GENE ENCODI NG POLYMERSYNTHASEAND A PROCESS FOR PRODUCI NG POLYMER FI ELD OF

| NVENTI ON The present invention relates to a polyner synthase and a gene
encodi ng Wor0ti4393enzyme. I n nore particul ar, the preseRCTIMYVZOMY/)00071

provi des a functional gene encoding for an enzyne of polymer synthase, a
reconbi nant vector containing the gene, a transfopnant transformed by the
vector, and a process for produci ng pol ynmer synthase which relates to the
synthesis of plastic-like polyner by ugse of the transfopnant. BACKGROUND
OFTHE | NVENTI ON Polyhydroxyalkanoates (PHAs) are mcrobial storage polyners
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10 transformant transformed by the vector, and a process for producing polymer synthase

which relates to the synthesis of plastic-like polymer by use of the transformant.

BACKGROUND OF THE INVENTION
15
Polyhydroxyalkanoates (PHAs) are microbial storage polymers with properties that
closely resemble the properties of main commodity 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 m 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.



i nproved and novel polynmer production. Production of PHA by both G am
negati ve and G-am positive m croorgani sns have been investigated and well
docunent O 2THE4gBAes i nvol ved i n PHA bi osynt hesi s i ncl REiIrAgY308&000e31
enzyne, the PHA s thase, fromthese m croorgani sns has been identified and
characterized. There are sone patented technol ogies over the prior arts
relating to a polyner synthase and the gene coding therefor. U S. Patent
No. US6812013 relates to a PHA synthasge useful in a process for preparing a
PHAS5 a gene encoding this enzyne, a retonbi nant vector conprising the gene,
a transformant transformed by the vector, a process for producing a PHA
synthase utilizing the transfornant and a process for preparing a PHA
utilizinggthe transt [ %é-s |nv ti.on_I.S cha act et

it

transf or nEX?f Boarh er5§/ ]ln SIS it Y F*ﬁds%lg‘}h?%a gen (rj&l %{%n fJononas

putida i niprovaDaid foel PeKaaRn |p5di’ﬂdbﬁb1§3 MPro8udtiohtdfTPaUA b9 Hotlo Guige nagdthid
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m croorgani sm This invention focuses on the construction of the
transformant which conprises a pol yester synthesis-associ ated enzyne gene,
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transformant and process for producrng poly usi ng the sane are di scl osed
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in the  recombinant vector comprising the gene, a transformant transformed 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
transformant obtained by introducing a PHA synthase gene from Pseudomonas putida

15 into a host microorganism Which is cultured to produce a PHA synthase or PHA.

Another U.S. Patent No. US2004146998 also relates to a transformant and process for
producing polymer by using the same. This invention discloses a gene encoding for a
copolymer-synthesizing enzyme, a microorganism which utilizes the gene for the

20 fermentative synthesis of a polymer and a method of producing a polymer with the aid
of the microorganism. This invention focuses on the construction of the transformant

. which comprises a polyester synthesis-associated enzyme gene, a promoter and a

terminator and has been introduced into yeast.

25 An improved transformant and process for producing polymer using the same are
disclosed in U.S. Patent No. EP1626087. This invention provides a gene expression
cassette which comprises a gene coding for an Aeromonas caviae-derived PHA
synthase. Yeast is also used as a host and a mutation has been introduced in the
promoter and terminator so as to allow the gene cassette to be functioning in the yeast.

30



pronoter and term nator so as to allow the gene cassette to be functioning
in the yeast Sonme of the patented technol ogi es di sclose a conbination

bet ween pP¥DRAEY148333t hase encodi ng gene and ot her genes. POISIYZ044/@M07INo.
US2008233620 relates to a transformant and a process for producing a gene
expression product in yeast. The transformant is obtained by introducing a
plurality of enzynme genes involved in PHA synthesis such as a conbi nation
of PHA synthase and an acetoacetyl CoA, reductase gene. In another U S.

Pat ent No. US2003146703, a reconbi nant~m croorgani sm expressi ng both PHA
synthase and intracellul ar PHA depol ynerase is disclosed. This invention
al | ows t h&ogiemf]the peisnied $gahnplegies dingepsd epombanation bstweep/polywpen syothaspe

patented technologies relate 1o a nsf or t r.0sLess, Lor .produci ng
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ib Rk
from bacteri afl speci es, an‘g a syn%ﬁem s of polynmer synthase encoded by the
gene with the incorporation of useful nonomer units. Another object of the

o be 10 oRtehof i erdkntch Bl e tei g o bRE s AT AR UBT |

polymer or PHA using the transformant disclosed. However, these patented

technologies involve PHA synthase genes which are derived from a different region of
the genome of a different species of organism. Thus far, there 1s 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 fragment 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.



and hence to provide a transformant containing the polyner synthase. Still
anot her object of the present invention is to provide a polyner s)tithase
wi th i ncre@a8t/H4édsd| of activity. Yet another object of PCRAM:0a&eN§071
invention is to develop a nore efficient nmethod for producing pol yners
using the transformant containing the pol yner synthase. At | east one of the
precedi ng objects is nmet, in whole or in part, by the present invention, in
whi ch one of the enbodi ments of the present invention describes an isol ated
pol ynucl eoti de encoding for a po pepti%le conprising an am no acid sequence
set forth in SEQID NO 1 with polymer synthase activity. Another

enbodi nenStilifanbtier pbgse ot thaypestrit anvansionris ite pratidala pol ymercsyadtaseevitancodi ng
for a pol ypepti conpri.sing an am no acid sequence set forth in SEQ TD NO
| wherei nx%ﬁ%‘s?ffl%ﬁﬁlr Y% acids is repl aced, del eted, replaced or added,

t he pol ypeptide having pol ymer synthase activity. According to the
preferred enbodi nent of the present invention, the isolated pol ynucl eoti de
conpri ses Yat mntharebjate of drpupassat suenfier isito idvaEpgaI@om@ﬁ@emrmﬁhed for

conpl errent ar uence ther Still_ ano her rred epgbodi ment of the
o sent | RUGHEREASDETan GG i - POR g e P e e ORI TS RBA nch eot | de
sequence set forth in SEQ ED NO 2, wherein T is replaced by U, or the

conpl enentary sequence thereof. Yet another enbodi ment of the present
i nvent i onAit Jeast oae grfbthepreceding ebicetoripmeti iy wheld soimpad. byl hepsssest i de,
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COI'TpI’I Si ng an am no aci sequence se

synthase @awolated tp%lymﬂe@ﬁ@@'@ﬁb@dlhgdﬁrcmrwypapnge acoraptising adi dmgmgueidce set
forth in SEQ ID NO wherein _one or nore am no acids is replaced,
del et el@ sequence set forth in SEQ ID NO: 1 with polymer synthase activity.

