the Candida maltosa A1K1 gene promoter ALKlp (SEQ ID
N0: 6, GenBank D00481) was ligated upstream of the 5'-end of each gene and
the Candida maltosa A1K1 gene terminator ALKlt (SEQ ID N0:7) was ligated
downstream of the 3'-end. PCR was 3o used for the preparation of the
restriction enzyme sites necessary for ligating the promoter and terminator
to the structural gene . The primer sequences used for PCR are shown in SEQ
ID N0:15 through N0:18. The PCR was carried out in 25 cycles of 94 C x 1
min., 55 C x 2 min., 72 C x 3 min. for 



35 amplification of the particular gene fragment. The polymerase   22 used
was Takara Shuzo's ExTaq. As to the promoter region, ALKlp with SalI at
5'-end and NdeI at 3'-end was prepared from SEQ ID N0: 15 and N0: 16 using
SEQ ID N0: 6 as a template . As to the terminator region, ALKlt with Hind I
II at 5' -end and EcoRV at 5 3'-end was prepared from SEQ ID N0:17 and
N0:18 using SEQ ID N0:7 as a template. Finally, as the vectors to which
ORF2 and ORF3 were to be ligated, there were used pUTU [M. Ohkuma et al . ,
J. Biol. Chem., Vol. 273, 3948-3953 (1998)J which is obtained by ligating
the autonomously replicating sequence (ARS) of to Candida maltosa (GenBank
D29758) and URA3 gene (GenBank D12720) to pUCl9 and pUTAl (Fig. 2) which is
obtained ~by modifying the marker gene from Ura3 to Adel using Candida
maltosa ADE1 gene (SEQ ID N0:21 GenBank D00855). pUTAl was constructed by
removing URA3 gene from pUTUl with Xhol and ligating the ADE1 15 gene
fragment as excised with SalI. ALKlp was ligated to the PvuII, NdeI site of
pUCNT (described in W094/03613) and ALKlt was ligated to the HindIII, SspI
site of the pUCNT to construct pUALl (Fig. 6) . Then, ORF2 was ligated to
the NdeI, PstI site of pUALl to construct a plasmid 2o pUAL-ORF2 (Fig. 7).
Moreover, in the course of construction of pUALl, ORF3 was ligated to the
NdeI, HindIII site of pUCNT-ALK1 and, further, ALKlp was ligated to
construct pUAL-ORF3 (Fig. 8) . Then, the ORF2, upstream promoter and
downstream 25 terminator were excised as a unit from the plasmid pUAL-ORF2
using EcoT22I and ligated to the PstI site of pUTAl to construct pUTA-ORF2.
Furthermore, using SalI, ORF3, the upstream promoter and downstream
terminator were excised as a unit from pUAL-ORF3 and ligated to the SalI
site of pUTA-ORF2 to construct 3o a plasmid pUTA-ORF23 (Fig. 9) . By the
above procedure, a gene expression cassette for producing a copolyester of
3-hydroxyalkanoic acids of the above general formula (1) was constructed in
the yeast Candida maltosa. The overall construction diagram is shown in
Fig. 11. 35 As the host, Candida maltosa CHA1 (S. Kawai et al., Agric.   23
Biol . Chem. , Vol . 55, 59-65 ( 1991 ) ) was used. For introduction of the
plasmid constructed into the host, Fast Track''-Yeast Transformation KitSM
(Geno Technology) was used. Transformation was carried out in accordance
with the protocol 5 and using a selection plate
(0.67w/v$yeastnitrogenbasewithout amino acid, 2 w/v $ glucose, 24 mg/L of
histidine, 2 w/v $ agar) , a recombinant strain was obtained. (Example 3)
Productioon of P(3HB-co-3HH) using a recombinant 1o strain of Yarrowia
lipolytica The recombinant strains of Yarrowia lipolytica containing the
plasmids pSUTS, pSUT-PHA1 and pSUT-PHA2 were cultured in the following
manner . As the preculture medium, YPD medium ( 1 w/v $ yeast-extract, 2
w/v $ Bacto-Pepton, 2 w/v $ glucose) was 15 used. As the polyester
production medium, 1/4 YP medium (0.25 w/v $ yeast extract, 0 . 5 w/v $
Bacto-Pepton) and a mineral medium ( 0 . 7 w/v $ KHZP04, 1. 3 w/v $ (NH4 )
zHP04, 0 . 5 w/v $ Pro-Ex AP-12 (Banshu Condiment), 0.04 w/v $ adenine, 1
ppm thiamine hydrochloride, 1 v/v $ trace metal salt solution (as dissolved
20 in 0 .1 N-HC1, 8 w/v $ MgS04  7H20, 0 . 6 w/v $ ZnS04  7H20, 0 . 9 w/v $
FeS09  7H20, 0 . 05 w/v $ CuS04  5H20, 0 . 1 w/v $ MnS04  6-7H20, 1 w/v $
NaCl)) supplemented with 2 w/v $ palm oil was used. 



