Title: TRANSFORVANT AND PROCESS FOR PRODUCI NG POLYESTER BY USI NG THE SAME
Abstract: A gene encodi ng copol yneri zed pol yester synthaé%?egiﬁﬁpé?g$%ganlsn1
synt hesi zi ng pol yester via fernmentation with the use of the above gene:

and a process for producing polyester by using the above m croorgani sm
More particularly speaking, a gene acting in a host wherein a plastic-1like
pol ymer which is degradable by mcroorganisms in natural environment (soil,
river, ocean) can be enzymatically synthesized; a transformant having an

i nproved ability to synthesize a pi@stigerdiKeopol yner by fernen- tation
whi ch is obtained by transform ng the above gene; and a process for

produci ng copol yneri zed pol yester by using the above transfornmant. 9
Decenber 20UBANSFORMANT 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
utilizessaidgeneforfhefermentativesynthesisofapolyester,
10 and a method of producing a polyester with the aid of said
microorganism. More particularly, the present invention
relates toagenewhich functions inahost organismandis 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
organi&nbytransformationwithsaidgeneandhavinganjﬂ@roved
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—hydroxybutyricacid(hereinafterreferredtobrieflyas3HB),
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
30 attention as an eco-friendly plastic. However, because of its
high crystallinity, P(3HB) is so hard and brittle that it has
foundapplicationsofaronlyinalimitedassortmentof practical
uses and much research work has been undertaken to correct for
the drawback.

35 As results of such researches, Japanese Kokai Publication



1 SPECI FI CATI ON TRANSFORVANT AND PROCESS FOR PRODUCI NG POLYESTER BY USI NG
THE SAME 5 TECHNI CAL FI ELD The present invention rel ates 188 €08di ng
for a copolyester-synthesizing enzynme, a mcroorgani smwhich wutilizes
said gene for the fernentative synthesis of a polyester, 10 and a nethod of
producing a polyester with the aid of sahbd mcroorganism More _ _
particularly, the present invention relates to a gene which functions in a
host organismand is related to synthesize, by an enzyne, a plastic-like

_ enzyme, 3
Eﬁ'vY?ﬁLnSﬁ?‘f’ﬁgaE?eéSE?,%r b gaB5h 0 oot PR RERF et Suer s 9 e 4 Lot sai d

host or ganP4Arh§ser hef BEREREEAOM tﬁchm’)d;loggnéoand bawe hgnan ¢ fipr oved

ability to faehgamm}(bmewléya&maw (28B4 thswﬁﬁéﬁ&‘? QJfé(P?é ?c?@d(ﬂﬂﬁmt hod

f duci copol.yester.with the ald sal or man
BACKGROUND ART™FERRELET (ool Tatoui PRAEL RHrAS I REE-6P-FY dor qamaeed
accunul &t e ]ﬂ@tyeﬁt éHB)astthe EneBgE SbQBH?g §§g§%ag%1ﬂéﬂ%rif&f};§& Ljéh% gﬁéé’ A

t at hormopol ydr ox
Eﬁg: glsﬁgfte?ﬁrgg err %é(f)@e {@ B?)ppolﬁfaf%é P goi §- rﬂ?é?ﬁx?%‘??r‘?% aci d
(herei naft e?nfié%%ﬁrfredﬂpéualéﬁwefm%@@eﬂ( BHBHB- CVM‘TBHW)VY&SSEBOII[(SE pdbmgv@cs ed in
Baci || us ~MBOghehi um it 2%y Fce R Sy 3ot BRLIOPLASILE, POl yIBL.

bi odegr adabl e, natural environnment, it

an eco-fri eﬁgle BFQ%FY&QWP 5é&5‘u§@do¢h¢ t]slk%ﬁgﬁn@ﬁy@@aimpm‘t@d
P(3HB) 1% sbhharlcinaxmirﬁ_r itslecdd@biidsdias r{@iacaBRhhsah O a80sH Afpapl y in

alimted aﬁéQEEQEnéngftQ£gﬁté$§§ 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 Dbe 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 comprisesfermentativeproductionfromaafattyacid,e.g.oleic
acid, or an oil or fat, e.g. olive 0il, with the aid of a
soll-isolated strain of RAeromonas 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
to19mol . 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
formethodsofhigherproductivityforcommercialexploitation.

35 APHA {polyhydroxyalkanoic acid)~-synthase gene was cloned
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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

20 yarn, film and the like which require flexibility. However,
the productivity of saidpolymer isstill 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
goodefficiencyaszaproducerorganism(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 therebyconfirmthe accumulation
of P(3HB) (polymer content 0.5%). However, thepolymer 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
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satisfactory Inlightof theabove stateoftheart, the present invention
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 N
-gene expression cassette comprising said gene, and a method of
. 'producing a polyester which is biodegradable and has excellent
"physical properties, such as P(3HB—co—-3HH), which comprises
growing -the transformant obtained.

After many 'investigat.tons, the ihventofs of the present
invention constructed a gene expression cassette by.ligating
apromoter anda terminator, bothof whichsubstantially function -
in a yeast, to at least one enzymé gene related to the synthesis
of a copolyester through copolymerization of 3-hydroxyalkanoic |
acids of the following general formula (1) and can be
substantlally expressed in the yeast,

introduced said gene expression cassette into a yeast
belonging to the genus Yarrowia, to construct a transformant,

and cultured said transformant, whereby a polyester,
whlch is a copolymer of 3-hydroxyalkanoic acids of the following
‘general formula (1), could be successfully harvested from the
resulting culture
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using a yeast, which is considered to el aborate acetyl COA the precursor
of 3HB, with good eff|C|ency as a producer organi sm(M crobiol ogy, “Vol .
142, pp 1169-1180 (1996)). They |ntrod%ged the Ral stonia eutropha '

pol yester synthase gene into Saccharonyces cerevisiae, a kind 30 of yeast,
to construct a transformant and cultured it using glucose as the carbon
source, to thereQy confirmthe accumul ation of P (3HB) (pol ynmer ‘content.
0.5% . However, the pol ymer produced in this study was P (3HB), whi.ch is
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ave been utilized as seasoni figs.
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conpri si ng said N &eara imesh o oot nopreeduc itnigres fsaimzedt er which is :
bi odegr adabl e an@nﬁaﬁaﬁﬁﬁé@tiﬁ@tthe polyester from the resulting culture.
The term "substantially® as used heréein means that
: referringiuathesequencecﬂfthepolyestersyntheSis-associated
‘gene and the gene sequences such as a promoter and terminator,
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.
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.

BRIEF DESCRIPTIQON OF THEIDRAWINGS
Fig. 1 is a schematic diagram showing the plasmld.pSUTS
used as a vector -in Example 2 (a}.
Fig. 2 is a schematic dlagram showing the plasmld.pUTAl
used as a vector in Example 2 (b).
Fig. 31521schemat1cd1agramshow1ngtheplasmldpSUT phaJ
constructed in Example 2 (a). :
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Fig. 9 is a schematic diagram showing the plasmid
PUTA-ORFZ3 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
20 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
30 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, Arxiozvyma,

35 Ashbya, Babjevia, Bensingtonia, Botryoascus, Botryozyma,
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di agr ameshoMedgchhekpasMdrakia, Myxozyma, Nadsonia, Nakazawaea,
' Nematospora, Ogataea, Oosporidium, Pachysolen,
Phachytichospora,Phaffia,Pichia,Rhodosporidium,Rhodotorula,
Saccharomyces, Saccharomycodes, Saccharomycopsis, Saitoella,

Sakaguchia, Saturnospora, Schizoblastosporion,

15 Schizosaccharomyces, Schwanniomyces, Sporidiobolus,

Sporobolomyces, Sporopachydermia, Stephanoascus,

Sterigmatomyces, Sterigmatosporidium, Symbiotaphrina,

Sympodiomyces, Sympodiomycopsis, Torulaspora, Trichosporiella,

Trichosporon,Trigonopsis,Tsuchiyaea,Udeniomyces,Waltomyces,

20 Wickerhamia,Wickerhamiella,Williopsis,Yamadazyma,Yarrowia,

Zygoascus, Zygosaccharomyces, Zygowilliopsis, ZYgOZYMmA .

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).



pUTA- ORF23 constructed in Exanple 2 (b). Fig. 10 is a pl 1d con ction
di agram showi ng the procedure of constructing the plasngﬁﬁéx%@¥ﬁéﬁgyto
Exanple 2 15 (a). Fig. 11 is a plasm d construction di agram show ng the
procedure of constructing the plasm d according to Exanple 2 (b). Fig. 12
shows the result of an analysis, by capiglary gas 20 chronmatography, of

t he polyester produced in Exanple 3. Fig. 13 is an NMR anal ysis chart of

t he pol yester produced in Exanple 3. Fig- 14 is an IR analysis chart of

t he polyester produced in Exanple 3. 25 Fig. 15 is an NVWR analysis chart

of the polyester produced in Exanple 4. BEST MODE FOR CARRYI NG OQUT THE

| NVENTI ON (1) The&tshost 30 The yeast to be used is not particularly
restricted but fay be any of the yeasts belonging to the follow ng genera
and deposit mﬂﬂ%‘?ﬂgcbfcﬁhthoritat(ﬂé culture collections (such as IFQ
ATCC, etc.) : Acicul ﬁ}diunl Anbr osi ozyma, Arthroascus, Arxiozyma, 35
Ashbya, Bajevia, Bensingtonia, Botryoascus, Botryozyma, 9 Decenber 2003 7
Brettanomyces, Bullera, Bulleronyces, Candida, Citeronyces, C avispora,
Crypt ococcus, Cy B5i | obasi di um Debaryonyces, Dekkara, D odasco sis,

D podascus, idlla, E ogﬁfopsella, grenascus, Er enot heci um
Er yt hr obasi diftn- Tﬁ%ﬁ%g@ H 5" Fi | obaSPdi um Gal act omyces, Ceotrichum
Gui | I'i ernondel | a, 2 ’

Hanseni aspor a, Hansenul a, Hasegawaea, Hol t er manni a, Hor nrbascus, H ho ichi a,

| ssat chenki a, KlO@ﬁg%&%@m@“ﬂgﬁgﬁﬁgggggaﬁjlthesynthesisofaicopolyester
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. Asaspecificexample of suchpolyester synthase
gene, a PHA synthase gene can be mentioned. Furthermore, a
10 = polyester synthesis-associated enzyme gene may be used in
combination with the present polyester synthase genes. Such
enzyme genes include (R)-specificenoyl-CoAhydratase genewhich
converts enoyl-CoA, an intermediate in the f-oxidation pathway,
to thereby synthesizemonomeric (R)-3-hydroxyacyl-CoA [T. Fukui
15 et al.: FEMS Microbiology Letters, Vol. 170, 69-75 (1999)], 8
~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 (286)
15298-15303 (1989)].
20 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. Sugiyvama et al., Yeast 11, 43-52 (1995)1]1 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
veast, 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
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si s, Tor ul aspfg{dacfyl'lléﬁ g?éggl&%i %P]]Qé’lme TFi ?é s(%ul(iy &5RsB1Bed.

oron, Tri gonopsi s, SStchPyeranerenompessydiddedy tes ng20ydilckenbanmiated

W cker hani elﬂyaaodfiifﬁzgpﬁbég_e){@mé%ﬂ@efrd%ﬁ{?%ﬁeﬂi%t‘??esct?é«&?eb forehand
As the ?OI‘ ?ﬁe

Zygosacchar ces, ow | I'i opsi s, Zygozyma_ , yeasl use
transf or rran?crga/@éjgquiz%%nttogiaﬂ%gl5|’Cé§jé3nF°Fﬁ9§HPP‘éh€1g ¢ehdpdainal ISR of TG,
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pol yester synt hesf%;gg %ggi g?e%leer%efﬁe Jen8Fs ?ll{)tor‘-ﬁ’éﬁq rRFsigst et ed
but is pref &easity mealotthyt tbe faequenoyef deagy ed darehia dadd evhdies
Speci fi cal | yidanef ent8ddi s re@BnEN3YEn o as{?{?fﬁ',a i Lh hegi's of
a copol yester SSﬁﬁ l3- hgdroiy_a?’k_ano(?%na%ﬂ%'s of 1 etag(égyeggg%gggﬁggr?rgl a
(1), nore FEOFEMFelORes aPssiidyidbhe aaBoamirsdaaith the aspetiestede of
P( 3HB- c00 3HHp Whiucled saBy ¢anpel Je5teFeh EBHEnGHH 9AY titeha § R PBEL ZahI on
of 3-hydroxybut )ﬁlia(‘t %g‘ied g:f ttie foll O%Ii ng_ formul.a (2) and .
3- hydr oxyhexanoi ¢ -aci of TEREIAGEPOWFAGIFSPREYACT38 @3Ye gopeiehbRd 2H03 S
H3 HO CH C @e@dticzgdes withhigh frequenciesof useishigh. 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 inwhich 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
inventionmaybeusedas it is inayeast which shows no translating

25 abnormalityof the genetic codes. Asanalternative, amodified
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
1s Candida maltosa, the gene identified in SEQ ID NO:3 or NO:4

35 can be used as the polyester synthesis-associated enzyme gene
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15 {3} Conétruction 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
polymAadditionsignal,terminator,etc.downstreamofthe3'—end
20 of the gene. TheseDNAsequencesnmykxaanyarbitrarysequences
that may function in the yeast. While the promoter includes
sequences relevant to constitutive expression and sequences
relevanttoinducibleexpression,whicheverkindofsuchpromoter
Sequence can be employed.
25 Moreover, in the transformant of the invention, the above

promoter and terminator are preferably those which function in



function of this enzynme is not fully exhibited. Such a p onenaon be
avoi ded by us ing a gene constructed bynodifying the gene ?C%%cbgagﬁ@llG
contained in the gene beforehand to a different genetic code correspondi ng
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synt hesi's- %98'3591 gene nag Pe efficiently expressed In n osa,
for instance: sTPrafef abt eth® RR% 2F ©9-in which said genetic
code CTGis changed to a different genetic code specifying |eucine and, at

the sane ti L.C:CO e changed to thase with high frequency
of use. The%%l@gg?%mﬂg%&ﬁ%t%% hZ neésg@ﬁ% RSt he invention
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ul'ar yeast™ w hrtﬁnbh
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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
Escherichiacoliandmayhavearegionwhichwillbeautonomously

20 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 Yarrowia lipolytica, the autonomously
replicating PSAT4 and pSUTS can be employed (Toshiya Iida:

25 Studies on the n-alkane-inductive cytochrome P450 gene group
oftheyeastYarrowialipolytica,adoctoratedissertationthesis,
Tokyo University Graduate Schoel, 1997}).

In the above yeast, the polyester synthesis-associated
enzyme gene is preferably a gene derived from Aeromonas cavliae,

30 and for example, the A. caviae-derived PHA synthase gene
(hereinafter referred to briefly as phaC) (SEQ ID NO:1} or the
(R)—specificenoyl—CoAhydratasegene(hereinafterreferredto
briefly as phaJ) which converts rhaC and enoyl-CoRA, which is
an intermediate in the B-oxidation pathway, to the monomeric

35 (R} -3-hydroxyacyl-CoA [T. Fukui et al., FEMS Microbiclogy
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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 NO:8 through NO:14. PCR conditions may be arbitrary
as far as the objective gene fragment can be amplified.

As to the promoter, ALK3X with Xbal at 5'-end and NdeI
at 3'-end and ALK3S with SacIl at 5'-end and NdeI at 3'-end can
be constructed from SEQ ID NO:8 and NO:9 and SEQ ID NO:9 and
NO:10, respectively, using SEQ ID NO:5 as a template. As to
phaC, a 100-bp (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-bp (approx.) PstI-BamHI fragment to construct
the full-length phaC with NdeI at 5'-end and BamHI at 3'-end.
As to phad, phad fragment with Ndel at 5'-end and KpnI at 3'-end
can be constructed from SEQ IDNO:13 and NO:14 using SEQ ID NO:2
as a template. As to the vector, the plasmid vector pSUTS (Fig.
1, SEQ ID NO:19) and the vector pSUT6é obtainable by changing
the Ndel site of pSUTS5 to an Xbal site by using a linker DNA
shown in SEQ ID NO:20 can be used. To the multi-cloning site
Sacll, Kpnl of pSUT6, ALK3S and phaJd can be ligated to construct
a plasmid pSUT-phad (Fig. 3). Then, to the multi-cloning site
Xbal, BamHI of pSUT5, ALK3X and phaC can be ligated to construct
a plasmid pSUT-PHAl (Fig. 4).

