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Previ ously unknown or otherw se mutated pathogenic
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pat hogeni ¢ di seases include laria, influenza, West
Nil e virus, foot-and-nouth disease, and other threats
to gl obal health in both humans and ani mals. Therapies
or nethods .of treatnent that are useful across

di fferent pathogenic strains or even across pathogenic
groups are especially helpful in inproving the fight
agai nst nut abl e pat hogeni ¢ di sease and out breaks of
previ ousl y-unknown pat hogens. [0003] Anong the nost

t hreateni ng of gl obal infectious diseases is nalaria.
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. o o o

%



t he pathogen to mtigate, prevent, or treat the
predi ct ed out break of the pathogen.[00014] The present

w0 pooensa2em further provides nethods of predi ctPemyUs2IN09/041631
expansi on of a strain of pathogen or an increase in
the virulence, norbidity, and/or nortality of a
pat hogen conprising identifying a cycle in the
Replikin Count in a protein fragnment, protein, genone
fragnent, or genone of a pathogen and predicting an
increase in the virulence, norbidity, and/or nortality
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trypanosome, a West Nile virus,. a foot and nouth

di sease virus, taura syndrone virus, white spot

syndr one virus,‘porcine reproductive and respiratory
syndronme virus, porcine circovirus, Helicobacter

pyl ori, Entanoeba invadens, L. |egionella, S. aureus,
mai ze streak virus, bovine herpes virus, feline

I mmunodefi ci ency virus, human i munodefici ency virus,
rous sarcoma virus, avian sarcoma virus, sindbis
virus, hepatitis virus, b. anthracis, or any other
infectious agent. In a non-limting enbodi ment, the
|nfluenza vrrus |s an HINI HQNQ H3N2, H5N1 H8N8, or
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conprising: (1) identifying a cycle in the Replikin
concentration of isolates of a plurality of

wao b@pashegen, (2) identifying a first peak in PEEUS2009/041631

Repli kin concentration of isolates of a plurality of
said pathogen within the identified cycle at a first
time point or time period, and (3) predicting an
expansion of the population_of a pathogen of the sane
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t he second aspect of the i nvention, the pathogen nay
be, PufrisbrSet BOW.$.ipAichEdb. 6358 @zmagdsalsu&rnmaaaﬁ,muon
West Nile virus, influenza virus, equi ne influenza
virus, coronavirus, foot and mout h di sease Vi rus,
t aur alas'ymkn olny).§. iPramst, Nahij45 8929piixclosag i grooess of/makinsg O
ot he or infectious agent. [00028] A
non-?mgtgﬁﬁg&%nbodlnent of the second aspect of the
present invention, the pathogen is a malaria
116y PRRRSATE:-S. PReARRL 51849 ¢78QsLibIEs § bBin@iilROdi mENt,  t he
trypanosonme is P. falciparum P. vivax, P. ovaIe or
P. malariae. In a further non-limting enbodi ment, the
trypaaeseye.S. PatkhtNal disddésd i Razd-feedpobitifchiad® buctigitmidd. m ti ng
enbodi nent, the nethod predicts an increase in
nortality frommalarial infection. [00029] In another
enbodranieetal. J.St PaensMe GrRd 7, a%lpbsrtoscxfa ol Iybriesi@p bil composition
ven ycl e represents
&gp Iﬁaﬁﬂg %%%%%gg?%%%éngﬁggk |é§°fn a histidine rich
protein of P. falciparum In another non-limting
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P. f akhpsd mbaochBOGROcid shdanglehesr aRdde ldichibbiyig.
ﬁbodinent of the second aspect of the present
i‘nvention, the pathogen is a Wst Nile virus. In a
f ur t hstondh® ddicntevrt 3,69h&8 lidibelotas h itepephRalid dcld disperged in a
repr
pr ot e oG ARHERIp AL AP BT ek Eieylala WAG R RES
enbodi nent, the pathogen is a foot and nout h di sease
vir U@urahdﬂet%l fuLg tPaekt NYTH O 38R tscloted 8 névl B8i3pdrdi ﬁgQQdmve
ﬁp|lkln c%gle represents concentrations identified in
e OPIPO18tein of foot and nouth disease virus. In
anot Gerk aian L. kit Ng. € 235038 dBclbses drhal-hiblealiparsars. an
i nfluenza virus. In a further enbodi nent, the
identified Replikin cycle represents concentrations
i denftattergood enalt RRA PiB| 0438448 Ak disclowss a mpthpdiefivtaicatingurechanieal
anotg 5. hon-limting enbodi nent, the influenza virus
|sanHM H2N2, H3N2, H3NS, %m or HON2 strain of
i*Rf | uenza virus. [00031] In another non-limting
errbodrram& aRfiPps NeoMe anadscaapaalingéil dddrivey. esent
i nvention, the second tinme point or tine period is up
to three years after the first tine point or tine
period. In a further non-limting enbodi nent, the
second tine point or time peripd is about one year
after the first tine point or tine period. In a
further non-limting enbodi ment, the second tinme point
ortinme period is about six nonths after the first tine
point or tine period. In a further non-limting
enbodi nent, the second tine point or tine period is
the next season of a pathogen following the first tine
point or time period. In a further non-limting
enbodi ment, the second tine point or tinme period is
t he next season of influenza followng the first tine
p0|nt or first trne perrod In a further non- Irnrtrng



HSW PKRNRSI LNTSQRG LEDEQWQKCCNLFEK (SEQ | D NO
12).[00041] In a further non-limting enbodi nent of

wo b@ogsrend aspect of the invention, the pat hoPEnUS®OA041631
West Nile virus. In a further non-limting enbodi nent,
the Replikin peptide is at |east one of KIIQKAHK ( SEQ
ID NO 13), HLKCRVKMEK (SEQ ID NO 14), KLTSGHLK ( SEQ
I D NGO 15), or HNDKRADPAFVCK (SEQ ID NO 16). [00042]
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Any of the above-listed or herein identified Replikin

peptides may be conprised in an inmunogeni c conpound

of tHe i nvisest prsrof tedoitpade capdlyrersier non-1initing

ggbodi ment of the second aspect of the invention

provi des a conputer, readabl e nedi um havi ng stored

t her@bn i#FeRqlRerioBiaiced by fraq radigabsoplyerizaan of copragenys

pr ocemgmking:0 performa nmethod of predicting an

expansi on of a strain of pathogen or an increase in

virul ence, norbidity, and/or nortality of a pathogen.
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95 d ;% farlfqpound Sai d portion may be a Replikin
ept e or plura ity of Replikin peptides or any other
Sstructure or portion of said genone of said pathogen

i ncl ?&?' NG RashERY rh(K\'leeP 1P &fnpSEEhidh QOB mAYiZable Wikh the

non-limting aspect of the present invéntion provides
Rep| PRIGMEH t4>de§<br erd ‘blf‘!fg%é‘t”t‘ ¢he groyecapsistipg o and/ or
preventive purposes identified in an isolate of a

th erein said te uring,a
o110 papirghnh <88 el B s dheilod Epu Paferoc
f r omreinu Rijplieylapling arlalkbyy ibstingal aisamsubbtititad; apditdnegrdny, froam
'S 'ﬁBa@F£Qb£ﬁ?6%J%%%5mhﬂ a cycle in Replikin
concentration fromanong a plurality of isolates of a
pat hogen, or isolated subsequent to a peak in a cycle
in Replilgh Qlk?%ﬁﬁé‘kﬁx&@& Noilk fa&%@&mgoe%ywn%@ dntsz‘riurgﬂced

ol ates of pat hog egék 047% Anot h non-limt¢ %
é o@PHent 'Ef’f'b°c‘ﬁ’é° i AR B (H0oHH o PRLUPRS herd the alkyl
I NV esubsitienpdoniaind @&mReAIt i1 ké sbomeidichri@satéy;, di agnosti c,
t herapeutic, and/or preventive purposes identified as
conserved in an isolate of a pathogen from anong a
plurality of isolates said pathogen, wherein said
i sol ates are isolated during g.cycle in Replikin
concentration at at |east two successive tinme points
or time periods, and the cycle includes at | east two
peaks or two troughs. [00048] In a non-limting
enbodi ment of the third aspect of the present
i nvention, the pathogen is a malarial trypanosone. In
a further non-limting enbodinent, the identified
cycle is in the histidine rich protein of
P.fal ci parum |In another non-limting enbodi nent, the
identified cycle is in the ATP-ase protein of
P.falciparunt In another non- Irnttlng enbodlnent t he
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[00060] In a further non-limting enbodi nent of the
fifth aspect of the invention, the Replikin Count is
wao b@asmsent rati on of Replikin peptides identiPCEUS2009/041631
encoded in the genonme of an isolate ofthe pathogen. In
a further enbodi nent, the Replikin Count is the
concentration of Repllkln peptides identified in the
expressed proteins of an isolate of the pat hogen. In a
furtper qEREALIEM RERk gbolt9o about § carb
conCQZtratlon (mﬁfﬂgfn pgdﬁlges [ ent| ?edofﬁua carmon
| easttoBfie protein or gene area of an isolate of the
pat hogen. In a further enbodi ment, the gene area is
the pBl gene are a enone of i nfl uenza virus,
the WP st PN S “‘ﬁ}‘: f‘é“’ "g“@ﬂ‘é‘“ﬁ’ﬁ@&‘eﬂtw © FRgpRgpad, pid
tsypanosone, the VPl gene area of foot and nouth
3\1&2? Iel \é'/’ ?bneol c::] ngcr?gnvelpgo ﬁgt&&?%gﬁ%rb&e o%sarrgt%akt one
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Repl mmnnesebqsw Freyvided ghap thp e’éﬁ't wartlwﬁ isgTot Yhe pAmeas Hle olefin
pept&g@@wudgﬂrgfred in a Replikin Peak Gene of an
i sol ate of e pathogen. In a further embodinent, the
Replikin Peak Gene is identified in the pol ynerase
ar ea(ipf aropdifrhai eizined/by e tigEsaIpBUNd| (f)(aparfdwoinp@mnd(i)(b) in the
enbo%g%%axﬁa%e mﬁ@ﬁme'n Peak Gene is identified in
I i Uenza virus genone. In a
further enbodi nent, the Replikin Peak Gene is
I gle NEijif | %Q‘obd"yut\é? %thi'néJ tB)d('amac[thé:&n%Qﬁcﬁi)ﬁ? AhE @onﬁgouﬁd (i)(b) or

mal ar | al panosong, area of a th
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present .inve an
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det ecompoimi)i)é) me@xc)Reigl | ki n Count and a standard
q§viation of said nmean Replikin Count for a plurality
of isolates of said strain of pathogen for a first

ti me(Per iabldast ppezgtifer gampoyeskrgpablstoif beinpgrghased, withy least two
det eﬁa%d&hxﬂ&cyﬁc R&R| d Kslté}s ﬁ;@&!&t oerfnth%ﬁ 1eb§asct iRy IRAIAL S
of the sane or a re strajn ? pat hogen from a

secoﬁd“??ﬁ%mﬁer“dd“aﬁGYBF“E%@B% @'geogr aphi ¢ regi on
wherein said second time period is different fromsaid
|2§ r (Sj{ % IeIrTElre]?s? ne ag ha?g /c or%posa l%vnsngg eashtlg/g(%?n:gglgngingrmréo%gwhemn
(3) prad rhctfumgorargrewp isrrapadle qﬁfeagmgdntbtar lgasnorgfmopatarogdiv
i sol gt ﬂ ebtlr 1(RAkSH o7 BoABEk ik 9&% ReMyaAGk: @%Qlér%eréo‘%&rgi \Wherein
geographic region if the Replikin sai
| eastnosﬁrefuneapvéeeur ISGARagle & e tithat Iswst ?'t?d"’%iﬁ@?‘tﬂg agent.
second geographlc reglon |s greater t han one standard
S tion of . ) 43 t%. ?% "

ur 9P W%%d"r% WoRer s Pac ek a Uil ggosiion
per i athpaisidg & majpaartouni ofsih of ebigbricptingcviscegiyand a GRO&AGunt of a
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further conprises proces
c onptht ERosTOrRbERHee ! seefd from } ?Yﬁbc Eroade, mén%ar monvﬁebonate a
si xth aspect of the inventionscontenplates that the
pat hogen is an influenza virus, a malari al
trypanosone, a West Nile virus, a foot and nouth
di sease virus, or any other kind of infectious agent.
[00064] A further non-limting enbodi nent of the sixth
aspect of the invention provides a nethod for meking a
vacci ne conprising predicting an expansi on of said
strain of pathogen isolated in said second tine period
and/ or second geographic region and identifying a
portion of the structure or genone of said isolated
|nfluenza vrrus to conprlse a vaccrne [00065] In a
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of 7.4 in 2005 with a standard devi ation of 6.5.
Mrtality rates |likew se fell between 2000 and 2005. A
woewmonsd2ar i a Repli kin cycl e appears to have bePtiFUs2009/041631

2005 with the observed neanannual Replikin Count
increasing from7.46.5 in 2005 to 17.2=1=19 in 2007.
The begi nning of the new cycle provides a prediction
that Replikin Count may continue to increase al ong

WI th hwﬁb&f Fgﬁ@(ﬁﬁte] dn al aﬁ£ (ﬁ%r 1 a%)ﬁic aki¥l of Q*Ia?oma[h@%%%@rboxylic

gure ustrates rat es
el § niahiride s asromaisgbEIbOY I wmwsargém isbigping ofladditve
corres itidh bripaFRI) RS PAsLRds cBIRPHsidgirthe in sequences
of therﬁgF?@f al %I%arf}ﬁ] ATP- ase e}r%ydr%e p&%ul cly avail abl e
at www. pubrmed. com Mean annual Replikin Counts of P'.
fal ci par umy ATR-leseon: bEthe Asiedling capolyldeesy to 1998 al ong
with an increase in nortality per nalaria case from
1997 and 1998 to 1999. The nean annual Replikin Count
of P.fal ci par (im ABRopgpndebrnedindrderatinal @P8lytmeri2066of
along with the nor rom 1999 to 2005
(consistent nort alcﬁ)?’bbr&gttsga{’&ﬁm nsi dered presently
avai | abl e only through 2005). The data for Figure 2

g_ay be ;eendi$ glauh)g 6 ath ke n%tt@‘ehgyﬂylﬂﬁ&e@&aﬂc@ .
igure 2 an able 6 are_recor S clare e
Worl d Heal th Organizat Fbﬁ”"@@%ca&ﬂﬁﬁ\m&’SPH‘?s.‘“ ?‘6’(%{7
Figure 3 illustrates c¢slisdigabddxytiearid,anydside cReﬂbﬂtkdrfbf;
Count in West Nile virus in correlation wth cycling
of West Nile virus norbidity. The nean annual Replikin
Count of the Envel(bpe mriessieing 1-ofefipwpmgrising@kgut 2 tecH0 carbon

standard deviation (cappgdod I&Es\oﬁeﬁ:o%%ﬂﬂ% rtstgtaD&Mto
annual nunber of human_cases in the United Statés as

reported by the Center§60f°6?b°'DP‘§'é%1§'@h€6‘H¥?E?F“‘(’éDC)
(gray). Mean annual Repdpblymeniaeld@tou)ﬂ/&ﬁthé\fb&h)éwdnym
envel ope protein sequences e S O, Isv ates | sol ate

bet ween 2000 and 2006 &f ‘6‘&%‘1’”'&‘?’ nyids ‘1‘“’%‘1“8"’?"" ures
www. pubrmed. com | n Fi gteeof3andt he st andard devi ati on of
tge nean of the Replikin Count of the envel ope protein
I'S observed to increase markedly from 2000 to 2001
(p<0.001). This cHangeatlprssonpaenoaiiinepmpepnd whishdal
rapid replication andc&%@ﬁﬂﬁ}a@ﬁmﬁ%ﬁoﬁﬁﬁ%fﬁﬁaﬂd}@)am is

Repl i ki n Count precedi ng Vi rus, out br eak comon
strains of influenza Y58 fiomdbe g P c0asiing Pr us genus
as WNV) as standard deviation within a virus

pul ati on increases. ,,[he in an ki n
?Jgunt in WNV from 2006{5t 0 a?@%élevm ?Ctlhera o' %&E%lﬁ%%‘ﬁwmm
or precede, the increase |tmqlhégnqumbévdmylmmdwammo
cases 1 ecorded | ndependent; i phdsth alnibsligs, GRE
A decrease in mean annual Replikin Count and recorded
human cases of WAV is obséPVé‘G‘“ﬁS‘PF‘&W‘Hd“26@3‘40I°ﬂ’b°“
2006, an increase is obserawaé; i n the Replikin Count
Egllomed by an increase in 2007 of the nunber of human
ases. As a result, Figure 3 illustrates two rising
portions and one decr €3si nep gt erioeandreandN-alidhreide bf a
Repli kin concentration and,, Bg{g@th?lle,%u;gupglmé,ggﬁ%@ngr one

decreasing portion in a cycl hurman norbidity,
the first rising portion ffigbrsirrcide Sopabatid te phou
second rising portion from2Q@4 to 2006/ 2007.
Conserved viral Replikin structures within the

envel ope protein areobserved throughout the
illustrated cycles and the rel ati onshi p between
Replikin structure and rapid replication and virul ence
are observed through tine. [00075] Figure 4
illustrates cycling in Replikin concentration in the
whol e genone of foot and nouth di sease virus (FMV)
type O isol ated between 1999 and 2008 and reported at
www. pubrmed. com The data denonstrate that annua

Repl i ki n Cbunts (Nban and Standard DeV|at|on (SD)) for
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after challenge while seven of nine (78% chickens
tested in Goup 4 (not vaccinated but chall enged) were
wob®ens2a t o produce anti body in serum fourt eePCHEFH09/041631
after challenge. Figure 9 further illustrates that two
of seven (29% chickens tested in Goup 3 were
observed to produce antibody in serumtwenty-one days
after ‘chall enge while three of nine (33% chickens
tested inGroup 4 were obsepy o';,qtoms%umheammwuam
serum twenty-one days after C vaccl ne
control (Group 2) six of sF%‘f’("ﬁG’@%a eﬁlldké*i’%“?%@fb@ﬂamms’
wer e observed to produce antibody in ser umfourteen
days after chall enge ile no chickens tested on d
7 or 2 1 were observe&to H‘B%’éﬁrg‘ﬁ‘ﬂ“tﬂﬁﬂ carhpxlifag
I8 the negative control (G‘r@mﬂmﬁt)ltombowhbﬂk@fwomuere
observed to produce antibody in serumon any day of
testing. In conbination with data provided in Exanple
10 denonstrating that (Ho HEN{-vieylrsubstintes nistegen-soathinting
PCR detection excreted in }( 9&§dggo,§€gulnqugrom
chi ckens in Goups 1, 2, (negative control,
vacci ne control, a vaccine/challenge gr oups,
respectively) and thaf(S)HSI\Lhewbh@l-w@maﬁ&ﬁwgsbow PCR
det ecti on excretedlnfece?z § a vafo] Ivolefi
chickens in Group 4 (chall Wé ?ﬁ‘}“’dﬁ’s)orab aé”&ﬂcmyoc’“
ordinary skill in the art oopdliugkbsuttdnatbahiicerbsn atoms
t he vaccinated groups (G o
i mune response to the vac%igﬁié‘%aghaaggmﬁaal Qﬁguﬁﬁgbggﬁoumn
t he vacci nated and chal I engetmyeouynylGiwtigen®pr glisylrinylidene
psovi ded a neasure of pr Oté%GJp'oQHmftﬁx@s%&P& ;lr@%éﬂ@iahtheolern
H5N1 chal | enge on day 28 foll owi ng hatch.
DESCRI PTI ON OF THE | NVENTI €9e1935e¢ ’iSﬁP‘t‘l’%ﬁ%g‘er‘b@es‘ﬁm i@l”md
used herein, "Repli ki n cygih@), or "a cycle of
Repl i ki n concent ration” or "a cycle of Replikin Count”
means Replikin concentrations of a plurality of
i sol ates of a(idpeci @solphendbrained by retigaerinmounhi@taaml at
gast four of sai doRbbiilijbiin Al pleSbAlGSreBtRichSRAbE
at successive tinme poirnts’or In successive tinme
periods, wherein a Replikin concentration of a second

i ndi vi dual | sqalipt eac@po:%@rcvaame@map.feaaxngbmp%hhd(Y)(aqfwuh
i solates at a second tI

hi gher than a Replﬁompﬂ“"ggﬂ@é?ftrz\s{é 'i"(ﬁ‘rﬁ‘°g?r°‘g’a’fj‘|°$§i‘m]yzed
i ndi vi dual i sol at eegriominfthe Bésenre afcopdly@erl) of adpblypneodi) or
golates at a fir IR t|

F%epl i kin concentrati On fQ)OcoF%cun %pr?g%\??gt&cg?omfert(le) or
or a third mean ofboth withthahdntfiee efdicaketalyzedsreaptiomprodict of
time point or ti ”Pco&%dngga) iy Pank QWEFouh @b) R &) BRIt ki n
concentration at a secon I me point or "time ‘period,
and a Replikin concentration of a fourth individual

i sol aL e or fom)ahlesseait ctter @m@bﬂ;ﬂd&hﬂabbé oOanﬁg,&@ﬁo?JdGﬁth&t ledst
gurt time point or ti
I;erl i ki n congent r%f"f’?)oﬁarge )ﬁc i"‘lﬁ%r‘)ﬁi"%r%gﬁ%r?{tw’ at {ef‘srlréwo
period; or wher dicarbaxyie ptidk anhydrglecoresteatliecof, of mixtures
second i ndi vi dugledogol ate or second nean of a
plurality of isol ates at a second time point or time
period is lower than a Replikin concentration of a
first individual isolate or afirst nean of a
plurality of isolates at a first tinme point or tinme
period, a Replikin concentration of a third individual
isolate or a third nean of a plurality of isolates at
athird tinme point or time period is higher than the
Replikin concentration at a second tine point or tine
period, and aReplikin concentration of a fourth
i ndividual isolate or fourth nmean of a plurality of
isolates at a fourth tinme point or tinme periodis
I ower than the Replikin concentration at a third tine
p0| nt or t| me peri od Wth| n the Repl | kin cycl e, cycl e
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conpared to at |east one isolate fromsone other nonth

of sone year, for exanple, an isolate from Decenber
wWQo®3/18225¢ r om June 2004. [00091] As used her ei PCT/EHS2009/041631

"isolate" is any virus or organismisolated froma

natural source wherein a natural source includes, but

is not limted to, a reservoir of an organi sm or

virus, avector of an organismor virus, or a host of

an organi Sm Ofcyuf feidp ne"a%am: mn%uxllld };Iakfﬁlglaﬁusﬂ_g«vo"ﬁ.lrmmnal

"identifying" an |sofate.|s any action by which an )
“amino acid or n@&ques &hsrein&n%%fdﬁfeﬁwéwwlmuw i pApplg pFesting

i s obtained i nclwi@ianGast Bittmdndéartokilictaeid of &ster teRbLALE NY

an isolate and sequenci ng,an rtion of the genqnme aqr
protein seq uencéé‘g'gf”‘yﬁ‘ﬁ égf”saﬁ%'éiﬁ ° O 5BEd ﬂf%@”%ﬁ?ﬁ“’m another

nécl ei ¢ aci d seduretieel grouppistapablacf réacssgwiting deastfonapost-

i sol ate from any_jredi - including froma database
such as PubNEd,mﬁﬁggg'%&the nucl ei ¢ aci d sequence or
am no acid sequence may be anal yzed for Replikin
concentration, or any other neans of obtaining the
Replikin concentration of a virus isolated froma

nat uffine gxbdimentthepresepanvsplionts drectid torf mpethpdiof making a post-
nperi aebtedpdIMIAd diéersdSRBmPp@sini rbactingd(l) Rkt teRfingghifi kdl&kicd

virus or organismor.a virus qr organi sm.iso|ated at .
an EarPic S OERhaof liftar inocraen. S DB Ry SeporE ey romati
per i paycaitexdicapdor aemorndtic polytarbhixylir anbydyiele prsam acopbatie c t ed
fro L, the. Mi L Or & .

dat Py MRl BHErafia ) o iAfH|ob 48 i AR B

t he WMRAPSEsEpacregani sm was col l ected from a natural
gource. A "later-arising” virus or organismor a virus
or organi smi sql ated gL ? “"later time point" or during
a "later ‘¥ mepertogge! e lofowinas °6f a virus or

organi smcol |l ected froma natural source of the virus
(including, b not limted to reservoir, a.vectar,
or a host) orH% né‘tcﬁ?oelﬂ'mesfggl? ped %‘aﬁeteﬁae&g}r/‘éogﬂl’y? reﬁ'zgﬁona&r
dat e subsequent t gombenedtat@nmiinghi ch anot her speci nen
of the virus or organismwas collected froma natura
source. [00093] As used herein, the "next virulence
season" of a pathd@en ftdeagt opg manqstleaigaliyinggiyrated an

i ncrease iln mﬁr bidity Qf~Cﬁnﬁﬂ<§oﬁﬁb§%cia&?SX&@:ﬂh@Qo@&&ﬁd
on seasonal changes, such as chan rqgm sumer to
winter or a change froﬁfguaﬁ?%ggggﬁ%f?ﬂ“'“ﬂﬁ?‘§8§§ﬁﬁﬁ
wherei n the pathogen was experiencing |less norbidity

hfi a previous sequgnti gl t.i ] | or, t hge tine
23 iod in which kg i [ leabtolfE fﬁﬁ%?ﬁ?‘g{sl“g aFos&zeE(Op@cc bgn
to occur. [00094] As uems ¢i@f eshonetpolyotelip pemptisipg about
season” or "winter seasEnycoWirbdh ARRRAE havird IBLALH 2
descri bes a season in any geographi cal region wherein
mosquito activity (inc?ﬂé?ﬁ&“%@%éﬁﬂ@"HHHhF%Bf%Hﬁﬂtion)
Is significantly | ess tihaiderdr hIRY viriyli@éne igtolp 8r @ixnirdie
ygar. A peak in a Repl&&%&xgﬁcle before a dry season
or Wi nter season predicfs an i ncrease in virul ence,
norbidity, and/or nortality in nmalaria in the

foll owi ng rainy season or summer season when nosquito
activity is greatest. [00095] As used herein
"trypanosone that causes nmalaria," "malarial
trypanosonme” or "trypanosone™gi-n singular or plura
means any Pl asnodi um speci es’ or ot her species known
nowor hereafter to cause nmalaria. Malaria
trypanosones i nclude but are not limted to Pl asnodi um
fal ci parum Pl asnodi um vi vax, Pl asnodi um oval e, and

Pl asnodi um nmal ari ae. [ 00096] As used herein, a
"Replikin Peak Gene (RPG" (or sonetines a Replikin
Peak Gene Area-RPGA) neans a segnent of a genone,
protein, segment of protein, or protein fragnent in
whi ch an expressed gene or gene segnent has a hi ghest
concentration of continuous, non-interrupted and
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as an influenza virus. [000104] As used herein,
"geographic region” or simlar termis an area
waledobaseni i ated from anot her area by space. FOPCT/US2009/041631
exanple, China is a geographic region that may be
differentiated fromthe geographic region of India.
Li kewi se a geographic region may be a town, or city,
orcontinent or any area differentiable from anot her
area. A geographi g egiqn ire
earth if an isol agc oratg?ﬁ&%?f"tgn&ge;mi%glgf)%'?ggﬁﬁbsm a
given tine period i s cepplaymetizablg Withdheanengmeys ofifahanst(bieand
tine period over the enfskla&dqwthegﬁdpmsiaﬁg%aphi c
differentiation is undertaken for the conpari son.
[ 000105] As used herein, "conserved" or "conservation"
r ef Ier skt of conger vat i on(iof : Qa@m&mﬂyaéth&rﬂuﬂ&hﬂgi &lsyl dter
to lack of substitution: [0Q0106 use rein, .
"Replikin Count" or "RepliKl re&gnaé@:g?rrog? 186’H&°’fyé’fag1"§°’t 0
t he nunmber of Replikin sequiatisnigeor alkoRy substingedaariids
in a protein, protein frag YA - Qr ' A
hi gher Repli ki n concentrat :Lgﬂ}?ftﬁ‘y‘g({’?%’r??{msn?{lggﬁﬁ %?Lta
‘virus or organi smhas been Kioahnyt 40ratheppiemst e wit h
ngre rapid replication of the first virus or organism
as conpared to a second, earljer-arising. or i
| ater-arising strain o@t hengikyhpmingand p Nealkylamidaafag a
| oner Replikin concentrati Gibnofednidsilyusancednioaddd®n
Is determ ned by counting the nunber. of. Replikin.
sequences in a given seque (':cgrbo g@éf‘%"éﬁﬁé%ol"ﬁﬁdbom
sequence is a peptide of 7 l0sarhiprommbeheamthnakyd sulgtituent

hgsidues with a lysine resicgmsnpﬁon?%uﬁma@mz;garm,ums;

residue or a histidine residue on the other en
wherein the peptide conprises (1) a |ysine residue six

to ten residues from apyt hah N-yisjléebok@fidel barboylic@cids of

hi stidine residue, (3) and 6% or re |ysine residues,
or wherein a Replikin sequeff?@eﬁ’f"éfqg"%&Yé‘?’i?‘argb"gé‘f"&’st hat
encodes a Replikin peptide sequence. [000107] As used
rein, the term"cont}jgQuo K F es. ans
Igsseri es of two or nor ‘8Re%ﬁi@ﬁ’l]§‘§c§ﬁé’%§g}é‘ggﬁ‘éﬁ%m§g§m’
over | apped and/ or are di redefespcyay adreponnd; ahd nked.
Repl i kin Cycles in Pathogens [000108] The present
i nvention provides methods of preventing, nitigating,
and treating outbreaksCof )53t ARsgeHBLOBPEENETOHY an
expansi on of a strain of patibegeiiboaratonis or AAEREME pblfolefin
gpe virul ence, norbidity, and/or | %t le i tl}/ 0;6 a gér ai n
pat hogen as conpared to ARBTWEAORY 47 #POKF 6P e iams
pat hogen and admi ni st eri ng andhavmganérmilal copolyatiiabie geoup in
conmpound conpri sing an i sol ] tion
of the structure or genone ‘g‘?@?’hg"p@%’mﬁa‘%‘gg’ﬁw
mtigate, prevent, or treatvinyHeéenpgwdp exmtumsthsreosprayided
the pathogen. The present iy 8RbicOR efplbjddas nd?iHRARES the

thods of predicting an expandin Q tion of a
ggt hogen or an increase in °F°2388WP'?’ﬁ$iéﬁgg,g)‘nor bidity,
and/or nortality of a pathogen conprising identifying

a cycle in thg.Repl ki ' 0l ej ,
protein, genogrlé) f ?ﬁgﬁ%ﬂ?&gg@%ede or@rraefgééf £°Z"p§‘é{°fn@g"2§mand
predi cting an exp&ABPYdXb)im@e pistenes 4fgrree fadicpldnitiator;
pat hogen or an increase in the.virulence, norbidity,
and/or nortality of the pathogen within the identified
cycle in Replikin Count. [000109] An increase in the
virulence, norbidity, or nortality of a pathogen
relative to the virulence, norbidity, and/or nortality
of anot her pathogen of the sane species nmay be
predicted by identifying a peak in a cycle or cycles
in the concentration of Replikin sequences in the

pat hogen and predicting an expansi on of the popul ation
of the pathogen or an increase in the virul ence,
norbidity, and/or nortality of a pathogen of the sane
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[000117] In the past, it had been understood that
out br eaks of pathogens correlated with increases in
wRe@bilki2so Count and that contracti ons of pat hoPENUS2009/041631
popul ations correlated with decreases in Replikin
Count. It was not understood, however, that cycles in
nmorbidity, nortality, virulence or popul ation
expansion could be directly correlated with cycles in
Replikin Count. Wth the new data presented in the
present application, the ordinary skilled artisan wll
now under st anfii) arfgopalymes oplginedhyfplreastingspmnendiEs with
invention, that enbinp&nBERb)dsiiNcrinanesfitd @akcNeaKyia
trough to peak to trough and/ or fépn1tro%ah to @eak“to
trough to peak corfasPotiR MFPIReNSaPtFSRUNTE (B grfoRelymer (i) or
vbrul ence, nor bi ditbh; onriyb)abntbdfing aspdlyeep@)xsicopolnidr (i) or
new regi ons.or hosts.. . S ; i) ti.Qn,.now
provi des net hods Z’P ﬁ’t‘?@éﬁ nﬁéngﬁgflagc?le%?é@?‘fdnrg&t"?%%rﬁgucb?f
pat hogens as t hey compound§¥a)and gimpouehE)éd) oef)iandith n
popul ation within a region or into a region, or
increase in norbidity or nnrtalitg b nnnitoring
changes iR Repfl§%Rl 9te BBsTcempuad papadle phpeingdeasisd tvith pyleaspiavo
not Eosﬁi bl e HiBﬁdcb.rfbﬂi@lﬂE Bdsak Edrs m&ﬁﬁy&mithta‘i)leﬁsﬁ adi ct or
track the course, of . pat hogens,.as they increase in
Vi rul ence, ox PRy i BB ERROR ShETY el PR sreat
a refion,at least pmcalipbesie compaund Ipivihg taylesst twodfubaibondl gronpsewierein
epi dem ol .o I nal.y :
noc, Ol Pilondl3idet B bl BEGEMRANE ARIEE RRRERoxyic
wi t hadidhpoesratthaseefon dicspmokdic asid, axdpydnds ernestes tigreof and wherein
1BCT SRS fuhAiokAl rgHJu? NCBpablERf Ria&link With @NEasiBHetpdltivedting agent.
nont hs before or at the very beginning of an out break.
This information is clearly inportant for the tine
needed to organi ze public health responses, including »
The 1B TEAd8 PETe T Tor P et TRE kB R g Re OPRies
pat hebiehire ugdiil bs dsesannip ab ortampd banpustian enging. Hhesapérsgs,
9 | Whigh %?9%4?-%%&{ hate h%m&ﬁ‘é’dﬁ?%:%%w Ji%@rs§:{c9 méq}éﬁtﬁ&ﬁts
war ni ng o urricanes since Information from weather
sat eWhick baye Retdeenpositecatddai | abl e. [ 000118] For exanpl e,
in Figure 3 the present application provides data
denonstrating I i Ki [ [,on and a
cycl e of West 7 SGR 1 E ]gare
obs eMhdd the nveion éd sasceptiblerto varpupmedificationsvead altenchévsioong

iy ‘ \ oo
a8 SR LR 0 ML LR B
t he widRIstogéhdoMBRR thahthe deserintion herein abspedtiicenttiodiments ismoand

8. Bipten@edi@limR kiRtihvRRidafio MY pArESuldr KRR BRAKsel Bul I ntrary,
and/ or froamitrou eak was not POSSI ble wth the

ear | 1hejntepspnyis itoncogg[rail %wgi,ﬁgﬂggs, sqyivalgntsy gnd alternatives falling within
epi dewsplingd sape efakainandoradsldefided b @e gppradadelasrguence
ta of the actual nunber of cases due to the
particular HNl strain or H3N2 strain were not
avai Defiigonsr not recorded. Instead, as nmay be seen in
Fi guiRStollovAfifredns JsQByitNhe/ded@ipiorl £ ddflnbl asicBN2
norbidity in the early- and m d-20th century rel ated
to Replikin Count was a record of epidemcs or
pandem cs. As is now shown injgdi gure 3 (as well as
Figures 1, 4, 5, and 6), cycles of Replikin Count
correlate wth cycles in norbidity over tinme and, at
times, over nore than one cycle. An Expansi on |Index for
Popul ati ons of Pat hogens [000119] The present
i nvention also provides a nethod of predicting an
expansi on of a strain of pathogen by (1) determning a
mean Replikin Count and a standard devi ati on of the
nmean Replikin Count for a plurality of isolates of a
strain of pathogen for a first time period in a first
geographic region; (2) determ ning a Replikin Count of
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HDSNVKNLYDKVRLQLRDNAK (SEQ I D NO 5),
KVRLQLRDNAKELGNGCFEFYH (SEQ I D NO  6),

WHEDMWVESYBKEEVEI TTH (SEQ I D NO 7)), HFQRKRRVRDNRMIRKSZ08#031631

I D NO 8), KKWSHKRTI GKKKQRLNK (SEQ I D NO 9),

HKRTI GKKKQRLNK (SEQ I D NO 10),

HEGA QAGVDRFYRTCKLVGE NVBKKK (SEQ I D NO 11);

or HSW PKRNRSI LNTSQRG LEDEQWQKCCNLFEK (SEQ I D NO 12),

+ West ' KAHK (SEQ I D NG
13), T R a’?%é%vl%én ﬁy%?’gmﬁémmm (SEQ I D NO
15), or HNDKRADPAFVCK (SEQ ID NGO 16), and foot and
Mout PhlbHETSES AR b SdFcvRUET FoRsol HSRIEA AR 1Dyl sBedNR:

17) and XKI VAPVK (SEQ I D NG 18). [000128]

IdenFWV? tion of portions of a pathogen (such as

Repli kin Peak Genes or Replikin peptides) predicted to
expa fo]o) oV

a0 agﬂgest o B SRy da%{;\ QL :Q'Eon én%?m‘éc)@ ogﬂg?r%%%ﬂggtg%g{;e scope of
wher e nresdnemumuqm e/h@bnpemb@ewmﬁ belyisatiiensinsla maypethdenically
| denfishh, AR %3 @3} mé&ﬁarfa&?h@ﬁim gﬁch}terJoh SN' h BY-eNldiQfboL

t he conpound$ di scl osed herein. Lk The | nventl on
furt rfé(} sty tdsrs e erdlerepd &hish hve sarpsyyl $’R'1'Pﬁ qs%fsltaPlaéufa@w
i1MUBeGRMNMNA pEYPIRAY] giARS TR e RIPIBICS atcbwymer of

i NmMunNQgeni ¢ conposi. vacci nes,. .i nc

vac c?‘ﬂg?t’f’ﬁgﬁ i of’é’g%ﬂsﬁldf Méherggg Ydemu k*\/ acc | nes

that provide a huno I mune response vacci nes t hat
provi de an anti geni [

c P nse an vacci nes
that provide a profecti ef f ct Renvent i on
additionally cont gnpl ate an anti b to the Replikin

pepti des of the |n§int|on [000130T ngh Repl i ki n

Counts and RPGs have been shown to elfated to rapid
replication, viral \outbreaks, epldeh1c§ norbidity and
host nortality, for\exanple, in influenZa virus

strains, including H5N1, in SARS coronanrus, in

shr i whertinuisons pngieaereR v Ri, Rs anddtucird seleftodfrorahgidrogent thethyl and

di Se@oﬁﬁso%h@‘%v R%Pﬂhés%d%uf&eﬁ%%ﬂﬁt‘éﬁxf %&5 A; lxtqgastaa‘box%o cartéon

near uri ng
Pér t dtoms @fd ndseprREE bl Yiat na% JrouesG cnrban E}a'l“h vheen amer Ru and R;

appr 8P hi@ben BEPSde e R, 4R, G xﬁam&td tRSothet RCFolyMRButyIRBR; and

e L N e DM L S R

synt pagRIBRA cipolydieg aay be diasatingt blyck; aitrlwetomt han

bi ol ogi cal techni ques, and thus are potentially nore
specific, nore reproduci ble and nore reliable. The
eheniuabimy sersicaroupReqitrs liargrawdedrcibs famieat i fi ed by
Applicants are |ikewi se potentially freer from adverse
reactions that are characterjstflc of biologically
derived vacci nes and anti es¢—Mvt i gati ng and
Treating Qutbreaks of Pathogen with Cyclic Replikin
Counts [000132] One aspect i T§e present invention
provi des net hods of preventing, “n1t|gat|ng, or
treating pathogenic outbreaks pfedi cted through

anal yhirgn 8f andyZcireindesendrahy seleriad orn therayp cwrs@mgw --OH, --Cl,
anal ysi-gkffor GREW b EIer M8 L-00 (HRAR aB@d@lnﬁJ@nﬂyc@éU Blofip. amne term "--
standard deviation (e.g., Replikin Count Expansion

I ndex). For exanple, advance information concerning
Repli ki n peptides and Replikim Peak Genes in expandi ng
strains of a pathogen allows for the rapid production
of specificeffective synthetic vaccines using one, or
a conbi nation, of Replikin peptides or using Replikin
Peak Cenes. Such synthetic vacci nes have been
denonstrated in rabbits, chickens, and shrinp. See,
e.g., Exanples 6 and 7 of U. S. Appln. Ser. No.

