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present invention relates to a nethod of disrupting a specific chronosonal
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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,



do not- form et hanol when cultivated under aerobic 35 cornditions, and their
gromh 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, high-density culture NQereef 2003
Furthernore, the anascosporogenous yeast Candida naltosa is characteri zed
in 5 that it can utilize and grow on C6 to C40 straight-chain

hydr ocarbons, and fats and oils such as palmoil and coconut oil, each as
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t hrough ge J ion_i.n ndida nmaltosa ,and, therefore, works have
been done gﬁ%égéggggﬁﬁé’t%nddgéﬁ?oﬁnéeﬂé EXBPﬁgsﬁﬁnP§$§t8ﬁ% £8f such

pur pose (Japaperet &bkaie&ubl asathenoishy- 62rB4A8Zcudapanesend@kahis
Publ i cati on-RO = P24 428 ai._Puplication, Hei-02-72822

Recent |y, i © hggbgzgﬁsﬁféc %s% ?ﬁg?s%gﬁgi%% ﬁgﬁtgggdggﬁlﬁg O%tPPF%Bé in
produci ng stYRFERRCenaPY drREebok9ni ef abvdsophhbbaghhgeneal esobbiaatken

t her eofl o( W 09 D404 ) usé o £asKRet WEL 8L 2 ¥ €aSEi LEqUsedrag g host sfor 25
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{1996}, p411-580). Further, that characteristic is also

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
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of reconbi nants ,nay decrease. I onal revert edks out
into the erfAR¥mhentls thet pysaibaplieyasf vets |The MeiBhdsZsatmowi ng i s high,
possi bly pasdwglcodd aby et 498nE HEs SBE_EYment of Candida malfosa has

been ensured to have mutations in the ADE1l gene and HIS5S

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.):



standards vi ewpoint. Theref.ore, it is not adequate to wutilize yeast
strains obtained by random nut agenesis as fields of substance production.
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its characteristics, namely its ability 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



20 making full use of gene reconbination techni ques and based on the
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met hod of produc] RELGRNE O@(ﬁ%&g?j&mé);%%{%téxmsﬁ%g%fé&?&&ul tivating a

transformant of an ADEl1 ge Srup; ast an ering a honol ogous
or het er ol ogoud' e OITESEE D P oI om trrneiotnart 10f o APEH. Mre

parti cul ardehe idi prgidiesyendetdd pdcowilhdi DhohdLbidustsial Iy useful
subst ance _producti on, a transformant obtai negl P%‘?%r ansform ng a honol ogous
n

or heterdto Y G SRR R T RRC 1tRRne L is® upt ed strain
of Cah@i dobie iosh. Mere, parttieudemignentt Hhrodplsy rematdiddpipol yest er

rff°”‘3‘hYQIE?@%%Ea&f“fk industrially useful substance production, a

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
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Hormoascus, Hyphopichia, Issatchenkia, Kloeckera,
Kloeckeraspora, 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-
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The wild st 4 5ty %ﬁc?ﬁﬁ&ﬁ%anﬂ%P?Bs%TﬁgeaBFH0 th%h%rgéﬂﬁééaof t he
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marker mutant, can be obtained from 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



Institute of Applied M crobiology, University of Tokyo or 10 fromthe
Anerican Type Culture Collection (Manassas, VA, USA) under the accession
nunber ATCC 28140. The Candida rnaltosa CHA1l strain, an adenine- and
~histidine-requiring marker nutant, can be obtained from theRBAKEr 2003

col lecting institution under ATCC 90625. 15 The ADEl1l gene di srupted ACl6
strain of Candida inaltosa obtained in &ccordance with the invention has
been deposited with the National Institute of Advanced Industrial Science
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ere he
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base sequencendida gebeosarhdel BEEATJpab1RBREHOANOLhNBg&Ne 3@ gigfiat t he
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cannot be TrEngcti bEAUFRES MRRASCheHBE SRE™St PREFEr SF%dRe NOs Inot 30
transl ated, or thBhé¢rADSCrDPRi SnagmentcindRNAtbecaneNr cagabpkebg, hence
mut ati on or J Ln. L g . acj equen f the translation
pr oduct strﬁ%ﬁ%ggﬁog?%§g?ﬁ§ugr£%§§?$ggggﬁggpth§i%%Fn§§ggbﬁgnﬁfogg m ng
the origi naFhrempeenenin3theheispeligéneetdansdathemeblr ddgwenptdagprtihsi ng a
7 Novenfger ZOAB §eREOnoter region-containing 5 untranslated region, a

regi on coding for, phosphoribosyl am noi m dazol e succi nocar boxam de
synt hase (ECs. 3. 2% %Bﬁla??éY%?nth%cﬁEgﬁon-containing 3' untransl ated

regi on. ThephasphsefbesgtaninbhfiADEd18eBacelinocarboxamide 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



.5 Candi da naltosa has been published in Gen Bank: D00855. The DNA sequence
t hereof was shown under SEQ ID NOI. The ADE1 DNA fragnent indicates a DNA
capabl e of causing honDIogous reconbi nati on with the ADEl gene of the
chronosone in the mcrobial' cell and thereby disrupting theysthpaPkdoene.
The ADE1l enzyne indicates phosphorlbosylan1n0|n1dazo|e succi nocar boxam de
synthase (EC.6.3.2.6). The term "honol o§ous gene" neans the gene occurring
15 on the host yeast chronpsone, or a partial DNA thereof. The term

" i,gi nal t i ng on the host
ygggfrgL?%H%%%QEQEerEEagé?gigfngﬁﬁﬁa?hg§§g¥?2%lﬁeggg rLLegsion cassette is
a cyclic plasmd EmREQﬂmmeammgaaDNAa@ssi@@é%ﬁaéﬁédneheanDMér&ﬁ@%%%Cet a PNA
tai.nin m nator for
Cerm nat i ne A HRErSet £r 08 SUPLESER: pATGEr PHE- BR0LA B BB eor TrRAL B ng
extrachronﬁ%@h@&IWu%hvcﬁhbont§©€—16-b@86&2égsated tnt enehéeckrpresamian DNA.
25 As for Uhieogene BXPESAALOR 195?9595 vhen ghe f&&ﬁ%ﬁ@&etl?é?égfsﬁd oy a

gene (product of gene ression IS the desire €l n Or "enzyne,
subst ance- i tRH% &%@e¥ Yehl ¥Qpfession product. A subst ance which is

directly d'fferEW@RFJT"ﬁéiﬁBpéOQM&tdéﬁlﬁﬁéé Bé@é@séhoﬁnbﬂérbﬁoﬁgsprOdUCEd
by mani festation host yeast, of cCatalytic activities of various
ety

enzymes an lv%ﬁl%%oﬁ 0B buderEase~gBARYGRAT §§8F0H TSNSy a
gene expresioloni PulticatidPHAi+50ab0abbeeviat aentef epaby by dxprpalskanoat e

and  33¢Stands JOF  PLoHgILERRL £oBY! Y RIS ha 2 UL, £ O I D¥erer 2003
shown under SEQ ID NO:7.

In the following, an example of the method 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



copol yneri zati on of 3-hydroxyal kanoi c acids. "ORF2" neans a DNA desi gned
based on an Aerronpnas cavi ae-derived pol yester pol ynerase-encodi ng gene
(Japanese Kokai Publication Hei-10-108682) so as to enabl e expression 5
thereof in Candida naltosa. The base sequence thereof was 7qRQuWib 3 SEQ
I D NO: 6. "ORF3" neans a DNA designed based on an AeronDnas cavi ae-deri ved
enoyl - CoA hydr at ase- encodi ng gene (Japaﬂé%e Kokai Publication

Hei - 10- 108682) so as to enable expre55|on 10 thereof in Candida naltosa.

The base seggg ‘ o] I e follomnng,
an exanple o Qﬁg %Qﬁéﬁﬁg con2t§g%# géaﬁgg%E% ugﬁéoalg%ﬁgted strain, an
exanpl e of TeHer ket @mzxmgdu5©hgoue@obyegﬁéplnsngg t Hee diemapegels 15
strain are 9@@%& bp@lngm)of/éw@ﬂ eérﬁm%tw%gagmﬁl/%@ﬁi gﬁagmeh%rmet ed

strain qg may, be, used for the gene disru stral construction
provi ded th%% l?ﬂ%?%p%%dlgt?%Pﬁr%ﬁﬁépéBléeéﬁt APEPaggSynerekprakdvon can
be obt aisnednotVi ées vma@ugoaobﬁr@égpdﬁo@é pgepecdhbsl phbenleggetﬁaﬁnwo

reported, the ene ion b 0 s reconbipation is preferred in
view of tHe 1% HOTESR (U G o orkee La L DRt S b pee BRRPEKS | of 1
J. A (ed.)noﬂ@l@@@sthmnN@&%pumareBpﬂéﬁgyabéy n0291e3@2th&6955p Hurmana

Press InC. 1ot ouhe Nl ces ATOGs (15 22 Leehihouen oL hopl odgus. o

reconbi nati on, the Sitpl & he s gené di sruption
conpri ses dﬁh@toH@PO@r@b@mum@tl@ﬂebhere@fantherﬁDE@ gheegeaa hot noyeast

celI's 1ios prgheresd mevwwﬂé tbeifact thﬁﬁe %@5 n@f'ttnl?%] gﬁéf]édlafl ghly

safe in handllng can be obtained as a result of bt ai I srupted
strain wit P sHottehethat reberlPBh. engHReARELiHNAYS FagReht Pgeneral |y used

for one- stelpes@@fx@dobwsgmm@@né@ug Bébaef_—gagﬁentmd@rw@ﬂhfI&&@meoﬂene by
partial Intr%%% arg»mieﬁﬁﬂqutﬁg Sggtighgar Yy restrgcted but
preferably is 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



remai ni ng both termnal portions. Such DNA fragnment can be 35 prepared, for
exanpl e, by the PCR nethod (polynerase chain 7 Novenber 2003 10 reaction
met hod) or by cleavage froma vector with a restriction enzyne, foll owed
by rejoining. The honol ogous region |ength of both term ni pdyekid@r 208N
DNA fragnment is sufficient if it conprises at |east 10 bases, preferably 5
not | ess than 200 bases, nore preferabl ylhot |ess than 300 bases. The
honol ogy of each of both termni is preferably not |ess than 90% nore

Porti on 1 hato BE e P AR RS oh ERes EoP SeRALAPES GETd: C SR Ina ABPAC DB

mani f est t hE0@neynbHabwj vilhg. ETheoléngthabh fbhempastical tDMNAJ),S asdc thehat

t he ADE1l _ b it t: . ion. Th
AL STEMIE-S5L 4 T R L B OISR T

chain length Of " such’ parti e y restrict
pref erabl y P5thaeenkssiugahion posmeroasretprét edgdby ) notlolesuless t han 100

bases. kn toEoR1ag] i LeLobotdeot PuaBALAN, 3eEbRBUBLIRGORNAL qonstyyct ed by
el imnating 55-bp ADE1l enzyne-encoding. DNA fragment and [i gatifg a
630- bp 5 - ST DR £ P AGRERPO B HADAT ABOTBpPBeS S ddOBRA f-r abkbheuighsthsd
(Fig. 1) . Thet@d poritofsehdii batedegoni espengsrbe gbaut 38Q% ek ibhe ADEL
enzyme protein T@e ?'-s'de ando3';s£ge gyA frggnen %oth have 100%
honol ogy mn%% the %?I@?%%? WPE1°YRnE SR hE BRUR Qﬂq%gﬁ e2bf APkd di srupting
~ DNA fragnenreﬂb@@"¢@ntmbni@gah@@cbogéushpotpﬂentbencmaayeﬁowamndh@ SEQ I D
brepar aq Ui g pUC 16 AL Thahern AP EPBELEE RskifonifN Bhelie" B
59-65 (1991Y5¢ Fhud, diseweFiedi BNAcolin it Woreeicei oh the prasend
PUCL19- ADELi Mént £oth | | ¥19é efecBBE #he Plaglbd hetRr epar edstherefigm A
enzyme Sall, and the DNA fragment was transformed, without
purification, into a 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



30 portion of the structural gene (gene coding for the ADElL enzyne
protein) of the ADEl-gene was cleaved out fromthis plasmd with an
appropriate restriction enzyne, and the vector side is recovered and again
ligated using a ligase. A vector containing a disrupting PNovembbheon3
prepared. 35 The disrupting DNA-containing vector is transformed 7 November
2003 11 into an adequate strain of Eschérdchia coli, for exanple JM 109 or
DH 5a, the E. coli straln is mass-cultured, and the high purity plasmd is

