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CLAIMS

A non-naturally occurring microbial organism having carbon monoxide dehydrogenage or
hydrogenase activity and a reductive tricarboxylic acid (rTCA) pathway, whercth said
microbial organism comprises at least one exogenous nucleic acid encoding a rTCA
pathway enzyme expressed in a sufficient amount to convert CO, CO, or/H; to acetyl-
CoA, wherein said rTCA enzyme is selected from the group consisting of an ATP citrate-
lyase, a citrate lyase, an aconitase, an isocitrate dehydrogenase, an alpha-
ketoglutarate:ferredoxin oxidoreductase, a succinyl-CoA synthétase, a succinyl-CoA

transferase, a fumarate reductase, a fumarase, and a malate dehydrogenase.

A non-naturally occurring microbial organism comprising at least one exogenous nucleic
acid encoding an enzyme expressed in a sufii:/i, nt amount to produce reducing

equivalents from carbon monoxide or hydrogen, thereby fixing CO; via a rTCA cycle,

wherein said at least one exogenous nucleic atid is selected from a carbon monoxide

dehydrogenase, a hydrogenase, and an NADM)H: ferredoxin oxidoreductase.

A non-naturally occurring microbial organism comprising

a rTCA pathway comprising ap’least one exogenous nucleic acid encoding a rTCA
pathway enzyme expressed in « sufficient amount to convert (i) CO, (it) CO, and H,, (iii)
CO and COq, (1v) synthesis/gas comprising CO and Hj, or (v) synthesis gas comprising
CO, CO,, and H; to acgtyl-CoA; wherein said at fTCA pathway enzyme is selected from
the group consistinf an ATP citrate-lyase, a citrate lyase, an aconitase, an isocitrate
dehydrogenase, 4 ' alpha-ketoglutarate:ferredoxin oxidoreductase, a succinyl-CoA
synthetase, accinyl—CoA transferase, a fumarate reductase, a fumarase and a malate

dehydrogey 4se; and

a redpCing equivalent producing pathway comprising at least one exogenous nucleic acid

en ding a reducing equivalent producing enzyme selected from the group consisting of a

Scarbon  monoxide dehydrogenase, a hydrogenase and a NAD(P)H:ferredoxin

oxidoreductase.
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The non-naturally occurring microbial organism of claim 2 or 3, wherein said micr 4;1

organism further comprises a ferredoxin.

The pon-naturally occurring microbial organism of claim 1 or 3, wherein/said rTCA

pathway enzyme is selected from the group consisting of an ATP citra(t/e/ yase, a citrate

lyase, an alpha-ketoglutarate:ferredoxin oxidoreductase, and a fumarate feductase.

The non-naturally occurring microbial organism of claim 1 or 3, wherein said rTCA

pathway enzyme is an aconitase or an isocitrate dehydrogenase.

A non-naturally occurring microbial organism ha?ﬁg a (2-hydroxy-3-methyi-4-

oxobutoxyjphosphonate pathway, wherein said microb organism comprises at least one
exogenous nucleic acid encoding a (2~hydr0x—methy!—4—0xobutoxy)phosphonate
pathway enzyme expressed in a sufficient amount to produce (2-hydroxy-3-methyl-4-
oxobutoxy)phosphonate, said (2—hydroxy-3-thy1—4—oxobutoxy)phosphonate pathway

comprising a 2-C-methyl-D-erythritol-4-ph o dehydratase.

The non-naturally occurring microbial grganism of claim 7, wherein

(i) said (2-hydroxy-3-methyl- 4-oxobutoxy)phosphonate pathway further comprises a

[-deoxyxylulose-5-pho fhate synthase and/or a 1-deoxy-D-xylulose-5-phosphate

reductoisomerase;

(ii)  said microbial ofganism comprises three exogenous nucleic acids each encoding a