Another embodiment of the present invention is an isolated polynucleotide encoding

for 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
15 polypeptide having polymer synthase activity.

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, ﬁherein
T is replaced by U; 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. Preferably, the



repl aced or added, the pol ypeptide having pol ymer synthase activity.
Preferably, thereconbinant vector is a plasmd. In a further enbodi nent of
t he preseno 20Wigd38on, a transformant transforned by th&@CYatYwio/eodet
forth in the precedi ng enbodi nents is disclosed. Another further enbodi nent
of the present invention is a process for producing polymer conprising:
culturing a transformant conprising an isolated pol ynucl eotide as set forth
in any of the preceding enbodi nents in_a medi um cont ai ni ng pofyinerizabl e
materials; and recovering the polymer ¥romthe cul tured medi um Preferably,
the polyner is PHA. One skilled in the art will readily appreciate that the
present i mcembimant vectares b pladepd.ed to carry out the objects and obtain the
ends and advant ages nentioned, as well as those inherent therein. The
enbodi ments described herein are not intended as Iimtations on the scope
of the i NyeRt AR BRERRESERPHEbGRvHEn DRAMMES: 0 trh erhe PegiR Of
facilitating an understanding of the invention, there is illustrated in the
acconpany vegorsasgt fogthtih thepredadingeemeodwdityendisclosedm an i nspection of which
when cg@nsidered in connection with the follow ng description, the
invention, its construction and operation and many of its advantages woul d
be readi | wnuiderfekRederabehiApRt € itlhd @teseftl Givestich isS at frocewi fop predudigequence
of the pol ypeptide of polynmer synthase as described in one of the preferred
enmbodi menPRlyser CARPRiag e tUringeh FpRorTEng GPrapsing aprgolpige pebhugectitsuence
of the po I [ cadi y a ri gﬁhg,one of
t he pref e%‘%r/e ?eﬁ)g%d%ﬁea%?sggfﬁ?hé%?g@glﬁt %ﬁ%%%%nﬁ?l—?gﬂ%g&% iczs?&t e-

nucl eot i dpolsairiettie natriilkeamirpedioivieriag ithe polseheofronte theu sthréd medium.

10  Preferably, the polymer is PHA.

One skilled in the art will readily appreciate that the present invention is well adapted
to carry out the objects and obtain the ends and advantages mentioned, as well as
those inherent therein. The embodiments described herein are not intended as

15 limitations on the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

20 For the purpose of facilitating an understanding of the invention, there is illustrated in
the accompanying drawing the preferred embodiments from an inspection of which
when cénsidered in connection with the following description, the invention, its
construction and operation and many of its advantages would be readily understood
and appreciated.

25
Figure 1 is the amino acid sequence of the polypeptide of polymer synthase as

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



the PCR anplification of the polyner synthase as described in one of the
preferred enbodi nents of the present invention. Figure 4 is the H NWVR

spect r um\§0 2P(03UBYAAr oxybut yr at e- co- 3- hydr oxyval er at eco- PCT/MY2010/000071

3- hydr oxyhexanoat e), one of the exanple of the copolynmer synthesized by the
transformant of the as described in one of the preferred enbodi nents of the
present invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON The present
invention relates to a polyner synthase and a gene encoding for this
enzyne. In nore particular, the presenf invention provides a functional
gene encodi ng for an enzyne of polynmer synthase, a reconbi nant vector
contai ni ng the geneprésehtianaftonmant transformed by the vector, and a
process for producing polymer synthase which relates to the synthesis of

pl astic-1ike polynmer by use of the transformant Hereinafter, the invention

shal | be deagihbod a0eRr o LRGnDLEl R ceh oM ITRRSoles B8 RfeoCNt

i nvention a 5y referring to the acconpanyin scription an aw ngs.
However, it is to behaRGBranmiddatibmbf themolymer dynthaskesc desptibahint anetdfe

preferred enbodi nents of .the invention d to the drawings is nerely to
facilitate di scussi eﬁ?ﬁpﬁgeﬁﬁgggﬁ?nﬁﬁ@gﬁPFﬁﬁ“QWGmFPnis envi si oned t hat
those skilled in the art may devi se various nodifications wthout departing

fromthe scope of the appended claim The present invention discloses an
i sol at ed pogyradc| eoti$ the IEANDBispectfuse 0HPGehydrexstbutizatecnopi-hsdnegyeateraiet no aci d

sequence set forth in ID.NO_ 1 with | yner nt hase activity. SEQ ID
NO 1 is illustrat e&oi’ﬁgﬁlﬁw’( \ORES b%ﬁ?‘%%{aﬂ?zg%{tgf&?gﬁmgﬁbodi ment of
the present inventi ggpthbdiged thohatrafsHohanh detRakidderibed an el yfiBE synt hase

gene. Besides, this polynmer synthase gene can encode a pol ypeptide

cont ai Ml ng t he ami n@refeired eabedimentsef oDt NOEntaR. or a

DETAILED DESCRIPTION OF THE INVENTION

15 The present invention relates to a polymer synthase and a gene encoding for this
enzyme. In more particular, the present invention provides a functional gene encoding
for an enzyme of polymer synthase, a recombinant vector containing the gene, a
transformant transformed by the vector, and a process for producing polymer synthase

which relates to the synthesis of plastic-like polymer by use of the transformant.

