WD 2010/ 005525PCT/ US2009/ 003897 - 1 - POLYMERS OF | SOPRENE FROM RENEWABLE
RESQURCES This application clainms benefit of United States Provisional
Pat ent Apwbi2esdoss2sSeri al No. 61/133,521, filed on JuneP8®/US2@08038¥he
teachings of United States Provisional Patent 5Application Serial No.

61/ 133,521 are incorporated herein by reference in their entirety.
Background of the Invention | soprene (2-nethyl-buta-1,3-diene) is an
extrenely inportant organic conpound thatlirs used in a wide array of
applications. For instance, isoprene is enployed as an 10internedi ate or a
starting material in the synthesis of nunmerous chem cal conpositions and
pol yners. | soprene POLYAVER SSOFIISOPRENE FROM BENEW ABIIFPRESOURGES i S

synt hesi zed naturally by many plants and ani mals, including hunans.

| soprene is a colorless liquid at roomtenperature and is highly flammable.
The structural I ViR .qne
becane in i rrpor:lg{\s{£lll5 ﬂ(r:\aglr?gr(:§£&8%§t?f?tﬁ)§at| o%%?aﬁwtﬁ;vgﬁ]ta g%@ %?pléﬁagbig%ﬁﬁ
pol ybut adi dioe6Wihadhs521,Siled en émerm:ja()as e’ﬂhq:)tahghmgs fdinied S1etes Peovisiomat Paieat | y

pOSSIb|e in the ear]y. |so rene
st er eo-r eg(HPRY ‘%loﬁtﬁe?ﬁéﬁf’z@tligngzli &e) rPtQB Flf?lrgga[fg?rﬁggﬂ ‘Qrfge‘f)%tbrép‘u es
to natural rubber. Even though it is not identical to natural rubber it can

be used as a substitute for natural rubber in many applications. For

i nstance, wcggtemridcofcthjlrﬂyedtim)l yi soprene rubber is vvi deI y used in

manuf acturing tires a er. pr.oducts for synt hetii
oo 1 pol y1 solPBTEe B i med B abF ey o RETRY spr i bR Piyfu
in the woridwedh S 0ideirrayldfaphRERIoAL NBot ﬁ@tﬁﬁ&f,‘%oﬁ&n%@&nﬁfé‘y@d B ng ot her
synthetic rubbers, block copolyners, and other chem cal products. For

i nst anide, infepredinte prsa ergemgumatmkluln@wetﬁm&@% 9& npernus sbernigsbegrgpositions and
styrene-iso ene r t r. t

sty ono- i SO0 aRE: SRRRalTRi oA Rt b Eaal HURST Bae IR Blfed AR o
copol ymer s many plants and aniMals, fmbmdy@aﬁﬁnmnyso‘pwmbhes b6loflesstlﬁﬁnd arropfroduci ng -
i soprene have been |nvest| ated. 30For instance, the synthesis of isoprene

by reacti néEmessBuraangrishighPhilammahles digatrustyral fermujgof isoprene is:
2010/ 005525PCT/ US2009/ 003897 - 2 - CH
3
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Isoprene became in important monomer for utilization in the synthesis of cis-1,4-
polybutadiene when its stereo-regulated polymerization became commercially possible in
the early 1960s. Cis-1,4-polyisoprene made by such stereo-regulated polymerizations is

20 similar in structure and properties to natural rubber. Even though it is not identical to
natural rubber it can be used as a substitute for natural rubber in many applications. For
instance, synthetic cis-1,4-polyisoprene rubber is widely used in manufacturing tires and
other rubber products. This demand for synthetic cis-1,4-polyisoprene rubber consumes a
majority of the isoprene available in the worldwide market. The remaining isoprene is used
25 in making other synthetic rubbers, block copolymers, and other chemical products. For
instance, isoprene is used in making butadiene-isoprene rubbers, styrene-isoprene copolymer
rubbers, styrene-isoprene-butadiene rubbers, styrene-isoprene-styrene block copolymers,
and styrene-isoprene block copolymers.
Over the years many synthesis routes for producing isoprene have been investigated.

30  Forinstance, the synthesis of isoprene by reacting isobutylene with formaldehyde in the



presence of a catalyst is described in United States Patent 3,146, 278,
United States Patent 3,437,711, United States Patent 3,621,072, United

St at es Pawern10306@2, 016, United States Patent 3,972, 955 pCTist@d/osisat es

Pat ent 4, 000, 209, United States Patent 4,014,952, United States Patent
4,067,923, and United States Patent 4,511,751. United States Patent
3,574,780 5di scl oses anot her process for t he manufacture of isoprene by
passing a mixture of methyl- tert-butyl eher and air over m xed oxide
catal ysts. The nethyl-tert-butyl ether is then cracked into isobutylene and
met hanol over the catal yst. The nmethanol produced is oxidized into

f or mal dehy geesevivie o atcheatyst sadeseritwidtih Unfited StadiRarére 3¢l 46v2518, Unéted SratescRaganity st

to produce,_t [ rene ted Pat.ent es rocess
f or IOpr oduc?’ﬁ‘ggﬂ il iﬁ@@tedl%‘aﬁeﬁ pieat ??53 52%) @H@g %F%ﬁatiew\;gﬁ&eéfg? @E'{efl%&)
reaction NMpxkpf 99 945 Ukifed®idtefPhbht £00V2092 0Rhitdd SCIECRardt 4QMIBN., DYfEd T WO
functional Iy distinct catal ysts under reaction conditions sufficient to

produce hi §tatesi Ratets 48671938, atideHuidedbtates Hﬁiﬁ‘—nh‘hﬁlk é&&/cUelt@d Stakes Rageane 3,574,780

The isqpre sed inp industrdal appli t|o |st pr.oduced a

S or odbes dbeiosgcanother REcels toB et EuirEdioe R ooifens Poissiring a REESERTVE, o
extracted tdroputhpéth@Cdh@iCaVer iséd 6388 catdiits. The eneki)l Aér-baty eepREEN €
energy-intensive process. Wth the worldw de demand for petrochem cal based

product s cemskedinig/isphityleng prdymethqaolaysr thsicatalyshr Ehe methaaghpreduerd s oxidized: o
much hi gher L%’rﬁla?c(lf'hg)d% E'ﬂléhotﬂgn }e%tg]v@fffthk %sz)b?t\&féne%l%} fhte3§a chfa!})fs[ &hrbu@ny
case. In oth I'S a concern turée suppli opr ene
from pet r octiecisdpeeale. Danied States Paenid, 177,280 diseldssyuairecdse forgmbdypding diehes] needs

and that prices will rise to 20unpr ecedent ed | evels. Accordi n%h?/ 9Eilhere IS
a cur rkht H@MI%ISBP@B&%‘“% HHO Yes TEACNG 8 5rasHBN MHEW&OT gy vl ethenand 2
source Wwhi g 1’0@0@&6’ RBVETRY ﬂu}ictﬁ&daﬁ??ﬂsﬁnc@é té’uﬁertr@a%tll)ﬁ%@ﬁ'ﬁlh uhtm@lﬁs
been found t hat cer aln cells 1n culture can convert nore than about O.
25per cent od prodececlaigh gieldsvafi thalieees with eniod! freayaletafitiee etheli. um i nt 0 i SOpr ene.

These cells ha a heterolo ous .nucl eic,.acid that enco re
T b bol vau g iboiens uepd n ing S ing i Stions kgbical & PRRGRET 8y By pREBRed”
cases, thegg @meiha c?dcﬁlrﬂgtﬂftﬂéfr&éuhfbﬁaﬁh'ﬂhﬁ BF & JTREHMIE éxm&teurffdrﬂg@@o@eﬁﬁmon

source, such as, but not" Iimted to, a carbohydrate, glycerol, glycerine,
di hydrb&ya@@camﬁe Tlum&a:r&ia@dnlywwmseve glergy-mtensie fregessa ithathe gyarl wWide t y

r1 gl yoer i demanE R R BUf U oA Busbl bl AR 6 85 sbh ey Send &
source, poleypeidd B&ist o thuch highe [VBIsah therlofg-Bdtin 4Wddtsaivailghilipeiplintied, in WARSt

extract, corrponent froma yeast extract, or any conbi natl on of two or nore
of the for&a% A8 other words gresns propeemdaatifatusg sppHes of iIsoprene Fremt RatoshemicAkn

ool yror ¢ CaNpaftds VEF bt FERenhO1chRe ARbRed HORFaRA PR RSB, o

demand2d or uspretédented letd)beAcmdmglwdfere saepuereat needitaiprocuge pedburoeolisoprane ar e
synt hesi zed using i soprene qQf this e which is de from renewabl e,

non- pet roc&1 gigw B%t%er&“‘?‘é%tgﬁ PRUSC Wﬁ"FV‘F%f‘éE‘?V‘rqnﬁnqnéaqE’efI"‘ieB%d that industri al
custoners and consuners woul d prefer to purchase isoprene containing
polyners that are derived fromsuch environnentally friendly sources to

t hose t hat Samemargdé thei Inkentmmpr ene

It has been found that certain cells in culture can convert more than about 0.002
25  percent of the carbon available in the cell culture medium into isoprene. These cells have a
heterologous nucleic acid that (i) encodes an isoprene synthase polypeptide and (ii) is
operably linked to a promoter. In some cases, these cells are cultured in a culture medium
that includes a carbon source, such as, but not limited to, a carbohydrate, glycerol, glycerine,
dihydroxyacetone, one-carbon source, oil, animal fat, animal oil, fatty acid, lipid,

30  phospholipid, glycerolipid, monoglyceride, diglyceride, triglyceride, renewable carbon



10derived froma petrochem cal process. It is further believed that
custoners would be willing to pay prem um prices for such environnentally
friendl y woaduwawsszshat are made with renewabl e resour ceCTHS29003897t i S
inportant to be able to verify that such isoprene containing polyners are
actually made from non-petrochem cal based resources. The synthetic

i soprene containing polynmers of this invention offer the benefit of being
verifiable 15as to being derived from non3petrocheni cal based resources.
They can al so be anal ytically distinguished fromrubbers that come from
nat ural sources. The present invention nore specifically discloses a
pol yi sopr eseurpg Ipphypeptide @ly.,| smicrohinl eeplarafproteipeatpeptidd)s yddsatxteace cdmpbred

from i soprene nmononer, wherein the pol yjisoprene pal r has 3C val ue of
groater {hiAm 239! XS %ﬁﬁécwgmﬁw Spvearanersd Bhe Coremspies- TaoispRee
honmopol ynekoduced in sﬁ@ﬁa%ﬂmrgfﬁtméd%@ﬁﬁ %nfbh'rré&‘%éreﬁ%ﬁ@?lpﬁlrﬁer%hﬂég hiRBfic

pol ymer which 1s conprised repeat units that are deri'ved fromi Soprene

monomer , wnehbersrantiiothgrakgfub pplyseeic padtgniads. has d13C val ue which is within
the range of -30%) to.-28.59%%. Thi e. of. pol yi soprene can. al so be . a

ol yi sdrene nofidangrieficd ke DL b E SeR\ishet AR der rlits udbes nd Sther
pol yi sopr engpRak XoRainitY \Ag&ymférsctﬁﬁwré §?ﬂhé§izeﬂ%§ﬁ§_tisd{iﬂéﬂesoﬁthﬁttyﬁé ®highd Made
from i soprene nononer, erein the polyisoprene is free of protein, and
wher ei n t héropotepewalie awa-protoghemicabiasgd ssowgey dnvipeteit is beligved ihat industriahge
of - 34%0 to_-24%). Thi scinvention.further veal s a

ol yi sopr R TS Ae comaners worl R re BTHARE elendGion U8 Rl ety o
from i sopr degvedii@iiBich Meroaimentdlls fEGhdll SOBTENS theSe)hRIard) Bfade wiihSisopréde
2010/ 005525PCT/ US2009/ 003897 - 4 - 1,4-m crostructure content of |ess than
99. 9% 10zvh e deti ved: frem gdietroshasmisalrpesynitis futhernbelicypd that custprerssyould bg malling

content of 0% i i 813C
val e of wht B preAfiln dRet for 30ch MRISHBn/s R cEHAN BABRER% A fighe WA

i nventi on adreovabiesesomses. dHqyavet,soipimpertgn iy beableio edrifythateuph isspenof 5
repeat units that are derived fﬁﬁom i s?pr ene rmnoaqer,, V\%%r in the

pol yi sopr efi@"BBIRERYYRES 25 actyalhy mREe PR REOGRT B! ef_greéa_tl@f:&_tﬁ% 2%
and wher ei @yﬁth@tiog%%%mﬁmm%gﬁﬁ&s I 8hi SihIEnt¥H merq]{]e BEUetR of Bei ltvgﬁgarsl@e

range of -349%09 t he present invention further reve

pol yi sbpr ene toldiygrderi weldi fodm inen-gpetrpehesia dal basedgpsarrcasnilihey chmalsabe adalytivaly

f i . ipth | yi | has 10
1 27 or oo AIeRHR RGP Hoect gt EPE FoR FATTSGRU vhor el n the. pol yi sopr ene
pol yner has 813@h¢@rétentOhvidtionhmbie spkdiitdllyt digc16R gq)ﬁgfisoﬁéﬂéﬁblyﬁeraﬂi%ﬂ(?s
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The subject invention also discloses a gol ymer which s conprised of repeat

uni ts that camgrigrstofirepeat poits thebpreled vesbitomdsopaent mopnomers wherain ghedialyisepaene

ronoer . WK phOSRUAIE. JOSLUAGS PhRClisAlpl SPRAisRlehE kBl o "€

20  polyisoprene homopolymer.

The subject invention further reveals a polyisoprene polymer which is comprised of
repeat units that are derived from isoprene monomer, wherein the polyisoprene polymer has
8'C value which is within the range of -30%o to -28.5%0. This type of polyisoprene can also
be a polyisoprene homopolymer.

25 The present invention also discloses a polyisoprene polymer which is comprised of
repeat units that are derived from isoprene monomer, wherein the polyisoprene is free of
protein, and wherein the polyisoprene polymer has 8'3C value which is within the range of -
34%o to -24%eo.

This invention further reveals a polyisoprene polymer which is comprised of repeat

30 units that are derived from isoprene monomer, wherein the polyisoprene polymer has a cis-



15bl ocks of repeat units that are derived fromisoprene have a 813C val ue
of greater than -229%). The present invention further reveals a

pol ymer wNOchiom®s2enpri sed of repeat units that are deripcgaskeoonnissopr ene
nononer and at | east one additional nononmer, wherein the polyner includes
bl ocks of repeat units that are derived fromisoprene, and wherein the
20bl ocks of repeat units that are derived fromisoprene have a 813C val ue
which is within the range of -34% to -2499. The subject invention
al so discloses a liquid polyisoprene polyner which is conprised of repeat
units that are derived fromisoprene nononer, wherein the polyisoprene
pol ymer hag,4waicgbdtruatoee egreentwlf éess itteeam 999% hwherhinche psl ywioptene pohengrdrage of

5,000 to 100, 00Q, 25and wherein t | i, qui | yi soprene, polymer has 813C
Val e of wHRRTIAT G ERPRU e g6 st tinsisor ol ind o Rabishe polymier
invention fu§PERaKue\be WntcrBis Witk Elweﬂ'%g@ STQRIBNR -pe%yMer which is conprised
of repeat units that are derived fromisoprene nononer, wherein the liquid

pol yi soprene polThesubjecidneention glso dascéosas)e polyiseprenapolysiayiwhighhisciompsised ofi n
the range of 305,000 to 100, QQ0, and wherein the |i.gui d polyi soprene

ol ymar nade RS A Jpaaf ety b BOBiRAF SisPostatbastitind plgistpEo8 s er gas
wi t hi n t he anangfcredtrucdfA@oritent of4Hater than 2% EnEWhERHT the PYBAdpeehedobfner has
disloses a pethod for verifying that a polyi sgﬂyene honopol yner is froma

sust ai nabl & “Fevidugeaf| vehielois-ywidhip dhetprgel ef 3¢&d e ddwe whi ch Sconprises: (1)
determ ning the l. f .50 ! APDINR

pol yi soprene hoﬁ%gﬁﬁﬁeﬁrﬁ{ eé]gmg gﬁ%e%‘?{:/ﬁaﬁseaoégq?ﬁ?ﬁgﬁgg&&é%gw h(l) l-k %ﬂﬁ}bn%‘%ﬁ)f

- 3090 or wirdpahturiitdehdt argderdDied fitn BYPrene mondiier,acdlsiréinahapblyisaphy polyener heas
pol yi soprene honopol ynmer to determ ne (1% its cis-mcrostructure content,
(2) it}9 3, 2ln-BYGRERISYrE FaNERIReTpater thyn ¢ fos and phergin-ing pohyitapgene RAYDERas
() 1ts 3 BeCAiuANARGR i PHRAUheHanbEbBYarn, 85 4o, e presence or l0absence
of residual protelns, soaps, |p|é§, resins, or sugars indicative of

nat ural rubber; Thadul§jedtlihvention fajsordyscidsas a phlymeo mhichois cemprikedrofpepyatemits s

froma sustai nabl e renewabl e non-petrol eumderived source if it has (i) a
B13C val e UGt SeavEs NPLRoBra RS FionpeS a 1856t 038 e GpTaC Memem e e
range of - 30PMhdr fciwdes B¥6tks OF relpeht unitd 1k Afe deRVER fnt i@bPrehaeanaameeiafthe 34%
to -30% or within the range of -28.5%) to -24% and,if it (a) has a
ci s- mildr osblagks of rpeasninignthat Brsfderived frommisoprenehavels) 6 cOrvakieres greater than
3,4-mcr ostﬁﬁzt ure, (c) contains 1,2-mcrostructure, (d) has a

- 00.

The present invention further reveals a polymer which is comprised of repeat units
that are derived from isoprene monomer and at least one additional monomer, wherein the
polymer includes blocks of repeat units that are derived from isoprene, and wherein the

20 blocks of repeat units that are derived from isoprene have a 8'3C value which is within the
range of -34%o to -24%e.

The subject invention also discloses a liquid polyisoprene polymer which is
comprised of repeat units that are derived from isoprene monomer, wherein the polyisoprene
polymer has weight average molecular weight which is within the range of 5,000 to 100,000,

25 and wherein the liquid polyisoprene polymer has 8'3C value of which is within the range of -
34%o0 to -24%eo.

The present invention further reveals a liquid polyisoprene polymer which is
comprised of repeat units that are derived from isoprene monomer, wherein the liquid
polyisoprene polymer has a weight average molecular weight which is within the range of

30 5,000 to 100,000, and wherein the liquid polyisoprene polymer has 8'3C value of which is



wei ght average nol ecul ar wei ght of |ess than 100,000, or (e) is free of
resi dual proteins, soaps, lipids, resins, or sugars indicative of natural
rubber. TWe 2proawesrs i nvention further reveals a nethod fPam/vsesmioyisoy t hat a
copol ymer having repeat units that are derived fromisoprene contains

i soprene that is froma sustai nabl e 20renewabl e non-petrol eum deri ved
source, said nethod conprising: (lI) determning the 613C val ue of at | east
one pol yi soprene block in the copolynmer;-and (I1) verifying that the

i soprene in the copolyner is froma sustainabl e renewabl e non-petrol eum
derived source if the polyisoprene block has (i) a 8 3C value of greater

t han - 22%within the irdnga o8'-B%otal ue which is within the range of -34% to
-28.5. 25 %g%ﬁf Description of the Draw ngs Figure 1 is the

nucl eot i de =% fYuence of a kudzu isoprene synthase gene codonoptim zed for

expression in EThE@ﬁ%e&%ﬁth% Mo Bisloskh & ndtigbo o Weri ﬁ‘lat§pb 1§obﬁ:|nbcs the

stop codon is in bold and the added Pstl site is underlined 0F| gure 2 is
a map of pﬁomb:mizmer18\&9@@.’505“@!@5@25@@“/@82@@9{1@@%@?derlﬁ’—d-source whifh gure 3
is the nucl eoti.de ence. of BeKudzu 2

under | et AE BT R & O &) ClEd R ERREHE hemPRONERG B v
letters andolyli@p@h®Bofd @wmes hhsﬂa EBCd/aldéa@ltHlﬁ lthe fahgé bEB4VRtd E30%. of REthYe HeOr
backbone is pTrcH s2B. Fi gur is a map of pETNH sKudzu. 5Figure 5 is the

nucl eot i der@gqaér?@e%ermp @w@ly@sﬂwmatmcﬁylsowg@h@mep@lym&r Hap of
CL-1 ac- K | EQ ID
o 7) o0 Bl 8 dehlobRE Bleht f REHPIRERlrliie CiferfEHs 1 252

coli BL21 ﬁﬁ&ﬂosmmtm’e cbﬁteﬂeM)Qts a ﬂz@ighga\remgﬁ&mlwﬂa:gwaght oh 5)ithg ptebence or
productlon of |s@ﬁpene in E, coil BL21 cells with -l ac- Kudzu
8C is & grabw pigual r%otﬁw@dm?w dipidss rqsg@pwewgarisamizcatbva qf ngfuy3l reB*qusaw t h

pTr cKudzu. )
Usoprene | SIII% vengymg %E{Z:thlcﬁé rérﬁ:hlﬂ)l ; ﬂ]gﬁ‘g a 5036 RAHE Hine WaBle Hon

petroleum derived source 1f it has (i) a 8'°C value of greater than -22%, (ii) a 8'°C value
which is within the range of -30%o to -28.5%, or (iii) a 8'°C value within the range of -34%o
to -30%o or within the range of -28.5%o to -24%o and if it (a) has a cis-microstructure content

15 of less than 100%, (b) contains 3,4-microstructure, (¢) contains 1,2-microstructure, (d) has a
weight average molecular weight of less than 100,000, or (e) is free of residual proteins,
soaps, lipids, resins, or sugars indicative of natural rubber.

The present invention further reveals a method for verifying that a copolymer having

repeat units that are derived from isoprene contains isoprene that is from a sustainable

20  renewable non-petroleum derived source, said method comprising: (I) determining the 8C
value of at least one polyisoprene block in the copolymer; and (II) verifying that the
isoprene in the copolymer is from a sustainable renewable non-petroleum derived source if
the polyisoprene block has (i) a §'C value of greater than -22%o, or (ii) a §'°C value which
is within the range of -34%o to -28.5.

25

Brief Description of the Drawings

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 Pstl site is underlined.

30 Figure 2 is a map of pTrcKudzu.



Figure 9A is a graph showing OD over tinme of fernentation of E coil

BL21/ pTrcKudzu in a 14 liter fed batch fernentation. Figure 9B is a
gr aph showoregiov®sjzsene production over tinme of fernment aPConsedoomo3seDl i

BL21/ pTrcKudzu in a 14 liter fed batch fernentation. 20Figure 10Ais a
graph showi ng the production of isoprene in Panteoa citrea. Control cells
W t hout reconbi nant kudzu isoprene synthase. G ey di anonds represent

i soprene synthesis, black squares represefit 0D600. Figure 10B is a
graph showi ng the production of isoprene in Panteoa citrea expressing

pCL-1 ac Kudzu. Grey dianonds represent isoprene synthesis, black squares

25r epr esent  0D6@{}ure 3 is the hugleswdel ¥Guére af gTaiudeh ¢SEQJD: NO: ) TheRBSan of

i soprene in Panteoa citrea expressing pTrcKudzu, Gey di nds represent
i soprene sywiqli]é‘%quEheH‘iuéé'k15§H£F§Fé¥“ﬁhé§§rsé?§'b‘fﬂ|§°0D‘GU’O‘?"]&F@}F‘@%‘?W %“datl?‘ﬁrsﬁ’@h
showi ng th ' ' LN i J il ressi ng
reconbi nan? o@é‘ggE@?}%‘a’ghfﬂtﬂgztgﬁ&ggggﬂgdgg?ﬂ%%%@%%%%Ilp ?Irc;i!sﬁg%?r ain w thout
WO 2010/ 005525PEigukdS2 09map 88 pPETNHisKuguasm d (native i soprene production).

CF443-BG3594conK. is a.B, subtilis strain_.w Kudz i.pant
i soprere producti&y .?“1 ‘éeBHClfﬂ'éd%eﬂﬂ?réceioﬁ\(ﬁt&&}gg??‘!zd‘p&@&gﬁgg{ga ‘e 12 is the
nucl eoti de sequp%qge 6ls PBap v Py -FeKude | D NO:57). Figure 13 is the
nucl eoti de sequence of kudzu i soprene synthase codoniggti m zed for
u

S5expr essi on i n YeguroWisthe SECepidd\@q8ynce of pCL-la¢-dindz QJIDuNRP- of pTrex3g

conprising a kudzu isoprene synthase, gene, codonoptinm zed-f on. i in
Yarrow a. Figur glzgi%e g’g 1§ ﬁgrqpﬁgﬁggmgjtgggéocﬂgg%%réofglgovggq @?Ep@ﬂg%%%jgé‘%&
(SEQ I D NOpdd2ctoFi gure 16 is the nucl eoti de sequence of the synthetic kudzu
(Pueraria nontana) 10i soprene %ene codon-optim zed for expression in .

Yar rowila ( SEQ | Biguee 8B23 a graph shpwing the produgtiemef ispRipRbin BeolidBhehedlsgyith he
synthetic hybrid | ar (Popul us al ba x Populus trenmula) isoprene synthase
gene ( SEQ PH N . The ATG start codon is in bold and the stop codon is
under |l ined. Fi gWigurd 84 ishgréphashswiventt ipeodnution off isgprenan it E.uwiii B2 béellsexitior s
PYLA 1, pYL1 and 15pYL2. Figure 18B shows a schermatic outlining

const ruct i PATEdfudzHe vect or pYLA(POP1).

Figure 8D is a graph showing the production of isoprene in E. coli BL21 cells with

15  pETN-HisKudzu.

Figure 9A is a graph showing OD over time of fermentation of E. coli
BL21/pTrcKudzu in a 14 liter fed batch fermentation.

Figure 9B is a graph showing isoprene production over time of fermentation of E.
coli BL21/pTrcKudzu in a 14 liter fed batch fermentation.

20 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 OD600.

Figure 10B is a graph showing the production of isoprene in Panteoa citrea
expressing pCL-lac Kudzu. Grey diamonds represent isoprene synthesis, black squares

25  represent OD600.

Figure 10C is a graph showing the production of isoprene in Panteoa citrea
expressing pTrcKudzu. Grey diamonds represent isoprene synthesis, black squares
represent OD600.

Figure 11 is a graph showing the production of isoprene in Bacillus subtilis

30  expressing recombinant isoprene synthase. BG3594comK is a B. subtilis strain without



Figure 18C shows a schematic outlining construction of the vector pYLA(CZ1)
Fi gure 18D shows a schematic outlining construction of the vector pYLI(KZ1)
Fi gure 18FO=bhov®s:s5schematic outlining construction of PRE/US@VON3897

pYLI ( MAP29) 20Fi gure 18F shows a schematic outlining construction of the
vector pYLA(MAP29) Figure 19 shows the MVA and DXP net abolic pat hways for

i soprene (based on F. Bouvier et al., Progress in Lipid Res. 44:. 357-429,
2005). The foll owi ng description includes7alternative names for each

pol ypeptide in the pathways and a reference that discloses an assay for
measuring the activity of the indicated pol ypeptide (each of these

25r ef er enCFﬁsxﬂfcﬁ(n@t&@dhsb@‘Eﬁé)yroﬂnamrpo CF448L B3 594t @nKris @ B. subtilés stragmivithet i es,
parti cul ar with respect to assays for pollé&e?ptlde activity for

pol ypeptid SKHd%%@CQWﬁ?I%’G ISBRF“‘«"MW%?Q'}) dhe waaxes lpstcmﬁéysopmm
Acet yl - CoA acet ., 184:
2156 2109, 2002} & %%@gcrl%%%gteﬂ@c% r§/%uéd§§%g¥§llt3 DRI e

2.3.3.10. AssayFigire Bhasstthe nuﬂleotidb&équeheéﬁf K@dz0 ,isGOaR; synivast c&dﬂy@btmiyedsfor
30nmet hyl gl ut ary| - CoA reduc@éé, cl\gfﬁ%é EC 1.1.1.34. Assay: J. Bacteriol.,
184: 2916- SHFESSIONAR YAFHRYYIA 4P 2009/ 003897 - 8 - 2002; MK;

Meval onate | ci ngsfre FREkmafbr 31‘ %xig ggrgprgsﬁ%iﬁiku@lf 1rso§f€ﬁ@§'%nlﬁasg %@,ﬂe cddtal.

PMK; Phosphoneval onat e ki nase, , Assay Bi ol .,
11: 620- 631ppdm&tdf®l%lvmss1mphb’sphwmval onat e decarboxyl ase, MD1, EC

4.1.1.33. Assay;. Bi ochenj st 13355- 1336

| sopent enyl - di pﬁ@é‘ﬁ%g{ gqh%f‘?éé‘i’té%r%ﬂ‘é@&e %%r @P%?R&%"éyb) GEQMNOL Ly
264:19169- 19175Figli8396 1sQPanﬁ’@lE<|5‘tY&&>’se hdhee oﬂtheBZﬁ@hEﬁUkude(@uémﬂhmh@iae

synt hase, dxs, EC 2.2.1.7. Assa&/@dPNAS 94:12857-62, 1997; DXR,

1- Deoxl@ D- ;@pmmﬁ@n%cqslﬁawﬁm@ axRressiamiEr rarEowia$SEQHD B0512). 7. Assay:
E . Bioch
4UE)| phosplhggyt(:a F’gﬁﬁ%&f‘ﬁﬁ %ﬁﬁééue(r%ytﬁ r{},@gf tshfrigly Hterllgtelc h?’ cbpo;g&r éPoipu}USG%ba X

Assay: PNABopdlds tr&ﬂﬁﬂa) épfene 30fAase@eise (SEQ ID NO:13). The ATG start codon is in bold
10Di phosphoc t| d -2-Cneth I-Deryt hritol kinase, IspE, EC 2.7.1.148.

Assay: PNA@n dop gs7undegigd. MCS:  2C- Met hyl - D-eryt hri t ol

2, 4-cycl odi phos H 4 SN YL1 and
96: 11758- 11763, @g@g‘g@ %%‘I;W§§I§@cfrhomx%m °§§’"“ sty Ct"?‘s but te‘ﬁ 104 Phospist e
synt haise, ip¥f@ EC 1.17.4.3. Assay: J. Og. Chem 70: 9168 -9174, 2005;

HDR; 1- Hydroxy- th n hos hate reduct ase

1.17.1.2. 15Ass %“rﬁk%%sg‘i‘é E*f"t%é’g‘ég“ gRatruction °fetg? e %@%@E
graphs repr esentﬁgweﬁ@@uh&ss QECHe%u@%uM%l @d:ﬁé&h@u&ioﬂtﬁepé& %@m@nzu) on by
reconbinant Y. lipolytica strains without (left) or with kudzu

i soprene synt hadiegugeh8D sirpws arsqtmtlcmﬂuan&wm&ueﬂlm pfghe t\’ﬁmr DY 1(kel1)
authentic isopr %ngurgtlgﬁdﬁows a SCQ'IFIIT%%C ou mmg cons{malon 0 égel%for P ]XR‘HA%

Kan.
20 Figure 18F shows a schematic outlining construction of the vector pYLA(MAP29)

Figure 19 shows the MV A and DXP metabolic pathways for isoprene (based on F.

Bouvier et al., Progress in Lipid Res. 44: 357-429, 2005). The following description
includes alternative names for each polypeptide in the pathways and a reference that
discloses an assay for measuring the activity of the indicated polypeptide (each of these

25 references are each hereby incorporated by reference in their entireties, particularly with
respect to assays for polypeptide activity for polypeptides in the MVA and DXP pathways).
Mevalonate Pathway: AACT; Acetyl-CoA acetyltransferase, MvaE, EC 2.3.1.9. Assay: J.
Bacteriol., 184: 2116-2122, 2002; HMGS; Hydroxymethylglutaryl-CoA synthase, MvaS,
EC 2.3.3.10. Assay: J. Bacteriol., 184: 4065-4070, 2002; HMGR; 3-Hydroxy-3-

30  methylglutaryl-CoA reductase, MvaE, EC 1.1.1.34. Assay: J. Bacteriol., 184: 2116-2122,



Figure 22 is the nucl eotide sequence of pTrcKudzu yl Di DXS Kan (SEQ I D

NG 20) . Figure 23A is a graph showi ng production of isoprene from

gl ucose IwWOBLAIOEEScKudzukan. Tine 0 is the time of I NdRCTIUSR000/003391 PTG
(400 Rmol). The x-axis is time after induction; the y-axis is 0D600 and the
y2-axis is total productivity of isoprene 25AW headspace or specific
productivity (p.g/L headspace/OD). Dianpbnds represent 0D600, circles
represent total isoprene productivity (p: §tL) and squares represent
specific productivity of isoprene (pg/U0D). Figure 23B is a graph
show ng production of isoprene fromglucose in BL21/pTrcKudzu yl D kan.
Time O is zm;m MevhlmdatetldmeRGll IE[E32(74103B | Asdaly) Cufft@@eneB0xQi1d, 19911 me

31l S01EMBsmeniudiiasuseaatosatc s i ARy vl Mg SEACBhY |
specific pimUemech ﬂo,n@em?ec@dc%x¥1%@mﬁi EERr esant AP0,

circles repredent total 1soprene producti Vi (Fig/L} and squares represent
speci fi ¢ pBotheristiyt 33:033535 bja6En 94-MQgl; L$<ﬁﬁ)1tenﬂr@;pheﬁp28@ deyfaasqmexpse, EPdwi ng

roducti on_aof rene fr Tr kan 0
Phe t1 e oFCI e eyt Aol iS40 DHBr ST ha o8- TR PREwFnpXae, '
I nduct i on; pkheyxYyhasdess- bﬁos‘%@@l@@yﬁﬂhﬂs& BRs, B& 22i157.1 Asda9t BNAIS! 94408560 Y1997,

i soprene (pg/ L' headspace or specific productl vity (gg/L headspace/ QD).

Di anonds r@ﬁd’eddacombecylulosq Zipbespheisredusinisarograse, dxo gieAa. Ipt-odesayi Euw
/L dys L/ QD).
108 gur o 2B o SRICARE, DT SR Gl 20 hERRTI gl -

BL21/ pTrcKs;dﬁhhsyEabDEE@%méoTwmﬁPms 9¢: 643126056 mdao@mzw th 1PTG (400
Ftnol). The x-axis is tinme after induction; the y-axis is 0D600 and the

y2-axil® | s DirjosphqsyBdlct-CumetpybP- sryHpiteilanasgJsPE Hia dshhd 48-0Assaye RNAS,
d
product i vi gé/ 16@ 9647 %a&%&e&eé@f%hmha W&gﬁﬁe%%g&e&?ﬂm e sg(gfehgtkeeﬁspp,

repr esent i Soprene producti quares ‘repr
15speci f i CEQra6luaei Assyy: WAS@I&’EW«SS(IHQMJKHQP HDS; 1-H{drgxy-2-12athyl-3-(8)-gr aph

show ng productl on of isoprene fromglucose in BL2 rcK T
is the ti nﬁ‘"ﬁ?)’ |4n@193?§l’6‘ﬁtev&yf‘wa§931§® %&) 3 SFH)%%(E%{% (St“i y&é&%f(‘{l r
i nducti on; RX|-§1 %,@D@.%&ndz EHeoule gﬁxlcﬁpno%pm&?éduefa@éiqgﬁm\fﬁéx 19f1.2.

i soprene (Ft g/L eadspace "or specific productivity ( gg/ L headspace/ QD) .
Di anonids re\psméﬁCSO[ﬁfﬁDZMZG&&SGl 2004 epr esent tot al |sopr ene productivity

/L d t f d f .g/LJOD
Hours 23F i o aFans0 Shom Haphy Ghtree B e of HeaE Y RRLRT s nflne”
BL21/ pCL %f&dﬁa%uby}e@bmbﬂanpyonpcﬁyﬁ&uasutanrrmvmout QEELE bi @ith\i D%m)laIRT@zd 400

mol ). The x-axis i's time after I1nduction; the y-axis is 00 and the
y2 axi s i sisopteat spnthahggene.i The afrows m@@theggn@nzmaﬁ@pae@emc ERENE | C
producti vi tsgméacllg/ L headspace/ OD). Di anpnds represent 0D600,
20 Figure 21 is a map of pTrcKudzu yIDI DXS Kan.
Figure 22 is the nucleotide sequence of pTrcKudzu yIDI DXS Kan (SEQ ID NO:20).
Figure 23A is a graph showing production of isoprene from glucose in
BL21/pTrcKudzukan. Time O is the time of induction with IPTG (400 pmol). The x-axis is
time after induction; the y-axis is OD600 and the y2-axis is total productivity of isoprene
25 (ng/L headspace or specific productivity (ug/L. headspace/OD). Diamonds represent
OD600, circles represent total isoprene productivity (ug/L) and squares represent specific
productivity of isoprene (pg/L/OD).
Figure 23B is a graph showing production of isoprene from glucose in
BL21/pTrcKudzu yIDI kan. Time 0 is the time of induction with IPTG (400 pmol). The x-

30  axis is time after induction; the y-axis is OD600 and the y2-axis is total productivity of



circles represent total isoprene productivity (Ftg/L) and squares represent
specific productivity of isoprene (Ftg/1JQD). Figure 23Gis a graph
show ng pwocuordossesof i soprene from glucose in BL21/ pCLprPrruskadonosspXS. Ti ne
Ois the time of induction with WG (400 gnol). The x-axis is time 30after
i nduction; the y-axis is 0D600 and the y2-axis is total productivity of

i soprene (ptg/L WD 2010/ 005525PCT/ US2009/ 003897 - 10 - headspace or
specific productivity (itg/L headspace/ G : Di anonds represent 0D600,
circles represent total isoprene productivity (1.1g/L) and squares
represent specific productivity of isoprene (p.g/LJOD). Figure 23His a

gr aph showvisoygreiy Q@YIC heaispade drspeuifia prdductivigl (ugdskeadspace/OD). Diamonds

5BL21/ pTr cKudzul D1DXSkan.. The arrow i ndicates the time of induction with

i rm (400 preREF§Nt O cugles repseseniyetah fsogrent RERTUE vty (hefle) gndasguares sensessnb

and the y2: X538 JrSducAVRY oPfsBHRMAE (Yd/iJol). | soprene AW headspace or specific
productivizsy ?LI tdé/L heg%gpécg#wl)(}.y Bl ack di anonds represent 0D600, bl ack

tri angl es repr eEignte 23€bisracgraplpshaciviog pradugti¢riofligdpirgneafrdmvglicase smuar es

represent i fi ro [ vity of isoprene [.LI QD) . jgure 24 is a
mag of ngrﬁﬁ%C/é.ﬁﬁ%%éu &?ﬁ’l’ l("ﬂ'g Qs tﬁgtlﬁler?&irfdé’gflf)ﬂ@’ ‘é‘e‘&iﬁ?@gatﬂm‘%)' the -
PTr cl CKDy | ki Siskiie AfRiEGhduetibe) B8 )y-axkid 8'E@B600FandShéyPRRisqS tdtitlproductivity of

Pt r cUpper Pat hway. Figure 27 Is a nucl eotide sequence of pCL

p
Pt r cUpper Paoprans/ (Lgdeteadspae o pecific gradect?8tysinglls headspasedD). hRiamesslet t e

B subt 1 11 ePieRg Rorh ey BF e bEp R R bRy olelh ERF R frSsehl'®

i ndi cat es spekificpacducalitp efliisepeae (Jigobe nprE |locus for integration. aprE
pronoter (al kaline serine protease pronoter) indicates the pronoter (-35,
-10, 49 transcriigarec? sy graph showipggodyetiothefl ispprengyram sINGASE iR ndi cat es t he

yeast neva i P?leﬁ a S i .ndi ont e
ki nase gen%egmﬂk)ﬁrc? l‘@ggg us%@Z&ﬁ%%tdrlggﬁ@?g? %fénlag%tgéﬁf\%gtp ?g? éﬁ%@%b

i ndi cat es Tiex-ye@st tiohe pltosindootom tlenghe s deOBOD0 xyd dreey2g@xie iswotah peodBaivity us
RBS upstream of the start site. RBS: 1D indicates the yeast idi gene wth a
Baci | I us R%‘Qsmsglter@&ﬁr Bfadspce st specTls PrdustLYith (Haflofeadsnce iRl bighonds

ter m nat or re3lkaltioIS6(E birbies RipdRASHl ﬁﬁg%_& h%du@ﬁvﬁﬁ(ﬂﬁ/ﬂ?ﬁﬂ scfu%ﬂ:'g‘rg)resent
amyl i quefaci ens. SpecR i ndicates the spectinonycin Tesistance narker. "nprE
upst r éam rspeeific preductinity of isnpiiena (e LEODREBdi rect repeat of the upstream

L:gisg,? ¢ gsggnI g{ ]ﬁ]lagﬂgfl %i}i\i%%t ! Sk %ﬁﬁ%g 9g,tiiosn & igéjpcri:r(laeo ri)rgleglggo g ?rp BEZ?;pCL
PtrcKudzu. Time 0 is the time of induction with [IPTG (400 umol). The x-axis is time after
- induction; the y-axis is OD600 and the y2-axis is total productivity of isoprene (ng/L
headspace or specific productivity (ung/L headspace/OD). Diamonds represent OD600,
20  circles represent total isoprene productivity (ng/L) and squares represent specific
productivity of isoprene (ug/L/OD).
Figure 23F is a graph showing production of isoprene from glucose in BL21/pCL
PtrcKudzu yIDI. Time O is the time of induction with IPTG (400 pumol). The x-axis is time
after induction; the y-axis is OD600 and the y2-axis is total productivity of isoprene (ug/L
25 headspace or specific productivity (ug/L headspace/OD). Diamonds represent OD600,
circles represent total isoprene productivity (ug/L) and squares represent specific
productivity of isoprene (ng/1L/OD).
Figure 23G is a graph showing production of isoprene from glucose in BL21/pCL
PtrcKudzu DXS. Time 0 is the time of induction with IPTG (400 umol). The x-axis is time
30 after induction; the y-axis is OD600 and the y2-axis is total productivity of isoprene (jg/L



and yeast idi for integration into the B. subtilis chronosone at the nprE

| ocus (SEQ ID NO 47). Figure 30 is a map of p9796-poplar. 30Figure 31 is a
nucl eot i cwoxenuws2e of p9796- poplar (SEQ I D NO 48). WOPCT/US2009/003897

2010/ 005525PCT/ US2009/ 003897 Figure 32 is a nmap of pTrcPoplar. Figure 33 is
a nucl eoti de sequence of pTrePoplar (SEQ ID NO 49). Figure 34 is a map of
pTrcKudzu yl DI Kan. Figure 35 is a nucl eotide sequence of
pTrcKudzu yl DI Kan (SEQ I D NO 50). 5Figurl®-36 is a map of pTrcKudzuDXS Kan.
Figure 37 is a nucl eotide sequence of pTrcKudzuDXS Kan (SEQ I D NG 51).
Figure 38 is a map of pCL PtrcKudzu. Figure 39 is a nucl eotide sequence of
PCL Pt r cKugkadsfaSEQr $gacifia praductivitg g Ataispace/OR)). MiapbGhdsHieprkerd DX,
10Figure 41 is a nucl eotide sequence,. of pg[#Pt rcKudzu A3 ( SEQ I,g NO 53).

Fi gure 42 FECle TRRISSEM toial iserreRaraductivityiie/Lpagd sanares represeni §eedlit i de
sequence o S PLr QrD NO54). Figure 44 is a map of pCL
Pt r cKudzu %ﬁg&%fgeﬂﬁ%ﬁegh%ﬁ?ﬁeoti de sequencegof pCL PtrcKudgu DXE ( SEQ
L_D NO; 55]2. 15Fi @Eumm{smmp@slaphagpmﬂueémoi ingpresofromrgugosedunict i on from

i omas e 0 P sho i soprene prqductiop. from cor \/

panel B shBlalpLEs R HGRIE dherrow Baiats e il nd Gitnh G LR
product i Onuﬁqagmﬁne&tmﬂ tind &rter PRdIRtoR (RO QUi i§ OIS EI0RanAItRE Y2k RNs tdtam

gl ucose, and Panel E shows isoprene production fromcells with no
addi t i onal prodedtibtiycif iscpreng (seflaheadspasp pespenificqmedetivitsisug/dnaadspage/Qlhe

cul tures ag, the. 20i ndi cat ed. Ll oSt-in | at | . I i I

epr osont - PLERAFEGS asitesirs R DRE0, RE waP@e SRS stk Bofubh s and
Fi gur e 47Awsli0¥GuafesGegRbent SPEcERE BlodG&ti Vi i €opEerier Omn by BL21 ( ADE3
pTrcKudzu ;vl Di g%_lxss( kgﬁ) itnpil cu?l:ogr elvl\n('%?glno grﬁj(gggg aogded?/ Squar (es :
repr ed@nt 0D600Figurai24 isianap espFeBkd2dKIS kajopr ene produced (mm ). 25Fi gure

415 hoe = 9 3Bl RASTLOR ELIEAERSDRS KRN 0D,
represent ODG60OFigarsl26 1siaangp 65 pCEPuetpperPathayiyene produced (12g/nt).
Figure 27 is a nucleotide sequence of pCL PtrcUpperPathway (SEQ ID NO:46).
Figure 28 shows a map of the cassette containing the lower MVA pathway and yeast
15  idi for integration into the B. subtilis chromosome at the nprE locus. nprE
upstream/downstream indicates 1 kb each of sequence from the nprE locus for integration.
aprE promoter (alkaline serine protease promoter) indicates the promoter (-35, -10, +1
transcription start site, RBS) of the aprE gene. MVKI indicates the yeast mevalonate kinase
gene. RBS-PMK indicates the yeast phosphomevalonte kinase gene with a Bacillus RBS
20  upstream of the start site. RBS-MPD indicates the yeast diphosphomevalonate
decarbbxylase gene with a Bacillus RBS upstream of the start site. RBS-IDI indicates the
yeast idi gene with a Bacillus RBS upstream of the start site. Terminator indicates the
terminator alkaline serine protease transcription terminator from B. amyliquefaciens. SpecR
indicates the spectinomycin resistance marker. “nprE upstream repeat for amp.” indicates a
25 direct repeat of the upstream region used for amplification.
Figure 29 is a nucleotide sequence of cassette containing the lower MV A pathway
and yeast idi for integration into the B. subtilis chromosome at the nprE locus (SEQ ID
NO:47).
Figure 30 is a map of p9796-poplar.
30 Figure 31 is a nucleotide sequence of p9796-poplar (SEQ ID NO:48).



Figure 47C shows a graph representing isoprene production from 1% nvert
sugar feedstock by BL21 (XDE3) pTrcKudzu yl DI DXS (kan). Squares represent
0D600, amat020twdosszgl es represent i soprene produced (1.1 @CWI)S2009ME3897

2010/ 005525PCT/ US2009/ 003897 - 12 - Fi gure 47D shows a graph
representing isoprene production from 1% AFEX corn stover feedstock by BL21
(XOE3) pTrcKudzu yLDI DXS (kan). Squares represent 0D600, and triangles
represent isoprene produced (pig/m). Fi-ddr-e 48 shows graphs denonstrati ng
the effect of yeast extract of isoprene 5production. Panel A shows the tine
course of optical density wthin fernentors fed with varyi ng anounts of
yeast extract. Fgoel3Bsahagof piErcPopler.cour se of isoprene titer within

fermentors fed with varying amunts of yeast extr T iter is defined
as the anount oF‘gPéeo})”r’ér?é‘“g}eGggEé‘Eﬂ”ﬁB‘ie‘%lfilﬁé?l)(ﬁﬁarf(gﬁbem&ﬁ%é‘?' broth. Panel C
shows the effectoafe ¥£R%m M’ﬁ“ﬁ‘cK‘ﬁHzn&l\gﬂﬁéﬁ‘? production in E. coli grown
in fed-batch cul ture. 10Fi§?jre 49 sho graphs denonstrating isoprene

producti on fr onFigufs(¥ is abiustestide sequanteofpTrebidzucdDI KandSEQ ) N :50)e
pTrcKudzu + yLDO,. + pl asm d.. Panel ws the time course of optical
densi tg Wi t hi nD#‘ﬁBregggl-slf %?%?&WSPS?@%?{)%' gl ucose and yeast extract.
Panel B shows thgutd 3BisGOHicRDdtiaé séq‘i@ﬁée%ﬁq”ﬂrbk@dzu\m}tﬁ_K'&nZQEQQ@)Nb:i)l)QFeaCt or
fed with glucose and 8yeast extract. The titer is defined as the anmount of

i soprene producEigupe?8 isiatraap of p@EPeckudznt i on broth. Panel C shows the tinme

course of total i ne nr fr 5080- i X W th

gl ucose and yeag]lgﬁge%dragcatr&c%%éggge%ggéssﬁ%nlﬁgg%gﬁ%%@%%g%\sz'2. Fi gure
51 is the nucl ePiguttaGrguans ef pCL PibvKppar aat hway2 (SEQ LD NO 56) . Figure 52
is a map of pBS_Kudzu #2. 20Fl,gure 53A is a g‘rﬁg\gh showlgg rowt h_during
fermerdPati on ti Figubt41Bad nuclpotids sequensef nlde hdat AR (RBQ PN e

synthase in 14 %@@éﬁqu&@ SP?(EE@E%RBQEJ 1 Bl ack di anonds represent a
4co W

control strain out reconbi nant isoprene synthase (native
i soprene producFigare4Aisch gredsotitde sequghesofr it BeekudBayDI I (SEQUWDT NOpBBKudzu

(recombi nant isgpren roductjo 25Fi gu 53B is a graph show ng isoprene
production duri &ufeeﬁhgrﬁr&f‘PB Péiﬁgcgfﬁd%hb&%us expressi ng reconbi nant
kudzu isoprene ﬁgméwls%ﬁdﬂhc%éé&t.iggé‘c{uetl@éioﬂ;ﬁpbumwﬁnbxtsl(@@Qﬁm@sssl). anonds

represent a control strain 4conK) w t hout reconbi nant i soprene
synt hdse (nati vEigusoff shoovsgrephsaepmssgntingdsapreng produntiohdwm bjpmmse feedBacks. | us

wth PBSKUGZL (f SEOTDLABNL §SGRLAR% P S pand B LA S Roprbnt BrtullEbn ©f
from bagasse, Panel C shows isoprene production from softwood pulp, Panel D shows
isoprene production from glucose, and Panel E shows isoprene production from cells with
no additional feedstock. Grey squares represent OD600 measurements of the cultures at the

20  indicated times post-inoculation and black triangles represent isoprene production at the
indicated times post-inoculation.

Figure 47A shows a graph representing isoprene production by BL21 (ADE3)
pTrcKudzu yIDI DXS (kan) in a culture with no glucose added. Squares represent OD600,
and triangles represent isoprene produced (pg/ml).

25 Figure 47B shows a graph representing isoprene production from 1% glucose
feedstock invert sugar by BL21 (ADE3) pTrcKudzu yIDI DXS (kan). Squares represent
0ODG600, and triangles represent isoprene produced (pg/ml).

Figure 47C shows a graph representing isoprene production from 1% invert sugar

feedstock by BL21 (ADE3) pTrcKudzu yIDI DXS (kan). Squares represent OD600, and

30 triangles represent isoprene produced (pg/ml).



WO 2010/ 005525PCT/ US2009/ 003897 - 13 - Figures 55A and 55B are the

nucl eoti de sequence of plasmd pET24 P.alba HGS (SEQ ED NO 87).

Fi gure 56wo=0m/@si2emati ¢ di agram showi ng restriction si PEF/USS@Y/003307
endonucl ease digestion to construct plasm d EW.230 and conpati bl e cohesi ve
ends between Bspfll and 5Ncol sites. Figure 57 is a map of plasm d EW.230.
Fi gures 58A and 58B are the nucl eotide sequence of plasm d EW.230 (SEQ ED
NO 88) . Figure 59 is a schemshgl -c di agram showi ng restriction
sites used for endonucl ease 10di gestion to construct plasm d EW.244 and
conpati bl e cohesi ve ends between Nsil and Pstl sites. Figure 60 is a map of
EW.244. Fi gur esFigiR 4mmsids/sad graph eepilwehemg isogreseprodnctéorofroml % AREXvern4 4

63A°63C ar SOYaTESOF b0 2 IR BB aﬁhfﬁ%é%a%‘é@‘éﬁérﬁ{e}ngwo

5 e eIy fspsan ggen o plser e OIS (530 10

| D NO 92). Fi gQUFigareB shosC ga;ﬁnstdttmqnstmatmgtthcjgffgé@pﬁ eﬂ@égu?:g pé@ﬁp@nﬁ/gvﬁtg EQ

(SEQ %) Noprocgiggtlon. Panel A shows the time course of optical density within fermentors fed with
varying amounts of yeast extract. Panel B shows the time course of isoprene titer within
fermentors fed with varying amounts of yeast extract. The titer is defined as the amount of
isoprene produced per liter of fermentation broth. Panel C shows the effect of yeast extract
on isoprene production in E. coli grown in fed-batch culture.

10 Figure 49 shows graphs demonstrating isoprene production from a 500 L bioreactor
with E. coli cells containing the pTrcKudzu + yIDI + DXS plasmid. Panel A shows the time
course of optical density within the 500-L bioreactor fed with glucose and yeast extract.
Panel B shows the time course of isoprene titer within the 500-L bioreactor fed with glucose
and yeast extract. The titer is defined as the amount of isoprene produced per liter of

15 fermentation broth. Panel C shows the time course of total isoprene produced from the 500-
L bioreactor fed with glucose and yeast extract.

Figure 50 is a map of pJMupperpathway?2.
Figure 51 is the nucleotide sequence of pJMupperpathway2 (SEQ ID NO:56).
Figure 52 is a map of pBS Kudzu #2.

20 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).

25 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
synthase (native isoprene production) and grey triangles represent Bacillus with pBSKudzu

(recombinant isoprene production).

30 Figures 54 is a map of plasmid pET24 P.alba HGS.



Figures 67A-67D are graphs of isoprene production by E. coli strain
(EWL256) 25expressing genes fromthe MVA pat hway and grown in fed-batch

cul ture avothw/m5s2E scal e wit hout yeast extract feedi ngPCFUS2000/0638% shows
the tine course of optical density within the 15-L bioreactor fed with

gl ucose. Figure 67B shows the tine course of isoprene titer wwthin the 15-L
bi oreactor fed with glucose. The titer is defined as the anount of isoprene
produced per liter of fermentation broth.13Figure 67C shows the tine course
of total isoprene 30produced fromthe 15-L bioreactor fed with gl ucose.
Figure 67D shows the total carbon WD 2010/ 005525PCT/ US2009/ 003897 - 14 -
di oxi de evol ut i BiRufed58A(ahdERB, are thamickdonide seqehcevoft plapnidffHT24 RualbaHEGS he
15-L bioreactor ted with glucose. Fi gures 68A-68E are graphs of

i soprene pSFRHE? N&H8PY E. coli strain (EW.256) expressing genes fromthe
MA pat hway andg: i - : ; bhdtladeast
extract feedi ngﬁ%&%\é\gl}sr%qggﬁggﬁggvg Q%T%g} %h:éﬁn@n%%aﬁggo%?n égplfslegzlg? e(?g'lr)]sliibtyﬁw thin
the 15-L biigesiaatocofsadcvplhdmigl EWE280 afd gompatddBcaiiesive enfiebetiveen Bopiikandf
isoprene titer within the 15-L bioreactor fed with glucose. The titer is
defi ned asNePlsitEfrount of i soprene produced per liter of fernentation broth.

Fi gure 68C Show{iighf]kes-;iisrgemg[pgflﬁgsrg;‘dgmqggj soprene produced fromthe 15-L
bi oreactor fed wth glucose. Figure 68D shows the volunetric 10productivity

Wi thin the 15- LFigumsé8atad J&iangithdinugdlentisle sequenceokeplagaidBVika381(SEQIDyai hr
was mai ntajnegd for a 40-hour period (23-63 hours) with yeast extract
feeding. F *68E shows the carbon dioxide evolution rate (CER), or

net abolic acti VFFgﬁrePS@fsia' &herWhﬁi@Hi@@hﬁshlﬁving-rebirmi@ﬂ@ttw used doméridongdlemsese.
Fi gures 69A- 69D shows production of isoprene fromdifferent carbon sources

via tHE 15Nigestiopde lsarspuct PlagmidERE 244 sadsompaile cohespye eags petween Bsil apdi ch
contains b ttg E he MVA pat hway and isoprene synthase, on either glucose,

bi omass hy P F‘;Fs?ate, gl ycerol, or acetate as the only carbon source. The
di fferent carboRiga@i6@R% mep of BieI#at 0 a concentration of 1% in the nedia.

A negative control with no added carban source was_.inclu 0} S
measur ed as opt Figaresdddsand ol agghe Angleqt] F%ueégBogH@%“gﬁg@r%é%Bﬁ?
20pr oduct i Wd‘¥9 of isoprene fromE. coil EWZ256 containing both the WA

pat hway and 1°'soprene synthase when grown on either glucose, bionass
hydrolpssat e, gl Fomire62 isor map ef ptasmids MOIM48448¥on source. The di fferent

carbon sources were adde 0 a_ concentration of 1% in i egative
control with noFé\%}’d“e%&&i’g%éﬁI%@Gr%ﬁﬁng ?%BF'&F&@&P%H}%M@%gégFQM 190
m nut es, Z%Z%ﬁut es and 317 minutes after inoculation and isoprene

produced by
Figures 64A-64C are the nucleotide sequence of plasmid MCM485 (SEQ ID

NO:91).

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

Figures 66A-66C are the nucleotide sequence of plasmid MCM487 (SEQ ID
NO:93).
Figures 67A-67D are graphs of isoprene production by E. coli strain (EWL256)

25  expressing genes from the MV A pathway and grown in fed-batch culture at the 15-L scale
without yeast extract feeding. Figure 67A shows the time course of optical density within
the 15-L bioreactor fed with glucose. Figure 67B shows the time course of isoprene titer
within the 15-L bioreactor fed with glucose. The titer is defined as the amount of isoprene
produced per liter of fermentation broth. Figure 67C shows the time course of total isoprene

30 produced from the 15-L bioreactor fed with glucose. Figure 67D shows the total carbon



25t he bacteria was neasured using GC-MS. Figure 69C shows growmh of E. coli
EW.256 on either glucose or xylose as the only carbon source. The different
carbon sowpcen/omes2e added to a concentration of 1% i n tReTmsSAdIR/00389NEgat i ve
control with no added carbon source was included. G owth was neasured as
optical density at 600nM Figure 69D shows specific productivity of

i soprene fromE. coli EW256 when grown on either glucose or xylose as
300only carbon source. The carbon sources Mere added to a concentration of
1% in the media. WD 2010/ 005525PCT/ US2009/ 003897 - 15 - A negative control
W th no added carbon source was included. Sanples were taken 260 m nutes,
322 m nut egiogidd e381ation rasé €BCER}, @ metabolic attivty profild, sothirethe 13- diccexttdrfed he
bacteria was nmeasured using GC-MS. Figures 70A and 70B show t he production
of i soprenWitBglyeoseoi| strains from gl ucose 5and fromfatty acid,
respectively e i i of
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wer e pi ckeekpressingrgehes firtma the h’[s‘éﬁqaatfm‘aytdnd growe in f@dtmmmlm at the dhnlt mle

colonies were cultured_in. TM3. i 1% xt ract.
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after 4 hoys g, lﬁf)reh&gﬂféﬂlvﬂﬂl %llﬁbésec @i 2tk 68B Shewe thetthife d6UrsOdllisbprene Gfer w1th1n
i soprene. The inducer |PTG had a strong growth inhibitory effect as was

evi dent fr tbimltSHebG’rQa@toi fed withglyaedeicBle disr is defined aythepmyuinkof SPHIENS0 t o 900
uM concentr at.i o he -i-ndu
hi gher i ndl?lrc?fi per L ffe e%gah og%g%gc ﬁgu rg?%%() {Elgstg%e?g%é OrtaH%gErrege

70B, the pp@dueéd f%lnfthﬂ mLanmsCtbﬂmwnat gdcdseo Figureé8Detiowy eiawdinerzie! t ur e
at 1 to 10 dilution. The culture was gqrgomm for several houa? and 15j duced
with 30 uwprodyetivithuithigfipe bl Riprsagtor pv@hglua%ﬁgam@seu?&esv W0t hbel<hiaf t er

i nducti on i T e
bar shows Sv%%ln%‘ﬁﬁﬂ %&ug&ﬁmwlzb Hb(\?)g‘ﬁjgy %@gmm génééggtﬁ ture"}/é {}ﬁ l'??ece&sbarre
i nduct i on plesvsatle barbomdadxydeashohytion ri@ (BERY), orsogtakole ativitypratile onithisshe/ 15-The

ri ght bar shows the_ val ye for a one hour isoprene accunul ati on assay of the
cul ture t hkbigugactPrfeddth 81§FOS€3 hours. 20Figure 71 is a map of the E

col i - Strept 0W¢§§u?&%994-891§%ﬁ5@§ PRHEM&P WU ABAORo RiffERAEC £rB6n §duREHsRGa the

i soprene syntha rom Kudzu thi ostrepton resistance gene. Picture is
t aken 1f5Sr omMDAAr(pathwey). dfigure MIIA shGsvs. graethenf E. 264 EWEZSQ@ﬂncmg@oams both the

Figure 72 i.SO e formati St 0 s al bu tyesr n
ot and MY APl R Gsripemalies op i S8 R g Rery DAty fSespbr 8t
pPUNL201_ 'Sﬁce(tﬁBG&QﬂieQﬁll)?&rSQrpécﬂﬂ@e T8 tdiferent| Jagnlsedroes weld gdded td3A is a map
of the M rmazei archaeal Lower Pathway operon. Fi gures 73B and 73C

are the nueprssnirationsefghfe i thegnedipeA REEatRYE 6PNERl IS BP addsdegartmsx JOHESE Wafer on

(SEQ ID Nom]é u&ed Growth was measured as optical density at 600 nM. Figure 69B shows specific

20  productivity of isoprene from E. coli EWL256 containing both the MV A pathway and
isoprene synthase when grown on either glucose, biomass hydrolysate, glycerol, or acetate
as only carbon source. The different 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

25 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. The different carbon sources were added
to a concentration of 1% in the media. A negative control with no added carbon source was
included. Growth was measured as optical density at 600nM. Figure 69D shows specific
productivity of isoprene from E. coli EWL256 when grown on either glucose or xylose as

30  only carbon source. The carbon sources were added to a concentration of 1% in the media.



Figure 74A is a map of MCMB76 - MVK from M nmazei archaeal Lowerin 30
pET200D. WD 2010/ 005525PCT/ US2009/ 003897 - 16 - Fi gures 74B and 74C
are the nwolemrdogssequence of MCMB76 - MVK from M nazecTarsesasadsotowerin
pPpET200D (SEQ ID NO 114). Fi gures 75A- 75D show growth and specific
productivity of isoprene production for B8.256 conpared to RML1608- 2.

G owmh (0D550) is represented by the white di anonds; 5specific productivity
of isoprene is represented by the solid bars. The x-axis is tine (hours)

Bna 750y ane iaglbepofleb{Fln fidSudelsBitb Souro Wi PR Simaley wesbl kD 30 Y. 2

i s arbitrar ynisited, 322 i 4hal389 e Ruyafed irdcUBNE SROL val ues
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cul ture. 1l0bagenewatmesuadmmpgdiC-MSasnm d pBBRCVPGLL. 5- pgl . Fi gures
77A and 77B are fhe nucl eotide sequence of plasm d pBBRCMPG 1.5-pgl (SEQ I D
NO 122). 12415 d9ARRA. TPBshay hegpradicsion pf 1seprgna by Epeadichtiains dipnpglugose

coli str@in i . i alonat i nase, P.. alba [soprene ..
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15-L scal e. ofingng /ith&MERIWS, thd BlabhibeadnY € 16 ' ' e N the
15-L bi orea((:)tor feclJ \%iﬁgh gl ucosg.a F%ag)lfre 8B sheg\%sﬁgv?%glct#rﬁd;ﬁé%\yuarwof

i soprene ti pekedvotverify thh@rekbade dfitherlewert pathvayd Ceilltfrong thecotanics Wege tultueéd ins
defined as &Sf ampunt of i soprene produced per liter of fermentation broth.
Met hod for tuedipmegniaiing GAD yeasheniraat and 2 Psgprosh eAligeisieliadyasd solture s

g/ Fer ment or | L/l broth. 20Fi.qure,.78 | S0 .shows e tine
course of igv\éger%@e?hrﬁ%p\%@mrg&ch@i _rE '\8%‘&%3’&‘{“&109-gdﬁwﬁ?mesgﬁ%a&@B?e

Met hod feor ealdactiohidfipten@PTIRNAducet IS R A0RAY SréwBRARBRom e FEMGE WaR rat e,
g/L/hr)dt fromt =0 to 59 hours [=1 g/L broth.” "Figure 78D shows the tine
course of t evidéntifmopthe 3do grécfblt rdudeder] démsitd tn foihg froanil rO0D@M vérickntration

gl ucose. Fi ggre,78E sHovvs volunetric productivity within the 15-L
bi or eact or Pelepdugerddata sekshopny Flee graph sheuwihat higheninduasiondyelds aighat i on

(2L (O AR T B B0 5 el EESIGE L
190 2, VRSBt syl AL OO OB B SBnoB oS
30wi t h Kl ucosleced with 50 uM IPTG. The left bar shows isoprene assay results four hours after
induction followed by a one hour isoprene accumulation assay. The middle bar shows the
one hour normalized value for the same culture with the same induction period but analyzed
by a 12 hour isoprene accumulation assay. The right bar shows the value for a one hour
isoprene accumulation assay of the culture that was induced for 13 hours.
20 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.
Figure 72 shows isoprene formation by Streptomyces albus wild type strain (“wt”)
and strains harboring plasmid pUWL201PW (negative control) or pUWL201_iso (encoding
25  isoprene synthase from Kudzu).
Figure 73A is a map of the M. mazei archaeal Lower Pathway operon.
Figures 73B and 73C are the nucleotide sequence of the M. mazei archaeal lower
Pathway operon (SEQ ID NO:113).
Figure 74A is a map of MCM376 - MVK from M. mazei archaeal Lowerin
30  pET200D.



WO 2010/ 005525PCT/ US2009/ 003897 - 17 - Figure 81 shows the tine
course of isoprene titer within the 15-L bioreactor fed with glucose. The
titer is wef2ormadsas t he anmount of isoprene produced per PCITtUusR000/003897
fermentation broth. Figure 82 shows the tine course of total

i soprene produced fromthe 15-L bioreactor 5fed with glucose. Fi gure
83 is a graph illustrating the tinme course of optical density within the
500-L bioreactor fed with glucose and yeéét extract. Figure 84 is
a graph illustrating the tine course of isoprene titer within the 500-L

bi oreactor fed with glucose and yeast extract. The titer is defined as the
anount of i soprEigered OpBaddded ape thelnuckobtidé sdgaemmerdfMCMB76r-avIVK from M. Fi gur e

85 is a graph illustrating the ourse of total isoprene produced form
t he 500- L B#%5i aighac praﬂwﬂ%{“agg’é SS/Jelé%t extract. Detail ed

Descr i pti on of el DYRDSTOMow prbvhf GHA bskifid oA ShorRIEAROR for

culture of cell Q?rhat pro uce |goprene I's described i'n United 'States
Provi si onaEWR266 compupt itc RM bi608€2. i Giowtb (OB550)1i3 ,rﬁi‘dsentqdl yothe rwfﬁ)@cdeam@rdsm,

2007, and in United States. Provi si onal Paje n Ser.i al
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Appl i cat i gfhsffdudtion\ith RGO lzures B A @tﬂF'YBBgQJ? 400 (Biput&d7 58t MdEBD) uM
Provi si onal Patent Application Serial No. 1/ 013,574, United States

Provi si onalPTEat ¥t awplm@@mtwny gérspaltenwbdg/B/QWhQ BPEY -2:ip drhifianyauitsof pptical
Patent App I(Sl(F:l tl gan%%erl al 'éfS% Zt}ﬁe?é%g hEs, ?lb Bﬁg 89&% ggmu‘ﬁlipqiea b§y6 66 to

ref erence ues

r ecover i ngobit&iA Rhcatud) O3 BE theTuRLAL ESS. In any case Unl ted States
Provi si onal Pat ent | ication Serijal .. 61/013,574, United States

Provi $40onal Pat EgureAi$isadean ofpl WQBWN@QI@ﬁ?%% and United States
Pat ent i cat rj.al i F,ﬁih ds
for t heABPoducttl:gﬁre§?§§ndg?gg§g i‘ﬁgorﬁ%?eso?(é% Sé@%pr en Qﬁldeq@% ture 5@

parti cul ar(SBQES&G:02Posi tions and rret hods increase the rate of isoprene

production and jncrease e total unt of isoprepe_that is produced,, For
exanpl e, cell chigigs Iéé]e?ﬁ? 8{?{5&9 éﬁﬁ’BFeﬁF@r‘lf{S“SpS{“ Ebg AR LY eXpreRfing M.

i soprene hﬁ,éf‘eb ﬁloﬂaﬁ%ﬁgéﬂw@o&kne ﬁua‘é‘éfdn@' nsmmfutlh@@@) Sa&ﬁatg%wn IS

denonstrate e conversion 30of .6 nol ar /oy| eld (10.7 wei ght
yi el d)150f fekid)aamrduhnretamlue i 7é. scalel flgmc@&ABhbwmthealmmurse of optical density

2010/ 005525PCT/ S 9/.003897 cell cult nto i soptene (%
carbon yi e§jint Eg%gﬁo'ﬂﬂ reaRiof ﬁe@‘ﬁglé gicase- a!ﬁé“f‘fgﬁﬁérﬂg wlc%rtsg%lsgareé

of i soprengeP®ithld thé15af bxléfé%tcfbr\f%wﬁﬁ?ﬂlc@&edrhel t&@prs%ﬁn&ms teadituadont a
peak specific rate of 1.88 x 105 nnol /O hr (1.88 x 105 nmole/g",/hr). If

desired, eiseprege pxaxdm:edemydnm@f@m@m@éotba 5o fsrr grlsulatingiisapreneher

diti h
¢ enewabl o CapEBonERe rediRelin By PG rinink o PABIERD pfon

CoONMpo2Dt i ORFUAITBATEIES Slitsv Dihe i wmajﬂlsdmrtttemmmehaesm bibteactoe €l Asith
they allow high i sogrene yield per cell, high carbon yield, high isoprene

purity, hi ghicgreoddethod faryalcnbpingnepgsnenKinstantangousseRiane PHuetnn rafgd
| nvest ment g/].%]rsjdtrpro% E@O t%'SgEilou?saf;—] 'ﬁ grotl-{h#sgure 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 78F shows carbon dioxide
25 evolution rate (CER), or metabolic activity profile, within the 15-L bioreactor fed with
glucose.
Figure 79A is a map of plasmid pJ201:19813.
Figures 79B and 79C are the nucleotide sequence of pJ201:19813 (SEQ ID NO:123).
Figure 80 shows the time course of optical density within the 15-L bioreactor fed

30  with glucose.



efficient, large scale, biosynthetic process for isoprene production

provi des an isoprene. 10source for synthetic isoprene-based rubber and
provi des woOderyvasizse, | ow cost alternative to using nat ecaiuSeamloasss?

As di scussed further below, the amount of isoprene produced by cells can be
greatly increased by introducing a heterol ogous nucleic acid encodi ng an

i soprene synt hase pol ypeptide (e.g., a plant isoprene synthase pol ypepti de)
into the cells. |soprene synthase 15pol ypéptides convert dinethylallyl

di phosphate (DVMAPP) into isoprene. As shown in the Exanples, a heterol ogous
Pueraria Montana (kudzu) or Popul us al ba (Poplar) isoprene synthase

pol ypept i de wasFigupr&dsshedsitine @me apume pf BOpiens titer @lithsn theuldhL dsor&stdrded ehtha
coli, Panteoa citrea, Bacillys subtilis, Yarrow a lipplytica,. and .

Tri choder Blusasts ENe s isegined s i Aot Bf iRapY Beodusbdpdrd i ofgfientation

Met hanosargpe nmazei (114. mazei) neval onate 20l ci nase (MVK) was expressed
in host cells such as Escherichia coli to increase isoprene production. Al
of these cells Peogddediowsthe fimegpense of toa isdpeeneprodunsd fitdinm thecldt1 diargackaut
t he hegerqlggpﬁgaigggrene synt hase pol ypeptide. As illustrated in Tables 1
and 2, Iarﬁ APRINT S of i soprene are produced using the nethods descri bed
herein. For exapphf,838s apeih illusiratiiglthe WinkRoarsb of Bptdabgensstyi viieh @L500-L
synt hase nucl ei c aci d produced approxi mately 10- 25fold nore isoprene in a
14 liter flipreagtobfediwitihglupesecnd yeanénattg control B. subtilis cells without

t he het erol ogous. el i . j p . )
I soprene per Iiuﬁ%{r}llégéf4 1%%65?##(%#%;@%%%@%%{11?&? ngg\ggrhghteggfn%brr\ggﬂat%c l?dIéS
bot h t he viibtegetopfediwieh giakbsermdi yemtarttadth &he dikariedefinedh®e thehhsyntlvyf idopravel |

and 30 nmg/L hy B. subtilis in ferpentors indicates that significant anounts
of iséBren@“gﬁﬁdﬂﬁrE@ﬁ@F&?@H“@?&BB&“@). | f desired, 30isoprene can be

produced on an : ; Ll : J reel n
e\ 2010/ 0050 ST AR B SuBlpethd Gine cBIELof R (RERC Hth RIS i
anmount of 5G0ehbemeactditfed wetht glucockiasd geast extfabl es 1 and 2 and the
experinmental conditions are described in further detail below and in the
Exanpl es section. Table 1. Exenplary yields of isoprene froma shake flask
usi ng the pelalleEPeidiiption dnthe i &adn of the invention. The assay for
measuri ng Tsoprene production 1s described in 5Exanple I, part Il. For this
assay,l5a sanpl e velschroqus/kod psadusing isprensria atcuiterepaficetls thiat pradupeisgprgke i | ask
and cultured for,.3 ) S.plhe.a nt _of_i,.soprepe.prqd i o this sanpl e
fas ¢hen reast Usd f8s P UR Ealke  App BABAR SEHON HATAATIS. fled &

i soprene ppeeBistier @8, 2009, hndsinelUnitddl Stalel Prolvicitkhl Baeat ApplicdtisntSesal Ker ei n.

61/013,386, filed on December 13, 2007, and in United States Patent Application Serial No.
12/335,071. The teachings of United States Provisional Patent Application Serial No.
20 61/013,574, United States Provisional Patent Application Serial No. 61/013,386, and United

States Patent Application Serial No. 12/335,071 are incorporated herein by reference for the
purpose of teaching techniques for producing and recovering isoprene by such a process. In
any case, United States Provisional Patent Application Serial No. 61/013,574, United States
Provisional Patent Application Serial No. 61/013,386, and United States Patent Application
25  Serial No. 12/335,071 teach compositions and methods for the production of increased
amounts of isoprene in cell cultures. In particular, these compositions and methods increase
the rate of isoprene production and increase the total amount of isoprene that is produced.
For example, cell culture systems that generate 4.8 x 10* nmole/gycm/hr of isoprene have
been produced (Table 1). The efficiency of these systems is demonstrated by the conversion

30  of ~23.6 molar % yield (10.7 weight % yield) of the carbon that the cells consume from a



Strain Isoprene Production in a Headspace vial* Headspace concentration
PgThgas Specific Rate lign-totahr/OD (nnoUg, Thr) E' . coh BL21/ pTrcKudzu IS
1.40 53. w028M/@552E. coli BL21/ Pc1DXS yidi Kudzu IS 7. ®@CTAB002/0038925 X
103) E. coli BL21/MCML27 with kudzu IS and entire MVA pathway 23.0 874.1
(1.28 x 104)

-18 -

cell culture medium into isoprene (% carbon yield). As shown in the Examples and Table 2,
approximately 60.5 g of isoprene per liter of broth was generated. Isoprene was produced at
a peak specific rate of 1.88 x 10° nmol/OD/hr (1.88 x 10° nmole/gyem/hr). If desired, even
greater amounts of isoprene can be obtained using other conditions, such as those described
5  herein. In some embodiments, a renewable carbon source is used for the production of

isoprene. The compositions and methods of the present invention are desirable because they
allow high isoprene yield per cell, high carbon yield, high isoprene purity, high productivity,
low energy usage, low production cost and investment, and minimal side reactions. This
efficient, large scale, biosynthetic process for isoprene production provides an isoprene-

10 source for synthetic isoprene-based rubber and provides a desirable, low-cost alternative to
using natural rubber.

As discussed further below, the amount of isoprene produced by cells can be
greatly increased by introducing a heterologous nucleic acid encoding an isoprene synthase
polypeptide (e.g., a plant isoprene synthase polypeptide) into the cells. Isoprene synthase

15  polypeptides convert dimethylallyl diphosphate (DMAPP) into isoprene. As 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

20 kinase (MVK) was expressed in host cells such as Escherichia coli to increase isoprene
production. All of these cells produced more isoprene than the corresponding cells without
the heterologous isoprerie synthase polypeptide. As illustrated in Tables 1 and 2, large
amounts of isoprene are produced using the methods described herein. For example, B.
subtilis cells with a heterologous isoprene synthase nucleic acid produced approximately 10-

25  fold more isoprene in a 14 liter fermentor than the corresponding control B. subtilis cells
without the heterologous nucleic acid (Table 2). The production of 60.5 g of isoprene per
liter of broth (mg/L, wherein the volume of broth includes both the volume of the cell
medium and the volume of the cells) by E. coli and 30 mg/L by B. subtilis in fermentors
indicates that significant amounts of isoprene can be generated (Table 2). If desired,

30  isoprene can be produced on an even larger scale or other conditions described herein can be
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used to further increase the amount of isoprene. The vectors listed in Tables 1 and 2 and the
experimental conditions are described in further detail below and in the Examples section.
Table 1: Exemplary yields of isoprene from a shake flask using the cell cultures and
methods of the invention. The assay for measuring isoprene production is described in

5  Example], part II. For this assay, a sample was removed at one or more time points from
the shake flask and cultured for 30 minutes. The amount of isoprene produced in this
sample was then measured. The headspace concentration and specific rate of isoprene

production are listed in Table 1 and described further herein.

Strain Isoprene Production in a Headspace vial*
Headspace Specific Rate
concentration pg/Lurom/hr/OD
Mg/Lgas (nmol/gycw/hr)
53.2
E. coli BL21/ pTrcKudzu IS 1.40
(781.2)
E. coli BL21/ Pcl DXS yidi 261 289.1
Kudzu IS ' (4.25 x 10%)
E. coli BL21/MCM127 with
874.1
kudzu IS and entire MVA 23.0
(1.28 x 10%
pathway
E. coli BL21/ Pet N- 149 56.6
HisKudzu IS ' (831.1)
Pantoea citrea /pTrcKudzu 25.1
0.66
IS (368.6)
E. coli w/ Poplar IS 5.6
[Miller (2001)] (82.2)
Bacillis licheniformis Fall 42

US 5849970
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(61.4)
Yarrowia lipolytica with ~2
~0.05 pg/L
kudzu isoprene synthase (~30)
Trichoderma reesei with ~2
) ~0.05 pg/L
kudzu isoprene synthase : (~30)
E. coli BL21/ 3
3.2x10
pTrcKKD,LIS with kudzu 85.9
(4.8 x 10
IS and lower MVA pathway

*Normalized to 1 mL of 1 ODgg, cultured for 1 hour in a sealed headspace vial with a liquid

to headspace volume ratio of 1:19.

Table 2: Exemplary yields of isoprene in a fermentor using the cell cultures and

methods of the invention. The assay for measuring isoprene production is described in

Example I, part II. For this assay, a sample of the off-gas of the fermentor was taken and

analyzed for the amount of isoprene. The peak headspace concentration (which is the

highest headspace concentration during the fermentation), titer (which is the cumulative,

total amount of isoprene produced per liter of broth), and peak specific rate of isoprene

production (which is the highest specific rate during the fermentation) are listed in Table 2

and described further herein.
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Exenpl ary yields of isoprene in a fernentor using the cell cultures and
5met hods of the invention. The assay for neasuring isoprene production is
described in Exanple |, part Il. For this assay, a sanple of the off-gas of
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Peak Headspace Titer Peak Specific rate
concentration®* (mg/Lproth) Ug/Lprotm/hr/OD
(ug/Ligas) (nmol/gyc/hr)
E. coli BL21
37
/pTrcKudzu with 52 41.2
Kudzu IS (543.3)
E. coli 214
3 3.5
FMS/pTrcKudzu IS , (308.1)
E. coli BL21/ triple
240
strain (DXS, yidi, 285 300 ;
.52
IS) (3.52x 10°)
E. coli FM5/ triple
180.8
strain (DXS, yidi, 50.8 29 ;
2.
IS) (2.65x 10°)
E. coliMCM127
875
with Kudzu IS and 1094 250 .
entire MVA pathway (1.28 x 10
Bacillus subtilis 0.8
_ 1.5 2.5
wild-type (11.7)
~30
Bacillus pBS Kudzu 5
16.6 (over 100
IS (73.4)
hours)
Bacillus Marburg 24.5
2.04 0.61
6051 [Wagner and (359.8)
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concentration** (ug/Lgas) Titer (mabroui) Peak Specific rate
| i gat hr owOf2nro/0@Es26 nnol | gweahr) E. coli BL21 37 | pCraisea200389t h 52

10
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Fall (1999)]

Bacillus Marburg
6051 Fall US 0.7 0.15
5849970

6.8
(100)

E. coli
BL21/pCLPtrcUpper
Pathway and 2.03x 10* 3.22 x 10*
gil. 2KKDyI and
pTrcAlba-mMVK

59x 10°
(8.66 x 104

E. coli
BL21/pCLPtrcUpper
Pathway and 128 x 10°
gil.2KKDyI and 3.22 x 10* 6.05 x 10*
(1.88 x 10%)

pTrcAlba-mMVK
plus
pBBRCMPGI1.5pgl

**Normalized to an off-gas flow rate of 1 vvm (1 volume off-gas per 1 Ly per minute).

Additionally, isoprene production by cells that contain 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 heterologous nucleic acid or a duplicate copy of an endogenous nucleic acid. In some
embodiments, the amount of DXS and/or IDI polypeptide is increased by replacing the
endogenous DXS and/or IDI promoters or regulatory regions with other promoters and/or
regulatory regions that result in greater transcription of the DXS and/or IDI nucleic acids. In

some embodiments, the cells contain both a heterologous nucleic acid encoding an isoprene
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synthase polypeptide (e.g., a plant isoprene synthase nucleic acid) and a duplicate copy of an
endogenous nucleic acid encoding an isoprene synthase polypeptide.

The encoded DXS and IDI polypeptides are part of the DXP pathway for the
biosynthesis of isoprene (Figure 19A). DXS polypeptides convert pyruvate and D-
glyceraldehyde-3-phosphate into 1-deoxy-D-xylulose-5-phosphate. While not intending to
be bound by any particular theory, it is believed that increasing the amount of DXS
polypeptide increases the flow of carbon through the DXP pathway, leading to greater
isoprene production. IDI polypeptides catalyze the interconversion of isopentenyl
diphosphate (IPP) and dimethylallyl diphosphate (DMAPP). While not intending to be
bound by any particular theory, it is believed that increasing the amount of IDI polypeptide
in cells increases the amount of IPP that is converted into DMAPP, which in turn is
converted into isoprene.

For example, fermentation of E. coli cells with a kudzu isoprene synthase, S.
cerevisia ID], and E. coli DXS nucleic acids was used to produce isoprene. The levels of
isoprene varied from 50 to 300 ug/L over a time period of 15 hours (Example 7, part VII).
As another example, fermentation of E. coli with M. mazei mevalonate kinase (MVK), P.
alba isoprene synthase, the upper MVA pathway, and the integrated lower MVA pathway
was used to produce isoprene. The levels of isoprene varied from 32 to 35.6 g/L over a time
period of 67 hours (Example 10, part III).

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)).

In some embodiments, the presence of heterologous or extra endogenous isoprene
synthase, IDI, and DXS nucleic acids causes cells to grow more reproducibly or remain
viable for longer compared to the corresponding cell with only one or two of these
heterologous or extra endogenous nucleic acids. For example, cells containing heterologous
isoprene synthase, IDI, and DXS nucleic acids grew better than cells with only heterologous

isoprene synthase and DXS nucleic acids or with only a heterologous isoprene synthase
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nucleic acid. Also, heterologous isoprene synthase, IDI, and DXS nucleic acids were
successfully operably linked to a strong promoter on a high copy plasmid that was
maintained by E. coli cells, suggesting that large amounts of these polypeptides could be
expressed in the cells without causing an excessive amount of toxicity to the cells. While
not intending to be bound to a particular theory, it is believed that the presence of
heterologous or extra endogenous isoprene synthase and IDI nucleic acids may reduce the
amount of one or more potentially toxic intermediates that would otherwise accumulate if
only a heterologous or extra endogenous DXS nucleic acid was present in the cells.

