;6789é3€kddedgthk6ka'ei‘ s ENZYME GENE PARTI Cl PATI NG I N THE SYNTHESI S

OF POLYESTER AND PROCESS FOR PRODUCI NG POLYESTER USI NG TkmwmmmmmmmmmmrNICAL
‘£l ELD The present invention relates to genes necessary fo iC

synt hesi s of polyesters, a mcroorganismfernentatively synthgsisgi ng
pol yesters utilizing the gene, and 10 a nethod of producing pol yesters

using the mcroorganism Mre particularly, it relates to e of
functioning in a host enzymatically synthesi zing plastic-lmmmmmummmm I
deconposabl e under the action of mcroorganisnms in the natural, | ronnment

(in soil, rivers and seas), a transf®y TH@Nresulting fromtransformation
with the gene and inproved in the capacity to fernentatively synthesize

plastic-like polyners, and of..p ugi este izl t he
P anst or martYE B8 EROHAND, G A BLEHEE SHEESH o S6r s ta%' A

m cr oor gani BRECES® RIRWRODUGING ePQLY BRI USENGNTED eSAYE sour ce subst ance
within gells . Atypical exanple of the polyester is poly-3-hydroxybutyric

acid (héereinafter referred to briefly as P(3HB)), which is a 25 honopol yner
of 3-hydroxybutyric acid (herei nafE@iNi@hker FEHLPo as 3HB for short). It was

first discovered 4 idlus. i } A ) ur,
39, 144 (1925)). %g%&)seln;& éﬁ?ﬁ?ﬁ%h%%e%g%%?%nd isSéb"iI%%éfé’?:gg% ein

the nat ur al eryyRahhensyakdesifuelt pa ¥%§E9¥Fy_ét@?éé?%ﬁg%Fféﬁtion 30 as an
ecof ri endl yrplastt gt i HOve\wnt HR3HBng So i gbt & hsariistiadiidgthy .geared hagd and
fragile by nature, sg t hat "t.he range g gract|0ﬁﬂ appllggtlon %pe;ggfels
limted? ThaM&HO8 0§ PERWS IRARO bERHE Thd &ft-adeh ¢ 84S &oHY e s a or
bringi ng abpattisplavkgenits neldteseopyepest casabB8 dh Llapdniesd kplkai a
PUblIcatlonhégg_ggi%%gégéa 99 §989H8§fzing plastic~like polymers
decomposable under the action of microorganisms in the natural
environment (in soil, rivers and seas), a transformant
15 resulting from transformation with the gene and improved in the
capacity to fermentatively synthesize plastic-like polymers,
and a method of producing polyesters utilizing the

transformant.

20 BACKGROUND ART
At present, a large number of microorganisms are known
to store polyester as an energy source substance within cells.
A typical example of the polyester is poly-3-hydroxybutyric
acid (hereinafter referred to briefly as P(3HB)), which is a
25 homopolymer of 3-hydroxybutyric acid (hereinafter referred to
as 3HB for short). It was first discovered in Bacillus
megaterium (M. Lemoigne, Ann. Inst. Pasteur, 39, 144 (1925)).

P(3BH) is a thermoplastic polymer and is biodegradable in the
natural environment and, thus, has recently attracted attention

30 as an ecofriendly plastic. However, P(3HB) is high in
crystallinity, and hard and fragile by nature, so that the range
of practical application thereof is limited. Therefore,
studies have been undertaken to modify the same for bringing
about improvements in these properties.

35 In Japanese Kokai Publication Sho-57-150393 and Japanese



2 Kokai Publication Sho-59-220192, anong others, a technol ogy of producing
a copol yner made of 3-hydroxybutyric acid (3HB) and 3-hydroxyvaleric acid
«(3HV) (hereinafter such copolyner is referred to as P(3HB-co-3HV)) is

di scl osed. This 5 P (3HB-c0-3HV) is rich in flexibility as conpared with P
(3HB) , hence was considered to have a w de application range. In
actuality, however, P (3HB-co-3HV) shows only slight changes in physical
properties even when the nole fraction of 3HV is increased. In particul ar,
the flexibility, which is required 10 for its use in filns and the Ii

will not b&oikeprbwleticdbisn Sho-+5ds 229drP2usadoBaI§theFIhé ?‘?%F%P]o‘?ng

shaped articl 2 Cs_%ﬁ aﬁaégf%gggp il lgs 3a39dgb§9g§@glrgcr@zﬁd g_‘fHEps anlch

recent yealps en made concerni ng..co sters S tj ng of
t Wo corrponémha/dileﬂsyaf@dera%ﬁm d)?’y}Wéxa(ﬁ)(ﬁr@lé’@igfd: rp %ﬁhaﬁot RS erS'Lrged to
as 3HH forﬁg ec{rt%rgan:f(tﬁg_%&mmpoll)seﬁlwcslc&ral reffaised to as

f

P( 3HB- 3 t) d d J. P
i - 05 30,70 3T S d SkBkaR. Poit ot oht Rbo0; JBE0R8. " anbrg LLHEr .

Accor di ngt o drhes earibidrsitdenal 120 Haies & eciimolamyl iofa pradudngs - 1n
P o S0, GOTIE) S8, 540 o0t i i Bt g st geinsec o
Suc

such as ol é y'o °YRVSEr o as olive 0il, ‘using Aerononas
cavi ae i sollﬂtﬁhdabmmért&wmw d'dmzfemﬁ%gﬂft% Hraperan &t

(3HB- co-3HH)  have eacisoggeggﬁg??%l@( ek, fl%x:.@iﬁnﬂ{f,awhﬁchﬁxbe ré@lred

Macr onol ecu es 48 995)) . Accor di IS re&ort

cavi aeli0s cfbt urteduasi iy f4 limg apdalhel @&ﬂraWﬁnlEgn%Btbq SIRTPNER 12 car‘bon
atoms as the %%lsybééﬁ%cﬁeklﬂ.?eln wslgpdadﬂlmummwamcmmms phchl to
19 nol e percent. can be ferpenfati v% o%ﬁcedalZ %??1 been reveal ed that
the 30 prope$tFeampPo sheht e 3l c é‘?—i&ﬁ ang@>?tom Rard and brittle
gradual |y to sof traneddrexi pbers t ostand exs dmvexeeeni mede HeoR¢ki Y ity of

P(3HB- co- 3 th ; : 't
o P Y, GRS Ol s
(0]

cel | s i1 4 g+hydndxyhex850pol gabd ébﬁr@ht‘-af§680®ef¢ﬁé?€f Peds
capabl e of Shoi?E:‘Hf&Bika H%fgéghgﬁcﬁregﬂélyébtﬁrfsoérﬂraétfeombduise laave been
y

searched fo roxyal kanoi ¢ .aci d nt hase h en
cl oned fronPABHBnBAA gHévﬁaé SRAFEh | 85a9 BPSH%B&% ? B%gﬁg %8§% (T.
Fukui, Y. Dgjjp1dcaBashenkolos-9ab49138d Napaﬁﬁse4&@ka4830b@igat}0nJapanese

Kok Publ t He 108682 Th Ralhst
cut ropha (1 BEHERTy ZAPOARY GBHELS BELFOPhus CRNA Rl ] GATT R has Caar T od Ut

usi ng the repdkt lt@ghhbaas_yfyoblfaptrodudlagVQQéH@bICQ BYHYi Icon®ri§€Scar bon

sour ce, whereb cont ent / d s ¥R, GAHreas clei830%
were attai ng(?‘%? tﬁ% O p]{oél]l&?iéﬁtﬂferéoﬁ érbclﬁg Bﬁ%ec nol . 49 333

(1998)). A twnldodonfanpmbb@@l f@tP(SSIHB%%-O:}HN)e %%ngl%nt? SECHES
such as Escherjichiedy @9l s@fila pkantias EbﬂchﬁﬁtnbaShalpDobeEhldSSQfosed 15

(WD 00/ 43525 (3 HW| tcrcl)o%tHHo)lekslg\rrgba{ln Ny Pro ucQ vng dselt &itamura, H. Abe,

25 Macromolecules, 28, 4822-4823 (1995)). According to this
report, when A. caviae is cultured using a fatty acid containing
not less than 12 carbon atoms as the only carbon source,

P (3HB-co-3HH) with a 3HH content of 11 to 19 mole percent can
be fermentatively produced. It has been revealed that the

30 properties of such P (3HB-co-3HH) change from hard and brittle
gradually to soft and flexible, to an extent exceeding the
flexibility of P(3HB-co-3HV), with the increase in mole
fraction of 3HH. However, the above method of production is
low in productivity, namely the yield of cells is 4 g/L and the

35 polymer content is 30%. Therefore, methods capable of



however. The above-nentioned pol yner P(3HB-co-3HH) can be given a w de
range of physical properties, fromproperties of rigid polyners to
‘properties of flexible polynmers, by changing the 20 nole fraction of 3HH
and therefore can be expected to be applicable in a wi de range, from

tel evision boxes and the Iike, for which rigidity is required, to yarns,
films and the like, for which flexibility is required. However, the
production net hods nentioned above are still poor in the productivity of 25
P (3HB-co-3HH) . There is no other way but to say that they are still

unsat i sf actafrta idgsing duisthg o radHddsv oy e Rpractical Wse Rpve been
P(3HB- co- 3H)ardrie@ fgecent study of the production of biodegradable

pol yesters, Leaf et_al. used yeast hjgh in cell produyctivity 30 as the host
Ch Sroi o1 bay . va Pl oS BEtvdEasvakirei6ots) Hitiaed dbe Babapect

synt hase getiorodd Rod et @ orgti 4 9 pdaw Vs, twiaei of sredl pndduSac chér onyces
cerevi si.ae, i nd e , L.he.thys-produgced transfarmant ,wa ul tured
usi ng grsucops&@_qc?é%@r g@n‘ EBEP&é,yan@o%he&a%ca&r%ﬁr}e{ﬁ (o] (R)}PlP( 7H%) %\%s
confirnmed 3654 pt83Iret830ONtEIR7)0; . Jdpdngse KokelePyublheapdbbyner produced in
this 4 [o bV t h i Lt i nawp,it0 grow
fast and beﬁ#ljg%o Y?i%ée brgrél(uicsﬁi !n%;/'v}a &%ﬁ%%meﬁgﬁtsd ?éilvnm—nl&to t he
genus Candigiatxephadiedneriyl eml haere Gus rOPUSHr 0RRE 131 Litd igie 9Fald@s 5

and, since ghen;stdidi &5 iRy e HeeRr stade noN thhe sEoeaueii aRdohk ¢ehésabher eof
for use as feeds u |n%ﬁnﬁr mal - arafflﬂs ag carbon_ sources. _Furt
& BEERY

er, |
recent ?)Qear%%lvae%t ot 8RPAGEY NV bR THYF T g tct‘?é‘lggeﬁ%szldﬁgi da
have been dewve|ped, yrend ddis gprodifc tsiogn wefr es alisdnees (Osi Hgktiheet egbmpi nant
DNA 10 techpol pgy,. has .been reported agaky t el vgl . 9,
614 (2000) ;}.QPR’/@EnMJc%%l?h%fuuf?Ee? hw: gg’t§%§hég?l,§§fhég%a{nrﬁy 1od b
producti vi tyroduatngi gh3BR-abod3tiH12usinggla Mcrevighnspasies, t Hecheass

candi da_hav g, spelh 1l 9/019ubSE ANEERE ALIELEMI Y 8L SXREUIRM hPEROYES as
hosts in p ion. Furthernore, cells thereof can be separated
fromtAé culWar@of43pac i t Wi tlaget adeceorpated aRyhrhadvekidihnddatfus, the
pol ymer extkagtvOn, and purification steps can be facilitated. Thus, the

advent of a nethod of producing P (3HB-co-3H havi goaod physi cal

properties using 'a'é%satkpooveq_d??d? Q#tﬁ?&%?(éﬁﬁcﬁéﬁ@ l‘félélng\?/agf’ganf or.

SUMVARY COF FTHE dNVENMHeONf physical properties, from properties of rigid
polymers to properties of flexible polymers, by changing the

20 mole fraction of 3HH and therefore can be expected to be
applicable in a wide range, from television boxes and the like,
for which rigidity is required, to yarns, films and the like,
for which flexibility is required. However, the production
methods mentioned above are still poor in the productivity of

25 P(3HB-co-3HH). There is no other way but to say that they are
still unsatisfactory as production methods for the practical
use of P (3HB-co-3HH).

In a recent study of the production of biodegradable
polyesters, Leaf et al. used yeast high in cell productivity

30 as the host (Microbiology, vol. 142, pp. 1169-1180 (1996)).
Thus, the polyester synthase gene of Ralstonia eutropha was

transformed into Saccharomyces cerevisiae, a kind of yeast, the

thus-produced transformant was cultured using glucose as the
carbon source, and the accumulation of P(3HB) was confirmed

35 (polymer content 0.5%). However, the polymer produced in this



In view of the above-nentioned state of the art, it is 25 an object of the
present invention to provide a gene involved in polyester synthesis which
‘can be expressed in yeast in a functional and efficient manner, a yeast
transformant transfornmed with a gene expression cassette conprising the
gene, and a nethod of producing pol yesters havi ng bi odegradability 30 and
good physical properties which conprised cultivating the transformnt
obtained in the above manner. The present inventors made vari ous

i nvestigations and, as a result, found that when novel genes, which are
capabl e of Staidyg Wespitéededarg passOridtd epFddi®dd by adding a 35

|oe(r]I oXi s]g)me—targetytalagt_siign&hogm@@i @lﬁtoDN@SatsQ @Jﬁﬁh‘bre_ Moge genesll 1 5 each
coding for an enzyne involved i ol yester synthesi.s gene expr.ession
cassette i??ﬂﬂ%ﬁﬁ%ﬁ?ﬁﬂ b PBgngﬁgma §F8ﬁ65e¥egﬁag%89n?ﬁaggﬁ dapabl e of
subst ant i aldanditzc bt onaogetdmtyeasti droasacingle tleddepygehesns timetheqdsli ng

gene expressi pn _casse 5 i s, fyrth r o i nt %ﬁﬁgiﬁgg
resul ting 5 %Hs &Pﬁﬁn:thfég’cﬁl%%lggg%egévg %g%e%?gg %Ign&%ée/ It od uce(ﬁlgﬁ)df
recover ed faedms hberabfufar usesas f eedsanadng ramalemata i nsr a8 uaskA y can

be expect ed,, Thus, | t g RLESENt 1i BLeALORbelal 68cke 3 gaReriapabeial 10
bei ng expressed 1 n yeast, whi cﬁ eb d f

. obtai nabl e by addition of a DNA coding for
a per oxi sorfats detliong isidghal the %\e%éﬁéﬂﬂ%ghﬁ&e BReBMIS YRl PR in
pol yester syHy hosiducdibi ¢F efiidieth@dadi ienttidereainb irhent MMt i on

relates 15 to the gene as nentioned aboye herein the enzynme i.nvglLv in
pol yest8r SYAFMRLIWY fag B%‘EPe‘??%ﬁ’&‘ifgc(;{(@@-a%élr #Qe%ej‘ea?&‘fﬁfé Vr%‘r'eggf 2\?%? abl y
}‘rom Aeromc):mil_,gss]mav(izmoar)d tWhéheC@g@Edafsutrb]rﬁts draadlsatob;ie Zbevﬁnw‘eidntl’_ae .
east one on i 0 i es-derive
enzyme has %_eaelrg?%jrrao%‘? fé%%alf%%o Ilgl#% %Igl h%r?%éﬂCTA.'?g&gﬂﬁbt her
preferred efborbomganisme dfnvbatders Spacddar bawliyemalds hight $anetRad?dve

wher ein t he, OB+ vl YYD &0 Lo 9! Y& SEEFvSY i D188 St & SiR polymer
pol yhydr oxyal kanoi ¢ acl d synthase or R-specjfic enoyl-CoA hgdr%t gsg
15 “production. Furthermcre, cells thereof can be separate rom

the culture fluid with ease as compared with bacteria and, thus,
the polymer extraction and purification steps can be
facilitated.
Thus, the advent of a method of producing P (3HB-co-3HH)
20 having good physical properties using yeast belonging to the
genus Candida has been waited for.

