;e3e| 46TTQAQ WO W/ | ' ~I ~V~ =PE~. f ~~T. ~~ | ~~~~~~~ w TRANSFORMANT AND PROCESS
FOR PRODUCI NG POLYESTER BY USI NG THE SAME 5 TECHNI CAL FI ELD T
invention relates to a gene coding for ‘a copolyester-syn;hﬂmm mwﬁwﬂﬁ@mne a
m croorgani smwhich utilizes said gene for the fernentativ of
apol yester, 1o and a nethod of producingia pol yester with the a¥#®of said
m croorgani sm Mre particularly, the present invention rela

Wi ch funct tons - o nost organ' smand' 1 5 rel at ed 1o syt neS AT

enzyme, a plastic-like polyner degsagahlecdrgefy the action o
m croorgani snms in the natural environment 15 (the soil, river orc®®z) , a

transformant derived from said host organi sm by transfornatlon wth said

gene and haPRAYSEORMANTONKD BHOCEISY HOR PeomeiIatG veLYESYRRNESIZ€rws TuE
plastic-1lik lymer, and a nethod of producing a copolyester with the aid

of said transformant. 20 BACKGROUND ART It is already known that many kinds
of mcrdorgani sns accunul ate pol yesters as the energy-storing substance

intracellularly. A representativen [ onopol yner of 25
3- hydroxybutyric acid (herelnafterg§§ﬁgbﬁéd%FgL riefly as 3HB), nanely

pol y- 3- hydr oxybut YPEcP&EFENLhéRERRAL PRI rRAREESEHOt UenefbpdasgPﬁame)

h f I at gr S P(3HB) I's
whi ch was bbpblg‘éSQQ\reégﬁth@sBQ(ihb UhZRaa eﬁnglti?f'g@)réﬁéﬁ.rsgn@%?h Sl

h I . C.
ttracted 3BThLtERPImAden S ANE T Eruryt o B sum thonesert ABecalEsedn i s
hi gh criy&t abhiinat petRo@36IB) predsaihgr d apdybsitetrl eithat-hiet ahas offowad 4

' h
reSearoh work Chae BamLimhadt Ly b FELAERELP T En e RBE SR o ReR SR ERoR T T
results of §@éﬁt?é§éh§6ﬁé§P”U&ﬁhﬁ@@@tk@m&hnﬁuh®stamg@nismzu&ilsrelated
to synthesize, by an enzyme, a plastic-like polymer degradable
under the action of microorganisms in the natural environment
15 (the soil, river or sea), a transformant derived from said host
organianbytransformationwithsaidgeneandhavinganjﬂmroved
ability to fermentatively synthesize a plastic-like polymer,
and a method of producing a copolyester with the aid of said
transformant.
20
BACKGRQUND ART
It is already known that many kinds of microorganisms
accumulate polyesters as the energy-storing substance
intracellularly. A representative example is a homopolymer of
25 3-hydroxybutyric acid (hereinafter referred tobriefly as 3HB),
namely poly-3-hydroxybutyric acid (hereinafter referred to
briefly as P(3HB)), which was first discovered in Bacillus
megaterium in 1925. Since P(3HB) is a thermoplastic polymer
biodegradable in the natural environment, it has attracted
30 attention as an eco-friendly plastic. However, because of its
high crystallinity, P(3HB) is so hard and brittle that it has
foundapplicationsofaronlyinalimitedassortmentofpractical
uses and much research work has been undertaken to correct for
the drawback.

35 As results of such researches, Japanese Kokai Publication




2 .Sho-57- 150393 and Japanese Kokai Publication Sho-59-220192 di scl ose the
production technology for a copolynmer of 3-hydroxybutyric acid (3HB) and
3-hydroxyval eric acid (3HV) (hereinafter referred to briefly as
P(3HB-co-3HV)). Conpared 5 with P(3HB), this P (3HB-co-3HV) is so flexible
that it was initially expected to find agplication in a broader range of
end uses . Actually, however, P ( 3HB-co-3HV) responds poorly to a gain in
the nolar fraction of 3HV so that particularly the flexibility required of

P 3 t hewl. . | mting it X
r: gimdapml di ?Hsd Js%?cfllagatfswgBh %?rlpdo%%t\fﬁ 65 jigon]éaa hJ{J ﬁ%dogvﬁa%?}q?xgz%gﬁiﬁ—g% %@léj °e
Recent |y, stHAELId eanednrddarakashoe tawy Mamry oupol yest erf of 3HB and
3- hyd h i i i af f 1 i : .4t

ydr oxyhexangidr agishthereismfd ersHsf erdes kﬂ/ﬂd)ﬁ\{la}’laégﬁpé%é CQ%‘Q )

copol yester ( | | .hea{jffl,ci'naftgr 15 be referred to brie

and the t echnti*Sgy -5 6AEFRG 1O HEdrefdians B (38BcROSEHYI bs Hammpareedh
dezf:ri bel i nwilapanic#s )Kokaii Pl (iM-iiwﬁBI)‘ &@g&ﬁ%m@h&p@aﬂﬁé@ Kokl s

Publ i cati on ;Hai,-.7- . chnol.o escri,bed.in the above patent
literature flolﬂrq'ttlhaelzlgfgg%gtcﬁgﬁl 5): E&gﬂB-géBEéﬁﬁjtl?B &Bn?)rli”é%%g?érﬁ%‘i%tﬁle
production farshiaesat tActied Uy € hgwevlesi, cP 48HB; cor 3aY) didspundapooelg.t®l i ve

oil, with the @ii¢ O} h15$0 : SErakn r viae. Properties
of P(3HB- co- ﬁ%hg&e%gﬁsgbéggnkgéggféé P80, 86 LRR a e P Ly
Macr onol ecul 1 Ligon regparedool) filn mnditdia dpéet casnpbflee rietbravehove,
Aeronpnas catweelisitihyuredsusped Aukatty ragid l%lézn?é JIIHE 2R, & 0B
as the sol eb%q,frltpn sa%ud'lgz%o fernmentativel roduce P { 3HB-co-3HH) wth a
3HH fraction o t°0 WEaWaAYTiaE R Y &2 3HH) undergoes a gradual
transition from aRemettlyi tsttueliese havea bideexiunide rarakasi tdh athd naireasi ng 30
mol ar fracti frediid £ f.l exihili “sur si ng
that of P( 3I—c|'%{bgg_-y3l—l\/) .ra%yve@s%r lgi(?lt i3s%§/r&g:§1ﬁhfeg%%r?eﬁﬂiéaﬁi% %georrejirﬁ?aﬂer
product i vi t Fofemres éel proafbutan3hH)g/(thendoroppbgher wbhi drerein8D%and,

t her ef ows, eyeok@f@tk@a&w:qgﬂqﬁaéogs?mh@&'smﬁ hiaﬁﬂffthl%_rﬁ’geﬁﬁéj.’%g Jor
yh%dr ox%q?l kanol ¢ acid) -synthase gene

conmer ci al e>§:_pPI itatiqon. 35 A PH%Bégo

was cloned P G dih-a gf’%l—ﬁ?‘ FH) SPER dRir B @S e Ve Pesin Aessoihed
caviae [T. RukdJepaviesBoKokdi BablecadionVRbi-3793000.add, J4821e 4836 §a1097)
, Japanese i lJ-cati:Qm _Hed - 10 21, hi ene s .introduced
into Ral st o@gﬁéﬁﬁggﬁa%.o?mﬁ?&N Cg??gkﬁgﬁ\gﬁgéyr §8%55)1b§ dlphg“e
product i on GROFE Map-eEd- Lpddirearfiore d heuto ngsiugy itdre afe SUI3HBg0-3HH)

transf opoNtconpie se) Fe ubRtt 18 ot cdile talf ERENROEYFRY a0 et gWas 30
Further, by riow ng this L_Lr ansformant on ve_get%gbﬁ ol |l as the cgr bon

source, a c&T %otert ol OF/ Lakit §-8 pd t dtthoftheoich @il de
acconpl i sheg¢oid {iBolafekuistetaial of AeApmonasMaavdliedl PrBpeikegBBobr. 49,

333 1998 : i B; GQ- 3 i ng. bact . 0.
Booher i oht a dgrB A0 Rablla LGRS el 08 BRSSO Gt Foso5
However, thébe:i daggogiodEicydene 28/ 148 2prddd3ct (MAXS) lachilavediby repbst

product 2on treFerelee0Yo ﬂ-@o&éP%ﬁ&ﬂoﬁud@ldﬁﬁraéa(i%!'@}lggﬁggﬁbum%h%\%%% bl e

broadl y vari_ahl e ();_:hﬁ5acteri stic ranging froma rig pol ymer t
pol ymer dep&idich§ Tor%t RE BRECnGREPOR r AEPRON2S | the aiP ke SR P uss itind
~appl i cati on fierm@niiedddredyept odur ofP (BHES-dJ-BHH ee\thsa GHI Gusicrasnans 1tihe

i ke, which qreqggi i girdiit 20y i lmand the |ike, which.require
f1 exibili ty.tnggvtgr{?g—r? "t hlg{lp"q)r/ 2 oRpegor ;?;ﬁ(f-)}? ‘Is%ﬁl*%r%%?%e?rﬂu%% AR Al y
low in th_esérﬁﬂ‘oéubﬁr_én et ot el beone fdraibdrsoderedt i yirsatdaafianf ory
for pragéicablproduati-9BnTBENIES Shathis Holy unﬁ%a’HéJ% 3% ib%.tlti?rys

have conducted studi es on the 25 g{r oducti on of bi odegr 0l & pol'yes

usi ng a yeaSt*rRRFSHRY $hadn&fdE{8HBr§osREor-at Bowesey thAs phedpeséansor
T42. pp 11691160 (199000 Thev et qduced t b Ra ot o D P8 Bt/n S oy

. pp - . ntr e e stqni a eutropha pol yester

synt hase ge%e&(l}%?%éégc& tz?rnétngggisd%cgpg\’/i e (St o ﬁ&pgér&ftl)?élés‘t’?r?@a‘%
construct aforamthnanat igheoubrodedtivitygifitg gbnmeseias oxipd cdarhdmn .
source,3¢0 thereb j i £, P pol yner canten
055 *Honever . Taeoory Rk P SERTkRAb! O3l e s b B s SRR 1

hard and brittle. It is known that yeasts are fast-growing, with high cell
35 productivity. The yeast cell attracted attention as the single




r .4 cell protein in the past and studies on the production of yeast cells
for use as a feedstuff usingn-paraffin as the carbon source, while their
conponent nucl ei ¢ aci ds have been utilized as seasonings. Furthernore,
since yeasts are considered to 5 produce acetyl-CoA, which is a precursor
of the polynmer. with high efficiency, a g gh polynmer productivity is
expected. Moreover, since the separation of cells fromthe culture broth is
easy as conpared vvith bacteria, it is possi bIe to sinmplify the polyner

extraction andpyrd $@%§ﬁgow aV| n ' 18F%eq:en%nd has X shed. for

a process for pro u0| ng
properties i%HiheE. aﬁcdl- ‘of - )P@aﬁlesfl@/S@mUI@mOI NMVENTBON-KB30i ¢h39Df, t he

above state Jﬁpéﬁt%@Kbka&%M%od ANt inan 0k 83s f@ﬁehttsnloé)lﬁg% J«a?
provi de a poIthestgr S r&e& s-assocji at ed gene which functions and can

expressed wi't SRHEORPE r iR et Aca higgnest as
t ransf or ged mﬁﬂo@@nanﬁxﬂuewaﬂm@d&;&ebfe? CW&@+E‘M—I$&I&¢ @Q@Qae@r@u’@

t hod of whi h t 20
Ty ar pp BE Sl PAVER Sl PR e OLREI AP LS BT ES ABTE 4
t r ansf or mantthebtes kiaeer Afarerentamas rdldst | garitbes, blye girowedmigorthief t he
present mve&tamm@w&tfeeeeaage%ﬁ {4 eAs c%&b%%ﬁﬁf? bxéeﬁa&g{l@e
U in a

pr onoter and a term nator stantl a nCtI on
yeast, to atof dad/ToWétbnayReljeAE cenheel o6 BR: cowiddae saetomplished

copol yesber (1hr eughicopally Nesp@at m&:@fbl%ﬂhyéiexééhiﬂamO'@ a@B@S(Pégé)hﬁ

fol |l ow ng g%eral for(r]TtuIa (1 and c Hﬁfadsubi anti al | ressed in the

yeast, intrdtlSFE s o Yekd S5t B it et -9-

construct a Bychresfiorhientco ldnd ocrubﬂ.anetd sai Hosransésr ahsb, ba\énerdaéwcﬁlbed

pol yester, wiyegh /543652053pol g@,lévggr SEBg?r O)i)éalnléa % ? %f tzle foll ow ng
S € romt

general fornula (1) e Succés harves Sul ti ng
cul ture. 35 proﬂ@’%‘ﬂrﬁb@-}-}il@‘@@}( this I-Efc@liﬁ-ltcme teghndlqgR represents

an al kyhsgr oup. THE Ny S9ils igHIGAdrOM (FHIIQI-OI181) intaF MRS NEG AN @
transfor mant rein at Ieast one k| nd of gene ex re55| on cassettes
conprising a ol %s e&%ﬁ eﬂ%‘i}?‘r@‘ bawgr i 1 rdduced
into a yeastfleRidlm qxdryﬂnemwerptem@rimgsohuthbeBHHomeeaﬁeﬁra\tthoﬁ net hegh of
produci ng a oLygstebaUsd BIndsh1{ANS{ X T8 broad spectrum of uses from
television housings and the like, which require rigidity, to
20 yarn, film and the like which require flexibility. However,
the productivityof saidpolymer is still invariably low in these
production methods and none are considered fully satisfactory
for practical production methods of this polymer. |
Recently, Leaf et al. have conducted studies on the
25 production of biodegradable polyesters using a yeast, which is
considered to elaborate acetyl CoA, the precursor of 3HB, with
good efficiency as a producer organism (Microbiology, Vol. 142,
pp 1169-1180 (1996)). They introduced the Ralstonia eutropha
polyester synthase gene into Saccharomyces cerevisiae, a kind
30 of yeast, to construct a transformant and cultured it using
glucose as the carbon source, to therebyconfirmthe accumulation
of P(3HB) (polymer content 0.5%). However, thepolymer produced
in this study was P (3HB), which is hard and brittle.
It is known that yeasts are fast-growing, with high cell
35 productivity. The yeast cell attractedattention as the single




i Q@ whi gh conprises grow ng said transformant and harvesting the pol yester
fromthe resulting culture. The term "substantially" as used herein neans
that referring to the sequence of the polyestersynthesis-associ ated gene
and the gene sequences such as a pronoter and term nator, 15 anong others,
whi ch are necessary for the construction pf the gene expression cassette,

t he nucl eoti de sequences may have undergone nutation, such as del etion,
substitution and/or insertion, as far as the functions of the gene and the

functi ons ne@eeﬁsawtte% Qﬁrt%e%%%séﬁ@%tﬁfﬁers%ﬁ' figd- z?o%ufdtrfc!heg%@%&as%he

pr esent inventjon_is related t E est er synt hesi assocl ate
gene whi ch |Cs51r11(ﬁ:lf‘?¥éae1ar509nfﬁ?d%5 f USARIgeTRA TaliE rToTsthe carrmorrra@rmT