In some embodiments, the production of isoprene by cells that contain a
heterologous isoprene synthase nucleic acid is augmented by increasing the amount of a
MVA polypeptide expressed by the cells (Figures 19A and 19B). Exemplary MVA
pathways polypeptides include any of the following polypeptides: acetyl-CoA
acetyltransferase (AA-CoA thiolase) polypeptides, 3-hydroxy-3-methylglutaryl-CoA
synthase (HMG-CoA synthase) polypeptides, 3-hydroxy-3-methylglutaryl-CoA reductase
(HMG-CoA reductase) polypeptides, mevalonate kinase (MVK) polypeptides,
phosphomevalonate kinase (PMK) polypeptides, diphosphomevalonte decarboxylase
(MVD) polypeptides, phosphomevalonate decarboxylase (PMDC) polypeptides, isopentenyl
phosphate kinase (IPK) polypeptides, IDI polypeptides, and polypeptides (e.g., fusion
polypeptides) having an activity of two or more MV A pathway polypeptides. For example,
one or more MVA pathway nucleic acids can be introduced into the cells. In some
embodiments, the cells contain the upper MVA pathway, which includes AA-CoA thiolase,
HMG-CoA synthase, and HMG-CoA reductase nucleic acids. In some embodiments, the
cells contain the lower MVA 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 MV A pathway that includes
AA-CoA thiolase, HMG-CoA synthase, HMG-CoA reductase, MVK, PMDC, IPK, and IDI
nucleic acids. The MVA pathway nucleic acids may be heterologous nucleic acids or
duplicate copies of endogenous nucleic acids. In some embodiments, the amount of one or

more MV A pathway polypeptides is increased by replacing the endogenous promoters or
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regulatory regions for the MV A pathway nucleic acids with other promoters and/or
regulatory regions that result in greater transcription of the MV A pathway nucleic acids. In
some embodiments, the cells contain both a heterologous nucleic acid encoding an isoprene
synthase polypeptide (e.g., a plant isoprene synthase nucleic acid) and a duplicate copy of an
endogenous nucleic acid encoding an isoprene synthase polypeptide.
For example, E. coli cells containing a nucleic acid encoding a kudzu isoprene synthase
polypeptide and nucleic acids encoding Saccharomyces cerevisia MVK, PMK, MVD, and
IDI polypeptides generated isoprene at a rate of 6.67 x 10* nmol/Liom/ODggo/hr (see
Example 8). Additionally, a 14 liter fermentation of E. coli cells with nucleic acids
encoding Enterococcus faecalis AA-CoA thiolase, HMG-CoA synthase, and HMG-CoA
reductase polypeptides produced 22 grams of mevalonic acid (an intermediate of the MVA
pathway). A shake flask of these cells produced 2-4 grams of mevalonic acid per liter.
These results indicate that heterologous MV A pathways nucleic acids are active in E. coli.
E. coli cells that contain nucleic acids for both the upper MV A pathway and the lower MVA
pathway as well as a kudzu isoprene synthase (strain MCM 127) produced significantly
more isoprene (874 pug/Lyom/hr/OD) compared to E. coli cells with nucleic acids for only the
lower MV A pathway and the kudzu isoprene synthase (strain MCM 131) (see Table 3 ni
isoprene synthase polypeptide and a nucleic acid encoding M. mazei MVK polypeptide
generated 320.6 g (at a peak specific rate of 9.54 x 10* nmol/Lyom/ODgoo/hr (ie. 9.5 x 10°
mol/Lyom/ODgoo/hr)) of isoprene during a 67 hour fermentation in the absence of yeast
extract feeding or 395.5 g (at a peak specific rate of 8.66 x 10* nmol/Li;om/ODgoo/hr) during
a 68 hour fermentation in the presence of yeast extract feeding (see Example 10).

In some embodiments, at least a portion of the cells maintain the heterologous
isoprene synthase, DXS, IDI, and/or MVA 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 dilution). In some embodiments of any of the aspects of the invention, the
nucleic acid comprising the heterologous or duplicate copy of an endogenous isoprene
synthase, DXS, IDI, and/or MV A pathway nucleic acid also comprises a selective marker,
such as a kanamycin, ampicillin, carbenicillin, gentamicin, hygromycin, phleomycin,

bleomycin, neomycin, or chloramphenicol antibiotic resistance nucleic acid.
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As indicated in Example 7, part VI, the amount of isoprene produced can be further
increased by adding yeast extract to the cell culture medium using E. coli cells with kudzu
isoprene synthase, S. cerevisia IDI, and E. coli DXS nucleic acids to produce isoprene. In
particular, the amount of isoprene produced was linearly proportional to the amount of yeast
extract in the cell medium for the concentrations tested (Figure 48C). Additionally,
approximately 0.11 grams of isoprene per liter of broth was produced from a cell medium
with yeast extract and glucose (Example 7, part VIII). Increasing the amount of yeast
extract in the presence of glucose resulted in more isoprene being produced than increasing
the amount of glucose in the presence of yeast extract. Also, increasing the amount of yeast
extract allowed the cells to produce a high level of isoprene for a longer length of time and
improved the health of the cells. ,

Isoprene production was also demonstrated using three types of hydrolyzed
biomass (bagasse, comn stover, and soft wood pulp) as the carbon source (Figures 46A-C and
Figures 69A and 69B). E. coli cells with kudzu isoprene synthase, S. cerevisia IDI, and E.
coli DXS nucleic acids produced as much isoprene from these hydrolyzed biomass carbon
sources as from the equivalent amount of glucose (e.g., 1% glucose, w/v). E. coli cells
expressing P. alba isoprene synthase and the MV A pathway produced isoprene at a higher
initial growth rate from ammonia fiber expansion (AFEX) pretreated comn stover than from
the equivalent amount of glucose. (Figures 69A and 69B). If desired, any other biomass
carbon source can be used in the compositions and methods of the invention. Biomass
carbon sources are desirable because they are cheaper than many conventional cell
mediums, thereby facilitating the economical production of isoprene.

Additionally, invert sugar was shown to function as a carbon source for the
generation of isoprene (Figure 47D).

Additionally, xylose, acetate, and glycerol were also shown to function as a carbon
source for the generation of isoprene (Figures 69A-69D). For example, E. coli cells with P.
alba isoprene synthase and the MVA pathway grown on acetate as the only carbon source
had a specific productivity of isoprene about twice as high as during growth on glucose

(Example 10, Part IV; Figures 69A and 69B).
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In some embodiments, an oil is included in the cell medium. For example, B.
subtilis cells containing a kudzu isoprene synthase nucleic acid produced isoprene when
cultured in a cell medium containing an oil and a source of glucose (Example 4, part III).
As another example, E. coli fadR atoC mutant cells containing the upper and lower MVA
pathway plus kudzu isoprene synthase produced isoprene when cultured in a cell medium
containing palm oil and a source of glucose (Example 12, part IT). In some embodiments,
more than one oil (such as 2, 3, 4, 5, or more oils) is included in the cell medium. While not
intending to be bound to any particular theory, it is believed that (i) the oil may increase the
amount of carbon in the cells that is available for conversion to isoprene, (ii) the oil may
increase the amount of acetyl-CoA in the cells, thereby increasing the carbon flow through
the MV A pathway, and/or (ii) the oil may provide extra nutrients to the cells, which is
desirable since a lot of the carbon in the cells is converted to isoprene rather than other
products. In some embodiments, cells that are cultured in a cell medium containing oil
naturally use the MV A pathway to produce isoprene or are genetically modified to contain
nucleic acids for the entire MV A pathway. In some embodiments, the oil is partially or
completely hydrolyzed before being added to the cell culture medium to facilitate the use of

the oil by the host cells.
Exemplary Polypeptides and Nucleic Acids

Various isoprene synthase, DXS, IDI, and/or MV A pathway polypeptides and

nucleic acids can be used in the compositions and methods of the invention.

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 MV A pathway polypeptides (such as AA-CoA thiolase and HMG-
CoA reductase polypeptides). In some embodiments, the polypeptide is a naturally-
occurring polypeptide (such as the polypeptide encoded by an Enterococcus faecalis mvaE

nucleic acid) that has an activity of two or more MVA pathway polypeptides.
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In various embodiments, a polypeptide has at least or about 50, 100, 150, 175, 200,
250, 300, 350, 400, or more amino acids. In some embodiments, the polypeptide fragment
contains at least or about 25, 50, 75, 100, 150, 200, 300, or more contiguous amino acids
from a full-length polypeptide and has at least or about 5%, 10%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, 90%, 95%, or 100% of an activity of a corresponding full-length
polypeptide. In particular embodiments, the polypeptide includes a segment of or the entire
amino acid sequence of any naturally-occurring isoprene synthase, DXS, IDI, or MVA
pathway polypeptide. In some embodiments, the polypeptide has one or more mutations
compared to the sequence of a wild-type (i.e., a sequence occurring in nature) isoprene
synthase, DXS, IDI, or MV A pathway polypeptide.

In some embodiments, the polypeptide is an isolated polypeptide. As used herein,
an “isolated polypeptide” is not part of a library of polypeptides, such as a library of 2, 5, 10,
20, 50 or more different polypeptides and is separated from at least one component with
which it occurs in nature. An isolated polypeptide can be obtained, for example, by
expression of a recombinant nucleic acid encoding the polypeptide.

In some embodiments, the polypeptide is a heterologous polypeptide. By
“heterologous polypeptide” is meant a polypeptide whose amino acid sequence is not
identical to that of another polypeptide naturally expressed in the same host cell.

As used herein, a “nucleic acid” refers to two or more deoxyribonucleotides and/or
ribonucleotides in either single or double-stranded form. In some embodiments, the nucleic
acid 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 prokaryote or eukaryote, or which exists as a separate molecule (e.g., a
cDNA, a genomic DNA fragment, or a cDNA fragment produced by PCR or restriction
endonuclease digestion) independent of other sequences. In some embodiments, an isoprene
synthase, DXS, IDI, or MVA pathway nucleic acid is operably linked to another nucleic acid

encoding all or a portion of another polypeptide such that the recombinant nucleic acid

22
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encodes a fusion polypeptide that includes an isoprene synthase, DXS, IDI, or MVA
pathway polypeptide and all or part of another polypeptide (e.g., a peptide that facilitates
purification or detection of the fusion polypeptide, such as a His-tag). In some
embodiments, part or all of a recombinant nucleic acid is chemically synthesized.

In some embodiments, the nucleic acid is a heterologous nucleic acid. By
“heterologous nucleic acid” is meant a nucleic acid whose nucleic acid sequence is not
identical to that of another nucleic acid naturally found in the same host cell.

In particular embodiments, the nucleic acid includes a segment of or the entire nucleic acid
sequence of any naturally-occurring isoprene synthase, DXS, IDI, or MV A pathway nucleic
acid. In some embodiments, the nucleic acid includes at least or about 50, 100, 150, 200,
300, 400, 500, 600, 700, 800, or more contiguous nucleotides from a naturally-occurring
isoprene synthase nucleic acid DXS, IDI, or MVA pathway nucleic acid. In some
embodiments, the nucleic acid has one or more mutations compared to the sequence of a
wild-type (i.e., a sequence occurring in nature) isoprene synthase, DXS, IDI, or MVA
pathway nucleic acid. In some embodiments, the nucleic acid has one or more mutations
(e.g., a silent mutation) that increase the transcription or translation of isoprene synthase,
DXS, IDI, or MVA pathway nucleic acid. In some embodiments, the nucleic acid is a
degenerate variant of any nucleic acid encoding an isoprene synthase, DXS, IDI, or MVA
pathway polypeptide.

“Codon degeneracy” refers to divergence in the genetic code permitting variation of
the nucleotide sequence without affecting the amino acid sequence 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.

The accession numbers of exemplary isoprene synthase, DXS, IDI, and/or MVA
pathway polypeptides and nucleic acids are listed in Appendix 1 (the accession numbers of
Appendix 1 and their corresponding sequences are herein incorporated by reference in their

entireties, particularly with respect to the amino acid and nucleic acid sequences of isoprene
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synthase, DXS, IDI, and/or MV A pathway polypeptides and nucleic acids). The Kegg
database also contains the amino acid and nucleic acid sequences of numerous exemplary
isoprene synthase, DXS, IDI, and/or MVA pathway polypeptides and nucleic acids (see, for
example, the world-wide web at “genome.jp/kegg/pathway/map/map00100.html” and the
sequences therein, which are each hereby incorporated by reference in their entireties,
particularly with respect to the amino acid and nucleic acid sequences of isoprene synthase,
DXS, IDI, and/or MV A pathway polypeptides and nucleic acids). In some embodiments,
one or more of the isoprene synthase, DXS, IDI, and/or MVA pathway polypeptides and/or
nucleic acids have a sequence identical to a sequence publicly available on December 12,
2007 or December 11, 2008, such as any of the sequences that correspond to any of the
accession numbers in Appendix 1 or any of the sequences present in the Kegg database.
Additional exemplary isoprene synthase, DXS, IDI, and/or MVA pathway polypeptides and

nucleic acids are described further below.
Exemplary Isoprene Synthase Polypeptides and Nucleic Acids

As noted above, isoprene synthase polypeptides convert dimethylallyl diphosphate
(DMAPP) into isoprene. Exemplary isoprene synthase polypeptides include polypeptides,
fragments of polypeptides, peptides, and fusions polypeptides that have at least one activity
of an isoprene synthase polypeptide. Standard methods can be used to determine whether a
polypeptide has isoprene synthase polypeptide activity by measuring the ability of the
polypeptide to convert DMAPP into isoprene in vitro, in a cell extract, or in vivo. In an
exemplary assay, cell extracts are prepared by growing a strain (e.g., the E. coli/pTrcKudzu
strain described herein) in the shake flask method as described in Example 1. After
induction 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.

Isoprene synthase polypeptide activity in the cell extract can be measured, for
example, 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
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described in Example 1, part I

10 Exemplary isoprene synthase nucleic acids include nucleic acids that encode a
polypeptide, fragment of a polypeptide, peptide, or fusion polypeptide that has at least one
activity of an isoprene synthase polypeptide. Exemplary isoprene synthase polypeptides and
nucleic acids include naturally-occurring polypeptides and nucleic acids from any of the
source organisms described herein as well as mutant polypeptides and nucleic acids derived

15  from any of the source organisms described herein.

In some embodiments, the isoprene synthase polypeptide or nucleic acid is from
the family Fabaceae, such as the Faboideae subfamily. In some embodiments, the isoprene '
synthase polypeptide or nucleic acid is a polypeptide or nucleic acid from Pueraria montana
(kudzu) (Sharkey et al., Plant Physiology 137: 700-712, 2005), Pueraria lobata, poplar

20  (such as Populus alba, Popul.us nigra, Populus trichocarpa, Populus alba x tremula
(CAC35696), or Populus alba) (Sasaki et al., FEBS Letters 579(11): 2514-2518, 2005,
Miller et al., Planta 213: 483-487, 2001), aspen (such as Populus tremuloides) (Silver et al.,
JBC 270(22): 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

25  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 acids and polypeptides. In some embodiments,

30 the isoprene synthase polypeptide or nucleic acid is not a naturally-occurring polypeptide or
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Exemplary IDI Polypeptides and Nucleic Acids

Isopentenyl diphosphate isomerase polypeptides (isopentenyl-diphosphate delta-
isomerase or IDI) catalyses the interconversion of isopentenyl diphosphate (IPP) and
25  dimethylallyl diphosphate (DMAPP) (e.g., converting IPP into DMAPP and/or converting
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



MWA pol ypepti de expressed by the cells (Figures 19A and 19B). Exenplary WA
pat hways pol ypepti des include any of the follow ng pol ypeptides: acetyl - CoA
acet yl t r anef2eroa®es2§ AA- CoA t hi ol ase) pol ypepti des, PCT/US2009/003897

3- hydr oxy- 3- net hyl gl ut aryl - CoA synt hase (HMG CoA synt hase) pol ypepti des,

3- hydr oxy- 3- net hyl gl ut aryl - CoA reduct ase 15( HM5 CoA reduct ase)

pol ypepti des, neval onate | ci nase (MK) pol ypepti des, phosphoneval onate

ki nase (PMK) pol ypeptides, di phosphomevaP3dnte decarboxyl ase (MD)

pol ypepti des, phosphoneval onat e decar boxyl ase (PMDC) pol ypepti des,

i sopent enyl phosphate kinase (1PK) pol ypeptides, D polypeptides, and .

pol ypepL [ qﬁﬁy;{elpti@t: to ihtgsdcxmerp(ﬁm pmleMAEE imwitnonn acel bettiaet, oy irﬁfivo.vxﬂxcrlnplm»r e
MVA pat hway pol ypeptj des. . For exan , . 200ne or nore A pat ucl ei c

aci ds can 1D npgleicqiifsdecipdg Budleie ag‘EF ﬁ’é’.‘ ep géﬁglmgﬁ%ﬁ nt ‘\?Aﬁ%p‘géf"fp ide,
contain t §}€Q£ﬁ% [ i tf n HI tiddMG CoA

synt hase, ERHH{F\}EL@)@ I?b;} t agéwmnhg%]zgi I(E:l&gglgﬁic A’]ﬁr}]’%géne eg%lggi@prrent s, the

cel | s contBiemplirg IDbpelypaptilep andwasieicwanids indluds nadergll yagReurBNE polvpeptides @ne
nucl ei¢c acids. In sone enbadi nents, the cells.co LN th ntir A

pat hway, WMCHEF 354 ‘81’8?"?@9 -%Ket%gﬂlggse?esﬁmﬁfﬁei&gya%t eég%,m%A
reduct ase, pdftpti fandMBlei PatddsFddri ved Elodi nyaefi tHE solrte 8xgaRisaRtdesirie herein.he
cells contain an entire MVA pat hway that includes AA-CoA thiolase, HMG CoA
synt hase, HMG CoA reductase, MK, PMDC, EPK, and 1Dl nucleic acids. The WA
pat hway nultesipbara ¥4 PetlyvayeP Heneptideosii¥ugleié Asi4s aci ds or duplicate copi es

of endogenous nucleic acids. In sone enbodi nents, the amount of one or
30more MVA pat h I ' a3 pl q LRSS ab AIBRETRRSO AR -
pronoters or V@%ﬁ@f%@%ggﬁﬂﬂzg8%g%&awé£&ﬁr egulaat g#y regi O(I’)IS for
t he MVA paConalyiohse) poil ypeptdeks 3shiydioxyt hrerethyl gnrdrGo Ansitbaser(EMGeCoh y
regions that result in.greater trapscription he A nuGl ei ¢
aci ds10in %Y(B‘FPé‘Sérﬂ? eﬁg&qssgﬁ}yﬂgxgg?mgtfb)@ﬂygfﬂ%%‘% ﬁedéll(\:%é? mﬁ’@smﬁﬂéﬁsﬁ) c
aci d emodﬁd]ﬁ@ﬂdééﬁ%%ﬁaémﬁdaamm pIGRiptides, pRogphomvalbaite ki@ (FVIK)
synt hase nucleic acid) and a duplicate COFV of an 5endogenous nucl eic acid
as

encodi ng apolypaptides diphpsphoanayaleote desprbiogzlaseayl VER Depipsptides, pgsphempyajonate

containing,a nucleic id.encoding a _k ' [

and nucl o tetamionulies ERAPR PREBERARrp Syl BOREFRE KL BRSO ApiatPERy f
pol ypepti d?@l Qe tapd pbﬁy@%tﬁft@ (@k., fusici ol Ppepbidesh havih@sn activity of two or more
nmol / Lbroi ti 00/ hr (see Exanple 8). Additionally, a 14 liter fermentation
of E. 180l i M\&A pathiay polipepiades. de paiculaeMydy paiheaY Belypertidss incliides) i s AA- CoA

t hi ol ase, , - :nal ks d 22

grans of &%@ﬁ@giﬁﬁkﬁ%ﬁnﬁﬁﬁﬁg@‘ﬁ@ﬁ@g@ t@? gJ,th hg?ﬁ&%p%? m&ggétﬂg‘;'ﬂﬁ)ﬁ?f | ask

of these crhitonphoghinest a-MVyx pathwa§ polypeptatel. Exaoipiarp M VA pathwayThedeic acids:

£ Col 1. Enclige mugleieas A SBEMEH PONREFc TS of 8PODEERh 2o5aP WA
th . ; ' th

pat hway ﬁ‘,?;ﬁ;]%@%dl%ﬁﬂ 2 ERPR T NBY AR iR bf ﬁ?WK%MdWﬁd&yn ase

(strain significantly nore isoprene ( g/ Lbroi ti hr/ QD)
conpar2éd t BExé&mplan Mok phthwaiy tpel ypeptidisand udsicfasidsan¢lyde hatutabhyeaccwyilgpat hway

and the kud i sopren nt hase trai 131 ee Tabl Nl SO
synt hase SB@B‘:’SP;SW?%I@"‘E?I%X%{C ﬁﬁ@fs '?:“%R:y:?I}tg??éﬂ%‘ﬁf%érg(ﬂ’fg%gglscmhﬁ%ﬁlégse%% ﬁgg
gener at ed 3R#an® pblypépticRs BRRKudBie Glids Aefi M Efrom ahy ot the sdfce organisms described

nnol / Lbr ot h/ 0D600/ hr™ (i.e. 9.5 x 10-5
herein.

In particular, acetyl-CoA acetyltransferase polypeptides (AA-CoA thiolase or
25 AACT) convert two molecules of acetyl-CoA into acetoacetyl-CoA. Standard methods
(such as those described herein) can be used to determine whether a polypeptide has AA-
CoA thiolase polypeptide activity by measuring the ability of the polypeptide to convert two

molecules of acetyl-CoA into acetoacetyl-CoA in vitro, in a cell extract, or in vivo.
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fromthe equival ent anpunt of glucose. (Figures 69A and ?98) ... I f desired,
any ot her lsireinbean be used to determine whether a polypeptide has PMK polypeptide activity by

measuring the ability of the polypeptide to convert mevalonate-5-phosphate into
20  mevalonate-5-diphosphate in vitro, in a cell extract, or in vivo.
Diphosphomevalonte decarboxylase (MVD or DPMDC) polypeptides convert
mevalonate-5-diphosphate into isopentenyl diphosphate (IPP). Standard methods (such as
those described herein) can be used to determine whether a polypeptide has MVD
polypeptide activity by measuring the ability of the polypeptide to convert mevalonate-5-
25 diphosphate into IPP in vitro, in a cell extract, or in vivo.
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 in vitro, in a cell

30 extract, or in vivo.
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nmore MVA pat hway Aqtoe lﬂﬁ%i%gfyl, gs%f)fene synthase, DXS, IDI, and/or MV A pathway nucleic acids
(such as any isoprene synthase, DXS, IDI, and/or MVA pathway nucleic acids with a known
nucleic acid sequence) can be chemically synthesized using standard methods.
Additional isoprene synthase, DXS, IDI, or MV A pathway polypeptides and
25  nucleic acids which may be suitable for use in the compositions and methods described
herein can be identified using standard methods. For example, cosmid libraries of the
chromosomal DNA of 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
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400, or mwoeoswmios2saci ds. I n sonme enbodi nents, the polypeptisd@ofonzsgnent
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either single or double-stranded form_1In so?rg?errbodl nents, the nucl

acid 18 a Typicahyite glene soeniss cheserplogons DNAsts dsalatad HEINA tha IMPLORIAIGTESIHS §ﬂ§ a
nucl ei ¢ ack%onﬁucleats%segn%sl r%ﬁel,?ia&d&dc%n{ foSke s rggl%n%rf tﬂg)éo%nﬁ&'(?é&blcuﬁ?g ﬁlné (e.qg.

genes) whi & nme occurring In nature of the organism fr om whi ch
the nucl ei gppa@prﬁtaigasé& ecr:mmdwectdsraonemimngtlwimeaheedqlmmelqgoatm%are then
interest. The termtherefore includes, for exan*% recotgb L. DNA whi ch
i s 25i ncorisasted withiaTPNApagkeging vehigle suchashac Aaer j) 8?? & 5 asmi d
or virus, glrocésgttﬂe EOEsi@ @.[%rqlga@&léngf[héhd%r@fﬁﬁbﬂﬁbﬂﬁpfs el eMQﬁt@ th®heaghi ch
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XS, D1, ol ) e VeSO e ey PR N ARy IMAFCP,
aci d 30encgdiifhedkbd ofthe 2o Nidky@AdOf Ir\atﬂ%trhﬁfnepﬂhfgﬁeégmdﬁs sfisdreiiolagous BNA
reconbi nant nucleic acid WO 2010/ 005525PCT/ US2009/ 003897 - 29 -
can be introduced and expressed in host cells.
Additional methods for obtaining isoprene synthase, DXS, IDI, and/or MVA
20  pathway nucleic acids include screening a metagenomic library by assay (such as the _
headspace assay described herein) or by PCR using primers directed against nucleotides
encoding for a length of conserved amino acids (for example, at least 3 conserved amino
acids). Conserved amino acids can be identified by aligning amino acid sequences of known
isoprene synthase, DXS, IDI, and/or MVA pathway polypeptides. Conserved amino acids
25 for isoprene synthase polypeptides can be identified based on aligned sequences of known
isoprene synthase polypeptides. An organism found to produce isoprene naturally can be
subjected to standard protein purification methods (which are well known in the art) and the
resulting purified polypeptide can be sequenced using standard methods. Other methods are

found in the literature (see, for example, Julsing et al., Applied. Microbiol. Biotechnol. 75:

30 1377-84, 2007; Withers et al., Appl Environ Microbiol. 73(19):6277-83, 2007, which are



encodes a fusion pol ypeptide that includes an isoprene synthase, DXS, 1D,
or MVA pat hway pol ypeptide and all or part of another polypeptide (e.g., a
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increase the transcription or translation of isoprene synthase, DXS, D, or
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when synt HERYI% mé‘a%uéﬁgéf’gﬁ;’cérg"[%5‘?‘%?%5@33@‘6??32?8%%%a hps% cell, it
i s desi r ahleaultseginge o stendmd strecture predickesi progtaimes, sushl asiRrediciPdoteind®39 Négsti t s

of “the hosiossirer, BB ReahPakalLadods USAHeRlehalusiEr e SrHat sebgRaRy o2
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listed in Appendi x”1 (the accession nunbers of Appendix 1 and their
cor r espondianpe segueined sismgestdndard methadordditional igppranstsypidiasce DS .11 ¢r

30entiretige articularly wth respect t. 1. i to acid
sequences 1}43’4 5%&%?’@%8“3% aﬁ@fﬁf'@)ﬁggg’g ﬁ%‘f’} lﬁg‘ig%? gﬁ@%@@‘% gﬁgﬁles%éﬁ% E’fge,
DXS, TDI, padikabwiNépréicyahais Dnpsabl dasvendpanehehocleiciadial. The Kegg

dat abase al so contains thé am no acid and nucl eic acid sequences of

numer ous exenpl ary isoprene synthase, DXS, |IDI, and/or MA pat hway

pol ypept i dBempberydlretneiers ard YectpBee, for exanple, the world-w de web at
"genone. j pf kegg/ pat hway/ map/ mapOd 00. ht M " and t he 5sequences therein,

whi ch are each hayehy yidiSE5RAC &rfhsBYDXS! BSISBERIV A phihdiay rfileid R%id B8scribed
20  herein can be included in one or more vectors. Accordingly, the invention also features
vectors with one more nucleic acids encoding any of the isoprene synthase, DXS, IDI, or
MVA pathway polypeptides that are described herein. As used herein, a “vector” means a
construct that is capable of delivering, and desirably expressing one or more nucleic acids of
interest in a host cell. Examples of vectors include, but are not limited to, plasmids, viral
25 vectors, DNA or RNA expression vectors, cosmids, and phage vectors. In some
embodiments, the vector contains a nucleic acid under the control of an expression control
sequence.
As used herein, an “expression control sequence” means a nucleic acid sequence

that directs transcription of a nucleic acid of interest. An expression control sequence can be



particularly with respect to the amno acid and nucl ei ¢c acid sequences of
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natural | y- i td) A6 s elB6diRichits a4 H8plche 8y mANsePD XS EDE @4 Ce
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derived 13¥Nonpahyayphudléie asulinegraesjatt scyonesené bethelseHewithout a selective
sonme enbodi nents, the isoprene synthase pol ypeptide or nucleic acid is from
the fani|y"#®&faceae, such as the Faboi deae subfanily. In some enbodinents,
the igoprene syn§hasife PQVRAR! thd§e WhichUed @intpadibledwith tife szt yelbpmpldgedr
nucleic acid from Pueraria nontana (kudzu) (Sharkey et al., Plant

Physi ol ogySui@Ble veo®rydan bexdrgsed, fionexample, frem atbactepyp, arvirus (such as

bacteriophage T7 or a M-13 derived phage), a cosmid, a yeast, or a plant. Protocols for
obtaining and using such vectors are known to those in the art (see, for example, Sambrook

et al., Molecular Cloning: A Laboratory Manual, 2™ ed., Cold Spring Harbor, 1989, which



20(such as Popul us al ba, Populus nigra, Populus trichocatpa, Populus al ba x
tremul a (CAC35696), or Populus al ba) (Sasaki et al., FEBS Letters 579(11):
2514- 2518y02008053961 | er et al., Planta 213: 483-487, 200Cr/usaepmmspsuch as
Popul us trenul oides) (Silver a al., JBC 270(22): 13010-1316, 1995), or
English Gak (Quercus robur) (Zinmrer et al., WO 98/02550), which are each
hereby incorporated by reference in their entireties, particularly 25w th
respect to isoprene synthase nucleic aci38s and the expression of isoprene
synt hase pol ypeptides. Suitable isoprene synthases include, but are not
limted to, those identified by Genbank Accession Nos. AY341431, AY316691,
AY279379,mﬁéﬂﬁ%Q%quﬁmﬂdAy}azﬂﬂ&enmhsehuewepmHOMaﬂﬁMmbyEﬂncbwgbcaﬁaﬁ'by
reference in their entireties, particularly with respect to sequences of

i soprene Wetitase nucl ei ¢ aci ds and pol ypeptides. In some enbodi ments,
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pol ypepti de has DXS pol activi t the
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used to vary the level of expression of the polypeptide encoded by a nucleic acid operably
20 linked to the glucose isomerase promoter (U.S. Patent No. 7,132,527). In various
embodiments, the glucose isomerase promoter is contained in a low, medium, or high copy
plasmid (U.S. Patent No. 7,132,527).
In various embodiments, an isoprene synthase, DXS, IDI, and/or MV A pathway
nucleic acid is contained in a low copy plasmid (e.g., a plasmid that is maintained at about 1
25 to about 4 copies per cell), medium copy plasmid (e.g., a plasmid that is maintained at about
10 to about 15 copies per cell), or high copy plasmid (e.g., a plasmid that is maintained at
about 50 or more copies per cell). In some embodiments, the heterologous or extra
endogenous isoprene synthase, DXS, IDI, or MVA pathway nucleic acid is operably linked

to a T7 promoter. In some embodiments, the heterologous or extra endogenous isoprene

30 synthase, DXS, IDI, or MV A pathway nucleic acid operably linked to a T7 promoter is
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pol ypepti des (AA-CoA thiol ase or
chromosome in the cells.

In some embodiments, the vector is any vector which when introduced into a

20 fungal host cell is integrated into the host cell genome and is replicated. Reference is made
to the Fungal Genetics Stock Center Catalogue of Strains (FGSC, the world-wide web at
“fgsc.net” and the references cited therein, which are each hereby incorporated by reference
in their entireties, particularly with respect to vectors) for a list of vectors. Additional
examples of suitable expression and/or integration vectors are provided in Sambrook et al.,

25 Molecular Cloning: A Laboratory Manual, 2" ed., Cold Spring Harbor, 1989, Current
Protocols in Molecular Biology (F. M. Ausubel et al. (eds) 1987, Supplement 30, section
7.7.18); van den Hondel et al. in Bennett and Lasure (Eds.) More Gene Manipulations in
Fungi, Academic 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.

30  Particularly useful vectors include pFB6, pBR322, PUC18, pUC100, and pENTR/D.
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pol ypgpt i desmpaasbertdl aégonsmagalsylbe derived from various genes native to the host cell.
In some embodiments, the termination sequence and the promoter sequence are derived
from the same source. In another embodiment, the termination sequence is endogenous to
the host cell. A particularly suitable terminator sequence is cbh1 derived from a
Trichoderma strain (such as T. reesei). Other useful fungal terminators include the

25  terminator from an A. niger or A. awamori glucoamylase nucleic acid (Nunberg et al., Mol.

Cell Biol. 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 with respect to fungal

terminators). Optionally, a termination site may be included. For effective expression of the

polypeptides, DNA encoding the polypeptide are linked operably through initiation codons
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met hods. kosmBwarR} &L, Moktuldr Cldnimy: ireEatafratbheMahuanGelonSgringNAarder. dP8ni sns
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Col EI and ehzymes emi it used o nignteethe isipeenesynihashu &6} dDhdMVes P HAY Y
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parti cul ar hopomptisheddxypigation 6t eQnySBIEBY IS ICHAN piASH dlgaich sites do not exist,

synthetic oligonucleotide linkers are used in accordance with conventional practice (see,
Sambrook et al., Molecular Cloning: A Laboratory Manual, 2™ ed., Cold Spring Harbor,
1989, and Bennett and Lasure, More Gene Manipulations in Fungi, Academic Press, San
25 Diego, pp 70-76, 1991, which are each hereby incorporated by reference in their entireties,
particularly with respect to oligonucleotide linkers). Additionally, vectors can be

constructed using known recombination techniques (e.g., Invitrogen Life Technologies,

Gateway Technology).
In some embodiments, it may be desirable to over-express isoprene synthase, DXS,

30 IDI, or MVA pathway nucleic acids at levels far higher than currently found in naturally-
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20  producing isoprene (Figure 19). Thus, DXS nucleic acids can be obtained, e.g., from any
organism that contains the DXP pathway or contains both the MVA and DXP pathways.
IDI and isoprene synthase nucleic acids can be obtained, e.g., from any organism that
contains the MVA pathway, DXP pathway, or both the MVA and DXP pathways. MVA
pathway nucleic acids can be obtained, e.g., from any organism that contains the MVA
25 pathway or contains both the MV A and DXP pathways.
In some embodiments, the nucleic acid sequence of the isoprene synthase, DXS,
IDI, or MVA pathway nucleic is identical to the sequence of a nucleic acid that is produced
by any of the following organisms in nature. In some embodiments, the amino acid

sequence of the isoprene synthase, DXS, IDI, or MVA pathway polypeptide is identical to

30 the sequence of a polypeptide that is produced by any of the following organisms in nature.
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and Pentt IA’ﬁC&tN(?.‘|26928,e%m@gﬂu}rﬁ%p}%mlcola sp. (e.g., H. insolens, H. lanuginose, or H.
grisea); Chrysosporium sp. (e.g., C. lucknowense), Gliocladium sp., Aspergillus sp. (e.g., A.
oryzae, A. niger, A sojae, A. japonicus, A. nidulans, or A. awamori) (Ward et al., Appl.

25 Microbiol. Biotechnol. 39: 7380743, 1993 and Goedegebuur et al., Genet 41: 89-98, 2002),

Fusarium sp., (e.g., F. roseum, F. graminum F. cerealis, F. oxysporuim, or F. venenatum),
Neurospora sp., (e.g., N. crassa), Hypocrea sp., Mucor sp., (e.g., M. miehei), Rhizopus sp.
and Emericella 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

30 currently classified as Trichoderma.
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o ot or . " Pacilshs seRbens Heow of ol Horeath Bebtinap B3l P Beriout 2 '
't 3 Ogr $erft%§%@?ﬁ?sga Bifis, B bredls, BNRedyaiwRYpHIS) Bl ikaspRinapBr ably |i nked
amyloliquefaciens, B. clausii, B. halodurans, B. megaterium, B. coagulans, B. circulans, B.
lautus, and B. thuringiensis. It is recognized that the genus Bacillus continues to undergo
25  taxonomical reorganization. Thus, it is intended that the genus include species that have
been reclassified, including but not limited to such organisms as B. stearothermophilus,
which is now named “Geobacillus stearothermophilus.” The production of resistant

endospores in the presence of oxygen is considered the defining feature of the genus

Bacillus, although this characteristic also applies to the recently named Alicyclobacillus,



WO 2010/ 005525PCT/ US2009/ 003897 -40 - contained in a nmediumor high copy
plasm d. In sone enbodi nents, the heterol ogous or extra endogenous i soprene
synt hase, wOX810/@055250r MVA pat hway nucl eic acid is operalpCy/uszeneedsvd a Trc
pronoter. In some enbodi ments, the heterol ogous or extra endogenous

i soprene synthase, DXS, DI, or MVA pathway nucleic acid operably |inked to
a Trc Spronoter is contained in a mediumor high copy plasmd. In sone
enbodi ments, the heterol ogous or extra-éfdogenous isoprene synthase, DXS,
D, or WA pathmay nucleic acid is operably linked to a Lac pronoter. In
sone enbodi nents, the heterol ogous or extra endogenous isoprene synthase,
DXS, | DI, AmphiNAllpsiAneasinibacllasAraybhodpey Btdvj,bdcilhdseﬂildzhucdlusaGrqnilﬂvmilé;s,i s

cont ai ned in a |owcop a h 10
extra enddgeheelus.d (5’6'("é?ﬁé‘llg&m&@@ﬁubigeW@c%ﬁge%Ab%{i f e(ti b?&gg ”gm dor
IS operably [i ”'ﬁ?&’orﬂ@exﬂﬂoqﬁ%ﬂaeﬂﬁ%u&é%@hﬁh lswbmaﬁosﬂwe%d@ﬁaﬂpuson-

Escheri chia, Panteoa, Bacillus, Yarrow a, Streptonyces, or Trichoderma
prom)ter mitang eeuadlpgisnmlsdeastmm ofé't'seerqm@e@feeﬂe& IUS}, §dpfié¢f§ §WH€@1@’ OpXS,

A o A s i e e

operabl y bidikeifin lsOcirls ENGRORTRUEIRRMMBIspr 1S contained in a hi gh copy
plasm d. In sone enbodi nents, the vector is a repI i cating pI asm d that does

not integrate ifhneomae embcmmrsethersovm OERANISEN is| 4 PIaRBUHAS SR A TN thear t or
all of thfagmiﬁag, chadt SORAL e EltPicle SIMRHRS O WP sdiflc LABodifich s 1leoBRED

enbodi nmen IS any VeCt 6 en 1 ntroduced 1nto a 20fungal

host cel | ofganishtie @uadis @oplat (SutHﬂﬁs Rogitluselbh xgmmmm%%roe[ﬁ’bpnlas atha)
Reference is made to the Fun

Cenet St Cent f St
( FGS@P thésamimedawlz}l@&véﬁt@fg7?(d§2:n?1%é{1*%%é$r O ﬁ)e a?&“&%‘é‘%@’é?%%'g‘dot herref“nns
whi ch are, %m] ?{K‘S %lp?p ep(tqgrrgg,g,at ed by reference in their entireties,

parti cul ar to vectors) for a list of vectors. Additi onal
exanpl es of sui tIﬁbbxaeembésmnm tlwmb/ume qrgamgnmamﬂga@@umas agrecpalges.ded in

Sanbrook et al., 25Ml ec 0 a r u Col d
Spring Harlgas 8 ﬂ‘@SEhyt?qu ‘gf“b? s e‘f%l'ﬁ "IU%I a]& I“ﬁ?taé?rocf %%flfggﬂatei/l Ausubel
et al. (eds) 19%% ’sorﬁli‘@mb%ﬂﬁﬁ@nts?@he SRfdel fBanfsnd islByaneBactéled) stitnglel et al . in

Bennett and Lasure (Eds.) Mre Gene Manipul ations in Fungi, Academ c Press
pp. 3%6- 42gancbsQdria aawfudsmcpmmftthmllomwgrozpsbamﬁuoenn@pbol@ath her eby

vect ors. - Sarenridirar g aetsb et B LNt R Sty 67 Ui oo,
and pENTR/D. WO 2010/ 005525PCT/ US2009/ 003897 -41 - '
Exemplary Host Cells
A variety of host cells can be used to express isoprene synthase, DXS, IDI, and/or MVA
20  pathway polypeptides and to produce isoprene in the methods of the claimed invention.
Exemplary host cells include cells from any of the organisms listed in the prior section under
the heading “Exemplary Source Organisms.” The host cell may be a cell that naturally
produces isoprene or a cell that does not naturally produce isoprene. In some embodiments,
the host cell naturally produces isoprene using the DXP pathway, and an isoprene synthase,
25  DXS, and/or IDI nucleic acid is added to enhance production of isoprene using this pathway.
In some embodiments, the host cell naturally produces isoprene using the MVA pathway,
and an isoprene synthase and/or one or more MVA pathway nucleic acids are added to
enhance production of isoprene using this pathway. In some embodiments, the host cell
naturally produces isoprene using the DXP pathway and one or more MV A pathway nucleic

30 acids are added to produce isoprene using part or all of the MVA pathway as well as the



In sone enbodi ments, an isoprene synthase, DXS, EDI, or MA pathway nucleic
acid is operably linked to a suitable pronoter that shows transcriptional

activity wo?2a10foesgpal host cell. The pronoter nay be der iPegaiskeoomisne or
nore nucl ei ¢ acids encoding a polypeptide that is either endogenous or
het er ol ogous to the host cell. In some 5enbodi nents, the pronoter is useful

in a Trichoderma host. Suitable non-limting exanples of pronoters include
cbhl, cbh2, egll, egl2, pepA hfbl, hfb#&7-xynl, and amy. In sone

enbodi nents, the pronoter is one that is native to the host cell. For
exanple, in some enbodi mrents when T. reesei is the host, the pronoter is a
native T.Dix@esehway. dfsbare.embodimens,ahbbatit nelh hatprallyeprpduwesisoprans usingbetsei
cbhl , which is an_inducible prgm)ter and has 10been D s@id My&%enBank
under AcctedidPR arg MY Bpadwvayiane Ang g“i“ﬁEedP?HF%et%ﬁ‘%We’r 1gr & ¥h' Mt s
entirety, r1i T BAVERETY ' & erROBNE endhsHienthese t he
pr onot er Pzgﬁ‘g%%ﬁ#ﬂgl{& aixglwﬁg{%%dglag(ggﬁjhsahte%p{oﬁga?ﬁln(gafdﬂgost c?al | . O her

exanpl es pithwagf ul pronoters include pronoters fromthe genes of A awanori
and A._ niger glucoanylase (glaA) (Nunberg et al., MIl. Cell Biol.

4: 230@-2315, 1984 and Boel et at, EMBO J. 3:1581- 151585, 1984, which are
each hereme,hﬂggrm;,%gqamn Mehyence in their entireties,-particularly
with respect to prom)ters%; Aspergil |l us niger al pha amnyl ases, Aspergillus
oryzae TAKApeny spbaseTDXSed@biangdion MV Argthwiy npcleiacids orwactash FoMyiame thew 1

EP 137280, which is | WORT i .
L3722 M SR S8, P L 98 B SRS 4

expr essi OhestEBéDherding Qsinpclandad tecHn@fudt fatex pression of theeenc@deBasopremd $ynthase,
control regions may also be derived fromyvarious gg{n%ﬁyati ve to the host

cel | .10 n ot IRhtsadiondhY 4, athigay Rl papiide-o Mgy HoTE A RNSHIETRSEFtor
sequence ale 8k MALafHe gkxé‘gﬁne?ﬂﬁ?n %S@l:'lﬁrﬁgues lsQciR ROk ARforaiiRie! dlBdfopotdidn,
ndogenous 1o t I

term nati on sequence IS host cell. A particularly

sui t abl e he¢learmaicevingetipre naasdustiot itansfeciiore@. £ r lgpmfectiomi roédiated wa DEAEI n
(such as T. reesei). O her useful fungal term natqrs include the .

25t er mi nab§xUiTy ‘Bﬁ?‘éﬁdAr.a“ﬁfireﬁtéﬁ‘" %frtr%.syeaa&%?‘l‘g ﬁlr?fé’gi’rm%?ga%eu‘@%s?’cl neybagion
(Nunber g &fimalajciut{Phosphate DRAGprecipitdid Mipk Idiacityl BEhbadeheBO ®lith@NALcoatedVBO J.
3:1581-1585, 1984; ‘which are each hereby i nco;ﬂgor ated by reference in their
ent i rEt i espicpardjeatilésannd prsiteriast éesperc t Gensr4l (ragsiormation gainigugs arokRewnil the o

termnation site be included., For effectiv p |10 f

pol ypept i &é‘é,seem&%&f hﬁ)?(t’cl‘?gs lBM?%&?JIH %'eo %grye(%l. %I(‘{e%ﬁg%eér)ggI(flagﬂﬁ:rhgﬂt&g’

I ni tiati onogpdnmsroMQ241 MALARZEIGHngSAAABORAGT Manuad 2™ ed.0CsR Spingd
expression control regions such that expression results in the fp%ggtl on of

t he appr opfarbarel 89 sudGamphelhet ¢/n QoreOarhbd@ixdetft-d 989 nhigh grafas i ng,
region, and term nata | | Mol e f 54;] 1 25 64 SYOLAASEmiRsa: ED
IR Bt Y AL LA O SORA R S
20  methods). The expression of heterologous polypeptide in Trichoderma is described in
United States Patent 6,022,725; United States Patent 6,268,328; United States Patent
7,262,041: WO 2005/001036; Harkki et al.; Enzyme Microb. Technol. 13:227-233, 1991;

Harkki et al., Bio Technol. 7:596-603, 1989; EP 244 ,234; EP 215,594; and Nevalainen et al.,

“The Molecular Biology of Trichoderma and its Application to the Expression of Both

25  Homologous and Heterologous Genes,” in Molecular Industrial Mycology, Eds. Leong and
Berka, Marcel Dekker Inc., NY pp. 129 — 148, 1992, which are each hereby incorporated by
reference in their entireties, particularly with respect to transformation and expression
methods). Reference is also 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

30  hereby incorporated by reference in their entireties, particularly with respect to



5sone enbodi nents, the coding region for an isoprene synthase, DXS, 1D, or
MVA pat hway nucleic acid is inserted into a general - purpose expression
vector suwb20tvsi2s i s under the transcriptional contr olPCofUSRIDO/0BIBPT €SSi ON
construct pronoter and term nator sequences. In sonme enbodi nents, genes or
part thereof are inserted downstream of the strong cbhl pronoter. 10An

i soprene synthase, DXS, Di, or MVA pathway nucleic acid can be incorporated
into a vector, such as an expression vedBor, using standard techni ques
(Sanmbrook et al., Mlecular Coning: A Laboratory Manual, Cold Spring

Har bor, 1982, which is hereby incorporated by reference in its entirety,
parti cul afhisforabion aspesks) fo? tiahsfosmat@nofmypefgihpptoprs dihe imkpdused pueleiés and
t he construction of vectors). Methods i\ﬁg to 15l.i gate theh%8§%Q§truct
conpri si nerids may beintegraied iyp Cf"Fﬂ‘%‘PSé’g’talt5 AT Iy ned a5 eXakNIOMGSRIEE |
DXS, I D, or,.MWA R nucleic acid), a pronoter, a term nator, and ot her
sequencesregH(g/ak{{%S?ﬁlge\g@%'them into a suitable vector are well known in the
art. For exanpl @nyrmsthod khown iretheyantesaxbaudsd taselactitmnsfosmarist FEoRsHYlFene

th , DXS, : A h | ei id £or. th
conpat: bi EmesmEaa e CaTBIPTEb 5 BT 5 AL Aaes ikt Sefftglyshd{fifm ' e
pat hway nH{}J&J]&gﬁﬁfﬁmgd%@s 5*&&' fRavELowaEia artithe Bamiatigatof dirculanédloges with
general |y acconpli shed by

igation at convenient restriction sites. If such
sites do memoeth, sithertthan mggecheutline on pejishaidlusomedian ¢HRBRNEACEIANEY | n

accordance W th conventional pragcti - - eecul ar
d oni ng: ,&dg'&’(%‘f‘ Y-dP §OTAESEED ,aq}’"gﬁ%c}gs, Of:o§‘?§"“§§$ :lir%g chE%)r' g}olwég%/m and Bennett
and Lasur @undYbhfanceita Mamd foH-adleqivg medlidmitgg., aAoabileniticat Packs scet@aide250i ego,

pp 70-76, 1991, which are each hereby_ incorporated by ref er?nce i.n gge(;rgs
enti rit i edarvestitg sporesifram s pulfure medium.gngd|delsomiTine B RFECnfage & djese sp
Addi tional lly, vector %ﬁdw IH&] VeI édiemtoh 8FRAR heshrhide.

t echni queéw%/g‘. %,Sequrelﬁ'ilfg‘%agﬁat&%ﬁg echﬁg gﬁi es, Gat ev?/ay Tfeigh_nol ogy). In
some enbodi ment sin sotnermybodémeras, fuagdl eclisare wansformpedky 2 prsgscin¥oliig hase,

DXS, 30EDI, or MWA pat hway nuc] ei c . aci at | evel ar_hi
current | y prefaplgsti fﬁﬂgﬁt%aé‘l%l ans %@m&%ﬁ@%"égﬁé‘% @M%gggé"ft&@ of the
occurri ngcclgﬁ!\alaﬁ'in. .n%v\;nerﬁﬁ'llr&:r.”ﬁﬁ oR€ speARBhbsimenDihet prep@sticacsf Tréchodemag

of the nucl’ei'c acids encoding those pol ypeptides into nulticopy plasmds or
pl aci py t hpsfor nrundfeimatami idsolveside preparation @f PradeRipEs 0By fungalany¢elini(sas:

pronoter. Methods for _over-expressi.ng sired . I wn and
hel | knowCampEHer 4fCEY HoMiclar B b1 Soy M ad® DedRERAER By rafen PTG I
Sambr ook ti?éty,?aWu%W ®lth RspBéNE trafsfbARAicAtmEtoddn liakome ntbedimenGothe

Spring Harbor, 1989, which is hereby incorporated ﬁ% reference ig i San
entirety, mpyocinewt ehthipedfrom gesgpered yeeehtiyRsPRICt el MyGelia are treated wip.a

usef ul 1 n Sevor Y disenin e SE TR TRl ofafafty, TROBIOLGARES B i paeolcacy
Expr e3gi 0y fe 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 between 0.8 M and 1.2 M. Itis desirable to use
about a 1.2 M solution of sorbitol in the suspension medium.
Uptake of DNA into the host Trichoderma sp. strain is dependent upon the calcium
25 ion concentration. Generally, between about 10 mM CaCl, and 50 mM CaCl; is used in an
uptake solution. In addition to the calcium ion in the uptake solution, other compounds
generally included are a buffering system such as TE buffer (10 Mm Tris, pH 7.4; 1 mM
EDTA) or 10 mM MOPS, pH 6.0 buffer (morpholinepropanesulfonic acid) and polyethylene
glycol (PEG). While not intending to be bound to any particular theory, it is believed that

30 the polyethylene glycol acts to fuse the cell membranes, thus permitting the contents of the



10 Laboratory Manual, 1990 and Ausubel et al., Eds. Current Protocols in
Mol ecul ar Bi ol ogy, 1994, which are each hereby incorporated by reference in
t hei r entwopebiogwss2particul arly with respect to nol ecul apPChiush@gpoisnd

cl oning techni ques. Exenplary Source O gani sns 151 soprene synt hase, DXS,
DI, or MVA pathway nucl eic acids (and their encoded pol ypepti des) can be
obt ai ned from any organismthat naturally contains isoprene synthase, DXS,
DI, and/or MA pathway nucleic acids. A#9nroted above, isoprene is forned
naturally by a variety of organisns, such as bacteria, yeast, plants, and
animals. Organisns contain the MVA pat hway, DXP pat hway, or both the WA
and DXP pahiay® HeQleliZ&ed ottt che\gytosiasin en the(Trighoternidip. sifhiusind [D)éa)lmmildei c
acids can be obtained, e.g., from ag_}/j or gani smthat cont ai.ns, the. Fthe

pat hway oDNfomlm transfsate to Hie M@kUsn BXPSIBEFWM y legyes é‘?\‘ﬂ“P@&BP‘SF\B
synt hase Er’]lﬁ WN%;IP%%@?&B&%&%@{ 48mo g,rg%t hf rom any organi smt hat

cont ai ns at hway, the MVA and DXP 'pat hways.
WA pat hway nucliBusllyg sukpetsion b(mtalhtr@lthe’a!‘rzclmdyrmaf?pqvmmw}astﬁr(g&n Isthat have
contai ns the MVA 25pat hway or,.contai ns both the d, DX ys. In
sone énboﬁ?%‘ff’beaefilﬁ%aHEE?%%H“&&CB“%"%G%%‘& sgy of moalg) /Pghg gyﬁ? dse, DXS,
or MA paj G‘W@l QI%QJS ﬁu'hé tﬂaﬁﬁﬂhh&t%n tR vbi&ﬁlé&qmqwonhe@ pFro@pkise c2eklls inhat

i s produced by’ any o the fol lowi ng organisns in nature. In sone
enbodi ments aprhpriziesolotian (alg-s bgudsowitol andi20 mdb ek asyminedsdth thrgesipyg | or

MVA pat h dent I th f

N P T RO BURES 5 oo HEM Pl T AR R Rl YRRO P
2010/ 00552 386akhd-5125499 PREBAT0 can addédioteProespladisagiehsiont esorsopr ene
synt hase, DXS, 1D, or MWA pathway nucleic acid or polypepti de IS a

nucl eilc aemtiodiments, 9@%0}%"@@?3@6 afideshiodhg Protor #é SEﬁ*’GH‘HP%nﬁ‘ detives s d1S
herein. Aﬁl%ggﬁ“ﬁé"ﬁdﬁthep ehl ednfd r%%o(a?sﬁx%%hfoﬁd% NehdSRENKE X aﬁ%%e'“&éﬁ%@ e

acid or IC one nore mutations is introduced Fo
exanpl e, @ fheluppkpisbleiobhdbidia tradefbrmmbnf rSimilar pﬁoaedurp@hrypepﬂaw@form@heer S

t I tid f t t that I f

mit At 1 one Mnmbheteclicderce Whted SakaPipeo Py 223 e Dottt B daFr i ng i n
nat ur e) p|6aﬂir8 39%' xﬁ%ﬂta}%gamﬂhe eby ind o3 by TRk Te M ﬁweu‘té?ﬁré%r&ﬁtl&ﬂwl sm
is a fungus,” "€xahples o |cf1 gr speci es of Aspergillus such as A oryzae

and A5 ni gﬂthresgvemoetsarﬂforﬁiatioﬂnmedmﬁs)as such as S. 10 cerevi 5| ae speci es of
Schi zosaccharonyces s CB_' as. S. ponbe, @nd sgem es o lTbl’é? % ﬁruch as
T. reesei. In scHg erraitwre 1 then Sulpred abaRpaagig1Y Rk ous f ungal
cel | . The J.gfdth"10ith 30%MNh LS. fA@GQionarm@thﬁ adddd hith@fRuED fﬁﬂhéfﬁenﬁﬁndehe
subdi vi si on Eunycotina (see, Al exopoulos, C. J. (1962 I nt roductg@ilg in
thve

Mycol ogy, thé bptyke dthe Yesite)l nutleisarid seayience: dhe?% RES 4009ds Bgnezaly
Ty U e e 4o BRARTA A Do pLAEE: nREE rnd
20  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 suspension is then further added to molten aliquots of a growth
medium. When the growth medium includes a growth selection (e.g., acetamide or an
25  antibiotic) it permits the growth of transformants only.
The transformation of bacterial cells may be performed according to conventional
methods, e.g., as described in Sambrook et al., Molecular Cloning: A Laboratory Manual,
Cold Spring Harbor, 1982, which is hereby incorporated by reference in its entirety,

particularly with respect to transformation methods.
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physi ol ogi cally, and genetically distinct fromyeasts. Vegetative growh by
filamentous fungi is by hyphal elongation and carbon catabolismis

obl i gat orwyoaeroals2s The fil amentous fungal parent cell may/useoo/oessbt of a
species of, but not limted to, Trichoderrna, (e.g., Trichoderma reesei,

t he asexual norph of Hypocrea jecorina, previously classified as T.

201 ongi brachi atum Trichodenna viride, Trichoderma koningii, Trichoderna
har zi anum) (Sheir-Neirs et al., Appl. M3Orobiol. Biotechnol 20: 46-53,

1984; ATCC No. 56765 and ATCC No. 26921); Penicilliumsp., Hum cola sp.
(e.g., H insolens, H |anuginose, or H grisea); Chrysosporiumsp. (e.qg.,
C. Iucknom@g&ry @éu OsladiMediap. , Aspergillus sp. (e.g., A oryzae, A

niger, A sojae, A japonicus, A nidulans, et al.,
Appl . 25 Theinyentian als) ebidaharell goa porigeionoft CE@%‘ %ﬁ‘d‘fﬁcﬂé&%ﬁﬂ%ﬂsc’%ffn% .
Genet 41 ngce%ﬁ in o0k iFMea 't\UHb? ereé Hisdn a sgluuBﬁ%@Ema cEll ngidﬁmmﬁllhﬁi F.

cerealis, oxXysporuim or venenat u Neur ospora sp. ;fsps N.
crassa), qulmheaelmm unﬂbmgoronsprmqrecw dlleorm' égelly in Hiures; n@pnclg_q‘lﬁj

Emsrlcella sp. . (see al so, n 228 .21-2 5),. The term
" Tri cRodePharceds th&fﬁecﬂ?éb‘gjaﬁé‘“g% mu}é‘FelJ“ﬁrlpéWB&gﬂtr?émg%ﬁg]‘S ha 8nea)rvet o any
fungal ge Hi%réh/rn%béuqm%l ;}{arﬁrtxséi%um Q& du¥ eﬁib@aﬁhéﬂtedhaéelmulmh@dﬁmms at ¢t or

2010/ 005525PCT/ US2009/°003897 - I n sonme enbodi nents, the
f ungus |salmut|i0,dlﬂ éﬁleOAZO@,vﬁQQDhOOOAS 0Qf) 19 H80 onmose eelisat us, A. ni ger,

japonicus, T. reesei. T. viride, r o] e % il ué
strains are di sdB<@PISORESL2E beé'ls‘?(?e(&,&;%?\r Ve{;ﬂhgﬁ’lo chell@ Elﬂg'k echn(E)II%B H

39: 738- 74 3urd@33reiNtd ore of fpRdeiboretordining Cuimp&emia c4patB® eDBsing @Rabolédhy ar e
each hereby 5incorporated by reference in their entl r(?tl es art| ularly

wi t h 10es pedpsticsllfon aeganisnh Ferexamplea thesiel dardiwnsed fo i Yatg the host ¢ (hétn?a&‘ n of
Trichoderm IS F3fing RE VAL Q)fr Towin@eREhosACEIKNOWN
and non- | iTiY dse%pé:%r?glséé‘rc?na’f%e%li‘f’@ "8 5E3T, A c:cgN%wmgegzl? ATCC No.
56764, ATCC No. Ih6dibb embdaizndins, thdaaston mmdceMRngaIb@m¢atwﬂw@haSare each

her eby i ncor porat ed. by, referg 25 inthejr entireti.es. g)loartlcul areey W th

respect t &ongsacehariie, gisacehayi igosacphalige 0 &%&F?P@th MY W88 CSrain is

a derivati rh S&bP fife i 4 biSe rédluct oAPp! .
M cr obi ol e}{%ng;{uec%%%tag%%o?G%ﬁ glg %ﬁ}?gh i s ergll}ge/ [ nclg}ip orated by

r ef er Bhce bigtlidstboresonp-netkyng pactssk t;lllilwdh‘quqthnﬁﬁ e8peatbon GOBCe Lihy-Hf 2 plant or

Sacahar omERRas ol SRSy BLRer o Nyt et shfind AE Bl B BGReig,

sone e”bo%geﬁts&uratt&?f ﬁg%ﬁﬁﬁuﬁs'aﬁﬁﬁteaﬂhtt)saoﬁ’d bﬁ(pbWuhsmra&dbﬂattylamﬂD nipidis of
Bacillus sud¢h as B enforms or B. subtilis, strains of Pan (afs(eea such as

P. ci trea phesphalipid, shyceobinido monaslyserds. diglyseride, dHBlygerids PobypeRji
Streptonyces ;”a‘si[‘% Fagfpr@?elﬁ(@fpep%%)g ‘&?z@ﬁ% Dorsoufddle Y. %Hﬁwas@éar@&r{ ai ns

of Escher i"CHI%! ereln, "thec-genus Bacill

i ncl uges ablircs BEEH & Mdrbliybed biengencmbsrBatirde) ealt exsraktn oump()mem Ifnosea Wast
skill in the art, including but not limted to .B. i

btilis :
[ cheni f oraHract, B3lymentagsd: aionglcyiehyds; ke ARG ARISH RGRdte gactate, acetate,
al kal ophi | 4y aéloP or%% |c81ln'be'éEBﬁ?)f R@éor ﬁorecéfe%%fdregd?’ng hp| QW @RBodifents, the

megat er i um coagul ans circulans, B. lautus, and B. thuringiensis. It
is recognlcaﬁfbntdm'rcet e ;geduxst chxtuotdsustmqunnhudmg, @uunq@h@@egs‘w&w@m da|
reorgani zati on. Thus, it \)nt ended t hat thelu%enus i ncl ude species that
have some embodiment, the oar ohydrate 1s xylose or glucose.

25 Exemplary monosaccharides include glucose and fructose; exemplary
oligosaccharides include lactose and sucrose, and exemplary polysaccharides include starch
and cellulose. Exemplary carbohydrates include C6 sugars (e.g., fructose, mannose,
galactose, or glucose) and C5 sugars (e.g., xylose or arabinose). In some embodiments, the
cell medium includes a carbohydrate as well as a carbon source other than a carbohydrate

30  (e.g., glycerol, glycerine, dihydroxyacetone, one-carbon source, oil, animal fat, animal oil,



been reclassified, including but not limted to such organisns as B.

st ear ot her nophi | us, which is now naned " Geobacill us stearothernophilus.”
The prodwwOi2on/0F526esi st ant endospores in the presence @CTASYE003837
considered the defining feature of the genus Bacillus, although this
characteristic also applies to the recently nanmed Alicyclobacillus, WO
2010/ 005525PCT/ US2009/ 003897 -46 - Amphi bacillus, Aneurinibacillus,
Anoxybaci | | us, Brevibacillus, Filobacill3s, G aci i bacil | us, Hal obacill us,
Paeni baci | | us, Salibacillus, Therrnobacillus, Ureibacillus, and

Vi rgi baci |l | us. I n sone enbodi nents, the source organismis a

gram posi fak ygc;aagf,,gr %}\tﬁph&mdj glmetrolﬂygd,enamglmnda,omgkyeemdm Hiigiycaside,
Strept onyces ( ri s us)

. S. | )
and Baci | tqnswablﬁ C%@ﬁ@ S@lﬁ’ﬁ@)cﬂfﬁéﬁ’wolng‘h ?‘ggﬁry%st g?ﬁ%‘{ﬁcgﬂ%ﬁog‘e er’é‘?"%‘ﬁ"ﬁ@& fve
bacteri u 5”8‘3 %Smﬁudg BBhfcﬁ&UQg%ﬂ% aPRlypeptide (e.g ,hem%}mslaﬁ ghtment s,

the sourc Ismis a such as a plant from fam |y Fabaceae,
such as t petdmabopeitide). Slmbsfoam drybodimemsto the emrouuahwwsc;pttdhes 8 OQ]rY@éPtéﬂfgfa(Pms m
I s kudzu, poplar (such as Popul ys al b X.tre 03569 Iba)
10( Sadaki yeast @i bacteriapdn serme éP‘g’ g‘?’@ﬁ(“ﬁ} € DJ& po N}zl‘%’f%‘ 2584° YP‘?BS% ‘?

Popul us tp &W’J:a?n'oﬂa ‘Eﬁropﬁﬁ Fesfiuf, Sitlowdr toe o, RbaLl, Faithéed, 't:diﬁon%@&ﬁ Ce
organismI's an alg as a green al gae, red al gae, gl aucophytes,

chl orarac bﬂmW&lesl;vaeagfﬂewcdsmmhtr onlissead- or di nof |l agel | at es.
O o e Fpod e (5F S0k A AR of AR APRRREEE I |G B s

15cyanobacteri a oW ng-“gr oups base

mor phol 09? ngBe?%?%%kﬁﬁ (%/gl GHERSRME MoRfme SBSHOIH mtlﬂﬂesalbcﬂh thd\iaxﬂtlmea)lfﬁfc or
Sti gonena aﬁ Exenpl ary st

Cells A variety of host @Z{q@ dto
express i sdpmdmrrsgmt the yelunmxs the pells) aswgh 8% atgast QDB%UF\ yl @Iuyg gt Q&% ng
to produc e RSEHRE 'cgﬂcen@éﬁfm bfdhg host
cells i nc%gdgo%oég(?]?obr %W%Ry oflggr%eg(?%r g@%@én‘%hw ﬁ in the prior section
under t he h@gRjdiate iEsQ@WRER aoUBS0ra0E aBb a0, suci hebétesen akdut lﬂaymd@b@utcel |
that naturally produces isoprene or a cell that do aqu ng %c[ﬁ%oalt § qtrjlce
i sopr ene. 360 ghorbetvesencp nd;ahguidik 8/Lepn behweer ahout 200 and ol %%é
using the DX BRLANRMs, MY c&%ehﬁ?t%r?%a%’d?&ﬁ?a@@l’ncludes the total amount of

15 carbohydrate that is added before and/or during the culturing of the host cells.

Exemplary lipids are any substance containing one or more fatty acids that are C4
and above fatty acids that are saturated, unsaturated, or branched.

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

20 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, cottonseed, palm kernel, olive, safflower, sesame, linseed,
oleagineous microbial cells, Chinese tallow, or any combination of two or more of the
foregoing.

25 Exemplary fatty acids include compounds of the formula RCOOH, where “R” is a
hydrocarbon. Exemplary unsaturated fatty acids include compounds where “R” includes at
least one carbon-carbon double bond. Exemplary unsaturated fatty acids include, but are not
limited to, oleic acid, vaccenic acid, linoleic acid, palmitelaidic acid, and arachidonic acid.
Exemplary polyunsaturated fatty acids include compounds where “R” includes a plurality of

30  carbon-carbon double bonds. Exemplary saturated fatty acids include compounds where



25DXS, and/or 1Dl nucleic acid is added to enhance production of isoprene
using this pathway. In sone enbodi nents, the host cell naturally produces

i sopr ene wei2ng/wb2s WA pat hway, and an i soprene synt haseCan$t@w/003387 or nore
MVA pat hway nucl ei ¢ aci ds are added to enhance production of isoprene using
this pathway. In sonme enbodinents, the host cell naturally produces

i soprene using the DXP pat hway and one or nore MA pat hway nucl ei ¢ 30aci ds
are added to produce isoprene using partd2or all of the MVA pathway as wel |
as the WD 2010/ 005525PCT/ US2009/ 003897 -47 - DXP pathway. |In sone

enbodi ments, the host cell naturally produces isoprene using both the DXP
and WA pathiayanaaddaliphaic goup. s spneambedintenas ehe @M%l RlurcooincMdas pag hway

nucl eic acids are added to enhance produagqjtﬁf'ton of. is&prene by. one .ar Eoth of
these pat oimge.CisCmdatiy peifs, suehasst Graabrad fRY Add ¢ uop e ety afidsa - epxs,

DI, and/o el | AXirite PALHPACTA, 9 BusraRd st
i nserted %aﬁ%é%?ﬁ%‘@?%g{q%%ag%rgt'e’ﬁ?éggﬁcgﬁa‘tgzg%@t,ﬁ tg fun)géil1 cela}d,}‘;a yeast cyel |,
or a bact sid.aln anedxempisy einbedinteat, eierfptty séidds pamititeaciil. tloshmemelodiments, the

expressi on of the encoded_i soprene, synt hase, 10 .0} ., and/ ar at hway
pol ypépt i eREbon sRureRis A RH AT 8 atEY (ec%’rf’é’t‘}“ﬁ% raquq\z?(g%?%a’iar??Bv%{wﬁc?ggé%@f | can
be perfor pegd (G DPursSERALAARS 2SS, br aSakk bAREEMNaIRE bPRIty BLRIGL.EQRAALGAted

nucl ear mcroihjection, tranSduction, transfection (e.g., |ipofection

nedi at ed fatty BEAEDSuitablesaite ifichtdedbutrapmedt dimitedrio.dithiuasalis crotassigmusaf thgodium

or oot pi t ars g Ut o age BEsaraRBRay e R D BARRIE ¥ O o ecti1 s,

and protopl ast fi§§hR8 embeaiekents, tHerdvnt&itribh on tHediPidy cily €&, faktg akiown in the
art (see, e.g., Current Protocols in Mlecular Biolqg ubel et at

oM A
( eds)10Chapospglycerideodiel ycerib s sreliceride, is poleat gr a?Ol@:ll%?l%g%ef k'\tfwggf%'e
vanual, 206k e8fie ygRist GG feintRaBOBo HRBIuAR r (RBRAGhEdi i Al théWiime of

Genet . are each hereby 1 ncorporated by ret erence in
thei r ent iHeRdel1S)S sudpadstat tabtaoriapoud 3,10r £526¢ 80,140, 50,5605 BOy 10X, il 50, 200nB0NH 306 .
The expression of heterol ogous pol ypeptide in Tri%ﬁ?dgrng is.descrjbed in
Uni ted St &t B9regliedn semesmbpdincniitheepnaeniration of thenlipig, 9dats ity it ed

?teghﬁgl Pa@%%‘%‘:%g% 8@%@%&&}&@%@% is Hé{éﬁl%h%g@fntgg af““?? SUER ,[%19%3921;S EP

244, 234; BEtwath ab&k;25and abewtzd08i gibnbertvea about 6hend/slyat dBA g/IBios belyyeefabout

Tri chod dit licati to t.he Ex i f B 2 d
Fet or ol oodaantbahes 1SORLBi w5t SO dimELE: e POy OB gy e kiies TEdgR) SagAR &
Berka, Mg k%%ﬁ‘fﬁt, 1§-acid) oﬁBglyég@de_, 4feBycetidd 2or tibliyettidy thakis aliddebetbie

i ncor porate y' réferenCe in therr entireties, particularly with respect to

transf or mandiondanng g enkesigef tehngds)ls. Refoameamnbodimenssihe (aPenseUCao et
Al 50T 4 Qide Both (' ifid o, fat, rA &, mHYiyceride, diglyceride, or triglyceride and

20 (ii) a carbohydrate, 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 embodiments, the amount of the lipid,
oil, fat, fatty acid, monoglyceride, diglyceride, or triglyceride is between about 60 and 180
25 g/L, and the amount of the carbohydrate is between about 120 and 360 g/L.
Exemplary microbial polypeptide carbon sources include one or more polypeptides

from yeast or bacteria. Exemplary plant polypeptide carbon sources include one or more
polypeptides from soy, corn, canola, jatropha, palm, peanut, sunflower, coconut, mustard,

rapeseed, cottonseed, palm kernel, olive, safflower, sesame, or linseed.



Yelton et al., Proceedings. Natl. Acad. Sci. USA 81:1470-1474, 1984 (which
are each 30hereby incorporated by reference in their entireties,

parti cul awbyowabs2sespect to WO 2010/ 005525PCT/ US2009/ @03887009/041897
transformati on nethods) for transformation of Aspergillus strains. The

i ntroduced nucl eic acids may be integrated into chronosomal DNA or
mai nt ai ned as extrachronosonal replicating sequences. Any nethod known in
the art may be used to select transformédt-s. In one non- 5limting exanple,
stabl e transformants including an anmdS marker are distinguished from
unstabl e transformants by their faster growh rate and the formation of
circul ar col oni gxemblaky fengWableltarboatsberices inalude ahessd whelylpermaeae, cooisiedp

cul ture nedi um cont ai ni ng acet am de. Additionalléh in sogﬁggases a further

test of shiausirl suggr best Bwiassrs: Berlayymalt. ARk ifgmPRBERL HREY BRHRIAPS I BREU SOl i d
non-sel ect| Vrﬁwg@dﬂgﬁ{(%'z(bqe garbgt‘fil sc')”fﬁ'gés;ﬂ(]got fefudé Q@fﬁte?@ﬁ&&@] Kibse, pRRREY &7d | N9

spores fr ofy ure nedium a et erm ni ng e percentage of these
spor es whibsesprbsengiresibinasg such asatoen, amitchgrass, sugas ehres CeN evastedif denmeotatianni ng
acet ar ni de. I n sone enbodi msnéls, _hung&l cells ar trafusfor med by a
process | PRPSESIEH NG PEALYIPLArOfusH from B Mg M SA%s el VBN aG s M 0EC

protopl as %ﬁb&&%@tﬁﬁﬂ% E%bn'iat%ﬁ ERABLALHRBe 2 lifRcaRlIbsivemitdlBosidl @pBellBagier - | n

one specific e , e preparation of Trichoderma 15sp. for
t r ansf or nmatatesial suvhak\vias atdwotpimaipesirtat 2 grasswheato wWhiphtesttay , bagassd, SHgRIICang/ cel | a

(see, Canpbell et _at, Curr. Cenet. 16:53-56 989 i.¢h is inc orated by
ref er encgg?g?sﬁ% soft wepd BP(P,’ COR £9Te L?Pélpr 6“% f %mg“sgbe’é’cw’fgm{? g%rg]ﬂ( S’g{neg ’ fgllr?

met hods) . stbveéwﬁcrﬁg}*agsq HEBRLE produst, BY & Bl ipRodicefroht wetsdiry naMmngeasfiEcatag ed
veget ati ve spores. The nycelia are treated with an enzyne that digests the

cel | Mal | (agscirn sogghum,pyettoptatetharleyiehqst.ondior distidlees grainple Exsmplayt ed 20by

the presen of an osmoti.c . stahili i S i i.u

st abi | i zeFéFql?Fé? pgsnat, pripde Woﬂ%’rpnaig %?‘!d%p‘%?gg gtgul%‘ﬁé'%egg? gigﬁishéﬁél n%@?g‘%p
sul fate, ansbrhdiembbdimentdsthalchibonRBurce ietides ahy pranopart,hasie asstais) graies,s
varies between 0.8 Mand 1.2 M It is desirahle ti:) use about a

1.2 M
sol uti on @dotseF Bibes. Insomgemhediyaenss.gH arpart ehanypt hedolbewmgplanis areiied A st

Lri chodet R, 88 S8l dheh SyflPFIASBLeHURP Tl i, 6Bk Gl Zaliep GOAGENEE@HION,

General |y, "between "about CaClZ s used in an uptake
sol ution. shéh Addahs a1 peas,tpotatodl, swesnpotatods rbanheasi pu gekeans pdndl éraapioct. hier

N Tr . g SEPodiTREISE A S005Gr MBSO Ol s P o biomass o (10
et SRS B 164 20, B bty s oy e o
pol yet hyl ene gl yiagbmaensbodiménis ghe frepeweble catbohsaures (suchas binmnass) is ipFRjreated
contents %fefotrg] iei\ is added to the cell culture medium. In some embodiments, the pretreatment
20  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 sources). In some embodiments, the renewable carbon
25  source is partially or completely hydrolyzed before it is added to the cell culture medium.
In some embodiments, the renewable carbon source (such as corn stover)
undergoes ammonia fiber expansion (AFEX) pretreatment before it is added to the cell
culture medium (see, for example, Farzaneh et al., Bioresource Technology 96 (18): 2014-

2018, 2005). During AFEX pretreatment, a renewable carbon source is treated with liquid

30  anhydrous ammonia at moderate temperatures (such as about 60 to about 100 °C) and high



WO 2010/ 005525PCT/ US2009/ 003897 -49 - nediumto be delivered into the
cytoplasm of the Trichoderma sp. strain and the plasm d DNA to be

t ransf er re0 20w/@b5nucl eus. This fusion frequently | eavesTmskamophisITOpi es
of the plasm d DNA integrated into the host chronosone. Usually a

suspensi on containing the Trichodernma sp. protoplasts or cells that have
5been subjected to a perneability treatnent at a density of 105 to 107/ nL
(such as 2 x 106/nl) are used in the tra@dsformation. A volune of 100 AL of
t hese protoplasts or cells in an appropriate solution (e.g., 1.2 Msorbitol
and 50 mM CaCl2) are mxed with the desired DNA. Generally, a high

concent r apianrOkudiES dbsucritad about300 psip farkbostd miriuces. Theosth@pessuse 5 vol une
of 25% PEG 4000 can be added to the prot ogl ast suspensi

[ 0 | n _sone
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t r ansf or NedabRR nei ddiripléte pizyoeiaicosveasien af/eellukist end emicelhdpsef taderamentabler

I . e.g. United States Patent 6 022 725 Uni t ed. St t
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t r ansKoor mhtghaoliddoatlinge in exfzymatie hgdPESSIOS feragaition REOCETSEhs 48 m xture
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of a sor bi"t§{ on. e pr st suspension is then further
added t0 mglpbanforhetkdizSHH préor¥s stenzymaticimdrosnof arengwabletvarheni source that

includes a growth selection (e.g., _acetam de or a tibioti it permts
t he growt thapfinderganef AJEA prajregimsnt. Enzymatlcmé“&%&fé?ﬁgttr%ﬁ%&m Séf’%‘g‘ﬁsm
cells may be, perf.or i i >t hods, e.g., as

descri bed Po¢ Sn%?aggﬁglg%'tas?%?&?lf(%%ﬁé%&ﬁg{ra\f%q{ghﬁﬂg{l u§,0?3Labor atory Manual, Cold
Spri ngs Har bor ,  119&3mevdmiidimsnthighe byndentcatiqnorfaheecarbgn s@ifre g ea fanevakle

entirety, particularly with respect to. tr f ti t Qods.
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20 source (e.g., a renewable carbon source) is equivalent to between about 0.1 and about 20%
glucose, such as between about 0.1 and about 10% glucose, between about 0.5 and about
10% glucose, between about 1 and about 10% glucose, between about 1 and about 5%
glucose, or between about 1 and about 2% glucose.

In some embodiments, the carbon source includes yeast extract or one or more

25  components of yeast extract. In some embodiments, the concentration of yeast extract is at
least 1 gram of yeast extract per liter of broth (g/L, wherein the volume of broth includes
both the volume of the cell medium and the volume of the cells), such at least or about 5, 10,
15, 20, 30, 40, 50, 60, 80, 100, 150, 200, 300, or more g/L. In some embodiments, the

concentration of yeast extract is between about 1 and about 300 g/L, such as between about

30 1 and about 200 g/L, between about 5 and about 200 g/L., between about 5 and about 100



differentiated into plant tissues. In various enbodinments, the cell culture
i ncludes at |east or about 10, 20, 50, 100, 200, 500, 1,000, 5,000, 10,000
or nore c&EDI2810/068525Ccar bon source can be used to cul tivaPreTiuseodnsisotel | s.
The term "carbon source"” refers to one or nore carbon-containi ng conpounds
capabl e of being netabolized by 10a host cell or organism For exanple, the
cell nmediumused to cultivate the host cells may include any carbon source
suitable for maintaining the viability - -growi ng the host cells. In
sonme enbodi nents, the carbon source is a carbohydrate (such as

nonosacchari de, dlsaccharlde ol i gosacchari de, or polysaccharids), invert
sugar (e. g, ofPetweBi hiscut 5Yant abaiitesd glic ﬁms@nsymbpqlmegtsyd@ramhcergtayoe nnahedes

, | b duct of 15b Ki
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acid (e.qg. atty acid, unsaturated fatty acid, or
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| d d d bi al
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20sour ce %\? § as a hydrol yzed bi omass car bon source) yeast extract,
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embodi Menierniingad, WWa’l’é)Qlab Seeiyfepsredin r@étblgll@trsphlc %Este(fmmac;a et al., Agric.
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mannose, fucose , 0se’ or ar abi nose).
In sone emhaglumtlssst\bmcaed llmerslﬂdinumpofmédmiysﬁefaem@nhots;mitladtye, pasticuddrly wih g

carbon source other than a car bohydrate 30(e. %%} gt; cerol, ‘?P&lé/cerl ne
di hydroxyac@@@rt@caﬁbﬁéségﬁﬁﬁin These Qrganigng Ca'h‘i‘ﬁs fate Single£arham copppounds,y,

2010/ 005525 PCT/ {l)a%{ogl agg ?roglsl:l'lfﬂlaitl@{ot ke dandI ﬂr@ﬂlﬂ')e dpason atHeRjathway of

gl ycerol i pFE™" %no yceri ceride, triglyceri de renewabl e carbon
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pol ypept i d@e a? ﬁe&o*'&ﬂeﬁgéj %hﬁéﬂ@h@bﬁ%@%cdﬁﬁorb@ﬁ beréferencs irsRgEntdeliodi nent s,

the plant polypeptide is a polypeptidée from soly athway involves

particularly with respect to carbon sources) The ribulose monophosphate p y
the condensation of formate with ribulose-5-phosphate to form a six carbon sugar that

20  becomes fructose and eventually the three carbon product glyceraldehyde-3-phosphate.
Likewise, the serine pathway assimilates the one-carbon compound into the glycolytic
pathway via methylenetetrahydrofolate.

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,

25  glucosamine and a variety of amino acids for metabolic activity. For example,
methylotrophic yeast are known to utilize the carbon from methylamine to form trehalose or
glycerol (Bellion et al., Microb. Growth Cl Compd., (Int. Symp.], 7t ed., 415-32. Editors:
Murrell ez al., Publisher: Intercept, Andover, UK, 1993, which is hereby incorporated by

reference in its entirety, particularly with respect to carbon sources). Similarly, various

30 species of Candida metabolize alanine or oleic acid (Sulter et al., Arch. Microbiol. 153(5),



corn, canola, jatropha, palm peanut, sunflower, coconut, nustard,
rapeseed, cottonseed, pal mkernel, olive, safflower, sesane, or |inseed.

In sonme ewbadimm®si2s, the concentration of the carbohydr &Ce/usgooatoiseast or
about 5 grans per liter of broth (g/L, wherein the volunme of broth includes
both the volunme of the 10cell nedium and the volume of the cells), such as
at least or about 10, 15, 20, 30, 40, 50, 60, 80, 100, 150, 200, 300, 400,
or nore g/L. In some enbodi ments, the edfcentrati on of the carbohydrate is
bet ween about 50 and about 400 g/L, such as between about 100 and about 360
g/ L, between about 120 and about 360 g/L, or between about. 200 and about
300 g/ L. kgs.60rmoewhRdiisREEBy icbiporaed b rdferenéeoin infentiasthopaydowarty withl udes
the total amount of 15car bohydrate that is added before and/or during the
cul turi ngrespect FecdnoRyt SQUEGasy; . Exenpl ary |ipids are any substance
contal ni ng one ?ns égmi) en?scggfs &rﬂé‘%}ttﬂ‘é@m@ %@%\ﬂﬁuﬁ%ﬁt)ﬁn ds that
are saturated, uns urate ranc ary oils are lipids that are
liquid at plliymm)glezmsemaﬁnﬂmtnémm senpe. gnBodijuent. e at hblolchgndtr&@nd Sieneticsrod or

nore C4 or. above fatty aci cont |ns gne or 0 t ed
unsat @r at €gllulgse Begiaddfia. ¢ ﬁi‘gﬁ‘gfﬁa T"Blfr rB?S RBT@ gé)l @g% wh?’hen ks
embodi ment, : ERGir M. Micrombit 631968 fl@@?mlgg'y wiHiEH Bre éﬁ@lﬁ‘ﬁél@byhrﬂsfofﬂﬁﬁtad bpal m

peanut, sunflower, coconut, mustard, rapeseed, cottonseed, pal m kernel,
ol i ve, safdferenerin tseisemietids, pmeuﬂ,arlglve&glemuw aellonestinkl Exeamlary eowiies e

tall ow, or any conbi nati on of. two_or re 0 I 690 | ary
fatty aci 8€dI3AEF GRBMOZHIBUR 1ahy pf%’&r JPefit ﬁucﬁ@&ﬁl el{raggaFg)Slﬁéﬁlnp
hydr ocar b@%?wmﬁfdée YSDRb R LR Y agitrhadi @i (YM) Brothi dethep defnedds swrtbetec R’

i ncl udes east one carbon-carbon doubl e bond. Exenpl ar unsatu i}
f at t yl0aci geowtheadiemapatsodeaiserbtand it appEoRTigle HEEUE KLEiBEOW & d’éﬂl%‘ aap

linoleic acid mtelaidic a r

pol yunsat ﬁ%’:llﬁ @‘3’%8 N Ae SE] lg%éna{égﬁa%oogﬁﬂk%m}y %yﬂ&:_ﬁ [ nc?”ﬁ{e%%ce
plurality of 30qaraB@1|ﬂroﬁ% bea lsiapmtecmmsour&eh@bar medamudesirabllyfcantajnsaci ds
i ncl ude conpounds where WO 2010/ 005525PCT/ US2009/ 003897 - 52 - " El .S a
sat ur at ed suitabimminesalgrsalip cofastarsiutisrnh ard ABAE companentskngy tsse 858 des
one or nore ahiest ifrdne a.gt-,tloa Cl14
saturated' %;Jltgél J@I’ h\écﬁqg{” futﬁgtegdﬁ?séﬁt%ggﬁk&g Ctidg s%{rur ated fatty
acid, s CZQ:e$ﬁirﬁkﬂhpld Wﬂ)t2§)043(ﬁ31646candaef%ﬁcesaml@dah@dmf@ﬂt\ych%/wm@ﬁndn

exerrpl ary enbodi nent, the fgtcﬁi araC| a mitic
f

t he SCar barfesggssateddherena %% W édl‘%f’r?%rabe%cbyarﬁfedﬁ%cgtlﬁ “t‘“’d‘ ?ét
aci d), %gﬁldﬂ%f GitiPFe E?Jt aLi }he‘aﬁ{s‘%ﬁ 8el¥ cultiFE cHREAOMY) Al Sbrh@bhpodisrieds, Of a
salt of a‘“derivative o atty acid (e.g., an unsaturated fatty acid).