SUMMARY OF THE INVENTION
In view of the above-mentioned state of the art, it is
25 an object of the present invention to provide a gene involved
in polyester synthesis which can be expressed in yeast in a
functional and efficient manner, a yeast transformant
transformed with a gene expression cassette comprising the gene,
and a method of producing polyesters having biodegradability
30 and good physical properties which comprises cultivating the
transformant obtained in the above manner.
The present inventors made various investigations and,
as a result, found that when novel genes, which are capable of
being expressed in yeast, are produced by adding a

35 peroxisome-targeting signal-encoding DNA to one or more genes



Thewpresent invention also relates to an enzyne invol ved in polyester

synt hesi s,

which is translated fromthe above gene. 30 The present

‘Lnvention further relates to a transformant resulting fromtransformation

of at

it

| east one gene above-nentioned into yeast.
relates to a transformant resulting fromtransformation, into yeast,

a pol yester synthesis-associ ated enzyne sgene 35 expressi on cassette

whi ch conprises the above gene,

In a preferred enbodi nent,

of
6

a pronoter and a term nator both capabl e of

functioning in the yeast. In another preferred enbodi nent, the invention

rel ates toeactrr aostiogndnt as eetimedinBelEcdhir FHl YRt ebl SELivesiy 2 5
%??QE\éEEBnOEaés§t9¥di§%§w&cﬁ%a§d§b11‘1@&@%%&%‘@% t he
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an al kyl
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transformant is cultivated, a polyester can be produced and
recovered from the culture in such a manner that very high
productivity can be expected.

Thus, the present invention relates to a gene capable of
being expressed in yeast,

which obtainable by addition of a DNA coding for a
peroxisome-targeting signal to a gene coding for an enzyme
involved in polyester synthesis.

In a preferred embodiment thereof, the invention relates
to the gene as mentioned above

herein the enzyme involved in polyester synthesis is a
bacterial species-derived enzyme,

more preferably from Aeromonas caviae and

to the gene as mentioned above

wherein at least one CTG codon in the gene coding for the
bacterial species-derived enzyme has been modified into TTA,
TTG, CTT, CTC or CTA.

In another preferred embodiment, the invention rélates
to a gene as mentioned above wherein the enzyme involved in
polyester synthesis is a polyhydroxyalkanoic acid synthase or
R-specific enoyl-CoA hydratase.

The present invention also relates to an enzyme involved
in polyester synthesis,

which is translated from the above gene.

The present invention further relates to a transformant
resulting from transformation of at least one gene
above-mentioned into yeast. In a preferred embodiment, it
relates to a transformant resulting from transformation, into
yeast, of a polyester synthesis-associated enzyme gene
expression cassette

wherein Rre resents



HO<CH-C- C- DH (3) HZ o 35 "t 7 The present invention still further
relates to a nethod of producing polyesters which conprises cultivating the
~above transfornmant and recovering a polyester fromthe culture obtained. 5
DETAI LED DI SCLOSURE OF THE I NVENTION In the followi ng, the present
invention is described in detail. (1) Enzyne involved in polyester
synthesi s and gene coding 10 for sane I the practice of the present
invention, the polyester is not particularly restricted but preferably is a
honopol ynmer or copol ymer of a 3-hydroxyal kanoi ¢ aci ds) represented by the
general fornul a wmﬁchlsompriﬁgs-éée-@bov@ gengs @1Pragosero aierei n R
represents x%l}zﬂn‘%orgrb%@x CHYED 1 PIRf et i@ riy hoimop@l wedstof one

3- hydr oxyal kanoi ¢ acid represented hy the fornula él),or ﬁ%fo ol r of two
or nore 3- hydr oxy& RBRGNEL2BraérdsefeprReeni et hytifiel 117 (ﬁ%ia e

preferred ity a eopakyesheht £§3Er oredHove epreasdnt etlebpolhestornis a (4):
30 GR g lelo'mo%o%imce'_r'_ Cof c%p%fyczgn_érc of Ca qiéf&ro@ya%kngn%aico apcid(s)

represented by the general formula (1):

10 R
HO —CH~—-C — C — OH (1)
H, O
15 wherein R represents an alkyl group, and, more preferably
to a transformant as defined above wherein the polyester is a
copolyester, P(3HB-co-3HH), obtainable by represented by the
formula (2):
20
CH,
I
HO —CH—C — C — OH (2)
H, O
25
and 3-hydroxyhexanoic acid represented by the formula
(3)
30
C ; H,
HO —CH—C — C — OH (3)
H, O

35



35 wherein mand n each represents an integer of not |ess ,, 8 than 1, as
obt ai nabl e by copol yneri zati on of 3-hydroxybutyric acid represented by the
‘formula (2): CH Ho-.c H~. c-.. ¢ ~- 0~t 2) H Qand

3- hydr oxyhexanoi ¢ acid represented by the fornula (3) 10 C3 Hz HO-CH -C -
C- OH(3) ~2 15 In the above general formula (1) , R represents an al kyl
group and preferably contains 1 to 11 cagrbon atons, nore preferably 1 to 4
carbon atons, still nore preferably 1 to 3 carbon atons. 20 The "enzyne

i nvol ved in pol yester synthesis" so referred to herein includes not only
pol yest er synt haShebpreaksbd jpovegmbien il aditiies sphefigseto s maidrod

pol yest er 3&?%983§cik§?§8%2§¥t@?5rWHE&H”U%%pfi cﬁ&ﬂ?%ﬁtiggn%he above

pol yhydr ox anoli c a rernafter referred to as PHA) hase. As the
pol yest er 25 anafermad) tataads yiRdeaas L nhér @ N e Trefritariete  EhditF St her s,
R-speci fi c #Q¥lrdePA hydratase (T. Fukui, et al., FEMS M crobi ol ogy
Letters,_ vol. 170, 69-75 (1999)) which converts enoyl-CoA an internedi ate
in the =i oxidation cycle, to an (R) -3-hydroxyacyl -CoA, which is a
nmononer, ~3-ketothi ol aBETADUEBODNAORBEISUBReNTBeMHEaCHVBNTEONI - CoA reduct ase

i mer | 5o acet yl - CEARRATOAERTH R Goa S ROt prvabh ity 13°destatbed) s of
3- hydr oxybutefrad: .CoA, which is a nononer, 3-ketoacyl-CoA reductase (fabQg,

(Qun Ren, e]ﬂagd%néaPESQE@@l%%gaé¥9b01§§%te§5599thégisp9nd28g§é29§ﬂﬂng

3- hydr oxyac rase
y 10y (

or same
In the practice of the present invention, the polyester
is not particularly restricted but preferably is a homopolymer
or copolymer of a 3-hydroxyalkanoic acid(s) represented by the
general formula (1):

15

|
HO —CH—-C — C — OH (1)
H, O
20

wherein R represents an alkyl group. Thus, preferred are
a homopolymer of one 3-hydroxyalkanoic acid represented by the
formula (1) or a copolymer of two or more 3-hydroxyalkanoic
25 aclds represented by the formula (1).
More preferred is a copolyester, P (3HB-co-3HH),
represented by the formula (4):

30 CH, C,H,

|
H O—~CH=C —~C O—~CH-—C —C OH (4)
Ha O J H, O

35 wherein m and n each represents an integer of not less



9 agyl - CoA dehydrogenase (Qun Ren, et al., Applied and Environnental

M crobi ol ogy, Vol. 66, No. 4, pp. 1311-1320), etc. Those enzynes invol ved
.In polyester synthesis are not 5 particularly restricted butpreferably
areenzymesof bacterial origin, nore preferably enzynmes derived from
Aerononas cavi ae or Ral stonia eutropha. Thus, for exanple, enzynes

descri bed in Japanese Kokai Publicationsgdei-10-108682 can be used. Wen
yeast is transforned with a gene coding for such an 10 enzyne of bacteri al

origin, the use of the bacterial gene as it is nay | t0,0C e, in
sone host yeaatd, ab coveladnbe fel iCPPOileteﬁf&ﬁ§ltéP¥loﬂggf'kb%%%?)&g% ons in

sone i nstances,._Fo cadaniis tzanslated into -serine, not into
| euci ne, i nacfln% ]ileepa%‘?g%g{r% 33aycczgyli% ndr acea (5{. )aKavvaguchi et al., 15 Nature,
341, 164-166 (1989)) or Candida nmaltosa (H Sugiyama et al., Yeast, 11,
43-52 (1995)). Wen a [geng coding for an enzyne involved in polyester
synthesis as derived fyom an organi smother than yeasts is expressed in
such a yeast, a mal By QCcyr Jn nsl ation a genetic codon, with
20 the result tﬁgt?jan e%yma@ iff%i ng Cit)?am' no aci( 2sequence fromthe
desired enzyne may be produced Thus, there is the possibility that the
enzynme expressed cannot fully carry out the function of the _desir zyne.
Such probl em can bedsa+hedrbyyuekagoicnpdifi E8PEERENHEH] ditg% %?%ﬁnu?%e
gene in quegéi)gn by converting CTG codon contained in the latter gene to
anot her cod ¢orresponding to leucine (TTA, TTG CIT, CTC, or CTA) in
advancel0 The | euci ne codon to be used in substitution for CTGis not
restricted but, in view of the efficiency of translation of the gene to be
transformed, it is 3@ grEferably a genetic codon usage of which is highin
t he host yeast into \{vhi ch the gene is to be transforned. In Candi da

mal t osa, for iltﬁ?an_c H - desgCrabl @ Hhat CTG cogn be converted to TTA
or TTG nost preferably topJG ¢@he codon usage constituting a gene varies
from organi sm 35 to organi snf Thus, for anmino acids other than trypt ophan
and 1@snmet hionine, there is a plurality of genetic colons correspondi ng

to each am no aci q:nbué ol Qggged&éﬁgfai NE GO USlage Rl BepneoRyaRi amaepehdent

manner. I n Candida maltosa, the genetic coJons corre ' i o @dAdi ne,
for instancegreue aCT,PEe BREb AL EHS hnd gﬁo%%%%g%% i's the

genetic col qn, aised ¥Dst] fuequenidosn atomsst stutlilngoaegrreferALLKi & HRy>

whi ch genetic colon i's used anong a plurality of genetic col ons designating
one and t he SaFROANRHI Sici d may differ from organi smto o,r%gni sm _lt hgs
been poiyy ed out tfias “ehe yekf irvehvgddin POlyeaReFatyRhoTlS GonkeferhFgh
when the geng is conpose epeti | g9s kL BrhsghteakenbusageésoThe GC
contents of B%r%%ﬁgg %%%lllgé?%eg?%egn%gmﬁsy%t has%} gnelang R SREALEL e,
enoyl - CoA hygoayastegerietefmed} #ke afetnaF@- 67:5169%aRd €5 jﬁ‘% . .
respectively,, gr,@%?befrpéngf@ng@,nqmgn@thes& cherli wheyet v RAYEEeR I G5 B CE Er
reported, the cormtent of phosphogl yc e ki i S . 29@ 3pdybheesC
content of PABOreARRILAY F§f§BF8g0FgT%%§%I%%eW%Sn%'en'%%i% a geng va?i es
as a respit ofrbbRedenicabslhtiast, cohene usagde TiRNvtErBas, RHODS CAPRTRY
ef ficient expression,of a ne _inyol i @l yestan syt hesi,s FEAISI n

Candi da ml t%s'é?ef%gllcngpgﬁge?olh{ K&S‘\fg‘géfs%r Bed that. Ee rel.evant, gene ihe
modi fi ed not Markrpoly looy Letaeicen ¥01CTE @ol A 1t ot h&MEh & Colon
cor r espondi n%ntog,ﬂ-%%%i n%]’n 3s, B Aned abovhe Buloxdldaa ilon mydilfs,c&o @& of
sone or other genetic’colon (S) Iinto one (sS) wth girghﬁ_c]gég Y8085 d Bind
Candi da 25 nmelR)oSerhydricsyagsdgeédPn candlds® Mal"PESAI S WeSTri bed 1 n Kl aus
Vol f (edfbi r'\#@[mfl\éféyérﬂféltf Yeasbsck by B-ObRatethidigys &Ebopélgfd)%yet al., f
Springer). Thus, GCT'is preferre t netkg-C r ANidine AGA f or
ar gi ni ne, AAG oBiRAT p@temaspaﬁéggag?’&%?grfégsgsggg??ipa%i d, TGT for
cysteine, GGTJ&y10laua nehd GAYerf aredjiad adetea@W ool It ani ¢ acid, CAC or
CAT for histidine, ATT for isoleucine, TT: kel OF, | BUEd thes c WA dRor

| ysine, TTC oF ~ PR 9% 1bwa¢o§% n@,&%t&%% proline, TCT ior éggi nggo ACT
for threoni nere@ATtame TARKGN, tiQusiRed, &tdad&FT Por PeGFFhECT The 35" genet i ¢
col ons t%Sbe ﬁgplfé(,e%ﬁ_rez@pé_mﬂ cubaryyréepdcyTt@oA epimerase (fadB) ,



11 to these, however. For exanple, when Candida maltosa is used as a host,

t he pol yhydr oxyal kanoi ¢ acid (PHA) synthase gene shown under SEQ ID NO: 5,
.and the R-specific enoyl - CoAhydratase gene shown under 5 SEQ ID NO: 6 can be
utilized as the genes for enzynmes involved in polyester synthesis in the
practice of the present invention. As for the nucl eotide sequences of these
genes represented by SEQID NO: 5 or 6, #ne or a plurality of nucl eotides
may have undergone mutation, such as deletion, substitution 10 and/or
addition, in their nucleotlde sequences prOV|ded thq% tfe¥ can,provide
substantlala@@2y®®Aanehydr®@ena$ﬁ { VR ﬂ%%cr?%t?%n' R %rﬁgglgggo;he
nucl eot i de u a pburabesl ynet aucpeotides- ave
under gone n%?g%loﬁﬁé%t% ngsgoggf}ggy SUbStItU%IOﬂ and/or 15 addition"

means t he netteoti de sequences with del etion, substitution, and/or addion,
wherein the nunbesy 9f¢ tgﬁzwééepﬁvaevea in pbeyestent sphtbapadl 2ref ki ng

del eted, substituted, _and/or adde RstdhephRekariant,
such as 5Pr§ﬁéiChCN&éFéh’cre£c§@-Ct§rf§9Hgpreefei%e%c:l% Q?%E&gyng gene-anpl.i fyi ng

i Bttt ot sl
edited by nry rlic rapsla ];ﬂa - deBre i
RagshandacPREERHAS

conpri sing Ofe seq uence nay e of
hybri di zi ng 1V Ulaplahdésevmwdalcé’mbrhl%éilmeH%’rgr&cllé)&qs&e c?é‘q%@nélg <S¢ SEQ 1D
NO: 5 or 6, in am@‘lr hn % cpgcyrtéﬁcgﬂforméa/wq@g 4 hpdnd h@yjlm@nfpr:ostmde an

substantial enzym '&ct Ies e DNA capabl e of _.h [NA,
whi ch cofpr |emszamtd1e>fntptalcé@tr|léé @é‘f}ﬁéﬁcetBF Si2e) (I)% Hbggé fgl aéx{s]?t ri ngent

condition" referd d\} &th A Rf &l d&&f&éﬁtﬁe DNA odudree rreds te Wﬂ&ﬁrorﬂf- Fpne

hybri di zati on et ho pl aque bridi zati on utherRehibst Lizead J on
met hod, amprRPrsIHESLEYAn a&‘%ﬁ% % n&%gg%? eot| eesequence of SEQ

