;e3e-\-4R6T\ H 1 DESCRI PTI ON GENE DI SRUPTED YEAST TECHNI CAL FIELD 5 The

present in i tes to a nethod of disrupting a specific chronosonal
DNA occurrmmumm“w’l@/ﬂQN based on the principle of honol ogous
reconbi nat i on,,.and a gene disrupted strain. The present invention also
relates to the °|8?°6ducti on of an industrially useful 10 substance using said
di srupted strain. BACKGROUND ART Advancés in gene reconbination technol ogy
have made it possible to produce industrially useful substances in 15 | arge

anounts utjli 7 karyotes or eukaréotes. Anong eukaryotes, yeasts, in
particuladmwm@gmgmm@mMnging to t heD§ERBLPEEEhar onyces, have been utilized
for the p f er ment egkNm ool g Rt SYEASTI usi ve of sake and ot her

al coholic drirfk85%¥or a long tinme, and Candi da naltosa once 20 had been used

as a mcrobial protein-containing food or feed. Thus, the safety of yeasts
t hensel ves has been proved. YeasTECHNACALOWIEAD dly and can be cultivated

in a higher dens&h& §§e%ggga&gge 'gg bgg&g&ig angrg&kxodzngurthernDre,
yeast cells can be easSiTy separate From culture fe I'umas conpared with
bact eri a and,supdriaiore spieciifs cpedgiopios omg Lf PNPh@ccsirmainigf y it e Ygastess for
product extyacld o #d RWihldisalkl @F ndoiictione Haeseraharasher sl €3,
yeasts have been used asS hostsS in the 30 production of useful products

usi ng recobigeaR PIRASPLERd st igei | TR PREFBBE RA¥CDBE&ARedL8BI i shed. Anong

various yeaslisteseast Thlkelarging ilod die agenumsivsyidiaday wildrka t hose
belongggg to.the enus.5accharogyces tdo %%%_torn1ethanol when cul tivated
under agr o SnditGn £2 180 FLEFEREES SRS not i nhibited by et hanol

2 either. Therefore, efficient production of their cells and hence
ef ficient substance production ingeﬁéﬁgbﬁDbXR@ontinuous, hi gh-density

culture thereof. Furthernore, the
Advances in gene recombination technology have made

it possible to produce industrially 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 or
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
is 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,



anascospor ogenous yeast Candida nmaltosa is characterized in 5 that it can
utilize and grow on C6 to C90 straight-chain hydrocarbons, and fats and
oils such as palmoil and coconut oil, each as the only carbon source.
Si-nce this characteristic is advantageous in the production of useful
substances by conversi on of hydrophobic chem cal substances 10 or in the
use of that yeast as a field of reactio, its utilization in the production
of various conpounds is expected (reference: WIf K (ed.): Nonconventional
Yeasts in Biotechnology. A Handbook, Springer-Verl a Berlin 96) ,
p411-580) . or . TORKPEERAr aBE6LFbERE PECAHEHLOB gipEE?éa Féfgé daa
utilizabl e hehdehe ARieduett eubeft ansef wroswpstiancds tHuseugh egeiye
reconbi nation.i.n Candi da nal t osa.and, .therefore rks._haye_been dope
ener get i cal9%* 3 retrel g‘p}g&e—r?;en e SSEHHSy eer;seofvfgr gﬁgﬁhﬁﬁllp%%é %Spanese
Kokai Publ iapats aors tcShageroid? §8,a sta [aresiel Kaladl t dRBub|iisc athiaoma c2@ rShred6 2174288,
. Japanese Kaqgkai+ Rublj.catj Hej - 7@%%2) cept b J di scl osed
t hat Ca%di a rFaIltLH.(;sdaa%cyrilﬁgelléﬁe!t |6191|%; |n061r (I)Egugéangy%tértte{:lag t-t(t:l%gll%nl

di car boxy! ity G Ao UGy ivd 5 @ashisiidd iSO Rey &6FLY WO 10@Ir64014) . I n

cases wher gxMRASoil1S iRt 3% e RRSly fQird sdhstancespreduehiign through
gene reconbi nati on, IS necessary to obtain_ a nutant having a sel ective

I
mar ker, sucRHREFEFT G Satdd™: FEPH A auqGieR 9 (9¢ itdse of
usi gg Eschefidti nand ibhyambrt\)f&§jjd§ﬁ.ofsuqh|’drlﬁ#rﬁmifc heneen fzean . ﬂbiseﬂanmh s{oy
rando tagenesi,s With a agen 30 .such as..niityosoguani.di ne ar__ethy
nmet hagzgﬂlf aftré.t v\‘bsveercf%tk‘t OLYgerflﬁthiass rﬁat%loedl%fo ea“’lgceteO ’s%gqsves
desi red auxdtirloiptd tol arutiantthe tdmduodgsid 1df waofiong atdmpouradd rig been
t ransf or med,j S| I.esy ot t t:h%ﬂ?tfsd'r{ {Si cannat, be
deni ed. Th%s}lép‘%gceid aenrte?)%%ea%ete’ t%o(ﬂS Ei{d'eve o'p),rrent 0 y‘g}ét r%lslt,s an Egan be
said to be ¥ThSidhrenoldgf. deltlyndhpalti ISgimpseaiaslag Bedldd of
subst ?nce_ p(mty?)t J qimfu& ssfm;p?r ?ﬁr\t@ihﬁh},tE%@JaQ{ ic@ﬂéir&cfz@'rii s];%ﬂ@ tike a!lgkse. IF;)r
exanp in spite e fact. . ost - vect or stens r i da mal t osa
wore” divel GHEESERT |56 1 gl 2 ind h SR B B DR o St ant <
t her eof hfivﬁlh@tﬁh?éftlt admeﬂh 1dny|qaﬂegg&mm i ddteiadreint , cAd el ¢a ues] fusdew f
comerci al i ze e chem cal, sybst ance productjo ing inants o
t hat yeast .gnﬁdfeutfshe%é;%fnoﬁes’ t"hoa}:[ksalrjlri/a‘éeu%o%errgp Oq}% %%}d&%lr%lnl g!(;gr)rpar able in
proliferatidevdirpoler exmdsiat raysfrnhton ych quaroie chidpanadd i zi ng
capacity I sgdyad; a.é’t%iﬂ?%@i&? -2y SAAL ﬁ(ﬁﬁ&é&@%&&éﬁp%@b’ié&ﬁﬁﬁ?nes' S
treatment of Candi da naltosa has been ensured to have nutations in the ADEL
gene akd H B yetie’ 148iai JapanasqKokay Bl Fat o - 055/ 28 )g5 15
(1991)), butedsn®op) it HUDIBdE adi NN PUENEYa BSCEOAPAS bl W dda Wdrd be
strains. Thi s.i' nsi dered to be due, t.o ngf.}téatioc?%at another site or other

sites than the Jil%e(s:é)rjer&l R QUL L0, o et FiF OBt i TR ARY l%b‘?%ﬁ(ﬁsed by
random 20 ntitadugn gene posdtemieionuest @y erise oro Df (HMeS S/ 0481 HF. nutation. In

this case, rever tlggga%%\;%r%%re% 2%3%4@ [ . s q}g%/&%e%%ﬁéjr%sa@gﬁlort her ef or e,

t he substance pro VI _ Imants ma rease, Additionally, if
such aZ2feverilptaneaksrediictinn teowslvi gomrerdcoringosan biittis of its

living and goc850MP0cd Sobt Pih PARSELAY POSIAG 2 PEOLEEME npmide, safety
standards vi ewpoint. Therefore, it Is not adequate to uti |z?e_%r§ast strains
ion.

obt ai ned byS¥EhddTn Mt FRRIRRT 5258 F1%P HsCRR L S UBRFHHCTES I tHgus, it
has been desigedof ouoLLQI Ms@h &l Serph edo st ramd whé hl Bkspedfdic mbsettsophi ¢

el Cosa as TEEGITFD B eatRed Y ot o el e hEL T oo phat e
am not BéAnsf encls ea$ H S5r gerglan bd o é ddnee Bhy bhnsphanes ybtendoxy| ase ( URA3
gene) and sg,3o,LPr th PRYEGREER: SRR NEE §F Shet £5E8es VOl §ites (&8sirea

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



4 Nonconventional Yeasts in Biotechnology. p411-580). However, any Candi da
mal tasa strain with a specific gene alone disrupted and wi th auxotrophy has
not yet been obtained. To construct a system for producing an 5
i'ndustrially useful substance through gene reconbination technol ogy by
utilizing characteristics of a yeast, such gene disrupted strains have been
desired. Such gene disrupted strains noB only of Candida maltosa but al so
of other yeast species have been desired. 10 Furthernore, it has been

expect ed t hat |ndustr|alli useful substances be produced in Candi da naltosa
utilizing PEsdeRavadpebtstigsnIndRBEYS| 88 §B?ﬂﬁﬁy°FoSHP?F?9€eand gr ow on

strai ght - chabaubydbacasbepspadid hats/ @iskaesiehias cpalinnatl tasdlgreonut

I h th I THE | NVI Th
resent I nvent o EofmUBARRLBNs 0eoP R8s ghLF oRE e nCAA TalPBRDY b B0l ve ¢ he
pr obl ens dB?@ﬁ%ﬁSdf@bOEﬁn&ﬂda aalaosasuktre peodlopddaiaAbEY dgeng digsy upt ed
yeast sirai by %gm%?; Bg tﬁ\'dk'ot'faghﬁf eyt mr)ll LGC iRl aal ﬁ'av%eEQ@hqueS and

based on tR& prin nol"ogous reco natiton wt ronosomal DNA
by using aODNAl@ADEPYg@ﬁéﬁgEnagﬁéntr@ﬁ@@@mﬁg phegshoeish®sy R&Mi noi ni dazol e

SUCC'nocarQ@ﬁﬂ@f@ié@i@%@aﬁ%e@ﬁ@ﬁcﬁe%l@hla@@b%%%%%%d%@oﬁﬂcQQbﬁ'Ublﬁgan

adeni ne 25 requiring yeast. proliferation potency %ene expression
t

capacity oﬁeFW@PlﬁéﬁésdP§rGbﬁédyﬁé§§t wehe E%ﬁﬁQPeHSmF?ﬁt B¥e of the ADElL

gene mut antyGddAk ogher It\bedllfllaO@t&Hatl@&e@@iip%ﬂaer@t Menfprofl i€atditdenmal t osa, and
it was gennnstrated that the ge%ﬁ_ %%ﬁ gtd strain is.superior,.in_30 both
t 7= 9T

capaci 1P es POF S @RAYL 18 S&T Y ARSI FEOHAY & WA t o
conpletlondﬂbddutwmm§emt.Bmwanbba@ aBhyst .t h&hpr 68AaMht stneéntion relates to

a yeast | n i o ADEL 0RnG Il amasqual, INA fias- 35, feen i apied by

honol ogous reco iTratifon Wit invention al so
rel ates tokmemmﬁlg@detm Sayst agbpddons riandthey 1 \weineh angl #l&esf or ned

with a DNA zeqlenGh00Rt aidH ig 2 hyml09eis10r dirier,olgzgoss-gene. 5
Furt her nor €, the invention rel ates to
15 (1991)), but is poor in prollferatlon 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 safety
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 (HISS gene),
orotidine 5’ -phosphate decarboxylase (URA3 gene) and so

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



a nmet hod of produci ng gene expression products which conprises cultivating
a transformant of an ADEl gene di srupted yeast and recovering a honol ogous
or heterol ogous gene expression product fromthe culture 10 obtai ned. Mre
particularly, it provides a nmethod of utilizing, in industrially useful
substance production, a transformant obtained by transform ng a honol ogous
or heterol ogous gene expression systemidnto an ADE1 gene disrupted strain
of Candi da nmaltosa. Here, a two-conponent 15 copol yneri zation pol yester
from 3- hydroxybut yr at.e ereinafter referred to as "3HB" .far. short) and
Shy G oxy heR R SRt EaR He P ar P LS R0 1osie SaR -J00t) (ner el naf t er
referred tdloasveR( 3By @adiddda il tshxer st val rusaftl aaspe diifddegreadabl e

pol yester, a I ter I ras e - Qxdr tase are the
enzymes in\?o%\?lgd dﬁ%rﬁ%g%gﬁ?ﬁegﬁg%o l%?gctr%g%yygg%lgern.%o# e |rk1)\6/éeen ors
succeeded ol teigddci nfoPEBRBLEtocBHR) shgtemafietoprpAycérpr @8si on systens for
Lhese pgl ¥ G3icRIs HAIMITE A3 AANG UL LAY iz AL AR AN ADEL
25 gene di sruptse stggirn of Ca(ra?l 2 el t 0sa ‘ac(%%l)?jl ng to t edlanvlenti on and
t hus coul d TRHRO% €% e tligiingy b naed eADBSE Ifen© diss MARtSdd Gavdi da

mal tosa. Thishe (IS HAuPRY ISt A0 HRlAIRSed ek MRId10dsathpgeddci ng

pol yesters using a fransformant of an ADEl ne disrupted strain which
ot hod 50 it ISIRURS R ta QR ot CETTA (el K464 R GoSR Ko by

cul tivati ngther tyesf apavites DRRA e rDESGCRIFEH .ON OF THE | NVENTI ON The
present i nventi on, | escr,i.b i tal) . T east.t j ected
to ADE 0gene di s%ﬁfpﬁsclh%%\ﬁ%%e’ blthgl%lﬁ o%gegegls%r)égceocir’geldn;’Ct?}%nq'ﬁlgur?%[ﬂ%alﬁg}i)cuI arly
restricted Unafuisesumtancamde gradossd yigasisndiva maaias Haesn ldeposi t ed

with mcroofan SR ASROSI IO ES ey Q. MGG PUG Jadd 221000 d:ouf e
genera Aci cul oconi di.um Anbrosiozyma,” 5 Arthroascus, Arxiozyma, Ashbya,
Babj evi a, B3hsT g icHHe ChokTy JORRAER LSt y GRane  Br/etk lshotifde s Baiter a,
Bul | eronycesi1 Gardlidhsorfdtt @10y Gassh AP Al y @B atlisse .

