What is claimed is:

1. A non-naturally occurring microbial organism comprising at least one exogenous nucleic
acid encoding an enzyme expressed in a sufficient amount to produce reducing equivalents from
carbon monoxide or hydrogen, thereby fixing CO2 via a reductive tricarboxylic acid ({TCA) cyc

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

2, The non-naturally occurring microbial organism of clainy/]

organism further comprises a ferredoxin.

I
'

gmprising a microbial organism having

&

3. A non-naturally occurring microbial organism
carbon monoxide dehydrogenase or hydrogenase aity and a reductive tricarboxylic acid (TCA)
pathway comprising at least one exogenous nu acid encoding a rTCA pathway enzyme

expressed in a sufficient amount to convert C@, CO2 or H2 to acetyl-CoA, wherein said rTCA
pathway enzyme is selected from the groyy consisting of an ATP citrate-lyase, a citrate lyase, an
aconitase, an isocitrate dehydrogenase #in alpha-ketoglutarate:ferredoxin oxidoreductase, a
succinyl-CoA synthetase, a succinyfCoA transferase, a fumarate reductase, a fumarase and a
malate dehydrogenase, Whereiid microbial organism further comprises a 1,4-butanediol
pathway, wherein said ediol pathway comprises an enzyme selected from the group

consisting of a 4-hydroxtyryl—COA reductase (alcohol forming), a 4-hydroxybutyryl-CoA

reductase (aldehyde foy fing), a 4-hydroxybutyraldehyde reductase, and a 4-hydroxybutyrate
 reductase.
4. The ngt naturaily occurring microbial organism of claim 3, wherein said microbial

organismm gf mprising a 4-hydroxybutyrate reductase further comprises a 4-hydroxybutyryl-CoA
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transferase; a 4-hydroxybutyryl-CoA synthetase; or a phosphotrans-4-hydroxybutyrylase and a 4-

hydroxybutyrate kinase.

5. The non-naturally occurring microbial organism of claim 3, wherein said microbial

organism further comprises an acetoacetyl-CoA thiolase or a crotonase.

6. The non-naturally occurring microbial organism of claim 3, wherein said rTCA pa

8. A non-naturally occurring microbial organism, comprising a migfobial organism having an
n-propanol pathway and an isopropanol pathway, said n-propanol pgghway comprising at least one
pressed in a sufficient amount

to produce n-propanol, said n-propanol pathway comprising: ’ f,
-

se, a propionyl-CoA:phosphate’

7

a propanol dehydrogenase, a propionaldehyde dehydrogg#
/:‘:

propanoyltransferase, a propionyl-CoA hydrolase, a pionyl—CoA transferase, a propionyl-CoA

p

synthetase, a propionate kinase, a propionate reduse or a propionyl phosphate reductase,

said isopropanol pathway comprising at least8ne exogenous nucleic acid encoding an isopropanol
pathway enzyme expressed in a sufficientAmount to produce isopropanol, said isopropanol pathway

comprising:

an isopropanol dehydrogenase, agfacetyl-CoA acetyl thiolase, an acetoacetyl-CoA transferase, an

acetoacetyl-CoA hydrolase, acetoacetyE~CoA synthetase, or an acetoacetate decarboxylase.

9. The non-naturall o ccurring microbial organism of claim 8, further comprising an acetyl-
i g at least one exogenous nucleic acid encoding an acetyl-CoA pathway
- enzyme expressedy £ a sufficient amount to produce acetyl-CoA, said acetyl-CoA pathway

comprising:
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a pyruvate kinase, a pyruvate dehydrogenase, a pyruvate ferredoxin oxidoreductase, a pyruvate

formate lyase, a pyruvate formate lyase activating enzyme, or a formate dehydrogenase.

10.  The non-naturally occurring microbial organism of claim 8, further comprising a propionyl

CoA pathway comprising at least one exogenous nucleic acid encoding a propionyl-CoA pathwa

comprising:

a PEP carboxykinase, a PEP carboxylase, a malate dehydrogenase, a fumarase, a fu
reductase, a succinyl-CoA transferase, a succinyl-CoA synthetase, a methylmalong-CoA mutase, a

methylmalonyl-CoA epimerase or a methylmalonyl-CoA decarboxylase.