ID NO:5 or 6r@s exdtiwhe, d’nrmaeocsmusotmnﬂ@temlm g ARG the

desired DNA b carryl ng, ,out sagt CQ Bty |§;ﬂlrg{]:aa§éé)r9| %W&g‘lﬁdﬂeﬂ_ ezt bd,

descri bed i n-SE W edd arc dGH dt>—tCor.d _Spri 5?5)](_) %gg

Press, 1512 M989%e, I8, G@ﬂﬂesl&faddlﬂf?@ fOEet&é‘f_iéﬂﬁxﬂgiga—ﬁ eadt> hdded a

DNA codi ng f%{(ﬁ) lper@g&%ﬂﬁt&f;ﬂﬁlg@g&]gmql tWhangangenedcqglﬁgrfan @hzyne
I

i nvol ved in ester synthesis 5 A characterjstic fea pLgesent
i nvention |senhmlegen@@ilﬁﬁ‘éabnep%iyﬁéf‘ﬁﬁ a&%ﬂ@%é%a |§ %gg?{g& %PSm éﬁ

coding for aopggﬂfgﬁogghggrggghngeasgsahstexpuebsadgenesééhl agyYedpt an

enzyme invol ester synthesis ntl.o ME- 1S eldion, z@eth10
In fermentat abé%magaémwcﬁc oty && %élggl tﬁg‘ 8ggas'?ﬁglcarlboh drates. fats

and of | 530 f atty fedde thapasafdrimmend TERELAEKE ARINENAELA TAYRTTT 250 by
I L i i Ry ey T
fatty possibility that the enzyme expresse cann
the function of the desired enzyme.
Suchproblemcanbesolvedbyusinganwdifiedgenederived
ting CTG codon contained in

(TTA,

25 from the gene in question by conver
the latter gene to another codon corresponding to leucine
TTG, CTT, CTC, or CTA) in advance. The leucine codon to be used
in substitution for CTG is not restricted but, in view of the
efficiency of translation of the gene to be transformed, it is
h is high in the host

30 preferably a genetic codon usage of whic
In Candida

yeast into which the gene is to be transformed.

maltosa, for instance, it is desirable that CTG codon be

converted to TTA or TTG, most preferably to TTG.
The codon usage constituting a gene varies from organlism

35 to organism. Thus, for amino acids other than tryptophan and



15 acids, n-paraffins or the |like as carbon sources, these carbon sources
are netabolized via the ~i oxidation cycle, and the netabolic internedi ates
.in the )3 oxidation cycle are utilized as substrates for pol yester
synthesis with good efficiency (T. Fukui, Y. Doi, J. Bacteriol., 179, No.
15, 4821-4830 (1997); 20 Q Ren et al., J. Bacteriol., 182, No. 10,
2978-2981 (2000)). Since the ~3 oxidatian in yeast is carried out in

per oxi somes, which are intracellular mcrobodies, localization, in

per oxi sones, of the enzyme (s) involved in polyester, synthesis is favorable
for effici emétiphbyass ertisgme hbsia. p PErahet Hrof e¥oREtHC b {9 hsferred to

per oxi Somfﬁg%g?%%”ﬂfﬁé%%de o, fh88.d LbPs RSt R8Se diifiey Lo dduerf usggeon of
a peroxi sonex i g Signal occurring int pr ot ei el S, ey are
t r ansf er r edihoapeoogasbapsdeSengebE ARBRNST I, %Pﬁ@%@%&t % 106
(1992) ; V., h@k-c@;@%ﬂé LOr SeLkBYh8Ung ko Aban3fel(EoB8Rs605Ck, TIHTCFT; E .
H Hettema, “BI'ochr m Bi oph

s ., Acta, 1451, 17 9 T )
addi ng & Dl\ﬁcﬁocﬁ%aﬁ@GE@)c/%P%e%ﬂ% ?War%ger{ fiﬁsg%f% %ﬁle?%@?o?eﬁggg %/ng

' d
for an enzygpsknyeky@dnknypehyeshetisynthgsiasgene -be BnERLHOL’Y bl BTG

| ocal i ze the enzyne i nvol ved i.n .p ter iyS olfN g3hepekoxbsiomas for
efficient pgepESter CFRPnaST §58¢ %%‘%Fﬁ %| gi)érl“ah‘i%y O SR -

nts, targeti of the PHA.
synt hase gege stigwardnpesmxizscntise segg aBiRg arcéﬁo?‘?gdilg\k%@glf%%ﬁ%% RAown
as peroxisone-targeting signals Q&&H(fj;s&ﬂgt@& die treatboohd dffimimseyacd
sequences cdpP* NG tHree am no aci d 5 residues, na | ¥posed of genetic
"(serinebal amans/latsos ngp-q¢yS LA YIRPRENR %‘%ﬁl%ﬁlﬁg? RRTHe™ e
expression (CSOQ{gr{gE/@{tqpimQﬁpmrpe)saj@f Thet adcepnasntised ThALEOAORBENS
e, a

any one of serine, ani ne and cysteine . For_t 1 N9 &fopn-enzynme
i nvol ved i n gethesstdar iNed it %tqaoﬁ/%r%lbeerao%pg%r?g{s&el%le addtjytali on of the

, t
above t hr ee-afi Nor A6d dySasuense imstdreceardoxyd? tihiand oF- the enzyme is
sufficient. Anbng the peroxisone-t [ eh theardeali veldoamat gne s he
most  conmonl K Gy / WE%F?S"S%QEQ?%W %herlei nafLeL is
referredst o @s S report®ds hohe)GE SEp ieniah PRosPRRIIYETTE e
“al ani ne-| ys{a&esééoiﬁa‘cﬁﬂ'g"e&h@éﬁt@ﬁﬁt@f pefer (RUK2erpsiAKB5f 673 short) (SEQ
I D NO:2), whith is Known as the peroxi sorre-targ‘er%ir?gsc%\:gb%g:séls-\ﬂq{ gienghe
signal in Candi da Thapi ddis §C(gonpenhi tett S5 %t “ar=, 37 Biol . Chem, 266,
20 23197- 2323,(1991)}y b8 BbEbsT abhyeaddrktafate cRabHOXA2IRITT nus. The
nucl eoti de sequence correspondi ng to such.amn C| q;%g RBAksis
particul ar| yeEESELPRERRPYSE I HE g’efs@ %ﬁneskﬁ‘,(%?%ganﬁglpzﬁ_ti de seg?{gnc%sshown
under SEQ | D;NOraRdean helubihjz€dr25nahdncen thelgaBEe6PrARP, Pkt BRown

under SEQ 1D R0 faga ot Bach YERG 4% ATGWARG: 60 ATE codobni ty
of the N terBEREYaBLI RS 5E Ig?%gfééger{ot% Yans e

_ am no acid resLdue%, E%G%Iié as
“(argi ni ne/ | yaitnepnplbeci gehesicneries €Q&EEREPORSIRS hE a&iPd 36’
resi dues) - (hiatidhaekobueal nel( lawe Be/ abanimeltioar o falsonekRswe RS

peroxi some-targeting signals. By inserting. i hgsgq8ereners dant o
an enzynme i ngenesd g AOgeny sk éﬁtﬂﬁpﬁééi)s,l?@q}%gs%go |6 to cause

| ocal i zapton@f da@ .enzyne in peroxisomes. 35 The novel gene resulting from
addition of %%%Io?lgusa&é in candida maltosa is described in Klaus Wolf

(ed.): Nonconventional Yeasts in Biotechnology (published by
Springer). Thus, GCT is preferred as the genetic codon for

alanine, AGA for arginine, AAC or AAT for asparagine, GAT for

30 aspartic acid, TGT for cysteine, GGT for glycine, CAA for

glutamine, GAA for glutamic acid, CAC or CAT for histidine, ATT
for isoleucine, TTG or TTA for leucine, AAA for lysine, TTC or
CCA for proline, TCT for serine, ACT for
The

TTT for phenylalanine, |
threonine, TAT or TAC for tyrosine, and GTIT for valine.

35 genetic codons to be employed are not particularly restricted



for. such a peroxisone-targeting signal as nentioned above to a gene coding
for an enzyne involved in polyester synthesis can be constructed by
.chem cal synthesis or by the PCR method, for instance. In the follow ng, a
met hod of adding SKL to the 5 carboxyl termnus of the PHA synthase gene
shown under SEQ ID NO: 5 or the R-specific enoyl-CoA hydratase gene shown
under SEQ ID NO: 6, each as a gene for amienzyne involved in polyester
synthesis, by PCR is described as an exanple. A novel gene (hereinafter
referred to as ORF2S for short) 10 (SEQ ID NO:7) resulting fromaddition of
a DNA codi ng fittHese paiowdwane-t argeting signal to the PHA synt hase gene can
be constructed by, carryi ou i s fydameesufed £CR host, the
s e

ol i gonucl eot i des . | ; an le DeN%h éa gﬂa 38E@
tenpl ate, thel RrAdsynydbisenebn e by Hind&Y 39D I65 5P A PRe Sane
manner, a nﬁfﬁl :%enaencg ggéqj;ﬂ_@gé@irfir@ggbygdgbamm ge_negirmv\tn)ur(l@EQ | D
NO: 9) resul n8 rom addi'tion of _a DNA Cotglén far af&eregéé,ﬁggeihgggegang
signal 50 t&BORRPELI§ iceneheyPEEAAZRG IR At %qbeéhees can be constructed by
carrying O%npgﬁﬁt%s REL DBAS flos pE@E,ti@Iei@bhb@l@tﬁﬁ@fé‘sﬁﬁ_@%laﬁder
SEQ ID 20 HEE an SEQtD NO:éLg agdd %%&ﬁgg%agg,tﬁgge%gﬂggl fic

enoyl - CoA hydr at a&® ﬁ%ﬁe ReohAC uRidet % ©6.. The PCR condi.ti gngl to be
usefl_ P_erg n?gpbgsahbbawsEpﬂm/mdeaotrh@,t oaﬁe?brt aﬁt}ékrag}éﬁéf% ‘P@&&ﬁéﬁi tzgiA Ele
anplified. In the_ _same manner on abaye dea nGoGudg thdan

can be addeﬂ‘a%p‘faﬁg 88?85)%9%% glrar%g%gts)héf %t 6. PHA syt haseﬁe&gﬁd fhat
R-specifoc endylrCaAdhydratash Geaer BCERFIFHd T | SIBER JSig primer s
shown under (SEQ LB g o1k NG BEQakR1M): chdyad adtsi iBlA ssynt hase gene as a
tenplate, it71s possible to construct novel| r%%gﬁoghaq:@en@lﬁlthreopcqh@red to
as ORF2A) (SEQ | DINOtB)S. dggcrAPtAeNsamd way X by ~carrying PCR usi na}apri mer s
ﬁhgwnt under s%%gemé\{):inlf}h?ag &F@dﬂ a{\l(ib:l_uj::&la{td/ pﬁenwigéiﬂﬁévg%@vﬁm
ydratase gene as a tenplate, it i§ poss tQ C Gy 8 40 Ve d e
(her ei naf t eray SIS W@%@?F?A}&t §§Q4%eql\bl%) 051%1% nuc| eot i de sequences
of the aBoverdmintianedhdnyeltds mgaresitas eARICSEYHE RIS 1 SEQ 1 D
NO: 10 may have_ undergone el 81 on, ibsdid Whomamskoroaddieion of
one or a pl u?‘&?ﬁjy Bt ndclae%%/i‘aod{gséﬁgégg%ti Vel%l@ ovigegeig tad D€ ed

cor r espondi ngueheyniede hisy el & URe aff F el boP§ St {/?'lt?’l sizI'ng activity. The
DNAsconpri si nig, 1 he aboye Jaglaohhdegasyeneesnomy mespat i nviety PFI9E £hkr DNAs
capabl e of hybridi Z|\r‘1§ wi th DNA _which cg_ hggﬁ t he %ﬁggggge§sgﬁépstrat ed
above as SEGUE) 27 MPERFEHYSNECEBhTi ¢FbN, provided that the caﬁ.%)f py ovi de
subst anti@al gEZYDENATE Fyihi@ER ABEhge MAKKESUB DI AE) 2t ladth 8 O a2 PRa

coding & 10 Retox] soe: 1 81 00L 406, o1 9Apled &} idonas, codiveg, ! orabbeaabdve

enzyne |nvoI089Riﬁe5%?9 hesis 1s a gene capabl e of being expressed
in yeast. Thpy"yrasbsh$n Kefefyedtte herein is not particularly restricted.

Thus, usable are ki east. $inleedp¥irk n ot Jaot Sde deppsines ey Pe. g.
| FO, ATCC, etc. ) gﬁ%s%l\g& Eé’%ﬁ‘tﬁgﬁfo, such etr}gg%j S w%ﬁi%ylc% I diddMehe
Anbr osi ozymathAr DNRoaspable ap ki Byadl AhH L j'&via,” Bensi ngt onj a,.

BOt 1 y0asgys, 0! L34 RS o i é@naTyDESD NS orch, Buld sFoHYEeR CORTI IR
Citeronyces, avi spor a, t ococcus, .Qys L shdidug Raypienycies, .
Dekkera, Di pB¥R¥d6ssi §hasot %%EESYl%n%‘g’PFE?QEndo co%i%l a, Eremascus,
Er enot heci um Er yt hrabasiaicamabiel ¢ﬁmw®é§,dlﬁun§b‘d§F]aiQ%' FaetSifces,
Ceotri chum illiernondella, i 45 RGIR, 1 HAseN WA, 6 Hasegawsed,ngent

Hol t er manni a, %&segﬁzsl,delﬁﬁgpl CEI fl sggt chekgkbgﬁql%oeﬁlfaegfe by colony

Kl oecker asporandd iyoret nefeesed % Kereba MeRGSaF SN a- 4 zmanorryges,

Leucospogj,di E@bﬁ'c& Esh rerdfa] OpGRsie Valmsiskizd at 1 dve st dovi (TR EKI a,

Myxozyma; “Nadsoni a, azawaea, Nematospqgra, (Og , 2 FREPLEEYBE ng the
Pachysol en, Ridwhiydi zHospbrg thekaf ?Ii“%?gﬁqcéh e %gggs%orl diegmiél Rhodat or ul a,

Sacchar ony ces,, SACSHAOBEQSSce 39F ST ED ONycopst 6 Baid dRTPRE - SAKEGTchi a,

Sat ur nospora, Schi zobl ast osporion, Schi - reSCHNE BRI OAYLEesng
Spor i di obol usSkiShErSEE th @& ,m§§&%ﬁgéﬁ§§g%%nzgﬁgt}%gﬁgﬁoa cgsrﬁyI ‘bed in
St eri gmat onycest ﬁmi@mmpmtﬂémnac@n@i@gab%rﬂﬁ%,m%ﬁﬁb%d DRFEERS
Synpodi omycopsi Tor ul aspar ich 98l HIFb6hasarmatory Press,
Tri gonop§i53, I%%Eééﬁlg%% , o n%j 21§éEHtI (@éP@ S'ﬁllfﬂ}#




16 Udeni onyces, Waltonyces, Wckerham a, Wckerhamella, WIIiopsis,
Yamadazyma, Yarrow a, Zygoascus, Zygosaccharonyces, Zygow lliopsis, and
.Zygozyma. Among the yeast described above, in view of high 5 proliferation
potency when fat and oils are used as carbon sources, high safety of
strains, and the fact that separation of cells fromculture fluid is
relatively easy, preferably is one belomging to the genus Candi da or
Yarrowi a, nore preferably Candida naltosa or Yarrowia |ipolytica, stil
nore preferably 10 Candida maltosa. Fromthe gene resulting from addition
of a DNA codegw) for a peroxisone targeting signal to the genes coding for

an enzyme | 0| VG‘Gd RAYESLLI, §¥)’ét1|f'1§5'e§ prekeed iin yrass|atddetihe Ry e
i nvol ved i np%ol ye er s aheS| S

CGene_expressi o S £
construct i otodbng t e @b@@éog(éﬁ@mﬁe%w?ﬁbngr %ﬁ?‘gag (%’oann go%?‘% %%NAngod?ﬁg for
a per oxi song tﬁﬁ LNngnob 008k iR §og§6§tebdsygtheslan enzynme involved in

es

pol yester synt s to be express e SSAkY hh_ag tbeeh DNA
sequencds as a prb@beeact @ESSt&@cg?a\Lzﬁr% %f%hegré&srﬁ)ggméo ¢ Eggne and

such DNA segugngesagsbpelyt leé)lmgpl(émplrersaledsngnﬁeas er#i9Re &t ; Né‘\t 6R% he

3" downstream of the gene. a a bﬁéyua@ 4 efcfrbeme
condi ti ons &€&ut PP %Pé‘éest re%%)?pg&aﬂgg Eedian sy L

gene in stion résapy )
directly inseriyed theokiad Nmtxewhﬁﬁ’v@rysyl’étﬁée@%%easnﬁ‘ge ] R& te& into
a plasmd h?%&rism a% appropriate pronoter and term nator so that yeast may

be transfor ‘the resulting plasmd. In_the c dyasent
i nventioh, a geneIex@eémshﬁﬁtéﬁgsﬁf?@u%lB?e‘Pgr%b? oénﬁs I?ul‘f:gtledf?y j ol n| ng

a promoter tg %ﬁﬁ@ece%n thesSnapsiseanat hereofdand-paredding ard 30

the 3' downstreéeam reof so that . the .cass gRy+be-ysed |@séda@§fmem ng
yeast. Any pridifot é\?hlé:rli’dcﬁélrg’i 6rll§§alu§§cgég %e "uSed provi de _that they

can functiondspoteasdurdd,| evitarmng arhe Hﬂflﬁl‘m@r%r g4 iel GrPnes Mcausi ng

constitutive expression and . 35.0one tri% i ndyeiblratexpnassibn, fatter

type of prontt eRF1Ve PR ST %‘F% rnactlcéJ of the pr g ent ..y

i nventi qm, Iatcic$s,deﬁ'lpraa"blféllnf$a0rttﬁ€e drldﬁ%fiérc%ﬁ%o?eﬁqﬂrﬁaetsdr SRS ThctTon in

Candi da mal t osa, %‘ Ig 1{'@%%&6’!@%@& gl El@é B Nek Da bronecywke, fard Waddi da
2rabt y,

mal t osa. Morg’ Candi da sa 5, ALl LePOXR1ized
gene- deri vednqz)tm?e-‘efr e nmRd L e d@nnﬁae i ]diptellrg%n tor% grg Utilized.

