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1 DESCRI PTI ON | MPROVED TRANSFORMANT AND PROCESS FOR

PRODUCI NG PCLYESTER 5 10 USI NG THE SAME TECHNI CAL

FI ELD The present invention relates to genes necessary
for the enzymatic synthesis of copol yesters, a

m croorgani sm fernentatively synthesizing polyesters
utilizing the gene, and a prgcess for producing

pol yesters using the mcroorganism BACKGROUND ART At
present, many ki nds of mcroorganisnms are known to 15
accumul ate pol yesters sudhRsaRip@lIygNydr oxyal kanoat es
(hereinafter referred to briefly as PHA) as the energy
storage materials within cells. A representative
XERSIVED ARANBE OFMAES RID PROGESY- BORy #REPYBU Y PFOLYESTER
a9 hefreishagit er referred to briefly as P(3HB)),

whi ch is a honopol yner of 20 3-hydroxybutyric acid
(hereinafter referred to as 3HB for short). It was
first discovered i n Baggdwsomegatterpum (M Lenoi gne,

Ann. | t. Past .. 39, .144 (192 .. P(3B i
hor mopREs PraSEaty ey i of's BT a0kY; bAsBEBEpnieRgsSary for

'lthaﬂeﬂzymmbﬂd%ﬁﬁﬂ@he&ﬂﬁtqﬁImﬁpplegteg@enElydattma@E@dsm
SR S AR S MR NOET e sone

HHq td enemess dor fradvaminheolyesgerst Usias itda

PRI shereof is limted. Therefore, research
wor ks 'have been undertaken to inprove these

properties. 30 Anobng others, a technol ogy of producing
a copol ymer made of 3-bydrexybmbysrt acid (3HB) and
3-hydr%éy%%£%%5%’ many kinds of microorganisms are known to
accumulate polyesters such as polyhydroxyalkanocates
(hereinafter referred to briefly as PHA) as the energy
storage materials within cells. A representative example
of the polyester is poly-3-hydroxybutyric acid (hereinafter
referred to briefly as P(3HB)), which is a homopolymer of

3~-hydroxybutyric acid (hereinafter referred to as 3HB for

'_ short). It was first discovered in Bacillus megaterium (M.

25
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35

Lemoigne, Ann. Inst. Pasteur, 39, 144 (1925)). P(3BH) is a
thermoplastic polymer and is biodegradable in the natural
environment and, thus, has receﬁtly attracted attention as
an ecofriendly plastic. However, P(3HB) is high in

'crystallinity, and stiff and brittle material, so that the

range of practical application thereof is limited.
Therefore, research works have been undertaken to improve
these properties.

Among others, a technology of producing a copolymer
made of 3-hydroxybutyric acid (3HB) and 3-hydroxyvaleric
acid {hereinafter referred to briefly as 3HV) (hereinafter
such copolymer is referred to as P(3HB-co~3HV))} is
disclosed (Japanese Kokai Publication Sho-57-150393 and
Japanese Kokai Publication Sho-59-220192). This P{3HB-co-
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acid (hereinafter referred to briefly as 3HV)

(herei nafter such copolyner is referred to as

P(3HB-co-3HV)) is disclosed (Japanese Koka

Publi cati on Sho-57-150393 and 35 Japanese Kokai

Publ i cati on Sho-59-220192). This P(3HB-co 2 3HV) is

rich in flexibility as conpared with P(3HB), hence

was expected to have a broader application range. In

actuality, however, P(3HB-co-3HV) shows only slight

ciﬁﬁﬁgeisa i ictphiysifTlax igricperyt izes @vwgramshewittie higdt) , hence
[ fased. ) - e

LfeXI ﬁ.fblc?tfed?’% Ehaléeb EP(H Cflﬂbl@?{#ﬂl% arrangtg] In

can not nprove

rfé“{ﬁﬂélflédiﬁfrorh%‘éeéfﬁm fH { WW&% s omhs slﬂtglﬁas:hanqes
baepised-onlyrdgeddie § idldh ofndd dirk m%edfﬁé‘dﬁir?%f 3HV

such as shaqPoo bottl es and di sposahl e razor grip
% 1P Reaihd y e dPs PagEdGéaThat e eh e ¥iRdd 1&an £arn P% be
tivepeopal Ve rtleonsidin thgr cafu iz cypanant s Bﬁiﬂrﬁldari’d the

LSO, SEL SIS L] STt o i
r@f@ecteohﬂolcalses R{BHB-0-BHfpdorbathiordy antl ddmposable

@gyop Hf producing it 15 (Japanese Kokai
I ca n Hei - 05- 93049 and Japanese Kokai

Publ i cath GTREa9sit ERaBS068)udlese duril Mpad Irta%é:qmeéfmmg
okgcén@dg&l & sedreeininol 1096 OF LRy Qdiied ok A B3 HBeE s 3D -

|s S ermsntatlve roductlonthereof fromfatt
3( IR 0137 adivESigta 09 s Hiemied Q@ o for
osthomt)m {herelhaiSidy ﬂaﬂorﬁmaﬂf@s/t@_es i 1d atefefr@into as

RLB R £ HAD AR SRSy of producing it
K(J@BJI@SG HKo]NaJe Pumumm@&[ees—owsomm@umanese Kokai

&atﬁﬁ‘f%@ff%lﬁéé‘é re%‘&fécyrd’i"?%”t - %%‘Q %%tie%t

u tured usin atty aC| not 1es

ééﬁ%%ﬁlaif%nsﬂahs twwl}p%r%mW%@q Fit Bﬂ@t@ogﬂm
Vdnip 2 S f4akdn o4k Of e Irdudidi d®| en LSt rSRNEDELy acids,

such as oleic acid, or oils or fats, such as olive o0il,

using Reromonas caviae isolated from soil. Studies

concerning the properties of P(3HB-co-3HH) have also been
made (Y. Doi, S. Kitamura, H. Abe, Macromolecules, 28,
4822-4823 (1995)). According to this report, when A.
caviae is cultured using fatty acids of not less than 12
carbon atoms as the only éarbon source, P(3HB—CO*3HH) with
a 3HH fraction of 11 to 19 mole percent can be
fermentatively produced. It has been revealed that the
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 molar fraction of 3HH. However, the above
method of production is low in productivity, namely the
cell productivity is 4 g/L and the polymer content is 30%.
Therefore, methods capable of attaining higher productivity

for practical use have been searched for.
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fermentatively produced. It has been reveal ed that the

. properties of such P(3HB-co-3HH) change from hard and

brittle gradually to soft and flexible, to an extent

30 exceeding the flexibility of P(3HB-co-3HV), with

the increase in nolar fraction of 3HH However, the
above. nethod of production ig low in productivity,
nanely the cell productivity is 4 g/L and the pol yner
content is 30% Therefore, nethods capabl e of

at t ai nPngHhi giechpreddenevhey Bsshorlpracdt fcah fssomonas
'Eaa\(ﬁatéee'ﬂﬂﬁ%r Ghed, E%du%lélp"'%t%%h%sfe PQ(%@I% has sbeen

from Aerononas cavi ae, whi produci bl e

stleganeste Mﬁ&@&béﬂﬂ)atlﬂlaﬁﬁ%eéé"@&@éiBZPugl i E3edn Y- Doi,
el sk--k08682;, TolRkukuia, ¥o.Dais, 4B21Bawieri(@lss7)val . This

179, Mo 1o, 4821 830.( This B gene
Friodtised AT Lot @@%@M@V@omem

Alesd li igeness @Hur@@im) ), amdl Cd]ﬂlttll\l@ttll@m was camrmied out
Q}%tlngqjt}%g 11 Pisth tt'r%glstfo er g{)%‘g aq% ta.%Q%t %qlle as the

car on “source, cont in cells
ofraﬂbcgi Iscarntea  Wisineer ac@mtrlé:rﬁntofer@%M@r @fat4t aﬂ/ﬁe@nd a
[ o AR otyeghnolet, A9,
(?33 (1998(3)0)61‘{1:% m?thod ohﬂeq'gyo ucl a'IHB-co SHEDt A% Appl.
TGP Bt B D las és%h@mchug@%dm i Romehhgpant

Frddig-iheste ﬁm—@i&@meﬁh@n}cﬁéﬁﬁ%rlw tde as Escherichia

RN T K o

W(Jﬂj'HB}LU:O clié-ﬂd)rmgmnyglptmim:wﬁﬁ:y atwge ,ofhapleysarc alWO

Q a%{%% rties of rigid polyners to
properties o EXI ‘pol ymers, by changing the
mol ar  flihgc telborv eofneriicard Pedyafear & (GdiB-iso— 38X esad be
R aéJmlcFeabc'a%g‘é” oaf \ﬁﬂr@%f@eﬂg%ré é&‘ﬂf& e‘@r%n?'i:r%ﬁaertles

boxes and the |1 Ke, which rig ])f/ IS reqwred
¢

e st g%q mﬁelxﬁ%ﬁfstﬁ@ mn@@erffolrew%hf a4 mql_\,m%s, by

changing the molar 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
varns, films and the like, for which flexibility is
required. However, the production methods mentioned above
are still poor in the productivity of P(3HB~co-3HH). There
is no other way but to say that they are still
unsatisfactory as practical production methods of P (3HB-co-
3HH) .

Recently, Kichise et al. reported a method,
comprising modifying A. caviae-derived P(3HB-co-3HH)
synthase by in vitro enzyme evolution system and then

introducing it into Escherichia ceoli, to construct an

Escherichia coli capable of accumulating more amount of

P{3HB-co-3HH) than a wild-type gene-introduced Escherichia

coli (T. Kichise et al., Appl. Environ. Microbiol. 68,
2411-2419 (2002)). In the report, E2-50 strain and T3-11

strain, in which specific activities of P (3HB-co=~3HH)
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~requi red. However, the production met hods nenti oned

above are still poor in the productivity of
P(3HB-co-3HH). There is no other way but to say that
they are still 25 unsatisfactory as practica

production nethods of P(3HB-co- 3HH). Recently,

Kichise et al. reported a nethod, conprising

nodi fying A cavi ae-derived P(3HB-co-3HH) synthase by

in vitro enzyne evolution system and then 30

isynicbdgei Wgret ehhepcBdeheekehphtedhied.t ELorstiuct mantant
%%C@S%H%hbé %ﬁthS?EEHEQeOf gC%HEHha%bBQnQUE§ éﬁBHBEtuted

3HB- co- 3 an a w ene-i ntroduced
é@éhéﬂﬁ@huaml@@|ace¢ aﬁpéﬁagén@t and TApplL. igngneenin which

g1§b@ﬁbohs @ﬁbst@ﬁ&%ea4$8r(zaQ%k)asbﬁrﬁﬁ@ E@E@rt Spec1f1c

2-50 straln eci f

% 35 strain, g gh h
AV Ye 8 Tof P(@HE3E8 3ﬁﬁ%yﬂesﬁﬁtﬁ S OmEFEa ﬁhéﬁc@& anced

wer ebehttailnedtilk?2s58si Righnmakafhatob fPHGIHR- €9pdHEcherichia

BBy el B A1 SR W RGO e 1.2

Fliyeisne Bstsuhsgemﬂteb,f©$cnénschaapamllc¢amnqt utilize
%%%%'%bﬁ.%1§%t'%hg%hoérghﬁowu%%é%dd%%%%ﬁesﬁﬁrgés50

strain I s enhance times as as that
MmOy se EScHERECRPA C@awﬁlnwﬁ@ﬁé@§5ﬂﬁateaﬁym3519f

Sldediyl - C%A?nm%ﬁ@ﬁdlbonéggﬁka¥y2fo&'EE%ougéttbnsynthe51ze a
gfneral Esch r| ? coli ﬁ@ﬁt $|IZ fats af _ " 4
P TG Ml e © %—éHEtCEa sourgegtoqpy a Low-cost an
Euﬁhhﬂ@mmr@romhcddea B9k teantanhotobdensitadgnedz e saf other

tyl i.C essary f rQut e .
e BTt AR AR AR e Rouf S ey o
Fvdrsdiraite - sappdw-ogs baad t veririec iodite rpriseud nitgrdegstem
G2 B tt%@%@ Wl 833 %@% ing %eam%a\@ #hRI shAlS £ic

and ol | s- nposi ng abi | substrat e- supplyi ng

QQQ%W%FYaﬁé &PH@PMH@@rﬁﬁﬁﬁédGé@@fOl@ur?Wérﬁ@#@meAnara
eir cdhuc rakti diyn e sa o baRY ilyhe 1SPe¢idricaised in the case where

glucose was used as a carbon source (Amara AA. et al., Appl.

Microbiol. Biotechnol. 59, 477-482 (2002)). In Escherichia

coli, a mutated polymer synthase with increased activity

cannot express its own abilities, and Escherichia coli

cannot directly utilize vegetable oils and fats, which are

low-cost carbon sources. Therefore, Escherichia coli lacks

usefulness as a host fo£'polymér prbduction'in economical
viewpoint.

In a study of the production of biodegradable
polyesters, Leaf et al. used yeast high in cell
productivity as the host (Microbiclogy, vol. 142, pp. 1169~
1180 {1996)). Thus, the polyester synthase gene of

Ralstonia eutropha was introduced 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. However, polymer

content achieved in this study resulted in as low as 0.5%
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~activity of whi ch increased fivefold, but pol ymer

productivity was only slightly increased in the case.
where, glucose was used as a carbon source (Amara AA
et al., Appl. 20 Mcrobiol. Biotechnol. 59, 477-482

(2002)). I'n Escherichia coli, a nmutated pol yner
synthase with increased activigy cannot express its
own abilities, and Escherichia coli cannot directly

utilize vegetable oils and fats, which are | ow cost
carbdhs auloesr Fasr eftorld, aBst frariitdfliea PAGHR)|.ackshes

Us?'@fdﬁélsesasls%s Hav0%fe 0 R WP &:h%r ?)%‘EMC%&O' Nof copolymers

econom cal VIGM@OInt In a stu t he pro uction o

mcabreaglrr@d%emaem@@wswlst NEHRBS &I, Tesed opeRen Ritgms, by

fﬁﬂdsnﬁj,od_@lct ie\istty S%S:ctﬂ'h@:dﬁ%ies( MeGleQRisala@0Y a ¥ol1yester
1169 30 1180 . Tnus, the polyester :
tﬂgsée FERe Gerigadst %_&ﬁﬂﬁwﬁaéﬁm&n the

|mte£se$a;cn:tta°r cmawt@s acdele\dsiaeamdi mbuefceyeastic the
roduc r ansf.orma was_ cul.tured usin ucose

f’ﬁuf & carb oﬁanso c levé?hcg at]hs'e acsa}rﬁﬂ ti0f S o%og’!( :?ﬁB)

ViesL & ared e nidp.1 tHewe ver e thal lyve R3S, .c dfitemb iadhi @ieddannol .
t@js §§5¥h§f§§Lk n a%u&%ﬂb%?g%g?%$gPEQdSEH81 s have

pol’ymer  was stiff anci brittle stU|es

AP Rde [ReFheade S HOprod i vss ter dspeigy mdrsic acid
cmtaaldaﬂmarﬁ FRRRET PiNidx WL itheP MHd MR E3RON into

atons,, b expr essin yeast accharo es
R THES £ it BLahily Hasiar Gund FOWRST o GHnthase
F?;ammimnaascae?nmgi nosa dadmd fresemicer&efm spfedizidy Zbkds

Lo bS] b Wi RS But f1he 1,2 %rP s Eé(:gu.em\{ﬁ.dated

SO resu |n as Iom1as S case olrrrer
\pe@tdlalled ctqdﬁl unmtcr(&mnoilersﬂbx e&jhradl EHS 3R5A-@Rgiogy

(20G1) ) v dur ther My e oS sigih8s, h%\ﬁ‘é %Qchegawﬁﬁde

on the productidon 6f polyester usug l'ei c aci as a
B Il e CBY e ries STH i SHrgetiend: - i nto

Yeast is known to grow fast and be high in cell

productivity. Among them, yeasts belonging to the genus
Candida attracted attention as single cell proteins in the
past and, since then, studies have been made on the
production of cells thereof for use as feeds using normal-
paraffins as carbon sources. ¥Further, in recent years,
host—vector‘systems for the genus Candida have been
developed, and the production of substances using the
recombinant DNA technoleogy has been reported (Kagaku to
Seibutsu (Chemistry and Living organisms), wvol. 38, No. 9,
614 (2000). When Candida utilis is used as the host, the
o-amylase productivity is as high as about 12.3 g/L.