CTC or CTA. wlthiel prigsaint domeitd e Nove destdd hesé noslat ait 11 25 BRIEF
DESCRI PTI ON OF THE DRAW s a_schemati c di agram show ng the

pl asmi d pSUTS A58 S a %%EFEF%PRrEXaﬁﬁpgezWﬁQFtSFﬁﬁe sonsdderschdfati c

di agram §hovprrcgil.tcma apleayti-¢odTAhi3n ilses pa&cam/.ﬁm @f tﬁﬁ%am@fz \&{J&%

F 3 aJ cons ed in
Eedimie 5 (RS MR 2 SO 10 1 PIART PRI SRiecteld

pSUT- PHAL ¢ §taed SllﬁCExﬁhpl%ep@I(%t)lorFlog Calils ﬁr@ml‘térmt:ud:tdn:agmmrm

h th | F a
Scherat ¢ di o ?S‘ﬁﬁﬁsﬁfﬁi&ﬁﬁiﬁmwﬁiﬂ?ﬁﬁéfé G A A)

Fig. 7 is a Sthéfdmerdie ﬁﬁMFﬁ& PH§16F§§Fﬂ8anAEC€RF2 d@ﬁ%¥?i@%%d in
Exanpl e12 (Y deRiagd Bas sl St feti & p:trctacgar§emf$5101wn:aaut:mﬁgpﬂ> ASHR Ho Ly ORF3

ol asm @ pUTA CHEDS TEORE ALY A ERARF BP3P RS G HE PAcaop derle-

construction di agram showi ng the procedure of constructing the plasnld

according to Exanple 2 15 (a) prdomhstrr | $r i@t @y const ruction di agram
show ng the procedure of canstructing the plasnld according to Exanple 2
(b) . Inlightof theabove stateof theart, thepresent invention

15 has for its object to provide a polyester synthesis-associated
gene which functions and can be expressed with good efficiency
in a yeast, a transformant of the yeast as transformed with a
-gene expression cassette comprising said gene, and a method of
producing a polyester which is biodegradable and has excellent

20 physical properties, such as P(3HB-co-3HH), which comprises
growing the transformant obtained.

After many investigations, the inventors of the present
invention constructed a gene expression cassette by ligating
apromoter anda terminator, bothof which substantially function

25 1in a yeast, to at least one enzyme gene related to the synthesis
of a copolyester through copolymerization of 3-hydroxyalkanoic
acids of the following general formula (1) and can be
substantially expressed in the yeast,

introduced said gene expression cassette into a yeast
30 to construct a transformant,
and cultured said transformant, whereby a polyester,
which is a copolymer of 3-hydroxyalkanoic acids of the following
general formula (1), could be successfully harvested from the
resulting culture.
35



Fi.g. 12 shows the result of an analysis, by capillary gas 20

chromat ogr aphy, of the polyester produced in Exanple 3. Fig. 13 is an NWR
anal ysis chart of the polyester produced in Exanple 3. Fig. 14 is an IR
anal ysis chart of the polyester produced in Exanple 3. 25 Fig. 15 is an NWR
anal ysis chart of the polyester produceddn Exanple 4. BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON (1) The host 30 The yeast to be used is not
particularly restricted but may be any of the yeasts belonging to the

foll ow ng genera pnd deposited with any of authoritative culture

col l ections (suchfas IFO ATCC, etc.): Acicul oconidium Anbrosiozyna,

Art hroascus, HD*CHy-B—~3s-@Hnhbya, Bghjjevi a, Bensingtoni a, Botryoascus,
Bot ryozynm, r 7. BrH§t@nonyces, Bullera, Bulleronyces, Candida,
Citeronyces, Cavispora, Cryptococcus, Cystofil obasidium Debaryonyces,
Dekkara, Di podascopsis, D podascus, Eeniella, Endonmycopsella, Eremascus,
Er enot hﬁci umn EE{hlﬁ Hroalmasiadi Bnrdpddsameesin kY bhasd e um  Gal act onyces,
Geotrichum @uilli A . ,
Hanseni aspor a, Hanérzlnu a%%asggé\?é'eeél%q’ertmrﬁfaq%r roaSEARCe iRAshdp: Thid,

| ssat chenki &radsdesiard, Kl oecker aspora, Kl uyveronyces, Kondoa, Kuraishia,
Kurt zmangnyces, ridi i d S to
Met schni EOWI a, M%EL%%HQ égzy%slc ngy%ﬁd klg g@ﬁ&@)???\%é\@%ﬁsé%%%&t

Qgat aea, @%mrdis&,ﬁgq:g@hyggp@ﬁ synthesa.s assoc1atedenzymegenehasbeen

Phachyt i chosipairediadd liatd ehivadFrodospori di um Rhodot orul a, Saccharonyces,
Sacchar onycodes, iﬁlccharorrﬁgopm s,, Saitoell a Sakaguchi a, . Sat ur nospor a

Schi zobl ast ospor i one RESERNF AJEGILHERT rhic 4T LRERVEIRT RS Y L thparmeli eI us,
Spor obol orry@efs,pbﬂmrmmgadw@dmasa;eﬁtmh@cmmlstrﬁﬂommnyces,

Steri gmgpospori di ym; ~8Y M E@Q@r' ow1n ransformant
Synpodi onyces, Synpodi omycopsi s, asp a'I]'rl chospor o134,

Tri chosporon, Tri g@ﬁé’p@@%vﬁbélhgﬁ‘é%lpgdléfﬁﬁéﬁﬁcﬁéomft%ﬁﬁ@éétlz-g culture.
W cker hani a, W ckerhaimiteldm, "%Hét%@?dl%zl\i%ﬁ’a%zdeq{éfé’!r? mEHPOAGEUS
Zygosaccharo es ow II|o sis, Zygo t he yeast used for t he
t r ansf or mant %ﬂ%g et?]% ISR AT ?%Bﬁﬂyﬁﬁtem%%ﬁ WRERF L8 owi a
I(|2;)o[|_¥t| caI igerr aher tied gk GangictizeRE08H 4$ ap@rrbmutleaf thptf@fxﬁ!irﬁ@lﬁbr,%
e,Ro es S ed enz r
y‘?tﬁ)tn ﬂé@&g évﬁléﬁ é)fé 6Heéﬂ sesa).y iZ9] a?‘le CPQE?}% ?éanbﬂf F}ée

synt hesi s assoclat: gens Ts noto pary
preferably &@%cﬂﬁ%&%@%r@@ﬁaﬁﬁé/dé?rheve'dlfﬂreﬂﬁm@mmems Spegciliacal |y,

preferred i sirafe RS ASSARicH ek Wdiedsh Syéuﬂs@@i @ifoﬁ aoppbyester
30 of 3-hydr, %I anoi c i ds of. the abgve general formula $1 nor e
preferred is gcr‘?é aSSds APBELHCRS ¢ hdhg ARRESIRA Shep{WEr LR HH)

which is a crrmmamprfa’regdrte mﬁr&msﬂd‘re apateteingdy i on of .
3- hydr oygbutyr | lcomrﬁé fnbhe fq gﬁ')ﬂé%en%r T ARARR NS FALHEEn0! ©
polyester synthe51s assoc1ated enzyme. gene
which is modified from at least one gene code CTG to TTA,
TTG, CTT, CTC or CTA.
The present invention is now described in detail.
25
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic diagram showing the plasmid pSUTS
‘used as a vector in Example 2 (a).
Fig. 2'is a schematic diagram showing the plasmid pUTAl
30 used as a vector in Example 2 (b).
Fig. 3 isaschematicdiagramshowing the plasmid pSUT-phad
constructed in Example 2 (a). '



~3 HO+-CG-COH( 2 ? HZOHO ~~-CH-CCOH ( 3 ? HZ O The enzyne gene
invol ved in the synthesis of a copolyester 5 of 3-hydroxyal kanoic acids of
t he above general formula ( 1) is not particularly restricted but may for
exanpl e be the pol yester synthase gene described in Japanese Kokai
Publ i cati on Hei-10-108682. As a specific e&xanple of such pol yestersynt hase
gene, a PHA synthase gene can be nentioned. Furthernore, a to polyester
synt hesi s-associ ated enzyne gene may be used in conbination with the

present pol yest er rEytHage genekat SH6h 28RN ELIRNES thY14ds i(DsupPegif i C
enoyl - CoAhydr at gase genge whi ch converts énoyl-CoA, an internmediate in the a
-oxi dati on Eﬁ%&ﬁt%@éﬁ?@rﬂ Ifesi¥e nonormeri ¢

(R) - 3- hydr oxyacyl -EG@A[SI'/iElakw'hé:E?]’eic alliagrlaml'_s&l‘@lm i%@gﬁbiplla%ﬁmd-@swffmzfol :
170, 69-75 9?@) .3 -ketot-hi o)l ase gene iC imerizes acetyl-CoA to
nononeri c S&ho;%lro%ycintu%dyrl% -Ejéoa&l%laen l\%gPl-l-dependent acet oacet yl - CoA

reduct asé gene [Pddgl.e§ DP @tsctlenatlic Blidgrathemow 26y th26p1a5298-dH808
(1989)]. 20 o1 AReULS P8Rl Host (yeast show abnornalities in the
translating of genetic_ codes . For exanpl e, Candida cylindracea [Y.
Kawaguchi et al ., ™MN&t-uf éSgsachemat 166 1ipgyamghamenaChhairda sweld RIEAL-QRE2
Sugi yana et anstrieasd Ih M3 d 998))]. are nonconventional yeasts in

whi ch the genetic code, CTG i s not, 25 translated intp |eycine but into
serine. Wen a polbf}é’s't%?s%%hﬂ?géﬁgéég?:&fneﬂ“%ghﬁ Sl & R~ ORF3
expressaf i rasdirurteshsiin Fgemgtliec Zode transl ating abnormalities nay take
pl ace so that an vi_n ) 4 CJ equence different fromthat
of the proper enz%lr}éy'irr? g%o u%ech%gfa.\ Jiqzoneaglégd;ﬁ%ne(r]séhotr}f]ér}g t%e pelaQSI?Jlfﬁcti on of
this enzyme HEAGIREAA |apnsius test . irsdgtaep phehofienon can be avoi ded by
using a gene consteilCt ad by DY i GEARH o rf e T %ﬂﬁlﬁ%ﬁ t he
gene bef orehand tc&ra different netlg codi corresponding to | eucine TF~,
TTG 5 CTT, RERE® OLARRPYEFECEfngh EhgeREEFRLLAES ORI BAghRAI BRaP he | Usi ve

of yeast§ rejadal s that the frequency of usage of genetic codes varies

widely with differ rggni . | yralit f genetic codes
speci fying the sanEg'r&dmﬂr%oqgc%g‘,i)lta-i%ﬁgjenﬁ?gc}%c%&g#ba#loa%reaqhs%bowq/ %et h

di fferent oRyafiesreand consasusddngpshat pdasmidt Aecordényr haosksemphe 2
efficiency ofp)ya gene consisting of genetic codes with high frequencies of
use i s high. For eExarrpiﬁ, the GC contents of Aeroponas cavi ae PHA synt hase
gene and (R)-specitfid cAGRWDH ARGy HRERAE O jaRcaRA LY BYS 1% §AR1EBa7Y0gas 5
respect Roel yghiunta tapraphyhe cehayjre palvedtadr repddesd i in Ganghisiee n@ t osa,
the contents are 5% f.Qr rat.e kinase and.35. 67% for, ALK2- A
Therefore, in or dgrrglgts'hg% l% %@%ﬁ?gfgig%g ﬁéehsafrskﬂ gsstgé‘? RPLACGERE R e
efficiently Expredsde® ir Candida maltosa, for instance, it is preferable to
use said gene 20 iFigani & SahUAARRIIYS DERETS | %3RSt -l &L ent
genetic code specifying |eucine and, "at the sane tinme, the genetic codes
are changed ltrb%te’??d‘gé%%'h hi gh frequency of use. The pol yester

synt hese§- associ atfddy.ehZ yseageMR ahalheikrtenii of tybelysedeasotddided n a
yeast which jsheus franslating 25 abnormality of the genetic codes . As
an alternative, a di fied gene as nodified by changi ng genetic codes to
those used by the particular yeast with high frequencies w thout

al ternation of the ankpgraghfrSpEHEBRRRFRNGDEUYS Qftr g&v@N g8t whi ch shows
(o10)

transl ating of genetic codes, the CTG on of said 30 enzyne

naor.mal it
gene may be Chang¥d htooQ{CTTA, TTG CTT, CTC or CTA, or a gene as nodified by
changi ngogenet i ¢ abeyehett bosee Ussast bys hide partieulaklyensst i thediwie

frequenci es _w u | ternation of the amno acid s nce may be used, For
exanpl e, V\héargg IE% %.%gto’fs’?héaxa?agS@F?BE&}H%%O gtg}?e%lgggﬁf"ilpﬁeée’ﬂﬂrglﬁﬁlq D
NO: 3 or NO: Asg® gdredhwitibeanyso £ ke gioinidsttdrves gnlliesiescastect abrd enzgtoe
gene as IFO, ATCC, etc.):

Aciculoconidium, Ambrosiozyma, Arthroascus, Arxiozyma,
35 Ashbya, Babjevia, Bensingtonia, Botryoascus, Botryozyma,




1Q of t-he invention. The nucl eoti de sequence of this gene may have

under gone nutation, such as deletion, substitution, insertion and/or the

| i ke, provided that the resulting nutant gene produces the said polyester
synt hesi s-associ ated enzyne. 5 The pol yester synthesized by said PHA
synthase is a copol yner of 3-hydroxyal kanpi c acids of the above general
formula (1), and can be represented by the general fornmula (4) shown bel ow.
Preferred is the copol yester P(3HB-co-3HH) obtainable by copol ynerization

of 3- hydr oxX U] | g of ove. -fa to (-2 ). and ..