11/ 355,120, filed February 16, 2006 and Exanple 2 of
U S. Appln. Ser. No. 12/108, 458, filed April 23, 2008.
For exanple, a mixture of Replikin peptides
adn1n|stered oraIIy to shrlnp prOV|ded up. to a 9196
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new cycle provides a prediction that Replikin Count

may continue to increase along with an increase in
woradoansasmortal ity rate. [000141] The cycling PCT/US2009/041631

observable in Figure 1 has al so been observed in

viruses, nanely, the HN, H2N2, H3N3, H5N1, H3N3, and

HON2 strains of influenza virus, in Wst Nle virus,

and in foot and nouth disease virus. See Figures 1-8.

Thus oRgR I nﬁ‘bam{& in‘éﬁxd@z(lﬁox? REEEN AUUE1 10RO U cHbIRRS,
and organlsns Simlar cofrelations between Replikin

CounPreirdlyrfiam abopt o AbRpES sAremBH- shown in an

i nfluenza H5N1 cycl e between 1997 and 2007. See, e.g.,
Ser . . 12/.010 |l ed Ja

2005 TR 465780 of ST A THE s Yo PENT & ek

séenstruatulzh bhis idthbeblpwer cMean annual Repl i ki n Count,

standard devi ation, significance of annual nean

Repli kin Count to the | owest annual nean Replikin

Counthetamn ftespalymeerpredars oaokmanderiveddeom tRe fred idieal Count |

and cnﬁmo@&Q@§§h9ﬂwﬂ&ﬁ9§rs anal yzed per annumis

pr ovi Table 1 P.fal ci parum Replikin Count [000143]

As is seen in Figure 1 and Table 1 above and as al so

seenThdefni 'ngeﬁnE r@é’rﬂto-ﬁa-bdrﬁulﬁatbﬁ{eewwﬁ? fh@ﬂ&e&e idubleEdond infthe

vi rul ence redl ted

! dent PRy oGy SR eI the ey i s o Blavips spre
Repli kin concentration of iGhkFdtHs of a plurality of
Lhe WhORRAROHE A REGHRLURg an |ncrease in the
vi rul ence Y, nortality of a
t rypanosone of the sane speC|es isolated at a tine

R8I Nirhéernt 11NEGRBEIAE SR LS Pla difibitiRed d16TR, AQ dAlledd
time pe H od q %h identified peak in the cycle of
Repl VRYifers i Bntrdes B follopyng SMEE: to Figures 3, 7,
and 8 for West Nile virus amdChfRuenza, nDrbldlty
g?;ﬁwgg'rim and%a Stgee %10 orEl Hergn h 3¥§nsﬁv_zpe the resl%f' lh v\ﬁiep in
conpawksulREpdfdrabin eitwuRs or lh ig metwr@maa,em@ﬂw@pmens oét. P,
hal ciparumto nortality. Use of nortality data and not
morbi dity data in Figures 1 and 2 and their related
anal &4 ey pecinipite’ds padersioad i thiprt 1A dncluds mprstefshegmiden inide,

u ndeétstsfm:dab w.ch b:atalsmrﬁwb)t e fadtidn bfa dﬁ&hﬁw bithylifde with an
nort al

u

e T Tt RS Pt Praifeh hOWET i PP A PSS 5P has b o
1 angkntiaby gatpgedian meargagy the Frodlenangtacadnofan alktrat-icoaikyli p

t . i o tality.
2 SBMEG P P M) o P AR URATD IR SRk
r el af' digpsep inpyareuareEsenpes aad e vekinavw ieshean Carein
nor bh&“ﬂ&rﬁémﬁﬂ%r@ BNQk@hinides WhEBIGRd e MR ScbA dséb%tby% zéntn of
has i n West e V|rus

di se¥bSUCawR! ?l Fuprehy grf’(fwl"\#‘fsu%ﬁgzz;m@s%%‘ Sllzlgbl}rqgg 237

5- 8) 3,106¥0:13121p,665:al li7e, 892} anCBIRT46,NhdrBgeldskiediof which are hereby
ggncuﬁgrgke Q”e@mkpe genonme can be a nechani sm of
eéxpansi an Nt ect i ous organisminto a territory.
The Repllkln concentration in each Replikin Peak Gene
of eame.%erabnlymcamﬁy&é Cef@PRAREREcti¥n PilcasT Q0cddie

previ ous one. t he nosqui toborne West Nl e

V|ru@”ﬁhﬂmﬁﬁgﬁﬁPﬁgwﬂﬁﬁﬁﬁaﬁ&FﬁFla trypanosones, this
bui | d-up probably occurs durimg- wi nter seasons, dry
seasons, or otherw se dormant periods. Tinely,
repeat ed anal yses of cyclic changes in the organismns
Replikin structure is useful to bring current the
targets for the chem cal synthesis of Replikin

vacci nes having a best fit for emergi ng pathogens
havi ng increased virulence, norbidity, and/or
nortality. These strain-specific vaccines nay be
manuf actured in seven days as has been denonstrate
with a 91% protection of shrinp against the |ethal
taura syndrone V|rus See e.g., U S Appln Ser. No.
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them of particular use for therapies agai nst expandi ng

West Nile virus populations follow ng the cyclic peaks
wo ewpti3fsed in Figure 3. The sequences may be PCT/US2009/041631

adm nistered to animals or humans as a vaccine. A

vacci ne may conprise a pharmaceutically acceptabl e

carrier and/or adjuvant. A vaccine can be manufactured °

W thin seven days of the identification of sequences,

such as these, that are conserved in step-w se cycles

identified in the Replikin Count of a pathogen such as

West The een \alkepy or atlsuseipig asid devatys rﬁf%gwaé © fyang the

for eiragaostic purposes.to identify isolates of the

expandi ng popul ation of West N lg virus. Replikin

Count Cycles in Foot and Muth E@sease Virus [000154]

In a further aspect of the iHvention, an expanding

popul ati on of foot and éguthgdisease virus or an

i ncrease in virul ence, nnrgléLLyb_Q%nnDrtality of West

Nile virus may be predicted?By igentlfying a cycle of

Repl i kin concentration in isolatles of foot and nouth

di sease virus and predicting an expandi ng popul ation

of vivhergin Br isasleqiedciramnbysirgean, wethy| 4 @elyisplyty) ihaying at least about

and/ @ e?m&ﬁi ﬁx)éfeﬁhlfbly\ﬂt %eh% aﬁolai %(o_csa}be@ at@mé ':n&i x?@'e PREkdbGbt least

or peak in e cycle o epl.i kin concentratio

ex pafBY Y BT AT oPefRyL P At et setesidFant e eroup

poputaisting of rO&, F-Eli--@r-atkyl @ xghan®poker hrec0-owndomegi atkenyl or

into_a roregi. 000155] For exanple, using.

analygﬂ§k§$w§g§%P§$%oéﬁquences in foot and nouth

dPsease virus, including, for exanple, analysis of

Repl irkd t_@m?‘%ﬂ&%ﬁrﬁ&n’c'nort"alﬁylwg%lid@ﬁqucﬁllleri‘" Rfers 1984 ol8fPhaving the

mout h _di seasé _virus, a correlation between virus

bi oc FPEAVERVINARIERESTHEey i r us vi rul ence, morbidity,

and/or nortality cycles may BB2identified and used to

predi ct expansions in a viru§ popul ation or increases

in virulence, norbidity, andijor nortality in a virus

in a host population. A non i ting enbodi nent of the

aspect of the invention ovi des nmet hod of

predi cting an increase insnorbidit§9in a viral disease

suchwageih ®@gts atitytorvobitifutadial@B B gankalishas @anipast sHotis cafbbh

term ning the Repl i ki n unt i nQme f. a

IR Lr AP SRR AShE st piseti SRR Sy

succ&&sirboe atomsangRy infosver {1Ry)! of fyerp abdun fytotaheut Gwarhon atoms.

Repli kin Count at at |east four successive tinme points

and identifying at |east twy peaks or two troughs in

t he Thedren Gp!ubie inubsicatinaqiln rafeseiiortie abiidy oftarpaterial Yodissqive in

f our aliphsfR ap@hodstic Abcirfons BEAEE RibjidaGn@éllsion fleR&S &sdntlally all

yhrul ence and/or norbidity following in tine an

her B8RE"YY mean Replikin count within a cycle. In a

further non-limting enbodi ment, step-w se cycles are

I den{ylJ ke ) ' i ot . .

| SR REDP USRS T Ay e
sequepiisdayipga fesidwn paspacntion) ohsufficiene meleeilaryieight and chain length
cycl @9erldQRONBiHB]in luBGERAS GithofRA rkdelioh frOMIRESTYRIANY Sl€fins having

t and Mouth Di sease out breaks

ggwﬁgwymgso%F A i _

d P98 487" "8 CYHEEr ved synthetic FMDV Vacci ne.
One aspect of the invention contenplates provision of
advance warni ng of outbreaks-of- FMDV by identifying
cycles in the Replikin Count of isolates of FMDV over
time. As may be seen fromthe data in Figure 4, in
2000, an outbreak of Foot and Muth D sease Virus
(Type O (FMDV) was predicted by a peak in annual mean
Replikin Count. An outbreak in 2001-2002 was observed
in the United Kingdomand in the Netherlands. In a new
cycl e beginning in 2005, the highest Replikin counts
in ten years, observed in 2007 and 2008, were foll owed
by severe FMDV out breaks in 2008 and 2009 in the

M ddl e East, Africa, India, China, and other Asian
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relatively small standard deviation and no |etha
out breaks recorded. In influenza B, Replikin Count and
WO e@bi1zast on rate appear to be just suffici entP@DUS2009/041631
bal ance | osses for steady survival of the species.
This is in contrast to H2ZN2, which di sappeared at the
end of the century after dropping Replikin Counts |ess
t han one standard devi ation of the mean with no

Repl i atiop of
o LT 8P R PO OSR]Iy AV Ol
[ 000 ¥@B}uldrrwedizht sqchnhm thgpragueREvBarkhbiving saghsuffisienumeeaiar
Repl i, 16#6 aﬁeosrdﬁ%mlﬁ ﬁ%},f&nnmv r?ﬁcéi‘@ %ise mgu rlﬂélkéb%l ARigh polydikyl

ot her ens

conc e&wsdweo% legst anéw@ Karton ﬂ@ﬁtsa ta%fgravlu é‘n‘?‘}S? 3bayf SQﬁErBere%ioms
it hﬁcsg&g@mneeélarawxghspdlﬁaxgx groaiR Inta ibd d&RM froRIgh dl oSRular
reflect th £ 9ncentrat|on of Replikin peptides

i dent'teM@aYPK""Phe expressed proteins of an isolate or

in at |east one protein or protein fragnent of an

i sol at e, | u Wi cL .t

concahE et Pt et B R TR R Bl b idpendenny hycrogen
Repl pkd hydpearky! @ave. of an isolate. The Replikin Peak
@gne of an influenza virus may be any segment of the
genone or of any expressed protein protein fragnent
o 1 e A HTHEs (CoR SrERer BRI e Rnd or
overlapplng Repli kin peptides identified. [000167] In
many

GonThe et T P s 3S T o b o voefT ol g cabon

vir ustog\emhmludu priivnaxy,tske@nqgaoy mdmalaylegmupt Hepile pdviek hlky!

ak 0 r

Bl PRIy RucPlol Brp A B, bl Bl 0GR ER .
[ooo!wgl} n-penyy ! ReppenRil.i-issyangite likkepl j ki n Peak Gene,
protein, protein fragnent or nucleic acid sequence
encodj ng any i n peptide, Replikin Peak ne
pr ot “?1‘,%"‘23 rpoy.?@? lefgiers oy ﬁé‘ﬁ‘tg’?‘ﬁ’ 5 %Bﬁrﬂfé’ewe OBt ed
by t baycmsﬁrb edih @fe rbl’jlﬁwtsl’b\/ edpblyaiarstoOmbso- elxmminmglaﬂyiy-ntbao-
lﬁﬁ? 8 §:g %s, uﬁﬁ zgst enc, dord))gﬁ«:ﬁg Iggtwene, hrbdqﬂe {1 I?refc{agsrggc mono-
by| dehf 19 ényplongd avﬂpkym ifrom db¢utt2heabsutr26@erbweatms, geiroere of
an i pfetipiZ ﬁodn $6uRE B BbGAb CArbch A PnCKRANHe bR R ON

and usi ng t hat Ortl on I n a vacclne CO osi tion.
[ 000T6YFe mwmsbuaﬁene%mcww@h@?bewlcaﬁ dorcspoinddedengehods

of prreies, |p6@oﬁﬁﬂ§ﬁé’p@ﬁ8 GomRudhi hidhb&NEAs inBRddPolliptdpylene,
| et hal i train of influenza and/ or

d/ or % of a %
% edPUYTHG® éfs%efi VY ROlYISOBHey failure of a strain of
i nfl uenza wherein a Replikin Count of at |east one

i sol Eil% ﬁ‘ﬁ’g aﬁ‘:nibﬁl"’}eld&;ﬂ@ceﬂ;&sﬂ%ﬂza froma second tine

peri c region is less than
one Snaskedimegbefithe Aresantdfvention iyanoi-sofuble fbriRuink ol additive
Counéoanos.aorpﬁrgﬁaeédlbyyheqiroaes%,%@éh%gmmse; Rbdignza from a
first time period and first geographic region. A
crease may al so be predicted where the nunber of
Repl (& n aCeasnbse dffthedolpdvatiggdopdlymeas: | sol ates from a
second period and/or a second geographi c region that
are greater than one standard deviation of the nean is
| ess than the nunber of Replikin Counts |ess than one
standard devi ation of the neangq_.A decrease,
contraction, or failure is predicted if the ratio of
the Replikin Count Virus Expansion Index is |ess than
one. [000170] Wen a popul ation contains isolates with
Repli ki n Counts above one standard deviation of the
mean of a control and does not contain isolates with
Repli kin Counts bel ow one standard devi ation of the
mean of the control, the ratio of the RCVE Index is
consi dered to have a denonmi nator of one to avoid an
index of infinity. [000171] In determning a Replikin
Count V'rus Expan3|on Index Replikin Counts from
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[000178] A cycle of Replikin concentration or

"Replikin cycle" of HON2 nay be seen in Figure 5. A
wa@ormpasi2zson of synchroni zed cycl es of Repli ki nPCT/US2009/041631

concentration in H5N1 and HON2 may be seen in Figure

6. The synchroni zed cycles in these two influenza

strains correspond to and retrospectively predict H5NL

out breaks in 1997, 2001, 2004, 2007 and the present

out br eak n 299«%) Q'ngr AR b{' Q'QQAZI%I c&&lﬁ{eg%tﬁn af colr'r{f)gnents

mean annu I n Count of the pBl' gene area of

HON2 is shomn“WW"WP@ht gray colums with standard

devi ati on shown in dark gray colums above the HON2

annual nmean é likin Count. Eﬁ st andard d Vi

data enphasi z&@ t hé* 3 angmagpetpylent QWHPW& égiﬁkln

Counts W t hi n t he nanbeasioxivpauik @t esgen thefehf onQI0OL dicarboxylic

poultry flocks regont S h HON2 i nfecti on

is provided in whi ?e a%g’(dnge!"es‘léﬁlhfa%re 6, mean annual

Replikin Count for HON2 is again reported in light

gray col ums wjth aﬁkmd@rndordﬁ,vaoaw,mg( dbBRAI @@cd?m\é&éﬂﬁ%r

dark gray col unmms. Mean annual Count_for
is reported in bl dtkasteewriysielp qupg*ﬁlaﬁ d‘?ﬂ“d“ BSP sarpyptoms
neported in whi te asd)wmgs talaﬁxuecobmmu%mc 200p! Al thdBAR of a
Repl i ki n Count . |S|k¥ﬁ§ strates s nchr?r}Xf
bet ween t he H9N2 a KHdepegIaR] HindiPgeetoup therco
The data for Flgumas 5 and 6 are discl osed |n Table 4
bel ow. In Table 4, mean annual Replikin Count with
st andard deV|at|on are provided for all amno acid
sequences publcd cl yt lagshpricapsingolgfin aRmrowndbhich it eamplymerizable
N2 and HSN1 st r g}ifSheGhorofbds B?ﬁﬂ?ﬁrd'(ﬁﬂn@ts%@e&é%nl%:éroup
t hrough 2008. The numher of poultry flocks reported to
have HON2 i nfecti GAE'SPPE s ael are” al so discl osed for
years 2000 through 2004 as a nmeasure of outbreaks of
HON2. Tabl e 4 Synchy.onous .Repl i K| [ N2 and.
H5NL [ 000181] As D G Sl o %r“"e‘% 0 iRyl FF AR e
data provi ded above i nallﬁabtoepwh)drh!edl-d@m diatkalaminpfor alkoxy
bgf | uenza, whi ch_ comoplielsfl & el Yndlifhiaining 1 10 40
occasional ly infects humans, has been found t 11%
conpl eted a second f|v§MVéQPmﬂepllk|ns expansi on cycl e
in which HON2 Replikin Counts of Repllkln peptldes
identified as encogded in, .t
i nfl uenza genone ?%ach%dmﬂgvgg g£8EH%@8° %ﬁnd in
H5N1 . As nmay be seen monokthgleficaly uesurdi@iMRonteq didarboxylic

unts increased in 19
gﬁtbreak i n Hong Kong %ﬁhfggguﬁﬁﬂ%igggg5&ﬁ%?§£§?ﬁ$mmuwm
Replikin Counts in thesopBins i éqttsarbgp a2 al so
preceded increases in Replikin Counts in the pBl
region of H5N1 as wel | HS5N1 outbrea
seen in Figure 6, Phe ?ﬁgVW%Fﬂ’T%@F@§ 8¥“¥®Wﬁma%df¥BNl
coi nci de and share a v8 aktdhawohsvel of synchrony.
@grther, as may be seen fromFigure 6, the Replikin

unt level for HON2 has, as of 2008, increased in
concentration nor é)t haae N-veylRepstiluddmit©gemtontamie hefegrcyclic
HSN1 . As such, while QalpoiMaSiHang to be bound by
theory, it is notemorthy that HON2 strains of
i nfl uenza and H5N1 strains of influenza appear to have
a synchroni zed cyclic precursg-conpetitor
evol utionary biochem calrel ationship. The data predict
that HON2 is an alternate candidate to HS5N1 for a
future influenza pandem c. [000182] In Figures 5 and
6, each cycle of HON2 or H5N1 is defined by Replikin
Counts (nunber of Replikin peptides per 100 am no
acids) of specific Replikin peptides in the pBl gene
area. An increase in successive years followed by a
decrease in successive years is observable. Figure 5
illustrates that increasing HIN2 Replikin Counts
precede the occurrence of |ncrea3|ng nunbers of HON2
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Replikin Count for the histidine-rich protein of all

i sol ates avail able in each of those years. Mean annual
wRepbilki2zseo Count s for each year were then conpaP@rusion$041631

changes in nortality as reported by the Wrld Health

Organi zation. [000195] A list of the accession nunbers

anal yzed for the presence and concentration of

Replikin sequences is provided in Table 5 bel ow. The

mean Replikin Count, f ok 1686dhe ¥ 5fin taRERIAB8: b &l drthad

the list of accessi on nunbers fromisol ates 1 n each

correspondi ng year. St BABAPCR lfay PR ROBIPICHR gomprising about 4 to

si gni ficance as Corrparasd;umotcheom&ﬂsﬁamh\hkgheﬁﬁmt of

t he previous year and of he | owest
Count within the data §‘§’Py5'r°€ e§6°“5f’b®?6°é’8°£\?8ﬂ’a with

the nean Repli ki n Countinfltfenedabky\dmylidentgdup obmixtures

Mal ari a Annual Mean Replik u

the annual nean Repl i klﬁlﬁ ?floﬂrﬁfc':ge(g %%eq}ue%t 2@’1?:1311
protein between 1986 ame%mﬁoteévelaplextdoyﬁ)(@s of
Replikin Count. The beginning of a new cycle pr ovi des

a prediction that Replikin Count may continue

i ncr ease @) ongcamelmenpbaipsd by s@gtingsoRpguad (iY2)#md f%tmuyd(')(w
nate. The dat @ th&prdeaRId & &bd Mditdl idisdigrat ed in Figure

and summari zed in Table 1 above. [000197] Replikin
peptides in an isolate identified at a peak or in a
rising pafii oacapblyreectiRemidibti(s) rayiigesmpaind gij(@dwittncompound
Figure 1 are ' ' :
For exanpl e, gxy Af—‘lzlz(f)el 3 S0k E’Q@{r{a 98? l#egfeal:tg)\{ﬁr(]h& ggsence
ABU43157 accesksiopplymenther cqpﬁlmpr (iuk@ﬂ bathgorthydbi cpeacting

gyai l abl e as @op@lyﬁQpWr'cgpol)txmtigﬂfemﬁ With f}\E nbd- ﬁé’eermlba\(e :
Con'pound or conposi tion of the inventj E{Iap because it

i dentified incaalyged T%@“’ﬁ(ﬂf"l"}‘ﬁﬁf Bmpgundd ?('i‘drf"ﬁ‘i?%‘lng ()b or
Repl i ki n pept iteswitdentified in the 1999 isol ate
reported at accession nunber CAD49281 are |ikew se
avai | abl e. See Figure 1 and Table 2. The 1999 isol ate

i s ptRIsert leat ondrhep eakpogid @pdRipifibkingreastel with aideagwed,

Bgp! 1 ki n @&B&M&gna ARRL da r & dlefeok, laﬁd.basmx%@acmmwﬂes or
at CAD492 e used as I mmunogeni ¢ conpounds.

Addi t i onaistess, theffwé o] poguretbeedi BA nunber XPOOL349534 is
identified froman isolate in a risi ng portlon in a

Replikin c gure [ ikin
popt Ses It oi B FOMROASTRE AT o (gt
XP(I)13495&#1,oczamm}p @ide eser taref, lor fiembogliusss, athydride or ester
?rgnunogechl; Jgonpounds or vaccines or for diagnosis or
t'r eat ment mal aria. Exanple 2 Analysis of Replikin
Count in I\/al aria ATP-ase to Predict |ncreased

Mortality [000198] Applicants anal yzed publicly
avai | abl e seguences of the ATP-ase enzyne of isol ates
of P: Patf um at  www. pubned. com The data is
sSumM@d) i z ethe DadnosthyienichBp UasaturadidMorokarBdxyhd feid onEdtér Jhéreof or
? The d%xcarll)ox HSALELGn cpn%gor ster&ljhergyf rates per 1000

Pi ni cal cases’ of nal'd urmans correlate with
annual nean Replikin Count |n sequences of the

P. f alChPFELm .%ﬁ’@&eaﬁ&;wﬁ@ nﬂH&kHy%%alﬂ”@%Atﬁ%@C?bzg
www. pubrred. com Count s_of P.fal ciparum

ATP- 5’§é°°f“ﬁ8‘fyé‘&§“éﬁi°'f"rsi§f'rﬁhir9©f7°’t% ng%ar'aﬂxeshfga% prpydrifle or ester
increase in nortality per nal-asia case from 1997 and
1998 to 1999. The Replikin Count of P.falciparum

ATP- ase decreased from 1998 to 2006 along with
nortality rates from 1999 to 2005 (consistent
nortality presently available only through 2005). Hi gh
mal aria norbidity and nortality rates occurred in the
| ate 1990s and were thought to be due to adaptation of
the m croorgani sm and decreased effectiveness of
anti-nmalarials. ATP-ase is a primary target of
artemnisin treatment of malaria. Wth increased use
of arteninisin and |nproved publlc health measur es,
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i soprene synthase enzyne with i nproved catal ytic
activity and/or solubility. In particular, the present
WO pwensizem provi des vari ant plant isoprene synPOEESR09/041631
for increased isoprene production in mcrobial host
cells. Biosynthetically produced isoprene of the
present invention finds-use in the manufacture of
rubber and el astomers. BACKGROUND OF THE | NVENTION -
[ 000 re&ﬁ?@sre@ Y %re%eeco%ac'lﬁﬂgr? &%OB&}M&?{) Si’réf@x@f)ly leerlgleHs? ne

in phar naceut | , heutraceutl cal
f r agiapretylenigaily qnms@?d G am%carbmathe P%ui 011 Q§t9mhéfﬁ®f|- of Ca-Cas

SUPPhitHBoxy ROWRY Blhydridde®r bitdtiHecREf id W QichB0:88i0 hQdiafBldride or ester
conc&rns For this reason, and to provide isoprenoid
conpt€Ft ons having fewer inpurities and greater

upi formty, isoprenoids such as rubber are often

pr od the I o
(2- Jfllfelépergl a o?g ﬁ rle?gg 5'1)(\);!3?9 F&(f Qﬁwd‘a?eoocr g?t%r Otlﬁcreof is as
thatﬁmswsnsoluble in water and sol uble in al cohol
Commercially viable quantities of isoprene can be
obt ai ned by directojsolation from petrol eom C5

cracking fractions by dehydration 02/65 i soal kanes
or isoal kenes (Vi ssernel _Al rial Organic
Chem stry, 4th ed. Fﬁy 3%%,A%p 11€ 122, 2003). The
C5 skel eton can als be. synt hesi zed fr;h\snaller
subunits. It woul dxbe desirable, however, Xto have a
commercially viable nmethod of producing isoprene that.
was MHdEp Xt rft 2 the sRspf o JilTRenpl eroydediipiableast prrRisyand X'is a
B0 osmﬁmmmng:capmhfeéabmrg 10 EstdriPAEBR, FORCAHidedY alnih@ salts with

di st { t ab t al.. .

Vi or BBTOTE BB B Rl oS ni i sl et Piiing meial
e uk asoppoesis amtbtianelsabipctios epacglatng agerdio Typically| X atdder X' is -
Mevahp af) %%&rWzﬁ) DR M&Ar&cﬁ?&?ﬁ eﬁﬁ’s%&h 6F 4 RedNd

hi gher”’ ré uce I soprene via
met hw@wwnh 2] wve 3Hers phiake-QLVED) mﬁmwﬂhw%ﬁ\déﬁ gan be
e SSOORS af tb WhnRkh AyBridy Qrefe%r}'tx audx are such that both carboxyhc

t enper at ure-dependent with increases |inked to
R T AL A it R e b S

synt basmxdba&emm inctieln eleétiondefidienf\sipRis shithed Snop&phense faleic
and F Pl ant 97: 1588- 1591 991: .and ..

o Y daas ThAnel Y o, BoeBEE: htshronts) Bbao R gishioro
and énd difsoioanadeic andry dreder Iphamikialgireidé and atliee substityted paleimides,

5] Odﬂ&ﬁdlgﬁ\l&; ﬁ!nﬁé?@raﬁe Qn.’fl&@g@ld/\@ﬂ;'l%yhﬁééﬁ%alea%thxcpﬁhgxlatcs
production of isoprene has al so béen described (Kuzmd

et afialkddymaryesand Blalsptes, Spnappilicesids aggupleagisgoigy P4 ns,

Chenmsipdi@tiR and RimbfbArrik434, 1996), and varies in anount

with the phase of bacterial growth and the nutrient

content of the culture nedium (U. S. Patent No.

5, 84%4i@710 ngorkad for &) aramopoeghytbnéinesat@hieditiicarbakylic acids or
ct ek '

PP cof Rl s L 28 otk Ut sRLA LG Prouggopssing o

| evehaleigpcid, §W§?’@r@é‘do‘l§ﬂ°‘w‘%wﬂ BeapgreR G, @a@v%vqm!onw acid,

syst @igoME adid) gal¥fid Hhyddt, utam%\ﬂ%l’dnd@ Rrabddilinhidride Rrld

for co rC|aI Ys what. the art needs

i P RPsp onic ARR AR B ol Breph & 3p s amons which
produﬂmpmmymmﬁoeme&haiprOV|de feedstock for the

manuf acture of isoprenoids. [PP07] Al patents, patent
applications, articles and publications nentioned
herein are hereby expressly incorporated herein by
reference. SUVMARY OF THE | NVENTI ON [ 0008] The present
i nvention provides methods and conpositions conpri sing
at | east one isoprene synthase enzynme with inproved
catal ytic activity and/or solubility. In particular,
the present invention provides variant plant isoprene
synt hases for increased isoprene production in

m crobial host cells. Biosynthetically produced
|soprene of the present |nvent|on flnds use in the

Y ey F A/




NO 2. In sone enbodi ments, the one or nore residues
are selected frombut not limted to the group
weongitssing of L26, E30, F31, B3, L35, E36, NBT1/UER99/041631
K40, V41, K43, L44, R61, V62, D63, 65, K87, E94, NO5,
L99, D OO, 'N105, K137, E138, G143, E144, N182, L184,
K185, G187, N189, T190, P225, H226, K247, T257, E258,
Me59, D266, N334, D353, S357,13581, E361, N389, 1392,
1393, K398, E401, C421, 423, U424, E425, D426, H4A30,
L432, R433, S434, D437, R443, L462, E463, HA76, NA78,
D47 9b‘hQ4 sablﬁsers)mcps&i%mowsltslemwz 2"53‘}‘5&3@ C3L%8‘7‘°“%’38">’ lic
R539 acndﬁél?atedoﬁﬁﬁlhe ardp %@Ztmgwﬂ a&ﬂﬁ&cﬂmﬁaﬁﬁcmﬁ b&d, the

one el ecte m but not Ij ited
00  Rmeiristlis G el ot o aifAseli acidpgvinylassic
F381acid-3@dng Maegqcryud@m mé\iﬂ@a/,hc 846)&; p@ﬂa@r?d 409, A411,
L413, F449, A456, T457, S458, A459, A460, E461, L462,
E463, R464, GA651 E466, T467, T468, N469, M23, S527,
and XB3her gtonp sbrtatdpiperpmersris S1-Co plkylesiersof mapaethylenecially
resi guagraRl ;-85 ;ﬁ&loegf cE,.rcgsl\rlg beusoxgm,t aclds @ach %Qetk,q a{:/@ﬁte buty!

group consi sting

F299acrxjaip 2-ethyh @'ﬁa‘eg’mﬁﬁ@ylﬁwe@éﬁ‘w‘ 4°ﬁ%ﬁt‘9°&ﬁe°al acpylaté and the
Qo ovew&e&r&mmsala&bw miS0Rs ETnsaboit1a sEe28/@rboa BlomB,aviyng

E”dé‘%r%’ SIS A R R e BT e B B i) Bt

set fnonCtbhtyI mai@Eleb@tyk\@aleﬂe, Mmomapa'ef@qdwl maleate

enbog @&&ﬁﬁ SQQQ&E%d&Xﬂ&Q@&? vari ant has at

| east one rove property’as conpared to wild-type
i soprene synthase. In sonme particularly preferred

agbog) merhs | dlBﬁxcﬁ‘Poinl@ﬁﬁ one Inproved property is

selected from to t up, c

of | Sl TETARETATE lepg PO SEBBMEHG 3F FEhin sthns or
di meathsektant wlycdefpfubmphﬁﬁ@bputalnd 3&00datboh lauotny and haviag@ B®erminal
pr ef th AL ! i S.
Cont PR PR B M e chitGr AR RER S SRy AN RRE ol
enbodnplexsts, the polynucleotlde sequence i s integrated
bpto a chronnsone of the host cell. In sone

enbodi nent s host is selected frombut not |jmted
to tRetape 6L?EFY ‘Ebf% PEPATing CQH"'Ygreéﬂb‘i?ﬂPf‘F‘\/fé""b%t‘b?r togpout

cel | 80 ca@foamoﬁ\@gﬁéfbx’dﬁy lﬂaﬁ:taﬁédt 8lto £b0ht 39 carbbil AGRY) ERHSs decene,

f || st f d
oot SEeg R ROt e g PRI B oot PPlefns mere
t 0 t prefegblydpncabost 1919 shgucX0 cE@olhaoms Rieferaity 1-pRfincwhich are
Bgnt Qgcﬁcn%p/n a4 {f@ha%‘ Qtf h§ Q')I!‘h nﬁ@n?&r a e%lecﬁl% we?%st 1%1 tﬂeq'gnge

Yarrow a IpO tica Tri choder
r ees&904, 50|°r?r BT eRipB e driith gwles% Wieights in B Fapegefe00-2,000

cu: tb@uﬁﬁnér@pn@feﬁ@&j'%ﬂéﬁﬁﬁk dl;ﬂ\g|o%éﬂﬁfob@a:r§éarﬁ*89ﬂh§tﬁé+ﬁﬁﬁcrackmg
Sel ec rom e (0] e consil s
o CPrRaal Vi ORer, sk Plebires SRS S MO0 atbon soms

yeastin lexthr Aadther bmmwwsfslphmbmssasq etk @&evth ﬁrﬁdas:owhxch gives
‘?seneev%np\?rgl&eg?a%o% ol«{fn? Ahl%ﬁl‘é s%grce off oltleé'tng &b gl'l%ryamerw III ¢ alpha
het er ol ogous ~or Ve nuci co B

pol yp‘e@tslod@ ap ARfYrenriatg Ch‘ebférsmh@g 6193'%6 knovert Zlvzéuweielyw lpternal

aci dojefi Qe e@gly%b% BPhY | Q@ﬁgﬂngﬁ‘on of QI{SEJ HIBES obd} a su:table
conbi nation Wt native DXP way (for exanp

expr ERalyshychygs sassg *’aﬁaw?‘aq I-glgfing fme‘(ﬁvcsv e 4d PSRy theae
the native DXP pathway). Altengatively the entire DXP
pat hway (Figure 15) naybe expressed on a plasmd or
integrated on the chronosone as an operon, with a
single pronoter controlling expression, or pronoters
of varying strengths (exanple A 1.20, d 1.5, or d
1.6) controlling one or nore of the individual genes.
In sonme enbodi nents, the host cell further conprises
one or nore nucleic acids encoding an | D pol ypeptide
and a DXS pol ypeptide, while in sone preferred

enbodi nents, one vector encodes the isoprene synthase
vari ant, the IDIponpeptlde and the DXS polypeptlde

. 1. . o o



the group consisting of: an MEA variant (SEQ I D NO
122), an MV variant (SEQ ID NO 124), an MWS vari ant
WO 3BQP1BDSNO. 126), an MIE variant (SEQ | D NO REBYS20a91041631
M\V variant (SEQ ID NO 130). In another enbodi nent,
the variant is selected fromthe group consisting of:
a TRC (-3) variant (SEQ ID NO 136), a TRC (-4)
variant (SEQ ID NO 138), a TRC (-5) variant (SEQ ID
NO. Jn%gglals e I(%;ném@l)g ré&di l'y %ffgxlal(le.Slz::Qi ix@a\hlghe% 8fr aABGrakle

- vari ant I n ano

e rrboé?’ﬁ’éﬁ pf the lgpetly afrtbealﬁ?'e%ar %fﬂm* t‘%ﬁafPﬁuany Qthepwrpolymer in

t r eNubripoLHIve SO MRS SYHEMB SRy GISE6 dripidyey. 146) . In

anot her enbodi nent, the variant is a MET variant of P.
trichocharpa i soprene synthase (SEQ ID NO 148). In

afot ReirabkepbiyolefinsTor, prépagng/@polgmnér (O enpblysbﬁnmmpdﬁngmbﬂ 41to

0 G R AT AR LA 5 i

|_70Q(Mm© m pROTS6 At 54ppg(mol xamplegaisiese g¢ vligomers of
F120 l:lhylgﬂezgl%uteﬁé- Yr@}(ldm ?s%&ltene%@ Zﬂrmﬁ%@?ﬁmﬁ?&?@mne, hexene,
F280L, " N297K E323K, A328T, D342E
A359Y°‘e'1%36‘6?€ de@BBS’B °°B‘§WM“@%§B’1‘"31‘3291‘B 8f ‘hF(ﬁl%’NCr being
Hg40 Bescﬁ%ﬂie,formmyl 44}9Vden%r&9§lvxl’659&€,grdﬁﬁ higypropenes and
G075, 2 o, P32, b :
erbodlstERPre i rEsgirognount oD BBREPPrac Ry
L7ORoksgsDkssbut¢m$ aowebtaitableafootamplecarbodingRE-At X2 ¥04.i ant

co t

e beyrignt %U‘*L"m{* oL B8 Shlbrerti LBk e e
L70Q0®4wsmmsw ki for expmple, MkBUgsPA gty Ingegmother alpha olefins.

3396 &h-[f"éxalxble Wiﬁ?’gr@ Beschited (-0 8260k NK%W9K@QQE& is herein

V79L/ S509N, 75VI S257A D A4

T71PICRPARIEE 6 (55%8 ko %g'ﬁe of g glinoRsFaRIY8 32K,

S119 Bét&nving B AebBMéntiaatmiiety debiAifeatibmclasiodibp@aphy.

enbodi nent, the pol ynucl eoti de sequence is contai ned

within a plasm d. In another enbodi nent, the

pol yiibedopoyingezable gelpglcfon the is macted vathélk unpatwated mono- or di-
Br Y @mgﬁc xgzctatnhﬁ'e B&%’\erg %nlu;ﬁlsxlng a ﬂﬁﬁtr Qxﬁé;un?@it@zdtm solefin,

host "1's selected fromt roup consisting o
g r am ge%lhx'w\fieprw&ngrhumleneeﬁfobw'egertﬁlﬁwﬁé@ﬁtT}w AobEtea R be

cel | gomdpolydBRREHES p&yxe@ﬁlyl&e bd Well zarasboy)emst of Q&k InBre shéh
anot he odi ment

o ouBERBRTGS F VeSS BTG Mprap<nt 2usat. A S ekiteng e
sp (P. citrea), Bacillus sp. (B. subtilis), Yarrow a

e polyd gn%?h?éﬁg&é‘x) us¥zﬁlgq% i ‘?r??ﬁoﬂﬁ &1; quh SEGE %h)on atoQ:s,

another I'S cu tured

medi gthoughmeferebln g t@Q?ecwbonm@w peckmere peedaratdy froro nwuhb? to

gr oUphoRPIBicabbdo@d 9l ucose, glycerol, glycerine,

di hydroxyacet one, yeast extract, biomass, nol asses,
sucrose, and oil. In another enbodi ment, the host cel

f urt bidte BORIPK nSREuldR »\htghecnah@ QQ:JdSO Frepanathe V@onuﬁisa'r the present
g§ ﬁgmtvenvng)rq arg gfneera(l:ly gaéxt Ose %f‘g & vx?]ué?mo B%/ée%%o ﬁh gétemogucu 19 us
opt i orights,yndividuaberpplyietn rorleamies Fesulting \nnatgmeeallmxmpata Imiveyre of
I'n apeh h\%fec@ﬂ%ﬁﬂhmaikyi El'@uﬂggf’@arﬁﬁé xlnolfew‘le;r% %hp Q@rﬁ\ &uc"es

one or nmore nuclei c acids _encoding

and & PRI PYIMARSHET 't?é‘“bpﬁfeéﬁ'?b‘ieﬁ@Fs %fr?B'da‘FH@H?“ Wt“H’é pw@g«ted
cell conprises one vector enceging the isoprene

synt hase variant, the ID pol ypeptide, and the DXS

pol ypepti de. In another enbodi nent, the host cel
further conprises a heterol ogous nucleic acid encodi ng
an MVA pat hway pol ypepti de sel ected fromthe group
consi sting of an MVA pat hway pol ypeptide from
Saccharonyces cerevisia and Enterococcus faecalis. In
anot her enbodi nent, the host cell further conprises
one or nore nucleic acids encodi ng an WA pat hway

pol ypepti de and a DXS pol ypepti de and wherein one
vect or encodes the isoprene synthase variant, the WA



[0038] Figure 18 provides the nucl eoti de sequence (SEQ

ID NO 119) of plasmd pbDu27 . [0039] Figure 19
w@e@9i1a2s0 t he am no aci d sequence (SEQ | D NO RCODYSWNI/041631

full length P. alba IspS in pET24a. Underli ned

resi dues indicate the | ocations of N-term nal

truncations in IspSin plasmds pDu39 through pDu43.

