11111127111122111212171112121711122171112111111 GENE ENCODI NG POLYMER SYNTHASE AND A
PROCESS FOR PRODUCI NG POLYMER 5 FI ELD OF | NVENTI ON The present invention
relates to a polynmer synthase and a gene encoding for this enzynme. In nore

particular, the present invention provides a functional gené €&ncoding for
an enzymne of pol ymer synt hase, a reconbi nant vector co gene, a
10 transformant transforned by the vector, and a proce%mmﬂm@ @@ i ng

pol ymer synthase which relates to the gynthesis of plastic yrrer by
use of the transformant. BACKGROUND OF THE | NVENTI ON 15 'S99 ...

Pol yhydr oxyal kgesat ENCOHESG P@gymﬂgmﬁl%%ggﬁm@d??m&w@@ properties

that closely resenble the properties Most PHAs
are thernopl astics and can bePRODUGEING PODYMERd | i ke the

petrochem cal -derived synthetic plastics with an added advant age of

bi odegradability. PHAs are also 20 renewabl e by nature as they can be
produced from renewabl e resources such as sugars, plant oils and carbon

di oxi de;, Pol roxybutyrate) [P(3HB)] is the first type of PHA to be

i dentif]ed Q“yi dONomon PHA found in nature. The properties of
PHA can be tail ored t_o suit various applications by controlling the 25

i ncor poration and/ or conposition of secondary nononers. Pol yner

synt hesi zi Fig pﬂesermonmnbﬁ IrelatedNo ngly)ﬂeﬁ'%slnﬂhﬁﬁeoarﬁi 9 ng%HP%ncéth% I??ra{h?s those

synt hesi zi rlllgﬂg ymers with C3 to nononer units a hose s hesti zi ng

pol yners Wi %:e‘nt%oremrtws}%m PrgAITIt SnveTitiers provistep e dtictienali gene en@alitigs M5
possess subshhang S Pal consi sting of at |east
C6 monomer units @ng)f;édlﬁnf:’ro%ﬂﬁa{se Xr}éér}?a O#EI"FOET%P%#%‘? %Ene a

proper tQ estranS@rrEmrtragsibvmergby tieareet, and alﬁf&ebﬁﬁ)rﬁ:?&dhlcin%q)o'lﬁné 2}1@15&@” of

new bact er.j aI ai ns, for i d and novel ymer productio Producti on
of PHA by W ‘f}hre t%snt.oﬁg SRS Sé’%@ %r#k%@lwmer/g Héeceigbe gamifemanhave been

i nvestigated and wel | docurrent ed. The 5 genes involved in PHA biosynthesis
including its key enzyne, the PHA synthase, fromthese m croorgani sns has
been identified and characterized. There are sone patented technol ogi es

over the HASKGEOUNISATAE NV ANIIONT'

15

Polyhydroxyalkanoates (PHAs) are microbial storage polymers with properties that
closely resemble the properties of main cbmmodity plastics. Most PHAs are
thermoplastics and can be thermally processed like the petrochemical-derived
synthetic plastics with an added advantage of biodegradability. PHAs are also

20 renewable by nature as they can be produced from renewable resources such as
sugars, plant oils and carbon dioxide. Poly(3-hydroxybutyrate) [P(3HB)] is the first
type of PHA to be identified and is the most common PHA found in nature,

The properties of PHA can be tailored to suit various applications by controlling the

25  incorporation and/or composition of secondary monomers. Polymer synthesizing .
microorganisms can be divided into 2 groups, which are those synthesizing polymers
with C3 to C5 monomer units and those synthesizing polymers with C6 to C14
monomer units. These respective microorganisms possess substrate specific polymer

synthase. Polymer consisting of at least C6 monomer units is soft polymeric materials

30  with elastomeric properties.
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synt hase and the .gene coding therefor. U S Patent No. US6812013 relates to
a PHA-10 synthase useful in a process for preparing a PHA, a gene encodi ng
this enzyme, a reconbinant vector conprising the gene, a transformnt
transforned by the vector, a process for producing a PHA synthase utilizing
the transformant and a process for preparing a PHA utilizing the
transformant. This invention is characterized by a transfornant obtai ned by
i ntroduci ng a PHA synt hase gene from Pskudononas putida 15 into a host

m croorgani smwhich is cultured to produce a PHA synthase or PHA. Anot her
U S. Patent No. US2004146998 also relates to a transformant and process for
pr oduci ng Eol ymer by using the sanme. This invention discloses a gene

encodi ng f &VeIagropaRd intenest- iy Adwis Zesigted rinyineation of aev dagihlS sy €dr

utilizes t h Q0 fernent.atiye, synt hesi f a pal yner and a
net hod of gﬁ%rgg%e%%d)éo%cl) VBTt Rre cilﬂ% ﬁa/ff’ﬁu% nt‘ﬁ}I’fﬁ BY(?BP}‘QQFW% RELAtHes
i nvention &mbGeas positivhmiQosghiives have BlentiffestisAGS LRl WRotthh&heL£aTR! | Ses a
pol yestgr synt hesi s-associ ated enzyne gene, a pronoter and a termnator and

has been i 8§1esdurdyed mt SHp e hipsynthesigincludimg ite ke reamprher ierRHANYnfimegess f or
produci ng pelYiEe HEtddedn; Lsclosed in U Pat ent No. '
EP1626087. This ienventi%%]ll;gg?ow gggeg{éﬁ%i%nfpcggg 8%t asset te which
conprises a gene coding for an Aerononas cavi ae-derived PHA synt hase. Yeast
is al so usig as a host and g mut ati gn has been introduced in the pronoter
and term natGF ¥H S0e patgpied jeeologasie oversthet prort artp eclating: o onpalymian t he
yeast. 3 SoRsOhnd iR RaeeRlRY hethRolaipaRqPReC |3t i, g} Ret ween
pol yner synt hase encodi ng geng and oﬂﬁ‘er g%ﬁfej}s\l.a B.@@?l%e]l?g%?{eﬁlg? a%R
US2008293632mthase asefyl ina progean &fropraparingam @HA, o paresanchding phistiieime, a gene
expr essi Onre?&%ﬂ#ﬁ%t ‘i,eré east .. The, transfor mapt IS obttg)i ned by introducing a
plurality Of CRATIE GERSSMPRTIDE e 8p1f- priRnsiospatEastormed Ry ke vectndi nat i on
of PHA synpoasse fangraciaged PHREEHthAse AtilieHYChasBndEhEant |4 S.

Pat ent No. U52003 146703, a reco%fribi nant“rri gr_oqr gani smanéxp(rigagglltogggsb%d{h PHA
synt hase alf@PITHYE: AclAuytdizimethed irprsfgmmant s Ehis Sneingioh os edharatherized yeat i on

allows th i [.S: gragdation of PHA. 10 Most of the
pat ent ed %@ﬁ%ﬂtgg?gggrﬁ%fg?g&ﬁ%hén? Eg)r@?g}”ﬁg%{s gﬁ?ﬁjggm rGUeEEonas PUfiAd duci ng
pol ynmedS orinRHAhess mmigrobtganismawkich is@ifured t6 pr@fee a PHVSEase PSR . Pat ent ed

t echnol ogi es i nvol ve PHA synt hase genes which are derived froma different
regi on of the genone of a different species of organism Thus far, there is
al so no pasgsh&duisep YUSH ' [ ron.of . C3 to C7
monomer units in thegtggdnlt?ﬁg%ig}%s(ﬁ%?@?ﬁgl%ﬁgﬁﬁgégﬁﬁg@@tF{ld PEREREES or e
desi rabl e Hroduditg:pplymesehy using ¢int sanre. Thispnearitide disoldses patRrobMing fegaent  of

t he pol ymer, 8\%%}-ehaset gene tg%?roduce. a .reconbi nant vector and a

t r ansf or neRPORRIERY RBFSIHRE FOYRE. ¢ iSFanisadisty Washy wiilizesythe reene far tthe

i ncreased fean@ltatble s36theds b¥a pSl9meMARY | LRLY . obj ect
of the present i_nvesgti_on S Eoggrré.ovi de ggg)gldf:éeﬁlﬁg%lta gyﬁ%@%\% ia(l:ﬁ IS
derived f r%ﬁh%%%repigamsglpé’blsegyer@nu facusgmoi 8wi @nstfugpioh pifietie syfdtazar encoded

