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intracel lular material produced Rylafed Ap@ecatiofiber of bacteri a.
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production of pol yhydroxyal kanoates (PHA, including PHB) and copol yners are
described, for exanple, in U S. Patent 5,534,432, U S. Patent 5,663,063,
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produced from acetyl-CoA by the action of 13-ketothiolase (PhaA), an

acet oacet yl - CoA reductase (PhaB), and a pol yhydroxyal kanoate synt hase

(PhaC). PHB is not a useful b_l% @I %et]{ EFUSE it is 30 brittle and has a
melting tenperature near its PO g‘ﬁ—%ﬁﬂﬂ%ture It has
previsously bemyiiamxyshiyaied doheherblrany Qg’dfﬁll dgnpleyidp ﬁmaexmt@cmmner S

into the polymer chain |eI ds a material that is tougher and has a | ower
mel ti ng MepidP4edpced by alarge number of bacteria. Polyhydroxybutyrate (PHB) is it a useful

biomaterial based on both the chemical and physical properties of the polymer. PHB has a
variety of potential applications, including utility as a biodegradable/thermoplastic material,
as a source of chiral centers for the organic synthesis of certain antibiotics, and as a matrix for

20  drug delivery and bone replacement. In vivo, the polymer is degraded internally to
hydroxybutyrate, a normal constituent of human blood. Various aspects of production of
polyhydroxyalkanoates (PHA, including PHB) and copolymers are described, for example, in
U.S. Patent 5,534,432, U.S. Patent 5,663,063, U.S. Patent 5,798,235, and U.S. Patent
7,202,064.

25 As an example, the bacterium Ralstonia eutropha is well known for accumulating
high levels of polyhydroxyalkanoate (PHA) bioplastic. The wild type organism typically
produces the homopolymer polyhydroxybutyrate (PHB). This polymer is produced from
acetyl-CoA by the action of B-ketothiolase (PhaA), an acetoacetyl-CoA reductase (PhaB),
and a polyhydroxyalkanoate synthase (PhaC). PHB is not a useful bioplastic because it is

30  brittle and has a melting temperature near its decomposition temperature.

It has previously been demonstrated that introducing 3-hydroxyhexanoate monomers

into the polymer chain yields a material that is tougher and has a lower melting temperature
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plastic's performance and nmaking it suitable for nore applications than
PHB. wolnB8/o6RaBent 7, 235, 621 descri bes producti on ofPCa/usopoloyeres of

3- hydroxybutyrate with 3-hydroxyhexanoate under very specific conditions.
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are found in nore common oil's such as palm soybean, and rapeseed. Even
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Summary o I on e invention relates to the production of
pol yhy draox fcaink am o@iecaopoh yitesuchak paln, ghyead) and rapeaed. | rgtwitharbmer
content through reconbi nant gene expression. In sone aspects, cells or

or gani sﬁﬁsta?%vw&ﬂncﬁ@a@ﬁ%&ulrﬁpﬁaﬁc@e&balvwwyaﬁs KANGRXE18NEPB yrrer wi t h

medi um clghRleRNAtioRROTES. Paait #nb5 @b & 13 €asigabout 4 ol % or 5 wt% using
any plant orl as a carbon source. In sone enbodinents, the cell or organism

prodlces copdl.pnBatentdtubBediicdrOR9OUBY T3t desawitich pBrduyioroxychepahoet of

(pol y(HB; co- H i th content at | east about 4.nol% or 5 %, usi ng
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genes encodi ng acetoacetyl - CoA reductases are deleted. |In some enbodi nents,
t he cel lamanpoRkhgdionykexanratoirepelynieredisclosd ot wdtatenp PublicatiphaBl , phaB2
and pha%g)ogﬁ)qgéﬂlsisgi 18 ted. In sone enbodi nents, the phaB3 gene is

di srupted.”T'n"some” enbodinents, the cell or organi smreconbinantly
exprigsses a non- endogenous PHA synt hase gene. In sone enbodi nents, the
non- endogenous PHA synt hase 30 gene is_ an Aerononas cavi ae PHA synt hase
gene or a Rhodococcus aet her i \GinmarpeftheJpyeition gene. I n sone enbodi nents,

e S
medium chain length monomer content through recombinant gene expression.
In some aspects, cells or organisms are provided that produce polyhydroxyalkanoate
20  copolymer with medium chain length monomer content of at least about 4 mol% or 5 wt%
using any plant oil as a carbon source. In some embodiments, the cell or organism produces
copolymers of 3-hydroxybutyrate with 3-hydroxyhexanoate (poly(HB-co-HHx)) with a HHx
content at least about 4 mol% or 5 wt% using any plant oil as a carbon source. In some
embodiments, the normal synthesis of 3-hydroxybutyrate in the cells is disrupted. In some
25 embodiments, genes encoding acetoacetyl-CoA reductases are deleted. In some
embodiments, the cell is a Ralstonia eutropha cell and one or more of the phaBl, phaB2 and
phaB3 genes is disrupted. In some embodiments, the phaB3 gene is disrupted.
In some embodiments, the cell or organism recombinantly expresses a non-
endogenous PHA synthase gene. In some embodiments, the non-endogenous PHA synthase
30  gene is an Aeromonas caviae PHA synthase gene or a Rhodococcus aetherivorans PHA
synthase gene. In some embodiments, the Rhodococcus aetherivorans PHA synthase gene is

a Rhodococcus aetherivorans 124 D12 PHA synthase gene that encodes SEQ ID NO:4 or a
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synt hase gene that encodes SEQ ID NG 2. In sone enbodi nents, the
Rhodococcwi® 2adtdeerdsBvor ans 124 D12 PHA synt hase gene conmpCirdsg010/05€06asi st s
of SEQ ID NO 3 and/or a wherein the Rhodococcus aetherivorans 124 C09 PHA
synt hase gene conprises or consists of-3SEQ ID NO 1 or SEQID NO 1 in which
the start 5 codon is changed from TTG to ATG In sone enbodi nents, the cell
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cel I115  mol%, or at least about 20 mol%, or more.
In some embodiments, the monomer content is at least about 6 wt%, at least about 8
wt%, at least about 10 wt%, at least about 15 wt%, at least about 10 wt%, or at least about 25
wt%, or more.
In some embodiments, the cell or organism is a bacterial cell, a fungal cell (including
20  ayeastcell), a plant cell, an insect cell or an animal cell. In some embodiments, the cell is a
Ralstonia spp., an Aeromonas spp., Rhizobium spp., Alcaligenes spp., or a Pseudomonas spp.
cell. In some embodiments, the cell is a Ralstonia eutropha, Aeromonas caviae, Rhizobium
Jjaponicum, Alcaligenes eutrophus or Pseudomonas oleovorans cell. In some preferred
embodiments, the cell is a Ralstonia eutropha cell.
25 In some embodiments, the non-endogenous PHA synthase gene and/or the enoyl-CoA
hydratase gene is expressed from a plasmid.
In some embodiments, the non-endogenous PHA synthase gene and/or the enoyl-CoA
hydratase gene is integrated into the genome of the cell.
In other aspects, methods for producing polyhydroxyalkanoate copolymer with high
30  medium chain length monomer content are provided. The methods include culturing the
foregoing cells or organisms to produce copolymer with medium chain length monomer

content of at least about 4 mol% or 5 wt%. In some embodiments, the method includes
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a Pseudononas spp. cell. In sone enbodinents, the cell 1I's a Ral Stonia

eut r ophanopleCofmbydsitasa geze , In Rhing ebibodiments, the enoyl-CoA hydratase gene is an
Aeromonas caviae enoyl-CoA hydratase gene or a Pseudomonas aeruginosa enoyl-CoA
hydratase gene. In some embodiments, the Pseudomonas aeruginosa enoyl-CoA hydratase
gene is a Pseudomonas aeruginosa phaJl gene (gene PA3302) or a Pseudomonas aeruginosa
25  phaJ2 gene (gene PA1018).
In some embodiments, the non-endogenous PHA synthase gene and/or the enoyl-CoA
hydratase gene are amplified.
In some embodiments, the cell is a bacterial cell, a fungal cell (including a yeast cell),
a plant cell, an insect cell or an animal cell. In some embodiments, the cell is a Ralstonia
30  spp., an Aeromonas spp., a Rhizobium spp., Alcaligenes spp. or a Pseudomonas spp. cell. In

some embodiments, the cell is a Ralstonia eutropha, Aeromonas caviae, Rhizobium
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nol ecul es include 25 the nucl eotide sequence set forth as SEQ I'D NO 1 or
SEQ | D NmB copelymerstanitsdpapelation of sdlsat ed nucl ei ¢ acid nol ecul e has at
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15  mol%, at least about 7 mol%, at least about 10 mol%, at least about 15 mol%, at least about
20 mol%, or more.

In some embodiments, the monomer content is at least about 6 wt%, at least about 8
wt%, at least about 10 wt%, at least about 15 wt%, at least about 20 wt%, at least about 25
wt%, or more.

20 In some embodiments, the amount of copolymer produced is at least about 20% of
cell dry weight, at least about 30% of cell dry weight, at least about 40% of cell dry weight, at
least about 50% of cell dry weight, at least about 60% of cell dry weight, or more.

In other aspects, isolated nucleic acid molecules are provided that encode SEQ ID
NO:2 or SEQ ID NO:4. In some embodiments, the isolated nucleic acid molecules include

25  the nucleotide sequence set forth as SEQ ID NO:1 or SEQ ID NO:3. In some embodiments,
isolated nucleic acid molecule has at least 80% percent identity, least 90% percent identity, at
least 95% percent identity, or at least 98% percent identity, or more, with the nucleotide
sequence set forth as SEQ ID NO:1 or SEQ ID NO:3.

In some embodiments, isolated polypeptides encoded by the foregoing isolated

30  nucleic acid molecules are provided.

In some embodiments, vectors comprising the foregoing isolated nucleic acid

molecule are provided.
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the nucl eoti de sequence set forth as SEQID NO 1 or SEQ I D NG 3.
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i sol ated 30nucl eic acid nol ecul es are provided. In sonme enbodi nents,
vectors conprising the foregoing isolateed nucleic acid nolecule are
provi ded. WO 2011/ 060048PCT/ US2010/ 056196 - 6 - I n some enbodi nents,
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In the draw ngs: FI 1 shows the structure and properties of
PHA pol yners. Top, poIy(HB)ElﬁgbﬁgﬁﬂLﬁgigéhgpﬂﬁﬂﬂﬁﬁFWM) FIG 2 shows
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synthesis. 20FIG 3 sc enatlca y shows the interaction of fatty actd
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1c ac@s mo eﬁule

FIG. 1 shows the structure and properties of PHA polymers. Top, poly(HB); bottom,
15 poly(HB-co-HHx)

FIG. 2 shows the involvement of PhaA, PhaB and PhaC in the pathway of PHA

copolymer synthesis.

20 FIG. 3 schematically shows the interaction of fatty acid B-oxidation with the pathway
of PHA copolymer synthesis, and that monomers are made as a byproduct of fatty acid

catabolism.

FIG. 4 schematically shows the effect of blocking PhaA and PhaB on the pathway of
25  PHA copolymer synthesis, and that monomers are made as a byproduct of fatty acid

catabolism.

FIG. 5 shows PHB synthesis by several strains having deletions of phaBl, phaB2,
and/or phaB3 in fructose defined medium. Results of wild type and strains with single,

30  double and triple mutations are shown.



and/ or phaB3 in fructose defined medium Results of wld type and strains
with single, 30 double and triple nutations are shown. WO
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of conpl enenting,reductase nutations qn the strains having 10 phaB

del et on‘?ﬁ?%ﬁ%}% qLou,%PeparIlléi%?P Cant gtb 1585 Sglé)ﬁvens wer e added back individually to
t he genone of strain Re2115 (AphaBl123). Another strain had fabG added back

to Re2115. Results of PHB synthesis in wild type, nutant and conpl erent ed
straPns are & shpweredycabiigivityavitNADIEW] seyerpl rainspavingdgletiengelscr i bed

in Fig. 8. F { . Qr oduced
0 Ch3 et g Bg: BRI RS AR E R OF KR ol iR
speci f i ovitlysingle GloubR @®ildaviglehatdtiastasd shotver. specificity. FIG 13 lists

several strains fromthe literature show ng the PHA synthase used, carbon
source, PHA content, and nol % HHx. FIG 14 lists strain constructed

and resul ts fHFi@MSSHGRs B @elBof SAPMNE NG ARPAL ¥RRadnP6h Wl QiRHAVEYNt hase
used), PHA content (as a % of cell dry ight), and wt % HHx. FI G

15 dRowphiRaleptione durad/f phaB, pad phabnsneuwtiecddedbaniiiotivaluelbnst thect ed PHA

i oh - wentRRRCTBARRE T OPp I ASuBERinRE 6701 whisB B RsB1t) Gob105

- 8 - Dataultesk BgB GihtREdiOm Willd tpe, thiMBNdnd¥dmplemented strains are shown.

FIG. 9 shows the PhaA activity of the strains described in Fig. 8.

15
FIG. 10 shows the molecular weight of PHB polymer produced by the strains
described in Fig. 8.
FIG. 11 shows PhaB substrate specificity.
20
FIG. 12 shows Phal substrate specificity.
FIG. 13 lists several strains from the literature showing the PHA synthase used,
carbon source, PHA content, and mol% HHx.
25

FIG. 14 lists strain constructed and results from such strains, showing the genotype

(including PHA synthase used), PHA content (as a % of cell dry weight), and wt% HHXx.

FIG. 15 shows the procedure for strain construction in which a constructed PHA
30  operon (phaCp>-phaA-phallp,) was amplified and cloned into a plasmid, which was

transformed into strain Re2133.