3- hydr oxyhe @ggﬁb ¥ gﬁgﬂgggge%ﬁg#§%ﬂ¥&é2§§5 Bt b ECS i ed by
the fol | owi Ag-ajeriona,f GaiEtPqRIcUR KB taOH @ iue, )DebaR yorafdas, gr oup
m= an Inteqwiiolrdobibeansthan ¢, S s Orai rn,
n = an inte"§T‘6#Lho - ssS l, 3 é&é§éusf¢%ﬁ$$%§%§#tﬁdéh = érl%J'Zlé?-’sion
cassette ForeHoFlseisefdiemptdeci Wond&nthrakasidiym, jEehkemieesy to |igate
DNA squanc@&kﬁhﬁs%?ithNGHM&dﬁbmﬁé&%,fﬁébtﬂﬂ&ﬁdﬁ?ﬂ@&ﬁlEf@%ﬁ%ﬁéﬁﬁhéﬁ t?e
gene and to . Jigate DNA sequences sSucli_as poly-AadditTon stgnai, term nator
etc . domnsg%%%ﬁ¥%ﬁbﬁﬁgﬁéﬂ%ﬂgﬁ§3égibLéﬁﬁgggééé!ffhé§ﬁ£ﬁﬂ%ﬁ§bdﬁéﬁﬂé§iﬂﬁy be
any ar bi t r afiypeqiaicies tIssta tmherflinct iKlvdakdie, easéckdMidmoddie pronoter

i ncl udes seq vant onstitutive e ' d sequences

rel evant to%&%ﬁrm' ggéhﬁ’kiﬁﬂﬁoﬁ%ﬁ%&ﬁ%ﬁmer sequence
can be enpl GEMECTED MKy e LinoRaRs t latdenomyitenf Maladsnairion, the
above pronDMest st ilQWid)alaralars m@&z@y NdWssh i) affangidan in 11

the organi smpused Tor the producti on of a polyester. Constructron of a gene
expr essi on Eﬁﬂéﬁ&ﬁ?&ﬁiWugiiﬁﬁiﬁnngﬂﬁﬂgﬁﬁﬂﬁﬁﬁ4u§4qh¥$ﬁl&nmransfornant
accordi ng t @hawhvitnveértsperad,sPiof€ desetthed, RhefRISHdd ditinl,ahdde-£@asEes i n

whi ch Yarrow ' jca.i E E t he t,.and (b) the case 1n which
Candi da mal h??ﬁajafoag}ccyuééésg Sha2fivesde M@ﬂwa * ar%eﬁ—%ell—a'
| i pol yti ca iSekasiehHa & fathggio sens  Yaghovdebla poispaiaon,s used as the
host, the proymiAysdctbRIdE, Nai@wdit REHsed as Prefssahly those
derived fro Yar&P a ||p03§{|caf“NbTE‘ ) Iy}ﬁz promoter—derived from
Yar r owi a Iig%¥¥¥lé§ﬁﬂﬁﬁﬁﬁhn&EéﬁﬁﬁﬁﬁﬂﬁéﬁﬁﬂEdbﬂ§E§£§§Rﬂﬁ§&&§@mﬁa li pol ytica
XRP2 are useterlgnabidinyeaeente dfgneai by oihed, aiioiot 518 iaf,or may be
the DNA SeQ%?HB%d%%ﬂQG%%ﬁ%&ﬁﬁ@ﬁf@% ééggis,Torulaspora,Trichosporiella,
Trichosporon,Trigonopsis,Tsuchiyaea,Udeniomyces,Waltomyces,
20 Wickerhamia,Wickerhamiella,Williopsis,Yamadazyma,Yarrowia,

Zygoascus, Zygosaccharomyces, Zygowilliopsis, Zygozyma.

As the yeast used for the transformant according to the
present invention, Candida malosa or Yarrowia lipolytica is
preferred and Candida malosa is particularly preferred.

25 (2) The polyester synthesis-associated enzyme gene

The polyester synthesis-associated enzyme gene is not
particularly restricted but is preferably one coding for an
enzyme derived from a bacterium. Specifically, preferred is
an enzyme gene associated with the synthesis of a copolyester

30 of 3-hydroxyalkanoic acids of the above general formula (1),
more preferred is an enzyme gene associated with the synthesis
of P(3HB-co-3HH) which is a copolyester resulting from the
copolymerization of 3-hydroxybutyric acid of the following

formula (2) and 3-hydroxyhexanoic acid of the following formula
35 (3).



15 substitution and/or addition of one or nore nucleotides as far as it may
function in Yarrow a |ipolytica. The vector for use in the above
construction may be any vector which is a plasm d capabl e of autononopus
replication in Escherichia coli and may have a region which will be

aut onomously 20 replicated in the yeast. &uch a vector capabl e of

aut ononous replication in the yeast will be contained intracellularly.

Mor eover, the gene expression cassette can then be integrated onto the
chronosone . In Yarrow :a |ipolytica, the autonomously replicating pSAT4
and pSUTS can be oned (Toshiya lida: 25 Studies on the

n- al kane- |nduct| ytochrone P450 gene group of the yeast

Yarromnallpo oct.or di ssertation thesis, Tokyo University
Graduat e Sch §ﬁg above ye&dt, the pol yester

synt hesi s- a5500|ated ne gene is preferably a gene derived from

Aer ononas cavi ae, 30 and for exanple, the A caviae-derived PHA synt hase
gene (hereinafter )_&erred to briefly as phaC) (SEQ ID NO:1) or the

(R) -specific enoyy3* A hydrat‘ase gene (hereinafter referred to briefly as
phaJ) which m aﬁﬁnenoyl-Co which is an internediate in the a
-oxidation p wa oneric 3 2R)-3- hydr oxyacyl - CoA [ T. Fukui et
al ., FEMS M crobi oI ogy 12 Letters, Vol. 170, 69-75 (1999) ] (SEQ ID NO: 2)
can be used with advantage. The pronmoter ALK3p (SEQ I D NO:5) (GenBank

5-end of each-of thERe BTVt ol gones rgi A0y e ?‘%%5%%2%2

5'-end of each_of these Structur enes eres
site necBss&tly 3roVArPRNAAdanrd cprehee QL tthe A Oyﬁrmf@%ﬂr@l fpamreilaa (PCR s

t echni que cafbﬁoﬁahtibuzgﬁlly'ﬂé%ﬂ&md’ﬁ@d Eﬁﬁl&f&]ﬁﬁér@c%%ﬁl% &@%he%}gy@s@ wn
conditions ny be ar |trar ar as

in SEQ ID hr ou
t he objecti véglger?esef d}?enqe Ca%lb% bl IR RS AL KA IR IFRE SN ALK3X
with Xbal atteg= 1é)rrclQﬂfiﬁa\ldelhseet sBéci €nd exathpAlek35 sut-hipo3aels tle rag yridt hagnd

and Ndel at @Zne,end ggan USI#CA olE: rf%ggr\gllf%é%rw 8 and . NQ:- 9 and %SEQ | D

NO: 9 and NO:710Q, respectlvely,, as a errpl ate. AS 6
phaC, al200RRFYeiisTo8ynt hf%?gﬁmﬁrﬁsqm AN NS’ genrl Mayl ztused 3 -end

can be constgoigiierh fiamSER |t|EeNQre1sJen%n§>oN9es%%ﬂ%'yﬂghggg b?n%@ 1

tenpl ate. To _this fragnment r emai ni ng

Pst | - BanHl gt &BH%PaScdqutW%qﬂﬁlq %%%Yk‘%%éyﬁrﬁﬁaﬂéale%wlslcfend
and BanHl atcdBiveartts eRoy ASCoHR, Raih t @fedd { £ 8¢ MBHh VBt dRl: i 4 and

I

Kpnl at 3' -egh SE
B N0 2 as A el Lo AL AR AR Sl pr iy aw%‘sya“@s%ﬁ%sﬁ gk o1
SEQ I D RB: 19t 8dd: tﬁw5%¥wombﬂiﬁﬁ‘ﬂtﬂﬁw chaﬂglﬁi@-'t?me(ﬂm) si te of
pSUTS to an ~>r<bsadots1ﬁoqd%>e Wsdritg vmldrnltﬁrmé}%@é @SB I A can be

T gated Lo ConusAv e SoR L R o enw’éc?ﬁm’q%a%‘%@pha‘] wan be

muf ti - cl oni mpdiata s aigneBaAdopdfe APt AK3X and idiaC aresn be 160atms) to

construct a jpagpmi¢p3UTHRAY) (Fig. 4). 30 Further, ALK3S, phal and
downstream termn nator can be ex0| sed as a unit fromthe pl asm d pSUT- phad

using S48 1 and XS&MmeafpefigatidsasdiiesiSaeskist Xhaw asmoancafllpjmd the
pSUT- PHAL t @ reendldtitly &f Rleagmit éb%érs PHAR { Ex Snp P, cahBiHA! ced WO
ki nds of plqﬁnlgs for ecoEb fatl can be construct ]
procedure, ther a@éﬁuﬁ 3t uct %f%y%ﬂi 1p4-166 (1989)] and.ggggigg
maltosa ‘{H. Sugiyama et al., Yeast 1l, 43-52 (1995)] are
nonconventional yeasts in which the genetic code CTG is not
25 translated into leucine but into serine. When a polyester
synthesis~-associated enzyme gene is to be expressed in such a
yeast, genetic code translating abnormalities may take place
so that an enzyme having an amino acid sequence different from
that of the proper enzyme is produced at times. Therefore, the



expression cassette for the production of a copol yester of

3- hydr oxyal kanoi ¢ aci ds of the above general formula ( 1) in the yeast
Yarrow a |ipolytica. 5 (b) Wen Candi da maltosa is used as the host Wen
Candida nmaltosa is used as the host, the pronpter and term nator to be used
are preferably those which function in Candi da nal tosa, nore preferably
those derived from Candida maltosa. Still nore preferably, the pronoter and
term nator io derived from Candi da naltosa ALKl are used The DNA sequence

of 'said pr ot dadlar dardidiplale Y B8 AV © dlerived by the
del etion, substi tut| on and/ or t| on o nore ases only provided

that the sequence W%Hﬂ%PP@ﬁHPHC@éﬁ?ﬁ G’éohdﬁﬂ@sl/aus 15y FTigeneeeodns tfwstake in

the construglyimsdi 1?&?th€%e§1@ﬁ@éo&@@T@%rfteafﬁféc?PnEﬁe%% 6 d £5 ﬂ"@n&ase
(a) . I'n Candida %yt 0sS t he auto (%%)rmus y repl | cati n%. can %e used

[M Ohkuma &t 3difIpres Henéﬁéﬁxco COTXESPOTSHABES e(chlgeg]TT%e%TG,
Candi da %mal Ca¥a ICSZ‘OJS(EITA’:)S. t he host, the polyester 20 synthesis-associated
enzyme gene is pr 1. e,.gene codin sanme.am np aci d, sequence
as the Aeronpnas Cavi g;@ e%?v %n%lc%&cp%&é’ﬁﬁ%ga?ﬁémaeh%c B Hg 9or
the sane amymséélwmhbétiiletfmemrmmn&ymﬂ@ﬁgdeetwe@oﬂ%ﬁmﬁéﬁse
in Candi da RAlfQsAwiih aﬁe@ere'n% e%eha%&%er Tﬁ'&@”%ﬂoﬁ& Mﬁe £y

25 which is defi ned bé %'% , e gene co am no
acid sequen@&RStHCCaRUREES ¢%%¥Jangat§190§PEleaﬁGlPﬁeaqu@:- $pecuenetenosedeCoA
hydr at ase whioClhe cEREET A S yanoyh d@(f:ﬁer‘éﬁﬁftc@rgénﬂ@ms MRl TeH A BebR dd¥hted

/ 3- oxi datio atl tothe orrerlc - 3- xyac I-CoA(thls gene is
her ei naf t er %‘% tr]’\‘aerr ’Wh\%léﬁto % s SE 193
NO: 4) [T. Fulemietdic cmdes WEMB H\ilq.h 6beqhegy1éstctfan5e 1‘3’011.(_:;&705‘06%}3&1\1{1]@99) 1,

can be used gyt ot Q

t er m nat or A#KI L@ca%\é%f&fe%gk%b %1%(%%%% Iﬁé‘éﬁ% % ark&% geé}e ar}%“ C.

