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[0008] In some embodiments, the invention provides cells in culture that convert more than
about 0.002% of the carbon in a cell culture medium into isoprene. In some embodiments, the

cells have a heterologous nucleic acid that (i) encodes an isoprene synthase polypeptide and (ii)
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the cells further conprise a heterol ogous nucleic aC|d

[BHAb dInfgme pbodimepts of 35 of thelaspedtspf ds iryeiop ol qeBnfughes pomprise

aaﬁﬁéroufgoﬁshﬁcla§ ae@&xs,odafg ah 81 dopeytikié. R sorﬁ%b@&il’nkﬂﬁs b1h befe
e an.in a copy.of an _endogenou

n . of
aFRf& 84 ¢ igygntiong ﬂ* %‘{j‘hﬁrrf"inﬁii‘“ﬁ g af aéopy%ﬁansf‘a enous
rﬁﬂh@ ddld‘r&ﬁbcﬁngolﬁl [anyolyptptidelenaspenitddialnts b}femy bitBddspaat3 of the

1nvent10&i tlhe cellg %&Eﬁr ccrnP CI'I%gP Eetedglogolus nucﬁzgc%lcl nn uﬁk(g pcc)l?rpeg 19&:
Imﬁontehelba@psast o amsf Oﬂtheisnentv efth¢ mmentlorh éle @éls Iﬁs‘chﬁmotnhleﬂe an
u‘%sQHiBﬁ bisaecofi‘}ﬂﬂa}? o én&![gl nﬁélelé‘a&@é}ﬁ%oﬂg a"ﬂ}ﬂkf G510 YR some

nucl erc acid enco ypept I'n sone
canpdiarrerieny ffthegpectspf thmléve&weéwel ffurthprecomprjss 90g @yore
ufi8ic Q&(IlsleﬁcotﬂﬁF Euhﬁjl pGl%GBﬁdleSa%d PDKSQbLypRli®. MhRicmbafih&Ss of any
encodi ng an de, and a_ DXS pol ypeptide. In

ol yp

of B‘Fréspéﬁbﬁdlieﬁ%‘f‘?f‘%‘m ‘i’ne&H‘g}%‘f“dt%%Oda%‘ﬁ%‘é%ensfyl’ﬁ%? POIYPGP“de IDI
poRy@titld, amil, DXBolypegldel I satié EndaERaE 51 4nf 6f thS BPEBIDE the invention,
Ty REREr R PP s e P DL Ben i3S puemits
Imﬁomerembpdlmem ibe mectay memprsestaceleaive oddsr, $ukleasi ag amibarie resistance
xﬁMPEQﬁ?e pol ypepti de, 1Dl polypeptide, and DXS _

ypeptide. In sone enbodi nents, the vector conprises
a sel ective marker, such as an antlblotlc reS|stance
el efrgomg frpod [Hc?efisfanm SRFBeEH YiTHERIOR: FhelgrRioegys ifopgene
spRpREtiBlekfacit optiadt litike® b, a Imm&%éﬂ aagauqsrm&ps@rmed ina

By Auc! Ea 1Ak s ag o¥an ort]h'le as ec(t)s oq'the 1nvantﬂ>n the

n?e\élwf'n 1 h copy smlda?n e em er
pronD ﬁ ghg as a ? ronn er Cco talnea I a

heterolviggpls i 1@91}996 hthspetleid mldsmperablmho@d menTrs pemogn yucbfas a Trc
p&Jﬁﬁ)te@%&?a%eﬁ 1n méchﬁn J)rrb}{ggl:%éﬂ))?q sgﬁcp %0 &ﬁ}e%gng{)cﬂxg%% f argr of thea

I soprene synthase nuc IS oper
agpeets pﬂtbfrmreeﬁon the b¢ferglosqus IFPILYGIHISW@?UC]@@ mlénswe@rablhhr&ed toa
1B HobBRe Such O 4¢ BRYnoRY Bshiild inl aNov® 88P5 pRFRRIITBAL SmQidiments
O?QI}; o?]:he taspgcts of the invention, the heterologous isoprene synthase nucleic acid is
operably linked to an endogenous promoter, such as an endogenous alkaline serine protease
promoter. In some embodiments, the heterologous isoprene synthase nucleic acid integrates into

a chromosome of the cells without a selective marker.



aspects of the invention, the heterol ogous isoprene

synthase nucleic acid is operably linked to a Lac
wWpeoaoterq such as a Lac pronoter contained i nPGI/US2008/086869

copy plasm d. In sone enbodi nents of any of the

aspects of the invention, the heterol ogous isoprene

synthase nucleic acid is operably linked to an

endogenous pronoter, such as an endogenous al kal i ne

serine protease pronoter. In sone enbodi nents, the

het er ol ogous i soprene synthase nucleic acid integrates

into a chronosone of the cells without a selective

(086K € b g&ﬁﬁodhﬁkna%my%mgqu mfﬁ]eqﬁveams RlcadiB fortipn of the

aspects o e I nvention east portion o he

el majntpp the theteralogete ISﬁ@P@rsmtbag@wleicw @ geleasyortabeps & 10, 20, 40,

J0UGH, 64, 6r 6tk gellfd?\rlsléﬂs 1r1 zﬁ@ﬁﬁnu@tﬁs c@ﬁﬁ‘él(su& as &Eontiddus é]:l@ure &thout
60 65 or ions in_a continuous culture

Vv
lation gsome SRR Bt b e see et Ho e Pk dts gt agid,
cSﬁhpﬁsu%l’tﬁH)ﬁbpmﬁél t;&th@.‘fe Bnyor DX StligeiaspbadoSomprisedselective marker,
suéh"% 1l an%glo 1 esmtanlég eE %I d conprising the i soprene

fad tﬁ BXS'HGC1 ei ¢ acid al so conprises a
selectlve narker such as an antibiotic resistance .
[ARM] efnsome Plabod[rm'zﬁ Pf 2oy 91 G ARG FdiinYiERHios, bt celinfjrtest cqrppsise
aalﬁféﬁngsusqlﬁwmlb Boid EN¢Editgl BNV A PG IpbSpdptidd (BRA a:%hrNQV}\%@ch@ay

ucl ei ¢ aci d encodi ng at hway
Pﬁgﬁ’ 8?)@?% "cflél’ﬂ%?’l”?c%geréi‘fs ’WE’]‘K&{%W‘HGI ‘ifﬁ:é%f qcﬁ%”éff PE5AYs)- In
sbae ehisddimmee GSarIyef By hsl‘sbqts d¥ite @A) thd deRs MRS tompdise an msertlon
Qt'iz‘ﬁ epré/g gncc%lgosgo?ao%% ﬁuc elcz] a\clzléi r(;, (ioglrr]lg ar% ﬁ{%lo a*hway ?o U)Fpt%%tldg (schh as an
M‘dmppthw@ miypentidefrom Sevclf oy ceaprevioh, Mataposdogemous, or

M&&&W%ags)eﬂl%gﬁé Bfo i or Hl?tof‘éﬁ@é( R?J oF BEREARN (FHEDS

as an ol ypeptid rom Sacch ar onmyces
COmPIESG jan }sg)reqq@rqﬁlg% 2P cdnA ¥ \ppaghway gpcleic acid. In some embodiments of

aﬁ bEhOSALEWSHA ﬁﬁéﬂtlb§ he ckIly cSRPMRse ﬁm&g&l@‘é‘ﬁﬁ}ﬁs&fucl@i@ 3{01@ fa Dxs
e aspects of th e |nvent|on the cells conmp

‘1“%1615 Pehan Wlpress aeid prde MY A pathey fwalem}ayd%%ﬁ%ihe H%I@iuﬂew
acid).some enbodi ments of any of the aspects of the
i nvention, the cells conprise an i soprene synt hase

[wsi eincsoag Eﬂbodﬁne%%f %h‘ﬁb% % JlefmeﬁtBh tﬂ&géé,?an%fﬁﬁfag

pat vvay nucl el c t1on
leE?Pélfi?:ls ae@twﬂy 90078 p@me@@ﬁﬁore FrDBeEisheres Suafriafag- Beraria

;M;uem@sop pggu@s ofg. tﬁz)suzmvmtdz&p Pobill® dIHQPI LIS, FOYIMsHASE Populus
e is aturalUyéoccurrlng pol ypepti de from

’a’("’hﬁf"a‘ﬁ’ﬁ’o %Wbﬁépﬁﬁ’é’l‘%ﬁﬁi“&‘ uls tremafgdr ar i a” nont and)  or

Popul us (e.g., Populus trenuI0|des Popul us al ba (P.
[8018h) In sPop erhedinmitg pfany Pobebspeststof e froeiopahe whs drleacterial

cgﬁ'sbgulclgas g?a(ﬁp H(Lsi'ﬁ%e ﬁzlcgﬁal)&elloqul E‘%ZHEJ geﬂyiugﬂ as féagﬁg‘sgs]ubt!lﬂ cells or

SOYTEG nbodi hrent s of any asp ects o
qtrﬁpg;@rmc?s(ﬁqlls spﬁbas é’éﬂmt@nygq&sélvqg’%t fglfeptg{nyces coelicolor, Streptomyces

coelicolor, Streptomyces albus, or Streptomyces griseus cells). In some embodiments of any of
the aspects of the invention, the cells are gram-negative bacterial cells (e.g., Escherichia cells
such as Escherichia coli cells or Pantoea cells such as Pantoea citrea cells). In some
embodiments, the E. coli cells are E. coli FadR atoC mutant cells. In some embodiments, the E.
coli cells express (such as constitutively express) ybhE (also known as pgl). In some

embodiments of any of the aspects of the invention, the cells are fungal, cells such as



cells, such as grampositive bacterial cells (e.qg.,

Bacillus cells such as Bacillus subtilis cells or
w@eoept@myces cells such as Streptonyces |ivi deeiBpS2008/086869

Streptonyces coelicolor, Streptonyces coelicol or

Streptonyces al bus, or Streptonyces griseus cells). In

sone enbodi nents of any of the aspects of the

invention, the cells are gramnegative bacterial cells

(e.g., Escherichia cells such as Escherichia col

cells or Pantoea cells such as Pantoea citrea cells).

In sonme enbodi nents, the E. coli cells are E. col

fiaadRtcat kel Rl ., TRhddBrmd JalISQEEas EWHIRELR NécSai cdlB 8r Bpergillus

coli cells express con titutiyely express

St s DR srpb oS G wrsBirdiings oo ggHipueh
d&slYerraspdedigicotellt)he | nventi on, the cells are fungal,

cells such asfilanmentous funal cells (e.g.,

['«Fézlof hagheBmedl Ale%ts%pm o@ﬁle Isrple&m% ﬁ@mro‘aetﬁ@fmcfo%lal PolyPEptide
rgillus cells such Aspergi | lus oryzae and

c'gg)ﬁlé FYTeF Fqﬁgldqﬁlog%@)mogr p%gglldescfgrq )éea%t gt l@cterla{a{p PRy egpbodiments
dTehy &F tiRUSHRCtaSE YAihveadnatht iRk ipYlybdpadeC@ivbs Jourck BRREAds ohdlor more

d| ments of a t ectg of the
PRTEHER G DRG0 CPUb P o b apr P Rt e Shy Puger.
mpesdedl,cbesonsme, poim k¥prek olpel spfilopts, shesnef srdimyegdast or
bacteria. In sonme enbodi nents of any of the aspects of

[h&qf | fV&E Eép@crt' thd 1H€enf?dn%v1&9!i ﬁfr@ %&ﬁﬂrgﬁg S@l&l%&ng' Ol Is6if

i ncl udes one or nore rom soy, corn,
CRAGMENts, thePpigisppsene &aar?ﬂuce&&a ﬁb?"lyf%‘i‘jlﬁlflg iswsFie g of the

d'(b'l;ﬂx@&s&fods orﬁr&ﬂﬁ&ﬁﬁ@nbé&ﬁef&:ﬁf& €9 @olyﬂéﬁzﬁﬁfkﬁbﬁﬁé recd¥bred Bom any of
ower nse ne aspect,
oSt IR be AR b sonts BT BBPYT SBETEne.
dompssesEs-EAdpolgisopeeats, t he pol yi soprene |s produced by
(i) polynmerizing isoprene fromany of the conpositions

[@GZZ]TEEMQ §spg<§ SR ihREGhEMBLD p?c[duét'@ulh Rgltﬁ‘%foﬁgde@gy any of the

i soprene recovered fromany o he conpositions or
RREPHEES YESHPIE e yERioR. | n sone enbodi ments, the
pol yi soprene conprises cw I, 4-pol yi soprene. [0022] In
[6028] afpeto bs untdbrstopdtia 0bd, somef eatl uf s pappiicadithe vasuch as

?r%buhﬁggts &5&@9&&%&%@%@%&&2 forll Qrsekr};obéqllﬂ&t@(; étm?)%@gnqs

I nventi on under st oo
ipygations dhgse angrothgr 4spests of the lrwrélp@mli @@r@fappam@t ipapné efiskill in the
hbodi nents descri bed herein may be conbined to form
ot her enbodi nents of the present invention. These and

oL et 0eet o, ISP 2 Wl buRERRE, cpParem 1°
one of skill ar OF THE
[0024] Figure 1 is the nucleotide sequence of a kudzu isoprene synthase gene codon-optimized

for expression in E. coli (SEQ ID NO:1). The atg start codon is in italics, the stop codon is in
bold and the added Ps¢ site is underlined.

[0025] Figure 2 is a map of pTrcKudzu.

[0026] Figure 3 is the nucleotide sequence of pTrcKudzu (SEQ ID NO:2). The RBS is
underlined, the kudzu isoprene synthase start codon is in bold capitol letters and the stop codon

is in bold, capitol, italics letters. The vector backbone is pTrcHis2B.



[0024] Figure 1 is the nucleotide sequence of a kudzu
i soprene synt hase gene codon-optim zed for expression
WO 2008076604 i (SEQ I D NO 1). The atg start codoPCT/ES1008/086869
italics, the stop codon is in bold and the added Pst]l
site is underlined. [0025] Figure 2 is a map of
pTrcKudzu. [0026] Figure 3 is the nucl eotide sequence
of pTrcKudzu (SEQ ID NO 2). The RBS is underlined, the
kudzu i soprene synthase start codon is in bold capitol
letters and the stop codon is in bold, capitol,
italics letters. The vector backbone is
0027¢ Hr 538 4[i 00R34] of FEONHBK dizhs @ map of pETNH sKudzu.
[0028] Figure 5 is the nucleotide sequence of

R L e e

se %uence of pCL-Ilac-Kudzu (SEQ I D h()?) [0031] Figure
ﬂSF§“@ﬁé%%m§H3RFh§“ﬂﬂ€mbroduct|on of isoprene in E
coli BL21 cells with no vector. [0032] Figure 8B is a
[0038p h Feheiinte tuskotslecehuertck ofpGhflac-Kujrn 655 IDNE7). col i
BL21 cells with pCL-Iac-Kudzu [0033] Figure 8Cis a

[00APh FEhRWANYa %Eﬁi sREAALIEGE profucdn dr SBRERNE £l 137 BL2 CQINE w1th no
BL21 cells with pTrcKudzu. [0034] Figure 8D is a graph

¥fiBW ng the production of isoprene in E. coli BL21

cells with pETN-H sKudzu. [0035] Figure 9A is a graph

[958\ FiguieIBB asvaegrarthisheving the prodretinatf isoprersfin £. cot BLR1 cells with

{@LﬂgggggKudzu ina 14 liter fed batch fernentation.
0036] Figure 9B is a graph show ng isoprene

tion _over of ferpentation of 0| | .
[@@f/ E*ﬂ“& dsz"(ﬁ”i‘ﬂi‘ gEVTZﬁ s pragucE @t FaR e “F’Er‘i‘?é A4t eBnvit
A0&K3uddu. Fi gure 10A is a graph show ng the production of
i soprene in Panteoa citrea. Control cells w thout

(069 TRigRRRD kU7 sheia tﬁ@ﬁro&%%m%%prerg it Y. Bk BTBNESs with

resent i|soprene synthesis, black squares represent
Kﬁﬁ%ﬁﬁKT%ESS] Figure 1B is a graph showi ng t he
production of isoprene in Panteoa citrea expressing
P51 | Agui@dzta grighaiovdnOD nds time pf fesentationd pr @he

ST RERLE i) Be SMBRE Rech GRISR Nt O 00-

[0036] Figure 9B is a graph showing isoprene production over time of fermentation of E. coli

BL21/pTrcKudzu in a 14 liter fed batch fermentation.

[0037] Figure 10A is a graph showing the production of isoprene in Panteoa citrea. Control
cells without recombinant kudzu isoprene synthase. Grey diamonds represent isoprene

synthesis, black squares represent ODggo.

[0038] Figure 10B is a graph showing the production of isoprene in Panteoa citrea expressing

pCL-lac Kudzu. Grey diamonds represent isoprene synthesis, black squares represent ODygp.

[0039] Figure 10C is a graph showing the production of isoprene in Panteoa citrea expressing

pTrcKudzu. Grey diamonds represent isoprene synthesis, black squares represent ODggo.



[0039] Figure 10C is a graph show ng the production of
i soprene in Panteoa citrea expressing pTrcKudzu. G ey
WQI@oTn@%6 r epr esent i soprene synthesis, bl ack BOUHS2988/086869

represent OD o0[0040] Figure 11 is a graph show ng the
production of isoprene in Bacillus subtilis expressing
reconbi nant isoprene synthase. BG3594conK is a B

subtilis strain without plasm d (native isoprene
production). CF443-BG3594conK is a B. subtilis strain

wi th pBSKudzu (reconbi nant isoprene production). IS on
the y-axis indicates isoprene. [0041] Figure 12 is the

[08:0 € Pig{nq &1 %%%Hagﬂ %wﬁfg RS Ur ﬂ%r&@ﬁ@&@uMb&%)expressmg
LOO42 ure is the nucleotide seg@gnce of kudzu

BB éso G HtRase: bR O i 2 b prady pihouigylasnid; (pative
1§(1’pfehewb@c(1cﬁE@]F@3 {NG3 89420:{110 843 sdbilLstrein Jdth ipBSudIR Fedd@mbinant

Trex3 r rene synt hase gene
R R R A I

@aure 15 is the nucleotlde sequence of vector

(P& 1 Figuedd 53l nuelspids sepraney of pPRS Kufzyda sJEHRPEN6 i s

t he nucl eoti de sequence of the synthetic kudzu

[poxaer H'rg'ma 1Briniicannelpotids gRucateoffedre isopdenyaipist cidaeoptized for
?me £h |n(§%? N Sé(SEQ ID NO 12). [0046] Figure

g”ﬁﬁé quence of the synthetic hybrid

E | ar (Popul us al ba x Populus trenul) isoprene
[ ‘yﬁl hglgéfe @é i@ TEBEEY ey MEymPESS & Higw SIS AR casavIPdes
dpimked @ apgsdidaen sdvigodon i s underlined. [0047]
Fi gure 18A shows a schematic outlining construction of

[3@4641 g uld Yg'ia‘ tﬁ]e aX(Hde 9enpeY(l'f %ectc[rg %M&%é@@ C(%%Elﬁ NBVY%)

tic outl I'ning onstruct|
YLACPOPI ) . [ 0049] FI gure 18C shows a schematic
1BO5] i Fiewg 168ﬁ@tnﬂlﬁ}ﬁ$’ld6??qﬁﬁmetq{éhe\?é‘ﬂ38f kydew (Wupeayiy m[”(’f%’@)]
ikdp@ué gend &ddois BiRnGzed f& GRiREEIbA & Yakbbi SEIICROSLY uct i on of
the vector pYLI(KzZI) [0051] Figure 18E shows a

[E@QF wﬁ}kﬁ% 9?’ BQ}%O@%LF@ ot %ﬁ?%&é*og’@e% iic Lﬁﬁd ﬁ%ﬁgr((’ﬁogulus alba x
@mlm i) @emgrtersuéhanswnﬁsEQHB Nﬁébﬁ)oifhegﬁm\ﬁtmmg) is in bold and

¢g§&§$¢5lggﬁ§h&gA shows the MVA and DXP netabolic
pat hways for isoprene (based on F. Bouvier et ah,

PP Fibis B bl BB e ap O Tyt 1 and
r¥deh pol ypeptide in the pathways and a reference that
di scl oses an assay for neasuring the activity of the

[00%8] Cai6d 190LHRE PEchélBatic 8RGRNOLondtRSHA of BE QERNPEEA@OP]).
each hereby |ncorporated by reference in their

[E(QIF)L r E%%ISESC Hlowg b SHeMic Xuthth conStRR 1eo(I:1tof 19 v&%or p¥EA{I&r 1)

[0050] Figure 18D shows a schematic outlining construction of the vector pYLI(KZ1)
[0051] Figure 18E shows a schematic outlining construction of the vector pY LI(IMAP29)
[0052] Figure 18F shows a schematic outlining construction of the vector pYLA(MAP29)

[0053] Figure 19A shows the MVA and DXP metabolic pathways for isoprene (based on F.
Bouvier et al., Progress in Lipid Res. 44: 357-429, 2005). The following description includes
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activity for polypeptides in the MVA and DXP

pat hways). Meval onate Pat hway: AACT; Acetyl -
waewpptasranst erase, MraE, EC 2.3.1.9. Assay: JPCT/US2008/086869

BacteriolL, 184: 2 116-2122, 2002; HMGS;

Hydr oxynet hyl gl ut aryl - CoA synt hase, MaS, EC 2. 3. 3. 10.

Assay: J. BacteriolL, 184: 4065-4070, 2002; HMGR;

3- Hydr oxy- 3- net hyl gl ut aryl - CoA reduct ase, MrakE, EC

1.1.1.34. Assay:. J. BacteriolL, 184: 2116-2122, 2002;

WK; Meval onat e ki nase, ERGL2, EC 2.7.1.36. Assay:

Curr Genet 19:9-14, 1991. PMK; Phosphoneval onate

AL RRHR nandREH ;eac[l:'r ol tl&l?‘ 12 the 6&%5 a0l refeRhde 1Bk @lcloses an assay
11: 620-631, 19 hosphoneval onat e

(R ik e agity Y RS mdl@@dmolrpefﬂ%%(eachg%%sﬁe reESIECIERR caplr hpreby
13&@%55}1 163&5136 inkQ4ntirkids,; pattiS GBI Ty Ipelit Hfh@ﬁpshlai lﬁ)lypeptlde

S rrer
RO RBrTR G woitha w i Gad piee b AT RIRY By sacr.
Aoeaecmxgetywaogeasﬁ MpEOEQRAL®. synyhaBereridk s34 BTI6-2122, 2002;
8
Sy R e o M B B0 2000, AR kB 184
486>-2079, 2002, HM&R, §-Hytugxy- 3-methﬁgb@néﬁpA2€196taﬁ44‘6vaﬁ45(7 1.1.134,

ROQ2y Bly%oﬂrs@l ﬂh@%’ﬁo AR %Qvﬂa;a!axlna@em@ﬁr k& 8k .1.36.
synt hase 2.7.7.60. Assay:

93y, Cy gsnet 58%64 IWKPNH( Phosphomevalonate klnase ERG8 EC2.7.4.2,
@s@hmm@yan di620263C; 1vet; mPMBE aviyHobshoineValdkhtd A& rbodyBRE.

Seotati 1 a5 isrs n et et for B et

dllﬂ‘npﬁhatE@ltd-lﬁméraébZIDIAm 3. PNASSsy: Q@idl 1Ml -262:18139-1997391989.
2 nt %}( CB él?’eg%&&lﬂ%%e g pl'%@hl&t? lg}tn%lqgel éxs%é@ 9 Qéﬁh %ssay PNAS,

974(12@9_]2@ ].991‘MXR 2058 xy-PiBRtulose ff-y}d)pgjlmy I@uctmsomerase dxr, EC 2.2.1.7.

7. e 1 - L EC
AE@atirh)z‘& 2 BB Sﬁ%ﬁ@ﬁ%@i@@ggﬂ B f%&gh&irﬁigﬁzc i Atln] ]

epmgmléyq@se FPPLEG 3160 A EVAS ST ééﬁlé% O GL d4
IR SidMaYTidyl L. C- 2@l b-c iR kialsy | ipEapc b onase ASHCPILS, 37 1062-

A B R R A <L S SO R ol EC 0012
AssayaBEAS, PVK)758-61 768l 199&3Hmonﬂyabmmmethylas(ap bﬂamfl 48iPhosphate
R, g ERD) 3 TS D050 00 USRS RIS
m@tyﬂ}éﬂrﬁlﬁ)émewlﬁmwa@tereﬁmtms éspHl BK].17. ll'heAssmgzs@% &26: NN -

Bgdshyyy proceeds fromreaction 1 through reaction 7
via reactions 5 and 6, while a nodified MWA pathvvay

hr o reactjons 8 a
T i 8 e 8 P b i R A gy P i oA
ar:@ﬂpﬂrsfetavee(h)mﬂ' 9, EMG-0ol g nivas (HMGR), 3, HMG-Eag sedadide (HMGR);
mevaio’nate kinase (MVK); 5, phosphomevalonate kinase (PMK); 6, diphosphomevalonate
decarboxylase (MVD or DPMDC); 7, isopentenyl diphosphate isomerase (IDI); 8,

phosphomevalonate decarboxylase (PMDC); 9, isopentenyl phosphate kinase (IPK). The
classical MV A pathway proceeds from reaction 1 through reaction 7 via reactions 5 and 6, while
a modified MV A pathway goes through reactions 8 and 9. P and PP in the structural formula are
phosphate and pyrophosphate, respectively. This figure was taken from Koga and Morii,
Microbiology and Mol. Biology Reviews, 71:97-120, 2007, which is incorporated by reference in
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M crobi ol ogy and MoL Biol ogy Reviews, 71:97-120, 2007,
which is incorporated by reference inits entirely,
w@aophoerarly with respect to nucleic aci ds aneCT/US2008/086869

pol ypepti des of the nodified MA pathway. The nodified
MVA pathway is present, for exanple, in sone archaea
organi sns, such as Mt hanosarci na nazei. [0055] Figure

20 shows graphs representing results of the GC M5

anal ysis of isoprene production by reconbi nant Y.
lipolytica strains wthout (left) or with (right) a

kudzu i soprene synthase gene. The arrows indicate the

i@ lehtird rpaﬁlbﬁrﬁlyqﬁuhtraseomtdaaa& h&dslaﬁa)m ﬁad%i ﬁﬁl@%i)i(d&lﬁlgd MVA
an

056 Tr cKu
qL%Usﬁ]ThﬁF%@f Y A R s B P e UG- Igra oreanvis
spchr a8 Kaetkzkbsycioh mbS Kan (SEQ | D hKIZO). [ 0058] Figure
23A is a graph show ng production of isoprene from

[%5‘5? Oﬁﬁuﬂe Bo ﬁllog'g- pHs Qé(ﬁl'ég&lﬂk@fgsultlbme @C hEs atngl?sé 6f'¥§%p1‘3£e

I nduction wt he x-axis'Is tine
Pagdpgtion by Efﬁ?f’t‘t?“@ﬁt Y. {iprdytiga sitaing witgouttiefhor witki(righid 2 wlzgisppgene
sbfﬁhats@%éﬁl: THeQEHAGS ihditdie/thOdlutics Gk 8NBe 4uiidbhiic BPRAS RaEedOr
speC| ic productivity (ng/L headspace/ OD). Di anonds

[6@@ m%zfga%hﬁffgﬂ' 5, IBPhRER) total isoprene

pro I'Vi squares represent specific
roduct|V|ty of isoprene /L/OD Ogﬁ%} Fi ure 23B

IPOS7h  FiewpR2 SiRsiHeptids %?6‘6?6‘? ﬁT’GF“ L}? I‘F%nd QIR
in BL21/ pTrcKudzu yI DI kan. Tinme O is the tine of

[0058 L c Figan 23 tsh gtap Eﬁo@v;t@@rddn@io) of ifdpeenx fra iglcassint | me

]IﬁLfSZtl @ﬁ"rckP&Hﬁatnl QHne 1@@1&: Mm?éf 1§ddc§on%?pl“ (? E%ﬂ EH dl% y"?he%xﬁ is

I ota roducti vit I SOPrene ace or
tgrp@étﬁrfln@ctpmofhm:@mns O}Da@ pgl the ﬁe@sésva@hfr@)?tmtmomms (ng/L

h%ﬁﬂﬁa@é@r%ec%%ucu‘%it{ @k&%e&d@&%@éﬁ?tm&xﬁ&ﬁk rep2QRY (?Jﬂ(ﬁo, circles
productivity (nmg/L). and squares represent specif

rEH’?fE‘H &gl \‘FPIPT?‘ed’FOdi“%‘HW @'ﬁ@) Efi‘?g*ﬂ‘tafmpresf% erseific F‘i"@lﬁ?‘é‘tyﬁc
itopre@e @E@pID)Show ng producti on of isoprene from gl ucose
in BL21/pTrcKudzu DXS kan. Tinme O is the time of

[b@F Chgl?t@ 2% Is ';1 ﬁlaﬁﬂ_ﬁo@‘}@ gromma ofi Tolil?ené(fr(ﬁ'g Eﬁ&dsg‘mt i me

irnducti o 00 an e y2-axis
RIg1pbrckhdzp yBY ket | Kie 9ISélfe tineecnyh indptiont wigh [P TR 4 mzodle The x-axis

iSRECHet i‘ﬁd&ﬁ&g Hﬁtylast ﬁsX)Iﬁ(,B'Bgtﬁ(!l-thQ ?ﬁ%ﬁ@ﬁﬁl thuctlm%e (ng/L

repr esent circles represent t ot I SOprene
headsepse.¢ri S%thv p(%@?ﬂﬁ)ty G heariseare QD) é?}?%@@ﬁfw@fféb@%% circles

ré}fr&éﬁﬂ €dtd] Wopr¥ne@rodu&IRY QIBE.) britbgha dkYpresdd GRdiic fro@idtiary28D
&JEHH)ShOMAng production of isoprene from gl ucose
1foRrene g

[0060] Figure 23C is a graph showing production of isoprene from glucose in
BL21/pTrcKudzu DXS kan. Time 0 is the time of induction with IPTG (400 pmol). The x-axis
is time after induction; the y-axis is ODggo and the y2-axis is total productivity of isoprene (ug/L
headspace or specific productivity (ug/L headspace/OD). Diamonds represent ODggo, circles
represent total isoprene productivity (ug/L) and squares represent specific productivity of

isoprene (ug/L/OD).

[0061] Figure 23D is a graph showing production of isoprene from glucose in
BL21/pTrcKudzu yIDI DXS kan. Time O is the time of induction with IPTG (400 umol). The
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BL21/ pTrcKudzu yl DI DXS kan. Tinme O is the tinme of
i nduction with I PTG (400 mmol ). Thex-axis is tine
w@taoen7denduct i on; the y-axis is OD oo and the BQFHK1088/086869
is total productivity of isoprene (ng/L headspace or
specific productivity (ng/L headspace/ OD). Di anonds
represent OD oo, circles represent total isoprene
productivity (ng/L) and squares represent specific
productivity of isoprene (ng/L/OD). [0062] Figure 23E
Is a graph showi ng production of isoprene from glucose
in BL21/pCL PtrcKudzu. Tine O is the tinme of induction
AWadTs lid &het HO&6A e )y-axiE RO D aakd the yS-atid 1€B)ta’{tf)1t0&lict1v1ty of isoprene

(Ml BT e b e B

csrpkemefmesantpot@ldwtene/prbgucﬁm/(m.g/m@adis;paeser/e@)ent spicHivprodactivity of
150:%% g@? circles represent total isoprene
dudtivi (rrg/ L) and squar es repr esent specific
Br oduct i vi té I soprene / L/ QD) OOGSJ Fi gure 23F
P62}, EieuisR3% RA3wraRk Slwwawaqd}l 6?15‘1135"'81?)?%& UF%%%ZUESIse
pumgalzzlirm@m iFIhe Gkel dfznuuyﬁdalwuﬂpw (400 juSolh. MEhe txiaRB isAfme after
uctj on W|t The . x-axis is . ti
PG 1 Bt 1 RS Ve ol Gt D g e dopace
dr Spetifit aiodmlmmmg/hheatdypaoa‘/oﬁ))s @panamds reprepeht AR adspRe@posent total
FRERL b, 09%%8%2” b e TR iSRGy o PEREG R OD)
roductivity (nmg/L) and squares_represent speC|f|c
B e s R P P B HGPL P eI ient BOBERT GUe 2
PuSKadzAg l'yH]iIh THRON the ume etibdikii @il PTG (xmo amen f T}Qmegls UCHSeEa ter

1%1(5}18‘5(%{? }1/ ﬁ -axis tstéqcﬁ(p.? axm{oj@prﬁug? ity g)%s%preng (%%/Ln%eadspace
@hieeific produrtivicyoing/ LthpﬁemD)g Dizgnd@D6e@eandDdhecigRs mriesnt total

1Log)re§19 #xg{i:ucggrlg/gﬂéﬁ aé%i %C%/G r?I rebt%é%ﬁtr s ﬁic(ap?&lﬁxéﬁw @%ﬁ)ﬁ@ﬁg %LE)L/OD)
resent circles represent total jsopren

lB?‘@b u tng%? IS(arﬁga/PE)shom Pé?ft}%ﬂ"é stiserpe §8lﬁtglu§?§é8’i I?HZ&/PCL

}plrcndmmm Ty is kR G eﬂﬁdl(cﬂ@{ WitHIBrG ({(quﬁﬁl) Flhegslsla[x& iRidht

e D be SRRSO PRS- Sk i2low RORIFNS ok kR
Hebdypaco br spevifieqiradoetivity {ug/LI IEH'd's?pa(cd/OD) ninmng’nds Telpeesent @QR4os circdes

r%/é&%nt%tsl%’oplleﬁledpq%{uht% d{gllg add ﬁelr rép%es e;%%ﬁ ﬁgfl{cnslty of

t ot I'sopr
ipreeedis ad€OBY specific pr oduct i VI ty (rTg/ L
headspace/ QD). Bl ack di anonds represent OD6oo, bl ack

0665 N Glge% 2818 B 8:8HA showSPPrRII&iop bﬂl@djﬁdnb #brhglubssgil) and

[ ar resent specific {I
P eRIAEREPEEE) T Bonahor g F £P% 3 P agh BFo oo wmon
P xeKiKBytinkel aBerdaduction; the y-axis is ODggo and the y2 axis is total productivity of
isoprene (ug/L headspace or specific productivity (ug/L headspace/OD). Black diamonds

represent ODgo, black triangles represent isoprene productivity (pug/L) and white squares

represent specific productivity of isoprene (ug/L/OD).
[0066] Figure 24 is a map of pTrcKKDyIKIS kan.

[6067] Figure 25 is a nucleotide sequence of pTrcKKDyIKIS kan (SEQ ID NO:33).
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[0067] Figure 25 is a nucleotide sequence of

pTrcKKDyl kI S kan (SEQ I D NO 33).[0068] Figure 26 is a
worepoefeopiCL Pt r cUpper Pat hway. [ 0069] Fi gure 27P¢BUS2008/086869

nucl eoti de sequence of pCL PtrcUpperPat hway (SEQ ID

NO 46). [0070] Figure 28 shows a map of the cassette

containing the | ower MVA pat hway and yeast idi for

integration into the B. subtilis chronosone at the

npr E | ocus. nprE upstreant downstreamindi cates 1 kb

each of sequence fromthe nprE |l ocus for integration.

apr E pronmoter (alkaline serine protease pronpter)

0681 C aLe8R 2b e i QFRE TPt Pathiwk, + 1 transcription
[gt a!t {c,gl te, RE?{SH)E) F&thé&gge?E gege MVKI indi cates the

onat nase ge h
YEAT, IR 2 R at R RS AR B R G Nb e
upstream of the start site. RBS-MPD i ndi cates the
NERE: Figris RS shorts Arpa PiohriesctreeBrBER (e st Yeepaliivnay aggd yeast

16&61‘ thte &8t FRBx0 thR BT Juﬁl@mcﬁl{)mw@ﬁw SitRd dpriSiot®: n ﬁgspglgglsm/ downstream
us

i ndicates th east ene wth a Baci

lﬂ‘ﬂi%aﬁsé;ﬂ’r?%?;‘ Fﬂ‘ﬁ ueggeffom b‘? ‘? PeE loqus o hegrgiion #pay R (lkgline

sreeﬁemrmats@prom&tkrainﬂlaz&essmprmﬁot@r(es eusel trmfrgmn {dri v, RBS) of
i—uhaen nee}lte ol(/IVfKrl 1rmlcates %n’yea tq'fllje%glgrgalte r]ns'ése gene; g&é ma(\hcates the

ectinomycin res upstre
yeap plavsphbmevangs. ldna$erwmeoath@88aalllds R%%tpsirﬁp@éthe offrt silge RBS-MPD

chﬂ&'iefs %'}‘F}aﬁ{é‘%hg%}}hgé&gloﬁﬁé deRdIPlx %/faéecg@;lé Ptk 2 B0 LR d {ﬁ&h’éa

1S sequence O cassette cont al ni
th%ﬂmsﬂw&y&?lmwteam ygﬂéta@tgeliemﬂhfa&ﬂa{lm%%w'MW of étart

ditb eTBninstBhditdtes ﬂfeh&mﬁe@pﬂﬁahaé sehlnaepr&%araln@&lyﬁon(t@malo%om
ure 30 is a map of 9796 popl ar.

NO 47). [0072

{ Grsprehigs et EwS Ger St eDtBoE s P e
PR4I0r app]idicale SEQrdcDRepdat F&je.updtfdfhd Apiokriugd f@ adglificatich. Map
of pTrcPoplar. [0075] Figure 33 is a nucleotide

[§@ﬂ}1 e ?f‘gﬁre Q& 1SQT1{18E&1@&1: & u&é%@cisgnMHﬁ%%L&g\zg]M&A g&{ﬁv@ay and

s a mp o rcKu ure
35351‘1 lﬁiefowfe@@éorsléfq therfc &6ks %rwrwmfathy rE lqeah(SEQE@NQW)
NO 50). [0078] Figure 36 is a map of pTrcKudzuDXS Kan.
[P@Y OFighie g0 ise n3ip of gO786-paptdreot i de sequence of
pTrcKudzuDXS Kan (SEQ ID NO5 1). [0080] Figure 38 is

e E e e S B R 2080 52

re 40 of pCL PtrcKudzu A3. [0083]
@?ﬁﬁ E@WE ys§n§mﬁﬁgvg3¥$ge sequence of pCL PtrcKudzu
A3 (SEQ ID NO53). [0084] Figure 42 is a map of pCL
[PR75L KEigprg 3§ isBinucleotide sequence of pTrcPoplar (SEQ ID NO:49).
[0076] Figure 34 is a map of pTrcKudzu yIDI Kan.
[0077] Figure 35 is a nucleotide sequence of pTrcKudzu yIDI Kan (SEQ ID NO:50).
[0078] Figure 36 is a map of pTrcKudzuDXS Kan.

[0079] Figure 37 is a nucleotide sequence of pTrcKudzuDXS Kan (SEQ ID NO:51).

[0080] Figure 38 is a map of pCL PtrcKudzu.

14



[0085] Figure 43 is a nucleotide sequence of pCL
PtrcKudzu yIDI (SEQ ID NO 54). [0086] Figure 44 is a
worepoefeopiCL Pt r cKudzu DXS. [0087] Figure 45 i SPEI/US2008/086869
nucl eoti de sequence of pCL PtrcKudzu DXS (SEQ I D
NO 55). [0088] Figure 46 shows graphs representing
i soprene production from bi omass feedstocks. Panel A
shows i soprene production fromcorn stover, Panel B
shows i soprene production from bagasse, Panel C shows
I soprene production from softwood pul p, Panel D shows
i soprene production from glucose, and Panel E shows
{0081 r igreBoGtikleaite dqadnce &l pCs. PevicKilzi (5 Eedidh NO-s)al
feedstock. G ey squares represent OD600 neasurenents

Pbsd NGl o £l pE D Brdiifipa o LI s

post-inoculation and black triangles represent

oductlo at t he ti
IR e ifn Bop gl T Aon Sl Brigid
representing isoprene production by BL21 (| DE3)
(99943 K Fidizoee A2 1) maDXSEpCh BmoKudep |DEuUl t ure with no gl ucose
added. Squares represent OD oo, and triangles
[06$8] € Ferte 43 SONUCIBRIAP bAGHGESE pCIPhBIYdzu {100 HHQ 1B 9058, 47B
shows a graph representing isoprene production from 1%

Bhak§ O ute%aqssbm%%bﬁg%@ 3 gby BL21 (I DE3)

pTrcKuazu vyl ares represent 0OD600, and

Ies re resent i soprene roduced 0091]
f‘-’f’%ﬁ TR le%ilda Faptics Epl é’sﬁlfw@l)%gg%ﬁ%@é
production from 1% invert sugar feedstock by BL21
(OPEBE3 Friguteri6 Koz graphsDepréXSng ksapryne pByuctioe §omdprme sseerdst@IRs.
Pa(ﬁel A@ﬁgwg isd d@éﬂg bl%ﬁucﬁgrpfr% gd?ltl ﬁ[b\%p RPLEDS slﬂ)r\&@ qjsldgrgrge 5productlon from

92] Figure ows a grap ent1 ng
‘?age&‘r E‘H’é %flwae?nr%m pfqdmqu%rnﬁréwte PP Persl Bsheves dygpiens k

BYduBlioh rotd dRiedde, MdPeCUE ZhbwY hs@)re%dﬁ&ﬁﬁ hom%@ﬂé@ﬁﬁ%o additional
resent OD oo, andtrlan | es repr esent ISO re
I:Ejecg ey( s&bé’r?ﬁ ripresFréé)QgT m'g'ilsgﬁfnéntﬂ%f t]gm:al‘xgesgalt glﬁ H)gwated times
pi;@tniﬁcﬁmlaﬁ@i anth YlatkiBargfes Rpdesedf isopB@As pro@ictisrtdt the dfdich GO PN EPOst-
gocupayct ion. Panel A shows the tine course of optical
y within fermentors fed with varying anmounts of

l¥east extract. Panel B shows the tinme course of

39h - Eigarert & ghowsj ERPIePISToREiEPES RredugFiQnrpy B2y (RE3)

ﬂm&ihﬁylgf DX$a&h) if ¥ bul@fetwith hB@lubdsk Bdded. SSq?QrEd B5eRADDNEnd
fﬁrnt of isopr enewgcr(?aé%zf per liter fermentation

HPEH TPISHEPOPENS G fect of yeast extract on

i soprene production in E. coli grown in fed-batch

[80A0] U Fure[40B Shb}vs Figgpir wprd@ntgigasepreny mpdustiaiewonidt gladtobafgedstock

hRARLEOEy B AKSE) PRk LAY DITHY (kard) sSYLERGE R ent ODgyo, and

triangles represent isoprene produced (ug/ml).

[0091] Figure 47C shows a graph representing isoprene production from 1% invert sugar
feedstock by BL21 (ADE3) pTrcKudzu yIDI DXS (kan). Squares represent ODggo, and triangles

represent isoprene produced (ug/ml).
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with E. coli cells containing the pTrcKudzu and yl D
and DXS plasm d. Panel A shows the tine course of
WwWopvoae7adensity within the 500-L bioreactor fRCI/WUE20p8/086869

gl ucose and yeast extract. Panel B shows the tine

course of isoprene titer within the 500-L bioreactor

fed with glucose and yeast extract. The titer is

defined as the anobunt of isoprene produced per liter

of fernmentation broth. Panel C shows the tine course

of total isoprene produced fromthe 500-L bioreactor

fed with glucose and yeast extract. [0095] Figure 50

fo@zfe(ﬁ)f?g?ﬁ%g Rt IQ %EP%EIQW% %ge?ﬁl)duc i&?@gblﬁ/f éFEﬁ Afe

nuc

uen
Wlsfs?dst%m@‘%l ADgar el ré@dimsylﬁl REP (oh)- SBBresuepzagent @Deoo, and

#iQA28 epfeb Atk &rend frobie@(@n@pPh showi ng growt h during
ernen?atlon time of Bacillus expressing reconbi nant

R SRR A .
Isoduaﬁiqn (PBG3 BSHeoIK) tin qctmeutf optxebiehdity auithinifgmpites &d with
t £ éf}: grgg ASV Strh k. hgx{'@tqy{fr&é &%&@g%pgeﬁgéﬁer within

r p resent a u S Wt
felﬁr@efeﬁ*éﬁfdrmrhtvawgws BRE RS cﬁ perdipatrach nhe tl[eotsglgt}neft pyhe andyaRf

iboprefe BOARRI SRR ST GerinSRAToS BR P PRAYE koW tHWFL A BF yeast extract on
fermentation tinme of Bacillus expressing reconbi nant

RBEZUPPLErERE A gadee ﬁatifncuﬂtvrf er fed batch
fermentation. Bl ack di anonds represent a control
[8994hi hig(BE3 F®s erapl)s dwntrivoaling seemwripradagtion from a 500 L bioreactor

%ﬁp@ &n&ﬁy&mfm tleAtdrY, uaﬁ@ﬁ'b?grﬁl ﬁ%%gﬁa PDel Ao BVtime

triangles represent Bacillus wt
Criecgwpiiabdensity sépindie Opnl-ditrestroing WIﬂE g10s] anftiyepsireasacs JPanel B
sh&wsﬂhmﬁe &tlrs@i)ﬁéiﬂﬁeﬁ’e R& WthinlRhed00a. HilaSctol R4 Qdd Fl’ﬁbcgéjgrﬁsyeast

55A and 55B are th ucI eotl de sequence of

%%4'119 5f p4etinedayt R SPRISe, Prf{%e%ézfr Lger ggﬁe@les@ﬂ?nsbr%{h
med ernam»vsahamgroaxﬁa &hawi1smgreﬁeqswube@1tffoanhés$(x)qsm@tse@d)r fe@kwith
?ré S%ra]lu(s: asz%%gtrdl gestion to construct plasmd EW230 and
gt Apat )bele conesi ve ends between BspH and Ncol sites.

L{}OlOB% ure 57 is a map ofhﬁl asm d EWL.230. [0104]
9§l Bigus ghisarepp SBIEMaPRE R At c| eot | de sequence of
plasm d EW.230 (SEQ I D NO 88).

[0096] Figure 51 is the nucleotide sequence of pJMupperpathway?2 (SEQ ID NO:56).

[0097] Figure 52 is a map of pBS Kudzu #2.

[0098] Figure 53A is a graph showing growth during fermentation time of Bacillus expressing
recombinant kudzu isoprene synthase in 14 liter fed batch fermentation. Black diamonds
represent a control strain (BG3594comK) without recombinant isoprene synthase (native
isoprene production) and grey triangles represent Bacillus with pBSKudzu (recombinant

isoprene production).

[0099] Figure 53B is a graph showing isoprene production during fermentation time of
Bacillus expressing recombinant kudzu isoprene synthase in 14 liter fed batch fermentation.

Black diamonds represent a control strain (BG3594comK) without recombinant isoprene
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[0105] Figure 59 is a schematic diagram show ng
restriction sites used for endonucl ease digestion to
w@wsnTastd pl asm d EW.244 and conpati bl e cohesP@EUS200%086869
between Nsil and Pstl sites. [0106] Figure 60 is a map
of EW.244. [0107] Figures 61A and 61B are the
nucl eoti de sequence of plasm d EW.244 (SEQ | D NO 89).
[0108] Figure 62 is a nmap of plasm ds MCWMi84-487.
[0109] Figures 63A-63C are the nucl eoti de sequence of
plasm d MCM4A84 (SEQ I D NO 90). [0110] Figures 64A-64C
are the nucl eoti de sequence of plasmd MCOW85 (SEQ I D
A P A T Y R
Frgubagnt SeReBEOetenk he nucl eoti de sequence of plasnid
MCVA87 (SEQ I D NO 93).[0113] Figures 67A-67D are

e h Figifesi5$ BpMEP ef pasatdeRT20 R.atby HES. col i strain
(EWL256) expressing genes fromthe MWA pat hway and

ilﬁ@i’}'n Fié?lré(s @gA Qrﬁitﬁﬁ_af\e%letﬂﬁfﬂ@otﬂt segh@xcé]é‘ plasrﬁﬁ%b@2w.élghof%8 (SEQ
east extract feeding. Figure 67A shows the tine
ﬁbHPéﬁ)of optical density within the 15-L bi oreactor
fed with glucose. Figure 67B shows the tine course of
[0362)r Sigrd J6tied scimniakic diagrine stibsrng risirgtie@esittsorsed fockndbrublease

3 se. Lter ef :

R conk e el P Sk e Lol BB BBl gt nd Near
fifeur e 67C shows the tine course of total isoprene
produced fromthe 15-L bioreactor fed with gl ucose.

fonopyr Eigrd37shomsp dfpRshiaEAL26@r bon di oxi de evol ution

rate (TCER), or netabolic activity profile, within the

: ¢ 1 =

{30 o JueE 36 Bl R e B e B ened P bt E AP By 0
NP8l n (EW.256) expressing genes fromthe MVA pat hway
and grown in fed-batch culture at the 15-L scale with
0205t Feputd AGY a doRhtin|@agrirh SHolvig@BAicEHRONEs dséiEfot dnB®huclease

our.se of optical jty . withjin the.15-1L bior to

i fgPRLUER ERETlasta el ot g BBt pen

sigpprene titer within the 15-L bioreactor fed with

gl ucose. The titer is defined as the anmount of

[0364)" eNRrdYLIERhrRRL2kd t er of fernentation broth.

Fi gure 68C shows the tinme course of total isoprene
uged f t 15-L bioreactor fed wt I .

RGO Tp AR o R RO hed el Bt Ry

NA@IN5-L bioreactor fed with glucose. An average val ue

of 1.1 g/L/hr was nmaintained for a 40-hour period

(0248] 6 FriaRUn S a Mgt JT pMemad MENUBALY;. f eedi ng. Figure 68E
shows the carbon dioxide evolution rate

[0109] Figures 63A-63C are the nucleotide sequence of plasmid MCM484 (SEQ ID NO:90).
[0110] Figures 64A-64C are the nucleotide sequence of plasmid MCM485 (SEQ ID NO:91).

[0111] Figures 65A-65C are the nucleotide sequence of plasmid MCM486 (SEQ ID NO:92).

[0112] Figures 66A-66C are the nucleotide sequence of plasmid MCM487 (SEQ ID NO:93).
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(CER), or netabolic activity profile, within the 15-L
bi oreactor fed with glucose. [0115] Fi gures 69A-69D
wabwwe7groduct i on of isoprene fromdifferent cRECDHULR008/086869

sources via the MA (pathway). Figure 69A shows growh

of E. coli EW256, which contains both the MVA pat hway
and i soprene synthase, on either glucose, bionass

hydrol ysate, glycerol, or acetate as the only carbon
source. The different carbon sources were added to a
concentration of 1%in the nedia. A negative control

wi th no added carbon source was included. G owh was

[ﬂ?ﬁ? u 'F%qre§‘§7 13991]3 aﬁ@graﬁ@ G§1|s$pYen§¥)ro§1ngrle E. Fblgsttlrraﬁl é 256)

sh oWws SpeCIf ro uct IVItX i soprene from col
BYESDE sershiran H}e%\’fbe%thwatywe SRMRn pfechbodal culfttie tésgpdrieale

SHLNRSEEANRS Eee@lhg)V\FIgLQ@ﬂ%l hbwd th@litEQaRe oimpamﬂaeslsny within the
carb

O it i een R LoD i HEE i Bt SoRiBt e vighn the
anbiedeidtia taderth@lucdseo Tl titdaés dednbidas thAarﬂﬁ@adiﬂlsbﬁreﬁleibcquéd per

e T R N

therbelu biatepatar feairvd thi ghuspsee Rigunp 609 showrd the yotal habdyalidxéieicrolwtims rate
(TeRRY! ele.getmmu@g pl}@ﬂe @atglu e 18 %lésagmeg mm%ﬁlcogé E.

on el'ther g ucose or xy ose as the onl

di ff t
@ﬁﬂi 3@%%% Gests s S0P ReSR R wg@laiﬁvﬁ%
expiafsinglgenss frbm e madhmrab@groﬁmmrfabbm$umdt thda 6L scale with
y%és?%gct\éf%%ngeﬁg\lgg e 9 {1?15 1m9 (sz) EL 0F op'ﬁXal é s@y vgalm the 15-L

¥ic produ
lfmm'fOEfed eath glugogg. %mwwllwmmtlwoersc bfewpghumgswethmthe 15-L

Bﬁ%b&%@feé%ﬂﬁ Qiuyosg afi Gitr RQALHiHeE as A Endaf &2 %Gpr&%%&ﬁc%d‘ﬁ@rl@er of
ded to a concentration of 1%in the ned

fﬁl@f&a@ilwr% nEiguET 68k shewvsthe taaed@arswfrt%nsog@m Rf@d%isfmm the 15-L
vistedctod d witBanse a_:lg\@é 681 sﬁkﬁﬂh@ﬁ@mﬁ@t ERictivitg Fithih fHél163,

and 383 . m nhutes a i no I SO
bﬁ?ri‘)a&?&g& Wb‘@ gppse- *t"é‘iageav ?f-rle%@ﬂi‘F 0 f&%ﬁ“fg‘ d?fi’f 238 hour period
([ZmﬁﬁimsEiNng@s extfaét faguthg 7 Eﬁuxs h&EvsHohrethp bzﬁnbmcﬂidxma e@dlution rate
(F%?f e mgabgyc E%Cté\él F}/galcéf}k% tévllitﬁm t qg)r%drc%efl)(r: %%%itﬁn ucécrs{é g m
colonies fromthe transforrmtl on of WM wth pMCM 18,
PHe] pFiguiss PR shavs Rrefictianpéisonteng éqowféerea&?aéb% SQRRRYia the
MHAQpaﬂi\@K)e drlgu@, 608Ishdws ghdWeh P SENEWL. D6, ke doRMRE both the MVA
omthe col onies were. cul tured in

Cel |
11%@& Y9 dSRERS SPﬁlth"Ee O PR EHLope: EB?F’FS&(]E‘Ydr%lﬁWeQ%' §roh é’b%c@tate as
tl@é 0Iﬂw®t‘t$n gfurde rnichd ﬁﬁﬂreﬁtﬂaﬂadﬂi ﬁ)uw eerasiied/e d cétﬁéntﬂaﬁcﬁlpif &%6n the

n aft i nduct i on1 ?h
e%a 1Ve COl’ltI'O Wlt noa e car on Source was ud TOW wzislﬁnlee;sured as
eﬁ crzll production of I'soprene ke ndiider

dptichl @pnstyraoﬂ@ niyF. ke §9Bshépist Smc}ﬁceﬁde@mt}asf isvgeneforn Enoli
gmtc&ﬁalgln%%tﬁﬁl@m ﬁith'(;v‘é&’ Mﬁlqg)ﬁlcéﬁé Jymﬂgsg %vjh% gcréé\?n 1tﬂg

from uM concentratio ein
glﬂypsesmm§ hydrolysate, glycerol, or acetate as only carbon source. The dif erent carbon

sources were added to a concentration of 1% in the media. A negative control with no added
carbon source was included. Samples were taken 190 minutes, 255 minutes and 317 minutes
after inoculation and isoprene produced by the bacteria was measured using GC-MS. Figure

69C shows growth of E. coli EWL256 on either glucose or xylose as the only carbon source.
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The graph shows that higher induction, yields a higher

specific titer of isoprene. For Figure 70B, the
w@e@dooisreon cul ture was i nocul ated from a washecr/US2008/086869

overnight culture at 1 to 10 dilution. The culture was

grown for several hours and induced with 50 uM I PTG

The I eft bar shows isoprene assay results four hours

after induction followed by a one hour isoprene

accumul ati on assay. The m ddl e bar shows the one hour

normal i zed value for the sanme culture wth the sane

i nduction period but analyzed by a 12 hour isoprene

ﬂfequfef@n@éawaﬂ scRR@Were 10¥8d folaGbceRAliorSEFYISn tﬂa Ghellia! A%egagve
one hour jisoprene accumul ation assay of the culture

‘toﬁ‘é‘fl Wi 8 pddadicaEhen peroe s lghyred: G[fmlms peagiedens gptipalidensify at
mmvmhgtula B9l sho®® kpeclst b@&lcﬂﬂpyﬁﬁ&oﬁmtﬁohﬂi VEIEEWL256 when grown

(? M gr goeasoﬁ rﬁ ] onlrE(g1 [ sop renedg%ért}t hase
880 |% 8‘?& i Ry G8 ?‘bSBP 8?1 SST 8T ANTESJETE“Bi'Ct ur e
dogceh@dtion of 1% imtidoukdial 1A retatiz conivbllwith@e addeGedrigin. so@GAwas

?c?lx?deé 8§a’,mr§)??g Qvgrg tlkgl}gb%]mlgdt&uﬁ? rr? gute% '319 4 t Inﬁﬁ)u%‘s %H& 1noculat10n and

ces’ al bus ype st
igopygnt produyseld lsvt th%nbaﬁtsnm?stmawmﬁ ughgigaiMS. pUW. 201 PW
(negative control) or pUAL201_iso (encodi ng isoprene
pyl’ﬂ] h afgﬁreﬁ 7@MankoR %Mtﬁﬂﬂ&iuctﬁn@ﬂfs@r%ﬁy EScodl stidd fokn dlivese

40 50 ARG L EIUBL) BB SRBL O Rk o
YWaizevithapM M ER)| the plaserid Ratitptby/lowprancyalofiGield dabwhirweleliked to
M e b S B -
cpr@ingg €. 1Whweash extleetond Pe syeage eMésoe pf ioBirglture WK3$SPBGﬁ1fOT

i rerﬁ@ I%Hucﬁlirpﬁéleﬁﬁoukqwﬁlﬁhéﬁmp BAT1200Red SRkl Mugﬂo}a%}”tsoprene
,bF123 p%%fres 75A- 75D show growt h and_ spec

i g prron s A B BRI RF B T el 3 t04.6-00d

10QIEPEdR dersiy 1ngbm§ﬁ&8 5@to 9GD %c&cémmf tHeSndue (R&EOE B6kwn).
CII.1.C

th ity of
T spEanes b5 BB P B ¢ RS B el s P
108, the predichiaudui)re pzasmequtad:d domarwastiet! hveedight eultuR0O1 to 10 dilution.

'fl‘E[F%Hﬂ%??SE?&VH%I’dSC\L@:E)I d.\?sr ané 919%1&35 krv?thl 56 1§M ?lsl% %ﬂgleg %Q)shé{vl\gl

axis is
igapeghe ASSEY results @wdloms ftqr sndacrﬂbn fqllawgd hml omshcmf isenps¢nic @gpumulation

2%)25 1l“ltleymlﬁﬁle Qar\éﬁ)\és% ltlﬁrbgé ﬁbupﬁorééged Jalﬂﬁsfgr tP{easl«lljrl@ allttng rwn‘h% same

nmust be multiplied by 66 to obtain the actual
infyctin Reped Rugpnelyrd by pdi é%}r lsm?r@rt?raécumlarlgn a§5app phegfeht bar shows
thd AR 16t 2RBBRMEEBrdne acdaghlation assay of the culture that was induced for 13

hours.

[0117] Figure 71 is a map of the E. coli-Streptomyces shuttle vector pUWL201PW (6400 bp)
used for cloning isoprene synthase from Kudzu. Tsr, thiostrepton resistance gene. Picture is

taken from Doumith et al., Mol. Gen. Genet. 264: 477-485, 2000.

[0118] Figure 72 shows isoprene formation by Streptomyces albus wild type strain (“wt”) and
strains harboring plasmid pUWL201PW (negative control) or pUWL201 iso (encoding isoprene

synthase from Kudzu).
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[0125] Figures 77A and 77B are the nucl eoti de sequence
of plasm d pBBRCWPG 1.5-pgl (SEQ ID NO 122). [0126]
WO2a0as 76/ 8A- 78F are graphs of isoprene producRCDHS1998/086869
E. coli strain expressing M nazei neval onate ki nase,
P. al ba i soprene synthase, an pgl (RHM 11608-2), and
grown in fedbatch culture at the 15-L scale. Figure
78A shows the tine course of optical density within
the 15-L bioreactor fed with glucose. Figure 78B shows
the tinme course of isoprene titer within the 15-L
bi oreactor fed with glucose. The titer is defined as
ol e] arrurd 73Afis 4 BAITER Moo wekR~al Poier Path@ky 6eron.
fermentation broth. Method for cal cul ating isoprene:

@gfﬂd' Fdulef gé}§%ﬁlr7§@ Erel?ﬂe%%%i_ﬂ%ée ueﬁge e ops %%%E%Qislgcfwer

me at I gure
B%W@ﬁ@@ﬁﬂ@é@ﬂéb of i soprene titer within the
15-L bioreactor fed with glucose. Method for
Pa21g Ul Fadute TG Al i SOREPITRICM{ 76 N SAVIQ fréh @0 WiGizel SrEHak£ Dewerin pET200D.
production rate, g/L/hr)dt fromt = 0 to 59 hours [=]

132) Qs 75@ indrﬁc 31% %e%nﬂ%dé BGudnld B MRAHRE %\ﬁg E&h ﬁ) mazei

[ sopr ene produced fromt 15-L bioreactor
gF@é%&éwef’FﬂlP&E?@DﬁgﬁQ%N@sl16)ol umetric productivity
wWithin the 15-L bioreactor fed with glucose. Figure78F
Pn2ZAS Figards Om-dfmﬂiod%rcﬁwlohndtsb@fﬁc pakecti{iGER)isopmetie production for
| i oYkt bi. or t ar
Pg%?%octow&br ut% %1@’({8%% tE(O]}ﬁ%rSté)pL; ée'éese%te:(li% Ehe wthe g@rgon(as,
speaSaprop g0y of s@1@e iS[r@I@@]tethyglmselgi o123 Taﬁ&aﬂ@@tim: €hotitse
%Plh@&%ﬂ%ﬂ?&tﬂ&@@&%\%ﬂfes 9511:2911& 758 &%O(%ﬁ%@reg %d\QdJ;@ﬁ? uM IPTG.
TAlI LED DESCRI PTI ENTI
¥ rhagis s repfupteay eﬁlé@re@%wﬁ@é@?% Ard ¥rd dp %&r%a@tspﬁa?ptlf»‘% density at
pwféléﬁgth 81550 TheRCVa8RSREhATDIS BusPhe il @He€BES.66 B obtain the
¢]§ E% 1t hese conpositions and nethods increase
et %?“tfl@opr ene production and increase the total
armunt of isoprene that is produced. For exanple, cell
Ba24] uFeurpy/Sticamsapt df alasng é pBBREMPAL1S-pel- 104 nnol e/ gwend hr
of isoprene have been produced (Table 1). The
Pi15] Ccirgney 70f addves ereSheshiE8®idé SeqbRPUTSLakmil pEBRYMPLE .5-pgl
%g\iﬁr d?z'} of- 23.6 nolar %yield (10.7 weight %
&' I )Nqo {'he carbon that the cells consune from a
cell culture mediuminto isoprene (% carbon yield). As
Bhhn Figures A%A-Eloarpsrends afispriappreduztiondiydt exi strain ekpyeseiog ¥

BaRf mév%l@ﬁacceel&@as@ @r aibd 1E®Een9£yn915§3t eﬁld‘ﬁ@ﬁ(Rﬁ@ﬁ e1688 Q}j and grown in fed-
| soprene was produced at a specific rate 1.88

SatopeBlEHY FbeééerfFalf( Figge Z@Alsbwr%qﬂ@ GWER? fiopYical 4GPSIW within the
10,53 blbﬁaatoreéaeﬂthgn@ageemgmgmmw@ the ki510 PSRN Of B&Aenb Gter within the

ggjlts @I {e‘:gcgca l’t‘%lev}ng]] %(ﬂtclgﬁ%r TE otﬁgllste uglgou%go SQ)?)I%SE produced per
liter of fermentation broth. Method for calculatmg isoprene: cumulative isoprene produced in 59
hrs, g/Fermentor volume at 59 hrs, L [=] g/L broth. Figure 78C also shows the time course of
isoprene titer within the 15-L bioreactor fed with glucose. Method for calculating isoprene:
[(Instantaneous isoprene production rate, g/L/hr)dt from t = 0 to 59 hours [=] g/L broth. Figure
78D shows the time course of total isoprene produced from the 15-L bioreactor fed with glucose.

Figure 78E shows volumetric productivity within the 15-L bioreactor fed with glucose. Figure
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renewabl e carbon source is used for the production of

i soprene. The conpositions and nethods of the present
WO posentdaedn are desirabl e because they all ow hiBEiT/US2008/086869

i soprene yield per cell, high carbon yield, high

i soprene purity, high productivity, |ow energy usage,

| ow production cost and investnent, and m ni mal side

reactions. This efficient, |large scale, biosynthetic

process for isoprene production provides an isoprene

source for synthetic isoprene-based rubber and

provi des a desirable, lowcost alternative to using

RALRcarbsiRRKide el Bk atABER), %ﬁﬂ&&%ﬂc fdtihgsna1d %Ju@w,thet ke

amount of 1soprene produced by cells can be greatly

YioerceaSed hgurdit r oduci ng a heterol ogous nucl ei ¢ acid

encodi ng an i soprene synthase pol ypeptide (e.g., a

[P123ht Figso 394 ise nsapof blassed pa0ly98pt.i de) into the cell's.

| soprene synthase pol ypeptides convert dinethylallyl

#1280 osfal BBRMRP)re IhBhRIdoBRRERRE e ofST26NDMM (SEQLD @Jo 123).
Exanpl es, a heterol ogous Pueraria Mntana (kudzu)

Popul us al ba (Poﬁkﬁﬁﬁﬁb BNQJ t|de
was expressed in vari e ost ce suc
Escherichia coli, Panteoa C|trea BaC|IIus subtllls

[4128} oWheainyepfiny fatirescompestions Jnd Mstradsrier thegweduption g§ ingreaseyd
SoeMEof 1§a>pieH<e TS0 28 ShesdcolhBbsiions agmohﬁhaaa@@ﬂaafaea df&oprene

L PR ek H b R R
slyﬂﬁmsrtm genpra@diiot 100mmold,)../mfof tshirsre haed een m«sdndadc(@ﬂalerm)r The
elf|t2 ctcl) RCY {%ghetgezsgaergsqg dé:rrg)orngtrea%e%n g‘ls e&lv(e:rellorll 3f V‘ﬂsgé‘méi%} ylgld (10.7
dlghu%tyneéﬁ) @tithe carBlﬁa hﬂae@e qellamzhsm_ne ﬂmr g@llaufmnm@umf into isoprene
(l’/osch)&? ngld? g sﬂgv&qrﬂ tife %xﬁﬁﬂlé@gn& 'Fa%lerﬁe L;{ﬁ a@e%a&f 9 ?&%opreme per

erein. For exa B. ‘subti
Iﬁepébreqha@@g@er@fge pseFrae FprRrpis ahiedake Fr@mée{a& %1 S88éed

RO (e8! 19° Adold/]. Ihr Ot Besir&d Bef @@atbtrhn@uﬂtélfoﬂl Rhe can be
fermentor than the carresp dlng contro

tilis
CBfPS e LR TiHRAS Ht e &}Oaf‘g% FiLREFedY 4O %Pere&m? BFES ) .
rdfe@aflé Qahon sounde 1Qtfse(ﬁﬁr the pro@fctibrsdNoprate. [TRE cdmpbﬁﬁon@fand methods
c{%%he pres%nggéenh?n e esuar‘t])fe:: begau%?q{-le% angfnglljx]lsoprenle yie p%? eﬁhh eg%t h

ume’ o
w@dbh gi¥lddyghlisopeod purignbiiglB produgfitityblpwBnergynpegel IIOYY praduction cost and

1£\%Et[£§ﬂt b ?hlﬂnlﬁ sﬁg}egalohb 1s%kfgzg+1€ ia%@&aleaﬁg H{hgtlcg)frocess for

|soprene can Dbe genera sire
ipoprspe eﬁ@c@@rprqyelepmmaeeeswe sfhsHe iseprgpebassd aibker gpd

PERRE 2 QR 100D stdRSRAVORAsiHERRIrA rdBE. be used to
further |ncrease the amount of isoprene. The vectors

[biﬁg 85 Idlgcu-srse er%elgvrs} dth 2 n%ﬂgt otf 1Sfe)1hrgne%§)r Png tt1)y Bellf can be I%r&atly

condi £ ORESST &5 escrlbe
inqueasdieby Exariping s heteotogan nuéramcel ehcodiEganpbene synﬂalswlwﬁptlde

. goPémER Eso%r @}rlﬁhaﬁé‘&lﬁ% Vﬁtld@ﬁlﬁo Wil E (e ﬁtha%ﬁé&l%{; ;?‘tﬁies

d 0 0 nt’i on e assay for uring
dorvspdarethy sl dirbespbe (CMARE évte E@denle nAs shown in the Examples, a
heterologous Pueraria Montana (kudzu) or Populus alba (Poplar) isoprene synthase polypeptide
was expressed in a variety of host cells, such as Escherichia coli, Panteoa citrea, Bacillus

subtilis, Yarrowia lipolytica, and Trichoderma reesei. As also shown in the Examples, a

heterologous Methanosarcina mazei (M. mazei) mevalonate kinase (MVK) was expressed in
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Exanple I, part Il. For this assay, a sanple was
renoved at one or nore tine points fromthe shake

w0 b@sk7@and cul tured for 30 m nutes. The anountP@F/US2008/086869
i soprene produced in this sanple was then neasured.
The headspace concentration and specific rate of
i soprene production are listed in Table 1 and
descri bed further herein.*Normalized to 1 ixiL of 1
OD600, cultured for 1 hour in a seal ed headspace vi al
with a liquid to headspace volune ratio of 1:19.Table
2: Exenplary yields of isoprene in a fernentor using
B&?ceﬁ@iut:h gs%sgﬁéh%a éﬂ% ﬂ@rtezﬁ@ g§pr8fe pIo'aﬁctlbﬁ] V&ﬁ‘&ﬂ thtde ce-ﬂ]]?roduced
assay for neasuring isoprene production is describ
pRrefSerisps than the gogrpsponding ceifswithpyt she heterolpgous isopigps Séntb«%se t he
pilypepas. Ak 11m£te;eﬁ &1 THBRE 0indWaARirek AlkB s dopbiit|ayeistiubedlusing the

B ARB ARt B AR, Pt B e at R BGaG pepus opren syntase
mtedx:enidmaidh@ﬂ aptioxiitigely hiefoldandrebmadne g 14 litértf@mertrtihan he
!:o%regqlgg(%ng%’ c'y‘]tfo&} %’ ?thl S cgﬁs vsathgtge[ﬂ%rl%ter% 0 #usé Q(!‘leel{] &id ('f:l' queu f)e q‘he

spec
p@d}fsmme" 6pp edﬂmpr@n p(r\}altnr eﬁowtle, (mgvib Whiexghnetht vobpeeff brioth includes

bt Be Yok ke SR Bl @hd \Qﬁ\)me%'% fhe céli%} l%)dE lobYi aTlﬁl?b ?ng/% by B.
and descri bed further herein.**NormaliZed to

Hfilisga rmengngs ipdigates drat stenjficatemeunisAf ipgprersrcpu bf‘a%en%?d (Table 2).
i ldbsét@& iiboﬂ@l'ie Jah Bﬁilfriﬁiucedl[qog 18&Jen ﬁé@t §ch1e E%tﬁé‘ c?ddﬁ@ﬂif dR&tebed herein
r oduc ce t hat cantain et erol ogo
RaGhHhis Syttt e Terare SORpRn aite B6 Shimi gty | nd 2 and
the expedigénted cdnld@iomsrmeudeberibéd ia flrthelelotaly bdlbw yrlduh ths Exdmples section.
phosphat e synt hase (DXS) pol ypepti de and/or an
T%@Frﬁxﬁﬁ)ﬂaqﬂ}uﬁﬁm%ﬁx‘eﬁe frof 'X“sﬁzﬂéfﬂahé ink tROleH QQQBbsda%d
expressed b he cel For exanple, a DXS nucleic
E‘Gd%ﬁ wed?veaﬂoq Die asey ey reagiing isepippemerdpetion Sdacelpditht o
Empeal pagt IL. T:Bﬁthi@)&ﬁa}n W 6dn@JlCwaR GdntbvBBN oRkEor ZnoRaIn@I RInATRMSthe

u cid or licate co of an e dogenpu
ﬁ’ﬂ fgafli:a“a&‘l&“edé?r °|“5$‘1“‘3§; %{1 %l"fﬁ%?“&f’ PUE H”ﬁ‘ﬁ?ﬁnﬁ’é" was
abehesotd Jte feadipategbiceeatioh @i sgecitio pitd @ adopremqpyducfonar listed
n nucl ei.c In some enbodi nents, the
Sﬁ%&gﬁagfd%&gedfﬁ er?"%l pol ypeptide is increased by
rpnl aci ng t he pndnnpnmlq DXS and/or 1D prognters or

regul akgiayn ! egi ons W'IE(tbl%hQ SFOM&M lﬁraSH@Q&is/p%'ée vial*

regul atory regionsg that res I nh greater
transcription of t{he Dfg.@paleor | | DI nUC|ﬁJegiﬁ@ﬁhth. In
sonme enbodi nents, [the cells contai|n bot

het er ol ogous nucl ¢i ¢ &PMENEA8di nd an Iﬁgmno%.ﬂﬂ/on
synt hase pol ypept ijde (eF% a plant isoprene synthase
nucl ei ¢ aci d) and|a dupl’ Lare copy of a(nmi/aﬂ@/en)ous
nmucter c aci dencolir g am 1 Soprene [syntiase 532

E%NBEE’F/bﬂ%KquQ@"] The gngoded DXS and | Dl
po ypept| des are part of the DXP pat hway f(@81.2)he

nnnnnnnnn (I 10/\\ Im\A
T UOS LLLLLAE=A ™) T T UH' CI1TC \l T Uul \4 S . | =/ AW J
5(§P1§/éé¥)1t/|f’d&¥%6¢¥vert pyryvate and DgI ycer affehyde- 3

kbesphate into | {deoxy- DXyl ul osg- 5- phoepj};ag@a Wi | e

not__intendi ng to pe hound h\/ any pgarti cul ar thenrv i

E.ScobBLﬁleMQMIQhatthl ncr easi n% the anDunt of BXS
RALYRERE LG Mva ' (1.28 x 10%)
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i ncreases the flow of carbon through the DXP pat hway,
| eading to greater isoprene production. |ID
w@loypapréd des catal yze the interconversion of PCT/US2008/086869
i sopent enyl di phosphate (IPP) and dinethyl al | yl
di phosphate (DVAPP). Wiile not intending to be bound
by any particular theory, it is believed that
i ncreasing the anount of |DI polypeptide in cells
i ncreases the amobunt of IPP that is converted into
DMAPP, which in turn is converted into isoprene.

[0133] For exanple, fernentation of E. coli cells with
RUEHZU 1 SOPT ENe gyntnase, S. cergvisra 1o, and £

coli DXS nuclejic

cids was used t

prndnrp icnprpnp

Hhdi BllePg Nof | so
st goeri od of
r ‘td%g

ano r__exanpl e,

15 hour§4?Exaane

fer nent ati on of

prene varied frofn

50 to 30®6ng/L ovef
2 7, par L{). As
coli 3%%%ihﬂ naze

I he upper WA pat
at hway was used

Penvad onat/errskias e| (

MWK), P. al ba
hway, aféthe int
t 0 produce i sopr ¢

soprene gynt hase,
egrated | ower WA

sne. The3%9b] s of

B %&mmszaygrl ed f

rom32 to 35.6 ¢

L over astg ne perio

acids causes cell

of 67 hours (Exanple 10, part |1 [0134] In yet
(Mt 280 Dexanpl e, fernentation of E coli W3h M maze
are Kingsel (WK), P._al ba [ soprene ntrhase,
%Y”S”C%Ff‘é’%‘rﬁggsu on (RHM _11608-2], the up%)eér MVA
@%ﬂmmﬁ? and t he |ntegrated | ower NNA pathma@ wer e
gset—to |uuuuc i oprene: The—tevets—of —Soptene—vary
?W@WWé@d%w@NUhto 40. 0 g4 (§lpy r a {ime peridd of 40
eurispRhic $8th&eg/ L| t o 60. f over a tinme qpgyi od of 5p
—part (i) )f01]
Teivhodimweetsg withhe |pr esence of het efol ogous o extra
lﬁﬁgggﬁggg§mh%gprene syt¥a¥d: 10| and DX% ﬂHcIe|c

S {0 grow nore ré

ppr oduci bl vy “or renai

BreaiBie1f or | onger

conpared to the

gﬁc fq§@&%kmiu.
en fous nuc
Ig @m lawcn |M1‘_@A h@h@yo

correspondi ng cel |
or ol ogouls? B0 ext ra

mle, celdsioh

t wo of gﬁise het ¢
ilc aci ds.” For exal
| ogous i soprene

synt hase, | DI, and

T CE”S Umlll Ullly

—BXS—rructertacTds—grew- et ter—tiTen
"Metenlizdddg b of £ OPrwveltssdfohiamer inndealdi Beadsnatesiial with  tiguid to
l@&k&kggmﬁgyﬁhd%th§erologous i soprene synthase nucleic

acid SO,

het er ol ogous i soprene synt hase,

| D, and

DXS nuclelc aci ds were successfully operably Ilnked to
a strong pronoter on a high copy plasm d that was

mai nt ai ned by E.

coli cells,

suggesti ng t hat

| arge

anmounts of these pol ypeptides could be expressed in
the cells w thout causing an excessive anmount of

toxicity to the c
to a particular t

VWhil e not i
it is beli

ells.
heory,

nt endi ng to be bound
eved that the

presence of heterol ogous or extra endogenous isoprene

synt hase and | Dl
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nucl ei ¢ acids may reduce the anmount of one or nore
potentially toxic internedi ates that woul d ot herw se

waewontieat e i f only a heterol ogous or extra enelirESI0&086869
DXS nucl eic acid was present

sone enbodi ne

nts, the prod

in the c
ucti on of

ells. [0136] In

I soprene by cells

that contain a heterol ogous i soprene synthase nucleic
acid is augnented by increasing the anmount of a MVA
pol ypepti de expressed by the cells (Figures 19A and

19B)..
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i soprene synt hase pol ypepti de.
cells containing a nucleic acid encoding a kudzu

col i

[0137] For exanple,

E

W0 2poEnes synt hase pol ypepti de and nucl ei ¢ aci RISI/US2008/086869
encodi ng Saccharonyces cerevisia MWK, PMW, MWD, and
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X 104 nnol / Lbr
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pol ypepti des generated i soprene at a rate of 6.67
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#eRPenucl ei ¢ acid fpr at Ieast about 5, 10, 20,
Bdthwayand 100, 200 300, or pore cell V|S|ﬁ£§ in a
cont i u (syeh as ont i nupus cbif&ultle
%?‘?%%jl}?lolnﬁut ijon). 3e%2n 1?ome enbo(g’{b@nts gp the
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PREA@RGIAéPd @l so conprises a sel ective marker, such
as o Rananycrm, —anprcr T, —carbenrcr T, gEI'I'l'HTﬂ'CI'],

HiNgrreatiged tp an ?fﬁgféélwémof lbdvedhy@lurnf; offrgaspyrcli lngom par minute).

chloranphenico

antibiotic resistance nucl eic acid.
[0140] As indicated in Exanple 7, part VI,

t he anount

P31 s EAEBBRIIPIQFHESHRBIbNYS cElldkitah@htain a heterologous isoprene

synthase nucleic acid can be enhanced by increasing the amount of a 1-deoxy-D-xylulose-5-

phosphate synthase (DXS) polypeptide and/or an isopentenyl diphosphate isomerase (IDI)

polypeptide expressed by the cells. For example, a DXS nucleic acid and/or an IDI nucleic acid

can be introduced into the cells. The DXS nucleic acid may be a heterologous nucleic acid or a

duplicate copy of an endogenous nucleic acid. Similarly, the IDI nucleic acid may be a
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i ncreased by addi ng yeast extract to the cell culture

mediumusing E. coli cells with kudzu isoprene
wawhases S. cerevisia ID, and E. coli DXS nect/&€52908/086869

acids to produce isoprene. In particular, the anount

of isoprene produced was linearly proportional to the

anount of yeast extract in the cell nmediumfor the

concentrations tested (Figure 48C). Additionally,

approximately 0.1 1 grans of isoprene per liter of

broth was produced froma cell nmediumwth yeast

extract and gl ucose (Exanple 7, part VIII). Increasing

fdagolsubRibleRfaci Slaagdupﬁi:)éferc%ltof bflerddb@ndik BERAECRiD fin Ghrlécose

resulted in nore_jsoprene roduced
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agasse, corn stover, and pul p
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69B). E. coli cells with kudzu isoprene synthase, S.
[0£32¢V iTaé encbdoll DXandd I pGl@ﬂ)eiptldBXSre parcbfehedD B pattsvap fe chec ed
bal%safgﬁeesés og 1S§(()) gn%?:l{e gl% LB\%E Ipol e%[lé)es ¥oznt%grt Qbyn?v esagd ]S ar bon
§lpceldehylios @h@s@heseemtowd@xy IExylcle)#erS -whesphate. eWpﬂee@s mregdlﬁg to be
Huffoy A9 B Ex)é&}k nﬂ§ﬁeli@malfapﬁcxjé@£ RAGLRYEY o RN Gflptide

I'soprene a Initi gr owt rate from ahmbni a

nprpases t@tb)amf |°@fh0n(th(FBb)thfﬁ?>éE Pt deadg ip gealy sppreneagrpduction.

o1 ngyﬁegﬁ‘deg %l%@ kR Mteréd¥P&#§ibn (Qflsogénkbﬁﬁﬁiﬁ)hos{pﬁdtﬁ 19 3nd@fethylallyl
desi red, any other Dai.fd)onass caé gn sourc

Sebiesthes 4tPPh THE MBS B 6 G HGREs Grort e befved

thim\ieRdasifg the ﬁﬁ@ﬁﬁﬁ"@l@l‘ybﬂjﬂdﬁﬂ WEIB @R rease thd @buna bl IPP that is

becau hea er th conventi onal cel
Con‘éerte o Ipﬁer éby P LRI RIS ed]tn élo@f:eg‘ahom cal
@roductlon of isoprene. [0142] Addi tionally, invert

Uhr Ferenme WiTmeetop AL icofhcelis wisth didpbinorsat pehates. cerpesia

aeNad 8t dod D3 nut1sie @R (9ol P @iudelibdpreh& IA3 Jlevels of isoprene varled
Addltlonallﬁ xyl ose, acetate, and glycerol were
ey

al s
oy vihto80 rgthersr 6Hmagen3d eSS S5aPRE 7fR3F VibreAs ancther example,
GERAEASH IE. &fi Wit AP RAL mevl@bte BSadk %vﬁsa B alth %pxelmgmha@e the

E. i cells with P. alba i re nt hase and t
ot b REEY Sl P e R beiRgey S ot e e btirene
Ti&devals shiedpirdn garjed Grohd 32 taA5t6\e/I0bvet e ned afttdhburt (Exaspla sy,

as during growh on glucose (Exanple 10, Part 1V,
?ybu}es 69A and 69B).