(iii)  said migfobial organism comprises three exogenous nucleic acids, each encoding a

sy {thase and a 1-deoxy-D-xylulose-5-phosphate reductoisomerase;
/' said at least one exogenous nucleic acid is a heterologous nucleic acid; or

said non-naturally occurring microbial organism is in a substantially anaerobic

culture medium,
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A method for producing (2-hydroxy-3-methyl-4-oxobutoxy)phosphonate, comprising
culturing the non-naturally occurring microbial organism of claim 7 or 8 under cend?&s
and for a sufficient period of time to produce (2-hydroxy-3-methyl-4-

oxobutoxyjphosphonate,

A non-paturally occurring microbial organism having a p-toluate pathway,/wherein said
microbial organism comprises at least one exogenous nucleic acid enceding a p-toluate
pathway enzyme expressed in a sufficient amount to produce p-tolliate, said p-toluate
pathway comprising a 2-dehydro-3-deoxyphosphoheptonate synt%as/e; a 3-dehydroquinate
synthase; a 3-dehydroquinate dehydratase; a shikimate de ’S/drogenase; a shikimate
kinase; a 3-phosphoshikimate-2-carboxyvinyltransferase; /chorismate synthase; or a

chorismate lyase.
The non-naturally occurring microbial organism of ¢laim 10, wherein

(1) said microbial organism comprises Z&o, three, four, five, six, seven or eight

exogenous nucleic acids each encoding a p-toluate pathway enzyme;

(11)  said microbial organism comppises eight exogenous nucleic acids, each encoding a
2-dehydro-3-deoxyphospholieptonate synthase; a 3-dehydroquinate synthase; a 3-
dehydroquinate dehydratase; a shikimate dehydrogenase; a shikimate kinase; a 3-
phosphoshikimate-2-¢arboxyvinyltransferase; a chorismate synthase; and a

chorismate lyase;

iii said organism further comprises a (2-hydroxy-3-methyl-4-
Y Y

(iv)  said At least one exogenous nucleic acid is a heterologous nucleic acid; or

)

said non-naturally occurring microbial organism is in a substantially anaerobic

culture medium.

The non-naturally occurring microbial organism of claim 11, wherein the (2-hydroxy-3-

methyl-4-oxobutoxy)phosphonate pathway comprises a 2-C-methyl-D-erythritol-4-
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phosphate dehydratase, a I-deoxyxylulose-5-phosphate synthase and/or a 1-deoxy-

xylulose-5-phosphate reductoisomerase,

A method for producing p-toluate, comprising culturing the non-naturally @ccurring
microbial organism of any one of claims 10 to 12 under conditions and for/a sufficient

period of time to produce p-toluate.

A non-naturally occurring microbial organism having a terephthalaté pathway, wherein
said microbial organism comprises at least one exogenous m}*leic acid encoding a

terephthalate pathway enzyme expressed in a sufficient amou ‘to produce terephthalate,

said terephthalate pathway comprising a p-toluate methyl-m@nooxygenase reductase; a 4-

carboxybenzyl alcohol dehydrogenase; or a 4-carboxyben#yl aldehyde dehydrogenase;

and wherein said microbial organism further compriges a p-toluate pathway, wherein said

p-toluate pathway comprises a 2-dehydro-3-déoxyphosphoheptonate synthase; a 3-
dehydroquinate synthase; a 3-dehydroquinate dehydratase; a shikimate dehydrogenase; a
shikimate kinase; a 3-phosphoshikimate-2-carboxyvinyltransferase; and a chorismate

synthase; or chorismate lyase.

The non-naturally occurring microbfal organism of claim 14, wherein

(1) said microbial organisth comprises two or three exogenous nucleic acids each

encoding a terephthalate pathway enzyme;

(i1)  said microbial grganism comprises three exogenous nucleic acids, each encoding a
p-toluate ethyl-monooxygenase reductase; a 4-carboxybenzyl alcohol

dehydrogénase; and a 4-carboxybenzyl aldehyde dehydrogenase;

(ili)  said/ p-toluate pathway comprises a 2-dehydro-3-deoxyphosphoheptonate
thase; a 3-dehydroquinate synthase; a 3-dehydroquinate dehydratase; a
shikimate dehydrogenase; a shikimate kinase; a 3-phosphoshikimate-2-

carboxyvinyltransferase; a chorismate synthase; and a chorismate lyase;

said microbial organism further comprises a (2-hydroxy-3-methyl-4-

oxobutoxy)phosphonate pathway;
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(v) said at least one exogenous nucleic acid is a heterologous nucleic acid; or

{(vi)  said non-naturally occurring microbial organism is in a substantially anaerobic

culture medium.