Thus, for exagn & sthe g@@tﬁ;féﬂ@r(@muﬁmmw @904 e IESHEEY FaF t osa

ALK1 gene (GenBank D00481) onot.er P NOEQs| D401 183 30f 11997)ALK5
gene, and t hBupénof erPPox ﬁgg,s Fg

t he POX
GenBank J1238 Qen adTerg , oUheBacteamolbe, ub@d, é%ot%?é)orprzt?ﬂ(e?t @S % QFEQSO

term nator ALKIt E nel ghai il s d nAbKrogesemand t he
li ke can be 5%88 &’ otxé%tnlé%oam SFa%‘ggug@eotl dl‘ia gueg%?t% of ;the above

pronot er s andhn.ehmamat onsregeh lpap rhBHErARASE§Sne “5n,OT% Substituti on
and/ or addi :nggogflsgagsor frogkge R et |sde$npbmvedemtnm1tyef‘rfe€yr AR eSS on

i n Candi da tosa rg lleQldide sequences may
respectivel yll§e flaN@rBNAecgﬁébleg I‘?}?%r P&’l %%%\é% s stringent condition

wi th DNA;gont ai ni nghthgrsegueasces bkl msanatfedréso\t@ REISQEDSPPES are
synthesized on free ribosomes and, owing to the function of a

peroxisome- targetlng51gnaloccurrlngletheprotelnsequences,

they are transferred to peroxisomes (S. Subramani, J. Membrane

Biol., 125, 99-106 (1992); Y. Ttai, Kagaku to Seibutsu 35, No.
30 10,687—695(1997);E.I{.Hettema,Blochlm.Blophys.Acta,1451,
17-34 (1999)). Therefore, by adding a DNA coding for such
peroxisome- targeting signal to a gene coding for an enzyme
involved in polyester synthesis, it becomes p0551ble to
localize the enzyme involved in polyester synthesis in

35 peroxisomes for efficient polyester synthesis.



20 provided that they can function in Candida maltosa. The pronoter is
ligated to the 5 upstream of the gene coding for an enzyne involved in
.pol yester synthesis with an added DNA codi ng for a peroxisome-targeting
signal, and the terminator is ligated to the 3' downstream of the gene
coding 25 for the enzynme involved in polyester synthesis with the added
per oxi sonme-targeting signal -encoding DNA3 The vector to be used in
constructing the gene expression cassette may be any of those capable of
aut ononous replication in Escherichia coli. It may furt her have;q a recgl on
capabl e of 30 authnmm:sr,epjar@aum iaf Vs tEHAT YRG5

aut ononous replication | n |<_r)19m,52"o®) al ceI | s. It is

al so possi b?%’P n ?%%%r ?Slyf‘ﬁ% gene ex%tf%gs%tn casse tte |ﬁ%§ CQEO SOomne.
As an exanpl e, prmammee%ﬁlS@mWrﬁﬁ%%ISl@% n O ggda nal t osa
can be used éN‘lAp’%} 35,8t a8k - sedueBbeb. cénprisingl th2ds, agbus- 83953
(1998)). 98" oprlate restriction enzyme sites for joining the pronoter
and terrd naresldoeshenémﬁhkftural gene can be fornmed by utilizing the PCR

met hod. The“Qgbg?ﬁeygggﬁ@ﬁ@?cygtbenu$edlya1@6Raagennbﬁ/béﬁﬁﬂéapﬁ?Fy
ut

restricted b or e , the 5 se O oSER Nr 21 to
5EQ I D NO: deéénnse us"étgep %%nggg?%ﬁg/csé?e arélrgfgig rjoj\:/)l ded tI&at

the desired;geranteagaenised aredesi mmsiarts eay AREh®hgHT

constructing the.gene Ss td € 2 ACE0F Fhd G ntve Livkel m@sérytester

i nvention i SYS&E1 &r’tlﬁﬁ?a‘%\ lc%g‘rgggtﬁrsl cted, a %ié structd qn g)n)% in which
F8le AICERASS ©

t he above- meymitbresd st \mwgs@,flde@er@aiﬁﬁ%e@F are’used as the
et oxi sonb. {4 gat PHT-E St R eduehael tﬁﬁq‘“emrmq'mgzim”f&;@e? i
pol yester syamas si8 swdsaiiged Bed bEMERI ag&‘1 Pfgoé@g‘o g?g) Thé case of

usi ng ALKI p, ﬁ#ﬂéﬁ&l%ﬁhlﬂél As ghal st hehmomist epmney bﬁnWPBeWWé%e

termnus is ull "and 3! termnus,;shl\lec&e de pepared usidg drIe AKL
e

gene as a terfRmkne" ]tﬁb'?jé'tehe]r 3G pr e S s own under SEQ I D 20 NO: 21 and

SEQ | D N@: 225hd¥st f O[sEdeID exdn hatar theeg)i 2¥QURLIEt whose 5' end is legglll I
and 3' end i CORV can_be p # N ép@lﬂf@egeﬂ@f@sr@dt’ewpaat

t oget her wi tﬁa T HRT sf%%%% %%gfé&gﬂé ghl\g ? SEQ 1 Q N0: 28. Usabl e as
the vectors foe $Hn<ert/)ect-‘3)EQpU?ANO(ﬁg Wll} ohSt F1uRY8d% By Usi ng pUTU and

t he Candi da éé gég %Qﬁ%]é%egﬁﬂg é%kmmem;nmeasanalmosgw Kawai |,
et al., Agri I 0 vol gi 59-6 991 ) whihe @Hgﬁg; ngethe
marker gene tromigahis| (Yo ReePihEN1ERY 947 03613) EP S

j oi ned tg, pUSAToat 8he3PyubbiNdel isi peeferabl&onéﬁﬁdctopgwcﬂi gy and
ALKIt is ligated to pUCNT at the Hindlll-EcoRV site to construct

PUCNT- ALKI t . EERBANUALKI p is excised from pUCNT- ALK p wi.th Py and .

and joined to pUG\HhAhKidle;itIdfeSeﬂulenﬂﬁd%q’r‘éﬁ%onefﬁ%% tOpEJ}&Etfj T %e can

be construct ed 35 Theg &?F};asrﬂlscdgppp A tfliANde At t[hethlelectaspstqf§

sequence g
the nucleotide sequence shown under SEQ ID NO:3 can be utilize

25 and, in the case of AKI, that shown under SEQ ID NO: 4 can be

used.

Further, sequences occurring in the vicinity of the N

terminus and comprising 9 amino acid residues, namely

“(arginine/lysine)—(leucine/valine/isoleucine)—(5 amino acid

30 residues)-(histidine/glutamine)- (leucine/alanine)”, are also

known as peroxisome- targeting signals. BY inserting and

adding these sequences into an enzyme involved in polyester

synthesis, it is possible to cause localization of the enzyme

in peroxisomes.
35 The novel gene resulting from addition of a DNA coding



is ‘Fhus, a plasm d, pUAL-ORF2S (Fig. 3), can be constructed. Further, ORF2S
is excised, together with the upstream pronoter and downstreamterm nator
‘fromthe plasm d pUAL- ORF2S using EcoT22l, followed by joining to pUTAL at
the Pstl site, 5 whereby pHA2S (Fig. 4) can be constructed. The above
construction schene is sunmarized in Fig. 8 and Fig, 9. The synbol "*1" in
Fig. 8 or 9 represents that this is where Fig. 8 or 9 are connected. On the
ot her hand, ALKSp (SEQ ID NO: 18) whose 5 end is 10 Pvul | and 3" end is
Ndel can be prepared using the Candi da naltosa ALKS gene (GenBank D12717)
as a tenpl &g, sefeBhRRIAKLROPLT FBEgeshBEnShigBatl eeet@re‘-mne@ FRRVSHEQ | D

NO: 24. Thi g BNAe! & QBRI olrSars Wisdynidlt 8ol 06 dALKHR iy sﬂt‘é&l-byn’éﬁééﬁbkaﬁUAL5

can be constructed. The ALK5pronpter and.ALKI ter%%@% h 15 from

this pl asmf GOPRGTREGEINY JCah $YEReEd S 8t Periodet

pSTV28 at tisstSmde Pvah shike fobhemwthy, pSTAleFahoaln olfie adanstyr S&iedo ORE3S is

joined to thi | asm d_at the S: i 5)

can be Onsqarrgaccf)ggl_ %%Whgf'l\@%@%@ Qﬁle%(rbgfssee?é%t ogggﬁlgr %E%%@ﬂj

upst ream prNoni er mrdRd@wesurfea:nemeyhr@abdrydrfart@mqosmw%@%sndgrrﬁﬁ@al l,

f ol | owed byIﬂl S % rSaAA V\ﬁg;@py%@ A aﬁcﬂiﬂa tgg—iAZBSZ
a

(Fig. 6), can e consa%ruc ove const uction scheme i's summari zed
in Fig. 10 2/EmsERg. byLlPCRI'WeS Saforibed as ralFiaM®Ll&r 11 represents that

this is where Fig nl@e0rgdde %h%r%@ﬁ%@%%@dref@l}rg@QCﬁéﬁoRﬁZS@b@%h&Lﬂ)p,
POX2p and ALKIt POX2 & end end i's

1 TR e it of 660 o
Ndel caf belTFrepHr P usi n@%%t% cﬂlotsjaorp 3 ﬁ%@?}ﬁ
D21228) as et ops@ie: t4nget ey wqﬂraprtasreme SPigAuns ymides s SER1O & 252 and

SEQ I D NO: 26._This fragnen S or r t in
pUCNT- ORF3St° n%%?%w %ﬂbﬁ?c‘g&npb%é%géé?n% a%%’aiﬁ%sg. gé?exliéleed
t oget her vmdzlugd:mubemtm hompt endan s EDHWASN® ehlsnatr@r FEQaENO HlRomR @5
pPOX2- ORF3 e Sanl j?;re?)fLApég sQHf@r%@%l’(&hg un@er» S‘ﬁ@' eh no2H.is

joined to p site e constructed. The above
const r dét i o?ﬂs‘thferﬁeam% AN ?e@qV@lFlggnelihe’l—’ﬁlPﬁéFt&EoV@fﬁ‘ﬁﬁﬁ@rtotfh% gene

expr essi on GRESSIAR EHBrE'S‘e ﬁ@(iwtﬁooe) Oﬁesrmjp@i f&txe&n seautibAe f RODNA
honopol yneri zati on_or Pf?%i/ne“ zation _of a

éfr oxyg%llkalggl c acLds)
repr esent edc%‘}l?%efﬁjén%r%? W%‘Fﬁfg?ﬁl’?%es‘%ﬁ EAnbir g nEPtosh Can be
const ruct eden¢¢) -toathybthe taseagetie stan beecorsi tuc et biyncasrnong partt PCRI ar |y

10 restri Ctlzgjda}_hgatss p%?ﬁ\%%% gée)[e ﬁlc?E?Stosil %R%%'lte%@l\ﬁ'etshsﬁ5ﬂc| i Aepesipories

(e.g. IFQ such genera as oconi di um
Arbr 0si28zy néQ Aﬂtﬁn@a@ﬁQsIDANthiyﬁﬁ AéﬁbﬁfatelBﬁlajiEQr athechsFREELAL G,

Bot r yoascuse, Botl L ¥QZ YRBdr BE £5L 29OAYCERowBULMEER, SBYI kBT ROYEeS, THaMMIKa,

Ci teromyces,

conditions to be used here may be arbitrary provided that the

target gene fragments can be amplified.

In the same manner as mentioned above, a DNA coding for

25 AKI can be added to the carboxyl terminus of the PHA synthase

gene or R-specific enoyl-CoA hydratase gene. By carrying out

PCR using primers shown under SEQ ID NO:11 and SEQ ID NO:13 and

the PHA synthase gene as a template, it is possible to construct

a novel gene (hereinafter referred to as ORF2A) (SEQ ID NO:8).

30 In the same way, by carrying PCR using primers shown under SEQ

IDNO:14 and SEQ IDNO:16 and the R-specific enoyl-CoA hydratase

gene as a template, it is possible to construct a novel gene
(hereinafter referred to as ORF3A) (SEQ ID NO:10).

