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1 SPECI FI CATI ON TRANSFORVANT AND PROCESS FOR PRODUCI NG POLYESTER BY USI NG
THE SAME 5 TECHNI CAL FI ELD The present invention rel ates %e®"Mpené'¢hdi ng
for a copolyester-synthesizing enzynme, a mcroorgani smwhich wutilizes
said gene for the fernentative synthesis of a polyester, 10 and a method of
produci ng a polyester with the aid of said mcroorganism More
particularly, the present invention relates to a gene which functions in a
host organismand is related to synthesize, by an enzyne, a plastic-like

pol ynmer degradabl e wunder the acti®©r©frfeLtpoggani sms in the natural
environment 15 (the soil, river or sea) , a transformant derived from said

host organism by transformation with said gene and having an i nproved
ability to TBRNGROBMANEIAND PROIESSZEOR PROSUCTNG | kLYY MreBY yshtdcarm@t hod
of produci ngaggcopol yester with the aid of said transformant. 20
BACKGROUND ART It is already known that many ki nds of m croorgani sns
accurmul a&t e pol yesters as the energy-storing substance intracellularly. A
representative exanple is a honopgt cf @Beppyhydroxybutyric acid
(hereinafter referred to briefly as3HB namely poly-3-hydroxybutyric acid
(hereinafter ref etF}?%oPJf%S@rbtrlﬁ‘{e;PtdsmP(@J@‘}es vie ch 9ere fGadindlisovovered in
Baci | | us negadkyésitetnsi®2bes S iee H3MB, iS5 @léf}%f%f&ﬁl‘,@lm{ ynmer

e Ry D AR A S e e i e Sy
P(3HB) 1% s@nqﬂnaﬁ dﬂ%ﬁéio%mfm@dmng ta heasl yd s ajpldh i e | aid sof fsegidnly in
alimted agsordd®Phn Pim Pr #olleC¥articularly, the present invention
relates toagenewhich functions inahost organismandis related
to synthesize, by an enzyme, a plastic-like polymer degradable
under the action of microorganisms in the natural environment
15 {the soil, river or sea), a transformant derived from said host
organi&nbytransformationwithsaidgeneandhavinganjﬂ@roved
ability to fermentatively synthesize a plastic-like polymer,
and a method of producing a copolyester with the aid of said
transformant.
20
BACKGROUND ART _
It is already known that many kinds of microorganisms
accumulate polyesters as the energy-storing substance
intracellularly. A representative example is a homopolymer of
25 3—hydroxybutyricacid(hereinafterreferredtobrieflyas3HB),
namely poly-3-hydroxybutyric acid (hereinafter referred to
briefly as P(3HB)), which was first discovered in Bacillus
megaterium in 1925. Since P(3HB) is a thermoplastic polymer
biodegradable in the natural environment, it has attracted
30 attention as an eco-friendly plastic. However, because of its
high crystallinity, P(3HB) is so hard and brittle that it has
foundapplicationsofaronlyinalimitedassortmentof practical
uses and much research work has been undertaken to correct for
the drawback.

35 As results of such researches, Japanese Kokai Publication



uses and nuch research work has been undertaken to correct for t he
drawback. 35 As results of such researches, Japanese Kokai PRERsTPer £0Pén 9
Decenber 2003 2 Sho-57-150393 and Japanese Kokai Publication Sho-59-220192
di scl ose the production technology for a copol yner of 3-hydroxybutyric
acid (3HB) and 3-hydroxyvaleric acid (3HY) (hereinafter referred to
briefly as P(3HB-co-3HV)) . Conpared 5 with P(3HB), this P (3HB-co-3HV) is
so flexible that it was initially expected to find application in a

br oader ran Q e A ve 3
poorly to gﬁoaﬁg ?263E§ %% a?gggg% ?oggge %Rbg%cgﬁh %%T§£$£gfhe
flexibility Fé&épﬁédtbﬁ PrpeighdonheethRelegpnbor be ¢@mmbym@r dﬂ t hus

limiting its- ﬁgd@©x95uﬁ§@1éoaéhgl@3H§§thESBSH§§r Qf@PP@ a L and
t hr ow anay cently, studies have €N Under t ake

razaor | es.
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referred to e technol o roducing it.
For exanplengEg%h¥¥ %Xéggﬁg% een ég%? %ﬁé} 19 Faﬁaﬂgéégﬁﬁkg?nge of
PubI|catloneﬂ@u§§%ﬁoﬂgt&ﬁélYadmmﬁwﬁmmEaBHBPabFmeMxﬁspﬁndgpoaﬁigaﬁg The

t echnol ogy deggihbed t te | t f ct.ion of
P( 3HB- co- 3FWQ§20 cP %ﬁ%g@ﬁygfﬁgﬁﬁggﬁte%gr3§§§%§Ogﬁgtd§§r£?8%f59gg %P e.g.
oleic acid*8F Bh gFY Bt ted @ Ty fidm gRdoihe Liiken capaos de ofnproved,

soi | -i st at ék:iustlrlaturtmfg Aescymfwoﬁayseaeo A onenbiasngs siRiBHB- S0smbdd have

al so been s Macr onol ecul es 28,
4822- 4823 (%ﬁﬁk?? % dEEBEO?e ?¥ E%Z?Ef%??%ﬁb?o above, Aeronpnas caviae is
cul tured using a Regeytlucistedid? maveroreer amor tadlons @as e tsielLa-ear bon

source to ¢epoEpLatively PaRdycs §Lﬁ§$f%§95§§gﬁof%tihf%}%ﬁégéfﬁgfé%&'Of 11
referred to briefly as 3HH) (the copolyester will hereinafter
15 Dbe referred to briefly as P(3HB-co-3HH)} and the technology of
_ producing it. For example, such studies have been described
in Japanese Kokai Publication Hei-5-93049 and Japanese Kokai
Publication Hei-7-265065. The technology described in the
above patent literature for the production of P (3HB-co-3HH)
20 comprisesfermentativeproductionfromaafattyacid,e.g.oleic
acid, or an oil or fat, e.g. olive 0il, with the aid of a
soll-isolated strain of RAeromonas caviae. Properties of
P{3HB-co-3HH) have also been studied [Y. Doi, S. Kitamura, H.
Abe: Macromolecules 28, 4822-4823 (1995)]. In this report
25 referred to above, Aeromonas caviae is cultured using a fatty

acid of 12 or more carbon atoms as the sole carbon source to
fermentatively produce P (3HB-co-3HH) with a 3HH fraction of 11
to19mol . This P(3HB~co-3HH) undergoes a gradual transition
from a hard, brittle one to a flexible one with an increasing
30 molar fraction of 3HH and has been found to show flexibility
surpassing that of P(3HB-co-3HV). However, this production
method is poor in productivity with a cell output of 4 g/L and
a polymer content of 30% and, therefore, explorations were made
formethodsofhigherproductivityforcommercialexploitation.

35 APHA {polyhydroxyalkanoic acid)~-synthase gene was cloned



to 19 nol % This P (3HB-co--3HH) undergoes a gradual tr é@?

hard, brittle one to a flexible one with an increasing 3 ?eér? eﬂz i on of
3HH and has been found to show flexibility surpassing that of
P(3HB- co- 3HV) . However, this production nethod is poor in productivity
with a cell output of 4 g/L and a polynmer content of 30% and, therefore,
expl orations were made for nethods of higher productivity for comrerci al
expl oi tation. 35 APHA( pol yhydr oxyal kanoi ¢ aci d) -synthase gene was cl oned 9
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to find applctlonlna road spéctrum of usées from evi si 0 SInS
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require fl exiwbi DOYy35kBNEVa@oweddls RIHOUCHIVidy OfscS@isth ROy s still
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Since this polymer P(3HB-co-3HH) may have a broadly
variable characteristic ranging from a rigid polymer to a
flexible polymer depending on the 3HH molar fraction, it can
be expected to find application in a broad spectrum of uses from
television housings and the like, which require rigidity, to
20 yarn, film and the like which require flexibility. However,
the productivity of saidpolymer isstill invariably low in these
production methods and none are considered fully satisfactory
for practical production methods of this polymer.
Recently, Leaf et al. have conducted studies on the
25 production of biodegradable polyesters using a yeast, which is
considered to elaborate acetyl CoA, the precursor of 3HB, with
goodefficiencyaszaproducerorganism(Microbiology,Vol.142,
Pp 1169-1180 (1996)). They introduced the Ralstonia eutropha
polyester synthase gene into Saccharomyces cerevisiae, a kind
30 of yeast, to construct a transformant and cultured it using

glucose as the carbon source, to therebyconfirmthe accumulation
of P(3HB) (polymer content 0.5%). However, thepolymer produced
in this study was P {(3HB), which is hard and brittle.
It is known that yeasts are fast-growing, with high cell
35 productivity. The yeast cell attracted attention as the single



for practical production methods of this polyner. Recentl f et al. -
have conducted -studies on the 25 producti.on of bi odegrac?y[%? éa%%gfgé%fers
using a yeast, which-'is <considered to el aborate acetyl CoA, the precursor
of 3HB, with . good efficiency as a producer organi sm (M crobiol ogy, Vol.
142, pp 1169-1180.(1996)). They introduced the Ral stonia eutropha

pol yester synt hase gene into Saccharonyd®es cerevisiae, a Kki nd 30 of yeast,
to construct a transformant and cultured it using glucose as the carbon
source, to thereby confirmthe accumulation of P (3HB). (pol ymer content
0.5% . HovESbt Proteigolprigte produerd stivdieli endthelpradscPio8HBY yeshitch i-s

hard and brég¢ll€fotts |e5as<é1@lé@dsﬁﬁff¥1 f t h cell
35 product | Vi t%/% pl'he S‘%east cel | attrggﬁgglhgaﬁgﬁgln% g‘r?}%g]?ﬁ%’%
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\{ﬁaft ﬁel Ifseaimnm@sas Emlrftemiﬁ\bw ﬁih@ggyeﬁét@f lBhr@ asnkhgeeanbep source,
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producti vi tpyofésc,@é(]pe%tlel@e t%r%ﬁ’ﬂft rﬁgg égflgeﬂ}%r aH_lgn ‘ﬁs‘é‘]?%l? é)s &rhom t he

cul ture broth ' easy as cQ acteri a,

sinplify the Rer C@S‘Z‘Pﬁéﬁf‘l‘ﬁﬂt%rﬁ?%ﬁlﬁncaﬁ of mmve@be theviefdrify a
demand has Exé Hceifear e@&tﬁfa@(t&%& bat papdpctagi bh (BHR=€9s 3HD e H&\Hr%g

benefi ci al é)lg%é a%t%l ggoeﬁg |eq$/ with the aid_of yeasts, D SCLOSURE
| NVENTI ON in 0 e ECLt ARF S IhECK Rrofeing FJSHB |Cr?\/é*r’f’ﬁ)on
has for i ts‘ﬁibﬁltﬂtbwfpmwldphaspohquQﬁesmsw&m ansosiat®fl yegesies Whi ch

functions and .can be.expressed with good-efficiency in a yeast, a
transformant .' of the yeast as.transformed with a gene expression cassette:

conprising said gene, and-a RANIPORE SFoJIIVENF I8Nol yest er which is
bi odegr adabl e andrhbiglexe€lthebove state of theart, the present invention

has for its object to provide a polyester synthesis-associated
- gene which functions and can be expressed with good efficiency
in a yeast, a transformant of the yeast as transformed with a
-gene expression cassette comprising said gene, and a method of
. 'producing a polyester which is biodegradable and has excellent
"physical properties, such as P(3HB—co—-3HH), which comprises
growing -the transformant obtained.

After many 'investigations, the ihventofs of the present
invention constructed a gene expression cassette by.ligating
apromoter anda terminator, bothof whichsubstantially function -
in a yeast, to at least one enzymé gene related to the synthesis
of a copolyester through copolymerization of 3-hydroxyalkanoic |
acids of the following general formula (1) and can be
substantlally expressed in the yeast,

introduced said gene expression cassette into a yeast
belonging to the genus Yarrowia, to construct a transformant,

and cultured said transformant, whereby a polyester,
whlch is a copolymer of 3-hydroxyalkanoic acids of the following
‘general formula (1), could be successfully harvested from the
resulting culture



physi cal properties, such as P(3HB-co--3HH), Which conpr t he
transformant obtained.. After many investigations, the |n ﬁﬁgrs ﬁ&gﬂe
present invention constructed a gene expression cassette by ligating ‘a
pronoter and a term nator, both of which substantially function in-a
yeast, to at |east one enzyne gene related to the" synthesis of a .

copol yester through copolynerization of “3-hydroxyal Kanoic acids of the
followi ng general.- formula (1) and can be substantially expressed i-n the
yeast, introduceg sai'd gene expression cassette into a yeast belonging to
t he genus Yarro a2, to construct a transformant, .and cultured said .-

t ransf or mant ster, ch is a copolyner of

3- hydroxyalk§ﬁ5| §§"E§ e foll g general formula (1), could be
successful Iy harvest om the resultrng culture. . ... .. ... ...
....... 9 Decenber 2003 5 R HOCHCGC-OH( 1. ) AOinthe formula, R

represents y The resent i nvention, therefore, is concerned
with a traﬁgf%#ér(mn?g%ﬁ%felfﬁ TRPI St DR 1@ brIFRIER- expr essi on :

cassettes' - conprite myesmolty datwn tsint, hadierafanns atetamammgenathas been
i ntroduced ¢ 0- B, Meast . belonging to the genus Yarrow a. The present '
I nvention is further concerned with a nethod of producing a polyester
using sai d tFansMBISReIN @i dBassnpresbingrofi genes aéxbte snbdmraeste inak

harvestlmg¢&Npﬁmgﬂﬁ§é961@&@%b&@%ﬂfﬁ%§ﬂéJgkéaﬂléﬁéaengyﬁe&gﬁghasbeen7.

"substantlall¥ as used herei n meéans
oduced into a yeast, belonglng to the genus Yarrowia.

The present invention is further concerned with a method
of producing a polyester using said transformant
which comprises growing said transformant
and harvesting the polyester from the resulting culture.
The term "substantially® as used heréein means that
: referringiuathesequencecﬂfthepolyestersyntheSis-associated
‘gene and the gene sequences such as a promoter and terminator,
among others, which are necessary for the construction of the
gene expression cassette, the nucleotide sequences may have
undergone mutation, such as deletion, substitution and/or
insertion, as far as the functions of the gene and the functions
necessary for gene expression are retained.
Furthermore, the present invention is related to a
polyester synthesis-associated enzyme gene.
which is modified from at least one gene code CTG to TTA,
TTG, CTIT, CTC or CTA. |

The present invention is now described in detail.

\

BRIEF DESCRIPTIQON OF THEI DRAWINGS
Fig. 1 is a schematic diagram showing the plasmld.pSUTS
used as a vector -in Example 2 (a}.
Fig. 2 is a schematic dlagram showing the plasmld.pUTAl
used as a vector in Example 2 (b).
Fig. 31521schemat1cd1agramshow1ngtheplasmldpSUT phaJ
constructed in Example 2 (a). :



referring to the sequence of the polyester synthesis-assqciate and
t he genegsequences guch as a prongte¥ and te¥ninator; %ﬁ%ﬁﬁ qﬁ@?@ﬁfmhich
are necessary for the construction of the gene express-ion cassette, the
nucl eoti de sequences nmay have undergone mutation, such as del etion,
substitution and/or insertion, as far ag the functions of the gene and the
functions'. necessary for gene expression are retained. Furthernore, the
present invention is related to a pol yester synthesis-associ ated enzyne

gene. which is nogifi qd I . : to .TT T CTT,
CTC or CTA. The p?%és’e%?l_éi(%\\gfgﬁ%?ngrﬁ"?"sséln%%ea@;gggrgﬁgggetlh%TIge S%ﬁulqégﬂzrf E%[ﬁu
DESCRI PTI ONCERSFHEC BRAW NEE*fRgle12i dad-schemati ¢ di agr am showi ng t he

plasnid pSUT5 usedgas ias ¥ 8ehekmitd FXANP! £ Bhéa«lng%h_@pﬁaérﬁ@p%i%%@i C
dlagran1sho%%ngt£hg Iasnlﬂ a#Wél u?eﬁ as a vector in Exanple 2 (b). Fig.
3 is a schematic ngggaﬁ?s BHRGEt Ae ‘B asmi dpSUT- phad constructed in

Exanpl e 2 (a). 9 Begenbers 2008h6mEitdc 4ikhgransshemtd 1 pgaamiahowhng t he
pl asm dpSUT:PHAL - CEQ?siﬁuggéﬁRi%Hgéqggle 2 (a). Fig. 5is a schemtic
di agram show ng tHe pllasm dpSUT-PHA2 "“Constructed in Exanple 2 (a). 5 Fig.
6 is a schematic Bi@grarf 3F6hERg titved i aisan dhpudhy thegristswict BUAL rOERAND| e
2 (b). Flg.cangaracggaeﬂﬁtgﬁaﬂ Qgrgnygmgmnng t he plasnld pUAL-CRFZ
constructed in Exgqglg.Z %b) |%h 8. 1s a schematic dlagranlshomnﬂ&%ége
pl asmi dpUAL- ORF3 © 19 Edifst PELEBR T Befineshorbpg theg lapnid pUAk ic
di agr am&Ghowbngttrhetpdasm Hxamnple 2 (b).
Fig. 9 is a schematic diagram showing the plasmid
PUTA-ORFZ3 constructed in Example 2 (b).
Fig. 10 is a plasmid construction diagram showing the
procedure of constructing the plasmid according to Example 2
15 {a}.
Fig. 11 is a plasmid construction diagram showing the
procedure of constructing the plasmid according to Example 2
(b).
Fig. 12 shows the result of an analysis, by capillary gas
20 chromatography, of the polyester produced in Example 3.
Fig. 13 is an NMR analysis chart of the polyester produced
in Example 3.
Fig. 14 is an IR analysis chart of the polyester produced
in Example 3.
25 Fig. 15 is an NMR analysis chart of the polyester produced
in Example 4.

BEST MODE FOR CARRYING OUT THE INVENTION
{1} The host
30 The yeast to be used is not particularly restricted but
may be any of the yeasts belonging to the following genera and
deposited with any of authoritative culture collections (such
as IFO, ATCC, etc.):

Aciculoconidium, Ambrosiozyma, Arthroascus, Arxiozvyma,

35 Ashbya, Babjevia, Bensingtonia, Botryoascus, Botryozyma,




pUTA- ORF23 constructed in Exanple 2 (b). Fig. 10 is a plg (%n%%naﬁfuctlon

di agram showi ng the procedure of constructing the plasm accord

Exanple 2 15 (a). Fig. 11 is a plasm d construction di agram show ng the
procedure of constructing the plasm d according to Exanple 2 (b). Fig. 12
shows the result of an analysis, by capillary gas 20 chromatography, of

t he polyester produced in Exanple 3. Fig. 13 is an NVMR anal ysis chart of

t he pol yester produced in Exanple 3. Fig- 14 is an IR analysis chart of

t he polyest in | e 5 Fig. 15 is an NWR analysis chart
of Cthe %EeEEQHHﬁi ol % e AT e T
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Di podascus, HFehoplthiaEnfesytopsekia, Kveohscas, Ksemps Reghoa ,
Er ythr obasi g URve Fhl08Y SeRondoE} | RORST LI (8L A OMYEESss G0t T chum

Gui l | i ernrondetta,

Hanseni aspoF8UfAARBALALIR. shipomrac sl beddenciacenr Mbabessezid ho i chi a,
| ssat chiemki Het KbRRCkewaa, KiPLRKES a3PRE Ayma, Nadsonia, Nakazawaea,

Nematospora, Ogataea, Oosporidium, Pachysolen,
Phachytlchospora,Phaffla,Plchla,Rhodosporidium,Rhodotorula,
Saccharomyces, Saccharomycodes, Saccharomycopsis, Saitoella,
Sakaguchia, Saturnospora, Schizoblastosporion,

15 Schizosaccharomyces, Schwanniomyces, Sporidiobolus,

Sporobolomyces, Sporopachydermia, Stephanoascus,
Sterigmatomyces, Sterigmatosporidium, Symbiotaphrina,
Sympodiomyces, Sympodiomycopsis, Torulaspora, Trichosporiella,
Trichosporon,Trigonopsis,Tsuchiyaea,Udeniomyces,Waltomyces,
20 Wickerhamia,Wickerhamiella,Williopsis,Yamadazyma,Yarrowia,

Zygoascus, Zygosaccharomyces, Zygowilliopsis, Zygozyma.
As the yeast used for the transformant according to the

present invention, Candida malosa or Yarrowia lipolytica is
preferred and Candida malosa is particularly preferred.