Bi ol . Chem, SS‘P@ICl 5C 2ppylyopd hydgeyaseofienkeacandy th%raam@s@f: A&, gene
can éLﬂs ble rlelsm'fcﬁdr\]ﬂép@t,{ ﬁa[’ﬂ &ﬁ?rﬁ@ﬁctrfe en@Pfhedndo dpé!\_’“%b%%@et@f 1ﬁ%ggtend
respective eac ese~structu are on
enzyne si te&fge*f—gﬁﬁh g‘& FRE Sf%ﬁnta’éfa éﬁdsgérﬁ?ﬁ gl?l'b‘g) Thecet iR thimasYene,
a PCR t echniagge 35. (Gar% ferufLK2zad. Therpfope; $SROUEHEEStRHE S Iyedtwr PCR
are shown i (i t ns, rrentl an d above
for the casgy(ﬁggeggr?h%esS%%lla?egﬁg;a{esfmtghea%ggjnesHe%%lné;l% ﬂﬂ{ b the
pronoter re id CQF2 h fS?éI inatasce, dridiamrefennddle aD Bie eaddcgaarnd:)e

pr epar ego f r am HEQ:H BN géﬁe@ﬂ@' Mde E@GUSE %a%%@d BNy fi‘ééén en%{é\ff‘cs AS

tothetermn% or reg Klt, wth _ Hndi] | -en

-end can be FPELRTEY #¥b’?‘r‘?§€(§qlﬁ%n 17ataﬁﬁel\i‘?m‘?L§l{E§r ndiesgenebineodesms a
tenpl ate . Aget chiahgededtoorthdsee wisdt dri glJTAledddrgy 2f prsapar ed by

ot ose adel - gene FEREer BERG<H) YHalhBl ad st S0t e, FGe RS,

Bi ol . CheminVepsionmzybeysesigys 1995 in 3 veapy whigh slngwaxnmt;ratr:shartar@ul l,
NdeT sit® ofabmH@EdEl(uﬁ@S@f rthedgérnem 864603613} s anda Abdd tat Ovd g rﬁ!d‘ldé lda
Sspl site of_ _the QUCIEI aAlb % 8 % can be 20 constructed. en 1b
ligating 0#CF2St 3> 17 Jf@eq BsthalgiRI gFeinG codes pPdhRge H@REL@QP*@@( Fig.
7]2 cag'\rll)_eAE@mttawﬂeat yEasthexthlirylcjh Fateigu@pnRe3 wg\tflbatg@fmerﬂﬁh@%ﬂbﬁl te
o} r n ugti an ur,t

i ggtl ngALK:@[t)lte Ia%kbg Egﬁ Eggﬁfeg)(&%cgl%&bégcgﬁgar’ucfreaa Yrd s, ‘%ﬁ/ SO S5 ng
ORF2, upstr é&‘ﬁpﬁﬂéﬁé@'@r alemrmelmtyrceﬁgenefcmrm@es,aeha Gmtcddommf e id

| dapUA t | foP
) 25 dap MerHR Y 80nEFOT22n a0l i nd Ockle BBkl o1 oy ol PUTA

\(})ﬁr% n addi tion exci si ng
pronoter and®36 ¥d lr%aﬁffpéfrﬁli‘ﬂ%gb?gaﬂse%ttﬂrﬁ tcoldteé‘n?%maﬁ?ﬂ§edsbhdih$e| I
and |igati ngairtitalaieySakt 8itie rfgi YHAqORNEex Rhagsid @lﬁé’rm&l Jd 9.

9) can be c t bove ocedu e, here can be con cted a
gene expresglﬁ%nﬁéfalggegtctle%y?%as?ﬁ%eS} &1 of %ﬁ@@ggt é"rheﬁ‘fg lf’é?lsl&amoi c
aci ds of thédsabagdidarmeaktosar mheag(eh)e idenhéfyedsin SEQ ID NO:3 or NO:4

35 can be used as the polyester synthesis-associated enzyme gene




15 Candi da maltose. (4) Construction of a transformant Introduction of the

pol ymer synthesi s-associ ated gene 5 expression cassette cloning vector into

a yeast can be carried out by the per se known nethod. Thus, the cal ci um

met hod [ Lederberg. EE M et al., J. Bacteriol, 119, 1072 (1974)] or the

el ectroporation nethod [Current Protocol ggin Mol ecular Biology, 1, 1. 8 . 4
, 1994 ] , for instance, can be enployed. A 10 comrercial transformation

kit, such as Fast Track's-Yeast Transformation KitsM (Geno Technol ogy) ,

| b t XAUL st T
Frda et car. C4Ehs £ 8pnthng” BL oM E o e of@nte i sE s A ey
tr ansf or ni n§REREYOSEr BRRa L 0N, thechpalsyAel etBony nsest stasson) attreshmm:h
expr essi on ﬁﬁ%l?i’@Trttﬁté)Ylk@iep%%%%ietdrm %gﬁiés‘?ﬂt’%wgm%?n i r“g‘t/ﬁeas

constructed_Yarrow a B ¥t|ca PHA1 cont ai ni ng
lipolytica BRR2SEHRt &Pﬂr R§ 6@u‘ﬁ¥ﬁﬁ&2$lﬁﬂ%ﬁ@@i@é&ed Gividimga mal t ose CHAL [ S.

Kawai et5al ., Agr[I‘he ﬁ@l?b@lterchgmthe‘é@ze&%y 2%16P P(Eﬂbtg%]y)n]th%%% "?tlss%t
a

used. By tr S traln wWith, t nt hési s- associ

gene expresggg ?&§%§QP%§ t%ﬁy%ﬁ%%%ot?éﬁ§ﬁéfﬂ%ﬁﬁ%ﬂgﬁ¥?H@@ena%ﬁﬁﬁmﬂla

mal t ose CHA1l¢eneaidntay lpeJTﬁeprﬁéntad be coasgenetLl. fdbnibd R odEKdWPN of
a pol yester he C S ccor t.he resent
i nvention, FE2°§5|y§§é§€Pf§&H§{3§§ %ﬁg?gggggggutf%%g %%t§$ﬁgdh§§1

the transf oPH&EAP YA 3ahicit 9 HA- hYHé°§Nb@@&tﬂ@muﬁdQ¢prwQQMQfdnmula

- cul tivatd on (af m@@—mry@wxqmmndzfc bbeql ¥ aiMd 8B0G8M HnbRY r('3§’da8&tqbatr{‘ the

fol |l ow ng nner. The n urce for use in this cu |vat|on may any
subst ance t Strﬁﬁéeﬁggng g a%ﬁ 6 13o%iRg generag, foFa Her &5 when t he
expression of the pronnter i s inductive, an inducer can be added as needed.
There are cases i h the inducer 35 serves as a principal source of
carbon. Referrin to n trlents 16 other than the carbon source or
sources, a ngdiunm c our ¢ges ob i trogen, qgiganic salts and ot her
organi ¢ nutrrent |so e uti The CU|tIQ/ ion tenperature may
be a tenperature Jat V\:hl ch st A NR ARG ooyt s preferably 5 20C to
40 C. The cultivalion tine |s not< parki=Coh datdger @t ri cted but may range
fromabout 1 day to 7 days . Thereafter, nethéegsothawst er can be harvested
fromthe grown cells or the culture broth thus obtained. The carbon source
whi ch can be used includes carbohydrates |0 such as glucose, glycerol,
sucrose, etc . oi IcH,and fafs, fatty ids, apd even n-paraffins and the
|ike. As said ojls dnd fats, t herle cagﬂbe used rapeseed oil, coconut oil,
pal m oi | andpafiPr& et eﬁ?‘ rQHf at 0§ )aci ds, there can
be mentioned safurated 0f Un atu ated fa 2y ds such as hexanoic 15 acid,
octanoi ¢ acid, decanoic aci | auric acid, olelc acid, palmtic acid,
linoleic acid, |linolenic amlﬂ awfm£§¢mbﬁmaﬂhﬁse&gm.1and deri vatives of such
fatty acids, e.g. their esters and salts. The cultivation of Candida
mal t osa or rrom a |ipolytica, for instance, can be carried out using an
oil or Yo fés ) aSORRETHEELBR S6uRcEEne| RXPHESEd98 cRsaeyéast whi ch cannot
assinmilate oils amdrft_afté eprakk iQn 6%“5!0&e:§§$tr{“a| %QsEheﬂﬁ Wid Re@%@gara.

medi um

eff|C|ency, hf g can be |nBrove Zhgase to
Nbr eover , byt %ﬁ%?% §oEHETFPFaZe ﬁéﬁ%a-HHOBPFeéssV I & %rg UPSHEERBN can
be inpartedOf the 5'-end of the gene and to ligate DNA sequences such as

poly-Aadditionsignal, terminator, etc. downstreamof the 3'-end
20 of the gene. These DNA sequences may be any arbitrary sequences
that may function in the yeast. While the promoter includes
sequences relevant to constitutive expression and sequences

relevanttoinducibleexpression,whicheverkindofsuchpromoter
sequence can be employed.

25 Moreover, in the transformant of the invention, the above
promoter and terminator are preferably those which function in



25 Moreover, by using a fatty acid or n-paraffin having an odd nunber of
carbon atons as the carbon source, the proportion of the odd-number
component of the carbon chain can be increased in the copol yester of

3- hydr oxyal kanoi ¢ aci ds of ~ t he above general fornmula (1). 30 The nitrogen
source includes ammoni a, anmmoni um salts gych as amoni um chl ori de,

ammoni unsul f at e, amoni um phosphate, etc., peptone, neat extract, yeast
extract and so on. As to said inorganic salts, there can be menti oned, for

exanpl e, potgagsiy phat Si um d sphate rra esi.um phosphate
35 magnesi u%ﬁgul #?a%qgﬁldﬁ%ogl R %%&'I (fé’ of 'a RO Qﬁ,fre-'%ut rients,

t here can be nent C@né@ruf:(trloaxafrpal eenammmﬁm gueBette to be used for
asgl yci ne, ak-agi E@n§€£h8€ﬂ.5ﬁr@§rﬁ %aﬂs@d%%nf%%cbr%gpﬁehﬁg NS JHS

as
vitamn Bl, ,vitamn Bl12, biotin, nicotinam ant Ci'dVz 3% ami n
C etc. 5 IAStReWpaRerteedi Tekermiagitiona) tﬁélef chbewingttiedhiapresican be

used forshaniestiytgcahes n@exceagerfhé ho! 8849 g e
conpl etion of .cul tivati ondt o é'r%@ ﬁ]lure bro?h(rk?\émeggnc%%lé uge‘g}yfc{lh—rg‘é%f
—@%é—@gl S e

to separate S Hi& PStaps RaSH®d 8%t h distilled water,
met hanol or the like and dried. to Fromthe dry cells, the polyester is

extracted i r I I t ch as chI or of or Fromthis
or gani csol vg%'?sﬁpeﬂ M A= &l atshg-'nh(,eelhiolf‘ltar conponent is

renoved by filtralhen Xargdwig ERQOémdlt: elqaubydgt&theshqmtectnetpato&%t@t
addi ng po poghdsekyfihatSHCR A% MBRAN Ao ?%%?a%llf N8 Jdek Gre i, Hﬂ %
i a d§5t i on,

filtrate. ter rem)val of the supernat an £ 00 or ceentt
the preci pi | AR LYEIGA or MoF Rgefesabéved Proactersdebt vedddon

pol yester i §aamaw¥aethﬂUlgaEc£Mm3&iﬁwraa@é%nPﬁaf‘é'§|d%é*1v%%lgf‘r?$1h€f e3eAance
spectrometry, £or . ingt Q@EE 20 Thedrret od of produci ng a polyester——
accor di ng to‘?he&pr—es nvEnt 3RS % i IR P HenFORE ﬁasldcéﬁa?moéeéf
pr oduci ng aaédrﬁélr}'@sfﬁ@naﬁomdrl\ybectn&awm:aequeaced&mfvetd@ gheve 1¢enn3l
formul apg 1) s‘d’bbhlﬁﬁﬁgoﬁr&g&'ﬁéf"é&d’ltlw Lhesaprs, m%\f:et 08289y €3 0ENLd Qued

met hod whi ch 25 _conpri_sesconstructing a reconbin

Yar r owi al i pBPytLcBe¥r SPRCESRPalRi KaTERWig éi@dl&%ﬂﬁ- PHAL or pSUT-PHA2 or a
reconbi nant Candi Thenedttosn S37 aige Q@ntﬁbnaBQvék@oﬂé’é‘ﬁ%&Wﬁfaéﬁz 3ny for

t ther st [yester P(3HB-
osul timg 13 ORPhe LaRblyivar? ST AR SO A bRYBRRYF ReRAciR bAon e

above generEBBcherighia (@)l iannd Balyyith ox yhexaginm whachdriafl bdauabavaocaansr al
fornul ad 3) réﬁmlégtgaoﬂﬁlcﬁ% JILNPLES 3R Ih\?e{:\%JfOW n%h]rex%rﬁzg,\l]%{?l@:olm%%ér ate

t he present |n\t/ent| 17187 n further detai
under st ood FREtIERELPRCHAI ERF ¥eapE vilinbei posnhriord snbyanelieanslgefi ned

by those exﬁupéeserS fixargie ek‘pr%%ls)i%%l @és%)é'ﬁ‘t@eéhﬁ %@%@Eﬁ@eg‘%ﬁ%d( a)

when Y
ynt hool o aease AR ihERBoRERsGr ot B il BT cdn S id ubonamouEBIND: 1)

derived froffRbieabhng D&&Téeaaddp69155panlbecempmyyeGDATbydiyhaiedﬂene
(phal~28FQ sBudPed)on the n-alkane-inductive cytochrome P450 gene group
of theyeast Yarrowialipolytica, adoctoratedissertation thesis,
Tokyo University Graduate School, 1997).
In the above yeast, the polyester synthesis-associated
enzyme gene is preferably a gene derived from Aeromonas caviae,
30 and for example, the A. caviae-derived PHA synthase gene
(hereinafter referred to briefly as phaC) (SEQ ID NO: 1) or the
(R)-specific enoyl-CoA hydratase gene (hereinafter referred to
briefly as phaJ) which converts phaC and enoyl-CoA, which is
an intermediate in the B-oxidation pathway, to the monomeric
35 (R)-3-hydroxyacyl-CoA [T. Fukui et al., FEMS Microbiology