Cyst of 'hgobasi di um Debaryonyces, Dekkara, D podascopsis, D podascus,

Eeni el Fd, Endonycopsella, 10 Eremascus, Erenothecium Erythrobasidi um
Fel | onyces, Filobasidium GabuMMARyces, TEEOINVENTAPNGuUI | |i er nondel | a,

Hanseni aspor a, Faﬁﬁﬁg%%%%?ﬁiﬁbec%ﬁ%%ﬁ é§”ﬂH¥gH§Evé*¥égg§%¥5§tion

Hyphopi chia, Issatc er a, oeckeraspor a, uyver orrycess,
Kondoa, Kurigl siit satusuKurtia remiorg cdys  Rrelelpord g eigsed pamicesind, as

Lodder onyces, - &l BsS 62 iy IS %M@Wgaené\/f&i@ﬁg&%%e@t Nadsanigy,

Nakazawaea, Nematospora, Ogataea, COosporidium Pachysol en,
Phachy?Pchd%ﬁﬁrra@! PRk fise 9 IRne L SFIOS O IR urf SR Drand pased
Sacchar ony ces, t 158 GEia IR deS , h ot Sagshar esysapist st 1 Saivoet e, Sakaguchi a,
Sat ur nospor Schi zob| osporion, Schi,zos ronyces._ Schwanni onyces,
Spor i di obol %O%%%%bmig%,u o‘%%dm,g ee)ph%\%%%%%rh ,

St er i gmat ongroesd 18 evhiagmtasidors yi ami nSymisia 2t b hs i el n Syaposi amige es,
ympodi OMEARNaSe GRed Of 1 BEPAUIA M LHOSRRT 1! Sk o 160 OMP UMb ine-

Tri gonopsi s,” Tsuchi yaea, eni‘onyces,. t onyces, ckerham a,

W cker Bam efe@imgng ivpaits, Vara®aAlkfereddomnire tenryoadcugene

Zygosaccharwwsi&yq%ziéi%pssﬁ,tmgi FHIO ZY 1B u RN Oy 4 SeNper 30 AnDNQ
t hese yeasts, the genera 15{3”

I da, Yarrow a, Kluyveronyc nseni aspor a,
Hansenul a arfPRHESE i Wt tar QR R rieef i APRT FFRF I’L“ﬁ‘éalg%s@%h ?’91‘6?3
efficient cetdm piochpdn et antk saticdancer pragdtda amna byosontamiiolts was
hi ghdensity d£ rticul ar he. ' i 5.3 r in
o Shtenst Yo GHlAL B A0 BRLLT B St 15, SRS £30EL 680 1 2 RBLEL 8115
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 been disrupted by homologous recombination with an ADE1 DNA



7 vector systens, hence the ready availability of such systens, and in view
of the high capacity for utilizing straight-chain hydrocarbons, fats and
oils, and so on. In constructing an ADE1l gene disrupted strain and 5
utilizing the same in accordance with the invention, Candida naltosa was
used as an exanple. The wild strain | AM 12247 of Candida nmaltosa used in
the practice of the invention can be ob®bained fromthe Institute of Applied
M crobi ol ogy, University of Tokyo or 10 fromthe American Type Culture
Collectionfgwhnaéais, VA,.USﬁé under . t he aﬁ gssign nunber ATCC 28140. The
Candi da nmaift895ENAL SEE at AV ERR Yt FR- T&hAC AT stP di ne-requiri ng marker

mut ant, can be obhaBRDEd Heam tiherabaed gebkéctiragsitpnstahtiti on under ATCC
90625. 15 The Al ne _di ACG1 rai f t ai ned
'n accordance w PHERe PnyoRtroa Ra Aeh deoba PEAUArCh FRe AR Orar

| nstitute clmadeginsisd oindeseriodlogsisegeacand Technol ogy | nt ernati onal

Patent €Y gani sm Pepesiiabe CRRL! ghylnclol Loikhaashh Tsukuba, 20 |baraki,
Japan, as of Nove er the deposit nunber FERM BP-7366 under

t he Budapest Tredt V‘etpﬁﬁopégéwdﬂéééﬁbﬁﬁ&ﬁ Sﬁpﬁ@§ﬁéoﬁeé’6ﬁ?ﬁlﬂlﬁ§§| on occurring

bet ween two DNA bm@hsaamgmci@ésl &uatﬁeﬁrtqmgwaelt@ahh&brﬁam $ifMehahDE1
sequences or s se uences 25 CGene .di srupt neans cau5|ng
e g

nmutation o §ﬁo¥ G tDRRY 1 SRy A8 e q@@ a °Jene,
del eti ng ahpdrdriocdgafust engerapse stsian tthedperte f(mmncb:thef und ttiuare any | onger.

ps a regul Ll gene disEUPLlep cLhe gsne; cagpal et Laserhledel nto mRNA

hence the structural gene ranscription
product nRNAHdgomss iimcdmsiuetteialdnc aamftudt isowpsdrangd @moshicddom s @ n t he

am no aci d {SeGUENESLft U ik %@S'bgi QR R RAYG St 'i'ﬁ)tldérl@%o%rs()to‘%‘ n,

rendering the ngﬁeln I ncapabl perform ng the orlglna functlon 35 The

ADEL gene MEHRE o4 QNS FAFMERPIEHIHASITNG €™ 1855 GfoddE 1y &§6n- cont ai ni ng
5" untranslgtpahigted Frradd @ UhrHNGd o hospbeei basylvartbabshdazol e

succi nocar boxani de synthase r m nat.or reglon cont ai ni ng
3 it L KR AR Thie EgE St chol o MM B SR or 5 Cand! da

mal t osa has(Heeenimafiildrs e anre@ert Bark " I8 For B dINA ssetjliznce t her eof

was shown T t Gaf capabl e

of causi ng%ﬁ’@ﬁ%%a%og%omlhﬁ%eﬁ@%%%f&% td %gs‘l of }ﬁ_ﬁe cohqr\lérmsorre in

the mi crobisdiortal | (heme imeditelyy mifaupnd iy e ‘mm‘ﬁw “TH®TADE1 enzyne

i ndi cat es Worléx‘?ﬁs\éﬁfm Qg %%ﬁ@gr%&éﬂl@%%l%@dﬂxde anthase

(EC. 6. 3. 2. 6) he term "honol ogous gene" neans gene occurring 15 on
the hogP yéxesk %ﬁnﬂﬂ%ﬁ?eqﬂs%aﬂﬁﬂtQQﬂyﬁj@QﬁtﬂMQQﬁ A3 & %% rTHe het er ol ogous
gene" rreanserazgeerm iorigdival 1ih dfe aoAHd g G tieathasdl yeeasdr chrasosone,

or a parti%&nﬁ”%éé%”§§gceeded in producing P (3HB-co-3HH) by

transforming expression systems for these polyester
polymerase gene and enoyl-CoA hydratase gene into an ADEl

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



A gene expression cassette is a cyclic plasmd 20 conprising a
transeription pronoter DNA sequence, a DNA coding for the gene to be
expressed, and a DNA containing a termnator for termnating a
tfanscription, and includes the type capable of functioning
extrachronosonal ly and the type to be integrated into the chronosomal DNA.
25 As for the gene expression product, vhen the substance expressed by a
gene (product of gene expression) is the desired protein or enzyne, the
substance i,tsel-f s the ressio r t.. MR ch L
directly di@grlg O%fsr rc%r%‘:tq%e%%ﬁl%égﬁg S‘Lgf %é’%ng%%%ﬁrcéés%gsﬁB%t%q—‘s:sl%dgrbé%uced
by mani f estustd @Ry ibe meslechasft themst yesfs teatwiliyahi daarst ibdean elspofs ivad ous
enzymes andg,; Y, ja ; ts. of n pr, i 0 j I a
gene expr egqsllctgﬁ@[glro ucﬁ%‘l%?{e%s?%%%ggbe%eyﬁd%ﬁo%@ S‘oj ylﬁy%ftoékﬁ/al n?r)loate
and 35 stamfslomgr t® Bihed exfmedab | Ac i) yaaarerd sy u | Albip Sirasmma,9

copol yneri zatd or, £ o185, hyany; ANQL G Bfd dBabfRAES, RS iy A Ldesi gned
based on an_ Aeronobnas cavi ae-derived pol yester pol ynerase-encodi ng gene
(Japanese IRAEY P Tati VrFHREYH0- FFHEANAY G5t Fndfi% expression 5

t her eof i n Rianth fanyed 4,05@ ndihe basir sseguerss tdeeipors shown under SEQ

D NO: 6. " 3" neans_ a desi gned based an_Aer onona vi ae-derived
enoyl - CoA ﬁ%fpattOacsoec-ceLng(,’o(I:ng}r%gtngsfs\lnlg9 a alp%h eo%%y%qsdafﬂfegﬂ(ara,
?ﬁi - éo- 10888@o®aﬁa§aiffdam@dm$ss€mama,reﬁ‘ﬁgﬂn?yajmwadj Imlal t osa.

e basg s er hoyn éﬁ;}pl@{ ; ol owi ng, an
exanpl Zgof t,ﬁe rrsgct hod E?)z? I%%»%gﬁcfluct’i ng “an r&%%lg@ne ’di%(er u%#@%’e%t’r ain, an
exanpl e of Eheohatidiinf Gr-buticimires pdFeebteh i rigiihel efimengn e 15
strain are gesedi Neshokd) AMhot 0f, canNsdsapddNg ma AL gene di srupt ed

strain Any nethod may be used for the gene disrupted strain construction
provi ded t HERTBO HUptBPRR LG 4 n bt & X WDELRBS/HRF ®xpr essi on can be
obt ai ned. \Whidechara gper20 KElhesitomfcgehekshdsapt Krn hetvia been reported,
t he ge di sruption ho ogous reconbination is preferred in view of the
fact tng: R et e o S g E B it R AT Yo% (o)
Met hods i n Ml acsé zika Bil bgyhnikow L] - 1802k 14,9 9%)x o Hammn aVaisssid nc.
Totowa, NJ)y.A0png, the z@éﬁ@&%%ﬂé{esoqﬁéti@é*})!& %rf@fﬁﬂb'ﬁfr%}‘f%l dhe

n nl'y one

si mpl e one-step gene di srupti t echni que whi ch "conprises o
procedural Biaphvti¢hasremrn MpihageRtchito §eedesrelidlym® preferred in

Vi ew of therAggbdtdhata) e§é’€@}bé‘§<§1ﬁy§é§,a' ﬂ?c@)h«ﬂﬂbzi{ é&fi@s_) n handl ing can be
obt ai nsg as_a result of 30 obtajning a di sréﬁte .strain with no spontaneous
fever sPOn. I HEEATIRIDTT St L Skt al $3X 2R o SAHEIEITP e

di srupti on $shiazdbla s ragoent otler$aletz d $ o0ek heomedes bys qawd nal ompdaageni
DNA el i m natjon. , 01 nj e i Qi } hal portions. Such
DNA fragnen b%)glng‘g(sejbégé%’r eé a?%%O#%yéggm e?g?fgg%%é%%‘et hod (pol ynerase
chain Stephanoascus, Sterigmatomyces, Sterigmatosporidium,

Symbiotaphrina, Sympodiomyces, Sympodiomycopsis,

25 Torulaspora, Trichosporiella, Trichosporon, 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-



10 reaction nethod) or by cleavage froma vector with a restriction enzyne,
foll owed by rejoining. The honol ogous region |length of both termni of the
ADE1 DNA fragment is sufficient if it conprises at |east 10 bases,
pteferably 5 not |ess than 200 bases, nore preferably not |ess than 300
bases. The honol ogy of each of both termni is preferably not |ess than
900, nore preferably not |ess than 95~. 7The partial DNA to be elimnated is
such a portion that, upon elinination thereof, the ADEl gene can no nore 10
mani f est the en me act|V| y. The_ | ength of th artlal DNA such t hat

t he ADE1 eﬁ’ze;FrI'é? ACHISHEMP / c AFRGE BEer &8RO d IR rsion. The
chaic n i glngtdysﬂemcianmarﬂn azlleDNAb fi $heoth iRay tdatpalcartlyy froesmlqtlledn@ut ]
preferably is not .less 0 ba pre not, 15 | ess than 100
brces I (Rt R 5y ZRison T iR SRy BOR SnSPruct ed by

elimnating a SSHmwoABErusMyugeaanmmgeﬂﬁAdmsa@mmd atdalingatnidng a

630- by (e was used
(Fig. 15 I’Ih qu%(% tion e |emqgla%e§%%(§%ﬁec\;épgﬁ' to aboﬁé&g:g%tndf t he ADE1l
enzyme pr ot@mdldméncﬂto,:ﬂaj@a@dl@d sisd@rDN& sfmpdgvent s bot h have 1000
horol ogy wi th theyar mg.llraalsté'a%% Gane-12bhe %@%a%ﬁﬂl&%“%%l%fosiah%s%'ds igpting