25 {2) The polyester synthesis-associated enzyme gene
The polyester synthesis-associated enzyme gene is not

particularly restricted but is preferably one coding for an
enzyme derived from a bacterium. Specifically, preferred is
an enzyme gene associated with the synthesis of a copolyester

30 of 3-hydroxyalkanoic acids of the above general formula (1),
more preferred is an enzyme gene associated with the synthesis
of P(3HB-co-3HH) which is a copolyester resulting from the
copolymerization of 3-hydroxybutyric acid of the following
formula (2) and 3-hydroxyhexanoic acid of the following formula

35 (3).



Kl uyver.omyces, Kondoa, Kuraishia, Kurtzmanomyces, Leuco rldlunbo&i om
ces, Lodderonyces, Ml assezia, 10 Metschni kow a, M aki a, %ﬂ@

Nadsoni a, Nakazawaea, Nematospora, Ogataea, Oospori di um Pachysolen, Phach
ti chos ora, Phaffia, Pi chia, Rnodospori di um Rhodotorul a, Saccharonyces,
Sacchar onycodes, Saccharonycopsis, Saitoglla, Sakaguchia, Saturnospora,
Schi zobl ast ospori on, 15 Schi zosaccharonyces, Schwanni om ces, Spori di obol us,
Spor obol onyces, S oro ach dermi a, Stephanoascus, Steri atom ces,
Sterigmatos oridium Synbiotaphrina, Synpodionyces,S podiom co

si s, Torul aspora, Trichosporiella, Trichos

oron, TrlgonopS|sC}ﬂ$uch|yaea Udeni onyces, Wal t omyces, 20 W cker ham a,

VVckerhanleIIa ||IOpSIS Yamadazyma, Yarrowi a, Z oascus,
Zygosacchar off TOMpsis, zy§dlyma_ As the yeast used for the
t ransf or mant accordl the present invention, Candida nmal osa or

Yarrowi a lipolyticais preferred and. Candida nmalosa is particularly
preferred. 25 (2), The pol yester synthesis-associ ated enzyne gene The

pol yester - synthe B#assOC|ated enzynme gene is not particularly restricted
but is prefe for an ? éyne derived froma bacterium
SpeC|f|caIIy n enzyne ne associated wth the synthesis of
a copol yester 30 of - roxyalkan0|c aci ds of the above general formula
(1), nore preferred is an enzynme gene associated with the synthesis of

P(3HB- co- 3HH) wh | i h |
o§ 3- h§3rox§%utyl?§e§§ﬁ %QB$%¥?§E§Fve8 %lkb ﬁﬁﬁgﬁ%%)e ﬁ 8pgfees gion

3- hydr 08 heR&ndi Y e ¥y ol karel ¢ olchowi o tfhzﬂ nrbloare @5n¢B3 ] fdrbedentiez) 2003 S
H3 HO CH C foOddrtd dularly restricted but may for example be the polyester

synthase gene described in Japanese Kokai Publication
Hei-10-108682. Asaspecificexample of suchpolyester synthase
gene, a PHA synthase gene can be mentioned. Furthermore, a

10 = polyester synthesis-associated enzyme gene may be used in
combination with the present polyester synthase genes. Such
enzyme genes include (R)-specificenoyl-CoAhydratase genewhich
convertsenoyl—CoA,anintermediateinijmaB—oxidationpathway,
to thereby synthesizemonomeric (R)-3-hydroxyacyl-CoA [T. Fukui

15 et al.: FEMS Microbiology Letters, Vol. 170, 69-75 (1999)], 8
~ketothiolase gene which dimerizes acetyl-CoA to monomeric
3-hydroxybutyryl-CoA, and NADPH-dependent acetoacetyl-CoA
reductase gene [Peoples OP et al.: J. Biol. Chem., 264 (286)
15298-15303 (1989)].

20 Some species of said host yeast show abnormalities in the
translating of genetic codes. For example, Candida cylindracea
[Y. Kawaguchi et al., Nature 341, 164-166 (1989})] and Candida
maltosa ‘(H. Sugiyvama et al., Yeast 11, 43-52 (1995)1]1 are

nonconventional yeasts in which the genetic code CTG is not

25 translated into leucine but into serine. When a polyester
synthesis-associated enzyme gene is to be expressed in such a
veast, genetic code translating abnormalities may take place
so that an enzyme having an amino acid sequence different from

that of the proper enzyme is produced at times. Therefore, the



H2 0 3H7 HGCH--G--COH ( 3 ) H2 0 The enzyne gene inRvol Vv i e
synthesis of a copolyester 5 of 3-hydroxyal kanoic acids%g%&? %85%§%£
general formula (1) is not particularly restricted butmay for exanple be

t he pol yester synthase gene described in Japanese Kokai Publication

Hei - 10- 108682. As a specific exanple of guchpol yester synthase gene, a PHA
synt hase gene can be nentioned. Furthernore, a 10 pol yester

synt hesi s- associ at ed enzyne gene may be used in conbination with the
present pol yest&'; g Such n genes. i.ncl.ude (R) -specific
enoyl-CoAhydratagéﬁﬁgﬁg%%ﬁfcﬁggggﬁvgﬁt?O nééﬁiﬁoﬁfgéﬁlgﬁ?ernediate inthe 9
-oxi dati on pat hwaylchtaoPh¢iaemeyor ¢an fresi wel darhbyresiiag@ERyen8ehydt puyaes! - CoA

[T. Fukui 15byaﬁo@1fyif@§eMeﬁ@e@hqiowmf&aﬁﬁginé/e'm«&Jeo ef9pdPoLdR0 1. 3
- ket ot hi ol ase 61%H¥h'Ch dinerizes acetyl-CoAto nnnoner?g

3- hydr oxybuf%Pr% LCoA T SHTdIRRDPEE disEhaeht caBereirettd 1 esaine ddifdy a€8Ggene

[ Peopl es50P AT ,alCTC,JCTR)al . Chem, 264 (26) 15298-15303 (1989)]. 20 Sone

species of said h t w abnormaliti.es ip the ¢translating of
ggnetic codes. Fo%i%%gggﬁe?f heli A Y4 ﬁagﬁéeﬁg IRy ek vet Vel of

Nat ure 341, YPE4LEEB Y80} hathbieCardjudacynef tosge offiderSugicyamie evaties
Yeast 11, 43ri%1(109%h] dakec pancopyetional HRAS! Sulfqndl g Lhg; ggngti C
en a

code CTGis not 25 translated into feuci ne but 1'dto serine:

pol yester SmEhesi SOA83 cRe Y drr Fhe Fehe amincapédexpregsoetile sudtd a

yeast, genettiocbe aded vangwdtibngi abaseRlorig2S sMyah@ke Rh8tRerSBothatqan
i_fferent from that of the proper

enzyne havi a ing acid._s ence t he.

enzyne is p%%&ugg%q;F%Fi%53F5$%§F8P0? f1ehengypalefhdpneopaneisting of
genetic codes withhigh frequenciesof useishigh. For example,
the GC contents of Aeromonas caviae PHA synthase gene and

(R} -specific enoyl-CoA hydratase gene are 67.16% and 65.77%,
15 respectively, but among the enzymes so far reported in Candida
maltosa, the contents are 39.55% for phosphoglycerate kinase
and 35.67% for ALK2-A. Therefore, in order that a polyester
synthesis-associated gene may be efficiently expressed in
Candida maltosa, for instance, it is preferable to use said gene

20 inwhich said genetic code CTG is changed to a different genetic
code specifying leucine and, at the same time, the genetic codes
are changed to those with high frequency of use.

The polyester synthesis-associated enzyme gene of the
inventionmaybeusedas it is inayeast which shows no translating

25 abnormalityof the genetic codes. Asanalternative, amodified
gene as modified by changing genetic codes to those used by the
particular yeast with high frequencies without alternation of
the amino acid sequence may be used. In a yeast which shows
translating abnormality of genetic codes, the CTG codon of said

30  enzyme gene may be changed to TTA, TTG, CTT, CTC or CTA, or a
gene as modified by changing genetic codes to those used by the
particular yeast with high frequencies without alternation of
the amino acid sequence may be used. For example, when the host
1s Candida maltosa, the gene identified in SEQ ID NO:3 or NO:4

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



function of this enzynme is not fully exhibited. Such a pg QIERAN, AN be
avoi ded by us ing a gene constructed bynodifying the genetic code G
contained in the gene beforehand to a different genetic code correspondi ng
to leucine (TTA, TTG 5 CIT, CIC, CTA). Analysis of the genetic codes of
organi sms inclusive of yeasts reveals tjhat the frequency of usage of
genetic codes varies wdely with different organisnms. Thus, anong a
plurality of genetic codes specifying the sane anm no acid, the genetic
code 10 to W th. different, or,gani sns and_it has been pointed
out t hat thgft#geﬁgilg%%ﬁ%ﬂilg}eeﬂlégﬁ%?tédgesﬁéqu@@ﬁﬁ Qf ithd SoFeng BRetiave odes
with high f¥Fegaeaerednyiatism.i subhghs dedre texanpkebstthetGene ot et s 6

Aer ononas camipaer PHA sy hassy < i fi naoyl - CoA hydr at ase
gene are 67,16% and 65, 779 159(%(253(%?5\}%&?§]g§€i%]f[r%ﬁgaflﬁ§eenﬁzx§/‘?%‘gu%%sfar
reported in-¢andfd p‘fﬂal’?%%%? TYetieont ene 85e¢ b2 Bad 55% fer . phosphogl ycer at e

kinase fand 35. 67%hé qro V@ Shefielforfaq iy el dhats dh gl Jester,
synt hesi s-a n e iciently expressed i'n ndi damal t osa,

t hesi éé}%i%@?o@% %I};%?é be_efficientl d i Candi | t
for instance. Tt 1s Preferabrd fg ahe 1AL Genk t2B PR VRIdeTe Iidi trigenkt i c
code CTG i s{thamjed qan dalirfeacsrntgendli thecqodaespeciéymngal ealci fig@nd, at
t he same tipelofhe menst ose W i.gh. freguency
of use. Th ol éersLter S r?%tﬁﬁgigg?%%%gﬁog%%&ge%zékﬁgeﬁg #flhrhog)@‘?ﬂﬁ on
maybe used 3%CPPOrEMERL 32} 408 O fnhilerd ol ity itaragisd af thg a6 eafnomned i t y
of " the igenet2t amnlBshydsorphekans 1atial o2 tdlizhioed S6n8.AS (@déﬂﬂe{a&%

g

changi ng genet codes, to .t hose used by the particular yeast wt
f r equenci es}g%vi% 5‘%5%‘??%{&%%%?19 o‘?oﬂq%%‘i'ﬁflea@]d agueifcel ey be used. In

a yeast which shows translating abnormality of genetic codes, the CIG
codon of said 30 nzygf gene may-be changed to TTA, TTG CITT, CTC or CTA,
or a gene as nodifi e%f]y changi rjg genetic codes to those used by the

parti cul ar vvi(t)h_ g_lti_rda ugnci e?)ﬁi“ t hout al t(ez{pati on of
H;, O

alkyl group
an integer of
not less than 2

‘I'«‘Hs (I}_iH-,
H O0—CH—-C—C 0—CH—C—C OH 5
H; O H, O ts)
m n

m, n = an integer of not less than 1

15 {3} Conétruction of a gene expression cassette
For the expression of a gene in a yeast, it is necessary
to ligate DNA sequences such as a promoter, UAS, etc. upstream
of the 5'-end of the gene and to ligate‘DNA sequences such as
polymAadditionsignal,terminator,etc.downstreamofthe3'—end
20 of the gene. TheseDNAsequencesnmykxaanyarbitrarysequences
that may function in the yeast. While the promoter includes
sequences relevant to constitutive expression and sequences
relevanttoinducibleexpression,whicheverkindofsuchpromoter
Sequence can be employed.
25 Moreover, in the transformant of the invention, the above

promoter and terminator are preferably those which function in



the am no acid sequence may be used. For exanple, when t qjhOﬁ} 'ﬁmfandida
mal t osa, the geneqidentified in SEQID NO 3 or NO4 35 cgnfﬁg &?@g as the
pol yester synthesis-associated enzyne gene 9 Decenber 2003 10 of the
invention - The nucl eotide sequence of this gene may have undergone

mut ati on, such as del etion, substitutioqﬂ insertion and/or the like,
provided that the resulting mutant geneproduces the said polyester

synt hesi s-associ ated enzyne. 5 The pol yester synéhes;zsg bybsald PRQraI
synt hase is | yner of 3- hydr al kanoi c acids o e above gen
fgrnula (lfﬁ? gggggaﬁmbgs?épfégeﬁﬁ%dpﬁ@d?%El%%n%Fa? PRlYRFEEY4) shown

bel ow. Preferred £ensheucopoh yess eren( Qkﬁgég?i%bﬂﬁl)ca@t?@ﬁt?@b%el usic)i J‘Eozr) and
bycopol yrer igat - u ' t he oV mu| a

3 by oxyhexancy o el o ol t e apseebf S5k o kAR R BbS, Liratittibd by
the fol | owi hY YRheteAcH ihad FefSrripgrtol (aD-10le Cake MnOkh{dh Rizrabiy!
group 8= abpobhyeges i uBel dLshel ek 2k (0) G} cLsEr i Ot &ndly D C

maltosa is used as the host as examples.

(a) When Yarrowia lipolytica is used as the host

WhenYarrowialipolyticaisxuuxiasthehost,thepromoter

10 and terminator to be used are preferably those derived from

Yarrowia lipolytica. More preferably, a promoter derived from

YarrowialipolyticaALK3andiiterminatorderivedfromYarrowia
lipolytica XRP2 are used. The DNA sequence of said promoter
and/orterminatormaybetheDNAsequencederivedbythedeletion,

15 substitution and/or addition of one or more nucleotides as far
as it may function in Yarrowia lipolytica.

The vector for use in the above construction may be any
vector which is a plasmid capable of autonomous replication in
Escherichiacoliandmayhavearegionwhichwillbeautonomously

20 replicated in the yeast. Such a vector capable of autonomous
replication in the yeast will be contained intracellularly.
Moreover, the gene expression cassette can then be integrated

onto the chromosome. In Yarrowia lipolytica, the autonomously

replicating PSAT4 and pSUTS can be employed (Toshiya Iida:
25 Studies on the n-alkane-inductive cytochrome P450 gene group
oftheyeastYarrowialipolytica,adoctoratedissertationthesis,

Tokyo University Graduate Schoel, 1997}).
In the above yeast, the polyester synthesis-associated

enzyme gene is preferably a gene derived from Aeromonas cavliae,

30 and for example, the A. caviae-derived PHA synthase gene
(hereinafter referred to briefly as phaC) (SEQ ID NO:1} or the
(R)—specificenoyl—CoAhydratasegene(hereinafterreferredto
briefly as phaJ) which converts rhaC and enoyl-CoRA, which is
an intermediate in the B-oxidation pathway, to the monomeric

35 (R} -3-hydroxyacyl-CoA [T. Fukui et al., FEMS Microbiclogy



.3137 1 0d-GCG OH H 0 _nlIn, 11 ~ art integer of | ess 1 (5)
15 (3) Construction of a gene expression cassette For thgq%%ﬁpg§§%@ﬁ?of a
gene in a yeast, it is necessary to ligate DNA sequences such as a
pronoter, -UAS, etc. upstream of the 5 -end of the gene and to |ligate DNA
sequences such as poly-Aaddition signaly, termnator, etc. downstream of

the 3 ' -end 20 of the gene. These DNA sequences nmay be any arbitrary
sequences that may function in the yeast. Wile the pronoter includes

sequences r t o] It R Si a guence rel evant. to
i nduci bl e eg%ﬁégg%édﬁoﬁhﬁgﬁévgé an %§?5§Ué§E8r§ﬂ8@§?H g%ﬂué%88€§dﬁ“8é
enpl oyed. 289VBREBYEr, in the transfornmant of the invention, the above

promoter and ter nrAat 9fomb e PrRfIEIRADI 3 d Nas qavy)c lORp cepber
2003 Il theor aannlﬁs% for the‘@}%dJ%tion of)QHS%P%%§$e§$b?%g%gfrﬁg?ion
of a gene e%%ﬁgggiﬁn—é88g§£iﬁét%l% YRR T e 1gstsd yesteRanfof the

t ransf orsrant ' aendr difngath dfiethayenstenctisanoyedescri bed, referring to (a)
t he case in which ' lipolytica.is used as the host and ( t he
case in which Cana§3%£8§%$?o§%eigeﬁgﬁhcgéo?h%nﬁ%@? Eﬁp%x%%%ﬁ%%§r¥e£2W%en
Yarrow a | i pérlitngaths psempter tte tosts et uval gwinz,| B BERt teehnigueised
as the hostcahhfe DEQMBLEA. 1Fhapdih@hMaglaicds dug:g%h%rﬁcﬁ%%e%ﬁ&lﬁ’

those derived from_ Yarrow a |ipolytica. Mre preferably, a pronoter

derived fronft 2 TR Pi tEougk AN s aRERaCPREHT HelR® Magk PRvRED ¥ Flomry

Yarrow®® as far as the objective gene fragment can be amplified.

As to the promoter, ALK3X with Xbal at 5'-end and Ndel
at 3'-end and ALK3S with SacIl at 5'-end and NdeI at 3'-end can
be constructed from SEQ ID NO:8 and NO:9 and SEQ ID NO:9 and
NO:10, respectively, using SEQ ID NO:5 as a template. As to

15 phaC, a 100-bp {approx.) fragment with NdeI at 5'-end and PstI
at 3'-end can be constructed from SEQ ID NO:11 and NO:12 using
SEQ ID NO:1 as a template. To this fragment is ligated the
remaining 1700-bp (approx.) PstI-BamHI fragment to construct
the full-length phaC with NdeI at 5'-end and BamHI at 3'-end.

20 As to phaJd, phad fragment with NdeI at 5'-end and KpnI at 3'-end
can be constructed from SEQ IDNO:13 and NO:14 using SEQ ID NO:2
as a template. As to the vector, the plasmid vector pSUTS (Fig.
1, SEQ ID NO:19) and the vector pSUT6é obtainable by changing
the Ndel site of pSUTS5 to an Xbal site by using a linker DNA

25 shown in SEQ ID NO:20 can be used. To the multi-cloning site
Sacll, Kpnl of pSUT6, ALK3S and phaJd can be ligated to construct
a plasmid pSUT-phad (Fig. 3). Then, to the multi-cloning site
Xbal, BamHI of pSUT5, ALK3X and phaC can be ligated to construct
a plasmid pSUT-PHAl (Fig. 4).

30 Further, ALK3S, phad and downstream terminator can be
excised as a unit from the plasmid pSUT-phad using SacII and
Xbal and ligated to the SacII, Xbal site of plasmid pSUT-PHAl
to construct a plasmid pSUT-PHA2 (Fig. 5). In this manner, two
kinds of plasmids for recombination can be constructed.