Sui t abl e setersan Boprede syrhhaseaDXSnHBI lahgyor WA@athwaymuqu%@mdss unsist Hesi um
salts, sodiums Its n tr| ycerol s y acid
esters of CQW‘EIE‘% Gr. ‘“‘FW@BW‘BWBBS“WHP%’"‘% i té %C%ﬁ%aét Wg{r'il?%%l%ie lipid,

oi |, 3@, fakdidrosial)dis dESYIP SidEab ikemediug 3t @ohbentradion effecti yeclerindieei s at

Ieast or about 1 gramper liter of broth (g/L,
expression of an isoprene synthase, DXS, IDI, and/or MVA pathway polypeptide. In some

nts,

embodiments, cell medium has an antibiotic (such as kanamycin) that corresponds to the
antibiotic resistance nucleic acid (such as a kanamycin resistance nucleic acid) on a vector
that has one or more DXS, ID], or MVA pathway nucleic acids.

25
Exemplary Cell Culture Conditions

Materials and methods suitable for the maintenance and growth of bacterial
cultures are well known in the art. Exemplary techniques may be found in Manual of
Methods for General Bacteriology Gerhardt et al., eds), American Society for Microbiology,

30 Washington, D.C. (1994) or Brock in Biotechnology: A Textbook of Industrial



wherein the volunme of broth includes both the volunme of the cell nedium and
the volune of the cells), such as at |east or about 5, 10, 15, 20, 30, 40,
50, 60, 88020005250, 200, 300, 400, or nore g/L. |In someTArsbadionssnt s, the
concentration of the lipid, oil, fat, fatty acid, nonoglyceride,

di gl yceride, or triglyceride is between about 10 and about 400 g/L, such as
15bet ween about 25 and about 300 g/L, between about 60 and about 180 g/L,

or between about 75 and about 150 g/L. 1% sone enbodi ments, the
concentration includes the total anount of the lipid, oil, fat, fatty acid,
nonogl yceri de, diglyceride, or triglyceride that is added before and/or

duri ng thMlmbiowg'yngeafndtﬂtﬁudﬁo61t989)3$1|nauerlksse<naltes dnholhn@mlaad MIAe whaghboe
source includes both (i) alip oil, fat, fatt aC| . B g cerid@,

di gl yceri &h f@FebD’rll‘Qﬁr?%réqud%’ rﬁf?de%("i‘ })e‘raenbéﬁnl% Harly wihgespecp (&dse. 1 n
some embogy gﬁ@teghmhngs 't bﬂle%fmﬁdaﬁnédtp'tﬂe cdlislare élﬁﬁurea Ald Juldké thedium under
nDnoegcerl glyceri or triglyceride to the carbohydrate is about
1:1 on a cardmwnstp&snﬁtmg the e,xpmssonaf bumor morehisoprénsi synthais¢, DX 8t IDIf et MY Anci d,
nonogl yceri ceride, or tr| cer| r ate carbon). In
parti cul aPa‘gH‘Bl‘) %Qté‘{esfﬂ%oc%ﬂf?drﬂ €1g ﬁcégrflsgﬁ%f‘ g‘?ﬁ' %ﬁ tlSat ty acid,
nonogl yceride, djigdrEEdI0Rltud coriditging €ah bé Bsddo RaftueaRe 3R Used Borandmphy)
259/ L, and the anount of the carbohydrate is between about 120 and 360 g/L.
Exenpl arywsﬁ)@t)woa%wnﬁpemwes ereiyp whidhsarg gagh ipsetyniacerpopiedby

pol ypeptid east e 0, rbon
sour ces i ﬁ%’s‘iﬁa%e 1(S'nt IBFmH:Sp%S B%‘l—ttypepty “5{1‘&?1#"%%%3% l%ﬁ:tgféng%ggﬁ{a?qauﬁgt ropha,
pal m peagpiditisnshf Cemesre geoOwnaNE mammhed ﬁl anr@pﬁgn?ﬂch tempetanneegad, mixalren and
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present in biomass, such as corn, rass, ;égar cane wast e of
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soft wood I corn, orn kernel flbe
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wet or dr YhéBelhirétiemts ofihRiHast eils & Edemplay éhltlﬁ@émnsrf‘éﬁa gt\fehtfilﬁraélﬁous
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i ncl ude wdoniguspepkTOvEmih theRls and Snay, betfeumbu@begmsmt it kteraturg ang(gr frogyths.
o e e B R A HOSHA P g St o 7

art o
fol | oye ng bakténtett € used as a carbon source: corn, wheat, rye, sorghum
triticate, rice, mllet, barley, cassava, |egunes, 15such as be ns and

peas, potatoes, kssioupemhedigents,tiesHs aregipwn MaiAE any kaPYR

fermentation, such as batch, fed-batch, or continuous processes. In some embodlments, a
batch method of fermentation 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

25 artificial alterations during the fermentation. Thus, at the beginnin.g 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 carbon source and attempts are often made at controlling factors
such as pH and oxygen concentration. In batch systems, the metabolite and biomass

30  compositions of the system change constantly until the time the fermentation is stopped.



sonme enbodi nents, the carbon source is a biomass hydrol ysate, such as a

bi omass hydrol ysate that includes both xyl ose and gl ucose or that includes
bot h sucrweeowmdsizbucose. I n sone enbodi nents, the renerablts2aanbisn’ sour ce
(such as biomass) is pretreated before it is added to the cell culture
medium I n sone enbodi nents, the pretreatnent 20i ncl udes enzymatic
pretreatnment, chem cal pretreatnent, or a conbination of both enzymatic and
chenical pretreatment (see, for exanpl e,58Farzaneh etal ., Bioresource
Technol ogy 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
entireti ewltmabﬁti:n vhlarres, celld ﬂmodmaﬂbtougb atstetic pagephasatore highfrowemlegabhse

carbon sources). In sonme enbodi nents, e renewabl argoln Zﬁsource is
partial | yaflﬁrf"?ﬁﬂi‘ﬁpétséqt‘?“ﬁry’oﬁh@ﬁ/? Grel%‘?% afey1s ﬁg‘“&&%&éo aliads Tpspec ) ¢ yre
medi um g.gﬁedlﬁmeﬁfg‘?&ﬁ’rs%M@%Ebsrerreﬂﬁ%me%s HeMk SOHE G preiéGroditivar

stover) undergoes ammoni a expansi on ( AFEX) pretreat ment before it is
added to dise erabddimehtsucedls me diationdry pbasefpypdusg asapirenc. Farzaneh et al .

Bi Technol 8 2014- 20 2005
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WO 2010/ 005525PCT7 US2009/ 003897 - Qc{)ressure (such as about 250 to about
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h nbi ned f
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whi l e the, reral {24 ggexc% ¢ grf)ofﬂﬁ. Rdds O n§8f"t518§c(:jt{l?lrca% f& ddﬁcgﬁi’iﬁ%hrlﬁam

pr OCGSSGS reamil s no require pr etreat nent. ThUS
dry matt emedmmheryytem lid @it drteeis Aot estitmmestt ori the dasienf theldhange8@o  AFEX

is basically a dry to dry pracess. The treated renewabl e carhon ource IS
stabl e formelaﬁiﬁablﬁé"l‘qt‘éfé§“%{h%f REL g0l ‘fegd)xélﬁe‘\/éF' W%p%sls\”&q in

enzymatic snéﬁdafs%d I Batff ﬁﬁ@?&? 2 Rhhi Ot RRS %chcongﬁbrln Hﬁ@%ll%ﬂwhqmw& amidse

are wel | preserve inthe AFEX process, with little or no degradation.
Therel§ s m@amﬁlednfagrberfemndmleak|Bmtephmjog)tokihgbe@&yfrh!du@ﬂhyhﬁl@b?@rl%mf a

renewabl e carb sour at ha under r eat ment nz

hydr ol ysi 3%6‘?“ F@%?igm@a?r ?‘?ogléffrs § &Pb%ﬁé@grei’wé%‘i?"%?fé%?fi b tryeggér%:gf or
subsequent, { t?EﬁE?r@EyagmeuMﬁ? withle &Pf&eﬂr&Mfmatf@médwl&m&amdnatl on of

t he carbon source , a renewabl e carbon source) is equivalent to at

| east or about (Inlsprr@ dmbof:ilmgms contiguous fegnentgionimmethpds argmsedy oCogfinunysy,
gl ucose ( r'nﬁ ui val ent a COS e ld§
0 uoeee o Febratise S BUR SRg TBER rsd FERRR AR R AR PR e
of gl sy 0Sqy dBRERIGAntRARghAQNANE BN cSRNticIRd nddisa nereemdrsmmamomm for
concentration of the carbon
processing. Continuous fermentation generally maintains the cultures at a constant high
density where cells are primarily in log phase growth.
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
25 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) is kept constant. Continuous systems strive to maintain steady state growth

conditions. Thus, the cell loss due to media being drawn off is balanced against the cell

30  growth rate in the fermentation. Methods of modulating nutrients and growth factors for



20source (e.g., a renewabl e carbon source) is equivalent to between about
0.1 and about 20% gl ucose, such as between about 0.1 and about 10% gl ucose,
bet ween awoubi10doss2and about 10% gl ucose, between about Pcaru$2@o038910%

gl ucose, between about 1 and about 5% gl ucose, or between about 1 and about
2% gl ucose. I n sonme enbodi ments, the carbon source includes yeast extract
or one or nore 25conponents of yeast extract. In sone enbodinents, the
concentration of yeast extract is at |ea% 1 gram of yeast extract per
liter of broth (g/L, wherein the volune of broth includes both the vol unme
of the cell nediumand the volunme of the cells), such at |east or about 5,
10, 15, Zébntﬁﬁous‘%rméﬁaticﬁﬂproB&seslﬁdel]lﬁlpctﬂﬂﬁltesSOOmaxgimimgeheQVaLe ofi mo@lmtre

enmbodi nents, the concentratjon of yeast extract ween ab ut .1
about 300fqgmation gietvelkk 'lﬂé?t‘t/\}é’éheéﬁ&ét d@é‘fagﬂ‘b“%‘% Y?Béadﬁt}"ty Ptﬁé*é’ﬁ‘s%out 5

and about h A TeR@oabstinddéiBal Mi2robiology, Second Edition
2010/ 00559%%%‘%@%8/%@%@9 BE%S - o, or nbet ween about gg and about 60
g/ L. In sorps9opSinackrressbaiates Hac c@/rhmns hatteby)mqomﬂr%téféb)’trﬁéretnmm itpeRiieHy, of

yeast extract t hat i s added bﬁfo e an /or dgrl n% le cylturr ng of the host
cel I s3 | nPaFRWaEydl rreRecsto GEleuitresng O8> bot h yeast extract

(or one or nor e ;M RRBbE NI, eétis)arértﬂmantzeabnQanbarméwwaae celichxabsts
gl ucose. In sone enbodi nents, the 5ratio of yeast extract to the other
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parti cul artiph ahi ddjustdspredter] typmtlp(gnngomtoe@)ﬁ °CTHdsre adatgaiate smubewns can also

assim |l ate single carbon conpounds, ran i.n oxrrgatrtg gliz F rret hane
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xyl ul ose- m)rmp ttsc Bacterial Metabolism Second Edition,
Spri nper Veytlaghrodigndiferdat tdrﬁwatuvdsr oumidity hevedo gt oorbatracamivasy in size fioft e
inits enti rety part cul ar | th respect to carbon sources). The ribul ose
m)nophospﬁﬁt @loB 1q MRSt Pﬁ\?ﬁl"&g’?\l\ft‘ ¥®bndensation of formate with
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Li kewi se, . antéor aecrldmlzg: iyt prseitially daasful metabelic dxpregrcts apd deateellat & thee
glycol yti Cca ea(t) Sus en51on cnﬁ e¥,| ﬂgtcz% {)9 péf)%[:a?écf)}r&rn(?he media by centrifuging or

20 filtering the suspension culture and then resuspending the cells in fresh media. In the case of
adherent cultures, the media can be removed directly by aspiration and replaced. In some
embodiments, the cell medium allows at least a portion of the cells to divide for at least or
about 5, 10, 20, 40, 50, 60, 65, or more cell divisions in a continuous culture (such asa
continuous culture without dilution).

25 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, DXS, IDI, or MVA pathway nucleic acid(s) operably linked to the promoter. In
some embodiments, a compound (such as IPTG) is added to induce expression of the
isoprene synthase, DXS, IDI, or MV A pathway nucleic acid(s) operably linked to the

30  promoter.



In addition to one and two carbon substrates, nethylotrophic organisns are
al so known to utilize a nunber of other carbon containing conpounds such as
met hyl amwe,20R&gbizsosani ne and a vari ety of am no aci dsPCorusoeabisbi c
activity. For exanple, nethylotrophic yeast are known to utilize the carbon
frommethylam ne to formtrehal ose or glycerol (Bellion et al., Mcrob.
Gowh O Conpd., [Int. Synp.],ed., 415-32. Editors: Murrell et al.,
Publisher: Intercept, Andover, UK, 199360which is hereby incorporated by
reference inits entirety, particularly with respect to carbon sources).
Simlarly, various 30species of Candi da netabolize alanine or oleic acid
(Sulter et al., Arch. Mcrobiol. 153(5), WD 2010/ 005525PCT/ US2009/ 003897 -
56 - 485-9, 1990, which is hereby incorporated by reference in its
entirety, EpamplacyRradustion affsqepseifect to carbon sources). In sone

enbodi nents, cells ar d i [ i IoRHitSns
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growt h nmed@li'a“are” conmon co rcially prepared nmedia such as Luria Bertani
(LB) br ot By “Pesloabsalute Pextctdsey t{rBOpoint G meank thysians paipdduiing@/ieymestgiion run

O her defined or synthetic 1Qgrowth.nedi a.nay. als . .

appr opr i atbeRih BEPINET arﬁ?ngsSPreﬁﬁﬂmlﬂ?%ga%Bgl a %g?ﬁgﬁ@?@ngg%éﬁgng o one
skill'ed ingfhg, annﬁhlayig&wcbbpdiﬁsxe.gc tHeQSuIBAR@DT @illsaii@pa@earticular 1 N
addition t0 an appropriate carbon source, the cell nediumde |r€bl

cont ains Serinteatution mime dakeme saibodiments, Hiet iSPRIENGRMPWH S MEAW IR fd eEé’r‘ﬁ)onents
known to those ski|led in the.art suita - t es
or the enﬁﬁ?@'é‘ﬁé’ﬁ‘?du&“”it%ﬂﬁlreé’ﬁé" pltl%ﬁ‘UB% F'(Lf;lh&il étesé?l%flgrﬁﬁ)g@(%rlr%Fg,}%ﬁww R

2004/ 03364k @ind i§ fIE 8MEEBthe lidopekrieeictints distlosd®hefi85796 and ref erences
cited therein, which are each hereby,jncorporated.bﬁ referenﬁe in their
entireties, partBytlipeakispecific produspuiey” is E1eantiog MaX AR Ryt Of,1SPRieac

o or | WASERAES SRUCERE AEM BT S o) J0BEARr pUfipa g fme U O

and/ or M. acl er the'contro an _inducible
promojer, dulirihd R duafg atpaftutar fermentagian rumetBy “peak spesific productivity time

2\19 ? 22;![ T&grg(z)@t'}ixt?lﬁdé]g%xst tr(ljeet?ring %giln¥ dgndr?éa &etc?llthrri]r(xag gF cgeillléI I}Q)raz; pa?rtigu ar Sean&fi (agt4 tie
(e.g., the culturing of cells during a particular fermentation run) when the amount of
isoprene produced per cell is at a maximum. The peak specific productivity is determined
by dividing the total productivity by the amount of cells, as determined by optical density at

20 600nm (ODggo). In some embodiments, the isoprene amount is measured at the peak
specific productivity time point. In some embodiments, the peak specific productivity for
the cells is about any of the isoprene amounts per cell disclosed herein.

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)

25  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 particular fermentation run) when the amount of isoprene
produced per volume of broth is at a maximum. The peak specific volumetric productivity

30  is determined by dividing the total productivity by the volume of broth and amount of time.



expression of an isoprene synthase, DXS, DI, and/or MA pat hway

pol ypeptide. In sone enbodi nents, cell mediumhas an antibiotic (such as
kanamyci riwotzneoosesr esponds to the antibiotic resistancecmusk@ooomei d (such
as a kanamycin resistance nucleic acid) on a vector that has one or nore
DXS, DI, or MA pathway nucleic acids. 25 Exenplary Cell Culture Conditions
Mat eri al s and net hods suitable for the nai ntenance and growth of bacteri al
cultures are well known in the art. Exefl-ary techni ques nmay be found in
Manual of Methods for General Bacteriology Gerhardt et al., eds), American
Soci ety for M crobiology, 30Washington, D.C. (1994) or Brock in '

Bi ot echnotP@ie AnbdRib@ekhofsopfshestouat is niBsed @l 08626 RETIUSAD0BLTR3897 -
57 - Mcrobiology, Second Edition (1989) S'Lnau r Associates, Inc ., ..
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permitting the @gprpeakcorteafratiore’ iomeant tbe mapmemanmynt hhisepredxsodeetd  or
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each herefy*i ncor por at e y reféerence in their entireties, particularly
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and mai ntai ned at _an appropriate t er at ur.e ] - H (such
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bet ween abput&mnt G SRS EMBdindhtss BB sGITRRCimEL $s messural antke peabwn at 35C in

an appropriate cell nedium In sone enbodinents, e.g., cult r?is? a[]e.
cul t uited abnceppatid time EPint 2B ame eippedipientst be pedk cRRCERtraipnder Mn €l B or

fermentors, unti | si.red a . production. is achieved. In
some enboﬁp?r'ﬁﬁf‘&ogl és?ﬂz‘er}eggr%@ssmgglr&l?gér%{n@ﬁ ation are between 15 about pH
5.0 to about pH By Gavesapevohsmettio productiGity’ it meaboiht apétage BmonntadfasApréles t o

about 7.0). Reactions may be perfornmed under aerobic¢, angxic, or.anaerobic
condi t i onregusediperrvolyree pEbioth Gpelndiagdhe Yo EME QL the, ﬁFé“d %?e%lra?‘yu%’ | ture
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as t hes Anerpagidulanfpendatdtionrran Colheenverage vahundtua gedduciviey isgistezo@esldly Cent er .

I n various enbodi nents, the cells ar ro si ng any_.knpown f
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fermentation 1s a close stem where the conposition of the nedia is set
at the bedksdspremeganodurthperfveturenperttimhdigelgsddhenin. subj ect to 25artifici al

| terati duripg.the f tation.. Thus, at i.nni
er ment at 1 on.  neBScPIHEEYE T Pro Rty Sundint HERUBRAAIVE Radmdibof,
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however, "batch" fermentation is batch with respect to the,addit'hon of
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and oxyge ncu(%r?qutlevr& [ | Ounl B i?éﬁr%ﬂe ARLRIRY. 10SoMBEABBYInch At QinATRGw

total productivity for the cells is about any of the isoprene amounts disclosed herein.
In some embodiments, the cells in culture produce isoprene at greater than or about
25 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, 100,000, 125,000, 150,000, 188,000, or more nmole of isoprene/gram of cells for
the wet weight of the cells/hour (nmole/ gwen/hr). In some embodiments, the amount of
isoprene is between about 2 to about 200,000 nmole/gwem/hr, such as between about 2 to

30 about 100 nmole/gy.m/hr, about 100 to about 500 nmole/gy.n/hr, about 150 to about 500



30conpositions of the system change constantly until the tine the
fermentation is stopped. WD 2010/ 005525PCT/ US2009/ 003897 - 58 - Wthin
bat ch culwonenyjios®bl s noderate through a static | ag phageTtus2@9ldigh7 gr owt h
| og phase and finally to a stationary phase where growh rate is di mnished
or halted. In sone enbodi nents, cells in |og phase are responsible for the
bul k of the isoprene production. In sonme enbodi nents, cells in stationary
phase produce isoprene. I n sone 6@nbodi nents, a variation on the
standard batch systemis used, such as the Fed-Batch system Fed-Batch
fermentation processes conprise a typical batch systemw th the exception
that the gRbRAN.SMI MRl SORGIRBui NODMaMEEANLYhAabLE]L 060 reatioat 2,060

progr esses. Fed- Bat ch systens are useful when catgbol'é rg&;esg&&@)is apt
to i nhi bi tmpleiguaehriabeuthdQk toraheuicRPOR KAl Bxkelhe 2 P‘“igs (ng 142881 €Y% have

Lim ted anpule. O GBARAD, ARHE Bl AU fifibib/el Q7R Lttt sgstigéob@fas&t 100,000

f er ment at "R e pertformed with t n-source (e.g., glucose) in a

limted opmeNsEsshA GO L00)88SU RBOEISOMO0 Nhelegiwuair, eratooh! ¥b&e about

concentration I n Fed-Batch systens is di ult and.i s theragoren%g{)dt t ed
e

ffjcul
on thé ba20&0Qf} nmale/geelfyel® SOMERIRANBENE tt’%ﬁ‘f‘B?‘%t ARIPTAE 1B P

I'SSOI'V

oxygen, apddiPa®Rfdd AhoRIESTHE Gbalt 1095 bR ST0SHAAT K2 bR 0D 168but

Fed- Bat ch fernentadti ons are conmon and we nown in the art and 15
exanpl es @P0 hendlagng/lirnabBuo20q toBibotie L,AND hmgle! gwen/Teabbui000p abaduLPIq al

M cr obi ol ogy, ,Second Edifjon (198 i n r sogi at.e heh 1S

her eby inéﬁkolfégva 5359‘1? etPé‘&?%t ﬁﬁoqs‘?@gféfﬁwr@‘i’35"‘%&:’@%"&?“3" F&%’d"?h respect

to cell CHI@!&%EC%@, AoBLIB0OGE] MduE2MOD0 hABR/g,.cr/hr, abol5,600TR #HDR0S0,060t S,

continuous fernentation nmethods are used. Continuous fernentati Bn i %@
8‘&5‘1559’ Bt o

open Kyst emoldigi.a/ha abefit HE00G trabent 0.0 nraeleizw/Br, 2o FOL09tP 3

a bioreactor gnd an equal t of cﬂﬂ)dd i megi um i s renoved
si mul taneGm%gWCB&'rp?rg’(gggtswteoaﬁthnuoﬂsdo:‘ngquﬁglﬁf"ﬁ?l:lﬂén general |y maintains
the cultures at heo@nsinaBt isbp@he densitstof nviste/g.&Mirlcan be enqasinedias Hisclosed ing

phase growt h. Conti nuous fernentation all oq\ivg fofr t he. npdul ati on of
one f act ofUnited StaesRaensr5.&49.9780¢ which is herebyicamoraied Py F7isURC B 1Y YUt ene

producti o %aggﬁl[aé]nggi?ﬁ)#es ec? ?@th@%&gﬁre%inp&ﬁg@ﬁ grolbfidrl. Hbr RUADPRNEwWSHEN as

the carbo rogen level at a fi ate and al | ows al | ot her
par angs er of head¥pater(ales hehdspatdfeomsyafimnssuch an @mile of ofiltyraculbured af seadad; Yigs

growth can be altered continuously while th? § | | goncen ra&%oncge. L the

concent r atat 33 ORexisushadingat 2RAIRMT FRPEPHIPALG!YS E‘@b’l‘s BErPORRES "B Hrﬂ%ol{féng
t tri t Nt ai t.ead It , I

bes tue. to st CeBahRyTHPRRRTEcH s & AU Tar BpateTRIncrk i 53 DO) S

rate in t%rﬁ@&ﬁ@é&%&&iip@-comm Ste€H ABTdlakaal ineg Destfiélerills) addogpleditdia
factors for WO 2010/ 005525PCT/ US2009/ 003897 - 59 - conti ngohj(g Ksrnen ation
# g t(see,

processes RGDRehdreuric oxddhradyciéan gasidepgiar il 2en dnahdicalafMendg or

T O ol CredtBet bt il s Sbyh. STRINTRLAR02M S3081106 8 Y APt

vari e{zé/ ofe"ﬁ’&l’% §ee§'£8r%fétagi“\t"élgs'zéy'}vgsr%%b%mg%ot echnology: A Text b_ook of
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which is hereby incorporated by reference in its entiret¥ : Th
entireties, particularly with respect to the measurement of 1soprene p dduction). The gas
chromatography area units are converted to nmol isoprene via a standard isoprene
concentration calibration curve. In some embodiments, the value for the grams of cells for

25 the wet weight of the cells is calculated by obtaining the Agoo value for a sample of the cell

culture, and then converting the Agoo value to grams of cells based on a calibration curve of
wet weights for cell cultures with a known Aggo value. In some embodiments, the grams of
the cells is estimated by assuming that one liter of broth (including cell medium and cells)

with an Agg value of 1 has a wet cell weight of 1 gram. The value is also divided by the

30 number of hours the culture has been incubating for, such as three hours.



Sparticularly with respect to cell culture and fernentation conditions.

In some enbodi nents, cells are imobilized on a substrate as whol e cel

cat al yst swandigobj2séct ed to fernentation conditions for iPsoarSese/omsotiuct i on
I n sone enbodi nents, bottles of liquid culture are placed in shakers in
order to introduce oxygen to the liquid and maintain the uniformty of the
culture. In sone 10enbodi nents, an incubator is used to control the
tenperature, humdity, shake speed, and/63r- other conditions in which a
culture is grown. The sinplest incubators are insulated boxes with an

adj ust abl e heater, typically going up to -65 C. Mire el aborate incubators
can al so i ncl udg, §dife ambbdifents) tHeaeRts i didtuteprodua isopree atogreafr thge paabauh) |
or the ability to control humdity or CO2 |ev ) in tQrS, kpel ude a
timer; sohtells3f ¥, 46800500202 » 480, 1@9y€9%%§r§d§%®i' lﬁ(ﬁ(gfgr#b 1,500,
temper at u 1930, 2040, 91506, 3 BY6, Looc: 500! [GHR1180.00606F skl T iSdpiene greof

tabletop o~ uni 'the "51ze esired, a portion
or all of célthoﬂthdetrmHglmo(ﬁm @ﬁs/d:h(ﬂmdmflm hm@mnrebpmm@nﬁSeﬁht:@rr@ﬁaVer

d the build f I b b d
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resuspendi é°cells in fresh media. in the case of adherent cul tures,
t he medi al®a0 tdnebmmﬁﬁ)&)@dlgég“n;dbt oryabioyt 2600 tosatiogh S HAB neketeBedN SAME some
enbodi nent s

di vi de fongPé‘rFI‘gag{lﬂl?ranﬂgfg{IS'u %Ofl’r%\gesl%tl easatbg@t ﬂgE?tAb%gt 9606%2/ e cesﬁbﬁ)et

di vi si ons jpfy t@aﬁbﬂaﬂs 00y ngﬁgwgyh taboft 200 eMmbast BOAMRY Bk about 200rte aboutHR00
dilution). 25In sone enbo

t t1tut | eak t h
2 T1 clr mpizarh sbouH tartont LONpCEIBGe{s Ot ask 199 &9 a6 | B0 THRoew o Thhduce
f t I
aerd(s) opEPunt ) HRRERAY fhadl B cdbvaiedoy MUGBNIMEMCIHE BLEORR

(such as LRJfattibsinade adits of hndkas, . Fhpdieassaimboie bhé8ils@p desmbsq frt Bawasion [5XS,
I'N, or K at hway nucl eic acid(s) operably linked to the 30pronoter. WO
2010/ 005528 { US2009/ 003897 - 60 - Exenplary Production of |soprene In

e £yood! et S b GRS FULIMIFEA G stk TR et o)
absol 18 e f adpadne at giehter thaneebodit I ¢0 fk iSALIA0aH 5G] 100e 2 50n30Rt 4Q, 559(&%% in
the off-gag dils 8801 '6oc ! 358" | 380, 7465 ad0! £508 3,000, 4,000, 5,000, 10,000, 50,000,
100,000, or more mg of isoprene/L of broth (mg/Lurot, wherein the volume of broth includes
the volume of the cells and the cell medium). In some embodiments, the amount of isoprene
is between about 2 to about 5,000 mg/Liom, such as between about 2 to about 100 mg/Lioth,
20 about 100 to about 500 mg/Lirem, about 500 to about 1,000 mg/Luron, about 1,000 to about
2,000 mg/Liyrom, OF about 2,000 to about 5,000 mg/Lyom. In some embodiments, the amount
of isoprene is between about 20 to about 5,000 mg/Lurom, about 100 to about 5,000 mg/Lororn,
about 200 to about 2,000 mg/Lirom, about 200 to about 1,000 mg/Larom, about 300 to about
1,000 mg/Lurom, or about 400 to about 1,000 mg/Luroth-
25 The specific productivity of isoprene in mg of isoprene/L of headspace from shake
flask or similar cultures can be measured by taking a 1 ml sample from the cell culture at an
ODgqo value of approximately 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 ODggo value is not 1.0, then the measurement can be normalized

30  to an ODggp value of 1.0 by dividing by the ODgoo value. The value of mg isoprene/L



particular period of tinme (e.g., the culturing of cells during a particular
fermentation run). By "peak absolute productivity tinme point" is neant the
ti me poi wodaroaegs2a fernentati on run when the absol ut e aooarskooofooissopr ene
in the off-gas is at a maxinumduring the culturing of cells for a
particular period of tinme (e.g., the culturing of cells during a particular
10fernmentation run). In sone enbodi nents, the isoprene anount i s neasured
at the peak absolute productivity tine-®int. In some enbodi nents, the peak
absol ute productivity for the cells is about any of the isoprene anmounts

di scl osed herein. By "peak specific productivity" is meant the maxi num
anount  of hdadepiceden bé ostiveadd mmgmlolmmmmﬁMUmbmﬂr by\gludﬁplyiaglbsl affeeton
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of tinme (e.g urlngo during a particular fernentation run)
when t he am)unt Imﬁomsembedlmqntsod\mds peculsied haviesingveragaaelumgtiic muﬁ@ﬁk)’

specific product|V|t i s determn C
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In sone eghedinFesios 006, h%O(ﬁQWO@nqoeﬁmmtmeo memnewoal 700e1 sxma,-h ®ogci fic
producti vi fy tine point. In sone enbodi ments, the ecif

product i V210905 2100, Re200e2360i 240(h 3.100aA,004 2, 700 2»8§9p2,8% %hﬁ»t lsOOpé#()@a |

di scl osed eak volungtr o JRn
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the cel |l s ppdit MRIuEBS therUlimedf the@dend aigl thbeelt tetivn)ndn ebmeelrﬂb@dfmema the

particular period of tine (e.g., the culturing of cells particul ar
f er mek at ﬂwagmmlumaflc'm@@!&tls’ﬁé@f fﬁoérﬁ&‘SP%‘PFé‘t"F‘?rba%“b dctf’lag 'yi]g(i) point" is

meant the fti ol Ofch %?'i)etrwse}l f%%}ﬂﬂt 200 ﬁ’legh_,b JHRT lﬁ)up?ﬁé Aol ser i od

of tlma(ét? —orotif ST urlngo ring a-par |cu ernmentation run)
when the awmguRg/1e abcﬁmgoeaeawuodmedngmgmﬂ/m abveit df00Prtoahoutsl , 300 mgfmxinfim

The peak specific volunetric productivit i s determiped by dividin e
total prodbeuti00ytopoytZa0Qme ke rvt?rbSP%Z é&éitoaaﬂ’(?tl éghg °“9hV®9 {9,300
20107 005525 Ffelle 33 %)%%891? DR of Bout 3100038 HBo RSV HBALS,/nk- dowpr ene. amount

is nmeasured a Speditic volumetric productivity time point. In
sone Eswbodmmdtrﬁems Itle: madgeszphunétnc praslugtiraty ofaswrgnﬂnstheww oot 1o aheut s

By ~poak doiSaneLambiaond iDodREboHS RELPER b AT e BB O oduced
Sduring thg ,!,J/HF h&%&bo ¢&hbsut [19900an SR L /Ay bBSutAEIG008 a8but 3,080 M@/ Iron/Hrhe
culturing of cells during
or about 1,500 to about 3,000 mg/Liyom/hr.
In some embodiments, the cells in culture have a peak volumetric productivity of

20 isoprene at greater than or about 0.5, 1.0, 10, 25, 50, 100, 150, 200, 250, 300, 400, 500, 600,
700, 800, 900, 1,000, 1100, 1200, 1300, 1,400, 1,500, 1,600, 1,700, 1,800, 1,900, 2,000,
2,100, 2,200, 2,300, 2,400, 2,500, 2,600, 2,700, 2,800, 2,900, 3,000, 3,100, 3,200, 3,300,
3,400, 3,500, 3,750, 4,000, 4,250, 4,500, 4,750, 5,000, 5,250, 5,500, 5,750, 6,000, 6,250,
6,500, 6,750, 7,000, 7,250, 7,500, 7,750, 8,000, 8,250, 8,500, 8,750, 9,000, 9,250, 9,500,

25 9,750, 10,000, 12,500, 15,000, or more mg of isoprene/L of broth/hr (mg/Lyow/hr, wherein
the volume of broth includes the volume of the cells and the cell medium). In some
embodiments, the peak volumetric productivity of isoprene is between about 0.5 to about
15,000 mg/Lyom/hr, such as between about 0.5 to about 10 mg/Ly,on/hr, about 1.0 to about
100 mg/Lyrow/hr, about 100 to about 500 mg/Lprom/hr, about 500 to about 1,000 mg/Lyow/hr,

30 about 1,000 to about 1,500 mg/Lyom/hr, about 1,500 to about 2,000 mg/Lyrown/hr, about 2,000



a particular fernmentation run). By "peak concentration tinme point" is neant
the time point during the culturing of cells for a particular period of
time (e.gwp2oteosebt uring of cells during a particul ar PETMSAE0R00IBAT r UN)
when the amount of isoprene produced per cell is at a maxi mum In sone
enbodi nents, the isoprene anount is neasured at the peak 10concentration
time point. In sone enbodi nents, the peak concentration for the cells is
about any of the isoprene anounts di scl-&ed herein. By "average volunetric
productivity" is nmeant the average anount of isoprene produced per vol une
of broth (including the volunme of the cells and the cell nediun) during the
cul t uri ngtoadboaet,560 /LAy dboati2 00 peabiond 3 O00 mgfby(ghiy about BH0OUbRbeutng  of

II's during 15 ticul ar f tati . Th | |
o oduct | 590 M mmdie o590 shent TGS Lhindtt 53 SRt § ol I o ure
of broth g g,gm&'%o&f 7,5?6% atldit $0/050 ﬁ@qgogo}jmmb%ut 10.g0@veiREe 135661 ficC

uc
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currul ative, total anount” of isoprene is neasured. In some enbodi nents, the

cumul at i vebauoH00mgsbuet/h abgut5gi00;th abewt| 10000gnghout/he@pows 7. 9(Mkto b ene

anount s di sed herein. .l n i he ll's in culture produce
i sopr ene ﬁ’géﬁ?é%?lewh{*}{a%ra@r"“%@g@g’g"lg’%{, g%@(,sog’f 88T 125 000, 150, 000,
188, 000, or nor ghaiRgtsieous RBpRAEpesdaef racein mgfighwhhim aftrmasioghin bé t he
cell s/ hour (nnole/gweihr). In sone enbodi nents, the anmount of isogéene IS

bet welén abwasured by taking s spue obthe fammeaie)ait-gasm analyzipg itfer B\Q't'%‘?t out 2 to
soabet S8R BRI AR oB has SRRATAR gp, Lo
500, g sl g e i SO0t g spnbrot ok
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amounts of mgfbpyéneat o flost ofeemvmbdiidespred, the value in the units mg/Lyon/hr can be
divided by the ODggo value to obtain the specific rate in units of mg/Lyom/h1i/OD. The .
average value of mg isoprene/L,s can be converted to the total product productivity (grams
of isoprene per liter of fermentation broth, mg/Lion) by multiplying this average off-gas
isoprene concentration by the total amount of off-gas sparged per liter of fermentation broth
20 during the fermentation. Thus, an average off-gas isoprene concentration of 0.5 mg/Lyrow/hr
over 10 hours at 1 vvm corresponds to a total product concentration of 300 mg
isoprene/Liroth.
In some embodiments, the cells in culture convert greater than or about 0.0015,
0.002, 0.005, 0.01, 0.02, 0.05, 0.1, 0.12, 0.14, 0.16,0.2,0.3,0.4,0.5, 0.6, 0.7, 0.8, 0.9, 1.0, |
25 1.2,1.4,1.6,2.0,2.2,2.4,2.6,3.0,4.0,5.0,6.0,7.0, 8.0, 9.0, 10.0, 11.0, 12.0, 13.0, 14.0,
15.0, 16.0, 17.0, 18.0, 19.0, 20.0, 21.0, 22.0, 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

30 %, such as about 0.002 to about 0.005%, about 0.005 to about 0.01%, about 0.01 to about



to about 200, 000 nrnol e/ gm hr, about 100 to about 5,000 nnol e/ gy, cm hr,
about 200 to about 2,000 nnole/g./hr, about 200 to about 1,000

nnol e/ gy, woi2bro/00s26ut 300 to about 1, 000 nnol e/ gwecni hr, Pabais2o040syD about
1, 000 nnol e/ gm hr, about 1,000 to about 5,000 nnole/gw ",/hr, about 2,000
to about 20,000 nnole/g,./hr, about 5,000 to about 50,000 10nnvol e/g",/hr,
about 10,000 to about 100,000 nnole/g,/hr, about 20,000 to about 150, 000
nmol e/ g.,,,/hr, or about 20,000 to about66200, 000 nnole/g,,""i hr.

The amount of isoprene in units of nnole/gwen hr can be neasured as
disclosed in United States Patent 5,849,970, which is hereby incorporated
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20exanpl e, .%”?@u@ 8109210 55H P foouER T DYPR-602798; abaB80. 86D, 65108 3abckt | ver et
al ., Planf ysi ol 87:1588-1591, 1991, which are each hereby incorporated
by ref er e66.0% o 10:0%; abeut 75.6% ©R0.05ar atogLSAP Toyto\§5109 y arabest 8%.8%tp £0.0%.
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cal i brat i g ¥out 0N SBIE 95, T00H t5RBbLEL 0. t @0kl 0410 dbvat §rlémsolaf %c ebhdus
for 25 the wet weight of the cells is calculated by obt&idyg(ng t he
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cells is eptivbat e dpuesoundlagt bsdut Srietolabbetr 1000 motart%, ghiontV telatayt d8.0)

medi um and cells) with an A600 val ue of % halszhta B/et Lell \ivei ht OLI% ram
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- In so enbo I's 1n culture produce isoprene at greater
than p3 abkgw mdlar %) ,abadt, 1 8%0,abdOR 3.8 Hid)ar ZBEbo@BR to3bout 2490 mdans, szt 156D,

800, 900, 0wt 25.0 mofar %, abont 30 to about 30.0 molar %, about 30 to about 40.0 molar %, about

30 to about 50.0 molar %, about 30 to about 60.0 molar %, about 30 to about 70.0 molar %,
about 30 to about 80.0 molar %, or about about 30 to about 90.0 molar %.
The percent conversion of carbon into isoprene (also referred to as “% carbon
20  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).

25 Equation 1

moles carbon in isoprene produced

ield =
Carbon Yie (moles carbon in carbon source) x 100



1, 750, 2,000, 2,500, 3,000, 4,000, 5,000, 10,000, 100,000, or nore ng of

i soprene/gramof cells for the wet weight of the cells/hr (ng/gwan/h). In
sone enboaprmer®@ss2she anount of 5i soprene is between abeat/utd2a9/0ed39ut 5, 000
ng/ gwadh, such as between about 2 to about 100 ng/gwan/h, about 100 to
about 500 ng/gwan/h, about 500 to about 1,000 ng/gwn",/h, about 1,000 to
about 2,000 ng/gwan/h, or about 2,000 to about 5,000 ng/gwn",/h. In sone
enbodi nents, the anount of isoprene is -§&t-ween about 20 to about 5, 000

ng/ gwn",/h, about 100 to about 5,000 ng/gwnm h, about 200 to about 2,000
ng/ gwan/ h, about 200 to about 1,000 10ng/gwan/h, about 300 to about 1, 000
ng/ gwan/ h, or alpgpihidEfcdl st 9edst dxtoRD catbegasblimed frecanmain 50%0%/w sarboendsi n
ng/ gwan/ h can be cal cul ated b nultipk%ing t he val ue for isoprene

product i oan exampe fomnihe SOBTitendssarbeddn Examaled nad dd1la Msreraspt gon versiopof
descri bed | at i caletol , the cells in culture
pr oduce a® E%Eﬁg lls\?&%f'?fge}f {’%@I&%%ﬁ@%ﬁ%%@t %ugﬁglté%’rene 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,

50, 008, 1Bguaton 2 or nore ng of isoprene/L of broth (norg/Lbroth, wherein
the volume of broth includes the voblngisgtent heesehdig ewinibhe cel | medi um .
In sonme efffadrreit's ’[151961%‘5?9&69}):1%80»;&@?} E86noh)S (PERYE Gulds: aBALH x @5 £ 1012330 x 100
5, 000 ng/ Lbr ot h, such as between about 2 to about 100 ngnabroth, 20about
100 to about 500 ng/Lbroth, about 500 to about 1,000 ny/Lbroth, about 1,000
to about 2,000 m g/+brogbts, or about 2,000 to about 5,000 ng/Lbnth. In sone
enbodi ments, the anmount of isoprene is between about 20 to about 5, 000

ng/ Lbrah, about 100 to about 5,000 ng/Lbroth, about 200 to about 2,000
ng/ Lbrot h, about 0 ] ,gaQ,Qp 00
ng/ Lglroed" or ab(%:l?f gnéfotg%t%ﬁgg%ﬁ%r@gﬁgg&{r%#ﬁa{%gg? %QggE k9, ﬁé}%ﬁznia Bgci fic
product i Viiiil),ake paro@itedrvdrsionof odrbos apo eoprebe wfas hebrsp Hc@4-0.06fh. shdlld -f | ask
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Units for Rate of Isoprene production (total and specific)

Equation 3
1 g isoprene/Lysom/hr = 14.7 mmol isoprene/Lyom/hr (total volumetric rate)
20  Equation4

1 nmol isoprene /gwcm/hr = 1 nmol isoprene /Liroin/hr/ODggo (This conversion assumes that

one liter of broth with an ODggp value of 1 has a wet cell weight of 1 gram.)
Equation 5
1 nmol isoprene/gycm/hr = 68.1 ng isoprene/gucm/hr (given the molecular weight of isoprene)

25



WO 2010/ 005525PCT/ US2009/ 003897 - 64 - headspace can be converted to

ng/ Lbr ogi hr/ 0D600 of culture broth by multiplying by a factor of 38. The
val ue i n woi20m/008528g/ Lbr ot b/ hr/ QD600 can be rultiplied pgTituseomawndser of
hours and the 0D600 value to obtain the cunulative titer in units of ng of
i soprene/L of broth. In some enbodi nents, the cells in culture have an
average volunetric productivity 5of isoprene at greater than or about 0.1,
1.0, 10, 25, 50, 100, 150, 200, 250, 30®8-400, 500, 600, 700, 800, 900,

1, 000, 1100, 1200, 1300, 1,400, 1,500, 1,600, 1,700, 1,800, 1,900, 2,000,
2,100, 2,200, 2,300, 2,400, 2,500, 2,600, 2,700, 2,800, 2,900, 3,000,

3, 100, 3, B&¢htiod 6300, 3,400, 3,500, or nore ng of isoprene/L of broth/hr
(mg/L /hr, wherein the volune - of broth includes the volune of the cells

and the cell pediu I one, enbodi ment t he 10aver age vol (g

product i vi f§Ro fsop?g%ﬂ‘@ag)zﬁg =8k HReksonseRe Ligom N (3t ﬂ‘o@ﬁﬁgg,%%@q%/%lrg%?g‘/ hr,
such as bgtwg&h @,Jgggt 0.1 to about 10011118/ Lbrodhr, about 100 to about 500
ng/ Lbr ordhr, about 500 to about 1,000 ng/Lbrotb/hr, about 1,000 to about
1,500 ng/ Lo. 00/ hr, about 1,500 to about 2,000 ny/Lbrotb/hr, about 2,000 to
about 2, 5Bguatenl7 Thr, about 2,500 - -broth- to about 3, 000-bro ng/Lh /hr,

or about 3,000 to about 3,500 ng/Lbrodhr. In sone --ort- 15enbodi nents, the

| et T it . erb ¢
3 500 mg) § oP Fopler R LIt Bl < B 0E SPenB BR MR PRR AR B0
about 1, 00Q,,@ vvin) NngMorot ti hr, about 200 to about 1,500 ny/Lbroth/ hr,

about 1,000 to about 3,000 MgMorot hi hr, Ma or about 1,500 to about 3,000

L/ 11broth...r. e
a ro Units %or Titer (total and specific)

Equation 8

1 nmol isoprene/mg cell protein = 150 nmol isoprene/Luom/ODeoo (This conversion assumes
10 that one liter of broth with an ODgg value of 1 has a total cell protein of approximately 150

mg) (specific productivity)
Equation 9
1 g isoprene/Lyom = 14.7 mmol isoprene/Lirom (total titer)

If desired, Equation 10 can be used to convert any of the units that include the wet weight of

15 the cells into the corresponding units that include the dry weight of the cells.
Equation 10
Dry weight of cells = (wet weight of cells)/3.3

In some embodiments encompassed by the invention, a cell comprising a
heterologous nucleic acid encoding an isoprene synthase polypeptide produces an amount of
20 isoprene that is at least or about 2-fold, 3-fold, 5-fold, 10-fold, 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 acid encoding the isoprene synthase polypeptide.



In some enbodi ments, the cells in culture have a peak volunetric
productivity of 20i soprene at greater than or about 0.5, 1.0, 10, 25, 50,
100, 150,w0Q010/@5225 300, 400, 500, 600, 700, 800, 900, PCEAG2002004397 1200,
1300, 1,400, 1,500, 1,600, 1,700, 1,800, 1,900, 2,000, 2,100, 2,200, 2,300
2,400, 2,500, 2,600, 2,700, 2,800, 2,900, 3,000, 3,100, I
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In some embodiments encompassed by the invention, a cell comprising a
heterologous nucleic acid encoding an isoprene synthase polypeptide and one or more
heterologous nucleic acids encoding a DXS, IDI, and/or MVA pathway polypeptide
produces an amount of isoprene that is at least or about 2-fold, 3-fold, 5-fold, 10-fold, 25-

5 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

10 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 phase, or extraction of isoprene immobilized or absorbed to a solid

15 phase with a solvent (see, for example, United States Patent 4,703,007 and United States
Patent 4,570,029, which are each hereby incorporated by reference in their entireties,
particularly with respect to isoprene recovery and purification methods). In some
embodiments, the recovery of isoprene involves the isolation of isoprene in a liquid form
(such as a neat solution of isoprene or a solution of isoprene in a solvent). Gas stripping

20 involves the removal of isoprene vapor from the fermentation off-gas stream in a continuous
manner. Such removal can be achieved in several different ways including, but not limited
to, adsorption to a solid phase, partition into a liquid phase, or direct condensation. In some
embodiments, membrane enrichment of a dilute isoprene vapor stream above the dew point
of the vapor resulting in the condensation of liquid isoprene.

25 The recovery of isoprene may involve one step or multiple steps. In some
embodiments, the removal of isoprene vapor from the fermentation off-gas and the
conversion of isoprene to a liquid phase are performed simultaneously. For example,
isoprene can be directly condensed from the off-gas stream to form a liquid. In some

embodiments, the removal of isoprene vapor from the fermentation off-gas and the



3,200, 3,300, 3,400, 3,500, 3,750, 4,000, 4,250, 4,500, 4,750, 5,000,
5, 250, 5,500, 5,750, 6,000, 6,250, 6,500, 6,750, 7,6000, 7,250, 7,500,
7, 750, 8,W0Q@010/005525 PCT/US2009/003897
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conversion of isoprene to a liquid phase are performed sequentially. For example, isoprene
may be adsorbed to a solid phase and then extracted from the solid phase with a solvent.

In some embodiments, any of the methods described herein further include
purifying the isoprene. For example, the isoprene produced using the compositions and
methods of the invention can be purified using standard techniques. Purification refers to a
process through which isoprene is separated from one or more components that are present
when the isoprene is produced. In some embodiments, the isoprene is obtained as a
substantially pure liquid. Examples of purification methods include (i) distillation from a
solution in a liquid extractant and (ii) chromatography. As used herein, “purified isoprene”
means isoprene that has been separated from one or more components that are present when
the isoprene is produced. In some embodiments, 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%, 10%,
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.

In some embodiments, any of the methods described herein further include
polymerizing the isoprene. For example, standard methods can be used to polymerize the
purified isoprene to form cis-polyisoprene or other down stream products using standard
methods.

Additional methods and compositions are described in United States Provisional
patent application No. 61/097,186, filed on September 15, 2008, United States Provisional
patent application No. 61/097,189, filed on September 15, 2008, United States Provisional
patent application No. 61/097,163, filed on September 15, 2008, and United States Patent
Application Serial No. 12/335,071 all of which are incorporated by reference in their
entirties, particularly with respect to compositions and methods for producing isoprene.

The isoprene of this invention can be polymerized into useful polymers, including
synthetic rubber, utilizing the same techniques that are applicable to isoprene that is derived
from petrochemical sources. The polymerization and recovery of such isoprene containing
polymers are suitably carried out according to various methods suitable for diene monomer

polymerization processes. This includes batchwise, semi-continuous, or continuous
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The polymerization reaction can also be initiated using a vast array of different
polymerization initiators or catalyst systems. The initiator or catalyst system used will be
10  dependent upon the desired characteristics of the isoprene containing polymer being
synthesized. For instance, in cases where cis-1,4-polyisoprene rubber is being made a
Ziegler Natta catalyst system which is comprised of titanium tetrachloride and triethyl
aluminum can be utilized. In synthesizing other types of isoprene containing polymers other
types of initiator systems may be needed. For instance, isoprene containing polymers can be
15 made using afree radical initiator, a redox initiator, an anionic initiator, or a cationic
initiator. The preferred initiation or catalyst system will depend upon the polymer
microstructure, molecular weight, molecular weight distribution, and chain branching
desired. The preferred initiators will also depend upon whether the isoprene is being
homopolymerized or copolymerized with additional monomers. In the case of copolymers
20 the initiator used will also depend upon whether it is desirable for the polymer being made
to have a random, non-random, or tapered distribution of repeat units that are derived of the
particular monomers. For instance, anionic initiators or controlled free radical initiators are
typically used in synthesizing block copolymers having isoprene blocks.
It is important for the initiator or catalyst system employed to be compatible with the
25  type of polymerization system used. For instance, in emulsion polymerizations free radical
initiators are typically utilized. In solution polymerizations anionic initiators, such as alkyl
lithium compounds, are typically employed to initiate the polymerization. An advantage of
free radical polymerization is that reactions can typically be carried out under less rigorous
conditions than ionic polymerizations. Free radical initiation systems also exhibit a greater

30 tolerance of trace impurities.
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conver si onhighercaghap to hOQ0 psioprene (al so referred to as "% carbon
In batch operations, the polymerization time can be varied as desired from as little as

a few minutes to as lone as several days. Polymerization in batch processes may be
terminated when monomer is no longer absorbed, or earlier, if desired, e.g., if the reaction
25 mixture becomes too viscous. In continuous operations, the polymerization mixture may be
passed through a reactor or series of reactors of any suitable design. The polymerization
reactions in such cases are suitably adjusted by varying the residence time in the reactor
system. Residence times vary with the type of reactor system and range from 10 to 15
minutes to 24 or more hours. The concentration of monomer in the reaction mixture may

30  vary upwards from 5 percent by weight of the reaction mixture, depending on the conditions



20yi el d") can be neasured by dividing the noles carbon in the isoprene
produced by the noles carbon in the carbon source (such as the noles of
carbon i rwbavweas2and fed gl ucose and yeast extract). TRCS/USRoN9R038HB

nmul tiplied by 100%to give a percentage value (as indicated in Equation 1).
25Equation 1 nol es carbon in isoprene produced Carbon Yield = WO

2010/ 005525PCUUS2009/ 003897 - 67 - For this cal cul ation, yeast
extract can be assuned to contain 50% w& car bon. As an exanple, for the
500 liter described in Exanple 7, part VIII, the percent conversion of
carbon into isoprene can be cal cul ated as shown in Equation 2. 5Equation 2

39.1g i sopk medlﬂéﬁangamhn 0 & 80 PerChmdy Wétgtthopretéraddd - [ (181, 221g gl ucose
x1/ 180 nol | 6g Cno/)+ (17,780 g yeast extract x 1 Yoy

100 = 0. 042% 16hopolryﬁ@n@wrsofoswr%er mﬁéﬁﬁ%ﬁ?&ﬁ“’&ﬁé’“&@%%?‘f‘t?@éez?fg?‘l& ﬁgl)VL“‘X
( Exarrpl © égg Psﬂéu\?%%ﬁlde{)ﬁgadcoghgg%}s ogpe% l?@rgmhﬁﬁ’ 'i‘é’l%'ia'iivef}/ At CPhL9BIvEmtRay

| soprene 16% car bon yi €l d has been achieved
usi ng 14 hhvecthe Saifié ﬁ(ﬂi&ba‘a‘ofdmﬂmm dvards parreo1ncu1®aetrsld1¢ﬂeaua¢tmttqfet may b@sma
readily convert the rates of is rene roduction or.. anpunt of S

SN cyEPRhS

pr oduded Fiiffeéerarwilmgﬁé?g% Freterred veal pre PgrRalLy dkpesang
15i nter CO 51'v %ﬁ M%qua etd%f oH@ ok fhot@4rofatie, ﬁ%&aﬁ%ﬂ%ﬁi}@lo@ﬁmﬂmtl 0n

(total s pec |
compounds These solvents w1ll normally contain from about 4 carbon atoms per mole to

about 10 carbon atoms per molecule and will be liquid under the conditions of the
polymerization. Some representative examples of suitable organic solvents include pentane,

10 isooctane, cyclohexane, methylcyclohexane, isohexane, n-heptane, n-octane, n-hexane,
benzene, toluene, xylene, ethylbenzene; diethylbenzene, isobutylbenzene, petroleum ether,
kerosene, petroleum spirits, petroleum naphtha, and the like, alone or in admixture.
Aromatic hydrocarbons, such as benzene, toluene, isopropylbenzene, xylene, or halogenated
aromatic compounds, such as chlorobenzene, bromobenzene, or orthodichlorobenzene, may

15 also be employed, but are not preferred in most cases. Other useful solvents include
tetrahydrofuran and dioxane.

In the solution polymerization, there will normally be from 5 to 30 wei ght percent
monomers in the polymerization medium. Such polymerization media are, of course,
comprised of the organic solvent and monomers. In most cases, it will be preferred for the

20 polymerization medium to contain from 10 to 25 weight percent monomers. It is generally
more preferred for the polymerization medium to contain 15 to 20 weight percent
MONoOmers.
The polymerization is typically carried out to attain an essentially complete
conversion of monomers into polymer. Incremental monomer addition, or a chain transfer
25 agent, may be used in order to avoid excessive gel formation. Such minor modifications are
within the skill of the artisan. After the polymerization is complete, the polymer is
recovered from a slurry or solution of the polymer. A simple filtration may be adequate to
separate polymer from diluent. Other means for separating polymer from diluent may be
employed. The polymer may be treated, separately or while slurried in the reaction mixture,

30  in order to separate residues. Such treatment may be with alcohols such as methanol,



1 g isoprene/L -broth/11r = 14.7 mol isoprene/Lareth/hr (total volumetric
rate) 20Equation 4 1 nnol isoprene /g",/hr = 1 nnol isoprene one liter of
broth w twoaniidess2al ue of 1 has a wet cell weight of 1pgrarsejoofiopsati on 5 1
nmol isoprene/g,",,",/hr = 68.1 ng isoprene/gw',,/hr (given the nolecular
wei ght of isoprene) WO 2010/005525PCT/ US2009/ 003897 - 68 - Equation 6 1
nmol isoprene/L 02/ hr = 90 nnol isoprene/lLbailahr (at an 02 flow rate of 90
Unhr per L of culture broth) Equation 7 -9# -ug i soprene/L isoprene in off-gas
= 60 ug isoprene/L -broth/11r at a flow rate of 60 Lg" per Lbroth (1 vvm
Units for Titer (total and specific) Equation 8 1 nnol isoprene/ng cell
prot ei n =1 NerboprestRoERatH acidifBd aleohsll, or-witlb@Be sthiilar palav kqwidoninasenies
10t hat one liter of broth with an 0D500 val ue of 1 ri!las a total .cell pratein
of appr oxtasas diepolysaers are obtained in hydrocarbon solutions and the polymer can be Fecovlled

by coagulation with acidified alcohol, e.g., rapidly stirred methanol or isopropanol

containing 2% hydrochloric acid. Following this initial coagulation, the polymers may be

5 washed with an appropriate liquid, such as methanol. |

As has been previously noted, the isoprene can also be copolymerized with one or
more additional comonomers to make useful copolymers. Some adjustments in the
polymerization recipe or reaction conditions may be necessary to obtain a satisfactory rate of
polymer formation, depending on the relative amount of isoprene included and the other

10  monomers involved. Examples of comonomers that are useful in the practice of this
invention include other diene monomers, such as 1,3-butadiene and hexadienes. Vinyl
aromatic monomers can also be copolymerizable with isoprene to make useful polymers.
Such vinyl aromatic monomers include styrene, a-methylstyrene, divinyl benzene, vinyl
chloride, vinyl acetate, vinylidene chloride, methyl methacrylate, ethyl acrylate,

15 vinylpyridine, acrylonitrile, methacrylonitrile, methacrylic acid, itaconic acid and acrylic
acid. Mixtures of different comonomers can also be employed at differing levels.

The isoprene monomer can also be copolymerized with one or more additional
conjugated diolefin monomers. Those containing from 4 to 8 carbon atoms are generally
preferred for commercial purposes. Some specific representative examples of conjugated

20  diolefin monomers that can be copolymerized with isoprene include 1,3-butadiene, 2,3-
dimethyl-1,3-butadiene, piperylene, 3-butyl-1,3-octadiene, 2-phenyl-1,3-butadiene, and the
like, alone or in admixture.

Some representative examples of ethylenically unsaturated monomers that can
copolymerized with isoprene include alkyl acrylates, such as methyl acrylate, ethyl acrylate,

25 butyl acrylate, methyl methacrylate and the like; vinylidene monomers having one or more
terminal CH,-CH- groups; vinyl aromatics such as styrene, .alpha.-methylstyrene,
bromostyrene, chlorostyrene, fluorostyrene and the like; a-olefins such as ethylene,
propylene, 1-butene and the like; vinyl halides, such as vinylbromide, chloroethene

(vinylchloride), vinylfluoride, vinyliodide, 1,2-dibromoethene, 1,1-dichloroethene

30 (vinylidene chloride), 1,2-dichloroethene and the like; vinyl esters, such as vinyl acetate; a,



ng) (specific productivity) Equation 9 1 g isoprene/Lbroth 14.7 mol

i soprene/Lbroin (total titer) = | f desired, Equation 10 can be used to
convert awg20fo/mbesunits that include the wet wei ght of PCHtUse009mDI8e7 i nto
the corresponding units that include the dry weight of the cells. Equation
10 Dry weight of cells = (wet weight of cells)/3.3 In sone enbodi nents
enconpassed by the invention, a cell conprising a heterol ogous nucleic acid
encodi ng an i soprene synt hase pol ypept i-dé -pr oduces an anount of 20i soprene
that is at |east or about 2-fold, 3-fold, 5-fold, 10-fold, 25-fold,

50-fold, 100-fold, 150-fold, 200-fold, 400-fold, or greater than the anount
of i sopr efg)pmRANG @dsdtiamdmianes, esghandicndoriallé agd mathaonderitrdesefei al |y t he
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het er ol og ic ac ng an 1 soprene synt hase pol ypepti de and one
or nore heptenall phevspilymbezea with de iesprert ingnakinX@efWirublary polymdw pat hway
pol ypepti de produces an anou i soprene tha t. or abag
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200-fol d, %ggfywlﬂnerg Lrd&atifdd inhanl tddRaBOPABAL (627, PPPARITEniEDSIdRe Pafenom a
g’ce

corresponEﬂ n grown under essentially the sanme conditions w thout the
het er ol 096936,662. The teachidgs ol et States Paiopt 627,72t prid Paitedhtaasthiagds 101 n

sonme enbodi , any of the nethods. descti bhed herej ! i acl ude
recoveri ng’9g§'g%§%Pé%?rag&%eé?ﬁ%lr%f,ewt"ﬁ%!E?rg@epplgﬁgsep&o%géﬁa@ﬁégtllér?fg t he
conposi ti apgigndize® HoRdmerS arldiReit MEBRIorAONGAR iBepremeeediihg i yigerst andar d
techni ques. such as gas stripping, fractionation, adsorption/desorption,

per vaifor at i on, Rubberyol ysrery sduahnare eepsl pneisof one PEBISFeHENs FORPRESOVit OPhase,

or extraction of.isoprene. i L] h j wth a
sol vent (géglf)ref%tpereqig%?lg?ﬁWFQ gdéété?g}ogérr%%f\gl#t g ?g§%8€@1daﬂ%$§2P§€%) St at es
Patent 4, 5&(hh038cemhb abowrrs® eeight festenbyorijngnedivkfiadnanomes ¢éneliding n t hei r

entireties, particul arId% W th respect to isoprene recove}rmgg urification

met hods) . isopresghanddieys dPawnt weighhRerpit 4Q abapt gP Wedgly PaFren 't he
i sol ation F&&#ngc?aﬂygggatﬁﬁteﬁ rhbr?dﬂl&ﬁ Erpﬁc{%iécﬁpﬁhhé‘éorﬂugﬁ@& div®fit hBRoRérsi FBPT Ene

or a solu rene in a solven Gas strrpping 20 involves the
renovel okxafpips @bbBeryappol yhieonoft isepréer mondrats with sinfylagamatic moanmiers, such as

continuous manner. Such rempyval can be. achieved in several. different ways
i ncl udi ng SYBRIC-1ARRTCRG ibberg ! ,"05‘821&_‘ Bg}cgr?op@uhggﬁnqodto&ﬁa\gg,gﬁi)%qrgqn?fsg Rreinﬁt 0
anr i chmena IO £1q B BB e e Gow boi nt of ¢ he
vapor resultind/inyl arbmatombenmats ae probablyd¢ tosisiomosiaat gregrrécthylesisally of
| soprene rlTl%g/atlilr?lYe lr;llgno?rrl]egs %Vth(la ate cgrlrjllrr;[JnP)! i%chtp%r%éd ilnpo 1‘?&88}%% containing rubbers.
20  Such vinyl aromatic monomers typically contain from 8 to 20 carbon atoms. Usually, the
vinyl aromatic monomer will contain from 8 to 14 carbon atoms. The most widely used
vinyl aromatic monomer is styrene. Some examples of vinyl aromatic monomers that can be
utilized include styrene, 1-vinylnaphthalene, 2-vinylnaphthalene, a-methylstyrene, 4-
phenylstyrene, 3-methylstyrene and the like.
25 Some representative examples of isoprene containing rubbery polymers include cis-
1,3-polyisoprene homopolymer rubber, 3,4-polyisoprene rubber, styrene-isoprene rubber
(SIR), B-methylstyrene-isoprene rubber, styrene-isoprene-butadiene rubber (SIBR), styrene-
isoprene rubber (SIR), isoprene-butadiene rubber (IBR), a-methylstyrene-isoprene-

butadiene rubber and a-methylstyrene-styrene-isoprene-butadiene rubber. In cases where

30  the rubbery polymer is comprised of repeat units that are derived from two or more



enbodi nents, the renoval of isoprene vapor fromthe fernmentation off-gas
and the conversion of isoprene to a liquid phase are perforned

si mul t anewo2b /005525 exanpl e, i soprene can be directly cenuddrss@dobzsom t he
off-gas streamto forma liquid. In sonme enbodi nents, the renoval of

i soprene vapor fromthe fernentation off-gas and the WO

2010/ 005525PCT/ US2009/ 003897 - 70 - conversion of isoprene to a liquid
phase are perforned sequentially. For exfnple, isoprene may be adsorbed to
a solid phase and then extracted fromthe solid phase with a solvent. In
sone enbodi nents, any of the nmethods described herein further include
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cases, from 0.01 to 0.1 phm of the lithium initiator will be utilized with it being preferred to
utilize 0.025 to 0.07 phm of the lithium initiator.
Such anionic polymerizations are optionally conducted in the presence of polar
modifiers, such as alkyltetrahydrofurfuryl ethers. Some representative examples of specific
25 polar modifiers that can be used include methyltetrahydrofurfuryl ether,
ethyltetrahydrofurfuryl ether, propyltetrahydrofurfuryl ether, butyltetrahydrofurfuryl ether,
hexyltetrahydrofurfuryl ether, octyltetrahydrofurfuryl ether, dodecyltetrahydrofurfuryl ether,
diethyl ether, di-n-propy! ether, diisopropyl ether, di-n-butyl ether, tetrahydrofuran, dioxane,
ethylene glycol dimethyl ether, ethylene glycol diethyl ether, diethylene glycol dimethyl
30 ether, diethylene glycol diethyl ether, triethylene glycol dimethyl ether, trimethylamine,



WO 2010/ 005525PCT/ US2009/ 003897 -71 - operations under conditions that
exclude air and ot her atnospheric inpurities, particularly oxygen and
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not limted to bulk polynerization, vapor phase polynerization, solution
pol yneri zati on, suspension 5polynerization, emulsion polynerization, and
preci pitation polymerization systens. FhHd -comrercially preferred nethods of
pol ymeri zation are typically solution polynerization and emul sion

pol yneri zati on. The pol yneri zation reaction can also be initiated
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usef ul i n pokyreerizatiemtsi then nammeal lyd¢raninaied by thecadsifianaef anrfgents SEdngsan
R
used as a coupling agent. The tin halide and/or the silicon halide are continuously added in
cases where asymmetrical coupling is desired. This continuous addition of tin coupling
25 agent and/or the silicon coupling agent is normally done in a reaction zone scparate from the
zone where the bulk of the polymerization is occurring. The coupling agents will normally
be added in a separate reaction vessel after the desired degree of conversion has been
attained. The coupling agents can be added in a hydrocarbon solution, e.g., in cyclohexane,

to the polymerization admixture with suitable mixing for distribution and reaction. In other

30  words, the coupling will typically be added only after a high degree of conversion has



wei ght of organic conmponents. Exanples of free radical initiators that are
useful in the practice of the present 10 invention are those known as
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normal | y quzfcﬂidﬁdtarié)ﬁgétbfﬁefen@d%ﬂmi@ﬁl%pm%ag&tse to about 10 carbon

ule and w | t

atons per nolec be liquid under e condi tions of the
pol ymeri zat i on.A Sombinatipn efatin alideanskasiitashadide san ppkenallybgased taseAuplnt s

i ncl ude pentane, 10i sooctane, cycl oghexane,. I )i ool xane,
n- hept ane,tﬂ‘h‘-‘l? F%’rf&lyrﬁgrhbﬁéﬁmg %‘8#\?8%’, ' agpﬂ@ﬁg?‘ a%%‘éﬁgﬁé%gﬁgb%g@gne,

di et hyh benzpRgedipréputiad fBEAZSMBber KR bEloWer hhgeresks peamstenataineet Toseum
spirits, petroleumnaphtha, and the like, alone or in adm xture., Aromatéc
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cases. O h@f hdisefis thesliotariaside Biplied in coupling the rubbery polymer will normally be
within the range, of 20:80 to 95:5. The molar ratio of the tin halide to the silicon halide
25  employed in coupling the rubbery polymer will more typically be within the range of 40:60
t0 90:10. The molar ratio of the tin halide to the silicon halide employed in coupling the
rubbery polymer will preferably be within the range of 60:40 to 85:15. The molar ratio of
the tin halide to the silicon halide employed in coupling the rubbery polymer will most
preferably be within the range of 65:35 to 80:20.

30 Broadly, and exemplary, a range of about 0.01 to 4.5 milliequivalents of tin coupling



tetrahydrofuran and di oxane. In the solution polynerization, there wll
normally be from5 to 30 wei ght percent nononers in the polynerization

medi um Swohopalog3zeri zati on nmedi a are, of course, conpriPsEASEHIMIBIDI gani C
sol vent and nononers. In nost cases, it will be preferred for the

20pol yneri zation mediumto contain from 10 to 25 wei ght percent nononers.
It is generally nore preferred for the polynerization nediumto contain 15
to 20 wei ght percent nononers. The pol yi#r-i zation is typically carried out
to attain an essentially conplete conversion of nononers into polyner.

I ncremental nonomer addition, or a chain transfer 25agent, may be used in
order to Q%e?'t fl'rﬁmi%ésahaeni@eh hhIeddyad éraploy&uipdr 100peamsofiihkircltdrp pelyaree. Wiis hi n
t he skill he artisan. After the polynerization is conplete, .the polymner
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treated, gPRMIAIEINFd@tiontHfipelyshdis coregining temenalbacatctove gioupuerinsFcienbr der
to separate residues. Such treatnent may be wth al cogg |.s such a eIrr(}g}gﬂ}?anol,
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reaction conditions may be necessary to, o i saf | :
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copol yneri zabl e with j,sopren vk cémhenmbi C
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be enpl oyed at differin vel s . i RN cefii @l stabilpe
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1,3 blibadi ot 04 ’p"l)’fr to about 0.6 phr of the chelating alkyl 1,2-ethylene diamine or the metal salt of
the cyclic alcohol will be added to the polymer cement to stabilize the rubbery polymer.

The terminating agents that can be used to stop the polymerization and to "terminate”
the living rubbery polymer include tin monohalides, silicon monohalides, N,N,N',N'-
tetradialkyldiamino-benzophenones (such as tetramethyldiaminobenzophenone and the like),

25  N,N-dialkylamino-benzaldehydes (such as dimethylaminobenzaldehyde and the like), 1,3-
dialkyl-2-imidazolidinones (such as 1,3-dimethyl-2-imidazolidinone and the like), 1-alkyl
substituted pyrrolidinones; 1-aryl substituted pyrrolidinones, dialkyl-dicycloalkyl-
carbodiimides containing from about 5 to about 20 carbon atoms, and dicycloalkyl-
carbodiimides containing from about 5 to about 20 carbon atoms.

30 After the termination step, and optionally the stabilization step, has been completed,
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chl orostyrene, fluorostyrene and the like; a-olefins such as ethyl ene,
propyl ene, 1-butene and the like; vinyl halides, such as vinyl brom de,

chl or oet hgRgubddrp bb?ﬁﬂdﬂ chitl B recovéryd flowothiedeganid sotvdénodTHecoupled rubbery
1, 2-di bronoet hene, 1, 1-di chl oroet hene 30(vin

. élcl de@ﬁ ghl or i de& .
1. 2- di chi pelystenesberegovared fropethe praapic solyeat and wsidie by mqans suchaschemical
WO 2010/ 003523 RCT/ h Y izat{on; Lufiadie YndiRsEt Borah@gnce, it |
nitriles, (&gﬁoc%:wﬁgsg ag@%@%ﬁ?%?éesg}]‘%ﬁ%att{?gbﬁgﬁkturi le; a, 13- ol efi nciéglallsl y
unsat ur at eflerdésitable t6 pedtipmtathe yribherg polyhentomythe acgapicsal vkt by the. addition

di met hyl acryl ami d hacryl am d i, k i onal i
can- al%o- ShIaRAIDYoREOBBRAG FEm Bl hid thavts SFoap ABTY 1R RESThyP BB

rubbery p R ' 2B atiONSMBE Sutier frirSthe BB nedtdenehhiadmdby
whi ch the%h%{gggéﬁoew?ﬁ?gﬁggﬁgﬁgﬁ i?’n'flo rubbery f)lryners:palr%,e described in

Unit ed St aiesisanBhtetrahol j®pipyRalcamel, wermadgrapyhaleehgand hbutyl glpohglsolherpe

teachings of Unit St ate tent .6, 627 72 I t

6, 936, 669 ugLéatm S‘b‘éﬁ?faﬁﬁ"‘e‘g“’@:‘f’&rﬁc‘%& é%f}l%%%ﬂg%"ﬁ?ﬂe% ﬁ%@h@&rﬁ%ﬁ&%m
descri bi ngQUedimfitigt af) MrhaAifih rrm.oggpmymaﬂbly inaetivatingdioipor etd groupst After

i soprene contai ni ng polyners. IORub er¥ polymers which are copolﬁpers of
one ol0 nortee civpted mbbrsiwelymertihresaeered ireay B spIHEPN.SGAN-SHIPENIE SN Pfisat ur at ed

nmononers w ||l narnal 0 i . i . t 1vaser.

wei ght pe[ﬁgg’,l,?yegé?.ﬁj%%? e qé?%%%?%mneoa%ggn%? EQ‘Z‘pﬁ‘%ﬁ%ﬁ? %@EE)CF erﬁ%l)?é?ggg yf%%om
about 1 wed dtfifiora®lly CBB for dai@dudunt 5ih beiepidvep éronethe robberi@otyntez by drum drying,

ethyl enically unsaturated nononmers in addition to the conjugated diolefin
mononer s. eRyudersisyiagpyasuumsyideyandfgelifrer s of i soprene nonomer with
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the | ble. agsimilates that of natural rubber from Hevea Brasiliensis (the common rubber tree) which
has a cic-microstructure content of virtually 100 percent. However, this slight difference in
polymer microstructure results of physical properties that are inferior to those of natural
rubber is certain respects. For instance, natural rubber typically exhibits green strength that
is superior to that of synthetic cis-1,4-polyisprene rubber. On the other hand, in certain

25 other respects synthetic cis-1,4-polyisprene rubber is superior to natural rubber from the

Hevea Brasiliensis, guayule, and Taraxacum kok-Saghyz (Russian dandelion). For instance,
natural rubber contains residual proteins, soaps, resins, and sugars since it comes from
plants. The presence of these residual impurities can be extremely detrimental in some
applications. For instance, the presence of residual proteins in rubber products can cause

30 serious allergic reactions in some people and are a mojor concermn for manufacturers of some



25Sone representative exanpl es of isoprene containing rubbery polyners

i nclude cis- 1, 3-pol yi soprene honopol yner rubber, 3, 4-polyisoprene rubber,
st yr ene- iwoponavmess2abber (SIR), 13- et hyl st yr ene- i sopr ene PCwhilse#09/003897
styrene-i soprene-but adi ene rubber (MR), styrene-isoprene rubber (SIR),

i sopr ene- but adi ene rubber (IBR), a-nethylstyrene-isoprenebutadi ene rubber
and a- net hyl styrene-styrene-i soprene-but adi ene rubber. In cases where 30t he
rubbery polyner is conprised of repeat -$lits that are derived fromtwo or
nore WO 2010/ 005525PCT/ US2009/ 003897 - 76 - nononers, the repeat units

whi ch are derived fromthe different nonomers, including the isopren, wll
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contain from1 to about 8 carbon afons, s{eh as n-butyl |ithium The anount
of the lithiuminitiator utilized Wll vary whth the nononers being

pol ynmeri zed and with the nol ecular “wel Eht h\gb is desired for the pol yner
bei ng synt hesi zed. However, as a general rule, from0.01 to 1 phm 20 (parts
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25pol ar nodifiers that can be us ude net hyl rahydrofurfuryl ether,

et hyl t et r zly te o$adrii syythesizing cis- bA-@olNisaprenghydr of ur f uryl et her,
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United States Patent 4,430,487 are incorporated herein by reference for the purpose of
teaching catalyst systems and polymerization techniques that can be used in synthesizing
25  cis-1,4-polyisoprene.
The synthesis of cis-1,4-polyisoprene by polymerizing isoprene with a catalyst
system which is comprised of a titanium tetrahalide, a trialkylaluminum compound and
diphenylether can result in the formation of unwanted gel. United States Patent 5,919,876

discloses that gel formation can be reduced by conducting such polymerizations in the

30  presence of a diarylamine, such as para-styrenated diphenylamine. United States Patent



- 77 - triethylamne, N, N, N, N -tetranethyl et hyl enedi am ne, N-nethyl

nor phol i ne, N-ethyl norpholine, or N phenyl norpholine. The pol ar
nodi fi er wibl2biokoppizsal | y be enpl oyed at a | evel wherei n tha/useéoanossati o of
the polar nodifier to the lithiuminitiator is within the range of about
0.01:1 to about 5:1. 5The nolar ratio of the polar nodifier to the lithium
initiator will nore typically be within the range of about 0.1:1 to about
4:1. It is generally preferred for the-B3-ar ratio of polar nodifier to the
lithiuminitiator to be within the range of about 0.25:1 to about 3:1. It
is generally nost preferred for the nolar ratio of polar nodifier to the
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pol ymeri zation reaction. Such ani onic pol ynerizations of isoprene

ar e nor makdiayylemimtu dthededcbinga of Emited Statest Ratent SiH10, 867 arg incerpestps herein by
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attained. The polynerization is then normally term nated by tpe, addi ti on of
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exanmple, a tin |.i.de Lor sili . ' hifn
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cases whek&raRAde! Uniiad SemesPatery 6i0660@SidisthsesTh imetteninfor maprphastdi ti on of
tin coupling 25agent and/or the siljcon coupling agent is normally. ein
a reacti omogvmfélzwpa@m@e miQeis L POIYFEPIERE ! aPWgeﬁﬂ%’Hﬂs"ﬁw englpflﬁggﬁz"ati on
is occurripg.. C i : ' r & cAAAREs ystenR whedhak atad
reaction \?ggg}&g%otag#é%twewz egi%fglgas%wergéeeﬁﬂoa;ﬁ%{)&nr\?grgi oﬁghzys been att ai ngd.

The cpsipl ibygemgapias ocgumobeminuiadompoandiwith dicaniwonetsashigridsnpreéerably i the

cycl ohexane, to the polyner| zat'&]on. adm xture . with suiciabt e m xri rﬁgsé‘]%r d

di st ri but iP5FFERGFPIraE 1@t i cthers Wheren BB IROPERNC 13 MAIMEYHRET TG WAPY B L4l be
added onl ' | 9BLitRK ESnBihatRYaERbeA@and Pessure; (2) allowing said

2010/ OOSS%&%&E‘II?%%%O%@?OOI%W - 78a- al reagy been a%d\?;i ned. For instance,

t he coupl iisupragantpolyinidrizaontoris- .4kl viskwencoi|ajemperarure Wihibiherargsif abeiion

of greater g&an aboyr 85 cent . has been .regf | ' Y PicabA Yoe
preferred 3cr ¢ P@‘%%&ﬁﬁ%@n\%p%r?gwgt%ufgégﬂi 5@?1 85‘%’%6 %@u%g’gg “percent
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agents will normally be tin tetrahalides, such as tin )
polymerizations by conducting the polymerization of the isoprene monomer in the presence
of a diarylamine, such as para-styrenated diphenylamine. The teachings of United States
Patent 6,066,705 are incorporated herein by reference for the purpose of teaching catalyst
systems and vapor phase polymerization techniques that can be used in synthesizing cis-1,4-
25 polyisoprene rubber.
Polyisoprene rubber that is clear (transparent) and of high purity can be synthesized
utilizing a neodymium catalyst system. United States Patent 6,780,948 relates to such a
process for the synthesis of polyisoprene rubber which comprises polymerizing isoprene

monomer in the presence of a neodymium catalyst system, wherein the neodymium catalyst

30  system is prepared by (1) reacting a neodymium carboxylate with an organoaluminum



tetrachloride, tin tetrabromde, tin tetrafluoride or tin tetraiodide.
However, tin trihalides can also optionally be used. Polyners coupled with
tin trihavodem/deaizsng a maxi num of three arns. This is, Pofi/uscew®e3s97 n
contrast to polynmers coupled with tin tetrahalides which have a maxi mum of
four arnms. To induce a higher |evel of branching, tin tetrahalides are
10normally preferred. As a general rule, tin tetrachloride is nost
preferred. The silicon coupling-&gents that can be used will
normal Iy be silicon tetrahalides, such as silicon tetrachloride, silicon
tetrabrom de, silicon tetrafluoride or silicon tetraiodide. However,
silicon tédrisdundes teairesthsoobiptprenaldria feeiod séaboudDymients coalpiue JOwhinhies
silicon trihalides having a maxi rmr’ql of three ar rrg Thhs is,..of cour se, in
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25 is within the range of 0.0% to 0.5%. The teachings of United States Patent 7,091,150 and
United States Patent 7,199,201 are incorporated herein by reference for the purpose of
teaching neodymium catalyst systems and polymerization techniques that can be used in
synthesizing cis-1,4-polyisoprene rubber of extremely hi gh cis-microstructure content and

high stereo regularity.

30 Single component lanthanide catalysts, such as lanthanide diiodides, can also be used
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conpounds |%‘F'Fﬂo§9ét§aﬁla€fd‘“fs?ﬂ98@1 tﬂﬁf?‘?&’é’ referege otﬁgpﬁ{?o\é?h%h&ﬁn gll?k']':vent
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improved cut growth resistance. United States Patent 5,082,906 specifically discloses a
process for the synthesis of 3,4-polyisoprene which comprises polymerizing isoprene
25  monomer in an organic solvent at a temperature which is within the range of about -10°C to
about 100°C in the presence of a catalyst system which is composed of (a) an organoiron
compound, (b) an organoaluminum compound, (c) a chelating aromatic amine, and (d) a
protonic compound; wherein the molar ratio of the chelating amine to the organoiron

compound is within the range of about 0.1:1 to about 1:1, wherein the molar ratio of the

30  organoaluminum compound to the organoiron compound is within the range of about 5:1 to



has a cic-mcrostructure content of virtually 100 percent. However, this
slight difference in polynmer mcrostructure results of physical properties
t hat ar e wof2erovmss250 t hose of natural rubber is certai nPCEASR@VH03SHDr

i nstance, natural rubber typically exhibits green strength that is superior
to that of synthetic cis-1,4-polyisprene rubber. On the other hand, in
certain 250t her respects synthetic cis-1,4-polyisprene rubber is superior
to natural rubber fromthe Hevea Brasil-i%nsis, guayule, and Taraxacum

kok- Saghyz (Russi an dandelion). For instance, natural rubber contains

resi dual proteins, soaps, resins, and sugars since it cones from plants.
The presepsgt 260:1 hariewk&sindb@mol apatid of e peaonibeompoumdrel the deganpaleminim i n

sone applications. For instance, the presence of resjdual proteins in
rubber  pr cerapeunddawitbiudie reEs aBo Oa({))qlélr@é’of“bé@tli'o tleﬁdﬁ'?ﬁ‘?eoe%ﬂ‘g‘ﬂﬁfje and
are a noj c I : - for th f teachi

30301 0005 B EARES 087 Q0T AR negpB iR ‘é'?’%gfﬁﬂcﬁi% pPoduct 8, such as
rubber gl easlyst sysarhenmd pslymerizetip teoegegs thatdan be us¢dkia synthesidgingcase, the
synt heti c polyi soprene hqr | ymer rubbers of this invenii.on that are free
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i ncl udi ng nat ug glef SBREPAER IFeDITaNRABiaTH hipesiessStor niynettbsSiotiseainPat ent
3,931, 136 di scloses a process for producing high nol ecul ar wei ght

ci s- 1, 4- potystallsmplediye polyisopreacaThst 3.4-pelyisoprangings g Sgt-Edgroptguciure content

t hree- conponent ni xt ure _of 4 ani r | i

or ganoal u %Wb‘bﬂﬁd ange éf%ogtoééréﬂ ?%a%%s%\’/\ﬁ glrgep’% 5% ﬁroﬁglﬁéﬁ)} r?ﬁre"csoé1 NS an

al kyl  gr oymichs &figimielramge 6t doplit D5% tpatson B aindeskentinl B reatrosnl 4t ons, an
aryl group, preferably a phenyl group, or a cycl oal k%lqﬂ%ro%, g)ref erably a
10cy clOoheyirrogiretipre o R -pagrostTysayrs. & gap s santBesizadainidsganit sOIVes k- 0- oH2- ¢
Ft where R R i £ ok e hEPRERRI3BHF! Ky
group or zﬂugﬁg?mger%%@?aﬁ%ﬁ%ggﬁg’%er\?\n{aflph%&%%'eptgt)t?gg?épresent an al kyl group
cont ai ni ngFécmmulj dift1dses aphapssafon tie synthasip b€ By payisogrend wbichegoifirises  of

United States Patent 3,931,136 are mcor,gor ated herein la%/ rﬁf ﬁr.enctﬁ. ft‘ﬁ% t he
pur pose ofPolyERREHTHEISERIERS POROBYEMAROTEANUC SV R ISIPPBAV LA U EL HAY can
be used in Izl | ab i tIROREABe of's ERhIYEI FRteRPWHITRIE Eathprised

t echni que r?rg%érgsf%%teé?g} fr?g%g}‘gf%qbg-lpol yi sopree(r)le Wi tﬁ a@’ggcat al yst s_ygt,em
that i% cefps)imadgafoi@nontponed phidhiis seliblmin derarginio selyentahergin the iron in

trial kyl al umi num conpound i.s di scl gsed Uni t St aft. , 430, 487.
In this prBeeeangipRn WF‘P%%‘?‘SH’%%'@%? P?teogbﬁeaoﬁ a\%@fy R oed

4, 7- di aza-fecpARimindA BhpBuie whidhewisgaepiré@ by addikl apestofiicaioatpobad sesiécted
4,430,487 are incorporated herein by reference for the purpose OI t.eachi ng
cat al yst dywh éresgranp corsispimeof aateropicohalnandgaskoxyligrcids 0 Hie qrgatpajyninum
synt hesi zi ng 25ci s- 1, 4- pal yi.sopr. . N J ;
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di phenyl ether can result in the formation of ugwant ed. gel. United S@g‘iﬁs
Pat ent ~ 5, 9he n®¥® raieef e eszangalumyBrm CEMPRYRGEP 18G ATEABONER GUBROYRF 18 31 °ng

such pol yn;?“r]fi;ezgft a{b%GFS:il o tai;'(?ut 200:1, and wherein the molar ratio of the protonic compound to

the organoaluminum compound is within the range of about 0,001:1 to about 0.2:1. The
teachings of United States Patent 5,356,997 are incorporated herein by reference for the
25  purpose of teaching catalyst systems and polymerization techniques that can be used in
synthesizing polyisoprene having a high 3,4-microstructure content and which is strain
crystallizable.
United States Patent 5,677,402 reveals a process for preparing 3,4-polyisoprene
rubber which comprises polymerizing isoprene monomer with an organolithium initiator at a

30 temperature which is within the range of about 30°C to about 100°C in the presence of a



30presence of a diarylam ne, such as para-styrenated di phenylamne. United
States Patent WO 2010/ 005525PCT/ US2009/ 003897 - 82 - 5,919, 876 nore
speci f i cavbyeodvmsi2eses a process for synthesizing cis-1péTaskemomaispene
having a | ow gel content which conprises polynerizing isoprene in an inert
organic solvent with a preformed catal yst system which is nade by reacting
an or ganoal um num conpound with titaniumtetrahalide, such as titanium
tetrachloride, in the presence of at |edt- one ether, 5wherein said
pol yneri zation is conducted at a tenperature which is within the range of
about OC to about 100C, and wherein said polynerization is conducted in the
presence gddiamdilixydednidnepol dihaodiéias v Hegesin dfe roblat exdioSifdhesodhametitoxidetoghg 67
are incorporated herein by reference for the purpose of, teaching catalyst
syst ens aﬁtga%‘l“ht‘i"bH“%P&M‘F@&fl?eorﬁ“$ee%{kﬁ}i’i°ﬂh%§gtlHataggléltr? 'L’ea ”g&é}?lﬂ%ﬁe
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made by vapor se polynerization utilizing a preforned catalyst that is
nmade by r @26t i ngalsout 6rlg AFteateanhiimgsmf dbnited StatesPatentts, e Bt A2nare é1GoaRAIPEH | de.