DNA fragnment used I.n r?cfpraCtI ce of the invention was shown under SEQ I D

NO: 2. 25 THEOREAGHGRRT Jded %Wecmté% &0 &8 FPEHLh VN dhehas

E)ILSB?LI; ed USﬂn‘sj:lpid@JelQTﬁAE@bl(l@l_\@dlcngl@loajy,, _Ut‘i@.rvteﬁ:aﬁ}mof_ d@&d?o ILOSISADE? 65
richia cqli tr ar t he plasm -

s cUtPi iR TR TR S S SN S iR P n MR A (Fon of ¢ he

structural Ugfie rgene tmnjlartg:e‘scmcnhmu&mrﬁ]r AATER §irddl ei Mheoankié JADE1 gene

vas o eaved oiilo L QA & BlasT, VL) A1 2RI AL LESLIdLL AN, 2y e

and the vector gide i's recovered agaln |1 gated usin ase.” A vector

cont ai ni ng Raxkest upttians DR Pe mﬁ:@f@%rfé@m SZEheTI?é?QiIESrQRﬂ{JIQfd'—lng

DNA- cont ai ni i MeHtin Ihddansicer matkos 11 into an adequate strain of
Escherichia coli, for exanple JM 109 or DH 5a, the E. coli strainis

mass- ctPt ured, and& HPHi @%ﬁlﬁr%t@ﬁnﬁﬂ:%% 'Sh I & FWIRR cesi um
ZhILo[)i det ul 4 By I’d};fﬂbgl.&iécprl\.r( mt xfuzim%tz w’f.t4h7(1ﬂ1é56 ﬁnvéﬂﬂi&ﬁﬂhkgarsbiéémni ng:
abor at or 0 i.on rin rbor
Labor at ory essII( e;E)Cn IIahIl SRR SR IdACIS\PIIﬁa be used
directly deI‘nCQ-BTIEdeiJSI‘SmitEIIDIE an:d iTealesi gy elftoermonei-gialp REtsanipt i on t hat
an ADEL regh o Co % | Qaqus- pord i on e Clﬁ%{%fr%&ﬂﬁaéo
n ap

purified vector with riate restriction enz Oor use as a

di srup€fng Brxakin t%@qgr,a@es & dfouamb gt esont2§HY eldonh, thehedapragidr was

cl eaved W tudiher rm i DI enzdE: Sald . Biadkbd e BN dy agment was
transforned, wt purificati on i nto a yeast, Wnerel%t he ADEl gene

coul d be 15 disr QEOUS LRGP IR HG | i%h. While the
pr ot opl ast owstumdind ihﬁéﬁmmct&tcatmqmdm {dakagieMin ed wdgion .wikadd eri ol ,

167; 551-5 t u t.al., Yeast,
8: 691697 ( %%\gﬁﬁgax{% IrII(I)l\Ie\Ih YTC ge(ﬁh&gt ran or%ng? |@y$k%a®den0§ >0 nal t osa,
the el @tric puI Seenyee tdhiicr Wits!t canpiedyred danging prrtdzﬁﬁw ofr tivsdniianet i on. A

commer ci al ARPASE USCah b&élsz%’sé Ue (ﬁ.I d 1or pdl g gensk ald Bk id g 4 he
practice of the |nvent| on, CELL IVANI PULA 600_produced by BTX

(San Di ego,PEAIUHT e Lﬁé%he Smetl&ﬁletcri% R SRRDBM BEneinn (32%m gap
bl ue cap) presgeed by Bl QaMEDECAE GORBOBAEUNtEEn, the Eeley@andapank.

Af I ' I h I d [
medtum, and AHRSCUTH G CEITL b T G Ler BN T OFTh Bal Y od ADEL

di srupf3é€d straisilat3ad Anongtivart warss aretdioidsn denved wpte dnENA becmm.%)r mant

recovery, t r t

211: 206- 20 %%%‘%I‘I can@%éé a’I“IIIa.I‘gle‘SoI“C %.%Ir%?’h%% §‘§&£§WO§1 or g| Lok y
devel oped fml@f$¢@¢w¢ yhethetirapsaattins phedigieds byuebigom piatainpn but
i's rendering the protein incapable of performing the original

function.
35 The ADEl1l gene means a gene fragment comprising a



35 considered to be applicable to gene disrupted strains as 12 well. For
exanple, in a preferred enbodi nent of the present invention, the cells
cultured after electric pulse application are transferred to a m ni nal

medi um for instance, and cultured. The cells are washed, cultured on 5 a
ni trogen source-free m nimal nmedium and, then, cultured on a nitrogen
source-containing mninmal nediumfor a short period of tinme. Nystatin is
directly added to this culture medium and aerobic culture is perfornmed at
30C for 1 hour, whereby wild strains can be killed preferentially. An 10
appr opri at PERPRR e di ¢ PR iRl ryd Wi rArha e | redikions ot dkan
culture is @edfg sk g5hc¥ihd Ofo ADPIEM 2 SlaSda MBS eDyc & Bth COHUU A5 B €

obt ai ned. Fr.om.anong ed col onj es obtained, gene disrupted ones can be
Conti rmed VI TR CHE b D 1Sttt T S8 ST SOk TS

hybri di zat i wmt ree dibsk § Sardoy iomk. etThal baEedsequeidee@fl aheC ROEIINGend of

Laboratqry nd Edition, 9.31-9.57. Cold Spring Laboratory
Press ( 989‘?@&3&‘? n’g%e#e)osc%s%éa%fbeﬁﬁ%p%]je]hs%%q hlrén(g%n géaqqg‘e%g%'ene 20 are
used as prihee sDNZy AR C i ee DY beawl sowetended SER IMeN@ild strain

upon agarose gel ﬁ{@@iﬂﬂpftﬁ\fz‘ésﬂﬁa%ﬂ!}{é eir?dib@a{"éjefn@:[%]hg{ :?&abcétl%lgeedo% et ed

sequence is detected for the disrupted strailn, t he

i nvention, %EHERAULRANGIRITING TRERINER B crbh The tAEk genefofeiee 25

substit uti ofhSsmdSWer At | @i Il SFSIOIDS @] | DM SMeFele 10888 i St i on,
t he pOZ@I blr##% shoul d be taken into consideration that the gene may be
inserted i 2$2% or sites other than the intended one, for exanple an

unknown, highly hiimo|ADRIISr5d e QindidaSes | n that case, the PCR 30 met hod
may someti il .1 rovide contirmation. The PCR nethod is desirably
oo B AR e et ARG SISttt ed

used as neans tor selecting can en e T arge
strains are(®bt@ihed.-6)For identifying a disrupted strain or the |ike,

genom ¢ southerr BRI i ViSRS gy SN NhOW el g ARIJIOd, 1t

is possible to denmonstrate w ease an or certaint gene
reconbilat i O AR RRTrYeRP bt CRIFRING $ReMd Rl s7 tRA%T bk DNhetkerembsomal DNA

of the di sroips eeesh rohararsll dddis Ofeidre Mbhs Sh T gée aSr 89 LRI 19! n@¥
prepared and, after cl eag%/k?g with an ap&&o(grl ate 5 restriction enz%me or
enzymes, agl O Y @ ociT JBHDT CFESt SORRPRORRRBLLOT | BFEE 1 adtTRe of ¢ he
present invemerenf.identification was attenpted by three nethods of

cl eavage using t ristion enzynes, . Jhe .transferred fromthe
agarose gel ont o?l% %ﬁ%né%]}rﬁ)ér%al_n%,% gaﬁsos%%ee Z%A\fl-'a%y %fﬁ\lﬂ{) arsangl;l nt resulting
from clRéavagempFisirg ADEIrgeser Wt hon Hererster cBlAns egzymes, HpalNand Ndel
whi ch i's cmﬂ%%@%ﬂ@%ﬂ%%%t 8enoL®, ofn 4 he ﬂhﬁré@ﬂ@iﬁfﬂ@:ﬁ’ was

enzyne- | abel ed usi n(g{t he nel page. | abel i ng/ detection kit (product ©
Amer sham) aneFFor oW ntPE e TRERREAE YetERPPEELREI PRy t Fed et deE t ached

therﬁto aRdtltéletj/pé)ed:ipsm}ospé Qdﬂcf\%N@Sim?dgaéﬁﬁi@émd é@ém@lﬂfcﬁl@nn%}by

sout hern hypridization, (SEQ 1D NO:5). ter ridization, the nenbrane was
washed, and{)ﬁg 1é‘gnhc’ie d%é%%%%%e%én%%rﬁﬁ n%}&r%rg?%%m?ﬂebﬁ&

fl uor e€dence- eni tAs nipr edyenderse cormli egp tan teodmriual win atiieached. The band
det ect ed Wag,;GOPDAL 1 th.of 4 t i rain. £l 2

result, two sktgr al nsg\c/i\%\g\%f%sc)ér#?r%gd? %%yhk%j%é%?g%v%%e%%h%xg%e?Tég?ﬁ)an
about 550 b¥S pehe i Sivedhipreteinom epdihadthecruapiorrenchtself 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” is an abbreviation of polyhydroxyalkanoate and
35 stands for a biodegradable polyester resulting from



The ADE1l gene di srupted strains obtained cannot 25 synthesize the ADEl
enzynme, hence cannot synt hesize adenine, which is the precursor of ATP.
Therefore, they cannot live in adenine-free nmedia or in an adenine-free
environment. One of the ADEl1l gene disrupted strains was naned as Candi da
mal t osa AC16. 30 (2) Heterol ogous gene expression using the ADEl gene

di srupted strain: A nethod of polyester producti on A honol ogous gene or
het er ol ogous gene can be expressed using the ADEl di srupted gene obtai ned
in accordance with the invention. Since yeasts can secrete 35 sugar

chai n- addeFRVLEHE Fatienmedi dmhYdoweE lkeerrdq @filgls. 14 coli, which

cannot do so, it WORF2OSHRING 0 NNAO G e RISAIEIONS apS | A dnfdd APEL
di srupted strajn. The honol qgous gene capabl e of tragnsformation i s not

particul ar I%F‘fleaﬁ'rqed%lé’c?dmﬂo,lyz%st&? meéaoﬁ‘e'l%tﬂ%jtlﬂgalqwles @ﬁ?fa&les&r oduct
pr odu](c:ti on,KdKeeir ?utﬁlﬁdzae:mﬂt}ism cb—djcr?aygx;édd ngéﬂdd emam.@tei)@i:_emsionh
transfornmati,on of_ t.he ndi da t osa- i v enzyne gene i.nto the
s yodor WHAERHE L CREDGR AR IPND 08PBAGEaS TREUABEE: SIGa8RE HoRe | s
not parti cudteowry uredtr iSR@EAD &G:Her 10 but, for exanple, there may be
mentioned the tra ) i f e di | ase he |ike
for the producti oﬁ%%%%%r%% 4et5&%§leeﬁgﬁgeﬁ<er?§v% t%at}%eﬁrbﬁnog{iar#e yeasts
of the genus2'GaridRE vt renoyIctindt duydrd tassr apeling trhgrbanae st 15

the presentkdwieduinca ok i-s) drasdatiedd ma tRERbId fdgisfdpm

ot her irganl snms in the st of translation fromnRNA into proteins. In
Candi da°rmal tRREEOE Hig |%mc§ TR BrG T8¢ PRSI SCAYSPREo L88FRRE PéRama T. ,
et al., Nucdlwn AnideResEQ 1:NGEOB9- 4045 (1993)) and, therefore, 20 the

Escherichia coli-derj.ved |l.acZ .gene is not translated into active

~i - gal act osi dase %Sutg}}eygfr?aﬂ-cl’.“fl%&’ 1 ,e}@g}%lte, olglac%nbe%%@%) . Thus, when
t he expresstarsiofuct ired earol AdYolusyeyeneli srupiteshdetsain, ian rotang veayst

guar ant eed {hat, £ ; i fuhetd anal gr inAn 25
Candi da mal t}g%al? #ﬁ%‘??@r@%%ﬁlﬁ%%gﬂo&io é(}g%ﬁs gend[e IS tcgl#eﬁe%pc% essed in
Candi d&°nal $ sl 2 ihedamztibed. is in principl e necessary to convert the

| euci ne codpn) al aeshdddlo MYch Sffui @Y AXNESS| fhe OVBMH te BNOLAEM OF

ot her am no acid codons .may al sq{etée nocgit{ﬂire&&ge}eccordi ng to the 30 codon
usage in Candi da ff tH&© h Lodisi PR FHRIAS 85T ng,
for exanpl ecotot Mateiabesgerided lamla dstlwres]d stEindi decapdblbsanfin
Wwlf K (e , ony. i Yeast,s | i ot echn . -527. The
genes to bgA?%%/o?%a&? ne)gﬁ)%t%/ée)%t%er} cs‘—ia/nnt%eesél}éanlayeé‘s @lgﬂg%y vgg:ﬁleéél%i nvol ved in
t he syRPhesietldds pblyerst etigfuption 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
procedural 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 ADEl1l 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