The invention relates, in part, to nethods to produce bioplastics such as
pol yhydr oxyal kanoat e copol yners with hi gh nmedi um chain | ength nononer
content awo20u0/diep@Bease production of bioplastics in ba®eCENS2010/056196
fermentations and in other cells and organisns. 5 Mononers that can be
copol yneri zed to produce pol yhydroxyal-lanoat e copol yners i ncl ude

3- hydroxybutyrate and 3-hydroxyal kanoi ¢ acids with a carbon chain |length
greater than or equal to fpuailed BRscriptibn ofthSInvi@iRAt 7, 341, 856 and
references cited therein, € diI sclosures of each o mhlch i's incorporated
by reference T@rlHYQﬂwerQlé@&hnpg@)w Hﬂ%htldﬁéoémm@oblfastn%sgcb gopol ynmers of

3- hydr ox rate vmth 3- h dr ox anoa I oo HHX
10parti 6}6? rox opo Oate & Ovﬁntleﬁs ﬁ'ht%)h @ﬂ—&'ec@lgﬁ& le%ﬁ e%osné)fr)e% t:%Inz%féﬁ{tatl)ldtt%ei r

physi Ca|1n&é£)§@@iir6d1ﬁ:ﬁon Eﬁmopmytw@tm Bﬁbt@dzﬁ@erh%h&h@ﬁs andinp#idr cell Card®r&isnsdich as
Ral st oni a eutropha strains, that are capable of accumul ating high | evels of

pol yﬁydrMR%W&ﬁ@a@@ oo izedifq ProuesHP b dtidinnyalkanente ﬁﬁn% Hishiste
e it dswitha Q r r
cont ent,3 guEhy 94 3541 att E X SM& ab8; §9v A %&%Qﬁ?ﬁt whgn,t he

strain i s gro or any ant oil on sour ce.
The 3- ]eﬁuhi)’cdlfﬁ)&f&ha@}(@.@()@t& Racn'mt 23t1,856 hﬂirbretﬁe)ﬁlﬁﬁey oied thachén bl}e cssuibsu@ezsl dfs
mat ches etxceegs any nmat er| al prod ce from nt oil that has been

descr i bed< il VAN i1 PEFRPENTG by S eBeaafiese (s st hodS ORI - U, . _
Pat ent Szﬁogégn@?sloffﬁﬂwrsgyﬂu%@at@%@m h?@t{)kif}%ﬁﬁ’(yat@ éBN(H@' ESHON ah@ur i ¢ acid

nt fatty aci'ds in order roduce copolymer wth acceptable
HHx 1@ontmmicu1£1ympb}ymers whk hlglM{Hman:nnt afe uskll dwgltbmphpmadpl@edtiusi ng the

net hod i S. 20 Patent_ 7, inferjor to the HHx content
0 tre cRanyREen shedts 0 erayotrL e i s R A F of ot g
f eat ur eapifle bNsdcuf@hting h eté}éf@frﬁdlﬁfydrmgdlk\éh@ut@bépblﬁﬂ&s WAthaREP nkafulnPN-
In sone enbodi nents, normal synthesis of PHB in cells is disrupted. For

exanpl e,cha lgmgshmqnﬁm@heomnqmmbgs b@lb/b%\hydmﬁhrm&twesﬁdvﬂwwwammg}; om a
et ¢ oPha R AP LB DR PSSR AR EAPET N R AGOER aTge
certalne I ments 1 on I'S dISI’U |sagene

t hatishashyaaixyhéambard sbmeﬂ&ﬁmhé:&@bmeermemd)yl sQcH &glslmztta{eatou e;eceaMadyas not
been used for this particular gurpose The invention is not limted to such

embodi neRterialpsomived frommplantipilsthatdias herasdeserifed inghenggmatuse. Hi cngipeti H§ nor nal
PHB bi

ok SSMIBAZS Sl Y4 15508 HRLETEL 1 PuGePRERLIL (ol

di sr upt edidindtongjphac Edtywicids ia ort@mtdﬂbtédsqerttobaszma Whh dcoapeattlé Bitix cnrent.

limted to such enbqdi nents, however, and thus include her, t hods of
di srupt TG AT r@ﬁaa&%ﬁgﬁ Uy 59re ok RIS T G epgo derCribedin I8

201 B006G048RFRA5EBPI0MARE AOure 1< odtl U8 HRCopEIHEEk BEOBKRS A5 @B rRfhods

endogenous PHA synt hase. For exanple, as shown in the Exanpl es bel ow, the
wi | d types@laddygreithase gene in Ral stoni a eutropha was del et ed and a new
synt hase gen to the

hcor porate ah RO Padt e aF SOhTul i S BRGEHERRT i FoRBpdio
enbodi ment s, hREmBRWbLSHIMAAS Bormal synthesis of PHB in cells is disrupted. For example, as
shown in the Examples below, PHB was disrupted in Ralstonia eutropha by deleting genes
25 encoding acetoacetyl-CoA reductases. In certain embodiments of the invention, phaB3 is
disrupted; phaB3 is a gene that has not previously been characterized in the literature and has
not been used for this particular purpose. The invention is not limited to such embodiments,
however, and thus includes other methods of disrupting normal PHB biosynthesis, including
reducing expression of acetoacetyl-CoA reductases.
30 In some embodiments, the endogenous PHA synthase gene is disrupted and replaced
with a new PHA synthase. The invention is not limited to such embodiments, however, and

thus includes other methods of disrupting normal endogenous PHA synthase activity,



5 gene conmes fromthe organi sm Rhodococcus aet herivorans 124 (also referred
to herein as "Rhodococcus C09 synthase" (SEQ ID NGs:1 and 2) or
"Rhodococw020DI@oEgnt hase” (SEQ ID NGs: 3 and 4)). The i RCEAISR@0/0569610t
limted to such enbodi nents, however, and thus other PHA synthase genes
that have simlar abilities to incorpordate a high fraction of nedium chain
I 'ength nononers, particularly 3-hydroxyhexanoate nononers, also can be used
in a 10shediak ré@ehg@Rpression of dillog&tRs PHRONHRRE S ForexaRPH, bt sShadnPl thCoA
hydratase gene is introduced into a cell to increase production of nonomers
to be i rfcanpdesdetav.ithe wild hepeddpdIsyrtbase geoe ineR@mphia, eugrophhvandélpted gad a
Exanpl es_bel o a (R).-specific,enaoyl-CoA h t as ene.from Pseudononas
rer upi ndd R EaPa e LipEnEteasBta S MRSl AR RaR T

Ral st onitagtefih¢tphd 31Dy dsdNyhexanodieen@ivzyei® Inhadik epitddiif@ss, the new synthase
3-hydroxy%utyryI-CoA and 3- hydroxyhexanoyl - CoA nononers that are_then

pol yRer iE£88 Cppet ﬁﬁ@nmor@wmd%@dowww%qma@%% (A3 nsEarepAp heisHET2 gene
(gene P sgﬂz G j uype ;
Pseudonﬁ%%égggghéﬁﬁgggwﬁﬁﬁ§ eé%ﬁ@%Fgggégggbgii%éﬁg%?ﬁ§ént|%ﬁﬂ%gén FQ

i m t ed IDONOuGna Ao diteeantaitioh et ditmitednd shdhusntardémerts, Momnevat et thenoyl - CoA
hydr at ase genes that have 20 sim|la hilities to produce ) )

3- hydr ox3/Rt Y Hy FyRese &ﬁl&%éﬁw@%m @ﬁhy?s— tedpcFRMO e WS TaG IWH eiYBed in
a si m | ah,f3sf¥R honomers, pArfc AT 3@%%%&&1&& bRR0RRRY aRY EReke fedlifg genes
descri bed herein can be nodul ated to change the anount of PHA accumul at ed
by tlRe cehlls.fagkoen.exanpl e, as shown in the Exanples below, initially the

Rhodococcus D12 synt hase and Pseudonbn rugi nosa 25 .phall genes re
oo bor ot o 11 POt EBoRG oA Bl TR AL Ao h i R BOSHE S 3 e e
genes Was itdi@Re bAILEASESH MYNPh@DtIEE hB&pERRRAS nIothe cépo A&y éﬂﬁlﬁple, as

introducing the plasmd into a Ral stonia eutropha strain in which the

acet oacehgwnGoAerfedowiesdelqyend8)-aprsifitenoyhfoddydrass ernh fige Bwndormaisbeen
deleted fromth < Ih traj bor.i.n h | agni roduced

o1 oni 11 AR AR D B b7 BERE LB DI o B I FRE RO iER g 1 o
t he 130 genmErhe BACyrh& PRI paodiicss Bdlydioxbiit@e)]-100 AsatelB-Bydrogyimis-Coawever ,
and thus includes other nmethods of nodul ating (preferably increasing) copy
nunber dRoRgiRETyBRIEYE thappopmarizsd by 4Pt Ausathaey. ok éveglomorgs aeruginosa pspect s

of the 1ENGILLEN LA Ao 1T8E AP ANG. SOTPORE BLORRITAELRG BRAGLG Gon of

pol yhydr oxyal kandat e “‘topol yne ain I'ength nononer
cont ent , Pssuddmas:s aepginpne PA Qif gedompgds AXPDBLAYr dthe imwenkioB isnyod diak e ex auvhat e
(pol y( HB- co- HHx wi th high HHx content, thro reconbi nant gene

expr essiGHPAHM } Mgy fhuh BRCRAHE ,Oﬂtf‘é%?ﬁ%gﬁ* Bydiaet sries thapave
prodyct i aniafapRaly Q&/?fo‘aﬁcml)/m%%hd(ﬁ"yfr-c%S&rﬁnﬁ@thﬁrogrh%%&'yl-b'amnénd‘iﬁé’@
(greater than 4 nol% fromplant” oi1$§ as a carbon source’in a cell that

r econbi redsntdap bexpekemsesmadanioshiemdogenous PHA synt hase and an enoyl - CoA
hydr at ase gene and in i ch genes encodi acet oacet.yl - CoA reduct ases are
ol et ed. 1ot 97 SPBE aifte B HEE RN PPN SES Rer R TEr BPSuc ng

pol y( HB-i&dthiXd do dMahbe thie dhholiiofPHA @Bdummhte€ By eeecell®] B&Ex@mpldhhdHowinine a
wi de variety of aggjlcatlons. According to aspects of the invention,

cel | (s) thhkxampledphtipwatitiallydhpRoed coers S 2riyn@aserangdmssudamepnal ¢enigéosé  such

cel l,g in,pr ci.n I r oxyal e .copol yner Lt i i ain
angoh BRGREHEs AR U AR S POR G BRRHTRETot MnChARRSPLER™ 2,
provi dedsenéd wadhbeh thehasaptpy dohiag etk gdhad intd e ppemel arcadod@ipubs pRBAKITES,

i ncl udi ng PHA 15synt hase gene(s)_ can be obtained froma variety of sources.
-As one 1B aolﬁqutﬁﬁzlayeugpphq Straan grghigh ithe acetoacetyl-CoA reductase genes and the native

PHA synthase gene had been deleted from the genome. The strain harboring the plasmid
produced significantly more polymer than the strain in which the genes were only in the
30 genome. The invention is not limited to such embodiments, however, and thus includes other

methods of modulating (preferably increasing) copy number of the genes.



woul d be aware, honol ogous genes for these enzynmes can be obtained from
ot her species and could be identified by honol ogy searches, for exanple

t hrough awprotidicm4BLAST search, avail abl e at the NCBI i BRCEUSRA1095¢186

(www. ncbi . nl mni h.gov). Such genes can be PCR anmplified from DNA from any
source of DNA which contains the partid¢dlar genes. In sone 20 enbodi nents,
t he gene sequence is synthetic and/or codon optimzed for the cell into
which it is igdpeadesald iniyioRBaRe @hedahid ftnosafe (ENAO Pidadcdditorenzy nes
as described herein is conpatible with the instant invention.

Opt i mi z &l drydesixyplkenasithcane s Wworh baglymadigom ¢hapuliengthintpnonies cempsdsusbas s
that a gene encodi n_enzyne b dified befor Halo Iy du .knto a
col| sucRPay iR QG EOuBREE sl T Bib SR el PROE S g

cel I. Cadiar cosa@etrdph racombinit ped exprésidhSBelkann bae anbediardt, desciibed Codon
Usage Dat abase (www. kazusa. or.jp/codon/). The nethods, enzynmes, cells and

or gadi srhsTdRicthe pedupégnedfpoby(BYB-ere Hithy withddts cppignictt g5t %%l kanoat e

copol ym%gre‘é@e} 't”haﬁliztgfﬂolr@ &H]p%ﬂéﬂs ilsed‘gatrﬁbr{%ﬂfé%ﬁﬁ al%Qﬂtﬂ?a@Eeco%glgylﬂﬁngncom ent

frequentFy I's express In percent (no n sone e ts, 30
copol ymaaxpiessepraashueadogdnohs RHA yynthakwand dnesngyhCoAngdetase @oicentd insildéh as 3-
hydr oxyhexanoate, of at | t 4 nol% 5 mflo/ 6 mol % 7 nol% 8 1% 9
ol 66 1ECHE! Fcodine dpogcetnd gy spluataseiaragelotad LposYIdm Fsrerntan sHiant 17

1% 1 9 0% 0 | %
T e kR A e S R g

nmol %0 3lithardia¥%s a 32darodridty GappbE&gon34 nol % 35 nol % or nore. Copol yner with
such nmedi um chain.l ength n r_cont ent e produced using, for

oxanmpl e, any AgeryneRriPets o e pugRom G ol Ry BB REERL B S b e et her
way of  enpRyRsSiHIthERAATRCIE s8R brdddicind paRhgloxPak&afate &oﬁﬁ)f’{@ne_rfl\@itﬁ hi2@r cent
can be approximated from wei ght percent by nultiplying the weight percent
val ue bymglign chpigilength pnongapperntqpérseehas pn(tiecappiox withthegh Hbgmonishe

per cent nul ti.pkying the I val 1 .25. Thus, in.

Ebod et & 0YidsiorongRalbd S PR BRTR el Eoele ek Yl R el R

contignt ,syAthase @se@) ytdscoottiiaxafomt Lvariefy dtsolRast-Abomé 86 orflindfy Wil¥in the W% 8
W% 9 wi% 10 wt% 11 wt% 12 wt% 13 W% 14 wt% 15 w% 16 W% 17 w %
18 wt % “@ldboawarg. hgmelogqusgenes fop thesegnzymegcony bogbipined from qthey spogesp o 27

V\It% 28 0% 04, . o 0, 0, 2 [0) 0 .0, 3 0% or
rore. - Cop s bedhhirdl ot Helin el o kS ity T g mIR bt
pr oducecdvagabtigat tho NCBdantptret sieenyvvwwaintlyi.rdmidh.gov)oiSuck gewgs,capbaBRCRoi | ) as
carbon source for th rgani sms or |]s..15In so enbodi nent s, the anount
of COpOIerfleBIf%b@ﬁ* 8'9 iy serice of é?\l%pv& | CopHalsshe particular genes. In some

20  embodiments, the gene sequence is synthetic and/or codon optimized for the cell into which it
is introduced. Any means of obtaining a gene encoding the enzymes as described herein is
compatible with the instant invention.

Optimization of protein expression may also require in some embodiments that a gene
encoding an enzyme be modified before being introduced into a cell such as through codon

25  optimization for expression in a bacterial cell. Codon usages for a variety of organisms can
be accessed in the Codon Usage Database (www .kazusa.or.jp/codon/).

The methods, enzymes, cells and organisms described herein provide for production
of polyhydroxyalkanoate copolymer with high medium chain length monomer content.
Monomer content frequently is expressed in mole percent (mol%). In some embodiments,

30  copolymer is produced with medium chain length monomer content, such as 3-
hydroxyhexanoate, of at least 4 mol%, 5 mol%, 6 mol%, 7 mol%, 8§ mol%, 9 mol%, 10
mol%, 11 mol%, 12 mol%, 13 mol%, 14 mol%, 15 mol%, 16 mol%, 17 mol%, 18 mol%, 19



at | east about 20% 22% 24% 26% 28% 30% 35% 40% 45% 50% 55% 60%
or nore, of the dry weight of the cell or organism (cell dry weight).