United States Patent 6,066, 705 discloses a_nethod for v rpk

pol ymeY i zDg!M %ﬁ?eéﬁ‘écei t??f 8’6 u@@;@fbwﬁp%ﬁ@@ﬁgsxsheng and 38’2%@912%%% i sing the
steps of i ({ihigEbahai AB Bellised i §yilteesi ) 3,05pR1yisupderiesopr ene and a pr ef or ned
catal yst systemwhich is made I5by reacting an organoal um num conpound with
titani um t et r adhiitediStases Patertsh 3, {68 disqlesss g’ree*sveﬂ@éw@f ligpid) ROhWEORIRRE AV

wherein the isoprene is.maintai [ r [ i6b. dRP&Id on zone
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t he range of about 35C to about 70C, _and (3) wthdr amung_ sai g@ i< of
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gel formation, ¢ duced in such vapor phase polynerizations by

conduct i nd'qf”r?j ogﬁﬁé)‘%%lﬁ%zati on of the isoprene nononer in the presence of a

di aryl am ne, sudhtedsStamas RatshtyG, 5TaT281didi1pses pypregesh for titheopobyroerizagon®f Uni t ed
States Patent 6,066,705 are éncgr&ora ed her.ein bé/ i’%f rence ;a(%o;nhe
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Pol yi soprene rubber that i1s clear (transBarent) and of hig purltéécan be

synt h&Si zabesatpolynzrizgtionsaro dgmpuissdeeft(a) ¥ lthiwm dnitiptor apd (@ memberseistednt

6, 780,948 relates to such a process.for . the s ! i

Fubber - whi B S EPHREI g AR P g e apsa 3 a5 i Y A DRR RAE apa
neodym um @qf ghafdh sad of 8 Bycehether. Mt idigpoaamtyiar theifialatdregiteMABys ireteses
prepared by (1) reacting a neodym um carboxylate wi th an_organoal ugb?lggé WO

2010/ 0055 iPEi¢raso69p be 5o pf poBmodifisip suetas lrewinbagsse JoR dechings
for a peri é)tgteg Lat%rtljtoéj,g7&;92%%@0%6r3teﬁt?1%}&n §9 re[ﬁ:x%“&eeﬁ)r the purpose illustrating the

20 synthesis of styrene-isoprene rubber.
United States Patent 6,313,216 discloses a process for synthesizing random styrene-

isoprene rubber comprising: (1) continuously charging isoprene, styrene, an initiator, and a
solvent into a first polymerization zone, (2) allowing the isoprene and styrene to
copolymerize in the first polymerization zone to total conversion of 60 to 95 percent to

25 produce a polymer cement containing living styrene-isoprene chains, (3) continuously
charging the polymer cement containing living styrene-isoprene chains and additional
isoprene monomer into a second polymerization zone, wherein from 5 to 40 percent of the
total amount of isoprene changed is charged into the second polymerization zone, 4)
allowing the copolymerization to continue in the second polymerization zone to a

30  conversion of the isoprene monomer of at least 90 percent wherein the total conversion of



to produce neodym um al um num cat al yst conponent, and (2) subsequently
reacti ng the neodym um al um num cat al yst conponent with a dial kyl al um num
chl ori de wonom/qses2sod of at |east 30 m nutes to producePChaSa@ody3svTm
catal yst system The teachings of United 5 States Patent 5,919, 867 are

i ncorporated herein by reference for the purpose of teaching catal yst
systens and pol ynerization techni ques that can be used in synthesizing
cis-1,4- polyisoprene rubber that is of-&i-gh purity. United States
Patent 7,091,150 and United States Patent 7,199, 201 di sclose the use of a
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of the formula R -Q CH2- CH2-0-R2. wherein Rl .and, B2 ar | 4 ar i ng
G111 or ent ' BRI RoT IR T s s tReE ! ARk E Bofl A Lb AR "
met hybs et hyihy rafioRf @RYprotonfOcdhpitnkd to BBt oalunfiQulidohpoundés Withinl the aange
tert-butyl, and wherein the sum of the carbon atons in the 15two al kyl

groups R ofraioRD.0@1: Wiq shavt ORel.r Bhgyeadtings af dmitedSiates Batent hel.405 ¥si t ed
St ates

incorporated herein by reference for the purpose illustrating the synthesis of isoprene-
butadiene rubber.
A technique for synthesizing rubbery terpolymers of styrene, isoprene and butadiene

30 is disclosed in United States Patent 5,137,998. These rubbery terpolymers exhibit an



Pat ent 4,894,425 are incorporated herein by reference for the purpose of
teachi ng catal yst systens and pol yneri zati on techni ques that can be used in
synt hesi avogopalogizsopr ene having a high 1,2- and 3, 4- M eCOAS2Q0003387
content. Crystallizable 3,4-polyisoprene can be synthesized in organic
solvents to quantitative 20yields after short polynerization tines by
utilizing the catal yst systens described by United States Patent 5,082, 906.
The 3, 4-pol yi soprene nade utilizing thi-88atal yst systemis strain
crystallizable and can be enployed in tire treads which provide inproved
traction and inproved cut gromh resistance. United States Patent 5, 082,906
speci fi cabicklehicohdssion of pespessesffor utilizatisy i tiresiead ofbt®r dempbyrdsoByene

whi ch conprises polynerizing isoprene 25nmononer in an o ni c, sol vent, at a
t enper at unelizing suchiterpal YaTH Nt Y treadsy dires hayig Hmprayse Yo SKBHESSHREE 0% he
presence pi, a, 6ol ALyic AR SN deSorGRARAREH cItdradténi stRE. On@tad StatéyPatent
conpound, lCE)) an organoal@um nt%m conpound, (c) a chelating aromatic am ne,
and (d) aspBPPYORinwore spaeifivatly didebses mptogessifor preparing orubbenherrohneiafng ani ne

to th [ d i ithin t f .aboyt O._1: 1,
uher oot RareRel BPorE . o0 BRiadres OB MIGP G LR et R AR ol o1

conpound | LE gt diRion &t ftilFeHtiseSn Indkdng O treads which comprises:
2010/ 00555%%@?‘}@%&0\g§b038g’$0- E135 - about 200g: 1, and wherein the nol ar

rati o of tdrpolpmetizingstyrenep noprent and fhS-itadiersainan HEA1E SAYERHAY 2 ERGRHh t he
range of about 0.001:1 to out, 0.2:1. T I 1

Pat ent 5, @890 §¥E° g’Y’B a%ﬂ‘(‘:to%pp ﬂ%i‘&?rﬁsg}‘ce‘i %‘k@/&‘(ﬁlg‘?g‘g'ﬁ’gﬁg‘é bg&-’E‘éEl gg%ﬁﬁ’g‘gfi of
teachi ng Galipl dbabisySberbipRadinophosptihe akideand sikbhngpualalkdxidesead (bearused i n

synt hesi zi'ng "5pol yi soprene having a high_3,4-mcrgstru ontent and
whi chl s srgaaplithiury sompbundaTle teachings aijnited Stites g%te@aﬂﬁ’&as,cﬁf%?@éﬂ"r&ﬁego
relates to a.process fo e I Shes I L AHRsiS oY Stvadrelid@ktk fe-butadiene
3, 4-pol yi %W@ﬁ%?e%?ﬁp%e tré’r %kp%%‘ls%gg?get%gﬂ%é% ?ﬁg‘%ﬁ‘ m crygésterlu??ur e l(l:ont ent
which is wpdern the range of about 65%to about 85% a

cis-1,4-mcrostructure content which is wthin the ran Qf ; a % to
albout 35% and Aegg@%t@%@‘}?'%a‘%@%eln%‘b?‘%%-[ﬁ\&ﬁ)ﬁ‘:h{ﬂhd% P?’H&P@ﬁé Vglruag%%r b
1,2-micr o_srgzglg% HE s fb% Qig?Beﬁsm%% BEDhioBHle hifesOm@RIdiNg ok Viedd] that exhibit

guantitative S a short polynerization times. United States Patent
5, 3561997 sapawdirfdrg ahttjondimcdcosmsicaant duashty; ozn behmade Ry HesPracess disclosed in

3, 4-pol yi soprene which c LSespolynerizing.iso > an

or gani ¢ sdVnitseStaies Batﬁéh%g%?ifeT@ﬁ?%ﬂfﬁns'z%Pﬁ%hﬁnﬁ %ﬁ%ﬁgg&gﬁa lié dgﬁt -10C to
about 100G| Eelranﬁe REERRRAHrRE] Bf fpbalunks whikhi Bedwhveafrom aboups isiptit p&roént( a)
an organoi ron conpound which is soluble in the organic sol vent %%M\;glrgﬁltn t he

iron in the abogdiovecight meoeant inegreng and froppabegt & wWeightipsreeat abouy

partially hydrolyzed organgal umnum. ¢ - Whi nedpldiasdaleg a
prot oni ¢ R ﬁéa%‘ﬁ?‘g?:‘%ed"q‘ﬂed% *}e,{gpega?gﬁlgé’@%ggﬁ‘sfﬁﬁgﬁﬁ?ﬂ&gﬁ grl?‘)d%llmc(ofhol s and
car boxyl i Cin_%@ie‘itﬁalﬂ?rén_ﬁ@m@rﬂ@rﬂ@&iislmmlam)@QW(DMdumbelch\(ec@gean@lheﬂalt weight

aromatic a\r:/1hirc]:§ ;is \\zlv\/intﬁirnetlhcr:] rz;[n?;(ea orfrgllx?Jt 3(06%)'[0i tg agguttSr(])?OO%ha%lcl?}l\tais g%lass transition
temperature which is within the range of about -50°C to about 20°C.
These isoprene-butadiene copolymers are synthesized utilizing an organolithium

initiator and a polar modifier. The level of organolithium initiator employed will be

25  dependent upon the molecular weight which is desired for the liquid isoprene-butadiene
polymer being synthesized. As a general rule, in all anionic polymerizations the molecular
weight of the polymer produced is inversely proportional to the amount of initiator utilized.
Since liquid isoprene-butadiene polymer having a relatively low molecular weight is being

synthesized, the amount of initiator employed will be relatively large. As a general rule,

30  from about 0.1 to about 2 phm (parts per hundred parts of monomer by weight) of the



20am ne to the organoiron conmpound is within the range of about 0.1:1 to
about 1:1, wherein the nolar ratio of the organoal um num conpound to the

or ganoi r onocormposszd i s within the range of about 5:1 toPrabaiseoo2003827 and
wherein the nolar ratio of the protonic conpound to the organoal um num
conpound is within the range of about 0,001:1 to about 0.2:1. The teachings
of United States Patent 5,356,997 are incorporated herein by reference for
the 25 purpose of teaching catalyst syst®ms and pol yneri zati on techni ques

t hat can be used in synthesizing polyisoprene having a high
3,4-mcrostructure content and which is strain crystallizable. -

Uni t ed St aigafolRRiueNéorbpdiind, will bereenslayesi. dn prastessss, fiowilppeprafdrreg to utilize

3, 4- pol yi bber whi ch i ses..pol ith
G A5 e PRk B S R TR |

about 30C 1 g, AR S B6GHANSEthe braanol¥ium compound. In any case, an
2010/ 0055%@@??@%%@%&83%7 - 869p-$1 sodi umggl koxi de ang a polar nodifier,

wher ei n t Boumlcibrgaadlitiwh initietos el berselpdtesk foesulbin the peadysiien Pt havith

initiator is within the ran of about, 0.05: 1 ein t he
mol ar 7r at 1S9PENE H@gﬁBFQP{yr%eg?‘f’?”é'rg 3 TReE age!r_%%%n%?lle? @%ﬁ%e%}ﬁhgdt@rs Wg‘r‘ﬂ*‘?m n
t he range ofc aptut 8,000't0 dbdt 5Bt S5: 1. The teachings of United States
Patent 5,677,402 are incorporated 5herein by reference for the%ﬁur pose of

t eachi ng cat al Fbe ampunteafrgandligynyriaitiapsyill preferahly beselectade resilt 8dhgsed in
t hesi zi 3.4-pgal yi. . J ; i th
Synt hoat  PORUFST M apE FREENE oublich bl Raig it Averagholctar WAL e

whi ch i's ViHidH 8 wifhén thergieendt dboROR00®tolbon0BN0RN dT ey eheurdvf erganphihinmhe
range of 20,000 to 80,000. The teachings qf. UHi ted States, batent )
105, 6107, 4dnitiateewilhawsirreterably he sdesied ip estlbindhc Brodyrtiom el lappd fogrene

| [Tustratinglhe Wepﬂﬁj/iﬁgg];nu%ﬂ;)ﬂly% RS MbREMALNBighHiNat RAviEliAaSrakiaé ent

6, 576, 728b8| scl oses a proc r e copol yneri zation of styrene and
i soprene taboyrrsoBiOce abowv 18,000, Istayy emwe, itipeiteabtoraaptyaqut thesapglymerzatienef

di stributi f t its that deri f Y i R g at
Cyst e el byduidnespl du s e pre b fae R gha TG aich ARNELN-RLOL
initiator t&%ﬁ@l?ﬁy%@a%mﬁﬂ){ o AfthinEnigh Qlals GaMmsticH feftpeadture Whieh is

e,

sodi um al koxi 2) a sodiumsalt of a sulfonic acid, and (3) a és}%gi um
salt D5 a wjthic e rengeeof abbut i56°C tpa0°Carkhefteachings of Mnited SeatessHatent f, et n

The t each gEcapotHrd bciy el elie 4 o8 PufRSt WS RneHE By AR P RQRBZET |

ref erence igﬁre&t@,tmémyﬂnhﬁsust rating the 20synthesis of styrene-isoprene

rubber. Block copolymers containing a block of polyisoprene can be made by the process
described in United States Patent 5,242,984. For instance, linear diblock polymers of

20 styrene and isoprene (S-I block copolymers) and linear triblock polymers of styrene and
isoprene (S-I-S triblock polymers) can be made by this process. In this technique, the
monomers are polymerized sequentially by anionic polymerization in an inert organic
solvent. Normally an organoalkali metal compound, such as an alkyl lithium compound, is
used to initiate the polymerization which can be conducted over a broad temperature range.

25 Methods of controlling the molecular weights of the blocks and the overall polymer
are described in United States Patent 3,149,182 and United States Patent 3,23 1,635 which
state that the amount of monomer can be kept constant and different molecular weights can
be achieved by changing the amount of catalyst or that the amount of catalyst can be kept

constant and different molecular weights can be achieved by varying the amount of the

30  monomer. Following the sequential polymerization, the product is terminated such as by the



United States Patent 6,313,216 discloses a process for synthesizing random
styrene-i soprene rubber conprising: (1) continuously charging isoprene,
styrene, W0 2mwases0or, and a solvent into a first pol ymecrasteoonossone, (2)
all owi ng the isoprene and styrene to copolynerize in the first

pol yneri zation zone to total conversion of 60 to 95 percent to 25produce a
pol ymer cenent containing living styrene-isoprene chains, (3) continuously
chargi ng the pol ymer cenent containi ng-19%vi ng styrene-isoprene chains and
addi ti onal isoprene nononer into a second polynerization zone, wherein from
5 to 40 percent of the total anount of isoprene changed is charged into the
second pohydilén 3Rd profic Terenating)agant, e\ watet, abcobobar gtherreagentsoer with bydrogenie
in the second pol ynerization zone. to a-S?gonver i on %L %he isorpc{ened nononer
of at | eafar tgopypesecfrempengithe hhim smdigal LIRS Ciedpess € condense

2010/ 005525PCT/ 9/ N - L SRAK ad By ¢dreuraepnd

pol yneri ngliy%r é@ﬁggﬁ sﬁ\gl%(ri:‘lg%epd) 1 oeraprr%}g%rt%%eg?& Sgélgersgée}ﬁt l55’( S@V\A‘ t hdraw ng
a pol yner ugE#BHhotof atererckenns bybathe The tqackings oldhited Brates Rgtent §i24¢.98hai n ends

fromthe second reaction 6).. Kil]ldin he 14 Vi i

random st ME%SF%J@&I 'é3rlé§tq§?’, 5%‘&““{%¢‘?‘§&§%‘8P5 %3 P’ﬁ%ggglﬁ %oﬁﬁgéte(amewﬁ
styrene-i ﬁg?éfgn%ﬁcé e ] erP&@ dfhéachig e dCorBYthesidifg 8Hrblddkecopolymers and
copolynmerizations in the first polynerization zone and the second

pol yneri z&th-$ribloclepaymesarri ed out at a tenperature which is within the
range of 70C t 00C, and wherein t.he IQedabitR be
first polyneri %lﬁYBFﬁ fcﬂ?iyrpgrs&acﬁe\g@l t}%q%oé?%:ng;z{f tﬁ%?@‘%? ﬁgﬁgﬁh\gﬁ% S'P iaalagam)h%nt
of styreng Jpunmh iksirend that didhdebrigihbe fioma pemocheaficdlisbtree. Bdditenalaitbat
6,313,216 are incorporated herein by reference Lor. t he ,lgéo%rgose

i 11 ust@ at iisepranesostpringBelymers afithisdnventiep srepleo pg disipguished from isoprene

| sopr ene- but adi. ene .copql r ' ' ' AN R PrubBer. D&cRYMh B SI zed
in organi 602‘81'\‘/‘&?@?@%&?{%%@}6% r;ag%u? ;selggg%%ﬁéhcpol ymeri zat i on t1 mes %‘Z
utili zi ng hdBopreRE EsiBaidingPobanets iof tHikirtventict axt esal Pacadiyt veEifiobie, agemimg rom

i sopr ene- but adi ene copol yners rra]ijwe ut i { i zi ng H&bs 2ﬁr(gﬁess have a gl ass
transiti onhe iggenewahle epmremmendally frigndly AUIFES HEANEICEBYH™ 150C t o about
-60C and can b i béh fsbloed PEafa ks bdndedite eddntiPy otk dutgotdntial and
i nproved cut g?%‘\%ﬁqﬁél(?é{:%g?ghn%g{o%ﬁni ted States Patent 5, ggfl 765 nore

speci {5 caldrgindi femasgsaraopicontassng smplére Bynnistheidswerks el hieetise ) Rathene

copol ynmers having a high vinyl content whi COMRL| a [oZ &
i soprene rfé‘??@lPFéra“aﬁaaﬁtg?f‘ﬁpg’é@aﬁﬂWSE’amqsh&gﬂ‘eorra {glgr?lk 5%2‘& S(g(r%lf) Xg?Hae%éd?gd
t enper at ur g ihieGtrksisith uling doRfbinAES oPéorithiitibn aldl(sis,gas bbreimalOFapliyy andhe

20presence of “a catal yst systemwhich js conprised of (a) an Qrganoiron
conpound, i§dtppearatiomypss spdotnemetny; 60 1 lljéﬁ-‘df,atle% OTQ%‘Wé]a&{r?]rlﬂgo%ﬁ”B‘ﬂ%gF’@teé‘ﬁrSne,

d (d tonj . d; in.. af | f i8d | '
ot he' or gkt WRncrpsLacse iRt RE R Aachls, Bl ;TG P 1RUSS [l 1°

wher epg t hﬁaeﬁbl@’chﬁra%iiﬁ pRididtiile Maga aoMessinawnal emdergodhemidahecactiofsnoi 1 on
compound is within the range of, about 51 to abogai)Hggo:l and wherein the

25nol ar ratio oftudice iprobtingi €/ coripéemm of geargetusl ?'lfﬁ{l‘?‘l"l?_ L] Eﬁ?(?_“i s
w thin the range gagas?%gﬂé P/agugso’liv}micthoaé?ge%%egtea"o}'thér BSIR RPeivén Idpdred

States PatSRPPE 43 F'heor por erein’by reference for the
pur pose i | hushdRhd'@d) Ratswetbhatinganf refaaeaaapleutFudicerbon hbheference sample

A technique for synthesizing rubbery tegpol yne of, styreng ..l rene and
but adi ene @PicsllnissRaedesdBelpmitp vbigh §ens oL Pt oudaRee S dal lz?hgz"ga“?jd%bery
ter polzgrrer gssﬁg)r(lgcli ghb G00%.. The formula relating °C/'*C ratios to delta values is:

8'°C (in %o) versus standard = [(Rsampte — Rstandard)/Rstandara] (1000), where Reample is the

13¢/'2C ratio for the sample and Rgungara 18 the ratio for Pee Dee Belemite.

30 Although isotopes of carbon (i.e., 13C and '2C) take part in the same physical



WO 2010/ 005525PCT/ US2009/ 003897 - 88 - excellent conbination of properties
for utilization in tire tread rubber conpounds. By utilizing such

t er pol ynmewe 201o/t0s326 treads, tires having inproved wet sleCi/use@osvzsaTe can
be built without sacrificing rolling resistance or tread wear
characteristics. United States Patent 5,137,998 nore specifically discloses
a process for preparing a rubbery terpolyner of 5styrene, isoprene, and
but adi ene having nultiple glass transiti9%9n tenperatures and having an
excel | ent conbi nation of properties for use in naking tire treads which
conprises: terpolynerizing styrene, isoprene and 1, 3-butadiene in an
organi ¢ sglo¥eRbs AHd SrfeNBRN@ Waetiofs, e siighemadsatiffetence bet@€en HCrdnd 'fC esence
of (a) at |east one nenber selected fromthe group consisting of .

tripi perib¢ menifesteshin veey gighy diftgsences Kutafes ok ’&P“hY%&S&‘P‘&@é‘ddﬁ%‘g&ﬁf’f' Ahis

L0or ganol | bRl WG OMBALRMces By L0 RYPaRS [&Nahipfls BlefR R bRGHhicE bitioHSS

are incor a erern by reference for the purpose |IIus'grat|r}% t he
synt hesi sopphysicyl poeessen Farreainpleaphysival pwobsses suhlas guapbratiapereifugion adi ene

rubber. (1ER) which is particularly valuable for, use in Ki n eads .for
hi gh ferf disrRmIS e AR I5b BFAViET 139 eRes af‘&éﬁrﬂh%ﬁ"ﬁ(de‘?@é’ﬁlﬁl‘é%E‘I,E%FWBE"%‘& Ravjer
15super i 0 : ' Gis @hd B3HESsBek Shiahids dndiffeas ahay iesle by the
process dl[sgc pgslﬁegﬂi%rﬂ%lt%e}gb%%ﬁés T’ét eﬁlt 6, 56 8555S r'I_'klli S .a 'y

i sopr ene- bpidigi Fhe A5Bantio thegefbieuérgases shighthy ascaypporation er didlwsion asevsr i sed

of repeat _units which are.deri.ved from about 5 L:aht. { 95
wei ght peFe’é‘f{’(e“i‘é\‘g[S?aé:HB“%h‘Efq'f“i‘B%e‘éW&ﬁq}cge M lpaﬁttx\eﬁselg%}alﬁﬁ?{ %%gkb%ohl?p@g%\%i ght
percent  1g3:buk@is aNaghtMisdrihiati Bitof GHREaétopIbYes ablethty eehidll i besdepecestebyand
1, 3-but adi ene are_20in essentjally randomorder. This D3R also has a | ow

numbel0 av ereageingoGAUT matioser §HE wehiesh Forexamme.itmpsphetin §Ogrn M sanvestedoo t o

about 50,000 and has a glass transitign te I ch.i Rl
range of HBB@ANt 3’@&6&Y)‘a368UFWZ%%&C?L@?%‘%“IS%%%%H‘%%%e(eért%é tﬁ%g% ym;BF Iéa)glre
synt hesi Zggthwaiyl WRicR@c&lts ff @apRhist Mdime: iHaitdh-Slack pathdag, whichocomslif Cer. The

| evel of O6rgandlithiumi ni tiator enployed wll be 25dependent u o%éttfhe
mol ecul ar pleslsgEheshivehmeehanisny arg seificianty differantdoipeeshice ddreastsable QL IFEN S rer

ol ocul o 08, GRS ey ey Gt Bt 'S A0 PR PRI IR TR
Ravi N 2 FaRaTERety T ove nol Doy e A | A g, Syt nasi zod, TEhe. amun
of i ni ti‘at-p1%e MYcaysectheselrhnges aretcadiffersny andd'Ge vales aarglememimel}yun@qsp@df rom
? Egm 0-1 v;['i?hir(;jl 8.%%:[%;0,% gr}g?agi\rf)gl;'tegs t%rdisq}{l%g{sﬁ%e%e%splgt ren;?c?uoeg%reri\l?é’d %}5@} ) of
versus Cy4 plants. This has myriad applications in archeology and other fields where analysis
of carbon-containing residues from cooking or skeletal remains can be used to track the
20 evolution, activities and diets of humans and other animals.
More recently, 8'3C values have been utilized to detect economic fraud, especially
the adulteration of foodstuffs by other materials — including potentially harmful synthetics
derived from petrochemicals. For example, maize (corn) oil is considered to be a premium
vegetable oil and there is a temptation for unscrupulous producers to dilute maize oil with
25  cheaper oils. Fortunately, maize oil is derived from a C, plant while most of the cheaper
alternatives are derived from Cs plants or animals. The 8'3C for authentic maize oil is
therefore -13.7%o to -16.4%o compared to -25%o to -32%o for the alternatives. Any
significant dilution of maize oil by a cheaper alternative can be detected by measuring §'C.

Similarly, the addition of cane sugar (a product of C4 photosynthesis) to fruit juices, wines,

30  spirits, and honey (all products of Cs photosynthesis) can be detected by measuring §'’C



WO 2010/ 005525PCT/ US2009/ 003897 - 89 - organolithium conmpound w Il be

enpl oyed. In nost cases, it wll be preferred to utilize fromabout 0.2 to
about 1 pNon2ofo/amb2sor ganol it hium conmpound with it bei ngpPoDatS29aH38T ed t O
utilize fromabout 0.4 phmto 0.6 phmof the organolithiumconpound. In any
case, an anount of organolithiuminitiator will be selected to result in
the production of |iquid 5isoprene-butadi ene pol yner having a nunber
average nol ecul ar wei ght which is withi-®2t-he range of about 3,000 to about
50, 000. The amount of organolithiuminitiator will preferably be
selected to result in the production of liquid isoprene-butadi ene polyner
havi ng a paokent ALREREEssBIE aCddtedt teeiduiteranbh of nataraliflakors Hytsynthatigenalégsabout
5,000 to about 30,000. The anount of organolithium 10jnitiator will nost

pr ef er abl gndodse s18¢ ebillegalisynthele hermanesHpPlgMERis ¢13 gncdf‘lqe?-qui d i soprene-

but adi ene pol yger having a..nu [ er.a mol i 13 i i 400N
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carry out 4 BeqGRnRW, iRidpiedllyihigle isbptedic %o%e@ﬁih@ﬂ&nﬁﬁwrehdﬂiﬂfy dgisyinguishedn t he
presence of a polar nodifier, such as N,N,N ,N - tetranethyl et hyl enedj.am ne
(TVEDA), fromepdl pinersaletivethfrgmepesrolquambased depdsioske r BheeusTenh ibgnign i‘SWE‘h?‘ﬁ

t he range of gbout -50C to 20C Jfe teachi ngs . i S ;

6, 562, 895 erability Lo, pecuFalely Angaspis; EhQEY/aIP%Sf 18,%LH2 égﬁa%%fﬁﬁg‘su%%‘tg@aﬁ??ﬁ@? ating
the synt heghanRf pdi{Mtlsdhdt R be Redy dadingliehdqDiryiBiaturalBubbés. COpaliepnteatire
cont ai ni ng bl ock™ of pol yi soprene’ can be nmade by the process dgscribed in
Uni ted St af #e cRaterinvé)tidads g8t providesmemaplpmers; wigtp bepad) raege of? rpldest

20styrene and i sopr.en - | . bl ock. copql rs L r el mer s
o st yr endheafien PEBYPEAanasubsRaE G DR ot Stk AS Hesirbel ety RREst
Procegs. In@wt@lﬁnér@§ﬂﬁfﬂ%¢inc¥éﬁ@in@ﬁi@@d’rﬁbﬁq Aisendd foreetifiable pecdient that doptaiy
anioni c polynerizationin an inert organic solvent. Nornally an

or ganoal kakitherpotentiglprpeinageousiadiersens apr fedsjacks deryefireBRsHOHE™ i s used to
initiate the polynerization whj - Bl LEJRE ature
range. 25 Met hgdlj% p8¥yn&e(5?1ferp(S‘Fslef‘{r?é%lyﬁggurr%Feé@%ﬁ&}/\i%ﬂ%ﬁg Pt egﬁﬁtlsct)cks and

t he over ali{oietalRRMi@etcon@Resd wasdth natbil hibbeSimat gmtheat potynisrd 4ontaidingand
United States Patent 3,231,635 which state th t he, annunt Fi]iof nonamer . can
be kept coetolgnm-dasiyedisopenentn Hs @sg phnatyial @'ﬁ)%f ef drom Heycabragiensis

h h f |
Chang| 00 Lhe BERPBimginaiGheieBl: Lo 038 (LG GERUM Alec AR ubSL: -2 Bavker!

const ecu S can ed by varying the

amount of _bie, AGERAKRbber Gl Beri tduefraauiRsdrt shrupMagidetd abdlionn;316%ke Both
product is term nated _such as by the WD 2010/ 005525PCT/ US2009/ 003897 - 90
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reagents or with hydrogen, for the purpose of renoving the |ithiumradical
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20  source of isoprene. For isoprene derived from extractive distillation of Cs streams from
petroleum refineries, 8'3C is about -22%o to about -24%o. This range is typical for light,
unsaturated hydrocarbons derived from petroleum, and polymers containing petroleum-
based isoprene typically contain isoprenic units with the same 8'>C. For polymers
containing isoprene derived from the reaction of isobutylene with formaldehyde, 81C values
25  can be about -34.4%o because formaldehyde is often derived from feedstocks with much
more negative 8"°C values.
The current invention provides isoprene-containing polymers with very different

813C values. For example, fermentation of corn-derived glucose (8"°C -10.73%o0) with

minimal amounts of other carbon-containing nutrients (e.g., yeast extract) produces isoprene



5 United States Patent 3,149,182, and United States Patent 3,231,635 are

i ncorporated herein by reference for the purpose of teaching nethods for
synt hesi avogof/doss2sock copol ynmers and S-1-S tri bl ock polPgmarsg009/003897 Al
types of polynmers made with the isoprene of this invention are verifiable
as being made with isoprene that did not originate froma petrochem cal
source. Additionally, the 10i soprene containing polyners of this invention
can al so be distinguished fromisoprene Pontai ni ng pol yners that cone from
nat ural sources, such as natural rubber. Accordingly, the isoprene

contai ning polyners of this invention are analytically verifiable as com ng
from the @hthican8epblyeneriBY irft6 PORMNoptdng With &PAk14.66%4106¢4.80%k.i Teab EQ for
herein. The ratio of carbon isotopes 13C and 12C can be used to identify or

rul e out ot pelyingr cleglyisiippmewirangeihalis wellrusi dothe IORNAlgaBgasfpeRaturph; g
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rati o mass spectronetry; (3)13C/ 12C ratios for many natural |y occurri ng
mat er iSal sadieciiconseguenternd theofact haghe isopeang dn Bieirolyrpergs deryrdiromicor-Bpsed angd

(4)13C 12%& tei &ﬁicfh%d&% aﬁpmtc?&érf?-ea ﬁcot;@&ggah%i predi ctabl e ways as these

mat er i al s®under go chem cal reacti on es involving 13C 12C
rati os at or n&ds ratagnized bythose aberdieuni skilumuht byt thaponilan rsatlepac bdat a as

"delta val ues”, which are represented by the s ol. 813C and given in parts
per t hous ab@ned@sing other sygars gr %"@F%\tﬁﬂﬁrdén?’%* fé?‘é;@eplg'&ﬁp}g@ e’i’i’(‘ﬂﬂ’lﬁé}‘fﬁ?ﬁ? t he
ref erence i | Yol i | gy

abundance f%wg%%g ég/?gﬁ éo 'i“%")g?g'g Eﬁgﬁ%%@é C%%%/g)g" @r%?%’}ﬁ‘%@? 3{"3‘% i ng
130 112C r abing@rchastiel 1@, 192), uss giugose3kara hydivl Yit) dapeddatitn SF aitlikarcdrrstpydrs anpi e

- R5i andard)/ Rsi andarc] (1 000), where Rsanple is the 13C/12C ratio for the

sanpl e an®'FEahid3fhd or sugansancbigassedd "Ped3 D%e) sheblsnlt produsgpsoprene that can be

2010/ 005525PCT/ US2009/ 003897 - 91 - pr, d i cal reactions,
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slight di {fi.pHCEMHeRc pdlyRsert B6ntaMING fet@fdulBied MbpRIrRC aHD6S withdrdinhgads to
smal | di f?sergnce beet \(/:\epgnﬁlieéd 1nZC p%gtli; os for see{ml)l gs subj ected to chﬁi cal

react i ons skill ipihyesirtaso prilb carogrige tiao it sbraldibe @ossiblg $¢ pradupe soprese and IFORTCAS

evaporation or diffusj 5di scri i nat e .agal nst avi er, .i'sot.opes andqai3
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13C¢/ 12C r gwkgx%aggg%?dé&%%%g@e{g@sl ?)t htly Oas evapor at i onmor disf fusi on
occurs. Faéémeheislcebdstens witnm averageWiGapreoziymat] y greatea thanostout ¢ 186o.
situation is nore conplex, but there often.is a slight discrimnation of
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20 uniquely isotopically labeled isoprene-containing polymers can be made from fermentable
non-Cy4 feedstocks. For example, glucose from hydrolyzed softwood pulp (8"C -23%0)
should yield isoprene and polyisoprene with 8'3C near -27%., which is in a unique range
between the normal ranges observed for isoprene derived from extractive distillation of Cs
fractions and isoprene derived from the reaction of isobutylene with formaldehyde. Those

25 skilled in the art also will recognize that fermentation of other sugars with 8'3C ranges of
approximately -20%o to about -28%o should produce isoprene and isoprenic polymers with
8'3C ranging from about -24%o to about -32%o. These other sugars might include (but are
not limited to) glucose from hydrolyzed cellulose (8"C -25 + 2%o), invert sugar from beet

sugar (8"°C -26 %o to -27 %o), and lactose (8"3C -27 %o to -28%0). Fermentation of plant oils



into plant matter via two very different nmechani sns for photosynthesis: the
Cal vi n- Benson pat hway, which occurs in C3 plants, and the Hatch-Sl ack

pat hway, wbi2etv/msars in C4 plants. These two nechani smpCarusS2e9f/0bise’ ent | y
different to produce a neasureable difference in 813C fromthe same CQO2.
For C4 plants, 813C typically ranges from-9% to -17% w th a 15nmean near
-13%0. For C3 plants, 813C typically ranges from-20% to -32% with a nean
near -27%. Because these ranges are so¥ifferent and 813C val ues can be
routinely measured within 0.02%, it is relatively easy to distinguish

bet ween plant residues derived fromC3 versus C4 plants. This has nyriad
appl i cat | @ 26 %y 16 heBhH Gvicladhgana oilf GECA30%b)enaldypral dsiascest to isoprene

car bon-cont ai ni ng resi dues from cooki ng or skeletal remains can be used to
track thep@9eeswith SHC mereinggatiwsthamBOfioet s of humans and ot her ani mal s.
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It 1s even poOssI tec e adultera n of natural flavors by
synt het i c aadieien gso)polynichieingsgualf arhdunegefl isaprenchepamtdiy preparedfupplesresetd vi a
8' 3C val ues. The curr eng‘_ invention utilize tlhe abj l.i t% to m%cur ately
measure gimersagwerivad fometusapcae sl bectielt 215008 REFTOY N Fue i sopr eni ¢

pol ymers %Eé}mgxﬁ?n&?oﬁ s%%glis'\vitr%ﬁﬁt:} ReMbRSE fQIE Rk POLuHEE etk ek it ad ahd plnt
petrol eum based feedstoCks. The current invention also utilizes the ability
t o accur atoils y carhe usasl 8 p3@lucalisapserierand thiweforaispprenercentaiaing P ymers wish | v

i i i t hat b dily distj i Sh f |
Ubbers | AT BeLi s fof RRIFreait ARG oA R ac 110 PR b,
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subsequen i ed” for authenti city. As d ribed earlier, these 10new

pol ymers slynidrize@to pol9isepehe withed & aloes ofid 8 G 20 %, Ineonfrastbfeempntodorct s
that contain neither potential proteinaceous allergens r}(@r f eedst 2\%@3&
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i soprgge. |n th®reapstyRbrsuEtistpaéne with ethetlgiohvgersf those Halledinthaaitireangsize
that there is a finite amount of isoprene that is incorporated into the polymer background as
“blocks” of polyisoprene. The tendency of isoprene to form blocks of two or more isoprenic
units — even in “random coplymers” - depends on many factors, including the amount of
isoprene relative to other monomers, the type of catalyst used for polymerization, and the

25 specific reaction conditions for polymerization. The presence of these blocks along the

polymer backbone can usually be detected by NMR spectroscopy. By using a combination
of chemical degradation (e.g., ozonolysis) and chromatography, it is possible to isolate
fragments of these blocks for chemical analysis, including measurement of 8'3C values for

the blocks derived from isoprene. This provides a way for determining whether copolymers

30  of isoprene with other monomers contain isoprene derived from renewable/sustainable



15 (i.e., the common natural rubber tree), 8 3C values typically range from
about -27% to about -28%). Guayul e rubber, which is derived froma desert
shrub, hasooBm@osf2s5about -31%0). Both rubbers exhibit 81BCrumbaesomsgpect ed
for products of C3 photosynthesis, and both rubbers are known to contain
pol ymer - bound proteins. Traditional synthetic polyi soprene can have
different 813C val ues dependi ng on the 20source of isoprene. For isoprene
derived fromextractive distillation of-%5 streans from petrol eum
refineries, 813C is about -22% to about -24%. This range is typical for
| i ght, unsaturated hydrocarbons derived from petrol eum and pol yners
cont ai ni ngepabelal eyperibig et dstooky dareved yint &k plantsont ai n i soprenic units with
the same 8' 3C. _For polyners contaiping isoprene derived fromthe reaction
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polymers with 813C v ues ‘that are |l ess negative than either natural rubber
or syht hetic pdRyners pekyisopiene pglymetrvdhighiinidempsiged ebispedidinity s areferyed

di kill in th t also will i ' ' t
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8'3C value which is within the range of -30%o to -29%., and in other cases the polyisoprene

20  polymer will have a §'3C value which is within the range of -30%o to -29.5%o. In still other
cases the polyisoprene polymer can have a 8'3C value which is within the range of -29.5%0
to -28.5%o and in still further cases the polyisoprene polymer can have a 8'3C value which is
within the range of -29.0%o to -28.5%o. In many cases, the polyisoprene polymer will be
polyisoprene homopolymer rubber.

25 3) A polyisoprene polymer which is comprised of repeat units that are derived
from isoprene monomer, wherein the polyisoprene is free of protein, and wherein the
polyisoprene polymer has 8'3C value which is within the range of -34%o to -24%.. In some
cases this polyisoprene polymer has §'3C value which is within the range of -34%o to -25%o.
In other cases the polyisoprene polymer has a 8'3C value which is within the range of -33%o

30 to -25%o, and in still other cases the polyisoprene polymer has a 8'3C value which is within



In addi tion to producing isoprene-containing polynmers with 813C val ues
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will have a 8'3C value which is within the range of -32%o to -25%o. The polyisoprene

t
of

polymer can have a 3,4-microstructure content of greater than 5%. In some cases the
polyisoprene polymer will have a 3,4-microstructure content of greater than 10%. In other

30 cases the polyisoprene polymer will have a 3,4-microstructure content of greater than 15%.
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10%. In other cases, the polyisoprene polymer will have a 1,2-microstructure content of

greater than 15%. In still other cases, the polyisoprene polymer will have a 1,2-

20  microstructure content of greater than 20%. In many cases, the polyisoprene polymer will
have a 1,2-microstructure content of greater than 25%. The polyisoprene polymer can have
a polydispersity of less than 2.0. In some cases, the polyisoprene polymer will have a
polydispersity of less than 1.8. In other cases, the polyisoprene polymer will have a
polydispersity of less than 1.6. In still other cases, the polyisoprene polymer will have a

25  polydispersity of less than 1.5. In many cases, the polyisoprene polymer will have a
polydispersity of less than 1.4 or even less than 1.2. It is possible for the polyisoprene
polymer to have a polydispersity of less than 1.1.

@) A polymer which is comprised of repeat units that are derived from isoprene

monomer and at least one additional monomer, wherein the polymer includes blocks of

30  repeat units that are derived from isoprene, and wherein the blocks of repeat units that are



the range of -32%to -25%. In many cases, the polyisoprene polynmer will be
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) A liquid polyisoprene polymer which is comprised of repeat units that are
derived from isoprene monomer, wherein the polyisoprene polymer has weight average
20  molecular weight which is within the range of 5,000 to 100,000, and wherein the liquid
polyisoprene polymer has 8'>C value of which is within the range of -34%o to -24%o. Such
liquid polyisoprene polymers can have a 8'3C value which is within the range of -34%o to
-25%o0. In some cases, the liquid polyisoprene polymer will have a 8'3C value which is
within the range of -33%o to -25%o. In other cases, the liquid polyisoprene polymer will
25 have a §'°C value which is within the range of -32%o to -25%o. Such liquid polyisoprene
polymers can have a weight average molecular weight that is within the range of 20,000 to
80,000. In some cases, the liquid polyisoprene polymer will have a weight average
molecular weight which is within the range of 30,000 to 50,000. In other cases, the
polyisoprene polymer will have a polydispersity of less than 2.0 or even less than 1.8. In

30 still other cases, the liquid polyisoprene polymer will have a polydispersity of less than 1.6
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Such copol ynmers can have a 613C value I1s wthin the range of -34%0 to
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aspects and embodiments of the invention discussed above. Unless indicated otherwise,
temperature is in degrees Centigrade and pressure is at or near atmospheric pressure. The

30 foregoing examples and detailed description are offered by way of illustration and not by
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8'3C values.

25  Example 1: Production of isoprene in E. coli expressing recombinant kudzu isoprene
synthase

I. Construction of vectors for expression of the kudzu isoprene synthase in E. coli

The protein sequence for the kudzu (Pueraria montana) isoprene synthase gene (IspS) was

obtained from GenBank (AAQ84170). A kudzu isoprene synthase gene, optimized for E.



purpose of illustration and are not to be regarded as limting the scope of
the invention or the manner in which it can be practiced. Unless

speci f i cavbyeoiosszat ed ot herwi se, parts and percent ages ParaiSgi09amsshy

wei ght . 25EXAMPLES The exanpl es, which are intended to be purely
exenplary of the invention and should therefore not be considered to limt
the invention in any way, also describe and detail aspects and enbodi nents
of the invention discussed above. Unl esdOlndicated otherw se, tenperature
is in degrees Centigrade and pressure is at or near atnospheric pressure.
The 30f oregoi ng exanpl es and detail ed description are offered by way of
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clainms. In the prac his 1nvention 13C anal ysiS can be done by
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2- st ahdlar ogea% grspectivebr The %?S@ijé?ﬁ%qzuaﬁ?scﬂlg%ieﬁﬂvﬂew fusedas Ferg&gff Bifta

Measur ene rﬁérc?]’é%aé]oelwggﬁgi (St?af%?ge%é)?\%ﬁszlfs%a ab@S88) to MBulRARE MGScRInsCaRd en
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'n B col vo?ér?lcr: %? % HP "Irhee(i)%ﬁ)iprno%rl}gt &(gsdcﬁgesitesdo Ditf Mdel/BamH1 and cloned into pET16b
digested with the same enzymes. The ligation mix was transformed into E. coli Topl0
20  (Invitrogen) and the correct clone selected by sequencing. The resulting plasmid, in which
the kudzu isoprene synthase gene was expressed from the T7 promoter, was designated

pETNHisKudzu (Figures 4 and 5).

The kudzu 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
25  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 PstI site.

The sequences of the primers were: HindIlI-rbs-Kudzu F: 5°-



synthase |I. Construction of vectors for expression of the kudzu isoprene
synthase in E. colt The protein sequence for the kudzu (Pueraria nontana)

i soprene wonmbtiawss2zgene (1 spS) was obt ai ned from GenBank pCAARBENR/D03897 A kudzu
i soprene synthase gene, optimzed for E. WD 2010/ 005525PCT/ US2009/ 003897 -
101 - co/i codon usage, was purchased fromDNA2.0 (SEQ ID NO 1). The

i soprene synthase gene was renoved fromthe supplied plasmd by restriction
endonucl ease di gestion with Bspl.1111l -11P3t1, gel -purified, and |igated
into pTrcH s2B (I nvitrogen) that had been digested with NcollPstl. The
construct was designed such that the stop codon in the isoprene 5synthase
gene 5' t CATETEANAGCTEGTHTAGATIAAATANGGAGES ASTANACE (BEQ IBXNO:@wad t he
His-Tag is not attached to the isoprene synthase protein. The resulting

pl asmi d, PrrdKuadzuRas verified by sequencing (Figures 2 and 3). The

i soprene synthase gene was al so cloned into pET16b (Novagen). In this case,

the i sopr ene-ETHSEGEECHBT GCKETTAG ACADATAIGCAGETH (SEQIDING:4). The
reconbi nant 1 soprene 10synthase protein contained the N-termnal H s tag.

The i sopr AGR prpdudtawas ageplfiedasingrii¢rcnlagedpal ymasaperWHRPEFRETHH PEIRCERIHIP He

Tb Nois) R ER s St R ORI TR R SRR 55

| D NO 4) . 3ph&sRs Bf i95e CSforddaihuas) 60k€lfos] tranute, 7207 fr-2emihusas)l Th@prodactsvase
at the 3' end of the 15gene respectively. asrnid pTrcKudz scri bed
above, wadligested veith Handb and Forland N@P‘@g I‘é@Q%Pg@i&g@@?%??aéﬁ%ﬁsgﬁa@mused
accordi ng 40 ' i recti {8 IES ldgglepdl a

it ‘"dﬁ}iwfgﬁ% %&sﬁg#}ﬁg Q%t)éR\Pz{bstra@qumQ& \ M8 ES cH¥eT8p Al e

concentration o was carried out in a total volune of 25
p.|. The Rfinsformshts tveveshedkerbly smjumnding.Nbled teBalting ptasthid Wop desigrated pErab
digested with the sane enzynes. The ligation mx was transforned into E.

col i t%pldﬂz%m(ﬁ\zms&g@éﬁ‘) and the correct clone selected by sequencing. The
resulting plasmd, in which the kudzu isoprene synthase gene was expressed
fromthe T7 pronoter, was designated pETNH sKudzu (Figures 4 and 5). The
kudzu i sopi.dpetersyinathasef isgpienaprodudtion cl oned into the | ow copy nunber

pl asm d pCL1920. .Pr i mer I t zmw i f ISARFSRchARTI RS e
gene from pTr CKUE?J"%%*‘%&?@’P ?Bgﬁlﬁg é’\?‘g. fél c%‘é{?%%qg%#?g%gadﬁgd a Hndill
site and ag 20 ml CPCiheS@PaGEUR (RBSeitovidllvatiss 18812053 Tdup dast 5188 B9y The cap was
al ready present in pTrcKudzu |

o ke b R B S R b S
Sites e pmiigyniih CRAer%0 MR thE®iafs WEEGemblditrdh thdfctbdétiardd analyzed as
described below (see Table 1 for some experimental values from this assay).
In cases where isoprene production in fermentors was determined, samples were
taken from the off-gas of the fermentor and analyzed directly as described below (see Table
20 2 for some experimental values from this assay).
The analysis was performed using an Agilent 6890 GC/MS system interfaced with
aCTC Aﬁalytics (Switzerland) CombiPAL autosampler operating in headspace mode. An
Agilent HP-5MS GC/MS column (30 m x 0.25 mm; 0.25 pm film thickness) was used for
separation of analytes. The sampler was set up to inject 500 uL of headspace gas. The
25  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-

30  methyl-1,3-butadiene) was observed to elute at 1.78 minutes. A calibration table was used
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CATATGAAAGCTTGTATCGATTAAATAAGGAGGAATAAACC (SEQ I D NO 6) and BantHl- Kudzu R
5' - CCE GEACHBANSEETGCAG TAGACATACATCACCTG ( SEQ | D NO 4PCT/se000@h38pT oduct
was anplified using Hercul ase polynmerase with priners at a concentration of
510 prnol and with 1 ng of tenplate DNA (pTrcKudzu). The anplification
protocol included 30 cycles of (95 Cfor 1 mnute, 60 Cfor | mnute, 72 C
for 2 minutes). The product was digestedO&i-th Hindl Il and Pstl and |igated
into pCL1920 which had al so been digested with Hndlll and Pstl. The
ligation mx was transfornmed into E coil Top 10. Several transformants were
checked byo gesptin dierupsoliteeamasm lof isogrepk asdrvas fvamdde e finedrefcorp Qlyrg/late 200
10Kudzu ( ures 6 an Det erm pat.io ene pr.oduction For the
shake flaéig%cuﬁ‘%lr‘%‘é‘ qé’ﬁ‘éc?&“ Bes a“%‘%@ el ‘rdé’r{@;f‘?‘@a i GRbKe 1 asks
to 20 mMl CTC headspace vials (Agilent vi aI cat# 5188 2753; cap cat# 5188
2759). The cap 15was screwed on tightly and the vials incubated at the

equi val entlllt Brodeetanuofdsenrene iarshikan 88%@ comainingnk. oafitceHs gxprassing wsomhwant a| s
were removed fromthe incubator and analyzed as described bel ow (see Table
1 for SomSPXPESNEAAl val ues fromthis assay). In cases where isoprene
production in fernmentors was determ ned, sanples were taken fromthe
of f-gas of the fHEigwittas desedbadabyveaderdintegiuted @F.dedctraineBLDE(Novagseeo

Tabl 202 f | | f
anal ysi s M&%zmp%a%mg&aau i3 Gl dok vty v BLLYBRTH e th a
CTC Anal y ﬁ,e&\tgwsgd @?@ola@%tan%k A% apR) Shd 9&6&&&1‘11&9(50’11%%%@309

node. GC/ M5 colum (30 m X
thic kness)mmﬂmedmdrnﬁgm asé'p"a(t‘aSlr@lﬁ cﬁlomnsaneeBOleHtted snorﬁﬁe;-ml\lvafﬂeg@dwakm to

car i 10 gk eaR TR S0 s AER BEOR P 1 e oo PO R A R 050

Wi th a splidre padviPoRimiafi dt. 207 TewiN ShakigRe00t rgme msom&,bdfﬂteo%ﬁlgmr the 2
m nute duration of the analysis. The Agilent 5793N nass sel ective detector

was run i erQ;tureg Iwere mgasused ansh ﬁhﬁgul(tlspwerﬁ@blt%lmﬁ? 2 286G mlpaHledeshake Basknas

swi tched of f [ nen
gases. - UngaPEL0 o Mifefukelt QhiFSec B! LRBEhRITUSO LY o RELTRACTD 05.
observed tTheadultufe Wis ihculihted atBORE. with cledlcm’(gatZOOnpmathen/\ms QBR&6~ m 0.8,
2010/ 005525PCT/ US2009/ 003897 o
15 400 pM IPTG was added and the cells were incubated for a further 6 hours at 30° C with
shaking at 200 rpm. At 0, 2, 4 and 6 hours after induction with IPTG, 1 ml aliquots of the
cultures were collected, the ODggg Was determined and the amount of isoprene produced was

measured as described above. Results are shown in Figure 8.

20  IV. Production of Isoprene from BL21/ptrcKudzu in 14 liter fermentation
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;HPO,4 13.6 g,
KH,PO, 13.6 g, MgSO4 * TH,0 2 g, citric acid monohydrate 2 g, ferric ammonium citrate

25 0.3 g, (NH4),SO4 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 q.s. to volume. The final product was filter sterilized
with 0.22 p filter (only, not autoclaved). The recipe for 1000X Modified Trace Metal
Solution was as follows: Citric Acids * H,O 40 g, MnSO,4 * H,0 30 g, NaCl 10 g, FeSO4 *

30 7H,O 1 g, CoCl, * 6H,0 1 g, ZnSO * TH,O 1 g, CuSO,4 * 5H,0 100 mg, H3BO; 100 mg,



- 103 - to quantify the absolute anount of isoprene and was found to be
linear from1l p.g/L to 200 pg/L. The limt of detection was estimted | obe
50 to 100wogbio/aesi2ag t his met hod. [11. Production eCTitsemomns? n shake
flasks containing E. coli cells expressing reconbi nant 5i soprene synt hase
The vectors descri bed above were introduced to E. coli strain BL21
(Novagen) to produce strains BL21/ptrcKudzu, BL21/pCL-I|ac-Kudzu and

BL21/ pETH sKudzu. The strains were spred®-or isolation onto LA (Luria
agar) and carbenicillin (50 jig/nl) and incubated overnight at 37 C. Single
colonies were inoculated into 250 m baffl ed shake 10fl asks contai ning 20
m Luria BeMej* BHoOHOQIR. Bach cmijoaentovdsl disso{vEd®npgt atime i@diby® g we3.0

l C with shaki 200 I, T 6,00 of th
overni ot i REBECHE denfsda Yol Serlifrbe i C2aR RS | nro a 250
m baffled shakg;f Lgekinfeanivas Birﬂg%ggb i'ﬂ1_146"@gii§i?é\@i_d§r% fontot s6ERAS féHfftion

carbenicillin (100 pg/nl) to an ' . The cul ture was i ncubat ed at
30 C wit h femmaglusgseaat thxodesipdfermeatationeplOOFomd-temperaturg 34° C1 svogoginmef&. was

added and t he, cel re-inc t far fur r. i

Shaki g atcoBaESR R AR R GRGItom Ao Vi) DE5 ofepd iR sBrPnatibichier
al i quot s Qlludobenediumir &fterhe énoulure gtedvlio ODey, CRHOwaaE00daL Riisks hete and t he
anount of 1soprene produced was neasured as descri bed above. Results

shown i n Fegfesed. andghecontenssirssrsadest in| Wopl Bpermaiantipiransieithe reltipdlet ﬁ7ro_i4
liter fer 'H?l[nc%f%b%pl %}eﬁgggaﬁ%gmaf‘ea&%r.DAP%g@a Afaftes PREGRRA [Qfples Wi |

cont ai ni ng e reco ZU | soprene synthase gene was determ ned from
a fed- bat abmowdd andethe Tmeuntedfi ipeprémer protecetl avaseleteamined aseldsaibedByvepResults er
of ferpentation nedi.umwas as follows: K2HPO4 13.6 g, KH2ZPO4 13.6 g, MySO4*
7H20 g, &s thaw BiguiEghohydrate 2 g, ferric anmoniumcitrate 250.3 g,

(M 14)2SO4 3.2 g, yeast extract 5 g, 1000X Modified Trace Metal Solution 1
m. Al of the conponents were added together and dissolved in di H20. The
pH was adjExaneple 20 Peoductianrofisoprene imEhsali expressingayqpmbinant poplanisoprenge .
The final prgduct was filter sterilized wwth 0.22 p filter (only, not

aut ocl avec&.“&'ﬂ'?g reci pe for 1000X Modified Trace Metal Sol ution was as
follows: Citric Acids * H20 40 g, MnSO4* H20 30 g, NaCl 10 g, FeSO4* 307H20
1 g, CoCl2* 6H20 1 g, ZnSO * 7H20 1 g, CuSO4* 5H20 100 ng, H3BO3 100 nmg,

VO 2019/ 005525Fthe risimssavenssder thepoplar (Repubesanibe KROPIH tHeynul@hisPPTERponent
was di ssol . I j j . A\ : t s. to
Vor e anc T Prapeapiel pF2 gl & BORh P 20 proris delibbom GBS,
was carri e AT35696).14 gendicodemoptimized foroficobt waspyrckased fomBN A0 {pHivo-

nocut am oromit. Beaies S0andin) ot oa PP keYDse 3R H B IR A aP ot
prepared i BlastRUHYIEStHEASHT erfdoh1&¥€4se digestion with BspLU111 /Pst], gel-purified, and ligated
20  into pTrcHis2B that had been digested with Ncol/PstI. The construct is cloned such that the
stop codon in the insert is before the PstI 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.

25  Example 3: Production of isoprene in Panteoa citrea expressing recombinant kudzu

isoprene synthase

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

30  containing carbenicillin (200 ng/ml) or spectinomycin (50 pg/ml) respectively. Production



gl ucose nedium After the inoculumgrew to 0D559 = 0.6, two 600 m fl asks
were centrifuged and the contents resuspended in 70 mM supernatant to
transfer wbeowdloss2pel et (70 m of OD 3.1 material) to Phe/usc@veessvdr. At
various tines after inoculation, sanples were renoved and the anount of

i soprene produced was determ ned as descri bed above. Results 10are shown in
Figure 9. Exanple 2: Production of isoprene in E. co/i expressing

reconbi nant popl ar i soprene synthase 15THB protein sequence for the poplar
(Popul us al ba x Populus trenula) isoprene synthase (Schnitzler, J-P, et al.
(2005) Planta 222:777-786) was obtained from GenBank (CAC35696). A gene,
codon opt iqﬁiana(bnbdronEshakolftaskmsi qrierohes©d of thenarDNAR o is(opﬁ:?l@@roqucﬂ aas

Fi gures 30 3 ene.s ene was renoved

Suppl e FESeE e Teed BRPGRRIS in 2 e ST e SR EIGTE WMo KEBL Ry 1ps
gel - puri f'lﬁfljg rei®@¥nihasd R &d1tg Qie¥hown Tth Ffuse B0t hat had been digested with
Ncol | Pst | he construct is cloned such that the stop codon in the insert

is before the Psa site, which results in a construct in which the H s- Tag

is not att 0 i [ t. : i 1

oTr cPobl ar PR 2 PraBut R AERSe et BRR R AR exHiedf byl aelillaG
Product i orissfrenéoiitRase i N Pant eoa eitrea expressing reconbi nant kudzu -

i soprene synt hase The pTrcKudzu and pCL-1lac Kudzu pl asm ds
described in Exanple 1 were electroporated into P. citrea (U S. Pat. No.

7, 241, 387)1 cohdmefion HP&‘DSsMﬁﬂz%r ic%ﬁﬁ%ﬁla%nd-ﬁ%r ?r{l(‘e@lg}e%‘heh%kﬁ&ilh‘é‘é‘b{éhé lin
(200 Ft g/ ml) or spectinonycin respectively. Production

2010/ 005525mbBageUS2009/ 003897 - 105 - of isoprene fromshake flasks and
determ nation of the amount of isoprene produced was performed as descri bed

X @ L 0 don e SRR R3S L ERATE sy ST R R Pt

i soprene idpnBastdih USGSSRAcOMES @&@rﬁﬁpllmngmmd o;mmskwdma dh$spiheRéhicol
synthase |. Construction of a B. subtilis replicating plasmd for the

expr essi oﬁeﬁj?taw&féﬁeﬁébw@ﬁ gonfyltoh &WH@P&@“R@&ZE“‘F isepican syRiDarcEsEe thene
was expr ee‘% Jri]igf:h dﬂﬂé tﬁuwgfg t&H{. 1@% nffﬁa a?%{ela}, thd faEbee ™)

using ar asm I oran resi stance
cassette) R(Eide’tfhcomrtstmtt wis thbe ch;pedEnpm pBSll@and ffhmsfmm(qdnetmeB ssyitiiase gene,
t he aprE pronoter and the transcription termnator were anplified

separ ?é‘el y .and frucﬁf The construct was then cloned into pBS19
and t fansf® 8"8 d‘é’t’ PrMOYE Y Anplification of the aprE pronot er

The aprE promoter was amplified from chromosomal DNA from Bacillus subtilis
using the following primers:
CF 797 (+) Start aprE promoter Mfel
5’- GACATCAATTGCTCCATTTTCTTCTGCTATC (SEQ ID NO:58)

20
CF 07-43 (-) Fuse aprE promoter to Kudzu ispS
5’- ATTGAGAAGAGGTCGCACACACTCTTTACCCTCTCCTTTTA (SEQ ID NO:59)
b) Amplification of the isoprene synthase gene

25 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)
5’- TAAAAGGAGAGGGTAAAGAGTGTGTGCGACCTCTTCTCAAT (SEQ ID NO:60)



The aprE pronmoter was anplified fromchronosomal DNA from Bacillus subtilis
using the following priners: CF 797 (+) Start aprE pronoter Mel 5'-
GACATCAAT™WGCIOMAFs251 | CTTCTGCTATC (SEQ I D NG 58) 20 CFPOTAS3000/40938PUSe apr E
pronmoter to Kudzu ispS 5 - ATTGAGAAGAGGTCGCACACACTCTTTACCCTCTCC 1 11A (SEQ
D NO 59) b) Anmplification of the isoprene synthase gene 25The kudzu

i soprene synthase gene was anplified fromplasmd pTrcKudzu (SEQ I D NO 2).
The gene had been codon optim zed for E1%g1 i and synt hesi zed by DNA 2. 0.
The followi ng priners were used: CF 07-42 (+) Fuse the aprE pronoter to
kudzu i soprene synthase gene (GIG start codon) 5'-

TAAAAGGAGAGGGTAAAGAGT GTGTGCGACCTCTTCTCAAT (SEQ | D NO 60) WO

2010 0055 35E T 3000 Q0SRLy10 Rl i e Mg o i
CCAAGCCCGGI T AN GACAGT FEATEABEAGAT ARAC ATREAGIOT GG S AN T {SFQMDINO®A) | on

of the transcription term nator The term nator fromthe al kaline
serine protease of Bacillus anyliquefaciens was anplified froma previously

sequen§ed &%ﬁa%agg#gp&%qéng&ﬂﬁqg%gmﬁ%%{ owi ng priners: CF 07-44 (+) Fuse

the 37 en ZU I soprene s he term nator 5'-
GATTAACCAGCTGATGTATGTCTAAAAAAAACCGGECCTTGG (SEQ ID NGO 62) 10 CF 07-46 (-)
End of B. anyl iTheataninetos floar thicratitaline ¢Bamtiirptedse-of Bacillus amyliquefaciens was

GACATGACGGAT CGAA (XXﬁ;I
CATGA ampli ied-lalzﬁn a pr(;l;nous y %%eﬁe%ﬁ%lisgic'}'%ﬁﬁ%s%z using the following primers:

CF 07-44 (+) Fuse the 3’ end of kudzu isoprene synthase to the terminator

5’- GATTAACCAGCTGATGTATGTCTAAAAAAAACCGGCCTTGG (SEQ ID NO:62) -
10

CF 07-46 (-) End of B. amyliquefaciens terminator (BamHI)

5’- GACATGACGGATCCGATTACGAATGCCGTCTC (SEQ ID NO:63)

The kudzu fragment was fused to the terminator fragment using PCR with the
15 following primers:
CF 07-42 (+) Fuse the aprE promoter to kudzu isoprene synthase gene (GTG start codon)
5’- TAAAAGGAGAGGGTAAAGAGTGTGTGCGACCTCTTCTCAAT (SEQ ID NO:61)

CF 07-46 (-) End of B. amyliquefaciens terminator (BamHI)
20 5- GACATGACGGATCCGATTACGAATGCCGTCTC (SEQ ID NO:63)

The kudzu-terminator fragment was fused to the promoter fragment using PCR with
the following primers:
CF 797 (+) Start aprE promoter Mfel
25 5- GACATCAATTGCTCCATTTTCTTCTGCTATC (SEQ ID NO:64)

CF 07-46 (-) End of B. amyliquefaciens terminator (BamHI)
5’- GACATGACGGATCCGATTACGAATGCCGTCTC (SEQ ID NO:63)



The kudzu fragment was fused to the term nator fragnment using PCRwith the
15following priners: CF 07-42 (+) Fuse the aprE pronoter to kudzu i soprene
synt hase weneiou@d3sst art codon) 5' - PCT/US2009/003897
TAAAAGGAGAGGEGTAAAGAGT GTGTGCGACCTCTTCTCAAT (SEQ I D NO 61) CF 07-46 (-) End
of B. anyliquefaciens term nator (Banilll) 20 5'-
GACATGACGGATCCGATTACGAATGCCGICTC ( SEQ 1D NG 63) The kudzu-termn nator
fragment was fused to the promoter fragn¥ht- using PCR with the foll ow ng
prinmers: CF 797 (+) Start aprE pronoter Mel 25 5'-
GACATCAATTGCTCCAL111CTTCTGCTATC (SEQ I D NO. 64) CF 07-46 (-) End of B.

anyl i quef aci ensTHedusion POR fraBaekMys mir{ieGASAE GATEBATICCHAT TREEAAWBBABT CTC

(SEQ I D NG 63).. WO 2010/ 525PCT. 009/ 003 ~ 107 - The. fusi on
PCR f r agmdRtIGRE Py mes é&gﬁﬁ‘%"’aﬁg‘sﬁ@é ??‘%F‘Fg i’ﬁ\&"‘ &f%&@&&a%‘f‘wuﬂ“ﬁ‘éd using a
restricti qja8a7KiRRd Mféd Rv&sHnowhispBY196%hRH hblieért AigeREd WIREGRI
purified using a Qagén kit and ligated to a vector known as pBS19, which

had been dingdkerdidl andtgel pewnfigd-and BanHl and gel purified. 5The ligation mx
was transformed.into .E coil T n } .eC on LA
and 50gl car beni gﬁelqllg?nfipa lés}‘.’asipatn%@ 5'% &Mn?%?Xgoégf%‘ﬁ?gga\l/\%mﬁdecc?&gﬁslgsn&lglgd gr own
over ni ght delecleB oaricA afld sachdehicillih pratand\ tdiet f pixasibriss wereehbsl Aildegowsi ng
a Qagen kit. The plasrnids were digested with EcoRI and BanmH to check for
inserts arRyefmghtdn &8 s Gerrbatiallin AdihersPiapnids svene 15PRIGhYSIRS QA3RPAY- wi t h
the foll ow I o J; | G sdH ot 2fth
GACATGAATEI,%%STJPC%'&FP?%ieégg%%&?g%bﬁgg@%@)r@gc%%q{(?{rl) Séslgquentglreeei FhEX 049
(end of apsokrept plawhids Weke senABCAGACBENAAAGNBTIBAGI[0SEQE pHMeG:66) 15 CF 07-45

(-) Fuse t ' f kudzu i soprene synthase to the term nator 5'-
CCAAMI@%&@;&R SRR AEAFER EYRRSFTAATC (SEQ | D NO. 61) CF 07-48
(+) Sequensi BAEATORATIRECKOCATT BROT POEGEYSEQREENG6S) - C |
| 11CCATCACCCACCTGAAG (SEQ I D NGO 67)

CF 847 (+) Sequence in pXX 049 (end of aprE promoter)

5’- AGGAGAGGGTAAAGAGTGAG (SEQ ID NO:66)

15
CF 07-45 (-) Fuse the 3’ end of kudzu isoprene synthase to the terminator
5’- CCAAGGCCGGTTTTTTTTAGACATACATCAGCTGGTTAATC (SEQ ID NO:61)

CF 07-48 (+) Sequencing primer for kudzu isoprene synthase
20 5’-CTTTTCCATCACCCACCTGAAG (SEQ ID NO:67)

CF 07-49 (+) Sequencing in kudzu isoprene synthase
5’- GGCGAAATGGTCCAACAACAAAATTATC (SEQ ID NO:68)

25 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 ODggp of 1.5. It was stored frozen in a vial at -80° C in

30 the presence of glycerol. The resulting strain was designated CF 443,



CF 07-49 (+) Sequencing in kudzu isoprene synthase 5'-
GCCGAAATGGTCCAACAACAAAATTATC (SEQ | D NO 68) 25The pl asm d desi gnated pBS
Kudzu #2 wWligroumess252 and 12) was correct by sequenci ng &oa/usa@owozsnsf or med
into BG 3594 comic a Bacillus subtilis host strain. Selection was done on
LA and 5 chl oranpheni col plates. A transformant was chosen and struck to
single colonies on LA and 5 chl oranphenicol, then grown in LB and 5

chl or anpheni col until it reached an 0D608f 1.5. It was stored frozen in a
vial at -80C in 30the presence of glycerol. The resulting strain was
designated CF 443. WD 2010/ 005525PCT/ US2009/ 003897 - 108 - 11. Production

of isoprene in shake flasks containing B. subtilis cells expressing

Tl col by ouieieR of REPITRBh &hRA TR ST PR Ap NG ET ERp ey fobitaf

Cul tures veh&ed Quthakd) LB and Cmat 37 C with shaking at 200 rpm These
overnight cultures (1 nl) were used to inoculate 250 nl baffled shake
f1 asks cont ai ni @eeraghntul@remvyerelinogiiatedwitha singloeelapnehCEdit3 from adiAmand

t] f 25 . ¢ | i i 4 3 nmM 1M
korpor 7o Beftargnich iy LB GUMET kRl LB Gl 8 R B0
7.2; 10X MERRnbQE2EERrphaSTBSe bR ethidhiMiRSes 71 M) wererised teeinodiflatg 28Qhigeifflet s,

10 m 0.276M KISO4 sol ution, 10 ni 0 528M MyC12 sol ution, 20,22 9. MaCl, 100
m 100X ni $akn{lasks spptainipg 35 ml Grants Ijnedia and ghlommphenisRl i ¢ SoHeeafadon

reci pe was * : 4 * * , ol@cobe B.6
Znsm*Hzo,°@%@%‘-§%§H§%‘?‘a8?%"%‘”%@%5‘7 2'8'? 331."%1% NG D0 g s, to
1 L with HOreaStotkal 10X MOPSeq.e tbridubathd®hCapHIT L HIE MORD repipenwae8l.akan at
18, 24, and 44 ]15hours. At_.1 urs the. h f 443 .an ontr ol
strai AOwer MBI & mﬂﬂesh 33@%&?‘?‘8@’ E%"ﬁggﬁgﬁggg%@bi?%tf%ﬁ ilgrli'gi o(*'g?assl,\gpr ene.
The amount M[gtu' SARIANS9 98S NALICT00 REd0OX ntidfnatHeAmRE 80fcaPhyviasHI®S and he i n
Exanpl e 1. Production of i'soprene was enhanced s%)nl ficantl &%/Oe*ﬁ_géesm ng
4

r econbi nantidrempriente resypet Was b4 GG 21RP, 04@ FaSOS7HA: | 8 r@hé by

CF443 in 1 f tatian al r I fan n om B.
subti 115 oanvar TG ks Clchra ! ETuRielsl SN M Qr ABERLS00 L1

repl i cati oRitRlIFR®T Shaveslasetvedraiinmabated a3 22 ol sasiplds wetk takea.at BaC24, lnd 44
strain CF 443, expressing a kudzu isoErene synt has ene, or co

trql.stain
whi ch 1§oesheuss. Axp¥ bawrs shachragdspacesph ehtdsandthasentr s a\ne‘?"‘efeéa'i"t’re&‘a&lé‘bs by
convention - f i i i ] eftrthedOY
meal (Car gﬁpf%sgﬂg%g?ﬁ%ﬁg%é ag%ﬁ@%%dmggﬁﬁﬁﬁa@éﬁ%“ég EQ%B?SI@%%S ? and a
sol uti on oby gad ¢tiromamigthphf @s describbd or Extenplad. Peodyeties of toprene dens ephansedt o
fermentation the nedia is macerated far 90 m nytes .USin m xt ure of
enzymes i nSENICAY X RY FYRTESSHIS reRIRPIOaN, 1PRIEESY] S?)E#dg?rﬁgslz‘s (see,
W95/ 04134). 14-L batch fernmentations are fed with 60% w/w gl ucose
(Cargill DE99 dextrose, ADM 30Versadex greens or Danisco invert sugar) and
99% wt20wt &Ll Prodvsion rof isoprinieybySok443 in 14 fermentation

Large scale production of isoprene from B. subtilis containing the recombinant
kudzu isoprene synthase gene on a replication plasmid was determined from a fed-batch
culture. Bacillus strain CF 443, expressing a kudzu isoprene synthase gene, or control stain
which does not express a kudzu isoprene synthase gene were cultivated by conventional fed-

25  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, WO95/04134).
14-L batch fermentations are fed with 60% wt/wt glucose (Cargill DE99 dextrose, ADM

30 Versadex greens or Danisco invert sugar) and 99% wt/wt oil (Western Family soy oil, where



WO 2010/ 005525PCT/ US2009/ 003897 - 109 - the 99% wt/wt is the concentration
of oil before it was added to the cell culture nedium. Feed was started
when gl ucoweeoiomosize bat ch was non-det ect abl e. The feed PatraSaew/oomaped 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 amoni um hydroxi de. In case of
foam ng, antifoam 5agent was added to the nedia. The fernentation
tenperature was controlled at 37C and th¥%-ernentation culture was agitated
at 750 rpm Various other paraneters such as pH, DO% airflow, and pressure
were nonitored throughout the entire process. The DO%is maintained above
20. Sanpl ake 92%e~vt \akis mhmmcemtrmmidfeildmfmsdl wis Ridedhtuthe call dubmz|ngetiaimj.or

cel |l growt 0D550) ene ductl on. Resu these experinents
are prese eéé was S‘fﬁﬁ&g"&ﬁ" 3‘8“ “13\8/“01‘59 {ahfel 8& J?e‘f%ew %iﬁaﬁ“peg

| soprene sygf Qagkil ﬁb@r@%ﬁd%sﬁdjﬁﬂég% hddeil on an equalEBﬂ)oKl!ﬁgﬂs‘ THE PHOWS

synt hase gene was cloned in an integrating plasmd (pJHL01- cnpR) under the

contr ol ofconttell@(batlé $r drioaseng 2&%d'efrv armeorg windiydraxade. tlasasgiof fieeming pidieemnas
15det egt ed, %{"i 0 tlﬁlrch?eu Ha, D S%rrger?t t? {%ﬁ‘ﬂ%&é‘g{ﬁwﬁ %ﬁ{rgﬁed at 37° b and the

Const ruct i 38§ I'SOpr ene” synt has

Trichoder tf@ﬂnéi@itﬁﬁl&ﬂllture was agltaged¥A 750 vhra. Maﬂ@hg/bﬂhéﬁpﬂ@ﬂl@ﬁ&r@@ich E13 pﬁduowz u
| S gene was synthesized by DNA 2.0 (SEQ ID NG 8). (Figure _13). This plasmd
served as MWW &R PESEIE Yierg menitoted HPRghancHiea5Ig Progessi dheRR% Fon: 1 pl

pl asm d t_‘?@%h@r& e Ca0st M 3&ha lyzed f
GCTTATGGA &@A%é@k@f%ﬁ% e?@?‘:% Y %g 1 howrs spd galyzed for
EL- 965 ( 1%Mgr@&@%}@fﬁ£ﬁ%@@mm SuTtAOf ¢l&§@ex@mmam ptespnted aiNTP
(10 a |l Fusion HS DNA Pol ynerase Buffer, 1 pl PfuUtra
mvi@on Bf\lg?gfﬁf‘éjéébase 40 id water in a total reaction volune of 50
The forward prinmer contained an additional 4 nucleotides at the 5 -end
that did not correspond to the Y. lipolytica codon-optim zed kudzu isoprene

synt hase ¢dhéntegratiomabthedudepuispprene syntbaserispg) innf.gubtils- pENTR/ D- TOPO vect or .
The reverse priner contained an W) 2010/ 005525PCT/ U82009/ 003897 - 110 -

addi tional 21 nygl @gc{z; Sl syRas sB%didnedliflafi Bhe gﬁﬁge@ggmﬂj (pIHiOL V.

|'i pol ytica codon- oprene synt hase e inserted
for cl oni ngnpRtundet therconeolt afrthbaghkbproamter U indgr theeohitiBes eared indEGpi206 was
Ther rmcycl er, the PCR reaction was perfornmed as follows: 95 C for 2 m nutes
(fi rst cyc‘lleéﬁcé‘m-y) , 95 C for 30 seconds, 55 C for 530 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
anpl i fi cat Example 3: hProductipp of ysopcenedodbrichtermiazed kudzu i soprene synt hase
gene.
I. Construction of vectors for expression of the kudzu isoprene synthase in Trichoderma
20 reesei
The Yarrowia lipolytica codon-optimized kudzu IS gene was synthesized by DNA
2.0 (SEQ ID NO:8) (Figure 13). This plasmid served as the template for the following PCR
amplification reaction: 1 pl plasmid template (20 ng/ul), 1 pl Primer EL-945 (10 uM) 5°-
GCTTATGGATCCTCTAGACTATTACACGTACATCAATTGG (SEQ ID NO:9), 1 pl
25  Primer EL-965 (10uM) 5’-CACCATGTGTGCAACCTCCTCCCAGTTTAC (SEQ ID
NO:10), 1 ul ANTP (10mM), 5 pl 10x PfuUltra II Fusion HS DNA Polymerase Buffer, 1 pl
PfuUltra II Fusion HS DNA Polymerase, 40 ul 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

30  required for cloning into the pENTR/D-TOPO vector. The reverse primer contained an



The PCR product was then cloned using the TOPO pENTR/ D- TOPO O oni ng Kit
follow ng manufacturer's protocol: 1 jsl PCR reaction, 1 pl Salt solution,
1 R TOPGvOQptENDR2D- TOPO vector and 3 pl water in a tota@&CTrsaawioessovol ume
of 6 pl. The reaction was incubated at roomtenperature for 5 mnutes. One
mcroliter of TOPO reaction was transforned into TOPI O chem cally conpet ent
E. coli cells. The transformants were selected on LA and 50 jig/ml

kananyci n plates. Several col onies were Id0cked and each was inocul ated into
a 5 mM tube containing LB and 50 p.g/nml kanamycin and the cultures grown
15overnight at 37 C with shaking at 200 rpm Plasm ds were isolated from

t he over niagbitioaall 2luneldotidesatubé Hgerd thpt dip nBpiarresbondotogpe Ki tipoljmdd egong

manuf acturer's protocol. Several plasmids were sequenced t.o verify that the
DA seque Pzl Kge oprene synthasegeap. bt drefipitesad FPRBEMPIZICIA AhereheiSii ng a

Y. 1 pol ytyaeioned Qi Pk W1 Resear®hzrd-200 TRBEn sty Blchahe PARRactibhswarsed f or
Gateway G oning into a custom nmade pTrex3g vector. 20Construction of

pTrex3g i pedesuned dsciollpws VA °X0 68/ 20miress (Agst cite opladcdS°Ehfansdd sgeerdsy tsdC for

foll owin nuf act A.et S Hr cpl, f h o o] M x
Kt 1o RS 130 1 R RAARE oo shhier AN Il IR deer TREMEE
synthase ggoe. THAPRR prodGRQvabamalyzed 6h arl,2% Esgel pd tenfagn slestdshid tampificatidror

6 ill TB buffer, pH 8.0 in a total reaction volune of 8 pl. The reaction
was i ncubdf df BtlinobsiencedpnpPpimizsdikydzuyisppgne sSYMPaE €AY 1 pi prot ei nase K

sol ution was adgepER drddi: WACH ﬁtcio(agdgﬁg%kmp@tpﬁmﬁ%wmﬁ% Rt

Then 1 gl of reaction was transtorne TOP 10 ‘chem cally conpetent E
col i cel | Solldhimgtmansdcunee s psotoeriel gEPER treattion, 1Ml Saldsddtign, d/wTOPO

carbenjcillj a .. Sever al, .cal oni es wer i cked .and C s _i.nocul at ed

Tt o Db s e TR TOR O e s e 215 eReolh flRRE o il A8 e WAl

cul tures ViRE@aHdANPod &npdittiredor 8 Mikuiés ! Ong RdkioNgr dF THHO FaBlioBP AR asm ds

were isolated fromthe overnight culture tubes usi ngl{hQFAprep Spin M niprep
&g

Kit WO 2016nsbbHed purTOSI00h0038y zoppeenek, colirelly., #prrgants were
fact ! tpcol <0 S | plasm . yeyi th
DA s equerEE<endt g0 DAY BlngfFidte. kel OB Siors Bell pidelbes, "

codon- opt i ifbaasted 1dd U SiriDbE BentanivigIaB and 50 xAal Kunasiytit Aniditheicd ity gromno a
quad delete Trichoderma reesei strain was performed 5Susi ?g the Biolistic
PDS- 1600/ HEvemightiat B&° Beavith ghakingat 28thpme Elagmidoneredentafed IRy thejavsmighton of
stable tr ' - W ahi160i t09s ]
or ot ocol 11 G R S Bl R B e B R et
Product i onpladmiids opresequénted ec verifiyribatiths DN sesjueicewas @eset. 100ne ml of 15

and 36 hour ol d,cul tur f i ene synt hase transfor.nmantsg descrihb bove
were transferred St%ﬁ%ﬁTg@% £P§mlf¥ﬁ80?fﬁ%$ 8 YaﬁP‘é’gfé%Pﬁ"'EﬂB“WS ﬁ%&?@‘a
for 5 hourgoftn3Qnthastigatt, SPAGRS S GRSWRPERIHIRind 8 chHORL ARG ¥P8x3g vector.
identified by the nethod described in Exa . Two of the transformants

showed0t r aCenstruttionsofplrar3g iFideserihsdrin WP 258%159&?@ A3uThe pactipe vag pedonxeda

14 hour i n&)ﬂg%rigorrr}anu-l%gc u;[ewg r(())t%i:(glif\éle th%%év?z?y Eﬁ%ﬁasgﬁf)ﬁﬁfﬁﬁe Rix Kit
(Invitrogen): 1 ul 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 pul. The reaction was incubated at room temperature for 1 hour and

25 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.

30  Plasmids were isolated from the overnight culture tubes using QIAprep Spin Miniprep Kit



15 I evel s of about 0.5 ug/L for the 14 hour incubation. The untransforned
control showed no detectable |evels of isoprene. This experinent shows that
T. reeseiwD20mApaizse of produci ng i soprene from endogen®a3/Use@o0n3sor when
supplied with an exogenous isoprene synthase. Exanple 6: Production of

I soprene in Yarrowa 20 |. Construction of vectors for expression of the
kudzu i soprene synthase in Yarrow a Iipoll)ﬁtica. The starting point for the
construction of vectors for the expressi of the kudzu isoprene synt hase
gene in Yarrow a lipolytica was the vector pSPZ1(MAP29Spb). The 25conpl ete
sequence of this vector (SEQ ID No:11) is shown in Figure 15. The

f ol | owi ng (Riaggneint s, felpwingphnifactdrdnls pP@Rcels iSegerahplasrosis vadre Bgiendedaol’ .

| i polytica strai 120285 as the tenplate: a pronotorless formof the
URA3 gene,veghf %&GWSGFR%&SC&%C? M39SBET: RNA gene, a transcription term nator
of the Y. |ipolpibiistrt adiSfor8RNEn 8NY. LylykdAoibRapERMiZdI@aL@isBpRGe sPRhase
pronoters of XPR2 and | CL1 genes. The 30followi ng PCR priners were used:
VO 2010/ o@sosiatwsd (biguopbBanto.a quad delete riclpdgrma reesei strain was performed

O o A I R L AT AT DS

CCTGAAT T CTlealldtign ot stEBACXrdrsT by adShak SHAIK dvaNatidrl Wad Peckbithéal Wsing protocol

GGTGTCGACGTACGGTCGAGCTTATTGACC ( SEQ | D_NO 72)5 XPRT3
listed in Example 11 of patent publication WO 2005/001036 A2.