15 the general fornula given below. The general fornula given bel ow
represents a structural fornula of the polyester P(3HB-co-3HH), and X and Y
each represents an integer and respectively indicate the nunbers of 3HB and
3HH units 5 involved in polynerization. ~3 ~2 10 ~3 ~ ~2 0'~C~c 0'~~G~- Y n
For exanpl e, the polyester polynerase gene fragnment 15 described in
Japanese Kokai Publication Hei-10-1086820may be used. In addition to this
pol yester pol ynerase gene, any ot her gene invol ved in polyester synthesis

may further be tranf C ere m nent i oned, for
ex)altrrpre t FE3G Fo ; % i Pc b&ﬁ&& ﬁenf(%ogtés 27?& f"’thth@ converting
enoyl - CoA, m’drrucﬂmmdleaﬂ@fmen tﬂmé.l(MIhiamagmlpaHW\ayThéohomologous

R) - 3- hydr , M og tters,. 170:
66 78 ({993%%%3*1@%9@ el iftook el MR ?%A et s

~i - ket ot hi cﬂtefsfelqwﬂadéﬁenctemomm:@%saet deses tf di0 gaﬂemsupzlerf@rably

3- hydrOBVbH{df‘ches?ét@% 36 digRSd Zat i fr ACHIAH AR HRQR! 8% o et
al., J. Biol. Che 64: 15298 15303 (1989)). These genes may contain one

or more nutRRShs, Tb@cﬁ°§§leéwe9¢oﬁac§u6§t pPGhi 58TRABTL h§ePFP§ﬁrapﬂaYt he

base sequengs tlmesrseej‘haaﬁ Jowg rsr fﬁ@@@&fﬁ%} b priedicth s subst ant i al
enzyme 30 activi In_the C@i\&t Qcé)nheterol Q el{ngr;enes however, .there is no

guar antee that t &P Fada D& & Gt5eiSHE e Zp DN T8
functioni ng:Hart Call:djrdaa]mi{mﬁﬁa,oras:lrfﬂ’Hdﬂneﬂlaam deetec ecaarminmo maaded codon

nodi ficati r e e _izn t
Aerom)%gs CI1‘]‘311561 cavi :%'Lsege% ﬁ% porli m:jt :nym%gé eaar? éﬁ% Fg%ﬁggydrat ase
(Japanese K¥¥ailsPubidicdthiadn ths mllme R VITLY, Céitnrmt JbeFEMS

M crobi ol ogye d+&it&d { Sy ni@debud 119&9@95%{ e y$edchEoyeyehgti Bge the
possibility that t hese &r%\b%rre genes 5 not. be translated normally, hence

no enzyme a4§ViR3Esia ln%ﬁ}cf%sl‘tae’ﬂ:lqlbl%ﬁ]g\h regimel GfhPWHei d codons for
bot h enzyngsrawseaydifd et M<xd hase @ iveded N fardlighae feddIsa,nand bot h

t he e totally t hesi zed. The sequences of the totally synthesized
Aer onof ; A S i ]VOS r}labgep% yester pol ymerase and enoyl - CoA hydr at ase

DNAs are shown uanertrﬁE@ﬂdh‘d\jQ:eﬁ camd:lﬁEthiéri‘tI(loh,ofa tdiies regjLierc ONA st i ng,

respectivel ]§g]_9¥1 “Q?iﬁ{ ese
sequence i entt élt%d er skﬁﬁglsr%tn rﬁf a?S§5t| e neani ng er dgase
sequences n@%aﬁ%@glﬁﬁéﬁmg@di |1flqafiialrllg'o am e Y st s aqnltﬁ:m@ arrymes

are eXpreSS@%@@%ﬁW’iﬂc@‘ﬂﬂtﬁ%E@ézﬁé}?@ wé@‘euegé‘d‘e ﬁi@)r%)s' oRpeassette to
be used in that %te)ast is constructed by | \_cgcagtl ng such sequences as a

pronot &0 aRPBELh R AT R TRFRIR §t tchfe R dsLE I

enzyme protein. The 5’-side and 3’—51de 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., 55: 59-65 (1991)). Thus, Escherichia
coli transformed with the plasmid pUC1l19-ADEl was
cultivated, and the plasmid is prepared therefrom. A

30 portion of the structural gene (gene coding for the ADEl
enzyme protein) of the ADEl 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



20 question on the 5 wupstreamside and |igating such DNA sequences as a
poly(A) addition signal and term nator to the genes on the 3' downstream
si de. These DNA sequences may be any sequences if they function in the
yeast in question. 25 The pronoter includes constitutive expression type
ones and i nducible type ones. Wile either type of pronoter may be used,
the pronoter derived fromthe sane yeastl1Candi da nmaltosa as the host is
desirable. In an exanpl e, the Candi da naltosa ALKl pronoter and ALK1l 30
term nator (Gen Bank D00481) (Takagi , et al., Agric. Biol. Chem, 5:
2217-2226 (1r9s8v)an ced@ts i9tizada qqines@rq;trlecfotfa tcrrellgerf@rewra@gsha)w

cassette tode disash fxyf, thanss ordpt 4 %n(?sl&rrpqs.sefina{é%—t&iﬂtﬁf%' & Plce
present invention can be constTucted as %5 The vector ‘to be 35 used

for the corstFHRY oM hddt aithy HARR IS~ R’%eﬁasr BGRY UM LHPTIApI e of
aut onomuslmﬁﬁ&em@iﬂmam&sCMM@ e ial |l t (¢vy. )3l 9 el regi on

capable of utononD y .replicati lt.is known .th a vector
capabl e of GuitoHohD IISPbr e‘%qocréf ”ﬂ%“i# I%% Esdlrtejtoé}’néd'%mi%' Lﬁfe yeast
cells. It iGH sﬁplpnsgsﬁfﬂréadm latiegptairy tmses;en(el%@)r)essmmhoashetthe‘si nt o

Candi da. ol LOes oai e oot T ERi ey ) B AR R R 578

3948- 3953 (4Dgy Jdesiratile HeoprenaitenidiyupiiarnhatvamtAi. the Candi da

mal tosa Al kﬁe%ﬁd}@cﬂimﬂnd\%dbi%é RN BIn Wes ¢iantad £omeaate of ORF2
and ORE3 on t stream side thereof, and the terminator ALKIt_(SEQ ID

NO: 9) WS |1}>%1(%Joe<{1 RS IH- tHheA TR BRRAMIT T 2 £t 1 Her Wb fen48&Reiq T i cti on
enzyme sitessé ods|a giidngotirey mmm)t th am@ tpefatitiaieoo ft ahch@refsemat ur al

b d by util th P ted
Por use i n PRER L nohie UHRATCSRIT B AR IO 10 GG 1D N 19 T POR my be
carried outemzitee Smil comnld tilonsDNs fromguast twes 20 alesf oetegene fhagnent s
can be a”p'ﬂadfffjéqa“&ér?r frf?cmp{e oI e R&Eé%@&; ALK AV 0o aco"’uJ;] rgd nal

Sall site an site can be constructed usi ng the tenpl at

e
shown dRderdSEQPEPARS anteshet p?§ nomo k@S urreeMISER 1 BP™N0: 10 and SEQ I D
NO: 11. As 25 for wiweld efnd ﬁ@doﬁ@déﬂ Qe t S tll*’l?d/ixﬁﬂ B atermBig H ndl 11
t

Shown- undor (B9 D Ky he priai et Khbans Ghtier - S0 | A0 k2 S SEQ 1 D

shown under
NO: 13. Usabé]aecasridnepwmé atie tlsod heKyees los sz,TAét dzeIlNE‘ﬂeai$’Dm pUTEA1-30 and

the Candid del b f k f I t

adoni ne. VB ALK 97 <1% JERGHT IO PG (eRACETHRH 10 VD oa7 0354%) “at the
Pvul | - kdel maleosauerelmé e becit ALK pulme pnﬂ\ﬁ'oditwameemj)myetdi Bspthsite, pUALI
can be consgruct ede JP%e %E@eﬁélJ)ﬁgatAe%&@neQ%'Al alpddie 3 Ndgl f2st! site

t hereof, whereby the plasmd -ORF2 can
used for electric pulse generatlon 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



be constructed. Further, ORF3 is ligated to pUCNT-ALKIt, constructed in the
course of the construction of pUALI, at the Ndel-H ndlll site thereof,

foll owed by further ligating of ALKl p, whereby pUAL- ORF3 can be
constructed. 5 Then, ORF2, together with the upstream pronoter and
downstreamterm nator, is cleaved fromthe plasm d pUALORF2 using EcoT22]
and ligated to pUTAl at the Pstl site thareof. In this way, pUTA-ORF2 can
be constructed. Further, ORF3, together with the upstream pronoter and 10
downstreamterm nator, is Eleaved from EUAL ORF3 H Eg SaII nd ligated to
pUTA- ORF2 &t° lhe EQF| ¥pPBIEhetBof, PRASRERG At REPRRASATE B 6RF23 (Fig. 2,
]above) I can messce@nst:rruxetrﬂ:dorﬂ n tthiee ﬁla\se dHmared aaﬁ;mte @emt&as:l @I‘ml('s@ﬁset te
or po yest I tosa C onst ruct 15 The
yeast st r AT T S E GRS TSR dod e RS &5 essi on
cassette us:rrsg:atrtce,t raanisfcmrhta;tnanh néhkodemdat a@aedaabede cwa:euebyl bhe

Candi dagmal t rai n ERHU?‘ 3 d. The
pol yester pro u |on by cu tlfv%aetl rﬁ[gﬂheélygnast gtﬂr:dgms orrfeg: ;?thlé e gene
expr essi on Wags etitter quem iSEUFRE P GR e D atiyddtadr madHiesior @aﬁhl@é”trrade in

the fol | owgg-imnner .+ ikhe Cﬁggﬁatiﬁuﬁged&QeEQl&}S@.@dleG thetaykt unetiRY be
any of those utilizable by east. \When the pronoter expression is of

i nduci bl e t8gsEL Uy 4rrfhur>e€erromeg/ %Uturmys F pERiEied THe INGudar taydever
as the mai winardion weid eerdimerdaai bd naitldnee proffefart idid ot han nutri ent
sources t han the carbon saqurce,. nedia further containi n| gen source,
an i nor8an|ac,p %rlaathed BiHer™S ql |plahttﬁ rJiSenstmesaoruercgewsltggn e C%Jesltcaid The

cul ture temespengiompyaie atlame 36k Ipueforatedvd tcB@°lte fpeaaboaan2gr ow. A
t enperat ur g 20 4 40G d &fEr dowever,.Jhe culture time is not
particul arl Qes?ﬁ ct eé&pbutérrcg{/ éfgaurt lto eays Thereafter, the

pol yester may be Fhaib\paicay ftrlmrtehﬂe G| qrst &y qhﬁatmeéi/otﬁeat%&dsrwtﬁﬁie

carbon sourgged nediides OO atesh dads ®pdhe 1]&:Eolrﬁesth<fcﬁtdb’ tafd ds, and
so forth. The car boh(ydrat es i ncl ude, armng?ot her s q%gbucqéte sucr ose,

gl ycer oP, rASHWEfesSOHMP D T ihiFa et 1eEhat 6 2kor exanpl e,
rapeseed oi|edsoconitiletllapatloming: FlmbkerasrpiNaneil, STelf‘rBorﬁ:lfatty

aci ds i ncl ur n U t C oic acid,
oct anoi ¢ a;l?%lél eca?l%l%gl 2%?%% I achré gépal%irt . %/er?‘%ll gJ?:abs ahcacfagfsnsf {?%eag;sc. d,
linolic aci l98%)nbl enic acid, and nyristic acid, and fatty aci d derivatives

such as esters ang, sald s4de %J,_ctpcfl;at tYh AEiSth Iéquasn S @pph0 feriydi da

mal t osa can be cultured using fats ‘or oils as t carbon source.” I n the
case oROf at&randsest |&s .We »fNYERhy 7¢I Y RAne abaietFtardi iRy

uéh' i zed Opttn/e et d | £t eitd Vupdheagiidd &1 @l capaet £ dprae des | g ovedh by
addition o

to t ble to 1 de th
Jeast vt h BFPSLTRTTSRT dUITHT APYeed e Erae oht (FErAT Rt P orti th o
| i pase genedlshsupﬂ:md stragen dourtte priertd aeay fbeheennvemed canmani a,

ammont um salg s, SueAs AETOALM SIL ofL e IO UL ake g garroni u

phosphat e an pept one, racts, yeast extracts, and so

on. The&di nﬁ%tbt%@inmlw@%gr%ﬁm@ mr@m%omwla%lslw, such as in
di hydr ogenphosphat exugh Lot asatélrwygmg D@%OMI& b&BgMesh Ui phosphat e,

magnesi um sul fat e, sodi um chlioride, etc. ot her rgani ¢ nutrient
sour ces, th%‘?%sh%?/r%‘él%nvt%%e@ef%‘?n%%a%bll%e s eotedi Rt rorsEamH e
gl ycine, alantee,osiest Nehatt htlgonimeenedl dme, £oc. examﬁllmamnmrmaaovtm,r

exanpl e t.am.n, B mn Bl2., biotin, nicaotinam.,de ant cacd
Croanin ¢ BP Snofiay Bihe M L kel O AR S D R S e
enzynesS Alkéthed kRay AbdBet dhdel, fAl kLo epx:oyi@mcumﬁlmﬂmnal TheJ P3Bi ol .
Chem , 273:p ?ﬁgd3§§3dé§?9§giy'@é/@év§9 ﬁ@aﬁ@tfdr%éﬁegﬁiﬁoééﬁ

|ndUC|bIe by and ol or- by deconposition products ereo nanely
fatty when a large number of disrupted stralns are obtained.