[ 0040] Figure 20 provides the nucl eotide sequence (SEQ

ID NO 121) of plasmd P. al ba pET24a. [0041] Figure 2

1 shows purified IspS displays a | ower npol ecul ar

wei giike cogelymers of thppresspSpyentioniysg 3n3veragq 4sgus pf aslxgpfrigatipp of

shows oi éryz@@r' frefeRbly ifdeSabbid @ Nttd ﬁHoﬁdZObéhdl'ﬁﬂﬁSprcfcrably from about

spect Lo n%at)é [0043] Figure 23 provides maps of pDu40,

pDu4l; 42 0% nd pDu43 harboring Nterm nal truncations
- of P. aI ba IspS. [0044] Figure 24 provides a nmap of

Pdu3 | ba MEA untagged (in strain

?°)1731;i‘Q ")f°683’gr‘g@m§r“é’§25 provi des the am no acid

seq u@tmmes@eenyentmv@plom@)lea@fon@ marodefia gompamad whigh isant

of Pcop@ly%n{a%ﬂ%dhrlh&%%ers[o@@?@d '@ oY Esesel%@e@frﬁﬂ i §foup

t he nucl eoti de sequence (SEQ 23) of plasmd

pDu3PnsissAT] Fi gure 27 provi des the am no acid

sequence (SEQ I D NGO 124) of truncat ed "MSV' vari ant

nucI ng? i &ngeqﬁ'@ﬁgg (%%%9 ‘9 ‘?"e ‘h‘g‘rl%éﬁ%ggﬁ[ﬂﬁ‘f“yl

( pET24a- Rpénd)diglvideiningror dg@edyxbsu{uaow]s ufdubstitieed? 8nd containing

provi des ] ' (SEQ ID NG 126) of

t runcat eéfq%%m '\r}gé’?‘%"ﬁ?‘) %mglgggtgl spS in pDu43. [0050]

Fi gure 30 provides the nucl eoti de sequence (SEQ I D NO
327) s@fabRn56héls RASthe RINER AR JinyR bt iMaRy) uﬂ&@%&@l)he alkyl

[005 rovi des the am no aci nce SEQ
wi‘z%sfr 3 ?utﬂﬁﬁ?%’a&‘@&af bRArEoms At f"zﬁﬁuﬂgﬁ fﬂgﬂ(f%dpe
| n pauﬂ&ny[fﬁﬂﬁﬂgubﬁhgmrsesuaﬁasmywxﬂ emiiid) exantymne@bﬂ diexy.

?Sg_l'll_ p'j__;(s%Eb ae(Méx) ylﬁ%l"l%g)ethgl ‘SUPY] ?385%])1?)@“] mgl etheé ésobutyl vinyl

pr ov¢tugs2 -tthdheor viayl attlmdmelqmemr @SEQ/lIVDywer1®®ﬁe@f vinyl
b UNERLretl i MYV amdno) @R JinliSher, dgméQar[uq Vi

pPow es {ne nlj’c “é’%t |}gemgeque%(r:ael l Qj?\loly1 ,l,i@%& s
pl as%ﬁomaélneﬁwz%ep al ba( M\V) Unt agged) [0055]

Fi gure 35 provides maps of MD09-161 and MD09- 163,

i a3 san i NG aaTa el AR bR PR

132) of Pnonal @ainchﬁA(yﬂ)c'ﬁEWofﬁiommgt?:l@&boqt 0O &afhonfakapnsrvehere

3 B asr R R o Akt FRAIERATo R I o hedid™) |
underlined, TEV protease site is bold. [0058] Figure
38 pAQMhéﬂ@ﬁaub BEmaIBne @ﬁh}g@engsam &&EeQaAch,l\@o 134)

f P b + 0059]
or oviN Bl Brrideh R b en AU UECs PR ooyl

pl asmidd, MBOS-dird& iy l¢rpibdedidd adryl ak, isetHylaminoEhy! acﬁ,ﬂlﬁl is

Hgdeﬁ]b \Agl%qmoel;ﬁ%{n%h% Ptseeac?)hgn%dé %’nep\a lam[dg%qg e)gacg?famnde,

8se ACUI VI T
VDO 9N4ogtylacz|gimide, MAY tdqbt(tmyylawm@w c!.o@écylm@hcwaun@wé of-
I SOpP§&dac: gﬁmm@s@m{,gvoog 173). Reactions were run at 30
OC for 15 mnutes in a solution containing 100 nv
Tris, 100 MM NaC, 50 M Mg 2, 5 nM DVAPP, and
2.5-4.5 ng isoprene synt hase-pm- t he supernat ant of
whol e cell lysate. [0061] Figure 4 1 shows graphs
denonstrating Rate/[E] vs. [DVMAPP]. X s represent
MD09- 173, circles represent MD09-167, di anonds
represent MD09- 165 and squares represent full |ength
| spS. [0062] Figure 42 shows a graph show ng |soprene
synthase activity vs. [DVMAPP]. X' s represent data
generated with MD09-173 truncated i soprene synt hase.
Circles represent data generated with MD09-167
I soprene synt hase. Di anonds represent data generated
W|th I\/D09 165 |soprene synt hase Squares represent

o, o o o, o o s o



[0097] Figure 77 provides a map of plasmd

PMAL- CAX- Kudzu. [0098] Figure 78 provides the
woewbassde sequence (SEQ I D NO 157) of pl asnP@r/us2009/041631

PMALCAX- Kudzu. [0099] Figure 79 provides naps of

pl asm ds pET24 P. trenul oi des pET24a and P.

trichocharpa pET24a. [0100] Figure 80 provides the

anino acid sequence (SEQ ID NO 158) of P. tremul oi des

I spS Mﬁ&' ShRE Rt ic al;@sl&lfilonabgwﬁo §bo]at 8 carbon

prOV| es t e nucl eot1 de sequence (S

pl asnm d POMsi enul oi des pET24a. [0102] Flgure 82

provides t he anino aci d sequence (SEQ ID NO 160) of

P. trichoch IspS in P. tr|c 0C Ol 3
oo o DS RAED Pode enrs n AR ER RE el B
161) of phstyilidadids dfifiomhbehdngaboptBi@dan apthiGd¢h dsiNgur e
84 provi fae N
F0105]  FioguuBRd NOAAES o R hinc Bl M iy
| D NO 16®fhylscetragpds, vamyérhlretlnlvaptbtamml paEyiSmethylpypi@amide
[0106] FigyNeiRfrbsihahiies t he nucl eotide sequence (SEQ
ID NO 163) of "‘pbu30. [0107] Figure 87 provides the
am no acid sequence (SEQ ID NO 164) of |spS variant
Pot r el Ran pEhzR @u&sﬁtn&%&lg&:n@dﬁﬁl@ﬁ]ng fhet@toty:1i8 Sonfioivd; A@Gther

[ 00100]  MRIBPLTBEHSTOT S TEROxRE N A sl Rpdvoeen
( I:S)uEs(?ZI D[ N@ganms_)1et@rbc>|le;p@clvasm-am/luglﬁwlecﬁiﬁm:mfmﬁﬁ)daizo‘le,

: ' . e nucl eoti de
gequence RS 'Jf)C$¥lI{(\5IEZJr?c a?%%‘) "%}Qag‘%ﬁ“?z. "[0110] Figure 9 1
provides the three-dimensional structure of P.

tj5 enysh ol C&eﬁa& SRS -8B InR8siAg sHol to 4@@@5&. aﬁmh&%r biNeAdEdnk

gray, chaip IS in e

magnesi u rﬁ°|y8ﬁf’f EAmRYIsinR ?’8‘3%9‘56 ¥‘? ‘3’8“‘9 6{; gar g‘é‘.‘ 9”&??(“1 Bving 2
[0111] Fitgmimal &ﬁolpmexvzaﬁllegroap xhofseh of/d eyl Ofinstibiene or alkyl
:Lg\l;l\;t ;; evén%?ndcnﬁ tgrou? or mlq ulg] giléere%Pgrovﬁgg m”ﬁﬁ@%éﬁn emplo%ed is not
C-term nahessaapes thﬂdllc@atnexdoyep 01@AP; Fi gure 93 shows the
spructural alignnents betmeen (A deS and LS, (B)

BdpS and poplar |sp (© LS and poplar IspS, and

TEAS and %B?ﬂ °a’r‘°’F§‘|E?S°mP"h5°é8‘dﬁ 2 to0catbpp at1"‘i“is Frefe WXJ&?’H P‘@ut
s in I'ightaguayw @ﬂﬁn bl s SOEHR dedefe, dbUetkRE oc@l@Yne and

Di val ent cat i )

B RSN GR S, TaR R e e b 9.
BdpS and vilg:h aRaaiwl knbws iscilgha bleGnd\witle numbeahverago potptuldrs
'g?a;' gg;nvgfg%é ié‘ﬂug Eg?f;{tr %ﬂgh{%%lto L\%ﬁfssﬁfare%qaéréd%%f K
st r uct ur arglseulsbweipisgmike rmfg@ﬁﬁ?m Eboy | &2 tg sboyh#fdeing more

Nt em nalpdraRa. 1 cREHPpR, éxgﬁu&cm auamamlmpme ktRFmd 8BKing of

(light g&ﬁ{ﬁ,are structurall zé ent. Panel A shows

the N-te WA Y s AP IgYsdePensT © plgfins '?“g&ﬁfamE‘B‘d}S Sto
S Ollﬁboﬁagw‘rmngxﬁ)n&hﬁ)WEgth hrenol¥ei sooico af alphaepfiad is thd

i ght gr S dark ar re

301 Sct ur T¥bnEREuRIRecRls JsHR A eS8l b8 rPsimpAnginer
| oop and Splme}f oRfighiehg the dperikatndf dlptgldfins §\@t di6dppropriate
Fi gure 9¢,aRQWechlal ﬁwe'\l?e“‘f(mm leéngE’(a@/tt thieha &1k fe easﬂy
gray) andbgoplar | spS (dar y) are structural

di ver gentebtaipssy ‘hivsem\’/@"qw a'nbat e?frﬂs Ot a|swa'°§ﬁ*alymvr@| as
B shows Loop | and Loop Il. Leop | is disordered in
TEAS. GENERAL DESCRI PTI ON OF THE | NVENTI ON [0117] The
present invention provides nmethods and conpositions
conprising at |east one isoprene synthase enzyne with
i mproved catalytic activity and/or solubility. In
particul ar, the present invention provides variant

pl ant isoprene synthases for increased isoprene
production in mcrobial host cells. Biosynthetically
produced i soprene of the present invention finds use
in the manufacture of rubber and el astonmers. [0118]
Unless othermnse |nd|cated the practlce of the

e o, . N o



solubility; Kmand/or specific activity of the
conversion of DVMAPP to isoprene in vitro; Km and/or
WG p@ei183260 activity of the conversion of DVAPP POI/US2009/041631
isoprene in vivo in the context of a host organi sm
(e.g., E. coli); and expression of enzyme(s) of the
DXP pat hway and/or the MVA pat hway. Indeed, it is
contenpl ated that enzymes having various degrees of

St aDi 11 3415 Ot Mot ol ., SR eERE B8 il r

| evel in one conditions w | use
in the prce@mtmillmwﬁléx gypilabepand dpcapse theyefferdesirgble hglance of

term " genge'iengef Sffike xme@um 1y4hd @le@Bfubifly of heTerpol FmdPA
segnent) that encodes a %%fﬁ tide and .incl udes

regi ons pr PG HIF RS 85 FRESTYEY regions as
wel | as interveni ng sequences (introns) between

i ndi yi dual nts (exons). [0130] As used
here|¥)npa""h""mﬂ'1 {ﬁwSZﬁ refers to a pair of genes

f r onrCelpofl frear eqactamlﬁu):mam Quabxbayedrfe)haw@wnswe pictheds witichodne

cor r gspaiadl i fe &2 DR NG AL BohbRUHiAHe Rlclosed in

very sim to eac he term enconmpasses genes
t hat tharfelosve}gma'aetéde %&q'ewwr{tﬁd by refefepge: Harrisonetal,,
devet)cso RREH Nof 5, R2\29 8RB al &).9. Patei Nd) 62840165 agenes) ,

I enes.that. h en separated by genetic
duprg%ﬂ?? Hg Q%;PmaﬁgPaé%g&gg genes). [0131] As used
her ei n, ortholog and "orthol ogous genes" refer to
gene £ e t

th Ang ﬁ%bgsdt lgérf QE th§ Erg%;n 1§vc§1p i th$%é?l&8¥rqgac?aqt is ;:J %zﬁkmyl
s p ec Mwu@ Anhygtygs terapllyywer Ea'hqsmrp@yslerse‘t%nompmé ofig fgast one of
fYNC b icliih) B%) el GesBd R&eiRf evol ution.
Identification of orthologs finds use in the reliable
predi ction of gene function in newy sequenced
g en Oﬂl’ﬂﬁcallﬂf (QHc32dpoldets SEthishBreRtidn contfia bElkRgoneaftlomer from each

" t ted.b
B T A e e
t he saden fepebiricor alterotightetpebmesvr Bleckatrpelymkrstandean be

ra ' h
i b w?ﬁ‘z%%.ﬁﬂt*%a@?'ﬁ*sp@iﬁébéi o
As ubey aenlbpaicentapbofisprriymery whielh aye eampoangipf mepomers () and (b)
si m larﬁlﬁh&n)ﬁm@trs @) d&n(tc» tcwmpmma) ge mohwrbbﬁmgma Bﬁés&i‘r fredof

Knovt SORGE AP of SAtHer e Siae B s

Appl atulg, pref2abhBdaleit 9B ydridde Ecthgonem (Bntle ViilRES br palyoldbih, is

ol [ i n d
25 VS e e e S N S T
FASTAlcfingpatainmadiom abeut IRdo V§ echongiomsGenet i cs Sof t war e
Package, GCenetics Conputer G oup, Mdison, W; and
Devereux et al., Nucl Acid Res, 12:387-395, 1984).

[ 0134%e dggreg g@iﬂ"%f'éﬁ‘ﬁn obthe terprlymGEs GarR vaseeiise pwide range.one -
wher Picferablyethé ufgeetelompolwﬁaemﬁmgem@n hsou_ez; foeibuta bl gérm]
?me a%l 1i-11¢:x(';‘\d eeo Seq'l otlon cre tﬁel S! Fxr ente s%nt Ao
SRy ad e RRE AR uhSealtiF the sRERF SRR EP b S0e
gene@uwnesude at | east 45% 50% 55% 60% 65% 70%
75% 80% 85% 90% 95% 97% 98% 99% or 100%
sequence identity with the sequence of the kudzu

i soprene synthase. In additional enbodinents nore than
one of the above properties applies to the sequence.
Anal ogous sequences are determ ned by known nethods of
sequence alignment. A commonly used alignnent nethod

i s BLAST, although as indicated above and bel ow, there
are other nethods that also find use in aligning
sequences. [0135] One exanple of a useful algorithmis
PI LEUP. PILEUP creates a nmultiple sequence alignnent
froma group of rel ated sequences using progressive,
pair-wi se alignnments. It can also plot a tree show ng
the clustering relationships used to create the
allgnnent PILEUP uses a S|an|f|cat|on of the

o ~ - a1




honol ogous DNA sequence. Not to be limted by any
theory, a stuffer sequence provides a noncritica

wao 200gas226@r a cell to initiate DNA uptake. [ 014B(T/BS2009/041631
used herein, the terns "anplification"” and "gene
anplification" refer to a process by which specific
DNA sequences are di sproportionately replicated such
that the anplified gene becones present in a higher

copy TM@R%mEmﬂo:V\@éoddﬂé@d ift Itile)brd?&f%t? @m sultaﬂ)lé e rgﬁﬁpﬂﬁmtor
In sone enbodi nents, selection of by growth in

t he Brasplasobsuiible pelymizptiondnitiators ae r?ﬁ’Pb‘F? Eﬂ‘“R?f‘“daﬁUCh as

i nthlh bhb\ﬁwp@rpﬁféla}étfﬁ)tbtftﬁfpb!ﬂné&edaﬁoa‘ieh &naimhpefax@afemeat@f
el er

us en enc the gene product
FeqUir i PR GP A A AL PP LS OGPV e JPeEh by
anspl pérowatcammmﬁndelmgemmyls:cérbnm or dzn pmpoumisq:mem:mesz
enc Odaté‘)qs }o llltg o&%!&e’l‘per Rt%lt]&g m %ealggé ah ne[oQ;sIA'?lJuxturc \ivn one
re pI profter. @ndquomwwg ntae n!p¢ bft}EeSS‘Eie’?fPﬁeTabth the injtiator & atpgroxide

be ¢ %s rn%toe@ é""di(hbﬁﬂ?gé&@&‘d Iixl:xﬁn}l §&9Juaé & az@@ ¢ BRhAN
(i. [icationt dependent bhut not

depeﬁa eﬁ?bwlﬁ'*es‘pswnvlﬁtemt %rﬁimff elpr P'?%?ﬁ'ﬁ!% B'g I-olefin copolymers
pe|Ch1§I foi dxympls, daskiBedin £AS. PGUNGNBI60,4510d 4,040,916 hetdby
replication oper
ol y ERPeraEd b BisarEh e SRy heboGp AR ol g s o prepre
deox termiohmeys. Bqnbmtf:mmltqdesc‘%crpmtee' o p‘em:dtcrri;.ci ty is
frequently descri bed in terms of "target" specificity.
Target sequences are "targets"” in the sense that they
are §em>@mer {ip whereingrseed elgfin BeprioptdHa the mignctian gande prgpared
ABD! irf thCakk Aandee eWdbOIVERE: (TRMAcHIe e citiRabaBRd primarily
for this sorting out. [0148] As used herein, the term
"co-anplification" refers to the |ntroduct|on into a
sing_gmgﬁﬁiﬁgf an anplifiable mar ker in conjunction
Vr\rnotr glng%’gt %r ee 0o 1m§xﬁ%&’l %%?en fnv nubng‘flt 3!%%%:{&1&&% 1sda
Wi t higpolymeeohtaingd by mctmdt)cat kasamd: mcmeetbﬂmwaummsemrmﬂ Ci-Cxe
aspr %aac%gxyﬁeka&w fer m&g&@g S, U AR J&?d H%nde or ester

fles | e marker and t
non derepfand gy at lgﬁh@wemm@sble PRy ﬁﬁ?ﬁ"ﬁ?‘%ﬂf F\\ele%} glgfin
may helefsoif fapdnk of bkeshched 1LOFInQIf B 286112 (SAJUEIDGESon

or alternat.ive V\Dse ara 0]
o ont HP R A PR TP REDT Loy REERCHo T PN to Sbou
cont &k00j angd hivieg aremisat kgotyatelieabheprduprin thefyrmio€a vinyl, vinylidene

e A TR < Lo o

and anpllflcatlon vector" refer to a gene or a vector
encodi ng a gene, which permts the anplification of

t hat gene under appropriate growmh conditions. [0150]
"Tenpl ate specificity” is achieved in nost
anplification techniques by the choice of enzyne.
Anplification enzynes are enzynes that, under
conditions they are used, will process only specific
sequences of nucleic acid in a heterogeneous m xture
of nucleic acid. For exanple, in the case of Qb
replicase, MDV-1 RNA is the specific tenplate for the
replicase (See e.g., Kacian et al, Proc Natl Acad Sc
USA 69: 3038, 1972) and ot her .psicl ei ¢ acids are not
replicated by this anplification enzynme. Simlarly, in
the case of T7 RNA polynerase, this anplification
enzyne has a stringent specificity for its own
pronoters (See, Chanberlin et al, Nature 228: 227,
1970). In the case of T4 DNA |igase, the enzyme w |l
notligate the two oligonucl eotides or pol ynucl eoti des,
where there is a m snmatch between the oligonucl eotide
or pol ynucl eoti de substrate and the tenplate at the
ligation junction (See, Wi and Wl | ace, Genom cs

4 560 1989) Finally, Taq and Pfu pol ynerases, by

Y a1



[0161] As used herein, the terns "restriction

endonucl eases" and "restriction enzynes" refer to
whawbasi2zad enzynmes, each of which cut doubl e- SPCHIS®A/041631

DNA at or near a specific nucleotide sequence. [0162]

A "restriction site"” refers to a nucl eoti de sequence

recogni zed and cl eaved by a given restriction

endonuclease and is frequently the site for insertion

of s r@tg%?% %'rjné}s Qﬁﬁé ;?rk@nlqm%nMr R bB' B&ictin a

i nvention restr lon sites are en neered into t

sel edtactee" highiralecalitiveight glefn ingyfichs %magpo&fontorﬁénsmtm at
ConSfehd ahout 109383 thbaIkpSAGideRS @hfigurdtids, dEr m

"chronosonmal integration® refgrs to the process

wher eby an incom ng sequence IS introduced into the
chronosone of a host cell. TRHe honol ogous regi ons of
the transform ng DNA align h honol ogous regi ons of
the chronbsone. Subsequent}y, t sequence between the
honol ogy boxes is replac by the gycom ng sequence in

a.doubl e grossover (i.e., hanmol ogou c.onbj
5 SRS b St i ol o At S BRER Ghov eneth o give
honoihe gasulan@ea!bétmamabdﬁy @nutirioa g ioAldinid g1 hm)npgeaemlty has at
S eg nFQstt at%ut $b car¥on %8[!1:? tp{tﬁ’grgbl 2l Il% a%t}l QO% rgon atoms 5] Qg isa
ogous Tegl ons genous ¢
r egl towerdtk hféfr@s ebvat | ohabeut éhtrqumwmserb%qu@\w kajdic
the b@gugﬁﬂﬁyﬁe&h&9ﬂ9§@@ﬁhm£%9&@9 is deleted by the
DNA construct in a oub e crossover (i.e., honologous
H@conblnatlon) [0164] "Honol ogous reconbi nati on™ neans
t he wpa&aaytgre daf)olQM ﬁrddagmegulﬁmbzeg\w@arkpm dablfuccinic groups
nolec les ,% ﬁg?soqes Fﬁ thetsrte of :
i dentl°CAT oY e ree ° CHRlc1 E&FEE sequences. In
a preferred enbodlnent chronobsomal integration is
hono as
OO RIS REAIIRH Oy ERID TSR RV EOGRE
dequbredahavi ng 100% 999@ 98% 97% 96% 95% 94%
93% 92% 91% 90% ,88%w85% »80% 75% \or 70%
sequence identity t/o anof her uclelc acig or
pol ypepti de sequente oskeq optCﬂabI zang ed for
conparison. In so enbodlnedts ogous sequences
have between 859% —while in
ot her enbodi ments {here is betmeenl90°oa d 100%
sequence identity, \and in nore preferfed/enbodi nents,
there is 9596and 1 Qbsequence identity./ [0165] As
used herein "amno acid" refers to peptitle or protein

seq uen&aa »\oandop hfcl xmenht}ﬁl&%&&ted% thE€EB8p cd%gtnglom on --0-

pe tide" are. us i, n erchan
 DTBu] T iR et O oot Tiotie ooy s e, e Sretry
r ef egrsatérpand RoSRY Rj zmddm arg @élgmﬁp‘tohd@dtogat, al@lsaleﬁ‘ fromtabout 1 to
@t g§b§lxllo&é) (_():8%8#&0 g ah(l;h ljnm?l (ax?ar Welfht r%)gnﬁale Sherem clzllhgr F}, an% R2
synt draxdsogen mdsmpref Rrvdnd Ris rrdowes alkrlHevnge fiew abm beh a’vguttéhe

Pr ot 8irdds aRiR aflfht! Btﬂlarl iy hr%?ﬁb‘ludld? g/cgﬁ%ﬁnalkw bt 1€, dnfl RSJQ:]E er
enbodi nent s nut at ed or heti c_genés are used

[ 016"pirogen apdepe ﬁfe‘t'e‘f’?\ Rz rfarfbr'bu aag%frfat ahaye 1 jodrcarhen pigms
a praﬂamnmarmmqky@ﬂ@Mhdemgabbwﬂkpr natural Iy occurring
inacell. In preferred enbodi nents, the cell is a

G amnegative cell, while in.pgrticularly preferred
enbodi nents the cell is an Escherichia host cell

[0168] An enzyne is "overexpressed" in a host cell if
the enzyne is expressed.in the cell at a higher |evel
that the level at which it is expressed in a
corresponding wild-type cell. [0169] The terns
"protein" and "pol ypepti de" are used

i nterchangeability herein. The 3- letter code for

am no acids as defined in conformty with the

| UPAC-1 UB Joi nt Conmi ssion on Biochem cal Nonencl ature
(JCBN) |s used through out thrs drsclosure It is also

e




desired to make a nutation (deletion, insertion or

substitution) of one or nore amno acids in the
wep@modatsenzyme. The sequences flanking this ppCHUSENE041631

eval uated for the presence of restriction sites for

repl acing a short segnent of the gene with an

ol i gonucl eoti de pool which when expressed will encode

various nmutants. Such restriction sites are preferably

uni que sites within the protein gene so as to

facilitate the replacenent of the gene segnent.

Howe Cepglyraeryii)ooantenltendting dddck, e tandem.si t e that i s not

overly redundant in the enzyme gene nay be used,

provi ded the gene fragnents generated by restriction

di gesn » peferedenthodimeas Wherohalelc anhygrido rusedasqeoncant, the

r 85t hdabidnPRodides eSpoRnrd WldoRiBREr tl@tfolto%%tfbma'w thin

a conveni ent distance fromthe 'selected point (from 10

to 15 nucl eoti des), /such sk;es are genervated by

substituting nucl edti fes_ Yene in quch a fashion

that neither the rgading\fra nor |the |
' ' cgnstruction.
Miutati on of the gephe in order to change ils sequence
to conformto the gesired sequence g s gcconplished by
ML3 prinmer extensign in accord with geneyally known -
met hods. The task oRk | ocating suitable f/]anking
regions and eval uating the needed changes to arrive at
two ®ereiemiieiam pkogt T lo@bpus A0 preferablfinsmesyt 3 to ahewt| 20, more
rout bRE:BY tdReatoBUB BT Y0, 8hd R NR,, 86 B&E R CarCQ[Bted Rom

restrictiol enz%ne map of the gene and the Ia[qﬁ
numb&Ydregen.deyer afxiaf fiorabpyt d i BhoutdAheR stomsgpdhighspmolegular
a gcowg'gmi perymk%il andetin giufeeat dd ®; @y Sroged ah® ort\6TR}; Y I_et,ish

t he abagv t hod. need be used_ on in connection wt
the TRarTE PRraRARRE BBt  RponA i e Sl nith

[ 018 ipleGzeveighepahmikyt e RiyandBcare hydnggeiDbtdl cnpdf Birand R, is lower
synt [ L . . hwetion sites
flangﬁﬁég? e B%éf@%@ﬁ@gﬁngguﬁﬁéﬁ%% ?are di gested with
the cognate restriction enzynmes and a plurality of end
8T MPRIerdbHMIE BIER HoRkWarbdi g PIFAIBO blodShAABRAY Afest R Grbon
ligated into gpe gene. The nut%%ene3|s is sinplified

by t APDS (RAHYEeRly 1 et ahout Hrcatbfp aignplgBisiserdiyeh melscwain
be sysighesiyaied g&ﬁzpﬁﬁacl_hdh ;fb@ﬂfbﬁth@r&i@ﬁ[ﬂ’rd’f&ﬁddrpb[ﬁsbmyl groups
sites nd no synthetic |inkers are necessary t

or eal 8 fo? Baf Rt Serp e bSERREr G R PonL hgiq avou
" cor F@9poerd prefyrably, from efoer W0 tmatautr2580. drudereet! Idveealkyl groups
gpu . '

20 TR RS SO SR Ph RO BEPEOR iRl ey
to an enunerated residue in a protein or peptide. As
usedahgrielisty pralerddQTROSTOIRE pb§BERRompri8IRE fdIybhteh&l &hidh are
to an aqglogous 03|tugn alonghrelated protelns or a
par ePEPFHEFY &Plymeriziionf isebutgne, hasgpolytytengsipee readilyavailable

" Con@inimadra4l imalcrinls val) emeai 16 thokeskfles inthe 478 DOSurésnhaMyif Gl

Lbrard rj.ant tartd se are :
32ncPo R B S pleC Py B s ™. [32090 SRR Sk e
or siavwpaiteditrafetenerorthesdisr!dsprgneizuibidoiybaentsset of
nmutations. In addition, the nmethods provide neans to
i ntroduce random nut ati ons, which were not nenbers of
the predefined set of nutations. In some enbodi nments,
the nmethods include those set?forth in U.S.

Application No. 09/699, 250, hereby incorporated by
reference. In alternative enbodi nents, conbinatori al
nmut agenesi s nmet hods enconpass comerci ally avail abl e
kits (e.g., QU KCHANGE Mul tisite mutagenesis kit,
Stratagene, San Diego, CA). [0184] As used herein, the
term"library of nutants" refers to a popul ati on of
cells which are identical in nost of their genone but

i ncl ude different honol ogues of one or nore genes.
Such libraries can be used, for exanple, to identify

e ~NA S




i nvention include but are not limted to hen egg white
| ysozynme (Sigma), T4 |ysozyne, reconbi nant

waoewosazaml i an, non-avi an | ysozyne ( READYLYSE(R@/PS$2009/041631
a fungal Iysozynme. [0196] As used herein, the term
"headspace" refers to the vapor/air m xture trapped
above a solid or liquid sanple in a seal ed vessel.
[0197] As used herein, the terms "high throughput

f t [
el PaRe b s b GRg e TTERElur gl BRLRE el o
en‘ooehhﬁmas jn thherpebynpt. @refapdblyntbe 1,$-disebsitutddantefid had a number
[ O 19 §Jera§@ IN? ? f:Oh Ia%u%(ﬁﬁo Ql?otuﬁfboo 8(511& éa?u‘i?i”mrﬁ%%mf’f 1 -disubstituted

nmposi tion | evel's are in referenc
| evelDlﬁ@*li istaH gt diguyptpwekplyispbutylspsy 8sh 85 Bethylyinglidgpe
excl gaiivsbulent.mpuri ties, for exanple, residua
sol vents or by-products, which may be present in
commerci ally avail abl e sources.[0199] Enzyne

conpPreiibly Metdpblymenidable palsmer mptiet ahigh aioleddl arﬂﬁ@@h@ b(ﬂyalkyl

Al 8rce rati. Qs are, cal.c
unl e8S Y RE e’?\%%grévcggr di cal%% nolegujar w%‘f"’@é’geﬁ'ﬁ hé”x'é\g\rﬁgm?eaﬂ' g
ar e weightledine gseth astbeiprepraratine of the a:lpolamnrp oéthb pesentinbagen are

9 heBt}MuﬁﬁlenREl-g% LR l%g%@lt}?ﬂhgr\ésgz ragT pl)%*y N;LO le i m and

[ 0200] I soprene nononer I s manuf acture

of peAMALlpMith eningrrd oijsa ficls ard 'é@b'@ﬂ Wéh%a"(WWﬁ!dene isomer of the
l SObh’iE;Ub@l%@ularb«%‘ig'ixdbl@ﬂ'}ﬁaonpr%& 8NBast HouP0REIT HERAQABRIS) -
To build s% 2 proraryotlc Qr eukaryotic % capabl e
of pfoam?&'r' & ﬁ#@?&}eg kpyv'wlgmeésorr@m"@naﬁrs 3} Keshr Ghnore
I equprefemablyfai iehdt 260%) aftheqbtalldidin@hpdsiiopat hway, either
A to isoprene or DXP to isoprene. A key enzyme in
e pathway is isoprene synthase (IspS), which
conv&chdightmolgsplacweiglo olebiirPeenerailsopnassef mblreulortiaying
s opaxﬁ@x%néwécnaﬁ@agm 3R3hn hAE @J] bt G2 bAoA 6 e85 ddiiFong

fron1p ants suc
vi nethe ghain ew@qﬁabé)b%ﬂaﬁaef @'F'?Ca yersﬁw@fboaswsaelpna qhs cham, and

subt bdrﬂw‘i:lar@ Ipfeferiel @fdLIBEre LS HBLEINE braRchiYePK e dAlatdinslafRPthe

0 be i i fi and t he natlve I spS activity
20 esBin, Pitee Franchet “reigehes Bt comtim oA BT CroAaenosprpared
pr oceste pljreerfzhiditof bie i of froynibeut B teatoinfd catboh atotha taad
g;a(vreerggfaglﬁ'%q %%AS%f {%}QQ%C £ a%m? 4 c?]rbtprﬁ:{tcgmsf ¥nd more preferably
par af'r@tl eropylede arfirobeylensz Mdthaveolmldeoleﬁmem@yeme

Vi tr Qonhiiyy ﬂgﬁﬁsf TIRG AN R IGY 517 of 'rl‘aw{%&{m 6 ukd Bfdoh Qtoms, more
gar anet ersfre‘ng?ﬁ?rate etc of the native | SpS enzynes

?e Pyt utfl 3¢ aboydrsrbep aomp prstrielerbliy msthyl sopr ene
in a blologlcal host. [0201] To solve this problem as
desc ressed
pact 0 gt i aRa P en s PRt 8 FE SEGrvinu Bens rogrer
a chaorgerefanatdy the optylvinylidene Rbre¢rest . Char acterization
of mﬁld-type and nutant |spS is acconplished via any
nmeans or "test" suitable and is preferably based on
the Hesacsininpretstrephighaplequias woighi aiefias ssst to Perapethe i es

of i cﬁwb&&ﬁ@& of A€ breskat IRWntiSH fe o2 lsdbh%é%I&QomMegﬁEés{rﬁmut

t enpgl, y e sta Illt‘ﬂﬁf % m val ueé intracel | ul ar
and Xt YAeEPPErers vinyidene jsgmer, prgterablycal jeag) apqysS0%pnd
spe cr'mSne prefeadbilywat foast aban A%k | Suirsblpldsobiitends ynclude poteqidparl
i nhi bitors including substragg or product inhibition.
Oxi dative and proteolytic stability are al so of
interest. Furthernore, activation or inhibition due to
nmetal ion effects and ionic strength i.s of interest.
These properties and paraneters can be assessed by the
conversion of DVAPP to isoprene in vitro with purified
or partially purified isoprene synthase or in vivo in
the context of a host organi smsuch as E. col
expressi ng the DXP pat hway, the MA pat hway, or both.
It is contenplated that enzynes havi ng vari ous degrees
of stablllty, solublllty, act|V|ty, and/ or expression

_____ o o o o o o N a



the cells contain both a heterol ogous nucleic acid

encodi ng an i soprene synthase pol ypeptide (e.g., a
wW@bk@nt13328@pr ene synt hase nucleic acid) and a de@l/USBNL041631

copy of an endogenous nucl eic acid encodi ng an

i soprene synt hase pol ypeptide. [0210] In sone

enbodi nents, at |east a portion of the cells maintain

the het er ol ogous i soprene synthase, DXS, 1D, and/or

WA BahIEaALEL S oAk 0F o 2) Btlfgsgmﬁsqyongh} 0. 20

c ont methlyinybidene isemer(cgomptiseas hrah paerniagiefitke toval ¢ompesition is
Wi t hgekkridh il isOPakent NBs. 395E 40RO 6igbss Of any of the
aspects of the invention, the nucleic acid conprising
t he het erol ogous or dupllcate copy of an endogenous

|soppaﬁanﬁum@mg§w%w¢»@g | DI, and/or MA pathmay
nucl sel ective mar

e BRIBT A0 comTeR T ol i PR L BRI pvPor Lo it o .
hygr okfig ard,an phdaswawdcacidjc rdcenniy merpresmeﬂ@facﬁ'e% radidal initiator. The
e OLATROG LA ARkl B Bl Gl TR SHABEEAICL AL 15! enl o

ary ype
Var i éusz $0Jophictnis hsrymvmgwerate@)kiss ref¢rdice manctﬁmetyl\/t/A

Qat hway pol ypepti des and nucl eic aci ds can be used in
t he conpositions and nethods of the invention. 0212]

As udBirerdipRMAY begpafurstsd 3t 4 mgeratpns Of thau's 306 1 pleayt 2 198G,
pr ot Biefesabl yrRR auaemooé t@@ﬂi&nwcofhepﬂw@ewolmsm@m inversely

17 sERpBTOBERtE st A cort iy diTp Bt ag e acian

| DI, capolyivieid, ip@tativeaiageos topeptoy deyer eadiopagnipenturasl | of a
second pol ypeptide (e.g., a peptide that facilitates
purification or detection of the fusion polypeptide,
such Thesreastipp may bghondycied seatehas st the high motepidarfwpighp plefin,
POl YRERE ledQark 8%t BOGEGhAiM Inttial ale\WOmBhed TR pk%ér B3, BP¥en

pol ypepti des (such as AA-CoA thiol ase and H
reduefﬁgé“B%W?ﬁébﬁpwggym In sonme enbodi ments,. the
pol ypeptide is a naturally- occurring polypeptlde(such

t al y t|d encoded Ent er ogcaccusf.aecal i s
30 AR iR B defiiof i O o R RES SRS PG b
MWA pmdnwatnop dleyqetptts delsfree iR Bihitiktor arasdlwilesand include acetone,
enmbo e, di ethdne a
T00. SR Alofua® HALKAG IR R, 4ETbe e 00U, dBkane,
aci dehlorpbenzeaenylenesoeri (hedlikesAfter Fhe resetiapie pammpikse. velaere nt
coNt @infonés hfa% sripped?d?O Whe|25solv":b9t lS émployddDit 1sjp5é?er|a@991ert to

ég or nore contlgugwg am no acids froma f

| y[bE perias s araqyds rmpdand is sperailigite 599 ey gt to
30% end(OefbREmMiIEDY 70% 80% 90% 95% or 100% of an
activity of a corresponding full-Iength pol ypeptide.
In particular enbodi nents the pol ypepti.de includes a
segndhemativelyrthq deectiommiay be conilusted drcd dflusegaveimasenioéralarilyas long
nat Ufahd dineRQ6d4mb d%gtalnscgpsrtnﬁﬁﬁts ﬁmttaeé@ wnl?%ﬁé freb Bkncanor
MVA pat hway pol ypeptide. I'n some, enbodi nents,

gbI yﬁfém‘?’ﬁ@‘%a"sgoﬁ‘f urgOMERHgS, ﬁtttoatdwaﬁsldé'eﬂﬂﬂsr ed to the
sequence of a wild-type (i.e., a sequence occurring in
nature) isoprene synthase, DXS, 1D, or MA pat hway
pol ypepti de. [0214] In sone enbodi nents, the
polypeptide is an isol ated pol ypeptide. As used
herein, an "isolated pol ypeptihge" is not part of a
Ilbrary of pol ypeptides, such as a library of 2, 5,