25 by the L0 i oration of wuseful nonomer units. Anaqther
obj ect of ‘tglﬁgﬁ ﬁy}e@gﬁ%yaﬁ\?@ﬁe{g {egric’yf?ti"eﬁiaﬁf"é'\?%geenémévgmafﬂr%ﬂ@ﬁtanéfathe
pol ymer syedniiaster ol ks Heby hit@dudadtiftodyegsti t abl e vector to produce a
reconbi nant vector, and hence to provide a transfornmant containing the
pol ymer synthase. 4 Still another object of the present inventionis to
provi dgs a l i i | evel of activity. Yet
Bnot her ol;j?fg(l:%‘mo%f%?ﬁ%hg@g[g%%&?néﬁég‘%sggﬁpggoﬁgnéﬁg By Wing, fhe gams dfeont

met hod f ordiglqsed dudl.SgPpeityNierEP 1636087 . Thes tnkantihsrowaks & 2B4@kMIBGidhe

pol ymer synt | east one of the preceding objects i's net, in whole or

hase. . .
in part, 65‘}“?%% ‘ﬁ?‘gﬁ EMRTGR At BB, CodinsuiPt B ofiomprashsadabdetivednPE Al t he
present i RyRRhIeONVeHRSIEIdIRE BsedNas g gflogtt &t ROhYAHG! BR¢ bi& SRGALLG: T Qe @

pol ypeptide conprising an am no
promoter and terminator so as to allow the gene cassette to be functioning in the yeast.
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10 sequence set forth in SEQ D NO 1 with polymer synthase activity.

Anot her enbodi nent of the present invention is an isol ated pol ynucl eoti de
encodi ng for a pol ypeptide conprising an am no acid sequence set forth in
SEQ ID NO 1, wherein one or nore amno acids is replaced, deleted,

repl aced or added, the 15 pol ypeptide havi ng pol yner synthase activity.
According to the preferred enbodi nent of the present invention, the

i sol at ed pol ynucl eoti de conprises a nuckeotide sequence set forth in SEQ ID
NO 2 or the conplenmentary sequence thereof. 20 Still another preferred
enbodi ment Sometdfah®pacHel td Wala Tl [ - ol ynucl eot i de

conpri sing a nucl eo?i de Sé%:&iéﬁl?giegg%éc Sgtgﬁbﬁ%k@%%qlb . pﬁ!yr’%ﬁﬁéV’éﬁhﬁS"T i's
repl aced bynegding gene andnpthenegrnas.y Usk:qRewse N&1eUS20082356 (B tre BRI RN

enbodi nent Lst{)g]ﬁ-mgrmel ent_inveption is a reconbinant vector conprising an

i sol at ed polynucleotrde PIRNERIOR Profiicingof #4689 ppEssiRIT Pedubidia yeaseridedi ng
for a pol ymanifomeant & ebthintd s 5 ol 94%2 forth in I D NO
1 with polyner synthase acti.¥ﬁ§®%1?g§@%%§xptl gﬁgég%ersilg?’%ﬁedaﬂ’ no acid
sequence s él’ntg‘?ﬁst ¥rch s SEombinaion of, PR eysthascoarel ar adttdaee@NTBA @@hddssel S

repl aced, dgletgd r a t ol ypepti de havi ng pal yner
synt hase agti vil'?1 yénog?eéfglrgab aﬁ‘g’“?’ﬂ% g%%ﬂg%lﬁ%gpﬁaﬁtm%’é?‘ﬁ?mi RQIGOPEHYMNI. I n a

further emboptessenyboli PHAesymiesenhd intealil& PHA dehAVSH i stpimed by
the vector.as set forth in the precedi ng enbodi rrgn se?‘{ss:g?igl@(sz‘}léiégd&ﬂg

Anot her f uPFtABPOT3O3; the fitnudtaneaws syrtbesisand degeadatiomof BHA. pr ocess f or

produci ng pol ynmer conprising: culturing a transformant conprising an

i sol ated pol ynucl eotide as set forth in any of the precedi ng enbodi nents in

a medi Ut cdshofithngatontey tehnalapiee rafat €5 b abnsfomnt bEE 8 YRICEAI o} gﬁdeabgmsf
PHA. es

fromthe c (%)lg'}illléxedr {um .10 tEreferably, the polyner is lled in
the art wiPr-réeadM pPERs ote irangfonmat disclased. | Moweieronthdss patbhteddapt ed

to carry oechidiegieninesive PRNsyBRtaAl Perlel SR e ABM ANARLAIRS MB0LLONED. s
the genome of a different species of organism. Thus far, there is also no patented

technology disclosing the incorporation of C3 to C7 monomer units in the synthesis of
15 a polymer synthase. It is therefore desirable for the present invention to provide an
improved DNA fragment of the polymer synthase gene to produce a recombinant

vector and a transformant which can be useful in providing polymer synthase with

increased level of activity.

20
SUMMARY OF INVENTION

The primary object of the present invention is to provide a polymer synthase gene
‘which is derived from bacterial species, and a synthesis of polymer synthase encoded

25 by the gene with the incorporation of useful monomer units.

Another object of the present invention is to provide a new DNA fragrhent of the
polymer synthase to be ligated into a suitable vector to produce a recombinant vector,

| and hence to provide a transformant containing the polymer synthase.
30



i rent therein. The enbodi ments described herein are not intended
;goig : ing1'et :ti ons on the scope of the invention. BRI EF DESCRI PTION OF THE
DRAW NGS 20 For t he purpose of facilitating an understanding of the
invention, there is illustrated in the acconpanying drawing the preferred
enbodi ments from an inspection of which when considered in connection wth
the follow ng description, the invention, its construction and operation
and many of its advantages woul d be readlily understood and appreciated. 25
Figure lis the am no acid sequence of the polypeptide of polyner synthase
as descri bedlli dhogtee obfect BE tHRY fleS: ‘?ﬁlvé:ﬁﬂpﬁ’q% @@g}(ﬁ/l&f al ggfn?erressyfelﬂ}gsel nw\{t%nt hon.
6 present invention. Figure 3is the nucleotide sequéences of o .
anpl i fi cat inskeasedleaekafgetivised f or the PCR anplification of
t he pol yner synthase as described in one of 5the preferred enbodi nents of
the present invention. Figure 4is the H NVR spectrum of
P( 3- hydr ox Wetanotidrevbjeat 3f thedsreneny BveRRIES to develop a(}ﬂ%r@'el?ﬁg&ﬁ)ﬁ{aﬁ&??&at €,
one of the exanple of the copolyner synthesized by the transformant of the
as descri bBEPéPﬁing Relygrers yng teteansformantsnblothimethe pobyimdrsenthaes e nt _
invention. DETAILED DESCRI PTI ON OF THE I NVENTI ON 15 The present invention
relates to a polymer synthase and a gene encoding for this enzyme. In nore
parti cul ar Attleast pnesdrthe iprecedingosbjestovd ars, m Hokt 60N barg SR t@ﬁﬁgélﬁg for
an enzynme of polymer synthase, a reconmbinant vector contairing the gene, a
t ransf or rraH’tveFtt“Hﬁé? d’Y}HéH 08§ Ogﬁbe FEOpdimentmell thepprosans sn\feotlo?rd@sbnnbgmgnpol g ][rer

se olked’ i | Srdqke pol ymer .yse
The. transt ornmet 1 b Fa o afe Rl RS iObaRh SR RS Be” Rl i oo
accor dilflg sesuens sgt fortbrin SEQHLNAL: rewitlspalfmeheynpitaes activitynvent i on and by
referring to the acconpanying description and draw ngs. However, it is to
be understood that [imting the description to the preferred enbodi ments of
the i nvent Aaathandnbediteat of eipRaseni iy emRiohl ¥ ah Sedided bbhhA-ligcitasiian of 25
the.presenf invention and it is envisioned that those skilled in art
may devi sehvaar PRlYBeREa; Sompaisingran eininecasid da:p[antd sl f’orthrinfﬂi?:) 3DONe); af the
appended c|.a] . invention dis es .an i sol ate .
pgloynucl eo{tvlﬁée ner?gg | ng{()?%%mén%oalcv%elﬁt R cE‘%nﬁéF@flnéepé?Fegn?rnéd% dhgequence

set forlbh polySpGde Banay pdlymier byrtledsy aiivigynt hase 30 activity. SEQ ID NO 1
is illustrated in Figure 1.
According to the preferred embodiment of the present invention, the isolated
polynucleotide comprises a nucleotide sequence set forth in SEQ ID NO: 2 or the
complementary sequence thereof,
20
Still another preferred embodiment of the present invention is an isolated
polynucleotide comprising a nucleotide sequence set forth in SEQ ID NO: 2, wherein