(ads. ) Mo Gt B FEE IR S s F 7 ch O SBRohG o Chon,

1.42-1.47, PEESthxnmvgptkmmuwtheboehisryul@need @fﬁsg)electﬂﬁthpughethis

vector as idpde B sised ALeeLLYeoro0na LALPLER Ly | Lols desirabl e

for one- st i'stuption i on-cont ai ni ng ogous portion
be cl eaved FtdMi¢Ry 1INPritetedectBre v@@lﬂ%rﬁh@p@@?ﬁiﬁ?@l ecuktrédtomn

enzyne for a%ﬁ%&l%ﬁf@élﬁﬁe%nmﬂhﬁeaiaﬁt bag, otnkhe Eﬁ?%ﬁ?&d and

i nvention, the or was cl eaved h the restriction enz nme
t he DNA fréﬁhéhﬂl OQ$%N§9%ﬁ%%dCOQF@hBGPg mbﬂﬂmﬁﬂcﬁﬁﬁéﬁm ﬁﬁFoaa59@5§t

wher eby t hepdBEdd gener D] d Nygs thft idi S:I&Riﬁ@le@ﬁlﬂ 4864 tt & t NPFDEQDOMSe
reconbi nation, Wiile the protoplast nethod, lithium acetate nethod (Takagi

‘M, et al. Refigheind peraqlpyc GBitBrF19§6PFrf§ﬁ@edePébE¥%E parsé hetked
(Kasuske A\whameby yiMdastraBns 684n 687k(19683) pacdeckpnnmafar .t hen

t ransf gpmat S e.el p h
enploygg|rééﬁ?égﬁééﬁgn%§?%3m€ﬁiﬁﬂ %?oﬁg %%%%grgkgﬁ gg%agg us can be
used for elsrspérsionseagdnenhtuna. 1$npehéopmadthte36f0tfmr albaneint2 on,

ELECTRO CELdaddN LATCR £09 g6 0dised bycBlXcatfan Diego, CA USA) was
used. The cuvette used was BM 25 6200 nm gap bl ue cap) produced by Bl O
VEDI CAL From among the red co onles obtained, gene disrupted

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



CORPORATION CO., LTD (Tokyo, Japan). After-electric pulse application,
the-yeast is cultured on an appropriate nedium and the cultured cells
obtai ned are screened for the desired ADEl di srupted strain. 30 Anpong
vari ous net hods devel oped for transformant recovery, the giN&ehbetd2003
nystatin concentration nethod (Snow R, Nature, 211: 206-207 (1966)) can
be utilized. This nethod is a nethod or%%inally devel oped for efficiently
sel ecting nutants obtai ned by random nutation but is 35 considered to be
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exanple, in a preférred e %ells
cul tured afl@te@d@@tﬁiEEpmlgee euﬁhe(nnrmmpammalraﬁﬁfefrEUetdlarupneda

medi um forg+i0sh aRsE. 3R ?El£§éegllahgtgﬁhhsa%r%tur%%%% %&ltured on 5 a

ni trogen source-free mninma I um and nltrogen
sour ce- cont BY AP#EeHi ARfral @ AT ufl PaVagesHath apeﬁP@GO@Elﬁﬁwe Nystatin is

directly adﬂ@ﬁtiﬂctb@ﬁ é#ﬁ&ﬁéeorn@ﬂkyﬁbsangg@%bg@ equld tllércecr'o%}ﬁQﬁrefsq_Emd at

30C for 1 hour, strains can bé killed preferenti

approprlatel%g%? ﬁ%ﬁ?uﬂgErEHQP e REF S GF t BT tF%ecBFﬁsegﬁsb€H§P§h0nand
culture is paefvtfibdatioBOadoatabepted bgayhrewhakebydsed 1Ry Ar €

conti rred wih daetd o} T RE B Rornoinge -« nEne 1BVBR RFE LoGRRERRTS]
hybr|d|zat|6homethedaq&ﬁmbeogglgonab a(egdo)n, mebbeeankar atldonibeg:2 64 -bp
[abor atery Prass > geas) TooThrthe cxdn o) dpefoelsn B8 hBRIYRY Mittnoes
gene 20 arEh%sE@SEEl%Fiﬂ@ranﬁmﬁérﬁﬁalsﬁzé UNRIbaw@lﬁb det eomed deared t he'
W ld strai nagppenagaif§eonetnhe! gehenphgreshs, MBrhe+dd strain, was
enzyme-labeled using the GeneImage labeling/detection kit
(product 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



band shorter by the del eted 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 chronosomal DNA, such as
in gene disruption, the possibility should be taken into 7¢enemBeraddpn
that the gene may be inserted into a site or sites other than the intended
one, for exanple an unknown, highly homal ogous site or sites. In that

case, the PCR 30 method may sonetines fail to provi'de confirmation. The PCR
method is desirably used as neans for selecting candidates when a |large
nunber of m@lmtvdm@t reamo ardo ot ai hledis Feessidehei £9i pgodudessuphed

strain or thedd gﬁg@rmge szg-_gﬁpeafs ¥§istisigssential. By carrying

out 35 thi's rret hod It possi ble to denonstrate with ease and 7 Novenber
2003 13 for cert &t thpa%olg&féls a%rﬂncmakbhe ek brawsfernatienelisipebnded

site al one. paﬂf&cﬁh{ﬁw%@étﬂ@téﬂ e, da§w@té’faam§1éabﬂ apdukhat 100 yt he
wld strain as con are repar ed. and, after Ieavage with an
approprzﬂe?%?#élﬁRFQéQQﬁlQﬁﬁﬁﬁ% P enEhRES , MaYaP BsBEYEECBRECt r ophor esi s
is carried ditarboxhiec picaiod i meoddct hen pby?S’EﬁénsﬂdﬁﬂhtDﬁn ofdenki fication
was atterrpt t hr ee et hods. of age___usi n iction enzynes.
The DNAs m?y%%srﬁ %Sda ?%W?%?lgg%r%@%%l ?ol f:%ﬁ ieM6r ane, and
t he 264-bpyﬂh&ﬁ#$ﬁr&gpmﬂﬁsrdﬁﬂ¢l¢$@ﬂfimnW@l%&ﬁ&g@léf ﬂﬁBaADEl gene wth
the restri C a ni ng on
S '(Hé sru #%g% fgmh&@%%a?wf&ﬁfaf§y 9%§Fggéﬁgd, él%ﬁgge i ng

t he genone of strain enzyne-| a usi ng nel mage
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described 15f ithd heigedaiaferdd | a@rbyﬁaééleg@ﬁ@ gndcheell pbekbpgrAapoduct was
used as a pr Oztgutfor det Ctl%b I%%%sout hern hybridization (SEQ ID NO:5).

After hybr i%fi
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



washed, and DNA band detection was performed using the .
fluorescence-emtting reagent according to the nmanual 20 attached. The band
detected was conpared with that of the wld strain (1AM 12247) . As a
result, two strains were confirmed, by three cl eavage nethogdsembBaboEn
about 550 bp portion within the ADEl gene had been shortened. The ADEl
gene disrupted strains obtained cannot 2% synthesi ze the ADE1 enzyne, hence
cannot synthesi ze adenine, which is the precursor of ATP. Therefore, they
cannot liv in_adenipezfree nedia or_in _an enine-fre nvi ronment. One
of the ADEit%een% i%?gp%’&“‘%%?a%%e %eﬁ‘a%ed 2 Gt%fh%ﬁ%]g ﬁ%ﬂ 3 AEI’T 30
(2) Heterollogbus yepee 2P essi orwustngal héoAbklagefethdi pollpesdestrain: A
nmet hod of ier uct. I S e_or, heter ol ogous gene can
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medi um sunl § ke, Eesderd Gh ePNoyepper 2003 14 coli, which cannot do so, it

i s.possible to produce ‘suc proteins using the ADELl di srupted strain. The
honol ogous gene capabl e of transforqgﬁion is not particularly restricted

but, as an exanpte of industrially Ysef ul pMpduct production, there may
be nmentioned di farboxylic acid production by trhnsformati on of the Candida

mal t osa- deri ved| P4A5@ enzynme gene irn?ﬂ&he sg§nme |yeast strain, as disclosed
in WD 99/04014. | Th h r ol S g IS pprticularly restricted,
f? {) e ré%#i n%ﬁ i o
vl
I

ei ther ;30 but, for{exafpPe, be hed the transformation of
&&ﬁ gen t heopyi ke N the production of such
Kno CITéE 0~ sonB(Cyeas pf t he genus
H; 2
X Y/ n

the |i pase gene
protein. It is

e
\
-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



Candi da, such as Cdandida nmaltosa used in the practice of 15 the present

I nvention, a codon is translated in a manner different from other organisns
in the step of translation fromnRNA into. proteins. In Candida naltosa,
the leucine codon CTGis translated into serine (Chama T. Pﬁﬁeﬁ er 2003
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[ ol yest | n .3y N of a
bol post o P SRs%e B PR OR062 OBl B b TR LAY TROS RS
general fordhs @cgqh/é‘fhe Ha¥ sty weslpR e*'s%i?ﬁ}slié sYRiee st aedf orfag Sestuanges

pol yester J¥ 3 aGdti)y apdneantbd @@fbméﬁyéeésﬂiéea@emr@&er and
respeci ve%{ I ndi.cate the nunbers of 3HB and 3HH unjts nvol ved

pol ymet P zati U e§Les POlyYMEr 35 ﬁ%@%ylt%%Ah%Y?E§¥%?ep%N@ﬁe?ﬁ%esﬁﬁﬂﬁ

fragnment under SEQ ID NO:6 and SEQ ID NO:7 of the sequence listing,
respectively. However, neither of the base sequences shown
under these sequence identifier numbers has any limitative

_ meéaning. Any other 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



15 described in Japanese Kokai Publication Hei-10-108682 may be used. In
addition to this polyester polynerase gene, any other gene involved in

pol yester synthesis nmay further be transforned. As such gene, there may be
nmentioned, for .exanple, the (R) formspecific enoyl-CoA hydeember geose for
20 converting enoyl-CoA, an internmediate in the pi-oxidation pathway, to
(R) -3--hydroxyacyl - CoA (Fukui T., et al7, FEMS M crobiology Letters, 170:

69-75 (1999); Japanese Kokai Publication Hei-10-108682) and the
ene-for_synthesi zi ng

f 3- ket ot hi endent - hydr at ase

3- hydroxybgtgg IlQIAEIE‘_Cﬁﬂﬁg 059}‘}59‘?’){5{5? r‘rC@It et Fgghecepiescolip, | et

al., J. BI§|maEhé&so nane 45268155303ApabABIE aURERIGANESy MY contain

one or nor u a eti bstit n and 1 nsertion, in

t he base sggggﬁgét?ﬂgreﬁ Eﬂe §F§§% asth% egBngs%%ﬁ%pﬁoaﬁ€F§rhave

substantlaFaBﬁE}ﬁe°§0aB§Pn9m©ySlynrepélca$en@f1mewewﬁanxnmsggﬁﬁgan@@mever

there iss ngngunéapéﬁsttB@RléheYr@rféaéﬁéaspBEQEERSt%g gg Sara rot
n

capabl e of functlonlng did nent e am no
aci d codon97B8i FEREEF ﬁopscaﬁééﬁ§§ai9t03$hﬁnChh@npﬁammaceAﬂfamhe i nvention,

t he Aer onpemsnzlaélpveuber 2803-16 5@Vha%oﬁéhbﬁ%qXpHe ? 4 %ﬂ?;aie and
- ukui T.,

enoyl - CoA d%Fase gJa anese, Kokai Publicatio

et al. FE‘K}% 2r'8o7 6PgyCikt Per used7dM. gghimmas ggd) )aJV\,ereTus‘ialcblHowever
si-nce the Poemi bi voly 2hat Bﬂe3e3eﬁzymmggem¢s may 5 not be translated

nor mahly, hence Y. flyitles ma e mani fested, is_high, sone

am no acid codoniswfLgilrp“z'r %ﬁﬁ %t Eﬁ% érﬁﬁﬁpFl eHVERtdOpmoddeofianaida n
Candi da nﬁW?%E%Pa‘%#kﬂtmﬁmﬁtpmombwermhbﬂlpotaECyI$ymKh®slm@k {Bhaatseguences