10, 20, 50 or nore different pol ypeptides and is
separated fromat | east one conponent with which it
occurs in nature. An isolated pol ypeptide can be
obt ai ned, for exanple, by expression of a reconbi nant
nucl ei ¢ acid encodi ng the pol ypeptide. [0215] In sone
enbodi nents, the pol ypeptide is a heterol ogous

pol ypepti de. By "heterol ogous pol ypeptide" is neant a
pol ypepti de whose ami no acid sequence is not identica
to that of another polypeptlde naturally expressed |n
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[0223] In sonme enbodi nents, the isoprene synthase

pol ypeptide or nucleic acid is fromthe famly
wo-amasere) the fam |y Salicaceae, or the fam | PCT/US2009/041631

Fagaceae. I n sone enbodi nents, the isoprene synthase

pol ypeptide or nucleic acid is a naturally- occurring

pol ypepti de or nucleic acid from Pueraria nontana

(kudzu) (Sharkey et al, Plant Physi ol ogy 137: 700-712,

2005?5(6%830!3 I\}ﬁf Fo&?)ﬂ; Pntna%f%? 3@8 de gﬁ#a‘ffl?&? . Such

as pemit{agucdne well mpmluutbe . émlemrdb@)horss pi/tege r@ftlcaélnmamB@ay
270( B&hiluehdd b eIl Ltion @Apara e ?Jd' sh Cak (Quercus

r obur) (%IﬁﬂE? et alo vmﬁ'??oz?gm whi ch are each
hereby incorporated by reference in their entireties,

part Wﬁdﬂraérlréﬂ ﬁUeIrﬁux&aEﬁnﬁ@Es aTreOthé Wmsapcsgbly&ﬁhaisanoﬁ Uﬁd:aﬁirﬁ
acids a pressi.on. O

ol S04 e P PETAOT m P ALY FELABG OF Rt infaii e
ar e readriohjifdesied. t 0, those identified by GenBank
Accessi on Nos. AY341431, AY316691, AY279379, AJ457070,
and AY182241, which are each hereby incorporated by

r ef eleamseoxide-tyfedice-ragival initintorean bponganicen ingrgapiajhe jarganic
16S PR&Anglit g%ﬁ&h\‘?&%ﬁ?a R, d(ﬁ??&ﬁ‘&@R;%Ys%z? Sr@nit! Hﬁlc@l‘ dnd Ry; is

aci ds and pol ypep n_sone enbodi nents,

i sopfedsgied §r9m4y$a&r@u&fepmw hydroggn g Weqr&awﬁcql qu%&z and

&ajt URRlchibe REMILTEiCNE, PrefeiaBs My érdarkon, daylpirﬁlaeylaaahddlsfwaﬁ%g
erc i sopre nt has

o nidrurd Mptyer S s B i DG rRALEopor ypLE Fhen G

nucl pirexidec diduragl iperoxitiéyamd di-tevadmiyl akoyidoccur ri ng

Rol ypeptide or nucleic acid from Quercus robur). In

sone_enbodi nents, the isoprene synthase nucleic acid

or pBlampigsof etberisuitablstperaxidess whigh | impno v @rgrlimitigg, include benzoyl

pol yp maed ﬁ:unQ:E/l RrsddRl &h@@‘eh Ja,gnpa@ahésr 2 &fawﬁiaro@snzoyn

Popul us .al ba. X trenul a CAC3
Pol ybfé?ﬁ"i“ed@g‘asfn@“f{lﬂ}%‘f’%‘fe@xﬂ&1 Qg Wfﬁ’f’e’ﬁé‘dﬁ Gtaéﬁy‘d’ﬁ‘i%’ée
| - degueyt Bydopetokids;alidhyiieaspdactorats Yetidra ey (JobSzoate; and the
gﬁly eptldes convert pyruvate and
%eraldehyde 3- phosphate into
I-deoxy D xyl ul ose-5- phosphate. Exenpl ary DXS
poly
po yggﬁ%b gg)é c&ﬂﬁju“ g@lluy Q)edﬁédaglﬁ%?] SI?I%% )E}%g fblnglflle ar also
hav ewa*f) kmOé\asfteem&ahzftowmgyna@ma’a Thrss asp PepRogRdsgan be deﬁned as

St anfhgiethal¥B progist ih wqubl@sletgrm &hﬂﬁ&%HeQﬁﬂhb%{lﬁic%);rs&ﬁﬂsﬁed
as

ed to deterni ne mhe er eptid
5 g’éﬁﬁ?"b‘e’ “%&‘ﬁﬁ 84 least ‘B&? high s PR‘Z"' %/ “élb‘}e 1q 3 tegipry;cabon.
poI y Pepi dutlgbld ezo canpends :pgmda\/cant fre amdxn[kghw;er al dehyde-
3 PROSRAAbG kiRl SeANY BRI b ARG cRnROBSRNRL © 0
nucl pberabindencilinzdnivarehydisside) agorpethane anctmnmgz@dxemawhdes A
D0| YR&RbiL ﬁ& of IzBIEI%JI'%%p&M@caP B4 %9#&% e pafd. 985108 issued

f usi on F that has at |east one activity of
BXS BBYEd@% tod@ul Rinkdmhl ary DXS pol ypepti des and

nucl ei ¢ acids include naturallyoccurring polypeptldes

and uclelc ci.d rom.an f th our ce.

doscl T fisl Bl Y SMOLERas Ad8ihrtsphateriig o
nucl kige catent @y thgepitipeler ifitigpn chpsen,ohe hiffemglewar ele6n geed iasdbe
described herein. Exenplary LD} Pol ypeptides and
Nucl ei ¢ Acids [0225] |sopentenyl diphosphate isonerase
pol ypepti des (isopentenyl-di phosphate del tai sonerase
or IDI) catal zyes the interconversion of isopentenyl

di phosphate (1 PP) and di nmethyl allyl di phosphate
(DVAPP) (e.g., converting IPP into DVAPP and/ or
converting DMAPP into | PP). Exenplary |ID polypeptides
i ncl ude pol ypeptides, fragnments of pol ypeptides,

pepti des, and fusions pol ypeptides that have at | east
one activity of an I D pol ypeptide. Standard nethods
(such as those descrlbed hereln) can be used to

N L




sequences of known isoprene synthase pol ypepti des. An

organi sm found to produce isoprene naturally can be
wgeiasNed to standard protein purification nmep¢DUS2009/041631

(which are well known in the art) and the resulting

purified pol ypepti de can be sequenced using standard

met hods. OQther nmethods are found in the literature

(See, e.g., Julsing et al., Applied. Mcrobio

Bi ot I .

aopl “En coiRps g 35"?’%9%9@%%@‘3 Gt AR R fboy oo
each ORdrmediss of Hilsigs aerapcleiofisgidicasasiapinwith prﬁfetrprbwoums between
enti pebd. esndoP@fiticularly with respect to

identification of nucleic acids involved in the
synthesis of isoprene).[0235] Additionally, standard

S €qUERCE ] yMerigaive Ithpaﬁd/ré)lhuﬁ bé sudTidithey higke thi tedak Gﬂwn the initiator

prog ans, C ntif addltlona

e st Erserma o £908) peoviteafeon
t h e @iitmtdrahd reactiod temiperatureman belreywean abioot 753€ @od abbatd0°C,
poly o € oo

B A s

aC| dsmplsrearmrt%bldermo‘a@e of wretratss ping bepyess pm;t 20t°€ enbl
dat apssae200%0 Wil -prdRd WheAtures B¥RRSYabBEt G05C ariaBSut 150°C.
Institute of Bioinformatics Sw ss- Prot group CMJ - 1
rue Mchel Servet CH 1211 Geneva 4, Switzerland) can
al's OTb&‘rcM&erdpr*eﬁuﬂe didutd Be)suffisiapue ﬁ@m&}ﬁ’lﬁ&‘@&ent ib¥%o hqhx@bhase.

or I des d
secgg r?samgyoro?gg'|ar§asbPﬂ e” mgﬂ%ngﬁPrhéer
synt hase, DXS, 1D, or WA pathmay polypept|de can be

R edirgd @anuﬂ,@&smsug Sl kbl 02 8 srmtmﬁta F;rt
structure I ct1on programs, suc otein
( Rosfongersigh ¢ pof theraresliessgntandrhéghanaleomiar Wght otqﬂe FOeqoeolﬂerrd Ehe
Re's e alaifon 3R Wit DR BeBlceh SHUA) 2¥Rids, WRR Brefed@@fthetion times
Alte natlveIX the actual secondary and/or tertiary
st r uBTFR 26P9 MU pr ene synt hase, DXS, IDI, or MA

pat hway polypept|de can be determ ned using standard
%}@ hRd Sﬂe&%gheﬂ Chlg n&éec Fcég {og ﬂ% s%XxPén @g Faqpn régctbon The
hybr hxgh mater:tdarr \tecghp@lefbe sm@e mertatt,edlvm em lhrmetmcanei)e proegie
S y nt kb?@tﬁer ity suitable mddher MR unﬁdrmfﬁyct&y&‘rk ShitmaRCbAlRet of the high

Pronot ers and Vect or S
is opmeheﬂsyrrtahh@eﬁn s acidip pyactang in Wiﬁ’é‘t%ﬁé;ﬁet’rﬁél%ﬁ psoducing
aci dmdRS41I TH @Rl Roir axa&ana 68 bk BElduAtn b BatEE'stoh wiefeGhe

tors. di | f
BBy R e PLAT 80 SR ot R
t he inftzgr emisobyntiohths bigh DXBculbDVeigho plefidtan pabdded jntermittently
p0| yBxeo%HuQﬁ&s gﬁ 1'8 %e ,r@arcf%r qﬁt%ﬁtgnll \Qﬁﬂ thg ?eraam bcuc%ﬁw%mc%'n other
neans a cornst
of deﬂdﬁlvé?ﬂ qargmplarrdduésﬁcraatuwuww ess Pﬁgideh@ hégh rmircelar

n ucl eugmarremtsn @t rehasrern%tmernnaanh Qad cosﬁ)bhemsﬁer a,@péaa%nof
ctors includ but, are not Jlmt sm as,

9 it FRgibe & defEonginuqurlx g pired Y ‘rfgbcr’grswuscrswaagf a
and ﬁhﬂ@ﬁoM&qidmna to 4 féc&@fmraﬁt’mwbtmméaswrstth &n\tem it another
contaln n I [
cpr BaltRy e S f B AT 08 BRRL Qi B, o,
" ex pmeksejlanveighilefisy is s@q@enwéy torrhfansctoa, anddiee the agidicaeactant
sequence that directs transcrhption of a nucleic acid
of interest. An expression control sequence can be a
pronoter, such as a constitutive or an inducible
pronoter, or an enhancer. An "inducible pronoter” is a
pronoter that is active under environnental or
devel opnental regul ati on. The expression contro
sequence is operably linked to the nucleic acid
segnment to be transcribed. [0238] In sone enbodi nents,
the vector contains a selective marker. The term
"sel ective marker" refers to a nucleic acid capabl e of
expresslon in a host cell that alloms for ease
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Sanbrook et al, Ml ecular Coning: A Laboratory

Manual , 2nd ed., Cold Spring Harbor, 1989, and Bennett
w@nwohizeesr e, Mdore Gene Mani pul ations in Fungi , PGIYESING/G41631

Press, San Diego, pp 70-76, 1991, which are each

hereby incorporated by reference in their entireties,

particularly with respect to oligonucleotide |inkers).

Additionally, vectors can be constructed using known

recophi

Tech%lgltge%}inéngtﬂr g&b“b %‘d@ﬁan g\h:?txme r‘%k%g%gf&] id {sfitably take

e rrbogllrawem glbulm-tymam whers |theavbmeorteets orpad eé)@mregsmore points

|sopggﬁ?h§wgghase DXS, ID, or MA pathway nucleic

aci.ds | evel s far higher t han currently found in

natural | yoccurring cells. This result may be

ascogmdlyimediipy the sel ective clonlng of the nucleic

aci ds enco 0S
o1 s et ot MRRTRS L RRR L ER Bty R iohe oG ceinshy
i ndui tekaing corgmmsd (iXa)twitheoppand{igb). or Kkthodsod-6ee radical '
over t

cﬁ%}f\%ﬁ%ﬁ&ﬁg F}@rﬁé {;,%s%g%epo%{p‘& ‘ elé G)e%icg;fogyérf/e? %Pb&ﬂ‘,% by
ex anfh) eantagting dopolymerntyl o wp@am@r(om beth veith thevipnefteg radical
&b ONidGyzed\rebABR DA ¥f MRPHE (1)@1hd@Empouk@ Lifth g
Har bor , wﬁQé@ mﬁlchtlgmﬁgrebéoﬁgcorpo?%?ekﬁ SRS
reference inits entirety, particularly mrth respect
to che@wﬁgbﬁéﬂﬁuﬂamue&q)[0247] The foll ow ng resources
i ncl yde de CripLion odo ogy
uset BPReRS TR RARRoT e RP e P ABEARA Tre PG
CeneHarigmst g, Ush datextloe 6,43 1120, whithdb bereit oxcgrphawd by reference
990ml§%ﬁué ysubel et al, Eds. Current Protocols in
Mol ecu Bi ol ogy, 1994, which are each hereby
i ncorporated by reference in their entireties,

part Inc;)\ﬂ(I)c'éfs'siép ‘(!)Hibv% e»sp a@r&actee ormh %@wuary thd ri$r@ gmaeaﬁoneﬁns,
clonrnﬁgtec ni

ani
ot et ST RALE®: IS et 1o YA SR TS DT o
aci d&séxamddmezgmmmmm:mid)opemr|thi=&$} oCG.nCRGlcmbt)@ﬂxa&dd

55 0% 2 %l%fg@”&%g}r tl?é”%‘éof rh%‘é laééig?ﬁ %\[;‘\éd% ofs, airesr%'[e Wit

As nopeatthylisoiealy m%prteﬁés ¢2s mbmcwéelxyﬁa@m orl dsigr thgreef, or Ci-Cag

var i gty Flr@JcQjad?'aﬁ By dricdOP et HIRGE @ﬁde@ﬂae%ﬁ@@c}nﬂun%@ﬂé S
and ani ma ani sns_contain_t he pa hway, DXP

pat higgperatyges Wf‘ﬁ“ theut 1$PC taﬁawbi’aﬂ Sa%%efy ifigy)s are similar to
pr Odmesleﬂ@edl fsxqm,ﬁnﬁg mﬁh@wr@ceas@msﬁ FosiiondD¥Shid Wéak®dnGakes place

ani s
250t B e AR saE gl BT PRL SsElR R A Lt
DXP Patthh¥ps0. | DI and i soprene synthase nucl eic acids
can be obtained, e.g., fromany organismthat contains
the MVA pat hway, DXP pat hway, or both the MVA and DXP
pat hetjesallnmeelysat RNESE vaeiP disolvadhedaactaals. B resistion sabvent must

€. J. be dnk WKIch QisdWed Both Hatilid teaiaMitaAd 18 hich holdhlamadi dhBi¥fin.

contai ns both and DXP 0249
3 ol BB ISaRACA L850 ke 19 Bt e G Y plsn o s o
i Sopbringehesyintoliaimte dOXiSet in Bk >olmfon WAmpﬂiahW&r}éadmbﬁ l1Etia€ bded
I denFoLx&oatlh ttf% sgﬂgnt?h%gt%‘?sg% m il &e%sulta%?copoF mers a{rc soluble
produced y an owi ng- or gani sms R Rature
In sone enbodlnents the am no aci d sequence of the
i soprene synthase, DXS, ID,_gf. WA pat hway
pol ypeptide is identical to the sequence of a
pol ypepti de that is produced by any of the follow ng
organisns in nature. In sone enbodi nents, the isoprene
synt hase, DXS, IDI, or MA pathway nucleic acid or
pol ypeptide is a nmutant nucleic acid or polypeptide
derived fromany of the organi sns described herein. As
used herein, "derived from' refers to the source of
the nucleic acid or polypeptide into which one or nore
nutations is introduced. For exanple, a polypeptide
t hat is derlved froma plant polypeptlde refers to

I Y -



cell mediumincludes a carbohydrate as well as a
carbon source other than a carbohydrate (e.g.,

w@hkooeasnb) gl ycerine, di hydroxyacet one, one- caP@DnS2009/041631
source, fatty acid, lipid, phospholipid, glycerolipid,
nonogl yceri de, diglyceride, triglyceride, renewable
carbon source, or a conponent froma yeast extract).
In sone enbodi nents, the cell nmediumincludes a
car b@E}ég legen (Yi?cle llqe‘% sgurgt%b an Allg% rirgciagjohs ﬁavmg from about
mcro otérn
enbo# tqﬁml@o C{trh@,n awrnsr, bepreh hegymg;fryembpaté tp gboyt 5 carbon atoms;

pol y peniqudtalifaRBaNgag! dxeenogtaﬁa@édqtyax@earms ﬁmwg from about | to
enbodi ments, the plant polypeptide is a

i de
f r onfROY\> caghop ﬁm“léaﬁdt"aecujeatfﬁfeﬁﬁhlé frompbayt ';5%%9%& Ca’bO" atoms
sanf beﬁ\hﬁﬂe,cul@ mwmqmd' ﬁuﬁhrﬁlhﬁluxd niReme eshditiond df(pﬁl?ﬁieﬁhauon In’

I |
02505 SiABessn satem e Miose® S RERIRFlapiebRoSH e
car babmel Byt kalogen’ais nleaa §t Clond Bbdbt arlbougt ofivelvpre musi teenchofat

br ot j [ .

B 5 UEL S, P B S ALy i
cel |- wpulting sopolyneratThe selyme wtio aksolyent 1@high Holeadar vaeht defin is
20, SfablPBetwddQ.1 AaQ00:29% is pRRrabAHswedH 1. Sni)raﬁ‘d L. In
sone enbodi nents, the concentration of the
carbohydrate is bet ween about 50 and about 400 o/ L,

suchsSuiablkebivaeinainaulic k]z%esaﬁﬁn@bﬁm tabokbDtoGbbyt sketbvefdms

about bet out 200 _and
e 8 S R R A R R PR
of caefoblydroat aboitnicth gbhais3,tchrbort @émad. anount  of
Garbohydrate that is added before and/or during the
culturing of the host cells. [02601 Exenpl ary |ipids
are BryrisseEiudaRiesdsat dichidnduioienadlimied e fatty aci ds
that are C4 and above fatty acids that are saturated,

unsaturated, or branched. ary fatty acids
i ncl tide SIPBUNAR2OFSoRE e Y ke@nt%ﬂyfk%ﬁa% é“dy i's
a hydr ocandigtisobytaphgry unsaturated fatty aci ds

i,bacl ude compounds where "R' includes at |east one

car bon-carbon doubl e bond. Exenplary unsaturated fatty
aci d& i naranditic histaecagboes, sush ad: berizerstxiene; aoll tilvsneici d,
vacceni c acid, Iinoleic acid, palmtelaidic acid, and
arachi doni c aci d. Exenplary polyunsaturated fatty

aci d& i neryard dbassuagd hysaonspeuch ax: dighjeremsthmesr al i ty

of car bomu;@ﬁmaeleumranmmsromﬁmnplatbbbnﬁ)amhﬂeat ed
ere '"R' is a saturated

tty acids |ncI €0 nds

é i phat i c]d]g? e ? %%Wﬁ%ﬁﬁ"ﬁe‘r& %‘b“’{"ﬁB“’B"éBan

source inAgk- djbteslopmmn@;rlrﬁadlbroﬁihz—xﬁﬁﬁyl;ﬁranmy, 1akdicddoropugdne;

as a C sat t 5 cid,

a G sat 3#2{1%&&%@5& ?zg&gom%i&'slgtq ub?%’)?%gg?] :%%xto}%n%

a C20 sat‘@r‘&thé(m‘fuéatnﬁy‘ Sidibrymopgntage;@pg | éétcmompeldalteam y

acid. In an exenplary enbodinment, the fatty acid is

S In1t|c aci d. 4 sone embodi ments, the carbon source

Pe atsal tMYPreyoftas Ve syl oy éaer&enemgﬂxy[g]#ggfftgyeat ed fatty
~acid), a derivative of a fatty acid (e.g., an

]lc'lgf’ ?ﬁ'%rc% Q?Jr?stgo?‘ve%xcn %Se %‘F a{rg'ng s?lvc%[ and arqfe %re?:/a%éd a%ldlgl e
sal t @aqtmbxmvenbmal aqoeednm such ps thags smraupm,tswwmﬂstdlavgq
potassium salts, sodiumsaltsg,and the like. D - and
triglycerols are fatty acid esters of glycerol. [0262]
In some enbodi nents, the concentration of the |ipid,
fatty acid, nonoglyceride, diglyceride, or
triglyceride is at |east or about 1 gramper liter of
broth (g/L, wherein the volunme of broth includes both
the volune of the cell nediumand the volune of the
cells), such as at |east or about 5, 10, 15, 20, 30,
40, 50, 60, 80, 100, 150, 200, 300, 400, or nore g/L.
In some enbodi nents, the concentration of the |ipid,
fatty acid, nDnoegceride dlglycerlde or

A~ - e A NN Y ]



formal dehyde, or formate) has been reported in

nmet hyl ot rophi ¢ yeasts (Yamada et al., Agric. Biol.

w@h@ai132258( 2) 541-543, 1989, which is hereby PCT/US2009/041631

i ncorporated by reference in its entirety,

particularly with respect to carbon sources) and in
bacteria (Hunter et. al, Biochem stry, 24, 4148-4155,
1985, which is hereby i ncorporated by reference inits
entlr ; LI Gikar r

¥ tau?.ﬁ dltﬁeo l}k%a rfl‘ X%S\rlr}d%(} ?lasl &S {z?%%ﬁn% Q}dgoz? g? %ﬁ eémts cr;aa tt);g Hsed

conpémnm§wrmanglng in OX|dat|on state fron1nethane to
formate, and produce glycerol. The pathway of carbon
assinmilation can be through ribul ose nonophosphate
t hr ot BrPabsobrEny! seciplsaptigdsdP IR sEHBHBRHESSRely @dded to
(S &ot Ecﬁﬁt}a{\c}kwa&aﬁ(l}%’\gl(ﬁlinsMEﬂe?éjl-ngé@ﬂbd ;ﬁeeﬁmd;emaeg&ﬂown

pringer - Ve : w.YQrk, . Which i ere

G PR a5 e e ot Nting e el heke ¥ welkknow
par t ihewhadh ployeswistdy e.p e e Bitertt dlochIq) 73 )s muqodly)welllknewn

ribu at
Consk AT PR 0058, Lot
f or mihgrmad! gndcchloppgtion pryagsses Kege. ekxeéb'i’ré’gtemrlim ﬁé} 76ématalytw

%engmg La¥id blaGestel (L8 ¢GRI Patlhi QN CE, m@lswﬁ{aad €13 *sy@jednd free
ate. Li keMAse the serin assim/l ates

3-ph
Che. GHESPBYE COrbBLS: TAPLNTh S I zﬁeapdﬁ 3103391 vk
vi a aaﬁﬂmylkla&eﬂ@t&ahydmé moh@heic adc[uetzwi elg) UaSldafenton to

d tes,. . th tr
or ganPse e 33 RIBRA PHF BN R e iR B o sprier
car bbw:moﬂﬂea&lrdnn@dsuhmmumﬂsidmIWhNﬂsu lm th3|seainiregroups per
c t r metabolic
Ja, T IRE AR BN LR, Yo U SOMAENE I8 e Knoun
to utilize the carbon fron1nethy|an1ne to form

tr ehalﬂs)aa@yl&ﬁ sSHchEah M dridBalsh bmeqiro@lzog iMrsi I1sto@fom/m£h |
N r B dene npeRhgeBh s icloiadh Lisp PeAT ot e o proces

1993;s finfttice fisdussedn eﬂebypatencm pRs B,O(BCfobtjde aszeé emeame sicBinictraio
gt g IS e% thag?g E"?rd %ég\r%go {Iclag {hg se w cre Sl&i;é,ln ac ratxo is greater

met abv@,h il 2eELa¢mm hﬂalmtloozt 12 @6@0363 a@@ﬂ? 0 887 3, amd U.S. Reteift.

M cr @Bl 9423 41535(;5&&: a%?éeo%re fé':%%%hmg\’eu&l'ib do&d&%ﬁ&ﬂ}{ydndc resin

|ncorporate y reference in its ent |rey
par t fremipalyplylogershecininbydride prepaspdfann bigh pewlyinylidsoey 1]
In ssawb@dmb ozdpdrﬁmysane GRtih® aﬂfyanwmw Riekihibrafio st apgdar d

' m cont ai ni.n si ol pgi ca d._nutrients
28 o dRuSR 0 e giafiabe o vy SaiRltne Gpechi bR ABP e NG

Genehalethslvm&luféaé balylmseae Deigr mdattc erepared sssenfiulbefirde ofthlerine,

nopt O Ehb S 1o cherPs phREp M che e Ehuoflieny grow
i ncorpbp avreker pyerage fMy)émbe rangenfifiopudbaw| 1§0Q/\$ptabpqt &0 elcor
toc S&lbb&@.@é ) esp@‘aﬂwle?efraéd At swersg@l{u,,) nBe ﬁ%ﬂi%o%t ! Ego to

commer ci al ared nmedi a such ria Bertan

5P ot hbous%fﬂwm epkeicgehes thapie peejpimides musthavg a syeciic patio

( Yl\/p om @hdl 1. 3Q’lha€rs td&f: k}ﬁb&ﬂ beat 184401 matcmaxc@rcmyst ||Sbr aqmiwa&m
1gt kP kené envc sub tlt Fr Ppr ll\/?os ré}erag)l r&\e succxmc ratlo

gromfvﬁ Id ?1 St Cer RS novvnffy

ski | F*@dldlbn ﬁphei iitpt2 50f m cr Obl ol ogy or fernent atl on

science. [0272] In addition tg,an appropriate carbon

source, the cell nedlun1de5|ra%Iy contai ns suitable

m nerals, salts, cofactors, buffers, and other

conponents known to those skilled in the art suitable

for the growth of the cultures or the enhancenent of

i soprene production (see, for exanple, W 2004/ 033646

and references cited therein and WO 96/ 35796 and

references cited therein, which are each hereby

i ncorporated by reference in their entireties,

particularly wth respect cell nmedias and cell culture

condltlons) In sone enbodlnents mhere an |soprene

o L, -



This nunmber is multiplied by 100%to give a percentage
value (as indicated in Equation 1). Equation 1 [0278]
wO@arhsmswi el d = (noles carbon in isoprene PCT/US2009/041631
produced)/ (nol es carbon in carbon source) * 100 [0279]
For this calculation, yeast extract can be assuned to
contain 50% w w carbon. Equation 2 [0280] % Carbon
Yield = (39.1 g isoprene * 1/68.1nmol/g * 5
C/nol)/[(181221 g glucose * 1/180 nol/g * 6 C nol) +
(17780 g yeast extract * 0.5 * 1/12 nol/g)] * 100 =
0. 04 Dl OR8¢ aldng] sikdihik ethyilnides meludgstthasadeseréedlinl iy.S. Patent
conv [
" Sop 2t Rah o BRalble SR e BRI oY flend bt
equarerolymcere |i sted bel ow for interconverting between
ugits. Units for Rate of |soprene production (total

and SEeCIfIC; Eguatlon 3 [0282] 1 g isoprenel/'lL
br ot Ih oprene/ L broth/hr (total
Vol UlEdnk ie@bbdihén omuare'kdaﬂinde{nﬂasaﬂe cdpolyIRbr mia$ QMhEN R reacted

/gwenl hr = 1 nnol ne. / Lbr ot /hr/

cony B14 it et FRADE Bk RS SePh B R CHH s
00 Veadrp@unds irfclutiasbuparesett lipeledl tondie Gillowin: 1 gr am )
Rguation 5 [0284] 1 nmol isoprene/g went hr 68.1 ng

i soprene/ g weml hr (given the nol ecul ar melght of

i sopPebiher Eqlrarion 6 [ 0285] 1 nnol isoprene/ L gas

O2/ hExamplQ o S0Rkblk POPSRIShihesticldB edHhipduads Haing e Fd18Wing
rate of 90 L/hr per L of culture broth) Equation 7

[ 0288"*™ gy i soprene/L gas isoprene in off-gas = 60 ng
|soprene/L brot h/dy; at floryrate of 60 Logag per
Lbroth ( | vvm ant% f otal gnd pecrflc)
Equation 8 [y @

150 nnol |soprené1Lb ro h/CDﬁoo (This conveWS|on
assunes that one liter '
1 has a total cell protein of approxi mately 150 ng)

(1IsPeGhitin RS @gxugﬂehdléntl%)nycﬁ%luﬁw aq{}dr%cirgﬁgﬁll ﬂra\gn trom zlibout 1 to

I sopr ene/ Lbr I sopr enge/ roth

ti t epbout hogops. ppd gisdhedsgree e%marmearrvm C&aﬁaltyetheefwﬂtee

C ]9 n;/ Iyandid s@ifable!i6r UdinttBe frbsRht ihvefkdadan w@axmtreamwhbne
(0]

cells.into _the corre i.nc

Che. g SRARIHIGY RGOS | SBR db o s D) by D1
wei ghtiou0s0, arelldven more wetferatty Gt alwfut Cab hisjul 25 euer RIR91] | n
sgme enbodi ments enconpassed by the invention, a cel
conprising a heterol ogous nucleic acid encodlng an
i sopThawolyethar pehgminss candwbased en pelyrere dosivethfremGurfrs epokides
i sop I
e OIELSCH @sl étﬁ@éne bﬁld@?rc%pgﬁﬁé oxde, Q%QU{yleéco%%?dedExﬁuﬁ& og?o Yether
200- PHV%‘““%GG spigiugder e @ﬁfa@ar d ercommeisisly syaiable from
I SOpHamEm Cuiipeaidn idcand mapustes exdi ng cel | grown under
%gsentially the same conditions w thout the

terol ogous nucleic acid encoding the isoprene
synt hase pol ypeptide. [0292] In sone enbodi nents
enconpassed by the invention, a cell conprising a
het er ol ogous nucl ei ¢ acid encodi ng an i soprene
synt hase pol ypepti de and one or nore heterol ogous
nucl ei ¢ acids encoding a DXS, |1D, and/or MA pat hway
pol ypepti de produces an anount of isoprene that is at
| east or about 2-fold, 3-folds,5-fold, 10-fold,
25-fold, 50-fold, 100-fold, 150 fold, 200-fold.
400-fo|d, or greater than the anount of I soprene
produced froma correspondi ng cell grown under
essentially the sane conditions w thout the
het er ol ogous nucl ei ¢ acids. Exenplary |soprene
Purification Methods [0293] In sone enbodi nents, any
of the nmethods described herein further include
recovering the isoprene. For exanple, the isoprene
produced using the conpositions and methods of the
|nvent|on can be recovered usrng standard t echni ques

o . .




EXAMPLE 1 d oni ng of Kudzu |soprene Synthase for

Expression in Reconbi nant Bacteria [0302] In this
wEe@2@apsrs50 met hods used to produce kudzu i sopr ePE&r/US2009/041631

synthase (IspS) in E. coli are described. The protein

sequence for the kudzu (Pueraria nontana) isoprene

synt hase gene (l1spS) was obtai ned from GenBank

(AAB4170). A kudzu isoprene synthase gene, optimn zed

for

(Ve PyepRei 2ot bR B RS g ey

(Fi gnelgantipe cortpeurids bpfingribe ljewinageicyene was renoved

fromthe supplied plasmd by restriction endonucl ease

di gestion w{, L]

ligated into mTE‘éﬂl s2 nd\?lz)f 5—'(%‘2 % hat Lng beén

di gest ed vvith Ncol | Pstl The c truct was designed

suchwhérah ntidfe 8dpeR of pelperizRtidnlTBe. inaMPEN MoRdhid: BASINGNE
s 5 to the Pstl site. As a result, when the

construct was expressed the His-Tag is not. attached to

t he Psipghenaig\yrhases protein. The resulting plasmd,

pTrc

PT" Yt AR LRI SO FLRABI G RFRRL Fie oo

( Nov axpariho thioh th| S case, the isoprene synt hase gene

was inserted into pETlI bb such that the reconbi nant

|soprene synt hase protel n contained the Nntermnal H s

t!8g. Pabiehe dopoetieorel nt hase gene was anplifiedfrom

PTr ciuslzany imiddCGiR otisls gy bd@rriddi wheh the@lcohol end groups of a

ET-H s- K -2F. 5' - CGTGAGATCA TATGLGT ACCTCTTCTC..
AATTRPL GRS TR S e AP Ao o o redusive
CGGT a@hate AFCOET W@t:‘ﬁ@;&@&@ﬂﬁ@aiﬂ@@ﬂv@r@s@ odthylene
I\D 4))\(1%??1%?\ o Q{n'ie octx JW?A:\ zﬁrl xﬁoeonaJne 'é&heof‘%me p%[}%er

rlés pehain (veluynatqrh@dmna@ﬁlilqh twwa@@@mmegtemlbea thepmplasule
was Waedicasl eampl at e DNA, HERCULASE DNA pol yner ase
(Stratagene) was used according to manufacturer' s
directions, and priners were added at a concentration
of 1sz{)eres'5hﬂlit5’&FRpMmhemﬁﬁd #¢ebholsiinciutie éonipotirals hwmongthe of
25 "hlowm Stmcure product was di gested wi th Ndel | BanHl
and ¢1ONea°into pETlI bb.digested with the sane
enzymes. The ligatson mA waBistragsforned iRis0 E. coli
Topl O (| nvitrogenb arp,g he cbrre,g:t cl ong, se' ected by
sequenci ng. Hihe—@std-+g-ptasH g0 at-e0— OH
pETNH sKudzu i s t'hen transfofnmed ijnto BL21(TDE3) pLysS
(Novagen) cells for expression fromthe T7 pronoter.
R0304] The kudzu isoprene synthase®gene was al so

cl On@/der&m{@s i meeﬂeﬁdﬂnﬁ)oﬁlyydmge‘ib&rhy&loaﬁml @roﬁ&lhl\qg@about 1to
(Ler r\P | nouye, 1N ’J Res 4?5}13, 9l i

Pri nitos! "R P &S F??;P" ﬂ‘&“??d&’k © tf golycther
synt hraise algees, fuitabie foT nehudz presbasiovdnbiedwiloomein afllesst about one

for V\@BQ ubf lggsg&atﬁ)d gﬁg gquﬁgpo dalb’oullﬁ b6 @(F;ﬂcf@ﬁbl? fro%odb?ut 10 to

consensus clon

ab r eshopt 30 endepen more prefesabliofram pheyt 1530 akput 31@%9@&5 codon
so the reverse prinmer was constructed such that the
fina rod ct s the Pstl S|te The

e quRhEEsaBpie; bl b s septatn T s  Kudzu -

5' - CholyokBernaRistiFlehGAl TS TodARINA A vNEBAATIAARE STrutiSel)
I D NO 5) and BanH - Kudzu R 534 CGGTCGACGG ATCCCTGCAG
TTAGACATAC ATCACCTG (SEQ ID NO 4). The PCR product was
anplified using HERCULASE DNA pol ynerase (Stratagene)
Wth prinmers at a concentration of 10 pMand with 1 ng
of tenplate DNA (pTrcKudzu). The anplification
protocol included 30 cycles of (95 C for 1 mnute, 60
Cfor 1 mnute, 72 Cfor 2 mnutes). The product was
digested with Hdl 1l and Pstl and ligated into
pCL1920, which had al so been digested with HhdlIl and
Pstl. The ligation mx was transforned into E. coli
Topl O Several transfor mants were ver|f| ed by sequence

. o,



3.0 wwth HO /NaCH, then gs to volune and filter
sterilized with a 0.22 mfilter. [0312] This

wexpensazemt was carried out in 14 L bioreact or P€DUS2009/041631
noni tor isoprene formation from glucose at the desired
fermentation, pH 6.7 and tenperature 34 C. An inocul um
of E. coli strain BL21/ptrcKudzu taken froma frozen
vial was prepared in soytone-yeast extractglucose

medi um in tmo 600 m flasks. fter the inoculum grew
to OD550 = mo 60 n1 f1adks were centrifuged and
t he CHENGI(I}H @ ), D aRt—{CH,),—OH
transfer the ceII pel |'et ( O of OD 3.1 materi ?) to

the bioreactor. At varitous ti @ -After inocul ation,
sanp amount of isoprene

pr odldﬁif%t ms:th%& °\é%g%°q¥§9 ntz‘m scri bed above. EXAMPLE 4
Sel ection of Sites for Inprovenent of Plant |soprene

Synth§§g§,hg§$3kﬁfhe I soprene synthases of plants were
expected to_be onDIogous to the terpene synthases

The Examples af salakle pplyathesmingipigls daclyde cqrppoupdsihaying e following
t er pgRewsynt hases have been determ ned from bornyl

di phosphat e synt hase (pd entry IN B) and

5-epi -ari st ol och&te syntthasefepdb\entry 5EARE. These
enzymes share onlly 3B% onnlbgyrg t theiHp tertiary
structure iYNom ed- OThé-sriacréies of
i nt er medi ate conpl exes th both nzynmes have shown
that not only tertiary f\plding, bt also detailed
interactions in the active sites of these enzynes are
hi ghierooRxes indgbendebB 1Ml ydidgen dengidrocasiyti groom having opateoel
synt r, y than was seen
bet \Aggﬁgtﬁﬁgggor n c?pgm ﬁg&ﬁg&g@%ﬁ&g@e and the

30 epi - arlstolochene synthase as shown in Table 4-1

bel omh'&a&txepnés stunaereg;er}tmt&ﬁmt tHiols @bgar i ous Enzynes

[ 0315] A honol ogﬁ | ar isoprene
synt YLy e%ﬁﬁ%“ﬁ%@%ﬂggﬁ P BTHEHi phosphat e
synt hase (BDP-synthase) pdb entry 1N24 (-40% sequence

based onFeNGUBERE <o MRG0 o o OrT O ol oH

created u3|ng t he progr'n1NCE itten and supported by
The Cheni cal nmputing Goup, Inc. The plausibility is

baseﬂh%ﬂnﬂﬁeh%%ﬂ§%90 YRfHZBONc onmon ami no aci d
ne5|dues at sites found to be involved in catalysis in

hase struct arison of t

ncti GEeut dh PO Mo et TRt S uRa il
honoéengin avizae bbadt onpacannit, spSrablydiocedbest St atiout 18, more
aCt ' %Efeﬁabﬂ%rohﬂ\ﬁgut\/lg% éb%u%t a@xld el/e% a;?é #}gfeﬂlgl %gn z}bout 15to

recognition 1s conserve Fticu Lys
272 abay?S3thgrunsp 313, G u 387, Arg 450 and Asn 453 of
pepl ar | spS were observed to overl ap equi val ent
resigge$ in BDPsynt hase. In this exanple, am no acid
resi ns for poplar |IspS are derived from SEQ
| D Nnar.Didhmesposi tioning of an internediate of the
BDP ﬁ%@&'ﬂé‘xﬁ? e%%zg%leétg)f &%nFc%gn?mvc\:lt\(‘tusn ttgen:%%&% elbran(ay be Peacled
i d e ntViﬂf sﬁhftr Hiaminea|Sogahlesdighingsi amgeﬂrceegmth l@mwmerawph @ach
d§ I egeki1oky tptd',s L1 3-8QRGIRbRPMe, .Qddpég:t&ﬁ,ham 1%&%&%5 e
in order ind and react’ wi f e popl a
enzyne. [0317] A honol ogy nodel of the kudzu |soprene
synt hase has been nade based on bornyl di phosphate
synt hase pdb entry 1N24 having (-40% sequence
identity). A conparison of the active site fromthe
structure of BDP-synthase with the honol ogy nodel of
kudzu |spS indicates that nunerous active site
residues involved in netal ion binding and phosphate
recognition are conserved. In particular, Arg 269, Asp
306, Asp 310, Gu 384, Arg 450 and Asn 453 of kudzu
I spS ver e observed to overlap eqU|vaIent re3|dues in

~~es o ~NNaA N e . Y 4 a1 . o e




wherein the variant conprises a substitution at a
position corresponding to one or nore residues (one,
wo a9/ 1s2see, four, five, six, seven, eight, niPEr/082009/041631
ten) of a kudzu isoprene synthase conprising the am no
acid sequence set forth in SEQID NO 2. In sone
enbodi nents, the isoprene synthase variant is a kudzu
(Pueraria sp.) isoprene synthase variant or a poplar
(Pop | SOPKE thase variant. In sone
enbo§%#§ﬁ$§?%¥hgpgégmg’(*g?g%re3|dues are sel ected
f r onflasiaeyViseredecylpAyprogylt I03-diamingpropgpe.consi st i ng of L26,
E30, ; g§§” -
R61. 155%%%)' p%ﬁa-dﬁghgno & ine t@ecytﬁgkgpmé“% d%@gg{oﬂ&e.
K137, E138, G143, E144, N182, L184, K185, G187, N189,
T490EmE2B umind2 26, K247, T257, E258, M259, D266, N334,
D353, S357, 13581, E361, N389, 1392, 1393, K398, E401,
C421, 423, U424, E425, D426, HA30, L432, RA33, S434,
D4 371n yedah8ther eA®@diment®3 the Ipkk st inkhTi8n, thisdcpHoly Gt &Gy bDEA8ed
PS5 13wmﬁﬂé'tnag§%§ Su\)(aﬁgma}nﬁgz mclgﬁeﬁﬁe fomg Y542, A543,
and P557. I'n sone enpodi nments e one o% nor e
resi dues are selected frombut not |imted to the
gooug) consi sting of P24, N25, Y309, D310, L377, F381,
E384, Y399, N40Z,, A403, S406, S407, G409, A4ll, L413,
F449, A456, T45 2S458 A459, A460, E461, L462,
E463, R464, @65%E T487, T468, NA6O, 3, S527,
I

and Y531. In so
resi dues are selwcted fr
group consi sting of A20, N21,
F299, V302, and S$S408. The .pre

synt hase variant havi ng

provi des an isol ged i sops:

an A20G substitufign in kudzu i soprene synt hase

havi ng t he am no\ ac guence set forth in SEQ I D NO

2. In a subset o hese enbbdi ments, the variant

conprises at |ea®"2two substitutions (two, three,

f our whdrdin R: is B1-8,; Seven, elght nine or ten), wherein

one of the substitutions is an A20G substitution in a

kudzuhdréiopryene 1s§snt hase having the am no aci d sequence

$8t forth in SEQID NO 2. The present invention al so

proggges an isol ated i soprene synthase variant having
8D substitution in a kudzu isoprene synthase

Fth in SEQ ID NO

t he vari ant

t hree,

t%h) , wherein

8D subst/igution in a

‘he am no acid sequence

J23, , V278,
'nventi oh 4l so

havi ng the am no acid sequence set f
2. In a subset of these enbodi nents,
conprises at |east two substitut
four, five, six, seven, .eight,
one of the substitutions is an
kudzu i soprene synthase havin
set forth in.gQ
enbodi nent s, %t
| east one inpro
I soprene synt has
enbodi ments, the at least o i mproved propefty is
sel ected frombut not |intged to the group consisting
of spredid k-6/+aetapprbd. $-d; producti on of isoprene from

di met hyl al I'yl di phosphate), and solubility. [0010] In
addition, the present invention further provides a

pol ynucl eoti de sequence encodigg the isoprene synthase
variant. Al so provided is an expression vector
conprising a polynucl eoti de sequence encodi ng the

i soprene synthase variant in operable conbination with
a pronoter. In further enbodi nents, the present

i nvention provides a host cell conprising the
expression vector. Also provided is a |ysate of the
host cell, wherein the |lysate further conprises

| ysozyme. In sonme enbodi nents, the lysate has a
neutral pH (6.5 to 7.5), while in other enbodinents

t he Iysate has a baS|c pH (above 7 5 and belom19 5).