T is replaced by Uj or the complementary sequence thereof,

25 Yet another embodiment of the present invention is a recombinant vector comprising
an isolated polynucleotide, wherein the isolated polynucleotide is encoding for a
polypeptide comprising an amino acid sequence set forth in SEQ ID NO: 1 with
polymer synthase activity; or a polypeptide comprising an amino acid sequence set
forth in SEQ ID NO: 1, wherein one or more amino acids is replaced, deleted,

30 replaced or added, the polypeptide having polymer synthase activity. Preferébly, the



7 According to the preferred enbodi nent of the present invention, the

i sol ated pol ynucleotide is a polynmer synthase gene. Besides, this polyner
synt hase gene can encode a pol ypepti de containing the anino acid sequence
of SEQID NO 1, or a 5 sequence where one or nore amno acids are del eted
from replaced with or added to the am no acid sequence of SEQ ID NO 1.
Even if one or nore amno acids in the sequence of SEQID NO 1 may have
undergone mutations such as del etion, rgplacenent, or addition, the

pol ynucl eoti de encoding for a pol ypeptide containing the am no acid
sequence i secofibirinn@sttors hpfasAgne of the present invention insofar as the
10 pol ypepti de has pol yner synt hase activity. For exanple, polynucleotide
encoding for the am no acid sequence of SEQ ID NO 1 where nethionine at
the first i i.0n i eleted js alsg.contained in the gene of the present
i nventi on. ?\f%liﬂﬁeérem\/\é)gﬂg?mt“ﬁéﬁeggﬁ?ée”éfm‘fq‘?@mbraegé‘ﬁfomb%@?%W@dc@hﬁﬁsses
not only t khectowslseofortién SRMeRAMCAMIIMERS istdi& @y no acid sequence of SEQ
| D NO but also its degenerated which except for 15 degeneracy codons,
code for the sanme pol ypeptide. The abovenenti oned nmutations such as

del etion, v SR, Lt can_he i.nduced by known site-directed
nut agenesi é?lgilh%{:a pr ef%ﬁ?‘gﬁqgﬁbg&tbﬁe fesgr Heén%ﬁpe?e%tpr?‘i‘f\‘?% ¢5 Brpduging

i sol at ed ppolymer cemprisag:2Mlmanyrai tsdnsﬁ)rmaﬂtl@dnqsmidEﬁ%‘élb@&Pﬁol?ﬁﬁ léc%irdg‘ in
SEQ ID NO 2 or tIhﬁ conpl erTFnhary sequence thereof is disc osedc. EQ I D NO
2 is shown® iR e™ ang: pf | the nyeerehinge athidiraents oh  ehmepives esuntdimngnt i on

is an isol gsletheAAHO {.d i rﬁgﬁp{i ti de sequence set
forth in S Q%I;ID NO. gfdtﬁh@‘ielér’eiﬁl% cigger P ac (§§Blyr 3[;6%{1)?:8? ﬁé‘ﬁgr(?ﬁpqllnggﬂélm'ary
sequend®@ t Resfesably, thit\pelympoisyBiial eoti des are coding for a pol ypeptide 25

wi th polynmer synthase activity. This polymer synthase gene is preferably
cloned froma suitable m croorganism In accordance with the preferred
enbodi nment Oaé sktilled pr s @Rtwill'végdity ; ; i par at ed
from a m croorgani sm bel ongin tylo_ ﬁegwsggﬁg{%ﬁ%%ﬁ%ﬁ&%ﬂngﬁég%?iaﬁi%?tf‘%goI at ed
f r om f r eshlOWERT; OutTthe obigsts aid ebtainpthesads andhadwdritages aaentioaed, Gasobélnianed by

chem cal s nesi r p rnase chain reactjon (PCR) technique using
genomi ¢ DN%Bgé;qgﬁe?eel{r?rpﬁhg{kzr}' ?);irléltr)‘r:;l;;n tﬁ’?fﬂl‘f’g? z%f‘frgﬁgug‘frﬁ’& ArepRat fIRtg @S havi ng
t he nudbeolimiaticsguehcsops ofithelimaatio | N accordance with the preferred
enbodi ment of the present invention, PCR detection nethod is applied to
obtain the DNA fragnent of the polyner synthase gene using the genom c DNA
from Chronobacteriumsp. as tenplate. Initially, the genomc DNA is
isolated fromthe strain of Chronpbacteriumsp. It is known in the art that
any sui t abBRIEEDESGRIRFION QRTHE DRAWINGSnt rich nedium can be used for
the preparation 10 of genom c DNA. To obtain a DNA fragnment containing the
pol ymer synt hase gene derived from Chronobacteriumsp., a probe is

pr ef er 20! YF@teppiredse Mhéiti i . ROl I. nt hase gene
are sel ect ed frgﬁnr?t he knom%gg%ﬁfé\gﬁgeélgtg&ge%éfefr?llfgéﬁ%glggﬁt}g%g& ﬁ%‘@trggéﬂknces |
codi ng f orthe ResAmenaRying drawingethe preferreth einhodiolehgdnera | oinbsieton Af WHidEE! pai r

of anplifi i oti des i.s desi gnhe o .achjeve 15 this purpose. An
exanmpl e of&?%{legghépmé?#é%tcpwch%l‘@& ?‘afegolf%“gmimrmom & &vantiom ighi ch SEQ
| D NO: 3 instaetionint tpefabMand nith r@ritsad?ﬁm?tggsl@o@@be@e&ﬁly\'ﬁrﬁ%m@&& he

reverse pri rc“[er. The anplified DNA fragnent can be di geste a Suitable
restricti ARIGARKFABICf or 20 exanpl e Apal and Sall. The DNA fragment is then
dephospéioryl ated by treatnment w th al kal i ne phosphatase. It is ligated into
a vector previously cleaved with a restriction enzynme, which can be Apal
and Sal | . Fgdrednot hey therdndieo aEiatse@ientd 8f MeSoBfeplily 8NbAIPR et §yrﬁ’he[s§%9nb' hant

vect or conpri sing o g
described in one of the preferred embodiments of the present invention.

Figure 2 is the nucleotide sequence of the polynucleotide encoding the polymer

30 synthase as described in one of the preferred embodiments of the



25 an jsol ated pol ynucl eoti de, wherein the isolated polynucleotide is
encodi ng for a pol ypeptide -conprising an am no acid sequence set forth in
SEQ ID NO 1 with polyner synthase activity; or a pol ypeptide conprising an
am no acid sequence set forth in SEQ 1D NGO 1, wherein one or nore am no
acids is replaced, deleted, replaced or added, the polypeptide having

pol ymer synthase activity. 9 In accordance with the preferred enbodi nent
of the present invention, plasm d or plage capabl e of autononously
replicating in host mcroorganismis used as the vector. The plasm d vector
whi ch can be appli edplegigh HesiidBR322, pUCL8, and pBl uescript I, whereas

t he phage vector which can be applied includes EMBL3, 5 ML3, |anbda gal.
These vectors can be commercially obtai ned. Vectors capabl e of autononously
replicati | or more hgst..cells such.as Escherichia coli or Bacillus
brevis, agﬁ \%el}{%lgas vlgg f‘%ﬁ%as?ﬂﬁ%ﬁeauwsi BFg‘,e %’éﬂlffﬂa%n Baclgetides used horvect or s
are al so cl eaved wi tihe POR &ilplificdio O RNBHIORS: Shuidehs HOSHPed [AGIEGH can be
obt ai neg. 10 Accordingly, conventional 1 gdse 1's use 0 |gaete t he
resul ting DNA fragmethe Prefereed enebadimenss of thagmesant. inTéntioBNA f r agnent and t he
vector fragnent are anneal ed and then ligated to produce a reconbi nant
vector. In a further enbodi nent of the present invention, a transformant is
obt ai ned biigus 4 nt r ddthei HNMRespee@itiof P hydreeyityrele-doIRhPABR iierhfavent i on
into a host conpatible ‘ﬁ" h the expression vector used in”constructing said
the reconbi nant vect®r3-hygrexphezarente); enectfithoexamplaof thegopolgimdr to | imit the
use of particul ar haght bieal I XRF essi t he target
gene. Suitable exam%??ﬁ%f&gﬁﬁ%aggfggga g’?ggﬁ%g?%cgﬁjﬁam %Wsor}gg‘f onging to
the gehlis of Cupri avirefeeed Pmbodiorentsadf thor prBsai Invesioror 20 yeasts from the
genus of Saccharonyces or Candida; or animal cells such as COS or CHO cell
lines. |If bacteria such as m croorgani sns bel onging to the genus