[0134] In yet another example, fermentation of E. coli with M. mazei mevalonate kinase

(MVK), P. alba isoprene synthase, pgl over-expression (RHM111608-2), the upper MVA

pathway, and the integrated lower MV A pathway were used to produce isoprene. The levels of
isoprene vary from 33.2 g/L to 40.0 g/L over a time period of 40 hours or 48.6 g/L to 60.5 g/L
over a time period of 59 hours (Example 13, part (ii)).
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[0144] In sone enbodinents, an oil is included in the

cell nmedium For exanple, B. subtilis cells containing
WwW@200042667¢ sopr ene synt hase nucl ei ¢ aci d pr oduckdI/US2008/086869

i soprene when cultured in a cell medium containing an

oil and a source of glucose (Exanple 4, part I11). As

anot her exanple, E. coli fadR atoC nutant cells

cont ai ni ng the upper and | ower MA pat hway pl us kudzu

I soprene synt hase produced isoprene when cultured in a

cell medium containing palmoil and a source of

gl ucose (Exanple 12, part I1). In sonme enbodi nents,
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p¢s cellspl | and/ or MVA pat hway pol ypepti des and nucleic

acids can be used in the conpositions and net hods of

[Dl'[‘ﬂil] [ gﬁl@ﬁfeieﬁhﬁodlrfl&ﬂsﬁﬁ} pnﬁ&ucti&ﬁdf idopesd By, celTsﬂKiﬂt y@&md 1@&gologous
i nc e es ei ns
o8 e B B s S paR R BB e ER bt O e e
paressedby tht delloFigares 1945 endd 8By Fixphplekg N{‘é& prthwagnpdlgeidenieclude
MA nd

r%% t‘ﬂgﬁ)ﬁo lpgg%lyﬂgggdgsc g% - oﬁQ@e ;ﬁﬁ}! CIQ (XRG@OA tgf%?ase i de
ROﬂWPPtfd%3'IhY¢rWésfnﬁhbﬁglﬁtPW @@z%wntbﬁsecﬂléMé?c@ql’own@ﬁsel mé'peptldes 3-
If}&h%'x? . n{é@'lty}éﬁﬁﬁill(ﬁ)ﬁ reﬁt%d@ (ﬁﬁIGaC(ﬂ 1%&&0@&99) polkﬁbpgf&g?mevalonate

enbodi ne fusion peptide has an activity of
lingse MVWQWM%MWQW%H%%W%@W@almpaéesAA CoA
diptiosyham e aRad d&ﬂhh@o%e D rioRpeptiaes Mﬁ%bﬂnlgsfiﬁ))late iddarBOHRise
the y é% urally-occurr
GRS ey Sbmae eyt gl GBI By Rides and
foihpetidede g uStiacpaypemidas) dvinpuse lhaivity aftriva ))r rhdsraMWamtmy

;%%;pgﬁ{ldssy Fglf ex!im e,%ﬁe T W }P %%VQ}\’/\I@L%IGEZ acM? &R %e 1n€roduced into the
cells. In some embodiments, the cells contain the upper MV A pathway, which includes AA-
CoA thiolase, HMG-CoA synthase, and HMG-CoA reductase nucleic acids. In some
embodiments, the cells contain the lower MV A pathway, which includes MVK, PMK, MVD,
and IDI nucleic acids. In some embodiments, the cells contain the entire MV A pathway, which
includes AA-CoA thiolase, HMG-CoA synthase, HMG-CoA reductase, MVK, PMK, MVD, and

IDI nucleic acids. In some embodiments, the cells contain an entire MVA pathway that includes
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[0147] In various enbodi ments, a pol ypeptide has at
| east or about 50, 100, 150, 175, 200, 250, 300, 350,
WY/ oTw7dor e am no aci ds. I n sone enbodi nent SPCT/Hi§2008/086869
pol ypepti de fragnent contains at |east or about 25,
50, 75, 100, 150, 200, 300, or nore contiguous am no
acids froma full-length pol ypepti de and has at | east
or about 5% 10% 20% 30% 40% 50% 60% 70% 80%
90% 95% or 100% of an activity of a correspondi ng
full-l1ength polypeptide. In particular enbodi nents,
the pol ypeptide includes a segnent of or the entire

ARLAA Biolath, BRAHENE eynﬁlfaseaﬁMGt@JA%@Jc{aye mmmm and IDI
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AT R TR N 0 —
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separ a¥ fromat | east one conponent w t h wh It
6812??}}%)’4&?%%@?@(1@ ‘An i sol ated pol ypepti de can be

obt ai ned, for exanple, by expression of a reconbi nant
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he sareé host cel used herein, hucl ei ¢

éléqaés Apgfogrthiolass, HM& {?ﬁA ma%héseo?éé RNMG-Boh Ef»‘éll%f pgsptides

Bioalced 22 dr v 6le RMnichoR™ (zinﬂnt@ﬂrﬂeﬂl@t% oSﬂhE]QﬂV@s }ﬁfhway) A shake flask of
ubI stragged for rrents ng cleic
Eﬁe&e fr"é‘“‘iﬁ SRS {ne é‘}"é"F P%{ }§§7" regults WG Bt
hatzblegons MViAPathiewscleic Adids| agd actigdn 8. cofz E.rbkeadls that dosthin inscleic
ac1(Fs%|1]r%]:)tthneequel} lalc?g% ?atlgwag lar?d tﬁe f% erq\%Vg fpat?ﬁag g r%vggﬁs) aslérl\nﬁa%u 1sd|%rene
Moihede (stlhe Micrdl187)praginied Sl@ﬁlﬁcamthemets tisoprened 874 ugéldrpthflﬁr@mk

Eﬁ%aﬁ&' ﬁ)l E 'cr?lz (,%ﬁé \glﬂpx{ucfthdgﬁsel%; onlyTtﬁglotvglrl\WV h 'B%E@iﬂh& the kudzu

udes, for exanple, a recoribl nhant
sPREGY SOV s EframYIE Mal 3 Hegediable B arcExarpl @tr@ﬁafﬁﬁhsl y
replicating plasmd or virus, or into the genom c DNA
mﬂ3&)p rAQlaﬂmwemt:ﬂmpre Eukmqmtmauﬁxrg anfacleib a@& r8bdEngasSP. @lba isoprene

?yn asng)%]?pep e anéll Bﬁ% cfagld’encod{nngﬁm Ze] ﬁ%ﬂyﬁiﬁgﬁm %enerated 3206 ¢

(aesmqak memﬁnraermﬂ Bhie u@mvmoqmmm e. |9r$dcely§é ko@D soo/hr)) of
B&J? 8 d&%&%‘? Gi6 fedn&ltéfaﬁﬁl (EIROLLIBIE R, exBhbs kSRR §R655 5 (ata

synt hase,
pe)e/lk specific rate of 8 66 x 10 nmol/meth/ODﬁoo/hr) during a 68 hour fermentation in the

presence of yeast extract feeding (see Example 10).

[0139] In some embodiments, at least a portion of the cells maintain the heterologous isoprene
synthase, DXS, IDI, and/or MV A pathway nucleic acid for at least about 5, 10, 20, 50, 75, 100,

200, 300, or more cell divisions in a continuous culture (such as a continuous culture without
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MVA pat hway nucleic acid is operably linked to another

nucl eic acid encoding all or a portion of another
wW@ogpaprd de such that the reconbi nant nucl ei cP@EUSR008/086869

encodes a fusion polypeptide that includes an isoprene

synt hase, DXS, IDI, or MA pathway pol ypeptide and al

or part of another polypeptide (e.g., a peptide that

facilitates purification or detection of the fusion

pol ypepti de, such as a His-tag). In sone enbodinents,

part or all of a reconbinant nucleic acid is

chem cal 'y synthesized. [0151] In some enbodi ments,
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exrb@in thell oediparfedhd aondehiat]sgquad@ owé 4@;) WA ditidnylhe

é))l[/)rrg&ﬁnategr osng;kga%%&s%&}é&)m& of f1 JH%L«‘E ob PR 0 medium with

eIC acCl
werrextaatrod e @xartmi@7 matVHI)c Inat,easenghwn@n@ opyeaghgxteact in the

{F%@Je'o@@tctcog@m&lted iR mdke I%Fenmb‘i fp\'daﬁt)ed R Incle A RRSEl S f
ra

nscription or translatjion of isoprene synthase,
@y@se ip fhye preéqncwlxeaa%&xﬁg%yAlﬁ% ét}cgp%ngé{xﬁ gpoupt pf gqgﬂ:@xtract allowed the
@nb@@tdaa@tasnghmel T isGpreieToraQbnter 18ngth e BRT idbRvatand [alth of
%) any nucl ei ¢ acid encodi ng an i soprene synthase

X1 DI, or WA pathway pol ypeptide. [0153] " Codon

degeneracy refers to divergence in the genetic code
&4 dsopigee nreduptioniwepalesf demipestrpfigd hsangtthreretyres qliydiobyzed biomass
(‘%éa&@ %m@t&v@rcinﬁrg&t W6 'Fﬂ@ R AGiveh SBRY @@Q@esQ%A@nand Flgures 69A

encoded pol ypept i de. e skilled artisan_is wel

By P R)e B ¢ s "BFhé‘é‘dZ“éSE’Hlie’b‘i PGBy ¢rpedPhited 1?169,113 DE% Pvclew

zicms pﬁ)a\_grﬁd afmuth Gbgexdel febeh tﬁ@tsl ﬁﬁﬁoliz@d BipRssk anboa s@lirdee Bs it MO
er nt nesi ucleic a

e e AR A R e S

gotse embbdMiVAntagwhpprdésedjsoptdne atraUn@hen igiti# @rosk tistae Hrotnhaadmonia

i f

IfeP s B P Bl SR U0 B RBR BRI b o AR UEREY

@etees 89 /0md90RDL &f desitsdl, any eﬁhm bigmyass carhpi eonese saprbe higpd én thOXS,

éo%ositﬂﬂgérfarmew& of the invention. Biomass carbon sources are desirable because they

are cheaper than many conventional cell mediums, thereby facilitating the economical

production of isoprene.

[0142] Additionally, invert sugar was shown to function as a carbon source for the generation

of isoprene (Figure 47D).
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pat hway pol ypeptides and nucleic acids are listed in

Appendi x 1 (the accessi on nunbers of Appendix 1 and
waQ b@po76d¢ r espondi Nng sequences are herein i ncoP@EDDS10881086869

by reference in their entireties, particularly with

respect to the am no acid and nucleic acid sequences

of isoprene synthase, DXS, ID, and/or MA pat hway

pol ypepti des and nucl ei ¢ acids). The Kegg dat abase

al so contains the amno acid and nucleic acid

sequences of nunerous exenpl ary isoprene synthase,

DXS, 1D, and/or MA pat hway pol ypepti des and nucleic

ﬂllhﬂs Adiepnallly Olylos aseked andighRerdOndrélal i sHEVINVG lﬂm@ﬂion as a carbon

TR R PRERRp iR S TRRN Rersdai ot pelhaiad e

byprerefsmlamd ittre MV pxth\eaytgrcrveltdnesatatmrﬂtel oalyl catbbrysowtct had a

(E;%&iﬂg gl%?l}é:ﬁ\/el{y;b? is n%%bo%%% cea %Igﬁ] gscc{ug%l%%rowb%n Sl%(?tﬁ%\gg(ample 10,
B@Tybémmmﬁéguadémﬁuclelc aC|ds) In sone enbodlnents
one or nore of the isoprene synthase, DXS, |Dl, and/or

h44] pah bokyenfpedivipn bit 61ES indRaddaH the bal rﬁédﬁma%ﬂ&aa@v €R. Bubtilis
licly avajl abl e on

sequence identical to se ence

R rers istprens Splg AT L Fged sobisetie Cagt
bdhleneslelqwemammg tuheit and @ sove PO gldcds@(Eaﬁtyplm phin HI)2AE BRTeON
%E?Eré colpfa R&E uént]be 8Qtn1¥1n E et heer gn cl)J“?err] WA garthewsag r;])fus

e 'Kegg dat abase. nplary 1so0
kyfae hsepsene syp@se proflucedisapiae WWRUblatdﬁmyelbmd}@epmtam palm oil
alad SGIH‘QXJ (ﬁ 'gﬁ:lctﬁg t]gémﬁg \7) ?ﬁ{sﬁf iR %e e%&ﬁﬁgntsb ﬂo%%an one oil (such as

Exenpl a hase Pol ypepti des an ei'c

I's
Ak 03, [OERSohS B b glanediiy g B0 igdebe bound toany
puadleﬁngmtedrsaleﬁs BB FHat @ Rl tydyahdragbe tRH MBIV 3dctSon (OMARSE) that

t th
b1 aHE R B orcP B oty 58 88 PGL G HeF M ARG ofpetsi-Coa inte
ik, yipepy indessingplgphiboeBow ﬂlmiigﬁ s I\/Dmpap@day,pﬁmﬂ (d)atﬁe dihady
1§e e@&ra L@gé?fﬁsé? éh%t Ih\1/<!ht %;de abfal] s1nc IB{ %nl% % m?he cells s

pept can o et s
mmrﬁéto igpppsot Whetﬁbarnd@ehlasduc@oblrseme erslyldtntm&e:ells that are cultured in

PQIIM% c&@calﬁi‘ﬁg biY hétMalB%s@?ﬁ@WA Iﬁg)v};a? B p@(ﬁfu!:é lg%regé oxlahee

pol ypepti de to convert Pinto |sq£rene |
geneticalbapedifisdiq coptain nypleip Wuf%he prre R%élwpqyairwoalss ay,

é‘rﬁdohu&iit% JRCAiISs gHrt@llp Bﬁﬁﬂlb@@lybﬁ’/dtgfy%@ bSredeii; hdel toltfe @H culture
co/ z/ pTr cKi E%ra n dﬁscrlbed herein) in the

@ﬁ lI‘%“émffflc #e HEPIoY" YepeshEdsSin Exanple 1. After

i nduction is conplete, approximately 10 nis of cells
Brewplye| Rodwenddes\end Medlaid Aadgat i on at 7000 x g for 10
m nutes and resuspended in 5 mM of PEB w thout

9“45; e T\Qhous TﬁaﬁreﬁkﬁJyhtﬁasa XS, UM E MV ;ﬂth@ﬁﬁﬁ&fbeﬁfd@ﬁﬁlﬂ h&cleic

dard ced ternatlvel t he
i Fa et B o B SRR g 8 iientin: ' VY

[0146] As used herein, “polypeptides” includes polypeptides, proteins, peptides, fragments of
polypeptides, and fusion polypeptides that include part or all of a first polypeptide (e.g., an
isoprene synthase, DXS, IDI, or MVA pathway polypeptide) and part or all of a second
polypeptide (e.g., a peptide that facilitates purification or detection of the fusion polypeptide,

such as a His-tag). In some embodiments, the fusion polypeptide has an activity of two or more
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(Ready-Lyse |ysozyne sol ution; Epicentre) after a
freeze/thaw at -80C. [0156] |soprene synthase

w@ologpaprd de activity in the cell extract can BE&I/US2008/086869

nmeasured, for exanple, as described in Silver et al,

J. Biol. Chem 270:13010-13016, 1995 and references
therein, which are each hereby incorporated by
reference in their entireties, particularly with
respect to assays for isoprene synthase pol ypeptide
activity. DVAPP (Sigma) is evaporated to dryness under
a streamof nitrogen and rehydrated to a concentration

Mvp@&%d%wpeg&)&s &Mhrm@scsdmoﬁ&oﬁl@ PR CHA fre‘dscrtaspfm&pegudes)

stored performthe assay, a so tlon
Blrsosw ﬁalb%‘fmem tk@mlwept@ﬁm 3o YrHIHITNS PO ide 6%
Phiaseptidexhdoasdtvy Bhl EhdocdcBlsRecdlB Grvalvhublei Sacid{ihat h@d‘&n&ct@nty 3Brwo

ero and 2 MM DTT) is added to 25 m
rfm?l\f/gﬂvz‘sb‘%’fq‘rwggf’gﬁm‘?pté‘ieﬁo m Headspace vial with a netal
screw cap and teflon coated silicon septum (Agilent
M ¢Hn dh sylossymbadichentsapalyeattidehagdt leagt of groutls, HOnkdPEgs, 200,

N0 3y7 90 2 20y UBAERRS R,

wtaméawﬁe}%orfboub%ép £0:17p..1 ?di%??o é%ﬁvrl%fﬁ mﬂgw% @Hé" acids from a
ﬁmnédgaﬁﬁlyﬁwﬁheana hakGdt @8st bibbui 3%, 1096,126896C3094; hehs, S0MA60%, 70%,

G505 b VRSP S AT ial ISR bt gpaprion
erotiddiniehig, thd podypeptielo pmkadne asgpntehads er thodnyipeptnoteid sequence of any

O G B T O R Rl T S
ﬁn*zqdéme@tsabfi rPyPERtGRrhatepe efmordiputativns eomparicd) @ﬁhwence of a wild-
b C? bl Dedudies RErifSin Welit) 1§lﬁreﬁy§y§{ﬁ5seﬁ§’ky PEDLI MOA palelay

ei c aci ds derived from any of source organi sns
BlYEPid%sed herein. [0158] In sonme enbodi nments, the
i soprene synt hase pol ypeptide or nucleic acid is from
{0n48]f dnrbdnye cirbbdimeas the poilghepads it dnasdfadigioypaptides Wsfuadadi hetgin, an

L. tind

L RO 8k Sk RO e Bl VpeB. s
Purgradiffereptmplypantides mﬁiz @P))aretgh%wrk afyleagttong fomppheahwith which it occurs
P hﬁﬁfeo lAQg%lage%Z)oly%egngc%@be c%@d%)l for%%ﬁﬁ@{ b?eﬂpfé@ﬁ&nebf a recombinant

F (such opul us al ba, Popul us nigra, Popul us
&6k grioding s pelvRratidet ba x tremul a (CAC35696), or

Popul us al ba) (Sasaki etal, FEBS Letters 579(11):

P349]- b dBne cRDBOGMend, the @Dlylat)’dde, is FPhegandlegoBdPlyp4Bide. 4By ,

Pl ue RSB SR iRt BT M ARl B it o
theyn protisT paypaptide Atirpltsegxpigssediin the\WmnoigsO2B50) , which are
each hereby incorporated by reference in their

[ms(i] r ettsiue@i.heﬁal[ s fratlbia hdig” réfeds o 5@ SPRGre d&diyﬂlt&ﬁlﬁlﬁdaﬁ&s and/or
nd th eSS|on

0 (ﬂ igesnucl I F oub% tran; cff eprr € t %@r %aeew acid
g Athasepbf f)eSB’tg i ?3% e sopreng’ §‘§O)‘H‘F‘i’1% g

is a recombinant nucleic acid. By “recombinant nucleic acid” means a nucleic acid of interest
that is free of one or more nucleic acids (e.g., genes) which, in the genome occurring in nature of
the organism from which the nucleic acid of interest is derived, flank the nucleic acid of interest.

The term therefore includes, for example, a recombinant DNA which is incorporated into a

vector, into an autonomously replicating plasmid or virus, or into the genomic DNA of a
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include, but are not limted to, those identified by

Genbank Accession Nos. AY34143 1, AY316691, AY279379,
WQAIWSP®H0; and AY182241, which are each her ebyPCT/US2008/086869

i ncorporated by reference in their entireties,

particularly with respect to sequences of isoprene

synt hase nucl ei caci ds and pol ypeptides. In sone

enbodi ments, the isoprene synthase pol ypeptide or

nucleic acid is not a naturally-occurring pol ypeptide

or nucleic acid from Quercus robur {i.e., the isoprene

synt hase pol ypeptide or nucleic acid is an isoprene

ﬁ%ﬂ&;@é& e%k%&e&tv@h% eQiEts Qsl'hcskefd'reffe Iﬂ&b(g.lqu Eea{ cﬁmq g@nomlc DNA
natural | y-occurring poly dgnggﬂ e or nucleéic acid from
P

EnRaty 8 & SBUY frasmepf peses FistiEQion endanycleass digguion)
ﬁME}Jeh&st&)femsﬂ seduenca& i1l s&ﬂie RBbIRERS, bitlBopréhe Bynthase, st IDL, or

ur occurri.n tide or ucle .
B el AL s AP RED 1 eeSimatlef esibSuepfiliss porion
ﬁﬂmbtﬁer@oaﬁdpddmc}ﬂbdtyl;ae@bm’dl&ant Sucl'bﬁiacﬂ encodes a fusion polypeptide that

mc es an 1s rgn%%?lf’lnrtﬁalsen %%%0@)1 ep/f\}/} ]?at y g(l)“lglleﬁfl % afis alfjcl)&gar? &

ypep clerc
Pl@ll@gl}olmptrd@(e@i a@bmwle thaf fa@le@m@ﬁcaybwrdstect@n phbsfkiet e

B&ﬂ?ﬁeﬂﬁﬁ esué}%g)l-hsotg@y ﬁ}?sgtn'e gﬁﬁodﬁ%ﬁeﬁah oI M*ﬁqgc%mglﬂglt nucleic acid
glycera dehyde phosphate into

IschRisally pyssigadose- 5- phosphat e.  Exenpl ary DXS
pol ypepti des include pol ypepti des, fragnments of
0353} p dp bantkesbodimpits, dxe&uclamblmushmaogmt ypeptacideBy t hat

g
g%&:? éf%%) dJ n%glglh 0035] %g%l }n}ci’é h olg 3h?§3$§%¥c§?sﬁé¢e§c% 13 not 1dentlcal
beethay seagothey neieleie acnd wra,&héQLm@ m the spok Yesegstli de has DXS
pol ypeptide activity by measuring the ability of the
pnlsu PER bartleld in&ﬂﬂr\éﬁfstth@Mﬂéiéah& mamdeslagégy&ﬁtrcﬁt bﬂtﬁwﬁt&—nuclelc
eﬁl{) §,68ueg$e?f@tf gnycngl%u?alllé )?ﬁ%%)é% 1so%rFrYe syntias gg(sgﬁgncg E&?A péﬁ}@y nucleic

mm‘t | Ie s@nesemibddimems khg dmlenu@hdancﬂucas:atdiasttohaiouteiﬁpn)del Sa, 200, 300,
ept.i r
U é?@h%bﬂ%ﬁe&)t oqggF%nt?gtlﬁlg necg«%o}/lﬁeggltsotn 2 ’ﬁtélpaglg oécug n§ 1so?rene
DxBagsobgipeptd B¥S, IBk eridVarppthBXSslsicypidplnisdes erabvdlments the

H&é‘ﬁ:llceicﬁ hgscdng or IIII&‘E Lnldgﬁon@ @&d‘ﬂ;;a?eldlté/ th® ﬁeﬁ%gé Jrd v lt%)g %@t Ia g&ﬁence

and nucl el c acids from a% he source or ganl sns

BSuEng @élamwé%s@irwe axnthges, P sl%?f MWA Rsdvigp Bpsteichsly. fhygme
BHEIdRhcBts ARd SRkl UBDnE 5:0réMNtains LI a STIAF S RanDBRIi S Sse

escri bed herein | ary. | DI es_ and
R IR KRS R e
pﬂbmp erplﬁdddl&sts(thesmkemtaan ¥l a—d@lgqnhﬁxs pirahieof del ualkis aci@ersding an
at Lerconversi on of isopentenyl
3°pr?1ne S%) haf B%%i@; IQAslAdli’ hwa gfefm di phosphat e
converting IPP i nto DVMAPP and/ or

e.dg.,
ﬁ’éﬁ’d er P dmwm. Fefcss tp BSFrgenes i S5RSjic FoYe PRBYtRgBTiftiqR of the
hREbitRSeqaslcy PRI B&ing fhe AGMB Bi®se@fence of an encoded polypeptide. The

skilled artisan is well aware of the “codon-bias” exhibited by a specific host cell in usage of
nucleotide codons to specify a given amino acid. Therefore, when synthesizing a nucleic acid
for improved expression in a host cell, it is desirable in some embodiments to design the nucleic
acid such that its frequency of codon usage approaches the frequency of preferred codon usage

of the host cell.
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pol ypepti des, peptides, and fusions pol ypeptides that

have at | east one activity of an ID pol ypepti de.
wEL@ndande met hods (such as those descri bed herBCTYS29881086869

be used to determ ne whether a polypeptide has ID

pol ypeptide activity by measuring the ability of the

pol ypeptide to interconvert |PP and DVAPP in vitro, in

a cell extract, or in vivo. Exenplary ID nucleic

aci dsi ncl ude nucl ei c aci ds that encode a pol ypepti de,

fragnment of a polypeptide, peptide, or fusion

polypeptide that has at |east one activity of an ID

%pem a&sssmﬁmﬁws%wxelngﬁ %RE ehgs%%;@@ A MGVA
aci ds i nclude natural ccurring po ﬁgeptldes and

prifeTagipelyRRptides afdmypieia AGdsere lisked instperdix bytlipepreesyiop numbers of
ﬂs&ﬁ&k besh th@mh&pafsdlﬂgﬁédue@& AR inRRPHAQIYy I rk8:8n R Hkheir
nucl ei ¢ achg derived from any . of tgﬁﬁ éﬁfe organlsns
ERLLRtiPS, Brstieviagly 3ith respeCERiE AR RAKAIIS A AYARERS Of 1gepgene
@ﬁldladﬂu]DXEIIDI Aﬁl/(ﬁl M\[/Oﬂﬁilv}ay pxlgpeptides yncNMé‘lap actldrs\)vayhe Kegg database

des g ce&&{ CoA aqg %_transf
% e a 11’10 a 1 an nuc C1C % dse%uences OI nuinerous exemp ary 1soprene

ase
@/ﬂﬁfwr@@ -IBk Al dn M\g‘k paﬂavay IpoleeAtidey mtdhmsleic AdHMTse@0Br example, the

YDA &L a%pﬁp%mggg?amamﬁ%/mﬁo RoHehP xﬁcﬂhy&@% ez Sﬁ@#\n

reduct ase ctase) pol ypeptid 'onate

whlﬁla%ea\cwm(sbym@%}sé Pﬁd@éerensﬂnle d5h Shisetieh. GECWarRi itgespect to
{nPbho R MRSRLIEE RS seglemw&m@fsﬁy@hmmge EDXIE BT Ry hase

WD ol tides, honevalonate decar boxyl ase
éaﬁw&r& y@%p dinyelgic g‘il bpléﬁ?r%‘?ﬁ?i‘ OfNTEYHI19aE ¥ morq g dh isoprene
$yinfRle, 1p1$$ YPE pid/cl &6V A padlwalp @bly}}ib@ﬁdels ekeior naddk @mls ypepkiqlase

. fusion e es | 0
identgal to a Wuc ﬁﬁl avg a]\ﬂg: on Fcealeerrl% %ﬂ%%‘rﬁ%ec rrllﬁe E%ﬁuch as
patdﬁ thayeqp@hypl@ptqndmnd mghmehepmeysynmpmmblﬂsm Afppalgxmmr gny of
91 sﬁQ%ng&g&Eén@fﬁ%he I&%ghz{tggé Aﬂ&gojapééeﬁﬂﬁmiﬂ)%& sﬁ‘ﬁthegg %)XS 1D],

east ne activit
ﬁ@r oy Mept paghavay Pdenepiidss gnd melbw%wemquév@ea@ﬂ%

i ncl ude nucleic acids that encode a pol ypepti de,

FExeagiansopedne Synpakeymudptiride, anp Bpdlkicesidsor fusi on
pol ypepti de that has at |east one activity of an MVA

m&gﬂﬂ% thng HIGD Esb&@ne sﬁﬁﬂgpﬂ)@)yptwg%o%h%\fmhylaﬂyl diphosphate

&3@&$eptl es and nucleic S I nc

T it/ seredar Bremgleapapaprep tinthass pabieepHdss inslude ppbypgrtides,

Fri @@ BYpoBpepile, Scptides An@FuGiafi poFBept &S Hat RO 2t E@hOac@Sity of an
wel | as nutap Qg J$ tld6§ $nd nUC|EIﬁ aci ds derive
PRSI SHPRSTPOPREPUEH UYL PRATS S oEeP FHamrns ihegy 2
pdeitide has 1Wehd Shthae polﬁ@ﬁﬁiqelactﬁ‘mﬁbﬁmedsymtgnmﬂ@rcﬂﬂﬁ
ﬁ%ﬁ%@%gégmo acetylln ?@“m mv@@é 8&%6%“T9€5ﬂvwét§%8ard
sremblagtsses wdhexgactt dnogepatte S piobed aheerue(e@) thpath cdiigp Tokedzu
Qﬁln%écﬁsémh%lnm%eaﬁe{ke %a&%eﬁl%g ) degc%banalﬁ E%'lp(l?éjla‘ Aft& Rlldl?c?lgn is
complete, approximately 10 mLs of cells are pelleted by centrifugation at 7000 x g for 10
minutes and resuspended in 5 ml of PEB without glycerol. The cells are lysed using a French
Pressure cell using standard procedures. Alternatively the cells are treated with lysozyme

(Ready-Lyse lysozyme solution; EpiCentre) after a freeze/thaw at -80C.
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pol ypeptide activity by measuring the ability of the
pol ypeptide to convert two nol ecul es of acetyl - CoA
WO 200/ 0Zwed oacetyl -CoA in vitro, in a cell extrBC/PS2908/086869
in vivo. [0163] 3-hydroxy-3-nethyl gl utaryl - CoA
synt hase (HMG CoA synt hase or HMGS) pol ypepti des
convert acetoacetyl-CoA into
3- hydr oxy- 3- net hyl gl utaryl - CoA. Standard mnet hods (such
as those descri bed herein) can be used to determ ne
whet her a pol ypepti de has HMG CoAsynt hase pol ypepti de
activity by neasuring the ability of the pol ypeptide
{0056 orisoprete syobise aclgpeplide aBo/Aty iimth@cell extract can be measured, for example,

%’I)’s (ﬂ%g[)e%@{ SI%IGPE FyJI g o}'ltggi%z (Ff%ﬁld pBOY(’S L5643 anh Hefe?enge%ltllerem

extract, or i1n
Bhiply efp 9@@9 heaehmmqquprgteé areferenCoi thews guitreties @arfipADy Qo respect to

£ A8 Frelsyrt 1PeeP SR il asMABR ted
RN O ERCTIREY P
oK

SRR ﬁ%%ff?@asanégﬁh&ﬁat ereentgie il ffemMrie Q9 M petgssium
P sprae Quffed pHalaenditored whEtbe To gerfpah YHoaghy, d olltas of tvid-oEom

LG SR AL 8 54t B R ARG oo

80,20tV MpIClat E46 ylyeed,And B todl REV)ES sidad te 25 pl ofictll xfradt im ac20 ml

o e
srehealtusediet 7% forpkaipestvath siking dEhe deaption rorisnoped futedding 200 pl of

Eﬁ)%l@ EPRAGhE Q&an’i&ﬁ AV QJHeQ%béaﬁﬁ Hxdnpredepsi i ne
whet her a pol ypepti de has MK po ypeptl de activi ty by

TS s Bt o8 syt e e e B B R R S i G P B
padypeptedet fragment ofr palypeptide, @eptid€ b6 SikioPhogphttiaetliag atd¢ast one

SH08 ot BBl R, PROSRASKhh Sp B GURLE
mistelradds dudsnatimlly-heyaing elpreptidsel aﬂﬂ@n@m acidsdiremizay oistheisource

bRarfie s QEITNE nWBR LGN A n%%'rxﬁ/ﬂ%%lra&ﬂtﬁé‘s aH@§ucP Mcﬁ?h%pﬁpﬂdnﬁﬁly of
activity by neasuring the abiTity of the pol ypeptide
the sQuuEss WEEARISIAEAGSIBIHAEBIS - phosphat e i nt o neval onat e- 5-
di phosphate in vitro, in a cell extract, or in vivo.

[0(1)5% 7]In Ringleobpdinentsy te Gnprened@casdmiypkstsie 01( viEic ecid DRDGhe
ngl 1% PﬁBEeaQ G %Qﬁg ﬁibtoldga%\éif%gfy %é%)g% ngé) rgfgl?sh isU;;(r&le s%nthase

I sopent enyl |p osphate net suc
padypepiisls er mielsic afiph sck Pakypeptifs) or @aqielb@ldfscérdﬁtemrd@mfam tradzu)

wWaskyes o2 PQﬂtl Bﬁp&ﬂ&gﬂ% *m ﬂ%bo@f Iy HeRs ﬂogcﬁa wmr\(guwasb%puzus

neasurlng t he abil pep tide tO convert
ey Srrsirrigr s Pdwﬁdwﬁ%{r@ f’?ﬂuéfs F@Px i”ﬁm‘(/? G 35098, gr Begufus
&IK&)r @6daki eD&l FPBYLoers 5§R1168)51Ph0S 00sTeviadrONal Blanta 213: 483-487,

ﬁ(@g)ggsg%g yehas Po(pP)\z{sDtcr:ZmLBooili%)D(%H\Eelr gtea?, J%?:”%S&E) 13010-1316, 1995), or
English Oak (Quercus robur) (Zimmer et al., WO 98/02550), which are each hereby
incorporated by reference in their entireties, particularly with respect to isoprene synthase
nucleic acids and the expression of isoprene synthase polypeptides. Suitable isoprene synthases
include, but are not limited to, those identified by Genbank Accession Nos. AY341431,
AY316691, AY279379, AJ457070, and AY 182241, which are each hereby incorporated by

reference in their entireties, particularly with respect to sequences of isoprene synthase nucleic

34



phosphate into isopentenyl phosphate (IP). Standard
nmet hods (such as those described herein) can be used

wa 200det@rar ne whet her a pol ypepti de has PMDC PCT/US2008/086869
pol ypeptide activity by nmeasuring the ability of the
pol ypepti de to convert neval onat e-5-phosphate into IP
invitro, in a cell extract, or in vivo.[0169]
| sopent enyl phosphat e ki nase (1 PK) pol ypepti des
phosphoryl ate i sopentyl phosphate (IP) to form
I sopent enyl di phosphate (I PP). Standard net hods (such
as those described herein) can be used to determ ne
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N, r thods. [0173] Additional
[ so%ﬁgﬁly g&%f% %ajs;g rﬁ}&%g%fqupeor WA pat hvvay

F (}ipeptl des, and nucl ei ¢ acids whi ch may su
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1metn.§')lal‘lay1 dlpgos{)rt]la% (H\/BXP%’ te.?g.s, cc?nfveémgeIPg 1nt(9 Hm%gaarlld/%v%fﬁng
DMAPP into IPP). Exemplary IDI polypeptides include polypeptides, fragments of
polypeptides, peptides, and fusions polypeptides that have at least one activity of an IDI
polypeptide. Standard methods (such as those described herein) can be used to determine
whether a polypeptide has IDI polypeptide activity by measuring the ability of the polypeptide to

interconvert IPP and DMAPP in vitro, in a cell extract, or in vivo. Exemplary IDI nucleic acids
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organi sns known to produce isoprene naturally can be
constructed in organisns such as E. coli, and then

W@ Mgt f or i soprene production. |n parti cul BECT/US2008/086869
cosmd libraries may be created where | arge segnents
of genom c DNA (35-45 kb) are packaged into vectors
and used to transform appropriate hosts. Cosmd
vectors are unique in being able to accomodate | arge
quantities of DNA. Cenerally cosm d vectors have at
| east one copy of the cos DNA sequence which isneeded
for packagi ng and subsequent circularization of the

Reh@matieg e thiéhcodeh REPEkHG Rradrfent m p6 §ep§&=eq PPREE or fusion
t hese. vectors al so cantain I.catjon

SR PR e o 0 L0 R War ey B Pabypepides and

nuklcarids iadudd nmasillg}ba:nfrmg polgpeptides drddinOclEi€ adid @dCin{ of the source
%(Eénll%g Aes ﬁtbey %erel as wé ?tc to gPeZptlfdgsr Igugcg:g:c:a? S(Elle(r)l(/gglaftrom any of
@amrceetgalemsale§crlh®Illewwl ar C oning: A Laboratory

Manual , 2nd ed., Cold Spring Harbor, 1989, which is
bewmplyy MNCREPR FoBEepBYes uhd RiRACLdN 1ts entirety,
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polypeptide activity by measuring the ability of the polypeptide to convert two molecules of

acetyl-CoA into acetoacetyl-CoA ir vitro, in a cell extract, or in vivo.

[0163] 3-hydroxy-3-methylglutaryl-CoA synthase (HMG-CoA synthase or HMGS)
polypeptides convert acetoacetyl-CoA into 3-hydroxy-3-methylglutaryl-CoA. Standard methods
(such as those described herein) can be used to determine whether a polypeptide has HMG-CoA
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organi sm found to produce isoprene naturally can be
subjected to standard protein purification nmethods
W@ Mwersear e wel | known in the art) and the resedCT/USa908/086869
purified pol ypepti de can be sequenced using standard
met hods. Qther nethods are found in the literature
(see, for exanple, Julsing et al, Applied. Mcrobiol.
Bi otechnol . 75: 1377-84, 2007; Wthers et al, App
Environ Mcrobiol. 73(19):6277-83, 2007, which are
each hereby incorporated by reference in their
entireties, particularly with respect to
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[0168] Phosphomevalonate decarboxylase (PMDC) polypeptides convert mevalonate-5-

phosphate into isopentenyl phosphate (IP). Standard methods (such as those described herein)
can be used to determine whether a polypeptide has PMDC polypeptide activity by measuring
the ability of the polypeptide to convert mevalonate-5-phosphate into IP i vitro, in a cell

extract, or in vivo.
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cell. Exanples of vectors include, but are not limted

to, plasmds, viral vectors, DNA or RNA expression
Wo2wver®76 cosnm ds, and phage vectors. In sonme PCT/US2008/086869

enbodi nents, the vector contains a nucleic acid under

the control of an expression control sequence. [0178]

As used herein, an "expression control sequence" neans

a nucl eic acid sequence that directs transcription of

a nucleic acid of interest. An expression contro
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organisms known to produce isoprene naturally can be constructed in organisms such as E. coli,
and then screened for isoprene production. In particular, cosmid libraries may be created where
large segments of genomic DNA (35-45 kb) are packaged into vectors and used to transform
appropriate hosts. Cosmid vectors are unique in being able to accommodate large quantities of

DNA. Generally cosmid vectors have at least one copy of the cos DNA sequence which is
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[0180] Suitable vectors are those which are conpatible
with the host cell enployed. Suitable vectors can be
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Microbiol. 73(19):6277-83, 2007, which are each hereby incorporated by reference in their
entireties, particularly with respect to identification of nucleic acids involved in the synthesis of

isoprene).
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about 15 copies per cell), or high copy plasmd (e.qg.,

a plasmd that is maintai ned at about 50 or nore
weoppemwoper cell). In some enbodi ments, the  PCT/US2008/086869

het er ol ogous or extra endogenous i soprene synt hase,

DXS, ID, or MVA pathway nucleic acid is operably

linked to a T7 pronoter. In sone enbodi nents, the
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aci doperably linked to a promoter is contained in
NV oRptesp polmerREdricen bemrﬁds%?ﬁféﬁw%eqf%ﬁft%ngs phgandard structure
pedieioalpRgaus, sth a@meﬂiatpamogsmwu& l|68 s&&ee BB25Y, N%ha(%ﬂe N.Y.

L, .or WA nucl ei IS O
E@éﬁ%éjdg%)'o‘qgﬂm’é‘ﬁﬂ% r?BtH )éiflo?.) 128¢/0r tgr&arﬁ St&gﬁmg ofan ISXprene
entegeDESIIDESCHEFAI pathivay, poRpaitee ean ‘bBdeermings psingastandasd Aethods.

gﬁﬁg@&ﬂ%&%&y fhse 1ok € MBAG TR A atﬁv@%fn%cle Bclﬁ‘s”caE%gggt%eiﬁ‘e%ﬁed

eri'ne proteéase, I1sopren syn has
bir hylokidizabian tomsapesgeasrgedirom kiews dreprerasiyobiserdiSs IDIt tr@dIVA
Eﬁ&@&g&g&pg§hpr extra endogenous isoprene synthase
DI, or WA pathway nucleic acid operably |inked

endo enoﬁ% éprormter is contained in a high copy
%?3? TP HES B €Bodi nents, the vector is a

repllcatln% pl asm d t hat does not integrate into a
A7 Onosovethi morrpns syhase DXS Do Venpsdtiasawalac acisigdescribad

Bdrdin Oh bk BRIMEIGH Bfe or BoRIEALSE SAécGItdglg@ tﬁ@ﬁ@éﬁﬁ&@ﬂ& féa'ﬂ,lréshr@ctors
cells. [0184] In sonme enbodj nents, the vector is

ViR pRsrmairuelic frET P ocine SR efdke TFamtege synihass &K S, Aigk or l}ilgi‘\lpathway
pcﬂypeﬁﬁcﬁgﬂhﬁtaﬁcﬁeécﬂbéﬂ HeRB. RO Gied Garbih, DOOMIFEmaREla tdhstruct that is

I R de to the F | ti.
PR R BT 00 £ S PH R USSES Mgl ettt o
vadlr [Eglanyiled @f weetorsatcludf,gscardvet limagido,tphemide fvedlenaes DINA @ RNA
%xg ess%n Vectm c% @sr gndj)%?%lg vQc%(grg bﬁ{ s$ e?l{bggfn ﬁt? %ebz)!%t?{ contains a

erence in retres, particu
nustireseid updgr thes@r@phqf af epression osntrqbﬁeqvmet ors. Additional
exanpl es of suitable expression and/or integration
10278] OIS uadd@eRnOA ‘@QHeshitn ARl sa@@kncet m@bhs a MoleR Gl 8dquence that

directs transcription of a nucleic acid of interest. An expression control sequence can be a
promoter, such as a constitutive or an inducible promoter, or an enhancer. An “inducible
promoter” is a promoter that is active under environmental or developmental regulation. The

expression control sequence is operably linked to the nucleic acid segment to be transcribed.
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C oning: A Laboratory Manual, 2nd ed., Cold Spring

Har bor, 1989, Current Protocols in Mlecular Biology
w@ Bnoomreerusubel et a (eds) 1987, Suppl enent 30PCHES10081086869

7.7.18); van den Hondel et a in Bennett and Lasure

(Eds.) More Gene Manipul ations in Fungi, Academc

Press pp. 396-428, 1991; and U. S. Patent No.

5,874,276, which are each hereby incorporated by

reference in their entireties, particularly with

respect to vectors. Particularly useful vectors

i ncl ude pFB6, pBR322, PUC18, puUd OO, and pENTR/ D

[09355 5 JIn $ome SABRIIQENROthe MR SontadRR aisSlEUAlENLKEY ThAFE selbX%

iyt Bt 0 Pt ol Hr T esntonp A e LR i ot S5l ©
slebtioniof thoserhost célly mqﬂdinﬂm&tmtmﬁhded nuidede aprd@metcexr Baynpleeof
%gel&]}a}%lg gxfufkg IHI lﬁ@e blﬁ rerﬂg{ 1 1@8 ?o dﬂtl%mﬁcc Ilegg‘tan%gﬁl%%lcnag]ldgg g s

' I'S elrther en enous or ero
kaparnyeén, hrols@ﬂh@eqatbemmhnwnfem@mbh)drwnmsahlepmcnp blsooyar, s

ﬁle%ﬁxf/élh ot Ehl(ﬁ‘arﬂ—ﬂ’h'eﬁtmdaﬁafgpnu@@ié beidshtt EAHAr § nfRRBs1claBY hiaB such as a
exanpl es of pronmoters include cbhl, cbh2, eg/1l, eg/2,

rﬁ@rp)tloAal aﬁ\fagts@ge qr]\ftlpe;hgst cg(ll, rﬁxem&lﬁa natﬁg}ona] s‘qlegt(-yﬁglar ers include those

RERACkI®AtSthe 4NA RS, rwgfe tind 50 MarkdialsefliSn Katdr Weteln® tdr he
eXx a

host cel | 0 in _so enbodi ment s en T.
'iwé%é’é?a“?%oqf lé);‘ﬁ%fg’l“ etkﬂgwrb’flm 1% % ftf”{} ecvﬁ?i*pter SBsei
pioetimbgy ofIFilas@ihs BungD Hinkesuiser of Nels. (Bugtembeli-Heigenfann, Boston,

e ani,ndu r r d has .
e S
BlatkihAdadeniinadPpdessivest] (hgpnrap fard Iallc Boridpn, 1992, whith areeagh hereby

ﬂ@d'r}gdrﬁwt@ !:fyret\(ge'irr'thélxee?lﬂl%ﬁés ﬁa?ucgl Wﬁlﬁ(eﬁmctk@se&% markers). In
nbodi nent s, th ronoter is one i s _heterol ogous

%Oéleteﬁ‘é(’dﬂfa?ﬁ]&a‘lhe iveamrirer is thetqariS é‘%éﬁﬁﬂc@sw@f;h sy fhe enzyme
mmma@rﬁlowmg ltrh&fiﬁmaédczﬁmts El%wfthEBtJnh& 8 0BSg@fsovdee. The use of

Vol s gttt as Lyl G harkss GuceShuBadin keheD 8o
41#175 47E|\IB@ zhd Perdtild 5841 ; G&z5851551%4],987/\m1‘mﬂ1 a&fe@chﬂﬁﬁ:by
r ent l reti

1ncor?or;}{ c#bgrr%’ LRk tmhtﬁelr en}/lre[let-s Qartlcﬂlgg {]h resga)ect 0,5 ectlve n}afkers) In

wmgembamp@a anymasesmmﬂsﬁ@X@ﬂDIg@MMAwma@%mmNMcaﬂyhagaws
o f BESBlorloBlhe oA ihdea dteck RGRAler €I | ODT Ohydr ol ase 1

EP 137280, is 1ncorporated by reference in its

ntiret. partlcularl with res ters
ﬁéél“é 6> %{aﬁ leg/gtiers BRtGH ‘H’ta%e C"F‘ﬁﬁﬁgi’ﬁﬁ‘é'ﬁesff %??ﬁd atuigle
Vvelawlsuaels cﬁn‘teﬂlfﬁﬂ axahple) rfroﬁquaaaﬂm a Warsr(sunmsl b@ﬂerﬁ)@hﬁgé 0¥ or a M-

{ ecgfl}{'er& H&%a €OS od ek1) eea er V?ant PI; 30@0%? taltnﬁlg de us suc .vectors

fe erbo At nat i on
@@wam@ahaﬁdnmhet@wﬁhD@@m@béhubwebwaféﬂdemhvébnmgGh1

Eﬁgraﬁmarﬁlglufnmgi doﬂi S%ﬂgé ﬁﬁﬁor%@ Q\}hﬂ:ﬁ nsthell:]etoyﬁl orateq ITy

termnati on seq uence |'s end ogenous to t

ISERFeneedy Ithentiyetys mrtlcalbrlé with Fesiefidp Bie U URSEHED- | s cbh)
derived froma Trichoderma strain (such as

[0181] Promoters are well known in the art. Any promoter that functions in the host cell can

be used for expression of an isoprene synthase, DXS, IDL, or MV A pathway nucleic acid in the
host cell. Initiation control regions or promoters, which are useful to drive expression of

isoprene synthase, DXS, IDI, or MV A pathway nucleic acids in various host cells are numerous
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T. reesei). Oher useful fungal termnators include

the termnator froman A niger or A awanori
W@Lweoxsyd ase nucl eic acid (Nunberg et al, MdIPCIZEE1008/086869

Bi ol . 4:2306-2315, 1984 and Boel et al, EMBO J.

3:1581- 1585, 1984; which are each hereby incorporated

by reference in their entireties, particularly wth

respect to fungal termnators). Optionally, a

term nation site nmay be included. For effective

expression of the pol ypepti des, DNA encoding the

pol ypepti de are |inked operably through initiation

£Q G Bar th&e kIENddedhe XP(ses for %@@Woo@@gkm&d saf&&ces cited

hat ress esults in the formt.ion of
B o Rrererr by e ard DR o Rt e e e
fedpect }m’ ‘&ntﬁts édfr thecmpfbsl’sgn of elieio Agidsdt dhtetr&t) nivivakiy ang lptomoter capable

c%r 1 ese nu 1&(‘5@10‘1;({5] 1ss 1 %E: £ rrh?e ré/sent 1nven fon n)cﬁ%dlnl lglut‘ noP lrimi%’?{'&),
df tcr'e HplS T exp [ 's Ofre

@ﬁ@béﬁlﬁfﬁeﬁﬁél QAIéOwathGKegﬁi@h G‘Ad’DHaﬁDCé&Mé,déRM LEU2,
W@taﬁé‘fﬁ (ushSPror &Blessiin MO, INEA BBIGL &R £ Gk Cp@esélén in

i nserted |nto a_ gener al - purpose éexpressi on _vector such
Ritfd®); and ldcgtma hBrehPre BB tacr 2if &€ fuspftl f@‘ﬁ‘épfe%?@ﬂm%lco@f t he
expressi on construct pronoter and term nator
[Qmmelhﬁﬁﬁw ebodsrodiies, eghinost immrtse pro@otadss med @éd; for bhaaprl.S.
]? %ini I?Zg oanér) ree nezetnéees %{trc]iﬁi Ifleretlrp e}&gﬁ Eui%n?ch%erel!)yl\}%ﬁrpora:t% I
mfmh@l igthgic ﬁrdlremasn petmcuilanla mtp msmedommreald piﬁetutdcvsterrs lﬁ@rh

egﬁlg%él e%§¢§:% gﬂnt\él% 5 G{ T osgﬁsglﬂggge rotrrﬁ)gepﬂlhgﬁ@éan be used
CESRDEEoR B sl "Nl beuTar - d

nbroo ecu oni né; abor at or){)
tww He levé(ﬂf gxpg,gqaq)rﬁé th.qa)pbfgqptldeleggzie W’ﬁ rpleje geid operably linked to
thegieddyd lmm@@ﬁp&h&& Y5, PRELNENCB2597)] tnSvaféils 'eﬁls‘&ﬁ/ments the

articularly with res o the screenin
g‘ﬂfﬁf'edi?ﬂeﬁ‘feéyrweré%ﬁ’ﬂtéﬁe(g@ g‘% MM ! Elg’t BRidgp-S- Patent
N&Cj182,5)7). Met hods used to ligate the DNA construct
conprising a nucleic acid of interest (such as an

[oFR3P" ﬁ{\%né&é%lt]@éﬁents[)ﬁsopke@é synfhseMYRS AP, '31‘{@& ML bhvbay

aci d), a pronoter termnator, and other sequences
nyglgic pgjd }Sﬁg@?lvedtlmm cApYPlasmid (£ a b Plasmid tatgs majptainggeat pbout 1 to

468QWRopi&d p'éMllﬁﬁlEdluIE@pr%ﬁﬁﬁl(@g 4 2&hid B4t iORiRNENMTBSHo&A0 to
E used to cl 5 gg% zaolgrene S nt h(f\% DXS,. 1D, or
IDERPHRAASF CRiUCT Qige caiPEsaide & h s op{ipinedyaf; gbout S0 or
Baepaics pdreclpntssonté exﬁlhﬁmﬁbh@ﬁh@l@étdraaganﬁm extEyenidpamas istPXde
s‘)llrghz%se %XM 8?\{1\'?)0’5‘ %{hvga%lcnﬂam& ac1(? 18 o%erab‘fj 1¥n.tlg tf)lga}qﬁ\él%gnoter. In some

Gr "can be nera
mbgdmlprhtas,ﬁhédteﬂﬂpgbusga@qtr@ m@genc@nwwn@mthusemxs ¢RI, orMVA

p%{htwgyc‘nuclefc aeid o er§‘dl)} lﬁ'%ecgtg a9 ro%'te?’ ks wo&tﬁﬁ“ed%ﬁ/ yﬁl@cﬁ&tﬁ 6r hl%%l copy

I gonuc eot | ers ar used i n accordance wt
Rasrde At $0§wambmﬂa@m the heterelegousarrasrpesidogepoug fisoprRas! sgthase XS,

101, QO MV pafhwla R RQIRL R1dYs YRR linked RFh BE promggf n §9ﬁe’ etfodiments,
Har bor, 1989 and Bennett and Lasure,

R?alfﬁe&d?gat‘% @ T eRd GEEeyt isOpAGDS e B?(E’SIQ I OSWAEQ ag@/@,y mﬁﬁm
aéld-op&@ablyl Bkid towTreforaster ieaahinb@mhaediumcn high Eaply @AsM. In some

embodiments, the heterologous or extra endogenous isoprene synthase, DXS, IDI, or MVA
pathway nucleic acid is operably linked to a Lac promoter. In some embodiments, the

heterologous or extra endogenous isoprene synthase, DXS, IDI, or MV A pathway nucleic acid
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reference in their entireties, particularly with

respect to oligonucleotide |inkers). Additionally,
wazmper@e7ecan be constructed using known reconbPCEUS2908/086869

techni ques (e.g., Invitrogen Life Technol ogi es,

Gat eway Technol ogy). [0189] In sonme enbodi nents, it

may be desirable to over-express isoprene synthase,

DXS, 1D, or MVA pathway nucleic acids at |evels far

hi gher than currently found in naturallyoccurring

cells. This result may be acconplished by the

sel ective cloning of the nucleic acids encodi ng those

m}awelaﬁddd@asucrﬁ&ndw kstcbRapd lﬁh m 152,-fm<p |12 SdritG b bments,

R e
od iy m&mblydﬁsedads &n 06 ERTdus ﬁmﬁhome hdch Iammddgmohhﬁscwrtchzaf

al’ll %g lﬂaﬁzllus 5’49’ ug%gf eepqonilycesr%Tg z%horncygr%ta%reo'r_xg eg ?rg Ielrlldogenous alkaline

foEnEbteas mdpremls syntiBob, XS R Ing MAdA b@hwayl)%@ter M|so,1he i's

Qx@d’oﬁﬂﬁént% Qﬁ:eq{egﬂﬁcgt)l% T p}%ra eﬁcf ggn%ﬂ iSo ke%e E}Inﬁlaﬁnlt)kg QEV or MVA

particu respect |ng ni ques.
PUQ pucities Cfdapprew Hjed @@9@?495@1011%?%@ igfesieingdin p bigh copy

ﬁﬁ’s@dld 110 Bcthe RBO@MBIs, ARLVBRGHN Q@Mlclﬂﬁ@fpkigmﬂd Phafdde O ﬂﬂ{gﬁte into a

with the invention: Kreigler, Transfer an

ERPRELES e callsy é‘bS(S?F’ﬁF‘BP%F“Wé‘Wu%“ or ilb%he VﬁGOfAﬂfg%m%a intgg
éiromds6ise in@drceldnt Prot ocol s in Ml ecul ar Bi ol ogy, 1994,
which are each hereby incorporated by reference in

f()li]ﬁ] r Il?wiﬂe eﬁﬁ:ﬂ)tﬁﬁent@f’% t/écfoltl ks%ﬁy Vecm M'ﬁcl{ @ﬁerﬂ%;é)gﬁcgd into a fungal

mol ecul ar bi ol ogy and cloni ng techni ques enpl a
]Stﬁtﬁel% & ey igndfecied £l deadips A & reRfintteta Referoppeds mpcblto thgr
P¥bul RREIHOES ok UTeh @1 CatASpuélSt el (HF3el the @BIPHRE web at ¢ fgsc net”
tides n. be obtalned froman ismt

%&f%ﬁ%??ﬁev%ﬁ ﬁlﬁfﬁgl Vg eRe %???FFP&%‘@J fs%gre efgpce in lfor

Md&tlmpdﬁm;arm with ekectac wdtz)rs) ABa ngbedcabowadltmrﬁquﬁplés dfs
%Qal{feexpresswn ané/%r){nterzﬁéatlofl vec ors aéé/ %rowde% rr‘r'B?o et d?[ ffltc}lecuﬁar

@bmtlﬁlﬁnLabh@tOMMarpdt b3 ﬂimaiy COE)S?rlpgaltIhWayl%Q) |Cubcnt HrotOh@s VA
I@IEQCM&J?&SIW%uQ@EI ep!zlo@&‘sg h L%Elgﬂlgtﬁ] S0, Qé:c'n&W € S}Q\)an den

DXS Thucl ei ¢ aci ds cah al ned .
H?Fyielcﬁ ¢fain iBsrneit hegd Laswp fEaliS hMowr%nmmmtﬁmy F@rgl Aeremofgess
}b}pm 4819 VAnRDG. BB NABRMLY S, whibd ar@éidh | he?ébl?ﬁ Gx?orated by

nt hase nucl ej c aci ds_can be obtai ned, e.
6 ERRFR 18 et pftreticy Rt ety rWA“ﬁaf%yf’aﬂB%ﬁﬂwfmﬁws
@EludqlFB6,tpR 3MyAUa rs] p DX opat PERYS/D. WA pat hway nucl ei c
aci ds can be obtained, e.g., fromany organi smthat

%?(%t] a gxp %nl:e Qﬁleﬁen%aQﬂ%yenQ gynﬁlgs!gt ]95(@ §Dp Qlt MVkri)gth%u@fgg acid
is operably hnke(%/ to a suitable promoter that shows transcriptional activity in a fungal host cell.

The promoter may be derived from one or more nucleic acids encoding a polypeptide that is
either endogenous or heterologous to the host cell. In some embodiments, the promoter is useful
in a Trichoderma host. Suitable non-limiting examples of promoters include cbhl, cbh2, egli,
egl2, pepA, hfbl, hfb2, xynl, and amy. In some embodiments, the promoter is one that is native
to the host cell. For example, in some embodiments when 7. reesei is the host, the promoter is a

native T. reesei promoter. In some embodiments, the promoter is 7. reesei cbhl, which is an
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[0192] In sone enbodi nents, the nucleic acid sequence

of the isoprene synthase, DXS, ID, or MVA pat hway
woewbeiw7d s i dentical to the sequence of a nucP@i/uS208/¢B6869

that is produced by any of the follow ng organisns in

nature. In sone enbodi nents, the am no acid sequence

of the isoprene synthase, DXS, ID, or MA pat hway

pol ypeptide is identical to the sequence of a

pol ypepti de that is produced by any of the follow ng

organi sms in nature. In sonme enbodi ments, the isoprene

synthase, DXS, IDI, or MA pathway nucleic acid or

RALRERELAE ahShR bsgdh@mneﬁ WG SBEIARMIE ALesBH NP BREI39 Ewhich is

derived fromany of the organi sns described herein. As

BeaRPrHes byjreferencq any ifs\eatrety rRIFHCUIRIST Withsrespect (G RECBEIF- I8 Serpe

bR AR BhLpréthdtél idne Bt Mﬁ&ﬁblbgﬁs tomﬁequﬂgal okt cOINEOMEr cREMPR:s of
e

PSﬁéff tr?l@ggtgfa éﬁu@f‘g%g???teﬁﬁgn 615%%%68 X@? yw%qraﬂlﬁﬂ ?l&%ﬁuggwase
(blAy papbérgler adf MbINCEYBEL 4:2306.23 5o Fash tusd HdeDemal mnmmlnenng
Fﬁg 1954 n%lcﬁ are eac@tgerg nsmc':o%o?atéd%ﬁ re%er%llée 1n(%1$e1r entlrtetles paglcuIXIle with
pmeytp@prbmdaS) HpepBlus hzger@mhe arayliped Amzmlw otybve ToEUy aeylase, T.
%&m SMdit A IS BUAMR £EPAR7MDI G ScaRefids of

Aspergillus such as A “oryzae and A niger, species of
SEERPAR BhftEy pytitylegly wah respeeidg pingisrs)-speci es of
Schi zosaccharonyces such as S. ponbe, and species of
[Pasat h dﬂmmmﬁ:hem th?expreee&e\iectoﬂ eﬂbogmﬂtﬂesﬂﬁbﬁﬁﬂaﬁﬁfﬂe@mnce
#@nnln%t?#lrc?rgﬁ)g r:e %Igslsrrslei&n lja%sa Ibéa derlv? 5 rOSn’Il’] ta%l(’)I1§S| %ferlfleg giﬂgﬁ%ﬁke Host cel? In
fopegmbesfimentseths tebyiinatios sagnenEuang dhstprarzotef segpencejre ﬁ@pc;mrcms the
&me ‘!our((el M)Jther eﬂlto&glqytﬁ ttﬁkfté/mMéﬁéﬂ sga.)éncew énﬁy nJNQYM tlYé:Hogt)cell

hese ungl are characteri zed a veget atlve rryce rum

wwcwbéwwb\ﬁéﬁmnetemww lmbhbéﬂrwdrfrontemqﬁpf{%@a Stgipcfsuch as
PL08E). CRRR L&KL maizn &ﬁﬁﬁﬂ&% ifdR8e thd taemﬁalt&rmgugzg&twgl

are nor phol ogi cal ]y, |oIo |ca

G AP Rttt PP R 490 oA R, 476G bnd 3 iy Boc
&tial. mmmssglurﬁgis 10%4; batich yie Iaa-h ha’eb}ng@tpomedap d:feﬁ‘éifcbﬁﬁlhelr
ef‘n%re?leﬁ, partlcn]arl Rgfeﬂ%atttoo ﬁ%%a? rm1nzrt?rs) ;8?)9 ona a termmat%on 51be fpay be

parent ace pediesd
mdtldekh ﬁcrrteéfebtw@exPﬂéssu@mﬁdhe peigpeptides, PNA éﬁmd:rlrgomfammeptlde are

ﬁrﬁ(@@&ierablﬁrrﬁﬁo@ﬁ %ﬂhn gﬁgr{gl?o Qiek&@%ﬁe@s@orﬁ il feQi%ns such that

revi ous classified as T rachi atum
qXPTeFﬁI*R?d%SP n {hie fqrepation pf the PRP&@FW&URWHEH@FNA Tri choder ma
harzi anum) (Sheir-Neirs etal., Appl. Mcrobio
Bi &7 e dhsvale eRBodidéntsShe prbHSidr, cd@ﬁr@ﬁe@iﬁn afndtéanasm dll &xdgiate from

tll\lbls%qrene S}:rl'r)tl-}g‘sepﬁ&g CI‘D& Iolr KiVA 1951’[ ay nu e1c a)01 10 %jerxérsessgdp 'In Is_(|>me

anugi’nose, ‘or P um
gppodifrentyy. the c@ling weikm Pnemis@)yene @nth@spl BES.UP, SpMVA pathway nucleic

ﬁﬁﬂ?fn%de(ll & asggneril % dngse eﬁ)resQiBly ge%%r sdAh tthl egﬁndeﬁhg‘ﬁ)@ing&mtmnal
A ] aponi cus, A ni ans, A
control of the expression construct promoter and termmator sequences In some embodiments,

genes or part thereof are inserted downstream of the strong cbhl promoter.

[0188] An isoprene synthase, DXS, IDI, or MV A pathway nucleic acid can be incorporated
into a vector, such as an expression vector, using standard techniques (Sambrook et al.,

Molecular Cloning: A Laboratory Manual, Cold Spring Harbor, 1982, which is hereby
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(Ward et al, Appl. Mcrobiol. Biotechnol. 39: 7380743,

1993 and CGoedegebuur et al, Genet 41: 89-98, 2002),
wo-e®aniasm sp., (e.g., F. roseum F. gram nunf.PCT/US2008/086869

cerealis, F. oxysporuim or F. venenatun), Neurospora

sp., (e.g., N crassa), Hypocrea sp., Micor sp.,

(e.g., M mehei), Rhizopus sp. and Enericella sp.

{see also, Innis et al, Sci. 228: 21-26, 1985). The

term " Trichoderma” or "Trichoderma sp." or

"Trichoderma spp."” refer to any fungal genus

previously or currently classified as Trichoder na.

[nOckBdtted By rSfoRE:c SNRQEIBH)! rﬁa&lculﬁﬂbﬁvﬁﬂk@%ﬁ td the s%reeﬁlhéjw apptopriate
PipaHetTes dng i RistiiSn of Ve ik oo ey P prircopsnact

s@lpaiking a mperaglﬂ lof @restt(suah Manadoprett sgathas@KS, IDIVGNMY £ bathway
%lgle a: a@ﬁg 2 Bromofer a elrr%!n&rBlaI%t ?hep sréglllefceg 8ndgt§ ?ns%g ga'n 1n\%na sgﬁab?e
vacter @;racyhll krowa lirythé 76 &Opwapbdewtlpeéremc@ herus¢dhietleave the
RO Sk, DRANDH CHMA phited P 588 Gha € deléR O 1ft

parti cul ar enbodi nent s, us is train of '
PN, thescéﬁevﬁda@praneswhasa . 1PI, ?réé‘éfé pathvgtyma¢leie aig and

t-ﬁe cleRBS Rictonfa8 bK ROV Eﬁlﬁm@ Q%eﬂeka‘[ﬁr hécBEpIRKe I'@ gglgh Q%_?_Hc%ﬁlent

ATCC No. 1 63
RSToB 7S, | ARCERED PesEmis7 e SHGRHE TS T4E TR o B
&aﬁrhanbewﬂbgbnvmﬁ@ﬁnﬁicatﬂdeebsamﬁiﬂe erei) CMolkdular Obhing: A Laboratory

ﬁnﬁuaf 9"& (? SC‘ol(P %ﬁl% ﬁ%rlb%rr %9 an<tl E%I}J]aeﬁc’ gn%q_{asuté oM%ger(?ean E/Iampulatlons

reesei rain
mépngr,a%anIwreﬂLSaP@‘ﬁgo Rb 79’% 1981, ghihib ko saxi hmnby mcorporated by

r%ﬁ?énEe 1l}lﬁfe§%ntﬁétleglpartlclﬁglglwnh I}és {)Pt@ éo‘nuc@éoﬂ&eelﬁ%agl %%Xltlonally,

i's here |ncorporae
Yeéwr@w@hheéov%ﬁv@tf@sava@q*@trgpombwttopéqghraqqey(e\m ﬂwtfoe@mle@t

T&hﬂ({g&g@t&fa},fechﬁ&@ﬁl [0195] In sone enbodi nments,
the source organismis a yeast, such as Saccharonyces

hi h
@32?9] [ rig)lg]ze%s g&f: mee}lﬁso% l?]ﬁ: dSeE)lratble to ?VI%r-exglggsr% é)ren? %ﬁlﬁl?ﬂﬁx%
B Liye &1Ve¥ pathmyay suddic &gls gtlealsig higherBamo iclrtantly Suhin agurBly-
(l)c'c&rhﬁé’](feﬁg “i*h?s St ﬁay §é’%£dr¢ﬂh§hed §}T, {hgEeﬁ‘e%ﬂw%fcloﬁﬂlgtoptggmﬁ:%?cumds

. trea, stralns o Pseudormonas suc
eallc‘adar}gi t@éﬁ&we@td@%mmnu@fcostnla@mdww@é@g ggeetpugleic Sidsahdens |

stongd ihWicBRPS conbtiutide pl’f)llﬂbtblg |MHH§>H§ﬁor Wer-%%s ufkaieﬁfed polypeptides are
ESCher;'édﬁ such as E_ coli used herein,

QR 10y thecart of ﬂ]&%%@é&wm a@&éﬂ%@f ey PR fornd e
@aaﬂ»rmk eBa chibletiar asmiﬁ.ownaﬁomdrﬁm@apﬁ“d sk ddid $pring Herba( 1989,

‘fvllnlc 1lsJ geref[l% 1nco%pora%5 b}( reﬁ%ence in gs ex}?lre% pa 1cu%rly ‘w1tErespect to cloning

tsthegprat her nophi | us, B. al kal ophi | us, B.
anyl oli quefaciens, B. clausii, B. haI odur ans, B.

[mmat @hd fobwiks re&ma;guhamfe des%nptﬁ)h{ Stuli@fshal Bnerd] HethbSoloed N ful
in 'acctor lélgcle : (I:Hl %e ?rlvgntlon Krelgler Gene Transfer and Expression; A Laboratory
Manual, 1990 and Ausubel ef al., Eds. Current Protocols in Molecular Biology, 1994, which are
each hereby incorporated by reference in their entireties, particularly with respect to molecular

biology and cloning techniques.

Exemplary Source Organisms
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recogni zed that the genus Bacillus continues to
under go taxonom cal reorganization. Thus, it is

WO poesatet t hat t he genus include species that PEEKESIHEEIB6869
reclassified, including but not limted to such
organi snms as B. stearothernophilus, which is now naned
"Geobaci | | us stearothernophilus." The production of
resi stant endospores in the presence of oxygen is
consi dered the defining feature of the genus Bacill us,
al though this characteristic also applies to the
recently named Alicyclobacillus, Amphibacillus,
[Amay r IIsBpIJ@@stllllthddé DXRNIRYRIMVA baitSvay BuEME RABIAnk URir encoded

cilibacillus, Hal obacillus,
qgly@f:ﬁtlg%é Fqn%ﬁ gbtalgél qOB]aaélV Piggusm ﬁPﬁté]laWH&eanallqﬁ ésoprene synthase,
DX S ilDRend/dr WVEVA mﬂdzvaymmgdldi)z&(ﬂb | hsssoted[2689 Ghopleie ﬁ@dﬁhed naturally by

S ce or n| S mis.
ag\gg%{gr : u%tn%ﬂ% su(i% as Qatc[erla yeas Prp sé Sandl aﬁ% alsg da %atngglis ﬁcglta& the MVA
Igthw@pﬂm@ya}( er pth th@MV@l atgg DXPPathivays |fQjaor[$1pcu& 1soprene (Figure
©9 ei"HuQ X nuclOF achds FX ﬂ)eso%ﬁﬁx)sd %@d ﬁ@f’ﬁ%h}l/ (I)rgaﬁnsrd tHat SQF ‘[ns the DXP

eirbodi nents, the source organismis a gram negat |

R HRE 01 CaRifin S MV and BIKP D IR embipesns ptp o p0gfic acids

daMbSebidned mtgo Cﬂﬂofﬁ&tﬁi} &garﬁﬁﬁhz&@b&ftﬁ@ tHHMﬁﬂ'pﬁtﬂ%h}s D@(ﬁﬁbhﬁ@%yﬁ or both
suc as e

B0 R B iRyt ST llhobth e At St sy

omgagamnlamdn&mk thd;MlvA palplagfor (Btatl bab theOPA ksl B Hgthwvays.
tremul a CAC35696 or Popul us al ba) (Sasaki et al, FEBS

[bﬁiﬂ efn%oéz SHorodients %ﬁé‘xﬂlcl%é 184 S%QQI@&) of tl?esi& n& sélglil‘il%e %XS IDI

ﬁgu us tremul oi des), or Quercus robur.
Yatpathtey guclqiqys idepsighlde the frgarmraphaingeleinac t@aes prgclyeehi bagny of
the faN&aKE (ﬁé@ﬁﬁls inREred 110RGhe cAbAMBARNKE Bfino acid sequence of the

e E T N .

elybeptide ’thz[tgaﬁld)(ﬁimdlbs aﬁy ayiridhaiizerdatismSid @u@s In some
eﬁ%@ﬁ%@n@ Ia rerﬁ:I sasfﬁ’as?1 lqg& hﬂt oéﬁf\p O]; Caig Plg%e]:u? amdo or p&?peptlde is
apPhugant ’@’@E}@@&lﬂ eBPOl}@IUldb Idtatvodr frh gy, of fio stgawmbsalsscribad herein. As
usid HIRE: r@ﬁ@h Edm» re@f@tﬁﬁle%&%ce’& fie n@éulz a?bgcpog g&g%ﬁ1%%t5 g]&l%h

of host cells can be used to expr ess
°§§/?ft%%’@“tatmsls intipfucedy F9r eempiyR R@&Pmm?thﬁm Aoyt frdme plant

p@]?ﬁlepﬁﬂb @Jfé}gtd)(iﬁlybé)ﬂ@er ST nrﬁerésﬂthﬁth@suﬁ@ﬁdﬁ@&ﬁodﬁf:m% he of ndlemed

i nvent.i o r host cells include cells from any
TR s AT GHE O § BARPI G AHENGHT TV SBE (R UFS | ¢ e
phispgiidrg " Exenpl ary Source O gani sns The host cell may
be a cell that naturally produces isoprene or a cel
[Glbg]t HQ6Re al%dl%hty ld SbM‘C&JrQéAH&QSé FQIS 1dsTy R are species
nbodi ments, the host cell natura uces 1 soprene
Oﬁéﬁl’ﬁ@’”ﬁh%‘dméd B’aff%v%a%ﬂ nsaqﬂ Spggics @fe?sqecéwemsomuhhw c@@zae

sPIa4 &TScﬂzlesaccharomyces such as S. pombe, and species of Trichoderma such as T reesei.

In some embodiments, the source organism is a filamentous fungal cell. The term “filamentous
fungi” refers to all filamentous forms of the subdivision Eumycotina (see, Alexopoulos, C. J.
(1962), Introductory Mycology, Wiley, New York). These fungi are characterized by a
vegetative mycelium with a cell wall composed of chitin, cellulose, and other complex

polysaccharides. The filamentous fungi are morphologically, physiologically, and genetically
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nucleic acid is added to enhance production of

i soprene using this pathway. |In sone enbodi nents, the
woomp/oowld natural ly produces isoprene using tPEr/NVM08/086869

pat hway, and an isoprene synthase and/or one or nore

MVA pat hway nucl eic acids are added to enhance

production of isoprene using this pathway. In sone

enbodi ments, the host cell naturally produces isoprene

usi ng the DXP pat hway and one or nore MWA pat hway

nucl eic acids are added to produce isoprene using part

or all of the MVA pathway as well as the DXP pat hway.