< 6f the tottad Iga@yrﬁﬁmggdafgr@@p@aéncgﬁéagy dﬁ{:’s‘é?c%a}uo s&%{é’e&fere t0' ynerase

and enoyl - Cqﬁ drat ase. DNAs are
tHe ferminator ALKlt (SEQ ID NO:9) was ligated 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
utlllzlng 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



under SEQ ID NO 6 and SEQ I D NO: 7 of the .sequence listing, respectively.
However, neither of the base sequences shown under these sequence
identifier nunbers has any linmtative neaning. Any other base sequences
may al so be used if the 15 am no acid sequences of those enrzyvembar 2003
expr essed thereby in Candida maltosa. The gene expression cassette to be
used in that yeast is constructed by |il§ati ng such DNA sequences as a
pronoter and 5 wupstream activating sequence (UAS) to the genes in 20
guestion o and || yences. as a

t he 5' st ream si at.ing .such

pol y(A) adgl?'?l%?fl?f]’gﬁ%e‘ghd Etsugtrjcfger’r’at &RE%O ﬁlel Yh R@%’%stream
sidei Thesec&»#tswqﬂe@cﬁm tm@yc@?raayoseﬂ%@nC@ﬁstfu$h?ynfUﬂCpUHﬂlynatPepe'
east in pr onD inclu onstitutive, expression ty
gnes and |ﬂéﬁCl%$ t%%%g e%??#@r§?§§ v % b%rSHﬁFﬁ?anﬁnglHQed
t he pronot e?f dekkKled Wh@r&bmep@$MfORWéas&nGa@dcdnshautbed as the hosa gg
desirablke. In an 'ﬁ%&%ﬁﬂ@ t

term nat50r Gen Er,ra D00481 aka |fj{l\i%f%et&zﬁa ﬁ&%@éﬂ”ﬁ?ﬁgf&;@@&ﬁﬁé
2217-2226 (49893 §Tream %%rm&mat%d lsrxnclee@mefmmthbegph@smérpﬁaiaon

cassette taome u§§ii1g f B ots Nl @ig&@ec@%&%@@m ot hengr %HCS%‘BE the
present inventio ? %ﬁha constructed as foll The vector to be 35 used
on

for the conStfiR? ét’ﬁ?"orli’é]qpf‘qfim §aa{1 &%ﬁﬁ%ﬁtﬁ%ﬁ%ﬂrber 2003 17
capabl e of Bt inempUuSRE3 r Etpiq@tateflgﬂiﬂlElSl@életﬁpghr@aﬁopfomotérﬁaMdm so have

a region ca of _autonomously repljcating.in t i s known

t hat ag\li}ectcg(%'?lrlgEt et - OFHIA o rmﬁ%l?i?%ﬁ? C {?ﬂggﬁﬁﬁ SggastFggrgﬁaned 5
in the yeasandxﬂigated e B QREZ| ot etho SaiBgshte theregépewhrpebgsi on
cassette 'rﬁﬂétﬁfééﬁﬁ&”gﬁﬁﬁmbRﬁ§3aPFig. 2, above) can be constructed.

In the above manner, a gene expression cassette for
polyester producticn 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



exanpl e, pUTU capabl e of autononously replicating in Candida mai Cosa can
be used (M Onhkuma, et al., J. Biol. Chem, vol. 273, 3948-3953 (1998)).
10 In the practice of the present invention, the Candida maltosa Al kl gene
pronoter ALKlp (SEQ ID NO 8) was ligated to each of ORF2 amngveibsr znzt he
5" upstream side thereof, and the termmpator ALKIt (SEQ I D NO 9) was

| igated thereto on the 3'.downstream side thereof. 15 Restriction enzyne
sites for ligating,the pronmoter and termnator to the structural gene can

be prepared by, wddigzifigdhe R qRURQL L PrifRL SEAYSRGESaBuLt ed-i AR Se
in PCR are shown under Sﬁ I'D NGO 10 to SEQ I D NO 13. The. PCR may be
carried outaMedeCHIRE Lot ¥GHIRy SITERYL asItieePol deBrbli2gefe FRdgRtNt s

can be anpldd,i ethd Asd ofattde BDLLI L ROTEAON, FAHKERaRBYENIrapSseeder m nal
Pvull site and a 3'-termnal EcoRLwZitelh%fn ?e c?nst ucted usjng the
tenpl ate s FRFSPEEG 1D 3 r 1Rl FRERE L sAdn Bhder ID NO IO
and SEQ| D NRthi . a Ad 25 Hdlluddes dtenma ined cingothsaburAt Kt £haviyngcads

5 -termnal__  Hindlll site and .a, 3" -t.erm nal EchV site can_be nstruct ed

c
using the tRKH &% MHEHO IR BEG TR ARt t AeCprPher 8°SHowh=thdSr SEQ
| D NO 12 artiSEQdIRINO a@id, Usabhiths ahibdvetinolis ahédyvedtinolphdal

derived fr : ; Eg‘%{]gll ! ; i fyl he
mar ker geﬁc{eglf%%%d?gncﬁh d#nltr% aden ﬁ%?%éegﬁg«Lﬁg%hi gsF?§§¥égB§ OEM%%%RI%
(descri bed §5tas Fd3FAs af thucpviatt Fcarids t eln tHerepiPld ALKt to

IDUCNT gb t r&tﬁj}% 'ﬂaﬁg@&%%sé’\alldr?ib%%%—ituﬁé@ tﬁ§iﬁ8?§h£§06§doifﬁeﬁsl Eﬁg?di S

e o0 B e 3 e e coninf el o8l e By Lhe plagd

t o pUCNT- - Alklitg uiconsiddiciedcapeb e spuvsengf utheieedsbnligti on of pUALL,

at inefficiently, the utilizing capacity can be improved by
addition of lipase 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.



the Ndel--Hindlll site thereof, followed by further ligating of ALKlp,

wher eby pUAL- ORF3 can be constructed. 5 Then, ORF2, together with the
upstream pronoter and downstreamtermnator, is cleaved fromthe plasmd
pUAL- ORF2 using EcoT22]l and ligated to pUTAL at the Pstl $iN®embbBer®d . I n
this way, pUTA-ORF2 can be constructed. Further, ORF3, together with the
upstream pronoter and 10 downstream terthator, is cleaved from pUAL- ORF3
using Sall and ligated to pUTA-ORF2 at the Sall site thereof, whereby the

| asm d pUTA- - ORK abav an be_construc he ove
Ironamner, g gene eésfelg acq)rndsca%l%etgoej?if% % - Pol YT e Hr ]a?f&ty%?lsf: Céﬂﬁrda

nal t osa carpwebeonst metisetls Hdvdheeyrastpsttadn din tte ipwvemticn o8
transfor med.yi t gﬁ\?\f SS c u tion
met hod rren& ongr %%\?te er g&?t héeﬁ%é %Sﬁgﬁlﬁrg?tgégﬂiéggc’}l%%?ﬁ%g?azt rain
havi ng pUTﬁQ?RF'ZBS‘é%WJ%e ‘Eﬁ@dh%e‘élsedhe Aotgestenppebilont pbnthe cultiweti ng
the yeast ?&Hsﬁ"@f@ri@g%ﬂ’ééhté}?dgﬁé'@o@é%@%*()@uﬁ?éé@iﬁ& Q%tbﬁ!lrgﬁ’c%nQ

in the polyester synthesis can b de in_the | ow ng manner e carb

source to HREHSEY § 3 PRI HIHEE Ry Bee. hhYeof aRAokReuErlLgaBFe by the
yeast. Wenvddteedroih ediseXPlessi@fer Safd heekshbl fwelngﬂahaewﬁﬁdrmy

be tinely added. The J nduc server_.as the I rbon source in
certain i ngtt\r}é %g glrhet KE %'(%e%germ}tsrleéﬁ aﬁﬁﬁ%}sﬁr fﬁ‘ Cﬂ%“’c‘gr bon
source, neot:asllffurwh@'n aorganiy sohvémogench sasircklornofomar garve salt, and
ot her ga S b S u er may be
at anyg 0 l"%éém{k% vﬁ%lc]h c?‘ﬁntéﬁyeas caf?lhél ﬁglyigﬁe}? Jéélg}['%:'r'%fo gé:gnﬁg 40C

i s preferrePl¥veverlutten cig tsilke] %fii*h%dl Bo nﬁtltlpaﬁ‘imubartbyhﬁem ri cted but

may be abouirdatferlt daé/1§d aTﬁ%ﬁaééﬁ'}enﬁhes@@lllYE§t1§étH§MoPeo£eﬁQ¥§ﬁ@d from
the cells or (#ch?(gre tai ned. 35 The carbon source 1 ncludes
Carbohydrafﬁ% a togthe 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 southern hybridization. In Cl16 and Cl17, the
gene was found to have been disrupted normally.

35 Fig. 5 shows a restriction enzyme map of the vicinity



7 Novenber 2003 19 oils, fatty acids, and so forth. The carbohydrates.
i nclude, anong others, glucose, sucrose, glycerol, n-al kanes, and so on,
and the fats and oils include, for exanple, rapeseed oil, coconut oil,

pal moil, palmkernel oil, etc. The 5 fatty acids include §N;§)%®b§,obmd
unsaturated fatty acids such as hexanoic acid, octanoic acid, decanoic

acid, lauric acid, oleic acid, palniti@lacid, linolic acid, |inolenic
acid, and nyristic acid, and fatty acid derivatives such as esters and

salts of s ty. acids. .| xampl e, .10 i da_mal.t gsa_can be

cul tured u;bﬁggt?éat%l%&;%%% }g%ﬁ?h en%all’%oiﬁ%‘ ogﬁgg. IFRSt HéSE&Egegf fats and
oi | s i ncapabirdida el hgsatchiaecdsane capabteeal elebggsotithiezad only

i nefficient Yori e, utillizing capacity can be inproved by addition of

|i pase to the medium It is also possible to 15 provide the yeast with an
ability to utiliZé9-at®s Hioitke @owkanehbvaaefohhei BREL PeEpase gene. As

the nitpoged SQEL] 4L £ NRY1 dei FepbhopsdiwATmoni a, ammoni um sal ts such
as amoni um chl ori de, anmonium_ sul fate and annoniunyphosghate and,

further, peptoneX¥fat’ FPWE rds JTPER_tCRXVRECPS, LARJAREL 0ACNThe
ij_nor gani c aﬁlhsrdugwéwdesramm@h @tﬁl@r@bt@Qﬁ@ﬁswhrmsdhbygamea@msplh?t e,

i pot assi um r ogenphosphat e nesi um phosphat e, “magnesi um sul f at e,
sodi um chl ocf?%o&‘?ge?ﬁ]’ %&t%ifjﬁ%&g%?ﬁ%m?ﬁ EEFEPEn?OBEGgEeS, there may be
ment i oned, fempexamptky. ami no acids, for exanple glycine, alanine, serine,
t hreonikge, proling,,etge. r Vi 1 X I I.Lame:n iLtamn
B12, b?gtin, nicgﬁi hﬁ?&g¥%§§§aé% _éﬁg% %%?E?Evﬁggng%gk% g?cpgigeﬁge
inducer, tHerEEngohEiemy 2dfp thahplé, (BREYAbsstARkR,. AThe, Al k3,
Al k4, A|k5@é§fgﬂment 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

or the



(Ohkuma M, et al., J. Biol. Chem, 273: 3948-3953 (1998)) involved in
fatty acid netabolismand inducible by fats and oils or by deconposition
products thereof, nanely fatty 35 acids. 7 Novenber 2003 20 As regards the
_pol yester recovery fromyeast cells, a nunber of nethods haugeR8eMN2003
reported. In the practice of the present invention, such a nethod as
menti oned bel ow, for instance, can be ugéd. After conpl etion of the
culture, 5 cells are separated and recovered by subjecting the culture

medi um t o % nt rf%oartet he. q’%alu‘k?ns n&idége cg% e washed with

distilled water an anol nce en’ dried. The pol yester
is extracted froM meslidm edO Sebl/s Wahesn uoy gmﬁfcat‘aol Werit o5licscakium

hi f t t
chioro Orrsnociﬂiq{rljcﬁe r eoyi 1{) LN e f If“%rat fi’&é}tcfﬂ 005' 'ﬂg?ﬂ

organic vent solution 1s subject ed’ to n or ot tment,
and a poor GdIGiant PatcH henatd haholgor Hexaheol, Q. %@%leragfb phetinttrat e

to causg preaPidatn o éﬂneorm,ve@t@f m(% sURer faf ffte | Sol €10NGAL DY
filtration or 15 centrlfu ation, and the thus-col| ected po yest er

pr eci pi t at @95 YA d‘F‘%/é“scf@e%a?PJt%Eebe r Bt e rRatasshempol yest er
obt ai ned Ca_rbdle:lea,naﬂ’y&dng/florpcﬂi@é’@ilﬁn diyy@esgShpRoERblegt aphy2 . BuefLar

magneti c re nce S netr etc., 20 B CRI PTl ON THE , DRAW NGS
o 1 chaTean 1) o O PR A0 ACET! o8/ et T Lo HER o AT POAS o1
constructi rigp ag/l]l-\lk_;lhmosmEl Tai sheptdasre o Fisgnmch i wsllr‘fatess ca:mbﬂharmrr@as

cavi aeq ger|W%§oI%§}ﬁrwgﬂm%% engyl 3§04 h rgssion

cassette per) as Wel | " as“a contro casse e, pUTAL,
free of bot3 R Eéklpﬁéé%%'r oﬁldgea@%m(mgcontalnmg M medium, 1 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