7z

II. Production of isoprene in recombinant strains of 7. reesei

10 One ml of 15 and 36 hour old cultures of isoprene synthase transformants described
above were transferred to head space vials. The vials were sealed and incubated for 5 hours
at 30° C. Head space gas was measured and isoprene was identified by the method described
in Example 1. Two of the transformants showed traces of isoprene. The amount of isoprene
could be increased by a 14 hour incubation. The two positive samples showed isoprene at

15 levels of about 0.5 pg/L for the 14 hour incubation. The untransformed control showed no
detectable levels of iéoprene. This experiment shows that 7. reesei is capable of producing

isoprene from endogenous precursor when supplied with an exogenous isoprene synthase.

Example 6: Production of isoprene in Yarrowia
20 |
I. Construction of vectors for expression of the kudzu isoprene synthase in Yarrowia
lipolytica.
The starting point for the construction of vectors for the expression of the kudzu
isoprene synthase gene in Yarrowia lipolytica was the vector pSPZ1(MAP29Spb). The
25 complete sequence of this vector (SEQ ID No:11) is shown in Figure 15.
The following fragments were amplified by PCR using chromosomal DNA of a Y.
lipolytica strain GICC 120285 as the template: a promotorless 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

30 following PCR primers were used:



15 5' - GGIGGECCCGCATTTTGCCACCTACAAGCCAG (SEQ ID NGO 73) XPRT 5 5' -
GGTGAATTCTAGAGGATCCCAACGCTGITGCCTACAACGG (SEQ | D NO: 74) 20Y18S3 5' -
GGTCCCCCOEOREIMNSEACCTGGTGAG TTCCCCG (SEQ I D NGO 75) Yl 88CH/U52009/003897
GGTGGGCCCATTAAATCAGTTATCGITTATTTGATAG (SEQ 1D NO 76) 25 YURA3 5' -
GGTGACCAGCAAGTCCATGEGTGGTTTGATCATGG (SEQ I D NO 77) YURA 50 30 5' -
GGTGCGECCGCCTTTGGAGTACGACTCCAACTATG (SEQ I D NO 78) WO

2010/ 005525PCT/ US2009/ 003897 - 113 - Y x5 5 -
GCGGCCGCAGACTAAATTTATTTCAGTICTCC (SEQ I D NGO 79) 5For PCR anplification the
PfuU trall polynmerase (Stratagene), supplier-provided buffer and dNTPs, 2.5
p. M prinmerl€Idrid the indicated tenplate DNA were used in accordance with the

Cyel e 95 & PorATICAGRETal B A0 A CEE AR SR I BERBC A G TR AC S
mn) and 1@pQ b KO:6HC fol lowed by a 4 Cincubation. 10Synthetic DNA

nol ecul es encodi ng the kudzu i soprene synthase gene, codon- optimzed for
expression in Yarrowi a, was obtained fromDNA 2.0 (Figure 16; SEQ ID

5 ICL1S
5’- GCAGGTGGGAAACTATGCACTCC (SEQ ID NO:70)

XPR 3

5’- CCTGAATTCTGTTGGATTGGAGGATTGGATAGTGGG (SEQ ID NO:71)
10

XPR 5

5’- GGTGTCGACGTACGGTCGAGCTTATTGACC (SEQ ID NO:72)

XPRT3
15 5’- GGTGGGCCCGCATTTTGCCACCTACAAGCCAG (SEQ ID NO:73)

XPRT 5
5’- GGTGAATTCTAGAGGATCCCAACGCTGTTGCCTACAACGG (SEQ ID NO:74)

20 Y1883
5’- GGTGCGGCCGCTGTCTGGACCTGGTGAGTTTCCCCG (SEQ ID NO:75)

Y18S5

5’- GGTGGGCCCATTAAATCAGTTATCGTTTATTTGATAG (SEQ ID NO:76)
25

YURA3

5’- GGTGACCAGCAAGTCCATGGGTGGTTTGATCATGG (SEQ ID NO:77)

YURA 50
30 5- GGTGCGGCCGCCTTTGGAGTACGACTCCAACTATG (SEQ ID NO:78)



NO 12). Full detail of the construction schenme of the plasm ds pYLA(KZI)
and pYLI (KZ1) carrying the synthetic kudzu isoprene synthase gene under
control oWNOXPRA0a32d | CL1 pronoters respectively is presecras2000/05isgure 18.
Control plasmds in which a mating factor 15gene (MAP29) is inserted in

pl ace of an isoprene synthase gene were also constructed (Figure 18E and
18F). A simlar cloning procedure can be used to express a popl ar
(Popul us al ba x Popul us trenul a) |soprené 3S'ynt hase gene. The sequence of

t he poplar isoprene is described in MIler B. et al. (2001) Planta 213,
483-487 and shown in Figure 17 (SEQ I D NO 13). A 20construction schene for
the generation the plasm ds pYLA(POPI) and pYLI(POPl) carrying synthetic
popl ar iso e.synt hase gene under control of XPR2 and |ICL1 pronoters
respecti ve?% resented in Figure 18A and B. I1. Production of isoprene

by reconbi srafCGGCACTAGACTAA ATITATTECAGIEFOD(SEQ b ANdZ9) , pYLI (KZ1),
pYLA( MAP29) and pYLI (MAP29) were digested with Sacll and used to transform
the strain Y. lipolytica CLIB 122 by a standard Iithi um

acet at @/ pol yet p t he
yeast gel l's gr ?&r%%&ﬂ% T& ;@gg’?&@&{a?ﬁ Iiyrgéfg/& p %%8 g}}b&h i d

over ni ght , bvfésrand dNTPs | 26 pMpnﬂmsrarfdugatnchmte(dételﬁh@latanNAm/em used 1maxjoecthnoe|ce
with sterile e nd suspended in Q.1 M 30lij.thiumacetate 6.0. T
hundred pi W&PV@L}B ?ﬁtu'ieﬁé ‘&%T“F“%'ﬁ?sé@?‘?s%"@ﬂﬁlﬁé?%“ Hex denspsing f“@%'j‘ow"‘g cycle:
2010/ 00552644 £44S2Q093AQI8PC forldfser; 53°NC 8 308€c PIRIE Rirds BIW) aA@ 1Y hhiAR

(10-20 pig), incubated for 10 mi nutes at roomterrperature and mxed with 1
M of 50% PEC fedowed hy aH8 Greubdtiohf er . The suspen5| ons were further

i ncubat.ed for r r.00 erature. followe m nut es heat shock
ot Cao 1B ol 5 SRt n P Elek IR g e R RS fsthdb RS EodTR, oo
base, 2% gbpifificed folrQQpéagélknemhoma M'slﬁbﬂaﬁ]edmﬂ)n’ﬂmlA QIO‘(EF) gurd 18)SEQNANt S
appeared after 3-4 days of incubation at 30 C. Three isolates from

the pYLA(IB21)2)t FaH#erﬁftth%W“Stﬂlm@eSCh%’@F &f ke masonds RELHYKE L ka p YLI(KZ1)
t f P t
S0l at es 1 ru HERARR kTR AR i pHR e BT LEAPRY ARIGES

YEP7 nedi uproiridfci¥aespecivebis ipaastnted h Brgpteolte, Cqttirol p(l)a)srradis in0hivh b maingkfactor

Cells from 10 culture were caollected b entrifugation, resuspended
in3 M of g"f‘}eég’}ﬁ%@ﬁ mseriesd iggdere o @p 1spprene Sg’&‘?‘é% &2 re, plso cepstrugied| s wer e

i ncubat ed @f?ﬁr@'lgﬁtanatISFﬁom tenperature with gentle (60 rpm shaking.
| soprene con in the headspace of these vials was anal yzed by gas

chromat ogr aphy Asiimgandesing pexeduesan be usest lockpresas pdplac (RdpadisialbeEx dlvpldes 1.

Al'l 15 transfo nt s ot ned WA YLAICZ and pYLI (1 CZ1) ce
eadi Ty doP R EPERG KR LGPt o PEAEELEETaf PoRlE 1i°éf5?ils 4Rt S oyinet,
i soprene WBseAgt@0bBdPluArat DE3,AB3ABIAMEA sREwh heplcgefa I'D{SE IRING: 18RI AYi ng
phytase gene instead of an isoprene S}r/]nt hase gene
20  construction scheme for the generatlon the plasmlds pYLA(POP1) and pYLI(POP1)
carrying synthetic poplar isoprene synthase gene under control of XPR2 and ICL1

promoters respectively is presented in Figure 18A and B.

I1. Production of isoprene by recombinant strains of Y. lipolytica.

25 Vectors pYLA(KZ1), pYLI(KZ1), pYLAMAP29) and pYLI(MAP29) were
digested with Sacll and used to transform the strain Y. lipolytica 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

30 lithium acetate, pH 6.0. Two hundred pl aliquots of the cell suspension were mixed with



Exanpl e 7: Production of isoprene in E. coil expressing kudzu isoprene

synt hase and 20idi, or dxs, or idi and drs |I. Construction of vectors
encodi ng WOaaw/aos2pr ene synt hase and idi, or dxs, or idPCans$2ao0380r t he
production of isoprene in E. coli 25i) Construction of pTrcKudzuKan The bl a
gene of pTrcKudzu (described in Exanple 1) was replaced with the gene
conferring kananycin resistance. To renove the bla gene, pTrcKudzu was
digested with BspHI, treated with Shrinpl kaline Phosphatase (SAP), heat
killed at 65C, then end-filled with Kl enow fragment and dNTPs. The 5 kbp

| arge fragnment was purified froman agarose gel 30and ligated to the kanr
gene whi c hlirtearzédaes as G N Aol ticad 10120mgh,GReublatedt for 10 MOR@e I8t mgm tg¥Dperature

)

GATCCGATCGH, T AOGNAGRPe b SENIIRvNPEY5) 2 milh sk shidku gl 1 1 and

Pvul , and end fill ed A transformant Cal’l’%l ng a plasmd conferring
kananyci n €elsi werathee ylpvd oRSEzhikiey plass (67 Borey “éifpg_eAb@%tzgi’ aklIﬁgse 100

e i Bost B ot ieh Oplsulink AFERTD: [RalorRARE Bk i PR TR,

was |igateght@ a PCR product encoding idi fromS. cerevisiae with a

synthetic 10RBS. The primers for_ PCR were il-YIDI 1 F 5! -
CATCAATGCAT se%@gﬁmx!\mxm@&é{ apyaRen 1 Bireaisalassiirom e 1 R 5 -

ggﬂg%g%ﬁ%&% 155 b frof the%AdﬁAwmrﬁ{s%fﬁ%oﬁ and two

CR product was digested wwth Nsil and Pstl and
gel puri figdlafesifiem the pYIgaVIARL9) Thesfoimgmionoverergsavy ﬁ)r\ﬂéshoursansmmdlum 0

kanamBi n’ (BVERLEEh 2% BrRinedl v e Tos: § tﬁabaﬁﬁaﬁa@s& e Lo
resul ting RERIMIECHEAS eahhg%aﬁaﬁ Cr&lﬁ,wide@hﬁ B @)of (FelsB WS a¥dl paséd3nto- 15 i )

Construction of pTrcKudzu S Kan Plasm d pTrcKudzuKan was digested with
Pstl, treasasel aip wiaBAThendals were insubatediovsanighiog spomitergperpturéayithgeptde €9 to a

PCR pr oduct rr?) %glgl 2 gls%)ﬁe rcgmeﬁ[ 1nCtRJ-: heéﬂsﬁ&e%f L bf?aﬁé \ga%lyzed by gas
chromatography using mass-spectrometric detector as described in Example 1. All
15 transformants obtained with pYLA(KZ1) and pYLI(KZ1) produced readily detectable
amounts of isoprene (0.5 pg/L to 1 pg/L, Figure 20). No isoprene was detected in the

headspace of the control strains carrying phytase gene instead of an isoprene synthase gene.

Example 7: Production of isoprene in E. coli expressing kudzu isoprene synthase and

20  idi, or dxs, or idi and dxs

I. Construction of vectors encoding kudzu isoprene synthase and idi, or dxs, or idi and dxs

for the production of isoprene in E. coli

25 i) Construction of pTrcKudzuKan
The bla gene of pTrcKudzu (described in Example 1) was replaced with the gene conferring
kanamycin resistance. To remove the bla gene, pTrcKudzu was digested with BspHI,
treated with Shrimp Alkaline Phosphatase (SAP), heat killed at 65°C, then end-filled with
Klenow fragment and dNTPs. The 5 kbp large fragment was purified from an agarose gel

30  and ligated to the kan" gene which had been PCR amplified from pCR-Blunt-II-TOPO using



The primers for PCR were MCM 3 5' -
GATCATGCATTCGCCCTTAGGAGGTAAAAAAACATGAGL111 GATATTGCCAAA TACCCG (SEQ I D NO
18) and MNObR41031055268ATGCTGCAGT TATGCCAGCCAGGCCTTGAT ( SEQ PDTNS20020)389aNnd t he
tenpl ate was 25E. colt genomic DNA. The PCR product was digested with Nsil
and Pstl and gel purified prior to ligation. The resulting transformation
reaction was transforned into TOPIO cells and sel ected on LA with kananycin
50 ps/m . Several transformants were isolkted and sequenced and the
resulting plasm d was call ed pTrcKudzu- DXS(kan) (Figures 36 and 37). WD
2010/ 005525PCT/ US2009/ 003897 - 116 - iv) Construction of pTrcKudzu-yl1Dl -dxs
(kan) prirpdits MON22-5) 1 GA(ICRA GEAT A GESGAATT GECIRGCTG (S5Q Ha N@1#) 8ab,

cori dxs MR S5iaREEEE Ao TEARRACAIRT R ANERAGEEEL TRERIS)? =
T AT A AP ERAGTTERT GAEARTSRa\ark 14s8HQ 1D
NO 18) and 45" - CATGCTGCAGT TATGOCAGCCAGGCCTTGAT (SEQ TD NQ 19) ;

tenpl at e TcomfePriog khndmyeii odsistrande REKailzpdsand o agiselrctrg on Leheompainingand gel
purified. The fin |,asm d was cal |l ed pTrcKudzu-yl1DI-dxs (kan) (Figures 21
and 225. 1'64?)”’@8“‘?1%?%@'% of pCL PtrcKudzu A fragment of DNA
containing the pronoter, structural gene and term nator from Exanple 1
above was digested from }IJ‘TrcKudzu usi ng Sspl and gel purified. It was

| i gat ed t oiipConstptianiof RTFAdBBADHKgBst ed with Pvull, treated with SAP and
heat killed. The resulting ligation m xture was transforned into TOPI O

cells and sel ecf;?x@ldgﬂén R8¢ aii%egte@wltﬁ%ﬁ?&wwdhrsmmgmd ameyar al

cl ones were isofate sequernced and two were sel ected. pCL PtrcKudzu and
pCL Pt r cKuprifigdAd) whsligatedito a RERrproduct epgokng igi fromehtcatdvésnee With gyeibetic

38-41) . vi tructio CL r.ck Dl The Nsil-Pstl digested, gel
puri fi18d, #BSO Pé‘t’i‘ﬁﬁ@ﬁ%?@?&'ﬁfe(ﬁl&?‘;'%i\jeﬁ as |igated 20i nto pCL PtrcKudzu
whi ch had pagit AhIESEICGEETTAA GCAGGRARK A AR AHTGATGEEED NO-16pshd Fstb
ligation m xture was transforned into TOPIO cells and selected in LA

cont ai ni ng YSREt R Feo MBI TCBOCAGIGACCEEFGT TATA S (SERAD; NOt e and e
sequenced and . the resulting pl e N | (RPN FQuUr es
32 ana 43) R S REE bR BTSN, e ek Bigyft Vel iedted
Pstl and gel purified prior to ligation. The ligation mixture was transformed into chemically
15 competent TOP10 cells and selected on LA containing 50 pg/ml kanamycin. Several
transformants were isolated and sequenced and the resulting plasmid was called pTrcKudzu-

yIDI(kan) (Figures 34 and 35).
iii) Construction of pTrcKudzu DXS Kan

Plasmid pTrcKudzuKan was digested with Pstl, treated with SAP, heat killed and gel

20 purified. It was ligated to a PCR product encoding dxs from E. coli with a synthetic RBS.
The primers for PCR were MCM13 5°-
GATCATGCATTCGCCCTTAGGAGGTAAAAAAACATGAGTTTTGATATTGCCAAA
TACCCG (SEQ ID NO:18) and MCM 14 5’-
CATGCTGCAGTTATGCCAGCCAGGCCTTGAT (SEQ ID NO:19); and the template was

25  E. coli genomic DNA. The PCR product was digested with Nsil and PstI and gel purified
prior to ligation. The resulting transformation reaction was transformed into TOP10 cells
and selected on LA with kanamycin 50 pg/ml. Several transformants were isolated and

sequenced and the resulting plasmid was called pTrcKudzu-DXS(kan) (Figures 36 and 37).



WO 2010/ 005525PCT/ US2009/ 003897 - 117 - killed. The ligation m xture was
transfornmed into TOP 10 cells and selected in LA containing spectinonycin
50 ji g/ MwoSewawai2scl ones were isol ated and sequenced amdTiuse0mm83shT i Nng
plasmd is called pCL PtrcKudzu DXS (Figures 44 and 45). 5I1. Measurenent
of isoprene in headspace from cul tures expressing kudzu i soprene synt hase,
idi, and/or dxs at different copy nunbers. Cultures of E. coil

BL21( XOE3) previously transformed with pl¥sni ds pTrcKudzu(kan) (A),
pTrcKudzu-yl DI kan (B), pTrcKudzu-DXS kan (C), pTrcKudzu-yLDI - 10DXS kan
(D) were grown in LB kananycin 50 jig/nth. Cultures of pCL PtrcKtul zu (E),
pCL Pt r cKuigz Congi@ictiPo o€ KlicKndg-DIDI-8)s &ao) pCL Pt r cKudzu-DXS (G were grown
in LB spectinonycin 50 gg/nL. Cultures were induced with 400 ji MIPTG at

ime 0 (0D600 ' 0.5). and ken [far | . head
measur enent (scblERAHAT yimdlas ke SRRy BARaNGln SRSEREESHRATIRECT,
pTr cKudzu- pirpleddAswhKigated\@sa PORR6AIEEndoding £-.cotiQlxds with' BdymtiRtid REY/ (primers

transformation. The resulting strain BL21/pTrc Kudzu DI DXS was grown
over ni ght MEMB &ont ai ni ng kananycin (50 jig/ml) at 20C and used to

i nocul gte 035,?@;% ('ééiﬁc‘l’icé Q&ﬁﬁ%&?ﬁ%’/}f}/gcgm/&@.‘T‘%‘T%MZA?T@CCAAA

MySO4* 7 H2 citric acid nono ate, ferric ammoniumcitrate,
3.2 g (NHAPSOCCH(SEQ D11 8pand MINM 1450 ml 1000x Modified Trace Met al

cont ai ni necAi eeee A TRECAG EARkptoa TsEbD Na B smelmsct S8 o. o
v T eachegbipifich Wl kG 1490k A TR pSHRRL e ke

various tines after induction and the anmount of isoprene in the head space
was neasuredled pToadowsizihdDI-dxs Bseanffigures 2ResdiP2s are shown in Figure 23H 25
[11. Production of isoprene frombiomass in E. co/i/pTrcKudzu yl DI DXS The

strai n,BL2 T u X ested for the ability to generate isoprene
from '?Plree%@%désgl%%&?&b‘lg@n%gﬂ%g%%sse, corn stover and soft wood pulp with
gl ucose as a control. Hydrolysates of the bionass were prepared by

enzynmati c hydr oAysigmenBoDIMIA toraaidinglfio pgatqterRstruct@abgendrinld tet@inatar froas say
%Eg?goggg%g%??leg%égq& Eyleggé%gtg(ri] rrflg1f ;Ig’frackuggu l?s],cing ¥\;9)1 and gel purified. It was ligated
to pCL1920 which had been digested with Pvull, treated with SAP and heat killed. The
resulting ligation mixture was transformed into TOP10 cells and selected in LA containing
15 spectinomycin 50 pg/ml. Several clones were isolated and sequenced and two were
selected. pCL PtrcKudzu and pCL PtrcKudzu (A3) have the insert in opposite orientations
(Figures 38-41). '

vi) Construction of pCL PtrcKudzu yIDI

The Nsil-Pstl digested, gel purified, IDI PCR amplicon from (ii) above was ligated
20 into pCL PtrcKudzu which had been digested with Pstl, treated with SAP, and heat killed.
The ligation mixture was transformed into TOP10 cells and selected in LA containing
spectinomycin 50 pg/ml. Several clones were isolated and sequenced and the resulting

plasmid is called pCL PtrcKudzu yIDI (Figures 42 and 43).
vii) Construction of pCL PtrcKudzu DXS

25 The Nsil-Pst digested, gel purified, DXS PCR amplicon from (iii) above was ligated
into pCL PtrcKudzu (A3) which had been digested with PstI, treated with SAP, and heat



Li gnocel | ul osi ¢ Bi omass”) and used at a dilution based upon gl ucose

equi valents. In this exanple, glucose equivalents were equal to 1% gl ucose.
A si ngl e wol2oriyof326m a pl ate freshly transfornmed cel | s eCTBRIS2009(00E53)
pTrcKudzu yl DI DXS (kan) was used to inoculate 5 m of LB plus kananycin
(50 iig/ml). The culture was incubated overnight at 25C wi th 5shaki ng. The
follow ng day the overnight culture was diluted to an 0D600 of 0.05 in 25
mM of TMB and 0.2% YE and 1% f eedst ock. - IThe feedst ock was corn stover,
bagasse, or softwood pul p. G ucose was used as a positive control and no
gl ucose was used as a negative control. Cultures were incubated at 30 C

wi t h shakikiledt THldgatipmmiXhee ewak tnansgfomaad imonTOB1 @ deliscandGB0®dand.Avhen it

hed Do of -0.8, cul lyzed at Oand 3 h
oo one prbhoo boeumaE g Seba ks ot Se s ol B
Al cul t ur@suigRppRiMIdE catisesCL PRERUASKDRSOUSRed SPRHESM. equi val ent to

those of the glucose positive control. Experinments were done in duplicate
and are shown in Figure 46. |V. Production of isoprene frominvert sugar in
E co/i/pTrcKudzul D1DXS 15A single colony froma plate freshly transforned

of LB 3na Tangiymery BYROPHAET, Kedigbock i Pt Bk S AL DB e o

C wi t h shakldi,agd/of tes dtalifferantngpgaypntbess. over ni ght culture was diluted to an
0D600 of 0.05 in 25 m of TMB and 0.2% YE and 1% f eedst ock. Feedstock was
gl ucose, inverted glucose or corn stover. The invert sugar feedstock

20( Dani sco | nvechnstdaf . MBS RRBESHplRYicREs YRt iorakd With a&dnidg sucrose
syrup. AFEX corn stover was prepared as descCribed below (Part V). The cells

wer e gr ownpEreKsdzutkamdAd el reKndzu-yiiap (B TiekasdruedXbHan (CheplooKudeueyDI-

reach a 00,+0.8-1.0 (0O . The | tures r d [ owt h
o rodllur RS0 RO Eish e Opiinitad iamyei Sk, CUlgs, BERCK BRE Al B0
and 3 hourscL ResKLdA, L. BskidzuyIBI gBY @ dHCL Plec RudZdrBRS! (@)ivadte gfown in LB
hydr ol ysate from APEX pretreated corn stover AFEX pretreated corn

st over wasSRSBHRAMIn PO Bain-c Rulbures pest Bdnerst wigh 400 8M IREG at time OdOepeat nent
o . ; $ ) . |
Chen ai 1 RSty 3) B bdinpids BTN GBreHdpdipacd Aladtberred Thoe TR MM £2

3021. 27% Résnlts aretshotva infFiglrei@3A-28G xyl an in the AFEX pretreated corn
stover,_were 31.7% \ 010/.005 PCT/ US2009/ 003897 . - 9 - and 19 1% (dry
basi s)I? respect]zk?gpmﬁrﬁéug%bfﬁil?ﬁsié‘é‘?|‘?5?§ iptreduced ‘%gzighfsgla‘l“o‘%kz,ll‘@b g of
AFEX pr et 1 @aseshnfafbh. TB@Y&GMM@%U%MQZI/PT& RudMADTID XS 33K gYbwih overflighPin LB M
sodiumcitrate buffer pH 4.8, "2.25 ml of Accellerase 1000, 0.1 nml of

G i ndany| ¢¢nedinihDkanaroycin ySGing'sd) ar ¥3CandfusehtoAnparafe shaks filasgeof TH3 (13.6 g

br ead- maki 'ng tr];ﬁ:_rﬁ n? 2 g%(gi*?lf I ter.. The 5 fl ask ut. in an
orb tal shagars dnd § KHubGead aMEBeTPhprad Balibc aobchenyiiite- e Rfe,
from the shakhivanéeitranalLzedNiyhSQ,, 0L Eyealhexthydnal in$ 2060 MIvdHiddeTraédMet/ 1
of glucose, 21.8 gfl of X¥I ose, and 10.3 g/ 1 of oligoners of glucose and/or
xyl os&0 Solution, adjusted to pH 6.8 and q.s. to H,0, and filter sterilized) containing 1% glucose.

Flasks were incubated at 30°C until an ODggo of 0.8 was reached, and then induced with 400

pM IPTG. Samples were taken at various times after induction and the amount of isoprene

in the head space was measured as described in Example 1. Results are shown in Filgure

23H.

25
III. Production of isoprene from biomass in E. coli/pTrcKudzu yIDI DXS
The strain BL21 pTrcK.udzuIDIDXS was tested for the ability to generate isoprene
from three types of biomass; bagasse, corn stover and soft wood pulp with glucose as a

control. Hydrolysates of the biomass were prepared by enzymatic hydrolysis (Brown, L and

30 Torget, R., 1996, NREL standard assay method Lap-009 “Enzymatic Saccharification of



VI. The effect of yeast extract on isoprene production in E co/i grown in
fed-batch culture 10 Fernentation was perforned at the 14-L scale as

previ ouslwoademaosizéd with E. coli cells containing the pTralkea2003seDl DXS
pl asm d descri bed above. Yeast extract (Bio Springer, Mntreal, Quebec,
Canada) was fed at an exponential rate. The total anobunt of yeast extract
delivered to the fernentor was varied between 70-830 g during the 40 hour
fermentation. Optical density of the ferhhtation broth was neasured at a
wavel engt h of 15550 nm The final optical density within the fernmentors was
proportional to the amount of yeast extract added (Figure 48A). The

i sopr ene |legabdcellnlasiveBioffasgiasnd nsah 4t laalilugombased npom gludesecequi vedchtasIn this

reviously described. The isoprene titer, jncreased over the course of the
P e ment ot | SRR Gcse/RvAISTE Ercssiel §11% s cA st rAd e 4 Hadr |
propor ti ongéshiyoriMforAidR ¢Blls 8f BEL2H (IVERSITIEKLAACYIDI T Y r(@aré&ﬁs)s-usé’&a\{hbeulate R

Production of i soprene in 500 L fernentation of pTrcKudzu DXS vyl

500 |iter §wodpEhBalusokangmygin (S6IMg/mabl [The ghltyre avag urcubated syeavightsy A h@eth S,
cerevigi ae Loa 1 DX ucl ej. i i Al Tr dzu
dxs yidi ) 1Bking S fe Fofiang HRY G lcflien Aelufies s Bfthda BHAloBARRPb BT 25

0 pro I'sopre I'sopfene vari éd from
50 to 300 ¢rarM3 ané .29 YB@EndoEbifestistick 2 Thé fdedstosk wak comestdas) isagadsel dre
average isoprene concentrations, the average flow through the device and

the ext entSoHvacd ytre féluspeakeiissd gh 2 POFE vaRIUTR aBd np ghisPemwa Bicddéted was
cal cul at edneggti@eec&%;.oefhﬁaw%r&%cg%aéec{ga%gw&ﬁf?@éﬁé#%! @%@gﬂﬂm&e 120

- VIIl. Production of Isoprene In ernmentati on grown in
f ed- bat ch wad monicorké rOD e engphep érredched an OBsppoft-4t 8, anltmediwery andkpida@d 17. 5

0. 50 10y e Chraler P PToBHRMAB AFT BB i BEATRE ol CUBPO DAL YAl |
of the cONRARERESs ¥&tSinARARded AGALIAEK pﬁﬁlﬂcéﬁsé?@hé’@@ibﬂeﬂi tbl2fose DRk Siaéaski on
was aut ocl aved. The pH was adjusted to 7.0 with amonium gas (NH3) and g.s.

to vol une. p@itieonatreld Experimeats were dopicin duplicaie apd d@reathomsi inthiguradpe added
after sterilization and pH adjustnent. 101000X Modified Trace Met al

Sol uti on: Citric Acids * H20 40g. MhSO4* H20 30 g, NaCl 10 g, FeSO4*
7H20 1 g, BoPrdbuiddoflisaprent oA inver2hgir i@, E. QoS Tre RAEAIDOOX8Y, H3BO3 100
ng, NaMb04* 2H20 100 rrq Each conponent is dissolved one at a time in DI

H20, AP to 3.0 Misineleealpnatipm 4 Plate fgeshly wansiosmerheclinef BLPE ADEDATPiudey
w E E % 230 TSRS gkdggﬁ{ag iuﬁtgriﬁﬁéemﬁ& ISQRL WRE BRAENIAR AR Ycih 5@ ngAlin LThE eaiRget or
was incubated overnight at 25° C with shaking. The following day the overnight culture
was diluted to an ODggp of 0.05 in 25 ml of TM3 and 0.2% YE and 1% feedstock.
Feedstock was glucose, inverted glucose or corn stover. The invert sugar feedstock
20 (Danisco Invert Sugar) was prepared by enzymatically treating sucrose syrup. AFEX corn
stover was prepared as described below (Part V). The cells were grown at 30° C and the
first sample was measured when the cultures reached an ODggp ~0.8-1.0 (0 hour). The
cultures were analyzed for growth as measured by ODggg and for isoprene production as in
Example 1 at 0, 1 and 3 hours. Results are shown in Figure 47.
25
V. Preparation of hydrolysate from AFEX pretreated corn stover
AFEX pretreated corn stover was obtained from Michigan Biotechnology Institute.
The pretreatment conditions were 60% moisture, 1:1 ammonia loading, and 90 °C for 30

minutes, then air dried. The moisture content in the AFEX pretreated corn stover was

30 21.27%. The contents of glucan and xylan in the AFEX pretreated corn stover were 31.7%



pTrcKudzu yl DI DXS plasm d. This experinent was carried out to nonitor

i soprene formation from glucose and yeast extract at the desired

f er ment atworzop03s26 and tenperature 30C. An inocul um of PET/US@é09/08389AI N
taken froma frozen vial was prepared in soytone-yeast extract-glucose
medium After the inoculumgrew to OD 0.15, neasured at 550 nm 20 m 20
was used to inoculate a bioreactor containing 2.5-L soytone-yeast
extract-glucose nmedium The 2.5-L bioreatt%r was grown at 30C to OD 1.0 and
2.0-L was transferred to the 500-L bioreactor Yeast extract (Bio
Springer, Montreal, Quebec, Canada) and glucose were fed at exponenti al
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foll ows. Four genes of the nmeval onic acid b| osynt hesi s pat hway; neval onate
ki nase (MK), phosphoneval onate ki nase (PMK), diphosphoneval onte
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10was anpl ¢dis @entain@hg fhe pIr¢ K 6Oy TDS DR pliabihid dekeritidd dpeve. Weas edescngaaﬁ such
that an E. colt consensus RBS (AGGAGGT (SEQ I D NG 80) or AAGGAGG ( SEQ

NO 81)) waSpringser¥enfresl, Quabes; Canada) wanfsd @pan exponewial rae. Ebﬁ#@talﬁwtaﬁd a
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204508D) The MK gene was | i fi eg.fro t he chr onosone . of cerevisi age
usi ng 18r i ne?&nmy/AbE fingl 09&@@@&? WEEPIRPPTIANET ﬁ‘l"ﬂ”'@é MEEPY D
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(1370 bp) s ident ctro hore5|s through.a 1..2%

Uit ogelmeniaian ke ity 556 PRRRtRY aee Praed by Ty Piiberipngbio

desi gnat edieMitShnt JihRd et Bk dadd \FighreBT)di gested with Sad and Taq |
restriction endonucl eases and the fragment was gel purified and |igated

into PPrcHi s2B digested with Sad and BstBI. The
VII. Production of isoprene in 500 L fermentation of pTrcKudzu DXS yIDI

A 500 liter fermentation of E. coli cells with a kudzu isoprene synthase, S. cerevisiae
IDI, and E. coli DXS nucleic acids (E. coli BL21 (\ADE3) pTrc Kudzu dxs yidi) was used to
produce isoprene. The levels of isoprene varied from 50 to 300 pg/L over a time period of
25 15 hours. On the basis of the average isoprene concentrations, the average flow through the
device and the extent of isoprene breakthrough, the amount of isoprene collected was

calculated to be approximately 17 g.



25resulting plasm d was named pTrcMKI . The second gene in the

nmeval oni ¢ aci d bi osynt hesi s pat hway, PMK, was anplified by PCR using
primers: WobhtoREERSR (5' - GAATTCGCCCTTCTGCAGCTACC, SEQ | PCR@S2®@)p/oassd7 Bsi HKA
| -PMK1 F (5' - CGACTGGTGCACCCTTAAGGAGGAAAAAAACATGTCAG, SEQ I D NO 24). The
30PCR reaction was perforned using Pfu Turbo pol ynerase (Stratagene) as per
WO 2010/ 005525PCT/ US2009/ 003897 - 122 - manufacturer's instructions. The
correct sized product (1387 bp) was dige$?®d with Pstl and Bsi BKI and
ligated into pTrcMWK | digested with Pstl. .The resulting plasm d was naned
pTrcl CK. The MVD and the idi genes were cloned in the sane manner. PCR was
carried ouvVIiiFroductioe of isopsme pa 506 LAstmienkdionlof . coli grown in fed-batch culture

(5" - GTGCTGGAA' TTCGCCCTTCTGCAGC, 5SEQ ID NGO 25) and Nsil-MWD 1 F (5' -
GTAGATGCATGCAGAATTCGCCCTTAAGGAGG, SEQ ID NO 26) to anplify the MVD gene and
Pstl-YI D Meﬁ%u&?Re%%mB AHeadAgsC, SEQ ID NO 27) and Nsil-YID |
F (5 - CATCAATGCA GGTAAAAAAAAATGAC, SEQ I D NO 28) to l1l0anplify

t he yLDI gene. KoHBOn2. 5 MaSQnb7HIP2igs eitie acié mpmebydiats 2 £ {SFHEBBONIURA s

o usaa: Pl by veptisXlabt € 1SURRORRARIE O MeldtRol Bion N IARIGETRY et
Nsi | - CLI Dl cdmgoniehts-weed 28 TICEAREGEHAWISE A GEIAROARACATIE  015R@s hidodavaD) .

Tenpl ate DNA was chronosonal DNA i sol at ed bk/ t;ngard met hodsﬁrom .~ colt
FVM6 (WO 1BhoHasmadiusicd a0 Quoh romaguen eih B AR VRS PRSI0 at ed

by Teterents, rtnﬂetkfﬁ’qo FHh cftﬂtﬁﬁo iPREl BRIt Wil RafGPRRASH l@jus@nal | On of

nucl ei ¢ ac The asm s were nanmed pKICIIly for the construct
encodi ng the yeast idi gene or pKKDI c for the construct encodi ng the E.

coli idi gene. transfornmed into E co/i hosts BL2lI for
subsed@ent 100X b'qué&dlaﬁra%ﬁ@m%asg’é W9he i soprene synt hase from kudzu was
cloned into 20p6§tg|: %«ydsy* Fﬂzgw@% NRSO] FHRROR) };qla@ 10 g, FeSOlre7HowArg, 6L, *
pat hway was al so cloned into pTrc containing a kanamycin antibiotic

resi st ance6He®@HKeg, Zn$he *pitéhl @, @ﬁ@Kf(@HyOvlﬁg g, dbBQsd O0Rime, Nadep; ct%’@ﬁ 100
endonuc] Cases E}ﬁ@cgﬁsgﬁ% tldlSéOl ecf%n% Q%n{e 1?(&@@%&"@—? oS Bt g@l/‘?fkﬂl Inen’o

agar ose E— usi n Icatlon It accordi ng
to t he mangfsaetvolehe SncﬂﬁltéﬁdtémtﬁedmmOThmmbﬁﬁmed pTrcKudzuKan, descri bed

in Exanple 7, was digested with restr|c6 gaendonuclE?eS.Ag | and Pst%
and the 3338 bpFe 10 wesRealonmAg 18 haOVLAigreagias Wi - CPR Gelfs Rt nife 348
E-gel usin 8}‘]35“‘9‘3@9% %Eyﬁ'df '1%?4 riffleht wlmréé’@éuttte &t isopfeéagnent

and the 59 ment were |1 gated using the Roche
Qui ck Li gatf¢mraubn froml Qlacd)Semtll)@astmv(ltawasﬂterdmlséd)ﬁCHBdntathpH 7.0 and tempeRIt@e

cells and 30tranformants e grown at 7Coern| wth sel.ection on
cont ai ni ng RdnafPdneruiyn 0% ?@?W%@S@?E %ﬁt)‘?f%?reparfgén S%’B??ﬁlye%@he
transf or m@&&aé@%ﬁ(&o‘é@ﬁkaiuﬁﬂj R¥tef ﬁ%ﬁﬁé&ldr@@r&nm ol 5esdds@rrdangds@ns, paml
frozen as a st l'asm d was desi gnated pTrcKanl Cl CDly.
20 was used to 1noculate a bioreactor containing 2.5-L soytone-yeast extract-glucose medium.
The 2.5-L bioreactor was grown at 30°C to OD 1.0 and 2.0-L was transferred to the 500-L
bioreactor.
Yeast extract (Bio Springer, Montreal, Quebec, Canada) and glucose were fed at
exponential rates. The total amount of glucose and yeast extract delivered to the bioreactor
25  during the 50 hour fermentation was 181.2 kg and 17.6 kg, respectively. The optical density
within the bioreactor over time is shown in Figure 49A. The isoprene level in the off-gas
from the bioreactor was determined as previously described. The isoprene titer increased
over the course of the fermentation (Figure 49B). The total amount of isoprene produced

during the 50 hour fermentation was 55.1 g and the time course of production is shown in

30  Figure 49C.



H. G oning a kudzu isoprene synthase gene into pTrcKanl CKDIy 5The kudzu

i soprene synthase gene was anplified by PCR from pTrcKudzu, described in
Exanpl e Iwousiomgsisi ners MCMbBO 5' - PCT/US2009/003897
GATCATGCATTCGCCC TTAGGAGGTAAAAAAACATGTGTGCGACCTCTI CTCAA TTTACT (SEQ I D

NO 31) and MCMB3 5' - CGGTCGACGGATCCCTGCAGTTAGACATACATCAGCTG (SEQ | D NO 32).
The 10resulting PCR fragnment was cloned into pCR2.1 and transfornmed into E.
coli TOPIO This fragnent contains the bt ng sequence for kudzu isoprene
synt hase and an upstreamregion containing a RBS fromE. coli.
Transforrnants were incubated overnight at 37 Cwith selection on LA

cont ai ni ngExampler§: dPrddiucti¢n 0f Rgpnéne inTh ol expesssingkawzuiisuprehe synthasezgdent
was verified &,sa%q ang tagl'és strain was desi gnated MCMB3. 15The

pl asmi d frEEPEPMA QALINARYPLENSt h restriction endonucl eases Nsi |
and Pstl to liberate a 1724 bp insert containing the RBS and kudzu i soprene
synt hase. The 1724 bp fragnent was separated on a 1.2% agarose E-gel and
purified usChepingthedpwera Va@epathwayfi cati on kit according to the

manuf agturer's 40s ctions. Pl ' j ith th
restri gt ion end%rﬁeucllrage efg@f’ [",ngtei E'gqut%eegmvﬁq'g% géﬁ%ﬁ%ﬁﬁ%ﬂ%@%@% \g ug eg%l
20pur i f i edthesievalohiteacld BigeyntiSR wdtiazy pndvialonatEén 3k ASTWK), phosphodevalosapr ene

synt hase encodi ng{{ DNA fra%gent were |i %at ed usi ng t he. Roche )gJi_Ck Li gati on
kit. The 1¥gaeiBNIER; divhasphomenalogtefeqaidnryase @4Y P) sepisepenienyd dipitpsphate

Lransf or Tagb SeEL Sl Gefk SHBRALONY PaR (A SHLdbyiSaL EflorRRofl DS B AbLNg

Kananyci n at e correct transformant was verified by restriction
di gesti on iadividualy pitashm pCREBIunidksTQRatpasnpd (hkkKidygek). IMasonxakésy theadi gheand

25) . i I i.d. t . d int 2 DE3 | | l. AT
opr e pPesTER s o Al ShBrsemeR DR offe i Sourh gerianed el Tk an it

| ower nmeval@hseriad RBEYATGIA GEPP(SEE IS W 8056r AAGG AGUZ(SEQ ID NO:81)) was
Strain BL21/ pTrcKI | kI SKan was cul tured in MOPS nedi um ( Nei dhardt et al.,

30(1974) 1 mswrtedrat mgt%wni,l@bg gpstregm) ofgh¢ stertegdemagdp Psd sisgwas aggndanshn 2d
with 0.5% 0, 97. - : 0%

nmeval oni ¢ fgl\céf)cfh %k%%n‘??%ﬁﬁ%‘%] ﬁ%ggr\%abgp%%s%mstg%Bﬁf)c%giléjngg(ﬁgre‘%ﬂﬁégﬁ ehre

condi t i onspdivaywhdhassembled. addi ti on of 0.5% meval onic acid. The culture was
started froman overnight _seed culture with a 1% i nocul um and_induced with

500 113M 1 FTG vwhbiemasemal PNg Homadl creexisieS B8 Cormorbtaped fram ATE A

oul tur es vgsBogho iR Gel tls SHIHASBH RO ChShRbmLBE SPEAYSHE A

f
i soprene was analyzed 3 urs after 1 nduction by using t spacg assay
descri bed prnmésMPKEF (5’- AGRAQGOGH AAANAAACA TG TC ATIACEGCTRETE ANCIXTCOGC,

nnol / Lbr ot hy,, wh i_.s the volume of broth and includes both
B 0RA9H Y1) UhERRVk BePLR (55

t he vol une
ATGGCTGCAGGCCTATCGCAAATTAGCTTATGAAGTCCATGGTAAATTCGTG,

20  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 pZeroBLUNT TOPO. The resulting plasmid was designated pMVKI1. The
plasmid pMVKl was digested with Sacl and Tagql restriction endonucleases and the
fragment was gel purified and ligated into pTrcHis2B digested with Sacl and BstBI. The

25 resulting plasmid was named pTrcMVKI1.

The second gene in the mevalonic acid biosynthesis pathway, PMK, was amplified
by PCR using primers: Pstl-PMK1 R (5’-GAATTCGCCCTTCTGCAGCTACC, SEQ ID
NO:23) and BsiHKA I-PMKI1 F (5’-
CGACTGGTGCACCCTTAAGGAGGAAAAAAACATGTCAG, SEQ ID NO:24). The

30  PCR reaction was performed using Pfu Turbo polymerase (Stratagene) as per



cell medium and the volunme of the cells. The control culture not

suppl enented with neval onic acid did not produce neasurable isoprene. 10

| V. C oniwg@ 2vbtoenosgzser MVA pat hway The upper neval ecatus2@wo83801 het i c
pat hway, conprising two genes encoding three enzymatic activities, was

cl oned from Enterococcus faecalis. The nvaE gene encodes a protein with the
enzymatic activities of both acetyl-CoA acetyltransferase and 3-hydroxy- 3-
15met hyl gl ut aryl - CoA (HVG CoA) reduct asel?%+he first and third proteins in

t he pat hway, and the nvaS gene encodes second enzyne in the pathway,

HMG- CoA synt hase. The nvaE gene was anplified fromE faecalis genomi c DNA

( ATCC 700802amfadtunei’s nstmcionsc dThe coimoctssiand ppdiugt (P8 itipe was digesteg addr Psthand
front using. fol.| owi n i : 07-60 (+ art of aE.w RBS + ATG
Start coddpiaRiandlieses MeREMAVE: Fhesiednte itk KA renfros e pasrertdaT G
(SEQ | D NGBAKKCTHRMED find thE ii%ei¥eele@16hea$h Wil AmRBSarirer PRERBER Giried ' 111
ATCAATCCCAATTGTCATGTTTTTTTACCTCCTTTATTGL fin CTTAAATC (SEQ I D NO 35) 25The
mvaS gene W gsiagthe prirger paisAsE-MMNIRE R (55-GRGEROE ABNRTC THOBOLRGE, wi t h
a RBS and (N5 9> 0 ey /A rent using the follow ng prinmers: CF
07-61 (+) %gﬁ%éﬁg%‘%nygl N lﬁé%’i n between 5' - GA'l

11 AAGAAAAGEPA SATERAGEGANBAAN SBCOATRXGE ARG TFEQ AD(NBQ6) 1> MNepih)tha 0CF

07-102 (-), End of mvaS gene Ba/l] WO 2010/ 005525PCT/ US2009/ 003897 - 125 -
5~ CacAT MU I A EPACTIC R FAAERABSTRAS SRR B A THXID
fragment s ngre) hig it vantine(swi th PCR using the follow ng priners: CF
07-60 (+) Start of nvaE w S + ATG start codon Sad 5'

- GAGACAT GAGST CAGAGBCAALAKNE ASKAYAARTGE ACSEEQIID NO: 283 o

10 amplify the yIDI gene. In some cases the IPP isomerase gene, idi from E. coli was used. To

amplify idi from E. coli chromosomal DNA, the following primer set was used: PstI-CIDI 1
R (5’-GTGTGATGGATATCTGCAGAATTCG, 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

15  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

20  pKKDly yielding plasmid pKKDIyIS.

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

25  instructions. The plasmid pTrcKudzuKan, described in Example 7, was digested with
restriction endonucleases Apal and Pstl, and the 3338 bp fragment containing the vector was
purified from a 1.2% E-gel using the Qiagen Gel Purification kit. The 3338 bp vector
fragment and the 5930 bp lower MV A pathway fragment were ligated using the Roche
Quick Ligation kit. The ligation mix was transformed into E. coli TOP10 cells and

30 tranformants were grown at 37°C overnight with selection on LA containing kanamycin (50



CF 07-102 (-) End of nvaS gene Bglll

5' - GACATGACATAGATCTTTAGT TTCGATAAGAACGAACGGT (SEQ I D NG 37) The fusion
PCR fragmeotowzmssari fied using a Q agen kit and di gest @dTwiSeévowhzs97
restriction enzynes Sad and Bglll. This digested DNA fragnment was gel
purified using a 10Q agen kit and ligated into the commercially avail abl e
vector pTrcH s2A, which had been digested with Sad and Bglll and gel

purifi ed. The ligation nmix was trah¥formed into E co/i Top 10 cells
and col onies were selected on LA and 50 itg/mcarbenicillin plates. A total
of six colonies were chosen and grown overnight in LB and 50

gg/ m car bewg/mi)l IThe temsfopnastyivese wenified tyolestrietionienzyineadigesfioaged oke tvas Tioeen

pl asm ds were digested wi.th Sa(!\(%ﬁ.and (Egjrlgqtgmck for inserts and one
correct plB&iFknadelamif ey disignatediETregen “prinmers: CF 07-58 (+)
Start of nvaE gene 5' - ATGAAAACAGTAGITATTATTGATGC (SEQ I D NGO 38) CF 07-59

(-) End of mvaE gene 20 5' - ATUTTATTGL111CTTAAATCATTTAAAATAGC (SEQ I D
NO: 39) CF Ip7Cigring-a)kudew isopese syribasgegeae Hito pTreKanEAPIGCGATTGATAAAATTAG ( SEQ

ID NO. 40) CF 07n8 . i ne 5 - TTAGTH CGGT ( SEQ
ID NO 21) 25CF U‘f?’%&fzg‘ i%%%g"é‘%& A SRSl apiplifibAf) P G ATC (SEQ
| D NO. 42) dacribdSil BxnpBelusigerimers MEMSD 5- TTGCCAATCATATGATTGAAAATC ( SEQ
D NO43) CF 07-88 (1) Sequence in, mak 30 & . CCTATGCTITOATTAGATOCTTATOG
(SEQ | D NGATFATGCATTCECCCIFAGGAGETAAAAAAACATGTGTGCEACCTCTTICTCAA
TTTACT (SEQ ID NO:31) and MCMS53 5'-
CGGTCGACGGATCCCTGCAGTTAGACATACATCAGCTG (SEQ ID NO:32). The

10 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. coli. 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.

15 The plasmid from strain MCM93 was digested with restriction endonucleases Nsil
and Pstl 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

20  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

25 (Figures 24 and 25). This plasmid was transformed into BL21(ADE3) cells (Invitrogen).

ITI. Isoprene production from mevalonate in E. coli expressing the recombinant lower
mevalonate pathway and isoprene synthase from kudzu.
Strain BL21/pTrcKKDyIkISKan was cultured in MOPS medium (Neidhardt e al.,
30 (1974) J. Bacteriology 119:736-747) adjusted to pH 7.1 and supplemented with 0.5%



WD 2010/ 005525PCT/ US2009/ 003897 - 126 - CF 07-89 (+) Sequence nvaS 5' -
GAAACCTACATCCAATC11-1-1 GCCC (SEQ I D NG 45) The plasm d call ed

pTr cH s2AWpperoRasirday#l was correct by sequenci ng and waETAISRec0sIsoT ned
into the comrercially available E. coli strain BL21. Sel ection was done on
LA and 50 pg/mcarbenicillin. Two transformants were chosen and grown in LB
and 50 ps/nmL carbenicillin until they reached an Maio of 1.5. Both strains
were frozen in a vial at -80 Cin the pré%‘b‘nce of glycerol. Strains were
desi gnated CF 449 for pTrcHi s2AUpper Pat hway#1 in BL2l, isolate #1 and CF
450 for pTrcH s2AUpper Pat hway#1 in BL21, isolate #2. Both 10cl ones were
found t o bgheose andi6hi% owivalpnigresrd. af abytzedultyte Wisalsasgt op uskmgeddwitalPat hway

into pCLI920 ... Th | asm d.pTrcHi s2AUpper Pat h was, di gested wi.th the
Fostr ot crondiiags ey wiladh TR0 S0, S mBRRS AT nf Rl Y stimel shohn
pTr c- mvaE- geasighttdesd E@debre Wethd DALiRGculrh lafd ifdused WaB T80 LM IPEGRienttAdciife
not translated. This blunt ended 4.5 kbﬁkfragment vvaségurl fied froma 1.2%

E- gel usi nepdimaechel ag &P el (3t PiSe dihesnitiies were grepmas 3AYF it aking|ag 330

erded, §.2 B, AT AR PR MR- SRES ARy OGO grRSh
puri fyi ng dpacensaayl deribedyiel Exisiplg 1t Max@nageprodsdtioRwf i Sopeeici vaas 661 x 10he t wo

fragnents were |igated using the Rqoche Quick 20QLigatio it and transfaqrmnmed
into TOPI O"Bﬁ‘é‘rnoergPpng’BbH‘ﬁéﬁe&ﬂothd%F es‘(OI"FP%ﬂé?TB lﬁcw?%ﬁ’%@%&‘f%ﬂmﬁﬂﬂ

cont ai ni NGcHARESLMAMUGhEVAIRMRFIE dells ATRE LERAJI cGRURHOt ¥espIéHentd ligd by

screening for the presence of the insert by PCR The plasm d was desi gnated
pCL Pt r cUppevdbantinacig did-noppreduczoneasdraBle)isopgénd. . St rai ns expressi ng t he
conbi r:{lsd Upper and Lower Meval onic Acid Pat hways To obtain a strain
W th conpl ete nmeval oni ¢ aci d pat hway plus kudzu isoprene synt hase,

pl asm ds pilv.ad6kkY ke dpprrvena patHwal cUpper Pat hway were both transfor ned
into BL21(7,..DE3) conpetent cells (lInvitrogen) and transfornmants were

sel ected on LA Temepnennmeyaleangijesynthedo Ppwa) coaisigaing gemey engpdimthree
P ) TG LR SLEIAASEIEEFH R 0 RiEPbe SAbbisckl
2010/ 00552prdteTrt WHRAROEITRGE actilitids of bl ackegl-Qoa taectylahif2vase and 3-hydroxy-3-
15 methylglutaryl-CoA (HMG-CoA) reductase, the first and third proteins in the pathway, and
the mvaS$ gene encodes second enzyme in the pathway, HMG-CoA synthase. The mvaE
gene was amplified from E. faecalis genomic DNA (ATCC 700802D-5) with an 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
20 5’ - GAGACATGAGCTCAGGAGGTAAAAAAACATGAAAACAGTAGTTATTATTG
(SEQ ID NO:34)
CF 07-62 (-) Fuse mvaE to mvaS with RBS in between
5 - TTTATCAATCCCAATTGTCATGTTTTTTTACCTCCTTTATTGTTTTCTTAAATC
(SEQ ID NO:35) |
25 The mvaS gene was amplified from E. faecalis genomic DNA (ATCC 700802D-5)
with a RBS and spacer from E. coli in front using the following primers:
CF 07-61 (+) Fuse mvaE to mvaS with RBS in between 5’-
GATTTAAGAAAACAATAAAGGAGGTAAAAAAACATGACAATTGGGATTGATAA
A (SEQ ID NO:36)
30 CF07-102 (-) End of mvasS gene Bglll



VI1. Production of nevalonic acid fromglucose in E. co/i/pUpperpat hway

Si ngl e col onies of the BL21/pTrcH s2A-nmvaE/ nvaS or FMb/ p pTrcHi s2A-

5nvaEl mvagoanw/dosesul ated into LB and carbenicillin (10@CRg/sedop/oessd7 ar e
grown overnight at 37 C with shaking at 200 rpm These cultures were
diluted into 50 M nmediumin 250 m baffled flasks to an 0D600 of 0.1. The
medi um was TM3, 1 or 2% glucose, carbenicillin (100 ug/m) or TM3, 1%

gl ucose. hydrolyzed soy oil, and carbeni t331in (200 ug/m) or TMB and

bi omass (prepared bagasse, corn stover or switchgrass). Cultures were grown
at 30C 10with shaking at 200 rpm for approximately 2-3 hours until an Dom
of 0.4 vvasS’r-é?e?dh@’ﬂGAﬁAThGs%T@THFAGﬂHT@Cp%'EAéﬁﬁﬁflﬁé‘mfﬁﬁé}TnﬁSdaQ HD@E)'W)

construct was i.nhd by the addi.ti ner e
i ncubat ed for %ﬁéﬂé y%"gsrwgfﬁ f 3%&&%‘? w@ éﬁélgmtg lﬁg RBH’FrS
interval s @poﬁ quuy s&ﬁ%fmmmgs -iaAd'G:thﬂc@donZ?-th36 and 48 hours as
needed. Sanp A@ﬁwas done d/ﬁrermw of culture, neasuri ng the 0D600

bol 1 oti ng Thé FaTaAGer G OCEAAAI NG TGO AAACARAAT

anal yzsng StE(%ﬁﬂ on| c acid. A 14 liter fermentation of E coI i
cells With el ds encodi ng Enterococcus faecalis AA-CoA thiol ase,
HMG- CoA sy@QFiase®? (@ﬁd—dﬁf&ﬁﬂﬁg&newgﬂﬂase pol ypepti des produced 22 grans of

[ ack of theebciieachaas BRGF iEcATREo AR LG SRR MO-FT°

20LB medi um andTddmglod e fragmeRewaEhdriffed dsiigt Q?agwmt a;malge.@@a%m @e of

mevalonic acid In these strarns indicated that the MA pat hway was
f unct i onal restmiction emdyimes S¢tl and Byl8d idt$ digesséd D@@pfrearaemtrm gel puofied &Q&a

25The Dol | Giaeiy KEAR P AR T SpoB PN alleS TP LRGN Wbl iees

conbi nat i ofigedéd WitR St e dCBYTITRNG gpﬁrimdjpper and Iovver MWA pat hway and the
kudzu i soprene Séent hase gene as descri bed above and the plasm ds containing

the idi, dxs, h&atmnmx.wﬁr%ﬁ@rwﬁﬂma&cgleﬁes 198y arvb%plpwewafﬁm e 7.
The host ¢ eléc%edjcﬁ'\eﬂA B%o&%@mf ﬂﬂ@ﬁ{?‘?nk t&fx?gn( f‘?%g?on?e@,q’vérgghosen and

transfornations were done ods ransformants wer
30sel ect edgomwnlovegaghtdn hBaami 50p aﬂaagbemmlﬁﬁ@ndfgl/asﬁﬁdsoverkmdaargd:usmg)h us

Conerbr at (RebRASANGBIHmIds WEEEBEs RS S AT PRLpccchorkdor it gne
AL s o st 5e S eyl
CF 07 58 (+) Start of mvaE gene
5" - ATGAAAACAGTAGTTATTATTGATGC (SEQ ID NO:38)
CF 07-59 (-) End of mvaFE gene
20 5 - ATGTTATTGTTTTCTTAAATCATTTAAAATAGC (SEQ ID NO:39)
CF 07-82 (+) Start of mva$ gene
5’ - ATGACAATTGGGATTGATAAAATTAG (SEQ ID NO:40)
CF 07-83 (-) End of mvaS gene
S’ - TTAGTTTCGATAAGAACGAACGGT (SEQ ID NO:41)
25 CF 07-86 (+) Sequence in mvaE
5’ - GAAATAGCCCCATTAGAAGTATC (SEQ ID NO:42)
CF 07-87 (+) Sequence in mvaE
5’ - TTGCCAATCATATGATTGAAAATC (SEQ ID NO:43)
CF 07-88 (+) Sequence in mvaE

30 5 -GCTATGCTTCATTAGATCCTTATCG (SEQ ID NO:44)




S5MCML31 - pCL1920 and pTrcK1CDyl kl S (kan) in BL21(XDE3) MCML25 - pCL Upper
MVA and pTrcH s2B (kan) in BL21(X DE3) G own on Kananycin (50 ig/nl) MCM64
- pTrcKudwO 2910BI05DPXS (kan) in BL21( XDE3) 10 MCMBO - pTr eKuamsaoo0lessy7 i n
BL21( XDE3) MCML23 - pTrcKudzu yl DI DXS DXR (kan) in BL21(X. DE3) The
above strains were streaked fromfreezer stocks to LA and appropriate

anti biotic and grown overnight at 37C. A single colony fromeach plate was
used to inocul ate shake flasks (25 nml LBl%nd the appropriate antibiotic).
The flasks were incubated at 22 C 15overni ght with shaking at 200 rpm The
next norning the flasks were transferred to a 37 C incubator and grown for
a further @r97/89un3Sequehcsamakt ng at 200 rpm The 25 ml cultures were

it :
and the appropAAt CCRAAT e AT Rt aR s E I NRAEE o Ut ed 1 nto 25
LB, % gl ucose, and the appropriate antibiotic to an 0D500 of 0.1. Two

flasks for each strain were set up, one set for 20induction with | PTG (800
uM the second Tl phasmiduailed pduadlis?AWpeerRathwayitls wak e@iTech BhiBeRUSHCIAL aBF B34 t h

shaki ng at 250 r ) set _of .t | 2 .
ot TR e e B 2 Gy BAO P SYRGLE was aifl GRS
the 0D600 ymss il cabemiollih hEwatbmsforaints sepr @set aidgrownad 138 ankese pglodd

in Exanple 1. Results _are presented in Table 3. The anouynt of isoprene, pad
i s present eabepicitlinaundihdhayireaghed aB Qaxofbyr Baticiiays ‘Y‘HFL%{%@‘ Hu# f’ﬁag?fl'gﬁ &ee

strain. Ri2{rS309s Q3B eki gnatedTF 4 -HD AUIpHES #1
| soprene mtégﬁ%%§§?%ﬁé&s§r g%%sog%é%g&(%ggn-%?gr?;rﬁﬁl (§D %ngfzhgmg
MCMb4 in BL21, isolate #1 and CF 450 for pTrcHis2AUpperPathway#1 in BL21, isolate #2. Both

10  clones were found to behave identically when analyzed.

V. Cloning of UpperMV A Pathway into pCL1920
The plasmid pTrcHis2A UpperPathway was digested with the restriction
endonuclease Sspl to release a fragment containing pTrc-mvaE-mvaS-(His tag)-terminator.
15  Inthis 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 Pvull, 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
20  Ligation Kit and transformed into TOP10 chemically competent cells. Transformants were
selected on LA containing spectinomycin (50 pg/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).

25 VL Strains expressing the combined Upper and Lower Mevalonic Acid Pathways
To obtain a strain with a complete mevalonic acid pathway plus kudzu isoprene
synthase, plasmids pTrcKKDylkISkan and pCLpTrcUpperPathway were both transformed
into BL21(ADE3) competent cells (Invitrogen) and transformants were selected on LA
containing kanamycin (50 pg/ml) and Spectinomycin (50 pg/ml). The transformants were

30  checked by plasmid prep to ensure that both plasmids were retained in the host. The strain



289 MCML25 ND MCML31 Trace MCML27 874 ND:. not detected Trace: peak present
but not integrable. 5 I X Analysis of nevalonic acid Meval onol act one
(1.0 g, MO wmio§s26 CAS# 503-48-0) was supplied from Si graTAISdeoobEseY , USA)
as a syrup that was dissolved in water (7.7 nL) and was treated with

pot assi um hydroxide (7.7 mml) in order to generate the potassiumsalt of
nmeval oni ¢ acid. 10The conversion to nevalonic acid was confirnmed by ill NWR
anal ysis. Sanples for HPLC anal ysis wereldtrepared by centrifugation at
14,000 rpmfor 5 mnutes to renove cells, followed by the addition of a 300
p.1 aliquot of supernatant to 900 gl of H20. Perchloric acid (36 gl of a
70% sol ut i was)desigaateth MCMIAZd f ol | owed by mi xing and cooling on ice for 5

m nutes. The sanples were then centrifuged again (14,000 rpmfor 5 mn) and
t he 15supernatant transferred to HPLC. Meval onic acid standards (20, 10, 5,

1 and 0.5 Gﬁ'—]?*rou@étﬁmnﬂeﬂé\/faﬁﬁué Reill M@ n® @Bosean M. 06li/pBPpipaihsvagf neval onic
acid (20 uL injection volune or ned b EC usi ngJ a Bi oRad Am nex

87- H+ col umm ( 3¥oglmeoippicr.of t Lal}gﬁféfdilsﬁwvg fwaserENpe phcHisgn-o. 6
B Ly e Je
Const r uct i 31 ©ivithRRakipg &r 260G, ONedse bvburpa vbiwadilueat inton 5@ g1l atddoum iim 280 ml
BaOL IS Stathid havks to am OB o1 0.l medim BTV D P34 fode! caBBeREI
(100 ug/ml) or TM3, 1% glucose. hydrolyzed soy oil, and carbenicillin (100 ug/ml) or TM3
and biomass (prepared bagasse, corn stover or switchgrass). Cultures were grown at 30°C
10 with shaking at 200 rpm for approximately 2-3 hours until an ODggo of 0.4 was reached. At
this point the expression from the mvaE mvas$ construct was induced by the addition of
IPTG (400 uM). Cultures were incubated for a further 20 or 40 hours with samples taken at
2 hour intervals to 6 hour post induction and then at 24, 36 and 48 hours as needed.
Sampling was done by removing 1 ml of culture, measuring the ODggo, pelleting the cells in
15 a microfuge, removing the supernatant and analyzing it for mevalonic acid.

A 14 liter fermentation of E. coli cells with nucleic acids encoding Enterococcus
faecalis 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

20 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 MVA
pathway plus kudzu isoprene synthase.

25 The following strains were created by transforming in various combinations of
plasmids containing the upper and lower MV A pathway and the kudzu isoprene synthase
gene as described above and the plasmids containing the idi, dxs, and dxr and isoprene
synthase genes described in Example 7. The host cells used were chemically competent
BL21(ADE3) and the transformations were done by standard methods. Transformants were

30  selected on L agar containing kanamycin (50 pg/ml) or kanamycin plus spectinomycin (both



WO 2010/ 005525PCT/ US2009/ 003897 - 130 - The upper pat hway from Enterococcus
faecalis is integrated into B. subtilis under control of the aprE pronoter.
The upperwpavtivmys2sonsi sts of two genes; nvaE, whi ch en®cuams2600/00384CT and
HMGR, and nvaS, which encodes for HMSS. The two genes are fused together
with a stop codon in between, an RBS site in front of nvaS, and are under
the 5control of the aprE pronoter. A termnator is situated after the mvak
gene. The chl oranpheni col resistance mar k& -is cloned after the nvaE gene
and the construct is integrated at the aprE | ocus by doubl e cross over

usi ng fl anking regi ons of honol ogy. Four DNA fragnents are anplified
by PCR sucit atdoatentiatgn ob5Q pg/mlpyvBlateavgse groann atid7f Gal Thewesuiting stoaibewertesed
together by a PCR r g tion. PCR arrpllflcatlons are carried out 10using

Her cul ase %“*81%‘??89%@0 goc‘,”csor ding to manufacturer's instructions. 1. PaprE CF

07- 134 (+)GRvaién RE din PluURMpkeindisicin BO- COchY GCAGCTCCAI 1 11 CTTCTGC ( SEQ
| D NO 82) 15CF 0n7 QZM usgmlgapan ton ﬁsvauEé% k8]

CAATAATAACI‘M@YITQz7 wtpTrc KKy kEE(kanpimBLABPDFSpp| at e: Baci | | us

subti | & C@F@m}f‘ mvakE to the aprE -
pr onot er S a;?é {03206 %dﬁwgﬁﬁ&%ﬁ@wmmmaAamﬁAﬁe
(SEQ I D NCM@MIZH: BOE 6ppér MVAIaed pVadHit2B (RaaBSivBLDL(RBE3) n bet ween 25 5' -
TTTATCAATCCCAATTGICATA TI TI TI ACCT CCT TTATTGA 1 | | CTTAAATC (SEQ I D NO 35)

Tenpl ate: Enterococcus faecalis chronmosomal DNA (from ATCC) 303. nvaS
Grown on Kanamycin (50 pg/ml)

MCM64 - pTrcKudzu yIDI DXS (kan) in BL21(ADE3)

10 MCMS50 - pTrcKudzu (kan) in BL21(ADE3)
MCM123 - pTrcKudzu yIDI DXS DXR (kan) in BL21(ADE3)

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

15 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 ODggo of 0.1. Two flasks for each strain were set up, one set for

20 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 ODggo 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

25 production for the particular strain.



WO 2010/ 005525PCT/ US2009/ 003897 - 131 - CF 07-61 (+) Fuse mvaE to mvaS with
RBS i n between 5,- GATTTAAGAAAACAATAAAGGAGGTAAAAAAACATGACAATTGCGATTGATAA A
(SEQ | D N@D26)0/00F5287- 124 (-) Fuse the end of nvaS to thecTarsmabize7 5' -
CGGGGCCAAGECCGAE | 1111 | | AGTTTCGATAAGAACGAACGGT (SEQ 1D NG 85) Tenpl at e:
Ent erococcus faecalis chronosomal DNA 4. B. anyliquefaciens al kaline serine
protease term nator CF 07-123 (+) Fuse the end of nmvaS to the term nator
5' - ACCGTTCGTTCTTATCGAAACTAAAAAAAACCGGCCH2PGGCCCCG ( SEQ ED NG 86) CF 07- 46
(-) End of B. anyliquefaciens termnator Banil-I1 5'-
GACATGACGGATCCGATTACGAATGCCGICTC (SEQ I D NO 63) Tenpl ate: Bacillus

anyl i quef aci ens chronosonmal DNA PCR Fusi on Reactions 5. Fuse nmvaE to nvaS

CF 07-93 ( fys to he a ter GIG start codon) 25 5'-

TTAAAAGGA@MA%&&@ MEEG | D NO 84) CF 07-124 (-)

Fuse the [eighioT VR JeﬁeégﬁL /lEF/@Bt 5' -
GGOCGGT T[T TTTTAGHTT¢ TAAGAACGAACGGT (SEQ 1 D 30NQ 85)

MCM50 | 23.8
MCM64 | 289
MCM125 | ND
MCM131 | Trace
MCM127 | 874
ND: not detected

Trace: peak present but not integrable.

IX. Analysis of mevalonic acid
Mevalonolactone (1.0 g, 7.7 mmol) (CAS# 503-48-0) was supplied from Sigma-

Aldrich (WI, USA) as a syrup that was dissolved in water (7.7 mL) and was treated with
potassium hydroxide (7.7 mmol) in order to generate the potassium salt of mevalonic acid.

10  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 pi aliquot of supernatant to 900 pl of HO. Perchloric acid
(36 ul 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

15 supernatant transferred to HPL.C. 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 mIL/min with refractive index (RI) detection. Under these
conditions mevalonic acid eluted as the lactone form at 18.5 minutes.

20
Example 9. Construction of the upper and lower MVA pathway for integration into
Bacillus subtilis
I. Construction of the Upper MV A pathway in Bacillus subtilis



WO 2010/ 005525PCT/ US2009/ 003897 - 132 - Tenplate: #2 and 3 from above 6.
Fuse nvaE-nmvaS to aprE pronoter 5 CF 07-134 (+) Start of aprE pronoter Pstl
5' - GACATMODGTABOFREATI TI CTI CTGC (SEQ I D NG 82) CF 07- 122CfA)S20008e389he end
of mvaS to the term nator 10 5'-

CGGGGCCAAGGCCGGTITTTTTTTAGT TTCGATAAGAACGAACGGT (SEQ I D NGO 85) Tenpl ate #1
and #4 from above 157. Fuse PaprE-nvaE-nvaS to termnator CF 07-134 (+)
Start of aprE pronoter Pstl 5'- GACATCTAGCTCCATMCTTCTGC (SEQ | D NO 82)
20CF 07-46 (-) End of B. anyliquefaciens term nator BanmH 5'-
GACATGACGCGATCCGATTACGAATGCCGICTC (SEQ I D NO 63) Tenpl ate: #4 and #6 25The
product is di geBleauppear pathwey front Enterosendoefaedabs seintdgsated BaorBl sisgmidislundert ed

to pJMLO2 (Per M 1993. Integrational vectors for genetic ni. pyl ati on
1 Baci || onEabeh the GprEsprogioseis S dperpitpwa EERisty o Brhe gl g R
Losi ck ( edenkodddast AACST SMPHMGR, #i0neUs) Shidf HBbRAToE HVEGHATHE tivd genes are

bi ochem stry, physiology, and nol ecul ar genetics. Anerican Society for
M cr obi ol ofyyed tpgethemyitib A stop. aodpn jihbetweerns ad iR sitedinvrant oPgwpBaand are gudas he

1 gati on | g, LoalShor IR L S E €3 R 10 EREIR B mbgEREE el | s and

chloramphenicol resistance marker is cloned after the mvaFE gene and the construct is

integrated at the aprE locus by double cross over using flanking regions of homology.
Four DNA fragments are amplified by PCR such that they contain overhangs that
will allow them to be fused together by a PCR reaction. PCR amplifications are carried out
10 using Herculase polymerase according to manufacturer’s instructions.
1: PaprE
CF 07-134 (+) Start of aprE promoter Pstl
5’- GACATCTGCAGCTCCATTTTCTTCTGC (SEQ ID NO:82)

15 CF 07-94 (-) Fuse PaprE to mvaE
5’- CAATAATAACTACTGTTTTCACTCTTTACCCTCTCCTTTTAA (SEQ ID NO:83)

Template: Bacillus subtilis chromosomal DNA

2: mvaE

20 CF 07-93 (+) fuse mvaE to the aprE promoter (GTG start codon)
5’- TTAAAAGGAGAGGGTAAAGAGTGAAAACAGTAGTTATTATTG (SEQ ID
NO:84)

CF 07-62 (-) Fuse mvaFE to mva$ with RBS in between
25 5’- TTTATCAATCCCAATTGTCATGTTTTTTTACCTCCTTTATTGTTTTCTTAAATC
(SEQ ID NO:35)

Template: Enterococcus faecalis chromosomal DNA (from ATCC)

30 3. mvaS



transformants are selected on LA containing carbenicillin (50 ug/m). The
correct plasmd is identified by sequencing and is designated

pJMJpper paioosy®@52Fi gures 50 and 51). Purified plasm d PRavtssoooedsst or med
into Bacillus subtilis aprEnprE Pxyl-conK and transformants are sel ected on
L agar containing chloranphenicol (5 pig/ml). A correct 5colony is selected
and is plated sequentially on L agar containing chl oranpheni col 10, 15 and
25 ug/mL to anplify the nunber of copiesl%k‘the cassette containing the
upper pat hway. The resulting strain is tested for neval onic acid
production by growng in LB containing 1% glucose and 1% Cultures are

anal yzed b¢FQCZ-Glof) Fhse mrafd txctivehwith RBSY ol katwveeraci d. 10This strain is used
subsequently as a host for the integration of the |ower nevalonic acid

pat hway. Thé following prinmers are used to sequence the various constructs

above. SeqoanatNoA GAIATEASA ATPA KA CGTAGST A AA AXAAEATIG AOAR TIGGOAITRATA A -
GACATCTGCAGCTCCAL 11 1CTTCTGC (SEQ I D NO 82) CF 07-58 (+) Start of nvaE

gene 20 5' A BAEQANNNOADAGTTATTATTGATGC (SEQ | D NO 38) CF 07-59 (-) End of
mvakE gene 5' - ATGITATTA | | 1CTTAAATCATTTAAAATAGC (SEQ I D NO 39) 25CF 07-82
(+) Start of nmvaS gene 5' - ATGACAATTGGCGATTGATAAAATTAG (SEQ I D NG 40) CF
07-83 (-) ERd70R24nVeiusgetrecerial of MviddEd THOSARHAGAACGAACGGT (SEQ I D NO 41) WO
2010/ 00552??%1&(%](8}%%0842 %}8C9C700T’I"1‘T’1"1‘TTAG’ITTCGATAAGAACGAACGGT (SEQID
NO:85)
Template: Enterococcus faecalis chromosomal DNA
10
4. B. amyliquefaciens alkaline serine protease terminator
CF 07-123 (+) Fuse the end of mvasS to the terminator
5’- ACCGTTCGTTCTTATCGAAACTAAAAAAAACCGGCCTTGGCCCCG (SEQ ID
NO:86)
15
CF 07-46 (-) End of B. amyliquefaciens terminator BamHI

5’- GACATGACGGATCCGATTACGAATGCCGTCTC (SEQ ID NO:63)

Template: Bacillus amyliquefaciens chromosomal DNA
20
PCR Fusion Reactions

5. Fuse mvaFE to mva$
CF 07-93 (+) fuse mvakE to the aprE promoter (GTG start codon)

25 5-TTAAAAGGAGAGGGTAAAGAGTGAAAACAGTAGTTATTATTG (SEQ ID
NO:84)

CF 07-124 (-) Fuse the end of mvas$ to the terminator
5’- CGGGGCCAAGGCCGGTTTTTTITTAGTTTCGATAAGAACGAACGGT (SEQ ID
30 NO:8Y5)



- 134 - CF 07-86 (+) Sequence in mvakE 5 - GAAATAGCCCCATTAGAAGTATC (SEQ I D
NO 42) CF 07-87 (+) Sequence in mvaE 5 5'- TTGCCAATCATATGATTGAAAATC (SEQ I D
NO 43) CPwWO2eB8@0652F Sequence in mvaE 5 - GCTATCCTTCATTAGATTSINNDEB9T SEQ | D
NO 44) 10CF 07-89 (+) Sequence nvaS 5' - GAAACCTACATCCAATCYTTI GCCC (SEQ I D
NG 45) Transformants are selected on LA containing chloranphenicol at a
concentration of 5 pg/m. One colony is confirnmed to have the correct
integration by sequencing and is plated-&®2tA containing increasing
concentrations of chloranpheni col over several days, to 15 a final |evel of
25 pigim. This results in anplification of the cassette containing the
genes of interest. The resulting strain is designated CF 455:

pJMupper pat hway#1 X Bacillus subtilis aprEnprE Pxyl conK (anplified to grow
on LA contEF‘HP%&: S%IaBﬁ?gﬁf?rﬁ%ﬁP%V& 25 jig/ml). Il. Construction of the Lower
MWA pathway in Bacillus subtilis 20The | ower MVA pat hway, consisting of the
genes nmvkl, pnk, npd and idi are conbined in a cassette consisting of

f1 anki ng Dbl&usegivafigntaSomapnk prgmeter egi on of the B. subtilis chronosone
(site (gf integration), the aprE pronoter, and the spectinonycin resistance
mar ker “(see Figures 28 and 29). This cassette is synthesized by DNA2. 0 and
i s integrateEo7-n80 (+)Rat bf opEEerncir B3tI subtilis containing the upper MVA
pat hway i ntegrated 25at theqaé;&E | ocus. The kudzu l}i{é%ggene synt hase gene is

expressed réMEASCIGHASSTIGIA BT A HTI IS HR 4D nple 4 and is

transforned into the strain wth both upper and | ower pathways integrated.
WO 2010/ 005525PCT/ US2009/ 003897 - 135 - Exanple 10: Production of isoprene
in E. coil CBQIrEXis(-nBuskltherarxkof menSatoahateemiaatase and P. al ba i soprene

synthase 2'5"k-iq%@%%%x&&;&Q&WEGM%HASTER%%’AE%MCWESEQ D

NO:85)
Template #1 and #4 from above
15 7. Fuse PaprE-mvaE-mvaS to terminator

CF 07-134 (+) Start of aprE promoter Pstl
5’- GACATCTGCAGCTCCATTTTCTTCTGC (SEQ ID NO:82)

20 CF 07-46 (-) End of B. amyliquefaciens terminator BamHI
5’- GACATGACGGATCCGATTACGAATGCCGTCTC (SEQ ID NO:63)

Template: #4 and #6

25 The product is digested with restriction endonucleases Pstl/BamHI and ligated to
pIM102 (Perego, M. 1993. Integrational vectors for genetic manipulation in Bacillus
subtilis, p. 615-624. In A. L. Sonenshein, J. A. Hoch, and R. Losick (ed.), Bacillus subtilis
and other gram-positive bacteria: biochemistry, physiology, and molecular genetics.
American Society for Microbiology, Washington, D.C.) which is digested with Pstl/BamHL

30 The ligation is transformed into E.coli TOP 10 chemically competent cells and



al ba i soprene synthase (i) Construction of strain EW.201 (BL21,

Cm Gl1. 2-KKDyl) E. coli BL21 (Novagen brand, EMD Bi osciences, Inc.) was a
reci pi entwetzneiaes552:0t r ansduced wi th MCMB31 Pl | ysate (| psatus2gwopseed
according to the nmethod described in Ausubel, et al., Current Protocols in
Mol ecul ar Bi ol ogy. John Wley and Sons, Inc.). Transductants were sel ected
for by spreading cells onto L Agar and 20 ttg/ttl chloranphenicol. The

pl ates were incubated overni ght at 30C.- Akl ysis of transductants showed no
col onies on control plates (water + cells control plate for reversion and
wat er and 15PI |ysate control plate for |ysate contam nation. Four

t r ansduct agpdmsfommants prededettadhoh LAswntaning oobemtidlih (50 ug/mBr. ofie cmetc2plasmyidl.id. 1
chl orarrphenl col. The cultures were gro er ni ght 0C wi_th i ng at
500°r pm - TeRigied tysamne T SpsetrelBmRt Srdndiers e shard 2051 v o o,
1.5rnL of me'a”ﬂ&fmla@imqy {rhANESTVEN iRt oCBRMisT BB i ipsE Pk p@émtanmas
resuspended wth 400pl Resuspension Buffer 20(20nmM Tri s, nK/I A, 50nv
NaCl, pH 7u&sfamdnispre selensed orNager chnéeemogz@bma)mmlc&élﬁ%ug/miheAtqwegt wer e

i ncubated a 37C 1.0 e dl i

and 411 o eHered e hathSEseRsoREr T b SR ke Alisrafiferic 16,1,
wer e i ncubgidexs jad/ n@?&amgﬁfylhaﬁumbeﬁmop&k lof thesaksette@sntatriums fherupper paﬂt\Oa)Zml
Phase Lock Light Gel (Eppendorf) and 200}t1 each of saturated phenol
pH7. 9 (Anbi on’ | 'Hle wsxdﬁagéﬁmarl%)feémfgmévaé%aa@e Pragyction By Lrowing ifibBd wel |
and m croc t C th
400111 chl (g(;r?‘tt%hlt]gnqanél u'? Seesaé‘gl ul%'ugﬁrtgégraﬁv@gg? ?%P\g@(;ér irrdgghé,\@%dqﬁg\% (ye*'ppendor f
tube. The gevalonic aBlA was precipitated by the addition of Iml of 100%

et hanqgl and cen |fu ation fo ut es was, washed
i th B "W 20Lhp otiaa s bres BlsgrBoasshost 1 48 HEEs G AaBE 1o R EE B o
was rem)vegglgggh;vw genom ¢ DNA pellet was allowed to air dry briefly. The
genom ¢ DNA pellet”was resuspended with 200111 TE. Using Pfu Utra
Il DNA pol yner atke {ablomangipamels aaetse0onedugncothe yanons eorpiacta abenpl at e, 2
different sets of PCR reaction tubes were prepared according to
S5manufacturer's protocol. For set 1, priners MCML30 and GB Cm Rev (Table 4)
wer e used sgll@néuggnmeamsduct ants were successfully integrated into the
attTn7 | ocus. PCR paraneters for set 1 were 95C for 2 mnutes (first cycle
onl y) ,1595C for 25 seconds, 55C for 25 seconds, 72C for 25 seconds (repeat
steps 2- 4 2 ute. For set 2, primers MVD For and
MWD Rev (Ta Oé/ %46\@?%%%%&%55%%%%%?5&&& the gi 1. 2-1CKDyl 10operon

i nt egr at ed5PGHEATCTEROAGLAIGOARTETTCTACTEHE (SEQADNOBC)f or 2 m nutes (first
cycle only), 95C for 25 seconds, 55C for 25 seconds, 72C for 10 seconds
(repeat steps 2-4 for

CF 07-58 (+) Start of mvaFE gene
20 5’- ATGAAAACAGTAGTTATTATTGATGC (SEQ ID NO:38)

CF 07-59 (-) End of mvaFE gene
5’- ATGTTATTGTTTTCTTAAATCATTTAAAATAGC (SEQ ID NO:39)

25 CF 07-82 (+) Start of mvaS$ gene
5’- ATGACAATTGGGATTGATAAAATTAG (SEQ ID NO:40)

CF 07-83 (-) End of mvaS gene
5’- TTAGTTTCGATAAGAACGAACGGT (SEQ ID NO:41)
30



28 cycles), 72C for 1 mnute. Analysis of PCR anplicons on a 1.2% E-gel
(I'nvitrogen Corp.) showed that all 4 transductant clones were correct

(pi cked owme 2arbostesi gnated as strain EW.201). 15 ii) ComsTruseanmonnmsof Strain
EW.204 (BL21, | oopout-d 1.2-KICDyl) The chl or anpheni col marker was

| ooped out of strain EW.201 using plasm d pCP20 as descri bed by Dat senko
and Wanner (2000) (Datsenko et at, Proc Natl. Acad. Sci USA 97: 6640- 6645,
2000). One-step inactivation of chr onosokdf - genes in Escherichia coli

20K- 12 using PCR products. (Datsenko et al., PNAS, 97: 6640-6645, 2000).
EW.201 cells were grown in L Broth to mdl og phase and then washed three
times in iCEOZ®6d+) Stpenteinmbaly . An al i quot of 50pl of cell suspension was

mxed with_,1111 t I\OR. i xture was el ectroporated
in a 2mm c%v%@%ﬁﬁ@%%ﬂ@ﬁﬁé?é?ﬁ%ﬁ@4§:)1d 25uFd using a Cene

Pul ser El ectroporator (Bio-Rad Inc.). Im of LB was imedi ately 25added to
the cells, then transferred to a 14ml pol ypropyl ene tube (Sarstedt) with a
met al cap.CF 07-87 (+) 8equescensrravall | oned to recover by growing for 1 hour at
30C. Trans{.o 9qg94L1 chl or anpheni col and
5099/ g?car%é%‘?&ggxgﬁt\@%ﬁ?}e‘g&g\%@tﬁgﬁrlﬁ%g'%?f The next day, a single
clone was grown in 10nmlL Broth and 50gg4gl carbenicillin at 30C until early
| og phase. The tenperature of the growing culture was then WO

2010/ 0055 ZEPBTRSEbEIGDEBBaE 37 - shifted to 42C for 2 hours. Serial

di lutions yerTRASCTICATSAGATMRIErAtes (@Eoﬁ?sigt@j?%@ LA plates (no

anti biotic selection), and incubated overnig C. The next day, 20
col oni es were picked and patched onto L Agar (no antibiotics) and LA and

20gg/ gl.chl enigol plates, Plates were then incubated overni ght at 30C.
Cel | sqébl e8%§g§5c§¢> Sﬁq‘if CHiM¥e¥s, but 5not LA and 20g/ 1 chl or anpheni col

pl ates, weseeeREdTACAREE AARCTITPGAMWEG b N@uker | ooped out (picked
one and designated as strain EW.204). iii) Construction of plasm d pEW.230

(pTrc P. al ba) Transformanteparersglected apfL4 ceptaining ¢hlorgmpberipelod iarsgnFasialios ofil ba
i soprene syn S P. , al t r . C. | Par k,
o bated SRS R lcol B8 cbiTEndiS navé BEULE ib@gfoR bY stilfenciniaiugs PO,

synt heti c gleted owdsA certhiaigihomeasing bémreplratons df pidzahdpHehivvhgedt sevetlddaysEND
Bi osci ences, Inc.) and delivered |yophilized (Figures 54, 55A and 55B).