A 500-ml Sakaguchi flask containing 100 ml of the preculture medium was
inoculated with 100 ~c 1 of a glycerol stock 25 of each recombinant strain
and after 20 hours of culture, a 2-L Sakaguchi flask containing 500 mL of
the production medium was inoculated with the preculture at the 1 v/v $
level. The inoculated flask was incubated at the cultivation temperature of
30 C and the shaking speed of 120 rpm. The cultivation time 3o was 24 hours
for the YPD medium and 72 hours for the mineral medium. After autoclaving,
the culture broth was centrifuged to harvest cells, which were then washed
with methanol and lyophilized. The dry cells were weighed. The dry cells
thus obtained were crushed and extracted 35 with 100 ml of chloroform added
under stirring overnight. The    24 5 to 15 20 25 extract was filtered to
remove cells and the filtrate was concentrated to 1 to 2 ml on an
evaporator. To the concentrate was added 10 ml of hexane to precipitate the
hexane-insoluble fraction. To about 2 mg of the hexane-insoluble fraction
thus obtained were added 500 ,u 1 of sulfuric acid-methanol mixture (15:85)
and 500 ul of chloroform and, after sealing, heated at 100 C for 140
minutes to obtain the polyester decomposition product methyl ester. After
cooling, 0.3 g of sodium hydrogen carbonate was added for neutralization.
To this was added 1 ml of diisopropyl ether, and the mixture was stirred
with a stirrer. This was followed by centrifuging and the organic solvent
layer was separated and analyzed for composition by capillary gas
chromatography. The gaschromatograph used was Shimadzu GC-17A and the
capillary column used was GL Science's NEUTRA BOND-1 (column length25m,
column in. dia. 0.25mm, liquid film thickness 0.4 a m). As to temperature
conditions, the temperature was increased from the initial level of 100 C
at the rate of 8 C /min. The obtained results of analysis are shown in
Table 1 and the chart of a sample ( 3 ) is given in Fig . 12 . The NMR
analysis (JEOL, JNM-EX400) and IR analysis (ShimadzuCorporation, DR-800) of
the hexane-insoluble fraction obtained were also carried out. As an
example, the result on a sample (6) are shown in Figs. 13 and 14,
respectively. Table 1 Culture and analysis result SampleMedium
StrainWeightAmount of3HHofcellspolymerComposition(g/L)accumulated(mol ~)(
wt ~ )(1)1/4 YP Control3.568.9x10-(2)PHA13.651.9x10-1(3)PHA23.432.6x10-115
(GC)(4)Mineral Control0.156.7x10-(5)PHA10.191.4x10-1(6)PHA20.171.827 (NMR)
It is apparent from the above results that the copolyester.   25 P
(3HB-co-3HH) can be produced by means of the yeast Yarrowia lipolytica. It
was also found that the polymer occurred, though in 



a small amount, in the yeast, too. 5 (Example 4) Production of
P(3HB-co-3HH) with a recombinant strain of Candida maltosa The recombinant
strain of Candida maltosa containing the plasmidpUTAl or pUTA-ORF23 was
cultured in the following manner . l0 As the preculture medium, YNB medium
( 0 . 67 w/v ~ yeast nitrogen base without amino acid) supplemented with 1
w/v ~ casamino acids and 2 w/v $ palmoil was used. As the polyester
production medium, YNB medium supplemented with 1 w/v $ casamino acids and
containing, as a source of carbon, ~l 2 w/v o palm oil, 2~ 2 w/v ~ coconut
15 oil, ~3 2 w/v ~ tetradecane or  2 w/v ~ hexadecane. A 500-ml Sakaguchi
flask containing 50 ml of the preculture medium was inoculated with 100 ,u
1 of a glycerol stock of each strain and incubated for 20 hours. Then, a
2-L Sakaauchi flask containing 500 mL of the production medium was
inoculated with 20 the above preculture at the 10 v/v ~ level . Culture was
carried out at the cultivation temperature of 30 C and the shaking speed of
120 rpm for the cultivation time of 72 hours. The resulting culture broth
was autoclaved and centrifuged to harvest cells and the cells thus obtained
were washed with methanol and 25 lyophilized. The dry cells were weighed.
The dry cells thus obtained were crushed and extracted with 100 ml of
chloroform added under stirring overnight. The extract was filtered to
remove cells and the filtrate was concentrated to 1 to 2 ml on an
evaporator . To the concentrate 3o was added 10 ml of hexane to precipitate
the hexane-insoluble fraction. As a result, white precipitates were found
in cultures of the plasmid pUTA-ORF23-containing recombinant strain as
cultured using coconut oil, tetradecane and hexadecane (Table 35 2). The
results of NMR analysis (JEOL, JNM-EX400) of the   26
hexane-insolublefraction obtained in the culture using coconut oil are
shown in Table 2 and Fig. 15. Table 2 Culture of a recombinant strain 5
Carbon source Weight of Polymer cells (g/L) accumulated Palm oil 12.5
Coconut oil 10.3 ++ Tetradecane 4.4 + 10 Hexadecane 3.6 + 



