7 Novenber 2003 1 DESCRI PTION GENE DI SRUPTED YEAST TECHNI CAL FIELD 5 The
present invention relates to a nethod of disrupting a specific chronosonal
DNA occurring in a yeast based on the principle of honol ogous
recombination, and to a gene disrupted strain. The presenty NdveRibkr 2003l SO
relates to the production of an industrially useful 10 substance using
sai d di srupted strain. BACKGROUND ART Ad¥ances in gene reconbination
technol ogy have made it possible to produce industrially useful substances
in 15 large anobunts utilizing prokgﬁ 8%?? ﬁéNeukaryotes. Anong eukaryot es,
yeasts, in particular yeasts belongln% ? genus Saccharonyces, have
been utilized for the producti GENEoDTSRURIMIE&BARM products, inclusive of
sake and other alcoholic drinks for a long time, and Candi da naltosa once
20 had been used as a mcrobial protein-containing food or feed. Thus, the
safety of yeasts thensel ves has bEERINEEBLeHIE¥Basts can grow rapidly and

can be eul tivatedrhie I&reé'érg@ein@@r%iéﬂ ﬁél&@@ﬁaﬁéda%éjah@é%f“ a general ly.
be easi | separated from culture nedium as

25 Furtherq? %%faSt cells Cﬁ
conpar ed wi ThSBELERY & aTRECT hEF eFloF @08 maisDH%SQFBPér%BgfaPtHeyegﬁﬁpl|fy
t he processbd®sd pomdicé pfmmmﬂple0@fandm@U®géu§atb@@mbihhthéhngahae%6

characteris Yy e een hosts in the 30 roductlon of -
usef ul prod‘%c %nus(?%%ﬁ?%{g%%b?n ?‘l%nDNigl msqrhte RYsH PR I"Pe]r%cbf has been
est abl i shedre oy b@rtmmspw@®3¢s1omeaﬁtsnbemdugtngalbytheegamus Candi da,
unl | kevohosaubhel gk Ngs 105 {0e: genyisr Sacchagopyegs, | do not Form et hanol

when cul tivated under aerobic 5 condi tions their gromh is not
i nhi bited by et hanol,
BACKGROUND ART

Advances in gene recombination technology have made
it possible to produce indﬁstrially useful substances in

15 large amounts utilizing prokaryotes or eukaryotes. Among
eukaryotes, yeasts, in particular yeasts belonging to the
genus Saccharomyces, have been utilized for the production
of fermented food products, inclusive of sake and other
alcoholic drinks for a long time, and Candida maltosa once

20 had been used as a microbial protein-containing food oxr
feed. Thus, the safety of yeasts themselves has been
proved. '

Yeasts can grow rapidly and can be cultivated in a
higher density as compared with bacteria generally.

25 Furthermore, yeast cells can be easily separated from
culture medium as compared with bacteria and, therefore, it
i1s possible to further simplify the process for product
extraction and purification. Utilizing these
characteristics, yeasts have been used as hosts in the

30  production of useful products using recombinant DNAs, and
the utility thereof has been established.

Among various yeasts, yeasts belonging to the genus
Candida, unlike those belonging to the genus Saccharomyces,
do not form ethanol when cultivated under aerobic

35 conditions, and their growth is not inhibited by ethanol,



7 Novenber 2003 2 either. Therefore, efficient production of their cells
and hence efficient substance production is possible by continuous,
hi gh-density culture thereof. Furthernore, the anascosporogenous yeast

Candida naltosa is characterized in 5 that it can utilize ?W@n&ﬁﬁ%ﬁ?@béﬁ to
C40 straight-chain hydrocarbons, and fats and oils such as pal m ol -
coconut oil, each as the only carbon soufce. Since this characteristic is

advantageous in the production of useful substances by conversion of
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15 expected to be utilizable in the production of useful
substances through gene recombination in Candida maltosa
and, therefore, works have been done energetically to
develop gene expression systems for such purpose (Japanese
Kokai Publication Sho-62-74287, Japanese Kokai Publication

20 Sho-62-74288, Japanese Kokai Publication Hei-02-72822) .
Recently, it has been disclosed that Candida maltosa can be
utilized in producing straight-chain dicarboxylic acids
through gene recombination thereof (WO 99/04014).

In cases where a yeast is used as the host for

25 substance production through gene recombination, it is
necessary to obtain a mutant having a selective marker,
such as an appropriate auxotrophic character, like in the
case of using Escherichia coli and the like. Such mutants
have been obtained by random mutagenesis with a mutagen

30 such as nitrosoguanidine or ethyl methanesulfonate.
However, although this method of mutagenesis gives desired
auxotrophic mutants, the possibility of mutation having
been transformed into a site or sites other than the
desired site cannot be denied. This poses an obstacle to

35 development of yeast hosts and can be said to be the cause



desired site cannot be denied. This poses an obstacle to 35 devel opnent. of
yeast hosts and can be said to be the cause 7 Novenber 2003 3 of delay in
utilizing yeasts as fields of substance production as conpared with
Escherichia coli and the Iike. For exanple, in spite of th?l\io%fnbbpé‘é%
host-vector systems for Candida naltosa_were devel oped fairly |ong ago,
and a nunber of auxotrophic nutants t her éof have been obt ai ned by

nmut agenesi s treatnent, there was no new connerC|aI|zed useful chem ca
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ment i oned %9&%% ef%&%% OQEanpgg%gtggngagg the ADE]1 gene and HISS
gene (Kawai S. et al., Agric. Biol. Chem., 55: 59-65 ‘
15 (1991}), but is poor in proliferation potency as compared
with wild strains. This is considered to be due to
mutation at another site or other sites than the desired
sites.

Another problem with mutants obtained by random

20 mutation is spontaneous reversion of the sites of mutation.
In this case, revertants grow preferentially during culture
and, therefore, the substance productivity of recombinants
may decrease. Additionally, if such a revertant leaks out
into the environment, the possibility of its living and

25 growing is high, possibly posing a problem from the séfety
standards viewpoint. Therefore, it is not adequate to
utilize yeast strains obtained by random mutagenesis as
fields of substance production. Thus, it has been desired
to obtain a disrupted strain with a specific auxotrophic

30 gene alone disrupted.

As mentioned above, a number of mutants of Candida
maltosa as resulting from mutation in the ADEl gene,
histidinol phosphate aminotransferase (HIS5 gene),
orotidine 5’-phosphate decarboxylase (URA3 gene) and so

35 forth have been obtained (reference: Wolf K. (ed.):



mal tosa as resulting frommnutation in the ADE1 gene, histidinol phosphate
am notransferase (H SS gene), orotidine 5 -phosphate decarboxyl ase (URA3
gene) and so 35 forth have been obtained (reference: WIf K (ed.): 7
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However, any Candida naltosa strain with a specific gene alone disrupted
and wi th auxotrophy has not yet been obtained. To construct a system f or
producing an 5 industrially useful substance t hr ough gene reconbi nation
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nut agenesi § iy eMarRititafi skandl dan R 1 PSzs adlilitp@to utilize and grow
on straight-chain hydrocarbons, and fats/oils such as palm
oil and coconut oil, each as the only carbon source.
15
SUMMARY OF THE INVENTION
The present inventors made intensive investigations
in an attempt to solve the problems discussed above and, as
a result, produced an ADEl gene disrupted yeast strain by
20 making full use of gene'recombination techniques and based
on the principle of homologous recombination with a
chromosomal DNA by using a DNA (ADEl gene) fragment
encoding phosphoribosylaminoimidazole succinocarboxamide
i e synthase (EC6.3.2.6) and succeeded in obtaining an adenine-
25 requiring yeast. The proliferation potency and gene
expression capacity of that gene disrupted yeast were
compared with those of the ADEl gene mutant CHAl derived .
from mutagenesis treatment of Candida maltosa, and it was
demonstrated that the gene disrupted strain is superior in
30 both capacities to the CHAl strain. This and other
findings have now led to completion of the present
invention.
Thus, the present invention relates to
a yeast in which ADEl gene in chromosomal DNA has
35 Dbeen disrupted by homologous recombination with an ADEl DNA



denonstrated that the gene disrupted strain is superior in 30 both
capacities to the CHAlL strain. This and other findings have now led to
conpl'etion of the present invention. Thus, the present invention relates
to a yeast in which ADEl gene in chronosonal DNA has 35 been disrupted by
honol ogous reconbi nation with an ADE1 DNA 4 7 Novenber 20Wgvemifar@gb@nt. The
invention also relates to an ADEl1 gene éji srupt ed yeast transformant which
is transformed with a DNA sequence contai ning a honol ogous or heterol ogous
gene. 5 Furthernore, the invention relates to a nethod of produci ng gene

expressi onE i ehiet S WiieC A ne@RR b3e S 16 tdavatidy t transformant of an ADEl
gene di srupted yea nd recoyvering a, honol ogous or heterol ogous gene

expr essi on prodiftt 990 dhFHEEed WRsH ndRN IRy ticularly, it
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C transformant obtained by transforming a homologous or
heterclogous gene expression system into an ADEl gene

, disrupted strain of Candida maltosa. Here, a two-component

15 copolymerization polyester from 3-hydroxybutyrate
(hereinafter referred to as “3HB” for short) and 3-
hydroxyhexanoate (hereinafter referred to as “3HH” for
short) (hereinafter referred to as “P(3HB-co-3HH)” for
short) is useful as a biodegradable polyester, and a

20 polyester polymerase and enoyl-CoA hydratase are the
enzymes involved in the synthesis of that polyester. The
inventors succeeded in producing P (3HB-co-3HH) by
transforming expression systems for these polyester
polymerase gene and enoyl-CoA hydratase gene into an ADE1

25 gene disrupted strain of Candida maltosa according to the
invention and thus could demonstrate the utility of the
ADEl gene disrupted Candida maltosa. Thus, the invention
also relates to a method of producing polyesters using a
transformant of an ADEl gene disrupted strain which method

30 comprises recovering a polyester from the culture obtained
by cultivating the transformant.

DETAILED DESCRIPTION OF THE INVENTION
The present invention is now described in detail.
35 The yeast to be subjected to ADEl gene disruption by



invention and thus could denonstrate the utility of the ADEl gene

di srupted Candi da nmaltosa. Thus, the invention also relates to a nethod of
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whi ch net hod 30 conprises recovering a polyester fromthe ¢WNdwh®epR0ES ned
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to ADE1l gene disruption by 7 Novermber 2003 6 honol ogous reconbination is
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Synpodlony f
K oeckeraspora, Kluyveromyces, Kondoa, Kuraishia,

15 Kuortzmanomyces, Leucosporidium, Lipomyces, Lodderomyces,
Malassezia, Metschnikowia, Mrakia, Myxozyma, Nadsonia,
Nakazawaea, Nematospora, Ogataea, Oosporidium, Pachysolen,
Phachytichospora, Phaffia, Pichia, Rhodosporidium,
Rhodotorula, Saccharomyces, Saccharomycodes,

20  Saccharomycopsis, Saitoella, Sakaguchia, Saturnospora,
Schizoblastosporion, Schizosaccharomyces, Schwanniomyces,
Sporidiobolus, Sporobolomyces, Sporopachydermia,
Stephanoascus, Sterigmatomyces, Sterigmatosporidium,
Symbiotaphrina, Sympodiomyces, Sympodiomycopsis,

25 Torulaspora, Trichosporiella, Trichosﬁoron, Trigonopsis,
Tsuchiyaea, Udeniomyces, Waltomyces, Wickerhamia,
Wickerhamiella, Williopsis, Yamadazyma, Yarrowia, Zygoascus,
Zygosaccharomyces, Zygowilliopsis, and Zygozyma, among
others.

30 Among these yeasts, the genera Candida, Yarrowia,
Kluyveromyces, Hanseniaspora, Hansenula and the like are
preferred in view of the possibility of efficient cell
production and substance production by continuous high-
density culture. In particular, the genus Candida is

35 preferred in view of the advanced studies of the host-



25 Torul aspora, Trichosporiella, Trichosporon, Trigonopsis, Tsuchiyaea,
Udeni onyces, Wl tonyces, Wckerhama, Wckerhamella, WIIiopsis,
Yamadazyma, Yarrow a, Zygoascus, Zygosaccharomyces, Zygow |l liopsis, and
Zygozyma, anong others. 30 Anong these yeasts, the genera7@uvdnthar 2003
Yarrow a, Kluyveromnmyces, Hanseni aspora, ,Hansenul a and the |ike are
preferred in view of the possibility of folClent cell production and
substance production by continuous high- density culture. In particular,

the genus Gasgida & s@énspreﬁ@ﬁé@dtlhé‘ i‘eﬁ&ﬁroévyﬁaﬁ@igrﬂﬁﬁgfs%ﬁ@ es of the
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12247 of Caridi Hiz ired tiisa. simes im aw@r@aaoéiwetnf thbeihpeamtiban can be
obtai ned fr nstitute of i ed_M crobi ol ogy, University of Tokyo
or 10 fron1¢%%§i§%w+%§£0%@ %9%1H$% ea%b?Pe8¥?§ﬁ??Nhnassas VA, ~USA) under
t he accessi on nurfbies wimﬁcsmarmal:mne 2ndl7 daf Gahtidda fhAtostr akad an
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AC16 strai ntbitiGdneR ol Hriplied Miteehbdleavactoidansatyi o Th&yoneention
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anDlOgous]ﬁé?%gg)ﬂﬁgéﬁ%]r@?@%bé%%@@?igetlgpom the above collecting
institution under ATCC 90625.