11, The non-naturally occurring microbial organism of claim 10, wh said propionyl-CoA

pathway further comprises a pyruvate carboxylase or a methylmalonyl oA carboxytransferase.

12, The non-naturally occurring microbial organism of claim " further comprising a propionyl-

CoA pathway comprising at least one exogenous nucleic f

coding a propionyl-CoA pathway
enzyme expressed in a sufficient amount to produce propil—CoA, said propionyl-CoA pathway

comprising: Y

a PEP carboxykinase, a PEP carboxylase, a threonifle deaminase, or a 2-oxobutanoate

dehydrogenase. -

13. The non-naturally occurring micrgpial organism of claim 12, wherein said n-propanol

pathway further comprises 2-oxobutangate decarboxylase.

14, The non-naturally occurrigh microbial organism of claim 8, further comprising a propionyl-
CoA pathway comprising at v one exogenous nucleic acid encoding a propionyl-CoA pathway
enzyme expressed in a suffy ficnt amount to produce propionyl-CoA, said propionyl-CoA pathway

comprising:

an acetyl-CoA carl Xylase, a malonyl-CoA reductase, a malonate semialdehyde reductase or

propionyl-Co ‘.
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15, The non-naturally occurring microbial organism of claim 8, further comprising a propionyl-

CoA pathway comprising at least one exogenous nucleic acid encoding a propionyl-CoA pathway

enzyme expressed in a sufficient amount to produce propionyl-CoA, said propionyl-CoA pathway

comprising:

a lactate dehydrogenase, a lactate-CoA transferase, a lactyl-CoA dehydratase or acryloyl Co

reductase.

a propionaldehyde dehydrogenase and a propanol dehydrogenase; or

a propionyl-CoA:phosphate propanoyltransferase, a propionyl phg hate reductase and a propanol

7
dehydrogenase; or 7

4# or a propionyl-CoA synthetase, a

.

a propionyl-CoA hydrolase or a propionyl-CoA transfer

e

propionate kinase, a propionyl phosphate reductase ;’u a propanol dehydrogenase; or

a propionyl-CoA hydrolase or a propionyl-CoA ffansferase or a propionyl-CoA synthetase, a

propionate reductase and a propanol dehydrogbnase,

said isopropanol pathway comprising a gecond set of exogenous nucleic acids encoding isopropanol

pathway enzymes expressed in a sufffcient amount to produce isopropanol, said second set of

exogenous nucleic acids encodingf

an acetyl-CoA acetyl an acetoacetyl-CoA. transferase, an acetoacetyl-CoA hydrolase or an

acetoacetyl-CoA synthet; an acetoacetate decarboxylase; and an isopropanol dehydrogenase.

17.  The non—nally occurring microbial organism of claim 16, further comprising an acetyl-
CoA pathway coffiprising a third set of exogenous nucleic acids encoding acetyl-CoA pathway

enzymes .{-15: in a sufficient amount to produce acetyl-CoA, said third set of exogenous

nucleic agifls encoding:
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a pyruvate kinase; and a pyruvate dehydrogenase or a pyruvate ferredoxin oxidoreductase; or a

pyruvate formate lyase, a pyruvate formate lyase activating enzyme and a formate dehydrogenase.

18.  The non-naturally occurring microbial organism of claim 16, further comprising a
propionyl-CoA pathway comprising a third set of exogenous nucleic acids encoding propionyl-C
pathway enzymes expressed in a sufficient amount to produce propionyl-CoA, said third set

exogenous nucleic acids encoding:

a PEP carboxykinase or a PEP carboxylase; a malate dehydrogenase; a fumarase; a fyfharate

reductase; a succinyl-CoA transferase or a succinyl-CoA synthetase; a methylmal -CoA mutase;

and a methylmalonyl-CoA decarboxylase.