Microorganisms of the genus Candida having such high
substance productivity are expected to serve as hosts for
polymer production. Furthermore, cells thereof can be
separated from fhe culture fluid with ease as compared with
bacteria and, thus, the polymer extraction and purification

steps can be facilitated.
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per oxi somes of yeast Pichia Pastoris, a polyester

synthase gene derived fromthe sane Pseudononas

speci es. These studies showed that 1% wei ght of

pol ymer was accunul ated 15 per dried cell unit

(Poirier Y. et al., 'EM5S Mcrobiology Lett., vol.

207, pp.97-102 (2002)). But suwch low accunul ation

content is quite insufficient. Yeast is known to grow

fast and be high in cell  productivity. Anong them
yeast s Thaongi ngthodt hé gendsiciag edRdBdecabtBacteding good
3l entd-an 38 Mgl GRlih PrRfin 'l%nbll%gp%%t 82 genus

since then, Studies have béen nade on roduct’ on

dfandiidag ERek ddve fldrceus diads He@@dgea’@l@gveﬁbr L further
Pl d e nds ey mxﬁwq%%te@rﬂohe@ou dre gl eaARS ty (WO

ggv;-vector stens f enus Cand |da h?ve been 25
e R bRE Bronat Toh ohCzpeLaHaReHer et ha
mmnﬂﬁmﬂmmﬂtyup%rt&&hﬂglGg¥uha&m@ee@ m@ﬂﬂﬂkﬁﬁxx%agakmod

OB 8 ST e 1

& qeild .hods, exbaplasanyl as@hpdsd@oru vm:yeasms hhghamsunt

EHENﬁoiy%é% Qﬁkztﬁﬁ%éNhﬁ{%PQ&ﬂn!S éy% EE@rgﬁﬁHﬁéﬂgygﬂéyi

havi ng 'such high substance productivity are expect

T8 S SR Hoaes PR VFHONS GEFRRIST, & method

Fegrtdrerg e ,uscleid % heeddoahlidersepaisitied o eadhay
culture f|UId W t ease a conmpared w t bacteri a
GREPRIQY (i SArds SRt ok s sgergssion
Sireipss Cla:rtobea f;ﬂcaslm:ltchtc&d cHohfusomess ,metrhatheoflike method.
pfto%c P( %%V\ﬁ‘lo ’E&'ﬂgeb\t%arw n&agco%qlci]ﬁe sseI Coaﬂ the molecular

proper |es u5|ng yeas ng to
Cobthieda o farh aviweed idey, dedsl dmdajémeldm:e:chamtm Urheher

IM&@@%&%% trl'féqlltirgtﬁﬁ:tf ‘ffol%éﬁ:'m(rsdm% S. J. et al.,

productivity As “one_net ho

01/ 88
iV S i (}W@to%brdﬂ%}c-tﬂ\ﬁrtyppper@ceﬂ ]t9nge7r gy

ttaexrmﬁtdsqud.m mthadn D.P., Proc. Natl. Acad. Sci. U.S.A,
vol. 92, pp. 6279-6283 (1995)). Because the molecular
weight of the polymer remarkably affects properties of a
biodegradable polymer, methods, which are able to increase
productivity without decrease of molecular weight, are
longed for.

SUMMARY OF THE INVENTION
_ In view of the above-mentioned state of the art, it

is an object of the present invention to provide a gene
coding for a mutated PHA synthase which can be expressed in
yeast in a functional and efficient manner} a yeast
transformant transformed by a gene expression cassette
comprising the gene, and a method for producing polyesters
such as P(3HB-co-3HH) having bicdegradability and good
physical properties which comprises cultivating the
transformant obtained in the above manner.

The present inventors made various investigations and,
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conprising increasing the anount of the polyner
synthase in a cell. As exanples of nethods for

“increasing the amount of polymer synthase in a cell

there may be nmentioned a 10 nmethod conprising using a
strong pronoter, a nethod conprising using a
hi gh- copy- nunber plasm d, a nethod conprising
introducing a | arge nunber of enzyne expression wunits
into a plasmd or chronosones, or the |like nmethod. It

- ha8 BetRSkAbuwniowodellrt vhar gereeasehbfhthede for amino

mateqUkakudRcBYNBEr 2 Ohu BAZYHES. P !
decrﬁﬁseﬁFn %he nn?ecﬁlar we engé%ggéh%égggguggrlved FHR

Tght ¢ .
pBYYHEFSESVRFES1E. 2efPaFLTic, Natat&OBi BrachRsnogytroduced
vohtolbtspamifid- 8¢i(1984henan( &eenghAssricted, MAr fhRe

DsBarafL0Sn NaLlocAgads Sclo Ui Schy ol 3% oPR brapoter

thedprymenatenackabbyeabfesubspampEallgsfaﬁcalonlng in
b rada .able to
KO880 88308 POEY TR e EEHESE HE, £RaB1 6180, Faht) qoression

i hcr ease UCt I vIt I ease
werghettar éS ﬁ@ﬁ@b@rfbntrgguWocveatﬁE ENWENTE Ohesulting

| Br¥hev6phahhei abgyer ipatLaned ﬁéﬁ&@s@értégnab pk&duced and
resent invention fo provi

IS an_obj of the

gEEEOV%6%$ ér?%rt%e EhEe8e PHA §9ﬁhhés@a0hﬁéhtbaﬁ pery high
epzipoéss’eﬁvitly yeashei sxpefungtional and efficient

manner , a§% 30 ééansfornant transforned by a ggﬂe
expreSS|on At RS S Ot F LT G Phet %%ﬁsaHﬂ S fethoy 9ene
f epdprodiier ng potyest ehsromonss asaP{ 3&Bdepni B&l) PHAVEMgthase
biQd ggggablllty and good physical properties which
conprlses cultivating the transformant obtained in

t he aboRRr HEFRERL1B5 tie presunt invwentbes mabletes to a gene

vagbpesSsisNestsgat+ons and, 7 as a result, found that
when geqﬁb, whi ch code for am no aC|d sequences of a
dReTS

mut at e O L3R5 oo - 9ne el Ph Tor a mutated PHA

synthase, and a promoter and a terminator both capable of
functioning in yeast,

_ sald gene coding for a mutated PHA synthase being
obtainable by applying at least one of the following amino
aclid substitutions from (a) to (h) to an Aeromonas caviae-—

derived PHA synthase having the amino acid sequence shown
under SEQ ID NO:1:
(a) substitution of Ser for Asn~149
) substitution of Gly for Asp-171
) substitution of Ser or Gln.for Phe-246
(d) substitution of Ala for Tyr-318
) substitution of Ser, Ala or Val for Ile-320
} substitution of Val for Leu-350
(g) substitution of Thr, Ser or His for Phe-353
(h) substitution of Ile for Phe-518.
Moreover, the invention relates to
a gene,

which is obtainable by adding a DNA coding for a
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synt hase wherein a specific nutation has been

introduced into its amno acid.sequence, are
constructed, a gene 5 expression cassette is _
constructed by joining a pronoter and term nator

capabl e of substantially functioning in. yeast to each

of those genes, the resultingggene expression

cassette is further introduced into yeast and the

resulting transformant is cultivated, a polyester can

tree qerodirsied- tard et nde cdusedd thr emaene cwldimde fior §heh
Fuanes dats Mk dd gh  productivity can be expect ed.

Thus, the present invention relates to use of a gene
codi ng for ®TRiCEred ABPORDBASS tcabiraecder ithed IpMaRLLON
PEUNASE td RHLafne By BRMidiGHAT Iahode present

invention relates to a gene expression cassette which
conpr i $BETEPehdCc HFTRG FOF A hutatdd IPSAINSynCATRE 15es the
andi reo pranbteyquattaa dhernm naidyr Beich 1mapekize of S50 ID NO: 3,

f i Qni ng | . 20Q.sai d_gene codi.ng fo

AL AL el MR SO RSN hove

| east oersfint bef perowisgranitaggedding sdlysiltenicoddng DNA
M) f1dye it Ak ARLUPNAR, SRV AR %%fd\ﬁﬂ@ﬂ%, or SEQ

synt hase havi ng the amno acid sequénce shown under
S%QNQJENQ 1; 25 (a) substitution of Ser for Asn-149

(b) subst isnether @fre@ey rker ABRALLALS) tSbSivientiion
of]$ r or, An for Phe-246 (d %yb titution of Ala for
i (§ tgt?oﬁqI}%taisoﬁle&tlé))é‘re, AP val for

| | e- 320wh3@efh) asubstistubhencats Yabohorhnl ehe3g@négroding

S Y S S0 8 8y P35 e veer
inpintdesh irat®&R .t TG, CTT, CTC or CTA.

The present invention alsoc relates to

a gene expression cassette

which comprises the above gene, a promoter and a
terminator both capable of functioning in yeast.

The present invention further relates to

a transformant

which is resulted from transformation of at least one
gene expression cassette above-mentioned into yeast,
and preferably relates to

the above-mentioned transformant,

wherein the yeast is Candida maltosa.

Furthermore, the invention relates to

a method for producing polyesters,

which comprises cultivating the above transformant
and recovering the product polyester from the culture
obtained,
and preferably relates to

the above-mentioned method,

wherein the polyester is a copolyester obtainable by
copolymerization of 3-hydroxybutyric acid represented by
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a gene, 35 which is obtainable by adding a DNA coding
for a peroxisome-targeting signal to a gene coding for
the nutated PHA synthase. In a preferred enbodi nent
thereof, the invention relates to the gene as

menti oned above 5 wherein the peroxisone-targeting
~signal conprises the am no. aeid sequence shown under

SEQID NGO 2 or SEQID NG 3, and nore preferably to
the gene as nenti oned above wherein the

paeoxioddpeingr getimddasi(ghal - encodi ng DNA has the

nucl eoti de sequence shown under SEQ ID NO 4:or SEQ 10
ID NO 5, .I.n anot her preferred enbodi nent, the
|nvent|§ﬂiarelates to the gene as nentioned above
wherei nlat | east one CTG codon in the gene coding for
dd Qerolddas- Cavadoderi Qekl PHA syntg%q§ has been 15
modi fied i ntoHIJA, TG CTT, CTC or The present

i nvention also relates to a gene expressi on cassette

hich compel 565006 8D0YS Ge08: 40 BEOTRLEC AN, 21y

termn func yeas
Thélpwesehﬁommméﬁtﬂém further relates to a
transformant which is resulted fromtransformation of
at |l east one gene expression cassette above-nentioned
into yeas€ 3Hnd preferably relates to 25 the

above- ment]i oned transformant, wherein the yeast is

Caldia—~@iTosa(C =urChe=ngypl the i nve%) on rel ates
to a nmethod foH prodoci ng pol yesters, 1 ch conprlses
cultivating the above transformant

DETAILED DESCRIPTION OF THE INVENTION
In the following, the present invention is described
in detail. '
(1) A useful mutant of a polyester synthase
- In the present invention, a mutated PHA synthase is
used as a useful mutant, which is obtainable by applying at
least one of the following amino acid substitutions from

{a) to (h) to an Aeromonas caviae-derived PHA synthase

having the amino acid sequence shown under SEQ ID. NO 1;
a) substitution of Ser for Asn-149
) substitution of GlLy for Asp-171
) substitution of Ser or Gln for Phe-246
) substitution of Ala for Tyr—-318
)} substitution of Ser, Ala c¢r Val for Ile-320
) substitution of Val for Leu-350
) substitution of Thr, Ser or His for Phe—-353
) substitution of Ile for Phe-518.
In this description, for example, “Asn-149” means
asparagine located at 149th position in the amino sequence,

and amino acid substitution {(a) means a conversion of
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30 and recovering the product polyester fromthe
culture obtained, and preferably relates to the
above- nent.i oned nethod, wherein the polyester is a
copol yest er ~obt ai nabl e by 35 copol yneri zati on of

3- hydroxybutyric acid represented by the foll ow ng
formula (1): ¢; H,3 HOCHC3oC- OHH 2 (:) (1) and
3- hydr oxyhexanoi ¢ acid represented by the follow ng
formula (2): 10 157 HU-(-;H-C- C- OH H2O0
BETAINEDNRESORIERFHIONCOE4PHE PRVENTIOONLNGot Berine.

fol | owragg h@%heﬂe§SanEHYﬁnEh@nab%vgeﬁﬁEbQQd th@re may be

detail. (1) A useful nutant a pol yester synthase 20

lmﬁqq%9nﬁﬁb§%ﬁﬁ IQ¥%@WﬁP€nmeéhﬁ@ﬁaP€dt 14¥kt-hader qus

Moafs dads @fddin naloant £oWRER iins n@}aitlaﬁl@@bkn@taylt w1th
am no

§€E§¥ at least one of the follown

G PO FTIRE EHF™ G5 PG CaRS r‘fé(naé"u strate
c:ﬁmcaﬁldﬁruwmﬁfdés &yu&trhaae stlmawmyt,h@yamomf@dm@ amino

Se epscefe%ise &S\g% %%8% BI) sl DSL\IIO e@s%% t'ftr%&n' acterla
Aspﬁuﬁb Feromgrsts tatviies - ofEssecmal@Nn meanPhet21521nq

@1 4bsSH tHid 192 1@ %@%h&gﬁmﬂﬁf'éﬁgﬁanese Kokai Publication
2002-199890) and the like are highly useful because desired

mutants can be obtained in a short time. It is also

possible to identify useful amino acid mutations on the
basis of an enzyme conformation or an expectable
conformation thereof by computing, for example, by using
program Shrike (Japanese Kokai Publication 2001-184831) and
the like.

- It is not confirmed until actual applications whether
thus-identified amino acid substitutrion (mutation) shows
expected effects for the objective host or not. It is _
because the mutants of the above-mentioned T. Kichise et al.
Appl. Environ. Microbicl. 68, 2411-2419 (2002) or Amara BA.
et al., Appl. Microbiol. Biotechnol. 59, 477-482 (2002),

which are obtained from Escherichia coli by means utilizing

molecular evolution techholOgY£ are those most adaptable

for the growing condition of Escherichia coli used for

obtaining said mutants, and there is no guarantee that the
mutants can adapt to different growing conditions, still
less a different cell species. And it is also because
mutants constructed by computing are not sufficient yet in
accuracy. '
Furthermore, combinatrions of mutations chtained by
utilizing molecular evolution or the like technology makes
it possible to give further suitable mutants. Therefore,

mutants obtainable by applying at least two of the above

~amino acid substitutions from {a} to {(h) are alsoc favorably
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(e) substitution of Ser, Ala or Val for 11e-320 30
(f) substitution of Val for Leu-350 (g) substitution
of Thr, Ser or His for Phe-353 (h) substitution of
Ile for Phe-518. In-'this description, for exanple,
"Asn- 149" neans asparagine |ocated at- 149th position
in the am no sequence, 35 antiam no acid substitution
(a) means a conversion of 10 asparagi ne | ocated at
149t h position into serine. As a nethod to obtain the
nmutant, there may be nentioned the follow ng
met hods or the like. Various nethods has been known
to obtal nodi fi ed nt th 5 i roved roperties
S R o P 2 et e P SBR[y and or
t her rraIAsstaa@eh:Jet yodbygmadif yiheg natiang o&d:ladinaeqaebgeihe
of .pol yest er has derlved fron1bacter|a suc
O 2 i S B R Rl e e e
rmiaamﬂlear ae\gﬁnﬁ |6@wt811®<aﬂ®ri@ dgy aRkdpHamss e m&amutatlon
%ﬂ% %gq) é? %%%@ éy¥htgﬁh%$l talch % mﬁbned in
use ecause eS|re

mut ants can t ai ne

sHortta ithe gand soslise %sﬁ%lmm@ﬁﬂlved PHA

AYithard hata] i1onrs a@ﬁntdﬂ%cﬁiasses% nc A RInder SEQ ID
nf_or mat qﬁﬁgr n expect abl e rnatlon t her eof "by
ﬁ\g%n Emjl léj%ﬂeélesoy B§Pﬁ§ri‘§ §r 88Faf ShAr PRBE
(o}:&pﬂlr@ﬂd(omllrﬂﬂaifd\mhg)m 200x] - rﬂtﬂfbﬁ:fﬁ]jnl and rddponding to
iS_not. con t actua tions
W raHdvq Rlito, SR RS A5 BF (el 200 B AN° 4nto a
(RHA aﬁymasﬂwmeremmdsefdMEd dro temsdbj ecti ve

host Ol 2 ekl $,38nReAURG NEHIWANGS okl to yeast,

above- nentlone Ki chi se . Environ.