It is apparent from the above results that the copolyester P(3HB-co-3HH)
can be produced by means of the yeast Candida maltosa. 15 INDUSTRIAL
APPLICABILITY In accordance with the present invention, a copolyester of
3-hydroxyalkanoic acids of the above general formula (1), which is
biodegradable and has good physical properties, can 2o be produced by using
a yeast.   27 CLAIMS 1. A transformant wherein at least one kind of gene
expression cassette 5 comprising a polyestersynthesis-associated enzymegene
has been introduced into a yeast. 2. The transformant according to Claim 1
wherein the polyester is a copolymer resulting from the l0 copolymerization
of 3-hydroxyalkanoic acids of the following general formula (1); R
HO-~-C-C-OH c ~ ) H2 O in the formula, R represents an alkyl group. 15 3.
The transformant according to Claim 1 or 2 wherein the polyester is
copolyester P(3HB-co-3HH) resulting from the copolymerization of
3-hydroxybutyric acid of the following formula (2) and 3-hydroxyhexanoic
acid of the 2o following formula (3); ~3 Ho-~H-c--c-off c 2 ) HZ a i 3H.,
HO-CH-C-C-OH ( 3 ) H2 O 4. The transformant according to any of Claims 1 to
3 wherein the yeast belongs to any of the genera 25
Aciculoconidium,Ambrosiozyma,Arthroascus,Arxiozyma,Ashbya,
Babjevia,Bensingtonia,Botryoascus,Botryozyma,Brettanomyces, 



28 Bullera, Bulleromyces, Candida, Citeromyces, Clavispora, Cryptococcus,
Cystofilobasidium, Debaryomyces, Dekkara,
Dipodascopsis,Dipodascus,Eeniella,Endomycopsella,Eremascus, Eremothecium,
Erythrobasidium, Fellomyces, Filobasidium, 5 Galactomyces, Geotrichum,
Guilliermondella, Hanseniaspora, Hansenula, Hasegawaea, Holtermannia,
Hormoascus, Hyphopichia,
Issatchenkia,Kloeckera,Kloeckeraspora,Kluyveromyces,Kondoa, Kuraishia,
Kurtzmanomyces, Leucosporidium, Lipomyces, Lodderomyces, Malassezia,
Metschnikowia, Mrakia, Myxozyma, 10 Nadsonia, Nakazawaea, Nematospora,
Ogataea, Oosporidium,
Pachysolen,Phachytichospora,Phaffia,Pichia,Rhodosporidium,
Rhodotorula,Saccharomyces,Saccharomycodes,Saccharomycopsis, Saitoella,
Sakaguchia, Saturnospora, Schizoblastosporion, Schizosaccharomyces,
Schwanniomyces, Sporidiobolus, 15 Sporobolomyces, Sporopachydermia,
Stephanoascus, Sterigmatomyces, Sterigmatosporidium, Symbiotaphrina,
Sympodiomyces,Sympodiomyco~sis,Torulaspora,Trichosporiella,
Trichosporon,Trigonopsis,Tsuchiyaea,Udeniomyces,Waltomyces,
Wickerhamia,Wickerhamiella,Williopsis,Yamadazyma,Yarrowia, 2o Zygoascus,
Zygosaccharomyces, Zygowilliopsis and Zygoz a. 5. The transformant
according to any of Claims 1 to 4 wherein the yeast is Yarrowia lipolytica.
25 6. The transformant according to any of Claims 1 to 4 wherein the yeast
is Candida maltosa. 7. The transformant according to any of Claims 1 to 6
wherein a polyester synthesis-associated enzyme gene 30 expression cassette
comprises a promoter and a terminator, said promoter and said terminator
functioning in a yeast . 8. The transformant according to Claim 7 wherein
the promoter and terminator are derived from 35 Yarrowia lipolytica.   29
9. The transformant according to Claim 7 or 8 wherein the promoter is
derived from Yarrowia lipolytica ALK3. 5 10. The transformant according to
Claim 7 or 8 wherein the terminator is derived from Yarrowia lipolytica
XPR2. 