The nucleotide sequences of the above-mentioned novel

35 genes shown under SEQ IDNO: 7 to SEQ ID NO:10 may have undergone



15 C avi s~ora, Cryptococcus, ~stofil obasidium Debaryomyces, Dekkera,

D podascopsi s, D podascus, Eeniella, Endonmyco _psella, Erenmascus,

*Er enot heci um  Eryt hrobasi di um Fel |l onyces, Fil obasidium Gal actonyces,

Geotrichum GCuilliernondella, Hanseni aspora, Hansenul a, Hasegawaea,

Hol t er manni a, 20 Hor nbascus, H-ho-~ichia, |ssatchenkia, Kl oeckera,

Kl oeckeraspora, Kluyveronyces, Kondoa, Karaishia, Kurtzmanonyces,

Leucospori di um Liponyces, Lodderonyces, Ml assezia, Metschni kow a, M aki a,

Myxozyma, Nadsoni a, Nakazawaea, Nematospora, Ogataea, Oosporidium_

Pachysol en,de?% tHaghsuibaticspdrian Rigf/foira 2dRiiERPR, ORnOABsPBra i iiKality

Rnodot or ul ¢ SAEoharOmEes, AF DT GHNISE: 4 SROONA RIS QRS e spid agd | &,
at ur

Sakaguchi a, nospora, Schizobl astospori on, Schi zosaccharonyces,

Schwanni omBaTEyMeSHBAY 6| BB it i9HoPB Y B R E s S Pt aEL - HY - 30 Pe

gt ephgnoasms gbﬁb'kgH@h@@ﬁﬁébo@_&}%ﬁjclgf&itqwsﬁ_@@me§ytm§yi b pdut inaely
ynpodi anyces, odi omycopsi s,. Torul.aspora, c por a ;

Tri chospor oif t‘ﬁ%/%\ﬁ\é‘pﬁ ,a%aseué’lffi 93@&}%&&6‘%%%&%% ‘f’%%/ﬂée%?mprlses

W cker hanm aghdV skeudrace €l 1 Blustitd tepsilsoveyamnd3zy niD, Yar raws bl LIygpascus,
35 Zy~osacchar ces, Wi 1L I S, y : Bl Ihe; ¥east be
used as theccfrP%J{rIés/ %rll’rré%loqﬁ%gs%d it‘r%%sclhzthpe a%ta?lcggé%m?ﬁesgresentli nven%?lg?] IS
not particudetliyitessricted but, in view of high proliferation potency when

fat and oils are rH.?eedg cﬁatfstmfnc re6sm AU s edy St réddisng S and the
cells fro

fact that separation © , mculture fluid isgéilrativelyé easy,
pref er dfl y Prownbs pee bt Ot 100 tHofeh(® ERRIPERSDCYE I HEF, TRy 8P0Ve
g;e&e&abl yI &@Qﬁhgaiﬂwﬂ@ﬁ@ Of Yaryevtar! isyﬂ’@lﬁéyijs cas hatd';éhe rrgapalplefef ableG
ndi da maltosa. Anpng t yeasts usabl.e as host,s, t i AC1l
10 strain hRSiBBeFPRERTH t%/%n%?ﬁ/t deg%’s% té’&a\ﬂ%thsfhggﬁag??%ﬁaﬁorﬁé |8t§ﬁte of
Advanced | nfigsiot g riSetencel pre stedktedogyThns ensabilenate RandstoygasFsm
Depository, Al ST. - L i | . TsuKURacc! karaki andapan,
as of Noverr%%‘r’o%%géggé%q‘u%@%ﬁ?%%‘%aec‘%oe%ﬁoﬁ‘%ﬁ?}%e? FERM BP- 7366, if5a?5)
Tr ansf drimanbe porpandt tonsThk genasfopfeAciguéaranhgdivn, t ABLEPELRAYMA,

invention i g ygashsWikh RPQiQL AR, eakhBYa0f BEBHEFiaPaBBnEeaYkbhAg, from
addi ti on of ng—for a

—a DNA—TOoOT er oxi sone-target i 1gnal _to.the gene
codi ng for BABrYAAGEUFEH %ymﬁn%e&ﬁﬁéﬁﬁgﬁ%&s,

as introducedntihgrei 0itktohycpEef elbedspbat, oneyptonoreukind of enzyne gene

expr essi on casge tzslTor. it he production of e i I I,yester
synt hesi s, % & acé—g@ﬁﬂﬁ%‘a es‘t’hBé:’2 §%’g§¥§tﬁ§g5:ogrsrgtger and a

term na®r baphdeapabl eeafidlimt EndbMCbnSEhéaye&ggl}mrzg_rien@thﬁmiémri n
the yeast. F06.02A8.@1AIGRS! 28168338LEC FE30BRLIANLN) CEbobkBYbLs] I N
pol ynmer syn nt o*ge‘as*t—l,‘n—‘[‘r‘re conventional manner,

usi ng, for EgafgiehumheGualdiermeReephar e IABEREAZEPLGEY hERGSCEY Ry et al .,

J. BaCteri0haseé¥%ae$97ﬁo@@e&%ﬁﬁﬂﬁh,Oﬂo&hﬁa%bﬁgnrH@@h@bﬁ@hiﬁﬂthOd (Current

Protocol s i ecal ar, Biglogy, vol. T, 1.8, p. 4T1%§43z: g\grcially
avail abl e tvléﬁéﬁ&g&&&lﬁn %lﬁgg&?é&'aéﬁé&&ﬁémr Y Sz mat i on

Kit SM %$eneohaoanakogy)sicsa, &ust ziva nomyldezse dl.e iso sipo ekdhph e LipeaYCesdi da

mal t osa CHA osdtdre ion (c%s g@fﬁ@'@s s%% iLt ﬂe‘t’sﬂﬁgﬁik%wi@,ogragl%m ?_%*_?_g[ﬁ

-
Z 7!
59-65 (199l 2Z2—as—the—host. By trans 'S rain

usi ng the géaelsexgess Nadr zeaesay t W:nﬁ’&ﬂm SPSPREdiod URY t he
transf or mat 'P%%h&%tofl%‘ill, 4 ERPEICROOYSral toHaF MRS SP bbri 4 p Ricubge rGatidinga
maltosa tra ve-menti oned pJasm d pHA2S or
pHA23S2, foﬁhmwma:AWsWé}féandi da nal t osa
ACL6( pHAR 3 SH)a ciiadigh yelipai iRa blsa ik dinans foakamfucin :0f Satmmplcegrimg ,pHA23S1
Pﬁ;ugfrelna: N P i oo tien | ed i the Mkl anal ISl @ e dvanced

Sporidiobolus, Sporobolomyces, Sporopachydermia,

Stephanoascus, Sterigmatomyces, Sterigmatosporidium,

Symbiotaphrina, Sympodiomyces, Sympodiomycopsis, Torulaspora,

35 Trichosporiella, Trichosporon, Trigonopsis, Tsuchiyaea,




10 -Technol ogy International Patent O gani sm Depositary, Al ST Tsukuba
Central No . 6, 1-1-1 Higashi, Tsukuba, Ibaraki, Japan, as of Cctober 3,
+2001 under the accession nunber FERM BP-7762, and the Candi da nal t osa
AC16( pHA23S2) obtai nable by introduction of the plasm d pHA23S2 as of the
sane date under 15 the accession nunber FERM BP-7763. (6) Pol yester
production In accordance with the pol yeséer production nmethod of the
present invention, a polyester is recovered fromthe culture obtainable by
cultivating the above- ment i oned transformant of 20 the present invention.
Thus, the polepestmerces,odiaditicnysrsyortidiehenite MHcd@hamiglnidon can be
carried ou e 300 r t o @asqy_{g ure nedium and
cultivatin i l@ ﬁiom‘é&%‘}y aﬁlrgﬁ%‘_@g ‘fyélge—ﬁr—od‘uct polyester fromthe
cul tured ce?lmnsmccz@rcquwaq cﬁﬁ@ﬂleErvmaﬂ%mmer ature is

within a tenperaty®d gé‘asm'd@@ctﬂ%ea QTN Gan vgreow,o forteifgdr abl y 15C
to 40C, nore preferably 20C to 40 1géalsl CE preféarrabdgled’/_‘Se%tga%q% The
cul ti vaPi oPHQ e §EA N RETSRG & %3 € F or>Exanpl e in the
case of batsﬂhﬁﬁb&ml’iﬂg\l‘ﬁbbﬁﬁtypﬁéf@h::ai)irys i srababte fatt Fhabyseparation
continuous cul ti.vation_ al car.r tu I 5 NOt
particul arl réaé't EFS& Bﬁggﬁggdpﬁﬁl? Jtén%%l%;gsltveggpegg:y %ge?ﬁgbﬁemlism
Thus, for eoqaﬂpleéomgamgat@meagﬁnng _{L@[@ﬁrsﬁﬁw mé?rﬁlPF%E%ﬁa}%]sY
source () cadd0iaIGAA b Ygggomgel Ga N1 o$OUS E6Be raBBy Can

be used. ry testricted provided that the
yeast d&n &ﬂ%ﬁtwhus for exarrpl e, carbohydrates, fats and oils,
fatty acids, n-paFaid ithe @@ﬂetﬂes@lﬂmgef@am bed Useeh oS at b cadboly foat es,

t here may be mentioned, for exa 0 sucr |y ., As
the fats and RGHXLSORE &wﬁc&&%hwg#@ %ﬁgr %dlgl afgégaéldeioﬁ?m
coconut oi |1n@@1%@lﬂn ppalasker mainthidsisat the As Jtstmr&aﬁﬂ-?tadltd“éﬁ CRAER® may

be nentioned xanpl h o] octanoic acid, 10 decanoic acid,
| auric acidy h%?gvﬁg °l¥?§?€9 Egnggégflnollc acid, i nol eni c aci d,

myristils acia) an@lerhe k@XBJaewmledcaﬁ@letm%a@@@%&@élcﬁh%ls as well as esters
and salts of thesg,fat te%aﬁ&b@%e@l’?ﬂr@&ﬂ@f1ﬁ§tﬂﬂbn€iﬁﬂglﬂﬂbh\tﬁﬂ VR cAdihbe

n-paraffins, there e nmentlioned, for eXa Cfane,‘E t et r adecane,
etc. Wen tﬁ@rrﬁﬁﬁﬁt’é#séwﬁrééﬂéﬁlpg EoWgrt%tPr?dESPBICéD CafTAppFepTi ate
i nducer (e.gnval¢ehokn pél&@sb@r agipteth e $ s sooeod resipemacmd tlhemeta@ttcerltrray

serve as the main car bo urce an_exa t c

cul tivat ed 6§|Ih%jc%s?]é¥ PeL @gp‘ a%cf)onnrrc’géo%rcesrkgj'Iléjﬁ?ﬂglL cac@iljgléeS ‘o gggst
whi ch cahnobnaistsé 15’ apstfaam oo? tbiel gered fingi uch \PNGy SaEUBREES| POt s
can be achi géﬁfdtt%n ?cgnéip%%e.‘cmtlﬂ]att%% ”@E’J:U'Bn EHétﬂWGHBthtr)éﬁﬁSéf caR be

provi ded w healll to assimlate fats and oils by transfarmation
with a | i pagengenefhes aRaRPEPRT tHES 5072 F bR BI1G Ho6 RERECSPHIIPRS a

odd number @f.-Ga5bgR at ¢aB sitn chRemBeb)est eheCakhen iahajur stasul tialyg ber om

h I t I t | k
ot bsent Uty eERa YoeREFRLELY HIEA SLT) CANC BB KhbrBAgedtDy JeFagh R Bar bon

sour cesz5 f atihgeatieds iato3@ mlpamdt hayinosea (a@pbr@@ralaalen pramods rodddnunber
of carbon %Efnénp‘sc theor%h%ﬁ%%%s Oﬂggeoe ther %f@%e@w%ﬂ%@@%sxﬁ%ﬁng

exanpl e, AP ur ChIYGT amoni um sul fate, di-anmmoni um
hydrogenpho@pihlamed abid bhhepramtbAruafshhesprasens %Vﬁnééoﬁep?oﬁﬁnemeat

extract, ye%%br%@% %%tca%@%t%@e ild E&eferably constructed by joining a
promoter to the gene on the 5’ upstream thereof and a terminator
30 on the 3’ downstream thereof so that the cassette may be used
in transforming yeast.
Any promoter and terminator sequences may be used
provided that they can function in yeast. While, among the
promoters, there are ones causing constitutive expression and

35 ones causing inducible expression, either type of promoter may



29 As the inorganic salts, there may be nentioned, anong others, potassium
di hydr ogenphosphat e, di - potassi um hydr ogenphosphat e, nagnesi um

‘hydr ogenphosphat e, nagnesi um sul fate, and sodi um chl oride. 5 The ot her
organi c nutrient sources include, anong others, am no acids such as

gl yci ne, al anine, serine, threonine and proline; and vitam ns such as
vitamn Bl, vitamn Bl12, biotin, nicotimam de, pantothenic acid, and
vitamn C. In the practice of the present invention, the polyester 10 is
recovered fromyeast cells using the foll ow ng nethod for.instance. After
conpl eti on be uskdi vain othe qetdct bee ebpabateresebm tHERE P e FI1Fd using

o N €t | arerwashed rwchh duacitibed iwat er
and nethangﬁesgg%ﬁie EEQE % ?rbﬁ%t@% hhdater r

hen dri ed. yester 15 extracted
from these Q_Eéﬂgéeﬂﬁk_ﬂﬁindh%mp%ﬁﬁ§hPE°§BI@€ngn§uEﬂr%§n%ﬁ?oﬁ% é%hl%%ﬁ
cell fract|q@ohngg@QHgdmgqeggbhe rsganpee sotsphy, sbhat Condcdat mghtngat he

polyester b i | tration, "1Qf, .1 nst an | ve h met hanol or
hexane, é&ﬁ%d @&KPhQrpr%?aﬁgnFo 8§&§§dtﬁ%%ggﬁy§éggﬁ'?%%bfg%?bltate out .

The 20 prec@@d@aﬁerﬁ@bﬁeihemumatsepam@t@dﬂhﬂﬁ@ihe super nat ant by
filtration or cenyéggggié%ogxa 9e9rJ§9§>EﬂﬁﬂﬂﬁJﬁﬁﬁh%r gean be Néumn of

recovered. Since use ester g ucer cells
accor dance WHkhChndlg@emehtosavéhKﬂo@enguéﬁe%ﬁﬂﬁkeD P8 s yE 8 BEYR

separation gfdde g:%binaﬁo”?ﬁ {1 prahabone GRndeaut théeﬂroﬂdsnmpcﬁ@ow o

obt ai ned i s anain as chromat ogr aph / or t
resonant@ sp&RQ éﬁéﬂ@y 9)f &t Fh%tPﬁ?@ege?‘ﬁe?/ @d/ @&ﬁ’%ﬁdcﬁngns d
accordi ng t%érhsems%%ﬁgg 3@ ﬂ)fk&'@cﬁl&éﬂn mase temmasormmmcn mtIDdﬁedZQabove

and, therefore can produce ch_ar 0 I r 4

copol yners ot £he EEﬁ;ﬁ%E%%géﬁd enFegpgsgn?egiég ¢ e B%ﬁ%?%l 2e
formula (1), th%tﬁemmnnhmmmdudhaumqpldwmeEﬁGQQPWW%M NE t he
above- nenti gned S ah5&@n§$@§f@6ﬁ odle Gantlhla
mal t osa whi c%r%targgaa gene resu ﬁn@a%}lrl??na%ddltlon of a ) e%dl ng for a
per oxi sarfe- t sulget i gt sdrynendf o aa@féh‘él%%d‘?%goql%roﬁrf“%ﬁ%y%c fivot

polyest er syDidesiey Eﬁg@tﬂ%%%érh PO 8in Qahdietaimatosehol mheambl e

of functioning I n yeast, and cultivati t he sane re%%%k¥ &

P( 3HB- co- 3HHFOMMAL 8Hng dif EPOMEORIESBBEY r?%%ﬁ??ﬁ@%ﬁmﬁyhy oxybutyric acid
represented byotheafossabre () rjbreniihene nabay e taridgénty doogyhégandi Ehaci d
represented by the fornula iven_abgv r odyged, s 19eBRYEF
DESCRTPTI ON BFA TRRD BRAN RES é% geiu?%cgssgﬁeﬁggrg€ ?aggan1oasthe§p | asmi d
pUTAL usad apravieefiothas dheyrcbedfuncthenexanﬁﬁﬁdﬁdﬁtmﬁ%toﬁag 2is a

schemat i c i agr am of . theopl ASp £ PUALI: S onatd Lt ephsaodeserr hed ienthe

exanpl e section I's a schematic dia ranlof the pla 2S
and pUAL- mFgAdeegsg@nc@edeIa%mesJeW%]e\éﬁ rﬁgft IX&fi % é@ e%sisp E’NthO%ﬁ

schematic d|ggﬁgg\gﬁAtBgdghgsabgsapHéZSxaadmpHﬁaAgemmagrBagedlasadés@hﬁbed

'n the exanpkgr%eggkgr is ligated to the 3’ downstream of the gene coding

25 for the enzyme involved in polyester synthesis with the added
peroxisome-targeting signal-encoding DNA.

The vector to be used in constructing the gene expression

cassette may be any of those capable of autonomous replication

in Escherichia coli. It may further have a region capable of

30 autonomous replication in yeast. The vector capable of
autonomous replication in yeast 1is maintained in microbial
cells. It is also possible to integrate the gene expression
cassette into a chromosome. As an example, pUTULl capable of
autonomousreplicationjleandidanmltosacankxaused (M. Ohkuma,

35 et al., J. Biol. Chem., vol. 273, 3948-3933 (1998)) .