15 The ADEl gene disrupted ACl6 strain of Candida
maltosa obtained in accordance with the invention has been
deposited with the National Institute of Advanced
Industrial Science and Technology International Patent
Organism Depositary, Central 6, 1-1-1, Higashi, Tsukuba,

20 Ibaraki, Japan, as of November 15, 2000 under the deposit
‘number FERM BP-7366 under the Budapest Treaty.

Homologous recombination means recombination
occurring between two DNA base sequences in a region where
they have similar seguences or homologous sequences.

25 Gene disruption means causing mutation or inserting
another DNA in the base sequence of a dgene, or deleting a
portion of the gene so that the gene cannot function any
longer. As a result of gene disruption, the gene cannot be
transcribed into mRNA, hence the structural gene is not

30 translated, or the transcription product mRNA becomes
incomplete, hence mutation or deletion occurs in the amino
acid sequence of the translation product structural protein,
rendering the protein incapable of performing the original
function.

35 The ADEl gene means a gene fragment cemprising a



occurring between two DNA base sequences in a region where they have
simlar sequences or honol ogous sequences. 25 Gene disruption neans causing
mutation or inserting another DNA in the base sequence of a gene, or
.deleting a portion of the gene so that the gene cannot fUuRgdyembaNyoosa

| onger. As a result of gene disruption, the gene cannot be transcri bed
into NRNA, hence the structural gene is Aot 30 transl ated, or the
transcription product nmRNA becones inconplete, hence nutation or deletion

occurs int ! kdnS oy =38 he l.ati roduct struct.ura
protein, rgﬁ%%??%éEf%ghg?o?g#EQ?ﬁ%g a.Ieu%%%%éﬁﬁoF%?h%%ﬁ%g%drFgfﬁ%lon
function. 35CHHBIABEY BbpAsPheahboaYdenanpbiadmeso LeompoicdinegaxbbxEmisieer
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for phosphori osxlgn¥n§|nldazo e SUCC|nocarboxanléé synt hase .3.2.6)
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Bank: D0085§h %ﬁg DINA seguegﬁe thgreof S shggglunder SEQID NG I. The
ADEL DNA fraghent i Rarcates SPBRR°CaPaBl 8281 c §i8ekg SkendPod&ud -

reconbi nati on wi t Bhé hBDRDEINHefieaghehbeindheatesoneDNA theabiler ol al cel
and t hereby_.gj ty 0 . The . A en i ndi cate
phosphoribogg?i%#ﬁoPﬁgaggg?%;sﬁé%?%%ggg 8Q§nﬁagBE§EFh§§gﬁ @E@?GPg.%H%. The
t erm " honol 69698 gene" inehhe mhergbhaloceldr ang th&rebyt e shopt: ipeathe
chromog@re, aok1ageaetial DNA thereof. The term "heterol ogous gene" neans a
gene originally not occurring on the host yeast chronosone, or a partial
DNA thereof. A gehe 2Rt e887¥RechreeEaESFs a cyclic plasnmid 20 conprising
a transcri pphosphooibb eyl ahfnsegiieneeleasMAinocarboxamide synthase

(EC.6.3.2.6). ,
The term “homoclogous gene” means the gene occurring

15 on the host yeast chromosome, or a partial DNA thereof.
The term “heterologous gene” means a gene originally not
occurring on the host yeast chromosome, or a partial DNA
thereof.

A gene expression cassette is a cyclic plasmid

20 comprising a transcription promoter DNA sequence, a DNA
coding for the gene to be expressed, and a DNA containing a
terminator for terminating a transcription, and includes
the type capable of functioning extrachromosomally and the
Lype to be integrated into the chromosomal DNA.

25 As for the gene expression product, when the
substance expressed by a gene {product of gene expression)
is the desired protein or enzyme, the substance itself is
the gene expression product. A substance which is directly
different from the product of gene expression but is

30 produced by manifestation, in the host yeast, of catalytic
activities of various enzymes and coenzymes, which are
products of gene expression, is also a gene expression
product.

“PHA” 1s an abbreviation of polyhydroxyalkanoate and
. 35 stands for a biodegradable polyester resulting from



.coding for the gene to be expressed, and a DNA containing a termninator for
termnating a transcription, and includes the type capable of functioning
extrachronosormal ly and the type to be integrated into the chronosonal DNA.
25 As for the gene expression product, when the substancezexRefbeedody a
gene (product of gene expression) is the desired protein or enzyme, the
substance itself is the gene expression@product. A substance which is
directly  different fromthe product of gene expression but is 30 produced

by mani f est h host of ¢ tlc activities of various
enzynes andgéggg%@erlé gho%hogrgaﬁﬁgﬁaﬁg?zk b@n@cééﬁression, is also a
gene expressi on PORERIEtmedfHAY DEAaMeab@mealhhseﬂ oh pal pbydmexual kanoat e
and .35 st 0 ester resultin rom?7 venber
2003 6 coparhicstsas Fsled BYLPERPEE AR YRRk S et FRYou B 5ot {1 Pe TR
desi gned bé%%ﬁabnpehl%@@bh@ﬂaﬁelCQQTé@BG%Eivad p@lyeSEQBble expression

pol yIer gse- @ie0¢h N0i 9eAgn&IaRNES o KOk LU L AL LA LEL - 10 108887) SO as

to enabl e expression 5 thereof mal t 0sa. asé sequente
t her eof wasSHYRdWRLRH P ESEED | @phﬁ‘G "ORF3" neans a DNA desi gned based on

an Aerononas cavigrerderiyads e&lomhaC@ésbg'ﬁéat1§§§een68th9Ag%ﬁzo§1%%pa”ese
Kokai Publlcattonfibl-lo 0868ﬁ so as .t0 enable expression 10 thereof in

Candi da mal TDER2CTIRI ISR SRY n%%At%@?E@Faﬁﬁsen§ﬁéﬁﬁguﬁééﬁ SE@arppeNe 7. In
the fol | owikokahnPexbipheiof Hae-methodlésp) sonakruet enghas ARBLegenen

the df Sfupt et et ofh FERRIG Qe PRRn. 115 s RO SFR O EDCEET hgHaR ADEL
gene di sruptkesiider 269 FetNod7 nay be. used for the gene dlsrupted
strain constructipncyy oy des i &n dbsimpt€d, 5t LAk NLERRBRARES of
constructing an ADEl gene disrupted strain, an example of
the method of producing a polyester using the disrupted
15 strain are described.
(1) Method of constructing an ADEl gene disrupted strain
Any method may be used for the gene disrupted strain
construction provided that a disrupted strain incapable of
ADEl enzyme expression can be obtained. While various
20 methods of gene disruption have been reported, the gene
disruption by homologous recombination is preferred in view
of the fact that a specific gene alone can be disrupted
(Nickoloff J. A. (ed.), Methods in Molecular Biology, 47:
291-302 (1995), Humana Press Inc., Totowa, NJ). Among the
25 techniques of homologous recombination, the simple one-step
gene disruption technique which comprises only one
pbrocedural step of transforming the gene into yeast cells
is preferred in view of the fact that recombinant strains
highly safe in handling can be obtained as a result of
30 obtaining a disrupted strain with no spontaneous reversion.
The ADEl DNA fragment generally used for one-step
gene disruption is a DNA fragment derived from the gene by
partial intragenic DNA elimination and rejoining of the
remaining both terminal portions. Such DNA fragment can be
35 prepared, for example, by the PCR method {(polymerase chain



ADE1 enzyme expression can be obtained. Wiile various 20 nethods of gene

di sruption have been reported, the gene disruption by honol ogous

reconbi nation is preferred in view of the fact that a specific gene al one
can be disrupted (N ckoloff J. A (ed.), Methods in Ml ecdl eﬁbﬁhﬂ@@, 47:
291-302 (1995), Humana Press Inc., Totoma NJ) . Anong the 25 techniques of
honol ogous reconbi nati on, the sinple on %tep gene di sruption techni que
whi ch conprises only one procedural step of transforming the gene into

yeast cellsreéé %fﬁgfﬁﬁhi %lgﬁggiegpg Eag&oﬁhgtvegggggh t strains

hi ghly safe In can ained as a resdlt alnlng a
di srupt ed s¥¢%ﬁ¥#®¢%%nn@ﬂ%$®ﬁtaﬁ@bh@WE@VbWSIGDOlnInG ADE1e DG I egprent

general |y usegli§0r1 0nGrist&P b&@lﬁ‘et@}:ﬁiﬂﬁ?t benths ApDPNADNAAGHE g%r yed from
the gene by rtjal iTnptragenic DNA elimnation_and rejoinin 6
CER Hred for

remai ni ng b¥ %%%%?%a}fpb?t?%%Erl§ﬁ§hatmﬁﬁﬁﬁﬁgﬁﬂnpaééﬁ bBrS
exanpl e5 bynéhel EER mﬂnoﬂocop@éy@@r aﬁ@réhprefzrbm?rm@t 2093 %Qaﬁeaebl on

nmet hod) or b clea r a ve restrlctlon enzyne, wed
Dy 105 bi o1 Ao MO HSHRCYY Gif G Glbriuh (DU DEPHISE 1 Lo LA RS e DA
f ragnment iSﬂOBUIéSSIEhﬁnIQO%I monprpseseanbleanbtllebaseranpesterably 5 not
| ess than 200 basgs y o] ases. The honol ogy
é%%é’&{?ﬁ % be él#ﬁﬁﬁaEgghé 85@8 ﬁn?%rﬁ}g?erably

of each of both ternl 'S prefera €ss
not |ess th@ha@BQEPQMeekmmxm@tl@nmtherbefelthEnADéa gensuchnanpombien

that, 4pon RikhFOAM | O LEeLGRL . atPEy g suchr?hatjlgt%jDESt the

enzyne activity, The length of the E |aI
enzyme act i WA \1g 5Ok Beat ckherRBE ye§55ﬁ?aﬁ66&§lF§véﬁ§P6ﬁ b¥he chain

length of sestopad tihal s@d»ﬁcaﬁe@@é @avétgubarlwm@s&maﬁﬁepb@gﬁh dreferably
is not |less than 50 efer | ess tgag %00 bases. In

b
the practice ® Q?%F} ohs i BFG %Fﬁé r3stiidee

preferably 1s not less than 50 bases, more preferably not
15 less than 100 bases.
In the practice of the invention, a disrupting DNA
constructed by eliminating a 555-bp ADEl enzyme-encoding
DNA fragment and ligating a 630-bp 5’-side DNA fragment and
a 400 bp 3’-side DNA fragment was used (Fig. 1). The
20 portion eliminated corresponds to about 80% of the ADEL
enzyme protein. The 5'-side and 3’ -side DNA fragments both
have 100% homology with the original ADEl gene. The base
sequence of the disrupting DNA fragment used in the '
practice of the invention was shown under SEQ ID NO:2.

25 The DNA fragment used in the practice of the
invention was prepared using pUCl119-ADEl (Kawai S., et al.,
Agric. Biol. Chem.,r55: 58-65 (1%991)). Thus, Escherichia
coli transformed with the plasmid pUC119-ADE1l was
cultivated, and the plasmid is prepared therefrom. A

30 portion of the structural gene (gene coding for the ADE1
enzyme protein) of the ADE1l gene was cleaved out from this
plasmid with an appropriate restriction enzyme, and the
vector side is recovered and again ligated using a ligase.
A vector containing a disrupting DNA is thus prepared.