Cupri avi dus or Pseudononas are used as the host, the reconbi nant DNA of the
present invention is 25 preferably constituted such that it contains a
pronot er, RHEABADIPESGRIPTHON QE THEINVENTAGNt i on, and a transcription
term nation sequence. This is to ensure the occurrence of autononous
replication in the host. Preferably, the expression vector includes but not

i nit eth t TheGrkcht dnvenfiBBRAMES-t3 1 pblyMat isyﬁﬁaseLAdeewg%ﬁe e%l&s%ﬁ pIPLgy can be
S a

of any type pI‘O\ii ded that jt can be expressed in the host. npl es of 30
pronot er s WAEH 18ROT BRTUFEAL fthe pregent inylentien piotilge a ifurstiona gengeprodingt er, | ac
pronot er, forl@n Rhz t ter T7 promoter. . To introduce the
reconbi nant vect o?h?%oﬁgylﬂ%ﬁ{}nﬁg?’o%rrﬁcgowégﬁm ARGk FONRIHRS Hhsagenear? be
used. For t@rsfyphant tiahsfoireedibs thevectonand amirsdess for Brodaink polyher Gahhhdem Met hod
5 and the\ﬁllighc;[ Eaﬁgorg%g on _net hqd. can be used. |If phage is used, the in
vitro pacKagi n& R %’gﬂleﬁléo B[ﬁlﬁl(‘e—&epolymer by use of the transformant.

20

Hereinafter, the invention shall be described according to the preferred embodiments
of the present invention and by referring to the accompanying description and
drawings. However, it is to be understood that limiting the description to the preferred
embodiments of the invention and to the drawings is merely to facilitate discussion of
25 the present invention and it is envisioned that those skilled in the art may devise

various modifications without departing from the scope of the appended claim.

The present invention discloses an isolated polynucleotide encoding for a polypeptide

comprising an amino acid sequence set forth in SEQ ID NO: 1 with polymer synthase

30 activity. SEQ ID NO: 1 is illustrated in Figure 1.



Expression vectors such as Yepl3 or YCp50 are enployed if yeast is used as
the host. Accordingly, the pronoter can be gal 1 pronoter or gal 10
pronoter; and the nethod 10 for introducing the reconbi nant DNA into yeast
i ncl udes the el ectroporation nethod, the spheroplast nethod and the lithium
acetate nethod. If animal cells are used as the host, expression vectors
such as pcDNAI or pcDNAI/Anp are used. Accordingly, the nethod for

i ntroducing the reconbinant DNA into ardi nal cells can be the

el ectroporati on nethod or the potassi um phosphate nethod. 15 The present
invention al so discloses a process for produci ng pol ynmer conprising the
steps of culturing a transformant conprising an isol ated pol ynucl eoti de as
set forth fAfcoadipgofo thee pvfered!i amposiimbenti nBrthe proseat BdintohC ohY 2édlitBd

pol ymeri z rLal s;. and recoverin he . pol ymer fromthe cul tured

medi um Tﬁgdlg%l{%r?glfl ¢ gsaﬁ pB@'n?e(SrSP?étg‘astgeé‘%dhﬁ%é igpalymen synfbaserggns fcan nant . A
convent i onaicodettypeptide tortaiditlg thel iinb NRidO%fueh& & SBOUELN .0y CYl fure the
transfogjmant of the present invention. The nedi um for tge L ansPofnant
prepar ed fIBHFNEE WherOORGRITNets dneino agids gre delethd frgem uepled iy ordidtedto

Pseudonon : : i redi.um cont ai ni ng a carbon source
assiml ablatzle %;ﬁ/’“%‘ﬂgc‘ﬁ.gg ugé?eggﬁlggﬁ'ld@ ﬁjd\;heﬂc‘iﬁ] B thPi% ?fg’é‘ﬂgesﬁﬂweea,mqsrlﬁrﬂ@%ni c

salts or eawquiter aff §EQ EDNNO:i 1imay Sove Cedea®nbeialibmd 8, af Oc{e&)é??@,”p' e a
medi umin V\ﬂliéCh the nutrition source is in a range of 0.01%to 0.1% by
wei ght of TRECHRMLARaddiionsthepplyanesetidejengoding farianplyneptidé edntaihingohe/ mer .
The car borngiay e de§6&hce 3 chifaifed b rbons..such as gl ucose,
fructose, sucrose ora m:fl:l toge.alFﬁ(; Erﬁg%é#lg{gm%eﬁél%gl f IR 3?%3158%%’?&1?‘&:%
havi ngl® wepodypeptidehasepdipmeratynitmse activitys Bobexarife] paimublRosd &RAIMQULLE-
These fat-4and.oil ~rel at ed sggﬁéwl ncLude natural fats and orls, such
as corn 5 oi [ Soybednl'6hte © I :di Wherg yngthiopie asithe figst iposition fis
coconut oideletgabis ls0idontair@Ben el penk iof bheQirk : Qi i il and
cattle oil; aliphatic acids suec enas acegﬂtri Sgng\@?%ﬁm%f gnp?tggllr‘gb%g’it © 85t anoi ¢
aci d, pentoiﬁ]éﬁ‘ RIEfEI enveRdbencompaskes not endpitle acilabtidel eeqieneeCcoritd gifor kigur i C

aci d, ol ei ¢.:;aci.g 1.4 } N njc_acjd, linolic acid and nyristic
acid as we lﬂgsa glgsg'%g{rléﬂctlé hogr%%(?ﬁDaNgo%ﬁg{ a1 tsdeeenqralnd which spesnbifor

but anol5  plepérenmly, colond)@xde Gbr, the cdariROpolypeptitly. TR SNRmen@bid! maksaho! and
pal mtyl "al gohol as well as esters thereof. Meanwhile, the nitrogen source
can be derg}lébﬁsfqe Brffbicamenty pr Additiom csal hesindyegst byeknommasiteeditacaedt , yeast
extract omgfdenesiteep |l iquor. The inorganic matter includes nonopotassium
phosphat e, dipotassi um phosphate, magnesi um phosphate, nagnesi um sul fate
and sodiumchloride. 15 The culture is preferably carried out under aerobic
conditi on§nvm' t h‘?ISh%J;i gg) at 30Ct1 34C for_ nore than 24 hours, preferably 1
to 3 days, " af P& “RXhrEROFERFT Of; HiguBrgent Dipventipne nt iselatedapoiybidedtils such as
anpi cidd i RompASARACA R IeoB8E SRR h B & e ragycline can be added
to the cul turbe. %?cor di ngl ?datéhéeéqsbect)?gﬁrr%@(%gn I%Ngc%%ﬁﬁ%tc@@ Y he

M cr oor gaffEIeNCcahgrachids e . $BQ Hh&NO:b2 is shovelieFigke X Wllluamthdie

' ' ] ith the. . ' .usin i nduci bl
oromoter - reQuenSt BTGl et i 3B PRt Polviuids gy remeiede (1 PTO)

or ‘i ndol eacelyétide qichcé lséNorthGASED 3D NO: 2008EHOTEH GediRd) 19 gl ture
the 25 transformant fromani nal cells as the hgst, lne%%ilsﬁg]c%’ grsﬁ;l M - 1640

or DNVEM sGYPPEmERBY ssuencertberspf. dbosenpol ymiclavtidemarb eoding dor Apsigpehitidg t 0 t he

pr ef ernsed weRUE nRhsd ARy €Sent invention, culture is carried out
usually in thewpr esgrrllceseo ﬁ%’&cm at 30Cto 37C for 14 to 28 days. During

culture, antibiotics such as kananycin or penicillin my be added to the

medi um . .
This polymer synthase gene is preferably cloned from a suitable microorganism. In

accordance with the preferred embodiment of the present invention, the polymer
synthase gene is separated from a microorganism belonging to the genus of