!hEhn%% f‘eg;%) d}'eg&BIv@ gro gf@ﬁrten@ﬁé t’urg~I ﬁtb? ﬁa%hlaﬁ/elcﬁlrgélgﬂ afdcarbon

i soprene using both the DXP and hiways and one
Eﬁ‘abﬂlfffnés P@‘éﬁ?‘é AeroRig nthg éiéaélem@é@ng?lmarenwu ML ateH RBd/species
bt it @dtGimed ©@STrh@lenkls @q,r tTBic Rk ia 6 6esdd ROAdEubIRbrs of Hypocrea

b A Rl e e e e A
kdDingii, &thd%OdErnWArzmaﬂrh)v(&l}mrmwh eliat, Amﬂ Mcmblol\/BIDted’msl 20: 46-53,
fﬁnt‘@f (EE“ N8 5{5%%&4?#@ o I ﬁéﬁgtleeglc{llp!tm aHD}gl%%la S el(% 2, H msolens,

9., a plant ce a fun eas
Hdenuginpsgl ordk ktisedk §émdgzeqztwmép de-a) C. d@qkmyesfteh iaelettium sp

h@eﬂgnzugy)e@ éf Ao ,?2&9 ue%zgaom S(g&e k. bspoe;a&og ergddla%’ rmrb%mmon)
nt hase

AR Tipig iAot T oT o et BRatBeE: b gapec a1
sx)esbd 2@0@)1 FoeripR kg Qe BRE Sl g@eﬁmmqu €& e 0:BSporuim, or F.

transf tion, Iecg&gp ?E} ear "
Y ST n; é%’t"%’ﬁ" Py e LA HET O P ‘Fre&ﬁ%w‘ Ot &n (4%, Y. miche),
Rhipphseptdand Emaiﬁréil@.tpedeecuisoDEﬁEetDéxi’cr 228 pbdé, apm)l The term

& ctl C S|n hage
Yrrz%)?o% OIQI}"GIQ{Odgrm% V\ﬁ? tﬁ ‘tTlrz ’e}'et%r t? Qnyl:k% Pgent?s 9

Vi rus i ncu C|um
lpfﬁ‘e@lslwm eurrentlyiplagtifiedab 6@4hp'¥erib@nbar dment wi t h DNA- coat ed
m croprojectiles, and protopl ast fusion. Ceneral

Iﬂlﬂmsﬁloé’oﬁﬁfefn%ﬂuhﬁﬁshihe GRS i9K QidaROYA. ilvth{oHeA rfzad, B€&uleatus,

ent _Protocol.s | Mol ecul ar ol o
Kb st 1B T tenF o e g - ol B i M
dizlos@ilih rardGlt aln iAppl Mitrdbidh Gigtechngt. 39EVARA43, 1990 dndoededeludet al.,

?‘%‘[ g‘%’gég@ ?g §8021§ﬁ ?{Q%?té&g% ?r% %01% ed g}{ I;‘?g:eogrﬂceolfl tlge arﬁge‘ues
Ii’aéfcéllﬂ’éhﬂ@ lleﬂFpthmfupgle}mgaﬁ@mlpr@glbocpgmtq, g,@ |ﬁ31€119)ﬂs fittan of

TRAPRA s, Lidh asraag%ltlgwaées& NsiRislhed Sf}esamqm&wne%ﬁ PRiRs
heterologousﬁgp ygf de in Trichoderma is descri bed

sxamplesqnclisie Ad; 1@@@0@5 26931 ATGE N 6764, ATCC No. 56765,

NDCONBGB76328hd NIRS, 153 @Aith Y9 eacd het€bd, 1&6&)onaié@by reference in their

2005/001036 rkki et al Z M cr ob. ol .
eilgreﬁeéﬁ%glarl)ig reswm(%am%?tﬁgre%segl 18 S%%WB 1ments the host strain

if 2 BOyatce 3f R]1989 RIEFB72M$CEB€H in El’%lrmﬁssfégaﬁl. Aﬁﬂ CMlcroblol
%t\é&nﬁall %/ ITH 55n3 d 984 wh egr}?ellne%é% Jen%grlp?argteﬁrgrle %e eué 1Sts e(r)lﬁregff
IBUmWwHomﬂU@g@ugbﬂmmSHﬁier@iogous Genes " in Ml ecul ar
I ndustrial Mycol ogy, Eds. Leong

[0195] In some embodiments, the source organism is a yeast, such as Saccharomyces sp.,

Schizosaccharomyces sp., Pichia sp., or Candida sp.

[0196] In some embodiments, the source organism is a bacterium, such as strains of Bacillus

such as B. lichenformis or B. subtilis, strains of Pantoea such as P. citrea, strains of
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and Berka, Marcel Dekker Inc., NY pp. 129 - 148, 1992,
whi ch are each hereby incorporated by reference in

W@ bwoo7e@nd i reties, particularly with respect tRCT/US2008/086869
transformati on and expressi on nethods). Reference is
al so made to Cao et al, (Sci. 9:991-1001, 2000; EP
238023; and Yelton et al, Proceedings. Natl. Acad.
Sci. USA 81:1470-1474, 1984 (which are each hereby
i ncorporated by reference in their entireties,
particularly with respect to transformation nethods)
for transformation of Aspergillus strains. The

Pﬂeb&o@ﬁh&ﬁ@ﬁbhﬁym @d’aﬁgeaasi d&inﬁ&ﬁ/StbﬁtoinﬂfeS@Elﬂis@dalbﬂt 8 lividans, or S.
' ﬁs ext rachr onrosomal

frsBe B0y
?@ﬁyw%ﬁf¥ "gmﬁﬁg‘%g /9 5%023021°Any et hod known in the
art may be used to select transfornmants. In one

W& | iAtiusqdhgreiax dipmenns BeeidasT mcludes il rspipsamithin thegdnpiBagjlius,”

@nmamsf tl{@cﬂtf%‘lﬁltl) ﬂfttﬁe A, ﬁkrfumgybﬁ h&dln{;\t}%ﬁf@ﬂ"{‘l@bﬁsbgqiz:chemformzs B.
ransrornmants heir astl er gro rate an he
{em%ﬁt i Bfoeerolff@cwogﬁlhedf Grplarsiiiygs. Bramylaliguetaciens. Bagleysts B
hdtadrang @g;ee}gaauw i eodia)&OB |cdczaaﬂstm ﬂ(ﬁlhﬂ&ﬂd ]Bflihﬁ‘rﬁ@te&dm g
%(?:oegélt% e tgas th(e )ger}ug E?ccz:%ﬂ ua r%(lglées E)o un8er ?NI ta)rg]oaoqlﬁa ref'orgorilmz?qloP n'gl?sﬁs itis
otended sot ﬂldgqnmn@aieepﬁcwvéatﬂewh hgm iedasgified, anchudidg burnothiatited to
éu%&@an%ﬁl%gﬁ‘g%)ome V&S RS iSRV Bied 48 é?%&%? cul ture
medi dm an eterm ning the percentage o ese spores
Sier ¢heraenhdieg u“ébﬁnrgﬂqup rf iesistent endldspgred w teprpreserice of dxygen is
é@@lhéﬂm tﬁ@(ﬁﬁfﬁh fegtgre %@ﬁg ?efﬁhgﬁaczl[up %9&11 l'ltHlS %mterlstlc also applies to
enbod |rrents |s are trans or ned a process

ﬁhﬁ {retdly rgned ﬂ&%{ﬁ?%fgf{us HBPHEEG B AR bagies 6«4%&@6& of

BhRebqiint, oRbRslSGs, GaldiowellsWalsRgEINe Padibedini] Sdibeilke! |
one specific enbodi nent,

ﬁ%émﬁﬁﬁ“ﬁréfﬁ&ﬂmgﬁmgﬁﬁ%ﬂ% {8 e sp. for transformation
i nvol ves the preparation of protoplasts fromfunga
1928 ilsomgembodiptnispbp fourse organisnDiseigramEsiéiys baggrigg- K@ limiting

&38Ples W Rrdiss df @ﬁéﬁd@@fé&‘(@% PH 145 OF FMES. bdbiikdisy, or S, griseus)
ent|rety art|CU| ar | reSpeCt to tranSforrmt|0n

HACAGHE) In Prie SHRERMIGHS TRURE STEw LS AT Togip Gacienm, such as
Bhbaoirseudbnams ger m nat ed vegetative spores. The
mycelia are treated with an enzyne that digests the

%39} \ﬁ@éokne eﬁﬁwnhé 5&9%15 gbuﬁ'é %ﬁiﬁéﬂ?‘ﬁ% lant! Ah B gﬁnaglphgﬁth% family

are t hen pr otecte esenc of an o
Ebg(isia suglpps thaFapeideag é}@&éﬁ% opye BPRAHMET ShsogrC R PiRdNisHER S

lkdaﬁi H%r%s@&bds@@})ulusmahﬁeﬂbla m@ag@gg)ump@n,k Qm)qgasakl et al., FEBS
ne i um su )

%Fré éﬁ%%%ﬁ%ﬁ chH@saéPeélt(%‘Bli‘ psipayles W?O@%ﬂe%%'érﬁuw@rm

and 1.2 M It is desirable to use about a 1.2 M

20001t iloseme fembakityntsothe isoert: bgasus yenslg@nsuniediaygeen pRROGH

ep?fagl yt%lérg} él)mlto ler;{({s &?&HSE %Pdlﬁ&lageilta{e@ nis

t’ upon t C|u I on

[0201] In some embodiments, the source organism is a cyanobacteria, such as cyanobacteria
classified into any of the following groups based on morphology: Chroococcales,

Pleurocapsales, Oscillatoriales, Nostocales, or Stigonematales.

Exemplary Host Cells
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concentration. Cenerally, between about 10 ni M CaC

and 50 MM CaCl 2 is used in an uptake solution. In
wW@awvniem t o the calciumion in the uptake solRET/G82008/086869

ot her conpounds generally included are a buffering

system such as TE buffer (10 Mm Tris, pH 7.4; 1nmM

EDTA) or 10 nM MOPS, pH 6.0 buffer

(mor phol i nepropanesul foni c aci d) and pol yet hyl ene

glycol (PEG. Wile not intending to be bound to any

particular theory, it is believed that the

pol yet hyl ene gl ycol acts to fuse the cell nenbranes,

02025 RELAL bHdE cLiRQaCRE&NS Scphkss 1§Jb?eng%'tﬁd§@ bRs 4B, and/or
delivered 1nto the cytoplasmof the Tr'i choder na s

MY A 2pHwaRELPERSI AR aa%mpaodmAsomn%@ therr%ﬁﬁ@ﬁ%?fﬁ@cflaeraedtlﬁ‘@mon
E)déﬁabl@xlg}'?ﬂost s sncfuds bl frérh eleyugﬁielopgahlaasna&d thé privh SecGOINBS the

it el beimg a5 Bt bP R e

1§'apreoh aderlirhatsioes ot whwgly psidscedsopead. |18 sdnfeaimbhdimentd) éhe host cell

BTG Sy HFIDDSP Dl P BT B
nuelgin 86id ispddef ¢nrenhancs/pypdpioncf lsmglervﬁmg)ﬂusmhféﬁ@/ In some

Rb8HRRHaAHeSof eem{uka‘ﬁ bfod@ds ARRe RikAhevsal ;;Athwgp aﬁ@ang :
1.2 Msorbitol and 6 CaCl'2) are mxed w

)
ISRREP? Bt Eﬁwd/@@ﬁ%?ravqrw‘fé mibyRY puskicerids ae P‘E‘ﬁd @fenlpm is
@@iﬂaibntopls&ﬂa@le URhKS paRVAIl I0Bme EMmBEBiHends, ﬂth&st 360 haramf

25% PEG 4000 ed to the st .
LG TP Gt s Te e raEaTgR: & Ry R RSy picigauds ae
wdel taﬂdﬁde ts@préde exsipg irtep hl&sﬁtthﬂ\dya@m&wms watlds the DEB p&hwdy

i %«fme eny toEl Xl nts ﬂ{e h9 ! gﬁﬂatura?lg %rro:duc’es b(g)?ernghg Iégrb%th tF olgilﬁ § d A

ori de, and e up
mthivaysi apdh orgeret maiedsoprana syathase,.dX e {P1loer MGA pithway nyeleie wd:»ra@s

a@ﬁ& 1Yl Jo@uctl&{ of(i)go ﬁel’lc g&! boh‘l%%he&?adh@a}{ssee €.g.,
S. aten and 6, 268, 328, Wwhich are

eby inc ted b reference in their
ﬁ’f’li’?'g r”éfé'%r g?ﬁ{/’ggﬁ@rly leth respect to

transfornmati on net hods) @([ 0208] Cenerally, the mxture
(0203} h&sapreng synihasel DAES, Iéajmn Ri MY Aepiivaoackisecigs pepdteagicapfaining

REL VRSB indel Qlt&ogﬂ c@lWe%s a pARdel, a3k EIE@ybat defl) Qfﬂ a %@%ﬁil

to the m xture to further enhance the upt ake of

gk dgsprihgd hareipesing stendgrddeshrinss ©r e*PFFéSI%Qf’t}PE%“ﬂWGE?PF%e synthase,

Topes) €D R hddyor Midepiatumy yolypeptte. OftroBuction dfa DNAY®SBstiubor Ve’&dﬂ Mo a
ran reater. and

of the ormati on m xtu
sl e PR TRE BB i o Sl BBl Pigtear
rde&nnyeaﬁﬂnytrab@uﬁonlﬁhntfems (etgh éipafedtismmedifited dr@®EAE-Dextrin mediated

tangn C%Pno 5rq}%{15ife%gonrﬂsfﬁ ldl;e%bmﬁﬁa%nﬁéhagm FSES%CLI i t%qmci%tgﬁg%sg}]late

rans orma'lon m_x ure IS Ure EIt_ e_r a
Plafypreseipitat; bighyelesity banbatsafenirvethtINeA-getttd miigyppreyfctites, and protoplast

Q5P Idegéra@%f&ﬁagaonséehﬂ%depﬁe knbh\& up&@s@e!geaé k smg{mt%ls in
I's then further add o nolten aliquots of a growth

MeegulsrBiolmge - Mnéu%lp@\ﬁ[ ¢4 (eds) Chapter 9, 1987; Sambrook ez al.; Molecular
Cloning: A Laboratory Manual, 2™ ed., Cold Spring Harbor, 1989; and Campbell et al., Curr.

Genet. 16:53-56, 1989, which are each hereby incorporated by reference in their entireties,
particularly with respect to transformation methods). The expression of heterologous

polypeptide in Trichoderma is described in U.S. Patent No. 6,022,725; U.S. Patent No.
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medi um i ncludes a grom h selection (e.g., acetam de or

an antibiotic) it permts the growmh of transformants
w@ui0g/07q60209] The transformati on of bacterial RPEI/US200%986869

be perforned according to conventional nethods, e.g.,

as described in Sanbrook et al, Ml ecular Coning: A

Laboratory Manual, Cold Spring Harbor, 1982, which is

hereby i ncorporated by reference inits entirety,

particularly with respect to transformati on nethods.

Exenplary Cell Culture Media [0210] The invention al so

includes a cell or a population of cells in culture

6. baxt32p sl l]’ﬁl@ntiNbO‘pE@HEl ;WBY 200680108 6;i Hark&kUds lallf BizyneMiBRE Mechnol.

2095 TR T Pt P S gp L B
Névalamprogigl, “TigeMblecuian Bioligh off Telthadlermaoid itnddplickeioploakd Expression

@%ln hz%{o%%gmﬂr c{ Hégr logjuﬂ @?ei]zels v ?r{l‘?oleML fndﬁ:s?xjgill Hﬂx?cﬁoggl %tLeong

tainin ave d erenti ate

id BsilrpdMargeh Dgl@qu I@%@I enh o miAtt D92 tvhich@esd elad@lﬁfebﬂmeorporated by
ﬂefé@nééqg &e@%ntir&@ss barﬁ&ula@l? Wt'ttn ré!;&ct tg Qransﬁpmatx%g Ond &91@3510151 Qrgthods)

10, 0 %% %3@ car bon
EifeIPee s lsp o ORI (&R0 altoel 12?99 180 Prr%Yelt%@ al.,
Prefdgzlz’zn@awbbﬂ_c@lgﬂﬂ. CSA 168705474 Q9@Lf(®thh afdRAdR hereby incorporated by
-cont ai ni ng _conmpoun
T N BN e s e D LN
trdneformatidn efelchengiiug Sednst Fheintrdéduvedingcléib ecidsmsaly be mkelg_&teﬂ&yo
éhﬁ) ogl 1 BRA o ﬁlraB%ﬂleé Qs%kgﬁﬁl%ﬂlogo?tg} 11%%1 "Q‘fnég% nt { ning the

Ity or grow ng t T some
errbodl nments, the carbon squrce is_a carbohydrate (such

9204k Agx mebpdinoys in thy aipathgrreddo selsrs tgaderraRis i @ae nogrlimiting
@ahms,a&mh &brstb@hants ifBhelirg af UGS mérRerGre, disERZYSARE f’rcﬁ?xﬁlllﬂsﬁble

t ed 0 ce
RPN B0 BB e AL HE S B SRSy oo
rptthcml@@sz)ggecbhutiyld psojid cdtuemasdivormentgiainp ocetasider @dditigially, in some

éasesgmha R} &Rl iV EI&LARLE Bl %ﬁécﬁlans%?fm a OR . OF
gttty fgPhlng R Do B

soy ean ol tate, ani ani rm
Bleftiye redigm (e.g astmduvra%léémksmcetgmlé@» leprvesfing apangs towdhis atlw

A&dinh, 2R deRBhiYMP §R DAL Lof 1Rk d %o@g{vﬁuh subée@ﬁequy germinate and
phosphol i pi d,. gl ycerol i pi d, nonogl yceride,

%?‘@P%/%?@Fti‘v&éned‘f%cﬁlllt?‘&‘% i"cd?fm“ﬁﬁol ypepti de (e g., a
m crobial or plant protein or peptide), r enewabl e
[8205b o i ®we eweod{ngeny, fungal dFilomasssvandddy a powese mvaviefpraplast

1@%&59{1 g Q}smmﬁ 3f tﬁ?%@t%@a&&‘dﬁ&%ﬁ bY Yeg%%}augﬁ((}f Ell wall in a

onent roma tract
@P%ﬁ@lﬂer aln@ahspaaiic dueodiment, @mrnmraélem of Trishrcleimsap.cor

thaBGFbrHafon iRRAHE pre}%rahi@ﬁ] ot prot&las '?%m%{gai rﬂy%gliiactgee,oéan;p‘ﬁQI etal,
Curr. Genet. 16:53-56, 1989, which is incorporated by reference in its entirety, particularly with
respect to transformation methods). In some embodiments, the mycelia are obtained from
germinated vegetative spores. The mycelia are treated with an enzyme that digests the cell wall
resulting in protoplasts. The protoplasts are then protected by the presence of an osmotic
stabilizer in the suspending medium. These stabilizers include sorbitol, mannitol, potassium

chloride, magnesium sulfate, and the like. Usually the concentration of these stabilizers varies
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or nore of the foregoing. In sone enbodi nents, the
carbon source is a product of photosynthesis,
W0 pwbathieng, but not limted to, glucose. |n sSOPEI/US2008/086869
enbodi nent, the carbohydrate is xylose or glucose.
[0213] Exenpl ary nonosacchari des include gl ucose and
fructose; exenplary oligosaccharides include |actose
and sucrose, and exenplary pol ysacchari des incl ude
starch and cel |l ul ose. Exenpl ary carbohydrates include
C6 sugars (e.g., fructose, mannose, gal actose, or
gl ucose) and C5 sugars (e.g., xylose or arabinose). In
tetween @3rbicad e M. SIi is idbsdratdedoluseaaboint b m2iM edlutide 8f @rbitol in the
S&%&%%E%%HQ e as well as a carbon source other than a
rate (e.g., glycerol, glycerine,
d|h dr acetone, one-carbon source, qil, animal fat,
}\;pr qo of DN, 1{11:9 tlgélpﬂ T rzFl'oﬁfrﬂza SH ﬁtbaérblﬁ émelﬁﬂeat upon the calcium ion
o@hc)éﬁitﬁahﬁﬂ |(FHn€1'all}ITBd't\\0@h Y6t 100eM @Ch YR thM&aCl, is used in an uptake

r C de mable car bo urce, or a c
spidh 4 SalEE bR T iRuBRE: SREGE et eto s
1m$®k®ntaud&uwagmansmmbﬁnyﬁﬁﬁtGoaﬁnmedbHag-andeDTA)mdo
I i a ein o
ng\gfl)\%,(lﬁ?gg)ﬂl glﬁrl]){li%ér %}é&glﬁgo HJ,&; Qnetwﬁ‘}on %&m (2 éolﬁ thg*ene cho[ (PEG).
Wileypepridig t be keupsib ppeptticdler theoopityseabevedthatbaobeihglene

giﬁol%@tg% ﬁm%m%ﬁraneg nﬁls BLrﬁﬁHméocHJ: %ﬂ@ﬁ’t& blqﬁe Ilnéiuﬁn to be
pol ypeptide from soy, corn, canola, jatropha, palm

dﬁlévéf?d o e, ptonkAge of the Sieneirma fry straay ad the glegraid VA to be

tRAN¥ErRA SRBChucR. Mhk &g lfrequRhtiyMBavesSAfIfi}| Oples o SERSANRIA VA
sone enbodi ments, the concentration

‘%ﬁ“?ﬁ%m8§%%8ﬁ§%Pﬁ?ﬁmFs at least or about 5 grams per
liter of broth (g/L, wherein the volune of broth
(92021 udesllbotuppensien opeshining the flithedervia s protoglastrrpranaids that bave been

Mgéc%me’o é)[gerrﬁaglhﬁrq}ehtﬁl)emt agéj&lflm@%f & «d RARL (8fch MIO"A@; are used
40,7 50, 60 100, 150, 200, 300

ipfhe W@H@%ﬂﬂn A Folwpef le%aﬁ theéﬁfrgtople%oreéhewamppr@ﬁ of
sbib@nGap. Pohyiko @il ahs50EMVERED) @bRuded Rk 4B desg&émm AQ6herally, a

[ L L t 100 d_ab 0 g/L
i ettt B ek BE e 3Re ) Fon0 | Bacol ohuES
49@Cam xeladddaicoithe 3fb(ﬂ)pg|étl.suspb1t31oﬁDhiBomHhﬁiﬂbldfﬂfeﬂlts,Sa,bodt 028 volumes are
a&%‘&?oetﬁé %?t%%l lsou%%eng ol bﬁ(ﬂl ggsasgc% als Ialén& ar S[l)llf? dd eﬁegar%ff %)ermldme

r ate 1S a
petagsiupcehiokide, erul thmlrlqe gy @HSO bdvédddd@the oEhlesoluf@24&3id in

u%ﬁ%?dmkt%y SllrrthI' ;ﬁi&:eé\{r& aWalﬁUIQ $r %{ngeful'ngMOgt' c@llsrtgee oe%e 98,

nor e attg acid hat are bove tatty a

Patgnf{Nog 082 a%waé@@ﬁ 32éﬂ§fa‘thtfreaﬁta@fuhereév ingoragTatRdERY, ref[e@;z%q their

R ¥R padkiYul @iyl viith@EsBeck doRaftSorfnlth nd¥fiBdd)l qui d at room
tenperature. In some enbodi ments, the I|p|d cont ai ns

689 oIS B S MRS L hud o By SRR B
ta¥) reinytest Hhdfligioal BEEG istirce added bpohesthixtukerto Suwtirer eelmbcnihmmtﬁks pf the
dbdhed Ricleiciasia sequence. The 25% PEG 4000 is generally added in volumes of 5 to 15
times the volume of the transformation mixture; however, greater and lesser volumes may be
suitable. The 25% PEG 4000 is desirably about 10 times the volume of the transformation
mixture. After the PEG is added, the transformation mixture is then cultured either at room

temperature or on ice before the addition of a sorbitol and CaCl, solution. The protoplast
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obt ai ned from soy, corn, canola, jatropha, palm
peanut, sunflower, coconut, nustard,

WO 200080 cott onseed, pal m kernel, olive, saffPCNES2008/086869
sesane, |inseed, ol eagi neous mcrobial cells, Chinese
tall ow, or any conbination of two or nore of the
foregoing. [0217] Exenplary fatty acids include
conmpounds of the fornmula RCOOH, where "R' is a
hydr ocar bon. Exenpl ary unsaturated fatty acids include
conmpounds where "R' includes at |east one
car bon-carbon doubl e bond. Exenplary unsaturated fatty
saq:lieﬁk'ioni inddnReher idéd @ lhfbltﬂmllq\hdtsl’ﬁf t @d)wﬂﬁnedil{ne [ Whéﬁ(t]ile%rowth

d d C
SO S eSS S B S W
twosfomantngdlyde conpounds mhere "R'" includes a plurality
of carbon-carbon doubl e bonds. Exenplary sat ur at ed

172 8 T@ecttaq&oﬂnﬁﬁ(l)mga&&amm@ b‘é‘B@rf&meﬁccdr§n§‘to%§ﬁv@ﬁtﬁhﬁd

allphatlc sone e i ments, the carb

hade -8 ﬁ%ﬁ? EF&!E@ ip ﬁ@nts?okrfb?le 1\42966% CrlwtgyA&eP%ory %@ewl gl
&nﬁ.‘é.ﬂar&ﬁ]i 1982 twdiith fissHetelYy MEdrphratétl U réfardette at i@nfiredy | partGladly with
A §%L rat$qlf$%f¥ acid, a G 8 saturated fatty acid,

%ﬁ@ FRRPRYy aci d, or a C22 saturated fatty

aci d. In an exenpl ary enbodlnent the fatty acid is
FrarnteyiCe!! Qe Media sone embodi ments, the carbon source
is asalt of a fatty acid (e.g., an unsaturated fatty
[6z1i01) Thean‘daﬁﬁdn\a&b linetdefa call bratpoyulaioh df c(eEs ig) cyltuBdthat produce
i%’logﬁe{alé gfsl (m cuﬁtu%” 13 (rl-’:]nle?.dj It h aoo{ﬁ rmg){escah%l ta Foh%lon %ed% Vaact u\éltgdlgr;l) that
bt be ¢eﬂmoum@ergob>&m oranage prddivisiar.t s o Pullurd b nenwhide pln
cgﬂ%ttﬁ‘a? §1'e 555& oc‘[%l htvﬁig, ﬁﬁ@deh‘t‘fﬁr%@aln{ c%ntaiﬂﬂlg célﬁ %a ﬁa%@dlot?ent afdf %t

trlg yceros arefaty acid esters of ? cer
&

Plagt Esiee 18 rvariRdr prabpdanenisibe B aerm ipdudeni lasft of #heuy 1i0p30d50 100

200,1500,f13000, 5fo8d,tiy,06drGhordBRIOg! yCeri de, diglyceride, or
triglycerlde S at Ieast or about 1 gran1per liter of

vol u cl udes both
[?{112 rlﬂézrlébog %g] (ﬁ an elulse 0 ((:Pltlvn% theélo?héea svg nt c?rg'(%nhsource
refers tosp)ue omhcad@naqntdlrewpmmun@b@mble!@f bedry, melaﬂvoh@d)by Blipst cell
04 ngan':_i‘sg)n I@pexaégl’e Q1 n&élgm ugeQQo CL%QJQte tkfk%gst cgfs nﬂ9 En%lugé i’ny

I n“some enbodi nents, the concentration
cgibpn soprge suitpble ioymale'iaamg RS rYEgTLi s grogang tei hgﬁtyelb::r i d e o r
triglyceride is between about 10 and about 400 g/L,
[6212h Blsmbeémmimeaﬂg Qb caitbbn sonete &h@uﬂbo}&ﬁﬁtegédch adlﬁdn‘ﬁ@ecﬂlande
0,.and bet ween abou

b Q
d?SECCH%I‘Idi é)BgOSﬁ(_:Qar € or oﬁ)ésac%%%‘ldgi invert sugar G o0z atlca ¥aet'a93d

nment's; ncen
shquese sidem, alwerot, eltyadrmamxu ARlyodring hﬁeprdduglotia b1@d1¢se1 of sfap-making

ptcﬁt:stsy dl%%a&gﬁp g!leygdﬁ)roh g(ﬁlrce ddlIQL ¥ Cae};lhxfli e vegétable oil suc as corn,

triglyceride that is bef'ore and/ or urlng
pel PUPY SRR b aptide, H@)‘ﬁlﬁl feteqlqugal oll.fatysie (efrbrodiurried daty aflﬁ,e
ua AR ﬂ&@%ﬁeorlpa%ﬂag@@tebfawa&d))hpw bnog;uﬂhpl@lglycer&ﬂﬁd

fatt %/ %%fl H grgi){cerdlgl ﬂ écerl
PP Ry fEECeR iy iy RohpEY Y @at TRl Ar Rl gPisiigte.
pkmids)OrFRewable carbon source (e.g., a biomass carbon source such as a hydrolyzed biomass
carbon source), yeast extract, component from a yeast extract, polymer, acid, alcohol,
aldehyde, ketone, amino acid, succinate, lactate, acetate, ethanol, or any combination of two

or more of the foregoing. In some embodiments, the carbon source is a product of
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enbodi nents, the ratio of the lipid, oil, fat, fatty
aci d, nonoglyceride, diglyceride, or triglyceride to
waQ bmozshbohydrate is about 1:1 on a carbon basPGI/[52088/086869

one carbon in the lipid, oil, fat, fatty acid,

nonogl yceri de, diglyceride, or triglyceride per
carbohydrate carbon). In particul arenbodi nents, the
amount of the lipid, oil, fat, fatty acid,

nonogl yceri de, diglyceride, or triglyceride is between
about 60 and 180 g/L, and the amount of the

carbohydrate is between about 120 and 360 g/L. [0219]

PR RSRLRSY, mlﬁﬁrfgbmhotnmé@ eDbiudSe CHI BB eROHIR&S, thCl ude
one or npre po ypepti des fron1yeast or bacteri a.

esbapysirass i xpio Bﬁ@ﬁpeptlde carbon sources include one
or nore polypeptldes fromsoy, corn, canola, jatropha,
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I nsee renewabl e carbon sources
Exeeplarg sabehwdigies inplade (Sepgnssle-g, redrsp Snageqse. |shlgeiese, or gluepae) and
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nabvagRtide in eelypeatidedinm yisesgerdedierias Ingeme enbeditragabe plant pelypeptide
DR pRMIAP frof 86y corft, Rbxd1aC fARopRA, Ak Kean® Ofuff6RE, R6donutf hiR&id,

fromcorn kernels, corn stover, switch grass, rice
PRITE 5P AR PalBrkeeh v Eidautn TrEIn et dr y milling
of grains (e.g., corn, sorghum rye, triticate,

[B2A] e;n sonhl sahodinanultmeomesﬁraitibh efftBe @rb@hyiisite is BXeusyir alyopt 5
g@a%lls lgﬁ eo ol e%tl V@lefeu{ tﬂ&volﬂgr?e Cr\f\?lggl  indh @R otl?tngo[?LHJléoof the cell

nts, rurt pu
Wn%ﬁwglumv hféhq:ca%@nchsa@efrleaét qrﬁ'@quuuleié amp0A0alh; 60, 80, 100,

1B& r2b% 360/ Q?b alsm&E g/lEB in an@ 'e1'ﬂ§0dnﬁéﬁ€§t tﬁe cdﬂEentrh’cQﬁ bBthe tdboRRIRe is
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tevast s ot siskeDept 400 oD Sisd e bast | Qgrehsbotun 160 L. bepsen

aBaut QHOLH aioli 360 @A, &), befwreEiaboiifi2bd &id,abd¥ABA0RYL. 18 3&BEhDodiments,
n S ot at S,, S et

58 S RicR B R0 e B B PO A B Rek oF et peton

aedrbodiingthd siltutdpef dahdsocellsour ce i s a bi onass

hydrol ysate, such as a bi omass hydrol ysate that

[0218] uﬁ;eealpngt 1tplawe<a§,esuaaglca&dﬂ&9ﬁ% 0B ot faltschdd 468200k fhd

sucr.ose an | ucose. [0221] sone enbodi ments, the
apoyE R BFigs ‘E%F“ﬁdﬁuré‘*ﬁ%r‘lﬁsé‘”(%ﬂﬁ‘c% brachstomass) s

pretreated
[0216] Exemplary oils are lipids that are liquid at room temperature. In some embodiments,

the lipid contains one or more C4 or above fatty acids (e.g., contains one or more saturated,
unsaturated, or branched fatty acid with four or more carbons). In some embodiments, the oil is

obtained from soy, corn, canola, jatropha, palm, peanut, sunflower, coconut, mustard, rapeseed,
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before it is added to the cell culture nmedium In sone

enbodi nents, the pretreatnent includes enzymatic
wee@posaraent, chem cal pretreatnent, or a conbiTEHS10081086869

of both enzymatic and chem cal pretreatnent (see, for

exanpl e, Farzaneh et al, Bioresource Technol ogy 96

(18): 2014-2018, 2005; U. S. Patent No. 6,176,176; U.S.

Pat ent No. 6, 106, 888; which are each hereby

i ncorporated by reference in their entireties,

particularly with respect to the pretreatnent of

renewabl e carbonsources). |In sone enbodi nents, the

doe@emkﬁam Keitel) GhlveSQEﬂo@v@r keSarﬁh’;'l lihsedd, blyagtieos aiigabtedl blM, Chinese
droI zed be or a to the cell culture
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et al, Bioresource Technol ogy § 2014- 20
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physi ca
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FReATREnt “Eﬂ fyyecid & relaytirasidaln seme a@mdgnenﬁptéxca&%‘tseea% st of
dtas abid €. o dv anhaged tdﬁ@hcm),eaadehymaé df a@ity bhi@ (e aDRHsAurBBd atty

be. recoyve sed, while th e

S G e R b TR AR i R YD R
bt oot Bminalsd) lihfuresalts, pgassiot salte godiunechitf, ard tKEX Di- and triglycerols
%ﬁﬁ%{ﬁﬁ&ﬁ%ﬁBfl;@H& dry matter recovery follomnng t he

treatment s essentially 100% AFEX is basically
to dry process. The treated. renewabl e carbon

[%‘lﬁ]r C Bl sPe grpbodiments ghe ?08?’?@“15’@? Pighslinith @il danfatheacideponpglyceride,
digycyridel @irigipkedidt i§ Q@i LT yoBitet 6F biyEl(al, M/ﬁér&n @ volume

f L n eII ose

o R e RS R e e B BB Su G bt R est

levst ot @lgpo® 40,116,520, 3Dh40, 80,168, 8901006656, 20030000, ez gili. dmnsome
' 0 b :

ot e o U SRAUIRAE WHEICRYSLS 3L Rl BNy eride or

teplyopridet i betvsel plopluy/ K agd @ﬁoumﬁExlt wemsemw@ar dbovi 26 aus abew 300

I BAUESSLG @@&d%@@[w}fﬂf SR RwdeR Eboﬁy'}%%‘ﬁ&l%ﬂttwo g/L. In some
fernentation use I n sone enbodi nents, the

PEPEBFLS Je P%ewthnﬁech@a% thnitabarpuaef the ligid, oilafaf, Ereiein| e
1E0Ab £ P3ri SIS Eeridé, Sr @ighyteriad @is dddedbefdr@@Blor @in@ MO YlltuBnglof the
0.5,.1 1.5 3, 4, 5 10, 15, , .30, .40, or. 50% .
bt G bs & SCRF eﬁzlﬁodﬁ?atsetaﬁa{m = BB gﬁalso%leg& S
nthabgyatideediglyyerids ontgiglyteaidelad dii HRhBohy drate, such as glucose. In some
embodiments, the ratio of the lipid, oil, fat, fatty acid, monoglyceride, diglyceride, or triglyceride
to the carbohydrate is about 1:1 on a carbon basis (i.e., one carbon in the lipid, oil, fat, fatty acid,

monoglyceride, diglyceride, or triglyceride per carbohydrate carbon). In particular
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met hods with glucose as a reference to neasure the
anount of glucose generated fromthe carbon source. In
W@ v/ 0awiodi mnents, the concentration of the caP®DIS2008/086869
source (e.g., a renewable carbon source) is equival ent
to between about 0.1 and about 20% gl ucose, such as
bet ween about 0.1 and about 10% gl ucose, between about
0.5 and about 10% gl ucose, between about 1 and about
10% gl ucose, between about 1 and about 5% gl ucose, or
bet ween about 1 and about 2% gl ucose.[0224] In sone
enbodi nents, the carbon source includes yeast extract
@nbodinentsthemmioant ©OMP tipie ikl stan fatty a&s inogoglycartde, diglyreidirer
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Oe%e tton?eetdwea N ab8 ve a?t{]ogvelabo Iltle gohns /L bet ween
out oe efb (9 11 fheeh"s out 5 and
about 60 q In sone enbodlnents the concentration
02301 | Faemnlane repeyvake camellstprepsfincjus sheess wihpyparmesen porpsiep liquor,

@gde,aet befake bakdhar, ad@édrrﬁ;@neﬁtﬂ@ro&l-hh{] i thdW@re@ingd. tB‘erh
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Eodasgrathhecont awincrhgrasomngneanescten Maﬂ@ofg‘émma&m ptodesse®HAd protein
i_ment tio o L extra

BIBRHLITERL e mhils TRl B b VREDHn S LR s i S pon

fowrcous a llgmﬂﬁl}osmammmrh@ict 9 cethéoswamatronl ssazhuaus,dast aragot Hingel to,

Q’st %ﬁatc\@ﬁeg&ﬁaé qyggats{eastugu c§nlé %E‘ga?s% sgf’tl(vg uﬁy 9391 qgm N or husk,

ano ycero ction from si ngl e car’bon
%Oﬁulfeé“@k fipes frgm cowdﬁ@mthspm sowrititefegigraaice Bl mreduptaera)by firgpstuct

RO Gel B a@rntlmqg bigrdmt(hy| &h{ SREHufn, byeaﬁﬁoste(bﬁasgad«ﬁeaetan@&
541-543, 1989, which

‘H%{”Iérgﬁrafnﬁc gf‘ﬁg‘t{%ﬁ’ é‘?ﬂl“lﬁ?g Tdudepod, tpgpeéilﬂdm}l]@tvvﬂe

ltearatdoemmtsL yhd\iiutt Iputp eRpemnt erhbbdﬁr&htb ake Gfhdti ﬁﬁ&)e uamdeslaﬂy plant

el{l ate by natm% roots or %Lérs nscg:nl?eem Sél ¥ﬂt or pallt o? an; o? t%
g By 3 LRAE

hereby Thcor pora ad erence
@Hmegplgms apfatrst:d ol canbbrysowct homsstpetclwe tsmgmam lrggigate, rice, rmllet

&QHJ ERSha, 1égﬁﬁ§sesu9ﬁ 2R T Cf%@snpcﬁé&gs k@ 6rardlNGhhn aE@ﬁ Rﬁ‘ne

rrpound , ranging I n oxi tron state rom et han
afné/Pﬁfarleca Hnemp eubRdieents| the earton sourysds qotmwalyydcpflys@arswws a

RSHdshydty QP the@RcRRs SdH SuBHaddi gRidbL SLMABRARAIRANALEe and
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§'¥8%% schal k, Bacterial Metabolism Second Edition,
Springer-Verl ag: New York,

[0221] In some embodiments, the renewable carbon source (such as biomass) is pretreated
before it is added to the cell culture medium. In some embodiments, the pretreatment includes
enzymatic pretreatment, chemical pretreatment, or a combination of both enzymatic and chemical
pretreatment (see, for example, Farzaneh et al., Bioresource Technology 96 (18): 2014-2018,
2005; U.S. Patent No. 6,176,176; U.S. Patent No. 6,106,888; which are each hereby incorporated

by reference in their entireties, particularly with respect to the pretreatment of renewable carbon
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1986, which is hereby incorporated by reference inits
entirety, particularly with respect to carbon
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pat hway assim | ates the one-carbon conpound into the
gl ycol ytic pathway via nethyl enetetrahydrofol at e.
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respect cell nedias and cell culture conditions). In

sone enbodi nents where an i soprene synthase, DXS, |D
w@edoT66kVA pat hway nucl eic acid is under the BPOHUS29D8/086869

of an inducible pronoter, the inducing agent {e.g., a

sugar, netal salt or antimcrobial), is desirably

added to the nedium at a concentration effective to

i nduce expression of an isoprene synthase, DXS, |D

and/ or MA pat hway pol ypeptide. In some enbodi nents,

cell medium has an antibiotic (such as kananycin) that

corresponds to the antibiotic resistance nucleic acid
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three carbon product glyceraldehyde-3-phosphate. Likewise, the serine pathway assimilates the

one-carbon compound into the glycolytic pathway via methylenetetrahydrofolate.

[0226] In addition to one and two carbon substrates, methylotrophic organisms are also known
to utilize a number of other carbon containing compounds such as methylamine, glucosamine

and a variety of amino acids for metabolic activity. For example, methylotrophic yeast are
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anaerobi c conditions based on the requirenents of the
host cells. Exenplary culture conditions for a given
WO pdogmmmrous fungus are known in the art and negI/B82008/086869
found in the scientific literature and/or fromthe
source of the fungi such as the American Type Cul ture
Col Il ection and Fungal Genetics Stock Center. [0231] In
vari ous enbodi nents, the cells are grown using any
known node of fermentation, such as batch, fed-batch,
or continuous processes. In sone enbodi nents, a batch
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Exemplary Cell Culture Conditions
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Bi ot echnol ogy: A Textbook of Industrial M crobiol ogy,
Second Edition (1989) Sinauer Associates, Inc., which

WO 200neT®igy | ncorporated by reference in its eneCT/ES2008/086869
particularly with respect to cell culture and
fermentation conditions. [0233] In sone enbodi nents,
conti nuous fernentation nmethods are used. Conti nuous
fermentation is an open system where a defined
fermentation nediumis added continuously to a
bi oreactor and an equal anount of conditioned nmedi um
is renoved sinultaneously for processing. Continuous
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(%eg%u%gs&oa(cenﬁake speed, and/or other conditions in

which a culture is grown. The sinplest incubators are
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fJerpn%lltann is used. Classical batch fermentation is a closed system where the composition of
the media is set at the beginning of the fermentation and is not subject to artificial alterations
during the fermentation. Thus, at the beginning of the fermentation the cell medium is
inoculated with the desired host cells and fermentation is permitted to occur adding nothing to

the system. Typically, however, “batch” fermentation is batch with respect to the addition of
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the ability to lower the tenperature (via
refrigeration), or the ability to control humdity or
w@anhmead s. Most incubators include a tiner; BONES9881086869
al so be programed to cycle through different
tenperatures, humdity levels, etc. Incubators can
vary in size fromtabletop to units the size of snal
roons. [0237] If desired, a portion or all of the cel
medi um can be changed to replenish nutrients and/ or
avoid the build up of potentially harnful metabolic
byproducts and dead cells. In the case of suspension
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[0234] Continuous fermentation allows for the modulation of one factor or any number of
factors that affect cell growth or isoprene production. For example, one method maintains a
limiting nutrient such as the carbon source or nitrogen level at a fixed rate and allows all other
parameters to moderate. In other systems, a number of factors affecting growth can be altered

continuously while the cell concentration (e.g., the concentration measured by media turbidity)
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[ 0240] By "peak specific productivity" is neant the
maxi mum anount of isoprene produced per cell during

waQ bwouetairi ng of cells for a particul ar peri cRCDS10081€86869
(e.g., the culturing of cells during a particular
fermentation run). By "peak specific productivity tine
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run) when the anmount of isoprene produced per cell is
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Kk
BB EGD PO} 5 <P F TG G 3 SLA SRy et e weFkmown i
thesamp:tf édestizaimichib®lqge endeehktietgofsiethodet: deailal by BrécR BidtkchBylogy:
A E&%{)ly&lflycm?tkglll\%cxe&gg C%Eco&({ é{dmona %Eﬂée]mau]gr lgss%:%aahxels, nch which

anoun I soprene pr duce
i hergbly mprngatt:ﬁ@/ rgfstengpan of entitvty, neeﬂlduklrlmwdh tebpegctgepdll culture and

AR hdioh cSidtHoRg the culturing of cells for a particular
period of time (e.g., the culturing of cells during a

ar fernent at
Bt i Rt et °611We e PR SR e lbcetabpg and
spgéandd tafgrmantgtierhendiudnt €or isogrerefpraiedtios. f or a parti cul ar
period of tinme (e.g., the culturing of cells during

(BDR t G bmRRE 13k GHE )cum/feeape ;Me@d AR irrder to
i soprene produced per volunme of broth is at_ a maxi mum

lffff?éuCﬁ QxYER |9k liapid apbmpipein thedniformy e the qultyre; W some
ef®bdHh FFitd) ﬁdmhﬂ)atdﬂ ivisdil Rgohthethe Qir@leraﬂfe@ﬁiﬁﬁ&ty\léhhké sPaed} A& or

f .bra d anount
BBy T s FEEHE: ARbuReT eiiRied et s vit
ap edjlstadpeheatér] tgpivadily goieg up to ~pF Wl lMd;re vlatioyatd incvbatx® cantalso intlude

tt?eoa@glalet??o&g% e E%lﬁer?r&% %\gge) %ﬁ’@eﬁaﬁ B-{é aﬁéﬁt}klr lt'(!g(s)'ﬁ{rﬂ glumidity or CO,
1¢vsb pMesi encalvmwip@uq@@rﬂmu semeEcap elrso el preegraginged [fosveld threugki n.
dﬁ%&kmﬁ%a‘mr&e ﬁl!ﬁmgl%%ﬁt été‘tlh&lgatoﬂs %anr@%qﬁ s&J‘f?on@B‘lthfrjmumts

anpunt of isoprené produced during the culturing of
thestizr of Y3t 19msar ti cul ar period of tine (e.g., the
culturing of cells during a particular fernentation
[0237) . IfBgsirtqre péeticromel nf thatell oredimrven lpm:ihmgéd foSephmam hutiidnes
ahd/ Hevie thlg %mgi Io?goténpglly%ldhﬁ{?lrrh@a%ogj lﬁfgl% uc?‘s ch? Eleai"ll cel]f In the

particul ar pe
casg[of spgnsignrrylterespentls ¢am bk saparhied frem thetmiedia by enm)nfvﬂmvr filtesing the

sEFRHdRRh cffurel SORELRGPNQHYBE SelR ] frdsEhbdid. Sin Bl cfe TR LN
I n sone enbodi nents, the isoprene anount i s neasured

culfurgspfhe pedigcap B‘i’ﬁ?@ﬁ‘fﬁdzﬁiﬁ%‘ﬁ by Pﬁﬁ‘%a“ﬁﬁ Ptk replacRd. ol sRame embodiments,

tmbloﬂlbmﬂta&wstaheaspae@imo%me BALIG @t divade OO 1chdd er HBtl5510, 30, 40,
gbéaug any 0 the isoprene armLints dhscl ose
5, or more cell divisions 1n'a continuous culture (such as'a contmuous culture without

dilution).

[0238] In some embodiments, a constitutive or leaky promoter (such as a Trc promoter) is

used and a compound (such as IPTG) is not added to induce expression of the isoprene synthase,
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herein. [0243] By "average volunmetric productivity" is
meant the average anount of isoprene produced per
waatoaaeedd broth (including the vol une of the BEI/US20881086869
the cell nmedium during the culturing of cells for a
particul ar period of tinme (e.g., the culturing of
cells during a particular fernentation run). The
average volunetric productivity is determ ned by
dividing the total productivity by the volunme of broth
and anount of tinme. In sone enbodi nents, the average
specific volunetric productivity for the cells is
BRoUbI 3nVIvaf pathiiay 4 h&fewa@ﬁ@) @Jmu@thﬁkeraecrthww%r RESontel ME
di sc| osed herei n, H%a?% ‘cunul ative t ot al
BRRSERER i cpyppound (5 é* addeidn B EPrPe NErioRTRS of
syROpe ADIES, PDD oM Ed patitvayngicledd @cid(s) dpetablin nkadl toakd grémdtat  a
particul ar period of time (e.g., the culturing of

E)%Ln}g%,ﬁ%gdggon R@5bicul ar fermentation run). I'n sone

enbodi'nment s e cunul ative, total anmount of isoprene

sur ed Odl nts the cunul ati ve t.ot al
I3 e Cipor B GalF e CTIBR b fur s b condiion
pesiviping e paﬂlbctlfoh sf 1§bpﬁe®b bsthelcdier By fpeak] aBadhibd prbducth\dtyeis meant the

Le. pr.od

ngqa?):grggm {)]ﬁf;a rz]imglr;n aﬁ ? l?fe gj_mQIle olil% %durglg the fﬁ]%\%n %CD ﬁsztgba partlcular
pBi0d of3@, (e-4 Othe culidtng of Olls dl?hi)@ a p&@@llar%@enta.l.w@ 60). By “pBR,
Joséﬁ)tggroa-uczégﬂ tm?e pgglg 650 %ea%gtge tlrge &QIQ durﬂygqqg’mexﬁatgg Qun when the
#)501% em%moofewerenellz Hegficges i§ 5. r%enurrmgm@éle culgpingygficglls for a

ﬁQzﬁod SARe0L/ 8¢ ang £ edllk gurfng pmhal1a4\/eetnnmatigﬂ hmpfln
the C s/ hot#r énmnl e/ mm%. n songs enbo
1S “RRYTAT o e SUBH aRaTt § tsapitd et Sp5a poseute gro B’é‘u‘tty tthe
Iﬁﬁk@ Iﬁ&&nﬂé‘fﬂioﬁﬁr@nmﬁd etk absal@bipraduchidtyvierahe @boislbbodt 4n@ of the
ISO ne mountsrglrgnlosedg I‘\CI}QT{ hr abOUt 100 t ~ abOUt 500

rﬁﬁ f Wenhir, out 150 to about 500 nnole/g wem
/ hi about 500 t o about 1,000 nnole/g went hr, about
19249 0 By Spasl sreeifio POBHTLHG Fsanegnivikeparimunydenynt of isgpreperpgpduced
0 Bdlit dun QOO Q/F Be114Edh Ez[mcuﬂlb PéHod of tQﬁlQ gothé bﬂlhﬂ‘mg of cells
%“I‘?’BOOO n(&gﬁf/ W hr, ou 10}‘000 out 50,.0 "
$ apat ema&?fbrﬂ{‘ @(’J BG6SReE ‘&BrB?H"“‘il BomsPeh ﬁ%‘i“‘éaf‘bt €

tiEangl ot durinlg ehgteulhdidg Gﬂﬁllst for afaaithladzOodéXtima . ehgeutliAgf cells
uE‘ln aal? ga% 11 gfmetngm %}1 H%OO Oggf &g%he rgdu\é\ga[?e{ cell 1s:1art] a
Ia:bmuum Zﬁletpeakasbmﬂc pmd@ct@(m@ls dcrm’nerleg bwchmﬁhlg theadyd ptodd@@ity ley the
ﬁxg)ghlttof §e119 QQ dé?émkn%é gy (\ﬁﬁ[gl Iaénmt}ae@ @M;nm% 6 O Irﬁsl%glle! tBl}’lgOdQQ&)ltS the

nmol e/ g wenl hr, about to about
NPHIRA FOURbS measswéaft%e P&E}b?@f’“flc Rymctwms Fl@F goinic A Wne about

Aidditrenid lﬁﬁ?ﬁeak]spm PR FVGRTAs is BOA Yy oF(HRQBpref amounts
about nnol e/ g WOl hr, about 2,000 to about
Ifﬁ“gl@@dﬁ fFOPEFY wend hr about

[0241] By “peak volumetric productivity” is meant the maximum amount of isoprene
produced per volume of broth (including the volume of the cells and the cell medium) during the
culturing of cells for a particular period of time (e.g., the culturing of cells during a particular
fermentation run). By “peak specific volumetric productivity time point” is meant the time point

during the culturing of cells for a particular period of time (e.g., the culturing of cells during a
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5,000 to about 50,000 nnole/g wecm hr, about 10,000 to
about 100, 000 nnol e/g WO hr, about 20,000 to about
WA Z®D®7einol e/ g wem hr, or about 20, 000 to abRTE/US2008/086869
200, 000 nnol e/ g wenf hr. [0246] The anount of isoprene
inunits of nnole/g Wnl hr can be neasured as
disclosed in U S. Patent No. 5,849,970, which is
hereby i ncorporated by reference inits entirety,
particularly with respect to the neasurenent of
I soprene production. For exanple, two nL of headspace
(e.g., headspace froma culture such as 2 nL of
ﬁdfﬂld;_lgg ﬁrtﬁdﬁ{a%lbﬂ @8 ien &€ &h?ﬂlt ol 1§>blaén@§roc318ed9eW(ﬁd?rlleS(R glg)lh][lgat a
a m for app mat e oy are anal yze or
Pigan Shaperige SO0 BRI aglisvions triamat Spiy sy oe o
pudittidy bg tisywshsrpiipeh aidthousof tias. Makdnye ddddifapntyiHeRsopiane
&OQJ?I% 1?91@4 gl’gﬁ %il’iel CB.CK Sﬁ?flflé)ovalufﬂp%lc TO uctl%gge#g)'l:ngsl‘lpls%m OXl d e
F@@d@tem@ﬂhwsk @emfécwbvne(n“ﬂpwdectmﬂoyt&w cedlk js ahpmhny oPte ksoprene
£ehdunts %@r%lufn@ E)erqm%l:lgsed fR:ggnberg et al, Atnos.
EnV|ron 27A: 89-2692, 1993; Silver et al, Plant
» gg 1588 1591, 1991, which are (Each her eby
[T B PR aBr e S B e P Ty of OpiE Produced during
thartliucay elctlly faviatphrticds petid of thmé (2g., e asluiiegrefvelisafuring a particular
j e.Rr 8 hr omat h
KRR BEYEN Bl PRl 0 BB SR LR M BB e
pudtmneeof eclls ém e emtioular poted oéﬂlmeb(le at the aulpting/ef cellspiugmgraeparticular
ﬁﬁmgh&ﬁﬂﬁﬁvheﬁ {ﬂl@ aﬁﬁ@unyﬁ' 1sf091rené J}ﬁd g{ JQE s af ?@Lﬁmﬁxﬁ rInrs
cu talining t

wet wei ght” of the cells is ca
MERISIMGHIF- Hes 1FaBFenSanNATH Beastred ﬁéhe@eakl commfaumeumeammtlh eqme
&Y IRHehts, Mg pekl€coficePatib@iod Bie bl B aBER af of R lidoPreRASRUntOMsFosed
calibration curve of wet wei ghts for cell cultures

%h a known A oo value. In sone enbodi ments, the
grans of the cells is estimted by assum ng that one
10243¢r Byf avgrage volyniatred poefiuetydg] ik meamntlthe avesagel aro@int o isopietieh
%Bdu’%d%@r mn&é%f Qlfoth](mblﬁﬁ’x d@th%&lurﬁeeéf lthe\/@lllsginﬁ t ?&i’]ﬂm&{ durmg the

he value is al so divi he nunber o ours
@lirringobesiis for ppaticuianpeied of ey (¢6x the sylerngef celly ﬂe@agmamsular

feR2Atédionl rﬂn)Sﬂféﬁv@z['gQ QeluRBAL ﬁod&h\ﬁtyQﬁiete%mhéﬂ @Qill\tldiﬁgeche total
duce. i rene reater t r abou 25,

pcoR by fegolimpef %@@d SRt ol e e@%@ﬂmw@fhe atsenee

Peific vbjuBBic pﬂo,dIZdﬁQJ,ty for thO&xlls & aF@Danydf MO BopréneaBiountsped Mdyme

10, 000, 100,000, or nore ng of
lﬁr%gggﬁgfgggﬁfof ceIIs for the wet weight of the

ceIIs/hr (ng n h). In sone enbodi nents, the anount
[8344] s &y erpalatize tB@k Vil ol eant the cuptitve.gotg @movny pjsoprene
M&ﬂif:é’d duﬁﬁgcth]e ASuRBNEAR fod B paHicuflr f)é?lo@ Qﬂﬁﬁe (@ Q0wmA gv{lﬁnng of cells

%F @bg 100.to bout 50 gﬁg W% about 500
et pafwa eﬁlée}lfétl hIn SUPLTR oi gt e&ulablétme tgta]oagﬁ)unt of
isgtege mmﬂfﬁdnreddﬁ s@ixCitbo@meas) the Gurall eyt tdtal PIQucAGiyForvaedells is

enb | Jrent S the anmpunt of isoprene is between
albg ti?yr%f)hetl%)ga I?ou%tsﬁlf) R erelr\1/\/(:rﬂh about 100 to about

000 ng/ g went h, about 200 to

[0245 In somé embodiments, the cells in culture produce isoprene at greater than or about 1,
10, 25, 50, 100, 150, 200, 250, 300, 400, 500, 600, 700, 800, 900, 1,000, 1,250, 1,500, 1,750,
2,000, 2,500, 3,000, 4,000, 5,000, 10,000, 12,500, 20,000, 30,000, 40,000, 50,000, 75,000,
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about 2,000 ng/g wem h, about 200 to about 1,000 ng/g

went h, about 300 to about 1,000 ng/g wcm h, or about
wa®Ivmeabout 1, 000 ng/ g weni h. The anmount of PEDPSWAK086869

in ng/g wmh can b e calculated by multiplying the

val ue for isoprene production in the units of nnole/g

went hr di scussed above by 68.1 (as described in

Equation 5 below). [0248] In sone enbodi nents, the

cells in culture produce a cunulative titer (tota

anount) of isoprene at greater than or about 1, 10,

25, 50, 100, 150, 200, 250, 300, 400, 500, 600, 700,

8(Qﬂ)00 91@9 0001 IMO 1@8 @(ﬁ’)oor ror&ible &,1%51@;1%%%@ 8%08112ﬁ05@9wet weight

or re

000, 4,0 000, 50, 00
ﬂ’b‘hf‘o‘fe“?”%"&}bg‘g‘ﬁ]é? ncmg\g Eﬂ o bRty | g% pougol isaprne if, petween
viouine aefut 0PdhnhaetuadRSsucing beoleenaborf2 tb fteuci®b haolaggl./hr
t he ' nt
5 R R e BB BRI S SPARY B
shsmw @8 nipeleigeafir, abrout,00 t¢ ehoatPel90 nhole/grmg/ht. bbcmrt R000p sheut

5@&) I{n&%l D0ut: 20 5'69(6 &QBou@iJ‘@OO%R‘BHF 5@19 aBé?u ?(P&iétto Ao38,000

my/ . about 1,000 to about broth, or

%@E(swcﬁh@muﬁ& 04% t93bous 1 90 ﬁﬁPlE/chw@’h abquhl@&%to about 150,000
anhed), ,LVEInBrSabOIIt hls’o A0RLbbut2H0,i O@Qafo@vg%cmnﬁ RELNE8RbBRRHE, the

20 to .about L _broth OO t o about 5,
FRB9UEt 9 Agprpne la%%‘men 'z%w F0do ab&aaﬁogg %@vfcmﬂﬁr BOW, logwag?ut
200 inlead)Qutr, abp@ Q00 toghdub2,06tnimolezd) Qutir, aBOO 20(110 atwtt,000

ut 400
%xhcg%/ﬁwc,g/‘ﬁroébf 3%E}Eoeabcs)utel§9 lill’réol% d&ﬁfc%bout 4BB t IQg (())HE?%I?]OGIC/%W/M
ai@uiolf 00p mp@ﬁ@DQnmle/mxﬁ(hks gaue,{op mbgllrtaR,QOQ‘ ﬂnaﬁd(gvmfhr about
§ béﬁ t}) %O]}lpéfl)l dOb' /g\rcr/hlg %oﬁ?ﬁ)%% ﬁ)dabg}f 16(?(%'0 gglo%/&%cm”% about

rom-t ture at an 00 va
aqa(gﬂombﬁmlé@ Womle/amt’hﬂl on ot 20,090 g Bt A0 Amole/gyon/hr
i ncubating for 30 mnutes, and then neasuring the
fox) nt’I‘h@ﬁmcblﬁiO(misﬁptenei in uiilf?.(bf hedegpahecal Bsmehesed ds ldBelpsell rU.S.
Eg%en%? % 848970'5?‘{?1‘1”?{5 Elerelﬁfeln&)a E)‘éa;[‘?éirlt]% reé't{ar%nc%geﬂrs] &n % o,lp\%lxiila;ﬂ%erg with
Bpe@D tho meaimgaegft oflis@rdyy priuctioh. rigr bypmplagwoOBDbed herddpae.(e.g.,

Héass%c@ L a%luﬂgsu'cﬁ Q0 RINGY clulnn'g aferRa ﬁl%eéi@d"wﬁ@at SOV Lt Kbking

br ot / OD6oo of culture broth by multiplying
By 0Qrppefe %Pm@ﬂlafw 3 Tppye) ayenglazed for (i§epieae g a standard gas

mlﬁd@crgaatpgy J%témaaﬂls Q@gbicehﬁ)pgﬂgieg ig?&gérﬁﬂlg}ﬁ(gs f:dj mﬁ gﬂtsrmseta&fporasn
Vv u | u |V

t ool f}*ﬂhﬁsﬁ (*fsgmatrv‘s ng er{e %%,51} Erd rourlsel (9 eI mergwispide

&mlrmore%nira Iaegecm:a (rsce Atnb]l@tmae Meslo iPhrk 0T )t (ke Sfotexsia@plé, mr&n&&@g al,

(BTl A GRS, el 38018l 0 £RAES lh Yie

40 €ach BHEby iBOPoratEd by re&@@pe 19 OBir edtjir@R6) parlidQOly with@Gpecl BOIR,

Hleaélqgmen% ofqgogren;prgalgﬁon% %as %ﬂ grggigra%hﬁag% unés agé)g)nverted to nmol

Qo;g@]g viag s@g@rd 1\spyp(p@@congen}m)@n cglb%gl cugve3 @()somg em@@hments, the
R the grams of cells for the wet weight of the cells is calculated by obtaining the Aggg
value for a sample of the cell culture, and then converting the Aggp value to grams of cells based
on a calibration curve of wet weights for cell cultures with a known Aggp value. In some

embodiments, the grams of the cells is estimated by assuming that one liter of broth (inctuding
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or nore ng of isoprene/L of broth/hr (mg/L broth/hr,

wherein the volume of broth includes the volunme of the
weziobe7@and the cell nediunm). In sone enbodi MeneGI/USI908/086869

average volunetric productivity of isoprene is between

about 0.1 to about 3,500 ng/L broth/hr, such as

bet ween about 0.1 to about 100 ny/L broth/hr, about

100 to about 500 ng/L broth/hr, about 500 to about

1,000 ng/L broth/hr, about 1,000 to about 1,500 ng/L

broth/hr, about 1,500 to about 2,000 ng/L broth/hr,

about 2,000 to about 2,500 ng/L broth/hr, about 2,500

tedl naddmbitand pe(])l@)(}wﬂigablﬂadb O4lid df1l hasar we bedlubeight X0Gbrdn® Be@ble s also

e TR Bl e QuSETE EEORERIRE S uiniB TR

10 to _about 3,500 nq{L brot h/ hr, about 100 t o about

B2400 Irepme embedimens e sells in culteye Progucs ISeRiEnc Rt gremerdign pr about 1,

oy, 05,156,100, 1385006, 2’5’(0@0(1 B0 bsy60017000d0 b L1, d@boltisbhlrsoo 1,750,

LT TN TR AR A

@ﬂb@(ﬂhﬂiﬁ" ftescellsthin énge IS, ]nmorﬁejérﬁhdﬂiﬁleﬁta\ﬂ&: aghofu@ @Kisoprene is between

[i oductj vit |so t at.er th
QLT LEEs QOQEHE vl b OR0R T8 B SR ALEL .80 Rl
400, 505 0ggw.8REbouy O, to OO, 1 @O(Dg/gacm/@woutllm)to abh RO B 00011 Z0Am/h,

gr- aﬁQQ 2 0(30 t§ Qlth 510&%8/&" %/hz %gsom% e%gcghm%ltsg 39 amgunpog 8s’oprene is

lzet\mg abozt %{,)Ggabogt I ng/gwc,]_/bgabog lgbtg abqglt %@@) nggwoq,@)gabout 200 to
;Jmagg;oog /%vg,gh aﬂmgg%bto ébogggooogl wcm/h zfﬂm%ggo togchlQQOOO ng/guem/h,

o sf30030 St 108G, Feyimogiioh Bopree TR o be calulated
&, idfiplyifg @O lueFordPrenOprdb@tiondn thd Units bOnEE) g, .18 Bddlksed above
15 0, ,.or. prene/ L of broth/hr (ng/L

lﬁ?’ Gggﬁf%ﬁe,sm\l/’\?}%n ung?rhgebeil/ocvﬂgurre of broth includes the

vol ume of the cells and the cell medium. In sone

WA diliome smbediaenirethik ool nupbire Predyse o eretlative titgr (eptal amount) of
s SpRdE etrgeeatesmhxe@rw&m aboust s 16w, 159, H0250, 369, 40 00T0b, 700 800,

Book ol 2osb, Psoo S bl Escp ol Py 48, Rl o o, o

h&O migof QQﬁmie/Iﬁ@ Groﬂiﬂnlgmrgﬂ; Wwhdiéin thabélute SHoth Pclaie tHe volume of

) 1.0 1, 500. /L
% ?g?nlrg‘]ﬁqﬂe cell %1 { élﬂ)ﬁmfe e¥nb d1m%n932%h6 GIBouny?f 1soBren? %P%‘y?en about
Za'b@bﬁut zom@g/mthab@w b@WEﬁ@@bml totabart m)(]mg/Lﬁh[ﬁbbutZO(B@@bout
,oth, %onPQ)O@Ab‘outh@b H{ Yths Q&Q{Jf 00% ’t(gzg)gutt2?oggqg}ibmﬂ}, ﬁr about

ng/ L broth/hr, abo t 4”500 to about
%QOQthﬁPt 5 QQB I ) @me@rr%i%mntv ths @moymgpfiisoprent lhbﬁween about

@b@ BBout’s, (00 Ghel1Q,..2 *a&i&t 10bQo QQQt sfmb !mgﬁlbmt& Bt 200 PR 2.000
000 to _about 12 broth/h, or about 12,500

TBLiab et 28) G0t i B G A o Sbol UhSe e of S0t 400

b 1pe@kgilunetric productivity of isoprene is
bet ween about 10 to about 15,000 ng/L broth/hr, about

t . | g
T
figsloerisinilar culivsuigan Be moBuEdbYBELE 2 10! BOOle rﬁrgmuhetnekbtnﬁwmat an
@b alué o%grofuﬁlately 1.0, putting it in a 20 mL vial, incubating for 30 minutes, and then

measuring the amount of isoprene in the headspace (as described, for example, in Example I,

part II). If the ODgpp value is not 1.0, then the measurement can be normalized to an ODggq value
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about 12,500 ng/L broth/hr, or about 10,000 to about
15,000 ng/L broth/hr. [0252] The i nstantaneous
WO spoaees production rate in ng/L broth/hr in BCT/US2008/086869
fermentor can be neasured by taking a sanple of the
fermentor off-gas, analyzing it for the anount of
i soprene (in units such as ng of isoprene per Lgas) as
descri bed, for exanple, in Exanple I, part Il and
mul tiplying this value by the rate at which off-gas is
passed t hough each liter of broth (e.g., at 1 vvm
(volunme of air/volunme of broth/mnute) this is 60 Lgas
810 fy@hiding bYRBSOD AV 10E. f Frg adiud & isc@fdené/L A&HdYpaatn bef cor61\8:rted
corresponds t n i.nst ant aneous, production rate of |
ogre( Lo bt IO ST bYOLk PO LTAE G e o &% g galug if gnits of
mg/Lis@/hir/ODEok éan b8 v Biphagl/bly tHemoinber lbf hodBRndRe ODWh ik thybtiilnthe
oo, %g evtﬂ|rLile 40 bt(?rtjis% rterqeng&(;&Lfi c rate in units of
ngmlu brot ht hr7 &0, % hepaverage vVal ue of ng isoprene/lL
as can be converted to the total product productivity
@aﬁﬂé e omeicnbskiaenes. Besellp incglturphave @ FremeatolFsirisPEdpctivity of
R&prdne BY gadald) thhyorabiduk 0.1 1&0'6111@ 28 15051 oa,wlso,@g@, 29(5,f30(]9 as% f500, 600,
opr.e conc rati y e faot unt o )
B eRS.JaBeyTRL 1 Rlr Peishlzioh i o ke oyl 2100,
1,E00nE 311022, 40002,50DN2600, BT00a%,810a2)€0003,60005 5001 S20¢ B0, 3,400, 3,500,
Gk b Eop A by Qo Batmg R 3% oG o s e
BOMernf the sdljs rmdtbd ¢elliprediutm). |heRE3 mbodimswmtheantzgdivniemetsc
%Q&lcﬁ:\gﬂy lo{sis%ﬁ]eng ﬁl b%Wegl eﬁ)gllﬂ\()qrt(g a&{lt%aﬁt(, 8 En&PLrﬂrgatnhrosrucl?g%%een about
.0015; 0.002, 0.005, 0.01, 0.02,0.050.1, 0.12,
®! tpabouy 100gme/Byro@/hr, gbogt 10§ tojabogs 580 meyLgau/hy, apout H00g0 alpunl,000
rillg/ 8urothﬂﬂf, %bou% 1 ,600 t% a‘t%ut 12],-50@ &r)ngz,f%h/lér,zabﬂgt 162)506 5-03330@ 12,020 %g/Lédth@]r,
P00 1 s 3508 g3, eyt H30sp G gyl 3,000
t8 3badyf 3,28. rde/ L@ hi6 ,In &the@mbadméhts, thb atrags Oolinetdclpriuctdaty Of
e iTggen b g0 0o sBimg g Jpoup ety 800 Wl dea,
dawt38htoiahout he0loag/Lu.6bi, ehaue20feaibarn LiX0 meilsanaheut 10pO0 to
DOITS 0BRGN andulEs086S SEML BORYRLSIRN of carbon
Into isoprene is between about O. 02t 0" about 90.0
r % such as about 0,002 to about 0.005% about
@?4685 It 9268 dnb?ﬂtwge CeHBBHINGe BPTe f BPAK BOHReEe m@aﬂw HShit
iSopthe ht@reateniliin @ a0dm®6.5,0.01 50, L& saioot150).220/425@ By #00) 5@, 600,
pEtne big
% . . 5% oot
RB0p Qoo d8hi28: Bobd ARdio Legin AR po Logopoo. 2100,
210012,300, YW, 2af91L12,600, B70002,80002:190033, 0%, 3, Hl603420033, 00t H4(1903)500,
P758%8 0BPL0. £33, 47502004t 5 500980030 6 G006, 3 Y
AR, R5iB. 4 RS s o HogbR Rt o 0o 1 SRR 150, 7000
0084005 h 60t 8,890, 230 68. 29 ctiT502500998,238bBE0, BH00MHG08, 12,500,

B006% meRMH of R8pBRo1t & b8 g RDQUH:, where@%ad 1R -0PBoth includes
about 45 00610 B0 0% about B0 0%to0 55. 0% about

BEYWBLb e 6c 9 B EmB e ol Sy BB eRb P B OhmRels
pé&1uOity abigdptend B b Kednub8 06% atdtixad00BRg/DYoIH®, such as between
about 0.5 to about 10 mg/Ly,w/hr, about 1.0 to about 100 mg/Lyon/hr, about 100 to about 500
mg/Lirow/hr, about 500 to about 1,000 mg/Lym/hr, about 1,000 to about 1,500 mg/Lyrem/hr,

about 1,500 to about 2,000 mg/Ly,m/hr, about 2,000 to about 2,500 mg/Ly.n/hr, about 2,500 to
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85.0% or about 85.0%to 90.0% In sone enbodi nents,

t he percent conversion of carbon into isoprene is
whziesis7@bout 0. 002 to about 0.4 nolar % 0. OBRI/US2008/086869

about 0.16 nolar % 0.04 to about 0.16 nmolar % about

0.005 to about 0.3 molar % about 0.01 to about 0.3

mol ar % about 0.05 to about 0.3 molar % about 0.1 to

0.3 molar % about 0.3 to about 1.0 nolar % about 1.0

to about 5.0 nolar % about 2 to about 5.0 nolar %

about 5.0 to about 10.0 nolar % about 7 to about 10.0

mol ar % about 10.0 to about 20.0 molar % about 12 to

&Haml;ooa ngﬁlbrl:m{radbo&(% 000 RUboul 8 5000m@Q Wi, 81Q>u93 ml t@ﬁbox{es ooo

put 18 to mol ar’” % about
sﬁ@&tab%‘é «8‘20 19 3008t %gqoéfig/ o/ ERgRE 71380 fooabalﬁdﬁ’t)oozsg/ébwmmr
ﬂmhtalf) ,009 toabami 12,508 IrtthLb,abh}ld;t abiddt. 10,500loabou?d 5 (Hil)@lh.gt/Lbﬂ,ﬂhlt @n some

% 0 b %
%Eo I{m %tg tl%e da’!B% %{16 uct v1% otf)t %pr% eolgJ E)etgfjan abou L tab(%lb%SOOOO
me/Lad/hihabei Hitto @@’u'tQGﬁOQ bm(ltbmtﬁm ®0Wdl,0@9 todgpow 5@QQ m&0s:dindr,
ARRULs0d an@od?‘? |5@d mg/&%o%ﬁlp lélBou?’Q O(SOoci) gl%?)qyltO U%Q g l/ﬂrabcﬂ‘it 7%60 to

abouf about to a % [ 025

eytdéne0 @%{hwﬁ“&l%?b%tflo@ﬁq ‘B@PP“F h wolﬂﬁpmtéhre ( aI s 0
referred to as "% carbon yield') can be neasured by
0232 d iThngthlﬁanB(ﬂis BSprﬁr&rphmlnctioﬁl rdtdhie rrig&@,m‘/l&ﬁlea féﬁﬂﬁtb@ el bby

TP AR Ll S OB 58, LA 5 Do o
Wit susle 8)mg dfhjopremapehbyis) assiesmbetdl fot ¢xemplb,ym EQ@9d Iopagfilanda

@ﬁﬁﬁgﬂé ag%amat ﬁe {aRSy mgu &@gf%naa&eﬁag{ggg Q8 13t} ofdr&ﬁgfg at 1

Equat i on rbon les ¢ on in Isopr
wdde}e@mf/a(rwelu@é otbapthEvinuieh thisgip Hfblieas periorrd) Thus, o eff{g@sZ%} of 1
IEngas Bir&p&iab ©lh ﬂtstaﬁxaheoﬁ/sq)@o%ct@x h&@&téo ﬁ@mb,gmasﬁm@doftl Qum.

n5%vv/wcar g for the 500
FAGURL e HvS T PR e s b SR Ao O & orop i
spenificants i0mitosf gAY/ OML Thei aS@rpicatige cfaky 1b@reaa/L§;sLdaﬁbeed
%ﬁve?t Cfp t\é\)@rteé%al q)lélqét %ﬁlr;cél\j]@[ &%?1%%@?0%%%% !?ecr) ﬂ;er {%rment?tlon broth,
10/ hpin) Vy[r(lll'ﬁﬂﬂ@lthlg a*gﬂl%e oﬁeaS*ISObfemQ@mmtraﬁ@n by the @tammummf off-
%;%)Z%Qd %r YEASH e t5tRE broth (Qm§ tlhI for aﬂprl / 191215] an av%lglge off-gas

For the two errrentétl
IERPEE? ?%é‘?ﬂ‘tfﬁé’iﬂ &f BS pekamir ever 10 Pryesas 1 yyop ccawepovism» 9 totaf preduct

d@ﬁdeﬁt%bngm(vglrg%oﬁen&bmgar bon into isoprene was between
0. 04- 0. 06% A 0.11-0. 16% carbon yield has been

?gég 9}/ l%o%fnilen‘g the Ce!l%l%)él%l eerrciog\%:%t rea%r {hlanb(%e’r%}% h gp 5(1)1? 0.002,
G-Q06.£050106. 02 §@§),r081n@1¥)|0dd,db1t6t o 03 0.4rPUNb, (b'if 0BsbhAene2, 1.4, 1.6,
1 981584 6 06,0 20, 6, 76ls.0!0b! oo, FXETRDABY, FY! 28,988, A
18.0, 19.0, 20.0, 21.0, 220 23.0,23.2,23.4,23.6, 23.8, 24.0, 25.0, 30.0, 31.0, 32.0, 33.0, 35.0,
37.5,40.0, 45.0, 47.5, 50.0, 55.0, 60.0, 65.0, 70.0, 75.0, 80.0, 85.0, or 90.0 molar % of the
carbon in the cell culture medium into isoprene. In some embodiments, the percent conversion
of carbon into isoprene is between about 0.002 to about 90.0 molar %, such as about 0.002 to
about 0.005%, about 0.005 to about 0.01%, about 0.01 to about 0.05%, about 0.05 to about
0.15%, 0.15 to about 0.2%, about 0.2 to about 0.3%, about 0.3 to about 0.5%, about 0.5 to about

0.8%, about 0.8 to about 1.0%, about 1.0 to about 1.6%, about 1.6 to about 3.0%, about 3.0 to
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I nterconverting between units. Units for Rate of
| soprene production ("total and specific ") [0260]
wEqwaniwm 3 1 g i soprene/L broth/hr = 14.7 rmuoPCT/US2008/086869
i soprene/L broth/hr (total volunetric rate) [0261]
Equation 4 1 nnol isoprene /gwen hr = 1 nnol isoprene
/[ Lbroth/ hr/ QD oo (This conversion assunes that one
liter of broth with an OD oo value of 1 has a wet cell
wei ght of 1 gram) [0262] Equation 5 1 nnol isoprene/g
wcrm hr = 68.1 ng isoprene/g wem hr (given the
nmol ecul ar wei ght of isoprene) [0263] Equation 6 1 nnol
zibsmtpﬁroe’n ebdugas tob@st ROY-atBt 8inm kbaus HAYE Redful 140 o tabount5.(%4at

%815% %Ea%outrﬁt()%, %}coit% Ol'té l;goutpz% 0%, EboﬁngLU} tl(; ?}%1@30.0% to

I sopréenér
BXG%, gbaut 3:5 Botaf§.0F's dpwte%é’/’/uo ]2 @%h#bhut 5@10%&0 ﬁf’r Q%v apertt 6.0 to

0ok, 9Bt &%% ‘mtb"s%t/l‘ at(out]ﬁs\b%‘% 76166/ sboht%.0% tb 88.0% ta@&ﬁ‘ISO 8%
veci fic) uat 1 on nnol | soprene/ cel

BBl %Poui @%ﬁ tﬁ%&)?"% %B‘F’%ﬁé‘?"émﬁfllﬁtth? RGBS OTV P08 of catboninto
BEpRAL IsTPeMRerBbEM TRE2 fohBdut 0A&olak ¥£0.00 to bcro@t (hmml&m %RI0.04 to

f 1
v T Sordn M Bt b S S B RRERDrel g gty sbo
(EOﬂJIahlb(ﬁan 9miblag%j 8}01[&!06[1&0 B latotat ¥6, aboilid. 37to At 1.0 molar %, about 1.0
té E E)J} about ttg 'a:lbaolut d5[ (% mgl 1) ‘V ag QZ]O t bogtelﬁ I0 mo ar °/<t, about 7 to

étbhatIOJO mpﬂay te altOhel O\A)ecv abwei Zj)lfﬁtm@#r % h@ou@: éZ tlosbquhIOd) mﬂ&r %, about
fbh lﬁﬁpﬂﬂprh&g okl Qb&ﬁ l§ Q@Bou‘t M Ilﬂgigr ‘% hi@mfti r1 yto% '29$l>t1ar %c, aﬁonfal 8

cell's. [0268] Equati on )/ \%é
Rep émolaé% #he 189 abont 2?@2@% % pboyp éﬂr?bb?érorfm%%rs/m about 18 to
%&Qmw oh, By6ut jmeo HHAVEIN0I il 98 alsdt 30 t6 ABAY 4050 A&lards, about 30

S SALON sk S5 54, EBGRL Sl R LG ot o

I(hafabduSSOaI molar %, or about about 30 to about 90.0 molar %

[0254] The percent conversion of carbon into isoprene (also referred to as “% carbon yield”)
can be measured by dividing the moles carbon in the isoprene produced by the moles carbon in
the carbon source (such as the moles of carbon in batched and fed glucose and yeast extract).