— - oy o, . I T T




pol ypeptide. In sone preferred enbodi nents, the host

cell further conprises one or nore nucleic acids
wer@odsng a DXS pol ypeptide, an | D pol ypept i deCT/0820091e41631

or nore of the rest of the DXP pat hway pol ypepti des,

and a MVA pat hway pol ypeptide. In sonme enbodi nents,

the vector further conprises a sel ectable marker

(e.g., antibiotic resistance nucleic acid). Al so

prov f

POV figfnct ?ﬁ&%ﬁﬁ%&? PuBRERLET Bl SAF B8 temical Corporatin,

sui t Rfslodlagdsi teype conditi ons for production of

i soprene; and (b) producing the isoprene. In some

enboglnents the nethods further conprise (c)

recoV@itg 7ehe i soprene. In some preferred

eﬁbom yeedtother dnitRdivehhada® pregént hﬁénm@,mwdo;say:(xdr)may be reacted

pol ym [izing isoprene. |nvent|

P ov g Bt SR R il F B SI Lt HRL o il . The

conppelgitirgpolyaly hqye theifalionge S(ruc)ura host cel I; and (ii) a

nucl eic acid enqﬁding a |s ren synthase ¥ar|ant in

a

oper abl e conbinaffon wifth a 6Fonn wher eifi’ t he
i soprene synt hase vdt nt c npr#h a suhastilt uti on at

a position &&rrdspor e j ibre GesiguedH one,

two, three, four, five, SIX seve ei ght, nlne or
ten) of a kudzu isopren synthas conprising the am no
aci d sequence set forth in SEQI[)?() 2; (b)

cont abtrein® tihmdépesdentyed hydwigthorthipdrocuntnl giogp, daviog fron about

d I h
B L R T

conditions for productlon of isoprene synthase. [0013]

I'n aO%P&%mﬁl%P&%hnabte%lybtﬁéfr%ﬁybl‘é’ %c&ﬁ@ﬂdl%eﬂ%c Cfré?Je abisel

popl ar i soprene synthase varijants. one enb ment ,
the SRIPRONMS: utfhstiaseielerred P@ﬁ&“ﬁrﬁﬁhm‘f@ W%*Haayr\\zetpé‘fcm%\fmm
pOr t DAPoNOEorpG@RNHe MRINBYiNBE Bward, Raanohé fillo@1Hh eRiciRAt |

t he i soprene synthase variani{ has ap increased
specific activity conpared to a ful\ length isoprene
synthase I n peiA H-)t Oe—-C Repigynt hase
is P. al ba |sopre(ngn)§ynt has {g‘ 2S;EQ | D Ngz}?‘lzo In
amot her enbodi nent, wherein the varf8nl is selected
ffomvhé}éngfﬂl%@d RBSE EJI)"rﬁ]eQanon an MEA variant (SEQID
NO. , an MsV variant (SEQ ID NO 124), an WS
var|ant (SEQ ID NO 126), an MIE variant (SEQ I D NO

128) gmﬁﬁle erwaﬁ)blaat incREQbLRrdMaY linhiA)to, theYoRAARHIEN
mbodi, ment

n NEA v a t
T POt b “ st ot M B aRplen el aa
20 onpdiimeygrangthybamaglysdli ng of: a TRC (-3) variant (SEQ
ID NO 136), a TRC (-4) variant (SEQ ID NO 138), a
TRC (-5) variant (SEQ ID NO 140), a TRC (-6) variant
( SEQUhempupaber ayerpge melepalar Reight.ofthe pegpantinempleeg ppipetepolyol
144) wil gan@an@trm@e BB MBI abdud mmagrb@ablylﬁ%naabwﬁoo to
vari ant %E . trenul oi des isoprene synthase (SEQ
NO A%28Y2Y0%-n anot her embodi ment, the variant is a NET
Qarlant of P. trichocharpa isoprene synt hase (SEQ I D

N Ry LBl ARRLICL BRERE Lo ih I pLE LA win

I soprene s
var i eoftadn at {gas peg qther et nf qahlmfromgw |5$Qesb0at H)@blsoncmwfqrm
of one or nore am no acid resggues of a wld type
I soprene synt hase; and wherein the isoprene synthase
vari ant has increased i soprene synthase activity
conpared to a wild type isoprene synthase. In one
enbodi ment, the increased i soprene synthase activity
is indicated by a host cell conprising the isoprene
variant growng at a faster rate in the presence of
di methyl al Iyl pyrophosphate (DVAPP) conpared to a host
cel | conprising a parent isoprene synthase. In another
enbodi nent, the isoprene synthase is the P. al ba
|soprene synthase of SEQ I D NO' 120 In another

o o o o o e




pat hway pol ypeptide. [0019] In another aspect, the
i nvention provides for nmethods of producing isoprene,
w@owpnsxsng: (a) culturing the host cells conpPCHUSIOH041631

het er ol ogous pol ynucl eoti de sequence encodi ng an

i soprene synthase variant in operable conbination wth

a pronoter, wherein the isoprene synthase vari ant

conprises a substitution at a position corresponding

to Oﬂgm%ou'{"?& t% h?u% SHUET evel ﬂ}%re Hgfé/}Q?edtfmnea%om 134§ abolif iéecther
si x, seven , nine'or te ["ar i sopren

synt heitse under suitable culture conditions for
production of isoprene; and (b) produci ng t he

i soprene. I n one enbodi ment, nethod furt her

c onp FrReEally th pqlysthst eqmpqynds ﬁ@wP'g &R thepresei divgtjon may be

egbodirvedfrom bﬁlsa oh®dthed & pk UF 4 RRFUrCEMEMkT 88, u6h) as

pol yner ene. ect, th

P RET GRSt SRS RERH RS famre o b Bt of A Sl
s ynt blage randonmpr alsrmging ¢apdlymeoVvihdipregently efplaydidegter @alponunds
and ase

ar i Sl BT A b BT 1GR S AP p R U pl
mheréﬁanﬁeﬁ$@@®rene synt hase variant conprises a
qybstituti on at a p03|t|on correspondlng to one or
nor e reS|dues (one, two, three, four, five,
sevefencgtiyihe copply@erpay tefgacish with pmixtyrg of li’"é’éi"ﬁfeéﬂ?éyam‘“es
synt bﬁﬁ@xe@ﬁmiﬁ&@cblﬁli\Blyd&Qamx@b)hmﬁ:Q pblgalicr polydlk@r bib&diamines
cellum% amm%xe%% TRe ac d t%t roduce a transforned
host ; ? T cu? the transfornmed host
ceIIs under SU|tabIe culture conditions for production

qk | ROP EBRSNHARSEq BRI EF DESCRI PTI ON OF THE
DRA > | Ul |%ure 1 provides the codi ng sequence
( SEQPI3!iRiEtig rorprouRdierRlox i apPT SN HBYR RS Ridessh ke éunctional

synt Baes, w&@@ﬁ)ﬂnechmﬂerﬂn?cﬁ@\af buRXYapibF c@?eabt[hg with at ]cast
Escherichi a coI

re.2 provides

o (OB S oD 9§D ot R i e o e
S y nt thasef anfl 968 akothur rﬂme@orﬁrgwupde&pwkeo fcrmhurg;mﬂeq laneee

dsP trm %%Qtfwl{?(gp L SCr beg Fé%lel}ilg'el %L ?%fc%abtl @') tic .
|sop ene s ase on op or e ression in
Es ¢ heanipohidawvid gpitain M@@m}orﬁrglm émmogwlczvquafeg twher mere hipdroxyl
aci dﬁﬁ&ﬂu‘rlﬁ efipd R Qﬂd}g)r@erag QHE;ﬂEnc(cE’ﬂB&UnH%l@k&?au?‘two
trenul a) isoprene S%gt ase. 5 Figure 5 provides a
kudz® m%weﬁémsw UPs- honDI ogy m)del with the
cysteine residues highlighted as space filling

l e ule% %g §6 Fi ure 6 provides a poplar isoprene
ggnt nR Aot &yp%ﬁ with the cysteine residues
hi ghini agfitienttoals: estpacxenrfoudxd (i.e golyethe pulyasing,palykthgrrpeiyhmink n
adm

o oo Rl B ARG nd LRI AL (FPERbmer

s pace afsp rqaw?f*gwm'eérah@ﬁ compaypd. The ewatw[cemmd Finplgyad nfay
pr ovhaaminodiipiiic SéRyuR@ the growth curves of the
Eﬁdzu | spS cysteine nutants of Exanple 5. [0028]

gure 8 shows an SDS- PAGE anal ysis of kudzu IspS
cyst Eheranimitiginiis cémpoiind yaebk ekrtibdfro?ed) higthatddlamines, (b)

supe r ntrifugation.
002U R LB S0P Re RS dp b i SRl
1- Kugliphytic corp%'aé)}vﬂtﬂ\m ptdeasgwp rmtrveeelrtorseounu ehaet;tnrd@ry or
sequence of plasmd MCMB3 (SEg I D NO 22). [0031]
Figure 11 provides a map of pET24D Kudzu. [0032]
Figure 12 provi des the nucl eotide sequence of

PET24D- Kudzu (SEQ I D NG 23). [0033] Figure 13 shows an
SDS- PAGE anal ysi s of kudzu isoprene

synt hase-cont ai ni ng i ncl usi on bodi es. Lane M contai ns
nol ecul ar wei ght markers, while the other |anes

cont ai ni ncreasi ng anounts of the purified inclusion
body preparation. The kudzu i soprene synthase was
estimated to have a purity of >90% [0034] Figure 14
prOV|des graphs shomnng |soprene synthase act|V|ty of

s a o I



(FL), MD09-165, and Truncated isoprene synthase
(MD09-173). Reactions were run at 30 OC for 15 m nutes
W0 poog/1302Fwit i on contai ning 100 mM Tris, 100 niV MIZUS2089041631
nM Mgd 2, 5 mM DMAPP, and 2.5-4.5 ng isoprene synt hase
in the supernatant of whole cell |ysate. [0061] Figure
4 1 shows graphs denonstrating Rate/[E] vs. [ DVAPP].
X's represent MD09-173, circles represent MD09- 167,

d

e

| sopinekde %Wﬁnh@gremacinwwy triamine[ (R ER)e tetwa@meéw@seé'mene
dat agid@mne Aifdmy dikkrdvide Qet&Z&ykﬁéﬁﬁ%ﬁﬁl ﬁcﬁ@%ﬁ@fe hexamine and

synthase. Circles represent data_generated wth
NDO9PORRY PRl ag|iee HBA Wﬂlﬁ%igéom r!iozﬁ%ﬁa%ca'r Qpreee Midigad: o
gene M@dh@n)ﬁsﬁch aMideOenkbhpdsSREMENQCH Yo iriiRB&L-chig paly@fines,

represe dat a erated wth | engt h isoprene
synt f as':epol 'hesgré“{lréydg()@?rg’(/{égbsf'wgfglpﬂly?'?| Plicate from
independently grown cultures. [0063] Figure 43 shows
gr ap t d
e S 0
r epr eagditipas andfar %ttaf}eorwruéhq%be@ﬂcmhas ot 5elukility sopaintpiacd.
gynt hase act|V|ty di vided by the rate equation of full
| eng nth e plotted at varyi ng DVAPP
concyf‘ff'?’ﬁ’ ke g"" H’é’“’?fr epresents the rate equation of
full aﬂmgbnonmufeemmym(ha$aelyétnerwkdn&hc tdnpolian tabdvas
been sub u the at_o ncat e
oynt FALERN, bEGERL Y PGS iR et Mmoo E A RS
| engtvhich m@pbeeqmdwwtahmc cq_mmendavlreem ths byrdrexyl diphatixt e
gaua A dreHdus haf Mlidast (&0 %ntemmpgt%@@ SR 2 8Etht RundnGikrdup€is

has been substituted M of the truncate
i sopfadpRle %fy?w%@lfmtﬁaa@ae AgPoEexy i 2eideRf Gater thaTeabfort he

full duk@&g:m dc&D&l}@ﬂkﬂieSJYEHtéi @ﬁ&ofdaUMeA;nraa&h&mtlﬁnat B8up is
rate eqﬂ ono .uI ? I sQpr ene nths 51

whi cFPENEOIRIATHE kA 1oet] SRt Prhir Bt aRpet Ha R 1Y es‘i’lli’é

t r unbs¢igtdlomsopr ene synt hase divi ded by the rate

gguation of thefull length isoprene synthase. Panel B

shows a graph denonstrating data fit to the ratio of

t he Fhetrauluiyociiopal hydsexyl ammonnds dsad seqerdinecto theprdsassef the present

ful link&mek Raj &aarm&a%y BcBRRR of TertidMMNIRbIs. [ 0064]

Fi gure 44 shows a graph dem)nst rating growth

i nhibition of MCMb31 by Meval onic Acid (MA). Cells

vver eS@ablMydroxyTANphardbatpounds xaclmecmweaaenumkeatx@ gWedrbl,

A L RN L A

ti newmp[o@@&@]xld Ib'b gmlecl% caleivisg g teap o biginaxybgrogssi ng

DMVAPP assays of L70 SSL pI ate. Dark bars repr esent

either the full length (P. al ba pET24a) P

(t r uffdrhpeSompsmds sprdaining, éo'@a'rwam §‘wrcrfow4cs fxzfsorexfz ction

D3 (ﬁ%oth@&mg&llﬁéﬁbf M@ﬁr@seﬁhﬂ&ﬁﬂoﬂc fHe afllbﬂahé"&fmp@ﬁlﬁi rM@' have at

6 ure 46 s grons ratln

30 GtseoteSHET e/ R0 PR\ Pl IR, XSRS SHE ey
DI\/AHIRclad;s by amsinbhlinpired t@ ictharehe breingidivgianaramirel triethadvdbrgine, and
show,opg. standard deviation. All 3 L70R variants
di spl'ay higher activity than the control (W). [0067]
Figure 47 shows a graph. denonstrating the average
specific activity of all 3 L7R variants conpared to
the "MEA" truncated P. al ba IspS enzyne. Error bars
show one standard devi ation. [0068] Figure 48 provides
maps of plasm ds pDu47-3, pDu47-4, and, pDu47-5. [0069]
Fi gure 49 provi des maps of plasm ds pDu47-6, pDu47-7,
and pDu48. [0070] Figure 50 provides maps of plasm ds
pDu49, pDu50 and pDu50-4. [0071] Figure 51 provides
the am no acid sequence (SEQ ID NGO 136) of P. al ba
TRC (-3) in pbud47-3. [0072] Figure 52 provides the
nucl eotide sequence (SEQ ID NO 137) of plasmd
pDu47 3. [0073] Flgure 53 prOV|des t he an1no aC|d

o - N~ 1 A NS\ - ———



[0117] The present invention provides nethods and

conpositions conprising at | east one isoprene synthase
we@pwyis229 t h | nproved catal ytic activity and/ oPCT/US2009/041631

solubility. In particular, the present invention

provi des variant plant isoprene synthases for

i ncreased isoprene production in mcrobial host cells.

Bi osynthetical l'y produced i soprene of the present

I ”Veﬂf hod oifl’lfiﬂgég. Eubrdatind i %EIHTVQ%BHF&?&E rubber and

el astoTers: g%‘%%é%ﬁﬁ?‘ Icated, the

prac ﬂ“hfz:lebreyﬁmtgrfél additisespmppsivasyis preparadry 9 piqsgss comprising charging

convgRtdaandlcofdpminl l(QéJ &% 1eb Uﬁmlcypo%ﬁ:ﬂ; (‘i)gl\izmcﬁm) la@described

bi ol ogy, i crobiolo and reconbi nant which are
Wi ¢ hPSTEENE ® SFIPY. OBOTE el nsagETH P e I PGS SLA ERSTES Of

te t hosabst sekitb bbduﬂl 711)"@ G}ﬁxbnaﬂﬂdﬁl&é’rtoxﬂiﬁﬁﬁbd daged 6bnonal|y
numer OJJS t.exts an

ot aer AR PR PR G, DRiSBr BPBTY G mfymef
Secoredetinli e empurCof diluSp il mgthmhhndrmpomw is uprtd abhws et %

et Alore pbe?ei'gjd JEB\Qtzg‘?fib%uti(f@ WYk eah LRk ﬁ!f&l‘cgg%q jbout 30 to

1987 €ess I ne otherMAse ereln
t echptiogtd0 van%. B@h amelihptic componsd prrean cfher campond Ase ghagged,

S8MeARALIyIRdSE 2 nmgsm;mrge téndeerea%to@ Othis¥ix QRS s Adarc@lufdnar ¥
skill . in the art to ch this invention pertajns. For

exanpiiasengrigs et %sﬁp%maregafaﬂ&?&ww‘)a IPTREP3p f10°C- |
M cr obm@thgy vadudm szip@ﬁéﬂl tathe Biialie gor,abdd 0 Edo abodchihdléd ey

and (pn§ ss&m% and Hal e and Marham The Har per
Col | € %Ffflonary of Bi ol ogy, Harper Perennial, NY
(1991) provide those of skill in the art with a

gne&@! luﬁ“c%u& lggljih‘?@e Q)fmp%pdﬁ cgfl alkd ¥ chie Gﬁné@ﬁgcelspco%ﬁsmg

|nvent|on ny nmethods and materials simlar
or eamuma@ﬁty cheysing a4 tic gragtants B@ﬁmﬁépmlﬂn@frm&!h gieliijpthe

t he 51 Qﬁd &ﬁxp&fndtzhﬂtlﬁreﬁﬁﬁaﬁnpbmd%ﬂﬁxb aamea Jaﬁom@f:&rr&&dr One
et ho s naterlals ar.e descr

AccoP PGPy RS SaR S Hharees adn e PR & it enixing
nor eaxfduhdcyord @ssttiic lrixkr ban be @fcdnencititateoniking oShe tiadtargodsiticy
‘36 aar\clz\'{ggn éhal Q& %}Otlae {: g{tdrhﬁu oA E(% 1£ Ic']a%xé?i %p}bpgo%up(; %) % aggxg
are Hot Bf "t he i ous asp or

e nboal hmmts teyfipetatuse from @brut b197C wmbem 2@%{’5 Benmwy pyacuum is
ref 95%51&%%& RGP RKEIE IeRAL e rﬂea@ﬁon%e%@' e.
Accordingly, the ternms defined i nmedi ately bel ow are
nore fully defined by reference to the specification
as ; asmmage tHip BRd fiRdtRAA group isPredént of me Emﬁhd doatipBund, the

er st andi the invention nB._are
431 §FrdcyoB sy iflonr ko e AR oo bR Bl sp o
ot hemangamethdioeexampkl dince emhrfur@abnaaaddhesmcenpomdx}art esedrshe
used v JL)
unde }_I#ls](t%f) grg\'fbb{; @ot?]‘\ee: Edgsetge?g:ﬁnnm [}gﬁh?@ p%R' QL ¥referably charged
whi ct® thaeactgrfigss prd %‘ﬁwwﬂtrwmwr wati%wﬁ tmulh@ﬂ%@d@

and FRhald@mpounl FurdémBle, 6 WbiéAbRALy shoull BOsSRh dﬁ:smehheed
ﬁreln find n the pr cth%e of the

u
v eﬁ‘P\“&WC“‘i"ﬁ'é?‘B#aé‘F EPTPRAY" #rd ot "’f’rﬁ? eﬁ‘F‘él igeegprally about
d esconchade dfeetive sitdCemaiding gérymold éfehd wultiBind@hal aBghatic

I me

rof efuriolid sRE KA FucP R Srldilombis 3t BRESS Y srpstigine o
usedlihiging thg numpgs 0§vmg=e¢tmre4cevmtes i the cogmlymeptgiptive thdhe
include the plural reference_ygless the context
clearly indicates otherw se. Unless otherw se
indicated, nucleic acids are witten left to right in
5" to 3' orientation; amno acid sequences are witten
left to right in amno to carboxy orientation,
respectively. It is to be understood that this
invention is not limted to the particul ar

nmet hodol ogy, protocols, and reagents described, as
these nmay vary, dependi ng upon the context they are
used by those of skill in the art. [0123] It is
|ntended that _every naX|nun1nuner|caI limtation given

g, " o r g, s




and Sharp (H ggins and Sharp, CABICOS 5:151-153, 1989).

Useful PILEUP paraneters including a default gap
wowdoghs226d 3. 00, a default gap | ength wei ght oPCDUSDNI/041631

and wei ghted end gaps. [0136] Another exanple of a

useful algorithmis the BLAST al gorithm described by

Altschul et al, (Altschul et al, J Ml Biol,

215:403-410, 1990; and Karlin et al, Proc Natl Acad

Sci %er 8prea§§7e?’51é%(§1 the Awgﬁé)ncud/f\al%[)l‘iéng U(Lr@ﬂolu)(d 'K%ffcm) ofI

BLAST programis rogram (‘See,

et aFxcessiBeisEpkipaHpy depraseAmorotg htyrégé)fommwmrreﬁore
uses ifRYRIIR preABIliG HIBREAREEGr S, most of which are set
to the default values. The adjustable paraneters are

set with the foll ow ng val ues: overlap span =1,

ox‘zer Paq-THdame:hi afmheT uBridafibe OilawdditivdrCasdositidn (T) = 11. The
- t
oot agl &ngﬁrye ﬁ%‘é 3% nﬁﬁ\?en ngfh§¥lg>§ﬂat%a>$ﬁ‘a&%§ve%£‘r§%o% ftiSn

I she ogram i
conpégiotiitspredvith heospmamng:@geatrsels@%@memhd czclmpteea lineorn
of t %n&é‘afrﬁdn%'aﬁfnc&i%@%&@na@c%ﬁ &é&akaf}h&lla &r%lﬁﬁ%&?ﬁ&&xd

of interest Is being Searche wever, the val ueS may
be adf YSTEF Mo W@Pg%@’%\é‘i%‘ihﬂfw 190 2N ZOBEUEFHPNS- Aci d
sequesisarbof@itatidésteral ue i s determ ned by the nunber of
mat chi ng i dentical residues dividedby the total nunber
of residues of the "longer" sequence in the aligned
r egi @mpical byelit tapbrgates fos ey irethis énviestion e ludp eheticllowing: t.Be

noSt 4 951&9}2 Bﬁee(\é\ttgl%%‘cba}bgaattég &. ﬁnLth nlefjdlf) n%?&gﬁrgnéylcne

|ntro uced mze

scor earpgnate); gﬁw@re@)meﬂ[yoléﬁ}oxvm% -one; ﬁér@@ﬂhyl(% dipxpdgned-ene;

agi d4$&9ﬂﬁﬂ@r‘%xél§¥ﬁﬂbhé ¥.4- duﬁexﬂﬁfmrkﬁ@koﬁé A€, @ﬁetﬁﬁrstag,@ 1,3-
of nucl eotide residues.in a can a e sequence

o o IET E51: £ A R oua e AR A IR &fd‘?’ﬁ’éa“'z‘“e 13-

star Bion@ Bﬁﬁtuﬁmﬂﬁneﬁhyl €31d1dxh92-$ﬁd]66mem)ﬂ llﬂlﬁaﬁ&to)le, .
pr eferr Z8 os] [

ﬁ éaefo me PPB ldiOﬁan E thlgg fgrc}g)ﬁzénr Sone 4 trrhethgl e’ﬁ ap
span dimrah- Zaamri bxﬁrényalc}dlomns?ettnctbhmrmmet@ylmﬁythyl -1 3~dnoxan~2-

r?_gs pggg 5 ¥ Qe 1 i deﬁﬁlm @%n&%?ﬁcﬂ@?% ‘ghgyl f gﬁont Bne; 4.6-

hybri di zat ers to
st r afinegy!- h%rél"éi“bz 8% G4j6de§thwlt%d'axae@rﬁw evﬁbmraﬁ* yp-oxa-2-

st r aayudha,raﬂwts DAL oAD' | dMhex MG TRIEA shiifdble lasacnaurbonmes may
ere

Ci uence con
" o BRI TOR Br PR B STk SRSt R Rar S abier e
sequemicfeont ficihdi diclsyepaed fremdy SCﬁ petng byoedthods kiydomiiglthz art.
one anot her under noderate to high stringency

hybri di zati on and wash conditions. Hybridization
condBevemhef thpsecishies eagbonpies drecommperdislly aveileple seghias &3 (dRuxplan-2-

of 1B JuGheRiyf13GidckoRhAGh q:yelm}b%t@rmagrbe b&duﬁs?épared by
exanpl e, "maxi mum stringency" typic occu

abou “%’S"@"("S‘ hi9e PrPlentsactinh of phpfgé"epv'btb%ﬁu“ab"ﬁ?]@}ﬁ alkane diol
st ri agmnikyn-1,atdidplds a darB&AAE fralsOwithif the 5éBpe of this invention as for

t d bout 00C bel th
S ARREIES 8 LOTSSTENG Bt RodRO B R

0C bel ow t he m Functl onal Iy, maxi mum stringency

c ondukw,eé tm%'chla%arﬂ%g:s L Qal A5l &yen%@m@,n&epﬁeaw Ibpg
strict i entl ear- strict | en|t

hy br Féfisesififi eﬁﬁwb?'ifo%"awﬁlm*@ a!kﬁ’ee&*ﬁ@aml@ndﬁ ﬁlewmh €g.,
stringency hybridization can.he.used to identify or
det ect pol ynucl eoti de sequence honol ogs. [0140]
Moder at e and hi gh stringency hybridization conditions
are well known in the art. An exanple of high
stringency conditions includes hybridization at about
42C in 50% formam de, 5X SSC, 5X Denhardt's sol ution
0. 5% SDS and 100 ng/ m denatured carrier DNA foll owed
by washing two tinmes in 2X SSC and 0.5% SDS at room
tenperature and two additional tinmes in 0.1X SSC and
0.5% SDS at 42C. An exanpl e of noderate stringent
condltlons |nclude an overnlght |ncubat|on at 370C in

o I 1 o Y. Y. Y a ~rvr~ [ AP R A



may be anplified by any anplification nethod. It is
contenplated that "anplifiable nucleic acid" wll
waigwahspsconpri se "sanple tenplate.” [0152] AsPCEE82009/041631
herein, the term"sanple tenplate"” refers to nucleic
acid originating froma sanple, which is analyzed for
the presence of "target" (defined below). In contrast,
"background tenplate” is used in reference to nucleic

aC' d @Ihglecrwb:t)nzﬁpu@m&s&ﬁ;@gx &Ic%ndxgm cglre ngﬁncm S r}’?zt Nos.

pres roun nmplate Is
of t eﬁ 33hHdved #47% 205|whlq'?ﬂgﬂ laf@rnor?éedrhéem by ra&rewrfwbwpachmg
or i bf @YrehRatidH8r &yRlid dRopii@sence of nucleic acid
contam nants sought to be purified away fromthe
sanpl e. For exanple, nucleic acids from organi sns
0b heygitah indahms-dacbohtesdmihele e thyna@aybobae, Iﬂrrﬁtﬁ}@lﬁtarﬁﬁtate,
bagk 1%1? unl(.jcmlbtr)]na € a.ngr%e o lztfgjpgfplcaglanczglpo]db%rsb ed cdlg({eel n,
whet hféy(pwozlmerqamna@tam ttlike.as in a puri f i ed
restriction digest or produced synthetically, which.is

capabl e of acting as a point of initiation of
synt fhedsabargpatc nolvsarbervlinendydridshigripdeohns - pyrazipsdicprboxylic

synt S\ﬂﬁaﬂﬁdeoi ja deridﬂEBnc@ifJx?ﬂSdnﬁfﬂrﬁE,wﬁyrmegabarb&yhc

conp a | ei C. aci trand i s induced
ﬂ“%"?ﬁ’[ %E"eﬁtﬂéa*yﬁei 5ol GE}PYQB‘? ARy ghepininanhydriski hg
ag e nhapbalbneasetDNMAh I, 1ET, &S beraait tﬁ(tarha)xﬁu:l ahﬂ,\mlnee and the like.
tste?'gﬁﬁ%yérgmgtnﬁ&ommoxgpf 8Clé) ({Sér(r.]gglrdc Ihﬁ 8§ 5$e (‘?I?e alor I}l%n:}]lg 3 t
may aihydideati vel y be doubl e stranded | f double
stranded, the prinmer is first treated to separate its
strands bef ore being used to prepare extension
pr od <! arpnaticpolygar xy{lﬁg:ldpqsteﬁé?clng dimnethyl phthalate, diethyl
ol i gptaledaey El]nb:ﬂ'r}'llﬁk)& qahahdae, mdae mathiyINexyl piBdlat)@nono ethyl
SUff'Q}aégL or g? E@éq& t he synthesis of extension
pr odbithal |r1%% DAY the i nduci ng agent. The
exact lengths of the primers will depend on many

ctqr
0 e O 0 S REIBL SUCS O O T
" pr obRby-carlamaies Intanother egibpdjmenictherssi-ukatifg agent is en sepiience
of Nty caRbikyHeAid, a\mt.,b@&eg@,cur ring naturally as in a
purified restriction digest or produced synthetically,
reconbi nantly or by PCR anplification, which is

capabrkferably, tlhy htbhch'unJg mgaddmvaém:tﬂmanmonls pOMEAER0IkH HfosOtreating
b?t egr%gnt dhat B ég%de %o?rrz gtld)ge Y rbgna?ct P]]et 3‘@%‘3’%@8@% ,gnp nl'zlaggttﬁélic

|den@mfmﬁbt|on and |solat|on of particul ar gene
sequences. Itis contenplated that any probe used in
the resent invention will be | abeled with any

" 1 epbPically. th Pastifeating agept ﬁlﬁafthvlgnedétbeweaebtbaltcwnla»ﬁydc or 1,8-
det e:ﬁhbhtﬁﬂlc&yﬁtdﬁﬂé) id daa¢dud th@@eactbﬂ&onﬁﬁﬁn |thdﬂh5&@u$§ouﬂﬂ§i¥xﬂ@

as S a h’)pos"f‘?"uabd? E%aée\ge%’ere?yaod?‘gg\ég f Q%S?Ee \I’%{‘ff? A% g‘lé’ﬁ&‘"e

syst@nwposilidn. i s not i ntended that the present invention
be limted to any particul ar detection system or

| abel . [0155] As used herein, the term"target," when
used in reference to the pol ynerase chain reaction,
refers to the region of nucl ejc. acid bounded by the
primers used for polynerase chain reaction. Thus, the
"target" is sought to be sorted out from other nucleic
aci d sequences. A "segnent" is defined as a region of
nucleic acid within the target sequence. [0156] As
used herein, in one enbodi nent, the term "pol ynerase
chain reaction" ("PCR') refers to the nethods of U S
Pat ent Nos. 4,683,195 4,683,202, and 4, 965, 188, hereby
i ncorporated by reference, which include nmethods for
increasing the concentration of a segnent of a target
sequence in a ntxture of genonlc DNA mnthout cIonlng

- . o r



[0170] The term "mature" formof a protein or peptide

refers to the final functional formof the protein or
w@ewbilaeso To exenplify, a mature form of kudzuPCBHUR0EN@I1631

synt hase i ncludes the am no aci d sequence of SEQ ID

NO 2. [0171] The term "precursor” formof a protein or

peptide refers to a mature form of the protein having

a prosequence operably linked to the anmi no or carbonyl

ter nbﬂ#m@(fm\tehe protein. The precursor may also have a

sequence operably linked, to the am no
t er mr hqi@“@fm& #iditiye saraRpIETEC CXPREleR PO Sbihe pamPoRgnthat can

havebaraiddrtuipaa;iioﬁe iy iRE ple @At int@Bord. MRdse alafiplRY of 248t vishire

post-tr i onal aCtIV,It poI nucl

01 eaHAT e Lty Berebpaeneie Htes e bl o i
protein or peptide). [0172] "Naturally occurring
efzyhe" rMftdDstarggnan enzyne havi ng the unnodifi ed

am no aci d sequence identical to that found in nature.
Natural ly occurring enzynes include native enz

those enzZyHidzn at wrdfurizedaly extlicqylehemesamti| o 2 i/kﬁ@s‘/‘ aromatic
parti cul aulféHaes Wa@aﬁthlﬁ)ﬁhtes[, Qulfha}ed bR enstiired ine@nhhca!

in the conte t, of i c acids or po ept.i d
sequenced™ P %‘i’%"yt Ei‘mf?fé‘“?e@g UC FMROHRS'S twgfgﬂ@iﬁéﬁé’é%f°xy
tihat ar e drdnmtis aﬂfenmbnesulmhzegme@sﬁlﬁmzaﬂa&kﬂnmlkenyi naphthcnates
cor 1 esPONge S oPRiTBRATHAEthHPLATo NGNS orbREes B 21 NS
sequence conparison or anal'ysi s gor Té A $
t er m " optchenaical ghd igrmeaimmnref @ereoft 0 t he aI i gnrrent
giving t he hi ghest percent identity score. [0175]
PerSentlgg eQ%S |dent|ty, "percent am no acid

- sequénce i y," "percent gene sequence identity,"

and/ or percent nucleic aci d/ pol ynucl oeti de sequence

'lgent ity, Antl\MﬁcﬂmE ?&?Q&Cﬁm ttt&lehé%f ﬁmeﬁ@ on‘i’sQB getenorate n, servrc

pol ynucl eoti'd ene sequences propriate
refer to WS dﬁ@fleférﬂna@ev"tﬁwqdégiﬂirw&duwhatox Hoy yelhasiskidge
in the twadsefsieReaRpiiesh hhiReSRYHRREAR b@raeirra&tsemaill;aésuy.
al i gned. _Thus [

% am,no acj uence identi nmeans
hat 3006 BPM RS 2 RO MG GO A T AT e gl JHGtE not
pol ypept ilsiéted explendeagpedplensldpotidaiab inhjb@drig,6lichldae phr ase

ubst antj al | e L
ngcl ei c é‘c“?h‘ C%?ﬂkge ﬂ% b’%?r’ftteinglg?ﬁ 'pﬁ?ioq)o ?te;fgegr(zsgt Ie%mylpheno”
pol ynucl ét-pid@- thitwbimlbmolb hat conprising at |east

70% Sequ@@ﬁieih?ﬁ%&g(%meﬂ{yﬁg Sdrofhiphor), €ast  75%
preferably at [eas Ere er abi)y at | east 85%

pr ef er abl44-By Wll'dé%lest"s(éﬁ‘@/%‘hy pegrshubdpliEnel). | east 95%
pr e]t er ag::iyi &bprlb@&ﬁnegﬂs% $-dpesbatyphéngl)at | east 98% ang
ef era east. 99%.sequen entity as conpare
? a ref 2eﬁ'5‘£ ‘e ’tlggé‘be”tigg ?‘ﬁg &’ogr ams or
al gori t hige2- (sebtgrhderELbﬁe&T,é dﬁmﬂ@ihher@l_)USTAL) usi ng
st andard e 1 81 '
A5G RhS Bis@}ﬁeti'wg Sabian ?}ieiia

pol ypept i , |caf) is that the
first polzyﬁp@ﬁ?ri E}éylr“smi"hﬁﬁh%‘i" p-digtenpuyt-tedylpessek i ve

with the 2se&raerﬂyirmieuibe@t-pirieei A y-ai- @alihynexr@%ir&e tleghes

at diffe nservatlve anm no acid su stitutions
e R e
pol ypept iddethiabis@npethdréi-teadbhtylphahelt i cal to a second
pol ypepti de, for exanple, where the two peptides
differ only by a conservativegsubstitution. Another
i ndication that two nucleic acid sequences are
substantially identical is that the two nol ecul es
hybri di ze to each ot her under stringent conditions
(e.g., within a range of nediumto high stringency).
[0177] The term"isolated" or "purified" refers to a
material that is renmoved fromits original environnment
(e.g., the natural environnment if it is naturally
occurring). For exanple, the material is said to be