30  Chromobacterium isolated from fresh water. The gene of the present invention can be



12 In accordance with the preferred enbodi nent of the present invention, a
pol.ymer purification step can also be carried out. Preferably, the
transfornmant is recovered fromthe culture by centrifugation, then washed
with distilled water and hexane, and dried. Thereafter, the dried
transformant is suspended in chloroformand heated to 5 extract the pol yner
therefrom The residues can are renoved by filtration. Preferably, nethanol
is added to this chloroformsolution t@& precipitate polynmer. After the
supernatant is renmoved by filtration or centrifugation, the precipitates

are dried diaiged &y Rihehfida® Gy RAEMEBF thel B@lyfxﬁ?é&téhaﬂl Fb‘agtyc?f?gpéﬁ)n?e%ﬂﬁi‘qwﬁd to

be the desired one in a usual manner, for instance, by gas chromat'ography,
nucl ear nEdHRE ganoMEe B eea tammlatheorshy ybritlivatiop abingarDN \fidpasat hanng

synt hesi Z:tP nﬁ&?&k&é@@u&@%}’%ﬁr consi sting of a nonomer unit

3- hydr oxy anorc acrd repre &d by Formula I, wherein R represents a
hydrogen atomor a O to C4 alkyl group. IIl O CICH2 C 15Fornul a |
Preferaply, the polyner is pol yhydroxyal kanoate. The pol yner can be a

copol ymer HReFrdrnes widh the preforedambedipnent of tho pesttdneenyiva) RCR defectiandom
copol yner - 2 Ol - tyrate-co-3- hydr ox xanoat e
r agdo% coprg%rgrg? afgﬁ([a%{(d;?l—%?ggfeglﬁ-ﬁ% ??%%??%#g %nrqé{asl)ﬂl 818%5‘?%/916 rllléméﬂﬁe pol ymez
synt hase @snemiBNEombChriompbadeninmpcs Bpkde. dnitidihdthe E&ﬁdfhib! PNAR gh

ef ficiency. ,Th onvention progess for producing poly(3-hydroxybutyrate)
[ P(3HB) ] dﬁ?lgtsﬁ %QIBb‘Sérﬁ“?W Btﬂ’f‘é’é‘?b%fedﬁ’é‘r Pl sfknownep de amsthatt amce to

i npact becausRe HdfurR Foy FRfanks a2 ferd ER h&édﬁ%séaﬁ'b%iuggdr faz)?g}y{%%?aﬁé%? [ee of

crystallinity is |owered by introducing 3- roxyva V car bon
atorms & Pfigraewio/AbiarivaetsaihabNg Bagmehaontaibngtienmolymeosyatiaot goms chai n.

Th I . flexibl I i,c .materi whi ch i I excel | ent
it her mostauet T SRty T X Protes o subl Piemves Mol coppeved
P( 3HB- co- 3tiishs @dphé Vwobymerasyntigaspr RAUCAE deltchidIftom Weekibvy _aﬂﬁgo Qa{c):cf he

p

pol ynmer synt hase of Chronpbacteriumsp. used. Since the desire Iyrrer can
be obt ai ne9d¥§7c and Hiclenkige equesiceyy codiag aoo\themecansbe jestimated e desigh as a

_ g:c Ofﬁgr adafpgbnimdiided! A (f)];'inYe?rpgir df Ll%l%ca (85 R esssi(gldse'sigrlféJ thgcr}iie\gehe gEne
: 15 this purpose. An example of the amplification nucleotides is shown in Figure 3, in’

which SEQ ID NO: 3 is used as the forward primer and SEQ ID NO: 4 is used as the

reverse primer.

The amplified DNA fragment can be digested with a suitable restriction enzyme, for
20 example Apal and Sall. The DNA'fragment is then dephosphorylated by treatment
with alkaline phosphatase. It is ligated into a vector previously cleaved with a

restriction enzyme, which can be Apal and Sall.

Yet another embodiment of the present invention is a recombinant vector comprising
25 an isolated polynucleotide, wherein the isolated polynucleotide is encoding for a
polypeptide comprising an amino acid sequence set forth in SEQ ID NO: 1 with
polymer synthase activity; or a polypeptide comprising an amino acid sequence set
forth in SEQ ID NO: 1, wherein one or more amino acids is replaced, deleted,

replaced or added, the polypeptide having polymer synthase activity.
30



present invention can be used to breed a“strain highly producing the

P( 3HB-'co- 3HHX) copol ymer. 10 The present disclosure i ncludes as contained
i n. the appended clains, as well as that of the foregoing description.

Al though this invention has been described in its preferred formwth a
degree of particularity, it is understood that the present disclosure of
the preferred formhas been made only by way of exanple and that numerous
changes in 15 the details of constructi9n and the conbination and
arrangenments of parts may be resorted to without departing fromthe scope

of the i nvenbtaidancXANEL the2BreFrRAPLE 0 AHENPEOME d5R ke RE)

n{ign i I1I sus’ltdr ate
di fferent aspects and enbodi ments of the present” Invention. "I‘h%gé e%arrpl es
are not i nPB¥gseerpiahleaply awiagomously meplicating di Soktosketobusisii %gnuseuhgc/h}elh S
limted on e clains,. 25 le. 1 Coning of the Polyner nt hase
Gene from Crt%)f/rojglgc?lg?ﬁ%tﬁimvgcﬁ?r H?W%"F%ﬁ be éIpPG?A GENITS PHNIR 2 ImBHaHSy ands
i sol at ed f pBlueSdtippripbatit@ad ¢ pRage Utor WhitRMRAR! S5d1E SPudtSMNES

cul tured oyernight in 50 nl nutrient rich nmedium (1% peptone, o nedt
extract, OX/E% 9%5’%43 &t AAese vastery can batcosB@reinily bhinede Vo SpabRibiwas

i f ] ' ' t he st andar thod. .14 To obtain a
obLarned | AAEhAGLR RERCLARNROTbARLAGADSILANI A LR Ll el gD o
USM2, a pr biseiswas wellleas parpar sdttieTweeteho n@inNals@ 86 ifst® Qldhoareusl ot ihies
desi gned usjin NCI?ﬂrwgat ahase as a reference, SEQ ID NO 3 and 5 SEQ I'D NQ 4,
were synt h%lgi"%éid’f"t THONSHAErCnEyREhsbaidheie faaenteph be ioblined. PCR using
t hese oligonucl eotides as priners and the genom ¢ DNA from Chronobacterium

sp. USM2 as a tenplate. PCR was carried out using 30 cycles, each
cgnsi stlPngAe¢ordiagty comveationss DN Arligace sasedds ligdt® tﬁ@fésﬁangmASﬁ/%;,F@ﬁ, and
al i

i 1.7 kb al - from
Chis fragnih] Siacceds ErmilaT sy DIV CSRGEr P oaetoT Raepony meramgaehase
gene cont aimi then lij@edticprogidedercBRAbRARRelbf 04) SEQ I D NOI 1 was obt ai ned.

In a further embodiment of the present invention, a transformant is obtained by
15 introducing the recombinant vector of the present invention into a host compatible
with the expression vector used in constructing said the recombinant vector. The
present invention is not intended to limit the use of particular host as long as it is
capable of expressing the target gene. Suitable examples that can be used are
microorganisms belonging to the genus of Cupriavidus, Pseudomonas or Bacillus; or

20 yeasts from the genus of Saccharomyces or Candida; or animal cells such as COS or
CHO cell lines.