Further, ALK3S, phad and downstream terminator can be
excised as a unit from the plasmid pSUT-phad using SacII and
Xbal and ligated to the SacII, Xbal site of plasmid pSUT-PHAl
to construct a plasmid pSUT-PHA2 (Fig. 5). In this manner, two
kinds of plasmids for recombination can be constructed.

By the above procedure, there can be constructed a gene
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15 (3) Construction of a gene expression cassette For thgqé§§&§§§%g% of a
gene in a yeast, it is necessary to |ligate DNA sequences such as a
pronoter, UAS, etc. upstream of the 5 -end of the gene and to |ligate DNA
sequences such as poly-Aaddition signalystermnator, etc. downstream of
the 3 ' -end 20 of the gene. These DNA sequences nmay be any arbitrary
sequences that may function in the yeast. Wile the pronoter includes

sequences relgyant;tQ §§Q§%£E%££§ gﬁ E%Sdﬁn and S quenégs%%%%bgéﬁn to

I nduci bl e expression, suc
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pronoter angehetnvpateniareipseleraply those which function in 9 Decenber
2003 Il the organism used Tor producti on of a polyester. Construction
of a gene expression cassette to be used for the construction of a

t ransf ordrantbacebedi Ogndibds heal byeat i onuskd AOWHesEssbed, referring to (a)
the case in whichy r 5 lijpolytica is used,as host and (b) the
case in which Candg%ﬁ-—%%ﬁ?%%éﬁﬁgié%%&'aéui §$ g §an€?%§pr éﬂew%en
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Yarrowi® derived from Candida maltosa ALK1 are used. The DNA seguence

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 theonereferred toabove for thecase {a). InCandidamaltosa,

the autonomously replicating pUTUl 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

20 synthesis-~associated enzyme gene is preferably the gene coding
for the same amino acid sequence as the Reromonas 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 NO: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 fB-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 NO:4)
[T. Fukui et al., FEMS Microbiology Letters, Vol. 170, 69-75
(1999} ], can be used with advantage.
The promoter ALKlp (SEQ IDNO:6) and terminator ALKt (SEQ
IDNO:7) (GenBank D0O0481) [M. Takagi et al., Agric. Biol. Chem.,
35 Vol. 5, 2217-2226 (1989)] of the Candida maltosa Alkl gene can
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SEQ ID NO:17 and NO:18 using SEQ ID NO:7 as a template. As to

~ the vector, the vector pUTAL (Fig. 2) prepared by modifying the

marker_gene*from Ura3 to Adel using pUTUl and Candida maltosa

- Adel gene (SEQ ID NO:21, GenBank D00855) {S. Kawai et al., Agric.

Biol. Chem., Vol. 55, 59-65 (1991) 1. By ligating ALKlp to the

‘Pvull, EcoRI site of pUCNT (described in WO 94/03613) and ALK1t

‘to the HindIII, Sspl site of the PUCNT, pUALI (Fig. 6) can be

constructed. Then, by ligating ORF2 to the NdeI, PstI site of
pPUAL1, the plasmid pUAL-ORF2 (Fig. 7} can be constructed.
Further,byligatingORF3t0theNdeI,HindIIIsiteoprCNT—ALKlt
inthecourseofconstructionoprALlandfurtherligatingALKlp,
PUAL-ORF3 (Fig. 8) can be constructed.

Sary

Then, by excising ORF2, upstream promoter and downstream

terminator as a unit from the plasmid pUAL-ORF2 using EcoT221
and ligating it to the PstI site of pUTAl, pUTA-ORF2 can be
constructed. '

In addition, by excising ORF3, upstream promoter and
downstream terminator as a unit from pUAL-ORF3 using Sall and
ligating it to the Sall 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
alkanoic acids of the above general formula (1} in the yeast
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By transforming this strain with the polymer

15 synthesis-associated gene expression cassette by the above
transformation method, there can be constructed Yarrowia
lipolytica PHAl containing pSUT-PHAl and Yarrowia lipolytica
PHAZ containing pSUT-PHAZ.

As the host, Candida maltosa CHAl {S. Kawai et al., Agric.

20 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 maltosa CHAl 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
30 transformantoftheinventioncanbecarriedoutinthefollowing
manner. The carbon source for use in this cultivation may be
any substance that the yeast isable toassimilate. 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



yeast Yarrowi a lipolytica. 5 (b) Wien Candida naltosa is e%@ﬁ§ h host
When Candida nmaltosa is used as the host, the pronoter ul or to
be used are preferably those which function in Candida naltosa, nore
preferably those derived from Candida nmaltosa. Still nore preferably, the
pronoter and term nator 10 derived from;gndi da mal tosa ALKl are used. The
DNA sequence of said pronoter and/or term nator may be a DNA sequence
derived by the deletion, substitution and/or addition of one or nore

bases only Qgggkdggaﬁh@r}] e LG 1EAUSNGE JTBY. fgﬂ%%l nin g ]l;dl ?%él nﬁélt]](’)qsgae”lgd

The vector for use In e constructi on may e’ sarre
to above fofCEhESE&dentBYOgenn l@@ma@ammb*@aandtmteh@m@ganmqsmtrlent

rep||Cat|ngSQﬁEb%SC@ﬁhtﬁhLﬁﬁi&ii@d(]W@HQBCQEtléhtloﬂ éra %? 273,
3948- 3953 (1912%% V%ﬂ % l‘r',lé rTE tosa i s, used as t ost e Iyester
20 synt hesi 8- 2SS A& &z e “GehBat s br 2t ;grPWebBEnJeS d&ﬂﬁ'ﬁg‘faq t he
sane iamsnohaoTCbI teequellte ahet ke 1AGLANBBAS tEAW 4@ ﬂ@ElﬁQQtléﬂzwﬁ For

exanpl e, t a uence _as the Aerononas
cavi ae- deri \%g@g (gg!rtl)@%aﬁé% rtangas%odna gl%?t os%y (tPhl J8ne ﬁ%e]??@rféﬁ%fter
referred tothe P@flwsé§rmbe 23 rwieistled frafet hagd oby @Qsl & KBe3ultarcd he
gene codi nghtetht BRus SaWEa g HO aci d sequence, in Candida maltosa, as ORF2

and the (R) -specific ﬁno yl - COA hydrat ase whi ch converts enoyl - CoA, which
i s an internedi at B ARFREFSRURGSHET oh ChaIRBy ediaci e spdimtidrates

(OE)F 33 Wrgxyah;ds @Acesbu,sggp@@ms zwcmdw tF @ESISQ cileﬂ‘afhh@g%%sbrﬂgggﬂ&yofzgy
| C
Letters, ?&fig alnEIQ fg g§§$flnga%ldoth%sl S St Hga%hd Aot er

ALKI p (SEQ t@emc@) bsnuseérmmwfd ALKt c()SEQ.ltldal\lOpaHn »i{ GandBaraklm

D00481) [M xdpkagio£t, %mcn% cﬁgfércs Bl sa%e@htty?’éc M9, the AW af300
(1989) ] of the. Candida naltosa Al kl gene c
entlonedsaturatedcn:unsaturatedfattya01dssuchem;hexan01c

15 acid, octanoic acid, decancic acid, lauric acid, oleic acid,
- palmitic acid, linoleic acid, linolenic acid, myristic acid,
efc., 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
20 fat as the carbon source. In the case of a yeast which cannot
assimilate oils and fats at all or cannot assimilate them with

goodefficiency,theefficiencycanbeimprovedbyaddinglipase
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).

30 The nitrogen source includes ammonia, ammonium salts such
as ammoniumchloride, ammonium sulfate, ammoniumphosphate, etc.,
peptone, meat extract, yeast extract and so on. BAs to said
inorganicsalts,therecxnlbeﬂentioned,forexample,potassium
phosphate, potassium diphosphate, magnesium phosphate,

35 magnesium sulfate and sodium chloride, etc.



9 December 2003 14 be l|igated upstreamof the S -end and9$p %BEF%HBOf t he
3" -end respectively in each of these structural genes 0 prepare t he
restriction enzynme site for linking the pronoter and terminator to the
structural gene, a PCR technique can be utilized. The prinmer sequences for
use in the PCR are shown in SEQ ID NO 45 through NO 18. The conditions
menti oned above for the case (a) can be enployed as the consitions for
-the PCR As to the pronoter region, ALKlp with Pvull at 5'-end and EcoRl -

at 3'-end can be ‘ﬁs%l%% Gonfi oM EQ 11 NQ %:%H %ﬂaqtlf{,v,efﬁ FP%QEI %aﬁe’S'

6 as a tenplate. t'he term naf or teg
-end. and EeBRWwacigs, Sélﬁé‘la:smlb@llpeepéaednév orar i8EQ HHX @ik, mmeﬂﬁ

using SEQ | B-NO, 7488 @i ¢ SHDA At SuckSas Oy or tor | (Fig.
2) prepared b rrozciilf |;F1 t he n%ﬁke?L gelnEe r%renﬂljra%lﬁ%ﬁlA%?l%&b%%UTUI and

Candi da mal FOSQE1 AR "gen%a‘%%‘E@?ID“N@CIZ@ AR BRI BD0B5HEFS. Kawai et
al., Agric. BiollIn tEbep"nactM(ﬁe 0 bTheSO B 1S9k h) folByWingat é(ﬂ%lﬁ&p to

the Pvull, |te descri bed.in 3) and A to
the HindllI 5@% r"ei‘éﬁg %‘SAIE‘il BF§S eﬁr%?‘f?‘t? %’re‘ﬁﬂsqer
Then, by i ﬁla*tl-‘l‘sngam @@Hmheti\malof Rstltsvaeiof, PHUALAY 1 thivee s dos

UAL- ORF2 . QL ' |
el . i ndl Ty B g R ke pEBabr Yol A hidnek o%gzﬁml

and furtheraWd@ﬁhﬁ&AﬁK‘F}bdlS&@A&e@@t?ﬁ get@predropéheohts aatetticthen, by

exci si ng O?Fﬁomupset ﬁegznt@mgpttﬁ{e @My@%\@é&t Lokt t£EFRNANRL A8 GrdHHilc from
it.to the Pstl.site of

t he plasmd 2 u5|n Eco atin
bUTAL. T ASBRESR Eahenest ERMOEPEEEHY. T HoBdd BRo%hif SRAFente CRidon
upstream prodvoteinang thdopniyeederi erhe rafldulas acupohefit dm pkldbvERES; usi ng
Sall and filtrationor the like andthepolyester isprecipitatedbyadding
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.
20 The method of producing a polyester according to the
present invention, constituted as above, is capable of producing
a copolyester of 3-hydroxyalkanocic acids of the above general
formula (1} with good productivity.
Furthermore, by the above-mentioned method which
25 comprisesconstructingarecombinant Yarrowia lipolyticastrain
containing the plasmid pSUT-PHAL or pSUT-PHAZ2 or a recombinant

Candida maltosa strain containing the plasmid pUTA-ORF23, for

instance, and growing either strain, said copolyester
P(3HB-co-3HHE) 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



ligating it to the Sall site of pUTA-ORF2, a plasmd pUTA- i.g. 9)
cag be‘gonstructed. By the above procedure, there can beéé%%%ﬁ}ﬁééégga gene
expression cassette for the production of a copolyester of al kanoic acids
of the above general formula (1) in the yeast 9 Decenber 2003 15 Candi da
mal tosa. (4) Construction of a transforngnt Introduction of the polymner
synt hesi s-associ ated gene 5 expression cassette cloning vector into a
yeast can be carried out by the per se known nethod. Thus, the cal ci um

met hod [Lederbherg. E. et al,., .J. Bacteriol, 119, 1072 (1974 or. the
el ect r opor a ﬁoﬁ%%e?ﬂgﬁwférr e]{\F %}Ool‘}]o@o:"?wieﬁ'eﬁbl %df’éferﬁciﬂ%ﬁi?!atlu}e 1.
8. 4 . , 199afhnfoplismirencé, tieannbeneénphaoyethy ®o $@ansndef chad by those

transformat QALK bs . such as Fast Track"-Yeast Transfornmation KitSM (Geno

Technol ogy), can also be utilized. For exanple, Yarrow a |ipolytica CXAUlL
strain IT. lida et al., Yeast, 14, 1387-1397 (1998)] can be used as the

host. By tnBRshpLai Dy tﬂ’liblsyéétf@j rsyﬂ&ﬁbéif@afﬂé,%dﬁﬁté& g%ﬁBh slaesi ﬁ associ aLed
gene expression cassette the above transformation nethod, there can be
constructed?§grWgﬁFa—§££%8¥§t£%392¥ﬁigﬁoﬁ?ﬁiH?ﬁgaﬁéLﬁhﬁwﬂﬁs%nd Yarrow a
lipolytica PHA2 Barpal yesige p Sy iPHAdl s-Ass ddwe dtast enCan@di denenl theapCHAT
[S. Kawai e i Bi ... . - 991 can_al so
be used. ByEy?Fgﬁgégénrfegépﬁg% %{Qr glgtr}@(é\nn %@ﬁe”%g @%1%?%%]:% O%a')slg—%%%%%i at ed
gene expr esdP8n(BhsiRee QN latse hydaRgpsenaenen(paho$EQ CRANIO da)

mal t osaCHATL et @b &8t Ts\ARIZh Calh BacEePRShEYeLed, g@?g{g%g%ﬁon of

a polyester_ln, the t haod of "produci ng a pol yester accordi :

present ianﬁEPBﬁ?’t 2 ?ﬂ%ﬁfQRGQ%Fféhkﬂiﬁ droryacy letiofuld - Fukul 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 B-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

toserine, nottoleucine. Therefore, foruseinCandidamaltosa,

CTG was not assigned to the leucine-specifying codon. As the
25 codon corresponding to each amino acid, the codon with the high

frequencyofusageinCandidamaltosawaspreferentiallyselected.

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

30 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 codons, 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.




obtai ned by growi ng the transformant of the invention. Qﬁ &#k%n of a
pol yester by cultivation of a 30 transformant of the inv

carried out in the follow ng manner. The carbon source for use inthis
cultivation may be any substance that the yeast is able to assimlate.
Furthernmore, when the expression of thegronoter is inductive, an inducer
can be added as needed. There are cases In which the inducer 35 serves as a
princi pal source of carbon. Referring to nutrients 9 Decenber 2003 16 ot her
than the ca I 0 medi um co i ni saqur ces _of

ni t r ogen, |%§Sgg%?%og§ ?én§n§58§§6y§ gaﬁ#%“ﬁuaﬁléﬁyyggguq% Q&niteh
utilized. Tﬁéecuﬁﬁﬁvhleﬁﬂt&ﬂqnﬁnnaﬂ%pﬁnﬁﬁﬂmmonaSteaweaatuweratmawufiedhat

strain can @owrbUindsxne sferablyi v 2GR0 SR e ld LUAChep tiAe 13
not partlcul é é)estrlcted but may rang e

Thereafter, b??e%?%?l%%hn%éc?%ﬁ%%stQEﬁf@Qﬁn9ﬂ%3 @P@%ﬂoéeWh%CbraI%e

cul LuLedB br utshdtmusNﬂEiapmﬂ:l eslbe M&@ha@@éeﬁa@blu@}ecﬁ@dbﬁé?%@ G%‘P:‘ udes
car bohydr at c ucose Cero crose, etc., oils, and fats,
fatty aci dgﬁll%dﬁ%j\:]/gﬁldﬁ-&rgr Arre r‘iissegin tﬁléc}ilrké‘ %il SEPHIOF TSP ERHE Y RS,
there can bgodead, rfﬁﬁas@@ﬂ wid TCSecahutoDivhichadma aiskdaid Dpial seqkenaes oi |,
among ot her s¢ Asrsfbilal ads AC! dRerd S £aM 6 FRYLLARED fat dél%%ef’crf”

unsat ur at ed faﬁ‘g_aa—ds hexanol ¢ 15 aci d,” oétanoi ¢ aci ecanoi ¢
acid, |aurit®58i 85°0|2% S d, ASpézlbfﬁ prelisedspecadléng gefldns)iablenfc
acid, mmisthe aﬁrﬂespehﬁlmgaﬁﬂdﬁﬁélMét:éVﬁ§d9ffl§éiCBof@éAy a6 dhe ©. g their
esters and rslalts The cul {,lvat on, of Candi da mal tosa or _Yarrow. a

olytica, for g?éﬂEeSp%(éh BEOE SA9ORF ofit CasiGiy 2BA S 8 Lt f‘ﬁ‘tlcglsa‘Y%e
car bon sour ueelem PHN2 seagengfe sac ¥ dastomeimachceahael waazshaodl 84 ed aiol sScBNd
fats 2, 2\ net &aanaic 3adale et N arBoRds AL N Sterl "o (€T ey

can be inproved, by addlng
alanine-speci ylng codons, GCC, GCG and GCA, all of which are

15 used in DNA sequences of Reromonas caviae, were modified to GCT,
GCC and GCT respectively, while GCT was used as such. As the

tyrosine-specifying codons, TAT and TAC were assigned

alternatively as the tyrosine-specifying codons as used in DNA
sequences of Aeromonas caviae. As stop codons, TAA was used.