2, lower). Fig. 3 shows the reéesults of primary screening for 30 ADEl gene
di srupted strains by PCR Cl6 and Cl17 were considered to be disrupted
strains. Fig. 4 shows the confirmati on of ADEl gene disruption by genonc
-southern hybridization. In Cl6 and Cl17, the gene was foungpnNRehBYEIRREN
di srupted normally. 35 Fig. 5 shows a rg triction enzynme map o? t he
vicinity 7 Novenber 2003 21 of the disr éted ADEl1 gene in the ADE1l gene

di srupted Candida maltosa chronpsone as reveal ed by southern

hybri di zati on. Figg. o] he. gy, I t Ly gene 4 Sg4li srupted
strain ACl6 in Yggeneﬁgﬁgm%ﬁtegio%t%h%\%nﬁjrfé&gﬁm%%@t% ves of(%hGeEADEl gene
di srupt ed bpdi FOACUE eas rodtsihesd diyi sty peilawal 1§ ., coeonbit, oAgriand
tetradecang;as CRRQN SO .CeH- 6d CERRAL) Y i 0 &l B1 SNOMER 2 éﬂ@ MHz
proton NVR chart of polyester P(3HB-co-3HH) produced in the ACl6 (ORF23)
strain. ThéPadssifgriaiedofove & prigib it w2 U hot 569 efhe sTARYRRated by a

nunbelr .515 Blalaizeimtaﬁt&f%r@ﬁﬂ%t\ﬂ 1€ @iﬁia.TﬂiE SHNVERINT] Oik#eTimIpfsnldﬂ%s#mg
exanpl es | ustr.ate e presen I nventilon nbre speciticC . ese.
exanpl es a&’é‘?%\ﬁ&/é:ﬁe HERR ISR TRBRAR BT het s oﬁ% %‘Fa’f%e gel,

i nventi on. anbheheedgenyrenis embripy iwiass il tusetorrelps dooch ss2es of
ot herwi so SREN Titea. (BT AR SOT O LE et Dhee 1t 9oty FRRRee 5 g0
yeast extr &0, ) 2&ny Iseyediatma Hfxon deach other cadhofvd® gt atlass agar is

10 both sides of ADEl fragment was recovered from the agarose
gel using EASYTRAP (pfoduct of Takara Shuzo), and the both
sides of ADEl were ligated ﬁsing the TAKARA Ligation Kit
Ver2 (product of Takara Shuzo}. 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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added to 16 g/L. YPD medium 10 g/L Yeast extract, 20 g/L pol ypeptone, 20
g/L glucose. In the case of YPD plates, agar is added to 20 g/L. In the
case of adeni ne-containing YPD nmedium 30 adenine is added 0.1 g/L. YM
medium 3 g/L Yeast extract, 3 g/L malt extract, 5 g/L BagignemBtorsms 10

g/L glucose. SD nmedium 6.7 g/L Am no a%i d-free yeast nitrogen base (YNB),
c

20 g/ L glucose. In the case of adenine ont ai ni ng nmedium 24 ng/L of
adenine is added. In the 7 Novenmber 2003 22 case of SD plates, agar is
added to 20 géém M nedidefe Qil%ﬂiﬂtl'\@rg éjﬂlﬁélﬂlf:ate 0.1 g/L sodi um

chl ori de, 0. ng/L t hi am ne, 0.4 ng/ yr|dOX|ne 0.4 ng/ cal ci um
pant ot henate, 2 e Gardida|mabieos %@¥il%lB¥Mn12g4@ Wésnﬁpﬁcpiéﬁed

chloride, Oiffdo Myd lnZidE VYl hed Lum . Qﬂdrrpfécumeﬁr@da@krdm@gﬁt norEepper
sul fate, 0.01 ot aSSI um jodi ota

ai hydr ogenphdbhiRt cti Pt 8t hedled; WReni RPEBLAt oLpnaPe, ™, 259/ L
cal ci un’BCh|YI{IIﬁkBj.lurQ0(5]ZG_—Ig1 L&@]S@gud:]lﬁltﬂbE.SB‘ﬁeaﬂﬁ amffheiru® hours of

ase of BRI ResUTT o e aig SR REETCRY ol RERG EARGLaR 1 109 L Shhoni um

sul fate andvere sugpendehiire 20@ 1altideﬂ 10MIVBQEbﬂ-uml Pd\WeSUeDfptbducti on
medi um 6. 74 ﬂéfuﬁ\g;[ﬁ)g Jiﬁl\ugldras Cé& I N9, ACLAS, mEYRPA %”ﬁ%egeWtflR} 20 g/'L

n-al kane or 151 0i | oh source. Liquid cultu yeast cells
was carri efSetEredi ng a 50--rr1 test tube, a 500-nl Sakaguchi flask, or a

2-L Sabaguchl f sk, e‘i’f@k&%fé&xﬁaﬂ\@énpﬁééoéﬁﬁﬂléa 384@ bpmche the case
of a 50- test, tube, ft 100 to 110 rpomin the 20_case, of

a
Sakaguchi f?%ﬁﬁ?r%ﬁ Rilzg) peth DS feRs - LaReiofnat op %%?%E%E%? fl ask.
The cul t ur endedrpes At BTR s ELECTRO CELL MANIPULATOR 600. The cuvette

used was BM 6200 produced by BIC MEDICAIL CORPORATION CO.,
LTD. A 100-pl portion of the 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



was 30C both in liquid culture and in plate culture. (Restriction enzyne
treatnent) 25 The restriction enzyne treatnment was carried out wunder the
reaction conditions reconmended by the nmanufacturer or follow ng the

met hod described in Sanbrook et al. (eds.): Ml ecular clofingGemBer 2003
Laboratory Manual, Second Edition, Cold Spring Harbor Laboratory Press
(1989). 30 In the practice of the |nvent2|50n a nunber of commercial kits
were used and, unless otherw se specified, the procedures followed were as

described in the attached. 35 (Exanple,l struction of a
di srupting DR %eﬁh %&ﬁorbmgrhc%rﬁ%%ﬁ Sfett or
pUCL19- ADEL{1:164ed kip)3doar f@&ezi dlalpss hemer‘xh; el lre(d<€ty@.orﬁ.es atexd .

T e e A e SR S AT T R

Takar a ShuzmultheymMNAsorafIermediwmt i ng treat ment were el ectrophoresed on a
1% agargse gel, and the fragnment conprising the vector plus both sides of
ADE1l (4.19 kb ) and the Munl/Hpal cleavage fragnment (about 550 bp) were
separat ed f ri@maggcte dthdmnalyfe s, &t FtChl us 10 both sides of ADEL fragnent

was recover ed fraomieryn %%1%%@@95 EASYIRAR: £ P1 06l UEL o arlak@r 8

Shuzo), t he bo SI were ligated, u t he, TA ation
Gt e " i iyl Shavt b ett bhooh thr o4ag hAdEERto 500

ul of Eschemat}mca CCIﬂ']Ie e efodiein iea Io&aﬂati&aed weke a:tstatmtécbrbrt atpm of not

nore t % wher e th Esch nsf med. An
adequattﬂ gnm)un it of l;I'L r?glcﬁoﬁnnc%svc\)/as agjaﬁ}:l and esét;rt% e'1 hour 0 a"gr;take
culture, aruByatesies Srearkdonesdine hexteactsgsphm§| éantaadKunl t ured
overni ght af,3/dn-SeyLrfhxPfa Hu£Y) ONESh this chromosomal DNA, PCR

was carried out using both the ADEl gene terminal 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



20 that had been fornmed were picked up and culfured on LB mediumin the
conventional manner, and the plasmd DNA was extracted fromthe cultured
cells. The plasmid was cleaved wth the restriction enzynme Sall, and the
appearance of a 1.03 kbp band was confirnmed by agarose gely November 2003

el ectrophoresis. 25 Thus, the desired vector for disruption was obtai ned.
This transformant Escherichia coif stra@d®m was mass-cultured on LB nedium
and the vector was mass-prepared by the cesium chloride

ltracentrif Lon_ et hod according to Ml ecular cloning: A Laborator
nhnual, Secéﬁggéh' FHE Qaﬁﬁslwﬂ§e §8aéﬁﬁ8rgﬁﬁlﬁﬁ ﬁaﬂB@Pn@aﬁéréﬂéﬁfrPresg

((]I 1989). The (%?EdiubtslﬁoffMedBHE}upt ﬁeagﬁ%ghtl .eaved @lét@@tﬁgﬂ pf@ﬁioﬁgeét ep

i sruption. e e_appunt .0 e nto_a aqueous
squtPon afitt tRE gP@%vgggﬁﬁﬁ}ﬁﬁglBEeHaPWEEengP $@gﬁpﬁi€ﬂ%%Pt %
purificat|ohp)BSWMlEbveaberséQGenQé @Examplehé)Aﬁeneg@mﬁnupmmqmeexperlnent
The Can@!dalﬁﬁhﬁgﬁtu§i 'EhéA@Lé%%ﬁ%ﬂgaiab%g%EBZP%%ectQ%% &ltglgpkﬁgk%h1mas

medi um and precu ure overni the prec
i nocul at ed PA 2porfhani 5S$QIﬁEdNQnﬁQSOOAﬁteSahﬁ@ncﬁlzataek) thd, after 6

hours of cghiuee, wgs! kgsw@ae 84! 9ﬁﬁ\.ega9}i a%%t:'t B&aWa%” eH2or wer e
suspended in Msorbitol, 10 ug of di srupting mas

)
added, and Pﬁénﬂlgkﬁrg e gERRES e@%FFF@H r969¢ﬁ§ @éﬁécbﬁ§n§Poﬁ#§tlon was
carried out shyet ket . el @sdn | Conpd SEsdRt fPdhd Nbaf@Berhhiangt EAREHOR: th

s Em 00 BR S BEa Be ol O EER BAL EERPERRITOROL 224 Tl EAWE80- UL port1 on
of the conpeoeﬁurmeﬁlSLEMMWQSSSUapaasKIm6pre@&nedtha$ shloeteanthgp®yr ed i nto
each cuvetltgpout 550 bp had occurred within the ADEL gene (Fig. 4),
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



and the cuvette was set on the pul se apparatus. Then, ‘welectric pulses were
applied under the following conditions: electrostatic capacity 40 pF,
resistance value 246 ohm voltage 1.9 W After pulse application, 1 m of
20 1 Msorbitol was added to each cuvette and, after gentlz o%%#ﬁrgzooté‘e
mXUHema,HMImmdtosumdatrmmltamaaunefm 0

m xture was transferred to 100 ml of YM7redi um and cul tured overni ght. 25
(Exanmpl e 3) Screening for disrupted strains Then, the cells cultured on YM
medi um were inoculated into 50 ml. of ammonium sulfate-free M medi um
(500-n  SACRUETHNID 65 Ky BR dRRAE t Uk cBOBVRRnA§hEinghintetieleel 1BS awere

suspended lﬁbswpc,mwmh@rﬁm@l @f@@t&hf@f ergONLEl Bi Qeréfiﬁoaﬁ&dbfmtﬁadwwht ured
at 30C for hours To t%ls c tur medi um was added sol ution of

nystatin (ﬁﬁ PFrigy Ry ¥ ¢ ok hambl SEB98 1Rnap E%HE%ntF ?lBHOUFhlo
~tg/n, anobf titee MAGT &Ir et yabn cwhé Uy f ©8% loBothat The thstwila- teeatad
cells ed t ce Wi t gg&ggllzed wat er _and agai§l35 sus end |n 50
m of s er| MBE pl %eFe 7O NBVENBEPRSh5I9R SHE ?Ea

this- cell §usﬁ@nstomf'WM@.mmhﬁestmeIR, thiét ACEE atr30C dorifedays, thhereby
24 red col t I S ir t strains
could gromﬂ%ﬁ né%ﬁﬁ%? %é%ﬁger *%m@ hﬁgg%93|59%%ggcﬁgg$|nagy ggﬁgenlng
for d|srupﬂéa‘@Q&aﬁeﬁpﬂ$%ﬁ¢%ﬁ%n©h®t t%@g&chénﬁbrabﬂ redsepéphpesinas

carried out faafﬁbfgﬁa&%Iﬁo@@ﬁ@pdlnTagmﬁfgtgoh@aiﬁﬁ obt ghpedmaer g eulifhur ed
on YPD. 10 nedlun1 The chronmosonal DNA was extracted fromeach culture

usi ng tRe chronosone extraction kit Gentle-Kun (product of Takara Shuzo).
Wth this ci{E:campshsrel) B¥emiERion of the fat/oil utilizing capacity

of the ADEl gene disrupted strain
Among the gene disrupted strains, the ACl6 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



was carriced out using both the ADEl gene termnal priners (SEQ ID NO 3 and
SEQ ID NGO 4). The PCR was perfornmed using 15 the Perkin El nmer Anplitaq
kit. The gene amplification was effected using Bionetra's