“purified" when it is present in a particular
conposrtion |n a higher or Iomer concentration than

o, o



sequences of multiple honologs of a starting gene that
are aligned using an algorithm(e.g., Custal W.

wQ 08/132286 used herein, the terns "consensus SPCUEAEY/041631
and "canoni cal sequence" refer to an archetypica
am no acid sequence agai nst which all variants of a
particul ar protein or sequence of interest are
conpared. The ternms also refer to a sequence that sets

forth th%?HFAb?s?fI h‘gtel?lgggtbggl&ge st often present in a

DNA sequétice 0 h position of a gene,
t he conséirumedrltibydeeygitoed0-brubensyireulfies, endt hat i's

most - aburgles.qi. tenibheu-nnwyb&eyu rmlgﬂaeylé\ﬁﬁwb@&a@uoﬁs

used herein, the term"consensus nutation” refers to a
di ffer end@“‘i"ﬁ”ﬁ‘ﬁ%“@e‘&hé’ﬁ@%‘ lii?f‘”é“’s?‘&)“?‘%@*’@éh‘émé’ﬁ’d a
g gnsensu Sph&@rﬂhl@ﬁw@phtﬁﬂEkﬁﬁﬂ,&HdSalﬁ&lit&t-hl&&sndﬁﬁtﬁylkxﬂﬁﬂtﬁtﬁdr 8fes
y compar.i.n uen gene and
The’ conedhee R imEnES TR PratdFiotPiraafe FRS sone
enbodi rremiitlsnpcaxmanmlfrmetaylcrmh:s(damtyldnmtombhmm:d into
the starting gene such that it becones nore simlar to
t he ﬁonsensqé uence. . Consensus nutations al so
i ncl tde HYF e‘ﬁé‘i"ﬁi'“%hanges that change an ami no acid
in a starting gene to an amno acid that is nore

equent | I A s | osigtion rel t|v
18 e 1 B i RE bl oA yRER Sy rieflelng
gene. Thd%wnﬂheﬂbemmeewng@WEUQlwnnaﬂmundcunbnpwwsamlI
singl e an;phodfhhids &G%ﬂ&%r&)h@ﬂrbmsa&@rsa%d%l%crﬁﬂ d
of the starting gene wwth an amno acid that 1s nore
abundantcﬁﬁéﬁ“¥he am no aC|d |n t he MBA [0189] The
terns "nodi fi ed sequence” and "nodified genes" are

ed i nt ngeab rein to refer to a sequence

4 nc%&‘gg %todsed‘%{'%ﬁmq “W¥ertion or interruption of

naturally occurring nucleic acid sequence. In sone
preferre e
Todi 11 0d bequegiar itvox MIRE RIRRSLAR: LA KEhoBdfpe
modi fi cati on laryketers|petyporsthyglend *ns*@r plegie] @er.gfolyokysthylene

sequence). | nnos@memEthercwx@&wwwneaewp%ﬁahedI rfent S
ghe truncat ed E otein retains biological act

A ternative e YerRing °°‘Y’I~?€a‘é{3<ﬁ?"é§’§’fy8ﬁye&y&f’ﬂﬁ BIFY‘th"'E h e
nodi fi ed sequsitRRyddtylan sebia gahatapiepadyoRydiyidhe sorbitol
' nnd'f'Cat'onST8m$B&k§hﬂﬂm?n |nsert| n_into the nucleic

aci d sequence B TR MNP §Ieale ' on
| eads to a truncated protein (e.g., mhen the insertion

resul ts iy th@th@x@oﬁ?&dn@? stQ&nc%cﬁtaf?@otﬁqu) 1dIrElllJc§rbo
insertion may result In either a truncated protern or

h el ongat ed 35H45tBFH Sepps. dHYSKid r@insisyi Betalgalis of hpayy gfonic
As used her ei dtid, pirRal b@bsRglic s ARRE ofRHUGIHAcoRE tand
"nutant gene" are used interchangeably and refer to a
sequence thatmﬂﬂgmﬂﬁuﬁfteratlon in at | east one codon
occurring in a host cell's wild-type sequence. The
expressi e, g{g%gct of the nutant sequence is a protein
with an altered am no acid sequence relative to the.
Wi | d- type. The expression product may have an altered

functi 0nNddl@l&Dﬁf@thlc)/of(aﬁ{y%enoemaﬂﬁﬁﬂc Slidey H@%x@ethylene alkyl

act|V|ty) % h, E‘{ ‘mut ageni ¢ priner" or
'nut agen %’e o PSRAEEES e ue* "eﬁ%sée& i nt er changeabl y
herein) are intended to referggd.o oligonucl eotide
conpositions which correspond to a portion of the
tenpl ate sequence and which are capable of hybridi zing
thereto. Wth respect to nutagenic priners, the priner
will not precisely match the tenplate nucleic acid,
the m smatch or m smatches in the priner being used to
i ntroduce the desired nutation into the nucleic acid
library. As used herein, "non-nutagenic priner" or
"nonmut ageni ¢ ol i gonucl eoti de" refers to
ol i gonucl eoti de conpositions that match precisely to
the tenplate nuclelc aC|d In one enbodi nent of the

.



anounts of isoprene. In particular, these conpositions

and nethods increase the rate of isoprene production
w@pwiismsease the total anmount of isoprene thaPCT/BS2009/041631

produced. The bi osynthetic processes for isoprene

production descri bed herein are a desirable

alternative to using natural rubber. As discussed

further bel ow, the anmount of isoprene produced by

cel I g Ca'bx?r‘é‘mgﬁx%?shl-eYAdtiUﬁ/r “%"A%@rﬂs {%Xv/AWgQ%C' ng a

het erol ogous nucleic acl g ercod ng an 1 soprene

synthase (1spS) polypeptide into the cells. |soprene

di phospha?xgdlang/{g%l iirqt.ogli %o ;t %%"%o\l\dﬁy?ny secondary

( P) prene. ) the .
exanpl es, 3yl aed v gy rsySirbend gfilide; Bethy fchiorogta rats phlorinated
| s0prene rapithdlas SudftalkpRplliildeand/lehd\naptitRnite, detiediealornas
Eachor; P ALETS o BhsERsha PR S anE T B prosphaces
contenplated within the-scope of the invention are
popl ar | sRE&ENG.A¥AL hase pol ypeptide and variants
t hereof was expressed in Gramnegative bacterial cells
(e.g., Escherichia col) . [0203] Heterol ogous
-@¥pr essi qRuPhicéhol kAR tacili $dearit feid) Rtk adid, MRS ackdnll Sther fatty
resulted in the production of nore isoprene than th
cor r esporfdidhgr Bl hereqty apmgPorad eﬂf’raﬂ‘ge’l%‘f)’g’. phf’ﬂ‘gffﬁﬁ’ °‘$‘E’
has been phhghitestbhades mrirtaad dirydmoarbyo plsspidies, @sd phoeghosdtes.
the surface of protease enzynes can inprove their
activity, expression, and stability (WR2008/ 153925,
WO2088/ 158d8anctin@fl@egive3935) . Surprisi ngly, we have
ﬁ?und that nmutating am no-acid residues on the surface
of a completely different enzyne, isoprene synthase,
can enhantduiized ogymp shdenugrdithigsprisnats. syjfurizadpxymelyRhepym
L70R i s ajigm phaepidrathithidats,bx gmIGHRMIne ndhogBdérfdd Cekymolybdenum
nutationwf%O%OSL@EIucldatgﬁg of thelthree-d%ne si ona
st r uct ur €GP TGRS GRS LOIRIER ORPIeK SPRREL AL el y
i dent i f yisnffuraohtaining Giotybdemimtumplen comgosnds ur f ace.

nol ogy nodel ing using structures with sequences
approximately 40% i dentical to isoprene synthase
(e. g2, boYisspbitydpdrxHmpreoverad | i nonene synt hase, the
enzynmes of known structure with closest identity to
i soprene s nthase& can reveal gross. aspects of the
nmodel ed dispXpirhaeyatsdYRs PRIy msTs: cthydent RERY R SORMNY METS
pr eci sel ystyréhesdobfeye Sopblly mes; I51ARE ereheBbiier@opdlgers,
guanti £y LREli.dear 86 £L. Sl {88, CXRASHL Saobiiid ace
Xposur e o A BRI o acrd TesPalEr'd quaﬁ? PYe by the
per cent age of sol vent-accessible surface area of its
si deghaipyy, pdigRhredfis f Ol | OWi ng classes of nutations
in isoprene synthase may inprove solubility of the
enzyme by targeting am no-acid residues that are >50%
sol vent - expereg mpnahgqabl y >65% sol vent - exposed, and
st preferably >85% sol vent - exposed: Hydrophobic
ggositively charged, and vice versa Hydrophobic
negat i.velipamhehitged, and vi ce versa Hydrophobic neutra
pol ar, and vice versaNeutral polar positively charged,
and vice versa Neutral polar ->negatively charged, and
vi ce ver gakpagethesrylalepolymarsgadidimethglgdiconetolymarar ged,
and vice versa [0207] AdditiaqRally isoprene production
by cells containing a heterol ogous isoprene synt hase
nucl ei c acid can be enhanced by increasing the anmount
of a |-deoxy-D xyl ul ose-5- phosphate synt hase (DXS)
pol ypepti de, and/or an isopentenyl diphosphate
i sonerase (1Dl) pol ypeptide, expressed by the cells.
For exanple, a DXS nucleic acid and/or an IDI nucleic
acid can be introduced into the cells. The DXS nucleic
acid nmay be a heterol ogous nucleic acid or a duplicate
copy of an endogenous nucleic acid. Simlarly, the |ID
nucl eic acid may be a heterol ogous nucleic acid or a

o



acid is a reconbi nant nucleic acid. By "reconbi nant
nucl eic acid" neans a nucleic acid of interest that is
wo e@e/18250ne or nore nucleic acids (e.g., geneB¢T/UStwiH1631
in the genone occurring in nature of the organi smfrom
whi ch the nucleic acid of interest is derived, flank
the nucleic acid of interest. The termtherefore
i ncl udes, for exanple, a reconbinant DNA which is
i ncorporated into a vector, into an autononously
repllcathﬁg pl asm d or virus, or into the genom c DNA
of al%r o483 Seactiyploykar yot e, or which exists as a
separate nolecule (e.g., a cDNA, a genom c DNA
fragnent, roduced by PCR or
restrict |%ﬁ’ 8?88’%?&6?"%@?%%"@ |°g?1 e"'i"‘?“l"d'é?jendent of
of her seoueecap©benzPtbiddofds, thiadivate dstivatieeshadi necap®bentzingdazoles.
nucleic acid is a reconbi nant nucleic acid. For
|nstance i n sone enbodi ments, an isoprene synthase,
DXS, 13- DI DRFESf¥A pat hway nucleic acid is oper abl y
l'i nked t O\lmg)lshedimmi&i @lk@nyamcdmﬁﬁdb@dioﬁ@iedibvhh therdrganic
portion of anothe t
Fecorbi naRPPET geDEastBRBIdES foBHET ! BBl wity e
that i nclcambe@mrlbsmceh@t@wﬂphladeohomsi pdifdsobuenyl Mglinic
p@t hway Q%\)ﬂﬂgpﬁnhgxg&%ﬂgyl@{e& arfarthcpraﬂ’o%l-tggteélmwgg alkali metal or

| t ,
B 1 Gatmis Whah gtk obeby <o meie teiss evpoioyRLyraed kel

S ;Jch as anﬁégﬂl 5orﬁﬁghxsp€#rﬁor{%%ﬂﬁkzﬂiﬁb@mhﬁﬁdﬁ5}%orlaféarpbly&hnd@hslhless
of a recopmbi nant nycleic ac mcally
synt hesi Z58°S9R @8#\8“3%6‘8?‘%%‘2‘“&%@”%{87 eic acid is

a heterol ogous nucleic acid. By "heterol ogous nucleic

egldhum1at]qp; &n gg,elc aci d whose nucleic acid
ente*gg“ﬁé%ﬁ#%ﬂﬂT to that of another nucleic
aC| dledp!arwa!lmgwﬂfaé@mF qompmeonsiawebqﬁl@@twecegqnera[l30*211?8] tojarpase

par t hiethat s ioTBHcate faGing Fﬂsefbpexa&bﬂ intéHd1 UGiRBusRon
segnent of or the entire nuc cid sequence of aq&:
r

nat uFimess 2655 em Fnsyisies phelse ysghﬁ W&%mg pikeempopjtion g

WA ﬂéiehﬂﬁ%nﬂé&doﬁipﬁse@@ In'djor krﬁo&D&f&n@ﬁbOlﬂbﬂﬁﬂﬁ@vxs&h@ and a

ggclelc aC|d un uges a%l %@‘ or gggut 50, 100, 150,
0, PSBHAMABLO! BIBOEHE O AEH T VBT or e cont i guous

nucl eotides froma naturallyoccurring isoprene

Syt PSR Ui B GyeRh lodiPor d Ple oo MYBPBNMRY AL SIS

acid. In sone e nucl’el ¢ aci as one O
mor eThekhagg 9iloH, éubelefﬁwa visepsitpusethia sydcfgmRestions may b el or

(i. esynth@ucs(ﬁg UL B&s€ of? ‘E&Wx{grd \nsﬂodn? oﬂéﬂltlééEtQ)Sl dse Qﬂbﬁﬂgxd a pour point
ei c gCI

nt
é% D %%En%’ﬁfﬁg’ayt“h%' BR\g¥ eﬁgds desi %"‘hi@ e eoifsmanbe 8"""‘3“
nutaﬁmﬁeﬂm@ﬁcqnmwmsmkemt mut ati on) that increase the
transcription or translation of isoprene synthase,
DXS, ID, or MVA pathway nucleic acid. In sone
emboMingeah pids, for yse anthe bast eil imdhislinventian thelyda &raxample piraffinic,

Of aﬁb)bht‘ﬂ%é ﬁid%ﬂé?bx% tﬁ‘a@ @ G}dﬂgnl@fgxsétdlsn{? Wb%@a%n%)ﬁﬁ Eé}@ﬁuons

a%ge%ﬁ“}s&ﬁ/“"s '%ﬂ*‘&esf"f %%P@@Pﬁ’éﬁé'@cﬂfwr'tsﬁ%‘hﬁ@ﬁéf pnd syribrsic

per Néstekd dag midlreftht@6r hating he desired eabm@en;wquma 8ynthetic oils
\glnf:g’g’gy dmgu%e, Fotr agn Sechg arrgpgr%d ??mghe apr &mseg%a%log om)ile a,War e
of the ' codon blas exhlblted4by a specific host cel

i n usage of nucl eotide codons to specify a given am no
acid. Therefore, when synthesizing a nucleic acid for

i nproved expression in a host cell, it is desirable in
some enbodi ments to design the nucleic acid such that
its frequency of codon usage approaches the frequency
of preferred codon usage of the host cell. [0220] The
accessi on nunbers of exenplary isoprene synthase, DXS,
I DI, and/or MVA pat hway pol ypepti des and nucl ei c aci ds
are listed in Appendix 1 of U S. Application No.
61/013 574 hereln |ncorporated by reference |n |ts

" . g N a



peptide, or fusion polypeptide that has at |east one
activity of an I Dl pol ypeptide. Exenplary |D

w@eiognanse des and nucl ei ¢ aci ds i ncl ude PCT/US2009/041631
nat ural | y-occurring pol ypepti des and nucl ei ¢ aci ds
fromany of the source organi sns described herein as
wel | as nmutant pol ypeptides and nucl eic acids derived
fromany of the source organi snms described herein.

TRy 2540, BB L, AN S

acet yﬁfmmmoaa@ﬂw@ereaﬁ gr@ms easeme!oai ip oy Figheadegpsch

pol Y pRBdsk. dRstul §mlﬂytcingaa6ca35m1bmkmwﬁcﬁ.wﬂmﬁ% STYPhDASEns
HMG- CoA s nt hase

ol
G ey Beptt KiotosToo EARSRI sl e hulresepyipdlineigligomers
r eduef @3e i piphy ﬁleﬁntsl sdéhSas 1 esent oinat. &ikewitasatky( MvlEdnes of proper

ol YOS 3n RRRATIENELODRkE 4 90 (RN o e e
pol y peqs vfdwocar@kylmcsdp et fiotjearbosaticlagists| aspepias theso-hydroxy
e. I WO
g ; grgx;(aeriom@pol ups@eh &Lﬁ@l)o 3 \awa@ecgm g Icu{ayrgﬁtx‘va/

pat higdgcapopy, pieﬁtem;r wl AdiPaLR éﬂwlsﬁb@m a6 dhe like Lpmplpxgsters
ab ppxlewmcindmmwﬁﬂodesnd mﬂm&yﬁla@xa&mﬂ%oweﬂidlﬁiﬁsoxy

Itogia;blg &%na st ogé %k? I VI t%wgsyw‘ﬂlfﬂwg?tt?o &P’&@Pgo useful.

i ncl ude nucl eic aC|ds that encode a polypeptlde

frag t Lon .
TR 0l RSP B e B Lo
pat heihper peintheéphidesarbeixermph-hydrodysbon pépﬁ“)gy;ating viscosity. The
9'YEEPBﬂQﬁ%m@@gaHﬂﬁhébﬁmﬁﬁkﬂﬁdkﬂﬂkﬂgﬁh

natural ly-occurring pol ypeptides” and nucleic acids

fromany of the source organi sns described herein as

MB||Nﬂﬁmmuﬂaﬁbfgﬁbﬁggﬂhkdﬁﬁnand nucleic acids derived

h er g}rﬁeqiﬁwfity]g Ole)rfl%g g{leg c%gﬁ)?) aory ozg%tpdes 'X\emxon is added to an oil of
acet yxlbtwaamg;fnmoasehmﬁ)mmtm@lembx@oﬁﬁag}olﬂcotﬂpomnm Ehadnbricating

CT
gg\et élégogrgb%s{l%:o%mg gﬁ#&eﬁnﬁQ%uggcﬁ%ngsa 6\&;%}&%%1% the present
desc rnwtrélan hebe rimcteeia@la methodeldmpryvitie et dibnecsantyetlidee a

pol y gigRtahts ohBsih %%én&l'%bﬂh@ﬁ&m @@inx R&Rh bélfprREd dp¥ialig the
b pepti de to convert

y measuring the, abi 0
two FREMECIIPES 1y ms‘e&%CO@B%"ioﬂ%ﬁ)lswémaeety| CoA i n
vitro, in a cell extract, or in vivo. [0228]

z hydr ox t.h | uta
&5 RS iRty b Bidkv Bin B ARt i b v oo
i nt ofugladyitive Whed thuht;ulelg,l thit prepek cc@odhtra@mant theradditiet tha dks
(SUCHecBSarl Q%ﬁe@ﬁ&ﬁés@&ddell%eﬁégq é@@,faem%pw&@an%ﬁo factors
det er m ne” whet her a ?/ e ase
pol ypeptipgde hies P(/ﬁ“?’yls‘biy hﬁﬁ%m‘rq Hgthengetosganisior S}'Sll?rsat“h gr other
pol ypRipives] erc tGens@my, Qif)i'ev@@ %Qﬂ@@hﬁ’don@ﬂ&atloﬂbﬂthe addmve in the

gg)(t ¥§ ?{%]df ](ﬁs ]5 \b@lwlé%% %ﬁ_p%?élllmn prc}era%ly fjrom ?0 !o% ,000 parts

3- hyphr oriljierBefitiat daglitigt. Uf @liey HetGgéuty axelpredears @ lefdedmduarof the
redu gmgﬁ

3. hy%g’ig m%; lr)ret )H\P Q&d\‘{t%?&éé%%% Ee‘?él){ ﬁira b fgmét%l%ted asa

St an®aheangeaidio et@m( guew a@lq Hepphilig e«émnt bodlingirethe fange efahout
be used to determ ne whet her _gypol ypepti de has HMSCoA
reduct ase pol ypeptide activity by neasuring the
ability of the polypeptide to convert 3-

hydr oxy- 3-net hyl gl utaryl - CoA into neval onate in vitro,
in a cell extract, or in vivo. [0230] Meval onate

ki nase (MK) pol ypepti des phosphoryl ates neval onate to
f orm nmeval onat e- 5- phosphate. Standard net hods (such as
t hose described herein) can be used to determ ne

whet her a pol ypepti de has MVK pol ypeptide activity by
measuring the ability of the polypeptide to convert
nevalonate |nto nevalonate 5- phosphate |n V|tro in a

L, ~NNsaAa o o o,




as a nutritional advantage on the host cell. In sone

enbodi nents, an isoprene synthase, DXS, ID, or MA
wQaiobmsazsnucl ei ¢ acid integrates into a chr onoBONESWNI/041631

the cells without a selective marker. [0239] Suitable

vectors are those that are conpatible with the host

cell enployed. Suitable vectors can be derived, for

exanpl e, froma bacterium a virus (such as

bact gxq %b@@g 6204 ch[_@ré\éale% sOEdRe .m@gs‘s)ohn@mg%m&n rafige.

yeast or rotocols for obtainin usin

such (F&'S%b@f an arpéat;er?éamarprna*tcwédraw bongelyent s ‘tﬁed SuSh At ook

et abenzeﬂvblloﬁn@x\hl ﬂﬁe@o@ﬂi@ﬁk@%oxﬁné—ﬂ&%@ﬁ oF éi‘orh;]ﬁfétﬂlghncrsznd

ch is here

e o B Aol br et Sieae o ot sfita Bpgoranct

par t isobutgtdrlyinj ri-butanebyne alie lﬂce:ddambimstﬁ)noﬁ]th\t@dwrsw solvents are

[ 024

or omjg% EJ] {’or pse unc{hﬁ%ﬁ\f}\@zl ad&‘i{‘ﬁ"‘ﬂﬁké‘f&ﬂ% entrate t e%magrg 81“ the

for edqgr\es‘eil bhordinariiy at leasp Grve \@whtdmdsmerdeSQt ek@led 7@ by

WA RRighiBN P! fRinfs @Shdnd Rork BR AR &R o nT‘toy ation

control” regions or pronoters, which are use

drive expression of isoprene synthase, DXS, 1D, or

VWA R faneying bb&h@le@ a3 Gletkteld o Ylﬁé'tia&%SeJlR&ianﬁHeﬁts am:s
nunmer ous. and, f am |

t

(see!™FRP" BXLATHIU 10 GG 0 356n S e B QLT ¢ e
. ther @iventionhi ch are each hereby incorporated by

reference in their entireties, particularly with

respect to vectors for the expression of nucleic acids

of interest). Virtually aniXpMbliBer capabl e of

dsi ving these nucleic acids is suitable for the

present invention includinq, but not limted to | ac,

trp, PL, PR T7, tac, é €lf or expression

in E. coli). [IQQy‘kik]cnﬁrﬁldS Daaaveent’eﬁdmemmspolamgbuc ose

I somer ase pronoter for

Patent No. 7,132, 5§°)ye§he w%ez}ngryeg\g ’faglgpt hereln

whi ch are each hereby incorporated by reference in

tZBe' 5\ et b,lg%t }egc?or ?sr éﬂarcg% %tlhy oWPti@Sf( %@Q\%ﬁt{r %&} #Ww riB

| asm for “ex reSSI ng pol ypepti des of

i nt ef@@?? g Réﬁfé’lkt @@n@h%@s opiey b A ard Brxend @Y base ol (19345

can BeTHs SfutloR voaawatadhﬁdére\&ﬁkog@rt at%&rheesa @6b°@chFf§}ﬁme XTI-

pol ypept i de epcode a nuc| e c_acid operably |inked
to i rQ 5?‘&%‘8&88'?'%2{;%8& m}ﬁ‘a efforp (lugtsmeny was thep added and

7, 1325 heatedforviatt. iAOusuveniad InﬂiEHk)Swastabﬁxeg fa+G0 SBnutes at 160°C.

ongrase ter t ai ned
A o 20 agruBh QR B bRV e laing 338 e 0B Mg o e
In va¢t@fu§heetnbom westtested &l 60°Cdpr EheA sacmith &S @0 mBXIdg) was then
| DI, il RF 3Mﬁue%h\9@t Rh’zﬁ)}sﬁ'o‘? m@%&l plro%ua%una'tﬁl%hdvgnga
| ow copy plasmd (e a plasmd IS malntaln
at about 1to about 4 coples per ceII) medi um copy
plasvkdmﬁﬁmQOWta=piaﬁﬁnd that is maintained at about
out 15 L0 er cell or high co lasm d
%g ﬁ""ﬁ“ﬁ?ﬁ% %ﬁ%Ps nalntélned atgabouPySS or
nor efmaipﬂaecszeber ¢S TM D 2886)sasey 7engdOdiHigent s, t he
het er ol ogous or extra endogenous i soprene synthase,
DXS, ID, or MVA pathway nucleic acid is operably
linked to a T7 pronoter. In sone enbodi nents, the
het er ol ogous or extra endogenggs i soprene synthase,
DXS, IDI, or MVA pathway nucleic acid operably |inked
to a T7 pronoter is contained in a nediumor high copy
plasm d. In sonme enbodi nents, the heterol ogous or
extra endogenous isoprene synthase, DXS, ID, or WA
pat hway nucleic acid is operably linked to a Trc
pronoter. In sonme enbodi nents, the heterol ogous or
extra endogenous isoprene synthase, DXS, ID, or WA
pat hway nucl eic acid operably linked to a Trc pronoter
is contained in a nediumor high copy plasmd. In sone
enbodinents the heterologous or extra endogenous

o o, -



pol ypeptide. [0250] In sone enbodi nents, the source
organismis a bacterium such as strains of

waEswbasizehi a (e.g., E. coli), or strains of BarCT/U8209/041631
(e.g., B. subtilis). [0251] As used herein, "the genus
Escherichia” includes all species wthin the genus
"Escherichia,"” as known to those of skill in the art,
including but not limted to E. coli, E
adecar boxyl ata, E. al bertii attae, E
fergusonii, E. hermannii, E?ﬁgg%%%alen3|s and E.
vul neris. The ggﬁﬁﬁm¢E§ﬁh§??@ﬁﬂ&mwﬂgda%$?ﬁﬁﬁkas

Gram negati ve, non- sporge,fvgg m,ngodoagw tatively
anaer obi c, rod-sh cter are classified as
menbers of the é’gﬁ{?’f Al 3?% g%'ymt*f der
Eﬁterobacterial S, G ass Gamma Prot eobacteria. [0252]

rei &nYs Baci |l u n Qﬂﬁﬁ ] .
speC| gsfc,igovl?\ﬁ1 ﬁ s"t‘aﬁgo enus?r% Qﬁ %’ Su&"ml"d% Kiown @ast’ﬁgmd n
of skkdmpld h anthdeated to 1698C uudcileng rbmgem@tmdsmcret ddithalic Bihydride
subt {4, 365g aBanlalbieCM'SﬁéHﬂtE h@wak %@Jeuscmd Bhe BIGNE Svas Reated at

St ear Ot er no B.
any! &9° %@%Pé‘c%ﬂ%@s Oéfhecflna'ugqu medmﬂ follnvtings, B.

gaterlun1 B. coagul ans, B. circul ans, B. Iautus and

B. urln IS recognized that t he genus
Baci | I'Sﬁ%s"g?)‘ﬁp&ﬁ:uegdztzo Stinder go taxonomi cal
r eor el Baad Nanber F1a$4 mgtKOK/gi nt ended t hat t he genus
i ncl ude species that have been reclassified, including
but not limted to such organi sns as B.
‘st ear ot her nophi | us, whi ch iEamplg3naned " Geobacil | us
gkear ot her mophi kMgiene CaltifalP f»&@ttt&tae@pox9§‘ucé.aal.&t ant
endospores in the presence of en 1s considered the
defining feature of thepﬁgﬁbgmBa IM¥s, although this
characteristi c @oBOIBENIPIIRShctdantifiHEaef Bslydnyinhamed
Al'i cycl obaci | | us, Anphibacillus, Aneurinibacillus,
Anoxybaci | | us, Brevibacillus, Filobacillus,
G achl30Dadi gltsssqactlslawmmgbdl wsl;l pRpssoaibmaiel (234 g) as prepared in

Sgl i ' baeé

v g?%&&é;k{ FsAnd Y ?ééi% %rgd ngg?f%lfr%%\]@re G0 lcne c;/rbonate
of ht4i23 | Was added e&eruls oattléoéixahesthu@om%h@ted at 160°C for
synt aRnalPXS, | DI, and/or MVA pat hway pol ypepti des
and to produce isoprene in the nethods of the clained
i nvention. Exenplary host cells include cells from any
xanplé & hr@tiv [
B?adl ng Exenmoﬁf\¥ccxnx 1dg8 rvegg 29@0 MWTP(S Bg}\ cel |
nay be a cell a F uces |so rene’ or a
cel | that does notP@Hﬂuﬂammyuwﬂ@@m@@%bsmpﬁene. In sone
enbodi ments, the host cell naturally produces isoprene

' t he DXP pat hway, and an isoprene synt hase, DXS,

usli n
o S Eaoh T o et eri vl et PIRS AL RpravAe droBr S3ICMNPIB
of igogy g awsnwg frohi Gxeﬁt@ﬁ Mstte, UUT) SANEXRAN OGN Hﬁ%ﬁ (129.66

nat roduces i soprene S

Wa Barbeseftona: el i a RGShawEvs o) SFC dRgergpe X7
- mor eSN\Rlypiatriaminer(lel. Bi g) vas adiisd ardathaditiedte vas Baatednc 850°C for

pr Odl"ﬁtA ORuh (é §@B¥r€ﬁ® aB]glea lﬁJr PWJ@@%YNOL@ 1He Vcuum was

enbodi ments, the host nat ur a produces 1 soprene

usi nglepsse “Eﬁkp’eba’Fh‘(XalgP‘)a’ﬁEP"oﬁé 2918) 3 éhemmdqﬁatomhaycacwr The

nucl ei c acids are added to pregluce isoprene using part

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

In some enbodi nents, the host cell naturally produces

i soprene using both the DXP and MVA pat hways and one

or nore isoprene synthase, DXS, ID, or MWA pat hway

nucl ei c acids are added to enhance production of

i soprene by one or both of these pathways. Exenplary

Transformati on Met hods[ 0254] | soprene synt hase, DXS,

I DI, and/or MVA pat hway nucleic acids or vectors

contai ning themcan be inserted into a host cel

(e 9., a bacterlal ceII) u3|ng standard technlques for

o Y a1 o




nonogl yceride, diglyceride, or triglyceride and (ii) a
carbohydrate, such as glucose. In sone enbodi nents,

wo b@nz2s® of the lipid, fatty acid, nonogl ycePCTEs$2009/041631
di gl yceride, or triglyceride to the carbohydrate is
about 1:1 on a carbon basis (i.e., one carbon in the
lipid, fatty acid, nonoglyceride, diglyceride, or
triglyceride per carbohydrate carbon). In particular

e”boﬁ.i SRR bRis gé ?&3 a@'i@d‘&tforof htk%aéu'u}?i'(g 20%53%@ Ak Q%phcd for 30

nmonogl yceri de, yceride, or tri cerl
about“"B’GFS and0Ban ns OfM’Phé"de\‘ﬁ'{femd tyf follgyeine:
carbohydrate is between about 120 and 360 g/L. [0263]

| ar robi | ypepti de carbon sources include
oneng Sc‘i‘l%?’ @ %Blcyp%ﬂtq%gés from yeast or bacteria.
Ex enplitrigyh q@h@mt= pt:d»ympti de carbon sources include one
or e $QY. corn, canol a, jatropha,
paln?&%é§%%¥8nsun§? Eonut nustard, r apeseed,
cot t onseed, paln1kerne| oI|ve safflomer sesane, or
I i nseed. [0264] Exenplary renewRsl e carbon sour ces
i ncl ude cheese mhe¥ perneare__ggrhsteep | i quor, sugar
beet nol asses, DBbdligyAnhydride PeshrdireatedPriretirimideom any of
tibe foregoi ng. Exenpl arperived@abice mwr bon sources al so
i ncl ude gl ucose, nt ose |.ose present in
bi omass, such ad® Bgﬁﬁﬁs@%f ﬁﬁ?ﬂ% “@ﬁ ayaminhe, cel
waste of fermentation processes and protein
oy- pacll, DLSMLOEN W00 O ec SRR o8B 5Pl
I i gnﬁmpllw @84 beatdielri KWOTQ ubdss r nitragen ewidsplerss iPhimlicesnhpdride
§5Cchas, .2) Rl adRELardQhe hixtlrd G4k Hefled & 186R5Sr 2 W%%@rys,s Whekinal
straw, %Fsse sugar cane bagasse, soft wood pul p,
cornpm@@f Blloingk, corn kernel, fiber fromcorn
kernel s, corn stover, swi t ch grass, rice hull product,

or a.b t or dry mlling of grains
(e. gVF&§§¥ﬁqU§%}g§§g: bye, triticate, barley, wheat,
and/ BotaliBasd Nérhter s 1§8amgKOH/Exenpl ary cel | ul osi ¢
E@terials i ncl ude wood, paper and pul p waste,

er baceous plants, and fruit pulp. In sone

enbodi nents, the carbon souex@mpledc| udes any pl ant

part, such as Sggjiene cgmha@posr PRAEd paysuwxhﬁﬁ& In sone
enbodi nrents, all or part of any_of fol |l owi ng

plants are used as a cdrHue EBHP08: M\yor n, wheat, rye,
sorghum triti c@bBPIRSAC®Iyethclditine/Iary Pylyandassava,

gunes, such as beans and peas, potatoes, sweet
pot at oes, bananas, sugarcane, and/or tapioca. In sone
embodisie misglass ractoavisohargalivitiepdl ssuerihingieg3) 21 g) as prepared in
hydr ﬂm@arld% Heafed 181 @ mﬁa e e‘ﬂl aYtﬁﬁb}?eﬁ%: F*ﬁlélene %a(r)l%olg{ate

i ncl udes both xylose an 'ucose o t hat
sucrdéds aeﬁdwgmqéoiseYer[lerS]lW k- dbprenigMsodsnkasted at t1g@°C for
r eneyRiogal63mbon source (such as bionmass) is
etreated before it is. added to the cell culture
dium In sone enbodi nents, the pretreatnent includes
enzymatic pretreatnent, chenical -pretreatnent, or a
conmbi nation of both enzymatic and chem cal '
pretreatnment (see, for exanple, Farzaneh et al,
Bi or esource Technol ogy 96 (18): 2014-2018, 2005; U. S
Patent No. 6,176,176; U.S. Paignt No. 6,106, 888; which
are each hereby incorporated by reference in their
entireties, particularly with respect to the
pretreat nent of renewabl e carbon sources). In sone
enbodi ments, the renewabl e carbon source is partially
or conmpletely hydrolyzed before it is added to the
cell culture medium [0266] In sonme enbodi ments, the
renewabl e carbon source (such as corn stover)
under goes anmoni a fi ber expansi on (AFEX) pretreatnent
before it is added to the cell culture medi um (see,
for exanple, Farzaneh et ah Bloresource Technology 96
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or MVA pat hway nucl ei ¢ aci ds. Exenplary Production

of | soprene [0273] I n sone enbodi nents, the cells are
w@iowases i n a cul ture nedi um under conditi onSPCT/US2009/041631

permtting the production of isoprene by the cells. In

some enbodi nents, the cells in culture produce

i soprene at greater than or about 1, 10, 25, 50,. 100,

150, 200, 250, 300, 460, 500, 600, 700, 800, 900,

1,000, 1,250, 1,500, 1,750, 2000 2 500, 3,000,

4,000, 5,000, or nore e/ gram of cells

for the wet vvel?cg&wccoflmtdh@co'erldlf@m%()@ MWitopelygecn hr) .