20 As the histidine-specifying codons, CAT and CAC were assigned
alternatively as the histidine-specifying codons as used in DNA

sequences of Aeromonas caviae. As the glutamine-specifying

codons, all of the corresponding codons were modified to CAA.
AAT and AAC were assigned alternatively to the corresponding
25 asparagine-specifyingcodons. Asthelysine~specifyingcodons,
all of the corresponding codons were modified to BARA. As the
asparic acid-specifying codons, all of the corresponding codons
were modified to GAT. As the glutamic acid-specifying codons,
all of the corresponding codons were modified to GAA. As the
30 cysteine-specifyingcodons, all of the corresponding codons were
modified to TGT. As the arginine-specifying codons, all of the
corresponding codons were modified to AGA. As the
glycine-specifying codons, all of the corresponding codons were
modified to GGT. 1In Aeromonas caviae-derived PHA synthase DNA
35 sequence, two T nucleotides (at No. 969 and at No. 1449) were




to the nmedium Mreover, by transform ng the |ipase gene,

oi | -assimilating function Zan be |npartgd 25 Ngreovgr @Jiﬁﬁﬂﬁﬁf§0$%tty
acid or n-paraffin having an odd nunber of carbon atons as the carbon
source, the proportion of the odd-nunber conmponent of the carbon chain can
be increased in the copolyester of 3-hyfyoxyal kanoic acids of the above
general fornmula (1). 30 The nitrogen source includes ammonia, anmmobni um
salts such as ammoni um chl ori de, annoniun1su|fate annoniun1phosphate

etc. pept t.extr yeast e ra t and 0 to said

i nor gani ¢ sgﬁglfggﬁerg %d% 5& &enU9ﬂ§ 5§EP 5168?ass$%h?°ﬁﬁ%§$hate
potaselun1dFQHQGDﬂat@tranheelMﬂ$ph@prthgeGpragneseumm5$¢iﬁﬂtndﬁﬁj sodi um
chloride, etc QT%QG@Q‘[ S%Q%aégq%? n?Eb' f‘;hé 3 %rcfei(]ﬁﬁ speclflc

menti oned, for ex am no aci cl ne, SErinhe,

t hr eoni ne, BPBV&‘ QEQFat%ﬁﬁigﬁqﬁaﬁpﬁ§3su§ﬁQa%D@“1éHlHEB@ agEoadim B2,

bi otin, 5ni deswﬁeadean@am@é@ecm cu@@s@ §@Qu<¥h@:é§" Nokr2 €48d i ddi&
practice of tﬂgtlnv %lon e foII ng techni ques can be used for
harvesting Fhé EPy e?yfF% Wnitells. Thus, after conpletion of
cultivation, the culture broth |s centrlfuged mﬁth centrifuge to separate
the cells a |1 ter nol or the
i ke and dr?gﬁgﬂgi%gggm&nsa{ Zzﬁ %ﬂ%}e}‘%&o yes a%dc as)ﬁ (‘?‘tn % nto an
or gani c soF Ge iRt §tE%+%roforn1 Fromthis organlc sol vent sol ution
contai nicg the Wﬂéﬂe‘ﬁéﬂfowi@elﬁ%i#ﬂ’&ﬂéaC@&EC’H?@& 48 £REON&G by Tfiltration

or the like and t ester eci pi t at edby adding a poor solvent,
such as net hanol , Iﬁé’f%ﬁ %? Iji&él mveﬁﬁnleﬁemi%bﬁ‘?’éﬁ’%?%se fneYarearrianl  of

t he superna aﬂolgy1¢ajtthﬁlxnrnNW1axmﬁgdﬁynﬁﬁd QN K3t Benpreebmbt &t exhK3p
pol yester 195! 86 199%) " RAMELSI astID YIS 211480 OLYERL el S AL V2O

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 ID
NO:8 through NO:14. PCR was carried out in 25 cycles of 94 °C
x 1 min., 55 °C % 2 min., 72 C x 3 min. for amplification of
the particular gene fragment. The polymerase used was Takara
20 Shuzo's ExTag. Regarding the promoter region, ALK3X with Xbal
at 5'-end and Ndel at 3'-end and ALK3S with SacII at 5'-end and
Ndel at 3'-end were prepared from SEQ ID NO:8 and SEQ ID NO:9
or SEQ ID NO:S and SEQ ID NO:10 respectively, using SEQ ID NO: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 NO:11 and
SEQ ID NO:12 using SEQ ID NO:1 as a template. To this fragment
was ligated the remaining PstI-BamHI fragment sized about 1700
bp to construct the full-length phaC with Ndel at 5'-end and
3¢ BamHI at 3'-end. As to phad, phaJ fragment with NdeI at 5'-end
and Kpnl at 3'-end was prepared from SEQ IDNO:13 and NQ:14 using
SEQ ID NO:2 as a template.
As to the vector, the plasmid pSUTS5 (Fig. 1, SEQ ID NO:19}
and the plasmid pSUT6 prepared by changing the Ndel site of pSUTS
35 to an Xbal site by using a linker DNA shown in SEQ ID NO:20 were



chr omat.ogr aphy or nucl ear magneti c resonance spectronetry, ] nce.
20 The nethod of producing a pol yester according to the bé%%%éﬁ?}gﬁ%gntion,
constituted as above, is capable of producing a copolyester of

3- hydr oxyal kanoi ¢ aci ds of the above general fornula (1) with good
productivity. Furthernore, by the above-jyenti oned nmet hod which 25 conpri ses
constructing a reconbinant Yarrowia lipol'ytica strain containing the

pl asm d pSUT- PHAI or pSUT-PHA2 or a reconbinant Candida nmaltosa strain
contai ning the plasm UTA: 23, for. _instance, and _grow ng either
strain, sai Scegpo??/%s%e‘dfm\%@é%f‘aﬁi%ﬂ%l%§GF§Fn&ﬁq%%ft%e epeyReYT ¢at i on
of 30 3-hydRéXpbusydimhakiwdrefl i et abavecgrseratt fttdampllas@dd peUT-phad

3- hydr oxyhexai@i c jaci drpof %ng gﬁpgr la.(3), can b roduced.
EXAMPLES 3§ T%e, fgl I_ovan%ﬂ%li’arrp e%i uﬂaa({ g;efr%eealplr(gesteenqarhonigheto ion 9
Decermber 20881iacilRringt heke ddiadi BamHIshéub 3T howevens thaaindep ke srodd t hat
the techni egluTscape qtighe4bnvention I's by no neans defined by those
exanples. 5 (Exan?be 1)f onegter sgnthesis-associated enes (a) Wen
Yarrowi a |ipolyti c3%Rastae8d 58 Pha %b@tp%@TTRﬂ%%st%%Kégnth%Jsa%%sociated
enzyne genedowhetPHAm tynhhaseogemeré phedsSEQd B NRitlhsdaki yedTir onm

Aer onobnas cayLae ngl. echfli yls hydr at.as en J; QID
NG 2) 10w ghcangert e gt R SalT Ryl s i Aot A TS DAY st D

pat hway, t o tPheompheHeEF iacp1 ®ymBd PEHToRYRSy K FOpA J)T. Fukthiemanaler, BB

M cr obi o o0y ikekt 8 p1lidsl #8r BO=dRo{ 42004, R - piEAd anlib) sihepy£andi da

mal t osa was used as the host
were constructed. By the above procedure, a gene expression

cassette for producing a copolyester of 3-hydroxyalkanoic acids
oftheabovegeneralformula(l)intheyeastYarrowialipolytica

was constructed. The overall construction diagram is shown in
i5 Fig. 10.
As the host, Yarrowia lipolytica CXAUl 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 Kitgy (Geno Technology) was used.
20 Transformation was carried out in accordance with the protocol
andusingaselectionplate {(0.67w/v%yeastnitrogenbasewithout
amino acid, 2 w/v % glucose, 24 mg/L adenine hydrochloride, 2

w/v % 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 AlK1l gene promoter ALKlp
(SEQ ID NO: 6, GenBank D00481) was ligated upstream of the 5'-end
of each gene and the Candida maltosa AlKl gene terminator ALK1t
(SEQ ID NO:7) was ligated downstream of the 3'-end. PCR was

30 | 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 NO:15 through NO: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



15 As polyester synthesis-associated enzyme gene, this g?r@e e%%rzooa
constructed with reference to the am no acid sequences 0 ,& ronobnas

cavi ae-derived PHA synthase and (R)-specific enoyl-CoA hydratase which
converts enoyl-CoA, an intermediate in the 8-oxidation pathway, to the
nmononeric 20 (R)-3-hydroxyacyl -CoA [T. Fukui et al., FEVMS M crobi ol ogy
Letters, Vol. 170, 69-75 (1999)]. Candida naltosa is a yeast which:

transl ates the CTG codon to serine, not to |leucine. Therefore, for use in
Candi damal t osa, CTG was not assigned to the |eucine-speci fy| ng codon.

the 25 coddmaxbwassnﬁdmhmghuaoeaczikmrq ”OAQOE@thU};ﬁ:&@%} WF% o G%Lr}{._l%;h
selecte

frequencyofy,4§a86.1 M Gardi mal t.osa was preferentia
i nf or mati on on, the frenglr%en%;%ldo 355 F 1ot b eAcnerd dérs M%ﬁsredv"lﬁlfom SEQ

Nonconvent i ¢h&O: \YéaéﬂlepBlﬁtlmhrmlS(ﬁ:gyImem bshed ltxémpSQItlengeAg MO he
consul t ed. tig@mﬁag&llye ALG r n to.the

net hi oni ne pecll ying rco’géo%is ggglt he rrglp c? ﬁfﬁ% g cPRe R FeRIig at
respect i veli (?rs PrePRgsd 45smghBA EDtN@naT edyd IND 1R using SEQ ID

phenyl al anitite- 7saecaftyenqg1agwlon$-lna@§yt hgs!| €ACiNEs 't‘:)yévﬂgcﬁoc‘iijfgﬁr? a\ﬁc and

CTG, both Sequences of Aeronpnas cav
modi fied 3516 &i[%‘g and g%%%%’ct%éleyweﬁﬁlqsédm’iﬂﬁnw-‘I'TDkaeuaeetlsadd,as

such. 9 DedenBé&p1200Beno, Ak h@B0BoueHe53peebbY) NOCOSINS obEa iy ATA

s _of. .Aerqnonas cavi ae, were nodified

bot h of. V\hlbﬁ_i,;h 1i3f@ 4 %h'ena D o
to ATT and resgpgl%e ORI ePLiSai 0y SogRenss (Bfe) of
val i ne- speé .t.ma (@ﬁ@Béﬁdi @Q\?S%btandotﬁmmmear@eﬁgmle@mrrzw
sequences &b PECOATRGS [AWIAGELRE ) Y 4d od 18 ﬂled&nlcﬁdgc A ST
were used S §<lé%hgeﬁngﬁg ri g@sﬁem yi ng ons é@, al
of which are uséed ‘&sﬁﬁiﬁeﬁ Rﬁiﬁﬁnﬁéﬁﬁ_hﬁ@zlmltosa/\@mmemh ed to
TCT, whil e (38 dRINDCPL;wereBuakdDasssech. peThhewps okbRSE rEPEELT YL NT
codons, al lreﬁEVJ.ng URA3 gene from pUTUL with Xhol and ligating the ADE1
gene fragment as excised with SalrT. _ ,
ALKlp was ligated to the PvulIl, EcoRI site of pUCNT
(descrlbed in WO94/03613) and ALKLt was ligated to the HindIIg,
SspI 51te of the pUCNT to construct PUAL]1 (Fig. 6). Then, ORF2
was ligated to the NdeI, PstI site of pUAL1 to construct a plasmid
PUAL-ORF2 (Fig. 7). Moreover, in the course of construction
of pUALL, ORF3was ligated to the NdeI, HindIIIsite of pUCNT~ALK1

and further, ALKlp was ligated to construct pUAL-ORF3 (Fig.
8) .

-I

Then, the ORF2, upstream promoter and downstream
terminator were excised as a unit from the plasmid pUAL-QRF2
using EcoT221 and llgatedl to the PstI site of pUTAL to construct
PUTA-ORF2. Furthermore, using Sall, ORF3, the upstream
promoter. and downstream terminator were excised as a unit from
PUAL-ORF3 and ligated to the Sall site of PUTA-ORF2 to construct B
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
gonstruction diagram is shown in Fig. 11.

As the host, Candida maltosa CHAL (S. Kawai et al., Agric.




10 the correspondi ng codons were nodified to CCA. As the D 5

t hr eoni ne- - speci fyi ng codons, ACC, ACG and ACA, all of iceﬁegﬁbgr Q?so’ed in
DNA sequences of Aerononas caviae, were-nodified to ACT, ACC and ACC
respectively, while ATC was used as such. As the al ani ne-specifying
codons, GCC, GCG and GCA, all of which are 15 used in DNA sequences of

Aer ononas cavi ae, were nodified to GCT, ~"GCC and CCT respectively, while
GCT was used as such. As the tyrosine-specifying codons, TAT and TAC were

assigned alternatively.as t rasi ne-specifyin odons as used in DNA
sequences okaigr'or%eﬁ%s’ L \E/i‘ ageg?’ %_ggog%gc?dc)né’?sﬂﬁ%‘&as Fagetp tearluet 1o
hi sti di ne- spéckhyi pgasniidnsonCAfuaned CA: et ke asss gnedasal T skt wel 3t as
the histidi @@aﬁe%k&xwaﬁ%ﬁe&f (%%n%sg‘éahﬂo?'é‘gm)Sgﬁ%ﬁﬁgggo"f Aer ormonas

caviae. As the gl utam ne-specifying odons rrespondi ng
codons wer e TRBBFEPERat boTARS CARFigddowAGwereoadshgaetital themetdatyl t 0

the correspandiuddnd aspeE e a0l by £94988 niAS ogen base without . .

t hel ysi ne-sgem fyin oggg(s, o | of thergq(}rrespo_ndl ng codons were nodified
to AAA. As ﬂé“oa?scd%ffi i a-ggﬁwsf%/i A MY doRS, RaFT1gine he WoF Bexiidi ng
codons were medofbedahb SAFailswhbeogtaimstic aci d-specifying codons, all
of the correspondi ng codons were nodified to GAA. As the 30

cyst ei ne-speci fyi ng codons, all of the correspondi ng codons were nodified
to TGT. As tHRE3BPYE nine PEpdictyiong edddhHB-atd—IHH) e ingoa respomimanicodons
were nogh fi edrhon AGA vy&Sréhes giggi@@iégeci fying codons, all of the

correspondi ng codons were. nodifred . . I n Aerononas cavi ae-derived PHA
synthase DNA 35 sE}uEREEM™PERENT Sfuaisst ¢ BEerrawingd insdytdna cantninimmo)
were 9 DecettherpRO€Ri @9 paith i ebUTe-PFAASO sa8! bBUTORSLUGE e Wou Kt §i 1:ES.

