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TECHNICAL FIELD
The present application relates generally to the use of
recombinant microorganisms and chemical/enzymatic systems to convert
15 aldehydes and/or ketones to various commodity chemicals or biofuels, such as

isooctane.

BACKGROUND

Petroleum is facing declining global reserves and contributes to

more than 30% of greenhouse gas emissions driving global warming. Annually
20 800 billion barrels of transportation fuel are consumed globally. Diesel and jet
fuels account for greater than 50% of global transportation fuels.

Significant legislation has been passed, requiring fuel producers
to cap or reduce the carbon emissions from the production and use of
transportation fuels. Fuel producers are seeking substantially similar, low

25 carbon fuels that can be blended and distributed through existing infrastructure

(e.g., refineries, pipelines, tankers).



and price stability, while reducing its environnental footprint. The

chem cal industry is striving to devel op greener products that are nore
ener gy, WwDen10/@m1CO2 ef ficient than current products. PEHAISg00petiaced from
bi ol ogi cal sources, such as bionass, represent one aspect of that process.
Many present nethods for converting biomass into biofuels focus on the use

of lignocellulolic biDuegsinctdastnepetrdlbemecasts ananglignceldrepstroceneicalt ed
with using this process. Large-scale cultivation of |ignocellulolic biomass
requi res afeedsdoek ithe cheminal industylis plsatleakingder, ways himiave aaainy
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increase in the use of pesticides and fertilizers. The degradation of
| i gnoceld ulaodi GObefiviery than agrrentaproguctsl Ryals eradyseddeamn Hiclogicgini f i cant
chal l enge due to its su%stantial nechani th and the conpl ex

ni cal str%
cheni cal coRHBENELCh AS IR R BPIFSER PRS AGPPHET et HASS s aro required to

ful'ly convert |ignocahidy g&8ehPrmBRfter BBRVEIERg bIdtRasd nfo B8RO &S
alternate to this conpl €x approach requires a substantial anount of heat,

pressure, amndhstuserny ligopdslluldieebiamasshdtmbieres, theee areamasy@robiecnsand

technically sin Le rocess for converLi n% bi mas?. into drOCﬁrb ns for use
as bi of uel $S3POBIESHBR HES DISPrOaEHY | Lariorrabsulyalome! ignpesfiuole, 245, 540
descri by t RiorHges Ala @SSl xtahidTai AR SARLATEICOaRE AGHIR cHABBiRIbI of uel s
from bi onass, and aq so descri be the use of such reconbl nant mcrogrganl SNB

t o produce achisvedbyaleptatyraefoodserop pasdumtionneitidehydy arod preduntioyr al dehyde,
from bi onass derived saccharides. 2,2, 4- Thrretq%! pent ane, al so known as
i sooct ane, deforgatabenaned Py saewitiyaing earemysunavtivates l5eidntOber PrRble®sane

rating scalgy, heqael aned RRIASPELSIANY TRE'd ANy SORRAHEYn PLrdRa%hiRE:

| sooct ane i's produc
use of pesticides and fertilizers.

15 The degradation of lignocellulolic biomass using biological
systems presents a significant challenge due to its substantial mechanical
strength and the complex chemical components. Approximately thirty different
enzymes are required to fully convert lignocellulose to monosaccharides. The
only available alternate to this complex approach requires a substantial amount

20 of heat, pressure, and strong acids. The art therefore needs an economic and
technically simple process for converting biomass into hydrocarbons for use as
biofuels or biopetrols. U.S. Application Nos. 12/245,537 and 12/245,540
describe the use of recombinant microorganisms to produce various biofuels
from biomass, and also describe the use of such recombinant microorganisms

25 to produce various aldehydes, such as butyraldehyde and isobutyraldehyde,
from biomass derived saccharides.

2,2,4-Trimethylpentane, also known as isooctane, is an octane

isomer that defines the 100 point on the octane rating scale. Isooctane
represents an important component of gasoline. Isooctane is produced on a

30 massive scale in the petroleum industry, often as a mixture with related

hydrocarbons. The petroleum industry typically relies on the alkylation process



massive scale in the petroleumindustry, often as a mxture with rel ated
hydr ocar bons. The petroleumindustry typically relies on the al kylation
pr ocesst ovprouused2isooct ane, whi ch al kyl ates i sobut ane RCTHSR@OlG17§6 ene
using a strong acid catal yst. Mroever, existing petroleumreserves are
| ess and | ess useful for gasoline because of |ow octane content, and the
ability totagodaiediseoctane] whichasieylates iscirabned Wity isbbutylenenisinged sobagm
reserves. The art therefore needs an environnentally friendly and

t echni cal | 2] @PlShpr ocess for producing i sooctane, as well as ot her

rel ated biofuels. BRI . Jp%% i

exenpl ary pat hway by rlogﬁgﬁcgggﬁb%ﬁ%é%é y\é%lgﬁ%(’;eﬁggﬂ%ééégﬂg%@&to
2,4,4-tri "?talé&sliné beSaléA6RBRAne EbBIehe ahdsthevsbilith€o BEHe GetdrieosarPf
3-hydroxy-2,2,4- trinethyl pentanal from DHLOB strain harboring pTrcTML559
(A) and 9t snerease Hie pseahitity of Byrreakpetcelsumaeseivesc- Ve artithgretorg nerdes t he
production of 2-ethyl-2-hexene-1 -al from DH1L OB strain harboring

B TS50 5 ARET LA BORERED A1 Eenhicaly SRS eSS BPREE” Fi gure 4
shows the pRtusid R WEI 35 B reidt@sbRRgsid. -al from DHL OB strain harboring
pTrcTMLI559 (A) and 1ts control plasmd (B), as measured by GC-MS BRI EF
SUMWMARY Enbodi nents of the present invention relate generally to nethods of

PrO0UCI N0 B BRIk MG 2t therof | comrising e,
O ooonnus "por et ot GRS ARSI B UTES sl hyslocfast one
al dol ask® achaywbé yonagded in Yivato PegsitrimethyeABrpentamedil ynucl eoti de encodi ng
and Figure 2 shows the production of 3-hydroxy-2,2,4-
trimethylpentanal from DH10B strain harboring pTrcTM1559 (A) and its control
plasmid (B), as measured by GC-MS.
Figure 3 shows the production of 2-ethyl-2-hexene-1-al from
15 DH10B strain harboring pTrcTM1559 (A) and its control plasmid (B), as
measured by GC-MS.
Figure 4 shows the production of 2-butyl-2-octene-1-al from
DH10B strain harboring pTrcTM1559 (A) and its control plasmid (B), as

measured by GC-MS

20 BRIEF SUMMARY
Embodiments of the present invention relate generally to methods

of producing a commodity chemical, or an intermediate therof, comprising
growing a recombinant microorganism with a source of an aldehyde, a ketone,
or both, wherein the recombinant microorganism comprises: (i) at least one

25 exogenous polynucleotide encoding and expressing a polypeptide having an
aldolase activity; and (ii) at least one exogenous polynucleotide encoding and
expressing a polypeptide having an alcohol dehydrogenase activity, wherein at
least one of the polynucleotides is exogenous, thereby producing the

commodity chemical, or the intermediate thereof.



expressi ng

at | east one of the polynucleotides is exogenous,
comuodi t ywoRlermwssd2l or the internediate thereof

a pol ypepti de having an al cohol dehydrogenase activity, wherein

commodity chemical, or the internediate thereof, is selected fromthe

foll owi ng fornul as:

CH3, CH3CH2, CHscH(Cﬂhabrtam@iabéma)mﬁwhada%wt@tﬁ@hﬁ)an@rlzhe and
CH3CH2CH( CH 3)(CH@%%th and wherein R2 is selected fromthe group

consi sting

e TREdlers etk gioRzReIFISCCONTY) folowies rpisie, CHBCH(CH
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20

25

smthat covierenes=4h3@l ﬂeag@enaemb@ﬁhmeeﬁsartee commaodity
chemical is further enzymatically or chemically converted to its corresponding
alkane.

In certain embodiments, the commodity chemical is selected from
the group consisting of 3-hydroxy-2,2,4 trimethylpentanal and 2,2,4-trimethyl-
1,3-pentanediol. In certain embodiments, the 2,2,4-trimethyl-1,3-pentanediol is
further enzymatically or chemically converted to 2,2,4-trimethylpentane.

In certain embodiments, the commodity chemical is selected from
the group consisting of 3-hydroxy-2-ethylhexanal, 2-ethyl-2-hexene-1-al, 2-
ethylhexanal, and 2-ethylhexanol. In certain embodiments, the 2-ethylhexanol
is further enzymatically or chemically converted to 2-ethylhexane.

In certain embodiments, the commodity chemical is selected from
the group consisting of 3-hydroxy-2-butyl-1-octanol, 2-butyl-2-octene-1-al, 2-
butyl-octanal, and 2-butyl-octanol. In certain embodiments, the 2-butyl-octanol
is further enzymatically or chemicall converted to 2-butyl-octane.

In certain embodiments, the source of the aldehyde, ketone, or
both is a recombinant microorganism that comprises an aldehyde and/or ketone
biosynthesis pathway selected from an acetoaldehyde, propionaldehyde,
glutaraldehyde, butyraldehyde, isobutyraldehyde, 2-methyl-butyraldehyde, 3-
methyl-butyraldehyde, 4-methylpentaldehyde, hexanaldehyde, octanaldehyde,



bi osynt hesi s pat hway sel ected from an acet oal dehyde, propi onal dehyde,

gl ut ar al dehyde, butyral dehyde, isobutyral dehyde, 2-nethyl-butyral dehyde, 3-
met hyl - buworalodessede, 4- net hyl pent al dehyde, hexanal dehy®€T/US2009/067750

oct anal dehyde, phenyl acet oal dehyde, 2-phenyl acet oal dehyde,

2- (4- hydr oxyphenyl ) acet oal dehyde, 2-I1ndol e-3-acet oal dehyde,

5- am no- pephehdiebgttaldeiydel darenyeatetbdieeyides, 2.4t hgdxgphamyle
4- hydroxyphenéltQI acet al dehyde bi osynt hesi s pat hway, and conbi nati ons
t her eof . | cetaldghydenBdafiaeni-ace afweenpiataine-nantaldenyiamisyecingig
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chem cal . Ipatteay 3 SHHBIABIENS therébe reconbi nant m croorgani smt hat
conprises the al dehyde and/ or ketone biosynthesis pathway is different than

the recdrbi nant ni cr ddcgeainsembodimentsdhesecambinant migrogeganisie taatmodi t y

pat hay cofBrIEEESdhe PEBBUER AR iRk PESy sl BN b e SAT ARaPE n ¢ he
al dehyde | $oi&ABHGHE AicleBKRisth hagsbaLESEPOINBALS: tHdordhiiphyde and/ or

ket one bi osynt hesi s pathway conprises a butyral dehyde bi osynthesi s pat hway,
and wher ei chehecall delogdeini eambodiyreitslehg decormhinaat tre¢rorgdmisin ieait s, t he

al dehyde and/ or. ket one pi osynt hesi s pathway conprises a. h nal dehyde
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nucl eoti de chemieaice that is at |east 80% 90% 95% 98% or 99% i denti cal
to at | east one nucl eotide sequence set forth in SEQ ID NOS:51 -82, or (ii)

a nucl eoti de sequenceén CREBINEBPPAIMERS 1the Aldehygeransher krienesiasydtiasiuence
el or D Ry, PR b Kol GRS SEbEBay: BHET B 0"
aldehyde is isobutyraldehyde. In certain embodiments, the aldehyde and/or
15 ketone biosynthesis pathway comprises a butyraldehyde biosynthesis pathway,
and wherein the aldehyde is butyraldehyde. In certain embodiments, the
aldehyde and/or ketone biosynthesis pathway comprises a hexanaldehyde
biosynthesis pathway, and wherein the aldehyde is hexanaldehyde.
In certain embodiments, the at least one exogenous
20 polynucleotide encoding and expressing the polypeptide having the aldolase
activity comprises (i) a nucleotide sequence that is at least 80%, 90%, 95%,
98%, or 99% identical to at least one nucleotide sequence set forth in SEQ ID
NOS:51-82, or (ii) a nucleotide sequence that hybridizes to at least one
nucleotide sequence set forth in SEQ ID NOS:51-82, or a complement thereof,
25 under conditions of medium stringency. In certain embodiments, the
polypeptide having the aldolase activity comprises at least one biologically
active motif selected from the amino acid sequences set forth in SEQ ID
NOS:223-244, 255-260.
In certain embodiments, the at least one exogenous
30 polynucleotide encoding and expressing the polypeptide having the alcohol

dehydrogenase activity comprises (i) a nucleotide sequence that is at least



pol ypepti de having the al dol ase activity conprises at |east one
biologically active notif selected fromthe am no acid sequences set forth
i n SEQ | DVDICB1028892244, 255-260. I n certain enbodi nents, PChAISa10910ez§4 one
exogenous pol ynucl eoti de encodi ng and expressing the pol ypeptide having the
al cohol dehydrogenase activity conprises (i) a nucleotide sequence that is
at Ieast80%0°x9£%%995«% 98% cmrggw%dnﬂlealttbqaé riu@letdtneemeqUenté det foethurnce set
forth in SE(% 2 1, 23, 25, 27,

29, 30, 3 BEQ@ID N)@SS?s @fﬁ 7or9 (11 ﬂ3a15»ukﬁ é‘& Qae2§e2fise27@@9n BAt Shydtiddi zes to

11, 15, 1585 S AcRDIHEERuETe bR WghdizsTTh LEletiFode nygeofe 7 ©

conpl enent sehaered semﬁﬁrunmumlms 10f3, Bedi 9M B3, NBeNTY 19, M O, D3l n
enbodi nents, the erptlde havi ng t he al cohol ‘dehydrogenase ‘activity

conpri sés 27, 28230, Ihaor 83k orriancarmplemeand hereotiiunger conditieng NAD+) , a

bi nd ng. moCTRIOTSERPEaMN (B ASOH HERe0 P RA NS HRh e 1 SIRaeh
bi ndi ng ”Dtdefn)y(ﬂl%g%‘%@éta%ﬂv%/ éﬁpnklcfe&éloﬂéﬁslc(%@b\sé 'nr&)tlgamYdé(aEeﬁ%né Y (SEQ ID

NO 245), Y- X- Y- X X X X-Y (SEQ I D NO 247),
Y- X- G X- X- wir(usﬁeptlda (NA24)8 )5, NADK, N-IC@:IGaD(Hd@ ardemﬁadmmm@phosphate

(550 10 NalBABP voxe MADRbiinasesis Meesbn smamimenisXok BB ¥ (SE0 10
N 254) g W@Hn@f\nm 'd}%&spﬂﬁﬁhbmﬁﬁbﬁ%;@lé&@& PflefouglobhREng AN

serine, wherern’ cine erefn X1s 1n epen
a genet i caldfy- KF@{@G@YE(SEI@II}NCMMB)) Y6 X X-51G- XY ¢S EQEID BlO:R4E), YeEaXdX-nant

m croorgani smfurther conpri one exogenous | ynucl eoti de
encodi ng arferGXp¥ é85ChY Hq)aﬂ)pé(p&@@( KaV.(ﬁEOaIEthﬂ@)@cQ{nﬁ “F-ElrcXase

t
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| east one w@%nw&mmawvl (SHQ D NO 252), Y-X-X-X-G-X-Y (SEQ ID NO:253),
15 and Y-X-X-X-X-G-X-Y (SEQ ID NO:254); wherein Y is independently selected
from alanine, glycine, and serine, wherein G is glycine, and wherein X is
independently selected from a genetically encoded amino acid.
In certain embodiments, the recombinant microorganism further
comprises at least one exogenous polynucleotide encoding and expressing a
20 polypeptide having a double bond reductase activity and/or at least one
polynucleotide encoding and expressing a polypeptide having a dehydratase
activity. In certain embodiments, the at least one exogenous polynucleotide
encoding and expressing the polypeptide having the double bond reductase
activity comprises (i) a nucleotide sequence that is at least 80%, 90%, 95%,
25 98%, or 99% identical to the nucleotide sequence set forth in SEQ ID NOS:35-
50, or (ii) a nucleotide sequence that hybridizes to at least one nucleotide
sequence set forth in SEQ ID NOS:35-50, or a complement thereof, under
conditions of medium stringency.
Embodiments of the present invention also relate generally to
30 recombinant microorganisms, comprising (i) at least one exogenous

polynucleotide encoding and expressing a polypeptide having an aldolase



encodi ng and expressing the pol ypeptide having the doubl e bond reductase
activity conprises (i) a nucleotide sequence that is at |east 80% 90%
95% 98%wonopams2denti cal to the nucl eoti de sequence s@CTuSeaN/06TISEGEQ | D
NCS: 35- 50, or (ii) a nucleotide sequence that hybridizes to at |east one
nucl eoti de sequence set forth in SEQ I D NOS: 35-50, or a conpl enent thereof,
under condidctiviog apid (ifpdi leestsore sgegenouskydipdlidiestide @fcadieg pn@sent i nventi on
also relate generally to reconbi nant m croorgani sns, conprising (i) at

| east one EXBERSHILA POIVPeREde baving @h@@@hﬂ'gdéw@r aseAGYit% pol ypepti de

havi ng an al dol aseactj viLy,; 1 t pol.ynucl eoti de
encodi ng and expre;sﬂﬁéeéggﬁﬁﬁgg@b#%ggﬁgé?%%%gﬁmgpgﬁﬁ%ﬁgggﬁvgﬁ$%gnase
activity. lcapgBletatidoneBRPG aB6le ofle dlesydy, RaKkdtont CorasstBa $m i s capabl e
of converting a source of "an al dehyde, a ketone, or both, to a commodity
cheni cal§ @ommodint ehersigahtos anhiesmiediaie drereaf, twrereivnihvedonynediéni cal , or

t he internegiate t her ea

f, is selected,fromthe follow f.ornul as: wherein
R'T 15 ol copgtical OrEbterRgRTe SRSt 4, 5ep ) MR bt Rindiag Chy
CH3( CH2) nCH2, CH( CH3) (CH2) nCH2, and CH3CH2CH( CH3) (CH2) nCH2; and wherein
R2 is selected fromthe group consisting of H CH3, CH3CH2, CH3CH(CH3) ,
CH3( CH2) nChg, CH3)-( CH? ,\@ﬁGHWmmq Sigm n =

0-30. In certain,enbodi nents, t reconbi nant i cr oorgani sm fay t her
conprises (iii) at |east one exogenous pol ynucl eotide encodi ng and

expressing an al dehy%eq,gﬂlﬂ I§§%§€@Pm¥ﬁéﬁé @g@ﬁcﬁiaﬁﬁoﬂ'ﬂcﬁe”ai n

enbodi nents, the m croofr gani sm 'Ses al déhyde and/ or

ket one bi ogyidies iGHTH (DWY), CH@HANTIE, CHIOHEHL) O-,ACHY] &edl e

nonosacchari de or suitable oligosaccharide to a coomodity chem cal, or an

i nt er medl at(EH 1 @dCH e 8h@H2; and

wherein R2 is selected from the group consisting of H, CHs,
CH3CHg, CH3CH(CHs3), CH3(CH2)nCH3, CH3sCH(CH3)(CH2)nCHo,
CH3CH2CH(CH3)(CH2)nCHz,

wherein n = 0-30.

15 In certain embodiments, the recombinant microorganism further
comprises (iii) at least one exogenous polynucleotide encoding and expressing
an aldehyde and/or ketone biosynthesis pathway. In certain embodiments, the
microorganism that further comprises the aldehyde and/or ketone biosynthesis
pathway is capable of converting a suitable monosaccharide or suitable

20 oligosaccharide to a commodity chemical, or an intermediate thereof, wherein
the commodity chemical, or the intermediate thereof, is selected from the

following formulas:

OH
R1)\Ao — R1MO . R1MO — - R1/Y\OH
R2 R2 R2 R2

wherein R1 is selected from the group consisting of H, CHs,
25 CHsCHy, CH3CH(CHs), CH3(CH2),CH2, CH3CH(CH3)(CH2),CH2, and
CH3CH>CH(CH3)(CH2),CH2; and



the commodity chem cal, or the internediate thereof, is selected fromthe
followng fornmulas: wherein R1 is selected fromthe group consisting of H,
CH3, CH3CMR2000H88M1CH3) , CH3(CH2) nCH2, CH3CH( CH3) ( CH2) mCHAIS2@867750
CH3CH2CH( CH3) (CH2) nCH2; andwherein R2 is selected fromthe group consisting
of H CH3, CH3CH2, CH3CH(CH 3) , CH3(CH2)nCH2 CH3CH(CH 3) (CH2) nCH2
lCHSCHZCH(CH 3) (CH2) n@kﬂ%rerlezaﬁ s?jlectedﬁr%ﬁ.thé gr%lﬁit@is‘lst&@mfdﬂ. 'ﬂeﬂg,lsa th at
east one exogenous pol ynucl eoti de encodi ng and expressing the al dehyde
X0 GGG

and/ or ket éfds Hs) patalfey2)ceitpré desHECHa{ GldalyCElel ect ed from an
acet oal deh ~IRrApi-qn yde, gl utaral dehyde, butyral dehyde,

I sobut yr al ﬁ'ﬁ%&@@é@@ﬁg&%m dehyde, 3-nethyl-butyral dehyde,

4- et hyl pent al dehyde wHgsanakdebgde, oct anal dehyde, phenyl acet oal dehyde,

2-phenyl acetoal dehyde, 2-(4- hydroxyphenyl) acetoal dehyde,
2- 1 ndol & 3- acet oal dehygertad-embadipmits theta) irast onesxegesoseni al dehyde, and

i 4- hyd ph | dehyde. bi hesi d
S e € B BE A SRS LR S BN, et one
bi osynt hes 'ﬁos&%&ﬂ%’é@é’gﬁ@%y‘ &Rfpdts $ PRtHWHPSLIebEE &rdth @pYAHISRbEN hway,

and wherein the al dehyde I's 1 sobutyral dehyde. In certain enbodi ment's, the
al dehyde amdopionéldebyde,lglo=yalitbbgdes uayraldenydenisobstysaldelhyds; rZamethy-de

Aot SR R E SR R AT AR
gab Lo e L T
pol ynucl eothydeoxgpbedylngcetodidehyde s3ilngoletBeapstbypepyddes-aminog t he al dol ase
aeo Y CODRiaIashyds, sucindie semiaehyas. and suceinate 4-nydroxypheny T oY
95% pentaldehyde, yae, ydroxypneny
acetaldehyde biosynthesis pathway, and combinations thereof.
In certain embodiments, the aldehyde and/or ketone biosynthesis
15 pathway comprises an isobutyraldehyde biosynthesis pathway, and wherein the
aldehyde is isobutyraldehyde. In certain embodiments, the aldehyde and/or
ketone biosynthesis pathway comprises a butyraldehyde biosynthesis pathway,
and wherein the aldehyde is butyraldehyde. In certain embodiments, the
aldehyde and/or ketone biosynthesis pathway comprises a hexanaldehyde
20 biosynthesis pathway, and wherein the aldehyde is hexanaldehyde.
In certain embodiments, the at least one exogenous
polynucleotide encoding and expressing the polypeptide having the aldolase
activity comprises (i) a nucleotide sequence that is at least 80%, 90%, 95%,
98%, or 99% identical to at least one nucleotide sequence set forth in SEQ ID
25 NOS:51-82, or (ii) a nucleotide sequence that hybridizes to at least one
nucleotide sequence set forth in SEQ ID NOS:51-82, or a complement thereof,
under conditions of medium stringency. In certain embodiments, the
polypeptide having the aldolase activity comprises at least one biologically
active motif selected from the amino acid sequences set forth in SEQ ID
30 NOS:223-244, 255-260.



98% or 99%identical to at |east one nucleotide sequence set forth in SEQ
I D NOS: 51 -82, or (ii) a nucleotide sequence that hybridizes to at |east
one nucl ex0i2dw/®8uence set forth in SEQ I D NCS: 51- 82, @CTASc@IpbErent

t hereof , under conditions of medium stringency. In certain enbodi nents, the
pol ypepti de having the al dol ase activity conprises at |east one

bi ol ogi cal |y active noteftapedrabbdeichdntorthe e least oneaxogenegsiences set forth
in SEQ I D NCS: 223- 244, 255-260.1n certain enbodi nents, the at |east one
exogenous POIYWGEAsIeiaNsoeigoricheXrirasiagdphe PolyRgrtide hpyingdbpalerhohavi ng t he

at Toast - 500 VaRHEREEs Aekil SpBRTEE (iEEReblebite SULEN A ERLITIIEREE suence
set forth i309sE80% Dod¥S08%, 08.99% identiBal tblthe hdiclebtide 5équéfee detlfortB3n 25,
27, 29, 30, 31, 33, or 83-96, or (ii) a nucleotide sequence that

hybri di Zes SEHQAD N@&s1l, 3ne hikI1dofl BdéS.sbquénd, 28129,044, 2% B0SEQ 3D ANCS: 1
3, 5 7, 9, 13,.. 15 17...19, 2 1 3,.25..27,..29, .30, 3 1 33, or 83-96,
of 2 compl &REYR: AL EBboQEEeatsas FhLYBRENIGA 62! AR AGRRNAE Cer tai n
embodi ment geqlBRcPobYRRRLN SEDIYINGSING, 8l 0§04 1 dLhNdr egengse aes by ty
conprises at |east one of a nicotinam'dé adenine dinucleotide (NAD+j, a
NADH, ni cotZ7n2fi 3@, A3, we 88196 dr @otardeleptrers piereeof, UNABPepnditions oNADPH

bi ndi ng not i

bi ndli ng. moredNe SERGERGY oA ETIROdn Lok o HEPRIINEIES B5@O0BED | D
10,2800 YRR AT LR AR e P e i A" 201)
Y- X- X- X- G MintictedtiBeQNADNOa28ADH, YicétiGaride 6GeQnkRiN2I@siide phosphiétek- G- X- Y
(SEQ ID N0 252), Y-XX-X-G X-Y (SEQ ID N0 253), and Y-X-X-X-X-G X-Y (SEQ I D
NO. 254) ; mgﬁdpﬁm a NAARBehiaghgInjouel o cedairt mRpaisninehediABine, and
A b LNt R Rt U
M cr oor ganicgs M-KUGIAX-Y (SEQ ID NO:245), Y-X-X-G-G-X-Y (SEQ ID NO:246), Y-X-X-X-
15  G-G-X-Y (SEQ ID NO:247), Y-X-G-X-X-Y (SEQ ID NO:248), Y-X-X-G-G-X-X-Y
(SEQ ID NO:249), Y-X-X-X-G-X-X-Y (SEQ ID NO:250), Y-X-G-X-Y (SEQ ID
NO:251), Y-X-X-G-X-Y (SEQ ID NO:252), Y-X-X-X-G-X-Y (SEQ ID NO:253),
and Y-X-X-X-X-G-X-Y (SEQ ID NO:254); wherein Y is independently selected
from alanine, glycine, and serine, wherein G is glycine, and wherein X is
20 independently selected from a genetically encoded amino acid.
In certain embodiments, the recombinant microorganism further
comprises at least one exogenous polynucleotide encoding and expressing a
polypeptide having a double bond reductase activity and/or at least one
polynucleotide encoding and expressing a polypeptide having a dehydratase
25 activity. In certain embodiments, the at least one exogenous polynucleotide
encoding and expressing the polypeptide having the double bond reductase
activity comprises (i) a nucleotide sequence that is at least 80%, 90%, 95%,
98%, or 99% identical to the nucleotide sequence set forth in SEQ ID NOS:35-
50, or (ii) a nucleotide sequence that hybridizes to at least one nucleotide
30 sequence set forth in SEQ ID NOS:35-50, or a complement thereof, under

conditions of medium stringency.



conprises at | east one exogenous pol ynucl eoti de encodi ng and expressing a
pol ypepti de having a doubl e bond reductase activity and/or at |east one

pol ynucl es0i20®/s820di ng and expressi ng a pol ypepti de haecmgisacodobyde at ase
activity. In certain enbodi nents, the at |east one exogenous pol ynucl eoti de
encodi ng and expressing the pol ypeptide having the doubl e bond reductase
activity conprises (iBmbodit@Entobdf the sreqeetnnectitivrt alss relatd gaséradPio 90%

95% 98% or 99% identical to the nucl eotide sequence set forth in SEQID
NOS: 35- 50 meihogds of PEpduigHIa CraEnedyeirraicah & anybierdediade therat | east one

inder  conaiPT e TS oRing A ey ieRa TR ErbE Rk Em Pl ASHPRENE ™ nvent | on’

al so rel at guggblerabhysdcehBBHE oF 8lighsdtcheHEE NGhéreiP tHEPRHst becoRdha® . or an
i nternmedi ate therof, conprising growing a first reconbi nant mcr oorganl sm

wi th a Soumaierasirganismi eabpEsets fio eacitemidseordtetone Hmsyottesis pethwalyetigi n t he
first reconbinant m croorgani smconprise 1) an al dehyde or ketaone

bi 0synt hes oL At ARE,PON TUGIEalER] HiORT g a iR Ut PPN A A ]

expr essi ng Hddade/ Béﬂ’r\ﬁiﬂg@iﬁna‘%ﬁ’i) 801e85t @ﬁ@ﬁb%ﬁ@cl@%ﬁidé’ eh¥od iﬁg%nﬁ' é)ép)reﬁind; gast
one pol ynucl eoti de encodi ng and expressing a pol ypepti dé having an ‘al cohol
dehydr ogenastypeptide ihtyingwre elsohobdeh yelsgerase adtivithewpeteymatlcast oniesf i s
exogenous, .t hereby producing the commodity chenjcal, or the interpediate
Thereor -1 e BPDRLAREREENIS SrGeN oL R oSG BOHeI g SO U BHTERELhar | de

or ol i gepace il ifEmiQiRld Fefed, ?ﬁ%@ﬁginﬁB yisﬂ@(ﬂ%, tH?e%BBFHegéﬂhé'QuﬁtBBﬁe 'S

capabl e of grow ngr on a biomass-derive 0 accharirde as a sole source of
car bon. | nneerdsaEcohand®dr okgdshcchirddcompsisesiarsecedd petoyrabinahar i de i s
selected fromal ginate and pectin. Enbodi nents of the present invention

al so rel at ENiGEIEGANIPH 3t isetaRG@e of ITOMbRI N FYPIAMESSTARIIVEY RANSACERRTIA®r an
7 en e 258 A BB S SOEPCABAAS EEMA ToSFIRLIRL her a1 o
capabl e of pan@acolaride is selected from alginate and pectin.
15 Embodiments of the present invention also relate generally to
methods of producing a commodity chemical, or an intermediate therof,
comprising growing a recombinant microorganism with a biomass-derived
polysaccharide, wherein the recombinant microorganism is capable of growing
on the biomass-derived polysaccharide as a sole source of carbon, and
20 wherein the recombinant microorganism comprises (i) an aldehyde or ketone
biosynthesis pathway, (ii) at least one polynucleotide encoding and expressing
a polypeptide having an aldolase activity; and (iii) at least one polynucleotide
encoding and expressing a polypeptide having an alcohol dehydrogenase
activity, wherein at least one of the polynucleotides is exogenous, thereby
25 producing the commodity chemical, or the intermediate thereof. In certain
embodiments, the biomass-derived polysaccharide is selected from alginate
and pectin.
Embodiments of the present invention also relate to recombinant
microorganisms, comprising (i) an aldehyde or ketone biosynthesis pathway, (ii)
30 atleast one exogenous polynucleotide encoding and expressing a polypeptide

having an aldolase activity; and (iii) at least one exogenous polynucleotide
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on the biomass-derived pol ysaccharide as a sol e source of carbon, and
wherei n the reconbi nant m croorgani smconprises (i) an al dehyde or ketone
bi osynt hesD0atkeeay, (ii) at | east one pol ynucl eoti de @QTABR009/06T1760
expressing a pol ypeptide having an al dol ase activity; and (iii) at |east
one pol ynucl eoti de encodi ng and expressing a pol ypepti de having an al cohol
dehydr ogenaseodinlgi arid xprebsingiapalypémz havieg ah diduehabdelipdrogentseles i s
exogenous, thereb% produci ng the commodity chem cal, or the internedi ate

t her eof . | MCH¥IRY. alnrCasiald @MRaGIgenish hesiesRinaRirMigERPrpanipahis daRaPLR0l s

5o r ol ar SOy MeRil A TorlSs BEEH4E poTRCHATRR & P sole oS SRty ce o
ket one bi osynt hesi s paicBmain erhbbdin®int$ ehé tmiereXMeRNie weldedy feal eot i de
encodi ng and expressing a Bolypeptlde havi ng an al dol ase activity; and

(iii) atd | fwstohantercacaie Astrompobaciac lAaidipaigame ddinajolkatiers Xyntisogiagyra
Dot en: SOl RREE ARG AR A GERREA B Akl AGPhHE g
erbodt ment S e AP N e 2 e et &l 1
Achr onmobac tAsperditusipplvetulemus ABspergdliba sadoi, Aspergikusmashjea, Agpgrgilopl anes,
AL hr obact s BaRguR IS GRyLR, BAGEF GTMQIGUGiREeTS, KRGt eYS, el | eus,
roper gi 1] ueRHL S HRUERS Braclioe Slsl HAPRRS Idhue, RRALGINERIGMNED. o0,

Baci | | us bmBadillus rBacérdahegsBacillusibiwasothBanophilus, Bagiliss isubfissi | | us | ent us,
Bacillus Iicheniforms, Bacillus macerans, Bacillus stearothernophilus,
Baci | | us sfidebagterim; BrsyiRacdiusrevisy Burkhwideariacenncéi@andiga khol deha

Gol ul osi meadtRof CAGER Saarti N R ARtBRR T ORISR o
gracil e, Cloyghalshpemun]CridetomivimeprtativiinG ORactdraRint gradile) ersiiedutly! i cum
Cl ostridium thernocel | um

15  Clostridium butyricum, Clostridium acetobutylicum, Clostridium thermocellum,
Corynebacterium (glutamicum), Corynebacterium efficiens, Escherichia coli,
Enterococcus, Erwina chrysanthemi, Gliconobacter, Gluconacetobacter,
Haloarcula, Humicola insolens, Humicola nsolens, Kitasatospora setae,
Klebsiella, Klebsiella oxytoca, Kluyveromyces, Kluyveromyces fragilis,

20 Kluyveromyces lactis, Kocuria, Lactlactis, Lactobacillus, Lactobacillus
fermentum, Lactobacillus sake, Lactococcus, Lactococcus lactis, Leuconostoc,
Methylocystis, Methanolobus siciliae, Methanogenium organophilum,
Methanobacterium bryantii, Microbacterium imperiale, Micrococcus
lysodeikticus, Microlunatus, Mucor javanicus, Mycobacterium, Myrothecium,

25 Nitrobacter, Nitrosomonas, Nocardia, Papaya carica, Pediococcus,
Pediococcus halophilus, Penicillium, Penicillium camemberti, Penicillium
citrinum, Penicillium emersonii, Penicillium roqueforti, Penicillum lilactinum,
Penicillum multicolor, Paracoccus pantotrophus, Propionibacterium,
Pseudomonas, Pseudomonas fluorescens, Pseudomonas denitrificans,

30 Pyrococcus, Pyrococcus furiosus, Pyrococcus horikoshii, Rhizobium,

Rhizomucor miehei, Rhizomucor pusillus Lindt, Rhizopus, Rhizopus delemar,

11



Corynebacterium (gl utam cum, Corynebacteriumefficiens, Escherichia coli,
Ent erococcus, Erwi na chrysanthem , diconobacter, G uconacetobacter,

Hal oar cul i 2piicsaelia i nsol ens, Hum col a nsol ens, Kit asaP0IAse@IPHet7ae,

Kl ebsiella, Klebsiella oxytoca, Kl uyveronyces, Kluyveronyces fragilis,

Kl uyveromyces | actis, Kocuria, Lactlactis, Lactobacillus, Lactobacillus

f er ment um Ridzémissiapbhicss sRkizoplaaivetscRhizoplia oryces RiMzdastdlgosporus,
Leuconost oc, Met hyl ocystis, Methanol obus siciliae, Mthanogenium

or ganophi | (RROdAEPRENRISEEharIMY RS, eaTeVisiaavSelaspting Bpertingi nper i al e,

M crococcusg, | I Kt i . .Muc ' I GUS rium
W of heet usPOGEBsEl B o LRl sRont: BhriBORREy: s bpRRgRes

Pedi ococcustrdpRetasteas GhiernspHIRE iY-1sStrEpin®ydds! Bfepfpiydds! drisetiscamenberti,
Penicilliumcitrinum Penicilliumenersonii, Penicilliumroqueforti,

Peni ci | llumStiapdemyaesrividans,trepiomyaes nmisinos, SPeptasoyeassup@nesusophus,

Pr opi oni bagt.eri u Pseudonbnas eudonon fl uor escens, -Pseudononas

dent thi 1 canteR et S EoR T oo e VAR Ly B S e Lo TR GERRFIS:

Rhi zobi um TR 7RELTRIbSPh&A13! parfRtr GBI CREMRMS, [ Triehobibi  THRENoERRNSE, Rhi zopus
del emar, Rhi zopus j aponi cus, Rhi zopus niveus, Rhizopus oryzae, Rhizopus

ol i gospor usondgidbratb@dermy 3 riciBaddraraoraeses TeichedesnaegiridSc Tachspoionhi berti na,

Sphi ngobact er i mul { . vorum hi nggbi um Sphi ngo as, Streptococcus,
St ept ococ CERIGIRLHTHp YT RGN ICYE, RARBRINGRRS, KaRlpP E9Racehataraies
Strept C il YA r-ept I St rept onyces rubi gi nosus,
Strept g]nwyczéu%/l!’gyaceo?qj éra?]eétsr e%@%gggtn?wlﬁ'i um nobar aense,

Tet ragenococcus, TherEmisodifiaints phihergrepamt intémtjgnealsd ralawd wscormmoditpder ma,
Trichoderma |ongi brachiatum Trichoderma reesei, Trichoderma viride,
Tri chospor &ﬁeﬁmﬁ'%ipm(ﬁ{% byamy Pbthgl tﬁﬁﬁﬁeﬁtﬁpﬁé@é ,remblﬁaﬁbmposg@aﬁms

2ygosaccha gy 8! oeRIPURBRINENS A PIRM IR LineRaai ents of

the present Trivention al so ate to comio entcal's pr d by any of
the the netchegfic#l§ coRpPRgEN: onthercphrdadity BBemicals described herein and a

15 refinery-produced petroleum product. In certain embodiments, the commodity

chemical is selected from isooctane, 2-ethylhexane, and 2-butyl-octane. In
certain embodiments, the refinery-produced petroleum product is selected from
gasoline, jet fuel, and diesel fuel.
The present invention also relates to methods of producing a

20 commodity chemical enriched refinery-produced petroleum product, comprising
(a) blending a refinery-produced petroleum product with any of the commodity
chemicals produced by the methods or recombinant microorganisms described
herein, thereby producing the commodity chemical enriched refinery-produced

petroleum product.

25 DETAILED DESCRIPTION
Embodiments of the present invention relate to the discovery that
recombinant microorganisms can be engineered to utilize various aldehydes
and/or ketones in the production of a variety of commodity chemicals or
biofuels. For instance, the insertion of one or more exogenous polynucleotides

30 that encode an enzyme having an aldolase activity and one or more exogenous

12



descri bed herein. Certain enbodi nents al so i nclude bl ended commodity

chem cals conprising any of the commodity chem cals described herein and a
ref i nery-woaduwassozpet r ol eum product. In certai n enbodi meeT4jS20000676MMOdI ty
chemical is selected fromisooctane, 2-ethyl hexane, and 2-butyl-octane. In
certain enbodi nents, the refinery-produced petrol eum product is sel ected

f rom gasol ipotynuckotitiee lthataartodeesetndymned having am siseindl demyerdgenasal so
rel ates to nethods of producing a commobdity chem cal enriched

ref i nery- pastivibemayeenaeea MigioonIrRiISMCHRgPIsPheprverting aldehygesand/or

rotuced by SR nRAA S BT Kadrichi& M irhefite e or I RERET .
thereby predpetagtHdie cpnmpeit Eh@ﬂﬁﬂﬁ@ﬁiag&ﬁéh phedrthef ttidhically eeuced
petrol eum product. DETAI LED DESCRI PTI ON Enbodi ments of the present

i nventi én resizgmatically eenvgireddo@tiyen ecammodiy ebemdieals nindudivgdeiaiueitss can be

o Var oty SMRdHbER et or 8RR, BTt M ERahiukelink STRLER: Ton”
of one or RURIMOIRPOUSIHPRELXANE] eoti des that encode an enzyme having an

al dol ase activity and one” or nore exogenouspol ynucl eoti des that encode an
enzyne havi ng an al cdhokrtdishgrdbodierends, the tmethogs @ag reeordbinaat m cr oor gani sm

capabl e of converting al dehydes and/ or ketones into various copnodity
Chont cal o TORIGHo8H RS BIOKGLH RerBrmaY RESkiiLes 1o BEPuCRS VATRIE Y comrodi t y
chem cgf ] | i v dto
ot her ?ﬁm@mrbg@%%@#%kh%%ﬁg%g@& owgéllcg'{.bzéﬂgéh hglat) G?Jéé @%hgfl&?ncl ude,
for exanpl énstamck,rscdmbinamg mib@orgarisases thes paseasinvention arey bandtilized

2- et hyl hexane. In certain enbodi nents, the nmethods and reconbi nant

ni cr oor gani9SRErglydoicairlyzR g ellewinareagtipns:zed t o produce a variety of
comodity cherB'HcaI s, especially nediumto | ong chain hydrocarbons. For

R1)\(§O - R1/\(§O . R1/Y§O . R1/YOH
R2 R2 R2 R2

wherein R1 is selected from the group consisting of H, CHs,

15 CH3CHa, CH3CH(CHs), CH3(CH2),CH2, CH3CH(CHs)(CH2)2CHa, and
CH3CH2CH(CH3)(CH2),CHy; and

wherein R2 is selected from the group consisting of H, CHs,
CH3CHg, CH3CH(CHs3), CH3(CH2)nCH3, CH3sCH(CH3)(CH2)nCHo,
CH3CH2CH(CH3)(CH2)nCHz,

20 wherein n = 0-30, and any corresponding alkanes produced
therefrom.

