this derivative. Propylene is also used in the production of synthetic rubber and as a propellant or

comnponent in aerosols.

[6009] The ability to manufacture propylene from alternative and/or renewable feedstocks would
represent a major advance in the quest for more sustainable chemical production processes. One possible
way to produce propylene renewably involves fermentation of sugars or other feedstocks to produce the
alcohols 2-propanol {isopropanol) or 1-propanol, which is separated, purified, and then dehydrated to
propylene in a second step involving metal-based catalysis. Direct fermentative production of propylene
from renewable feedstocks would obviate the need for dehydration. During fermentative production,
propylene gas would be continuously emitted from the fermenter, which could be readily collected and
condensed. Developing a fermentative production process would also eliminate the need for fossil-based
propylene and would allow substantial savings in cost, energy, and harmful waste and emissions relative

to petrochemically-derived propylene.

[6010] Thus, there exists a need for alternative methods for effectively producing commercial

quantities of alkenes. The present invention satisfies this need and provides related advantages as well.

SUMMARY-GE-BNSIERTIO

[0011] The eventionpresent disclosure provides non-naturally occurring microbial organisms
containing an alkene pathway having at least one exogenous nucleic acid encoding an alkene pathway
enzyme expressed in a sufficient amount to convert an ajcohol fo an alkene. In some aspests-ofthe
mmventiengramples, the microbial organism comprises an alkene pathway selected from: (1) an alcohol
kinase and a phosphate lyase; (2) a diphbosphokinase and a diphosphate lyase; and (3) an alcohol kinase,

an alkyl phosphate kinase and a diphosphate lyase. The-inventen-asdditionally, the present disclosure

provides methods of using such microbial organisms to produce an alkene, by culturing a non-naturally
occurring microbial organism containing an alkene pathway as described herein under conditions and for

a sufficient period of time to produce an alkene.

0011al In & first aspect. there Is provided o non-naturally occurring microbial oreanism. said

microbial organism having an alkene pathwey and comprising at least one exorenous nucleic acid

encoding an alkepe pathway enzyme expressed in a sufficient amount 1o convert an aleohol 1o an allene.

wherein said allcene pathway comprises a pathway selected from: (1) an aleoho] kinase and a phosphate

tyase: (2) a diphosphokinase and a diphosphate lvase; and (3) an aleohol kinase, an alky] shosphate

kinase and a divhosphate lvase,




apd wherein said allkene 1s 2 compound of Formula (1)

R4 R
\Cmc/
RS/ \RZ

ol ol o 4 : ‘ R s et Sy :
wherein R, B, R, and R* are independently the same hetween said aleohol and gaid alkene and

eyeioalkyl, Coue aryl, Co s aralkyl, hetercarvl, or heteroovelvl. each optionallv substituied with one or
more substituents O or (o) =CIOWRY . Oy OR™M

SCLONRPRY, CoNRINR PR, —OR™ —OCIOIRY. —OCIOIOR . —OCIONER R,
~QCENRINRRY, —OS(OR", —OS(0LRY, —OSIOINR'"R >, —0S(0)L,NRPR

~NRR", -NRPCIORY, NRUCOIOR™, —WRCIOINRPR ', NR CENRNR PR, -NRUS(OIR,
“NRUSOLRM NRUSOINRR™, ~NRS(O)L,NR R, -8R, —SIOR™, —S(0LR " —S(OINRR'. or

aalkynyl, Cs o cveloatkyl, Cog arvl, G5 aralkyl, heteroaryl, or heterocvelvl: or R™ and R' together with

the C and N atorns to which they are aitached form heterocvelvl or B and R tosether with the N atom

to which thev are attached form heterocyelvl:

wherein each O is independentlv selected from (a) oxo. cvano, halo. and nifro:

heterocyelyl. each of which is further optionally substituted with one or more, in onc embodiment. one.

two, three, or four, substituents OF and (¢} —CIOWR" ~CIOYORY

~CLOINR RS, —CNRMNR RS, ~OR”. ~OCIORY, —OCICOR" ~OC{OWRRS,

~OCENRINR RS ~OS(O)RY, —OS(O)RY, —OS(OINR'RS, ~O8(D),NR'RS, -NR'R,

NRIC(OIRY, -NRACIOWRY, “NR*CIOINR'RY, -NR'CI=NRONRRS, -NR'S(OIR’,

~NRS(OLRY, - NR*S(OINR R, “NRS(O},NRRY, —8R", ~§(OIR®, ~S(O)R%,

SSOINRIRY, and ~8(0LNRRS, wherein each R®. R®. RS, and R® is independently (i) hvdrosen: (i) Crs




3b

optionally substituted with one or more, in one embodiment, one, two, three. or four, substituents Q°: or