35 By the above procedure, there can be constructed a gene



| i pol ytica XRP2 are used. The DNA sequence of said prono
term nat or naybe t he. DNA sequence derived by the deIetlo%%&??ﬁﬁgéfqltutlon
and/or addition of one or nore nucleotides as far as it may function in
Yarrow a |ipolytica. The vector for use in the above construction may be
any vector which is a plasm d capabl e of; aut ononous replication in
Escherichia coli and nay have a region which wll be autononously 20
replicated in the yeast. Such a vector capable of autonomous replication
in the yeas o ' r | ] eover ene

expr essi on %éggé%tgggaeggﬁéﬁgget?%tgﬁga %88u8§%8ntﬂ %h?%%%%%%% 1Pt

Yar row al i érwi:léaxwhéaam@mpﬁ the plosat §ege pSAT4rand apSUTS nctre be
enpl oyed (ngggyaygkggw1§51§%yg%§§cgn t he n-al kane-inductive cytochrone
P450 gene group ©Of the yeas W al i pol |ipol ydoctorate dissertation
thesis, Tokyo University G aduate School, 1997). In the above yeast, the
pol yest & syhi heses- assdtﬁatﬁﬂlt@ﬁayms ge8e ks ﬂh@fE6§b|y a gene derived

from Aeronbnas ¢ r exa Ie he A erived PHA
synt hase gene ( hgwé?l@ag—at%?ireg“ stk ef#)? a§h§h§ gﬁflfﬁf?@tﬁr or

the (R -spegiferelaiocin hydﬂaeasergmimmlma:ﬁm@e whiehrﬁmcttmon
briefly as E?HQ:Ja)ndﬂHaCﬁaQQB‘égr tﬁoﬁgﬁﬂﬂﬁykﬁ@é , q Y Sl 'figma@andlda

i nternedi ate n Tt he oxt CIaII on pat wa e nononeri c
(R) - 3- hydr 05@-;:,9-&60 t[rrll BRF Péftefﬁrablmwmﬂ BFEBPSESgINY BRERHIREOR003
12 Lettiar s, d¥ol ved 70 o Tafhl i(dEO Q) th sESERKE Da NS Zde&an the Dﬁﬁds tdhce

dvant t er ALK Bank AB0103 Y.
[ polyi  ca AR SORERERBEFY Bt CRFRhRCF BA M PF Aobih 080 oo

t hese strucbur@me géhlesticfo prapdriduthieon estd/iat iaakiigripynefsohe measssSAary
for linkingatbs SHOMLeR R4 BRASE EHgtyé@&eggé]qnaf ARG 8ENDL B a5 da
maltosa.
15 The vector for use in the construction may be the same
as theonereferredtoabove for the case {(a). InCandidamaltosa,

the autonomously replicating pUTUl can be used [M. Ohkuma at
al., J. Biol. Chem., Vol. 273, 3948-3953 (1998}].
When Candida maltosa is used as the host, the polyester

20 synthesis-~associated enzyme gene is preferably the gene coding
for the same amino acid sequence as the Reromonas caviae~derived

enzyme. For example, the gene coding for the same amino acid

sequence as the Aeromonas caviae-derived PHA synthase in Candida

maltosa (this gene is hereinafter referred to briefly as ORF2,
25 which is defined by SEQ ID NO:3), or the gene coding for the
same amino acid sequence, in Candida maltosa, as ORF2 and the

(R) -specific enoyl-CoA hydratase which converts enoyl-CoA,
which is an intermediate in the fB-oxidation pathway, to the
monomeric {R}-3-hydroxyacyl-CoA (this gene is hereinafter
30 referred to briefly as ORF3, which is defined by SEQ ID NO:4)
[T. Fukui et al., FEMS Microbiology Letters, Vol. 170, 69-75
(1999} ], can be used with advantage.
The promoter ALKlp (SEQ IDNO:6) and terminator ALKt (SEQ
IDNO:7) (GenBank D0O0481) [M. Takagi et al., Agric. Biol. Chem.,
35 Vol. 5, 2217-2226 (1989)] of the Candida maltosa Alkl gene can




can be utilized, The prinmer sequences used in the PCR ar% \gz\}nbe E&EfEQ I D
NG 8 through NO 14. PCR conditions nay be arbitrary 10 a a

obj ective gene fragnment can be anplified. As to the pronoter, ALK3X with
Xbal at- 5 -end and Ndel at 3' -end.and ALK3S with Sacl | at 5 -end and
Ndel at 3'-end can be constructed from SEQ ID NO 8 and NO. 9 and SEQ I D.
NG 9 and ~ NO 10, respectively, using SE€ 21D NO5 as a tenplate. As to 15
phaC, a 100-bp (approx.) fragnent with Ndel at 5'-end and Pstl at 3'-end
can be constructed fromSEQ ID NO 11 and NO 12 using SEQID NG| as a

tenpl ate. Te Ilh]gatédagﬁ@tfﬁear@ dfi gakegd: lél@d diR{® Oz prox.
Pst1-BanH {, r elo clonst r the full-I eng'f:ﬁwngga:%g% ?E ell% atengg -end
and .BanH at 20 *As taé:?‘pﬁil Lheise S FAGREe lwidereRdel at 5 --end and

Kpnl at 3' - -'endTOcanepereohberne&sedlttDmS&&jnﬁle mté%&nqlﬁﬁlrﬁg“ﬂfﬁ ng

SEQ 1D NO n t t d t SUTS
(o 1 BeoTERa Tar o baite KERhEtytd i o oy g he

Ndel si te SPnpgﬂTBt%blaﬁdeaflh%lﬁrelHt@;r FSiqugne elsi ﬁberu:ﬁlblﬁm?&tﬁd”lm@m 1a#eSEQ I D
NQ: 20 -can Isﬁouaeﬂn SEp thenoul §i el AMDgosh e ﬁi‘& ﬁjllncﬁh % LX3S
and phal C?BOQ %aggd to construct a pl asnid aJt]OU(SFlm nEgpnedran,
to the nul ofiP PLe? %5t ke Arpisumest aﬁ_lt?slﬁ St splrdGnearf olre
| i gated: totb@nQCRuct a plasmd pSUT-PHAL (Fig. 4). 30 Further, ALK3S, phal
and domstreamtggn@:@acth%r ¢ P exci sed a um thspar om t he Iasm d. '
pSUT- phaJ using Sacri and® ?(@a gande‘l_‘lll%]at I, r:‘}“§(b5<31'l aid angf
pl asm d pSUPPHAa 3 t-@n@oﬁ@@rhﬁ:prappraslnfmqnswm (5 gridHo: 16 Rustifigs
manner, tweEQKindgo o al@l asrdmis) {04 . 1 econhi pR '19&1&%1%) Crons”ucggéts‘r’ By
t he above pLog elg (gI }(t) %{ﬁ can be constructed a gené D
expr essi on c }ort Re~pRORRY F6RRYF ah Tomsid esnepe girepared from
3- hydr oxyafR@nbp dNGicl Hsinaf NOhe sabeveyg geme rial Nﬁpﬁﬁubaa(t]émﬁlrhﬁ@? As to
~ the vector, the vector pUTAL (Fig. 2) prepared by modifying the
marker_gene*from Ura3 to Adel using pUTUl and Candida maltosa
- Adel gene (SEQ ID NO:21, GenBank D00855) {S. Kawai et al., Agric.
Biol. Chem., Vol. 55, 59-65 (1991) 1. By ligating ALKlp to the
~ Pvull, EcoRI site of pUCNT (described in WO 94/03613) and ALK1t
‘to the HindIII, Sspl site of the PUCNT, pUALI {(Fig. 6) can be
constructed. Then, by ligating ORF2 to the NdeI, PstI site of
pPUAL1, the plasmid pUAL-ORF2 (Fig. 7} can be constructed.
Further,byligatingORF3t0theNdeI,HindIIIsiteoprCNT—ALKlt
inthecourseofconstructionoprALlandfurtherligatingALKlp,
PUAL-ORF3 (Fig. 8) can be constructed.
Then, by excising ORF2, upstream promoter and downstream
terminator as a unit from the plasmid pUAL-ORF2 using EcoT221
and ligating it to the PstI site of pUTAl, pUTA-ORF2 can be
constructed.

In addition, by excising ORF3, upstream promoter and
downstream terminator as a unit from pUAL-ORF3 using Sall and
ligating it to the Sall site of PUTA-ORF2, a plasmid pUTA-ORF23
{Fig. 9) can be constructed. _

By the above procedure, there can be constructed a gene
expression cassette for the production of a copolyester of
alkanoic acids of the above general formuia {1} in the yeast



yeast Yarrowi a lipolytica. 5 (b) When Candi da mal t osa is host
e @5%5 %51}‘33

When Candida nmaltosa is used as the host, the pronoter ator to
be used are preferably those which function in Candida naltosa, nore
preferably those derived from Candida maltosa. Still nore preferably, the

promoter and term nator 10 derived fromGandida naltosa ALKl are used. The
DNA sequence of said pronoter and/or term nator may be a DNA sequence
derived by the deletion, substitution and/or addition of one or nore

bases only Ei %Fd tq%t t he sequence may function in Candida maltosa_ 15
The vector Sconstruction may be the same as the one referred
to above for the case (a) . In Candi danaltosa, the autononously
replicating sused «[ al J. Biol. Chem, Vol. 273,
3948- 3953 (1§L9)JT)|OD%%@UQ%éaﬁ 95 ylt??ggggfggﬂsed as the host, the polyester
20 synt hesi s- assoéPéF@Guéﬁi9ﬁe0§eﬁbelEobv@¢ér%ﬁ¢§h¢$mﬁgﬁﬁﬁpmxmha@ gémwe t he

same am 50 @&we%%qu;@négs@étﬁ@%l%%@@@@ét@évluﬁ?o degbyed cHDEY arff.’éd
exanple t he e EA%gﬁln é_ he same_am no acid sequence as t Aer onpnas
sa=j

cavi ae- der i V& n@ﬁﬂd‘i“@’é Ol 18/ tHhes Gelfe U Ifk?etrf@%af ter
referred to [Bedefrbprgs DRAZ, &5 athi cly.i Badefkimed bylSECﬂbE&h@1§74 prothe

gene codi ng I ot guence n_ Candi sa,. as ORF2
and t he (Rt%%spé%? féﬁgggﬁﬁbgb%?ﬁhg aggr c%r35%9%4§sl£ﬂ%?fe%%%ﬁr whi ch
is an inter 2GR i A the 8f 3%)«%‘%4 bn fisat hmagante, téwn weopéoyed. A

R) - 3- hyalr o kc€aA h in r & fly as
ER)F?, hv\%l ro fsgﬁag @A tkhhsrgenstisn Ei‘é‘ §u<t:lﬁ ﬁ?og%%eﬂgg’é DY%%fob?/ol oay

Letters, VbFraT§%or@§t?9¥'%i@@Q}Ten%éha%QPQkﬁﬂfkmtQ@Daéﬁéﬁthgeuﬁhbl@¢@nDter
ébglg ;SI[EQ | D NO F6) anamp B i ot gw AL Klitp 195 Qcal BxNB1: lsEr}uﬁG?'@BagJ%%
481 M _Takagi rl.C oI 5 Vol .. 5, 17
(1989) ] of e;EhLéECénd‘lgd‘?{n‘a]-]—qfosas,&I ' erﬁé%@ﬁﬁn can B2 Wea s FAETREZE.
By transforming this straln with the polymer

15 synthesis-associated gene expression cassette by the above
transformation method, there can be constructed Yarrowia
lipolytica PHAl containing pSUT-PHAl and Yarrowia lipolytica
PHAZ containing pSUT-PHAZ.

As the host, Candida maltosa CHAl {S. Kawai et al., Agric.

20 Biol. Chem., Vol. 55, 59-65 (1991)] can also be used. By
transforming this strain with the polymer synthesis~associated
gene expression cassette by the above transformation method,
Candida maltosa CHAl containing pUTA-ORF23 can be constructed.

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

35 serves as a principal source of carbon. Referring to nutrients



9 Decenber 2003 14 be ligated upstreamof the S -end and wnstre f the
ERRsE AT

3" -end respectively in each of these structural genes. he
restriction enzynme site for linking the pronoter and terminator to the
structural gene, a PCR technique can be utilized. The prinmer sequences for
use in the PCR are shown in SEQ |ID NO 4% through NO 18. The conditions
menti oned above for the case (a) can be enployed as the consitions for
-the PCR As to the pronoter region, ALKlp with Pvull at 5 -end and EcoRI

at 3'-end ¢ 1 NO ; 16.usin SEQ.I D NO ,
6 as a terrplag?gE gﬁs%?ggkf%eéa{%gﬁ%%d#%eggri %rﬁ),ﬁ@%ﬁﬁl’ta H\}\??Jnuni‘—lic%’dﬁarlgﬁtngs'
_end. and EEBRYCEP of nikR@IeRN O Tgeaiar el tF Gimd SE@1 Drienlz rar iINQILLS

using SEQ | BobirZsaga B&M @l BredS The ERELYOGEQEn OB YECL O e W‘E%F(uﬁ g.
ng

2) prepared bglgndif iqg t.he .marker gene from Ura3 to "Adel usi | and
Candi da mal FoSTP AT e FEREM BPRE S 9421 i CB0bB55) S (B3 2 fekaki L vet
al ., Agrdc. 208 dlo. 40CEM Th¥0ku1%3va®9085t(4391) hot BYriigaiipgyALKIp to
the Pvull, .EcpRl 5l f scribed, i.n WD, 94/ .03613)_.and Kit to
the Hindl 1] %spl Cg%‘?g’ugfm%*ewpﬂ%%ﬁ%m‘bfﬁf‘it (FrgY t@?{ da¥she Tft%?ﬁ%ﬁ?&fed.
Then, by |i §BeiPRd YERE21GR he hRdeles tRst frai the girowpld&llll,s ¢héhplasitiute
pUAL- ORF2 (Lt8th 7thGanopeatoagtructed. Further, by ligating ORF3 to the
Ndel , Hi ndl || sitf%of UCNT- ALKIt [n the course of construction of pUAL1
and further |igatthghP PB?Sﬂﬂﬁﬁ?@??%hGﬁ%PeB§eédﬁcﬁédéé@ﬁﬁhﬁhxﬁiaﬁm%n, by
eﬁci s: rigp _Olfﬁszh umtgﬂgamspr, Oﬁfléif@érgilnﬂ ﬁmmlsster,eérrb.t _eﬁrm'swahﬁrfﬁﬁsft fatitdy f ][Om
t he plasm - g..Eco an igating it to the Pstl site o
pUTAL, pUTA?%%%’ (%Ei %‘gesﬂ goﬁgf?gégﬁ.a‘q tlé%gilﬁﬁ%n,kﬁfaégc‘?&%ﬁn@ﬁ@is'
upst ream préherercainde deadstaresredoiilnatocoastacilhi tpaflmooi pUthd @A% usi ng
Sall and  xernel oil, among others. As said fatty acids, there can be
mentionedsaturatedcn:unsaturatedfattyacidssuchem;hexanoic
15 acid, octanoic acid, decancic acid, lauric acid, oleic acid,
- palmitic acid, linoleic acid, linolenic acid, myristic acid,
efc., and derivatives of such fatty acids, e.g. their esters
and salts. The cultivation of Candida maltosa or Yarrowia

lipolytica, for instance, can be carried out using an oil or

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

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

30 The nitrogen source includes ammonia, ammonium salts such
as ammoniumchloride, ammonium sulfate, ammoniumphosphate, etc.,
peptone, meat extract, yeast extract and so on. BAs to said
inorganicsalts,therecxnlbeﬂentioned,forexample,potassium
phosphate, potassium diphosphate, magnesium phosphate,

35 magnesium sulfate and sodium chloride, etc.



ligating it to the Sall site of pUTA-ORF2, a plasm d pUT oL i-g. 9)
can be constructed. By the above procedure, there can beééoﬁg%?ﬁEéég a gene
expression cassette for the production of a copolyester of al kanoic acids
of the above general formula (1) in the yeast 9 Decenber 2003 15 Candi da
mal tosa. (4) Construction of a transformggnt |ntroduction of the polyner
synt hesi s-associ ated gene 5 expression cassette cloning vector into a
yeast can be carried out by the per se known nethod. Thus, the cal ci um

nmet hod [ Leder ber : l.._.J...Bacteriol, 119,. 107 1974)] or  the
el ectroporati on. .%Setoﬁggl% %gtr:rrgﬁ?tf’f ottbbe%o gaflgbmeégduﬁoélredz'B%ﬂoed{%m@?’ 1.
8. 4 . , 198@jnopgidppsiighices gtanibe, ehphoped.sekib@  ddmmsrdingl, proline,

transformat ep. Ki hnd SHcPamrsnEastcdr 86ke 1 YeRsE p1T ansf o yatd | tM Geno
Technol ogy), . cap, al sp_be utilized. Fd?lexanple,'YarrowggI?ﬁ%bﬁyfﬁgg'CXAU1

strain | T. Pigatepanide, Ragtothaniq spyid 39yd (10o8YIN an HeCused as the
host. By transfoImrichg drcs isdd af Rhei ikvdihiel §9) yRereaha cswplghesdariafsnci at ed
gene expresg%gqxgﬂgggt%gr%kiJgggmov h tragsfo%nat'on t hod, there can be
constructed Yarrow a - T7polytica PHAEoRtay [if ﬁrp%iﬁ@ 19538 Ve r G a

li pol ytica TPrA2 ebheni admigl eSlin RHAZCU Bsi véeldost T h€amdl dar eved tada iGHAT
[S. Kawai eteddri b i el | so
be used. By tJ?angﬁé%?ﬁshﬁ%@%tﬁuﬁ%fﬁg?hgegéojiey(?r%‘%féaé(gl%g%i)slse-cge?gosgi at ed

gene expr esdTBriacassert B By sitid Leslovat ¢ ¥ ansitdemeti oh tiet hoke andshdiath
mal t osa cCHAFremnitad AirygcpUTA; ORI 3008R she rC st £ ted €tkd 35t65in Ry td on of

o oL o iR TR e P cBrate e 2Rl e e 100 L0 o
containing the polyester, the cellular component is removed by
filtrationorthelikeandthepolyester isprecipitatedbyadding
a poor solvent, such as methanol, hexane or the like, to the

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

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

Furthermore, by the above-mentioned method which

25 comprisesconstructingarecombinant Yarrowia lipolyticastrain

containing the plasmid pSUT-PHAL or pSUT-PHAZ2 or a recombinant

Candida maltosa strain containing the plasmid pUTA-ORF23, for

instance, and growing either strain, said copolyester
P(3HB-co-3HHE) resulting from the copolymerization of

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

EXAMPLES

35 The following examples illustrate the present invention



obtai ned by growi ng the transformant of the invention r i of a
pol yester by cultivation of a 30 transformant of the |nv§%%¥§ﬁggggb%£
carried out in the following manner. The carbon source for use in this
cultivation may be any substance that the yeast is able to assimlate.
Furthernore, when the expression of thegronoter is inductive, an inducer
can be added as needed. There are cases In which the inducer 35 serves as a
princi pal source of carbon. Referring to nutrients 9 Decenber 2003 16 ot her

t han the catho [ r..sour Lum cont n|n urc

ni trogen, |%§r€%§€%ééa c%'sa‘l::tlnd g? §}16¥§ CE NGy i q5§§fgﬁﬁtb5he
utilized. Thecboithyatdame pénpey ahuestiay bebyand euepalsadelfm@di bwhtkbs¢ hat
strain can grawphdt is preferably 5 20Cto 40 C. The cultivation tinme is

not particularly restricted but may range fromabout 1 day to 7 days.
Thereafter, the polyester can be harvested fromthe grown cells or the

cul LuLed5 br(thainbmé (Dbt aﬁ’d@%stﬁ}.e M@%bﬁﬁltﬁ%dﬂt@ﬁ CRhde ulsed i 30} udes
car bohy rat as ucose cero rose,, €tc., oils and fats,
fatty aC|d 8 gﬁvﬁ—ggiaiiﬂﬂézghé—tﬁéslPﬁ%g thr ibofts and fats,
there can be usedAsa@ebE@mtemIsynxkﬁnmﬂ aidqcipaiad @inzyaed gpakm tkerpeh oil,
th t e turated or
among ot her g né\ﬁageldﬂ%{@(gxﬁe | 116 21 £ G MEDLL aned salur 8l odl

unsaturated fatty act xanoi ¢ 1 oi c
aci d, |auri@8ndcii) -pfilibeianoyipdlafi hivdradege venel &teadciSEQ IPNSD el ¢

aci d, ﬁuflShhﬁcﬁcégnvef%&tenéyﬁidgﬂ'¥ﬁ§h¥%§rﬂgd§gﬁg { Rt Q§Lg§1d§t?onth6ir

esters and_s h | tivation of Candid tosa or arromﬁa

olytica, fof? g ¥Pdnce? ?1%%?%%%9%%mpﬂut GG - CoP 26 -1 Bukad the

car bon sour aé, y mw&mmml@g}ymtm clogannat, assiisi kabespilsenad
fats at ally, 8cannot assiml|ate themwth good eff|C|ency, the efficiency

can be |nprove by adding |ipase
When Candlida maltosa was used as the host

15 As polyester synthesis-associated enzyme gene, this gene
was constructed with reference to the amino acid sequences of

Aeromonas caviae-derived PHA synthase and (R)-specific

enoyl-CoA hydratase which converts enoyl-CoA, an intermediate
in the B-oxidation pathway, to the monomeric

20 (R} -3-hydroxyacyl-CoA [T. Fukui et al., FEMS Microbiology
Letters, Vol. 170, 69-75 (1999)].