Hereinafter, the invention shall be described according to the preferred embodiments
of the present invention and by referring té 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 drawingé 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.



sequence where one or nore amno acids are deleted from replaced with or
added to the am no acid sequence of SEQID NGO 1. Even if one or nore am no
acids in Wheiwegdsace of SEQ ID NO 1 nay have under gon@CHIM¥201GM90Huch as
del etion, replacenent, or addition, the polynucleotide encoding for a

pol ypepti de containing the am no acid sequence is contained in the gene of
the present invention insofar as the pol ypeptide has pol yner synthase
activity. For exanple, polynucleotide gncoding for the am no acid sequence
of SEQID NO 1 where nethionine at the first position is deleted is also
contained in the gene of the present invention. In other words, the gene of
the present invention enconpasses not only the nucl eoti de sequence codi ng
for the ankgQrdifjthoSARUGRIEE] SHRAIRMChf 2hdYrekhs Anldntiof CIRNGERhea Whi ch
except for degeneracy codons, code for the sane pol ypeptide. The

abovenent i prpeicieetide isom polymsn systhass ganeoBesidespihis p r synthalkgi genorsatan be

I nduced by_known site-directed. nutagenesis..In a pre odi ment of

t he pr esen?ncf)é:%grﬂo;l@ﬁ?g%% C?I%'Inﬁgeg‘ep ﬂlf(?fdef)etqiuﬁlé ec%évgﬁ{zgﬂ%% ﬂu%rl Bot i de
sequencs ss&fudnee twhetdlord=6? hbreNshing a0ids taftedl@e® HORE RéplicedSAtENsRIc her eof s
disclosed. SEQID NO 2 is shown in Figure 2. Still "another enbodi ment of

t he presentheapjrnegid sequengs of SERMR NG5Ol \Hyer [ibere aemerg aminoosids indhe g
nucl eot i de n 0 ' wher el n ' e d by U;
or the corrspeﬁg%gﬁtgf‘rsgﬁs cl]faem ?E@?Eﬁ}#@#@gﬁg& ynuc Iebo;gllﬂékgsaga@l’el&gogldi ng for
a pol ypeptiepincerhérit, qraidition, the pohaseleatidd encbying Tér Spgippephide containhpsthe gene i s
preferably cloned from a sui tablg.m’ croorgz%n' sm |In . accordance with the

pr ef er r ed TRBBACITEIFAUECE IR EOPAES H‘Pﬂﬁﬁ'é‘ﬁtq > Present JBYSAYER ‘%%ﬂ%?r?é €gene is
separatgd foipEEpAdEThaY RAFRBH RN Oty Bof Exantlfte, PolytRacRbtide encoding for

the amino acid sequence of SEQ ID NO: 1 where methionine at the first position is

deleted is also contained in the gene of the present invention. In other words, the gene
of the present invention encompasses not only the nucleotide sequence coding for the
amino acid sequence of SEQ ID NO: 2 but also its degenerated which except for
15 degeneracy codons, code for the same polypeptide. The abovementioned mutations
such as deletion, replacement or addition can be induced by known site-directed

mutagenesis.

In a preferred embodiment of the present invention, an isolated polynucleotide
20 comprising a nucleotide sequence set forth in SEQ ID NO: 2 or the complementary

sequence thereof is disclosed. SEQ ID NO: 2 is shown in Figure 2. Still another

embodiment of the present invention is an isolated polynucleotide which comprises a

nucleotide sequence set forth in SEQ ID NO: 2, wherein T is replaced by U; or the

complementary sequence thereof. These polynucleotides are coding for a polypeptide
25 with polymer synthase activity.

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



Chronobacteriumisolated fromfresh water. The gene of the present

I nvention can beobtai ned by chem cal synthesis or the polynerase chain
reacti on WBCR0/18m8BNi que using genonm ¢ DNA as a tenpl at @CTOMY19y¥0/000071
hybri di zati on using a DNA fragment having the nucl eoti de sequence as a
probe. hi accordance with the preferred enbodi mrent of the present

I nvention, PCR detection nethod is applied to obtain the DNA fragnent of

t he pol yner synthase gene using the gqponic DNA from Chronobacterium sp. as
tenplate. Initially, the genomc DNA is isolated fromthe strain of
Chronobacterjumsp. It is known in the art that any suitable medium for

i nst ance, obfained byeshemical rsypihasis ar the pobangrasegchain reason (BGR) deqhpiqusf

genom ¢ ' g -al.ni Ng: I hase gene
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Vel | - consthenadleotids seqaermet at h@rgbel yner synt hase gene are selected fromthe
known am no aci d sequence and nucl eoti de sequences codi ng for them can be
estimated to design oligonucleotides. A priner pair of anplification

nucl eoki dpsSadesrddBsd VIR the Refordl @¥doliitheht BE IR G Ssent WavENAP PERMetddlien
anplification nucleotides is shown in Figure 3, in which SEQID NGO 3 is

used as tmethodriswepplicgité nbtaingthel DAZOfAPmEID; of4h¢ polymerisynshase genecysingsdepr i mer .

The anplified. r.a t cagn be.digested wt .Sui hable re ction
enzymer 1 EPeais YA SRR Aborile i S 3 Ghnafhts i) bR BeBpmRoDNAC
dephosphofsylatddeoRy tHe! QeinVRAt Chvokidbakik@limng. Ihes Rh@kASA . thé tart hak iaggt ed i nto
a vector previously cleaved with a restriction enzyne, which can b Apal and

Sai | . Yet Suitgblermaedivmp fgiingtance of nytHentyichcmediumy gambe wigdifer the peeparabioRant
t . : e . . :
bot yndd egPbegdnlg pAla 19 o8 PRHIGHEA biffaintiAhE pBIVIE il e, |

sequence daivetidiréth Chrobbadiédiddspl anprobe is preferably prepared. Well-conserved

regions of the polymer synthase gene are selected from the known amino acid

sequence and nucleotide sequences coding for them can be estimated to design
oligonucleotides. A primer pair of amplification nucleotides is designed to achieve
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



pol ymer synthase activity; or a polypeptide conprising an am no acid
sequence set forth in SEQID NO 1, wherein one or nore amno acids is
repl aced,woebmias33r epl aced or added, the pol ypepti de hacrmgypod/gooeTt

synt hase activity.ln accordance with the preferred enbodi nent of the
present invention, plasm d or phage capabl e of autononously replicating in
host m croorganismis used as the vector. The plasm d vector which can be
applied includes pBR322, pUCl18, and pBLuescript |11, whereas the phage
vector which can be applied includes EMBL3, M 3, |anbda gtll. These

vectors can be commercially obtained. Vectors capabl e of autononpusly
replicati g aceordange ith dhey peaferzed pmbadiment of the: prepent Hpvention; plgsmigher | | us
brevis, a I vaki I {ars, ] agﬁ!lﬁru ectors
are al so mhggévgﬁlet ﬁ?taﬁgﬁlf) g@i %I&CII:%P %‘ga?%gz@n%%?grg%{%g% eisig ?dgég rremrllét/ can be
obt ai ned. victonr Thenglagmid oevtentwitictalcadibe ipplied dncladess pBRB22,| pyal 8, e