If bacteria such as microorganisms belonging to the genus Cz)priavidus or
Pseudomonas are used as the host, the recombihant DNA of the present invention is
25 preferably constituted such that it contains a promoter, the DNA fragment of the
present invention, and a transcription termination sequence. This is to ensure the
occurrence of autonomous replication in the host. Preferably, the expression vector
includes but not limited to pGEM-T and pBBRIMCS-2 derivatives. Likewise, the
promoter can be of any type provided that it can be expressed in the host. Examples of

30  promoters which are derived from E. coli or phage include trp promoter, lac promoter,



15 Exanple 2 Preparation of Cuprividus necator Transformant The Apal - Sal |
pol.ymer synthase gene fragnment was first inserted into a cloning vector
pGEM T (Pronmega) previously cleaved with the same restriction enzyne. The
20 fragnent was then digested again with Apal and Sall restriction enzynes
and the resulting Apal -Sall polyner synthase gene fragnent was inserted
into a reconbi nant vector pBBRLMCS-2 capable of expression in

m croorgani sns bel onging to the genus Qapriavidus, and the resulting
reconbi nant plasmd was transfornmed into Cupriavi dus necator PHB-4 (DSM

541) (strapp petehoted, BRiprbMoted 8nd Pl prdXotk©® Synt hesize 25 pol ymer) by the
conjugation transfer nmethod. Firstly, the reconbinant plasm d was used to

transformE. coli S17-1 by the cal ciumchloride nethod. The reconbi nant E.

coil thus . ailn and. C. necator PHB-4 were .transconjugated. The

r econbi nan?g@mcdglg? %lae_nrgc?fpgl_r?g%a‘fe(‘ﬁo_r%-34}‘%:“8“887%‘15@]@] agbi‘B‘?/‘@? Mgrdsin 1.5
mM LB nedi cap bedsdduFoi exdmple Cif thee Hbdt Mhidtood@Risrf AL A, HRS BAGLIY fiethbd
cultures, each 0.1 m, were conbined and cultured on a shaker at room

t enper aPur @4 de glepeporatumemethodusan brigisedadf phagaBANAds wisedyotht iwheikibng f or
30 m nut esga%?%?gﬁgwtgeya‘dw@&en again for 30 mnutes. This m crobi al

m xture wa on Sinmon' s citrate agar containing 50 ng/L kananycin
and cultured at 30C for 2 days. 5 Since C. necator PHB-4 is rendered
resi stant {0 kanamycin by tr nsferrilr(lq%ét he plasm d in the reconbi nant E.

col i into PEPTCEYRA YSIYRHSUD Brishn3 Oh YReL aransraploxediif yeast i usgdies thechat.
transf or mAtcRlingly, BRGEFbRAbter £&n Eé%%rlgi ﬁrcc':)%m%é(mrrg%f'lé Pdcm{{gll' mEheb%at%Bﬁnecat or

Transformants Each of 'C. necator necator t fanstor mant an B- 4
wer e i A8cufoatietepduging the redombinaat BINAredod yeas( tcBRlegithe désnpbiativh yektbgEn

phosphate, ,2. 8 g/ otassiu i hydr ogen phosphate, 0.54 g/L urea)
cont ai ni ngt%.sﬁ?%358§ T%gﬁéa%q g’ﬁﬂﬁ?‘é‘%ﬂtag%mleﬁ@&bﬁ@%@q? ells 4r¢ 389d @ thgoc. 50
my/ L kananyest,rexpRSsiofldectorsibuti s PEONUT®r bODNGL AMRES aleQfsed. T ARSI RALH NS and
the m croorganisns were cultured for 48 and 72 hours.

method for introducing the recombinant DNA into animal cells can be the

electroporation method or the potassium phosphate method.

15

The present invention also discloses a process for producing polymer comprising the

steps of culturing a transformant comprising an isolated polynucleotide as set forth in

any of the preceding embodiments in a medium containing polymerizable materials;

and recovering the polymer from the cultured medium. The polymer can be formed

20 and accumulated in the transformant.

A conventional method used for culturing the host is also used to culture the
transformant of the present invention. The medium for the transformant prepared from
a microorganism belonging to the genus Cupriavidus or Pseudomonas as the host
25 include a medium containing a carbon source assimilable by the microorganism, in
which a nitrogen source, inorganic salts or another organic nutrition source has been
limited, for example a medium in which the nutrition source is in a range of 0.01% to

0.1% by weight of the medium.

30 The carbon source is necessary for growth of the microorganism, and it is



Each of strains H16, C necator transformant and PHB-4 was inoculated into
the above mineral mediumto which 5 g/L fructose and crude pal m kernel oi
(CPKO) 'had 20 been added, and each strain was cultured at 30C for 72 hours
ina 250 m flask. Sodiumvalerate (2.5 g/L) was added for _

3- hydroxyval erate (3HV) generation. 50 ng/L kananycin was added in the
medi uns for C. necator transformants. For poly(3-

hydr oxybut yr at e- co- 3- hydr oxyval er at e- cd13- hydr oxyhexanoat e) _

[ P(3HB- co- 3HV-co3HHXx)] terpol ymer synthesis, various concentrations of

sodi um val eimdllenandlyo s AR ARIBRRr AR ARUSLALASIIR LA B R0l L Of

CPKO. The mi croorgani sns were recover y centrifugation, het h
di stilled feMehydipgarbanssneh ¢ glucdse, fmasenserat ofROpsa Furthyr pii dridzsid, and

i j 1. i etermned, 2 ml sulfuric
et af mes hafdlied S B hdli L A9 R M S bER athS iR Al e Hotk exthacaoOC f or

140 mi nut esowbe Thbye fabanp olilyERted shbihted ikl QR BARASHE %@%ilﬁ{%&ﬁ@é’é&ﬂ | nt o
nmet hyl ester, 1 distil]ed water was added thereto and stirred vigorously.

It was Pef Pilatfybeaseil seflowenod, sunfloysr oil, eling Qih@0¢cmmepilppagmrri;b r:h}E%/@'f, vva?]

d I r.l (@ e X illary gas.5 chramat ography
hrough o Sanert anae ol phkhe ATRARCRIR S S Helos®in w PaRGianCo. o5 mm
in inner dpepimie acidd btardic tavid, pehiadoiccheld, | Hekbidi dokd) @stganoiB Al 28dcr&d by GL

Sci i n.Shi madzy - 2010. The tenperature was raised at a rate of
88/ reﬁn(r:\.e) f Ir Bﬁggﬁ“%?%‘?’gﬁelf anfepalmificeacd, linglvaic apih linekieipeid and mysisowacii n

Tables 1, & amll ds ed@rsTaRl@rlaRBAYE b AR Qﬁmtl,hgﬁ)hﬁncﬁf .bﬁ%opypegt pecat or

transformant fromfructose, m xture of fructose sodi um val*erat e’and
CPKO. &bl bexgnol, octanol, lauryl alcohol, oleyl alcohol and palmityl alcohol as well as esters

thereof. Meanwhile, the nitrogen source can be derived from ammonia, ammonium
salts, peptone, meat extract, yeast extract or corn steep liquor. The inorganic matter
includes monopotassium phosphate, dipotassium phosphate, magnesium phosphate,
magnesium sulfate and sodium chloride.
15

The culture is preferably carried out under aerobic conditions with shaking at 30°C to
34°C for more than 24 hours, preferably 1 to 3 days, after expression is induced.
During culture, antibiotics such as ampicillin, kanamycin, gentamycin, antipyrine or
tetracycline can be added to the culture. Accordingly, the polymer can be accumulated

20  in the microorganism, and the polymer can then be recovered.

To culture the microorganism transformed with the expression vector using an
inducible promoter, its inducer, such as isopropyl-B-D-thiogalactopyranoside (IPTG)
or indoleacrylic acid (IAA), can also be added to the medium. To culture the
25  transformant from animal cells as the host, medium such as RPMI-1640 or DMEM
‘supplemented with fetal bovine serum can be used. According to the preferred
embodiment of the present invention, culture is carried out usually in the presence of
5% CO, at 30°C to 37°C for 14 to 28 days. During culture, antibiotics such as

kanamycin or penicillin may be added to the medium.
30



Carbon 50111-Ce Strain Cell dry (gll..) weight PHA content PHA conposition
(ol %@ , 3HB3HV31-11-1x Fructose Transformant 3.1 0_2 642 100

12

In accordance with the preferred embodiment of the present invention, a polymer
purification step can also be carried out. Preferably, the transformant is recovered
from the culture by centrifugation, then washed with distilled water and hexane, and
dried. Thereafter, the dried transformant is suspended in chloroform and heated to
5 extract the polymer therefrom. The residues can are removed by filtration. Preferably,
methanol is added to this chloroform solution to precipitate polymer. After the
supernatant is removed by filtration or centrifugation, the precipitates are dried to give
purified polymer. The resulting polymer is confirmed to be the desired one in a usual

manner, for instance, by gas chromatography, nuclear magnetic resonance or others.