19. The non-naturally occurring microbial organism of claim 18, whegfin said third set of

exogenous nucleic acids further encodes a methylmalonyl-CoA epim

e, a pyruvate carboxylase

or a methylmalonyl-CoA carboxytransferase. Vi

20.  The non-naturally occurring microbial organism of cl Jf 16, further comprising a
propionyl-CoA pathway comprising a third set of exogen nucleic acids encoding propionyl-CoA

pathway enzymes expressed i a sufficient amount to pgbduce propionyl-CoA, said third set of

exogenous nucleic acids encoding:

a PEP carboxykinase or a PEP carboxylase; a thifeonine deaminase; and a 2-oxobutanoate

dehydrogenase.

21.  The non-naturally occurring mj robial organism of claim 20, wherein said third set of

exogenous nucleic acids further engbdes a or a methylmalonyl-CoA carboxytransferase or a

pyruvate carboxylase.

22, The non-naturally o microbial organism of claim 20, wherein said second set of

exogenous nucleic acidgTurther encode a 2-oxobutanoate decarboxylase.

- 23, The non-ngf irally occurring microbial organism of claim 16, further comprising a
propionyl-CoA, fathway comprising a third set of exogenous nucleic acids encoding propionyl-CoA
pathway es expressed in a sufficient amount to produce propionyl-CoA, said third set of

exogengyh nucleic acids encoding:
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an acetyl-CoA carboxylase; a malonyl-CoA reductase; a malonate semialdehyde reductase; and

propionyl-CoA synthase.

24. The non-naturally occurring microbial organism of claim 16, further comprising a

propionyl-CoA pathway comprising a third set of exogenous nucleic acids encoding propionyl-C

pathway enzymes expressed in a sufficient amount to produce propionyl-CoA, said third set

exogenous nucleic acids encoding:

a lactate dehydrogenase; a lactate-CoA transferase; a lactyl-CoA dehydratase; and acy

reductase.

25. A non-naturally occurring microbial organism, comprising a microbigf organism having an

n-propanol pathway and an isopropanol pathway, said n-propanol pathway comprising a first set of

exogenous nucleic acids encoding n-propanol pathway enzymes expregted in a sufficient amount to

produce n-propanol, said first set of exogenous nucleic acids encods

a PEP carboxykinase or a PEP carboxylase; a malate dehydro oA nase; a fumarase; a fumarate

reductase; a succinyl-CoA transferase or a succinyl-CoA Sy thetase a methylmalonyl-CoA mutase;

a methylmalonyi- COA decarboxylase; and a propmnal

dehydrogenase; or a propionyl-CoA :phosphate prop; i oyltramferase and a propiony! phosphate
7

yde dehydrogenase and a propanol

reductase; or a propionyl-CoA hydrolase or a propionyl-CoA transferase or a propionyl-CoA

synthetase, a propionate kinase, a propionyl phate reductase and a propanol dehydro genase; or

a propionyl-CoA hydrolase or a propionyl#CoA transferase or a propionyl-CoA synthetase, a

propionate reductase and a propanol deffydrogenase,

said isopropanol pathway comprifing a second set of exogenous nucleic acids encoding
isopropanol pathway enzymes pressed in a sufficient amount to produce isopropanol, said second

set of exogenous nucleic agis encoding:

+

a pyruvate kinase; a pyfuvate dehydrogenase or a pyravate ferredoxin oxidoreductase; or a pyruvate
~ formate lyase, ap (-'i' formate lyase activating enzyme and a formate dehydrogenase; an acetyl-
CoA acetyl thig an acetoacetyl-CoA transferase, an acetoacetyl-CoA hydrolase or an

acetoacety1~A synthethase; an acetoacetate decarboxylase; and an isopropanol dehydrogenase.
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26.  The non-naturally occurring microbial organism of claim 25, wherein said first set of
exogenous nucleic acids further encodes a methylmalonyl-CoA epimerase, a pyruvate carboxylase

or a methylmalonyl-CoA carboxytransferase.