As not ed wbave/o60038 net hods described in U S Patent 7, P8F/US2010/08€96re t he
use of particular plant oils with certain amunts of lauric acid in
constituent fatty acids in order to 201produce copolymer wth acceptable
HHx content. The maxi num HHX content of the copolyners reported in U S

Pat ent  m&id.204do17s 213ad9d10b Yao1Fhe3 RN 2095 moBRZYITRD1% CE) Mol @bEATISS M5
described herein were used to produce copol ymer of greater HHx content

wi t hout melfarXd me%aisPmeple. éérrrbd% 85 uat®, $haolfadt meeh| Humpeldauingoreont ent i n
O o PSS PR el B BB LS oG RLEL!

7,235,6 Fol SCUTar e e poltyners inc 0se greater

than 10,&300 [2ahikyofsy asidat oaqelgetpmeaﬂja&swatbomoa&@ and 4 mllion Daltons,
and prefer age%/ﬂ bet ween about 50,000 and 1.5 mllion Daltons. In accor dance
wi t h3t he i nveMqteH ways fﬁp@ﬁ%&&@paa%rawt@érﬁdpwﬁe&ht\mmﬁn%wg% mdleim chai n

| engt h art
50 and T aEE Bk Ea RoBPHERH: pte BT DL InE ik Tk By
hydr oxy Hegtsandad e welghd pexcyacian be apgrox inydeditymanaln paicent erdﬁbmy;dl@aa oat e,
hydroxyundecanoate nd droxydodecanoate units. In sone di.nents, the
copol yméPo 5&38@5%\@14%&1 hgi Thysp g GRS iBpEs VRIS BB 63

hydr oxy t}Héd{ﬁlﬁtcﬁaﬁrlgn%@/ ﬁfoﬁé%@ﬁé@l@@tsﬁcNQQQ Molrox & An&Re, of at least 5 wt% 6
pol y(3- hydr oxybut yr at e- co- 3- hydr oxyhexanoat e) - ‘The i nvention

encdfipaseés Tamifo.t8peedt wek! 10 Wt%t Iewffo ey et gehet’f br wifakli ngtholfonehs t hat

el 1 80 e bon Wil TRE 2tone i 0% BattPr Al 3 G i

enbodi nﬁi?tt% Jgherobaotvaws, &0 veid, 13 1ivesa 3Balse, 8BIvAgs BR-wt7ARS5 ARVO P ARSe. SPP. , @
Rhi zobi um spp., an Al caligenes spp. or a Pseudononas spp. cell. In sone

embodi meEPRPS]ydiavigeschinedaimRahain dmigth @gwr@mntm@wmgd@ad ugiag, iRhi zobi um
] aponi cum, ﬁi)b%ll}; gl?t”%% elftolilctF Euisp%a%lia @ uccajlgorr%ns%lslrc f%r tﬁgr %eﬁ S %lor cel!shne?ne

preferre e °ce stonla eutr

enbagi nent s, Ihhemeehibodﬁneh&at}femmht 6€ddpoB i p@éﬂu&ed/&y?i&fe Rl br, r?argsms is
Saccharo ces s Schi zosacchar ony Phaf ia spp.,

Hans enul (Gppbod i @raf%sz%a% Siasaa. 406 S H I e o more
Br ettanczﬂf;ﬂq,ee&r %ht0§ g@pnmé(és AR &Qﬁdrp{?/ g%sol en spp., Debaryomyces

spp. Yarrow a yeast strains. Exanpl es of
yeast speci esAsmmied;hbcazlerﬁe usgiads db@rribed in U.S. Patent 7,235,621 require the use of
particular plant oils with certain amounts of lauric acid in constituent fatty acids in order to

20  produce copolymer with acceptable HHx content. The maximum HHx content of the
copolymers reported in U.S. Patent 7,235,621 is 13.8 mol%. The methods, enzymes, cells
and organisms described herein were used to produce copolymer of greater HHx content
without regard to using a carbon source that has the lauric acid content in constituent fatty
acids of the oil or fat as required by U.S. Patent 7,235,621.

25 Useful molecular weights of the polymers include those greater than 10,000 Daltons,
such as between about 10,000 and 4 million Daltons, and preferably between about 50,000
and 1.5 million Daltons.

In accordance with the invention, polyhydroxyalkanoate copolymer with high
medium chain length monomer content are produced. Monomeric units are known in the art

30  and include hydroxybutyrate, hydroxyvalerate, hydroxyhexanoate, hydroxyheptanoate,
hydroxyoctanoate, hydroxynonanoate, hydroxydecanoate, hydroxyundecanoate, and

hydroxydodecanoate units. In some embodiments, the copolymer produced includes



produci ng copol yners are described in U S. Patent 7,083,972, the disclosure
of which is 15incorporated by reference for these teachings. O her exanples
of fungi woachudsoaspergillus spp., Pennicilium spp., FuPamriusre19fpa196

Rhi zopus spp., Acrenoni um spp., Neurospora spp., Sordaria spp., Magnaporthe
spp., Allonyces spp., Ustilago spp., Bd2rytis spp., and Trichoderma spp. In
ot her enbodi nents, the cell is an algal cell, a mammalian cell or a plant
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product g&?&em@é e2BONhehf) ti@1EX MR sBhiq PHRSprRa1 280bhECHRbdmENPI RS 8&Hisi N
t hese cells to enhance nononer production, which are polynerized by PHA

syntllas & funyd c210 $1¢h0B 008 RCEINISR.0 Q10819 6es spp3 Schik@s.tahdalgorhmes s, Pichia
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o e b el ST L G0N ST AVERR( ),

gengls) iftorpditedibyefeteneX fdrakdit @ARBRER! Othee bRintplecofdangiShelidsspeea!/ay s,
e.g., plasmds. Methods, materials and techniques for construction of
nodi f i ed?PHe hEWEEILiLEsPP aé HFDGHHIE Pl RIHIRAME PRP- a4 6EOBHE SBP g ASHEBO TSPl | s

cont ai ni ; 15 a : |l el g acids are
wel | knégﬁd?ﬁfgﬁ@ a%%#ﬁggﬁg}gffaﬁﬁéﬁgﬁ%%ﬁg%@fgﬁéﬁg??g%gngﬂﬁ”?gghniques are
descri bedidbgewhepp. heotenembodiments the oetkiseuntadghl nehtasnarhmaiyn dedl or a plant

advantageﬁus to use a cell that has been optim zed for production of one or
nmor e polSHydr oxyal kano ate copol ynmers with hi gh medi um chain | ength nononer

conbgnt, suchy aRuRPhY ARG Red L) son@PRIY BBRBatitTo (v%tﬁ%ﬁé%'v@nti&nhrﬁw etifestAn

optimal to nutate one or nore conponents of biochem cal pathways to
el i m natesdegampes ¢copy g anhwaywraeidhe gy @ssonpteas! with theenypotighyswelt yah kanoat e
copol ym:"rlécovr\f-ltgitrllan icggy. nﬁldsioumrg e%lq)aéidpments, if a cell has an endogenous copy of one or more of
the genes associated with the invention then the methods will not necessarily require adding a
recombinant copy of the gene(s) that are endogenously expressed. In some embodiments the
25  cell may endogenously express one or more enzymes from the pathways described herein and
may recombinantly express one or more other enzymes from the pathways described herein.
It should be appreciated that some cells compatible with the invention may express an
endogenous biochemical pathway as well as one or more recombinant genes of that pathway,
a similar pathway, or a complementary pathway. For example, R. eutropha expresses genes

30  for monomer production. As shown in the Examples, phaJ was additionally expressed in

these cells to enhance monomer production, which are polymerized by PHA synthase.



| engt h nononer content, such as pol y(HB-co-HHx) copol yners. For exanple, in
sone enbodi nents, 3HB-CoA synthesis is reduced, such as by nutating or

del eti ng Woeotwosn@Be genes contributing to 3HB- CoA synt RETIES2010/05600612
enbodi ment this can be acconplished by 20 reduci ng acetoacetyl - CoA
reductase activity. In R eutropha forlgxanple, acetoacetyl-CoA reductase
activity (PhaB) can be reduced by reduci ng phaB expression, for exanple by
nutating or dab@bidr (RATbARNILY 0@ PHROFR BERIaMY cOPRyRErsB & pRRAEH GENBSHs AS
exenplified herein, this was acconplished by deleting the phaBl , phaB2,
and phaBY refeviss ehzyorastipieprrducng anstibrpoleneizeng menemesmackdingdhoresetal,

screeni f or tations that ]ead to. enhanced ti f .9ne nor e

ol yhyaroayare IO Raishy Pt Steh o Grnag 0 S Pand 2 Aa She

cont ent ,Pagdit h1,333,856) saCiBf ®aichiibincPpaitadmirsin byayfehce erdhst edchingough a
random nut agenesi s. screen, or through screening of known nutations. In sone
enbodi nent s SHGEYSIONOL BARGIdN BFLABEAG NG Celisdy msHtkgowain thepat, incdiding i denti fy
genomi ¢ nor e
ol yhy A Ra faenE o fsbiedtl (AeorRpleRSfe bdaBLAUEh MRl eRRERin.

cont ent ,fran gbneds) qpadng (dridiace etkdchramopohyheudeic abidQugéh screeens, rg:. geddnsdor

organi sns that have these fragnents for |ncreasge roducti on of one or, WO
2011/ oedﬂﬁ%@%rﬁ@é@z@iw@@@f%@qu%far GOW%loﬁcﬂfmﬂag%ﬁgﬁélP%ﬁ&éfréd%@em%r s

wi th hi giycmdidiqg acflla%irghnlimrk&eﬁpwﬁﬁﬁin QL MbdifRH SBn @t R X B &R0 ditl
copolyners. In sone cases one or nore tations y be conbined in the sane

cel 10or mclpanicsdn ardviedll&ndwn igthewrthgomari wbhish oethals degerials ethdiedhmiqueane wel |
known in to‘tHGISkL|| d Sperson. For exanmple, U S. Patent 5,534,432, which
i s i ncorfssrhed §lshwpeie eHﬁ}‘greference for these teachings, provides exanples

of such nedi gntsb@t eAib8dBtnksiP by bead GlreydeBuPilo Raa el tiak h&edded optimized AS 1S
be understood by one of ordinary skill in the art, the optimal culture

condi t i dasprioductipned woe PomosT Py dapx yatkagoHg derstyaets dythatigh owgdminy phais
t her eof e influenced 1 f rs_includi th \ of cell,
the or ot eiEarkRehAFRRE e of R TR PELS) SebRe B M ek R Tbe T

t enper atdptighabito hita€dordehe nidrg avinoRDEs Xdidchemicad pAMva@Neb ¢élimipaefcempbliyg f rom
20 Cto 40 C. For exanple it may be 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, mthwaysandprodgge mgge ofihe padghydsox yalkangatg sgpdpmeyith high mediugphaiga) ue

in bet qu‘%kéﬁl ;ﬂ/ﬁbﬁoﬁl‘é} d&&t}ég@%g&j@l&q@@-}ﬂ%) &%@%&‘4.?‘#&@(5&1 ot doRut may be

appr oxi ma romlto 1l her 'no ting factofs that can be
vari ed temtmdghemg3tHBi€oaAxgyeathiesie in raduaed, such as te mutaingpiridaieriag pnoduadicon of

pol yhydr oxyal kanoat e c I r wwth high medium chain | engt h nmongner
cont ent EeRHUPTELIE %ﬁcﬁﬁﬁ&%ﬁlw&&m&ﬁfnﬁog@% duig %&P@PE&@Q#’BW
SOURBe USEibind NRaUATLCOAGHIMEE (RHYE In lEuPAY /A of Nnfill LikiGadiBAIRA and

the amount of " time that the cells aré cultured before harvesting the
pol y( HB-reduckidr pctivity FbaB) ewmdededmad by ogicmel p/2Bpxodgsaon.dor ¢xsngpdhbeved aft er

O Sl Bl B B RIS A0SRy o
opti m zeheldif tARAVR10BIHpIRAEHLPAEIaTRLE @E HraRl AlBLr andUsiBS ighihdsdronP eHeTEt er S.
eutropha genome.
25 In some embodiments, screening for mutations that lead to enhanced production of
one or more polyhydroxyalkanoate copolymer with high medium chain length monomer
content, such as poly(HB-co-HHx) copolymers, may be conducted through a random
mutagenesis screen, or through screening of known mutations. In some embodiments
shotgun cloning of genomic fragments could be used to identify genomic regions that lead to
30  anincrease in production of one or more polyhydroxyalkanoate copolymers with high
medium chain length monomer content, such as poly(HB-co-HHx) copolymers, through

screening cells or organisms that have these fragments for increased production of one or



Organisns or cells are cultured in a culture nmedi um containing a carbon
source that permts production of copolyner. In sone enbodi nents, any oi
and/ or f awORoHI6W48s used as a 25carbon source, such asPamuSPIIAN56106 | ,
fatty acid or fatty acid derivative, or conbinations thereof. Exanples of
plant oils include palmoil, soybean oil4; rapeseed oil, corn oil,
cottonseed oil, peanut oil, coconut oil, and safflower oil; additional oils
and f at tifo@Poflhyafof yRhdoald @Bl ynterd Reh &idh md18mCPARASHdth @dnBnet Bsht&ARY bon
source for optiml production of copolyner nmay depend on the particul ar
strai n olclagpalydHB-oe-THd) copglymerilhepme sas vaa s MG Bitagons mrberedi um

i nclude in.so nbodi nents vari Qus conbi nati ons of nitrogen source(s),

. .combi Ct 1N \{Nne same cell.or organisin s :

i norgani c salt(s), selective <onponents (such as antibiotics), or other
nutrient sourMedis for @bwing vasiowd ¢dllskiesdtibeiMicleih irbevefikinblvadn pehs Qkilled WO
2011/ 060048PCT/ US2010/ 056196 - 15 - The |iquid cultures used to grow cells
asso@i atRsePofi AT exenlenté At PYpntOaP A Zhitislds ingorpeiatesk hargia by ueferange {issel s
known a in.t . i D .Lljon in an
or at ed Heapnily 8 A xRS, TELS EEE B S RiARLERMOT
produce des.ge quantities of the pol yhydroxyal kanoate copol ynmer with high
medi um chain | ength nmonomer coptent, such as pol y(HB-co- HHX) pol yners,
associ ated withis ﬁé‘ng‘?{é@ﬁ byane of ordinagy el ki BreaREg FYIUEGCPRESUN ar e
met hods [ ; ' S

Dasi 5 S oo R P RS Rt TR T (0 % BN 122
whi dR i snimydectporiatledingdetype biycaleflergoeth media the e grewdhiondsionT hEhéPHA

| be isol ated f th i cel | | t i ich it i
TP or Saeui P RueRoHE sihmaraTe fretaf Y Snig sheiiledreti &d S piluifibe
in the Exafpbes thabow, HoPexm$o itk WHET0, 03, BXDBaKs ed. 4d,0m 2g/ophid i3zesh cel |'s

for 48 h in chloroform See also, for exanple, U S. Patents 5,942, 597,

5, 918, 748, 34, 3980.339 38.5951 908k greca fdlsBis gpriany 99lue (pbemggs g Ahe cuiprogmg7229;
WO 97/ 07230;, . an 97/.1 ; ch.of which is;i rparat ed by reference
vor o n_grioq 1808 3Bk BRHLA. M SR ) AGRIRGIBIAG, DY T e o o
desasi bed i n Qinet @sh-HhatgSadtatsehdt cAppe beddd Broudh 08 tht IRFS imeraptidrein@igdroy ed.
After the culture, the bacterial cells are separated fromthe culture

nedi um B9 catigiEzetnrpdustian os eolah ytreryabranpafe cppedpmenyyih high medivachain legth s are
washed wj i.St] Bl . i dr ] t he
dried bggég?ggﬁgﬁ%+€g@¥¢%Z%Bﬁﬁgestegﬁ?ERQQQFQQ?5%k%§P%ﬁﬁhﬁgé?§%ﬁf§&§g}vent
such as wbd,ohofype nf cdirBaetiar ithalpHeef the cdnpe nedias amt the mervnued timotiat the s

organi ¢ s@lvent solytion including th ol ter by filtration or the like,
and a pd6H 5 cyked ekt B prsi shroro BTGP dn sde ambelmsatrPlipht o ¢ o

per mpt Hfr@&icﬂbﬁ AdAnrved aﬁé]%uﬂﬁﬂiﬁ@ﬁfe%ﬂs forsERed MRLE sudR Bu B&ys FAMvel,S
renoved by filtration or centrifugal separation, and dried. O her nethods

wil | be ikstowhl beoappheriaséd (hheid wosldsterrou@sTérper oeolatioe fevary oadiopttniza the

accordan%e with.th inveqtion can be,used in any of the
above-mentione parame crs and otner such similar param CrIS.