This number is multiplied by 100% to give a percentage value (as indicated in Equation 1).
[0255] Equation 1
% Carbon Yield = (moles carbon in isoprene produced)/(moles carbon in carbon source) * 100

[0256] For this calculation, yeast extract can be assumed to contain 50% w/w carbon. As an
example, for the 500 liter described in Example 7, part VIII, the percent conversion of carbon

into isoprene can be calculated as shown in Equation 2.
[0257] Equation 2

% Carbon Yield = (39.1 g isoprene * 1/68.1mol/g * 5 C/mol)/[(181221 g glucose * 1/180 mol/g
* 6 C/mol) + (17780 g yeast extract * 0.5 * 1/12 mol/g)] * 100 =0.042%
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| east or about 2-fold, 3-fold, 5-fold, 10-fold,
25-fold, 50-fold, 100-fold, 150-fold, 200-fold, 400-

WO 200d/076er6 gr eat er than the anount of isoprene PCDUSHORI086869
froma corresponding cell grown under essentially the
same conditions wthout the heterol ogous nucleic acid
encodi ng the isoprene synt hase pol ypeptide. [0270] In
some enbodi ments enconpassed by the invention, a cel
conprising a heterol ogous nucleic acid encodi ng an
i soprene synt hase pol ypepti de and one or nore
het er ol ogous nucl ei ¢ acids encoding a DXS, |D, and/or

OR8] p &bhatyood Mﬁﬂbﬁﬂeﬂtﬁtl(ﬁhﬁ oedtrbes ha¢in EAXaNpIE 7 qims BI0 pHdEVIE),

Y6 el P b Bt hofPePageo DB o i crvn
Yiglfl thas bd@Gwlioled usingr 14dites stseems phdeseribétchesmount of | sopr ene
produced froma correspondi ng cell grown under

P3¢ NOnakliledtidBe SOR réé@l'fyjdohw!'eﬁml& riYed dF Q‘é{)reﬁel]ﬁoductlon or amount of
opr ene

het er ol s _nucl ei ¢ aci ds npl. ar

BFSf Prc?g‘%F%‘ﬁ‘tol\?Bi’ Htgﬁé‘m[‘so?’f?ﬂlpl% equgfiRes éﬁﬁ betowt e any
afercoherting bdroeka uaiescri bed herein further include
recovering the isoprene. For exanple, the isoprene
DERIHGEH oHBbehephRGRIRASI hi YRSgNd Met hods of the

Inventi on can bé recovered using standard techni ques

@g@ﬁ %, stripping, fractionation,

S@? Rl desor pti on, pervaporation, thermal or
vacuum desorption of isoprene froma solidphase, or
bxiserigeilon/lof 143 aprad eprenefhebi/iri(teebvabimeiisggebed to a
solid phase with a solvent (see, for exanple, U S
[02d1¢ NEqideisn 4 4, 703, 007 and 4,570, 029, which are each
hereby incorporated by reference in their entireties,

pﬁﬁ(}l llsgf){Je&r/ é\y m/f‘{\t4 4 ﬂmﬁo@ %Qﬁ&{e /lt_,bmth/lhﬁ' n§000 1s E&Q/gr\{lgﬁ SSlﬂIﬂ:g that one

purification met

lgrobbrethyvitsfan Dl V@\‘f‘eﬂf L h@scﬂ weéselltvﬁeghr @fdl %aftm b n of
isoprene in a liquid form (such as a neat solution of
0262pr Epertiad 5 a sol ution of isoprene in a solvent). Gas
stripping involves the renoval of isoprene vapor from

1 1ol is@ﬁr%@twahﬁ QmRs. an% 1s9ﬂ§1e&£,£ﬁx@¥?ﬁeﬂ th@ nfBi%@&lér%%Htsof isoprene)

manner. Such rempval can bé achieved I n several
ent ys i ncluding, but not limted to,
@%@L E@P& o a solid phase, partition into a |liquid
phase, or direct condensation. In some enbodi nents,

hiﬁmiz iseprencdins OfhredPtnmsf isepretielLoriedir(as epPeitty 9ige690 Shrpeakhef
ARV Brotue dew point of the vapor resulting in the
condensation of liquid isoprene. [0272] The recovery

S ne. may i nvol ve one step or nmultiple steps. In
@g%£ gﬁﬁ%ﬂ’n&nts the renoval of isoprene vapor from
the fernmentation off-gas and the conversion of
i ugapppenwlesasoprend ig affeapheles isapeengibucdr #hedlow rate of 60 Lews per Lovor
@hvH) taneously. For exanple, isoprene can be

Units for Titer (total and specific)

[0265] Equation 8
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directly condensed fromthe off-gas streamto forma

[iquid. In sone enbodi nents, the renoval of isoprene
waapen7derom t he fernentation of f-gas and the CRCIWESRDLIOB6869

of isoprene to a liquid phase are perforned

sequentially. For exanple, isoprene may be adsorbed to

a solid phase and then extracted fromthe solid phase

with a solvent. [0273] In sone enbodi nents, any of the

met hods descri bed herein further include purifying the

i soprene. For exanple, the isoprene produced using the

conposi tions and nethods of the invention can be

) kﬂfhblfiéo@?néﬂﬁ'g Bl pedtane af](rhxﬁ& ﬁ%&ﬂ@ﬁﬂoﬁé&([ (Thils 6@4vEr81Bn assumes that
rer.ers 0. a.progcess r I.C I soprene 1S
k5 Bt B Bl wloeiob f B s g Grlkpien o hapros et S0 ey

wheifictpheduétgopr ene i s produced. I n sone enbodi nents,
the isoprene is obtained as a substantially pure
fo268i1 Bquimeaopl es of purification nethods include (i)
distillation froma solution in a |liquid extractant

nd (ii) chr t ogr.aphy. As used herein, "purified
? gorgﬁ@*mh%gggmrggﬁggﬁgLTﬁngﬁﬁgybeen separated from
one or nore conponents that are present when the

[0367dr dfdesired, Bauaftpnd 8 gan be psed dmeonesitsoy phfeeungs thatheclude the wet
bv@iglﬂ lEMRE cdll§ in?t thd RBSIpoRUhitABXAncRYe e Hrgmeigh{ IR ckifisom

ot her conponents that are present when' the isoprene is
ﬁﬁagu%ggmolﬂ)various enbodi nents, the isoprene is at

east oOr about 25% 30% 40% 50% 60% 70% 75% 80%
9096_959? or 99% by megght, pure. Purity can be
Bysigabtofselisany eapnghophes/d3met hod, e.g., by col um

chr omat ogr aphy, HPLC anal ysis, or GCMS anal ysis.[0274]
10269 o Mescartzotlodietssencanpyssaf byttieinvertidnod sl ldemprisingadeterologous

.0 .f . Lnel ol ri.zing, the iso ne. Far ..

DL P Il et SR DR By L ORL B TPt i
lepseonshet 2ifed) 3ifgldpi-foive 18-Bld d-felde 50 fopo 1 §f-feldprs@reld,R00-fold, 400-

Rider ng_anstﬁ'lé SRS E quﬂ%ﬁe%r&ﬁ&eﬂgroﬁltaacﬂg&ggldﬂlgtcapg&ﬁn under
[OQ?é? Addi tional nethods ‘and conpositions are =~
ereraEaliy pesramnercoppifions ¢ itkpus the etpplogeus pusipig acieneoding the isoprene
Spihde gl pepiideNo. 61/ 097, 186, filed on Septenber 15,
2008, United States Provisional patent application No.

9 e L4 on.Septe 15, ..2008,. and. Uni ted
BT oo PG B e ERN ST 2 Ry B0l higosons
fuiclesdeid pncgdipg @riknprend Snth2@ @elypeatide and ongtvic plaredieterologous nucleic

AR 91509@5@& ﬁﬁ_S,tiEI, raﬁf/&W& ?atflv[;hytpt;%e_rpti&ergr&{utzés 3§ amount %f isoprene
nmet hods

articular with respect o) COTIT(EOSItIOI’]S an

#iis 3 featl AabAy 2ieldpi-@es-fodARlgs 25-fold, 50-fold, 100-fold, 150-fold, 200-

fold, 400-fold, or greater than the amount of isoprene produced from a corresponding cell grown

under essentially the same conditions without the heterologous nucleic acids.
Exemplary Isoprene Purification Methods

[0271] In some embodiments, any of the methods described herein further include recovering
the isoprene. For example, the isoprene produced using the compositions and methods of the
invention can be recovered using standard techniques. such as gas stripping, fractionation,

adsorption/desorption, pervaporation, thermal or vacuum desorption of isoprene from a solid
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[0276] The exanples, which are intended to be purely
exenplary of the invention and shoul d therefore not be
weenshtered to [inmt the invention in any way,PGI/Es2008/086869

descri be and detail aspects and enbodi nents of the

i nvention di scussed above. Unless indicated otherw se,
tenperature is in degrees Centigrade and pressure is
at or near atnospheric. The foregoi ng exanpl es and
detail ed description are offered by way of
illustration and not by way of limtation. Al
publ i cations, patent applications, and patents cited

blﬁsé b e§tr§:ﬁ§r%ff1§o§@ﬁé 191910@1[1%dh)€53§br9ed s %@?ﬁa@& &8h PYolvent (see, for
reference as if i ndi vid ﬁf I catl] on, a ent

BB S st o BABAA Hpdroad erPrh werey ety Heomoried by

femlenw id tadr Iemlretre@l|p@1ﬂheﬁ1ytmthb@pdcnﬁ@Jo@@ﬁea’e@derpynd purlﬁcatlon

REPEIR 5 P sshBaets e Reov v PR EPER RRShRar sppsge me
ﬁqmd fotve (spairap @ s@t iuticesfGsopishay aaoidt_loailos rsbnnmemga solvent). Gas

SRSl BV BB DREEL O Rl Rl I o G 8
quvws paméra Sudhaemovaleese bd ashigved in ssvmad ddfisteal waybipcipgiye, bt not

hllnitéﬂsé ra@stoiaa bh t@@qaﬁ?ﬁwﬁ@ | Iﬁmﬁlgﬁ 1nf3%rlﬁ91§ %ﬁas@for Gitedl dohdén@fion. In
un erstan it wll be readily parent to those of

mgicrRedmets mFm?rﬁneteﬁréchaW of ﬁdll‘ﬁteg‘FﬁPreB? quﬂrestrﬁaélatwenfa% i
i)d]IhtS)flhEW@Bltl’e@[tln@ athe Eaddntion Gigig@spraded nodi fi cations
may be made thereto w thout departing fromthe spirit

R 781 A2 1 ARBRALE G bl ERATRLEds RgAUCT T O

Isoprene 1'n col 1 expressin udzu
phogimens tharamerabel isoprenaCapy thiopadhd fornephtiopefl g9p andstigprconversion

X RPRES I AMqRll phabCark i@ Hndd SRR SRSusBY mbmgﬁpw Rsoftene can be
col i [0277] .The protein sequence for the kudzu

?l}fﬁ‘@f @Pﬁieaseﬂérﬁmlm off- g9 preamde Lyme Hadd Tpsame embg%@,yntwg removal
&bio@teﬁ@ﬁp@rr o Bttt dn MRS Anthe colvetdithzt isbiieRt@NRyuid phase

ene m ze : e
P Db st P gbrrs e Sepso R By 85 e i e
@@nﬁhﬁhmu@eﬂﬁdmmﬁewﬂnnmbdmfron1the supplied plasm d by
restriction endonucl ease digestion with BsplLl | |

028 | In @leeRMbdihiRd :nny%'f1 fhe ble@Bds@dsclibddRedih el SidEude purlfﬁmg
I'nvi trogen) that had been digested with NcoVPst|

BRI c FonfdarRie & g%‘i%fan%‘tdlk}cﬁdﬁﬁflg p eempogions grfgaetiods efifes
inSAR6ILAAL bép’tﬁﬁb@ﬁsﬁlggﬁﬁkﬁrﬁechhﬂuéshBurHﬁzﬁtlon sdféreto a/bﬁocéhs through

resul t en construct was ex sed the -Ta .
M sorent P S amr S RO S R DRSS P e e Fpffene i
predugtd ilmgpnleabodidentspifie Ghprekeus obrdrsd wer Substzadallyy)ure 11qu1d

é’%ﬂ#%y gf gﬁc(al: b %clﬁ@eid(g dlla[ugg E§111 E%]ﬁatg)n ?r'\gl actant

and (@)Wh@n@fagrgg?hy}ﬂaﬁg ufi%é bpeinnpurtied tS%gr@ geave isperenei tlmﬂé basfoe@
éeB&rQecptEo-Ell o oS HER cBrH}%ner;tJ]tﬁat rar%%% R8Ghd PR ERProduced. In some
grr%/brg)ghtr]n%gtg the isoprene is at least about 20%, by weight, free from other components that are
present when the isoprene is produced. In various embodiments, the isoprene is at least or about
25%, 30%, 40%, 50%, 60%, 70%, 75%, 80%, 90%, 95%, or 99%, by weight, pure. Purity can
be assayed by any appropriate method, e.g., by column chromatography, HPLC analysis, or GC-

MS analysis.
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protein contained the NNtermnal H's tag. The isoprene

synt hase gene was anplified from pTrcKudzu by PCR
wQ@igiong7asie primer set pET-H s-Kudzu-2F: 5'- PCT/US2008/086869

CGTGAGATCATATGTGTGCGACCTCTTCTCAATTTAC (SEQ I D NO 3)

and pET-H s- Kudzu-R

5' - CGGTCGACGGATCCCTGCAGT TAGACATACATCACGCTG (SEQ I D

NO 4). These prinmers added an Ndel site at the 5 -end

and a Bam| site at the 3' end of the gene

respectively. The plasm d pTrcKudzu, described above,

was used as tenpl ate DNA, Hercul ase pol ynerase

(04) atI@%ﬁ%)nbM@x%en%Sﬁf} oRGE HeflbdriWedcAbARBEh G S BelSde
di rections, rimers were added at a concentrati on

PALYMEnZigg e ssopr?fr?e %Pfca&arwé% standardinesghodt gan phusgd todelymerzs) e

ﬁfrlﬁ%lséﬁrene wlﬁmpgﬁpdlﬁﬁ)gtéﬁé oreher M@ﬁéa&ﬁbr&ﬂu&t@ uﬁ@%’taﬁ&?ﬁ'
cloned into pETI b digested with the same enzynes.

Wﬁ 0dllgatlon m x was transformed into E. coli ToplO

(I'nvitrogen) and the correct clone selected by

H)é%ﬁll edidingnal Mpthods erd dompergfiops s ddseribed in UnitpdFratesRsovisienzal patent

ép%@&ﬁ&ﬂ@o %y/om%% %l&ﬁfﬁ%e&@xﬁbe@ XPbERSEflteh KRR PRGisildal patent
pETNHi skudzu (Figures 4 and

Bpheapumo e R AT SRR & 23t 1 Lo gy g gt
a‘ﬂpmea] N& 60097153 | I B SpteriberDE; 08| ASdTwdich 6de 123 orated by

i mer.s were. anplify the kudzu i e .
TR Ees romR PRt beSurBeth sl oL Firgrosucing
woravar d prinmer added a Hndlll site and an E. col
consensus RBS to the 5 end. The Pstl cloning site was
al ready present in pTrcKyggzwmigst 3 of the stop codon
so the reverse prinmer was constructed such that t he

e Pstl site

preduct incl u
0347 ABe S BP R B P e S ie O e Pt R o sout
Eére@@FAﬂ@M@fﬁaﬁﬂﬂc@ﬁTmnAWWmn@ SEI dsprcts

Wedtodtii M R R R Mo sarsa sy, fqgpeggure s

TegrpeReigsdeind Piosssredngiior fapaimesphang- Hearfergiaraeexamples and

mlwﬁ&gaﬁﬁonvuré &fe%lbgr%ﬁ ofqﬁusaatfag REEIE AV dyR 1iRftatibQ. RITO!
and with'1 of tenplate TrcKudzu) . The

%H‘?b‘fafl?qscp&{ef“c?ﬁplt?ﬁt&n& 864 Pafes Iclﬁf‘dlé’a B@GPW’GP%% a@fher(egsncemmfed
Hy Biefdtides if@4kh @ﬁmualépumOaaHnepatTezgapﬁléa@Jn & pmeilﬁuzteeeasbecﬂoa@y and
est e Z n . .
BT e & TSkt e Ris e Sy Bef e i rein
:h‘le explekdly iacaporgdd herehtvg réfergta:b fop the plposa@s deserbing fand distbsing
%ﬁl&)&uﬁms &%‘&ml&%% bet Js 5t Ag@&%ﬁ ¥i &me ?nv&{l%& ked
e res u

sequencl ng asm esi gnate
H oughatbe. farsdotng ORinte has b@n éwgpb'gg in some detail by way of illustration and

example for purposes of clarity of understanding, it will be readily apparent to those of ordinary
skill in the art in light of the teachings of this invention that certain changes and modifications

may be made thereto without departing from the spirit or scope of the appended claims.

Example 1: Production of isoprene in E. coli expressing recombinant kudzu isoprene

synthase

1. Construction of vectors for expression of the kudzu isoprene synthase in E. coli
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I1. Determ nation of isoprene production [0281] For
the shake flask cultures, one m of a culture was
wa eaneferd ed from shake flasks to 20 nl CTC heRdBpsaes/ 086869

vials (Agilent vial cat# 5188 2753; cap cat# 5188

2759). The cap was screwed on tightly and the vials

i ncubat ed at the equival ent tenperature w th shaking

at 250 rpm After 30 mnutes the vials were renoved
fromthe incubator and anal yzed as descri bed bel ow

{see Table 1 for sone experinental values fromthis
assay). [0282] In cases where isoprene production in

foQ*HTE r’IthQ fn%te%@qugﬁ:te &r MG 8 (ﬁ@%}a%nmﬁsomg@@n&sg R 6ps)
ff- the fernmentor and anal yzed directly as

H@é’é’?aimﬁ@@o‘ﬁ @Pla?wnl{ GBI eA Brudz soprgnpesyRibase pqnprontingized for £
¥ U@ ugafé@ ) Wak Bﬁr&laébﬂ%WDNAm@%b 1 hathy %bﬁreﬂé@§nthase gene

erfor usi n n, Agi | ent 6890
PrERe wetsﬁppﬁ d@}%m AITSICER ec?éqwm/fﬁ?é%{ ﬁlaﬁasn B PPALL
Pl @slaiptiet; ardpgstad intog TichlishB @d&ﬂ@gﬁ&) tha dﬁi beékndlgegteh efth
F Uz NF "lg:jconstruc%)wasrg]ﬁéneg sunl‘l %ilat th s%o ?n 1N gle I1so1t>rene sy aese gene 5’

ness) was Separat| o) ana
walrelsd sitonals agestlt, wher the cqnptel@t W @@rmedolﬁe Hhea@p ag ettaghsl. to the
Lol s t - at
R A T S R o G
Fprec2@id B a split ratio of 50: 1. The oven
tenperature was held at 37 C for the 2 mnute duration
78] h&hanairss is@tha?d’géneﬁxgdslaeﬁl bloﬁeﬂ%@\bEﬂS‘B (Mehg2b) i eis case, the

Q?Pr%% t%yng‘\? g?‘.?]ervlv’lag erl{segrée cl)nrt(g ]:efl%t())puc ﬁt t de OfT%%nglé relgrfo sglrgthase
protgingpriained ghetNotegrhinad Wist thge Télle u‘pprm Smﬁhmgmwmpgﬁ@iefmm
Q@szﬁ m 1%91% %etphﬁlgxssei! m@ R&@dzu-2F

msthl-l ut adi ene vvasoservedtoelute at

“ﬁ@f‘@é CATATFTGIGEGAFCTYGIFICE Cidd ThAE SSRQINaH @fﬂ;PEifﬁ@S-
ﬂﬁtﬁ@JRus’ec@dmmﬁc@xﬁATm@tmﬂmd}A(@@rt A}Q@mtdxd t GGtTdJ@EbHD@@f ),
I m (0] etecti on was
et B des “BAS g B g Sooigre s Atk e etdRian Shre
fespactivelyi Dife pdsmidyopiKaa, dascrivbbsbevd, asilsed a@mtpaatembmlg I-Erculase
| | S _expressi i na S nt.has
E e el ARG BB PR B AR SRR, P RRES S
dddedcad bk Fons¢ntration OBL(Zl\/Ic(IMhaQQR)was anpdedut e tasdl valimsof 25 ul. The

I%—lg @Ic{ \931@6 ed v@\':h%%/epgmﬁ 19Ga 5&% Yhe 16b digested with the same
17D S For

BL21/ pETH s e stralns were read
ngIRest I@dlgetfﬂnénlma%m%fpr@eégl&w cglhBord ﬁlb@mgem)lami the (@Eet
OBe @élécte@'ﬁ? séqUéhUllﬂét ad r&ﬂﬁﬁ@blﬁﬁﬂ'ﬁd & wﬁ&l the ku@lzﬂ%p?ene synthase gene

col oni es were inocul ated jnto 250 baf f | ed shake

V15 SRS G %T%@O%ewas@a%lgnateéeﬁmﬁﬁwaEFFgu(eﬁ Brdid
carbenicillin (100 ng/m ). Cultures were grown
O8I n iTgeh]tudat isoprene synthase gene was also cloned into the low copy number plasmid

pCL1920. Primers were used to amplify the kudzu isoprene synthase gene from pTrcKudzu
described above. The forward primer added a HindIIl site and an E. coli consensus RBS to the
5’ end. The Pstl cloning site was already present in pTrcKudzu just 3 of the stop codon so the
reverse primer was constructed such that the final PCR product includes the Ps site. The

sequences of the primers were: HindIII-rbs-Kudzu F: 5°-
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20 Cwth shaking at 200 rpm The OD6oo of the

overnight cultures were neasured and the cultures were
walzdoavad7é nto a 250 m baffl ed shake fl ask conkGI/HE2008/086869

30 mM MagicMedia (Invitrogen) and carbenicillin (100

ng/m) to an OD oo ~ 0.05. The culture was incubated

at 30 Cwith shaking at 200 rpm Wen the 0OD600O~ 0.5 -

0.8, 400 mM | PTG was added and the cells were

i ncubated for a further 6 hours at 30 C with shaking

at 200 rpm At O, 2, 4 and 6 hours after induction

wth IPTG 1m aliquots of the cultures were

@RH&?@A%GCW@T%&H’)@@A?’&&@GXGGQQT@MC&Q§E(§‘ﬂ$’N6t6) Ha

| soprene produced was neasured as described above.

Renall]-KudzgRe shown in Figure 8. 1V. Production of

| soprene from BL21/ptrcKudzu in 14 liter fernentation

[oeg85]5’ M@E@M@W@TA@AGMWGGMEQ 110 OI0:4).
Lsoprene

gheelpe(ﬁ% V\%‘O(ﬂ%e as arﬁ?l gu%lr%go rculaf%eepg%}bme{ ?1 ith u}fr{mery ata (ixﬁlcentratlon of
texngh endfvgth Itrigeof feaplate At (pdreKudad). alhe Tpljficpteon pratqcelringfded 30

%@fe?&&@@td 8 mQaew @% I%nlitp l7h Oy 2 KZHRGY ﬂ@ pldddht was

0?2 citric acid
Sbtsfyith Mgl Ding P @Nicetccmmoni AP oibich Bt beerglgested with
FMak) 298 3rhd 1ightioY BiBSHas @r&ﬁsf(ﬁlﬁéd 15to @ IGO0, Mokl l‘.rﬁgformants

Trace Sol uti the c 0

T A e R M T R R i PR
adj7usted to 6.8 wi th potassi um hydroxi de (KOH) and

g.s. to volune. The final product was filter

sterilized with 0.22 mfilter (only, do not

aut ocl ave). The recipe for 1000X Modified Trace Metal

B PelprmpaticeS seRes PIogYEon Gt ri ¢ Acids * H2O 40 g, NMhSO4

* H20 30 g, Nad 10 g, FeSO4 * 7TH2O 1 g, Cod 2 * 6H20
L28)] ZFoSEk shakeHRER chltgres, GueSAMDT 4 clBtiR@rai Gahshigyed HBBEHBkDEks to 20

TR ARG i Fach AP o, Sl yed

gpregved plbtlghdy ansidheaads rrlwb@tedr at §reeniivalentigmpdrative witlpstpingpt 250

1fph4 ta@fer 3dR2RE theﬁhé@w&é&ﬁfobé@f&n NORbRbT dn€ gna%&d dsRestAvel
bi oreactor to nonitor isoprene formation from glucose

belovt (aee TaRIs il frdomneshEteate] whes fpp Bis2ssaWd t enper at ure 34
C. An inoculumof E. coli strain BL21l/ptrcKudzu taken
[02820n an ases 2véhere Woprenewasingioe rafiemeniors v Ydt@maey, 8asiles were taken

%@gg}f ggJ g?h% g%%"&ﬂﬁﬂ}na@%éde iredt %? !éég(g-g)%(% és'e'I'J%“Q ge‘gfaglg é for some

exnerigeoiat ehies frome thisssamded i n 70 m supernatant to
transfer the cell pellet (70 mM of OD 3.1 material) to

fols3] biTas BRAGEOWas ptforviRfl hdpSantAgaS 680IEIME BR G idkifRBd with a
SRR3R LRV S B00 S, IPUDL 1 L SORLENE . a0 e
HP-6MSBEVMS icolutrh (POmex @25 mm; 0.25 um film thickness) was used for separation of
analytes. The sampler was set up to inject 500 uL of headspace gas. The GC/MS method
utilized helium as the carrier gas at a flow of 1 ml/minutes The injection port was held at 250° C
with a split ratio of 50:1. The oven temperature was held at 37° C for the 2 minute duration of
the analysis. The Agilent 5793N mass selective detector was run in single ion monitoring (SIM)
mode on m/z 67. The detector was switched off from 1.4 to 1.7 minutes to allow the elution of

permanent gases. Under these conditions isoprene (2-methyl-1,3-butadiene) was observed to
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Exanple 2 : Production of isoprene in E coli
expressi ng reconbi nant popl ar i soprene synthase [0287]
wab@Iprwrei n sequence for the poplar {Popul us BCTHES2008/086869

Popul us trenul a) isoprene synthase (Schnitzler, J-P,

et al. (2005) Planta 222:777-786) was obtained from

GenBank (CAC35696). A gene, codon optim zed for E.

coli, was purchased from DNA2. 0 (p9796-popl ar, Figures

30 and 31). The isoprene synthase gene was renoved

fromthe supplied plasmd by restriction endonucl ease

di gestion with BsplL Il IPstl, gel-purified, and

lla\lkl;t@ [aJﬁF}exé thifidt&s. KATJaEﬂT&tﬁ)K %btemﬁ usjéd’-d) aRR tﬁé iﬂﬁ&%ﬁ@ t@rﬁ&\dn@ {51” isoprene
0 n suc a e stop

Rt o pRE Preacant | L ol fbe BB 4T deeon it o be

ﬁ(bisul)(lng/num@tmmmsthdsd.lct in V\,hl ch the His-Tag i s not

attached to the isoprene synthase protein. The

resul ting pI asm d pTrcPoplar (Figures 32 and 33), was

verified sequenm n nple 3 : Production of

1% Syppectign ? ﬁsowam iaghy 3&sksﬁfanféwe Eseofisellseariessipg reaempbinant

komlad synsagy ene synt hase [ 0288] The pTrcKudzu and

pCL-1 ac Kudzu plasm ds described in Exanple 1 were

@5%4? r’l@g%{c%}s?cgschg Qib(l):\)fe v&%%e ngtﬁo%uc{ehj t . 652 %r‘ai(r)lrl]gizl (Novagen) to

ranst ormants were se
Rrﬁ@}@ﬁ $teging BhYl /eiesKbégni B A1 pCh- 1{cA0@znadALR 1/pETHisKudzu. The strains

wie Eﬁréaﬁ @(m(s%laﬂm{ 0519) Uy §L%3 agdaf) %ﬁ’de Gz;rﬂ)e\ﬂﬁh]yn (55) [,LQQBQL& i(ﬂghbgtt:d

i soprene_from shake flasks and determ nation of

QTR 2t 31° G- SHeleerionist were maer afpddntp &30 B balgd ét@kﬁ%aélesrcpﬁ@amg
I(rmlEXﬁﬁBEﬁnﬂ.brf)tﬂ (L. an€@kbenislma i (0SgBNPr@Hiedere grown overnight at

th Resul ts are_ shown
R P ! M TG e SRS NSEOR GG Ve P aias i e
Bamwi werg diddtintd & SSOBmpnﬁlsd; shakp flagic@niaining 3D i MAZidMedia
g@%ﬁg%ggndschte{]aﬁ% ( CPO fug%fﬂﬁ tanI Hﬁt I 06] 0¥ fThe cugtulr( Svgakgtincuba%d at 30°

¢ Tl ng asm e ex eSSI on
¢ wish fhaking 5?A9 tpas @Vifep ARIIDehed. KLz 400 16 BTG vers sgdutl hraigle cells

D8RR BY REEASDold at%@% ik ShaiPAti2b0 Hfli Enjo h End 6 hours
Pxyl conK strain (BG3594conK) using a replicating

ﬁ\ealgﬁﬁcaowﬁéﬁ% plpliguogs At e suipess iceespliqeisd, the Qironevas

&hensiaéd ) tHdAMBENt 605pFeat productdPasdREdareR A OB BEd abbte Results are

'so{Er ?ne s%/nt hase gene, the aprE pronoter and the
2cr8'FtYon termnator were anplified separately and

fused using PCR The construct was then cloned into

pBS19 and transfornmed into B. subtilis. a)

I&‘Tpxlohljciti&%filéaﬁre&f frJnhﬁLﬁW’tljéKﬁ)c{zQ 048 er fermentation

[0285] Large scale production of isoprene from E. coli containing the recombinant kudzu
isoprene synthase gene was determined from a fed-batch culture. The recipe for the
fermentation media (TM2) per liter of fermentation medium was as follows: K,HPO4 13.6 g,
KH,PO4 13.6 g, MgSO4 * TH,0 2 g, citric acid monohydrate 2 g, ferric ammonium citrate 0.3 g,
(NH4)2S04 3.2 g, yeast extract 5 g, 1000X Modified Trace Metal Solution 1 ml. All of the
components were added together and dissolved in diH,O. The pH was adjusted to 6.8 with
potassium hydroxide (KOH) and g.s. to volume. The final product was filter sterilized with 0.22
p filter (only, do not autoclave). The recipe for 1000X Modified Trace Metal Solution was as
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[0290] The aprE pronoter was anplified from
chronosomal DNA from Bacillus subtilis using the

wWO0 adobowiong primers: CF 797 (+) Start apr E pr oneCEUSID&086869
5' - GACATCAATTGCTCCATTTTCTTCTGCTATC (SEQ I D NO 58) CF
07-43 (-) Fuse aprE pronoter to Kudzu ispS 5' -
ATTGAGAAGAGGTCGCACACACTCTTTACCCTCTCCTTTTA (SEQ I D
NO 59) b) Anplification of the isoprene synthase gene
[ 0291] The kudzu i soprene synthase gene was anplified
fromplasmd pTrcKudzu (SEQ ID NO 2). The gene had
been codon optim zed for E. coli and synthesized by

W2 clic A& *f}gbl 4@\@ NP Wﬁ) MREQ 15e8isdF 7810 4%, €501, *

Fuse the aprE pronoter to Kudzu isoprene synthase gene
?I—@@G SE£8¥Q * ¢ lng £uSO4 * SH,O 100 mg, H3BO; 100 mg, NaMoO4 * 2H,0 100

hé) (ol NNl G 63k e LA 0], GHIGHNAT Wit EQUNADH, then gs.

NO 60) é‘g 07- 4].?. (-‘%{, F%zzﬁ tthe 3" end of kudzu i soprene
OyRtRa e PererierhHR a0l witHigt or 5 -
CCAAGGCCGGTTTTTTTTAGACATACATCAGCTGGTTAATC (SEQ I D

2866 1 )This exparipkit frat cetried utal 14 Iabiotepctardenprptor iseprene formation from

élﬁé'ogg A e QESHL(pi%gl?elltaE{(the pItI @ I'7 %J‘t@ﬁlﬁé'ratlfl& @md hﬁ'l 1@(;0'61%111' JRE. coli strain

Seri ne protease of Baci | | us anyl 1 quef aci ens was

B/t ediu fakemmfrom pirergn YalsTay PSRAiifan sQuEpnerh @slificgpot-glucose

RIdPAE 82 tqésﬂoeugu&l Fewft@bbgy\k 0g, ﬁ% i601ﬁf1§ﬂasl@5vege7ce14tﬁfu@éd) and the
fFog}Se}%F %:Fgltesse?ﬁdgi lg qO r(r)l suif)ejrgaztzynt ’Eostr% sfer the cel}/petllet%% m (% Otg]3el material)
MMM@T@M@E@M&WE@EW&E@ thBamount of

1tsoé)ren.e I)qrogl:ceg) (frﬁhl)leg%s gescrlbeg abovcg’rylies&:“'sI %Ie S (%we}lr}rsl Figure 9.

CATGACGGATCCGATTACGAATGCCGTCTC (SEQ I D NG 63) [0293]
The kudzu fragnment was fused to the term nator

Ex-AgIEN Prothicfich dTéstpiehd i B. bAli dxplessiyil rdnibinakepéplarGoprene
07-42 (+) Fuse the aprE pronoter to kudzu isoprene
WHeHase gene (GTG start codon) 5' -
TAAAAGGAGAGGGTAAAGAGTGTGTGCGACCTCTTCTCAAT (SEQ I D

1) CE 07-46 (- . ' faci .
P’?}?ﬁ] 3]1‘51? %rr"%‘(‘ﬁ%‘ﬁ‘ﬁéc)e }qg E{_’e%oﬁgr (?opuﬁt%)bb g%gpu?ucs\‘ltr%g;la) isoprene
GAGAT CADBEAT, CECATT A0/ FTEROSTCTET§65RE doBimNbies GeBea 4]
ED\QBB&%; Ug %ég‘le r@omtogﬁmlfzem @&ll \Gﬁ§plfreil1§s%g bR ]jl\n@ 0 (p9796-poplar,

ronot er mant usl ngh
igures 30 and 3 1). The isoprene synthase gene was removed from the supplied plasmid by

restriction endonuclease digestion with BspLLU111 /Ps#, gel-purified, and ligated into pTrcHis2B
that had been digested with Ncol/Pstl. The construct is cloned such that the stop codon in the
insert is before the PsA site, which results in a construct in which the His-Tag is not attached to
the isoprene synthase protein. The resulting plasmid pTrcPoplar (Figures 32 and 33), was

verified by sequencing.

Example 3: Production of isoprene in Panteoa citrea expressing recombinant kudzu

isoprene synthase

[0288] The pTrcKudzu and pCL-lac Kudzu plasmids described in Example 1 were
electroporated into P. citrea (U.S. Pat. No. 7,241,587). Transformants were selected on LA
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the followng priners: CF 797 (+) Start aprE pronoter

Mel 5 - GACATCAATTGCTCCATTTTCTTCTGCTATC (SEQ I D
WON084)J66CBF 07-46 (-) End of B. anyli quefaci ensPCT/US2008/086869

term nator (BanmH) 5'-

GACATGACGGATCCGATTACGAATGCCGICTC (SEQ I D NO 63) [ 0295]

The fusion PCR fragnent was purified using a Q agen

kit and digested with the restriction enzynes Mel and

BanH . This di gested DNA fragnent was gel purified

using a Qagen kit and ligated to a vector known as

pBS19, which had been digested with EcoKL and BanRl

adnthir@R cafetidifiih €00 pE/ADIB kpedtiLml i@ BSOIUGMINTegpedtiddly. Production of
t ransf.or and col.oni es

R Rk SR G it Bp ] PR PSR Ve
pﬂfoahedcaﬁ dstribed bl BExampls 1 Yo Fecobhossrexpading I‘G(O‘SMIblmnEMZLglhIIprene
gk, 30400- 6BLRENLgL Iy n and then pl asrids vere

ated usln en kit. The plasnids were
digested with Ec | and BanH to check for inserts and
three of the correct plasmds were sent in for
ERMMROL:T Pr@ditdtion of ieprémlin BWIMG siprili@ipBessihgretsibifank kudzu
EcoRl sn$rt of aprE pronoter 5'-
ENERY XA CCATTTTCTTCTGC (SEQ I D NO 65) CF 847 (+)
Sequence in pXX 049 (end of aprE pronoter) 5'-

t he ?ﬁtﬁfff‘ gﬁ-%cgé’g laSRth ﬁ?ﬁ)é(grgfsiog %%' ﬁ.\?ﬂ( i-S()prélzly g’}%thase

ene synt
term nator 5'-
GRAEISPTPPrrr PRGRE S AR  CRESTEaT Rk sbalicsrrsprE Pyl
N@I@ér)iin@GfE@Af&&Ko télng&%ﬁplﬁﬁlﬁllg rpgtsmlﬂl(ﬁ]}m 9 f»@f a Ki6kardphenicol

5 1
LS, o%ﬂe 05 %)_}m a%?en_f_rj)l o§ gg lﬁ:@iﬁcpr%r&oter l ﬁe PRSP %yggfl% ﬁgrg t'he aprE
pymbtace ths'transGROGARATIGETCCACARTAASyRTaT O d (SE usin® PCR. The
%\Agstﬁﬁg wis g%g Zl-hnegl?rﬁ%?lg@@ %cgtra%%ﬁ&ﬁ %(?g sBﬁi%s Kudzu #2

I grues was correct by sequenci ng and was
transformed jnto BG 3594 conK, a Bacillus subtilis
poypplifipgtign of thery R premaisr was done on LA and 5

chl or anpheni col plates A transfor mant mas chosen and

e e R

nsacheefdllavinggmesof 1. 5. It was stored frozen in avia
at -80 Cin the presence of glycerol. The resulting

8F /& () Start aprE promoter Mfel
5’- GACATCAATTGCTCCATTTTCTTCTGCTATC (SEQ ID NO:58)

CF 07-43 (-) Fuse aprE promoter to Kudzu ispS
5’- ATTGAGAAGAGGTCGCACACACTCTTTACCCTCTCCTTTTA (SEQ ID NO:59)

b) Amplification of the isoprene synthase gene
[0291] The kudzu isoprene synthase gene was amplified from plasmid pTrcKudzu (SEQ ID
NO:2). The gene had been codon optimized for E. coli and synthesized by DNA 2.0. The

following primers were used:

CF 07-42 (+) Fuse the aprE promoter to kudzu isoprene synthase gene (GTG start codon)
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was designated CF 443. |1. Production of isoprene in
shake flasks containing B. subtilis cells expressing
W0 2@oMtien@ant i soprene synt hase [0298] Over ni ghRCT/US2008/086869
cultures were inoculated with a single colony of CF
443 froma LA and Chl oranphenicol (Cm 25 ng/m).
Cultures were grown in LB and Cmat 37 C with shaking
at 200 rpm These overnight cultures ( 1 m) were used
to inoculate 250 m baffl ed shake flasks contai ning 25
m Gants Il nmedia and chl oranphenicol at a fina
concentration of 25 ng/m. Gants Il Media reci pe was
50T QA SR EABAGGETAIA A AU TRRECGAT I CITUTORAT (SEEPIDINO:60)
urea, 100 m 10X MOPS, gq.s. to 1 L wwth H2O pH 7. 2;
10X MOPS recipe was 83.72 g MOPS, 7.17 g tricine, 12 g
®Ob1-456) | Fateshe 3 Bnddf k(dz2 Topletc2itasS genel tol ttermifitari 0. 528M
AR AR AP R G B TARTE (sggep Noon
mcronutrients recipe was 1.47 g Cad 2*2H20, 0.4 ¢
SSOAAB0 Ao MISORLRA,. 0.1 0 ZNSO4*H2Q, 0. 05 g
a 2*2H20, 0.1 g Cod 2*6H20, 0.1 g Na2MoMA* 2H20,

1 L wth O, Shake fl asks were i ncubated at
sy iﬁedte%?qur%fgm&%ra&aimfwafﬁwafotefﬁ ot Y e S s 2
afdplifi@ fhoau gretidiely Remer phgl 8sidfIHORBA 3 uatptthd folovafdipringdrs:
strain were sanpled. This represented 18 hours of
GEGMIL Pt Ofle §lendl SOREENSpreddEn@AR Whe Bimih@PT ENE WAS
determned b as chronaFograph as described in
DN AAGCA G BTN S BT A M GRSCCHHih G 1D NO:62)

significantly by expressing reconbi nant isoprene

Figure 11). 111.. Productjon of isoprene by
QYA Rt it £ i ot OIE8T N ar ge. scal e
P GAOSTGAOGOATCCONTRAGGAADBCEBGTGIMSERIID Nebst) ai ni ng t he
reconbi nant kudzu i soprene synthase gene on a
replication plasmd was determ ned froma fed-batch
(02931 uke kuBauciraginersy wat fusddrto @F-tendiBatordiepnens siimeP CR ithdtha
R SReRY Nt hase gene, or control stain which does
not express a kudzu isoprene synthase gene were

tj.vated caonventional fed-batch fer tion.in a
CRlHL R Rl o BREk Rk SO T e eSO Rr G et
SHTTA A4 GG AGAGGHTAPGAIGT G TGHGASAOCTCTTICT @A £T (3B 1D NO:61)

solution of citric acid, ferric chloride and nanganese
chloride. Prior to fernentation the nedia is macerated
GRNT-B0-) Endoft b gmyligielerias wimdnaerdBoitlenzymes i ncl udi ng
LHAEARSLEGGRECEERTT AL GRRFGERETPRESERAS R:635 €€

W95/ 04134). 14-L batch

[0294] The kudzu-terminator fragment was fused to the promoter fragment using PCR with

the following primers:

CF 797 (+) Start aprE promoter Mfel
5’- GACATCAATTGCTCCATTTTCTTCTGCTATC (SEQ ID NO:64)

CF 07-46 (-) End of B. amyliquefaciens terminator (BamHI)
5’- GACATGACGGATCCGATTACGAATGCCGTCTC (SEQ ID NO:63)
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fermentations are fed with 60% wt/w gl ucose (Cargill
DE99 dextrose, ADM Versadex greens orDani sco invert
weumanjeeand 99% wt/wt oil (Western Family soy BET/S2008/086869
where the 99% w/wt is the concentration of oil before
it was added to the cell culture nmediun). Feed was
started when glucose in the batch was non-detect abl e.
The feed rate was ranped over several hours and was
adjusted to add oil on an equal carbon basis. The pH
was controlled at 6.8 - 7.4 using 28% w v anmmoni um
hydr oxi de. I n case of foam ng, antifoam agent was
added to the nmedia. The fernentation tenperature was
controlled at 370C and the fernentation culture wa

was
9895 atlbgifusion FSbipgment Was pidisd viingreRiages ki Apd digested ity thg
PdtictiotBzyés 10 BaAEL. [ThB Sifdtel DA &agmam Walgelurified using a

hroughout the entire Proc na

eSO 301 e S kPt SEBR Ty bR pPee Fae R SO ane
BenHleud gl pnidiedinal yzed for cell growth (0OD550) and

i soprene production. Results of these experinents are

[{@fﬁﬁ € ’ﬂueggah&l ik Q4§ @ﬁls@%d@tﬁgE B3BTo) M cell{¥n@ g&l@x{lés%r&glected

kudzu j soprene synthase (ispS) B. subtili
g3btd S?Haéb%a&rupl?t% pL\rt@'ﬁleof 5% ﬁ?lﬁ’ﬁ?é”f’é“e“r‘ilés%%d a%h@amight in
EBardrs0 egbenidiligaridlias fFlashidpwink (sbiawePidinglarglgen ki €TH @RkHiat were

TR T IR R T

insS@peqeareing with theddibdegpamers:. Constructi on of vectors
for expression of the kudzu isoprene synthase in

ar 149@%5@“;&%% &&%1] The Yarrow a |ipolytica
codon 0 was Y nt hesi zed by DNA

2. 644 {\BTW%AYTﬁT&EF@gﬁ%fSEQﬂM BPasni d served as

the tenplate for the follow ng PCR anplification

G i Bucgorih pios B3l f% ate (20 ng/ul), 1 m

TATBA A KEEG) CAATTGG (SEQ I D
NO9), 1 m Priner EL- 965 (I uM
5' - CACCATGTGTGCAACCTCCTCCCAGITTAC (SEQ ID NGO 10), 1
@ 0T Hugethd\) endsofikiidzy dseprpe syhthasgtolthe tRrgndiatph HS DNA
?%&HRG@@@GBﬁfﬁTTTAGNCAWA‘MT@A@dTbGWﬁA@@ (1% PNRO:61)
Pol yner ase, water in a total reaction vol une of
50 M. The forvvard primer contained an additional 4

OrIe]-g0tH) StgGendihg pritBer Porkedid isoprate schithse10t correspond to

AT AT Y QRPN P Sl oni ng i nt o t e
PENTR/ DTOPO vector. The reverse prinmer contained an

adgi 5d Qg u%CI%% Ex‘i(%z%‘?{ FQS Seyfhast N€ 5' -end that did not

correspon ytica codon-optim zed kudzu
’soprenaAdpatl ﬁ@éécgéﬁéAAb\ItT ARE(REQ ID NO:68)

[0297] The plasmid designated pBS Kudzu #2 (Figrues 52 and 12) was correct by sequencing
and was transformed into BG 3594 comK, a Bacillus subtilis host strain. Selection was done on
LA and 5 chloramphenicol plates. A transformant was chosen and struck to single colonies on

LA and 5 chloramphenicol, then grown in LB and 5 chloramphenicol until it reached an ODsgp
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inserted for cloning into other vector backbones.
Usi ng the MJ Research PTC-200Ther nocycler, the PCR
wo 2aeniwm was perfornmed as follows: 95 C for 2PEi/nst0es086869

(first cycle only), 95 C for 30 seconds, 55 C for 30
seconds, 72 C for 30 seconds (repeat for 27 cycles),
72 Cfor 1 mnute after the last cycle. The PCR
product was anal yzed on a 1.2% E-gel to confirm
successful anplification of the Y. lipolytica
codon-opti m zed kudzu i soprene synthase gene. [0302]
The PCR product was then cloned using the TOPO
SENT Y s TeRPrblea i Hdallst 80 ©lnl t%r&%cg@ﬂéﬁc@l%t UhE kesSiting strain
rotocol 1 n PCRreaction, 1 Salt solution, 1 m

O vector and 3 m water in a total
reaction volune of 6 m. The reaction was incubated at
H dbeduttenpéserar & shae Bskatoniresg B. @glinteds expressing refombihRO
LGRGEERWas transformed into TOPI O chemically
conpetent E. coli cells. The transformants were
0298 c Quernight celvrerePraigocgieatvitk aagly edleny of GF &6 frogea/ed and

@mb@[ﬁ RBicNREE, B ghal GRt-eRghH gﬁ&@ﬁ il L@&lalc@d K79 cmv@h glaléng at
e contajni nglFLB and 50 cin_and

Mooty B eaientsy Shemm (LD e w0 e et e LI tREp A halspeks

¢optainingl28 siliGehats Watidlial 230 bmraﬂprfem&matt ahelambﬁcreﬁﬂr@bﬁ of3| gkt €

rarkl)tgfl %EgzllpggvAgli(? ? soerp Ope, 3 gever FI‘BB g Fﬂgf:g osle;\,gvgeg Lgea 100 ml
@W@H%ad tbad vaerhl Hop, pHhae; HOKM O resipuai33 82 pEORSOT. t g tricine,

ks poﬁ%ﬂx phicd! . AENLEG, HORE B AP Av GREOTIRGN B9Y2 £ Nac,

I Ca on optlnlze udzu I soprene synt ase
Hemd, 16 icrpsuigienina-s-Gat Ewalh HePordl§0X miconytrienisteoins wesdet7 g

QOLLA3D, Ue%t}:@so4*ﬁ@losa 14 %{MES@FHQJ‘ 0. @Erzﬁs@gm@ o@?%%weﬂ{zo 0.1
in WO 2005/ 0Q1036 A2 reacti on was
§ DG DM O MU0 4559 bt 3B 9, o$ha{<ﬁ%aslc%f%wg}lbﬁtﬂl at 37°

@bmmpiesl werdtakzey e 8)Vb 4 art 44 h()\hrElVAﬂI 13GGEE he hélad;qsbceé(of CF443 and the
con@cﬁ Ist a%lkﬁ%? %?m?;@o t rrrleszegtg% llf é’l li;o%lr'lsi)lf ?ﬁ%&ﬂ@%‘ti&% chpreerllg eThe
alimtxtl o;ﬁ abpror wmedﬁtt@mme@bmas dtrorbasddraphy asplebc8bddl in Bxamptedt al

ﬁrsal%&an%@ YRR Hnad mlgniﬁ%;mg{rbggg%&glggrex&% r#aﬁ CURALED nthase

om t enperat ure
(;Blfgmeéllhase K sol ution was added and the incubation
continued at 37 C for 10 mnutes. Then 1 m of
reaction vvas transfornmed into TOPI O chem cal |y

t e transformants were
@gﬁgé%{%%f‘ Oflsoﬂﬂn € bﬁé’% EJSJ gt Q{' “TRLFE8Ri ci 1 1in plates.
(829981 &brgeghlo niodstinresfésopienkiden Anvdbrdiacéntaves themocmbataskudzu

ig(%‘ege% {yger{e%gg réi)‘ﬁ{:;htél . %}%sﬂgd évg dyggm;e% fmngJ f”& batch. culﬁl%re

M'n and 't tures were grown overnl
Bypillgs waerFs‘l‘}él@mgssm a R@igu jspiyene Pymalepd gése, wegoptrgl sf@inath@dj does
ot QiBtebNBu@M B Rty nBbte bebHeSvere cultivated by conventional fed-batch
fermentation in a nutrient medium containing soy meal (Cargill), sodium and potassium
phosphate, magnesium sulfate and a solution of citric acid, ferric chloride and manganese
chloride. Prior to fermentation the media is macerated for 90 minutes using a mixture of

enzymes including cellulases, hemicellulases and pectinases (see, W095/04134). 14-L batch
fermentations are fed with 60% wt/wt glucose (Cargill DE99 dextrose, ADM Versadex greens or
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tubes using Q Aprep Spin Mniprep Kit (Q agen, Inc.),
foll ow ng manufacturer's protocol. Several plasmds
wawrngomsrguenced to verify that the DNA sequencRCTES2008/086869
correct.[0304] Biolistic transformati on of Y.
i polytica codon-optim zed kudzu i soprene synt hase
pTrex3g plasm d (Figure 14) into a quad delete
Trichoderma reesei strain was perforned using the
Bi olistic PDS-1000/ HE Particle Delivery System (see WO
2005/ 001036 A2). Isolation of stable transformants and
shake flask eval uati on was perfornmed using protocol
barsdce thvérhsulp paa I99% 14/wobil (RdsRit FapilPdyGat Wik (¥D9% wt/wt is the

2005/ 0010 foi i

SRR IIOA 1t s o0 G tedbulbhs tEBED” BFed e sped pgen
ginahse3i6 theberch whschon-déteatables The fe¢dsatp mesrempadniviraseral hours and was
L4 LOLAPRLPy LSS LR, 8D HE R ARTLSIL o Al
Hepeniunphydgpide, InHesa@f fopmne agifeannegsntyms adfied td tharaedia. The
feﬁl%gfalﬁ&leceﬁ‘iﬁe?atﬁrg SR dobikdtidd RY7icAd BR DRt HRS ClihuRaphs | hg]tated at

. Two of the transformants showed traces of
7%’6?5‘? ehiousrpiher BAHIFErs Hich psbly PErfe 2EW: endpeesiurcy eaeritopd

robghobiahl enhﬁci)tﬂbads | Dt DAC Ja @ rﬁMalﬁHasbdve e Saniplb @Sre SARNWBMr the
Iev s .of for the 14

|so ene ou
RETEE Pioh rosehar gt B St € iR b ptgprafiesta. Resuts
ofeliescdxpdyin@nis @reglesentdl in Elgtpeseiﬁe.and' $iBs experinment shows
that T. reesei is capable of producing isoprene from
BNURGLROMSE tRY lﬁ%ﬁ%fenéﬂdﬂrﬁﬂﬂaé gE}{Sb Inefl skl an exogenous

i sopr ene synt hase. " Exanpl e Production of isoprene

ool 2Rl mee PR PR Bood L BB RGO E
¢ B0 Gl}defr thecaitralrof thn gprﬁ@mmotq‘r.oUmtehée md@bmsmsterlm igwprene was
&g&&ﬁrs for the expression of the kudzu isoprene
synthase gene in Yarrowia |lipolytica was the vector

pSPZI (MAP29Spb) . The conpl ete sequence of this vector

SEQ | [ 21 1) i.s ure 15. [0307] The
’bﬁ“r%é‘vé?r%g?‘f%&%&‘]di"g’%f ré?qlﬂfl‘?r ?ed by PCR using
chronmosormal DNA of a Y. Ii poI ytica strain G CC 120285
gé?r%‘sg'lgcﬁérﬁ {)Tip \lfe?‘}o%g%‘%%(llpr%sgg}? Eﬁf) G2 1202)%% g}fnth%slgeln P zchod arebsez

0Sona ranscrip
10301i dhe brravfa frebtidn cotiénwltlyltzmtlaldmiﬁge@ew@ sythgsiteddyy DNA 20

JSEQQB‘?W $ (ﬁgﬁ}E fHNirfg plﬁé}'ﬁd RI-RADL L SmPihte K7 Fl’% f@i[b%dg@éR

genes. [ ow ng PCR primers were used

@@@A@@’F@TN@WA@T@&?A@H@@
G@EQ]‘(EGA’@;(ﬁlQ)TAGACTATTACACGTACATCAATTGG (SEQ ID NO:9), 1 pl Primer

EL-965 (10uM) 5’-CACCATGTGTGCAACCTCCTCCCAGTTTAC (SEQ ID NO:10), 1 ul
dNTP (10mM), 5 pl 10x PfuUltra II Fusion HS DNA Polymerase Buffer, 1 ul PfuUltra II Fusion
HS DNA Polymerase, 40 pl water in a total reaction volume of 50 pl. The forward primer
contained an additional 4 nucleotides at the 5’-end that did not correspond to the Y. lipolytica
codon-optimized kudzu isoprene synthase gene, but was required for cloning into the pENTR/D-
TOPO vector. The reverse primer contained an additional 21 nucleotides at the 5’-end that did
not correspond to the Y. lipolytica codon-optimized kudzu isoprene synthase gene, but were

inserted for cloning into other vector backbones. Using the MJ Research PTC-200
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ICLI 5 5' - GCAGGTGGGAAACTATGCACTCC (SEQ I D NO 70) XPR

3 5'- CCTGAATTCTGTTGGATTGGAGGATTGGATAGTGSG ( SEQ | D
WODOIAJ66XPR 5 5' - GGTGTCGACGTACGGTCGAGCT TAT T GARCY/ |SE/086869

ID NO 72) XPRT3 5'- GGTGGGCCCGCATTTTGCCACCTACAAGCCAG

(SEQ ID NO 73) XPRT 5 5' -

GGTGAATTCTAGAGGATCCCAACGCTGTTGCCTACAACGG ( SEQ | D

NO 74) Y18S3 5'- GGTGCGGCCGCTGTCTGGACCTGGTGAGTTTCCCCG

(SEQ 1D NO 75) Y18S 5 5'-

GGTGGGCCCATTAAATCAGTTATCGTTTATTTGATAG ( SEQ | D NO. 76)

YURA3 5' - GGTGACCAGCAAGTCCATGGGTGGTTTGATCATGG (SEQ | D

A de 1 IRAPOR reéaction Heal S H L H LN W SACTH A CEAETRES

D NQ 78) YURA 5
ORI RNATT S HREACSPedh GBS0 ptsoNta 7By syl
Zs](® ﬂamnama laftéritieaist @let e Mdubtairds aszdmfﬂsm E-gel to
rat ag
o S0 kg PiRR o e B P ol iRy iorrios e
p@e. the manufacturer's instructions. The anplification
was done using the following cycle: 95 Cfor 1 mn;

paxe] ( 9ne BCR Bfodd@waAEen caedusing the IOP: NTRD- @Of’@ 'Clo%nﬁ‘Kﬁ"r)

TR BRI AR IR YR —
TePPrere athiil Raseingens reacidd obiope bMd memhef 16dcti X Pds 5T baBId at
%ogm I\%{prf%l\f.reaq&ru%ﬁlatg k.)t Ie rr]rgcfdrolgtr g%@[’#@ eracl:j%) (Nas tganétﬁremng 1nt?S”F&’10
themicpllyammpeent EWA@KEI Thedtradsfpriviants Kte )iel@&d oy LAgnd Fleug/ml
kanamycin plates. Several colonies were picked and each was inoculated into a 5 ml tube
containing LB and 50 ug/ml kanamycin and the cultures grown overnight at 37° C with shaking
at 200 rpm. Plasmids were isolated from the overnight culture tubes using QIAprep Spin

Miniprep Kit, following manufacturer’s protocol. Several plasmids were sequenced to verify

that the DNA sequence was correct.

[0303] A single pENTR/D-TOPO plasmid, encoding a Y. lipolytica codon-optimized kudzu
isoprene synthase gene, was used for Gateway Cloning into a custom-made pTrex3g vector.
Construction of pTrex3g is described in WO 2005/001036 A2. The reaction was performed
following manufacturer’s protocol for the Gateway LR Clonase II Enzyme Mix Kit (Invitrogen):
1 pl Y. lipolytica codon-optimized kudzu isoprene synthase gene pENTR/D-TOPO donor vector,
1 pl pTrex3g destination vector, 6 pl TE buffer, pH 8.0 in a total reaction volume of 8 ul. The
reaction was incubated at room temperature for 1 hour and then 1 pl proteinase K solution was
added and the incubation continued at 37° C for 10 minutes. Then 1 pl of reaction was
transformed into TOP10 chemically competent E. coli cells. The transformants were selected on
LA and 50 pg/ml carbenicillin plates. Several colonies were picked and each was inoculated
into a 5 ml tube containing LB and 50 plg/ml carbenicillin and the cultures were grown
overnight at 37° C with shaking at 200 rpm. Plasmids were isolated from the overnight culture
tubes using QIAprep Spin Miniprep Kit (Qiagen, Inc.), following manufacturer’s protocol.

Several plasmids were sequenced to verify that the DNA sequence was correct.
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synt heti c kudzu i soprene synthase gene under contro
of XPR2 and ICLI pronoters respectively is presented

WO poobogiere 18. Control plasmids in which a nmatPEEUS2008/086869
factor gene (MAP29) is inserted in place of an
i soprene synt hase gene were al so constructed (Figure
18E and 18F). [0310] A simlar cloning procedure can
be used to express a poplar (Populus al ba x Popul us
tremul d) isoprene synthase gene. The sequence of the
popl ar isoprene is described in Mller B. et al.
(2001) Planta 213, 483-487 and shown in Figure 17 (SEQ

[hﬂ4NoBmtlc tAAnFMSHdnYE 5" IE&BI ﬁ&lhﬁd@ %m&hﬁldﬂﬁﬁfﬁeﬂ& $ydfhase

the | asm ds pYL carry
SRanl oprat) 5%0 %eyﬁ %fé@ﬂagréﬁ@ SiSP g psing
tﬁé B2 PBld oo(ﬁm Pmmmélﬁé@ spmmeeawmebgs/oosom,aes eRrdl@tbn of

Fi {1
sltar‘t])letlngs %rrélﬁ S rsgalq(% Easlé ]gvaylaf) rnowalgl?)ertf ICI)‘IEI% us %%cel{;\gtgé) %1 xample
10 Y PG byblicativi, WOKZD03/001036 AZ. MAP29) and pYLI (MAP29) wer e
digested wth Sacll and used to transformthe strain

Y. |ipol yti ca CLIB 122 by a standard ['ithium

ﬁ)et at e/ pol yet hyl ene %rﬁcol cedure to uridine
13 51985108 phioPreaF {rapqofpbme é“%‘z‘léé?& "&8f1s grown in YEPD
[030%) y @asinl €16 bRt16 hoi%lpahend isodtnHyhtins &énsfb\tﬁinﬁld@shhbed
%\Qg\geﬁwer taaﬁs?: rre%ctl(% lﬁa\éd %p%(r:]et virla{lsf l'kgillae1lgllo gvﬁ%%ga?e% an(P 1”1: é)ated P‘I 69 ﬁdum at
0P Enhilearsizmcedaatves mpbirél Qd istavencivan diescﬁedr’py ab mgthot desapibed in

}E;Ja&pls ¢l Irwg Uﬁﬂ%kfggnaﬂ@ LR wlk %f&gs s sgprfehé %@&h&ﬁﬁof@oaéﬂe Huid

ol ution (10- )1_ i ncubat m nut es” at
hecwrﬁa%eéhbe#‘hwr ’@CL&’H%an k@avowp%nﬁvezmplﬁfshwdwge@@wls o

68 0338R. Hithd B houriRQb SIS PEIRSINRDSOWRIIR oAtk $HBREd no detectable
ated far. 1 hour at roomtenperature followed by

| ncu

lovelsio Etﬁ?véfgleh Sbjs expFrRRt showsypatd. reeser is cangly gf H“H’éﬁn%ﬂs‘a’ff‘é‘a from
ealog&iioubpraculsetiwlpdn alippHed Withtad Ux opedsmit isbpréne egfasdase, 2%

gl ucose, 100 ng/L each of |eucine and histidine).
Transfornmants appeared after 3-4 days of incubation at
30 C.[0312] Three isolates fromthe pYLA(KZl)

Exapleos Fyeduction of isopyegein; gonwises from the pYLI (KZI)
transformation, two isolates fromthe pYLA(MAP29)

transformgtion and two i s tes. fromthe pYL] ( MAP29)
I é%’ﬁ%‘%‘?‘@t" s &é?x@“’@?‘lﬁ’\%%? g}‘ Az JoRiBRTSEthase T owR dp e

[()311% yeaesdtanﬁ»gtpbﬁcfox tha%nsxﬁpﬁ@nﬁ veclﬁtirl; f?Sr 03 exptesssdh oftheikhdiu
SHRN PngRems i 1 B0 el Byt Sl R B R R
coinplete deqlumccmﬂt&s mdctos (REQADAD! 1y isaheyn i Rigureilél s wer e

i ncubat ed overnight at roomtenperature with gentle

[0599] 1 PRI foRakd fﬁ@meﬁtm&é @rﬁ 1ffé@9;1§ 120011 udlﬂg hRBABANSRAGE, Of

t hese vi.al s was na}}/ Y. 9 rl t ogr aphy _usi ng
lipolytica strain GICC 120285 as the templat apromotor ess form of'the URA3 gene, a
fragment of 18S ribosomal RNA gene, a transcription terminator of the Y. lipolytica XPR2 gene
and two DNA fragments containing the promoters of XPR2 and ICL1 genes. The following

PCR primers were used:

ICL13
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mass-spectronetric detector as described in Exanple 1.
Al transformants obtained with pYLA(KZlI) and
wWEXbPrErg produced readi |l y detectabl e anmount sPOF/US2008/086869
isoprene (0.5 ng/L to 1 ng/L, Figure 20). No isoprene
was detected in the headspace of the control strains
carrying phytase gene instead of an isoprene synthase
gene. Exanple 7: Production of isoprene in E. col
expressi ng kudzu i soprene synthase and idi, or dxs, or
idi and dxs | . Construction of vectors encodi ng kudzu
i soprene synthase and idi, or dxs, or idi and dxs for
5’heGrGadacCihQmCOACTGOEEGATECTOA AATCTA TATATACTTIAGERG AN(SEQ
E;NQT?cKudzuKan [0313] The bl a gene of pTrcKudzu
YO bed in Exanple 1) was replaced with the gene
conferring kanamycin resistance. To renove the bla
ng, pTrcKudzu was digested with BspAl, treated with
rinp Al kaline Phosphatase (SAP), heat killed at 65
€: GENERTEREAAA(TAT GACH CRI(BERW NPA8hent and dNTPs. The
5 kbp large fragnent was purified froman agarose ge
and ligated to the kanr gene which had been PCR
ZRPPified frompCRBlunt-11-TOPO using primers MCVR2
5. ecGM LAPCCHTRASXOGGRAMIGEXOASSA A G B (IBQNONG:4)) and
MCM23 5' - GATCCGATCGTCAGAAGAACTCGTCAAGAAGEC (SEQ I D
NO 15), digested with HndlIl and /VH , and
BPRISfilled. A transformant carrying a plasmd
0 | | i zpKan) was
G e S e R
Construction of pTrcKudzu yl D Kan[ 0314] pTrcKudzuKan
wagTHi gested with Pstl, treated with SAP, heat killed
and gel purified. It was |ligated to a PCR groduct
én@@gﬁﬁ&@&ﬁcﬁf ST ECCAET A A GECAF (HF UV A Ret i ¢ RBS.
The primers for PCR were Nsil-YIDI 1 F 5'-
gﬁ%FAATGCATCEiEtTTAEEAEENAAAAAAAAATGAC (SEQ I D NGO 16)
Pstl- YID 1R 5' - CCTTCTGCAGGACGCGTTGTTATAGC ( SEQ
5’DGNOGAATIC TARAGGAECCEAPLGCEGREGCSIACRACHE $SREIDHDGRI C
DNA. The PCR product was digested with Nsil and Pstl
and gel purified prior to ligation. The ligation
Mi8&Bure was transforned into chenically conpetent
FBGRceekce cerdTepEEAEEEGERcAETERREG@ IsRE 1DdTEs) M
kananycin. Several transformants were |sol ated and
sequenced and the resulting plasm d was call ed
pIgscKudzu-yl DI (kan) (Figures 34

5’- GGTGGGCCCATTAAATCAGTTATCGTTTATTTGATAG (SEQ ID NO:76)

YURA3
5’- GGTGACCAGCAAGTCCATGGGTGGTTTGATCATGG (SEQ ID NO:77)

YURA 50
5’- GGTGCGGCCGCCTTTGGAGTACGACTCCAACTATG (SEQ ID NO:78)

YURA 51
5’- GCGGCCGCAGACTAAATTTATTTCAGTCTCC (SEQ ID NO:79)
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and 35). iii) Construction of pTrcKudzu DXS Kan [0315]
Plasm d pTrcKudzuKan was digested with Pstl, treated
wWoRakoBAR heat killed and gel purified. |t waBCT/Usab&eB6869
to a PCR product encoding dxs fromE. coli with a
synthetic RBS. The priners for PCR were MCML3 5' -
GATCATGCATTCGCCCTTAGGAGGTAAAAAAACATGAGT TTTGATATTGCCAAA
TAC CCG (SEQ I D NGO 18) and MCML4 5' -
CATGCTGCAGT TATGCCAGCCAGECCTTGAT (SEQ ID NGO 19); and
the tenplate was E. coli genom c DNA. The PCR product
was digested with NsI and Pstl and gel purified prior
to ligation. The resulting transformation reaction was
transforned into TOPI O cells and selected on LA wth

10308 myer Ff-Reammifiratipn theRGEHRIL pplyaprated SARSeRs)  wapler-provided
huSR! AUANTANG. paneead aRhdidrd feﬁ@lé{etDNléngle A lafprass

cal Led pTrcKudz DXS (Fl ures. 3

‘E%‘W?F?‘ffgf }nétﬂmé‘f“s p‘fkfeé%iig%‘ &‘}?é‘“ﬁ%g‘ﬁ?nl[)ﬁ%‘%{"le BeCfor

iaihr BAKeR? @ fyr J0B5kd; K5 foV\HBsedﬁg‘E(S o2 d mid)t dnd PG trlin at V2°e@foliclved by

V‘ﬁt@m AP heat killed and gel purified. It was |ligated
%ﬁ product encoding E. coli dxs with a synthetic

RBS(prlmars MCML3 5'-
BR00EA Prrthety BNACTo A S e RN AR CROPEAE T

dpfiaiZelhor &xpERidn Mepronli@ )waélf)lﬂalﬁéapfﬂ)ﬂa INA 2.0 (Figure 16; SEQ ID NO:12).

]%&Idﬁﬁf’ %&%&%ﬁm pgggﬁ(%i,? @@g@é&)ﬁl} qarryjag the

gntletlRkiidzuadoprenpedynthase gd‘nb eftler EBhEolfof KBRZ 4ld &G ometers respectively

calle Kk .

B BRAERY E Crlie B ol SRR R 83 e P P

iofr1aDBINA ag soretenymigise deee wfrr@aim @nstrugied (egueerl&E agekd€). and

term nator from Exanple 1 above was digested from

m 10§ KUCkzrHilad Slol B 526qRHura bl b G:ied belfeésaqmpwrt(wﬁ@s Lirg a1Peslius
%91920 whi ch had_been gfeﬁ with Pyull tr.e%.ﬁdB

R N L R
emaX(ZOGB Pids: 21r3amf4®7 Breld;hawntxo FI@(H@II@(SE@J IDsN@:B). Moﬁﬂﬂu&i}bn

%F%nlr?é'%rqgg]t érg %e tppagr% % d{%lgjOPv\g ﬁ&l synthetic poplar
isevrae sseadlasepg@ll_e Lﬁﬂqr Gmlmlzqf Xé’ﬁa apUELPpmmK@dmp(CA@ly hageented in

Filge ISt i N opposite orientations (Figures 38-41).
vi) Construction of pCL PtrcKudzu yl Dl

IL. Production of isoprene by recombinant strains of Y. lipolytica.

[0311] Vectors pYLA(KZ1), pYLI(KZ1), pYLA(MAP29) and pYLI(MAP29) were digested
with Sacll and used to transform the strain Y. /ipolytica CLIB 122 by a standard lithium
acetate/polyethylene glycol procedure to uridine prototrophy. Briefly, the yeast cells grown in
YEPD (1% yeast extract, 2% peptone, 2% glucose) overnight, were collected by centrifugation
(4000 rpm, 10 min), washed once with sterile water and suspended in 0.1 M lithium acetate, pH
6.0. Two hundred pl aliquots of the cell suspension were mixed with linearized plasmid DNA
solution (10-20 pg), incubated for 10 minutes at room temperature and mixed with 1 ml of 50%
PEG 4000 in the same buffer. The suspensions were further incubated for 1 hour at room
temperature followed by a 2 minutes heat shock at 42° C. Cells were then plated on SC his leu
plates (0.67% yeast nitrogen base, 2% glucose, 100 mg/L each of leucine and histidine).

Transformants appeared after 3-4 days of incubation at 30° C.
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[0318] The Nsil-Pstl digested, gel purified, 1D PCR
anplicon from (ii) above was ligated into pCL
woRmekudza whi ch had been digested with Pstl, RPCEHSZA8/086869

with SAP, and heat killed. The ligation m xture was
transfornmed into TOPI O cells and selected in LA
cont ai ni ng spectinonycin 50 ng/mM. Several clones were
i sol ated and sequenced and the resulting plasmd is
called pCL PtrcKudzu yI DI (Figures 42 and 43). vii)
Construction of pCL PtrcKudzu DXS [0319] The Nsil -Pstl
di gested, gel purified, DXS PCR anplicon from (iii)
e Twas ldoiagafr&? rt]ﬂ'e %&??g@) Eﬁr{sféﬁbbd@i;l ht(xéi)somdai ﬁd@rﬁ ﬁh@?

[ Wi S a Wi an ea
RT A SR ho e Benger BHAmaY Griataton o tvo
QR Oranetht ﬁYHI(]MABE) &@rtsﬁﬂn&ti’(’bn kwbre @EWinEbr 24 Murs i in YEP7 medlum (1%

tin o cl S. we

g%g%)étéacta % one é—[‘r?é?nt %Oesu sﬁakl F% ggl?rs]fr m{ tg)re VEfe
Fttllp@ﬂldzcentlﬁj)(@tl()ﬂrqmpersiedm 3anid>f ﬂfﬁs)l YEPY andlmgim@rté ntl scméw cap

{/1§19 pf]ﬁ%ls' %raﬁaﬁlé\’t&?&@m{@pﬂ}&m t&ﬁ%@ﬁu@%gﬁ ge? . rp}ﬁ?qgaﬂmg

| soprene synt hase, 1di, opy

Fronene cqutert mriberfieadsprce afrtb@e ‘dPIS Eas aaalyzed By gap (chlgegtygraphy using

ﬂﬁs@%ﬂaé@b‘&ﬁd’n& cfe&&&fa@ ﬁé@ﬁibemd FkaRbRS mAﬂsramJngm%ﬂsa mth
{%r gg%g);%tl(wjz kan E&éﬁgﬂ ¢Kudzu- DXS kan

é 24 PY B Pkoaihceetsf DARPURS °E§’Pfé‘éﬁ§’rﬂ/ltg(1nt°1
B, Rigurd 20). Nd bapieas wad depptled iﬁtt]lidﬂéhﬁ?lﬁdde it coptedl strains carrying

cKudzu cKudz (F) and pCL
Eb?'[asiﬁjeae lnstﬁack?n(ﬁfomene S@'n%ﬂla% "I n LB specti nonyci n 50

ng/ m.. Cultures were i nduced with 400 mM I PTG at tine
0O (OD ooapproximately 0.5) and sanpl es taken for

ESRNEN ePRARGS P 3GSophaR T E.QOR frés&ﬁ@ kikdyd 'fgalil%né-aynthase and idi,
_I‘;ul ts..,are shown in Figure 23A-23G [0321] Plasm d

LROEERAAP - dxs (kan) was introduced into E. coli
strain BL21 by transfornmation. The resulting strain

EERPRILE o Y i Vg R PR 588 2 e (g g o
ﬂlﬁmvdncmr@fyhmm!fwks of TM3 (13.6 g K2PO4, 13.6 ¢
KH2PO4, 2.0 g MgSXA*7H20), 2.0 g citric acid
nmonohydrate, 0.3 g ferric amoniumcitrate, 3.2 g
@r@ogmgmofﬂr%@m%@ast extract, 1.0 m 1000x Modi fi ed
Trace Metal Solution, adjusted to pH 6.8 and g.s. to
23] dhelblh pdrk of pTtiaLdil q'dasedt)ed Grofrtammplail Naskeplabeiisie gene

J\E)/lél%%n g%l:\%e HCHII rne%(g:} ?I?:%] :ﬂo R u ce gbl‘\’/\fetnﬁ prfg %Waﬁl@f st it Bspl
Batep ek SiwerpeA lkalne Rhaaphatasy (SOB)s heat bl 2063 € themahd dllledwith
I@l@ﬁjov&t #Pa%m@HQHJI&Nﬁ;s *Tﬁeoﬂ{bs li]a(?gel fﬂlgltng‘ﬁ vJQ@;%%ﬂed from an agarose gel and
ligated to the kan' gene which had been PCR amplified from pCR-Blunt-II-TOPO using primers
MCM22 5’- GATCAAGCTTAACCGGAATTGCCAGCTG (SEQ ID NO:14) and MCM23 5°-
GATCCGATCGTCAGAAGAACTCGTCAAGAAGGC (SEQ ID NO:15), digested with
HindIIl and Pvul, and end-filled. A transformant carrying a plasmid conferring kanamycin

resistance (pTrcKudzuKan) was selected on LA containing kanamycin 50 pg/ml.

ii) Construction of pTrcKudzu yIDI Kan
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space was neasured as described in Exanple 1. Results
are shown in Figure 23H II11. Production of isoprene
w0 cwaieddrass in E. co/z' / pTrcKudzu yl DI DXS [ BSRE$20081€86869
strain BL21 pTrcKudzul DI DXS was tested for the ability
to generate isoprene fromthree types of bionass;
bagasse, corn stover and soft wood pulp with glucose
as a control. Hydrolysates of the bi omass were
prepared by enzymatic hydrolysis (Brown, L and Torget,
R, 1996, NREL standard assay nethod Lap-009
"Enzymatic Saccharification of Lignocellulosic
[Bjmqmqstsrckuc&nﬂam digadtedamfﬂliﬁsﬂttfe@t@d DASSAP, Hpo 1&11@1 dn@ @aepuriﬁed.
gl ucose eq

. hi
E e gt eReoR R v Sy rFbmpATpaD. 15 °
priness by PAR enrs Ngl-wBH 161’1 s of BL21 (DE3) pTr cKudzu yl Dl

€1§(ﬁl%any0| n %@A%&%ﬁ%&%sef %%836) and Pstl-

BAR A R %WCHCWA@%QGC@WTMAG@HEE@ &P NOvii7h gand) the tantpéate
PHQY R GRze %ﬁb&%fmme%h%ﬁqctms @Qesg@%ﬁ NQJ anQ PP aldbel
25 m of T 2% YE and 1% f eedst ock

FuEEerrrigt o ligationc Sherisationixture piagyangharmeg intg %mmwowrtﬁlt
THRIOQER aHBslettSE6h B contaRRf sbipg/ﬁﬂ Ry, SRdalM@ndrneRSRere

was used as negative control

PR R St T Bt ey seted ek e Py
andss)ymonitored for OD OO and when it reached an OD oo

of -0.8, cultures were analyzed at 1 and 3 hours for

1%5@9ﬁs§9§1095mum)@§K%50“ bed in Exanple 1.
Itures are not induced. Al cultures containing

R R R R A R P

punﬁeﬂ,l blwaeagaeadaij@R podianroding dkd @nmé 046 with ¥synthetic RBS. The
rrene frominvert sugar in E
%‘{Péﬂ}"egg : g‘ %)S(S[ 0323] A single colony froma
%m@TGG%%WG;ﬁQngﬂﬁ%G@a\PeAeﬁA&A%T@tQﬁTTTGATATTGCCAAATAC
éct@@ﬁ#mﬁ@ Keyclzamnac Pk sD@T@@@bAqu@@éAb@cm@@@&%m

LB and kananycin (50 m). The culture was
PRRTBAC): sveihn reaﬁlateéﬁas 5 Eff"fﬁgwofnﬁ IAHeklibn GOR proguct was digested
il Nsﬂ\mlmggzm& gd1 peyimv e étit@hdati 6 IThd e Q1WA FrardforiddtR A reh@iol vas

2% YE 1%

PRYEES e TR0 a0 e g1 i b kenpran Yo SEEEL o
tensformnmhte were isolhieé andre@rbced aiglaie rtabils plogkid (vBamnllgigdrcKudzu-

- r prepared by enzymatically treating
%%%(?%@g‘?@%?&% aﬁﬁ%ﬁtx corn stover was prepared as
descri bed beI ow (Part V). The cells were grown at 30 C
ixhfcprstpstion; of gTrek udepyIDIyixs (Basur ed when the cul tures
reached an OD6oo -0.8-1 .0 (O hour). The cultures were
[a3ia] ypﬁdKﬁdzn-ymICham)fWaaélgmm @61, lrgat€dBvidhS Al bkaf lofed and gel

;i%lﬁﬁé’d". fi Q%se g{?ﬁg Wed #éii‘% ﬁ(ﬁmi élféﬁ%ﬁl@'ﬁpko% s Mt DeynthetR¥BTprimers

ours. ts are
MCM13 5°-
GATCATGCATTCGCCCTTAGGAGGTAAAAAAACATGAGTTTTGATATTGCCAAATAC
CCG (SEQ ID NO:18) and MCM14 5’- CATGCTGCAGTTATGCCAGCCAGGCCTTGAT
(SEQ ID NO:19); template TOP10 cells) which had been digested with Nsil and PsI and gel

purified. The final plasmid was called pTrcKudzu-yIDI-dxs (kan) (Figures 21 and 22).
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Figure 47. V. Preparation of hydrol ysate from AFEX
pretreated corn stover [0324] AFEX pretreated corn

WG r@ver66tas obt ai ned from M chi gan Bi ot echnol oRgT/US2008/086869
Institute. The pretreatnment conditions were 60%
noi sture, 1:1 ammoni a | oadi ng, and 90 OC for 30
m nutes, then air dried. The noisture content in the
AFEX pretreated corn stover was 21.27% The contents
of glucan and xylan in the AFEX pretreated corn stover
were 31. 7% and 19.1% (dry basis), respectively. The
saccharification process was as follows; 20 g of AFEX

Hicehsigafor df LY MrcRL@OMEr Was added into a 500 m flask
with 5 mM of 1Msodiumcitrate buffer pH 4.8, 2.25 n

[)9(15 ]|7£C (Aeﬂ'agl%enq FDI%Q gg)ﬂtalrg%}th ?rogﬁtlerc%tru@t‘a% en? aj ]d%ermgnl:)f%p Jfrs 50

nase pro uct from us ni
Exawpld 1 pedvie wgs digrdted froty PTrCKm:tu mn%plrﬂnd edl p@iﬁed/att @es lighied to

JdLQ% WRR 1R¥bech Big@&Ra Vil 'P'{nﬁi wrofhkAh sAPdnd RGHARALE thltesu@tglg

C for 96 hours e sa was taken fromthe sh
lgAdPnamEPip 2ey Uwfowdmm’né&’ Irellynpd pedcipd it et eqntrivdiiertaqgtinomycin
@?lgﬁ?lgéébe@f cltgie;?\ﬁ&ié; Bolatddar s & hudnced anKY\JV(Q&&% Is%%ﬁ 1&1}3};@(%dzu
0 | rs cose and/ or xyl ose effec

B P§’e 5%%@%& (ﬁglcktag%ﬁe PSBR apResifs i P Risrss & f ol |

grown in fed-batch culture [0325] Fernentatlon was

Webdngrugea cdpCh RecKidzuylBEal e as previ ously descri bed
with E. coli cells containing the pTrcKudzu yl DI DXS

[0318p NTEk Mh@SEsidpeded 0 y@ificd @DBRCRRXhp1R6 frdnBiilp ab%pé ivﬂ;g@ated into

TN T e

lightonfngxtnie mtamramﬁsnedamb BAP ek Nyt selddted 30LAY caﬂtiltl‘mn’ggpetchﬁ)mycm

é&% n%eavter?lf % %lgglate(%ltd S cﬁenc%?ﬁﬁ thae)fe\:/\sglftlné% QQSHF(}]IS c?lle%g((‘)L

Rﬂﬂ(udlzhezmll(ﬁallrescﬂétamt‘él) density within the fernentors
was proportional to the amount of yeast extract

aigl ded{rictignspcA@MAKudkhpxssopr ene | evel in the of f-gas
fromthe fermentor was determned as previously

9ﬁ§ r |].“fi)e I?:;I }T Ia%%gjes%&lp € 1fteh lj(%ﬁ g r%nﬁ)?g(%)q%o 3 a&l@@ was 11ga%ed

cou er ne |oﬁ
intg @ﬁk Bﬁ@%m@éw@cm bPﬂﬂr@éﬂ@fWWlﬁlrf@éd?e@qe@wah Sftdb ancweeat killed.