resul ting fragpent into the vector fragnent, The DNA fr nd the
vect or f ré’%ﬁfﬂ%&ﬁ? XY%WEQQF _éBe é’ﬁﬁg"t Keqion EATk Be WBB%@&“&%%Q;&M _
vect or . 5 hiMes flb8g 1 MIREE RBAbrsOdant Biecohmseitily! MSNEd. Vectdds (chpHbi 6f Mant i s
obtai ned by introduCing the reconbi nant vector "of the present ‘i nvention

into a hosutopomously eplicating int Ber exope bew icolls susbtas (EsghazréchioncalborsBaaillas ng sai d

t he reconbi nant_vector. The p ent invention s not Jntended tg Limt the
use of parttih % vibas vatofie RARAE Yertofy B o, 0 ui P R MR A, g
gene. Sui toidaved e R§trictiah e d36o st thed feagihdiit 081 BEsbtaied.bel onging to
t he genus of Cupriavi dus, Pseudonpbnas or Bacillus; or yeasts fromthe genus
of Saccharomyces or Candida; or animal cells such as COS or CHO cell Iines.
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i nventi on inte the vector fragment. The DNA fragment and the vector fragment are annealed

and then ligated to produce a recombinant vector.

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 Cupriavidus or
Pseudomonas are used as the host, the recombinant 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,



preferably constituted such that it contains a pronoter, the DNA fragnent
of the present invention, and a transcription term nation sequence. This is
t o ensur evORe10633WBr ence of aut ononous replication in t RETAMB010/0eTIer abl vy,
t he expression vector includes but not limted to pGEM T and pBBR MCS- 2
derivatives. Likew se, the pronoter can be of any type provided that it can
be expressed in the host. Exanples of pronoters which are derived fromE.
coli or phage include trp pronoter, |ag, pronoter,pL pronoter, pR pronoter
and T7 pronoter. To introduce the reconbi nant vector into a host

m croorgani. sm any known nethaods can be used. For exanple, if the host

mi cr oor gariLsRfPmeter; pRepromotenagd Jaf| RIpwRteRet hod and the el ectroporation met hod
can be used. |If phage DNA is used, the in vitro packagi ng net hod can be
adopt ed. Expression vectors such as Yepl3 or YCp50 are enployed if yeast is
used as t Hi intreduceAhe crcdinbipant vedter imtoathbstrmearorgmigal any posnomethods gal 10
pronoter; and the thod for .iptroducing the rec i pant A into ast
el udes (B 1186t T Grarpln BB THOOSRRER b oI AR AT st hi um
acet at es MhA0fle eldctrdporaBibn GRéthed Ra beS@Rdasr pRge"ORA (LURIICTR ) WRFL OF S
such as pcDNAI or pc |/ Amp are used. Accordingly, the nefhod for

i nt r oduci rpgckaging metbadhcambe adomted. nt o ani mal cel I's can be the

el ectroporation nethod or the potassi um phosphate nmethod. The present

i nvention al so discloses a process for produci ng pol yner conprising the
steps of @xprdskion Fedtots'saok hOYEFIR orCPOPS0 &t Renpiivell $0ycabeid uped a4 s heat | de as
set forth in any of the preceding enbodi nents in a nmedi um containjn

pol yner i zaMcardiagly the promofericandegad (i pigmetss op salylfpromotss; ancbthe unsthed d

medi umq T LAESN oa)fe%Wiﬁ ' nt. A

conve glt(l’ o] Eﬁ ﬁ#g%!ﬁ%%g g%(ra} gpﬁir'ﬁc ul't u%qﬂtg e lélg{jgs?tgé gfetscggﬁésrég&t? Ic?%([:}{é?t ure the
the spheroplast method and the lithium acetate method. If animal cells are used as the

host, expression vectors such as pcDNAI or pcDNAI/Amp are used. Accordingly, the
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



transformant of the present invention. The nmediumfor the transformnt
prepared froma m croorgani sm bel onging to the genus Cupriavi dus or
Pseudonomaie 208)/4Be83host i ncl ude a medi um cont ai ni ng a cachonyXoeuemar1
assim | able by the mcroorganism in which a nitrogen source, inorganic
salts or another organic nutrition source has been [imted, for exanple a
medi umin which the nutrition source is in a range of 0.01%to 0.1% by

wei ght of the medium The carbon sourcg is necessary for gromh of the

m croorgani sm and it issinultaneously a starting material of polyner. The

carbon source used can be derived from hydrocarbons such as gl ucose
fructose, Sunglianeensby a swrtingmateriah efipolymersThe garhowpoyres niedFas i slerivied:s

havi ng t a N ce.
These f at TnaoPubaf 00N 8 Qo7 FuBloRE sl indRosh bRl HTaIEHICC, o1
as corn oirtlated cybstanrces hhying aWb | v urore @atbonsatorht oave alsoibe,used ay ¢heog¢drborc oconut
oil, palmoil, rape_.oil, fijsh oil, whale oil, porcine ojl_ and cattle oil;
al i phat i ¢ 8¢t %@th@da‘egfqlﬁe‘i\ﬂbﬁfanﬁsdﬁa%‘? E‘ﬂﬂ'@fgﬁts _%‘Ho?‘ff’ha*'é cgm

pent ancs C oRCséhbele 3! saffieét oil Shifliét oAC bflve HRCHIBhS AL phlim bAUbE ofiC! d.
oleic acid, palmtic acid, linolenic acid, linolic acid and nyristic acid
as wel | adishsnikrwhaléeile glorcing otharids cattle ik saliphatim atids sudpas akcetidatidnol |

pent anol , hexanql ,.octanal, l.auryl alcohgl, oleyl..al cohal a al mtyl

al cohol ad p‘\’/@?‘f“?ggl&eﬁ’t"%{n&q ?\céie%%'.tanl%ca i heroiq fy’l‘éldhp‘f%(ﬂ‘é r?c'rsag@gﬁaémbcan be
derived f ragith RAFB AL, oRITERMN, palnsifit héid, RedléMP acid"BRilicéld Al myNRRHci® Xt I act
or corn steep liquor. The inorganic matter includes npbnopotassi um

phosphat e 5 d¥¢lbas sestansnthereels raigabolsnerpheas gthapalo ssepanel, bittenals pentasal) f gt e
o . oo . | . - 1 at
cona ¢} oonefaoRdcifnol, Tatiy HIGHGICo1e51, AL LA DRI AIGOPS I WIsBRLODLE