35 The disrupting DNA-containing vector is transformed



constructed by elimnating a 555-bp ADE1l enzyme-encodi ng DNA fragnent and
ligating a 630-bp 5 -side DNA fragnment and a 400 bp 3'-side DNA fragnent
was used (Fig. 1) . The 20 portion elim nated corresponds to about 80% of
the ADE1 enzyne protein. The 5'-side and 3'-side DNA fragmuvemder Boodhave
100% honol ogy with the original ADE1l gene. The.base sequence of the

di srupting DNA fragnent used in the pré@tlce of the invention was shown
under SEQ ID NO 2. 25 The DNA fragment used in the practlce of the

t UC119- Agr Bi oI
chem ;55 Rt Rs R TeOTy St AREr R CREr PRRPATIERER Pt cPRoa WP Nl
pl asmi d pUCLA9-ADERHWas, thuébtEvatedi ahﬂanhelplaassdcuitpmeﬁare@dthﬂkﬁfr0n1

A 30 porti r g he A ZyIme
orotern) ofti e AR Th S HhRY D8 e L 0EReBaLLATRY e fn Bi r RN
appropr|ateu¥E§¥¢¢%¥¥bﬁu@®§y%% (am@braek ¢écedr dieds- |$ Medevarled and again

|'gatedSUSI@DoﬁaﬁgQaﬁeLabérﬂgéﬁﬁrMéﬂﬁ£§'nSBQoﬁddEEE%QBhnngWQ us yhus
pr epar ed. e dlsruptl DNA- cont ai ni ng vector is trans "Novenber
oo aﬂ o ko Pe

2003 11 int Hodt B BPrekensr FERFa d6PBY)) forAb§%ﬂng BMLs 109
or DH 5a, tﬁ@cfbrcwéu15t1@1maySb@aﬁge@uaigé@ﬂlyamdrta@nehugarﬁﬁkhbﬁ plasnld

IS mass- prepa fh oride  ultracent |fug % éSanbrook et a

(eds.), Nblecu*ar % %?%%r%g Oh PABor hEBr §LRAHE Fonsg Bgd dPPrdn

- 1.42-1. 47, rQEﬂthmmmhglmbm@ohomab@gamgrpoEtéss $298%khved thoughhichi s
vector 13s k.t 5e By P@cyé %ﬁe%éf§p£9689§59edkgsggah% b za%ﬁg%%lrable

for one-step disruption t I on- Gont ai ni n drtion
be cl eaved ¥$®n?¥ he QBSE®?t¥m@dDM%etdhlvﬁh¢lRﬁaﬁﬁxﬁemmfatherpse$entlon

enzyme for 1M§@n@§o@-dtﬁé“@ééﬂ@rtwws éﬂe&b@dpﬁﬁﬁﬁ'%ﬁeOEe§@§1B%§§ﬁnt
i nvention, the vectgi was c¢leaved with the restriction enzyne

the DNA fra& %Taﬁ%@o?%%dDNﬁﬁfﬁ%ﬁmenBuWPﬁl§§Ppéﬁormﬁﬁ® ylﬁéégﬁ
wher eby thgpwifﬁlgﬁWEbmpuiﬂt®ea yeast, whereby the ADEl gene could be

15 disrupted as a result of homologous recombination.
While the protoplast method, lithium acetate method

(Takagi M., et al., J. Bacteriol, 167; 551-5 (1986)), and
electric pulse method (Kasuske A., et al., Yeast, 8: 691-
697 (1992) are known for the transformation of Céndida

20 maltosa, the electric pulse method was employed in the
practice of the invention. A commercial apparatus can be
used for electric pulse generation. In the practice of the
invention, ELECTRO CELL MANIPULATOR 600 produced by BTX
{San Diego, CA, USA) was used. The cuvette used was BM

25 6200 (2 mm gap blue cap) produced by BIO MEDICAL
CORPORATION CO., LTD (Tokyo, Japan). After electric pulse
application, the yeast is cultured on an appropriate medium,
and the cultured cells obtained are screened for the
desired ADEl disrupted strain.

30 Among various methods developed for transformant
recovery, the so-called nystatin concentration method (Snow
R., Nature, 211: 206-207 (1966}) can be utilized. This
method is a method originally developed for efficiently
selecting mutants obtained by random mutation but is

35 considered to be applicable to gene disrupted strains as



15 disrupted as a result of honol ogous reconbi nation. Wiile the protopl ast
nmet hod, lithium acetate nethod (Takagi M, et al., J. Bacteriol, 167;
551-5 (1986)), and electric pulse method (Kasuske A, et al., Yeast, 8:
691- 697 (1992) are known for the transformation of Candi dapnNgRemBbiZz® the
el ectric pulse method was enployed in the practice of the invention. A
comrerci al apparatus can be used for elléctric pul se generation. In the
practice of the invention, ELECTRO CELL NANIPULATCR 600 produced by BTX

(San Di ego, ) ed. The cuveite u 0 (2 mm gap
bl ue cap) prgghcegéiy BHveED CAL éf??ﬁ?ﬁﬁ? Tﬁ?g gk > Japan) .
After el ectpresqut senvapplorat tloa, cehksyeaituredcaftaredlentamcapplepriate

redium _ Abi el erk cel Lz, obt pLnedodt ensrganed Lotal hpopdesi red ADE

di srupted strain vari ous nef hods deVéloped f anSfor mant
recovery, t#ﬁﬁ%ﬁﬁ@ﬁﬂI%%ﬁr@@i%@¥©deoﬁﬁémt¢Q&1%wﬁh%t*@ﬁh%@ho@ﬂlturEd@mmre

211: 206- 204 {19683dn C@éhﬁ@e“ﬂééZﬁﬁnlﬂﬁismeﬂ%ﬂognﬁs %h@ﬁt hgql%a:eana' 'y

devel oped for efficiently sel ectlng nuf ant s . obt ai ned random nuf ati on
but is 35 dﬂﬁs@cﬁ%?ﬁPQ%Pb%P%ﬁﬁﬁl%%% @lan@eﬁénam§ﬂuE?€éu§tﬁQFn§ gboryt

Novenber 2Q83r{1&d vef | tid®r @S@ﬁﬁtﬁ,n 115 2d PF eEET ¥ e8d @8 Ogh NEt s Ofulhgre

present inventjon, the cells cultured after electric pulse application are

‘t r ansf er r ed*& G- # ?eﬁ%%¥9n?u%BPrelh§t§ﬁ€§°rgﬁ@-@GHEﬁWGdfOYhé Belrs are
washed, culwheezsbprwbld sttaigencsoubeekiitednprifelrentdaliyvandant hen,

culturggf tngrgﬁﬁééﬁﬁﬁbig%” £af fgiggggégighgﬁkegeghﬁﬁlERV égluort

period o in“1s direc is culture and
aer obi ¢ culsusrensiger fardrecu bt uB8OCi § opetfhomed awh8pebyfor | gbstt a2 ns can

be killed pisfer amdadby. ré& 491 @RPLOPLEAL sbeg%eaed' umplate is smeared
with the cell” suspension, and culture_is perfornmed at 30C for about 2

days, whereby red FIUY arle ohedj pebonies obtained, gene disruptéd
ones can be confirmed with ease by the PCR method or the

15 genomic southern hybridization method (Sambrook et al.
(eds.), Molecular cloning: A Laboratory Manual, Second
Edition, 9.31-9.57, Cold Spring Harbor Laboratory Press
(1989)).

In the case of PCR, when both ends of the ADEL gene

20 are used as primers, a normal size DNA band is detected for
the wild strain upon agarose gel electrophoresis, while a
band shorter by the deleted sequence is detected for the
disrupted strain. In the practice of the invention, an
about 1 kbp DNA band was detected. In the case of gene

25 substitution or integration in chromosomal DNA, such as in
gene disruption, the possibility should be taken into
consideration that the gene may be inserted into a site or
sites other than the intended one, for example an unknown,
highly homologous site or sites. In that case, the PCR

30 method may sometimes fail to provide confirmation. The PCR
method is desirably used as means for selecting candidates
when a large number of disrupted strains are obtained.

For identifying a disrupted strain or the like,
genomic southern analysis is essential. By carrying out

35 this method, it i1s possible to demonstrate with ease and



From anong the red col oni es obtai ned, gene-disrupted ones can be confirned
with ease by the PCR nethod or the 15 genom c southern hybridization

met hod ( Sanbrook et al. (eds.), Mol ecular cloning: A Laboratory Mnual,
Second Edition, 9.31-9.57, Cold Spring Harbor Laboratory PrMs@mbeld&ss ) .
In the case of PCR when both ends of the ADEl1 gene 20 are used as
primers, a normal size DNA band is det eck®d for the wild strain upon

agar ose gel eIectrophoreS|s while a band shorter by the deIeted sequence

is detected [ t practice of t i nyention,
f%ﬁm‘%PE%lH ﬁﬁ g 8 £g naE 8P sggﬁgqige q

about 1 kb he?case o ion or
|ntegrallonlmﬁe@ﬁﬁén@sbﬁaal@nﬁ ﬁ&ﬁ]@hxwmpsgmab ENEruﬁttba diikeupted

possi bi || tysehouhtafie LRKENOENLR, 0PI deEal koDt habhe geng my be

inserted into a site or tes other than the inten one, r exanpl e an
unknown, Wﬁ%@@rﬁenw@goaéterteleavegeeylthnaphappész@euattwe PCR 30 net hod

may soneti nessfaikttenpeRyide §9néhépﬁésonagmesBCBem%tﬂé%f IJ5abl y
used as means for_sel ect ng caqﬂﬁyates mhen a | arge nunbe I Srupt ed
deht

strains are ®pfaFhead 9 HEF%.Hﬁ%r%ﬁt%@esPFﬁﬁﬁnBr1?H§nFFQ@f

genoni ¢ soui@emnlﬂﬂahySoﬁ waseaﬁeemPaed By Qﬁkéﬁlﬁ@t@bﬁs1$itdﬂéaﬁ&&$0d it
i's possible 149 3 for certain

% % g% ease ang 7 ve r e ﬁr
that gene reco |na LACHERTr PRAYRESt he ﬁeﬁ §?t aPShErT#He
chr onosonal f0NA blﬁetheadose upeéedonsdrai nyand tulembrahet, hanad [tthestredi-bpas a

con r ol gAr ConBr EPag it anfle ol L 2 s CL A a08 M LIeAB ARBLOATEAL gl gLl ct i on

enzyme or enzynes,  agar ose ge ctrop oresis I's carrie
practice oft&%er%$E§e%¥l@ﬂv@hFY@ﬁS Hpéénﬁnﬂl@@Eﬁ@nwWa§hauﬁewpm@ddgraiwee
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(broduct of Amersham) and following the procedure described
15 in the manual attached thereto and the labeling product was
used as a probe for detection by southern hybridization
{({SEQ ID NOQ:5). After hybfidization, the membrane was
washed, and DNA band detection was performed using the
fluorescence-emitting reagent according to the manual
20 attached. The band detected was compared with that of the
wild strain (IAM 12247). As a result, two strains were
confirmed, by three cleavage methods, that an about 550 bp
portion within the ADEl gene had been shortened.
The ADEl gene disrupted strains obtained cannot
25 synthesize the ADEl enzyme, hence cannot synthesize adenine,
which is the precursor of ATP. Therefore, they cannot live
in adenine-free media or in an adenine-free environment.
One of the ADEl gene disrupted strains was named as
Candida maltosa ACl6.
30 {(2) Heterologous gene expression using the ADEl gene
disrupted strain: A method of polyester production
A homologous gene or heterologous gene can be
expressed using the ADEl disrupted gene obtained in
accordance with the invention. Since yeasts can secrete

35 sugar chain-added proteins intc medium, unlike Escherichia



the restriction enzynes Hpal and Ndel, which is considered as renmaining on
the genone of the disrupted strain, was enzyne-|abel ed using the Genel nage
| abel i ng/ detection kit (product of Amershan) and follow ng the procedure
described 15 in the manual attached thereto and the | abel i pgyavepBeELOOMS
used as a probe for detection by southern hybridization (SEQ ID NO:5).
After hybridization, the nmenbrane was washed, and DNA band detection was
performed using the fluorescence-emtting reagent ‘according to the manual
20 attached. The band detected was conpared with that of the wld strain
(1 AM 12247)COlJAs Vd‘lk(dsmétnnqwtstmm nst wes eposoihblentd, pbygduheesucheavage

net hods, thato@dy PO P AReT taPE- bt B NsE P ADEL gene had been
shor t ened. The ADE1 ggye dlsru ted strains obtai ned cannot 25 synthesize

the ADELl enzyne, Wu%ﬁﬁ%sqaz@%rﬁ?letra%f‘éﬁ“ﬁl@helﬁrJé@tlr sor

of ATP. Thesefor@uldiey casmotctddyepout ﬁé’e@hné’xéﬁﬁﬁen@ﬂl an@histhially
One. of the srupted strains was naned

adeni ne-free environ ene

as Can&(ﬁ¥§ﬁ#h%xﬁfé§§ﬁ$ ERP?%5t¥%Eef%E%5%u%a§ 8 BRPFLCERBn using the

ADE1 genﬁ dzhlcslmm:mdlm rad id ﬁ%i)cﬁmidﬂbﬂomfbpgty&ﬁﬁﬁbrlﬁaﬁﬂ%gbgntﬁehOWg| ogous
ene or heterol ogous ne.can be ssed using the i srupted gene
obtai ned | AR dinPER e TR mEes bkl enevte s osnfe taf SaPere 9o
sugar chai nresdtteds pratrei ress | di e heskdinin Ui0| R8/ E48hér i ctha 7 Novenber 2003
14 coli, Vwﬂé%bféﬁﬁﬁguékbéﬁb id ﬂétHS&E&P&EléPlQVPngﬁléFEE 8&?58&”3 using

the ADEl disrupted strain. The honplogous gene ffanstormation is
not paPti tar 150F evtairted Hrare d@ahrb%xla%téoaedl BaastrpapEgrmatisaf ul

product pragiticEh &M i Aed ey, b@m)FrE & opede dbgarhexyl ke askdrpeoduction by
transfornatlon of the éhndlda t psa-derived P450 enzynme gene into the

same  yeastPIIH OB L LI 5 ‘?1“?/\0 99/ 04014. The

It is well known that, in some yeasts of the genus
Candida, such as Candida maltosa used in the practice of
15 the present invention, a codon is translated in a manner
different from other organisms in the step of translation
from mRNA into proteins. In Candida maltosa, the leucine
codon CTG is translated into serine (Ohama T., et al.,
Nucleic Acid Res., 21: 4039-4045 (1993)) and, therefore,
20 the Escherichia coli-derived lacZ gene is not translated
into active B-galactosidase (Sugiyama H., et al., Yeast,
11: 43-52 (1995)). Thus, when the expression of a
heteroclogous gene is intended, it is not always guaranteed
that the gene be translated into a functional protein in
25 Candida maltosa. Therefore, when a heterologous dene is to
be expressed in Candida maltosa as the host, it is in
principle necessary to convert the leucine codon alone.
For more efficient expression, however, another or other
amino acid codons may also be modified according to the
30 codon usage in Candida maltosa. Codon conversion may be
carried out referring, for example, to Mauersberger S., et
al. (authors), Candida maltosa, in Wolf K. (ed.},
Nonconventional Yeasts in Biotechnology. p524-527.
The genes to be involved in polyester synthesis may
35 Dbe any genes involved in the synthesis of a polyester of



het er ol ogous gene is not particularly restricted, either 10 but, for
exanpl e, there may be nentioned the transformation of the |ipase gene,

anyl ase gene or the like for the production of such protein. It is well
known that, in some yeasts of the genus Candida, such as Cawlefder2ddPpsa
used in the practice of 15 the present invention, a codon is translated in
a manner different from other organi smsim the step of translation from
MRNA into proteins. In Candida naltosa, the | eucine codon CTGis

transl ated j.,nto_seri Champ_ T., et al Nugl ei ¢ Aci S., 21: 4039-4045
(1993)) and%ﬂ]% h%‘?%?%%ﬁ, f%m?ﬁ% EERRPehPY - cothe a‘%‘?l?%%%l |R§%fz“ eItH¥eRot
transl at ed béInw wepieseids gal sctwstdase (SuguyanmafHtheepodlest¥east, 11:
43-52 (199 . n X i f het er ol ogous,. gene i.s

i nt ended, ?%??%ﬁ$%§ %.mgységﬁéfan %Z% ggﬁgtrgﬁgeagﬂésb% t%%E§PSFeanPnto a
functi onal PRIRechlivel Polcihekive bt togabeTher &f OHB, amtdedHH hetésol ogous
gene issgto iﬁwbgﬁgie§§qgoi§mg§@g%g§?ﬂpltosa as the host, it is in
princi pl e necessary to convert the | eucine codon alone. For nore efficient
expressi on, however, another or other._ am no acid codons may al so be

nodi fied accordimg to the 30 codon ﬁ?&ge in Candi da mal tosa. Codon
conversion may pe carried out refertring, for ekanple, to Mauersberger S.,
et al. (authorp), ndi da makto a,;FH2Vbe K. [ed.), Nonconventional