Typically, the first chemical from left to right in the reaction
exemplified above is produced from the condensation of two aldehydes and/or
ketones, which may be the same or different, and which may be catalyzed by

25 an enzyme having an aldolase activity, as described herein and known in the
art.

After the aldolase condensation step, the first step in the reaction
exemplified above typically occurs spontaneously, or may be catalyzed by a

dehydratase. The second reaction may be catalyzed by an endogenous double

13



I nstance, reconbi nant m croorgani sns of the present invention may be
utilized generally to catalyze the following reactions: wherein R1 is
sel ect ed wpamwdaes92gr oup consi sting of H CH3, CH3CH2, CHBCHSQMIB7750
CH3( CH2) nCH2, CH3CH(CH 3) (CH2) nCH2, and CH3CH2CH(CH 3) (CH2) nCH2; and
wherein R2 is selected fromthe group consisting of H CH3, CH3CH2,

CH3CH( CH 3)ondCEd(€iHE¢ néiHR ay Geépt(dbided )oyGhig )aaditibn §HH-3CeldddnoidsHdube?) nCH2,
wherein n = 0-30, and a%pcorrespondi ng al kanes produced therefrom
Typi cal | y, bord refluelgsehdimedhird reagtondpteredués B diphor #leohe@pay 6a

kotones,  wheiiacy by ah el dehi b iFes ot Eegabedielrin Al BISEIHRS ea by
an enzyme hayiTuSRefbfOleadmbAsrt Vhickborganidacafithe th\erieh aneotpeiwe i n the
art. After the al dol ase condensation step, the first step in the reaction

exenpl i f3 ednad@genpypiatdalase, eptiansllyspo exageneis goukle beag reductasal yzed by a
dehydr at ase. ,JThe second rea(]:t' be catal yzed by an endogenous

doubl ebond aIng &rhgéqg%puMC%‘&Tg%ﬁiﬁ@ggn%et he addition of an exogenous
doubl e bond reduct aseg ddtedtdbiove, Q,Q%Erirﬁ@th?ebe‘h'fé}@%‘?sd kiSowhh @ iSocthredhol

may be catal yzed by an al cohol dehydrogena as described herein and known
in the art.is @ahwetarceisomen thacefibeadns 160 @oodrayathesoosand rating soalesrandon may

Feduct ase. TRERERSHT BRI FOMRSHOP GERy o dun o8 PR IR i Ehg0e!
217, o T PE0ATBiSl ARcKORUE P ORRLASE by ARRE LANR TR 11
i mpor t ant  ooghuceisboctbngasay badnitideddna reaotibindramictdorgamiain that bést he in
vivo biol O%ic(c::glss or g ggﬁﬁcieogf iggbt}tggasldemoyldee?%Lec:’eﬂ%inbier%%%gitrr?eergtis,c pat huay to
isobutyraldehyde may be obtained from a recombinant microorganism that
comprises a isobutyraldehyde biosynthesis pathway, as described herein, and

15 which can convert a suitable monosaccharide or oligosaccharide to
isobutyraldehyde.

Briefly, regardless of the source of isobutyraldehyde, a
recombinant microorganism of the invention may be utilized to condense two
molecules of isobutyraldehyde to form 3-hydroxy-2,2,4-trimethyl pentanal,

20 which has been shown herein to be catalyzed in vivo by a recombinant
microorganism that comprises an exogenous enzyme having an aldolase
activity. In certain embodiments, 3-hydroxy-2,2,4-trimethyl pentanal may then
be readily reduced in vivo to 2,2,4-trimethyl-1,3-pentanediol by a recombinant
microorganism that comprises an exogenous enzyme having an alcohol

25 dehydrogenase (Adh) activity. Thus, in certain embodiments, a recombinant
microorganism comprising one or more polynucleotides encoding an aldolase
enzyme and one or more polynucleotides encoding an alcohol dehydrogenase
enzyme may be utilized to synthesize 3-hydroxy-2,2,4-trimethyl pentanal and
2,2,4-trimethyl-1,3-pentanediol from a source of isobutyraldehyde, which may

30 then be further converted to isooctane.
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produce isooctane may be initiated in a reconbi nant m croorgani smthat has
access to a source of isobutyral dehyde. In certain enbodi nents,

i sobut yr avOehydwsIzay be obtai ned from a reconbi nant m cPCEBUSMHRTENat
conprises a isobutyral dehyde bi osynthesis pathway, as descri bed herein, and
whi ch can convert a suitable nonosaccharide or oligosaccharide to

i sobut yral dehyde. Br iFeiltlye finglgsteps astheqdrotibetigoof iseoctbne sibbesiyed2j2ayde, a
reconbi nant m croor:gani smof the invention may be utilized to condense two

nol ecul es $iMeYutndiSrPan@ergipe may thenecoeriegyio 2.2, 44rimatiypentiangedt anal |,

ot oor gantCHGAE WonblBeddbrtEeo Shah s tablkal of SortyRuf BEReEEe
activity. loheexdmbple 6MBURA MBrIcess hdlydBsydrotreating ey d&dcripedtiaitgin nmay

then be readily reduced in vivo to 2,2,4-trinmethyl-i ,3-pentanediol by a
r econmbi fantangi khowdr gahedam.t hat conpri ses an exogenous enzynme having an

| cohol dehyd Adh Lvity. Th in,. ' di ,
"econdi nant " m or oor odm nPeaRpre oA S B A HefI Bt BEBhE e B ng
an al dol aseoffiAyERy ARtnRAR HecBRIhARINRISIGANSAESOgRRACIAEIARag HEoho!

dehydr ogenase enzynme may be utilized to synthesize 3-hydroxy-2,2,4-thnethyl
pent anal andilize@{olearidasktivolmol@cplest airpedyraldehydenta farou8deyydodxy-2-

i sobut yral dehyde, whi ch then he further converted to i.sooctane. For the
[inal 2t ep iNiNetatt SaiGh srbasn ST DSHRG] 14 O GalaIVAed 1210 BY & r | et hyl - 1
, 3 pem@“i’%@émﬁﬁ)én% Hﬁ&oBEgeW%éte&%rﬁ&is?eszarf‘&ég?Mé MARSving'an

i sooct ane, Dy various processes, such as chemcal or enzynatiC processes.

One exanpl alddlasaiabtivatypr3dhpdoxi2séthgibexahgidhay tieed begponamedasigrarbed herei n
and known in the art. As an additional exanple of converting an al dehyde or

ket one to &neymmbanitydemeiiaies to farm ecefit-aexene dradloPgaRosAFs®¢Aded herein
may be uti %{e‘?&ﬂ. 49 SRR BobiNRert®! SEHES 1x MRtV ARHEG M ES pEo form

3- hydr oxy-
consecutively reduced to form 2-ethylhexanal and 2-ethylhexanol, catalyzed by

15 a double bond reductase and an alcohol dehydrogenase, respectively (see
Example 4). For the final step, if desired, 2-ethylhexanol may then be
converted to 2-ethylhexane according to techniques known in the art and
described herein, such as by chemical or enzymatic conversion (e.g.,
hydrotreating).

20 Thus, in certain embodiments, a recombinant microorganism
comprising one or more exogenous polynucleotides encoding an aldolase
enzyme and one or more exogenous polynucleotides encoding an alcohol
dehydrogenase enzyme may be utilized to synthesize 2-ethyl-2-hexene-1-al
and 2-ethylhexanol from a source of butyraldehyde, which may then be

25 converted to 2-ethylhexane. In certain embodiments, butyraldehyde may be
obtained from a recombinant microorganism that comprises a butyraldehyde
biosynthesis pathway, as described herein, and which can convert a
monosaccharide or oligosaccharide to butyraldehyde.

The methods described herein produce biofuels with significant

30 advantages over other biofuels. In particular, isoctane and other medium to

long chain alkanes provide a number of important advantages over the existing
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et hyl hexanal , whi ch has been shown herein to be catalyzed in vivo by a
reconbi nant m croorgani smthat conprises an exogenous enzynme having an

al dol ase wot20w/a6y9213- hydr oxy- 2- et hyl hexanal may then beP€Sparste@asotrsé y or
enzymatically dehydrated to form 2-ethyl -2-hexene-1 -al, as al so descri bed
herein. In certain enbodi nents, 2-ethyl-2-hexene-1-al nmay then be

consecut i veoynmenl bitddelt pstichr a3 2theinoy bhé bataiol santtl 2recittraktivex mgltermat al yzed
by a doubl e bond reductase and an al cohol dehydrogenase, respectively (see
Exanpl e 4) replgeemgats pipgtralewp baseddesisrugh 38 gasplineedigsels. Kapsenen be

descri bed FEPITR YIS 3 B at B BpMEiSyhean< ARG ey 2
hydr ot r eat ilgWg chdiRébkarled &Ry AldbRoleHPe haTBNESmpané e Rl pafoldlrir oor gani sm
conpri sing one or nore exogenous pol ynucl eoti des encodi ng an al dol ase

enzyne and popcuals andijet forbigepasticulpolapdugnsetalienresewe gadddceagambeohol

dehydr ogenase_enz may be.utilized synt hesj ze 2-et hyl - 2-hexene-1 -al
and” 2- ot hy HCRSBTSRGRY XUtk EabBRS, D, PAY BLATET ekaMElF magailiLh pad
converted thadr SEBHOIERNEMEr betibraGEIs Ihah BIHHPGI TR favePihkbAY) E8hyReatBY be
obtained froma reconbi nant m croorgani smthat conprises a butyral dehyde

bi osynt hesienepgit dewsity tagasetice.i Bsddied ebaye asodoctane is 8 amjooocamponent of
nonosacchari de or oligosaccharide to butyral dehyde. The net hods descri bed
herein pro®@€iM§-of uels with significant advantages over other biofuels. In

particujgr, Isoctane ﬁ%@ﬁ@ﬁéx%gﬂe‘ﬂWél?aﬂé%r‘%eﬁggjg? mg%ﬁf:@{h%ﬁhsgﬁ'igéﬂl gf a

nunber of i nportant ntages over the exls such as

et hanol angrbductsincluding gaselira, idiessls, yerdseng, adrmeaep|ais e Retommnant
petrol eum based fuels such as gasoline, diesels, kerosene, and heavy oils
i n the fut (RiErOosgaRjA@SdRaYPraISEdaqEpParce arptkanasayithetierentta@rP@hg chain

FLKEmeS. e Rl IR PR L el BB og 0P |
vehicles), C10-C15 for diesels (e.g., motor vehicles, trains, and ships), and C8-

15 C16 for kerosene (e.g., aviations and ships), and for all heavy oils.

Certain embodiments of the present invention relate generally to
methods for producing isooctane and other medium to long chain alkanes from
biomass-derived feedstock, thereby providing a low carbon source of biofuels.
For instance, in producing a commodity chemical or biofuel (e.g., isooctane)

20 from biomass, a suitable biomass-derived monosaccharide or oligosaccharide
may be first obtained directly from any available source, such as a
microorganism that is capable of growing on a biomass-derived polysaccharide,
such as pectin or alginate, as a sole source of carbon. This monosaccharide or
oligocaccharide may then converted to an aldehyde and/or ketone by

25 contacting that monosaccharide or oligosaccharide with a recombinant
microorganism that comprises an aldehyde and/or ketone biosynthesis
pathway.

The aldehyde and/or ketone produced by such a recombinant
microorganism may then be converted to a commodity chemical or biofuel by

30 contacting that aldehyde and/or ketone with a recombinant microorganism of

the present invention, such as a microorganism that comprises both an

16



utilized directly by existing engines. By way of further exanple, nmediumto
| ong chain al cohols are far better fuels than ethanol, and have a nearly
conpar ablwoeswyugy2density to gasoline. As noted above, PEDASL@IM6T780 a maj or
conponent of gasoline. As anot her exanple, n-al kanes are major conponents
of all oil products including gasoline, diesels, kerosene, and heavy oils.

Reconbi nantalddlas@enganée simel araglcorolutetydicgaraseusreymel kagertaind th di f f er ent
carbon | engths rangin for exanple, fromC7 to over C20: C7 for gasoline
{e.g., not@&MRaH m@nﬁsghe tecpmiginant mtﬁm@ng@@@mtf{aé CQmprﬁ’ﬁﬁchﬁe@@rﬂfWﬂ@s

and Tor ol PrRRKRPondBosiinesermeshlaufFRADE M Sl or b BRI on 161 at o

general |y trecdmbim@dsnfi@oorj=piaithat doraetcdBedidblasédenzymdidnmthe | ong chain
al kanes from bi onass-derived feedstock, thereby providing a | ow carbon

source & talcchh%dghydrogenase egnzynein produ0| ng a conmodity cheni cal or
bi of uel {e.g., isooctane om hi omass -deri

bl
nonosacchari de or ol Ang 8 iu&gsmag@%ft%asqe%%rgg |H§gara el from any

avai | abl e @pR&ditPEdmMRaIPar BIoAN|Y PRGBS th'e%né@%%'a‘?moorfeceﬁfb‘md?ﬁ on a
bi omass-derived pol ysaccharide, such as pecti’n or alginate, as a sole

sour ce of mctmmlgaﬁ‘bm dascobed tleagin deaybe oltilizgtt by ekishide pemblaumen converted
to an al deh e an ket one, tactl ng that ngsacc

b1 s acandefigRsn PRpleniwish paf %H%Pb??ﬁ’gféw%ﬂ{%ﬁg Gt £Siery) denyde
and/ or fpt thIQ ﬁrB&éééc&ﬁHH&ﬁt@hEﬂﬂcé\'eﬂﬁM@@ AN e@f PKJ%%%@S produced by

such a reco |nant Croorgani sm hen conVert 0 a comuodi ty

cheni cal orpetrotgure prdductonTadhisremd, hetnoaédiabwe faelctzﬂroduk@rscme seekinga
reconbi nant microorgani smof the present invention, such as a mcroorgani sm
t hat conpr issestapgaty alﬁaladdp%%arbﬂawsmﬁ 2 ke blenged garydistoBeiesse enzyne.

;ln d§ﬁ§fj§' N ERGH! SR infrBSr i GG R Mes b iIARESABRRPS). MR HyRPRLB%s,! Ne

the commodity chemicals produced according to the methods herein are
15 substantially similar to petroleum derived fuels, reduce green house gas
emissions by more than 80% from petroleum derived fuels, and are compatible
with existing infrastructure in the oil and gas industry.
For instance, certain of the commodity chemicals produced
herein, including, for example, isooctane, among others, are blendable directly
20 into refinery-produced petroleum products, such as gasoline, jet and diesel
fuels. By using such biologically produced commodity chemicals as a
blendstock for gasoline, jet and diesel fuels, refineries may reduce Green
House Gas emissions by more than 80%.
The practice of the present invention will employ, unless indicated
25 specifically to the contrary, conventional methods of molecular biology and
recombinant DNA techniques within the skill of the art, many of which are
described below for the purpose of illustration. Such techniques are explained
fully in the literature. See, e.g., Sambrook, et al., Molecular Cloning: A
Laboratory Manual (2nd Edition, 1989); Maniatis et al., Molecular Cloning: A
30 Laboratory Manual (1982); DNA Cloning: A Practical Approach, vol. | & Il (D.
Glover, ed.); Oligonucleotide Synthesis (N. Gait, ed., 1984); Nucleic Acid

17



and/ or ketone biosynthesis pathway may be the sanme or different as the
reconbi nant m croorgani smthat conprises the al dolase enzyne and the

al cohol osbydroogeanrase enzynme. Anong ot her uses appar ent PCO/US2@e06T80 ski | | ed
inthe art, the commpdity chemi cals and biofuel s produced by the nethods
and reconbi nant m croorgani sns descri bed herein may be utilized by existing
pet r ol eum rHpfbrickzation (BoHabhean&liS1Higgink, ees.r 0985y Tpsmstuiption phaduced by
traditional_refi nerémat hods, to produce commodity chem cal enriched,

ref i nery- prig@a®/aton B rldememspPotiigains, ers-+ % ) eAd raalical Siuide abMakecuiarel

d [ b hal l imlar, | bon fuels that b
bl anded and M RBREEEH R ongRTkx) sting | nf rastructure (refineries.

pi pelines, tankers). As hydrocarbons, the commodity chem cal s produced
according to the nethods herein are substantially simlar to petrol eum
derived fudlégfinitiassuce green house gas emissions by nore than 80% from

Phe oi I ond gas | naudlnsS RenofiaRiEe! dbfectiic Byt oatin cal <

produced hejepdiR:hadvBthe dahh meBhiXa BbBmdrhP 0RdaRGboPHP Hbseidt®rinaf) €
bl endabl e directly into refinery-produced petrol eum products, such “as

gasol i ne, jséil iarle drtdeevhiCudiesinvBytiars balpngeac lthioogb gingahéihops @ddc ed

commodity chem.cals as a bl endstock for gasolinpe, jet and diesel fuels,

ol T ner | 2s TR BARLSCH o RSB OCE5s AEe e MR G E EE0B00E The
ractice of it I 1 | I wadi ;

P p};é{}(;ﬁzeﬁ]reté?ﬁﬁrﬁ bﬂﬁ%’ﬁrb%‘nt"\hbént%ﬁ pﬂ%ﬁ‘{ahﬂggsrﬁ%tﬁoﬁg%nﬁﬁrﬁggng:so 4y and

speci ficall e comntrary, convention I"ec
r econbitfantdeBbiibdd:c Ror thegsurpbsés of theeprekent ineéntidre tlag followmmy tephswdrech ar e
descri bed bel ow for the purpose of illustration. Such techniques are

expl ai ned fagfingd ibglavweAllireierencasefeserd taherein agnipeemerated by refergprecul ar
C oni ng: A&lrﬂpec?rré?ﬁtﬁ%& Manual (2nd Edition, 1989); Mniatis et al.,
Mol ecul ar oni ng: '

The articles “a” and “an” are used herein to refer to one or to more

than one (i.e. to at least one) of the grammatical object of the article. By way of
15 example, “an element” means one element or more than one element.

By “about” is meant a quantity, level, value, number, frequency,
percentage, dimension, size, amount, weight or length that varies by as much
as 30, 25, 20, 25,10,9,8,7, 6,5, 4, 3, 2 or 1% to a reference quantity, level,
value, number, frequency, percentage, dimension, size, amount, weight or

20 length.

The term “biologically active fragment,” as applied to fragments of
a reference polynucleotide or polypeptide sequence, refers to a fragment that
has at least about 0.1, 0.5, 1, 2, 5, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 35,
40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, 100, 110, 120, 150,

25 200, 300, 400, 500, 600, 700, 800, 900, 1000% or more of the activity of a
reference sequence.

The term “reference sequence” refers generally to a nucleic acid
coding sequence, or amino acid sequence, of any polypeptide or enzyme
having a biological activity described herein (e.g., aldolase, alcohol

30 dehydrogenase, dehydratase, diol dehydrogenase, double bond reductase
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Laboratory Manual ( 1982); DNA Coning: A Practical Approach, vol . | &
11(D. dover, ed.); digonucleotide Synthesis (N Gait, ed., 1984); Nucleic
Aci dHybr iwD2atovwse24B. Hames & S. Higgins, eds., 1985); Pcanseenopsi7on and
Translation (B. Hames & S. Higgins, eds., 1984); A Practical CGuide to

Mol ecul ar Coning (B. Perbal, ed., 1984). Definitions Unless defined

ot herw se, ett.), Sueblas & avildrtypes seqoende, dndleding theselpbighecieotide antihe sane
meani ng as conmonly understood by those of ordinary skill in the art to

whi ch the iPdh@ePiigh rgf@lr@?r@ssewqmgg@xewﬂﬂ@tbuo%%%ﬁdﬂ@&%ﬁﬁaan@ 9rilar or

of the pr ed2a CTVEATRE A GRErSFT SodieifRsdfeliifeuby SERBDNOSERE bea.

For the pumgoses réftrdrite ﬁq@%ﬁﬂé mayy 8Rbiivcludé hatdrally-evtuthd, firttionae defi ned
below. Al references referred to herein are incorporated by reference in

t heir erfti varigntsThe., arthotagssor hﬂm@anS) aihthezmeguesees Heseibed hereést.er to one
or to nore than one (i.e., to.at ] east on of the a tical. of the
ot ae By vy of edhsified Riflin bR onB ST hnE hidstie HRTTBh e bidigESnan one
el ement . Bléc't'i{?‘@%gmérﬁs BEakadt éb&ﬂt1'8t>19 Q@Vﬂ 122"@'3“94 2‘5”%3@7 fzgeggency,
percent age, dinendion, size, anount, weight or Tength that varies by as
much as 30,30280, 30,6250, 80, 99 1@0, 1720 d405164, 180, 22)0022@%4@3 260, @86r ence

amount i 380, Fhotod, JReA 00, S0 BRI drrB% o tisbns SuleRER O ae-
appl | echg o AR Sohllch inSERIANFRIRAY BNFHSGL LR oBhy 80} RSB LR ppeauence.

refers to & fragment t east ~about

14, 16, 18,0r20cod2a ;ﬂﬂypétﬁndeﬁ&w@anéﬁzymatlcéﬁtlv@OoféEefethceGS 70, 75, 80,
85, 90, 95, 96, 97, 98, 99, 100, 110, 120, 150, 200, 300, 400, 500, 600,
700, 800, PoHNUEHRRYisE&T RAReRtder Rersesentatiye bolagicalyeactivedragsmpnrifce.

generally participate in an interaction, e.g., an intra-molecular or an inter-

molecular interaction. An inter-molecular interaction can be a specific binding
15 interaction or an enzymatic interaction. Examples of enzymatic interactions or
activities include aldolase activities, alcohol dehydrogenase activities,
dehydratases activities, lyase activities, transporter activities, isomerase
activities, kinase activities, among others described herein. Biologically active
fragments typically comprise one or more active sites or enzymatic/binding
20 motifs, as described herein and known in the art.

A “biomolecule” refers generally to an organic molecule that is
produced by a living organism, including large polymeric molecules
(biopolymers) such as proteins, polysaccharides, and nucleic acids as well, as
small molecules such as primary secondary metabolites, lipids, phospholipids,

25 glycolipids, sterols, glycerolipids, vitamins, and hormones. Organic molecules
(e.g., biomolecules) consist primarily of carbon and hydrogen, nitrogen, and
oxygen, and, to a smaller extent, phosphorus and sulfur, although other
elements may be incorporated into a biomolecule.

A “biopolymer” refers generally to a large molecule or

30 macromolecule composed of repeating structural units, which are typically

connected by covalent chemical bonds, and which can be produced by living
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The term "reference sequence"” refers generally to a nucleic acid coding
sequence, or am no acid sequence, of any polypeptide or enzyne having a

bi ol ogi caWoaaetwose2y descri bed herein (e.g., al dol ase, alPCBRBR009/067750

dehydr ogenase, dehydratase, diol dehydrogenase, double bond reductaseetc.),
such as a "w |l d-type" sequence, including those pol ynucl eotide and

pol ypept i dergaiismenExapasos of bibpekengisiihclade byittwd® linitdioh; 1 - 96 and 2 15-
222, and including those notif sequences exenplified by SEQ I D NCS: 223-
260. A ref Pobp@ecRaiffs decleifagifscantherieiesnat ur al | y- occuhng, functiona

Vhel aded w thin e SaogRoblo TRERLEESS Boah N RakER T SRR Lot e
fragnents ebnétbuteass thetsde &8thelSolyBptide Prodddt o8 geré. ontfast, e 28,
29, 30, 40, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 220, 240,

260, 286 3lom) “BFDCORAQ segeoencggeferado angouiclesdecidrsenpiesce dmtidpesuot
nucl eoti des_or.am no,acid residues in l.ength, inecluding all integers in
et ween, | wPOIELR IEecase Rt BoPRalighdistius BFa g an enzymat c
activity of a refer enehoRmollusisapetieatn RPISRAPE dbteltPapgRant at i ve
biologically active fragnents generally participate in an Interaction,
e.g., an i ntherwisd,dloeMardsfcampiise, efoont@sgisaand ficempasinghwillAve

inter-nmolecular interaction can he a_specific binding interaction or an
enzymat i ¢ URCEFSeRd Mty dinElusion Bh3 BiAles STemPErIsaIans 16 SERUMEE F6PB oo

| ncl udey @l dplepsheAS AUt nbt e eQ%IGQBH'of df %ﬂﬁ&%@&%ﬁeﬂe‘?ﬁ%r\éﬂ&ﬁéup debygsat ases

activities, l'yase activities ransporter activities, o) ase activities,
ki nase act iovielerasntsanong ot hers descri bed herein. Biologically active
fragments typically conprise one or nore active sites or enzynatic/binding
nmotifs, as descri bed BYercengistng okriswream ingladigg: anghlimged iy \@%@I]eger refers

generall y tg L f?wrelgg?r%ge “E’ér?ﬁ?é{@l cBGf'S"aﬁ'Bp% ptﬁP&%?&?%’“@égﬂstihé‘@é?@g%a@i sm

i ncluding I'arge” pol'ynert c nolect ners el ngs,
pol ysaccharhslebe liafd Elbflepits akCiedmirad ormehandA6ryS BRLthaDie6tHee 8lsiH6Mtsas

primary secondary netabolites, |ipids, phospholi pids,
15 may be present.

By “consisting essentially of” is meant including any elements
listed after the phrase, and limited to other elements that do not interfere with or
contribute to the activity or action specified in the disclosure for the listed
elements. Thus, the phrase “consisting essentially of” indicates that the listed

20 elements are required or mandatory, but that other elements are optional and
may or may not be present depending upon whether or not they affect the
activity or action of the listed elements.

The terms “complementary” and “complementarity” refer to
polynucleotides (i.e., a sequence of nucleotides) related by the base-pairing

25 rules. For example, the sequence “A-G-T,” is complementary to the sequence
“T-C-A.” Complementarity may be “partial,” in which only some of the nucleic
acids’ bases are matched according to the base pairing rules. Or, there may be
“‘complete” or “total” complementarity between the nucleic acids. The degree of
complementarity between nucleic acid strands has significant effects on the

30 efficiency and strength of hybridization between nucleic acid strands.

20



gl ycolipids, sterols, glycerolipids, vitamns, and hornones. O ganic

nol ecul es (e.g., bionolecules) consist primarily of carbon and hydrogen,

ni t rogen,warndiocnegeen, and, to a snaller extent, phosphoPG3/usaedet7ur ,

al t hough ot her elenments may be incorporated into a bionolecule. A

"bi opolynmer" refers generally to a | arge nol ecul e or macronvol ecul e conposed

of repeating structuBy “comesponadict lordeerréspuindid 10" domeaat ¢8) Dy coval ent
chem cal bonds, and which can be produced by |ivingorgani sns. Exanpl es of
bi opol yner POl yiwiclapside\favingud NUEieOtide seauenes thehichipstartillyrdentsat obei ds,

cont 11 but e SoTBReh 098 B R o b a F Rl ANk IHicighfad SedluRBiTon, | 18
the term " ReRogipd ditasaft/acieSequehes enficany dHemticadigiséqseficeiicgs t hat
does not contribute to the code for the pol ypeptide product of a gene.

Thr oughdut peptide opecoteinc ar (lora paplids or polkypeptidehaving @i arsiondiér wi se, the
words "conprise,” “conprises".and."co Ising” will_ be.understood to inply
the i ncl us EAUGRCS 1T 4 avplpaidy otk la 3 sedyetts oL AMIBET5 /T8l enent s but
not the exehigpbe PéptRiYorqbrogdinSt ep or el ement or group of steps or

el ements. By "consisting of is meant including, and limted to, whatever
foll ows the phrase " &yn'siesivating”a$ nteant asgolypeptiderthaehdsbasn sierimegd Gbm

indicates that the listed elenents, are required or mandatory, and that no
b her 61 emihe batisesenEe o mon Ao ar SIS by Rar g o astcorab st

I ncl udi A ; - , @&?Sl' ' ot her

el ement@ﬂt ﬁﬂ%ﬁ %@ﬂglﬁérﬁﬁa&ﬁcﬁ%ﬁ%\#ﬁf %gﬁggﬁét‘;ﬁ‘)ﬁﬁﬁ e (;[ t'tewgqag%tn%\f/)i ty or action
speci fi ed inmodifieatidinstechisigues berwduie bei lgidetistebdrireties art The, tetrhe phr ase

"consisting essentjally of indicates that the listed el ements are required
or mandat or §erivaiivet plgO iBelHAeS witbiite scepealigretionathalhavadpesrmads tast be

present depepding VBRB: MIIAIRG aQitRAL drYetthkShbt AidGide for functionally
equivalent molecules.

15 By “enzyme reactive conditions” it is meant that any necessary
conditions are available in an environment (i.e., such factors as temperature,
pH, lack of inhibiting substances) which will permit the enzyme to function.
Enzyme reactive conditions can be either in vitro, such as in a test tube, or in
vivo, such as within a cell.

20 As used herein, the terms “function” and “functional” and the like
refer to a biological or enzymatic function.

By “gene” is meant a unit of inheritance that occupies a specific
locus on a chromosome and consists of transcriptional and/or translational
regulatory sequences and/or a coding region and/or non-translated sequences

25 (i.e., introns, 5’ and 3’ untranslated sequences).

“‘Homology” refers to the percentage number of amino acids that
are identical or constitute conservative substitutions. Homology may be
determined using sequence comparison programs such as GAP (Deveraux et
al., 1984, Nucleic Acids Research 12, 387-395) which is incorporated herein by

30 reference. In this way sequences of a similar or substantially different length to

those cited herein could be compared by insertion of gaps into the alignment,
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activity or action of the listed elenents. The terns "conpl enentary"” and
"conplenentarity" refer to polynucleotides {i.e., a sequence of

nucl eot i awe)0r0les2ed by t he base-pairing rul es. For examlplras2elaecséguence
"A-GT," is conplementary to the sequence "T-C-A " Conplenentarity nmay be
"partial,” in which only some of the nucleic acids' bases are matched
accordi ng tsoach lyapbaringdetermingd) fersexabiplet et cmyiphedsdrcalgptitineUsed byt ot al ™
conplenentarity between the nucleic acids. The degree of conplenentarity
bet ween nu&®FPc acid strands has significant effects on the efficiency and

o ~corr espondi ng o NeSeHBaE oy 1S AL EuTh i R ks SR E B G
sequence t kah Hesoshisbédt aabtipidrienbhg acombinaAPsBREpéYisbRted | or a
portion of a reference pol ynucl eotide sequence or encoding an am no acid

sequence i @@ﬂunmstﬁotlde adriheurivestiani toseqelenipelLide FHOQQ@Y ptia stnglphostetell, or

(b) a peptid epti de havin n,_an no equence t hat
Substant | aidy FRcRRsERf Rel ot SRSkl of TatideheioREt (G oo ept i de
or protein.ip Ei)tal ORI ctﬁ:hpnéﬁ]erft)storfﬁ@rar.gﬂqd%lavaﬁmel||%ettea{atw Refferiar i ved
fromthe basic sequence by nodification, for exanple by conjugation or
conpl exi ng onidehibertaihe mutisom aladi/onnhamgesA{rmsg cell petpydest ¢adlis)tramsfdgted,

post -t ransl atl?nal nmodi fi cation_ techni gues s vvoulfrg).be understood in the

art. The t diaMS*QIBIE 8 infested|id gMa i yle With i fecPbinaiy yeCkIA8@at i ons t hat
e add o PefiucfedlidBHTIRE rRAHSACA R cfuiifof? GiptiRES aGbobiibfiangns that

provide To ctlona y equival ent ecu es enzyne reactive

condi ti ons vectorlcﬁ tmee mventibais are'cdmbleaaamcystmﬂﬂndcmenmt&:eﬂiyan | able in an
environment (i.e,, such factors as tenperature, pH, l|ack of inhibiting
substances)rewm@!ﬁ‘am m'CFQEQQ’ﬁ'%mt he enzyme to function. Enzyne reactive

condi tions can be. el igieh et 1Y Aeafitibidl iibids SE5LahtaR oPSsdehtily O Sueh

as within a cell.
free from components that normally accompany it in its native state. For

15 example, an “isolated polynucleotide”, as used herein, refers to a
polynucleotide, which has been purified from the sequences which flank it in a
naturally-occurring state, e.g., a DNA fragment which has been removed from
the sequences that are normally adjacent to the fragment. Alternatively, an
“isolated peptide” or an “isolated polypeptide” and the like, as used herein, refer

20 to in vitro isolation and/or purification of a peptide or polypeptide molecule from
its natural cellular environment, and from association with other components of
the cell, i.e., it is not associated with in vivo substances.

By “enhance,” “enhancing,” “increase,” or “increasing” is meant
the ability of one or more recombinant microorganisms to produce a greater

25 amount of a given product or molecule (e.g., commodity chemical, biofuel, or
intermediate product therof) as compared to a control microorganism, such as
an unmodified microorganism or a differently modified microorganism. An
“increased” amount is typically a “statistically significant” amount, and may
include an increase thatis 1, 2, 3,4, 5,6, 7, 8,9, 10, 15, 20, 30, 40, 50, 60, 70,

30 80, 90, 100 or more times (including all integers and decimal points in between,

e.g., 1.5,1.6,1.7. 1.8, etc.) the amount produced by an unmodified
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As used herein, the terns "function" and "functional" and the like refer to
a biological or enzymatic function. By "gene" is neant a unit of

i nheritarwe 2btutesrecupi es a specific | ocus on a chronos@ce/Ba@IO6T1S0 st s of
transcriptional and/or translational regulatory sequences and/or a coding
regi on and/ or non-transl ated sequences (i.e., introns, 5 and 3

unt r ansl at edicsugameesor. a difierehthomodifietiengrdarghhienneAn eémsragsedaniogint of

am no acids that are identical or constitute conservative substitutions.
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i nsertion of ga Ps into the alignnment, such gaps being determ ned, for

exanpl e,5 begnbadivenisathe orethodpol therpresent ipyerGam., mzﬂhenhannem&)welot@ﬂ a
i ncl udes an|n|V|%%ﬁ%cell or ¢ cutu
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i nvention. gdo5t5mg! 5% BELLEBRTRERNYSA 88951959k €84S HoGLIH % apd,the
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total DNA O3l EtendP%t 860HO786, 9% alIanenO0%edl a mm)remahamammUm

acci dent al eli erate tation and/ or change. A host c i ncl udes
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recombinant microorganism under control or different conditions, or as
15 compared to incubating a control (e.g., unmodified or differently modified)
microorganism under the same or similar conditions.

The term “reduce” relates generally to a “decrease” in a relevant
cellular response, such as NADH or acetate production, as measured according
to routine techniques in the diagnostic art. Other relevant cellular responses (in

20 vivo or in vitro) will be apparent to persons skilled in the art. A “decrease” in a
response may be “statistically significant” amount as compared to the response
produced by an unmodified microorganism or a differently modified
microorganism, or by a microorganism growing under different conditions, and
may include a 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%,

25 14%,15%, 16%, 17%, 18% , 19%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% decrease,
including all integers in between.

By “obtained from” is meant that a sample such as, for example, a
polynucleotide extract or polypeptide extract is isolated from, or derived from, a

30 particular source, such as a desired organism, typically a microorganism.

“Obtained from” can also refer to the situation in which a polynucleotide or
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natural ly-occurring state, e.g., a DNA fragnment which has been renoved from
the sequences that are nornmally adjacent to the fragnent. Alternatively, an
"i sol at edwpepto/gsd21or an "isol ated pol ypepti de" and t hePCIrRs200a96178€d
herein, refer to in vitro isolation and/or purification of a peptide or

pol ypeptide nol ecule fromits natural cellular environnent, and from

associ at i opodeptide keguence znsolatedfrother detived from, a pdrticslanotgamissooirat ed
with in vivo substances. By "enhance," "enhancing," "increase," or
"i ncr easi n@MiCIOPrGRAEM. trer eusMpleya eplysnelestidamsealrae® ABFPHRY ani cr oor gani sns

chem cal - WRRERNGe WEREE AN @Y HEDBERY fhrCh y RO inbddis b Cont r of
m croorgan iewhrwﬂi@hni@ﬁ)@gﬁw@ﬁ@d slitIeEs IPsel@BhAbMAIsS MPAndth et Eanpret by

nodi fied m croorgani sm i ncreased” anount is typically a "statistically

si gni fi dantpolynwslentidezsguange encodidg aaraltiolese eneymeanay Helisolatedsfrom,a 5, 6,
7, 8, 9, 10, 1 0,,.30,.40, 5 0, .70, 80, 90 00 nore tines..

(i el udi ng VAES, ofEkAYoLR 8" gERRrE bR  Fmp s an. | nETgotods BETmg 1 7
1.8, etc.) dldeessmviphigcgdu@medgby an unnodi fi edm croorganismor a
differently nodified mcroorganism An increased anmount nmay be neasured
accordi ng to routi ne Tthectermndapsrably linlediats.usedrharestapears pacing ageeased"

amount of a co dity cheni cal be asure ccordin 0 .a percentage of
A haor ot | A5OSR tRSAIo e b bR BEE, WhiE L DEn oA Baba: FRReEE e

nmet hod f N d I fé}{%n | | ecul e
(e.g., %c@m?bgﬁd;bgamhcéaﬁ§ﬁ$%hﬁo east a 'o@ﬁ h%%%n}ég@{;}?) rﬁ%@%@% 55%
60% 65% PIdMoterisirughittal Gerté caBtnaB0ls, IDislgencdalg piddsre@ B positéh tHH% 97%

98% 99% or 100% of a theoretical maximumyield. In certain enbodi nents,
t he net hod 998A¢tiGseanancaeepiomiehst @ Aistanes %@mtthé geeedErtssgetion stark

th ti l... | L&l t ; t 10%
 heor et CaE IR Sl by IO AEOR nER SaHbe ol e Loabaghont 10%

(e.g., fromeghente 3PPrdrRot@baHl tHo Yene 2A%6ntddin iBDYaturd BettiHeo. eSO 60%
70% 80% or 90% as conpared to incubating the sane
15 gene from which the genetic sequence or promoter is derived. As is known in
the art, some variation in this distance can be accommodated without loss of
function. Similarly, the preferred positioning of a regulatory sequence element
with respect to a heterologous gene to be placed under its control is defined by
the positioning of the element in its natural setting; i.e., the genes from which it
20 is derived. “Constitutive promoters” are typically active, i.e., promote
transcription, under most conditions. “Inducible promoters” are typically active
only under certain conditions, such as in the presence of a given molecule
factor (e.g., IPTG) or a given environmental condition (e.g., CO2 concentration,
nutrient levels, light, heat). In the absence of that condition, inducible
25 promoters typically do not allow significant or measurable levels of
transcriptional activity.

The recitation “polynucleotide” or “nucleic acid” as used herein
designates mRNA, RNA, cRNA, rRNA, cDNA or DNA. The term typically refers
to polymeric form of nucleotides of at least 10 bases in length, either

30 ribonucleotides or deoxynucleotides or a modified form of either type of

nucleotide. The term includes single and double stranded forms of DNA.
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reconbi nant m croorgani smunder control or different conditions, or as
conpared to incubating a control (e.g., unnodified or differently nodified)
m cr oor gawmp2mumesen the sane or simlar conditions. ThePC&fusedomworse”

rel ates generally to a "decrease” in a relevant cellular response, such as
NADH or acetate production, as neasured according to routine techniques in

the diagnostic art. @swill beeliederstoodedy thoge skilgpgansies aft| thevi vo or in vitro)
will be apparent to persons skilled in the art. A "decrease" in a response
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I n bet ween. Bh?".ob@(ai nﬁ? from_is nmeant that a sanple such as, for exanple,
a pol ynucl Sypingaca WP% eB?n(?)BTW@ptide extract is isolated from or

derived from a part iFgilcidiestnay b Liftio AdRabd todihgRbATelssicfal 1y a
m croorgani sm "Cbtained from can also refer to the siTuation in"which a
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such as Thernotoga mati ma and Escherichia coli DHLIOB. The term "operably
| i nked" as used her eiffPlyfiiROtislesdnAy campese auridie saieneg @ Mty control  of

oot e ol 4 DR A Bllod R R R AR S0 SORLBKL e
Polynucleotide variants may contain one or more substitutions, additions,

15 deletions and/or insertions, as further described below, preferably such that the
enzymatic activity of the encoded polypeptide is not substantially diminished
relative to the unmodified polypeptide, and preferably such that the enzymatic
activity of the encoded polypeptide is improved (e.g., optimized) relative to the
unmodified polypeptide. The effect on the enzymatic activity of the encoded

20 polypeptide may generally be assessed as described herein.