l0 11. The transformant according to Claim 7 wherein the promoter and
terminator are derived from Candida maltosa. 12.. The transformant
according to Claim 7 or 11 15 wherein the promoter is derived from Candida
maltosa ALK1 . 13. The transformant according to Claim 7 or 11 wherein the
terminator is derived from Candida maltosa ALK1. 20 14. The transformant
according to any of Claims 1 to 13 wherein the polyester
synthesis-associated enzyme gene is derived from Aeromonas caviae. 25 15.
The transformant according to any of Claims 1 to 13 wherein the polyester
synthesis-associated enzyme gene is a PHA synthase gene derived from
Aeromonas caviae or a PHA synthase gene and (R)-specific enoyl-CoA
hydratase gene. 30 16. The transformant according to Claim 15 wherein said
PHAsynthase gene has the sequence represented by SEQ ID N0:3 and the
(R)-specific enoyl-CoA hydratase gene has the sequence represented by SEQ
ID N0:4. 35   30 17. A method of producing a polyester using the
transformant according to any of Claims 1 to 16 which comprises growing
said transformant and harvesting a polyester from the resulting culture. 5
18. A polyester synthesis-associated enzyme gene which is modified from at
least one gene code CTG to TTA, TTG, CTT, CTC or CTA. 



l0 19. The polyester synthesis-associated enzyme gene according to Claim 18
which codes for an enzyme derived from a bacterium. 20. The polyester
synthesis-associated enzyme gene 15 according to Claim 19 wherein said
bacterium is Aeromonas caviae. 21. The polyester synthesis-associated
enzyme gene according to Claim 20 2o wherein the enzyme gene derived from
Aeromonas caviae is a PHA synthase gene or a (R) -specific enoyl-CoA
hydratase gene . 22. The polyester synthesis-associated enzyme gene
according to Claim 21 25 wherein said PHA synthase gene has the sequence
represented by SEQ ID N0:3. 23. The polyester synthesis-associated enzyme
gene according to Claim 21 30 wherein said (R)-specific enoyl-CoA hydratase
gene has the sequence represented by SEQ ID N0:4.
.AyH%.AS.Af.Ay%.Al.Af.AS.Af.Af.A@.Ayy.A@.A.A@.Af.AS.Af.AS.Af.Af.A.Ay.Ay.A.A
S.Ay.A@e.A@.ASL.A&dik{(^lo~deZhmnuv9CD|wqlgb]X]ca]ca]ca]ca]caU]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cRa]c<a!
D]n0A
7kmod0}xsnid_ZUlgb]X]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]c^a]ca]ca]c^a]ca]ca]c^a
]ca]c^a]ca]c^a]ca]c^a]ca]caU]ca]ca]ca]c^a]ca]c^a]ca
!!!!!"""""X###%D&v&y&&'''z)T**,U,"-1-3-?-A-L-N-}xrmgb\W]]ca]c^a]ca]c^a]ca]c
^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca!N-W-\-b-d-l-n-z-|---------------------...|vqkf`[U}xrmgb\W]c^a]ca]c
^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]ca]ca]c^a]ca]c^a]ca]
c^a]ca]c^a]ca]c^a]ca]c^a....*.,.6.8.@.B.P.R.[.].i.k.z.|...............{vpke
`ZU}xrmgb\W]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]
ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca......//
///$/&/4/6/C/E/K/M/V/X/f/h/v/x////////{upje_ZT}xrmgb\]c^a]ca]c^a]ca]c^a]ca]
c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]c
a]c^a]ca]c^a////////////////000000%0&04050@0B0O0Q0`0b0{vpke`ZU}xrmgb\]]ca]c
^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca
]c^a]ca]c^a]ca]c^a]ca]c^a]cab0r0t0}00000000000000001111&1(1;
1=1K1M1Z1[1k1{upje_ZT}xrmgb\]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]
ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^ak1l1w1x111111
11111111111111122222!2/212{vpke`ZU}xrmgb\]]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c
^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca
1292222222J5L5N5Q5d5g5i55666666699999999j:;
ysnhc]XSmg]ca]ca]c^a]ca]c^a]ca]c^a]c^a]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]c
a]caU]ca]caU]ca]ca]c^a]ca]c^a]ca]c^a]ca]c^a ;;;;=x>>?&???@ABCCDD
DDEEEFFF.FFFFFFG~ytnic^Ymg]ca]]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]c^a]ca]ca]ca]ca]c^a]ca]c^a]ca]c^a]ca]ca]ca]ca]ca
G@GrGGkHVIWIIJJsJJJJJ-K=K^KgK{KKKLLJL_LLLMdMwMMN{vpkf`[Umg]]c^a]ca]c^a]ca]c
a]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]ca]c^a]ca]c^a]ca]c^a]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca
N2NOOOOOOyPPPPRRPRRRRSUXYZZZZZZZZZZ\[|wrlgb\Wmg]]]ca]c^a]ca]ca]c^a]ca]ca]c^
a]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]c^a]ca]c^a]ca]c^a]ca]ca]ca]c^a]ca
]ca \[k[[[[[\\\E]F]M]N]U]]]]k^{^^^^
_D_o_p___aaaa|wrlgb\Wlgb\Wmg]]]ca]c^a]ca]ca]c^a]ca]ca]ca]ca]c^a]ca]c^a]ca]c
^a]ca]c^a]ca]ca]c^a]c^a]c^a]ca]ca]ca]c^a]ca]c^a]ca]c^a]ca]c^aaa
ccJeZeiiiiiijjklmm2mFmnm~mTndnnoqqqret=uMu~ytoje`[Umg]]c^a]ca]ca]ca]ca]ca]c
a]ca]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]ca]c^a]ca]ca]ca]ca]c^a]ca
]ca]caU]ca MuPucuux/y0y3yz|}g~~~'GXl
{vpke`ZUmg]]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]ca]c^a]ca]caU]c aU]c
a]ca]ca]c^a]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca
W^n"2gjz(8)*+ztojd_ZUmg]]ca]ca]ca]c^a]ca]ca]c^a]ca]c^a]ca]ca]ca]ca]c^a]ca]c
a]c^a]ca]c^a]ca]ca]c^a]ca]ca]ca]ca]c^a]ca]c^a]ca]ca]c^a +-.12FG!;
-AG125*.~ytoje_Zmg]]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]c^
a]ca]c^a]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca bYbrVf/21jm}!
{vqlga\Wmg]]]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]c^a]ca]c^a]ca]ca]ca]ca]ca]ca]ca
]c^a]ca]c^a]ca]c^a]ca]ca]c^a]ca]ca]ca]c^a
>A#7FGRZ[f.JKNPSVY\&eh|wrmhc]Xmg]]]]ca]c^a]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]c^a]c^a]c^a]ca]ca]ca]c^a]ca]ca]ca]ca]c^a
Sc}+cuZv~}ztoid_ZU]ca]ca]ca]ca]c^a]ca]c^a]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]c^a]ca]ca]ca!
,+.(+@CE_bd{upje_ZTid_Z]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]caU]ca]ca
]caU]ca]c&aU]ca]ca]ca]ca]caU]ca]c&a]caU]ca]ca]ca]ca]ca]ca
()34AFIPR^`gitv|vqkf`[Uje_ZTid_Z]]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca
]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca!-1=?IK[]
jluw{vpke`ZUje_ZTid_Z]]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]
c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca(*46CEKMUZb{upje_ZTj
e_ZTid_Z]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a
]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^abdnp{} 