Yeasts in Bioteghngl o p524:%77. to] be involved in polyester
synt hegjps may 5 pe apy3gen nvol synt hesi s of a pol yester of
7 Novenber 2003(1&} ener or below. The general fornula
given below repre et s tru 1 16 f|the pol yester

and Hzeagh Y\ epr esehbls
of 3HB & HH units 57i

P(3HB- co- 3HH) , &and
i ndicate the nu

i1t69er and respectively
ol Ved in pol ynerization. 10

-For example, the polyester polymerase gene fragment
15 described in Japanese Kokal Publication Hei-10-108682 may
be used. In addition to this polyester polymerase gene,
any other gene involved in polyester synthesis may further
be transformed. As such gene, there may be mentioned, for
example, the (R) form-specific enoyl-CoA hydratase gene for
20 converting enoyl-CoA, an intermediate in the B-oxidation
pathway, to (R)-3-hydroxyacyl-CoA (Fukui T., et al., FEMS
Microbiology Letters, 170: 69-75 (1899); Japanese Kokai
Publication Hei-10-108682) and the B-ketothlolase NADH~
dependent hydratase gene for synthesizing 3-hydroxybutyryl-
25 CoA by dimerization of acetyl-CoA (Peoples 0. P., et al., J.
Biol. Chem., 264: 15298-15303 (1989)}. These genes may
contain one or more mutations, such as deletion,
substitution and insertion, in the base sequence thereof as
long as the expression products have substantial enzyme
30 activity. In the case 6f heterologous genes, however,
there is no guarantee that they are always translated into
proteins capable of functioning in Candida maltosa, as
mentioned above, hence amino acid codon modification is

necessary.

35 In the practice of the invention, the Aeromonas



For exanpl e, the polyester pol ynerase gene fragnent 15 described in
Japanese Kokai Publication Hei-10-108682 nay be used. In addition to this
pol yester polynerase gene, any other gene involved in polyester synthesis
may further be transforned. As such gene, there may be neg%g%gﬁ er§653
exanple, the (R) formspecific enoyl-CoA hydratase gene for converting
enoyl - CoA, an internediate in the (3-oxiléati on pathway, to

(R) - 3- hydroxyacyl - CoA (Fukui T., et al., FEM5S M crobiology Letters, 170:
69-75 (1999); Japanese Kokai_ Publication Hei-10-1086 hi and the
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t he Aerononas 7 cavl ae- erl ester nerase
enoyl - CoA RR§ fodde tl{%%é@%k@tml %‘éﬁ%‘ﬁslrlé?d 10 Ti%@eaz;uqm@ﬁ T.,
et al., FENS M 0l 0P Ys et & Saed TRer&RoK2s (4999) 2-4EF pyaged. However,
si nce ﬁ@e po S|b|I|ty that these e zy enes 5 not be transl ated
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of the‘SGQ%%mﬁiﬂdﬁthﬁgvother base sequences may also be used if the

15 amino acid sequences of those enzymes are expressed thereby

in Candida maltosa.

The gene expression cassette to be used in that yeast
is constructed by ligating such DNA seguences as a promoter
and 5’ upstream activating sequence (UAS) to the genes in

20 question on the 5’ upstream side and ligating such DNA
sequences as a poly(A) addition signal and terminator to
the genes on the 3’ downstream side. These DNA sequences
may be any sequences if they function in the yeast in
question.

25 The promoter includes constitutive expression type
ones and inducible type ones. While either type of
promoter may be used, the promoter derived from the same
yeast Candida maltosa as the host is desirable. In an
example, the Candida maltosa ALKl promoter and ALK1

30 terminator (Gen Bank D00481l} (Takagi M., et al., Agric.
Biol. Chem., 5: 2217-2226 (1989)}) can be utilized.

An example of the gene expression cassette to be used
for transformation purposes in the practice of the present
invention can be constructed as follows. The vector to be

35 used for the construction may be any one if it is a plasmid



respectively. However, neither of the base sequences shown under these
sequence identifier nunbers has any limtative neaning. Any other base
sequences may al so be used if the 15 am no acid sequences of those enzynes
are expressed thereby in Candida naltosa. The gene expresZiNpvesdesedd® to
be used in that yeast 1is constructed by ligating such DNA sequences as a
pronoter and 5 upstreanlactivating‘seéﬂence (UAS) to the genes in 20
guestion on the 5 wupstreamside and |igating such DNA sequences as a

pol y(A) addit.i si.gn nd termnator .to, .the genes on the 3' downstream
si de. Thesghgh&ﬂgeggegkggnOWQVSgk Lep1dcatdmeedn Eaghgriemtaienlin the
yeast in &beBeVoalse5hame proeutien caphbdes oFoRSitdrHnoes BXPT €ssion type
ones and i pdg¢k L y%pe..0 : iLLe either e o0 ronmot er may be used,

t he pronnte?ﬁd%§%§é§¥fggngﬁﬁeyggﬁk' y%ésfscgﬁEWHaiﬁﬁﬁt6s§e§§oﬁhe host is
desi rabl e. °#R2Rke ekapBtenonnus Cintiepa iraltiose Al Kl ywarbtios etk Ahdd 30
term nat or it GeRe Bagk PO (T | e e Agric, . Biol. m, b5:
2217- 2226 llgsggz?caﬁ bgég%%|iéggégiﬁyéi%n%?gg%?l?hé°géﬁée@%aﬁgggﬁﬁh -
cassette t9°HE GERHSSFHPRt FaRSebEARinGn Fhepobeomosanwe pRactince of the

present |eaxemplen pHmUDecﬁpaﬁléUéﬁeguﬁénBﬁbhgwgiégﬁggkgﬁh§$%tQéPezgg3ui$d

for the coagﬁr%ﬁtion Eag be an% pneelf it is apl _
capabl e of AUTOAB s 957 PP c2fi H§efn (MacRBMUERI-a edoldl., 1d. Mokl so have
a regi on capeble vblautdBondassy3968pliLleesing in the yeast. It is known
n theyeast. cel T2 ¢ PaHEE IR oY PFBSPREc4PTeRTiRE, St QRG] on
: -c;__:asls_et t tei ifﬁ%%i)t@wwzﬂm’aﬁr %Ioﬂmeal QESEQUI!L'H Nmmate)lv&gi)flie%g@é?g})usl y
oVl DAL AR RIL amt 1 ror e Mherdhe

] : gated thereto

on the 3’ downstream side thereof.

15 ' Restriction enzyme sites for ligating. the promotef
and.terminator to the structural gene can be prepared by
utilizing the PCR method. Primer sequences suited for use
in PCR are shown under SEQ ID NO:10 to SEQ ID No:lé. The
PCR may be carried out under any conditions as long as the

20 desired gene fragments can be amplified.

As for the promoter portion, ALKlp having a 57—
terminal Pvull site and a 3'-terminal EcoRI site can be
constructed using the template shown under SEQ ID NO:8 and
the primers shown under SEQ ID NO:10 and SEQ ID NO:1l. As

25 for the terminator portion, ALKlt having a 5’ -terminal
HindIII site and a 3‘~terminal EcoRV site can be
constructed using the temﬁlate shown under SEQ ID NO:9 and
the primers shown under SEQ ID NO:12 and SEQ ID NO:13.
Usable as the vector is the vector PUTAl derived from pUTU1

30 and the Candida maltosa Adel gene by modifying the marker
gene from uracil into adenine. When ALKlp is ligated to
PUCNT ({(described in WO 94/03613) at the Pvull-EcoRI site
thereof, and ALKlt to pUCNT at the HindIII-Sspl site, pUALIL
can be constructed. Then, ORF2 is ligated to pUALl at the

35 Ndel-Pstl site thereof, whereby the plasmid pUAL-ORF2 can



10 In the practice of the present inventi.on, the Candida nmaltosa Al kl gene
pronmoter ALKlp (SEQ ID NO 8) was ligated to each of ORF2 and ORF3 on the
5' upstream side thereof, and the termnator ALKIt (SEQ I D NO 9) was
ligated thereto on the 3' downstream side thereof. 15 ResymNdgwbmBBr 20 e
sites for ligating the promoter and termnator to the structural gene can
be prepared by wutilizing the PCR nethod8 Priner sequences suited for use
in PCR are shown under SEQ | D NO 10 to SEQ I D NO 13. The PCR may be
carried out, under an d| ng as the 20 desired gene fragnents
can be arrpll??l%%n thteFl r{%‘r‘?ﬁ %?%rtﬁ%r%lqﬁﬁﬁcb HaaRHgY ﬂ%LK l%erninal
Pvull site czmdsbr&‘:‘eé@rm ntate EC@Ri'seSchﬁ chae @@nstﬁwﬂﬁtidﬁt ed pBRNg,t Be '
tenplate s 8 rs.sho under SEQ | D NG 10
bnd s20 1 b T HOERER D SRS B%redis, FRbiTrEn bR Rer BRSG: RgTating

5' -term nalof DI wherelnbUAR ORES m:mIbEc@cm/s’srnetedn be constructed
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I D NO 12 and SE e vect or
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marker  genspfs OB 414 CE&oTﬁP ﬁ@&nlﬂ&até/@e@o%m'ét' tgat ?gt 12\
(descrlbed i,n WO at the Pvull-EcoRl" site thereo LKIt to
PUCNT at t HEPH 1 | l§| #RY,p B YA QR E@%&%tqq}b‘i@amﬁ%n ORF2 is
ligated to Emzettﬂe:a,t o3 35:dNpet hdstwish t €hé h@p@@feamhpf@iwtébeaﬁaasm d
pUAL- 2 c nStNovenber 2003 18 be constru {) gRF is |igated
to p RS TS YU T 1 S ot %S f fﬂ% E TPRE?i BAiBF SBAL1, at
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polyester production in Candida maltosa can be constructed.
15 The yeast strain of the invention is transformed with
the gene expression cassette using the transformation
method mentioned above, whereby the Candida maltosa AC16
(ORF23) strain having pUTA-ORF23 can be produced.
The polyester production by cultivating the yeast
20 transformed with the gene expression cassette participating
in the polyester synthesis can be made in the following
manner. The carbon source to be used in the culture may be
any of those utilizable by the yeast. When the promoter
expression is of inducible type, an inducer may be timely
25 added. The inducer may server as the main carbon source in
certain instances. As for the other nutrient sources than
the carbon source, media further containing a nitrogen
source, an inorganic salt, and other organic nutrient
sources can be used. The culture temperature may be at any
30 level at which the yeast can grow. A temperature of 20°C

to 40°C is preferred, however. The culture time is not
particularly restricted but may be about 1 to 7 days.

Thereafter, the polyester may be recovered from the cells
or culture obtained.
35 The carbon source includes carbohydrates, fats and



thereof.. In this way, pUTA-ORF2 can be constructed. Further, ORF3,
together with the upstream pronoter and 10 downstreamtermnator, iIs

cl eaved from pUAL-ORF3 using Sall and ligated to pUTA-ORF2 at the Sall
site thereof, whereby the plasm d pUTA-ORF23 (Fig. 2, aboy@bvembelEo3
constructed. 1n the above manner, a ge?lig) expression cassette for polyester
production in Candi da naltosa can be constructed. 15 The yeast strain of
the invention is transforned with the gene expression cassette using the

transf or mtd;an; metfiad, r&’&td%g%%&b&é( o PBR! ethé héaﬁ@aﬂy&@aﬁéét 9581 0Gd6
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gl ucose, susgiose, utgiy:czaédblor rb@aklﬁh@Sofaiﬂdlﬁg uanliaad bheyfats and oils

oo, S AT LSO B 1
addition of llpase to the medium. It is also possible to

15 provide the yeast with an ability to utilize fats and cils
by transformation with a lipase gene.