In some enbodi Mgy 29RK s bet ween

about 2 to about %§00ﬁ8hﬁtr}rlo el %%ﬂ%&??ﬁlgﬁﬁgg bet ween

about 2 to about 100 nnol e/ gwcm hr, about 100 to about

fﬁo u\ﬂplLe{egaé\ggmrah bb@wsmlc dyﬁeram/sk &Q%ﬁnm gzlzwmw PIB
r U O _anao n r about

00688 s matans o CPs PR, B o w8 Y pder 2
abo uhxtrSgdaOﬂmGs)SBére/agﬂ\mitw Io T60éc armuznhm%fxm&op rpelyetherdiamine
um t ?86%%&2 aNg rggéné@veé mm %SnH)r(tEr% hge{tesdcat ‘?é@@ forn] h.

| ncoﬂpwm@%wm Higk rengpplied ai ﬂ@"@rﬂm ﬂietnynmes The vacuum was
Rart ¥c@éﬂ£e@r4nxdmu \thpcflﬁt%@ﬁecbots@ g5 h}@as %SMBW% Qblution over 10

i soprene production. For exanp nL of headspace
(e. gMinuesathepaRrg vesheated al t6@rfef°s ddharﬁsthez* fyacgym (24 mm He)

cul t Waeappliddtiol ©0ninat @&t ed vials at 32 C with shaking
at 200 rpm for approximately 3 hours) are anal yzed for
i soprene using a standard gas chromat ography system

such as a system operat ed imﬂngﬁmally (85 O with an

ct ane/ por asi . te | nc.
II%gerfl eld, IL) g’ﬁﬁ“‘@%&‘“@‘égﬁ!’ %%Wisg‘?écﬁ&?d% oxi de
reduction gas det ecpwve@ﬁpaééowé‘f yerpdgner Menl o Park,
CA) (see, for exapmkf/pofd-MeRRRN@/1RhyyPolyaflifkDS .
Environ. 21A : 2689-269 1993; Silver et al, Plant
Physi ol . 97:1588- 1591, 1991 whi ch are each hereby
i ncon‘a@ﬁraa@domamgfearmceﬁarm ih BQI L reRdidri an@ héaBSl,to 160°C under a

rticul arl spect. to.t asur t .0 .
i § oppgﬁ%enp?%ﬁsi\%?rf o% aeﬁ'ﬁghyaﬂge @ﬁr gﬁa g%#vdat  fpixture was
uni t seagdet KOG/ for § BdA vacunm(20 ris dlg) emethen a@pl@dibraiedninuies.
" isoprene concentration calibration curve. In sone

enbodi nents, the value for the Erarrs of cells for the
wet weight of the cells is ted by obtaining the

A oo val ue for n@ptﬁmhahﬂhaéﬁ&z TRhikd Edlysustifimig@nd t hen

G nverting the A oo_val H? ﬂ({@({? of cells based on a
dalibration curve oPhE ‘\RE‘Oza LFPUEPs cul tures

with a known A oo val RIBSAiPalysthergiamiphiAnent s, t he

grans of the cells is estimted by assum ng that one
liter of broth (including cell nmediumand cells) with

an AAQDS Lakastor ofas thirged withwsrpobyeriet PllSiAg#arived fromd3@nMW PIB
The vakye g} AvAabI0 ﬁdinvm@eﬁén *%J.Ja eLmn’pﬁer soﬁfno#% pladcd®nder a

cul ture has been incubating f

R8ur §“T%YZ7%T°5IPH°’§6W% hesitsb i h‘é%@ sJefff“ﬁ@c éﬁTJs*Of rP"b’ﬁ‘Iht“d}a@‘"e
p E) Od(%g9lg$wméztg%(ﬁéd g\gea% gnz_)nutehlalme emxtgﬂaaws hdated1dd 16(25 for 1h
50, 15 T 2D 0D

200, MUY CPOTRY, HE B gpniee A d80s g0 sy 1R v vas
4, 00@:1ca€9d @@@hca@p@f}ﬁnne]_(@(w @D®as then addgdgo ﬁg ngfkture over 7 minutes.
i soprene/ gram of cells for theg,wet weight of the
cells/hr (ng/g wem h). In sone enbodi nents, the anount

of isoprene is between about 2 to about 5,000 ng/g
went h, such as between about 2 to about 100 ng/g

wcm h, about 100 to about 500 ng/g wem h, about 500 to
about 1,000 ng/g wecm h, about 1,000 to about 2, 000

ng/g wem h, or about 2,000 to about 5,000 ng/g wcm h.
The anount of isoprene in ng/g wem h can be cal cul ated
by multiplying the value for isoprene production in

the units of nnole/g wenhr discussed above by 68.1

(as descrlbed |n Equatlon 5 belomb [0275] In sone
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het er ol ogous nucl ei ¢ aci d encodi ng an i soprene

synt hase pol ypepti de and one or nore heterol ogous
woe@basxsaci ds encodi ng a DXS, |DI, and/ or MVAPERURWEY041631

pol ypepti de produces an anmpunt of 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-fol d, or greater than the amount of isoprene

pr od m S

essem}ee q‘\ {turg vﬁ&@ hg%%fie &C%‘ra] H?%ng %\l}é tt B%V%cﬂm?ho mm Hg) was

het eprpliody &n§0nnm|aeuléo ch% vaguegyRsafelpased gpd appbthalic anhydride

Puri {3234 '“fa?a&{@& FRESidn3e ¥3d hehidd QBB CHBPOR hifRtRdnSheatdd ¥ 180°C
of the nethods descri bed herein fu éhggﬂlnclude

r ecol®ritng R &opmande) wesfhep g B opr ene

psoduced using the conpositions and net hods of the

i nvention can be recovEredlw%keg I~aqngLJard t echni ques
such as gas stripping, =T

adsor ption/ desbﬁpncmmxdp@evmddmat%@ﬁl\dw Hemnlgtmennr
vacuum desor pti gl Pg)@&gy“g @thﬁgdb ase, or
extraction of isopréne |nnn |ze or  absorbed to .a

solid phase with a sol vent dQé@A)for exanpl e, U.S.
Rat ent Nos. 4, 703, 007 and 4,570, 029, which are each

"~ hereby incor orat d ference th tiretjes
par t fichitafPgerwashe rezg o ‘ffaolrf%p#@ﬁé eé*&%&b@?'g) Fihly S im
pur i {446 &b igp avaitatild Odm)Chchﬁn Sosnite ciit)ydTiemixtyre tvaeplaced under a
NS NenChurb SRBE GG HIOL S8 ASREE L AP potyetperfamine
i SOptEre @ymanthsohdded over  minsiser Beniktreavas dearesat )| 60°Cfer 1 b

57 1 ALk ¥Rl 4 ﬁSH% WGas! &Bi?é&aét 186°d RPBD %ﬁut&aﬁ‘ﬂé VGO was
the fermentation of amin a conti

gas
mann&feased paf thegpisies| wag ﬁ?P"fS’e“’ 51K QFTh (A0 s Hen added to the
di ff enQirk. MR YsixtuRGlad edddl, to D60°C AR this téhpeurk Quas maintained for 1

] : . sl et Oas mainine
ohast Th el S mibdRI BT an e R LG o',

menbrane enrichnment of a dilute isoprene vapor stream
ove the deM/point of the MaRoE fesulting in the

condensation of liquid iso 0294] The recovery

of isoprene nayPNHSEMWéW8ﬁeP@%ébm6¢PWM$F@wm§ksteps In

sone enbodi nent s, tb@rl\regmy@lm@ﬁww,p&%@r vapor from
the fernmentation off-

e conyersi on of
i soprene to a liquid? ER&WE"B%WPﬁﬁﬁi

sinultaneously For exanpl e, |soprene can be directly

ggﬂg%g ng :eac oy anlgecP%{é;d I 3 tcgio %}aemPéEgSAr gehrévcé/l grorcr}?ﬂfog (gvrln\k’nPIB
t he {296/ m a‘tanldﬂe tbh C@nwoaﬁ)d)wtheu@nvlm wiudinn (wfas placed under a
i sopmesent Qm@splhérg Uindl m@é% ) pfel;cfaﬁme%ﬁ%v%gewdxmme

For ex I soprene be adsorbed to a soli %P
and me%% %%ebr‘awéeewah% wwetegahf Bixipre ¥vas igate agl 60°C for Th. A

sol v emlm{a Q)ﬁm&}m H@% &Q{?pl&ﬂbo dslomsr&r 30 mides oxfhetvk@umab Rlkdsed
SCri ereln rtner .1 nc
B ppBe egprata e Seatel BT REE et Betefum agese e

corrpowimm anve amunutest [Tdelsnixtbret yaas helateénd i160fCcad tomperature was
PUT i fafthindd kg rﬁtﬁ{éﬂﬁr&cmctﬁa%&ﬂhﬁ%) Wl g@ies 35r B'hin at 160°C.

refers to a process through

S epalhe BEUF P ElBeb MR ICBBITe LS DNt aied opd dgariviue
when the isoprene is producedszln sone enbodi nents,

the isoprene is obtained as a substantially pure
liquid. Exanples of purification nethods include (i)
distillation froma solution in a |iquid extractant
and (ii) chromatography. As used herein, "purified

i soprene” neans isoprene that has been separated from
one or nore conponents that are present when the

i soprene i s produced. In sone enbodi nents, the

i soprene is at |east about 20% by weight, free from
ot her conponents that are present when the isoprene is
produced In various enbodi nents, the isoprene is at

oy I ~Nr—n s NN 7 AN 7 PN . Y 4 ~NAN 7 -~ o~/ — o~ g NI\ N 7



[0305] In order to renove the beta-|actamse gene,
pTrcKudzu was digested with BspH , treated with shrinp
w@bdoal131260 phosphat ase (SAP), incubated at 65C POF/UIM09/041631
mn to heat kill the SAP, then end-filled by
i ncubating with 2 units of Kl enow fragnent (New
Engl and Bi oLabs)and dNTPS. The 5 kb fragnment was
purified from an agar ose gel and ligated to the Kan(R)
gene ;I' Q&tééazﬂ Q@"Cg{%p 1SA RE&GRA 'I(ng ¥ EE)Qwas then applied for 30
anpl ¥ £} cation from Iunt-II OPO (I nvitrogen) using
pri MENRUGYCVR2 and I\/CMZS and Taq DNA pol yner ase
accordingto the Manufacturer's instructions. The PCR
fragment was digested with Hndl | Il and Pvul, and
end-filled using Kl enow Fr al'g%@ﬁ-xh-—%nd dNTPs. The
[ i5gati on m xt uiNapwagictAnhydside Posedirchtad BolfsucdnimideTop 10
chemical ly conpet e”beﬁ%d'ﬁmaﬁ%ﬁ&fr?@&%ﬁ&ﬁam carrying
a plasm d conferring kananycin resistance,
pTrcKudzu(kan), was é’éB%‘@/PdﬁelkmdmmnWQEﬁ@ar cont ai ni ng
kanarryci n (50rrg/rﬂ) The sequences of the prinmers

MC\VR 2 gat caagctt AACCGGAATTGCCAGCTG (SEQ I D
I\IO I 59 269aHOg m}gc@f Example 10 was charged in a 0.5 L reactor and heated to

@t c Qélat QGJQAMMMW ahISERid @.781Q) wibadded and the

Expr BLEHE 1% KA At BRI (B08] Hoh i spled o

exandd eninumst hods used to produce popl ar isoprene

synthase (IspS) in E. coli are described. The protein

sequence for the poplar (Populus al ba x Populus

trenmul a) isoprene syprethkenimdionih Tasefeseds al ., Pl anta

222:777-786, 2005) was obtained from GenBank

(CAC35696). A gene, codon optim zed for E. coli

pur cHA% BRI FERRIgARNG Pos bfeqt%d @@tsuqcmlﬂesa%o@@afm%% were

]g Fig udraete&%)n thd fuet 1h&@aﬁwn&y:e% haﬁ@% QBB eSVRS abii R0Y & brmulation
rom up 0

ot 14 DB BB Dl S5 R PR Rof hetlon of pbon back,

| Pst la soqetrrqpate it tesa A0 b iofjtht et sample YT reighelBd phatd into a

d d I 0

%Ongg@&}ch&ﬁﬁr qﬂe \Mst Igan[hlﬁg c$rPa3[§1édI7nJ fme«z,l BE Ik ek Sd,sisersam 50

bef omallimies pian| ovgrb@Séd plwnwe Hetgreanty |1 B gillipolgs efprincrdigiophgsphate

Whi CRvebrBhiblto? aAd@31va. RQYr aamxﬁsﬂa%il ﬁxqs%hmmﬂpmn%oozu oil. To

e, 9 e O s Yo oA s it Bl o T At ws

' ava| k@rbddeanp rihdiiesni@ed Rat16Mobisi ialiazdessidatohi A sédoed w@olo ithout the

qu Fqrward s ).

Pon sy, et BRY Bt B e ar e bl BonSenicer
I\IO 8)\40d2>f’/ﬂ\ﬂ5£6@n3 tHeg dgsesnad inRrvachyot dvemfor B0 Rewisbli Wam65°C. The
Bact ¢fsbqi] QPORE WD Labtipfes SYAMRLS mddREQOES l@@’@du§x& & capillary
produce and neasure |soprene in reconbi nant E
are qucecanekie pereent BiSEOSHYNGESRSE AY$S aqulaégiptryeclqg:parmg thc viscosity
pr ody£ the QainfIE30iTH dﬁ&fmﬂobtecaﬁ)hﬂlﬁﬁclf hraek ureubwrcﬁesper&aewsdosny
??}‘0 a culturebvvas rapsferred f 031 shake {1 ask tfo

CTERELE PEEE UF 41 PFREY 106 dbe Firnarsatta T8F SEFUKD fromy B soot
2753 thickeing bgpclOastaleahoMoin T28I88. 2759) . The cap was
screwed on tightly and the vials incubated at the
equi val ent tenperaturewi th shaking at 250 rpm After
30 mnutes, the vials were renoved fromthe incubator
and anal yzed as descri bed bel.gw. I n cases where
I soprene production in fermentors was determ ned,
sanples were taken fromthe off-gas of the fernentor
and anal yzed directly. [0309] The anal ysis was
performed using an Agilent 6890 GC/ M5 system
interfaced with a CTC Anal yti cs Conbi PAL aut osanpl er
operating in headspace node. An Agilent HP-5M5 GC/ M5
colum (30 mx 0.25 mm 0.25 mmfil mthickness) was
used for separation of analytes. The sanpl er was set
up to inject 500 nL of headspace gas. The GO/ M5 net hod
utlllzed hellumas the carrler gas at a fl ow of 1

. — - - . o, NN o~ o



[0318] A conparison of the active site residues
identified in the honol ogy nodel s of poplar and kudzu

wo sp¥1srseal ed that residues from one honol ogyP@DTE1009/041631
are al so quite honol ogous with simlar residues,
appearing with only mnor shifts in the relative
position nunbers for sonme of the residues, in the
ot her honol ogy nodel. Based on the honol ogy nodel s,
sites in poplar and kudzu | gpg pgre identified as
candi dates for nutagenesis to produce variant |spS

enzymes W T TTproved-per formaceT Brr el Ty STteS g T
selected in thelspS that mght alter thezmgﬁeracfkggagg

of tlggm,_q% al bi ndi ng,Dgsp@ptgj‘phosphat e I @LAGHE | ONg, ¥
| PP chai'n binding and/or ‘the approach to the actijgrease

siter ; T ) Ty S Tes. [ 0319] T
si de’ chiai nSldég WPQQP&S‘%TJ@%]% in thepgoplar 'Izgsgég
that are foiypgMw PRIPIEISAXYI-Sme nmetal pgd . 3825
di phosphate (DPP) binding side chains were identified.
These reesi dases MWPbABSRTTRA/MPRY T 402, Al a 406, 16810
409, Alsa 4coandvAsRPi3A/XTh®IHPAENt Or S nehe t hat 169
272 i s 6 ncoroestwPalyRIBSarX hiesIHRgy t o ot h&C known 28.58
popl ar | spS sequences, which have an Arg at this

posi ti dn. 13300 B Semalyme 884X Toop [ 0320] - The 49.76
substrate a¥d88% | oop of poplar IspSis in a region

t hat déNiat%@OFPMH?WHEmBUggghPﬂése struct Bfe. I n t24&€2
BDP- synt has®4thAuct ure the residues forma segment

t hat cﬁbaté@m%“9¥J§W?WVV%W§§ﬁ”9@Tng boundNfy t heorly;06
the i t t that [ toi th t I
three- il me i gféqpﬂe@?wé%%' Toplar 1spS will fofhi
iml t . As id in.this |
simlap, str gbﬁgg%%@@P55§9??S| ues |9A is q@gg

including r be in a position

|t | spS Int
poptar 1 paop e Bea AR 165 have e 1ol | daiic

i i i B _:DU[JI Clly:

- I
Bindbaé%?“%%ab 4] The conpl ex of BDP-synthase and

(4]

the prq fali®dnhl gel €action, bornyl diphosphate (pdb
entry 1N24), waS used to identify residues in the

pop! @k emGedd ih Fable MBNe ARG bAHE s BRKERL Lo AR fididaleYhat the
and/ or reaction rate ggltered on and off rates of

subsPFETEVIERHYIRTERTE P formpyfpiedioilscemprising Rhfiefic gpbydiidg, ethylene
274, cafbqnat2 &t rptehadio Zinhydaille POD-reddet pelyshidcinifaides 4hb sighifiantly

9, [ 7 .and 40, . Table 4-2. ndi dat .
T\}/ét ab"g”%’es'?%‘ oft s‘”‘%ﬁugﬁg‘é}ﬁh N&eﬁeL'"ABgﬁ“ﬁq‘”\‘fﬁa ofis that contain
COVPEEY SEEaONMEIRDhMESFE-ER) FOR-tivatkd. NBiSTI4E i1Rlidetes FHaEthD WbFcaFing oil
I NVERNG (RS Jife RERKGRentioNiRIE &@@ridr%isgerm%rsﬁmﬁe@, RRompared to
I mproved di spersant addjtive conposition that 1s Used
i n eRgPPRPYST regted gplysyceinimides| so directed to the process
of maki ng the sane. BACKGRCLFNDOF THE INVENTION It is

own.to .enpl ni trogen .cont ai ni ng. di spersants, and/ or
§8r e ilteg o banal bl BREPAFRHR M PRlsBpE s R gvgRon can o
conpogdd widwst.depdating fofm thia epilitraodutopk hpresfsatty sudktiitgidng should
COMPRUARSsALEDRIRAPA diBplrBBLbLRL. OF an
al kenyl succinic acrd or a ﬁy ride with an am ne or
pol yam ne to produce an al kenyl succi ni m de or an
al kenyl succinamc acid as determ ned by sel ected
conditions of reaction. One pseblem facing the
| ubri cant manufacturer is dispersancy of particulate
matter in internal conbustion engines. Failure to have
adequate particulate matter dispersancy may result in
filter plugging, sludge accunul ation, and oi
t hi ckeni ng. DESCRI PTI ON OF THE RELATED ART Liu et al.
U S. Patent No. 6,1 17,825, discloses a |ubricating
oi |l conposition that conprises a major anount of an
oil of lubricating viscosity; and a m nor anount of a
synergi stic conbi nati on of an anti oxi dant-di spersant
additive and a dispersant additive, said conbination

o I NS A PN\



(1) an alkyl vinyl ether and an allyl alkyl ether

where the al kyl group is hydroxyl, am no, dialkylam no
wo@rooalik2zy substituted or is unsubstituted, anpPCT/US2009/041631

contai ning fromabout 1 to about 40 carbon atons; (2)

an al kyl am ne and an N-al kyl am de of a

nmonoet hyl eni cal | y unsaturated nono- or dicarboxylic

acid of fromabout 3 to about 10 carbon atons where

t he & IP%M lreagpﬁJI%é}E@sp@r%¥ @ﬁé?én fne Qmﬁp&h‘étallﬂhatl@ccﬁl%%d has

bon at ons’ (3) N-vi nyl car boxam de of

c ar bG‘RVI‘ME‘ one fuagtions! srcrua ¥Prable Of repeting with 8 ongsagbgy ig aeid or

at ONgsier (itleoB Br A bdXYlic £iSthl dride 8Festr tHeREEN- CONt ai ni ng

heterocyclic compound; and (5) at |east one 1l-olefin

conprising about 2 to 40 carbon atons or at |east one

pol yalpestitiratedpidyrhaicrifperkmmtihefeii the atieast ond 6the cmpound (B) is a

ato M?ﬂ%rhﬁ%mp%:a term nal copol ynerizable group in

t he V|nyI vinyl i dene or al kyl vinylidene

group or m xtures thereof provi ded that the olefin

emol %@9 nle§te(p}%l yrhd}R d%aaﬁana\%h&a@me 'pa;am:r BOPAAYEH ol 1

(1) ( 1) copol ynmer obt al ned react1 ng conpound

(i) (&)‘ywd %ﬁﬁ&mﬁr&(w*)e(em eapfha"fx%@eﬁﬁlégléw@@albfcoataw gm about

nadi g &l abbitistchdb®stomé.i 1 1) a copol yner obtai ned by (a)

reacting conmpound (i)(a) with conmpound (i)(b) or

(i)(c) in a non-free radical catalyzed reaction in the
 pr esémpog-teitecpppheyivalispériant wireragmibe byyatkyle(é mdietyris dytthylene or

or b n lymer (i) or copolynmer (ii)

or %Wégkfﬁﬁz%ﬁ@&%g%ﬂﬁggg radi cal catal yzed reaction

product of conpound (i)(a) and conpound (i) (b) or

(15) (&)postiMehibd fdBmcdc dispé@Sint »Qﬁb?euﬂh@ @Jpocy%m u&dnw @PI R post-

of be|g$ reactegfmnth at | east nonocar box

aci d¥eyF PRYMERSIITRGEAY gfher etf?r“‘“vﬁ°P‘HY'a‘f’ 5 %’8%‘%’"’?’&/66 A post-reated
dic aﬁdbﬂﬁqﬂcldep&ﬁ!nd@heraﬂhlydﬁﬁo@ﬁ&r ¢} 19@1@1%?[’85}1 lobtaiaed by ¢ free
hma\);t ﬁtr:h%zﬁ cgtla eat’cuén f lﬁnr?ce (:anﬁ1 Sdltndg A lglsgg' e!?né:l i g;r?] grléag?d
t he ﬁQ!urmqrnccdna¢rsagr whgoein ths cmpabrecmolmbtn} ng wth at
g§ast one nonocar boxylic acid or ester thereof, or

I carboxylic acid, anhydride or ester thereof and
wher &iPRStAREEhRaly e dispatal whyranihe preing akiphBticeogpound is selected

r eacfrbm gme\/gidub ca{sn{n@g?cﬁfahﬂﬁﬁc ARaihes sipAbiicHBlya@HRE andl N One
nmbodi k ngresent invention is directed to a
Iubr?%ég%y Qeﬁ?r’ Btposi ti on conprising a maj or anount
of an oil of lubricating viscosity and a m nor anount

a
9§ 32 BOS nreatsaﬁ&ﬁ@geﬁlggg 8L g;}:egé,,m@% e cen,ggﬁg%dan%ﬁhanc
agen@wg@Pected froma cyclic carbonate, a linear
nono- car bonat e, allnear pol y- car bonate, an aronatic
pol ycar box J c.acid or an aronmatic. polycarboxyli
anhyd PP é’e%? ROLYmEFiS ﬂﬁ?‘?‘?“b‘ﬂ?%h‘?‘b%‘i?}??‘f%"%?“d’sé@tf 'éi‘c and
(1'1)dianihejhetathyleae dbhingdad bitMenc@ipasi ti on prepared
?% the process conprising reacting (A) at |east one of

e follow ng copolyners: (i) a copolyner obtained by
f r eeA pesttireai¢d pobpskiy depdrsapt wisreirothe diphpervempgund is an
CONMdiyaiiyne fdanfic. | €@st one nonoet hyl eni cal l'y
ungg}{ uy? k?ed ﬁ(%) C28nonocar boxylic acid or ester
t hereof, or C4-C2gdi carboxylic acid, anhydride or
ester thereof; (b). at |east omﬁ.l-olefin conpri si ng
about 2 to 40 carbon atons or at |east one polyolefin
conprising about 4 to 360 carbon atons and having a
term nal copol ynerizable group in the formof a vinyl,
vi nyl i dene or al kyl vinylidene group or m xtures
thereof; and (c) at |east one nonool efin conpound
whi ch i s copolynerizable with the nononers of (a) and
(b) and is selected fromthe group consisting of: (1)
an al kyl vinyl ether and an allyl al kyl ether where
the al kyl group is hydroxyl, amno, dialkylamno or
alkoxy substltuted or is unsubstltuted and cont ai ni ng

A a 1. . AN o e



fromabout 1 to about 8 carbon atonms; 20 (4) an

N-vi nyl substituted nitrogen-containing heterocyclic
w@eoposmsy) and (5) at | east one 1-ol efin conprPGI/N8R009/041631

about 2 to 40 carbon atons or at |east one polyolefin

25 conprising about 4 to about 360 carbon atons and

having a terni nal copol ynerizable group in the form of

a vinyl, vinylidene or alkyl vinylidene group or

n1xt r s
s«t{gﬁggglga Emerf fgLAREhAah &{;b%upd (B3 9%%;;.\4% it

( | | i polzisebyisns having a@smmrrewaasynqle@alm w@t eéﬁﬁéfxpm apquy { to

and geyapspapd(i ) (b) in the presence of a free radica

initiator;(iti) a copolyner obtained by (a) reacting

conpound (i)(a) wth conpound (i)(b) or (i)(c) in a

nen- Arpe-ticaed ﬁcﬂ&m&&td@dpyrwd wl(a@asitﬂc QB:BBd’ﬂ ﬁtd?@e mLo%s?gx)c\eeigHt

copoly ii) or both; or by

contg qﬁHE&EQB 50§§$%F&$%@g copolynmer (ii) or both

with the non-free radical catalyzed reaction product

of ¢ [ e WM.

(5) AT AR pohc R ATRANIE v hht st plciptr Wb

r eactMa isframabapt 108 orabetdS4fonocar boxyl i ¢ aci ds or

qgters thereof, or with at |l east two dicarboxylic

aci ds, anh djldes or,_esters thereof m xt ur

C her BaPSieHsd Rtz gisperigt MhORAKDES LOFSERINGE iy g or

| eaststdrwt@rebfinct i onal groups, wherein one of the

functional groups is capable of reacting with at | east

one nonocarboxylic acid or ester thereof, or

di caAostytichted patyrokricalishgreant wWkergn (i ga)tiemaltih enhgrdfidezn dster

weer glRo@not her functional group is capable of

reacting with at | east one post-treating agent.

Accordingly, the present invention relates to

mul t A-posiehite DRy mdrid Aisp&rgdnt WEEr@h the aRAbJIdMES (1Y) €4 1-alcin,

useful as dispersants in an internal conbustion

engi ne. The di spersants, which are post-treated, have

denoAdetriatting oil kpnmsizidn dhapie tleanieyst oneailipldiis pﬁﬁpi)ami las more

& Egbmﬁﬁ ﬁvﬂ) f&gz?otl (gfxrga@'ltl %%xth%ﬁk%x@% Cl E-gstffg\'
fe Thvention 1S Sus

var i hesofpgydiidarbentlicpid, anhyirige preaswentheree. f or s, speC| fic
enbodi nents thereof and are herein described in
detail. It should be understood, however, that th
descPIfrFBiHE RLFEPRYSen SHEER i1 CPUHBEAIWER 4 Fepolger () or
i nt e&tqbe@mE)C(n} d:r(rjﬂoﬂu ard@nlativ®With BB n&@fr&d}@dlﬁaﬁtﬂ%h faction

cl ose el r.ar intention is
28" CBodierSPRRens Ptio Pl shrareo B O 3 o' pipscine o
alteammmnw@éhfalllng within the spirit and scope of
the invention as defined by the appended cl ai ns.
Definitions The followng terns used with the
descpilpricais af eorerositinpyhdein thy@hleashenetethengomppmid (Byisan
abbr garyeafel gulyahfde. pol yi sobut ene. The term "PIBSA" is an
g brevi ati on for polyisobutenyl or polyisobutyl

ccini c anhydride. The term "pol yPI BSA" refers to a

cl as4 hdkicatiop oil yomepositiemphasie thewblyéther pbly&mme Bpgobxyalkglene
pr es@lm'lmé QK&QLE amfeﬁ@ur@tr ﬁd fi %X{F{r‘ i fﬂ)m bout 2 to about 5
pol yi sobut ene and a” nonoet hyl eni y unsa turat ed
C3- C2819BA¥Bar boxyl i c acid or ester thereof, or a
C4- C28di car boxyl i c acid, anhyggi de or ester thereof
whi ch have carboxyl groups, preferably succinic
groups, and polyisobutyl groups. The preferred
pol yPI BSA i s a copol yner of polyisobutene and nal eic
anhydri de having the general fornula: wherein n is one
or greater; R, R, R3 and R4 are selected from
hydr ogen, net hyl and pol yi sobutyl having at | east
about 8 carbon atons, preferably at |east about 30
carbon atons and nore preferably at |east about 50
carbon atons wherein either R and R2 are hydrogen and
one of R3 and Ris nethyl and the other is

1 o Y —



such as ethyl ene, propylene, butylene, and the Iike.
Preferably, the nonool efin enployed will have from
WwW@bwati325¢ o about 24 carbon atons, and nore pre¢BEUSIDY041631
fromabout 3 to about 12 carbon atons. More preferred
nono- ol efins include propyl ene, butylene, particularly
i sobutyl enc, 1-octcne and 1-decene. Preferred,
pol yol efi ns prepared from such nono-ol efins include
pol ypr opyl ene, pol ybutene, especially polyisobutene.
The Lubricating G| Additive Conposition One
enmbodilvteisttingfoil cbrepqsitier avherein theenydllofene moigty is pxyethylenttre
| ubr b%;dmglgneob,lm@glggstmeye%f conposi tion prepared by the
process I ch conprises reacting (A) at |east one of
the follow ng copolyners: (i) a copol yner obtained by
f 5 ee Anastic@idlg ofl QPAPASITRH Whértih &t cOpol ITIdpsliGer (i).
conprising: (a) at |east one nonoethylenically
unsat urated C3-C28 5 nonocarboxylic acid or ester
t her adégricating G <GARBditioa whoxiy liecopndyrokr issoapglgmerdid). or
ester thereof; (b) at |east one 1-olefin conprising
about 2 to 40 carbon atons or at |east one ol efin
conphiletirisgfinglod gemppsition Ibaein senebimentin moml%@d gtawdw@/ the
H 8T MBAhdied PRAIYIER Faditalof mPle R Wihydidd 4h@ pbI9fMBuflend. Vi NI,
vi nyl i dene or al kyl vinylidene group or m xtures
thereof; and (c) at |east one nonool efi n conpound
whi ch lblsicam@@hy&elsdsmab Wherdif thaichpoliniee isBapalymésiipf  ( a)
and (b) and is selected fromthe group consisting of:
(1) an alkyl vinyl ether and an allyl alky | ether
wher & lethigatang leil lcorgpasiion wberbiy thealiptiatic eompoand islpmdrkiyé aiphae
qQk a&ﬁﬁ% £0 substituted or is unsubstituted, and
cont ng 1 to 40 carbon atons; (2) an al kyl anine
and an N-al kyl ami de of a nonoethylenically unsat ur at ed

MONOA |@Hrickting N b&xydsm@n QBer&if ki aﬁlfnoeahfal&tna- Qorﬁ@hhw@ s@¢cRABrom
mhe;& t he al k i tuent, co i ns

bs

At on® ESay CapHHenA AgThess R DERbE PeRphBse Bk e
of lpdlgan@nesar bon atons; 30 (4) an N-vinyl substituted
?btrogen-containing heterocyclic compound; and(5) at

east one 1l-olefin conprising about 2 to 40 carbon
at omd lefricating od gempasitien pbergio thefaliphatiepamipoiuniys abaliphatie diagnine.
about 360 carbon atons and having a ternina
copol ymeri zabl e group in the formof a vin
Vi nyf‘ﬂ%‘ﬁ@'“& pil &?’REHS“‘\‘)P whereig g\ﬁé“@i“%ﬁmﬁ‘r“e iy eﬁ?tylﬁ"%g,‘am‘“c’
t her pxbmetpylenéidibating Aaitbuiylae @ibfnen enpl oyed is not the
2gne as the olefin enployed in (i)(b); (ii) a

pol ynmer obtained by reacting conpound (i) (a) and

- conpauwtuicating il compdsien phesie Heelightiacdmoend isdpagdlkylene

|n|t %F (ii1) a copolyner obtained by (a) reacting
conpoun ?l)(a) wi th conmpound (i)(b) or (i)(c) in a
non-free radical catalyzed reaction in the presence of

cop ?J«ylgmat(ng}m Q6m$RIoh WAGEin ééxhﬂouﬁl{ omtoh cop@wav ,)( b)
nta |

ofe! i) or co

C HTEO RS RY Bl S et Breries PRIeg b R8N BEosR SRR t
of capwnd (i) (a) and conpound (|)(b) or (i)(c); with
(B) at |east one ether conpound capabl e of being
reacted wth at | east two nonocarboxylic acids, or
esters, thereof, or dicarboxylic acids, anhydrides or
esters thereof, or mixtures thereof; and (C) at |east
one al i phatic conpound capable of reacting with at
| east two nonocarboxylic acid or ester thereof, or
di carboxylic acid, anhydride or ester thereof.
Copol yrmer (i) (a) The Monoet hyl enically Unsat urated
Monocar boxylic Acid or Ester Thereof or Dicarboxylic
Acid, Anhydride or Ester Thereof In the present
i nvention, at |east one nonoethyl enically unsaturated
C3- C28 nonocar boxylic acid or ester thereof, or
Gl- C28di car boxylic acid, anhydride or esterthereof is
used to prepare. the copolyners of copolyner (|)

-~ . o, o,



Sui tabl e polyolefins for preparing copolyner (i) are
poi yol ef ns conprising about 4 to about 360 carbon
w@t@una322Fhese pol yners have a nunber average npCBUS1089/041631
wei ght (M) of from about 56 to about 5000 g/ nol.
Exanpl es of these are oligoners of ethylene, of
but ene, including isobutene, and of branched isoners
of pentene, hexene, octene and of decene, the ,
copoi ri zabl.e terminal, gro ' )€ .
o1 b B e PR e el Bfrae ORI R e i
al kyFfommpydut 9rte agpubdlP0. ol i gopr openes and ol i gopr opene
m xtures of from about 9 to about 200 carbon atons and
in particular oligoi sobutenes, as obtainable, for i
exanplebricaiing oi @pmppsttign pierpin she ngmbgaeragednqiesulan el ghigMy) is
UsS. fiBatasdit 109010 dbott 380499, are preferred. M xtures of
the stated oligonmers are al so suitable, for exanple,
m xtures of ethylene and other al pha olefins. O her
sui t ablieicpolg pillcahpdsdioamderdiagign) ib e dicarhodyliSacidattedtiddNg ester
6’038m%§ which is herein incorporated by reference.
The nolecul ar wei ghts of the oligoners may be
determ ned in a conventional manner by gel perneation
qpr Ommggta,%w-adﬁm LA VRRIHeRAR)R) ROaYed BhIBridb 81 ested
reacted wth the unsaturated nono- or dicarboxylic
r eactharsel ar e pol ymers conprising a najor anount of C2
-Ce nono-olefin, e.g., ethylene, propylene, butylehe,

om0l yiseine 2 GeRbay op Py RSB RGeS GER s lern

copol ymers of 2 or nore such ol efins such as

pol,yr i > A NIRVAR )
13 0p0y iR Pyl N BB AN B REM SR TR o Alng
cont agensis f exshs edonnntedn lingargprpgtcarBeteccar hngsr palyfgbonate.
al t hough preferably 8 to 200 carbon atons; and nore
preferably from about 12 to about 175 carbon atons. .
Si ncé PHedief aKIABE ReStireptedpRlYETC YrRSTSEH s WL thegost-treating
pr epageat i Bearsanil pplyRirsogfic 4diE apiremaRtpolytarBoxlyliOimhadrile or

% nerall¥ xtgrez oﬁ i ndi vi dual nol ecul es of
V't f 8PERYC MR CUVAF *Wei ght s, i ndi vi dual copol yner
nmol ecul es resulting will generally contain a m xture
of Ni\ghe 5 &%Jﬁmg d&eb&haea%'a@ln}éxé ggf;&«}am}s%fmm@fmgmaung
mol ecul ar wei ght . So, m xtures of copolymner
nol eegrnkis chyeierarbaray. ehthalic aplygrideesr ‘E?Ph‘g%ﬂ‘)h‘ﬁld{'%t i on
wi |l be produced. The copol yners of the present
i_.nvention have an average degree of polynerization of
or greater, preferably fromabout 1.1 to about 20,
and nore preferably fromabout 1.5 to about 10. (c)
The Mono-ol efi n Conpound The present invention enploys
at | east one nonool efi n.conpound which is
copol yneri zable with the nononers of (a) and (b) and
is selected fromthe group consisting of: (1) an al kyl
vinyl ether and an allyl alky! ether where the alkyl
group i s hydroxyl, am no, dialkylamno or al koxy
substituted or is unsubstituted, and containing from
about 1 to about 40 carbon atons; Suitable nonomers
include the follow ng: vinyl and allyl alkyl ethers
where the alkyl radical is of about 1 to about 40
carbon atons are al so suitablgg_and the al kyl radica
may carry rurther substituents, such as hydroxyl,
am no, dial kyam no or al koxy. Exanples are nethyl
vinyl ether, ethyl vinyl ether, propyl vinyl ether,
i sobutyl vinyl ether, 2-ethyl hexyl vinyl ether,
decyl vi nyl ether, dodecyl vinyl ether, octadecyl vinyl
et her, 2-(diethylyam no)ethyl vinyl ether,
2-(di-n-butylam no)ethyl vinyl ether, and the
corresponding allyl ethers. (2) an al kyl am ne and an
N-al kyl am de of a nonoet hyl enically unsaturated nono-
or dicarboxylic acid of fromabout 3 to about 10

oy o, . o, T r



I n anot her enbodi nent of the present invention, the

copol ynmer reactant is a copol yner obtained by reacting
W@ 2009as8225ast one nonoet hyl eni cal | y unsat ur at eRICTZBS1088041631

nonocar boxylic acid or ester thereof, or a

CA- C28di car boxylic acid, anhydride or ester thereof

and (b) at |east one copol ynerizabl e pol yner conposed

of at _Jeast 3 olefin nolecules of propene or of a

bra I fromabout 4 to about 10 carbon

atons, having a nunber average nol ecul ar wei ght M of

fromaboyt 112 to about .5000, and havi,n t

copg]r ymefi Debireated, Belympric dRRETPEY Rreppred
Vi nydactign@) arposthtieyting adenty selaed efran augycliccdrbehagel e Jimearemono-
f a free ragdical jinitiator. Thus, .preferred.copglyners .
3t Bk Sofiesl moluripioaiier o BPEpid B EEEFUUE ARR M ohnai
" r egolycaredxyli¢ gihhydpidecarl ar avenagint padya@ftiorylicn avilli ester aand (II) a
hi gh ,pr rti .of unsat.uration, 20% i s
1 TR oBlo T cptRSlct sty T pré@RtcoMfihe g
and R are an al kyl or substituted al kyl of sufficient

hai n | th ' ' . | tabilit
1o 01 R PR TS MR "G e 2l Ty b

I8t | east about 30 carbon atons, preferably at |east

about 50 carhgn atolB,3Rd: Biaintd by RYE radildl YopSimbhiQidn of
about 1 to aggut 6 J(:Eg(lr)gonr at g.rrrl_s, vdth an unsg{)u?rgt ezg "o
aci di c rcactant i ROTPPRECHP e EE0f a free radical .
initiator. Typically, the copol ynmer product has

al ternating pol yal kyl ene and succini ¢ groups and has

an average degree(®@f pBIlgaseeps gropegthydgnicplly unsgiaated Cs to Cag

15he preferred copol ynmehsndchbdxyBt dchie oPlefiee MerdolVENT]L Q9 Cyg
have the general fornula: wherei

. .n Wand Z' ar

i ndependent |y sel ect eod‘?qr?ﬂ%‘P’P‘l*ﬁS“gF‘b‘ﬂ’g”g%?fﬁtgrt‘&f@"fbf

-OH, --O -alkyl or taken together are -Oto forma

succi ni ¢ anhydride . grou nis,o or _qreater: d R,
R2, Rand R are sgtf)ectaégéq‘s?ff)’fﬁ h’?@ﬁ%égﬂf%%‘ﬁ °hb?Q? r“gzlrﬁ"“bon
about 1 to about 40 cantenomitdest oengblyvledin cobipasing alsout 4 to

i ght pol yal kyl wherejn either Rl _and re_hydrogen.

zgﬁd one of R3 and R i?qr&omé?r A kf}o sav?’r‘?g ?lra‘élﬁgab%ut erminal
1t o about 6 carbon at owwpolamerizable @rdupr in sthhi dym of a vinyl,

nmol ecul ar wei ght pol yal. or nd. R e rog

and one of R and R is%%?nealoﬁﬁkﬂagfn gde%oﬁwljgg[go%t xtures
to 6 carbon atons and théreofoarider i s hi gh nol ecul ar

wei ght pol yal kyl . Copol ynmer (ii) may be alternating,

bl ock, or random In a preferred enbodi nent, when

2%nal ei ¢ anhydri de(@®s ufedeass oife menealefin  campsund  which s

reaction produces CopQloyfEmeriAbRAGH MehRh¥m&S of (1§ and (b) and
following formula: wherein n is fromabout 1 to about

100, preferably from apétiected ffom thp gipup sensistipg of:
preferably fromabout 2 to about 10, and R, R, R3

and R4 are selected fr hydr n, | ower alkyl of from
about 1 to about 6 car@?n éf‘cﬂ%%' a"r‘l’&’lrﬁ\@ﬁe"l"dn‘%‘l élgylﬁlaé"’ryl ether

3VrI])Bidght pol ygl kyl , }/m;g\elhdﬂedeingkgrgrlaxp iathdllﬁﬂyllﬂdlﬁino,_dialkylamino
ydrogen and one o a IS wer a vin .
from about 1 to about %ag‘ﬁf‘)bf)‘f'i’“étl’tcﬁgrﬁr ’5#83“5%3“‘8?’%? g?rgammg
hi gh nol ecul ar wei ght fooh gtaluk to abbutROzmboiatoms;e

hydrogen and one of R and R2 is |ower al kyl and the
other is high nolecular weight polyal kyl. Preferably,

t he hi gh nol ecul ar wei ght poly&at kyl group has at | east -
about 30 carbon atons (nore preferably at |east about

50 carbon atons). Preferred high nol ecul ar wei ght

pol yal kyl groups i ncl ude polyi sobutyl groups.