. 1o whieh converts enoyl-CoA, an internmediate in the a-oxidation pathway, to
t he nononeric (R)-3-hydroxyacyl -CoA [T. Fukui et al., FEMS M crobi ol ogy
Letters, Vol. 170, 69-75 (1999)] were used. (b) \Wen Candi da mal tosa was
used as the host 15 As pol yester synthesis-associ ated enzyne gene, this
gene was constructed with reference to the am no acid sequences of
Aeronpnas cavi ae-derived PHA synthase and (R)-specific enoyl-CoA hydratase
whi ch converts enoyl-CoA, an internediate in the /3-oxidation pathway, to

t he nononerile h - a .0l 0
Letters, Vo: t%%r(ﬁziga%yﬂ%g%ws%nglggz rra@%ggyg g y%%gm\f\%gﬂqpiﬂ{ &

transl at es taﬁie %odon to serine, not to |eucine. Therefore, for use

[ ECandl dagal t osa, TEEGpramonetr A&KﬁgﬂQGEQOIDthEBMCK@@%§@ﬁEi1§B(h®IIﬁ3@@ﬂ%1f As
t he 25 codo | t.0, e ani no aci C n_w t he hi
frequency of?ftiascrggen—rr 2';%]%601'1&&:&1‘% ?%%cg WL SR8 Bfit Péﬂﬁgg& %Bfﬁﬁ?a%?%] the

i nf or mat $on drrearite of e&quén@f dfham@:m.fctemml cytoes . Kl aus Wl f:
Nonconventional Yeas Y. .nger S

consul ted. Specifi cal I y, rE? vver el@o gﬂgg“ep X Sctoer r{]% dds P for

met hi oni ne- Sp&iMA ﬁ@ec@a@ﬁ@t@ﬁrd toh&her §§nu@§nanlsgenef y& NBCR otkorisn 1 que
respectivel yanlBd (i liKedvas Taesp BNRer Aldpichrledl ¥stQ ﬂrh%he PCR are sh

phenyl al ani nmggciéﬁ&ﬂas%%dons ig |n§UCI ne c&é}m f cadons C?‘FJ(I:] and
CTG both of TN IBNAC S 5.‘§* cBSi P tRary
modi fi edl035 atso fERA aend-HETGlrjesyisictd wedng v dreenfT Aaandbd apkl fi dibed as

such. 10 A L e dSAeuRlnE-SRBRLLY | RaxQ] Q0En AIETalA A, oL, Gfgfhi ch

are used in DNA sequences o has cavi a Wer e ATC
respecti vel 2t whreadsamd MK 3fs wd thsSseER. at'A§ tleadvahiiNdehedi By+egdomdrons,

GIG and GTA, egHeRlc o] e i ae,
s %ﬁﬁggdﬁﬁhﬁw i SESed \o: BNAnaCIYeCaRaOkr A OROAS SAY
[

seri ne- spectitly CSISHRCLINGR Y TER 1A% SEEGID NP : 6f a\ﬁh?cﬁeﬁpéaﬁged A% NA
squences ofpher,0aphas- b?ycamrcwer)fe ﬂm@m‘dnlﬁtdwﬁ@hmﬂ'el}mit |56t—E§@ and PdET \é\er e
used as suc cal o of, .to correspondi n
col ons vverengoﬁsf_itegg ?%R(E%l %gect%u tteh ggﬁ’mngﬁg @I%I]ﬁg 2p8) ﬁﬂsfﬁ;{&;{) °
and ACA, alPBEJ LthiNh lares @sdeeniml i s@guéhdes fohghendnmisad igatiede, thwere
modi f i ed to:/é%uﬁc;@ qw@oé\%g r(aggce,k Gg:GbxtxwehhlﬁIA?QazgﬁénH ﬁ t AS

t he al ani ne- i are 1 used
in DNA sequ&%@e?“\# Zgln(g EaGaW{é]é Nt & hopdiTarshi ang BamHIgee RimeroT
relspect iagrilT WAsS mpma@qshmsfm@deﬁs WHHINNGAS 46 'tHehesane-KgRECht Y3 'nge_l}d_

col ons, t r 0Si ne- in
col ons as use %&ﬁ%@;g&%& %@m&agg %Q/ﬁ?z@ qﬁs gi‘%% 5@& gﬁg‘% T%VAA )
was used. 2@sA8 ttﬂiwlrﬁtsﬁ-l dPsets fbei Yo hor cdihenp | aATdarat tACPBETS Eisy gned
al ternatively awd he hbstllgcyh Qﬁdsl?ﬁé' Weesrcgé@fié é‘fﬁgbi 8 BPreraahpes

of Aeronpbnas  cavi ae. t he gl ut am ne-speci ons

cor r espondi & NHs %FeO&BISPTéd tPoaBA?S\baAAﬁl ﬁdb)AA‘@%\%gea alsih e PNA
al t er nagbvelshown tilme SEQr [PSPONZID a2 beaSpAARTI 16- SRECHE Vi g Toh DR .site

Ast hel ysi ne- f e corres i.n

modi 11 od 1o Fhk aEbRRSEE8NT e, Wil by R b Br ol S B e ruet

cor r espondi RgPé8EBAS W'@‘Mf‘i@cﬁ i é)GATTh@B, ttma thleunaht t-atovisgexitfe/i ng
col ons, allygfatt hBaﬁHﬂcﬁﬁB@U@S”QﬁJﬂ@%}@%d@ﬁ&C@é ﬁéeﬂgt o dhd

cyst ei ne- speci f.yi ng codons e correspondi ng co ns vere nodified to
TGT. As the GaRfidithel HRERAMg Eiond) a1l of the corresponding coI ons

were modofied to AGAtmAY,t hexdsycighersped fdﬁvﬂ&t@@a@cn%eﬁ{:dna%rt R&n be
cor  espond: R, Sl oD ier €190 Ledi Lo SElal SELEronas covl sc: dery ved, P
were 20 m¥dal eddt diGasedakotithe @wtTicKbiado sKrl o§ip EssmAdi gBUTR@EHAL
sequence StryCEHRStYAStPH1GRAIGeHsHY-PRRS & HUPSE) LUt EONSii s manner, two

kinds of plasmids for recombination can be constructed.
35 By the above procedure, there can be constructed a gene



Thus, PHA synthase gene (ORF2; SEQ ID NO: 3) and (R) -specific enoyl-CoA
hydr at ase gene (ORF3; SEQ ID NO:4) were accordingly 5 designed, and based
on these sequences, ORF2 and ORF3 were constructed by total synthesis.
(Exanmpl e 2) Construction of a reconbinant plasm d and a reconbi nant strain
io (a) Wen Yarrow a |ipolytica was used,;gs the host In order that the
above genes may be expressed in Yarrowa |lipolytica, the Yarrow a

| i pol yti ca A1K3 gene pronoter ALKSp (SEQ I D NO:5) (GenBank AB010390) was

| i gated ups r{§%msof. t he 5' grﬁd %f ene he re r| ction enzynme sjites
necessary 1 FoPERK; 1§ 5ERe Yo r%t Gaed KRS rdpar ed
by PCR The3phiynlepxs/edulfenoes askds iaf EER aﬂasceves Ige\merrarl ﬁE@mIDa NQ@)8ihhtaugh
NO: 14. PCR %gsga khi-ed,Qut l'lgo%%tﬁ%%l es of 94 C1lmn, 55Cx 2 mn., 72 C
Xx 3 mn. for arrp ‘ticular gene fragrrent The pol ynerase
used was Takara 20 Shuzo's ExTaq. Regarding the pr ormt er regi on, ALK3X with

Xbal at &' <pndwaed bNdebidh #alteR@ %d u%lel@% Wi at 5 -end and
Ndel at 3' -end vve@g B ar e Trogr SEQ NO: 8 and SE%%S NO: 9 or SEQ I D NO:
9 and SEQ I D NO: e nbs SEEPR R ROEDS Eifp PO BB As

r egar ds pha@ndaﬂemh@uht&ﬁ()tdi)[bef LRgEareWpt B FRldab 1 gt tﬁos@%?{ﬂd fitgldt idin

-end SE D NO:11 S SEQ I D 1
2 tonpl ate. Thoaudtas iRl ARl | RobR. ne BRFRREY iR g Lee) L EPAE T e ren;
si zed about m2700shy t3ttbhshovetpraferfaibly) ety hopdrat av tandNdedrnditnf orend

d 30 BanmHyeat 3. th t d and
Konl i 5 Cend ns o a e e D] AP Hegl il sty

epared 11
NO: 2 as a teﬁp?%lt%PrﬂglOttsrt%FedK/%tt@rrmlmé% Bakike pEYFsseaignce desE@ed NO:
19) Xgnld t hebyl ansi _deIDSUI?nDF @ﬁBB@ﬂtbﬁl@ﬁaQﬁdg%rtQ@di\ﬁiﬁd%nséf Sored &gl%‘}e?»g to
an Xbal sit u alin own in VEr €, .used.
To the mul tlgcgérsri %éfgigreo t%ﬁ DSt SERMeRS g\/@aﬁg&%‘:t%ﬂ@@m
wer e | i gat egallgosanst r uct the plasm d pSUT-phad (Fi g 3). Furt her, ALK3X

gggsmﬁ Wgrgl ;;%@hedvéetg?gﬁﬁg %&' QH'@ ﬁéﬁs @g’ﬁrﬁ He ! gllgr%ﬁ%n ohad,
ALK3S, phal a&ﬁdl%m«meﬁéaﬁﬁti&qﬁmveﬁom@ e&eeéed asIlaCandudamadctoeaorr

and Xbal angnki gat@eloh@utsm9 §é%hhcaa‘5@ﬁb Butr810LaR! B8 M e ® ST - RIAL L at
construct a Ias s nner., two 10 ki nds of

pl asm ds f of r’écglr'rblB EEAZHS k’%ﬁAlzaYr?d g@\# v17e9r9 )donst r uct ed. By

t he above procedquenvaededemmbtsssmms:amt =0 tbe Ino oty ct g po 18ajatest er

of 3-hysf OX)@'UE?@QH% agls g%l%ftetdhgng%qt%_%e&%gr@;{hé “-E,%si%ﬂ(ﬁ{‘%)%é t0e s east

Yarrovvralrpo ytica was constructe |agra
shown in 15 Pffgtheleamﬁentw pes e segenag amﬁ%ﬁg&majﬁ(&man(\fed | i da

et al., Yeashzyhé. 1887- é-}@éit?p.’(é—,gglﬁ')é giafe WeRAngFebrt bRel SinOdEidORA t he
constructed Iasmd m%g% e host, Fast Tr ck' -'Yeast Transformation KitSM

(Geno Techn5 Gy T RS THoh iad PEA YN 3RR 11 caaddsiadance
with the pr mtad\colsaan’dhusrqeglea 1sehecémafpéat1eefeﬂred &b bhveflyeRsSORE2,r ogen

base wijdou n I e Ior| de

wv o aégg;r)tﬂhg%eggng%géﬁtad\é\%yals%awggoﬁﬁf %Fhe%r]’g %%?%Qn C(ﬁ&lg{qg osa
was used asSERE ABERO2ACiIG sREHINGhatins SagddERy maddoSRF3a 8 oUR B2 l:ae'lce>t|ijlr6essed
in Candi da_rmlt-gpacithe eaagud@omalhty@&@t%%lél WHARE RIARRIRS %lfré'yrz-@%ﬁ@ I D

NO: 6, GenBaPh%I 500481 ated upstream of the 5 -end of each gene and
the Candi da"haffoss ARking %ﬁ@egéﬁﬁf?néﬂthﬂLﬂl‘tOX(lSEGHOD R@:thywayas tio gheed
downst r eam mbnbherdc- Rd - 3PERAIveS yae yYISEDAf qrthiilke g@h@parsathle(ﬁémfaftt@

restri on s s I npt e i\ nat or
to thecésdtrucfg’grééggd %%‘#%Efg ﬁrrgorg%e’q&g%e%esq%s %rlgﬁa '%@rﬁ%&;@n n SEQ
| D NO: 15 thrIEugﬁuKellet Fhe, PORMSASiceebielogytLé it ess cyibdles 1010,9469C€76 1
mn., 55 C %1390, cdd EeXudel RithOhdvantage.