Candida maltosa is a yeast which translates the CTG codon

toserine, nottoleucine. Therefore, foruseinCandidamaltosa,

CTG was not assigned to the leucine-specifying codon. As the
25 codon corresponding to each amino acid, the codon with the high

frequencyofusageinCandidamaltosawaspreferentiallyselected.

For information on the frequency of usage of each codon, Klaus
Wolf: Nonconventional Yeast in Biotechnology (published by
Springer) was consulted. Specifically, ATG and TGG were

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

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




to the nmedium Mreover, by transform ng the |ipase gene n ‘
oil-assimlating function can be inparted. 25 Moreover, %?%ﬁgrin%r?é)opatty
acid or n-paraffin having an odd nunber of carbon atons as the carbon
source, the proportion of the odd-nunber conmponent of the carbon chain can
be increased in the copolyester of 3-hydyoxyal kanoic acids of the above
general fornmula (1). 30 The nitrogen source includes ammonia, anmmoni um
salts such as ammoni um chl ori de, amoni um sul fate, ammoni um phosphat e,

Phor gant o sarr i ERb1 SLIAEL soXETEL Y L SOA TR i 2By AR hbha o,
pot assi um dPRpRoSpRat B Dy resiuangosyhdeeor@B agpngaeseem satké atedafited odi um
chloride, ete ArPessabetc 2005 ddt A% PF NI MU ARNLE,S tu*%%lhea%aeugﬁ. As

ment i oned, fBr ex | e, amno acids,” such as glycine, alanine, ‘serine,
threoni ne, pPGl FASIICEFRECIERING| AR WS Gt and @TRanPRtBICfvWhaGh B2,
biotin, 5 n} ueeamma,;w?fﬁm@wc%biam epe ﬁé%ifﬁedigo;@?r,
practice o ne i ti the follTow ng techniqu can, be used. for
har vest i ng thﬁgoﬁés néi(r)gﬁrowrr‘?]f%élsger fF cefis. A%’FEE‘?,S%H%‘?"%%W%H% of
cul tivati oncothase AGQr ECBrand TCS, séhtaf Wuged avd bseantn DNagee doesepar at e
the cells apg¢ abp I fitd distil .er, t r the
A Sl MR e Dl R ol VBT o oS

l'i ke and dri ed: e pol yester is éxtract 0 an
organi c solGERt USEEhAisSEHE or forthe PreminR-sPeEdANiaIsepdens  sal Lit¢dn

contai mag the pokyespendihbeceabhyl REreonpanentdi soremmvedpyndiltration

or the like_and the polyester is eci pitatedby addin a_poor sol vent,
Such as mot FARGP  RELARECOF VR GIH6EE 1 BUChA R8I ACy 81 1Ak BRICEMOVRI of

t he super nataat iyyDRA|saoutenare soo £ 2Zeeninarfasggabvoae, thee cpriedl pl ¢@ttedacT,
BS' é::t er iacarigd And rers%%%\ﬁ%rv%q.'y,T%itlléui'Teb&lgg et PUYSTLE. | Bsanal yzed

alanine-specifying codons, GCC, GCG and GCA, all of which are

15 used in DNA sequences of Reromonas caviae, were modified to GCT,

GCC and GCT respectively, while GCT was used as such. As the

tyrosine-specifying codons, TAT and TAC were assigned
alternatively as the tyrosine-specifying codons as used in DNA
sequences of Aeromonas caviae. As stop codons, TAA was used.
20 As the histidine-specifying codons, CAT and CAC were assigned
alternatively as the histidine-specifying codons as used in DNA

sequences of Aeromonas caviae. As the glutamine-specifying

codons, all of the corresponding codons were modified to CAA.
AAT and AAC were assigned alternatively to the corresponding
25 asparagine-specifyingcodons. Asthelysine~specifyingcodons,
all of the corresponding codons were modified to BARA. As the
asparic acid-specifying codons, all of the corresponding codons
were modified to GAT. As the glutamic acid-specifying codons,
all of the corresponding codons were modified to GAA. As the
30 cysteine-specifyingcodons, all of the corresponding codons were
modified to TGT. As the arginine-specifying codons, all of the
corresponding codons were modified to AGA. As the
glycine-specifying codons, all of the corresponding codons were
modified to GGT. 1In Aeromonas caviae-derived PHA synthase DNA

35 sequence, two T nucleotides (at No. 969 and at No. 1449) were




chr omat ogr aphy or nucl ear nmagneti c resonance spectronetr% for Eﬁ%gnce
20 The nethod of producing a pol yester according to the d? s&aher ntion,
constituted as above, is capable of producing a copolyester of

3- hydr oxyal kanoi ¢ aci ds of the above general fornula (1) with good
productivity. Furthernore, by the above-yjyenti oned nmet hod which 25 conpri ses
constructing a reconbinant Yarrowia lipolytica strain containing the

pl asm d pSUT- PHAl or ~pSUT-PHA2 or a reconbi nant Candlda mal tosa strain
cont ai ni ng UTA-CRF23 for__instanc rowi ng either
strain, sai %‘gcopo yes ﬁ:ﬁ%tcoo cﬁ-rﬁtrruecrs]hltt"fon RS - co%ﬁjr’?r‘ﬁﬁ?lz%tl on
of 30 3- hydﬁ@ﬁ?@ﬂ@?rSbra@tuerWahenaboahaggaérhy tbeﬂﬂlﬁuﬁéhlﬁumhons

3- hydr oxyhexanoipg;aci g l roduced.
EXAVPLES 35 The Tof |%v[§pgyﬁg§3§@%\eé§eu FOSES: s {%6 Lo TR pap Pl OF
Decenber 206§°i§ ?ﬂﬁf%ﬁ4¥é;aﬁﬁﬁﬂ%qe (PRESHOGER, I%éﬁk#@rWEBe anderdioody t hat

the techni dabisnepe @ﬁdtﬂagse@vmt tl@@sé Ss@&u@ﬁagganéRﬂﬁféMdoI@’3 tJ@Vi@
the3|s assocl at ed genes en

exanpl es. )

Yarrow a |IpéPy?n§%€Mé L t%gﬁi %%%%SAS pol yest er syntheS|s aSSOCIated
enzynme gene, the PHA synthase gene (phaC, SEQ ID NO 1) derived from

Aer onpbnas ¢ ngly ( %gq@ V. r.at,as ene SEQ ID
NG 2) 10 mﬁ%hgﬁgﬁge?% s%eor?o Ej& O%aﬁﬂfn‘;{ er%néédlﬂy Jtqj %ta %’)?i d&u on

pat hway, tor?ﬁ%m%ﬁﬁ%ﬂﬁrﬁEr§¥§ 3- hydr oxyacyl - CoA [T. FUKUI et al ., FEMB

M cr obixd OgYaLeWh@ﬂiSYaﬁ/@&wuilep@ﬁy’ZiSc& 1999) lis¥gr &s 8€GhodP) When Candi da
mal t osa was used s, %

at the above genes may be expressed in Yarrowia
lipolytica, the Yarrowia lipolytica AlK3 gene promoter ALK3p
(SEQ ID NO:5) (GenBank AB010390) was ligated upstream of the
5' end of each gene. The restriction enzyme sites necessary

15 for linking the promoter to the structural gene were prepared
by PCR. The primer sequences used in PCR are shown in SEQ ID
NO:8 through NO:14. PCR was carried out in 25 cycles of 94 °C
x 1 min., 55 °C % 2 min., 72 C x 3 min. for amplification of
the particular gene fragment. The polymerase used was Takara

20 Shuzo's ExTag. Regarding the promoter region, ALK3X with Xbal
at 5'-end and Ndel at 3'-end and ALK3S with SacII at 5'-end and
Ndel at 3'-end were prepared from SEQ ID NO:8 and SEQ ID NO:9
or SEQ ID NO:S and SEQ ID NO:10 respectively, using SEQ ID NO:5
as a template.

25 As regards phaC, an about 100 bp-fragment with NdeI at
5>'-end and PstI at 3'-end was prepared from SEQ ID NO:11 and
SEQ ID NO:12 using SEQ ID NO:1 as a template. To this fragment
was ligated the remaining PstI-BamHI fragment sized about 1700
bp to construct the full-length phaC with Ndel at 5'-end and

3¢ BamHI at 3'-end. As to phad, phaJ fragment with NdeI at 5'-end
and Kpnl at 3'-end was prepared from SEQ IDNO:13 and NQ:14 using
SEQ ID NO:2 as a template.

As to the vector, the plasmid pSUTS5 (Fig. 1, SEQ ID NO:19}
and the plasmid pSUT6 prepared by changing the Ndel site of pSUTS

35 to an Xbal site by using a linker DNA shown in SEQ ID NO:20 were



15 As polyester synthesis-associated enzyme gene, this g?r@e NBSr 2003
constructed with reference to the am no acid sequences 0 A&t ONDAAS

cavi ae-derived PHA synthase and (R)-specific enoyl-CoA hydratase which
converts enoyl -CoA, an internediate in the 8-oxidation pathway, to the
nmononeric 20 (R)-3-hydroxyacyl-CoA [T. Eukui et al., FEVMS M crobi ol ogy
Letters, Vol. 170, 69-75 (1999)]. Candida naltosa is a yeast which

transl ates the CTG codon to serine, not to |eucine. Therefore, for use in

Candi danmal t a ned to the_|euci ne-speci ng codon
the 25 codoglscegr r ((a:%r c;cvr{\% ’ﬁ'd%bci fgwn%rﬁlrj&? a8Fg4Ls t@%Béo‘H‘%\n%‘?vtehTéSWQh
f requencyof Pi&3geand p@aﬂjwdaermiqmai wascpnef enentilad by asealidchsur-piray
i nformation th yfre of do Kl.au |, f
Nonconvent i o?igl Ygast ﬂHPB&%t 'ec ogy ({ﬁﬁg‘? eorae Biylg%prclfntgoqu)h%s
consul ted. BPeEiciLeRiprg, SAW@BW:T&HW& @fmsﬁﬁélm@@msdimm a plasnid

nmet hi oni me- @geq'l-fpmug gona and the tryphtophan- speC| fyl ng codons,

respectively. TTT F‘ assj gggd alternately to
phenyl al ani ne- specif rn r@‘BdB}ﬁ% p {“‘Iilewléﬂécﬁ’%‘zsp@éﬁ%q RpOBME, CTC and
CTG bot h oHowhistlreaar eensédator DNArs espuenses f AAenhefdndsngayhats Meae

dified 35 il T t JTA and. TTG,
such. o Decihad H9905ME R ThETE SHELET AP & ehoPLaamd PR ERa T Ara
both of whi &R CaRretHseHd ai Pl DNALS @FIETEER 20f Frer cfrinna§nc‘emamanmme twdi fi ed

to ATT sand AlGdkesp 4 i Add i Nas ed, Afr -G
val i ne- speci f%\%ng ng{) éshf’idC/E’TCfawgn(%F%ETA * bot #%f qj\/\hl ch alrle éau%éﬁf n%
r

sequences of'€ ﬂﬂﬁﬁguEE@fiae BY\dih® ROQivEi BIOCEIBTE, awhiene CHEYemeiGIT
were used asasuehte%ﬁjﬂ%&ﬂtiﬂ@asmcﬂyéﬂger 6 0RNSd a1 ARG I LG al |

of which ar ed ences @ero nas_c . were dified to
Ter i1 o BEE S b e Ve SR LRV PR a8 it A Tt [ hep
codons, all Wap constructed. The overall construction diagram is shown in
i5 Fig. 10.
As the host, Yarrowia lipolytica CXAUl strain (T. Iida
et al., Yeast, 14, 1387-1397 (1998)) was used. For the

introduction of the constructed plasmid into the host, Fast

Track™-Yeast Transformation Kitgy (Geno Technology) was used.
20 Transformation was carried out in accordance with the protocol
andusingaselectionplate {(0.67w/v%yeastnitrogenbasewithout
amino acid, 2 w/v % glucose, 24 mg/L adenine hydrochloride, 2

w/v % agar), a recombinant strain was obtained.

{b) When Candida maltosa was used as the host
25 In order that said ORF2 and ORF3 could be expressed in
Candida maltosa, the Candida maltosa AlK1l gene promoter ALKlp
(SEQ ID NO: 6, GenBank D00481) was ligated upstream of the 5'-end
of each gene and the Candida maltosa AlKl gene terminator ALK1t
(SEQ ID NO:7) was ligated downstream of the 3'-end. PCR was

30 | used for the preparation of the restriction enzyme sites

necessary for ligating the promoter and terminator to the
structural gene. The primer sequences used for PCR are shown
in SEQ ID NO:15 through NO:18. The PCR was carried out in 25
cycles of 94 C x 1 min., 55 °C x 2 min., 72 C x 3 min. for
35 amplification of the particular gene fragment. The polymerase



10 the corresponding codons were nodified to CCA As thegp..omber 2003

t hr eoni ne- - speci fyi ng codons, ACC, ACG and ACA, all of which™are “used |_n

DNA sequences of Aerononas caviae, were-nodified to ACT, ACC and ACC .

respectively, while ATC was used as such. As the al anine-specifying _

codons, GCC, GCG and GCA, all of which are 15 used in DNA sequences of

Aer ononas cavi ae, were nodified to GCT, 22GCC and CCT respectively, -while

GCT was used as such. -As the tyrosine-specifying codons, TAT and TAC wer e

assigned alternatively as the tyrosine-specifying codons as used in DNA

sequences ofseabresvhesaashaec ' A%:Etep. ngogf@th@%ﬁc%@é&sfg 168 A3, I{ '
ne g f’ as

hi stidi ne- pag{ oyl g Goqdensg,, CAT japd CAC were_assi g rnafive
t he hi sti di_ne-speci fyq-' 3 %(rj‘ons s "t d® F n° DR e ericaiar 19d Aaramniigs

cavi ae.. As tth&0giLat éWn@sb@m#mm@E@mdone 6add Dlechpeatarr egpONIivIYL
codons - wer ezgrdirfd @d: R qGAR, r i ned lternatively to
t he corres qndlnfg 25 aspar agi %gﬁl-{s:g"gg? Vi n\éﬁaclg{c}aﬁg Yhsend and Ecorv at

t hel ysi ne-

tOdAAA As NChe/ EES@w&rﬁpm& Sm@tilflwyn?atgogﬁ)@%e éJrSOftot'Pﬁlggr 0”9':1 I
codons . wer, utam ¢ aci d- Speci |ng a
of the cor r(%sg [ n?c%&oﬁg%ﬁ ﬁg‘@lr Bare grsesArURY Ftl‘heogdtuma et al. ‘
cyst ei ne- specPigilagCedonsVoll 127, Bbeseansespondiang. Ml&%%%&l di fied

to TGT.. As Ml i f ons, ;all ;of the correspon codons
Al %h%p%to"ﬁopﬂ%“%ci BEBIPTRIdTsod6ReRE (BRhe :

wer e rmdlfledto AGA, Cli Nné-<s
correspondkﬁ‘é‘ijé&@dﬁ%_@@i% ?Emﬁndmmmn&semMIa@mGQlo\!ed PHA

synt hase Dia §8C$9qammqm1‘pllwqﬂ nugj Q/@Hi&?%s( GBtQQn Jq{]ov\d'a%@plﬁi 49)

were 9 Dec so as to cons

fi
Ani no ‘aci d seque%ce s?? 31[.'1‘? \)ﬁ’sAﬁiﬁt Eﬁéﬁ%@ﬂ%é@l_tmm Igan.e :
Thus, PHAs}AERad® ¥enél(ORERBRaSEQDLDSNG) 3)p@.‘nﬂl(vﬁas SPEStEIELENGY! -CoA

hydrat ase. Q%ﬁl@vﬁ.%FﬁRA§E&ﬂQ% )pU%rl WJ_%%O{(IdloT add ligating the ADE1
gene fragment as excised with SalrT. _ ,

ALKlp was ligated to the PvuII, EcoRI site of pUCNT
(descrlbed in WO94/03613) and ALKLt was ligated to the HindIIg,
SspI 51te of the pUCNT to construct PUAL]1 (Fig. 6). Then, ORF2
_was ligated to the NdeT, . PstI siteof pUAL1 to construct a plasmid
PUAL-ORF2 (Fig. 7). Moreover, in the course of construction
of pUALL, ORF3was ligated to the NdeI, HindIIIsite of pUCNT~ALK1
and further, ALKlp was ligated to construct pUAL-ORF3 (Fig.
8) .

Then, the ORF2, upstream promoter and downstream
terminator were excised as a unit from the plasmid pUAL-QRF2
using EcoT221 and llgatedl to the PstI site of pUTAL to construct
PUTA-ORF2. Furthermore, using Sall, ORF3, the upstream
promoter. and downstream terminator were excised as a unit from
PUAL-ORF3 and ligated to the Sall site of PUTA-ORF2 to construct B
a plasmid pUTA-ORF23 (Fig. 9). By the above procedure, a-gene
expression cassette for producing a copolyester of
3-hydroxyalkanoic acids of the above general formula (1) was
constructed in the yeast Candida maltosa. The overall
gonstruction diagram is shown in Fig. 11.