The non-naturally occurring microbial organism of claim 15, wherein the (2/hydroxy-3-
methyl-4-oxobutoxy)phosphonate pathway comprises a 2-C-methyl-D-erythritol-4-
phosphate dehydratase, a 1-deoxyxylulose-5-phosphate synthase and/or a 1-deoxy-D-

xylulose-5-phosphate reductoisomerase.

A method for producing terephthalate, comprising culturing thé non-naturally occurring
microbial organism of any one of claims 14 to 16 under ¢ -{(;itions and for a sufficient

period of time to produce terephthalate.

The non-naturally occurring microbial organism of aghy one of claims 1 to 8, 10 to 12 or

14 to 16, wherein said microbial organism is a species of bacteria, veast or fungus.

A culture medium comprising (2-hydroxy-3-methyl-4-oxobutoxy)phosphonate, wherein
said (2-hydroxy-3-methyl-4-oxobutoxy)phosphonate is produced by the non-naturally

occurring microbial organism of any ope of claims 1 to 8.

A biosynthesized (2-hydroxy-3-1 .eél/yl~4v«ox0bui'oxy)phosphonate.

A biosynthesized (2-hydrofy-3-methyl-4-oxobutoxy)phosphonate, wherein said (2-

hydroxy-3-methyl-4-oxobatoxy)phosphonate is produced according to the method of

ound, polymer, or other product comprising the biosynthesized (2-
hydroxy-3-methyl-4-oxobutoxy)phosphonate of claim 20 or 21.

Use of the biosynthesized (2-hydroxy-3-methyl-4-oxobutoxy)phosphonate of claim 20 or

21 in the manufacture of a chemical compound, polymer, or other product.

Tl'/use of claim 23, wherein the manufacture comprises a chemical conversion of the (2-

hydroxy-3-methyl-4-oxobutoxy)phosphonate.
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The use of claim 23, wherein the chemical compound, polymer, or other product is p-

toluate or terephthalate.

The use of claim 23, wherein the chemical compound, polymer, or other product is a

polyethylene terephthalate.

The use of claim 23, wherein the chemical compound, polymer, or ? r product is a
clothing, resin, plastic bottle, poultry feed additive, polymer stabilizgr, pesticide, light

sensitive compound, animal feed supplement or organic chemical.

A culture medium comprising p-toluate, wherein said p—foi/l?}e 1s produced by the non-
0

naturally occurring microbial organism of any one of claim to 12.

A biosynthesized p-toluate.

A biosynthesized p-toluate, wherein said p-toluaté is produced according to the method

of claim 13.

A chemical compound, polymer, or othér product comprising the biosynthesized p-

toluate of claim 29 or 30,

Use of the biosynthesized p-toluafe of claim 29 or 30 in the manufacture of a chemical

compound, polymer, or other pfoduct.

The use of claim 32, wherein the manufacture comprises a chemical conversion of the p-

toluate.

The use of clainy’ 32, wherein the chemical compound, polymer, or other product is

terephthalate.

The use ¢f claim 32, wherein the chemical compound, polymer, or other product is a

polyetiylene terephthalate.

THe use of claim 32, wherein the chemical compound, polymer, or other product is a
clothing, resin, plastic bottle, poultry feed additive, polymer stabilizer, pesticide, light

sensitive compound, animal feed supplement or organic chemical.
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A culture medium comprising terephthalate, wherein said terephthalate is produced by the

non-naturally oceurring microbial organism of any one of claims 14 to 16,
A biosynthesized terephthalate. /

A biosynthesized terephthalate, wherein said terephthalate is produced a?xéng to the

/

A chemical compound, polymer, or other product comprising the biosynthesized

method of claim 17.

terephthalate of claim 38 or 39.

Use of the biosynthesized terephthalate of claim 38 or in the manufacture of a
chemical compound, polymer, or other product.

The use of claim 41, wherein the manufacture comp(ises a chemical conversion of the

terephthalate.