TRI O Ther nobl ockTM Thirty cycles each conprising 1 m nut& Novefvkbe&r 2003

m nute at 50C and 3 mnutes at 70C were carried out. Wth the wild strain,
the 1.56 kbp DNA is anplified and, wi t h ¢the gene di srupted 20.strain, the
shortened 1.0 kbp DNA is anpllfled The PCR reaction mxture was subjected

to 1% agar ogg, =€ £5i r.detecti the 1. DNA fragnent.
As a resul%s Qﬁﬂ; st’regél% % %f&?h elﬁss{’?g?gg A HB REHGSEHE was found
to have bee%Y%h%¢$bﬁed hence consi dered to have 25 been dlsrupted. The PCR

patterns for two ®{d 1@%&& 14 f.th were shown in
Fig. 3. (Exanple %% Anal §%; y %eﬁ%%gﬁéggu%% §%iﬂég PF Ao tFnhEeLe
chr onosonal @ rRaesd rekt ele usihhiget Aeidos etﬂﬂermserrefexheaéietr@moknats

CGent | e- sun &WQQ@C& of J@k@m g Rar tkon e nosonel
DNA obtalned'%ﬁgdg ee%;é% ﬁ?%@yﬁg%agéeénﬁaﬁgﬁ R? EBEP ?§Q5§% 8+ Ndel ,

or Ndel, fof?t %’§ %é@% ¢ osEh el ‘é‘P%E?FBﬁh@P@ﬁﬁlsCOAAcb’bﬁ&hngSt an

I\S/bl ecula; gimmtr!ged:ﬁaﬂ_abmiatloeyBA@jaﬂ@étl&Cpﬂﬁ%gégg—d'tb'g gge ﬂo%@m%rﬁg Col d
pring Har S er . the bands were
transferredﬂ%% %qfi{? d¥T£§f ??%rZFﬁgvbd ct © iﬁersﬁé %98F9P§ﬁ99gThe

det ecti on prabeciSedvol n EoUt hef oMy bl18P2h) i on was the Hpal Ndel fragment
(264 bp), which t t e | abel ed .usi ng
t he Genei mage |a5%ff%§$§%#§gf?E#§ g%g%pgg €g¥g %%rg n? ?Sﬁﬁffﬁpﬁﬂ 5).
After hybrilh Zdt¢ okrudie g9demer &H@CﬂeghedldanmaDNASbamd deveastomnwas

per f or med WhﬂdniﬁHEBdTGKEéﬁ&@Uﬁﬁ:@@%tﬁtﬁﬂsigﬁgéninéet§EHE§nEObEPeln§8”E
kit. Upon compari son, of the bands thus detected wt

hose codons most frequently used in Candida
. 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.



10 that obtained with the wild strain | AM 12247, it was confirned, in two
strains (Cl6, Cl17), that shortening by about 550 bp had occurred within
the ADE1l gene (Fig. 4), nanely the ADEl gene on the chronobsone had been
disrupted. In Fig. 5 there was shown a restriction enzyngn@emBér 3
vicinity of the disrupted ADEI gene in the ADEl gene disrupted Candi

mal t osa chronosone as reveal ed by soutB8&rn hybridization. "555 bp"

i ndi cates the deleted portion between the Muini and Hpal sites. "probe"

denot es t@.ﬁepg é{%ﬁe DNA used, i n southern hybridization- Wen this 20 probe
was used, the base TEAGERISENYRR dR ki Wwhtee' e hEshagomds DY ithe

confi rned, paeniddaistyeteron N k&1 4hav%tgh d F% V‘Eeﬂnlflﬁéf“ @’V}J%IYI ]s%%e ‘and

~val ues resgl t3| n%grom%%gltlon of about to these val U€s Wwere
confirmed. “Ole o YPehesHr e ripe eﬁo%ﬁﬁil%efih%leﬁt sheedeqRBnEs
named as CHREPHaSERl £5sHOAGlGs (tE)Garﬂﬁn@l@)tdE@{a e e ©fud Heg PERL i feration

pot ency of g& 1 r t ain, T oliferation potency of the
gene di sruEt ggené@g uagggt rgglanlil%n o r‘?ﬁ%ﬁr’rﬁ I‘stﬁ feanttdiani ng
adeni ne eeﬂ#@fit?ranarﬁngm,dmlcclmwgua) M@ﬁmpmﬂw&ﬁlt@@g of

t he | d Sé_ﬁ@ 3 n Eac ast, was i nocul at ed
i nt 0W|10 m _of I? A%é%grrlgﬁiag %Cbﬂ% QH%% %} gsladporﬂs niﬁlcfdjr%mq hfel'll%ul 'ltJure was
i nocul at edseglﬁe%ﬁeﬁn?ﬁ’éﬁﬁ@n;?l bp: @f aﬁ%thenttcenmaﬂe aind hBustdner medi um CD

7 Novenberu2fg BHeneaguegsest ﬁnﬂ@&eSWQDatI\TCﬁg%m[Hﬂcﬁtséﬁ ”@3 l&ﬁe‘g aI S.

L e T Lt S 1

of that ofth®ievefterspWEnh. (Fign Qhebeube:n R d el HAT 3 MR A

. Soncent ralonufe et ARl e, 50 5081 Otnbhe, AT SYA M G AES strain

arrive a(lggg) 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 llgetlng 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 ALKt 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



concentration earlier by 6 hours, however (Fig. 6). Thus, it was
denonstrated that the AC16 strain is superior in proliferation potency in
caonplete mediumto the CHAlL strain. 10 (Exanple 7) Exam nation of the

fat/oil utilizing capacity of the ADEl gene disrupted str SR, he
gene disrupted strains, the AC1l6 strain was conpared in o?wyat %?Zl i zi ng
capacity with the wild strain 15 | AM 12247 and the CHAT strain. Used as
the fat/oil were palmoil, coconut oil, and tetradecane, which is an n-
al kane containing 14 carpon atons. Each yeast was inoculated into 50 m of
YNB nedi um TR egFJvﬁtl'?Q%lb‘?vebn N {BRRAvVEHNSRh 3 1998 and,

after over nighite 9i el dak et tderyeashl fHSPEASHLOAMBE1bAOEH! ahadighn an
i nocul um si ze, of 10(V%%i nto the sa volunme of the nedium and OD

measur ementB3 e it ANBENRAt tine intervals. As a result, it was
found that while the AC16 strain obtained this tine is inferior in

prolifekgati by, 0 %t 1 tealpn i almoil and
coconut goi I fﬁk%}?ﬁfé;qm)gh%ﬁ@%@% f%‘l]fs %t?f%ltz}?%éwnlﬁ%?gn%ékb?og%gﬁ{:eﬁ times
(6 tinmes afReed@2ti@urs) than the CHAL strain. In the case of tetradecane,

CHAL showed i OhefoProldd ¥y AP EY SHne LARRS! BrEaL R/ ahliSchRg! Breblnand
coconut oil) hut the 30 potency was 55% o? that of the wld strain and’ 80%
of that of3Fe YRAY: 3R FRliwred) ko nbeedivheunbEl Bherdbteld 68framn was

superior inetivéd@taang. aldane, ol i $&Z1 H0weLdpastbyetBanpiyhe CHAL strain.
The gr h curves.in the respective carbon sources were shown in Fig. 7.
35 7 Ngmnb%ﬁ‘nm%tj(cé}(’arﬁﬁcg @}e S%ﬂ?‘ﬁ%s?’ép’c')?sﬁéﬂ'ésv?HSBFvZBUF pol yest er
synthesis ORF23) was transformed into these cells. In gene
transformation, the process from preparation of competent
cells to gene transformation was performed 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



The enzyne genes involved in polyester synthesis were designed based on
the am no acid sequences of the Aeronpbnas 5 cavi ae-derived PHA pol ynerase
and the (R) formspecific enoyl-CoA hydratase, which converts enoyl - CoA,
which is an internediate in the (3--oxidation pathway, to7iNiEeMBBEBOITIS

(R) - 3- hydroxyacyl - CoA (Fukui T., et al., FEMS M crobiology Letters, vol.
170, p69-75 (1999)). 10 In designing theélbase sequences, CTG was not
assigned to the |eucine codon, since Candida naltosa is a yeast in which
the CTG codgn_ is not transl.ated into | eucipe but into serine. Those codons

most frequertTy TR et ntEalidt YA e FarT 05T wér 82¥FefOFe FOFRISFSsel ect ed as
t he codons €thaost Esponti abutesé hen relspentdyaemam TRedgi U8. mAsofothehe

d f i . mad b S. ..
(aut nor 5. ) Tese b TR SEES AR WIRY 38 “plaS, BORRRG e RECBSE Shlhst s i n
Bi ot echnol A1 yB24>E27m1 Thekagheisi desaghidasdquedtes eCRERraRd hORES ver e
shown ugder,REQ @04 D N 6,130 Sﬁ:?v&]?r%'g;gs E%ﬁﬁ%‘fte'r‘f%lflé}glg[% ngés ofere

whol | y synt hesi zed according to ese e sequences.

Const r uct i OFPRfS&e ROEPE TR Preduckienrmegdlespad pyachesiion25 | n order

that the abayetRE2va80ERFSrmé@htober 2 6XRbA88Ed ThHe CodidReMRLLDPSA, It was
deci ded that the SEQ I D NO 8) of the Candida maltagsa Al k

. gé nné r AL %E g . , )

gene be |i JRARFLPCIREES L iFebht oFeEachecPVeRES RNd COREY 1 tagatire
tgrninator vl 3tied (BHEQ ik 8Ex199 1 ofind heh&andiydph3Qizeldl osahél §tigeneel dst he
romot &7 argp U ATy THOPRe ok P hckhr aF BBNEToRRETPURSTBERER vas
utilized. AshdreteheaRCRlromiixiuns, wascytlierednpresinight Miomute at 94C, 2
m nutes at e 3 é&f‘f‘éé@i%. 7@%10&?of<?ﬂﬁaé89u€§oﬁi &S to amplify
t he desired gene fragnent, venber 3

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.