As the host, Candida maltosa CHAL (S. Kawai et al., Agric.

wﬁ&c&&@p?@redalflroﬁf SEQeIBON® el;bomduirt@:clﬁmn@rﬁ:qu_} fied



5 designed, and based on these sequences, ORF2 and CRFS K %60;5 cted by
total synthesis. (Exanple 2) Construction of a reconbina 5?5‘ nd a
reconbi nant strain 10 (a) Wen Yarrowi a |ipolytica was used as the host In

order that the above genes nay be expressed in Yarrowia 1|i of tica, the
Yarrow a- | i polytica ALK3 gene pronoter 3p (SEQ I D NO 5) (GenBank
AB010390) was |igated upstream of the end of each gene. The restriction

enzyme sites necessary 15 for linking the pronoter to the structural gene

wer e prepar q e ces used in PCR are shown in SEQ I D
NO 8 thr ougﬁq% ]szleHPCR& Sp%éargﬁegg ﬂ]t T oagesed: of g4 rtrgductkion 55
C x 2 min., of2tBexplamihd €onsanpttédcahtontloé hcbﬁe PB4t CTH &k PgeNeast

fragnent. T u k o' ExTa Regardi ng t he
pr o?mt er re@?gﬁgk%gﬁ%%(\?\nn EE%\A@%G}% g %hglg&%g% N&gl 3?8 -gnd ang ALK3S

with Sacil AaraBsiosRgthpd waglerrafed oehdnwereoprapaeet tir GireSEQEEENO 8
and SEQ3 D Nﬁ}ju%ln@ra sﬁ@é@&%lgtég@ %EQ/‘\}& Q‘Qas%%ﬁ:%g%@tdaf Wit AR SEQ
r

IDNOS5 as_a.te acibe regar bout agnment with
Ndel at 5' 2BAHC st /5% 331 %%‘%C-’epraPéoPWb%ﬁthQ v A0 5 12038 SEQ
I D NO 12 usi ngcSEQLh&nNGsirasn awsenpboienedo this fragnent was |igated
the remai ning Pstl-BanH fragnent sized about 1700 bp to construct the
full-length phaC with Ndel at 5 -end and 30 BanH at 3' -end. As to phald,
phad fragmsdEXW“Phe Nle| Padgctdpgn afdP KB - et—BH e nd inas a prepamteth4niom SEQ

I D NO 183 ardrAs, @ﬂ g§j_~ﬂgwl§EQL D 2zas a tenplate. As to the vector,
the plasm d pSUT5 and the plasm d pSUT6 prepar ed

by changing the gFPB‘bEJPaB‘SlS“FB:alS? (?%) Yanrewap inod i caseonrf aihinker
DNA shown i hhSEth@ni\d@s Ztismep%tﬁe@@ﬂilebn@@%U@lPHAZ were cultured in

the following manner. As the preculture medium, YPD medium (1
w/v % yeast-extract, 2 w/v & Bacto-Pepton, 2 w/v % glucose) was
15 used. As the polyester production medium, 1/4 YP medium (0.25
w/v % yeast extract, 0.5w/v $ Bacto-Pepton) and 2 mineral medium
(0.7 w/v % KHpPO4, 1.3 w/v $ (NH,),HPO,, 0.5 w/v % Pro—Ex AP-12
(Banshu Condiment), 0.04 w/v % adenine, 1 ppm thiamine
hydrochloride, 1 v/v % trace metal salt solution {as dissolved
20  in 0.1 N-HC1, 8 w/v % MgSOQ,*7H;0, 0.6 w/v $ ZnS0,-7H,0, 0.9 w/v &
FeS04-7TH20, 0.05 w/v % CuSO4-5H0, 0.1 w/v $ MnS0,- 6-7H,0, 1 w/v &
NaCl)} supplemented with 2 w/v % palm oil was used.
A 500-ml Sakaguchi flask containing 100 ml of the
preculture medium was inoculated with 100 z 1 of a glycerol stock
25 of each recombinant strain and after 20 hours of culture, a 2-L
Sakaguchi flask containing 500 mL of the production medium was
inoculated with the preculture at the 1 v/v % level. The
inoculated flask was incubated at the cultivation temperature
of 30 °C and the shaking speed of 120 rpm. The cultivation time
30 was 24 hours for the YPD medium and 72 hours for the mineral
medium. After autoclaving, the culture broth was centrifuged
to harvest cells, which were then washed with methanol and
lyophilized. The dry cells were weighed.
The dry cells thus obtained were crushed and extracted

35 with 100 ml of chloroform added under stirring ocvernight. The



used. To the multicloning site Sacll, Kpnl of the above S and

phal were ligated to construct the plasmd pSUT-phal gg””@Tbe?
ALK3X and phaC were ligated to the multicloning site Xbal BanHT of pSUT5
to construct a plasmd 5 pSUT-PHAI (Fig. 4). Then, fron1the pl asm d

pSUT- phad, ALK3S, phaJ and domnstrean1tern1nator were excised as a unit
using Sacil and Xbal and ligated to t hé? Sacll, Xbal site of plasmd

pSUT- PHA1 to construct a plasm d pSUT- PHA2 (Fig 5 . In this manner, two
10 ki nds of g ds for_reconbi pation, pSUT-PHAI and pSUT- PHA2, were
construct ed® wﬁﬁogéIE?B%QdEPere%Qﬁ%n%e%%ﬁr@%@l%he EhbERRER Yoy

Frodurin? ?conpehyeatedinf13t@ynmmfﬁabbaéﬁapoaét65 ofo tthe @%@&@n@@@@éa|ll
ormula (1 Yar.row a | i tica nstructe e overa
nh; a0t by B Rg ALY FBCTbEra e pow whie

construction agram’is Shown in
li pol ytica @XAQEl§ﬂraln (T. lida et al., YEast 14, 1387-1397 (1998)) was

used. ‘Fog the ingsogusiion fl &bet§9nﬁé£é¢g%ﬁ%5$$ﬁ§§ﬁg LA 1he Oged . Fast

Track''-Yeast Transformation KitsM was use
Tr ansf or mat PBR2WASAcHeF¢ efidag S0P ack rfdanddwwiichathd-pethovol mantunsi ng a

sel ecti onpl ats: eemznwlyo@/o,y@a@tf ah%eg%a?ﬁsgnw thgtly QO MOh@CiKbatedV VvV %
gl ucose, gg&#%Qge 4§Hg | ori de wyv % a gar), a_ reconbi nant
strain mas 8 ; H %ﬁﬁﬁhohﬁﬁfﬁ§§“ﬁ@§lﬁ?é&eésd?ﬁ@mﬁb%%t?%nIn
order that BapducRE@ﬂand-eaﬁarcouhﬂteecﬂxnmﬂsﬁeﬂ i3ng Gasdddanneydosgen t he
Candi day grel £988ARKE 980 QAOACESE A zSaEt%rP NG, ‘éhlgmggngd&@&“fl)

was |igated upstrean1o t he -end each géne an
ALK1 gene tBf®ibfhicopgort e fige wdm@emlwtasra Vaacelrdedmd theash Dfrethe

3' -end- PCRrwas 2% dsedofea B}h@eﬁﬂ:@@@ﬁ i hgnad thieo Fest ¢ GbhQRneNZY e, Sites
necessary f or termnator to the structural gene.

atin é ro
The pri ner SEGUE%E%Eag% da?@ ?@ fFbwromposition by capillary gas
chromatography. The gas chromatographusedwas Shimadzu GC-17A

15 and the capillary column used was GL Science's NEUTRA BOND-1
{columnlength25m, columnin. dia. 0.25mm, liquidfilmthickness
0.4 um). As to temperature conditions, the temperature was
increased from the initial level of 100 °C at the rate of 8 C
/min. The obtained results of analysis are shown in Table 1

20 andthechartofasample (3) isgiveninFig. 12. TheNMRanalysis
(JEOL,JNM~EX400)andIRanalysis(ShimadzuCorporation,DR—800)
of the hexane-insoluble fraction obtainedwere also carried out.
As an example, the result on a sample (6) are shown in Figs.
13 and 14, respectively.

25
Table 1 Culture and analysis result
Sample Medium Strain Weight  Amount of 3HH

ofcells polymer Composition
{g/L) accumulated (mol %)
(wt %)
(1) 1/4 YP Control 3.56 8.9x107%
(2) PHA] 3.65 1.9x107¢
{(3) PHAZ 3.43 2.6x1071% 15 {GC)
(4) Mineral Control 0.15 6.7x1072
(5) PHA1 0.19 1.4x1071
(6) PHA2 0.17 1.8 27 (NMR)

It is apparent from the above results that the copolyester



in SEQ.1D NG 15 through NGO 18. The PCR was carried out i of 94
Cx1lmn., 55 Cx 2 mn., 72 Cx 3 mn. for 35 amlificgtlfegﬁm§¥P%(ﬁ§ '
particul ar gene fragnent. The pol ynerase 9 Decenber 2003 22 used was Takara
Shuzo's ExTaq. As to the pronoter region, ALKIp wth Pvull at 5 -end and
EcoRI at 3' -end was prepared from SEQ 44§ NO 15 and NO 16 using SEQ ID
NO 6 as a tenplate. As to the termnator region, ALKIt with Hnd |1l at

5" -end and EcoRV at 3'--end was prepared from SEQ ID NO 17 and NO 18

using SEQ ID ANg7.-.3s e te.  Finnal ly S the v ors to ich ORF2
and ORF3 wer_((a to %g ??%Lt‘g%f %teh rrgd\?\l%regﬁ gae%ﬁ'@{}%l_edgﬁﬁﬁﬁ ggi’aﬁﬂ&,a J.
Bi ol . Chem 1iyelytgg. 3948-3953 (1998) ] which is obtained by'ligating

the autonombusly repkhgatidy AAGENae { ARD ool yreand t 0BRo L GeNBANK
D29758) and URA3, gene ( GenBank pL2r20) 1o Euci’é“%ngbg%%%B( F?IS?&%? e

i s obt ai ned®by™Addi PIPRGTL he FiFKER2§EnetPPom Ura3 to Adel using Candi da
mal t osa ADE1 gene (SEQ I D NO 21; GenBank D00855). pUTAI was constructed

by renovi ng ng,fr U wt and ligating the ADEl . gene
fragnent as (ggéﬁggg W t hlprrsgfﬂiﬁ#&]ﬂﬂ(loppm%w}% gat e‘JEﬁ b he® BV 9<e nr)csi te
of pUCNT (d&seihbed Canwdda/Ba3st8¥aand ALKIt was ligated to the HindlIl,

Sspl site of the pMENTJdRS i =2 .
ligated to e o S?{%{%Egéﬁ%ﬁﬁﬁgﬂqgﬁ%{&ggﬁ%lS%@&FZ

(Fig. 7). thigg%\‘i !P’L%Tﬁ*sitc;h’ép@%r—%F P et et edhn the FUAoM IngRE3N s -
li gat edid 0 RberiNd@hrechilmairlel med L en Oy NBEUGRE: wALKL 6 ARdy §¥reta@62rmi&&§@n was
ligated to gngtwrilﬁﬁoﬁup‘nlr’ O?F?églﬂﬁch S%H. Thcgn’tltageﬁ- ,__upstream .
pronmot er and-downst reant T &7 RRer eSS EY VAR SEERY Het FF asni d
pUAL- ORF2 BabfRg'AcdTF22ncnidwd s gaedd ts the pRdtyle stietrep o duyptfTAI hed canst r uct

YNBmediumsupplementedwithlw/v % casaminoacidsandcontaining,

as a source of carbon, O 2 w/v % palm oil, @ 2 w/v % coconut

15 o0il, @ 2 w/v $ tetradecane or @ 2 w/v % hexadecane.

A 500-ml Sakaguchi flask containing 50ml of the preculture
medium was inoculated with 100 g1 of a glycerol stock of each
strain and incubated for 20 hours. Then, a 2~L Sakaguchi flask
containing 500 mL of the production medium was inoculated with

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

25 lyophilized. The dry cells were weighed.

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

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

As a result, white precipitates were found in cultures
of the plasmid pUTA-ORF23-containing recombinant strain as
cultured using coconut o0il, tetradecane and hexadecane (Table

35 2). The results of NMR analysis (JEOL, JNM-EX400) of the



pUTA- ORF2. Furthernore, using Sall, ORF3, the upstream %%Dtgﬁ% ﬁ@ﬁ
downstreamterm nator were excised as a unit from pUAL- & g ted to
the Sall site of pUTA-ORF2 to construct a plasmd pUTA-ORF23 (Fig. 9) . By
t he above procedure, agene expression cassette for producing a copol yester
of 3-hydroxyal kanoi ¢ acids of the abovgsgener al formula (1) was
constructed in the yeast Candi da nmaltosa.” The overall construction diagram
is showmn in Fig. 11. As the host, Candida naltosa CHAT (S. Kawai et al.,
Agric. 9 De}%errber_ZOOB ég Biol. Chem_, Vol. 55, 59-65 (1991)) was used. For
i ntroduct i oS OFCTHES LIRS dreshdPh i el onithe ABS EUT FaSH Ipr GrKQVEaSt
Transf or matodh & ¢ sdhdwGenin Teahhw| Dgynd Wasg Usesl. Transformation was carri ed
out in accordance with the protocol 5 and using a selection plate (0.67

w v% yeast nitrogen base wthout amno acid, 2 wv % glucose, 24 ng/L of

hi stidine, P& 2 &gditure of recemvinamangt rtinaiwas obt ai ned. (Exanpl e 3)
Product isoonCafbdf 3dd8acee 3HH) Wesigrt @ econbl nagifymetd Strain of Yarrow a |i
of tica The reconbi nant strains of Yarrow a |lipolytica containing the

pl asni ds pSUI5, pSUT- - PHA1 ak®PSUTtPHA2 wer eqaimudradd®d n the fol | owi ng
manner. As phg,psecul ture nmedium, YPD medium (1 wy % yeast-extract, 2 wv
% Bact o- Pepton, 2 wv % glucose) was 15 used. As the polyester production
medi um 1/ 4CoFomeldiem (0.25 w Vi@t ¥yeast extract, 45 w v % Bact o- Pept on)
and a m ner étrr%gi um (0.7 wv %J(quZPm, 1.3 wv % (NH4) 2HPO4, 0.5 wWv %
Pro- Ex AP- 12° “{BansHI® Condi ment) ,* 08 04 w v % adeni de, 1 ppm t hi ani ne

hydr ochloor i glexadedvdye %o trace netal @alt solution (gs dissolved 20 in 0. 1
N-HCl, 8 W'V % MgS04— 7HZO0I 0. 6 W Vv % ZnSo47H20,—0—9w v % FeSO4 7H20,
0. 0O5wWv %CuSH - 5H20, 0. 1 wWvVv % MSH 6-7H20, 1 wv % Nad))

suppl enent ed wi t W@iya\ﬁ)p%r%{rfi)&ln MBS U869 results that the copolyester

P (3HB-co-3HH) can be produced by means of the yeast Candida
maltosa.

15

INDUSTRIAL APPLICABILITY
In accordance with the present invention, a copolyester
of 3-hydroxyalkanoic acids of the above general formula (1),
which is biodegradable and has good physical properties, can
20 be produced by using a yeast.



A 500- nl Sakaguchl f-ask cont ai ni ng 100 M. of the - precult i e n%gb¢5§ .
i noculated with 100 u 1 of a .glycerol stock 25 of each reconglnan strain
and after 20 hours of culture, a 2-L Sakaguchi flask containing 500 ni of
t he production nedlun1mas inocul ated with the preculture at the 1 v/iv %

| evel . The inoculated flask was i ncubated at the cultivation tenperature
of 30 C and the shaking speed of 120 rpgy The cultivation tine. 30 was 24
hours for the YPD nmedi um and 72 hours for the mineral nedium After

aut ocl aving, the culture broth was centrifuged to harvest cells, which
were then washed w th nethanol and |ypppysized. The dry cells were’

wei ghed. The dry cells thus obtained were crushed and extracted ..35 mnth

100 m of chl orof orm added under. stirring overnight. The 9 Decenber 2003 24_”

extract was fllteled.kctf&ﬁﬁmﬁxmﬁﬁts and the filtrate was concentrated to
1to2mM on an eﬁﬁ%?éfﬂoét tge co e was added 10 ml of hexane"
to precipitate.the hexanesr nsolu I%Pe I EXPAFS P asEeiie
hexane- |nsGPW@KéSﬂMMﬂP@mY%ﬂUSrsqbtheseé—we&ecadmedéﬂﬂymﬂgéﬁeEHBEWEdi

aci d- net han lebcgggg W ?35‘8135 y8e§)stan e§ rkﬁllillg gg? g@égqr%fuosr g\aan ;8 after sealing, -
f h ef—d%toﬂp .

heated at nut e$ ai’n osi.tion

pr oduct nethyl ester. After coollng 0.3 g of sodlunlhydrogen 10 carbonate -

was added for neu2rdwhﬁﬂﬂﬁahsf6kﬂéﬂﬁ3d@ébfﬁkkﬁiéﬂ @laff di isopropy
et her, and the n1?%ure redwith . a stirrer. This was followed by

centrifuging and he"organtc p?&ﬁ@éﬁFrlé§e?‘3¥%%}Y§€ﬁhFﬁ§€chﬂa5%%%??%@@ for
conp03|t|oﬁoﬁylemsrﬁzatyogasf Ehhpdnbmgaaphy01ih§cg@§<ﬁmﬁﬂﬁﬁE@ga@ﬂﬂngsed
was Shi nmad Bn@§h17éokﬁuﬁad &Ee capillary colum used was G. Science's
NEUTRA BON (colum Tength25m colum in. dia. 0.25mm liquid film
t hi ckness 0. 4 u m. As to tenperature conditions, the tenperature was

R

|
HO—CH-C—C—OH - (1)
. H, O -

in. the formula, R represents.an alkyl group.

3. The transformant according to Claim 1 or 2.
whereln the polyester is. copolyester P (3HB-co-3HH)
' resultlng from the copolymerization of 3- —hydroxybutyric acid

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

<|3H3
HO—CH—C-—~C—OH
5 (2)
- HO—CH—~C—C—OH (3)

H, O



increased fromthe initial level of 100 Cat the rate of 4 m€8
obtained results of .analysis are shown in Table 1 20 and % §§QEH§F % a
sanple (3) is given in Fig. 12. The NMR analysis (JEQ,, JNN@EX400)
andl Ranal ysi s :( Shi madzu. Cor por ati on, DR-800) -of the-hexane--insoluble
fracti on obtained were al-so carried out. As ‘an exanple, the result on a
sampl e (6) are shown in Figs. 13 and 128 respectively. 25 Table 1 Culture
and anal ysis result Wight Amount of 3HH Sanpl e Medi untrainof cells

pol ymer Conposition (g/L)accunulated (nol %9 (W % (1) 1/4

YPControl 3. 568. 9-10-2 (2)PHAI 3. 651. 9x 10-1 (3)PHA23. 432. 6x10-115 (GC) (4)

M neral Control 0. 156. 7x10-2 (5) PHAI 0. 191. 4x10-1 (6) PHA20. 171-827 (NWR) It is
apparent fromthe above results that the copol yester 9 Decenber 2003 25 P
(3HB-co-3HH) can be produced by neans of the yeast Yarrowia' |i of tica.
It was al so found that the polynmer occurred, though in a small amount, in
the yeast, too.

4. The transformant according to any of Claims 1 to. 3 A

wherein the yeast is Yarrowia lipolytica.

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

wherein a- polyester synthesis-associated enzyme gene
expre551on cassette comprises a promoter and.a terminator,

sauipromoterandsaldtermlnatorfunctlonlng1n¢1yeast.

6. The transformant according to Claim 5
wherein the promoter and terminator are derived from
Yarrowia lipolytica. | |

The



5 (Exanpl e 4) Production of P(3HB—co 3HH) with a reconbi ;éatﬂ ?h -
Candi da maltosa The reconbi nant strain of Candida naltos %(i? (gathe

pl asm d pUTAl or pUTA- ORF23was cultured in the following manner..- 10 As the
precul ture medium YNB nmedium (0. 67 wv % yeast nitrogen base vvithout )
ami no acid) suppl enented with 1 wv %casam no acids, and 2 wv %palmoil "
was used. As-the pol yester production nedi um  YNBnmedi unsuppl enent edwith ..
1w v % casamni no ‘acids and containing, as a source of carbon, Q 2 wWv %
palmoil, @ 2 wv. %coconut 15 oil, .(r) 2 v_v/v=%t~etradecane or (r) 2. wv

%hexadecane A 500-m .Sakaguchi flask cont ai ni n'g 50 m of the preculture

medi um was i noculzat edrﬂ\éttbra'lfgé)fd,hﬂ.arpé = RY tOek; he strain.and
i ncubated for 20 hours, Then, L Sakagu Cﬁﬁ{flg(zk cont aﬁ%lcng 500 mL of

the production ne‘d%“ﬁﬁ??z\ﬁéji%ﬁ?ﬂp%%ﬁ%@%IQ@e@ﬁéoﬁbM&&JMt he 10.
v/iv % | evelRLKGul ture was carried out at-the cultivation tenperature of 30 .
C and the shaking speed . of 120 rpmfor the cultivation tine of 72 hours .
The resulting culture broth was autocl aved and centrifuged to harvest
cells and the cél s Thestodrafocuaner ecomsding wie hcheihanobr asd 25

| yophi |ized. The dnyreeh! EnuCternPhohse 1 I fiyeGok] Snl us, gt i ned Weré

crushed an ex&rgct ed: wth oro orm ad rring
over ni ght . R\%asfllteredtorem)ve cells and the filtrate was .
concentrated to 1 to 2 nl- on an evaporator. To the concentrate 30 was added.

10 mM of hexane to precipitate the hexane-insoluble fraction. As a result, -

white precipitat@s-wePe flotards iarmaul t weesrdihda he atps dlaims t to 8

pUTA- ORF23- - cont r %ﬁg; co ut oil,
t etradecane and ﬁggggggaﬁggzg# %‘?M :%ge;gu g?é%k/%ql l;ne(JEO_

JNM EX400) *8f deRdVedDéeerpAeromonas caviae.

" 10.. The transformant according to any of Claims 1 to 8

wherein the polyester synthesis-associated enzyme gene

is & PHA synthase gene derived from Aeromonas caviae or a PHA
synthase gene and ‘(R)—specific' enoyl-ColA hy;dratase gené.