The promoter ALKlp (SEQ IDNO:6) and terminator ALKlt (SEQ
IDNO:7) (GenBank D00481) [M. Takagi et al., Agric. Biol. Chem.,
35 Vol. 5, 2217-2226 (1989)] of the Candida maltosa Alkl gene can




35 anplification of the particular gene fragnment. The pol ynerase 22 used
was Takara Shuzo's ExTag. As to the pronoter region, ALKIp with Sall at
5'-end and Ndel at 3'-end was prepared from SEQ ID NO: 15 and NO: 16 using
SEQID NO: 6 as a tenplate . As to the term nator region, ALKIt with Hi nd I
Il at 5 -end and EcoRV at 5 3'-end was puepared from SEQ I D NO: 17 and
NO: 18 using SEQ ID NO: 7 as a tenplate. Finally, as the vectors to which
ORF2 and ORF3 were to be ligated, there were used pUTU [M Ohkuma et al . |,

J. Biol. Cheya ll&’@'tedazﬁstzggéﬁ Rl 599%§t11 g\?&i &és*lgp%ﬁl %&?Fgé é'%%fﬁ‘léng

t he aut ononously replicating sequence ank
D29758) and T6RRS Jerté LiGermBARCIDEL e 3% Epnmcgttarrml plems (Fig. 2) which is
obt ai ned ~by nodi fryi Bgebheemrhkercgeneckion bhadnkosAds! rysi Ngn AR

nmal t osa ADE SEQ.I.D NO:. 21 GenBank DQ0855 UTA wa contrgte b
rermv;sng U ﬁg@ﬁce(f?le%tp% %\Hrhtﬂh %qq%%ﬁ%—ngeﬁﬁe %SABEB éec%eh@ue Y

fragnment5as caxcbsedtniihesal IThé\Lpﬁmemsaéqlmtcﬁb tfort hgePydl theNdeR sid e of

d | d h d
Ce of the URr To tonct roct oponr dpio B, | R EnbEEAORa A gned 10

the Ndel, P§th°V§ ferothgumpset daéoﬁgnrhetelappbasm als 2on @ Ubn CREPo{ i for 7)
I\/bre_over, i rhHeh®@ogrqur se of construction of pUALI, ORF3 was ligated to the
Ndel, HndlIl sit P ALK1 and, further ALKI was |igated to
construct pUAL- OR {; @romgﬁ?énretgﬁé’n@?@mﬂﬁtﬁreaﬁﬂlﬁré ptrendcand

downst r @m ZBIetIeaMBn'a-temd waneb @ xpriepet «2b faosRQ Tbono | he ARG d Rty
usi ng EcoT2 gate St | |te to_construct pUTA-
Furt hernore%lEgg?g Il]% ? sda?gg{ngﬁﬁg ups ?eta %&Ep#gfgfnﬁﬁardﬁﬁﬂé‘??lea%xlt
terninator Wdid Eke%éa &ls 54 —emict ahd FeqRIA-tORF3endd-dri hat prepareher S |
site of PUTAEORFS No: £Pnstd URd: 130 wiplAsEdrp\ i FREPE LELE B - By {he

above proceqk_g)ﬁ %ene expressi on_cassette for produci ng cop oI ye tecf' of
3- hydr oxyal Y‘ECE Fodhst veréoanpVEA helfaral 24 dP?ﬁH’%\r?@LPW\EQdGﬁmnglﬂh@d in
the yeas% Cawdikea gahtofaomTheadves asldelce@,ihrgugtﬂrgm ShadE 201 §a SROWHLA D

Bioi | cnentoeAre 15E0 S3NELCR, iS58 S0bonT if “BivaTiat odue CROF-0f 1 ho

pl asni d condtiedot 6lennt oVehe Fosto-Bast19park' ' -Bledsigabriars ADKapt torcHd t SM
(Geno TEChn@’WQ‘.)I) N@éIU§§t€’e o ge@w ”&ééBPl@@a £R%d 84/846157 Ac§Adance

with the prgtOﬁ}gl § usi ng sel ect
(0. 67w v$yedsSt hfr ﬂ;’éﬂﬁééewﬁ%%ﬁl%@n% tzikﬁ SUCH T pUBLY| (Ebge, 6 R4camy/be of
hi stidi2@, 2owstrHicagal.) Than( e@prﬂllg"@Jﬁn§b!R@2ntWa§1é)Wd@Ine§stftE%@E@'@f 3)

Pr oduct i oon P(3 C H r I na 1o strain of Yarrow a
li pol ytica ﬁéLr éc?ﬁﬁl %&r?tswslt r &) U%g‘ 2J[R :Eh i Y % £XGTHREIGHS Y t he

pl asm ds pS@FSthGSUb&PJrMaandg@&BB ﬂsze Weled , dﬂlrtdﬂ@sit\e beEpUmJ'ﬂ-mMKng:
manner 1&1*1@1@0&8&!:'&\%\/ BEG‘cd”fF‘sCHMBt \Q?Poﬂ%%ﬂ‘a(nﬁf%%% X?gr%tté oYy i)

wv $ Bactoﬁg tonF 3 ucose was
product i on GRREe 4B%E - m? i G Be2sapsErpigiesst extract 0 . 5 vv/v $

Bact o- P2t On) andThem, ey alxJIRAingWRFQ, . ups ¥ &and piiidaBe 4 ﬂ-nd%id%ﬁ’st%:e(w )

zHPO4, 0 . (o] Ban ndi 4 w v, $ adeni ne

ppm t hi ani ne \f%“ PoER o?llEX ALFT]R/ ?B&c@cﬁ)ﬁéfné %%ﬁ‘lt‘ @gf%t‘f%’ﬁ“{ &2l ved
20 in 0 .1 RPACLigsting $tweo¢he7m1 Giteb off WEAINSPUTAHERF2 Gan eV v $
FeS09 7H20cogstrqgt%v $ Cus04 5H20, 0. 1 wWv $ MiSO4 6-7H20, 1 wWv $

NaCl)) supplenented with 2 wv $ palmoil was used.
In addition, by excising ORF3, upstream promoter and

30 downstream terminator as a unit from pUAL-ORF3 using Sall and
ligating it to the Sall site of pUTA-ORF2, a plasmid pUTA~ORF23
(Fig. 9) can be constructed.

By the above procedure, there can be constructed a gene
expression cassette for the production of a copolyester of

35 alkanoic acids of the above general formula (1) in the yeast



A-500-m Sakaguchi flask containing 100 m of the preculture nedi um was

i noculated with 100 ~c 1 of a glycerol stock 25 of each reconbi nant strain
and after 20 hours of culture, a 2-L Sakaguchi flask containing 500 nL of

t he production nediumwas inoculated with the preculture at the 1 v/iv $

| evel . The inocul ated flask was incubategsat the cultivation tenperature of
30 C and the shaking speed of 120 rpm The cultivation tinme 30 was 24 hours
for the YPD nediumand 72 hours for the mneral nedium After autoclaving,
the cul ture dyRiinaas 1684y i fuged to harvest cells, which were then washed
wi th nethanot and 1t yophniritzed. The dry cells were weighed. The dry cells
t hus obt ai ned were crushed and extracted 35 with 100 m of chl orof orm added
under stirri(g @befsrﬂrgmtlol:he)f a %@g&é{hr&o 25 extract was filtered to
remove cells and éh% ?éléate oncentrated to.1 to 2 m on an
evaporator. To th B VI IS W hisdaie S Pradeg higane t he
hexane- i ﬁsola;iplrea‘srmt casse’fdleadnbmmlﬁg neatfort hathex apead heahubbe-{¥@cdd on

th bt | furi ¢, aci d- tha ol, m xture (15:85

an35580 3: nc;%sl %‘n—a%& Hﬁ‘“’er sezca O(#‘Ju ci?{‘@Et’e fg(‘fl@mf Lé ( )

mnutes to dﬁ{e&iafhei@ p&l.y¥st et déeanﬁosBacbarpobdutl9rrel®|7/2 eb2®4) | A:ﬁ:t er

cooling, 0.3 ofladidyy r&ﬂ%&ﬁ&oqaﬁ}& F%tﬁ&@c&o% ﬂ?%féé@éf on.
er the mX

To this was added 1rr1 of d||sopro§ ure was stirred
with a stir@feRlofsinal: 11 1fowed® 3‘}]ceﬁ‘t’FlJf%‘iﬁ‘iac%md:acrh@eoﬁgﬁhpwedol vent

Iﬁyer ;Nae semmmtxeﬂaanctmh fyrech Hion qarmossddtghrhéay%@plﬂﬂ@élﬁngpéad stth
chromat ogr a chr ) se S madzu an e
capi | | arg C(%L{}ér?ﬁ?l}g:g%%%‘ @% g(fg‘??c%é“ geﬁgg\lfgﬂglgé]\l[}cfn(égﬁ & | Wnigh Hesin

colum in. dia. O%ﬁwampd,@l,dYﬁlrh:nwu.hl tkpedgt@cd axayl sé\srabnt[a'rrpelhaiajre
condi tions, da1t.eMRELAtLI e 13634 ACT 865 CEh 4O (e U LisBly LEVEL Ao 00 C

at the rate of tal ned results of analysis are

Tabl e 1 and BthdraRgforging ddws stradn withyithen nmlmagr 12 . The NMR

anal ysi $5(J5Qnthlal‘dl‘ﬂs9é‘b%)c1%ﬁ.féd @@@'%&éﬁmwwr@;'% Jﬂ%xﬁé)o) of
t he hexane- |tns tﬁb fractl obt ai .ned were | so carried out
LERS RO BT L §+?Bﬁhé>d§ t § IFRERIfEuaEd Mﬁ

exanple, the
respecti vel i p’@b}_lte.@t BHIArlucenaadnangl pSU$ ~-PHAU| &nSanpt edkelh Upolytica

St rai nWi ghtpAymunt, f-3 Tﬁ[p_ r Conposi tion(g/L)accunul ated(ml =) (
9x1 E%;

w ~)(1)1/4 YP Control PHA13 651. 9x10- 1( 3) PHA23. 432. 6x10- 115
(GCO) (4) M neral CoftSrbr®! P@G' GHAL 1S 1KeyPLHAal 71 2827 ¢ NVR)

l(E%H:BS aagarkbmioﬁ T @henhg aﬁaﬂ\ée 5% Wd-%4 h@{thlhej c&izpl\?ueﬂs; He L}seZ:ﬁl PtB .
co- c ce nmeans e yeast Yarrow a |ipolytica,
was al so fourﬁﬁﬁ%ﬁ“{) ﬁ ﬁg-%/rad@cm}:]gd:hqngﬁwe,‘rnsynthesw -assocCiated

gene expression cassette by the above transformation method,
Candida maltosa CHAl containing pUTA-ORF23 can be constructed.

25 (5) Production of a polyester
In the method of producing a polyester according to the
present invention, the polyester is harvested from a culture
obtained by growing the transformant of the invention.
The production of a polyester by cultivation of a
30 transformant of the invention canbe carriedout in the following
manner. The carbon source for use in this cultivation may be
any substance that the yeast isable toassimilate. Furthermore,
when the expression of the promoter is inductive, an inducer
can be added as needed. There are cases in which the inducer
35 serves as aprincipal source of carbon. Referring to nutrients



a-smal . amount, in the yeast, too. 5 (Exanple 4) Production of _
P(3HB-co-3HH) with a reconbi nant strain of Candi da maltosa The reconbi nant
strain of Candida maltosa containing the plasm dpUTAl or pUTA- ORF23 was
cultured in the follow ng manner . 10 As the preculture medium YNB nedi um
( 0. 67 wv ~ yeast nitrogen base wi thowg am no acid) supplenented with 1
w v ~ casam no acids and 2 wv $ palnoil was used. As the pol yester
production nmedi um YNB nmedi um suppl enent ed vvith 1 wv $ casanm no acids and

cont ai ni ng, o%%e% sanCehef cS@BQH”sogkv\% ool meA(%éﬂé %ntg-lajkrgoconm

15 oil, -3 wv ~ tetradecane or exa ecane.
flask cont alsr‘?ﬂlﬁ(j:e?OO%n%froﬁﬁérp%ﬁéﬁg@%%é Sr?é@%ﬂﬁd@s‘-herm@uganed rw.trtv.elrﬂi) ,u

1 of a gl ycenalrcelsocknobeeachlszeal.n Bl duictded €dom Of ergl NOMESe pf\Phe @
2- L Sakaauchi flask ont alg n%}%g.ﬁfir%()f t he producti on medi um was

i nocul at ed w.tﬁmESrF‘ B850 LRl &P ITPY RUT el Prefgnahlie was
carri ed ®ut 28fCtthe 4ul°Ci. vaTm@ncthmmﬁimetgﬁews handpiheishaking speed of

120 rpm for 4 |1t ting .qulture -broth
was aEt ocl aveg%rq' ttceg\r/lﬁ#&g edgf%é)tﬁgrz@e da@f%é%scﬁ% Y%el Ir[g‘ I}ﬁf’stecoeo‘?'al ned
wer e washed Chiet®e hee sigmoraame RErvesped Iflr@@d:hér teownyeddld or theecuidiued.

The dry cel byotthushefRt abred nery.e crushed and extracted with 100 nl of
chl or of or m added der stirring overnight. The extract was filtered to

remove cells and tHE $37R9FRUMGS WoiitereR Redised inclydes amhohydrates
evapor ater suth abegnmm,t Aty eie lyasuadded, 18cal, ofilhesanecdos preegipj tate

he h f t te preC|p|tates wer e found
{he hexane: HSRUbL g, BB e dBelb s T0hee PLSoR R e 1O
cul tured usutﬁ@r@ocenube olded trefeseedané lando bexadexiane p(aIabbel%n&)palee
results of NMBnéﬂabii'5aﬁQEGLotﬂywhEXAQQ)SQ%dtPgtt 2§Elds, there .can be

hexane- |nsolublefract|on obtained in the culture coconut ™ oi are
shown in TaBe@t3onsd ??Euriged?ébﬂl’és@t‘éﬁﬁﬁ@lefacﬁtibaﬁé §ridiGhaAs haxadiai s

Car bon s®uUr aeidéi ghtaﬁb:.EOb}tﬁfﬂr gethaofe/ é&léﬁcyﬂﬂfﬂé eai’cf@' M1dic ke,

Coconut O'lp%gmit l%& E%g §C4aél&0 fb gﬁ?geac1 P myrlstlc acid,
etc., and derivatives of such fatty acids, e.g. their esters
and salts. The cultivation of Candida maltosa or Yarrowia
lipolytica, for instance, can be carried out using an oil or

20 fat as the carbon source. 1In the case of a yeast which cannot
assimilate oils and fats at all or cannot assimilate them with
good efficiency, theefficiency can be improved by adding lipase
to the medium. Moreover, by transforming the lipase gene, an
oil-assimilating function can be imparted.

25 Moreover, by using a fatty acid or n-paraffin having an
odd number of carbon atoms as the carbon source, the proportion
of the odd-number component of the carbon chain can be increased
in the copolyester of 3-hydroxyalkanoic acids of the above
general formula (1).

30 The nitrogen source includes ammonia, ammonium salts such
as ammoniumchloride, ammoniumsulfate, ammoniumphosphate, etc.,
peptone, meat extract, yeast extract and so on. As to said
inorganic salts, there can be mentioned, for example, potassium
phosphate, potassium diphosphate, magnesium phosphate,

35 magnesium sulfate and sodium chloride, etc.