0 AT B ALY, TR IO, AT KRB, ghere nay

ApplmeM Lol DrFBI QRGN AIndH9, SEY 7148 (32QLQ12)W0 01/88144),

\waf Y a{ﬁj a bgtr ad ecdo CIlr v ;osrclh o Cé]ﬁlll?dlcé)a 'naPh s, /"the same

amino acid sequence as the gene coding for an Aeromonas

caviae-derived PHA synthase, and the like genes.

Namely, use of the bacterial gene as it is may lead
to occurrence, in some host yeasts, of some abnormality in
translation of genetic codes in some instances. For
example, CTG codon is translated into serine, not into

leucine, in Candida maltosa (H. Sugiyama et al., Yeast, 11,

43-52 (1995)). Such problem can be solved by using a
modified gene wherein at least one CTG codon contained in
the latter gene has been converted to another codon
corresponding to leucine (TTA, TTG, CTT, CTC, or CTA) in
advance. Furthermore, considering the frequency of codon
usage composing a gene of the host in use, a gene, which
has a modification converting a codon to another codon with
high usage, may be constructed and utilized.

In introduction of the aminc acid substitution
(mutation) described in {1) into the above-mentioned PHA

synthase gene, which is adapted to yeast, .a mutation of a
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nol ecul ar evol ution technol ogy, are those nost

adapt abl e 25 for the grow ng condition of Escherichia
coli used for obtaining said nmutants, and there is no
guarantee that the mnutants can adapt to different
grow ng conditions, still less a different cel
species. And it is also because nutants constructed
by conputing are not sufficient yet in 30 accuracy.

'Furthernore, conbinations of nutations obtai ned by

UEPERPT | Ty riot ekt radusasl uinlon ar ebikedtiee teidimdingysing

nakes-di tePOSS iRl dn i Ve, flstrﬂeh%fet%d abl & FHARS a
Therefore,. nmutants obtai nable by applying at |east

tBC B Phet AoVl FHUHE rRf A | P TLRRET t2Ut | DrEeTS ofR (B)Site-
toped) £ At emﬁ'lIS@r frepnedl yaddi s eshut (12) CoNsg rired ifc@fbinant

At d f t [ f th
PR URTdT nltt oy Ot How Hestri B2d FiappLe when
t@ppeomnyabe nesit §iorehn f sequexaepl @re gogesEnt at the both
t di
o he S o ey b e o b PO R i into
geRECk ol Wyt & bkomnt Aekoprdiscedyi He-dey i ved-dHALed out by a

Syat bases Wt@@lél@%@&ﬂé@ agh o8 COMRRELs S0 APUSE , th
SEQID 10 NO 1, and the |i ke genes.” Preferabl e one |se

S%%ﬁ%n%%% Fhabre BT IR GPRIENAGE 2S BREC TR §RAYTES /

COENES PN A g f@gldrhe:c&b@a/:eﬂﬂmrg nNeh&cs tt s ubstd twﬁi@m an
HA. synt hase %ene

TR0t EoRed. o (13 1 ho. 2 el {fsere:

bt 27T ot R e éﬁ% Wlﬁy‘ﬁ?‘ﬁ%‘slée end? Th Jrréser +0g
atlapfadf raoyeastyhidb hass nmtnpaaticoul amtyodesdd i Tted, only

bt . f h

o g Qf?m%uo ST TR LERP L, T A Touke.

chat redyer ion ro Tands bee neb ¢ b6l c t et s bhen lay‘nE‘féRar@ajd be
SegreNeq st t s&%ﬁﬁl fﬁh@goﬁgrsﬁﬂeﬁgfoﬂﬁ@a@HA synthase gene

Cavégeaq5£i$§} for m ta@fgg, Sﬂgcﬁhgaglgﬁqugfgctlve
mutation introduced into the site into which an
introduction of the mutation is required, and a primer for
amplification, which does not have a mutation comprising
one terminal sequence of said gene, amplifying another side
with a primer for mutation, which has a complementary
sequence to the above primer for mutation, and a primer for
amplification, which does not have a mutation comprising
another terminal sequence of said gene, annealing the
obtained two amplified fragments, and further carrying out
PCR using the above two kinds of primers for amplification.
The constructs obtained by a site-specific manner are
confirmed by determination of the nucleotide sequences
thereof. The determination of the nucleotide sequences may
be carried out by a known manner in the art using an
automatic nucleotide sequence analyzer or the like.
Generally, in fermentative production of a polyester
using yeast, glucose, fats and oils, fatty acids and the

like, which can_be utilized by the yeast, can be used as
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20 Nanely, use of the bacterial gene as it is may | ead
to occurrence, in sone host yeasts, of sone . :
abnormality in translation of genetic codes in sone

i nstances. For exanple, CTG codon is translated into
serine, not into l|eucine, in Candida naltosa (H

Sugi yama et al., Yeast, 11, 285 43-52 (1995) ) . Such
probl em can be solved by using a nodified gene
wherein at | east one CTG codon contained in the
lcatrben genechas Wéehoubneeyt pdrtocahatheestodohion.

ogureen0ndig Lp LEULRECTIA TTG.oCIT oE1G 0L ETA g

er nore cons requency 0
dedonadd asage é@ﬁﬁ@saﬁgdafgenéaéﬁffheSh@gtthﬁ LsEe as

Q%E%on“@bﬁ?cegastﬁeggdbﬁkﬁéh'98u99@¥eékbnﬁe%aﬁ@@@@eﬁov1a
anot her “codon Wi t hi usa be constructed and

G@@|@z@aldﬁﬁlpﬁtpa&&@tuéﬁdoﬁg@h@eaﬁbﬁélﬁcﬂatermedlates in
&%ﬁs%lbﬂ&d@ﬂ1oh”@9@ﬂb08}ed@%ﬁﬂhbéd b8 ElbstRb@ckh€or

abqve-nenti on synt.hase .gene, Lch_i ,
S dieshero syBEhesty with, PER A S50 syonTonEuEgt, Y. poi,
ignt Baditeedoilnt 0188 ,0Bpectiibye 482tledBpougiing’) ; Q. Ren et al.

%‘t%a%%e?ﬁgﬁd ”H%@geﬁgs'io The-geLhad t%ongEOd“§fn8e the B

tation an amin i'd Séquence
gxudatspecnﬁlweﬁﬁﬁneﬁ mayrb@dcautued QQIOBySQQﬁﬁg whdach are

E@ﬁﬁ%%bﬁ@ﬂﬁa% Rwérgﬁbﬁggs,tE%CBQRZE%EBﬁd 9h bheokikemes, of

For exanple, whe ppropriate restriction . sequences
é@eeﬁﬁé@@nﬂnaplwﬁ@ B@tE°l§e§é§ro§YPﬁ@e§6Feé§| evsrgple for

léfﬂﬂggeBHApaygb@@%Q @@ﬂ%hb@h% which ‘a nutation is
intro

it at 1 SHEnRERG L RN ERorp S o8 T EP YAl P CERG  fomes axe
$@mm@@ﬁaxeuyohhér@@rm&@p@m@e&gamdstDm&hg0ﬁoeMbﬁnE$pctlon of

TR S-S50 SO0 LS B 6, 50 M B
ISeSRICNICRS / ahBNAafrEagﬂr’@ms f\ﬁmr@ld ﬁ@sp&r@ﬁﬂ@pﬂ@@ (3.
'§HH5§$#H§d It etir¥bne B1©100) oty veosiitog by sehemi sal 1tai,
nt hesi s or the |ike.
agaku to Seibutsu 35, No. 10, 687-695 (1%97); E. H.
Hettema, Biochim. Bicphys. Acta, 1451, 17-34 (1889)).

Therefore, in the present invention, addition of a
DNA coding for such peroxisome-targeting signal to a gene
coding for an enzyme involved in polyester synthesis,
namely the gene coding for a mutated PHA synthase, is
preferable, and, by this addition, it becomes possible to
localize the enzyme involved in polyester synthesis, namely
a mutated PHA synthase, in peroxisomes for efficient
polyester synthesis.

Known as peroxisome-targeting signals occurring at
the carboxyl terminus are sequences comprising three amino
acid residues, namely “(serine/alanine/cysteine)-
{lysine/arginine/histidine) -
leucine”. The expression {serine/alanine/cysteine), for
instance, as used herein means any one of serine, alanine

and cysteine. For the targeting of the mutated PHA
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15 Introduction of a site-specific nutation by PCR may
be carried out by anplifying one side of the PHA
synthase gene wth a primer for nutation, which has
the objective nutation introduced into the site into
whi ch an introduction of the nutation is required,
and a prinmer for 20 anplificatj on, which does not have
a mutation conprising one termnal sequence of said
gene, anplifying another side wth a priner for
ayhahihen, tohaeh baSOa1eompbenEhéaaydlseqnencethe theve

R Er Bl PG PER 00 B neyE iRl aminus of the

@@mgmesnEQSZEfan@ehér t Bnong ath s aereerces gfie shi dggeieg
'}%%E;'ry'ig kB nght %'16?1% &E""O tﬁ@plnb%“cegokﬁggﬂ&oké?wgngn?

furthe carryln% using the abov
@@Wﬁéﬂs“ﬁ@ﬁlﬁﬁplWﬁﬁ@&rﬂ@HCln¢he (bensfinaéteropeidensgdpyo as

ZK3I rerspeesirtC (BRANEH &8 2G0RkL F\&@Qnaﬁedqy%&%n@tsb%ucme"
g@ he nucl eoti de se uences 30 thereof. The
dee&Pitfatesn T etrﬁ@ &Cl &8t fdé §@auéﬁeé§)né§EQbéD NO:3)

cariched solthoby askhbwn peanResoina-tthe gattingSicagbaiyl -

t|c nucl otld S ence anal yzer he_lik
S8Ry sToheflo R REREGE SEaRdcE oS df -alpofydstaron of
@di-ng JyedBspl . gE@e@se 2%@%323ﬁ67025§03faﬂﬂﬁladhdssand
usg%bllgk \éf%t' ¢ ean Q%r%%kh/'}_z%@rlfﬁnﬁ.llge yeast, can

on sour ces any particul ar.
r est ri é"h?oﬁuclepafi@iﬁc GEAHEPCe| ROFERABARELNYe LpoFYEEt 8RiN0

RIQdU GLi@R YS i) fn@tts ReiQuh Sir lfyatr'é.\é taGi#ed. In the case

ffins or e as carbon sources, S
SR LR Bt i satsBa ey phove Uhdes SEGID §R:4 can
&yechue,ildned Iaeldrretlabazﬂmec dagkebifedikat, eshiatr shivemPunder SEQ

f.i-on _cy le are utilized as substrates for
gﬁ %@s?er sy‘ri?t hes] gi vvlfltohr gooa‘ E?}Ff. ciency (T. Fukui, Y.

Doi, JurBheter sekuentezg, oNgurlsng4821th83®1©1991y o@ the N
ReEh@l and ‘?:om%% WPl amk8 aMaq 1Qs 12068 2%%}(1ely

(2000) Since t 10 OX|dat|on in yeast is carried out
daﬁ@ﬂ@*p@@&g@1n®ﬁrdﬁe§péne/vallne/lsoleuCLne) (5 amino

acid residues)- (hlstldlne/glutamlne) (leucine/alanine)}”
are also known as peroxisome-targeting signals. By
inserting and adding these sequences into the amino acid
sequence of the mutated PEA synthase, it is possible to
cause localization of the enzyme in peroxisomes.

In order to add a DNA coding for such a peroxisome-
targeting signal as mentioned above to the gene coding for
the mutated PHA synthase, chemical synthesis, the PCR

method or the like method can be used.

(3) Gene expression cassette construction

The gene expression cassette of the present invention
comprises the mutated gene of (2), a promoter and a
terminator both capable of functioning in yeast.

For the above nutated gene of (2) to be expressed in

yveast, it is necessary that such DNA sequences as a
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intracel lul ar m crobodies, localization, in .
per oxi sones, of an enzynme involved in polyester

synthesis is favorable for efficient polyester

synthesis., The proteins to be transferred to

peroxi sones are 15 synthesi zed on free ri bosones. and,
owi ng to the function of a pgyoxisone-targeting
signal presenting in the protein 'sequences, they are
transferred to peroxisones (S. Subramani, J. Menbrane
&r@h@teIZSth@guﬁ@ﬁréhﬁgartiVatﬁhgiseq&agaku(UﬁS), etc.

. 9 '
Bl hsont ot BR o ASt, D151 =S4 Pioppicnces
TFive eflar(@) |a|ddtlﬁe0ptﬁésémgnaﬂwememnnaé@mt|ed;|¢ opnathe 37
%n%%%%ﬂl fo%f +3MC Ry RN X8 Oes § aggsibﬁsﬁtgné\itéo a

gene coding for_an enzynme i1nvolved in polyester
§@ﬁﬂﬁé§%@g &ife B Oi§e CBAE TLA68EN§ LU Sa ORuPaty€d SPHA
mel, St%@ Rieefeeriabl@esndn EﬁthbSdg@@b&ugninbbrted
cones og h % ocalize the enzy ge L nvol ve n.
Séster ; ERBRFLVehdmetye &°hat BE&d°Par SGhRtR Jen ca
|piq@aumkmsmum@'h@ra@b&b@m&ate paloyesieer asyinttkesiisator so

' %%. F&%é%%ﬁ%r%%%%%&ﬁ%%.%Rg%ﬂésfggafEfn Pﬁ%gg%%.

rmnus are sequernices cCoO
anlno Iacmuer@ga@mgge nénghy present lnventlon, a gene

éﬁﬁy'§§¥5ﬁ13§§§%%§¥55%'%%Eferably constructed by ligating a
(l'ysine/arginine/histidine)- |euCine". The expréssion

EFOMtEaltanithe Gpficeione)the £9r UbSideaR dhegsafsgad a
herelihaRansrthe e ehbwesitirdam AT I aldt the

cyst ei.ne. For the t of. the mutated PHA 14
SRS e et A8 e e Sl Tt the above
t hr ee- amWn@{ambﬁexeaudntermmnhhercae@mmmbeBemmwnbs oked

ffi e éqﬁ
éer oXI sorre@} ar ge%ﬁ{]éﬁi rHub oxy I?"'?erm na?l s’| gnaiﬁCh ltshé_'O be a

festt .cofbAby Rmowa the, psomahelry, there are ones causing
"RAId NS BN NN Gher oial tehudigferinkihdid1as

expression, either type of promoter may be used. In the
practice of the present invention, it is desirable that,

when Candida maltosa is used as a host, the promoter and

terminator can function in Candida maltosa, hence the

promoter and terminator be derived from Candida maltosa.
More preferably, the Candida maltosa ALK1l, ALK2 or ALKS

gene-derived promoter and the ALKl gene-derived terminator

are utilized.

Thus, for example, the promoter ALKip (WO 01/88144)
of the Candida maltcosa ALKl gene (GenBank D00481), the
promoter ALKS5p (SEQ ID NO:6) of the ALKS5 gene, and the like,
can be used as the promoter. Furthermore, a promoter
(Kogure, et al., Abstract of the lectures of Japan Society

for Bioscience, Biotechnology, and Agrochemistry, p. 191
{2002)), which is improved in its promoter activity by an
addition of plural of ARR (alkane responsible region)

sequences on the upstream of these promoters, can be
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SKL for short) (SEQ ID hE)Z) or

"al ani ne-1ysine-isol eucine” (hereinafter referred to
as AKI for short) (SEQ ID NG 3), which is known as

. the peroxi sone-targeting carboxyl- termnal signal in

Candida tropicalis (J. D. Aitchison et 10 al., J.

Biol. Chem, 266, 23197-232031§1991)), is preferably
added to the carboxyl term nus. The nucl eotide

sequence corresponding to such am no acid sequence is
notilpisred clHEY IHD MEstMi.ct Bde t’armthaataseALEﬂtSKWO Dhés88144)

e 0 e SO A S0 DA 280
IBINGS weat B Jdd, taainadatpl e. Further, sequences

occur rigg ifhdike Migel %bﬁﬁe%%é%h%thhkﬁ%ﬂkﬂﬁﬁp@%ﬁoters
"%éHWISIn 9 am no aC|d resi dues, nanely

g i YRR RS QA imee wa iThe iSRG ity Sestuences in

A 1¥h Z6hacdd a plurallty of nucleotides may have undergone

a(i?eei%?% m@iﬁ%gﬁa n%iog& ne) C&ﬁum ne/ al argseraeggﬁat they

|¢EnwfmnmﬁznniIﬁkﬂ&ﬂﬂEﬁ%SﬁﬂSﬂﬁﬂEﬂCé& mmus ﬁhecaupndon, the
n fy t

Ao F S e rul e R M SNt i or a

pekoxa bores zslqlrﬁcmldieers R e dek e Dmﬁ%mﬁrrﬂg dedre tsiph

as RSSO OB 4iAd A8t IS et sy fenti ongd-ahavieid o
t he gene coding for the nmutated PHA synth

Eutes yht He et e thpd pERb sisk b Gt/ tﬂéiquké“q’ijekw
odtie el i sAtkh &erﬁlﬁ;)r e Essdan tassetddpable of being .