As the nitrogen source, there may be mentioned
ammonia, ammonium salts such as ammonium chloride, ammonium
sulfate and ammonium phosphate and, further, peptone, meat

20 extracts, yeast extracts, and so on.

The inorganic salt includes, among others, potassium
dihydrogenphosphate, dipotassium hydrogenphosphate,
magnesium phosphate, magnesium sulfate, sodium chloride,
etc.

25 As other organic nutrient sources, there may be
mentioned, for example, amino acids, for example glycine,
alahine, serine, threonine, proline, etc., and vitamins,
for example vitamin Bl, wvitamin B12, biotin, nicotinamide,
pantothenic acid, vitamin C. etc.

30 As for the inducer, there may be mentioned, for
example, enzymes (Alkl, Alk2, Alk3, Alk4, AlkS, etc.)
(Ohkuma M., et al., J. Biol. Chem., 273: 3848-3953 (1898))
involved in fatty acid metabolism and inducible by fats and
olls or by decomposition products thereof, namely fatty

35 acids.



such as hexanoi c acid, octanoic acid, decanoic acid, lauric acid, oleic
acid, palmtic acid, linolic acid, linolenic acid, and nyristic acid, and
fatty acid derivatives such as esters and salts of such fatty acids. In an
exanpl e, 10 Candida nmaltosa can be cultured using fats or piNcvembet P03
carbon source. In the case of fats and oils - incapable of being utilized or
capabl e of being utilized only ineffici?ntly, the utilizing capacity can
be inproved by addition of lipase to the medium It is also possible to 15

ide th lit til f at d
provide the, yeasla A ALY Lot LI 8 LEL 008 LecVeet 2,
ment i oned TeumeRl oo f aneibingdesn sate sbeemhralsoa’nmbnl um cttheorpackes t aoaromt um
sul fat e and AMDALAG PhASPLAL N a4 NELLH BEPLONEen DPBhoa2BeBXLT A0S,

yeast extracts and SO on. e II’IOI’ ani c sa I nc anong o

pot assi um 1%y%ﬁ%ﬁﬁ§#ﬁhog%ﬁ%1%e a$ ta§%f@%ih@@m@b@hpﬂ@s@ﬁatbe CnégneShum
phosphate, JEanesi#dn %éﬁé@edsmujf@@&@fé@%y @mggeéélﬁa %Qe&ugw?g

nutrient sources, there may be nentioned exanglé ani no_aci
exanpl e gl REHST L |9ﬁpt%%§?%% °¥h?%%nih€efp@%¢l e ggtls and vitam ns,
f or exanpledaﬂﬁéﬂnwuﬁﬂ.dﬂ%ﬁi&ﬂéﬂfﬂéteﬁl@ﬁdnmeﬂh@@&lﬂaﬁbgelnsﬁéﬂ&QEhﬁﬂdc

S & et B S S I
J. Biol. Chexils 273th m&amcﬁ 1&9:9}3t)e)nt| swoh vasl c}nl:f:acbfgxrmm dramet abol i sm
nael v fat oy bt e P Galhodeits DR CORERELLLE G B RE R BFER b covery
fron1yeast gelvent ssohifper bl $ﬁh1@%@e@aﬁ@ bebhrakpont ed. otherhe practice
of the preseddtrdyeNtdo, a Y asHBEERE, asufRNLE OREERRRL OWor hexane,
is added to the filtrate to cause precipitation of the
polyester. The supernatant is removed by filtration or
15 centrifugation, and the thus-collected polyester
precipitate is dried. The polyester can thus be recovered.
The polyester obtained can be analyzed, for example,
by gas chromatography, nuclear magnetic resonance
spectrometry, etc.
20 .
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 schematically illustrates pUCl19-ADE1l as well
as a method of constructing a DNA for ADE1l disruption.
Fig. 2 illustrates an Aeromonas caviae-derived
25 polyester polymerase and enoyl-CoA hydratase expression
cassette, pUTA-ORF23 (Fig. 2, upper) as well as a control
cassette, pUTAl, free of both enzyme expression genes (Fig.
2, lower).
Fig. 3 shows the results of primary screening for
30 ADEl gene disrupted strains by PCR. Cl6 and Cl7 were
considered to be disrupted strains.
Fig. 4 shows the confirmation of ADEl gene disruption
by genomic scuthern hybridization. In Cl16 and Cl7, the
gene was found to have been disrupted normally.
35 Fig. 5 shows a restriction enzyme map of the vicinity



for instance;, can be used. After conpletion of the culture, 5 cells are
separated and recovered by subjecting the culture nediumto a centrifuge
or the. like, and the cells are washed with distilled water and nethanol,
for instance, and then dried. The polyester is extracted ﬂ\%%rtnbéréqued
cell's with an organic solvent such as chloroform For 10 renovi ng c
conmponents, the pol yester-containing orgdnic solvent solution is subjected
to filtration or other treat rrent and a poor solvent, such as nethanol or

hexane, f caus tatlo of the, pol yester.
The super nacf dcﬂgl sélrser’r“g\be/t0‘5 I??’%?ljc)% glrlg gﬁggnﬁ??u 4PFBREeEnd t he

t hus- col | ecit'aeddm yest Brsa pcrbmm&aﬁe as devedledhbypebyehken can thus be
recover ed. 0] yest.er obtained can be anal yzed, for exanple, by gas

chr omat ograp Y, nuc ear magnetic resonance spectronetry, etc. 20 BRI EF
DESCRI PTI ON OF THE DRANSISRYFithe 19xeielraeieae| 9Li thashPBLegepsCl. 19- ADEL

as well s a&i@sﬂ%&ﬁ@iﬂ @Er&ﬂE‘SA(EP@tiIQQY?D%@de% ADE1 di srupt| on. Fig. 2
illustrates an Aerononas -cavi ae-derived 25 pol yest er pFAémarase and

enoyl - CoA hydr at 457 exprdtdiohe ke tle, CRUTRS oRE28heFRBEL29enBper) as
well as a Mf@te@a@@ﬁize Acpwﬁés speeinkdbeyhuenaynBa®xPbessi on genes
(Fig. 2, CU_L . @owstt results of pri mary screening for 30
ADE1l gene cﬁscf Lﬁe ra‘?rh 5 ﬁ%‘-%&% ANd“BI7°Ner8ULESASI dered to be

di srupt ed stespestitely. 4 shows the confirmati on of ADE1 gene di sruption

by genggi ¢ sout hgiy hyé”él%}@té\ioﬂi:o Il\ﬁ{%l;gﬁgegn% %HSr 9896 y)vil es%%nd to

have been dlsru te nor na OWS a resfriction
the vi ci ni tB{3H M@qe@flmhéhﬂl%@%t ¢ORABEL géﬁélm t'hEEADEl gene

di srupted assignment of each proton of the polyester is indicated by
a number.

15 BEST MODES FOR CARRYING QUT THE INVENTION
The following examples illustrate the present
invention more specifically. These examples are, however,
by no means limitative of the scope of the invention.
The reagents used in yeast culture were products
20 commercially available from Wako Pure Chemical Industries,

unless otherwise specified.

(Medium composition)
LB medium: 10 ¢g/L Tryptone, 5 g/L yeast extract, 5
25 g/L sodium chloride. In the case of LB plates, agar is
added to 16 g/L.
YPD medium: 10 g/L Yeast extract, 20 ¢/L polypeptone,
20 g/L glucose. In the case of YPD plates, agar is added -
to 20 g/L. In the case of adenine-containing YPD medium,
30 adenine is added 0.1 g/L.
YM medium: 3 g/L Yeast extract, 3 g/L malt extract,
5 g/L Bacto-peptone, 10 g/L glucose.
SD medium: 6.7 g/L Amino acid-free yeast nitrogen
base (YNB), 20 g/L glucose. In the case of adenine-
35 contalning medium, 24 mg/L of adenine is added. In the



Candi da nmal tosa chronpsone as reveal ed by southern hybridization. Fig. 6
shows the growth curve of the ADEl gene 5 disrupted strain ACl6 in YPD
medium Fig. 7 shows the growmh curves of the ADE1 gene disrupted strain
~AC16 as obtained by using palmoil, coconut oil, and tetragggange@sogzAr bon
sources, ‘Trespectively. 10 Fig. 8 shows a 400 MHz proton NWR chart of

pol yester P(3HB-co-3HH) produced in t hé2AC16 (ORF23) strain. The

assi gnment of each proton of the polyester is indi Cat ed by a nunmber. 15

BEST MODES THE | NVENTI The i ng exanpl es
illustrate (J[: Fre ;c)araf;s%enl}ﬁa}%ént S ot ea@pe%l?l c% I PﬁmThese exanpl es are,
however, by no n@hm{s.edmmtaﬂl \5egd1L Magnstmpm ofultfladrel, n\erit igpl: sobhieim
reagents u a r L 0dyiC i e from
Wako Pure m ca eeI ?d'uﬁt rng" etﬂ/ﬂﬁ":{n ess’ gétylh&ersm\/\i ??&?ﬁf%é)’ ﬁ/bg llnﬁ?i
conposi t i orf)a i W dako thengtie Tr3 grafe, 1150§]lt_03y'e 0R%tngch biotps, g/ L

sodi um ghl a7 i .md A1, tl%rpa;%@ld}h&@ pcbaéﬁsmgﬁﬂaﬁmé S@Qﬂggewo 161 Ghd/1,YPD
medium 10 g/L Yeast extract, 20 g/L ]%)eptone 20 g/ L glucose. I n the

case of YPBYPIH &Cidygdt: Gl I%EHQ‘&PR%’-’Z@J atey 0t b I&%s%‘)%?-ssmm
adeni ne- conteaiitieng P ﬂ‘ﬁﬁﬁlurpota%)sﬁﬂ@ﬂﬂﬂ@ydﬁogﬁﬂpldogpﬂa’géL 1YMregyum 3

/L Yeast A t 3 L | t t t B t 0 gL
ol cose. - SORBALH L BY PGIoS6H i Set iR PP el yhall it f SR CHISEINE) . 20
g/ L gl ucoséEO lgY Ti kel wearssee of Tad echien & 23t mﬂtmnn@mlﬁate}zbarg;/d.imifng

adeni ngl zsﬁ%ﬂaﬁﬁuﬂ N 1he ! DOYVSIREE 200828 £85848La SD M ahRs cARAMG# S

added to
ammonlum sulfate- and adenine-containing M medlum, i g/L

ammonium sulfate and 24 mg/L adenine are added to M medium.
Polyester production medium: 6.7 g/L ¥YNB, 10 g/L
casamino acids, supplemented with 20 g/L n-alkane or
15 fat/oil as a carbon source.
Liquid culture of yeast cells was carried out using a
50-ml test tube, a 500-ml Sakaguchi flask, or a 2-L
Sakaguchi flask. Shake culture was performed at 300 rpm in
the case of a 50-ml test tube, at 100 to 110 rpm in the
20 case of a 500-ml Sakaguchi flask, or at 90 to 100 rpm in
the case of a 2-L Sakaguchi flask. The culture temperature

was 30°C both in liquid culture and in plate culture.

(Restriction enzyme treatment)

25 The restriction enzyme treatment was carried out
under the reaction conditions recommended by the
manufacturer or following the method described in Sambrook
et al. (eds.): Molecular cloning: A Laboratory Manual,
Second Edition, Cold Spring Harbor Laboratory Press (1889).

30 In the practice of the invention, a number of
commercial kits were used and, unless otherwise specified,
the procedures followed were as described in the manuals
attached.

35 (Example 1) Construction of a disrupting DNA



Mnmedium 0.5 g/L Magnesium sul fate, 0.1 g/L sodium chloride, 0.4 ng/L
thiamne, 0.4 ng/L pyridoxine, 0.4 ng/L calciumpantothenate, 2 ng/L
inositol, 0.002 ng/L biotin, 5 0.05 ng/L iron chloride, 0 07 ng/ L zinc
-sulfate, 0.01 nmy/L boric acid, 0.01 ng copper sulfate, mBef 850 um
i odide, 87.5 ng/L potassium di hydr ogenphssphat e, 12.5 ng/ L I potassi um
hydr ogen phosphate, 0.1 g/L cal ci um chl 6 ide, 20 g/L glucose. In the case
of amoni um sul fate-containing 10 Mrmdlwn 1 g/L anmonium sul fate is

added. In the cas flaohDEﬁ %Iurgoﬁ_tl th,l %@&eggftg[fé) i ng. M nmedium 1

g/L anmmoni um sul fate and enihe are a nmedi um ~ Pol yest er
product i on kpedi for 6.se @Lmemf‘gﬁ_ cobsatffawaics ds, esupbl enoired- wi t h

20 9/ L n-aldiane henlt fal ojd-@s oan b%%%ﬁ&&ve&'ﬁi‘&k@ fittht Uigaof yeast

cells was carrie usi ng test t fl ask,

a 500 Sakaguc
o b ety il Torek PSRRI e kRS Ter 5l HBdEE ORI i n & he
case ofsa @Qurﬁtltr@stz{ltwb@roaiuc@%ﬂ oraliddr-4 mhufot he TH: gages Qfftaer500-

Sak hi I vy t 100 i t f 2:1 Sak hi fl ask.