I't, is apparent fromthe above results that the copol yester P(3HB-co-3HH)
can be produced by neans of the yeast Candida naltosa. 15 | NDUSTRI AL
APPLI CABI LI TY I n accordance with the present invention, a copolyester of

3- hydr oxyal kanoi ¢ aci ds of the above general fornmula (1), which is _
"bi odegr adabl e and has good physical properties, can 20 be produced by using
a yeast. 27 CLAIMS 1. A transformant wherein at | east one kind of gene
expression cassette 5 conprising a pol yestersynthesis-associ ated enzymegene

has been introducad bator 3 Hea S%ntsz tﬁ@?eté%g%)fn%@lo{ﬁ% rgép%ﬁagnep alml

wherein the pal yester 1s a copalyner resultin romthel i Zation
of 3- hydr ox PALREAS dscF¥sh a6 ‘llh’(é?lfncﬂrla)]dﬁl'h@'l@eﬁ@ranef ct;rhm@loau@@), prwllne,

HO ~- G C CHeg ) ard @1|t%mt1|i*1% fsRIciu a3, v@tra@cﬁrrﬁﬁnt erlacrhn?irkyﬂugrq}irbtl]rﬁ 3.
The transfornant accordln% g %b?|n11 or mhereln the(so yester 1s

copol yest er '@ &R S PG REL JpdtaEY iZatd teh of
3- hydrox!ybutyrl c a’umlthe)prahelf:eldmtz\hégnfv@hm;llo@ (e &6@13wh¥1§rt§é@&hﬁ

c

3H. ,
fo G o G o e B8R By RalteBeitl shg ST ShangtetR G R 1 to
3 wherein tﬁ'élufea@tft@@ eogw lied iy off aud igerdramn 2% he culture broth is

AC'CU|000”'@@ﬁﬂr&ﬁ%@%@h@@ﬁﬁ@eﬁf%ﬁEQQ§QH§sé$§fQ@¥%ﬁeaﬁﬂgMgandthosecells
Babj evi a, Ber;srlen églfllle w1t g:?ggfffed%art%%%yggﬁl?;gg&%nrot gelslke and dried.

10 From the dry cells, the polyester is extracted into an organic
solvent such as chloroform. Fromthis organic solvent solution
'containing the polyester, the cellular component is removed by
filtrationorthe likeandthepolyester isprecipitatedbyadding
a poor éolvent, such as methanol, hexane or the like, to the

15 filtrate. After removal of the supernatant by filtration or
centrifugation, the precipitated polyester is dried and
recovered. The thus-obtained polyester is analyzed by gas
chromatography or nuclear magnetic resonance spectrometry, for
instance.

20 The method of producing a polyester according to the
present invention, constituted as above, is capable of producing
a copolyester of 3-hydroxyalkanoic acids of the above general
formula (1) with good productivity.

Furthermore, by the above-mentioned method which

25 comprisesconstructinga recombinant Yarrowialipolytica strain
containing the plasmid pSUT~PHALl or pSUT-PHA2 or a recombinant
Candida maltosa strain containing the plasmid pUTA-ORF23, for
instance, and growing either strain, said copolyester
P (3HB-co-3HH) resulting from the copolymerization of

30 3-hydroxybutyric acid of the above general formula (2) and
3-hydroxyhexanoic acid of the above general formula (3) can be
produced.

EXAMPLES
35 The following examples illustrate the present invention



28 Bul lkera, Bulleronyces, Candida, Citeronyces, O avispora, Cryptococcus,
Cyst ofi | obasi di um Debaryonyces, Dekkara,

Di podascopsi s, Di podascus, Eeni el | a, Endonycopsel | a, Er emascus, Er enot heci um
Eryt hrobasi dium Fel |l onyces, Filobasidium 5 Galactomyces, Geotrichum
GQui |l l'i ernondel | a, Hanseni aspora, Hansenuhg, Hasegawaea, Holtermanni a,

Hor nbascus, Hyphopi chi a,

| ssat chenki a, Kl oecker a, Kl oecker aspor a, Kl uyver onyces, Kondoa, Kurai shi a,

ML Soparony A8S £uEHEOSROA L U e LBBINEE ot 8ULE] AW Ste MUMRPERED. the

Met schni kowi a, . M aki_a, xozyna, . sonl a, azawaea,
Ogat aea, Oostﬁ&l'ﬁ%c@rﬁ scg/ge ogthe invention is by no means defined by those

Pachysol en, Bxaedmitdschospor a, Phaf fi a, Pi chi a, Rhodospori di um

Rhodot or ul a, Sacchar onyces, Sacchar onycodes, Sacchar omycopsi s, Saitoell a,
Sakaguchi a, Saturnospora, Schizobl astosporion, Schizosaccharonyces,
Schwanni Bny d@&xan$der ildi obolysstas Spﬁthb@ﬁ@#ﬁ@%ﬁci&&@ﬁo@@%ﬁ%deL”ia,

St ephanoascus, i LCES,,. Sther).gmat ospori di u i ot aphri na,
Synpodi owcgg,)syﬁ%fd%ﬁ% m%paﬂrwaa, rqsc%%s%ﬁ%?nﬁé?s’t

Tri chosporon, Tri géSopsilyessashsynchesdenasspcdstedl togymesgene, the PHA

W cker ham a,s\ihchkerdaagi gt | @ndd . kepst 1gd | [
Zygosaccharo?ﬁgéﬁ Zaéowj,I¥%%sFgeéﬁgﬁggqua§¥ﬂg?a$ﬁgﬂ¥%gro 8n§¥%§§f£_§
accordi ng t §%hy g)rségﬁilﬁécle?%yh'g\ﬁ%r%y 2hRsS§ egane | Phvatir SWRaIPiNdI 3k i ca.
25 6. The transfoceanerascendynochn, 2oy Hit&hRddBatle i 4nMe S 448 yrpast
is Candida maltosa (., Iﬁe tr%nsfornan% ggggra%n to gng of Gains 1 to 6
wherein a polyesrer sYnthesIeRaLehtFatBY 2noY Oggﬁﬁy 0C8&ptEssiviitRiset t e
conpri ses aagr-onFEMS Madrabtiednoyaletfesai dVplonb7ey &ad7SaiTiod®y Jriveteor
functioningygseq@ yeast . 8. The transformant according to Claim7 wherein

the pronoter,_and term nator are derived from 35 Yarrow a |ipolytica. 29
9. The transfor HfR Sedbridiendaldoganinasy Wied amdhd masle promoter is

derivedi$rom Yarr awi ol y@ot ¥t isgmthdsd s -Biskdbciled eangherdey, apearsify to
™ O % RLRL bR LAY et EnE LS Fhe SATRIPRENY Soqubiedd SE
Aeromonas caviae-derived PHA synthase and (R)-specific
enoyl-CoA hydratase which converts enoyl-CoA, an intermediate
in the B-oxidation pathway, to the monomeric
20 (R) -3-hydroxyacyl-CoA [T. Fukui et al., FEMS Microbiology
Letters, Vol. 170, 69-75 (1999)].

Candida maltosa is a yeast which translates the CTG codon

toserine, nottoleucine. Therefore, foruse inCandidaméltosa,
CTG was not assigned to the leucine-specifying codon. As the

25 codon corresponding to each amino acid, the codon with the high
frequencyofusageinCandidamaltosawaspreferentiallyselected.
For information on the frequency of usage of each codon, Klaus
Wolf: Nonconventional Yeast in Biotechnology (published by
Springer) was consulted. Specifically, ATG and TGG were

30 assigned to the methionine-specifying codons and the
tryphtophan-specifying codons, respectively. TTT or TTC was
assigned alternately to the phenylalanine-specifying codons.
As the leucine-specifying codons, CTC and CTG, both of which
are used in DNA sequences of Aeromonas caviae, were modified

35 to TTA and TTG respectively, while TTA and TTG were used as such.




| 0 11. ‘The transformant according to Claim?7 wherein the pronoter and
term nator are derived from Candi da maltosa. 12.. The transfornant .
according to aim?7 or 11 15 wherein the pronoter is derived from Candi da
mal t osa ALK1 . 13. The transformant according to Caim?7 or 11 wherein the
termnator is derived from Candida mal toge ALK1. 20 14. The transfor mant
according to any of Clains 1 to 13 wherein the pol yester .

synt hesi s-associ ated enzyne gene is derived from Aerononas cavi ae. 25 15.

The transf ormeheacsPrdlidih d-Os 5y lﬂ;l%H&%n ﬂTé%nV&]g&‘gérbéﬁ? &Ovlﬂ%frféllxer

synt hesi s- aSSOCIated enz gene 1 s a t hasé ‘gene rived
SpRiA 5A

Aer oronas c@f%adssd fiHgsEegené éﬁﬂ_ﬂ%l_ﬁpﬂéjflﬁﬁr evieye -G fied

hydr at ase gefee ATA0 ah@, A"r‘kre respasitakeant, ae6akdnte L,asCLakh 13 E‘Q@ﬁe' M said
PHAsynt hase 1:gleneﬁtlas t he seaquence represent ed

(R) - speci fi ¢ Enoyi—COA RPGrHaradyd GEFE as GtTﬁeaggqﬁggcebPEbr@§e‘f’r‘f1e‘élhb%/rGSEQ
| D NO: 4.535 use&t)lnTDNAAsequhndesfoﬁDAeddmbﬁgsacaD\ﬁia@,St@ﬁ:euﬁcbdefié'& to GTT,

L ransf or MmNk AAGOEGENGA a0t (LBhMES LI, 160NLeh comprises. arowng

said transfornant and harvest | '? a poly TS
18. A pol yeStorsynpfies B aaec %@ec&lén.@)frwﬁlgemer\ﬂmshdlm pdi §e uericesn at

| east one ge&yte AAd@oBES LAVIEA, WEPe bHirCEG €6 €D while TCC and TCT

were used as such. As the proline-specifying codons, all of
10 the corresponding codons were modified to CCA. As the
threonine-specifying codons, ACC, ACG and ACA, all of which are
used in DNA sequences of Aeromonas caviae, were-modified to ACT,
ACC and ACC respectively, while ATC was used as such. As the
alanine-specifying codons, GCC, GCG and GCA, all of which are
15 used in DNA sequences of Aeromonas caviae, were modified to GCT,
GCC and GCT respectively, while GCT was used as such. As the
tyrosine—specifying codons, TAT and TAC were assigned
alternatively as the tyrosine-specifying codons as used in DNA
sequences of Aeromonas caviae. As stop codons, TAA was used.
20 As the histidine-specifying codons, CAT and CAC were assigned
‘ alternatively as the histidine-specifying codons as used in DNA
sequences of Aeromonas caviae. As the glutamine-specifying

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




| G 19. .The pol yester synthesis-associ ated enzyne gene according to Claim18
whi ch codes for an enzyne derived froma bacterium 20. The pol yester

synt hesi s-associ ated enzyne gene 15 according to Claim 19 wherein said
bacteriumis Aerononas caviae. 21. The pol yester synthesis-associ ated
enzynme gene according to Claim20 20 whekgin the enzynme gene derived from
Aer ononas caviae is a PHA synthase gene or a (R) -specific enoyl - CoA

hydr at ase gene . 22. The pol yester synthesi s-associ ated enzyne gene
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10 downstream terminator were excised as a unit using SacII and
10" y#109&' A SWHELOY ' . ~ = 9 () =MD 4 YR (i VDL, #1096 "
Ft v ibe {kpdd ng;éwg!fgagigg )20 ?{%cﬂ;ﬂo&%%fé‘%t@ owplﬁéLQ{@ S Mt
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10! " #10%€ ( JeiMIdOw 3P rA 4m 844 0P (Dedon¥iH¥ion, pSUT-PHAL and pSUT-PHA2,
were constructed. By the above procedure, a gene expression
cassette for producing a copolyester of 3-hydroxyalkanoic acids
oftheabovégeneralformula(l)letheyeastYarrowialipolytica

was constructed. The overall construction diagram is shown in
15 Fig. 10. '

As the host, Yarrowia lipolytica CXAUl strain (T. Iida
et al., Yeast, 14, 1387-1397 (1998)) was used. For the
introduction of the constructed plasmid into the host, Fast
Track™-Yeast Transformation Kitsy (Geno Technology) was used.

20 Transformation was carried out in accordance with the protocol
andusingaselectionplate (0.67w/v % yeastnitrogenbasewithout
amino acid, 2 w/v % glucose, 24 mg/L adenine hydrochloride, 2
w/v % agar), a recombinant strain was obtained.

(b) When Candida maltosa was used as the host

25 In order that said ORF2 and ORF3 could be expressed in
Candida maltosa, the Candida maltosa AlKl gene promoter ALKlp
(SEQ IDNO:6, GenBank D00481) was ligated upstreamof the 5'-end
of each gene and the Candida maltosa AlKl gene terminator ALKlt
(SEQ ID NO:7) was ligated downstream of the 3'-end. PCR was

30 used for the preparation of the restriction enzyme sites
necessary for ligating the promoter and terminator to the
structural gene. The primer sequences used for PCR are shown
in SEQ ID NO:15 through NO:18. The PCR was carried out in 25
cycles of 94 C x 1 min., 55 C x 2 min., 72 C x 3 min. for

35 amplification of the particular gene fragment. The polymerase




&.()- 1 3#100& ()-!3#10% & ()-!k SHLO% ()-!X$ SHIO%& ()-

L1111 zodY7! ] 109RRE ()- 10 10

107109& ()-! 3#109& ()-!Q 3#L109& ()-! 3#L09& ()-!!!"\""X#H Y7dY7! !t W #109%& (
)-1y #10%&' ()-!yM #10%&' () -

y#10% & ()-'a, 10% t & ()-, S10% & () - X##0$9HO8V &2z X6dY7! |~ #10%IVHVE' () -! 9 #10%
& ()-11 #100&' ()-!t #100& ()-!~H #10%& ()- #10% & ()-v&y&&&U '' ' zXJ<7!! 10
101 V' / #109& ()-M /#10% t & ()-My "/ #109& ()- M/ #109%44& ()-M .