27. A non-naturally occurring microbial organism, comprising a microbial organism having

produce n-propanol, said first set of exogenous nucleic acids encoding:

a PEP carboxykinase or a PEP carboxvlase; a threonine deaminase; and a 2-oxo noate
decarboxylase and a propanol dehydrogenase; or a 2-oxobutanoate dehydrogenfise, a
propionaldehyde dehydrogenase and a propanol dehydrogenase; or a 2-oxopfitanoate
dehydrogenase, a propionyl-CoA:phosphate propanoyltransferase, a progionyl phosphate reductase
and a propanol delydrogenase; or a 2—0Xlobutan0ate dehydrogenase, gpropionyl-CoA hydrolase or a
propionyl-CoA transferase or a propionyl-CoA synthetase, apropjénate kinase, a propionyl
phosphate reductase and a propanol dehydrogenase; or a 2- -0X o_w" tanoate dehydrogenase, a
propionyl-CoA hydrolase or a propionyl-CoA transferase .k propaonyf -CoA synthetase, a

propionate reductase and a propanol dehydrogenase,

?’
said isopropanol pathway comprising a second set8f exogenous nucleic acids encoding

isopropanol pathway enzymes expressed in a syfficient amount to produce isopropanol, said second

set of exogenous nucleic acids encoding:

a pyruvate kinase; a pyruvate dehydrogénase or a pyruvate ferredoxin oxidoreductase; or a pyruvate

formate lyase, a pyruvate formate [ y#
1

e activating enzyme and a formate dehydrogenase; an acetyl-

CoA acetyl thiolase; an acetoacgif1-CoA transferase, an acetoacetyl-CoA hydrolase or an

acetoacetyl-CoA synthetase; acetoacetate decarboxylase; and an isopropanol dehydrogenase,

28. The non-naturallyf occurring microbial organism of claim 27, wherein said second set of
exogenous nucleic aghls further encodes a methylmalonyl-CoA decarboxylase or a pyruvate

- carboxylase.
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exogenous nucleic acids encoding n-propanol pathway enzymes expressed in a sufficient amount to

produce n-propanol, said first set of exogenous nucleic acids encoding;

a pyruvate kinase; a pyruvate dehydrogenase or a pyruvate ferredoxin oxidoreductase; or a pyruva
formate lyase, a pyruvate formate lyase activating enzyme and a formate dehydrogenase; an ace
CoA carboxylase; a malonyl-CoA reductase; a malonate semialdehyde reductase; propionyl-g
synthase; and a propionaldehyde dehydrogenase and a propanol dehydrogenase; or a propj
CoA:phosphate propanoyltransferase, a propionyl phosphate reductase and propanol
dehydrogenase; or a propionyl-CoA hydrolase or a propionyl-CoA transferase or a ionyl—CoA
synthetase, a propionate kinase, a propionyl phosphate reductase and a propanol gehydrogenase; or
a propionyl-CoA hydrolase or a propionyl-CoA transferase or a propionyl-Cof synthetase, a

propionate reductase and a propanol dehydrogenase,

. - . . /;, . . .
said isopropanol pathway comprising a second set of exogenous nuclghc acids encoding isopropanol

i

fism, comprising a microbial organism having an

30. A non-naturally occurring microbial org

2
n-propanol pathway and an isopropanol pathwly, said n-propanol pathway comprising a first set of
exogenous nucleic acids encoding n-propagiol pathway enzymes expressed in a sufficient amount to

produce n-propanol, said first set of exg€&enous nucleic acids encoding:

a lactate dehydrogenase; a lactate£oA transferase; a lactyl-CoA dehydratase; acryloyl CoA

reductase; and a propionaldeh a dehydrogenase and a propanol dehydrogenase; or a propionyl-
CoA:phosphate propanoylij sferase, a propionyl phosphate reductase and a propanol
dehydrogenase; or a prog nyi»CoA hydrolase or a propiony1~Cc;A transferase or a propionyl-CoA
synthetase, a propion " kinase, a propionyl phosphate reductase and a propanol dehydrogenase; or
~ a propionyl-CoA j drolase or a propionyl-CoA transferase or a propionyl-CoA synthetase, a