In certain embodiments, the present invention provides isolated
polynucleotides comprising various lengths of contiguous stretches of sequence
identical to or complementary to an aldolase or an alcohol dehydrogenase,
among others described herein, wherein the isolated polynucleotides encode a

25 Dbiologically active, truncated enzyme.

Exemplary nucleotide sequences that encode the enzymes of the
application encompass full-length aldolases and alcohol dehydrogenases, as
well as portions of the full-length or substantially full-length nucleotide
sequences of these genes or their transcripts or DNA copies of these

30 transcripts. Portions of a nucleotide sequence may encode polypeptide

portions or segments that retain the biological activity of the reference
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pronoter/structural gene conbinations, it is generally preferred to
position the genetic sequence or pronoter at a distance fromthe gene
transcri pyvoaniogtesg2t site that is approxi mately the sanePa3/ush@gsrs@ance
bet ween that genetic sequence or pronoter and the gene it controls inits
natural setting; i.e. the gene fromwhich the genetic sequence or pronoter

i s deri ved.pofypepsidsn@wportiontdfi@a rudeotiensequancatthanencodebisbidicgiicafige can be
accomodat ed wit hout |oss of function. Simlarly, the preferred positioning
of a regul &cHy§ fraemest O&ap|eaF¥me RIPYHeddgreittmap eacaee af gashabeuigghe to be

"t o nat ur al? 586t Pt i2% 30 e BT pb B {20186, 20 1, S0BT800, '

" Const i t ut ieee, BF ﬁﬂi?é%bﬁh?l%l% émm&é’étheﬁéuey%lmbsﬁup @ MRS Aunddscati pti on,
under nost conditions nduci bl e pronoters” are typically active only

under céxt @mine@eiistpresent iswechilldength erzyns. elémlbee oeadilyginaaisteoddbal e

factor {e.g. Iy envi t al ndition {e.g.,, CO2
concent i at | blermesiatedredtndy i i€ BPbleT SRALT o1 S cos it Bade e na
condi ti on, hesHCAR) RrBIPBRARIY ﬂw)éijfo@éc‘JVal@@s”Qﬁckﬁéé 94 51 @i flosc R ; P51,
rreasurabl e levels of transcriptional activity. The recitation

"pol ynucl edti2dé53 petc’;iA0d], @02, 2@3,dtcas used herei n desi gnates nRNA, RNA,
CRNA, rRNA, cDNA or The ter ylcaII fers to polyneric,_ form of
nUC sot i des of at | edde pRVHESAes CF)f PSPPSR G8% P or

deoxynugy eqLd ggﬂﬁ%f‘?rﬁde godTEg sfehﬁgnéé’ft %Bf@&"?@d Wuth’#’ﬂﬁ% Ekiade. The term

I ncl udes single an strand e under stood by

those skil Isequencéd)sughtas nrbmom@’sypulqbdemyldﬁorseguersceddmbnEMestrnouwant i on
can include genom c sequences, extra-genom c_and pl asm d- encoded sequences

and smal | elen&f@ierdEese mufiie Cl_fr@d’iﬁaﬁ*i%s {orRar @ﬂmge%gm@ntSnapdﬁee Heypiueh t
iS5, FARNCOR o MRER 80l 0 U | i SR
Pol ynucl eotd sisignudsotie Bagraeat 6t é|awéedn9¢@£ytmnay b@em;ﬂ@y&ﬁmfpfthe total
15 length preferably being limited by the ease of preparation and use in the
intended recombinant DNA protocol.

The terms “polynucleotide variant” and “variant” and the like refer
to polynucleotides that display substantial sequence identity with any of the
reference polynucleotide sequences or genes described herein, and to

20 polynucleotides that hybridize with any polynucleotide reference sequence
described herein, or any polynucleotide coding sequence of any gene or
polypeptide referred to herein, under low stringency, medium stringency, high
stringency, or very high stringency conditions that are defined hereinafter and
known in the art. These terms also encompass polynucleotides that are

25 distinguished from a reference polynucleotide by the addition, deletion or
substitution of at least one nucleotide. Accordingly, the terms “polynucleotide
variant” and “variant” include polynucleotides in which one or more nucleotides
have been added or deleted, or replaced with different nucleotides. In this
regard, it is well understood in the art that certain alterations inclusive of

30 mutations, additions, deletions and substitutions can be made to a reference

polynucleotide whereby the altered polynucleotide retains the biological function
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doubl e- stranded, and nay be DNA (genom c, cDNA or synthetic) or RNA

nol ecul es. Additional coding or non-codi ng sequences may, but need not, be
present WORn/@spel ynucl eoti de of the present inventi oRCTAISA00Q/067750

pol ynucl eoti de may, but need not, be |inked to other nol ecul es and/or
support materials. Polynucl eotides nmay conprise a native sequence or nay
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be assessed as descriﬁ}e her ei 0. In . certain nboai“rrent%, It he present
invention provides is i\ ErBSpB?Wﬁ@?@tS% }ﬁ%@arﬁo% i\é?rf?g? varP 4t U(?%ngt hs of
conti guous n%ttlﬁrﬁhf-%éur‘?iﬁgsﬁlgﬂé’Qﬁﬁahtgﬁﬁét' &fdodednBse %ﬂ%@@@x@%lé@oﬁ”

al dol ase or an al cohol dehydrogenase, anong ot hers described herein,

wher ei n t haatwallgbedupiogwaniehtoinchlies aleiodariantsi(edmgiloalis)yhamblogs,

truncat ed nme. Exenpl a ucl eot i de sequence at encode the enzynes of
Lher oo R S Rt BabRos At el Geo TS ) o NPT ARPIHER, dr oaonasee
as wel l4as \BALh{Rnd tth*é%efc‘éh'tié ﬁ%ﬂﬁiﬁ‘ec’?éné‘i’é&ét@ﬂtdsﬁ‘ﬂ Yell hbphenat h
nucl eot i de sequences osf thése genes or thelr transcrifpts or copi es of

t hese transweoleptlar bidiudy tesbnigles imslodiag} for @xamples nasione pobntadse phhjrpept | de
portions or segnents that retain the bi olqg‘%i cal activity of the

r ef er encepdfgPER (FER) 20¢ By RTIGRAMIN-RasRL IEONIWESASKAYERIN WgtArENcodes a

P o 9% 5 ety LG AL TG R R S D80y BBRCE
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al most 1%'0 tCO-Ct I?g%ste?g%lolansuer,rg?crhoﬂgl dehydrogenase, reductase, etc.).

Non-naturally occurring variants can be made by mutagenesis
techniques, including those applied to polynucleotides, cells, or organisms. The
variants can contain nucleotide substitutions, deletions, inversions and
insertions. Variation can occur in either or both the coding and non-coding

20 regions. In certain aspects, non-naturally occurring variants may have been
optimized for use in a given microorganism (e.g., E. coli), such as by
engineering and screening the enzymes for increased activity, stability, or any
other desirable feature. The variations can produce both conservative and non-
conservative amino acid substitutions (as compared to the originally encoded

25 product). For nucleotide sequences, conservative variants include those
sequences that, because of the degeneracy of the genetic code, encode the
amino acid sequence of a reference polypeptide. Variant nucleotide sequences
also include synthetically derived nucleotide sequences, such as those
generated, for example, by using site-directed mutagenesis but which still

30 encode a biologically active polypeptide.
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amno acids present in a full-length enzyne. It will be readily understood
that "internediate lengths,” in this context and in all other contexts used
her ei n, reEansiZmwg2iengt h bet ween t he quot ed val ues, suclrCaaS2@ID$77302, 103,
etc.; 15 1, 152, 153, etc.; 201 , 202, 203, etc. The pol ynucl eoti des of the
present invention, regardl ess of the length of the coding sequence itself,

may be conbi ned w t h Gérerall\pNAriaatusie particalac nefeseseomidl@stitle sequence
pol yadenyl ati on signals, addit ioonal0 rest ricti on_enzyme soi tes, multiple
cloni ng si teay hayeat legshiabeuts3Afed%, 50555 fe 60V &5t ¥0t aeteralert over al |
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sequences i{g Sdescribed herein, and to pol ynucl eoti des that hybridi ze

wi th any polynucl eot igRwWithRDRRES aRBAYEAGH HE§EH A dolBledhd RiduRse,
pol ynucl eoti de codi ng sequence of any gene or  pol ypeptide referred to

her ei n, unded dtber sucleotnmferemedisequencésigambog uskiddb isdlatengperespondingver y

hi gh stri n%gnc condljbéi ﬁnls that are defi.ned herei aﬁyter and known.in the
art. These SPEHRBCE 8 é%@ﬁﬁé’&ogﬁrﬁﬁ%ﬁ“%‘?i BRdiCHigRl QiPer CEOPOGRISERRd from
a refergnc | LBl WelnyNals : 1 I on of at

| east o@ m%ﬁégg:ég%f@%&@gar@y%%@ﬁ?ﬂﬁéht@&r@d@gg ;ﬁ'gﬁ&ﬁ‘ :tﬁg%q(t/gagpant " and
"variant" isequedesoCydingl seafuiedess fromibiiheh oogemnisms mudyebe istlstetli des have
been added or deleted, or replaced with different nucleotides. In this
regard, it SCSOiENg tqwakkeewpdesniaues hrsed patheiepeaiencs idepllyiwksthencl usi ve

o ey dlsPBgs oUE AL B PRI RS AT BT
bi ol ogi cal dodmef setehcadsd Lséed us@f plobe Wit sereave9nybriaizeetd deheror has
I ncreased activity in relation to
15 reference coding sequences present in a population of cloned genomic DNA
fragments or cDNA fragments (i.e., genomic or cDNA libraries) from a chosen
organism.
The present invention also contemplates polynucleotides that
hybridize to reference aldolase, alcohol dehydrogenase, double bond
20 reductase, or other nucleotide sequences, or to their complements, under
stringency conditions described below. As used herein, the term “hybridizes
under low stringency, medium stringency, high stringency, or very high
stringency conditions” describes conditions for hybridization and washing.
Guidance for performing hybridization reactions can be found in Ausubel et al.,
25 “Current Protocols in Molecular Biology”, John Wiley & Sons Inc, 1994-1998,
Sections 6.3.1-6.3.6. Aqueous and non-aqueous methods are described in that
reference and either can be used.
Reference herein to “low stringency” conditions include and
encompass from at least about 1% v/v to at least about 15% v/v formamide and
30 from at least about 1 M to at least about 2 M salt for hybridization at 42°C, and

at least about 1 M to at least about 2 M salt for washing at 42°C. Low
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the reference polynucleotide (i.e., optimzed). Pol ynucleotide variants

i nclude, for exanple, polynucleotides having at |east 50% (and at |east 5
1% to at weasto/@8tiand all integer percentages in betwe@d)/USeeaontrao
identity with a reference pol ynucl eoti de descri bed herein. The terns

"pol ynucl eotide variant" and "variant" also include naturally-occurring

al I eli ¢ varstringehcylahditione disd mayenendy res Bolnanéresn afoumihyBSA)y4 eeldur ri ng
variants include allelic variants (sane |ocus honol ogs (different |ocus),
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substitutions, deletions, 1nversions and insertions. Variation can occur in
ei t her or lontitiohe).codi ng and non-codi ng regions. In certain aspects,

non-natural ly occurri, variants may haye been optinjzed for use in a given
mi or oor gani sm (e. g. . "HEAREN SfNGEREK S0 GEhEE AL SRERIMRESSESAY ¢ ho

enzymes, Ol A GBRAE 6AG 1 lat Yeast hBBIH 3d% /P forfBniBk Mild MGHIdtAdist feature.

The variations can produce both conservative and nonconservative amno acid

substi tuti abeuf 05 Nicop et tabouh©. oWl Gltnfel hybrédizatiteda ot 7@ @ind. atfeast
nucl eoti de sequences, conservative variants include those sequences that,

because of aPRet BdgdrierahigasimborE0 geMaalicor w@eningrtPsCt Héedinito aci d
e L B AgPR A A g S B BT AP B e
EDTA, 0.5 M NaHPO; (pH 7.2), 7% SDS for hybridization at 65° C, and (i) 2 x
15 SSC, 0.1% SDS; or (ii) 0.5% BSA, 1 mM EDTA, 40 mM NaHPO4 (pH 7.2), 5%
SDS for washing at 60-65°C. One embodiment of medium stringency
conditions includes hybridizing in 6 x SSC at about 45°C, followed by one or
more washes in 0.2 x SSC, 0.1% SDS at 60°C.
“High stringency” conditions include and encompass from at least
20 about 31% v/v to at least about 50% v/v formamide and from about 0.01 M to
about 0.15 M salt for hybridization at 42°C, and about 0.01 M to about 0.02 M
salt for washing at 55°C. High stringency conditions also may include 1% BSA,
1 mM EDTA, 0.5 M NaHPO4 (pH 7.2), 7% SDS for hybridization at 65°C, and (i)
0.2 x SSC, 0.1% SDS; or (i) 0.5% BSA, 1 mM EDTA, 40 mM NaHPOQO4 (pH 7.2),
25 1% SDS for washing at a temperature in excess of 65°C. One embodiment of
high stringency conditions includes hybridizing in 6x SSC at about 45°C,
followed by one or more washes in 0.2 x SSC, 0.1% SDS at 65°C.
One embodiment of “very high stringency” conditions includes
hybridizing in 0.5 M sodium phosphate, 7% SDS at 65°C, followed by one or
30 more washes in 0.2 x SSC, 1% SDS at 65°C.
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generated, for exanple, by using site-directed nutagenesis but which still
encode a biologically active polypeptide. Generally, variants of a

parti cul aworefoaedece nucl eoti de sequence may have at | eR2€T/UR@I063804 40%
50% 55% 60% 65% 70% generally at |east about 75% 80% 85% 90%to 95%
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oo os e Lo Chtrdn LBty M MAIE T BT BBt sRhuB R hrDheb Mgl er
reference coding sequygREEstriA gﬁ?\ﬂbshék ér&@BHﬁaﬁ? 'Cgﬂléaoﬁtléméﬁh geitorasc DNA

fragments or cDNA fragments (i.e., genom ¢ or CDNA libraries) froma chosen
organi sm Tioen pbese42°G o/ediG,ameadisiedciorthe rgol wﬂlmmedzlgtamlaéothedes t hat

hybri di ze to ref | dol | cohol _dehydr o bl e_bond
reduct ase, %mbéf%é%%ﬁﬁe?@s?a@@%@eéa%ﬁ&%@n?gwﬁ'é MBI BHSERE oD der
stri ngelrg:y r ”tggenc CJt'a'B%ﬂt 564 eWo AP G'SEB\APFF@T NfortiBfmatR bt SYbr | di zes

under | ow s Ium stringency, stringency, or very high

stringency mcbmdl)ltlAmer‘uddetsuanétlelmmnm thiecars tHat then Y Rris mezmbltmg and washi ng.
Qui dance for perform nge hybri di zati on reactions can be found in Ausubel et
al ., " Curr é@MPPraluss OF Semaenaiurect vhicitwe gy nlemenriarywpkpuglessds | nc,

19941 998.cc86eHLONGisBodarb. “Metds BAUSRHEIRTY, 2B WAIER MRhBOS(2ke

descri bed i
Ausubel et al., supra at page 2.10.8).

15 In general, the Tr, of a perfectly matched duplex of DNA may be
predicted as an approximation by the formula: T,=81.5 + 16.6 (log1o M) + 0.41
(%G+C) - 0.63 (% formamide) — (600/length) wherein: M is the concentration of
Na*, preferably in the range of 0.01 molar to 0.4 molar; %G+C is the sum of
guano sine and cytosine bases as a percentage of the total number of bases,

20 within the range between 30% and 75% G+C; % formamide is the percent
formamide concentration by volume; length is the number of base pairs in the
DNA duplex. The T, of a duplex DNA decreases by approximately 1°C with
every increase of 1% in the number of randomly mismatched base pairs.
Washing is generally carried out at T, — 15°C for high stringency, or T, — 30°C

25 for moderate stringency.

In one example of a hybridization procedure, a membrane (e.g., a
nitrocellulose membrane or a nylon membrane) containing immobilized DNA is
hybridized overnight at 42° C in a hybridization buffer (50% deionizer
formamide, 5 x SSC, 5 x Reinhardt’s solution (0.1% fecal, 0.1%

30 polyvinylpyrollidone and 0.1% bovine serum albumin), 0.1% SDS and 200

mg/mL denatured salmon sperm DNA) containing a labeled probe. The
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reference and either can be used. Reference herein to "l ow stringency"
condi tions include and enconpass from at | east about 1%v/v to at | east
about 15%0/2010/s8928mi de and from at | east about 1 Mto &CTIGaew/oetysut 2 M
salt for hybridization at 420C, and at |east about 1 Mto at |east about 2
Msalt for washing at 420C. Lowstringency conditions also may include 1%

Bovi ne Ser unerAbkansg is th&SAlbjettetMoENDSeduehtiM iNetidH stripldercy washes H, f or
hybri di zati on _at 650C, and (ié 2 x SSC, 0.1 %SDS; or (il) ,0.5% BSA_1 nM
EDTA, 40 md NSSED.-{ HHRSTpr 160pinms 465¢, lomesPYae xredm 0dip &S fardd one

el or 1 dor <50 £ b RAFEEEy YEB SehlBTal AR SingREY SR a0, 2
X SSC, 0.134SOB1ed sSheprir 12tmpbAGH - URIIbRERDY.2reSSC 4itPOVBs 8BS can be

increased to 550C for |ow stringency conditions). "Medium stringency”

condi t i éns sohdionder AAisrat GRS . f Basedon tkasbowd mbadments of heat | east
about 30% v/ v f(%r. mam't.de .aaddf romat. | egst about .0. 5 hM to at.least about 0.9
M sal t for AGHFIIENEIORNGHAY SO mBINgNLIIGraganigiie e COMATSs &t | east

about 0.2 Mowhicldofitie glilenbe fatTRiai-¥d ui sbmbrafaeremydithens al so my
i ncl ude 1% Bovi ne Serum Al bum n (BSA), 1 mM EDTA, 0.5 M NaHPO4 (pH 7.2), 7%
SDS for hylefedérnree palpnatledtideCsequmhogeis)deacrb8SGerdin 1sWehSiiSa potyniicleotide5%
BSA, 1 nM EDTA, 40, nM NaHPO4 épH 7.%%, 5% ?% ar l\g\shi ng at 60-65 0C. One
enbodi ment SEAURRER AL SNEPAGRAR RIAIRR Pf BRLAIG BRYITRGBNAR SPAYNEN 6 x SSC

at abOH:g" 490Ger fs&l]éii%‘ﬁéjop%egﬂﬁn%ig@%@%}gm%ﬂri@ﬁgg%%S cried h‘é—éﬁs at

6Q0C. gh stringency” condition romat 1 east
about 3 1%awdwkriowrain theast. about 50% v/ v formam de and from about 0.01 Mto
about 0.1 5 Msalt for hybridization at 420C, and about 0.01 Mto about
0.02 Msalt for washiffyraicleiges aadgsionsithgeet nayobripterRAiedal so may

el ude 196 B30, 1 iAo reobls YRR BF4 oy of U RRedBlsragr T o 22t on

at 650C, an
techniques known and available in the art. For example, polynucleotide

15 sequences which encode polypeptides of the invention, or fusion proteins or
functional equivalents thereof, may be used in recombinant DNA molecules to
direct expression of a selected enzyme in appropriate host cells. Due to the
inherent degeneracy of the genetic code, other DNA sequences that encode
substantially the same or a functionally equivalent amino acid sequence may be

20 produced and these sequences may be used to clone and express a given
polypeptide.

As will be understood by those of skill in the art, it may be
advantageous in some instances to produce polypeptide-encoding nucleotide
sequences possessing non-naturally occurring codons. For example, codons

25 preferred by a particular prokaryotic or eukaryotic host can be selected to
increase the rate of protein expression or to produce a recombinant RNA
transcript having desirable properties, such as a half-life that is longer than that
of a transcript generated from the naturally occurring sequence. Such
nucleotides are typically referred to as “codon-optimized.” Any of the nucleotide

30 sequences described herein may be utilized in such a “codon-optimized” form.

31



0.2 x SSC, 0.1 % SDS; or (ii) 0.5%BSA, 1 mM EDTA, 40 mM NaHPO4 (pH 7. 2),
1% SDS for washing at a tenperature in excess of 650C. One enbodi nent of

hi gh striwgenoyegemdi ti ons i ncludes hybridizing in 6c SBCTAiS2&0061756150C,
foll owed by one or nore washes in 0.2 x SSC, 0.1 % SDS at 650C. One

enbodi ment of "very high stringency” conditions includes hybridizing in 0.5
M sodi um phosphat e, Tor8b%erth®pOynutiebtioesdqbynceeoithe resentasiesionn 0. 2 x
SSC, 1% SDS at 650C. Ot her stringency conditions are well known in the art
and a ski | Ic88 kedengiseeredising ng@iﬁ generaly koawndnheg agtnpsderdn aler

of "t he. ot r eybrEDbe BrfRa R ek R Yy ierk P s A R e e of
hybri di zat iligfitedf8! ai&ratibhs dhrokamidl thé@l@m‘l\igs @hﬂies@tngabx?re%wfnaerﬁ/orpages
2.1 0.1to 2.1 0.1 6 and Sanbrook e , Current Protocols in Ml ecular

Bi ol ogy q Ee89iy obthegans pedudt.1 0 1 to 1.1 04 Wil e stringent washes are

i cal | i ed 420C tq 680G ki |1 ed
o the art wi |1 appr P PRRPRRd e pep EbPNBHPWE g deSEli sedib R, ©

stringent %@eaﬁq QRS- pd@epﬂa@ M@rmrfenéﬁhv&mmbﬁt Byl\ﬁ)s@.ﬂgér@@qmos at about

20 Cto 25 C bel wthe m for formation of hybrid. 1t 1s well
known i n t lappespriaté &xptdssiomvector, he. raa\veotagthaénqzrehaatsme nemesszmyperature at

which two ¢ | ement ar ol cl eot i de uences .di ssoci a Met hods for
esti mat | ng ISR 1REINE EAHRGIPHAN ARG tANSIQLOSOIANS RATIEs Coling SegREent page

2.1 0. 8)y  INfetd688 Wich 5#é%gﬁkﬂ%wﬁttﬁgﬁc;&céIluh’ed*ﬁmfﬁ@%%ﬁ%@ﬁu%d t?\'Al may be

predi ct ed as an approxi mati on or nul a: og M +

0.41 (W&C)COﬂs@uﬁ%Weémmaectdeé conteBty semgdritesvéneoding awbiy@eph@e of
concentration of Na+, preferably in the range of 0.01 nolar to 0.4 nol ar;
”%+C i s thé'“@[ﬁﬁt@ﬂdgﬁ%ﬁ@prﬁtﬁérﬁér@mﬂﬁ|aﬁ€ t%@'%@' aorﬁé?lc%emag@ of the

e HEEBBS 4k 415 BSRBRE RPSIBA SR, L e
nunber of b@dﬁ]icﬁlﬁ’ésr @ndnnt® genetic recombination. Such techniques are described
15 in Sambrook et al., Molecular Cloning, A Laboratory Manual (1989), and
Ausubel et al., Current Protocols in Molecular Biology (1989).

Host cells transformed with a polynucleotide sequence of interest
may be cultured under conditions suitable for the expression and recovery of
the protein from cell culture. The protein produced by a recombinant cell may

20 Dbe secreted or contained intracellularly depending on the sequence and/or the
vector used. As will be understood by those of skill in the art, expression
vectors containing polynucleotides of the invention may be designed to contain
signal sequences which direct localization of the encoded polypeptide to a
desired site within the cell. Other recombinant constructions may be used to

25 join sequences encoding a polypeptide of interest to nucleotide sequence
encoding a polypeptide domain which will direct secretion of the encoded
protein.

Embodiments of the present invention contemplate the use of
recombinant microorganisms comprising “polypeptides” having an aldolase

30 activity, alcohol dehydrogenase activity, double bond reductase activity, or

other activity described herein, including truncated, variant and/or modified

32



DNA dupl ex. The Tm of a dupl ex DNA decreases by approximately 10C with
every increase of 1% in the nunber of randomy m smatched base pairs.

Washi ng iwogerdwsd2iy carried out at Tm - 150C for hi gh ®CTiusg@aw®y;7s@r Tm -
3Q0C for noderate stringency. In one exanple of a hybridization procedure,
a menbrane (e.g., a nitrocellul ose menbrane or a nyl on nenbrane) contai ning
I mobi | i zegdodptided ytieredi, Zedprodeacingdomrabdify chernitads. Aol ysliptiael'on buf f er
(50% dei oni zer formamde, 5 x SSC, 5 x Reinhardt's solution (0.1 % fecal,
0.1 % pol yvP@lyPeRtids reg®eat, arerdide” and oRiotrinsaieuwsesd BLarcRzNggRblY besi® and

200 mg/ mL | 0j . :

Therrengnbr angg ?%Ietj F]Og% p?%ﬁ%@?@%%? ﬁ@}%ﬁ@%ﬁ%%&g@ﬁ ’ﬂ%%b??ﬁyﬁgﬁeﬁ@y washes
(i.e., 2 xaBafogueslofthSBamieor THS, théseferthBpply © dawrRtadi pdlymérsGn 0.1 %
SDS for 15 min at 5Q0C), followed by two sequential higher stringency
washes (G . avhicloopeor 88T aminotac8bEsidesiarensymthaticoBEnabiralyneecuying. 2 x SSC
and 0.1 % SDS sol E}tion for 1?2[1 m n @t q5- 68 gC. Based (gn thg? aﬁove, .
enbodi ment ENYPO ATEIS, SHER AP & FRAAKCALANFIAGYE QLS CONERBPALRE AWARYr gani ss
that conpriszeugi mm&@,tésd@eﬁ%gqs%%ﬁjrbmbc&yﬂﬁhgcﬁnziﬁéédmE@?nf@mrﬂmnt

of any of the refeerence pol ynucl eoti de sequences descri bed el n, such as
a pol ynucl eettatheasmapis modypddides mades|uae elayolawepalypepidascohol

dehydr ogengse enzype, .under condjtions of mediu hi gh, or. very high

Str ) ngency S8R S L MISIYRISALY RANF A GwnG RIBR VRS OBor/invel GsigRls and
fusi ons,g hq,?g&f nlrgay be prepared, mani pul ated and/ or expressed using any of
a variety o vveq "established techni ques known and available in the art.
For exanpl e, pol ynuclTéetieditatémopelypestidivahiaaticefées o pylyppplidesthat atde

i nvention, or fusion proteins or functional equivalents thereof, may be
used i n redisHhignEREdriNgM RoleéRrgnes PoyPgPtide seaspnesshy die afdifor.eleliey enzynme

0 3PP 0P I3 L8RS o8 Bf bBrepRlind Al abEGRRI. IRYSRBIPAGHOBhiAdRs gnet i ©

polypeptide variant may be distinguished from a reference polypeptide by one

15 or more substitutions, which may be conservative or non-conservative. In
certain embodiments, the polypeptide variant comprises conservative
substitutions and, in this regard, it is well understood in the art that some amino
acids may be changed to others with broadly similar properties without
changing the nature of the activity of the polypeptide. Polypeptide variants also

20 encompass polypeptides in which one or more amino acids have been added
or deleted, or replaced with different amino acid residues.

Variant proteins encompassed by the present application are

“biologically active,” that is, they continue to possess the enzymatic activity of a
reference polypeptide. Such variants may result from, for example, genetic

25 polymorphism or from human manipulation. Biologically active variants of a
reference polypeptide sequence or fragment thereof may have at least about
40%, 50%, 60%, 70%, generally at least about 75%, 80%, 85%, usually about
90% to 95% or more, and typically about 98% or more sequence similarity or
identity with the amino acid sequence for a reference protein as determined by

30 sequence alignment programs described elsewhere herein using default

parameters. A biologically active variant of a reference polypeptide may differ
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substantially the same or a functionally equival ent am no acid sequence may
be produced and these sequences may be used to clone and express a given
pol ypept iwo.20068#2l1 be understood by those of skill i nPCRASa000/067750 may be
advant ageous in some instances to produce pol ypeptide-encodi ng nucl eoti de
sequences possessing non-naturally occurring codons. For exanple, codons
preferred Byonatheprotein gengratydlastmaclo200uk0,y30 oc2hastins avidoeskielkesct ed to
increase the rate of protein expression or to produce a reconbi nant RNA
transcri pt Rgvitally dysas ey as ﬂr@éﬂﬁ%é?'ds’@élﬁu%, 25 fewy es 17 1Q suehtasi& | onger

Such nuol eql BeSeRRR R A eBFRT 1S oo SR AR g SRR Ay o “Ehe
nucl eot i de cpEsBERMEASs, doskidnd pelybepadd difitys Bentih iréiet&ttd pol§pistitied

"codon-optim zed" form Moreover, the pol ynucl eotide sequences of the
present 3 nweAueoceshy abeashgné dut byl lassithgn et NO s Syemincadcig residues.i n t he

art in order,to alter | ypepti de encodi sequences for variety of
Feasons, | | AR TEOHME ROt TS CaE e T eGP SISy e
cloning, PrEsigssbilgiesStRAS BN BRH B, GFH% bf tYe Risiddid. gene product. In
order to express a desired polypeptide, a nucleotide sequence encoding the

pol ypepti de, or a furde gpeaentiquentidreonntemplatbs thensse irethei methaalspr opri at e
expression vector, i.e., _a vector _that contains the necessary elenents for
Che. ¢ r anec/ACBETIORe HAEPTE PAHRTAT Oh il el TSI Enee @ODEEPGSS BALIBRCEY et hods
uhi ch afce el bkt benlis 8edideiasbrbh (¢ ldolJRY aRengped to constr uct
expression vectors contal ning sequences encoding a polypeptide of interest

and appr oprdehidrdgenase dqible hahd asdudtasd eta), itumehtetioindgrobnisl efitheses fullThese
met hods include in vitro reconbi nant DNA t echni ques, SP{”t hetic techni ques,
and in vi véerEi OOl wepddeshiai@ntoaf tracaied feameieLsavell asdheir rriatedn

Sar o0k e hETM Biafl DB b BRI 4404fladSRby aend Ausue

polypeptide may participate in an interaction, for example, an intra-molecular or

15 aninter-molecular interaction. An inter-molecular interaction can be a specific
binding interaction or an enzymatic interaction (e.g., the interaction can be
transient and a covalent bond is formed or broken). Biologically active
fragments of a polypeptide/enzyme an enzymatic activity described herein
include peptides comprising amino acid sequences sufficiently similar to, or

20 derived from, the amino acid sequences of a (putative) full-length reference
polypeptide sequence. Typically, biologically active fragments comprise a
domain or motif with at least one enzymatic activity, and may include one or
more (and in some cases all) of the various active domains. A biologically
active fragment of an enzyme can be a polypeptide fragment which is, for

25 example, 10, 11,12, 13, 14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29,30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180,
190, 200, 220, 240, 260, 280, 300, 320, 340, 360, 380, 400, 450, 500, 600 or
more contiguous amino acids, including all integers in between, of a reference
polypeptide sequence. In certain embodiments, a biologically active fragment

30 comprises a conserved enzymatic sequence, domain, or motif, as described

elsewhere herein and known in the art. Suitably, the biologically-active
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Host cells transformed with a pol ynucl eoti de sequence of interest may be
cul tured under conditions suitable for the expression and recovery of the
prot ei n fwormwale92¢ul t ure. The protein produced by a re®oFiSa@a678d | may
be secreted or contained intracellul ar® dependi ng on the sequence and/ or
the vector used. As will be understood by those of skill in the art,

expr essi on fregoianthasaor l@sitign pbbytmis| €0%, @8, F0% log anractinity ohthenyilde
designed to contain signal sequences which direct |ocalization of the
encoded poltyRrepelyaertids omewhicadt isidesiv@fit hin the cel | . Qther reconbi nant

constructions may be us | Qf odi I.de of

I nterest to nucl eoti do§~, §'§8[?§ﬁjc§'IC§H§§W§5%’§%,3gBP?‘&?’"ﬁﬁ@ﬁ%ﬁl CRPV\A |1

di rect secioggiéraefartbntd poRpepte@s miybe bieredhoadlisBs Waysfindllgingraaient

i nvention contenplate the use of reconbi nant mnicroorgani sms conprising

"pol ypept i deid stkstitutipnendaletionasteuraationst gnd msedionis. ddethodsdensisdd activity,

doubl e bond reducgase activity, or other activit de?cri bed herein,
ncl udi ng TPAINEUBUATS ot peneralk sPOMIB IS Py ot FaPIGAT R, T or
produci ng GRANBAEL Vagiin8iof al refereRce Pg&%bﬁ'@e can Bel repRidads, i astigrRtin"

"peptide" and "protein” are used In changeably herein to refer to a
pol ymer of therDINA.ablaihodssiod nestagedesis and muaieatidarsegsigncd etteatanalasgues of

th . Thys, th t ly t ' ' I i.n_whi ,

mor e am no VR KNG T Brsc o AT D R (b9 BB A O M ARG o, ac ds,
c M RGP arfino :

R N Lt N L L e R S T

aspects, pa).gpPat.iNest 8By, 108cWedsorgnz Prattiat:, (Moyempdn Bietgywf the Gemess, "
whi ch typi cal I)(1 catalyze (i.e., increase the rate of) various chem cal
r

reactions. PPyl %@'Fi@@@@ﬁgﬁm/%@ﬁmr@é, Meaile Batk, Gadif.ed 98¢ bansbiRept i des t hat

oL ) S O S el SR BB B PECR sLORUDEN o0
enbodi ment shatado not affect biological activity of the protein of interest may be found in the
15 model of Dayhoff et al., (1978) Atlas of Protein Sequence and Structure (Natl.
Biomed. Res. Found., Washington, D.C.).

Methods for screening gene products of combinatorial libraries
made by point mutations or truncation, and for screening cDNA libraries for
gene products having a selected property are known in the art. Such methods

20 are adaptable for rapid screening of the gene libraries generated by
combinatorial mutagenesis of aldolase or alcohol dehydrogenase polypeptides.
Recursive ensemble mutagenesis (REM), a technique which enhances the
frequency of functional mutants in the libraries, can be used in combination with
the screening assays to identify polypeptide variants (Arkin and Yourvan (1992)

25 Proc. Natl. Acad. Sci. USA 89: 7811-7815; Delgrave et al., (1993) Protein
Engineering, 6: 327-331). Conservative substitutions, such as exchanging one
amino acid with another having similar properties, may be desirable as
discussed in more detail below.

Polypeptide variants may contain conservative amino acid

30 substitutions at various locations along their sequence, as compared to a

reference amino acid sequence. A “conservative amino acid substitution” is

35



pol ypepti de variant may be distinguished froma reference pol ypeptide by
one or nore substitutions, which may be conservative or non-conservative.
I n certaiwoenyddsImnt s, the pol ypeptide variant conpri s@STASAHRIGEEI Ve
substitutions and, in this regard, it is well understood in the art that
sonme am no acids may be changed to others with broadly simlar properties

Wi t hout changiingvhiitie thedmire aéidtrbsidaetis repiacedf with@nprhnpegdid desiddrel ypept i de
vari ants al so enconpass pol ypeptides in which one or nore am no_aci ds have
been added NGVinge? stneitar site elegin ad@miligs af anner@d regifitied having sirlairids .

oo, P SRS ISR RAT BT 159, oo

ref erence p@loweepti de. Such variants may result from for exanple, genetic
pol ynor phi sm or from human nmani pul ation. Biologically active variants of a
referende pol ypept i dé\cidiqube eesidud hag aeragative chafgendye taalpss &f H ioasat about

40% 50% 60%. 70% erally at |east, about 75% 80% 85% usually about
90% t o 9suROVSnleLCal aLang e i BrirRe e Somnb sl B ed B p PRy or
i dentity withdstiHScEPbeifRoAS IrftheeBHiRRSatidd offa pEHEIEMORhiRh ¢ i§icBnBfinélgt er m ned
by sequence alignnment prograns described el sewhere herein using default

par anmet er s wherbihel pagitidal i$ yn aguéaus madiwemat physiologfoat phc Anpod ygiEst | de may

differfromthat protein generally by as mych 200, 100, .50 or 20 am no acid
esi dues. oNa¥ngaibAGidlsids chaly iBEURE dlutartic AGICRIHASRATIAAEE. as few as 1.

10, sucfy as 6- 10, a%cffs%’.”ﬁ% rRsidiR ﬁ%"\% Bsﬁ%ve%h??%a ngeﬁ’ﬁ&o]cljé’twn’\ﬁitﬁc'd
resi due. I n sone enbodinents, a variant polypeptide differs froma
reference polonpgtphisiciegjvainstesr bythat oheastwopkl inits thgrdafgs. ot Hestidide) 10 or 5
am no acid residues. In other enbodinents, it differs fromthe reference
sequences [Apddhe rasidue dhattiaciediy agueoyesalutina soasop sestythe susfeee 5% of t he

oo, ERBUBRES e ONEPRLE SERLSPRNRIAT RS e g S I BECS L,
any of the ppzde® inCa@fdduei rhbisintigsstiysisidgiear sHNAffnd acids|H@@indse basiccohol
15 side chain include arginine, lysine and histidine.
Charged: The residues are charged at physiological pH and,
therefore, include amino acids having acidic or basic side chains (i.e., glutamic
acid, aspartic acid, arginine, lysine and histidine).
Hydrophobic: The residues are not charged at physiological pH
20 and the residue is repelled by aqueous solution so as to seek the inner
positions in the conformation of a peptide in which it is contained when the
peptide is in aqueous medium. Amino acids having a hydrophobic side chain
include tyrosine, valine, isoleucine, leucine, methionine, phenylalanine and
tryptophan.
25 Neutral/polar: The residues are not charged at physiological pH,
but the residue is not sufficiently repelled by aqueous solutions so that it would
seek inner positions in the conformation of a peptide in which it is contained
when the peptide is in agueous medium. Amino acids having a neutral/polar
side chain include asparagine, glutamine, cysteine, histidine, serine and

30 threonine.
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dehydr ogenase, doubl e bond reductase etc.), truncated fragnents of these
fulll ength pol ypeptides, variants of truncated fragnents, as well as their
rel at ed bwol2ogvewsd2ty active fragments. Typically, biol ogCzalseeooactiswe
fragnents of a pol ypeptide may participate in an interaction, for exanple,
an intra-nol ecular or an inter-nolecular interaction. An inter-nolecul ar
interaction can be aRededdriptibhraisaghanacterizesioentadr adincecacigsati‘small”

i nteracti on ( ., the interaction can be transient and a coval ent bond is
fornmed or eI ssieacfaﬁ;naarwob%tﬂfﬂv@nﬂy Etjﬁ@r@\éerbﬂf pQ'%@I@Lﬂﬁp@rede/enzyrre an

Cequonces i’%#“ﬁﬁ{éﬁéﬁ?ﬁie‘@@%?pﬁ%@*f‘ WG GBI R bR 2afS ® = ©

sequences @cidd 4rielthasé Weth fout J:ar’b@ﬁgbh leRf ehenaeidaet ¥Re pbiigreasiense.
Typically, biologically active fragments conprise a domain or notif with at

| east orfe dne pigetchaimendhneg, caah@maylasac/vh&mn@ineﬁmmqml@s paviagiansrsatre

i3t o1) Sl B LA A RO it LRl o
13, 14, 151seé§nd%rg1an3rr%o akld B%(Pmeas bs §%€I8| ¢3se %ﬂle t85ts k%@anJﬁec,@sgon 49e 30, 40,

50, 60, 70, 80 100 0, 170, 180, 190, 200,
220, 240, 2e00n@ay, cdmmmaam of?,mmtldeam,alr%(i[heﬁ%uctam)of @Mne efftere fronor e

i S S o A Pl R
fragmenfy CoRphit ﬁﬂ@%(eéﬁﬁﬁ% @%}S”B% WollSRUKENEE b%ﬂgee‘ré\/erglrarﬂ}?mb' émd as

descri bed el sewh ere In the art.

bi ol ogi cal IsymmntyMtrlagsmsmg mwmzo hestex bhd iPA260 rﬁ&ﬁrlxh@%lsd&@éd 0% of an
activity of the wl dtypegpol ypeptide fromwhich it is derived. An aldol ase,

al cohol ~ del®ampie RAREYNHAIIGE . BEHS)r & diedel L evelutionar changeria mEateins.
pol ypept i d?\/lé’iﬁx%?foradett&rn‘?ﬂ n'rgnd|¥ thlﬂéla‘f}@% Q“H p/ﬁ'd‘%s\}ﬁggf)rg g Atlas of

substitutions nse i ons or such
mani pul ati Qistedt %WHW&M&M@ Md)l t51(?)pa'3f45 358, NextwAB| Biondsdieg aci d

sequence variants of a reference pon eptide can be prepared by nutations
in 15 Research Foundation, Washington DC; and by Gonnet et al., (Science, 256:
14430-1445, 1992), however, include proline in the same group as glycine,
serine, alanine and threonine. Accordingly, for the purposes of the present
invention, proline is classified as a “small” amino acid.
The degree of attraction or repulsion required for classification as
20 polar or nonpolar is arbitrary and, therefore, amino acids specifically
contemplated by the invention have been classified as one or the other. Most
amino acids not specifically named can be classified on the basis of known
behaviour.
Amino acid residues can be further sub-classified as cyclic or non-
25 cyclic, and aromatic or non-aromatic, self-explanatory classifications with
respect to the side-chain substituent groups of the residues, and as small or
large. The residue is considered small if it contains a total of four carbon atoms
or less, inclusive of the carboxyl carbon, provided an additional polar
substituent is present; three or less if not. Small residues are, of course,
30 always non-aromatic. Dependent on their structural properties, amino acid

residues may fall in two or more classes. For the naturally-occurring protein
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the DNA. Methods for nutagenesis and nucl eotide sequence alterations are
well known in the art. See, for exanple, Kunkel ( 1985, Proc. Natl. Acad.
Sci . USAwWB201048892492) , Kunkel et al., (1987, Methods i RCEASQMOI06773%4:
367-382), U S. Pat. No. 4,873,192, Watson, J. D. et al., ("Molecular

Bi ol ogy of the Gene", Fourth Edition, Benjam n/Cumm ngs, Menlo Park,
Calif., 19&8minardidsheubelassifivation cictedind &y tinscHame inpesantddoinafgblepr i at e
am no acid substitutions that do not affect biological activity of the
protein of Anterest may be found in the nodel of Dayhoff et al., (1978)
Atl as of Protein Sequence and Structure (Natl. Bioned. Res. Found.,

Washi ngton, D.C). Methods for screening gene products of conbinatori al
l'ibraries made by point nutations or frggrcption, and for screening cDNA

i braries for gene products haV| ng a eI ect ed property are known in the
art. Such nethods are adaptabh&8 asp@ealioy of the gene libraries
gener at ed lgub;@mglsagtorl al m.lAﬁﬂﬁa%%I";s of al dol ase or al cohol dehydrogenase

ol ypept i ;
D habebs ;%gglﬁzg“..; ST Evlegf"fw.,'p%farth'fa%,,.Kﬁﬁh'ﬁﬁ“ EE A L?ﬁ?.”f:ﬂuep‘i“n" o ed
in conbi nalasit with t he screeNPReyYHSsALEINInG, kyming;i GyclisoHigsieing de vari ant s

(Arkin and Cfange@n ( 1992) BrAspartiet lacidcadlutamic BRI, 8% rgitiide 1- [84ink,
Del grave et al., ( 1993) Protm@istidiregi neering, 6: 327-331 ) . Conservatjve