BB QlﬁxtJr@Qaé’tﬁﬁs?&nn@&(fnfoamm() Ed19 Wi s B&Ed in LY cbntamlng
Production of |soprene in L fermentation of

PFFRIBEETO BKS y$e[§?ral[°6>3‘2€6‘7“%&s@ﬁ€ﬂ o pgpeneet e e atstioRe Rypsmid

iEcalledpaL BRKLU&Gu WNSFRukiMiZHd ¥HOPpr ene synt hase, S.
cerevisiae IDI, and E. coli DXS nucleic acids (E col

BL21 (I DE3) pTrc Kudzu dxs yidi) was used to produce
i soprene. The |evels of isoprene varied from50 to 300
Ihgylepsugpment of ispprens i@bqa{is;};@pe difomrgltures expressing kudzu isoprene synthase, idi,

and/or dxs at different copy numbers.

[0320] Cultures of E. coli BL21(ADE3) previously transformed with plasmids
pTrcKudzu(kan) (A), pTrcKudzu-yIDI kan (B), pTrcKudzu-DXS kan (C), pTrcKudzu-yIDI-
DXS kan (D) were grown in LB kanamycin 50 ug/mL. Cultures of pCL PtrcKudzu (E), pCL
PtrcKudzu, pCL PtrcKudzu-yIDI (F) and pCL PtrcKudzu-DXS (G) were grown in LB
spectinomycin 50 pg/mL. Cultures were induced with 400 uM IPTG at time 0 (ODggo
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hours. On the basis of the average isoprene
concentrations, the average flow through the device
warnme7ext ent of isoprene breakthrough, the BEHUL008686869
i soprene coll ected was cal cul ated to be approxi mately
17 g. VI1I. Production of isoprene in 500 L
fermentation of E. coli grown in fed-batch culture
Medi um Reci pe (per liter fernmentation medium: [0327]
K2ZHPO4 7.5 g, MJS q 4 * 7THRO 2 g, citric acid
nonohydrate 2 g, ferric amoniumcitrate 0.3 g, yeast
extract 0.5 g, 1000X Modified Trace Metal Solution 1
dpbroxifdatelyal 5) hiEsa@plePRIRa lﬂ&rSso}ﬁ@ﬁﬁle@diﬁ'@Q mkRgehbe '(se@-B)dlmple 1).
| ssol v d i.n_di gA Igl s solution was autoclaved. The
]V?é‘es YUBFBYPEAY wi t h ammoni um gas (NH3) and
g.s. to volunme. Jucose 10 g, thiamne * HJ 0.1 g,
Bi%l] aRtapipid o icK udueirydDladie €dn)afas entroduced intoj£z eali stypin Bhal ppH

@3 daHEN The [‘eglﬁt%%] straif) @%/}')\"ﬂg khdA ‘i‘Dfr]ﬁ)@§@asl\§(§v@J overmght in LB
Solution: [0329] Gtric Acids * H20

oppiatging kgremy4in (53 refmbst? 9 G nﬁ%twn@culﬂm@% ﬂﬂske szwa(lé bg
Ifgsg) (1)4 2 & Kiigzlﬁ@ i og,Mg@tDWHéO)hz B ERDicl{ nitBohydRB(3 é-@agrld'rg

X ach canponen sol ve n
S S 2B HDOORH £ Ot P PR e e
$pligion tadjustal to pE 68raeld §.5. It(t B10, sid dilted s'teziﬁzi:d)m'ohihm&g 2% ghicodeO Rlasks

\&érl: }ng{bate& Q%g %Z HE EEHFSBFO? &l O%z}é@e%cl% &) [hrrl?l(;{fi ced w %&L‘ ZIlleG.

I oreactor w s contal ning
SpnDles BXS talbrpas marepus fihgsgftenmaetionand thevesougiaf naoeraneom the bend

PRRIaOhnedsSOPLCRE ribRABEBR If RAMOLEYCRIE u@lﬂguré’ east
extract at the desired fermentation pH 7

t 30 C I t aken
Y Reaet Ty Rl o & Be e Eybs ﬁ’é‘fsi Iegst :
[0322} adte glaindh3& pTrekludzniDIAXS ens tbduel forrtincabilisynto gerewtetigpfohk

igdr%élree stolﬂn%glagt ba?ggehw%sté\gf_md SXWO %g) v$1 gllLQQS% lil» 9&0%&01

I or Ct or conta soyt one-
Kydrqlgsetes fithedinsmasy et mrmare?lfhe e@y@atls hbdrekyea@irwn Wwasd FargamR .,
b6 %Q{E@ sEanamsga'ane%% Ié% &79'—‘EH@§1at§cr BERh S G o Elgha:@llulosw

500- L_bi or eact or Yeast extract (Bio Springer,
Ripwess'd and useslﬁébéléutw@é%ﬁ%dda’y gHePsyiau Al g fhis exapplg glucose
QEPABRN W drédquilad 85 gludhie A eGhat c@cmylﬂahl alat O ddBIQ S@nsPRFed cells of

Aot he D riRAtm T G Vo 0o e S 19op i Wnamiin (s
pgaslpelie ictﬂ&irglwasTﬂtebatthoivﬂﬁbhtd’eIﬁg Ctwithwhdkinigh Théfellowing day the

OQ'GI%[ ﬁpc%fn% V {nea {or% d (}0?? (ggg; inif2§] mlfoglljjl]kﬁ’se abl %%% l? and 1%

I'SOpT ene rom of éact or was
fd@ilstemehe&e@S)clpwmmqu whesses;, pizefiwootipelpi Sbgesemes tsed &ra

ﬂoﬁﬁ{;e%m Mo, hIcgkg v&%@@% a%fega'ﬁb@cotl@(gl n@ﬁ\lh@és 'v&g 1£cjﬁbagéﬁra?30°
]2 The t ot a amount of isoprene produced durin
B'lt shaking at 180 rpm. The culture was monitored for ODggo and when it reache an OD600

of ~0.8, cultures were analyzed at 1 and 3 hours for isoprene production as described in Example
1. Cultures are not induced. All cultures containing added feedstock produce isoprene
equivalent to those of the glucose positive control. Experiments were done in duplicate and are

shown in Figure 46.

IV. Production of isoprene from invert sugar in E. coli/fpTrcKudzuIDIDXS

89



hour fernmentation was 55.1 g and the tinme course of

production is shown in Figure 49C. Exanple 8:
wee@dooisron of isoprene in E. coli expressi ng RCHES2008/086869

I soprene synt hase and reconbi nant neval onic acid

pat hway genes |I. Coning the | ower MWA pat hway [ 0332]

The strategy for cloning the | ower meval oni c pat hway

was as follows. Four genes of the neval onic acid

bi osynt hesi s pat hway; neval onate ki nase ( MWK),

phosphoneval onat e ki nase (PMK), di phosphoneval onte

decar boxyl ase (MVD) and i sopentenyl diphosphate

josmre rm@eg@ﬁ)ﬁ}s ek gla@rmhu}f &aagoxkalaéd E’éﬁgofmgm(ﬁm) {;‘)TrcKudzu

e Chrorosom ¢l oned i ndi v
1R B Rl ek st ety SR RroR (R The diture was
mofeed asadeght 4t16° € dith gakieg. Eks fadlowing diyette 6\Ieﬂ1lfghﬁ:ultﬁle hlas diluted
. I [ re.designed. s t ha

B B B G ot L M R TR BRAPE HR Rty S cose

N@@i\mO(SSE@omﬁlom 8tie) lvatasgar fesdstotle@aniscotlinert Sugagrwks pBpared

Qpen%'ﬁEan? %Qlfng Ed%ﬁ)sesgyﬁ{gt AF Eﬁ Qhn %ger Q/aﬁ Eﬂareﬁ lpd @es%@d below

ded at enes were then cloned one Yy

G Vi-nths C?IH@CW@H 2§30 G/@gﬁlt?rﬁr% prnpple a5 @ncasyrer whenghe erips

Me&&ﬁﬁﬁ%'&@ 1.d 0363). 160 cQRRSs VeR landBMAd fof as measured by
ae S288C was ot ai

SBiecta Ry Sonsir NG AS AT merﬁTf% gt ar shown

Eburenbsone of S. cerevisiae using priners MKF (5

' - AGGAGGTAAAAAAACATGTCATTACCGTTCTTAACTTCTGC, SEQ I D

NO 21) and MVK-Pstl-R (5'-

ATGGCTGCAGGCCTATCGCAAATTAGCTTATGAAGT CCATGGTAAATTCGTG

CeERyepaptiuop ElpyirolysatyionpAlEX plsteated cp@ptoMinuf act urer' s

JOBBM) ' WHEXQRSreatdd @rics@vESeds oﬁthlii&ﬂiolﬁﬁ@lcﬁlrgﬁﬂfbiﬁ&clﬁlalggﬁn@ﬁ)te The

was |dent|‘{\| ed gly i?l ectro Jt?n gresis hrou 2% E-g

PRI SGRHY O Er® ) 6 FOB i 0 p2Br BiBlopRse f‘ﬂéo mm“tes

thersdid driedh gTI;a Inassetrdcon@st inlts IAgEHb&deqnd\M{ﬂn sto'vréievaptwm drhe
Wﬁﬁ ay\@uecgré aé d esltar? Qltﬂ}{]g mxgpr(ej[re e&j corn sqg'vrefe v%érg 5IC%% grgi 19, l% (dry

bapiglatesmgetivalyo TbeTsramrs@Blouilng@s wek éwf«tlhws'cid gan4FIBsS p@reated corn

Sher »na%%aﬁeh ifGa ﬂiofﬁﬁ g MRS ATEY Rl k338U s ThEmI of

second ?ene I n the nmeval onic acid brosynthesis
pecelrraag J00pNId mbﬁ@aﬁaﬁml Hi ddDpyyiscpepangsq pigflugtffoppehspergillus niger
BsﬁrbadPrMﬁing RuduSry), GV T6S PGB T ek EECAHSERAGK as pifithd dpbil¥ndid} and

BS| | - PWK

%at@&%&ﬁ%?mmwmﬁm%ﬁ%m@g@@g,usmg

mm 4Dhe hjdrelydeRont@Ra3R O /1 WBgludoss, D108 st xylsseNgndRDB gAuf bo
(ngo%ers ofa ?ucos(e &&txf;,‘ ene) as

VI. The effect of yeast extract on isoprene production in E. coli grown in fed-batch culture
[0325] Fermentation was performed at the 14-L scale as previously described with E. coli cells
containing the pTrcKudzu yIDI DXS plasmid described above. Yeast extract (Bio Springer,
Montreal, Quebec, Canada) was fed at an exponential rate. The total amount of yeast extract
delivered to the fermentor was varied between 70-830 g during the 40 hour fermentation.
Optical density of the fermentation broth was measured at a wavelength of 550 nm. The final

optical density within the fermentors was proportional to the amount of yeast extract added
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per manufacturer's instructions. The correct sized

product (1387 bp) was digested with Pstl and BsMKI and
wo 2@anad7é nto pTrcMWKI digested with Pstl. ThePCT/US2008/086869

resulting plasm d was named pTrcKK. The MD and the

i di genes were cloned in the same manner. PCR was

carried out using the priner pairs Pstl-WD 1R

(5" - GTGCTGGAATTCGCCCTTCTGCAGC, SEQ I D NG 25)

andNsi | -MD 1 F (5' - GTAGATGCATGCAGAATTCGCCCTTAAGGAGG,

SEQ ID NGO 26) to anplify the MWD gene and Pstl-YI D 1R

(5' - CCTTCTGCAGGACGCGITGITATAGC, SEQ I DNO 27) and

Nsdute-4¥ADI The islc_sprélﬁ level in the off-gas from the fermentor was determined as

CATCAATGCAT TAGGAGGT MAMT@C, SEQ | D NO. 28
Pr8v1éﬁlcﬁ%@)%r c@fena gtﬁremcr?aﬁe OV Ardhs cggré%ofttlixfgerlrr}gﬁatlon (F 1)gure

4880, m‘altea:smIg efi8oprdnd profiucediwis. lineolyiprapausionsb @dhe afiduPlet fyast
éxqu ot g coI i chronmosormal DNA, the follow ng priner
et RS S Pstl-a D 1R (5 -
GTGTGATGGATATCTGCAGAATTCG SEQ I D NGO 29) and Nsil-Cl Dl
1 F (5'- CATCAATGCATCGCCCTTAGGAGGTAAAAAAACATG SEQ ID

WO Bl@)luctla_rﬁdf{iﬂoﬁ%ﬁe L) m&mﬁ&mm&hdﬁgﬁk&%@ at eddb%//\o
L S B e R A e T N

Dafapd Ene& DXS nutleic aeidsriE.| chBLEB(,XDBa)mei(HdaI dxg yiAh)tvhts used to
Th
%?(ﬁ!gg ﬁ%préng 4l"l’?'eq!::\% S O?Q%Qzﬂ?efi %JOI% 5@?0 3%6) g/tL oveer a t1me g dpd of 15

wer e na e construct en
hayes. Pasetbadichf thyameaagy nsomcceﬁtmtlomsme ewsreg¢ flaycthrough the devwe

£R%RALBY of ﬁ@prgle bfeQthrod ! th@4hant o}:lﬂ‘s rQAe%éﬁ@cQﬁ wielafeulated to be
transformed into E. coli hosts for subsequent

BRLISIY 17187 sone cases t he |sopr ene synt hase from
kudzu was cloned into pKKDIy yielding plasmd
pKKDI yI'S. [0335] The | ower MVA pathway was al so cl oned

' C ntibi o resistance
Vﬁ‘lt roﬁucgl%(gqu&fyrgg%h L?_f h‘%ﬁ%ﬂy éf% & &'m[ Baﬁ:% ba’[tc??I ulture
restrl ction endonucl eases Apal and Pstl the 5930 bp

MEBGREY e%h&?ﬂﬁﬁcﬁﬁﬁ&rﬁéhnﬁ‘n)l 2% agar ose E-gel and
usi ng en Gel Purification kit

urifie
lﬁ&’br P4 $ %gsi%a (32th pigieagidmeaehy fiate 2 gnSrricrpgnonium
@drm g R ddscdkualz ula mooobe SRBiBETal MENZBRE® 1/ml. \WASOF the

oS " S80S o PR oRBE AP o ot FOQBRF oA The
pﬂjwasfaldﬁd:ecf tb G mmthfhmﬂ%uEmged (NUK) and q k. h@vcﬂ@uﬁkg &Hudced 10 g, thiamine *
B b5 e SRR R PR Pl b Bt e st no

t he oche i ck ngatlon kit. The ligation mx was
[0328hs 1 €110 qlffﬁigrquMéBl Jolufiep] O cel |'s and tranfor mant s

were grown at 37 C overnight wth selection on LA
[03291 alCitiiewycidaniduDyAsi gnMa SO, TiiOrA0)g, Nat1a0 gy ReRSS ‘OTHYAMtgS CoCl, *
HBHY o/ 2Idd, e, DY o' GRbL F St B0 §RZHERD, 100 mg, NaMoO, * 2H,0 100

mg. Each component is dissolved one at a time in DI H>O, pH to 3.0 with HCI/N aOH, then q.s.

to volume and filter sterilized with 0.22 micron filter.

[0330] Fermentation was performed in a 500-L bioreactor with E. coli cells containing the
pTrcKudzu yIDI DXS plasmid. This experiment was carried out to monitor isoprene formation

from glucose and yeast extract at the desired fermentation pH 7.0 and temperature 30° C. An
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di gesti on and one was frozen as a stock. The plasmd
was designated pTrcKanKKDIy. Il. Coning a kudzu

WO 2poaieas synt hase gene into pTrcKanKKDIy [ 033B]T/Uba#08/086869
kudzu i soprene synthase gene was anplified by PCR from
pTrcKudzu, described in Exanple 1, using prinmers MCVbO
5' -
GATCATGCATTCGCCCTTAGGAGGTAAAAAAACATGTGTGCGACCTCTTCTCAA
TTT ACT (SEQ I D NO 31) and MCMb3 5' -
CGGTCGACGGATCCCTGCAGT TAGACATACATCAGCTG (SEQ 1D NG 32) .
The resulting PCR fragnent was cloned into pCR2.1 and

hbRARES FENRY siriih Akda frodd frozddIthi Qas Jrpaedfifi FTTREcatRRERI-ElBcose

the codi ng sequence for ZU iSO e s ase nd an
BT oHiF PEGIBHE SRt AP P r(?gl%i s Sl S s oot
alsieasfod totmnitig 2L eoyitdﬂey&ateeﬁlacogle&om xghiiumat TRe2.55L \biokdactor was

SR 5h 00D L OLFON AL AL ERLASILSH] LL8g mo/ ).

Corret t nedt was ver fled by
gggen0|ng and this strain was deS|gnated

B 7Y emhextpgt ABinSarimeepMoatera RRebr o dilead élwées\v%feskm h
ng&kﬁtiamate@ nr&tmagramtsiuﬁ asge&ofdﬁha yRARExthSt deliteedl td e bRteBetd
r cant al IS r e e
Qe mE Suhe RhteptSir S Thl St 7 ke ersh T o oA sy,
Wit 06 Biofeadye lovafithe xishov i@ Higusidny. Theeisopeaglerel Gehe off-gas from
ge 51 reac? %twaso eteiﬁlﬁlltne a}%n%ger %{FPC ! %Rt el“hmasn%relggter lnt%reased owfeﬁthe

PFUCT "ohs
¢0hee ofdlyt feimehtaidon (Bigeo ﬁ%&)l é h%tetamwnt of rseacrsd’rqmteh dgAR the 50

ﬁo&r feé%nah&% 85, ‘]Ng agii?thé:tnﬁé’@)uﬂy 511 Jrédﬁgloﬂ %' SHM 1|H %1gg'ealg@ n

eanup he p asm d and kudzu isoprene

COdI nt were |jgated usi
Bl o B lchopty £ SR evr g Fioh Rp i g pldc
tecanilsihont ﬁ‘léﬁhlomttauﬁ)atlciﬂiylgeﬂéﬁpl O cells and transfornmants

9 ht at 37 Cwith selection on LA
fg@{? b ni ﬁﬂwe%ﬁf %‘l%yat 50 ng/m . The correct

03%hs fToe smamy fmaéonmthef lowet nipyalpraspattivey wenasdolpest Fangaadef
tﬁ}pﬁe\rﬁloﬂ§ 'ﬂ:lg bﬁé@%th%sﬁ&a&%& %vﬂgﬂa&mé M\&@ﬂ'ﬁo Ebrgé%lgﬁ’atczl&nase

asm d was transfor rred into BL21(I
@Mlﬁ)sdu(hpw@ffva@@ﬁ Jecpppxylase@hyidriad isproaiaet pl@bpspfraewomerase
g‘éﬁéwmpﬂﬁédrbyﬁcmwﬂ S, @é&%ﬁ&&m&oiohﬁl DRE QR SRD IndivmEsy
neval gnat e E) ?]6‘ nt hase from kudz
P@é‘%@lﬁﬁp A %@%%flf}?‘ <G5S the it gepeays paplified
MoPE ok chirorAvsOoieti DiNYa r The pﬁineralwpre (dé&?lé() sudh thidae Fesoliebensus RBS

AT te enen Lt

QLR S5O AR MBLEBALBABE S TB SRR AR e Lid sy
pstrdamrof thevstart eddsarsiatPsdl pitewrsss adjled elalrety eal Too gt wantherhadned

one by one into the pTrcHis2B vector until the entire pathway was assembled.

[0333] Chromosomal DNA from S. cerevisiae S288C was obtained from ATCC (ATCC
204508D). The MVK gene was amplified from the chromosome of S. cerevisiae using primers
MVKEF (5’-AGGAGGTAAAAAAACATGTCATTACCGTTCTTAACTTCTGC, SEQ ID
NO:21) and MVK-Pst1-R (5°-
ATGGCTGCAGGCCTATCGCAAATTAGCTTATGAAGTCCATGGTAAATTCGTG, SEQ
ID NO:22) using PfuTurbo as per manufacturer’s instructions. The correct sized PCR product

1370 bp) was identified by electrophoresis through a 1.2% E-gel (Invitrogen) and cloned into
P
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wi t hout the addition of 0.5% neval onic acid. The

culture was started froman overni ght seed culture
WaORaB026616% | nocul um and i nduced wi th 500 nmM | PA@/UR2908/086869

the culture had reached an OD oo of 0.3 to 0.5. The

cultures were grown at 30 C with shaking at 250 rpm

The production of isoprene was anal yzed 3 hours after

i nduction by using the head space assay described in

Exanpl e 1. Maxi mum production of isoprene was 6.67 x

104 nnol /L broth/ OD6oo/ hr where Lbroth is the volune

of broth and includes both the volune of the cell

PEASBLUNANTORG) €The @dstltid: fMsmiidWeas @edidnSted MK C.OMe pRYmid pMVK ] was

ultyre no emented with nmeval onic acid did
Sttt i R o B SR isE Pudtle e v S e B Bt
Peeteldvivery p TroEBiST digdsied wiploSacl me\BaiBh nHieeesbitios yladdidtvasmamed
HYRY, conprising two genes encoding three enzynatic

ctivities, was cloned from Enterococcusfaecalis. The
ene encodes a protein with the enzymatic

nvakE ) .
B339y i Tihe sscondreensgi he sewalgpic aeid Riogydheyis patarays YK s gpplified by
Behygiigptiyred: PEPMKE Bl (it @AXTTEBRACCTHHIPCOMEC TACD SE@ ERNO:23)
t fiJS t hi ' 0.t n
R b R p e SRRk RS Pl af et ea
PRSI A: 28y rithh ER readtive wav pifogedasingBfudmpb ipblymetader(Stmragene) as
ger Sﬁ&lﬂré’s%[}gd%% %o&éﬁ-{g&ed? 990%9%%85)0@%43 Pi &@ed%ith.PstI and
ol 'ribosone binding site a_nop a spacerin Ffont usi ng
BHBKY a9 ligaigdrigfo piicMikd digepedyyithgy( e retulfing plasmidwashapmed
BF?(%(K THE®R1$b ahd thé:z%xﬂjé%ﬂes%% Poned in the same manner. PCR was carried out
GAGACATGAGCTCAGA AAAAAAACAT GAAAACAGTAGTTATTATTG
psoedansmiragasicd Ve 6 - CIPCRGEA AN SECHE TR HEC A ¢ PERBR
NO:25 i@ in-MVD 1 F (5’-GTAGATGCATGCAGAATTCGCCCTTAAG((:}_?_I@’AC‘IA&%% 1D
T TCAAT CATGIT T CCTTTATTGITTT
lfléé P WW‘W a’%@%&&ﬁ’s‘%&é was anplified from
ECTHERHTAGCACHOBT Tﬁ"JUMA"A(G@T 9 310) TDWD&IE)NSWYIDI BF RBS and
- | | .
ERFCRATERR oo A A LRMA REARATEAE S IR v vt
theyie g¢pe5In some cases the IPP isomerase gene, idi from E. coli was used. To amplify idi
N E TOASHONGEAN T E AT MMBACAT SACRATHEIBRT RGATAAA
SE%I DNO. 36_} .
TGTGATGGATATCTGCAGAATTCG, SEQ ID NO:29) and Nsil-CIDI 1 F (5°-
CATCAATGCATCGCCCTTAGGAGGTAAAAAAACATG, SEQ ID NO:30). Template DNA
was chromosomal DNA isolated by standard methods from E. coli FM5 (WO 96/35796 and WO

2004/033646, which are each hereby incorporated by reference in their entireties, particularly
with respect to isolation of nucleic acids). The final plasmids were named pKKDIy for the
construct encoding the yeast idi gene or pKKDIc for the construct encoding the E. coli idi gene.
The plasmids were transformed into E. coli hosts BL21 for subsequent analysis. In some cases

the isoprene synthase from kudzu was cloned into pKKDIy yielding plasmid pKKDIyIS.

[0335] The lower MV A pathway was also cloned into pTrc containing a kanamycin antibiotic
resistance marker. The plasmid pTrcKKDIy was digested with restriction endonucleases Apal
and Pstl, the 5930 bp fragment was separated on a 1.2% agarose E-gel and purified using the

Qiagen Gel Purification kit according to the manufacturer’s instructions. The plasmid
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CF 07-102 (-) End of mvaS gene BgKl 5

- GACATGACATAGATCTTTAGT TTCGATAAGAACGAACGGT (SEQ I D
WONEN03BY66f@O341] The PCR fragnents were fused t oREL/lig2008/086869

with PCR using the following prinmers: CF 07-60 (+)

Start of nvaE w RBS + ATG start codon Sad 5'

- GAGACATGAGCTCAGGAGGTAAAAAAACATGAAAACAGTAGTTATTATTG

(SEQ ID NO 34) CF 07-102 (-) End of nvaS gene BgR

5' - GACATGACATAGATCTTTAGT TTCGATAAGAACGAACGEGT (SEQ ID

NO 37) [0342] The fusion PCR fragnent was purified

using a Qagen kit and digested with the restriction

ﬂim&aﬁaﬁaoﬁﬂéﬁ_ iBgﬂmple-ﬁh was djeges tvﬁlﬂre%oﬁ Elggﬁiﬁ:[bﬁsey\@ﬁal and

r sl n It an te

P2t i Hearr af OERT roprParr bl 4 kfaalpone e

Qiegan Gk Qerﬁbzeidn it tThe83Iﬂ bparclorBgRinera Al t@@593@bp‘ ioﬁvexeMIVA pathway
col.i

#%ﬁl%% d’VCIen g(ﬁ gs%} tﬁ)erl} g%msj;léaélglggF oféfltgglgatlog was transg)émed

w@/ﬂwollcmf’dé a¢lls pid tranfoprhantsevesre ghowroat 37° G évemiight mﬂt wiectam on LA

Watafnin %Iﬂgﬁﬁpmﬁlm p,gfrm hgﬁﬁ{sﬁhﬁﬂﬁs vd'eﬂa \lcﬁﬁ&noq réglc{f&{ erﬁyme

carbenicillin_an l asm ds were isol ated using
dgestirarpng pre way fezep PSa%%ﬁecbsTmaémuh vife desiggatod ﬂﬁdeaEKDb}hd
BgRI to check for inserts and one correct plasmd was
sequenced with the following prinmers: CF 07-58 (+)

N R o
AT TOTTANATER EFEARAATAGE] bBECR frmNDcB9Yzu GRescribed

IQEX%IFLSI frﬁers%cm@@ gene 5 -
1T GATAAAATTAG ( SEQ | D NO 40 07-83 (-
EATCHF Oy BS Y ifd TR CGAGHTAGY P Eﬁ&@@ﬁéﬁc

ACT GED IBN®TH 8k M€M5$squence in m/aE 5 -

BT ACATAIATFRR IR o BNET e
resulting PCR fragment was cloned into pCR2.1 and transformed into E. coli TOP10. This
fragment contains the coding sequence for kudzu isoprene synthase and an upstream region
containing a RBS from E. co/i. Transformants were incubated overnight at 37° C with selection
on LA containing carbenicillin (50 pg/ml). The correct insertion of the fragment was verified by

sequencing and this strain was designated MCM93.

[0337] The plasmid from strain MCM93 was digested with restriction endonucleases Nsil and
Psil to liberate a 1724 bp insert containing the RBS and kudzu isoprene synthase. The 1724 bp
fragment was separated on a 1.2% agarose E-gel and purified using the Qiagen Gel Purification
kit according to the manufacturer’s instructions. Plasmid pTrcKanKKDIy was digested with the
restriction endonuclease Pstl, treated with SAP for 30 minutes at 37° C and purified using the
Qiagen PCR cleanup kit. The plasmid and kudzu isoprene synthase encoding DNA fragment
were ligated using the Roche Quick Ligation kit. The ligation mix was transformed into E. coli
TOP10 cells and transformants were grown overnight at 37° C with selection on LA containing
Kanamycin at 50 pg/ml. The correct transformant was verified by restriction digestion and the
plasmid was designated pTrcKKDyIkISKan (Figures 24 and 25). This plasmid was transformed
into BL21(ADE3) cells (Invitrogen).
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5 - TTGCCAATCATATGATTGAAAATC (SEQ I D NO 43) CF 07-88
(+) Sequence in nvaE 5 - GCTATGCTTCATTAGATCCTTATCG
W@ SBQ0Td7TANO. 44) CF 07-89 (+) Sequence nmvaS 5' PCT/US2008/086869
GAAACCTACATCCAATCTTTTGCCC (SEQ | D NO 45) [0344] The
pl asm d cal |l ed pTrcH s2AUpper Pat hway#l was correct by
sequenci ng and was transfornmed into the comercially
avai l able E. coli strain BL21. Selection was done on
LA and 50 ng/m carbenicillin. Two transformants were
chosen and grown in LB and 50 ng/m carbenicillin
until they reached an OD600 of 1.5. Both strains were
frozen in a vial at -80 Cin the presence of glycerol.
Strains were designated CF 449 for
Birisepprepredypion Bamprtsienate i 2 grs gxpresgpg the wogmbinagtiewerr

#HoR1ch@E pwdgl-hcsﬁo%&%rn@aiehmméﬁhm n BL21, isolate #2.

R, S S VB Sk RS e R AR o Heb g
{19344 5 ] Ba]:'iaeolpgyasm 36- ATy alidss @ Algbiper d%atsdmp&memtab‘wm @5 placbse
?nd 0|'B } m%vafom% taglh CL cgntro%rl]lg\(l)rg %Iv%r:ﬁs%ssgt§§ tlgn%&lentlca? con%%onsabut

contalnin
wang)lt thezddition pigh5% mnvatldmcslcrﬂr Sleprowture waseartad forn agovmmeghhsged

Elﬁt%%&lllﬂtaqgﬁ' 1n(;|<-:mu§1 R4 M@ﬁce@&ﬁ?ﬁ)OWlP‘f@Rﬂlﬂ‘eﬁ g @‘lﬁﬁ}e 4@ Reached an
Burl froma 1.2% Egel usi ng Cel

Beop ¢fi 0@&9 P Thy qulturgs vy ﬁe\grpﬂép y<F éztt% @h%ﬂw #4360 @ déte mroguction
be&pfeﬁ@@mﬁilyzfed 9 RO A ORI MBSOy REIBPAE 8hd bbécéjésga@%t:dcﬁl@d in

r.wt herstrlctlon ndqQnuc| eas
’fag’ﬁ | n AR %%E“é"r‘? i e Qf’hgo fPgios %DQ’O//H‘EV}&E’I Lorott
isshervglutnb ef @)tﬁ@]ﬁh_ﬁ(&ies ittt thé vaharhd aiithelcklt medhline atdwiie volume of the
PR LR ph Ot o B GRAOS b et Fbie

@qirctns. Transformants were sel ected on LA cont a| ni ng
spectinonycin (50 ng/mM ). A correct colony was
identified by screening for the presence of the insert

CR. The m d was designated pCL
&/F éﬁﬂ;ﬂg}feﬂ)@?ﬁ}zﬂ%@m es 26 and 27).VlI. Strains
P339 e The mgpet 1he/akomnd3b1mmthd¢b pﬁhw@nobrﬂpﬁweg twlvgvmls aftbdingbicel

gl%rg%\%yighv{tl%g’ Lv"v clorieg ?rgm%ln{gzro%o Sé%tsr aecalstthe maES gene e%creﬁ)ﬁes a protein

zU i Soprene~syn
pitageerdgmyit raetMl(By bﬂ{domwlm qgtﬁdpinsfytap@@d B’i!whwa,y3 ver e

%&Bﬁglﬁﬂé@p éfn@ (Iﬂ‘@g do[fls R:dl%ta%; Qﬂe%&)&ncﬁﬁ%&t@i% in %lophtﬁwag and the

Invitrogen) and transformants were selected
HenttaierinengcIcareat ey e 3T gAY, FMFrEospethesen dhy &rar EeBowas
£1Rk] frond BELchRANSARKOBRAIANEE 800BDES-K BCitHIM E. coli ribosome binding

site and a spacer in front using the following primers:

CF 07-60 (+) Start of mvaE w/ RBS + ATG start codon Sacl

5" - GAGACATGAGCTCAGGAGGTAAAAAAACATGAAAACAGTAGTTATTATTG (SEQ
ID NO:34)

CF 07-62 (-) Fuse mvaE to mvaS with RBS in between

5’ - TTTATCAATCCCAATTGTCATGTTTTTTTACCTCCTTTATTGTTTTCTTAAATC
(SEQ ID NO:35)
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plasmd prep to ensure that both plasm ds were
retained in the host. The strain was designhated
wWORNRAT670/1 | . Production of neval onic acid froPehUsS2mo8es6869
in E. colz7pUpperpat hway [0347] Single colonies of the
BL21/ pTr cH s2A- nvaEl mvaS or FMb/ p pTrcH s2A-nva/ v S
are inoculated into LB and carbenicillin (100 ng/m)
and are grown overnight at 37 C with shaking at 200
rpm These cultures were diluted into 50 m nediumin
250 m baffled flasks to an OD OO of 0.1. The nedium
vvas TM3, 1 or 2% gl ucose, carbenicillin (100 ug/m) or
ﬂ;P/@ @Jay %Qfé evabwlﬁwﬁ&ﬂ ESQ¥aM genmﬁ@ﬂNmAbeo i760802158)
MB and bi omass é)Prepare bagasse, corn
Iwg}s' aé‘ij S@wrﬁeﬁ& %fg’éﬁ‘ frontyting fhe 19%‘%1’1‘5?36% at 30 C
w th shaking at 200 rpm for approximately 2-3 hours
CHA7H] (ArFuSDned tofvd. withBEsS in baedved. At this point the
gxpression fromthe nmvaE nvaS construct was induced by
the addition of |IPTG 8400 mV). Cul tures were incubated
GAFTTAAGAAAMGASTA M GAACHEAAS ANANC ATENSIAAT TCAIGAT THATAAA
®deyip Notesval s to 6 hour post induction and then at
24 36 and 48 hours_as needed Sanmpl i ng was done by
GEHolI? f Encht myeS gee £ measuring the QD 0Q
ﬂOﬁBA@ATWAM&HtTISTAGTT&“CUHA@NAUAQEGNA&JGNF (rngtIh &N0:37)

and _anal nic
R A S R R A B T e
nucl ei ¢ aci ds encodi ng Enterococcus faecalls AA- CoA

70 Start N Eo i Bht R Setartgeden SeE- CoA r educt ase

SP’QEA(@&@AT@&GCW&@GKGGT&KAM@AQGAMMA@WT@AWG|'QSEQ
di um and 2% gl ucose as the cell nedium A shake

IPII%%E%of these cells produced 2-4 grans of neval onic
@o07d10p € Ehd dfervasvchdB4IB medi um and 1% gl ucose as the

e TR AL PRREAPR R PR T R

[ﬂmbt Terfadion RCRHragmeitiwas Mirifled usrsadiegen blnandfdlgesabméﬂee
LRI el il HL 0400 DR B0 A YTl
<f igen mwglgsttzc} igiortlee opmmarcialpaiaiableypctend] ﬁ%hsér\rﬁvlmgh hag been

NRELOWiSh SRIRE BaklpdNsel plrifR.asm ds contai ning the upper
and | oner MA pat hway and the kudzu |sopr ene synt hase

descri.bed ab ve
?%QFI :’I;l]?e’ lig t)1(o§1 m1x it )r(l?, orénﬁ 1nI OSO 6?116 'go i }5:%1 Sﬁlgcg e on1e|§] weregelected

adégonil b@@g/mknaﬁmacrbmelaves Altreal kst codamieh wenqslecden/@d grown
o‘%g}ﬁl ?ﬁtﬁ XHM:E.EEJI %ﬁf)en h%&r{)?gg‘}%ug%&%? Ejsr)]lgted F}sm(f a Qiagen kit. The

ormati o were aone

pﬁq&aﬁlg Pere digestesl WiiSaclerd Bt gorhegk for ugﬁgxéq-and one correct plasmid was

sequenced with the following primers:

CF 07-58 (+) Start of mvaFE gene

5’ — ATGAAAACAGTAGTTATTATTGATGC (SEQ ID NO:38)

CF 07-59 (-) End of mvaFE gene

5" — ATGTTATTGTTTTCTTAAATCATTTAAAATAGC (SEQ ID NO:39)
CF 07-82 (+) Start of mvaS gene

5" - ATGACAATTGGGATTGATAAAATTAG (SEQ ID NO:40)

96



cont ai ni ng kananycin (50 ng/m) or kananycin plus

spectinonycin (both at a concentration of 50 ng/m).
wob@pemwoner e grown at 37 C. The resul ting straPCEUSRINEG086869

designated as follows: G own on Kananycin plus

Specti nonycin (50 ng/mM each) MCML27 - pCL Upper WA

and pTrcKKDyl kI S (kan) in BL21(| DE3) MCML31 - pCL1920

and pTrcKKDyl kl S (kan) in BL21(IDE3) MCM 25 - pCL

Upper MVA and pTrcHi s2B (kan) in BL21(I DE3) G own on

Kananmycin (50 ng/m) MCM64 - pTrcKudzu yl DI DXS (kan)

in BL21(I DE3) MCVMbO - pTrcKudzu (kan) in BL21(| DE3)

Mswgg's(mmmmbb yl DI DXS DXR (kan) in BL21(| DE3)

SCom T CoR R AP dE SIS ¢ ond o1 own

CFGng-hSeqaéncaiﬁnﬁaEA single colony fromeach plate was

e L Brigoctl aHE ShAkPAI ABkAP(GRAS] LB and {he

ppropriate anti ‘“\ere i ncubated at
EO’CSbWSWNgmmvwvnﬁ shaki ng at 200 rpm The next

srorﬁdw:AmAfﬂAaf%SrTm%Am@ﬁé oa37C

I ncubat or and grown for a further 4 hours with
ShakPhg) dtaveooinprE The 25 ml cul tures were

9ert§¢TAm¢dL\QTn@IAfr@tT’rn@c@ eddgimangshhe cells were
LB and the appropriate antibiotic.

§7 gsﬁegded in
- ﬁ?qé?c?/\ﬁl‘”g then diluted into 25 M LB, %
glm&ccmmtemtmmscetesmmboms) c to an OD6oo of

Padn, HObnfdihed SaBRAt B R A TLE Bt iheaRiSHE ves
maysfornmed irt@dic cofimeergallytavailglge Eemé stranc B2t Seleciion $@s donewwrt IA and

SAANG o8ERR O Qs R 8 HereQho L HEGHLYE P8 altPdSigim

ours di at el y OW ng
anepicillingintll thay reselhedan @Psoo %&1 %a?@rh sHARPY TR ozen fre \p@ pB0° Cin

ﬁhbsremeca@ gly@sol. ww@ d@g&ghatea er mpﬁnafhsm%&mﬁway#l in
bed. in Results are

rm ned
BESEReal 1 Crah & B e UEIAT O I dhi Pofiones
pérefrnd ©deiase deticAlyBnat analyzddhe peak production for the
particul ar strain. Table 3. Production of isoprene in
E. coli strains ND: not detected Trace: peak present
but not integrable. I X Analysis of nevalonic acid
Y 039192 qibpearMyé| ReteanatopCL1®20g, 7.7 mmol ) ( CASH
8437 481m0)1a0BSp T BRI A1 HerD 4Ry SHa9 BBested with the restriction endonuclease
Sspl to release a fragment containing pTrc-mvaE-mvaS-(His tag)-terminator. In this fragment,
the his-tag was not translated. This blunt ended 4.5 kbp fragment was purified from a 1.2% E-
gel using the Qiagen Gel Purification kit. A dephosphorylated, blunt ended 4.2 kbp fragment
from pCL1920 was prepared by digesting the vector with the restriction endonuclease Pyull,
treating with SAP and gel purifying from a 1.2% E-gel using the Qiagen Gel Purification kit.
The two fragments were ligated using the Roche Quick Ligation Kit and transformed into
TOP10 chemically competent cells. Transformants were selected on LA containing

spectinomycin (50 ug/ml). A correct colony was identified by screening for the presence of the

insert by PCR. The plasmid was designated pCL PtrcUpperPathway (Figures 26 and 27).
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Aldrich (W, USA) as a syrup that was dissolved in

water (7.7 nmL) and was treated with potassium
whywpoxietde (7.7 nmol) in order to generate thePCT/US2008/086869

pot assi um salt of nevalonic acid. The conversion to

meval oni ¢ acid was confirnmed by 1H NVR anal ysi s.

Sanpl es for HPLC anal ysis were prepared by

centrifugation at 14,000 rpmfor 5 mnutes to renove

cells, followed by the addition of a 300 ml aliquot of

supernatant to 900 mM O H2O. Perchloric acid (36 m of

a 70% sol ution) was then added foll owed by m xi ng and

QP 8lrhiflexPHssing ShelcBibined waﬁmvwme%m £3d PRIEyE hen
centrifuged again (14,000 rpmfor 5 mn) and tﬁ]

B3¢ Tarlin askam §’ft’éi‘ PPl RIOTSe AP BHP S Recesoprene

SintAR Al Hids 3®nch©ykaskaﬂarﬂ PALPIEU AP h W Rer®bRPRdnedmhed into
va oni C

s of (
PR edermay (REo%a) e Pmlmgrriresfirhe &F et
Kammgin 87 ugAnl) @ad Sp’e‘ftln()ﬁi@ﬁn (’fmub/;nlﬁ T0e manpfosauts @crewhcke By
furi ' refr

PR el bt il o plhel ot &bl B AR P e
MCMI@d as the lactone format 18.5 minutes. Exanple 9.
Construction of the upper and | ower MA pat hway for
integration into Bacillus subtilis I . Construction of

at h i n. Baci.l bti | 0352] The
Y st s R R B e L P UEEE e ER ot e at od
(0847 IBmgk:u;blomles o thertl@t/pToHis2 Dmvaf/mdSer B pﬂifcﬁ[mhefvaE/mvaS
X |
A8 Bol{RRE i PERAMEATEERRLAM ) U TR oy e BRIy
Rk at PHrpmwd hese adyres were fdilseddnto 56 el mediumiint 250 anl baffigsl ﬂasks to

5&%‘19{‘0 dr .10 @b VB&m @5& TR%SI %f if»@ gl'uébsé QB {T\’i@@/mf} 'aldrM3 1%
are under the control pronot er .

glegors: Redrdyzed §°Y§i1tﬁ98€3ében§f”t“é@ 0¢ ?ﬁémmra@di;@ﬁéwmﬁéprepared
&Jghs@er s berr StCleltE@&ds@t eﬁla@esmfelgedwrﬂ a8 3@lomackhadiian 2aol}§m for

th [ ted af the a r
PRS2 BBt DDA HE R o B B s
the medFogyS o388 fvashodicedDifAhefad digensst TRT Gae0 ﬂvfplctuﬂtmedwhy
h h n ||
%rlﬁlRatg(!tijﬁ)r %é]pt ér 25 1e h%g (vgfﬁl %Yeg E%%% hgur?httervals t&’&gour %g\ét
iadystiprf 4nd gen @ﬂé %raed éSahqurseeln@dnd Seirigs Mey du¢ bisemoving 1 ml of

Hﬂhﬂé%{a%ﬁ ﬂﬁ@ﬁ'og f@ﬁet&@th%&lgﬁr@ﬁh%ﬁ{ e, %erh(pvﬁx rtﬂé(‘s eﬂﬂémt and
1 PaprECng: Start of apréprom) er s

WWMWTTCTTCTGC (SEQ I D NO 82)

[0348] A 14 liter fermentation of E. coli cells with nucleic acids encoding Enterococcus
Jaecalis AA-CoA thiolase, HMG-CoA synthase, and HMG-CoA reductase polypeptides
produced 22 grams of mevalonic acid with TM3 medium and 2% glucose as the cell medium.

A shake flask of these cells produced 2-4 grams of mevalonic acid per liter with LB medium and
1% glucose as the cell culture medium. The production of mevalonic acid in these strains

indicated that the MV A pathway was functional in E. coli.

VIII. Production of isoprene from E. coli BL21 containing the upper and lower MV A pathway
plus kudzu isoprene synthase.
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CF 07-94 (-) Fuse PaprE to nvak 5' -

CAATAATAACTACTGTTTTCACTCTTTACCCTCTCCTTTTAA (SEQ I D
WONEN088Y66Tenpl at e: Baci |l | us subtilis chronosomakbCINE20B8/086869

nmvaE CF 07-93 (+) fuse nmvakE to the aprE pronoter (GIG

start codon) 5'-

TTAAAAGGAGAGGGTAAAGAGTGAAAACAGTAGTTATTATTG (SEQ I D

NO 84) CF 07-62 (-) Fuse mvaE to nvaS with RBS in

bet ween 5' -
TTTATCAATCCCAATTGTICATGITTTTTTACCTCCTTTATTGITTTCTTAAATC
(SEQ I D NO 35) Tenpl ate: Enterococcusfaecalis

[@ﬁ%&”@ﬁé’mm%aﬁé &%é&ig@y tl?c’msfm it ariQds c@f'nb&ﬁ’t)ong Hs€

to nvaS wth RBS i n betweenb

RIS ARAREA YRR AR ORI KA RARNACIRT (5 (T ORI T TP AEGRe 25
<(e§5@d a@mNQn@ﬁ} plgﬁn@gcoﬂtalﬂmé the idTWRE ahd s 8 sdpfen&¥BiRade Genes

P RIS FoF oo e Y TP AR AT P (RED apiyhe

CEECEARBESCE
BB mation Wpleaibie:: by sahdardxaalels STrag fothants vodie @ReosOorEL agaNA

o A UL 361905 L 08, JEOA5 B BT ey
5[0@|ng}1 Hlatgs wWete-grown at 37° C. The resulting strains were designated as follows:
ACCGTTCGTTCTTATCGAAACTAAAAAAAACCGGCCTTGECCCCG (SEQ I D
NGWB 6 K&zamPoln ifs pedtinbmgkiDfs0 Bg/maeagh) qu efl_aC i e n_SI_ cre
t l.nat or Ba 5' - T T T GCCGI
VS i IS (gl HE 450 e ens
MOMo 8ol H2 0 MAY RARK ByikiSdkenRaBI L1 BNE3)5. Fuse nvaE to
W%S - pCL Upper MVA and pTrcHis2B (kan) in BL21(ADE3)

Grown on Kanamycin (50 pg/ml)

MCM64 - pTrcKudzu yIDI DXS (kan) in BL21(ADE3)
MCMS50 - pTrcKudzu (kan) in BL21(ADE3)

MCM123 - pTrcKudzu yIDI DXS DXR (kan) in BL21(ADE3)

[0350] The above strains were streaked from freezer stocks to LA and appropriate antibiotic
and grown overnight at 37° C. A single colony from each plate was used to inoculate shake
flasks (25 ml LB and the appropriate antibiotic). The flasks were incubated at 22° C overnight
with shaking at 200 rpm. The next morning the flasks were transferred to a 37° C incubator and
grown for a further 4.5 hours with shaking at 200 rpm. The 25 ml cultures were centrifuged to
pellet the cells and the cells were resuspended in 5 ml LB and the appropriate antibiotic. The
cultures were then diluted into 25 ml LB, % glucose, and the appropriate antibiotic to an ODsggo
of 0.1. Two flasks for each strain were set up, one set for induction with IPTG (800 pM) the
second set was not induced. The cultures were incubated at 37° C with shaking at 250 rpm. One
set of the cultures were induced after 1.50 hours (immediately following sampling time point 1).
At each sampling time point, the ODgqp was measured and the amount of isoprene determined as
described in Example 1. Results are presented in Table 3. The amount of isoprene made is

presented as the amount at the peak production for the particular strain.
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CF 07-93 (+) fuse nvakE to the aprE pronoter (GIG start

codon) 5'- TTAAAAGGAGAGGGTAAAGAGTGAAAACAGTAGITATTATTG
W@ 3BP0TITNC. 84) CF 07-124 (-) Fuse the end of PWEBS1008/086869
the termnator 5' -
CGGGECCAAGCCCGGTTTTTTTTAGT TTCGATAAGAACGAACGGT (SEQ 1D
NG 85) Tenplate: #2 and 3 from above 6. Fuse nvaE-nvaS
to aprE pronoterCF 07-134 (+) Start of aprE pronoter
Pstl 5'- GACATCTGCAGCTCCATTTTCTTCTGC (SEQ I D NO 82) CF
07-124 (-) Fuse the end of nvaS to the term nator 5'-
CGGEGECCAAGCCCGGTITTTTTTTAGT TTCGATAAGAACGAACGGT (SEQ 11D
NO 85) Tenplate # 1 and #4 from above 7. Fuse Pa
t E-nmvaE-nvaS to termnator CF 07-134 (+) Start of aprE
Pty tRrpdypden oftisoprenginafr clitRIMSTCCATTTTCTTCTGC ( SEQ | D
NEB2) fs@réﬁé(@qb&mmﬁ(ﬁmj of B. anyli quefaciens
term nator BamH 5' - GACATGACGGATCCGATTACGAATGCCGICTC
(SEQ I D NGO 63) Tenpl ate: #4 and #6 [0354] The product
Ms:mbg=2{189d wth restriction endonucl eases Pstl/Bam |
al Hated—to—pIMO2{ Perego, M 1993. Integrational
]\%Eg@ ngc)or genetic manipulation in Bacillus subtilis,
MCMA2S 8R4, In A L. Spnenshein, J. A Hoch, and R

ostekrted)—BaetHusisubtilis and ot her granpositive
BEMEE | 5591 ochen st ry| physiology, and nol ecul ar
M@M&if&‘t’ c&74 Aner i can Society for M crobiol ogy,

bl(l)ita%el D: \.,) which is di gested w t h Pst VBamAl

I ga fon is transformed into E coli TOP 10

Thenpehblesentdonppeintegtableel | s and transfornmants are
sel ected on LA containing carbenicillin (50 mg/nl).
The correct plasmd is identified by sequencing and is
He drgrrisoé@eymigsper pat hway2 (Figures 50 and 51).
fosa 1 f inedalplosidhed 1 ONA7 7 fnnfo[) a0&$0500R4-0) wmuﬁm frérhl Sigma-

é@g‘t‘élgwgglj %ﬁragg &wtﬁ%él fSﬂ ﬁg‘g (\j)vattelr 8 I’,} mL an vr\}ztlsstrez?’uref with

potassium hydroxide (7.7 mmol) in order to generate the potassium salt of mevalonic acid. The

conversion to mevalonic acid was confirmed by '"H NMR analysis. Samples for HPLC analysis
were prepared by centrifugation at 14,000 rpm for 5 minutes to remove cells, followed by the
addition of a 300 ul aliquot of supernatant to 900 pl of HyO. Perchloric acid (36 pl of a 70%
solution) was then added followed by mixing and cooling on ice for 5 minutes. The samples
were then centrifuged again (14,000 rpm for 5 min) and the supernatant transferred to HPLC.
Mevalonic acid standards (20, 10, 5, 1 and 0.5 g/L) were prepared in the same fashion. Analysis
of mevalonic acid (20 uL injection volume) was performed by HPLC using a BioRad Aminex
87-H+ column (300 mm by 7.0 mm) eluted with 5 mM sulfuric acid at 0.6 mL/min with
refractive index (RI) detection. Under these conditions mevalonic acid eluted as the lactone

form at 18.5 minutes.

Example 9. Construction of the upper and lower MVA pathway for integration into
Bacillus subtilis

1. Construction of the Upper MVA pathway in Bacillus subtilis
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chl oranphenicol (5 ng/m ). A correct colony is

selected and is plated sequentially on L agar
w@oawpara@iaqg chl or anpheni col 10, 15 and 25 ng/ nPCT/US2008/086869

anplify the nunber of copies of the cassette

contai ni ng the upper pathway.[0355] The resulting

strain is tested for neval onic acid production by

growing in LB containing 1% gl ucose and 1% Cultures

are analyzed by GC for the production of neval onic

acid. [0356] This strain is used subsequently as a

host for the integration of the |ower nevalonic acid

s Waghe upfRSfudiway IﬂemeQ}eLdéWcﬁsg’a&EﬂidgEﬁl& gidlel intSR Gyﬂtﬂls under
ucts above.

segrueqn} et var i oy const[J Se uencj n? N
BYTREY & apse RgorRofes4 €°+‘)ppe§tpgf YOSPREHTE VP St B Epriieh geodes
GACATT B CAMGRCAA TAVET, Which EASCdds Fer@NES. Ne 829 geobs doe/fufed together
+ t. of 5" = GITAT.TATTGAT
(BB efa e B8N, i AR TR bRl
AV GPIONPRGTA CTGTTAAAT CATAARsAbATAE R SHEDe Cithot@piBgipol @fsistance
(4r83s fidned e e nRaPYAS 2FRAE oRstruct is integrated at the aprE locus by double
ATGACAAT TGGGAT TGAT TTAG (SEQ 1D NO 40) CFF07-83 149
EfRes oy Ui pngiss esemns of hymelgeyT CGATAAGAACGAACGGT (SEQ | D
NO 41) CF 07-86 (+) Sequence in nvak 5' -
(B35 T ACGODCATIAGAAGEATEL{SEQPLR siNB kb2 heyCron@if-o8dthdng) that will

RS b By o TR T OONIGL L B
ESTHTRCOT VAT AGNTCE TTATGBCUSESINSBICN®s44) CF 07- 89 ( +)
Sequence nmvaS 5' - GAAACCTACATCCAATCTTTTGECCC (SEQ ID
N@ags) [0358] Transformants are sel ected on LA

AR 9.5 G ARISA £Y At a concentration of 5

5’- GACATCTGCAGCTCCATTTTCTTCTGC (SEQ ID NO:82)

CF 07-94 (-) Fuse PaprE to mvaE
5’- CAATAATAACTACTGTTTTCACTCTTTACCCTCTCCTTTTAA (SEQ ID NO:83)

Template: Bacillus subtilis chromosomal DNA

2: mvaE

CF 07-93 (+) fuse mvaE to the aprE promoter (GTG start codon)

5’- TTAAAAGGAGAGGGTAAAGAGTGAAAACAGTAGTTATTATTG (SEQ ID NO:84)
CF 07-62 (-) Fuse mvaE to mvaS with RBS in between

5- TTTATCAATCCCAATTGTCATGTTTITITTACCTCCTTTATTGTTTTCTTAAATC
(SEQ ID NO:35)

Template: Enterococcus faecalis chromosomal DNA (from ATCC)

3. mvaS

CF 07-61 (+) Fuse mvaFE to mvaS with RBS in between
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ng/m . One colony is confirmed to have the correct
integration by sequencing and is plated on LA
W@ wp/aiG@iqg i ncreasi ng concentrations of PCT/US2008/086869

chl or anpheni col over several days, to a final |evel of
25 mg/mM . This results in anplification of the
cassette containing the genes of interest. The
resulting strain is designated CF 455:

pJMupper pat hway#l X Bacillus subtilis aprEnprE Pxyl
conK (amplified to grow on LA cont ai ni ng
chl oranphenicol 25 ng/m ). 11. Construction of the
%omer MVA pathway in Bacillus subtilis [0359] The

ower MVA pat hway, consisting of the genes nvkl
%BTB%\%GMAAQMT%#S%@@TM%%%Q@%W%@&T\T&?%?AAA
fseankiNtgzdPNA regions fromthe nprE region of the B.
subtilis chronmosone (site of integration), the aprE
pronoter, and the spectinomycin resistance marker (see
EF guIRS-) 28scalitttn@ M) mvad i the te@Bmelrt € | s synt hesi zed by

QuberPrECRahRee g PR AR RTEy i Estieam

HO:86he aprE | ocus. The kudzu |sopren¢ synthase gene is
%ﬁa@f%ﬁtgoﬁw deDGisl 111165%9151 Pl asm d described in

npl e s transf or ne nto the strain with both
upper and | ower pathways |ntegrated Exanpl e 10:

P@owwe%esajautaﬁﬁh%%q)rdt&sémﬁ&kdr expressing M nazei
meval onat e ki na P. al ba i soprene synt hase

‘@%9175%%3&)(17“6‘?1&%?“‘1\?&@{’ Q§rt§ th fgMEftPLi ns encoding M mazei
mxatemMmMmee@M@rMMdmm&nmmamease
%9@ Construction of strain EW.201 (BL21,

&1 2- KKDy1 ) [0360] E. coli BL21 (Novagen brand,
EMD Bi osci ences, Inc.) was a recipient strain,

t | ysat e prepared
gigg#ﬂﬁﬁ§80%bCﬂ%&%%@ﬁégaﬁgé%éﬁ%%gﬁln Ausubel , et ah,
TubepAeAT Gﬁ?ﬁﬁﬁé«? BCIATRANBAAEULaF TEI (SQ/D NRR W | ey and
Sons, Inc.). Transductants were sel ected for by
spreadlng cells onto L Agar and 20 ng/m
Tamrdpten Apvas peyiave/agres pireapesemyd i ncubat ed over ni ght
at 300C. Anal ysis of transductants showed no col oni es
lggggntr%ﬁ ﬁlates (water + cells control plate for

fid water and Pl |ysate control plate for
| ysate contam nation. [0361] Four transductants were
Pﬁﬁé%%a \d,used to inoculate 5 nL L Broth and 20 ng/m
C eni'col . The cultures were grown overnight at
@E)@E?Wﬂ fuseyhmakitnige arE pooorep (ATCOTGareeken) genoni ¢ DNA
pr WM&G@Q@R%@M@A@@M&CE&%WMT&G SEQ T NOfs4)

over ni ght cel

CF 07-124 (-) Fuse the end of mvasS to the terminator
5’- CGGGGCCAAGGCCGGTTTTTITTTAGTTTCGATAAGAACGAACGGT (SEQ ID
NO:85)

Template: #2 and 3 from above

6. Fuse mvaE-mvaS to aprE promoter
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culture were centrifuged. The cell pellet was
resuspended with 400m Resuspension Buffer (20vM Tri s,
WO pdopEEE2A 50 NaCl, pH 7.5) and 4m RNase, DMIBESHN&EB6869
(Roche) was added. The tubes were incubated at 37C for
30 mnutes followed by the addition of 4m 10% SDS and
4m of 10ng/ mM Protei nase K stock sol ution
(Sigma- Al drich). The tubes were incubated at 370C for
1 hour. The cell lysate was transferred into 2m Phase
Lock Light Gel tubes (Eppendorf) and 200m each of
saturated phenol pH7.9 (Anbion Inc.) and chl orof orm
wer e added. The tubes were m xed well and
nicrocentrifu?ed for 5 mnutes. A second extraction
WA D7déhe) wiatt it 4o piometst Btlof or m and t he aqueous | ayer
yagAcnaasteatedct AT e wceBR]oeQ I Nbwag. The genomic
DNA was precipitated by the addition of Im of 100%
et hanol and centrifugation for 5 mnutes. The genomc
ORI -pBl (hetuseiBsSenwasied tovhd farlifdior 70% et hanol . The

&t FRRG G R LR RIS S R e

Noesdspended with 200m TE. [0362] Using PFU U tra I
DNA pol ynerase (Stratagene) and 200ng/ m of genom c
DNA as tenplate, 2 different sets of PCR reaction
Tenndate fleangd #pirepatrosel according to manufacturer's
protocol. For set 1, primers MCML30 and GB Cm Rev
Table 4) were used to ensure transductants were

UEeRaerEIYAE- e BYFERIRHPT i nto the att Tn7 | ocus. PCR

paraneters for set 1 were 950C for 2 minutes (first
for 2 econds, 55C for 25 seconds,
§%§%$M(+E%$§@%%rdgm??%ggit steps 2-4 for 28 cycles),
Y2GALATCIGAAGUTECAFOITEECTAC (PEQ ENO:8RVD For and MWD
Rev (Table 4) were used to ensure that the gil
2- KKDyl operon integrated properly. PCR paraneters for
SEP7-26 indind 0§B @b brueacierispmmmato Banptdlt cycl e only) 95C
?0GA@iTéﬁ@@GQ&CC@Q@TK@GAK@G@@G?@?@(sZ?@ﬁ&é@i

seconds (repeat steps 2-4 for 28 cycles), OC for 1
m nute. Analysis of PCR anplicons on a 1. 2@6E—ga
Tdniptded: BOgRH6Cor p. ) showed that all 4 transductant

cl ones were correct (picked one and desi gnated as
strain EWL.201). ii) Construction of Strain EW204
[0B#4? 1 Thé¢ proghouit digbsted wath h@éﬁﬂu)n[eﬁ&ﬁﬁdlea?dae’smbmmmp hgmédaml

%ggfkre 0 I\JI cf%efrjl degﬁ 1011%6l torszi\or genEeg\cLé%n n%‘ulalfll%l %85618 Ius snbtqzs p.

describée
Ql@aq%eln Ko L conegisheirpy. @3(; Hxglt, hnd RA\(I;g_Qjck (8t), BdBs subttlzs and other gram-

&)Zl‘tl@cﬁbdagteﬁzg %éche&%%)phys@(%%rsatng &ole@lﬁ&tgleﬁéﬁgsl R&e&gan Societ Cflgr

hronmosomal genes i n” Escherichia coli K-12 using
Mrcaw&gg,. Wishiagtes Mido) whigh is dispstgdithdrd/Bagllh - The ligntionin00) .
L3Rk d GRd k. SoRBIE1 00h&MBally competent cells and transformants are selected on

LA containing carbenicillin (50 pg/ml). The correct plasmid is identified by sequencing and is
designated pJMUpperpathway2 (Figures 50 and 51). Purified plasmid DNA is transformed into
Bacillus subtilis aprEnprE Pxyl-comK and transformants are selected on L agar containing
chloramphenicol (5 ug/ml). A correct colony is selected and is plated sequentially on L agar
containing chloramphenicol 10, 15 and 25 pg/ml to amplify the number of copies of the cassette

containing the upper pathway.
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in L Broth to mdlog phase and then washed three tines
inice-cold, sterile water. An aliquot of 50m of cell
waedpension was mxed with | nml of pCP20 and tP&T/oedohs/086869

suspensi on m xture was el ectroporated in a 2mm cuvette
(I'nvitrogen Corp.) at 2.5 Volts and 25uFd using a Gene
Pul ser El ectroporator (Bio-Rad Inc.). Im of LB was

i medi ately added to the cells, then transferred to a
14m pol ypropyl ene tube (Sarstedt) with a netal cap.
Cells were allowed to recover by growing for 1 hour at
300C. Transformants were selected on L Agar and

@O5a)/ mhe ehiltigatyih 8ndésea for arwbl&ﬁh”agidrﬁodaarob eppowlngirL@mnd

bat 30 ht
cqn%'xlnnagv\gggluctose ang 1‘9"?51 rﬁr@% areén% ¥Zﬁd Qeé& é(g?l}/ e\pr n(_i%ualon g% mevalonic

gak beni ci | I in at 300C until early |og phase. The
tenperature of the growing culture was then shifted to
(356]  ahis 2rdhOM uSed siBBEuedily di 4 htsi O tEe WRE AR he 1dWREmMERIONR
éc{e t hen spread onto LA plates (no antibiotic

Y REEYEBN) , and i ncubat ed overni ght at 300C. The next
day, 20 col onies were picked and patched onto L Agar
(03%] arfhé Piloving primeanate ised wrichueBagievbriavhbastareis lakave.c ol
plates. Plates were then incubated overnight at 300C
%h&n&ngmr@ergo grow on LA plates, but not LA and

ora eni col_ plates, were deened to have
é’ggﬂ:ﬁ(@rg cpé?m‘?’ﬁill)ﬁtg | ooped out (picked one and
ﬁeGAgAaCEGCAGC§®@1aTTTTMEmG§: (SEQ ID NQ@pstructi on of
plasm d pEW.230 (pTrc P. al ba) [0364] Ceneration of a
synt heti ¢ gene encodi ng Popul us al ba i soprene synt hase

CPO7-3 aStHe)mwwiigensut sour ced to DNA2.0 Inc. (Menlo
P%*FGA%)\CR@%@@T@RTH@?TGAT‘G@?EQQBtN(BTB@)at' on nethod for

E. coli expression. The synthetic gene was custom
cloned into plasnm d pET24a (Novagen brand, EMD
&F 0589 @89S mbdEGene and del i vered | yophili zed (Fi gures

?4@@@&?{}%%%%5?&%@@@@%@&?% "2 ba 16

gene usi ng pET24 P al ba HGS as the tenplate, priners

Wyrre&ése f'\/%'},@ 2 and Hercul ase ||l Fusi on DNA

ratagene) according to manufacturer's
Pr AT%GAATP@BGAM@ATMA&TW@F&IHW ¥ows: 95C for 2
mnutes (first cycle only), 950C for 25 seconds, 550C
for 20 seconds, 72C for 1 minute, repeat for 25
€5/¢71-850) Epfl pfymvaSsaile ext ensi on at 72C for 3 minutes. The

P- TTRAEPErdGORIARNACYAA BGS . (JERDN@duct was purified
usi ng Q Aquick PCR Purification Kit (Q agen Inc.).

[0366] P. al ba isoprene synthase PCR product was then
dF ge$d (@PSdqgtienée id@whE r eact i on cont ai ni ng

5’- GAAATAGCCCCATTAGAAGTATC (SEQ ID NO:42)

CF 07-87 (+) Sequence in mvaFE
5’- TTGCCAATCATATGATTGAAAATC (SEQ ID NO:43)

CF 07-88 (+) Sequence in mvaE
5’- GCTATGCTTCATTAGATCCTTATCG (SEQ ID NO:44)
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| mM BspH endonucl ease (New Engl and Bi ol abs) with 2m
10X NEB Buffer 4. The reaction was incubated for 2
whowpe7@te 37C. The di gested PCR fragnment was tPERUS2008/086869

purified using the Q Aquick PCR Purification Kit. A

secondary restriction digest was perforned in a 20m

reaction containing I m Pstl endonucl ease (Roche)

with 2m 10X Buffer H The reaction was incubated for

2 hours at 37C. The digested PCR fragnent was then

purified using the Q Aquick PCR Purification Kit.

Plasm d pTrcH s2B (I nvitrogen Corp.) was digested in a

20m reaction containing | m Ncol endonucl ease

6(FRocheéT m Pstl endonucl ease, and 2m 10X Buffer H.

RA7-BLE0 BFFRCo#ES ncubat ed for 2 hours at 370C. The

¢t gAsked TAEACHCAABCYETtGrCcoV@EQuBiNgs)i fi ed using a

1.2% E-gel (lInvitrogen Corp.) and extracted using the

Q Aqui ck Gel Extraction Kit (Q agen) (Figure 56).

[.(B58] g Ttrhlefonmsms ateistibeedonlAsionteiniag dlﬂox@fhp}Bﬁipﬁlat @advtceNeaion of 5
F%ne colonyé rﬁ:on aetdlt(b naverz ﬁxgg(;nl‘egtr}nt\évaa {OE quencmg %nd 15‘2p nglited on
ainin a I soprene

pﬁ icentargeg lmreasmg FéncadraliiAc] dl@mh(nﬂwwvamvm dayBi tok filyd Jevel of

%mtg/rgrl%lé tells a%tlfi&[wn & % cLsszcorgg he ge!ﬂ@s Af llrgésslt Ofhe

m Xt ure was i ncubated at roonwteng ure

feruitinsssain Fidesignpgd €F 63 FiMurorRatieey H%@aql%dubﬂ% w@mﬁ Ryl
ok QAT B dr6W0EELA bdrosEngd GaIBPAchidol 24 ;%le? M11ipore)
in a petri dish of dd O and applying the ligation

ﬂ] F{)nlé{rucftlgx?%%eyLo%r I(/I% p%{hwglyh & Brc]zfz;hr;s%cbe}zllzj ul ose menbrane

m nut'es "at room tenperature. MCVA46
W59 s Themeresy tipathwiy, ponsisting ofj the ernes vl Bprilo mpil dikdidi are

BRRRd ANdalBRR ARG ﬂtaxtlJu?gQ)ﬁA g@?%é ffonk HEnHErLionSEBE B! €

water. An aliquot o suspensi on was m xed
SHPEF cBipmogsme fuis Af lfl@araw éhelﬂpéﬁ Mammsaqd thydpicBRPTCR TesTiiRce

ﬁ@lk&rt(feu s;gtaxra&mci mr)? trhig eaéyagg lslei%ml&&n@rmtm ang lslalntagmd into
uve e a S an u ne u er

F &IE?‘P%*BIB? %&o F“b” HOnGIng Ehejupper hﬁéwa%twéw Vteﬁﬁéeéat tfi%afiﬂl”:] locus.
Tled kluszu 1iobteme styﬁtam;s gake isaolpregedfrdd thik repﬁﬂammyﬁma:nbeuhﬁ

r)ésagnr c4 an% S trans ormedl ttl%ls g’ agxflljdrl g(g{l L}?.S)pﬁl\‘(l;a%ﬁ aﬂ}wa?fsn;ﬁtﬁ gted
wer e sel ect ed on L Agar and 50ng/ m car benl cillin and

Eampleddy Aretictionfiisgprenein i cefbapEsssing MIeerel mepglengfe kinase and
Baynq ifoptdnaBmipkérant s were pi cked and grown in 5m L
Broth and 50ng/ M carbenicillin tubes overnight at

r e
ﬁ%ﬁ l;[rrug SO%E)gllle%té)ps éﬁg\%ﬁ%{g Ie(n?c %Mhﬁt%zg?eg/glorﬁg@eeklr%é (’;%)I’\' I%) nd P. alba
Bepeeng ynitage use of BL21 ceI s for propagating pI asm ds,
a nodification of washing the spin colums wth PB

Buldnfucor o Rehir W ERU f(BL213¢mM@S. 2iMKmypor ated to the
standard manufacturer's protocol for achieving

Ehgﬁ q lﬁawht%t&?rkﬁoig%eq b% El\/% @ﬁ)ggle%?esvﬁg.ﬁvgIag&gntie%gstx%ng h

stl in a re lof to ensure the correct

transduced with MCM331 P1 lysate (lysate prepared according to the method described in
Ausubel, et al., Current Protocols in Molecular Biology. John Wiley and Sons, Inc.).
Transductants were selected for by spreading cells onto L Agar and 20 pg/ul chloramphenicol.