20 Fig. 5 is a schematic diagramof the plasm d pSTALS- ORF3S constructed as
described in the exanple section. Fig. 6 is a schematic diagram of the
plasm d pHA23S2 constructed as described in the exanple section. Fig. 7 is
a schematic diagramof the plasm d pHA23S1 25 constructed as described in

t he exanple section. Fig. 8 and Fig. 9 show a plasm d construction schene
illustrating the nmethods of constructi om&f the plasm ds pHA2S and pHA2A
for use in producing transformants of the present invention. 30 Fig. 10 and
Fig. 11 show a plasm d construction schene illustrating the nethod, of
construction of thpppbpsmauepHA2352Ctépnu§éZwﬁepﬁéaﬁél%ﬁrtﬂﬁﬁQPBQnﬁﬁFs of

the present r%#%%%'oﬁn thrm}aaﬁggmﬁoatﬁéa§ﬂi@c@@ﬂ§lrqﬁﬁécﬁhﬁﬁﬁuﬁﬂbrmed
|IIustrat|n 08

construction of ~t he R@asnld S%kaéxgﬁgag n
35 produci ngyt naadfeimantbeoPCR Hee fhedentt NenPEATLEINSCAUSRCRE
CARRYI NG QUE TRl 'é!\.lf'é'\'iﬁbﬂ\blb%éﬁhbewyngegxanmtes bht usfontexanimel e é‘é’lﬂlt
i nvention nore specifically ese e 0
limtati fe SeQURNASSCRAPYERI UREHHS R éﬁ[ﬁé pf% n?Egn%gn | oznd%(aéx | 1)
Desi gni ng a%@yﬂkm&&lﬁomﬁe& arivDt vady |mqo’ol<%ﬁ@13tbat§¥m ﬁ@§ﬂ§eBd%%fEF on
the am no ac se nces f A I 10 cavi ae-derived PHA synthase and
R-specific éﬁﬁﬁ'éQ%E ase qqﬂﬂ%%iU| et al., FEM Nlcroblolqg%
Letters, vol. 170,A16:9}o7(.‘@1'( 18eon3 thowli oh cemfferc i tPS SRR 850N i/]c‘?ré
i nter med at & <£00U £ CaBoko dule TRAENS:dfn 31hvdrotpacyd nCubetticularly

correspondlng enzy enesi nvo vedln fersynt re 15 zed.
Si nce Cé@dld@&&@Il@ 4§.9@@§¥r@¢5h%ma¥1 C%HB‘%%%QE%%SMB?%Y% %%%?%%ﬁa%ot

| euci ne, Q0L s ASSAEEE @@FZ@eaﬁ@U©RmEspodﬁ® udbatasodoa genés hi gh

codon usage | n C%ndl da_mal t 0s fer iall S e;codon
cor r espondi n§e$el ehRH @Bo%n?‘ﬁ‘g 5%‘?13! ° @g%oﬁe%és{%%% %(ggrsla f]g?
“bnconventl0ﬁ§£o§2§§ﬁ§—t@r@eﬁiﬁghﬂD@mgy tpu@lgshedcgglﬁmrfﬁgeay fagyme

referred to., The e, deS| t theefobkOBivngsManner .
Based on the nggaué’ﬁc%% eafl}ré\n/a% g%%%iggegﬁe%%gg of Aerononas 25

cavi ae-dev i veglaﬁpm\esynt hase and R-speci fi c enoyl - CoOA hydrat ase, which
converts the§ég %ggf&ggecaf'Gsiﬂ&eﬁﬂﬁﬂpﬂtﬁLgspyhnanﬂLKDtthe monomer

(R) - 3- hydroxya opti mal codons were as 0 the,r e;an no
aci ds. Further, foAS cEent iRy RURNIGHN LS HR 2\1?@ msseeg’ue%%gﬁgbh% i3
Aer ononas Cawbaﬁxd%avgd P& syas hﬁ§&\1dé1‘l&:&96916h PF apees: avb disfinad thet 61'61 and

the 1449th T—Tnto C ove substifuti o g Vi
change the c8fPEspanAi E@I“%fr?ﬁ%' a’f:?%leé%%]ﬂe"ﬁ{gih I%]rn ﬁgbﬁ&fﬁsﬁ?%&gﬁ?ﬁé&ase

gene (ORF®) (BEQ1l BnNOsED 36 Had2R: spexiffax férﬁ)wafw&at’ﬁﬂfr &esdenye AL KLERF3)
(SEQ 1D No: 6zﬂhose 5’ end is HindIII and 3’ end is EcoRV can be prepared using

the ALKl gene as a template, together with primers shown under
SEQ ID NO:27 and SEQ ID NO:28. Usable as the vectors are the
vector pUTAl (Fig. 1) constructadbyusinngTUlandthecandida
25 maltosa ADEl gene (SEQ ID NO:29) (GenBank D00855) (S. Kawai,
et al., Agric. Biol. Chem., vol. 55, 59-65 (1991)) while
changing the marker gene from uracil to adenine, and pUCNT (WO
94/03613) .
ALKlp is joined to pUCNT at the PvuII-NdeI site to
30 construct pUCNT-ALKlp, and ALKLlt is ligated to pUCNT at the
HindIII-EcoRV site to construct pUCNT-ALKlt. Then, ALKlp is
;;;Ised from pUCNT-ALKlp with Pvull and NdeI, and joined to
pUCNT-ALK1t at the PvuII-Ndel site. Thus, pUALLl (Fig. 2) can

be constructed.
35 Then, ORF2S is joined to pUALLl at the NdeI-PstI site.



27 were designed and chem cally synthesized. (Exanple 2) Construction of an
enzyne gene expression cassette involved in polyester synthesis 5 (a) The
case of using ALKl p, ALKSp and ALKIt For causing expression of ORF2 and
ORF3 in Candida naltosa, it was decided that a Candi da mal t osa-derived
pronoter be ligated to the 5 upstream of each gene, and a Candi da

mal t osa-derived term nator to the 3' dowwstream of each gene. 10 Thus, the
ALKl gene (GenBank D00481) pronoter ALKIp (SEQ ID NO:17) was selected for
joining to ORF2, and the ALK5 gene (GEnBank D12717) pronmoter ALKSp (SEQ ID
NO: 18) for [biwming pda®REd, PHALCARHREa (F&Pt o34  ACRE BénéopéFﬁPﬁéﬁgr ALKI t

(SEQ TD NO: 20) wep,sel gt edrfos Qi BkRIsEQ, t RegdthdewnstheaReofipsaebamls
For produci ng restrl ctioh enzyne recogniti onczert es for joining hg)R@,.r?ﬁnoter

and term napépmpéeF@%@@U@FEF&PleQWrP AR RGP hae™Mt P

primer sequegages Hesd2ber P&ﬂ@n@dwmlmdﬁ; tSEQUtL‘DlI\E)tZt'Jhé @ S3EQsliBeN0: 28.
As for the PCR coTrthlons 25 cy ch co 'S't{]gi 1 mnute at 94C, 2 20

M nutes &t HHETERY BHALSutEL Jat 4%26%?’@ FERE ‘anpl i fy each gene
fragnent . The pol YHEras®y ¢ 36t snasctdbar aciShue d s skxflagizad frofiml.ké gndALKI p

whose 5' ery isnPvull angd 3,,4e &R&g’%@lt@ﬁthe
ALK1 gene a erIEIP% igm% P U*SI ng{rg]E%ufD E?S\Iog\lgl and SEQ 1D N0a22 g for
ALKSp, ALKSpa/mmﬁere5 Fitger B wus 9 srev@onngsdesl- termnus is Ndel was

prepared using th t BSNDG 18 QNh@Sé'OSQ?eIﬁﬂCisSEQ
I D NO:22. As for %E*Ké(gfﬁlt Ig%em?éere(r%@rﬁlls ang’(?l” t.erm nus

i s EcoRVOwadldpaned’ endhsiide InERa b@e%e%%r% &éﬁlngo—%"’EQ ID
NO: 27 and SEQWP;MRe28eddnatk 832t1he) VeSOt ethipl atépaldge thiegawi hly i ime 1GRF2

or ORF3 was the vector F 1 rfet}‘?@ ed
from uraci is stk{?“ﬁi\!éﬁdﬁé g@@n%?&ﬂé?%%l %Rfj Lﬁéﬁ?ﬁ&% %LPU?% }Eﬁé ]{asg 3
Bi ol . Chem 1s/(zlub52i3:ut35&i4&0395\’1.k(]@9181))meIdduoédeﬂfbisqurﬁwlcmjltkht'e Candi da

0p9758) and G RS e %éeA%?@E9§%é%%%§é%%ﬁ%’a“€@%%‘k§5’? s‘ﬁ%vg@;%d the
Candi dalfal tfjsan ADES gelmesn(nsE@aqul@m r’B&Eﬁ(I moobsHinss! e et

al., Agric. EC\Eglr ﬁ@vz@%@%@@%ﬂw@x&% REENELALKS TRVES

constructed by | oining

t. the Py || NdI te.
pUCNT- ALKI t %%ﬁs@%ﬁﬁﬁed%ﬁ%nﬁﬂ@l&%t%&w : el 1€

Hindl || - Ss~Ingd1€epsALkd Praas Texed,s ed TIRTERQRIGIST - (ALK .p Sii tdanP\hel I and Ndel
and j oi ned to UCNT-ALKIt at the Pvull-Ndel site to thereby 10 construct

PUALI (Fig. 99511 Gk deci ded that a peroxi some-targeting signal be added
to the car boxy t erfirtsemf GREIS dfs tdre iabebe- baege tlogie ¢V IORF X g RGPS &b

t hat each of [ ma taspetedud On
per oxi somnes. p%gyggggpy 1%? q@%ﬁ?@%&%oﬂ%@%ﬁ%ﬁfhg%@gﬁ%ﬁ% bgadded togt he

car boxy ter nfabb, sl idvedhkne igaeitdngea BeFt §f& SadI( 8KEF/ oyRerebY

Al a-Lys-11le géﬁgsml@e%@g@@ ofrige gepesaf QBRE2EonERFALLeRF3S, and ORF3A)
obtai ned by a these ami no acids to t

2 or. ORF e.ar ho
under SEQ I D NO: 7 SRS VD I SIGF UK ﬁélee:a:zlwmﬂﬁ%%%?{ g %Fg 19
ORF2S wa% Coagsdreid ed_1u31 Mg et Hemips i Mers” sitodd guntieroSEQ n:lpmeseMSaﬁaaSEQ

NO- 11 and SECM D Kb: 155761 REPar 19, Ohi Th FRe CREA DRAAS, o templ ate, ORFSS
was constructedl usTing ¢éee ppf nwsn@hmlmnd%@x%(?m@) NeK41% and SEQ
POX2p (SEQ ID NO:18) whose 5’ end is PvulIl and 3’ end is
NdeI can be prepared using the Candida maltosa POX2 gene
30 (GenBank D21228) as a template, together with primers shown
under SEQ ID NO:25 and SEQ ID NO:26. This DNA fragment is
substituted for the lac promoter in pUCNT-ORF3St, whereby
pPOX2-ORF3S can be constructed. ORF3S is excised, together
with the upstream promoter and downstream terminator, from

35 pPOXZ—ORF3SusingSalI,wherebyplasmideA2BSl(Fig.7),which




25 | D NO: 15, and ORF3A using the prinmers shown under SEQ ID NO: 14 and 5EQ
I D NO: 16. The PCR conditions were the sane as nentioned above. The DNAs
amplified were treated with Ndel and Pstl, and ORF2S was joined to pUALI at
the Ndel-Pstl site to construct 30 the plasmid pUAL- ORF25, and pUAL- ORF2A (
Fig. 3 ) was constructed in the same manner. ORF3S was joined to

PUCNT- ALKIt at the Ndel-PstT site to commruct pUCNT- ORF3St. ORF3A was
constructed in the same manner as ORF35. ORF2S or ORF2A was exci sed,
together with the upstream 35 pronoter and_domnstreamterrgnat Ofy. . Th

fr ont hepl asisd- pUALdCRFASA2 2 B oIt hipUSBLERE 2 ACusFAR B G S - K g oi néd to
PUTAI at the Pstl site. Wek@atriusocamstEigct @ .(Fig. 4).
ALKSp ( SEQ PBONG: £8)S rb‘;%?ééﬁ ?‘E?‘%&%é%i s Pvull and 3' terminus ks Ngel was
construct ed usi ngISEQ¢ BoRGe R3NARE FBG §oPD NP T2 W Uh Thé %andl da nal t osa

ALKS gene ( , 7) 583 vaskerptadel ¢ I £ roAhbnagokyre iasasu®st9% ut ed
for ALKIp i %&%%,1%\%8% Qpé C

her eby pUALS was _cons B L EeH d
ALK1 t er Fi natamo leres et isadof raoﬁrf}flﬁa§ofﬁ’35§[ﬁ1gggggiancglrlgvsl?l ‘%ﬁgé%\% | %
joined to p E\{;%e(r[glcgjlucﬂoﬁftuﬂ@k@r)a Shuzey weasthCaelighm NG5S 138 1Y
construct pSTALS5. ORF3S was joined to this plasmd at the Ndel-Pstl site,
wher eby pSTAL@W%StG( ig. 5) was constructed. ORF3S was excised, together
w th the upst4eamyysgoter and downstream term nator, from pSTALS- ORF3S

using Sall and 15 j.oined ta.p they Sad Insiden tis aomstpactickeaplasn d
pHA23S2 (Fig. 6) .frt%) 3%Lff“‘eé'l%asHSg@cSﬁ@fe

usi ng ALKI p, POX2p.an K]t n
t he Candioda nabtosat &OX2 Hero e@@%l@rgzy??@%f ,dePﬁélgangrEghs E@%ﬁgiger
SEQ I D NO: 25 . 26 ¥e6 e AReCjest gnedndliss Tnd ites 60 SMAthIeR
Candi da m|t%§§gf§ﬁ%£gi$% 3 reop ptea

: _genom ¢ as ate SEQHE DA 19)
whose 5' tereabnhsicyleganidiiy, 3@55&8@%@?‘5 g ‘ang%ggpA : s DNA

fragment wasagyBghit ghggeton,t Benkangpoomet eBoLnYpBIENTS ORBRSEYPEYEBASt r uct

SPOXZ'E CRFSSJ.[ r vvascexm e tgge heWohlckBe 2andpskl eaitptonytes,and
ownst r eam EE&E&EBMF—ONEBE'&?—O?

. = I %Eihﬂ oLn gt% S at
the Sal I1sitelawhepely,t heypltasoicdusHAZISEOLRLGPaP) Wu,'dﬁg—ééﬁné—&:d%.%—tlléed_
The preparation,sche 1 be abRVR sR@SNE €81 al ka 5 AMUETNE oRISE: it 0
Fig. 12. 30 @éﬁ%ﬁé%ﬁ%nr ?%ns ructian,.Unl esy qthe/Mse
speci fied, t leemesgast, s Ereae GtheGialyt e ~com product s
avai | abl e T o/ Wl siifh, Clepiltilontyacbest et r lahurhe Suddliiermendaiddresent
rnvention, 3Hanseniaspora, Hangéﬂu a,Iﬁé%é%gw%égvﬂhoﬂﬂgfﬁﬁhﬂﬂéﬁﬁVMse

20 Hormoascus, Hyphopichia, Issatchenkia, Kloeckera,

Kloeckeraspora, Kluyveromyces, Kondoa, Kuraishia,

Kurtzmanomyces, Leucosporidium, Lipomyces, Lodderomyces,
Malassezia, Metschnikowia, Mrakia, Myxozyma, Nadsonia,
Nakazawaea, Nematospora, Ogataea, Oosporidium, Pachysolen,
25 Phachytichospora, Phaffia, Pichia, Rhodosporidium,
Rhodotorula, Saccharomyces, saccharomycodes,
Saccharomycopsis, saitoella, Sakaguchia, Saturnospora,

Schizoblastosporion, Schizosaccharomyces, Schwannlomyces,

Sporidiobolus, Sporobolomyces, Sporopachydermia,

30 Stephanoascus, Sterigmatomyces, Sterigmatosporidium,
Symbiotaphrina, Sympodiomyces, Sympodiomycopsis, Torulaspora,
Trichosporiella, Trichosporon, Trigonopsis, Tsuchiyaea,

Udeniomyces, Waltomyces, Wickerhamia, Wickerhamiella,

Williopsis, Yamadazyma, Yarrowlia, Zygoascus,
35 Zygosaccharomyces, Zygowilliopsis, and Zygozyma.