A PCRIP eact final I5yed oh2? reimle d hisreswity infajnplification of the casselis eandaiaing the genes of
al ba HGS) ugi . ]legmj i1 15S,  MeMLBE and
MCML92, an%&?%ﬁe?léﬂ%g@@ﬁ%%tr@gg??ﬁﬁ%@p%ﬁ?ﬁgfpase (§?§ra§%vé e#lr%er% ngcord?%bl?sto
manuf act ur @ rEapgl B yi@wonK (amplified to grow on LA containing chloramphenicol 25 pg/ml).

II. Construction of the Lower MV A pathway in Bacillus subtilis

20 The lower MV A pathway, consisting of the genes mvkl, pmk, mpd and idi are
combined in a cassette consisting of flanking DNA regions from the nprE region of the B.
subtilis chromosome (site of integration), the aprE promoter, and the spectinomycin
resistance marker (see Figures 28 and 29). This cassette is synthesized by DNA2.0 and is
integrated into the chromosome of B. subtilis containing the upper MV A pathway integrated

25 at the aprE locus. The kudzu isoprene synthase gene is expressed from the replicating
plasmid described in Example 4 and is transformed into the strain with both upper and lower

pathways integrated.



PCR conditions were as follows: 95C for 2 mnutes (first cycle only), 95C
for 25 seconds, 55C for 20 seconds, 72C for 1 mnute, repeat for 25 cycles,
wi th finavoertoamnsizen at 72C for 3 minutes. The P. al ba iPsoprsese/ 083sat hase
PCR product was purified using QAquick PCR Purification Kit (Q agen Inc.).
20P. al ba isoprene synthase PCR product was then digested in a 2Qul
reaction containing lul Bspl-11l endonucl ease (New Engl and Bi ol abs) with
21.1,1 10X NEB Buffer 4. The reaction wab33incubated for 2 hours at 37C. The
di gested PCR fragnment was then purified using the Q Aquick PCR Purification
Kit. A secondary restriction digest was perforned in a 20111 reaction
containing 1ttl Pstl endonucl ease (Roche) with 21il 10X Buffer 25H. The

reaction S i ated for 2 hours at, C.,.The di.gested PCR fr ng. was
then pari fEsmple 05 Fipdugfiofaf BRbReR ind Foli EXPTSHARM. Migieh BV pIRBMFE KinEss
(1 nvi tr ogethdPrdlbd isopberit FABRAE i n a 20pl reaction containing ijil Ncol

endonucl ease (Roche), Ittl Pstl endonucl ease, and 2111 10X Buffer H The

reaction was incubated for 2 hours at 37C. The digested pTrcHi s2B vector

2010 055625 iR B Bebusind it cntlhE AP IR CRERdnBE Bnatlivyicuand P
Extract i oralba isopfdnagenthaseFi gure 56). Using the conpatibl e cohesive ends of

BspHI and Ncol sites, a 20mL ligation reaction was prepared containing 5111
P. al ba isoprene synthase insert, 21lilpTrc vector, 1111 T4 DNA |igase (New

Engl and Bi @] @fftruchbnioflstrafFEWIIRI B9 f € GRNSL KOy 1ddH20. The i gation

m xture was 5i ncubated at roomtenperature for 40 mnutes. The |igation
m xture was desakt edi Bl.21 (Navdgag beand, BVED Bnosaiencese bid. W asserecpndnt atvainf i | t er

(MIlipore) in a petri,di dd and _applyin he | igation, m xture
gent | >l/80n %%Eglbcfedt‘ﬂth M(ﬁdgg]eﬂ & SBE?WW%‘%E@/%CE@"% E?rtlhgﬁqem%qrg gribgdipoom
t enper at ur gusuMelVaA&L., QBlrk& (PPER SIS & Mlecular B&@tp?y.gbﬁwwﬁwy 4 Sonsnind)0g phase
and then washed three tinmes in ice-cold, sterile water. An aliquot of

501. 11 of TErahsducGmtssyernseleeredder bii spaehdinig ¢ells ontoll digagand2@ B/ Tr ¢ P. al ba
HGS |i gat i i x, Th | | i i Xt d i

Cuvet t o at TBoBUBEHESl, TRe BT ELVES AR 2L 201 co0rSuS P EaredipRn&or
LB i s i megiciany BAARE dnXohfisl ﬁl‘ﬁlhels %wa&ml@eng @d?ﬁlfo?hfa?éjfotr?e\%rs}réﬁﬁnd water and

pol ypropyl ene tube (Sarstedt) with a nmetal cap. Cells were allowed to
recoveb byPhhwsatkegntralrpl@e fioniysai¢ c@0@ninitiamnsf or mant s were 15sel ected on L

Agar and 501. 1, .1 carbenicillin an OnM, neval ani c_ aci d_angd | bat ed at
300 The next dafourRARYS Meih BefatandREn Buman ot i & Rraitend AP dEinang
50t. tg/p, %rﬁ@JaE@Hbrﬁbél'.! elcdRBRs WEre Qfogwhmto\%}nigﬁ’t%t 36"’@%%&8% St 966 fpm. To
perfornmed on t overni ght cul tures~using Q Aqui ck Spin ni prep Ki

(Q agen) . iDake gemontie DN pops BE 2dchctedrisdudiant for BER gaslysig, pbadrofdsermght cell

nodi fi cati on of washing the in .colums with PB Buff and 20PE_Buf f er
3X was i ncOHyE wERpepptuged She 5 erhﬁ‘a‘H%Ffr&&‘{%HF dawvigh g@%\%ﬂflﬁﬂcna&m- fireﬁg

high 50 (20mM Tris, ImM EDTA, 50mM NaCl, pH 7.5) and 4l RNase, DNase-free (Roche) was
added. The tubes were incubated at 37°C for 30 minutes followed by the addition of 4l
10% SDS and 4pl of 10mg/ml Proteinase K stock solution (Sigma-Aldrich). The tubes were
incubated at 37°C for 1 hour. The cell lysate was transferred into 2ml Phase Lock Light Gel
tubes (Eppendorf) and 200l each of saturated phenol pH7.9 (Ambion Inc.) and chloroform

25 were added. The tubes were mixed well and microcentrifuged for 5 minutes. A second

extraction was done with 400ul chloroform and the aqueous layer was transferred to a new
eppendorf tube. The genomic DNA was precipitated by the addition of 1ml of 100%

ethanol and centrifugation for 5 minutes. The genomic DNA pellet was washed with 1ml



quality plasm d DNA. Plasm ds were digested with Pstl in a 2011.1 reaction
to ensure the correct sized linear fragment. Al 6 plasmds were the
correct swoeosds®hi pped to Quintara Bi osci ences ( Ber kelPey/us@mp/obise7
sequencing with prinmers MCM65, MCM66, EL1000 (Table 4). DNA sequencing
results showed all 6 plasm ds were correct. Picked one and desi gnated
25plasm d as EW.230 (Figures 57, 58A and 58B). iv) Construction of plasmd
pEW.244 (pTrc P. al ba- mMwK) A B8R reaction was performed to
anplify the Methanosarcina mazei (M mazei) MK gene using MCM376 as the
tenpl ate (see section v), prinmers MCML65 and MCML77 30(see Table 4), and
Pfu U tra 70% Elgnan Thklkthpool wes seeovedand theggenemiaDiNgY pélieg was allgwed to air dry

2010/ 005525PCT/ UUS2009/ 00 7 - 139 - manufacturer's protocol. PCR

condi ti ons yeqi@ gFB?’F‘{f\?JS%AQB"é}ef o ?SH*?H‘?U&é}swttgizpélﬂl E:‘g'cl e only), 95C for
25 seconds, 55C 7 ?&%F r : S,
with final exten??@ﬁ%zgigg%%]rqﬁ&%ﬁg{ag%@sfﬁe g)srfaélge%%ﬁ l%?:ge%ﬁ)lg?ﬂgwas
purified usitagplte/qudiffireMGRtSTufiRER eariiontulies wed mgpared accoydingihe M mazei
MVK PCR product was then digested in a 40 act i ont ai nj R1L PCR
produc?,  2BYBRIPreE A dENaEte 9&5%%}1@@@5@@&%@? ,Ccra%qu’igl% e er
4, 4111 10¥ H&Be BafvdudtiflisAe@rd sOlceddhitQinteddiRted 6 R TS ob i YAk ?Qraf&fcr?’
hours at 37C. The digested PCR fragnent was then purified using the

Q Aqui ck PoRsdeurwére OatC dor Kirtinutes Eestaydaronl y)e23°0 for 26 nedtingestS *Wefer p&r f or med

in a 47R1 reaction containing 2Rl Nsil 10endonucl ease (Roche), 4.7Rl 10
Buf fer H, $AeNdsoRy Cofor Brspcaidyfepeat stops dubfor 2&/9)@?%%& 11‘%1’é‘uFeeaFé’cr iSB‘er’(vvas

i ncubat ed i oest r 1 he
purified %ﬁéé\m Yﬁzﬁgréﬁgy@n%ag&%bgccﬁevggﬁsﬁ grlﬁgtfoteﬁgﬁ%ra%\gﬁez%ﬂgmlr action
Kit. Rbasndptrén/ihtcipatedpropet@s PER paiardeté3Ror seedoidro 050 fidrel mimgesl@irk cycle

plasm d, 2Rl Pnel endonucl ease, 411.1 10X NEB Buffer 4,.4pl 10X NEB BSA,
and 20g1 ofnlyuPOTC forys sesensdse $3°6nioRas seepndnAi2ed fel0 scrpds enpat Sors 2-FHar

di gested PCR fra Qi was t.hen purjfie j ng_t he Aqui PCR.Purification
G0 A SecOhakI I Bt DT mipe; Bielidd PO Feple O it 5% R el iraitr

cont ai ni ngc&?.l sRetvkd el anual-feaestard cidnks Were ddifct Efpidited dnd aftd Bdsi haté R

di gested EW.230 |inear fragnment. The reaction was incubated for 3 hours at
37C. The dstrpesESILINER fragnent was then gel purified using a 1.2% E-gel and
extra%ed usi ng the 20Q Aqui ck Gel Extraction Kit (Figure 59). Using the
conpati'bl e cohesive ends of Nsil and Pstl sites, a 20111 ligation reaction
was prepar gyiCesshtuaiion 60SBah/BWL20m¢EBIL2 IMGopoasEIL.2-KIRDyBW. 230 plasnmid, 1Rl
T4 DNA |igase, 2m 10X qu}as,e buffer, and 6R1ddH20. The |jigation m xture
was i ncubated at 1b¢&hlorynphesicol markeryas fegped 4t of strpin EWLGlising Rlaspid was
desalted b g . j A | e, fl | t§;

i sh of ddbBh SatAdid by PASINY ey i (AT0) MBS AN i he N BRS¢

ni t rocel | UUSADEGMI-G6KS, 2000)e OrfecsterBidacti vatibe of chirommeombkganes at HsaheribAingab

ce- cdba,  Kelfvine Hekarodich. nfihsblo ereisa s 53 oRDreis, s FPE IR S e
Wi th SR ofyefles8ivhes Lot & @ d@@gzﬁﬂ\ﬂégah& @3h vARhdl threcliiBes Rl ibe-sHIAPRBSION
m xture was electroporated in a 2nmcuvette at 2.5 Volts and 25uFd using a

Gene Pul sewatr.eAnratiguotaif GOl of R 1DREPIBRBS2BRUREWSA G0 DLICE PEF20-and alge cell

suspension mixture was electroporated in a 2mm cuvette (Invitrogen Corp.) at 2.5 Volts and

25uFd using a Gene Pulser Electroporator (Bio-Rad Inc.). 1ml of LB was immediately
25 added to the cells, then transferred to a 14ml polypropylene tube (Sarstedt) with a metal cap.
Cells were allowed to recover by growing for 1 hour at 30°C. Transformants were
selected on L Agar and 20pug/pl chloramphenicol and 50ug/ul carbenicillin and incubated at

30°C overnight. The next day, a single clone was grown in 10ml L Broth and 50ug/ul

carbenicillin at 30°C until early log phase. The temperature of the growing culture was then



ImM of LB is imediately added to the cells, then the cells are transferred
to a 14ml pol ypropyl ene tube with a netal cap. Cells were allowed to
recover bwogonowios2sfor 2 hour at 30C. Transforrnants wePeTAsk@oweskopn LA

and 50ps/glcarbenicillin and 5mM neval onic acid plates and incubated at
30C. The next day, 6 transforrnants were picked and grown in 5 5m LB and
50gg/ gl carbenicillin tubes overni ght at 30C Plasm d preps were perforned

on the overnight cultures using Q Aquick 3\§’p1n Mniprep Kit. Due to the use
of BL21 cells for propagating plasm ds, a nodification of washing the spin
colums with PB Buffer 5X and PE Buffer 3X was incorporated to the standard
nmanuf act ur shiftesl prd@fCdot 2 hoursaSbra\dilugoms gerequade the cpllaseraithENspreil aswilds
were digested with Pstl in a 20111 reaction to ensure 10the correct sized

li near fr aRJAen{no arwnbééwcfr:let:ﬂ%n)eafpﬂ inshbated Qusraightat 300¢r dbe nextAdayadQcelrnisped

EL1 003, ande ook S Rachts R TN RRE A atfidu® B A MR MeSamphontiil

were corr gﬂhtes PPrates dvedd then ifcubRtdBvelcht Bt 3670, dCak M%ﬁﬁro(v%rgw\%at@s@ band
61A- B) . Construction of plasmd 76 - MVK from mazei archaeal

Lower bBn plE)Tl@’OE)ld 20pg/ul chidremphehiGRplites werddecmedrtaheie theathémramphenieol

Pat hway oper res 13A; C PCR amplifi.e priners MCM 61 and
MOM 62 ( TaB o °B ?Hg} (P‘r‘fge‘ﬂ ﬂz}‘? %'i%%férg" a?ﬁﬁ?ff‘%‘&ﬁb m x. 45 ulL of PCR
M x was cofipCaastritkibh of plabmi€pEWELIB0 (ATHIP. @fbagach primer at 10 uM and 2 uL
water. The reaction was cycled as follows: 94C for 2:00 20m nutes; 30

cycl es of 94C f ofegera@omp smhetmnﬁgncc@hrm’mmdéamre@@@ymbasel(maba

m nut es; 1 hut 4 PCR
enct fon WSSt NEPUESLE] 1P RAZIL I, BonBRt Catisea 88 hapl opliat e
manuf a0t ur gethed Porax. Q@hlexp&ssibn 0T hé byrhdticght OMas ‘ﬁaﬁomrtﬂdirmdliﬁeﬁblhsﬁlﬁld pET24a

I nvitrogen TOPI O cel | and transformants were sel ected on LA/ kanb A
plasmid f r@ﬁvang brAed. &Wa%w%%ceﬁswa?@%d%!h\@r%léomé?c% (Rgyeend e?PA and
resul'ting & MCMB76 (Figures 74A-C). vi) Construction of strain EW251
(BL2I (DE3), (%mGll 2-1 CKDyl, pTrc P. al ba- mwK) MCMB3I cel I's (which
contain chronos oﬁsaﬂ’CRmm;timmtasqpbﬂfoﬁiﬁ(DpJanmﬁfpdier@ dbha sepent symbasggPalibnat e

S00ecar b RS BNEE 7L BrAPELT SRS Coinh RTB MGV 00 MAMCOZfnf

then was heﬁercMQs@ﬁWs%iﬁﬁW&ThHé%@@@tﬁ%@% a'Ccélrﬁl]n ~toMriRadthr@B § pkdiocol.

ice-cold, sterile water. M xed 50R1 suspenS| on with iLLI of pl asm d
EW.244. ThRCBebhdisgspeasiasholdws: (H5ECHars2 ehmucsr(tﬁlpsircacledmilﬁ A5 Zhfor@isetands at

2.5 Volts 5yFd usi.n ne Pul ser ctro at or

Crved at of 35 kdaRd0 tesorile Tear ST T pHeHE e B Belen. Vit ARk T 425G
pol ypropyl ﬁﬁl@. rhinB@s ‘MI‘BQPaalEﬁtl?(g) nﬁ:ﬁ.lsé BC &&@Wa@ﬁﬁﬁﬁ&@u&ﬁ%@ﬁﬁ%u}e}é
growing for 2 hours at 30C rrants were sel ect 01. 1g4t1l
car beni ci IPCRPalmdlCStmn Kﬁ\(@iagnn&ma):l d plates and incubated at 37C. One

col ony _was sel ected and desi strain EW.251. AN Constructi on
of st&gi n E\/\L25653(§|l_’21 g’ Eéé F was ghep ‘égeépgd“ﬁmé)' repstiotL  Upper
MWA) hed
thr be ti mesrURg 1BEE Gl BnRIENE (N BB b8P IR 20F | AR BT BReE RS

1R1 of pl ashe ﬂa&[ﬂbﬁﬂadmb\hb}ﬂtbd for pGouRd 4t GURPeTRatipesyd POROfthgigert. wdsakanl i s
mvaE and nvaS). The cell susEenS| on mxture was el ectroporated in a 2nm
cuvette atPuifisdysineshe QiAguig J’Q%ngﬁ%@t@eﬂ@t PdIsseandanpestEicHap diggslovas | M of

LB was i mTSe%%%Yn gg&ﬁldreE& hc%n?a?mn g pstf]ellic{o%nglegsrer(ﬁ cﬁe% \%thlﬁmllOX Buffer

25  H. The reaction was incubated for 2 hours at 37°C. The digested PCR fragment was then

purified using the QIAquick PCR Purification Kit. Plasmid pTrcHis2B (Invitrogen Corp.)
was digested in a 20ul reaction containing 1l Ncol endonuclease (Roche), 1ul Pstl
endonuclease, and 2pl 10X Buffer H. The reaction was incubated for 2 hours at 37°C. The
digested pTrcHis2B vector was gel purified using a 1.2% E-gel (Invitrogen Corp.) and



pol ypropyl ene tube with a nmetal cap. Cells were allowed to recover by

growi ng for 2 hour at 30C. Transformants were selected on LA and 50tithil
car beni ciwbi2nioenss250p. g/ tt1 specti nonycin pl ates and i nednatseaad3ss7C.

Pi cked one col ony and designated as strain EW.256. WO

2010/ 005525PCT/ US2009/ 003897 - 142 - Table 4: Primer Se uences Priner nane
Primer sequence MCML30 ACCAATTGCACCCGGCAGA (SEQ ID NGO 94) GB Cm Rev
GCTAAAGCGCATGCTCCAGAC (SEQ | D NGO 95) MvDlHor GACTGGCCTCAGATGAAAGC ( SEQ 1D
NO 96) MVD Rev CAAACATGIGGCATGGAAAG (SEQ I D NO 97) MCML82
GGGCCCGTTTAAACTTTAACTAGACTCTGCAGT TAGCGTTCAAACG GCAGAA (SEQ 1D NG 98) MCML92
CGCAT GCAT GKEATEA GG TH QG G AICTECEAAN o SED (Qixgei@) GIgWENBD Using the

ACAATTTCACACAGGAAACAGC (SEQ 1D 1 !VCIVBG
compatible cohesivé end(§)o Bsygl anc? R/)co sites, a 20ul ligation reaction was prepared
g

containing 5ul P. alba isoprene synthase insert, 2ul pTrc vector, 1ul T4 DNA ligase (New
England Biolabs), 2ul 10X ligase buffer, and 10ul ddH;O. The ligation mixture was
5 incubated at room temperature for 40 minutes. The ligation mixture was desalted by

floating a 0.025um nitrocellulose membrane filter (Millipore) in a petri dish of ddH,O and
applying the ligation mixture gently on top of the nitrocellulose membrane filter for 30
minutes at room temperature. MCM446 cells (See section II) were grown in LB to midlog
phase and then washed three times in ice-cold, sterile water. An aliquot of 50l of cell

10 suspension was mixed with 5ul of desalted pTrc P.alba HGS ligation mix. The cell
suspension mixture was electroporated in a 2mm cuvette at 2.5 Volts and 25uFd using 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

15 selected on L Agar and 50ng/pl carbenicillin and 10mM mevalonic acid and incubated at
30°C. The next day, 6 transformants were picked and grown in 5ml L Broth and 50ug/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

20  PE Buffer 3X was incorporated to the standard manufacturer’s protocol for achieving high
quality plasmid DNA. Plasmids were digested with Pszl in a 20l reaction to ensure the
correct sized linear fragment. All 6 plasmids were the correct size and shipped to Quintara
Biosciences (Berkeley, CA) for sequencing with primers MCM65, MCM66, EL1000 (Table
4). DNA sequencing results showed all 6 plasmids were correct. Picked one and designated

25 plasmid as EWL230 (Figures 57, 58A and 58B).

iv) Construction of plasmid pEWL244 (pTrc P. alba-mMVK)
A PCR reaction was performed to amplify the Methanosarcina mazei (M. mazei)
MVK gene using MCM376 as the template (see section v), primers MCM165 and MCM177
30 (see Table 4), and Pfu Ultra II Fusion DNA polymerase (Stratagene) according to



CCAGGCAAATTCTG 1111ATCAG (SEQ I D NGO 101) EL1000 GCACTGICI TTCCGTCTGCTGC
(SEQ I D NG 102) MCMLE6S GCGAACGATGCATAAAGGAGGTAAAAAAACATGGTATCCTUI TCT
GCGCCCGG WHAAGWIDFAECTG (SEQ | D NO 103) MCML77 PCT/US2009/003897
GGGCCCA TTAAACI TTAACTAGACTTTAATCTACTTTCAGACCTT GC (SEQ I D NO: 104) EL1003
GATAGTAACGGCTGCGCTCGCTACC (SEQ | D NGO 105) EL1006 GACAGCTTATCATCGACTGCACG
(SEQ ID NGO 106) MCML61 CACCATGGTATCCTGITCTGCG (SEQ | D NO 107) MCML62

TTAATCTA=CAGACCTTGC (SEQ I D NO 108) -139- Construction of MOM442- 449:
BL21 and BL21(DE3) with FRT-crnR-FRT-gil.x5 m CKDyl i) Construction of
Tenpl ate for Reconbi nation FRT- based reconbi nati on cassettes, and

pl asm ds faniRatiers pesloadl e @R daditivink Werauifollotvs 1950 for Zaniketes (Hpoyde wer e
obt ai ned from Gene Bri dges anl;l (Germany) . 10Procedures using these
materi al s andy)e9%%F for 84 seeandacyiSrdPngd ﬁ@o@h@%ﬁ fergdssepprasotepral f°P?$ r¥sles

LSS o S B R R GRADIRCRERIRT BB
to the using QIAquick PCR Purification K1t (Qlagen Inc.).

5 The M. mazei MVK PCR product was then digested in a 40ul reaction containing
8ul PCR product, 2l Pmel endonuclease (New England Biolabs), 4ul 10X NEB Buffer 4,
4ul 10X NEB BSA, and 22l 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 Nsil

10  endonuclease (Roche), 4.7ul 10X Buffer H, and 40pl of Pmel digested M. mazei MVK
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.
Plasmid EWL230 was digested in a 40ul reaction containing 10ul plasmid, 2ul Pmel
endonuclease, 4ul 10X NEB Buffer 4,_4p,l 10X NEB BSA, and 20l of ddH,0. The

15  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 2ul PstI endonuclease, 4.7ul 10X Buffer H, and 40l 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

20  QIAquick Gel Extraction Kit (Figure 59). Using the compatible cohesive ends of Nsil and
PstI sites, a 20l ligation reaction was prepared containing 8ul M. mazei MVK insert, 3ul
EWL230 plasmid, 1l T4 DNA ligase, 2ul 10X ligase buffer, and 6pl ddH,0. The ligation
mixture was incubated at overnight at 16°C. The next day, the ligation mixture was desalted
by floating a 0.025um nitrocellulose membrane filter in a petri dish of ddH,O and applying

25  the ligation mixture gently on top of the nitrocellulose membrane filter for 30 minutes at
room temperature. MCM446 cells were grown in LB to midlog phase and then washed
three times in ice-cold, sterile water. An aliquot of 50ul of cell suspension was mixed with
5wl of desalted pTrc P.alba-mMVK ligation mix. The cell suspension mixture was

electroporated in a 2mm cuvette at 2.5 Volts and 25uFd using a Gene Pulser Electroporator.



WO 2010/ 005525PCT/ US2009/ 003897 - 143 - manufacturer's protocol. The 50uL
reaction was cycled as follows: 95C, 2 mnutes; (95C, 20 seconds, 55C, 20
seconds, wWB@Gpiolnops2aute) x 5, (95C, 20 seconds, 60C, 20 eetarsde9/ oize; |
mnute) x 25; 72C, 3 mnutes; 4C until cool. The anplicon was purified by a
Q agen PCR columm according to the manufacturer's protocol and eluted in
30uL EB 5(Elution Buffer). DNA was digested with Ndel and Pcil in a 20uL
reaction with | x Roche H buffer and 0.5ul4BBSA. Pl asnid MCMB76 was di gest ed
in a lQiL reaction containing |luL each of Ndel, Ncol, and Roche H buffer.
Reactions proceeded overnight at 37C, and then cut DNA was purified on

Q agen PCernbd»fllLBmsiannlecéitullyexdldémtcﬁmalcelﬂﬂstheﬁhbeélfﬂiqm:trdnnferrwh@a 14k ed into

MCMVB76 t t. | L t t, 10l h
Qi ok Lt gamumarygse wbe i BimprLete: Gk ik alyedls rebhaT P o v s tor o Beted
at room t efpgs@at ‘I*Fd?lsfd?ﬁaa%s RAULE Se1881Ed bR EA @dLSOﬁ%ﬁutc%?dEﬁfcﬂ'h%Qd'Sm mevalonic

I nvitrogen TOP10 cells according to the manufacturer's protocol
Tr ansf or neavidplaes and @icebited a030C. dhwrnekt &gy, 6rtdmsﬁmhmaamw¢mpmhbd (lriLOgnoglanhO)
at 37C overnight. Transformant col onies were patched onto LA containin

chl or afpheink ap@éoayu{;%fhymaw R@ﬁ%ﬁ%ﬂlﬁh‘(@éo o ﬁla)snflépreﬂw%eerﬁw ent
four i 1 1 ouP SRRt pulkitts Liihe ERRNTRKISHh MAbEep(iz f7108e (IR (SEEFRIMA BeATE

t he cor r ecfor pepagaig flasmitiiern modi€icatdsh ¢frvashingrthe §piomeRimmesreitly PBvBuffer 550 LB
he. pr opartd i COCHT R andSRperaeie s e R PR AR PRELTor FVEVIEPI O
cells Zoanrla/}\g/ﬁsl{rlr%lztg? a\éﬁﬁ@ﬁN@ZP&sﬁt‘fds J&Q |d§'%;:§tedW18ﬁI'i41 8y W&ﬁon to ensure

cnR-gi 1. 6- In pET (clone Al-3 ariable nt A
cnR- gila. O- ﬂldb’K()melz):d linegrEfaghwdnon®hidé o6 theeplasthide were B dUﬁlth:ﬁze and shipped

cri-gil. 2- (ﬁqug; oscwmpes -¥OI( sequgnecmcglwﬁh p\rll?nelrsalef&/[gg L?CMM%Z)OO EL1003,
and EL1006 (Table 4). DNA sequencing results showed all 3 plasmids were correct. Picked
one and designated plasmid as EWL244 (Figures 60 and 61A-B).

15 v) Construction of plasmid MCM376 - MVK from M. mazei archaeal Lower in pET200D.
The MVK OREF from the M. mazei archaeal Lower Pathway operon (Figures 73A-

C) was PCR amplified using primers MCM161 and MCM 162 (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

20 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 plasmid from a transformant was isolated and the insert sequenced, resulting

25 in MCM376 (Figures 74A-C).

vi) Construction of strain EWL251 (BL21(DE3), Cm-GI1.2-KKDy]I, pTrc P.alba-mMVK)
MCM331 cells (which contain chromosomal construct gil.2KKDyI encoding S.
cerevisiae mevalonate kinase, mevalonate phosphate kinase, mevalonate pyrophosphate

30  decarboxylase, and IPP isomerase) were grown in LB to midlog phase and then washed



cnmR-gi 1. 5- WK(mazei) in pET (clone C3-3, variable nt T) ii) Creation of
Reconbi nation Target Strains MCMB49 and MCMA41 25The chl or anpheni col

resi st ancwo(2oroRps3war ker was | ooped out of strain MCVB3l pasiusgooploessai d
pGB706 (CeneBridges) according to Manufacturer's instructions. MCM331 cells
were grown to md-log in LB and washed three tinmes in iced, sterile water.
A luL WD 2010/ 005525PCT/ US2009/ 003897 - 144 - aliquot of pGB706 DNA was
added to 50uL of cell suspension and thi ¥y xture was el ectroporated in a
2mm cuvette at 2.5 volts, 25uFd followed i nmedi ately by recovery in 500uL
LB for one hour at 30C. Transformants were sel ected on LB containing

t et racycl i theee(timasgh mdeycodd, sBRle whkee. Miked S del suspendiomevithalgul @f plasmip at

30Cin LB t.ai nj etracycline (5 ug/m) until visibly turbid

(00600- 0. S0 g P scll Sispeon ute v RO B Lk BB 9k Ve aad
37C. A cl opuFihRingWaSerd i e? El&n%?_@f/ﬂt&ﬂ 1hf of DB i3 iRhiedi4tdl ) QHAHREaRAL 6415, (10
ug/inL) or LB congal ning tetracycline (5 ughnL) was frozen as MCM348.
Pl asm d MihebthecplReWET teanseeredito kildml GelypBmytigesybenaish einegtalraapoCellesveren as
descri ped ove and transformants re gcted on LB containin

car bent of |1100€048 MygY Y HauimEstoe2 PRul S nd ryrBmants et sdp el g
(50 ug/ M) ste/ ArtRAITih 3R Brid mevalMidR4Pplates and incuBhte@al3 MG e YRSy
created by electrotransforrning plasmd 56 into EW.204 as above. 1%| i)
Reconbi nat warseteictedrind cle$tgidtdd gs $train EWA251Int o MCMB49 and MCVA41 Pl asmi ds
MCMAB84- 487 were used as tenplate for PCR anplification with primers MCML20
and MCML96 and Hercul ase Il Fusion kit, according to the manufacturer's

protocol . ihrEsstre@fon TREaREWL28B(BL.21 (3, CALGTIEEKIUD I, Yk P QibalmMVK 3ul
DVSO The 50ulL reactions were cycled as follows: 95C, 2 m nutes; (95C, 20

second8; 58d-Rppeo¥econds; 72C, 1.5 nminutes) for five cycles; (95C 20
seconds.  60C 20: 3800081 (3% arbud LB SR RS gl

m nut es; 4C, overni eere roma given

pool ed andicgudbid stedleqiatéd. MBIRdRORI 69&6111@@%@@%%% {20 dﬂ;&ﬂﬁsnﬁﬁ MEME @hiddC.
SuL DNA was digested with luL Dpid in Ix Roche Buffer for 3 hours at 37C
Thi s DNA wapCGLRreUnperRaghwiayonsedimgdl. ieacabs avgE apdmevaSh.ol hgoelhbuspersion

25Sirai ) _ o i ¢
rosn st r epuisthibchigpatlieg s ke 251 DB d R GE R RO
cul tungs vElkeropueatbat Bl GLB %aEs immediatel naddedl to Ged tedlsyeber tansfessd eta dnell

el ectroporated with 3uL dialyzed anplicons ahove, and then recovered in
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spectinomycin plates and incubated at 37°C. Picked one colony and designated as strain

EWL256.



30Kananyci n sensitive clones were screened by PCR for insertion of the
anplicon. WD 2010/ 005525PCT/ US2009/ 003897 - 145 - PCR products from

posi tive whansmos®se sequenced to verify the sequence ofPCrnsesmmi3sDNA.

Anpl i cons were consistent with the FRT-gi 1. 2-y1CKDyl at attTn7 in MCOWVA41
and 348 being replaced by FRT-crnR-FRT-gil.x-nKI CDyl (The yK and nK
designations refer to the neval onate | cinase from Saccharonyces cerevisi ae
and Met hanosarci na mazei respectively).- K2rpbl e 6A: The fol | ow ng strains
were grown in LB containing chloranmphenicol (5 ug/nm) and frozen. Strain ID
Nanme Parent Reconbi nati on Anplicon Tenpl ate MCM4A84 MCMA42 BL21( DE3)
cinR-gil.6m CICDyl A, clone37 (A MCVMB49 MCOMA43 BL21( DE3)

cnR-gi 1. oni‘gb%[%IPnBrﬁér §e|q(l)lgr$czez (O MCMB49 MCWM85 MCMA44

Primer Primer sequence
name
MCM130 [ ACCAATTGCACCCGGCAGA (SEQ ID NO:94)

GB Cm GCTAAAGCGCATGCTCCAGAC (SEQ ID NO:95)
Rev

MVD For | GACTGGCCTCAGATGAAAGC (SEQ ID NO:96)

MVD CAAACATGTGGCATGGAAAG (SEQ ID NO:97)
Rev
MCMI182 | GGGCCCGTTTAAACTTTAACTAGACTCTGCAGTTAGCGTTCAAACG
GCAGAA (SEQ ID NO:98)

MCM192 [ CGCATGCATGTCATGAGATGTAGCGTGTCCACCGAAAA (SEQ ID
NO:99

MCM65 | ACAATTTCACACAGGAAACAGC (SEQ ID NO:100)
MCM66 | CCAGGCAAATTCTGTTTTATCAG (SEQ ID NO:101)
EL1000 GCACTGTCTTTCCGTCTGCTGC (SEQ ID NO:102)

MCM165 | GCGAACGATGCATAAAGGAGGTAAAAAAACATGGTATCCTGTTCT
GCGCCGGG

TAAGATTTACCTG (SEQ ID NO:103)

MCM177 | GGGCCCGTTTAAACTTTAACTAGACTTTAATCTACTTTCAGACCTT
GC (SEQ ID NO:104)

EL1003 GATAGTAACGGCTGCGCTGCTACC (SEQ ID NO:105)

EL1006 GACAGCTTATCATCGACTGCACG (SEQ ID NO:106)

MCM161 | CACCATGGTATCCTGTTCTGCG (SEQ ID NO:107)
MCM162 | TTAATCTACTTTCAGACCTTGC (SEQ ID NO:108)

II. Construction of MCM442-449: BL21 and BL21(DE3) with FRT-cmR-FRT-gil.x-
5 mKKDyI

1) Construction of Template for Recombination
FRT-based recombination cassettes, and plasmids for Red/ET-mediated integration
and antibiotic marker loopout were obtained from Gene Bridges GmbH (Germany).
10 Procedures using these materials were carried out according to Gene Bridges protocols.
Primers MCM 193 and MCM 195 were used to amplify the resistance cassette from the FRT-
gb2-Cm-FRT template using Stratagene Herculase II Fusion kit according to the



BL21(DE3) cnR-gi1l.2m CK. Dyl O, clonel 6 (G MM49 MCMA86 MCMA45 BL21( DE3)
cnR-gi 1. 5m CKDyl C3, clone7 cr) MCOMB49 MOMA87 MOMA46 BL21 cnR-gi 1. 6m CKDyl
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cnR gi 1. 5m CKDyl C3-3 (T)
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manufacturer’s protocol. The 50uL reaction was cycled as follows: 95°C, 2 minutes; (95°C,
20 seconds, 55°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 until cool. The amplicon was purified by a
Qiagen PCR column according to the manufacturer’s protocol and eluted in 30uL. EB

5 (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 30uLL EB. The PCR
product was ligated into MCM376 in a reaction containing luL vector, 3uL PCR product,

10 1uLL Roche Quick Ligase Buffer 2, SulL Bufferl, and 1uL Ligase. The reaction proceeded at
room temperature for 3 hours and then SuL was transformed into Invitrogen TOP10 cells
according to the manufacturer’s protocol. Transformants were selected on L agar (LA) and
chloramphenicol (10 ug/mLO) at 37°C overnight.

Transformant colonies were patched onto LA containing chloramphenicol (30

15 ug/mL) and kanamycin (50 ug/ml) for storage and sent to Quintara (Berkeley, CA) for
sequencing. Four clones, one each with the four different nucleotides at the “N” in primer
MCM195, were found to have the correct sequence for the inserted promoter. Clones were
grown in 5SmL LB containing chloramphenicol (30 ug/mL) and kanamycin (50 ug/mL) and
used for the preparation of plasmid DNA. This plasmid was retransformed into TOP10 cells

20 and strains were frozen as:

Table 5: MCM484-487

MCM484 | cmR-gil.6-MVK(mazei) in pET (clone Al-3, variable nt A)
MCM485 | cmR-gi1.0-MVK(mazei) in pET (clone B4-6, variable nt C)
MCM486 | cmR-gil.2-MVK(mazei) in pET (clone C1-5, variable nt G)
MCM487 | cmR-gil.5-MVK(mazei) in pET (clone C3-3, variable nt T)

ii) Creation of Recombination Target Strains MCM349 and MCM441
25 The chloramphenicol resistance (cmR) marker was looped out of strain MCM331
using plasmid pGB706 (GeneBridges) according to Manufacturer’s instructions. MCM331

cells were grown to mid-log in LB and washed three times in iced, sterile water. A 1uL



MCv441 MCWA87 10Table 6B: Primers MCML20

AAAGTAGCCGAAGATGACGGE TTGTCACATGGAGT| GGCAGGAT

GTTTGAT TAROAGDABIEAACCCT CACTAAAGGECGG (SEQ | D NO 109) MBRIAB2009/003897
GATATACATATGAATTAACCCTCACTAAAGG (SEQ | D NO 110) MCML95
GCATGCATGACATG TI TTTTTACCTCCTTI GTTATCCGCTCACAAT
TAGTGGTTGAATTATTTGCTCAGGAT GTGGCATNGT CAAGGGECG
CGGCCGCGATCTAATACGACTCACTATAGEGCTCG ( SEQM44D NO 111) MOML96
AGGCTCTCAACTCTGACATGTTTTTTTCCTCCTTAAGGGT GCAGG
CCTATCGCAAATTAGCTTAATCTACTI TCAGACCTTGCTCGG (SEQ | D NO: 112) WO
2010/ 005528765 MSTEBTODBAOWas added te SHIL. ofitrdl mikpenstoncindytbsgnixae mast on
i soprene production, .in

. | i ' f t he,. | oni id
pat iy _ardeGRBREH AT B 1 o Gt 2 SPRL ollemed drmpedia Py AaYen i ( per
liter fer myputie® forBad i at BACHRRFormantdweikefedted AA0B Softaindhgd fetréc @Sin€

nmonohydrate 2 g, ferric ammoniumcitrate 0.3 g, yeast extract 0.5 g, 1000X
Modi fi ed Téawémiet 30°GsoTha fodlewingway, Alcjongiwas|gsowid bp hdh Csinvldd eontfainens

i ust 80 BT 1 STy R Etod s 185 P CGLE G OO

1010 lg, t hLBRha gédwmeéﬁigﬁt &,3780d Aaclbndihat wasunibiectogidwdnaiB eontaining
sterilization and pH adjustnent. 1000X Modified Trace al Sol ution:
G tric Acigdorampbeniag) (éb ugfydener 1B gondpingng triregychoe & U#Q@@Was%%“ #5g, Cod 2

;Hggzo 1 omcisig ﬁla&ﬁ%%él\@%%ﬁ%ﬁT%ﬁ%@n&ﬁ&, @nelﬁﬁ@@%) wg’eﬁgt’roﬁ\&mgﬁ as

described above and transformants were selected on LB containing carbenicillin (50 ug/mL)
10 at 30°C. A clone was grown in LB carbenicillin (50 ug/mL) at 30°C and frozen as
MCM349.
Strain MCM441 was created by electrotransforming plasmid MCM356 into
EWL204 as above.

15 iii) Recombination of FRT-cmR-FRT-gil.x-mMVK into MCM349 and MCM441
Plasmids MCM484-487 were used as template for PCR amplification with primers
MCM120 and MCM196 and Herculase II Fusion kit, according to the manufacturer’s
protocol. Three reactions per template were carried out, with 0, 1, or 3uL DMSO. The
50uL reactions were cycled as follows: 95°C, 2 minutes; (95°C, 20 seconds; 55°C 20

20 seconds; 72°C, 1.5 minutes) for five cycles; (95°C, 20 seconds; 60°C 20 seconds; 72°C, 1.5
minutes) for 25 cycles; 72°C for 3 minutes; 4°C, overnight. The three reactions from a given
template were pooled and purified on Qiagen PCR columns and eluted with 30 uL EB at
60°C. 5uL DNA was digested with 1uL Dpnl in 1x Roche Buffer A for 3 hours at 37°C.
This DNA was then microdialyzed against excess water for 30 minutes.

25 Strains were grown in SmL LB containing carbenicillin (50 ug/mL) from fresh
streaks at 30C to an OD600 of ~0.5. 40mM L-arabinose was added and cultures were
incubated at 37C for 1.5 hours. Cells were harvested and electroporated with 3uL dialyzed
amplicons above, and then recovered in S00uL SOC at 37C for 1.5-3 hours. Transformants
were selected on LA plates containing chloramphenicol (5 ug/mL) at 37°C.

30 Kanamycin sensitive clones were screened by PCR for insertion of the amplicon.



15100 nmg. Each conmponent is dissolved one at a tine in DO H20, pHto 3.0
with HC /NaOH, then g.s. to volunme and filter sterilized with a 0.22 mcron
filter. WwoO2010R@s3zeNt ati on was perforned in a 15-L bi or @ea€tuseo0eioodsoBL21
(DE3) E. coli cells containing the upper nevalonic acid (MA) pathway (pCL
Upper), the integrated | ower MVA pathway (gil.2KICDyl), and high expression
of neval onate Icinase fromM mazei and 20i soprene synthase from P. al ba
(pTrcAl ba-mwWK). This experinent was carkdiSed out to nonitor isoprene
formation from glucose at the desired fernentation pH 7.0 and tenperature
30C. A frozen vial of the E. coli strain was thawed and inocul ated into

t r ypt one- YRGR proghatts dmim pesiii vnclordst vegre sérprenceaicto [ verif yrhewequentboflindertetelaSidv: ed
at 550 nm 500 nL was used to.inoc te - i or t.or | hgi ng .t he
initial vdMORECQNg werg consisignf “ﬁhégﬁ%k o%iléryjli’éba?éhaé&'a 'EM@M&gé\"ﬁé“EEL256)
grown i1n ft}’cﬂfé}éél‘ﬁ&&w FRIT & iR JFRAEi 15 AKKISH (The ty K SROMRIUdSS dhahess WRS b 8t at
an exponenti a ate until cells reached the stationary phase. After this

ti me the ghenxabwatefldrasevipm Jecnhgnmextes cenavsine and droharosdrimardazel Tespectyehy).
30anount of glucose delivered to the bioreactor during the 67 hour
fermentation was 3.9 kg. Induction was achi eved by addi ng

i sopropy! -hdle6 A The follogal ot atirywere @sovhein LB TG tainifgechl¥¥@mphenicol (5 ug/mL)
2010/ 005525PCT/ US2009/ 003897 - 147 - EPTG concentration was brought to 102
uM when t HaddpeeRal density at 550 nm (0D550) reached a value of 9. The

| PTG concentration was raised to 192 uM when 0D550 reached 140. The 0D550
profile wrthimm g broreactor over time 15 SHOWT 1l fUr & Raf-BmbiiiEion
i soprene level infthe off gas fromthe bioreactor|was deter&g{lﬁﬁ using a
Hi den ms:ﬁiﬁﬁgﬁ[ ter. The isoprene titer incre¢ased overTempiatgour se of

t he fernmner BN% | pal—value_of 356 g/ L {Figure—67R)- . ot-at
anount of |i sopr ene Hrddd gbcﬁgfglﬁénﬁgﬁél\;‘xﬁour f ef MOMHP MR "6 g and
the time ¢ME fl in6dnéA) on i s shown in Figure §7C  The {netaholic
activity profile, |#L3BER) ewiRbgil PaEKDyEBdhown i N MENIRE |IEM48%e nol|ar
yield of UMCMAdd |choriedn (€Nat went into produci ngli soprendg during
fernmentatilon was 1BIZNDEBpchRvgl ZMKKBYLED! Yi el d MCM3ogrMadi48com gliucose
was 8. 1% |RioNualiimomeiciepprene in E.coli cells (EL256) grown in fed-batch

cul ture wiTh yeast Epd(BEB) LARUGITSMKKDYPE3 VEend € MEMEAOMENHMES al Tlat e
until cel l§1ERAGES qTS he stationary phasé.

MCM446 | BL21 cmR-gi1l.6mKKDyI Al-3 (A) MCM441 | MCM484
MCM447 | BL21 cmR-gil.0mKKDyI B4-6 (C) MCM441 | MCM485
MCM448 | BL21 cmR-gil.2mKKDyI C1-5 (G) MCM441 | MCM486
MCM449 | BL21 cmR-gil.5SmKKDyI C3-3 (T) MCM441 | MCM487

10 Table 6B: Primers

AAAGTAGCCGAAGATGACGGTTTGTCACATGGAGTTGGCAGGAT
GTTTGATTAAAAGCAATTAACCCTCACTAAAGGGCGG (SEQ ID
MCM120 [ NO:109)

MCM193 | GATATACATATGAATTAACCCTCACTAAAGG (SEQ ID NO:110)
GCATGCATGACATGTTTTTTTACCTCCTTTGTTATCCGCTCACAAT
TAGTGGTTGAATTATTTGCTCAGGATGTGGCATNGTCAAGGGCG
CGGCCGCGATCTAATACGACTCACTATAGGGCTCG (SEQ ID
MCM195 | NO:111)
AGGCTCTCAACTCTGACATGTTTTTTTCCTCCTTAAGGGTGCAGG
CCTATCGCAAATTAGCTTAATCTACTTTCAGACCTTGCTCGG
MCM196 | (SEQ ID NO:112)




15After this time the glucose feed was decreased to neet netabolic demands.
The total anobunt of glucose delivered to the bioreactor during the 68 hour
f er ment atworrowz®s251 kg. A total of 1.06 kg of yeast extraats2e@sozmbso fed
during the fernentation. Induction was achi eved by adding | PTG The | PTG
concentration was brought to 208 uM when the optical density at 550 nm
(0D550) reached a value of 7. The I PTG concentration was raised to 193 20uM
when 0D550 reached 180. The 0D550 proflﬂé‘ﬁmthl n the bioreactor over tine
is shown in Figure 68A. The isoprene level in the off gas fromthe

bi oreactor was determ ned using a H den nmass spectroneter. The isoprene
titer incridadid effeetoft yeasteatnasteonofoprbme preducivnah iFDnok expressing genes Vramughe of
32.2 g/ L (rhewgilonéc &BBpathwag ahdigadwmimiedibarh duofer e niee §-Dddeled during the 68
hour fermentation was 395.5 g and the tinme course of production is shown in

25Fi gur e Giediuhhedipd ®ef Rier fmehtavieh widalum)e productivity is shown in Figure
68D and shows that an average rate of 1.1 g/L/hr was maintained for between

23 and® 63 hours. The netabollc act|V|ty proflle as rreasured by CER is

shown in F liz went .

produci ng |Zgﬂi)(?e2§|;% ng' fzgﬁen? Cllgjr? a{L/\é/adsm%&Ey&% ttemacn% P'&lg}\ Prf}feel d
of isoprer®es fgrmtgdxu@ase SV@SOGOX%Iodlm 2&1:9/1\@&515&551@5{ USﬂOQ&I 8&3897 - 148 -
| V. Production of isoprene fromdifferent carbon sources in E. coli

har bor i ng ©CHWORERIRMSFH %,ddse tegethayand Sﬁﬁ‘l’i%ﬁ%ﬂ“&hﬂz@sJﬁfwts%ﬁn‘b’?ﬁa@éoc(‘E’MZSG)
Medi a Recifife fiP@hs hdju§ikd t&7 gﬁ’ml‘?‘&hﬂ@nﬂﬁghg&om F% Lg’voll%gpéﬂlc&% 69,
non erri c a .3

MySO4* 7H20 g, citric aci ohydrate numclitrate

g, (NIO 14)1230thidmineg’ Hd 8dt g,@nd magbioGcowere aﬂdﬁDaftd\r/tschrﬂnzedoﬁl' amtpH ledjuatment.
Solution 1 m. Al of the conponents were dissolved sequentially in diH20.
The pH was adjusted to 6.8 wi th amoni um hydroxi de (30% and brought to

vol unme. Me@doexwasdified tresceNietal §blageh:W th a 0.22 mcron filter. Carbon
source was added to a final 10concentration of 1% Required antibiotics

were added af t &ritriq Agidp i* 220 60 g aMaSP *ddQu3R aeNaCl 10g0ReIPat dHpPt hig, CoCly

vhsos 10 S ! Enged6s §HEOLELIS St oo e B B e Ralo AR, |
g, CusH *I(BITR@ E&fh doppdndids dissl vegond\atMxahe in DEBEROpHAO 3ITDw1tEEH(Il/NaOH

conponent was di sso|lved one at a _tine . in diH20, pHto 3.0 with HCl/ NaOH,
and then BPELGRtiovglumRs At starilized withad) 22 mieran filteh a 0. 22 micron filter.

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 (gi1l.2KKDyI), and high expression of mevalonate kinase from M. mazei and
20  isoprene synthase from P. alba (pTrcAlba-mMVK). This experiment was carried out to
monitor isoprene formation from glucose at the desired fermentation pH 7.0 and temperature
30°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.
25
1) Production of isoprene in E.coli cells (EL256) grown in fed-batch culture without yeast
extract feeding
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
30  amount of glucose delivered to the bioreactor during the 67 hour fermentation was 3.9 kg.

Induction was achieved by adding isopropyl-beta-D-1-thiogalactopyranoside (IPTG). The



i) Preparation of AFEX bi omass hydrol ysate AFEX pretreated
corn stover was hydrolyzed to prepare bi onmass hydrol ysate 20contai ni ng both
xyl ose, gWwocor#oasrd acet at e. AFEX pretreat ed coraoTatseaeny3seecei ved
from M chi gan Bi ot echnol ogy Institute, was used. The pretreatnent
conditions were, 60% noisture, 1:1 ammonia | oading, and 90 C for 30

m nutes, then air dried. The npisture content in the AttX pretreated corn
stover was 21.27% Content of gl ucan and1‘§<7y1 an in the AFEX pretreated corn
stover were 31.7% 25and 19. 1% (dry basis) respectively. The enzyme used was
accel | erase 1000, Gindanyl H121 (Dani sco xyl anase product from Aspergillus
ni ger for M@awnnaktaﬁgniwmdmugb) to 102 uM wherghe opacah densityca S50 nm @D goe)of

AFEX pretreae added into a 500 mM. flask, together with 5
o1 MR ey a0 Glnpeiaidh Sl e @ 192087 ineh gt 1
of G i ndam4o. HRR DD aRgrofide Githin thebidabactarover tihBes SHoddKinWagurB 6t Al. "THRN
orbital 30shaker, and incubated at 50C for 96 hours. WD
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froma fr
specti nowqéiaﬁbMicadCtlaﬁﬂEgH@%?geraglllmﬁ?g?lr’l;%@ 3 gtdg}/’r?rﬁﬁlgmg I ncﬁ’gﬁé gmzri? f‘;‘:Cl)f(i)c

10over ni ghaf utifzed eagben that wemt intsprioduaing sopriné demngfeBmemtdiion wantl Z2966.nHhe

gl uco I acet e or bi omas onIy carbon source and

gr omn?@ver n‘ia’lglﬁt peé‘% g &[doclgéf?pgerber c%ucé)(?%f"&fg r&ached a significantly | ower
optical density. Cells grown on glucose, glycerol, biomss hydrol ysate or
acetate were diluted into 20 nL of TMB nedia containing the respective

car bon soufreductiop of isoprengin Erolicglls (RlaZ16) grayn indiedbareh@ultureswish yeast gxtract
600nM A lppegative control not containing any carbon source was prepared
fromthe glucose overnight culture. A separate experinent was perforned
with glucose ande;cbsrswas fedent @n ekporentidluraesinvibedlsdeidiice thd Qattohappphiasel

densi ture andl tions (except for acetate and ql ycerol)

wer e ﬁ st é%lfo‘?rﬁg’dd‘&i“i@ osthipet s deereassida "PCQEIE‘FF’?O]&‘F demgndsaddig 19t ween
these cul tak&mi of; 199&@%9%&& td &enﬁ&es‘ct&mm ciHessi hz%rt#agg é&M évET%fkr

t he begi nning of the 20experinment. The fl ask were 1 ncu at 30C i
orbital shikesal qf20% ko yeasicexgraotwhs also fed during the fermentation. Induction was
achieved by adding IPTG. The IPTG concentration was brought to 208 uM when the optical
density at 550 nm (ODssg) reached a value of 7. The IPTG concentration was raised to 193
20 uM when ODssg reached 180. The ODssg profile within the bioreactor over time is shown in
Figure 68A. 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 32.2 g/L. (Figure 68B). The total amount of isoprene produced
during the 68 hour fermentation was 395.5 g and the time course of production is shown in
25  Figure 68C. The time course of volumetric productivity is shown in Figure 68D and shows
that an average rate of 1.1 g/L/hr was maintained for between 23 and 63 hours. The
metabolic activity profile, as measured by CER, is shown in Figure 68E The molar yield of

utilized carbon that went into producing isoprene during fermentation was 10.3%. The

weight percent yield of isoprene from glucose was 5.2%.



was followed by neasuring optical density. After the glucose fed cultures
had reached an optical density of approximately 0.4, sanples were anal yzed
for isoprwoeomvoosizsti on fromall the tested carbon sour ®ees/use@oypodsour for
three hours. Sanples of 100 !IL were transferred in duplicates to 2 nL
glass vials, sealed and incubated for 30 mn at 30C. The bacteria 25were
then heat killed by incubation at 80C for 8 m nutes. The anmount of produced
i soprene was measured using GC- M5 and sp¥&ific productivity (p.g/L*hr) was
cal cul ated. WD 2010/ 005525PCT/ US2009/ 003897 - 150 - iii) Results
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sources for _production of isoprene via the neval onate acid ﬁat hway

25Exakpl e 20 Emes $ash comppassp man dissginechanseatiarine p éb0; AHSp Sdbvhy ces
25201: 108190 RO n e B P AR e O E e BT ol
| obata (Kudzu plant) and was codon-optim zed for Pseudononas fl uorescens,
798 79C ( SBBPENEH of K SRUISEBEIPASEL pl agm 0 pI20L: 19813 wi th | o
restriction enzyppgNdelrefB8 cEA Vel wab RGERIy2Ed &8 PRpare biomass hydrolysate
20 containing both xylose, glucose and acetate.
AFEX pretreated corn stover, received from Michigan Biotechnology Institute,
was used. The pretreatment conditions were, 60% moisture, 1:1 ammonia loading, and 90
°C for 30 minutes, then air dried. The moisture content in the AFEX pretreated corn stover
was 21.27%. Content of glucan and xylan in the AFEX pretreated corn stover were 31.7%
25 and 19.1% (dry basis) respectively. The enzyme used was accellerase 1000, Grindamyl
H121 (Danisco xylanase product from Aspergillus niger for bread-making industry).
For saccharification, 20 g of AFEX pretreated corn stover was added into a 500 ml
flask, together with 5 ml of 1 M pH 4.8 sodium citrate buffer, 2.25 ml of Accellerase 1000,
0.1 ml of Grindamyl H121, and 72.65 ml of DI water. The flask was put in an orbital
30  shaker, and incubated at 50°C for 96 hours.



WO 2010/ 005525PCT/ US2009/ 003897 - 151 - i1s019813 that was ligated into the
Streptonyces-E. coli shuttle vector pUAL201PW (Doumith etal., Ml . Gen.
Genet. 26%0 24000885, 2000; Figure 71) to generate pUN2@LTItS00980838ESST Ul
cloning was verified by restriction analysis of pUAL201 iso. Expression of
i soprene synthase is019813 was under control of the enn-pronoter which
5all ows for constitutive expression in Streptomycetes species, but not for
expression in E coli. PUN.201PW{H® 1 nsert) and pUW.201 iso were

i ntroduced in Streptonyces al bus J1074 (Sanchez etal., Chem Biol.
9:519-531, 2002) by transformation of protoplasts as described by Hopwood
etal ., The John Femaelysisunukasdnaple Wee taken fironl $85hakied fariGMabized bsigg &IPLET.

pr ot opl ast...suspensi ons was sf.ormed with s pUWL201PWaor 2.9 ag
DU 201 1 S TRAray e e A7 o e s n bt gl RERUaRecrd v /L of

R5- agar pl ajigemeRPst dliidtRe ah @0 k MoBERNA&diNBHA1yS BleaRidfslydive Alv6 ESRRink NAYhALT ONn
for 4 days in R3-overlay agar containing thiostrepton (250 tg/m).

Thi ost r eptasatafeesi st ant transformants were exam ned for presence of the
PHWL- ptasm ds by plasm d preparation 15using Plasmd Mni Kit (Q agen).
Prepared plasm d DNA was reintroduced in E. coli DH50ot to generate

suf fi ci entii)drperibenal ppicadured DNA to be anal yzed by restriction anal ysis.

Positive transforrnants were sel ected. icilljin-contajning L-agar
pl ates and i nser *ndReq Qf\PV{fsE-cfS étrﬁvol“ﬁwggg? ForaBinging V4 rshway 216 Ndel
and BamHl i@éﬁ&%’s“}}nﬁﬁ§@§'as [RER FRAEa YA igEantBsrehilRiNd td LS € BSrofh Jsg[ar? giﬁ’&:

fragnment in positive pUAL201 iso clones while 20in the control I ns
( pPUWL20 1 P\Wonradnisg spectinamuyeint(SOag/nibsaidwarchinicllin (50 Mg/} ypkinstbanddat 3060C

transformants .of S. .al bus contai.ning contr lagm d pUN201PW or | soprene
synt ha0e aEBUEH, EREBE DI e RR e e MEmeRa sopBRTS Shicats, SHOSSY r af s

pere culllfHersl habuiltBt bisAiaSs Blomp hibolRelirde bid %(&Wnco\t%gxyﬁﬁ%é?tﬁ@gé‘éu%g /

2.5 mM) in presence or absence o ostrepton (200 p and 1 ncubat ed
for 4 daysomaicea8eathed assgiifidariibddwspepealidaisgy.( Collagromal amglu@dsenglycerb0 pl

head- space .sanpl es, (.end poi nt neasurenments).were zed by GC-M5 in
S N rode. SHETRSAR e & SR PErel LR T S S BORON ¢ i s
and nol ec %?ﬂecﬁ?egéﬁﬁor( §Aré8s%d redch AR roﬁfi@al RESIEYS Hetwddgadt %&lﬁﬁﬁeé aGU0RM . WAS

quantified by previously generated calibration curves. Wiile wild-type S
al bus 1and nsgati yeotontriot adtreonkearing Ay garhUVERAIPWAp pregared drans Hgrgineose pvernight

30concentrations, slightly higher than the detection limt (0.04 - 0.07
ooy 5. B EA BT Y RIS e GRS RY Bish e s adset Wpas the Suities
PUWL201_i swerpldaidiedad ah 9pRc2@endity oft0.0% 35N clitirt ebadifyfees ceToricethtd ahd
controls (0.75 ppm Figure 72). The results denonstrate successful
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was followed by measuring optical density. After the glucose fed cultures had reached an

optical density of approximately 0.4, samples were analyzed for isoprene production from

all the tested carbon sources every hour for three hours. Samples of 100 pLL were transferred

in duplicates to 2 mL glass vials, sealed and incubated for 30 min at 30°C. The bacteria

25  were then heat killed by incubation at 80°C for 8 minutes. The amount of produced isoprene

was measured using GC-MS and specific productivity (ug/L*hr) was calculated.



Escherichia coli fadR atoC strain LS5218 (#6966) was obtained fromthe Coil
Cenetic Stock Center. FadR encodes a transcription repressor that

negat i velworenulosi2es 10expressi on of the genes encodi hgPLCAIUSF0QODIBI7
degradati on enzynes (Canpbell et al., Bacteriol. 183: 5982-5990, 2001).
AtoC is a response regulator in a two-conponent regulatory system wherein
At 0S regul ates acetol actate netabolism The fadR atoC strain allows
constitutive expression of the fatty aci ¥PQ®egr adati on genes and

i ncorporates long chain fatty acids into |ong-chain-Ilength

pol yhydr oxyal kanoates. Wen palmoil is used as a 15carbon source for
ei t her mevidl) Beadls or i soprene production, the palmoil was converted to
gl ycerol plus fatty.acid. thods, .for this. are. we in the art nd
Tt ean be done. eoRCeB BN PR Sl RO oping ipty al (8

exanpl e P%ﬁhﬂ‘@ar@&ﬁ‘%tﬁ@és' CrHekPSdtBon ScinctsGoe é)uﬂﬁﬂé’s ofl RdAffRon AcoMdINTgslien | ar
|i pases) or chemnically by saponification wth base such as - sodrum

hydr oxi de. acid, p)gaks COc:l@immBaSctR ek ékﬁs)e%d higmasehyrpbsatkeval oni ¢

Aci d pat hway L

oCLPt 3 Uppet Pat 5 P10 6 oD R A G Fief R G 5if BR8P BbEo s growsh e
Mol ecul ar &3 gIDEGKS:(Fuka6mx Rt THeyin VR sisdcifid groéettivitgalutin Sgrowth dricibmass 1989) .
I ncorporation of the plasmd was denpnstrated by the 25praoduction of

meval oni ¢ lé)tquIYﬁW)ﬂ(PS wgeﬁlceequ Bigher har dyEng g@Wth orgHicRsti This GPEnYFsH BY
with eitheg T
dernst  at oS HRMESRELH) b b Tl saS bDEurESH RS PG ion Y
over ni ght isoprene. eThﬁpectﬂlclpﬁbdm:tﬂnty«iedlﬁﬁdlaftbo2ﬁ minués ofggiowilech BivBrasedi um

(TMB wi_.t hout = yeast xt r I enen 25(V

L9755)10 Th'éy‘*rglryé%te gwe??)%wi'ﬂg BeiERe f’%‘ﬂ \éT@(vgagwgv/tho Mé‘@&é%ﬁﬁg’ﬁt“g’f ?aéﬁon
over ni ght i peybg 7£ﬁcds9§l‘ |gl:1)f5%90)dlblﬁ€h(§1§ﬂhédiﬁ gpeciff¥soprene

2010/ 005525PCT/ U82009/ 00389 15 Production increased over three days

with the fij mluctl\enyevasoﬁeasgwdr(‘g"mr@69mmps ghivesetbiat brsh §ampd Sssugass pavbkict i on
of MVA by fro oi | cellsfroman yerni h e diluted 1 to
100 into nBdi %Wr(?flél&lﬁ?nogﬁ%ﬁeg%l e%m\?\nvgﬁgﬁggélr% ﬁ-'f igested pal moil
per 5 nL of TIVB &ﬂﬁhuﬁglﬁlﬁﬁ&téddgrbw&il(ﬂmceﬁatd\dd/thé)bﬂglw@tboﬂmo(lﬁ;@ hiad /alspeoifis

apparent after 5overni i ncubation of the I PTG induced culture at_ 30C.
Pr odudsi onpioduetsatyed lwnetawwlwaw Qyiehashigh anduning, gowsh osglrcess (Fighrepmva
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performed experiment demonstrates that acetate can also be used as a carbon source for the
production of isoprene. Acetate was also present in the biomass hydrolysate as measured by
HPLC.

20 The bacteria grew well with glycerol as only carbon source (Figure 69A) and
significant production of isoprene was demonstrated (Figure 69B). This shows that common
alcohols may also be used as carbon sources for production of isoprene via the mevalonate

acid pathway.

25  Example 11: Expression of isoprene-synthase from plant in Streptomyces sp.
The gene for isoprene synthase Kudzu was obtained from plasmid pJ201:19813.
Plasmid pJ201:19813 encodes isoprene synthase from Pueraia lobata (Kudzu plant) and
was codon-optimized for Pseudomonas fluorescens, Pseudomonas putida,
Rhodopseudomonas palustris and Corynebacterium (Figures 79A-79C (SEQ ID NO:123)).
30  Digestion of plasmid pJ201:19813 with restriction enzymes Ndel and BamHI liberated gene



10Escherichia coli strain WM (LS5218 fadR at oC pCLPtrcUpper Pat hway) was
transfornmed with pMCML18 [ pTrcKKDyl klS] to yield WAMO. The incorporation of
t he pl asmvo 20m008280Nnst rat ed by evi dence of producti on eCTiuse@wensInhen t he
strain was cultured in TM3 and gl ucose and i nduced with I PTG (100, 300, or
900 uM. The strain was relatively sensitive to | PTG and showed a
significant gromh defect even at 100 uM I PTG 15These results are shown in
Figure 70A. To test isoprene production 16t om dodecanoi ¢ acid, WMO was

cul tured overnight in L broth containing spectinomycin (50 uerL) and
kananmycin (50 ug/m) at 37C with shaking at 200 rpm The cells were washed
wi th nodi isod88 MMBanesk ligatdd/intetherSifepgatycenEanl shetsla ypetos pUNWIL2Z0 1PIVEI r

i gi nal | t | th_thi h d 20 ded
el 1"t otPoi ot et i Grnermsied i b 240 3480 ARee g 10" i o 5 i nL
of nodi fi @wWiVED MR, WHceQRfdcinitE Waslvritte@by rEdfititvon raths(sHIPBWERD1 Hiso.

L9755). To denonstrate production of neval ohate frompalmoil, the oil was
pr edi gest E4pigissipn pf pas@nasyrsmeam%mwwmd% corlealaf she emgrﬁrqmpt%w@abe t he

tubed ‘wer SRR IERSREGuNe CREHPIlTh Sl A felite (U AP ELART

washed celchbk. at 1 to 10 into nodified TI\/B medi um cont ai ned in test tubes
with palmoil. A further tube was set up by the additjion of O. 125%012FA to
the remai nder (PWL%QI) Wi(np fnserih anbpURd120d Zigp tesqiintrodreqskin reptarpises albus

(bi Oconveﬁféﬂ’k[)SanéNeE%F a3 &@nh%%ﬁg%fw%@‘i’%dmﬁ y B t¥hrhati rB@pRkis20 PM

all of the cultures were induce y the addition of 50 uM I PTG Incubatlon
vvas conti nawbé(bbyHoip@modresaafﬂerJOMHWSfaumdaQ@Q Md_rwocrh éa&i’n of the cultures

ayed for Lon V\O. 2010/ 5PCT/ U 9/ 003897 - 154
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i ncubati on of the assa ass block prior to GCMs analysis. |ncubation of

t he i nduceedeetinetRiy-e8 @sCmmmswnqsgme salertedby further ingubationfer & agai n
assayed f Ahyd HIL-G1) eerlalgrr %Q}J?&r{tﬁﬂmgfjth %gtlfjé toﬁ3 g% mBOOFhrl&g? ?R)%l resi éﬁlb shaker)
b na PReET

t he foll owinig norning. SI'S s sho uction of

si gni fi camtansferairis akre amﬁﬁﬁé&forﬁheerivegiﬂﬂﬁet meb&smfdsltg(plﬁmd pﬁﬁf@atlon
observed in the culture which was seeded at 1/10 dilution fromth
over ntyht usingiasmid MmuKé (§¥iagen).j Prepargd plasmid PM&taéaelaﬁaquﬁa u'éEdCOl’ DH5a
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i ncrease ih°ce ensl ese ar e ShO ure

density Cmlsﬁvélthsff@hﬂarﬂmalsw@Ckc(ﬁdkﬁn@nhpdcﬂ]ﬁﬁ&hﬁﬁniﬂ@&-ﬁ@ﬁﬁplat&@aldi ﬁngapensu on
had a turbid appearance. Cell density of this culture was_therefore

det er ni nedMBhysipWae dARE By digestinnoet Ri@smlﬁpl‘éﬁMlmlad%lﬁaldsﬁm@ﬁ@%@?asem ony
form ng uni ene-lé hﬁla 5@%@9@1@&1 { 9%2%??45?” {no;])cﬁﬁl\g 1901 $solclones while

Nevert hel es thrs c ture provided sig soprene production; no
i sopréhe iis tlmbs)atmlesirairtsr(pHMRWPWb nasuch fragniemt tvas hbsqmtdqway described in

XDl e Rl & L LIRF VSR 500 vl SRS LA IP S
pUWL201PW or isoprene synthase encoding pUWL201_iso were analyzed for isoprene
formation. Strains were cultivated in duplicate on solid media (tryptic soy broth agar, TSB;
2.5 ml) in presence or absence of thiostrepton (200 pg/ml) and incubated for 4 days at 28°C

25 in sealed head-space vials (total volume 20 ml). 500 pl head-space samples (end point
measurements) were analyzed by GC-MS in SIM-mode and isoprene was identified
according to reference retention times and molecular masses (67 m/z). Isoprene present in
head-space samples was quantified by previously generated calibration curves. While wild-

type S. albus and control strains harboring pUWL201PW produced isoprene in
30  concentrations slightly higher than the detection limit (0.04 — 0.07 ppm), S. albus harboring



Thi s exanpl e shows production of isoprene in a strain constitutively
expressing ybhE (pgl) conpared to a control strain wwth wild type ybhE. The
gene ybhBv0Opglojoosszsodes a 6- 20phosphogl uconol act onase PORUSIANPPIIBIBES
posttransl ati onal gluconyl ati on of heterol ogously expressed proteins and

i nproves product solubility and yield while al so inproving bionmass yield
and flux through the pentose phosphate pathway (Aon et al. Applied and

Envi ronmental M crobi ol ogy, 74(4): 950-988- 2008). The BL2l strain of E.
coli producing isoprene (EW256) was constructed with 25constitutive
expression of the ybhE gene on a replicating plasm d pBBRI MCS5( Gent anyci n)
(obt ai ned pUWBhi(Dr_isoI{JrommedrimneLio @t l@iaamalfﬁldaaxeessmumasidtty)controls (0.75 ppm;
FRT- based 1 eco tion cglssettesé andbsgllflasm ds fogﬁ dET- di at ed

i nt egrati 6FF%h a CYPUHIS HCRONRIEAC PUSRY SRBESSIghPLPIRBHIFTH Y f%nr’i%neBrl dges
GrbH (Ger @ﬁ{tuasmﬂ?a%ﬂ&wcﬂﬁca A6 (o BREA CTRb Ry EAE m%be carried out according
to Gene Bridges protocols. Prinmers Pgl-F and Pg 1.5-R were used to
anplify the resistance cassette fromthe FRT-

2010/ Q055 t t
For oul'ase TRl oA L HaR BT sapRAe BB BRTRLRLS RN A P BAO2 0
reaction (@R araCf1iS52M18 ¢ohtaiming themtppemdxppér and l1bwef BeyalbniclA¢idpathatay phiNA

(1-RT-gb2-Cm F from Gene Bridges), 10 pnols of each primer, and 1.5 uL 25nmM
dNTP mi x, kHeaieisoRerpsYithaget h dH20. The reaction was cycled as fol lows: 1 x

2 5m nutes, 95%sg}t'b‘?l}h§pcd?b’ﬁ|a’ﬂ§zt5@ steaf L%%QP@@%9@§) walobided eordR @&l 63C 3

m nutes at 72C). he ‘resul ti ng PCR product was purified using the
Q aQ ck Pmnpum Stfoplsélenmn KadR engoeigem)ramdpebrempmp@rtatatemtgramdy regulates

el ectyo et ent 1655 cel | ori th Red ET reconbipa e-c nt ai ni ng
ol aorlh ekt ineapres anerdng LRl By BENy e ERBelRT b0 ot h 1
and O0D600-FhcRral. 189598050908 bb®1 )WAtEC i 8l HEpShst € gul A6PTHDA RS EoMHiessSi on by
the addition of 4% arabinose and allowed to grow for 30 m nutes at 30C

f ol | owed b«ygmom s«yate@swmregmwsﬁeaulam ecetglpctateingiakolism. 1The fqdR abeC sthgincel | s

was washe Bﬁl

resuspendg WV§ Céf}fﬂﬁﬁ %gmgg thgl-élgy @gﬁérgﬁlﬁ{oncﬁ% In%% 8&&3\%@3&1? "Sas
added. Th ehahémy agidy iato longwhsinelangth @dlyhyﬂrdxyallkame;ap)vhuvmltre@l isatsed &dla 3
KV in Gene Pul ser El eétro porator (Bio-Rad Inc, s were recovered for

1-2 hb%rs cabon spurgs fPritheppey? onate ghisoprspe BIadH fbmeo?aé%kw.a%qnveee ).
Five tr anth'fL}cebr fmﬁ?egr 4 saanmm@d% By thRCRe wﬁ ﬁ%%qnqwat %u@gcawseredna either

f I anki ng on site (2 priner sets: pgl and 49 rev and
EcoRV- pgl shoypmatiBatly dsniikgibatiemeithagdipas: éfo@ﬂn([ﬁﬂBgn)cmemanomaecllpaseaﬁeizd)darant

was selected and this strain s desi gnat ed 655 e
Chr onos omdFEPRAPBES. RESBEEI A BPFD OrIBTIGRLY Pdeapers iF i St a pase such 58 ©

sodium hydroxide.

20

i) E. coli fadR atoC strain expressing the upper Mevalonic Acid pathway
Strain WW4 was created by electroporating pCLPtrcUpperPathway into LS5218

using standard methods (Sambrooke e al., Molecular Cloning: A Laboratory Manual, 2n
ed., Cold Spring Harbor, 1989). Incorporation of the plasmid was demonstrated by the

25 production of mevalonic acid (MVA) when cells were cultured in TM3 medium
supplemented with either C12 fatty acid (FA) or palm oil as the carbon source. To
demonstrate production of MVA by WW4 from fatty acid, cells from an overnight culture
were diluted 1 to 100 into 5 mL of modified TM3 medium (TM3 without yeast extract)
supplemented with 0.25% C12 FA (Sigma cat # L9755). The first sign of MVA production

30 (24 mg/L) was apparent after overnight incubation at 30°C of the IPTG induced culture.



generate a PCR fragnent containing the FRT-CMP-FRT-A 1.5 - ybhE construct.
This construct was cloned i nto pBBRLMCS5( Gent anmycin) as follows. The
fragnent ,wbenw/woss2seferred to as CMP-Q 1. 5-pgl, was anplpciriusdoossnssg7 t he 5°'
prinmer PglconfirmF and 3' prinmer 3 EcoRV-pglstop. The resulting fragnent
was cl oned using the Invitrogen TOPO- 25Blunt cloning kit into the plasmd
vector pCR-Blunt 11-TOPO as suggested fromthe nmanufacturer. The Nsil
fragnment harboring the CVMP-d 1. 5-pgl frdé?nent was cloned into the Pstl site
of pBBRI MCS5( Gentamycin). A 20R1l ligation reaction was prepared containing
5.11CWP-d 1. 5-pgl insert, 2111pBBRIMCS5( Gentanycin) vector, 11.t1 T4 DNA

| i gase ( N&vodangormindreBsal eMes threel days1oixh thegﬁmélebglfﬁfelr% gl IfOVRY AdpiiedOcedThe

ligation mxture 30was jncub enn. rat for 40 m, nut gs t hen
o 37 uL were desgeap BredBieT S Ay YR ORRs i foen Sb ) STt e iere
el ect r ocoangregntto 100 Itlo G&idifed TMA ﬁé&gﬂlrb)lppl%hﬁﬂteﬁhﬁtlpm ﬂ%t&wgedteacﬂaﬁﬁ od
above. Transformants were sel ected on g(AS containing 1

chl or anph@fi TEIL f M8 mpdim Gdihe disteign of‘M prgdusiian (5P mefb) y@s appasent @ftshe
vas del er gl fathnt il o TREIP R iddiEPENIRE & APEC rpr&ﬁggaw&ea% thig
e db . IS

with t e I'n- vVerse primers provide uetec

pl asm d wasysdessh glﬁx&hEldv@BiBlROMﬁ@/]L B MYA frédgedes 77A— B and SEQ I D NO 122).
Pl asm d pBBRCMPA 1. 5-pgl was el ectroporated into EW.256, as descri bed above
in Exanpl e 10 and transfornmants were plated on L agar contai ning

Chl or anpheRiscey; ﬁzkﬁ dagé rgiram e%f&angmewpér Al 18lkr wgcptatmyy@wk&cﬁg ug/ ),
and carbenicilli'n OOne transformant was sel ected and

de5| ghat edSORMnb@%haZse Prl rrers Pgl F 15 5, - ACCGCCAAAAGCGACTAAL1111

20pg 1 5 R SLUILE TR R et

S oplsiad 2
ACGCGGT TGArhr i 18 y? @mwmmcmae f th
GGGCGTGACGGCTCGCTAATW % %@Gﬂ (SEQID ncorporation 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.

15  These results are shown in Figure 70A.

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

20 resuspended cells from this starter culture were diluted 1 to100 and 1 to 10 into 5 mL of
modified TM3 medium containing 0.125% C12 Fatty Acid (Sigma cat # L9755).

To demonstrate production of mevalonate from palm oil, the oil was predigested
with lipase at 37°C and 250 rpm for several days to release the fatty acids (evidence of
hydrolysis was judged by the foam formed when tubes were shaken).

25 In addition, a culture was set up by diluting the washed cells at 1 to 10 into modified
TM3 medium contained in test tubes with palm oil. A further tube was set up by the
addition of 0.125% C12FA to the remainder (2.5 mL) of the washed cells without further
dilution (bioconversion). After 3.75 hours of growth at 30°C with shaking at 250 rpm all of
the cultures were induced by the addition of 50 uM IPTG. Incubation was continued for 4

30  hours after which time 200 uL of each of the cultures was assayed for isoprene accumulation



25NC 116) 3' EcoRV- pgl st op: 5'-CIT GAT ATC TTA GIG TGC GIT AAC CAC CAC
(SEQ I D NGO 117) 30 pgl -i-49 rev: CGTGAATTTGCTGGCTCTCAG (SEQ I D NO 118)
Bot t om Pgw0:20@®IFLAGT TCCTCACCTTGIC (SEQ I D NO 119) Top PGB/US2@NB0I89746) :
ACTGAAACGTMCATCGCTC (SEQ I D NO 120) 35 PglconfirmF WO

2010/ 005525PCT/ US2009/ 003897 - 157 - 5' - ACCGCCAAAAGCGACTAA 1 11 1AGCT-3'
(SEQ ID NO 121) i) Small scal e anal ysis Mdia Recipe (per liter
fermentation nedia): 5K2HPO4 13.6 g, | P4 13.6 g, MySO4* 7H20 2 g,
citric acid nonohydrate 2 g, fenic amoniumcitrate 0.3 g, (N-14)2S0Q4 3.2
g, yeast extract 1 g, 1000X Trace Metals Solution 1 m. Al of the
conmponent svim@rrmdiﬁégbead@@@m@ssa}aﬁhh@irgs@lm-eldtwmatoﬁqigovitlwmkm 80 apinlst ed

to 6.8 wit ' ' 09 br ht .t o.volu Medi a, wa
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wer e addegriaf foaGCMIsiralyslsi 2aéitatioRbthelih@ldked stIiEes wad 0 hutd d¢emMhk ahd
Sol ution 5&2& liter fernmentation nedia): Ctric Acid * H20 40 SA* H20

30g, NaCl23Q8L apguntswerggaain gsaysddepisopiane proguctionstdhonkpd) deg, %’Qs_zjsm’Shslﬂzo
1007 1303 VIR o0 AL Aol GRTIAGI BehoRplIET o
sol ut i on significantghtels of isoprene Ehclhifghest davebtafisdpraedvert obsavéd dxhetulnoa
filter. alvh%p\%si srégcrl]éda alt lPero iFucl!H)rnefrom the overnight starter culture after it had been

incubated and induced overnight. This result suggests that this culture continued to grow

and increase in cell density. These results are shown in Figure 70B. Cell density could not

10  be measured directly because the fatty acid suspension had a turbid appearance. Cell density
of this culture was therefore determined by plating an aliquot of the culture and showed 8
x10’ colony forming units. This corresponds approximately to an ODgq of 0.1.
Nevertheless, this culture provided significant isoprene production; no isoprene is observed
for similar strains without the pathway described in this example.

15
Example 13: Improvement of isoprene production by constitutive expression of ybhE
in E. coli.

This example shows production of isoprene in a strain constitutively expressing ybhE
(pgl) compared to a control strain with wild type ybhE. The gene ybhE (pgl) encodes a 6-

20  phosphogluconolactonase that suppresses posttranslational gluconylation of heterologously
expressed proteins and improves product solubility and yield while also improving biomass
yield and flux through the pentose phosphate pathway (Aon et al. Applied and
Environmental Microbiology, 74(4): 950-958, 2008).

The BL21 strain of E. coli producing isoprene (EWL256) was constructed with

25  constitutive expression of the ybhE gene on a replicating plasmid

pBBRIMCS5(Gentamycin) (obtained from Dr. K. Peterson, Louisiana State University).
FRT-based recombination cassettes, and plasmids for Red/ET-mediated integration

and antibiotic marker loopout were obtained from Gene Bridges GmbH (Germany).

Procedures using these materials were carried out according to Gene Bridges protocols.

30  Primers Pgl-F and PglGI1.5-R were used to amplify the resistance cassette from the FRT-



201 soprene production was anal yzed by growing the strains in a CelleratorTm
from M croReact or Technol ogies, Inc. The working volune in each of the 24
wel | s wasw@.261o0mobs25 The t enperat ure was nai nt ai ned at 30ECTtuse00piBoIset poi nt
was 7.0, the oxygen flow setpoint was 20 sccmand the agitation rate was
800 rpm An inoculumof E. coli strain taken froma frozen vial was
streaked onto an LB broth agar plate (with antibiotics) and i ncubated at
2530C. A single colony was inocul ated i-d®8-media with antibiotics and grown
overnight. The bacteria were diluted into 4.5 nL of nedia with antibiotics
to reach an optical density of 0.05 neasured at 550 nm O f-gas
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in fed- batminutalof grawthat 3HE. Yo aliguonofel Maalishtiees]sevqspepshed 8et times in ice
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Modi fied Tr@peRNbakct Hak dldan Thedlectdipbratibn Wae caniedaue it &-mvergap advwts, at
t oget her and di ssolved in di H20. This_sol ution vva? aut ocl aved. Thle %5 was
adj usi®d tlo3 kVanaiGanedihss Elaeimeperaori(Bio-Radbac.Jafcllg were fesoyeriet fer 1-&hgits e
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were analyzed by PCR and sequencing using primers flanking the integration site (2 primer
sets: pgl and 49 rev and 3' EcoR V-pglstop; Bottom Pgb2 and Top GB’s CMP (946)). A
correct transformant was selected and this strain was designated MG1655 GI1.5-pgl::CMP.