Organisms or cells are cultured in a culture medium containing a carbon source that
permits production of copolymer. In some embodiments, any oil and/or fatty acid is used as a
25  carbon source, such as any plant oil, fatty acid or fatty acid derivative, or combinations
thereof. Examples of plant oils include palm oil, soybean oil, rapeseed oil, corn oil,
cottonseed oil, peanut oil, coconut oil, and safflower oil; additional oils and fatty acids are
well known in the art. The composition of the carbon source for optimal production of
copolymer may depend on the particular strain of organism or cell used. Other components
30  of culture medium include in some embodiments various combinations of nitrogen source(s),
inorganic salt(s), selective components (such as antibiotics), or other nutrient source(s), etc.,

as will be known by the skilled person.



many uses known in the art. For exanple, U S. Patent 7,455,999 describes a
| ar ge nunber of uses for PHA pol yners and physical properties of the

pol yrmer s WO 20hi@68@8t i on headed "Applications for the Comrp®aistéiomsé1oand t he
references cited therein, the disclosure of each of which is incorporated
by reference for these teachings. 30l nlSene enbodi nents, the invention
enconpasses isolated or substantially purified PHA synthase nucleic acids

or pol ypepti dgf liRN&tfdGhise@ oGl 8ss6bteaiiii@e HveBXHH &mteHbuSALih
nucl eic acids or polypeptides, and cells or organi sns containing such

nucl ei ¢ 2agiodshe CW%@%@WSUSM%OS&%M erpBodimgoisypeptiales,

constr UCtrgdu%liloveC}l Oresr ted reacel €5 fﬁ Suc ezlisea srhrrea%ks%géthra S5 estgmo rog Qeocceus
aet heri \Porans Egh I%%I % al e %I}% tSO I Ncor porate a ractl on OR

3- hydr oxyfzexanaaies oMRPIBLYdRRYL kDR dopeRindrivath lﬁglﬁjrrie&ﬁlhﬁl:lﬁﬂn yigmol ecul ar
cl oning procedures. The isolated PHA synthases also are referred to herein

as " RhodBeusuraisomont. sydhaspoly(HBsmcHHp) R@H@r% agsaeiateyl vyt theiygateecus D12
synt hase” (SEQq} Rad¥CE td?'th %]uéé Pefoﬁ@xr aﬂe%ﬁétﬁ‘&ﬁ oducRH)lh' rPg—ngf p&:g’ﬁ*Jer' fnqaci d

nol ecul e or protern, active potlonthe
subst antdopblyynefy @ea ocintmhbesrbamt i;u;thanetnmSenm adscribed, 6arl eixaimeletrimoll) IS Pudaen

pr oduced conbi nant tec ques, substantially free of chem cal
precursoip%}/ 43920%&111&%9{1)@54 W@ﬁ%&?ﬁ%ﬁ%%@ﬁﬁﬁ%gmﬁd Preferably, an

"isol ated" nuplairga 36hél 1'n§r éafn% 1981at%@%%ﬁ#@1@%?g°an(sﬁ{ _ERbABIN PO RicR B codi ng
sequences) that natural?y l'ank the nucleic acid (i.e., sequences |ocated

at tlle Frodwdd BY netiuisls @hownm theairtei@neaxiadipld of thines drsnbrdcin INAETfmplive

whi h | i d
roa nsey. o AR o Phnier 6L R dS adhEEPH Pk oSET abou
5 kb, 4 f&pexa%lﬁ@ JU.8. Mentg-s ol 507 5 &is, 7401 5899380 Df4onssal et 5 421 segjygnces

t hat natural% lank the nucleic acid nolecule in genomn ¢ 15DNA of the cell

f r om whi R &el:NNE BVQ72281 WQ 87/88330; end Wﬁaﬂ)ié%bteﬂdeof(‘&h@b iyigeappratedt o as

proteln hat uhst.an free of cellular material includes
prepar at |>)orﬁ%sero Ihglieﬁli%ﬁ éle%a}\l/llx g | ess than about 30% 20% 10% 5% (by

dry 16ei ght) oAs @@rﬁo@mﬁrﬁaﬁlg régarﬁpleythe pidcdes devhetiedtin@ndel BReq! Paiket or
bi ol ogi cal | y act i veé(gortl on thereof is reconbinantl % (%r oduced preferably
cul t ur e Mdicatien AMOLESAY 31 may ke FWQ}PY%omﬁeB@%C“}ZW% ¢dagteid csls gBy dry

wei ght ) s%gargtfed %ﬁﬂh%%hltﬁ%%é&'hﬁﬁ%? a%n&’ltf %ﬁpﬂ&fﬁ%é ikd1@hd ﬁ{eeﬁagéhalt he

pol ypepti ragnments and-vari ant |sc osed nuclelc acid
nol ecul esliand vmh@tpwnh idthetleed naedend trieeraedlyorahelilkd, and énﬁbrﬁlaﬁsthel dbyd t he
present i nventl gnent” is [ntended  a ortl o iﬂﬁ) nucl eoti de

sequencéﬂasfﬁﬂﬁlrfé: ME? é?lae%%r.la%%&émsglgoaﬁl UBHYS ¢ ?5?Pt6\“ fosmaci d

Z :q @2 g gsér?r;gerfahéelpéﬁrﬂ[;ﬂﬁgﬁﬂs dR RROEEHMNATRYaniF{A%TR E'élﬁtléﬁ m@lu'aHﬁg' RO 1 de
q polyezter by filtration or the like, and a poor solvent such as methanol or hexane is added to

the filtrate to permit precipitation of the polyester. Furthermore, the supernatant is removed
by filtration or centrifugal separation, and dried. Other methods will be known to the skilled
person.

25 The copolymers produced in accordance with the invention can be used in any of the
many uses known in the art. For example, U.S. Patent 7,455,999 describes a large number of
uses for PHA polymers and physical properties of the polymers in the section headed
“Applications for the Compositions” and the references cited therein, the disclosure of each
of which is incorporated by reference for these teachings.

30 In some embodiments, the invention encompasses isolated or substantially purified
PHA synthase nucleic acids or polypeptides, constructs and vectors containing or expressing

such nucleic acids or polypeptides, and cells or organisms containing such nucleic acids,



25encode pol ypeptide fragnents that retain the biological activity of the
native pol ypeptide. Alternatively, fragnents of a nucl eotide sequence that
are usef uwoasinghwuBdi zati on probes generally do not ence®d@&/ysedippeqvé de
fragments that retain the biological activity of the native pol ypeptide.
Thus, fragnents of a nucl eotide sequent¢é-may range from at | east about 20
nucl eoti des, about 50 nucl eoti des, about 100 nucl eotides, and up to the

full-l ef}ﬂﬂ}beﬁﬁ&éseéﬁdsdﬁc@@ﬁ%&&ﬁlcﬁs aneRdeEertinePnAal ssyﬁ@@&ds@ﬁﬁn #hoddvsad
her ei n. A fragnent of a nucleotide sequence of the invention that

encodes @siiopuseys 824 thyt are eblpdo psprposrie athigh fp%ﬂtlyp@ﬁ&hdérowhe@n@@de at | east

15, 25, 30. 50 10 0, WDO.2011/ 060048 201 6196 -
17" 350ttt s s RapidSi it B o R ERS G, T oc

nunber agfHARYMBasRE al@s afﬂ’leftﬁ@ti td nelamfasl“thmt&usmey pﬁﬁlﬁasé’e(iﬁ@ D &¥@vpl e,
562 am no acids for or 561 amino acids for SEQID NO 4). A

b|oIéglé@ﬁ@?oéc@@v@cﬁéﬂfpﬁﬁSﬁmhﬁwpé$@@é9ﬂﬂ@§3@a% “be prepared by isolating a
portion of ong, ef,tAg- gy u?ﬂﬁpdﬁuﬁéggﬁﬁ%‘?&emle g{/ﬁ%ec dn‘gbpﬁ: rﬁeféaply REYPr essing

t he encoded portlon of t epti I na pression in
vitro), pondbrathsess |1sng1btsdaﬁt1at3t firad df\otiodr celd aemnated eld opar turomediunt ¥ken

pol ypeptide. Nucleic acid ecul es that are fr gnents of a nucl eotide
sequenc PTISKES %é%OH@ﬂ@nhtegﬁmgwe?r aheaed T &PB‘@?%%H’YFW&% syahes agnent

of the Q@Eﬂflﬁ%ﬁt\ifﬁj&)ch%&mlﬂ % nt‘ﬁésﬂe%asliref‘]:élbl Qn “I%Q}ateﬁ5 nu@Qrc aZﬁt is H@0 of 150,
200, 250, 300, 350, 40 0, 0, 900, 1000,

110(10 1zseqnen¢®0@r efdrAOEv p@@ﬂﬁ@l@omng iﬁﬁ@ncmabthabmatuteﬂy ﬂank t]p nugleidwsichieber of

nucl eoti des t full eot . equen cl psed herein
o o el TReRe tnd stamg oL Bt Bl i i S B e DT os Tor - SEQ
I D NO  3rganism fronByhic ¥d AMSc adig id dbtrﬁf@&iegors&qmwﬁvatrﬂﬁ% embedisnest anti al Iy
simlar to the sequences disclosed herein. For nucl eotide sequences,

conser vaslgted paelpigacis melesule ear ¢rmsan dasgthan@beutBth étkb %ba%k'e 10¢b. OHekb,
degener asY, ]?kb Sth ! ?%] sequ&?ce% ’tha%ngtuga? tt{' gk%ﬁg nuclelf ac1d IS ehl% s%% RRE of

t he polypep des or o nzymes i1n ner syn Of the

i nvest i aoNANEttke @il fyyor Gehi¢H the gualsicetk:idcls \darrw@m s p§1lypéptﬁia (mb@ﬁeeema@irto ke a
identified with the use of well-known nol ecul ar biol ogy techniques, as, for

exanpl e, Prafet s s swbrtanalyeeof cehda At Horyludesd reRasi s 2EPPlgReRtehni ques
as out| 'H&gglglq%s n a%%u '.%% O’t% 5% (ngtf@gﬁﬁt)%hégnthﬂ aHggaolggeptlde

20synt heti c erived nuc S€equ such "as those rated, for
exanpl e,Whyn t]slpngypeptlde or biologically active portion thereof is recombinantly produced,

preferably culture medium represents less than about 30%, 20%, 10%, or 5% (by dry weight)
20  of chemical precursors or other components that are not the polypeptide.
Fragments and variants of the disclosed nucleic acid molecules and polypeptides
encoded thereby are also encompassed by the present invention. By “fragment” is intended a
portion of the nucleotide sequence of the nucleic acid molecule or a portion of the amino acid
sequence of the polypeptide encoded thereby. Fragments of a nucleotide sequence may
25  encode polypeptide fragments that retain the biological activity of the native polypeptide.
Alternatively, fragments of a nucleotide sequence that are useful as hybridization probes
generally do not encode polypeptide fragments that retain the biological activity of the native
polypeptide. Thus, fragments of a nucleotide sequence may range from at least about 20
nucleotides, about 50 nucleotides, about 100 nucleotides, and up to the full-length nucleotide
30  sequence encoding the polypeptides disclosed herein.
A fragment of a nucleotide sequence of the invention that encodes a biologically

active portion of a polypeptide can encode at least 15, 25, 30, 50, 100, 150, 200, 250, 300,



site-directed nutagenesis but which still encode a pol ypepti de as di scl osed
here. Generally, variants of a particular nucl eotide sequence of the

i nvent i orv@i2bi1/dee048 at | east about 50% 60% 65% 70% PEXUSBAYHN5E@364 90%
91% 92% 93% 94% 95% 96% 97% 98% 99% or nore sequence identity to
that particul ar nucl eoti de sequence asldeterm ned by sequence 25al i gnnment
prograns descri bed el sewhere herein using default paraneters. The

nucl eot i SRNUSOHH HES6 LbRBFONEHRIND LR, Hapusekk foful hiRbat & ahs gsaONdi Ng
sequences from ot her organi sns, Egrtl cularly other bacteria, but also other

or gani srigessnt inel ful-lergtpelypensisd (fes esample] 0% dmigo geidp &, SHRAPOYY Zeciblas
PCR, hybri.di zat,i en, > L .can. used tq.identi such seguences
based orriieARuL AR SERNED NAE 4 KbigRieny SERE phRio TN RelreRHaTs R

Sequencegsepasal B BolabAg & @oRidntdionhs oSeEunasieetidedRfhdrcys sfaditdiesce Mbfelie
nucl eoti de sequences set forth herein, or to fragnents thereof, are
encorRpas¥eesHe theengodeddortionidhe pPoInPertide e -8 e By ErCBDINRE P RS SWBJN 8HEYs t hat

are ort I ; : : o

2011/ 0600 4R s IB Fo HEEAGRE n BB BT or i peffdepide, Nuclig acid molecples o
from a abarmnfragraast ofd ngeaeidanequshtcdesarised leueiad (whetbéfdnesding a bpdegiedlyas a
result of speciation. Genes found in differepnt specjes are considered

or t hol ogSt¥hERETF ﬂ}ﬁRﬂ_héH?PPg“Lé ngﬁfaé%telsa%ﬁa/% 305 POt é@%&?ﬁ&%ept i de
sequencesshay, 856Ut 251, i5ah, 358e600, %50%8%0, 960, BB Ve’ Pzd@)?'i%d‘ﬁ -136(9{““ i ons

of orthologs are often highly 5conserved anobng speci es. I
PCR-10as eld 08 pp i 6t miclaitidgo muop eothe dember ofersleotidesipegasingniad-1eagthuse i n PCR

reactions fo. i fy correspondi ng DNA sequences. frgm nonmi ¢ DNA
et act auelptf ayeRhe G SR Bei fara b N e bR BEPE TR NBER % i rer s
and PCR 1¢J3gmuf8o@de8 f&esren aINoknown in the art and are disclosed, for
exanpl e, in Sanbrook et al. (1989) 10 Ml ecul ar Coning: A Laboratory