For identifying a disrupted strain or the 1like,
genomic southern analysis is essential. By carrying out
35 this method, it is possible to demonstrate with ease and



35 aci ds. 20 As regards the polyester recovery fromyeast cells, a nunber
of nmethods have been reported. In the practice of the present invention,
such a method as nentioned bel ow, for instance, can be used. After
conpletion of the culture, 5 cells are separated and recovered by
subjecting the culture nediumto a centrifuge or the like, and the cells
are washed wth distilled water and nethanol, for instance, and then dried.
The pol yester is extracted fromthe dried cells with an organi c sol vent
such as chloroform For 10 renoving cell conponents, the

pol yest er - clornt et gl forigeati gens veEanouinatiom iesubjeeierA tar fille rati on or

ot her treatjyidnqadds & PAMoRO] VeRk, SUehodSmB! M0k, Ok Hexareupteadded
tothe filtrate to cause precipitation of the polyester. The supernatant is

renoved by F§T3¥atdh Gratitdits ivfilght T ortiams theeHuRt ot TRct ed
pol yester psesditddtend,s dfted.cllderdpd westierag adppvisr hecd ecovered. The

pol yester obtained can be analyzed, for exanple, b as, chromat ogr aphy,
nucl ear %nag]hee? t LG ek Sh e D Bt eSS eel“gi})r%e éggﬁ%ﬁﬁ@%%\?% THE
DRAW NGS Fiis damscihstreduical Iy ithleu piraattd < ep UE1 IheADEE sah twelniveas imnret hod
of constructi {%\%At I | I I rate ononas
caVi ae-deri %/ae%g%%f po y{a@% eﬁé%@%ﬁ%& grg% gllrl]]g?/? %&gﬂﬁ%rﬁ a‘gle&gg(p ei(assi on
cassette, PLIORMS X5 igr it iuppar]ymes welThea PN ¢ gietneo |t reasdemred pUTA

free of botfi GRZWE LXPFESS| QM A8DES 4 Figiod néf¥Rine, Fila ShShoye-he
results of primary screening for 30 ADEL gene di srug}tled strains by PCR C16

and C17%erdN2 ohkd et FosBet g riftedcser %R, OFi ghe Alhbugerpevith

confirmati ofh®fr ADEA] @eNen dersz i s OMpHY LA ONHET S Owlh hett N ybsnsli aaté@n. I n
Cl6 and Cl17, the %ene was found to have_bgeen |sr§§%e nor mallyw 35 Fig. 5
shows a rest?itTIOHPERZyAR Wap BFTRe Qf cHiFt ST Eef Thethisript ed ADEL

gene in t heerDfle gbalee ted rupt g Qo db elze hvd g@shalcdl bnpsdereeasiorvient ed by
ot e BSLINIEL 08 AL B BnEnee HOP BN Eoslabie APEL. g8k S
15 in the manual attached thereto and the labeling product was
used as a probe for detection by southern hybridization
(SEQ ID NO:5). After hybridization, 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 ADEl1l gene had been shortened.
The ADEl1l 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 into medium, unlike Escherichia



Fig. 7 shows the gromh curves of the ADE1l gene disrupted strain ACl6 as
obt ai ned by using palmoil, coconut oil, and tetradecane as carbon sources,
respectively. 10 Fig. 8 shows a 400 MHz proton NWVR chart of polyester
P(3HB- co- 3HH) produced in the ACL6 (ORF23) strain. The assignnment of each
proton of the polyester is indicated by a nunber. 15 BEST MODES FOR
CARRYI NG QUT THE | NVENTI ON The fol |l ow nggexanples illustrate the present
invention nore specifically. These exanples are, however, by no neans
limtative of the scope of the invention. The reagents used in yeast
culture werceobir,odﬁcitch 2 moartretccisad, | Vi tavia |eadd sel i reo i ANk dRuree SOl cal

I ndustries ]%ﬂlg %Rﬁﬁ'f ¢%§ osition) LB nedium 10
g/ L Trypt one S‘ﬁ. yeas(%NI extrac %esczi%‘ﬁ &E u?r]{rghl oride. In the case of
LB pl ates, agar |T§1eadm@1tqg% glene \qalp W treengyfio rmedsioresitsr astt, 20

o/ L_pol ypeniane; o 20 @y 415958 ed hulte £ cha\ﬁPﬁéol@é %dmlalsmdded
to 20 g/L In the case of adeni ne- contalnlng YPD nedi um adenine’is

added 051 grietuwAvBRRfAYME BFPUCtist diRTdtay ?%/“l‘_er‘rﬁiqneéktract 5 g/L
Bact o- pept afieca Aéb:g¢1i @ i e r R iUy 6: rargd fo v tioracd O-fiiee yeast

ni trogen bage (YNB) 0 g/L,dgluco t he case of adenine 35 containing
e o 26 SFAGT Habor i R 9 et SeRe N 4 Fats. agar i s
added to 20yegddt Mrm'xﬁums Oizgldsdhgimresia®3(04@t4, Thk g/ L sodi um

chl ori de, 0, / 1gp3<]!. , C

pant ot henat e%%%i_?#_ I NO Gl'q?eolls él%%zéalp%/i I ot ﬂ% r%%r r%{éd/ iéﬁ%{?

chlori a8, Gowys r@m eXanp ke fHiere uay bey/mebororedcihe @rmswr@ivm

sulfate, 0.04 @meppiﬁés% L@@ﬂ@dlﬁﬁylaﬁ%s?e Sydid Lo Pot s si iR di dwy dirpgenphosphat e,
12.5 ng/ L di potassjiumh ro%en phosphate 0.1 g/L calciumchloride, 20 g/L

gl ucose. | PPYPICESR? ot % at e-containing 10 M nedium 1 g/L
amoni um sul fate i ﬁsideesﬂl lhdWie wase, ofn adomni ywa Stl fef ech@nfenus

adent e Conk Skt 49, MTECAn gLk, IR An UL (2L a0 24T L, sgnine are

casam A¢ acthls, psepphenemtendt v h 20cgddn ni sl keaesbatdd fmtd cmehma@ra car bon

source. 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 p-galactosidase (Sugiyama H., et al., Yeast,
11: 43-52 (1995)). Thus, when the expression of a
heterologous 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 gene 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 be any genes involved in the synthesis of a polyester of



Liquid culture of yeast cells was carried out using a 50-n test tube, a
500-m Sakaguchi flask, or a 2-L Sakaguchi flask. Shake culture was
performed at 300 rpmin the case of a 50-m test tube, at 100 to 110 rpmin
the 20 case of a 500-m Sakaguchi flask, or at 90 to 100 rpmin the case of
a 2-L Sakaguchi flask. The culture tenperature was 30C both in |liquid
culture and in plate culture. (Restrictign enzyne treatnent) 25 The
restriction enzynme treatnent was carried out under the reaction conditions
recommended by the manufacturer ox follow ng the nethod described in

Sanbr ook etthd .gqreal) :fommudeulgivest dsilay . AThabgeaesey Fanuela sévend

Edi tion, Colel Spridia SR 4 aha Ao et 9% 0 g g g act | ce of

the invention conmmer cl a s were used an unl ess ot herw se

speci fi ed, & hEicscetiiles sl Kol ered s RRRFGS BES it aasiufng

attached. 3%ddecilielyl)idDnsdtdlatiOmiber it UHE nhdDNNE w3 tihe ADEL
gene-co%talnlqgive tor 119 ADE1 (4.64 kbp) for use in Escherichia col

( Kawai 3@?%12 * 55: 59-65 (1991)) was cleaved with
Munl and Hpal, follomed by blunting treatnent using the TAKA.RA 5 Bl unting
Kit (product of ,Takara Shuzo). The after Qlunting treatnent were

el ectrophoresedfon a 1% agarose gel,j and the frlagnent conprising the vector
pl us both sides|of ADEL (4.19 kbp) t he nly Hpal cl eavage fragnent

(about 550 bp) Aer se arated f rfom dach ot har. |The vector plus 10 both

sides of ADEl ff| 7 om gar ose gel using EASYTR AP
(produé® of Takara Sh h si ADE1 were |igated using
t he TAKARA Ligagi o, Shuzo). The reaction

m xture was add=d t\O 100 H) of schericHpa goli| conpetent cells DHSa to 15
a solution rati t\ of \not rmre Xah 50, wherebY pheEscherichia coli strain
was transforned. An adequate anount of LB nedi um was added and, after 1

hour of shake cul t e I i on and
cul tured overnlghOulr géﬂ?L{;3g§5l‘ﬁ?ﬁiﬂﬁ9ﬁﬁﬁ#ﬁéﬁy%? éﬁéhéﬁﬂﬁpgﬁ§forned
ver e pilokeddepcaied uln uf ek es ¢ Blewal uhub hi cael et} OnEl 8 pidmezy  and
the plasm Q’\!ﬁsé@s e rRdied Jf U9 ¢ g]sCLfJotalhy(f%d:e“re'pJoi ymEa s %ﬁefﬂed was

cl eaved wit restriction enzyme S he appéarance of a 1.03 kbp
band was coMRY r e hyIeRar B0 Heed e%%c@‘?%}b%%‘?%%l SynBize gy nay h’@l%%ﬁ ed

vector for Béswa&s@@rm@@ omsg@nﬁg} gBHes gmmsa‘h Aaiae beehdondd,a ool | .
strain was nass-cul t e |u and the, v S, MASS- prepare y
The. cosi am SREDR foie HhE s BRD s PR RTT bt et St e ABS e SRS

cl oni ng:0 A tahoent ony 6@@Mh+¢o§bcmmdlﬁibrm®@latd21ﬂ dire BooCodat Bpri ng

Har bor Labo&g{gwg Pr@gs }é)19§9Q %} %\g 9uk9i srf upté.ﬁnaj_/vas sheaved
usi ng Sal | -step disru anpunt was made

into a5 nthﬁr@hh@b®§Ysb$Ut$bﬁr hﬁ@ t h2-¢P eh¥ 28 DNAT RN KPR 1 gene

di sruption phbNouht PR ifécat 00N08892) 24d (EXanPl Re £ tKXHEa S SHAIPH+ ON
experi nment

dependent hydratase gene for synthesizing 3-hydroxybutyryl-
25 CoA by dimerization of acetyl-CoA (Peoples O. 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 of 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



The Candi da maltosa strain | AM 12247 was inoculated into 10 m of YM

medi um and precultured overnight. Then, 1 m of the precul ture nmedi um was
inoculated in 100 mM of 5 YM nedium (500-m Sakaguchi flask) and, after 6
hours of culture, cells were collected by centrifugation. The cells were
suspended in 500 ul of 1 Msorbitol, 100 ug of the disrupting DNA was
added, and the m xture was gently stirred. 10 The gene transformati on was
carried out by the electric pulse nethod. The gene transformati on apparatus
used was BTX' s ELECTRO CELL MANI PULATOR 600. The cuvette used was BM 6200
produced bycaBri@ aviEivirdAle CCORPORATEAN rOdymerEBe AMDENAY g dvydsfa tietse

conpet ent Ccid IR 1o 1GUS BRI P80 WAS deeen andpour ed 4t each
cuvette, and the cuvette was set on the Cgul se a parat us Then, electric

pul ses wer & Rp M i s Bhd-etdatsui iy Torff 1 onk: 93 detteds A1589 capaci ty
%0 u]lf 2r eilrﬁzﬂiwﬁ@fb vaéluﬁ:&%é;fp?ssmiﬂag@ Jtl'ﬂatk\the%;d er}ﬂhtlé@étﬂiﬁl inzat i on, 1
o] sqrbit ed tao .eac uvette and, aft tl e _m xing,

the m xPur &Uadl %l alsto Og g}ﬁr’tceehﬁéor SRS oE}‘CQﬁ ‘%Decd‘r S fieh, the
m xt ure wasod nmmarsteeﬁ,t OLS].Q'QLg'ﬁ, cn‘omé\/lamd1mracwdi anddng etbmovertii ght . 25
(Exanpl e 3) ted stnains t C I n YM
medi um wer € 1 n%f "? %\Otdjl%t?u& lendtf a{mkfrdo% u%ﬁqﬁlaﬁgl ff‘ie% ll\??‘i*J Iﬁdijil']tﬁ%gs(agoo m
Sakaguchi farangOfdnctltﬁ,uIQNﬂrsedvmrtrﬂwly Higchagiead | $haeseqsgagended in
100 m of SR SULT R} e el i aig M A% sreel um Ak Ll d g at 30C for 6

hours. To this culture medi rrg_ﬁ( sol ution of nystatin

(pr oduéf fp@mlaelr PRt A S And fei’rf%)(l &% Fra% e ANAD arf MEOYhd t he
m xture wasugddt WEY fONG: fadd SHE Ny N@iT ot rged ese@ednse Vier <t waghed
twice with sterilize t%)and agai n 55u rilized

d
wat er. YPD pFHEsWeT “EYEdr e SV rt B egassﬁsﬁgﬁéﬁeg%e%ﬁ “Plat es
were cul tureddet 3054 ose@;etm,ldwmmeﬁmmmjemlm enywerieniod@ived. |t

was confirng e trai I N 3D g
(Exanpl e 4) %arla% %E)l‘? % r?)‘racrlas%y s%’c élcrﬁ:l%lr‘lég%fag'r %g[s%r t]j%t ed st ;i;f: ns%i from
among &3l ar@éllmnttfélfd ofequrne® onf cchoRe TaFYNe MR WLRTRFIE HERRY hod.