!{vpke`ZUje_ZTid_Z]]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a
]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca!-/BDWYgiv{
*{upje_ZTje_ZTid_Z]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]
c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a*+67ABMNXZeftu02ku|wrlg
b]Xje_ZTid_Z]c^]ca]ca]ca]ca]c^a]ca]ca]ca]c^a]ca]ca]c^a]ca]c^a]ca]c^a]ca]c^a
]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]caDX^`2ACt
#J[pvy:<{vqlgb]Xid_Z]c^]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]c^a]ca]ca]ca]c^a]
ca]ca]ca]ca]c^a]ca]ca]c^a]ca]ca]ca]c^a]ca]ca]ca]c^a <=&7|
#J[pvy:<{vqlgb]Xid_Z]c^]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]c^a]ca]ca]ca]c^a]
ca]ca]ca]ca]]ca]ca]ca]ca]c^a]ca]ca]ca]c^a]ca]ca]ca&dik{fHSsy10%&'()-10%&'()
-,10%&'()-,L!10%&'()-:10%&'()- s10%GG&'()-`{(_^lo~|]>L$10%&'()-"10%&'()-s!
10%&'()-!`y#10%  &'()-  k`y#10%&'()-  p[y#10%&'()-
~kXZ}^?,2M!10%&'()-`l(#10%&'()-:!t`l(#10%&'()-:!l(#10%&'()-:'10%&'()-f%10%&
'()- Zh b@!ay#10%&'()-`0Lft10%&'()-S10%&'()-` 10 10 107#10%&'()-`6 10%&'()-
9GwU3b@!`y#10%CC&'()-`0!y`y#10%&&&'()-`0!t`y#10%!!&'()-`0!~H`y#10%++&'()-`0
!k`y#10%&'()-`0!t`y#10%!!&'()-`0~_=!`!t#10%&'()-M0`y10%&'()-f10%&'()-L 10
10
10`y#10%&'()-`0!`y#10%>>&'()-`07gwU3~_=!`#10%55&'()-M0!`#10%&'()-M0!`#10%""
&'()-M0!~`#10%&'()-M0!f`#10%&'()-M0!p`#10%
&'()-M0hijkmodrP=!`#10%55&'!\S#10%&'()-@s10%&'()-!y'10%ee&'()- 10 10
10!`#10%&'()-M0d0wU3P=!4`3#10%&'()-!`3#10%  