Thus, prissyfiRass Sondd KRRYR SERt e By Lt PSS Lo AR 0! ClcoA
hydr at ase g€AE { QRFSE-SEQrEDENG &)Y WerBaaorRabitigly 2 w/v % glucose) was
15 used. As the polyester production medium, 1/4 YP medium (0.25
w/v % yeast extract, 0.5w/v $ Bacto-Pepton) and 2 mineral medium
(0.7 w/v % KHpPO4, 1.3 w/v $ (NH,),HPO,, 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 % MgSOQ,*7H;0, 0.6 w/v $ ZnS0,-7H,0, 0.9 w/v &
FeS04-7TH20, 0.05 w/v % CuSO4-5H0, 0.1 w/v $ MnS0,- 6-7H,0, 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 z 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
30 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 ocvernight. The



5 designed, and based on these sequences, ORF2 and CRF3 %ﬁ ct ed by
total synthesis. (Exanple 2) Construction of a reconbi nafit Eﬁ?@ nd a
reconbi nant strain 10 (a) Wen Yarrowi a |ipolytica was used as the host In
order that the above genes nay be expressed in Yarrowia 1|i of tica, the
Yarrow a |ipolytica ALK3 gene pronoter ghKSp (SEQ I D NO 5) (GenBank
AB010390) was |igated upstream of the end of each gene. The restriction
enzyme sites necessary 15 for linking the pronoter to the structural gene

wer e prepared PCR. The prinmer sequences used in PCR are shown in SEQ I D
NO 8 t hr ough® W%E W?"@Rf?zvﬁgg%?%ﬁjrF‘édr%‘ﬂ?v?nCQ]jl%y%P@sUéﬁ? Dyligrate vad n., 55
C x 2 nmin., cddcEnxratetinto floto @Mmlli éi eat boApotatbhe pl&fﬁ:h‘é%@:ﬂcék@tf@ate

fragment. The_p u Takara 2Q Shuzo ExTaq ar t he
pr onot er renlgongé%ﬁﬁ\%lt%%%%l an%ac FPLEGHE el\lggfe x%me Jgrh%od]lalg}gl%LKBS
w th Sacil Fa5tloend and Ndel at 3'-end were prepared fromSEQ ID NO 8

o4 SEQ4D Na 9 101850, 1D oP end SEQAD NL A0t espeetial el 10 SEQ

IDNO5 as a tenplate. %3 ragnent with
Ndel at 5' SBhalanfd ware aaide@i W\h@fprsel[iélue-’dcf aomﬁSE@tthm dixtame SEQ

ID NGO 12 ugiBYsSEQuAD NY 1, aS0@ ERMBLEESrn TAnLNI SrELACEBN i n Y Snéatgéc?]ed
t he remmi n|n f;@la B’fP% f.ragment sized about 1700 bp to const ruct

full -1 engt h3phal W tHPNGEP Bfretes e ghgazp %ﬁﬂplértef’ﬁer dRempPRs ol gihal,
phal fragneprodiich meldiylaes8erendAfnad darilirag, B'. 3e@d>masdmnmaay®dajémm SEQ

ID NO 483 a el a tor
the plasm degr%a%é Wal %d%%%%Pﬁ%@%@%r#dl tr?’ag §%Ir%d%§(gpgr ed
by changi ng™tRé Ndel O%qwl(ﬂtfb@tﬁénd?y@etm?@ﬂ%‘aﬁls§ttlerb§1wu§hrags1faélt1r¢1ﬂ<er
DNA shown i mhSEQdAPLHO) 3wt cBnbPeeeiBehg20QP tAL organic solvent layer

was separated and analyzed for composition by capillary gas
chromatography. The gas chromatographusedwas Shimadzu GC-17A
15 and the capillary column used was GL Science's NEUTRA BOND-1
{columnlength25m, columnin. dia. 0.25mm, liquidfilmthickness
0.4 um). 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
20 andthechartofasample (3) isgiveninFig. 12. TheNMRanalysis
(JEOL,JNM~EX400)andIRanalysis(ShimadzuCorporation,DR—800)
of the hexane-insoluble fraction obtainedwere also carried out.
As an example, the result on a sample (6) are shown in Figs.
13 and 14, respectively.
25
Table 1 Culture and analysis result
Sample Medium Strain Weight  Amount of 3HH

ofcells polymer Composition
{g/L) accumulated (mol %)
(wt %)
(1) 1/4 YP Control 3.56 8.9x107%
(2) PHA] 3.65 1.9x107¢
{(3) PHAZ 3.43 2.6x1071% 15 {GC)
(4) Mineral Control 0.15 6.7x1072
(5) PHA1 0.19 1.4x1071
(6) PHA2 0.17 1.8 27 (NMR)

It is apparent from the above results that the copolyester



used. To the multicloning site Sacll, Kpnl of the above é&%%S and
phal were ligated to construct the plasnld pSUT- phald (F?%ngTpe urther,

ALK3X and phaC were ligated to the multicloning site Xbal, BanHT of pSUT5
to construct a plasmd 5 pSUT-PHAI (Fig. 4). Then, fron1the pl asm d
pSUT- phald, ALK3S, phalJ and downstream tgym nator were excised as a unit
using Sacil and Xbal and ligated to the Sacll, Xbal site of plasmd
pSUT-PHA1 to construct a plasmd pSUT-PHA2 (Fig. 5) . In this manner,

10 ki nds of ppl r n,. P UT-

const ruct ed, é§§§Lg§a%%%é(§%gggﬁ %%d%aédeﬁgngi%?%ég?% gﬁ?EEM%%—£%¥——

pr oduci ng aléﬁﬁéﬁ§é§ﬁer of 3-hydroxyal kanoic acids of the above general

formula (1) in therygastaas rews il mecgolggfércee\%hwgaedmg& opgrall
construction dlagian1|s ?homn in 15 Fig host, Yarro

lipol ytica ExADE-St PEPHRET. 1P §8e ¥e2sf:, t9@ast, 14, 1387- 1397 (1998)) was
used. Fo¥ the introduction of the constructed plasnid into the host, Fast

Track'' - Yea f 'o 'IsM s used. 20
Transfornatﬁgﬁl&ggacg??ﬁ%% %?Pad%@?ggﬁg (%ﬁﬁv W%}éi&¥5iﬁ%%ﬂquing a
sel ecti onpl at&agop. ef Gﬁvd@@eeasﬂtnsarogenbase mnthout amno acid, 2 wv %

gl ucose, 24 ng/L @H@mé&ﬂmﬁﬁp@egkh% ofCa\Md\id% dsa %onﬁ%ﬁﬁ%{dagrg o

strain was o

tain
order that BaP E%@?ﬁ%%PKPﬁ§ACBBF33M@%ﬁﬁ#%%@%@lﬂﬁheéﬁﬂﬁQﬂﬁqﬁW@%%%r t he
Candi datoral Res:amfxblﬁlecgmerer@@@mn AN Redf SEQ d BNQ/vE yearBanke 1)

I t d t f the 5 f d he Candid t
ALK gone.t BHRE NAO T R o Beil| Sy} It v Gacet Vg Rreeridn BF 1 dhe
3' -end- PCRapdg 30 tipedmforl whsupedparis kha pofl vl argstaduwctt iom eed jue, Sites
necessary f9&5Héﬁ¥ﬂﬁ¥bﬁﬂ¥%ﬂ%ﬁﬁ%§§itﬁ@qﬁﬂﬁ¥GBQQRQBOE%JQ¥%n§é£H@£Hﬁfﬁgge”e

The primer sequences use
as a source of carbon, D 2 w/v % palm oil, @ 2 w/v % coconut

i5 0il, @ 2 w/v % tetradecane or @ 2 w/v % hexadecane.

A 500-ml Sakaguchi flask containing 50ml of the preculture

medium was inoculated with 100 g1 of a glycerol stock of each
strain and incubated for 20 hours. Then, a 2~L Sakaguchi 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 cobtained 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

30 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 o0il, tetradecane and hexadecane (Table

35 2). The results of NMR analysis (JEOL, JNM-EX400) of the



in SEQ I D NO 15 through NG 18. The PCR was carried out i 5 cl of 94
Cx-1nn., 55 Cx 2 nin., 72 Cx 3 nin. for 35 arrplific%'ﬁ%‘??"ﬁ%?ﬁ@
particul ar gene fragnent. The pol ynerase 9 Decenber 2003 22 used was Takara
Shuzo's ExTaq. As to the pronoter region, ALKIp wth Pvull at 5 -end and
EcoRI at 3' -end was prepared from SEQ 2I6D NO 15 and NO 16 using SEQ I D
NO 6 as a tenplate. As to the termnator region, ALKIt with Hnd |1l at
5" -end and EcoRV at 3'--end was prepared from SEQ ID NO 17 and NO 18
using SEQ ID NO 7. as templ ate.. Finally, as the vectors tqg. which ORF2
and ORF3 \A}é?}éa?%“’o%s‘?f‘g%%% rachdPs ARrainrR4nJURCEMVELERRFRRdtOGINUE ],
Bi ol . Chem ¢iVoire 251Bowi3 98- BA5Be (19981 FighiTh.is obtained by'ligating

t he autononously replicating sequence (ARS) of Candida naltosa (GenBank
D29758) and URA3 gene (CGenBank D12720) to pUCl19 and pUTAl (Fig. 2) which

i s obtai nedT®yl eodi Grilignehe L mardesomemarfy grhrgria8 t o Adel using Candi da
mal t osa SADElagene sol S | D Waight @mBank DEXE5RJer PUTAI Was constructed
by renoving URA3 gene from pUTU. with Xhol and ligating the ADElI gene
fragnent as_excised with Sal I®AIK FAEs | i garcdmdates Pvul |, EcoR site
of pUCNT (glgpgrdped in W94/ 03613)-and ALKt was |igated to the HndlIl,
Sspl site of the pUCNT to construct pUAL1 (Fig. 6) . Then, ORF2 was
ligated to €heomalelQiPst| site OofOpRIALL to construct a plasmd pUAL- ORF2
(Fig. 7). I\?reoﬁ\@% in the course 04 construction of pUAL1, ORF3 was
ligated to the MHeT2 i ndl || site' of pUCNT--ALKL 4&nd, further, ALKlp was

| i gat edot 0 KOnsdsdite PUAL-ORF3 (H g 8) . Then, the ORF2, upstream
pronot er and downstream term nmator were excised—as auntt fromthe plasmd
pUAL- ORF2 using EcoT22l and ligated to the Pstl site of pUTAl to construct

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 7

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
20 be produced by using a yeast.



pUTA-ORF2. Furt her nore, usi ng Sall, ORF3, the upstream %:52%%&% ;
downstream térm nator were excised as a unit from pUAL- |gat ed to

the Sall site of pUTA-ORF2 to construct a plasmd pUTA-ORF23 (Fig. 9) By

the above procedure, agene expression cassette for producing a copolyester
of 3-hydroxyal kanoi c acids of the above gener al fornula (1) was

constructed in the yeast Candi da mal t os@y The overall ‘construction di agram_'

is shown in Fig. 11. As ‘the host, Candida maltosa CHAT (S. -Kawai et al.

Agric. 9 Decenmber 2003 23 Biol. Chem Vol . 55, 59-65 (1991)) was used. For

i ntroduction of the plasmd construc@ﬁd gto the host, Fast Track-Yeast

Transformation KitsM (Geno Technol ogy) vvas used Transforrratl on vvas Carried

out in accordance with the protocol 5 and using a selection plate (0.67

W v% yeast nitrogén aseramdtwitian@nm no acid, 2 wv %glucose, 24 ng/L of
hi stidine, 2. wyv r econbi nant . strai n was obtained. (Exanple 3)
Pr oduct i oon of - P(gﬁéggéﬁﬁ—hf% oréen]é %aﬁﬁne ﬁ?‘@%ersoﬁ%?lbfca\?éﬁt&ﬁi ali.
of tica Th@oﬂ@@emmaWOhwates sghthiasaewaasbcﬂeft;eﬂmm@@whagbetelﬁe

plasm ds p p ultured,in thefollovvlng C
manner . %Ego%%gﬁlg??%%%t %%gl um f}‘i Wi o fedStextract, 2 wv -

% Bact o- Pepton, ‘2 wv %glucose) was 15 used. As the polyester producti on

medi um 1/4 YP mefli ungH&. t&%nsdd/rr%rveaaséc&fﬁixwtto% B2 4 v % Bact o- Pept on)

and a m neral nede rE&%}W/V % KH2PO4, 1 % (NH4) _2HPO4, 0.5 wv % -
Pro-Ex AP-12 (Bahah e = VERTL C&&&d@ﬁq%reeubbwghﬁm e

hydr ochl or F@polymery zatipacef ndthydsakyaskhnbionaésds diSstleved 1130 ing 0. 1
N-HC1, 8 w@gn%tygs%mwémt 9. 6 Wv %ZnSO4 7H20, 0. 9 wWv % FeSO4 7H20,
0. 05 wv % CuSH % 1 wyv %I\/hSO467H20 1w/v% Nadl))

suppl errented wth 2 wv %palmoil was used. '

R

|
HO—CH-C—C—OH - (1)
. H, O -

in. the formula, R represents.an alkyl group.

3. The transformant according to Claim 1 or 2.
whereln the polyester is. copolyester P (3HB-co-3HH)
resultlng from the copolymerization of 3- —hydroxybutyric acid

of the following formula (2) -and 3- hydroxyhexanoic acid of the
- following formula (3);

<|3H3
HO—CH—C-—~C—OH
5 (2)
- HO—CH—~C—C—OH (3)

H, O



A 500- ml Sakaguchi flask containing 100 m' of the precul é@ qﬁ h@ ' f
i nocul ated with 100.u 1 of a glycerol stock 25 of each ) traln :
and after 20 hours of.- culture, a 2-L Sakaguchi. flask contai ni ng. 500 ni of
the production mediumwas inoculated with the preculture at the 1 v/iv %

l evel . The inoculated flask was incubated at the. cultivation tenmperature
of 30 C and the shaking speed of 120 rpA® The cultivation time 30 was 24
hours for the YPD medi um and 72 hours for the mineral medium After’

autocl aving, the culture broth was centrifuged to harvest cells, which
were then washed with nethanol and |yophilized. The dry cells were

wei ghed. The dry cells thus obtained were crushed and extracted 35 with
100 m of chl orof orm added under stirring overnight. The 9 Decenber 2003 24
extract was filtered to renove cells and the filtrate was concentrated to
1to2mM on an evaporator. To the concentrate was added 10 ml of hexane
to precipitate the hexane-insoluble fraction. 5 To about 2 ng of the
hexane-insol ubl e fraction thus obtained were added 500 ul of sulfuric

aci d- met hanol m xture (15:85) and 500 ul of chloroformand, after sealing,
heated at 100 C for 140 m nutes to obtain the pol yester deconposition
product nethyl ester. After cooling, 0.3 g of sodium hydrogen 10 carbonate
was added for neutralization. To this was-added 1 ml of di isopropyl
ether, and the it urBhQdsrans Formmmt mecondineto ami efv@kains | bied by
centrifuging and heresgaghe §ehvent sl e¥erowias1seBayaied and anal yzed for
conposition by capillary gas chronatograﬁﬁy*“TﬁEEgag—Chronatograph used
was Shimadzu GC-17A i5 and the capillary colum used was G. Sci ence's
NEUTRA BOND-1 (colum Il ength25m colum in. dia. 0.25mm liquid film

thickness 0.4 u.g). e lordsMefRink Q&P RS ahReokePLIAs U &085
wherein a polyester synthesis-associated enzyme gene
expre551on cassette comprises a promoter and.a terminator,
sauipromoterandsaldtermlnatorfunctlonlng1n¢1yeast.