20 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 cloned into pPBBRIMCS5(Gentamycin) as follows. The fragment, here on
referred to as CMP-GI1.5-pgl, was amplified using the 5° primer Pglconfirm-F and 3’
primer 3' EcoRV-pglstop. The resulting fragment was cloned using the Invitrogen TOPO-

25  Blunt cloning kit into the plasmid vector pCR-Blunt II-TOPO as suggested from the
manufacturer. The Nsil fragment harboring the CMP-GI1.5-pgl fragment was cloned into
the Pstl site of pPBBRIMCS5(Gentamycin). A 20ul ligation reaction was prepared
containing S5l CMP-GI1.5-pgl insert, 2ul pPBBRIMCS5(Gentamycin) vector, 1ul T4 DNA
ligase (New England Biolabs), 2ul 10X ligase buffer, and 10ul ddH;O. The ligation mixture

30  was incubated at room temperature for 40 minutes then 2-4 uL. were electroporated into



25and pH adjustnent. 1000X Modified trace Metal Sol ution: Ctric
Acids * H20 40 g, Mh504* H20 30 g, NaCl 10 g, FeSO4* 7H20 1 g, CoCl2 * 6H20
1 g, ZnS®O 26H205R25g, CuSO4 * 5H20 100 ng, H3BO3 100 ngpCRalsb@40038b20 WO
2010/ 005525PCT/ US2009/ 003897 - 159 - 100 ng. Each conponent is dissolved
one at atinme in D FI20, pHto 3.0 with HO/NaOH, then g.s. to volune and
filter sterilized with a 0.22 mcron filter. Ferment ati on was
performed in a 15-L bioreactor with BL215?DE3) E. coli cells containing the
upper neval onic acid (MVA) pathway (pCL Upper), the integrated | ower 5WA
pat hway (gi 1. 2KI CDyl), high expression of neval onate kinase fromM nazei
and i sopr eleetreopmipetene Top Hheddls (divimogepTneing te-pasarkgtersadistldsied hbewepr essi on of
pgl (pBBR:pgl). Thi s experinent was carr.ied . aut  t ni tor Isoprene

Por b i on TSt sl Bt ot LR b RE B erb PR renid e B lo/m ur o
34C. A fr oeatamdical. TaE sédiRnée 6f0tht selbétad Blonesvak Betsained dsinB AGlunMepdf that o
tryptone-yeast extract nmedium_ After the inoculumgrewto OD 1.0,

10neasur e@rigerssigcried abope ay Wolkk8s witbdhe t-hawse dP and Revese pripiesy prayidsd by

brinai CoCtial o . ol ¢
ant i 5oer Py G (S Bl Dt desi il BRI s el SBFETRORSRY e
was decr eSEQUD NOMEXY). nmet abol i ¢ demands. The total anpunt of glucose

o Yoo (5”2 PR h SRR CHL bbb eRatiiued o B st Tl Shnk™
| PTG concentxahhien0%ad udhgeehint Ge at‘éMom:{gta} B&ni@imtrC@hloRRSHehoR 1050 Nm -

(0D550) reached a value of 4. The | PTG concentration was raised to 192 uM
when 0D550gmdac Gentanioin (Pheg/0D55pegsimofrycn (A0tgimL), ed baberigdtin(Sbvgmli me

is shown iy Fi e 78A. The isoprene |ev i of f gas fromthe

bi or eact o %@g%%?'ﬁiwnaéﬁeﬁgéeﬁﬁgg%ﬁﬁlﬁ%ﬁeaﬁg@qg%g?trorret er. The 20i soprene
titer increased over the course of the fernentation to a maxi num val ue of
33.2 g/L at 40 hours (48.6 g/L at 59 hours) (Figure 78B). The isoprene
titer i ncPEE¥EY over the course of the fermentation to a maxi mum val ue of
40.0 g/L at 40 hours (60.5 g/L at 59 hours) (Figure 78C). The total anpunt
of isopreRgl-Broduced during the 40-hour (59-hour) fernentation was 281.3 g
(451.3 g at 59 hours) and the tine course of production is shown 25in
Figure 78B- The tinme course of volunetric productivity is shown in Figure
78E and sh@EGtraia AAGEGA T8 AR ET AGCTATTH EA GTORSTIGAX PT AREdET@RET O
and 40 howsaGEctEGECHE’ patgpNG18nd 59 hour). The netabolic activity

profile, as neasured by CER, is shown in Figure 78F. The nol ar yield of
utiliged f(ﬁ‘i%-f{hat went into producing isoprene during fernmentation was
19. 6% at %‘8 olrs (23.6% at 59 hours). The wei ght percent yield

GCTGGCGATATAAACTGTTTGCTTCATGAATGCTCCTTTGGGTTACCTCCGGGAA
ACGCGGTTGATTTGTTTAGTGGTTGAATTATTTGCTCAGGATGTGGCATAGTCAA
GGGCGTGACGGCTCGCTAATACGACTCACTATAGGGCTCGAG-3’ (SEQID

25 NO:116)

3' EcoRV-pglstop:
5’-CTT GAT ATC TTA GTG TGC GTT AAC CAC CAC (SEQ ID NO:117)

30  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)

35
Pglconfirm-F



300f isoprene fromglucose was 8.9% at 40 hours (10.7% at 59 hours). WO
2010/ 005525PCT/ US2009/ 003897 - 160 - Preparation of |soprene Sanples for
Pol yner i 280i2010/008325Pr epar at i on of 1000X Modi fi ed Trace WetralS2&oloodspon: Each
of the follow ng conponents is dissolved one at a tinme in DO H20: Gtric
Acid 5* H20 (40 g), MhSO4* H20 (30 g), NaCl (10 g), FesSO4* 7H20 (1 g),
CoC12* 6H20 (1 g), ZnSO * 7H20 (1 g), CuSO»4 * 5H20 (100 ng), 1131303 (100
my), NaMbat * 2H20 (100 ng). The pH wasla8dfusted to 3.0 with HCl/ NaOH, then
g.s. to volune and filter sterilized with a 0.22 mcron filter. 10(b)
Preparation of Fernentation Medium Each liter of fernentation medium

cont ai ned SKAKIRGICCA AN G CORSDAATIHINGQT ) (SEQUIDI NOak21d nonohydrate (2 g),
ferric ammoniumcitrate (0.3 g), yeast extract (0.5 g), 1000X Modified
Trace Metal Solution (1 m). Al of the conponents were added together and
di ssol vedj)Singli §dafe anhRisis sol ution was autocl aved. The pH was adjusted to
7.0 with 15ampni um gas (NH3) and gq.s. to volune. ducose (10 g), thiam ne
* HCL (0. Megja Regipr (st litsy armentatiop medéipdd after sterilization and pH

adj ustarent . (c) ta " Puri f1 i
Pol yrrtgri zation: zsog‘ggéégh@&%éfgifgg\@g@d??ﬁ% ’n‘Hg{nC dgﬁ | Sgghe)gﬂ %ﬁazr oal
by passi néertibematdinermentasd 0.8rg, XHUSO, AQre) yeasc axtrt érgs 10004 Trace N etdls

h | dj |l el h i fol d. i
oy ooe Rolp AR imhiARAl Sscamponents yaraudoes cpeiher ap istclbed nBRAGnARE PO,
was perfomgﬂﬁﬁte@% 8.-8Q~ia{'§ln§1%gitdrn2h oRidk i\ﬁé%f m@ngw&sgyﬂn@ MediE3 E

coli cells containing the pCL pper WA and pTrc I kI'S plasm ds. An

i nocul um Gltesstecladeid with aDi22traicen fikermGludase 2dhg endibintiacticstwaraRddedxiteo an LB

broth agar, pl.ate (w,th aptibiotics) and incubated at 37 C. A single col ony
was i ocufstﬁﬁhﬁatioﬁt%dtpk?fﬁmwgtast extract medium After the inocul um grew

to OD 1.0, neasured at 550 nm 500 nL was used to inoculate a 5-L

bi or eact or .
1000X Trace Metal Solution (per liter fermentation media):

Citric Acid * H,0 40g, MnSO4 * H,0 30g, NaCl 10g, FeSO, * 7TH,0 1g, CoCl; *
6H,0 1g, ZnSO4 « TH,0 1g, CuSO4 * 5H,0 100mg, H3BO3 100mg, NaMoO4 * 2H,0
15 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

20 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

25 30°C. A single 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.

Off-gas analysis of isoprene was performed using a gas chromatograph-mass

spectrometer (GC-MS) (Agilent) headspace assay. Sample preparation was as follows: 100

30 UL of whole broth was placed in a sealed GC vial and incubated at 30°C for a fixed time of



WO 2010/ 005525PCT/ US2009/ 003897 - 161 - d ucose was fed at an
exponential rate until cells reached the stationary phase. After this tine
t he gl ucose 2hwaswas decreased to neet netabolic demand®CTise0000038P7 anount
of glucose delivered to the bioreactor during the 54 hour fernmentation was
3.7 kg. Induction was achi eved by adding

i sopropyl - bet a- D- 1-t hi ogal act oPyrano5ide (I PTG. The IPTG 5 concentration
was brought to 25 1.thl when the opticall58ensity at 550 nm (0D550) reached
a value of 10. The I PTG concentration was raised to 50 uM when 0D550
reached 190. | PTG concentration was raised to 100 uM at 38 hours of

f er ment at B0mindibe BdlEwing abkat léll stepéonsisting bf mceatsationrat GOUT fdri mirusessthewn i n
Fig. 1. The isoprene titer increased over the course of the fernmentation to
a final vainyRleyasioadedop the5. 2) . The total amount of isoprene produced
10during the 54 L s :
production is sh wfn&ll ‘?@Eﬁg@@ h%\g\é?rab r%?h)g/f g%&gf&%ﬁb}?{g@d&% %g}%&ffﬁge went
i nt o pr oduaderySpsumnexe ddung thyg doersewf thet iuon Spefid pERIUcti YiBewai-pigpained b§0, 81

and 82). . .. .Preparation of |soprene Palynerizatiqgn Sample B from
& ucose afityidiut e e orsR g o14RE o By g QLFed it Ao fHe o Citeim gl ucose
and yeast extragiheWad sR&ink @WEQS@LndJI'{ME-IQO@QQVe’%Q%sb&e% a5@&|) !mcpfi(gf lﬁ%ﬁi’?f}

with E. coli cells containing the pTrcKudzu + ylIDI + DXS plasm d.

i nocul um ofdugtiorclsivélss Samples ke andl yaschfer isopreesprodadtioncandmedgaowth (QD550)
soyt oneyeas} -extract - cose nedium Afger .the inoculumgrew to OD 0.15,
measur ed gﬁf&}% 4nﬁc’a'2‘gg OHY® R?/éts'mﬁlg‘étbo"t déﬁn}?é%su\y?ffgiogem%pggﬁem cont ai ni ng
2.5-L tryptone-yeast extract nedium The 2.5-L bioreactor was grown at 30C
to OD 1.0 and 2.0-L was transferred to the 500-L bioreactor. Yeast extract
(Bi o pri RYBesultebnt real , Quebec, Canada) and gl ucose were fed at

exponential rateg, ggp&&gﬁt%en?é?ﬁﬁ% ﬁ{at A HGPRFenR 96‘nc3éﬁﬁ§tgolrﬁ>ﬁf TPPE tﬁ@ %&{Er Ed

to the bioreactor I'ng the our fermentation was 2 kg an
respect i vekpressiitpeth2 ybhd fpglrbad aldrasmiatiy 2¢3 fdid incrdase bi speedict podwtieitytof me i s
shown in Fig. 4. The isoprene titer, i ncreased over the course of the

f er ment at IORTPECGMPEFA t9-He OBl SiR/unt of i soprene produced during the 50

hour fermentation was 55.1 g and the tinme course of production is shown in
Fig. 6. WO 2010/ 005525PCT/ US2009/ 003897 - 162 - |soprene Desorption from
Act i vER ed iiChaprsneaferfrivibtatiod frym Actolvetpsessiigad croate: fre3@logpte kimdsehP.dbz been

exposed to a stre of fermentor off- laced into.a 00 .m_ | ask
o Bng i ¢ foredesy By, ndedlsnerkmme i Ry R AGEE arfv P Bt nld e
slurry wagt éhgilbat eghld or 2 hours. Vacuum was applied (100 nbar)

Medium Recipe (per liter fermentation medium)

20 K,HPO, 7.5 g, MgSO,4 * TH,O 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 iﬁ 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 * HCI 0.1 g, and antibiotics were added after sterilization

25 and pH adjustment.

1000X Modified trace Metal Solution:
Citric Acids * H,O 40 g, MnSO, * H,0 30 g, NaCl 10 g, FeSO,4 * 7TH,0 1 g, CoCl,
* 6H,0 1 g, ZnSO4* TH,0 1 g, CuSO4 * 5H,0O 100 mg, H3BO; 100 mg, NaMoO, * 2H,0



Svia an in-line cryogenic trap (30 nmL capacity, imersed in lig. nitrogen).
Four fractions were collected and conbined to yield an isoprene/cycl ohexane
sol uti on Wd.201vw8s25 sopr ene, total volune = 53.1 g). Thi £CIalSaa000389AS
vacuum di stilled at 100 nbar and a new i soprene/ cycl ohexane sol uti on was
collected (yield = 10.1g), which was dried over 3A nol ecul ar sieves. GC
analysis of this solution indicated an |s§prene content of 7.7 w.% 10

| soprene Desorption from Acti vat ed Char d8ar (Met hod B) Acti vat ed
charcoal (65 g), which had been exposed to a stream of fernentor off-gas,
was placed into a 500 nil, flask along with a stir bar. Jarytherm DBT (250
g) was adde@imgo Rahk componssais @mlqu@nsmatimmyi&gﬁ il fo0¥.0 ithddCH¥NaQec uum

was applied Spbar,) vi a in-_.45l.in eni c ap (30 tnL capacity,
mer obd Tin s b aB et 2 il FORRIRAG MED P e o ambi ent
tenperature. Twehhaumbrphass?@mﬁfee I@EES@blofdﬁcfolﬂQ/lﬂ'erEZI (oL Evweiidells 1. 82

g). The organic phase was diluted with cycl ohexane (3 g), decanted, and
dried oveforsanig)the wprar mavalpaic acb(M YA \pathwayr (PCk ‘épgecs) l!ilﬂq otearaed lowesd an
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~ gl ass vesse septumtiop, and agitated for 0.5 h at anbi ent
t errper at uasd 1n15b1ﬁaded$mo¢ty|pnmeeye1astvw&aaddﬁﬂumo Afres tisoinotulam getvao Qibildh it

aged f C. The, final sol ytiop was clear. and yel |l ow.
The dBnce AR S D0 AR ODIRLHa Vo BHSIAOSHRad dyPiHE s eTRAT KA
2010/ 005528R&mE 1554009/ 003897 - 163 - Preparation of Titanium Catalyst
A 100 nth glass reaction vessel with septuminlet and containing a nagnetic
stirbar was pl adgddcasn was fedat dnagxiponentdlrate atilgets vﬁaplhﬁdqthhebaaneary@.hesam,
anhydr ous),, at TiCla (1.5 |g ous.
agitati onAf'§5B¥§ 'é'?lghv gelﬁc%s(?lfﬁetq ‘5% §ea§6%€?e?13ett (ﬂléglcge ?ﬁ%lrzzﬂenyl
ether (1. 2mBlnt of gfudds®ldlivardd folthé BloRsachor ahbing fHém()(HdthSSiThourl forfheAtaEbn wab
wt. % sol ution in hexane). The solution was added to the reaction vessel

over Ihe éduiesé-2ke & 3% vk sindyetinnowgs ashisypdby adding B Red ThedPRE t he
addi tion. FJ{L%&&?&%D&& R8uito 116 LVPEhER the Spulhiteh&dy AB04AS (ODSY) RhH & at

-40C for ure use

value of 4. The IPTG concentration was raised to 192 uM when ODsso reached 150. The
OD:ssg 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

20  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

25  inFigure 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 isoprene

during fermentation was 19.6% at 40 hours (23.6% at 59 hours). The weight percent yield
30 of isoprene from glucose was 8.9% at 40 hours (10.7% at 59 hours).



10Pol ymeri zati on Sampl es of polyisoprene derived primarily from

gl ucose were produced by polynerizing | soprene Polynerization Sanple A wth
Neodym urwoabslopsi2sand n- BuLi . Sanpl es of pol yi soprene @emivsea9onnisnt
cofernmentati on of glucose and yeast extract were produced by polymnerizing

| soprene Pol ynerization Sanple B with Neodym um catal yst, 15titatium

catal yst, n-BuLi catalyst, and enul sion free radical polynerization.
Representative polynerization conditi ond®@re described bel ow. Sol ution

Pol yneri zati on of |soprene with Neodym um Catalyst A 4 nL screw top gl ass
vial with Teflon coated stir bar was annealed in an oven for 203 h at 150C
The vi al Reepafatipn efiIsaptene Sampldsdnr Palymdrigatiancone sept um and open-top cap.
Using a syringe, it was then charged with an isoprene solution (1.5 g, 7.7
wt. % in cycl ohexane, anhydrous). Neodym um catal yst solution (60 uL) was
inj ected id)Peepadfioni c¥l1000X Medifie€ TeaceWIktADSoludde Vi al was placed onto a
stirrer/hotplate regulated to 65C, with the stir bar spinning at 500 rpm
After 15 ni nut E&ch ofcthe follpwing compamnthisdisakysd 9n%traetlmps%&@gozﬂm<‘ef\0@

reaction ti : th t] O Wiyt i 9

i sopr 3panoI@n@bﬁitlglngédméﬁgggﬁggﬁg@%, wb@&fgfﬁﬁﬁ\}\i . %@lﬂ .g‘)’A
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Isoprene was collected by adsorption on activated charcoal by passing the
20  fermentation exhaust across canisters of activated charcoal arranged in parallel on an

exhaust manifold.

(d) Preparation of Isoprene Polymerization Sample A from Glucose using E. coli
Fermentation was performed at pH 7.0 and 30°C in a 15-L bioreactor with BL21
25  (DE3) E. coli cells containing the pCL PtrcUpperMVA and pTrc KKDyIkIS plasmids. An
inoculum of E. coli strain taken from a frozen vial was streaked onto an LB broth agar plate
(with antibiotics) and incubated at 37 °C. A single colony was 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 5-L bioreactor.
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(e) Preparation of Isoprene Polymerization Sample B from Glucose and Yeast Extract using
15 E.coli
Isoprene formation from glucose and yeast extract was performed at pH 7.0 and
30°C in a 500-L bioreactor with E. coli cells containing the pTrcKudzu + yIDI + DXS
plasmid. An inoculum of E. coli strain taken from a frozen vial was prepared in soytone-
yeast extract-glucose medium. After the inoculum grew to OD 0.15, measured at 550 nm,
20 20 mL was used to inoculate a bioreactor containing 2.5-L tryptone-yeast extract medium.
The 2.5-L bioreactor was grown at 30 °C to OD 1.0 and 2.0-L was transferred to the 500-L
bioreactor. Yeast extract (Bio Springer, Montreal, Quebec, Canada) and glucose were fed
at exponential rates. The total amount of glucose and yeast extract delivered to the
bioreactor during the 50 hour fermentation was 181.2 kg and 17.6 kg, respectively. The
25  optical density within the bioreactor over time is shown in Fig. 4. The isoprene titer
increased over the course of the fermentation (Fig. 5). The total amount of isoprene

produced during the 50 hour fermentation was 55.1 g and the time course of production is

shown in Fig. 6.
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Isoprene Desorption from Activated Charcoal (Method B)

Activated charcoal (65 g), which had been exposed to a stream of fermentor off-gas,
was placed into a 500 mL flask along with a stir bar. Jarytherm DBT (250 g) was added to
the charcoal and the slurry was agited for 2 hours. Vacuum was applied ( S5mbar) via an in-

15 line cryogenic trap (30 mL capacity, immersed in liq. nitrogen). After 1 hour the trap was
warmed to ambient temperature. Two liquid phases were present in the trap (total weight
1.82 g). The organic phase was diluted with cyclohexane (3.26 g), decanted, and dried over
3A molecular sieves. GC analysis of this solution indicated an isoprene content of 27.3
wt.%, or 1.22 g).
20
Preparation of Neodymium Catalyst

Neodymium versatate (2.68 mL, 0.51 M in hexane,), triisobutylaluminum (54 mL,
1.0 M in hexane), and diethylaluminum chloride (3.40 mL, 1.0 M in hexane) were drawn up
into plastic syringes fitted with steel cannula. The first two components were added to a

25 solution of 1,3-butadiene in hexane (22.4 mL, 15 wt.% 1,3-butadiene, placed into a 100 mL
glass vessel with septum top, and agitated for 0.5 h at ambient temperature. The last
component was added to the solution after which it was heat-aged for 0.5 h at 65°C. The
final solution was clear and yellow. The concentration of the solution based on neodymium

was 0.0164 M.
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Preparation of Titanium Catalyst

A 100 mL glass reaction vessel with septum inlet and containing a magnetic stirbar
was placed in an ice bath at 0-C, charged with n-hexane (5.07 mL, anhydrous), and with
neat TiCls (1.5 mL, 13.7 mmol) under vigorous agitation. Separately, a solution was

5 generated consisting of diphenyl ether (1.2 mL, 7.6 mmol) and triisobutylaluminum (14.6
mL, 12.6 mmol, 25 wt.% solution in hexane). The solution was added to the reaction vessel
over the course of 5 minutes. A brown precipitate formed during the addition. The

suspension was stirred for 10 minutes and was then stored at -40°C for future use.

10 Polymerization

Samples of polyisoprene derived primarily from glucose were produced by
polymerizing Isoprene Polymerization Sample A with Neodymium catalyst and n-BuLi.
Samples of polyisoprene derived from cofermentation of glucose and yeast extract were
produced by polymerizing Isoprene Polymerization Sample B with Neodymium catalyst,

15 titatium catalyst, n-BuLi catalyst, and emulsion free radical polymerization. Representative

polymerization conditions are described below.

Solution Polymerization of Isoprene with Neodymium Catalyst

A 4 mL screw top glass vial with Teflon coated stir bar was annealed in an oven for
20 3 hat 150°C. The vial was fitted with a Teflon faced silicone septum and open-top cap.
Using a syringe, it was then charged with an isoprene solution (1.5 g, 7.7 wt.% in
cyclohexane, anhydrous). Neodymium catalyst solution (60 uL) was injected into the vial
with a micro-syringe. The vial was placed onto a stirrer/hotplate regulated to 65°C, with the
stir bar spinning at 500 rpm. After 15 minutes the solution became noticeably more viscose.
25 After a reaction time of 1.5 h the reaction was quenched with a solution of isopropanol and
butylated hydroxytoluene, (BHT), (30 uL, 10 wt.% BHT). A 100 mg sample of the cement
was removed for GPC analysis. The remaining polymer cement was dried under ambient
conditions. The isolated polymer weighed 110 mg, was determined to have a weight
average molecular weight of 935,000 (by GPC) and a cis-mirrostructure content of greater
30  than 90% (by *C-NMR).
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Solution Polymerization of Isoprene with Ti Catalyst

A 4 mL screw top glass vial and Teflon coated stir bar was annealed in an oven for 3
h at 150°C. The vial was fitted with a pre-scored Teflon faced silicone septum and open-top
5 cap. Using a syringe, it was then charged with an isoprene solution (1.5 g, 7.7 wt.% in

cyclohexane, anhydrous). The titanium catalyst suspension was magnetically stirred and a
sample was removed (70 uL) with a disposable tip pipette, which was then added to the
reaction vial through the pre-scored septum. The reaction vial septum was replaced with a
solid cap, and the vial was placed onto a stirrer/hotplate regulated to 65°C, with the stir bar

10  spinning at 500 rpm. After 5 minutes the solution became noticeably more viscose. After a
reaction time of 1.5 h the reaction was quenched with a solution of isopropanol and
butylated hydroxytoluene, (BHT), (30 uL. 10 wt.% BHT). A 100 mg sample of the cement
was removed for GPC analysis. The remaining polymer cement was dried under ambient
conditions. The isolated polymer weighed 108 mg, had a weight average molecular weight

15 of 221,000 (by GPC), and had a cis-mirocstructure content of greater than 94% (by
C-NMR).

Emulsion Polymerization of Isoprene

A 20 mL vial was used as a polymerization vessel. The metal cap was pierced twice
20 with an awl and cardboard linear was replaced with a rubber gasket and Teflon linear. The
vial was rinsed with deionied water and dried under nitrogen.

To the vial was added 7.05 g deionized water, 1.14 g of 10% soap (potassium salt of
mixed fatty acids), 174 mg of 10% ammonium persulfate solution, and 24 mg of n-dodecane
thiol. The flask was purge for 30 seconds with nitrogen and capped. To the vial through the

25  rubber/Teflon gasket was charged 3 mL of bio-HG (2.033 grams of isoprene). The vial was
placed in a standard bottle polymerization bath (a second blank vial allows the vial to fit in a

4 oz bottle holder). The mixture was tumbled for 25.5 hours at 65°C (+/- 0.2°C).
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Work-up:

The latex was transferred to 50 mL pear shaped flask and diluted with 10 mL of
water. Un-reacted volatile organic was removed by evaporating 2 mL of water under
vacuum (54 mmHg, 40 — 50°C). To the latex was added an antioxidant dispersion, 140 mg

5  of 50% active polyphenolic AO (Bostex 24). The latex was coagulated by adding it to a
dilute acid solution (12 mL of 18% sulfuric acid in 150 mL RO water). The polymer
coagulated into a single large piece which was pressed and washed with RO water. The
sample was off white soft rubbery mass. The yield was 1.24 grams of wet crumb.

The final total solids content (TSC = 100*dried weight/wet weight) was 18.9 wt% or

10  an approximate conversion of 84%.

Polymerization of Isoprene with Butyllithium

Butyllithium (1,6 M in hexane) was diluted with n-hexane (anhydrous) in a ratio of

1:10. The solution was titrated against a standard N-pivalolyl-o-benzylaniline in THF. A
15 solution of isoprene in cyclohexane (4 mL) was dried by passing it through a small column
containing heat treated silica gel.

A 4 mL glass vial (oven dried at 150°C) was charged with a small Teflon coated
magnetic stir bar and a solution of isoprene in cyclohexane (1.35 g, 21.5 wt %).
Butyllithium (0.14 M, hexane) was added via syringe and the vial was heated to 65°C on a

20  stirrer/hot plate for 3 h. The polymer reaction was quenched with a BHT/iso-propanol
solution (10 wt % BHT in iso-propanol). All volatiles were removed under vacuum. This
procedure yielded 290 mg of polymer which reprecsents a theoretical yield of about 100%.
This polymer was determined by GPC analysis to have a weight average molecular weight
(M,,) of 17,880 and was determined by 13C NMR to have a cis-microstructure content of

25 67%;, a trans-microstructure content of 25%, and a 3,4-microstructure content of 8%.

GPC Analysis of Polymers

Size Exclusion Chromatography (SEC) is a well established technique to measure
polymer molecular weight and polydispersity (Mw/Mn). Two Polymer Laboratories C

30  microgel columns in series were utilized with tetrahydrofuran as the carrier solvent at a flow
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rate of 0.7 ml/min and a column temperature of 40°C. SEC was performed using a Wyatt
Technologies miniDawn light scattering detector coupled with a Hewlett Packard 1047A

refractive index detector. Polystyrene standards were used to calibrate the instrument.

5 NMR Analysis of Polymers

Polymer microstructures were determined by 3C-NMR analysis on a Varian Unity-

Plus 400 MHz spectrometer in chloroform-d1 solvent.

Data from '*C/"2C Isotope Analyses

Entry Sample (note: PI = polyisoprene) e
1 PI from sugar beet invert sugar -34.98
2 Commercial PI from isobutylene -34.43
3 Commercial PI from isobutylene -34.42
4 Guayule rubber -31.10
5 Palm oil -30.03
6 Palm oil -30.00
7 Natural rubber (Neco) -28.11
8 Natural rubber (Pumpic) -27.92
9 Natural rubber (Negato) -27.86
10 Natural rubber (Nivco) -27.79
11 Natural rubber (Naplo) -27.74
12 Natural rubber (Krado 1) -27.68
13 Natural rubber (Krado 1) -27.55
14 Natural rubber (Krado 2) -27.54
15 Natural rubber (Krado 2) -27.52
16 Natural rubber (Krado 2) -27.49
17 Natural rubber (Nolo) -27.38
18 Yeast extract -25.70
19 Yeast extract -25.68
20 Commercial PI from extractive distillation (Sample 2) -23.83
21 Commercial PI from extractive distillation (Sample 2) -23.83
22 Sugar from softwood pulp (Sample 2) -23.25
23 Sugar from softwood pulp (Sample 1) -23.00
24 Sugar from softwood pulp (Sample 1) -22.96
25 Commercial PI from extractive distillation (Sample 3) -22.95
26 Commercial PI from extractive distillation (Sample 3) -22.95
127 Commercial PI from extractive distillation (Sample 3) -22.94
28 Commercial PI from extractive distillation (Sample 3) -22.92
29 Commercial PI from extractive distillation (Sample 3) -22.90
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30 Commercial PI from extractive distillation (Sample 3) -22.89
31 Commercial PI from extractive distillation (Sample 3) -22.89
32 Commercial PI from extractive distillation (Sample 3) -22.89
33 Commercial PI from extractive distillation (Sample 3) -22.87
34 Commercial PI from extractive distillation (Sample 3) -22.84
35 Commercial PI from extractive distillation (Sample 1) -22.63
36 Commercial PI from extractive distillation (Sample 1) -22.62
37 Commercial PI from extractive distillation (Sample 1) -22.54
38 PI from Isoprene Sample B (emulsion polymerization) -19.67
39 PI from Isoprene Sample B (Neodymium catalyst) -19.14
40 PI from Isoprene Sample B (Neodymium catalyst) -18.80
41 PI from Isoprene Sample B (Neodymium catalyst) -18.37
42 PI from Isoprene Sample B (n-BuLi catalyst) -18.12
43 PI from Isoprene Sample B (n-BuLi catalyst) -18.12
44 Invert Sugar (Sample 1) -15.37
45 Invert Sugar (Sample 2) -15.36
46 Invert Sugar (Sample 1) -15.34
47 Invert Sugar (Sample 1) ' -15.31
48 Invert Sugar (Sample 1) -15.25
49 PI from Isoprene Sample A (Neodymium catalyst) -14.85
50 PI from Isoprene Sample A (n-BuLi catalyst) -14.69
51 PI from Isoprene Sample A (n-BuLi catalyst) -14.69
52 PI from Isoprene Sample A (n-BuLi catalyst) -14.66
53 Glucose from bagasse (sample 2) -13.19
54 Glucose from bagasse (sample 1) -13.00
55 Glucose from bagasse (sample 1) -12.93
56 Glucose from corn stover (sample 2) -11.42
57 Glucose from corn stover (sample 1) -11.23
58 Glucose from corn stover (sample 1) -11.20
59 Cornstarch -11.12
60 Cornstarch -11.11
61 Cornstarch -11.10
62 Cornstarch -11.07
63 Glucose -10.73

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
pertains. Singleton, ef al., Dictionary of Microbiology and Molecular Biology, 2nd ed.,

5  John Wiley and Sons, New York (1994), and Hale & Marham, The Harper Collins
Dictionary of Biology, Harper Perennial, N.Y. (1991) provide general definitions for many

of the terms used herein.
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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.
For use herein, unless clearly indicated otherwise, use of the terms “a”, “an,” and the like
refers to one or more. Reference to “about” a value or parameter herein includes (and
5 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. It is understood that aspects and embodiments

LN 19

of the invention described herein include “comprising,” “consisting,” and “consisting
essentially of”” aspects and embodiments.

10 While certain representative embodiments and details have been shown for the
purpose of illustrating the sﬁbject invention, it will be apparent to those skilled in this art
that various changes and modifications can be made therein without departing from the
scope of the subject 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

15 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.
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Appendix 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: MAL13P1.186
10  TAN: TA20470
TPV: TPO1_0516
ECO: b0420(dxs)
ECJ: JW0410(dxs)
ECE: Z0523(dxs)
15  ECS: ECs0474
ECC: c0531(dxs)
ECI: UTI89_C0443(dxs)
ECP: ECP_0479
ECV: APECO1_1590(dxs)
20 ECW: EcE24377A_0451(dxs)
ECX: EcHS_A0491
STY: STY0461(dxs)
STT: 12441(dxs)
SPT: SPA2301(dxs)
25  SEC: SC0463(dxs)
STM: STM0422(dxs)
YPE: YPO3177(dxs)
YPK: y1008(dxs)
YPM: YP_0754(dxs)
30  YPA: YPA_2671
YPN: YPN_0911
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YPP: YPDSF_2812
YPS: YPTB0939(dxs)

YPI: YpsIP31758_3112(dxs)

SFL: SF0357(dxs)
SEX: 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: PMO0532(dxs)
MSU: MS1059(dxs)
APL: APL_0207(dxs)
XFA: XF2249

XFT: PD1293(dxs)
XCC: XCC2434(dxs)

-13.00 55 G ucose from bagasse (sanple 1) -12.93 56 3 ucose from
-11.42 57 d ucose from corn stovecT(usamploessy) -11.23

-11.20 59 Cornstarch -11.12

-170 -



60 Cornstarch -11.11 61 Cornstarch -11.10 62 Cornstarch -11. 07 63 { ucose
-10.73 Unl ess defined otherw se, the neanings of all technical and
sci enti fiworermm®sizssed herein are those conmonly under st @aa/usgooomessef skill
in the art to which this invention pertains. Singleton, etal., Dictionary
of M crobi ol ogy and Mol ecul ar Biol ogy, 2nd ed., 5John Wl ey and Sons, New
York (1994), and Hale & Marham The Harper Collins Dictionary of Biology,
Har per Perennial, NY. (1991) provide gé?lbral definitions for nmany of the
terns used herein. WD 2010/ 005525PCT/ US2009/ 003897 - 168 - The
headi ngs provi ded herein are not limtations of the various aspects or
enbodi menXEBHXEHé7Bnventi on whi ch can be had by reference to the

o hor wi soXQERSY PR, e 2 o+ fnd The 11 ke ref ors to one or more.
Ref er encextae: '>ehopsés5(@xsyal ue or paraneter herein includes (and 5descri bes)
enbodi nents that are directed to that value or paraneter per se. For
exanpl e, XO0O0: X002017(dxs)
5 XOM: X00_1900(X001900)
VCH: VC0889
VVU: VV1_0315
VVY: VV0868
VPA: VP0686
10 VFIL: VE0711
PPR: PBPRAO0SOS
PAE: PA4044(dxs)
PAU: PA14_11550(dxs)
PAP: PSPA7_1057(dxs)
15  PPU: PP_0527(dxs)
PST: PSPTO_0698(dxs)
PSB: Psyr_0604
PSP: PSPPH_0599(dxs)
PFL: PFL_5510(dxs)
20  PFO: Pfl_5007
PEN: PSEEN0600(dxs)
PMY: Pmen_3844
PAR: Psyc_0221(dxs)
PCR: Pcryo_0245
25 ACIL ACIAD3247(dxs)
SON: SO_1525(dxs)
SDN: Sden_2571
SFR: Sfri_2790
SAZ: Sama_2436
30 SBL: Sbal_1357



description referring to "about X' includes description of "X " Numeric
ranges are inclusive of the nunbers defining the range. It is understood
t hat aspewO=0sMEs®Abodi ments of the invention descri bedPh@&ruseevvionssbude
"conprising,"” "consisting," and "consisting essentially of' aspects and
enbodi ments. 10While certain representative enbodi nents and detail s have
been shown for the purpose of illustrating the subject invention, it wll
be apparent to those skilled in this arﬂ72hat vari ous changes and

nodi fications can be nmade therein w thout departing fromthe scope of the
subject invention. It is to be understood that this invention is not
limted t SLOhEhewr377dul ar net hodol ogy, protocols, and reagents descri bed,

as these YAary. f skill 15in the art will also appreciate that any
ity

nmet hods a imlar or equivalent to those described herein can
al so be uspU:iShepnaqgt 2804 or test the invention. WO

2010/ 005525PCT/ US2009/ 003897 - 169 - Appendi x 1 Exenpl ary

1- deoxy- DSKN: $hewanad. g¥sphat e synt hase nucl ei ¢ aci ds and pol ypepti des 5

ATH: ?IBW:mg@lpéi?QSSGO(QAI) AT5GL1380( DXPS3) OSA: 4338768 4340090

43426 MAL13P1.186 10 TAN: TA20470 TPV: TPO1_ 0516 ECO
b0420( dxsJLEL2138@A90( dxs) ECE: Z0523(dxs) 15ECS: ECs0474 ECC. c05316( dxs)

Ed: UTI 89_(0443(d . ECP_0479 ECV: APEC01_1590(dxs) 20 ECW
EcE24377A§g§5é?éx§(f8)8(£(%§)

PHA: PSHAa2366(dxs)
PAT: Patl_1319
10  SDE: Sde_3381
PIN: Ping_2240
MAQ: Maqu_2438
MCA: MCAO0817(dxs)
FTU: FTT1018c(dxs)
15  FTF: FTF1018c(dxs)
FTW: FTW_0925(dxs)
FTL: FTL_1072
FTH: FTH_1047(dxs)
FTA: FTA_1131(dxs)
20  FTN: FTN_0896(dxs)
NOC: Noc_1743
AEH: Mlg_1381
HCH: HCH_05866(dxs)
CSA: Csal_0099
25 ABO: ABO_2166(dxs)
AHA: AHA_3321(dxs)
BCI: BCI_0275(dxs)
RMA: Rmag_0386
VOK: COSY_0360(dxs)
30 NME: NMB1867



ECX: EcHS A0491 STY: STY0461(dxs) SIT: t2441(dxs) SPT: SPA2301(dxs) 25SEC
SC0463(dxs) STM STMD422(dxs) YPE: YP03177(dxs) YPK: y1008(dxs) YPM
YP_0754( dwe)0BMm0¥RA: YPA 2671 YPN: YPN 0911 - 170 - ~ YPPI/USPDSHOBSL12 YPS:
YPTB0939(dxs) YPI: Yps[P31758_3112(dxs) SFL: SF0357(dxs) 5SFX: S0365(dxs)
SFV: SFV0385(dxs) SSN: SSONCBO7(dxs) SBO SBO_0314(dxs) SDY: SDY_0310( dxs)
10ECA: ECA1131(dxs) PLU: plu3887(dxs) BUC. BU464(dxs) BAS: BUsg448(dxs)
WBR WGLpl44(dxs) 15SGL: SG0656 KPN: KPM@d372(dxs) BFL: Bf 1238(dxs) BPN:
BPEN 244(dxs) HI N H 1439(dxs) 20H T: NTH. 11691(dxs) H P: CGSHi EE 04795

H Q CGSHi GG 01080 HDU: HDO441(dxs) HSO HS0905(dxs) 25 PMJ PMD532( dxs)
MBU:  MB105{AXNMAO589(dxs)

NMC: NMCO0352(dxs)
NGO: NGO0036
CVI: CV_2692(dxs)

5 RSO: RSc2221(dxs)
REU: Reut_A0882
REH: H16_A2732(dxs)
RME: Rmet_2615
BMA: BMAAO0330(dxs)

10 BMV:BMASAVPI1_1512(dxs)
BML: BMA10299_1706(dxs)
BMN: BMA10247_A0364(dxs)
BXE: Bxe_B2827
BUR: Bcepl18194_B2211

15 BCN:Bcen_4486
BCH: Bcen2424_3879
BAM: Bamb_3250
BPS: BPSS1762(dxs)

BPM: BURPS1710b_A0842(dxs)

20  BPL: BURPS1106A_A2392(dxs)
BPD: BURPS668_A2534(dxs)
BTE: BTH_I10614(dxs)

BPE: BP2798(dxs)
BPA: BPP2464(dxs)

25  BBR: BB1912(dxs)
RFR: Rfer_2875
POL.: Bpro_1747
PNA: Pnap_1501
AJS: Ajs_1038

30 MPT: Mpe_A2631



APL: APL_0207(dxs) XFA: )CF2249 XFT: PD1293(dxs) 30 XCC: XCC2434(dxs)
WO 2010/ 005525PCT/ US2009/ 003897 - 171 - XCB: XC 1678 XCV: XCV2764(dxs) XAC:
XAC2565( dwe)20 0005525002017 ( dxs) 5 XOM X00_1900( X001900) PUCHIS206008897 \\/U:
W1_0315 WY: WO0868 VPA: VP0686 10VP : VF0711 PPR. PBPRA0S05 PAE:
PA4044(dxs) PAU. PA14_11550(dxs) PAP: PSPA7_1057(dxs) 15PPU; PP_0527(dxs)
PST: PSPTO_0698(dxs) PSB: Psyr 0604  PSP: PSPPH 0599(dxs) PFL:
PFL_5510(dxs) 20PFO Pfl 5007 PEN: PSEEN@$60(dxs) PMY: Pmen_3844

HAR: HEARO0279(dxs)
MMS: mma_0331
NEU: NE1161(dxs)
NET: Neut_1501
5 NMU: Nmul_A0236
EBA: ebA4439(dxs)
AZO: azo1198(dxs)
DAR: Daro_3061
TBD: Tbd_0879
10 MFA: Mfla_2133
HPY: HP0354(dxs)
HPJ: jhp0328(dxs)
HPA: HPAG1_0349
HHE: HH0608(dxs)
15 HAC: Hac_0968(dxs)
WSU: WS1996
TDN: Tmden_0475
CIJE: Cj0321(dxs)
CJR: CJE0366(dxs)
20 CJIJ: C1J81176_0343(dxs)
CJU: C8J_0298(dxs)
CID: JID26997_1642(dxs)
CFF: CFF8240_0264(dxs)
CCV: CCV52592_1671(dxs) CCV52592_1722
25  CHA: CHAB381_1297(dxs)
CCO: CCC13826_1594(dxs)
ABU: Abu_2139(dxs)
NIS: NIS_0391(dxs)
SUN: SUN_2055(dxs)
30 GSU: GSU0686(dxs-1) GSU1764(dxs-2)



PAR Psyc_0221(dxs) PCR Pcryo_0245 25ACT: ACI AD3247(dxs) SON:. SO_1525(dxs)
SDN: Sden_2571 SFR. Sfri_2790 SAZ: Sama_2436 30SBL: Sbal 1357 - 172 -

SLO Shew@2#h/®B5HES Shewnr 4 2731 SHI M  Shewnr 7_2804 SHNPCShsuemasss?n01

5SHI N: Sputw3181 2831 ILO 1L2138(dxs) CPS: CPS 1088(dxs) PHA:
PSHAa2366( dxs) PAT: Patl 1319 10SDE: Sde_ 3381 PIN. Ping 2240 MAQ Maqu_2438
MCA: MCA0817(dxs) FTU. FTT1018c(dxs) 15 FTF1018c(dxs) FTW FTW. 0925(dxs)
FTL: FTL_1072 FTH. FTH_1047(dxs) FTA: FTA51131(dxs) 20 FTN. FTN_0896( dxs)
NOC: Noc_1743

GME: Gmet_1934 Gmet_2822
PCA: Pcar_1667
PPD: Ppro_1191 Ppro_2403
DVU: DVU1350(dxs)
5 DVL: Dvul_1718
DDE: Dde_2200
LIP: LI0O408(dsx)
DPS: DP2700
ADE: Adeh_1097
10 MXA: MXAN_4643(dxs)
SAT: SYN_02456
SFU: Sfum_1418
PUB: SAR11_0611(dxs)
MLO: mir7474
15 MES: Meso_0735
SME: SMc00972(dxs)
ATU: Atu0745(dxs)
ATC: AGR_C_1351
RET: RHE_CHO00913(dxs)
20  RLE: RL0973(dxs)
BME: BMEI1498
BMF: BAB1_0462(dxs)
BMS: BR0436(dxs)
BMB: BruAbl_0458(dxs)
25 BOV: BOV_0443(dxs)
BJA: bl12651(dxs)
BRA: BRADO2161(dxs)
BBT: BBta_2479(dxs)
RPA: RPA0952(dxs)
30 RPB: RPB_4460



AEH. Mlg_1381 HCH: HCH 05866(dxs) CSA: Csal 0099 25ABO ABO_2166(dxs) AHA:
AHA 3321(dxs) BCl: BCl_0275(dxs) RMA: Rmag_0386 VOK: COSY_0360(dxs) 30 NMVE:
NVB1867 wWO28B/005528IMA: NMAO589( dxs) NMC: NMCO352( dxs) NEOI/USSB008BITVI :
CV_2692(dxs) 5RSO RSc2221(dxs) REU. Reut A0882 REH. H16_A2732(dxs) RVME:
Rret 2615 BMA: BMAAO330(dxs) 10 BW: BMASAVPL 1512(dxs) BM.:

BMA10299 1706(dxs) BMN: BMA10247_A0364(dxs) BXE: Bxe_B2827 BUR

Bcep18194 B2211 15BCN: Bcen 4486 BCH: B&ééh2424 3879 BAM Banb_3250 BPS:
BPSS1762(dxs) BPM BURPS1710b_A0842(dxs) 20 BPL: BURPS1106A A2392( dxs)

RPC: RPC_1149
RPD: RPD_4305
RPE: RPE_1067
NWI: Nwi_0633
5 NHA: Nham_0778
BHE: BH04350(dxs)
BQU: BQ03540(dxs)
BBK: BARBAKC583_0400(dxs)
CCR: CC_2068
10  SIL: SPO0247(dxs)
SIT: TM1040_2920
RSP: RSP_0254(dxsA) RSP_1134(dxs)
JAN: Jann_0O088 Jann_0170
RDE: RD1_0101(dxs) RD1_0548(dxs)
15 MMR: Mmarl0_0849
HNE: HNE_1838(dxs)
ZMO: ZMO1234(dxs) ZMO1598(dxs)
NAR: Saro_0161
SAL: Sala_2354
20  ELIL ELI_12520
GOX: GOX0252
GBE: GbCGDNIH1_0221 GbCGDNIH1_2404
RRU: Rru_A0054 Rru_A2619
MAG: amb2904
25 MGM: Mmcl_1048
SUS: Acid_1783
BSU: BG11715(dxs)
BHA: BH2779
BAN: BA4400(dxs)
30 BAR: GBAA4400(dxs)



BPD: BURPS668_A2534(dxs) BTE: BTH_ I10614(dxs) BPE: BP2798(dxs) BPA:
BPP2464(dxs) 25BBR BB1912(dxs) RFR Rfer_ 2875 POL: Bpro_1747 PNA:
Pnap_1501wO2810/053251038 30 MPT: Mpe A2631 - 174 - HAR PEFARORPO(i%eT) MVS:
mra_0331 NEU: NE1161(dxs) NET: Neut 1501 5 NMJ: Nmul _A0236 EB A:
ebA4439(dxs) AZO azol198(dxs) DAR Daro_3061 TBD: Thd_0879 10MFA:

M| a_2133 HPY: HP0354(dxs) HPJ: jhp0328(dxs) EPA: HPAGL_0349 FI FE:

HHO608( dxs) 15HAC: Hac_0968(dxs) WSU: 1096 TDN. Tnden_0475 CJE:

G 0321(dxs) CJR CJE0366(dxs) 20CJJ: CJJ81176_0343(dxs) CJU: C8J_0298(dxs)
CID: JJD26997_1642(ci xs) CFF: CFF8240_0264( dxs) CCv:

CCV52592 BAAL BIXsB858CV52592 1722 25CHA: CHAB381_1297(dxs) CCO
m13826_%§\%4%g\>%s4b8f\BU Abu_2139(dxs) NI'S: NS _0391(dxs) SUN. SUN _2055(dxs)

BCE: BC4176(dxs)
BCA: BCE_4249(dxs)
S BCZ: BCZK3930(dxs)
BTK: BT9727_3919(dxs)
BTL: BALH_3785(dxs)
BLI: BLO1523(dxs)
BLD: BLi02598(dxs)
10  BCL: ABC2462(dxs)
BAY: RBAM_022600
BPU: BPUM_2159
GKA: GK2392
GTN: GTNG_2322
15  LMO: Imol1365(tktB)
LMF: LMOf2365_1382(dxs)
LIN: 1in1402(tktB)
LWE: lwe1380(tktB)
LLA: L108911(dxsA) L123365(dxsB)
20 LLC:LACR_1572 LACR_1843
LLM: llmg_0749(dxsB)
SAK: SAK_0263
LPL: Ip_2610(dxs)
LJO: LJ0406
25 LAC: LBAO0356
LSL: LSL_0209(dxs)
LGA: LGAS_0350
STH: STH1842
CAC: CAC2077 CA_P0106(dxs)
30 CPE: CPEI1S819



30GSU: 0SU0686( dxs-1) GSUL764(dxs-2) - 175- QVE Gret_1934 Gret_2822
PCA: Pcar 1667 PPD: Ppro_1191 Ppro_2403 DVU. DVU1350(dxs) 5DVL: Dvul 1718
DDE: Dde wOQ01009$5251 0408( dsx) DPS: DP2700 ADE: Adeh_109PCTMSkAG003897

MXAN 4643(dxs) SAT: SYN 02456 SFU. Sfum 1418 PUB: SAR11 0611( dxs) M.C
mlr 7474 15MES: Meso_0735 SME: SMc00972(dxs) ATU. At u0745(dxs) ATC

AGR_C 1351 RET: RHE _CHO00913(dxs) 20RLE: RL0973(dxs) BME: BMEl 1498 BMF: BAB
1_0462(dxs) BMS: BR0436(dxs) BMB: BruAbll78458(dxs) 25BOV: BOV_0443( dxs)

CPF: CPF_2073(dxs)
CPR: CPR_1787(dxs)
CTC: CTCO01575
CNO: NT01CX_1983
5 CTH: Cthe_0828

CDF: CD1207(dxs)
CBO: CBO1881(dxs)
CBA: CLB_1818(dxs)
CBH: CLC_1825(dxs)

10  CBF: CLI_1945(dxs)
CKL: CKL_1231(dxs)
CHY: CHY_1985(dxs)
DSY: DSY2348
DRM: Dred_1078

15  PTH: PTH_1196(dxs)
SWO: Swol_0582
CSC: Csac_1853
TTE: TTE1298(dxs)
MTA: Moth_1511

20 MPE: MYPE730
MGA: MGA _1268(dxs)
MTU: Rv2682c(dxs1) Rv3379c(dxs2)
MTC: MT2756(dxs)
MBO: Mb2701c(dxsl) Mb3413c(dxs2)

25 MLE: ML1038(dxs)
MPA: MAP2803c(dxs)
MAV: MAV_3577(dxs)
MSM: MSMEG_2776(dxs)
MMC: Mmcs_2208

30 CGL: NCg!t1827(cgl1902)



BJA: bl12651(dxs) BRA: BRAD02161(dxs) BBT: BBta_2479(dxs) RPA:
RPA0952( dxs) 30 RPB: RPB 4460 - 176 - RPC. RPC 1149 RPD: RPD 4305 RPE:
RPE_1067 Wl010405526633 5 NHA: Nham 0778 BH04350(dxs) BQBCTRBGRBSA0(EIXS) BBK:
BARBAKC583_0400(dxs) CCR. CC 2068 10 SIL: SP00247(dxs) SIT: TMLO40_2920
RSP: RSP_0254(dxsA) RSP_1134(dxs) JAN: Jann_0088 Jann_0170 RDE:
RD1_0101(dxs) RDL_0548(dxs) 15 MVR Mrar10 0849 HNE: HNE_1838(dxs) ZMO
ZMD1234(dxs) ZMD1598(dxs) NAR Saro 01617%AL: Sal a_2354 20ELI. ELI_12520

GOX: (0X0252 OBE: CGbCCDNII11_0221 GbCGDNI H1_2404 RRU: Rru_A0054 Rru_A2619
MAO anb2904

CGB: cg2083(dxs)
CEF: CE1796
CDI: DIP1397(dxs)
CJK: jk1078(dxs)
5 NFA: nfa37410(dxs)
RHA: RHA1_ro06843
SCO: SC06013(SC1C3.01) SCO6768(SC6AS5.17)
SMA: SAV1646(dxsl) SAV2244(dxs2)
TWH: TWT484
10 TWS: TW280(Dxs)
LXX: Lxx10450(dxs)
CMI: CMM_1660(dxsA)
AAU: AAur_1790(dxs)
PAC: PPA1062
15  TFU: Tfu_1917
FRA: Francci3_1326
FAL: FRAAL2088(dxs)
ACE: Acel_1393
SEN: SACE_1815(dxs) SACE_4351
20 BLO: BL1132(dxs)
BAD: BAD_0513(dxs)
FNU: FN1208 FN1464
RBA: RB2143(dxs)
CTR: CT331(dxs)
25  CTA: CTA_0359(dxs)
CMU: TC0608
CPN: CPn1060(tktB_2)
CPA: CP0790
CPJ: CPj1060(tktB_2)
30 CPT:CpB1102



25 MGM Mrcl 1048 SUS: Acid 1783 BSU: BGL1715(dxs) BHA: BH2779 BAN:
BA4400( dxs) 30 BAR GBAA4400( dxs)

BTL: BALH 3785(dxs) BLI:

177-

BAA: BA 4853 BAT: BAS4081 BCE:
BCA176( dxwp 2BOA0SASE_4249( dxs) 5BCZ: BCZK3930(dxs) BTK: PBTAB2M9BEMBIT dXs)

ABC2462(dxs) BAY: RBAM 022600 BPU. BPUM 2159 CKA: GK2392

GING_2322 15LMO.

BLO1523(dxs) BLD: BLi 02598(dxs) 10BCL:

GTIN:

| m1365(tkt B) LMF: LMDf 2365 1382(dxs) UN: 1i n1402(t kt B)

LVE: | wel 380(tktB) LLA: L108911(dxsA) L188365(dxsB) 20 LLC. LACR 1572

LACR 1843 LLM

| Ing_0749(dxsB) SAK: SAK 0263 LPL: | p_2610(dxs)

uo

uo406 25

LAC: LBA0356 LSL: LSL_0209(dxs) LGA: LGAS 0350 STH: STH1842 CAC. CAC2077
CA P0106( €%%y: CCA00304(dxs)

10

15

20

25

30

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)
TEL: t110623

GVI: gli0194

ANA: alr0599

AVA: Ava_4532

PMA: Pro0928(dxs)
PMM: PMMO0907(Dxs)
PMT: PMTO0685(dxs)
PMN: PMN2A_0300
PMI: PMT9312_0893



30CPE: CPE1819 - 178 - CPF: CPF_2073(dxs) CPR CPR _1787(dxs) CITC
CTCQ01575 CNO NTOLCX 1983 5CTH. Cthe_0828 CDF: CD1207(dxs) CBO
CB01881( dwe)2000BMs52€LB 1818( dxs) CBH: CLC 1825(dxs) 10 CBET/USR009/10@3857 dxs)
CKL: CI CL_1231(dxs) CHY: CHY_1985(dxs) DSY: DSY2348 DRM Dred 1078 15PTH:
P' TH 1196(dxs) SWO Swol 0582 CSC. Csac_1853 rtE TTE1298(dxs) MIA:
Mot h_1511 20 MPE: MYPE730 MGA: MGA 1268(dxs) MIU. Rv2682c(dxsl)
Rv3379c(dxs2) MIC. Mr2756(dxs) MBO Md2 §lc(dxsl) Mb3413c(dxs2) 25M LE:
MLL1038(dxs) MPA: MAP2803c(dxs) MAV: MAV_3577(chs) MSM MSMEG 2776( dxs)
MMC: Mrcs_2208 30CGEL: NCg11827(cgl1902)

PMB: A9601_09541(dxs)

PMC: P9515_09901(dxs)
PMF: P9303_15371(dxs)
PMG: P9301_09521(dxs)
5 PMH: P9215_09851
PMJ: P9211_08521
PME: NATL1_09721(dxs)
TER: Tery_3042
BTH: BT_1403 BT_4099
10  BFR: BF0873 BF4306
BFS: BF0796(dxs) BF4114
PGI: PG2217(dxs)
CHU: CHU_3643(dxs)
GFO: GFO_3470(dxs)
15  FPS: FP0279(dxs)
CTE: CT0337(dxs)
CPH: Cpha266_0671
PVI: Cvib_0498
PLT: Plut_0450
20  DET: DET0745(dxs)
DEH: cbdb_A720(dxs)
DRA: DR_1475
DGE: Dgeo_0994
TTH: TTC1614
25  TTJ: TTHA0006
AAE: ag_881
TMA: TM1770
PMO: Pmob_1001



- 179 -

SNFA:

CGB: ¢g2083(dxs) CEF: CE1796 CDI: DI P1397(dxs) CJK: jk1078(dxs)
nfa37410(dxs) RHA: RHAL ro06843 SCO SC06013( SCLC3. 01)

SCO06768( SLBAB10100552SVA:  SAV1646( dxsl) SAV2244(dxs2) TWH: PCWIASeh9HE38TNE:

TW280( Dxs)

LXX: Lxx10450(dxs) CM: CWM 1660(dxsA) AAU. AAur _1790( dxs)

PAC. PPA1062 15TFU. Tfu_1917 FRA: Francci 3_1326 FAL: FRAAL2088(dxs) ACE.
Acel 1393 SEN. SACE 1815(dxs) SACE 4351 20BLO BL1132(dxs) BAD:

BAD 0513(dxs) FNU. FN1208 FN1464 RBA: R&8343(dxs) CTR CT331(dxs) 25C A:
CTA _0359( dxs)

10

15

20

25

30

Exemplary acetyl-CoA-acetyltransferase nucleic acids and polypeptides

HSA: 38(ACATI1) 39(ACAT?2)

PTR: 451528(ACAT1)

MCC: 707653(ACAT1) 708750(ACAT?2)

MMU: 110446(Acatl) 110460(Acat2)

RNO: 25014(Acatl)

CFA: 484063(ACAT?2) 489421(ACATI1)

GGA: 418968(ACATI1) 421587(RCIMBO04_34i5)

XLA: 379569(MGC69098) 414622(MGC81403) 414639(MGC81256)
444457(MGC83664)

XTR: 394562(acat2)

DRE: 30643(acat2)

SPU: 759502(LOC759502)

DME: Dmel_CG10932 Dmel_CG9149

CEL: T02G5.4 T02GS.7 T02GS.8(kat-1)

ATH: AT5G48230(ACAT2/EMB1276)

OSA: 4326136 4346520

CME: CMA042C CMEO087C

SCE: YPLO28W(ERG10)

AGO: AGOS_ADRI165C

PIC: PICST_31707(ERG10)

CAL: Ca019.1591(ergl0)

CGR: CAGLOL12364¢

SPO: SPBC215.09¢

MGR: MGG_01755 MGG_13499

ANI: AN1409.2

AFM: AFUA_6G14200 AFUA_8G04000

AOR: A0O090103000012 AO090103000406

CNE: CNC05280



CMJ: 100608 CPN:. CPn1060(tktB_2) CPA: CP0O790 CPJ: CPj 1060(tktB_2) 30 CPT:
CpB1102 - 180- CCA: CCA00304(ths) CAB: CAB301(dxs) CFE: CF0699(dxs) PCU:
pc0619( dxwp 28101BAs25TP0824 TDE: TDE1910(dxs) LA3285(dxs) PLCIr@S2000@LB863( dxs)
LBJ: LBJ_0917(dxs) 10LBL: LBL_0932(dxs) SYN. s111945(dxs) SYW
SYNW1292(Dxs) SYC. sycl 087_c(dxs) SYF: Synpcc7942 0430 15 SYD.
Syncc9605_ 1430 SYE: Syncc9902_1069 SYG nc_1410(dxs) SYR
SynRCC307_1390( dxs) SYX: SynWH7803_ 1223@3&5) 20CYA: CYA 1701(dxs) CYB:
CYB _1983(dxs) TEL: 1110623 GvI: gl110194 ANA: alr0599 25AVA: Ava_ 4532 PMA
Pro0928(dxs) PMM PMW907(Dxs) PMI: PMro685(dxs) PMN: PM\2A 0300

UMA: UMO03571.1

DDI: DDB_0231621
PFA: PF14_0484
TET: TTHERM_00091590 TTHERM_00277470 TTHERM_00926980
5 TCR:511003.60
ECO: b2224(atoB)
ECJ: JW2218(atoB) JW5453(yqeF)
ECE: Z4164(yqeF)
ECS: ECs3701
10 ECC: c2767(atoB) c3441(yqeF)
ECI: UTI89_C2506(atoB) UTI89_C3247(yqeF)
ECP: ECP_2268 ECP_2857
ECV: APECO1_3662(yqeF) APECO1_4335(atoB) APECO1_43352(atoB)
ECX: EcCHS_A2365
15  STY: STY3164(yqeF)
STT: t2929(yqeF)
SPT: SPA2886(yqeF)
SEC: SC2958(yqeF)
STM: STM3019(yqeF)
20  SFL: SF2854(yqeF)
SFX: S3052(yqeF)
SFV: SFV_2922(yqeF)
SSN: SSON_2283(atoB) SSON_3004(yqeF)
SBO: SBO_2736(yqeF)
25 ECA: ECA1282(atoB)
ENT: Ent638_3299
SPE: Spro_0592
HIT: NTHI0932(atoB)
XCC: XCC1297(atoB)
30 XCB: XC_2943



30 PM: PMr9312 0893 - 181 - PMB: A9601_09541(dxs) PMC. P9515 0

PMF: P9303_15371(dxs) PMG P9301_09521(dxs) 5PI\/|(—|: Pza215 09851 PK/U?QOl(dXS)
P9211_ 08520 2PMA0SIATLL 09721(dxs) TER Tery 3042 BTH BPCTA%0®9BI384099 10
BFR BF0873 BF4306 BPS: BF0796(dxs) BF4114 PQ: PG&2217(dxs) CHU:

CHU 3643(dxs) GPQ GF0_3470(dxs) 15FPS: FP0279(dxs) CTE: CT0337(dxs) CPH:
Cpha266_0671 PVI: Cvib_0498 PLT: Plut_0450 20 DET: DET0745(dxs) DEH:

cbdb_A720(dxs) DRA: DR 1475 DGE: Dgeo 0984-TTH. TTC1614 25 TTJ: TTHAO006
AAE: aq_881 TMA: TML770 PMO. Pnob_1001 '

XCV: XCV1401(thlA)
XAC: XAC1348(atoB)
X00: X001881(atoB)
XOM: X0O0_1778(X001778)
5  VCH: VCA0690

VCO: VC0395_0630
VVU: VV2_0494 VV2_0741
VVY: VVA1043 VVAI1210
VPA: VPA0620 VPA1123 VPA1204

10 PPR: PBPRB1112 PBPRB1840
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

15  PST: PSPTO_0957(phbA-1) PSPTO_3164(phbA-2)
PSB: Psyr_0824 Psyr_3031
PSP: PSPPH_0850(phbA 1) 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

20  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 Pcryo_1260
PRW: PsycPRwf_2011

25  ACL ACIAD0694 ACIAD1612 ACIAD2516(atoB)
SON: SO_1677(atoB)
SDN: Sden_1943
SFR: Sfri_1338 Sfri_2063
SAZ: Sama_1375

30  SBL: Sbal_1495



WD 2010/ 005525PCT/ US2009/ 003897 - 182 - Exenpl ary

acetyl - CoA-acetyl transferase nucleic acids and pol ypepti des HSA: 38( ACATI)
39( ACAT2)WDDRI0/#552528( ACATI ) 5 MCC: 707653( ACATI ) 70875@CATAT®p/0dASRT
110446( Acatl) 110460( Acat2) RNO 25014(Acatl) CFA: 484063( ACAT2)

489421( ACAT1) GGA: 418968( ACATI) 421587( ROVB0O4_34i5) 10 XLA:

379569( M3C69098) 414622( M3C81403) 414639( MC81256) 444457( M3C83664) XTR:
394562(acat2) DRE: 30643(acat2) SPU. 75$892(L00759502) 15 DVE: Dmel CGL0932
Drel _C@&@149 CEL: T02Gh.4 TRGh.7 TOAR2Gh. 8(kat-1) ATH:

AT5(A8230( ACAT21EMB1276) OSA: 4326136 4346520 CME: CMAO42C CMEO87C 20 SCE:
YPL028W EFBM))Sha@DB85 Ad83 ADR165C PI C. PI CST_31707( ERG 10) CAL:

Ca019. 159%&&{ %91)19%25%&0-' 2364g 25SPO SPBC215. 09c

SLO: Shew_1667 Shew_2858
SPC: Sputcn32_1397
5  SSE: Ssed_1473 Ssed_3533

SPL: Spea_2783
SHE: Shewmrd4_2597
SHM: Shewmr7_2664
SHN: Shewana3_2771

10  SHW: Sputw3181_2704
ILO: L0872
CPS: CPS_1605 CPS_2626
PHA: PSHAa0908 PSHAal454(atoB) PSHAal1586(atoB)
PAT: Patl_2923

15  SDE: Sde_3149
PIN: Ping_0659 Ping_2401
MAQ: Maqu_2117 Maqu_2489 Maqu_2696 Maqu_3162
CBU: CBU_0974
LPN: Ipg1825(atoB)

20 LPF: Ipl1789
LPP: Ipp1788
NOC: Noc_1891
AEH: Mlg 0688 Mlg_2706
HHA: Hhal_1685

25  HCH: HCH_05299
CSA: Csal_0301 Csal_3068
ABO: ABO_0648(fadAx)
MMW: Mmwyl1_0073 Mmwyl1_3021 Mmwyll_3053 Mmwyll_3097 Mmwyll_4182
AHA: AHA_2143(atoB)

30 CVI CV_2088(atoB) CV_2790(phaA)



MR MSG 01755 MGG 13499 AN : AN1409. 2 AFM AFUA 6G14200 AFUA 8@04000
AOR: A0090103000012 A0090103000406 30 CNE: CNCOB280 - 183 - UMA: UMD3571.1
DDI : DDB wo2182052FA: PF14_0484 TET: TTHERM 00091590 TTHERNSO@2/073890D
TTHERM 00926980 5TCR: 511003. 60 ECO b2224(atoB) ECJ: JW2218( at 0B)
JWb453(yqgeF) ECE: Z4164(ygeF) ECS: ECs3701 10ECC. c2767(atoB) c3441(ygeF)
EClI . UTI89_C2506( at oB) UTI 89_C3247(yqgeF), ECP: ECP_2268 ECP_2857 ECV:
APEC01_3662(yqgeF) APECO01_4335( at oB) APE®D ~43352(atoB) ECX: EcHS _A2365
15STY: STY3164(yqeF) S FT: t2929(yqgeF) SPT: SPA2886(yqeF) SEC. SC2958(yqeF)

STM STMB019(yqeF) 20SFL: SF2854(y ng SFX: 53052(y%e|:) SFV: SFV_2922(yqeF)
RSO: RSc0276(atoB) RSc1632(pth?)R c1637(bktB) RSc1761(RS02948)

REU: Reut_A0138 Reut_A1348 Reut_A1353 Reut_B4561 Reut_B4738
Reut_B5587 Reut_C5943 Reut_C6062
REH: H16_A0170 H16_A0867 H16_A0868 H16_A0872 H16_A1297
5 H16_A1438(phaA) H16_A1445(bktB) H16_A1528 H16_A1713 H16_A1720
H16_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
BMA: BMA1316 BMA1321(phbA) BMA1436
10 BMV: BMASAVP1_A1805(bktB) BMASAVP1_A1810(phbA)
BML: BMA10299_A0086(phbA) BMA10299_A0091
BMN: BMA10247_1076(bktB) BMA10247_1081(phbA)
BXE: Bxe_A2273 Bxe_A2335 Bxe_A2342 Bxe_A4255 Bxe_B0377 Bxe_B0739
Bxe_C0332 Bxe_C0574 Bxe_C0915
15 BVI: Bcep1808_0519 Bcep1808_1717 Bcep1808_2877 Bcep1808_3594
Bcep1808_4015 Bcep1808_5507 Bcep1808_5644
BUR: Bcepl18194_A3629 Beep18194_A5080 Bcepl18194_AS5091
Bcep18194_A6102 Becepl18194_B0263 Becepl18194_B1439
Bcep18194_C6652 Beep18194_C6802 Becep18194_C6874
20 Bcepl18194_C7118 Beep18194_C7151 Beepl18194_C7332
BCN: Becen_1553 Been_1599 Becen_2158 Been_2563 Been_2998 Been_6289
BCH: Bcen2424_0542 Bcen2424_1790 Bcen2424_2772 Bcen2424_5368
Bcen2424_ 6232 Bcen2424_6276
BAM: Bamb_0447 Bamb_1728 Bamb_2824 Bamb_4717 Bamb_5771 Bamb_5969
25  BPS: BPSL1426 BPSL1535(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)
30 BTE: BTH_I2144 BTH_I2256 BTH_I2261



SSN.  SSON _2283( at oB) SSON _3004(ygeF) SBO SBO_2736(ygeF) 25ECA:
ECAI 282(at oB) ENT: Ent 638_3299 SPE: Spro_0592 H T: NTI 110932( at oB) XCC.
XCC1297( avoBp108054€B: XC 2943 WD 2010/ 005525PCT/ US2009,00382009/4003887 - XCV:
XCV1401(thi A) XAC. XAC1348(atoB) X00: X001881(atoB) XOM X00_1778(X001778)
5 VCH. VCA0690 VCO VC(OB95 0630 WU:. W2 0494 W2 0741 WWY: VVA1043 WA 210
VPA: VPA0620 VPA1123 VPAl 204 10 PPR PBPRB1112 PBPRB1840 PAE: PA2001( at oB)
PA2553 PA3454 PA3589 PA3925 PAU: PA14 38880(atoB) PPU: PP_2051( at oB)
PP_2215(fadAx) PP_3754 PP_4636 PPF. Pput_ 2009 Pput 2403 Pput_ 3523 Pput 4498
15PST: PSPTO_0957( phbA-1) PSPTO_3164( phbA-2) PSB: Psyr 0824 Psyr_ 3031

PNU: Pnuc_0927

BPE: BP0447 BP0668 BP2059
BPA: BPP0608 BPP1744 BPP3805 BPP4216 BPP4361
BBR: BB0614 BB3364 BB4250 BB4804.BB4947
5 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
10 AJS: Ajs_0014 Ajs_0124 Ajs_1931 Ajs_2073 Ajs_2317 Ajs_3548
Ajs_3738 Ajs_3776
VEI Veis_1331 Veis_3818 Veis_4193
DAC: Daci_0025 Daci_0192 Daci_3601 Daci_5988
MPT: Mpe_A1536 Mpe_A1776 Mpe_A1869 Mpe_A3367
15 HAR: HEARO577(phbA)
MMS: mma_0555
NEU: NE2262(bktB)
NET: Neut_0610
EBA: ebA5202 p2A409(tioL)
20 AZO: azo0464(fadA1) azo0469(fadA2) azo2172(thiA)
DAR: Daro_0098 Daro_3022
HPA: HPAG1_0675
HAC: Hac_0958(atoB)
GME: Gmet_1719 Gmet_2074 Gmet_2213 Gmet_2268 Gmet_3302
25 GUR: Gura_3043
BBA: Bd0404(atoB) Bd2095
DOL: Dole_0671 Dole_1778 Dole_2160 Dole_2187
ADE: Adeh_0062 Adeh_2365
AFW: Anael09_0064 Anael09_1504
30 MXA: MXAN_3791



PSP: PSPPH_0850( phbAl) 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
20 PEN. RSBEMBI®TS2PSEEN3547(fadAx) PSEEN4635(phbA) PMY: pRras2d9883sPIen_2036
Pmen_3597 Pnen_3662 Pren_3820 PAR Psyc_0252 Psyc 1169 PCR. Pcryo 0278
Pcryo 1236 Pcryo 1260 PRW PsycPRwf 2011 25ACI: ACI AD0694 ACI AD1612
AClI AD2516(at oB) SON: SO_1677(atoB) SDN: Sden 1943 SFR Sfri_1338 5fr1_2063
SAZ: Sanmm_1375 30SBL: Sbal 1495 - 185-18%BM Shew185 1489 SBN:
Sbal195 1525 SLO Shew 1667 Shew 2858 SPC. Sputcn32_ 1397 5SSE: Ssed 1473
Ssed 3533 SPL: Spea_2783 SHE: Shewnt4_2597 SHIM Shewnr 7_2664

SAT: SYN_02642

SFU: Sfum_2280 Sfum_3582
RPR: RP737
RCO: RC1134 RC1135
5 RFE: RF_0163(paal)
RBE: RBE_0139(paal)
RAK: A1C_05820
RBO: A11_07215
RCM: A1E_04760
10 PUB: SAR11_0428(thlA)
MLO: mlr3847
MES: Meso_3374
PLA: Plav_1573 Plav_2783
SME: SMal450 SMc03879(phbA)
15 SMD: Smed_0499 Smed_3117 Smed_5094 Smed_5096
ATU: Atu2769(atoB) Atu3475
ATC: AGR_C_5022(phbA) AGR_L_2713
RET: RHE_CHO04018(phbAch) RHE_PC00068(ypc00040) RHE_PF00014(phbAf)
RLE: RI4621(phaA) pRL100301 pRL120369
20 BME: BMEIO274 BMEIIO817
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)
25 OAN: Oant_1130 Oant_3107 Oant_3718 Oant_4020
BJA: bll0226(atoB) bl13949 bll17400 bl17819 bir3724(phbA)
BRA: BRADOO0562(phbA) BRADO0983(pimB) BRADO3110 BRADO3134(atoB)
BBT: BBta_3558 BBta_3575(atoB) BBta_5147(pimB) BBta_7072(pimB)
BBta_7614(phbA)
30 RPA: RPAO0513(pcaF) RPA0531 RPA3715(pimB)



SHN: Shewana3_2771 10SHW Sputw3181_2704 ILO |1L0872 CPS: CPS_1605 CPS_2626
PHA: PSHAa0908 PSHAal454( at oB) PSHAal586( at oB) PAT: Pat1_2923 15SDE:
Sde_3149 WOND10RI0A2E50659 Pi ng_2401 MAQ Maqu_2117 Maqu_2#8%/Ushepa/023B95
Maqu_3162 CBU. CBU 0974 LPN:. 1pgl825(atoB) 20LPF:1pl11789 LPP: | ppl788 NOC:
Noc_1891 AEH. MLg_0688 MLg_2706 HHA: Hhal _1685 25 HCH HCH 05299 CSA:

Csal _0301 Csal _3068 ABO ABO_0648(fadAx) MMWN Mmwy1ll 0073 Mmwwyl1ll 3021
My 11 3053 Mmww11l 3097 Mmwwy11l 4182 AHA:IS%HA_2143(atoB) 30 CvI:
Cv_2088(atoB) Cv_2790(phaA) - 186 - RSO RSc0276(atoB) RSc1632(phbA)
RSc1637( bkt B) RSc1761( RS02948) REU. Reut _A0138 Reut _A1348 Reut _A1353

Reut _B456RPRe RPBRATBBRRBUOSELRBB_RE® C5943 Reut (6062

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
5  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

10  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

15  RDE: RD1_0025 RD1_0201(bktB) RD1_3394(phbA)
PDE: Pden_2026 Pden_2663 Pden_2870 Pden_2907 Pden_4811 Pden_5022
DSH: Dshi_0074 Dshi_3066 Dshi_3331
MMR: Mmarl0_0697
HNE: HNE_2706 HNE_3065 HNE_3133

20  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

ELI: ELI_01475 ELI_06705 ELI_12035

25  GBE: GbCGDNIH1_0447
ACR: Acry_1847 Acry_2256
RRU: Rru_A0274 Rru_A1380 Rru_A1469 Rru_A1946 Rru_A3387
MAG: amb0842
MGM: Mmc1_1165

30 ABA: Acid345_3239



REM H16_A0170 H16_A0867 H16_A0868 H16_A0872 H16_Al 297 5H16_Al1438( phaA)
H16_Al1445( bkt B) H16_A1528 H16_A1713 H16_A1720 H16_A1887 H16_A2148 H16_B0380
H16_B0381wbi2610B0428 H16_ B0662 H16_B0668 H16_B0759 H16PBIAB200Da3sB1771
RMVE: Rmet 0106 Rnet 1357 Rnet 1362 Rmet 5156 BVMA: BMA1316 BMA1321( phbA) BMA
1436 10 BW: BMASAVP1_ A1805( bkt B) BMASAVP1_A1810( phbA) BM.:

BMA10299 A0086( phbA) BMA10299 A0091 BMN:, BMA10247_1076( bkt B)
BMA10247_1081( phbA) BXE: Bxe_A2273 Bxe_'A? 35 Bxe_A2342 Bxe_A4255 Bxe_B0377
Bxe_B0739 Bxe_C(C332 Bxe_CO674 Bxe_C0915 15BVI: Bcepl808_0519 Bcepl808_1717
Bcepl808_2877 Bcepl808 3594 Bcepl808 4015 Bcepl 8085507 Bcepl808_5644 BUR:
Bcep18194 BAYB B B34p(rameA ) REDS06Bybf)8194 A5091 Bcepl8194 A6102

Bcepl8194 | ce 194 C6652 Bcepl8194 (6802
Bcep18194%‘%%@%@%&%3%@%&%18194_C7151 Bcepl18194 C7332 BCN:
Bcen_1553 gAgeRAESy BaaqPBAS5BEen 2563 Bcen_2998 Bcen_6289 BCH:

Bcen2424 0542 Bcen2424 1790 Bcen2424 2772 Bcen2424 5368 Bcen2424 6232
Bcen2424 825 GBAA3BARGEMMN 4GB ARP§9 1728 Banb_ 2824 Banb_ 4717 Banb 5771

53225 ?8ﬁ%gggg%ﬂgpéb%é%gpgﬁikéb_ 328?9%bifséaggglsigL_2453(atoB-2) BPL:
BURPS1106/8A1:BA$K 1B)B RSFPIIRASALIZR02( phbA) BPD: BURPS668_2160( bkt B)
BURP8668_%ZICGE5:(]£(E]3b6A B3840%§%C%Elj—l 2144 BTH_ | 2256 BTH 12261
BCA: BCE_3646 BCE_4076 BCE_5475
BCZ: BCZK3329(mmgA) BCZK3780(thl) BCZK5044(atoB)
10 BCY: Bcer98_2722 Bcer98_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)
15 BCL: ABC0345 ABC2989 ABC3617 ABC3891(mmgA)
BAY: RBAM_022450
BPU: BPUM_2374(yhfS) BPUM_2941 BPUM_3373
OIH: OB0676 OB0689 OB2632 OB3013
GKA: GK1658 GK3397
20 SAU: SA0342 SA0534(vraB)
SAV: SAV0354 SAV0576(vraB)
SAM: MWO0330 MWO0531(vraB)
SAR: SAR0351(thl) SAR0581
SAS: SAS0330 SAS0534
25 SAC: SACOL0426 SACOL0622(atoB)
SAB: SAB0304(th1) SAB0526
SAA: SAUSA300_0355 SAUSA300_0560(vraB)
SAO: SAOUHSC_00336 SAOUHSC_00558
SAJ: SaurJH9_0402
30 SAH: SaurJH1_0412



- 187 - PNU. Pnuc_0927 BPE: BPO447 BP0668 BP2059 BPA: BPP0608 BPP1744
BPP3805 BPP4216 BPP4361 BBR BB0614 BB3364 BB4250 BB4804 BB4947 5RFR:

Rf er _0272WBf2er0/828 Rfer 1871 Rfer 2273 Rfer 2561 Rfer PESAISRI00/003839 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
10AJS: Ajs_0014 Ajs_0124 Ajs_1931 Ajs_2073 Ajs_2317 Ajs_3548 Ajs_3738
Ajs_3776 VEI: Veis_1331 Veis_3818 Veis-42b3 DAC. Daci_0025 Daci_0192

Daci 3601 Daci 5988 MPT: Mpe A1536 Mpe Al776 NMpe A1869 Mpe A3367 15 HAR:
HEARO577( phbA) MVB: nma_0555 NEU: NE2262(bktB) NET: Neut 0610 EBA: ebA5202
P2A409(ti GEP: 8AIAE SE23M464(f adAl) azo0469(fadA2) azo2172(thl A) DAR

Dar o_0098 Daro 3022 HPA. HPAGL 0675 HAC. Hac_0958(atoB) GVE: Gret 1719
Get _2074%&&@3?9@%5@8{’95@% Gret 3302 ~0958( ) -

SHA: SH0510(mvaC) SH2417
SSP: SSP0325 SSP2145
5 LMO:Imol414
LMF: LMOf2365_1433
LIN: 1in1453
LWE: lwel431
LLA: L11745(thiL) L25946(fadA)
10 LLC: LACR_1665 LACR_1956
LLM: limg_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)
15  SPG: SpyM3_0108 SpyM3_1378(atoB)
SPS: SPs0110 SPs0484
SPH: MGAS10270_Spy0121 MGAS10270_Spy0433 MGAS10270_Spyl1461(atoB)
SPI: MGAS10750_Spy0124 MGAS10750_Spy0452 MGAS10750_Spy1453(atoB)
SPJ: MGAS2096_Spy0123 MGAS2096_Spy0451 MGAS2096_Spy1365(atoB)
20  SPK: MGAS9429_Spy0121 MGAS9429_Spy0431 MGAS9429_Spy1339(atoB)
SPF: SpyM50447(atoB2)
SPA: M6_Spy0166 M6_Spy0466 M6_Spy1390
SPB: M28_Spy0117 M28_Spy0420 M28_Spy1385(atoB)
SAK: SAK_0568
25  LJO: LJ1609
LAC: LBA0626(thiL)
LSA: LSA1486
LDB: Ldb0879
LBU: LBUL_0804
30 LBR:LVIS_2218



25 GUR Gura_3043 BBA: Bd0404(atoB) Bd2095 DOL: Dol e 0671 Dol e 1778

Dol e 2160 Dol e 2187 ADE: Adeh_0062 Adeh 2365 AFW Anael09 0064 Anael09 1504
30 MXA: NXOM0B®3s25- 188 - SAT: SYN 02642 SFU:  Sfum 2280CHusa8h8BIRPR:
RP737 RCO RC1134 RC1135 5RFE: RF_0163(paal) RBE: RBE_0139(paal) RAK:

A1C 05820 RBO. All 07215 RCM A | E_04760 10PUB: SAR11 _0428(thl A) M.O

mlr 3847 MES Meso_3374 PLA: Plav_1573 Plav_2783 SME: SMal450 SMc03879( phbA)
15 SMD: Sned 0499 Smed_3117 Smed 5094 SiA8d-5096

LCA: LSEI_1787
LGA: LGAS_1374
LRE: Lreu_0052
EFA: EF1364
5  OOE: OEOE_0529

STH: STH2913 STH725 STH804
CAC: CAC2873 CA_P0078(thiL)
CPE: CPE2195(atoB)
CPF: CPF_2460

10 CPR:CPR_2170
CTC: CTC00312
CNO: NTOI1CX_0538 NT01CX_0603
CDF: CD1059(thlA1) CD2676(thlA2)
CBO: CB0O3200(thl)

15  CBE: Cbei_0411 Cbei_3630
CKL: CKL_3696(thlA1) CKL_3697(thlA2) CKL_3698(thlA3)
AMT: Amet_4630
AOE: Clos_0084 Clos_0258
CHY: CHY_1288 CHY_1355(atoB) CHY_1604 CHY_1738

20 DSY:DSY0632 DSY0639 DSY1567 DSY1710 DSY2402 DSY3302
DRM: Dred_0400 Dred_1491 Dred_1784 Dred_1892
SWO: Swol_0308 Swol_0675 Swol_0789 Swol_1486 Swol_1934 Swol_2051
TTE: TTE0549(paal)
MTA: Moth_1260

25  MTU: Rvl135A Rv1323(fadA4) Rv3546(fadAS)
MTC: MT1365(phbA)
MBO: Mb1167 Mb1358(fadA4) Mb3576(fadAS5) Mb3586c(fadA6)
MBB: BCG_1197 BCG_1385(fadA4) BCG_3610(fadA5) BCG_3620c(fadA6)
MLE: ML1158(fadA4)

30 MPA: MAP2407c(fadA3) MAP2436¢c(fadA4)



ATU. Atu2769(at oB) Atu3475 ATC: AGR C 5022(phbA) AGR L_2713 RET:
RHE_CH04018( phbAch) RHE_PC00068(ypc00040) RHE_PF00014( phbA0 RLE:

RL4621( phai0)20 pRI4N8301 pRL120369 20 BVE: BMEI O274 BVEI | G8TUSBMB/003897
BABL_1783(phbA-1) BAB2_0790( phbA-2) BMS: BRL772(phbA-1) BRA0448( phbA- 2)
BVB: BruAbl _1756( phbA-I) BruAb2_0774( phbA-2) BOV: BOV_1707(phbA-1) 250AN:
Cant 1130 Cant_3107 Cant 3718 Cant 4020 BJA: b110226(atoB) b113949 b117400
b117819 blr 3724(phbA) BRA: BRAD00562( phBA} - BRAD0O0983( pi nB) BRADO3110
BRAD03134(at oB) BBT: BBta_3558 BBta_3575(atoB) BBta_5147(pi nB)

BBt a_7072(pi nB) BBta_7614( phbA) 30 RPA: RPA0513(pcaF) RPA0531 RPA3715(pi nB)
- 189 - RNBAVRMIAVOS34R2B V03333 REEV1 VS MPG/_SRPC 0504 RPC 0636 RPC 0641

RPC_0832 . C,2005 2 RPC 2228 RPD. RPD 0306 RPD 0320
RPD_ 3105 MOYSMOMECrREt MR el or 0745 RPE 3827 NGO~ N 3060 XAU
Xaut 3108 MautiVA693ECR CC 0510 CC 0894 CC 3462 S1L: SP00142( bkt B)

SP00326( phbA) SP00773 SP03408 10 SIT: TMLO40 0067 TML0O40 2790 TML040_ 3026
TML040 373EVA: Mvan_1976 Mvan_1988 Mvan_4305 Mvan_4677 Mvan_4891"

5  MGI: Mflv_1347 Mflv_1484 Mflv_2040 Mflv_2340 Mflv_4356 Mflv_4368
MMC: Mmcs_1758 Mmecs_1769 Mmcs_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
10  MIL: Mjls_0231 Mjls_1739 M;jls_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: NCgl2309(cgl2392)
CGB: cg2625(pcaF)
15 CEF: CE0731 CE2295
CJK: jk1543(fadA3)
NFA: nfal0750(fadA4)
RHA: RHA1_ro01455 RHA1_ro01623 RHA1_ro01876 RHA1_ro02517(catF)
RHA1_ro03022 RHA1_ro03024 RHA1_ro03391 RHA1_ro03892
20 RHA1_ro04599 RHA1_ro05257 RHA1_ro08871
SCO: SCO5399(SC8F4.03)
SMA: SAV1384(fadAS) SAV2856(fadAl)
ART: Arth_1160 Arth_2986 Arth_3268 Arth_4073
NCA: Noca_1371 Noca_1797 Noca_1828 Noca_2764 Noca_4142
25  TFU: Tfu_1520 Tfu_2394
FRA: Francci3_3687
FRE: Franeanl_1044 Franeanl_2711 Franeanl_2726 Franeanl_3929
Franeanl_4037 Franeanl_4577 |
FAL: FRAAL2514 FRAAL2618 FRAAL5910(atoB)
30 ACE: Acel_0626 Acel _0672