t o 3 days thaédfe Meanphis, sthe mitragenrsdurce ccan er deriyed Utdmi mmaid,i dmmonias; such as

anpicillin, kanamcin, gentamycin, antipyrine or_ ) )
P salts, peptone, meatgextract, east extract o?%om 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



tetracycline can be added to the culture. Accordingly, the polyner can be
accunul ated in the mcroorganism and the polyner can then be recovered. To
cul ture tWe2MuH¥BBgani smtransforned with the expressi 86TIMX200¢/0008T1Ing an

i nduci bl e pronoter, its inducer, such as

| sopropyl - b-D-t hi ogal act opyranosi de (1 PTG or indoleacrylic acid (I AA), can
al so be added to the nedium To culture the transformant from animal cells
as the host, medium such as RPM-1640 pf DMEM suppl enented with fetal

bovi ne serum can be used. According to the preferred enbodi ment of the

present invention, culture is.carried out usually in the presence of 5% CO2
bt 300C t dgHReondgee; Wit ths prefeired ‘ehogiment gt afesent pepior @ EQCEs
kanamyci n mirifieeiért stepi danndso BE cadib@dotOPtiGabfd iHéMraMdfRAfaal dPREEvMEd N the
preferred enbodi nent of the present invention, a ﬁglyrrer purification step

can al so Heomihe pdtreby ceptrifpgatian, then washedr with distitledh water and hsyaneednd r om t he

culture by Ntg | t Lon . - W di gtill er hexane, and
dried. Thedrrgégf il‘iel#{eg?%é 'th%r %@??%Wﬁé%&s??@s%eﬁ%& I'n C (f?)lg%?‘g F(Fn and
heat ed §0 exthctahé pblymep theyeftom! Tisy efidoes cahhige fepsivdd ®y filaatiad. Préfergbyed by

filtration. Preferab)y, methanol is added to this chloroformsaqglution to
preci pi tat%etgﬁ}"}rfﬁr"? deg t toy thit, chlogeferm ssolution; to peseipitate polymar: Afier dbe or

cent ri fugag, |30 ' ' £ The
esul ting. apfiaian’ 1By B ERoRb ol BRalcd, SotRedianls SC AR WEe /" or
i nst ance, myifigdpolymeynEheorpsulting polyner éaconfinmed té be thesdushed enoin tuduat s. Thi s

pol ymer synt hase. can synthesi ze a co ob mer ol yner) consi sti of a
nononer un‘f‘?nngz’ﬁ?df’ﬁ%%/ﬂ’ A50% é’IﬁWWg&@ %é’é’ﬁ%ﬁé‘gﬁ“ﬁdﬁ?&ﬁ%? ‘&%&Fei n R
represegts a hydrogen atomor a O to C4 al kyl group. Formula |I Preferably,

the polyner is pol yhydroxyal kanoate. The pol yner can be a copol yner
This polymer synthase can synthesize a copolymer (polymer) consisting of a

monomer unit 3-hydroxyalkanoic acid represented by Formula I, wherein R
represents a hydrogen atom or a C1 to C4 alkyl group.

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 lowered by introducing 3-
hydroxyvalerate having 5 carbon atoms or 3-hydroxyhexanoate having 6 carbon



I ncl udi ng pol y(3-hydroxybut yrat e-co- 3- hydroxyval erate) random copol yner
(P(3HBco- 3HV)) or poly(3-hydroxybutyrate-co-3-hydroxyhexanoate) random
copol ynmerWPROBHB3®8- 3HHX) ] . The transfornmant carryi ng t RETPOY20MEP0083INt hase
gene has the ability to produce P(3HB-co-3HHx) with very high efficiency.
The convention process for producing pol y(3-hydroxybutyrate) [P(3HB)]
causes problemin physical properties of inferior resistance to inpact
because this polymer is a highly crystadline polyner. Degree of
crystallinity is lowered by introducing 3- hydroxyval erate having 5 carbon

atonms or 3-hydroxyhexanoate. hgyi ng. 6 carbonatons into a polyner chajn. The
pol ymer ac‘.ftg‘?éﬁéntﬁ afl?oi)@ffl ?Hbﬁ;’ﬁé’&@%@ﬂsﬁ f?%li’lé Wofyéllle&}cs‘aa’é?é]e‘f"h’éht in
t her nost abjslaishexedidnf ﬁrﬁ%dstabﬂityhﬁuw}ﬁlggﬂ@ysent i nvention, the

P( 3HB- co- 3HHX) copol ynmer can be produced ir high yield by use of the
pol ymer synt hase of Chronobacterium sp. used. Since the desired polynmer can

be obtain hn_a |l arge ampu j t ove ans, i.t can be used as a
bi odegr adabl & RRT e HVe O%gf’%?a}ﬁ?ﬁogﬁﬂ%gr@é’ﬂggﬁﬁgl@ f_’rﬁa?“feﬁe‘ﬁh‘gh_e gene
of the $r edeldtby weefithopolgmer Hnthise df ChrdMhdtRbtefiufl p2usedBalte ¥hdaQsegi ng the
P(3HB-c -3HHx) copal yner. The present disclosure includes as contained in

t he appendRUYIBEIfagde gelgrgerpmoust using thembeyo means étseanibstusedias Al t hough

n
this invent;i b rd jn it ferred | a d ee of
par i cul ary Pocbritble RRRPRE bt Al dr Bkl EHRC FURhEL tht hefe TEhS

pref erred presemt inasntimecanrtedsed redy/a veain bighty prsdhicing G PBHIB-Lo+SHHXYS
changes in the details of construction and the conbination and arrangenents
of parts n"é"yoﬁg’qr'esorted to without departing fromthe scope of the

i nvent ygon. EXAMPLE Exanpl es are provided below to illustrate different

aspects and enbodi nents of the
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

20
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 Example 1
Cloning of the Polymer Synthase Gene from Ckromobacterium sp. USM2
Initially, genomic DNA library was isolated from Chromobacterium sp. USM2.
Chromobacterium sp. USM2 was cultured overnight in 50 ml nutrient rich medium
(1% peptone, 1% meat extract, 0.5% yeast extract, pH 7.0) at 30°C and then genomic
30 DNA was obtained from the microorganism using the standard method.



present invention. These exanples are not intended in any way to limt the
di scl osed invention, which is limted only by the clainms. Exanple 1 C oning
of the Povorero/13§38hase CGene from Chronobacteri um sp. UBNE/MY2014/0DTA,

genomi c DNA |ibrary was isolated from Chronobacterium sp. USM.