(iii) R” and R® together with the N atom to which they are attached form heterocyelyl, optionally

substituted with one or move, in one embodiment, one. two, three, or four, substifuents Q%

wherein each ° is independently selected from the sroup consisting of (a) oxo, cvano, halo, and

nitro; (b) Cp.q alkyl, Co s alkenyl, Cy alkynyl, Cyg cyeloalkyl, Coy aryl, Cy.ys aralkyl, heteroaryl, and
heterocyelvl; and (¢) ~C(OIR®, -C{OIOR®, ~C(O)NRR,

—C(NRYNR'RY, ~OR’, -OC{OIR’, “OC(OIOR®, ~OC(OINR'RE, —OC(=NR*INR'R?,

~OS(OIR’, ~OS(OLR, ~OS(OINRRE, ~OS(0),NR'RE -NR'RE, -NRC(O)R",

~“NRC{OYOR, ~-NRC{OINRRE, -NRC(=NR"NR'R?, -NR°S(O)R", -NR*S(O},R".

NR°S(OINR'RE, -NR°S(O),NRRE, -SR®, ~S(OIR", -S(Q),R’, ~S(OINR'RY, and

~S(O),NRRE wherein each R, R, R®, and R” is independently (i) hydrogen: (i) C 1o alkyl, Gy alkenvyl,

Cas alkynyl, Cy g cycloalkyl, Cy 14 aryl, Cq 5 aralkyl, heteroaryl, or heterocyelyl: or (iii} R' and RE together

with the N atom to which they are attached form heterocyelyl.

[0011Db] In a second aspect, (here is provided a method for producing an alkene comprising culturing

the non-paturally occurring microbial organism as oreviously described under conditions and for a

sufficient period of time to produce said alkene, wherein said alkene is a2 compound of Formula (1D

R4 R’
\C:C/
R3/ \RZ

wherein R', R*, R, and R’ are each independently (a) hydrogen, cvano, halo, or nitro; (b) C 15

alkyl, C, ¢ alkenyl, C,.s alkvnyl, Cy5 cycloalkyl, Cg 4 arvl, C, 5 aralkyl, heteroaryl, or heterocyelyl, each
optionally substituted with one or more substituents Q; or (¢) —C(OR ", —C{OYOR'?, -C(OINRR'®, —
CNR!INR™R™, —OR", ~OC(O)R",

~OC(O)OR, “OC(OINRR’, ~OC(=NR™INR"R", ~OS(OR", ~OS(O},R",

~OS(OINR "R, ~OS(Q),NRR™, -NR'*R ', -NR"C{O)R", -NR"C(O)OR,

“NRMC(OINR"R", ~“NRP*C(=NR'INR'R", ~-NR"S(O)R", -NR*'S(Q),R ",

~NR"S(OINR"R’’, -NR"“S(0),NR""R"", ~SR™, ~S(O)R", ~S(0),R"*, ~S(OINRR*_or

—S(O)zNRle“' wherein each R'". R'® R'° and R'Y is independently hvdrogen, C 1o.alkvl, Coe alkenyl, Gy

s alkynyl, Cy 5 eycloalkyl, Cee aryl, Cy5 aralkyl, heteroaryl, or heterocyelyl: or R™ and R together with

the C and N atoms to which they are attached form heterocycivl: or R'® and R™ together with the N atom




o2

to which thev are attached form heterocvelvl

~CLOINRRE, —CINRUNRRE, ~OR®. —OC(OR’, -OC(OIOR®, —OCIOMNR RS,
—OCE=NRINRRY, ~O8$(OVR, ~OS(0LRY, —OS(ONRR’, —OS(0)LNRPRE, —NR'R
“NRCIOIRS —NR'CIOIORY, -NR'CIOINRPRY, - NR*CI=NRYNR RS, ~NR'SIOIRY,
“NRIS(ORRY, -NRAS(OTNR RS —NR'S(0),NR R®, ~8R™ ~S(OIR, —S{OLR"
~SOINRPR® and —AS(O)ZNR"R“ wherein each R% R®. RY, and R% is independentiv () hvdrogen: (i) Cig

optionally substituted with one or more. in one embodiment, one. two, three, or four, substitaents 0% or

(i) RY and R® together with the N atom (o which thev are attached form het crocvelvl, opticnally

subatitated with one or more, in one embodiment, one, two. three, or Tour, substituents OF

wherein each O is independently selected from the aroup consisting of (a) oxo., cvano, halo, and

~CINRINR RS, ~OR®, ~OCIOIRE, OGRS, —OC(OINRRE —OCENRONRRE
~OS(OR®, ~OS(ORR", ~OS(OINRRE, ~OS(0LNRRE “NRIRE —NRCIOIR"
NRCOIOR, NRCOINRRY, - NRCENRNNRRE -NRSOIRE, ~NROS(OLR",
=NRS(OINRRE, -NRSIOLNRRE —SR®, —SIOIRY, ~S(OLRE, ~S(OINRRE, and

with the N atom 1o which thev are attached form heteroovelivl,