Manual (2d edBy “Golagts'Sprintggdedaseaenceatbor aie oubstamtiady sinplagiihie seguences, ) . See
al so Innj.s et .al., o (1198 PCR Pr cols: A CGuide t t hods an
ot 1 cart SHEE¢ Resln, AR mat ER000 lGRGET B ReRiste R e bG IS QRRR o)

St r ategitka, hhaadarTilte MigehSacyNeWhe gérelic cadd ehdbtieSh@dndincakideduened sf ofel&99)

PCR Met hods Manual (Academ c Press, New York). Known nethods of PCR

i ncl ude,thepelyBsrsidaner pther angpmepinvalypd ithespeyig syntpesis ithp iVeatian. nest ed

primer S’Nﬁhﬁﬁg%caﬂﬁﬁé %lﬂéiicWahgﬁ}trs SucHIRIFOL A Be Rfehﬁﬁécﬁwgﬂmeﬁs%%?%hl ow,

primers, vector-spectfic prinmers, partially-msmatched priners, an he

i ke. molecdlar Higlogy dichmitjiemn ad, dahmxiaopés withl dolyonerpserdhaof reactiongRORnacd eot i de
I ed as a probe sel ectivel bridizes to, ot

sequence i S Us ha h .her
corres p%arlﬁﬁa%%ﬁe&mlﬂ% aéea{b@ﬁfi Beloyy egiapt '?{%1 tide SeAUSRSSS ﬁlSBfm‘gP‘éFned

genogi ¢ @tﬁfa‘im@r&%ﬁb& Al RN £ RAFESN 2 03 UKo BsheBRADIEY CexAinpRO b§ R

l'ibraries$ roma chosen organi smor cell. The hybridization probes may be

genom c shilifeetad memagspecONA WhidystBhersodRiNpolypegiveras djsclosedldrer Generally,
ol i gonucl eot i des ngjgma be. | abel ed wi th.any.det abl E?E)er is well
cnown | VAR 8F & Pafiilar MY igs Srdieace B bp B uihIERGiL RGOt e made
by | abeldpag 63yntinet 76 %0R0BORNE! 8@k slies, 9285 e mmath o5l okaob deosposmnces(s)
di scl osed herein, or degenerates thereof. Methods for preparation of probes
for or more sequence identity to that particular nucleotide sequence as determined by sequence
25  alignment programs described elsewhere herein using default parameters.
The nucleotide sequences described herein can be used to isolate corresponding
sequences from other organisms, particularly other bacteria, but also other organisms or cells
as described herein. In this manner, methods such as PCR, hybridization, and the like can be
used to identify such sequences based on their sequence homology to the sequence set forth
30  herein. Sequences isolated based on their sequence identity to the entire nucleotide

sequences set forth herein, or to fragments thereof, are encompassed by the present invention.

Such sequences include sequences that are orthologs of the disclosed sequences. By



25 hybridi zation and for construction of cDNA and genomc |libraries are
generally known in the art and are disclosed, for exanple, in Sanbrook et
al . (1989yoNbliesm4ar C oni ng: A Laboratory Manual (2d e®CT/USed1d/080pé ng

Har bor Laboratory Press, Plainview, New York). Hybridi zati on of such
sequences may be carried out under stri®gent conditions. By "stringent
condi tions" or "stringent hybridization conditions" is intended conditions

under 30Whh6lbg® RiRBRIM dehed Ve EAEBM 4 Qrhthdn hAded@d] RREMRNGRIch Arfodfd aft abl y
greater degree than to other sequences (e.g., at |least 2-fold over
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are wel IR éﬂhO#&%mtgﬂ‘eor}éPtFreéh Metadsor etising RCRatrupeh dad PeRconas i ssen

(1993) LRROLAL RhYwd BEMPIAURS atdyiBIQCHEMR: 8Ldnp1and sYRIbRSIK &h]. (1989)
Bi ol ogy--Hybridi zation wth Nucleic Acid Probes, Part 1, Chapter

(El 96vi evlolebily: Glonangd Adusbobrorydylamial (2dexs. Cld 898hg BartoehabdnoroBeks i n 10
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| sol at ed sequences that hybridi ze under stringent conditions to t

synt has d Asadamein decss dNeE Yosieod aiknaisrand dpeltapd f ads gBHYP Gy dasledds Maraal
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20Met hods of alrgnnent of sequences 'for conparison are known I n the
art. Theprobe that selectively hybridizes to other corresponding nucleotide sequences present in a
population of cloned genomic DNA fragments or cDNA fragments (such as genomic or
20  cDNA libraries) from a chosen organism or cell. The hybridization probes may be genomic
DNA fragments, cDNA fragments, RNA fragments, or other oligonucleotides, and may be
labeled with any detectable marker, as is well known in the art. Thus, for example, probes
for hybridization can be made by labeling synthetic oligonucleotides based on the nucleotide
sequences(s) disclosed herein, or degenerates thereof. Methods for preparation of probes for
25  hybridization and for construction of cDNA and genomic libraries are generally known in the
art and are disclosed, for example, in Sambrook et al. (1989) Molecular Cloning: A
Laboratory Manual (2d ed., Cold Spring Harbor Laboratory Press, Plainview, New York).
Hybridization of such sequences may be carried out under stringent conditions. By
“stringent conditions” or “stringent hybridization conditions” is intended conditions under
30  which a probe will hybridize to its target sequence to a detectably greater degree than to other

sequences (e.g., at least 2-fold over background). Stringent conditions are sequence-

dependent and will be different in different circumstances. By controlling the stringency of



determ nati on of percent sequence identity between any two sequences can be
acconplished using a mat hematical algorithm Non-limting exanples of such
mat hemat iwal20al@or48t hns are the al gorithm of Myers and WCIIUS20100988) CABI OS
4:11-17; the local honology algorithmof Smth et al. (1981) Adv. Appl.
Mat h. 2:482; the honol ogy alignment al@®rithm of 25Needl eman and Winsch
(1970) J. Mol. Biol. 48:443-453; the search-for-simlarity-nmethod of
Pear son {BOHyB:idFRidn A9BBvaslliRE coliitidns, Hseqbitces Bhit 2444909443 pléhentar
algorlthn1o¥ Karlin and Altschul (1990) Proc. Natl. Acad. Sci. USA 87:
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(in BLAST 2.0) can be utilized as described in Altschul et al. (1997)
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25  Needleman and Wunsch (1970) J. Mol. Biol. 48:443-453; the search-for-similarity-method of
Pearson and Lipman (1988) Proc. Natl. Acad. Sci. 85:2444-2448; the algorithm of Karlin and
Altschul (1990) Proc. Natl. Acad. Sci. USA 87: 2264-2268, modified as in Karlin and
Altschul (1993) Proc. Natl. Acad. Sci. USA 90:5873-5877.

Computer implementations of these mathematical algorithms can be utilized for

30  comparison of sequences to determine sequence identity. Such implementations include, but
are not limited to: CLUSTAL in the PC/Gene program (available from Intelligenetics,
Mountain View, Calif.); the ALIGN program (Version 2.0) and GAP, BESTFIT, BLAST,



genones and artificial chronosones. A cloning vector is one which is able
to replicate autononously or integrated in the genone in a host cell, and
whi ch i s wonbhewo@Bar act eri zed by one or nore endonucl eR€@/USe&0FE@Pé on
sites at which the vector may be cut in a determ nable fashion and into
whi ch a 30 desired DNA sequence nmay be20igated such that the new

reconbi nant vector retains its ability to replicate in the host cell. In
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| ysogeniistepld@asethe Mebsitifais Nationa@ Cefter fos Battectindldg yihfga@orl@$CBE dedblA .,
sequence may be inserted by 5Srestriction and |jigation such that it is
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(e.g., 13-gal actosidase, luciferase or alkaline phosphatase), and genes

whi dR vissqixnge afidodotg & prdypedotsgoabaf hareians thorimechtion. BLaYSE poteen saaedhes
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vect or s AP e PrBE BRI BIAS X pretisspinrDokoiisnelig: Bl amie #69 ne
St r uct UrhudeBendMa18stils So B 8S81Y acidlsdglendoNfa $eBFBptide deQerfhtddRrdiMeyo ar e
150perably j oi ned. As used herein, a codlng se%yence and regul atory

sequencedtan gappgid@ligampts fasempprison puspesesl Garepd Bh&p T BESWd] 2Ok dap bej nked

[N such gy, A%t Al ice LIS LHPTR8] Qi AGAIRE! bBLLARg6, the coding

sequence under e influence or ¢ e regu ory sequences. If it

i's desiregerhitaiely, PSI-BOMNITY(is BULEITCEO) bt He BB tapefbrinHnGtepaté MIftatdhanat
protein, 20 two DNA sequences are said to be operably joined if induction
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nut at i orle.g(, BLASIR férarueleatiihsdgoencabi BLAYTEf ot proteprspomt b usedgi on to direct
R O A R S NI
Prob@i N.or S reBridiPEGlreds R VB0 Widh REcBR&AARbM ain the genes individually or
in combination, such as in an operon arrangement. As used herein, a “vector” may be any of
a number of nucleic acids into which a desired sequence or sequences may be inserted by
restriction and ligation for transport between different genetic environments or for expression
in a host cell. Vectors are typically composed of DNA although RNA vectors are also
25 available. Vectors include, but are not limited to: plasmids, fosmids, phagemids, virus
genomes and artificial chromosomes.
A cloning vector is one which is able to replicate autonomously or integrated in the
genome in a host cell, and which is further characterized by one or more endonuclease
restriction sites at which the vector may be cut in a determinable fashion and into which a
30  desired DNA sequence may be ligated such that the new recombinant vector retains its ability

to replicate in the host cell. In the case of plasmids, replication of the desired sequence may

occur many times as the plasmid increases in copy number within the host cell such as a host



joined to a coding sequence if the pronoter region were capabl e of
effecting transcription of that DNA sequence such that the resulting
transcri pyvocan/iseo48r ansl ated i nto the desired protei n oPCpalsppepsilde. When
the nucleic acid nol ecul e that encodes any of the enzynes of the clained
30i nvention is expressed in a cell, a-2ariety of transcription control
sequences (e.g., pronoter/enhancer sequences) can be used to direct its
express Itfaeterﬁmeorgﬁ@ ARtRle GAP phenddt Pabicife RER r@r&tuces t\a,%muotlta e rpiReMRiest of
the gene in its endogenous context whi ch provid
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20  two DNA sequences are said to be operably joined if induction of a promoter in the 5’
regulatory sequences results in the transcription of the coding sequence and if the nature of
the linkage between the two DNA sequences does not (1) result in the introduction of a
frame-shift mutation, (2) interfere with the ability of the promoter region to direct the
transcription of the coding sequences, or (3) interfere with the ability of the corresponding

25  RNA transcript to be translated into a protein. Thus, a promoter region would be operably
joined to a coding sequence if the promoter region were capable of effecting transcription of
that DNA sequence such that the resulting transcript can be translated into the desired protein
or polypeptide.

When the nucleic acid molecule that encodes any of the enzymes of the claimed
30 invention is expressed in a cell, a variety of transcription control sequences (e.g.,

promoter/enhancer sequences) can be used to direct its expression. The promoter can be a

native promoter, i.e., the promoter of the gene in its endogenous context, which provides



25 content such as poly(HB-co-HHx) with high HHx content can al so be
performed in other bacterial cells, archael cells, fungi (including yeast
cells), meoralivmm4sel | s, plant cells, etc. A nucl ece/used/onabecul e

t hat encodes the enzynes descri bed herein can be introduced into a cell or
cells using nethods and techni ques thak2are standard in the art. For
exanpl e, nucleic acid nol ecul es can be introduced by standard protocols

such as dorARskelaBsd SexPRistich deliRGerbeM ©ale dofrasthetiBlel PHmaRHcan be
el ectroporation, transduction, particle bonbardnent, etc. Expressing one or
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cleanly del eted the gene haBl , phaB2, and phaB3 fromthe R _eutropha
genome. Tespectivayspel P ERAR) 0% AP T BUTHEe %iTrﬁgq%Fnﬁ%médﬁ‘alalgptI@d from
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were anplified by PCR The 15 sefuences were conbined into a single
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regi ons. ;s HBlifedC ametvebels ake mivemes i Sptidhal P ackieselcaderREYifarleqbdiReBamtl
sites to create a plasmd that could be used to create a markerl ess

del et i onlhsfchpise agédesig ofi ait appeapriafeveRtor guwitbipribe fality apdeliszeetionf ehelofhas
transfongggminkgggﬁPg%ki S17-1 and introduced into R eutropha via mating.

Del eti ons were romed by PCR using diagnostic priners that hybridized

upstiseam and Ek@ersion 8@oaf cohtignige Ale tHef nekéds@fy@Sdments for expression are

commercially available and known to those skilled in the art. See, e.g., Sambrook et al.,
Molecular Cloning: A Laboratory Manual, Second Edition, Cold Spring Harbor Laboratory
Press, 1989. Cells are genetically engineered by the introduction into the cells of
heterologous DNA (RNA). That heterologous DNA (RNA) is placed under operable control

20  of transcriptional elements to permit the expression of the heterologous DNA in the host cell.
Heterologous expression of gene sequences to facilitate production of polyhydroxyalkanoate
copolymer with high medium chain length monomer content, specifically poly(HB-co-HHx)
with high HHx content, is demonstrated in the Examples section. The novel method for
producing polyhydroxyalkanoate copolymer with high medium chain length monomer

25  content such as poly(HB-co-HHx) with high HHx content can also be performed in other
bacterial cells, archael cells, fungi (including yeast cells), mammalian cells, plant cells, etc.

A nucleic acid molecule that encodes the enzymes described herein can be introduced

into a cell or cells using methods and techniques that are standard in the art. For example,
nucleic acid molecules can be introduced by standard protocols such as transformation

30  including chemical transformation and electroporation, transduction, particle bombardment,

etc. Expressing one or more nucleic acid molecules encoding the enzymes of the claimed



A series of strains in which all phaB genes were deleted individually and

I n conbi nati on were constructed (see Table 1 below). These strains were

t hen gr owsoi2n1idedi4Red 25 medi umin which fructose was t RETASRE0H51BON
source. PHB accumul ati on was induced by nitrogen limtation. WD

2011/ 060048PCT/ US2010/ 056196 - 24 - TabBe 1: Strain List Strain Designation
Genotype R eutropha H16 WId type Re2106 AphaB2 Re2107 AphaB3 Re21l1

AphaBl  Rgédhlidn ARB @ﬁ-ﬂy M&@&ﬁplﬁ@@& b3 integrating the nucleic acid molecule into the genome
of the cell.