Chr onobact eri um sp. USM2 was cul tured overnight in 50 m nutrient rich

medi um (1% pept one, 1% neat extract, 0.5% yeast extract, pH 7.0) at 300C
and then genom c DNAwas obtained from gjpe m croorgani smusing the standard
met hod. To obtain a DNA fragnment containing the pol ymer synthase gene from
Chr onobact erium sp. USM2, a probe was then prepared. Two domai n-specific

ol i gonucl eoti des desi gned usi ng NCBI database as a reference, SEQ ID NO 3
and SEQ | Dy, i e t hémd. POl r e S lified
By POR ST P L e o Y o R e om
Chr onobact €ftomebggleriuB\ep.-atISM2, eanpirabe wasCRenaprepared.i dwoodomainispgcifio
cycles, eagh consisting of reacti t, 95C for 20.seco 00 for 180
seconds, a%lagogﬁ%\ggtﬁ)ers c%g:@ngcggglﬁgsﬁagﬁgaﬁ [a=ioiht erseggﬁjgi(g I@fﬁgé.a‘?dkbp
Apal - Sabl $SEQIDINDS, weagsiitiesidd. det ermi ned by the Sanger nethod. The

pol ymer synt hase gene containing the nucl eoti de sequence (1704) SEQ ID NO 1
was obt ai ned. Exanple 2 Preparation of Cuprividus necator Transfornmant The

voctor peeni et YhARCAHENGad AARTROL FTH MR hEBleBHubifiel o' O "
enzyne. Thpritheragne the yaontih BNA figasCaobndacerivkitsh. BEMD s uitedipldte/FGR I i Cti on

enzynes and the. . ... .
y 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
pPGEM-T (Promega) previously cleaved with the same restriction enzyme. The
20 fragment was then digested again with 4pal and Sall restriction enzymes and the
resulting 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 $17-1 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 ovemight in 1.5 ml LB medium and nutrient rich medium at 30°C, and the respective



resulting Apal -Sall polyner synthase gene fragnent was inserted into a
reconbi nant vector pBBR MCS-2 capabl e of expression in m croorgani sns

bel ongi ngvoa0td3génus Cupri avi dus, and the resulting r C®HMY2Wa9000pT1asm d
was transforned into Cupriavidus necator PHB-4 (DSM 541) (strain deficient
in the ability to synthesize polyner) by the conjugation transfer nethod.
Firstly, the reconbinant plasmd was used to transformE. coli S17-1 by the
cal cium chl ori de nethod. The recomnbi na E. coli thus obtained and C
necat or PHB-4 were transconjugated. The reconbinant E. coli and C. necator
PHB-4 were cultured overnight in 1.5 m LB nmediumand nutrient rich nmedi um
at 300C, atwfureseeachdbbamli werusambined ardepituyed onda, shaksereat yootsi tamperatige

cul tured k . € r. f . ' t hen
hcubat oo o R She Bixhe W SRS AR Winche Wiine KIF 0 iithes, WBE [ DeT
30 m nut essubsSdauently shiakbh againi firudce mtiﬂﬁtl e@lj'ﬂﬁ@dni@fbbﬁ%l neixme e wad phted agar

cont ai ni ng..50 /1. kananycin_ and _cultured at 300C for 2 days. Since C
necat or p%mqwngs GiiEsig apapopkiniag af el kpnamyeinand gturgd-ag épééqé forfdayse

plasm dsin the reconbinant E. coli into it, the colonies grown on the

Simmon's citrate agar are a transformant of C. necator. Exanple 3 Synthesis

of Pol ynerSihge C. meeatar d*HBr4 s frendeeatt sesistanit tof kddamyemabyr tradsfesring. therecat or

transformant and PHB-4 re i ocyll.ate m neral,.medi um (3.32 g/L
Wapant b egl $

di sodi um HRAHELR tsHEESm 258 i35 e iclonith Gonpr e SIBTGEE A o, 24

g/ L urea) dfpanireiattasfotmantdf @hetdiaee el enents and incubated in a flask at
300C. 50 ng/L kananycin was added in the nediuns for C. necator

transformants and the m croorgani sns were cultured for 48 and 72 hours.
Each OEOStEQJm”ﬁeE" 6, C. necator transformant and PHB-4 was inoculated into
t he

Synthesis of Polymer by C. necator Transformants

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/ urea) containing 1 mi/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. necafor transformants. For poly(3-

hydroxybutyrate-co-3-hydroxyvalerate-co-3-hydroxyhexanoate) [P(3HB-co-3HV-

co-3HHx)] terpolymer synthesis, various concentrations of sodium valerate and
25 sodium 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



above m neral mediumto which 5 g/L fructose and crude pal m kernel oil
(CPKO had been added, and each strain was cultured at 300C for 72 hours in
a 250 m WwWpask/143sdi um val erate (2.5 g/L) was added f or PEBTINR00NG0PaTIer at e
(3HV) generation. 50 ng/ L kananycin was added in the nediuns for C
necator transformants. For poly(3-

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

[ P(3HB- co- 3HVco- 3HHx)] terpol yner syn\tkgesis, vari ous concentrations of
sodi um val erate and sodi um propi onate was added together with 12 g/L of
CPKO. The m'crooraani snms were recovered by centrifugation, washed with

di stilled Wasesealgdandeheated @t nlQ0RE for e b4th dringtes orhergbyathe Pobmar nzthe, and
h i aht . . : ' . .

aci d et narobip i Pathabftan i dRiIRE, T 8RS e B, o
the dried thecsto@andatitradnvigonehsiyndt wasridfiemsd separdtallinemd lapas, chdathe 160GC f or
140 m nut es wher t;y t he F%ﬁ r id1 tg[e %ngoorganism; was deconposed into
met hyl est ePTBAC{8YET Y45 It t 8¢ \BHalyzeridar tife FATBOTERE ¥i ¢4 i &5r ousl y.
It was Isef thapftceemmdhesheh™ Capilhigy &8lmn AVELENBONIYET (BRI of 253he WWas

renoved and anal yzed for its conponents by capillary gas chromatography
through a tagth, 025ymyoinimmentameter BENOAW poliqui fidi thisknessnmanufgetired0. 25 mm

in inner dia .and 0. i.n |4 qui ilmthi ckness, manufactured hy G.
Sci ence) | Y@r fs&bei’ﬁgG@ ég@ﬁﬁ&“ﬁ@' ?g}é)e’héﬁ Eﬁ“&p er‘g?sséﬂseél? atya tFe&of
8C/ m n. fr@aC/ain] bl inftRiNBehpdratur &f 10000CThd R&ulte atél Showalia TabRN, 20
Tables 1, 2 and 3. Table 1 shows the biosynthesis of PHA by C. necator

t ransf opnaﬁlid$-rom fructose, m xture of fructose and sodi um val erate and
CPKO. Table 1 Carbon Strain CeU dry PHA content PHA conposition