SRR R R e 1R hR BB g by n
atlm cpmicer i, asucthsram Nyt dioiHieapatt eeofd-Enzyme, a
ﬁigﬁef%sxﬁéﬂe;i&% TR, I”%’%@%CES%%??%"% 7
‘es0mas %C&stwluml@ay 190 upsediezrd by Henry
act imaling, seauence A 118lfoshin Kato”, etc. are deleted,

substituted and/or added.
The promoter is ligated to the 5’ upstream of the

gene coding for the mutated Aeromonas caviae-derived PHA

synthase with an added DNA coding for a peroxisome-
targeting signal, and the terminator is ligated to the 3’
downstream of the gene coding for the mutated PHA synthase
with the added DNA coding for a peroxisome-targeting signal.
The vector to be used in construction of the gene
expression cassette may be any of those capable of

autonomous replication in Escherichia coli. It may further

have a region capable of autonomous replication in yeast.
The vector capable of autonomous replication in yeast is
maintained in microblal cells. It is also possible to
integrate the gene expression cassette into a chromosome.
As an example of such vector, pUTUl capable of autonomous
replication in Candida maltosa can be used (M. Ohkuma, et
al., J. Biol. Chem., vol. 273, 3948-3953 (1998)).
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occur an the 5" upstream of the gene and such DNA
sequences as poly(A) additional signal, term nator,
etc. on the 3 downstream of the gene. Wen an
appropriate site S satisfying the above conditions
occurs on a yeast chronosone, the gene in question
may be directly inserted theggin. Alternatively, the

| gene may be inserted into a plasmd having an

appropriate pronoter and term nator so that yeast may

be t r ardifeomethobly oﬁhemne&tﬂutdtri@gplt&&rﬁg@nel@xbmetslsé.on

P 0 r nt t SSi
R T P B S e e By e i Sy ehe
ot terr tand Hee nydims torr tthe Ble qusmcéamatm@reexﬁ igndhcd
ﬁgfﬂfEﬂerf¥1ﬂé§%fi tQQ%“SE%%%gEt%%%egkegorggggsgﬁ%ed in

cassette may be used I n transt

rm yeast
ST TSR R GRS Rb AP st the present
prvddetht hathd heywr Q@tﬁd&l&iarprbé mwle@_szted W rdese ttQ> form

be a host. Wil.e,

ers, ere are.o

RO L A RIS ) e on aa maias e desrgen Tn wo

i s Dl € caxpressical), ®id haerarﬁp/m. of pronoter nmay be

used. In the 20 practice of the present invention, it

is desirable that, when Candida naltosa is used as - a

hokk ﬂhﬁﬂpronnter and termnator can function in

Candi d ,:h C t d ;ter

deri vea% fr om Car;cdl %% (?rﬁtﬂt?egfs,ra(:ﬂ:tr q{h?t;rrggr&?e erszg]igt,n%}a}%rtl%larly

Gl e rRd t oTRUALKYSaRIRD 3G NeRs L35 dgepsider vadh

ﬂ{ﬁlﬁﬁém adeh d e Abitdls -gen ey deIFO/eChT@I mdat or ardd Qaelonglng

d. Thus, foéﬁﬁéﬁﬁﬁiﬁgﬁhﬁ@gﬁ t er ALKlp (WO
)gerbefrac Al Bank

mﬂﬂaﬂ:)asctxtﬁe, Brainot wia ALKSD (BE@A N 65) Bdnd ey ALKS: ,

B Eale” B or it o) BRI o

' tmofca}@ﬂa,smmmmycmsa Oy e a,

B pheehnol agy, and £Heraohem $idy, Pebaddomyces, Dekkera,

Dipodascopsis, Dipodascus, Eeniella, Endomycopsella,

Eremascus, Eremothecium, Erythrobasidium, Fellomyces,

Filobasidium, Galactomyces, Geotrichum, Guilliermondella,

Hansenlaspora, Hansenula, Hasegawaea, Holtermannia,

Hormoascus, Hyphopichia, Issatchenkia, Kloeckera,

Kloeckeraspora, Kluyveromyces, Kondoa, Kuraishia,

Kurtzmanomyces, Leucosporidium, Lipomyces, Lodderomyces,

Malassezia, Metschnikowia, Mrakia, Myxozyma, Nadsonia,

Nakazawaea, Nematospora, Qgataea, Oosporidium, Pachysolen,

Phachytichospora, Phaffia, Pichia, Rhodosporidium,

Rhodotorula, Saccharomyces, Saccharomycodes,

Saccharomycopsis, Saitoella, Sakaguchia, Saturnospora,

Schizoblastosporion, Schizosaccharomyces, Schwanniomyces,

Sporidicholus, Sporobolomyces, Sporopachydermia,

Stephancascus, Sterigmatomyces, Sterigmatosporidium,

Symbictaphrina, Sympodiomyces, Sympodiomycopsis,

‘Torulaspora, Trichosporiella, Trichosporon, Trigonopsis,
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(2002)), which is inproved in its pronoter activity by
an addition of plural of ARR (al kane responsible -
regi on) 35 sequences on the upstream of these
pronoters, can be 16 utilized (SEQ ID NO 7). The

term nator ALK1lt (WD 01/88144) of the Candida nmaltosa
ALK1 gene and the like termnggor can be used as the
term nator. The nucl eoti de sequences of the above
pronoters 5 and/or term nators each may be the
Msclchdtyiegde , sEdeenceycen, Whailchmgnesor Wacpeuhahiity of

Wig %‘%th' g}g‘% _;'Hyz R@L\i%lg@g gﬁ O%ﬁgrglglz%i 50 n}\ja?ﬁég%tii 4t U'Ziy%Bascus ,
Calsdisdschalroaygesn 2 oS roﬁndtﬁﬁ__éXEEBSS|on

"the nwgLegtide §SQH§nE§§d'Qs“@h@thQﬁs@BrﬁaﬂQ host in the
plurality of nucleotides may have uyndergone del eti on,

§G@§ﬁ@@@tpént§ﬁdp6@5§&&lﬁpﬂﬁntﬁﬁﬁnéstﬁ@ n@@F@éFW&@rly

&ﬁgﬂﬂﬂ%ﬁ%d%&%ﬁ:d%h@hgomheﬁﬁg%&bﬁgkb@ﬂg @@dgﬁé beionglng to
It1on, reln su nunmper of nucl eqtl

Aol cpBengl" o e Heia o BeB Terarly Saddica

ima e a2k mewy ametohdd i1i ptl vthieapr par takctl asdgh pasferably

i.c aci d-Enzyme, a special issue,
fecatiaiech %Ig FORE0CR et hot TAKKAJ 35(17),
2951- 3AMQLYIGLE" YerStECRSEbdRNES0GRE] 080N S fodnpad bpsts,
"ﬁﬂé’ Yaride Waaho s arsleated y Heun %@ng 6.|ﬁ$te(fna fAldhally

ut ed and/or added

e defeted, —substit
'ﬂ@@?&lécﬁdi &/ijthg dhey Nta&ltoﬁ@ls Ingrditpdsmeds Ad¥encgshe
- codivigrfien tshﬁelﬂdieataeﬂi Aoy G adeaerdar iojed AHA EHigashi,

nt has ed DNA cqding.for per
AR gl SR e crotires? 1o P a s e
:ﬁccaﬁmmumnnﬂmmaﬁ RERS e/ 3xadi ng for the nutated PHA
synthase 25 with the added DNA coding for a

per oxi some-targeting signal. The vector to be used in
c@ﬁstrQ@ﬁpéﬁoémaﬂﬁePg@@@raéﬁﬁme55|on cassette may be

any of 7hR0%$e 16BN ®f of the present invention is resulted
from introduction of at least one gene expression cassette
of (3} into yeast.

The ¢gene expression cassette recombinant wvector

‘involved in polymer synthesis can be introduced into yeast

in the conventional manner, using, for example, the calcium
phosphate method {(Lederberg, E. M. et al., J. Bacteriol.,
119, 1072 (1974)), the electroporation method (Current
Protocols in Molecular Biology, vol. 1, 1.8, p. 4 (18%4)),
or the like. 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, et al., Agric. Biol. Chem., wvol. 55, 59-65 (1991))

can be used as the host. By transforming this strain using

a plasmid vector containing the gene expression cassette
involved in polymer synthesis, and the like, by the

transformation method mentioned above, it is possible to
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| @ﬁf oprlate gigr ctiaQn S|tes . The nethod escrlb d |g

aut ononous replication in Escherichia coli. It may

further have a region capabl e of autononous
replication in yeast. 30 The vector capabl e of

aut ononmous replication in yeast is maintained in
mcrobial cells. It is also possible to integrate the
gene expression cassette intog@ chronosonme. As an
exanpl e of such vector, pUTUlL capabl e of autononobus
replication in Candida maltosa can be used (M OGChkuma
elrcdbical CandidBi alal t6hemtravelfor2ddzs394843853 plasmid such
%%9%%k§r0£%28 TQ% ”%%%%%e%f1%°@§tr%%%h%§etg%c%§gﬁ to be
eXpressi on cdssette accordin 0t esént

idesentibed e Lowi, niorrg thiee L ikeomdeemiand terni nator to
the stg EHERUBE! LAEne LAsRelnaRar eyl BikY feshiket ed.

Except or ones represent ed he exarrp e section

t@gigaddny He@pasditen d@metsﬁécﬁrléé’el@tn Mapy Ent 2973 thder the
%@%e&%ﬁ%@ﬁn@@%@&eEE@MlEEQQODQ9Qr@%H.E@eEQ&Ebnsferred to the

SErss TAF OFded YoM iSe FrRE SR €
‘Deasti'd mmfl@mre;d;ﬂ,o dner eihe ps.amudp@mch—mmSylnDze

d
RS R T Al AR 1 B BRYS AP ORt E ene
(calect e i) m@mﬁ@éﬁw@?a@@ﬂut@ult@mrﬁwimst Treaty
'%I@J’o%t%ﬂ%”@lasl%é@ht L o 2 LA A oA Fith the

Babj evi a, BenS| tonia, ~ Botryoascus, Botryozyma,
9 &faRdvepaesy dmptesriedndicdgnce and

Gl IIDAES c@r@t\ﬁaﬂp@ral 101y pHiQRREHYS Tsukuba, Ibaraki,
%/st of i | obasi di um Debar yonyces, Dekker a,

Gdfascopsi s, Di podascus, Eeniella, Endonycopsell a,
20 Eremascus, Erenothecium Erythrobasidi um

dﬁ%lon¥%§ %3539 %?h%l A Gal act onyces, Geotri chum

[1ier nseni aspora, Hansenul a, .
Has egak@e acoeeidemaeamiita, theoppassier EHypkusitdiramethod of

liggatohenkia,; KRRGKRI, 82 polyester is recovered from the
culture obtainable by cultivating the above-mentioned
transformant of the present invention.

Namely, the polyester production of the present
invention can be carried out by adding the transformant of
the present invention into a medium, culturing the same,
and then recovering a polyester from the cultured cells or
the 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, and
still more preferably 28°C to 34°C. The cultivation time
is not particularly restricted but, for example, 1 to 7
days are preferred in the case of a batch culture.
Moreover, a continuous culture can be also utilized.

The medium is not particularly restricted provided

- that yeast can utilize. Media containing a carbon source,

a nitrogen source, an inorganic salt, other organic

nutrient sources and the like can be used, for example.
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Kl oeckeraspora, Kluyveronyces, Kondoa, Kuraishia, 25
Kurt zmanonyces, Leucosporidi um Liponyces, o
Lodderonyces, Mal assezia, Metschni kow a, M akia,
Myxozyma, Nadsoni a, Nakazawaea, -Nematospora, QOgataea,
Qospori dium Pachysol en, Phachytichospora, Phaffia,
Pi chi a, Rhodosporidium Rhodgf orula, Saccharonyces,
Saccharonycodes, 30 Saccharonycopsis, Saitoella,
Sakaguchi a, Saturnosp ora, Schizobl astosporion,
Schi zo%aecharboycesurSehinannobonpeesicuSpot v drebbtused

l,0 S r C S '
gg%vi‘&%dt o veRp ol o Qggg&g‘ﬁge, Eseg@@g%gﬂaﬁ ;i fats and
syrkpeduf@rtytcfeg*«ClQﬁnp@dp@ﬁ?éés@uSs angls thgr 4L &spepy, be used

}J'QﬁQ§Q%&%%E Ta{%%chQﬁggéoﬁayT%bg%%9E§b§ed18for example,
Tsuchi yaea, eni onyces, Wl tonyces, Wckerham a,

\ﬁﬂ@@ﬁﬁaqurézswm aéyr:grwanﬁ&&zyn%s ¥afrbara, and oils,
%m&aﬁm@ beZn@@lt’ca@@bar OFLEESxadrQW, | IHa@RSksd aAd, coconut

21071 TS XSePL, 2t B2 050 38 U0 208l B oy acias

rtmzter@amtalycm:lealrdeyltlm&drl cbed elmmplmmma@xtahnelxp acid,
%rceca%ro%?:l %cll%l Or(]i%c?a loqgg 'ala%a 1 hl}%cg%t 43 C%ﬁ% aa%

rTOW a, noreé era et 0S4 of varf
|BaﬁmlWHCC@Cl@arthlmlaﬁl y‘icmdef é{l@ml;enl@;‘ar&dﬁl@a ﬁ'mrtl@stac acid,

10,AMNG e Heasts usabhe a%%riar‘!:eecf ra%rl%lfsor BNtychaskS esters
t he Candi da naltosa ACl6 strain

iaide SFettiso Rl 15es@e f6&itie @ Gdideh aﬂﬁﬂe orﬁélﬁroﬁéit%élﬁl@ut e
Qfe ARG | NndySthEah- &rgﬂﬁenandtiﬁe@anmhggye fentiahed,

%&Féﬁ%‘@%“%ga%@@%%g%%hé If% Japaﬁ?unber FERM

BP- 7366hef5 XEr gushotemnexprepaiati dn T trariskbniite type,
Un LR RIS UL J MEAUN o Sl A kd)f AB 0 pe added

I on of east one gene ex Ssi on cassette
appropriately. In some 1nstances, T e inducer may serve as

the main carbon source.

As an example, Candida maltosa can be cultivated

using 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 transformatioﬁ with a lipase

gene.

As the nitrogen source, there may be mentioned, for
example, ammonia, ammonium chloride, di-ammonium sulfate,
ammonium phosphate, and other ammonium salts, as well as
peptone, meat extract, yeast extract, and the like.

As the inorganic salts, there may be mentioned, for
example, potassium dihydrogenphosphate, di-potassium
hydrogenphosphate, magnesium phosphate, magnesium sulfate,
sodium chloride, and the like.

The other organic nutrient sources include, for

example, amino acids such as glycine, alanine, serine,
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20 of (3) into yeast. The gene expression cassette
reconbi nant vector involved in polyner synthesis can

‘be introduced into yeast in the conventional nanner,
~using, for exanple, the calcium phosphate nethod
- (Lederberg, E. M-et al., J. Bacteriol., 25 119, 1072

(1974)), the electroporation gethod (Current
Protocols in Ml ecular Biology, vol. 1, 1.8, p. 4

(1994)), or the like. Comercially available

trharesfronmregt irom lKkintes ansludchead ikast virtaok nEMsYeasts vitamin

Sersigmgan X b cenn sl am b gen oot o

stitamin & ankhwdie ldtkedl andadgiiec 1iBieol . Chem, vol .