11- The transformant according to Claim i0

wherein said PHA synthase gene has the sequence represented
by SEQ ID NO: 1

and the (R)-specific enoyl—CéA hydratase gene has the
sequence represented by SEQ ID NO: 2



26 hexane;rhsofuble'ffaction obtained in the culture usi cac e % %I| are
shown in Table 2 and Fig. 15. Table 2 Culture of a reco | nant st 3?
Car bon source Wi ght of Polyner cells (g/L) accunul ated PaI moil 12.5 --

e

Coconut oil 10.3 ++ Tetradecane 4.4 + .10 Hexadecane 3.6 + It is apparent -

fromthe above results that the copdlye§§ P(3HB- co- 3HH) can be produced
by means of the yeast Candida maltosa. 15 | NDUSTRI AL, APPLI CABI LI TY In

accordance with the present invention, a copolyester ~ of - 3- hydr oxyal kanoi c

acids of the above gener aI farmul a (1) whi ch i's bi odegradabl e and has. .
good physical prapertffeBSthad °§0P5@dBFéHHcédPQ}Y@§fCﬁ§ asjagstheg Decenber
2003 27 CLAtn\ﬁs’lfon%taﬁftarmchfmﬁﬂig Maeraeim@ﬁ .cl£easd PN ki nd of gene
expressi on casseufh r|r5|sn% ester nt hes s-associ at ed-enzyne
gene has ‘been uce p e g§§ g ﬁ@l

The transformant aakdcbladwﬁzgttlogdaapmlyewberefnothheotgeel’ej:ngscwl’mnim.l yner.
resulting fromthe " copol ynerization of 3-hydroxyal kanoi ¢ aci ds of the :

fol |l ow ng general formJIa(l R HOCHGCGC--OH (1)
3 A polyester synthesis-associated enzyme gene

_ th.ch is modified from at least one gene code CTG to TTA,
~_’J{'TG CTT, CTC or CTA.

14 - . The polyester synthesis-associated enzyme gene
" according tdé Claim 13 ‘

- which codes for an enzyme derived from a bacterium.

15 . The polyester synthe51s associated” enzyme gene
according to Claim 14

wherein said bacterium is Aeromonas caviae.

16~ The polyester synthesis-associated enzyme gene -
acecording to Claim 15
wherein the enzyme gene derived from Aeromonas caviae is

 a PHA synthase gene or a (R)-specific enoyl-CoA hydratase gene.

17. The polyester synthesis-associated enzyme gene
- according to Claim 16 -
, . .Wherein said PHA synthase gene has the sequence represented
by SEQ ID NO:3. . '
i8. The polyester synthe51s assoc1ated enzyme gene
accordlng to Claim i6 .
wherein said (R)-specific enoyl-CoA hydratase gene has
the. sequence represented by SEQ ID NO:4.

M Genus Yarrowia. 2. -



festh

H2 0-in. the formula, R represents an al kyl group. 3. Thg[éranzfo t
I

according to Claiml or 2 wherein the polyester is. cop

(3HB-co--3HH)' resulting fromthe copol yneri zati on of - 3- hydroxybutyric acid

of the followng fornula (2) and 3-hydroxyhexanoi c acid of the
formula (3); CH3 (2 ) HOCHGCGGC-0OH H23®a Hf HO-CH-CCOH(3 )

foll owi ng
H2 0 9

Decenber 2003 28 4. The transformant according to any of Cains 1 to. 3
wherein the yeast is Yarrowia lipolytica. 5. The transfornmant according.

any of daim glo 4 wher hne@nR0laifst et Il b Bed 0t ond \anmyge gene

expression cassette conpri ses pronoter and.a term nator, said

pr onot er

and sai dther pobyesteunctywbhegiisrasyeaiatesl am@ymﬁam#m@namekébnalng

| of v k8 I8ERAe 3R BHEAPRE WO T I Lt BhSr or mant according (o

to

Claim5 or 6 wherein the pronoter is derived fromYarrowa |ipolytica 8 .

The transfornéﬂi according to @aimp or 8.

wherein at least one kind of gene expression cassette

according to claim 19 has been introduced into a yeast.

25 The transformant according to Claim 20

wherein the ﬁolyester is a copeolymer resulting from

copolymerization of 3—hydroxyalkanoic acids of the

following general formula (1):

0 —-C~C—0 1
H —Jﬂi %L 5 H (1)

in the formula, R represents an alkyl group.

22. The transformant according to Claim 20

or 21°

wherein the polyester is a copolyester P (3HB-

co-3HH)

.resﬁlting from copolymerization of 3-hydroxybutyric acid
of the folloWing formula (2) and 3-hydroxyhexanoic acid

of the following formula (3);

Iﬂ)r%ﬂf—C}-Ck"Cﬂi 2
. H;, O , ‘2)
P
HO-CH~C—C—O0H (3)
H, O
23. -The transformant according to any one

of Claims 20 to 22

wherein the yeast belongs to the genus of Candida.



wherein the termnator is derived from Yarrow a li:polyt%ﬁg XPEQ. é%. The
transformant according to any of Claims | to 8 wherein CHEFIPGLS

synt hesi.s-associ ated enzyne gene is derived from Aeronbnas cavi ae. 30. The
transformant according to any of Clains 1 to 8 wherein the polyester

synt hesi s-associ ated enzyne gene is a Bk synthase gene derived from

Aer ononas cavi ae or a PHA synthase gene and . (R)-specific enoyl - CoA

hydrat ase gene. 11. The transformant according to ClaimiO wherein said PHA
synt hase gene has the sequence represented by SEQ ID NO 1 and the

{R) -specific enayl - CoA hydrat ase gene has the- sequence represented by SEQ
ID NO 2 9 Decéftber 2003 30 The .tyensfhsmaitpregodiding $6l FestBr 45i ng
the transf S ac [ [ t ieh :

conpri ses. g%ﬂvﬁélgaftgf%rgng%gr ?fgnynlf%ggn?ﬁ%%s ien%léém%gl %%ri?r omthe
resul ti nghow ingeabn®rma pdkyest eknsyhehdsisnadstdicat eddt &meyr@eyehac which
is nodifi fr . at one gene code CIGto, TTA, TTG CIT, CIC or ~
CTA. A ?ﬁ)ceélepofgle?s égrdcglf/&?l%hesi s-associ ated enzynme gene according to Caim
13 which codes for an enzyne derived froma bacterium 15. The pol yester

synt hesi s-assocj.ated’ enzyne,gene__accqrdin 0.C aim 14 wher el ai d
bacteriumis A&Fononas cavi ad>ela-TaR| Oﬂ:&%éét ép.cos@r%ﬂﬁgsit?- gdsjg%iﬁnatzg’d
enzyme gemrez4according to Caiml1l5 wherein the enzynme gene derived from

Aeronbnas caviae is .
ﬁherein the yeast belongs to Candida maltosa.

26. The transformant according to any one
of Claims 20 to 24~
' ,wherein-the polyester synthesis—assoclated enzyme
gene expression cassette comprises'a promoter and a

terminator respectively functioning in a yeast.

27. The transformant according to Claim 26
wherein the promoter and terminator are derived from
Candida maltoesa.

.28, The transformant according to Claim pg
or </ '
wherein the promoter is derived from Cdndida maltosa

ALK1.

o9, The transformant according to any one
of Claims 26, to 26
wherein the terminator is derived from Candida
maltosa ALK1,

30. A method of producing a polyester using
the transformant according to any. one of Claims 20 to 2§

which comprises growing said transformant

and harvesting a polyester from the resulting culture,



a PHA synthase gene or a (R) -specific enoyl-CoA hydrat agéege’ﬁ]g.rez’l% The
pol yester synthesi s-associ ated enzyne gene according to e erein
said PHA synt hase gene has the sequence represented by SEQ ID NGO 3. 18. The
pol yester synthesis-associ ated enzynme gene according to Claim 16 wherein
said (R) -specific enoyl-CoA hydratase gene has the. sequence represented
by SEQ ID NGO 4. 9 Decenber 2003 30a A. lgene expressi on cassette
conprising the polyester synthesis-associated enzyme gene according to
any one of clainms 13 to 18. 20. A transformant wherein at |east one kind of
gene expression cassette accordi ng f&ARETH 19 has been introduced into a
yeast. 2t. The transformant according to Claim20 wherein the polyester is
a copol ynmer resulting fromcopolymerizatipn of 3-hydroxyal kanoi c_aci ds of
the following ge{n}é‘?gﬁ’r?%‘?%| “‘(%‘El‘f—? Felres d’%é@-??%)co G 5 the
formul a, R reprégentsraayatkgsigingpen2gmelhe miansdogamhsmaeicdeldi ng to :
QA ai m 2G; or ;211 YASL QiN of 6 PL ¥ e5LEFe < GO 7LD
.resulting }lrom copolayne(jr.l?ﬂ’lzatél)on of %%Iﬁey r%ﬁ%%%?ﬁ%@éggig?%%oﬁg%ﬁg 11 owi ng
formul a (2)28Ad23nalapexyheRbPdieingi d Polvehberovibhi hlgefatdudd $3)d; CHB

microorganism. More particularly, the present invention

relates toagenewhich functions inahost organismandisrelated

to synthesize, by an enzyme, a plastic-like polymer degradable

~ 10  under the action of microorganisms in the natural environment

{the scil, river or sea), a transformant derived from said host

organismby transformationwith said gene and having an improved

ability to fermentatively synthesize a plastic-like polymer,

and a method of producing a copolyester with the aid of said
15 transformant.



HOr-6-c -8 OH(2) Hz 0q .H” HO6HCC OH (3) H2 O 239 'Iék(\)gm%rr 0r mant
according to any one of Clains -20 to 22 wherein the yeaé% erehgs ™ to the
genus of Candida. 9 Decenber 2003 30b 24. The transformant according to
Claim 23 wherein the yeast belongs to the genus of Candi da show ng
abnormalities in the translation of tiig7genetic code for |eucine. 25. The

t ransfor t in claim23 or 24 wherein the yeast belongs to
Candida<ﬂgﬁ?d§§$ﬁ%gA ggbggpéﬁgygwnant according to any one of clainms 20 to
25 wherein the polyester synthesis-associated enzyne gene expression
cassette conprises a pronoter and a termnator respectively functioning in’

andt or ritas o RANSTRIRMORER T afly “RUEEHREL R SR BDUeniE R e et
accordiagfﬂﬁ g%ain126 or 27 wherein the pronoter is derived from Candi da

mal t osa 9. The transformant according to any one of Cains 26 ; to
-28 wherein the termnator is derived from Candi da

<130> T-618
<160> 21

<210> 1}
<211> 1785
<212> DNA

<213> Aeromonas caviae

<220>
<221> CDS

<222> 1..1785

<400> 1

atgagccaac catcttatgg ccegoetgttc  gaggecetgg cccactacaa tgacaagetg 60

ctggccatgg ccaaggecca gacagagege accgeccagg cgetgetgea gaccaatetg 120
gacgatcigg geocaggtget ggagcaggge agccagcaac cctggeaget gatccaggec 180

cagatgaact ggtggcagga tcagctcaag ctgatgeage acaccctgct caaaagegca 240
ggccagecga gegageeggt gatcacceccg gagegcageg atcgecgett caaggecgag 300
geetggageg aacaacccat  ctatgactac ctcaagcagt —cctacctget caccgccagg 360
caccigetgg ccteggtgga  tgecetggag ggegteccee agaagagecg ggageggetg 420
cgtttctica cccgecagta  cgtcaacgee atggecccca geaacttecot ggccaccaac 480
cccgagetge tcaagotgac  cctggagtce gacggecaga acctggtgeg cggactggce 540

ctcttggecg aggatctgga  gegeagegee gatcagetca  acatccgect gaccgacgaa 600



mal tosa ALK1. 30. A nethod of producing a pol yester usi ng the tr f or mant
£ e
s adale 52@@

according to any one of Clains20 to 29 which conprises

transformant and harvesting a polyester fromthe resulting culture. 9
Decenmber 2003 31 ABSTRACT The present invention relates to a gene coding
for a copolyester-synthesizing enzymg] 7a m croorgani smwhich 5 utilizes
said gene for the fernentative synthesis of a polyester, and a nethod of
produci AEFEECHEE YRR GFSSREL hegHtedcs oRaseicds niessaRtgrtnigsagegvbee 660

particul arl the present invention relates to a gene which functions in a
host or &&ﬁ?%tﬁtﬁnﬁg teaticy g1a@sCcess agtacreagaz 68SIRgSatR aaegensgtea pladtic-1i ke
pol yrrerﬁgge?gratdabl e 10 under the action of mcroorganisns in the natural

envi ron ABIEE nESSEOiirat CRIRERBIBE Wealcatle s (acAHEREEFrestREMStES ed 7BP om sai d

host organism by transformation with said gene and having an inproved
ability c?%é}? %Crcﬁe%%cé%\?gfy“@ﬁﬁgﬁcé’@i Q%ggéa‘ﬁ%\s‘%?t@l"?tgegiﬁﬂa?ﬁ%, a net hod

Decombereobgsts TRt FRLe ealsiohtschpdusirPenf e & aEramANT MAD NETHOD

O PROD NG BOL YESTERD WY Tldohdesab 03 2 Poc 80580 oaf 1 Bagdit 1580 85 <2122
‘ggcggeaceg ccetgteget cgecatggge tggetggegg cgeggegeca gaageagegg 1020 |
gitgcgeaccg ccaccetgtt  cactaccctg ctggacttet cccagecegg ggagcetigge 1080
atcttcatcc acgageccat catageggeg ctcgaggege aaaatgagge caagggcatc 1140
atggacggge gecageigge ggtctecttc agectgetge gggagaacag cotctactgg 1200
aactactaca tcgacagcta cctcaagggt cagagcccgg tggecttcga tctgetgecac 1260
tggaacageg acagcaccaa tgtggcggec aagacccaca acagectget gegeegtete 1320
tacctggaga accageotggt gaagggggag ctcaagatcc geaacacccg catcgatctc 1380
ggcaaggtga agacccctgt getgetggtg tcggeggtgg acgatcacat cgeectetgg 1440
cagggeacct ggcagggceat gaagctgiit ggcgpggage agegettect cctggeggag 1500
tccggecaca tegecggeat catcaaccecg ceggecgeca acaagtacgg cttetggeac 1560
dacggggccg aggoecgagag cccggagage tggctggcag gggcgacgea ccagggegge 1620
tcctggigge  ccgagatgat gggctitatc  cagaaccgtg acgaagggtc agageccgic 1680
cccgegeggg teceggagga agggetgpee cccgeccceg gecactatgt caaggtgegg 1740

ctcaaccccg  tgtttgectg cccaacagag gaggacgecg catga 1785

<210> 2
<211> 405
<212> DNA

<213> Aeromonas caviae

<220>



<220> <221> CDS <222> 1..1785 <400> 1 atgagccaac catctézﬁ g gcc ﬁﬂgttc'
gaggccctgg cccactacaa tgacaagctg 60 ctggccatgg ccaaggcc E% W CET e

cgc
accgcccagg cgctgctgca gaccaatctg 120 gacgatctgg gccaggtgct ggagcagggc
agccagcaac cctggcagct gatccaggcc 180 cagatgaact ggtggcagga tcagctcaag
ctgatgcagc acaccctgct caaaagcgca 2403/ggccagccga gcgagccggt gatcaccccg
gagcgcagcg atcgccgctt caaggccgag 300 gcctggagcg aacaacccat ctatgactac
ctcaagcéﬁ 1Eck §ctgct caccgccagg 360 cacctgctgg cctcggtgga tgccctggag
ggcgtccg&gzgg agagccg ggagcggctg 420 cgtttcttca cccgccagta cgtcaacgcc
at ggcccc gcad 4 cct ggccaccaac 480 cccgagctgc tcaagctgac cctggagtcc
gacggccaga acctggtgcg cggactggcc 540 ctcttggeccg aggatctgga gcgcagcgcc
gat cagct ca acat ccgcct gaccgacgaa 600 9 Decenber 2003 2/1 7 tccgcecttcg

agct cggggg,ggat ctggece ctgaccccgg gecgggt ggt gcagegeacc 660 gagctctatg
agctcattca gtacagcccg actaccgaga cggtgggcaa gacacctgtg720 ctgatagtgc

goct oot AgReE Rt R R N R GRRERE Bl st Socc

o 900
R e B R LA SELSHBRIE D0
Coacact By g LR BBl ECAREREE BRI R egie i Pt oo
acgagcc et 9eege st C%gg&g@tgaaég%%ggg%g g%%ge&%% QC%gg:aaatﬂﬂ)anggc

gccagctggc ggtctccttc agcctgctdc ggg tact gg aact act aca
t cgacageapectiict aRgYHt g6 G gg;g%ﬁegéggg@géc%tg%geg%?@g%% t gggacagceg
CctcC

acagcaccaa t gt ggcgggc aagacccaca acagcctgct gcgccgt t acct ggaga

accagct ggigegang gggaagaciaC gagat €t cJEaREBHes Jc st s@al Chécchs ggg@aggt ga
agaccccggt gctgctggtg tcggcggt gg acgatcacat cgccctctgg 14 cagggcacct

ggcagggeatsgangc togighc L gpgaguntagngsidtgd @mhggcggag 15Mbs tccggecaca
tcgccggcat cat caacccg ccggccgcca acaagtacgg cttctggcac 1560

<210>3
<211>1785
<212>DNA

<213>Artificial Sequence

<220>
<221>CDS

<222>1..1785

<400>3

atgictcaac catcttatgg tccattgttc gaagctttgg ctcattacaa tgataaattg 60
tiggctatgg ctaaagctca aaccgaaaga actgctcaag cctigttgca aactaacttg 120
gatgatttgg gtcaagtttt ggaacaaggt tctcaacaac catggcaatt gattcaaget 180
Caaatgaalt ggtggcaaga fcaattaaaa ttgatgcaac acactitgtt aaaatctgct 240
ggtcaaccat ctgaaccagt tattactcca gaaagatctg atagaagatt taaagctgaa 300
getiggtctg  aacaaccaat ttatgattac ttaaaacaat cctattigtt aactgctaga 360

catitgitgg  cttctgttga tgctttggaa ggtgtcccac aaaaatctag agaaagattg 420



aac CCg aggccgagag cccggagagc tggctggcag gggcgacgca c cqgc 20
tcc?gg?ggc ccgagatgat gggctttatc cagaaccgtg acgaagggtc aéi%%g@gg%ﬂigso
cccgcegeggg tcccggagga agggcet ggecc cccgecccccg gecact at gt caaggtgecgg 1740
ctcaaccccg tgtttgcctg cccaacagag gaggacgccg catga 1785 <210> 2 <211> 405
<212> DNA <213> Aeronpnas cavi ae <22Q%19 Decenber 2003 3/1 7 <221> CDS
<222> 1-402 <400> 2 atgagcgcac aatccctgga agtaggccag aaggcccgtc tcagcaagcg

gt t cgggdE#ibetige g §EAFEE RS2 cegj6raasey iggugeaic cugtigetygagddtastaar c Bt gca
cct ggacccgl20 cctthccg ccaccacggc gttcgagccg cccatagtcc acggcat get

gct cgcc&ﬁ?ﬁ@éﬁggt ciefeatizakg Ftt%%@ﬁgct&jg@té%%gcag&tg@ttﬁ&g@gﬁéw? gcatcta
t ct gggt caa240 agcctcaget tcaagcetgec ggtctttgtc ggggacgagg tgacggecga
ggt ggggéﬁa&gﬁﬁtgac@@%té & BREFAES ﬁt‘ﬁf@é@atcg%ta@égcgg‘égé@aécé atctt

1101788 e SR eSSl PR NPT o S a0 22251 1785
o007 SR AR AT IR AT IR TR "R L roet g

ttgatcgtic caccattcat taataaatat tacattatgg atatgagacc acaaaactcc 730

tiggtegett ggtiggtcge tcaagpgtcaa accgttttca tgatticctg gagaaaccca 840

ggtgttgetc aagctcaaat  tgatttagat gattatgttg ttgatggtgt cattgotget 900

tiggatggtg ttgaageege tactggtgaa agagaagitc acggtattge ttactgtatt 960

getggtaccg cttigtcitt agcetatgggt tggtiggecg ccagaagaca aaaacaaaga 1020

gliagaactg ctactitgtt tactactttg ttggatttct cccaaccagg tgaattgggt 1080

atttttattc atgaaccaat tatcgccgcc ttagaagccc aaaatgaage taaaggtatt 1140

atggatggta gacaattggce cgtctccttc tcttigtiga gagaaaactc tttatattgg 1200

aattactata ttgattctta citaaaaggt caatctccag ttgcttttga tttgttgcac 1260

tggaactctg  atictactaa tgttgccggt aaaactcata actcttigtt gagaagatta 1320

tatitggaaa atcaatiggt taaaggtgaa ttaaaaatta gaaacactag aattgattta 1380

ggtaaagtia aaactccagt tttgttggtt tctgeegitg atgatcacat tgctttatgg 1440

Caaggtacct ggcaaggtat gaaattgtic ggtgetgaac aaagatttit attggccgaa 1500

tccggtcata ttgctggtat tattaatcca ccagetgcta acaaatacgg  tttctggcac 1560

aatggtgcCtg aagcetgaatc tccagaatct tggttggetg gtgecaccca tcaaggtggt 1620

tcctggtgge cagaaatgat gggttttatt caaaacagag atgaaggtic tgaaccagtc 1680

ccagccagag tcccagaaga aggtitgpct ccagctccag gtcactatgt caaagttaga 1740

ttaaacccag ttttcgettg tccaaccgaa gaagatgetg cttaa 1785

<210>4
<211>405
<212>DNA

<213>Artificial Sequence



gatgatttgg gtcaagtttt ggaacaaggt tctcaacaac catggcaatt ggg)tcaa ct 0%)30
caaat gaatt ggtggcaaga tcaattaaaa ttgatgcaac acactttgtt aaxsCerget?®4o
ggt caaccat ctgaaccagt tattactcca gaaagatctg atagaagatt taaagctgaa 300
gcttggtctg aacaaccaat ttatgattac ttaaaacaat cctatttgtt aactgctaga 360
catttgttgg cttctgttga tgctttggaa ggtgytgcac aaaaatctag agaaagattg 420 9