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%)b {mol%)
(2/L) 3HB 3HV 3HHx
Fructose Transformant 3.1+02 64+2 100 ND ND
Hi16 33+0.1 56=x1 1000 ND ND
PHB-4 23+02 0 ND ND ND
Fructose Transformant 2.8%0.2 572 40 60 ND
+ H16 30+£0.1 382 65 35 ND
Sodum
valerate
CPKO Transformant 40+02 63+2 96 ND 4
H16 51+04 601 100 ND ND

*Incubated for 48 hours at 30.degree. C, initial pH 7.0, 200 rpm in mineral medium.
Sodium valerate was added at 24 hours of cultivation.

®PHA content in 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



source weight (WZo)1l Chol% (ML) 3HB 3HV 3HHx Fructose Transfopnaat 3.1
0.2 642 100 ND ND H16 3.3 0.1 56 1 100 ND ND PHB-4 2.3 0.2 0 ND ND ND

Fruct ose woasgfapisant 2.8 0.2 572 40 60 ND + H16 3.0 0. PCIHMR206H0®871ND

Sodi um val erate CPKO Transfopnant 4.0 0.2 63 2 96 ND 4 H16 5.1 0.4 60 |
100 ND ND *I ncubated for 48 hours at 30.degree. C, initial pH 7.0, 200 rpm
in mneral medium Sodium val erate was added at 24 hours of cultivation. HA
content in freeze-dried cells 3HB, 3- hézr oxybutyrate; 3HV,

3- hydr xyval erat e; 3HHx, 3-hydi Oxyhexan ND - Not detected Based on the
results in Table 1, the transfopnant could utilize fructose for the

product i on(b? PPIHBL arthdbot | y by curightcefy thremigreorganigny Ap expegtad, aad

pol ymer co 0 !
1 ar ¢ ot aiaon Wy Bosrl HPBARL ek ot Gy leAaR U8 YRl With
m cr oor ganCPKIQ was usedpscthe dole rw:lmnwombaﬁ&celhhsmhseﬁ&e dransfofthiit AvasHi gher
cel | dry |gh S t ai ned when CPKO uysed as th sol g carbgn source.
The cel | 4.2 2 and e pplimar GoRIEH oS 520 Oy wEighto chrnw@r%v%
cont ent 5was 63 2 % by weight of the mcroorganism Interestingly, in the
presence of CPKO, accunul ation of P(3HB-co-3HHx) copol yner

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
produced 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 microorganism.

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 incorporation
of 3HV.

Table 2 shows the time profile analysis of P(3HB-co-3HHx) accumulation by C.
20  necator transformant from CPKO.

25
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with 4 nol % of 3HHx was observed in the transformant. This was not evident
in the wild type Chronpbbacteriumsp. USM2 or H 6. To investigate the
product i dMO@P10AU3HEB- co- 3HV) copol yner, sodi um val er at e REI/MYIE000071t he
culture supplenented with fructose. The 3HV conposition generated by the
transformant was nearly 2-fold higher conpared to H 6. Polymer content
produced by this reconbi nant was al so higher at 57 2 % by wei ght of the

m croorgani sm conpared to the wild typg 38 2 % by weight of the

m croorganism The ability of the clon %I pol ymer synthase to accumul ate

hi gh amount of 3HV from | ower concentration of precursor indicates its high
affinity towards the incorporation of 3HV. Table 2 shows the tine profile

anal ysi s of P(3HB-co-3HHx) accumul at igpely C. necator transfornmant from
CPKO. Tabl e 2 Tinme OeU dry PHA PHA corrp05|t|on (rml % 0") WEI ght content
(erb) 3HB e < —

6 04 5+1 89 11
12 18x01 27+4 91 9
24 45+06 45+2 95 5
36 55+06 651 96 4
48 7.1+04 762 97 3
60 82+07 81+2 97 3
72 88+05 83+4 97 3
PHA, polyhydroxyalkanoate; P(3HB). poly(3-hydroxybutyrate); P(3HHx), poly(3-
hydroxyhexanoate)
* Incubated for 72 hours at 30.degree. C, initial pH 7.0, 200 rpm in PHA biosynthesis
medium

CPKO was added during moculation (0 h)
® PHA content in freeze-dried cells were determined via gas chromatography (GC)

From the results in Table 2, the 3HHx mol% fraction could be controlled based on the
5  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

10 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.

15



PHA, pal yhydraxyal kanoate; P(3HB), poly(3-hydroxybutyiate); P(3HHx) roly(3-
hydr oxyhexanoate) *Incubated for 72 hours at 30.degree. C, initial pH 7.0,
200 r pm iwORb/IasB3ynt hesi s nmedi um CPKO was added duri ngcCirmoxash@edoort (0 h)
PHA content in freeze-dried cells were determ ned via gas chronat ography
(G0 Fromthe results in Table 2, the 3HHx nol % fraction coul d be
control |l ed based on the duration of cultivation and a range from3 to 11
nol % coul d be produced. H gh cell bio s and pol yner content was obtai ned
when cultured for 72 hours. Total cell dry weight of 8.8 0.5 g/L and

pol ymer content of 83 4 % by weight of the m croorgani smwas obtai ned.
Cells were predicted to be utilizing the supplied carbon source
efficiently, as indicated by the subgigjty al decrease in the concentration
of residual oil until none was detecte at the end of 72 hours cultlvatlon
Tabl e 3 shopge DT O Y ER 0T PHA : A oot (kb6 by C.
necator tra r mant m xt ure bCPKO and various concentrations of
precursors. %giﬁfe 3 Prvre&msor CeU (%iyl:g%gf?HA PHA gtggposi t ¢ (ol gL Bl L)

|J

wei ght contgmi:h 3HB SHV3HHx—Sodrumvaterate=t 6920 O |

69 24 7 3 1,° 66912769 25 8,2,0.1 3%9 610891 7
3 19+02 236 79 2
5 22=x01 33=6 10 89 1
7 35201 534 14 &5 1
9 21x04 69=1 8 91 1
Sodium propionate
1 6002 32=1 91 1 8
3 1601 21 71 23 6
5 22+08 10=4 47 49 4
7 1901 11=3 30 69 1
9 1.8+03 35=3 48 51 1