=1 591@5t@%ﬁ?&%ktlgénoget%%e%r%%eEﬁel%%%htlgﬁ the

transformng this strain using a plasmd vector

RINEATH Y Y he TS T@fhrieest sirasds salls Usival Fé@ ifpllowing
Qﬁhﬂﬂﬁi sigY hesdtancand hlieeki kemphyttiBe 3% cultivation,

5 SR f;r Hi 'h: AP T (50 A ﬁﬁm% 31:3' o

agstg idE 1836C randA S HRARR-MERE2S] trmsprcas]dm d rwat d_ with
S AR B S R A ORI s A S L
(Bre grnald sk et gos i sxdid agvvess th gl |Shese Mgiyl%i cZ(J@F using an
uhdedn {hes o REGRS Shh uTher HERMAP- 0019, and:.d. he‘?he cell

~transferred to the Budapest Treaty. deposntry)

ch
i S 3Gkt orhePE ahd TG 43R P YRR AL AONSEL T eﬁﬁ’c}‘%tﬁé’n
M@sﬁaﬁlﬁﬁ%ﬂéwxﬂe&@%y (tiepositiach iadermat ionad | ya

_%%A;l‘{z%iq’ﬁgsol%}gnder t e (ﬁyaqces& on n rf%g;llg%eswls
iadardato orfed Iﬁa]cteq:ajm ted arude tite My@aﬁ&lr lrstptadigoitate
g umneetystote poaaNe a0 Sig0ka0ton one
supernatant by flltratlon or centrlfugatlon, 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 methods of
separation and recovery as mentioned above can be utilized.

The polyester obtained is analyzed by, for example,
gas chromatography, nuclear magnetic resonance spectrometry
‘and/or the like. Molecular weights can be determined by
GPC method. Recovered dried polymers are dissolved in
chloroform, and then this solution may be analyzed by
Shimadzu GPC system equipped with Shodex K805L (product of
Showa Denko) using chloroform as a mobile phase.
Commercial standard polystyrene and the like may be used as
the standard molecular weight sample.

As described above, in the present invention, by

constructing a transformant of Candida maltosa using a gene

expression cassette which comprises a gene coding for a

mutated Aeromonas cavias-derived PHA synthase, which is

improved in its enzymatic activiiy, or a gene resulting
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15 (6) Pol yester production In accordance with the
pol yester production nethod of the present invention,

a polyester is recovered. fromthe culture obtainable
by cultivating the above-nentioned 20 transformant of
the present invention. Nanely, the polyester -
production of the present inyention can be carried

out by adding the transformant of the present

invention into a medium culturing the same, and then
rfevov edidig ianpolfyes DA fodirghdéocukt peadxisblie-grrasting

e el e ngh@i %%ﬁmy%o%ul ' hvablen heTBRLALY eliae-

raturer he—organrsnrcan

giaxwvedpﬁé%ﬁ“ersyﬁrtpaﬁsc W@W@CLsﬁé#ﬂ@f@ﬁf@ﬁe@abllyszﬁezwatlc

406i AN, $higklheer ¢ikheherabhy nd86:t andd & p}Bﬁoter both
cultivation time. is not particularly restricted but

G Emite TURCEOPI39 d&y ¥ oasE prEfelnEl (W {THYAATE the
Hare bataels fotnaure. polVifcemests, canC Rl isPudhs sduddur e
éﬁ;:be aljp utilized. The mediumis not particularly
prOV|ded that yeast can utilize. Media
cont ai inngha paebentsdmveatioca,nialsr bgéyesterce, the

| ? t gani t ces and
fﬁgk%ike c%ﬁpégﬁﬁégg or e{§U§?lQH§%f @%jég} .
smpclemey et Loar oifc l;q—awqiromémﬁmrtl@d aogﬁoﬁea@“@&qﬁted by

Weas lghfft AS HoFnhAle, 1qaratiﬁmmr}gk?r%xyfr@txsam¢ 3les,
fatty aci ds, n- parafflns and t i ke can be _us

tHRPIEABOIRR ddie ﬂ%%}fod%“%t(i%ned:anf 5 Fref&ranly

@dlend. 5 gl ucose, sucrose and glycerol, etc. As the

fats and oils, there may be nentioned, f or exanpl e,
rapeseed oil, coconut oil, palmoil and pal mkerne
oi I, eGH3As the fatty acids, there may be nmentioned,
for exdnpl e, hexanoic acid, octanoic aci d, decanoic

adiQy r'i—c]C_Iat'r & ol &H acid, (1)
. 2

O
C3H;
I
HO —CH—C — C — OH (2)
Hz 0 :

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic diagram of construction of

pSTARR from pUALl, and a simple diagram of each plasmid, as

described in the example section.

Fig. 2 is a schematic diagram of construction of

PARR-149NSx2 and the like from pSTARR, and a simple diagram

of each plasmid, as described in the example section.

BEST MODE FOR CARRYING OUT THE INVENTION
The following examples illustrate the present

invention more specifically. These examples are, however,
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10 palmtic 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 nentioned, for exanple,
dodecane and tetradecane, etcys 15 When the pronoter
expression is of the inducible type, an inducer (e.g.
al cohols and the like) is to be added appropriately.
by sommebnst dnceésattilre bfiduter trafindenvesaspet hé hen
g&%@%ﬂt39§§%gtlAﬁ an exanpl e, Candi da maltosa can be
vat using fats or oils as carbon sources. In
the case of yeast, which cannot assinmilate fats or
Q@x%mﬁﬁg'@'e§§ﬁ¥h8£1§taﬂﬁlmodifPéQHf@ﬁn&§ Pﬁﬁ Qﬁnthase gene

achi eved by ng lipase to the medium Furthernore,

‘yeast Eaﬁeﬁe05r§bﬁdé@lﬁptﬁCFHeSQBPPPF?Stha§§|BEEEEQEEE

fahs aandeeii ke dbytar @w’t@m@tl aQn \Numla kitpase, Zﬁmgne

. ,ni_.trogen source [ d
R ARa O B4 oo Totm cHCor e, 0 L5an Shovn under
S| dabe NO : Apmhieu opiresphatds n ga RHAO tslyert hamro mienm was

Il as peptone, neat extract, yeast
%gﬁﬁigfﬁaaﬁg the like. 30 As the inorganic salts, -
t here FapcbeCabdidenwdltber iexdrpbe, tp@naégtang the CTG
@d@%%?%%%%p%%§ﬁg%teno@!1&&&%%%‘U%@Gh%@&@QﬁﬁP%%%ﬁ@%k@ to the

magnesi um phosphat e gne5|un1sulfate sodi um
SHUSHiRGe CoR - hEnpF KEO PhevbthePighganfiennueppenin Candida

mrﬁb%% IWI&@ lgﬁ%,fefr@rntl%'il@xmle@te@ma@ tael dodpch as
q YCI NE, ne, [.ani H:,e sSeril ne 21 thr eon sr ol i ne and

Fgspendind, n?%’cﬁ“&&%ﬁ&rﬁn I cPPAn'RBt2, Kiaus
l‘.chIﬁ nNomoz:@:tmemﬂmodﬁ,l Paat=at Mnlma@dznolwgmmmde by
t 3 r?t %% thedike J thE PLREHLES, OknkhenRr §360hase
gene (ORF2) (SEQ ID NO:3 in WO 01/88144) was designed and
chemically synthesized. Then, the product was cloned into.
PUCNT (described in WO 94/03613).

Next, pUCNT, in which a PHA synthase gene was cloned,

was amplified using SEQ ID NOs:8 and 9, as primers for PCR,
for substitution of serine for asparagine, which is 149th
amino acid of said PHA synthase. Pfu polymerase (product
of Stratagene) was used for the amplification. After 18
cycles of PCR {each cycle comprising: 1 minute at 96°C, 1
minute at 60°C, 11 minutes at 68°C), a restriction enzyme
Dpnl was added to thereby cleave a template plasmid, then
transforming E. coli JM109 strain, and recovering a plasmid
from the resultant transformant. Using primers of SEQ ID
NOs:10 to 14, the nucleotide sequence thereof was analyzed.
The nucleotide sequence was determined by using DNA
sequencer 310 Genetic Analyzer (product of PERKIN ELMER
APPLIED BIQOSYSTEMS). Thus, the gene coding for a mutated
PHA synthase, named ORF2-149NS, in which gene mutation was

introduced into an objective site, was constructed.
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5 p_ol_yéster is re covered fromyeast cells using the

followng nethod, for instance. After conpletion of
cultivation, cells are separated fromthe culture
fluid using a centrifuge and the like and the cells
are washed with distilled water and net hanol or the
like, and then dried. 10 The pplyester is extracted
fromthese dried cells using an organic solvent such
as chloroformand the like. The cell fraction is
renoved fromthe.organic solvent solution containing
este and he | ]
SRR 2 ko Rt har b8l O R B 1 FreB2Pe 1
a!@d@ctltsenlgh@ fgelner dbe Bomaawdt REApelypsstee t o
prect p%gt aug% EQErQ%@EbH' bat EHROE¥EEB§Ee' $n Candida

separ at e romt super nat ant tration or

&sditoisPugditi oS éﬂﬁ@léllleﬁe&ha‘Fhé ﬁe&@%@é&@_&ed@myed
rp%%d&re%d bel‘S»:m@%t)é@a% atellel %'ah?ﬁtﬁ%ﬁz@&' raaglcxaes_,;te% and a
pro ucer C S 1 aGccordance 'w e

(L VATS NG ENY Hii'ﬁé& &eﬁfﬂ"@ A rGTELEG TREL F}&d§%&f 3¢séﬂﬁ&'P§FF8ﬁm of

anchr econer yIaswaentieonaddaboveseabhbepubinbt2edaRRghein

l% S%%T %Eﬁai%%% E%ea% lyzgtngtgggﬁgﬁﬁgnQE%amg%% Alkz

C romat ogr ear
3 G r(@rmntBnaylk & 3S/Ber ) tm:erolmolt@r Malse ¢itea prwsiodistrs ead to

er. ver
R Easp e oL L g %%mq%nﬁ%ke%w%m
deinert orapIFd tark@ y2ed By domsﬁcﬁ@ﬁ@ eqrdt-enftRRp gene
G_ﬁlﬁaﬁ'ﬂ:%‘&l Wiriohh @'&@di@(dﬁ&.gf@-rs(l&ryoq%gb afp N%hq\@ EenRkebnverted,
u5|n hl roforn1as a ?il % ase, rcial

A RS yRERS Gt oS AP e igatigy EcoRI-
t}dirﬁ)IStlaﬂﬂWrd mlmlmmm asaiihe sﬁmtd&stord e shown
WS, b 0P DGO IERLLAN 410 4 GONSTEUCHEREOR puaLy

t ransf or 0osa usIing a
ebdersensibed das 36t 108 AR 1k e oiasy |cs]e@vaedgéne E@@d‘img then

o ALRH AL IS LA ART G e%rPd"%ub%HHt@ﬁ eche

which is 35 inproved inits enzymatic activity, '
ggﬁ@.q§ﬂhtqqu}lgatlon, to construct pUALZ, 1ixn whlch EcoRI-

cleaved site was removed. The pUAL2 was digested with
Pvul/PvulII, and ligated to the Pvul Smal site of pSTV28
(Takara Shuzo) to construct pSTALL. This pSTALl was
digested with EcoRI/Ndel, and ligated to the above-
mentioned ARRp to construct pSTARR. Fig. 1 shows a

schematic diagram of construction of pSTARR from pUALLl and
a schematic diagram of each plasmid.

It was decided that a peroxisome-targeting signal be
added to the carboxy terminus of each of ORFZ and ORF2-
149NS mentioned in Example 1 so that each of them may be

expressed in Candida maltosa and targeted to peroxisomes.

The amino acid sequence of Ser~-Lys—Leu (SKL) was used as
the peroxisome-targeting signal to be added to the carboxy
terminus. With the ORF2 and ORF2-149NS as templates,
which are cloned in pUCNT, ORF2S and ORF25-149NS were
constructed using SEQ ID NOs:17 and 18 as primers. These
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22 fromaddition of a DNA coding for a

peroxi sonme-targeting signal to a -gene coding for a

mut at ed Aerononas cavi ae- derived PHA synthase, which

is inproved in its enzymatic activity, together with

a termnator and a pronoter both 5 capabl e of

functioning in yeast, and theggcultivating the sane
transformant, polyesters can be synthesized

efficiently. In the present invention, as polyesters,

tdeme sc opaliyestier B( 83HBated3HHR, swhittlaskeeselres 1figemedOat
GRR YIR 1adly 9.0 Bhydoarubuyr ke ekl LeRLEsaRkedorany-

t hé eneral rroxyhexano
Kéﬁﬁésewkb@SE%Rﬁh@RgéﬁéHQNSfornula (2) can be

g;eggr% Iy v@EQQQC%g f%ﬁa§lg §18Ht@0tocﬁhe ?eﬁé cOHiHS for

@R@@Wlmt@wﬁmp@wmeﬁcglbf §na)WO 01/88144)
sfhenpid L. dhageapretsconstaystten Ahs PREAREIS FOFR pSTARR-

G et PR ansd Dheprig /T a® Ligated to

seHanetiite difagram-af toomdiaretty @orat R tp ARRRHREDE2 and
PWhANG ke FLomRRIARR, 219 BoRLMRLE+d4aghRf orF2S and
pARR—l49NS were digested with Sall, and expression
cassettes, which were excised with XhoI/Sall from pSTARR-
ORF2S and pSTARR-ORF2S-149NS, were ligated, to construct
PARR~-ORF25x2 and pARR-149NSx2. Fig. 2 shows a schematic

' diagram of construction of pARR-149NSx2 and the like from

PSTARR and a simple diagram of each plasmid.

(Example 3) Transformant construction

Unless otherwise specified, the reagents used in
yeast cultivation were commercial products avallable from
Wako Pure Chemical Industries. The host used was the

Candida maltosa ACl6 strain, which is a strain with the

ADE1l gene disrupted and has been internationally_deposited
with the National Institute of Advanced Industrial Science
and Technology International Patent Organism Deﬁositafy
{accession number FERM BP-7366}), and the plasmids
cqmprising the above-mentioned gene expression cassettes of
the present invention, namely pARR-ORF2S, pARR-149NS, pARR-
ORF2S8x2, and pARR-149NSx2, were respectively introduced
into the host. Each plasmid constructed was introduced
into the host by the electroporation technique. The gene
transfer apparatus used was ELECTRO CELL MANTIPULATOR 600
(product of BTX). The cuvettes used were BM 6200 cuvettes
produced by BIO MEDICAL CORPORATION CC. LTD. Each plasmid
{1 pl) was added to 100 pl of competent cells. 100 pl of
the thus-prepared competent cell/plasmid solution was taken
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of each plasm d, as described in the exanple section.
BEST MODE FOR CARRYI NG QUT THE | NVENTI ON The ‘
followi ng exanples illustrate the present 35 invention
nore specifically. These exanples are, however, 23 by
no neans |imtative of the technical scope of the
present invention. (Exanple 1)gSynthesis and

nodi fication of PHA synthase gene 5 Based on the

am no acid sequences of an Aeronobnas cavi ae-deri ved
R pmirteals ent®. aFukwiettet, alhichFERS skitcoabitblcogylse

| 0, 6975, (1 ;
BB TGP cenokirAg BRACSynl hade: BenL e (" °
simitIvesince drontd teiomce  Gaivditdw Sl ttiss gapacyaastit nr,
AN A N9 CEG 6 CRRON I & ARIISE 1 ROl CURKERE: pulse

CTG was not assigned to the _|eucine codon. That codon

VIR Hi g Foddn &fe 4 A GHRIde L Mas gselapado each cuvette
Mrﬁf{erﬁﬁér&l@e)hdti%l:@d?ﬂ}ﬁ%dgﬁ}s e Gaogdaite mrsr5 %\Sﬁm@dﬂg—_d Gtand
eac am no acl d. or 0odo usage, aus i .
s B SR 0 BT Cenndr S Epah dpuct ion,
Spre nger)s wasc g efidrinedtd an |an ddiliesctiayn gl ePHA .67 w/v $
; ' 3 i A _
RS e, K bR el d AR Ve o
@’dﬁﬁtt% vielsiedsoned® ivit.3 F9ANT (e stiriebdgansiggmants.
HHARP 1R ar 24 ¥ ne BG4y WHL 18 oA SHRIaSHNSx2 has
ene was cloned, was anplified usin SE%%#D NGs: 8 and
eory IRl B2 BAR deRet L bt s A% POBSA GRS gri th
aﬁp@;‘raﬁm;fmIﬁ{tﬂ@tw%? AcﬁgﬁrﬂibcaCJifrdisL?‘thiaild RHence and
nt.nase. 0 [ as I o C or .olr agen. Was
R o g A A o P i, O i, HAtass K iy P
(Baeh0TyT) € conprising: 1 mnute at 96C, 1 mnute at

60C, 11 mnutes at 68C), a restriction enzyne Dpnl

was added to thereby cleave a tenplate plasnmd, then
(Example 4) Polymer production using the transformants

The Candida maltosa transformants resulting from

introduction of the gene necessary for polymer production
were cultivated in the following manner. YNB medium (0.67
w/v % Yeast Nitrogen base without amino acid, 2 w/v %
Glucose) was used as a medium for preculture, and M2 medium
(12.75 g/L ammonium sulfate, 1.56 g/L potassium
dihydrogenphosphate, 0.33 ¢g/L dipotassium hydrogenphosphate
trihydrate, 0.08 ¢g/L potassium chloride, 0.5 g/L sodium
chloride, 0.41 ¢/L magnesium sulfate heptahydrate, 0.4 g/L
calcium nitrate heptahydrate, and 0.01 g/L Iron(III)
trichloride tetrahydrate) supplemented with 2 w/v % palm
0il and 0.45 ml/L of trace elements dissolved in
hydrochloric acid (1 g/mL Iron(II) sulfate heptahydrate, 8
g/mL zinc(II) sulfate heptahydrate, 6.4 g/mL manganese (II)
sulfate tetrahydrate, and 0.8 g/mL cuprous(II} sulfate
pentahydrate) was used as a production medium.