30 specified, they were used according to the nmanuals attached thereto. The
host used was the Candi da maltosa ACl6 strain, which is a strain with the
-ADE1 gene disrupted and has been 5 internationally deposited with the

Nat i onal Institute of Advanced Industrial Science and Technol ogy

I nternational Patent O gani sm Depositary (accessi on nunber FERM BP-7366) |,
and the above-nenti oned gene expression ziassettes of the present invention,
nanely the plasm ds pHA2S, pHA2A, pHA23S1, and 10 pHA23S2, Were
respectively introduced into the host. Each plasm d cons% H g ghe
introduced into tfRehgstsbytoheeelieedr apokaei bA2REEARTEH 48n

transfer ap aratus u d +tVAN RUILABER 6&&1(c:pmrlaam(yt of BTX) .
The cuvette §§d %% Egéggﬁ?gtltg?sh rodyg e%d b Igl O MEQB TI ON
15 C0. LTD. rEzsd:rnprl:aslnbdt( in giley qad iy oﬁd 36 Peconp tent ce

100 ul o TR BugsPace WBEQdCQWé’a?}BénC@dnhf@éﬁSMﬁgﬁdaﬁﬂm Ao T and

poured into“a cuvet was set on t r Then,; eliectric
pul ses wer e aashlthed f@n‘derthtaﬂ'e SEHAGE LTS & gfﬁﬁo Siohs eﬁl%lsrteaﬁqéucapam ty

40 ~ZF, 20 r |aactla,rg,1€y\éﬂ %ﬁ@mﬁblandsxmneagelprwm tAT tidre ARy

appli cati on, 1 ni of 2 M sorhi t ol was %&L&/@tlﬁ@_@% af ter
gentl e ni xi EpRAHE QR i3l L 2t Sved T o st an

tenper at ure for
hour. After yasswih i Ntgaductdan,stiel cedte REs et erfe}ilﬁ‘f% Eé%—%éJr
plate (0 . BF WV,0 Yeaggzté\' USH0RD # 335 m@@eswrr@mamnm mel th{pradlet of
Di fco), 2 vv/@“%‘%l%%%s}g WV % ag give transfor e
t r ansf organt st obimi s, badre m@e%taa%?%bl % CRPALHT Vﬁ)}—ﬁ@g@gel Iﬁ%gfﬁ%%g
i nternati Onaﬁl%/ ?' & £0n @Safteddi thadnat & Dsh Mﬁﬁ@mﬂ@f;e@hlﬁ@l@%ﬁ
ute

Nati onal |ns Advanced | ndustrial. Scie Iéeﬁgn X 1
| nt er nat | onalnPareat i crghradaePberEary ke r}t"j"liféﬁaccess| on dr%%! @grtlr:aRM

BP- 7762, andgt he pne }ﬁaja@{ﬂ ng stulk@bpl, adhbadapHA. 235N a2 THTINGY SHRPE 0$ 3/

AC16( pHA23S2) under e accession nu R 6 5 (Exanmpl e 4
Pol ygrgr pr odé@?PoHnﬂanEh?h@CF?aﬁé?or ma{“}f)gg Ng%@ %E 2’(3)I6§rre§ pr gguctl z)n

usi ng thes trapsf orraahsfoesanti pgepabatiabr OdUCtI on of the plasm d pHA2S or

pPHA2A The Candi da grggtglsgn;fggggﬁ NBEE Srd 854l £ Nthd pamdenttr dawenitdenof st he
gene necessary for pol yner uction wer cul ti vat drlegutltgen%olflrgw ng
d)

manner. YNB yedistinWioh6 png/ @rom‘?éésﬂ“lﬂidt P%g@ﬁnﬁ%e hout am né aci
suppl ement ed a\ergmﬂm%r orsa %%QMgn@oacaQSemndlaomévt@r@étlm rieidEend Ona

used as the fum A 500-m Sakaguchi fIa ini rlinvg,flvtelaelalbove
10 nedi um wa$hiengeicacodiRict r#ogo%% :?fo %'Iién%gr&o%dsteg%ﬁ@ each

transf of gant RdectitrelsyAnkedss af tukrbdacPanthensiBul {1 o STREAht ed

nto a 2-L Saka ch flaskc ta odustéossapthamat an
: nocul um si Zé:h@fgcufﬁlevpg Ig/orﬁ_hl %;;P%S%?’Q\vg%eﬁg éi‘l@r@é deld 3|

at , an (lt&:ub@tlon l&merature
of 30C and a tie mldmgzsrmeed eflz%ler(ﬁrn FBYO4VEgyLn P S Sere’ recovered
fromthe cul tyre 1'{ %‘s@.eQ%e%eQEEhf é'&ﬁﬁ)i:i?@es Sﬁl's@%nﬂ:e(é igen80 &l pofmaelt &t iandd
wat er, and dlsrup ed using an ult hleg (}(Qgﬁp'%ﬁé HRML, saRanni e
2000, at 15, DOEMINFERT Ré% ntrifugation. The
preci pi t ate ogg@mg@slrzotmsmw t h rret hanoI and then | yophilized. The
| yophilized cells r round 100. r aeded oirhefied bvednd

Yf}} 89e§)fﬁrgerﬁ53forg cg%fs(étﬂltg 04 0518 Wesn

the m xture was st or effect extraction. The, ceII wer e
renoved by fliﬁrmlmrtMEmMIat@amecm‘é WERRAIREC 1YE5 D hE ESI ng an

evaporator, 25 and b?rE,él ﬁ%ﬂ%ﬂ)fugﬂér‘eﬁd’!ﬁéxaﬁg@d ,tthé e lednoeplho spleate
cause the poI préeci pitate_ou The. cul ti i 0 sults
al. é ctoriSY. ] Y% Pof g

t hus obt ai neohnathodhmmdenbéﬂa%} eEq M. et
30 (1974)) or the electroporation method (Current Protocols in

Molecular Biology, vol. 1, 1.8, p. 4 (1994)). Commercially
available transformation kits such as Fast Track TM-Yeast
Transformation Kit SM (Geno Technology) can also be utilized.

As an example, the Candida maltosa CHAl strain (S. Kawai,
(1991)) can be used

35 et al., Agric. Biol. Chem., vol. 55, 59-65



Table 1 Cultivation results with pHA2S and pHA2 i
S \ A 30 35 Ptas

Pa!émer content 3HH conposition (g/L) (w O/(I)O (nol 9GQ pI—|AZSme19$6|3t 2ar1r[2)unt
Pl iA 7.53 0.49 8.6 32 (b) Polymer production using the transfor mant s
rez_u ting fromintroduction of the plasm d pHA2S, pHA23S1 or pHA23S2 YNB
e |hum( 0. 67 wv o Yeast Nitrogen base w thout am no acid) suppl enented
vm'é_ 2 viv o of qodepane or 2 v/iv o of cxonut 5 oil was used as the
medi um The cul tivati on _condl ti ons were the sane as descri bed above under
(a) except that the cultivation period was days The pol yner P
3H_|?;]CO 3:"H) a¥ashexhoact edBy nt tdmes Seuml RanHRES oSt HRER 1 aﬁ%eg der ( a)
olhe cul U1 yaLl g1 GRULLS (BLEcSURU 1 18d T B0hond: BybltacsiSubli wasi on

ults wt and pHA23S2 Pl as Car bon ., 41
anount Pol ynmrauerfben\laﬁ@g/ m)E(thd%nﬁngB&G‘eEEHé@ 8@% é%%u le to

g::g ég? gigﬁﬁéggéD%%%Bﬁ@%4mﬂ@%o%% QCee@Tdrmant s hav1ng the

ut
g( Cul tivat |a®t®‘7\ﬁa§16@é'-rlﬂn€di ade st Cg_ﬁg)_% rﬁ;?lnn 53%% 5%(rggrsﬁéﬁag{gdev:anaanpl ©
ample 4 (a) excapbnds s@@ht h&ah@&@&h@mmnt t@@enlanaim@wﬁnalmsaz g/L) in

which a plasm d UTA- 01
gene i ncapafice P /8 ]’ch Aty %&%a?%o%nfaaﬂrlﬁﬂﬁ efhesynt hase

ﬁz Br anigor 1 iAB pa{p[mm thad rtae&mrﬁtreirﬂrrtﬁtltﬁealp]d! et‘%l—‘l%%bg%%-i)
synt Hase ge %%\A%vgfc}ll s pot%e 'ﬁf@a@@é&/eln&yst@@l@l raiet drge pmtcj/est er

yester_synt he5|s addl
per oxi saoe- tm@mwmislyn@rn@?]&?mbr e [2%) xpres)gl on cagsette

gam ?1/2![ ?%gtf%k?ﬁﬁ?e()&{%qgfégr @nd -35 1t gL gasAl prTsuHL(bq/,eéb'@raégnd Japan,
as of October 3, 2001 under the accession number FERM BP- 7762,
and the Candida maltosa AC16 (pHA23S2) obtainable by
introduction of the plasmid pHA23SZ as of the same date under
15 the accession number FERM BP-7763.

(6) Polyester production

In accordance with the polyester production method of the
present invention, a polyester is recovered from the culture
obtainable by cultivating the above- -mentioned transformant of

20 the present invention.

Thus, the polyester production according to the present
invention can be carried out by adding the above transformant
to a culture medium, and cultivating the same, followed by
recovering the product polyester from the cultured cells or

25 culture obtained. The cultivation temperature is within a
temperature range in which the organism can grow, preferably
15°C to 40°C, more preferably 20°C to 40°C, still more
preferably 28°C to 34°C. The cultivation time is not
particularly restricted but, for example in the case of batch

30 cultivation, preferably is about 1 to 7 days, and continuous
cultivation also can be carried out.

The culture medium is not particularly restricted
provided that the yeast can utilize the medium. Thus, for
example, media containing a carbon source (s), a nitrogen

35 source (s), inorganic salts, and other organic nutrient sources



33 transformant, it beconmes possible to
_ , : produce greater anount
lcogﬁired with the case which a polyester synthasg gene incapablgfofogégfagr
.2PP coding for a peroxisone-targeting signal is used. 5 | NDUSTRI AL
LI CABI LI TY The present invention nekes it possible to produce polyesters

resul ting from honmopol ymeri zation or copol ynerization of a d
ﬁ-hydroxyalkan0|c acids) represented by 2 the general formula (1) and
hawng bi odegradability and good physical properties by using yeast wth

igh productivity. 15 20 25 30 35 34 CLAIMS 1. A gene capable of bein
expressed i payepst uswehi.ch obtai nabl e by addition of a DNA coding for a g

er oxi sone-t ar get | i i , :
po| est er t ﬁ t#gg C% nal SBBrEeQ%nﬁog%r%dlﬂraﬂfy £OZyAEct &l plroed dieal
pol ye: synt hesis” 2. e~ gene according to aim wh
er oxi ) : avt erein.the
p sone- tangetrheg yeaghnalcagomssigdd atike 110 aniHd’ b§ &g e
under SEQ | D_NQ: ! acrd sequencé shown
wherein t heﬁgrlé%?lhﬁg%tggg gtg)}zﬁloar?d oiil-lsThﬁagepeacammr di-pg g flhai and tre 2
> - s gnal - encodi i '
sequence5shdwkeu<h@{@rbe9E§?‘gD I‘Q‘ﬁgt§gcﬁa 31‘%‘%3%5%%3 i \PoB RO R,
for example, glucose, sucrose, glycerol, etc. As the fats and
oils,theremayben@ntioned,forexample,rapeseedoil,coconut
0il, palm oil, palm kernel oil, etc. As the fatty acids, there
may be mentioned, for example, hexanoic acid, octanoic acid,
10 decanoic acid, lauric acid, oleic acid, palmitic acid, linolic
acid, linolenic acid, myristic acid, and like saturated and
unsaturated acids, as well as esters and salts of these fatty
acids and other fatty acid derivatives. As the n-paraffins,
there may be mentioned, for example, dodecane, tetradecane,
15 etc. _
When the promoter expression is of the inducible type,
an appropriate inducer (e.g. alcohol) is to be added. In some
instances, the inducer may serve as the main carbon source.

As an example, Candida maltosa can be cultivated using

20 fats or oils as carbon sources. In the case of yeast, which
cannot assimilate fats or oils efficiently or at all,
improvements can be achieved by adding lipase to the medium.
Furthermore, yeast can be provided with the ability to
assimilate fats and oils by transformation with a lipase gene.

25 Further, the proportion of a component (s) having a odd
number of carbon atoms in the polyester carbon chain resulting
from homopolymerization or copolymerization of
3—hydroxyalkalnoicacidsrepresentadbythegeneralformula(1)
can be increased by using, as carbon sources, fatty acids or

30 n-paraffins whose carbon chain has an odd number of carbon
atoms.

As the nitrogen source, there may be mentioned, for
example, ammonia, ammonium chloride, di-ammonium sulfate,
di-ammonium hydrogenphosphate, and other ammonium salts, as

35 well as peptone, meat extract, yeast extract, and the like.
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in polyester synthesis is a bacteri al speciesiderscghneagsngnzggESIn¥gLVEd

-gene according to Claim4, wherein the bacterial species is Aer ononas
caviae. 6. The gene according to Claim4 or 5 wherein at |east one CIG
godon in the gene coding for the 25 bacterial species-derived enzyme has
een nodified into TTA, TTG CIT, CTC or2LTA. 7. The gene according to any

of Clains 1 to 6, wherein the enz [ [ is i
: : _ yme involved in polyest
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lhﬁtgene accordlngstOhélahnr@anmheﬁeiﬁéthéhséﬁyﬁ?drgggéﬁﬁ ﬁgpg&gggégﬁg- °
inder SEQ | oEBEEE N L e T wherein e
SE( =577, r di in .
R-specific @wdwoqamﬁmwmﬁﬁﬁéaem@§n@ﬁ6@6b@ﬂé} %%é%ﬁ%ﬁ%%ﬁ%??%[nsgﬁﬁgp

I i . -
gr;iﬁ?g!dﬁhﬁﬁﬁH%ﬂﬁg shmy Jinder eEQdiddN0: 6. 10. The gene according to

or SEQ | B N1 8. 1 TheTnneR A TAELS Tt T Fo AL AeE, Lo e amor e tha
nucl eoti de sgayencrishowndmdar SER ilrf2 N 181G SEG 41514 Aegy e o
Y vo pvreolilr{]e;pgln%exsrg’gartmns.xgtshuecsﬂ $5s vitamin Bl, vitamin B12, biotin,
nicotinamide, pantothenic acid, and vitamin C.
In the practice of the present invention, the polyester
10 is recovered from yeast cells using the following method, for
instance. After completion of cultivation, cells are
separated from the culture fluid using a centrifuge, for
instance, and the cells are washed with distilled water and
methanol or the like, and then dried. The polyester is
15 extracted from these dried cells using an organic solvent such
as chloroform. The cell fraction is removed from the organic
solvent solution containing the polyester by filtration, for
instance. A poor solvent, such as methanol or hexane, 1s added
to the filtrate to cause the polyester to precipitate out. The
20 precipitate polyester is separated from the supernatant by
filtration or centrifugation, and dried. The polyester can be
thus recovered.
Since yeast cells are used as polyester producer cells
in accordance with the present invention, such simple and easy
25 methods of separation and recovery as mentioned above can be
utilized.
The polyester obtained is analyzed by gas chromatography
and/or nuclear magnhetic resonance spectrometry, for instance.
The polyester'productionlnethod according to the present
30 invention has the constitution mentioned above and, therefore,
can produce polyesters, which are homopolymers or copolymers
of a 3-hydroxyalklanoic acid(s) represented by the general
formula (1), with good productivity.
Further, by producing, using the above-mentioned plasmid

35 pHA2S or the like, a transformant of Candida maltosa which has
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Zygozyma. Fig. 4 is a schematic diagram of the plasmids pHA2S and
pHA2A constructed as described in the example section.
20 Fig. 5 is a schematic diagram of the plasmid pSTAL5-ORF3S
constructed as described in the example section.
Fig. 6 is a schematic diagram of the plasmid pHA2352
constructed as described in the example section.
Fig. 7 is a schematic diagram of the plasmid pHAZ23S1
25 constructed as described in the example section.
Fig. 8 and Fig. 9 show a plasmid construction scheme
illustrating the methods of construction of the plasmids pHAZ2S
and pHA2A for use in producing transformants of the present

invention.
30 Fig. 10 and Fig. 11 show a plasmid construction scheme

illustrating the method of construction of the plasmid pHA23S52
for use in producing transformants of the present invention.