The red col ghi esnQbtai hedryese cultured on YPD 10 nmedi um The chronpsonal
DNA was extracted from each culture usin the chr.onbpso extraction kit

Gent | e- Kun (pr odut?® FeHSIIFRE SR} . CRFTH i ' IFf ndl BeL RSP

?:%r {\Ii)e?l) ou%%ysé@gsbm&é@%ﬁxggmt%@ Hrmﬁpﬁpﬁe@mmééSEﬁAl i)lpwtszﬁ’oiénfl SES
L 4) . e or me e Pe mer i tag. ki e

gene anpl i f?%%t?q %P%?I?e%?téldvﬁélrlh% H e Qﬂl% %ﬂ'h% T('?JI\R Thirty

cycl es 2dachqeespiosi o thei hutepstr &4C, s iden and el ya BOEy asmdclB Elﬂlhut es at

70C were cALLelnobl adVATHANG Y | fuslERLN 5181 0q kbELPN o arp! 11 ed

and, with the “gene dISI’U€ strain, the shortened 1.0 kbp DNA I s
anplified. The PeReseeRtFhn 31 xdeives Waeal bl det edhasa @%aﬁ%ﬁ@r‘ﬁ@ls

el ECtr0ph0r1@§¥5béOénﬁeéé@héﬂ@eé her 1t Re kbpuldNAL 1 agiierhe Pea@cresult, in 3
strains out of the 24 strains, the ADEl gene was found to have been

shortened, HRABE'®Bnsidered to have 25 been disrupted. The PCR patterns for
two stred ns (Cl6, T Hraubtef imelddssecotsal hist ives eexpoaws ion Rigoe 3.

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 ALKl
30 terminator (Gen Bank D00481) (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



(Exanpl e 5) Analysis by genom c southern hybridization The chronosonmal DNAs
were extracted using the 30 chronosone extraction kit Gentle-Kun (product
of Takara Shuzo). A 5-ug portion of each chronosonal DNA obtai ned was
cfeaved by three nmethods, nanely with Dral, Dral + Ndel, or Ndel, followed
by 0.80 agarose gel electrophoresis. According to Ml ecular cloning: A
Laboratory Manual, Second 35 Edition, 9131-9.57, Cold Spring Harbor
Laboratory Press 26 (1989), the bands were transferred to a Hybond N+
filter (product of Anmershan) overnight. The detection probe used in

sout hernhyassiad 12atqifo i W crea styva ILemdeicartriggheim Koz ol awicdi -i s a

sequence Wittthinay ha ADEa@enRe r RABHTR ap diakeld aliﬁ:ldiﬁmfdm%l@ene' mage
Iabellng/detetl k”)&fr& uct of A rsha Af ter

SEQ
hybri di zat i/ lt 9 t Enasg}ﬂﬁ H&n’dLGEt QCYFSFOWas per f or med
usi ng the fdamarkﬂsa:eﬁcelﬂmﬂdmdn@lr;ea@mcﬁttm@em te0 yemstsarm ﬂettalnlémbn

com i son, o e Jas s, 6eygetsd v holg 3L o Shagl Nkl W ¢

strain Was consfl r arns
shorteni ng denea bty 560 dyy deerth eddraurimgrd Wittehi ah tdme sADEL. génea('xFl g 4)

nanely the Pt 1.%;7}93 t here
was shown a re tl%ec?l on e% l p of t 15 vi cﬁfjnlty of tlhe ci‘ srupt ed ADE1
gene in t heCRPEIAY haal teh %57 Lﬂﬂfed)%a*ﬁﬁdja%quﬁgéﬂaahrﬁﬁwﬁsﬁone J&as Bi®deal ed by

sout hern hylHdni za;dlon 27 D53 ¥ -398H catem)t)he del eted portion between the
Munl .13 Hpal sites. probe denot es 't he artlal DNA used in sout hercg'd

hybri ditZat i on. Wieh Ghe PLFF LS & fnd USRS e BIED 51yt ﬁé’lq
bel ow t he Qﬂiﬁmwna]lkJDl\é%rv&ar;ﬁ:cﬁwﬁéﬁ rxﬁsklpas SEQ um N 68 masFllq.gaftedNt h

the wild st1{ algaél,ﬁl\gg%yz L{ﬁ%:]j’ esq%{ an{ 'é)ld ZebrOUt 550 by

to these values were confiried gene di srupte Strdins thus
obt ai ned 2521 sthrea sk maish a3zl i AdeK Inml tﬁm KC@BD YExeamp| ol Byt ek aifieration of

the prolifefatiQn :pot(ﬁg,@/ f}eatnbes isrupted strain The

proliferation potency o ene sru te AC16 30 strain in conplete

nmedi uml@YPD nedi Lﬁﬁ%?o?ﬁcaﬁwmgerb?derﬁ rfelt(elsocfcrﬁg/luagaéaqutéﬁ RLREQERI0 ng/ L))
was conpar echav tdyfraseoftd *’lﬂié’“é&tﬁéﬂ’@aﬂl |8 &l 22447 k@é\%ﬁéﬁﬁdﬁlo train.

Each yeast was I nocul n t he YPD nedi um an er _overni ght
ol tur ot S S Saholrdiodl Primttad et edm B e b EoT SNt 0. 10
m of the smrePG:thmns@n R ene aSLQ emarms mrteo Rl B M6B0L hm het i me

Ui noar i AE Y e e S M R, RS A BT g

strai n2fas g irgdogeie tfiragminthecan Iee sitmlalhfl@im t he ot her hand CHA1

grew to a concentfation {UIMRA A et Sdhatodf ALH@lpA\@ﬂaﬁvﬁi g n5r the ACL6
strain arrived at that concentration earlier # hours, "however (Fig. 6).

Thus, it wesCERhvmstFaledhatanther ALTBE IR L | Ndel peki®rcath R ol i ferat i on
potency in comPpteictadising othder&dpllatsé rstidwn under SEQ ID NO:8 and

the primers shown under SEQ ID NO:10 and SEQ ID NO:11. As
25 for the terminator portion, ALKlt having a 5’-terminal
HindIII site and a 3’-~terminal EcoRV site can be
constructed using the template 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 pUTUl
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-Ndel site
thereof, and ALKlt to pUCNT at the HindIII-Sspl site, pUALl
can be constructed. Then, ORF2 is ligated to pUALl at the
35 NdeI-Pstl site thereof, whereby the plasmid pUAL-ORF2 can



10 (Exanple 7) Exam nation of the fat/oil utilizing capacity of the ADE1l
gene di srupted strain Anong the gene disrupted strains, the ACL6 strain was
conmpared in oil/fat utilizing capacity with the wild strain 15 | AM 12247
and the CHAl strain. Used as the fat/oil were palmoil, coconut oil, and
tetradecane, which is an nal kane contai ning 14 carbon atons. Each yeast was
i noculated into 50 m of YNB nedi um supp8enented with 20 of an oil (500 m
Sakaguchi flask) and, after overnight 20 culture, the yeast suspension was
i nocul ated, in an |nocul um si ze. of 100, into_the sane volu of the nedi um

and OD nead\® SadRteusded maBBrERe560CRESat St FhﬁaFﬁtjeFQaPECNE\sA%KFEsuI t, it
was found tda;aiswmdt%d hie Ag@laﬁ Slurdiean ﬁbttaieneﬁlxiéﬁmdulm io¥ ipuagri, ot n

prollferatl 5 out 15~ t wild strain.n |.m qil and
coconut 0|I 4@"&?’% 9 /g rel?[qol eiﬁé"’f?& Zﬁ%’c?wrfﬁg&lg@%ﬁnﬁes (6
times aft eroﬂBZkﬂiﬁly,s)wlrtdmbﬁ ETACHAR FSY rem . bd st oaseedof t et radecane,

CHAL shgwed hi gh I ol4gfper atd | en t i O3 I i4d and
coconut g0| ) but %: o S(SjRE%t eﬁltc%%t@l% gé%(l)nf h:%hatu%osftqrteh 3&%{; (rPl1 and 800
of that of Orvélsctc;tl_e@nstt@nmnatmrt,m@ rreraied tiemapihe dﬂswptde@l@tlm n was
superior i mpgd AfAn Ak Xane gy Illlbo Fd Ul QPRI té@%ﬁ&%s@%%ﬁéer ai “5 The

growth curves I n the res ective car n _sources were shown in Flg

28 (Exanpl £f®reyint ndgi $héf YedesPPAGoPREd CANpBEY ESPSLTEFRLResI s The
enzyme genefamﬁn/em NVEIRET) pageasiear vsm hesd mmz@mgjmaam on the

am no ences of the Aer onpnas cav deri pol.ymer and
the (R 6t o Fsiag nac‘i?;?'hy‘cﬁé%lfsae"e Wéﬁﬁécﬁ’gﬁe %% uhi ch
is an i nterarmi:lllajtﬁned tthe ptBEAOORIRY (0N tied howadl diccd hﬂqemuﬁvemhereby

(R) - 3- hydr %&9@1 e FEcM% icr vol .
170, p69-7 1351919&} od:qgschesEuzg‘gm FF 9 he hase @equ@%%@%&gggﬁ&d

assi gned t o H&e eaR9 Ve U, rﬁlm%ﬁaﬁ&ﬁmﬁ oIt yEust in which

the CTG coqom s ot f@dli“étaa?&? mt@aﬁ&f@a s P gd Mh S8 1 dBhs thhRS& £0dons
nost frequently used |n da nmaltosa were preferentlall sel ected as the

codons1®5 corres iﬁ‘g“stto %%%%%&h%é%’rﬁ%%ﬂ& TROSIRT “ddon

frequenci esshd ef@ienae véss iddecd 0s dtenshiigerhe. traﬁtsﬁirma(mﬁmor s),
Candi da mal to

in Wlf K (ed.), ncqgnventi onal . Yeasts. in Biotechnol ogy.
p524- 527. ﬁ%sfi%é“%féts%ojhee% aé%‘?q‘{F)efnc“Blge the i Js{h r SEQ 20
| D NO: 6 and(@HQR3)D N &in rlespiety ipKETAl-OR]F@ DRiAs hvereradiotdd. synt hesi zed

according to thesg, Iﬁeeﬁngqp a5 q,sattr
reconbi nant pl asm f'or "pol yest'er synt esﬁ?s%lc%or r t‘ﬂ{}'ﬁth%e above ORF2

and ORRY ni GFRNHEC ENGH S6k the (IORE RXPERITLRR FaSIREt IR Hekr patiinte

pronot er ALM&K@@lﬁ@&@ﬁtﬁ%%ﬁ%%&@fﬁ%ﬂ@tﬂ@mvbﬁid'gat ed to
a an e er.m na

NOT9) of 't MR o080 SHEEGS SOMHAS GenE o GG 18 Rwiered Ty Do
preparing rasyroftilossenzyiirl salibs bprtie gagasg. t hkhe}mr et @rroamtetrer m nat or
E:gntjlh'?l z;;%}%yc?g&ggin%ﬁ%l i;;é? g%%%?tﬁ Qéfg %ﬁ\tsnégé}g);?é gtgjéﬁe;% 3
m nut e€Sat FEXahas T3% lagatesd 2y tSenven @Sarﬁblla m\,altnhe:adrémnr ePuFase in
fragment. 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