Decenber 2003 411 7 agattcttta ctagacaata cgtcaacgct atggctccat ctaatttctt

ggct act a#¢Y480 ccagaattgt taaaattgac tttggaatcc gatggtcaaa atttggttag

aggtttQQ§;15ggn;ttattggctg aagatttgga aagatctgct gatcaattaa acattagatt
gactgatg 6 tccgcttttg aattaggtag agatttggct ttgactccag gtagagttgt
tcaaagaqﬁnggo40§aattatatg aattaattca atactctcca actactgaaa ccgttggtaa
aaccccag 0 tgatcgttc caccattcat taataaatat tacattatgg atatgagacc
acaaaactcc 780 ttggtcgctt ggttggtcgc tcaaggtcaa accgttttca tgatttcctg
gagaaaccca 840 ggtgttgctc aagctcaaat tgatttagat gattatgttg ttgatggtgt
cattgct ggilyo90 ttggatggtg ttgaagccgc tactggtgaa agagaagttc acggtattgg
ttactgtatt 96 ggtggtaccg ctttgtcttt agctatgggt tggttggccg ccagaagaca

Caat t oo doto *A IR GEH A hBleaCHAtAR Bt O dECTGaa0e

t aaaggt al:teak g a t ga gaaaactc
tttatat %rgcggl 0 Cgéa(??iégtga? (?%S(Ztt %%:%hgug?t%%gg& (% E:cgtg%%%tg%agl gcttttga

tttgtt g%@mt%%g-ct&m@@@t etttggﬁtaggt&%g?té@ta& gg%gg f%%ga}%h%@t apgptetttgtt

gagaagatta tatttggaaa atcaattggf taaa aatta gaaacact ag

aat t gat titag:tf3g0 gﬁ%t@@g@tt&@caﬁ%t&ﬁggiaahgt ghddfttd LedoggeQht 9284 gat cacat
tgctttatgg 1440 caaggtacct ggcaaggtat gaaattgttc ggtggtgaac aaagattttt

at t ggccgetatalGo0 tchaagficC agiatitfigC pgghtdaabat taatLtda Coagahgat azagaaat acgg
tttctggcac 1560 aatggtgctg aagctgaatc tccagaatct tggttggctg gtgccaccca

t caaggt ggtecite@) gagesgyad ggcaatgaaadtgahcigggitdghattit caactasagagiad gaaggttc
tgaaccagtc 1680 ccagccagag tcccagaaga aggtttggct ccagctccag gtcactat gt

caaagt t &gtecinnag cipgttaeeysc tgapgrtgit qgjctdagtpcccatascgaa ghdgatgctg cttaa 1785
<210>4 <211>405

<210> 5
<211> 1036
<212> DNA

<213> Yarrowia lipolytica

<220>

<223> promoter ALK3p

<400> 5

ctgcagegge gagaceggtt ctgggecgac tacgacgige ctggagggac getccgggag 60
aatctctitg gacgggecaa gatcttccec gaccaccctg ceggacagta caagtgggaa 120
gagggegagt ttccctigac caagagtgac aagagtgaga acggeaatgg agicaatgga 180
gatgagcceceg ctactaagaa acaaaaaatc tgaacaagag ccggttttag tacgatacaa 240
gagccggtac gtggacatge agctgetttt cgaacatgaa gggageacga cceccacgtat 300
cagtattatg caagggacca gaagtggect cggcaaaaga ttggectegg tcaacaaaag 360

gtcatcatat ccgtctecge atcegtetgt acgtgaatta tgttacttgt atctitactg 420



<212>DNA <213>Artificial Sequence 9 Decenber 2003 5/1 7_<220> <%)§%>CDS
<222> 1..405 <400> 4 atgtctgctc aatccttgga agttggtcaa aadgECayae ct aaaag
attcggtgcc 60 gccgaagttg ctgecttttge tgccttatct gaagatttca acccattgca
cttggatcca 120 gcttttgctg -ctactaccgc cttcgaaaga ccaatcgtcc atggtatgtt
gttagcttct 180 ttattttccg gtttgttggg/t gaacaattg ccaggtaaag gttctattta
tttgggtcaa 240 tctttatctt tcaaattgcc agtctttgtc ggtgatgaag ttaccgctga
agt t gaadttisgids g%&ﬁt@ﬁﬁtﬁ t8§823FAYE Sfsnaccagt calaisgiet sheietaggtact a48Pagaatttt
cactcaa t 360 tgecttt ctgttaccgg tgaagctgtt gtcaaattgc cataa 405 <210>
<211 @6%‘833 ég Sawag,@tfétgt ‘?&?ﬂﬁgﬁ\i% £39381320a1 Gacserrese <2248 pronot er

QE{( cogoduiatet SACRETT: B ALaGa MR Rate! Guatatce g Ellgacagta
20t cant SeRie HRRHADGE getithot 48 g&%@%&ﬁﬁ%}%ﬁ%&%&%ﬁ g Slogt t11 o
cocoacat ?‘%bﬁt AVE0P SRRl e teaRtE P peee | aaé%‘% 98 > Sg6ctogg
atertacrmgste SRETMET AoRRah e A00k Bt BERELE (ARRART " ghanct aat
gccaaccagha£¢4Qt ottt Aledi2 AR ctflcgta cgacgecata ttacgatage 840

ccgecacctt aatgcgttta acttgcatgc atgcgtetge atacagcetge atctgtcata 900

tatgcaccat ttccccacac aactgaagtt tatatatata tactgtaagg actcctgaag 960
tggcacgaac acacctgatc acagcaacat tacagtacac tactctgete gtattttaca 1020

atactggacg aaaatg 1036

<210>6
<211>1017
<212>DNA

<213>Candida maltosa

<220>

<223>promoter ALKlp

<400>6

atgcatgaac aggatttaat cccaagaaaa aagtctattt tctattttca caaggaaact 60
ggaaaaacct tittgtgitt tgaagtagct ccgtaataac ctgtaaaaaa ataaattitg 120
aagatttgac ttgctgatga aaatgctatc agtgtagctc tagacttgat actagactat 180
gatggcaaca catggtggtc aacgtgcaag acatcaccca atgagaagac tgctaaccag 240
aaaaaaaagg ggacaaaaga aaaactcgag agaaaaagtc aaattggtgt aaaattgget 300
atitttggta ctitcctaat ggggaaatta attgtttaaa attccagitt ttccagagtt 360
aagatticga ccaattattt ttaatccata tgatcticat cattatcaac ttgtgaaaaa 420

taataatcga ggtacgttta atacgagata itagtctacg gctatgaatg ttggatatac 480



at gt aat aca agtacgagta aatgtattgt actggtgcag cacagt agat gscE%g_g 'c[g 540
at gaat cggt caccacccac aaacattgcc tccaaacacc gttatattgt ctt '3'3892%0
t ggct gagac agactcctcg gggccttgta agagggggaa tgt gt gagac agat gcccac 660
aagt gaccat gcattttgtg gggcaggaga aaaaccaatg tttgtgggga tagaacccat 720
caaat gaat ¢ taaat gaact ctcccaaaat gaa@¢hR@tct cttcctccaa tcgaagccct 780
gegaaat gt ¢ ctccgt ctgt ttctcggacc cttagccgta cgacgccata ttac%?t agc 840 i

ccgccacHERtB3%y Atfaerasc c taalEstige tispagigra t wisigBateadrargecasc c P cat a 900

tatgcaccat  ttccccacac aactgaagtt tatatatata tactgtaagg actcctgaag 960

tggcacgﬁ%t%ﬁtécéf%%tgﬁc%%g%ﬁg%& USR8 dRaqeatap t%‘if’lagttﬁaatqopt aca 1020

t act tg 1036, <210>6 <211>1017 @ <212>DNA <213> di d | t

So905 5% e lohil S dG0as Esegta, bRl Meralt Bhoaaganas
tct t_.60 [ tttt t i, At t t

Cogt aat Lhabiy Miabked: ARRA9A08 e Roun IRIGRRREEL  leniB a5 Saatoetatc
tgt t { t

Roat cactepanr e il AAREELE ool AR S SARETED Joaact cqag

agaaaaag{tgca%agf(&: E&QL&éggeéaﬁu tﬁ%c ggggnﬁa%t@gﬁ%&a C&&gﬁﬂtg?ﬁmggggaaat ta

attgtttaaa at agttt  ttccagag aagatttcga cca t ttaatccata

tgat ctt gatoatait AasARGadal 4bBRAARR H20ccchIR! HALLLR I AEALIL B0at acgagat a
ttagtctacg gctatgaatg ttggatatac 480 9 Decenber” 2003 7/1 7 ttcattgacg

at cagaagadctéaaah t@oittigat tsanahion atthidh 8o G iRt HifaRGERAACISH0 aaattatcta
gcaactgtgc cttccccaca ttggtcaaag aaaccctaaa gcaaattaaa 600 atctggataa

at aaat caftictadd ttattatadic tiiitoagoithiRtghial aagdhicd ttdabnt t 10660 ttttttacag
tttagccctt tcaattacca aatacggtaa caatgtgctt tgtaacatgc 720

<210>7
<211>218
<212>DNA

<213>Candida maltosa

<220>

<223>terminater ALKIt

<400>7

atagatggat tittcttttt tatgtgtatt tccggttaat aaatgtttaa atttittttt 60
taataaaaat atttgtagtt atttatatgc aaaaaaaaaa aatattcaaa gcaatcttce 120
tttctitctt tatctttccc ccatgctaag gtctaaaaca ccacaactta aaacccaact 180

taaccgtata atactaagat caatctccaa agatgcat 218

<210> 8
<211> 32
<212> DNA

<213> Artificial Sequence



aggggatttt ctccgttgct gttttctcca catgctttta atgtgtaata aattaaa aa2%§g
att acaaaga aaaaccggca tataagcatc ggagtttaca ttgttaacta actytaamat
ggcgatgttt caaatcaaca aaatttaaaa aaaccccaaa aaaaaagtat catataaatt 900
aaactcaaaa tccttttgat tgcataaaat ttttaaatct' cttctttttt ttcttttata 960
ctttcttatc tattctattc tttttttata tatgypgttc atttataaca tctggtc 1017 <210>7
<211>218 <212>DNA <213>Candi da mal tosa <220> <223>term nater ALK 1 t
<400>7 <@2@gatggat tttccttttt tatgtgtatt tccggttaat aaatgtttaa attttttttt
60 taataaaaat atttgtagtt atttatatgc aaaaaaaaaa aatattcaaa gcaatcttcc 120
tttctttEPE3TaREPEE ccc ccat get aag gt ct aaaaca ccacaactta aaacccaact 180
taaccgtata atactaagat caatctccaa agatgcat 218 <210> 8 <211> 32 <212> DNA
<213> Artificial Sequence 9 Decenber 2003 8/ 1 7 <220> <223> prinmer <400> 8
gctctaggﬁb gcageggega gaccggttct gg 32 <210> 9 <211> 35 <21.2> -,DNA
<213> AFTPPT cf al Sequence <220> <223> pri mer

getetagact gecageggega gaccggitet gg 32

<210> 9
<211> 35
<212> DNA

<213> .Artificial Sequence

<220>

<223> primer

<400> %

ggacacatat gegtccagta ttgtaaaata cgagce 35

<210> 10
<211> 33
<212> DNA

<213> Artificial Sequence

<220>

<223> primer

<400> 10

tcccegegge tgcageggeg agaccggtic tgg 33

<210> 11



<400> 9 ggacacatat gcgtccagta ttgtaaaata cgagc 35 <210> é(b (g[ga <212>

DNA <213> Artificial Sequence <220> <223> primer <400> 1 _

t gcagcggcg agaccggttc tgg 33 210> 11 9 Decenber 2003 9/1 7 <211> 31 <212>

DNA <213> Artificial Sequence <220> <223> prinmer <400> .11 ggacacat at

gagccaacca tcttatggcc ¢ 31 <210> 12 94P¥1> 26 <212> DNA <213> Artificial

Sequence < 20> <223> primer <400> 12 cccagatcgt ccagattggt ctgcag 26 <210>
<2131 k212> DNA <213> Artificial Sequence

<212> DNA

<213> Artificial Sequence

<220>

<223> primer

<400> 11

ggacacatat gagccaacca tcttatggec ¢ 31

<210> 12
<211> 26
<212> DNA

<213> Artificial Sequence

<220>

<223> primer

<400> 12

cccagatcgt ccagattggt ctgeag 26

<210> 13
<211> 31
<212> DNA

<213> Artificial Sequence

<220>

<223> primer



<220> <223> primer 9 Decenber 2003 1011 7 <400> 13 ggacag?E$t g acaa
tccctggaag t 31 <210> 14 <211> 29 <212> DNA <213> Arti g gg%% nce
<220> <223> :priner <400> 14 ggggtacctt aaggcagctt gaccacggc 29 <210>15
<211>46 <212>DNA <213>Artificial Sequence <220> . <223>priner <400> 15
tttttcagct ggagctcgtc gacatgcatg aacaggattt aatccc 46 <210>16 <211>39
<212>DNA <213>Artificial Sequence 9 Decenber 2003 11/1 7 <220> <223>pri mer

<400>16<@Bggakt t cc atatgcagat gttataaatg aattagata 39

ggacacatat gagcgcacaa tccctggaag t 31

<210> 14

<211> 29

<212>.DNA

<213> Artificial Sequence

<220>

<223> :primer

<400> 14

gggpotacctt aaggcagett gaccacgge 29

<210>15
<211>46
<212>DNA

<213>Artificial Sequence

<220> .

<223>primer

<400>15

tttttcagct ggagctcgtec gacatgcatg aacaggattt aatccc 46

<210>16
<211>39%
<212>DNA

<213>Artificial Sequence



R

<210>17 <211>32 <212>DNA <213>Artificial Sequence <220> <22 >rp£' r
<400>17 cggaagctta tagatggatt tttctttttt at 32 <210518 22Ft3%8e é{? 2>DNA
<213>Artificial Sequence <220> <223>priner <400>18 tttttgatatc gagctcgtcg
acatgcatct ttggagattg atctt 45 9 Decenber 2003 12/1 7 <210> 19 <211> 5804
<212> DNA <213> E.coli, Yarrowa |lipdlgtvca <220> <223> _plasm d pSUT5
<400> -19 aggccattct cgttactgcc aaaacaccac ggtaatcggc cagacaccat ggacgagt at
60 ctgtctgact cgtcattgcc gcctttggag tacgactcca actatgagtg tgcttggatc 120
actttgagggwt acattcttc gttggaggct gtgggtctga cagctgcgtt ttcggcgcgg 180
ttggccgaCta acaat atcag ctgcaacgtc attgctggct ttcatcatga tcacattttt 240

gt cggcagags Cr?:% gccca gagagccatt gacgttcttt ctaatttgga ccgatagccg 300
tatagtccag t'ctatfctata agttcaacta actcgtaact attaccataa catatacttc 360
actgccccag ataaggttcc gataaaaagt tctgcagact aaatttattt cagtctcctc 420

<400>16

ccggaattcc atatgcagat gttataaatg aattagata 39

<210>17
<211>32
<212>DNA

<213>Artificial Sequence

<220>

<223>primer

<400>17

cggaagctita tagatggatt tttetttttt at 32

<210>18
<211>45
<212>DNA

<213>Artificial Sequence

<220>

<223>primer

<400>18

tttttgatatc gagctcgtcg acatgeatct tiggagattg atctt 45



ttcaccacca
gct cgagt gc
accaccacca
aagacccat a
gaacttgctc
aacact gt ca
accaacgccc
gaaact gt

gagttccf3%°§i

aaat gccctc
t caagct cgt
aggagct cat
t cgacat cat
tt aagcacgg
aacaccaat a
acggt gt acc
aacagaa
cctctcc

ct gt ctt g a cact ct
cgatccgagirzc AGt t t gt

ct acgaagct
ggcagccaag
t gagctt gcc
t gacgacttc
tttcttcectg
caagaacggt
cggaaccgga
gaaggaggac
caacgagaag
ggccact ggc
ggttggcttc

cgagct aacg
aaaaccaacc
gat aaggt cg
acct acgccg
tt cgagpdca
gt ct accgaa
atcattgctg
gt ct ct gact
ct ggccagag
gagt act cca
att gcccaga

t ccacaagtc
tgtgtgettc
gacctt at gt
gcact gt gct
gaaagttcgc
t cgccgagtg
gcct gcgage
acgagaact c
gt ct gct cat
agcagaccat