SUbStLtut gl SIo 2 o Cng‘n@,m@ S S A SN
Pol ypepti d olafieiniad may con %W\ar@%‘@ermﬂ“m?‘@ a@iqﬁ%mﬁlﬁ dcé’ﬁii?ériq t §9f'6ﬁs at
vari ous | ocations al ong theilfTR/€@0®ece, as conpared to a reference anino

aci d sequerresar/lérg "econser vat i VRs@dra meacjugtasru,b@ti tution” isone in which|the
a0 ! THBOE S o7 ACPRBLEE, AUaR NGaELErEeSLOMen T RET | o
a 1 € C

side chain es of anmin E al ns| have
been defi ned—in-the art ' whi ?ﬁgﬁalgﬁ%ﬁbﬂﬁfpt ||h r\l assi 'Fl ed-as follows:
Aromatic Tryptophan, :ILyrosme F’Yhenylalanlne
Residues that | Glycine and Proline
influence chain
orientation
5 Conservative amino acid substitution also includes groupings

based on side chains. For example, a group of amino acids having aliphatic
side chains is glycine, alanine, valine, leucine, and isoleucine; a group of amino
acids having aliphatic-hydroxyl side chains is serine and threonine; a group of
amino acids having amide-containing side chains is asparagine and glutamine;
10 a group of amino acids having aromatic side chains is phenylalanine, tyrosine,
and tryptophan; a group of amino acids having basic side chains is lysine,
arginine, and histidine; and a group of amino acids having sulphur-containing
side chains is cysteine and methionine. For example, it is reasonable to expect
that replacement of a leucine with an isoleucine or valine, an aspartate with a
15 glutamate, a threonine with a serine, or a similar replacement of an amino acid
with a structurally related amino acid will not have a major effect on the
properties of the resulting variant polypeptide. Whether an amino acid change
results in a functional truncated and/or variant polypeptide can readily be

determined by assaying its enzymatic activity, as described herein (see, e.g.,
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Acidic: The residue has a negative charge due to loss of Hion at

physi ol ogi cal pH and the residue is attracted by aqueous solution so as to
seek t he wWorbaowsposi ti ons in the conformati on of a pepPCHAIS2VIMHITEH it is
cont ai ned when the peptide is in aqueous nedium at physiol ogi cal pH Am no
aci ds having an acidic side chain include glutam c acid and aspartic acid.
Basi c: The Hxesgles 2bes Gonpesvédtivessutisttigiond e ishoansndiable Brunder théd i on at
physi ol ogi cal pH or within one or two pH units thereof (e.g., histidine)
and the redieading ef exemplanesHasitipneo il agid sHbsiButeNs fallEwenithiRdhe ur f ace

positions i f | on _Of ti I Ay whi LL I ' when
Phe pept ; asopbe Pt R REHRahe tn SrRiRl ef GorbBist e By igbin SRR g
basi c si de tedtaddnotditfedsigariganiym thel Effeet 8 thlh&fididg 18) thelareaste ofhe

resi dues are charged at physiological pH and, therefore, include am no

aci ds hdvi fiige aeptide baekhnns io tbe @eea hhthessytistitutiong(jithaichargs ar  aspartic
acid, arginine, lysine _and histidine). dr ophaobi c:., The resi dues are not
char ged at TURTANGERLD e eSS L Ble e, 87 Land B ST R RS <ol ut i on
50 as to sefkir N&rérMBsUBRBILLIDAS Bré thtfdiRicea e VEREh A af s@eBf@ fgte | N whi ch
it is contained when the peptide is I n aqueous nedium Am no acids having a
hydr ophobi didodieacdaivityi ncl ude tyrosi ne, valine, isoleucine, |eucine,

met hi oni ne, phenyl al ani ne and tryptophan. Neutral/polar: The residues are
not charged at physiol ogical pH but the residue is not sufficiently
repelled by aqueous solutions so thattihfmul d seek inner positions in the
conformati on of a peptide in which it~Ts contained when the peptide is in
aqueousigredi um Ami no aci dExeavplay AmireuAcial Susdtiduticsisde chai n i ncl ude

gspar agi ne d?@hﬁl*ﬁ@@id S Ek@ﬁrglgﬂyséhgéﬂﬁltiosrf'sr I NG pferrageon ne. 1hig
escripti Oj al’so character| zes certarn amno aci ds S"lfbs ftﬂfﬁl bs since their
si de chai n\,A\?are not suffic \%If !L}elu! I?er ge—even—if pc!\}ae.lI g uu& are
Arg Lys, GIn, Asn Lys
Asn GIn, His, Lys, Arg GIn
Asp Glu Glu
Cys Ser Ser
GIn Asn, His, Lys, Asn
Glu Asp, Lys Asp
Gly Pro Pro
His Asn, GIn, Lys, Arg Arg
lle Leu, Val, Met, Ala, Phe, | Leu
Norleu

Leu Norleu, lle, Val, Met, Ala, Phe | lle

Lys Arg, GIn, Asn Arg
Met Leu, lle, Phe Leu
Phe Leu, Val, lle, Ala Leu
Pro Gly Gly
Ser Thr Thr
Thr Ser Ser
Trp Tyr Tyr
Tyr Trp, Phe, Thr, Ser Phe
Val lle, Leu, Met, Phe, Ala, |Leu

Norleu

Alternatively, similar amino acids for making conservative

substitutions can be grouped into three categories based on the identity of the
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| acki ng, to confer hydrophobicity. Wth the exception of proline, "small"
am no acids are those with four carbons or | ess when at | east one pol ar
group i s wO20tves8d2de chai n and three carbons or | ess wWwh@aTABSROVIARI78® aci ds
having a small side chain include glycine, serine, alanine and threonine.
The gene-encoded secondary am no acid proline is a special case due to its
known ef f eclide cmaibée Thedipstapovp tasiddesglutamicaicid egpade adid) agininde
structure of proline differs fromall the other naturally-occurring am no
acids in thgingthistiding whgh @llinavesh@eged siderdains; thrysacesid griespdnalHfiag

2eo0” maved e 08, RSB nysTaNe] Brodier Bl scher &by plB IR oo
et al., (194ifd grdipMeridesiicdiod Uusblieneaing, @élmgldrfm@rmbmﬁdé};bhekr?ranérﬂﬁé, for

determ ning distance relationships In M _O Dayhoff, (e At | as of
pr ot ei n Bsedypianham deathioniteuas, degeribed jn Fpbag4s., BEB:heNaisipihird Bdgiesdi cal

Resear ch Foyndat j,on I.ngt ; and by Gonnet et al., (Science, 256:
14430- 1445%% 2 rovm)\%g)&hegr?g@?%e proline in the same group as glycine,
serine, alanine and tiy @0BinEdicReBribsskiitial BRInG BEIdEERRESS Afallbigser esent

invention, proline is classified as a "small"™ am no acid. The degree of
attracti on oorlcomeliiehyarogenase pdlypeptidd mstypicaltyatemaceswib lamotiear amoinpol ar i s

arbitrary and, therefore, am no acids, specjfically, cqontenplated by the
oent Lon RARLESILIS EnBIER ARBLE SIGSSHEIbR R e AHERIVAIbSTORIPHS RS ot
speci figal Ly if A : ' NQWR viour. Am no
a(F:)i d re@?dllﬁgg Can@b@ﬁgaﬁﬁhﬁeﬂpﬁg%I_c%:rﬁgasrgﬁ%ggd@g%@g%ﬁgém no%gycl ic, and

aromati c orsatwation enrbgenesis| dndethpl repatantynaiaatsedn bakcmenedi fohanespect to
t he side-chain substituent groups of the residues, and as small or |arge.
The resi du@ctiityghibedareat ¢ptide totidentify anwants whichiretsin thalackvfbon at ons

o e e Dl PR RS Kool SoerPeo b Eh et g tah g
course, expressed recombinantly and the activity of the peptide can be determined. A
15 “non-essential” amino acid residue is a residue that can be altered from the
wild-type sequence of an embodiment polypeptide without abolishing or
substantially altering one or more of its activities. Suitably, the alteration does
not substantially abolish one of these activities, for example, the activity is at
least 20%, 40%, 60%, 70% or 80% 100%, 500%, 1000% or more of wild-type.
20 An “essential” amino acid residue is a residue that, when altered from the wild-
type sequence of a reference polypeptide, results in abolition of an activity of
the parent molecule such that less than 20% of the wild-type activity is present.
For example, such essential amino acid residues include those that are
conserved in aldolase, alcohol dehydrogenase, double bond reductase, or other
25 reference polypeptides across different species, including those sequences that
are conserved in the enzymatic sites of polypeptides from various sources.
Accordingly, the present invention also contemplates variants of
the naturally-occurring reference polypeptide sequences or their biologically-
active fragments, wherein the variants are distinguished from the naturally-
30 occurring sequence by the addition, deletion, or substitution of one or more

amino acid residues. In general, variants will display at least about 30, 40, 50,
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al ways non-aromatic. Dependent on their structural properties, amno acid
residues may fall in tw or nore classes. For the naturally-occurring

pr ot ei namMveaIBN68®R1 sub-cl assification accordi ng to thi $CTAISM/06T50
presented in Table A Table 1 Amino acid sub-classification Conservative
am no acid substitution also includes groupings based on side chains. For
exanpl e, a 53 60p66f7®MING0asbd80,eni92g 93| Dphes,i96, D7deschHarhsinmitary yei ne,
al ani ne, valine, leucine, and isoleucine; a group of am no acids having
al i phat i c- F¢AHBREE IdeNEly terareferanseflypaptidedeaneassi Moreavels 86@uUTCesni no

aroup of - antgNecfab RNk Balhe o8l Blofur PP RS St che "
tyrosine, apdsitlyehephap; 34,8, @7, 8f 9210 o1 aQi ds, havisgarayi ¢gsigleghai ns
is lysine, arginine, and histidine; and a group of ami no acids having

sul phur xo@0a#Ai 8g, &0 J&, 8RaPAs10@ oc oreiandnaagidssrHivdricineetaiotheexanpl e, it

S reasonabl e %ﬁ) exgect tkﬁt rfﬁol aceme|nt oh a leucine with. an j Ocll euci ne or
valine, an PAIPRITESPLaRAENLOTJRIRTERST BOVREPHIR SRARIGR 31 PNieTPiled o, o
simlar replacement gf saﬁ1eaé‘i*'nB€dﬁ?érﬁs,%érfbn@p%@b%?ii&'é@b#%r fehphed amino acid

wi |l not have a major effect on the propertie the resulting variant
pol ypept i deefevératchaldobaseanr aleotent dehytirmmggoase polypsptite acfuerndd by at leastincat ed

and/ or var %gtw%ggg%@g@&a&b%agbl )(ﬁbf%%g%erém'éng%ﬁg%i@a iiqqg its
enzymati c R akin'A J héF el 2@ g <) .

Co : . i . . : . .

oxorpl o SERGHEEh, I RHRR R LANE vhRade R e R RO RIR R scope
of the i nvéytatdeastal’ but resgehean 20% ,alG6 0% sdrexds oy trsetesiduary (I$tHist i t ut i ons

that do not differ significantly in their effect on maintaining (a) the
structure GPMARSISPRFEHdiEEHAGBNR, the $eruesnces shpuldke sligngd fantmMadmub) t he

che 9% o WVARRR b, B SR IRLERUF B of PSflard B mighalcies! "
vari ants arse s6hsigBRY dieferdricesagi cal activity.

15 In certain embodiments, a variant polypeptide includes an amino
acid sequence having at least about 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 91%, 92%, 93%, 94% 95%, 96%, 97%, 98%, or 99% or more
sequence identity or similarity to a corresponding sequence of a reference
polypeptide, and retains the enzymatic activity of that reference polypeptide.

20 The recitations “sequence identity” or, for example, comprising a
“sequence 50% identical to,” as used herein, refer to the extent that sequences
are identical on a nucleotide-by-nucleotide basis or an amino acid-by-amino
acid basis over a window of comparison. Thus, a “percentage of sequence
identity” may be calculated by comparing two optimally aligned sequences over

25 the window of comparison, determining the number of positions at which the
identical nucleic acid base (e.g., A, T, C, G, |) or the identical amino acid
residue (e.g., Ala, Pro, Ser, Thr, Gly, Val, Leu, lle, Phe, Tyr, Trp, Lys, Arg, His,
Asp, Glu, Asn, GIn, Cys and Met) occurs in both sequences to yield the number
of matched positions, dividing the number of matched positions by the total

30 number of positions in the window of comparison (i.e., the window size), and

multiplying the result by 100 to yield the percentage of sequence identity.
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Tabl e 2 Exenplary Amino Acid Substitutions Alternatively, simlar am no
acids for nmaking conservative substitutions can be grouped into three

cat egori esOohrawadswem the identity of theside chains. ThePCIIAsR0gOGTIH0

i ncludes glutam c acid, aspartic acid, arginine, lysine, histidine, which
al | have charged side chains; the second group includes glycine, serine,

t hreoni ne, cystei ne, Teymeasee, toglastrbe BequasiaragtionshignisktivMeenttiviorgt gr oup
i ncludes | eucine, isoleucine, valine, alanine, proline, phenylalanine,

t r ypt ophan MergtRAIYHIGROtiIdes alaniypapiides inclutiryrefesencepgewenisst ry, third

i no_aci d TUPAHET it Bbebos ety HefpeRolb el kb O A RRIRE de i <
typically raﬁ"‘@@_@ﬁaﬂiiélhdéﬁm%/’heA “AaTb R caGeduened dy @t i it Sedeentge chain

famly. Alternatively, nmutations can be introduced randomy along all or
part of S dodorl sredjolacat laast RSagomgmenunitstinausivevhguelestides and t he

resul t ant rrut.ants.cgaq%mbe scrlteeenﬁg or an activity of.the garen pol ypepti de
to identif 7 MIPAHSSRAUST: MLEALH ¢ REEaERS A RYY PP a2 MGl enesi s of
the codi ng BAHIRRYET a ScBeRBE AdedoR§RE HEIBoR I RS cENBIRS pBANLBRBRAE NaNt | y
and the activity of "the peptide can’be determ ned. A "non-‘essential” am no

aci d resi dsequenee)rtbai idusimilarabetvaenidbe dvo gofydh uctemtidebeand [2)-a gpgueswguence

of an enbodj nent . pol ti de without aboljshing or substantially altering
one or mor dhains gt katwega thesive aehiplcleqlides seanenes capmarisens

SeE Lo BT R e R AR S el A By obRBafy 11
An "essent isgqleatesof theitdorpesyrilctedtties oves iadigonmipasiton wisdow! tosdentifir om t he
wi | dt ype sequence of a reference pol ypeptide, results in abolitigon of an
activity pfanﬁr@nﬁx%réd@cﬁiﬁﬁﬁ@ﬂﬁ@f§§@He'ﬁ%$'m'l@§'_§’-tAé@P’BQ%"Qﬂ” M@Q)O(I d-type
oL s g AR by B A eI BB ER S B oy
bond r eductsgse,abut @dbemore usually about 100 to about 150 in which a sequence is
15 compared to a reference sequence of the same number of contiguous positions
after the two sequences are optimally aligned. The comparison window may
comprise additions or deletions (i.e., gaps) of about 20% or less as compared
to the reference sequence (which does not comprise additions or deletions) for
optimal alignment of the two sequences.
20 Optimal alignment of sequences for aligning a comparison
window may be conducted by computerized implementations of algorithms
(GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software
Package Release 7.0, Genetics Computer Group, 575 Science Drive Madison,
WI, USA) or by inspection and the best alignment (i.e., resulting in the highest
25 percentage homology over the comparison window) generated by any of the
various methods selected. Reference also may be made to the BLAST family of
programs as for example disclosed by Altschul et al., 1997, Nucl. Acids Res.
25:3389. A detailed discussion of sequence analysis can be found in Unit 19.3
of Ausubel et al., “Current Protocols in Molecular Biology”, John Wiley & Sons

30 Inc, 1994-1998, Chapter 15.
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ref erence pol ypepti des across different species, including those sequences
that are conserved in the enzymatic sites of pol ypeptides from various
sour ces. wocorodiesglly, the present invention al so cont enpCatusgonasizant s of
the naturally-occurring reference pol ypepti de sequences or their

bi ol ogi cal | yacti ve fragnents, wherein the variants are distinguished from

the naturall yoccurri Mhesteueandodpanduse refdes Henerallged adiuvally occustigt i t ution
of one or nore anmino acid residues. In general, variants will display at
| east aboutCoBES AR 9&e. 5By BEFledkle saguense, @Uoolmept@t@ thgt maygze foged 04, 95,

ccquonce. - fbas s ubloclibsbigt SRETHIGERMERY (5 P BERER s Lonences

by the addlria'tmﬂ?@lly@@b@’frllngfbac@érleﬁ@bgbbéwpéﬂbsﬁo hot %plo%,lly‘éonﬁaln én 7, 8, 9,
10, 11, 12, 13, 14, 15 19, 20, 30, 50, 60 ,70, 80, 90, 100

or nor e Saniaidolase gen@mndmln@ﬂeforet do mot hempris® @nt eeéomnwmaﬂoemucmotlde

ref erence polé e$ h?? ence %Fle conterrﬁl ated. I n sone enbodi nents,

vari ant polsﬂa g'? | (?n]c ?S ?r‘% 85§ &/'e¥Bfice al dol ase or al cohol
dehydrogenase pol ypeﬁtHe%rrﬁeg U2y réferd giﬁéraﬂ??o Q%p?bf'aeée%é kapy 50, 40,

30, 20, 15, 10, 8, 6, 5, 4, 30r2amnoa|dre5|due I n” ot her
enbodi nent :of pobﬁnuaiebtlpelsyspegmcejesndcléi‘ceacmﬂ nmotecule edrea palypepiidathdtelass 1%

but | ess than 20% 15% 10% or 5% of the resjdues I S conpar.i.son
requi res amogAARIT! 1 QeI 3 gUNIH BOEGRIATPrgRNIS. &Lﬂé@(%waﬂmmﬁgm Parity.
"L

00peiy olfhe BEAHTMAECEPBIE] Al 80T Blod 15eTd gk i 1T BERL oS, are

consi dered di nces. ain e ypeptlde
i ncl udes ameeormbimaat imicreerpapisre. Exangesibf fexagenabsujerEdr 55% 60% 65%
70% 75% 80% 85% . 90% 9 1% 92% 93% 94% 95% 96% 97% 98% or 99% or
nore sequemOYNUgaRtidey intlude weetars. tjasraids, @@ﬁlpégﬁéh@ﬁﬁg @Aed of a

ref erence Q:Bh}éﬁﬁc% e%%%) E?ﬁda Hgélﬁéd] rottglﬁ Oer%%gﬁ{ c activity of that reference

pol ypepti de ence 1 or, for exanple,
conprising a SequenQ@tr’ﬁQ‘VegéiﬁntU@alsotrQ)ted ﬁﬁatlei/@ﬁ tlh@ugh Bn orgaresmtraay he

extent that sequences

15 comprise an endogenous or naturally-occuring copy of a given polynucleotide
sequence or gene, the introduction of a plasmid or vector encoding that
sequence or a related sequence, such as to over-express or otherwise regulate
the expression of the encoded polypeptide, represents an “exogenous” copy of
that gene or polynucleotide sequence. Also, in certain embodiments, the

20 placing of an otherwise endogenous gene or polynucleotide under the control of
an exogenous promoter sequence, such as a constitutive or inducible promoter,
to increase the level of expression of the endogenous gene, may also be
considered an exogenous gene or polynucleotide within the meaning of the
present invention. Similarly, the modification of an otherwise endogenous gene

25 or polynucleotide by the addition of non-naturally occurring sequences, such as
to produce a chimeric gene or polyeptide, may also be considered an
exogenous gene or polynucleotide within the meaning of the present invention.

Any of the of pathways, genes, polynucleotides, nucleic acid

molecules, polypeptides, or enzymes described herein may utilize or rely on an

30 “endogenous” sequence, or may be provided as one or more “exogenous”

sequences.
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are identical on a nucl eotide-by-nucl eotide basis or an am no aci d-by-am no
acid basis over a wi ndow of conparison. Thus, a "percentage of sequence

i dentity"woagiasseal cul ated by conparing two optinally &CTrgrseahIserjaences
over the w ndow of conparison, determ ning the nunber of positions at which
the identical nucleic acid base (e.g., A T, C G 1) or the identical

am no acid resi due (ahg predéat inPetiorSalso cobhtemfhates dfdinericein fudioe, Phe, Tyr,
Trp, Lys, ? Hs, Asp, Gu, Asn, Gn, Cys and Met) occurs in both
sequences tp@)gﬂe@f“d% héShisesdiers, ﬁa@ﬁ'l%'%@@ﬁ'ﬂon@lsﬂﬂ RAOtRIRG OF hiiSiRber  of

Compar son Ho PRt mling P cw BT iyl B e o bR R A 100 1o

yield the pesreenlifigr ©f a SecviRNeEird deFbuitl (JrehbEe)ysdtbdiddesefra@enequence
relatlonshlps bet ween two or nore polynucleotldes or polypeptldes i ncl ude

"ref er efce tR&goé(rg!; OCEﬁa’ﬁ@mlHE@ﬁ frdgmws). Thegeeonsd thiskat fauth " per cent age
of sequence iden stanti al repce seguence" is
ot Teast 1poblrentisdnah{ier SRR sl BnbEpi edtng st POhBeRRfE RN Lo,

i ncl usi ve 4 <Buelieal iR SodétAePBlMAnIeigthdris OFURA firdthoARpiide &er%gse two
pol ynucl eoti des may” each Conprise ( 1 a sequence (1.%€e only a portion of
t he conpl etrefepdd pribetecoibgdes pelypepties,” thath iyplmllmhlaarantmnmmd he tvvo

| | eoti d d t hat t th
Dol Y] eoPPASHC BRI e PERYT Bt imtHotas TOB URoNS) PRAPSRIRS.cot | des
ar e typigealdng ER P kAR e SRAUSRSSTGort pﬁgtéqfanp% ¥BHg}eot i des

over a " conparison wn entl fy an conpar e regi ons

sequence siembadiments, Afusromnaotaro)mo!wdmvleaﬁfcﬂm(dmwa ttme:e‘ptw@lr segrrent
of at least 6 contigquous positions, usually about 50 to about 100, nore
usual | 'y abéﬂ@reibtp'QQiC@ﬂb/o@ﬁt'VfH@rt'ﬁn fhA@ven Belyperiide poteibngdeed to a

o enCe SRl R TSR A e AR AGE ARG 1 T he tvo

seq_ue_nces tI mal oW nma
addi tions Qérnﬁiﬁb@talmghlthéy caﬂ@lllfdb@flnlaéwgtte?rﬁ%uérto|®$§rrrﬂﬁu§0ﬂmar ed to the

reference sequence (which does not conprise additions or deletlons) for
15 terminus to N-terminus, or N-terminus to C-terminus. The polypeptides of the
fusion protein can be in any order.

The fusion partner may be designed and included for essentially
any desired purpose provided they do not adversely affect the activity of the
polypeptide. For example, in one embodiment, a fusion partner may comprise

20 a sequence that assists in expressing the protein (an expression enhancer) at
higher yields than the native recombinant protein. Other fusion partners may
be selected so as to increase the solubility of the protein, target the protein to
desired intracellular compartments, secrete the protein, or tether the protein to
the cell surface. As one example, the fusion protein can contain a heterologous

25 signal peptide sequence at its N-terminus. In certain host cells, secretion or
cell-surface tethering of fusion polypeptides can be increased through the use
of one or more heterologous signal peptide sequences, typically fused at or
near to the N-terminus of the polypeptide.

A “recombinant” microorganism typically comprises one or more

30 exogenous genes or polynucleotide sequences, such as in a plasmid or vector.

Examples of microorganisms that can be utilized as recombinant
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optimal alignnment of the two sequences. Optinmal alignnment of sequences for
aligning a conpari son wi ndow nmay be conducted by conputerized

i mpl ementwOi20roesd21al gorit hms (GAP, BESTFI T, FASTA, andPTFASIO0n77Ehe

W sconsin Genetics Software Package Rel ease 7.0, Cenetics Computer G oup,
575 Sci ence Drive Madison, W, USA) or by inspection and the best alignnent
(i.e., resuwhicrorggamsimantliugbewithgutriicsitdtione E_ohericity coledcdtbbactonpesti, son

wi ndow) generated by any of the various nethods sel ected. Reference al so
may be madéa60REABEASTCIHIRAIIND, dCinplegralrs Adinoatadsikanpeioplatgsesed by

Sequence ars oIt L R L AaRaS e Buh AegREeS e Bp i Aue ) T s ene
Protocol s iAﬁH&bb@@t@kaqsdzir@wogM)ber,%&ﬁhr&i//b@br&e?%e@ﬂus ARP8ud, 998, Chapter

15 . The term "endogenous” refers generally to naturally occurring copies of
a gene, SolAspecyites pdivesdenidfclspauillys|spiieprisperailiza soag, Aspdrgid in a

ticall i fied wild-t. || ' F Le, t ai
atar al |y- oSelDr PRGBS Aty R 55Euus iR n BafiRBePy contain an
al dol ase gy AN culdt Baelifs cRUsOBaSRI® Idrifs, BacifRIRGARGIs,

pol ynucl eoti de sequence that encodes a al dol ase enzyne. The term
" exogenous'BaodiusrreageraesaBhgillus steacaiprerobdphilupe Bacillus sybtks, pol ynucl eot i de

sequence or_pucleic. acid noplecule, or | ypepti de thaf does not naturally
occur 0 o BRYGRAGLEebTea s Lredt Bl fARaa T L e fduced | nto t e
cell by | e¢ [ i ) BHIE |\ o€ | -1.Ng: produce a

reconbi1%&%%’?%8?’9%%\?@%94@%%Irtgg'srﬂ%fﬁ apeé>¥§g{é?fo€§@’§§ﬁ’@ésr8g’r“t"§o| ynucl eoti des
i ncl ude ve@aptm/ogporsim, Shactomhion emeEticonl €Hagtdrmiuen geaslec QYostndiohs encodi ng
a desired protein or enzyne. In this regard, it is also noted that even

though an GrIGSEEHT kel EE GlesiEivTeAaoRRHMISUBr Glesiudim fespeaely, copy of

2 i ven POlRLENbAGHSGRHEHG, CHfHond il LRI o Rboold asm d o
Erwina chrysanthemi, Gliconobacter, Gluconacetobacter, Haloarcula, Humicola

15 insolens, Humicola nsolens, Kitasatospora setae, Klebsiella, Klebsiella oxytoca,
Kluyveromyces, Kluyveromyces fragilis, Kluyveromyces lactis, Kocuria,
Lactlactis, Lactobacillus, Lactobacillus fermentum, Lactobacillus sake,
Lactococcus, Lactococcus lactis, Leuconostoc, Methylocystis, Methanolobus
siciliae, Methanogenium organophilum, Methanobacterium bryantii,

20 Microbacterium imperiale, Micrococcus lysodeikticus, Microlunatus, Mucor
javanicus, Mycobacterium, Myrothecium, Nitrobacter, Nitrosomonas, Nocardia,
Papaya carica, Pediococcus, Pediococcus halophilus, Penicillium, Penicillium
camemberti, Penicillium citrinum, Penicillium emersonii, Penicillium roqueforti,
Penicillum lilactinum, Penicillum multicolor, Paracoccus pantotrophus,

25 Propionibacterium, Pseudomonas, Pseudomonas fluorescens, Pseudomonas
denitrificans, Pyrococcus, Pyrococcus furiosus, Pyrococcus horikoshii,
Rhizobium, Rhizomucor miehei, Rhizomucor pusillus Lindt, Rhizopus, Rhizopus
delemar, Rhizopus japonicus, Rhizopus niveus, Rhizopus oryzae, Rhizopus
oligosporus, Rhodococcus, Saccharophagus degradans, Sccharomyces

30 cerevisiae, Sclerotina libertina, Sphingobacterium multivorum, Sphingobium,

Sphingomonas, Streptococcus, Streptococcus thermophilus Y-1, Streptomyces,
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sequence or a related sequence, such as to over-express or otherw se

regul ate the expression of the encoded pol ypeptide, represents an
"exogenosV 2080l t hat gene or pol ynucl eoti de sequenc@®CTAISS@9/06T75€ert ai n
enbodi ments, the placing of an ot herw se endogenous gene or pol ynucl eoti de
under the control of an exogenous pronoter sequence, such as a constitutive
or i nduci blStrgptomptes griteus, Strapdemytbelilidsrs, Stteptamyess nurinofs, t he
endogenous gene, may al so be consi dered an exogenous gene or polynucleotlde
within t he SHRRIPMYCOT UGNBFLS SYiteNtAIASS BiolacgoRbely S?reptqv(@ﬂrﬁ#aum cation of

an ot herW| ol | eo

non- nat ur al &@%%@ 93“@2’%8%%@3 721% %ﬁ]ug Hf' g%’f”%‘%ﬁﬁ@’é@gf?‘?ﬁ% r%”&é%

pol yepti de,TrienpdetBs DecHoReemeesasibaithiatQBe TRdho 6t Riesep| THwoHeahA de

wi thin the neaning of the present invention. Any of the of pat hways, genes,
pol ynuc|5eotwrcc@s_Trm@smronanﬂnmlfﬁiummltw algmoj)ﬁems; Yéxio spferdidysres descri bed
2s one or o) CliadEeMRE prae e R Lo T
cont enpl at %f‘yn(f@haﬁéé Qry, nf;é;»ﬁbﬁﬁs pRIpREPti des. As used herein, “chineric
protein, usi on prote| n," or "fusion polypeptide" may i ncl ude, wi t hout
limtation, a first ﬁﬂit@r]s&pmai@nérefbrsagammlly teethegbermariend, hesitablsecond,

third, f th ( ol tid f t th
tronts ol @B o eeuliagieR i btakeiars Gromanstan oh TIW%@B&?%
f ty t t .Eféﬁehf
;Sl 2(r:t |@el %Pﬁﬁg%oggé%{lﬁggﬁ%@gt gllgﬂ ré[éérrfesz% &%H?ﬁﬁé@r pol ypept | de, or
may refer topganiSiehtr thleagamosngof spetper deganisvhi ch typical ly has an ami no

aci d sequence correspondl nfg to a protein that is different fromthe flrst
pol ypeptide, and whi &Y %eiSdeear\vteajpplwaw@ﬁBd%m@ewleapr@ferﬁblryeawp

or gani sm ln?ol(égul*%ade?lvggf%%qgﬁtpie o ShRBR, S Bidgebudgsa o Lgast one

(or two, threé y dctive a grven

pol ypept i dentervatiieh & poljreudhsdticeedyr @l@mg‘e@tremd}gzléﬁrw f NSieetbripréfepaly ar e
typi cal Ig/ | i nked C-term nus to Nterm nus,
contains one or more unique restriction sites and can be capable of

autonomous replication in a defined host cell including a target cell or tissue or
a progenitor cell or tissue thereof, or be integrable with the genome of the
defined host such that the cloned sequence is reproducible. Accordingly, the
vector can be an autonomously replicating vector, i.e., a vector that exists as an

20 extra-chromosomal entity, the replication of which is independent of
chromosomal replication, e.g., a linear or closed circular plasmid, an extra-
chromosomal element, a mini-chromosome, or an artificial chromosome. The
vector can contain any means for assuring self-replication. Alternatively, the
vector can be one which, when introduced into the host cell, is integrated into

25 the genome and replicated together with the chromosome(s) into which it has
been integrated. Such a vector may comprise specific sequences that allow
recombination into a particular, desired site of the host chromosome.

A vector system can comprise a single vector or plasmid, two or

more vectors or plasmids, which together contain the total DNA to be

30 introduced into the genome of the host cell, or a transposon. The choice of the

vector will typically depend on the compatibility of the vector with the host cell
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al t hough they can also be linked CGtermnus to Gtermnus, Ntermnus to
N-term nus, or NNtermnus to Ctermnus. The pol ypeptides of the fusion
prot ei n 8O 2bW/a6892any order. The fusion partner may be ®€Fiuga@d/ 061760

i ncluded for essentially any desired purpose provided they do not adversely
affect the activity of the polypeptide. For exanple, in one enbodi nent, a
fusi on par timterwiiely teonpdctos s @ t@mtredoeed hat thegsresest dasee i esctong t he
protein (an expression enhancer) at higher yields than the native

r econbi nantPrefesaly enewtieh is areeRIVHNE Eﬂ 'W@)P%ée@élcé&,t%@hs&ﬁ s to

niracel | uKPiRotaal el T et R Binc A Rnd: Ruh bREERRCTn 1o

the cell suylbrsRentBroidia (SFRMPIWAIcht dih HelBither RIEeH h FraffNtoCerY 8t Mofe of
het er ol ogous signal peptide sequence at its Ntermnus. In certain host

celI's, sSecttkeeppoded pelypepliddsaoe exprassed isgrarfatelysilhe yraitgmpest aldes can be
|ncreased thro h the nor e _.het.er ol ogous si gnal

sequences, e 8 SeFo oD nd e aoR g n anbi Robite S hat BEB Gl pept § de.
A "reconmbi nARY oM EORIH8N Gl RhRStbIY afQMPr i ses one or nore exogenous

genes or polynucl eotide sequences, such as in a plasmd or vector. Exanples
of m croorganisns t hé'medermbéwud1typd’ea1hda$18ttﬂfetlmbccmnng‘i areoaseghni sns

| ud t hout ti Esch hi | bact
Ao e bacUErhasoaPBi D ORT (heiareans bosie! ok Rae %eegﬁgﬁ%i%kﬁiﬁl“%es
ACr ODYT44T G oA ARARS SELNER whbf R SRS Em ANRNAS)F VB Hh Murce. A

Art hr obact er, ergi I us 'niger, pargi I'Tus oryze, pergi
Aspergil | uwuwuypergeherdrlgeneﬁmpdu@(lelgusa mlm;)tldé\)supehgu \Jvhrab iS ooz,
Aspergillus usam i, Bacillus alcal ophilus, Bacill| anyl ol i quef aci ens,
Baci | I us brf@guentipabsenvad iz ierrapugtion a9 thus aéblﬁaﬁiylde%q thes’ np@ﬁ@'us

Baci |l us | | macer ans, Bacillus stearothernophilus,
Baci | | us Sl9b Pdlj M%@%?ﬁ?c‘%én um Br evi baC| | lus brevis, Burkhol deria

cepaci a, CandI da cyl im@hasiesof Crochiags’ .humqéaaq@abldmwu@n{dsb; fruit-
Cel | ul osi m crobi um
15 based biomass such as fruit waste, and vegetable-based biomass such as

| eus,

vegetable waste, among others. Examples of aquatic or marine biomass
include, but are not limited to, kelp, giant kelp, seaweed, algae, and marine
microflora, microalgae, sea grass, and the like. Examples of fruit and/or
vegetable biomass include, but are not limited to, any source of pectin such as
20 plant peel and pomace including citrus, orange, grapefruit, potato, tomato,
grape, mango, gooseberry, carrot, sugar-beet, and apple, among others. In
certain aspects, biomass does not include fossilized sources of carbon, such as
hydrocarbons that are typically found within the top layer of the Earth’s crust
(e.g., natural gas, nonvolatile materials composed of almost pure carbon, like
25 anthracite coal, etc).
A “commodity chemical,” or an “intermediate thereof,” relates

generally to chemicals, such as biofuels, having the following formulas:

OH
R1)\AO . R1/\ho . R1MO . R1/Y\OH
R2 R2 R2 R2
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Cephal osporium Chaetom um erraticum Chaetomumgracile, Costridium
Clostridiumbutyricum d ostridium acetobutylicum C ostridium

t her rocelworzp10@ss9emebact eri um (gl ut am cum), Corynebact ePCliftiSedopioci7ens,
Ent erococcus, Erwi na chrysanthem , diconobacter, G uconacetobacter,

Hal oarcul a, Hum col a i nsol ens, Hum col a nsol ens, Kitasatospora setae,

Kl ebsi el l a, Kl ebsi el therzitRtés séleotederammticegrolf corvsstinmy/ofad, CHagi | i s,
Kl uyveromyces |lactis, Kocuria, Lactlactis, Lactobacillus, Lactobacillus

fer ment um GR&HEHEHIGRIERAKEH: (Gl deldo eld;Cl e 9éebeleHoad s,

Leuconost o I LS, th | obus siciliae, Methanogenium

or ganophi | m3%rqﬂ%§{:¢%?)l‘%/ﬁ?’b antii, Mcrobacteriuminperiale,

M crococcus |ysodei kiyHdtsin R ¢ sélebRibUFom M€ gFouy@istitg ofW coplact eri um
Myrot hecium Nitrobacter, N trosononas, Nocardi a, Papaya carica,

Pedi ocodcus;HHS, st Ha) Gph(Chis, CltaPdiCH(Gih)(®HpheHz] | um canenberti,
Penicilliu igri Reni,ci L], um enmersonii, Penicilliumroqueforti,

Peni ci | | umﬁ'ﬁ%%%ﬁ@hlﬁ@ﬂ?c)ééh’um mul ticol or, Paracoccus pantotrophus,
Propi oni bacteri um Psgigemonasn-3GSRELRIR &Sy Ebres alkBRBY BATRRBAS

denitrificans, Pyrococcus, Pyrococcus fUriosus, rococcus horikoshii,
Rhi zobi um behprodooedtharebmi., Rhi zonucor pusillus Lindt, Rhizopus, Rhizopus

del emar, Rhi zopus j aponi cus, i zopus nj veus, Rhizopus oryzae, i zopus

11 goapor uo. - Phodosod Ger 8L e A BIAR8S GOgAdHE R CRA T By es.

cerevi sjme, robina: | Lhert ign e hl {:\j0 yngobi um
Sphi oo Ly 2 ARt Ebeh el L2 RN, SRt iy HEor 222k

St r ept oy cégmSthyépdmane.e gertainsnbdimentytiye esmnodityestremitairrepy deys-es
murinus, Streptonmyces rubiginosus, Streptonyces viol aceoruber

St r ept over tWEIPNYr ZreimdRianehseethykrhayenscbat dsethriexangl, 2Rinysprengla
pant ot 1 00Ny IS Ak S el ECOUEHIR o TbAHATRL TR\ MBI AP B AT may

Tri choderma reeser, dernma vird i cChlosporon peé _ _ _
al gi nol yt i ¢es3-hydrixy@-biatyendidiasol, Xant1oreaese- vaRStbutylasdtamalaot 2pol yti ca,
Zygosaccharomyces rouxii, Zynononas, or Zynononus nobilis.

15 butyl-octanol.

In certain aspects, the diol or alcohol, such as 2,2,4-trimethyl-1,3-
pentanediol or 2-ethylhexanol, may be further chemically or enzymatically
converted to its corresponding alkane, such as 2,2 4-trimethylpentane or 2-
ethylhexane, respectively. One example of such a process includes

20 “hydrotreating,” also known as “hydrogenation.” For instance, alcohols such as
2,2 4-trimethyl-1,3-pentanediol, 2-ethylhexanol, and 2-butyl-octanol may be
“hydrotreated” to form their corresponding alkanes, 2,2,4-trimethylpentane, 2-
ethylhexane, and 2-butyl-octane, respectively. The process of “hydrotreating”
in petroleum refining systems refers generally to the catalytic addition of

25 hydrogen to a molecule containing a functional group. A hydrotreating catalyst
is generally formulated by placing some combination of molybdenum, nickel
and cobalt oxide on a calcined alumina particle. The alumina particle may then
be formulated and manufactured to have an extremely high internal surface
area (very porous) and the catalytic metals may be deposited and distributed

30 “mono-atomically” on the internal surface of the particle. In hydrotreating (vs.
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"Transformation” refers generally to the permanent, heritable alteration in
a cell resulting fromthe uptake and incorporation of foreign DNA into the
host - cel IWQenw®g92al so, the transfer of an exogenous geRETUSAUMONETSOr gani sm
into the genone of another organism By "vector"” is meant a pol ynucl eotide
nol ecul e, preferably a DNA nol ecul e derived, for exanple, froma plasmd,

bact er i ophdggdrogesakingdy thel dlushind sdirdachisdtipisalboformutdtedtandengaufabirediser t ed
or cloned. A vector preferably contains one or nore unique restriction
sites and daReRs ipapdhee CBeMiGAlYRAFES) PEPIOSEIRIG-on i n a defined host cell

including a target c ' « en | I 1 SS t her eof
or be integrable w t#%rheggb%)%%ﬁr@%%ttﬂgﬂ{@ggi%é&gﬁcpgyssaﬁgha@%gaﬁ LII[F(H%Q%’I oned
sequence i $ut ars AUIFhéEto, AMEiRaE, aghY, catlage¥rsh flucsidanbgedth, aut ononousl y

replicating vector, i.e., a vector that exists as an extra-chronosonal

entity, & h@olygalaatanonaie, sellulosehheérsidetidiogsenxidan, arbbitanoaod on@inarepl i cat i on,
e.g., ali osed circul ar plasmd H.\cgen extrachrono orréarl%tﬁl enent, a
. c

o ombatSs B B3 Saferar s oftireaids. SRt ehi T any

means for agguf bhpsRbhts'Ridraass Mbludd, bet BAd hyBlnvited RE aXfRARM (6N be one
whi ch, when i'ntroduced into the host cell, 1s Iintegrated into the genone

and repl i caobds tpadvike poliM h otipealgimaterts gnd\d,) AGNn AMMOABG i AGNBAGBE@en

i ntegrated. Su a_vect or y COlMmr i speci f] e C h I | ow

r econbi nat iWﬁ’ %OGM’ tMW&M,é}@eMv%d&Qéeé&“ﬁt&I&Fégoé‘%'\a’hé%‘ésé%f’ A
vect or S L Lol 0 s r vectors
or pl asﬁ%’d??%?gﬂgrﬁ’,gfgé@ﬁgp?P:%(%t[ﬂgig@r%ﬁﬁéltef 9{1 arorﬁ%\tﬁ, ﬁ?g%ggf’(}@%t?,orggﬁé@oli nto the
genone of tyxoskostliutedd, henticallulose)etisbinse, Igigcarnixybtobfgltdusey etdrmose | |

typically depend on the conpatibility of the vector with the host cellinto
whi ch t he 886C0s8, Xylasep¥ylpRt MeAnaBdarabinamarghieaemglegsenaighe vector is

f er abl ich i | ' ' ' | h
D oobact LeBRBnet I SoRRETH dnd HGbRBNRbsBsR PRBP SRR BSS D 50l
fluorescent protein (GdrRin evbiplesceitl§ieatd-tbeved psi§datdhariesendlgd@ne or

ore Of15 saturated polysaccharides, such as (-D-mannuronate, a-L-gluronate,
dialginate, trialginate, pentalginate, hexalginate, heptalginate, octalginate,
nonalginate, decalginate, undecalginate, dodecalginate and polyalginate, as
well as unsaturated polysaccharides such as 4-deoxy-L-erythro-5-hexoseulose
uronic acid, 4-(4-deoxy-beta-D-mann-4-enuronosyl)-D-mannuronate or L-

20 guluronate, 4-(4-deoxy-beta-D-mann-4-enuronosyl)-dialginate, 4-(4-deoxy-beta-
D-mann-4-enuronosyl)-trialginate, 4-(4-deoxy-beta-D-mann-4-enuronosyl)-
tetralginate, 4-(4-deoxy-beta-D-mann-4-enuronosyl)-pentalginate, 4-(4-deoxy-
beta-D-mann-4-enuronosyl)-hexalginate, 4-(4-deoxy-beta-D-mann-4-
enuronosyl)-heptalginate, 4-(4-deoxy-beta-D-mann-4-enuronosyl)-octalginate,

25 4-(4-deoxy-beta-D-mann-4-enuronosyl)-nonalginate, 4-(4-deoxy-beta-D-mann-
4-enuronosyl)-undecalginate, and 4-(4-deoxy-beta-D-mann-4-enuronosyl)-
dodecalginate.