The plates were incubated overnight at 30°C. Analysis of transductants showed no colonies on
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sized linear fragnent. Al 6 plasmds were the correct
si ze and shi pped to Quintara Bi osci ences (Berkel ey,
WE2)9how76equenci ng with prinmers MCM65, MCM66, PE/USXDEB/086869

(Tabl e 4). DNA sequencing results showed all 6

pl asm ds were correct. Picked one and designated

plasm d as EW.230 (Figures 57, 58A and 58B). iv)

Construction of plasmd pEW.244 (pTrc P. al ba- mMwWK)

[0367] A PCR reaction was perfornmed to anplify the

Met hanosar ci na nazei (M mazei) MK gene using MCMB76

as the tenplate (see section v), prinmers MCM 165 and

Mg%ll)?a?es (w£8 + taln! Bntfhl pla@d A rdvEidiodhrddvahter hnd 1900 CM plate for
marase%%;trat agene) according to manufacturer's
@8‘6 1na conditions were as follows: 95C for 2

m nutes (first cycle only), 95C for 25 seconds, 55C

{0361] 2 F owemosioasnts ARG ficked 48 useldomdayata EpbatBréth and2® pg/pl

Gy LB 300, 8Bl 3 el
RUR gPuomid DNAtprepnoﬂéadh tlafidag@n fok ACR analyfsB,36B)L dfheerhight cell
kit IweMélént &F%:d.p rTgQéJeﬁ #@%ﬁk@s%gperq Stﬁ gﬁqp esuipenswn Buffer

Feaction contai ni ng

@ﬂxdmmrsl Toad ED{T e §0niih Yy @lnpH BIS)}ind bsl)RN adayDNBMredBER cBt) fnfa r
X NEB B of dqHRO. . The r o

S T 2 A BB AR Sl U T LI 0

SDagiaEnt of\A&Sg/tnlanemusreiH it S(bl@tloﬁgSIEIhBA@‘lﬁqu ThkuteeCRere

B SR S LB SR P B 0ER L1000
5155 (Q]E]ip_éﬂcﬁﬁ’ﬁz&ld QRDIE B2 of sﬂtuFaEKddfp?.?ﬂ ﬁlﬂ{q(ﬁ_fr_lﬁfgn grﬂ:gg?(fl&[drof&fn were
adﬁ%&u 6[%'{: e g’stv%Fe mixpd W ﬁl ang{mcé(;fﬁrglggrﬁgordi I&lg%tfs 8 extraction
Wasaigewith Aest chlhmfbrgehd qhu iiquf:Ou@ thyersian garﬂfe&e&t%a kevg qipelalnﬂ tube.
e g%(rz%ce % 9remg1§at e ag 1t.10n o% lrglé)tf 1&)9} et atnol aﬁlg centrifugation

reac
fpoﬁtnalum rthelgerOmic IpNAwtiedwasmhe@mh lehtGhelinela g etdanbl was

1:leﬁ?e react ?%&&{uc‘bNAAfﬁgl 1E)tat edl o Kt mﬂ%\?ﬂl §‘?%I "{?ﬂﬁﬁgpeuet

n was | ncu for 3 hours
Hisgesysperiled@ith 20abHent was then purified using the
q Aqui ck PCR Purification Ki A secondary restriction

t.
S tUsiﬁ@?fuﬂﬁfr:i 0 Z&)O‘ly&e?as mlta eﬁ@ Ghd Mnélﬂrbtf géneﬂnfég)l‘&nk
endonucl ease 10 fer
Pt%ﬂ dideren sptsehP B 6Par R dibes Wa@rﬁ@fﬁd acePﬁirmgrt% BAYERSATSRA s
proeesnatee ekt i Prim3rshcviszoahd 88 @m—ﬁMT%l@E)Sﬁe&sR@Rensure

fragment was th 1fied j.n 2% E- ge
PR T S eyl T o B o E e
45PE Gt 2 enilni@s (firkislyelgortly) 29560 fp as kdobres, 55°C for 25 seconds, 72°C for 25
seconds (repeat steps 2-4 for 28 cycles), 72°C for 1 minute. For set 2, primers MVD For and

MVD Reyv (Table 4) were used to ensure that the gil.2-KKDyl operon integrated properly. PCR
parameters for set 2 were 95°C for 2 minutes (first cycle only), 95°C for 25 seconds, 55°C for 25
seconds, 72°C for 10 seconds (repeat steps 2-4 for 28 cycles), 72°C for 1 minute. Analysis of
PCR amplicons on a 1.2% E-gel (Invitrogen Corp.) showed that all 4 transductant clones were
correct (picked one and designated as strain EWL201).

i) Construction of Strain EWL204 (BL21, loopout-GI1.2-KKDyI)
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cohesive ends of Nsil and Pstl sites, a 20m ligation
reacti on was prepared containing 8mM M mazei MWK

w0 p®entee7adnm EW.230 plasmid, | m T4 DNA | i gaseCT/B83008/086869
10X ligase buffer, and 6m ddH2O The ligation m xture
was i ncubated at overnight at 160C. The next day, the
ligation m xture was desalted by floating a 0.025nm
nitrocel l ul ose nenbrane filter in a petri dish of ddH
O and applying the ligation mxture gently on top of
the nitrocel |l ul ose nenbrane filter for 30 m nutes at
roomtenperature. MCMA46 cells were grown in LB to

[uB6H) O g‘h@m@ﬁn@eﬁca hﬁﬂkeﬂ/\@a‘é e edtohlf &@tratuh BW$.20 INusing Bra&@ibi §cp20
steril cel |l suspension

€
Eerted b e s Pespetagloa? Paiebr et vy bt i VA
97:65a0-6643, 7008). OhbisteiCiadtivaaios pRIMGin@Bonidl Xdntd i EV@&richia colz K 12
uesgn%‘i’hk éyp %ggs g I egnléclga et2 ?TTB]\?#'\O/%%E%P %%43 %(?T){))\/(}%\{’IE@? les were grown
mnhﬁreldl &t weidipg abbdethditien Waghed tkde simes lhm cblldestcm@l WaeraAa aliquot of

Mgﬁmge ug&qm&nm gfn?&ﬁ‘wng?p/d%@%' aﬁaﬂ% fis ‘éﬁsﬁo'ﬂ zvé

S were ecover
ﬂ@trppoaﬁtedsm@@mw\@ﬁs flovitragent Sorpgpat. SS‘éﬂte @mdédulbimsmg\a éinut Pulser

ﬁgﬁgﬁéﬁtoﬁﬁfo@aﬂﬁﬂ )I I1 fnpotq,@q;va@ M%Y@}L Qi'aécﬁo %'cgﬂsptlhéht tfeaﬁsferred to

and 1 ncubat ed at C. The next ﬁ transf or nant s
AT PRy RERRY P b @Pré‘\ﬁﬂ) Vith Sfetalicm- eﬁ? s werprlopied to recover by

&akihen ¢ h&dr hthob@l b fns QB4R A seRbte SHACA gdPh RSB EuPr eps
r erformed on the overnight cultures u3|n%
Aeq@ﬂ%erkcos?ﬂdﬁom/ Micprpairilip end imyybatedet 305E oyriglyf TigpAt day, a

&r%llel cfonf Qs H6RAPRI B If‘ﬁroﬁll A %;ﬂéﬁzl cRotRfiif 4 s Lﬁml afi log phase.
washi ng the spin colums with PB Buffer 5X and Ey

Hhatqneneratye ofshs eravarer biiapathenghiftadtod? ¥infgrd epurs. Serial dilutions

\K@Qﬁlﬁcﬁcﬁlé‘ EBE wre BeR E}Q&@ bnth @A '(Iﬁ)\éilnngotfysg.gctlgﬁﬁazln'dtlﬁéubated
lasm d DNA. Pl asm ds were I gest ed In a

%ewghtraé 8Et: dhe nept e celoniprevesiivked imdsPPtf’@,fé orlﬁo rlie%aar (no
Jnﬁﬁgtf@fhtnd LKQﬁ@ﬁ) p,g/ful 5ﬂﬂ§ar§ph%1&§ gh&isc‘ P{\ﬁés%ve}enﬁenQ%Ba%&tovemlght

si ze and shi pped to Quintara Bi osci ences for

% a¢Ge ﬁelulw@lem £Av pr [frpfates, OB SLA peivide ¢/ niRiblocmmhertkiol pl@sss, were
(ﬁ@rgedFtl} E’QIQ Ghe Q:ﬂ-l@imnﬁheﬂpcol kR REstd %ﬁ‘t‘{bﬂgzd %ﬁeselﬁh b &5&9&"@ Qtraln

3 plasm ds were correct. Picked one and desi gnhated
'd as EW.244 (Figures 60 and 61 A-B). v)
Construction of plasmd MCM376 - MWK fromM naze
iar Cdnstemtion cdpesmiil PEWET0ODe P[M369] The MVK ORF from t he
M mazei archaeal Lower Pat hway operon (Figures 73A-C)

[0%563] PGB bifal s§eihddis LMD cRIHIAR P& uM YO Lo s FM @Zalba HGS)
Tale4 u5| the I'nvitrogen Pl ati num Hi
555 o I Mo Rtfch] e P o oo mtipd or
E)Eolﬁﬁﬁi&sswgl l][EEfsfyﬁhhetﬂ:@erLéMaZ aiebmoldhkd Wt phismid PR 24286 ¥alz QN
ed .as 0
2GR, B B iRe o) S NopRlet e g 555 e Syt es

and 68 C for 1:15 m nutes; and then
[0365] A PCR reaction was performed to amplify the P. alba isoprene synthase (P. alba HGS)

gene using pET24 P. alba HGS as the template, primers MCM182 and MCM192, and Herculase
II Fusion DNA polymerase (Stratagene) according to manufacturer’s protocol. PCR conditions
were as follows: 95°C for 2 minutes (first cycle only), 95°C for 25 seconds, 55°C for 20

seconds, 72°C for 1 minute, repeat for 25 cycles, with final extension at 72°C for 3 minutes.
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72 0C for 7:00 mnutes, and 4 Cuntil cool. 3 uL of
this PCR reaction was ligated to Invitrogen pET200D
w@tasmi@7according to the manufacturer's prot cRGI/US08/086869
of this ligation was introduced into Invitrogen TOPI O
cells, and transformants were sel ected on LA/ kan50.
Aplasm d froma transformant was isol ated and the
i nsert sequenced, resulting in MCM376 (Figures 74A-C).
vi) Construction of strain EW.251 (BL21(DE3),
Cm G 1. 2-KKDyl, pTrc P.al ba-mwK) [0370] MCMB31 cells
(which contain chronpbsomal construct gil .2KKDyl
BRGOFipR Goprene GRIRAVY SO rEGodRMAs BRiéH] ulﬁhi’@ﬁ&%{ulcm@bm&%n Kit
hosphat e ki nase, neval onate pyrophosphate
88 Bokyl ase, and | PP isonerase) were grown in LB to
m dl og phase and then washed three tines in ice-cold,
P86 | |Pealtvais@tiene Mntagt PERrdrodnét veae thlen Sigsee irsd 2001 Mactibn dontaining

B el fSrutee O i Rl PR PO TR i s

ild&ibﬁlgd fr TRoues aggmse ﬂ"hd:_ch%h@ﬁecﬂ lelll)fr%nmht wis Iﬁﬂﬁn @ﬁnf}eFuhﬁg the
i dj . to t t _
QfREHck L bR it b BBeGb ey b Bt oot ip rdpgesion

&afining? Ld I&tI\Aﬁi’oﬁu&dakeC(R@dﬁe)t vaith € mDEIBufR)/Hg TRWe&t@orf Wds irdubated
fornants wer e ected on LA and

gbﬁévum s P AP PG RN R P OHIc s BiAgrgEPCR

mﬁcaueﬁnbapleﬁmamﬁﬁigzla @erdzed ody) wasligatesth Qﬁhlaéhdtxon
desj nated as strain BEW251. vil Cbnstructlo

opipE ok PrplotspRerhe).dl Rl endopuqlgass, pnd 2y} X Butfer 1. The
@acﬁbrbﬁ&s%tedﬂ&l% Hopie 81 3 7R/ AT he 13+l pTEYEAB vdct&ilak el PRHRA

in LB to mdlog phase and then washed three

'{anﬁéé 24 élemresen §fn@r) P?deeweérusmmhsz Q&‘\‘B‘t?mGeb?mé@}OP Kit
@O S HeO56M Ukind thm:ong) tifid @B eMslYBEsptEdNNR ol skesPERop

Pt r cUpper Pat hway enco g E.faecalis nmvaE and nmvas).
KR TBTOTgYS B@H@F"o‘i‘?ntﬁwlﬁ e < iseprencsyBiseT BB 2H! ATt vector,

%alm ONUaLsh® (Réw ]gngq)anygkotla%séaﬂﬂ 1650 1iga8e Bited) Shdd ofgeda, PutRer
ec

troporator. Im of L i mredi ately added to the
ligaliqngmixtuyeayas npubaied afrpomytepgerafurg Aor40 Brpwes  Hhsyisalion mixwe was
d%dlt@d ® Rk a mpp.m GRloteHu MR mRenbln O RS (Mﬁ’hﬂo% Ql\é%fetrlhﬂsh of
for hour at 300C. Transfornants
oz faliain BTGP HRE o R P R f}lﬁrqcﬂlué%am%‘?fgverﬁher for
Fpefittsnomynitdinpelatie MaVItho ditUbatsedioRll) WotEgroh Q‘J@to afidlog

| d ted EW.256
e e e o B Ao B B ey Aebinur ot of el 1

safiﬁnsﬁin%é B3y with 51 oFiEal@aREE REtbg HGSXighttKbMA. Thk cell suspension
mix ursetvscaléI %lteét%gorgtfed llea%ma(}usettfegtr 2. 55 gl?srzrigé 9561[1%5 Ssri]ng a Gene Pulser
Electroporator. 1ml of LB is immediately added to the cells, then transferred to a 14ml
polypropylene tube (Sarstedt) with a metal cap. Cells were allowed to recover by growing for 2
hour at 30°C. Transformants were selected on L. Agar and 50pug/ul carbenicillin and 10mM
mevalonic acid and incubated at 30°C. The next day, 6 transformants were picked and grown in
5ml L Broth and 50pg/pl carbenicillin tubes overnight at 30°C. Plasmid preps were performed
on the overnight cultures using QIAquick Spin Miniprep Kit (Qiagen). Due to the use of BL21

cells for propagating plasmids, a modification of washing the spin columns with PB Buffer 5X

and PE Buffer 3X was incorporated to the standard manufacturer’s protocol for achieving high
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[0372] FRT-based reconbi nati on cassettes, and plasm ds
for Red/ ET-nedi ated integration and anti biotic nmarker

WO owpoUis7aver e obt ai ned from Gene Bri dges GrbH PCT/US2008/086869
(Germany). Procedures using these materials were
carried out according to Gene Bridges protocols.
Primers MCM 93 and MCM 195 were used to anplify the
resi stance cassette fromthe FRT-gb2-Cm FRT tenpl ate
using Stratagene Herculase Il Fusion kit according to
the manufacturer's protocol. The 5QuL reaction was
cycled as follows: 95C, 2 mnutes; (95C, 20 seconds,

SRy RS 20 e b sy
edrinpgt agment CAl gtplasmide whre th?lq@“reamme@@fb?hlmto QUEL Bsidscwyces
@efkIRGCR) E;@E%qﬁ&l'cﬁlwltﬁlﬁ&%rglfl@&[és MENSs 'mﬁ‘wof%%b%ﬁﬁ r %ﬁlﬁ

protocol "and el ut ed 3CQuL EB (Elution Buff
W“Cd‘i’gg‘é%‘%t%“’wdﬂli rSida HEFe p@rqct Pirkerl poand degigreteiglpsmid as

BWL IBol(KigiRecdressd bufémr and 0. 5uL BSA. Pl asmid MCMB76
was digested in a | QuL reaction cont ai ning luL each of

I f tions proceeded
gg‘gdrnﬁtfkﬁ& dff) %{98@@ 2 “éﬁf)’ﬁgﬁj ag%t S;Was purified on
en PCR colums and eluted in 3QuL EB, The PCR
@;«%ﬁ AP RagacfipEas e TReGio BRI 8reiMeiharesargiog mgeei (M. mazei) MVK
€204 isaig M3 16Uk the efdplare, (se3 uéctlaﬁF)zmrmma\ucMMﬂaanmm@eekable

L Buffe
e e T e e e e
RCRewndititns was: ab follred: 65 ek 2 mllnmted (fist ¢yclo @aly), TP 25 ebdosds,

G turer.s,protoc . o
SR o e 22 SR R b2 Gy N A geion w 72°C o
chinok atiehe maza M YKL BCRI godtcOasgturi 3e806ine Q&4 quicy RCR PulRcaBdn Kit
@1% ormant col oni es were patched onto LA containing
(c i ora heni col (30 ug/nL) and kananycin (50 ug/nl)
for storage and sent to Quintara (Berkeley, CA) for

193681 e Abs HgnazpdhY K BB mecduct yatthengdigsstd g 4PHaeartipreontaining Sul

120 Er@c[u@inﬁ ul Mi e%g(gﬂuggaﬁe (Newt]ﬁgland\ﬁloh&) P4 ;11 ﬁr@}f quffgél 4ul 10X
were found have the correct sequence

s BpA.cgd %kbﬁfiﬁdélzo Tyeéwetsonmﬁ BcgheshirT P hmsmz 3Z°§ The digested
QO iR s b ﬁﬁﬁ@@ﬁkﬁ{g't 1AGebk MK Plriic AR Khaﬁ%%éﬁaaPy

(50 ug/nm) and used for the preparation of plasmd
ey tiongipast wsasrﬁer@e%§ 4 g trgagtirgicorttpige 2iH ol yolease|(Reshe),

%@t Eﬁ’t’fe@ﬁ Mﬁrél@p.l E‘%grﬂlg%§cd IU} @pc;zg h)lf_’VK fr%g 41'116 &Action was

84 cnR-gil.6-MK(mazei) in pET (clone -
abitedoPel hours Ay STREOMEBSligesl RiFR frmonti(asthize 29l pilrrﬁeé ESpng a 1.2%
K- gell Qﬂfex%feﬁ msﬁf@t’hé Qbﬁ{q%lcﬁ be@xtwﬁﬁ Plasmid EWL230 was dlgeited ina

chR-gil.2-MWK(mazei) in T (clone -5, vari abl

4@yl RATHABCPI @RS §PH! PESTR @Iue)ldomwlqﬁaer 4p L) OFNER BB 4, 4pl
l\OﬁrNE:HO}!SSEA,Qﬁd iall of ddH,0. The reaction was incubated for 3 hours at 37°C. The
digested PCR fragment was then purified using the QIAquick PCR Purification Kit. A

secondary restriction digest was performed in a 47l reaction containing 2pl PstI endonuclease,
4.7ul 10X Buffer H, and 40ul of Pmel digested EWL230 linear fragment. The reaction was
incubated for 3 hours at 37°C. The digested PCR fragment was then gel purified using a 1.2%
E-gel and extracted using the QIAquick Gel Extraction Kit (Figure 59). Using the compatible

cohesive ends of Nsil and Pstl sites, a 20pl ligation reaction was prepared containing 8pul M.
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ii) Creation of Reconbination Target Strains MCM349

and MCM441 [0374] The chl oranpheni col resistance (cnR)
waorenokeréeas | ooped out of strain MCMB31l usi ng PUEHESI008/086869

pGB706 (CeneBridges) according to Manufacturer's

i nstructions. MCMB31 cells were grown to md-log in LB

and washed three tines in iced, sterile water. A luL

al i quot of pGB706 DNA was added to 5QuL of cell

suspension and this m xture was el ectroporated in a

2mm cuvette at 2.5 volts, 25uFd foll owed i medi ately

by recovery in 50QuL LB for one hour at 30C.

RNV RITBR BRI MRLB0DRkEM] ﬁ@l TH DNLABlgﬁsQnipﬁlh@t Tihse buffer, and 6l
tetrac Ilne(5 ug/m) at 30Q0C. efollovmngd

ddtsHe Thedgagnaninuigpaainoueied peverBek ghtoat nThgiext day, ‘he'lgation
ﬁl&%@\g%gkéa% ‘t‘ygﬂoy{gx/g '310)02511?1& hi roc\élhﬁé)s@ Hémtnléﬁebﬁlgr {ngB@tQQﬁsg of

his Culture was streaked onto gr own

8) .
6%9 ﬁP‘bﬁlﬁ’Plyalﬁ thy Figatiop miytesp gently g tom%thwta?ﬂe@ﬂ?se ﬂgmbwqﬁiter for

1EBneeed ﬁkd&fnﬁ@n&th't@é’ @VI@M@IU d'éﬂg w&ré— oWRMMB to @fidiédbhase and then
Contalnlng tetra C%C i.ne was. frozen as

Whskaslfaree pegdidegre 5l Weﬁspe%r@’rl%oé PhOHESTIcplf syspension was mixed
RNaBof @gMsd pMes.alBh- EMVIOH?E@I BH. The RB seif&Ghh Rtir@haye

and transformants were s cted on LB containin

ARG 1P P DB 2L YO taende?éb‘@ using @ (gpra gt Lgfirgngate, 1ml
B Briainsddiaclyl ddied t§ GO cdlig/then kheaklls3RO€ansrarebdftd © 74241 pal$propylene
I\/FI\/B. 9.[0375 rain was, creat .

Y ee‘@’fhrao‘{lertaj ﬁ%‘Jf &ghi Wg° i}@ﬁm@%@% T'He g"r %ﬁ%&”ag

BlaY@maritd \ile)re Recodti mhndcmpgm ckf8dmi GiMiRadd S g indevalonfdM plates

into MC\VA4 1 6] Pl asmi MCM484- 487 were
ﬂ@é&“%i%e £Eip ?‘@%F% a%f A0S kg ﬁuaﬁd gy ip e} B and

M?&y&ﬂl@lll%ﬂbQ@veﬁﬁ@lt dlsoeu |P@a§1ﬂ1d|pkepEW§rb Q&fdﬁhéd on the overnight

accordin o.the manuf acturer's. protocaol ree )

?“E‘E\“c’i 'i‘sliﬁgﬂ%‘é‘?‘&‘t RIFYHRPEFP R Dug tort 'i‘ﬁpLEE‘jO 1 C%HS 1 PEppagpting

BasinidINSabdifldatonOuhshing @etsphia RSl vﬁthd}B:H;lﬂ'ﬁ:r 6 arfdPF Foiffs: 3X was
550

950C { 0 s

L?(é)&)oi‘aiezdémrlﬁg gtﬁ ed%n‘d)ng f%%t?rer 3 epro%ocopgr achx(egg% 2h %Ft%/ é)ﬂismlg DNA.
B Gs2@resbeandsith RIG a m%remtmm toesjurd tbe co%ctsryzeﬂ lesar frZQrﬁéﬁt.
'?horge o% threp6 pﬂltsrg% wergfhe %(\)/r?ecp 512% h}ld s]h} giet ?gm ara Ss%l%écleso E)r
@@g@m ‘PEH@I‘@@IFSM@MG% WWGAE@H)OWF{LHJO(BO%Q IELEE6dTab®(B1@G)NA
%h{%cn%eéﬂﬁ%hg%gﬁaﬁ%%ﬁasm& Wede WbrrdP rﬂlcklecponle énﬁ%&@&teﬁ%fa@rﬁlﬁ as

hours at C. This DNA was then mcrodi alyzed
RYEindFisusc@<sad (B for 30 minutes. [0377] Strains
were grown in 5nl LB containing carbenicillin (50
Y @londtriction ofiplisirdbMCHMBT € alMY KeftonB3UGrdzai ashac@DGR6r nfpETMOD.
407M L- ar abi nose was added and cul tures were incubated

[@569?7@he MVK ORF from the M. mazei archaeal Lower Pathway operon (Figures 73A-C)
was PCR amplified using primers MCM161 and MCM162 (Table 4) using the Invitrogen
Platinum HiFi PCR mix. 45 uL of PCR mix was combined with 1 uL template, 1 uL of each
primer at 10 uM, and 2 uL water. The reaction was cycled as follows: 94 °C for 2:00 minutes;
30 cycles of 94 °C for 0:30 minutes, 55 °C for 0:30 minutes and 68 °C for 1:15 minutes; and then
72 °C for 7:00 minutes, and 4 °C until cool. 3 uL of this PCR reaction was ligated to Invitrogen
pET200D plasmid according to the manufacturer’s protocol. 3 uL of this ligation was

introduced into Invitrogen TOP10 cells, and transformants were selected on LA/kan50. A
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for 1.5 hours. Cells were harvested and el ectroporated
with 3uL dialyzed anplicons above, and then recovered
WO 20030Tet6 SOC at 37C for 1.5-3 hours. Transf orP@mnUs2008/086869
were sel ected on LA plates containing chloranpheni col
(5 ug/nL) at 37C. [0378] Kananycin sensitive clones
were screened by PCR for insertion of the anplicon.
PCR products from positive clones were sequenced to
verify the sequence of inserted DNA. Anplicons were
consistent with the FRT-gil.2-yKKDyl at attTn7 in
MCMA41 and 348 being replaced by FRT-cnR-FRT-qgi |
plasmiKIVA trdnIfBenayit<vaa it a£lBBd BRaktRBRed, efsBlind i@ M(M376
neval onaée ki nase from Saccharonyces cerevisiae and
®tEsosSr ci na nazei respectively). Table 6A: The
follow ng strains were grown in LB containing
el aosteniidmend steadr EWB23) gBiad 1Y DN Cri-Gblz 2K KPab b Ere G’BlbafnltMﬁié} S
AAAGT AGCCGAAGAT GACGGT TTGT CACAT GGAGT TGGCAGGAT
GITTGATTAAAAGCAATTAACCCTCACTAAAGEECGG (SEQ | D MCM 120
(RE30] 1 EMItralls Guhiceppirin cxrRICRATCPANCEET pBEQ

deFvNGE m&afdhate kinase, mevalonate phosphate kinase, mevalonate pyrophosphate

%ﬁ%ﬁ@&&ﬁ’ GI-TTT %{%&%E@WE washed three

tWT@MWM@W%TW@Gn(@E@M dDpkadld E9F_244.

Bt A PA TP EA PTG PO MR8 Lo

@fﬁEQﬂb@El‘dﬁtopdﬁ@} il of LH'h@nﬁé(ﬁz_EdY adaitd tpelastllsgpthty Betellowere
e - r

{RIRENE DR UG Tal Bpbuiaf ol SHEIGREL Y ABSAER 0Py
govingfoe2 murstah 80°C5 Tianoralanss (OB Féjctelion LhrmREBigpécafhseicillin and

rf o[-0
i{nl\& %'?ﬁéo 10221 g ﬁ%esgrpilgc%g% %EoﬁgglOI@W%leZ?é argl de%&t@d as
oAb L2Al.citrate 0.3 g, yeast extract O. 5 g, |ooox
Modi fied Trace Metal Solution 1 m. Al of the

GiP OPRREIALS o /B4 BRI d ek Bl o gekne Cmamnd.2 kg$0] presp. d1ph-dMMROCL

Jh'erSMK?XI uti on was autocl aved. The

[0371] EWL251 cells were grown in LB to midlog phase and then washed three times in ice-

cold, sterile water. Mixed 50pl of cell suspension with 1pl of plasmid MCMS82 (which is pCL
PtrcUpperPathway encoding E. faecalis mvaE and mvaS). The cell suspension mixture was
electroporated in a 2mm cuvette‘ at 2.5 Volts and 25uFd using a Gene Pulser Electroporator. 1ml
of LB was immediately added to the cells, then transferred to a 14ml polypropylene tube with a
metal cap. Cells were allowed to recover by growing for 2 hour at 30°C. Transformants were
selected on LA and 50ug/pl carbenicillin and 50pg/pl spectinomycin plates and incubated at
37°C. Picked one colony and designated as strain EWL256.

Table 4: Primer Sequences

Primer Primer sequence
name

MCM130 | ACCAATTGCACCCGGCAGA (SEQ ID NO:94)

GB Cm GCTAAAGCGCATGCTCCAGAC (SEQ ID NO:95)
Rev

MVD GACTGGCCTCAGATGAAAGC (SEQ ID NO:96)
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pH was adjusted to 7.0 wi th amoni um hydr oxi de (30%

and g.s. to volune. ducose 10g, thiamne * HO 0.1
w@2009Mtheant i bi oti cs were added after sterili zaR@DHS20081086869
pH adj ustnent. [0381] 1 000X Modified Trace Metal
Solution:[0382] Citric Acids * H20 40 g, MaiSO4 * H20

30 g, NaCl 10 g, FeSO4 * 7TH2RO 1 g, Cod 2 * 6H20 1 ¢,
ZnSH * 7TH2O 1 g, CQuS™4 * 5H20 100 ng, H3BG3 100 ng,
NaMoO4 * 2H20 100 ng. Each conponent is dissol ved one

at atimein D HO pHto 3.0 with HO/NaOH, then

g.s. to volunme and filter sterilized with a 0.22

Irgircron fitter {0383 Fermentation was performed im a

15-1 bhioreactor with BlL21 (DE3) E. coli cells
l‘éegﬁt ai I MACAESTRRATHEIARTAPEC ENGOMA) pat hway (pCL
nar) tha i n arated | o\

Al hn

MEYTER St O A R TG A A s 2 Pgr0

R e S P e N
CEMGEAASBIG TR CAGSSEQ NSO A | nocul at ed
FI106) {[GORORSTOIRABETETCATECTas WNoAYTer The T mocul um

grew tlo OD 1 0 nmpeasy

G ATG AGG TTCTGCGCCGGG
oSl B e e

EM (%%E%‘f(}ﬁjr%ﬁﬁ‘r’d PAETAGAGT TG b SCH THHACGEREE GE0 D

extraet c faod

CibIER &%%?%G%W¢G%‘%W§A¢%§%ﬁmqq Bsitati onary

Ia.-”-,-\ Af + o

ﬁgﬁ(ﬁe G_Arr%t% Afc@d%d&‘@%@(spgﬁglﬁ%am of gl ucose

e R T oSS S TR R 8O L acni eved by
M@Mﬂ&?g Tm@@ﬁm@mﬂﬁe@ac@mct(&ﬁ@ghNQdDS)pyr anosi de

\I I"IU) Ill(:‘ HPTG concentratton—was UI nglll to—162—uvh

IY"‘&%EEnw{%n gi%bﬁfahz Sengf 3 lyanabLﬁﬁﬁg%&l%%% ﬁ@agmﬁ?@mﬂ

val ue of 9 | PTG concentrati on was ral se

1?&4n%§ﬂor@&§r%lﬁt@?&lR@&)m%ﬂiQmonThe OD550 profile within

the bioreactor over tinme is shown in Figure 67A. The
[omp r BNE—ba!ls@dﬁ@l:orﬂkﬁhaﬁJl&a@fztfes gtﬁ&plﬁdhﬁdﬂ 5 R APITOR QAREH Hte S and

PGS OB Ty LBy BPe PRE-LOIPR LG heprocedurs

kg ﬂiésmtn&tdn@l@ wEi® canéd d'mahccmailngle) @xhe Bhddos gbtlQC((ld:iP@Ufeﬁ MCM193

ag%%o UIE)—E] Fere use% to ﬁr rem\&);!g%g rs;seel&e frgJ ! &‘ﬁ %ﬁ?dbg ) | I*l}gf ternp ate

ernent a iRe cour's
uoifg §t|rmtg@tHemmlansH gmmklt lagrofding e @e @i@facm s peta@blo lThe::SOuL

r@a%ﬁ(;n\(aj/ats Xyﬂdqg f.‘ohgws: @g"d:@ ﬂﬁ&ﬁqe@;‘:{%}&, iB%ndsi, §5°C, 20 seconds, 72°C, 1
minute) x 5, (95°C, 20 seconds, 60°C, 20 seconds, 72°C, 1 minute) x 25; 72°C, 3 minutes; 4°C

sl el S RN R esa oo |

until cool. The amplicon was purified by a Qiagen PCR column according to the manufacturer’s
protocol and eluted in 30ul EB (Elution Buffer). DNA was digested with Ndel and Pcil in a
20uL reaction with 1x Roche H buffer and 0.5ul. BSA. Plasmid MCM376 was digested in a
10uL reaction containing 1uL each of Ndel, Ncol, and Roche H buffer. Reactions proceeded
overnight at 37°C, and then cut DNA was purified on Qiagen PCR columns and eluted in 30ul
EB. The PCR product was ligated into MCM376 in a reaction containing 1uL vector, 3uL PCR
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shown in Figure 67D. The nolar yield of utilized
carbon that went into producing isoprene during

WO 200p@nisat | on was 17. 9% The wei ght percent yiRBCTUSK008/086869
i soprene from glucose was 8. 1% [0385] Production of
isoprene in E.coli cells (EL256) grown in fed-batch
culture with yeast extract feedi ng[0386] d ucose was
fed at an exponential rate until cells reached the
stationary phase. After this time the glucose feed was
decreased to neet netabolic demands. The total anount
of glucose delivered to the bioreactor during the 68
pialiEt, fuﬁ%ﬁl&t@.ﬁdkﬂﬁga@fﬁr 3, siagBuffert @ﬁcﬂiuLG_ﬁgaﬂe Qe kegctidh
ocaesdt q)é(gﬁ)l;n\?\tggpe\é\% re go\r/ g OL%Se aqmglgsa IS&Q ! Jfoelr%le F{g?[éllitgggen TOP10
celbracendingtb the unawefscttbcr(mpgmcot a r@@fsmuaMS\MEterseltdﬂ@ apdtdgaeLA) and
ifBSphohicdt (1 Poln0) & SPeAMmpached a value of 7. The

G concentration was rai Sed to 193 uM when QD550

chd 80. The .AD550 ofi | vvlthlnt bi or eac
[@@2} f’ia Orant SHgE eI Refe B"(fr"é‘“’ CONPINE,; °E‘8‘6F18‘?f§1°65é£’/%‘1lg/mu
ahdkdnlveyotf G0 ggiml) fﬂfromagh&dbezm fosQiitars (Beekeleg al O fon smixdncmg Four
cyo%espgléegaéc?“S‘fglgher}?%ghfﬁegegg ucleo te%e a:‘% theTﬂ’eﬁlé) {Qne llﬁgﬁ/ﬂ%é were found
terbave tha norveal sa@eufe f@Zhezlnsglltftsl p@cﬁn@yr elo68B)ere gitven it Gink ILB
BERHAL c@&a&lﬁlgmo@@ﬁ E)m mnminrego {8,884 &Q&Jfo][ the preparation

fermentati on was time cou

opplawmi¢ PNOn This p@ﬁ@dﬁ% %H@ﬁ@mf@ 1168@1’ torrells apdpiragns iepdrogen as:
volunetric productivity is shown in Figure 68D and
TablesMCHAa84-481 average rate of 1.1 g/ L/ hr was

mai nt ai ned for between 23 and 63 hours. The netabolic

RIEMA% T YR AT oK (A e NRPEY End N -5ERiablche RyTOWT] | N
RIS tm.glhrbeM (2l InGES (QbneBlald, | AGHe kaHDOM | hat
VR 4sh TEAR 110G K (HazEiS AVEE G ord W15 Chria bl HRW aripn was

WV | SR WS VK (REECENETY G €30, viaAPRENE 1T oM
gl ucose was 5. 2% [ V. Production of [Sopréene from

different carbon sources in E. coli harboring the

Ry RSt s R glgf“@b@%é’?n«ﬁ?{?@ B e ment at  on
rredl 22 038811 K2HPO4 13.6 g, KH2PO4 13.6g9, MySO 4 *
I0 Pheghloggimp qnecolareﬂlsganm)ﬁqmﬂyrmr&‘trevaglogpedfoquf pteaaNg B Livping

%&lfd 68765 (SetbBrili NEVoboritl 13 ManSFactt€&aSh uﬁeqoﬁ@%cﬂss?l &u
pI OOO?% |\/bdl(f |eedr1 race et al Sgl leﬁl on 1S m ;e

sEpmiR mEhes i ad ashed \hipe e irsthisiesie ey aw@wt vﬁ&m 06
DA Wi@Sd@djtdI e @f $ell sfspéhsidh bkl (RETDBIrel W et 6pstaeta i 38

N YT C A T .
Teankfomahts eercdadttadahiLBrronthinih§setracycline (5 ug/ml) at 30°C. The following

day, a clone was grown up at 30°C in LB containing tetracycline (5 ug/ml) until visibly turbid

(OD600~0.5-0.8). This culture was streaked onto LB and grown overnight at 37°C. A clone
that was unable to grow on LB containing chloramphenicol (10 ug/mL) or LB containing
tetracycline (5 ug/mL) was frozen as MCM348. Plasmid MCM356 (pRedET carbencillin;
GeneBridges) was electroporated in as described above and transformants were selected on LB
containing carbenicillin (50 ug/mL) at 30°C. A clone was grown in LB carbenicillin (50 ug/mL)
at 30°C and frozen as MCM349.
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Requi red anti biotics were added after sterilization
and pH adjustnent. [0389] | 0O00OX Trace Metal Sol ution
W@ pwp/otdoter fermentation nedia): [0390] Citri cPETUS0E086869

H20 40 g, MhSO 4 * H20 30 g, Nad 10 g, FeSO 4 * 7H20
1g, C2* 6HRO1 g, ZnSO 4 * 7TH2O 1 g, CuS»4 * 5H20
100 ng, H3BO3 100 ng, NaMbO 4 * 2H20 100ngy. Each
conmponent was di ssolved one at a tinme in diH2O pHto
3.0 with HO /NaCH, and then brought to vol une and
filter sterilized wwth a 0.22 mcron filter. i)
Preparati on of AFEX bi omass hydrol ysate [0391] AFEX
[¢876] I SaiedCRal Nwataned byas bzt MCRDSE Bto EWL204
blonass hydr ol ysat e contai ni ng both xyl ose, glucose
358" acet ate. [0392] AFEX pretreated corn stover,
recei ved from M chi gan Bi otechnol ogy Institute, was
i) Feepmbirgionf ERT eaRrieti-gib trm YK antesMidi3d? argOEM# Ist ur e,
1 1 ammoni a Ioadlng, and 90 OC for 30 minutes, then

ir dried noi sture content in the AFEX pretreated
l%’ﬂn @f%rM%éW@ et5pusad 3 feapate for P&Wﬁﬁ%ﬁ@l % REnersy
M1 20REXMOMEDS RatIeetuGed I Fﬁstda\keracwdlﬁg t3 he A @RErdSs pkitocol.

3L ) SRS bl S B 08T Ftons
wereagicleat as flallows: ABSHE@ R2gihdtess (9RICY 20 sebamtls; 55 €20-sevakdsyi2°C, 1.5

IAIMW fsroe 5&3@% 5Pl as she dzgfé%fs@&sl PR 1?389“&%5 ;o@ggé’des;

pr et reat ed stover was a nto d
726 dert hremuted; ¢1¢, Bverrlighpt Thavbyseiredct@nssiou ugivei tcmlaatewtmwcéqd and

pgmt%'é oﬁrblagén PQ‘Q@&) Jnﬁg artendm 30 'u]l ERlat &°C QJLWMS 1

wat er. The sk was p

G B B gt i e dibave s FC o o e

af 304 esERiteraniBoyEinges. ONe sanpl e was taken fromthe
shaker, and anal yzed usi ng HPLC. The hydrol ysate

[(gﬁ@t 35&1‘%%8 )’V%l% gfov&/ 11}51811: 19 lc&h?%f?’ & c%ﬁ)gmglﬂmﬁ d[%&'?‘m@ff[o)lgryijregﬁ Streaks

ol'1 gonmers o uc se
aiNdgite ndAAG00 L ~Q-h A0k Blayigese evasdddest and miltires g/elr ircybaggdlat 37C

f@}qeth@are céus }m%m%skeqem aéctrggo@a&&dwheui Qéﬁjééd o héoa%uw Md
coli strain cont ai ni ng

of E.
ﬂﬁafeﬁ%evd HPOpls P &dC é%érﬁa@émmagan%fmﬁs fv?rs Fﬁleaztefi PBEARlates
cotitadingdhebranipheadoe@d vomilg «e37°¢.B broth agar plate

cont ai ni ng spectlnonyC|n (50 ug/nm.) and carbinicllin

[({359 L@n%}m@s@ﬁmﬁv@ %lld tw%g S%ﬁ%ﬁi’ fot Bkegt% of ‘c%e %ﬁl{)‘lg £ PCR

|noculate into cont ai
p@ri'eféﬂd@el pq%lyt/%@@es yérg segnapked topasitatheseavenpd o rrmg@d @Mo nly

ACRIQRN WSO UESBteANth %m SVerk oita: HndB0GeMERI 1nd 38 R
on acetate reached
replaced by FRT-cmR-FRT-gil .x- mKKDyI (The yK and mK designations refer to the

mevalonate kinase from Saccharomyces cerevisiae and Methanosarcina mazei respectively).

Table 6A: The following strains were grown in LB containing chloramphenicol (5 ug/mlL) and

frozen.
Parent Recombination
Amplicon
Strain ID | Name Template
BL21(DE3) cmR-gil.6mKKDyI A1, MCM349 | MCM484
MCM442 | clone37 (A)
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significantly | ower optical density. Cells grown on

gl ucose, glycerol, bionmass hydrol ysate or acetate were
walzdoowad7é nto 20 nL of TMB nedi a cont ai ni ng t hBCT/US2008/086869
respective carbon sources to reach an optical density
of between 0.1 neasured at 600nM A negative control
not contai ni ng anycarbon source was prepared fromthe
gl ucose overnight culture. A separate experinent was
performed with glucose and xyl ose, where the cultures
were diluted to an optical density of 0.05. All
culture conditions (except for acetate and gl ycerol)
wer e t ¢8LENDER carpdil aakenyiaud t he [oesest edcrasul t's
MOVA eelaged(det ween these cul turegs. Production of
i sopr enBLAABE})REReEI2MKKDyIZO0MM | ANV FB0n MOBI486
MEM43n 1| plgnedb (Ghe experi nent. The f|l asks were i ncubat ed
at 300CBLA(RR3)emBHdi BSmEKRKET3, (12(0 [N 34ndVgMast h was
MéIM@wedby nmeasuring optical density. Affter the
MAaM3§ ¢ B 2locndiubif amEE Diyhall-8 ésiched arMOgt4iciaViICHidsvsi ty| of
MOMX | BbRledmR-0i1 AmKEDyhB4S (Wer e anaMg¥adl fMEMUSOPr ene
] 81 BbAl dfopgnl ainKKDECt-84Bled carBdEM4burMeEs4gier y
M§IM44p o BLE handegih SuKEDyBanp(Bs of 100CH#4 wevIEMA487
transferred in duplicates to 2 nL glass vials, sealed
and i ncubated for 30 mn at 30C. The bacteria were
then heat killed by incubation at 800C for 8 m nutes.
The anmpunt of produced isoprene was neasured using
Taple (B Fa§Sspeci fi ¢ productivity (ng/L*hr) was

calculated—iii) Results [0396] Significant production
of i sof P AOAE ‘?1@??5#%‘29%?@?@ FRRGAGHAT

o LS g AT O LGGARIIAATREIEACRpOROSOGUBE P e
B AT AT AL MIATGAATTAR COrTCAPRRARGCASEG IO RO d ¢

L0 N |

193 1

UTl ari |d T ﬁ' 1. = é C [ ;;

hydr ol ﬂ “ E

SR e AL N N

PAF958 Nd:{ YT € : At A speci f1°C Q

PT OUUCt A oAt COE R PGP TR NG toismd
G GOAAIR AL S PARYET RO SO B s

signifi [ e.
VidiE 98l ‘mfﬂﬁbgﬁ)sgét bllgnggx%‘/ r('f);l‘TVa/{/sa(?Iepr can ge used

as an efficient source of carbon for the productionm of
i soprene. The specific productivity declined after 255

111 Thete@rsct Of yeadt OMaht of oo PR cHM S B1cYH SR sdifsl Iits &oRIR) -
mebBorieeld®athdaPad gRwaliOREbate QWD of 1B B-Méchid XYl ose as
only carbon source when conpared to glucose (Figure

[6399)) , MBdilim Be@pedpdr litee RALenSAGCHhEdIEn)i SOPrene productivity
was neasured (Figure 69D). This shows that both C5 and
[65@0]5 ulgz@fP®4 %%r[gt, E@Sé} 4 471?26‘39 ,fcgltic &c &{oﬁﬁﬁ% b Q,n feprfc ammonium
| soprene via neval onate acl pat nway.

citrate 0.3 g, yeast extract 0.5 g, 1000X Modified Trace Metal Solution 1 ml. All of the

components were added together and dissolved in diH,O. This solution was autoclaved. The
pH was adjusted to 7.0 with ammonium hydroxide (30%) and g.s. to volume. Glucose 10 g,

thiamine * HC1 0.1 g, and antibiotics were added after sterilization and pH adjustment.

[0381] 1000X Modified Trace Metal Solution:

115



[0398] Suprisingly, bacteria grown on acetate as the
only carbon source had a specific productivity of

WO 2p0E0nes approxi mately twi ce as hi gh as duri nRCUS240$1086869
on glucose (Figure 69A). The bacteria grew sl ower on
acetate when conpared to glucose (Figure 69B), but the
per f or mredexperi nent denonstrates that acetate can al so
be used as a carbon source for the production of
i soprene. Acetate was al so present in the biomass
hydrol ysate as nmeasured by HPLC. [0399] The bacteria
grew well with glycerol as only carbon source (Figure
[0382] &itdc A¢idati HiOcAIE, MpSOJuR1 39ng, BEC HI)g)Feﬂm *\WRISO 1 g, CoCl, *

%Fa R;b%ﬂs% QQHQ\(F h g“%gogge o 108 e, %g%’slo% &‘ﬂmmo 100

as Ca n sour
g oﬁmhthrrmnn@f is disyppredone ayi tme ndi hle@.aon é@ev@diCdVNaOH then g.s.

tQ%lﬂl’ﬁ@é’nd ARARRlifed bhih « BXP LRSS MRy Of | Soprene-synt hase
fromplant in Streptonyces sp. [0400] The gene for

900 e P95t 1 4 55t SO ot AL ot o~
®ynining ge uf)peomeﬁtlmrcama (MUbapahv(alﬁlapizuU@eﬁnhe) 1nﬁgldte&\ESIer MVA
p%{%gvgy%?l@méﬂﬁ %‘ldé’l egh € rgs QOB onate WSS #% ?4} mazei ana isoprene

seudononas O seudononas I'S an
sguhapn Bt &t rébq (miihcelhag@ﬂ%lé) m:ssx]ga@m@sa@ ¢4DyiddOut tg BB}ijor isoprene

f%&ﬁé& fr&ﬁ] I\%IQ{OS@A'E gé%&e@éﬁg%taa%-?w M&dherﬁ&%%%gd"t Oﬁ frozen vial

enzynes erated gene 1so 13t
aighs A fofatrein varthevedired igequiaistl inty exptonEyessl cxtrashuyeditre After the

HRGTuR rd W MOZOLE Web 2R 350 nl 508ImL WRlused B RocutzaNels-1L B&%actor
477-485, 2000; Flgure 71) to generate pUW.201 i so.

begipe e il it lnas verified by restriction

anal ysis of pUAL201_i so. Expression of isoprene
isBmducaeef issprk@8d B colbeliuiFlleso) gomh irofed-bitcht dokure witlanoysadt extract
i gh allows for constitutive expression in
Streptonycetes species, but not for expression in E

[j. [0401 201PW (no insert) and pUN201 iso
l&?@t PHEES aja%g%ﬁ e’ao?f‘élé csﬂ!'i/w@ice&% ﬁaféle(h%%we@z%@ﬁ% After
thi ti@é the gl@hﬁﬂfeecB&v@decr&s&ﬂtSmE& InetaBARAPmAMs. t Tha Re Ll ambmt HON
f escr
eficp R aBthaR Ao Baclip B ety Rk FEBAMR0R St 1. 2 Siep wes
aghti¢vgdiby adding p;ppmmmbas-i) sthgdmsipgnsosida §PTE R MaE TiGadneshtdtion
vaas gro t B%@MJW%\% B o}?tgfgl dg%ﬁ %8’%@]55150% réa‘lzhég E value of 9. The

| hcubat 1 on overni on non-se

IREG eyasnpriaoneaes rapesiotl P2 eM mhanQPor ieecheds] 4he Tlee @skopeafidaiwithin

thelidrb¥@ior bREHRAL kiR ikt BBY STHe 'ﬂ; 1eQURT ih 8% off P from the
contai ning thiagostrepton (250 ng ). Thi ostrepton

biozeapiey wasdCtermined fEpavhitiden Mess epeetoafich clheisgprens i djsecased pver
thet@urpd Mthe[Tbrasinthitha tdoyfirfal RauFiol3 6 @D aFi@lré O7B)UShettalRhd st

is'\élprré}le p@)c}uce(d%urauggetﬂg 67 hour fermentation was 320.6 g and the time course of
production is shown in Figure 67C. The metabolic activity profile, as measured by TCER, is
shown in Figure 67D. The molar yield of utilized carbon that went into producing isoprene

during fermentation was 17.9%. The weight percent yield of isoprene from glucose was 8.1%.

[0385] Production of isoprene in E.coli cells (EL256) grown in fed-batch culture with yeast

extract feeding
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Prepared plasm d DNA was reintroduced in E. coli DH5a

to generate sufficient anobunts of plasm d DNA to be
W@r@by2e@d by restriction analysis. Positive  PCT/US2008/086869

transformants were sel ected on anpicillin-containing

L-agar plates and insert analysis was done by

di gestion of plasm d DNAwW t h Ndel and BamvyLl

endonucl eases. |soprene synthase was identified as a

1.7 kb fragnent in positive pUAL201 iso clones while

in the control strains (pUAL201PW no such fragnent

was observed. [0403] WId type strain and

[0B86h s fGhucnwrvtas fedfat 8. exprntaisl rate nita ic¢lls mgcled ke sationply afask. dA frer

&M Qﬁlep ere 5\4 ?Q,st flRased Q%?tsrgeta%nﬁco&%{ngx& pjflt\l/\ltztoll ioﬁ’rg of

wer e an or 1soprene
ghudossd dﬁhree@ t fire ulequt@aitl@gdhﬁ @dlburcferlmmtam(“taﬁ Y/ pkg oA sm} of 1.06

lt%&tyghsla&%ct was %ﬁo fe%l d%mr{g the feHneH{af?&le rﬂ&ﬁct% w%?&;ﬂ{é%ﬁ b9 adding
[ ostregton I ncubated for 4 daysS at

yae. iThe & %%%@3@1 %&&)@gm r[°a40§ uM%‘iearhe\?aqwalrﬁénw arnﬁ55) nm
@0 Nikach@taRpaCE e MRS néeaitdiop Whd thisdiRa S AR AINS)Dss,

R e RS S e R S
isgpreae iehvellin thasts s fx(oﬁx‘,fherﬁlmactot Wﬁspi‘eemﬁnqdhﬂﬁgmHldieﬂﬂmass
%@&%m&%a ?&gme % er 1ncreas 9V%¥ tIhI: {})ﬁlgSF %ythg) feanetn%gon téa maiu

ener at e I on cur ves.
g of B4 2/b I(Flglrfr BB s Thedethl @mowry ObM@@n@WCpct Mmg the 68 hour

TSR EREYds @95:9%15}1%%&%6' Bis o%lpfogmlwls QMJ&% F1tgﬂg ¢ PBie time

det ecti on orln
TP 2y plupms ic B’foé‘éft}téléfds fl@ryb FI’eFH%uf? Da%nd F@a@ fhat R eshag rate 1.1

gmﬁ&& nIERRE € bR et bAd3ho(8: TR rﬁ’@ﬁbhd:dcgﬂ Srofidd), as mlddGured

ts derm str uccessf

G SRR At BB AR GG B S BORA My producing
isopgme thising GrmérugioMetd 103y Cidt @8ighiperdgnt yieXanRbent Ziom glucose
\Ez[s%%%:t' on of isoprene or nevalonate fromfatty acid

of palmoil in E. coli fadR atoC LS5218 containing the
IQ}pper or ugper and | ower Meval onic Acid pat hway plus

Fsdustiop prizapeene {fem Hikiswent cpihamsepropssip Fejof aprpering dicinexelmic acid

@G pathivay dhd isSredkBy (OGRS obt ai ned from the Col i
Geneti c Stock Center. FadR encodes a transcription

emgira géaﬁet(p%%ge?geh}{&lt%ogggggat es expression of the

gen S enco y acl d degradati on enzynes
h npbel | et al . Bacteriol. 183: 5982-5990, 2001).
[RF85E KaHZP+r @sﬁp%#%'éf’%éég M5O A P ocitioApomerphydrate 2 g,

8id uﬂg@f@ﬁm cﬁr}_xrtstoemg \ggm)lseié: 03¢, ry&@LHxﬁide?a) 236 €000K AddeHe@ Trace

t A0S a ato str n a ons tutjve
TRk o Al o RO P it e sy BT S e B was
adjusted pGI8atidsmnonymdlydrioxdd @0%)and biotlght knMotume. Media was filter
sjtegiﬂgeﬁmla%.?& %gs&lter. Carbon source was added to a final concentration of 1%.

Required antibiotics were added after sterilization and pH adjustment.

[0389] 1000X Trace Metal Solution (per liter fermentation media):

[0390] Citric Acids * H,O 40 g, MnSO4 * H,0 30 g, NaCl 10 g, FeSO, * 7TH,0 1 g, CoCl, *
6H,0 1 g, ZnSO4 * TH,0 1 g, CuSO4 * 5H,0 100 mg, H3BO; 100 mg, NaMoO, * 2H,0 100
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pol yhydr oxyal kanoates. Wen palmoil is used as a
carbon source for either neval onate or isoprene
wee@dnoisron, the pal moil was converted to gl yREr/552008/086869
plus fatty acid. Methods for this are well known in
the art, and it can be done either enzymatically by
i ncubation with a |ipase (forexanple Porcine
pancreatic |ipase, Candida rugosa |ipase, or other
simlar |ipases) or chemically by saponification with
a base such as sodium hydroxide. i) E colifadR atoC
strain expressing the upper Meval onic Acid pat hway
g 4B&h cStgonenn wililisswias! one exaittied ibYiHED,@E s B SitAHANYaOH, and then
B fS RS s e e i b o g A
Laboratory Manual, 2nd ed Cbld Sprlng Har bor, 1989).
0@8@?66P8¥ﬁ5ﬁxBPH¥%éWB¢§§W1d was derpnstrated by the
production of neval onic acid (MVA) when cells were
[0A9 ] u rAREEX] pretBMBA ¢vertktavian gas hpdrelped teplepatetbivnesd Hyetoly&ile
I i | as the carbon source. To

g%%%%gﬁﬁgtggﬁﬁ%ﬂ%% ?%ﬁ&% "MVA by WM fromfatty acid,

cells fron1an overni ght culture were diluted 1 to 100
l“ﬁ’(?d MK Rgireptertsor Sé‘H“ﬂ\?B“YFé&ﬁ"H‘rN“GH‘% Ripteqhprlesyyesiitge, was

a6l r"ﬂﬁtp}etrSdﬂrﬁéﬂt edtafib@0vend, 50, thorkBBE C1 dmMmbhif Ph@IAB akicdy € for 30

biFh i SR TRt e ek 1

C&ﬂﬁﬁomwmmeMdaﬂMUnM&A&EﬁQﬂmeﬁmb@mjmwmemseﬁﬂﬁMaﬂl@hMﬂﬁw

%@X)are%go&lb #r hfhe eh{}%! 4 %:et%IYV%%] acgglleﬁ'?%ei i an% s lp(:j)lamsco xylanase

preducktrdng 6memﬂlu®me¢rrf¢r@)rﬂadwklngjméusa@r e diluted 1 to 100
into nodified TM3 nedi um suppl enented with 200 ng of
mBmStFeﬁka&iﬂhr[ﬂc&idn QS of AF EX pekrealddB o ebveHWas dd¥8d fnto 2400 mi

BB R st NbHI G SRR TR e B eURE S0, 0.

@Dﬁ@nnw H¢2 li, ardl 72166 meaf‘gﬁdvamr dihe flivk &v@s pla jrsan\wirtital shaker, and

g&&g%dggyatoggﬂggg mg/ L of MVA produced. ii) E.

strain expressing the upper and Iomer

MVA pat hway pl us kudzu |soprene synt hase |
RiWhe |F P%"‘Fi‘?léiﬂ% gs sagplp HFSrFaW\ﬁ‘O’(nL@S‘EakPB aﬁda?ﬂﬁyzéfi B@lg HPLC. The

m@-}o@kﬁe Hmthﬁfegm Dymyh)slnosss aﬁdﬂrBsg_l/_lﬁbﬁ@d)séNaﬂdW @MMoﬁlgf&netzr; of
SRR TR Sy P Wil P BetreBieon of

isoprene when the strain was cultured in TM3 and

iy Brposeenghriodediieiced with | PTG (100, 300, or 900 uM.

The strain was relatively sensitive to | PTG and showed
@395 gAnfinocaltmh ogmemt doli d&lﬁﬁmm&ﬂntﬁhméﬂ@m pdtiay addigspeene

syntlslalilsle tVV%.S take% ﬁ%rl?loa rozen v1al argiu streakecpoﬁto an LB broth agar plate containing
spectinomycin (50 ug/mL) and carbinicllin (50 ug/mL) and incubated at 30°C overnight. A
single colony was inoculated into TM3 media containing glucose, xylose, glycerol, acetate or
biomass as only carbon source and grown overnight at 30°C. Cells grow on acetate reached a
significantly lower optical density. Cells grown on glucose, glycerol, biomass hydrolysate or
acetate were diluted into 20 mL of TM3 media containing the respective carbon sources to reach

an optical density of between 0.1 measured at 600nM. A negative control not containing any
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[0407] To test isoprene production from dodecanoic
acid, WWO was cultured overnight in L broth
w@wparG@iaqg spectinonycin (50 ug/m), and kanargruUso(SHEB6869

ug/m) at 37C with shaking at 200 rpm The cells were
washed with nodified TMB nedi um by centrifugati on and
resuspension in their original culture volune with

this medium The washed and resuspendedcells fromthis
starter culture were diluted 1 t0l100 and 1 to 10 into

5 nmL of nodified TMB nmedi um contai ning 0.125% C12

Fatty Acid (Sigma cat # L9755). [0408] To denonstrate

&Hﬂﬁ)d W@idrdeGas @fepm&ﬁaﬁlﬁcoﬁd @gﬂn@ﬁi dut@e.| A sépﬁﬁte@kﬂerﬁﬂ@;& was
sever a

i Bhee bR e e Pl L B s ST Hoos.
Al dlllmfe)csncht1m®xqeptfgexdeth1y altd'Béyc.éI(oH iwefeoestd th dupkaatet ardels
nggg’egtl Cfllggﬁtg 5}2: aﬁa[ra%é’é)@ %wéaﬁ‘ glgﬁ%%ﬁdé n oﬁ‘uc(t\’l Jb&lil!o re}%avsveg u%dtucegr\)mth

utin e "Was
200BMIBEE @nmc@r’qeanmaioflm ekesitnenty [ibtsﬂaAkStWT:quambatcd 4t 3094 in an
5
Rk aR ot Bty Bl AL LBl arh? 2 s me
gihqoprofiad cufitutes bpd reagiied gn Pmﬁal@ms&@fmmrp@m@tﬂly 0.4pfamples Berg Bnalyzed

1015 ere hroBh@vh RorRhll B0 festéd dabbost Bkde D8 eAthodraBr tﬁ@m(ﬁl'sl S?ﬁ’r{ples of
the cultures were induced by the addi'tion of 50

1980, werseantferfad dhdupbicates i b glees Vidksy seale%%iruscqudé?r 3\%}1%#?

$0°0BIHR 8Ltk wole 1RARLL: Riled I;}Qn&lyitfbh' Et%%°@\@§ 8 AoRRY 88e bRSunt of
i soprene accunul ation with a nodified head space assay

produceigenpreae ¥R danna fCIGD mdmpecHicpradritivey aug/lsBwas
&Rhied AN addi ti onal isoprene assay was conducted by a
12 hour incubation of the assay glass block prior to
g%&g%@paly3|s I ncubation of the induced cultures was
I ued overni ght and 200 uL aliquots were again
assayed for isoprene production ( 1 hour, 30 deg, 500
W3 SiSieniicam pregske of isoprancrea bl Balamgnsrsted drring gméh epsllghe

fted BB Lsouttbsd UKLScafIdN \é‘&lgcei £€ cRIBRYSH oRMoRbicshbB Yrfahie aks,
| evel s of iso hest | evel s of isoprene

L BB O FROTHEIGP O, SHPER Rt Sesifod at | 1/ 10
dilution fromthe overnight starter culture after it
18341 b deninitinkandyeth etk urbibmasschydoly sate easrvpigprrableh its grosgudate on

gﬁﬁ&&%ﬁfg%e %l)'@)t Tﬁehhlﬁalgwcw lbﬁ)dﬁ(:@i@itt}; (ﬂﬁjiﬁg %rt)\gthgﬁ nghqgg\?l\%drolﬁsate

i ncrease in cel densit ese results are s

s §igpifcapthphighss rhlan deing gwftwLﬂh&oaqum%mﬁ@gswb@ biomass
@Ufoﬁﬁité ¥ [BE GRY 8anlechiRich@BblrYe SFChBorStdSRERSIR AR Qoﬁ}ene The

tu&? Pearance Cell density of this culture
PiarebEhGECa g By bt phegdh 0%‘P1P‘ai‘féflyd6‘flysf“ﬁ Flgure 698,
Thelbhdikria hadsl @A e ehthGats Wl x16de @mnl;f Qrbith Elglrdd thrScom-ﬁﬁtb(Sto
[ an
oc%sre%fxﬁgrg gzcs)a&{? A (s)%nlgcaaflttsgé/cltl e Jsoptone rac%g 1vdt|§4 Wfaf %gﬁﬁ‘tlred (Figure

Never
4990 Jhskovptigtonth €Hmd G@csugasnpn benelhzed fotgredackichof isoprene via

tﬁéﬂéJaﬁ';BaéM@ﬂaﬁl%vaWthOUt the pathway described in this
exanpl e

[0398] Suprisingly, bacteria grown on acetate as the only carbon source had a specific
productivity of isoprene approximately twice as high as during growth on glucose (Figure 69A).

The bacteria grew slower on acetate when compared to glucose (Figure 69B), but the performed
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Exanpl e 13: | nprovenent of isoprene production by
constitutive expression of ybhE in E. coli. [0410]
wabiog/omeanpl e shows production of isoprene i n BCHUS2081086869
constitutively expressing ybhE (pgl) conpared to a
control strain with wild type ybhE. The gene ybhE
(pgl) encodes a 6- phosphogl uconol act onase t hat
suppresses posttranslational gluconyl ation of
het er ol ogously expressed proteins and i nproves product
solubility and yield while al so inproving biomassyield
and flux through the pentose phosphate pathway (Aon et
8;15 ce)mﬁ?@hdn%%%%ﬁﬁithﬁ%ﬁ?ﬁ%@&?ﬁﬁ& %L%_S%_A éétraQQb&l s@?ﬁéeE fof th joduction of
e strain o .. CQ
PRSI S e ﬂﬁ%&ése'ete%@z BEaRALILBHE R BErHE b ifpc
constitutive expression of the ybhE gene on a
8l CTae bastprip brawmied WiBBRPNME8S¢Gerrttamyeiras XF igwb 6% Redl
gl%{ﬁf@ag pTOdKCtIOE 6t 1§(§p§éﬂg waé-d%ﬁ'o%ltrgt@@(cbﬁtu?et@Bp%hM 9{0? 1—%5 cornm

RT- based reconbi nati on cassettes asm
flleqhollszwy Ev braiseders eabqnrspwseps & producsiprioftopiens i the memalcwetp acid
ut were obtained from Gene Bridges GrbH
(Ger many) Procedures using these materi als were

' ceQrdin Br d tocol s.
E’?alrn;r#e g%re%mé‘r?d's d ﬁyn&e ?la d'é‘g gV crﬁﬁ’ ify the
resi stance cassette fromthe FRT-gb2- CmFRT terrpl ate
[#36079 THE F&E?&%@ﬁexﬁ%&hﬂs@ﬁ@dzh Lvaf&%au@@ 1o BF :?BQSJE-O

he manufacturer's protocol ct IO

Plrsid pig8): 1A% encerlss | la?rﬁ@s synthagg) fragyPrfeegia loéat@ (Kudanghnataad was
EQ4bn-Gfrilze M?@W(Fmd‘n&sg‘mo%c@ﬁs Bfe'u%%ﬁ)&pu% ﬁﬁ@b}%e%m% h

to Wi th
Bt o ooty (GRESr 26 A POND ALY, Brgitgn of pasmid
PR2OLLIBES wRHOEidtie tmzghesayel aa B@ﬁaH( [Xrased @erieds 12813 HaGyas Jigated
0 t
&1%%9 re%ta )‘géhg coli sglll@tln\lzjec%r p@%/ILI %1 lEl)érmrt1 eﬂalﬁe o% Geé Gﬁé’zet 264:

resul
mﬁ%dﬂoq‘, Freate |7<b)no k¢llera(e(gUX§éﬁ) imn ducebsefut cdmmr\ms edifiebp

RLRGIh %ﬂgg %f 1scg3 ﬁifyx%% (Jn H&fr?lg IS }l{rﬂﬁset &)q 92?18%5 El-ﬁer

reconbi nase- Cont ali nirn asm I's were
?ﬂn@g}gf we e PP i vﬁgch, 0\§§ fay consifutive Qypr§eSPNLimSiEgntmycetes species,

IR CorQxRestibn 3QPGs. The cel I's were induced for
reconbi nase expression by the addition of 4% arabi nose

@%ﬂ ﬁbt%@g IOI%VQ rg)r oW f 0{1 p@@’&% n 1%8 \?vsre 1ntr0€u (% fn?frlgvgc%;gcesb bus
t1pe (Gaiche ervds cm Iﬁevél 9319511, AR) bynransfm@dncbf dieBlastTive

ice cold
BB GBS o B Tl BUSPERRRN ek s The

@f(}%it ! 022)8/ Fahllqlgoq gtoéﬁaﬁl“[ rgllé?eegmgn%twals tr;an%forq]ngd we}t% lc9uu\éethtWeI?201PW
or 2.9 ng pUWL201_iso. After incubation overnight at 28°C on non-selective R5-agarplates,
positive transformants were selected by further incubation for 4 days in R3-overlay agar
containing thiostrepton (250 pg/ml). Thiostrepton resistant transformants were examined for
presence of the pUWL-plasmids by plasmid preparation using Plasmid Mini Kit (Qiagen).
Prepared plasmid DNA was reintroduced in E. coli DH5a to generate sufficient amounts of
plasmid DNA to be analyzed by restriction analysis. Positive transformants were selected on

ampicillin-containing L-agar plates and insert analysis was done by digestion of plasmid DNA
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El ectroporator (Bio-Rad Inc.). Cells were recovered
for 1-2 hours at 300C and plated on L agar containing
wa@blooozaspheni col (5 ug/ nL). Five transfor mant SPEED£2008/086869

anal yzed by PCR and sequenci ng using priners flanking

the integration site (2 prinmer sets: pgl and 49 rev

and 3' EcoRV-pgl stop; Bottom Pgb2 and Top GB' s CWwP
(946)). A correct transformant was selected and this
strain was designated M3EL655 d 1.5-pgl:: CVvP. [0414]

The chronosonmal DNA of MGL655 G 1. 5-pgl:: CMP was used

as tenplate to generate a PCR fragnent containing the

Wil Nz@l P&d%ﬁiﬁn&rétgleasl\e%gbﬁégﬁ?ﬁhisbl Ghs idéﬁhh?i a|§ IQ nStb lﬁ_ﬁi_ ent in
was.c nt o _ nt amyci n ol | ows, e
PRRErEnF L B ke Rty e Toig R g pich fagnent vas
apved i ed using the 5 prinmer PglconfrmF and 3

prinmer 3" EcoRV-pglstop. The resulting fragnment was

folga) € Ay G rhiR 8nd tﬁng&&ﬁ&?slfsTQ%’&}cﬁhtﬁg&%gAn%ﬂ gMmld t

Into the plasmd vectorq[ﬁCR- Blunt 11-TOPO as suggest ed
PYWRLQIRY erasqprenscythass encadieg nEW 200 rispwespanabyzqdderrisonene he

foleatich. 1S thuind Glerefchia G dOMBSatLInQBIRINddMH Byt 8oy bth agik tI8B; 2.5

of. . pBBRI MCS5( Gent cin. 2 li.gation reaction was
O Dt coe s A o) ) and b Ta £B5% & 3
pEBRhdCSReCaE @omlabinne 2@mE)0T0P) pl head-sphée sbiiiled (egigent ( New
el Shiden e 20 0ARRE: B8t e Bl Lccorang
teérqpeq ratentioe tifney and Groferwlartnesses (6@ ny2-1gopeene preseat in head-space
ﬁlkn%fé_g LORRLAEEH) flRouSl) EGHFaRG Qﬂm&h&muwﬁg I%ng %E'gibg S. albus and

nvi trogen) using the paraneters di sclosed ab .
qqnﬁ%%?%%ﬁﬁ’?%“&ﬁ&"&@é?‘@@f‘@ﬂ”é ioprengdmponesetipnnilighflyigher than
g ﬁmcti&ﬂﬁrﬁl}f @mﬁ hery i@pfh), @.gb%u?hdﬂ&!riﬂk p@gm?@w_s blraguclf&lsoprene in at

equence of the selected cl one was erm ned using a
%ﬁfﬁfﬁ@?ld&fweﬁfamml?%ﬁ P SC13 T RY6 v0- The Mol demensitl
tub@sdfin ehimessien A plaandtriReNepreae yhihie ita [polavotkedgdajsm of the

uetech, CA. This plasm d was desi gnated

%%%W@g[‘.’@: pgl (Figures 77A-B and SEQ I D NO 122).
;:0415] Pl asm d pBBRCMPGE 1. 5-pgl was el ect roporat ed )

yampleA Proguction ofjiseprpnens anexpenate from fattypsidor palmygikin E. coli
JaiRaHTUSERIBLcon tiRING I upp@Cor@Ppdr aRE Mwef SV AbHIE AEd pathway plus
Ch] oy anpheni col (10 ug/nL), Gentanycin (5 ug/m_)p
5‘&#@'&?? PR P2¥50 ug/ L), and carbenicillin (50
ug/m.). One transfornmant was sel ected and desi gnat ed

5%4] 1%ch1-er%c'hiaa%}iﬁz%k ‘E’zz.‘oCFsgalliﬁ Esg 18 (#6966) was obtained from the Coli Genetic

Stock Center. FadR encodes a transcription repressor that negatively regulates expression of the

genes encoding fatty acid degradation enzymes (Campbell et al., J. Bacteriol. 183: 5982-5990,
2001). AtoC is a response regulator in a two-component regulatory system with AtoS, regulates
acetolactate metabolism. The fadR atoC strain allows constitutive expression of the fatty acid
degradation genes and incorporates long chain fatty acids into long-chain-length
polyhydroxyalkanoates. When palm oil is used as a carbon source for either mevalonate or
isoprene production, the palm oil was converted to glycerol plus fatty acid. Methods for this are

well known in the art, and it can be done either enzymatically by incubation with a lipase (for
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ACCGCCAAAAGCGACTAATTTTAGCTGTTACAGT CAGT TGAATTAACCCTCACT
AAA GGGOGGECCGC-3' (SEQ I DNO: 115) PglGll. 5-R 5' -
WEEDGEEGAT ATAAACT GTTTGCTTCATGAAT GCT CCTTTGGGT T AR CCIBBAR 6869
AAC
GCGGTTGATTTGTTTAGTGGT TGAATTATTTGCTCAGGAT GTGGCATAGTCAAG
GGC GTGACGGCTCGCTAATACGACTCACTATAGGGCTCGAG S (SEQ I D
NO 116) 3' EcoRV-pglstop: 5' -CIT GAT ATC TTA GIG TGC
GTT AAC CAC CAC (SEQ ID NO 117)pgl +49 rev:
CGTGAATTTGCTGGCTCTCAG (SEQ | D NO. 118) Bot t om Pgb2:
GGTTTAGTTCCTCACCTTGIC (SEQ ID NO 1 19) Top GB's CWP
$@h6lE Porbicd EABECTHES, CARBHCHE0se S, loDothDsinti RO)pakg) o oidnically

AGCT-S (SEQ ID NO. 121
b Rafoniicpdd &Cc%a%?@'“aS“ﬁ“g‘%gsas SRS S reci e (oor 11 L)

fermentation nedia): [0417] K2HPO 4 13.6 g, KH2PO4
&, gligpd. metr@nﬁxprww the ypperdlgyajogic Acidpambhy dr at e 2
403 erSkrhie wmmau dadie@ by Elddudp&atig 9CL§tNUﬁ)e¥§@ﬁva§ irdo 055218 using

S et Cmibeha i N e Ghate voyener . 7 8. ot

shriag thbeld 1989) dnddxpzﬁnoanTale@HsmMSNaa dq:mt&ttembdﬂa@ t}ﬁ pfbd\Mtlbin of
1%% 14 9 9\))\%1 %elfssce):(r)@cu nré:jd 1br1‘ Qnt 1utmosup eneted WIYE Ghdr c12
Pt e d Wi 0. Pt er

erilize
@mm&A"o‘or@algl @iled thergerbdyi sotmc@ sdeemensadd e@dla;hmecvf MVA by WW4

§&§ fah_l, haaliREoRANd opéflu@{#wﬁterwe@é dilute@4%o B 1&99 OT[n@aaﬁe

Sol'ution (per ITter fernentation di a

"@4@ me@mp\é’[l\ﬁ w1t1pc@1(ye4@xtram g@)]ﬂm@ntqqzwhg)@% (§%1a cat #
E€S8). 4né ﬁth'ﬂ?ngf MVAQQQuct&m’tZlﬁhglg W a %Fbggft@r SVZ% ih@bation at

U e o o S S s bt o

rmmm ofM@A p}dducsd ad jdbkﬁdirﬁ'daté grodBicGonvif MV AHest WNai@Hm @neklls from
?n q%?mllg C%l re ere 8§Jtedsl tg L @RHES 8t ér?dl%.ecy ?lglg rxrtngst.pleg)ented with 200
B pfe(hgeﬁ:gd']pagh oqbpe@é edwofd M3 medium. The first 51gn of MVA production (50

mg/L) was apparent after overnight incubation of the IPTG induced culture at 30°C. Production
increased over three days with a final level of 500 mg/L of MVA produced.

it) E. coli fadR atoC strain expressing the upper and lower MVA pathway plus kudzu isoprene
synthase

[0406] Escherichia coli strain WW4 (LS5218 fadR atoC pCLPtrcUpperPathway) was
transformed with pMCM118 [pTrcKKDyIkIS] to yield WW10. The incorporation of the
plasmid was demonstrated by evidence of production of isoprene when the strain was cultured in
TM3 and glucose and induced with IPTG (100, 300, or 900 uM). The strain was relatively
sensitive to IPTG and showed a significant growth defect even at 100 uM IPTG. These results

are shown in Figure 70A.

[0407] To test isoprene production from dodecanoic acid, WW10 was cultured overnight in L
broth containing spectinomycin (50 ug/ml), and kanamycin (50 ug/ml) at 37C with shaking at
200 rpm. The cells were washed with modified TM3 medium by centrifugation and

resuspension in their original culture volume with this medium. The washed and resuspended
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[ 0420] |soprene production was anal yzed by grow ng the
strains in a Cellerator(tm from M croReact or

wazepaoiedgi es, | nc. The working vol ume in eachP@f/Us1968/086869
24 wells was 4.5 nL. The tenperature was maintai ned at
30C, the pH setpoint was 7.0, the oxygen flow
set poi nt was 20 seem and the agitation rate was 800
rpm An inoculumof E. coli strain taken froma frozen
vial was streaked onto an LB broth agar plate (with
anti biotics) and incubated at 300C. A singlecol ony was
i noculated into nedia with antibiotics and grown
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s,paeggssa%gdlmg aﬁwgtlffb%tsoopﬁﬂﬁébq%@ﬁ at 5§8 ﬁ&i‘F)e @ﬁ@“é‘mald??@repﬁ
asp lvlag an@uctdd by ReShdut Bicbdoddbf thxbﬁa}eg(ﬂeﬁlbcﬂﬁﬂbr to GCMS analysis.

trate thtt2dffeent
PR £ 0 Eruef S b Phi B i A a5 agin
gsagerblbi isopRend proddcdon (h e aXaieg, ﬁO@merShéM_cab yshaghdmmb following of
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nt at’i on rom ol'I expressing naze
Henigheshlgveds ofiisqprore, were obadried i the prlereevhighrytal aaséed apHtipdiution
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of the culture and showed 8 x10’ colony forming units. This corresponds approximately to an
ODg¢go of 0.1. Nevertheless, this culture provided significant isoprene production; no isoprene is

observed for similar strains without the pathway described in this example.

Example 13: Improvement of isoprene production by constitutive expression of ybhE in E.
coli.

[0410] This example shows production of isoprene in a strain constitutively expressing ybhE
(pgl) compared to a control strain with wild type ybhE. The gene ybAF (pgl) encodes a 6-
phosphogluconolactonase that suppresses posttranslational gluconylation of heterologously

expressed proteins and improves product solubility and yield while also improving biomass
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citrate 0.3 g, yeast extract 0.5 g, 000X Modified
Trace Metal Solution 1 ml. Al of the conponents were
w@eoed7asoget her and di ssol ved in di FbO Thi s seCTUS2908/086869
was autoclaved. The pH was adjusted to 7.0 with
amoni um hydroxi de (30% and g.s. to volune. d ucose
10 g, thiamne * HO 0.1 g, and antibiotics were added
after sterilization and pH adjustnent.[0427] 1000X
Modi fied trace Metal Solution: [0428] Citric Acids *
H20 40 g, MnSO4 * H20 30 g, Nad 10 g, FeSO4 * 7H20 1
g, Cod2 * 6H2O 1 g, ZnSOm4* 7H20 1 g, CuSO»4 * 5H20 100
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From™ rea
gisvthgt 34° ¢-||Ad1e1hqwae;fsl Soplectf the welisevas wished 3- $01pcsem @etold é,0. The

ﬁaa&reﬁaaﬁﬂwg\ggsn%,g@d 69958 8¢ Rf cotlch bedm?&ﬁfogﬂyyétﬁg%%was
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Hdedr Y glemtrgrarasion gp) carripp autiins bppegsp cyvetesrat | ﬁé?/eta%@@neé’vlevr

m&%og&mrqgloqaﬁaqu tarsrmmreéowéu o1 -BndRd W@aﬂ@ 1546d Qf L agar
at 40 hg 6Q.5 g/L at 59 hours) ( ure

e?gt@)mn ?-lh%rartnbl{eglpolé ). gfve trg]bs s were analyzéd by PC and

sequencing using primers flanking the integration site (2 primer sets: pgl and 49 rev and 3'
EcoRV-pglstop; Bottom Pgb2 and Top GB’s CMP (946)). A correct transformant was selected
and this strain was designated MG1655 GI1.5-pgl::CMP.

[0414] The chromosomal DNA of MG1655 GI1.5-pgl::CMP was used as template to generate
a PCR fragment containing the FRT-CMP-FRT-GI1.5 - ybhE construct. This construct was
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produced during the 40-hour (59-hour) fernmentation was

281.3 g (451.0 g at 59 hours) and the tine course of
WEe@dooision is shown in Figure 78D. The tinme cRUF/ES200$/086869

vol unetric productivity is shown in Figure 78E and

shows that an average rate of 1.0 g/L/hr was

mai nt ai ned between 0 and 40 hours ( 1.4 g/L/hour

between 19 and 59 hour). The netabolic activity

profile, as neasured by CER, is shown in Figure 78F.

The nolar yield of utilized carbon that went into

produci ngi soprene during fernentation was 19. 6% at 40
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odi nent s of t he invention described herei n include
conprising "consisting,"” and "consisting

R .

Sud eptides ATH AT3G21500( DXPS )
AT4GL5560( CLAL) AT5GL1380( DXPS3)

5’-
GCTGGCGATATAAACTGTTTGCTTCATGAATGCTCCTTTGGGTTACCTCCGGGAAAC
GCGGTTGATTTGTTTAGTGGTTGAATTATTTGCTCAGGATGTGGCATAGTCAAGGGC
GTGACGGCTCGCTAATACGACTCACTATAGGGCTCGAG-3’ (SEQ ID NO:116)

3' EcoRV-pglstop:
5’-CTT GAT ATC TTA GTG TGC GTT AAC CAC CAC (SEQ ID NO:117)
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OSA: 4338768 4340090 4342614 CVE: CMF089C PFA: MNALI

3Pl . 186 TAN. TA20470 TPV: TPO1 0516 ECO b0420(dxs)
WEMD/0W60:110( dxs) ECE: Z0523(dxs) ECS: ECsO474PEXITS2008/086869

c(b31(dxs) EC: UTI 89 C0443(dxs) ECP:. ECP_0479 ECV:

APECO 1 1590(dxs) ECW EcE24377A 0451(dxs) ECX

ECHS_A0491 STY: STY0461(dxs) STT: t2441(dxs) SPT:

SPA2301(dxs) SEC. SC0463(dxs) STM STM422(dxs) YPE:

YPQG3177(dxs) YPK: yl 008(dxs) YPM YP_0754(dxs) YPA:

YPA 2671 YPN: YPN_ 0911 YPP: YPDSF 2812YPS:

YPTB0939(dxs) YPI: YpslP31758_3112(dxs)

pgl +49 rev: CGTGAATTTGCTGGCTCTCAG (SEQ ID NO:118)
Bottom Pgb2: GGTTTAGTTCCTCACCTTGTC (SEQ ID NO:119)
Top GB’s CMP (946): ACTGAAACGTTTTCATCGCTC (SEQ ID NO:120)

Pglconfirm-F
5’-ACCGCCAAAAGCGACTAATTTTAGCT-3’ (SEQ ID NO:121)

1) Small scale analysis
[0416] Media Recipe (per liter fermentation media):

[0417] K,HPO,4 13.6 g, KH>PO4 13.6 g, MgSO4 * TH,0 2 g, citric acid monohydrate 2 g,
ferric ammonium citrate 0.3 g, (NH4)2S04 3.2 g, yeast extract 1 g, 1000X Trace Metals Solution
1 ml. All of the components were added together and dissolved in diH;O. The pH was adjusted
to 6.8 with ammonium hydroxide (30%) and brought to volume. Media was filter-sterilized with
a 0.22 micron filter. Glucose 5.0 g and antibiotics were added after sterilization and pH

adjustment.
[0418] 1000X Trace Metal Solution (per liter fermentation media):

[0419] Citric Acid * H,0 40g, MnSO4 * H,0 30g, NaCl 10g, FeSO4* 7TH,0 1g, CoCl, * 6H,0
1g, ZnSO4+ TH,0 1g, CuSO4 * SH,0O 100mg, H3BO; 100mg, NaMoQ, * 2H,0 100mg. Each
component is dissolved one at a time in diH,O. The pH is adjusted to 3.0 with HCI/NaOH, and

then the solution is brought to volume and filter-sterilized with a 0.22 micron filter.
a) Experimental procedure

[0420] Isoprene production was analyzed by growing the strains in a Cellerator ™ from

MicroReactor Technologies, Inc. The working volume in each of the 24 wells was 4.5 mL. The
temperature was maintained at 30°C, the pH setpoint was 7.0, the oxygen flow setpoint was 20
sccm and the agitation rate was 800 rpm. An inoculum of E. coli strain taken from a frozen vial

was streaked onto an LB broth agar plate (with antibiotics) and incubated at 30°C. A single
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SFL: SF0357(dxs) SFX: S0365(dxs) SFV: SFV_0385(dxs)

SSN:  SSON_0397(dxs) SBO SBO _0314(dxs) SDY:
WEDIOBELO{ dxs) ECA: ECAl 131(dxs) PLU  pl u3887¢¥CiNE$2008/086869

BUC. BU464(dxs) BAS. BUsg448(dxs) WBR: WGpl 44(dxs)

SGL: SA0656 KPN: KPN_00372(dxs) BFL: Bfl238(dxs) BPN:

BPEN 244(dxs) HIN:. H 1439(dxs) HI T: NTH| 69 | (dxs)

H P: CGSH EE_04795 H Q CGSH GG 01080 HDU: HD0441(dxs)

HSO HS 0905(dxs) PMJ. PMD532(dxs) MSU. Ms1059( dxs)

APL: APL_0207(dxs) XFA: XF2249 XFT: PD1293(dxs) XCC.

XCC2434( dxs)

colony was inoculated into media with antibiotics and grown overnight. The bacteria were
diluted into 4.5 mL of media with antibiotics to reach an optical density of 0.05 measured at 550

nm.