Fig. 12 shows a plasmid construction scheme illustrating
the method of construction of - the plasmid pHA23S1 for use in

35 producing transformants of the present invention.
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19, erein the yeast is Candida maltosa. 5 21. The transformant accordin
to any of Clainms 13 to 20, wherein the polyester is a honopol yner or :
cipoh%nﬁé of a 3-hydroxyal kanoi c acids) represented by the general fornula
(22) X -¢c~-c - ¢ - off Hz O 15 where2é R represents an al kyl group. (1)

. The transformant according to any of Clains 13 to 21, wherein the
pol yester is a copolyester, P(3HB-co-3HH), 20 obtainable’by
copol yneri zati on of 3- hydroxybutyric acid represented by the fornmula (2):

CH3 HO--~
repr esent ed g H - %ES‘ZF Iv%%lz 2 "bziRﬁYiN@%tHrZdeIﬁvva@myhexanm ¢ acid
y the f or _C- C
The following examples 1llustrate the presené Qndégﬁ%on
more specifically. These examples are, however, by no means

5 limitative of the technical scope of the present invention.

(Example 1) Designing and synthesis of genes involved in
polyester synthesis
Based on the amino acid sequences of Aeromonas
10 caviae—derivaiPHAsynthaseandfbspecificenoyl—CoAhydratase
(T. Fukui, et al., FEMS Microbiology Letters, vol. 170, 69-75
(1999)), which converts the P oxidation cycle intermediate
enoyl-CoA to the monomer (R) -3-hydroxyacyl-CoA, the
correspondingenzymegenesinvolvedjjlpolyestersynthesiswere
15 'synthesized.

Since Candida maltosa is yeast translating the CTG codon

into serine, not leucine, CTG was not assigned to the leucine

codon. That codon with high codon usage in Candida maltosa was

preferentially selected as the codon corresponding to each
20 amino acid. For codon usage, Klaus Wolf: Nonconventional
Yeasts in Biotechnology (published by Springer) was referred
to.
Thegenedesigningwascarriedout:Ulthefollowingmanner.
Based on the DNA sequences and amino acid sequences of Aeromonas
25 caviae-derived PHA synthase and R-specific enoyl-CoA hydratase,
which converts the p oxidation cycle intermediate enoyl-CoA to
the monomer (R)-3-hydroxyacyl-CoA, optimal codons were
assigned to the respective amino acids.
Further, for creating two KpnI sites in the DNA sequence
30 for Aeromonas caviae-derived PHA synthase, the 969th T was
modified into C, and the 1449th T into C.

The above substitutions in the above gene do not change

the corresponding amino acid sequence.
In this way, the PHA synthase gene (ORF2) (SEQ ID NO:5)
35 and R-specific enoyl-CoA hydratase gene (ORF3) (SEQ ID NO:6)
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under SEQ ID NO:11 and SEQ ID NO:12, and ORFZA was constructed

using the primers shown under SEQ ID NO:11 and SEQ ID NO:13.
Similarly, with the ORF3 DNA as a template, ORF3S was
constructed using the primers shown under SEQ ID NO:14 and SEQ
25 ID NO:15, and ORF3A using the primers shown under SEQ ID NO:14
and SEQ IDNO:16. The PCR conditions were the same as mentioned
above.
The DNAs amplified were treated with Ndel and PstI, and
ORF2S was joined to pUALL at the NdeI-PstI site to construct
30 theplasmideAL—ORFZS,andeAL—ORFZA(E&g.Zﬂ was constructed

in the same manner. ORF3S was joined to pUCNT-ALKlt at the

NdeI-PstI site to construct pUCNT-ORF3St. ORF3A was

constructed in the same manner as ORF3S.
ORF2S or ORF2A was excised, together with the upstream

35 promoteranddownstreamterminator,fromtheplasmideAL—ORFZS
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(a) }Q 2 M ~SHEOQ ORA( FrdMment Hyas zsy@s;tltuted for ALKlp in

10 8#10W & ()- 9 “1Q0
|53f &#10*‘3&, @UALﬁ’*,l‘&h%}?:/ ()féré@#lw{%%/%ogt cte)ﬁf SHFRY0 ABK § )pr QSO UGCE () -

S&! 10% & () il&@llwr&il(n)a-tol%sﬂy@%a&ch:lgeq on% t(I?ls pl]éoscl)nld( ?151ng Pvul and
Pvull and joined to pSTV28 (product of Takara Shuzo) at the
10 Smal-Pvul site to construct pSTALS. ORF3S was joined to this
plasmid at the NdeI-Pstl site, whereby pSTAL5-ORF3S (Fig. 5)
was constructed.
ORF3S was excised, together with the upstream promoter
and downstream terminator, from pSTALS5-ORFEF3S using Sall and
15 joined to pHAZS at the SallIsite to construct the plasmid pHA2352
(Fig. 6).
(b) The case of using ALKlp, POXZ2p and ALK1t
Based on the Candida maltosa POX2 gene (GenBank 521228),
the primers shown under SEQ ID NO:25 and SEQ ID NO:26 were
20 designed. Using these, with the Candida maltosa IAM 12247
genomic DNA as a template, POX2p (SEQ IDNO:19) whose 5’ terminus
1stuIIand3’termlnus1sNdeIwasprepared This DNA fragment
was substituted for the lac promoter 1in pUCNT-ORF3St to
construct pPOX2-ORF3S. ORF3S was excised, together with the
25 upstream promoter and downstrean terminator, from pPOX2-ORF35
using Sall and joined to pHA2S at the Sall site, whereby the
plasmid pHA23S1 (Fig. 7) could be constructed.

The preparation schemes for all the above plasmids are

shown in Fig. 8 to Fig. 12.
30
(Example 3) Transformant construction
Unless otherwise specified, the reagents used in yeast
cultivation were commercial products available from Wako Pure
Chemical Industries. Dnthepractlce(xfthepresent1nventlon,

35 a number of commercial kits were used. Unless otherwise
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specified, they were used according to the manuals attached
thereto.

The host used was the Candida maltosa ACl6 strain, which

is a strain with the ADEl gene disrupted and has been

5§ internationally deposited with the National Institute of
Advanced Industrial Science and Technology International
PatentOrganimnDepositary(accessionnumberFERMBP—7366),and
the above-mentioned gene expression cassettes of the present
invention, namely the plasmids pHA2S, pHAZA, pHA2351, and

10 pHA23S2, were respectively introduced into the host. Each
plasmid constructed was introduced into the host by the
electroporation technique. The gene transfer apparatus used
wasELECTROCELLMANIPULATOR600(productofBTX). The cuvettes
used were BM 6200 cuvettes produced by BIO MEDICAL CORPORATION

15 CO. LTD. Each plasmid (1 1l) was added to 100 pl of competent
cells. 100 pl of the thus-prepared competent cell/plasmid
solution was taken and poured into a cuvette, which was set on
the pulse generator. Then, electric pulses were applied under
the following conditions: electrostatic capacity 40 nF,

20 resistance value 246 ohm, and voltage 1.9 kV. After pulse
application, 1 ml of 1 M sorbitol was added to each cuvette and,
after gentle mixing, the cuvette was allowed to stand at room
temperature for 1 hour. After plasmid introduction, the cells
were cultured on a selective plate (0.67 w/v % Yeast Nitrogen

25 Dbase without amino acid (product of Difco), 2 w/v % glucose,
2 w/v % agar), to give transformants. Among the transformants
obtained, the one harboring the plasmid pHA23S1 has been
internationally deposited as candida maltosa AC16(pHA23S1)
with the National Institute of Advanced Industrial Science and

30 Technology International Patent OrganisnLDepositary'under the
accessionnumberFENMBP—7762,andtheoneharboringtheplasmid
pHA23S2 as Candida maltosa AC16(pHA2352) under the accession
number FERM BP-7763.

35 (Example 4) Polymer production using the transformants
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H' s- #10%4& () sO%{1t REFHE WA Qbithout amino acid) supplemented with 1

w/v % of casamino acids and 1 v/v % of tetradecane was used as

the medium.
A 500-ml Sakaguchi flask containing 50 ml of the above
10 medium was inoculated with 500 pl of a glycerol stock of each
transformant and, after 20 hours of cultivation, the culture
was inoculated into a 2-L sakaguchi flask containing 300 mL of
the production medium at an inoculum size of 10 v/v %. This
was cultivated at an incubation temperature of 30°C and a
15 shaking speed of 90 rpm for 4 days. Cells were recovered from
the culture fluid by centrifugation, suspended in 80 ml of
distilled water, and disrupted using an ultrahigh pressure
homogenizer (APV’'s Rannie 2000, at 15,000 psi for 15 minutes),
followed by centrifugation. The precipitate obtained was
20 washed with methanol and then lyophilized.

The lyophilized cells were ground, 100 ml of chloroform
was added thereto, and the mixture was stirred overnight for
effecting extraction. The cells were removed by filtration,
the filtrate was concentrated to 1 to 2 ml using an evaporator,

25 and about 10 ml of hexane was added to the concentrate to cause
the polymer P (3HB-co—-3HH) to precipitate out. The cultivation
results thus obtained are shown in Table 1.

Table 1 cultivation results with pHA2S and pHA2A
30
Plasmid Cell amount  Polymer content 3HH compasition
(g/L) (wt %) (mol %)
pHA2S 6.97 3.2 12
pHA2A 7.53 - 0.49 8.6

35
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The polymer P (3HB-co-3HH) was extracted in the same manner as
described above under (a). The cultivation results are shown

10 in Table 2.

Table 2 cultivation results with pHAZS, pHA23S1 and
pHA23S2
Plasmid Carbon source Cell amount Polymer content
1> (a/L) (wt %)
pHA2S Dodecane 489 5.36
Coconut oil 5.14 095
pHA23S1 Dodecans 448 9.38
20 Coconut oil 5.89 1.47
pHA23S2 Dodecane 5.85 6.15
Coconut oil 5.58 1.50

(Comparative Example 1)
cultivation was carried out in the same manner as
25 described in Example 4(a) except using the transformant (cell
amount: 10.3 g/L) in which a plasmid pUTA—ORF23(W001/88144),
constructed by a polyester synthase gene incapable of adding
a DNA coding for a peroxisome—targeting signal, was transformed.
As a result, the content of the polymer P (3HB-co-3HH) was 0.1%
30 Dby weight.
As described above, by constructing polyester synthase
gene involved in polyester synthesis by adding a DNA coding a
peroxisome-targeting signal, transforming a enzyme gene
expression cassette containing that gene, promoter and
35 terminator into yeast, and cultivating the thus-obtained
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The present invention makes it possible to produce

polyesters resulting from homopolymerization or
copolymerization of a 3- hydroxyalkan01cac1d( s) represented by
(1) and having biodegradability and good

10 the general formula
gh productivity.

physical properties by using yeast with hi
15
20
25

30

35
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2. The gene according to Claim 1,

wherein the peroxisome—targeting signal comprises the

10 amino acid sequence shown under SEQ ID NO: 1 or SEQ ID NO:2.

3. The gene according to Claim 1 or 2,

whereintheperoxisome—targetingsignal—encodingDNAhas

the nucleotide sequence shown under SEQ ID NO:3 or SEQ ID NO:4.

15
4. The gene according to any of Claims 1 to 3,
wherein the enzyme involved in polyester synthesis is a
bacterial species-derived enzyme.
20 5. The gene according to Claim 4,

wherein the bacterial species is Aeromonas caviae.

6. The gene according to Claim 4 or 5,
wherein at least one CTG codon in the gene coding for the

25 Dbacterial species-derived enzyme has been modified into TTA,

TTG, CTT, CTC or CTA.

7. The gene according to any of Claims 1 to 6,
wherein the enzyme involved in polyester synthesis is a

30 polyhydroxyalkanoic acid synthase or R-specific enoyl-CoA

hydratase.

8. The gene according to Claim 7,
wherein the polyhydroxyalkanoic acid synthase is encoded

35 Dby a gene comprising the nucleotide sequence shown under SEQ
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NO: 6.

10. The gene according to Claim 8,
which comprises the nucleotide sequence shown under SEQ
10 ID NO:7 or SEQ ID NO:8.

11. The gene according to Claim 9,
which comprises the nucleotide sequence shown under SEQ
ID NO:9 or SEQ ID NO:10.

15
12. An enzyme involved in polyester synthesis,
which is translated from the gene according to any of
Claims 1 to 11.
20 13. A transformant resulting from transformation of at

least one gene according to any of Claims 1 to 11 into yeast.

14. A transformant resulting from transformation, into
yeast, of a polyester synthesis-associated enzyme gene
25 expression cassette
which comprises the gene according to any of Claims 1 to
11, a promoter and a terminator both capable of functioning in

the yeast.

30 15. The transformant according to Claim 14,
wherein the promoter and terminator are derived from

Candida maltosa.

16. The transformant according to Claim 14 or 15,

35 wherein the promoter is derived from Candida maltosa ALKI,
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Brettanomyces, Bullera, Bulleromyces, Candida, Citeromyces,

Clavispora, Cryptococcus, Cystofilobasidium, Debaryomyces,

Dekkera,Dipodascopsis,Dipodascus,Eeniella,Endomycopsella,

Eremascus, Eremothecium, Erythrobasidium, Fellomyces,

15 Filobasidium, Galactomyces, Geotrichum, Guilliermondella,

Hanseniaspora, Hansenula, Hasegawaea, Holtermannia,

Hormoascus, Hyphopichia, Issatchenkia, Kloeckera,

Kloeckeraspora, Kluyveromyces, Kondoa, Kuraishia,

Kurtzmanomyces, Leucosporidium, Lipomyces, Lodderomyces,

20 Malassezia, Metschnikowia, Mrakia, Myxozyma, Nadsonia,

Nakazawaea, Nematospora, Ogataea, OQosporidium, Pachysolen,

Phachytichospora, Phaffia, Pichia, Rhodosporidium,

Rhodotorula, Saccharomyces, Saccharomycodes,

Saccharomycopsis, Saitoella, Sakaguchia, Saturnospora,

25 Schizoblastosporion, Schizosaccharomyces, Schwanniomyces,

Sporidiobolus, Sporobolomyces, Sporopachydermia,

Stephanoascus, Sterigmatomyces, Sterigmatosporidium,

Symbiotaphrina, Sympodiomyces, Sympodiomycopsis, Torulaspora,

Trichosporiella, Trichosporon, Trigonopsis, Tsuchiyaea,

30 Udeniomyces, Waltomyces, Wickerhamia, Wickerhamiella,

Williopsis, Yamadazyma, Yarrowia, Zygoascus,

Zygosaccharomyces, Zygowilliopsis, or Zygozyma.

19. The transformant according to Claim 18,
35 wherein the yeast belongs to the genus Candida or
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HO —CH—C — C — OH (1)
H, O

15
wherein R represents an alkyl group.

22 . The transformant according to any of Claims 13 to 21,
wherein the polyester is a copolyester, P (3HB-co-3HH) ,
20 obtainable by copolymerization of 3-hydroxybutyric acid
represented by the formula (2):

CH,

|
HO —CH —C — C — OH (2)
25 H, 0]

and 3-hydroxyhexanoic acid represented by the formula

30 (3):
CllaHv
HO —CH—C — C — OH (3)
H, O

35
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23. The method of producing polyesters. using the
transformant according to any of Claims 13 to 22,

which method comprises cultivating the transformant and

5 recovering the product polyester from the culture obtained.
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