The use of claim 41, wherein the chemical compound, polymer, or other product is a

polyethylene terephthalate.

The use of claim 41, wherein the £hemical compound, polymer, or other product is a
clothing, resin, plastic bottle, péultry feed additive, polymer stabilizer, pesticide, light

sensitive compound, animal f¢ed supplement or organic chemical.
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CLAIMS

A non-naturally occurring microbial organism having carbon monoxide dehydrogenase or
hydrogenase activity and a reductive tricarboxylic acid (rTCA) pathway, wherein said
microbial organism comprises (1) at least one exogenous nucleic acid encoding a TTCA
pathway enzyme expressed in a sufficient amount to convert CO, CO; or H; to acetyl-
CoA, wherein said r'TCA enzyme is selected from the group consisting of an ATP citrate-
lyase, a citrate lyase, an aconitase, an isocitrate dehydrogenase, an alpha-
ketoglutarate:ferredoxin oxidoreductase, a succinyl-CoA synthetase, a succinyl-CoA
transferase, a fumarate reductase, a fumarase, and a malate dehydrogenase; and (2) at least
one exogenous nucleic acid encoding a biosynthetic product pathway enzyme expressed
in a sufficient amount to produce said biosynthetic product, wherein the microbial

organism does not require light for growth.
A non-naturally occurring microbial organism comprising

a 1TTCA  pathway comprising at least one exogenous nucleic acid encoding a rTCA
pathway enzyme expressed in a sufficient amount to convert (i) CO, (ii) CO; and H,, (i)
CO and CO,, (iv) synthesis gas comprising CO and Hy, or (v} synthesis gas comprising
CO, COy, and Hy; to acetyl-CoA; wherein said at rTCA pathway enzyme is selected from
the group consisting of an ATP citrate-lyase, a citrate lyase, an aconitase, an isocitrate
dehydrogenase, an alpha-ketoglutarate:ferredoxin oxidoreductase, a succinyl-CoA
synthetase, a succinyl-CoA transferase, a fumarate reductase, a fumarase and a malate

dehydrogenase;

a reducing equivalent producing pathway comprising at least one exogenous nucleic acid
encoding a reducing equivalent producing enzyme selected from the group consisting of a
carbon monoxide dehydrogenase, a hydrogenase and a NAD(P)H:ferredoxin

oxidoreductase; and

at least one exogenous nucleic acid encoding a biosynthetic product pathway enzyme
expressed mn a sufficient amount to produce a biosynthetic product, wherein the microbial

organism does not require acetyl-CoA synthase.
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The non-naturally occurring microbial organism of claim 1 or 2, wherein said microbial

organism further comprises a ferredoxin.

The non-naturally occurring microbial organism of claim 1 or 2, wherein said rTCA
pathway enzyme is selected from the group consisting of an ATP citrate-lyase, a citrate

lyase, an alpha-ketoglutarate:ferredoxin oxidoreductase, and a fumarate reductase.

The non-naturally occurring microbial organism of claim 1 or 2, wherein said rTCA

pathway enzyme is an aconitase or an isocitrate dehydrogenase.

The non-naturally occurring microbial organism of any one of claims 1 to 5, wherein said

microbial organism is a species of bacteria, yeast or fungus.

A non-naturally occurring microbial organism comprising a reducing equivalent
producing pathway comprising at least one exogenous nucleic acid encoding a reducing
equivalent producing enzyme selected from the group consisting of a carbon monoxide

dehydrogenase, a hydrogenase and a NAD(P)H:ferredoxin oxidoreductase; and

at least one exogenous nucleic acid encoding a biosynthetic product pathway enzyme
expressed in a sufficient amount to produce said biosynthetic product, whercin the

microbial organism does not require acetyl-CoA synthase.

The non-naturally occurring microbial organism of any one of claims 2 to 7 comprising at
least one exogenous nucleic acid encoding a reducing equivalent producing enzyme

carbon monoxide dehydrogenase.

The non-naturally occurring microbial organism of any one of claims 2 to 8 comprising at
least one exogenous nucleic acid encoding a reducing equivalent producing enzyme

carbon monoxide dehydrogenase and a ferredoxin.