29 The pol ynmerase used was Takara Shuzo's ExTaq. "As-for the pronoter
portion, ALKlp having a 51-termnal Pvull site and a 3 -term nal EcoRl
site was constructed using the sequence under SEQ ID NO 8 as the tenplate
and further using the 5 sequences under SEQ I D NO 10 and. SERoVEMbEX 4003 As
for the termnator portion, ALKIt having a 5 -terminal Hndlll site and a
31-term nal EcoRV site was constructed W ng the sequence under SEQ I D
NO. 9 as the tenplate and further wusing the sequences under SEQ ID NO 12
and SEQ ID NO 13. 10 As the vector to be used finally ligating ORF2 and
ORF3 was the vector pUTAl (Fig. 2, below) derived frompUTul (M Chkuna,
et al., J. Biol. Chem, vol. INIRISTRMSIFMICAHAYB)Y resulting from

|93t 10, of the auenonelsly 4 LoBL) oR0 Rg. SRNENSE(ORD) oL GRIdLdn ¢ oo

ADE1 Igene ohDichngena dzattpsad I/easto?VEamen aiDEhegermarck;ea;rmtI@dfr?m
ne_from

pUTU | ust nashots  OF | GanPds AITLENE Cn BY BEBRLRd e pBTa e

cl eaved usi ‘@5‘32106%1315 f%KQ%D—%EEFPTQE%EGT-ﬂ-@npUGI\rth@d%@erédOnnOW\O

94/ 03613) ?’éné@eofvi'ﬂl'tﬁé%foéhéﬁléﬁeé§0§en@ngxﬁE5§5158Ug%c§ts thee
Hindlli-Ssp ie to co uct pUAL1 hen E was
const r uct ed*By?+ FYal P AT &Q%FZt‘Po Fi Bpeppuit SfNHEFEPsgP-f§PF8thereof.
Further, pUfhx @FGph MRS E@@St?ﬂstﬁéidQYtblQﬁélﬂgv@?Eﬁmbﬁtpb@\'m §| eﬁh%fn _
construycte construction, at the Nde i n site
t her eo;ifb %*?Cﬁ %ax? e?e(?i 6%%%6 of ’AERTBle‘FHBES ORF2 was cl eaved,
together with the upst ream 30 pronmoter and downstreamterm nator, fromthe
pl asm d pUAL- ORF2 using EcoT22l and ligated to pUTAl at the Pstl site
thereof to construct pUTA-ORF2. Further, ORF3 was cl eaved,



together with the .upstream pronoter and downstream term nator, from

pPUAL- ORF3 using Sall and ligated to pUTA 35 ORF2 at the Sail site thereof
tqQ construct the plasmd 7 Novenber 2003 30 pUTA-ORF23 (Fig. 2, above). In
t he above nmanner, a gene expression cassette for polyestey Nyveguet 2GR i N
Candida naltosa was constructed. 5 (Exanple 10) Production of a
transformant for polyester production B& transformation to the AC16
strain and CHAL strain, each yeast was cultured in YM nmediumuntil the OD
at 660 nm arrived at 0.8 to 1.0, cells were recovered by 10
centrifugation, and the above expr essicoht it or (pUTA- ORF23) was
transforned into these cells. In gene transformation, the process from
preparation of conpetent. _.cells to gene transformation was performnmed using
GENO TECH .s Fast'Tr éﬁ%ﬁi%@ast Trans formationSM Kit. An M nedium 15 pl ate
was sneared with irhevitietl ARRL eyergenien tclanshosomal oPNA had bakhured for 2

days. Sknceyit #g%ﬁ. I LD P 2 deni.ne
synthes?s ?§1%§15| g%?q%ﬁggg (%gg %% éﬁggﬁgg%g?n&gﬁﬁgggngﬁgif?gg medi um
are transfiora@it. Cells grown in an adeni ne-free nmedi um were 20 recover ed
to give a transformant strain, ACl6 (ORF23). In the sane manner, a

t ransf or mant str%%g, CHAl}éfFFZS) was obtained fromtransformation of
PUTA- ORF23 into tdre THIARDEE r28%E EritHeFedt KRadE18CsPraiRJahe ElLALTsirai n

were transformeddiitH e 5ol B nedy USE Nehé hgeRetyeateru2aconntihane- free
contro#ove%c%{r@l to g%&trgnsfor nt .Ostral NS C%G %Cé) ang CHAL
(ORFCTY. ( o] BPaPrBducttShe e e ur YapoPFEed & dpr oduct i on
cul t ures wetensaongieu autBoB8fyussogs 2- BoBakagunh Blraskanohyeets, 100 ul of
a glycerol 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 Kurtzmanomyces, 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,



stock contai ning each reconbinant strain was inoculated into 10 ml of SD
medi um and cul tured overnight. The thus- cultured yeast 1 m was inocul ated
into 50 mM of ammonium sul fate-containing Mnmediumfor glucose starvation
35 (containing 100 g/L of ammonium sulfate) . Culture was ¥ NNQ¥@BBEF0G2003
31 carried out .in this nmediumfor 2 days for conplete exhaustion-of -
glucose in the medium Then, 10 m, of t3® yeast was inoculated into 50 ni
of polyester production nedium (500-ml Sakaguchi flask) and cultured for 8
hours 5 and, then, the whole culture was transferred to 500 ml of the sane
pol yest er product¥RCh nee eigs akel dR¥dREt Lhe Jenrtar Eandidper armediter 120
hours. The gLh{uéeompdbsm aM@SHaHEBGLE A%eBraand cel s were recovered by
centrifugation, washed with nmethanol and then |yophilized. The dried cells
10 obtained were ground, 100 m of chloroformwas added thereto, and the
m xture was stirréd Tverkbghtgéme dpstypstdr yexstaeticondifbetehtaadmonm

sol utioR was recgqgvere filtration and concentrated to 1 to 2 nl using
an evapgrator, an ﬁ%P;%£¥Fn#%x% e£§%sg3858de?8gfﬂg'15 concentrate to cause
precipitation of a hexane-insoluble matter. The ACl6 (ORF23) strain gave a
precipitate, whete a ‘ t .

preci pitate. Theqitigh%gﬁg st éé%Rggsgu%gggrgg%%FtgkgagglggFEBTﬁggﬁgxgﬁe
preci pitate obt ai'iekFh rbin EpdidaemadRPE8) 20 strain was dried and then
subj ected to 400 MHz proton NVMR analysis (JEOL, JNM EX400). The NMR chart
obt ai ned was sho i.n_ Fj 8. The corre ndence of each peak to each
protonigf t he pol eé#%ﬁ #ﬁ%&fﬂ%%@3@$§rﬂﬁgg nﬁ?@ﬁ?eﬁCSQrélnﬁuEﬁepiaﬁﬂaﬁysis
reveal ed that thes3tdh fisctaedi dasml#¥sa2BCThe (FERMABDE78B6) pol yester was
0.1% based on the dry yeast weight. In the CHAL (ORF23) strain, the

pol yester could be
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

e



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
disrupted strain of Candida 30 maltosa according to the invention.
Furthernore, it was denonstrated that this disrupted strakpndempaf sdgmnt
is superior in polyester productivity to the ADE1 gene-nutated yeast
obt ai ned by nut agenesis treatment. Thus33%he wutility of the ADEl1l gene

di srupted yeast of the present 35 invention has been established. 7
Novenber 2003 32 | NDU TRIAL APPLICABILITY The present invention has
denonstrated the 141 174§ HLhob@f RRAW ERgpFere yesRregeiannBrodpELsgene
di srupted Sactorditsg ofo @wlilal 7Rl t osa can be expect ed to be usable as
host yeasts for ggne recqg?lnatlon in the, expres i0 genes or in the
production of genr O D RIRESSF101 | REQPEG pb@s?bP%lYSS?ﬁﬁart t hem
with further d|fferent auxotrophy, and this |leads to the devel opnent of
yeasts 20 which can be used safely as reconbi nants. 7 Novenber 2003 33
CLAIMS 1. A yeast in which ADE1 gene in chronpbsonal DNA has been 5

di srupted by honol ogous reconbination with an ADEL DNA fragnent. 2. The
ADE1 gene disrupted yeast according to Caim1l, which belongs to any of
t he genera Aci cul oconidium 10 Anbrosiozyma, Arthroascus, Arxiozyns,
Ashbya, Babjevia, Bensingtonia, Botryoascus, Botryozyna, Brettanomnyces,
Bul I era, Bulleronyces, Candida, G teronyces, C.avispora, Cryptococcus,
Cystofil obasi di um Debaryomyces, Dekkara,



Di podascopsi s, D podascus, Eeniella, Endonycopsella, 15 Eremascus,

Er enpot heci um Eryt hrobasi dium Fel | onyces, Filobasidium @Gl actonyces,
Geotrichum GCuilliernondella, Hanseniaspora, Hansenul a, Hasegawaea,

Hol t ermanni a, Hornoascus, Hyphopichia, |ssatchenkia, Kl oeghkgvamber 2003

Kl oeckeraspora, Kluyveronyces, Kondoa, Kurai shi a, 20 Kurtzmanonyces,
Leucospori di um Lipomyces, Lodderonyces,36 Mal assezi a, Metschni kow a,

M aki a, Myxozyma, Nadsonia, Nakazawaea, Nematospora, Ogataea, Qosporidium

Pachysol en, Phachyti chospora, Phaffi 3}3\?@){' a, Rhodospori di um
Rhodot orul a, Saccharonyces, Sacchar oﬁ%(,s 25 Sacchar omycopsi s,
Saitoel | a, Sakaguchi a, Saturnospora, Schizobl astospori on,

Schi h ni S I S bol ,
Spor opachyder m & B TR VG es horbibEetn Qish o nabaeher bt um
Synbi ot aphrdsre asy@@@dhmyb,@sn @ym)@plteﬁycngsts wamcmoauxaspophy is
Tri ChOSBOf'ﬁﬁﬁﬁeJ rt&“@&%’ﬁ '%3?@?‘?13 fw g:?H&GbXﬁSaanUgﬁEthﬂE%g

Wal t omyces cker ham a, | OpsI S rlyovm a,
Zygoascus, Ukjbsatdpat %rh%e%hrfz%%mmeopgi:@mbaﬂatzwo@yr BHE11381iB9 The

ADE1l gene Odisd tbpdiesr YEBSES a&go&dyggsto Claim1, 7 Novenber 2003 34 which
bel ongs to any of th@_l%ener Candi da,. Yarrow a, Kluyveronyces,-, and
Hanseni aspora. 4.19 EEY o? r%‘?eﬁmﬁ%ﬁgfoﬁcc%rﬁ?ﬁﬁttBtéﬁéﬁlnf-@ 5

whi ch bel ongsi¢io mhm g@esms Iandbelen &isFhptdBEisgenasdiracuptedyyeast :
i srupicd R R SR e AT Wi B R ERPPotingr oM PRoba RBIEn Fern
BP- 7366) . 7ZDEh @@Eﬁl @Jem%im’srenpct@dlllyeashotsphnsibomhamlaocmn.dagleo any
one of O aifedidPeOrboxamide synthase (EC6.3.2.6) of Candida maltosa.
In the practice of the invention, then, this disrupted
strain is transformed by a gene expression cassette '
15 containing a biodegradable polyester synthase gene and the
obtained transformant is cultured to thereby produce
biodegradable polyester,



15 which is transforned with- a DNA sequence containing a honol ogous or

het er ol ogous gene. 8. The transformant according to Caim?7, wherein the
ADEl.gene di srupted yeast belongs to the 20 genus Candida. 9. The
transformant according to Claim@8, wherein the ADEl gene i Nowpthed2§®East
is Candida. maltosa. 25 10. The tranaﬁgbnant according to Caim9, wherein
the ADE1l gene disrupted yeast is Candida maltosa ACl6 (FERN BP-7366). 30

11. A netQ&@ r i{Ag gene expression products which conprises
cultivating UﬁgC?rggﬁﬁggnant according to any one of Clains 7 to 10 and

recovering a honol ogous or heterol ogous gene expression product fromthe
culture obtained. 35 7 Novenber 2003 35 12. The nethod of produci ng gene

expressi orx JnOdKEtEK s aorpsiiTignto C aim 11, wherein the gene expression
product is a polyester. 5 ABSTRACT The invention provides a yeast in

whi ch a specific gene alone has been disrupted and to which auxotrophy is
inpared to construct a systemfor producing an industrially useful

subst ance ¢120ougENEdHSRURTEINYEAST i on by utilizing characteristics of a
yeast. In the practice of the invention, a yeast strain in

<130> T648.PBT-3

<150> JP2001-011191
<151> 2001-01-19

<160> 13

<210> 1
<{211> 1820
- <212> DNA
<213> Candida maltosa

220>

<221> CDS

<222> 538..1413
<223> Adel

<400> 1

gatcceettc ttcaaacctt taaatgacat tgtttegttt ctetatgttt ggtateggtt 60
cttettcetic ttcaaaaaaa aggggggeac tattcaaaaa aaaatattat aacagtatga 120
tttttttcec tetecegteg attgaggttt tttttttete tttegtettg gtcftttgct 180
tttcactcca aaaatggaaa cacgegegge tcéactcgaa atccgtgatc aaaaaaataa 240

aggetgtgag titcgageca ataattatga attagtggta ttttttttaa agataaataa 300



whi ch ADE1 gene has been disrupted is constructed by ~honol ogous

reconbi nation with a chronosomal DNA by using an ADEl gene fragnent
encodi ng phosphori bosyl am noi m dazol e succi nocar boxam de synt hase
(EC6.3.2.6) of Candida maltosa. In the practice of the i nveMdvember 200N,
this disrupted strainis transforne%/?g a gene expression cassette
contai ni ng a bi odegradabl e pol yester "synt hase gene and the obtai ned