%

cttt

gt gcat gat c
ccccct caag
agat at t ggc
gtccgatatc
t ggt gccgag
ccagt acaag
gctggccgag
t gagctt gcc

accgacct aa gggcgact ct

Carler2dbi

600
660
720
780
840
900
960
1020
1080

ctgac ccccggggtg ggtcttgacg acaagggaga cgctctcgga 1140 9
1 7 cagcagtacc gaactgttga ggatgtcatg tctaccggaa cggat at cat
ccgagat cct attgaggagg ccaagcgata
gattaactgt tagaggttag actatggata
caagt at gga gcgcttgttc agcttgtatg
t at gatact g cacaacctgt gtatccgcat
t ct cgat acg gagat gct gg gt acaagt ag
gaggct t gaa. gaaagctgac ttgtgtatga
accaccactg cactaccact acaccaaaac
ggcagaagaa cttgttatgg aaaagctcaa
gt gt cgcaac ttcaaggagg accaagct ct

gaggact t
Decenbe%gg%%§9§t
aattgtc 2 -C - O ccagaa
ccagaag82?3%é%%Ohggggg%%ggéxﬁﬁﬁgkcagaa
tgtcatttaa 1320 ctgtgtatat agagagcgtg
atggt cagac 1380 gacctgtttg atcgagtatg
gatct gt epap1440 atggggcatg ttgttgtgtt
ctaatacgat 1500 tgaactactt atacttatat
cttattckgaxigﬁgmnapbquSCCC cagt cacaat
cat gat caaa 1620 ccacccatgg' acttcctgga
gagagagaag 1680 ccaagatact -atcaagacat
gtacaccgag 1740 aaacaggcta gctcgtcgtg ttcaggaact gttcgatggt tcggagagag
tcgccgeced@01800 gaacat acgc gcaccgatgt cagcagacag ccttattaca agtatattca
agcaagtata 1860 tccgtagggt gcgggtgatt tggatctaag gttcgtactc aacactcacg
agcagct agecctB20 cgtinatiggt tareacacced 2tat qggrgenmicacan deaagdgigagt 66t actt acac
acggggtgta 1980 cctgtatgag caccacctac aattgtagca ctggtacttg tacaaagaat
tt at t cgfBect2eq cgyatizeacagytspasggesydcca netadgapiadgcigeyaat ad2€t cageggt ¢
ccctgcagtg 2100 actcaacaaa gcgatatgaa catcttgcga tggtatcctg ctgatagttt
tt act gt ACEBR6ER AAHCEHCHEETRGEL etarsicieagegetecett Yeggasaes ca d8€ct caagg
ggagggat aa2220

ttggccgaca acaatatcag ctgcaacgtc attgetgget ttcatcatga tcacattitt 240
gicggcaaag gecgacgecca gagagcecatt gacgttctit ctaattigga ccgatagcecg 300
tatagtccag ictatctata agttcaacta actcgtaact attaccataa catatactte 360
actgcecccag ataaggttce gataaaaagt tctgcagact aaatttattt cagtctccte 420
ftcaccacca aaatgcectc ctacgaagcet cgagctaacg tccacaagte cgectttgece 480
geotcgagtge tcaagetegt ‘ggcagccaag azaaccaacc tgtgtgette tctggatgtt 540
accaccacca aggagctcat tgagcettgec gataaggtcg gaccttatgt gtgecatgate 600
aagacccata tcgacatcat tgacgacttc acctacgccg gcactgtget ccecctcaag 660
gaacttgctc ttaagcacgg tttcticctg ttcgaggaca gaaagttcge agatattgpgc 720
aacactgtca agcaccagta caagaacggt gictaccgaa tcgecgagtg gtecgatatc 780
accaacgcecc acggtgtace cggaaccgga atcattgetg gectgegage tggtgecgag 840
gaaactgtct ctgaacagaa gaaggaggac gtctctgact acgagaactc ccagtacaag 900
gagttcctgg tcccctetee caacgagaag ctggecagag gtctgetcat getggecgag 960
ctgtcttgca agggctctct ggecactgge gagtactcca agcagaccat tgagettgee 1020
cgatccgacc ccgagtttgt ggitggcttc attgeccaga accgacctaa gggegactet 1080

gaggactgge ttatictgac ccccgggotg ggteitgacg acaagggaga cgetetcgga 1140



attaaataaa ttccaaaagc gaagatcgag aaactaaatt aaaattccaa aggcgaagt %go
ggaacacaac cccccgaaaa aaaacaacaa acaaaaaacC caacaaaata aatadadac: 40
aaat aaat at at aactacca gtatctgact aaaagttcaa atactcgtac ttacaacaaa 2400
t agaaat gag ccggccaaaa ttctgcagaa aaaaatttca aacaagtact ggtataatta 2460
aatt aaaaaa cacatcaaag tatcataacg ttaggppytt tattttattt aataaaagaa 2520
aacaacaaga tgggctcaaa actttcaact tatacgatac ataccaaata acaatttagt 2580
at t t at cragragtagetgaactyigaagedtigaayy tadatcappaatggatpat dt cdtageg gyt attaghcat 2640
ggat agt at a cactgacacg acaattctgt atctctttat gttaactact gtgaggcatt 2700
aaat agagBt2aigigt acageragaatcggagatent atigresage craggrgeta ctageageghtlfo@ct a 2760
atttggtaag atattaatta tgaactgaaa gttgatggca tccctaaatt tgatgaaaga 2820
t gaaat t §EESEALEMGH AL ARG St tagasgtiegt actalggatat tggerlat acdat@at ¢ 2880 9

Decenber 2003 14/1 7 tct aac?aaa tatctattaa aaatctcagt gtgatcatga gtcattgcca

t cccggoSEAS P (RBaEaR THE CHRgAyBs Y SE ettt paGttigtE fIogEtBaRgatld®Rat at at at t
tacaagaact 3000 tcccttgaaa ttaatttaga tataaaatgt ttgcgggcaa gttactacga
ggaat aa&ttCt8EED Atepastale gﬁtggt%&ﬁs SRS B IG L85 %atﬁl;&?%‘?@at atl§*@acat at aat

k] R AL L
gagoagatracis o fahATTaEt bt BN o SRR Tl aat  05%00ct coaccg

991 99°q03. 4300 £LClA9RR SLatl ARG LEGEATNELS APARRL 0GR At Cacct

t at cgat acc acc gcc cgg ccc tgcgegcet at
gcggt gt ¢ c t c c gcattaa
L gaat Con LR R e A Ay PR 180) St
aacagal aelagd00-aidd BECAL AR RR 1ehil e pBORRLALAACoRLIERI [ 4402t aacgal
t at gt aacga 3660 aactgaaalt tgaccagata ttgttgtaaa tagaaaatct ggcttgtagg

t ggcaaaaifagdd gaieficetd t@hophnt bfzot Gl teg&dgeatLagogcctttat gt
tcgactgtcg 3780 gta?tttctgcéttat g%ttcgﬁcgggsat g%%a%tag agatgcccgt gtcctcctcg

ct cact gaedcaadddOgcacogitgt apbCacoi € gkliagfcL hgteftaagz&agiai cageot cact caaag
gcggt aat ac 3900 ggttatccac agaat caggg gat aacgcag gaaagaacat gtgagcaaaa

ggccagcaaatPg0 gcaggipanggattsyl gaagagtgesgegiatgagtggagtt t tiv2¢cct gggct c
cgcccccctg 4020

clatgitaca tccttitatc agacataaca taattggapt {tacitacac acggggtgta 1980

cctgtatgag caccacctac aattgtagca ctggtacitg tacaaagaat ttattcgtac 2040

gaatcacagg gacggccgec ctcaccgaac cagegaatac ctcageggte cectgeagtg 2100

actcaacaaa gcgatatgaa catctigega tggtatcctg ctgatagttt ttactgtaca 2160

aacaccigtg tagctccitc tageattttt aagttattca cacctcaagg ggagggataa 2220

attaaataaa ttccaaaagc gaagatcgag aaactaaatt aaaattccaa aaacgaagtt 2280

ggaacacaac CCcccgaaaa aaaacaacaa acaaaaaacc caacaaaata aacaaaaaca 2340

aaataaatat ataactacca gtatctgact aaaagttcaa atactcgtac ttacaacaaa 2400

tagaaatgag ccggccaaaa ttctgcagaa aaaaatttca aacaagtact ggtataatta 2460

aattaaaaaa cacatcaaag tatcataacg ttagttattt tattttattt aataaaagaa 2520
aacaacaaga tgggctcaaa actttcaact tatacgatac ataccaaata acaatttagt 2580
atttaictaa gtgctittcg tagataatgg aatacaaatg gatatccaga gtatacacat 2640
ggatagtata cactgacacg acaattctgt atctctttat gttaactact gtgaggcatt 2760
aaatagagct tgatatataa aatgttacat ttcacagtct gaacttttge agattaccta 2760

atttggtaag atattaatta tgaactgaaa gttgatggca tccctaaatt tgatgaaaga 2820

tgaaattgta aatgaggteg taaaagaget acagtcgttt tgititgaga taccatcatc 2880



acgagcat ca caaaaatcga cgctcaagtc agaggtggcg aaacccgaca gg%%g%ggazoi)%%
gat accaggc gtttccccct ggaagctccc tcgtgegetc tcctgttcecg accctgecge 40
ttaccggata cctgtccgecc tttctcecctt cgggaagcgt ggcgctttct caatgctcac 4200
gctgtaggta tctcagttcg gtgtaggtcg ttcgctccaa gctgggcetgt gtgcacgaac 4260
ccceccgttca gecccgaccge tgegecttat ccgd#dadta tcgtcttgag tccaacccgg 4320

S R R TR e

4500
Cooos b RhCAgael SO0 SR S FRRRRREE SoMhace, Lo
C

4620 9
L acocaag dannagiedn, SLSTIRALEEL LOLEL) Lislaga, ouOspgeco 420 o
2230924 Gl B8 0crd AER! ABHCPALIGARR, LAGARRLOAR B! 202G gal of adagt

at at at gagt acttggtc tgacagttac caatgcitaa tcagtgaggc acctatetca

gogat o ghaAR00 ot Blddss didda i CRLBALaOCEIARRLE GuiaaLEY ! dbaggal aact ac

at acgggagg 48 gcttaccatC Tggccccagt gctgcaatga cgcgaga cccacgctca

ccgget C@%’%gﬁg%% cRBLALCRE ARAIALCARALRALRAGAR EH0RREAPST40202201 IO

cct gcaac ccgcctc catccag taattgtt gccgggaagc tagagtaagt

agtt cgcep@amépd@ totippabagttbicogs geagediac!t fogsenatdalgflcagaggCcaB0oegt ggt gt ca
cgctcgtcgt 5100 ttggtatggc ttcattcagc tccggttccc aacgat caag gcgagttaca

t gat cccowagdphph gei@htGisoong conen geogiditggosd eiat 6 cgitggtapegaBeagt t gt caga
agtaagttgg 5220 ccgcagtgtt atcactcatg gttatggcag cactgcataa tactcttact

gt cat gccgdtcag8d ctatgtaagatgegdctt tcapgigiachigytagggt tarphmaaccdd2@t cat t ct ga
gaatagtgta 5340 tgcggcgacc gagttgctct tgcccggcgt caatacggga taataccgcg

ccacat agtaast09 aggaprisccacritagicge tatttgtcat taygagdetcgagietagitaacggg8gcgaaaact ¢
t caaggatct 5460 taccgctgtt gagatccagt tcgatgtaac ccactcgtgc acccaactga
t ct t cag@RecHBLO 2aggqatitat BagadeatacatR gt rageet grigtaytg tgaaf&aa@agé‘“éaggcaaaat
gccgcaaaaa 5580 agggaataag ggcgacacgg aaatgttgaa tactcatact cttccttttt
caat at t A148CE6EE 23RMPCELt R cEEHbygrESsicligtdresagl HegadratdfO@t t t gaat gt
atttagaaaa 5700 ataaacaaat aggggttceg cgcacatttc cccgaaaagt gccacctgac
gt ct aagH&SCESFBD AR LAEH AR heceatt g‘%&%&tf«%&‘ %é’gé?%ﬁaéta%i’ég‘éﬁ%@gcgt gé‘s@acg 5804

aactgaaatt tgaccagata tigttgtaaa tagaaaatct ggcttgtagg tggcaaaatc 3720
ccgtctitgt tcatcaattc cctetgtgac tactcgtcat ccctitatgt tcgactgtcg 3780
tatttctiat tttccataca tatgcaagtg agatgcccgt gtecteeteg ctecactigact 3840
cgetgegete ggtegttcgg ctgeggegag cggtatcage tcactcaaag geggtaatac 3900
ggttatccac agaatcaggg gataacgcag gaaagaacat gtgagcaazaa ggecagceaaa 3960
aggccaggaa ccgtaaaaag gocgeogttge tggegttttt cecataggete cgccbccctg 4020
acgagcatca caaaaatcga cgctcaagic agaggtggceg aaacccgaca ggactataaa 4080
gataccaggce gtttcccect ggaagetece tegtgegete teotgticeg accctgecge 4140
ttaccggata cctgtcegece tttcteoctt cgggaagegt ggegettict caatgetcac 4200
geigtaggta tctcagttcg gtgtaggicg ttcgotccaa gotgggetgt gtgoacgaac 4260
ccceegtteca goccgaccge tgegecttat ceggtaacta tegtottgag tccaaccegg 4320
taagacacga cttatcgcca ctggecageag ccactggtaa caggattage agagegaggt 4380
atgtaggcpp tgctacagag ttottgaagt gptggectaa ctacggetac actagaagga 4440
cagtatitgg tatctgcgcet ctgetgaage cagttacctt cggaaaaaga gtiggtaget 4500
cttgatccgg caaacaaacc accgctggta geggtggttt tttigtttge aagcageaga 4560

ttacgcgcag aaaaaaagga tctcaagaag atcctttgat ctttictacg gggtctgacg 4620



S

<210> 20 <211> 10 <212> DNA <213> Artificial Sequence > | i nker
DNA 9 Decenmber 2003 16/1 7 <400> 20 tactctagag 10 <210>2§%23T§§@8
<212>DNA <213>Candi da mal tosa <220> . <221 >CD S <222>538..1413
<223>Adel <400>21 gatccccttc ttcaaacctt taaatgacat tgtttcgttt ctctatgttt
ggtatcggtt 60 cttcttcttc ttcaaaaaaajaggggggcac tattcaaaaa aaaatatt at
aacagtat%g 120 tttttttccc tctccegtcg attgaggttt tttttttcte tttegtcettg
gtctttt GERSHEEP2 GEPRRAEEG ERl2ReRAR Johaslcah cagtyge aranetdgadt8Pccgt gatc
aaaaaaat aa 240 aggctgtgag tttcgagcca ataattatga atta%tggta ttttttttaa
agat aaat@5cEeat CF‘g&é@ga‘%ﬁm&%ﬂtﬁt &ggg%?gc(aaégém&tg@a@m@ t caad’t@aaaagaca
attcttttag 360 é;gctagcattt cccttcaagt tcatcccaca tgtacattaa tatcaatgat
gtcgcagﬁ%{%t%@é"t F°3850¢ S8%85HARJRAPA2E ARGt FaseiAisEt T cg 488 caact ct t

ctttcteitc 480 ttcttfttct tctttatcac cataatcacc, accaccacc accaccag
ct cccaggattécgﬁﬁ ateq ?gééﬁﬁ?tﬁaﬁtéft%&g%%taa%ﬁﬁﬁté‘%&“’tcﬁéﬁﬁ%ccgsgl@lggt aaagt

cacat achrga SRR e RIRY SR EReAdh bonabhae Jn At PRS0 Cht ¢
o1 Ct 0aabiieorZ80 i@kl #Tbhsd G HERRL o doIBARRE Aot LEAGRRRIoBFORCAL L

ccaaaaat at
tatccgecte catccagtct attaattgtt geccgggaage tagagtaagt agitcgecag 5040

ttaatagtit gcgcaacgtt gitgccattg ctacaggeat cgtggtgtca cgetegtegt 5100
ttggtatgge ttcaticage tccggttcec aacgatcaag gegagitaca tgatccccca 5160
tgttgtgcaa -aaaageggtt agctcoticg gtoctccgat cgttgtcaga agtaagtige 5220
ccgeagtgtt atcactcatg gttatggcag cactgcataa ttctcttact gtcatgccat 5280

ccgtaagatg ctittctgtg actggtgagt actcaaccaa gtcattetga gaatagtgta 5340

tgeggegace gagitgetet tgecoccggegt caatacggga taataccgeg ccacatagea 5400
gaactttaaa agtgctcatc attggaaaac gticticggg gcgaaaactc tcaaggatct 5460
taccgetgtt gagatccagt tcgatgtaac ccactcgige acccaactga tcticageat 5520
citttactit caccagcgtt tctgggtgag caaaaacagg aaggcaaaat gccgcaaaaa 5580
aggpaataag ggcgacacgg aaatgttgaa tactcatact cttccttitt caatattatt 5640
gaagcattta tcagggttat tgtctcatga gcggatacat afttgaatgt atitagaaaa 5700
ataaacaaat aggggttccg cgcacatttc cccgaaaagt geccacctgac gtctaagaaa 5760

ccattattat catgacatta acctataaaa ataggcgtat cacg - 5804

<210> 20
<211> 10
<212> DNA

<213> Artificial Sequence

<220>

<223> linker DNA



cctcaactag aaccat atag aaaccaattg gaaggcagat ccttacttgt t 0
aaattgatcc ctcttgaagt tattgttaga ggttacatca ccggttccgg c?%%%%géégzggb 9

Decenber 2003 17/1 7 taccaaaaat ctaaaaccgt ccacggtatt cctattggtg atgtggttga

atcacaacaa 960 atcactccta tcttcacccc atccactaaa gcagaacaag gtgaacatga
aagctgacda/gdattgttgga

t gaaaatatc 1020
t gaaaaaatt 1080
tattat c§éPO112d
cgaagtttta 1200
at ct caad¥¢c'1889
t ggt aaagat 1320
t gaagcttac 1380

tt aaagct ?O%ggg

actttatc

gcaacat abg;il
gtttgacctt 1

at ggt g9gh 23H80
t gaagacttg 1740

accaaagaac
gctattgatt
gat act aaat
act ccagatt
tcttacgata
ggtgttgcta
gaaaatttaa
ctatttatcc
tcct gaaatt
cttgaccatt
gagctttgtg
attggcactt
gaat gaagaa

cttgttakeasl8Rididaahakadcat

<220> -
<221>CDS

<222>538..1413

<223>Adel

<400>21

t gt acaccaa
ttgaatttgg
cttccagatt
aacaattttt
t gcct gaaga
ct ggt gacaa
caaactttcg
tttgatttct
agcaaaactt
gat cgacat c
ggt gcaact g
cgtgcatctg
gatgttgatc

agccagagat
tttagat ggt
ct ggaat gct
gagagattgg
catt gt cact
at ggcaagaa
tagtattttc
aaccgact ct
ct acct aaat
gcccacgaca
at ggtttaac
atttcaaatt
1820

aaagaatt at
t acgct gcca
gacaacat cg
gct aaat acg
ttaacttcta
gaaaccaaga
t aaat t aagg
tgacatgttc
t gcat gt agc
ctattttgac
agatcatttg
tttggaagag
gggt gaagaa

gatccccttc ticaaacctt taaatgacat tgtttegtit ctctatgtit ggtatcggtt 60

cttcttcttc ttcaaaaaaa aggggggcac tattcaaaaa aaaatattat aacagtatga 120

ttittttcce tctccegtecg attgaggtit tttitttcte tttegtctig giettttget 180

gt gat agaat
ct aaaggaat
ttcttgttga
aagtt ggt aa

19t ggt gt t gc

gcaaat acgt
atatctatta
agatgttttt
tcttgat aat
tct gt ccaaa
gtttgttttt
gct aagaaat
ttgacttata

tttcactcca aaaatggaaa cacgegegge tcaactcgaa atccgtgatc aaaaaaataa 240

aggctgigag tttcgagcca ataattatga attagtggta tttittttaa agataaataa 300

tcaagaatcg caitagggag acgaatatgce gttattcaaa taaaaagaca attcttttag 360
ggtagcattt cccttcaagt tcatcccaca tgtacattaa tgtcaatgat gtcgcagaag 420
ttaaattagc agaagaaaaa aaaaatgtga attactccga gticaactctt ctttctcttc 480
ttcttittct tctttatcac cataatcacc accaccacca ccaccaccag ctcccagatg 540
acttcaacta acttagaagg aactttcccﬁ ttgattgcca aaggtaaagt cagagatatt 600
taccaagttg acgacaacac tcttttattc gttgctactg atagaatttc cgcatacgat 660
gtgattatgt ctaatggtat cccaaataaa ggtaaaatct taaccaaatt gtctgaattc 720
tggttigatt tcttgccaat tgaaaaccat ttaatcaaag gagacatttt ccaaaaatat 780
cctcaactag aaccatatag aaaccaattg gaaggcagat ccftacttgt tagaaaattg 840

aaattgatcc ctcttgaagt tattgttaga ggttacatca ccggttccgg ctggaaagaa 900
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taccaaaaat ctaaaaccgt ccacggtatt cctatiggtg atgtggttga atcacaacaa 960
atcactccta tcticaccec atccactaaa gcagaacaag gtgaacaiga tgaaaatatc 1020
accaaagaac aagctgacaa gattgttgga aaagaattat gtgatagaat igaaaaaatt 1080
gctattgatt tgtacaccaa agccagagat tacgctgcca ctaaaggaat tattatcget 1140
- gatactaaat {tgaatttgg tttagatggt gacaacatcg ttcttg’ftga cgaagtttta 1200
actccagatt cttccagatt ctggaatgct gctaaatacg aagttggtaa atctcaagac 1260
tcttacgata aacaattitt gagagattgg ttaacttcta atggtgtige tggtaaagat 1320
ggtgtigeta tgectgaaga cattgicact gaaaccaaga gcaaatacgt tgaagcttac 1380
gaaaatttaa ctggtgacaa atggcaagaa taaattaagg atatctatta ttaaagcttt 1440
ctatttatcc caaactttcg tagtattttc tgacatgttc agatgttitt actttatctt 1500
tectgaaatt tttgattict aaccgactct tgcatgtage tcttgataat gcaacatatg 1560
cttgaccatt agcaaaactt ctacctaaat ctatittgac tctgtccaaa gittgaccit 1620
gagcittgtg gatcgacatc geccacgaca agatcatttg gtttgttttt atggtgegtt 1680
atiggcactt ggtgcaactg atggtttaac titggaagag gctaagaaat tgaagactig 1740
gaatgaagaa cgigcatctg atttcaaatt gggtgaagaa ttgacttata ctigttataa 1800

aatgtatcat gatgttgatc 1820