A 500-ml Sakaguchi flask containing 50 ml of the
above medium for preculture was inoculated with 500 ul of a
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“transforming E. coli JMLO9 strain, and recovering a

plasmd fromthe resultant transformant. Using
prinmers of SEQ ID 30 NGs:10 to 14, the nucl eotide
sequence thereof was anal yzed. The nucl eoti de

sequence was determ ned by using DNA sequencer 310

Genetic Analyzer (product of PERKIN ELMER APPLI ED
Bl OSYSTEMS). Thus, the gene coding for a nutated PHA

synt hase, named ORF2-149NS, in which gene nutation was

3B yiaetroddstedt ki mifo eam o ljrects fvemginte angs editrst rAdctedirs of

(ko) s 2), COR! TG00, G 20 SXPAEISLON 6a550LLS

conprising d gene a nutate hase _
crlsinghéx frlesdi arondgfa iPHA & yPitthadge o t@awdqrd:aiucalon medium

Jiy ta%s%ndéul"l‘ﬂr? sfi%? ded 1td‘&bgva sCangi,da [E?lst eﬁi‘t@%'t‘éédat an

pronot er [ gate upstream o each gene,

alﬁu:@at@éwmt@anwatt@@-&fn%& PEdrm ek ing (gReep of 90

-QQ%m3kﬁ33ﬂkﬁﬁm;ea@@lggnﬁerbtr@@év@@@ddggohotﬁéechm%ure

%ﬁé”diiﬂ?éﬁﬁ} A&ﬁ%ﬂkgnggﬁg&?@gﬁ%ﬁﬂgFQg%g%f3o§u§1é¥1f1ed

pﬂm,eran(ﬂfﬁ.ﬁé']ﬂlﬁﬂ'eﬁhﬁ.tﬂnq and la rdHigat eddesiGandi da

Bliosa ALK gens { CenRank PAQMBL). terginalar ALK

tream of ‘each. AR erfe |n'parte
T@Kyltaaﬁu,vei@hwﬂe(csm lc[erNkrilfsyanasoroonveet pdecipdtage

. , "
RS iy Wit MLEER), dig G NbdtoRed.
shown Thed v o Liigeno .Ccrd 1tso Weke EEerrdl, §10t0emth%F

V&cﬂﬁoﬂaﬁ{_had destrd hak N0 i &&ﬂé%lmcé:lveaé/eéhrred
EcoRl nverted to be bl unt -ended _f or

%’c“tgéﬂ: t’{j‘r"er tcla{’rﬂ - 13Yaton, 6 Codtr g}@tre removed
miAU?thmnmmzt,h oo Rl X i eawed siteenasareioved. the ml

TG 87 AR b U U P S LA e o

ctiretcrmerpsnmel LoThian pSTALE Pralsymel destreqirtate out.
a%%médﬁ%ivafﬁghlfégﬁfﬁgtEhdé“%ﬁ%%&ﬁ%drﬁ¥g'éHEWhﬁfﬁﬁkable 1.

to construct pSTARR Fig. shows
The molecular welghts were measured as follows. The

recovered dried polymer (10 mg) was dissolved in 5 ml of
chloroform, and then solid matters were removed therefrom
by filtration. This obtained sclution was analyzed by
Shimadzu GPC system equipped with Shodex KB05L (300 x 8 mm,
two columns were connected) (product of Showa Denko} using
chloroform as a mobile phase. As the standard molecular
weight sample, commercial standard polystyrene was used and
the molecular weights were determined as weight-average
molecular weight. The 3HH molar fraction was measured with
NMR (JOEL, JNM-EX400).
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25 schemati c di agram of construction of PSTARR from

pUALI and a schematic diagram of each plasmd. It was
deci ded that a peroxisonme-targeting signal be added
to the carboxy term nus of each of ORF2 and ORF2-
149NS nentioned in Exanple 1 so that each of them may

~be 30 expressed in Candi da majgosa and targeted to

peroxi somes. The am no acid sequence of Ser-Lys-Leu
(SKL) was used as the peroxisonme-targeting signal to

Takddddd to the carboxy termnus. Wth the ORF2 and

ST
n -

: rs T e(é“g @5 genes—cod
ARReORESIA syhBhhse were |ilgdtdd at  Ndel ah @gwou
S| pARR-ORFIEXPARR2. 9 t her eby |congtruct pSTARRy 268HRS

o ORFPSIAONS. /-\sa CLLOor to finat ! 2]
tn(h'Rl% %gi}'j'\ge cod 4?nﬁ 'Fnr L'\ nﬁ [':81- ar~| Dl_ll\ cunf ‘1;%’%&%[

AUARRT 1 E0¥SEr i bdd-8n Vi 01/ T Btud)  was ussd. | 436000

expressi on cassette was excised from pSTARR- ORF2S and -
pSTARRZEREASIAONS wihieh aXlook/ S&Islulars;d ltihgatyea stto trSaisIformed

%A}R%l%ﬂﬁgrﬁg%l{gﬁéﬁﬁsg%cﬁ% COﬂS @%R g?FZ Sthe

emﬂbrmsq@ARR -CAGNS tee rogf dnhgaesltrensamu hrﬁmntlcand which
LIMASH o CARSRIL et U MR & XA SRE ML pra synthase,

ates U oned—i
Q.l.% ?\f‘sc\?\%treé%sgﬂﬁ ol FLT'&" ¢t Oﬂs MMUL%;@ ¥ x'Blght

Xhol'/ Sal I from pSTARR- ORF2S arnid pSTARR- ORF2S- 149NS,
WY 43 3 G191 X GREVSATE! 2 g THRFLion as
AR abANSKA L e isshows 1:@—1&5S GREeB 11G-arl RO By plasmids

tr n o hellkefrom15
R bl BT et EERISEHA
@asﬁ@tﬁdaxmlﬂmtd lgetna)rtddrnhe;ssﬁg hemmii]s:elittype PHA
t
\éyﬁ% é§% %@%pf%%ggﬁ egﬁﬁ%s aRPee%% Hfﬁb%r&%&h%neffect in

conmmer Ci ucts aval |’
‘@dilamdlﬁstﬁheesuutamdwﬁm etthege s ef the present

invention was demonstrated, but also tendency of increase
of the obtained PHA pclymers was found. Thus, usefulness
of the mutated PHA synthase of the present invention was

demonstrated.

{(Example 5) Double-mutant

A mutant, in which glycine was substituted for
aspartic acid, 171st amino acid of the PHA synthase, was
constructed according to the method described in Example 1.
SEQ ID NOs:19 and 20 were used for the primers to introduce
the mutation. In addition, a double-mutant, in which
serine was substituted for 149th amino acid asparagine and
glycine was substituted for 171st amino acid aspartic acid,
was constructed by the same method as in Example 1, using
ORF2-149NS, a gene coding for a mutated PHA synthase
constructed in Example 1, as a template. Thus, ORF2-171DG,
a gene coding for a mutated PHA synthase, and ORF2-
149NS/171DG, a gene coding for a double-mutated PHA
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Candi da mal tosa ACl6 strain, which is a strain wth
the ADEl gene disrupted and has been internationally
deposited- with the National Institute of Advanced

I ndustrial Science  and Technol ogy | nternationa

Pat ent Organi sm Depositary 25 (accessi on nunber FERM
BP-7366),. and the plasmds coprising the '
above-nmenti.oned gene expression cassettes of the
present invention, nanely pARR- ORF2S, pARR-149NS,
B&RRha@BFZSkze andppARRA149NSx2, were respectively

intr odleRh ISR A SRERS MBERCRY PRBCE! oROPAGY AL) BhL oG

,|ntrodu8e

r'opor at i on
rechpSGa8R-TRE2§EHENSY LAhBFeweapparastisugsed agsording to

ELECTRONGEL %&'&BQEAIgRgg% 16PROdYCt A0y J%XA sIgﬁ 1
cuvettes use wer e Bvettes pro %
PERUEAKC cCORPEEAPEGNIBONCETD! Eaeh 18l asnPdingrsp ﬁn@a§lonmg
%@Q@ﬁl&@019Qth1@fpQQﬁRﬁIenéycfhfﬁodé@Qn@|t@@s§5mﬁf§%ed

t hus- prepared c etent cell/plasm d_solution wa
tI&kén eé‘é’rﬁﬁ&lﬁé?urcéésreﬁf%s lEE\‘}’ePPEA “WhAERORES etk
e hod e scgehedatiar Exiheds €|e@ﬂEBm1ﬁB|@ﬁRRH&ﬂeDG and

foll
apacﬁgfﬁ%gﬁeﬁkkpwgggsfgmn5%V§I 24@H%ﬂh1 an%xﬁééséign
tagslett eAfuséngp thee terapphitoat iLdgt ASHO dD NONMRIL) Of LAC4

'§ﬁ5$¥t(aenhe%ka%%QQ1b9 gﬂpal%%yg%t%hea gmi%%%%rgﬁﬂkh% was

X1 ng, cuvette was al room

comperacies -f oP Ll ot . PATBRR-BRESH d1Pht rBAURETHRE -

torerogaldosisvara reu Weli'%e;df:eﬁl@)v%ds ehedistany sphat e ah@ @7 pWa¥mid,
% Yea tfgytro n baie w t hoyt _.am no acid r oduct of

B0 )Y dEdSE Wit P rosdar SROFG GRgeT SEQ ID
NCanSf20 Emen . wa&nﬁmgrbﬁ@medthma@n@dmyﬂnmcua@ tihatead.

ggposfggﬁég% 149g§é2 % f4§ﬁ§' q%ﬁgqfkéqggkkﬁﬁag tor a
vste tagt &Hef semtémsed Find wditirciha It hSc iteymoa. @t was
}E%%Wt‘%%%&'pn%%ﬁ@f&%'d BRL &0 10 9AN  STRJRReSIERNY,, and
then ligated to SalI site of plasmids pARR-171DG and pARR-
149N5/171DG, to complete plasmids pARR-171DGx2 and pARR-
149NS/171DGx2, into which two expression cassettes

comprising a gene coding for a mutated PHA synthase were

- introduced. Among them, the plasmid pARR-149NS/171DGx2 has

been internationally deposited with the National Institute
of Advanced Industrial Science and Technology International
Patent Organism Depositary (FERM BP-10017).

These plasmids were introduced into Candida Maltosa
AC1l6 strain {FERM BP-7366) according to the method

described in Example 3, and polymer production and analysis

were carried out according to the methed described in
Example 4. The results are shown in Table 2, and were

compared with that of Example 4.
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(Exanpl e 4) Pol ymer production using the transformants
The Candida mal tosa transformants resulting from

i ntroduction of the gene necessary for polyner
production- 20 were cultivated in the follow ng
manner. YNB nmedium (0.67 w v % Yeast N trogen base

W thout amino acid, 2 wWv % $£jucose) was used as a
medi um for preculture, and M2 nmedium (12.75 g/L
amoni um sul fate, 1.56 g/L potassium

diailer @genphosphate, 0.33 g/ L di potassium

hydr ogenphosphate 25 trihydrate, 0.08 g/L potassi um

chlilonaded 0.5 g/ Pctesliruponteht QRilennld: Fiaq/ibn NEPIeqildamweight
suli{fate heptahydrat® 0.4 g/L|@awiumnitrate . v.)

0 L o RN TR )
O LIS 0] \¥ | 4-5 x?ra 1 1T [AY Uu VI C [ \' 70U Pul LILILI \"4! ullu

28 enent s dil@Soflved in 30 | 465000
hycrﬂﬁﬁﬁ¥tﬂlDfxﬁcld4 (3 g/l Iron@3lY sulfate 330000

hep&g?ydfégNg 8 g{q} zinc(TT) guhTate heptahyjdg
6. 4 nk ﬂﬁﬂ%- Il sul fatle tetrahydrate, jand 0.8
g/ m } sulfate pentlahydrate) was used as a

productlon nedlun1 A 500-mL Sakaguchi fl ask contalnlng

50 mM of the 35 above nmedium for preculture was

| nocul &se@haivnh 1806heobbave? rgisydésol téeoykast &aehsformed
YRR TR p@@%-l@flwxi%&&tgﬁﬁg t@fé' Rl ort R ssette

culture was inoculated into 2-L "Sakaguc flask
ttieniPg S ﬁPWﬂHWHQQ;nWﬂhRH|Q9mHﬁ%ﬁQﬂna gtated gene
| deebid o o éemfta&d//P\HATry@m@%é;ulltﬂd@a%@datpoa
|nc%pat|on te eratur 0C and a hakln £ pee o&
$E L m¥or© éﬁi 5% & &S
chﬂdnaﬁarﬂédﬂby @%asankimﬂMK&HOREESx§Usmmnuhﬂmﬂmgéﬁhlﬁ

gd:‘e?éﬂé ed, Jalely A iﬁrn%;ﬁfge%gg;dﬁr}&g“%@%%ld—

ssure om)genl zer
F@rpef oA B yREheissut eEprtherioned by west irefragéfsdoﬁhat the

They i el R dfhe PRI e g5 Washed, - amidyanolpand

then | yophilized.

containing an expression cassette comprising a double-
mutated gene coding for a double-mutated PHA synthase
further increased polymer content as well as 3HH molar
fraction. Thus, usefulness of the mutated PHA synthase of'

the present invention was demonstrated.

INDUSTRIAL APPLICARBILITY
The present invention made it possible to produce
copolyesters resulting from copolymerization of a 3-
hydroxyalkanoic acid{(s) such as 3-hydroxybutyric acid and
3-hydroxyhexanoic acid each represented by the general
formula (1) and (2) and having biodegradability and good
physical properties in yeast efficiently.
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The Iyophilized cells, were ground, 100 ml  of
chl orof orm was added thereto, and the m xture was
stirred overnight for effecting extraction. The cells
were renoved 15 by filtration, the filtrate was
concentrated to-1 to 2 nl using an evaporator, and
about 10 m of hexane was added to the concentrate to
cause the polyner to precipitate out. The cultivation
results thus obtained are shown in Table 1. "The

nol ecul ar weights were neasdiédMas foll ows. The 20
recovered dried polynmer (10 ng) was dissolved in 5. ni
of. chloroform and then solid matters were renoved

t her ef rlom® e |a¥te BNLoMHias sbttd ned sol ution was
anal yzegh inh @Mpﬁdééé Posystemerinped, Wits Shpdex

K805L (300 x two. col unns were

cBANER %%Eml%fa%ﬁ%mﬁyw RGP B I BB drdn &
ase emimbtde miﬂmecaﬁ@bléeoﬁtﬂﬁ@@fﬁ)M§Cﬂﬁ %Feaé!‘@} ght

Che. ol B A S ek & oA v v dE ot

V\%t@@t S AvELagre béﬁmh@CQH)’aalm\ﬁDgé]tby T&@B;H—hmarleast one of
t d i th O 3

253G o F L A FEAEAS oL I ons SRl 20 ot o
f@%cWM%tV¢Wp@¥W%QMaWa901C acid

R 23 v P - 44 0800n H ARR: PRE: O] 269990 sro 1D
%@ 149NS7 123. 8710000 pARR- 149NSx212. 828. 4455000

substitution of Ser for Asn-149

(b) substitution of Gly for Asp-171

(c) substitution of Ser or Gln for Phe-246

(d) substitution of Ala for Tyr-318

(e) substitution of Ser, Ala or Val for Ile-320
(f) substitution of Val for Leu-350

(g) substitution of Thr, Ser or His for Phe-353
{nh) substitution of Ile for Phe-518.