[0421] Off-gas analysis of isoprene was performed using a gas chromatograph-mass
spectrometer (GC-MS) (Agilent) headspace assay. Sample preparation was as follows: 100 pL
of whole broth was placed in a sealed GC vial and incubated at 30°C for a fixed time of 30
minutes. Following a heat kill step, consisting of incubation at 70°C for 5 minutes, the sample

was loaded on the GC.

[0422] Optical density (OD) at a wavelength of 550 nm was obtained using a microplate
reader (Spectramax) during the course of the run. Specific productivity was obtained by

dividing the isoprene concentration (pg/L) by the OD reading and the time (hour).

[0423] The two strains EWL256 and RM11608-2 were assessed at 200 and 400 uM IPTG
induction levels. Samples were analyzed for isoprene production and cell growth (OD550) at 1,

2.5, 4.75, and 8 hours post-induction. Samples were done in duplicate.

b) Results

[0424] The experiment demonstrated that at 2 different concentrations of IPTG the strain
expressing the ybhE (pgl) had a dramatic 2-3 fold increase in specific productivity of isoprene

compared to the control strain.

ii) Isoprene fermentation from E. coli expressing M. mazei mevalonate kinase, P. alba isoprene
synthase, and pg/ over-expression (RHM111608-2) and grown in fed-batch culture at the 15-L

scale
[0425] Medium Recipe (per liter fermentation medium)

[0426] K,HPO. 7.5 g, MgSO, * TH,0 2 g, citric acid monohydrate 2 g, ferric ammonium
citrate 0.3 g, yeast extract 0.5 g, 1000X Modified Trace Metal Solution 1 ml. All of the
components were added together and dissolved in diH,O. This solution was autoclaved. The
pH was adjusted to 7.0 with ammonium hydroxide (30%) and q.s. to volume. Glucose 10 g,

thiamine * HCI 0.1 g, and antibiotics were added after sterilization and pH adjustment.
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XCB: XC 1678 XCV: XCV2764(dxs) XAC. XAC2565(dxs) XOO
XOOR017(dxs) XOM XOO 1900( XOO 1900) VCH: VC0889 WU
wOMDIOBELT VY. VW0868 VPA: VP0686 VFI: VFO711 RPRUS2008/086869
PBPRA0O8B05 PAE: PA4044(dxs) PAU. PA14_ 11550(dxs) PAP:
PSPA7_1057(dxs) PPU. PP_0527(dxs) PST: PSPTO 0698(dxs)
PSB: Psyr 0604 PSP: PSPPH 0599(dxs) PFL: PFL_5510(dxs)
PFOQ Pfl _5007 PEN. PSEEN0O600(dxs) PMY: Pnen_3844 PAR
Psyc_0221(dxs) PCR Pcryo 0245 ACl: ACI AD3247(dxs)
SON: SO _1525(dxs) SDN: Sden_2571 SFR. Sfri_2790

[0427] 1000X Modified trace Metal Solution:

[0428] Citric Acids * H,O 40 g, MnSO4 * H,O 30 g, NaCl 10 g, FeSO4 * 7TH,O 1 g, CoCl; *
6H,0 1 g, ZnSO4* 7TH,0 1 g, CuSO,4 * SH,O 100 mg, H;BO5 100 mg, NaMoQ4 * 2H,0 100
mg. Each component is dissolved one at a time in Di H,O, pH to 3.0 with HC/NaOH, then q.s.

to volume and filter sterilized with a 0.22 micron filter

[0429] Fermentation was performed in a 15-L bioreactor with BL21 (DE3) E. coli cells
containing the upper mevalonic acid (MVA) pathway (pCL Upper), the integrated lower MVA
pathway (gil.2KKDyI), high expression of mevalonate kinase from M. mazei and isoprene
synthase from P. alba (pTrcAlba-mMVK), and high expression of pg/ (pBBR-pgl). This
experiment was carried out to monitor isoprene formation from glucose at the desired
fermentation pH 7.0 and temperature 34°C. A frozen vial of the E. coli strain was thawed and
inoculated into tryptone-yeast extract medium. After the inoculum grew to OD 1.0, measured at

550 nm, 500 mL was used to inoculate a 15-L bioreactor bringing the initial volume to 5-L.

[0430] Glucose was fed at an exponential rate until cells reached the stationary phase. After
this time the glucose feed was decreased to meet metabolic demands. The total amount of
glucose delivered to the bioreactor during the 40 hour (59 hour) fermentation was 3.1 kg (4.2 kg
at 59 hour). Induction was achieved by adding IPTG. The IPTG concentration was brought to
110 uM when the optical density at 550 nm (ODssp) reached a value of 4. The IPTG
concentration was raised to 192 uM when ODsso reached 150. The ODssg profile within the
bioreactor over time is shown in Figure 78A. The isoprene level in the off gas from the
bioreactor was determined using a Hiden mass spectrometer. The isoprene titer increased over
the course of the fermentation to a maximum value of 33.2 g/L at 40 hours (48.6 g/L at 59 hours)
(Figure 78B). The isoprene titer increased over the course of the fermentation to a maximum
value of 40.0 g/L at 40 hours (60.5 g/L at 59 hours) (Figure 78C). The total amount of isoprene
produced during the 40-hour (59-hour) fermentation was 281.3 g (451.0 g at 59 hours) and the
time course of production is shown in Figure 78D. The time course of volumetric productivity is
shown in Figure 78E and shows that an average rate of 1.0 g/L/hr was maintained between 0 and
40 hours (1.4 g/L/hour between 19 and 59 hour). The metabolic activity profile, as measured by

CER, is shown in Figure 78F. The molar yield of utilized carbon that went into producing
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SAZ: Sama_2436 SBL: Sbal 1357 SLO Shew 2771 SHE:
Shewnr 4 2731 SHM Shewnr7_2804 SHN. Shewana3 2901 SHW
wEpuvaBEb3l 28311 LO 1L2138(dxs) CPS:. CPS_1088(RXBYSI0bBI086869

PSHAa2366( dxs) PAT: Patl 1319 SDE: Sde 3381 PIN

Pi ng_2240 MAQ Maqu_2438 MCA: MCA0817(dxs) FTU. FTTIA
8c(dxs) FTF. FTF1018c(dxs) FTW FTW 0925(dxs) FTL: FTL
| 072 FTH. FTH 1047(dxs) FTA: FTA 1131(dxs) FTN
FTN_0896(dxs) NOC. Noc_1743 AEH M g 1381 HCH:

HCH 05866( dxs) CSA: Csal _0099 ABO ABO 2166(dxs) AHA:
AHA 3321(dxs)

isoprene during fermentation was 19.6% at 40 hours (23.6% at 59 hours). The weight percent

yield of isoprene from glucose was 8.9% at 40 hours (10.7% at 59 hours).

[0431] Unless defined otherwise, the meanings of all technical and scientific terms used herein
are those commonly understood by one of skill in the art to which this invention belongs.
Singleton, er al., Dictionary of Microbiology and Molecular Biology, 2nd ed., John Wiley and
Sons, New York (1994), and Hale & Marham, The Harper Collins Dictionary of Biology,
Harper Perennial, N.Y. (1991) provide one of skill with a general dictionary of many of the
terms used in this invention. It is to be understood that this invention is not limited to the
particular methodology, protocols, and reagents described, as these may vary. One of skill in the
art will also appreciate that any methods and materials similar or equivalent to those described

herein can also be used to practice or test the invention.

[0432] The headings provided herein are not limitations of the various aspects or embodiments

of the invention which can be had by reference to the specification as a whole.

Pt I

[0433] For use herein, unless clearly indicated otherwise, use of the terms “a”, “an,” and the

like refers to one or more.

[0434] Reference to “about” a value or parameter herein includes (and describes)
embodiments that are directed to that value or parameter per se. For example, description
referring to “about X” includes description of “X.” Numeric ranges are inclusive of the numbers

defining the range.

[0435] It is understood that aspects and embodiments of the invention described herein include

“comprising,” “consisting,” and “consisting essentially of” aspects and embodiments.
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BCl: BCl _0275(dxs) RVMA: Rmag_0386 VOK: COSY_0360( dxs)
NVE: NVB1867 NVA: NVA0589(dxs) NMC: NMC0352(dxs) NGO
WONBB903B7€CVI : CV_2692(dxs) RSO RSc2221(dxs) REUE/US2008/086869
Reut _A0882 REH: H16_A2732(dxs) RVE: Rmet 2615 BMA:
BMAAO330( dxs) BWMV: BMASAVP 1_1 512(dxs) BM.:
BMA10299 1706(dxs) BM\: BMA10247_A0364(dxs) BXE:
Bxe_B2827 BUR Bcepl 8194_B2211 BCN: Bcen_4486 BCH:
Bcen2424 3879 BAM Banmb_ 3250 BPS: BPSS1762(dxs) BPM
BURPS1710b_A0842(dxs) BPL: BURPSI 106A A2392(dxs) BPD:
BURPS668_A2534(dxs) BTE: BTH_ I 10614(dxs) BPE:
BP2798(dxs) BPA: BPP2464(ghyhdix 1

Exemplary 1-deoxy-D-xylulose-5-phosphate synthase nucleic acids and polypeptides

ATH: AT3G21500(DXPS1) AT4G15560(CLA1) AT5G11380(DXPS3)
OSA: 4338768 4340090 4342614
CME: CMF089C

PFA: MALI13P1.186

TAN: TA20470

TPV: TP01 0516

ECO: b0420(dxs)

ECJ: JW0410(dxs)

ECE: Z0523(dxs)

ECS: ECs0474

ECC: ¢0531(dxs)

ECI: UTI89 C0443(dxs)
ECP: ECP_0479

ECV: APECO1_1590(dxs)
ECW: EcE24377A 0451(dxs)
ECX: EcHS _A0491

STY: STY0461(dxs)

STT: t2441(dxs)

SPT: SPA2301(dxs)

SEC: SC0463(dxs)

STM: STM0422(dxs)

YPE: YPO3177(dxs)

YPK: y1008(dxs)

YPM: YP 0754(dxs)

YPA: YPA 2671

YPN: YPN 0911

YPP: YPDSF 2812
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BBR: BB1912(dxs) RFR Rfer_2875 POL: Bpro_1747 PNA:
Pnap_1501 AJS. Ajs_1038 MPT: Mie A2631 HAR

WORMROZHA{ dxs) MVE: mma_0331 NEU: NE1161(dxs) INETDUS2008/086869
Neut 1501 NMJ: Nmul _A0236 EBA: ebA4439(dxs) AZO
azol | 98(dxs) DAR Daro_3061 TBD: Thd 0879MFA:
Mla 2133 HPY: HP0354(dxs) HPJ: j hp(C328(dxs) HPA:
HPAGL_(349 HHE: HHO608(dxs) HAC. Hac_0968(dxs) WsU:
W51996 TDN: Tnden_0475 CJE: (C G321(dxs) CIR
CJEO0366(dxs) CJJ: CJJ81176_0343(dxs) QU
C8J_0298(dxs) CID. JJD26997_1642( dxs)

YPS: YPTB0939(dxs)
YPI: YpsIP31758_3112(dxs)
SFL: SF0357(dxs)
SFX: S0365(dxs)

SFV: SFV_0385(dxs)
SSN: SSON_0397(dxs)
SBO: SBO_0314(dxs)
SDY: SDY 0310(dxs)
ECA: ECA1131(dxs)
PLU: plu3887(dxs)
BUC: BU464(dxs)
BAS: BUsg448(dxs)
WBR: WGLp144(dxs)
SGL: SG0656

KPN: KPN_00372(dxs)
BFL: Bf1238(dxs)
BPN: BPEN 244(dxs)
HIN: HI1439(dxs)
HIT: NTHI1691(dxs)
HIP: CGSHIiEE 04795
HIQ: CGSHiGG_01080
HDU: HD0441(dxs)
HSO: HS_0905(dxs)
PMU: PM0532(dxs)
MSU: MS1059(dxs)
APL: APL 0207(dxs)
XFA: XF2249

XFT: PD1293(dxs)
XCC: XCC2434(dxs)
XCB: XC_1678

XCV: XCV2764(dxs)
XAC: XAC2565(dxs)
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CFF: CFF8240_0264(dxs) CCV: CCVv52592 1671(dxs)

CCVv52592 1722 CHA: CHAB381 1297(dxs) CCO
wEg0Y83see 1594( dxs) ABU. Abu_2139(dxs) N S: PCT/US2008/086869

NI'S 0391(dxs) SUN. SUN 2055(dxs) GSU. GSU0686(dxs-1)

GSUL764(dxs-2) QVE: Gret 1934 Gret 2822 PCA: Pcar _1667

PPD: Ppro_1191 Ppro_2403 DVU: DVU1350(dxs) DVL:

Dvul _1718 DDE: Dde_2200 LIP: LI0408(dsx) DPS: DP2700

ADE: Adeh_ 1097 MXA: I\/D(AN | 4643(dxs) SAT: SYN 02456SFU:

Sfum_ 1418 PUB: SAR _0611(dxs) MO mr7474 NES:

Meso_0735 SME: Sl\/b00972(dxs) ATU: At uOr45(dxs) ATC

féﬁ_l_)g‘géﬁﬁ;(dg?r: RHE CH00913(dxs) RLE: RL0973(dxs)
XOM: X00_1900(X001900)
VCH: VC0889

VVU: VV1 0315

VVY: VV0868

VPA: VP0686

VFI: VF0711

PPR: PBPRA080S

PAE: PA4044(dxs)
PAU: PA14_11550(dxs)
PAP: PSPA7 1057(dxs)
PPU: PP_0527(dxs)
PST: PSPTO_0698(dxs)
PSB: Psyr 0604

PSP: PSPPH_0599(dxs)
PFL: PFL_5510(dxs)
PFO: Pfl_5007

PEN: PSEENO0600(dxs)
PMY: Pmen 3844
PAR: Psyc 0221(dxs)
PCR: Pcryo 0245

ACIL: ACIAD3247(dxs)
SON: SO_1525(dxs)
SDN: Sden_2571

SFR: Sfri_2790

SAZ: Sama 2436

SBL: Sbal 1357

SLO: Shew_2771

SHE: Shewmr4 2731
SHM: Shewmr7 2804
SHN: Shewana3 2901
SHW: Sputw3181 2831
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BVE: BMEI 1498 BMF: BABI _0462(dxs) BMS: BR0436( dxs)

BVMB: BruAbl 0458(dxs) BOV: BOv_0443(dxs) BJA:
WhLd026%b(@dxs) BRA: BRADO2161(dxs) BBT: BBt a_24WOr/uszps/086869

RPA: RPA0952(dxs) RPB: RPB 4460 RPC. RPC 1149 RPD:

RPD 4305 RPE: RPE 1067 NW: Nwi _0633 NHA: Nham 0778

BHE: BHO04350(dxs) BQU: BQO3540(dxs) BBK:

BARBAKC583_0400(dxs) CCR: CC 2068 SIL: SPQC0247(dxs)

SIT: TMLO40 2920 RSP: RSP_0254(dxsA) RSP | 134(dxs)

JAN: Jann 0088 Jann 0170RDE: RDI A d (dxs)

RD _0548(dxs) MVR. Mrarl 0_0849 HNE: HNE 1838(dxs) ZMO

EME234(gxs) ZMOL598(dxs) NAR  Saro_0161

CPS: CPS_1088(dxs)
PHA: PSHAa2366(dxs)
PAT: Patl_1319

SDE: Sde 3381

PIN: Ping_ 2240

MAQ: Maqu 2438
MCA: MCAO0817(dxs)
FTU: FTT1018c(dxs)
FTF: FTF1018c(dxs)
FTW: FTW_0925(dxs)
FTL: FTL 1072

FTH: FTH_1047(dxs)
FTA: FTA 1131(dxs)
FTN: FTN_0896(dxs)
NOC: Noc 1743

AEH: Mlg_1381

HCH: HCH_05866(dxs)
CSA: Csal 0099

ABO: ABO_2166(dxs)
AHA: AHA 3321(dxs)
BCI: BCI_0275(dxs)
RMA: Rmag 0386
VOK: COSY_0360(dxs)
NME: NMB1867
NMA: NMAO0589(dxs)
NMC: NMC0352(dxs)
NGO: NGO0036

CVI: CV_2692(dxs)
RSO: RSc2221(dxs)
REU: Reut_A0882
REH: H16_A2732(dxs)
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SAL: Sal a_2354 ELI: ELI | 2520 GOX: GOX0252 GBE:

GhCGDNI H _ 0221 GbCGDNIH 2404 RRU: Rru_A0054 Rru_A2619
WORBY/0HGDR 904 MGM  Mrcl _1048 SUS: Aci d_1783 BRET/US2008/086869

BGL1715(dxs) BHA: BH2779 BAN. BA4400(dxs) BAR

GBAA4400(dxs) BAA: BA 4853 BAT: BAS4081 BCE:

BC4176(dxs) BCA: BCE_4249(dxs) BCZ: BCzZK3930(dxs) BTK:

BT9727_3919(dxs) BTL: BALH_3785(dxs) BLI: BL01523(dxs)

BLD: BLi O2598(dxs) BCL: ABC2462(dxs) BAY: RBAM 022600

BPU. BPUM 2159 GKA: K2392 GIN: GING 2322 LMO

| mol 365(t kt B) LMF: LMX 2365_1382( dxs)

RME: Rmet 2615

BMA: BMAAO0330(dxs)

BMV: BMASAVP1 1512(dxs)
BML: BMA10299_1706(dxs)
BMN: BMA10247 A0364(dxs)
BXE: Bxe_B2827

BUR: Beepl18194_B2211

BCN: Bcen 4486

BCH: Bcen2424 3879

BAM: Bamb 3250

BPS: BPSS1762(dxs)

BPM: BURPS1710b_A0842(dxs)
BPL: BURPS1106A_A2392(dxs)
BPD: BURPS668 A2534(dxs)
BTE: BTH_I10614(dxs)

BPE: BP2798(dxs)

BPA: BPP2464(dxs)

BBR: BB1912(dxs)

RFR: Rfer 2875

POL: Bpro 1747

PNA: Pnap 1501

AJS: Ajs_1038

MPT: Mpe_A2631

HAR: HEARO0279(dxs)

MMS: mma 0331

NEU: NE1161(dxs)

NET: Neut 1501

NMU: Nmul A0236

EBA: ebA4439(dxs)

AZO: azo1198(dxs)

DAR: Daro 3061

TBD: Thd 0879

134



LIN: linl402(tktB) LWE: |wel 380(tktB) LLA:
L108911(dxsA) L123365(dxsB) LLC. LACR 1572 LACR 1843
waiow/otdemg 0749(dxsB) SAK: SAK 0263 LPL: | p_26RO(/US29P8/086869
LJO LJ0406 LAC. LBA0356 LSL: LSL_0209(dxs) LGA:
LGAS_0350 STH. STH1842 CAC. CAC2077 CA _P0106(dxs) CPE:
CPEl 819 CPF: CPF_2073(dxs) CPR. CPR _1787(dxs) CTC
CTCA 575 CNO NTA CXJ 983 CTH Cthe_0828 CDF:
CD1207(dxs) CBO (CBO1881(dxs) CBA: CLB 1818(dxs) CBH:
CLC 1825(dxs) CBF: CLI_1945(dxs) CKL: CKL_1231(dxs)
CHY: CHY_1985(dxs) DSY: DSY2348
MFA: Mfla 2133

HPY: HP0354(dxs)

HPJ: jhp0328(dxs)

HPA: HPAG1 0349

HHE: HH0608(dxs)

HAC: Hac 0968(dxs)

WSU: WS1996

TDN: Tmden 0475

CJE: Cj0321(dxs)

CJR: CJE0366(dxs)

CJJ: CJJ81176_0343(dxs)
CJU: C8J_0298(dxs)

CID: JJID26997 1642(dxs)
CFF: CFF8240 0264(dxs)
CCV: CCV52592_1671(dxs) CCV52592 1722
CHA: CHAB381 1297(dxs)
CCO: CCC13826_1594(dxs)
ABU: Abu 2139(dxs)

NIS: NIS_0391(dxs)

SUN: SUN_2055(dxs)

GSU: GSU0686(dxs-1) GSU1764(dxs-2)
GME: Gmet 1934 Gmet 2822
PCA: Pcar 1667

PPD: Ppro_ 1191 Ppro_ 2403
DVU: DVU1350(dxs)

DVL: Dvul 1718

DDE: Dde 2200

LIP: LI0408(dsx)

DPS: DP2700

ADE: Adeh_1097

MXA: MXAN_ 4643(dxs)
SAT: SYN_02456
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DRM Dred 1078 PTH: PTH 1196(dxs) SWO Swol 0582 CSC:
Csac 1853TTE: TTE1298(dxs) MrA: Mt h_ 1511 MPE: MYPE730
WOA9/OMER 1268( dxs) MIU. Rv2682c(dxsl) Rv3379cRCNER)008/086869
MIC. Mr2756(dxs) MBO WMh2701c(dxsl) Md3413c(dxs2) ME:
M.1038(dxs) MPA: MAP2803c(dxs) MAV: MAV 3577(dxs) MsM
MBMEG 2776(dxs) MMC. Mrcs_2208 CG.: NCgl | 827(cgl | 902)

C3EB: ¢g2083(dxs) CEF: CE1796 CDI: DI P1397(dxs)
CIK:j kl O78(dxs) NFA: nfa37410(dxs) RHA: RHAl ro06843
SCO SCO6013(SA C3.01) SCO6768( SC6A5. 17) SMNA:
SAV1646(dxsl) SAV2244(dxs2) TWH TwW484 TWE:

S 8AMDKAR LXX: Lxx| 0450( dxs)
PUB: SAR11_0611(dxs)
MLO: mlr7474

MES: Meso 0735

SME: SMc00972(dxs)
ATU: Atu0745(dxs)

ATC: AGR C 1351

RET: RHE_CHO00913(dxs)
RLE: RL0973(dxs)

BME: BMEI1498

BMF: BAB1 0462(dxs)
BMS: BR0436(dxs)

BMB: BruAbl 0458(dxs)
BOV: BOV_0443(dxs)
BJA: bl12651(dxs)

BRA: BRADO2161(dxs)
BBT: BBta_2479(dxs)
RPA: RPA0952(dxs)

RPB: RPB_4460

RPC: RPC 1149

RPD: RPD 4305

RPE: RPE 1067

NWI: Nwi_0633

NHA: Nham 0778

BHE: BH04350(dxs)

BQU: BQ03540(dxs)

BBK: BARBAKC583 0400(dxs)
CCR: CC_2068

SIL: SPO0247(dxs)

SIT: TM1040 2920

RSP: RSP 0254(dxsA) RSP_1134(dxs)
JAN: Jann 0088 Jann_0170
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CM: CW _1660(dxsA) AAU. AAur _1790(dxs) PAC. PPA1062

TFU. Tfu_ 1917 FRA: Francci 3 1326 FAL: FRAAL2088( dxs)
WOAGHI/0A®ed 1393 SEN: SACE_1815(dxs) SACE_4351BeX/US2008/086869

BL1132(dxs) BAD: BAD (513(dxs) FNU. FN1208 FN1464 RBA:

RB2143(dxs) CTR CT331(dxs) CTA: CTA 0359(dxs) CMJ

TC0608 CPN: CPnl 060(t kt B_2) CPA: CP0790 CPJ:

CPj1 G6Q(tktB_2) CPT: CpBl 102 CCA: CCA00304(dxs) CAB:

CAB301(dxs) CFE: CF0699(dxs) PCU pc0619(dxs) TPA:

TP0824 TDE: TDE1910(dxs) LIL: LA3285(dxs) LIC

LI C10863(dxs) LBJ: LBJ_0917(dxs)

RDE: RD1_0101(dxs) RD1_0548(dxs)
MMR: Mmarl0 0849

HNE: HNE_1838(dxs)

ZMO: ZM01234(dxs) ZMO1598(dxs)
NAR: Saro_0161

SAL: Sala 2354

ELI: ELI 12520

GOX: GOX0252

GBE: GbCGDNIH1_0221 GbCGDNIH1_2404
RRU: Rru_A0054 Rru_A2619
MAG: amb2904

MGM: Mmc1_1048

SUS: Acid 1783

BSU: BG11715(dxs)

BHA: BH2779

BAN: BA4400(dxs)

BAR: GBAA4400(dxs)

BAA: BA 4853

BAT: BAS4081

BCE: BC4176(dxs)

BCA: BCE 4249(dxs)

BCZ: BCZK3930(dxs)

BTK: BT9727 3919(dxs)
BTL: BALH _3785(dxs)

BLI: BL01523(dxs)

BLD: BLi02598(dxs)

BCL: ABC2462(dxs)

BAY: RBAM_022600

BPU: BPUM 2159

GKA: GK2392

GTN: GTNG_2322

LMO: Imo1365(tktB)
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LBL: LBL_0932(dxs) SYN sll1945(dxs) SYW
SYNWL292( Dxs) SYC. sycl @B7_c(dxs) SYF:. Synpcc7942 0430
WEXDI/0BMCCcO605 1430 SYE: Syncc9902_1069 SYG PCT/US2008/086869
sync_1410(dxs) SYR SynRCC307_1390(dxs) SYX:
SynWH7803_1223(dxs) CYA: CYA 1701(dxs) CYB:
CYB_1983(dxs) TEL: 1110623 GVI: gl 10194 ANA: al r (699
AVA: Ava_4532 PVA: Pro0928(dxs) PMM PMWD907(Dxs) PMr:
PMI0685(dxs) PMN: PM\2A 0300 PM : PMr9312 0893 PMB:
A9601_09541(dxs) PMC. P9515_09901(dxs) PM:
P9303_15371(dxs) PMG P9301 09521(dxs) PMH:
ER215v09865L 17lixs)P9211_08521 PME: NATLI _09721( dxs)

LIN: 1lin1402(tktB)
LWE: lwel380(tktB)
LLA:L108911(dxsA) L123365(dxsB)
LLC: LACR_1572 LACR_1843
LLM: llmg 0749(dxsB)
SAK: SAK 0263

LPL: lp_2610(dxs)
LJO: L0406

LAC: LBA0356

LSL: LSL 0209(dxs)
LGA: LGAS_0350
STH: STH1842

CAC: CAC2077 CA_P0106(dxs)
CPE: CPE1819

CPF: CPF_2073(dxs)
CPR: CPR_1787(dxs)
CTC: CTC01575

CNO: NT01CX 1983
CTH: Cthe_0828

CDF: CD1207(dxs)
CBO: CBO1881(dxs)
CBA: CLB_1818(dxs)
CBH: CLC_1825(dxs)
CBF: CLI_1945(dxs)
CKL: CKL 1231(dxs)
CHY: CHY 1985(dxs)
DSY: DSY2348

DRM: Dred 1078
PTH: PTH 1196(dxs)
SWO: Swol_0582
CSC: Csac_1853
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TER Tery_3042 BTH: BT 1403 BT 4099 BFR BF0873 BF4306

BFS: BF0796(dxs) BF4114 Pd: P®&217(dxs) CHU:
WEHIIBEH3( dxs) GFO GFO _3470(dxs) FPS: FP0279(BXBYSI0IEH086869

CT0337(dxs) CPH Cpha266 0671 PVI: Cvib_ 0498 PLT:

Pl ut 0450 DET: DET0745(dxs) DEH:. cbdb_A720(dxs) DRA:

DR | 475 DGE: Dgeo 0994TTH TTCl614 TTJ: TTHA0006 AAE:

ag_881 TMA: TML770 PMO Pnob 1001Exenpl ary

acetyl - CoA-acetyl transferase nucleic acids and

pol ypepti des HSA: 38( ACATlI) 39(ACAT2) PTR

451528( ACATlI ) MCC. 707653( ACATI) 708750( ACAT2) MW

ﬁh@éﬁ@(ﬁg@;‘) 110460( Acat 2) RNO 25014(Acatl) CFA:

484063{11 ) 489421 ( ACATI ) GGA: 418968( ACATI)

REIVB04 34i 5)
MPE: MYPE730

MGA: MGA_1268(dxs)

MTU: Rv2682¢c(dxs1) Rv3379¢(dxs2)
MTC: MT2756(dxs)

MBO: Mb2701¢(dxs1) Mb3413c(dxs2)
MLE: ML1038(dxs)

MPA: MAP2803c(dxs)

MAV: MAV 3577(dxs)

MSM: MSMEG 2776(dxs)

MMC: Mmes_2208

CGL: NCgl1827(cgl1902)

CGB: ¢g2083(dxs)

CEF: CE1796

CDI: DIP1397(dxs)

CIK: jk1078(dxs)

NFA: nfa37410(dxs)

RHA: RHA1 ro06843

SCO: SCO6013(SC1C3.01) SCO6768(SC6AS.17)
SMA: SAV1646(dxsl) SAV2244(dxs2)
TWH: TWT484

TWS: TW280(Dxs)

LXX: Lxx10450(dxs)

CMI: CMM_1660(dxsA)

AAU: AAur_1790(dxs)

PAC: PPA1062

TFU: Tfu 1917

FRA: Francci3_1326

FAL: FRAAL2088(dxs)

ACE: Acel 1393

SEN: SACE_1815(dxs) SACE_ 4351
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XLA: 379569( M3C69098) 414622( M3C81403)
414639( MGC81256) 444457( M3C83664) XTR 394562( acat 2)
WORBY/030643( acat 2) SPU:. 759502( LOC759502) DVE: PCT/US2008/086869
Dnel _CGL0932 Dmel CGE9149 CEL: T02G5. 4 T02G5. 7
T02GE. 8(kat-1) ATH AT5G48230( ACAT2/ EMB1276) OSA:
4326136 4346520 CMVE: CMA042C CME087C SCE:
YPLO28W ERGLO) AGO AGOS ADR165C PIC. Pl CST 3
1707(ERG O) CAL: CaOl9.1591(ergl 0) CGR CAGLOL12364g
SPO  SPBC215. 09¢ MGR: MGG O1755 MGG | 3499 AN :
ANL409.2 AFM AFUA 6GL4200 AFUA 8G04000 AOR
gg@m@@@@@plz AC090103000406 CNE: CNC05280 UNA:
UMD3571. 1 DDL DDB 0231621PFA: PF14 0484 TET:
ﬁ'ﬁfPlE%‘Pd)éb’éi@bo TTHERM 00277470 TTHERM 00926980 TCR:
BNUQ0R260FNEGEY b2224(atoB) ECJ: JW2218(at oB)

ANRARABLYAEE)
CTR: CT331(dxs)

CTA: CTA_0359(dxs)
CMU: TC0608

CPN: CPn1060(tktB_2)
CPA: CP0790

CPJ: CPj1060(tktB_2)
CPT: CpB1102

CCA: CCA00304(dxs)
CAB: CAB301(dxs)
CFE: CF0699(dxs)
PCU: pc0619(dxs)

TPA: TP0824

TDE: TDE1910(dxs)
LIL: LA3285(dxs)

LIC: LIC10863(dxs)
LBJ: LBJ_0917(dxs)
LBL: LBL 0932(dxs)
SYN: s111945(dxs)
SYW: SYNW1292(Dxs)
SYC: syc1087 c(dxs)
SYF: Synpcc7942 0430
SYD: Syncc9605 1430
SYE: Syncc9902 1069
SYG: sync_1410(dxs)
SYR: SynRCC307_1390(dxs)
SYX: SynWH7803 1223(dxs)
CYA: CYA_1701(dxs)
CYB: CYB_1983(dxs)
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ECE: Z4164(ygeF) ECS: ECs3701 ECC. c2767(atoB)
c3441(yqgeF) ECI: UTI 89 _C2506( atoB) UTI 89 C3247(ygeF)
WEGBINEER 2268 ECP 2857 ECV: APECO01_3662( ygeF)PCT/US2008/086869
APECO1_4335(at oB) APECO | _43352(atoB) ECX: EcHS_A2365
STY: STY3164(yqeF) STT: t2929(yqgeF) SPT: SPA2886(yqgeF)
SEC. SC2958(yqeF) STM STMB019(yqeF) SFL: SF2854(yqgeF)
SFX: S3052(ygeF) SFV: SFV_2922(yqeF) SSN:
SSON_2283(at oB) SSON _3004(yqgeF) SBO SBO 2736(yqgeF)
ECA: ECA1282(atoB) ENT: Ent 638_3299 SPE: Spro_0592
HI T: NTHI 0932(at oB) XCC. XCCl1297(atoB) XCB: XC 2943
XV 1056v1401(t hl A) XAC. XAC1348(atoB) XOO

X(I)lSSlSat oB) XOM XOO 1778(X0O0L778) VCH: VCA0690
GVI: gll019

ANA: alr0599

AVA: Ava 4532

PMA: Pro(0928(dxs)
PMM: PMMO0907(Dxs)
PMT: PMT0685(dxs)
PMN: PMN2A 0300
PMI: PMT9312_0893
PMB: A9601 09541(dxs)
PMC: P9515_09901(dxs)
PMF: P9303 15371(dxs)
PMG: P9301_09521(dxs)
PMH: P9215 09851
PMJ: P9211 08521

PME: NATL1_09721(dxs)
TER: Tery 3042

BTH: BT 1403 BT 4099
BFR: BF0873 BF4306
BFS: BF0796(dxs) BF4114
PGI: PG2217(dxs)

CHU: CHU_3643(dxs)
GFO: GFO_3470(dxs)
FPS: FP0279(dxs)

CTE: CT0337(dxs)

CPH: Cpha266_0671
PVI: Cvib_0498

PLT: Plut_0450

DET: DET0745(dxs)
DEH: cbdb_A720(dxs)
DRA: DR 1475

DGE: Dgeo 0994
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VOO VC0395 0630 WU: W2_0494 W2_0741 W: \WA1043
WA1210 VPA: VPA0620 VPAI 123 VPA1204 PPR. PBPRBl 112
WEBRRBIGE810 PAE: PA2001(at 0B) PA2553 PA3454 PABGEDS2008/086869
PA3925 PAU: PA14 38630(atoB) PPU PP_2051( at oB)
PP 2215(fadAx) PP 3754 PP 4636 PPF: Pput 2009
Pput 2403 Pput 3523 Pput_4498 PST: PSPTO 0957( phbA-1)
PSPTO 3164( phbA-2) PSB: Psyr_ 0824 Psyr 3031 PSP
PSPPH_0850( phbAl )  PSPPH_2209( phbA2) PFL:
PFL_1478(atoB-2) PFL_2321 PFL 3066 PFL_4330( at 0B- 2)
PFL_5283 PFO. Pfl 1269 Pfl 1739 Pfl 2074 Pfl 2868 PEN
PEEENR18a PSEEN3547(f adAx)  PSEEN4635( phbA) PMY:
Pnen_1138 Pnen_2036 Pnen_3597 Pnen_3662 Pnen_3820 PAR
@¥6psyc | 169 PCR. Pcryo 0278 Pcryo 1236
RaEyq_$%260 PRW PsycPRwM 2011 ACI: ACI AD0694 ACI AD1612
@%IAH%? (atoB) SON: SO 1677(atoB) SDN. Sden_1943 SFR:
A Sfri_ 2063 SAZ: Sanm_1375 SBL: Shal 1495 SBM

ByiewB%_10089 SBN: Sbal | 95 1525
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SLO. Shew_1667 Shew 2858 SPC. Sputcn32_1397 SSE:

Ssed_1473 Ssed_3533 SPL: Spea_2783SHE: Shewnr 4_2597
WESRIOb/0BIoeswnT 7_2664 SHN: Shewana3_ 2771 SHW PCT/US2008/086869

Sputw3181_2704 I LO 1L0872 CPS: CPS_1605 CPS_2626 PHA:

PSHAa0908 PSHAal 454(atoB) PSHAal 586( at oB) PAT:

Pat| _2923 SDE: Sde_3149 PIN:. Ping_0659 Ping_2401 MAQ

Maqu_21 17 Maqu_2489 Maqu_2696 Maqu_3162 CBU: CBU 0974

LPN: | pgl 825(atoB) LPF: 1pl1789 LPP: |ppl 788 NCC.

Noc_1891 AEH: M g_0688 M g_2706 HHA: Hhal _1685 HCH:

HCH 05299 CSA: Csal _0301 Csal _3068 ABO

@l ddn)ac Vandfspand ﬂu&ﬁﬁ%@idM’ﬂWﬂohy_p&gms

PREM
Mnwl | 3053 Mmwyl [ 3097 Mmwyl | 4182 AHA:
AHA 2143(atoB) CVI: CV_2088(at oB) CV_2790( phaA)

HSA: 38(ACAT1) 39(ACAT2)

PTR: 451528(ACAT1)

MCC: 707653(ACAT1) 708750(ACAT?2)

MMU: 110446(Acatl) 110460(Acat2)

RNO: 25014(Acatl)

CFA: 484063(ACAT2) 489421(ACAT1)

GGA: 418968(ACAT1) 421587(RCIMB04_34i5)

XLA: 379569(MGC69098) 414622(MGC81403) 414639(MGC81256)
444457(MGC83664)

XTR: 394562(acat?2)

DRE: 30643 (acat2)

SPU: 759502(L0OC759502)

DME: Dmel_CG10932 Dmel_CG9149

CEL: T02G5.4 T02G5.7 T02G5.8(kat-1)

ATH: AT5G48230(ACAT2/EMB1276)

OSA: 4326136 4346520

CME: CMA042C CMEO087C

SCE: YPL0O28W(ERG10)

AGO: AGOS_ADRI165C

PIC: PICST_31707(ERG10)

CAL: Ca019.1591(ergl0)

CGR: CAGLOL12364g

SPO: SPBC215.09¢

MGR: MGG 01755 MGG 13499

ANI: AN1409.2

AFM: AFUA_ 6G14200 AFUA_8G04000

AOR: A0090103000012 AO090103000406

CNE: CNC05280

UMA: UM03571.1

DDI: DDB 0231621
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RSO RSc0276(at oB) RScl 632( phbA) RScl 637( bkt B)

RScl 761( RS02948) REU. Reut A0138 Reut A1348 Reut A1353
WORWY/OB45G1 Reut B4738 Reut B5587 Reut _C5943 ReUk/USH0SEB6869
REH H16_A0170 H16_A0867 H16_A0868 H16_ A0872 H16_ A1297

H16_A1438(phaA) H16_Al1445(bktB) H16_A1528 H16 A1713
H16_A1720 H16 A1887 Hl16 A2148 H16_B0380 H16 B0381 H16

B0406 H16_B0662 H16_B0668 H16_B0759 H16_B1369
H16 B1771 RMVE: Rnmet 0106 Rnet 1357 Rmet 1362 Rmet
5156BVA: BVA1316 BMA1321( phbA) BMA1436 BMWV:
BMASAVPI _A1805( bkt B) BMASAVPI _A1810( phbA) BM.:
2994H0086( phbA) BMA10299_A0091 BMN:

BVAL0247 1076(1bktB BVMA10247 1081( phbA) BXE: Bxe _A2273
BRE TAPERHL 0091 R9JAHIERNE ORI P8 TRIER 6%0e_B0739
axg_ﬁ(i)@)’g%one C0574 Bxe_C0915 BVI: Bcepl 808_0519
g@@ 228"2 17 Bcepl 808_2877 Bcepl 808 3594

15 Bcepl 808_5507 Bcepl 808 _5644 BUR
BCEpW&ZB{htommngaﬁﬂ)Slw A5080 Bcepl 8194_A5091
E %@%@4 6102 Bcepl 8194 _B0263 Bcepl 8194 B1439
cep 652 Bcepl 8194 _C6802 Bcepl 8194 C6874
Be®pgi®BI®A _C7118 Bcepl 8194 _C7151 Bcepl 8194 C7332 BCON:

B@@fhzi@ga% G Bcen_2158 Bcen_2563 Bcen_2998
Bcen 62 9% J%%%22424 0542 Bcen2424_1790

E@%HE@Z&%W%O%&HQWWMBF)BCen2424 6232
BCRNRA2%h66 276 BAM Banb_0447 Bamb 1728 Banb_ 2824

B PR e o AR b 0458 i 1)

BCORASHB1A1862330( phbA) BURPS 17 10b_2453(at oB-2) BPL:
%%%Y%%&?}ée%]'g?( bkt B) BURPSI 106A 2202( phbA)
STT: t2929(yqeF)

SPT: SPA2886(yqeF)

SEC: SC2958(yqeF)

STM: STM3019(yqeF)

SFL: SF2854(yqeF)

SFX: 83052(yqeF)

SFV: SFV_2922(yqeF)

SSN: SSON_2283(atoB) SSON_3004(yqeF)
SBO: SBO_2736(yqeF)

ECA: ECA1282(atoB)

ENT: Ent638 3299

SPE: Spro 0592

HIT: NTHI0932(atoB)

XCC: XCC1297(atoB)

XCB: XC 2943

XCV: XCV1401(thlA)

XAC: XAC1348(atoB)

X00: X001881(atoB)

XOM: XO0_1778(X001778)
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BPD: BURPS668_2160( bkt B) BURPS668_2165( phbA) BTE: BTH

| 2144 BTHJ2256 BTHJ2261 PNU:. Pnuc_0927 BPE: BP0447
WEBRSHB6BP2059 BPA: BPP0608 BPP1744 BPP3805 BPFRZRIIS2008/086869

BPP4361 BBR BB0614 BB3364 BB4250 BB4804 BB4947 RFR

Rfer 0272 Rfer 1000 Rfer_1871 Rfer_ 2273 Rfer_2561

Rf er 2594 Rfer 3839 POL: Bpro 1577 Bpro_ 2140 Bpro 3113

Bpro_ 4187 PNA: Pnap_0060 Pnap_ 0458 Pnar 0867 Pnap |

159 Pnap_2136 Pnap_2804 AAV: Aave_ 0031 Aave 2478

Aave_ 3944 Aave_ 4368 AJS: A s_0014 Ajs_0124 Ajs_1931

Ajs_ 2073 Ajs_2317 A s_3548Ajs_3738 Ajs_3776 VEI:

VensvdAaso Vei s_3818 Veis_4193 DAC. Daci _0025 Daci _0192

)%é V@gg %Ri "5988 MPT: Mpe_ A1536 Mpe A1776 Mpe A1869
79 HEARO577( phbA) MVB: nma_0555 NEU:
WEZO2621 ohkaaByVANER1 Neut 0610 EBA: ebA5202 p2A409(tiol)

% Vg%gg %}Q ) azo0469(fadA2) azo2172(thl A) DAR
022 HPA: HPAGL 0675 HAC:
VR oWl RyE) 2NFA 126ket 1719 Gret 2074 Gret 2213

SPEPRPRSA 1 SFBIrE3MY GUR Gura_3043 BBA: Bd0404( at 0B)
Bd2095

PAE: PA2001(atoB) PA2553 PA3454 PA3589 PA3925
PAU: PA14_38630(atoB)

PPU: PP_2051(atoB) PP_2215(fadAx) PP_3754 PP_4636
PPF: Pput 2009 Pput 2403 Pput_3523 Pput_4498

PST: PSPTO_0957(phbA-1) PSPTO 3164(phbA-2)

PSB: Psyr 0824 Psyr 3031

PSP: PSPPH_0850(phbA1l) PSPPH 2209(phbA2)

PFL: PFL_1478(atoB-2) PFL_2321 PFL 3066 PFL 4330(atoB-2) PFL 5283
PFO: Pfl 1269 Pfl 1739 Pfl 2074 Pfl 2868

PEN: PSEEN3197 PSEEN3547(fadAx) PSEEN4635(phbA)
PMY: Pmen_1138 Pmen_ 2036 Pmen_3597 Pmen_3662 Pmen 3820
PAR: Psyc 0252 Psyc 1169

PCR: Pcryo 0278 Pcryo 1236 Peryo 1260

PRW: PsycPRwf 2011

ACI: ACIAD0694 ACIAD1612 ACIAD2516(atoB)

SON: SO_1677(atoB)

SDN: Sden_1943

SFR: Sfri 1338 Sfri 2063

SAZ: Sama 1375

SBL: Sbal 1495

SBM: Shew185 1489

SBN: Sbal195 1525

SLO: Shew 1667 Shew 2858

SPC: Sputen32 1397

SSE: Ssed 1473 Ssed 3533

SPL: Spea_2783
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DOL: Dol e_0671 Dol e_1778 Dol e_2160 Dol e_2187 ADE:

Adeh_0062 Adeh_2365 AFW Anael 09_0064 Anael 09_1504
WORMWMIOMEAN 3791 SAT: SYN 02642 SFU. Sfti m 2280PCT/US2008/086869

Sfum 3582 RPR. RP737 RCO RO 134 RO 135 RFE

RF_0163(paalJ) RBE: RBEJ)1 39(paalJ) RAK: A1C 05820 RBO

All 07215 RCM AlE 4760 PUB: SARI | _0428(thl A) MO

m r 3847 MES: Meso_3374PLA: Pl av_1573 Pl av_2783 SME:

SMal 450 SMc03879( phbA) SMD: Smed_0499 Sned_3117

Smed_5094 Smed_5096 ATU: Atu2769(atoB) Atu3475 ATC

AGR_C 5022(phbA) AGR_L_2713 RET: RHE_CH04018( phbAch)

Rk SPGRAA636YPc00040) RHE_PF00014( phbAf) RLE:
RL4621(phég9¢pRL100301 pRL120369 BVE: BMNEI 0274

B Shewy 9f: BABI _1783( phbA-1) BAB2_0790( phbA- 2)
BB ShBRLTY 2(nhbA- | ) “BRA0448( phbA- 2) BVB:

%ﬁ@)}lﬁ%zgﬁ%ﬁ;&bA— ) BruAb2 0774(phbA-2) BOV:

ILO: IL0872 PRBAT)

CPS: CPS_1605 CPS_2626

PHA: PSHAa0908 PSHAa1454(atoB) PSHAa1586(atoB)

PAT: Patl 2923

SDE: Sde_3149

PIN: Ping 0659 Ping 2401

MAQ: Maqu 2117 Maqu_2489 Maqu_2696 Maqu 3162

CBU: CBU 0974

LPN: lpg1825(atoB)

LPF: 1p11789

LPP: 1pp1788

NOC: Noc_1891

AEH: Mlg 0688 Mlg 2706

HHA: Hhal 1685

HCH: HCH_05299

CSA: Csal 0301 Csal 3068

ABO: ABO_0648(fadAx)

MMW: Mmwyll 0073 Mmwyll 3021 Mmwyll 3053 Mmwyll_ 3097 Mmwyll 4182

AHA: AHA 2143(atoB)

CVIL: CV_2088(atoB) CV_2790(phaA)

RSO: RSc0276(atoB) RSc1632(phbA) RSc1637(bktB) RSc1761(RS02948)

REU: Reut_A0138 Reut A1348 Reut A1353 Reut B4561 Reut B4738
Reut B5587 Reut 5943 Reut C6062

REH: H16_A0170 H16_A0867 H16_A0868 H16_A0872 H16_A1297
H16 A1438(phaA) H16 A1445(bktB) H16 A1528 H16 A1713 H16 _A1720
Hl6 A1887 H16 A2148 H16 B0380 H16 B0381 H16 B0406 H16 B0662
H16_B0668 H16_B0759 H16_B1369 H16_B1771

RME: Rmet 0106 Rmet 1357 Rmet 1362 Rmet 5156
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OAN: Cant_1130 Cant_3107 Cant_3718 Cant_4020 BJA:
bl 1 0226(at oB) bl | 3949 WL7400 bl | 7819 bl r 3724( phbA)
WEBRA/0BRADOD562( phbA) BRADCD983( pi mB) BRADCB1IBCT/US2008/086869
BRADCB134( at 0B) BBT: BBta_3558 BBta_3575( at oB)
BBt a_5147(pi mB) BBta_7072(pi mB) BBta_7614( phbA) RPA:
RPAO513(pcaF) RPA0531 RPA3715(pi mB) RPB: RPB 0509 RPB
0525 RPBJ748 RPC. RPC_0504 RPC 0636 RPC 0641 RPC 0832
RPC 1050 RPC 2005 RPC 2194RPC 2228 RPD: RPD 0306 RPD
0320 RPD 3105 RPD 3306 RPE: RPE 0168 RPE 0248 RPE 3827
NW: N 3060 XAU. Xaut 3108 Xaut 4665 CCR CC 0510

ﬁ@AOﬁ%&@BM&%z%ﬂbA) 8REQ142( bkt B) SPCD326( phbA)
SPOD773 "SPCB4 T TMLO40 0067 TMLO40_2790

BY(Y 02 A8 6L MAGANE PAARSE ] KREB0@hYS RSP_1354
HROP 187025500535 bA Y928 16008 20Bsiphl 7029_2401

@%@8%@% GRAIMRBIIEGIR Sobn 096 9ans 0403

ety iy L
Xe 7 €

BYftaBéen1806 93 19-Béep 1 SPME 7 W?é)@l?lfﬂgﬁlﬁlg%gfcb@gél 15’39!?;3 ilAl\R/lvR

S3.0,1980 % 1981 4680 K 09RL Q1 dg 2 4par 0_2306 Saro_2349 SAL:
Salcgpl0781 Salc%llzzm Sal %12896 Sal a_3158 SW: Swit_0632

B Bogp 8194 iR Boepdy 94641 5P803Rrep! 8804 ASME87 Swit 5019
Beepl8194 A6102 Beepl18194 B0263 Beepl18194 B1439

Beepl18194 C6652 Beep18194 C6802 Beepl8194 C6874
Beepl8194 C7118 Beepl8194 C7151 Beepl18194 C7332

BCN: Been_1553 Been_1599 Been_2158 Been 2563 Been 2998 Been 6289

BCH: Bcen2424 0542 Been2424 1790 Been2424 2772 Been2424 5368
Bcen2424 6232 Been2424 6276

BAM: Bamb_0447 Bamb_1728 Bamb_2824 Bamb_4717 Bamb_5771 Bamb_5969

BPS: BPSL1426 BPSL.1535(phbA) BPSL1540

BPM: BURPS1710b_2325(bktB) BURPS1710b_2330(phbA)
BURPS1710b_2453(atoB-2)

BPL: BURPS1106A_2197(bktB) BURPS1106A 2202(phbA)

BPD: BURPS668 2160(bktB) BURPS668 2165(phbA)

BTE: BTH 12144 BTH 12256 BTH_12261

PNU: Pnuc 0927

BPE: BP0447 BP0668 BP2059

BPA: BPP0608 BPP1744 BPP3805 BPP4216 BPP4361

BBR: BB0614 BB3364 BB4250 BB4804 BB4947

RFR: Rfer_0272 Rfer 1000 Rfer 1871 Rfer 2273 Rfer 2561 Rfer 2594
Rfer 3839

POL: Bpro 1577 Bpro 2140 Bpro_3113 Bpro 4187

PNA: Pnap_0060 Pnap 0458 Pnap 0867 Pnap 1159 Pnap 2136 Pnap 2804

AAV: Aave 0031 Aave 2478 Aave 3944 Aave 4368

AJS: Ajs_0014 Ajs 0124 Ajs 1931 Ajs 2073 Ajs_2317 Ajs 3548
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Swit_5309 ELI: ELI 01475 ELI 06705 ELIJ2035 GBE:

GOCGDNI H 0447 ACR Acry_ 1847 Acry 2256 RRU. Rru_A0274
WORRWIAIBBO Rru_Al1469 Rru_A1946 Rru_A3387 MAG EGIOSWES/086869

MGM Mrcl 1165 ABA: Aci d345_3239 BSU: BGL1319(mygA)

BGL3063(yhfS) BHA: BHL997 BH2029 BH3801(mgA) BAN:

BA3687 BA4240 BA5589 BAR GBAA3687 GBAA4240 GBAAS589

BAA: BA 0445 BA 4172 BA 4700 BAT: BAS3418 BAS3932

BAS5193 BCE: BC3627 BC4023 BC5344 BCA: BCE 3646 BCE

4076 BCE_5475 BCZ: BCZK3329(nmyA) BCZK3780(thl)

BCZK5044(at oB) BCY: Bcer 98 2722 Bcer 98 3865 BTK:

BTQ727383873¢TagA) BT9727_3765(thl) BT9727_5028( at oB)

g%]l{'veiB/—l\ggg\g%6 é) 1 LH__3642( fadA) BALH 4843( at oB)
Veigyl LAHGASELDY  BLi 03968( rmyA) BCL: ABCD345
PBC2%6D 00BCR6I17 92Ba3 3% i APSEBAY: RBAM 022450BPU.
AL PV, 5, 2107 000
ISARSHHROSZHhbA)

MMS: mma_ 0555

NEU: NE2262(bktB)

NET: Neut 0610

EBA: ebA5202 p2A409(tioL)

AZO: azo0464(fadA 1) azo0469(fadA2) azo2172(thlA)

DAR: Daro_0098 Daro_ 3022

HPA: HPAG1 0675

HAC: Hac (0958(atoB)

GME: Gmet 1719 Gmet 2074 Gmet 2213 Gmet 2268 Gmet 3302

GUR: Gura_3043

BBA: Bd0404(atoB) Bd2095

DOL: Dole 0671 Dole 1778 Dole 2160 Dole 2187

ADE: Adeh_0062 Adeh_2365

AFW: Anael(09 0064 Anael09 1504

MXA: MXAN 3791

SAT: SYN_02642

SFU: Sfum_2280 Sfum_3582

RPR: RP737

RCO: RC1134 RC1135

RFE: RF_0163(paal)

RBE: RBE 0139(paal)

RAK: A1C 05820

RBO: A1l 07215

RCM: A1E 04760

PUB: SAR11_0428(thlA)

MLO: mlr3847

MES: Meso 3374
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SAV: SAV0354 SAV0O576(vraB) SAM MMA330 MADG31(vr aB)

SAR SAR0351(thl) SAR0581 SAS: SAS0330 SAS0534 SAC
WEA0000426 SACOL0622( at 0B) SAB: SAB0304(thl) SPBUBIH8/086869

SAA: SAUSA300 0355 SAUSA300 0560(vraB) SAO

SAOQUHSC 00336 SAOQUHSC 00558 SAJ: Saur JHO_0402 SAH:

Saur JH _0412 SEP: SE0346 SE2384 SER SERP0032 SERP0220

SHA: SHO510(nvaC) SH2417 SSP: SSP0325 SSP2145 LMD

| mol 414 LMF: LMOF 2365_1433 LIN 1inl 453 LVE: | wel 431

LLA: L11745(thil) L25946(fadA) LLC: LACR | 665 LACR |

956 LLM |1ng_0930(thiL) SPY: SPy 0140 SPy_ 1637(at oB)

B PlabbiB0SpIspy7d31 19 Mb00S_Spy_0432

5005 Shy, d344L31 0B), SPM SpyMI8 0136

R sL: %gp G SpyM3 0108 SpyMs_1378( at 0B)

SHPS: SrERSI2DY En&PS (M4 8heBBbb4 MeaH099270_Spy0121

MRASL0270.SRy 4335 MASL0270_Spy! 461(at 0B)

ATC: AGR_C_5022(phbA) AGR L 2713

RET: RHE_CH04018(phbAch) RHE_PC00068(ypc00040) RHE,_PF00014(phbAf)

RLE: RL4621(phaA) pRL100301 pRL120369

BME: BMEI0274 BMEII0817

BMF: BAB1 1783(phbA-1) BAB2 0790(phbA-2)

BMS: BR1772(phbA-1) BRA0448(phbA-2)

BMB: BruAbl_1756(phbA-1) BruAb2_0774(phbA-2)

BOV: BOV_1707(phbA-1)

OAN: Oant_1130 Oant_3107 Oant_3718 Oant_4020

BJA: bl10226(atoB) bl13949 bl17400 bl17819 blr3724(phbA)

BRA: BRADOO0562(phbA) BRADO0983(pimB) BRADO3110 BRADO3134(atoB)

BBT: BBta_3558 BBta 3575(atoB) BBta_5147(pimB) BBta_7072(pimB)
BBta_7614(phbA)

RPA: RPA0513(pcaF) RPA0531 RPA3715(pimB)

RPB: RPB_0509 RPB_0525 RPB 1748

RPC: RPC_0504 RPC_0636 RPC_0641 RPC 0832 RPC_1050 RPC_2005
RPC 2194 RPC 2228

RPD: RPD_0306 RPD_0320 RPD_3105 RPD_3306

RPE: RPE_0168 RPE_0248 RPE_3827

NWI: Nwi_3060

XAU: Xaut 3108 Xaut 4665

CCR: CC_0510 CC_0894 CC_3462

SIL: SPO0142(bktB) SPO0326(phbA) SPO0773 SPO3408

SIT: TM1040_0067 TM1040_2790 TM1040_3026 TM1040_3735

RSP: RSP 0745 RSP 1354 RSP 3184

RSH: Rsph17029 0022 Rsph17029 2401 Rsph17029 3179 Rsph17029 3921

RSQ: Rsph17025_0012 Rsph17025_ 2466 Rsph17025_2833

JAN: Jann_0262 Jann_0493 Jann_4050
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SPI: MGAS 10750_Spy0 124 MGAS10750_Spy0452
MGAS10750_Spyl 453( at oB) SPJ: MGAS2096_SpyOL23

WOIBASB0BG Spy0451 MGAS2096_Spyl 365(at 0B) SPK: PCT/US2008/086869
MGASO429_SpyOL21 MGAS9429_Spy043 1
MGAS9429_Spyl 339(at 0B) SPF: SpyMs0447(at oB2) SPA:
M6_SpyOL66 Ms_SpyO466 Ms_Spyl 390 SPB: M8 _Spy0l 17
M28_Spy0420 M28_Spyl 385(atoB) SAK: SAK 0568 LJO LJI
609 LAC. LBA0626(thilL) LSA: LSA1486 LDB: LdbO879 LBU:
LBUL_0804 LBR LWVIS 2218 LCA: LSEl 1787 LGA: LGAS |
374 LRE: Lreu 0052 EFA: EF1364 OOE. OECE 0529 STH:

ﬁﬂ%@iﬁo&?hﬂ@zﬁgﬁéﬁ ROPG304AGZB73 CA_PO078(t hiL) CPE:
CPE2195( at oB) “CPF. CPF_2460 CPR CPR 2170 CIC:
ebda1 026Re 1600 PR BER BRI CRAnatF3! Reope: 5022

CELQRA{ 0dvk As)i_10BRHAB(BHI A2) CBO CBCB200(thl) CBE:

SRE. Mt (&' 3630

HNE: HNE 2706 HNE_3065 HNE 3133

NAR: Saro_0809 Saro 1069 Saro 1222 Saro 2306 Saro_2349

SAL: Sala_0781 Sala_1244 Sala_2896 Sala_3158

SWI: Swit 0632 Swit 0752 Swit 2893 Swit 3602 Swit 4887 Swit 5019
Swit_5309

ELIL: ELI 01475 ELI 06705 ELI 12035

GBE: GbCGDNIH1 0447

ACR: Acry 1847 Acry 2256

RRU: Rru A0274 Rru_A1380 Rru A1469 Rru A1946 Rru A3387

MAG: amb0842

MGM: Mmecl 1165

ABA: Acid345 3239

BSU: BG11319(mmgA) BG13063(yhfS)

BHA: BH1997 BH2029 BH3801(mmgA)

BAN: BA3687 BA4240 BA5589

BAR: GBAA3687 GBAA4240 GBAASS89

BAA: BA 0445 BA 4172 BA 4700

BAT: BAS3418 BAS3932 BAS5193

BCE: BC3627 BC4023 BC5344

BCA: BCE 3646 BCE 4076 BCE 5475

BCZ: BCZK3329(mmgA) BCZK3780(thl) BCZK 5044 (atoB)

BCY: Bcer98 2722 Bceer98 3865

BTK: BT9727_3379(mmgA) BT9727 3765(thl) BT9727_5028(atoB)

BTL: BALH_3262(mmgA) BALH_3642(fadA) BALH_4843(atoB)

BLI: BL03925(mmgA)

BLD: BLi03968(mmgA)

BCL: ABC0345 ABC2989 ABC3617 ABC3891(mmgA)

BAY: RBAM 022450
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CKL: CKL_3696(thl Al) CKL_3697(thl A2) CKL_3698(t hl A3)

AMT: Amet 4630 ACE: C os_0084 C os_0258 CHY: CHY 1288
WEH93B%( at 0B) CHY 1604 CHY 1738 DSY: DSY0632PCISYSHBH0S6869

DSY1567 DSY1710 DSY2402 DSY3302DRM Dr ed_0400

Dred_1491 Dred_1784 Dred_1892 SWD Swol 0308 Swol _0675

Swol _0789 Swol _1486 Swol _1934 Swol 2051 TTE:

TTE0549( paal) MIA: Mbth_1260 MU Rvl | 35A

Rvl 323(f adA4) Rv3546(fadA5) MIC. MI1365( phbA) MBO Mol

167 Mol 358(fadA4) Md3576(fadA5) M3586c(fadA6) MBB:

BCG 1 197 BCG 1385(fadAd4) BCG 3610(f adA5)

BEG B0AR 6T AGAG)BIVVE 20 M AR (h s A4)  MPA:
MAP2407cT f adA3) MAPZA36¢(fadAd) MAV: MAV_1544MAV_1573

REY OPSES RRRP8S0B103RENMONBVEG 2224 MBVEG 4920 MUL:
Wil OR5HsIM¥A39M/an_1976 M/an_1988 Mvan_4305 Mian_4677

i : v 1347 M|V _1484 M|V 2040 M|V 2340
%ﬁ\%gés‘%ﬁ’ﬁj%gs MVC: Mhts_1758 Mhts_1769 Mhts_3796
NVESSA38B84 BAN0S576krB) 0251 Mkms_1540 Nkns_1805 Mkrs_ 1816

Mkns_3286 Mkrs_3869 Mkns_ 3938
Wmﬁ' %ﬁ@?mﬁjﬁ?@ Mkms_4580 Mk 4724 Mkns_4764
RARESARDTS (D SARMS!s 0231 M I's_1739 M 1s 1750 M |s_2819
M6 5233359 Msh&43235 M |'s_3800 M |s_3850 M Is_4110

| 4383 | s 4705 | s 4876 | s 5018 | s 5063
MG SR SACEGT Y, 51 2a05) 0 M S=

SAB: SAB0304(th1) SAB0526

SAA: SAUSA300 0355 SAUSA300 0560(vraB)

SAO: SAOUHSC_00336 SAOUHSC 00558

SAJ: SaurJH9 0402

SAH: SaurJH1_0412

SEP: SE0346 SE2384

SER: SERP0032 SERP0220

SHA: SHO0510(mvaC) SH2417

SSP: SSP0325 SSP2145

LMO: Imo1414

LMF: LMO{f2365 1433

LIN: lin1453

LWE: lwel431

LLA: L11745(thiL) L25946(fadA)

LLC: LACR 1665 LACR 1956

LLM: lmg 0930(thiL)

SPY: SPy_0140 SPy 1637(atoB)

SPZ: M5005_Spy 0119 M5005_Spy_0432 M5005_Spy_1344(atoB)
SPM: spyM18_0136 spyM18 1645(atoB)

SPG: SpyM3_0108 SpyM3 1378(atoB)

SPS: SPs0110 SPs0484

SPH: MGAS10270_Spy0121 MGAS10270_Spy0433 MGAS10270_Spy1461(atoB)
SPI: MGAS10750_Spy0124 MGAS10750_Spy0452 MGAS10750_Spy1453(atoB)
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CGB: cg2625(pcaF) CEF: CEO0731 CE2295 CIK:j kl 543(f adA3)

NFA: nfal 0750(fadA4) RHA: RHAI _ro01455 RHAl _ro001623
WORWD/07600L876 RHAI _ro002517(catF) RHAI _ro003022 PCT/US2008/086869

RHAI ro003024 RHAI ro003391 RHAI ro003892 RHAlI ro004599

RHAI _ro005257 RHAlI _ro08871 SCO. SC05399( SC8F4. 03) SMA:

SAV1384(fadA5) SAV2856(fadAl )ART: Arth_| 160 Arth_2986

Arth_3268 Arth_4073 NCA: Noca_1371 Noca_1797 Noca_1828

Noca_ 2764 Noca_ 4142 TFU. Tfti 1520 Tfu_2394 FRA:

Francci 3_3687 FRE: Franeanl _1044 Franeanl 2711

Franeanl 2726 Franeanl 3929 Franeanl 4037

R A Ao K0 SRt PIGAS Bl sy TdkgBF ot at 0B)
SINERIONSHTY A MABESHO 157504 MICASRER BodBNEeR) STP.

Sbr @pyNsobly(2682) Sar e 1316 Sare 3991 RXY: Rxyl 1582
ng | 2389 Rxyl 2530 FNU. FN0495 BGA: BGO

5’3‘%;][1\5%%;% VIOBRIKES MOLaFi RdA) LIL: LA0457(thiLl)
KIS0 328 $y0 112)M13A, BR0OMIIpyl 185(atdB) CL0396( phbA)  LBJ:
LRR-£8056hpad-4)

LJO: LJ1609

LAC: LBA0626(thiL)

LSA: LSA1486

LDB: Ldb0879

LBU: LBUL_0804

LBR: LVIS 2218

LCA: LSEI_1787

LGA: LGAS 1374

LRE: Lreu 0052

EFA: EF1364

OOE: OEOE_0529

STH: STH2913 STH725 STH804

CAC: CAC2873 CA_P0078(thiL)

CPE: CPE2195(atoB)

CPF: CPF_2460

CPR: CPR_2170

CTC: CTC00312

CNO: NT01CX 0538 NT01CX 0603

CDF: CD1059(thlA1) CD2676(thlA2)

CBO: CBO3200(th)

CBE: Cbei 0411 Cbei_3630

CKL: CKL _3696(thlA1) CKL 3697(thlA2) CKL_3698(thlA3)
AMT: Amet 4630

AOQE: Clos_0084 Clos_0258

CHY: CHY_ 1288 CHY 1355(atoB) CHY 1604 CHY 1738

DSY: DSY0632 DSY0639 DSY1567 DSY 1710 DSY2402 DSY3302
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LBL: LBL_0209(paal-4) SYN: slrl993(phaA) SRU

SRU 1211(atoB) SRU | 547 CHU. CHU 1910(atoB) GFO
WOEEHINHBTq at oB) FIO Fjoh_4612 FPS: FP0770 FPIBBBUS2008/086869

FP1725 RRS: RoseRS 3911 RoseRS 4348 RCA: Rcas 0702

Rcas_3206 HAU. Haur 0522 DRA: DRJ072 DR 1428 DR 1960

DR 2480 DR _A0053 DGE: Dgeo_ 0755 Dgeo_1305 Dgeo_ 1441

Dgeo_1883 TTH TTC0191 TTCO330TTJ: TTHA0559 TME:

Trmel 1134 FNO Fnod_0314 PMO Prob_ 0515 HVA:

rrnAC0896( acaB3) rrnAC2815(aca2) rrnAC3497(yqeF)

rmB0240(acal ) rrnB0242(acaB2) rrnB0309(acaBl) TAC.

Eﬁl@ﬁ?edw& DrEWQ@f'ﬁreﬂ%a; hitP18905 APE: APE 2108 SSO
377CacaB- 4) 514 SAl: Saci 0963

Séé(@r SV&Q&G)J??%%%BLOW-‘!\&E’I ‘W/%%%W@B@%ﬁ Pl 19BhEg 2951

TTE: TTE0549(paal)

MTA: Moth_1260

MTU: Rv1135A Rv1323(fadA4) Rv3546(fadA5)

MTC: MT1365(phbA)

MBO: Mb1167 Mb1358(fadA4) Mb3576(fadAS5) Mb3586¢(fadA6)

MBB: BCG_1197 BCG_1385(fadA4) BCG_3610(fadA5) BCG_3620c(fadA6)

MLE: ML1158(fadA4)

MPA: MAP2407c(fadA3) MAP2436¢c(fadA4)

MAV: MAV_1544 MAV_1573 MAV_1863 MAV_5081

MSM: MSMEG_2224 MSMEG 4920

MUL: MUL 0357

MVA: Mvan_1976 Mvan_1988 Mvan_ 4305 Mvan_ 4677 Mvan 4891

MGI: Mflv_1347 Mflv_1484 Mflv_2040 Mflv_2340 Mflv_4356 Mflv_4368

MMC: Mmcs_1758 Mmcs_1769 Mmes_3796 Mmcs_3864

MKM: Mkms_0251 Mkms 1540 Mkms_1805 Mkms_ 1816 Mkms 2836 Mkms 3159
Mkms 3286 Mkms_3869 Mkms 3938 Mkms_4227 Mkms_4411 Mkms 4580
Mkms 4724 Mkms_4764 Mkms 4776

MIL: Mjls_0231 Mjis_1739 Mjls 1750 Mjls_2819 Mjls_3119 Mjls_3235
Mjls_3800 Mjls_3850 Mjls_4110 Mjls_4383 Mjls_4705 Mjls 4876
Mjls_5018 Mjls 5063 Mjls 5075

CGL: NCglI2309(cgl2392)

CGB: ¢g2625(pcaF)

CEF: CE0731 CE2295

CJK: jk1543(fadA3)

NFA: nfal0750(fadA4)

RHA: RHAI1 ro01455 RHA1 1001623 RHA1 ro01876 RHA1 ro02517(catF)
RHA1 ro03022 RHA1 ro03024 RHA1 ro03391 RHA1 ro03892
RHA1 ro04599 RHA1 r005257 RHA1 ro08871

SCO: SCO5399(SC8F4.03)

SMA: SAV1384(fadAS5) SAV2856(fadAl)
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PIS: Pisl_0029 Pisl_1301 PCL: Pcal 0781 PAS: Pars_0309

Pars 1071 CMA: Cmaq_1941Exenpl ary HMG CoA synt hase
whewbeiw7aci ds and pol ypeptides HSA: 3157 ( HMGOSI)/US2008/086869

3158( HM3CS2) PTR: 457169( HMGCS2) 461892( HMGECSI ) MCC:

702553( HMCSI ) 713541( HMECS2) MU 15360( Hrges2)

208715(Hngcesl ) RNO 24450( Hrges2) 29637(Hngesl) CFA:

479344( HMCSl ) 607923( HM3CS2) BTA: 407767( HMGECSI ) SSC:

397673(CH242- 38B5. 1) GGA: 396379( HMECSI ) XLA:

380091( hngcsl ) 447204(M3C808 16) DRE: 394060( hngcsl)

SPU. 578259(L0OC578259) DME: Dnel _CG4311( Hngs) CEL:

KRB 1 8D rthATO865A el B26 BAPUY7305A: 4331418 4347614
- .CMM__89C SCE: YM_126C(ERGL3) AGD AGOS ADL356C

BLE Nopadt! Nawatoeees Later P Neaci627312) 0GR

CAGIEH0408Tg 2SO SPACAFS. 14c¢( hes)

FRA: Francci3_3687

FRE: Franeanl 1044 Franeanl 2711 Franeanl 2726 Franeanl 3929
Franeanl 4037 Franeanl 4577

FAL: FRAAL2514 FRAAL2618 FRAAL5910(atoB)

ACE: Acel_0626 Acel 0672

SEN: SACE_1192(mmgA) SACE_2736(fadA6) SACE_4011(catF)
SACE_6236(fadA4)

STP: Strop_3610

SAQ: Sare 1316 Sare 3991

RXY: Rxyl 1582 Rxyl 1842 Rxyl 2389 Rxyl 2530

FNU: FN0495

BGA: BG0110(fadA)

BAF: BAPKO 0110(fadA)

LIL: LA0457(thiL1) LA0828(thi.2) LA4139(fadA)

LIC: LIC10396(phbA)

LBJ: LBJ 2862(paal-4)

LBL: LBL_0209(paal-4)

SYN: slr1993(phaA)

SRU: SRU 1211(atoB) SRU 1547

CHU: CHU_1910(atoB)

GFO: GFO_1507(atoB)

FJO: Fjoh 4612

FPS: FP0770 FP1586 FP1725

RRS: RoseRS 3911 RoseRS 4348

RCA: Rcas 0702 Rcas 3206

HAU: Haur 0522

DRA: DR _1072 DR_1428 DR_1960 DR _2480 DR_A0053

DGE: Dgeo_0755 Dgeo_1305 Dgeo 1441 Dgeo_ 1883

TTH: TTC0191 TTC0330

154



MGR: M3G 01026 ANI: AN4923.2 AFM AFUA 3Gl0660
AFUA 807210 AOR. AC090003000611 AC0900 10000487 CNE:
WENGISTB0 CNE2670 UVA: UMD5362. 1 ECU. ECU O 0BADDEA008/086869
DDBDRAFT 0217522 DDB _0219924( hgsA) TET: TTHERM 00691
190 TBR: Th927.8.6110 YPE: YPOL457 YPK: y2712(pksG
YPM YP_1349(pksG YPA: YPA 0750 YPN: YPN 2521 YPP:
YPDSF_1517 YPS: YPTB1475 CBD: COXBU7E912_ 1931 TCX:
Tcr 1719 DNO. DNO 0799 BVMA: BMAAL1212 BPS: BPSS1002
BPM BURPS1710b_A2613 BPL: BURPSI 106A A1384 BPD:
BURPS668 A1470 BTE: BTH 111670 MXA: MXAN _3948(tac)
PTRANTERG6550MvaS) BSU. BGL0926( pksGQ

TME: Tmel 1134

FNO: Fnod 0314

PMO: Pmob_ 0515

HMA: rrnAC0896(acaB3) rmAC2815(aca2) rrnAC3497(yqeF)
rrnB0240(acal) rrnB0242(acaB2) rrnB0309(acaB1)

TAC: Ta0582

TVO: TVN0649

PTO: PTO1505

APE: APE 2108

SSO: 8802377 (acaB-4)

STO: ST0514

SAI: Saci_0963 Saci 1361(acaB1)

MSE: Msed 0656

PAI: PAE1220

PIS: Pisl_0029 Pisl 1301

PCL: Pcal 0781

PAS: Pars 0309 Pars 1071

CMA: Cmaq 1941
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O H: 0B2248 SAU. SA2334(nvaS) SAV: SAV2546(nvaS) SAM

MA2467(mvasS) SAR SAR2626(mvaS) SAS: SAS2432 SAC:
WEAOOABEL SAB: SAB2420(mvaS) SAA. SAUSA300 24BT/BSI008/086869

SAOUHSC 02860 SAJ: Saur JH9 2569SAH. Saur JH 2622 SEP:

SE2110 SER. SERP2122 SHA: SH0508(nvaS) SSP: SSP0324

LMD | nol 415 LMF: LM 2365_1434(nvaS) LIN 1inl 454

LVE: | wel 432(nvaS) LLA: L13187(hmcM LLC. LACR 1666

LLM |1mg_0929(hmcM SPY: SPy 0881(mvaS.2) SPZ:

M5005_Spy_0687(mvaS.1) SPM spyML8_0942(mvaS2) SPG

SpyM3_0600( nvaS. 2) SPS: SPsl 253

Exemplary HMG-CoA synthase nucleic acids and polypeptides

HSA: 3157(HMGCS1) 3158(HMGCS2)
PTR: 457169(HMGCS2) 461892(HMGCS1)
MCC: 702553(HMGCS1) 713541(HMGCS2)
MMU: 15360(Hmgcs2) 208715(Hmgcs1)
RNO: 24450(Hmgcs2) 29637(Hmgcs1)
CFA: 479344(HMGCS1) 607923(HMGCS2)
BTA: 407767(HMGCS1)

SSC: 397673(CH242-38B5.1)

GGA: 396379(HMGCS1)

XLA: 380091(hmgcs1) 447204(MGC80816)
DRE: 394060(hmgcs1)

SPU: 578259(LOC578259)

DME: Dmel_CG4311(Hmgs)

CEL: F25B4.6

ATH: AT4G11820(BAP])

OSA: 4331418 4347614

CME: CMM189C

SCE: YMLI126C(ERG13)

AGO: AGOS_ADL356C

PIC: PICST 83020

CAL: CaO19_7312(Ca019.7312)

CGR: CAGLOH04081g

SPO: SPACAF8.14¢(hcs)

MGR: MGG _01026

ANI: AN4923.2

AFM: AFUA_3G10660 AFUA_8G07210
AOR: A0090003000611 AO090010000487
CNE: CNC05080 CNG02670

UMA: UM05362.1

ECU: ECU10_0510
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SPH. MG3AS10270_Spy0745(nvasSl) SPI:

MGAS10750_Spy0779(nmvaSl) SPJ: MGAS2096_Spy0759( nvaSsl)
WOGRKI/OMEAS9429 SpyOr43(nvaSl ) SPF: SpyMb1121( nREIBYS2PR086869

M6_Spy0704 SPB: M28 Spy(667(mvaS.l) SPN. SP_1727 SPR

sprl571(nvaS) SPD: SPD 1537(nmvaS) SAG SAGL316 SAN:

gbsl 386 SAK: SAK 1347 SMJ. SMJ. 943c STC.

stro677(nvasS) STL: stuCb77(mvaS) STE: STER 0621 SSA:

SSA 0338(nvaS) SSU. SSU05_1641 SSV: SSW98_1652 SGO

SGO 0244 LPL: |p_2067(mvaS) LJO LJI 607 LAC

LBA0628( hntS) LSA: LSA1484(nvaS) LSL: LSL_0526 LDB:

b BEEHRAES)2 1 k89 DEHBE 99800 sA)
TET: TTHERM_00691190
TBR: Tb927.8.6110

YPE: YPO1457

YPK: y2712(pksG)

YPM: YP_1349(pksG)
YPA: YPA 0750

YPN: YPN 2521

YPP: YPDSF 1517

YPS: YPTB1475

CBD: COXBU7E912 1931
TCX: Ter 1719

DNO: DNO 0799

BMA: BMAAI1212

BPS: BPSS1002

BPM: BURPS1710b_A2613
BPL: BURPS1106A A1384
BPD: BURPS668_A1470
BTE: BTH_111670

MXA: MXAN 3948(tac) MXAN_4267(mvaS)
BSU: BG10926(pksG)

OIH: OB2248

SAU: SA2334(mvaS)

SAV: SAV2546(mvaS)
SAM: MW2467(mvaS)
SAR: SAR2626(mvaS)
SAS: SAS2432

SAC: SACOL2561

SAB: SAB2420(mvaS)
SAA: SAUSA300 2484
SAO: SAOUHSC 02860
SAJ: SaurJH9 2569
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LBR: LVISJ363 LCA: LSEIJ 785 LGA: LGAS 1372 LRE: Lreu
0676 PPE. PEPE 0868 EFA: EFl 363 OOE: CECE 0968 LME:
WO EbD7663:4 NFA: nf a22120 SEN:. SACE_4570( pksG BBUUS2008/086869
BB0683 BGA: BQ)706 BAF: BAPKO 0727 FJO Fjoh_0678 HAL:
VNGL615@ nvaB) HVA: rrnACl1740(nmvaS) HWA: HQ2868A(mvaB)
NPH:  NP2608A(nmvaB_| ) NP4836A(nvaB_2) Exenpl ary
hydr oxynet hyl gl ut aryl - CoA reduct ase nucl ei ¢ aci ds and
pol ypepti des HSA: 3156( HMCR) PTR 471516( HMGCR) MCC.
705479( HMGCR) MW 15357(Hmgcer) RNO 25675(Hnger) CFA:
479182( HMCR) BTA: 407159( HMXCR) GGA:
SRF1454RCEINB04 14nR4) SPU. 373355(LOC373355)

SEP: SE2110

SER: SERP2122

SHA: SH0508(mvaS)

SSP: SSP0324

LMO: Imo1415

LMF: LMO{f2365 1434(mvaS)
LIN: lin1454

LWE: lwe1432(mvaS)

LLA: L13187(hmcM)

LLC: LACR_1666

LLM: llmg 0929(hmcM)

SPY: SPy 0881(mvaS.2)

SPZ: M5005_Spy 0687(mvaS.1)
SPM: spyM18 0942(mvaS2)

SPG: SpyM3 0600(mvaS.2)

SPS: SPs1253

SPH: MGAS10270 Spy0745(mvaS1)
SPI: MGAS10750_Spy0779(mvaS1)
SPJ: MGAS2096 Spy0759(mvaS1)
SPK: MGAS9429 Spy0743(mvaS1)
SPF: SpyMS51121(mvaS)

SPA: M6_Spy0704

SPB: M28 Spy0667(mvaS.1)

SPN: SP_1727

SPR: spr1571(mvaS)

SPD: SPD_1537(mvaS)

SAG: SAG1316

SAN: gbs1386

SAK: SAK 1347

SMU: SMU.943¢

STC: str0577(mvaS)
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DVE: Dnel CGL0367(Hngcr) CEL: FOSF8.2 OSA: 4347443

SCE: YLR450W HMZ®) YM.O75C( HMGL) AGO. AGOS AERL52W
WEBRIOGABLOLI 15069 SPO SPCC162. 09c(hmgl ) AN PCTNSB08/086869

17.2 AFM AFUA 1GL 1230 AFUA 2G03700 ACR ACD90

1030003 1 1 ACD90 1200002 17 CNE: CNF04830 UMA: UMD30

14.1 ECU: ECU 0_| 720 DDI: DDB_0191125( hngA)

DDB_0215357(hnmgB) TBR Tb927.6.4540 TCR 506831. 40

509167.20 LMA: Lnj F30.3190 VCH. VCA0723 VCO V(0395

0662 WU: W2 0117 WY: VWA0625VPA: VPA0968 VFI

VFA0841 PAT: Pat| 0427 CBU. CBU 0030 CBU 0610 CBD:

COXBMEEARRa6)151 COXBU7E912_0622( hngA) TCX: Tcr_1717

BN srBRD31

SSA: SSA_0338(mvaS)
SSU: SSU05_1641

SSV: SSU98 1652

SGO: SGO_0244

LPL: Ip_2067(mvaS)
LJO: LJ1607

LAC: LBA0628(hmcS)
LSA: LSA1484(mvaS)
LSL: LSL_0526

LDB: Ldb0881(mvaS)
LBU: LBUL 0806

LBR: LVIS_1363

LCA: LSEI 1785

LGA: LGAS 1372

LRE: Lreu 0676

PPE: PEPE 0868

EFA: EF1363

OOE: OEOE_0968
LME: LEUM_1184
NFA: nfa22120

SEN: SACE_4570(pksG)
BBU: BB0683

BGA: BG0706

BAF: BAPKO 0727
FJO: Fjoh 0678

HAL: VNG1615G(mvaB)
HMA: rrnAC1740(mvaS)
HWA: HQ2868A(mvaB)
NPH: NP2608A(mvaB_1) NP4836A(mvaB_2)
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Cvl: CVv_1806 SUS: Acid_5728 Acid_6132 SAU.