&'()-!`3#10%&'()-!3#10%  &'()-!k`S#10%&'()-!X$`S#10%&'()-
!!!!!!zodY7!!l'10%RR&'()- 10 10
10710%&'()-!`3#10%&'()-!Q`3#10%&'()-!`3#10%&'()-!!!"\""X#{Y7dY7!!tW`#10%&'(
)-!y #10%&'()-!yM`#10%&'()-
y#10%j&'()-!a,10%tt&'()-,s10%t&'()-X##o$%%D&v&zX6dY7!!`#10%HMHM&'()-!9`#10%
&'()-!t`#10%&'()-!t`#10%&'()-!~H`#10%&'()-`#10%t&'()-v&y&&&U''''zXJ<7!! 10
10!V`/#10%&'()-M!`/#10%tt&'()-M!y``/#10%&'()-M!/#10%44&'()-M .
10%t&'()-''''(k((lJ<7!! 10!p`@#10%
&'()-y!kV`@#10%&'()-y!kQ@#10%&'()-y@s10%&'()-!f&10%&'()-s
10()z))T**+wU3<7!`@#10%&'()-!pi@#10%
&'()-!`@#10%&'()-y!ke`@#10%55&'()-y!`@#10%&'()-y!pV`@#10%
&'()-y++,U,"----wUG97! 10 10!`-#10%&'()- !k`-#10%&'()- !-#10%MRMR&'()-
!}`@#10%00&'()-!R`@#10%++&'()-----./0lJ97! 



10 1!t`&$10%!!&'()-M0!k`&$10%&'()-M0!a&$10%&'()-M0sy10%&'()-!S10%&'()-`
1001;2234G5H5}[<17
10`&$10%&'()-M0!V`&$10%HH&'()-M0`&$10%i&'()-M0!C`&$10%>>&'()-M0`&$10%&'()-M
0!`&$10%99&'()-M0H5I5J5L5N5i556dB7 10!`#10%&'()-#!A10%]]&'()-!af
10%&'()-s@10%&'()-!f10%ss&'()-` 10 1066+899j:;;;wUG97 10 1000
1000!``#10%00&'()-#!~``#10%&'()-#!``#10%""&'()-#!~``#10%&'()-#!p``#10%
&'()-#;;;;;<=>pN,7!y`f#10%&'()-`0!k>`f#10%&'()-`0!`f#10%&'()-`0
tf#10%&'()-`0sSs10%&'()-f10%&'()-` 1000>@@ABCDDwU6+7
10`f#10%&'()-`0!`f#10%55&'()-`0!`f#10%&&&'()-`0!`f#10%&'()-`0!`f#10%++&'()-
`0!y`f#10%&'()-`0DDDD DD.FFgE7
10`f#1!t`y#10%44&'()-!p`y#10%00&'()-!fy#10%&&&'()-y10%&'()-@10%&'()-` 10
10FFFG@GrGG|]>E7 10f*10%&'()-)Y10%&'()-3&10%&'()-!f!10%&'()-Z!NZ@Yy10%&'()-
@Yy10%&'()-GkHIIIJJJ}oP7 10f*10%y10%&'()- 1099 1099 



1099!y`S,#10%99&'()- !`S,#10%CC&'()- !kS,#10%++&'()- JsJ5K^KKMyMwU3P7
10!`ys'$10%
&'()-&!`ys'$10%&'()-&!ys'$10%55&'()-&!`@#10%pp&'()-!`@#10%&'()-!I@#10%&'()-
yM2NiOPPQQQwU6+7
10E`ys'$10%E&'()-&!`ys'$10%&'()-&!`ys'$10%&'()-&!`ys'$10%&'()-&!y`ys'$10%&'
()-&!~``ys'$10%&'()-&QRRRPRRSTdE7
10E`ys'$1`f#10%M0&'()-M0!y[`f#10%&'()-M0!`f#10%MM&'()-M0!tf#10%&'()-M0L@10%
M&'()- 10E 10ETUNVWXYZZwU6+7
10M`f#10%M&'()-M0!`f#10%&'()-M0!`f#10%&'()-M0!}`f#10%&'()-M0!`f#10%&'()-M0!
tM`f#10%&'()-M0ZZZZZZ[\jH7
10M`f#10%!k`@#10%&'()-*!a``@#10%&'()-*@#10%t`&'()-*M!10%t&'()-&10%t&'()-
10M 10M\]D_t`aaaawUG97 10M 10tt
10tt!`@#10%tt&'()-*!V`@#10%??&'()-*!`@#10%&'()-*!`@#10%tt&'()-*!`@#10%&'()-
*aaaQb ccelJ97 10M 10tt
1!`S#10%``&'()-`0!t`S#10%&'()-`0!`S#10%``&'()-`0!kS#10%&'()-`09@10%`&'()-
10tte]fgHhiiiiwUG97 