Examples

Example 1: Strains with reduced PhaB activity
The monomer 3-hydroxybutyryl-CoA (3HB-CoA) is synthesized from acetyl-CoA by
a B-ketothiolase (PhaA) and an acetoacetyl-CoA reductase (PhaB). Analysis of protein
sequences in the Ralstonia eutropha genome predicts many potential homologues to the well
10 studied versions of these proteins (PhaA, H16_A1438; PhaB1, H16_A1439). In order to
prevent 3HB-CoA synthesis, we cleanly deleted the genes phaBl, phaB2, and phaB3 from
the R. eutropha genome.
Markerless deletions were made using a method adapted from York [1]. DNA
sequences upstream and downstream of the gene of interest were amplified by PCR. The
15  sequences were combined into a single contiguous stretch of DNA via overlap PCR. Primers
used during this procedure were designed such that BamHI sites were added to the ends of
the DNA, and a Swal site was inserted between the upstream and downstream regions. This
construct was cloned into the backbone of pGY46 at the BamHI sites to create a plasmid that
could be used to create a markerless deletion of the gene of interest in R. eutropha [2]. The
20  plasmid was transformed into E. coli S17-1 and introduced into R. eutropha via mating.
Deletions were confirmed by PCR using diagnostic primers that hybridized upstream and
downstream of the gene of interest.
A series of strains in which all phaB genes were deleted individually and in
combination were constructed (see Table 1 below). These strains were then grown in defined
25  medium in which fructose was the sole carbon source. PHB accumulation was induced by

nitrogen limitation.



AphaBl AphaB3 Re2114 AphaB2 AphaB3 Re2115 AphaBl AphaB2 AphaB3 Sanpl es
fromthese cultures were taken at various tine points and assayed for
pol y(3- ShoartoshuByrate) (PHB) content by the crotoni c PATIUS2@995619¢ 3]
(Fig. 5. It was found that strains |acking both phaBl and phaB3 (i.e
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Samples from these cultures were taken at various time points and assayed for poly(3-
5 hydroxybutyrate) (PHB) content by the crotonic acid assay [3] (Fig. 5). It was found that

strains lacking both phaB1 and phaB3 (i.e. Re2113 and Re2115) produced significantly less
PHB than the wild type strain. NADPH and NADH dependent acetoacetyl-CoA reductase
activity was measured by the established method [4] (Figs. 6, 7). We found that the strains
that made low amounts of PHB had significantly reduced NADPH dependent reductase

10 levels, suggesting that the decrease in PHB accumulation was indeed caused by a lack of
3HB-CoA synthesis, caused by the elimination of PhaB activity.

We examined the effect of complementing reductase mutations on the strains having
phaB deletions. The phaBl1, phaB2, and phaB3 genes were added back individually to the
genome of strain Re2115 (AphaB123) at the phaB 1 locus to create strains Re2139, Re2140

15 and Re2143. In the course of these experiments, it was discovered that the phaB3 start codon
was misannotated; the correctly annotated sequence was used (denoted as phaB3correct in
Table 2). The fabG gene, encoding a reductase involved in fatty acid synthesis, also was
added to strain Re2115 (AphaB123) at the phaB1 locus to create strain Re2142. All inserted

genes have the same ribosome binding site.

The
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Strain Genotype Re2139 Re2115 +phaBl Re2140 Re2115 + phaB2 Re2143 Re2115 +
phaB3correct Re2142 Re2115 + fabG Sanpl es fromthese cultures were
taken at weroouwosne poi nts and assayed for pol y(3- 5hpdraxsguniogsias e)
(PHB) content by the crotonic acid assay [3] (Fig. 8). PhaA activity
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nmeasured, as shown in Fig. 9 and Fig. 10, respectively. PhaA activity was
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Mol ecul ar

Re2142 Re2115 + fabG

Samples from these cultures were taken at various time points and assayed for poly(3-
5  hydroxybutyrate) (PHB) content by the crotonic acid assay [3] (Fig. 8).
PhaA activity and molecular weight of PHB polymer produced by these strains also
were measured, as shown in Fig. 9 and Fig. 10, respectively. PhaA activity was measured by
the method described in [6].
Molecular weight of the copolymer was measured by gel-permeation chromatography
10 using polystyrene standards. PHB was extracted from lyophilized cells for 48 h in
chloroform. PHB solutions were prepared at concentrations of 3 mg/mL. After extraction,
the solutions were filtered to remove undissolved biomass. The dissolved polymer was
analyzed using an Agilent 1100 HPLC equipped with a PLgel Olexis guard column (Polymer
Laboratories Part No. PL.1110-1400) and two PLgel Olexis analytical columns in series
15  (Polymer Laboratories Part No. PL1110-6400). 100 uL of each solution was injected and the
polymer was detected by a refractive index detector as it eluted from the columns. Molecular
weights were determined from the resulting chromatograms using Agilent GPC analysis
software. The system was calibrated with a series of polystyrene standards ranging in size
from 1,110 to 13,155,000 g/mol (Polymer Laboratories Part No. PL2010-0104). Isopropanol

20  was included in all calibration standards and experimental samples as an internal standard.

Example 2: Strains for poly(3-hydroxybutyrate-co-3-hydroxyhexanoate) production
We predicted that a strain with limited ability to synthesize 3HB-CoA would be a
good starting point in the design of a strain that could synthesize a copolymer of
25  3-hydroxybutyrate with 3-hydroxyhexanoate (poly(HB-co-HHx)) with high HHx content.
This prediction was based on our belief that even if a synthase could polymerize 3HB-CoA

and 3HHx-CoA, the high intracellular concentration of 3HB-CoA in wild type R. eutropha



wei ghts were determned fromthe resulting chromatograns using Agilent GPC
anal ysis software. The systemwas calibrated wwth a series of polystyrene
st andar dswoangioego48n si ze from 1,110 to 13, 155, 000 g/ nolPCTRSRemm®E6196
Laboratories Part No. PL2010-0104). |sopropanol 20was included in all
calibration standards and experi nental 26anpl es as an internal standard.
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strains from the literature are described in Fig. 13, showing the PHA synthase used, carbon

source, PHA content, and mol% HHx.

We focused on genes encoding enoyl-CoA hydratases (phaJ genes). Several phat’s

were inserted into the Re2135 genome at the phaB1 locus: enoyl-CoA hydratases from
25  Aeromonas caviae, and from Pseudomonas aeruginosa (phaJl and phaJ2). Phal substrate
specificity is shown in Fig. 12 (see also [7]).

The genes were cloned into what was originally the phaB1 deletion vector (pCB42) at
the Swal site between the upstream and downstream DNA regions. The genes were then
inserted into the genome using the procedure described above, and grown in defined medium

30  with palm oil as the sole carbon source. We found that the gene phaJl from Pseudomonas
aeruginosa PAO] led to production of higher amounts of polymer that still contained high

HHx content. The strain containing phaJl in the genome was named Re2152.
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w % (27 m)(li%dhav_e ?een obt ai ned when the strains were lg{r own on palmoil.
20 produced a co-polymer with high PHA content and with high levels of HHx in the polymer.
We have commonly obtained copolymer with 25 — 30 wt% HHx, which corresponds
to 20 — 24 mol% HHx. Copolymer with HHx values up to 33 wt% (27 mol%) have been
obtained when the strains were grown on palm oil.
20
Example 3: Polymer characterization
Properties of the PHA copolymer produced by the strain harboring the newly
developed PHA operon (phaCpz-phaA-phallp,) were determined. Molecular weight of the
PHA copolymer was found to be 120,000 — 150,000 g/mol relative to polystyrene standards
25 by gel-permeation chromatography.
Thermal properties of the PHA copolymer were measured using via differential
scanning calorimetry. Samples were loaded into aluminum pans and analyzed using a Perkin
Elmer Pyris 1 DSC. The temperature program used was: (1) hold 1 minute at 50°C, (2) cool
to -40°C at 20°C/minute, (3) hold 3 minutes at -40°C, (4) heat to 200°C at 20°C/minute, (5)
30  hold 1 minute at 200°C, (6) cool to -40°C at 20°C/minute, (7) hold 3 minutes at -40°C, (8)
heat to 50°C at 20°C/minute. Glass transition temperature was identified as the temperature

at which a change in the slope of the endotherm occurred. Melting point was identified as the
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15  specificity than the synthase from R. eutropha.

A. CQO9 Synthase

DNA sequence (SEQ ID NO:1)
20 When this gene was cloned, the start codon was changed from TTG to ATG

TTGCTCGACCACGTGCACAAGAAGTTGAAGTCGACCCTGGACCCGATCGGCTGG
GGTCCCGCGGTGAAGTCGGTGGCCGGACGCGCCGTCCGCAACCCCCAGGCCGTC
ACCGCCGCCACGACGGAATACGCGGGCCGGCTGGTGAAGATCCCCGCGGCGGCC
25 ACCCGCGTGTTCAACGCCGACGATCCCAAGCCGCCGATGCCGCTCGACCCGCGG
GACCGCCGTTTCTCCGACACCGCCTGGCGGGAGAACCCCGCGTACTTCTCGCTCC
TGCAGAGTTATCTCGCGACGCGGGCCTACGTCGAGGAACTCACCGACGCCGGCG
CCGGCGATCCGCTGCAGGACGGCAAGGCCCGCCAGTTCGCGAACCTGATGCTCG
ACGTGCTGGCCCCGTCGAACTTCCTGTGGAATCCGGGCGTGCTCACCCGTGCATT
30 CGAGACGGGCGGGGCAAGCCTGCTGCGCGGCGCCCGATATGCCGTGCACGACGT
GCTCAACCGCGGCGGCCTGCCGCTGAAGGTGGACTCGGACGCGTTCACCGTCGG
CGAGAACCTCGCGGCCACCCCGGGCAAGGTGGTCTATCGCAACGACCTGATCGA
GCTGATCCAGTACACGCCGCAGACCGAGCAGGTGCATGCGGTGCCGATCCTCGC
CGCGCCGCCGTGGATCAACAAGTACTACATCCTCGATCTCGCACCCGGTCGCAGC
35 CTCGCCGAGTGGGCGGTCCAGCACGGCCGCACCGTGTTCATGCTCTCGTACCGGA
ACCCGGACGAGTCGATGCGGCACATCACCATGGACGACTACTACGTCAACGGCA
TTGCCGCCGCGCTGGACGTGGTCGAGGAGATCACCGGGTCGCCGAAGATCGAGG
TGCTGTCCATCTGCCTCGGCGGCGCGATGGCCGCGATGGCCGCCGCGCGCGCATT



15specificity than the synthase fromR eutropha. A C09 Synthase DNA
sequence (SEQ I D NO 1) 20Wen this gene was cloned, the start codon was
changed fwoOrRnIIGN48 ATG PCT/US2010/056196
TTGCTCGACCACGT GCACAAGAAGT TGAAGT CGACCCT GGACCCGATCGEECT GG

GGT CCCCCGGT GAAGT CGGT GECCGGACGCGCCGT CCAZAACCCCCAGGCCGTC
ACCGCCGCCACGACGCGAAT ACCCGEECCEECTGGT GAAGAT CCCCGCEECEECC 25

ACCCCCGIgh FCAACEECHREN S GCAEOACERIECEREA CEXISCEBRACACCCTGCTCGAC
GACCGCOHIA ¢ A HeeGOE AP 6 G A e FASH AT EAME T LT EEGTEE ACGCTGGACCTCG
Eé‘gg%?ﬁ GAGATGGCCGGCA
ACGT GGGTCTCGCGGTG
A GGAACGAGGACAG
CGCTGTACGGCCGC

A AT R AN G ST G ARG MGG, CCTGAACCTGCAC
GCTGAT AT ATA A SO GRS C A T TG GCOATIATF 668 CCACATCGTGCCCT
CGCGCCEIRGACAATCANOAABTATBCATCITCEATTTIITEC B&6CGCTACGTGC
CTCHOCGARTACCAAGIWGA! GTOAICTAGUERAGGCAAGAAGGTGT
ACCCGLAGATT CAAISECECATTGBCCA B CA T ACTAGA CABTEXAGCCGCTGCCCGCGG
TT GC0GOOaRGE R E A G G0N A SACEEEIGECER NI RBAGE TCGTGGTGGGAGG
TGCT Gl CCA A PR A ARG A EE e e ST G C MR CGCCGGCAA

BT o AN o AT HATST LAY AR ESTH A B COTACCTCTTCA

TCGAGT TCCGGAT GCGGCAGCAGGGCT TCCT GT CCGGCAAGGAGAT GGCCGGCA
GCTTCGACAT GATCCGCGCGAAGGACCT CGTCTTCAACTACTGGGTCTCGCGGTG 5
GATGAAGHIRICGERAICT P TYOEACAT CCT CGCGT GGAACGAGGACAG
CACGAGCAT GOCCBOGGAGAT GCACT CGCACTACCT COGGT CGCT GTACGEOOGC
. T ARECEOT B@A&K&MWW@EYAGRLVK]PAAAT
CAE ACTASAL QSKEXIRAY VEELTDAGAGD

%A%TC@@EGWWI@S GG@B(BEM@ARYAVHDVLNR
TCACCAAGGLRIRAS B A CEENE AT GTEOVHAVPILAAPPWIN
GGTTCAAGEECHT] PEAPDY YVNGIAAALDV
QET A \‘ PR NTLLDYSQVGELG
- R CYWVS GEKPAA
TGGGCA AT TG LOLEL N
ML DHVHKI: S NERS N WﬂXé@%MWWVWFKAVGAPDAE

RVFNADDPKEHERIFL AP RORRER B KB Ry RSMEESVIT AMRANNEA GiEaREAMGS AAHPPLED
PL QBGKARGRARNY MESL APSNFLWNPGVL TRAFET GGASL L RGARYAVHDVLNR
GGLPLKVDSDAFTVGENLAATPGKVVYRNDLI ELI QYTPQTEQVHAVPI LAAPPW N

KYY!I LDLAPGRSLAEWAVQHGRTVFM. SYRNPDESVRHI TMDDYYVNG AAALDV 25

VEE! TGSRKI EVLISI Ch GeAVAAMAAARAFAVGDKRVTAFTMLNTLLDYS QVGELG
LLTDPSTLDLVEFRI\/RQQEFLS GKEMAGSFDM RAKDL VFNYW/SRWWKGEKPAA FDI LAWNED S TS
MPABNHSHYG RS ol Y, %W@g GQPLNLHDI TCDTYWG Al NDH VPWI'S
SYQAVNLLGGDVR LTN AGAVNP GKKVWFKAVGAPDAE