6. The transformant according to Claim 5
wherein the promoter and terminator are derived from
Yarrowia lipolytica. | |




increased fromthe initial level of 100 C at the rate of The
obtai ned results of analysis are shown in Table 1 20 and t eecegwgnka%sf '
sanple (3) is given in Fig. 12. The NMR analysis .(JEQ., JNM EX400)

andl Ranal ysi s (Shi madzu Cor porat.i on, DR-800) -of the hexane--i nsol ubl e
fraction obtained were also carried out. As an exanple, the result on a -
sanple (6) ‘are shown in Figs. 13 and 1%1 respectively. 25 Table 1 Cullture.
and anal ysis result Wight Anmount of 3HH Sarrpl e Medi unttrainof cells, ’
pol ymer Conposition (g/L)accunulated (nmol 9% .(w % (1) 1/4

YPControl 3. 568. 9-10-2 (2) PHAI 3.651. 9x 10-1 (3) PHA23.432. 6x10-115 (G0 (4)

M ner al Control 0. 56. 7xid- @ré@fdﬂ&tl%égg@]ﬁ d—ﬁ% ¥/ 2% (NWR) - is )
apparent fromthe above results that the co este q%)ec]eo 2003. 25 P

(3HB- co- 3HH) can ¥ESpFol %?“‘Pt’é%ﬁéso@e%h\ée?@é’ﬂnMllppll%ﬂcm ca..
It was al s@LKBund that the pol yrrer occurred, though in a small anount, in-_ :
the yeast, too. _ ' o

8 . The transformant according to Claim5 or 6
_ wherein the terminator is derived from Yarrowia
lipolytica XPR2. "

9 . The transformant according to any of Claims i to 8
wherein the polyester synthesis-associated enzyme gene'
is derived from Aeromonas caviae.

© 0. The‘transformant according'to any of Claims 1 to 8

wherein the polyester synthesis-associated enzyme gene

is & PHA synthase gene derived from Aeromonas caviae or a PHA
synthase gene and (R)—specific'enoyl—CoA hydratase gené.

11- The transformant according to Claim i0

wherein said PHA synthase gene has the sequence represented
by SEQ ID NO: 1

and the (R)-specific enoyl—CéA hydratase gene has the
sequence represented by SEQ ID NO: 2



5 (Exanpl e 4) Production of P(3HB-co-3HH) with a reconleﬂ@ ?h -
Candi da mal tosa The reconbi nant strain of Candi da mal t osa %9% gathe _
pl asm d pUTAl or ,pUTA— ORF23was cultured in the followi ng manner. 10 As the .
precul ture nmedium YNB nmedium (0. 67 wv % yeast nitrogen base w thout - ..
am no acid) supplemented with 1 wv Wbcgganino-acids and 2-wv % pal m.oi’
was used. As the polyester production ium  YNBnedi unsuppl ementedw th -
1w v % casam no aci ds and cont ai ni ng, as a source of carbon, Q2 wWv %
palmoil, @ 2 wv %coconut . 15 oil, (r) 2 wv % t et radecane or (r) 2 wy
% hexadecane. A 58¢-nf* Bathgdchf PFadrRCiBAt ai RPAYSSGem U@ﬂnghéhﬁreculture
redi um vas Eroifaectiddoeing tolry @5 arAns ok ofi each strain and
- L Sakaguchj flask cont.ai.ni ng 500 m - of.

i ncubated for 4§ wrs. It ‘
t he production .me nlmesprﬁggﬁlgFgﬁﬁﬂ% R Pecul-ture af the 10
viv %1 evel . Cul tamdehwayes&ringed pobyeaterhéromlthaatesultfmmm&uﬁtumecﬁ 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. -
cel s and the ceBls BhaslypehehedynEheshasregoniialedeenayol gede25

| yophi | i zed.” The wihiy:he ek l1go et e verghedt ﬂ@;gs@ro\ﬁecglahé Lode Ry RoNPfR Ver e
crushed anqqﬁﬁngiﬁ gicyﬁth 0 m "of chloroformadded under stirring
over ni ght ‘tered to renove cells and the filtrate was
concentrated to 1 to 2 m on an evaporator. To the concentrate_30 was added

10 mM of hexane Lo pr@ﬁépg&fggsﬁggu$§égﬂgs&gsQPEB re ngaé A% a result{-

white preC|p|tates wer e ures
pUTA- ORF23-2¢Hing 1@ de@ddbildant strain as cultured usi ng coconut .0jl,

tetradecane and hexadecanrs( Fab! en3%n%)ymeﬂafe£ﬁ%d e MNRAM! NS (JEO—
JNM EX400) of the 9 EEcenber 2003

15. The polyester synthe51s associated” enzyme gene
according to Claim 14

wherein said bacterium is Aeromonas caviae.

16~ The polyester synthesis-associated enzyme gene .
according to Claim_lb
wherein the enzyme gene derived from Aeromonas caviae is
_ a PHA synthase gene or a (R) -specific enoyl-CoA hydratase gene.

17. The polyester synthesis-associated enzyme gene
- according to Claim 16 -
, . .Wherein said PHA synthase gene has the sequence represented
by SEQ ID NO:3. . '
i8. The polyester synthe51s assoc1ated enzyme gene
accordlng to Claim i6 .
wherein said (R)-specific enoyl-CoA hydratase gene has
the. sequence represented by SEQ ID NO:4.



26 hexane-insoluble fraction obtained in the culture uskgq%coc?pu? 1ﬁi| are
shown in Table 2 and Fig. 15. Table 2 Culture of a reconbi A&RTesl A 5

Car bon source Wi ght of Polymer «cells (g/L) accunulated Palmoil 12.5 --
Coconut oil 10.3 ++ Tetradecane 4.4 + .10 Hexadecane 3.6 + It is apparent
fromthe above results that the copol ye8ter P(3HB-co-3HH) can be produced
by nmeans of the yeast Candida naltosa. 15 I NDUSTRI AL APPLI CABILITY In
accordance with the present invention, a copolyester of 3-hydroxyal kanoic

acids of the ahpve general fprgula ( i1 o | SabhRdeq adahhe iand,as
good physi cal gfoperties, céﬁ 8%0 béé%g%%ﬁgéd by %s?ng a yeasF. 9 Dggenber
2003 27 thal W® llyestemasfothest seesedaiated e yBRe g dagoyeheny

expressiegegﬁ1 ﬁ%%goaﬁgggféi%ggig gggy§§ger synt hesi s-associ ated enzyne

gene has a yeast, Delonging to the genus Yarrow a. 2.
The transformant according to G aim1 wherein the-polyester is a copolyner
resulting fromthe copolynpéi£ation of 3-%ydroxyalkanoic acids of the
following geréral fornula ( ),rﬁnﬁif%?9€> ---OH (1) :

wherein at least one kind of gene expression cassette

according to claim 19 has been introduced into a yeast.

24 The transformant according to Claim 20
wherein the ﬁolyester is a copeolymer resulting from
copolymerization of 3—hydroxyalkanoic acids of the

following general formula (1):

R
0 —-C~C—0H (1
wobaggon o

in the formula, R represents an alkyl group.

24. The transformant according te Claim 20

or 21° |

_ wherein the polyester is a copolyester P(3HB-co-3HH)

.resﬁlting from copolymerization of 3-hydroxybutyric acid
of the folloWing formula (2) and 3-hydroxyhexanoic acid

of the following formula (3);

b
HO—CH—C—C~O0R 2
. H;, O , ‘2)
P
HO-CH~C—C—O0H (3)
H, O
23. -The transformant according to any one

of Claims 20 to 22
wherein the yeast belongs to the genus of Candida.

R



H2 0.in. the formula, R represents an al kyl group. 3. Thg rangfqéﬁ%nt
according to Claim1 or 2 wherein the polyester is. cop F&@g pr
(3HB-co--3HH)" resulting fromthe copol yneri zati on of - 3- hydroxybutyric acid
of the followng fornula (2) and 3-hydroxyhexanoic acid of the follow ng
formula (3); CH3 (2 ) HOCHCGCG-OHH30®G H/ HO-CH-GCGOH(3 ) H2 0 9
Decenber 2003 28 4. The transformant according to any of Cains 1 to. 3
wherein the yeast is Yarrowia lipolytica. 5. The transformant according. to
any of Clainms Z to, 4 wherein a-polyester synthesis-associated enzyne gene
expressi on cassette conprises a pronoter and.a term nator,- said pronpter
and sm(jtern1ﬁ§torftnmtlonEM$|ﬁr®n§§@mmaE¢ JﬁQQﬂQ#%ﬂot@mﬁl ordi ng

to daimb5 t r t a | d r arrovvla
li of tica. %gﬁbgﬁugdggg%s KﬁﬂgOﬁgg iﬁéeé?aﬁgpbrnﬁﬁ? acé%g%%n

Cl ai m 5 shovimgenbinodtmel pEdmest ektni Sheentinamls t pdmovare wica d |sp©mc9tilca 8 :
The tran% %fe”aféra(i%%giﬂg to Claim5 or 6

25. The transformant acdcording to Claim 23
or 24
wherein the yeast belongs to Candida maltosa.

26. The transformant according to any one
of Claims 20 to 24~ .
' ,wherein-the polyester synthesis—assoclated enzyme
gene expression cassette comprises'a promoter and a

terminator respectively functioning in a yeast.

27. The transformant according to Claim 26
wherein the promoter and terminator are derived from

Candida maltosa.

.28, The transformant according to Claim pg
or ¢/ '

wherein the promoter is derived from Cdndida maltosa
ALRK]1.

o9, The transformant according to any one
of Claims 26, to 26
wherein the terminator is derived from Candida
maltosa ALK1,

30. A method of producing a polyester using
the transformant according to any. one of Claims 20 to 2§

which comprises growing said transformant

and harvesting a polyester from the resulting culture,



wherein the termnator is derived from Yarrow a 1i: pol yt%@a XPF&Z. q% . The
transformant according to any of Cains | to 8 wherein 505'8 ?re?s g’r

synt hesi s-associ ated enzyne gene is derived from Aeronbnas cavi ae. 30. The
transformant according to any of Clains 1 to 8 wherein the polyester

synt hesi s-associ ated enzyne gene is a PHA synthase gene derived from

Aer ononas cavi ae or a PHA synthase gen@land . (R)-speci fic enoyl - CoA
hydrat ase gene. 11. The transformant according to ClaimiO wherein said PHA
synt hase gene has the sequence represented by SEQ ID NO 1 and the

{R) -specific enoyl -CoA hydratase gen@B¥dsHe- sequence represented by SEQ
ID NO 2 9 Decenber 2003 30 12~..' A nethod of producing a pol yester using

the transformant;.according to any, of Cajns 1 to 11 which .
conpri ses. gr owi ngTré%i%lr??%IﬁEfJoIWE?\: ieon aﬁ%iﬁﬁ‘?%eg? i AF L POFILRErE Gn t he
resul ting caprotgest8r-Aypbhyestingsyntimsj saansocvatedni snzyhbcigene which-
(5 Todl f3 o0yl oM o8l JiEAR ORS: 98R% EAE CTG 4 - T, or
CTA. A Theupo?yegterals ntrhes(?g-a.ssom a e%teqnzé;ﬁ%;q@%%lgg?cap%% %&I%gr’ﬂ aim
13 which co#®s porebhodngfneradrcied 2roalrebherevitim the, afheoposzidt er
Eynt hesi s- anseebat §dni SAZY Mo 18E r@i%ﬁplrﬂllqg, t&@ﬁé@éﬂt whersit oiai d g
acteriumis _Aeronpnas cavi ae. .. _The polyester. synthesis-associ ate
enzyne genereﬁéggggf)r%g?ge@?‘&f%g Q/\tﬁé?rb%)hntaﬁéo%%%%nb@ﬁé‘nﬁlérq et FEodm
Aerononas cavisntilesize, by an enzyme, a plastic-like polymer degradable
~ 10  under the action of microorganisms in the natural environment
{the scil, river or sea), a transformant derived from said host
organismby transformationwith 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
15 transformant.




a PHA synthase gene or a (R) -specific enoyl - CoA hydratagg%gsﬁgé The
pol yester synthesi s-associ ated enzyne gene according to arm-i erein
said PHA synt hase gene has the sequence represented by SEQ ID NGO 3. 18. The
pol yester synthesis-associ ated enzynme gene according to Claim 16 wherein
said (R) -specific enoyl-CoA hydratad¢idene has the. sequence represented

by SEQ I 1 4. C r 2003 30a A A gene expression cassette
conprisfﬁ%ggiﬁé$§gggeéﬁgﬁwy§ﬁIﬁg§is-associated enzyme gene according to
any one of clainms 13 to 18. 20. A transformant wherein at |east one kind of
gene expression cassette according to claim219 has been introduced into a

yeast . r.gi i el e ester is
a copolsﬁngrggbﬁﬁgﬁ%Q%ggﬁicggﬁnyG£ﬂiggﬁgiﬁdﬁﬁégﬂy@ﬁgéyggkéﬁgﬁﬁﬁggids of

t he fohﬁgﬁﬁngrgeneral formula (1); R HOii--CGCC_H (1) H2 Hin the
formul a, represents an al kyl group. 22. The transformant according to
Claim20 or 21 wherein the polyester is a copol yester P(3HB-co-3HH)
.resulting fromcopol ynerization of 3-hydroxybutyric acid of the follow ng

for mul a<G2)>ang13- hydr oxyhexanoic acid of the following formula (3) ; CH3

<160> 21

<210> 1}
<211> 1785
<212> DNA

<213> Aeromonas caviae

<220>
<221> CDS

<222> 1..1785

<400> 1

atgagccaac catcttatgg ccegoetgttc  gaggecetgg cccactacaa tgacaagetg 60

ctggccatgg ccaaggecca gacagagege accgeccagg cgetgetgea gaccaatetg 120
gacgatcigg geocaggtget ggagcaggge agccagcaac cctggeaget gatccaggec 180

cagatgaact ggtggcagga tcagctcaag ctgatgeage acaccctgct caaaagegca 240
ggccagecga gegageeggt gatcacceccg gagegcageg atcgecgett caaggecgag 300
geetggageg aacaacccat  ctatgactac ctcaagcagt —cctacctget caccgccagg 360
caccigetgg ccteggtgga  tgecetggag ggegteccee agaagagecg ggageggetg 420
cgtttctica cccgecagta  cgtcaacgee atggecccca geaacttecot ggccaccaac 480
cccgagetge tcaagotgac  cctggagtce gacggecaga acctggtgeg cggactggce 540

ctcttggecg aggatctgga  gegeagegee gatcagetca  acatccgect gaccgacgaa 600



HOr-6-c -8 OH(2) Hz 0 q .H7 HO6HCC OH (3) H2 0 23. The ra@formant

according to any one of Clains -20 to 22 wherein the yedteHaP§heY% o t he
genus of Candida. 9 Decenber 2003 30b 24. The transformant according to
Claim 23 wherein the yeast belongs to the genus of Candi da show ng
abnormalities in the translation of the menetic code for |eucine. 25. The
transformant according to claim23 or 24 wherein the yeast belongs to

Candi da 'HH°CHS8. 2gr6C22Ee8 t RaMStIAchasiEaeRcEEdi Bocsagteaty somgegcade GBAI ns 20 to
25 wherein the p ester synthesis-associ ated enzyne gene expression
cassett éaé %%g%atb%ﬁb%%%% aglacegant Aag@ESees macetoigley fEtioning in
a yeast he transformant according to Claim26 wherein the pronoter
and terr?fg?é?%rgca?%cﬁgf:?tvéﬂacfaﬁgﬁc @éﬁ%ﬁag% NEACRERCEBCC XBgaghec t r ARG or mant
accor di n wherein the grormt er is derived from Candi da

mal t osa glzf[gccﬁgggcf'ﬁ%tctgf;aﬁc?ﬁggﬁ%& RN R ngatdcdRysetdaceHs a #hs 26 ; to
- 28 wher %Eé'tg%@f?c a% @l&%% Cgatsct((:jgearcl ggc a(f:ét%g Eégagggdcgt catcgccgee 900