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

CPKO was added dunng inoculation (0 hour)

® PHA content in freeze-dried cells were determined via eas 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 g/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



73.50.153 41485192.10.469=18911 Sodiumpropionate 1 6.0
0.2 3219118316012 17123652.20.8104 47 4947 1.90.111
= 3 30 69W020101148930. 3 35 = 3 48 51 1 Incubated for 72 hearsvaiwi1@oasagree. C

initial pH 7.0, 200 rpmin PHA biosynthesis nedium Precursors were added
at 6 hours of cultivation. CPKO was added during inoculation (0 hour)
PHAcontent in freeze-dried cells were determ ned via gas chromat ography
(GC) As shown in Table 3, the 3HV mol %f§raction could be regul ated by
addi ng a range of different precursor concentration. Generally, it was

found that_.the 3 | %.1 ncreased. Wt h respect, to increasing concentration
of precur sBttf.aﬁw-ﬁ%e@gmldﬁﬁg‘i?d:%g@w‘}{%fomo BolP RFRFERItALG B‘%V’Z‘&r- #A81 ol %
Subsequent {hy supdrhdtarit Qs ko RABY SRvaki6n bl cérﬁ‘i'ﬁggt_i&f, B gretiBitated affliridy (g€ 3HHKX
mol % fracti on was hi 3her when | ower concentrations of precursors were used.
It was 7 ngivepuniiedsp 6w th 1 g/L sodium val erate and sodi um propi onate

respectively. Hi ghest polyner content of 69 1 by weight of the
m croor gani smwas produced when 9 g/L of sodium val erate was used.

Gener al by, Tiketebultih® FBEmerds coifithred byhaRlear hyksticcRbsRAkS. A tdtdl dTR25thEese
precursors was fed. Thereafter, the dried C necator transformant cells are
suspended 9HPU¥ey saaplg is dipsolved in 1 ml of deuterated chloroform (CDCls). The 'H

NMR spectra were measured on a Bruker AVANCE 300; NC, USA spectrometer at

400 MHz at 30 °C. Tetramethylsilane (Me,Si) was used as an internal chemical shift

reference. The result is shown in Figure 4.



heated to 600C for 4 hours to extract polyner fromit. The residues are
renmoved byfiltration. Methanol is added to this chloroformsolution to
preci pitawepuimaess. After the supernatant is renoved byCTiMY20a¢/0000710r
centrifugation, the precipitates are dried to give purified polymer. The
resulting polyner is confirnmed by nucl ear nagnetic resonance. A total of 25
nmg of polyner sanple is dissolved in 1 nml of deuterated chloroform (CDCU).
The 1H NWR spectra were measured on a Bhuker AVANCE 300; NC, USA
spectronmeter at 400 MHz at 30 OC. Tetranmethylsilane (Me4Si) was used as an
i nt er nal CE% shift reference. The result is shown in Figure 4. CLAI M
1. An isola ynucl eoti de encodi ng for a pol ypeptide conprising an am no
acid sequence set forth in SEQID NO 1 with polyner synthase activity.
2. An isol ated polynucl eotide according to claim1 conprising a nucleotide
sequence s&Axf splatedi polgEEldondpiEncading fohe polyppptideecnnaprising: gu@miro atidr eof .
3. An isol ated pol cl eot.ide r,di to claim1 conprising a nucleotide
sequence s%?unlgcret%pﬁﬁ&éﬁéb . ‘Q,W%B?lmr%%s?éﬁ@%’ed by U or the
conpl emgnt ary sequence thereof. 4. A reconbi nant vector conprising an
i sol ated pol ynucl eotide according to claim1l. 5.A reconbi nant vector
accordi ng Zd\ncisalated polymueleotide acqordingitel claim dheqyeprisingra nuelaetidsr saqrence
transforne i | A e cess for producing
pol yrner corgr'%?'iyrgli %?EQ@%?%QP%QF%RLC g%tfag%géqug%%r%rﬁéf?t oclaim6 in a
medi um cont ai ni ng pol ynmeri zabl e materials; and recovering the polynmer from
e e A o oS8 S5eoRiog 6 el oy a nilleotdd sepen ! Y™
10 set forth in SEQ ID NO: 2, wherein T is replaced by U; or the complementary

sequence thereof.

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

15 5.Arecombinant vector according to claim 4 which is a plasmid or phage.

6.A transformant transformed by the vector according to claim 5.

7.A process for producing polymer comprising:
20  culturing a transformant according to claim 6 in a medium containing polymerizable
materials; and

recovering the polymer from the cultured medium.

8.A process according to claim 7, wherein the polymer is polyhydroxyalkanoate.
25

9.An isolated polynucleotide encoding for 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 10.Arecombinant vector comprising an isolated polynucleotide according to claim 9.



9. An isol ated pol ynucl eoti de encoding for a pol ypeptide conprising an am no
aci d sequence set forth in SEQID NGO 1, wherein one or nore amno acids is
repl aced,woeb®yagd33r epl aced or added, the pol ypepti de hRCITMY390/4068T1

synt hase activity. 10. A reconbi nant vector conprising an isol ated

pol ynucl eoti de according to claim9.11. Areconbi nant vector according to
claim 10 which is a plasm d or phage. 12. Atransformant transfornmed by the
vector according to claim11. 13. Aprocess for produci ng pol ymer conpri sing:
culturing a transformant according to Clfaim 12 in a nedi um contai ni ng

pol ynmeri zabl e materials; and recovering the polymer fromthe cultured

medi um 14. A process according to claim 13, wherein the polyner is

pol yhydr oxyphka@@¥ifant vector according to claim 10 which is a plasmid or phage.

12.A transformant transformed by the vector according to claim 11.

5
13.A process for producing polymer comprising:
culturing a transformant according to claim 12 in a medium containing polymerizable
materials; and
recovering the polymer from the cultured medium.
10

14.A process according to claim 13, wherein the polymer is polyhydroxyalkanoate.