TESPLPADPRYNPRRE R RN AR RO G EREMEREHT A 80 A X6 6

GGTGGCGAGGACGTCGCGCCACCGAGGCTCGGGCCGGCCGTCGGCGCCCTGGLC
GACGTGTTCGGTCACGGCCGGGCGGTGGCCCGGCACGGCGTGTCGTTCGGCAGG
40 GAACTGGCGAAGATCGCCGTCGGCCGGTCGACGGTGGCTCCGGCGAAGGGAGAC
CGCCGGTTCGCCGACTCGGCGTGGAGTGCGAACCCCGCCTACCGCCGGCTCGGG
CAGACCTACCTGGCGGCAACCGAGGCCGTCGACGGAGTCGTCGACGAGGTCGGT
CGCGCGATCGGCCCGCGACGCACGGCCGAGGCCAGGTTCGCCGCCGACATCCTC
ACCGCGGCCCTGGCCCCGACGAACTACCTGTGGACCAACCCCGCGGCGCTGAAG
45  GAGGCGTTCGACACCGCCGGACTCAGCCTCGCACGCGGCACCAAGCACTTCGTCT
CCGATCTGATCGAGAACCGGGGCATGCCGTCGATGGTCCAGCGCGGCGCCTTCA
CCGTCGGGAAGGACCTTGCGGTGACCCCGGGTGCGGTGATCTCCCGCGACGAGG
TCGCCGAGGTGCTGCAGTACACCCCGACCACGGAGACGGTCCGCCGCCGGLCCGG




B. D12 Synt hase 35 DNA Sequence (SEQ I D NG 3)

ATGAT GGCCCAGGCACGAACCGT GATCGGT GAGAGCGT CGAGGAGT CGATCGGG

GGT GGCGAGEOHNMEBEECACCGAGECT CGEECCEECCGT CEAECECCCTGECC  PCT/US2010/056196
GACGT GT TCGGT CACGECCEEECEGET GBCCCGECACGECGT GTCGTTCGECAGG 40

GAACT GCCGAAGAT CCCCGT CEECCGGT CGACGET GECTTEGCECGAAGCGAGAC

CGCCGGT TCGCCGACT CGECGT GGAGT GCGAACCCCGCCTACCGCCGECTCEEG

CAGACCT WWWWWGACCTGCGGCCGGG
AR ATEGH LS EEASHE

QOO AL EXEACCTTCCTGCTGTCG
Ao @5% i\ RCGTACGCGGGC
COGATCT CAGCGACGACGTG
COGT 1 AT GGTGCTCAATCACC

GGEGTGACGATGC

TCGCCGA
2011/ 06d&@{é@ﬂT@@@@@M@@@CA@G}CTCGGCGCGTTCGCCCGGCCCGGCCTGATCCG
6 A TG SOGEE CCGCGACATGGG

EEET LG EE EE(IN MA@GOTTGGH@TITE&SCTACGTCGTCAAC
e (1 @HICA CUEENOT GOEACARGF ACAIERIL GCCTGGAACGACG
CGGGT @T&WWWWBW@G&CATCTTCCGTGA
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CGCTCAGCT TCTCOGGGCACAT CGCCAGCCT GGT CAACCCGOCGGGCAATCOGAA
GGCACACTAGERRGRGEEENATAAIOAGCCOGGACCOGGAT GOCT GRCTOGA
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Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the invention
15  described herein. Such equivalents are intended to be encompassed by the following claims.
All references disclosed herein are incorporated by reference in their entirety for the

purposes cited herein.

We claim:



- 32 - Cainms 1. Acell that produces pol yhydroxyal kanoate copol yner with
medi um chai n | ength nononer content of at |east about 4 nol % or 5 wt % usi ng
any pl antwoi21iaso@scar bon source. 5 2. The cell of cl aPeTAIS2eMes@06 t he
cell produces copolymers of 3-hydroxybutyrate wi th 3-hydroxyhexanoate

(pol y(HB-co-HHx)) with a HHx content aB2least about 4 nol % or 5 wt % using
any plant oil as a carbon source. 103.The cell of claiml or claim2,
wherein the normal synthesis of 3-hyqngiydutyrate in the cells is

di srupted. 4.The cell of claim3, whérern genes encodi ng acetoacetyl - CoA
reduct ases are del eted. 155. The cell of claim4, wherein the cell is a
Ralstonla eutra el |, and f th haBI haB d phaB3
genes 1 di srustbge Boma BeRMSgR Rl copSrlr A e GRS et e

di sr upt eflonctef cdientCst ak 1@kt BVt Hinold dir 5wl Bsing\iB (hiit dﬂ% aQﬁeron source.
reconbi nantly expresses a non- endogenous PHA synthase gene. 8. The cell of
clai /7, wherein the non- endogenous PHA synt hase gene is an Aeronobnas

cavi ae S o] 0 gene.
52" 5% The SPIGReCRENS b gt RERIR SRS ang PO SIS
synt has e3-gghrexyhexandatea@olygd Bus-HHK hewitly 0 HalxscohRht E)JlEasIPbBbmyt,nhdﬂ%er Pere t hat
encodes SEQ I D NO 4_or a Rhodococcus aetherivorans 124 C09 PHA synt hase

gene t hatSINEfOy P&t 8@ p BRIREN SOUWCRAD 2011/ 060048PCT/ US2010/ 056196 - 33 -

10 3. The cell of claim 1 or claim 2, wherein the normal synthesis of 3-hydroxybutyrate in

the cells is disrupted.
4. The cell of claim 3, wherein genes encoding acetoacetyl-CoA reductases are deleted.

15 5. The cell of claim 4, wherein the cell is a Ralstonia eutropha cell and one or more of

the phaBl, phaB2 and phaB3 genes is disrupted.
6. The cell of claim 5, wherein the phaB3 gene is disrupted.

20 7. The cell of any of claims 1-6, wherein the cell recombinantly expresses a non-

endogenous PHA synthase gene.

8. The cell of claim 7, wherein the non-endogenous PHA synthase gene is an Aeromonas
caviae PHA synthase gene or a Rhodococcus aetherivorans PHA synthase gene.

25
9. The cell of claim 8, wherein the Rhodococcus aetherivorans PHA synthase gene is a
Rhodococcus aetherivorans 124 D12 PHA synthase gene that encodes SEQ ID NO:4 or a
Rhodococcus aetherivorans 124 C09 PHA synthase gene that encodes SEQ ID NO:2.

30 10. The cell of claim 9, wherein the Rhodococcus aetherivorans 124 D12 PHA synthase

gene comprises or consists of SEQ ID NO:3 and/or a wherein the Rhodococcus aetherivorans



124 C09 PHA synt hase gene conprises or consists of SEQID NO 1 or SEQ ID
NGO 1 in which the start codon is changed fromTTG to ATG 11. The cell
of any ofwolaimsows10, wherein the cell reconbinantly ePprasses/ osenoyl 5
CoA hydrat ase gene. 12. The cell of claim 11, wherein the enoyl - CoA

hydr at ase gene is an Aeronpnas cavi ae-@meyl - CoA hydrat ase gene or a
Pseudononas aer ugi nosa enoyl - CoOA hydrat ase gene. 1013. The cell of claim12,
wher ei n bheBIeULdYMRAS 8RS MFhNRS R0 LN stsGTAETY HY MRS 8r sgg@ NO: Rin _
Pseudononas aer ugi nosa phall gene ene PA3302) or a Pseudonobnas aerugi nosa
phal2 gewcl ermtarroton &) changed fTora Ik fo 4TGany of clainms 7-13 wherein the
non- endogenous PHA synt hase gene 15and/or the enoyl - CoA hydratase gene are
anplified. 15. The cell of any of clains 1-14, wherein the nononer content
is at |east aheuellfany 8 cldigns T viRddin te c@llabdonitinantiesxpiadsdshg cipylomer
content is at |east about 6 mol % 20 17. The cell of claim 16, wherein the
nonorer CUhhEdatapesgee. | east about 7 mol % 18. The cell of claim 17, wherein
t he nononer content is at |east about 10 nol % 2519. The cell of claim 18,
wherein the nononer content is at |east about 15 nol % 20. The cell
of cl ai 219, Titeertiof clahe Inpwherein the at@MCaAshylratheagehe adboud erdBionad Caviae

21. The cel]| g% aHy of clains_1-14, wherein the mononer gontent is at | east
about 6 GRPYLCY hydratase gone orpfgsepdprongy aérb@ﬁ"fﬁszf@w%%bﬁ PREC Bdomer
content is at |east about 8 W% WD 2011/ 060048PCT/ US2010/ 056196 - 34 -

10 13. The cell of claim 12, wherein the Pseudomonas aeruginosa enoyl-CoA hydratase

gene is a Pseudomonas aeruginosa phaJl gene (gene PA3302) or a Pseudomonas aeruginosa

phaJ2 gene (gene PA1018).

14. The cell of any of claims 7-13 wherein the non-endogenous PHA synthase gene

15  and/or the enoyl-CoA hydratase gene are amplified.

15. The cell of any of claims 1-14, wherein the monomer content is at least about 5 mol%.
16. The cell of claim 15, wherein the monomer content is at least about 6 mol%.
20
17. The cell of claim 16, wherein the monomer content is at least about 7 mol%.
18. The cell of claim 17, wherein the monomer content is at least about 10 mol%.
25 19. The cell of claim 18, wherein the monomer content is at least about 15 mol%.
20. The cell of claim 19, wherein the monomer content is at least about 20 mol%.
21. The cell of any of claims 1-14, wherein the monomer content is at least about 6 wt%.
30

22. The cell of claim 21, wherein the monomer content is at least about 8 wt%.



23. The cell of claim 22, wherein the nononer content is at |east about 10
w% 24. The cell of claim23, wherein the nononer content is at |east
about 15 wOX11H6@E@8The cel |l of claim 24, wherein the nomCRAIS2@0/05@Ne | s at

| east about 20 wt% 26. The cell of claim 25, wherein the nonomer content
is at |least about 25 Wt % 27. The cel } 36f any one of clains 1-26, wherein
the cell is a bacterial cell, a fungal cell 10(including a yeast cell), a
plant cel3, ahdRARELIGRDLD, Rherdh BOMBAbmELEIntent B at TRt &Rt 10%t®l ai m 27,
wherein the cell is a bacterial cell or a fungal cell. 29. The cell of
claim 28, wherein the cell is a Ralstonia spp., an Aerononas spp., a
15Rhi zobj,um Y- | cali genes . or a Pseudononas .S cell. 30. The
col1 of 24an niBisen PRt 25, HEEER B8 Riongnefeiit AT A FRELS R omonas

cavi ae, Rhi zobi um japoni cum Al caligenes eutrophus or Pseudononas

ol eovorans cell. 2031. The cell of claim30, wherein the cell is a Ralstonia
eut r phadcel | Thezpll-phelagm 24, whergipythe mongmepoitens iszat deast ahiout 20 Wt¥he

non- endogenous PHA synt hase gene and/or the enoyl - CoOA hydratase gene is
expressed froma plasm d. 25 33.The cell of any one of clains 7-31, wherein
t he non-26ndodirair oPHiim P61 WAseinghe emoanaeocoritdne isendydst Bt Py ded@t ase gene i s
integrated into the genone of the cell. 34. A nmethod for producing

pol yhydr oxyal kanoat e copol yner with hi gh medi um chain | engt h nmononer
cont ent 7t he ARIAAGGAMBAA 5 DLnkUl-S¢iniHEiA iR LRl 2 BlctalY cONe ahgdlaims 1-33
30 to produce copolymer wth nmediumchain | ength nononer conten% of at

| ead0 abowludingyétsoeells, aplent celNPipdett 680Q4BRETHYSI2010/ 056196

28. The cell of claim 27, wherein the cell is a bacterial cell or a fungal cell.

29. The cell of claim 28, wherein the cell is a Ralstonia spp., an Aeromonas spp., a

15 Rhizobium spp., an Alcaligenes spp. or a Pseudomonas spp. cell.

30. The cell of claim 29, wherein the cell is a Ralstonia eutropha, Aeromonas caviae,

Rhizobium japonicum, Alcaligenes eutrophus or Pseudomonas oleovorans cell.
20 31. The cell of claim 30, wherein the cell is a Ralstonia eutropha cell.

32. The cell of any one of claims 7-31, wherein the non-endogenous PHA synthase gene

and/or the enoyl-CoA hydratase gene is expressed from a plasmid.

25  33. The cell of any one of claims 7-31, wherein the non-endogenous PHA synthase gene

and/or the enoyl-CoA hydratase gene is integrated into the genome of the cell.

34. A method for producing polyhydroxyalkanoate copolymer with high medium chain
length monomer content, the method comprising culturing the cell of any one of claims 1-33
30  to produce copolymer with medium chain length monomer content of at least about 4 mol%

or 5 wt%.



- 35 - 35.The nethod of claim 34, wherein the nethod conprises culturing
the cell of any one of clains 2-33 to produce pol y(HB-co-HHX) with a HHx
content awol2ergco@Bout 4 nol % or 5 wt % wherei n copol ymeC3/usk010/056196

3- hydroxybutyrate with 3-hydroxyhexanoate (pol y(HB-coHHx)) are produced. 5
36. The nethod of claim 34 or claim3535turther conprising recovering the
copolyner fromthe cells. 37. The nethod of claim35 or claim36 wherein

amount  ofs, CopReliBhodPbOEMGEYM, ivheddin IY Babd a&ﬁplﬁsez Qifr@ingCt beltlstayRinght .

38. The nethod of claim 37 wherein the ampunt of copol ymer produced is at
| east ab¥ @talm@%iﬁfto ®edduce pyl}’ﬂéBgHtHHlBWBQ aTHEx penterd @t shstabanth B8l%ed ei n

t he anDun of co C t Ut 40@60 I meight.
40, The VR SrETere8 Renar PrE S iR BRRbber kel GBS o
| east aHQHk»5ﬁ9@ﬁﬁmﬁﬁll dry weight. 20 41. The nethod of cIa|n140 wher ei n
t he amount of copol ynmer produced is at | east about 60% of cell dry weight.

42. A nmethod for produci ng a cell that produces polyhydroxyalkanoate

copol ym%r W tj‘he%ﬁetﬁ@@&f‘éﬁlﬁb@d n%l&‘ﬂ%fi‘ IR B ﬁ?ﬂﬁ ‘i’&tovgrﬁ a@{h @‘ﬁ%ﬁo gpout 4

nmol % or conpri sing reconbi nant’ly expre $sin dococcus
aetherlwnnaﬂchHA synt hase gene in the cell. 43. The nethod of claim42,
wherein the cell produces copol yners of 3-hydroxybutyrate 30 with

3- hydr oxyhexanoat e (pol y(HB-co-HHx)) with a HHx content at |east about 4

mol % or 3 Wt %he method of claim 35 or claim 36 wherein amount of copolymer produced is at
10 least about 20% of cell dry weight.

38. The method of claim 37 wherein the amount of copolymer produced is at least about

30% of cell dry weight.

15 39. The method of claim 38 wherein the amount of copolymer produced is at least about

40% of cell dry weight.

40. The method of claim 39 wherein the amount of copolymer produced is at least about
50% of cell dry weight.

20
41. The method of claim 40 wherein the amount of copolymer produced is at least about

60% of cell dry weight.

42. A method for producing a cell that produces polyhydroxyalkanoate copolymer with
25  medium chain length monomer content of at least about 4 mol% or 5 wt%, comprising
recombinantly expressing at least one Rhodococcus aetherivorans PHA synthase gene in the

cell.

43. The method of claim 42, wherein the cell produces copolymers of 3-hydroxybutyrate
30  with 3-hydroxyhexanoate (poly(HB-co-HHx)) with a HHx content at least about 4 mol% or 5

wt%.