Certain examples of pectin-derived polysaccharides include
saturated polysaccharides, such as galacturonate, digalacturonate,

30 trigalacturonate, tetragalacturonate, pentagalacturonate, hexagalacturonate,

heptagalacturonate, octagalacturonate, nonagalacturonate, decagalacturonate,
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t he encoded pol ypeptides, or expressed separately. The vector can al so
I ncl ude a sel ection marker such as an antibiotic resistance gene that can
be used fwo288l882ion of suitable transformants. The tePeg/USaplod617§pe” and
"naturally occurring” are used interchangeably to refer to a gene or gene
product that has the characteristics of that gene or gene product when

i sol ated f doesagaibotuadate opslygalao@rsmatecand Ahamhdpdlygalagenenate, genell
product (e.g., a polypeptide) Is that which is nost frequently observed in
a popul at | &% lerated pelysacehsrdearsuch) ag<tgavglitheco-pdiexapulose Lronata, t ype”

frult based BroneyStih 8 e o PERRE- DR A PP A e ot Brafia D Shon s
veget abl e @ﬁiﬁd—&er@'ﬁ@iﬁtﬁ'&_y@?ﬁ)&f&g’?Ia&l&%ﬁﬁté%%-[ﬁéﬁ*@télQh%-g@blm@nbﬂdh@%‘}ls)-

include, but are not limte o, kelp, giant kelp, seaweed, al gae, and
mari ne @ cibbirgalacturanate#A-(febeoxyalpraabsgluardentronpsWD- Exanpl es of fruit

d/ t.abl ' | nelud t i mt , f
pectin sucreaeograniopie +EpRatihe FFuEe WPRY) B ange, “or apef ruit,
potat o, t0%‘hﬁagﬁ&@ﬁ)n_a@r@gté[ﬁ%&%d%»gIGéM@rﬁuroﬁHQﬁ?-tﬁeet , and appl e,

anong others. I'n certalin aspects,” biomass does not I nclude fossilized
sour ces of hexepalactisaniicad-(AyRirameaalpbad-ghat4-enarangsyddPd y found within the

L o sl trete o oy e B R Toap L e et
cuch aai i SPtgec B Dk  Dr L e 2 L 1 P “cel ect ed
from t he gmonpgaleairehateg4q#-DeoxXgH8IphEHBGH-4-@rdedi(ayl)d)- , CH3( CH2) nCH2
S O O O o B g 1)
CH3( CH2) nCide EEBSEE b e CH2) nCH2,
A “suitable monosaccharide” or “suitable saccharide” refers
15 generally to any saccharide that may be produced by a recombinant
microorganism growing on pectin, alginate, or other saccharide (e.g., biomass-
derived polysaccharides including galacturonate, cellulose, hemi-cellulose etc.)
as a source or sole source of carbon, and also refers generally to any
saccharide that may be utilized in a biofuel biosynthesis pathway of the present
20 invention to produce hydrocarbons such as biofuels or biopetrols. Examples of
suitable monosaccharides or oligosaccharides include, but are not limited to, 2-
keto-3-deoxy D-gluconate (KDG), D-mannitol, gluronate, mannuronate,
mannitol, lyxose, glycerol, xylitol, glucose, mannose, galactose, xylose,
arabinose, glucuronate, galacturonates, and rhamnose, and the like. As noted
25 herein, a “suitable monosaccharide” or “suitable saccharide” as used herein
may be produced by an engineered or recombinant microorganism described in
U.S. Application Nos. 12/245,537 and 12/245,540, herein incorporated by
reference for the disclosure of such microorganisms, or may be obtained from
commercially available sources.
30 The recitation “optimized” as used herein refers to a pathway,

gene, polypeptide, enzyme, or other molecule having an altered biological
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CH3CH2CH( CH 3) (CH2) nCH2, wherein n = 0-30, including any correspondi ng

al kanes that can be produced therefrom In certain enbodi nents, the

comuodi t ywohervwssd2imay be 3- hydroxy-2, 2,4 thnet hyl pent 0&lUS2009/067750
2,2,4-thnmethyl -1 |, 3-pentanediol, and/or 2,2,4- trinmethylpentane. In certain
enbodi nents, the commodity chem cal may be 3- hydroxy-2-ethyl hexanal,

2- et hyl - 2- rexieing suchlas & iehydrieticaierationr eftapolypsptitd’s aatits acid
2- et hyl hexane. I n certain enbodiments, the comodity chem cal nay be
3- hydr oxy- 3€gUENEE Or b)béﬁ%ﬁ@rﬁt@nﬁmqlf'caﬂo@&féh@PPlyéllePt'Qe§Mﬂ°“6§t%al or 2-

2.2 tri meget BnSEbAet, BRRARRe (5 0 Eidtl Rha ek e 7 Il e

chem cal |y opigirRinays1eéule dr loyigiraineendligdes @rdrintertqelE s® Aditpge sbladtce sch as
2,2,4-thnet hyl pentane or 2- “et hyl hexane, respectively. One exanple of such

a proceéis |arwvardeglypﬁpt1d©preafvll type mlcmor@aom)aﬁanhe@@dwep@des OFor

t | cohol 2. 4-t hrret t anedi ol th h |,
and 5- bt yiergunaRsesageq Befif it PegpUinalls OB er o Bl
al kanes, 2.¢ nﬁctero*nasts@kﬁh@ﬁé&@&@scr%ed%?éinhﬂé?%%tuoﬁéwi/ &&Mén eﬁﬁr%%d

respectlvel y. The process of "hydrotreating" in petroleumrefining systens

refers genepo@lpeptlde otrleaezymealAny of tadcpatmway&demrdhe@g;tmretrrmay ropitionallye
containing a [unct i onal Jydrotreating catal eneral |y
forrul at od By a0 o 09 RASTETBHTE. HoPYR AL MHeloiSand. cobal t

oxi de ofp asggggminu actur %btﬁjnﬁed@?ﬁ meugpw |cI e may then be

f or mul at ed ave an ex rerrel i nternal surface area

(very porous) and thé’ytp&taayymeonm\aécﬁumyorhm chepacetigtitsafdnei st ri but ed
rmno atom cally" on the internal surface of the particle. In hydrotreating
(vs. " hydr oPOhREPtEe) erﬂ%n%mrﬁth@r @ela%eerqlétett%h%§u|t@blhqumm%t ed and

Tanut act ur g | Ree 35 SN hofek for GRS B3)dikgRAPSLNENY AR £8P bileRyagener @

exanpl es o mags: derived po ysact
and/or ketone biosynthesis pathway, an aldolase, an alcohol dehydrogenase) to

15 convert an aldehyde and/or ketone to a biofuel, such as isooctane. Certain
embodiments, therefore, contemplate the use of “optimized” biological
pathways. An exemplary “optimized” polypeptide may contain one or more
alterations or mutations in its amino acid coding sequence (e.g., point
mutations, deletions, addition of heterologous sequences) that facilitate

20 improved expression and/or stability in a given microbial system or
microorganism, allow regulation of polypeptide activity in relation to a desired
substrate (e.g., inducible or repressible activity), modulate the localization of the
polypeptide within a cell (e.g., intracellular localization, extracellular secretion),
and/or effect the polypeptide’s overall level of activity in relation to a desired

25 substrate (e.g., reduce or increase enzymatic activity). A polypeptide or other
molecule may also be “optimized” for use with a given microbial system or
microorganism by altering one or more pathways within that system or
organism, such as by altering a pathway that regulates the expression (e.g., up-
regulation), localization, and/or activity of the “optimized” polypeptide or other

30 molecule, or by altering a pathway that minimizes the production of undesirable

by-products, among other alterations. In this manner, a polypeptide or other
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but are not limted to, alginate, agar, carrageenan, fucoidan, pectin,

pol ygal acturonate, cellul ose, hem cell ul ose, xylan, arabinan, and mannan.
Exanpl es wb 2pwioggreecchari des, ol i gosacchari des, nonosaccraTiuse®o67764 her
sugar conponents of bionmass include, but are not limted to, alginate
(e.g., polyG polyM5 polyM, oligoalginate (e.g., DM DG DWW DM5 DGV
DGG MM  MaoledlileGray Nbpiviaide dMMiEh dviviEhdUlvisdte ivipsits Gty 68@mina geid
carrageenan, fucoidan, pectin, gluronate, guluronate, nannuronate,

manni tol , ISpRBeRCE PEPTigINgkeNemisH Slaugturen septimiEadapn!weeptidgsyardiglpgicry| i t ol |

o1 Uour onar &2t as s, Ry 3L OR8n L 1t 3agHip L B hogRhER a8 by Bt "=
rhamose, aeekdiba ot &8esiked babRogyaNBE®RFdipG teltetingsesiohned imeleygacchari des
i ncl ude saturated pol ysaccharides, such as b-D mannuronate, a-L-gluronate,

di al gi ndt e, thal gi natle cefiaintasngicimt'eptimizedl genes er pakypeplidganay,

o o s SR Ak SR 20 et DESE PR SR L 0

4- deoxy- L- ejoyt ieditiea NG IS@HE @R SntegRRiCinasdtfeen) to the nucleotide or amino

4- (4- deoxy- bet a- D- manh- 4- entr onosyl ) - D- mannur onat e or Lgul uronate,

4- ( 4- deoxy doat sedqirarmerrof 4 wieneone $§.19) - wildatypen gese ot polpeptidg - retartain

D- mann- 4- enur onosyl ).- t hal gi pat e, 4W$194 deoxy- bet a- D- mann- 4- enur, oqogy%) -

Lot ral gi na@SPeaiS; 0 JRBHY 786! ROBPRRIAE 8l SRAVDR ) haYRABAH Gl tade . 5. ©:

4- (4- degxyhetigag ﬂ) Bt 49Ny OP(g@ ih%lUE%%l%%}e‘?s g (et pGiRRLA- D mann- 4-
enuronosyl ) - hépt al'gi daté, 4- ?’4- egxy- eta- n-g-enuronogyycf r;?[‘-goct al gi nat e,
4- (4- deoxyHetwveedenpnn.244)uronasSys b; 6@)&. 160170, ete. ), br dewre\tinbed theD- mann-

4- enur onosyl ) -undecal gi nat e, and 4-(4-deoxy- bet a- D- mann- 4- enur onosyl ) -
dodecal gi n&i@ogicak activity &% arfgfesenes Ppyeeptideieri ved pol ysacchari des i ncl ude

ol Lo PO e ace ety BUEls MR RBIGT ARk e ashiitng' =
hexagal act wheRrfa¢#, such as a biofuel, that is produced according to the methods and

15 recombinant microorganisms described herein. Such a biofuel (e.g., medium to
long chain alkane, isooctane) may be distinguished from other fuels, such as
those fuels produced by traditional refinery from crude carbon sources, by
radio-carbon dating techniques. For instance, carbon has two stable,
nonradioactive isotopes: carbon-12 ('*C), and carbon-13 (**C). In addition,

20 there are trace amounts of the unstable isotope carbon-14 ('*C) on Earth.
Carbon-14 has a half-life of 5730 years, and would have long ago vanished
from Earth were it not for the unremitting impact of cosmic rays on nitrogen in
the Earth's atmosphere, which create more of this isotope. The neutrons
resulting from the cosmic ray interactions participate in the following nuclear

25 reaction on the atoms of nitrogen molecules (Nz) in the atmospheric air:

Plants and other photosynthetic organisms take up atmospheric
carbon dioxide by photosynthesis. Since many plants are ingested by animals,
every living organism on Earth is constantly exchanging carbon-14 with its

30 environment for the duration of its existence. Once an organism dies, however,
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hept agal act uronat e, octagal acturonate, nonagal act uronat e,

decagal act uronat e, dodecagal act ur onat e, pol ygal acturonate, and

r harmopol Woabtadtes2enat e, as wel | as saturated pol ysacchRCrasg0006175@s
4- deoxy- L-t hr eo- 5- hexosul ose uronat e,

4- (4- Deoxy- al pha- D- gl uc-4- enur onosyl ) - D- gal act ur onat e,

4- ( 4- Deoxy this pxehBad el stops; and tios asmount BF darpahaict graeinally decreases over
4- (4- Deoxy- al pha- D- gl uc-4-enuronosyl)- D-trigal acturonate,

4- (4- Deoxy-tlm%mmﬂ:g@r&ﬂioalCté/ﬁLPQiﬁ@Wﬁy Dt et r agal act ur onat e,

4 (4 Dooxy- al pha. b oMes O EREBRAT py R RRA S HRRR and natural gas

4- ( 4- Deoxy wkripbafiend huﬁmgwwéwwé t@ﬂ@@hﬂ@ﬁb@ﬁ{pﬁém @nd heating of
4- (4- Deoxy- al pha-D-gl uc enur onosyl ) - Doct agal act ur onat e,

4-(4- De@yealcmom@mmatereaiar(oe;obgnopenhomargge@ogugabtmee Formation of

4 (4 Dooxy SBIRIENHRN AN BRECoRIBRaRaavaE: HEkdied M math oo ¢
monosacchard-igihdnic ﬁéadnahé Bt RRPCBAIASHUE Shaot paeaenal ImbobpsamioAgghar i de

that may be produced r ecortbi nant m cr oor gani sm grow ng  on pectin,
al gi nat e, dnonmth&apresemcéwhnenm@ns of greh|$ioomeepllenktmobmbalgaecwhmhlh@s

| udi t t | | .. h |l ul t
ol o Sour cSHIRCLEoee OblAkellsn Bt BhGe Guneitan Jdes ARy GV nat may
be util4 e?eﬂn%ur%b@FﬁEH% R‘t%?ﬁé%ﬁr%?@lﬁté’%ﬂ WRYotREr hM Eéﬁéé‘ﬁmo fomedddipn to

produce drocar S suc as bro S or |opetrols es of suitable

m)nosacchar(bmsgemtog)d:algmtr@wrrged&smenen‘ ohdbesd Wit naucs aMtwés; butied uhder 2-
ket o- 3-deoxy D-gluconate (KDG, D-mannitol | ur onat e, mannuronat e,

manni tol , INPRYY éayess péée@imerstwwltwg Irgmlgbé%\eeqs RhReRsNd BEESAILE@OWRY | ose,
ar abl nose, a%'&&&éﬁéﬁ%) Trﬂéhv?occte%%%%QES&gw ngTar ﬁ&[?t%g oéﬁ&nc% ych%ﬁgas used

noted herein abl' e nosaccnari e sacc

herei n nay fipst iRtosI WRKY nbateAl IgtBVMAS keFbgRn WIRIEANH falidt inagib08 ol Ahiafs®
described in U S. Application Nos. 12/245,537 and 12/ 245,540, herein

i ncor poat @douand thef wodd.cand thent wigh mcgfcmgtjrréo dauidiaste gasaawsr gani sns, or may
be obt ai ne%
ydrocarbons in a process known as catagenesis. Most hydrocarbon based

fuels derived from crude oil have been undergoing a process of carbon-14
decay over geological time, and, thus, will have little to no detectable carbon-
14. In contrast, certain biofuels produced by the living microorganisms of the

20 present invention will comprise carbon-14 at a level comparable to all other
presently living things (i.e., an equilibrium level). In this manner, by measuring
the carbon-12 to carbon-14 ratio of a hydrocarbon-based biofuel of the present
invention, and comparing that ratio to a hydrocarbon based fuel derived from
crude oil, the biofuels produced by the methods provided herein can be

25 structurally distinguished from typical sources of hydrocarbon based fuels.

Embodiments of the present invention include methods of

producing a commodity chemical, comprising growing a recombinant
microorganism with a source of an aldehyde, a ketone, or both, wherein the
recombinant microorganism comprises: (i) at least one polynucleotide (i.e., one

30 or more polynucleotides) encoding and expressing a polypeptide having an

aldolase activity; and (ii) at least one polynucleotide (i.e., one or more
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commercially avail abl e sources. The recitation "optim zed" as used herein
refers to a pathway, gene, polypeptide, enzyne, or other nol ecul e having an
al tered bwologyvmssd2acti vity, such as by the genetic altePaTitusR009/06250

pol ypeptide's am no acid sequence or by the alteration/nodification of the
pol ypeptide's surrounding cellular environnent, to inprove its functional

char act er i glolyrtuclgotidel péncoting ahb@xprésginpd pobipeptiie havingrargakaholcel | ul ar
envi ronnent e%e. g., a wild-type sequence of a given _to%pep_tide or a
Yy

wild-type V@&gg@ﬁsgwtivimgh@pbvwwiwﬁm corag epHed. deserpived

herei n may opt ional N L.mzed, " 0 | eqt i de
sequences &2@%%%&@%&5%[%C%m%}ﬂ%@&rﬂﬁ%%ngﬁig}?& %Egggﬁ{b&i?gﬁ l%g;ﬁqu‘ ptide
or enzyne. pppnuefedtiae (pat brayss rMieGid astiéstideish eABydiagtdnensdpryssitgai n one
or nore "opti'mzed" enzynes, or one or nore nucl eotide sequences encoding
for an dpt ipelypeptidahavingoa dpublediond r¢ductpgpiactivity,, andier atipashane f unct i onal
characteristics of the palypeptide, enzyne, or other nolecule relate to the
U tabi 11 1 pobLER R T ap TR P reRaRY TpaltbedidtcheBe S cbtERE g cal

pat way { e-@tivinAninAeetelty diRimtheniskat Ra: 5hOBY IVGBFi pauE¥oriqes 3! dol ase,
an al cohol dehydrogenase) to convert an al dehyde and/or ketone to a

bi of uel , sarhexgensus poameicletdideailm certbindempodisientheracharfehecont enpl ate t he
use of "optim zed" biological pathways. An exenplary "optim zed"

pol ypept i d@o%wc&?ﬁ‘fjﬁﬁhs g%%g Utore alterations or nutations in its amno

aci d cogj ng sequence %ﬁb%?e‘ﬁ%@fEh%rékéﬁﬂﬁve&%r%liﬁ%lu@@%éd nrrflt

het er ol ogous sequence t I'tate i nproved expression and/o

stability imicrooygaesmsithabtoraprisey ¢) eteast ome polyngelebtide eatbdingraegul ati on of
pol ypeptide activity in relation to a desired substrate {e.qg., inducible or
repr essi bl €XREASSiNG § polvmsatifahavingean alEiglaseaagtiyity:and Hi aLlﬂaﬁb@B@i de within
a cell {e. g 4,4 cel | ul I i Lan, C | on), and/ or
ef f ect Ehe%gmdy%}eé&?]lﬁgeénlsé og[p r%fqaé¥é@é%'ﬂgfa g@'%@ﬁf& yé rhjérl\ﬂlﬁ%%gtelngénﬂc{?o) a desired
substrate {gehgdrogeRadeacavity. NercReen ermbomheatsasticty histborgarksthy pedf | de or

other 15 also comprise may also comprise at least one polynucleotide encoding and
expressing a polypeptide having a double bond reductase activity. In certain
embodiments, at least one or two of the polynucleotides is an exogenous
polynucleotide. In certain embodiments, each of the polynucleotides is
exogenous. These recombinant microorganisms are typically capable of
20 producing a commodity chemical, or an intermediate thereof, from a source of
an aldehyde, a ketone, or both.

Embodiments of the present invention also include recombinant
microorganisms that comprise (i) at least one polynucleotide encoding and
expressing an aldehyde and/or ketone biosynthesis pathway (ii) at least one

25 polynucleotide encoding and expressing a polypeptide having an aldolase
activity; and (ii) at least one polynucleotide encoding and expressing a
polypeptide having an alcohol dehydrogenase activity. In certain embodiments,
such microorganisms may also comprise may also comprise at least one
polynucleotide encoding and expressing a polypeptide having a double bond

30 reductase activity. In certain embodiments, at least one or two of the

polynucleotides is an exogenous polynucleotide. In certain embodiments, each
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nol ecul e may al so be "optim zed" for use with a given mcrobial system or
m croorgani sm by altering one or nore pathways within that system or

or gani smwerety/ms2by altering a pathway that regul at es PRE/US2IVBSESON
{e.qg., upregulation), localization, and/or activity of the "optim zed"

pol ypeptide or other nolecule, or by altering a pathway that m nimzes the

product i on oftheipdigauciabtidedis-gxogdnots., Taevagecdrhibinaat tnégradigaimsms ard hi s
manner, a pol ypeptide or othernol ecule may be "optim zed" with or wthout
al tering i tyrigallyocanasie ahpipgugtior semmaetiy denyealgphan irtBEReeiate st ruct ure.

Optim zed | des i i agh e oht ai anpl e,
oy direot oY apLnskl 8 silieg of af BB AR EB Polt 08 Pl i cellars
accordi ng o pteltimdlsgid doueadof &n biRhgte; a kBt bbbt $ieee hsuitablet | m zed”
genes or_ pol ypeptides may conprise a nucl eoti de’ codi ng sequence or am no
aci d seduermeenasascharndsorpligoseeehariddt i cal (including all integeres in

bet ween) to the nucl (érotiée or_am no afqiid seog)uence of a reference {e.qg.,

wi | d-type) gene or p % Sgia(lj’é’ye1 N ERLPH QHB%"?@; aZRCcOHBYERY zed”

pol ypept i d‘?ni@fod?géh(igﬁ] By ey 6orAPAsE atieadt ode etogeno pdiyndeleidel 0. 20, 30,
40, 50, 100 (i1ncluding afl i1ntegers and decimal Ppoints 1h betwen e.g.,
1.2, 1.3, EndpdibgmndbeXpreSsisg ebpalyp&itidettavirg @.doubbe bamd eeduat@se t he

bi ol ogical activity of a reference polypeptjde. Certain ects of the
Pnventi on ACkYt) AX(RIE RolyBRMR bevibsarrencraese Reliyba 1 BRSeANTt hat i s

ool SR SRk e e ST R pATeRBh I |

be di sti ngiopdeddiictase or dehyditatdse mayatot &g rndueseafyuel schipvedheatdsirgd
traditional refinery fromcrude carbon sources, by radio-carbon dating
t echni ques Pregucti(ast dreectapa) Bsrpushgeanipnstapy oe Grialyaed B¥@ndeaenast opes:

carbon: 1 rbhi e B BT RBatn TR oA GBS AR,
hal f-1ife @fdediéd prRadutt ppslicsaud\ttheaeeomdirthr @dicicangsties. f rom Earth were
it not for the unremtting inpact of cosmc rays on nitrogen in
As used herein, an enzyme or polypeptide having an “aldolase”
activity refers generally to a class of enzymes that are capable of catalyzing the
reversible reaction of cleaving D-fructose-1,6-bisphosphate to form
dihydroxyacetone phosphate and D-glyceraldehyde-3-phosphate. Aldolase
enzymes are present in all animal and plant tissue and in most microorganisms.
20 Class | aldolases, found in animal and higher plant tissue, are typically
characterized by not requiring a bivalent metal cofactor and by the formation of
a ketimine Schiff base intermediate with the substrate dihydroxyacetone
phosphate. Class Il aldolases, typically found in microorganisms such as yeast
and bacteria, require a metal cofactor and may be inhibited by EDTA.
25 As one exemplary aldolase, fructose 1,6-biphosphate aldolase
(aldolase A) catalyzes a key reaction in glycolysis and energy production.
Aldolase B is an isoenzyme of aldolase A, which is capable of cleaving fructose
1-phosphate to form glyceraldehyde and dihydroxyacetone phosphate. This
reaction, however, is reversible, and can be utilized to condense

30 glyceraldehyde and dihydroxyacetone phosphate.
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the Earth's atnosphere, which create nore of this isotope. The neutrons
resulting fromthe cosmc ray interactions participate in the follow ng
nucl ear rwacoiogwsem t he atons of nitrogen nol ecul es (N2pCirusedng/oatswspheri c
air: n[ 4N- 4C -1- p Plants and ot her photosynthetic organisns take up

at nospheri c carbon di oxi de by photosynthesis. Since many plants are

i ngested by ani mal s, Beyeny thé condensaginni gfrglyderéiadehiie andatimairexydostone
exchangi ng carbon-14 with its environnment for the duration of its

exi st ence. POREEhalE, Bgamesh ¢iseaverad rataldelase eaxwnen gatalyzsetheargeiuhe

Gocay. MostORgR b HsACH R HePRECasER e d b RelblbR: Ml AR P Sheyas ™

derived fr oavérsitidBaRiP8 bRtHeMGataBki€ alchdity 854 bée®Eh6RATHRSIRI tBHeAskiligat i ng
of ancient organic nmaterials (i.é., kerogen) over geological tinme.

For mat i dn @enpeatingl 2 vafiety mif cannyoditcchemicalsaohjndeseediaies theresifyfsos then a
variety of nostly endotherm ¢ reactions.at. hi erat ur ng/ or
oressute. FoAIs B ErORHESEERES raTR Lo R GRS S RpeeR o
zoopl ankt orrpiktahsien MbeReAyaRe & tBE drésehtSSarftion Ak bBREpaRld & | ar ge
guantities under anoxic conditionhs (the remains of prehistoric terrestrial
pl ants, on cateyzingére bamiensadioded two NMaleoules aff )sobOhealdgbptie ip e 84 ne t he
organic matter mxed with d, .and s buried under heavy | ayers of

ced ment  r BGPTSRV RALAGEl 1A 8RR ST B BTEES Aeh (HAB SRR e Of

di ageneg s | Wﬁ r ' q l.y~Change,
fi rgt ﬁﬂokﬁe%%nm‘)@rﬁ?g? K o%‘%@gtﬁ'gr‘gg’%ﬁ&mtﬁ@ g&?%un [ﬁ})ﬁ%\;g&?ous gil

shal es ar otndyrahiehwoe Intbleaulds tdéarmBHydraxye2-eeatihéxdnal.| Agundt@erd gaseous
hydr ocarbons in a process known as catagenesis. Mst hydrocarbon based
fuel s deri BXamMAi®raldelage eprymepfdhe pegpait HuegiPRgnay pe 68eabled car bon- 14

decay over | 9Q | , ] | 0 | tabl e
carbon- . 1a SRR chrspBBf o W Rt e BRE nl g 55, 1P £L6F
m cr oor ganigetenadf the present invention will conprise carbon-14 at a |evel

conparable to all other . o
15 Thus, in certain aspects, the recitation “aldolase” refers to an

enzyme that is capable of catalyzing the condensation of various aldehydes
and/or ketones, such as acetoaldehyde, propionaldehyde, glutaraldehyde,
butyraldehyde, isobutyraldehyde, 2-methyl-butyraldehyde, 3-methyl-
butyraldehyde, 4-methylpentaldehyde, hexanaldehyde, heptanaldehyde,

20 octanaldehyde, phenylacetoaldehyde, 2-phenyl acetoaldehyde, 2-(4-
hydroxyphenyl) acetaldehyde, 2-Indole-3-acetoaldehyde, 5-amino-
pentaldehyde, succinate semialdehyde, and/or succinate 4-hydroxyphenyl
acetoaldehyde, among others, including combinations thereof. The
condensation of aldehydes and/or ketones may be utilized to produce such

25 chemicals as propanal, butanal, isobutanal, pentanal, 2-methylbutanal, 3-
methylbutanal, hexanal, 2-methylpentanal, 3-methylpentanal, 4-methylpentanal,
heptanal, octanal, 2-methylheptanal, nonanal, decanal, undecanal, dodecanal,
among others recognizable to a person skilled in the art.

“Aldolase” enzymes or “aldolases,” as used herein, also include

30 those enzymes having an acyl-acyl carrier protein (ACP) activity, such as an

ACP thioesterase activity. Such ACP esterases typically have the ability to
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presently living things (i.e., an equilibriumlevel). In this manner, by
nmeasuring the carbon-1 2 to carbon-14 ratio of a hydrocarbon-based bi of uel
of the prweento/diesszenti on, and conparing that ratio to aPoydrSe@0bs based
fuel derived fromcrude oil, the biofuels produced by the nethods provided
herein can be structurally distinguished fromtypical sources of

hydr ocar borcabspastHeusosuctivrootiiree fdtsy adid(shéropt &tgrdcyl-AGMsulostrates (elde

nmet hods of oduci ng a comodity chem cal, conprising grow nﬂ a reconbi nant
n cr oor gani&p\ﬂﬂ' ) HNEesenAree gaciveNoRaiipas;, Howemesnié!s elieyedrhat@@tei n t he

e or mor SR B RRAC LRSS BRbE S0l ceidPho 158 T dRRARBE SBE T de havi ng
an al dol ase|@sHyidestand/dibtdhés, saithlaRasébaperarnydecdrrpbitderddetfde, ene or
nor epol ynucl eot’i des) encodi ng and expressing a pol ypepti de having an

al cohol Mehgmun egonespondingwdlkyl aldeteidebpupt addehytjoxe, L ériimethyoeriandlcal .
In certain err%dh]mggths the1 chonbi r,ganf m cr oorgani sm may al so conpri se at
| east one F%W TaE e f!%nfal—_-é_,,re%qpep YFYnor e pol ynucl eot i des) encodi ng and
expressing a pol ypeptd 3¢ &auidigs aré opliSatiemdni aillishasfc 8kdmyiifen and/or at
| east one pol ynucl eoti de encodi ng and expressing a pol ypeptide having a

dehydr at aseseqoeneed providedcleerean ane frbodietatat souated. dagrtexamepley sevwavalof t he

pol ynucl eoti des i.s ,an exogenous pol ynucl eotide. . |n certajn enhodi nents,
Bach of ¢ hEPEERS A IEBeT E CUPLSaREEMLIRS TSGR RS R (R N aeA g BRI
I nventi LAgl if S&EYDINAN ' [sf=Tl ' | ) at
| east 6@2 g% ﬁﬁg ggﬁﬁ%% encbggﬁgb%ﬁ%ﬁgﬁﬁﬁéE@%%gﬁgkgg%ggb Fgémﬂgbing an
al dol ase aatrightii ¥nd dnfthtd.i Ahotterinadastal plaat polineswfineediuthectein dattyhgcidsd
expressing a ponpePtide havi ng _an_al cohol dehydrogenase actlvngy. In

; SO

certain enif6AISAEAT 8T thalkdraread it asgs Fiss) (Adtkgdephifr Noeker)a _
NN LE A L e T L i e L
one or two Sifmaliadedly VeehpsihestRs angl Sdlvedaaessssand rainforest species of
15 Erisma, Picramnia and Virola, which have been reported to accumulate C14
fatty acids. Exemplary esterases having aldolase activity, including FATB1 and
FATB2, are described in U.S. Patent Nos. 5,298,421, 5,304,481, 5,344,771,
5,455,167, and 5,667,997, and Yuan et al. (PNAS USA 92:10639-634, 1995),
which are incorporated by reference for their ACP-acyl thioesterase
20 polynucleotide and polypeptide sequences.
In certain embodiments, a recombinant microorganism may
comprise comprise one or more polynucleotide sequences that encode a
polypeptide having an aldolase activity, wherein the polynucleotide has 80%,
85%, 90%, 95%, 97%, 98%, 99% sequence identity to SEQ ID NOS: 215-222,
25 or polynucleotide sequences that hybridize to their complements under
conditions described herein and known in the art. SEQ ID NO:215 encodes a
FATB2 enzyme from Cuphea hookeriana. SEQ ID NO:216 encodes a FATB3
enzyme from Cuphea lanceolata. SEQ ID NOS:217 and 218 each encode a
ketoacyl-ACP synthase IV (KASIV) from Cuphea lanceolata. SEQ ID NO:219
30 encodes an ACP1-2 enzyme from Cuphea lanceolata, SEQ ID NO:220
encodes an ACP1-3 enzyme from Cuphea lanceolata, and SEQ ID NO:221
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pol ynucl eotide. In certain enbodi mrents, each of the polynucleotides is
exogenous. These reconbi nant m croorgani sns are typically capabl e of
produci ngve 20wmseditt y chem cal, or an internedi ate ther ®6T/USROMBESGOUr Ce
of an al dehyde, a ketone, or both. Enbodi nents of the present invention
al so include reconbi nant m croorgani snms that conprise (i) at |east one

pol ynucl eotendedesandh@B1-Anchaxps 681 Ogphta dmebixde. SEQ (D N@Paae
bi osynt hesi s pat hway ﬁi i) at | east one pol ynucleotide encodi ng and
expr essi ng €ACpEey pEAG HEORnGLRGeaee®ftase activity; and (ii) at |east one

ehyar ogenase. acti v (JEORRE e RRER TP afo i B B G B RSy
al so conpr iTRrBYodd FRIGMIPENSEsdheric®?® EolPDEI108, ¥ibHEsthete Eacodi ng and
expressi ng a pol ypeptide having a double bond reductase activity. In

cert ai n Sentnsianemtizg cedain erabodipirntsran adlotfsetenzyptd Naydecbasatken the an
exogenous polynucleagtide. In certain e di,men )

porynuc! cott S0 SIS sweﬁﬁqﬁmﬁ%%é% 'ﬁ@@%é&-@?gnﬁ;@het
ypical ly %pfb@ SREC i ate
t hereof, from apgggrr%gof aéﬂé'%e?g%%@gé g %g oﬁg%é;gér)lygg?lﬁ,aﬁ%éhd f?rgy al so

capabl e of senodoncenglisas,dtestair reoofbisantahdedyrdanisenskefttbadnventionandly from a

sui t abl e nonosacchari de or ol jgosaccharide. As noted oV. [ e in
obodi mont SOMPTRESIATRRTE RPYRBGPGLNS SRANGYCER R i RRTh $6%:90%Geds Fone

exogen b egdd I n ' _psl | | ng a
doubl eofg)n??lr)é’ uctoagéébg{et vﬁteg,la%r;[@ygorgge{)g?f}fp%%t?dggh%@ﬁghlg&%ey édrat ase
activity. Isequbesss thadhhyetidize the tHehdcormplesmeritd anpeesaiditore ofaviediuexpr essi on
of an exogenous doubl e bond reductase or dehydratase nmay not be necessary

t o achi eve higlesigiageney asrdraseibeddegein anshigiavdh)theast.such reactions may be

catal yzed by endogengusdipaahase- ais eyl AsecRnpvngon Rylngmy be used

to increase the anoun Srre pr o reconbi nant
m Cr oor ganigainucleotide sequences encoding such enzymes, may also be characterized

15 Dby certain conserved motifs or domains. In this regard, various amino acid
sequences comprising 20 aldolase enzymes from Escerichia coli DH10p were
analyzed for common sequence motifs using the PROSITE database. Many of
these sequences produced strong matches to known sequence profiles. For
instance, ALDOL1, encoded by ECDH10B0008 (SEQ ID NO:63), ALDOL2,

20 encoded by EC ECDH10B0894 (SEQ ID NO:64), ALDOL10, encoded by
ECDH10B2629 (SEQ ID NO:72), and ALDOL19, encoded by ECDH10B4135
(SEQ ID NO:81), shared the motifs “Transaldolase signature 1” and
“Transaldolase signature 2” (see Table 4, below). Also, ALDOL 5, encoded by
ECDH10B1991 (SEQ ID NO:67), contains two motifs, the “KDPG and KHG

25 aldolases active site” motif and the “KDPG and KHG aldolases Schiff-base
forming residue” motif (see Table 4, below), and ALDOLG, encoded by
ECDH10B2249 (SEQ ID NO:68), ALDOL12, encoded by ECDH10B3100 (SEQ
ID NO:74), and ALDOL16, encoded by ECDH10B3310 (SEQ ID NO:78), share
the motifs, “Fructose-bisphosphate aldolase class-Il signature 1” and “Fructose-

30 bisphosphate aldolase class-Il signature 2” (see Table 4, below).
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As used herein, an enzyme or polypeptide having an "al dol ase" activity
refers generally to a class of enzynes that are capable of catal yzing the
rever si blworesdatesaam of cl eavi ng D-fructose-1 , 6- bi sphospRaUS2009/06 7750

di hydr oxyacet one phosphate and D- gl ycer al dehyde- 3- phosphate. Al dol ase
enzynes are present in all animal and plant tissue and in nost

m croorgani sms. O asExenaldg @delase fnootifd are gaenrdiowriel Tabh®ramd ant ti ssue,
are typically characterized by not requiring a bivalent netal cofactor and
by the for me@tcbingdiCRHIOB (& ﬁé’/’ﬁﬂ‘ﬂ\WB) 3dalsqamescadmomentsafe 9ivea Bubst r at e
di hydr oxyaclgé&%tggg phosphate. Class Il aldolases, typically found in

m cr oor gani uch as yeast and bacteri a, requi re a metal cofactor and may
be inhibited by EDTA. As one exenplary al dol ase, fructose 1, 6-bi phosphate
al dol ase (al dol ase A) catal yzes a key reaction in glycolysis and energy
production. Al dolase Bis an i soenzym'i_bﬂ% dol ase A, which is capable of

cl eavi n% fruct ose 1-phosphate to fgrI E'g zcer?l dehyde and di hydroxyacet one
phosphate. _This reaction_however and can be utilized to

condense gl ycer al dehyMetiiNaimdi hydr oxyacdt one phospha‘i@[uawond t he

condensat il aiamfidelas Gkalidehye and di hydrqoaeefivsadhespiate. [giabas been
di scovered that al doI ase enzynes cat al y7 prﬁ:l’] ($56 IB'N@QQ@ nsatl on

reactions fh B araenyoe and/or—ketot pa Ibl bl e
nature of ;J[Ic’i d8£?§%?‘§?%t3re tivity has bggﬁv v?ht g‘g i n
generating a variety of commodity cheni daPdC '5?@%%?%11 IVI%]’éof from
the condensation products of various contd®§&¥kons of al dehydes and/ or

ket onees. |For instance, an al dol ase enzym#0.0)-[@RERSTEY entLIVMIENSENDvaly be
capabl e off catal yzi ng the condensati on giNOS@2dahélffles of isobutyral dehyde

to form 3- @%%ﬁ?ﬁl@ alioldséREDY Sitdent ar@[ﬂgﬁl\pﬁ] QQ%tﬁ]F% ‘@Xﬁfﬂﬁ al ;§ZI ng

al dol ase enzyne 0 present |nvent|on t he

condensat iren—oef—two—but ey roleeyles | UI N
STy oxy | Rk RS Rp Ao ne ST Ra oxs n%?‘@ - i Tl TeRl G Rl St 1 AkC
present i \f@mngrﬁsm be capabl e of (SEQ ID NO:226)

Fructose-bisphosphate aldolase class-II [FYVMT]-x(1,3)-[LIVMH]-[APNT]-
signature 1 [LIVM]-x(1,2)-[LIVM]-H-x-D-H-
[GACH] (SEQ ID NOS:227, 256-260)
Fructose-bisphosphate aldolase class-II [LIVM]-E-x-E-[LIVM]-G-x(2)-[GM]-

signature 2 [GSTA]-x-E (SEQ ID NO:228)
Table 4
Motif matches within aldolase sequences
Gene Residues Sequence Match
ECDHI10B0008 31-39 DATTNPSLI (SEQ ID Transaldolase signature 1
NO:229)
ECDH10B0008 129-146 ILIKLASTWQGIRAAEQL Transaldolase signature 2
(SEQ ID NO:230)
ECDH10B089%4 24-32 GVTTNPSII (SEQ ID Transaldolase signature 1
NO:231)
ECDH10B089%4 82-99 IVVKVPVTAEGLAAIKM Transaldolase signature 2
(SEQ ID NO:232)
ECDH10B2629 30-38 DATTNPSLL (SEQ ID Transaldolase signature 1
NO:233)
ECDHI10B2629 128-145 ILIKLASTWEGIRAAEEL Transaldolase signature 2
(SEQ ID NO:234)
ECDHI10B4135 24-32 GVTTNPSII (SEQ ID Transaldolase signature 1
NO:235)
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catal yzing the condensation of two hexanal dehyde nol ecules to form

2-butyloctanal. Thus, in certain aspects, the recitation "al dol ase" refers
to an enayoeotimsois capabl e of catal yzi ng t he condensaPCoUSRi09War7T5@US

al dehydes and/or ket ones, such as acet oal dehyde, propionaldehyde

gl ut ar al dehyd butyral deh"“e Fsebutyral-dehyde—2nethyl—butyral-dehyd

3- et hyl byt %ﬁ%ﬁ{ %ﬁe 4377¢t hyl péﬁygﬂ%\é AMEkanal (Téﬂ?ﬂ%"lasﬁélﬁfl%{?{élzdehyde,
oct anal dehyde, phenyl acet oal dg hvdp( EQHR ‘? 6Acet oal dehyde, 2-(4-

hydr oxyphe rJWI?HbﬂBéQ%I dehddd, 2- I GHBN@EB’TéBe&SE@IIB’eh/d&PPG-aadrKH@p@dﬂl%sbajehyde,
succi nat e |[sem al dehyde, and/or| succi n&®23) hydr oxyphenyl adeteiéd dehyde),
anong ot hers¢DHME 199l Ng1ZPMII NaGLEASKFRXERONG (FRO ¢CorDessal Kot Ofolatdehydes
and/ or ketlones may be|utilized to probdwge2®ych chem alfsbas fopnimpgadalue
butanal . ifSeBSfARAhs0 NETARAT | FripLAWOMAANGEQ 3 | TEFRUbaRRkprexanal
2- met hyl pent anal 3- ngt hyI pent anal , 4-1\1@3@@ pent analaldmwggg sigiRfkAD |,

2- met h.yl he Pé 11911 0224914 " EAEL ﬁ%&% ( Fo ,ructose PR 1%5('}1[ {ler >
ocount zal €10 @ farsol U ol 1Y i L
carrier pf o@%ti)lﬁlo(B&@% SKN W, Y@U@NI%%T%HC@%IP )es fpsesbiy FRhate Such
ACP esterases typically have tlhe abil |NQ/2419S(‘9T alyze %Plaﬁ.mlgl%ﬂ%% free
fatty aci cI(I%C)‘foHQﬁﬁWQat t Vy7%ati3 -| AGFEIELEGST G@EeésEQeng @W? bigpiephatenz yime
reactive conditions. HHowever, |it is b&G:4Ped that acydolaspcimssdbsigraised ar e
al so capablECoil10B38&) yzi Ngs4 he ToOMMEREALHDDHO (IBW | al delydebispiodihate

ket ones, such as isobutyeral dehyde andNouz4ser al dehydedoldseclhg@rindignature 1

cor r espondi Fenal (eA 0@l deRAe, [SUERERSRBGBYS GRY 1B 2, A FrlddiEhRpoRaRkand and
2- et hyl - 2{hexene-1 -all, respeqdtively. 1@31@4]; est er ases; @ife ohisat gg,m&eir om

t he speci fTT exenplTfied Sequences provi aea fererm and fromretated

sour ces.