Preferred polyisobutyl groups include those having

nunber average nol ecul ar wei ghts of from about 500 to
about 5000, nore preferably from about 900 to about

2500. Preferred | ower al kyl groups include nethyl and
ethyl; especially preferred | ower al kyl groups include
methyl. A particularly preferred class of olefin

o - " - e S

er m nal ..
process comprising



by organic radicals, at |east one of which is
preferably attached to a tertiary carbon. O her
W@ 0akd260 azo conpounds i ncl ude, but are not |PET/USI09/041631

to, p-bronobcnzenedi azoni um fl uor obor at e;

p-tol yl di azoam nobenzene; p-bronobenzenedi azoni um

hydr oxi de; azonet hane and phenyl di azoni um hal i des. A
suitable list of azo-type co nds. can be found.in

U.S. Patent No. 2, 551,%53, af‘ggggd% %‘E‘Pfésg‘lar‘]'fyéaﬂp%l°f a
Pi nkney. The anopunt of mbrivethiyRhioillyt nsatupdtealy moRxCorugicatbBoxylic
of radiation, of course,, depends tq a |l arge extent on
the particular initiat#H 8‘ﬁ§%‘8ﬁ3§°‘t‘ﬁe‘°rﬁb§w f?o?%%"m aigms where
ol efin used and t her eahé altpl substithieht comgainsTinem asauall to about 40
oncentrations of initi egor are between 0.001 :"1 and
.2:1 noles of initiatBf oﬁg}onﬁbl e of acidic reactant,
with preferred amounts between 0.005:1 and 0. 10: 1.

The pol ynerization te ratur fici VAR

hi gh to break down tbgafni ta#a‘f'éwg%‘bg’?%’ﬁﬁ%é’f ?Jﬁrgwylhg acids of
desired free-radi cal s. fréfprbauk htnrbeut 8 eeiheg atsersz oy |
peroxide as the initiator, the reaction tenperature

can be between about 750C and about 90cC, preferably

IBet ween about. 800C and@abowun S6@nki gpubstituied |nityasen-containing
tenperatures can be e ; ] broad range

of tenperatures bei ngnﬁk?é?ﬁglﬁ“gg%ﬂy%%l(% and about

2000C, with preferred tenperatures between about 500C

and about 1500C. The r@gct i;plafl ¢3¢ SIUG1ns BoHpsshidgabout 2 to 40
sufficient to maintain the solvent in the liquid

phase. Pressures can t‘f?étioéf ypras Wary lest \R@%W"HBE‘&P °_°mpﬁ5i“g
13t mospheric and 100 psiiguou i gl -360 h@roaagbing Mnlli RRing a
is usually sufficient to _reisult in the substﬂgttj al I%( )
conpl ete conversion of eHBel gepojyrperizabie gronp o g fRTY AL @ vinyl,
nol ecul ar wei ght ol ef i vinflfdeO@®! MRHAr vinJlident eg@lip Oft mixtures
time is suitable between one and,24 ur Wi t .
preferred reaction ti nBEHePiRE aéﬁ%’ E%ﬁﬂoe Oyedyds not the
not ed above, the subj esinengteblefin emplogedsial(iifp);on-t ype
ol yneri zation reaction. The high nol ecul ar wei ght
olefin, acidic reactant, solvent and initiator can be
brought toget(her encepolynsui ttabhed pNreectingTivemponpdr {ij(at and
factors are inti - | .
wei ght ol efin angg é\@?@?éﬁ)@%@gﬁ{egﬁ%ﬁ@%t&g r%?é(ggaﬁizngﬁ% " a
free-radical producing material. The reaction, for .
exanpl e, can g CQ%?G!S«%Q bilaifed? By g&} YGRS RS with
hi gh nol ecul ar "wei ght olefin is added all “initially to
24 mixture of acidrempavagt@, o AVE) ar or namdres ordiealt caalyzed
the hi gh ol ecul afea¥@dnGiftthePpreehét &addpHIOmMBAGEEr copolymer (ii) or
intermttently or continugusly to the reactor. N
Al ternatively, thEBOPeSchafly SoRas)ing&opbYme{Bdor sopelymex (i) or
gr de(r]I 3 ; df or ﬁ_xa{]rpbalh \ﬂi@} di'eCncfn_&ﬁﬁttﬁdﬂlEal?{dﬁly?zé’d frdadficd pridBYCt of
e added to high nol ecu wei,ght ol ef. in.the .
reactor. In anot hé?m?f’é‘ﬁﬁg{(‘;‘) af’filg°’8‘29r‘l’ﬁgﬂgﬂ)(%'r}pé‘f§t”ﬂg‘
jpeaction m xture can be added continuously to a

stirred act wi th continuous r val . of a porti
ot ho. pEdudt lept ond s TompT abRlER Beind rpafucfl Wit o feast two
r eact or smpmpcarbpxydis aciisonestersaimuedi,cor withrahast tvddicarboxylic acids,

t ) i i I )
react | on?,ﬁgly,ﬁggﬁ,c%%g tﬁgfog,ggr m,;/ggraﬁets &g egp aRg ocess

wher ei n ecu inis added
initially to the reactor, and6@hen the acidic
reactantand the initiator are added gradually over
time. The reaction can also suitably take place in a
tubul ar-type reactor where the conponents are added at
one or nore points along the tube. Copolynmer (iii) In
one enbodi nent, copolyner reactant (iii) is obtained
by a copol yner obtained by (a) reacting conpound
(i)(a) with conmpound (i)(b) or (i)(c) in a non-free
radi cal catalyzed reaction in the presence of
copolymer (i) or copolyner (ii) or both; or by (b)

e .



No. 6,030,930. Typical al kenyl used in the preparation

are ethylene and 1-butene copol yners. (B) The Ether
w@ip0s2286 | N one enbodi nent of the present i NRENUSING/041631

the copolymer may further be reacted with an ether

conmpound capabl e of |inking two succinimde groups.

Sui tabl e et her conpounds include, but are not |imted

to, the follow ng: Polyether Polyam ns Exanpl es of

sui tabl e pol yet heram nes incl ude conmpounds havi ng the

fol |l ow n(g:)stmuedsume ali\phzﬁfce:ioﬁlpalddstmmgapEMend) functional groups,

hydr ogen or .a h I oup havin
bou s et ¢ S ot @al ekt ' RARRY bith hcas
pol yner i awirioaocariGaplar aid yr éstee t}mnéof e¢rhcb¢armb'lyamld1 eghydride or
ui tabl e i the .
1 east = aprobH gy RTRF AnchUERLLTR bl S8R Lwit
to aboutatl@@,onﬁpvse-trpmetgegabl y from about 10 to about
50, and even nore preferably from about 15 to about 25
el her units. The pol yet her pol yam nes can be based on
pol yners derived from C2-C6 epoxi des such as ethyl ene
oxi ge, F’hﬁ:l% E‘pe@dﬁ eNBm XA BRI in
of gol yet erlstet%teegbﬁg\gngge solﬁtgdfundeii t]{igelmlﬁg ating
19ef peart ﬁe(cvshctfaraﬂwfaﬁdmaqr E0BRRFFEPNAfCAT RYINgAF RPYY£BTDANHG: o m
Hunst man Cor poration Iocat ed i n Houston, Texas O her
exanpl es_of suitable yet her am nes i ncg
pol Qoxyt Brerpestgtiaaied éﬂ‘d’“ﬁ’a? JisnArsaet € GlavBdn efﬁ‘a\?ierfﬁstftwétmg

f ol lagapk RGn axtofruﬁ& pmseeaﬂmﬂwcm ih dr6mittgotRebeylieknhydride, or
pol yneri zat i OH?? nunber of nonomer ether units).

f ol EAMRHE PoAYSE xﬂéﬁ"?s(?étlves Furthernore, the copol yner
Iseactant may be reacted with a polyether am no al cohol

or am no_t hi ol o] yet her o Alcahol. . T

i o al EnBRLUHGH O For ARRORHON (G LIEGHE i reaig

gr oupent BfethgtleaOgbunae, phtiealio atihydode) betaphthalicenkigirided t o

am nes during reactions, such as reductive ani mation.

Al so, one may initiate a polymer chain (i.e. grow

pro ;5y| enEhegrostetrdateld pnkymexi¢ digherfanigrfichim drwheeeig the apleash one

he V&
AnarferishpSRafh SRLAPLGR oMo flin Gl PR Khming o
am melypthcrepkyamiry, 4 pplydtier amine @leplolyd nolyethietahiop thiadrandai |
%fol gitabl e pol yet heram no al cohol s include

n‘g;gun S haV| ng the followi ng structure: wherein R15

| s independently a hydrogen or hydrocarbyl group,

haVIsng a’@swostl{réaedeeg%néd@@&m,claﬂﬂd Whehréin i@ pélogEee

nmerization. Generally, the polyether am no

ol
Zé| céwafxg said eaPolyBIeR (i} ?fr°°B‘§1émFrr(“1 ?{éw aé%%ﬁta%eﬂwhﬁ'redwn -free

Wi | Iradr&néa@dlﬁeaﬁeabmqﬁo@bmtcmﬁmnetlhe)ranu Bbrhpound €H(6Y &Q)k) in
from about to about 100, nore preferably from about

tﬂifpé?fﬁ'&?ﬁoé??m%’ﬁ&mé@en more preferably from about 15
to about 25 et her units. Qther exanples of suitable

pol yet h ol Sl . . I

Dol Yoxy LI PRTEHSH BT AePSioE A6,y heTHa e liphals

3ohe cf)mbdmmﬁsmgasﬁmmmhatfecmhpdsmdn n is the degree of

pol ymeri zati on. Pol yet her Ami no Thi ol Exanpl es of

sui tabl e pol yet heram no thiols include conpounds

havidng thelwmwiowmcww%hbur®mwﬁﬁeg@' majRir Ganpayint of an oil of
i nd r I 3

from SacE o Kal Aol apgua ACE PR R Y8Ry prount
pol ynmeri zati on. O her exanpl e$lof suitable

pol yet heram no thiols include

pol yoxyt et ranmet hyl eneam no thi ol having the foll ow ng
structure: wherein n is the degree of polynerization.
General ly, the polyetheramino thiols suitable for use

in the present invention will contain at |east about

one ether unit, preferably fromabout 5 to about 100,
nore preferably from about 10 to about 50, and even

nore preferably fromabout 15 to about 25 ether units.

Et her PoI yam nes Et her Di am nes In ‘yet anot her

Y T Y a1 e S o



condi tions and/or stoichionmetry should be such that

oil solubility is maintained. Hydroxyl Aliphatic
w@09pasme | n addition to the ether conpound (iP&I/US2009/041631

pol yet her aromati c conpound) above, optionally, the

copolymer may al so be reacted with at | east one

al i phati c conpound which nmay be a hydroxyl aliphatic

conpound wherein the hydroxyl aliphatic conpound has

at Pepared byusher Racess Yhish compiisss reaging &) PETeEnE agent selocted

f ungbnoNgbliddafiontte,| Slire@AdHoR afdbndt€ Adinkdd ot dafboddte, laR afbimatic

one nonocarboxylic acid or ester thereof, qr .

di cBPIEHRAXYHC FC1dy O A% prematie RolyeapEiicy pitide gfn aromati

whe b6ty EarbROEdIRid BsérCint QITRA LWBFEdtRg iofl addifiad bemmkition prepared by

reacting wth at | east one post-treating agent which

Ps HEPEIFISSAMARYRS KARMBw, The nul tifunctional hydr oxyl

compounds used according to the process of the present

i nventi on may, cont ai rimary, secondary or tertiary
al cohol s&‘)Suiaf %B‘Tt 8"‘?1‘9&69’0%‘3{}1?‘”%? F?ﬂ?g}’{‘,‘eés- conpounds
i nclude, but are not |imted to, glycerol,

hritaql, ' | ol . ' j
it onal 1yt he YRR PO PLRERRA08 chishutcktfion of

18 pol yet her cont acemprgerts cdngamsingt wo hydr oxyl groups.

Al i phati c Conpounds contai ning both an Am ne Functi on
and a Hydroxyl Function In another enbodi nent of the
present i nventi on{@t heatddastpnamorocthyigpivalidunsatiratpdve at
| east one ami ne group @nd,,dondaibokylRMRiddY dhiPikeredt! RUP-
Exanpl es of such conpounds | nclude, but are not

limted to, ethanol an¥tnezsdigrbeniiaarid.arhydside of ¢stor Higrrof:

18m ne, and the |ike. Method of Making the Lubricating

Q| Additive Conpgsition The | ubricating oil additive
conposition is pr&ar et 199§t oge holsdip semprising abgptpfo 40 carbon
charging the reactant faRObNIRESt s blyoldin JoRPEtin@MdudS 10
copolyners (i), (ii) gg% égi% as descrjbed herein) in

a reactor, optionally tHfé° mﬂWfFEQ@ﬁmﬁﬂﬁﬁE?m‘nd
heating at a tenper at usopolgiefizabigadapih th8 @rtn dfa vaygut
700C. Optionally, diluent, oil .be. charged .

2%pti onal 'y under a ni tY‘fB’a@ "°p‘15r“‘@;§y Y’qudﬁrée gg'f‘?emf’é’été'f%r,

t her eby produci ng a dithateflaciopol yner reactant. The
anount of diluent oil in the diluted copolyner is up

to about 80 wt. % nore preferred fromabout 20 to
about 60 wt. 9% afd nadeastamemonedefinf qoopoaisiovtiiclZi® t o

about 50 wt. % Both [ [ ' .
et her conpound are chg{ﬁ&gh‘fz R%gicivgﬁ%ﬁ%%gggeer?@ga% d(b)and s
Zfi trogen purge, to thelecedomrthe grappsconsigtingroft | s heat ed
under a nitrogen purge to a tenperature in range from
about 1300C to about 2000C. Optionally, a vacuumis
applied to the mixtur@)foranglsgliing ethet andap glly! ajkybether where
hours to remove excess Watgdalkyl BRup WHydfRYl Afind) dialkylamino
addi ti ve conposition can al so ‘be nade using a process
conpri si ng si nul t aneous| y % AP SHBStisyted eripunsubstitutgey and
3¢6react ant copolynmer (i), (dohthinin@Hrofr dbowt;1 foRBowdko PABdH C
conmpound; and the ether conmpound at the desired ratios
into the reactor. One or »of the reactants can be
charged at an elevated tenperature to facilitate

m xi ng and reaction. A static m xer can be used to
facilitate m xing of the reactants as they are being
charged to the reactor. The ré2Zetion is carried out

for about 0.5 to about 2 hours at a tenperature from.
about 1300C to about 2000C. Optionally a vacuumis
applied to the reaction m xture during the reaction
period. Since nore than one functional group is

present on the aliphatic conpound, the reaction

condi tions and/ or stoichionetry should be such that

oil solubility is naintained. For exanple, since

mul ti functional aliphatic conmpounds are used, the

i nker group (i.e., the polyether conpound) and the

- o e "



4,4" -nct hyl ene-bi s(2,6-di-tert-butyl phenol),
4,4 -bis(2,6-di-tert-butyl phenol),

W@ 2eh9AB028( 2- net hyl - 6-tert - butyl phenol ), PCT/US2009/041631
2,2' -met hyl ene-bi s(4-nmethyl -6-tert-butyl phenol), 4 4
-butyl i dene-bi s(3-net hyl -6-tert-butyl phenol),

4,4" -isopropylidene-bis(2,6-di-tert- butyiphenol)

2,2' -net hyl ene- bi s(4-nget hyl - non ph

2.2' -i sobutyl i dene- bi 254 i é‘F ‘gﬂ&‘ plkylamide of a
2,2' -5-nmet hyl ene- bi s(4- nEthyhmﬁwmymﬂqhﬁmamﬁhenmhb<n
2,6-di-tert-butyl - 4-net hyl
2.6-di-tert-butyl -4-ethyl pﬁ chxyhc acid of from about 3 to about

2, 4-di met hyl - 6-tert-butyl - pheartoh atoms where the alkyl substituent

6- di -tert-l-dlnethylan1no crcsol

% 6-di-tert-4-(N, N -dinet hyq arlﬁsrﬁr(?rrfle ptﬁaboqmocarbonatoms’
4,4" -t hiobis(2-nethyl-6-tert- butylphenol) 2,2'-thiobis
(4-nethy|-6-tert-buty§ henol_ .
bis(3-nethy|-4-hydrox385 ter WTSC% gﬁgc??ox f??%&ff
and bis(3,5-di-tert-buty! ﬁmmwmpbkybbﬂzﬁmybmlﬂoma

Di phenyl am ne-type oxidation inhibitors include, but

are not limted to, al kylated di phenyl am ne,

I8henyl - al pha- napht hy| @bn nean Nawigyl substituted nitrogen-containing

al kyl at ed- al pha- napht hyi anj.Re;cvécREhpsMHRESd

oxi dation inhibitors include metal p$hlocarbamate
(e.g., zinc dithiocarbamtc), and

15- met hyl cnebi s(di but ydi t RGO ABRER LompRisirdAbbur V€ar
Agents As their nane 1nplies, these agents reduce wear

of moving metallic parts. HRARSIEN #PMEeFahleat)apt Rolyolefin

fisncl ude, but are not lim t&dlphgngwaewdaabaﬁ3amsbxbonatoms

t hi ophosphates and salts th reqof, carb , esters,
and nol ybdenum conpl exes. P?G’%ﬁatf:ﬁ’i’fp‘g i°P 3§“°r‘zable group in
(Anti - Rust ~ Agent S|) a) NoEj tlﬁélfoﬁnl[aﬂdtylﬁ?ﬂyﬁhﬂ)deﬁl& afidyf fiagiaiene
active agents: polyoxyethyl ene |aur et her, .

pol yoxyet hyl ene hi gher aIdﬁﬂﬁ“”@?ﬂg¥?ﬂﬁ%9§8§vg¥$§?%ﬂ%°kﬁn
nonyl phenyl ether, pol yoxengiidygd smet the tante gslervidfin employed

t her polyoxyethylene octxk) %earyl et her,
%blyoxyethylene ol eyl et her, % | yoxyet hyl ene sorbito

nonost ear at e, polyoxyethylene sorbitol nono-ol eate,
and pol yet hyl ane ql . : .
compounds: sty i & cpmd R8s 67 ngLotholE e and
di car boxyl i ¢ aci dsompamnd(i)(®amphes prefence gf afrdedadienl indtiator;
salts, netal salts of heavy sulfonic acid, partia
carboxyllc acid ester of polyhydric al cohol, and

Zhosphori c ediiBr . asopahaneriobiained by (aherdsting sAmpeusd (D) with

al kyl phenol and ety &a@(,%saf{lx ?may&hwﬁ%bydlaﬂ@d@}ééw

et her, and pol yoxyethyl ene sorbitan ester.6. Extrene

Pressure Am -\War fﬁ@%‘?ﬂ@ ‘}(GEWSMRFAﬁ%QPPE}')“"SG) grigepodyger (ii) or

ol efins, zinc dialky; art;y(moeamgabg&ﬁnér%bfraifrpmymekw) or
|

secondar al kyl a he
met hyl t ?/I ch I>/0r og?ga’(v‘?hék‘ee"y“cffged‘i‘q‘ﬁg?aéeg%ﬁ?gb?‘?f'l‘f’é’i Repfluct of

Fol uor oal kyl pol ysi kenipsigd (ih@pshdragpiune (ixbeor (NeYtwied | zed
or partially neutralized phosphates, dithi ophosphates,
and sul fur-free phosphates. 7. Friction Mdifiers
Fatty al cohol, fatty acid (stearic acid, isostearic
acid, oleic acid and other fatty acids or salts

t hereof ), am ne, borated ester, otheresters,
phosphat es, ot her phosphites -68sides tri- and

di - hydrocar byl phosphites, and phosphonates. 8.

Mul tifunctional Additives Sul furized oxynol ybdenum

di t hi ocarbamate, sul furized oxynol ybdenum organo
phosphor odi t hi oat e, oxynol ybdenum nonogl yceri de,
oxynol ybdenum di et hyl at e am de, am ne-nol ybdenum
conpl ex conpound, and sul fur-containing nol ybdenum
conpl ex conpound. 9. Viscosity Index |Inprovers

Pol ynet hacryl ate type pol yners, ethyl ene-propyl ene
copol ynmers, styrene-isoprene copolyners, hydrated



additive will be ordinarily at least 5 % by wei ght and

generally not exceed 70 % by weight, preferably from5
wo 200503280 nore preferably from10 to 25 w. 9%CT82009/041631

foll owi ng exanples are presented to illustrate

speci fic enbodi nents of this invention and are not to

be construed in any way as limting the scope of the

Pol ysuccfbii ritdEbete A HPeHPd SDRR BErY Bepgh it o lesst two
Pol yet hemghdaibbeylidacidHeasirsRRdrytd)or méthAt Radt tgb disarboxylic acids,
react or s.charged with pol yPl BSA detrived from 1000

MA/ Pl B (%@&5‘.’ S@qus W}"I”a t‘g‘%i“&ffﬁsg‘fée\??’d”ngaonite, LLC)
and Exxon | GON base oil (793.45 g). The solution was

T3 501BorY BeRaPEr R G IR EBOs e a1, B iy SEeba Bups,
Hunt smanyheweia dreeof theldendtiomnd gndups iy eapablat afdrefating |with, atAleast
Tococ, T iRt A RR B Gt pr B BhE il anbyride or
pol yaﬁi nester 38r@6 any) whersin avkst fenstioneb group it egpablerpfgreacting with
m xture AL b60C for 1 h. A vacuum (< 20 nmm
Hg) was iaﬁh%ggﬁgé’gh%’%r 30 minutes at 16Q0C. Anal ysis
1§ the final product found the follow ng: Viscosity at
100GC = 44 ll?r'&ﬁ’ﬁ M {dnRGAoF HEIRRE 8, WhireAn¥bosterdz@hg hgent is
Base Nunber (ASTM D 25'8‘%) X5, 77 1y KOH ggozfnrpl Ahgneen
Pht Reytlic carpryale i disespaono-varbenatsr pANGA Reyr bR e

Derived from 1000 MWV Pol yPI BSA/ Pol yet her di am ne/ Heavy

Pol yam ne. A 500 nL gl ass reactor, was charged with ,
pol yduccilhs ‘h‘P’é“é‘“{‘&%g?Wé‘}‘o’h%f rigph w@aferwﬁmﬁﬁ%% agent is
Bnd JhaaihRdc bAlychBiRFidHIREin Somhtid fRGR b0 JfMIAFis, or an

Pht hal i ¢ anhydride (5.36 g; available from
Si gr?'éo-%t‘alpf’lé’%/ﬂ'b%@ Glfted and the nixture was heated at
1600C for 2 h. Analysis of the final product found the

follgwi ng; Viscasity at 1000C_.- 702.2 cSt Total Base .
Nudar = ToBACHgE R epTPOSIR S Elein By Ry dhecaePpaRipe aeent i
PostethjisaatabbnRe| pishatic anhiydtidbe oDephthdi ahhypinidé. 000 MWV

faol yPI BSL/ Pol yet her di am ne/ Heavy Pol yam ne A 500 ni

gl ass reactor was charged wi th pol ysuccinimde (392. 34

g) d2. pr &patubdciting Bilaspmpesitiompfl cliza Be svherginl GORC lagsidene ether

a ni : ( g

s SHAEH (1 FRHEL fom S O GHREAE NP B L erlpbl e potycther
16 Orelyrminea d dioliethen laminohaledheh rip pelyethqr Gamiparthip), \#a9 a polyether
Pol yp%%gi nimde Derived from 2300 MN Pol yPI BSA,

Pol yet'her di am ne and Heavy Pol yam ne A 2-L gl ass

Feactor was charged with pol yPl BSA derived from 2300

MN BB ( AlmdiBist diBnkin hst-abdi& folRmerfcnBpeRint CoMPHdify reactin
LLC) and Exxon 100N bggigé oi | (1‘152,9??6 g?%'l’_he soPutI?gon &
was (Reaosraghpmperecat et fom yexrtis FHBIE S 8 litgmeno-carbonate, a
J ngl Stgirrb@lyt)ehﬁﬂoongﬁg, gan Rednyeit bﬁl"y@%r@d’ﬂyﬁfac{i% érlan7z%01ﬁ5tilchﬁ@carboxylic
added. an, e mxture wa ated a or.1 h. . ..
vac L?{}Pﬁd('ge S0P RgC M%ﬁﬁﬁw&gﬁa&ef %‘t?%%dt“&”‘é‘lg oif ditive
3106 OQempddnwaidchuamiprises taakwgsed and t hen heavy

pol yam ne (34.27 g) was then added to the reactor.

Them xture was heated at 160Q0C for 1 h. A vacuum (< 20
mm Hg) wés) apyldagdné off th&®llnwingtceylhaber&600C. Anal ysi s

of the final product found the follow ng: Viscosity at
1000C = 577.8 cSt Nitrogen content = 1.10 wt % Tot al

Base Nunber = 24.04 ng KOH g-Btanple 5 Fhthalic

Anhydri de Post-Treated Pol ysucci ni m de Derived from

2300 MW Poi yPI BSA/ Pol yet her di am ne/ Heavy Pol yam ne A

500 nmL gl ass reactor was charged with pol ysucci ni m de
(351.48 g) as prepared in Exanple 4 and heated to 160

C under a nitrogen atnosphere. Phthalic anhydride

(4.38 g) was added and the m xture was heated at 1600C
for 2 h. Analysis of the final product found the

followi ng: Viscosity at 1000C = 696.2 cSt Total Base
Nurmber = 18.44 ng KOH g Exanple 6 Ethyl ene Carbonate

"~ — 4 N I -~ " . Y. Y.V




vacuum (<20 mm Hg) was applied at 160Q0C for 30
m nutes. The vacuum was rel eased and the reaction
woroopasrswas cool ed to 950C. DETA (3.25 g) wasPChes2009/041631

added to the m xture over 3 mnutes. The m xture was
heated to 160Q0C and tenperature was mai ntai ned for 1
h. Then a vacuum (<20 nm Hg) was applied for 30 mn at
16Q0C. The vaguum was. rel eased, and pht.hal i c.anhydri d
(555 6) s Wddon conphere AR BT STALCR stPLAR R o
for 1.5 h. A vacudsmpongdls comprigingwas t hen applied for
30 m nutes. Exanple 12 Naphthalic Anhydride

Post - Treat ed Pol ysucci ni m de Derived from 2300 MV

Ter pol ynmer Pl BSA/ R)| y edtheastbina monatlipiehkallhensgi@gited1 ]l g

f product of Exanple 10~was r [

eactor and heated to é‘égﬁeoﬂﬁ%’é’?%ggnﬁc rogégee%r%éreoﬂ ore
at mospher e. Napht hal i cCa@hygaibobeyli¢ 3¢id.gnhyydride or estid ¢hgreof;
and the m xture was heated at 1600C for 1.5 h. A
vacuum (<20 mm Hg) was then applied for 30 m nutes.
Soot Thi ckeni ng Bénch atdenst dredwlefi chmprising about 2 to 40 carbon
pol ysucci ni m des and p < I P YL

from Exanpl es 1-12 mr%ér%seél{atgggﬁgﬁpg t%éggfgdtomtpﬁihg gbﬁ)iu}wg
I8ench test, which neashioeg$0cabordiems ang hgying a terminal
formul ation to di spersgaitheGABle eRbup\h e @St of al iy, eaSE
resulting fromthe additi on of carhon bl ack, a soot
surrogate. In this tesYinylggnaprgliyt vipyidepegrpunonmixarsgas
wei ghed and pl aced int@e@of2a M. beaker. The test
sanple contained 7.6 wt. % of the test dispersant, 50
mllinoles of an overbased phenate detergent, 18
Thd 73 . oot SV oner o n B TeON ot ey
an .3 w. %of a i over, . in 0 oi

B0ON o1 1 To 1 hi s was SHARLGeGEBleg AR BARGRErS (g ) and
bl ack from Cabot Co. Theel&dted fibnethag@moup torsisdng afid t hen
stored for 16 hours in a dessicator. A second sanple
wi t hout the carbon black was m xed for 60 seconds
using a Wllens Pol ytr@gh Henelkehviazgethehndah alPf alkyl Gher

nd then degassed in a vac ] -
2005500 The vi soosi ty i) Bouds R E Sl
measured at 1000C usi ng a clghkyldnaingonalkoxy melistuted Phis
percent viscosity increase \&a$ : kng
the viscosity of the sanples Wst?ﬁlleg’%géém&ﬁ%g%ﬁ%g?g%dﬁ
bl ack. Thus, the |ower the lpepeaht0 carkangtdmsy i ncr ease
the better the dispersancy of the dispersant. The
results fromthe soot thickening bench test are shown
Z5n Table 1.TABLE 1 Soof?) pogpalkyhanipe#dg Neglkpipmide of a
Descri ption Treatnment % Vi SgonobthRERHS udsabf?A6d M¥Ho- or
Pol yPI BSA/ XTJ- 501/ HPA 128. 80&% 1000 MW

Pol yPI BSA/ XTJ- 501/ HPA PA1 shcagxylicagigf fjpin about 3 to about
Pol yPI BSA/ XTJ- 501/ HPA EC2 38.c2bor’a6fds Mi¥re the alkyl substituent
Pol yPI BSA/ XTJ- 501/ HPA 105. 10 5 2{300 gg/v _
Pol yPI BSA/ XTJ- 501/ HPA PA 16°B81%Ira8 a0y o about 40 carbon atoms;
380l yPI BSA/ XTJ-501/ HPA EC 28.58 7 2300 MW Ter pol ymer
Pl BSA/ XTJ- - 49.76 501/,HPA 8,230 Ter pol roe .
Pl BSA/ XTJ- PA 24. 92 50(1?7| HP&“é"Z' ‘25’863’%‘5&%68?”{%&%9“" acids of
P1BSA/ XTJ- NA3 19. 06 501/ Hfaml@o@300 ahdit Tearboh stomms;
Pl BSA/ XTJ- - 121.39 501/ DETA 11 2300 MW Ter pol yner
P1BSA/ XTJ- PA 78.49 501/ DETA 12 2300 MW Ter pol yner
Pl BSA/ XTJ- NA 19.26 501 /DETA6i: phthalic anhydride 2
- ethylene carbonate 3 - naphthalic anhydride As
evidenced in Table 1, the results of the soot
t hi ckeni ng bench test indicate that the percent
vi scosity increase of formulated oils conprising
pht hal i ¢ anhydri de, ethyl ene carbonate or naphthalic
anhydri de post-treated pol ysucci ni m des was
significantly | ower than the percent viscosity
increase in formulated oils that contain
pol ysucci ni m des that are not post-treated. This test

I L I e " ' T L T - - N B L s o "



A lubricating oil conposition wherein the aliphatic

conpound is an am no aliphatic conpound. A |ubricating
wWo@RI09a822p®Si ti on wherein the am no aliphatic cPoOpPOS2Vd9/041631

is selected fromthe group consisting of aliphatic

di am nes, aliphatic polyam nes and pol yal kyl ene

pol yam nes. A lubricating oil conposition wherein the

al i phatic conpound is an aliphatic di

| ubricating oil composi®i oﬁ”‘%ﬂé‘f‘%‘lSHbsf‘H‘éedeW?%ﬁ‘éf?%mmng

di am ne is ethyl ene di am nagteheyxditebinpbumdeandi am ne,

and butylene diamne. A lubricating oil conposition

wherein the aliphatic conpound is a polyal kyl ene

pol yam ne. A lubricati¢y Oiatleasyopobblefinompraingiabout

onpound (i) (b) of copoly '

ﬁaw ng a nunber average m”%tggp)g%rbi%ﬂgﬁ’&%&@ ?°ly°leﬁn

about 112 to about 5000. A |colmpiisiag dbogt ofolabewy AHbeArhanatpms

wherei n t he nunber average

from about 500 to about 30(5%95%;%%:%%I?Eﬁob(%kawégwup "

conposi tion wherein the nurtb@fonavéarugﬁl wnyléienﬁ gralkyl

wei g_ht (Nh) ' S from about dér@ g@'&?l& 1(:1%&91@5 thé'eof provided

| ubricating oil conpositi on er ein

¥ carboxylic acid, anhydri dhatghe cdefingm %{éﬁ‘ éé‘PtthﬁsmeaSthe

| ubricating oil addltlve cmﬂfﬂ] de(tgl n(i)(a) is

mal ei ¢ anhydri de or ester thereo | ubricating oil

conposi ti on wherei n the nonool efin of (i)(c) is a

1-olefin. A mgjhodce ma&lomn@d Bpfeacdn@@axhs&hna@bw@ﬂl c
di spersant wherein t paost-treatin ef?%%fzﬁlmlycl i C

carbonate, a Ilneéi’mﬁﬁﬁ‘s(’)é@r‘bg’ﬁ&feée pog? ator;
ol y-carbonate. A nethod of making a post-treated

pol ymeric di spersant ost-treati
is an aromat |@%polaf8%ﬂll%9{ fat“e%&?' g’)pgﬁtmﬁrcf}?i’ﬁ? g%)(a?wﬂﬁ
pol ycar boxyl i c anhyndpdn.dxe (()(ib) ar(t)(tatn acnqmefre,tcaﬁdmwa;élyzed

ester. A nethod o ate

di spersant wher ei ﬁeatgﬁ mﬁg}%etpr?sf‘g ‘ﬁ(ﬂ’o mer{j) B qﬁmfr uéor

car bonat e, pht hal ibothamtbydb) ozbmactmg cnath'mha(l)loccopolymer (i) or
hydri de. WHAT | S

%Ogl ymsrl c di spersaﬂn D%Eg%n%dﬁ%e raﬁﬁgﬁll%}eﬁ?@&@&x product of

conprising reacti ngmpm)ndél)(@bmd-cpmeamdrﬁg(bhgre@(c}s‘éﬂect ed

froma cyclic carbonate, a |linear nonocarbonate, a

| i near pol y-carbonate, an aronmatic pol ycarboxylic

aci d, an @Doreifiqast qelehensamprynd eapalingiheingercastedarith at least two

aromati c rrl%ﬂé)éé%kﬁ%idh 6r &G Th&reeor vAlifar @akt)tw@ dicarboxylic acids,

| ubricating oil ditive conposition prepared by the

Pr ocess é’éﬁ‘ﬁ?“i’@oh@swf’%‘ééﬁe?ﬁﬂ@‘ mpigguregithreofst  one of the

foll ow ng copolyners: (i) a copolyner obtained by free

radi cal copol ynerization of conponents conpris (a

at | east %ﬁste%w?l@l?ﬁne aPrpepuaﬁgs‘mﬁ lgf pig fltﬂacq@s% oups,

(rjmnocgr bQThyﬂeinCor&C‘bfdtheLﬁlﬁ&bgﬂ drongs eiﬁ)fcapdbﬁ: @retaam@&&th at least
i carboxylic aci n e or ester .t

eao | ondnepioerPenBE At g St O dn g g apoptyide or

HL Ons Ofr eqir theeaﬁtand)wherpml ayiahafﬁmmomhgrdwlmgapﬂbeuﬁ redcting with

360 car bO{ll 2 ogq eapavg ng a term nal copol yneri zabl e

group in Re of %/gﬁyl vi nyl i dene or al kyl

vi nyl i dene group or m xtures thereof; and (c) at |east

one nonool ef n conpound which is copolynerizable W th

the nononers of (a) and (b) and is selected fromthe

group consisting of: (1) an al8yl vinyl ether and an

al lyl al kyl ether where the al kyl group is hydroxyl,

am no; dial kyl am no or al koxy substituted or is
unsubstituted, and containing fromabout 1to about 40

carbon atons; (2) an al kyl am ne and an N al kyl am de of

a nonoet hyl eni cal ly unsaU rated nono- or dicarboxylic

acid of fromabout 3 to about 10 carbon atons where

the al kyl substituent contains fromabout 1 to about

40 carbon atons; (3) an N-vinyl car boxam de of

carboxyllc aC|ds of fron1about 1 to about 8 carbon

oy " M 1 T



copol yneri zable with the nononers of (a) and (b) and

is selected fromthe group consisting of: (1) an al kyl
waoewghs3esher and an allyl al kyl ether where theCHUK3009/041631

group is hydroxyl, am no, dialkylam no or al koxy

substituted or is unsubstituted, and containing from

about 1 to about 40 carbon atonB (2) an al kyl am ne

and an N-al k noeth al | nsat ur d
mond® or e ér@%f F‘éf“él%  RalgmEre iz o, g 13
car bmareai fBopuiatiee (i), abal«y Icols;msan(i)uemtopwmm(ﬁs of rbothn are

about 1 to
e vitrRs i ot et Sa aRy P eaibheRBet of comasta ()@ and
1t o cadapatind & )@potO(r) atf therpresepde ofzpmpbnenty)). substi t ut ed
Eitrogen-containing het er ocycl i ¢ conmpound; and (5) at
east one 1l-olefin conprising about 2 to 40 carbon
at orts. or Aatethabsftimpraingcbgtalispbisancy onplufas dispesspuaytordothgn an
aboy 0 n ( j il S : ot
copd tt;:/rﬁgrcoglg %?gm gerﬁ‘ gmh ?ﬂllﬂﬁ!?éep ?}?%th]g ne with a lubricating
vi nyili aberpesition mrkgrismgmyiamj@mewgmﬁ}pl @frluhtlmtlm, @riscosity and an
t her, Sy not the
t herpelive ROYH 8P Lgs%*m;otye il ls?g%@? 3&“ 5.
18opol yner obt ai ned by reactlng conpound (|)(a) and
conpound(i)(b) in the presence of a free radica
initiator; (iii) a copolyner obtained by (a) reacting
conpound (i)(a) with conpound (i)(b) or (i)(c) in a
non-free radical catalyzed reaction in the presence of
copol ynmer (i) or copolyner (ii) or both; or by (b)
contacting copolymer (i) or copolyner (ii) or both
with the non-free radical catalyzed reaction product
of conpound (i) (a) and conpound (i) (b) or (i)(c);
with(B) at | east one ether conpound capabl e of being
reacted with at | east two nonocarboxylic acids or
esters thereof, or with at |east two di carboxylic
aci ds, anhydrides or esters thereof, or m xtures
thereof; and (C) at |east one aliphatic conpound
having at |east two functional groups, wherein one of
the functional groups is capable of reacting with at
| east one nonocarboxylic acid or ester thereof, or
di car boxylic acid, anhydride or ester thereof and
wher ei n anot her functional group is capable of
reacting with at | east one post-treating agent. 9. The
| ubricating oil conposition of Claim8, wherein the
post-treating agent is a cyclic carbonate, a |inear
nono- car bonate or a |inear poly-carbonate. 10. The
| ubricating oil conposition of Claim8, wherein the
post-treating agent is an aromati c pol ycarboxylic
acid, an aromatic pol ycarboxylic anhydride, or an
aromati c pol ycarboxylic ester. 11. The lubricating oi
conposition of claim@8, wherein the post-treating
agent is ethylene carbonate, phthalic anhydride, or
napht hal i ¢ anhydri de. 12. The lubricating oi
conposition of claim8, wherein the at |east one ether
conpound (B) is selected fromthe group conprising an
et her pol yam ne, a pol yether polyam ne, a polyether
am no al cohol, a polyether amno thiol, and a
pol yet her polyol. 13. A.nmethod of making a
post-treated polynmeric di sper$ant conprising reacting
(1) a post-treating agent selected froma cyclic
carbonate, a linear nono-carbonate, a |inear
pol y-carbonate, an aromatic pol ycarboxylic acid or an
aromati ¢ pol ycarboxylic anhydride or an aromatic
pol ycarboxylic acid ester and (I1) a lubricating oi
addi tive conposition which conprises reacting (A at
| east one of the follow ng copolyners: (i) a copol ymer
obt ai ned by free radi cal copol ynerization of
conponents conpr|3|ng (a) at | east one
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