10M 10``
10``!`S#10%``&'()-`0!`S#10%``&'()-`0!}`S#10%&'()-`0!y`S#10%&'()-`0!k`S#10%&
'()-`0iiiiijtk'lsQ/7 1!y`@#10%&'()-!`@#10%&'()-
@#10%505&'()-y10%&'()-&S10%&'()-f10%&'()-` 10``'llamnn`oozX6/7
1!y!`)#10%nHnH&'()-!te`)#10%&'()-)#10%&'()-!`@#10%&'()-!`@#10%""&'()-!t`@#1
0%&'()-opqqqqqqr~_=!y!!kf9$10%&'()-`0&S10%&'()-S10%&'()-` 10 10
10`)#10%&'()-!y`)#10%&'()-rretuvwxwU3~_=!!`f9$10%>>&'()-`0!`f9$10%>>&'()-`0
!}`f9$10%>>&'()-`0!y`f9$10%&&&'()-`0!`f9$10%&'()-`0!ff9$10%&'()-`0x,y-y.y/y
0y3yzT{_=!!`!y`f&$10%&'()--,!pCf&$10%  &'()--,9S10%&'()-f10%&'()-` 10 10
10`f9$10%&'()-`0T{|}g~~GwU3_=!!`f&$10%::&'()--,!}`f&$10%55&'()--,!`f&$10%
&'()--,!`f&$10%""&'()--,!`f&$10%++&'()--,!x`f&$10%&&&'()--,GrS1!!L$10%QqQq&
'()-*fM!10%&'()-&S10%&'()-!S10%&'()-s 10jj 10jj
10jj!6#10%jj&'()--6$AWxV4rS1!!!R`L$10%CC&'()-*!`L$10%>>&'()-*!t`L$10%!!&'()
-*
`L$10%iii&'()-*!pL$10%&'()-*!y?`L$10%&&&'()-*W{\:!!!!ay$10%&'()-`09f10%M&'(
)- 10 10 10`L$10%&'()-*!`L$10%CC&'()-*!`L$10%>>&'()-*2g;
wU3{\:!!!`y$10%&'()-`0!`y$10%&'()-`0!t`y$10%&'()-`0!t`y$10%&'()-`0!a`y$10%&
'()-`0!X `y$10%&'()-`0;|}~~]<!!!` `Lf@#10%6 6&'()-
K`Lf@#10%::&'()-!Lf@#10%&'()-`f10%:&'()- 10M 10M 



10M`y$10%M&'()-`0!VGzX6~]<!!!!y`9#10%&'()-&!`9#10%::&'()-&!y`9#10%&'()-&!Q`
9#10%&'()-&`9#10%:C&'()-&!9#10%&'()-&i./0125}oP1!Lf 10%M&'()-10%M&'()-L
10:: 10::
10::!`9#10%::&'()-&!`9#10%&'()-&!y`9#10%&'()-&5=*zbYzX6oP1!!&`y#10%ss&'()-s
0!k`y#10%&'()-s0!y5y#10%&'()-s0`y#10%M&'()-s0!a[`y#10%&'()-s0!\y#10%MM&'()-
s0,-./21{\:!!!f#10%&'()-9y10%`&'()- 10M 10M
10M`y#10%M&'()-s0!y`y#10%&'()-s0!y`y#10%&'()-s01jzX6{\:!!(#10%44&'()-F!`#10
%&'()-!C`#10%&'()-`#10%`f&'()-!t`#10%&'()-!k `#10%&'()-;
<=>A3{\:!!!-#10%SS&'()-&y 10%`&'()- 10` 10`
10``(#10%`&'()-F!`(#10%&'()-F!~`(#10%&'()-F37.q@wU3{\:!!`#10%``&'()-%!`#10%
&'()-%!y`#10%&'()-%!tM`#10%&'()-%!#10%``&'()-%!
`-#10%aa&'()-&GHIJKN}oP1!Lf10%M&'()-10%M&'()-L 10`` 10``
10``!`#10%``&'()-%!`#10%&'()-%!`#10%&'()-%NPSVY\dEoP1!Lf10%y!10%M&'()-!*
10%M&'()-# 10%M&'()-  10%M&'()-&10%M&'()-9,s10%M&'()-#aBoP1!Lf10,"10%M&'()-
),"10%M&'()- ),"10%M&'()- ),"10%M&'()- )@Y+10%M&'()- 



!iy!10%MM&'()-!#'()*2:dEoP1!Lf10,"10%M&'()- ,"10%M&'()- ,"10%M&'()-
,"10%M&'()- )?","10%M&'()- :FGHIO[dEoP1!Lf10,"10%M&'()- ,"10%M&'()-
,"10%M&'()- ,"10%M&'()- )?","10%M&'()- [cdefgpqiJ01!,"10%M&'()- ,"10%M&'()-
,"10%M&'()- ,"10%M&'()- ,"10%M&'()- )?","10%M&'()-
qrvyZ@01!,"10%M,"10%M&'()- ,"10%M&'()- ,"10%M&'()- ,"10%M&'()- ,"10%M&'()-
)?"yZ@01!,"10%M,"10%M&'()- ,"10%M&'()- 