For exanpl e,

sever al

speci es in the genus

Cuphea accumnul ate

triglycerides contaiflihug, meckrtaim enzdiadimentsy agecasbinant hecmoosgadsm &. g. ,

pr ocunbens,

10

15

20

| ut ea,. hookehana,
'the Invention may compris

hyssopifolia

e one or more polynucleotides that encode an

aldolase enzyme or polypeptide, where the aldolase enzyme or polypeptide

comprises one or more of the domains or motifs exemplified in Tables 3 and 4,

or biologically active variants of these motifs that are capable of facilitating the

catalysis of the condensation of various combinations of aldehydes and/or

ketones.

An enzyme or polypeptide having an “alcohol dehydrogenase”

activity refers generally to an enzyme that catalyzes the conversion of aldehyde

or ketone substituents to alcohols or diols, and may include secondary alcohol

dehydrogenases. For instance, 2,2,4-trimethylpentanal may be reduced to

2,2 ,4-trimethyl-1,3-pentanediol by an enzyme having alcohol dehydrogenase

(Adh) activity, representing one enzymatic step in the conversion of

isobutyraldehyde to isooctane.

In certain aspects, a recombinant microorganism may comprise

one or more alcohol dehydrogenases encoded by a nucleotide reference
sequence selected from SEQ ID NOS:1, 3, 5,7, 9, 11,13, 15,17, 19, 21, 23,
25, 27, 29, 30, 31, 33, and 83-96, or a polypeptide or enzyme encoded by any

of these polynucleotide sequences, such as a polyeptide sequence selected
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wightii and inflata. Another natural plant source of mediumchain fatty
acids are seeds of the Lauraceae famly (e.g., Pisa (Actinodophne hookeri)
and SweetwBayiodesazaus nobilis)). O her plant sources i neCuds2006T50 caceae,
Si mar ubaceae, Vochysi aceae, and Sal vadoraceae, and rai nforest species of
Erisma, Picrammia and Virola, which have been reported to accunul ate Cl4

fatty aci dsronESE@IRNOS, & 8s8s1hand, g, abd08 226 Z2; 4y R6Yy28,30;132iand FATB1
and FATB2, are described in U 'S. Patent Nos. 5,298,421 , 5,304,481 ,
5,344, 771 345inphKling @plowﬁ@ilysa@w,fmneratﬁ@rv@aﬁn@tthgreof( Rag eptimized

Ui oest of aSB by RaeFangpe B AP BGhEfNhE T BN Tehon, ) dorfifsd ™

enbodi ment snedrimERRIdIESIdEBEGRNCBS Vr POlYPRYtIEE BRGLERCEPINiIhG B809Ne Oor nore
pol ynucl eoti de sequences that encode a pol ypeptide having an al dol ase

activityp 58669000t Be%p 8V §n 2% A Wscaaened Wergihpto 8B IDDNGS: 9-8% 08B, 99%
sequence ig%ntity to SEQ I D NOS: 215-222, or pol ynucl eoti de sequences t hat
hybri di ze t%0 "t heir conpl ements under conditions described herein and known

inthe art. SEQID N@o?%eﬁa#ﬂ&ﬁﬂé%l&ﬁo%@ﬁ&@r%ﬁéﬂgsé seHuSAIRGR QKR | ana.
SEQ I D NO 216 encodes a FATB3 enzyne from Cuphea | anceolata. SEQ | D NCS: 21

7 and 218 ahoheeBECUE® Nk inteyhuckaRideysedqueneelaid SBQI N) N2 thephea

| anceol ata. SEQ |I.D NO 21 9 epcodes an A -2 enzyne fro hea

| anceol at a,pogﬁgpﬁgeﬁ@qg%%ﬁ BFESO %@%;’]flqk%éﬁléyﬁ@ef‘%%( iéa | anceol at a,
d SE D . 1 - f . SEQ ID

an Qd 1?9%%‘3%?? 6‘% e%zdonfbn%g?llg/tﬁaa K%Bﬁ‘@@@ IbA9Ee9|Aha Q

NG 222 encodes an phea | ance ase enzynes may al so be

obt ai ned f moukiestidb seygancs and BEQ hBEMNDO14oigahepolyipeptidasdqisedeof ahi a col |
DH10B, anmong others. For instance, in certain enbodi nents, an al dol ase

enzyme rmy SEEORGYAlephal Hehydiogenase 2adic2 BPef 8hokisqlairibiieds set forth in

SEQ I D Nm;&s%ud%&on%@%ﬁfda%ﬁzpﬂ.ypepti de reference sequences encoded by
t hese pol ynucl'eotide reference

SEQ ID NO:5 is the nucleotide sequence and SEQ ID NO:6 is the

15 polypeptide sequence of a secondary alcohol dehydrogenase (2adh-3:
PP_1953) isolated from Pseudomonas putida KT72440. SEQ ID NO:7 is the
nucleotide sequence and SEQ ID NO:8 is the polypeptide sequence of a
secondary alcohol dehydrogenase (2adh-4: PP_3037) isolated from
Pseudomonas putida KT2440.

20 SEQ ID NO:9 is the nucleotide sequence and SEQ ID NO:10 is
the polypeptide sequence of a secondary alcohol dehydrogenase (2adh-5:
PP_1852) isolated from Pseudomonas putida KT72440. SEQ ID NO:11 is the
nucleotide sequence and SEQ ID NO:12 is the polypeptide sequence of a
secondary alcohol dehydrogenase (2adh-6: PP_2723) isolated from

25 Pseudomonas putida KT2440.

SEQ ID NO:13 is the nucleotide sequence and SEQ ID NO:14 is
the polypeptide sequence of a secondary alcohol dehydrogenase (2adh-7:
PP_2002) isolated from Pseudomonas putida KT72440. SEQ ID NO:15 is the
nucleotide sequence and SEQ ID NO:16 is the polypeptide sequence of a

30 secondary alcohol dehydrogenase (2adh-8: PP_1914) isolated from
Pseudomonas putida KT2440.
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sequences. Thus, certain reconbi nant m croorgani snms of the invention may
conpri se one or nore pol ynucl eoti de sequences having 80% 85% 90% 95%
97% 98%WO2dmserence identity to SEQ ID NOS: 5 1-82, ecTiskemoct7soti de
sequences that hybridize the their conplenments under conditions of nedium
or hi gh stringency, as described herein and known in the art. Certain

"al dol ase" enzymes ofSEQ4DN®GsIENs thaveaoslebtide sequémee aod BEEIBNOAS is
sequences encodi ng such enzynes, may al so be characteri zed % certain
conserved i€ PPYPEPtidR FEARNCY @.f 3 ﬁe@on@@&amoh@héemoaﬂmaﬁﬁ di-Yequences

For” common Feduiid EReB N2l bPMonas Bl KT, SEC BN OEIS sRe,
sequences Wu@lbdﬁlads% uenge anacs”m|Dw®mmatﬁ@@b@@@gn@é@équ@ﬁee&pé i nstance,
ALDOL1 , encoded by ECDH10B0008 (SEQ I D NO 63% encoded by EC ECDHL

0B0894 (SSEGeroNd@yedgqhahideydrogenase Gerah-nQ: BED E@zsqlate(cstsom D NO 72), and
ALDO.l 9, cod 5 (SEQ I D NG 81 , Shared the notifs
"Transal doI @Wﬁ@%"?ﬁ#@ﬂ <(51nsal dol ase si z;nature 2" (see Tabl e 4,
bel ow) . Al so, ALDOL BE®@NONGD1bY tRERGEBLIS sebREhed %M@E@)D NODDEs NS two

notifs, the "KDPG and KHG al dol ases active site" notif and the "KDPG and
KHG al dol adles pSlypepfidd aseuémending seesidiung 'alaobibl deliywpirogdiaddes(28dhbE! :ow) , and

0B3L 00 ( SEBUB7R) BERLe 224?’@&5%0@%’“@5@@@’%98 SERIEINE’ ié@ﬁ
NOL 78) 15t 10k e ce 2REKEQTA O SRNSRABb R abilal 336, chassrd

Si gnature ctosehi's ate aI Si gna ure 2" (see

Tabl e 4, bekcwohddryeigorl Yealdoigesasa2adis12r KPHi 0¢69beisolstedfrdabl e 3, and
mat ching ECDHL OB (E. coli DHl OB) al dol  sequence fragrrents are given in
Table 4 . Tdebsiela pnewnas@enstispspneumoniae MGH 78578.

SEQ ID NO:25 is the nucleotide sequence and SEQ ID NO:26 is
the polypeptide sequence of a secondary alcohol dehydrogenase (2adh-13:

15 KPN_02061) isolated from Klebsiella pneumoniae subsp. pneumoniae MGH
78578. SEQ ID NO:27 is the nucleotide sequence and SEQ ID NO:28 is the
polypeptide sequence of a secondary alcohol dehydrogenase (2adh-14:
KPN_00827) isolated from Klebsiella pneumoniae subsp. pneumoniae MGH
78578.

20 SEQ ID NO:29 is the nucleotide sequence and SEQ ID NO:30 is
the polypeptide sequence of a secondary alcohol dehydrogenase (2adh-16:
KPN_01350) isolated from Klebsiella pneumoniae subsp. pneumoniae MGH
78578. SEQ ID NO:31 is the nucleotide sequence and SEQ ID NO:32 is the
polypeptide sequence of a secondary alcohol dehydrogenase (2adh-17:

25 KPN_03369) isolated from Klebsiella pneumoniae subsp. pneumoniae MGH
78578. SEQ ID NO:33 is the nucleotide sequence and SEQ ID NO:34 is the
polypeptide sequence of a secondary alcohol dehydrogenase (2adh-18:
KPN_03363) isolated from Klebsiella pneumoniae subsp. pneumoniae MGH
78578.

30 The alcohol dehydrogenase encoding polynucleotide sequences
of SEQ ID NOS: 83-96 were obtained from Pseudomonas putida.
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Table 4 Motif matches within al dol ase se uencesThus, in certain

enbodi nents, a reconbi nant m croorgani smof the invention nay conprise one
or nore pyDyeowaleserti des that encode an al dol ase enzyne ®CTASReoApTHEe,
where the al dol ase enzyne or pol ypeptide conprises one or nore of the
domains or notifs exenplified in Tables 3 and 4, or biologically active

variants of these notiherthinedspeices, eapbbdieol efehydidentasti(agh), besevahdbysi s of
t he condensati on of various conbinations of al dehydes and/ or ketones. An

enzyne or FHO9kEENIFOBRNATR) (2a0h) a8 FeBmenierF NG g s rativg therpel; of anr s

dubet 1 tuont e BRI Ut R A ERGIE B B BBt P T HRE ol < "

dehydrogen%@ﬁmaﬁﬁde laﬂéhﬁh@ccﬁnuéie&ld% INAD®S, WADRNhsddhafifle Bgeriggduced to
2,2,4-thnet hyl - 3- pent anedi ol an enz%rre havi ng al cohol dehydrogenase

(Adh) acﬁtuﬁlchleot@ia@mmhat@(NyﬁBPémzqrMD Hsbisgingnmotie locevi@irsi on of

b | d
m or 00 gan OOy eB e SethNABH BIATE T SHRERE o Bl RatL 3 Reoded by a
nucl eoti de s(e%‘cﬁéc?ﬂ(%ﬁﬁ ﬁ%%ﬂﬁ%oﬁ@u'sﬁﬁé %@Yt)’(%ﬂcﬁ%?( [ SENB NO: 2@5) Y-xX-& 11,
13, 15, 17, 19, 2 1, 23 3 1, 33, and 83-96, or a

pol ypept i déS-¥YdBEQMD maaen Yb»( xmyeee xmeﬁE@dDym@cz@ox Yot GXeiehces,

Ta18S SNSRI b a8 YRGS B K SISO A Yt gt ey e,
active fg aQBq\]r@)SZ%p Y3 @Ry é@ﬁrlfﬂ(lo nf%’F)hYé‘)?-)@?ﬁt-XW ?@EQ"@ N&% 5 Qertal n

reconbi nant m cr oo ganl SNB O e | nve may conprise one or

nucl eot i de XsXeXeBE¥ (SEQID W63 @nderie XeeX-Gaxin (SBQAD I86)°/d5480% 95%
97% 98% 99% se%ence identity to SEQ I D NCS: 1-34 or 83- 96. For certain
of the al coHBreile WW@Q@%@@“E}/&%@@@@ rQne eENiReYy glm%oam S@’E@ MWHEEINL i s

the nucl eOtG % I§8|ﬂgegﬁc?mﬁ1%gelﬁ|‘:)@s |Pd%%r?dérﬁlyts}é?ected from a genetically

encoded amino acid.

15 In certain embodiments, a microbial system or recombinant
microorganism may comprise natural or optimized alcohol dehydrogenases
from Pseudomonads, Rhodococcus erythropolis ATCC4277, Norcadia fusca
AKU2123, Klebsialla, or other suitable organisms. Genes encoding alcohol
dehydrogenases may be isolated from these and other organisms according to

20 known techniques in the art and incorporated into the recombinant
microorganisms as described herein.

An enzyme or polyeptide having a “double bond reductase”

activity refers generally to an enzyme that catalyzes the following general

reaction:
R1 Mo — = R1 /W
R2 R2

25
As noted herein, in certain embodiments, the above reaction may
be catalyzed by the endogenous enzymes in a given microorganism, such that
the addition of an exogenous enzyme having double bond reductase activity
may not be necessary to practice the present invention. Nonetheless, it is

30 believed that in certain aspects the over-expression of a double bond reductase
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pol ypepti de sequence of a secondary al cohol dehydrogenase (2ac//?-1 : PP_1
946) isolated from Pseudononas putida KT2440. SEQ ID NO 3 is the nucl eotide
sequence WARIHE@RI2D NO 4 is the pol ypepti de sequence of PaTASe@amar7yo al cohol
dehydr ogenase (2adh-2: PP_1 8 17) isolated from Pseudononas puti da KT2440.
SEQ ID NO5 is the nucl eotide sequence and SEQ ID NO 6 is the pol ypeptide

sequence ofenayseconthay gxpressibalof dgiyrticuigedasisie (pdadheductdBe ha®mg) i sol at ed
from Pseudononas putida KT2440. SEQ ID NO 7 is the nucl eotide sequence and
SEQ | D NO #hgreasekafivity pepthedoneenasie ef bre spesdicoivaston apeienmiated, may

SEQ 1D Mo anp E3s pLasRnlor e HBR A BORRGTE HPREE: R MR Goopt e

sequence ofthgrepecondary al cohol dehydrogenase (2adh-5: PP_1 852) isolated
from Pseudononas putida KT2440. SEQ ID NO'1 1 is the nucleotide sequence
and SEQA D NO 1 2 i s Daublebbppepduciasessopayriscolifingds éar@x@angle afremiasich
dehydr ogenase (.2adh-6. PP 2723) isol ated from Pseud as putida KT2440.
SEQ 1 D Now DRSS SeciEneriEes B eline dH er i e Bobie,

pol ypept i dg= SRGURRERIEME pheb TSR BsdlleiiasIRIFEs QIRNARE Ased@BbmbnasP_2002)
i sol ated from Pseudononas putida KT2440. SEQ ID NO1 5 is the nucleotide
sequence ampditigEaMDN{IOtHer8. i s t he pol ypepti de sequence of a secondary

al cohol dehydrogenas 2adh-8: PP 1 914) /isol ated from Pseudononas puti da
KT5940 SEQ 1D Nox 17 10 SRR SIBPEBIIHS A EAUSR EOT80SBESR BT 155y D4 ho

2ok Pe SRaSEIENE BhRsaneRarcab e el R USRI GRS Ry 0B 3
nucl eot i de 59¢gnéive cheaodrr&ssoridhd\PoRPeptidé heferarcesspiuietees equedetbpl a
SeCONdaTY 3 en polynuabotces "Thus, Gerain recombinant Mmrcoryaniems of the O
invention may comprise one or more polynucleotide sequences having 80%,
85%, 90%, 95%, 97%, 98%, 99% sequence identity to SEQ ID NOS: 35-50, or
15 polynucleotide sequences that hybridize the their complements under
conditions described herein and known in the art.

The “double bond reductase” enzymes of the present invention, or
the polynucleotide sequences encoding such enzymes, may also be
characterized by certain conserved motifs or domains, as described herein and

20 known in the art.

In certain embodiments, the source of the aldehyde, the ketone,
or both, which is condensed by an enzyme having aldolase activity to form a
commodity chemical, or intermediate thereof, may include a recombinant
microorganism that comprises an aldehyde and/or ketone biosynthesis pathway.

25 In certain embodiments, such a biosynthesis pathway may include an aldehyde
biosynthesis pathway, a ketone biosynthesis pathway, or both.

In certain embodiments, the biosynthesis pathway may include
one or more of an acetoaldehyde, propionaldehyde, glutaraldehyde,
butyraldehyde, isobutyraldehyde, 2-methyl-butyraldehyde, 3-methyl-

30 butyraldehyde, 4-methylpentaldehyde, phenylacetoaldehyde, 2-phenyl
acetoaldehyde, 2-(4-hydroxyphenyl) acetoaldehyde, 2-Indole-3-acetoaldehyde,
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Pseudononas putida KT2440. SEQ ID NO 21 is the nucl eoti de sequence and SEQ
I D NO 22 is the pol ypepti de sequence of a secondary al cohol dehydrogenase
(2ac/ / ?- W0:200RI68921756) i sol ated from Pseudononas fl uor @6TAS200P06550 SEQ | D
NO 23 is the nucleotide sequence and SEQ ID NO 24 is the pol ypeptide
sequence of a secondary al cohol dehydrogenase (2ac//?-1 2 : KPN_ 01 694)

i sol at ed f Beamiticepentaldehydsesutpnate seulisidehpie wrmiibrsuddiatéd578. SEQ I D
NO 25 is the nucl eotide seguence and SEQ ID NG 26 is the polypeptide
sequence offydrayebradraceidieehyle Biorydinegsaiewaydpriuding wariougPN 02061 )

I sol at ed frﬁg)%%%ﬁsﬁhépeozneumni ae subsp. pneunoniae McEH 78578. SEQ I D
t | S

NG 27 is quence and SEQ ID NG 28 is the pol ypeptide
sequence of a secondan ¥erhmodspects sl brEgARBSIS Fabivay cbiprisBd 00827)

i sol ated from Kl ebsi el | a pneunoni ae subsp. pneunoni ae MGH 78578. SEQ ID

NO 29 i $ t heityraldebyde o¢ isobyitaltehyde bREgNiEsiscpatway . tExerpolpppelgehyde

sequence of secondar | cohol,, dehydr ogenase (2ac//?-1.6 . N,01.350)

col at ed 1 P REIGH PHoY AT RBTIRNBLS b Spo0 AR e P eaies | b

NO 31 is t%ﬂ@/b@s}aﬁearfoemasgmnwhﬁlﬁ%ﬂef?nes??%tba dyVerdrehy® fhttheR

sequence of a secondary al cohol dehydrogenase (2adh-M KPN_03369) 1 sol at ed

f r om Kl ebsideistaptoreohaldebydeskéiope iosyuntiesiapati@ayds8578. SEQ I D NGO 33 is the
e sequence of a

nucl eoti de sequence and SEQ ID NO 34 is.th ol ypepti
e omanr v ol cone oS o P TEE ADectS 2P PRI A TNER AT esIs JRTVEY Ty

Kl ebsi e{d a ' ' 8. -
dehydr ?éjené’?ﬁﬁ%@d?ﬁ%ﬁ@?@ﬁ@@ﬂﬁ%@Q@igﬁﬁ@iEﬁfO@E@SﬁE&@%S 83-96 were
obt ai ned f iEsehBsehidaimmsl 9 kétodisovalerste Hacartaxprst kivahgahe fload an

dehydr ogenase (adh), a secondary al cohol dehydrogenase (2adh), a fragnent,
vari ant, ororgisRadychcas hastaepccusi/agls, and/or functional variants of these

enzymes, including homologs or orthologs thereof, as well as optimized
variants. These enzymes may be utilized generally to convert L-threonine to
15 propionaldehyde.

In certain aspects, a butyraldehyde biosynthesis pathway may
comprise at least one of a thiolase (atoB) gene from an organism such as E.
coli, a B-hydroxy butyryl-CoA dehydrogenase (hbd) gene, a crotonase (crt)
gene, a butyryl-CoA dehydrogenase (bcd) gene, an electron transfer

20 flavoprotein A (etfA) gene, and/or an electron transfer flavoprotein B (etfB) gene
from an organism such as Clostridium acetobutyricum (e.g., ATCC 824), as well
as a coenzyme A-linked butyraldehyde dehydrogenase (ald) gene from an
organism such as Clostridium beijerinckii acetobutyricum ATCC 824. In certain
aspects, a coenzyme A-linked alcohol dehydrogenase (adhEZ2) gene from an

25 organism such as Clostridium acetobutyricum ATCC 824 may be used as an
alternative to an ald gene.

In certain aspects, an isobutyraldehyde biosynthetic pathway may
comprise an acetolactate synthase (alsS) from an organism such as Bacillus
subtilis or an als gene from an organism such as Klebsiella pneumoniae subsp.

30 pneumoniae MGH 78578 (codon usage may be optimized for E. coli protein

expression). Such a pathway may also comprise acetolactate
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ot her enzyne that utilizes such an active site, may conprise at |east one
of a nicotinam de adeni ne di nucl eotide (NAD+), NADH, nicotinam de adeni ne
di nucl eotwoeophosphat e ( NADP+), or NADPH bi ndi ng noti f. PCR/USRe00MA5TTS0

enbodi ments, the NAD+, NADH, NADP+, or NADPH binding notif may be sel ected
fromthe group consisting of Y-X-GGX-Y (SEQ I D NG 245), Y-X-X-GG X-Y
(SEQ | D NOré@d@toistmerdseXtiGCraxdior HEQihyrdkyigdvilerate Yekydratasé (/BB | D

NO 248), Y-X-X-GGX-X-Y (SEQ ID NO_249), Y-X-X-X-G X-X-Y (SEQ I D NG 250),
Y- X- G X- Y @Sres fiormenmsganism suck as & gofy asarel ppankgtossgvalergte X- X- G- X- Y

| ndopenden kel (MPIRRA TR b I A Caso BB Rl o 1
gl ycine, and wher ei n [XckRainnggrensent-metepbesiadehydsmaad @eneti cal |y encoded
amno acid. In certain enbodinents, a microbial system or reconbi nant

m cr oor ganinseinpipytywraigiehyde binsyothasisopatoplelymay gorlpcisa @n arshglacteé@nases from
Pseudononads, . Rhodo cus erythropolis AT 27 rcadi.a fusc Uu21 23,

K ebsi al | a YBIeSHaRSY GengaTh arghfraie’ Seatas Bantla sHgHl ehas o)
dehydrogengp o ahorgBisht Sdkif boRIEAGSR: AelAbARE SAIRNpRIAnaRBET di ng Lo
known techniques in thé art and 1 ncorporated into the reconbi nant

m cr oor ganiM@sl &5 7deeodbbegage mednbe Aptismizgchior . cpblpyetetn exprieasion) a

"doubl e bond reductase" actjvity refers generally to an enzyne t hat
catalyzes (RSA0REBEFRG' SURR AWK MBASALORIISE FREIUPREE n cer tai n

enbodi RN $eq i iBisBRRYAsE ER/E{}L %,@t-ﬁgWrt&%g%gg%%ts%ewdFé?&s@@gfélﬂe”0“5 enzynes

in a given mcroorgani sm s I'tion an ex ous enzyne
havi ng doulidapropyichalatdwyhtssedd e tisoprepyinmlatecsomeesssaflyeuoanmd Aet/Dye t he
present invention. Nonetheless, it is believed that in certain aspects the
over - expr eg¥idotrisoPrepyiBalate debydrooenase A ganes flmianeorgrpisas siemast a

particul ar Houl & BRN%GS" £RUGLIB5aIBANL Wcarboxylase (kivd) from an organism

such as Lactococcus lactis.

15 In certain aspects, a phenylacetoaldehyde and 4-
hydroxyphenylacetoaldehyde biosynthesis pathway may comprise one or more
of 3-deoxy-7-phosphoheptulonate synthase (aroF, aroG, and aroH), 3-
dehydroquinate synthase (aroB), a 3-dehydroquinate dehydratase (aroD),
dehydroshikimate reductase (aroE), shikimate kinase Il (aroL), shikimate kinase

20 | (aroK), 5-enolpyruvylshikimate-3-phosphate synthetase (aroA), chorismate
synthase (aroC), fused chorismate mutase P/prephenate dehydratase (pheA),
and/or fused chorismate mutase T/prephenate dehydrogenase (tyrA) genes
from an organism such as E. coli, as well as a keto-isovalerate decarboxylase
(kivd) from an organism such as Lactococcus lactis.

25 In certain embodiments, the recombinant microrganism that is the
source of the aldehyde, the ketone, or both, may be the same recombinant
microorganism that converts the aldehyde or ketone to the commaodity
chemical. For example, in the production of isooctane, such a recombinant
microorganism may comprise an isobutyraldehyde biosynthesis pathway, an

30 aldolase enzyme, optionally a double bond reductase enzyme, and an alcohol

dehydrogenase enzyme, and would be capable of converting a suitable
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I ncreased affinity for the conponents of the specific reaction

contenpl ated, may allow i ncreased production of the desired comodity
chem cal ,wonroiomnsea2medi at e t her eof . Doubl e bond reduct as@€Thsgodmehe ai ned,
for exanple, from such organi sns as Saccharonyces cerevisiae, Pichia
angusta, Zynononas nobilis, E. coli, Klebsiella pneunoniae, Pseudononas

f 1 uor escensnorsoahcEs etido toisabutyrilddiayde ramigtheh e Bshydrox 212, 4itrimetiyddi nent s,
a doubl e bond reductase enzynme may be based on the pol ynucl eotide reference

sequences $ENGW eRdi%H2 SegMathWdss gsntapdielndn dhesshend ilpiesRsRgCHy

Cort i n 1 e Londi Oy Cr oS PR RGO BF heniEneBRo R ookl Shen 185;
nore pol y_mbgfl“ﬁpa:idﬁ%aﬁﬁ%u%@%ch@éah@r&ﬁ%d&&mrﬁﬁ%e%ﬁ% 97% 98% 99%

sequence idéntity to SEQ ID NOS: 35-50, or polynucl eotide sequences that
hybri di Ze the their denplféthaitexamplerindoe gredustionddsonmmedityheremicalsnd known

B
char2cter | 4, imepce o\ RSA Ve ity B agdp g e ci

t he ket one,optionalbt & dowhiechondsrecicthsesatzynye, amdearz glcohbladenygirad el sas e
may i ncl ude

2 o AP R PRTS B RSP B ST T B oo
/LS ERARBLPARN AR agROR R o ZchpsIbll £ g ey
pat hway, ofetipdhdxariah aref figally torthethyhexbaol. t hehbs@apdrblessdsag@ddisyed: may
e e O ineanal may be further converied to Blethyinaxane, Suckas by - o comYde:
“hydrotreating,” as described herein and known in the art.
In certain embodiments, the recombinant microorganism that is
15 the source of the aldehyde, the ketone, or both may be different than the
recombinant microorganism that converts the aldehyde or ketone to the
commodity chemical. In these and related embodiments, a first recombinant
microorganism that comprises an aldehyde and/or ketone biosynthesis pathway
may be utilized as a source or feedstock to produce one or more aldehydes and
20 or ketones, which may then be converted to the desired commodity chemical,
such as 2,2,4-trimethyl-1,3-pentanediol or 2-ethylhexanol, by a second
recombinant microorganism that comprises an aldolase, optionally an
exogenous double bond reductase, and an alchohol dehydrogenase. In these
and related embodiments, the two recombinant microorganisms may be
25 cultured together. Alternatively, the aldehyde, ketone, or both may be produced
separately by the first recombinant microorganism and then later incubated with
the second recombinant microorganism that comprises the aldolase and the
alcohol dehydrogenase. Various other combinations and aspects of the
invention will be apparent to a person skilled in the art in this regard.
30 In other embodiments, the source of an aldehyde and/or ketone,

such as isobutyraldehyde, may be any other suitable source, such as a
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but yr al dehyde, i sobutyral dehyde, 2-nethyl -butyral dehyde,

3-net hyl but yr al dehyde, 4-net hyl pent al dehyde, phenyl acet oal dehyde, 2-phenyl
acet oal daNgae10/@sq24- hydr oxyphenyl ) acet oal dehyde, PCT/US2009/067750

2- 1 ndol e- 3- acet oal dehyde, 5- am no- pent al dehyde, succi nate sem al dehyde,
and/ or succi nate 4- hydroxyphenyl acetal dehyde bi osynt hesi s pat hway,

i ncl udi ng \cammeiaigrdvailablesttrtdie retblese lamdcaTt @nbodippetts sthet“beurce” of
bi osynt hesi s pat hway conpri ses a butyral dehyde or isobutyral dehyde
bi osynt hesitke plitehwds. ketepapdrabgthanaeghidethg aldelisie o theetonrsitselhat hways

157 28 Sa0 Wl HiF Tk B00ed Bisse it o B BBl BN st RS ot on o
al dehyde/ ket one bi osyy foeail dtiatgapxays bAd @Rk Rie8 RSBASES herein, the

propi onal dehyde bi osynt hesis pathway nmay conprise a threonine deam nase
(ilvA) den@ldolasesaopdogalrdaihle bond aedusiases, ianni aiceil idehpdragenases, and

ket o- | | decar boxyl ki f gani.sm.
(act ococcad 1 ERTFETeRlsdP Fop AL RPN IR ParteS R dS MRS Eeh R uai ng
honol ogs oryeQefibhed Agfeih RRIVEE prédent®l & réSorAbihkAt AGo¥Rfdniih @ithdhese enzynes

may be utilized generallyto convert L-threonine to propional dehyde. In
certai n asmpadbgenausiyiby eadgieroubty. bil o syptdvesths gititiéneyonagiveonpri se at | east

bt yry1 - CoR R BRANET ROBPOTEME 51 R oREo ciey HfieredulBtAT | - Con
dehyd - - ' A ,
and or N SNELERE o PanaIoLry PL TR AR A E ol AN 1 Bedae B S

such as 0 gghe) of that atredraine gmdagemolie gene IABABedBépmbamntelitroasganismenzy e
A-1inked butyral dehyde dehydrogenase (aid) gene from an organi smsuch as
C ost ri di urRUsEi RaRVAYK May-2lee 68 AR iIZedPRRtEIBg ¥ia Mytaganesisnthgspect s, a

CoenIT RabRSEof A dEh LRI B PRGN Tl B iR S

of the altered gene into the microorganism. The expression of endogenous

15 genes may be up or down-regulated, or even eliminated, according to known
techniques in the art and described herein. Similarly, the expression levels of
exogenous genes or polynucleotide sequences may be regulated as desired,
such as by using various constitutive or inducible promoters. Such genes or
polynucleotides may also be “codon-optimized,” as described herein and known

20 inthe art. Also included are functional naturally-occuring variants of the genes
and enzymes/polypeptides described herein, including homologs or orthologs
thereof.

Any microorganism may be utilized according to the present

invention. In certain aspects, a microorganism is a eukaryotic or prokaryotic

25 microorganism. In certain aspects, a microrganism is a yeast, such as S.
cerevisiae. In certain aspects, a microorganism is a bacteria, such as a gram-
positive bacteria or a gram-negative bacteria. Given its rapid growth rate, well-
understood genetics, the variety of available genetic tools, and its capability in
producing heterologous proteins, genetically modified E. coli may be used in

30 certain embodiments of a microbial system as described herein, whether for the
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alternative to an aid gene. In certain aspects, an isobutyral dehyde

bi osynt hetic pathway may conprise an acetol actate synthase (alsS) from an
or gani smwochiessBaci | | us subtilis or an als gene from ATArSg@i0sTMEUCh as
Kl ebsi el | a pneunoni ae subsp. pneunoni ae MEH 78578 (codon usage may be
optimzed for E. coli protein expression). Such a pathway may al so conprise
acet ol act atdegeatiationi srndenetabolidi Of agpulysaccRaddeli Suctiraaxsighen@bepattn, or
dehydrat ase (HvD) genes from an organismsuch as E. coli, as well as a

ket o- i sovaltles reaiesATRIRSHNERRSS Rf v Mpdily aheonralR, SHghas bidfgleh as

et hyl batyr al denyde §10E5RDHRBIEHR fna/hd SR REPPIL R SERERRT o

synt hase ( ahiptioBepasdd PN oAtER BbHMaSBtY GRerBifidd 4i5d AdvabAIitss & hagt (al s)
gene from an organi smsuch as Kl ebsiella pneunoni ae subsp. pneunoni ae MaH

78578 ( dodongayames. fey exenulie.i oiheedrdapisnis seeh Bs groet@hactenanedissi on) .
Certain aspects of such, a t.hway, ma | so ¢ ri se,acet ol actate

Feduct o sorramopek/es AGIBRUER, AP Badar Aot ACUEP FD)

| sopr opy! MoerbyRINbEATE AdrBYAbterilin P IORIENBY A Ral fO8EHasEs (puC and LeuD),
and 3-isopropylmal ate dehydrogenase (LeuB) genes from an organi smsuch as

E. coli, adArttwbbacier,aAdpatrgilis oigelrehsnargias arpe Aspeegi(lks vdd)letis,om an

organi sm such as,  Lactococcus lactis. |In certain aspects, .
ohenyl acet dXI0GEHIERPUNEAEN S ARGl FolEL ASRE NS BE ASRRTIULS s pat huay

may co [ s, e 7 a : rBaé?g Y se (aroF,
ar oG m er%g%)'eB%% Illggﬁicc??%@{u%atgé&%ﬁtg m@%ﬁgé%ga -ﬁéh%?%’qui nat e
dehydr at as Sdddfusircutteisy Baoils kiaustieBaecilus leases, Baaikls, lickbnKomase ki nase ||
(aroL), shikimate kinase | (ar OK)@’@ 5- enol p%(_r uvyl shi ki mat e- 3- phosphat e

synt het ase BagilbiR)maeeranssracilus ioarai§ermapiatss, Begelea seRBNS smat e nut ase

e B AR PR BT BT ol
cylindracea, Candida rugosa, Carica papaya (L), Cellulosimicrobium,

15 Cephalosporium, Chaetomium erraticum, Chaetomium gracile, Clostridium,
Clostridium butyricum, Clostridium acetobutylicum, Clostridium thermocellum,
Corynebacterium (glutamicum), Corynebacterium efficiens, Escherichia coli,
Enterococcus, Erwina chrysanthemi, Gliconobacter, Gluconacetobacter,
Haloarcula, Humicola insolens, Humicola nsolens, Kitasatospora setae,

20 Klebsiella, Klebsiella oxytoca, Kluyveromyces, Kluyveromyces fragilis,
Kluyveromyces lactis, Kocuria, Lactlactis, Lactobacillus, Lactobacillus
fermentum, Lactobacillus sake, Lactococcus, Lactococcus lactis, Leuconostoc,
Methylocystis, Methanolobus siciliae, Methanogenium organophilum,
Methanobacterium bryantii, Microbacterium imperiale, Micrococcus

25 lysodeikticus, Microlunatus, Mucor javanicus, Mycobacterium, Myrothecium,
Nitrobacter, Nitrosomonas, Nocardia, Papaya carica, Pediococcus,
Pediococcus halophilus, Penicillium, Penicillium camemberti, Penicillium
citrinum, Penicillium emersonii, Penicillium roqueforti, Penicillum lilactinum,
Penicillum multicolor, Paracoccus pantotrophus, Propionibacterium,

30 Pseudomonas, Pseudomonas fluorescens, Pseudomonas denitrificans,

Pyrococcus, Pyrococcus furiosus, Pyrococcus horikoshii, Rhizobium,
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froman organismsuch as E. coli, as well as a keto-isovalerate

decar boxyl ase (kivd) from an organi smsuch as Lactococcus lactis. In
certain enbadiomesa2s, the reconbi nant m crorgani smthat PETIUSRSOGT/SE of the
al dehyde, the ketone, or both, may be the sane reconbi nant m croorgani sm
that converts the al dehyde or ketone to the commdity chem cal. For

exanpl e, | IRAikempeodmidtichrRiokomsicochasitus Einal) RhizesusiRHizaopusiie/enrirgani sm
may conprise an isobutyral dehyde bi osynt hesis pat hway, an al dol ase enzyne,
opt i onal | y ROiaRis jaPBeisdSs REIFepUS 8/vewsy RBIZORHE OAYZa%, FUWEIPUSHINsBESas e

oobutyr al ARl Bl R T e PRI sty Bthe MReRTR pent anal and.
2, 2, 4- tri msdwhgdbaclenfnnanggbalnm, SohindsemasphirlomihsaSaeptdcoccus,

2,2, 4- thnethyl 1 3-pentanedi ol may be further converted to i sooctane, such
as by i@dr&‘dferré@ma@gs thexsnqiulusi Yod dStreptoiny cesd Skisplamyaest gréseasst . As a
further ex cal s,such as

ety hex anEPTemYCeS DRGSR LMy Ben Lo e DY e B (e m rmay
conprise a i dbl%k@@@y%%é@o?éb’éﬁ Q%bﬁ)v@?ﬁ(hﬂ@ﬁﬁ m8baRlchb apsir ccus,

optional ly a double bond reductase enzynme, and an al cohol dehydrogenase
enzyne, and hsouiud, lﬁlelosplpaebﬂaeoarﬁokt@m@rﬁran@t@s sluichabeenaphigmoleanade t o

but yr al dehyde t hen dr oxy- t hyI hexana) , _2- et hyl - 2- hexene- 1
-al, 2- 9‘1@6@& &Umaﬁlﬁc@?‘f%{%’i%/r éeQ ICROASERA HEi0e, TﬁC’E’ Ond rel at ed

aSF’ECtSﬂo e‘?;'ié?/YétDr%X Mo Jh o@ggbﬁrkgﬁfho‘ﬁ%‘é%r E8stt 9 y%%e % %Ftﬁﬁg&&ersu‘:h as

by "hydrotreating, erein and Khown in tain

errbodl ment sroux/heZynﬁmofms:lmbl Dymomongamcbiid, mady be utiized asiresonatbinbhie
al dehyde, the ketone, or both may be different than the reconbi nant
m cr oor ganiniffAcRE@NIsERREPYigled m@r@ndéﬂ?/d@uér MRy tsrdilized @geo

chem cal . lv%rlgpﬁgrt?etﬁggs Bg{h%tsﬁ% &bﬁ%@éﬂ{ a first recopbl nant

m croor gani sm conpri se and/ or ket one bi osynt hesi s pat hway
may be utilized as aT9RUISROW ei@RdEhestks desdibedussemnea®beBdrdbiledefty des

and 15 provide further embodiments. All of the U.S. patents, U.S. patent application
publications, U.S. patent applications, foreign patents, foreign patent
applications and non-patent publications referred to in this specification and/or
listed in the Application Data Sheet are incorporated herein by reference, in
their entirety. Aspects of the embodiments can be modified, if necessary to
20 employ concepts of the various patents, applications and publications to
provide yet further embodiments.

These and other changes can be made to the embodiments in
light of the above-detailed description. In general, in the following claims, the
terms used should not be construed to limit the claims to the specific

25 embodiments disclosed in the specification and the claims, but should be
construed to include all possible embodiments along with the full scope of
equivalents to which such claims are entitled. Accordingly, the claims are not
limited by the disclosure.

The following Examples are offered by way of illustration, not

30 limitation.
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or ketones, which may then be converted to the desired comodity chem cal,
such as 2,2,4-trinethyl-1 , 3-pentanedi ol or 2-ethyl hexanol, by a second
reconbi nawo 2riocee gani smt hat conpri ses an al dol ase, opCIrasad09p6 8o
exogenous doubl e bond reductase, and an al chohol dehydrogenase. In these
and rel ated enbodi nents, the two reconbi nant m croorgani sns nmay be cul tured
together. Alternatively, the al dehy@&&AMPLESe, or both may be produced
separately by the first reconbinant m croorganismand then |ater incubated
wi th the second reconbi nant m croorgani smthat conprises the al dolase and

t he al cohol dehydrogenase. Vari ous ﬁﬁbﬁw Enplnatlons and aspects of the
invention wll be apparent to a person SEI led in the art in this regard.