~ciggacggeg tggaggcgge caccggegag cgggaggtge acggcatcgg ctactgcatc 260
‘ggcggeaceg ccetgteget cgecatggge tggetggegg cgeggegeca gaageagegg 1020
gitgcgeaccg ccaccetgtt  cactaccctg ctggacttet cccagecegg ggagcetigge 1080
atcttcatcc acgageccat catageggeg ctcgaggege aaaatgagge caagggcatc 1140
atggacggge gecageigge ggtctecttc agectgetge gggagaacag cotctactgg 1200
aactactaca tcgacagcta cctcaagggt cagagcccgg tggecttcga tctgetgecac 1260
tggaacageg acagcaccaa tgtggcggec aagacccaca acagectget gegeegtete 1320
tacctggaga accageotggt gaagggggag ctcaagatcc geaacacccg catcgatctc 1380
ggcaaggtga agacccctgt getgetggtg tcggeggtgg acgatcacat cgeectetgg 1440
cagggeacct ggcagggceat gaagctgiit ggcgpggage agegettect cctggeggag 1500
tccggecaca tegecggeat catcaaccecg ceggecgeca acaagtacgg cttetggeac 1560
dacggggccg aggoecgagag cccggagage tggctggcag gggcgacgea ccagggegge 1620
tcctggigge  ccgagatgat gggctitatc  cagaaccgtg acgaagggtc agageccgic 1680
cccgegeggg teceggagga agggetgpee cccgeccceg gecactatgt caaggtgegg 1740

ctcaaccccg  tgtttgectg cccaacagag gaggacgecg catga 1785

<210> 2
<211> 405
<212> DNA

<213> Aeromonas caviae

<220>



mal tosa ALK1. 30. A nethod of producing a pol yester using the tr f or mant
Dsserges it

according to any one of Clains20 to 29 which conprises

transformant and harvesting a polyester fromthe resulting culture. 9
Decenber 2003 31 ABSTRACT The present invention relates to a gene coding
for a copolyester-synthesizing enzymgi 7a m croorgani smwhich 5 utilizes
said gene for the fernentative synthesis of a polyester, and a nethod of
produciﬁﬁzé>p§p§ester with the aid of said mcroorganism More

particul ar y the present invention relates to a gene which functions in a
host orﬁ?ﬁ?sn*éﬁ@ is related to synthesize, by an enzyne, a plastic-like -
pol ynmer degradabl e 10 under the action of m croorganisns in the natural
environnment (the soil, river or sea) , a transformant derived from said
host 0Q988£§f1by transformation with said gene and having an inproved
ability to'ternmentatively synthesize a plastic-like polynmer, and a nethod

ecenber aR0ace THCYERA “tebbobeu Funrt en S stns Sl GREOENT D NETHOD
[O)FNA PRODES %Lg[gga%ﬁgg&g;ﬁ%c\é\é&gJtItcélgé)ggEbﬁ%? ste0csts Ctftecs 1115d8° <212~
gecttcgecg ccaccacgge gticgagegg cccatagtec acggeatget getegecage 180 |

¥ ctctictceg. ggotgetgge ccageagttg  cogggcaagg ggagceatcta tctgggtcaa 240

- agectcaget tcaagetgee ggtottigic gggsacgagg tgacggecga ggtggagetg 300

accgcccttc gecgaggacaa geccatcgec accctgacca cccgeatctt cacccaagge 360

ggegeeetcg ccgigacggg gpaagecglg gtcaagetge cttaa 405

<210>3
<211>1785
<212>DNA

<213>Artificial Sequence

<220>
<221>CDS

<222>1..1785

<400>3

atgictcaac catcttatgg tccattgttc gaagctttgg ctcattacaa tgataaattg 60
tiggctatgg ctaaagctca aaccgaaaga actgctcaag cctigttgca aactaacttg 120
gatgatttgg gtcaagtttt ggaacaaggt tctcaacaac catggcaatt gattcaaget 180
Caaatgaalt ggtggcaaga fcaattaaaa ttgatgcaac acactitgtt aaaatctgct 240
ggtcaaccat ctgaaccagt tattactcca gaaagatctg atagaagatt taaagctgaa 300
getiggtctg  aacaaccaat ttatgattac ttaaaacaat cctattigtt aactgctaga 360

catitgitgg  cttctgttga tgctttggaa ggtgtcccac aaaaatctag agaaagattg 420

e



<220> <221> CDS <222> 1..1785 <400> 1 at gagccaac catctéi} g gcc crattc
gaggccct gg cccactacaa tgacaagctg 60 ctggccatgg ccaaggcc E% (4 8%%38c
accgcccagg cgctgetgeca gaccaatctg 120 gacgat ct gg gccaggt gct ggagcagggce
agccagcaac cctggcagct gatccaggcc 180 cagat gaact ggtggcagga tcagct caag
ct gat gcagc acaccctgct caaaagcgca 240 4/ggccagccga gcgagccggt gat caccccg
gagcgcagcg atcgccgett caaggccgag 300 gcctggagcg aacaacccat ctat gactac
ct caagcagttieitiaac ctagecaaiacegjerarggt Foecteatcryetigyt ccgpyattgaa t4gocct ggag
ggcgt cccce ag%agagccq ggagcggctg 420 cgtttcttca cccgecagta cgtcaacgcc
at ggccc CEAZAEghct RaRaligGe Eheganiec 4R0esteerrgagétigeitar aagtitgent 844 ggagt cc

ot oagolOLieatH o BLLTeghc EUMRgRS G0 BBoATIRED0BoxEn Bhat 0cet T 0g
2act oot PeelfcopRlace G RAilaRa CorunRoe URERECE GraTsD! cU B agt oc
chceot gt A R RIS SRR g ot
o e PR L
ccaccct gt act accct'g ct ggacftct cc agcccé%jggagCE%E%%CTEBO84§tcttcatcc

acgagccggigtfg%&@%geﬁﬁa&ttC@g%gﬁggt ggggé%gggaggg%gg%%{g%ﬁ 40 ogh 9gacgggce

gccaget ggc ggtctccCttc agectgct 00 “aactactaca

t cgacagelppapets ARMPLc£ATIAGE Y ag%ﬁghegécgggg%%%%@&g&%@o gepggaacageg

acagcaccaa tgtggcgggc aagacccaca acagcctgcet tctc”1320 tacctggaga

accagct ggteetengoegaasitetareaahsc tQ@ﬁW%&@%b&&ahﬁﬁ&ai jog@caaggt ga
agaccccggt gctgctggtg tcggeggigg acgat cacat cgccctctgg 1440 cagggcacct

ggcagggetitggaag cdtattiigtig1egaorRgC tegeaett CehcLetagr agagt Oipdccggcecaca

t cgccggcat cat caacccg ccggccgcca acaagtacgg cttctggcac 1560
atttttattc atgaaccaat tatcgccgcc ttagaagccc aaaatgaage taaaggtatt 1140
atggatggta gacaattggce cgtctccttc tcttigtiga gagaaaactc tttatattgg 1200
aattactata ttgattctta citaaaaggt caatctccag ttgcttttga tttgttgcac 1260
tggaactctg  atictactaa tgttgccggt aaaactcata actcttigtt gagaagatta 1320
tatitggaaa atcaatiggt taaaggtgaa ttaaaaatta gaaacactag aattgattta 1380
ggtaaagtia aaactccagt tttgttggtt tctgeegitg atgatcacat tgctttatgg 1440
Caaggtacct ggcaaggtat gaaattgtic ggtgetgaac aaagatttit attggccgaa 1500
tccggtcata ttgctggtat tattaatcca ccagetgcta acaaatacgg  tttctggcac 1560
aatggtgcCtg aagcetgaatc tccagaatct tggttggetg gtgecaccca tcaaggtggt 1620
tcctggtgge cagaaatgat gggttttatt caaaacagag atgaaggtic tgaaccagtc 1680

ccagccagag tcccagaaga aggtitgpct ccagctccag gtcactatgt caaagttaga 1740

ttaaacccag ttttcgettg tccaaccgaa gaagatgetg cttaa 1785

<210>4
<211>405
<212>DNA

<213>Artificial Sequence



aacggggccg aggccgagag cccggagagc tggctggcag gggcgacgca c
tcct ggt ggc ccgagat gat gggctttatc cagaaccgtg acgaagggtc a€§%8%38353%§
cccgcegeggg tcccggagga agggcet ggecc cccgecccccg geccact at gt caaggtgcgg 1740
ctcaaccccg tgtttgcctg cccaacagag gaggacgccg catga 1785 <210> 2 <211> 405
<212> DNA <213> Aeronpnas cavi ae <22@3»19 Decenber 2003 3/1 7 <221> CDS
<222> 1-402 <400> 2 atgagcgcac aatccctgga agtaggccag aaggcccgtc tcagcaagcg
gttcgggﬁ@&@ﬁ gcggaggt ag ccgccttcgc cgcgcetctcg gaggacttca accccctgca

cct ggaccy %i g cttcgccg ccaccacggc gttcgagccg cccatagtcc acggcat gct
gctcgccaé 8 cttctc.cg. ggctgctggg ccagcagttg ccgggcaagg ggagcatcta

tctgggtc g 8 g@ ctcagct tcaagctgcc ggtctttgtc ggggacgagg tgacggccga
ggt ggagg g 0 gcccttc gcgaggacaa gcccatcgecc accctgacca cccgeatctt

cacccaaggc360 ggcgccctcg ccgt gacggg ggaagccgtg gtcaagctgce cttaa 405 <210>3
<211>1785 <212>DNA <213>Artificial Sequence <220> <221>CDS <222>1..1785
<400>3 _apgtchcaac catcttatgg tccattgttc gaagctttgg ctcattacaa tgataaattg
60 ttggctatgg Ct aaagct ca aaccgaaaga actgctcaag ccttgttgca aactaacttg 120

atgtctgetc aatcctigga agttggicaa aaagctagat tatctaaaag attcggtgec 60
geegaagttg ctgetittge  tgecttatct gaagatttca acccattgea cttggatceca 120
gettttgetg -ctactaccge cttcgaaaga ccaatcgtec atggtatgtt  gittagettet 180
tiattticcg - gtitgitggg tcaacaattg ccaggtaaag gtictatita titgggtcaa 240
tctitatctt  tcaaattgecc agtctitgtc ggtgatgaag ttaccgctga agttgaagtt 300
actgcitiga gagaagataa accaatigct acttigacta ctagaatttt cactcaaggt 360

gstgcetitag ctgttaccgg tgaagetgtt gtcaaattge cataa 405

<210> 5
<211> 1036
<212> DNA

<213> Yarrowia lipolytica

<220>

<223> promoter ALK3p

<400> 5

ctgcagegge gagaceggtt ctgggecgac tacgacgige ctggagggac getccgggag 60
aatctctitg gacgggecaa gatcttccec gaccaccctg ceggacagta caagtgggaa 120
gagggegagt ttccctigac caagagtgac aagagtgaga acggeaatgg agicaatgga 180
gatgagcceceg ctactaagaa acaaaaaatc tgaacaagag ccggttttag tacgatacaa 240
gagccggtac gtggacatge agctgetttt cgaacatgaa gggageacga cceccacgtat 300
cagtattatg caagggacca gaagtggect cggcaaaaga ttggectegg tcaacaaaag 360

gtcatcatat ccgtctecge atcegtetgt acgtgaatta tgttacttgt atctitactg 420



gatgatttgg gtcaagtttt ggaacaaggt tctcaacaac catggcaatt ggﬁcaa ctzc%)go
caaatgaatt ggtggcaaga tcaattaaaa ttgatgcaac acactttgtt adaxterget- 240
ggt caaccat ctgaaccagt tattactcca gaaagatctg atagaagatt taaagctgaa 300
gcttggtctg aacaaccaat ttatgattac ttaaaacaat cctatttgtt aactgctaga 360
catttgttgg cttctgttga tgctttggaa ggtgycgcac aaaaatctag agaaagattg 420 9
Decenber 2003 411 7 agattcttta ctagacaata cgtcaacgct atggctccat ctaatttctt
ggct act A2dsaigs g@%ﬁé@ﬁé? te§eazchzad g acdaecast celgaasict srirggeicaaa 48Pt t ggtt ag
aggtttggct 540 ttattggctg aagatttgga aagatctgct gatcaattaa acattagatt
gact gat §Ha5667 2pCHRE Rt 308 abEt éﬁt;ﬁé@c%g‘éﬂqag&@@f gpegaAReR ag S4Pagagt t gt
t caaagaact 660 Cgaattat atga aattaattca atactctcca actactgaaa ccgttggtaa

aacccca@tita¥est PEALCEY PEARHBEGIECARCACK BiLatat gt ctacigteat gg ®AP at gagacc
e e LI Sl GRS
{tactot Sieedie eyl de o Rf Hartie-n eI sRE: R0RRRE o 7200 aagace
Caaat | ggar oo ARG ho| BREARI RabddREL  Cosiaat gance
it at ot TRy A e e R bl B Get i1t ga.

{1191 0GaEchahd aalgiaRas uehgoabt O CLER.! ALLARGADLARRRA! oot 3090t ol LI g1

gagaagatta 1320 tatttggaaa atcaartggt taaadgt aaaatta gaaacact ag

aat t gat tdigcdczdb 1988 HakBraa@AGh ARG a Eé&giafaggtaktéc%agcgt t gcat gat cacat
tgctttatgg 1440 caaggtacct ggcaaggtat gaaattgitc ggtggtgaac aaagattttt

att ggccgggratpi} adeegoteatapdabgntigeighcitdcbateeagtanades gcti@zgcaaat acgg
tttctggcac 1560 aatggtgctg aagctgaatc tccagaatct tggttggctg gtgccaccca
t caaggt goictdfa2g adaacd ggt ggc cagaaat gat gggttttatt caaad@sagag atgaaggttc
tgaaccagtc 1680 ccagccagag tcccagaaga aggtttggct ccagctccag gtcactat gt
caaagttaga 1740 ttaaacccag ttttcgcttg tccaaccgaa gaagatgctg cttaa 1785