29 The pol ynerase used was Takara Shuzo's ExTaq. As for the pronoter
portien, ALKIp having a 5 -termnal Sall site and a 3' -termnal Ndel site
was constructed using the sequence under SEQ ID NO:8 as the tenplate and
further using the 5 sequences under SEQ ID NO: 10 and SEQ I D NO:11. As for
the termnator portion, ALKIt having a 5 -termnal Hndlll site and a
3'-terminal EcoRV site was constructed U8i ng the sequence under SEQ I D NO: 9
as the tenplate and further using the sequences under SEQ ID NO: 12 and SEQ
I D NO: 13. 10 As the vector to be used_finally ligatin F2 and F3, was
the vector PFem (&Y 3£idk ;R &% i 0t rorﬁkﬁﬂﬁrhﬁ%ﬁy%‘?ﬁiﬁﬁa,”‘gﬁ%?’, J.
Bi ol . Chemamatr .otk s pIRARI[3 (UkFIBg, reEispddraly fri-cah Rdrged,i| renddfsd he
aut ononmousl y repl icating sequence (ARS) .of . Candi da tosa Bapk 15
D29758) andyl}’heaprd?,cb\%‘ege%éts(&hy%lﬁf df%]ﬂ'tﬂe’t oPopIU(ﬁ , palned t%age%ﬁé%[]gene of
Candi da maldiosa,cdarnwomvielr sipmimfoitlhe praltkdreyemie d¥lomakkaci Theo adeni ne.
PUTAL vas cans Y d AIRY R Panss drorm R U wis) gk oot

by eS8k phd gg%&%%?gene‘? e_veJHﬁéinﬁ'ZQ Sal |

fol | one Igating thereto the | ragment c

ALKl p was 15 e theFARNT (aishr | eI h G DL O FRH N C tafel By ul FuNde|
SiutAE t hg}%&m@,ﬂ%féi%taé{%tﬁ\fm@zﬁié r@ci‘ﬂﬁ?ﬂiﬂ?mla&id,@ It&mm%utzt

p : en, a. plas , - 2, Was_ constructe igatin 0
PUALI at tRF¥y mﬁqwfsgq G Hbr i %JW%&?“%L&%@@%?W&% LEhs t3%uct ed
by |igati nge RS tandUCNTEALNE tsuctonSd t gt aci da. t e @oures@npilep UAL
constryctio t the Ndel-H ndl.ll site thereof. followed f her Jl.igating
of ALKEY | Trendlonma b8 e TURIRT TR0 TSR (bl 5 ot er
and downst rezrborrsdweter , Iir dinet e sgl adinife ERUAINCREZ Lssiimg aed 22l fand
ligated to pUTAL aliNe.Rstl olgsibereole 10, Constiyes oIy ORF2. Further,

ORF3 was cl eav t oget the upstream pronot er and downstream
t er mi nat or , 12¢6fd pLatt bRF3EhE | Wt Bt INACRPRGhEBAC?D DYUTIBEOHRER Wt t he

ISal L hsi te thedeeioh GoEONSasettd henPlmsdivh. 3¢ PUTAISRFZbddiide 2o above).
n e

bove manpner, a gene_expression cassette for. pol yester oduction in
Candi 4 Tl PEREL RSt REnEE T Hict RHCD S5 R &Y 189 BF bHEE | GRLDI 20 OLis
transfor manbyforapefyesieioprwitict 4 ohipese t gansf ormati on to the ACL6 strain
and CHAl strain, C eas S C ed | i i 0D at 660
nmarrived at 0. ﬁ%oglgor?l%%v?%n V\%%&efj#%’co%/ﬁeer%%ﬂ Iggfgl%@cxgérﬁﬂ?%%gti on, and
t he above expressapnaneenbun (prMAORF2E) aasamnpensior pebor hde, t AarendEh| s.

| gene 1 apg{PLABILQA aidiSy DERCSSSS Ao PLERAT BLLOReP! SOTRERENnERLS 1O

gene transformation was perforned using GENO TECH s FastTrackTM Yeast
Tr ansf &%rat EORSREKE 1 . YRS W ebraetas pRAt8OwWaR- smeared with the cells after

gene transformatithe omergahicreghfoindliddys, ahdeg &hice ADFEIpgeneshas been
inserted i nd UTA- ORF23 aden{:ne (ﬁnt{uesi S | Sﬂ§§33i bl e, Thergfore, cells
grown in anShEEAF AGSPPRASREAFGim AFROTFARETBr FEAT SISTRIPEPHPERA i n an

adeni ne- f r erageds Lumvehes@hatecovageds fomgsvefater ansfibnmanhleridéen, ACL6
(ORF23). In,tpe same manner, a transformant strain, CHAlL (ORF23) was

obtained fromfransformati on of PUTA-ORF23 into the CHAL strain. Further,
the ACE® strain ahdl oHparsergemioeret¥iensf 8Pweaesn ERRrSaRRY fd®iner usi ng

the pol yestgen29-8¥8f hase- ékg%%g@nt ERiny¥estoaspUFAL ERafipYE §LaBShEJ Mant
strains, Acg?aﬁgg%,aggrgkﬁ} ghregﬁ ne, proline, etc., and vitamins,
for example vitamin Bl, vitamin B1l2, biotin, nicotinamide,
pantothenic acid, vitamin C. etc.
30 As for the inducer, there may be mentioned, for
example, enzymes (Alkl, Alk2, Alk3, Alk4, AlkS5, etc.)
(Ohkuma M., et al., J. Biol. Chem., 273: 3948-3953 (1998))
involved in fatty acid metabolism and inducible by fats and
oils or by decomposition products thereof, namely fatty

35 acids.



(Exanpl e 11) Pol yester production culture All pol yester production cultures
were carried out 30 using 2-L Sakaguchi flasks. First, 100 ~1 of a glycerol
stock contai ni ng each reconbi nant strain was inoculated into 10 m of SD
medi um and cul tured overni ght. The thuscul tured yeast 1 m was inocul at ed
into 50 m of ammoni um sul fate-containing M nedium for glucose starvation
35 (containing 100 g/L of ammonium sul fabe). Cul ture was 31 carried out
in this mediumfor 2 days for conpl ete exhaustion of glucose in the medium
Then, 10 m of the yeast was _ inoculated into 50 ml of polyester productlon
medi um (500- M SARaFEARIT IS 4418 PRAY SSHUFEF VST Y8 fﬁ&&? yesingeltifen? t he
vvng! e cult lﬂL@nb/é%S dff &tt‘ds‘i:f}ﬁ{dsedxatv@ mdﬂréﬂoﬁ@ sagxombypstaetl@éodiact ion
medi um an roductiqn .cultyre wa rfor ours ul ture
e um was SR &6 R AL 3y R HR LT vashed
W th et hantdr aJrrdsttaheIe I ;cuaphlbe 2eskd Thé\.fd:relred:cme;ille:z_’b@l ahft aﬂreed:wﬂﬂne:e,
round, 100 I rof I t re tirred
over ni g R sh R R S A Tl P S

over ni ght for poI yeste orm-so ion Was Tecover ed
by filtrat irediangd mrﬁ:mﬂrrtame‘dlqa)ojrttd@ Tikessiang drhevgldrataore and 10 n

of hexane was.added {ip &l@cﬂié‘cp%% alrey L tGRHREL Prect pidatd e ofa iy

hexane-i nsol uble matter. The AC16 (ORF23) strain gave a precipitate,

wher eas thetwldqlmbzsﬁhga@@ldﬁﬁyea ffaCEtEREGRE SFOPr EGEpFLace. The ACL6

(CT) strai nedave wWiotpracigidat e adoBldnt THechexaneh ¥ ecf i at @ogbt ai ned
fromth ACl6 (QRF23 strain I’l_ll ed and then subjected to 400 Mz
pr ot on TRVR BHYT (1% %é(fom\%ﬁé\)ﬁim) Sre® CHar SO T S Hown i n

Fig. 8. Thesasbrerretspmﬁﬂtmu af s esaddy) goetadd tioo eacht yatotan of dtieepol yester

P(3HB- co-3 e geﬁgg: 3HH
f§a0t| on wa@egg%eﬁ a%ﬁd 9 }? O“Ju‘]otﬁtmge tpofglgés%lzérgv\% (%Pb%%g}{de%%eﬁ
yeast wei ghts adﬁQChetQ:l-Wle (mm@t%tﬁcal wuﬁm@wy@@t@?l@omﬁ Pee al so

identified buyddesyi eliqlxev‘@\%lp%trn@‘%%tnto 10 GenldvadP Dyt Y3 thravaahed t hat the
copol yester P(%HB—CO 3HH) can produced using the ADEl gene disrupted

strai nlof @?ﬁ?ﬂhf%wqosa&l%c% &WTW%W?%&R}W €urthernore, it
was denonst ﬁé@ﬂbiﬂf@&etm Sdldiéd uptred %id’lqie@tterrafw‘rprtm%t desS rfeldi@@relr@rd in

po![yester_ pr;)duci Vi ta/ Lﬁ?etﬁsteli A}fg’%ﬂ%gf}encf %g St@dg_mfl obt a| n d by t
nmut agenesi s trea ne- i 'yeas
of the presentgds ¢hwcamat@grzt;asybaambsaaabha§rmmc r@éZoma\iDUSTRI AL

APPLI| CABI LI%’E)( bR %@ﬁ?nt etdvention has denmonstrated the utility of ADElL

gene di srup d yeas rains. ADEl gene disrupted 5 strains of Candi da
mal t os#0can be expected to be usable as host yeasts for gene reconbination

in the expression of genggrips DsEREPPIOGUSE I Pk ODRARNCGEXPr €SSi oNn
products. It is also possible to inpart. themwth further different

auxot rophy, and tht%: | batf Rt el et bphenta oS st 57 AP %hi ¥h W&t be

used saf el yagsa riecondd néfit Sonstructing a DNA for ADEl 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 Clé and C17, the
gene was found to have been disrupted normally.

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



33 CLAIMS Z. A yeast in which ADE1 gene in chronosomal DNA has been 5

di srupted by honol ogous reconbi nation with an ADEL DNA fragnent. 2. The
ADEl1 gene disrupted yeast according to Claim1, which belongs to any of the
genera Aci cul oconi dium 10 Anbrosi ozyma, Arthroascus, Arxiozyma, Ashbya,
Babj evi a, Bensingtonia, Botryoascus, Botryozyma, Brettanonyces, Bullera,

Bul | eronyces, Candida, Ci teromyces, C avilspora, Cryptococcus,
Cystofil obasi di um Debaryomyces, Dekkara, Di podascopsis, D podascus,

Eeni el |l a, Endonycopsella, 15 Eremascus, Erenothecium Erythrobasidi um

Fel | omyces, OFi Fobadi ot e G llet digresin deéeor rikhlingeimri 4is aimirdel | a,

Hanseni aspocandtanseaut 8sa HASEERYESRe 40| tEFERNEE 3y HOS HDASENS,
Hyphop|chlagyéﬁfgighenkla, Kl oeckera, Kl oeckeraspora, Kl uyveronyces,
r ,

Kondoa, Ku &t t zmanonmyces, Leucosporidi um Li pomyces,
Lodder onyces, MalBbsezé ashdved shimideowwiieh sk a0 f MixoZATREL dNagsoni a,

Nakazawaea, 0, s ridi Pachysol en,
Phachyr?%ho%%%?gégéga#??%fggégﬁ?dyggﬁggd%%%#f i um Rhodot orul a,
Saccharonyces, Sakthar bnsleddesthe 5y Suctharwnyedpst sthSaAlRkl dene Sakaguchi a,
SaturnOSporaiséﬁﬁté@bé@§£9§9@&1@”asSﬁ?&éﬂé@ﬁ;%gr9§¥&& aBgyenni onyces,

Spori di obol us, Sporobol onyces, Sporopa rm a. Stephanoascus,

St eri gmat onyee’NU Gt @F + gndR GO FAeFIN Sy SR BPAR | RV SyFmpodi omyces,
Synpodi onycegspsct Bv@Lforul a spora, Tri ch ospori ell a, Tri ch osporon,
Tri go si s, Tsuchiyae Udeni ces, Wl tonyces, W ckerham a,
VVckerﬂgﬁiella, +$io€s$@?w§a%ﬁ§§¥9ﬁgﬁ RER i MR Ahals ks Polyester
ZygosaccharByBERscoZy@Eow prodpse$, imnthLyRozy mORB53 B. s Thei ADETgene

di srupted y di pg im1, whi ch _bel ongs to.any, of the
gener a Candfg%%%g a(%r?%vx# g,e%{% %?%%rflcoeg,é%%dp ?é%%%ﬁ?ﬁsg%r]al?dh?gﬁ%% 2PEL
gene di sruptedupleast according to Claim1, 5 which belongs to the genus

Candi da. 5. The ADE1l gene disrupted yeast according to Claim4, which is

Candi da maltosa. 10 6. The ADE1l gene di srupted yeast according to C aimb5,
whi ch i'® Candi da mal #%%h %@&%S(E&Mﬁ@ﬁv )OUT " 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 g/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 containing medium, 24 mg/L of adenine is added. 1In the



7. An ADEl gene disrupted yeast transformant according to any one of O ains
1to 6, 15 which is transfornmed with a DNA sequence containing a honol ogous
or heterol ogous gene. 8. The transformant according to Claim?7, wherein the
ADE1 gene di srupted yeast belongs to the 20 genus Candida. 9. The
transformant according to Claim8, wherein the ADE1l gene disrupted yeast is
Candi da mal tosa. 25 10. The transformang2according to Caim9, wherein the
ADE1l gene disrupted yeast is Candida naltosa ACl6 (FERM BP-7366). 30 11. A

met hod of producingﬂgene expressi on products whi ch conprises cultivating
the transf diafEhtoactbRiaie S0 3RF drie aded 9% ¥/d+10 and recovering a
honol ogous or heten@dgeis gepeqgexpruagakeiupr edugttkl; om thg/cukbyh am

o e g e P o RS S o o SRl
5 .AyS,.AJ&2gkﬁhm¥piiﬂ%ﬂheha¥§AL2fmh&,&mﬁkﬂﬁdﬁh/QéD%ﬁg@yAJ&ﬂﬁtﬂh, > AFUR
Ayl e, RS ot by Bl e RSty SR e
a] caV] caV] ¢z ica]asid c D Tavia ajardea] va) tjea) ©d L ala ajatgsswa] cRa] cal cLa
G iodide, 87.5 mg/L potassium dihydrogenphosphate, 12.5 mg/L
dipotassium hydrogen phosphate, 0.1 g/L calcium chloride,
20 g/L glucose. In the case of ammonium sulfate-containing
10 M medium, 1 ¢g/L ammonium sulfate is added. In the case of
ammonium sulfate- and adenine-containing 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 (1989).