I n ot her enbodi nents, thg sEwoteKefonB@ssrhyitses Padh@hayget one, such as
i sobutyral dehyde, nay be any other suitable source, such as acommercially

avai | abl e source. In_these and any enbodi nents, the "source" of the
al dehyde, ketone, or Tsopreviggya Luaeiulseurcref aldritydgs and/aHetrresssechBsel f |

i1 o gt pnAESDY R PG s Erfdh e M o BB SR ot onat

dOUb' e bongohrfstisetAsSRieh aﬁHRfPfk@torf@ﬂbﬁ%rﬂﬁéé‘@%‘fhwé@%ﬁcﬂﬁhféﬁrﬁ?@”ent5 for
each of the aldehyde and/ or ketone biosynthesis pathways descri bed herein

may be prewpabiemfa:qneeﬁm@mauﬁabiemwm@anmmdeabm dligosendogrideiosaly or

exogenously.  To jinpro e the efficjen of a given biosynthesis pathway,
endogenous 36%%@@ rg) MF'E C Or'?ﬁb' B@)éup regul ated or over-expressed, such

as by introducing an @Q%F%lﬁ?@dt 8|B¥ ﬁtﬁﬁ%@ﬁan Hﬁsﬂﬁ%et}ucﬂ’ésé hat

ot herwi se endogenous gen t mmcroorgani sm Such pathways

may al si® béatoht)igenedrbroyE. a:loilﬁ[B4hlygronya)utga1ya@eﬁamrsydrdx@ermwo(@®dmus ver si on of
a gene to i I’OVEfUI’lCtIOI’l&H(;% ¥ i ntroduction of the altered
gene into ORPES besf)gAHIVEMC QeBX‘ﬁﬁo@%?%‘h kad)cplgstien dasstas dla¥opieiBe up

o o Ao B o8R8 R RIS SpBfes | e
acetobutyricum ATCC 824, and a coenzyme A-linked butyraldehyde
dehydrogenase (ald) gene from Clostridium beijerinckii acetobutyricum ATCC

15 824 was constructed in E. coli and tested for the ability to produce
butyraldehyde. Also, a coenzyme A-linked alcohol dehydrogenase (adhE?2)
gene from Clostridium acetobutyricum ATCC 824 was used as an alternative to
ald and tested for the ability to produce butanol.

An isobutyraldehyde biosynthetic pathway comprising an

20 acetolactate synthase (alsS) from Bacillus subtilis or (als) from Klebsiella
pneumoniae subsp. pneumoniae MGH 78578 (codon usage was optimized for
E. coli protein expression) and acetolactate reductoisomerase (ilvC) and 2,3-
dihydroxyisovalerate dehydratase (ilvD), genes from E. coli and keto-
isovalerate decarboxylase (kivd) from Lactococcus lactis was constructed and

25 tested for the ability to produce isobutyraldehyde, as measured by isobutanal

production.

Construction of pPBADButP.
The DNA sequence encoding hbd, crt, bed, etfA, and etfB of

Clostridium acetobutyricum ATCC 824 was amplified by polymerase chain

71



exogenous genes or pol ynucl eoti de sequences nmay be regul ated as desired,
such as by using various constitutive or inducible pronoters. Such genes or
pol ynucl es0i20®68y al so be "codon-optim zed," as descr PbEdsSh@vastrsand
known in the art. Al so included are functional naturally-occuring variants
of the genes and enzynes/pol ypepti des descri bed herein, including honol ogs
or ort hol ogeattiver RGR) #om 50 ag Togadiusmaoeipbog/ricuin ATEC 824 gedome to the
present invention. In certain aSﬁects, a mcroorganismis a eukaryotic or

pr okar yot i dARCE&ddPai SvnplifieddeNAfragraeperas diggstacwih Gamidhand Xgal east |

Such as a GPEBEARI i RALE b-BeBSRETR 1B rfit LR e e o
rapid growth rate, wellunderstood genetics, the variety of avail able

genetic tools, and its capability in producing heterol ogous proteins,
geneti cal | e o utRegto used in certain enbodinents of a

B
m cr obi system as sclkihed herein, et her far-thedegr adat i nd
Tet abol 5m ot a pol yS AR sRatebe oA RaTRE A EacAHaTP Aol dif O Was
formati on gmAifeaY hvinersie GUNPEALHONRIR CROR. 5BNG EsBBefbmb ¥elis. O her
m croorgani snms may ‘be used according to the ‘present Tnvention, based in

part on thd&Htepgenbime inybOofil. xpplifes] BNA ingagrabotl was sligestémbwithoflupd@nsins.  For
exanple, o r organi Sns suc s._Acet obacter gceti, Achronobacter,
il ort 1 o HEleE oA DB S darstecul s s oS Rel RO HmES ni x.

Agrobacte um Al caligenes, Ananas conosus (M, Arthrobacter, Aspargillus
ni ger, Aspargillus oryze, Aspergillus nelleus, Aspergillus pulverul entus,
Asper gi | | uCastiuetion Af pBADdibB®IG.0j ea, Aspergillus usam i, Bacillus
al cal ophi l us, Bacillus anﬁloliquefaciens, Bacillus brevis, Bacillus

circul afs, Bacillus JdINgRBNA sesuence @ocpeingoBmi &achaschip agéhit HBriagd

Baci [ . ._ " s _

511 dobact &1 AT SIET UL e ER DY BE SRRMed Benstafin b detesednar

cyl i ndr aceaeatndiFERY #OPSEHheEB0i pERaRAItRI4 boli DSBIOBUOOSIORt &gl UM
beijerinckii genome (ATCC) in 50 ul, respectively. The amplified DNA

fragments were gel purified and eluted into 30ul of EB buffer (Qiagen). 5 ul from

15 each DNA solution was combined and each DNA fragment was spliced by
another round of PCR. The spliced fragment was digested with Sacl and
Hindlll and ligated into pBADBUutP pre-digested with the same restriction

enzymes.

Construction of pBADButP-atoB-ALD.

20 The DNA fragment 1 encoding chloramphenicol acetyltransferase
(CAT), P15 origin of replication, araBAD promoter, atoB of Escherichia coli
DH10B and ald of Clostridium beijerinckii and the DNA fragment 2 encoding
araBAD promoter, hbd, crt, bed, etfA, and etfB of Clostridium acetobutyricum
ATCC 824 were amplified separately by polymerase chain reaction (PCR)from

25 50 ng of either pBADatoB-ald or pBADBuUtP in 50 pl, respectively. Amplified
DNA fragments were digested with Notl and Kpnl and ligated each other.
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Cephal osporium Chaetom um erraticum Chaetomumgracile, Costridium
Clostridiumbutyricum d ostridium acetobutylicum C ostridium

t her rocelworzp10@ss9emebact eri um (gl ut am cum), Corynebact ePCliftiSedopioci7ens,
Escherichia coli, Enterococcus, Erw na chrysanthem , Qi conobacter,

d uconacet obact er, Hal oarcul a, Hum col a i nsol ens, Hum col a nsol ens,

Ki t asat osp@ansseicien oKbBbDatd-ICDKI ebsi el | a oxytoca, Kl uyveronyces,

Kl uyveromyces fragilis, Kluyveronyces lactis, Kocuria, Lactlactis,

Lact obaci | | us, Lact odd€ PNASTagmegiengedingalsciddebsiaks pagemnonzet sthsecus,

Lact ococcus. | i : I tis, . i.cililae,
Vet hanogen P UREa T B TR 7 atits YohEA BRER AeryAcd I Ser e Biseln bCi

i nperial e, AVESK Wa8eemsified BIAsIIrnkerate cHYif FeAdtivAt(PER)MisArsd @y pETaISIn
Mycobact eri um I\/gr ot hecium N trobacter, N trosononas, Nocardia, Papaya
cari ca, Pediladotbeammidiad i diagnentoyas digestedewitic Sect amg Xbehaaod ligaigeh
canmenberti, Penjcllliymcitrinum . icilliumenersonii, Penicillium
roqueforti ,'nt%ﬁ@) '|'W%Hr?ﬂm%t%%'tﬁgﬂﬁisémq ﬁ?%}rfﬁﬁ'PPie@&VHP,S- Par acoccus
pant ot r ophus, Propioni bacterium Pseudononas, Pseudononas fl uorescens,
Pseudononas denitrificans, Pyrococcus, Pyrococcus furiosus, Pyrococcus
hor i koshi i Cdristruohdm ADaR&-0vChi ehei , Rhi zonucor pusillus Lindt,

Rhi zopus, Rhi zopus del e , i ZOpus j aponi cus, i ZOpus ni veus, i_zopus
oryzae. kil sopua o | JOGIBNASTEUFISRS EACEING il ohy s helresvalcs of

Scl erotina g4 td Dy oot | | SpRAi B%S?‘P(Ii’@%

Sphi ngormnaésé,ctﬂ tsréedp??’g‘(s:?(%?us, ?@%@P&@:@ﬁ'ﬂﬁ@%ﬁ%ﬂ'ﬁﬁgé -1, WSB”t onmyces,
St r ept oty c&59 ry Baeillas sbbtiltpBRégeasme (ATGOEIN 58 ple prreesegsificol DNAIS,
Streptonyces rubi gi nosus, Streptomyces viol aceoruber, Streptoverticillium

nobar aense,fragﬁ?rﬁﬁé‘fﬂﬁ@@@l:%fiﬁ Tharagilted e Sonhet BBRuies(Riges). SHbieTes,
Tri choder ma,, A1th GRAARIR | 20GL MHH 8 I\Wﬂggrtnrgﬁt (N%%%?HF%%B choder ma

viride, Tri cﬁosporon peni m%l?at um Vi brro apgl noryticus, nas,

yeast, Zygespeterabond o€ PORUXhe sphystPirag@ent dad idderuIDMbes sh@idel snd may be
utilized as reconbi nant
thus was digested with Sacl and Xbal and ligated into pBADilvCD pre-digested

15 with the same restriction enzymes.

Construction of pTrcBALK.

A DNA sequence encoding ketoisovalerate decarboxylase (kivd)
of Lactococcus lavtis was amplified by polymerase chain reaction (PCR) 50 ng
pETBAL in 50 yl. Amplified DNA fragment was digested with Sacl and Xbal

20 and ligated into pTrcBAL pre-digested with the same restriction enzymes.

Construction of pTrcBALD.
A DNA sequence encoding CoA-linked aldehyde dehydrogenase

(ald) of Clostridium beijerinckii was amplified by polymerase chain reaction
(PCR) from 50 ng pETBAL in 50 pl. Amplified DNA fragment was digested with
25 Sacl and Hndlll and ligated into pTrcBAL pre-digested with the same restriction

enzymes.
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m cr oor gani sns provi ded herein, and, thus, may be utilized according to the
various nethods of the present invention. The various enbodi nents descri bed
her ei n camokzelowsdtined to provide further enbodi nents. ACIK/UsRowioe778) S.
patents, U.S. patent application publications, U S. patent applications,
foreign patents, foreign patent applications and non-patent publications
referred t Constiubtion 9ppBBRRAICOBGHNId/ or |isted in the Application Data
Sheet are incorporated herein by reference, in their entirety. Aspects of

t he enbodi nents can HeDhdsequaticej encedingsseapanediobapnyiratasedBpdisindf t he

enbodi ment o0uRL A s pHET ARy BNd fbleRRlic) Be LA sbBhIVAlIL !
l'ight of thgrgalipuecyehaisnesl @eserispbupits of RicBRRFBneuntoribe stipsp.ow ng
clains, the ternms used should not be construed to limt the clains to the

speci fi ® emnedimanie M 718648 wanampéfiegby ipblyragrase chat neastion fPGR) but
houl d b d i ncl ude al |. i bl nbodi | i.th the full
scope of edury SPAIA KleBsielFiti Tt FaPsR Pl Taq et TRoCBHRBRgly. ¢ e
clainms are A?fﬁblifléfd”ﬂ)N?\q‘régfnéﬁtewé'é age%%ébr fith BR1fld %'%@g’?,vf%ﬁ Gftoar ©

offered by way of illustration, n 't mtation. EXAMPLES

ALDEHYDE/ KpTGMERABpESYIGESES] BitPATE-IAYS réstristion ictdeymeadefanm sour ce of
al dehydes ar&%&g%@é nes, such as butyral dehyde and i sobutyral dehyde,
r ecombi nant? r 'sns that conprise an al dehyde and/ or ketone

bi osyntfiesi s pat hway A BRE %\%ﬁh er@&gﬁ%ﬁ#@%%&ﬁ&@ﬁ&drﬂ%s@ Iagire; At

nonosacchari de or oligosac 0 e or ketone,
const r uct edpddC pot Kichisiddh yrheumasyanbiesp. prgatiorsye MGIR7I8578gvas t hi ol ase

amplified by polymerase chain reaction (PCR) from 50 ng Klebsiella

pneumoniae subsp. pneumoniae MGH 78578 in 50 pl. Amplified DNA fragment
was digested with Xhol and Xbal and ligated into pPBBRPduDEGH pre-digested
15 with the same restriction enzymes.

To test the butyraldehyde biosynthesis pathway, DH10B
harboring pBADButP-atoB/pTrcBALD and pBADButP-atoB-
ALD/pTrcB2DH/pBBRpduCDEGH were grown overnight in LB media containing
50 ug/ml chroramphenicol (Cm*’) and 100 ug/ml ampicillin (Amp'®) at 37 C,

20 200 rpm. An aliquot of each seed culture was inoculated into fresh TB media
containing Cm* and Amp'® and was grown in incubation shaker at 37 C, 200
rpm. Three hours after inoculation, the cultures were induced with 13.3 mM
arabinose and 1 mM IPTG and were grown for overnight. 700 ul of this culture
was extracted with equal volume of ethylacetate and analyzed by GC-MS.

25 To test the isobutyeraldehyde biosynthesis pathway, DH10B cells
harboring pBADals-ilvCD/pTrcBALK or pBADalsS-ilvCD/pTrcBALK were grown
overnight in LB media containing 50 ug/ml chroramphenicol (Cm*®) and 100

ug/ml ampicillin (Amp'®°

) at 37 C, 200 rpom. An aliquot of each seed culture was
inoculated into fresh TB media containing Cm* and Amp'® and was grown in
30 an incubation shaker at 37°C, 200 rpm. Three hours after inoculation, the

cultures were induced with 13.3 mM arabinose and 1 mM IPTG and were
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(atoB) gene fromE. coli, b-hydroxy butyryl-CoA dehydrogenase (hbd),
crotonase (crt), butyryl-CoA dehydrogenase (bed), electron transfer

f | avopr otwOrzow/ae8e2iA) , and el ectron transfer flavopr ot elPRTRSE@POB)7§Eenes
from C ostridi um acet obutyri cum ATCC 824, and a coenzyne A-linked

but yr al dehyde dehydrogenase (aid) gene from C ostridi um beijerinckili

acet obut yr igeovm AJr@y B Rig htvaR0cuinsftthisugtdre wak.extratiedanith eqadlelfioe dfhe
ability to produce butyral dehyde. Al so, a coenzyne A-linked al cohol

dehydr ogen&tylaciatergn@analyre By Govifer e @’@@U@Uﬁﬂ 9fr ise Dty rRIdEh Si®4 agas

put ano! . Aty dFesfip R brPRioI o TBu/ 2 shils Wb bhodd o

acet ol act atigytiparhd dom tedseSQulfuresn $a@sltp‘a+ﬁamqsrbhwe@2 (al's) from
Kl ebsi el | a pneunoni ae subsp. pneunoni ae M3H 78578 (codon usage was

optim zéd fegthpbutsaidepyde and Zexetudbutyraldemytiesas: minerceameonedsIiN@i soner ase
(WO and 2, 3- Si hydr oxyi soval er at e dehydratase (HvD), genes fromE. coli
and ket oi sé\}?Q}N@ ‘at e decar boxyl ase (kivd) from Lactococcus |lactis was
constructed and tested for the ability to produce isobutyral dehyde, as
measur ed by isobutanal production. Construction of pBADBut P. The DNA
sequence encodi ng hbd, crt, bed, et EXAMRBRHE& fB of C ostridium

acet obutyri cum ATCC 824 ol ynerase ch |nreact| on (PCR)
B O G e IR EaTDL Lo b RoEIE e el cacLy op £
Anplified DNA fragment was digested with BanH and Xbal and |igated i nto

pBAD33 pre-di gested géééwg
pBADBut P- at oB. The D\I@IAHeghé%{} r?z%ﬁgenc ﬁ*‘%}gg‘g{@%@? ﬁw.&ﬁﬁ%ﬁggﬁ@%w was

anpli fid byolpollgs®f mmhaidlehyéam farm BP@B}oﬁyF:meEmmghEs)ehtanatMa coli
DH1 OB genorre in 50 % ied DNA f g nt was digested with Xbal and
Pstl and | \ggiedd’ iV’rYpo Fﬂ T'F@TM%'iﬁﬂ Yj{é%tC@ sy ¢iRd @sdeskhRed & Expepion

ENZyMeS.  pelow, and contains an aldose-encoding polynucleotide sequence that was
obtained from Thermotoga maritima.
A single colony of E. coli DH10B stain harboring pTrcTM1559 was

15 inoculated into fresh LB media containing Amp'® and the culture was grown in
an incubation shaker at 37°C for overnight. One percent of this culture was
inoculated into fresh TB media containing Amp'®° and the culture was grown in
incubation shaker at 37°C. When the culture was grown to an ODggonm 0f 0.6,
the culture was induced with 0.5 mM IPTG. 50mM isobutyraldehyde was

20 added and the cultures were grown for a day. 500 ul of culture was extracted
with 500 ul of ethylacetate, and the extracts were analyzed by GC-MS. The

formation of 3-hydroxy-2,2,4-trimethylpentanal was observed (see Figure 2).

EXAMPLE 3

PRODUCTION OF 2,2,4-TRIMETHYL-1,3-PENTANEDIOL FROM |ISOBUTYRALDEHYDE

25 The ability of a recombinant microorganism comprising an
aldolase enzymen and an alcohol dehydrogenase to convert isobutyraldehyde
to 2,2,4-trimethyl-1,3-pentanediol is tested. Plasmid TrcTM1559 is described in

Example 2 above. Various alcohol dehydrogenases were isolated from
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Construction of pBADatoB-al d. The DNA sequence encodi ng atoB of Escherichia
coli DH1OB and aid from d ostridiumbeijerinckii were anplified separately
by pol ynewaseloissd2n reacti on (PCR) fromeither 50 ng Es®b@isetmomctsé i DHLOB
or Clostridiumbeijerinckii genone (ATCC) in 50 m, respectively. The
anplified DNA fragnments were gel purified and eluted into 3CQul of EB buffer

(Q agen) . PgudbrmamasanitidBNN 22104 Hsendoamnas fldioresteab dPfen andXIbbsiefig ment
was spliced by another round of PCR The spliced fragnent was digested with

Sacl and HPIEUMOoNARIMGH {884 8i(se® SFEABBING: 1p34d-andyelened intp exPrersiAane

restrictio : st r ucti f - E . fragment 1
encodi ng c%laﬁsﬁﬁ'ﬁgﬁé%pgg&%aeéélﬁyqgé&&'@%%&%/ QE@)’%‘;@ %}H@’ %@46 ]
replicati oRvhigth aRARCBFsYTateRl by fifednek feistlefrdesiatiptie®|donbilieforaasd ai d of
Clostridiumbeijerinckii and the DNA fragnment 2 encodi ng araBAD pronoter,

hbd, crtd Hestingeeffaicokm debydgenack eseyingsuhdsitinehatophotdehysrageseseswer e
anplified separately b I rase chain reactio ) rar g of either
PBADA oB: alE B EATaIes Fortae GHoor lseri fbcksy® ST Q8 RACT T agrrent s
wer e di gested with Nof Lingredion) oPRJchf DR168 SRR ABARG GBRSt ruCt i on of

pBADal s-i| vCD. The DNA fragnment” encoding als of Klebsiella pneunoniae
subsp. pnewToalldé5hBEandasi7a@coliolidehydonrnassay@ressingrplasdid @ inoculated

- ion in E coli was amplifigg by pol hain reaction (PCR
¥ om 80" ng e e L5 e eOnBIRED Anpp f pad U ETe i GFAWRAL NGHBRMEA w1
Sacl angy X } ke ' ' ' :

Cestr ot onnaka e 78RR bveflight T% bETRdPpPRfs BARKE S Hooldiof N8 Tesh.
encodi ng f MBneaiecdrathinimy Aedp/&araf thel afueé isBgrown insnsubztionishaR2bater e

amplified b ol ynerase chain reaction (PCR) from50 ng Bacillus subtilis
ng genone %A&C&hem,t@cmur_e ITHEOVMER AR mm)mdpf 0.6, the c%lture is induced

with 0.5 mM IPTG. 50mM isobutyraldehyde is added and the cultures are
grown for a day. 500 ul of culture is extracted with 500 ul of ethylacetate, and
15 the extracts are analyzed by GC-MS. The formation of 2,2,4-

trimethylpentandiol is observed.

EXAMPLE 4

ProbucTION OF OTHER MEDIUM TO LONG CHAIN HYDROCARBONS

In addition to abovementioned pathway to produce 2,2,4-

20 trimethyl-1,3-pentanediol and then 2,2,4, trimethylpentane (isooctane),
enzymatic aldol condensation followed by alcohol dehydrogenation can yield
variety of medium to long chain hydrocarbons from various aldehydes and
ketones as starting materials. These aldehydes and/or ketones can be
produced by recombinant microorganisms according to the aldehyde and/or

25 ketone biosynthesis pathways described in U.S. Application Nos. 12/245,537
and 12/245,540, which are incorporated by reference for the description,
construction, and testing of these pathways.

One example is illustrated herein, in which two molecules of
butyraldehyde were condensed by an aldolase to form 3-hydroxy-2-ethyl

30 hexanal. This molecule was then spontaneously or enzymatically dehydrated
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fragments were gel purified and eluted into 3Qul of EB buffer (Q agen). 5
ul fromeach DNA sol ution was conbi ned and each DNA fragnment was spliced by
anot her rwondiogle8RCR. The spliced fragnment was i nternal PRbAIS2&9006775¢ ee and
thus was digested with Sacl and Xbal and ligated into pBAD | vCD
pre-digested with the same restriction enzynes. Construction of pTrcBALK A

DNA sequende femne Q<bting -k béroérsso v all ewhich rdeyzafdimtwbas@ec(utwmy)redﬁcé@m ococcus
| avtis was anplified by pol ynerase chain reaction (P P 50 ng pETBAL in 50

m . Anpl i fforse 2eetayihexemsl mndrethylipeanell Gataliizeshey dadilexennd WCHS@at ed
into pTrcB restriction enzynes. Construction
of pTchALélhdél%NI%5 g’%ﬁ&@&@gﬂ g%o%%ﬁég@,&/l i nked al dehyde dehydrogenase
(aid) of dostridi umAsd jliesirae herdmsisamactib® th WnidPoloRbRESI<NS N
reaction (PCR) from50 ng pETBAL in 50 m . Anplified DNA fragnent was

di gested wihewa%ldlehmdmwemelrzondamd byan @éﬂola$©thmBAhy¢mycﬂ gatyl-dd wit h
the sanme restri str ctl on of uCDEGH A DNA sequence
encodi ng pr°(9 |S ’HQF%CNF Wﬁgé Ol S ?tﬂﬁ’dﬁ) subunits
and prOpan%@h?brad@@wf&ﬁﬁ@%utﬁ@%et&ﬁénoa wcgﬁm(apciH&) b@rt%nw@utliveﬁpdw)
subunits of Krebsiella pneunoni ae subsp. pneunoniae MsH 78578 was anplified

by pol yner asduedthiofor éatmtylemct@rﬁﬁll%)ndﬂbut}&@ctmokl ebsiella pneum)nl ae subsp.

neunoni ae M&H 78578 _in 50 m fra nent was, dj ted with
e nd xbat and TN éhtherﬂredagfap%gﬁf&tw-- thea @ (S alS oy of

restric

br opancdl o ?%ﬁﬁ??%%ﬁﬁ@?g@?@? T osR R roRRae R Resh o medie

subsp. pnewotulmegmb?géﬁa tMas:ummnelgrbtAmdnbryCLmzitmnwhaker gh3i @ foeacti on

(PCR) from50 ng Kl ebsiella
overnight. One percent of this culture was inoculated into fresh TB media
containing Amp'® and the culture was grown in incubation shaker at 37 C.
When the culture was grown ODggonm Of 0.6, the culture was induced with 0.5

15 mMIPTG. Either 50mM butyraldehyde or 50mm hexanaldehyde was added

and the cultures were grown for a day. 500 ul of the culture was extracted with
500 ul of ethylacetate, and the extracts were analyzed by GC-MS. The
formation of 2-ethyl-2-hexene-1-al was observed (see Figure 3). Also, the

formation of 2-butyl-2-octene-1-al was observed (see Figure 4).

20 EXAMPLE 5

ISOLATION AND CLONING OF ALDOLASES

Polynucleotide sequences that encode enzymes having aldolase
activity were isolated from Thermotoga maritima and Escherichia coli DH10B

and cloned into expression vectors.

25 Construction of pTrcTM0040, pTrcTMO0066, pTrcTM0273, pTrcTM0283,
pTrcTM0295, pTrcTM0343, pTrcTM0720, pTrcTM1072, pTrcTM1419,
pTrcTM1521, pTrcTM1559, and pTrcTM1744

As the DNA sequences encoding TM0273, TM0283, TM0720, TM

1559, and TM1744 contain an internal Ncol site, flanking regions of Ncol site for
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pneunoni ae subsp. pneunoniae MGH 78578 in 50 mM . Anplified DNA fragnent
was digested with Xhol and Xbal and |igated into pBBRPAuDEGH pre-di gest ed
wi th the warzelwmws®ni cti on enzynes. To test the butyral dERYdS2908%78¢ hesi s
pat hway, DH10B har bori ng pBADBut P- at oB/ pTr cBALD and pBADBut P- at oBALD

pTr cB2DH pBBRpduCDEGH wer e grown overnight in LB nedia containing 50 ug/m
chr or anphemiachlgenenére andlifiddDsegiratelpbpipciyhlcraye CARRP LEY)ioRPAR): O8°CEE r pm
An aliquot of each seed culture was inoculated into fresh TB nedia

cont ai ni ng 1660 6ANd faniPLerc. and (&S @ SArmina reprated S0dimehakee reaction ¢, 200

aabi nose. AGS sanieBtes R Brkntvey). AUERRNRET ob gt hd™ ° ™

ar abi nose
cul ture wasegsrserinfsts\ibéd TaBIS), V0l PRBsioN HGM Fidgigt DNA goldmanrade/zed by
esi s pathmay, DHL OB cells

GC-Ms. To test the isobutyeral dehyde bi osynt
har bori iy {NABa) @nd BOWBXEFOB#M orarBrDgeRs@NElin 80/ IPTr cBALK wer e gr own
overnight in LB nedia containing 50 ug/m chroranphenicol (Crb0) and 100
ug/m anpicillin (Arpl00) at 37 C, 200 rpm An aliquot of each seed culture
was i nocul at ed |nto fresh TB nedi a comggperg ng CmSO and ArrplOO and was grown

in an i ncy Z:_SL ot DIIaI\CI E%E%\Fqég%u% Hhree IIUUIAf af quJ_B UbUI at n,
t he cul turne rlnr\nrl A arabihose and FG_and
wer egr own |f opr@g/;@,r n ht eO0CHCATICEREs cul t brerarecexbeaThet bt foedual
vol ume of |etdyhacet B %%Aérr% TEATRIAECRE for thearseduetngasef
i sobut yr alldehyde a meaf\ a0 N anal production. Figure 2 shows the
producti on f 8L CU | This StGGTGTAGAO produced 2-
met hyl but yr O ge pysheeElicy EJWD@?BE%S L TRACHCAT TCORDTRAAEC Chok
shown) . EXA P, 4 TRAVETENRLPENIASL. FROM
| SOBUTYRAL DEIHI\X e abi | chyaogficAarceazy e hay LVi 0
condense fwol n(%%t . | ATGAGGAGTACAGACAGGTTA JFG%CE:‘% (SiiEngégfoAgtr%ﬁ
9 CTGT (SEQ ID NO:101) '
GCTCTAGA
frzg"rggﬁf’z TTCAégﬁT(ggg‘i’S"N5;‘1\62?TGG TTACTTCTGACCGTACTTGGTG
: TGG (SEQ ID NO:104)
CATGCCATGGGG
0720 | oA oncs | ATOETTGEATIETTETATS
TTG (SEQ ID NO:105) :
TMO0720 TGTCATAGAAACAATGGEGAAGC | CACCGGTGCTCCGTGGGTGAG
fragment 2 ATG (SEQ ID NO:107) ATGT (SEQ ID NO:108)
GCTCTAGA
frzg"r%ﬁ?3 ACAggccfngS’ [S‘Naﬁ%gf‘cc TTATATTTCCACCCCTTCGATCT
: TG (SEQ ID NO:110)
CATGCCATGGGG
frZMrlgﬁf . | ATGATAGAGTACAGGATTGAGG CACQ??S?‘S%TQC%GJ g_?ngCG
9 AGG (SEQ ID NO:111) -
PPN GCTCTAGA
(IM1555 AAATS%EE‘QID"N&%)CTGT TTAACCTCCATATCTCTCTTCTC
g ' CC (SEQ ID NO:114)
CATGCCATGGGG
ragment 1 | ATOATCOATCTOAGGTO0GACA | P20 e dip Noitds)
TM1744 GATGAGAAAAGLGATGGCACA | TTGATTTCCCATTGTGCCGGAG
fragment 2 GGCT (SEQ ID NO:117) GGT (SEQ ID NO:118)
TM1744 ACCCTCCGGCATAATGGGAAA | GAGAACCGCCATCGCTCCGAC
fragment 3 TCAA (SEQ ID NO:119) CTCG (SEQ ID NO:120)
TM1744 CGAGGTCGGAGUGATGEGGCGGET | ATCGGGGTCCATCGCTCCATTT
fragment 4 TCTC (SEQ ID NO:121) TTT (SEQ ID NO:122)
TM1744 AAAAAATGGAGIZGATGGEACCC GCTCTAGA
fragment 5 CGAT (SEQ ID NO:123) TTAGGAGAATTTTCTGAAGAGT
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nol ecul es of
tested in vivo.

5 bel ow, WOQRINEERINS an

I sobutyral dehyde to form 3-hydroxy-2, 2, 4-tri net hyl pent anal
Plasmd TrcTML 559 was constructed as described in Exanple
al dose- encodi ng pol ynucl eot i de Ps@qisesnomcti@at was

was

obt ai ned from Thernotoga maritim. A single colony of E. coli DHLOB stain

har bor i ng pFHeFM559—was—+neculatedintofreshtBrnediacontatping—Anrp 100
9P . . 1124y 7

and the c t

One percent of this culture was inoculated into fresh T B nedi a containing
Anp 100 and the cul t 4 MRRA b8 eh A kG §73 Wen the
culture was grown to atf? 0360%1(&\@9?&%.66?8@@ cu??ﬁ(?’e V\gg@él’nmged&with 0.5 nM
| PTG 50rMTING@2AE, YIMA0 2185 yidd0 343 Tadae2D,alid10TE, i 4 19,6BMNB62 €, TVoB8HOf or a

day. 500 ul

of_culture_was extracted with 500 ul

of ethyl acetate,

extracts wad BVAr 92 ed Teymatagamartiea WetsempHiies Dy polymerase chain

3- hydr 0%y -
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(see SEQ I [} N@tk: -Fh TMOA73! INOgs8 3 NTIA0 20! F9iS1 359, BhasTi #344 afa
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r ef er erlde fooeparedias drssoribegtin tre prewedinguearagrapmaeteegsed)g Tdfe anplifias
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Table 6

hgl d rogenases. wer
P @Ry GRS NS A
ad an al cohol dehydrogenase
resh LB nmedia containing Arp 100 and

&k i1bednusioEtghl e 2
utida
8578
gi bed in

Gene name

Forward 5’ -> 3’

Reverse 5-> 3’

TM0044

CATGCC
ATGGTTTACACAACTCCCTGGA
ACAGAAAG (SEQ ID NO:125)

GCTCTAGA
TTACAACCTTTGCCAGAGTATC
GCC (SEQ ID NO:126)

TMO0066

CATGCCATGGGG
ATGAAGATGGAAGAGCTCTTCA
AAA (SEQ ID NO:127)

GCTCTAGA
TTATTCTGTGCACCCCCTGATC
TTT (SEQ ID NO:128)

TMO0273

CATGCCATGGGG
ATGACAATGCCTTATGTAAAGA
ACA (SEQ ID NO:129)

GCTCTAGA
TTACGCCTTTCCGCTGGATCCG
AAT (SEQ ID NO:130)

TMO0283

CATGCCATGGGG
ATGAGGAGTACAGACAGGTTA
CTGT (SEQ ID NO:131)

GCTCTAGA
TTACTTCTGACCGTACTTGGTG
TGG (SEQ ID NO:132)

TM0295

CATGCCATGGGG
ATGAAGATCTTTCTGGACACAG
CAA (SEQ ID NO:133)

GCTCTAGA
TTATTTCTTCAGGTTCTCCAAAT
AC (SEQ ID NO:134)

TM0343

CATGCCATGGGG
ATGATAGTCGTTTTGAAACCCG
GTT (SEQ ID NO:135)

GCTCTAGA
TTAATTCACCTTCACCCCCAGG
GCA(SEQ ID NO:136)

TMO0720

CATGCCATGGGG
ATGTGGAAGCATGTAAAACAGG
TTG (SEQ ID NO:137)

GCTCTAGA
TTATATTTCCACCCCTTCGATCT
TG (SEQ ID NO:138)

TM1072

CATGCCATGGGG
ATGAGAGAGACGATAAGAGAG
ATTC (SEQ ID NO:139)

GCTCTAGA
TTACAGCCATCCCTCCGGAACA
CCC (SEQ ID NO:140)
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shaker at 370C for overnight.

into fresh T B nedia containing Anp 100 and the culture is grown in

i ncubat i oWOLbHKEE24t 370C

One percent of this culture is inocul ated

When the culture is grown t@CaUSAWBoOoTTRe of 0. 6,
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3- hydr oxy- 2atbrrial INCD] sivet @amhthe DNAssatnieacalencodmgt BE@224 % eontmpwd am&basl y o r

enzymati cal |y
consecut i véitg-

5

10

%ﬁgmgngregmnso

rated to

form 2-but
f’%e restrictio

Xgﬁé

s for each gene were amplifi

ctene-1 -al, which

g?y th

separately by polymerase chain reaction (PCR): 98°C for 30 sec, 55°C for 15

sec, and 72°C for 45 sec, repeated 30 times. The reaction mixture contained 1

x Phusion buffer (NEB), 2 mM dNTP, 0.3 uM forward and reverse primers (see
Table 7), 1U Phusion High Fidelity DNA polymerase (NEB), and 20 ng E. coli

en be

DH108.
Table 7
Gene name Forward 5’ -> 3’ Reverse 5-> 3’
Ecieas | CATGCCATGGGGATGGCAGAT | oA pAATAACCGTGGTCAAAA
TTAGACGATATTAAAG (SEQ ID )
fragment 1 NO:149) GCC (SEQ ID NO:150)
EC1648 GGCTTTTGACCACUGGTTATTTT | CAGTCACGGCCATCGTCGGCA
fragment 2 CAG (SEQ ID NO:151) TTCCC (SEQ ID NO:152)
EC1648 GGGAATGCCGACGATGEGCCAET | GCTCTAGATTACTGTTTTTCACT
fragment 3 GACTG (SEQ ID NO:153) CAGATAG (SEQ ID NO:154)
EC2249 CAg?ETngfng%‘;T(%TEAQCI%TG GTTCTCCAGTCTCGAAAAATCA
fragment 1 NO:155) AGC (SEQ ID NO:156)
EC2249 GCTTGATTTTTCGAGACTGGAG | GCTCTAGATTATGCCCTGCCCT
fragment 2 AAC (SEQ ID NO:157) CGCAGC (SEQ ID NO:158)
EC4071 CAngfégffciGA’ggE’gﬂgAGT GAGGATCACCCACGGCATATT
fragment 1 NO:159) GATATG (SEQ ID NO:160)
EC4071 CATATCAATATGCUGTGHGTGA | GCTCTAGATTAGCGGCGTTTAG
fragment 2 TCCTC (SEQ ID NO:161) CCATC (SEQ ID NO:162)
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reduced to for 2-butyl-octanal and 2-butyl octanol. To test the production
of 2-ethyl-2-hexene-1 -al, a single colony of E. coli DHL OB stain

har bor i ngWPRAIWIBRH9 was i nocul ated into fresh LB nedi aPCorsatmionysAnp 100
and the culture grown in incubation shaker at 37 C for overnight. One
percent of this culture was inoculated into fresh TB nedia containing Anp
100 and the culture was grown in incubation shaker at 37 C . Wen the

culture was grown mﬁfs&%u@ncéﬁéné@éihgmm,iﬂw BEdd%®. 5 "M | PTG
Ei t her 507V butér al dehyde o r 50mm hexanal dehyde was added and the cul tures

wer e grown B@1648, ddy1 9906 G249 B2 50U FGRAASMES 2620 EE296IMEO31900 ul  of

5 ot i o i PR RLE G, R, BogionPrs B Sfinabart o

2-butyl -2- gedepBAcHia i RF0L Were ?é%bliﬁé&%g%%éra%cr@%@eﬁoﬁ (PERYATI ON AND
CLONI NG OF ALDOLASES Pol ynucl eoti de sequénces that encode enzynes 'havi ng
al dol ase a®@8’°Cifoy30see, D56 tr S sem TR Bobodanimarepcated 3adiniesschéné chi a
coli L on. vectors, nstryct | 0 r cTMD040,

, Uﬁ@P%z@?BS,Tf@M% Cb‘;frH@;{:I\/DUO,

DH10B and, cl oned i nto expr.es
pTr cTM066,E e C%:E@'B?B/dzé

Bun sequon 2ud8 BHEtmeltlac iepe oo R Lk PrigPo BB AN concai

an i nt er nalpoNeoéraset(BEH)| andk 20qhg Egcherichid cocDH 19BtgeronmeeimcH0 ge(Noteer e

I35 1 RS G
m xture Co!bta?é@%ﬁhjwé??gjélé@.on buf f er

reverse prirner
(NEB),

see
and 50 ng Thernotoga maritima genone in 50 m

(NEB) ,

sequences encodi ng TM)040, TMI066, TM273,

ol ynerase _chain reaction (F .
4ornaBCH0d 1 fragreents dPrepared i@ dne prrcediuct i on
2 MM dNTP, 0.5 nmM forward and
5), 1U Phusion Hi gh Fidelity DNA pol ynerase
Tabl e 5The DNA

(PCR): 98C for

Table 8
Gene Forward 5’ -> 3’ Reverse 5'-> 3’
name
EC0008 CATGCCATGGGGATGACGGACA | GCTCTAGATTACAGCAGATCGC
AATTGACCTC (SEQ ID NO:163) CGATC (SEQ ID NO:164)
EC0894 CATGCCATGGGGATGGAACTGT | GCTCTAGATTAAATCGACGTTC
ATCTGGATAC (SEQ ID NO:165) TGCCAAAC (SEQ ID NO:166)
EC0940 CATTAGCCGCCQAT(?TGG(;?%G(@ET&/STT GCTCTAGATTAACGCGCCAGG
NO-167) AATGCAC (SEQ ID NO:168)
oo | LTRSS ECEET | corcmaumicraTrrronc
NO:169) CAGATAG (SEQ ID NO:170)
EC1991 CATGCCATGGGGATGAAAAACT | GCTCTAGATTACAGCTTAGCGC
GGAAAACAAG (SEQ ID NO:171) CTTCTAC (SEQID NO:172)
EC2249 CATGCCATGGGGATGTACGTGG | GCTCTAGATTATGCCCTGCCCT
TATCGACAAAG (SEQ ID NO:173) CGCAGC (SEQ ID NO:174)
EC2250 CATGCCATGGGGATGACAGATA | GCTCTAGATCAGGCGATAGTAA
TTGCGCAGTTG (SEQ ID NO:175) TTTTGC (SEQ ID NO:176)
IO o ] P ——
NOATT) TTAAGG (SEQ ID NO:178)
EC2629 CATGCCATGGGGATGAACGAGT | GCTCTAGATTATAGTTTGGCGG
TAGACGGCATC (SEQ ID NO:179) CAAGAAG (SEQ ID NO:180)
EC2969 CATGCCATGGGGATGGAACGAA | GCTCTAGATTACTCTTCAATTC
ATAAACTTGC (SEQ ID NO:181) GTAACC (SEQ ID NO:182)
EC3100 CATGCCATGGGGATGTCTAAGA | GCTCTAGATTACAGAACGTCGA
TTTTTGATTTC (SEQ ID NO:183) TCGCGTTC (SEQ ID NO:184)
EC3233 CATGCCATGGGGATGGATATTG | GCTCTAGATTAATTATTTTCTTT
TATTTATAGAG (SEQ ID NO:185) | CAGATTATTG (SEQ ID NO:186)

81

10 sec,



TMD283, TMD295, TMD343, TMD720, TML 072, TML41 9, TML521 , TML559, and
TML744 of Thenotoga nmaritinma were anplified by polynmerase chain reaction
(PCR): 98goforo/m8923ec, 600C for 15 sec, and 72C for 1 mpaT/usepeat=a&o 30
times. The reaction m xture contai ned 1 x Phu3| on buffer (NEB), 2 nmM dNTP,
0.5 nmM f orpward—and+evet PHHErS 63 lity

DNA pol yne EB CAE‘FG 4h @%T Q BT Not
Rl )NﬁﬂﬁTCeg%EﬂqlD QIO | 74T CAGISERID NOAES) od b
described|in the pi Q@@ﬁb@gmé@@fﬁp@Amcmese@PTCﬂ@T

&d
fragment s |W&CS38P gesipds nd TG el vAEHCTR TEHITA
pr egi gested with ?he qanﬁéé&f\?&é‘lflég% l‘i@?‘?é?ﬁq T%%NQ?@Q% an of

pTrcDH OBxxx The [)I%%@cﬁféh@é@GéﬁMmTﬁ@AEGlG Ao EPBARRATAN
internal Ncd&C3Si10e,| ARCATHATONLGFEGUAEIATENCP |§%ﬁp t@{@% an| Xbal
site. Flanking regions of (Fh@ IP®MPtrion sites Tor ea qene wer
anplified s?gﬁr(ﬁi‘el YCAYGPOAY BEGGAT GRATAAGEaC GCIC TARZR TAGBEGCATTIAGSEC,
55C for 1% . and ACXCOEATCAACSBEQ IDeyd98d| 30 CCAES.(SERdDrN@dBipNn n xt ure
contained |1 g&ﬁPhgsi @A TEECATCEIEATGCARNAGNTP.GOTSTABAT DAGRGAGOTAGEVES Se
primers (3e&ECFABFe | 7rTAGUCROTS (@ECHDINOFiE! | t YGENATEG (Brer mSRO(YER) , | and
20 ng E._qoIT. DIIOD.CATRSEEATE0B NG EAREPETES coneTilcnt TRENORT GREPAEY
EC0940, EC1 E64435ECT A?@iGGA@&%Q AhQ RO 7) EC2ABECARRE 6282969198 EB1 00,

EC3233, EC3299. ECH é+eméb4é%¢cm RS FHECTR0TS
Escheri chi aE§d15B9Dﬂ:I AMG%A‘N@) g N 1gpﬂl yTEr 2z 1eNaER |HheRSLDE) ?’IgCR) ;
98C for 30 —set, 55Ctor 30 sec, and r2C tor L nim, repeated 30 trnmes.. The

reaction m xture contained 1 x Phusion buffer (NEB), 2 nM dNTP, 0.3 niM
forward and reverse fAtensnpliflezeiadrabhts é)coding POBSD6rank @@351@Wdrey DNA
pol ymer ase (NEd) and 20 ng Escherichia coli DHLOb genome in &Not e:
ligate together using the overlap-PCR method (PCR)798°C for 30 sec 55
for 30 sec, and 72°C for 1 min, repeated 30 times. The reaction mixture
5 contained 1 x Phusion buffer (NEB), 2 mM dNTP, 0.3 uM forward and reverse
primers (forward primer: catgccatggggatgaaacatctgacagaaatg (SEQ ID
NO:189), reverse primer: gctctagattatgctgaaattcgattcg (SEQ ID NO:190)), 1U
Phusion High Fidelity DNA polymerase (NEB), and 3uL PCR product from the
previous paragraph.
10 Amplified DNA fragment was digested with Ncol and Xbal and

ligated into pTrc99A pre-digested with the same restriction enzymes.
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For ECl 648, EC2249 and EC4071 fragnents prepared in the preceding
paragraph were used). Table 8The anplified fragnments encodi ng EC3305 and
EC331 0 weoeoloogsed t oget her using the overl ap- PCR nmet RO@/USEPRAMS775@8C f or
30 sec, 55C for 30 sec, and 72C for 1 mn, repeated 30 tinmes. The reaction
m xture contained 1 x Phusion buffer (NEB), 2 nMdNTP, 0.3 nM forward and
reverse prinmers (forward prinmer: catgolicaiMBrggat gaaacat ct gacagaaatg (SEQ | D
NO 1 89), reverse primer: gctctagattatgctgaaattcgattcg (SEQ ID NGO 1 90)),
1U Phusi on Hi gh Fi dellity BNReHO9 aERREECINQEBFOMARGItyAhe , pF@duct from

Xbal "and | DefBRORE Rt Bulkrisie aiohuld BRR TR ER MRS R M ™
enzynes. CLAblke df arfalehhed, keheddebo®, AhepsiAale Fecoihisiibaal . or an
internedi ate therof, conprising growing a reconbinant mcroorganismwth a

source of anicedatgyide, cempesem¢l) ableasbone pahmus|eotidhencedmganthnt

i i smconprises: (i) _at |east | ynucl eot j.. ding and
expr o5 ng SXPHEY R PouEeRLd? RV B abPms savit: 4 AL REPPREY Meast one
pol ynucl eotdo%u%rerd?iﬂb%céaﬁwrg?ﬁ{na g%&*leggin? POy PEMdIRaIAY BRBISShA! cohol

dehydr ogenase activity, whe east one"of the polynucleotides is
exogenous, dehgdedgenpse dativing wheseinaatriealttonecdidhe palynuctedtidesiisit er medi at e

thereof. 2 . The nethod of claim 1, whereip the connmodjty chem cal, or the
|t er medi aEOPRERBohETesy SEpeting the BTIRT bAMeaNEgOf BIE DI CEr o n R 1
i s sel ected érre%ﬁ:gt he group consisting of H, CH3, CH3CH2, CH3CH(CH3) ,

CH3( CH2) nCI—B, 3CH( CH3) (CH2) nCH2, and CH3CH2CH( CH3) (CH2) nCH2; and wherein
R2 is selected fromthe group consisting of H CH3,

2. The method of claim 1, wherein the commodity chemical,

or the intermediate thereof, is selected from the following formulas:

OH
R1)\AO — R1MO _— R1/\Ao — R1MOH
R2 R2 R2 R2

wherein R1 is selected from the group consisting of H, CHs,
CH3CHg, CH3CH(CH3), CH3(CH2)nCH2, CH3CH(CH3)(CH2),CHy, and
CH3CH2CH(CH3)(CH2)nCH2; and

wherein R2 is selected from the group consisting of H, CHs,
CH3CHa, CH3CH(CHs), CH3(CH2)nCH2, CH3CH(CH3)(CHz2),CHo,
CH3CH2CH(CH3)(CH2)nCHz,

wherein n = 0-30.