WD 2011/ 060048PCT/ US2010/ 056196 - 36 - 44. The nmethod of claim42 or claim
43, wherein the Rhodococcus aetherivorans PHA synthase gene is a
Rhodococcw® 2adtdeerds8vor ans 124 D12 PHA synt hase gene thaPCeusodesdsEEQ | D
NO 4 and/ or a Rhodococcus aetherivorans 124 C09 PHA synt hase gene t hat
encodes SEQ | D NO 2. 45. The nmeBbed of any of clains 42-44, wherein
t he Rhodococcus aetherivorans 124 D12 PHA synt hase gene conprises or

consi st s140f SR h&h b Bc1aRAD6r daith 3, %&rélﬂ%ﬂmg&ggyéetﬁ@&m&ﬁsvmans 124
Q09 PHA synt hase gene conprises or consists of SEQID NO1 or 3 I D NO 1

i n whi ctsynthesesgeaets %Bly@ivcpecu@nawgledomﬂbWﬁ@ PHW@haS%nemﬁée »dEQf any

nycr at aap Seretiad kS SRIPE A AR BRI VRGN il BRag ™"

hydr at agp gere i s an Aeronpnas 15 cavi ae enoyl - CoA hydratase gene or a
Pseudononas aer ugi nosa enoyl - CoA hydratase gene. 48. The cell of claim47,
wher 8i n t he Pseudononas aer ugi nosa enoyl - CoA hydratase gene is a

Pseudo as e S i nosa
Dhat2 vena® (SRleAnRp g iRAlcI 5092 LR A ENIAO Ko flco Pl SR HRPTRRAS 1AEHYY

wher ei n RHW& sﬂﬂhas&@dﬁ@@dﬁﬂpﬁseﬁ’b@ccﬁ;&ﬁtd‘lﬁﬁi@HD(NGaldhd)’br b héesmoghe- COA hydr at ase
ene are_anplified hod of any one of clainms 42-49, erein the
gel | is %(wgaﬁctcm %ﬂth%rmoransaﬁ% @ézﬁ Azwéhasgepwq%ﬁrwgs g qrasists Oééﬁg Da plant

cell arN(')rlS&@E(fﬁb N1 i RQhAR ARtk 8blon is %ﬂanr%-gﬁ %ﬁ?ﬁﬁ@% ofr! ai m 50,
mhereln the cell 1s a bacterial cell or a gal cel 52. The net hod

of dlai m 51, mhereln the cell is a Ralstonia spp., an Aer ononas spp., a 30

Rhi zobi I : Pseudor 0. 1. MO
2011/ 06008 PCHeRBbAbP KRS 8 ams 0:45 Buhe kN R RO g R bR e RRapei n
t he cel lenb$l-@o Raly8fa@RE Be@Ut r opha, Aeronpnas cavi ae, Rhi zobi um japoni cum

Al cal i genes eutrophus or Pseudononas ol eovorans cell. 54. The nethod of
claim53, wherein the cell is a Ralstonia eutropha cell.
47. The method of claim 46, wherein the enoyl-CoA hydratase gene is an Aeromonas

15 caviae enoyl-CoA hydratase gene or a Pseudomonas aeruginosa enoyl-CoA hydratase gene.

48. The cell of claim 47, wherein the Pseudomonas aeruginosa enoyl-CoA hydratase
gene is a Pseudomonas aeruginosa phaJl gene (gene PA3302) or a Pseudomonas aeruginosa
phaJ2 gene (gene PA1018).

20
49. The method of any of claims 42-48, wherein the non-endogenous PHA synthase gene
and/or the enoyl-CoA hydratase gene are amplified.

50. The method of any one of claims 42-49, wherein the cell is a bacterial cell, a fungal

25  cell (including a yeast cell), a plant cell, an insect cell or an animal cell.

51. The method of claim 50, wherein the cell is a bacterial cell or a fungal cell.

52. The method of claim 51, wherein the cell is a Ralstonia spp., an Aeromonas spp., a

30  Rhizobium spp., an Alcaligenes spp. or a Pseudomonas spp. cell.



5 b55. The nmethod of any one of clains 42-54, wherein the non-endogenous
PHA synt hase gene and/or the enoyl - COA hydratase gene is expressed froma
pl asm d. WO 2011360048he net hod of any one of cl ai ns 42- 54 pCRBS2@0M05¢1he
non- endogenous PHA synt hase 10 gene and/or the enoyl - CoA hydratase gene is
integrated into the genonme of the cel}l37-57. A nethod for producing one or
nor e pol yhydr oxyal kanoat e copol yners wi th nedi um chain | ength nononer
content 3f atTHQAGho@BOUAInA S IRVAQR (1R JMI% a RRB RS DAt FARE0sIoNEs RIRUCT NY
a cell according to the method of any one of clains Cl-Cl4, and culturing a
15popul dtliimbist japesicae AEaligBRs emiiephws Oh Bk udbmohas ale®pransteglei n one or nore
of the copolyners is a copolyner of 3-hydroxybutyrate with
3- hydr oxyhexanoat e (pol y(HB-co-HHx)). 20 59. The nethod of claim57 or 58,
further 2PNPITHRiMEheObf @6l Y viikeci thedellas & RRBY YR EErdpnargelihe popul ation of
cells. 60.The nmethod of any of clainms 57-59, wherein the nononer content is
at | 8ast about 5 mol % 25 61. The nethod of claim 60, wherein the nonomer
content 45 at | .04 ; : ' i.n the
nmonomner é(:5(')nt e%%eqﬁéh%?pf@soﬁle?gSié%mggzng%%h%g&ggg? eeﬁraé) h%‘&dﬁ (]?fH c altﬁnésg&
wher ei n gehe amdyoothe eneyd+E@Nhydratagt gdnedseéxpabed frdd aphdmid. WO
2011/ 060048PCT/ US2010/ 056196 - 38 - 65. The nethod of cl ai m 64,
wherein the nononmer content is at |east about 20 nol % 66. The net hod
\(I)\I O/any %e. ¢l A HTENAKoPs aldRe &f R1ai €4 FBACRL e AR f-ehddeBlods$ABA sARRME 6 5

0

10 gene and/or the enoyl-CoA hydratase gene is integrated into the genome of the cell.

57. A method for producing one or more polyhydroxyalkanoate copolymers with medium
chain length monomer content of at least about 4 mol% or 5 wt%, the method comprising
producing a cell according to the method of any one of claims C1-C14, and culturing a

15  population of the cells.

38. The method of claim 57, wherein one or more of the copolymers is a copolymer of

3-hydroxybutyrate with 3-hydroxyhexanoate (poly(HB-co-HHx)).

20 59. The method of claim 57 or 58, further comprising collecting one or more copolymers

from the population of cells.

60. The method of any of claims 57-59, wherein the monomer content is at least about 5
mol%.
25
61. The method of claim 60, wherein the monomer content is at least about 6 mol%.
62. The method of claim 61, wherein the monomer content is at least about 7 mol%.
30  63. The method of claim 62, wherein the monomer content is at least about 10 mol%.

64. The method of claim 63, wherein the monomer content is at least about 15 mol%.



67. The nethod of claim66, wherein the npbnoner content is at | east about 8

wt % 68. The nethod of claim®67, wherein the nonomer content is at
| east abowio 2001/060048 10 69. The nethod of cl ai m 68, PamarS2I10/05d166 NnDNONET
content is at |east about 15 wt% 70. The nethod of claim69, wherein

t he nmononer content is at |east about-28-wt% 15 71. The nethod of claim 70,
wherei n the nononer content is at |east about 25 wt% 72. The net hod of any
of clainms 57-71, wherein anmount of copol yner produced is at |east about 20%
of cell dry weight. 20 73. The nmet hod of claim 72, wherein the amount of
copol ymerd. pr odgaeethod ofglaimeeds twhelriy theanopaersententis pt Igestgheut 20Anglffe net hod
of claim73, wherein the anount of copolyner produced is at |east about 40%
of cell dry weight. 25 75. The nethod of claim 74, wherein the anount of
copol ymege, pr orhéaethdd ofdnyl Fasdimabouwn, Ghdfeni the @ldnohely coMeér@d at least abotib6 The
met hod of claim 75, wherein the anount of copol ynmer produced is at |east
abouf 30"%60% of cel | dry weight. 77. An isolated nucleic acid nolecule

t hat encodes SEQ ID NO 2. WD 2011/ 060048PCT/ US2010/ 056196 - 39 - 78. An

i sol ated nucleic acid nol ecul e conprising the nucl eoti de sequence set forth

as 67. The method of claim 66, wherein the monomer content is at least about 8 wt%.
68. The method of claim 67, wherein the monomer content is at least about 10 wt%.
10
69. The method of claim 68, wherein the monomer content is at least about 15 wt%.
70. The method of claim 69, wherein the monomer content is at least about 20 wt%.
15 71. The method of claim 70, wherein the monomer content is at least about 25 wt%.
72. The method of any of claims 57-71, wherein amount of copolymer produced is at

least about 20% of cell dry weight.

20 73. The method of claim 72, wherein the amount of copolymer produced is at least about
30% of cell dry weight.
74. The method of claim 73, wherein the amount of copolymer produced is at least about
40% of cell dry weight.

25
75. The method of claim 74, wherein the amount of copolymer produced is at least about
50% of cell dry weight.
76. The method of claim 75, wherein the amount of copolymer produced is at least about

30  60% of cell dry weight.

77. An isolated nucleic acid molecule that encodes SEQ 1D NO:2.



SEQIDNO1 or SEQID NG 1 in which the start codon is changed fromTTG to
ATG 579. An isolated nucleic acid nolecule that has at | east 80% percent

i dentity wDt2hittdeeo4hucl eoti de sequence set forth as SEQ PDTNS2010/056196 80. The
i sol ated nucleic acid nolecule of claim79, wherein the isolated nucleic
acid nol ecul e has at | east 90% percent39dentity with the nucl eotide
sequence set forth as SEQ ID 10NOI. 81. The isolated nucleic acid

nol ecul e of claim 80, wherein the isolated nucleic acid nol ecul e has at

| east 95% percent identity with the nucl eotide sequence set forth as SEQ ID
NO |. 158.82. Arrtselaitegldmteedaqn@:mOéﬁcelea:@mrlﬁmlgéb@n@I@fﬂdé seduengiset {thdrasi n t he

i sol ate 1861 t 98% th the
nucl eot|dS seq encesggﬂ gﬁJLm ‘gﬁ@é%‘q dlon 1% %ﬂlorsnoﬁ(?tet%%ﬁo ‘ypepti de

encoded by the nucleic acid nolecule of any of cl al nms 77-82. 84. A vector
corrprl Si ng the isolated nucleic acid nolecule of any of clainms 77-82. 85. A

cel | 3t hat? r ectnisplatadinuglessqrid awtasulerbatihgs peleas Starcsseat Wendynviieddl e of any
of 25cl QEOZZC g% g ﬂ&ﬁh%@bbq)fD ﬁbaym 85, wherein the_ nucl ei ¢ aci d
resse

nol ecul e 'S exp roma vec The cell of claim85, wherein the
nucl eic acid nol ecul e is integrated into the genone 30of the cell. 88. An
i sol ate ucI ei c nmol ecul e that epncodes SEQ I.D NQ 4.

2011/ 060848 PAReEItTH radeis g malgeule gl CWI%@YEI&F@H theieplated naemm ecul e

conpri sifgetie h£‘su£ he&Rt 9SHB pSRAMEAGR S BhithtRE Alki@Ride sequence set forth as SEQ ID
10 NO:1.

81. The isolated nucleic acid molecule of claim 80, wherein the isolated nucleic acid
molecule has at least 95% percent identity with the nucleotide sequence set forth as SEQ ID
NO:1.

15
82. The isolated nucleic acid molecule of claim 81, wherein the isolated nucleic acid
molecule has at least 98% percent identity with the nucleotide sequence set forth as SEQ ID
NO:1.

20  83. An isolated polypeptide encoded by the nucleic acid molecule of any of claims 77-82.
84. A vector comprising the isolated nucleic acid molecule of any of claims 77-82.

85. A cell that recombinantly expresses the isolated nucleic acid molecule of any of

25  claims 77-82.
86. The cell of claim 85, wherein the nucleic acid molecule is expressed from a vector.

87. The cell of claim 85, wherein the nucleic acid molecule is integrated into the genome

30  of the cell.

88. An isolated nucleic acid molecule that encodes SEQ 1D NO:4.



SEQ ID NGO 3. 590. An isolated nucleic acid nolecule that has at | east 80%
percent identity with the nucl eotide sequence set forth as SEQ I D NO 3.

91. The iwoOlatiagowscl ei ¢ aci d nol ecul e of claim90, wheP€rUSee/05E106 at ed
nucl eic acid nolecul e has at | east 90% percent identity with the nucl eotide
sequence set forth as SEQ ID 10NO 3. -9@- The isolated nucleic acid

nol ecul e of claim91, wherein the isolated nucleic acid nol ecul e has at

| east 95% percent identity with the nucl eoti de sequence set forth as SEQ ID
NO 3. 15 93. The isolated nucleic acid nolecule of claim92, wherein the

i sol at edB%uclAi soktdddhustsierud molegylegonipaisig theoagheatide sequedemset farthaist h t he
nucl eot isgﬁg?lﬁw,gce set forth as SEQ ID NO 3. 2094. An isol ated pol ypepti de
encoded Dy e nucleic acid nolecule of any of clains 88-93. 95. A vector
conprising the isolated nucleic acid nolecule of any of clains 88-93. 96. A
cell that reconbinantly expresses the isolated nucleic acid nolecule of any

of 25c| &0 g0 pglatagimucipigeacid polesplecthafihgs oleasy§licarencank leptity vétiethgei d
nol ecul Ehuicﬁ:gﬁé@fegﬁ Shrﬁpgh%s\gg fﬂNOgﬁ' The cell of claim96, wherein the
nol ec

nucl ei ¢ acli ul'e Ts integrated 1nto the genome 300f the cell.

91. The isolated nucleic acid molecule of claim 90, wherein the isolated nucleic acid
molecule has at least 90% percent identity with the nucleotide sequence set forth as SEQ ID
10  NO:3.

92. The isolated nucleic acid molecule of claim 91, wherein the isolated nucleic acid
molecule has at least 95% percent identity with the nucleotide sequence set forth as SEQ ID
NO:3.

15
93, The isolated nucleic acid molecule of claim 92, wherein the isolated nucleic acid
molecule has at least 98% percent identity with the nucleotide sequence set forth as SEQ ID
NO:3.

20 94 An isolated polypeptide encoded by the nucleic acid molecule of any of claims 88-93.
95. A vector comprising the isolated nucleic acid molecule of any of claims 88-93.

96. A cell that recombinantly expresses the isolated nucleic acid molecule of any of

25  claims 88-93.
97. The cell of claim 96, wherein the nucleic acid molecule is expressed from a vector.

98. The cell of claim 96, wherein the nucleic acid molecule is integrated into the genome

30  of the cell.