10
This polymer synthase can synthesize a copolymer (polymer) consisting of a
monomer unit 3-hydroxyalkanoi¢ acid represented by Formula I, wherein R
represents a hydrogen atom or a C1 to C4 alkyl group.
P
O—CH—CH;—
15 Formula I

Preferably, the polymer is polyhydroxyalkanoate. The polymer can be a copolymer
including. poly(3-hydroxybutyrate-co-3-hydroxyvalerate) random copolymer (P(3HB-
co-3HV)) or poly(3-hydroxybutyrate-co-3-hydroxyhexanoate) random copolymer

20 [P(3HB-co-3HHx)]. The transformant carrying the polymer synthase gene has the
ability to produce P(3HB-co-3HHx) with very high efficiency.

The convention process for producing poly(3-hydroxybutyrate) [P(3HB)] causes
problem in physical properties of inferior resistance to impact because this polymer is
25 a highly crystalline polymer. Degree of crystallinity is Jowered by introducing 3-

hydroxyvalerate having 5 carbon atoms or 3-hydroxyhexanoate having 6 carbon



ND ND H16 3.3 0.1 56 1 100 ND ND PHB-4 2.30.2 O ND ND ND Fructose
Traasformant 2.8 0.2 572 40 60 ND

13

atoms into a polymer chain. The polymer acts as a flexible polymeric material which

is also excellent in thermostability and formability.

In the present invention, the P(3HB-co-3HHx) copolymer can be produced .in high
5 yield by use of the polymer synthase of Chromobacterium sp. used. Since the desired
polymer can be obtained in a large amount using the above means, it can be used as a
biodegradable material of yarn, film or various vessels. Further, the gene of the

present invention can be used to breed a strain highly producing the P(3HB-co-3HHx)

copolymer.
10
The present disclosure includes as contained in the appended claims, as well as that of
the foregoing description. Although this invention has been described in its preferred
form with a degree of particularity, it is understood that the present disclosure of the
preferred form has been made only by way of example and that numerous changes in
15  the details of construction and the combination and arrangements of parts may be

resorted to without departing from the scope of the invention.

EXAMPLE
Examples are provided below to illustrate different aspects and embodiments of the
present invention. These examples are not intended in any way to limit the disclosed

invention, which is limited only by the claims.

25 Examplel -
Cloning of the Polymer Synthase Gene from Chromobacterium sp. USM2
Initially, genomic DNA library was isolated from Chromobacterium sp. USM?2.
Chromobacterium sp. USM2 was cultured overnight in 50 ml nutrient rich medium
(1% peptone, 1% meat extract, 0.5% yeasf extract, pH 7.0) at 30°C and then genomic

30 DNA was obtained from the microorganism using the standard method.



Sodi um val erate H16 3.0 0.1 38 65 35 ND CPKO Transformant 4.0 0.2 632 96
ND 4 '1116 5.1 0.4 60 1 100 ND ND

14

To obtain a DNA fragment containing the polymer synthase gene from

Chromobacterium sp. USM2, a probe was then prepared. Two domain-specific

oligonucleotides designed using NCBI database as a reference, SEQ ID NO:3 and
5 SEQID NO:4, were synthesized.

The polymer synthase gene was amplified by PCR using these oligonucleotides as

primers and the genomic DNA from Chromobacterium sp. USM2 as a template. PCR

was carried out using 30 cycles, each consisting of reaction at 95°C for 20 seconds,
10 60°C for 180 seconds, and 60°C for 180 seconds.

The nucleotide sequence of a 1.7 kbp Apal-Sall from this fragment was determined by
the Sanger method. The polymer synthase gene containing the nucleotide sequence
(1704) SEQ ID NO:1 was obtained.
15 |
Example 2
Preparation of Cuprividus necator Transformant
The Apal-Sall polymer synthase gene fragment was first inserted into a cloning vector
PGEM-T (Promega) previously cleaved with the same restriction enzyme. The
20 fragment was then digested again with Apal and Sall resiriction enzymes and the
résulting Apal-Sall polymer synthase gene fragment was inserted into a recombinant
vector pPBBRIMCS-2 capable of expression in microorganisms belonging to the
genus Cupriavidus, and the resulting recombinant plasmid was transformed into
Cupriavidus necator PHB-4 (DSM 541) (strain deficient in the ability to synthesize

25 polymer) by the conjugation transfer method.

Firstly, the recombinant plasmid was used to transform E. coli S17-1 by the calcium
chloride method. The recombinant E. coli thus obtained and C. necator PHB-4 were
transconjugated. The recombinant E. coli and C. necator PHB-4 were cultured

30 overnight in 1.5 ml LB medium and nutrient rich medium at 30°C, and the respective



ed for 48 hours at 30.degree. C. initial pH 7.0, Sodium1l.7alerate
3ggcggg;d at 24 hours of cultivation. bPHA content in freeze-dried cells
31-1.13, 3-hydroxybutyrate; 3HLr, 3-hyciroxyval erate; 3HHx, ND - Not
detected 200 rpmin mineral nedium 3-hydroxyhexanoate Based on the
results in Table 1, the transformant could utilize fructose for the
production of P(3HB) honmopolyner. Cell dry weight of 3.1 0.2 g/L and
pol ymer content of 64 2 % by weight ofi5the m croorgani smwas al npbst
simlar to that of H16 17 (3.3 0.1 g/L and 56 1 % by wei ght of tha_ ]
i Cr oor gantsittkes, 85cleBRARL Shbre BOmBAENTHY AirHld W3S QRS YSHoh B o, H Oher
cel | dry weight was obtained when CPKO was used as the’s .
The cel | bf@nhdeuoThehmixturanasothearnincutmseddwitho. shaink RAGOL Ren &Y, ARBT

) : " oo i th
content wag,y ﬁtloosRXke\ﬁe' ht grf 6hel m g,-r gir ganlosr_n 5.1Int re‘r)v%sgoiﬂrtlgd )F;DI :%nof e
presence o &R ST i1 foTo PUSHES c oS HIEEY tB%)‘p@l"_SﬁH@ _ %
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Each of C. necator H16, C. necator transformant and PHB-4 were inoculated into 50 _

ml mineral medium (3.32 g/L disodium hydrogen phosphate, 2.8 g/L potassium
dihydrogen phosphate, 0.54 g/L urea) containing 1 ml/L of trace elements and
15 incubated in a flask at 30°C. 50 mg/L kanamycin was added in the mediums for C.

necator transformants and the microorganisms were cultured for 48 and 72 hours.

Each of strains H16, C. necator transformant and PHB-4 was inoculated into the
above mineral medium to which 5 g/L fructose and crude palm kernel oil (CPKO) had
20 been added, and each strain was cultured at 30°C for 72 hours in a 250 ml flask.
Sodium valerate (2.5 g/L) was added for 3-hydroxyvalerate (3HV) generation. 50
mg/L kanamycin was added in the mediums for C. necator transformants. For poly(3-
hydroxybutyrate-co-3-hydroxyvalerate-co-3-hydroxyhexanoate) [P(3HB-co-3HV-co-
3HHXx)] terpolymer synthesis, various concentrations of sodium valerate and sodium

25 propionate was added together with 12 g/L of CPKO.

The microorganisms were recovered by centrifugation, washed with distilled water
and hexane (in the presence of CPKO) and lyophilized, and the weight of the dried
microorganisms was determined. 2 ml sulfuric acid/methanol mixture (15:85) and 2

30 ml chloroform were added to 10-30 mg of the dried microorganism, and the sample
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was sealed and heated at 100°C for 140 minutes whereby the polymer in the
microorganisms was decomposed into methylester. 1 ml distilled water was added
thereto and stirred vigorously. It was left and separated into 2 layers, and the lower
organic layer was removed and analyzed for its components by capillary gas
5 chromatography through a capillary column Neutra BOND-1 (column of 25 m in
length, 0.25 mm in inner diameter and 0.4um in liquid film thickness, manufactured
by GL Science) in Shimadzu GC- 2010. The temperature was raised at a rate of
8°C/min. from an initial temperature of 100°C. The results are shown in Tables 1, 2
and 3.
10
Table 1 shows the biosynthesis of PHA by C. necator transformant from fructose,

mixture of fructose and sodium valerate and CPKO.