éO‘(Vf; &Iyl(%(VI Y %é(é%ggkﬁé&@&gi§}&&% tq ngé%%é;r%ci‘gesr region, ALKlp

10()z))T**+w,GJGE7 1@@/&5 { yeng @401%1 '-end was prepared from SEQ
& ()-1" @ﬁlo%& Kb ¥ b ken RDNDS & (i) i@%ﬁo(% aYé Ve@EQ%re . As to the
& ()-y++, U "----wWUEO7! 10 10! " - #1 %&' 0%&' ()5 - #TO%VRVRE!

1} @tlo%)o&-t(sym,lﬁa@fo%zg&om_AI_..I_(]_.t/xm ]@ﬁlnd IIT at 5'-end and EcoRV at

3'-end was prepared from SEQ ID NO:17 and NO:18 using SEQ ID
NO:7 as a template. Finally, as the vectors to which ORF2 and.
ORF3 were to be ligated, there were used pUTU [M. Ohkuma et al.,
J. Biol. Chem., Vol. 273, 3948-3953 (1998)] which is obtained
by ligating the autonomously replicating sequence (ARS) of
10 Candidamaltosa (GenBank D29758) and URA3 gene (GenBank D12720)
to pUC1l9 and pUTAl (Fig. 2) which is obtained by modifying the
marker gene from Ura3 to Adel using Candida maltosa ADEl gene
(SEQ ID NO:21; GenBank D00855). pUTAl was constructed by
removing URA3 gene from pUTUl with Xhol and ligating the ADEL
15 gene fragment as excised with SallI.
ALKlp was ligated to the PvuII, Ndel site of pUCNT
(described in W094/03613) and ALK1lt was ligated to the HindIII,
Sspl site of the pUCNT to construct pUALl (Fig. 6). Then, ORF2
was ligated to the Ndel, PstI site of pUALL to construct aplasmid
20 pUAL-ORFZ2 (Fig. 7). Moreover, in the course of construction
of pUALL, ORF3was ligated to the NdeI, HindIII site of pUCNT-ALK1
and, further, ALKlp was ligated to construct pUAL-ORF3 (Fig.
8) .

Then, the ORF2, upstream promoter and downstream

25 terminator were excised as a unit from the plasmid pUAL-ORF2
using EcoT22I and ligated to the PstI site of pUTAL to construct
pUTA-ORF2., Furthermore, using Sall, ORF3, the upstream
promoter and downstream terminator were excised as a unit from
PUAL-CRF3 and ligated to the Sall site of pUTA~ORF2 to construct

30 a plasmid pUTA-CRF23 (Fig. 9). By the above procedure, a gene
exXpression cassette for producing a copolyester of
3-hydroxyalkanoic acids of the above general formula (1) was
constructed in the yeast Candida maltosa. The overall
construction diagram is shown in Fig. 11.

35 'As the host, Candida maltosa CHALl (S. Kawai et al., Agric.
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5 andusingaselectionplate (0.67w/v%yeastnitrogenbasewithout
amino acid, 2 w/v % glucose, 24 mg/L of histidine, 2 w/v % agar),

a recombinant strain was obtained.

(Example 3) Productioon of P(3HB-co-3HH) using a recombinant
10 strain of Yarrowia lipolytica

The recombinant strains of Yarrowia lipolytica containing
the plasmids pSUTS5, pSUT-PHAl and pSUT-PHA2 were cultured in
the following manner. As the preculture medium, YPD medium (1
w/v % yeast-extract, 2 w/v % Bacto-Pepton, 2 w/v % glucose) was
15 used. As the polyester production medium, 1/4 YP medium (0.25
w/v % yeast extract, 0.5w/v % Bacto-Pepton) and a mineral medium
(0.7 w/v % KHpPOy, 1.3 w/v % (NHy),HPO;, 0.5 w/v & Pro-Ex AP-12
(Banshu Condiment), 0.04 w/v % adenine, 1 ppm thiamine
hydrochloride, 1 v/v % trace metal salt solution (as dissolved
20 in 0.1 N-HC1l, 8 w/v % MgS0,;*7H;0, 0.6 w/v % ZnSO,*7H,0, 0.9 w/v %
FeS04°7TH20, 0.05 w/v % CuS04°*5H,0, 0.1 w/V $ MnSOQ4* 6-7H,0, 1 w/v %
NaCl)) supplemented with 2 w/v % palm oil was used.
A 500-ml Sakaguchi flask containing 100 ml of the
preculture mediumwas inoculatedwith 100 u 1l of a glycerol stock
25 of each recombinant strain and after 20 hours of culture, a 2-L
Sakaguchi flask containing 500 mL of the production medium was
inoculated with the preculture at the 1 v/v % level. The
inoculated flask was incubated at the cultivation temperature

of 30 C and the shaking speed of 120 rpm. The cultivation time
30 was 24 hours for the YPD medium and 72 hours for the mineral
medium. After autoclaving, the culture broth was centrifuged
to harvest cells, which were then washed with methanol and
lyophilized. The dry cells were weighed.
The dry cells thus obtained were crushed and extracted
35 with 100 ml of chloroform added under stirring overnight. The
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(15:85) and 500 pl of chloroform and, after sealing, heated
at 100 C for 140 minutes to obtain the polyester decomposition
product methyl ester. After cooling, 0.3 g of sodium hydrogen
10 carbonate was added for neutralization. To this was added 1
mlofdiisopropyl ether, andthemixturewas stirredwithastirrer.
This was followed by centrifuging and the organic solvent layer
was separated and analyzed for composition by capillary gas
chromatography. The gas chromatograph usedwas ShimadzuGC-17A
15 and the capillary column used was GL Science's NEUTRA BOND-1
(columnlength25m, columnin. dia. 0.25mm, liquid filmthickness
0.4 um). As to temperature conditions, the temperature was
increased from the initial level of 100 °C at the rate of 8 C
/min. The obtained results of analysis are shown in Table 1
20 andthechartofasample (3) isgiveninFig. 12. TheNMRanalysis
(JEOL, JNM-EX400) and IRa{nalysis (ShimadzuCorporation, DR-800)
of the hexane-insoluble fraction obtained were also carriedout.
As an example, the result on a sample (6) are shown in Figs.
13 and 14, respectively.
25
Table 1 Culture and analysis result
Sample Medium Strain Weight Amount of 3HH

ofcells polymer Composition
(g/L) accumulated (mol %)
(wt %)
(1) 1/4 YP  Control 3.56 8.9x107°
(2) PHAL 3.65 1.9x107t
(3) PHA2 3.43 2.6x1071 15 (GC)
(4) Mineral Control 0.15 6.7x107%
(5) PHA1 0.19 1.4x107t
(6) PHA2 0.17 1.8 27 (NMR)

It is apparent from the above results that the copolyester.
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plasmid pUTAl orp TA—ORF23wascultured1nthefollow1ngmanner
10 As the preculture medium, YNB medium (0.67 w/v % yeast nitrogen
base without amino acid) supplementedwith 1l w/v % casamino acids
and2w/v$palmoilwasused. Asthepolyesterproductionmedium,
YNBmediumsupplementedwithlvnﬂr%casaminoacidsandcontaining,
as a source of carbon, @ 2 w/v % palm oil, @ 2 w/v % coconut
15 oil, @ 2 w/v % tetradecane or @ 2 w/v % hexadecane.

A 500-ml Sakaguchi flask containing 50ml of the preculture
medium was inoculated with 100 ul of a glycerol stock of each
strain and incubated for 20 hours. Then, a 2-L Sakaguchi flask
containing 500 mL of the pfoduction.medium.was inoculated with

20 the above preculture at the 10 v/v % level. Culture was carried
out at the cultivation temperature of 30 °C and the shaking speed
of 120 rpm for the cultivation time of 72 hours. The resulting
culture broth was autoclaved and centrifuged to harvest cells
and the cells thus cbtained were washed with methanol and

25 lyophilized. The dry cells were weighed.

The dry cells thus obtained were crushed and extracted
with 100 ml of chloroform added under stirring overnight. The
extract was filtered to remove cells and the filtrate was
concentrated to 1 to 2 ml on an evaporator. To the concentrate

30 was added 10 ml of hexane to precipitate the hexane-insoluble
fraction.

As a result, white precipitates were found in cultures
of the plasmid pUTA-ORF23-containing recombinant strain as
cultured using coconut oil, tetradecane and hexadecane (Table

35 2). The results of NMR analysis (JEOL, JNM-EX400) of the
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Palm oil 12.5 .-
Coconut oil 10.3 ++
Tetradecane 4.4 +

10 Hexadecane 3.6 +

It is apparent from the above results that the copolyester
P (3HB-co-3HH) can be produced by means of the yeast Candida
maltosa. '
15
INDUSTRIAL APPLICABILITY
In accordance with the present invention, a copolyester
of 3-hydroxyalkanoic acids of the above general formula (1),
which is biodegradable and has good physical properties, can
20 Dbe produced by using a yeast.
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CLAIMS

l. A transformant

wherein at least one kind of gene expression cassette

5 comprisingapolyester synthesis-associatedenzyme gene hasbeen
introduced into a yeast.

2. The transformant according to Claim 1
wherein the polyester is a copolymer resulting from the
10 copolymerization of 3-hydroxyalkanoic acids of the following
general formula (1)

R
HO-":H—-C—C—OH (1)
H, O

in the formula, R represents an alkyl group.
15
3. The transformant according to Claim 1 or 2
wherein the polyester is copolyester P (3HB-co-3HH)
resulting from the copolymerization of 3-hydroxybutyric acid
of the following formula (2) and 3-hydroxyhexanoic acid of the
20 following formula (3);

C&H3
HO—CH—C~C—0H 2
i, 6 (2)
C;H,
HO—CH—C—C—O0OH (3)
H, 0

4. The transformant according to any of Claims 1 to 3
wherein the yeast belongs to any of the genera
25 Aciculoconidium,Ambrosiozyma,Arthroascus,Arxiozyma,Ashbya,

Babjevia,Bensingtonia,Botryoascus,Botryozyma,Brettanomyces,
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Bullera, Bulleromyces, Candida, Citeromyces, Clavispora,
Cryptococcus, Cystofilobasidium, Debaryomyces, Dekkara,
Dipodascopsis,Dipodascus,Eeniella,Endomycopsella,Eremascus,
Eremothecium, Erythrobasidium, Fellomyces, Filobasidium,

Galactomyces, Geotrichum, Guilliermondella, Hanseniaspora,

Hansenula, Hasegawaea, Holtermannia, Hormoascus, Hyphopichia,
Issatchenkia, Kloeckera, Kloeckeraspora, Kluyveromyces, Kondoa,

Kuraishia, Kurtzmanomyces, Leucosporidium, Lipomyces,
Lodderomyces, Malassezia, Metschnikowia, Mrakia, Myxozyma,
Nadsonia, Nakazawaea, Nematospora, Ogataea, QOosporidium,
Pachysolen, Phachytichospora, Phaffia, Pichia, Rhodosporidium,
Rhodotorula,Saccharomyces,Saccharomycodes,Saccharomycopsis,
Saitoella, Sakaguchia, Saturnospora, Schizoblastosporion,'
Schizosaccharomyces, Schwanniomyces, Sporidiobolus,
Sporobolomyces, Sporopachydermia, Stephanoascus,
Sterigmatomyces, Sterigmatosporidium, Symbiotaphrina,
Sympodiomyces, Sympodiomycopsis, Torulaspora, Trichosporiella,
Trichosporon, Trigonopsis, Tsuchiyaea, Udeniomyces, Waltomyces,
Wickerhamia,Wickerhamiella,Williopsis,Yamadazyma,Yarrowia,
Zygoascus, Zygosaccharomyces, Zygowilliopsis and Zygozyma.

5. The transformant according to any of Claims 1 to 4

wherein the yeast is Yarrowia lipolytica.

6. The transformant according to any of Claims 1 to 4
wherein the yeast is Candida maltosa.

7. The transformant according to any of Claims 1 to 6

wherein a polyester synthesis-associated enzyme gene
expression cassette comprises a promoter and a terminator,

said promoter and said terminator functioning in a yeast.

8. The transformant according to Claim 7
wherein the promoter and terminator are derived from
Yarrowia lipolytica.
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13. The transformant according to Claim 7 or 11
wherein the terminator is derived from Candida maltosa
ALK1.

20
14. The transformant according to any of Claims 1 to 13
wherein the polyester synthesis-associated enzyme gene
is derived from Aeromonas caviae.

25 15. The transformant according to any of Claims 1 to 13

wherein the polyester synthesis~associated enzyme gene

is a PHA synthase gene derived from Aeromonas caviae or a PHA
synthase gene and (R)-specific enoyl-CoA hydratase gene.

30 16. The transformant according to Claim 15
whereinsaid PHAsynthase gene has the sequence represented
by SEQ ID NO:3
and the (R)-specific enoyl-CoA hydratase gene has the
sequence represented by SEQ ID NO:4.
35
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17. A method of producing a polyester using the
transformant according to any of Claims 1 to 16

which comprises growing said transformant

and harvesting a polyester from the resulting culture.

18. A polyester synthesis-associated enzyme gene
which is modified from at least one gene code CTG to TTA,
TTG, CTT, CTC or CTA.

19. The polyester synthesis-associated enzyme gene
according to Claim 18

which codes for an enzyme derived from a bacterium.

20. The polyester synthesis-associated enzyme gene
according to Claim 19

wherein said bacterium is Reromonas caviae.

21. The polyester synthesis-associated enzyme gene
according to Claim 20

wherein the enzyme gene derived from Reromonas caviae is
a PHA synthase gene or a (R)-specific enoyl-CoA hydratase gene.

22. The polyester synthesis-associated enzyme gene
according to Claim 21

whereinsaidPHAsynthase gene has the sequencerepresented
by SEQ ID NO:3.

23. The polyester synthesis-associated enzyme gene
according to Claim 21

wherein said (R)-specific enoyl-CoA hydratase gene has
the sequence represented by SEQ ID NO:4.