2. A gene,

which is obtainable by adding a DNA codlng for a
beroxisome-targeting signal to a gene coding for a mutated
polyhydroxyalkanoic acid synthase,

said gene being obtainable by applying at least one
of the following amino acid substitutions from (a) to (h)

to an Aeromonas caviae-derived polyhydroxvalkanoic acid

synthase having the amino acid sequence shown under SEQ ID
NO:1; _

(a} substitution of Ser for Asn-149

(b) substitution of Gly for Asp-171

(¢) substitution of Ser or Gln for Phe-246

(d) substitution of Ala for Tyr-318

(e) substitution of Ser, Ala or Val for Ile-320



10

15

20

25

30

35

" As shown in the above results, the yeast transforned

by plasm ds pARR- 149NS and pARR-- 149NSx2 cont ai ni ng

the 10 expression cassette of the present invention,
which conprises a nutated gene coding for a mutat ed
PHA synthase, increased polymer content and 3HH nol ar
fraction as conpared with thg,case of the yeast
transforned by plasm ds pARR ORF2S and pARR- ORF2Sx2
cont ai ni ng an- expression 15 cassette conprising a gene -
clodi regiifsar tantviicind otfy pea IPHA M-@é@e From t hese

.rﬁ;zu'mj 5 eg;ﬁ%‘é&' fTWhO:V' fre‘%flé o AGalldd-es of

Sy it hasés t resent ~1nvention
wWas. demsisttudtion Cb‘thII@I Sf@rt @ﬁ@eﬁﬂ)ﬁ .of increase of
t he obtai ned PHA pol yners was found. Thus, useful ness
20 of the nutated PHA synthase of the present
i nvent i‘on TW&s 9edemeRsSOratied. teELdRpMe 25) Doubl e- nut ant

A ”Ut?@herbﬁnWﬁng%@ﬁﬂ%ﬂ@%m@a$a&@@%ﬁh@uki@nﬁgrf%ﬁprlses the
arti c S m no a yn
ML Gt (RS GG e S o B 1P NO:3

Exanple 1. SEQ I D NOGs: 19 and 20 were used for t he

primers, t@.int u ti addition, a

doubl esarrutq‘gr?t gre%% \%I%c &ri ﬁ@ V\Cg'%l%nu%ét i tuted for .

149t h M%@J@cut@leamoa@mmrquy@maﬂa@ncodmg DNA
S LR T el o AN, a8l SRRIdY %ﬂf'ﬁ) NS or SEQ
constructed by the sane nethod as in Exanple 1, using
GREHA4ONS, a gene coding for a nutated PHA synthase
constructed in Exanple 1, as a tenplate. Thus,

Sﬁgzoé%[?%wl ne COdlcﬂgu %ﬁ’e &gud:ﬂﬁt&e?ﬁp}jg synt hase,

doubl e-whatratied aFﬂ—IAezx%tswnmm aseion aumjjlm erkneNeodding for

L/%&r/'-\r(r(- Qr rao{%%g%e%ercg%%@@l:% ccorgﬂnng{:%%

synthase has been modified into TTA, TTG, CTT, CTC or CTA,

6. A dgene exXpression cassette

which comprises the gene according to any of Claims 2
to 5, a promoter and a terminator both capable of
functioning in yeast.

7. A transformant

which is resulted from introduction of at least one
gene expreséion cassette according to Claim 1 or 6 into
yeast.

8. The transformant according to Claim 7,

wherein the vyeast is Candida maltosa.

9. A method of producing polyesters,
which comprises cultivating the transformant
according to Claim 7 or 8 and recovering the product

polyester from the culture obtained.
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- the nmethod described in Exanple 2, by adding a si ghal

5 sequence using SEQ I D NGs: 17 and 18 as priners, and
cloning them into plasm d pSTARR By introducing

" these nutated gene expression cassettes into pUTA-1

according to the nethod described in Exanple 2,

plasm ds pARR-171DG and PARR;3149NS/ 171DG were
constructed. Then, an expression 10 cassette using the
term nator LACt (SEQ I D NO 21) of LAC4 gene (GenBank
MB4410) in lieu of the term nator ALKLlt was

R SLANST 19 TBE-RBr o2 PEENed by o PSP Sall . and &

pl asm dherenhothhi phlA€deranpl &f cedoWyehtpri metginable by

Q.| 1 : Ny
TR0 260 DS 0082 00,108 L geRtcen oy
coepriiodiloylaggdeereddi d)for a nutated PHA synthase,

in which the terminator was substituted, was excised

by Xhol/[Sall, respectively, and then ligated to Sail
site of asm ds pARR- 171DG and pARR 20 149NS/ 171DG,
to corrpllete pl asm ds pARR- 171DGx2 and pARR-

- NS ZTIBC2C i mt oOwhi-cR Hao expr esgilon cassettes

conprising a §kpe c@ding for a nutated PHA synthase-
were introduced. Anong them the plasmd

PARR- 1 1 n_i.nt.e i I pasi.t ed
N S S e Rt
Seildiprd reh f oraatdol (@dy | nternational Patent Organi sm
Depositary (FERN BP-10017). These plasm ds were

introduéegH ato Candida Maltosa ACl6 strain (FERN

BP- 7366)| according to the nmethod described in Exanple
3H Gne—iOH rerCped @ t+oGdhd anal ysi(szgo were carried
out according g th@method described In Exanple 4.
The results are shown in Table 2, and were conpared
with that of Exanple 4. 35 30 .



Tabl e 2 PlasnldPonner cont ent 311}1 mol ar fractlorf
‘Mol ecul ar weight (Wt {nml % (M W )
2ARR- ORF2Sx22. 9721. 7260000 pARR- 149NSx212. 828. 4455000
PARR- 171DCx24. 523. 0330000 pARR- 149NS 14. 034. 1320000
/171DGx2 10 As shown in the above results, the yeast
transfornmed by plasm ds PARR-S171DGx 2 cont ai ni ng the
- expression cassette of ﬂﬂﬁq he §ﬁ@§ i nvention, which
- conprises a nutated gene coding ror a mutated PHA
synt hase, increased polynmer content as conpared with
the case of using the yeast 15 transforned by plasmd
<mg¥%ﬁquH%ﬁngggmtalnlng an expression cassette
conprising a gene coding for a wild- type PHA
synt hase. Furthernore, it was reveal ed that the yeast
transfornmed with the plasm d pARR- 149NS/ 171DGx2
<120 I MRROVED GRANBFORMANT NS PROCESSAECRePROBUCENGTROLYSESTER USINGOTHE SAVE
20 nut ated gene coding for a doubl e-nutated PHA
synthase further increased polyner content as well as
3HH nolar fraction. Thus, useful ness of the nutated
<IERBEYHEWRSe of the present invention was
denonstrated. 25 | NDUSTRI AL APPLI CABI LI TY The present
invention nmade it possible to produce copolyesters-

S ' Qm copol yneri zation of a 3-
qh@ﬂ&%bgﬁ%ﬁ&ﬁgic aci d(s) such as 3-hydroxybutyric acid

d -hydr oxyhexanoi ¢ acid each represented by the
< n%pg{kég formula (1) and (2) and having

bi.odegradabi ity and good

<160> 23
<170> Patentin Ver. 2.1

210> 1
<211> 594
212> PRT

213> Aeromonas caviae

<400> 1
Met Ser Gin Pro Ser Tyr Gly Pro Leu Phe Glu Ala Leu Ala His Tyr
1 5 10 15

Asn Asp Lys Leu Leu Ala Met Ala Lys Ala GIn Thr Glu Arg Thr Ala
20 25 30

Gin Ala Leu Leu Gln Thr Asn Leu Asp Asp Leu Gly GIn Val Leu Glu
35 40 45



physi cal properties in yeast efficiently. 35 31 CLAIMS

1. A gene expression cassette which conprises a gene

codi ng for a mutated 5 pol yhydroxyal kanoi c-aci d

synthase, and a pronoter and a terminator both

capabl e of functioning in jast sai d gene coding for

a mutated pol yhydroxyal kaR aci d synt hase being

obt ai nabl e by applying at |east one of the follow ng

amno acid substitutions from(a) to (h) to 10 an

G 8HOSR A GCiﬁ“Pk@?r;ﬂGm Ne‘.iﬂneOdm{}xéi@wm&dm c acid
synt hase having the amno acid sequence s ovvn under
SE ID NO 1; (ayssubstitutionggf Ser for Asn-149 (b)
substitution of Gy for Asp-171 15 (c) substitution of
Ser or Gn for Phe-246 (d) substitution of Ala for
Tyr-318 (e) substitution of Ser, Ala or Val for

Trd 1Gén BstOGIn(Lel Lgsiben MetuGirokisofhr Vel Lewtyd Ber- 8120 ( Q)

- substitution of Thr, Ser or His for Phe-353 20 (h)

6Substitution @ Ile for Phe-518. 2. A gend0 which is

obt ai nabl e by adding -a DNA coding for a

per oxi sorme- targeti ng signal to a gene coding for a

mut ated 25 % dr oxyal kanoi ¢ aci d synthase, said

6l G PreSench uhra Vab i e Th PranbiuAragoadsn S fEone of the
foll ow ng no acid substitutions fro a) to (h) to
an Aeronon cavi ae-deri pol yhydr oxy&l kanoi ¢ aci d

synt hase having the anmi no aci d sequence shown under
SEQ ID 30 NC 1;

Phe Lys Ala Glu Ala Trp Ser Glu GIn Pro fle Tyr Asp Tyr Leu Lys
100 105 110

GlIn Ser Tyr Leu Leu Thr Ala Arg His Leu Leu Ala Ser Val Asp Ala
115 120 125

Leu Glu Gly Val Pro Gin Lys Ser Arg Glu Arg Leu Arg Phe Phe Thr
130 135 140

Arg Gin Tyr Val Asn Ala Met Ala Pro Ser Asn Phe Leu Ala Thr Asn
145 150 155 160

Pro Glu Leu Leu Lys Leu Thr Leu Glu Ser Asp Gly Gln Asn Leu Val
165 170 175

Arg Gly Leu Ala Leu Leu Ala Glu Asp Leu Glu Arg Ser Ala Asp Gin
180 185 190

Leu Asn |le Arg Le.u Thr Asp Glu Ser Ala Phe Glu Leu Gly Arg Asp



(a) substitution of Ser for Asn-149 (b) substitution
of Ay for Asp--171 (c) substitution of Ser or A n for
'Phe-246 (d) substitution of Ala for Tyr-318 35 (e)
substitution of Ser, Ala or Val for Ile-320 32 (f)
substitution of Val for Leu-350 (g) substitution of
Thr, Ser or His for Phe-383"18h) substitution of Ile
- for E e-518. 5 3. gdbe gene accorgdgsng to Cdaim2,
wher €I'n t he peroxi Sone-targeting~Signal conprises the
am no acid sequence shown under SEQ ID NO 2 or. SEQ ID
NGO 3. 4. The gene according to Caim3, 10 wherein the
j j ' | i [ as the
Lo A P BT L e S SE0 1
Ngygb. 5. The gemg; according tgaflaim2 to 4, 15
wherein at | east one CITG codon in the gene coding for
an Aerononas cavi ae-derived pol yhydroxyal kanoi c acid
synt hase has been nodified into TTA, TTG CITT, CTC or

- LetlCTh GIAOTYS. SeA Ppeiler @xpélesEirdlial Ghpbed Tier Ao ¥ conpri ses

the gene according to any of Clains 2 to 5, a

22%pronmot er and 280t er mi nat or BBbh capabl e of 240f unct i oni ng

in yeast. 7. A transformant 25 which is resulted from
introduction of at |east one gene expression cassette
according to east. 8. The

Claiml or 6 into
Ley i tenal ofraeine Phe dde dsmbyst bir divki Ine et AsoMeth&igei n t he

yeast is ;Cﬁgdi'da mal tosa250 955

Pro Glin Asn Ser Leu Val Ala Trp Leu Val Ala GIn Gly GIn Thr Val
260 265 270

Phe Met |le Ser Trp Arg Asn Pro Gly Val Ala GIn Ala Gln |le Asp
215 280 285

Leu Asp Asp Tyr Val Val Asp Gly Val lle Ala Ala Leu Asp Gly Val
290 2% 300

Glu Ala Ala Thr Gly Glu Arg Glu Val His Gly lle Gly Tyr Cys lle
305 310 315 320

Gly Gly Thr Ala Leu Ser Leu Ala Met Gly Trp Leu Ala Ala Arg Arg
325 330 335

GIn Lys GIn Arg Val Arg Thr Ala Thr Leu Phe Thr Th_r Leu Leu Asp
340 345 _ 350




9. A nethod of producing pol yesters, which conprises

cultivating the transformant according to Caim?7 or

8 and recovering the product 35 polyester fromthe

culture obtained. 33 10. The method according to O aim

9, wherein the polyester is a copol yester obtainable
copol yneri zation of 34hydfoxybutyric acid

by .
P 5 ROy W LB Plg® I MZEI AR Uiy neanor ¢

aci dsqaepresent ed bgﬁot he follow gszforrrul a (2): C3H7
1 15 O-CH C--"C OHH2 02 5 30 (2) 35 1/15
SEQUENCE LI STI NG <110> KANEKA CORPORATI ON <120> :

| MPROVED TRANSFORMANT AND PROCESS FOR PRODUCI NG

- AIPRLYEETERI YD NET b BANGs 61308 MBORGLE RV L
370 375 380

Gin Leu Ala Val Ser Phe Ser Leu Leu Arg Glu Asn Ser Leu Tyr Trp
385 390 395 400

Asn Tyr Tyr lle Asp Ser Tyr Leu Lys Gly GIn Ser Pro Val Ala Phe
405 410 415

Asp Leu Leu His Trp Asn Ser Asp Ser Thr Asn Val Ala Gly Lys Thr
420 425 430

~ His Asn Ser Leu Lsu Arg Arg Leu Tyr Leu Glu Asn Gln Leu Val Lys
435 440 445

Gly Glu Leu Lys lle Arg Asn Thr Arg 1le Asp Leu Gly Lys Val Lys
450 455 460

Thr Pro Val Leu Leu Val Ser Ala Val Asp Asp His Ile Ala Leu Trp
465 470 475 480

GIn Gly Thr Trp Gin Gly Met Lys Leu Phe Giy Gly Glu Gin Arg Phe
485 490 495

Leu Leu Ala Glu Ser Gly His lle Ala Gly lle lie Asn Pro Pro Ala
500 _ 505 510



<150> JP 2003-137492 <151> 2003-5-15 <160> 23 <170>
Patent | n Ver. 2.1 <210> 1 <211> 594 <212> PRT _
<213> Aeraronas caviae <400> 1 Met Ser G n Pro Ser Tyr
Ay Pro Leu Phe Qu Ala Leu Ala His Tyr -1 5 10 15 Asn
Asp Lys Leu Leu Ala Met Ala Lys Ala @ n Thr Qu Arg
‘Thr Ala 20 25 30 G n Ala BeGlBeu A n Thr Asn Leu Asp
Asp Leu Ay @n Val Leu . @u 35 40 45 2/ 15 An Ay Ser
Gn Gn Pro Trp Gn Lou lie Gn Ala Gn Met Asn Trp 50

N B PR G R T B e A Rl o e

Val HE,G Thr Pro GIQOArg Ser Asp 5; Arg 85 90 95 Phe
Lys aGIuAIaTrpSer GQu Gn Pro lle. Tyr Asp Tyr
Lou Lys 100 105 110 G n Ser Tyr Lou Lou Thr Ala Arg
H's Lou Lou Ala Ser Val Asp Ala 115 120 125 Lou Qu

r QA Phe Phe
G:@rﬂhsgr‘{ OLéiisgagaig ALY FheSBI's 6¥n9G I 61y Akl TH TrPi@

330 935 240

Glu Met Met Gly Phe lle Gln Asn Arg Asp Glu Gly Ser Glu Pro Val
545 550 ' 555 560