L2t of ol SRl R NS ot emadapl e nab vesl e

2160513 <ATAT 2501 STBHE LRt oL K 29 35 atni ta e Es, 3050 95120 o

<222) 538-tt%%@ta@z%%Eaﬁiﬁ'aa<é%t%t9@t&%ﬁeﬁé@gat beaaagett {1B3ateacAlUs0

tgtttcgttt ctctatgttt ggtatcggtt 6

cttcttcttc ttcaaaaaaa aggggggcac

tatt caaaaatadstedt actatcrRgeatgtmatiBec tdcdchbtd @eC cbad@regl C&t R RRIBUD
tttttttctc tttcgtcttg gtcttttget 180
t caact cgaaadticagt gatac t hagmagatac t240ca agget Yegreg abk ¢ izgagt caagmiabs t atga

attagtggta ttttttttaa agataaataa 300 7 Novenber 2003
taccaagttg acgacaacac tcttitatic gtigetactg atagaattic cgcatacgat 660

gtgattatgt
tggtttgatt
cctcaactag
aaattgatce
taccaaaaat
atcactccta
accaaagaac
getatigatt
gatactaaat

actccagatt

tettacgata

ggtgttgcta-
gaaaatttaé
ctatttatce
tcetgaaatt
cttgaccatt
gagctttgtg
attggcactt
gaatgaagaa

aatgtatcat

210> 2
211> 1032

ctaatggtat
tecttgecaat
aaccatatag
ctecttgaagt
qﬁaaaaccgt
tetteacece
aagctgacaa
tgtacaccaa
ttgaatttge
cttccagatt
aacaatittt
tgecetgaaga
ctggtgacaa
caaacitteg
tttgattict
agcaaaactt
gatcgacatc
ggtgecaactyg

cegtgecatetg

cccaaataaa
tgaaaaccat
aaaccaattg
tattgftaga
ccacggtatt
atccactaaa
gattegttgga
agccagagat
tttagatggt
ctggaatget
gagagattgg
cattgtecact
atggcaagaa
tagtatttte
aacqgactct
ctacctaaat
gcecacgaca
atggtttaac

atttcaaatt

gatgttegate 1820

ggtaaaatet
ttaatcaaag
gaaggcagat
ggttacatca
cctattggtg
gcagaacaag
aaagaattat
tacgctltgccea
gacaacatcg
gctaaatacg
ttaacttcta
gaaaccaaga
taaattaagg
tgacatgtte
tgcatgtage
ctattttegac
agatcatttg
tttggaagag

gggtgaagaa

taaccaaatt
gagacatttt
ccttacttgt
ccggtteege
atgtggtitga
gtgaacatga
gtegatagaat
ctaaaggaaf

ttcttgttea
aagttggtaa
atgegtettec
gcaaatacgt
atatctatta
agatgttttt

tettgataat

tctgiccaaa

gtttgtttit

gctaagaaat

ttegacttata

tttcactcca aaaat ggaaa cacgcgcggce

gtetgaatte 720

ccaaaaatat 780

tagaaaattg 840

ctggaaagaa 900

atcacaacaa 960

tgaaaatatce
tgaaaaaatt
tattatcget
cgaagtttta
atctcaagac
tggtaaagat
tgaagcttiac
ttaaagettt
actttatctt
gcaacatatg
gtttgacctt
atggigggtt
tgaagacttg

cttgttataa

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800



2/ 10
ggtagcattt cccttcaagt tcatcccaca
ttaaattagc agaagaaaaa aaaaatgtga
ttctttttct tctttatcac
acttcaacta acttagaagg
taccaagttg acgacaacac

gt gat t at gicsGhaagagt at
tggtttgatt tcttgccaat

cctcaact agoggscedliag
aaattgatcc ctcttgaagt
t accaaaaat ctaaaaccgt
atcactccta tcttcacccc atccactaaa

aactttccca
tcttttattc
cccaaat aaa
tgaaaaccat
RRAGRAAt t g
tattgttaga
ccacggt att

cat aat cacc

tgtacattaa
attactccga
accaccacca
ttgattgcca
gtt 3é§§ct g
ggt aaaat ct
tt aat caaag
gaaggcagat
ggttacatca
cctattggtg
gcagaacaag

t gt caat gat
gt caactctt
ccaccaccag
aaggt aaagt

at agaat t ac

t aaccaaatt
gagacatttt
ccttacttgt

ccggttccgg
at gt ggttga
gt gaacat ga

t caagaat cg cattagggag acgaatatgc gttattcaaa taaaaagaca attcttttag 360

gt cgcagaag 420
ctttctcttc 480
ct ccchlgwnpes 2003

cagagat at t
cgcat acgat
gtctgaattc
ccaaaaat at
t agaaaattg
ct ggaaagaa
at cacaacaa
t gaaaat at c

600
660
720
780
840
900
960
1020

accaaagaac4é6yc? gacaa gattgttgga aaagaattat gtgatagaat tgaaaaaatt 1080
gctattgatt tgtacaccaa agccagagat tacgctgcca ctaaaggaat tattatcgct 1140
gat act aaatatieternat dateatttagat ytecdataacadicgat tgd tgptitght cigaaget ettt 260
actccagatt cttccagatt ctggaatgct gctaaatacg aagttggtaa atctcaagac 1260
.t ct t acgatt& thagiedtit Hgcfg‘—ggagaﬂma@%’facatg@@@@acacgg@@sqtgea@ Jeeaaatete 1390
ggt gt t gct %aaaccaaga gcaaat acgt tgaagcttac 1380

t gcct gaaga catt gt cact
gaaaat t t ag g%% 2 ﬁ%lt%taégﬁiéa@% thicq BRE08° Wt Lebgaat tRR Jsdet tEt 448

tatttat t t tttt t tgtt tgtittt tttatctt 1
SEHEERO At ORI e i
cttigaccat ;39528233 Ct t £HRC 5L AR tEL A tctaggftéacttcgkggc?aac%tgét&t&%ﬁ@%%cé"%@%
gagctttgtg gat cgacatc gcccacgaca agatcatttg gtttgttttt at ggt gggft 1

att ggcact tatgat gaachgaaitaghh t oG chki 4030882 43 g oAl the2ARRe bt 8aal B40
gaat gaagaa cgtgcatctg atttcaaatt gggtgaagaa ttgacttcta cttgttataa 1800

aat gt at catctgatgttiigatct th820t & 20i0=t2c vt Btci032rah

<212> DNA

accagetccec agatgacttc aactaactta

aaagticagag
atttccgeat
aaattgtetg
agateggtgit
ttacgaaaat
ctttetattt
tectttecetga
tatgettgac
ccttgagett

ggttattgece

210> 3
(211> 24
<{212> DNA

atatttacca
acgatgtgat
aattetggtt

gctatgeetg

ttaactggte

atcccaaact
aatttttgat
cattagcaaa
tgtggatcga
ac 1032

aglttgacgac
tatgtctasat
tgatttcttig

aagacattegt

acaaatggca

ttcgtagtat
ttctaaccga
acttctacct

catcgeccac

<213> Artificial Sequence

220>

gaaggaactt
aacactcttt
ggtatcccaa
ccaattaact
cactgaaacc
agaataaatt
tttctgacat
ctcttgcatg

aaatctattt

hloyerdeenc 223a3¢ 46 X0

tccecattgat
tattcgttge
ataaaggtaa
tctaatgetleg
aagagcaaat
aaggatatcet
gttcagatgt
tagctcttga

tgactctgic

tgcbaaaggt
tactgataga
aatcttaace
ttgctggtaa
acgttgaage
attattaaag
ttttacttta
taatgcaaca

caaagttiga

480
540
600
660
720
780
840
900
960

gacaagatca tttggtttet ttttatggtg 1020



<213> Candi da mal t osa

gogtttttttt
gcggct caac
t at gaatt ag
tatgcgtt at
ccacat gt ac
t gt gaattac
t caccaccac
tcccatt gat
tattcgttgc
at aaaggt aa
t ct aat ggt g

ttctctttcg
t cgaaat ccg
tggtattttt
t caaat aaaa
attaatgtca
-%g@gagtcaa

abtHee
t gccaaaggt
t act gat aga

agafpst gaacc
ttgct ggt aa

<400> 2 attataacag tatgattttt ttccctctcc cgtcgattga .
tcttgttctt ttgcttttca ctccaaaaat ggaaacacgc

60

120
180
240
300
360
420
480
540
600
660

t gat caaaaa aat aaaggct
tttaaagata aataatcaag

agacaattct
at gat gt cg
ctcttctttc
accagct ccc
aaagt cagag
atttccgcat
aaattgtctg

agat ggt gt t

aagagcaaat tghtUsaget¥iddttéd aagaaznt
aaggatatct attattaaag 780
gttcagatgt ttttacttta 840

tagctcttga
tgactctgtc

tttggtttgt gi@&agggtg 1020 ggttattggc ac 1032 <210> 3
<213> Artificial Sequence <220> 7 Novenber 2003 4/10 <223> priner <400> 3

taacagtatg afmbtbgd cc ctct 24 <210> 4

ARGk Cga

900
960

ctttctattt

tctttcctga

tatgcttgac
ccttgagett

213> Artificial Sequence

<220>
{223> primer

<400> 4

aacaaaccaa atgatcttgt cgtg 24

<210> 5

211> 264
{212> DNA
<213>

220>
221> CDS
223> probe

<400> 5

Candida maltos=a

/tttagggtag

aagtt aaa
tcttcttcett
agat gacttc
atatttacca
acgat gt gat
aattctggtt
gctatgecctg
ttaactggtg
at cccaaact
aatttttgat
cattagcaaa

t gt ggat cga

<211> 24

gtgagtttcg

agccaat aat

aat cgcat t A NIUSRBSCHRR

catttccctt
tt agcagaag
tttecttettt
aactaactta
agt t gacgac
t at gt ct aat
tgatttcttg
aagacat t gt
acaaat ggca.
tt cgt agt at
ttctaaccga
acttctacct
cat cgcccac

<212> DNA

<211> 24

caagttcatc
aaaaaaaaaa
at caccat aa
gaaggaact t
aacactcttt
ggt at cccaa
ccaat t aact
cact gaaacc
agaat aaat t
tttctgacat
ctcttgcatg
aacactcttt
gacaagat ca

aacttctaat ggtgttgetg gtaasagatgg tgttgetatg cctgaagaca ttgtcactga 60

aaccaagage aaatacgttg aagecttacga aaatttaact ggtgacaaat ggcaagaata 120

aattaaggat atctattatt aaagectttet atttatccca aactttcgta gtattttctg 180

<212> DNA



<213> Artificial Sequence <220> <223> primer <400> 4 aacaaaccaa atgatcttgt
cgtg 24 <210> 5 <211> 264 <212> DNA <213> Candi da mal t osa <220> <221>
CDS <223> probe <400> 5 aacttctaat ggtgttgctg gtaaagatgg tgttgctatg
cctgaagaca ttgtcactga 60 aaccaagagc aaatacgttg aagcttacga/deembeaz@l3

ggt gacaaat ggcaagaata 120 aattaaggat g%gtattatt aaagctttot atttatccca
aactttcgta gtattttctg 180 7 Novenber 3 5/10 acatgttcag atgtttttac

tttatctttc ttet . tgatttct cgactcttg 240 catgtagctc ttgataatgc aaca
264 <2105 6 2 20RFehk PP AR AT S aclat e i Bl roescdins 245215
CDS <222> LatdiBRtc %3t 2,58002,6 atg tot caa eca tct tat ggt cca ttg
ttc gaa get ttg get cat tac 48 aat gat aaa ttg ttg get atg get aaa get caa
ace gaa aga act get 96 caa gcc ttg ttg caa act aac ttg gat gat ttg ggt caa

gtt ttg gaa 144 caa ggt tot caa caa cca tgg caa ttg att caa get caa atg
aat tgg 192<210> 6