The. oul tr LB ERR e RIS 30T DOF T IHeRs o eh Thr e LRCEPPCRFarEeLs

culture. (RBest rdnet |ﬁIImgerr@zmdmmﬂtsmﬁrg tI25 ddetoesplustboth epkgae dfeat nent
: . Ci = th

manuf act ur Py (oot HE Hthal Beirt ban TR SARE Bt ohe LFooPbas. )

Mol ecul ar &éhilrg: w&r@mﬂmmt;ﬁdvaﬁm eaGecoiiteEdi tThen, ve@iak $phishg Har bor

Labor ai or ¥ 3es & ikBYs 21 el Gt S ot by elhi Ofle dgArgbEr Of

comercial kits were used and, unless otherw se specified, _the procedures

fol | oned wéied 3$igss FATIRAh eMmmus TakdsR zc3)5, (2Rdnpre B9th
Constructi gidefs & MdirprIptidiee %a?té\@\ﬂ%fﬁeg %@%memg&&lon Kit

gene-cont alvmr%g \ﬁercotci)uctpU%l]TgakAér ékﬂuz%l . The reaction mixture was

_ added to 100 pl of Escherichia coli competent cells DHS5a to

15 a solution ratio of not more than 5%, whereby the
Escherichia coli strain was transformed. An adequate
amount of LB medium was added and, after 1 hour of shake
culture, an LB plate was smeared with the cell suspension
and cultured overnight at 37°C. Several of the colonies

20 that had been formed were picked up and cultured on LB
medium in the conventional manner, and the plasmid DNA was
extracted from the cultured cells. The plasmid was cleaved
Wwith the restriction enzyme Sall, and the appearance of a
1.03 kbp band was confirmed by agarose gel electrophoresis.

25 Thus, the desired vector for disruption was obtained. This
transformant Escherichia coli strain was mass-cultured on
LB medium, and the vector was mass-prepared by the cesium
chloride ultracentrifugation method according to Molecular
cloning: A Laboratory Manual, Second Edition 1.42-1.47,

30 Cold Spring Harbor Laboratory Press (1289). The ADEl DNA
for disruption was cleaved using Sall for one-step
disruption. The whole amount of the DNA was made into a 5
mg/ml aqueous solution, and the cleaved DNA was used for
gene disruption without purification.
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kbp) for use in Escherichia coli (Kawai S., et .al., Agric. Biol. Chem,
55: 59-65 (1991)) was cleaved with Munl and Hpal, followed by blunting
treatment using the TAKARA 5 Blunting Kit (product of Takara Shuzo) The
DNAs after blunting treatnent were el ectrophoresed on a lYnggamesezdd .
and the fragnent conprising the vector pJ,us both sides of ADEl (4.19 kbp)
and the Munl/Hpal cleavage fragnent (ab 550 bp). were separated from
each other. The vector plus 10 both sides of ADEl.fragment was recovered

fromthe aggf 1€}y Uy EASYIRARDA Eoswetinofi Takara Shuzo), and the
both sides of ADHE were |1 gated 'using the TAKARA Ligation Kit _Vert

(product of TakarBssHrargidarHeatieasd i DR aikt T8 ha347 avasdinecebatpd of
Escheri chi aiegd i 1@ aped £t Gedd Su)Hand Op2&cal sak bl 8feraliipAtof Tieén 1O

t han 5% Escher chr a colj strain,was for equate
bount of LB oo briche P atb G, SFLER TaRohooR LehBRe LheSPPuRY, gn LB
pl at e was smaan@rﬂjmmtrﬁm(rrenl:aikagnsqa]eﬁsfbaskandndul htﬁlted évapnrghtfat 37C

Several of é@ftl?:? onéeefl hat h jr?ra ﬁ%ﬁl f)grgggﬁ%%ﬁgg%&ked angefirl tured

on LB neditmin the conve Nt onal
extract ed fwe)mtﬂesmmd@'iemc@ﬂ)ﬂ) skl The blléisaodbwaslel éﬁ@edg rMEt Itrhtehe

restricti O%Mﬁ@lﬁf'ﬁmAWstQ&d Peéﬁ&nEﬁe% §tu}e0§ra

b
confirmed by agarose gel el ectrophoresis. 25 T t he 5 gr re vector for
di sruption $esto®lai ned. This transfornant Escherr chia coli strain was

nmass- cabt ured on THS Fmd Lﬁﬂaz@ﬂbfh&y&@t@ésmgrmee puepsyednby the ceSI um
chloride ultracentrif atr on hod _accor di n | ecular clonin

Labor at ory ShHu&f+ Cée IE"EIF}E“? n . g‘fLel"r‘-fa/ PENZLT P 2 RRFHRT IS
Laboratory ﬁMSwié_%E&’STHELExDEHO DNELLfMANdPELE‘LmDROIGOWQS theavedetsé ng Sal |

for one- st ep, o g1 SLu 08 o d N5 M0k £ 2RUAL cOf bl PNACHES BYE BHO 2 5

ng/ m aqueous”so |on and gene drsraption
wi t hout purk¥Pcath df 038 Pq\nﬁiﬂeﬁbe}f 2008 competent CellS/DNA

15 suspension prepared was taken and poured into each cuvette,
and the cuvette was set on the pulse apparatus. Then,
electric pulses were applied under the following
conditions: electrostatic capacity 40 pF, resistance value
246 ohm, voltage 1.9 kV. After pulse application, 1 ml of

20 1 M sorbitol was added to each cuvette and, after gentle
mixing, the mixture was-allowed to stand at room
temperature for 1 hour. Then, the mixture was transferred
to 100 ml of YM medium and cultured overnight.

25 (Example 3) Screening for disrupted strains
Then, the cells cultured on YM medium were inoculated

into 50 ml.of ammonium sulfate-free M medium (500-ml
Sakaguchi flask) and cultured overnight. Then, the cells
were suspended in 100 ml of ammonium sulfate-containing M

30 medium and cultured at 30°C for 6 hours. To this culture
medium was added a 3 mg/ml solution of nystatin (product of
Sigma) in ethanol to a final concentration of 10 pg/ml, and
the mixture was cultured for 1 hour. The nystatin-treated
cells were washed twice with sterilized water and again

35 suspended in 50 ml of sterilized water. YPD plates were



24 (Exanple 2) Gene disruption experinment The Candi da nmaltosa strain | AM
12247 was inoculated into 10 m of YM nedium and precultured overnight.
Then, 1 m of the preculture nediumwas inoculated in 100 M of 5 YM

medi um (500-nll Sakaguchi flask) and, after 6 hours of cul ¥ WeSemBs! 2HIANEr €
coll ected by centrifugation. The cells were suspended in 500 | of 1 M
sorbitol, 100 ug of the disrupting DNA2was added, and the mixture was
gently stirred. 10 The gene transformation was carried out by the

el ectric pul se nmethod., The gene transformation ar.atus used was BTX s

1L ECTRO, CRTTSRI O AT H00. e SRR oo d HRad BIR OF SR oduced by BI O

R/EDI CAL CORRORAHREN £3030°CL Eor & HaGs) | Iwn@:r'd etﬂ;przqofréd]ecd:lm'&;ﬁme:g@l Ihs/ DNA
suspensi repared was .t . QUL i nto cuve ._and the

cuvette MSO%;CeaFl%é;&T hgtpul s?’e%g’g%al%g%%ﬁis%lﬂlﬁﬁcerrll,oq’leelog%ﬁgri}ec pu%gsrgaslr\lf\sgre applied

under the fashilohigpw condil itordtuel ectrostatic capacity 40 pF, resistance

val ue 46 ohm voltage 1.9 W After pulse application, 1 m of 20 1 M

sorbitol was added to each cuvette and, after gentle mixing, the mxture
wa_al | oned tiExAEHE &) FoshYsiehpsf ke for 1 hour. Then, the mixture was

transferred to mn{ﬂrd@fsc\il\ée’m NN Lt &8l Sves th ght rork Sanbgnpl e 3)
Screening for disrupte cg#ral S en, the cells cultured on leiggdl um wer e
0=

i nocul at ed 13%H% r e\ 5%F 4R 2- FRERL fA nRUF P L B8 PCR
Sakaguchi Mmagk)d andheulriadr edlovdras ghitaitheh wdre adthscedvesre BRISpended in

100 m . Qf am*r&).qi-}[lm | f ate-cont ai ni M. 30 m%g'! n | fured at 30C for 6
hour s. 1@0 i <" U tﬁi‘;ﬂlg Cﬁﬁg:(??nl?rﬁo\?\rﬁsrl aq%led;aas 3 nglya?f@%cglﬁlﬁ%né%& nystatin
(product ofculSiwgrm)usinettmothtonesdnaadxcpackhonakibnGefitle-Kiuyg/ nl, and
the mxwreg@?d A LyF el f 25y . THE (Y Shtd el F G S8 L OIS, VBER
washed tw c( Wlt‘ﬁ steri |z%%a3\3/al?‘gr )and agig%/n 35 suspended ?n 50 'm of
sterilized We’%é}ercP‘a‘f d3s iy ooth the ADE1l gene termlnal primers

(SEQ ID NO:3_and‘SEQ ID NO:4). The PCR was performed using
15 the Perkin Elmer Amplitaqg kit. The gene amplification was
effected using Biometra’s TRIO-Thermoblock™. Thirty cycles
each comprising 1 minute at 94°C, 1 minute at 50°C and 3
minutes at 70°C were carried out. With the wild strain,
the 1.56 kbp DNA is amplified and, with the gene disrupted
20 strain, the shortened 1.0 kbp DNA is amplified. The PCR
reaction mixture was subjected to 1% agarose gel
electrophoresis for detecting the 1.0 kbp DNA'fragment. As
a result, in 3 strains out of the 24 strains, the ADEl gene
was found to have been shortened, hence considered tc have
25 been disrupted. The PCR patterns for two strains (C16,
Cl7) out of the three strains were shown in Fig. 3.

(Example 5} Analysis by genomic southern hybridization
The chromosomal DNAs were extracted using the
30 chromosome extraction kit Gentle-Kun (product of Takara
Shuzo). A 5-pg portion of each chromosomal DNA obtained
was cleaved by three methods, namely with Dral, Dral + NdeI,
or NdeI, followed by 0.8% agarose gel electrophoresis.
According to Molecular cloning: A Laboratory Manual, Second
35 Edition, 9.31-9.57, Cold Spring Harbor Laboratory Press



7 Novenber 2003 25 sneared with this cell suspénsion. The plates were
cultured at 30C for 2 days, whereby 24 red colonies were obtained. It was
confirmed that none of these strains could grow on SD nedium 5 (Exanple
4) Analysis by PCR Primary screening for .disrupted strains7iNgvEmdBPPEDR

| arge nunber of red colonies was carried out using the PCR nethod. The red
col oni es obtai ned were cultured on YPD 126 medi um The chronpsonal DNA was
extracted fromeach culture using the chronosone extraction kit Gentl e-Kun

duct of . Wth thi h I PCR d out
B e M

The PCR was(peoﬂucﬂedfuﬂmagsﬁémﬁherﬁﬁ&gﬁtElWﬁheAﬂ@téb@ﬂoKlproﬁéeugéae

lificat ef f Bi oret Th | ockTM Thirt
Syl o5 oackicBARFPEr R Dk R FBTAEPORES EN% Nor ARSS0RTAGACRE bt ob at

70C were cabpiedwbdth Weth shquanitd githin, thehaDE15Geklep BNAvine-anplified

anc i) 'fnagan dhshyPted 20nathall. |LARLINGLERRA R G KOR TR dtiet

anpllfled reaction mxture“wasS su agaros
el ect r ophor 8§i 3nesphgei edBEQgIPHEO15D . kb%ftmm\hngnénzatﬁ@n,athesult in3

strains out £9f tEbewd4d §hEREAS. aﬁHeDﬁ.QE%aﬂﬁn%.et\é@%ﬂaﬁu%_F g) %@é patterns Cor

short ened, hence onS| ered to have 25 been disrupted
two strai nsUFERE, ther ¥ uBE?SBPnFﬁeeFHFééngtF&?H@nﬁeﬁét§ﬁ@®ﬁ ite khg 3.

(Exanpl e 5) sAnal ksts Wp@el’tﬂjﬂlﬁaﬁi)sﬁcﬁrh%f‘ m@rbsjha@tm@ska’t@e%gh%lemikeﬁal
DNAs wer c chronpsonme .extracti i nt [ e- Kun
(prod\lljvc‘?’tae é# Ea?gga oYlEﬁ ggﬁgwbgg?ﬁgﬁaép gé@h38%28WD§5W§PSDNA obt ai ned

was cIeavedbefuhmeé,nenhbws shaathy \CtLk,Dcarn), Dthbt+swdeten1@@ hael ,
f o1 oned byafoBtt 388 88°na! o BLEELEAPNRLRTHS tne a5l told! A1y oGy, 2

cloning: A Lab oratory nua
namely the ADEl gene on the chromoscome had been disrupted.

In Fig. 5, there was shown a restriction enzyme map of the
15 wvicinity of the disrupted ADEl1l gene in the ADEl gene
' disrupted Candida maltosa chromosome as revealed by
southern hybridization. ™“555 bp” indicates the deleted
portion between the MunI and Hpal sites. “probe” denotes
the partial DNA used in southern hybridization. When this
20 probe was used, the base lengths indicated below the
chromosomal DNA were confirmed, as illustrated ih Fig. 4.
With the wild strain IAM 12247, wvalues resulting from
addition of about 550 bp to these values were confirmed.
One of the ADE]l gene disrupted strains thus obtained

25 was named as Candida maltosa ACL6.