SA2333(mvaA) SAV: SAV2545(nmvaA) SAM MAR466( nvaA) SAB:
WEAB2418Tq mvaA) SEP: SE2109 LVE: | weO819( mvaA) PLILBS2008/086869
L10433(nmvaA) LLC. LACR | 664 LLM 11 ng_0931(nmvaA) SPY:

SPy_0880(nvaS.l) SPM spyML8 0941(nvaSl) SPG
SpyM3_0599(nvaS. ) SPS: SPs 1254 SPH
MGAS10270_Spy0744 SPI: MGAS10750 _Spy0778 SPJ:
MGAS2096_Spy0758 SPK: MGAS9429 Spy0742 SPA: Mb_Spy0Or03
SPN: SP | 726 SAG SAGL317 SAN. gbsl 387 STC
strB76(nvaA) STL: stuCb76(mvaA) STE: STER 0620 SSA:

Bxeitnglai s hydrédyiyetityRilutalyilCOA 4dduddaseHDucleic acids and polypeptides

HSA: 3156(HMGCR)

PTR: 471516(HMGCR)

MCC: 705479(HMGCR)

MMU: 15357(Hmgcr)

RNO: 25675(Hmgcr)

CFA: 479182(HMGCR)

BTA: 407159(HMGCR)

GGA: 395145(RCIMB04_14m24)

SPU: 373355(LOC373355)

DME: Dmel_CG10367(Hmgcr)

CEL: FO8F8.2

OSA: 4347443

SCE: YLR450W(HMG2) YMLO75C(HMG1)
AGO: AGOS_AERI152W

CGR: CAGLOL11506g

SPO: SPCC162.09¢(hmgl)

ANI: AN3817.2

AFM: AFUA_1G11230 AFUA_2G03700
AOR: A0O090103000311 A0O090120000217
CNE: CNF04830

UMA: UM03014.1

ECU: ECU10 1720

DDI: DDB_0191125(hmgA) DDB_0215357(hmgB)
TBR: Tb927.6.4540

TCR: 506831.40 509167.20

LMA: LmjF30.3190

VCH: VCA(0723

VCO: VCO0395_ 0662

VVU: VV2 0117

VVY: VVA0625
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LJO LJI 608 LSL: LSL_0224 LBR LVIS 0450 LGA: LGASJ

373 EFA: EFl 364 NFA: nfa22110 BGA: BQ708(nvaA) SRU:
WOERWIAAB2s FPS: FP2341 MVP: MVPO087( hngA) MVQ  PCT/US2008/086869

Mrar C5_1589 MAC. MA3073( hngA) MBA: Mar _A1972 MVA:

MM 0335 MBU: Mour _1098 MHU: Mun_3004 MEM Memar _2365

MBN: Mooo_0137 MIH: MIH562 MST: Msp_0584( hngA) MSI:

Msm 0227 MKA: MKOB55( HMGL) AFU. AF1736( mvaA) HAL:

VNGL875@ nmvaA) HVA: rrnAC3412(nmvaA) HWA: HQB215A(hnmgR)

NPH: NPO368A(mvaA 2) NP2422A(nvaA_l)

VPA: VPA(0968

VFI: VFA0841

PAT: Patl 0427

CBU: CBU_0030 CBU_0610
CBD: COXBU7E912_0151 COXBU7E912_0622(hmgA)
TCX: Ter_1717

DNO: DNO 0797

CVI: CV_1806

SUS: Acid_5728 Acid 6132
SAU: SA2333(mvaA)

SAV: SAV2545(mvaA)
SAM: MW2466(mvaA)
SAB: SAB2419¢(mvaA)
SEP: SE2109

LWE: lwe0819(mvaA)
LLA:L10433(mvaA)

LLC: LACR_1664

LLM: llmg_0931(mvaA)
SPY: SPy 0880(mvaS.1)
SPM: spyM18 0941(mvaS1)
SPG: SpyM3_0599(mvaS.1)
SPS: SPs1254

SPH: MGAS10270_Spy0744
SPI: MGAS10750_Spy0778
SPJ: MGAS2096_Spy0758
SPK: MGAS9429 Spy0742
SPA: M6_Spy0703

SPN: SP_1726

SAG: SAG1317

SAN: gbs1387

STC: str0576(mvaA)

STL: stu0576(mvaA)
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TAC. Ta0406m TVO. TVN 168PTC PTA 143 PAB:
PAB2106( mvaA) PFU. PF1848 TKO TK0914 RCI:

WOREINABBTE hngA) RClI X376( hngA) APE: APE | 869 |MO/US2008/086869
[ gni _0476 HBU: Hout_1531 SSO SSQ0531 STO ST1352 SAl:
Saci _1359 PAL PAE2182 PIS: Pisl _0814 PCL: Pcal 1085
PAS: Pars 0796Exenpl ary neval onate ki nase nucl ei c
aci ds and pol ypepti des HSA: 4598( WK) MCC. 707645( WK)
MMUJ: 17855(Mk) RNO 81727(M/k) CFA: 486309( WK) BTA:
505792( WK) GGA: 768555( WK) DRE: 492477(zgc: 103473)
SPU:. 585785(L0OC585785) DME: Del _CG33671 OSA: 4348331

STE: STER 0620

SSA: SSA 0337(mvaA)
LPL: Ip_0447(mvaA)
LJO: LI1608

LSL: LSL 0224

LBR: LVIS 0450

LGA: LGAS 1373

EFA: EF1364

NFA: nfa22110

BGA: BG0708(mvaA)
SRU: SRU_2422

FPS: FP2341

MMP: MMPO0087(hmgA)
MMQ: MmarC5 1589
MAC: MA3073(hmgA)
MBA: Mbar A1972
MMA: MM_0335

MBU: Mbur_ 1098
MHU: Mhun 3004
MEM: Memar 2365
MBN: Mboo_ 0137
MTH: MTHS562

MST: Msp 0584(hmgA)
MSI: Msm_0227

MKA: MK0355(HMG1)
AFU: AF1736(mvaA)
HAL: VNGI1875G(mvaA)
HMA: rrnAC3412(mvaA)
HWA: HQ3215A(hmgR)
NPH: NP0368A(mvaA_ 2) NP2422A(mvaA_1)
TAC: Ta0406m

TVO: TVN1168
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SCE: YMR208W ERGL2) AGO. AGOS_AER335W PI C:

Pl CST_40742( ERGL2) CGR CAGLOF03861g SPO SPACL3G6. 11c
WOBRY/OMGEE 06946 ANl : AN3869. 2 AFM  AFUA 4GD778BCEIDR008/086869

AC090023000793 CNE: CNKOL740 ECU: ECU09 1780 DD :

DDBDRAFTJ) 168621 TET: TTHERM 00637680 TBR:

Th927. 4. 4070 TCR 436521.9 509237.10 LMA: Lnj F3 1.0560

CBU. CBU 0608 CBU 0609 CBD: COXBU7E912_0620( mvk) LPN:

| pg2039LPF: | pl 2017 LPP: | pp2022 BBA: Bdl C27(| nbP)

Bdl 630( mvk) MXA: MXAN 5019(mvk) O H OB0225 SAU:

SA0547(mvaKl ) SAV: SAV0590(nvaKl) SAM MAD545( nvaKl )

BARpTOARE596( mvakKl )
PAB: PAB2106(mvaA)

PFU: PF1848

TKO: TK0914

RCI: RCIX1027(hmgA) RCIX376(himgA)
APE: APE 1869

IHO: Igni 0476

HBU: Hbut 1531

SSO: SS00531

STO: ST1352

SAI: Saci_1359

PAI: PAE2182

PIS: Pisl 0814

PCL: Pcal_1085

PAS: Pars 0796
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SAS: SAS0549 SAC: SACOL0636(nvk) SAB: SAB0540( nvakl)

SAA: SAUSA300 0572(nvk) SAO SAOUHSC 00577 SEP: SE0361
WEEROBERP0238( mvk) SHA: SH2402(mvaKl ) SSP: SSR2I/BL2008/086869

LMD | moOO O LMF: LMO¥F 2365_0011 LIN |in0Od O LVE:

| we0011(mvk) LLA: L7866(yeaG LLC. LACR 0454 LLM

| | mg_0425(mvk) SPY: SPy 0876(mvaKkl) SPZ:

M5005_Spy_0682(mvaKl) SPM spyML8_0937(mvaKl ) SPG

SpyMB_0595( nvaKl ) SPS: SPsl 258 SPH:

MGAS10270_Spy0740(mvaKl ) SPI :

MGAS10750_Spy0774(mvaKl ) SPJ: MGAS2096_Spy0753(mvakK )

1126( mvak
ﬁﬁm@%%%%%%’%%ﬂ&%@ﬁk iy agy(pe;%méw (nvaKi)

HSA: 4598(MVK)

MCC: 707645(MVK)
MMU: 17855(Mvk)

RNO: 81727(Mvk)

CFA: 486309(MVK)

BTA: 505792(MVK)

GGA: 768555(MVK)

DRE: 492477(zgc:103473)
SPU: 585785(LOC585785)
DME: Dmel CG33671
OSA: 4348331

SCE: YMR208W(ERG12)
AGO: AGOS_AER335W
PIC: PICST 40742(ERG12)
CGR: CAGLOF03861g
SPO: SPAC13G6.11c
MGR: MGG_06946

ANI: AN3869.2

AFM: AFUA 4G07780
AOR: A0090023000793
CNE: CNK01740

ECU: ECU09 1780

DDI: DDBDRAFT (0168621
TET: TTHERM 00637680
TBR: Tb927.4.4070

TCR: 436521.9 509237.10
LMA: LmjF31.0560

CBU: CBU 0608 CBU_0609
CBD: COXBU7E912_0620(mvk)
LPN: 1pg2039
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SPN: SP 0381 SPR spr838(nvk) SPD: SPD 0346(nvk) SAG
SAG 326 SAN: gbsl 396 SAK: SAK 1357(nvk) SMJ. SMJ. 181
WET09/0B67€559( mvaKl ) STL: st uCB59(mvaKl ) STE: BIEBRSDEOS:6869

SSA: SSA 0333(nvakl) SSU: SSUD5 0289 SSV: SSU98 0285

SGO SGO 0239(nvk) LPL: |p_1735(mvaKl) LJO LJ1205
LAC. LBAI 167(mvakK) LSA: LSA0908(mvaKl) LSL:
LSL_0685(eRG) LDB: LdbO999(mvk) LBU: LBUL 0906 LBR:
LVIS 0858 LCA: LSEl 1491 LGA: LGAS 1033 LRE: Lreu_0915
PPE: PEPE 0927 EFA: EF0904(mvk) OOE: OEOCEJ]I OO

LPF: Ipl2017

LPP: Ipp2022

BBA: Bd1027(JmbP) Bd1630(mvk)
MXA: MXAN 5019(mvk)

OIH: OB0225

SAU: SA0547(mvaK1)

SAV: SAV0590(mvaK1)

SAM: MW0545(mvaK1)

SAR: SAR0596(mvaK1)

SAS: SAS0549

SAC: SACOL0636(mvk)

SAB: SAB0540(mvaK1)

SAA: SAUSA300 0572(mvk)
SAO: SAOUHSC 00577

SEP: SE0361

SER: SERP0238(mvk)

SHA: SH2402(mvaK1)

SSP: SSP2122

LMO: Imo0010

LMF: LMOf2365 0011

LIN: 1in0010

LWE: Iwe0011(mvk)

LLA: L7866(yeaG)

LLC: LACR_0454

LLM: llmg_0425(mvk)

SPY: SPy 0876(mvaK1)

SPZ: M5005 Spy 0682(mvaK1)
SPM: spyM18 0937(mvaK1)
SPG: SpyM3 0595(mvaK1)
SPS: SPs1258

SPH: MGAS10270_Spy0740(mvaK1)
SPI: MGAS10750 Spy0774(mvaK1)
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LME: LEUM 1385 NFA: nfa22070 BGA: B&711 BAF. BAPKO

0732 FPS: FP0313 MWP: MWP1335 MAE: Maeo_0775 MAC
WOROBOA6NK) MBA: Mar Al1421 MVA: MM 1762 MBU: PCT/US2008/086869

Mour 2395 MHU. Mhun_2890 MEM Memar 1812 MBN

Mooo 2213 MST: Msp_0858(nvk) MSI: Msm 1439 MKA:

MKO993( ERGL2) HAL: VNGL145G nvk) HMA: rrnACO077( nmvk)

HWA: HQR925A( nmvk) NPH: NP2850A(nvk) PTG PTOL352 PHO

PH1625 PAB: PAB0372(nvk) PFU. PF1637(nvk) TKO TK1474

RCl : LRC399( nvk)

SPJ: MGAS2096 Spy0753(mvaK1)
SPK: MGAS9429 Spy0737(mvaKl1)
SPF: SpyM51126(mvaK1)
SPA: M6_Spy0699

SPB: M28 Spy0662(mvaK1)
SPN: SP_0381

SPR: spr0338(mvk)

SPD: SPD_0346(mvk)
SAG: SAG1326

SAN: gbs1396

SAK: SAK 1357(mvk)
SMU: SMU.181

STC: str0559(mvaK1)
STL: stu0559(mvakK1)
STE: STER 0598

SSA: SSA 0333(mvaK1)
SSU: SSU05_0289

SSV: SSU98 0285

SGO: SGO_0239(mvk)
LPL: Ip_1735(mvaK1)
LJO: LJ1205

LAC: LBA1167(mvaK)
LSA: LSA0908(mvaK1)
LSL: LSL 0685(eRG)
LDB: Ldb0999(mvk)
LBU: LBUL 0906

LBR: LVIS 0858

LCA: LSEI 1491

LGA: LGAS 1033

LRE: Lreu 0915

PPE: PEPE 0927

EFA: EF0904(mvk)
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APE: APE_2439 HBU:. Hbut _0877 SSO SSQ0383 STO
ST2185SAl : Saci _2365(nvk) MSE: Msed_1602 PAL PAE3108
WOL®9/0Ri63d 0467 PCL: Peal 1835Exenpl ary PCT/US2008/086869
phosphoneval onat e ki nase nucl ei ¢ aci ds and

pol ypepti des HSA: 10654( PWK) PTR: 457350( PMWK) MCC:
717014(PWK) MWJ: 68603( Pmvk) CFA: 612251( PWK) BTA:
513533( PWK) DWME: Dnel _CGl0268 ATH: AT1G31910 OSA:
4332275 SCE: YMR220W ERG) AGO AGOS AER354W PI C.

PI CST_52257( ERG8) CGR CAGLOF03993g SPO SPAC343. 0lc
MER MGG 05812 ANL AN2311.2 AFM AFUA 5G1L0680 AOR:
SN YHOELPRO0471 CNE: CNMOA OO

LME: LEUM 1385
NFA: nfa22070

BGA: BG0711

BAF: BAPKO 0732
FPS: FP0313

MMP: MMP1335
MAE: Maeo 0775
MAC: MA0602(mvk)
MBA: Mbar A1421
MMA: MM 1762
MBU: Mbur_2395
MHU: Mhun 2890
MEM: Memar 1812
MBN: Mboo 2213
MST: Msp_0858(mvk)
MSI: Msm_ 1439
MKA: MK0993(ERG12)
HAL: VNG1145G(mvk)
HMA: rrnAC0077(mvk)
HWA: HQ2925A(mvk)
NPH: NP2850A(mvk)
PTO: PTO1352

PHO: PH1625

PAB: PAB0372(mvk)
PFU: PF1637(mvk)
TKO: TK1474

RCI: LRC399(mvk)
APE: APE 2439

HBU: Hbut 0877

SSO: SSO0383

STO: ST2185
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UVA: UMDO760.1 DDI: DDBDRAFT OL845 12 TBR ThO9.

160. 3690 TCR. 507913. 20 508277.140 LMA: Lnj F15. 1460
WOR0KOMEAN 5017 O H O0B0227 SAU: SA0549( mvaK2) PCIVS2008/086869

SAV0592( nvak2) SAM MM547(nvak2) SAR:

SAR0D598( nvak2) SAS: SAS0551 SAC: SACOL0638 SAB:

SAB0542( nvakK2) SAA: SAUSA300 0574 SAO. SAOUHSC 00579

SAJ: Saur JH9_0615 SEP: SE0363 SER. SERP0240 SHA:

SH2400( nvakK2) SSP: SSP2120 LMO. | mp0012 LMNF:

LMOX 2365_0013 LIN: 1in0012 LVE |we0013 LLA:

L10014(yebA) LLC. LACR 0456 LLM || ng_0427

SAIL Saci_2365(mvk)
MSE: Msed 1602
PAI: PAE3108

PIS: Pisl_0467

PCL: Pcal 1835
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SPY: SPy_0878(mvaK2) SPZ: M005_Spy_ 0684(nvakK2) SPM
spyML8_0939 SPG SpyM3_0597(nvakK2) SPS: SPsl| 256 SPH:
WOBASLBBTO _Spy0742(mvakK2) SPI: MGAS10750_Spy 0 7P6GK/ Irs2088086869
SPJ: MGAS2096_Spy0755(nvakK2) SPK:
MGAS9429 Spy0739(nvakK2) SPF:. SpyMbl1124(nvaK2) SPA:
M6_Spy0701 SPB: M8 Spy0664(mvakK2) SPN. SP_0383 SPR:
spr0340(nvaK2) SPD: SPD 0348(nvakK2) SAG SAGL324 SAN:
gbsl 394 SAK: SAK | 355 SMJ. SMJ. 938 STC.
str®61(nvakK2) STL: stuGs6l(nmvakK2) STE: STER 0600 SSA:
SSA 0335(nvaK2) SSU. SSU0O5 0291 SSV: SSW98 0287 SGO
BE@pley phdspliomelv Jorlaf I3 aasw akldic Aciddand pdipptides

HSA: 10654(PMVK)
PTR: 457350(PMVK)
MCC: 717014(PMVK)
MMU: 68603(Pmvk)
CFA: 612251(PMVK)
BTA: 513533(PMVK)
DME: Dmel_CG10268
ATH: AT1G31910

OSA: 4332275

SCE: YMR220W(ERGS)
AGO: AGOS_AER354W
PIC: PICST 52257(ERGS)
CGR: CAGLOF03993g
SPO: SPAC343.01¢

MGR: MGG _05812

ANI: AN2311.2

AFM: AFUA 5G10680
AOR: A0O090010000471
CNE: CNM00100

UMA: UM00760.1

DDI: DDBDRAFT 0184512
TBR: Tb09.160.3690
TCR: 507913.20 508277.140
LMA: LmjF15.1460
MXA: MXAN 5017

OIH: OB0227

SAU: SA0549(mvaK?2)
SAV: SAV0592(mvaK2)
SAM: MW0547(mvaK2)
SAR: SAR0598(mvaK?2)
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LAC. LBAI 169 LSA: LSA0906(mvakK2) LSL: LSL_0683 LDB:
Ldb®97(mvaK) LBU. LBUL 0904 LBR LVIS 0860 LCA: LSEI

W0 20987d6GA: LGAS 1035 LRE: Lreu_0913 PPE: PEPBPUDES2008/086869
EFA: EF0902 NFA: nfa22090 BGA: BQ)710 BAF: BAPKO 0731
NPH: NP2852A SSO SSO2988 STO ST0978 SAlI: Saci
1244Exenpl ary di phosphoneval onat e decar boxyl ase
nucl ei ¢ aci ds and pol ypepti des HSA: 4597( WD) PTR
468069( WD) MCC. 696865(MWD) MWUJ:. 192156( Mvd) RNC
81726( Mvd) CFA: 489663( WD) GGA: 425359( WD) DME:
Del _C&E8239 SCE: YNRO43W MvD1)

SAS: SAS0551

SAC: SACOL0638

SAB: SAB0542(mvaK?2)

SAA: SAUSA300 0574

SAO: SAOUHSC 00579

SAJ: SaurJH9 0615

SEP: SE0363

SER: SERP(0240

SHA: SH2400(mvaK2)

SSP: SSP2120

LMO: Imo0012

LMF: LMOf2365 0013

LIN: lin0012

LWE: Iwe0013

LLA: L10014(yebA)

LLC: LACR 0456

LLM: llmg 0427

SPY: SPy 0878(mvaK2)

SPZ: M5005_Spy 0684(mvaK2)
SPM: spyM18 0939

SPG: SpyM3 0597(mvaK?2)

SPS: SPs1256

SPH: MGAS10270 Spy0742(mvaK?2)
SPI: MGAS10750_Spy0776(mvaK2)
SPJ: MGAS2096_Spy0755(mvaK?2)
SPK: MGAS9429 Spy0739(mvaK2)
SPF: SpyM51124(mvaK?2)

SPA: M6 _Spy0701

SPB: M28 Spy0664(mvaK2)

SPN: SP_0383

SPR: spr0340(mvaK?2)

SPD: SPD 0348(mvaK?2)
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AGO AGOS_AGL232C PIC. PICST_90752 CGR: CAGL0C036309g
SPO. SPAC24C9. 03 MGR MSG 09750 ANI: AN4414.2 AFM
WY 07AGDY 130 AOR ACD90023000862 CNE: CNL0495BCTINER008/086869
UMD5 179.1 DDl : DDBDRAFT 0218058 TET: TTHERM 00849200
TBR: Thbl O. 05. 0010 Thl O 61. 2745 TCR: 507993. 330 5
11281.40 LMA: Lnmj F 18. 0020 CBU. CBU_0607(nvaD) CBD:
COXBU7E912_0619(nmvaD) LPN: | pg2040 LPF: | pl 2018 LPP:
| pp2023TCX: Tcr _1734 DNO DNO _0504(nvaD) BBA: Bdl 629
MXA: MXAN_5018(mvaD) O H: 0OB0226 SAU. SA0548( nvaD)
SAV: SAV0591(mvaD) SAM MAD546( nvaD)
SAG: SAG1324

SAN: gbs1394

SAK: SAK 1355
SMU: SMU.938

STC: str0561(mvaK2)
STL: stu0561(mvaK?2)
STE: STER 0600
SSA: SSA 0335(mvaK?2)
SSU: SSU05_0291
SSV: SSU98 0287
SGO: SGO_0241
LPL: 1p_1733(mvaK2)
LJO: LJ1207

LAC: LBA1169

LSA: LSA0906(mvaK?2)
LSL: LSL,_0683

LDB: Ldb0997(mvaK)
LBU: LBUL 0904
LBR: LVIS 0860
LCA: LSEI 1092
LGA: LGAS_1035
LRE: Lreu 0913

PPE: PEPE 0925
EFA: EF0902

NFA: nfa22090

BGA: BG0710

BAF: BAPKO 0731
NPH: NP2852A

SSO: 8502988

STO: ST0978

SAIL: Saci_ 1244
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SAR SAR0597(mvaD) SAS: SAS0550 SAC. SACOL0637(mvaD)
SAB: SAB0541(nmvaD) SAA: SAUSA300_0573(mvaD) SAC

WEGAORIBE7O0578 SAJ: Saur JH9_0614 SAH  Saur JH _PGROS2B4986869
SE0362 SER SERP0239(nmvaD) SHA: SH2401(nvaD) SSP:
SSP2121 LMO. | np0011 LM LMOF 2365 _0012(nvaD) LIN:
[in0011 LVE: | we0012(nvaD) LLA: L9089(yeaH) LLC. LACR
0455 LLM |1 ng_0426(nvaD) SPY: SPy_0877(nvaD) SPZ:
Mb005_Spy_0683(mvaD) SPM spyML8_0938(mvd) SPG
SpyM3_0596( nvaD) SPS: SPsl| 257SPH:
MGAS10270_Spy0741(nmvaD) SPI: MGAS10750_Spy0775( nvaD)
SPJ: MGAS2096_Spy0754(nmvaD) SPK:

ﬁ%ﬁﬁéﬁ&pﬁﬂ)‘ﬂoﬁ%glm(aQPAecarboxylase nucleic acids and polypeptides

HSA: 4597(MVD)

PTR: 468069(MVD)

MCC: 696865(MVD)
MMU: 192156(Mvd)

RNO: 81726(Mvd)

CFA: 489663(MVD)

GGA: 425359(MVD)

DME: Dmel CG8239

SCE: YNR043W(MVD1)
AGO: AGOS_AGIL232C
PIC: PICST 90752

CGR: CAGLO0C03630g
SPO: SPAC24C9.03

MGR: MGG_09750

ANI: AN4414.2

AFM: AFUA 4G07130
AOR: A0O090023000862
CNE: CNL04950

UMA: UM05179.1

DDI: DDBDRAFT 0218058
TET: TTHERM 00849200
TBR: Tb10.05.0010 Tb10.61.2745
TCR: 507993.330 511281.40
LMA: LmjF18.0020

CBU: CBU_0607(mvaD)
CBD: COXBU7E912 0619(mvaD)
LPN: Ipg2040

LPF: 1p12018

LPP: Ipp2023
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SPF: SpyMp1125(nmvaD) SPA: Ms_Spy0700 SPB:

M28_ Spy(663(nvaD) SPN. SP 0382 SPR spr(Q339(nvdl) SPD:
WEGRDIOBAT( mvaD) SAG SAGL325(mvaD) SAN: gbsl 39BCTBB8008/086869

SAK 1356(nvaD) SMJ. SMJ. 937 STC. str0560(nmvaD) STL:

stu0560(nvaD) STE: STER 0599 SSA: SSA 0334(nvaD) SSU

SSU05_0290 SSV: SSW98 0286 SGO. SGO 0240(nvaD) LPL:

| p_1734(nvaD) LJO LJ1206 LAC. LBAl 168(nvaD) LSA:

LSA0907(mvaD) LSL: LSL_0684 LDB: Ldb(998(nvaD) LBU:

LBUL_0905 LBR LVIS 0859 LCA: LSElI 1492 LGA: LGAS 1034

TCX: Ter_1734

DNO: DNO_0504(mvaD)
BBA: Bd1629

MXA: MXAN_5018(mvaD)
OIH: OB0226

SAU: SA0548(mvaD)

SAV: SAV0591(mvaD)
SAM: MW0546(mvaD)
SAR: SAR0597(mvaD)
SAS: SAS0550

SAC: SACOL0637(mvaD)
SAB: SAB0541(mvaD)
SAA: SAUSA300 0573(mvaD)
SAO: SAOUHSC_00578
SAJ: SaurJH9 0614

SAH: SaurJH1 0629

SEP: SE0362

SER: SERP0239(mvaD)
SHA: SH2401(mvaD)

SSP: SSP2121

LMO: Imo0011

LMF: LMOf2365 0012(mvaD)
LIN: 1lin0011

LWE: Iwe0012(mvaD)
LLA: L9089(yeaH)

LLC: LACR 0455

LLM: llmg_0426(mvaD)
SPY: SPy 0877(mvaD)
SPZ: M5005_Spy 0683(mvaD)
SPM: spyM18 0938(mvd)
SPG: SpyM3_0596(mvaD)
SPS: SPs1257
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LRE: Lreu 0914PPE: PEPE 0926 EFA: EF0903(rnmvaD) LME:

LEUM 1386 NFA: nfa22080 BBU:. BB0686 BGA: BQD709 BAF:
WEBABKIB780 GFO GFO 3632 FPS: FP0310(nmvaD) HARELT/US2008/086869

Haur 1612 HAL: VNG0593G dnd) HVA: rrnAC1489(dnd) HWA:

HQL525A( mvaD) NPH:. NP1580A(nmvaD) PTG PTQ0478 PTOL356

SSO SSO2989 STO ST0977 SAl: Saci _1245(mvd) MSE: Msed

1576Exenpl ary i sopentenyl phosphate kinases (I PK)

nucl ei ¢ aci ds and pol ypepti des Met hanobacteri um

t her noaut ot r ophi cum gi | 2621082 Met hanococcusj annaschi i

DSM 2661 gi| 1590842 ; Met hanocal dococcusj annaschi i

SPH: MOAISHRD M%’bhﬁﬂfﬁamr mobact er thermaut ot r ophi cus

| [ hilus torridus DSMB790 (1 G 57)
g%l é@%g{% 5%72 s abyssi gi| 14520758 Pyrococcus
&UrMIGA*Sh@% Sﬁymsg(nivaBSOSZ Ar chaeogl obusf ul gi dus

%%% npl ary i sopent enyl - di phosphat e
ta [ soms'r BIY nucl eic acids and pol ypepti des
SPE: SpyM51125(mvaD)

SPA: M6_Spy0700

SPB: M28_Spy0663(mvaD)
SPN: SP_0382

SPR: spr0339(mvdl)
SPD: SPD_0347(mvaD)
SAG: SAG1325(mvaD)
SAN: gbs1395

SAK: SAK 1356(mvaD)
SMU: SMU.937

STC: str0560(mvaD)
STL: stu0560(mvaD)
STE: STER_0599

SSA: SSA 0334(mvaD)
SSU: SSU05_0290

SSV: SSU98 0286
SGO: SGO_0240(mvaD)
LPL: lIp 1734(mvaD)
LJO: L1206

LAC: LBA1168(mvaD)
LSA: LSA0907(mvaD)
LSL: LSL 0684

LDB: Ldb0998(mvaD)
LBU: LBUL_0905

LBR: LVIS 0859

LCA: LSEI 1492

LGA: LGAS 1034
LRE: Lreu 0914
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HSA: 3422(1DI1) 91734(1D2) PTR 450262(1 Dl 2)
450263(1 DI 1) MOC: 710052(LOC710052) 721730( LOC721730)
WOMI90EBAE54( 1 di |) RNO. 89784(1dil) GGA: 420458(T/D510p8/086869
XLA: 49467 1(LOC494671) XTR 496783(idi2) SPU:
586184(LOC586184) CEL: KO6H7.9(idi-1) ATH
AT3@02780(1 PP2) OSA: 4338791 4343523 CME: CMB062C SCE:
YPLI 17C(IDII1) AGO AGOS_ADL268C Pl C:
Pl CST_68990( | DI 1) CGR CAGL0J06952g SPO
SPBC106. 15(idi|) ANI: ANO579.2 AFM AFUA 6GL1160 ACR
AC090023000500 CNE: CNAO2550 UMA: UMD4838.1 ECU: ECU02
BR3PEBDlgofaDB_0191342(i pi) TET: TTHERM 00237280 TTHERM

RDA38R8R 18R, TbOS. 21 1.0700

LME: LEUM 1386
NFA: nfa22080

BBU: BB0686

BGA: BG0709

BAF: BAPKO 0730
GFO: GFO 3632

FPS: FP0310(mvaD)
HAU: Haur 1612

HAL: VNG0593G(dmd)
HMA: rrnAC1489(dmd)
HWA: HQ1525A(mvaD)
NPH: NP1580A(mvaD)
PTO: PTO0478 PTO1356
SSO: SS02989

STO: ST0977

SAIL Saci_1245(mvd)
MSE: Msed 1576
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TCR 408799. 19 510431.10 LMA: Lnj F35. 5330 EH :

46.t 00025ECO. h2889(i di) ECJ: JW857(idi) ECE Z4227
WESBOEEIR761 ECC. c3467 ECI: UTI 89 _C3274 ECP: PEXIPSRBB@6869

ECV: APECOL 3638 ECW EcE24377A 3215(idi) ECX:

ECHS A3048 STY: STY3195 STT: t2957 SPT: SPA2907(i di)

SEC. SC2979(idi) STM STM3039(idi) SFL: SF2875(i di)

SFX: S3074 SFV: SFV_ 2937 SSN. SSON 3042

SSON_3489(yhf K) SBO. SBO 3103 SDY: SDY_3193 ECA:

ECA2789 PLU: pl u3987 ENT: Ent 638 3307 SPE: Spro_ 2201

Exemplary isopentenyl phosphate kinases (IPK) nucleic acids and polypeptides

Methanobacterium thermoautotrophicum gi|2621082
Methanococcus jannaschii DSM 2661 gi|1590842 ;
Methanocaldococcus jannaschii gi|1590842
Methanothermobacter thermautotrophicus gi|2621082
Picrophilus torridus DSM9790 (IG-57) gil48477569
Pyrococcus abyssi gi|14520758

Pyrococcus horikoshii OT3 gi|3258052
Archaeoglobus fulgidus DSM4304 gi|2648231
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VPA: VPA0278 VFI: VF0403 PPR PBPRA0469(nvaD) PEN:

PSEEN4850 CBU: CBU 0607(mvaD) CBD:
WEDMBUTEIL2_0619(mvaD) LPN: | pg2051LPF: | pl 2028C1/P82008/086869

| pp2034 TCX: Tcr 1718 HHA: Hhal 1623 DNO DNO 0798

EBA: ebA5678 p2A143 DVU. DVUL679(idi) DDE: Dde 1991

LIP: LIl 134 BBA: Bdl 626 AFW Anael 09 4082 MXA:

MXAN 5021(ftii) RPR RP452 RTY: RT0439(idi) RCO

RCO744 RFE: RF_0785(foi) RBE: RBE 0731(fni) RAK:

ALC 04190 RBO.  All _O4755 RCM AlE_(R555 RRI: Al1G 04195

Exemplary isopentenyl-diphosphate Delta-isomerase (IDI) nucleic acids and polypeptides

HSA: 3422(IDI1) 91734(IDI2)
PTR: 450262(IDI2) 450263(IDI1)

MCC: 710052(LOC710052) 721730(LOC721730)
MMU: 319554(Idi1)

RNO: 89784(1di1)

GGA: 420459(IDI1)

XLA: 494671(LOC494671)

XTR: 496783(idi2)

SPU: 586184(LOC586184)

CEL: K06H7.9(idi-1)

ATH: AT3G02780(IPP2)

OSA: 4338791 4343523

CME: CMB062C

SCE: YPL117C(IDI1)

AGO: AGOS_ADL268C

PIC: PICST_68990(IDI1)

CGR: CAGL0J06952¢

SPO: SPBC106.15(idi1)

ANI: AN0579.2

AFM: AFUA 6G11160

AOR: A0090023000500

CNE: CNA02550

UMA: UM04838.1

ECU: ECU02 0230

DDI: DDB_0191342(ipi)

TET: TTHERM._ 00237280 TTHERM 00438860
TBR: Tb09.211.0700

TCR: 408799.19 510431.10

LMA: LmjF35.5330

EHI: 46.t00025
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M.O mr6371 RET: RHE_PD00245(ypd00046) XAU: Xaut 4134

SIL: SPO0131 SIT: TMLO40 3442 RSP: RSP__ 0276 RSH:
WORRPMITB20_ 1919 RSQ Rsphl 7025 1019 JAN. Jann_BABBSRIDENS6869

RDI_0147(idi) DSH Dshi 3527BSU. BGL1440(ypgA) BAN:

BAl 7520 BAR GBAA1520 BAA: BA 2041 BAT: BAS 1409 BCE:

BC1499 BCA: BCE_1626 BCZ: BCZK1380(fhi) BCY:

Bcer 98_1222 BTK: BT9727_1381(fni) BTL: BALH 1354 BLD:

BLi 02426 BAY: RBAM 021020(ftii) BPU. BPUM 2020(f ni)

O H: OB0537 SAU: SA2136(fni) SAV: SAV2346(f hi)

ECO: b2889(idi)

ECJ: JW2857(idi)

ECE: 24227

ECS: ECs3761

ECC: c3467

ECI: UTI89 (3274

ECP: ECP_2882

ECV: APECO1_3638
ECW: EcE24377A_3215(idi)
ECX: EcHS A3048

STY: STY3195

STT: 12957

SPT: SPA2907(idi)

SEC: 8SC2979(idi)

STM: STM3039(idi)
SFL: SF2875(idi)

SFX: §3074

SFV: SFV_2937

SSN: SSON_3042 SSON_3489(yhfK)
SBO: SBO_3103

SDY: SDY 3193

ECA: ECA2789

PLU: plu3987

ENT: Ent638 3307

SPE: Spro_2201

VPA: VPA0278

VFI: VF0403

PPR: PBPRA0469(mvaD)
PEN: PSEEN4850

CBU: CBU_0607(mvaD)
CBD: COXBU7E912 0619(mvaD)
LPN: Ipg2051
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SAM MA267(fhi) SAR SAR2431(fhi) SAS: SAS2237 SAC:
SACOL2341(fiii) SAB: SAB2225c(fhi) SAA:

WE2OSABB0 2292(f hi) SAO SAOUHSC 02623 SEP: SHIORBS2B#086869
SERP1937(fni-2) SHA: SHO712(fhi) SSP: SSP0556 LMO
| ol 383 LMF: LMOF 2365_1402(fhi) LIN: |inl 420L\VE;
Iwel 399(fhi) LLA: L11083(yebB) LLC. LACR 0457 LLM
1 ng_0428(fhi) SPY: SPy_ 0879 SPZ: M005_Spy 0685 SPM
spyML8_0940 SPG SpyM3 0598 SPS: SPsl 255 SPH:
MGAS10270 Spy0743 SPI: MGAS10750 Spy0777 SPJ:
MGAS2096_Spy0756 SPK: MGAS9429 Spy0740 SPF:

Sy 20223 f hi )
LPP: 1pp2034

TCX: Ter_1718

HHA: Hhal 1623
DNO: DNO_0798
EBA: ebA5678 p2A143
DVU: DVU1679(idi)
DDE: Dde 1991

LIP: LI1134

BBA: Bd1626

AFW: Anae109 4082
MXA: MXAN_ 5021(fni)
RPR: RP452

RTY: RT0439(idi)
RCO: RC0744

RFE: RF_0785(fni)
RBE: RBE 0731(fni)
RAK: A1C_04190
RBO: A11 04755
RCM: A1E 02555
RRI: A1G_04195
MLO: mlr6371

RET: RHE _PD00245(ypd00046)
XAU: Xaut_ 4134

SIL: SPO0131

SIT: TM1040_3442
RSP: RSP 0276

RSH: Rsph17029 1919
RSQ: Rsph17025 1019
JAN: Jann 0168

RDE: RD1_0147(idi)
DSH: Dshi_3527
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SPA: M6_Spy0702 SPB: M28_Spy0665 SPN: SP_0384 SPR:

sprQB841(fhi) SPD: SPD 0349(fei) SAG SAd 323 SAN:
WQREPABBTEAK. SAK 1354(fhi) SMU: SMJ. 939 STC. PCT/US2008/086869

stro662(idi) STL: stuCB62(idi) STE: STER 0601 SSA:

SSA 0336 SGO. SGO 0242 LPL: Ip_1732(idil) LIJO LJI 208

LAC, LBAl 171 LSA: LSA0905(idi)LSL: LSL_0682 LDB:

Ldb0O96(fni) LBU: LBUL_0903 LBR LVI'S 0861 LCA:

LSEl 1493 LGA: LGAS | 036 LRE: Lreu_ 0912 EFA: EF0901

OOE: “OECE_1103 STH STH1674

BSU: BG11440(ypgA)
BAN: BA1520

BAR: GBAA1520

BAA: BA 2041

BAT: BAS1409

BCE: BC1499

BCA: BCE 1626

BCZ: BCZK1380(fni)
BCY: Bcer98 1222
BTK: BT9727 1381(fni)
BTL: BALH 1354

BLI: BL02217(fni1)
BLD: BLi02426

BAY: RBAM_021020(fni)
BPU: BPUM_2020(fni)
OIH: OB0537

SAU: SA2136(fni)

SAV: SAV2346(fni)
SAM: MW2267(fnt)
SAR: SAR2431(fni)
SAS: SAS2237

SAC: SACOL2341(tni)
SAB: SAB2225¢(fni)
SAA: SAUSA300 2292(fni)
SAO: SAOUHSC 02623
SEP: SE1925

SER: SERP1937(fni-2)
SHA: SH0712(fni)

SSP: SSP0556

LMO: Imo1383

LMF: LMOf2365_1402(fni)
LIN: 1in1420
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CBE: Cbei _3081 DRM Dred_0474 SWO. Swol _1341 MTA:
Mot h_1328 MIU:. Rvl 745c(idi) MIC. Mri787(idi) MO
wOR09PZw(¢ di ) MBB: BCG 1784c(idi) MPA: NMAP3079RCTIVIEN2008/086869

MAV_3894(fci) MSM MSMEG 057(fhi) MSMEG 2337(fhi)
MUL: MJL_0380(idi 2) MVA: Mvan_1582 Mran_2176 M3 :
MIlv_1842 MIv_4187 MMC. Mrcs_1954 MKM Mns_2000 MIL:
M1s_1934 CG.: NCgl 2223(cgl 2305) CGEB: cg2531(idi) CEF:
CE2207 CDI: DI P1730(idi) NFA: nfal 9790 nfa22100RHA:
RHAI _ro000239 SCO SCO6750( SC5F2A. 33c) SMA:
SAV1663(idi) LXX: Lxx23810(idi) CM: CvM 2889(i di A
AN 1w B (D321 (i di )

LLA:L11083(yebB)

LLC: LACR_0457

LLM: limg_0428(fni)

SPY: SPy 0879

SPZ: M5005_Spy 0685

SPM: spyM18 0940

SPG: SpyM3_0598

SPS: SPs1255

SPH: MGAS10270_Spy0743

SPI: MGAS10750_Spy0777

SPJ: MGAS2096 Spy0756

SPK: MGAS9429 Spy0740

SPF: SpyM51123(fni)

SPA: M6_Spy0702

SPB: M28_Spy0665

SPN: SP_0384

SPR: spr0341(fni)

SPD: SPD_0349(fni)

SAG: SAG1323

SAN: gbs1393

SAK: SAK_1354(fni)

SMU: SMU.939

STC: str0562(idi)

STL: stu0562(idi)

STE: STER 0601

SSA: SSA 0336

SGO: SGO_0242

LPL: Ip_1732(idi1)

LJO: LJ1208

LAC: LBAI171

LSA: LSA0905(idi)
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PAC. PPA2115 FRA: Francci 3_4188 FRE: Franeanl 5570
FAL: FRAAL6504(idi) KRA: Krad_3991 SEN.

WEAOR0A%26/ (i di B_2) SACE_5210(idi) STP: Strop_4BGBUSAGH/086869
Sare_4564 Sare_4928 RXY: Rxyl 0400 BBU. BB0684 BGA:
B&707 SYN. S111556 SYC. syc2161 c SYF:

Synpcc7942_1933 CYA: CYA 2395(fhi) CYB: CYB_2691(fni)
TEL: tl11403 ANA: all 4591 AVA: Ava_2461 Ava_B0346 TER
Tery 1589 SRU. SRU 1900(idi) CHU. CHU 0674(idi) GG
GFO _2363(idi) FJO Fjoh_0269 FPS: FP1792(idi) CTE:
CT0257CCH: Cag_1445 CPH. Cpha266_0385

LSL: LSL 0682

LDB: Ldb0996(fni)

LBU: LBUL_0903

LBR: LVIS 0861

LCA: LSEI_1493

LGA: LGAS 1036

LRE: Lreu 0912

EFA: EF0901

OOE: OEOE 1103

STH: STH1674

CBE: Cbei_ 3081

DRM: Dred 0474

SWO: Swol 1341

MTA: Moth 1328

MTU: Rv1745¢(idi)
MTC: MT1787(idi)

MBO: Mb1774c(idi)
MBB: BCG 1784c(idi)
MPA: MAP3079¢

MAV: MAV_3894(fni)
MSM: MSMEG 1057(fni) MSMEG 2337(fni)
MUL: MUL_0380(idi2)
MVA: Mvan_1582 Mvan 2176
MGI: Mflv_1842 Mflv 4187
MMC: Mmcs_1954
MKM: Mkms_ 2000

MJL: Mjls_1934

CGL: NCgl2223(cgl2305)
CGB: cg2531(idi)

CEF: CE2207

CDI: DIP1730(idi)

NFA: nfal9790 nfa22100
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PVI: Cvib_1545 PLT: Plut_1764 RRS: RoseRS 2437 RCA:

Rcas 2215 HAU. Haur 4687 DRA: DR | 087 DCGE: Dgeo 1381
WA/ 01667¢?0067 TTJ: TTHBI|I O MJA: MI0862 MVP: NMMPODUZR08/086869

MV MrarC5_1637 MW: Mrar C6_0906 MMZ: Mrar C7_1040

MAE: Maeo_1184 MVN: Mevan_1058 MAC. MAO604(idi) MBA:

Moar _A1419 MMVA: MM 1764 MBU: Mour _2397 MIP: M he_0474

MHU:. Mhun_2888 MLA: M ab_1665 MEM Menar_1814 MBN:

Mboo_ 2211 MIH: MrH48 MST: Msp_0856(fni)

RHA: RHA1 ro00239
SCO: SCO6750(SCSF2A.33¢)
SMA: SAV1663(idi)

LXX: Lxx23810(idi)

CMI: CMM_2889(idiA)
AAU: AAur_0321(idi)
PAC: PPA2115

FRA: Francci3 4188

FRE: Franeanl 5570

FAL: FRAAL6504(idi)
KRA: Krad_3991

SEN: SACE_2627(idiB_2) SACE_5210(idi)
STP: Strop 4438

SAQ: Sare_4564 Sare_4928
RXY: Rxyl 0400

BBU: BB0684

BGA: BG0707

SYN: sll1556

SYC: syc2161 ¢

SYF: Synpcc7942 1933
CYA: CYA 2395(tfni)
CYB: CYB 2691(fni)
TEL: t111403

ANA: all4591

AVA: Ava 2461 Ava B0346
TER: Tery 1589

SRU: SRU_1900(idi)
CHU: CHU_0674(idi)
GFO: GFO_2363(idi)

FJO: Fjoh 0269

FPS: FP1792(idi)

CTE: CT0257
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MBI : Msm 1441 MKA: MKO776(11dD) AFU. AF2287HAL:
VNGL818G(i di ) VNGB081Gcrt |) VNGB445G crt_2) VNG7060
WO/NBIAZBTHNVA: rrnAC3484(idi) HWA: HQR772A(i1 di ACT/US2008/086869
HQR847A(i di B) NPH: NPO360A(i di B_I) NP4826A(i di A)
NP5124A(i di B_2) TAC. TaOl02 TVO TVNOL79 PTO PTQO0496
PHO PH1202 PAB: PAB 1662 PFU. PF0856 TKO TK1470 RCI:
LRC397(fni) APE: APE 1765.1 SMR. Smar 0822 | HO
I gni _0804 HBU. Hbut 0539 SSO SSO0063 STO ST2059 SAI:
Saci _0091 MSE: Msed_2136 PAI: PAE0801 PI'S: Pisl_1093
PCL: Pcal 0017 PAS: Pars_ 0051 TPE: Tpen_0272Exenpl ary
Fekbdragnd45ynt hase nucl ei ¢ aci ds and pol ypepti des

CPH: Cpha266 0385
PVI: Cvib_1545

PLT: Plut 1764

RRS: RoseRS 2437
RCA: Rcas_2215
HAU: Haur 4687
DRA: DR _1087

DGE: Dgeo_ 1381
TTH: TT _P0067

TTJ: TTHB110

MIJA: MJ0862

MMP: MMP0043
MMQ: MmarC5 1637
MMX: MmarC6_0906
MMZ: MmarC7 1040
MAE: Maeo_ 1184
MVN: Mevan 1058
MAC: MA0604(idi)
MBA: Mbar A1419
MMA: MM_ 1764
MBU: Mbur_2397
MTP: Mthe 0474
MHU: Mhun_2888
MLA: Mlab_1665
MEM: Memar 1814
MBN: Mboo 2211
MTH: MTH48

MST: Msp_0856(fni)
MSI: Msm_1441
MKA: MK0776(1idD)
AFU: AF2287
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Genbank Accession Nos. AY341431 AY3 16691 AY279379
AJ457070 AY182241CLAIMS 1. Cells in culture that
WEeodoow7gr eat er t han about 400 nnol e/ gwem hr BET/US2008/086869

isoprene. 2. Cells in culture that have an average
vol unetric productivity of isoprene greater than about
0.1 ng/Lbroth/hr. 3. Cells in culture that convert
nore than about 0.002 nol ar percent of the carbon that
the cells consune froma cell culture nediuminto
isoprene. 4 . Cells in culture conprising a
het er ol ogous nucl ei ¢ aci d encodi ng an i soprene
Bywht W6 88186 (idi pENG6aBeG(cvthe VeNGB44 dGEcre @) VING{a6) VINGTdac e

a 1..about 400 nnol e/ gweni hr of isoprene, (ii)
ggﬁbéﬁéc%gggh han about 0.002 nol ar percent of the
B30 827 Rayidi) Q284 1iddonsume from a cell culture

e Wbk RiE sﬂnﬁ@a@A(lﬂ) r@slm)A fiave) an average
vol unetric productivity ‘of |sopreﬁe greater than about

649 170! %broth/ hr. 5. Cells in culture conprising a
meberaimgous nucl ei ¢ aci d encodi ng an i soprene

gﬁﬁgg%ﬁg)polypeptide, wherei n the heterol ogous nucl ei c
: 3perab|y linked to a pronoter, and wherein the

pHOduI202ON of isoprene by the cells is greater than
) nnmol e/ gwenf hr. 6. Cells in culture
conprirsing a heterol ogous nucleic acid encodi ng an
PEHPFesé synt hase pol ypeptide, wherein the
febefolsogous nucleic acid is operably |linked to a
gronnter and wherein the cells have an average
o bRei¥/(fe) producti vity of isoprene greater than about
Aprd: AvY/ 1Agsoth/hr. 7. Cells in culture conprising a
ggggﬁgggg us nucleic acid encoding an isoprene
t | ypeptide, wherein the heterol ogous nucleic
Hﬂjﬁmig&mperably linked to a pronoter, and wherein
?ﬁﬁqﬂ; bout 0. 002 nol ar percent of the carbon that
e celi’s consune froma cell culture mediumis
TEhve0elsed |nto i soprene. 8. The cells of any one of
§h§@$§g and 5, wherein the cells produce greater
t han out
SAI: Saci_0091
MSE: Msed 2136
PAI: PAE0801
PIS: Pisl_1093
PCL: Pcal 0017
PAS: Pars 0051

TPE: Tpen_0272
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4.0 x 103 nnol e/ gwcm hr of isoprene.9. The cells of
claim8, wherein the cells produce greater than about
wWa2090766044 nnol e/ gwem hr of i soprene. 10. The REI/US200$/086869
claim9, wherein the cells produce greater than about
1.5 x 105 nnol e/gwenf hr of isoprene. 11. The cells of
any one of clains 1, 4, and 5, wherein the cells
produce between about 400 nnol e/ gwenf hr to about 2.0 x
105 nnol e/ gwcm hr of isoprene. 12. The cells of any
one of clains 2, 4, and 6, wherein the cells have an
average volunetric productivity of isoprene greater
ExemplaiddprenkQPnthdpe hiia&t fridirand palypephigescel | s of cl aim
12, wherein the cells have an average vol unetric
productivity of isoprene greater than about 1,000
Grgbdok AoteksidwNos14. The cells of claim 13, wherein the
$have an average vol unetric productivity of
| soprene greater than about 1,500 ng/Lbroth/hr. 15.
AEoedI | s of any one of claims 2, 4, and 6, wherein
AWeoeel | s have an average vol umetric productivity of
|sqprene bet ween about 0.1 to about 1,500 ng/Lbroth/hr
The cells of any one of clainms 3, 4, and 7,
IMh@BEmn the cel s convert nore than about 0.05 nol ar
percent of the carbon into isoprene. 17. The cells of
claim 16, wherein the cells convert nore than about 1
nol ar percent of the carbon into isoprene. 18. The
cells of claim17, wherein the cells convert nore than
about 10 nol ar percent of the carbon into isoprene.
19. The cells of claim 18, wherein the cells convert
nore than about 20 nol ar percent of the carbon into
I soprene. 20. The cells of any one of clains 3, 4, and
7, wherein the cells convert between about 0.002 to
about 25 nol ar percent of the carbon into isoprene. 2
1. The cells of any one of clains 4-7, wherein the
i soprene synt hase pol ypeptide is a plant isoprene
synt hase pol ypeptide. 22. The cells of any one of
claims 1-21, further conprising a heterol ogous nucleic
acid encoding an I D pol ypeptide.
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23. The cells of any one of clains 1-22, further
conprising an insertion of a copy of an endogenous

woewbeiwiaci d encodi ng an |1 Dl pol ypepti de. 24.Panes2008/086869
cells of any one of clainms 1-23, further conprising a
het er ol ogous nucl ei ¢ acid encodi ng a DXS pol ypepti de.
25. The cells of any one of clains 1-24, further
conprising an insertion of a copy of an endogenous
nucl ei ¢ acid encodi ng a DXS pol ypeptide. 26. The cells
of any one of clains 1-25, further conprising one or
nmore nucl eic acids encoding an | DI pol ypeptide and a
DXS pol ypeptide. 27. The cehlmsof claim 26, wherein
one nucl ei c acid encodes the isoprene synthase

pgleyce{gtn{ quﬂ?re I&Hapr&ﬂll %&ga\?\%g{r!g phe ﬁgﬁ)ggéﬁ w°"’ encgggs t he

i soprene synt hase pol ypeptide, |DI polypept|de and
ZDXS 0als P& Rk 8t haddan aV8eeGRlulstrie brodttYivie & 1§3Fre§é AP than

-28, further conprising a heterol ogous nucleic acid
a@ﬂE8&“ﬁ§¢&HmNVA pat hway pol ypepti de.30. The cells of
cl ai m 29, mhereln t he MVA pat hway polypept|de is a
Jreval.gnat e of i m 30
ier 1 T TRARE uvel skt OREBeT 07 PelitasRean s B iimite e
c8IB. corisnme Greth laselbdultare aiedind Into abyeerei N t he MVK i s a
pol ypepti de from Met hanosarci na mazei. 33. The cells
of any one of clains 4-32, wherein the isoprene
4sy nt Blls én qybiiry pesprriside a hejerplogras wckeid agid gueoding pmigoprene synthase
}ﬁ%éﬁ)ﬂ@ﬁp%ggn fe Qgﬁs Slroal[cle ?reat%han-‘rlbﬁxt e®) dlx%l&gwcm%%f ﬁ&p?e%e (ii)

wherein t he |soBrene synthase poly ideis a
CAMET QrY tbanéE%P %raolﬁcne%é pt %@rw %@# apqneredore gLl
cdlture thbBurt Blkd iSophe, dNii) AR A favezdgd ivBBmériSgrodudhiatyQif Ropréie

i SO synt hase pol ypeptide is a naturally-occurring
581 @% Pﬁ&qFP °¢@bulus. 36. The cells of claim 35,
mhereln the isoprene synthase polypeptide is a

nat Uée&f llIyCuR?rg ggl’l'rl Il’l@l %Q g?té{‘&ﬁggls uc]\.);g aglcpg llfllg %I?ls?%ene Syni Ztse
pelanqprldes whegein thiq é@t_enobg@g oupleiqrgsl leomraamlldkeém@@mpmgtexamdwmm
tl&%&ﬁﬁ@%n Bpﬂséﬁ’&l@wf ﬁ{@ cells is greater than about 400 nmole/gycm/hr.

6. Cells in culture comprising a heterologous nucleic acid encoding an isoprene synthase
polypeptide, wherein the heterologous nucleic acid is operably linked to a promoter, and wherein

the cells have an average volumetric productivity of isoprene greater than about 0.1 mg/Lyem/hr.

7. Cells in culture comprising a heterologous nucleic acid encoding an isoprene synthase
polypeptide, wherein the heterologous nucleic acid is operably linked to a promoter, and wherein
more than about 0.002 molar percent of the carbon that the cells consume from a cell culture

medium is converted into isoprene.

8. The cells of any one of claims 1, 4, and 5, wherein the cells produce greater than about

4.0x10° nmole/gyem/hr of isoprene.
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38. The cells of claim37, wherein the MWK is a
pol ypepti de from Met hanosarci na. 39. The cells of
W@L@vaTd3 wherein the MVK is a pol ypeptide frRem/US2008/086869
Met hanosarci na nazei. 40. The cells of any one of
clainms 1-39, wherein the cells are bacterial cells.
41. The cells of claim40, wherein the cells are
gram positive bacterial cells. 42. The cells of claim
41, wherein the cells are Bacillus cells.43. The cells
of claim42, wherein the cells are Bacillus subtilis
cells. 44. The cells of claim40, wherein the cells
sar e glﬁmﬂsnﬁ"gatni & evhbraiatierckllsl praiatd gieated than ddoer 40t 108 of
ﬁﬁ fwhq£g|n the cells are Escherichia or Pantoea
7%““ 6. "Phé cel I's of claim45, wherein the cells
are Escherichia coli or Pantoea citrea cells. 47. The
el | [l 51 s are
e o CeuHaRlE kool RO plagich pWEREL Bl LRE1 2 2
ol sydy 6f rEhoder ma cel |'s. 49. The cells of claim
48, wherein the cells are Trichoderna reesei cells.
50. The cells of c¢claim47, wherein the cells are yeast
o | Lo gl of pheoE e . dcind St sesin Gt pdton betwesn Fsout 400
nafol/ gY a/Ht @nbaut C®Ix 197 ndle/g, LR o€ Bbpréne0f cl ai m 51, wherein
the cells are Yarrowa |lipolytica cells. 53. A nethod
for producing isoprene, the nethod conprising
12ul t Threicallp of edyl e ofndkéns Z dnabid 6] vdeseirsttd fellshayn tn dveragr wilueeic
r of isoprene. 54.
]%§ﬁakﬁ§dﬁ?%&n@?&%%gﬁﬁgmﬁgggsgﬁﬁmﬂ%ﬁe nmet hod conpri si ng
culturing cells under conditions resulting in an
13V er AR ek HIH’%I le @h@&pfﬂy eéuls ¥dve ¥in Neragém ERANRY of
t han about, O. [ Lbr ot h/ 55 d for
1%?6&U¥WﬁﬁﬂP%6BH§H@ nﬁHQMM@thod conpr|5|ng cul turing
cells under conditions sufficient to convert nore than

bou er.cent o the carbon that t ce
Boms IEERREARE RerFratny (8 hidr B e G T rehE 8ol A
isppteheogtedtan thap at@duCiOA gpgilsoplirene, t he net hod conpri si ng
culturing cells conprising a heterol ogous nucleic acid
encodi ng an i soprene synthase pol ypepti de, wherein the
et efhsicelyefianyrone bleslagmsad toanil §, vdiseemethe «y:llst lam& mchverageavolumetric

pmdeamtﬁﬁma{ege ARSI uRY, O UGt PS’OO%%/ ORf ene by the
Ils 1s greater than about gmnnihr 57. A

nethod for producing |soprene, the net hod conpri sing

16Ul t THelcBIG of &yl ofie STAHRAY 35 UNAd A, ViREeRT B ROOaVIHUEIrEihen A6itd.05
codln(gqﬁcm%qprene synt hase pol ypepti de, wherein the

nﬁ)gaf BY & into 1soprefie.

17.  The cells of claim 16, wherein the cells convert more than about 1 molar percent of the

carbon into isoprene.

18.  The cells of claim 17, wherein the cells convert more than about 10 molar percent of the

carbon into isoprene.

19.  The cells of claim 18, wherein the cells convert more than about 20 molar percent of the

carbon into isoprene.
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nucleic acid is operably linked to a pronoter, and
wherein the cells have an average vol unetric
wWpeodooisiei ty of isoprene greater than about 0PAT/US2008/086869
ng/ Lbroth/hr. 58. A nmethod for producing isoprene, the
met hod conprising culturing cells conprising a
het er ol ogous nucl ei ¢ aci d encodi ng an i soprene
synt hase pol ypepti de, wherein the heterol ogous nucleic
acid is operably linked to a pronoter, and wherein
nore than about 0.002 nol ar percent of the carbon that
the cells consune froma cell culture nmediumis
converted into isoprene. 59. A nethod of producing
iOS OPFfN&1s 55&8%5@%?8?[&5 9 rgjgdde geréu?}he gegfs C(%I Ierrt1 tv%eeeln Iag'out 0.002
conpri sing ogous nuel” encodi
@9@&#@h@dgyﬁWﬁé9@m®%ﬁvpeml$@¥mander sui tabl e culture
conditions for the production of isoprene, wherein the
cells (i) produce greater than about 400 nnol e/ gWoM hr
ot i Ibpte fh%_f any eneypf %@W &1/t Wheisinsthe ieRiens BUthasarobpPtde s 4 plant
ppEse Bintiade polypeptid bon that the cells consune from a
cell culture mediuminto isoprene, or (iii) have an
average volunetric productivity of isoprene greater
22han Thdxelit of Gnylonemyf ¢liime 11, Hurthef conpaptigateterdspduy dugleic acid
' ' e. 60. The nethod of any one of

e%%%@%%h§%}%§@g%§gd 59, wherein the cells produce
greater than about 4.0 x 103 nnol e/ gWen hr of
335 OPHRNRYs & :Lny KRSt TBRME 9@2 Piretfed (g)hlm'lg% anm%lgﬁ bk d cgﬁy of an
cel | s produce greater than about

AARgeRIUg cHFiFeidspeodigy p B @olygsptideThe et h od of claimé61l,
mhereln t he ceIIs produce greater than about 1.5 x 105

r opr 3. The nethod of any one of
! ai g@g é@‘ ’gaey O S8 v fgfﬂ?fr ERPrisiag ¢ geti?lamf&@wlew acid
dnetdiwg@DX8yolypeptid® nnol e/ gwenm hr to about 2.0 x 105
nnmol e/ gwenil hr of i soprene. 64. The nethod of any one
of clainms 54, 57, and 59, wherein the cells have an
2av er Alpecelloif ampedne pEelpme 84 thirthet oyﬁl@ﬁsﬂmyﬁseﬁm gfragapyedf an
/ The net hod of claim
e%ﬁgﬁﬁﬁggg%ﬁ%?ﬁgﬁg&%ggBzgvg'a average vol unetric
productivity of isoprene greater than about 1,000

280/ LPKQlel dTbny &6 of cldifis [r@f B ther®ombHiAgBnb 8 mAb ﬁd’c?e'ld'hcfdb €

cells hﬁne an a e volunetric productivity of

a
reodpe an Pl gppplse ﬁnﬂngékPB{XPePﬁ! d%500 ng/ Lbrot h/ hr.
27.  The cells of claim 26, wherein one nucleic acid encodes the isoprene synthase

polypeptide, IDI polypeptide, and DXS polypeptide.

28. The cells of claim 27, wherein one plasmid encodes the isoprene synthase polypeptide,

IDI polypeptide, and DXS polypeptide.

29.  The cells of any one of claims 1-28, further comprising a heterologous nucleic acid

encoding an MVA pathway polypeptide.
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67. The cells of any one of clains 54, 57, and 59,
wherein the cells have an average vol unetric
wWpeodooisiei ty of isoprene between about 0.1 toPGEHUS008/086869
1,500 ng/Lbroth/hr 68. The nethod of any one of clains
55, 58, and 59, wherein the cells convert nore than
about 0.05 nol ar percent of the carbon into isoprene.
69. The nethod of claim68, wherein the cells convert
nore than about 1 nolar percent of the carbon into
i soprene. 70. The nethod of claim69, wherein the
cells convert nore than about 10 nol ar percent of the
&hr bdhe ¢etls of clagn P9, evherein THe MVA @athedylpoly papfideis ainrvaléhate kinase
ein the cells convert nore than about 20 nol ar
percent of the carbon into isoprene. 72. The nethod of
any one of clains 55, 58, and 59, wherein the cells
TIONV Ghd NS AWRER 3R RALkin Che QYK 0 @%é&id@éoﬂeﬁz&no@%zﬁﬁ nt
of the carbon into isoprene.73. e nethod of any one
of clainms 53-72, further conprising recovering the
35 oprenelipsfetiins 8 whyrein iR Mek s, polfeptidRorBleAorbs @Fin@nze:.
one of clains 56-73, wherein the isoprene synthase
pol ypeptide is a plant isoprene synthase pol ypeptide.
3B5. Thecetiedfhodonsfof daiyns 4132, vdfkerenl thd ipredsynthasewhigpeptide it he
; ' t er ol ogous nucleic acid
%ﬁ%% f%§$§%$F¥ﬁ$g%%§%§%?F%%: 76. The nethod of any one
of clainms 53-75, wherein the cells further conprise an
ianserhd Qs Qfclafn $0RYerth 1R MofR R BolIPeptideia rﬂﬁfrﬂly-occun’ing
encoding an | Dl pol ypeptide. 77. The nethod of any one
ROfYPERtidy fom Enerarda (igtéd"8i n the cel |'s further conprise a
het er ol ogous nucl ei ¢ acid encodi ng a DXS pol ypepti de.

8. e t.hod of .an f clains 53-77, wherein the
Foi 1| cslraran o nptie M35 el iGhneat v s gy epice s
mvddigermusg polgpepiide faei RBbpecodi ng a DXS pol ypepti de.

79. The nethod of any one of clains 53-78, wherein the
cells further conprise one or nore nucleic acids

¥nc odherrglisad cladi 3pwhergie fie isderemerspnthesOXEypoptidy peptaiuckdly-o80rring

pblgeptiBt hQd Pk LBLM 79, wherein one nucleic acid
encodes the i soprene synthase pol ypeptide, |Dl

pol ypepti de, and DXS pol ypepti de.

37.  The cells of any one of claims 35 and 36, further comprising a heterologous nucleic acid

encoding an MV A pathway polypeptide.
38.  The cells of claim 37, wherein the MVK is a polypeptide from Methanosarcina.

39.  The cells of claim 38, wherein the MVK is a polypeptide from Methanosarcina mazei.

40.  The cells of any one of claims 1-39, wherein the cells are bacterial cells.
41.  The cells of claim 40, wherein the cells are gram-positive bacterial cells.
42. The cells of claim 41, wherein the cells are Bacillus cells.
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81. The nethod of claim 80, wherein one plasmd
encodes the isoprene synthase pol ypeptide, IDI
w@logpaprd de, and DXS pol ypeptide. 82. The mnetPOOUSF008/086869
any one of clainms 53-8 1,wherein the cells further
conprise a heterol ogous nucl eic acid encodi ng an WA
pat hway pol ypeptide. 83. The cells of claim 82,
wherei n the MVA pat hway pol ypeptide is a neval onate
ki nase (MVK).84. The cells of claim83, wherein the
MK is a pol ypeptide from Met hanosarci na. 85. The
cells of claim84, wherein the WK is a pol ypeptide
31 onTMSTORR 42, WheréiR BRcclls 8R. Badilles saBtifodisof any one
of clains 56-85, wherein the isoprene synthase
pol ypeptide is a naturally-occurring pol ypeptide from
Auer Trd calls @ ¢lainT4e whar¢ih tel cabs aelgaammegaijve Winedriel dallg he
i soprene synt hase pol ypeptide is a naturallyoccurring
zgolypeptlde from Pueraria nontana. 88. The nethod of
ny blreceltof glaim 4 whgeig e celly exedisehetithin ardapparrellsynt hase
pol ypeptide is a naturally-occurring polypeptide from
Popul us. 89. The nethod of claim88, wherein the
465 0 pFhsrfallsgy ﬁ%ﬁh@e%ﬁ%@ stls @ EseherichipgolioaPanase eires selly
polypeptlde from Popul us al ba. 90. The nethod of any

ains 88 and 8 rther c risi a

4I('%et e }beICS o({fgnynqalsp laém%lﬁ?% W@Ffsl&’ﬁe ﬁl?s mp‘%}h hway
pol ypeptide. 91. The cells of claim90, wherein the

K e nosar ci 92. The
4M/| lJls"hc'eoc 1l (1? ]Xipn w SFeill e{hg llh/?{]t}aﬁi? rmg cg%pol ypepti de
fron1thhanosarC|na mazei. 93. The nethod of any one
@f C'hﬁ:' Ol 0’%@1&9{248 W&I?fhg célllg @re%wzoa'er%eeepg%lﬁr i al
cells. 94. The method of claim93, wherein the cells
are grampositive bacterial cells. 95 The nethod of
50! ai TheQdils ofBIgeI MNwhdidn BELIS aRiGasERA. | | US cel |'s. 96.
The nethod of claim 95, wherein the cells are Bacillus
subtilis cells. 97. The nethod of claim 93, wherein
Sthe Telckls ofitleingitawhdicg)tat calle ade aet-ewin adliscel | s. 98. The
nmet hod of claim97, wherein the cells are Escherichia
or Pantoea cells. 99. The nmethod of claim 98, wherein
52he Bwlcklls odrleinEd cweardicthi eclls eeiYagowiPépdineacals.t r ea
cells. 100. The nethod of any one of clains 53-92
wherein the cells are fungal cells. 101. The nethod of
3¢1 ai Mrmethod foppradusing isoprence BF msthag eoutprisishadieringmeliseiie

conditions sufficient to produce greater than about 400 nmole/gycm/hr of isoprene.

54. A method for producing isoprene, the method comprising culturing cells under
conditions resulting in an average volumetric productivity of isoprene greater than about 0.1

mg/ meth/hr .
55. A method for producing isoprene, the method comprising culturing cells under

conditions sufficient to convert more than about 0.002 molar percent of the carbon that the cells

consume from a cell culture medium into isoprene.
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102. The nmethod of claim 100, wherein the cells are

Tri choderma reesei cells. 103. The nethod of claim
wagoy/owees ein the cells are yeast cells. 104. PGEUS2008/086869

nmet hod of claim 103, wherein the cells are Yarrow a

cells. 105. The nethod of claim 104, wherein the cells

are Yarrow a |ipolytica cells.

56. A method for producing isoprene, the method comprising culturing cells comprising a
heterologous nucleic acid encoding an isoprene synthase polypeptide, wherein the heterologous
nucleic acid is operably linked to a promoter, and wherein production of isoprene by the cells is

greater than about 400 nmole/gycm/hr.

57. A method for producing isoprene, the method comprising culturing cells comprising a
heterologous nucleic acid encoding an isoprene synthase polypeptide, wherein the heterologous
nucleic acid is operably linked to a promoter, and wherein the cells have an average volumetric

productivity of isoprene greater than about 0.1 mg/Liom/hr.

58. A method for producing isoprene, the method comprising culturing cells comprising a
heterologous nucleic acid encoding an isoprene synthase polypeptide, wherein the heterologous
nucleic acid is operably linked to a promoter, and wherein more than about 0.002 molar percent

of the carbon that the cells consume from a cell culture medium is converted into isoprene.

59. A method of producing isoprene, the method comprising

(@) culturing cells comprising a heterologous nucleic acid encoding an isoprene synthase
polypeptide under suitable culture conditions for the production of isoprene, wherein the cells (i)
produce greater than about 400 nmole/gy.m/hr of isoprene, (ii) convert more than about 0.002
molar percent of the carbon that the cells consume from a cell culture medium into isoprene, or
(iii) have an average volumetric productivity of isoprene greater than about 0.1 mg/Lyem/hr of
isoprene, and

(b) producing isoprene.

60.  The method of any one of claims 53, 56, and 59, wherein the cells produce greater than

about 4.0 x 10° nmole/gyem/hr of isoprene.

61.  The method of claim 60, wherein the cells produce greater than about 4.0 x 10*

nmole/gwem/hr of isoprene.

62.  The method of claim 61, wherein the cells produce greater than about 1.5 x 10°

nmole/gy.m/hr of isoprene.
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63. The method of any one of claims 53, 56, and 59 wherein the cells produce between about

400 nmole/gwem/hr to about 2.0 x 10° nmole/gy.m/hr of isoprene.

64. The method of any one of claims 54, 57, and 59, wherein the cells have an average

volumetric productivity of isoprene greater than about 100 mg/Lirom/hr.

65.  The method of claim 64, wherein the cells have an average volumetric productivity of

isoprene greater than about 1,000 mg/Lyom/hr.

66. The method of claim 65, wherein the cells have an average volumetric productivity of

isoprene greater than about 1,500 mg/Lim/hr.

67. The cells of any one of claims 54, 57, and 59, wherein the cells have an average

volumetric productivity of isoprene between about 0.1 to about 1,500 mg/Lyom/hr

68. The method of any one of claims 55, 58, and 59, wherein the cells convert more than

about 0.05 molar percent of the carbon into isoprene.

69.  The method of claim 68, wherein the cells convert more than about 1 molar percent of

the carbon into isoprene.

70.  The method of claim 69, wherein the cells convert more than about 10 molar percent of

the carbon into isoprene.

71. The method of claim 70, wherein the cells convert more than about 20 molar percent of

the carbon into isoprene.

72. The method of any one of claims 55, 58, and 59, wherein the cells convert between about

0.002 to about 25 molar percent of the carbon into isoprene.
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73. The method of any one of claims 53-72, further comprising recovering the isoprene

produced by the cells.

74.  The method of any one of claims 56-73, wherein the isoprene synthase polypeptide is a
plant isoprene synthase polypeptide.

75.  The method of any one of claims 53-74, wherein the cells further comprise a
heterologous nucleic acid encoding an IDI polypeptide.
76.  The method of any one of claims 53-75, wherein the cells further comprise an insertion

of a copy of an endogenous nucleic acid encoding an IDI polypeptide.

77. The method of any one of claims 53-76,wherein the cells further comprise a

heterologous nucleic acid encoding a DXS polypeptide.

78.  The method of any one of claims 53-77, wherein the cells further comprise an insertion

of a copy of an endogenous nucleic acid encoding a DXS polypeptide.

79.  The method of any one of claims 53-78, wherein the cells further comprise one or more

nucleic acids encoding an IDI polypeptide and a DXS polypeptide.

80.  The method of claim 79, wherein one nucleic acid encodes the isoprene synthase

polypeptide, IDI polypeptide, and DXS polypeptide.

81. The method of claim 80, wherein one plasmid encodes the isoprene synthase

polypeptide, IDI polypeptide, and DXS polypeptide.

82.  The method of any one of claims 53-81,wherein the cells further comprise a heterologous

nucleic acid encoding an MVA pathway polypeptide.

83. The cells of claim 82, wherein the MVA pathway polypeptide is a mevalonate kinase
(MVK).
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84.  The cells of claim 83, wherein the MVK is a polypeptide from Methanosarcina.

85.  The cells of claim 84, wherein the MVK is a polypeptide from Methanosarcina mazei.

86.  The method of any one of claims 56-85, wherein the isoprene synthase polypeptide is a

naturally-occurring polypeptide from Pueraria.

87.  The method of claim 86, wherein the isoprene synthase polypeptide is a naturally-

occurring polypeptide from Pueraria montana.

88. The method of any one of claims 56-85, wherein the isoprene synthase polypeptide is a

naturally-occurring polypeptide from Populus.

89.  The method of claim 88, wherein the isoprene synthase polypeptide is a naturally-
occurring polypeptide from Populus alba.

90.  The method of any one of claims 88 and 89, further comprising a heterologous nucleic

acid encoding an MVA pathway polypeptide.

91.  The cells of claim 90, wherein the MVK is a polypeptide from Methanosarcina.

92.  The cells of claim 91, wherein the MVK is a polypeptide from Methanosarcina mazei.

93. The method of any one of claims 53-92, wherein the cells are bacterial cells.

94. The method of claim 93, wherein the cells are gram-positive bacterial cells.

95. The method of claim 94, wherein the cells are Bacillus cells.

96. The method of claim 95, wherein the cells are Bacillus subtilis cells.

97. The method of claim 93, wherein the cells are gram-negative bacterial cells.
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98.

99.

100.

101.

102.

103.

104.

105.

The method of claim 97, wherein the cells are Escherichia or Pantoea cells.

The method of claim 98, wherein the cells are Escherichia coli or Pantoea citrea cells.

The method of any one of claims 53-92 wherein the cells are fungal cells.

The method of claim 100, wherein the cells are Trichoderma cells.

The method of claim 100, wherein the cells are Trichoderma reesei cells.

The method of claim 100, wherein the cells are yeast cells.

The method of claim 103, wherein the cells are Yarrowia cells.

The method of claim 104, wherein the cells are Yarrowia lipolytica cells.
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