Pro Ala Arg Val Pro Glu Glu Gly Leu Ala Pro Ala Pro Gly His Tyr
565 570 575

Val Lys Val Arg Leu Asn Pro Val Phe Ala Cys Pro Thr Glu Glu Asp
580 585 590

Ala Ala

Q210> 2

Q211> 3

212 PRI

213> Artificial Sequence

<220
<223> Peroxisome Targetting Sequence

<400> 2
Ser Lys Leu



Arg @n Tyr Val Asn Ala Met Ala Pro Ser Asn Phe Lou
Ala Thr Asn 145 150 155 160 Pro GQu Lou Lou Lys Lou
Thr Lou Gu Ser Asp Ay G n Asn Lou Val 165 170 175
Arg Gy Lou Ala Lou Lou Ala Qu Asp Lou Gu Arg Ser
Ala Asp G n 180 185 190 Lou Asn Ile Arg Lou Thr Asp
Gu Ser Ala Phe Qu Lou G@§ Aty Asp 3/15 195 200 205
Lou Ala Lou Thr Pro Gy Arg Val Val Gn Arg Thr Gu
Lou Tyr Qu 210 215 220 Lou'lle G n Tyr. Ser Pro Thr
Thr Qu Thr Val Gy Lys Thr Pro Val ' 225 230 235 240
Lou Ile Val Pro Pro Phe Ile Asn Lys Tyr Tyr Ile Mt

3Met Arg 245 250 255 Pro G n Asn Ser Lou Val Al a
Trp Lou Val Ala Gn @y Gn Thr Val 260 265 270 Phe
<IYgt 31le Ser Trp Arg Asn Pro Gy Val Ala Gn Ala Gn
Ile Asp 275 280 285 Lou Asp Asp Tyr Val vVal Asp Qy
N2} Pkl e Ala Ala Lou Asp Ay Val 290 295 300 Gu Ala
Ala Thr Ay Gu Arg Au Val Hs Gy Ile Ay Tyr Cy
<218 AB0BicBdl OSedtdnc820 Gy Gy Thr Ala Lou Ser Lou Al
Met Ay Trp Lou Ala Ala Arg Arg 325 330

220>
<223> Peroxisome Targetting Sequence

<400> 3
Ala Lys lle

Q210> 4

211> 9

<212> DNA

213> Artificial Sequence

Q20> |
<223> Peroxisome Targetting Sequence

400> 4
tctaaattg 9

<210> 5
21> 9
<212> DNA



335 dn Lys Gn Arg Val Arg Thr Al a Thr'_Lou Phe

-Thr Lou Lou Asp 340 345 350 4/ 15 Phe Ser Gn Pro Ay k

Gulou Ay lie Phe Ile Hs Au Prolie Ile 355
365 Ala Ala Lou Qu Ala Gn Asn Au Ala Lys Ay
Met Asp Gy Arg 370 375 380,G n Leu Ala Val Ser
Ser Lou Leu Arg G u Asn S& L8u Tyr Trp 385 390

TV lie Asp Ser Tyr Lou Lys @y Gn
Qégg‘r‘@ﬁc%@e@é’g%os 410 415 Asp Lou Leu His Trp
Ser Asp Ser Thr Asn Val Ala Gy Lys Thr 420 425
H's Asn Ser Lou Lou Arg Arg Lou Tyr.Lou G u Asn

Qipau Val Lys 435 440 445 Ay GQu Lou Lys lie Arg
r Arg lie Asp Lou Ay Lys Val Lys 450 455 460

<25 Pl sdn@Ta ’etiNg’}"Seqﬁ@r[ceA! a Val Asp Asp His Ile
Lou Trp 465 0 475 480 Gn Ay Thr Trp Gn Gy

Lys Lou Phe Ay Ay Gu Gn Arg Phe 485 490 495
Lou Ala GQu Ser Ay Hislle Ala Gy Ile Ile Asn
A@>d Ala 500 505 510 5/15

gctaaaatt : 9

210> 6

Q11> 750

<212> DNA

213> Candida maltosa

220>
<223> ALK5 Promoter

<400> 6

aagettcaca tggatcaatt gogtttgtea catgtegtea tocagetats gitgatgage 60
ttagatatit tacttgtaag aatatfaaca acccégaéaa géaaagagtt gatttetttg 120
aacaagtgea agtctgegct tagacgtita tttttgtitt tgttgagtee taatacatat 180
tettogtatc tatgaagatt tttcacacec ggatagtaat tgtactagec getictitaa 240
gtaactgatt tacccaacaa gtacatggta atacasactc tcactcacta gacttogett 300
ctagttgctt caaattagac ggttataatg tatgecaagg ttttgtstaa tttcacgetg 360
attaaccttt tccoctittt atactcctca ttatccacga tgtaatctga tctatgaacg 420
tgataagtaa cattacttag tocattaagta tggecaattc agttatacat attagtaatg 480
ctecacatce attgtattca tatgtaatge caaatatcac attcatttac acagaatcgg 540
ttttgttaaa tactcogota tigtacagea acaataggat tatgtacaga atgaaaaaca 600
asaggoggag aaattogacg gaaaaattta ttatttacaa atcgtattce cgeattatct 660

Thr -

360
Ile
Phe

395 -

Ser
Asn
430
Gn
Asn
Thr
Al a
Met
Leu
Pro



Ala Asn Lys Tyr Gy Phe Trp Hs Asn Ay Ala Qu Al a
G u Ser Pro 515 520 525-G@u Ser Trp Leu-Ala Gy Al a
Thr Hs An Ay @y Ser Trp Trp Pro 530 535 540 du
Met Met Gy Phe Ile Gn Asn Arg Asp Qu Ay Ser Gu
Pro Val 545 550 555 560 Pro Ala Arg Val Pro Qu Qu
Leu Al a Pro Pro GBy HSs Tyr 565 570 575 Val

_ Pro
atagipes ok AT AP S

R F e R 400> 2 Ser Lys Leu 6/ 15752100 3
<211> 3 <212> PRT <213> Artificial Sequence <220>

<223> Peroxi sane Targetting Sequence <400> 3 Al a Lys
Ile <210> 4 <211> 9 <212> DNA

Q210> 7
Q21> 73
<212> DNA
- <213> Candida maltosa

220>
<223> AR

<400> 7
catgtgcttt titttttgtt ttcaatttga aagtttitit atttccgeaa tacaaaatta 60
tittttatee got 3

<210> 8

211> 32

212> DNA

Q213> Artificial Sequence

220>
<223> Primer

<400> 8

gatggagcoca tagogeagac gtattgtcta gt ' 32




<213> Artificial Sequence:<220> <223> Peroxi sane .
. Targetting Sequence <400> 4 tctaaattg 9 <210> 5 <211>
9 <212> DNA <213> Artificial Sequence <220> <223>
Peroxi scme Targetting Sequence <400> 5 gctaaaatt 9
<210> 6 <211> 750 <212> DNA <213> Candi da mal t osa
<220> <223> ALK5 Prowter 240b% 6 aagcttcaca.tggat caatt

-<mg§ tttgtca catgtggtca tccagotatg gttgatgagg 60

gatattt tacttgtaag aatattaaca acccagaaaa gaaaagagtt"

'_<mq? ?tctttg 120 aacaagtgca agtctgggct tagacgttta
tgtttt tgttgagtgg taatacatat 180 tcttcgtatc

<2%93ﬂ@agatt tttcacacgc ggatagtaat tgtactagcc gcttctttaa
4 gtaactgatt taccoaacaa gtacatggta atacaaactc

<2m§qph$ﬁg5psgﬂgk@cgctt 300 ctagttgctt caaattagac
ggttataatg tatgccaagg ttttgtgtaa tttcacggtg 360

attaaccttt tccccttttt atactcctca ttatccacga tgtaatctga

tctatgaacg 420 tgataagtaa cattacttag tcattaagta
<2aygccaattc agttatacat attagtaatg 480 ctccacatcc

attgtattca tatgtaatgc caaatatcac attcatttac acagaatcgg
ZBAaPrimertt gttaaa tactccgcta ttgtacagca acaat aggat

t at gt acaga at gaaaaaca 600 aaaggcggag aaattcgacg

gaaaaattta ttatttacaa atcgtattcc cgcattatct 660

<400> 9
actagacaat acgtctccge tatggctcca te 32

<210> 10
Q211> 22
<212> DNA
213> Artificial Sequence

Q220>
<223> Primer

<400> 10
actaacttgg atgatttggs tc ' 22

210 N
Q211> 22
<212> DNA
Q213> Artificial Sequence




8/ 15 at aaaacaga ttcaaaataa tctagatctc ttttttttgc
ttccttttat ttctttttaa 720 ataagattaa actaaaaata .
tgattgatga <210> 7 - <211> 73 <212> DNA <213> Candi da
mal t osa <220> - <223> ARR 750 <400> 7 catgtgcttt
ttttttgtt ttoaatttga aagttttttt atttccgcaa tataaaatta
60 ttttttatcc get 73 <2d@> 85 <211> 32 <212> DNA
13> Artificial Sequence <220> <223> Prinmer <400> 8
<2zgatggagcca tagcggagac gtattgtcta gt 32 9/ 15 <210> 9-
> 32 <212> DNA <213> Artificial Sequence. <220>
<Z§%§%§Bgriner <400> 9 actagacaat acgtctccgc tatggctcca
tc 32 <210> 10

400> 11
ctaatitett ggotactaac cc | ' 2

210> 12
Q211> 22
<212> DNA
213 Artificial Sequence

220>

<223 Primer

<400> 12 _
agttttgate gttccaccat to : , 2

<210> 13

- Q211> 20

<212> DNA
<213> Artificial Sequence

220>
<223> Primer

<400> 13

catgaaccaa ttatcgeoge 20



<211> 22 <212> DNA <213> Artificial Sequence <220>
<223> Priner <400> 10 actaacttgg atgatttggg to 22
<210> 11 <211> 22 <212> DNA <213> Artificial
Sequence <220> <223> Primer <400> 11 ctaatttctt
ggotactaac cc 22 <210> 12 <211> 22 <212> DNA <213>
Artificial Sequence <220>1kZ2B% priner <400> 12
agttttgatc gttccaccat to 22 <210> 13 <211> 20 <212>

DI VA.<213> Artificial Sequence <220> <223> Priner
<400> 13 catgaaccaa ttatcgccgc 20

210> 14

Q211> 22

<212> DNA

- <213 Artificial Sequence

200
<223> Primer

<400> 14
ghtggtttct googtteate at 2

Q210> 15

Q211> 754

212> DA

213> Artificial Sequence

220>
<223> ARR-Alk2 pramoter

<400> 15

aagettgcat gectgeaget Cgaaattcga gotegetace cgggeatect ctagagtcca 60
tgtgcttttt thtttgtttt caatttgaaa gtttttttat ttccgeaata caaaattatt 120
ttttatcege teatgtgett tittttitet tttcaatttg asagtitttt tatttccgea 180
atacaaaatt attttttatc cgctgaccca gatcctctag agtccatgtg cttttttttt 240
tgttttcaat ttgaaagttt ttttatttcc geaatacaaa attatttitt atccgcteat 300
ghgctttttt tttigttttc aatttgaaag ttfttttatt tecgcaatac aaaattatit 360



|

<210> 14 <211> 22 <212> DNA <213> Artificial
Sequence <220> <223> Prinmer <400> 14 gttggtttct-
gccgttgatg at. <210> 15 <211> 754 <212> DNA <213>
Artificial Sequence <220> <223> ARR- Al k2 pronoter
<400> 15 aagcttgcat gcct%pig t_cgaaattcga gctcggtacc
- cggggat cct ctagagtcca 60 glgﬁcttttt tttttgtttt

el @RBRefb GRS SLASIPHATIRCRERIED

aaét%EtttEtCQ&%gé'a% Otacaagieaadflitatdt tg&ﬁcﬁf € tRgetgncama
Yatcctctag agtceatgtg ctititittt fgttttcaat

gtﬂt‘t@ﬂﬁ?@éahégtﬁtt taatttse AaRoiRs &@a%tﬂftt@t&dg&tgbcoamcgct cat
300 gtgctttttt tttttttttc aatttgaaag tttttttatt

cadatCegnatictaagaarbtattit {364k ticds Lhatatdabantbattittzpé®ccagat c
ctctagagtc catgtgcttt tttttttgtt ttcaatttga 420

toamifited Ethetthdtt tottajeata dabrinama tatimthtiata toatteatn66lcat gt gc

tttttttttt 480 gttttcaatt tgaaagtttt tttatttccg
acedigeabec albitt ttittataagtcrtta gttioytity dtagagadoa aggigantea dh
tt tttatttccg caatacaaaa ttatttttta

ctctaga tcccc
gl@eartty tﬁtc@ﬂtgﬁﬂ@c@tqap%t tcttgtgata aatctcadeh

attatatata tcattccata 660 accctgaata attttttttt
taagtccttg gtttcttttt ttagaaaaaa aggtgaatca 720
gtaaaatttt tgttatttat cattttaact caca 754 <210> 16
<211> 83

<210> 16
211> 83
212> DA
13> Artificial Sequence

o0

<223> Synthetic DNA

<400> 16
ghoottggtt totttiiita gasaaaaagg tgaatcagta aaattittgt tatttatcat 60

tttaactcac atatgaagat atc 8

Q210> 17

Q211> 45

<212> DNA

Q213> Artificial Sequence

220>
223> primer



<212> DNA <213> Artificial Sequence <220> <223>
Synthetic DNA <400> 16 gtccttggtt tcttttttta
gaaaaaaagg tgaatcagta aaatttttgt tatttatcat 60 = -
tttaactcac atatgaagat etc 83 <210> 17 <211> 45 <212>
"DNA <213> Artificial Sequence <220> <223> priner 13/
15 <400> 17 atggtactgc agtidckatt tagaagcagc
‘atcttcttcg gttgg <210> 18 <211> 99 <212> DNA <213>
Artificial Sequence <220> <223> Priner <400> 18
atatgt ctcaaccatc ttatggtcca ttgttcgaag ctttggctca
acaatgat 60 aaattgttgg ctatggctaa agctcaaacc

R R g e e T T R

Cl a equence < rimer

<210> 18
<211> 99
<212> DNA
| Q213> Artificial Sequence

220>
<223> Primer

<400> 18
acabatatgt ctcaaccatc ttatggtoca ttgttogaag ctttgectca ttacaatgat 60

aaattgtteg ctatggctaa agctcaaacc gaaagaact | | 99

<210> 19
211> 29
<212> DNA
<2 Artificial Sequence

220>
<223> Primer

<400> 19 |
gactttgeaa tcoggtegtc asaatitge ' 29



<400> 19 gactttggaa tccggtggtc aaaatttgg 29 14/15
<210> 20 <211> 29 <212> DNA <213> Artificial.
Sequence <220> <223> Prinmer <400> 20 ccaaattttg

accaccggat tccaaagtc 29 <210> 21 <211> 340 <212> DNA

<213> Kluyveranyces | actis <220> <223> LACt <400> 21
gaattttata cttagataag tatitdctia caggtatatt tctatgagat
actgatgtat 60 acatgcatga taatatttaa acggttatta '
gtgccgattg tcttgtgcga taatgacgtt 120 cctatcaaag
Q@g?’oacactt accacctatt acatgggcca agaaaatatt ttcgaacttg
tttagaatat tagcacagag tatatgatga tatccgttag
ﬁgtztgtgcatg attcattcct 240 acaacttttt cgtagcataa
ggaltaatta cttggatgcc aat aaaaaaa aaaaacatcg 300
Q%gamgatttc agcatgctca gaaacaattg cagtgtatca 340 <210>
<211> 40 <212> DNA <213> Artlfl ci al Sequence

<2ﬁ332@f1 ﬁ&%ﬁ%e@léhdﬁef <400> 22

<220>
<223> Primer

<400> 20

ccaaatttte accaccggat tccaaagtc 29

<210> 21

Q211> 340

<212> DNA

- <213 Kluyveromyces lactis

220>
223> LACE

<400> 21
‘gaatttiata cttagataag tatgtactta caggtatatt totatgagat actgatgtat 60
acatgeatga taatattiaa acggttatta gtgccgatig tottgtgcga taatgacgtt 120
cctatcaaag caatacactt accacctatt acatgggcca agaaaatatt ttcgaacttg 180
tttagaatat tagcacagag tatatgatga tatccgtiag attatgeatg attcattect

acaacttttt cgtageataa pgeattaatta ctteggatgec aataaaaaaa aaaaacatc_g

5 8 3

agaaaatiic ageatgctca gaaacaattg cagtgtatca



gcgcctgcag gaattttata cttagataag tatgtactta 40 <210>
23 <211> 40 <212> DNA <213> Artificial Sequence
<220> <223> prinmer <400> 23 ggcgtcgaca agcttgtttc
tgagcatgct gaatttttct 40

15,715

210> 22

Q211> 40

<212> DNA

21 ArtifidiaI.Sequence

20>
<223> primer

<400> 22
gogectgeag gaattttata cttagataag tatgtactta 40

210> 23

Q211> 40

<212> DNA

213> Artificial Sequence

220>
223> primer

<400> 23
gecgtegaca agettgtttec fgageatget gaaattttct : 40