,"10%M&'()- ,"10%M&'()- ,"10%M&'()- )?"yZ;01!,"10,"10%M&'()- ,"10%M&'()-
,"10%M&'()- ,"10%M&'()- ,"10%M&'()- )?"~_E01!,"10,"10%M&'()- ,"10%M&'()-
,"10%M&'()- ,"10%M&'()- ,"10%M&'()- )?"yZ@01!,"10,"10%M&'()- ,"10%M&'()-
(,"10%M&'()- (,"10%M&'()- (,"10%M&'()- )?" $yZ;01!,"10,"10%M&'()-
,"10%M&'()- (,"10%M&'()- (,"10%M&'()- 



(,"10%M&'()- )?"$%&bcdehuT3! fM!10%#&'()- 9S 10%#&'()-10&10&10&
910%&&'()-,"10%M&'()- )?"c$|[:uT3!  t$10%N#&'()-Y  !`s!10%#&'()-
s!10%6#&'()- &s10%#&'()-  10%#&'()- &`fM!10%#&'()-$+c|[:uT3!  ``$#10%U&'()-
;`$#10%#&'()-  !#10%#&'()-@ 'R`$10%#&'()-Y  `$10%%&'()-Y  ,`$10%#&'()-Y
u|obU4!  &y 10%#&'()-10{"10{"10{" `y/#10%{"&'()-M 1>`y/#10%#&'()-M
~y/#10%#&'()-M 6```$#10%#&'()- Z|[:bU4!   |3`!10%#&'()- tY10% &'()- Y10%o
o&'()- 9Y10% &'()- ^10%#&'()- `!10%#&'()-@z{|}vU4!  f`10%#&'()-
&@10%#&'()-10#10#10# `#10%#&'()-M !#10%&'()-M y10%#&'()-,U+|[:vU4!
,10%#&'()- a310%&'()- 0`9#10%#&'()- 9#10%QQ&'()- `,S#10%#&'()-
,S#10%*&'()-+.(+EL|[:vU4!   .10%knk&'()- 3y(10%#&'()- y(10%y y&'()-
`!#10%#&'()-` !#10%Q Q&'()-` f 10%#&'()-LdCDEFI/vU4!  S&$10%\#\&'()-
&@10%#&'()-10;#10;#10;# 6` 4&$10%;#&'()-@  4&$10%L#L&'()-@
vA`.10%#&'()-/Wx2k|[:vU4!   )#10%#&'()- %f10%#&'()-f `S&$10%"&'()-
1`S&$10%~#~&'()- '`S&$10%t#t&'()-  `S&$10%f#f&'()-ku|[:-410# 7 10%#&'()-
`4S10%#&'()-S 4S10%J&'()-S `-#10%H#H&'()-- -#10%0#0&'()--
3+10%#&'()-X^`bA410#  s`M10%#&'()- &s10%#&'()- 10%#&'()- 10% &'()-y &S
10%#&'()-10#10#Ct |[:A410# !10%#&'()- f10% &'()-y `#10%#&'()-@ #10% &'()-@
,H`#10%#&'()- #10%&'()- #&|[:A410# 0#10%&'()- ?`)#10%#&'()- y>)#10%#&'()-
`,L$'!10% &'()- ,L$'!10%L#L&'()- "10%#&'()-pstuvyrQ01 `@y&!10%#&'()-@
`y10%&&'()- 10 10 10!`0#10%&'()- DH0#10%#&'()- 1M`0#10%#&'()-:<=|[:rQ01 `
y`&m"10%&&'()- ;&m"10%u&u&'()- i@!10%&&'()- L,t10%&&'()- `@y&!10%>&>&'()-@
`@y&!10%00&'()-@=||[:rQ01 ` 6`9'#10%p&p&'()- ?H9'#10%y=%y&'()- ?}`@
#10%y&y&'()-, ?R@ #10%yG%y&'()-, f`G"10%4"&'()- G"10%&&'()-]|[:rQ01 `
6`9'#10%p&p&'()- ?H9'#10%y=%y&'()- ?}`@ #10%y&y&'()-, ?R@ #10%yG%y&'()-, 1`
.#10%k&k&'()- 1C .#10%kP%k&'()- Normal" "Heading 13]c" "Heading 23]c"
"Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c"
"Heading 83]c" "Heading 93]c"A "Default Paragraph
Fontj$*I28AGOW^fn.v}~0.=Id|Eu DN-../b0k112;GN\[aMu 



+ b!*<{~Z d!X#v&'(+-0H56;>DFGJyMQTZ\aei'lorxT{GW;513N#:[q$$+L/k =6Times New
RomanArialCourier New"h Root EntryWordDocument
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