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
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kp~" b¥_x| wgl gb] W/] ca] ca] ca] ca] caV] ca] caV] ca] caV] ca] ca] ca] caV]ca]ca] caV]ca]c
a) ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

gi!"b$) $URET&LY" """ """ (CCLCA(T(z((C((())~ysnhc] XI gb] W/] caV] ca] caV] ca] caV] ca
] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] ca] ca] ca] ca] caV] ca] caV]ca
Jcaljcajca)9) )))))))) . *[*"A*p**++ +5+NHVAP +mr+++,
,(,8,<,F,{upje_ZTIgb]WW]ca]caV]ca]caV]ca]caV]ca]caV]ca]caV]ca]caV]ca]caV]ca

])gf]}{f cal caV] cal cqyl calgq Vi cakc el tal AVl c At Ht oo ahel g ga? P
; 2C5CHHIJ J ) MNQR{usek & nZ W aradd iem] iea \doal caéé]waa] @], cajtcaM].calmalien] ca] caj
ﬁg}(%?(]\(&a\é]\ ﬁllcﬂa.;/]a ae%ric.g;v]S%a:] %@—%%] C(q.\gﬁ.a}])c%v Jlea ec? ]wf%]h %unI and

dCSI/]de }‘ Jh\lj}ﬁqul], Jm@wa\?mmmmwmwmqmgaqmmwwaw cia] ca] ca]
caV]ca] ea ca c ca]ca
nnnppttguvvlzi:/l\ziljvrf(],ai ngJlCta gﬁioﬁﬁﬁﬁﬁczﬁd ca] c gca]rg%]/?g 1(?ag gg caV] ca] caVv
]ca] ca] ca] a4 V) AL Ee 9el,

, K, _bnrkaq! qfid/\ﬁﬂrgé)] Eég&ﬂé}?& Ccain&adl%] \ﬂrf@]x@%,\ﬂcﬁa]ﬂaié e\ cal caVv]
ca]caV]ca]ca#ﬂb]ca]ca]ca]ca]ca]ca]ca]

I@g]ca cg]ca
' x] y{ ?B#( | vk WA dR)aARh lﬁ%% ’t?%‘@aﬁ%ﬂ%?}e&ﬂ cEAH] caV] ca
] caV] ca] ca]s=] 0@34] @aiw\ﬂe;ﬁ]nwﬁaa]mﬁimadazﬁ] Q:at]mea: S[ ¥he vector plus

v{SIopa-xsnid YT .ceM oaleal cal epleal G cal ol eal s Rl SaV a5 o2l cav
y- FU u( nB] q@lmmmm Mﬁ%ﬂéﬂkﬁa\/]n:ra:]dwqmaxf] (ﬂ%kﬂt\é c%t}mzm] < &reh\flea] e ca] caV
] ca] caV] ca]ca £al £ afeal #BSk{upje_ZT
id_YTV]ca]caV|ca]ca ‘AF% ca] ca\;f@q%ij %\C}?ﬂ% ca\?] cal caV] ca] ca
V] ca] caV] ca{&%d/] !ﬂq@&\q Bii& C2ried WePV] ca] caV
] ca] caV] c] cadgad oad caleal 1%&@8&%@@]&@@ C@Jﬁﬁ]@i @rae/]@éullc@]med&ad&a\/] ca
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I~ f 5#10% & 4dherrd cHB# 1098 (9rmaid stED%ra{Jotmed. 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
with 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 (1989). The ADEl1l 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.
35
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10, 151098 (o TR Ol oSG S 0L LI B0 2 0 -0
+! 7 SF#10%CCE 1) -oF PiSE #I08@N  fure siddRir )was | Lo ¢eha AMIBIBI00 SAH 10K () -
+!‘Sf#l@?@’&M‘mé&iéﬁ#%98§i£i‘sgiééﬁéﬁPg%lask) and, after 6 hours of
culture, cells were collected by centrifugation. The cells
were suspended in 500 pl of 1 M sorbitol, 100 ug of the
disrupting DNA was added, and the mixture was gently
stirred.

10 The gene transformation was carried out by the
electric pulse method. The gene transformation apparatus
used was BTX’s ELECTRO CELL MANIPULATOR 600. The cuvette
used was BM 6200 produced by BIO MEDICAL 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 uF, 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
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large number of red colonies was carried out using the PCR
method. The red colonies obtained were cultured on YPD
10 medium. The chromosomal DNA was extracted from each
culture using the chromosome extraction kit Gentle-Kun
(product of Takara Shuzo). With 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 to have
25 been disrupted. The PCR patterns for two strains (Cl6,

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
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in southern hybridization was the HpaI-Ndel fragment (264
bp), which is a sequence within the ADEl gene, enzyme-
labeled using the GenelImage labeling/detection kit (product
of Amersham) (SEQ ID NO:5). After hybridization, the
filter was washed, and DNA band detection was performed
using the fluorescence emitting reagent attached to the
same kit. Upon comparison of the bands thus detected with
that obtained with the wild strain IAM 12247, it was
confirmed, in two strains (Cl6, Cl7), that shortening by
about 550 bp had occurred within the ADEl gene (Fig. 4),
namely the ADEl gene on the chromosome had been disrupted.
In Fig. 5, there was shown a restriction enzyme map of the
vicinity of the disrupted ADEl gene in the ADEl gene
disrupted Candida maltosa chromosome as revealed by
southern hybridization. ™“555 bp” indicates the deleted
portion between the MunlI and Hpal sites. “probe” denotes
the partial DNA used in southern hybridization. When this
probe was used, the base lengths indicated below the
chromosomal DNA were confirmed, as illustrated in Fig. 4.
With the wild strain IAM 12247, values resulting from
addition of about 550 bp to these values were confirmed.
One of the ADEl gene disrupted strains thus obtained

was named as Candida maltosa ACl6.

(Example 6) Examination of the proliferation potency of the
ADEl gene disrupted strain

The proliferation potency of the gene disrupted AC16
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

inoculum size of 1%, into 10 ml of the same medium. OD



& 1y $10%& ()-0!'k $10%& ()-0!'\$10%& ()-0910% & ()- 10 10 10

17" G- E "WUBP: ! "$10% & ()-0! > $10%& ()-0! " $10%& ()-0! " $10%ZZ& ()-0! ~ $10%&
"()-0ly $109%& () -0 Jaaaaaaab~\:!! y#10%r& ()-0!ay#10%& ()-0 10% ()- 10:h
10: h

10: h" $10% h& () -0! 4" $109%XX&' () - Obntcdef gwU3~\: ! " y#109%&' () - 0! " y#109%&' ()-0! "y

"109%66& ()-L 10% & ()- 10 10
10! " y#10%&' ()-0! " y#10%+& ()-0jj8j<jjklwi3rP1!'t  "$10%1& ()-'y " $10%& ()-!"
$1096a‘a&fGBEQ&PEﬁM§WH§(Wenﬂﬂmﬂ&E@EQ)ﬁﬁayHMIWﬁ BLNY -ImRmirE) r gs=1at 9
109 ()- 10result, while the growth of the ACl6 strain and of the wild
strain arrived at the final stage in 15 hours, the growth
of the ACl6é strain was only 83% of that of the wild strain.
5 On the other hand, CHAl grew to a concentration comparable
to that of the ACl6 strain; the ACl6 strain arrived at that
concentration earlier by 6 hours, however (Fig. 6). Thus,
it was demonstrated that the ACl6 strain is superior in
proliferation potency in complete medium to the CHAl strain.
10
(Example 7) Examination 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 oil, coconut cil, 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 ACl6 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 o0il and coconut o0il) but the
30 potency was 55% of that of the wild strain and 80% of that
of the ACl6 strain. In this manner, the ADEl 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
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enoyl-CoA hydratase, which converts enoyl-CoA, which is an
intermediate in the P-oxidation pathway, to the monomer
(R) -3-hydroxyacyl-CoA (Fukui T., et al., FEMS Microbiology
Letters, vol. 170, p69-75 (1999)).

In designing the base sequences, CTG was not assigned
to the leucine codon, since Candida maltosa is a yeast in
which the CTG codon is not translated into leucine but into
serine. Those codons most frequently used in Candida
maltosa were preferentially selected as the codons
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
ID NO:6 and SEQ ID NO:7, respectively. The DNAs were

wholly synthesized according to these base sequences.

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

In oxrder 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
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
repeated 25 times to amplify the desired gene fragment.
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he polymerase used was Takara Shuzo’s Ex As for the

promoter portion, ALKlp having a 5’-terminal Sall site and
a 3’'-terminal Ndel site was constructed using the sequence
under SEQ ID NO:8 as the template and further using the
5 sequences under SEQ ID NO:10 and SEQ ID NO:11. As for the

terminator portion, ALKlt having a 5’/-~terminal HindIII site
and a 3'-terminal EcoRV site was constructed using the
sequence under SEQ ID NO:9 as the template and further
using 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 from pUTUl (M.
Ohkuma, et al., J. Biol. Chem., vol. 273, p3948-3953
(1998)) resulting from ligating of the autonomously
replicating sequence (ARS) of Candida maltosa (Gen Bank

15 D29758) and the URA3 gene (Gen Bank D12720) to pUCLl9, 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 pUTUl using XhoI, followed
by ligating thereto the ADEl gene fragment cleaved using

20 Sall.

ALKlp was ligated to pUCNT (described in WO 94/03613)
at the PvulI-Ndel site thereof, and ALKlt to pUCNT at the
HindIII-Sspl site to construct pUALl. Then, a plasmid,
PUAL-ORF2, was constructed by ligating ORF2 to pUALl at the

25 NdeI-Pstl site thereof. Further, pUAL-ORF3 was constructed
by ligating ORF3 to pUCNT-ALKlt, 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 pUTALl at the Pstl 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
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maltosa was constructed.

5 (Example 10) Production of a transformant for polyester

production
For transformation to the ACl6 strain and CHAl strain,

each yeast was cultured in YM medium until the OD at 660 nm
arrived at 0.8 to 1.0, cells were recovered by

10 centrifugation, and the above expression vector (pUTA-
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 Transformationsy 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, AC16 (ORF23). In
the same manner, a transformant strain, CHAl (ORF23) was
obtained from transformation of PUTA-ORF23 into the CHAL
strain. Further, the ACl6 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 CHAl (ORFCT).

(Example 11) Polyester production culture
All polyester production cultures were carried out
30 using 2-L Ssakaguchi flasks. First, 100 pul 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
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carried out in this medium for 2 days for complete
exhaustion of glucose in the medium. Then, 10 ml of the
yeast was inoculated into 50 ml of polyester production
medium (500-ml Sakaguchi flask) and cultured for 8 hours
5 and, then, the whole culture was transferred to 500 ml of

the same polyester production medium, and production
culture was performed for 120 hours. The culture medium
was autoclaved, and cells were recovered by centrifugation,
washed with methanol and then lyophilized. The dried cells

10 obtained were ground, 100 ml of chloroform was added
thereto, and the mixture was stirred overnight for
polyester extraction. The chloroform solution was
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 ACl6 (ORF23) strain gave a precipitate,
whereas the CHAl (ORF23) gave only a trace amount of
precipitate. The ACl6 (CT) strain gave no precipitate at
all. The hexane precipitate obtained from the ACl6 (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 ADEl 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.
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The present invention has demonstrated the utility of
ADE1l gene disrupted yeast strains. ADEl gene disrupted
5 strains of Candida maltosa can be expected to be usable as
host yeasts for gene recombination in the expression of
genes or in the production of gene expression products. It
is also possible to impart them with further different
auxotrophy, and this leads to the development of yeasts
10 which can be used safely as recombinants.
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CLAIMS

1. A yeast
in which ADEl gene in chromosomal DNA has been
5 disrupted by homologous recombination with an ADE1l DNA
fragment.

2. The ADEl gene disrupted yeast according to Claim 1,
which belongs to any of the genera Aciculoconidium,

10 Ambrosiozyma, Arthroascus, Arxiozyma, Ashbya, Babjevia,
Bensingtonia, Botryoascus, Botryozyma, Brettanomyces,
Bullera, Bulleromyces, Candida, Citeromyces, Clavispora,
Cryptococcus, Cystofilobasidium, Debaryomyces, Dekkara,
Dipodascopsis, Dipodascus, Eeniella, Endomycopsella,

15 Eremascus, Eremothecium, Erythrobasidium, Fellomyces,
Filobasidium, Galactomyces, Geotrichum, Guilliermondella,
Hanseniaspora, Hansenula, 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, Saitoella, 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,
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which belongs to any of the genera Candida, Yarrowia,

Kluyveromyces, and Hanseniaspora.

4. The ADEl gene disrupted yeast according to Claim 1,
5 which belongs to the genus Candida.

5. The ADEl gene disrupted yeast according to Claim 4,
which is Candida maltosa.

10 6. The ADEl gene disrupted yeast according to Claim 5,
which is Candida maltosa ACl6 (FERM BP-7366) .

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 heterologous 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 ADE1l gene disrupted yeast is Candida

maltosa.
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 products

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