(Example 6) Examination of the proliferation potency of- the
ADE]l gene disrupted strain
The proliferation potency of the gene disrupted ACl16

30 strain in complete medium (YPD medium containing adenine

(100 mg/L) and histidine (100 mg/L)} was compared with

those of the wild strain IAM 12247 and the CHAl strain.

Each yeast was inoculated into 10 ml of the YPD medium and,

after overnight culture, the culture was inoculated, in an
35 inoculum size of 1%, into 10 ml of the same medium. OD



35 Edition, 9.31-9.57, Cold Spring Harbor Laboratory Press . 7 Novenber
2003 26 (1989), the bands were transferred to a Hybond N+ filter (product
of Anmersham) overnight. The detection probe used in southern hybridization
was the Hpal-Ndel fragment (264 bp), which is a sequence 1
gene, enzyne 5 | abel ed using the Genel nage Iabellng/detect?%%qﬁ P ?%%gﬁﬁct
of Amershan) (SEQ ID NO 5). After hybrid7zation, the filter was washed,

and DNA band detection was performed . using the fluorescence emtting
reagent attached to the sane kit. Upon conparison of the bands thus

detect ed WHIRSHFSWRRTHHISF PARIR 1t { hEO Wihdatt Fama 1ARRIYRLT, (RS vas

confirned, #dsime, %ﬂﬁl@&ﬁ&l@fo@éﬂ)@ftbﬁé ﬁ@@ét§et99nbé{nda89%hé5€h@e had
occurred mnthln t he ADE1l gene (Fi nanely the ADEl1 gene on the

chronnsone’%%EP%E&QF%H%?%pﬁ%dthel 1%@ Sgag?h%Fel§a§°§H6mntBer€§PWFBt|on
enzyme nap of ttl'hza zﬂcsmlsztmizy wis tdel di swp@edtbé@aogeﬂﬂel wilhesAbEingene

di srupt ed to a c ne_as fevea

hybrldlgatﬁgnq! %# @%@ftﬁﬁe%e{%t%dCOBS?gFBﬂgb%?mﬁgﬂp?ﬁ@b$ﬁnI and
Hpal S|tes‘tdFﬂhﬁkﬁoﬂeﬂm&e®C16hetp@imiathé»mcnéedtralsoarheved at that
hybri di zat i t thg,in ed

bel ow t he c onnsom%Bﬁaég%éggpg% ?rﬁ% Qs, QSW?§§? é?ﬂg |§ H(%hég Wth
the wild stlr%u'«fﬁs Agmorsirated yelkat e*gmtik%ﬁf$bmlladdsts1@pemoab@nt 550 bp

to these vgiﬁtelslﬂ@f@tmmf b EBy e @émﬁb@t@‘%dgﬁﬂetg' §Eé‘p&ﬁﬂlsBE§'aﬂﬁ thus
5 was naned as Candlda mal t osa AC16. (Exanple 6) Exam nation of

obt ai n
t he pr§8iferat|on potency of the ADEl gene disrupted strain The
proliferati @xfmslency) axdrihgeien dbSritps efa¥y@ 6l 301 Bi£ahd &;ﬁp@@ﬂ’@%ete

wes conpar &2t i th MEnbsi St TR B e ARA AM 12247 and the OHAL strain.’
Each yeast was i dosuiat@Be igrme 1di stuptfed het YPhspdiluen BOU6 strain was
compared in oil/fat utilizing capacity with the wild strain
15 IAM 12247 and the CHAl strain. Used as the fat/oil were
palm 0il, coconut oil, and tetradecane, which is an n-
alkane containing 14 carbon atoms. Each yeast was
- Inoculated into 50 ml of YNB medium supplemented with 2% of
an oil (500 ml Sakaguchi flask) and, after overnight
20 culture, the yeast suspension was inoculated, in an
inoculum size of 10%, into the same volume of the medium,
and OD measurements were made at 660 nm at time intervals.
" As a result, it was found that while the AClé strain
obtained this time is inferior in proliferation potency by
25 about 15% to the wild strain in palm o0il and coconut oil,
it is higher in oil/fat utilizing potency by about 4 times
(6 times after 32 hours) than the CHAl strain. In the case
of tetradecane, CHAl showed higher proliferation potency
than in fats/oils (palm 0il and coconut oil) but the
30 potency was 55% of that of the wild strain and 80% of that
of the AC16 strain. In this manner, the ADE1l disrupted
strain was superior in oil/fat and alkane utilizing
capacity than the CHAl strain. The growth curves in the
respective carbon sources were shown in Fig. 7.
35



after overnight culture, the culture was inoculated, in an 35 inoculum size
of 1% into 10 m of the sane nedium OD 7 Novenber 2003 27 neasurenents
were made at 660 nmat time intervals. As a result, while the growth of
the ACLl6 strain and of the wild strain arrived at the fin&INeveaper 20035
hours, the growh of the AC1l6 strain was only 83%of that of the wld
strain. 5 On the other hand, CHAL grew t4¥ a concentration conparable to
that of the ACl6 strain; the ACl6 strain arrived at that concentration

earlier by ig. B)._Thus i s.deponstrated that the
16 ot ralnESbEe SO o ot B e b8 i BV ERE Radi um to ¢ he
CHAL strai nSYabhegkanpl e 7) Examination of the fat/oil utilizing capacity

of the ADEl gene flisr S i e; ge ' t rai.ns, the
ACLG St rain vas  comarans wantd I AcPEL LS SR bER e
strain 15 9949224 Dased tore trAlarirg acidsedaquenthe bt tbiel Asevmopalsm

0i |, coGONUtaRi ke~ +&4 IBIER CINEym¥PL EB éﬁdaﬂhg' rgg') k?B%‘lg%gk%ﬂg 14

car bon at ons. q@ ag& s ‘inoculated into 5 0 B fredi um

suppl ement €' Wt %%:h¥ r%f%%ﬁd YBHER nFOREREGECANOY ISR, anBichf der an
overni?ht 2D3tm¢medfatéthyE@étBS@ﬁ?@aﬁi@ﬂ %gﬁhhagpukgégﬁe BndéfReri NOCul um
size of 10%Li M VO t he_medi an neasurements were
made at 660ﬁﬁkpiﬁhi$$%§§%§¥%V%#Q?(Q%éuh TeSu?E?E%t’mggMﬁoMﬁSrPﬁéPlﬂﬁNIe t he
AC16 strai nhebteihedvahi sLT0mpé2-Thf €L188%) ) n proliferation potency by 25
about 18%to the | At oy [ on 0j.l it 1s_higher in
oil/fat utiIizindMléggi%%ﬁﬁgga 6%?B%%€i%%§&g?%ggingéGa??%rngé ﬁﬁﬁ}ggeghan
the CHAl sttQithe | kudiaesedont sineadéeadédacraltshewed hi ghest in

prol i fer at ivii goteeCTd hasdm {at5401 524 ek ALE] hneedlgeegﬂgt bﬂi;_ll byt the
% of that o tﬁ

30 potency was, 55% that of the wild strain and 80% € AC16

strain. In $H P HanddPss rOIRHS sy Jgiesrently used in €andida

maltosa were preferentially selected as the codons
15 corresponding to the respective amino acids. As for the
" codon frequencies, reference was made to Mauersberger S.,
et al. (authors), Candida maltosa, in Wolf K. {ed.},
Nonconventional Yeasts in Biotechnology. p524-527. The
thus-designed sequences ORF2 and ORF3 were shown under SEQ
20 ID NO:6 and SEQ ID NO:7, respectively. The DNAs were

wholly synthesized according to these base sequernces.

(Example 9) Construction of a recombinant prlasmid for
polyester synthesis

25 In order that the above ORF2 and ORF3 might be
expressed in Candida maltosa, it was decided that the
promoter ALKlp (SEQ ID NO:8) of the Candida maltosa Alkl
gene be ligated to the 5’ upstream of each of ORF2 and ORF3
and the terminator ALKlt (SEQ ID NO:9) of the Candida

30 maltosa Alkl gene to the 3’ downstream. For preparing

. restriction enzyme sites for ligating the promoter and

terminator to the structural gene, the PCR method was
utilized. As for the PCR conditions, a cycle comprising 1
minute at 94°C, 2 minutes at 55°C and 3 minutes at 72°C was

35 repeated 25 times to amplify the desired gene fragment.



strain was superior in oil/fat and al kane utilizing capacity than the CHAl
strain. The growh curves in the respective carbon sources were shown in
Fig. 7. 35 7 Novenber 2003 28 (Exanple 8) Synthesis of genes involved in
pol yester synthesis The enzyne genes involved in polyestey w@,hh@,sgcﬁ)g/\ere
desi gned based on the ami no acid sequences of the Aeronobnas :

cavi ae-derived PHA pol ynerase and the (RpP formspecific enoyl - CDA
hydr at ase, which converts enoyl - CoA, mhich is an internmediate in the

(3-oxidati to the noner . (R) hydro acyl - CoA (Fukui T., et
al ., FEMB crgéri%é“ SeLé’tsteé{Tg"as\/éqak% Shypan 2DAQ) ) AslEdm Wesi gni ng

the base seqoantes: I vas, nQLK%Sh%'%%%g tp 5“%&{6&&? BodoR. S3iice
~ Candi da naltgsa |S§Bf%ﬁg%£ i n the "CTG c I's fiot "t ranslCated ﬂ?o

| euci ne buf ntd G é%%o%%sn%@lflsw‘éat.@ﬁtuylugeahens@aw@m
mal t osa weHBAprefEReAD HO:P sel dtteedaaplidte: coddnsuAEheoriespENEHg to the
respectg ve [ don ci.es,. reference was nade
to Nauersbzrégiélgﬁg.ag Qﬁde)%sSh%a %gqos(‘l% a&ﬁi]dﬁeﬁgj;%lq%s]al i Aandior kheed. ),
Nonconvent FERRENgEQEt Bork iBnet AdKd @@wlr@s% 2% e rilieha f‘mﬁmgpfi 086
sequences &£ik2;and- e e and SEQ I D NO 7,

a Eﬁgﬁlﬂﬁi E%@ﬁwnsﬁQ% Lo Qs Qf%ﬁﬁ%#%és g

respectivel Synt hesi ze e base
sequences. %ﬁ&%ﬂﬁ?eug eEbﬁ@@rJ@tN@ﬁ9oﬁ5at¢€C¢WMQtﬁte[Hnﬁﬂﬁutﬁhﬁr pol yester
synt hesi s @&ing bhdeseqhahcbheuﬁaéfeS@BF%rﬁ@Q)GBF%. %%f Q@Edﬁfgi ssed In
Candi gg- ng&gogﬁ? gécgﬁﬁ ggc%ded t g@g pr.onot er A ( 1 8) of
the il oISCWPE, feUpe |,f§I d ¥t d,1 9t ey radrethn QRF B achs of
_ORF2 and CHF3 veator heUtTat m( Bator 2ALKell oPEQelR NG Broaf JurerCapgli da 30
el tosa Alddiaeae & 4ie, 37 dgypstreal, FoL AreRaing so 0 oocs
(1998)) resulting from ligating of the autonomously
repllcatlng sequence {ARS) of Candida maltosa (Gen Bank
15 D29758) and the URA3 gene (Gen Bank D12720) to pUC19, and
the ADEl gene of Candida maltosa, for conversion of the
marker gene from uracil to adenine. pUTAl was constructed
by removing the URA3 gene from pUTULl using XhoI, followed
by llggtlng thereto the ADE1 gene fragmnent cleaved using
20 Sall.

ALKlp was ligated to pUCNT (described in WO 94/03613)
at the Pvull-EcorI site thereof, and ALKlt to pUCNT at the
HindIII-Sspl site to construct pUALl. Then, a plasmid,
pUAL ORFZ2, was constructed by llgatlng ORF2 to pUALl at the

25 NdeI-Pstl site thereof. Further, pUAL-ORF3 was constructed
by ligating ORF3 to PUCNT-ALK1t, constructed in the course
of pUALl construction, at the NdeI-HindIII site thereof,
followed further ligating of ALKlp.

Then, ORF2 was cleaved, together with the upstream

30 promoter and downstream terminator, from the plasmid pUAL-
ORF2 using EcoT22I and ligated to PUTAL at the PstI site
thereof to construct pUTA-ORF2. Further, ORF3 was cleaved,
together with the upstream promoter and downstream
terminator, from pUAL-ORF3 using Sall and ligated to pUTA-

35 ORF2 at the Sall site thereof to construct the plasmid



restriction enzyne sites for ligating the pronoter and termnator to the
structural gene, the PCR nethod was utilized. As for the PCR conditions, a
cycle conprising 1 mnute at 94C, 2 mnutes at 55C and 3 m nutes at 72C

was 35 repeated 25 tines to anplify the desired gene fragneRiverfibdioxpaber
2003 29 The pol ynerase used was Takara Shuzo's ExTaq. As for t%e pr onot er

portion, ALKl p having a 5 -terminal PvulB0 site and a 3'-terminal EcoRl
site was constructed using the sequence under SEQ'ID NO 8 as the tenplate

and further in e sequences under SEQ. 1D NO 10 and SEQ I D NO: 11. As
for the ﬁ%ﬁ?%é;?)ofﬁ%n,z'ALﬁ?V%bvi g gh\? 3RGYR PBANNERdIZ 1981 e and a

3' - tern naledodds it ccaBSe CONSESHICH STy &St 8 pREduELIUENER BAHEEJSEQ I D
NO 9 as the t g;glgate and fqtrther usi ng the sequences under SEQ I D NO 12

and SEQ I D 2 PP ACTHE St to be used finally |igating ORF2 and
ORF3 was the vector pUTAl (Fig. 2, below) derived frompUTul (M  GChkuma,
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t hereof, 4 bhwdel fapnDErangyeeimyt &en AKs pperformed using GENO
TECH’s FastTrack™-Yeast Transformationgs Kit. An M medium
15 plate was smeared with the cells after gene transformation,
and cultured for 2 days. Since the ADEl gene has been
inserted in pUTA-ORF23, adenine synthesis is possible.
Therefore, cells grown in an adenine~free medium are
transformants. Cells grown in an adenine-free medium were
20 recovered to give a transformant strain, ACl6 (ORF23). In
the same manner, a transformant strain, CHAl1l (ORF23) was
obtained from transformation of PUTA-ORF23 into the CHAlL
strain. Purther, the AC16 strain and CHAl strain were
transformed in the same manner using the polyester
25 synthase-free control vector pUTAl to give transformant
strains, AC16 (CT) and CHA1l (ORECT).