211> 1785
<212> DNA

<213> Artificial Sequence

73 220>

221> CDS
222> 1..1785
<223> ORPF2

<400> 6

atg tct caa cca tct tat ggt cca ttg ttc gaa get ttg get cat tac 48
aat gat aaa ttg titg gect atg get aaa get caa acc gaa aga act get 96
caa gcc tig ttg caa act aac ttg gat gat ttg gegt caa gtt ttg gaa 144
caa ggt tct caa caa cca tgg caa ttg att caa gect caa atg aat tgg 192
tgg caa gat caa tta aaa ttg atg caa cac act ttg tta aaa tet get 240
ggt caa cca tet gaa cea gtf att act cca gaa aga tct gat aga aga 288
ttt aaa gct gaa get tgg tet gaa caa cca att tat gat tac tta aaa 336
caa tcc tat ttg tta act get aga cat ttg ttg get tet gtt gat get 384
ttg gaa ggt gtc cca caa aaa tct aga gaa aga ttg aga ttc ttt act 432
aga caa tac gtc aac get atg get cca tet aat tte ttg get act aac 480
cca gaa ttg tta aaa ttg act ttg gaa tce gat ggt caa aat ttg gtt 528
aga ggt ttg get tta ttg get gaa gat ttg gaa aga tct get gat caa 576
tta aac att aga ttg act gat gaa tcc get ttt gaa tta get aga gat 624
ttg get ttg act cca ggt aga gtt gft caa aga aclt gaa tta tat gaa 672

tta att caa tac tct cca act act gaa acc gtt ggt aaa acc cca gtt 720



tgg
caa

get
tfg
eca
get
act
gaa
tce
caa
gtt
att
tgg
ggt
att
ggt

ttg
act

cca
ggt
tgg

cat
gaa
gtt

tgg
t oe

ttc
gcc
aac

caa gat caa tta aaa ttg atg caa cac act ttg tta aaa tot get 240 ggt

cea tot gaa cca gtt att act cca gaa aga tot gat aga aga 288 ¢ttt aaa
gaa get tgg tot gaa caa cca att tat gat tac tta aaa 336 caa toe tat
tta act get aga cat ttg ttg get tot gtt gat get 384 tHtgyRERpe8bodH C
caa aaa tot ‘aga gaa aga ttg aga ttc ttt act 432 aga caa tac gtc aac
atg get cca tot aat ttc ttg get6/dék aac 480 cca gaa ttg tta aaa ttg
ttg gaa tee gat ggt caa aat ttg gtt 528 aga ggt ttg get tta ttg got
gattitet gtgagtagaca otcgditcgattcaat 536 tdta taac adtt abgagdtt gtachggaitaa
get ttt gaa tta ggt aga gat 624 ttg get ttg act cca ggt aga gtt gtt
agacactcagaaatt bct attmatc622t tga htg gLlaa gedc chet getacamctacacgtyadiltace
ggt aaa ace cca gtt 720 7 Novenber 2003 6/10 ttg ate gtt cca cca ttc
aattigagtgaptitatcat tgsmtagagancarga agel 768 avdaceaagahccaze ettt gagtbyet
ttg gtc get caa ggt caa acc gtt 816 ttc atg att tee tgg aga aac cca
gt tt’f@otgagaaa‘g?otat:a%tfatattgaﬁtseat gta et gpdt geht THE t8adt Bedarty@l Yt c
get get ttg gat ggt gtt 912 gaa gee get act t gaa aga gaa gtt cac
at t8afgt8craéct gtchtf80aH2 g8 §a% &tk &&tgaggt ggt at@ettggt 8tHg¥6t gg
gee gee aga aga 1008 caa aaa caa aggggtt aga act get act ttg.ttt act

tt f& @géa?c‘ig%%t e tpet B dc #1898 okt tif 8y ccabtc tage 388 EHI8 gaa
tt ate 1104 tt t t att t
Sg 1837 AR T Ao 2BP oo At CoLerthL BT 14 Iag" ghtk S3E fot 11D {a

at tac tat att ct tac caa _tct cc ttt

1248128tg° t%tcﬁ PEY St %gggggt{%tg%atatttgﬁt 2%‘23‘{3‘3913?%%%3 gad:t% ait 2 Dhoe

fradareh o db e 4 Mo o} B84 BR SRTaNHDeBL s e 00,
cas ot B Bhakr PG Tkboghie oot 2 2k 881 4o RN s R B Gea

90ttt a8t tafleitOPatakbtatdc ARl GCB R 981 th33@calftt 3G 338 {8 90t
tgg cac aat ggt get gaa get gaa tot cca 1584 gaa'tct tgg ttg get got

acezAAlrtgadt@odaddipel @8cl 86t I8 G463 2682aa0aa tAlkdcatgt OHa bkt Pids Caa

aga gat gaa ggt tct gaa cca gtc 1680
cat aac tct ttg ttg aga aga tta tat ttg.gaa aat caa ttg gtt aaa 1344
ggt gaa tta aaa att aga aac act aga att gat tta ggt aaa gtt aaa 1392
act cca gtt ttg ttg gtt tet gee gtt gat gat cac att get tta tgeg 1440
caa ggt acc tgg caa gpt atg aaa ttg ttc ggt get gaa caa aga ttt 1488
tta ttg gcc gaa tee ggt cat att get get att att aat cca cca get 1536
gct aac aaa tac ggt ttc tgg cac aat ggt get gaa get gaa tet cca 1684
éaa tet tgg ttg get ggt gee ace cat caa ggt ggt tce tgg tgg cca 1632
gaa atg atg ggt ttt att caa aac aga gat gaa ggt tct gaa cca gtec 1680
cca gee aga gtc cca gaa gaa ggt ttg get cca get cca ggt cac tat 1728

gtc aaa gtt aga tta aac cca gtt ttc gect tgt cca acc gaa gaa gat 1776

-get get taa 1786

210> 7
211> 405
<{212> DNA

{213>Artificial Sequence



cca gee aga gte cca gaa
aaa gtt aga tta aac cca

t aa 17§5 <210> 7 <211> 405
2003 7/ 10 <220> <221> CDS

caa tcc ttg gaa gtt ggt
gaa gtt get get ttt get
cca get ttt get get act
ttg tta got P Pra tre
ggt tct att #> the 9ot
ggt gat gaa gft” ace get

cca att get ¢agi> iyt 9436
gtt ace ggt gaa 384 got

gaa ggt .ttg get cca get cca ggt cac tat 1728 gtc
gtt tte get tgt cca ace gaa gaa gat 1776 get get

caa aaa get
gee tta tct

tee ggt 192

atg tct gct caa tcc ttg gaa

éga ttec ggt gee gee gaa gtt

o ttc aac cca ttg cac ttg gat

gaa aga cca atc gtc cat ggt

ttg ttg ggt caa caa ttg cca

tet tta tet ttc aaa ttg cea

gaa gtt gaa gtt act get ttg

act act aga att tte act caa

get gttt gte aaa ttg cca taa

210> 8
<211> 1017
<212> DNA

213> Candida maltosa

<220>

{223> promoter ALKlp

<400> 8

atgcatgaac aggatttaat
gegaaaaacct tttigtgttt
aagatttgac ttgctgatea

gatggcaaca catggtggte

tt

<212> DNA <213>Artificial Sequence 7 Novenber
<222> 1..404

<223> ORF3 <400>7 Koabm@bécioozet
a tct aaa 48 aga ttc ggt gcc gcc

aga
ggﬁogat 96 ttc aac cca ttg cac ttg gat
ace gee ttc 1"44 gaa aga cca ate gtc cat ggt atg
ttg ttg ggt caa caa ttg cca ggt aaa
caa 240 tct tta tct ttc aaa ttg cca gtc ttt gte
288 "gaa gtt gaa gtt act get ttg aga gaa gat aaa
act act aga att ttc act caa ggt ggt got tta got
gtt gtc aaa ttg cca taa 405 <210> 8 <211> 1017
<212> DNA <2233» Qapsli da mal t osa <220> <223> pronoter ALKlp <400> 8
at geat gaac aggatttaat cccaagaaaa aagtctattt tctattttca caaggaaact 60
ggaaaaacct ttttgtgttt tgaagtagct ccgtaataac ctgtaaaaaa ataaattttg 120
aagatttgac Qa&ﬁ}gatga aaatgctatc agtgtagcte tagacttgat actagaetat 180

gtt
get
cca
atg
ggt
gte
aga
ggt
4056

get
gct
gct
ttg
aaa
ttt
gaa

ggt

caa aaa gect aga tta tet aaa 48
ttt get gee tta tet gaa gat 96
ttt get get act ace gee tte 144
tta get tot tta ttt tce gegt 192
ggt tet att tat ttg get caa.240
gtc ggt gat gaa gtt acc get 288
gat aaa cca att get act ttg 336

get tta get gitt ace ggt gaa 384

cccaagaaaa aagitctatit tctatttteca caaggaaact 60
tgaagtaget ccptaataac ctgtaaaaaa ataaattttg 120
aaatgectate agfgtagctc tagacttgat actagactat 180

aacgtgcaag acatcaccca atgagaagac tgctaaccag 240



gat ggcaaca cat ggtggtc aacgtgcaag acatcaccca at gagaagac tgctaaccag 240 7
Novenber 2003 8/ 10 aaaaaaaagg ggacaaaaga' aaaact cgag agaaaaagtc aaatt ggtgt
aaaat,t ggct 300 atttttggta ctttcctaat ggggaaatta attgtttaaa attccagttt
ttccagagtt 360 aagatttcga ocaattattt ttaatccata tgatcttcaty GRehBREIRS
tt gt gaaaaa 420 taataatcga ggt acgtttasl?gacgagata ttagtctacg gctatgaatg
ttggatatac 480 ttaatttacg atcagaagct attggtta ttcaggtgca tgtgtggata

t aaacccaac agattatcta gcaact gtﬁgc cttccccaca tt?eéggaaag aaaccct aaa

gcaaat t aaaa%%%aa%gctgﬁﬁﬁaf&g t 33P0 5BTE CREPRRARLS 2RR gt 12pagtageclgfoP
{ gt ancat gc* D3¢ e kb SELFiRat, MRRG LT STRBPLIRE0-ER GERT (R SRgedt Sarh

aatt aaaaada /511884 JCARAIR 122PALGIEE R tt%%@%@attc cggf?‘aﬂfctafa@c@tagtttg%éé"aa%zgt

act gcaaaat 840 .ggcgatgttt caaatcaaca aaatttaaaa aaaccccaad daaaaadt

cat at aaat t 1 23Qat aaRGheaaRA thCatddehgata liGagt daaal gtﬁ:éf&%@%cﬁtg@at{:g{&é Uigh
ttctttttta 960 ctttcttatc tattctattc tttttttata tatctaattc atttataaca

tct ggt ¢ 10fGfat2ifloy Atcaghbbet2ighttedit) DNAggPdod) tEaptlicdda Ml 405825220
<223> term nater ALKLt <400> 9 atagatggat ttttcttttt tatgtgtatt tccggttaat
aaat gt t t acezmittet ¢y Erasigtigaat tiaasatcatittiggt egdde abbt@attabygcg@aad baand80

aat attcaaa gcaatcttcc 120 ¢tttctttctt tatctttccc ccatgctaag gtctaaaaca
ccacaaet t 22HF38RtaradteasPatl agridgracal ditdeeasia statrarest ot Weasticat6018

<210> 10 7 mV%rrber %903 9/ 10 <211> 46 <212> DNA <213> Artifici al Seguence
t ttacag tttageccctt tcaattacca aatacggtaa caatgtgctt tgtaacatge 72

aggeggatttt ctcegttget gtittcteca catgetttta atgtgtaata aattaaazaa 780
attacaaagé aaaaccggeca tataagcatc ggagtitaca ttgttaacta actgcaaaat 840
‘ggcgatgiit caaatcaaca aaatttaaaa aaaccccaaa aaaaaagtat catataaatt 900
agactcaaaa tccttttgat tgeataaaat ttttaaatet ctitcittttt ttctttttta 960

ctttettate tattctattc tttttttata tatctaattc atttataaca tctggte 1017

<210> 9

<211> 218

<212> DNA

<213> Candida maltosa

<2200
<223> terminater ALKt

<400> 9

atagatggat ttttcttttt tatgtgtatt tccggttaat aaatgittaa attttttttt 60
taataaaaat atttgtagtt atttatatgec aaaaaaaaaa aatattcaaa gcaatcttce 120
tttetttctt tatetttcee ccatgetaag gtctaaaaca ccacaactta aaacccaact 180

taaccgtata atactaagat caatctccaa agatgcat 218

210> 10



<220> <223> primer <400> 10 tttttcagct ggagctcgtc gacatgcatg aacaggattt
aatccc 46 <210> 11 <211> 39 <212> DNA <213> Artificial Sequence <220>
<223>primer <400> 11 ccggaattcc atatgcagat gttataaatg aattagata 39 <210> 12
<211> 32 <212> DNA <213> Artificial Sequence <220> <223> @gMNavembgr 2&bBenber
2003 10/10 <400> 12 cggaagctta tagatggatt tttctttttt at 32 <210> 13 <211>
46 <212> DNA <213> Artificial Sequgmge <220>. <223> prinmer <400> 13
tttttgatatc gagctcgtcg acatgcatct ttggagattg atctt. 46

211> 46

<212> DNA

213> Artificial Sequence

<220>
223> primer

<400> 10

ttttﬁcagct ggagetecgte gacatgcatg aacaggattt aatcece 46

<210> 11
211> 39
<212> DNA

<213> Artificial Sequence

220>
<223>primer

<400> 11

ccggaattce atatgecagat gttataaatg aattagata 39

210> 12
211> 32
<212> DNA

213> Artificial Sequence

{220>

223> primer



7 November 2003
10/10

<400> 12

cggaagetta tagatggatt tttetttttt at 32

<2105 13
<211> 46
212> DNA

<213> Artificial Sequence

220>
<223> primer

<{400> 13

tttitgatate gagctcgicg acatgeatcet ttggagatig atett 46