RSP: RSP_0745 RSP_1354 RSP_3184 RSH. Rsph17029_ 0022 Rsph17029_ 2401
Rsph17029 3179 Rsph17029 3921 RSQ Rsph170250012 Rsph17025 2466
Rsph17025w0288/a#8d8s Jann_0262 Jann_0493 Jann_4050 15RDEPCRIE2@0263897
RD1_0201( bkt B) RD1_3394( phbA) PDE: Pden_2026 Pden 2663 Pden_2870 Pden_ 2907
Pden_4811 Pden 5022 DSH. Dshi 0074 Dshi 3066 Dshi 3331 MVR. Nhar10_0697
UNE: HNE 2706 HNE_ 3065 HNE 3133 20NAR Saro 0809 Saro_1069 Saro_1222
Saro_2306 Saro 2349 SAL: Sala 0781 Sal a_12‘244 Sal a_2896 Sal a_3158 SW':

Swit 0632 Swit_ 0752 Swit_2893 Swit_3602 Swit_4887 Swit_5019 Swit_5309

ELI: ELI 01475 ELI 06705 ELI 12035 25 GBE: GbCGDNI Hl 0447 ACR: Acry 1847
Acry_ 2256 SENUSARE LI A9 TamEA LS ACES 07 F(fadAD) SACE_40A1@4F) Rr u_A3387 MAG
anb0842 %%}é 5 30ABA: Aci d345 3239 - 190 - BSU: BG11319(nmy
B013063( yhf Sf* BH2029 BH3801(rmyA) BAN: BA3687 BA4240 BA5589
BAR. GBAAS®B-S 6290 GBAAS589 5 BAA: BA 0445 BA 4172 BA 4700 BAT: BAS3418

BAS3932 BASS 193 BCE; BC3627 BC4023 BC5344 BCA: BCE_3646 BCE 4076 BCE 5475
SAQ: Sare_1316 Sare_3991

5  RXY:Rxyl_1582 Rxyl_1842 Rxyl_2389 Rxyl_2530
FNU: FN0495
BGA: BG0110(fadA)
BAF: BAPKO_0110(fadA)
LIL: LAQ457(thiL1) LAO828(thiL2) LA4139(fadA)
10  LIC: LIC10396(phbA)
LBJ: LBJ_2862(paal-4)
LBL: LBL_0209(paaJ-4)
SYN: slr1993(phaA)
SRU: SRU_1211(atoB) SRU_1547
15  CHU: CHU_1910(atoB)
GFO: GFO_1507(atoB)
FJO: Fjoh_4612
FPS: FPO770 FP1586 FP1725
RRS: RoseRS_3911 RoseRS_4348
20  RCA: Rcas_0702 Rcas_3206
HAU: Haur_0522
DRA: DR_1072 DR_1428 DR_1960 DR_2480 DR_AQ053
DGE: Dgeo_0755 Dgeo_1305 Dgeo_1441 Dgeo_1883
TTH: TTC0191 TTCO0330
25  TTJ: TTHAO0559
TME: Tmel_1134
FNO: Fnod_0314
PMO: Pmob_0515
HMA: rrnAC0896(acaB3) rrnAC2815(aca2) rnAC3497(yqeF)
30 rmB0240(acal) rrnB0242(acaB2) rmnB0309(acaB1)



BCZ: BCZK3329(mygA) BCZK3780(thl) BCZK5044(atoB) 10BCY: Bcer 98 2722
Bcer 98 3865 BTK: BT9727_3379(mgA) BT9727_3765(thl) BT9727_5028(atoB) BTL:
BALH_3262§omgay0osasH 3642(fadA) BALH 4843(atoB) BLI: BLOBIABLenmM#syBLD:

BLi CB968(myA) 15 BCL: ABCCB45 ABC2989 ABC3617 ABC3891(mmgA) BAY:

RBAM 022450 BPU: BPUM 2374(yhfS) BPUM 2941 BPUM 3373 O H 0B0676 0B0689
0B2632 0B3013 G CA: GK1658 0K3397 20SAU. SA0342 5A0534(vraB) SAV: 5AV0354
SAV0576(vraB) SAM MM330 MA531(vraB) -$AR" SAR0351(thl) SAR0581 SAS:
SA50330 SAS0534 25 SAC: SACOL0426 S5ACOL0622(atoB) SAB: SAB0304(thl) SAB0526
SAA. SAUSA300 0355 SAUSA3000560(vraB) SAO SAOUHSC 00336 SAOUHSC 00558 SAL:
Saul - 1119TefBTa8M83AH: Saur JHL_0412 WD 2010/ 005525PCT/ US2009/ 003897 - 191 -
SEP: SE0346,SE338¢k,SER SERP0032 SERP0220 SHA: 5H0510(nvaC) SH2417

PTO: PTO1505
APE: APE_2108
5  SSO: S502377(acaB-4)

STO: ST0514
SAIL Saci_0963 Saci_1361(acaB1)
MSE: Msed_0656
PAIL: PAE1220

10  PIS: Pisl_0029 Pisl_1301
PCL: Pcal_0781
PAS: Pars_0309 Pars_1071
CMA: Cmaq_1941



SSP. SSP0325 SSP2145 5LMO 1 npl414 LMF. LMDf 2365 1433 LIN 1i n1453 LVE:
| wel 431 LLA: L11745(thiLl) L25946(fadA) 10 LLC. LACR 1665 LACR 1956 LLM
| 1rg_0930WOhni0)ooSRY: SPy 0140 SPy_1637(at oB) SPZ: M5005PEpUSI®L003897
Mb005_ Spy 0432 Mb005_Spy 1344(atoB) SPM spyML8 0136 spyML8 1645( at oB)
15SPG SpyMB_0108 SpyM3_1378(atoB) SPS: SPs0110 SPs0484 SPH:
MGAS10270_Spy0121 MGAS10270_Spy0433 MGAS10270_Spyl461(atoB) SPI:
MGAS10750_Spy0124 MGAS10750 Spy0452 MGA$20750 Spy1453(atoB) SPJ:
MGAS2096_Spy0123 MGAS2096_Spy0451 MGA52096_ Spy1365(at oB) 20 SPK:
MGAS9429 Spy0121 MGAS9429 Spy0431 MGAS9429 Spy1339( at oB) SPF:

5py Mb0447 ExempRiry SIBMG - ASsyrdhis® mRlcpacids énd/poBpeptdes SPB: M28_Spy0117
M28_Spy0420 M28_Spyl385(atoB) SAK: SAK 0568 25 LJO U1609 LAC
LBA0626(t hi L) LSA: LSA1486 LDB: Ldb0879 LBU. LBUL_0804 30 LBR LVIS 2218

HSA: 3157(HMGCS1) 3158(HMGCS2)
PTR: 457169(HMGCS2) 461892(HMGCS]1)
5 MCC: 702553(HMGCS1) 713541 (HMGCS2)
MMU: 15360(Hmgcs2) 208715(Hmgcs1)
RNO: 24450(Hmgcs2) 29637(Hmegcs1)
CFA: 479344(HMGCS1) 607923(HMGCS2)
BTA: 407767(HMGCS1)
10  SSC:397673(CH242-38B5.1)
GGA: 396379(HMGCS1)
XLA: 380091 (hmgcsl) 447204(MGC80816)
DRE: 394060(hmgcs1)
SPU: 578259(LOC578259)
15 DME: Dmel_CG4311(Hmgs)
CEL: F25B4.6
ATH: AT4G11820(BAP1)
OSA: 4331418 4347614
CME: CMM189C
20  SCE: YMLI126C(ERG13)
AGO: AGOS_ADL356C
PIC: PICST_83020
CAL: Ca019_7312(Ca019.7312)
CGR: CAGLOH04081g
25 SPO: SPAC4F8.14c(hcs)
MGR: MGG_01026
ANI: AN4923.2
AFM: AFUA_3G10660 AFUA_8G07210
AOR: AO090003000611 AO090010000487
30 CNE: CNC05080 CNG02670



- 192 - LCA: LSE1_1787 LGA: LGAS 1374 LRE: Lreu 0052 EFA: EF1364 5 OOE:
OEOE_0529 STH. STH2913 STH725 STHB04 CAC. CAC2873 CA _P0078(thi L) CPE:
CPE2195( aWORp10@PFs25CPF_2460 10 CPR. CPR 2170 CTC: CTCOORLZ/USh®Y/0NSRILCX_ 0538
NTO1CX_0603 CDF: CD1059(thl Al) CD2676(th1A2) CBO. CB03200(thl) 15CBE:

Cbei 0411 Cbei 3630 CICL: ClCL_3696(thl Al) CKL_3697(thl A2) Cl CL_3698(thl A3)
AMT: ~Amet 4630 ACE: O 0s0084 O os_0258 CHY: CHY 1288 CHY_1355( at oB)
CHY_1604 CHY_1738 20 DSY: DSY0632 DSY08387 bSY1567 DSY1710 DSY2402 DSY3302
DRM Dred_0400 Dred_1491 Dred_1784 Dred_1892 SWO Swol 0308 Swol_0675

Swol 0789 Swol 1486 Swol 1934 Swol 2051 TTE: TTE0549(paal) MFA: Moth_ 1260
UMA: UM05362.1

ECU: ECU10_0510
DDI: DDBDRAFT_0217522 DDB_0219924(hgsA)
TET: TTHERM_00691190
5 TBR:Tb927.8.6110
YPE: YPO1457
YPK: y2712(pksG)
YPM: YP_1349(pksG)
YPA: YPA_0750
10  YPN: YPN_2521
YPP: YPDSF_1517
YPS: YPTB1475
CBD: COXBU7E912_1931
TCX: Ter_1719
15 DNO: DNO_0799
BMA: BMAA1212
BPS: BPSS1002
BPM: BURPS1710b_A2613
BPL: BURPS1106A_A1384
20  BPD: BURPS668_A1470
BTE: BTH_I11670
MXA: MXAN_3948(tac) MXAN_4267(mvaS)
BSU: BG10926(pksG)
OIH: OB2248
25  SAU: SA2334(mvaS)
SAV: SAV2546(mvaS)
SAM: MW2467(mvaS)
SAR: SAR2626(mvaS)
SAS: SAS2432
30 SAC: SACOL2561



25 MIU: Rd 135A Rv1323(fadA4) Rv3546(fadA5) MIC. Mr1365(phbA) MBO MWV 167
Mb1358(fadA4) M3576(fadA5) M3586¢c(fadA6) MBB: BCG 1197 BCG 1385(fadA4)
BCG_3610(WadAm)i0Bes 3620c(fadA6) M.E. M.1158(fadA4) 30 WRAUSMWERMBTIT (f adA3)
MAP2436¢c(fadA4) - 193 - MAV: MAV_ 1544 MAV_ 1573 MAV_1863 MAV 5081 MsM
MSMVEG 2224 MSMEG 4920 MUL: MJL_0357 MVA: Mvan_1976 M/an_1988 Mvan_4305
Mran_4677 Man_4891 5M3: MIv_1347 MIv_1484 M|v_2040 M|v_2340 M| v_4356
M|v_4368 MMC: Mrcs_1758 Mrcs_1769 Mits 18996 Mts 3864 M CM  Mkns 0251
Mcns_1540 Mcns_1805 Mcns_1816 Mkns 2836 M cns_ 3159 Mcns_ 3286 Mns_ 3869
Mcns_3938 M cns_4227 Muns_4411 Mcns_4580 Mns_ 4724 Mcrns_4764

M cns_4776 ABOSINR24BP(nsva$331 M |s_1739 M1s 1750 M |s_2819 M1s_3119

M| s_3235 I I 850 M1s_4110 MI1s_4383 MIs_4705 M| s_4876
M I S_SOIBS%:M(M-Pé%O?S CGL: NCg12309(cgl2392) CGB: cg2625(pcaF)
15CEF: CEQARL SAYBA8CA28d0k1543(f adA3)
SAJ: SaurJH9_2569
5 SAH: SaurJH1_2622
SEP: SE2110
SER: SERP2122
SHA: SH0508(mvaS)
SSP: SSP0324
10 LMO: Imol415
LMF: LMOf2365_1434(mvaS)
LIN: lin1454
LWE: lwel1432(mvaS)
LLA: L13187(hmcM)
15 LLC: LACR_1666
LLM: limg_0929(hmcM)
SPY: SPy_0881(mvaS.2)
SPZ: MS005_Spy_0687(mvaS.1)
SPM: spyM18_0942(mvaS2)
20 SPG: SpyM3_0600(mvaS.2)
SPS: SPs1253
SPH: MGAS10270_Spy0745(mvaS1)
SPI: MGAS10750_Spy0779(mvaS1)
SPJ: MGAS2096_Spy0759(mvaS1)
25 SPK: MGAS9429_Spy0743(mvaS1)
SPF: SpyM51121(mvaS)
SPA: M6_Spy0704
SPB: M28_Spy0667(mvaS.1)
SPN: SP_1727
30 SPR: spr1571(mvaS)



NFA: nfal 0750(fadA4) RHA: RHA | _ro01455 RHA1 ro001623 RHA | _ro01876 RHA

| ro02517(catF) RHAI ro03022 RHAl ro03024 RHAl ro003391 RHAL ro03892 20RHA
I roO4599WQHAﬂO/(10@EQ5257 RHA | ro08871 SCO SCC5399(SC3F4PO$)USM003897
SAV1384(fadA5) SAV2856(fadA1) ART: Arth 1160 Arth 2986 Arth 3268 Arth 4073
NCA: Noca 1371 Noca_ 1797 Noca_ 1828 Noca 2764 Noca 4142 25TFU: Tfu_ 1520
Tfu 2394 FRA: Francci 33687 FRE: Franeanl 1044 Fr aneanl 2711 Fr aneanl 2726
Fr aneanl 3929 Franeanl 4037 Fr aneanl 45?9 FAL: FRAAL2514 FRAAL2618
FRAAL5910(atoB) 30ACE: Acel 0626 Acel 0672 - 194 - SEN. SACE 1192( rmgyA)
SACE_2736(fadA6) SACE 401l (cat F) SACE . 6236(fadA4) STP: Strop_3610 SAQ

Sar e_1316SBBr§P9995375ﬂXH’S) Rxyl 1582 Rxyl 1842 Rxyl 2389 Rxyl 2530 FNU.

FNO495 BGs %fadA) BAF: BAPKO_0110(f adA) LIL: LAO457(thilLl)
LA0828(t h §(fadA) 10LIC: LI CL0396( phbA)

SAN: gbs1386
SAK: SAK_1347
5 SMU: SMU.943c

STC: str0577(mvaS)
STL: stu0577(mvaS)
STE: STER_0621
SSA: SSA_0338(mvaS)

10  SSU: SSU05_1641
SSV: SSU98_1652
SGO: SGO_0244
LPL: Ip_2067(mvaS)
LJO: LI1607

15 LAC: LBA0628(hmcS)
LSA: LSA1484(mvaS)
LSL: LSL_0526
LDB: Ldb0881(mvaS)
LBU: LBUL_0806

20 LBR:LVIS_1363
LCA: LSEI_1785
LGA: LGAS_1372
LRE: Lreu_0676
PPE: PEPE_0868

25  EFA:EF1363
OOE: OEOE_0968
LME: LEUM_1184
NFA: nfa22120
SEN: SACE_4570(pksG)

30 BBU: BB0683



LBJ: LBJ_2862(paaJ-4) LBL: LBL_0209(paalJ-4) SYN sl1lr1993(phaA) SRU:
SRU 1211(atoB) SRU 1547 15CHU: CHU 1910(atoB) GFO GF0_1507(atoB) FM
Fj oh_4612wBR810/6RA370 FP1586 FP1725 RRS: RoseRS 3911 Ro®eRESIBHBIEI7 RCA:
Rcas_0702 Rcas_3206 HAU: Haur 0522 DRA: DR 1072 DR | 428 DR 1960 DR 2480
DR_A0053 DGE: Dgeo_0755 Dgeo_1305 Dgeo_1441 Dgeo_1883 TTH TTC0191 TTCOB30
25 TTJ: TTHA0559 TME: Tnel 1134 FNO. Fnod 0314 PMO Prmob_ 0515 HVA:
rrnAC0896( acaB3) rmAC2815(aca2) rrnAC3439¥ygeF) 30rrnB0240( acal)
rrnB0242(acaB2) rrnB0309(acaBl) - 195 - TAC. Ta0582 TVO TVNO649 PTC
P101505 APE: APE 2108

BGA: BG0706

BAF: BAPKO_0727
FJO: Fjoh_0678
HAL: VNG1615G(mvaB)
5 HMA: rmAC1740(mvaS)
HWA: HQ2868A(mvaB)
NPH: NP2608A(mvaB_1) NP4836A(mvaB_2)



5SSO SS02377(acaB-4) STO ST0514 SAT: Saci _0963 Saci _1361(acaBl) MSE:
Msed 0656 PAT: PAE1220 10PIS: Pisl 0029 Pisl 1301 PCL: Pcal 0781 PAS:
Pars 0309wPBanw/eR: CVA: Crag_1941 - 196 - Exenpl ary HRGI@s2009p0ishase
nucl ei ¢ acids and pol ypepti des HSA: 3157(BM3CS1) 3158( FAIMCS2) PTR:
4571 69( HMECS2) 461892(HMECS 1 ) 5 MCC: 702553(HMGCS 1) 713541( BMGCS2) MW
15360( Hhgcs2) 208715(Hmgesl) RNO  24450( Hmrges2) 29637(Hngesl) CFA:
479344( HMGCS1) 607923( HMGCS2) BTA: 4077891 HMGCS 1) 10SSC:
397673(CH242-38B5. 1) GGA: 396379(HMSCS 1) XLA: 380091( hngcsl)
447204( M3C80816)

Exemplary hydroxymethylglutaryl-CoA reductase nucleic acids and polypeptides

HSA: 3156(HMGCR)
PTR: 471516(HMGCR)
5 MCC: 705479(HMGCR)

MMU: 15357(Hmgcr)
RNO: 25675(Hmgcr)
CFA: 479182(HMGCR)
BTA: 407159(HMGCR)

10 GGA: 395145(RCIMB04_14m24)
SPU: 373355(LOC373355)
DME: Dmel_CG10367(Hmgcr)
CEL: FO8F8.2
OSA: 4347443

15  SCE: YLR450W(HMG2) YMLO75C(HMG1)
AGO: AGOS_AER152W
CGR: CAGLOL11506g
SPO: SPCC162.09c(hmgl)
ANI: AN3817.2

20 AFM: AFUA_1G11230 AFUA_2G03700
AOR: A0090103000311 AO090120000217
CNE: CNF04830
UMA: UMO03014.1
ECU: ECU10_1720

25 DDI: DDB_0191125(hmgA) DDB_0215357(hmgB)
TBR: Tb927.6.4540
TCR: 506831.40 509167.20
LMA: LmjF30.3190
VCH: VCA0723

30 VCO: VC0395_0662



DRE: 394060( hngcsl) SPU: 578259(L00578259) 15 DMVE: Dmel _CGA311(Hmgs) CEL:
F25B4. 6 ATH AT4GL1820( BAPI) OSA: 4331418 4347614 CAB: CM ML89C 20 SCE:
YM.126C( BRGL8)0/00835 AGOS_ADL356C Pl C. Pl CST_83020 CAL: PCT/US2009/003897
Ca019_7312( Ca019. 7312) CGR. CAGLOH0408I g 25SPO.  SPACAFS. | 4c(hcs) MGR:
MGG 01026 ANI: AN4923.2 AFM AFUA 3GL0660 AFUA 8607210 ACR A0090003000611
A0090010000487 30 CNE: CNCO5080 CNG02670 - 197 - UMA: UMD5362.1 ECU:
ECULO0_0510 DDI: DDBDRAFT 0217522 DDB0219624(hgsA) TET: TTHERM 00691190
5TBR ~Th927.8.6110 YPE: YP01457 YPK: y2712(pksG YPM YP_1349(pksG YPA:
YPA 0750 10 YPN: YPN 2521 YPP: YPDSF_1517 YPS: YPTB1475 CBD:
COXBU7E9Q1¥VISMVIX17Tcr 1719 15 DNO. DNO0O799 BMA: BMAAl 212 BPS: BPSS1002

VVY: VVA0625
VPA: VPA0968
VFI: VFA(0841
S  PAT: Patl_0427

CBU: CBU_0030 CBU_0610
CBD: COXBU7E912_0151 COXBU7E912_0622(hmgA)
TCX: Ter_1717
DNO: DNO_0797

10 CVIL:CV_1806
SUS: Acid_5728 Acid_6132
SAU: SA2333(mvaA)
SAV: SAV2545(mvaA)
SAM: MW2466(mvaA)

15 SAB: SAB2419¢(mvaA)
SEP: SE2109
LWE: lwe0819(mvaA)
LLA: L10433(mvaA)
LLC: LACR_1664

20 LLM: llmg_0931(mvaA)
SPY: SPy_0880(mvaS.1)
SPM: spyM18_0941(mvaS1)
SPG: SpyM3_0599(mvaS.1)
SPS: SPs1254

25  SPH: MGAS10270_Spy0744
SPI: MGAS10750_Spy0778
SPJ: MGAS2096_Spy0758
SPK: MGAS9429_Spy0742
SPA: M6_Spy0703

30 SPN:SP_1726



BPM BURPS1710b_A2613 BPL: BURPS1106A A1384 20 BPD: BLTRPS668 A1470 BTE:
BTH I 11670 MXA: MXAN 3948(tac) MXAN 4267(nvaS) BSU: BGL0926( pksG ON:
0B2248 2580U0108H2R34(nvaS) SAV: SAV2546(mvaS) SAM  MAR4BTTrmsadp/ oSSR
SAR2626(mvaS) SAS: 5AS2432 30 SAC. SACOL2561 WO

2010/ 005525PCT/ US2009/ 003897 - 198 - SAB: SAB2420(mvaS) SAA: SAUSA300 2484
SAO. SAOLTHSC 02860 SAJ: SaurJH9 2569 5SAH. Sautal | 2622 SEP: SE2110 SER
SERP2122 SHA: SH0508(mvaS) SSP: SSP0324208:MO | np1415 LMF:

LMDf 2365_1434(mvaS) UN: 1i n1454 LVE: 1wel432(nvaS) LLA: LI3187(hncM 15
LLC. LACR 1666 LLM 11ng_0929( hntM SPY: SPy 0881(mvaS.2) SPZ:

Mb005_Spy SOE8 RAGEH71) SPM spyML8 0942(mvaS2) 20SRl: SpyMB _0600( mvasS. 2)

SAN: gbs1387
STC: str0576(mvaA)
STL: stu0576(mvaA)
5  STE: STER_0620
SSA: SSA_0337(mvaA)
LPL: Ip_0447(mvaA)
LJO: LJ1608
LSL: LSL_0224
10 LBR:LVIS_0450
LGA: LGAS_1373
EFA: EF1364
NFA: nfa22110
BGA: BG0708(mvaA)
15  SRU: SRU_2422
FPS: FP2341
MMP: MMP0087(hmgA)
MMQ: MmarC5_1589
MAC: MA3073(hmgA)
20 MBA: Mbar_A1972
MMA: MM_0335
MBU: Mbur_1098
MHU: Mhun_3004
MEM: Memar_2365
25 MBN: Mboo_0137
MTH: MTH562
MST: Msp_0584(hmgA)
MSI: Msm_0227
MKA: MK0355(HMG1)
30 AFU: AF1736(mvaA)



SPS: SPs1253 SPH. MGAS10270_Spy0745(nvaSl) SPl: MGAS10750_Spy0779(nvaSl)
SPJ: MGAS2096_Spy0759( nvaSl) 25SPK: MGAS9429 Spy0743(nvaSl) SPF:
SpyMp112Wowam)00sRe: Ms_5py0704 SPB: M28_Spy0667(nvaS. 1PCBRIN20088038927
30SPR sprl571(nvaS) WD 2010/ 005525PCT/ US2009/ 003897 - 199 - SPD
SPD_1537(nvaS) SAG SAGL316 SAN. gbs1386 SAK: SAK 1347 5 SMJ SMJ. 943c STC:
stro577(nvaS) STL: stu0577(nvaS) STE: STER 0621 SSA: SSA 0338(nvaS) 10SSU:
SSUO5_1641 SSV: SSU98_1652 SGO. SG0_024204PL: |p_2067(nvaS) LJO LJ1607 15
LAC. LBA0628(hncS) LSA: L5A1484(mvaS) LSL: LSL_0526 LDB: Ldb0881(mvaS) LBU:
LBUL_0806

HAL: VNG1875G(mvaA)
HMA: rmAC3412(mvaA)
HWA: HQ3215A(hmgR)
NPH: NP0368A(mvaA_2) NP2422A(mvaA_l)
5 TAC: Ta0406m
TVO: TVN1168
PTO: PTO1143
PAB: PAB2106(mvaA§)
PFU: PF1848
10 TKO: TK0914
RCI: RCIX1027(hmgA) RCIX376(hmgA)
APE: APE_1869
IHO: Igni_0476
HBU: Hbut_1531
15  SSO: SS00531
STO: ST1352
SAIL Saci_1359
PAIL: PAE2182
PIS: Pisl_0814
20  PCL: Pcal_1085
PAS: Pars_0796



20 LBR LVIS 1363 LCA: LSElI _1785 LGA: LGAS 1372 LRE: Lreu_0676 PPE:
PEPE_0868 25EPA: EF1363 OOE: OEOE_0968 LME: LEUM 1184 NFA: nfa22120 SEN:
SACE_4570¢plkes8)00325BBU: BB0683 - 200 - BOA: B00706 BAFPCBARE®9IOTRI7 FIO
Fj oh_0678 HAL: VNGL615G nvaB) 5 HVA: rmmACl740(nmvaS) HWA: HQR2868A(mvaB) NPH:
NP2608A( mvaB_1) NP4836A(mvaB_2) WD 2010/ 005525PCT/ US2009/ 003897 -201 -
Exenpl ary hydroxynet hyl gl ut aryl - CoOA reduct ase nucl ei ¢ aci ds and
pol ypepti des HSA: 3156( HMGCR) PTR 471528 HMGCR) 5 MCC. 705479( HMGCR) MWL
| 5357(Hmger) RNO  25675(Hnger) CFA: 479182( HMECR) BTA: 407159( HMGCR) 10
GGA: 395145( RCI MB04_14nR4) SPU. 373355(L0OC373355)

Exemplary mevalonate kinase nucleic acids and polypeptides

HSA: 4598(MVK)
MCC: 707645(MVK)

5 MMU: 17855(Mvk)
RNO: 81727(Mvk)
CFA: 486309(MVK)
BTA: 505792(MVK) 'S
GGA: 768555(MVK)

10 DRE: 492477(zgc:103473)
SPU: 585785(LOCS585785)
DME: Dmel_CG33671
OSA: 4348331
SCE: YMR208W(ERG12)

15 AGO: AGOS_AER335W
PIC: PICST_40742(ERG12)
CGR: CAGLOF03861g
SPO: SPAC13G6.11c
MGR: MGG_06946

20  ANIL: AN3869.2
AFM: AFUA_4G07780
AOR: A0090023000793
CNE: CNKO01740
ECU: ECU09_1780

25  DDI: DDBDRAFT_0168621
TET: TTHERM_00637680
TBR: Tb927.4.4070 A
TCR: 436521.9 509237.10
LMA: LmjF31.0560

30 CBU: CBU_0608 CBU_0609



DVE: Dmel _CGLO367(Hmger) CEL: FOBFS. 2 OSA: 4347443 15 SCE: YLRA50W HVR2)
YMLO75C(BMGL) AGO. AGOS AERL52W CGR. CAGLOLI 1506g SPO. SPCC162. 09¢( hngl)
ANT: AN3SY®.2B10205AEM AFUA | G 1230 AFUA 2003700 AOR  A0GEIAB3Q0083L7
A0090120000217 CNE: CNF04830 UMA: UMD3014.1 ECU: ECULO0 1720 25 DI N:
DDB_0191125( hngA) DDB_0215357(hngB) TBR Th927.6.4540 TCR 506831. 40
509167. 20 LMA: Lnj F30. 3190 VCH. VCA0723 30 VCO. VCOB95 0662 - 202 - \WWU:
W2_0117 WY: WA0625 VPA: VPA0968 VFI - 20FA0841 SPAT: Pat1 0427

CBD: COXBU7E912_0620(mvk)
LPN: 1pg2039
LPF: 1p12017
LPP: 1pp2022
5  BBA: Bd1027(ImbP) Bd1630(mvk)
MXA: MXAN_5019(mvk)
OIH: OB0225
SAU: SA0547(mvaK1)
SAV: SAV0590(mvaK1)
10 SAM: MWO0545(mvaK1)
SAR: SAR0596(mvaK1)
SAS: SAS0549
SAC: SACOL0636(mvk)
SAB: SAB0540(mvaK1)
15  SAA: SAUSA300_0572(mvk)
SAO: SAOUHSC_00577
SEP: SE0361
SER: SERP0238(mvk)
SHA: SH2402(mvaK1)
20  SSP: SSP2122
LMO: Imo0010
LMF: LMOf2365_0011
LIN: 1in0010
LWE: lwe0011(mvk)
25  LLA:L7866(yeaG)
LLC: LACR_0454
LLM: llmg_0425(mvk)
SPY: SPy_0876(mvaK1)
SPZ: M5005_Spy_0682(mvaK1)
30 SPM: spyM18_0937(mvaK1)



CBU. CBU 0030 CBU 0610 CBD: COXBU7E912_ 0151 COXBU7E912_0622( hmgA) TCX:
Tcr 1717 DNO DNO_0797 10CVvI: CV_1806 SUS: Acid 5728 Acid 6132 SAU:
SA2333( mMAID20BANS525AV2545( mvah) SAM MA2466( nvaA) 15SABPCBAR26b200I8aY aA)
SEP: SE2109 LWE: 1we0819(nvaA) LLA: L10433(mvaA) LLC. LACR 1664
20LLM 11ng_0931(nvaA) SPY: SPy_0880(nvaS.1l) SPM spyML8 0941(mvaSl) SPG
SpyMB0599( nvaS. 1) SPS: SPs1254 25 SPH MGAS10270_Spy0744 SPI :
M3AS10750_Spy0778 SPJ: MG3AS2096_Spy075828PK: MEAS9429 Spy0742 SPA:
M6_5py0703 30SPN:. SP_1726 - 203 - SAG SAGL317 SAN:. gbs1387 STC:
str0576(mvaA) STL: stu0576(nvaA) 5 STE: STER 0620

SPG: SpyM3_0595(mvakK1)

SPS: SPs1258
SPH: MGAS10270_Spy0740(mvaK1)
SPI: MGAS10750_Spy0774(mvaK1)
5  SPJ: MGAS2096_Spy0753(mvaK1)
SPK: MGAS9429_Spy0737(mvaK1)
SPF: SpyM51126(mvaK1)
SPA: M6_Spy0699
SPB: M28_Spy0662(mvaK1)
10  SPN: SP_0381
SPR: spr0338(mvk)
SPD: SPD_0346(mvk)
SAG: SAG1326
SAN: gbs1396
15  SAK: SAK_1357(mvk)
SMU: SMU.181
STC: str0559(mvaK1)
STL: stu0559(mvakK1)
STE: STER_0598
20 SSA: SSA_0333(mvaK1)
SSU: SSU05_0289
SSV: SSU98_0285
SGO: SGO_0239(mvk)
LPL: Ip_1735(mvaK1)
25  LJO:LJ1205
LAC: LBA1167(mvakK)
LSA: LSA0908(mvaK1)
LSL: LSL_0685(eRG)
LDB: Ldb0999(mvk)
30 LBU: LBUL_0906



SSA: SSA0337(nvaA) LPL: |p_0447(nvaA) LJO L11608 LSL: LSL_0224 10 LBR

LVI S 0450 WA: LGAS 1373 EFA: EF1364 NFA: nfa22110 BGA. BGO708(mvaA) 15
SRU: _ SRU WO2R10ARS25FP2341 MVP:  MVPO087(hmgA) NI MY Mrvar @ETABS@9NSB7
MA3073( hngA) 20 MBA: Mbar A1972 MVA: MM 0335 MBU:. Mour 1098 MHU: Mhun_3004
MEM Memar 2365 25 MBN: Mooo 0137 MIH MIH562 MST: Msp_0584( hngA) MBI :

Msm 0227 M CA: MKO355( HVGL) 30 AFU;. AF1736(nvad) - 204 - HAL:
VNO18750( nvaA) HVA: rmAC3412(nmvaA) HWA- 2P88215A( hnmgR) NPH: NPO368A( nvaA 2)
NP2422A(mvaA 1) 5 TAC. Ta0406m TVO TVNL168 PTO PT01143 PAB: PAB2106(nvaA)

LBR: LVIS_0858
LCA: LSEI_1491
LGA: LGAS_1033
LRE: Lreu_0915
S  PPE: PEPE_(0927
EFA: EF0904(mvk)
OOE: OEOE_1100
LME: LEUM_1385
NFA: nfa22070
10 BGA: BG0711
BAF: BAPKO_0732
FPS: FP0313
MMP: MMP1335
MAE: Maeo_0775
15 MAC: MA0602(mvk)
MBA: Mbar_A1421
MMA: MM_1762
MBU: Mbur_2395
- MHU: Mhun_2890
20 MEM: Memar_1812
MBN: Mboo_2213
MST: Msp_0858(mvk)
MSI Msm_1439
MKA: MK0993(ERG12)
25  HAL: VNG1145G(mvk)
HMA: rmAC0077(mvk)
HWA: HQ2925A(mvk)
NPH: NP2850A(mvk)
PTO: PTO1352
30 PHO: PH1625



PFU. PF1848 10 TKO TK0914 RCl: RCl X1027(hngA) RCl X376( hngA) APE: APE_1869
MO Igni_0476 HBU. Hbut 1531 15 SSO SS00531 STO ST1352 SAl: Saci 1359
PAT: PAEMWB201VB552Pi 10814 20PCL: Pcal _1085 PAS: Pars_0P@&/UsS2¥9/003897

2010/ 005525PCT/ US2009/ 003897 - 205 - Exenpl ary neval onat e ki nase nucl ei c
aci ds and pol ypepti des HSA: 4598( WK) MCC:. 707645(MWK) 5M VI U 17855( Mrk)
RNO 81727(1VIvk) CFA: 486309( MWK) BTA: 505792( WK) 0 GGA: 768555( WK)
10DRE: 492477(zgc: 103473) SPU. 585785(L80%85785) DME: Drmel _CG33671 OSA:
4348331 SCE: YMR208W ERGL2) 15 AGO AGOS_AER335W PI C. PI CST_40742( ERG12)
CGR CAGLOF03861g SPO SPAC13G6. 11c MGR MGG 06946 20AN @ AN3869. 2 AFM
AFUA 4Q07PAB: RARO3ZAREMIN23000793 CNE: CNKO01740 ECU. ECU09 1780

PFU: PF1637(mvk)
TKO: TK1474
RCI: LRC399(mvk)
5 APE: APE_2439
HBU: Hbut_0877
SSO: SSO0383
STO: ST2185
SAI Saci_2365(mvk)
10 MSE: Msed_1602
PAI: PAE3108
PIS: Pisl_0467
PCL: Pcal_1835

15



25 DDl : DDBDRAFT 0168621 TET: TTHERM 00637680 TBR Tbh927.4.4070 TCR
436521.9 509237.10 LMA: Lnj F31.0560 30 CBU. CBU 0608 CBU 0609 - 206 -
CBD: COXBUGEBLA08RR0( nvk) LPN: 1pg2039 LPF: | p12017 LPP: PCEAR0RR/06BBA:
Bd1027(1nbP) Bd1630(mvk) MXA: MXAN 5019(mvk) ON: OB0225 SAU: SA0547(mvakl)
SAV: SAV0590(nvaKl) 10 SAM MM545(nvakl) SAR. SAR0596(nvaKl) SAS: SAS0549
SAC. SACOL0636(nvk) SAB: SAB0540(nvaKl) 15 SAA: SAUSA300 0572(nvk) SAO
SAOUHSC 00577 SEP: SE0361  SER SERP0238¢nvk) SHA: SH2402(nvaKl) 20SSP:
SSP2122 LMO. | np0010 LMF: LMDf2365 0011 LIN: [|in0010

Exemplary phosphomevalonate kinase nucleic acids and polypeptides

HSA: 10654(PMVK)
PTR: 457350(PMVK)
5 MCC: 717014(PMVK)

MMU: 68603(Pmvk)
CFA: 612251(PMVK)
BTA: 513533(PMVK)
DME: Dmel_CG10268

10  ATH: AT1G31910
OSA: 4332275
SCE: YMR220W(ERG8)
AGO: AGOS_AER354W
PIC: PICST_52257(ERGS)

15 CGR: CAGLOF03993g
SPO: SPAC343.01c
MGR: MGG_05812
ANI: AN2311.2
AFM: AFUA_5G10680

20  AOR: A0090010000471
CNE: CNMO00100
UMA: UM00760.1
DDI: DDBDRAFT_0184512
TBR: Tb09.160.3690

25  TCR: 507913.20 508277.140
LMA: LmjF15.1460
MXA: MXAN_5017
OIH: OB0227
SAU: SA0549(mvaK2)

30 SAV:SAV0592(mvaK2)



LVE: | we0011(nvk) 25LLA: L7866(yeaG LLC. LACR 0454 LLM | 1ng_0425( mvk)
SPY: SPy 0876(nvaKl) SPZ: Ms005 Spy 0682(rnvakl) 30 SPM spyML8_0937(nvaKl)
- 207 - \8PG010BpPyNB_0595( nvaKl) SPS. SPs1258 SPH. MGAS1@RTAISSpY0dsso| nvakl)
SPI: MGAS10750_Spy0774(nvaKl) 5SPJ: I\/GASZOQG_SpyO?SB(m/aKl) SPK:

MGAS9429 Spy0737(mvaKl) SPF: SpyMs1126(mvakl) SPA: Ms_Spy0699 SPB:
M28_Spy0662( mvakl) 10SPN: SP_0381 SPR spt 13338(mvk) SPD: SPD_0346( mvk)
SAG 5AGL326 SAN: gbs1396 15SAK: SAK 133Flnvk)

SAM: MWO0547(mvaK2)
SAR: SAR0598(mvaK?2)
SAS: SAS0551
SAC: SACOL0638
5  SAB: SAB0542(mvaK2)

SAA: SAUSA300_0574
SAO: SAOUHSC_00579
SAJ: SaurJH9_0615
SEP: SE0363

10  SER: SERP0240
SHA: SH2400(mvaK?2)
SSP: SSP2120
LMO: Imo0012
LMF: LMOf2365_0013

15  LIN:1in0012
LWE: lwe0013
LLA: L10014(yebA)
LLC: LACR_0456
LLM: limg_0427

20 SPY: SPy_0878(mvaK2)
SPZ: M5005_Spy_0684(mvaK?2)
SPM: spyM18_0939
SPG: SpyM3_0597(mvaK?2)
SPS: SPs1256

25 SPH: MGAS10270_Spy0742(mvaK2)
SPI: MGAS10750_Spy0776(mvaK2)
SPJ: MGAS2096_Spy0755(mvaK2)
SPK: MGAS9429_Spy0739(mvaK?2)
SPF: SpyM51124(mvaK2)

30 SPA: M6_Spy0701



SMJ: SMU. 181 SIC: str0559(mvaKl) STL:

st u0559( nvak1l)

SSA 0333(nvaKl) SSU: 55U05 0289 SSV: S5U98 0285 SGO
| p_1735( rwaki)o/@54230 LJ1205 LAC. LBA1167(mvaK) LSA:
LSL_0685(eRG) LDB: Ldb0999(nvk) 30 LBU: LBUL_0906 -
1491 LOA: LGAS 1033 LFtE: Lreu_ 0915 5 PPE:

LCA: LSEI

EF0904(nyk) OOE: OEOE 1100 LME: LEUM 13%?2 NFA:

BAPKO_0732 FPS: FP0313

10

15

20

25

30

SPB: M28_Spy0664(mvaK?2)

SPN: SP_0383

SPR: spr0340(mvaK?2)
SPD: SPD_0348(mvaK?2)
SAG: SAG1324

SAN: gbs1394

SAK: SAK_1355

SMU: SMU.938

STC: str0561(mvaK2)
STL: stu0561(mvaK?2)
STE: STER_0600

SSA: SSA_0335(mvaK2)
SSU: SSU05_0291
SSV: SSU98_0287
SGO: SGO_0241

LPL: lp_1733(mvaK?2)
LJO: LJ1207

LAC: LBA1169

LSA: LSA0906(mvaK?2)
LSL: LSL._0683

LDB: Ldb0997(mvakK)
LBU: LBUL_0904
LBR: LVIS_0860

LCA: LSEI_1092

LGA: LGAS_1035
LRE: Lreu_0913

PPE: PEPE_0925

EFA: EF0902

NFA: nfa22090

BGA: BG0710

STE: STER 0598 20SSA:

S&_0239(nvk) LPL:

L5 A00BL009AKEY7
208 -
PEPE_0927 EPA:

LSL:

LBR: LVI SO0858

nfa22070 10BOA: B&711 BAR



MVP: M 1v1P1335 MAE: Maeo_0775 15 MAC. MA0O602(mvilc) MBA: Moar A1421 MVA:
MV 1762 MBU: Mour 2395 MHU: Miun_2890 20 MEM Menmar 1812 MBN: Moo 2213
MST: Msp Weas(omeims MSI: Msm 1439 M CA: MK0993( ERGL2) 2BHALS200MGLEI5G nvi c)
| -EMA: rrnACO077(myk) HWA: HQR925A(myk) NPH NP2850A(mvic) PTO PT01352 30
PHO PHL625 - 209 - PAB: PAB0372(mvit) Pit: PF1637(nyk) TKO TK1474 RO :
LRC399(tnvic) 5 APE: APE 2439 HBU. Hout 0877 SSO SS00383 STO ST2185

SAT: Saci_2365(nvic) 10 MSE: Msed 1602 -BAS: PAE3108 PI'S: Pisl 0467

BAF: BAPKO_0731
NPH: NP2852A
SSO: SS0O2988
STO: ST0978

5 SAI: Saci_1244



PCL: Pcal _1835 15 WO 2010/ 005525PCT/ US2009/ 003897 - 210 - Exenplary
phosphoneyal onat e ki nase nucl ei ¢ acids and pol ypepti des HSA: 10654( PMWK)
PTR 457380(PMddys25 MCC. 717014(PWK) MM J: 68603( Pmvk) PCFAIS2@2828b1 PMVK)
BTA: 51 3533(PWK) DVE: Dmel _CA 0268 10ATH: ATI G31910 OSA: 4332275 SCE:
YMR220W ERG8) AGO AGOS_AER354W PI C. PI CST_52257( ER&E) 15 CCR CAG.OF03993g
SPO SPAC343.01c MGR MGG 05812 ANI: AN23I 1.2 AFM AFUA 5G1L0680 20ACR
A0090010000471 CNE: CNMDO100 UMA: UwMDO7@d41 DDI: DDBDRAFT 0184512 TBR:
Tb09. 160. 3690 25TCR 507913. 20 508277. 140 LMA: Lnj F15.1460 MXA: MXAN 5017
OE: 0B0227 SAU. SA0549(mvaK2) 30 SAV: SAV0592( mvakK2)

Exemplary diphosphomevalonate decarboxylase nucleic acids and polypeptides

HSA: 4597(MVD)
PTR: 468069(M VD)
5 MCC: 696865(MVD)

MMU: 192156(Mvd)
RNO: 81726(Mvd)
CFA: 489663(MVD)
GGA: 425359(MVD)

10 DME: Dmel_CG8239
SCE: YNR043W(MVD1)
AGO: AGOS_AGL232C
PIC: PICST_90752
CGR: CAGL0C03630g

15 SPO: SPAC24C9.03
MGR: MGG_09750
ANI: AN4414.2
AFM: AFUA_4G07130
AOR: A0090023000862

20  CNE: CNL04950
UMA: UM05179.1
DDI: DDBDRAFT_0218058
TET: TTHERM_00849200
TBR: Tb10.05.0010 Tb10.61.2745

25  TCR:507993.330 511281.40
LMA: LmjF18.0020
CBU: CBU_0607(mvaD)
CBD: COXBU7E912_0619(mvaD)
LPN: 1pg2040

30 LPF:1pl2018



- 211 - SAM MM547(nvak2) SAR 5AR0598(nvak2) SAS: SAS0551 SAC: 5ACOL0638
5SAB: SAB0542(nvakK2) SAA: SAUSA300 0574 SAO. SAOUHSC 00579 SAJ:

Saudi - 19 WOD2B108ER25SE0363 10 SER. SERP0240 SHA: SH2400( mzaKBRo0SSRs9BSP2120
LMD | mp0012 LMF: LMDf 2365_0013 15LIN: 1in0012 LVE |we0013 LLA:
L10014(yebA) LLC. LACR 0456 LLM 1lng_0427 20SPY: SPy 0878(mvak2) SPZ:
M5005_Spy _0684(mvak2) SPM spyML8 0939 SPG SpyMs_0597(mvak2) SPS: SPs1256
25 SPH. MGAS10270_Spy0742(nvak2) SPl: M2A810750 Spy0776(nvak2) SPJ:

MGAS2096_Spy0755(mvak2) SPK: MDAS9429 Spy0739(mvak2) SPF: SpyMs1124(mvak2)
30 SPA: Mp_Spy0701 -212 -

LPP: 1pp2023
TCX: Ter_1734
DNO: DNO_0504(mvaD)
BBA: Bd1629
5 MXA: MXAN_5018(mvaD)
OIH: OB0226
SAU: SA0548(mvaD)
SAV: SAV0591(mvaD)
SAM: MW0546(mvaD)
10  SAR: SAR0597(mvaD)
SAS: SAS0550
SAC: SACOL0637(mvaD)
SAB: SAB0541(mvaD)
SAA: SAUSA300_0573(mvaD)
15 SAO: SAOUHSC_00578
SAJ: SaurJH9_0614
SAH: SaurJH1_0629
SEP: SE0362
SER: SERP0239(mvaD)
20 SHA: SH2401(mvaD)
SSP: SSP2121
LMO: Imo0011
LMF: LMOf2365_0012(mvaD)
LIN: 1in0011
25 LWE: Iwe0012(mvaD)
LLA: L9089(yeaH)
LLC: LACR_0455
LLM: limg_0426(mvaD)
SPY: SPy_0877(mvaD)
30 SPZ: M5005_Spy_0683(mvaD)



SPB: M28_Spy0664(nmvakK2) SPN. SP_0383 SPR spr0340(nmvaK2) SPD:

SPD 0348(mvakK2) 5 SAG 5AGL324 SAN: gbs1394 SAK: SAK 1355 SMJ: SMJ. 938 STC:
str0561( wakB)o/me8TL: stu0561(nvak2) STE: STER 0600 SSAPCESA20886i8avakK2)
SSU: SSU05_0291 SSV: SSU98 0287 15 SGO SE0_0241 LPL: |p_1733(nmvak2) LJIO
LJ1207 LAC. LBA1169 LSA: LSA0906(nvakK2) 20 LSL: LSL_0683 LDB: Ldb0997(nvak)
LBU. LBUL_0904 LBR LVIS0860 LCA: LSElI 1092 25 LGA: LGAS 1035 LRE: Lreu0913
PPE: PEPE_0925 EFA: EF0902 NFA: nfa22096186 BOA: BG0710 -213 - BAF:
BAPKO_0731 NPH: NP2852A SSO SS02988 STO ST0978

SPM: spyM18_0938(mvd)
SPG: SpyM3_0596(mvaD)
SPS: SPs1257
SPH: MGAS10270_Spy0741(mvaD)
5 SPI: MGAS10750_Spy0775(mvaD)
SPJ: MGAS2096_Spy0754(mvaD)
SPK: MGAS9429_Spy0738(mvaD)
SPF: SpyM51125(mvabD)
SPA: M6_Spy0700
10  SPB: M28_Spy0663(mvaD)
SPN: SP_0382
SPR: spr0339(mvdl)
SPD: SPD_0347(mvaD)
SAG: SAG1325(mvaD)
15  SAN: gbsl1395
SAK: SAK_1356(mvaD)
SMU: SMU.937
STC: str0560(mvaD)
STL: stu0560(mvaD)
20  STE: STER_0599
SSA: SSA_0334(mvaD)
SSU: SSU05_0290
SSV: SSU98_0286
SGO: SGO_0240(mvaD)
25  LPL: lp_1734(mvaD)
LJO: L1206
LAC: LBA1168(mvaD)
LSA: LSA0907(mvaD)
LSL: LSL_0684
30 LDB: Ldb0998(mvaD)



5SAl: Saci_1244 WD 2010/ 005525PCT/ US2009/ 003897 - 214 - Exenpl ary

di phosphoneval onat e decar boxyl ase nucl ei ¢ aci ds and pol ypepti des HSA:
4597( WD)WOTRI0/0068869( WD) 5 MCC. 696865( WD) MW 1921F6TNsa)09BNB97
81726(Mvd) CFA: 489663( WD) GGA: 425359(MWD) 10 DME: Dmrel _CG8239 SCE:
YNRO43W MVD1) AGO AGOS _AG.232C PIC. PICST_90752 CGR CAGL00GB630g 15SPC
SPAC24C9. 03 MGR: MGG 09750 ANT: AN4414.2 AFM AFUA 4Q07130 ACR:
A0090023000862 20 CNE: CNL04950 UvA: UM3%179.1 DDI: DDBDRAFT_0218058 TET:
TTHERM 00849200

LBU: LBUL_0905
LBR: LVIS_0859
LCA: LSEI_1492
LGA: LGAS_1034
5 LRE: Lreu_0914

PPE: PEPE_0926
EFA: EF0903(mvaD)
LME: LEUM_1386
NFA: nfa22080

10 BBU: BB0686
BGA: BG0709
BAF: BAPKO_0730
GFO: GFO_3632
FPS: FP0310(mvaD)

15 HAU: Haur_1612
HAL: VNGO0593G(dmd)
HMA: rmnAC1489(dmd)
HWA: HQ1525A(mvabD)
NPH: NP1580A(mvaD)

20 PTO: PTO0478 PTO1356
SSO: SSO2989
STO: ST0977
SAI Saci_1245(mvd)
MSE: Msed_1576



TBR: Tb10. 05. 0010 Tb10.61.2745 251CR 507993. 330 511281.40 LMA: Lnj FI 8.0020
CBU:. CBU 0607(nvaD) CBD. COXBU7E912 0619(mvaD) LPN:. 1pg2040 30LPF: |p12018
- 215 - WORo1igop2823 TCX: Tcr 1734 DNO DNO_0504( mvaD) PBBAIS284063897 5 MXA:
MXAN 5018(mvaD) OM 0B0226 SAU. SA0548(mvaD) SAV: SAV0591(mvaD) SAM
MAD546( nvaD) 10 SAR: SAR0597(mvaD) SAS: SAS0550 SAC. SACOL0637(nvaD) SAB:
SAB0541(mvaD) SAA: SAUSA300 0573(mvaD) 15 SAC SAQUHSC 00578 SAJ:
Saur M@ 0614 SAH SaurJH1 0629 SEP: SE03828- SER SERP0239( nvaD) 20 SHA:
5H2401(mvaD) SSP: SSP2121 LMO. 1 np0011 LM LMf 2365 _0012(nvaD) LIN:

| i n0011

Exemplary isopentenyl phosphate kinases (IPK) nucleic acids and polypeptides

Methanobacterium thermoautotrophicum gi|2621082
Methanococcus jannaschii DSM 2661 gi|1590842 ;

5  Methanocaldococcus jannaschii gi|1590842
Methanothermobacter thermautotrophicus gi|2621082
Picrophilus torridus DSM9790 (IG-57) gi|48477569
Pyrococcus abyssi gi|14520758
Pyrococcus horikoshii OT3 gi|3258052

10 Archaeoglobus fulgidus DSM4304 gi|2648231



25 LWE: | we0012(nvaD) LLA: L9089(yeaH) LLC. LACR 0455 LLM | 1ng_0426(nmvaD)
SPY: SPy 0877(nvaD) 30 SPZ: Mb005_Spy 0683(mvaD) WO

2010/ 005526RCIV0S2609/ 003897 - 216 - SPM spyML8_0938( mpd)/USENEY/003897
SpyMB_0596( mvaD) SPS: SPs1257 SPH. MGAS10270_Spy0741(nvaD) 5SPI:
MGAS10750_Spy0775(nvaD) SPJ: MGAS2096_Spy0754(mvaD) SPK:

MDAS9429 Spy0738(nvaD) SPF: SpyMbl1125(mvaD) SPA: Ms_Spy0700 10 SPB:

M28_ Spy0663(nmvaD) SPN. SP_0382 SPR spr@3%39(nmvdi) SPD: SPD0347( mvaD)
SAG 5AGL325(mvaD) 15SAN: gbs1395 SAK: SAK 1356(mvaD) SMJ: SMJ. 937 STC:

st r0560( nvaD) STL: stu0560(mvaD) 20 STE: STER 0599 SSA: SSA 0334(nvaD)
SSU. SSUOExempiargBdpetyBdiittosphate@ritaSscimeyse (I BHuckie Rtids hpd1734( mvaD)

[JO LJ1206
polypeptides

HSA: 3422(IDI1) 91734(ID12)

5  PTR:450262(IDI2) 450263(IDI1)
MCC: 710052(LOC710052) 721730(LOC721730)
MMU: 319554(Idi1)

RNO: 89784(1dil)
GGA: 420459(IDI1)
10 XLA:494671(LOC494671)
XTR: 496783(1di2)
SPU: 586184(LOC586184)
CEL: KO6H7.9(idi-1)
ATH: AT3G02780(1PP2)
15  OSA: 4338791 4343523
CME: CMB062C
SCE: YPL117C(IDI1)
AGO: AGOS_ADL268C
PIC: PICST_68990(IDI1)
20  CGR: CAGLO0J06952g
SPO: SPBC106.15(idil)
ANI: AN0579.2
AFM: AFUA_6G11160
AOR: A0090023000500
25  CNE: CNAO02550
UMA: UM04838.1
ECU: ECU02_0230
DDI: DDB_0191342(ipi)
TET: TTHERM_00237280 TTHERM_00438860
30 TBR:Tb09.211.0700



LAC. LBA1168(nmvaD) LSA: L5A0907(mvaD) LSL: LSL0684 30 LDB: Ldb0998(mvaD)
WD 2010/ 005525PCT/ US2009/ 003897 - 217 - LBU:. LBUL_0905 LBR LVIS 0859 LCA:
LSEl _1492w0GA0/doAS 1034 S5LRE: Lreu_0914 PPE: PEPE_0926 PEPAIS2086008331 mvaD)
LME: LEUM 1386 NFA: nfa22080 10 BBU. BB0686 BGA: B@709 BAR BAPKO 0730 GPO
G-0_3632 FPS: FP0310(nmvaD) 15HAU. Haur 1612 HAL: VNG0593G dnd) HVA:
rrnAC1489(dnmd) HWA: HQL525A(mvaD) NPH NP1580A(mvaD) 20 PTG P T00478
PT01356 SSO SS02989 STQ ST0977 SAL Sadl01245(mvd) MSE: Msed_1576 WO
2010/ 005525PCT/ US2009/ 003897 - 218 - Exenplary isopentenyl phosphate
ki nases (I PK) nucleic acids and pol ypepti des

TCR: 408799.19 510431.10

LMA: LmjF35.5330
EHI: 46.t00025
ECO: b2889(idi)
5  ECIJ: JW2857(idi)

ECE: 74227
ECS: ECs3761
ECC: c3467
ECI: UTI89_C3274

10  ECP: ECP_2882
ECV: APECO1_3638
ECW: EcE24377A_3215(idi)
ECX: EcHS_A3048
STY: STY3195

15 STT: t2957
SPT: SPA2907(idi)
SEC: SC2979(idi)
STM: STM3039(idi)
SFL: SF2875(idi)

20  SFX:S3074
SFV: SFV_2937
SSN: SSON_3042 SSON_3489(yhfK)
SBO: SBO_3103
SDY: SDY_3193

25 ECA:ECA2789
PLU: plu3987
ENT: Ent638_3307
SPE: Spro_2201
VPA: VPA0278

30  VFI: VF0403



Met hanobact eri um t her nzoaut ot r ophi cum gi 12621082 Met hanococcus j annaschi i
DSM 2661 gi 11590842 ; 5Met hanocal dococcus jannaschii gi 11590842

Met hanot hwornotyaosas t her maut ot r ophi cus gi 12621082 Pi cr ophiriusgomwonishtus
DSWB790 (1 G 57) gi 148477569 Pyrococcus abyssi gi 114520758 Pyrococcus

hori koshii O0T3 gi 13258052 10Ar chaeogl obus ful gi dus DSM4A304 gi 12648231 -
219 - Exenpl ary isopentenyl -di phosphate Delta-isonerase (I D) nucleic acids
and pol ypeptides HSA: 3422(1 Dl 1) 91734(-2212) 5FTR 450262(1D12)

450263(1 D11) MCC. 710052(LOC710052) 721730(L00721730) MMJ. 319554(1dil)
RNO. 89784(1dil) GGA: 420459(1 Dl 1) 10XLA: 494671(L0C4A94671) XTR:

496783( 1 diPPR: BBEORATB6284(d[D0586184) CEL: KO6H7.9(idi-1) ATH:

AT3602780%I PPI%? 1506A: 4338791 4343523 CME: CMB062C SCE: YPL117C(I1DI1) AGO
AGOS_ADL2 E&: BISEENY T_68990(LDI 1) 20 CUR CAGLQJ06952g SPO SPEC

106. 15( i dicpgl). ABY: 069 m{2DF AFM AFUA 6G11160 ACR A0090023000500 25

CNE: CNA02550
CBD: COXBU7E912_0619(mvaD)
5  LPN:1pg2051

LPF: 1p12029
LPP: 1pp2034
TCX: Ter_1718
HHA: Hhal_1623

10 DNO: DNO_0798
EBA: ebA5678 p2A143
DVU: DVU1679(idi)
DDE: Dde_1991
LIP: LI1134

15 BBA:Bd1626
AFW: Anael09_4082
MXA: MXAN_5021(fni)
RPR: RP452
RTY: RT0439(idi)

20 RCO: RC0744
RFE: RF_0785(fni)
RBE: RBE_0731(fni)
RAK: A1C_04190
RBO: A11_04755

25  RCM: A1E_02555
RRI: A1G_04195
MLO: mlr6371
RET: RHE_PD00245(ypd00046)
XAU: Xaut_4134

30 SIL: SPO0131



UVA: UMD4838.1 ECU: ECUC2_0230 DDI: DDB 0191342(ipi) TET: TTHERM 00237280

| THERM 00438860 30TBR Tb09.211.0700 - 220 - TCR 408799.19 510431. 10
LMA: Lnj A8B.268@05EK : 46.t 00025 ECO b2889(idi) SECI: JWeSABLi09mIISYECE:
74227 ECS: ECs3761 ECC. c3467 ECI: UTI 89 C3274 10 ECP: ECP 2882 ECV:
APECO1_ 3638 ECW ECE24377A 3215(idi) ECX: ECHS A3048 STY: STY3195 15STT:

t 2957 SPT: SPA2907(idi) SEC. SC2979(idi) STM STMB039(i di) SFL:
SF2875(i di) 20SFX: S3074 SFV: SFV_2937-33R- SSON 3042 SSON 3489(yhflC) SBO
SBO_3103

SIT: TM1040_3442
RSP: RSP_0276
RSH: Rsph17029_1919
RSQ: Rsph17025_1019
S JAN:Jann_0168

RDE: RD1_0147(idi)
DSH: Dshi_3527
BSU: BG11440(ypgA)
BAN: BA1520

10 BAR: GBAA1520
BAA: BA_2041
BAT: BAS1409
BCE: BC1499
BCA: BCE_1626

15  BCZ: BCZK1380(fni)
BCY: Bcer98_1222
BTK: BT9727_1381(fni)
BTL: BALH_1354
BLI: BL02217(fni)

20  BLD: BLi02426
BAY: RBAM_021020(fni)
BPU: BPUM_2020(fni)
OIH: OB0537
SAU: SA2136(fni)

25 SAV: SAV2346(fni)
SAM: MW2267(fni)
SAR: SAR2431(fni)
SAS: SAS2237
SAC: SACOL2341(fni)

30 SAB: SAB2225c(fni)



SDY: SDY_3193 25 ECA: ECA2789 PLU:. plu3987 ENT: Ent638_3307 SPE: Spro_2201

VPA: VPAD278 30VFI: VF0403 -221 -

PPR. PBPRA0469(nvaD) PEN. PSEEN4850

CBU: CBU W6Q@(mwaddy CBD: COXI 3U7E912_0619( nvaD) 5LPN: 1pgza5iooemrsshpl2029
LPP: |1pp2034 TCX: Tcr 1718 HHA: Hhal _1623 10 DNO. DNO_0798 EBA: ebA5678
p2A143 DVU: DVU1679(idi) DDE: Dde 1991 LIP: LI1134 15 BBA: Bd1626 AFW
Anael09 4082 MXA: MXAN 5021(fni) RPR RP452 RTY: RT0439(idi) 20 RCO RC0744
RFE: RF_0785(fni) RBE: RBE_0731(fni) RARZ3A1C 04190 RBO All_04755

10

15

20

25

30

SAA: SAUSA300_2292(fni)
SAO: SAOUHSC_02623
SEP: SE1925

SER: SERP1937(fni-2)
SHA: SHO712(fni)

SSP: SSP0556

LMO: Imo1383

LMF: LMOf2365_1402(fni)
LIN: 1in1420

LWE: Iwel1399(fni)

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



25 RCM A | E_02555 RRI: ALG 04195 M.O nir6371 RET: RHE_PD00245(ypd00046)
XAU: Xaut 4134 30SIL: SP00131 - 222 - SIT. TML040 3442 RSP: RSP 0276

RSH. RsphdQ2s/@ss RSQ Rsph17025 1019 5JAN: Jann_0168 PRDES20R0D0B877(i di )
DSH: Dshi 3527 BSU. BGL1440(ypgA) BAN: BA1520 10 BAR GBAA1520 BAA: BA 2041
BAT: BAS 1409 BCE: BC1499 BCA: BCE 1626 15BCZ: BCZK1380(fni) BCY:
Bcer 98 1222 BTK: BT9727_1381(fni) BTL: BALH 1354 BLI: BL02217(fni) 20BLD:
BLi 02426 BAY: RBAM 021020(fni) BPU. BPtRR£620(fni) O H 0B0537

SAK: SAK_1354(fni)
SMU: SMU.939
STC: str0562(idi)
STL: stu0562(idi)
5  STE: STER_0601

SSA: SSA_0336
SGO: SGO_0242
LPL: Ip_1732(idil)
LJO: L1208

10 LAC:LBAIl171
LSA: LSA0905(idi)
LSL: LSL_0682
LDB: Ldb0996(fni)
LBU: LBUL_0903

15 LBR: LVIS_0861
LCA: LSEI_1493
LGA: LGAS_1036
LRE: Lreu_0912
EFA: EF0901

20 OQE: OEOE_1103
STH: STH1674
CBE: Cbei_3081
DRM: Dred_0474
SWO: Swol_1341

25  MTA: Moth_1328
MTU: Rv1745c¢(idi)
MTC: MT1787(idi)
MBO: Mb1774c(idi)
MBB: BCG_1784c(idi)

30 MPA: MAP3079c



SAU: SA2136(fni) 25SAV: SAV2346(fni) SAM MA2267(fni) SAR SAR2431(fni)
SAS: SAS2237 SAC: 5ACOL2341(fni) 30SAB: SAB2225c(fni) - 223 - SAA
SAUSA300 WO2B(0/005325 SAO.  SAOUHSC 02623 SEP: SE1925 SER:.  SERREIGF(0H3IH7 2)
5SHA: 5H0712(fni) SSP: SSP0556 LMO | nmpl1383 LMF: LMDf2365 1402(fni) LIN:
1i n1420 10LVE: 1wel1399(fni) LLA: L11083(yebB) LLC. LACR 0457 LLM

| 1ng_0428(fni) SPY: SPy 0879 15SPZ: Ms005 Spy 0685 SPM spyML8 0940 SPG
SpyMB0598 -225 -

MAV: MAV_3894(fni)
MSM: MSMEG_1057(fni) MSMEG_2337(fni)
MUL: MUL_0380(idi2)
MVA: Mvan_1582 Mvan_2176
5  MGIL Mflv_1842 Mflv_4187
MMC: Mmcs_1954
- MKM: Mkms_2000
MIJL: Mjls_1934
CGL: NCgl2223(cgl2305)
10  CGB: cg2531(idi)
CEF: CE2207
CDI: DIP1730(idi)
NFA: nfal9790 nfa22100
RHA: RHA1_ro00239
15  SCO: SCO6750(SC5F2A.33c)
SMA: SAV1663(idi)
LXX: Lxx23810(idi)
CMIL: CMM_2889(idiA)
AAU: AAur_0321(idi)
20 PAC:PPA2115
FRA: Francci3_4188
FRE: Franeanl_5570
FAL: FRAAL6504(idi)
KRA: Krad_3991
25  SEN: SACE_2627(idiB_2) SACE_5210(idi)
STP: Strop_4438
SAQ: Sare_4564 Sare_4928
RXY: Rxyl_0400
BBU: BB0684
30 BGA: BG0707



SPS: SPs1255 SPH. MGAS10270_Spy0743 20 SPI: MGAS10750_Spy0777 SPJ:
M3A52096_Spy0756 SPK: MGAS9429 Spy0740 SPF: SpyMb1123(fni) SPA: Ms_Spy0702
25SPB: MA80SprwadsRsSPN: SP_0384 SPR: spr0341(fni) SPD. SPDU33e0(00339) SAG
SAG1323 30SAN: gbs1393 WD 2010/ 005525PCT/ US2009/ 003897 - 224 - SAK:
SAK3354(fni) SMJ. SMJ. 939 STC. str0562(idi) 5Th: stu05620d0 5 STE:
STER 0601 SSA: SSA 0336 SGO S@)_0242 LPL: Ip_1732(idil) LJO LJ1208 10LAC
LBA1171 LSA: LSA0905(idi) LSL: LSL_06822@@B: Ldb0996(fni) LBU. LBUL_0903 15
LBR LVIS 0861 LCA: LSElI _1493 LGA: LGAS 1036 LRE: Lreu_0912 EFA: EF0901 20
OOE: OEOE3103 STH: STH1674 CBE: Cbei _3081 DRM Dred_0474 SWO Swol _1341 25
MTA: Mot hSY281IMiZs Rv1745c(idi) MIC. Mri787(idi) MBO Mo1774c(idi) MBB:
BCG—1784C%%:)sy§ﬁ6IYI_cPA: MAP3079c
SYF: Synpcc7942_1933
CYA: CYA_2395(fni)
5 CYB: CYB_2691(fni)
TEL: t111403
ANA: all4591
AVA: Ava_2461 Ava_B0346
TER: Tery_1589
10  SRU: SRU_1900(idi)
CHU: CHU_0674(id1)
GFO: GFO_2363(idi)
FJO: Fjoh_0269
FPS: FP1792(idi)
15  CTE: CT0257
CCH: Cag_1445
CPH: Cpha266_0385
PVI: Cvib_1545
PLT: Plut_1764
20  RRS: RoseRS_2437
RCA: Rcas_2215
HAU: Haur_4687
DRA: DR_1087
DGE: Dgeo_1381
25  TTH: TT_P0067
TTJ: TTHB110
MIJA: MJ0862
MMP: MMP0043
MMQ: MmarC5_1637
30 MMX: MmarC6_0906



- 225 - MAV: MAV 3894(fni) MBM MBMEG 1057(fni) MSMEG 2337(fni) MUL:
MUL_0380(i di 2) MVA: Msan_1582 Msan_2176 5M3: MIlv_1842 M|v_4187 MVC
Mrcs_1954wbl2@Mookd2ens_2000 MIL: M Ts_1934 CGL: NCg12223@cyaa3@5)oiBorGs:
cg2531(i di) CEF: CE2207 CDI: DI P1730(idi) NFA: nfal9790 nla22100 RHA: RHA
| “r000239 15SCO SC06750( SC5F2A. 33c) SMA: SAV1663(idi) LXX Lxx23810(i di)
CM: CWMM 2889(idi A) AAU: AAur_0321(idi) 20PAC. PPA2115 FRA: Francci 3_4188
FRE: Franeanl 5570 PAL: FRAAL6504(i di) -RRA- | Crad_3991 25SEN:
SACE_2627(i di B_2) SACE_5210(idi) STP: Strop_4438 SAQ Sare_ 4564 Sare_ 4928
RXY: Rxyl _0400 BBU: BB0684 30 BOA: B00707 WO 2010/ 005525PCT/ US2009/ 003897
MMZ: MmarC7_1040

MAE: Maeo_1184
MVN: Mevan_1058
MAC: MA0604(idi)
5  MBA: Mbar_A1419

MMA: MM_1764
MBU: Mbur_2397
MTP: Mthe_0474
MHU: Mhun_2888

10 MLA: Mlab_1665
MEM: Memar_1814
MBN: Mboo_2211
MTH: MTHA48
MST: Msp_0856(fni)

15  MSI: Msm_1441
MKA: MK0776(11dD)
AFU: AF2287
HAL: VNG1818G(idi) VNG6081G(crt_1) VNG6445G(crt_2) VNG7060 VNG7149
HMA: rrnAC3484(idi)

20 HWA: HQ2772A(idiA) HQ2847A(idiB)
NPH: NP0360A(idiB_1) NP4826A(idiA) NP5124A(1diB_2)
TAC: Ta0102
TVO: TVNO179
PTO: PTO0496

25  PHO: PH1202
PAB: PAB1662
PFU: PF0856
TKO: TK1470
RCI: LRC397(fni)

30 APE: APE_1765.1



- 226 - SYN: s111556 SYC. syc2161 c SYF: Synpcc7942_ 1933 CYA: CYA 2395(fni)
5CYB: CYB 2691(fni) TEL: t111403 ANA: all4591 AVA: Ava_ 2461 Ava_B0346 TER
Tery 1589W0QBRM0SBRU 1900(i di) CHU: CHU 0674(idi) GPO @EI/UB3@I00P) FIO
Fj oh_0269 FPS: FP1792(idi) 15CTE: CT0257 CCH:. Cag_1445 CPH. Cpha266_0385
PVI: Cvib_1545 PLT: Plut_1764 20 RRS: RoseRS 2437 RCA: Rcas_2215 HAU:

Haur 4687 DRA: DR 1087 DGE: Dgeo 1381 25 TTH. TT_P0067 TTJ: TTEI B110 MA:
MJ0862 MVP: MVPO043 MVQ Mrar C5 1637 -228-

SMR: Smar_0822
IHO: Igni_0804
HBU: Hbut_0539
SSO: SSO0063
S  STO: ST2059

SAI: Saci_0091
MSE: Msed_2136
PAIL: PAE0OSO1
PIS: Pisl_1093

10 PCL: Pcal_0017
PAS: Pars_0051
TPE: Tpen_0272



30 MW Mrar C6_0906 - 227 - MVEZ: Mrar C7_1040 MAE: Maeo_1184 MN:
Mevan_1058 MAC: MAO604(idi) 5 MBA: Mdar_A1419 MVA: MM 1764 MBU:. Mour 2397
MIP: M hewO04Fd/aosids Mhun_2888 10 MLA: M ab_1665 MEM Memram/us3d4/0daBbY

Mboo 2211 MIH. MrH48 MST: Msp0856(fni) 15MSl: Msm 1441 M CA
MLKO776(11dD) AFU. AF2287 HAL: VNG1818Qidi) VNG081G crt_1)

VNGG445@ crt_2) VNG7060 VNG7149 HVA: rmAC3484(idi) 20 FIWA: HQR772A(1 di A)
HQR847A(i di B) NPH: NPO360A(idi B_1) NP48§@%(i di A) NP5124A(idi B_2) TAC
Ta0102 TVO TVNO179 PTO PT00496 25 PHO PH1202 PAB: PAB1662 PFU. PF0856

Exemplary isoprene synthase nucleic acids and polypeptides

Genbank Accession Nos.
AY341431
5 AY316691
AY279379
AJ457070
AY182241



TKO TK1470 ACT: LRC397(fni) 30APE: APE 1765.1 - 228 - SMR

Smar _0822 NO | gni_0804 HB1J: Hbut_ 0539 SSO SS00063 5STO ST2059
SAl: Saci 0091 MSE: Msed_2136 PAI: PAE0801 PI'S: Pisl 1093 10PCL: ...
Pcal 0017 PAS: Pars_0051 TPE: Tpen_ 0272 WO

2010/ 005525PCT/ US2009/ 003897 - 229 - Exenplary isoprene synthase

nucl ei ¢ aci ds and pol ypepti des Genbank Accession Nos. AY341431 5
AY316691 AY279379 AJ457070 AY182241 -23% - WHAT 1S CLAIMED I S:

1. A polyisoprene polyner which is conprised of repeat units that are
derived from.isoprene nononer, wherein the polyisoprene polyner has
813C val ue "OEAG 1R SLHMED

1. A polyisoprene polymer which is comprised of repeat units that are derived
from isoprene monomer, wherein the polyisoprene polymer has 8'1°C value of greater than

5  -22%e or which is within the range of -30%o to -28.5%o.

2, A polyisoprene polymer as specified in claim 1 wherein the polyisoprene

polymer has §"°C value which is within the range of -21%o to -12%.

10 3. A polyisoprene polymer as specified in claim 1 wherein the polyisoprene .

polymer has 8'>C value which is within the range of -29.5%o to -28.5%o.

4. A polyisoprene polymer as specified in claim 1 wherein the polyisoprene
polymer has 8">C value which is within the range of -30%o to -29%e.
15
5. A polyisoprene polymer as specified in claim 1 wherein the polyisoprene

polymer is a homopolymer.

6. A polyisoprene polymer which is comprised of repeat units that are derived
20  from isoprene monomer, wherein the polyisoprene polymer has §'°C value which is within
the range of -34%o to -24%e., and wherein the polyisoprene (i} is free of protein, or (i) has a
cis-1,4-microstructure content of less than 99.9% and a trans-1,4-microstructure content of

less than 99.9%, or (iii) has a 3,4-microstructure content of greater than 2%, or (iv) has a
1,2-microstructure content of greater than 2%, or (v) has weight average molecular weight

25  which is within the range of 5,000 to 100,000.

7. A polyisoprene polymer as specified in claim 6 wherein the polyisoprene

polymer has 8">C value which is within the range of -33%o to -25%.

30 8. A polyisoprene polymer as specified in claim 7 wherein the polyisoprene



5-229% or which is within the range of -30% to -28.5%. 2. A
pol yi soprene polynmer as specified in claim1 wherein the polyisoprene
pol ynmer has 81 3C value which is within the range of -21700 to -12%p.
103. A pol yi soprene pol ynmer as specified in claim1 wherein the

pol yi soprene polymer has 8' 3C value which is within the range of
-29.5% to -28.5%. 4.A polyisoprene polé’érrer as specified inclaim1l
wherei n the polyi soprene pol yner has 8I lgal ue which is within the
range of -30% to -29%. 15 5. A polyisoprene polyner as
specified in claim1l wherein the polyisoprene polyner is a

honmopol yrepolymer has a 2-miciesinygtuts speiaet of grspates thepithanS%s conpri sed of
repeat units that are derived 20 from i soprene nononer, wherein the
pol yi soprene pol ymer has 8' 3C val ue which is within the range of
-34700 .t o -24%9. andAvpedyisiprenelpolymdr s spepifieddén ¢lam B svheredethefpopyisipeing,
or (ii) ha is-1 4-m.cr r yet tent of less than 99.9% and a
trans-1, 4- %o@gn%g ?Sudcqod)rfgégpggsﬁi@eog?esg\Eh%flggj; than 99.9% or (iii) has a
3,4-m c¥ostructure content of greater than 2% or (iv) has a

1,2-mcrostructyre content of greater than 2% or (v) has wejght
average mol ecul i@ we?‘ y‘%\eg’f‘fﬁi”?r\ﬂf fH‘T’F&’egFféCIF‘;Hhéé"the‘rSt,hﬁé’ﬁ“ldo
100, 000.  polyisopréne PolpRkyhaEHRI g Qvaake/MBleciais: Wa S iHigis ittih me%xﬁgﬁ of
wherein the pol yi soprene polynmer has 813C.value which is wthin the
range of -§Q@@OE/°05Q- 9. -231 - polymer has a 1,2-nicrostructure
content of greater then than 5% 9. A polyisoprene polyner as
specified in claim8 wherein the polyi soprene polyner has a

pol ydi Hpersity &f | edpolymear which isSomprised of tagpeatainge thek srepiesmed foinyisnprene
as specifi ' i r.ej. i gui | vi.sopf.ene. pol a

el ght _averianaeoefl e ERgu ot Fiororidh frBn B RBFRE B Blo-BE5
to 50, 000. repodthinAts fhat yrewler vdd fodm iisopeaaynd sedredd the &ecki ofikpest uhhathaede

derived fraom.i rene nononer t | east one itiopal .nmononer,
s e n 1 g IR BT I e ke o1 edhon, 2e b1 ileh i3 BHya e rapee
fromisoprensazand2efigrein the bl ocks of repeat units that are

derived fromisoprene have a 813C value of greater than -22700 or
which ¥s within the range of -34%) to -24%. 15

12, A polymer as specified in claim 11 wherein the polymer is a copolymer
selected from the group consistion of (i) copolymers of isoprene and 1,3-butadiene, (ii)
.copolymers of isoprene and styrene, (iii} copolymers of isoprene, 1,3-butadiene, and

styrene, and (iv) copolymers of isoprene and a-methyl styrene.

20
13. A polyisoprene polymer as specified in claim 12 wherein the liquid
polyisoprene polymer has a polydispersity of less than 1.8.
14. A polymer which is comprised of repeat units which are derived from
25  isoprene, wherein the isoprene is produced by (a) culturing cells comprising a heterologous

nucleic acid encoding an isoprene synthase polypeptide under suitable culture conditions for
the production of the isoprene, (b) producing the isoprene, and (c) recovering the isoprene

from the culture.

30 15. A polymer as specified in claim 14 wherein thé polymer is synthesized by



12. A pol yner as specified in claim1ll wherein the polyner is a

copol yner selected fromthe group consistion of (i) copolyners of

i soprene and 1, 3-butadiene, (ii) .copolyners of isoprene and styrene,
(iii) copolyners of isoprene, 1,3-butadiene, and styrene, and (ivV)
copol ynmers of isoprene and a-nethyl styrene. 20 13. A

pol yi soprene pol ynmer as specified in claim12 wherein the liquid

pol yi soprene pol yner has a pol ydi spersi't2§’20f | ess than 1. 8.

14. A polymer which is conprised of repeat units which are derived
from 25i soprene, wherein the isoprene is produced by (a) culturing
cells conprpphrmmzmgrﬂwemwgewerﬂddnéiee (@ci d encodi ng an i soprene
synt hase pol ypepti de under suitable culture conditions for the
production of the isoprene, (b) producing the isoprene, and (c)
recovering the ilopr 6nmljmeamsspmifmdlinu}aimlwhe%mthe gomnymwhidi ingompssed of
i soprene recovered in mer.as. s Led i\n
i a1 wh e & MR Bert Gl o isgerer el b sBE it ert Seb T
are ders Vedulﬁﬁrﬁ@cbﬂ@@frﬁprﬁmgvmﬁ'bmgbmuc&ﬂpzrcﬁ:l”lﬁ]cbdimgEm)dabp&de byntha}
S5culturing cells, conprisj rh a _het er s nucl $I C, act&ﬁencodi ng.an

i soprene syRIYREREE HBHsrEik fle‘“eulﬁ'ﬁ"d‘é?“ |tRe RTAMYCHPR OF B dFPTaEs™P or
the productp!rdaacmgtﬂ&eoﬂr&fepsrﬁr@#eemerﬂg%ﬁw}&etmnm%czﬂnsﬁe and (c)
recovering the isoprene fromthe culture . A polyner as
specified in claim6 wherein the polynmer which is conprised of 10
repeat units whigh a i i j

produced by (a) iul t{}ﬁf %ﬂ%‘éﬁ?@&é@%b?%é@%e ?Ogygﬁjgu?ﬂﬁ(ﬁ?%%snéca of
aci d eHrodiergatamits sbphanederivad fraseisppreysn @{hﬁieﬂethg rﬁ@erens is pradvced buk@ur e
condltlonsf Qr t h 0 i te . pr i

i soprene, rt“@)cgnp n\qér% "r%gaqlegero{ogglbsr%%%] Jrégdrﬁ I}(Cﬁaémg 61??5 %g‘wi&?@%sﬁ
met hod for puk}'pe];ftljlbmgdélrh&italﬂc aoluyd comditione fdronogroduatien of thefisaprana, (b)
sust ai nabl e renewabl.e non- e({éol eum deri ved so ce V\hﬁg[h conpri ses:
(1) deter mPFﬂ‘W@‘"E ’m@e«/g‘l ) TsEoYaRE S SRS IR teSHOESt yner: (1)
if the polyisoprene honopol yner has a 813C val ue wi thin the range of
-34%) to -3099 or within the range of -28.5% to -24%) addltlonally
anal yzl'hg the pébyi sOprehed %beglr‘,grfﬁ?t aR9| YiEapEsTfiheBIOpalymef i from a
cis-mcr Ostsﬁgﬂ&ﬁémeere%asméﬁénpaﬁo@m Hém%déom&rvﬁéh CHRbHER: ap&&@r%mnga%e

its 1,2-microstructure content, (4) its a weight average nol ecul ar
wei ght, or g 6) valusef Hreeundyisuprene i@bmnbfmem(ﬂb #dheipalyispproneshamopobyregsdias a

| prds, 1 e3upSq R SORTaldddl SHANE Al NBWHER ol HABEL A Dk

veri fy| ng that yI'so a sustaina
renewabl e mdaﬁapmlllymhﬂyﬂngldfel podgdsc@mmemoi)ohytnehmsie(erm:ra @12 iv-aicestofcture
greatesr than - the r

O o0 10 " Buad G SurhicrstctirelPatent SBT3 Prcthiciind uirf S ndh yien

to -30% ohLvahidwhblethsr waBgeoQb) the presence or absence of residual proteins, soaps, lipids,

resins, or sugars indicative of natural mbiaer; and (III) verifying that the polyisoprene
homopolymer is from a sustainable renewable non-petroleum derived source if it has (1) a
8'2C value of greater than -22%o, (ii) a 813C value which is within the range of -30%o to -

25 28.5%e,, or (iii) a 8'%C value within the ran ge of -34%o to -30%o or within the range of
-28.5%o to -24%o0 and if it (a) has a cis-microstructure content of less than 100%, (b) contains
3,4-microstructure, {c) contains I,2-microstructure, (d) has a weight average molecular
weight of less than 100,000, or (e) is free of residual proteins, soaps, lipids, resins, or sugars
indicative of natural rubber.

30



-28.5% to -2499 and if it (a) has a cis-mcrostructure content of

| ess than 100% (b) contains 3,4-mcrostructure, (c) contains
1,2-mcrostructure, (d) has a wei ght average nol ecul ar wei ght of |ess
t han 100,000, or (e) is free of residual proteins, soaps, |ipids,
resins, or sugars indicative of natural rubber. -233- 19. A
met hod as specified in claim18 wherein _the verification is made by
showi ng that the polyisoprene honnpolyﬁ@ﬁ3has a 813C value which is
within the range of -34%) to -30% and by show ng that the

pol yi soprene honopol yner is free of residual_ proteins, soaps, |ipids,

resins, or sugarn8 i ndiwethpdas secifigd inclainy L whsreinghe verificason is mads by o
for verifyipg,: gpq,m (%,fﬂ&[ bAYmELRRAS YN d1ge WRRA i Rhidehd MBEE of
fromi sopresﬁgu%gﬁaélﬂjnc | s%) reﬁggﬁég?%s%om a sus? ai na.tl)l e rleneyvabgee
non- pet r ol eBdthcter30fkdind byshaying shat thepohdspprenmppingpelymey is freg of esidual ng
t he 813C val ue of at J.egst one | yi.s0 k in the

copol yner; pé‘r‘fﬁ'"f’Isf’?psvlé?llgT’ﬁsﬁ'bs' P Iﬁ%lgxrtsa%d?ﬂgaglg%?%?\aéuﬁmn@) ﬁ% copol yner is
from a 40sust ai nabl e renewabl e non-petrol eum deri ved source if the

PO 50D o0 86K b B A S R Sl AR 35 o B0 eriver
from isoprene contains isoprene that is from a sustainable renewable non-petroleum derived
source, said method comprising: (I} determining the 8'3C value of at least one polyisoprene
block in the copolymer; and (II} verifying that the isoprene in the copolymer is from a

10 sustainable renewable non-petroleum derived source if the polyisoprene block has (i) a 8'*C

value of greater than -22%o, or (ii} a §'3C value which is within the range of -34%o to -28.5.