<210>4 <211>405
<210>6

<21i>1017
<212>DNA

<213>Candida maltosa

<220>

<223>promoter ALKlp

<400>6

atgcatgaac aggatttaat cccaagaaaa aagtctattt tctattttca caaggaaact 60
ggaaaaacct tittgtgitt tgaagtagct ccgtaataac ctgtaaaaaa ataaattitg 120
aagatttgac ttgctgatga aaatgctatc agtgtagctc tagacttgat actagactat 180
gatggcaaca catggtggtc aacgtgcaag acatcaccca atgagaagac tgctaaccag 240
aaaaaaaagg ggacaaaaga aaaactcgag agaaaaagtc aaattggtgt aaaattgget 300
atitttggta ctitcctaat ggggaaatta attgtttaaa attccagitt ttccagagtt 360
aagatticga ccaattattt ttaatccata tgatcticat cattatcaac ttgtgaaaaa 420

taataatcga ggtacgttta atacgagata itagtctacg gctatgaatg ttggatatac 480



<212>DNA <213>Artificial Sequence 9 Decenber 2003 5/1 7 _<220> <221>CDS
<222> 1..405 <400> 4 atgtctgctc aatccttgga agttggtcaa aaddtaCaghe” # bt aaaag
attcggtgcc 60 gccgaagttg ctgecttttge tgccttatct gaagatttca acccattgca
cttggatcca 120 gcttttgctg -ctactaccgc cttcgaaaga ccaatcgtcc atggtatgtt
gttagcttct 180 ttattttccg gtttgttggg/t aacaattg ccaggtaaag gttctattta
tttgggtcaa 240 tctttatctt tcaaattgcc agtctttgtc ggtgatgaag ttaccgctga

agt t gaaljCRiiBHE 2LREARG  IRRtEsYRa fishaSISsR cligiegata g%:’f’caﬂ:?gf’éét AQtagaatttt

oo SRR IR LTS e LSS
ALK3p <4

o2 ONEAP RSORS00

ST SIaAgD RSPRS00
tacoat acasdl: AagRAA0 A% GO0 GALRAIELARLAL! 50RRERL O3 O020CaC0

ccccacgt at g caagggacca gaa t “cggCadaaga ttggcctcgg

t caacaagafcaa8fa Mhsaleah ala LLALGT G66d c gttacttgt

atctttactg 42 a9 Deceltber az%%% 61 % E%tgatgtggg%ﬁ%gétag%‘% %’%g%tf:%é?caact aat

gccaaccagégeltcadi@hacal GhAtQAYM A8Occcaaa aaaaaagtat catataaatt 900
aaactcaaaa tcctittgat tgcataaaat ttttaaatct cttctttitt ttcttttita 960

ctttcttatc fattctattc titttftata tatctaattc atttataaca tctggtc 1017

<210>7
<211>218
<212>DNA

<213>Candida maltosa

<220>

<223>terminater ALKIt

<400>7

atagatggat tittcttttt tatgtgtatt tccggttaat aaatgtttaa atttittttt 60
taataaaaat atttgtagtt atttatatgc aaaaaaaaaa aatattcaaa gcaatcttce 120
tttctitctt tatctttccc ccatgctaag gtctaaaaca ccacaactta aaacccaact 180

taaccgtata atactaagat caatctccaa agatgcat 218

<210> 8
<211> 32
<212> DNA

<213> Artificial Sequence



at gt aat aca agt acgagt a
at gaat cggt caccacccac
t ggct gagac agact cctcg
aagt gaccat gcattttgtg
caaat gaat ¢ t aaat gaact
gegaaat gt c ctccgtctgt
ccgccacéEeaat gegttta
tat gcaccat ttccccacac

aat gt at t gt
aaacatt gcc

gggccttgta
gggcaggaga
ct cccaaaat
ttctcggacc
acttgcat gc

act ggt gcag
t ccaaacacc

agagggggaa
aaaaccaatg

gaaggaqt ct
cttagccgta
at gcgt ct gc

cacagt agat
gttatattgt
t gt gt gagac agat gcccac
tttgtgggga tagaacccat
cttcctccaa tcgaagccct
cgacgccat a ttacgatagc
atacagctgc atctgtcata

aactgaagtt tatatatata tactgtaagg actcctgaag

RiseEgReg Rk,

660
720
780

840 i

900
960

t ggcacgaaé
at act ggacg aaaatg 1036 <210>6

3AcREBEYat c acagcaacat tacagtacac
<211>1017

tactctgctc gtattttaca 1020
<212>DNA <213>Candi da nal t osa

<220> <223>pronoter ALKIp <400>6 atgcatgaac aggatttaat cccaagaaaa

aagt ct at t

ccgtaatéﬁboﬁt t aaaaaa ataaattttg

agtgtaggte. tagactt

at act agact at
acat cac butah Bragthectd SuaEety
agaaaaagt c aaattggtgt aaaattggct
attgtttaaa attccagttt ttccagagtt

120
180
830
300
360

tgatcttcatpsagtatcaac ttgtgaaaaa 420
ttagtctacg gctatgaatg ttggatatac 480

at cagaagettgpf t ggtta ttcaggtgca
gcaact gt gc- cttccccaca ttggtcaaag

at aaat capf2sapNiacacat tttccggtta
tttagccctt tcaattacca aatacggtaa

<213> .Artificial Sequence

<220>

<223> primer

<400> %

ggacacatat geogtccagta ttgtaaaata cgagc

<210> 10
<211> 33
<212> DNA

<213> Artificial Sequence

<220>

<223> primer

<400> 10

tcccegegge tgcageggeg agaccggtic tg

<Z210> 11

o
[=]

aagat ttgac
gat ggcaaca
aaaaaaaagg
atttttggta
aagatttcga
t aat aat cga

t gt gt ggat a taaacccaac 540
aaaccct aaa gcaaattaaa 600
gtataaggtt ttttaaattt 660
caatgtgctt tgtaacatgc 720

tctattttca caaggaaact 60 ggaaaaacct ttttgtgttt tgaagtagct

ttgctgatga aaatgctatc
cat ggt ggt ¢ agcgt gcaag
ggacaaaaga ddaact cgag
ctttcctaat ggggaaatta
ccaattattt ttaatccata
ggtacgttta atacgagata

9 Decenber 2003 7/1 7 ttcattgacg

aaattatcta
at ct ggat aa
ttttttacag

35

33



aggggatttt ctccgttgct gttttctcca catgctttta atgtgtaata aattaaaaaa %ﬁg
att acaaaga aaaaccggca tataagcatc ggagtttaca ttgttaacta actyca 562

ggcgat gttt caaatcaaca aaatttaaaa aaaccccaaa aaaaaagtat catataaatt 900
aaactcaaaa tccttttgat tgcataaaat ttttaaatct' cttctttttt ttcttttata 960
ctttcttatc tattctattc tttttttata tatevhgttc atttataaca tctggtc 1017 <210>7
<211>218 _  <212>DNA <213>Candi da mal tosa <220> <223>term nater ALK 1 t
<400>7 <Allgatlygat tttccttttt tatgtgtatt tccggttaat aaatgtttaa attttttttt
60 taaggﬁggab tttgtagtt atttatatgc aaaaaaaaaa aatattcaaa gcaatcttcc 120
tttctttc a tccc ccatgctaag gtctaaaaca ccacaactta aaacccaact 180
taaccgtg&§ gtgctﬁagﬁﬁ caat ctccaa agatgcat 218 <210> 8 <211> 32 <212> DNA
<213> ArfitT P RIGE RERSHCE Decenber 2003 8/1 7 <220> <223> primer <400> 8
gctctagact gcagcggcga gaccggttct gg 32 <210> 9 <211> 35 <21.2> -,DNA
<213> Artificial Sequence <220> <223> pri ner

<220>

<223> primer

<400> 11

ggacacatat gagccaacca tcttatggec ¢ 31

<210> 12
<211> 26
<212> DNA

<213> Artificial Sequence

<220>

<223> primer

<400> 12

cccagatcgt ccagattggt ctgeag 26

<210> 13
<211> 31
<212> DNA

<213> Artificial Sequence

<220>

<223> primer



<400> 9 ggacacatat gcgtccagta ttgtaaaata cgagc 35 <210> é%{e %_fg)g <212>
DNA <213> Artificial Sequence <220> <223> primer <400> 18 4CEETEHTC

t gcagcggcg agaccggttc tgg 33 210> 11 9 Decenber 2003 9/1 7 <211> 31 <212>
DNA <213> Artificial Sequence <220> <223> prinmer <400> .11 ggacacat at
gagccaacca tcttatggcc ¢ 31 <210> 12 1g2il¥> 26 <212> DNA <213> Artificial
Sequence <220> <223> prinmer <400> 12 cccagatcgt ccagattggt ctgcag 26 <210>
13 <2118081 1%212> DNA <213> Artificial Sequence

ggacacatat gagcgcacaa tccctggaag t 31

<210> 14

<211> 29

<212>.DNA

<213> Artificial Sequence

<220>

<223> :primer

<400> 14

gggpotacctt aaggcagett gaccacgge 29

<210>15
<211>46
<212>DNA

<213>Artificial Sequence

<220> .

<223>primer

<400>15

tttttcagct ggagctcgtec gacatgcatg aacaggattt aatccc 46

<210>16
<211>39%
<212>DNA

<213>Artificial Sequence



R

<220> <223> primer 9 Decenber 2003 1011 7 <400> 13 ggaca tat ol éacaa
tccctggaag t 31 <210> 14 <211> 29 <212> DNA <213>'Art| 5£ﬁl %gg% nce
<220> <223> :priner <400> 14 ggggtacctt aaggcagctt gaccacggc 29 <210>15
<211>46 <212>DNA <213>Artifici al Sequence <220> . <223>prinmer <400> 15
tttttcagct ggagctcgtc gacatgcatg aachgfaitt aatccc 46 <210>16 <211>39
<212>DNA <213>Artificial Sequence 9 Decenber 2003 11/1 7 <220> <223>pri mer
<400>16 ccggaattcc atatgcagat gttataaatg aattagata 39

<220>

<223>primer

<400>16

ccggaattcc atatgcagat gttataaatg aattagata 39

<210>17
<211>32
<212>DNA

<213>Artificial Sequence

<220>

<223>primer

<400>17

cggaagctita tagatggatt tttetttttt at 32

<210>18
<211>45
<212>DNA

<213>Artificial Sequence

<220>

<223>primer

<400>18

tttttgatatc gagctcgtcg acatgeatct tiggagattg atctt 45



<210>17 <211>32 <212>DNA <213>Artificial Sequence <22Q> <22 >P | eer
<400>17 cggaagctta tagatggatt tttctttttt at 32 <210>18 Perenge 2>DNA
<213>Artificial Sequence <220> <223>priner <400>18 tttttgatatc gagctcgtcg
acatgcatct ttggagattg atctt 45 9 Decenber 2003 12/1 7 <210> 19 <211> 5804
<212> DNA <213> E.coli, Yarrow a |ipgebytisca <220> <223> _plasm d pSUT5
<400> -19 aggccattct cgttactgcc aaaacaccac ggtaatcggc cagacaccat ggacgagt at
60 ctgtctgact cgtcattgcc gcctttggag tacgactcca actatgagtg tgcttggatc 120
actttgaggzog attcttc gttggaggct gtgggtctga cagctgegtt ttcggcgcgg 180
ttggccga acaat atcag ctgcaacgtc attgctggct ttcatcatga tcacattttt 240
gtcggcagggrgg%&@gccca gagagccatt gacgttcttt ctaatttgga ccgatagccg 300
tatagtcc tctatctata agttcaacta actcgtaact attaccataa catatacttc 360
actgcccgag,atgpggttcc gat aaaaagt tctgcagact aaatttattt cagtctcctc 420

<213> E.coli, Yarrowia lipolytica

<220>

<223> plasmid pSUTS

<400> 19

aggccattct cgliactgcc aaaacaccac ggtaatcggc cagacaccat ggacgagtat 60
ctgtctgact cgtcattgee gecttiggag tacgactcca actatgagtg tgcttggatc 120
actttgacga tacattctic gttggaggct gtgggtetga cagotgeogtt ttcggegegg 180
ttggccgaca acaatatcag ctgcaacgtc attgetgget ttcatcatga tcacattitt 240
gicggcaaag gecgacgecca gagagcecatt gacgttctit ctaattigga ccgatagcecg 300
tatagtccag ictatctata agttcaacta actcgtaact attaccataa catatactte 360
actgcecccag ataaggttce gataaaaagt tctgcagact aaatttattt cagtctccte 420
ftcaccacca aaatgcectc ctacgaagcet cgagctaacg tccacaagte cgectttgece 480
geotecgagtge tcaagctcgt ‘ggcagccaag azaaccaacc tgtgtgette tctggatgtt 540
accaccacca aggagctcat tgagcettgec gataaggtcg gaccttatgt gtgecatgate 600
aagacccata tcgacatcat tgacgacttc acctacgccg gcactgtget ccecctcaag 660
gaacttgctc ttaagcacgg tttcticctg ttcgaggaca gaaagttcge agatattgpgc 720
aacactgtca agcaccagta caagaacggt gictaccgaa tcgecgagtg gtecgatatc 780
accaacgcecc acggtgtace cggaaccgga atcattgetg gectgegage tggtgecgag 840
gaaactgtct ctgaacagaa gaaggaggac gtctctgact acgagaactc ccagtacaag 900
gagttcctgg tcccctetee caacgagaag ctggecagag gtctgetcat getggecgag 960
ctgtcttgca agggctctct ggecactgge gagtactcca agcagaccat tgagettgee 1020
cgatccgacc ccgagtttgt ggitggcttc attgeccaga accgacctaa gggegactet 1080

gaggactgge ttatictgac ccccgggotg ggteitgacg acaagggaga cgetetcgga 1140



ttcaccacca aaatgccctc ctacgaagct cgagctaacg tccacaagtc C@@Cttt cc2oé§0
gctcgagt gc tcaagct cgt ggcagccaag aaaaccaacc tgtgtgettc tttggEgE <540
accaccacca aggagctcat tgagcttgecc gataaggtcg gaccttatgt gtgcatgatc 600
aagacccata tcgacat cat tgacgacttc acctacgccg gcactgtget ccccctcaag 660
gaacttgctc ttaagcacgg tttcttcctg ttcggggaca gaaagttcge agatattgge 720
aacact gt ca aacaccaata caagaacggt gtctaccgaa tcgccgagtg gtccgatatc 780

accaacgetgragtaggt gpaatyitgagges e tgin teth ceggag odggatyc cat gragageg geggtigee gag 840
gaaactgtct ctgaacagaa gaaggaggac gtctctgact acgagaactc ccagtacaag 900
gagt t ccEgRpateigt arggeaseaacygRpaed digfgeeayagaagogapcewagnaggst dge@gag 960
ctgtcttgca aggccactct ggccactggc gagtactcca agcagaccat tgagcttgcc 1020
cgat ccq88EB MR CHE¢R28y 1A gatist tagasgticeatrdatgae§alateaiiayggaddlt ct 1080
gaggact ggc ttattctgac ccccg?aggtg ggt ctt gacg acaagggaga cgctctcgga 1140 9
DecenbeF&8@tat1agagagedig (@ag

e SR L

atg ggt c aa%@ggﬁ 8 tt%t;gig{?tg ?“ttf’%atﬁg% gag?tg{:%gt g %ﬁgé&g &tagtﬁgﬁa&c gt ég O@tg at c g gc atg
0

ot aat ac et fy ST Rt et b Pl R R o BE8R, 2L o 13501 gt gt at o9

cttattc Egﬁc%tggcg ca%%ﬁ@&?tagggcc%?% g%ftg(%ac?%S&Cc%%a%gcaqg%%?z?ac aGkygcaccaaaac

cat gat caaa ccacccat ga ‘ggc¢agaagaa c at gg_ aaaagct caa
gagagag - g o a t C a ccaagct ct
gt acaccggﬁzc%%g &g%g%g%?gg% cgtc t%ﬁggt%taag agégat gég%a%%‘ggggtg 8?cggagagag
t CQCCQCG%g%&QQ-at&igﬁéétagtg&g%é&%Q&%ag%%@%&ggt%a%gégt agg4@gtatattca

agcaagtata 1860 tccgtagggt gcgggtga ggat ct aag gt t cgtactc aacact cacg

agcagct kgratfAQ paitgicgtd acapshalt diiBhizA0REAIBREA te legagkogt acttacac
acggggtgta 1980 cctgtatgag caccacctac aattgtagca ctggtacttg tacaaagaat

ttattcgpama?i4 g@asinacaggcHAcsyceoanacl aaRHaac 16aQ6eARt ag60t cageggt ¢
ccctgcagtg 2100 actcaacaaa gcgatatgaa catcttgcga tggtatcctg ctgatagttt

tt act gt aegldp@t Fagagiphgt ehagais gtibgtabageadalctdate agoigcabt ca 16agct caagg
ggagggat aa2220
clatgitaca tccttitatc agacataaca taattggapt {tacitacac acggggtgta 1980

cctgtatgag caccacctac aattgtagca ctggtacitg tacaaagaat ttattcgtac 2040
gaatcacagg gacggccgec ctcaccgaac cagegaatac ctcageggte cectgeagtg 2100
actcaacaaa gcgatatgaa catcttgega tggtatcectg ctgatagttt ttactgtaca 2160
aacaccigtg tagctccitc tageattttt aagttattca cacctcaagg ggagggataa 2220
attaaataaa ttccaaaagc gaagatcgag aaactaaatt aaaattccaa aaacgaagtt 2280
ggaacacaac CCcccgaaaa aaaacaacaa acaaaaaacc caacaaaata aacaaaaaca 2340
aaataaatat ataactacca gtatctgact aaaagttcaa atactcgtac ttacaacaaa 2400