(Example 11) Polyester production culture
All polyester production cultures were carried out
30 using 2-L Sakaguchi flasks. First, 100 ul of a glycerol
stock containing each recombinant strain was inoculated
into 10 ml of SD medium and cultured overnight. The thus-
cultured yeast 1 ml was inoculated into 50 ml of ammonium
sulfate-containing M medium for glucose starvation
35 (containing 100 g/L of ammonium sulfate). Culture was



Then, ORF2 was cl eaved, together with the upstream 30 pronoter and
downstreamterm nator, fromthe plasm d pUAL- ORF2 using EcoT22l and
li.gated to pUTAL at the Pstl site thereof to construct pUTA-ORF2. Further,
ORF3 was cl eaved, together with the upstream pronoter and7g@gyvesbee2003
term nator, from pUAL-ORF3 using Sall and ligated to pUTA 35 ORF2 at the
Sall site thereof to construct the plas@ld 7 Novenber 2003 30 pUTA- ORF23
(Fig. 2, above). In the above nmanner, a gene expression cassette for

pol yester production in, Candida nal to s constructed. 5 (Exanple 10)
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synthesis is SSIb|§% her %zre cells grown in an_adeni ne-free nmedi um
are transf%FrettEOCERTEY ceht %nW%ﬂ%nFﬁgoVﬁégdnﬁﬁiGﬁpﬁéﬂéug@tﬂééovered
to give a twasisédrurbint Iﬁétmm@lpﬁi@ {EB23yophilikkd.samke n@ADel, calls
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PUTA: 025 TRT6-OHS e SOVt L8 i hor T CHECACER 8t Fan “AHACCHAT St rai

were transtlepeioi nandetsaneinpnnerwvasi agitrmedpolvgestight2Fogynt hase-free

contr ol VeE&?Iyé%EEQ-é&%ﬁ%&f&&ﬂa“SE r@Hﬁoréf?ﬁh”éolﬁ@%@n(&ag and CHAl
(ORFCT) . 1). Pol yester production cu
recovered by filtration and concentrated to 1 to 2 ml using

an evaporator, and 10 ml of hexane was added to the

15 concentrate to cause precipitation of a hexane-insoluble
matter. The AC16 (ORF23)} strain gave a precipitate,
whereas the CHAl1l (ORF23) gave only a trace amount of
precipitate. The AC16 (CT) strain gave no precipitate at
all. The hexane precipitate obtained from the AC16 (ORF23)

20 strain was dried and then subjected to 400 MHz proton NMR
analysis (JEOL, JNM-EX400). The NMR chart obtained was
shown in Fig. 8. The correspondence of each peak to each
proton of the polyester P(3HB-co-3HH) was indicated by a
number. Analysis revealed that the 3HH fraction was 9.7%.

25 The yield of the polyester was 0.1% based on the dry yeast
weight. In the CHAl (ORF23) strain, the polyester could be
also identified but the yield was at most 0.05%. It was
thus revealed that the copolyester P(3HB-co-3HH) can be
produced using the ADEl1l gene disrupted strain of Candida

30 maltosa according to the invention. Furthermore, it was
demonstrated that this disrupted strain transformant is
superior in polyester productivity to the ADEl gene-mutated
yeast CHAl obtained by mutagenesis treatment. Thus, the
utility of the ADEl gene disrupted yeast of the present

35 invention has been established.



Al'l pol yester production cultures were carried out -30 using 2-L Sakaguch
flasks. First, 100 pl of a glycerol stock containing each reconbi nant
strain was inoculated into 10 m of SD nedium and cultured overni ght. The
thus- cultured yeast 1 m was inoculated into 50 m of ampmowBinber 2003

sul fate-contai ni ng M nmedi um for glucose starvation 35 (containing 100 g/L
of ammonium sul fate) . Culture was 7 Nowehber 2003 31 carried out in this
medi um for 2 days for conplete exhaustion-of glucose in the medium Then,
10 mM. of the yeast was inoculated into 50 ml of polyester production
medi um (500- nml Sakaguchi flask) and cultured for 8 hours 5 and, then, the
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proton ana ySi'sS T9he Bhifrt obtai ned was shown
in Fig. 8. The correspondence of each peak to each proton of the polyester
P(3HB- co-3HH) was indicated by a nunber. Analysis revealed that the 3HH
fraction was 9.7% 25 The yield of the polyester was 0.1% based on the dry
yeast weight. In the CHAL (ORF23) strain, the polyester could be



also identified but the yield was at nost 0.05% It was thus reveal ed that
t he copol yester P(3HB-co-3HH) can be produced using the ADEl1 gene
di.srupted strain of Candida 30 maltosa according to the invention.
Furthernore, it was denonstrated that this disrupted straymdvempsf 2agmnt
is superior in polyester productivity to the ADE1l gene-nutated yeast CHAT
obt ai ned by mut agenesis treatnent. Thus33he wutility of the ADE1 gene

di srupted yeast of the present 35 invention has been established. 7
Novenber 2003 32 | NDUSTRI AL APPLI CABI LI TY. The present invention has
denonstrated the utility of ADEl gengﬁﬁxyﬁbpted yeast strains. ADEl gene
di srupted 5 strains of Candida maltosa can be expected to be usable as

host yeasts for qgn%xrecqﬁ$ination in the expression of genes or in the
production of gene exﬁ?ess on products. It 1is also possible to inpart them
with further d| f figr efitichaldR T opdne Endchihvsobteasts DBAt hesdeeehopnent of

yeasts 20 whi t v r 03 33
CLAI M5 % A yea nqa% 5%%§%%n€QC6ﬁB§€%%%§§ngft%haghggggegﬁQS

di srupt ed ﬁFﬂﬁﬂﬁﬂ gous reconblnatlon with an ADE1 DNA fragnent. 2. The
ADE1 gene disrupted yeast according to Gaim1, which belongs to any of
t he genera Aci cul oco d| 10 Anbrosi ozyma, Arthroascus, Arxiozynma,
Ashbya, Babjevia,- briene st s59 %@syeﬁ%Fr?6§9ﬁﬁlnBr§Pt§ﬁé#ﬁcéa
Bul I'era, Bull er omgiesh kﬁmﬁi@@ t& drey W Cese LAY SPARAcu] GEYRE 88 A&TUS,
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Fellonyces.BeHSIDgtonla, Botrycascus, Botryozyma, Brettanomyces,

Bullera, Bulleromyces, Candida, Citeromyces, Clavispora,
Cryptococcus, Cystofilobasidium, Debaryomyces, Dekkara,
Dipodascopsis, Dipodascus, Eeniella, Endomycopsella,

15 Eremascus, Eremothecium, Erythrobasidium, Fellomyces,
Filobasidium, Galactomyces, Geotrichum, Guilliermondella,
Hanseniaspora, Hahsenula, Hasegawaea, Holtermannia, '
Hormoascus, Hyphopichia, Issatchenkia, Kloeckera, |
Kloeckeraspora, Kluyveromyces, Kondoa, Kuraishia,

20 Rurtzmanomyces, Leucosporidium, Lipomyces, Lodderomyces,
Malassezia, Metschnikowia, Mrakia, Myxozyma, Nadsonia,
Nakazawaea, Nematospora, Ogataea, Oosporidium, Pachysolen,
Phachytichospora, Phaffia, Pichia, Rhodosporidium,
Rhodotorula, Saccharomyces, Saccharomycodes;

25 Saccharomycopsis, Saitecella, Sakaguchia, Saturnospora,
Schizoblastosporion, Schizosaccharomyces, Schwanniomyces,
Sporidiobolus, . Sporobolomyces, Sporopachydermia,
Stephanoascus, Sterigmatomyces, Sterigmatosporidium,
Symbiotaphrina, Sympodiomyces, Sympodiomycopsis,

30 Torulaspora, Trichosporiella, Trichosporon, Trigonopsis,
Tsuchiyaea, Udeniomyces, Waltomyces, Wickerhamia,
Wickerhamiella, Williopsis, Yamadazyma, Yarrowia, Zygoascus,
Zygosaccharomyces, Zygowilliopsis, and Zygozyma.

35 3. The ADEl gene disrupted yeast according to Claim 1,



Fi | obasi di um Gal actonyces, Geotrichum Guilliernondella, Hanseni'aspora,.
Hansenul a, Hasegawaea, Holtermannia, Hornobascus, Hyphopi chi a,

| ssat chenki a, Kl oeckera, Kl oeckeraspora, Kluyveronyces, Kondoa, Kuraishi a,
20 Kurtzmanomyces, Leucosporidium Liponyces, Lodderonycesy NoNVainBSSEIA,
Met schni kow a, M akia, Myxozyma, Nadsonia, Nakazawaea, Nenatospora, -

Qgat aea, Qosporidium Pachysol en, Phach34ichospora, Phaffia, Pichia,
Rhodospori di um Rhodotorul a, Saccharonyces, Saccharonycodes, 25
Saccharonycopsi s, Saitoel]a, Sakaguchia, Saturnospora, ) _

Schi zobl ast ospor i Yt Cisdpe LeRER char any ce§, thendanaranfasdidagpdprarebsy us,
Spor obol onygEsyvSpenppashyses n"Hansent aepargascus, Sterigmatomyces,

St eri gmat ospori di um  Synbi ot aphri na, Synpodi omyces, Synpodi omycopsis, 30
Torul aspora, Trichosporiella, Trichosporon, Trigonopsis, Tsuchiyaea,

Udeni onyces, Wl thm/Ties, ANV keehandasruptekeybastebaprdihki apstiaim 1,
Yamadazynma, YarrqQw.a SCus osaccharonyces, Zygow |l liopsis, and
Zygozyné. 35 S.Eﬁéggﬂégg%é% Sd?%ré%?ege9%§s angégfding to Cdaimil, 7
Novenber 2003 34 which belongs to any of -the genera Candi da, Yarrow a,

Kl uyver omyces, a Hans eh@s o, ; e.di diye .
according to ClaPﬂi;, g@%%?c %%%I%ﬁsghﬁgégﬁieggguggggﬁggég.té;eiﬁémAéEl
gene disrupted yé#siChickdrerngida @ﬁgﬁﬁﬁd; whi ch is Candida maltosa. 10 6.
The ADEI gene di srupted yeast according-to Claimb5, which is Candida
mal t osa .AC16 ( FERN BPR- 736 7. An ADEl gene disrupted yeast transfornant
accordiﬂg to anyagngﬁﬁ?'%ﬁ%}H%eﬁet@lﬁFuEgeahVEﬁs ngFﬁﬁéFBHWEB {ut 2A™Ma 2BNA
sequence cont ai nivigiech honohogods malbekar BtDgoYSERMNBE-8366he transfor mant
according to Claim7, wherein the ADE1l gene disrupted yeast belongs to the

7. An ADEl gene disrupted yeast transformant
according to any one of Claims 1 to 6,

15 which is transformed with a DNA sequence containing a

homologous or hete;ologous gene.

8. The transformant according to Claim 7,
wherein the ADEl gene disrupted yeast belongs to the
20 genus Candida.

9. The transformant according to Claim 8,

wherein the ADEl gene disrupfed yeast is Candida

malteosa.
25
10. The transformant according to Claim 9,
wherein the ADEl gene disrupted yeast is Candida
maltosa ACl6 (FERM BP-7366).
30 11. A method of producing gene expression ?roducts

which comprises cultivating the transformant
agcording to any one of Claims 7 to 10 and recovering a
homologous or heterologous gene expression product from the
culture obtained.
35



20 genus Candida. 9. The transformant according to Claim@8, wherein the
ADE1 gene disrupted yeast is Candida naltosa. 25 10. The transfor mant
according to Claim9, wherein the ADEl gene disrupted yeast is Candi da
mal t osa AC16 (FERN BP-7366). 30 11. A nethod of producing gqRReMERF 8FE On
products which conprises cultivating the transformant according to any one
of Claims 7 to 10 and recovering a hon3>ogous or heterol ogous gene
expression product fromthe culture obtained. 35 7 Novenber 2003 35 12.

The net hod of praduci ene expression products according to Caiml1,
wherein the gene:gapﬁ@g§%ﬁﬂSHFBdhEtP¥%¢%F%%$y%%@%r?XBreSSlon products

according to Claim 11,
wherein the gene expression product is a polyester.