3. The method of claim 1, wherein the commaodity chemical is

further enzymatically or chemically converted to its corresponding alkane.
4. The method of claim 1, wherein the commodity chemical is

selected from the group consisting of 3-hydroxy-2,2,4 trimethylpentanal and

2,2,4-trimethyl-1,3-pentanediol.
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CH3CH2, CH3CH(CH3) , CH3(CH2)nCH2, CH3CH(CH3) (CH2)nCH2,
CH3CH2CH( CH3) (CH2) nCH2, wherein n = 0-30. 3 . The nethod of claiml1,
wher ei n twe 20uvasetitit y chemical is further enzymatical | y POE/USR@i06ZE0 y
converted to its corresponding al kane. 4 . The nethod of claim11l, wherein
the commodity chem cal is selected fromthe group consisting of

3-hydroxy-2, 2,4 tri m hyl feévet @etlodesiti @24 Awhbreit thd 2.2 4 -Birpethlyrneddi ol . 5
The met hod of claim4, wherein the 2,2,4-trinmethyl-1 é)entanedi ol is
further endgrtanedioliis futheseomymaticslyoncharnisally 60'2\/92’@41’[% 2ifet hyl pent ane. 6

. The neth wherein the cormmodity chemcal is selected from
t he group g&'ﬁg hsﬁéeﬁ"égﬁ% 3- hydr oxy- 2- et hyl hexanal , 2-ethyl -2- hexene-1-al,
2- et hyl hexanal , and 2-ethyl hexanol. 7 . The net hod of claim 6, wherein the

2-ethyl hexanol is further enzymatically or chemcally converted to
2-et hyl hexane. 8 . Tife rretTMdnetthl@"qiralm1mwberalmtheq@ommﬂdﬂaiqh¢rm¢t§n$ cal is

> but y1 - 2- G TITae GBHR PGl g o MRS AR RRME2” The
met hod of We%bﬁb-&’-al"‘@%tﬁj/lﬂeké‘@al2ar%'9¥éth%ﬁbﬁé‘r%l. is further enzymatically or

chemcall converted' to 2-butyl-octane The nethod of claim1, wherein
the source of the al dehyde, ketone, or both is a reconbinant m croorgani sm

t hat conprises an aI ehyd and/ ket one nth at h eI ected from
an acet oal dehyde, pi on r@e’ﬁ?ﬁ‘@ qu?@'mg Zle@?
i sobut yr al | B dehyde
4- et hyl peglﬁmﬁﬂ% %ﬂﬁgﬁ%na%‘%k%ﬂﬁgﬁ%’%ﬁew %)Qé%ﬁH%%%@yl acet oal dehyde,
2- phenyl acet oal dehyde, 2-(4- hydroxyphenyl) acet oal dehyde,
2- 1 ndol e- 3- acet oal dehg/de 5- am nopent al dehyde,
: The method of claim 1; wherein the commodity chemical is
selected from the group consisting of 3-hydroxy-2-butyl-1-octanol, 2-butyl-2-

octene-1-al, 2-butyl-octanal, and 2-butyl-octanol.

9. The method of claim 8, wherein the 2-butyl-octanol is

further enzymatically or chemicall converted to 2-butyl-octane.

10.  The method of claim 1, wherein the source of the aldehyde,
ketone, or both is a recombinant microorganism that comprises an aldehyde
and/or ketone biosynthesis pathway selected from an acetoaldehyde,
propionaldehyde, glutaraldehyde, butyraldehyde, isobutyraldehyde, 2-methyl-
butyraldehyde, 3-methyl-butyraldehyde, 4-methylpentaldehyde, hexanaldehyde,
octanaldehyde, phenylacetoaldehyde, 2-phenyl acetoaldehyde, 2-(4-
hydroxyphenyl) acetoaldehyde, 2-Indole-3-acetoaldehyde, 5-amino-
pentaldehyde, succinate semialdehyde, and a succinate 4-hydroxyphenyl

acetaldehyde biosynthesis pathway, and combinations thereof.
11. The method of claim 10, wherein the recombinant

microorganism that comprises the aldehyde and/or ketone biosynthesis

pathway is the same as the recombinant microorganism of claim 1.
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succi nate sem al dehyde, and a succi nate 4-hydroxyphenyl acetal dehyde

bi osynt hesi s pat hway, and conbi nations thereof. 11. The nethod of claim 10,
wher ei n tWe 20®dw8d2iinant mi croorgani smthat conprises thecCalusedyssr7and/ or
ket one bi osynthesis pathway is the sanme as the reconbi nant m croorgani sm of
claim11.12 . The nethod of claim 10, wherein the reconbi nant m croorgani sm

that conprises the all@ehyd®eandttod dfediainel 0] whemirmhts ecpatdivent is different
than the reconbi nant m croorganismof claim1. 13 . The nethod of claim 10,
wher ei n t hénigrapsagiismaihal 6pMREsesH thenalgshyide andior katanrdgiospesises an

| Sobut yr al BV R GRURRETT RSP R e Bt ety 0o anas or

ket one bi osynt hesi s pat hway conprises a butyral dehyde bi osynt hesi s pat hway,
and wherein the al dehyde is butyral dehyde. 15 . The nethod of claiml,
wherein the at |east 1Sne pdleymetiosioofi daineh@odherginming adphyds ang/or he

I tid ing t | dol tivit [ i : l,eot.i d
Cequence ¢ REOTEDEEVBESE FEU0N oL BOPRG5sS cGaubur BIDPaRRTEITSTS at 1 cast
one nucl eolgafiySEIRNRerA t1eskBN|de REQ LR MRS 82, o (i) a
nucl eoti de sequence that hybridizes to at | east one nucl eoti de sequence set

forth in SEQ I D NOS: 51-82, or a conpl enent thereof, under conditions of
medi um stringency. 16 . The net

od of claim 1, wherein the, pol ypeptide
havi ng the al dol ase détivilt\f '¥6 %ffe,\@a'gﬂg]’e‘%@?reﬁh %agﬁgéq%ép‘ﬁ’practi ve

NS 223 2ad e bRy PESR DAL Lo aaLE ARy SRl B Clot RS bWy, e
pol ynucl eotandevtesreidineoaldaiolydxisrmggiatgeHylde. pol ypepti de having the al cohol

dehydrogenase activity conprises (i) a nucleotide sequence that is at |east
80% 90% 95% 98% or 99% identical to the nucl eotide sequence set forth

in 15.  The method of claim 1, wherein the at least one
polynucleotide encoding and expressing the polypeptide having the aldolase
activity comprises (i) a nucleotide sequence that is at least 80%, 90%, 95%,
98%, or 99% identical to at least one nucleotide sequence set forth in SEQ ID
NOS:51-82, or (ii) a nucleotide sequence that hybridizes to at least one
nucleotide sequence set forth in SEQ ID NOS:51-82, or a complement thereof,

under conditions of medium stringency.

16.  The method of claim 1, wherein the polypeptide having the
aldolase activity comprises at least one biologically active motif selected from
the amino acid sequences set forth in SEQ ID NOS:223-244, 255-260.

17.  The method of claim 1, wherein the at least one
polynucleotide encoding and expressing the polypeptide having the alcohol
dehydrogenase activity comprises (i) a nucleotide sequence that is at least
80%, 90%, 95%, 98%, or 99% identical to the nucleotide sequence set forth in
SEQIDNOS: 1,3,5,7,9, 11,13, 15,17, 19, 21, 23, 25, 27, 29, 30, 31, 33, or
83-96, or (ii) a nucleotide sequence that hybridizes to at least one nucleotide
sequence set forth in SEQ ID NOS:1, 3,5, 7,9, 11,13, 15,17, 19, 21, 23, 25,
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SEQID NCs: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 2 1, 23, 25, 27, 29, 30, 3
1, 33, or 83-96, or (ii) a nucleotide sequence that hybridizes to at | east
one nucl eyDi2d®/s8uence set forth in SEQ ID NOS:1 , 3, BCTAS2@9/087750 13, 15,
17, 19, 2 1, 23, 25,27, 29, 30, 3 1, 33, or 83-96, or a conplenent thereof,
under conditions of nmediumstringency. 18 . The nmethod of claim1, wherein
t he pol ype7, de, o3 nNB3, loe 83-93lonla cehyléntge tiasreof einder tynditions bfes at

| east one of a nicotinam de adeni ne di nucl eoti de (NAD+), a NADH,

ni coti nani deedd@nstABISNMic] eot i de phosphate (NADP+), or a NADPH bi ndi ng
motif. 19 . The nethod of claim 18, wherein the NAD+, NADH, NADP+, or NADPH
binding notif is selected fromthe group consisting of Y-XG GX-Y (SEQ ID

NO 245), Y-X-X-G G X418, ( SEQel Retiad2diaimr1 Xviferéirtte b’%ﬁ&ﬁ@é Raviey 24) |
Y-X-G X-X-Y (SEQ I D NO 248), Y-X-X-G G X-X-Y (SEQ | D NQO 249),
Y- X- X- X- G- xlcohel (dghygropenase Bolvityycoxngises\at(se) ane of@ asotinamide X- X- G- X- Y

o 354) . wARBITe FEepie ANt ACH die i ArigR e AugRoliee ana -

serine, V‘h%fh%'bﬁhéie:j(ﬂﬁgiyﬁ, Rfa @ggp\%giﬁ?ir@ motis i ndependently sel ected from

a genetically encoded am nho acid. heé nmethod of claim 1, wherein the

reconbi nant m croorgani smfurther conprises at |east one pol ynucl eoti de
encodi ng and expressing a_pol ypeptide havi a douﬁl@e nd ctase
activity and/or at | égst Jﬁ@ %ﬂ M a@g\@h%r@m '?;{gg”ei\{ﬁe@gsi ng a
pol ypeptid i.n ety - eid M t i  kp 20,
wher ei n ch"‘g?ﬂ ’egrslthone gm‘/’ﬁ@@ﬁﬁ ééééé%ﬁggméﬁé; rciﬂ@xpr eésgﬁnﬁgdfﬂ]g]
pol ypept i d&5IGaXYigSEQeI D bidoR45 ) hH-X- S @K ¢SECE IDVNOy243) ik X 96 X-GiG-Xa
nucl eoti de sequence that is at |east 80% 90% 95% 98% or 99% i denti cal
to the nuclet@dDNGiEAT0eY FeC-KoKTh(FEQIPANPERA%0Y 36260, Cok-X ¥ i( PER
nucl eoti de 54¢48F, v RAK AN F¥ ESEEAFND: S5 Y2RB-X-Y (SEQ ID NO:251),
Y-X-X-G-X-Y (SEQ ID NO:252), Y-X-X-X-G-X-Y (SEQ ID NO:253), and Y-X-X-
X-X-G-X-Y (SEQ ID NO:254); wherein Y is independently selected from
alanine, glycine, and serine, wherein G is glycine, and wherein X is

independently selected from a genetically encoded amino acid.

20. The method of claim 1, wherein the recombinant
microorganism further comprises at least one polynucleotide encoding and
expressing a polypeptide having a double bond reductase activity and/or at
least one polynucleotide encoding and expressing a polypeptide having a

dehydratase activity.

21.  The method of claim 20, wherein the at least one
polynucleotide encoding and expressing the polypeptide having the double
bond reductase activity comprises (i) a nucleotide sequence that is at least
80%, 90%, 95%, 98%, or 99% identical to the nucleotide sequence set forth in
SEQ ID NOS:35-50, or (ii) a nucleotide sequence that hybridizes to at least one
nucleotide sequence set forth in SEQ ID NOS:35-50, or a complement thereof,

under conditions of medium stringency.
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nucl eoti de sequence set forth in SEQ I D NOS: 35-50, or a conpl enent thereof,
under conditions of nmedium stringency.22. A reconbinant m croorgani sm
conpri si NYoO(20)o/ms92lieast one pol ynucl eoti de encodi ng andPeEXArse@siontysa

pol ypepti de having an al dol ase activity; and (ii) at |east one

pol ynucl eoti de encodi ng and expressing a pol ypepti de having an al cohol
dehydrogenase activi 2. 23 reboenbiegtrhicresryaniser, @onyaisiryr(ipét lebst one22,
wherein the mcroorgani smis capable of converting a source of an al dehyde,
a ket one, M'W@H%Ot‘%é eA1COgINSRIG GXRIEERNEA POlyPeRtifia ha\dhereni aid@asder eof

fromthe facrom agord) AIESe &, PlihORolot EnERFG By PR G oup
consi sti ngg@iydépti%ﬁav IcofbBdéiydrbganaseCstivigyi2) nCH2, CH3CH( CH

3) (CH2) nCH2, "and CH3CH2CH(CH 3) (CH2)n ; and wherein R2 is selected from
the group consisting of H CH3, CH3CH2, CH3CH(CH 3) , CH3(CH2)nCH2,

CH3CH(CH 3) (CH2) nCH2,,.,CH3CH2CH( CH, 3 2) nCH2. .wh i = 0-30. 4. Th
s o) o 2o T e g G gan BB ArTaZ Wheiein g o 1os

reconbi nant m croor gdmism 9 east

one pol ynU%i%Ridrﬁé’mrlggﬁgig‘ﬂa?QbW c%?ﬁ%ﬁg?t 9o ditefepAdEn K/ LketbRE CBE

bi osynt hesi s pat he reconbin m croorgani smof clalm24, wherein

t he m croobgénitera d:crﬁrqua’iblobenﬁcaioowm tntennedisiel thatdad, wbheredatwhar i de or
sui tabl e oligosaccharide to co dity chemical, or an.inter iate
Sher oot - wieREnatE arBabar S Pemeditte BEradia sas &l fom Ba RUPESE, i s

sel ected frogmthe following formulas: wherein R1 is selected fromthe
group consisting of H CH3, CH3CH2, CH3CH(CH 3) , CH3(CH2)nCH2, CH3CH(CH
3) (CH2) nCH2, apd CH3CH2CH(CH 3) (CH2) nCH2; and

R1)\AO . R1/\ho . R1MO . R1/Y\OH
R2 R2 R2 R2

wherein R1 is selected from the group consisting of H, CHs,
CH3CHgz, CH3CH(CHs3), CH3(CH2)»CH2, CH3CH(CH3)(CH2),CHa, and
CH3CH2CH(CH3)(CH2),CHy; and

wherein R2 is selected from the group consisting of H, CHs,
CH3CH,, CH3CH(CH3;), CH3(CH3),CH2, CH3CH(CH3)(CH2),CHo,
CH3CH2CH(CH3)(CH2)nCHz,

wherein n = 0-30.
24.  The recombinant microorganism of claim 22, further

comprising (iii) at least one polynucleotide encoding and expressing an

aldehyde and/or ketone biosynthesis pathway.
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wherein R2 is selected fromthe group consisting of H CH3, CH3CH2,
CH3CH(CH 3) , CH3(CH2)nCH2, CH3CH(CH 3) (CH2) nCH2, CH3CH2CH(CH 3) ( CH2) nCH2,
wher ei n rwe 20t03889226. The reconbi nant m croor gani sm of @CaAUsR@R/067Mer ei n
the at | east one pol ynucl eoti de encodi ng and expressing the al dehyde and/ or
ket one bi osynt hesi s pat hway conprises a pathway sel ected from an

acet oal dehyde, propi @%al ddmedecogibinant ahidedoygenisiubiyol aihd2hyeieerein the

i sobut yral dehyde, 2-nethyl butyral dehyde, 3-nethyl -butyral dehyde,

4- et hyl pembigfapsggniem inSepaRleRipIverthc: 2 paitalia yeRNOSERFTIR BE Bldilanidy de,

- Phao! e- 3 H0BRATRYA 10 5 CohmBYRY BV S R AERA G el ¥R e, and
succi nat e 4hdydirerodHiedhdmissebatrieiysiendtifetnénes)is serRIcRtomathe

conbi nations thereof. 27. The reconbi nant m croorgani smof claim 26,

wher ei n t héolilgwie@yereniast/ or ket one bi osynt hesi s pat hway conprises an

i sobut yral dehyde bi osynt hesi s pat hway, and wherein the al dehyde is

i sobut yr al dehy¥fe. 28. The reconbi nant ni croorgani smof claim®6, wherein the
pat

al dehyde a ne bio mFmgg pa_tbngy/wsgnvms' ses_a yx/y{ﬁhi%ﬂ de
n%/ hwa§, and \%A)ﬁere n the al dehyd isbbutyranehy . . The

bi osynt hes e
reconbi nant m cf8or gani sm of cl@d m 6, wherei nPhe al dehyde arft? or ket one

bi osynt hesi s pat hway conpri ses a hexanal dehyde bi osynt hesi s pat hway, and
wherei n the al dehyde WheraexRhig srRlggigs. fra thegeoyneenaisting®f i €Heor gani sm of

claim 22, rQin Amh I | I } codipn d expressin
t he pol ypep i%("34%1g/l_ilBf%ﬁ@]%sgﬁ%}a'a@g@&g@%%ﬁ?@lqL%ﬂ%“?@é@ehz)ga@@nucI goti de °
sequence t IGH,CI$,GH(CIR9EEHANGH, 280 95% 98% or 99%identical to at |east

one nucl eotide sequence set forth in SEQ ID NOS:51-82, or (ii) a nucleotide
sequence that hybri diwlgeseindRats selasteddrem e geain ernsistngeeidd, b, forth in

SEQ 1D NOS G182, Q1. &EH! BIERHHENE B, CH(CHs)(CHa)nCHa,
CH3CH2CH(CH3)(CH2)nCHz,

wherein n = 0-30.

26. The recombinant microorganism of claim 22, wherein the at
least one polynucleotide encoding and expressing the aldehyde and/or ketone
biosynthesis pathway comprises a pathway selected from an acetoaldehyde,
propionaldehyde, glutaraldehyde, butyraldehyde, isobutyraldehyde, 2-methyl-
butyraldehyde, 3-methyl-butyraldehyde, 4-methylpentaldehyde, hexanaldehyde,
octanaldehyde, phenylacetoaldehyde, 2-phenyl acetoaldehyde, 2-(4-
hydroxyphenyl) acetoaldehyde, 2-Indole-3-acetoaldehyde, 5-amino-
pentaldehyde, succinate semialdehyde, and succinate 4-hydroxyphenyl

acetaldehyde biosynthesis pathway, and combinations thereof.
27.  The recombinant microorganism of claim 26, wherein the

aldehyde and/or ketone biosynthesis pathway comprises an isobutyraldehyde

biosynthesis pathway, and wherein the aldehyde is isobutyraldehyde.
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under conditions of mediumstringency. 3 1. The reconbi nant m croorgani sm
of claim 22, wherein the pol ypeptide having the al dol ase activity conprises
at | east woeotwwbwgi cal ly active notif sel ected from t h@eCanisp@9Imeci7do
sequences set forth in SEQ I D NOCS: 223- 244, 255-260. 32. The reconbi nant

m croorgani smof claim22, wherein the at |east one pol ynucl eoti de encodi ng
and expressing the p@8ypeftedecbabingntnhierctrgamiomn cfadiyicr 6g@hesin i vity
conpri ses Ealgk% a nucl eoti de sequence that is at |east 80% 90% 95% 98% or
99% i dent i ehygetand/erkstene bipsysthasimeathway qosrriisesa beigalgenNgs 1, 3, 5,

(i)' a nuctbsvihed patiay efd e e 2idetfire f tpdabeniente oot de
sequence set forth in SEQID NCs:1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 2 1,

23, 25, 27, 29, 30, 3 1, 33, or 83-96, or a conplenent thereof, under
condi tions of medi um2 ri Aderegoa®inartienicesgdniannef aaior oowbeaisistheof cl ai m

22, wher ei | i de_havi h hol _dehyd Vi
compr i ses. HOqgBEHRE e OGe AR hesk adria tort R A Fedediinn ) o
NADH, ni Cowimﬁ&@ﬁg 're , dhaumerein e W%%e&bﬁ&@éﬁyd&r a NADPH

binding notif.” 34. T onbi nant m croorgani smof claim33, wherein the
NAD+, NADH, NADP+, or NADPH binding notif is selected fromthe group

IS Y {2t Nl bl ey 1 41
(500 5 Noest be PR AR Hoodiig o Kefrelsifio e PelpeuRenhgng X X
NO 253), armitorase Xetkity-dBmprisesIBQ hikIBRLdS ¢ quanter biahisYatilsastraDepeoamsnt | y

sel ected froron al e})ni ne | ycine, and serine, wherein Gis glycine, and
wherein X i% /ﬁ,r&f’e{ee%l% ol ijertigad &9 atileppbana nyelgstide apayenrgeeridartnd no aci d.

SEQ ID NOS:51-82, or (ii) a nucleotide sequence that hybridizes to at least one
nucleotide sequence set forth in SEQ ID NOS:51-82, or a complement thereof,

under conditions of medium stringency.

31.  The recombinant microorganism of claim 22, wherein the
polypeptide having the aldolase activity comprises at least one biologically
active motif selected from the amino acid sequences set forth in SEQ ID
NOS:223-244, 255-260.

32. The recombinant microorganism of claim 22, wherein the at
least one polynucleotide encoding and expressing the polypeptide having the
alcohol dehydrogenase activity comprises (i) a nucleotide sequence that is at
least 80%, 90%, 95%, 98%, or 99% identical to the nucleotide sequence set
forth in SEQ ID NOS: 1, 3,5,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 30, 31,
33, or 83-96, or (ii) a nucleotide sequence that hybridizes to at least one
nucleotide sequence set forth in SEQ ID NOS:1, 3, 5,7, 9, 11,13, 15,17, 19,
21, 23, 25, 27, 29, 30, 31, 33, or 83-96, or a complement thereof, under

conditions of medium stringency.
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35. The reconbi nant m croorgani smof claim?22, further conprising at |east
one pol ynucl eoti de encodi ng and expressi ng a pol ypeptide having a doubl e
bond redwDasw/@mswiivity and/ or at | east one pol ynucl eot iPd&/tSa@9mb17§0 and
expressing a pol ypeptide having a dehydratase activity. 36. The reconbi nant
m croorgani sm of claim 35, wherein the at |east one pol ynucl eoti de encodi ng
and expressing the p@3ypefthedecbabingntnhierobeginismbsitlairegRolaeiatid vity
conpri ses (i% a nucl eoti de sequence that is at |east 80% 90% 95% 98% or
99% i dent i PAIYReptidadaning teetalerndl dghrarogesase pelyily ¢omBiess & IRES: ¥B 50, or

Sequence. s6 S eiiFRdE RNl aIYBbIE TACYS SNAEThpS RS RIE,
condi tions dﬂfudl@ﬁid@br&isfdh@&?MA(DPé’rz,-orAa NROF4 bidimg afbegi ng a commodi ty

chem cal, or an internediate thero conprising growing a first reconbi nant
m croorgani smw tha source of a suitable nonosaccharide or oligosacchari de,

wherein the first re gfnbi nt _nmi croorgani sm conpris Sai ('% an al dehyde or
ket one bi osynt hesi s 3@'{ hvvg@,e_ r@FPWbJﬂa é’%lgIEOO(Sg%nI. W!?/ferﬁj%'%g 1‘_61_@?@% ng and
expr essi ng NpDP! MRS, INIRDPRY6PRABPIbHRIIRS rode Id ¥dIbdteddRen thd gao@t | east

one pol ynucl eoti de encodi ng and expressing a pol ypepti de having an al cohol
dehydr ogenasasiating of YyX-GiieXeY {SEQ IRNE:265f YoK- X4 CGoxlY (Skelelbt i des i s
exogenous, ereby  produci t it henj cal r inter iate
Chereor . 38l0BHBIneBh St By (B8 ThHo drfy Fh ot (SRR RENEATE e
nonosacchant_gey gf_© i Q¢ i \da- 1\8 85y a~ SE &0 ' v

m cr oor gani\g%e)é%teolbdsﬂgﬁg%[ﬁggblo égr om ngﬁﬁx??ﬂggggmg%)’ Y-X

pol ysaccharG-eYqSEQ HoND: 261y, e XoX-G-X-WASECBID NTh252k teX-0f-GeKay (8BQ,
wherein the_bi omass-derjved gol ysaccharide is selected from al gi nate and

pectin. 40IDAGEFIRY YphdddoligXaY dokfbth NP:@hEEWIEreinof isan i nt er medi at e
therof, conpidiii@nd SWeRfPrbRCaaRha2g ciNeS HRG'SAARL SHhR Gis glycine,
and wherein X is independently selected from a genetically encoded amino

acid.

35.  The recombinant microorganism of claim 22, further
comprising at least one polynucleotide encoding and expressing a polypeptide
having a double bond reductase activity and/or at least one polynucleotide

encoding and expressing a polypeptide having a dehydratase activity.

36.  The recombinant microorganism of claim 35, wherein the at
least one polynucleotide encoding and expressing the polypeptide having the
double bond reductase activity comprises (i) a nucleotide sequence that is at
least 80%, 90%, 95%, 98%, or 99% identical to the nucleotide sequence set
forth in SEQ ID NOS:35-50, or (ii) a nucleotide sequence that hybridizes to at
least one nucleotide sequence set forth in SEQ ID NOS:35-50, or a

complement thereof, under conditions of medium stringency.

37. A method of producing a commodity chemical, or an

intermediate therof, comprising growing a first recombinant microorganism with
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bi omass-derived pol ysaccharide, wherein the reconbinant m croorganismis
capabl e of growi ng on the biomass-derived pol ysaccharide as a sol e source
of car borwoant/oskernei n t he recomnbi nant m croor gani sm coRpLiGse@9067)75@n

al dehyde or ketone biosynthesis pathway, (ii) at |east one pol ynucl eotide
encodi ng and expressing a pol ypeptide having an al dol ase activity; and

(i) at | easdurosef palujtable! mohoskcobariddion@ligosacthiarids siwhgrein (i@ fiigept i de
havi ng an al cohol dehydrogenase activity, wherein at | east one of the
pol ynucl eot"eeRgbingneRvgjeatdanism W@ﬁ&ﬂﬁeﬁr@j@@iﬁw@m’ﬁ@ OF fefAne BiosyMBaAsigal , or

bi omss. de ARy, d[1fad8hst dhelpo B0 BRIAY Entou B ALl ires M ' bultBros,
r econbi nanthaiirg A9 BBHSEA ctRAPPAAS (iMtat(Easthedpslghysleottde Kedstigg and
bi osynt hesis pathway, (ii) at |east one golynucleotlde encodi ng and

expr essi ng EXPRAS|EpPotpeRtide hgving an diebaskdetydiragangseaaalivity. whergin akast
one pol ynucl eqti de caodin nd expressing a pol ypeptide. having an al cohol
enydr ogendeast a5 /s BoytoRalofE B EEat S iy BiadtEinddhec af m a2,
wher ei n t heohREAR) BRdthical, O 908 FABIAMIAR harall e of growing on a

bi omass-derived pol ysaccharide as a sole source of carbon. 44. The
reconbi nant m croorgani smof any one of clains 1 to 40, wherein the

m croorganismis selected_from Acet obacter_aceti, Achronobacter, .

et o T Bt et S et aie TR ORI 57 Adb o e T eaaY 8 SullAbHRr i x.
Agrobacteri I iqdWaR ; , r Aspargil |l us
ni ger, Aspgb%%cﬁ%:?gﬁ%ﬁ%g!eé!&per Sﬁ?rllﬁés)gan@#figé%/’a E@E’Q{?&Qﬁﬁéﬁ%ﬂf ver ullent us,

Asper gi | | usnisridrganisrsthet @i ddpablesof grawirg paragbibhesswisrivied, pdBaszicchardde

al cal ophi l us, Bacillus anyloliquefaciens, Bacillus brevis, Bacillus

ci rcul ans, B PPIEEOUGHOEFArDORaci | | us | entus, Bacillus lichenifornis,
Baci | l us nacerans, Bacillus stearothernophilus, Bacillus subtilis,

39. The method of claim 38, wherein the biomass-derived

polysaccharide is selected from alginate and pectin.

40. A method of producing a commodity chemical, or an
intermediate therof, comprising growing a recombinant microorganism with a
biomass-derived polysaccharide, wherein the recombinant microorganism is
capable of growing on the biomass-derived polysaccharide as a sole source of
carbon, and wherein the recombinant microorganism comprises (i) an aldehyde
or ketone biosynthesis pathway, (ii) at least one polynucleotide encoding and
expressing a polypeptide having an aldolase activity; and (iii) at least one
polynucleotide encoding and expressing a polypeptide having an alcohol
dehydrogenase activity, wherein at least one of the polynucleotides is
exogenous, thereby producing the commodity chemical, or the intermediate

thereof.

41. The method of claim 40, wherein the biomass-derived

polysaccharide is selected from alginate and pectin.
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Bi fi dobacterium Brevibacillus brevis, Burkhol deria cepacia, Candida
cyl i ndracea, Candi da rugosa, Carica papaya (L), Cellul osim crobium
Cephal ospaoi20myoegizaet om um errati cum Chaet om um graci | @CTAUSe@VObTIBUM
Clostridiumbutyricum d ostridiumacetobutylicum C ostridium

t hernocel | um Corynebacterium (gl utam cum, Corynebacterium efficiens,
Escherichia coli, Enurocdcmeomiimamtmaicedurganisi)eompri@ing (inamaidetyde
d uconacet obact er, Hal oarcul a, Hum col a i nsol ens, Hum col a nsol ens,

Ki t asat osp&f ésemea@osmtegglséqawaw (Bbaf |§E$tapréﬁ<9@|&6é0|eml<ﬂf?y9€€@ﬁ§)§ é@d

Cact obaci | Earesst aisBlveplee FafRbaTalBiseransbit i occus,

Lact ococcupolyiciebtideaiteaamet A ek&bbyuhg@/ﬁ@lygeptm RNy ebusicstiati | i ae,
Met hanogeni um or ganophi | um “Met hanobact eri um bryantii, crobacterium

i nperi al e, dehydingenasslagtivtiei kti cus, M crol unatus, Micorj avani cus,
Mycobacterium Mrrothecium Nt robact er, N trosononas, Nocardia, Papaya

carica, Pediococcus, Pediococcus hal ophilus, Penicillium Penicillium
camenberti, Penicil | iggm Citlel ﬁéeaanbpreaﬁt%.bllddagérﬂgﬁrémélm 4ZeRhEIIA tHem
roqueforti, Penicillumlilactinum Penicillummulticolor, Paracoccus
pant ot r ophuecorRbmanbmidraotganismis @amkderm'mmgmual@mnm -fétinadescens,
Pseudononas deni tr|f cans, rococc rococcus furiosus, Pyrococcus
hori koshi i PORISESERANAR aRAI edce éﬁ’ét? ‘Rhi zorucor pusi | | us” Li ndt,

Rhi zopus, Rhi zopus deI emar, Rhi zopus japoni cus, Rhi zopus niveus, Rhizopus
oryzae, Rhizopus oligosporus, Rhodococcus, Sccharonyces cerevisi ae,

Scl erotina |i berti na44SphiTingolegohiinanmnmigtdorgamism ofSpty aorgobf ¢laims 1 to

Sphi ngormnas Streptococcus, Streptococcus thernophilus Y-1, Streptonyces,

St r ept onycéd W%@Uéhe %9@6’(@)@@%@5‘3Isﬁlﬂ%@msf\@@@@%(i%e%r| nus,

St ePt oMY C oot i bBL0RS Rei DS UG AN RL SSRGS o SHLAREIRES L C1 1| um
e ra e opha

nobar aense, genococcu I osp haera pant’otr anet es,
Tri choder W&\er@bﬁ@hﬂﬁ@fﬂm Afoghbreagh, a\tlém?geﬁés CARSRI S Borh6S$EIM), Tr i choder ma

viride, Trichosporon
Arthrogacter, Aspargillus niger, Aspargillus oryze, Aspergillus melleus,
Aspergillus pulverulentus, Aspergillus saitoi, Aspergillus sojea, Aspergillus
usamii, Bacillus alcalophilus, Bacillus amyloliquefaciens, Bacillus brevis,
Bacillus circulans, Bacillus clausii, Bacillus lentus, Bacillus licheniformis,
Bacillus macerans, Bacillus stearothermophilus, Bacillus subtilis,
Bifidobacterium, Brevibacillus brevis, Burkholderia cepacia, Candida
cylindracea, Candida rugosa, Carica papaya (L), Cellulosimicrobium,
Cephalosporium, Chaetomium erraticum, Chaetomium gracile, Clostridium,
Clostridium butyricum, Clostridium acetobutylicum, Clostridium thermocellum,
Corynebacterium (glutamicum), Corynebacterium efficiens, Escherichia coli,
Enterococcus, Erwina chrysanthemi, Gliconobacter, Gluconacetobacter,
Haloarcula, Humicola insolens, Humicola nsolens, Kitasatospora setae,
Klebsiella, Klebsiella oxytoca, Kluyveromyces, Kluyveromyces fragilis,
Kluyveromyces lactis, Kocuria, Lactlactis, Lactobacillus, Lactobacillus
fermentum, Lactobacillus sake, Lactococcus, Lactococcus lactis, Leuconostoc,
Methylocystis, Methanolobus siciliae, Methanogenium organophilum,

Methanobacterium bryantii, Microbacterium imperiale, Micrococcus
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penicillatum Vibrio alginolyticus, Xanthononas, yeast, Zygosaccharomyces
rouxii, Zynmononas, and Zynmononus nobilis. 45. A commodity chem cal produced
by the nawbadicafssemy one of clainms 1, 37, or 40. 46. A pCendeadvormodity
chem cal conprising the commobdity chem cal of claim45 and a
refinery-produced petrol eum product. 47. The bl ended commodity chem cal of
claim 46, WeaogikticubeMimolmedtsy Mivenjiaainicus, dicevbe@dritin myratieeiange,

2- et hyl hexane, and 2-butyl octane. 48. The bl ended commpdity chem cal of

cl ai m 46, Wepbagier Mitrosdmpsas.-Neeridice Fapal s rsam Pedaaescuss sel ected from

gacolt e kel by E et B Pens TR ROReRlact EMERRR "o ¢
bl endi ng t keringinl FRMECIRGAWBIEEHSOREL POhBMINDF rtPehidillien GiRisrRdint Y

chem cal produced by the nethod of any one of clainms 1, 37, or 40, thereby
produci ng tHefieitmodifigolohdrareapcas partiedopluds, féoponddetardinpet r ol eum
product. Pseudomonas, Pseudomonas fluorescens, Pseudomonas denitrificans,
Pyrococcus, Pyrococcus furiosus, Pyrococcus horikoshii, Rhizobium,
Rhizomucor miehei, Rhizomucor pusillus Lindt, Rhizopus, Rhizopus delemar,
Rhizopus japonicus, Rhizopus niveus, Rhizopus oryzae, Rhizopus oligosporus,
Rhodococcus, Sccharomyces cerevisiae, Sclerotina libertina,
Sphingobacterium multivorum, Sphingobium, Sphingomonas, Streptococcus,
Streptococcus thermophilus Y-1, Streptomyces, Streptomyces griseus,
Streptomyces lividans, Streptomyces murinus, Streptomyces rubiginosus,
Streptomyces violaceoruber, Streptoverticillium mobaraense, Tetragenococcus,
Thermus, Thiosphaera pantotropha, Trametes, Trichoderma, Trichoderma
longibrachiatum, Trichoderma reesei, Trichoderma viride, Trichosporon
penicillatum, Vibrio alginolyticus, Xanthomonas, yeast, Zygosaccharomyces

rouxii, Zymomonas, and Zymomonus mobilis.

45. A commodity chemical produced by the method of any one

of claims 1, 37, or 40.

46. A blended commodity chemical comprising the commodity

chemical of claim 45 and a refinery-produced petroleum product.
47. The blended commodity chemical of claim 46, wherein the

commodity chemical is selected from isooctane, 2-ethylhexane, and 2-butyl-

octane.
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48. The blended commodity chemical of claim 46, wherein the
refinery-produced petroleum product is selected from gasoline, jet fuel, and

diesel fuel.

49. A method of producing a commodity chemical enriched
refinery-produced petroleum product, comprising

(a)  blending the refinery-produced petroleum product with the
commodity chemical produced by the method of any one of claims 1, 37, or 40,

thereby producing the commodity chemical enriched refinery-

produced petroleum product.
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