tagaaatgag ccggccaaaa ttctgcagaa aaaaatttca aacaagtact ggtataatta 2460

aattaaaaaa cacatcaaag tatcataacg ttagttattt tattttattt aataaaagaa 2520
aacaacaaga tgggctcaaa actttcaact tatacgatac ataccaaata acaatttagt 2580
atttaictaa gtgctittcg tagataatgg aatacaaatg gatatccaga gtatacacat 2640
ggatagtata cactgacacg acaattctgt atctctttat gttaactact gtgaggcatt 2760
aaatagagct tgatatataa aatgttacat ttcacagtct gaacttttge agattaccta 2760

atttggtaag atattaatta tgaactgaaa gttgatggca tccctaaatt tgatgaaaga 2820

tgaaattgta aatgaggteg taaaagaget acagtcgttt tgititgaga taccatcatc 2880

832 ettt gaciglatyriEsiceret adédPaa cggat at cat



attaaat aaa ttccaaaagc gaagatcgag aaactaaatt aaaattccaa agﬁﬁggagégéﬁé
ggaacacaac cccccgaaaa aaaacaacaa acaaaaaacC caacaaaata aacaaaaaca Z340
aaat aaat at at aactacca gtatctgact aaaagttcaa atactcgtac ttacaacaaa 2400
t agaaat gag ccggccaaaa ttctgcagaa aaaaatttca aacaagtact ggtataatta 2460
aatt aaaaaa cacatcaaag tatcataacg ttadgéflhttt tattttattt aataaaagaa 2520

actttcaact tatacgatac ataccaaata aca agt 2580

atttat 2?%%%?8%5%@?&?8%%é%ta%ﬁtgﬁga%@%aa&ﬂ&g@% Feibesaa; adaad 29 2240

S t%atf'%%t%% ERG% RRSE i alire L ERRE, OL93P8E: L 5760
2820

Pynatt Legn bl tﬁ‘?ti“‘agat%ﬁ%%ﬁ SRR BERaLET BRI DO4880°0% Tas0 o

Decenbey;,2003 Ja%/t;g&zo&cgt m@&gaqéaa%a%gt 122,223t S1:6200, 9t 9akgah ga gt cat tgeca

t cccgggaaa t€atcdtg gctgatattt ctaactgttt acttgagata aatatatatt

{ acaagagelocfI00 oibEGR) 1ARBHd@NbANALY 2ARBRLONAD 60900330 | act acoa

ggaat aaa t 30 atctgttyg ac agaagtt atgaatattc agratatatg cacat at aat

aaccaacx;ggagaal,%% c@gg@t@gtt £Ga g%ggge&gs%ggﬁ% cagiaat @ Qaggga@@@c;@ct ct gacac

at gcagctcc 3 cggagacggt cacagcft gt aagcgg a gccgggag cagacaagcc

cgt cagygeadtl 1eeqizeags 996G kel ¢0gEdtactdacagaas! sageidiaactaod gcggcat ca
gagcagattg 3300 tactgagagt gcaccatacg cgcgctatag ggcgaattgg agctccaccg

Cggt ggcurega3ant gegmaticgoenroet AGY 9QagLateCadIgate: caggaaigccgiad at caaget
tat cgat acc3420 gt cgacctcg agggggggcc cggtacccag cttttgtccc tgcgcegct at
gcggt gt gatrhgha ataigguacacgatgytg tcaggagagaanataageicigtahmaggc 3g2bgcat t aa

t gaat cggcc 3540 aacgcgcggg gagaggcggt ttgcgtattg ggcgctctcc ctaggcaatt
aacagat gtyigagB09 agEEgRIgygt ereteaaht atitgtc@agrpegtacg@etaiedd t gd8¢at aacgat t

t at gt aacga 3660 aactgaaatt tgaccagata ttgttgtaaa tagaaaatct ggcttgtagg
t ggcaaadiRéCH RN SR eas BagaaReticcestaterseetgatgtajite igastcegecdp4cect tt at gt
tcgactgtcg 3780 tatttcttat tttccataca tatgcaagtg agatgcccgt gtcctcctcg
ct cact gB¥aBescHA gaéwgébéig@gb?éﬁ&@%&@j@“ét“gjé%@@ﬁga%@%tﬂh BVt cact caaag
gcggt aat ac 3900 %g@tatccac agaat ca 3% gataac gaaagaacat gt gagcaaaa

ggccach&Q*%@%@ta e 4354 ety R g4 g@@@%@ttt@é cctgggetc
cgcccccc&g %

aacigaaaft tgaccagata ttgttgtaaa tagaaaatct ggcettgtagg tggcaaaatc 3720

ccgtctitgt tcatcaattc cctetgtgac tactcgtcat ccctttatgt tegactgtecg 3780

tatttctiat tttccataca tatgcaagtg agatgcccgt gtecteeteg ctecactigact 3840

cgetgegete ggtegttcgg ctgeggegag cggtatcage tcactcaaag geggtaatac 3900
ggttatccac agaatcaggg gataacgcag gaaagaacat gtgagcaazaa ggecagceaaa 3960
aggccaggaa ccgtaaaaag gocgeogttge tggegttttt cecataggete cgccbccctg 4020
acgagcatca caaaaatcga cgctcaagic agaggtggceg aaacccgaca ggactataaa 4080
gataccaggce gtttcccect ggaagetece tegtgegete teotgticeg accctgecge 4140
ttaccggata cctgtcegece tttcteoctt cgggaagegt ggegettict caatgetcac 4200
geigtaggta tctcagttcg gtgtaggicg ttcgotccaa gotgggetgt gtgoacgaac 4260
ccceegtteca goccgaccge tgegecttat ceggtaacta tegtottgag tccaaccegg 4320
taagacacga cttatcgcca ctggeageag ccactggtaa caggattage agagegaggt 4380
atgtaggcpp tgctacagag ttottgaagt gptggectaa ctacggetac actagaagga 4440
cagtatitgg tatctgcgcet ctgetgaage cagttacctt cggaaaaaga gtiggtaget 4500
cttgatccgg caaacaaacc accgctggta geggtggttt tttigtttge aagcageaga 4560

ttacgcgcag aaaaaaagga tctcaagaag atcctttgat ctttictacg gggtctgacg 4620



acgagcat ca caaaaat cga cgctcaagtc agaggtggcg aaacccgaca ggaplala g@oj)%
gat accaggc gtttccccct ggaagctccc tcgtgegetc tcctgttcecg accctgecgce

ttaccggata cctgtccgecc tttctcecctt cgggaagcgt ggcgctttct caatgctcac 4200
gctgtaggta tctcagttcg gtgtaggtcg ttcgctccaa gctgggcetgt gtgcacgaac 4260
ccccegttca gececcgaccge tgecgecttat ccggsamgta tcgtcttgag tccaacccgg 4320

t aagacac cttatcgcca ctggcagcag ccactggtaa caggattagc agagcgaggt 4380

at gt agg&é‘@gﬁ@@ﬂ FEAT e eRHiRReRGE YhERigat BagAttatae ggeagsatect éég@gga 4440
cagtatttgg tatctgcgct ctgct aagc cagttacctt cggaaaaaga gttggtagct 4500
cttgatcE‘b’gc@%‘aE &E’tﬂta‘ SR A5t altHRdIE ggtataaagtt atgtatgasd aagggﬂj@aga 4560
ttacgcgca aaaaaaa a tctcac aagg atcctttgat cttttctacg gggt ctaacg 4620 9
Decenbef? @@t“lfﬁ ttE‘E 63@@@83%{ CHPASEERG %%Ptﬁﬁf?aaéwéggﬁttéép at gagattatca

aaaagga aaat taaaaat tttaaat at ct aaagt
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agt aagttgg 522 ccgcag atcactca g g gcag cactgcataa tactcttact

gt cat gcﬁ@'gta'i% ttcﬁﬁl&g&ﬁ&%’ggtt@&é %h@éeﬁ&é}igagé%%gtt gebeaaccagegt cattctga
gaat agtgta 534 t gcggcgacc gagttgctct tgcccggcgt caat acggga taataccgcg
ccacat a@agtgéﬁlOaazg@aggt&ta@,@&;o&i@igggﬁceﬁhgatat:g@g&aga%g%atg@ﬁggcgggzgcgaaaact c
t caaggatct 5460 taccgctgtt gagatccagt tcgatgtaac ccactcgtgc acccaactga
t ctt cagcageaghil0 atcdctddracgititgganrc agagtitah Clitg@ohongtCagaaac aggtaaggcaaaat
gccgcaaaaa 5580 agggaataag ggcgacacgg aaatgttgaa tactcatact cttccttttt
caat at t atgta&gng ctjscgtpatisptigarggytiatad gicdita@pgagatgyataacado at t t gaat gt
atttagaaaa 5700 ataaacaaat aggggttceg cgcacatttc cccgaaaagt gccacctgac
gt ct aagtErESSI8T gagitactelt Igarcggnst avatacggan tratteeeryg aagget av0dacg 5804

gaactttaaa agtgctcatc attggaaaac gticticggg gcgaaaactc tcaaggatct 5460
taccgetgtt gagatccagt tcgatgtaac ccactcgige acccaactga tcticageat 5520
citttactit caccagcgtt tctgggtgag caaaaacagg aaggcaaaat gccgcaaaaa 5580
aggpaataag ggcgacacgg aaatgttgaa tactcatact cttccttitt caatattatt 5640
gaagcattta tcagggttat tgtctcatga gcggatacat afttgaatgt atitagaaaa 5700
ataaacaaat aggggttccg cgcacatttc cccgaaaagt geccacctgac gtctaagaaa 5760

ccattattat catgacatta acctataaaa ataggcgtat cacg - 5804
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DNA 9 Decenber 2003 16/1 7 <400> 20 tactctagag 10 <210>2 S5TPSh &
<212>DNA <213>Candi da mal tosa <220> . <221 >CD S <222>538..1413
<223>Adel <400>21 gatccccttc ttcaaacctt taaatgacat tgtttcgttt ctctatgttt
ggtatcggtt 60 cttcttcttc ttcaaaaaaalagyggggcac tattcaaaaa aaaatattat
aacagtatga 120 tttttttccc tctccecgtcg attgaggttt tttttttctec tttegtcettg
gtcttttg POIs tttcactcca aaaat ggaaa cacgcgcggc tcaactcgaa atccgtgatc
aaaaaaataa 240 aggctgtgag tttcgagcca ataattatga attagtggta ttttttttaa
agat aaat¥4°'8868 tcaagaatcg cattagggag acgaatatgc gttattcaaa tQaaaagaca
attcttttag 360 ggtagcattt cccttcaagt tcatcccaca tgtacattaa tgtcaatgat
gtcgcagaag 420 ttaaattagc agaagaaaaa aaaaatgtga attactccga gtcaactctt
ctttctct §0§gg ttctttttct tctttatcac cataatcacc accaccacca ccaccaccag
ctcccagatg 5 acttcaacta acttagaagg aactttccca ttgattgcca aaggtaaagt
cagagatq&ﬁlgggu)taccaagttg acgacaacac tcttttattc gttgctactg atagaatttc
cgcatacgat 6 gtgattatgt ctaatggtat cccaaataaa ggtaaaatct taaccaaatt

gt ct gaathgIRRa tggtttgatt tcttgccaat tgaaaaccat ttaatcaaag gagacatttt
ccaaaaat at 780 '

<213>Candida maltosa

<220> -
<221>CDS
<222>538..1413

<223>Adel

<400>21

gatccccttc ticaaacctt taaatgacat tgtttegtit ctctatgtit ggtatcggtt 60
cttcttcttc ttcaaaaaaa aggggggcac tattcaaaaa aaaatattat aacagtatga 120
ttittttcce tctccegtecg attgaggtit tttitttcte tttegtctig giettttget 180
fttcactcca aaaatggaaa cacgegegge tcaactcgaa atccgtgatc aaaaaaataa 240
aggctgigag tttcgagcca ataattatga attagtggta tttittttaa agataaataa 300
tcaagaatcg caitagggag acgaatatgce gttattcaaa taaaaagaca attcttttag 360
ggtagcattt cccttcaagt tcatcccaca tgtacattaa tgtcaatgat gtcgcagaag 420
ttaaattagc agaagaaaaa aaaaatgtga attactccga gticaactctt ctttctcttc 480
ttcttittct tctttatcac cataatcacc accaccacca ccaccaccag ctcccagatg 540
acttcaacta acttagaagg aactttcccﬁ ttgattgcca aaggtaaagt cagagatatt 600
taccaagttg acgacaacac tcttttattc gttgctactg atagaatttc cgcatacgat 660
gtgattatgt ctaatggtat cccaaataaa ggtaaaatct taaccaaatt gtctgaattc 720
tggttigatt tcttgccaat tgaaaaccat ttaatcaaag gagacatttt ccaaaaatat 780
cctcaactag aaccatatag aaaccaattg gaaggcagat ccftacttgt tagaaaattg 840

aaattgatcc ctcttgaagt tattgttaga ggttacatca ccggttccgg ctggaaagaa 900



cctcaactag aaccatatag aaaccaattg gaaggcagat ccttacttgt tggaa l%é%[gz[g)éo
aaattgatcc ctcttgaagt tattgttaga ggttacatca ccggttccgg ctggaaagas 900 9

Decenber 2003 17/1 7 taccaaaaat ctaaaaccgt ccacggtatt cctattggtg atgtggttga
at cacaacaa 960 atcactccta tcttcacccc atccactaaa gcagaacaag gtgaacatga
t gaaaatatc 1020 accaaagaac aagctgacaa;gattgttgga aaagaattat gtgatagaat
t gaaaaaatt 1080 gctattgatt tgtacaccaa agccagagat tacgctgcca ctaaaggaat
t at t at ctperadard( clegpapacgtagedcgpt ghatctatggeipt nbgatiggd geamaacat gO0ttctt gttga
cgaagtttta 1200 actccagatt cttccagatt ctggaatgct gctaaatacg aagttggtaa
at ct caa@ke@cttgBQ iciieacret gt eaciandagragaacagnigancatgn tigzeetatet D28t ggt gt t gc
t ggt aaagat 1320 . ggtgttgcta t%cctgaaga cattgtcact gaaaccaaga gcaaat acgt
t gaagct P43V 2pAadneat SAEHERR faearrttat ggtoataarat tigaradeaigdlt atctatt a
ttaaagcttt 1440 ctatttatcc caaactttcg tagtattttc tgacatgttc agatgttttt
act t t at B8O B1REACHA ARCC28a83Y R B B Coh (A AeEat! tgféacsttadei? ct t gat aat
gcaacatatpg 1560 cttggaccatt a%caaaactt ctacctsaat ctattttgac tctgtccaaa

gt t t gacBEBCEE30 &AL (1HPgagat BAsRatal g citetigtist £eaasitita 144 gttt gttttt

t ggt tt 1680 tt tt t t tggttte ttt t t
Cgaagactrgeano o Gt AakeddoeaPeethoR PHledlt 4hePdaRoldollsact i ara
cttgtt arth?acéggo aa@a%t%taéggaggagt%%grtttaggt‘i&a1§t2g%tgttgc tggtaaagat 1320

ggtgtigeta tgectgaaga cattgicact gaaaccaaga gcaaatacgt tgaagcttac 1380

gaaaatttaa ctggtgacaa atggcaagaa taaattaagg atatctatta ttaaagcttt 1440
ctatttatcc caaactttcg tagtattttc tgacatgttc agatgttitt actttatctt 1500
tectgaaatt tttgattict aaccgactct tgcatgtage tcttgataat gcaacatatg 1560
cttgaccatt agcaaaactt ctacctaaat ctatittgac tctgtccaaa gittgaccit 1620
gagcittgtg gatcgacatc geccacgaca agatcatttg gtttgttttt atggtgegtt 1680
atiggcactt ggtgcaactg atggtttaac titggaagag gctaagaaat tgaagactig 1740
gaatgaagaa cgigcatctg atttcaaatt gggtgaagaa ttgacttata ctigttataa 1800

aatgtatcat gatgttgatc 1820