Table 1
Carbon Strain Cell dry PHA content PHA composition
source weight (Wt‘,’-f‘b)b {mol%o)
{(g1) 3HB 3HV 3HHx
Fructose ‘Transformant 31+02 642 100 ND ND
H16 33+£0.1 56+1 106 ND ND
PHB-4 2302 0 ND ND ND
Fructose Transformant 28+02 57+2 40 60 ND
+ Hl16 30+01 38=+2 65 35 ND
Sodwum
valerate -
- CPKO Transformant  4.0+0.2 632 96 ND 4
Hi6 51+04 60+1

100 ND ND

“Incubated for 48 hours at 30.degree. C, mitial pH 7.0, 200 rpm 1 mineral medium.
Sodium valerate was added at 24 hours of cultivation.

®*PHA content 1n freeze-dried cells

3HB, 3-hydroxybutyrate; 3HV., 3-hydroxyvalerate; 3HHx, 3-hydroxvhexanoate

ND - Not detected

Based on the results in Table 1, the transformant could utilize fructose for the
production of P(3HB) homopolymer. Cell dry weight of 3.1 £ 0.2 g/L and polymer

content of 64 + 2 % by weight of the microorganism was almost similar to that of H16
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(33 £ 0.1 g/L and 56 = 1 % by weight of the microorganism). As expected, no
accumulation was observed in PHB-4. Higher cell dry weight was obtained when
CPKO was used as the sole carbon source. The cell biomass of the transformant was

4.0+ 0.2 g/L and the polymer content was 63 + 2 % by weight of the microorganism.

Interestingly, in the presence of CPKO, accumulation of P(3HB-co-3HHx) copolymer
‘with 4 mol% of 3HHx was observed in the transformant. This was not evident in the

wild type Chromobacterium sp. USM2 or H16.

10 To investigate the production of P(3HB-co-3HV) copolymer, sodium valerate was
added to the culture supplemented with fructose. The 3HV composition generated by
the transformant was nearly 2-fold higher compared to H16. Polymer content
producéd by this recombinant was also higher at 57 = 2 % by weight of the
microorganism compared to the wild type, 38 + 2 % by weight of the mlcroorgamsm

15 The ability of the cloned polymer synthase to accumulate high amount of 3HV from

lower concentration of precursor indicates its high affinity towards the i 1ncorporat10n
of 3HV.

Table 2 shows the time profile analysis of P(3HB-co-3HHx) accumulation by C

20  necator transformant from CPKO.

25

30
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Table 2
Time Cell dry "~ PHA PHA composition (mol %)
453] weight content :
&L) (wt%s)®
3HB 3HHx

6 04 5=1 89 11
12 18+01 27+4 o1 9
24 45+06 452 95 5
36 55+06 65+1 96 4
48 7.1+£04 76+2 97 3
60 8207 812 o7 3
72 8805 83+4 97 3

PHA. polyhydroxyalkanoate; P( 3HB). poly(3-hydroxybutvrate); P(3HHx). polyv(3-
hvdtoxx, hexanoate)

* Incubated for 72 hours at 30. degree. C. initial pH 7.0. 200 rpm in PHA biosvnthests
mediam '

C PKO was added during inoculation {O h)
PHA content in freeze-dried cells were determined via gas chromato graphy (GC)

From the results in Table 2, the 3HHx mol% fraction could be controlled based on the
duration of cultivation and a range from 3 to 11 mol% could be produced. High cell
biomass and polymer content was obtained when cultured for 72 hours. Total cell dry
weight of 8.8 = 0.5 g/L and polymer content of 83 = 4 % by weight of the
microorganism was obtained. Cells were predicted to be utilizing the supplied carbon
source efficiently, as indicated by the substantial decrease in the concentration of

residual oil until none was detected at the end of 72 hours cultivation.

Table 3 shows the biosynthesis of P(3HB-co-3HV-co-3HHx) terpolymer by C.

necator transformant from mixtures of CPKO and various concentrations of

precursors.

C.
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Con‘pos|t|on RTW% (e|Ce’1m ght contPeit b . (8 1- )Rm%m%nkﬂggw 6?8891

.val erate 163@) 2. 010 weigl®247 31. @ontbni223 = 619791 52. 2 133 = 108
73.5 0.153_= 414851 421l 0.469 (48911 Sodi URMBT Opi ongte 16ﬂ(f_3‘,;.‘1}ﬁ

19118 31.6 @d&@xﬂ&mﬁ% 51.1 0.810 = 447494 71T.9 0 t1i—=3S

1 6920 10=1 69 24 7
3 1902 23=6 15 79 2
5 22101 33=6 10 89 1
7 35201 334 14 85 1
9 21204 69=1 8 91 1
Sodium propionate

1 6002 32=1 91 1 8
3 1601 2=+1 71 23 6
5 22x08 10=4 47 49 4
7 1901 11=3 30 65 1
9 18+03 35=3 48 51 1

* Incubated for 72 hours at 30. degree. C. initial pH 7.0, 200 rpm  PHA biosynthesis
medmm. Precursors were added at 6 hours of cultivation.

CPkO was added during inoculation (0 hour)

*pHA content i freeze-dried cells were determined via gas chromatography (GC)

As shown in Table 3, the 3HV mol% fraction could be regulated by adding a range of

5 different precursor concentration. Generally, it was found that the 3HV mol%
increased with respect to increasing concentration of precursor. With sodium valerate,
the 3HV mol% ranged from 24 to 91 mol%. Subsequently, with sodium propionate it

ranged from 1 to 51 mol%.

10 The 3HHx mol% fraction was higher when lower concentrations of precursors were
used. It was 7 mol% and 8 mol% with 1 &/L sodium valerate and sodium propionate
respectively. Highest polymer content of 69 + 1 by weight of the microorganism was
produced when 9 g/L of sodium valerate was used. Generally, cell biomass was higher
when a lower concentration of these precursors was fed.

15
Thereafter, the dried C. necator transformant cells are suspended in chloroform and

heated to 60°C for 4 hours to extract polymer from it. The residues are removed by
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chem cal sfgférgndeeﬁ“gé?éggﬁiss‘ﬁlag,nrigqr de ks shown in Figure 4. 21 CLAIM5 1. An
i sol at ed pol ynucl eoti de encodi ng r a pol ypeptide conprising an am no acid

sequence set forth in SEQID NO 1 with polymer synthase activity. 52. An
i sol ated pol ynucl eotide according to claim21 conprising a nucleotide
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sequence set forth in SEQ ID NO 2, wherein T is replaced by U or thed_
10conpl ement ary sequence thereof. 4. An isolated polynucleotide according
to claim1, characterized in that the polynucleotide is synthesized byI
anplifying well-conserved regions of a polymer synthase gene froma pol ymer
synt hase gene-containing nicroorgani smasing a 15pair of anplificati og |
ol i gonucl eoti des havi ng nucl eoti de sequences set forth in SEQ I D NO an

[ i Si i sol at ed
SEQ I D NO LLAIMS. A reconbi nant vector conprising an 1so _
poIQynucI eotide according to claim1. 20 6. A reconbi nant vector according

to claim5 whicHi tsokatesl Ia@yﬂilwtlmtidpkeag@ipi\ng for. a @olyggp;tﬁil‘g%dggjgi;sinﬂggr %g%g{eored by
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cont ai ni ng pol ymeri zable materials; and recovering the polyner fromthe

ul tured nmedium . ) ) .. _
¢ 5 2. An isolated polynucleotide according to claim 1 comprising a nucleotide

sequence set forth in SEQ ID NO: 2 or the complementary sequence thereof,

3. An isolated polynucleotide according to claim 1 comprising a nucleotide
sequence set forth in SEQ ID NO: 2, wherein T is replaced by U; or the

10 complementary sequence thereof.

4. An isolated polynucleotide according to claim 1, characterized in that the
polynucleotide is synthesized by amplifying well-conserved regions of a polymer
synthase gene from a polymer synthase gene-containing microorganism using a

15 pair of amplification oligonucleotides having nucleotide sequences set forth in
SEQ ID NO: 3 and SEQ ID NO: 4. '

5. A recombinant vector comprising an isolated polynucleotide according to claim
1.

20
6. A recombinant vector according to claim 5 which is a plasmid or phage.
7. A transformant transformed by the vector according to claim 6.

25 8. A process for producing polymer comprising:

culturing a transformant according to claim 7 in a medium containing

polymerizable mateﬁals; and

~ recovering the polymer from the cultured medium.

30 9. A process according to claim 8, wherein the polymer is polyhydroxyalkanoate.