propionate « and a propanol dehydrogenase,
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said isopropanol pathway comprising a second set of exogenous nucleic acids encoding isopropanol
pathway enzymes expressed in a sufficient amount to produce isopropanol, said second set of

exogenous nucleic acids encoding:

a pyruvate dehydrogenase or a pyruvate ferredoxin oxidoreductase; or a pyruvate formate lyase
pyruvate formate lyase activating enzyme and a formate dehydrogenase; an acetyl-CoA acet
thiolase; an acetoacetyl-CoA transferase, an acetoacetyl-CoA hydrolase or an acetoacetyl-#foA

synthetase; an acetoacetate decarboxylase; and an isopropanol dehydrogenase.

31. The non-naturally occurring microbial organism of any one of claims 8-3Q#wherein said

exogenous nucleic acid is a hetéerologous nucleic acid.

34, The method of claim 33, wherein said conditighs comprise substantially anaerobic culture

conditions.
35.  The method of claim 33, wherein saidféxogenous nucleic acid is a heterologous nucleic acid.
36. A non-naturally occurring micrg$ial organism, comprising a microbial organism having an

n-propanol pathway, said n-propano a‘rhway comprising at least one exogenous nucleic acid
encoding an n-propanol pathway ghzyme expressed in a sufficient amount to produce n-propanol,

said n-propanol pathway coming:

37. A nogghaturally occurring microbial organism, comprising a microbial organism having an

n-propangy pathway, said n-propanol pathway comprising a set of exogenous nucleic acids encoding
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n-propanol pathway enzymes expressed in a sufficient amount to produce n-propanol, said set of

exogenous nucleic acids encoding:

a propionaldehyde dehydrogenase and a propanol dehydrogenase; or a propionyl-CoA:phosphate
propanoyltransferase, a propionyl phosphate reductase and a propanol dehydrogenase; or a

propionyl-CoA hydrolase or a propionyl-CoA transferase or a propionyl-CoA synthetase, a

reductase and a propanol dehydrogenase.

38.  The non-naturally occurring microbial organism of claim 36 or 37, whg#bin said exogenous

nucleic acid is a heterologous nucleic acid.

39.  The non-naturally occurring microbial organism of claim 36 o7, wherein said non-

naturally occurring microbial organism is in a substantially anaeroby * culture medium.

40. A method for producing n-propanol, comprising cultug ,f? a non-naturally occurring

microbial organism of claim 36 or 37 under conditions andffor a sufficient period of time to produce

&

n-propanol.

41.  The method of claim 40, wherein said congditions comprise substantially anaerobic culture

conditions.
42. -~ The method of claim 40, wherein gfiid exogenous nucleic acid is a heterologous nucleic acid.

43. A non-naturally occurring mjgtobial organism, comprising a microbial organism having a
1,4-butanediol pathway and an isgpbropanol pathway, said 1,4-butanediol pathway comprising at
least one exogenous nucleic g-::" encoding a 1,4-butanediol pathway enzyme expressed in a

sufficient amount to produg 1,4-butanediol, said 1,4-butanediol pathway comprising:

a 4-hydroxybutyraldej reductase, a succinyl-CoA reductase, a succinate reductase, a 4-

. hydroxybutyrate drogenase, a 4-hydroxybutyryl-CoA transferase, a 4-hydroxybu{yryI~COA
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said isopropanol pathway comprising at least one exogenous nucleic acid encoding an isopropanol

pathway enzyme expressed in a sufficient amount to produce isopropanol, said isopropanol pathway

comprising:

an isopropanol dehydrogenase, an acetyl-CoA acetyl thiolase, an acetoacetyl-CoA transferase, ag

acetoacetyl-CoA hydrolase, an acetoacetyl-CoA synthetase, or an acetoacetate decarboxylasey

44. A non-naturally occurring microbial organism, comprising a microbial organismg#aving a

1,3-butanediol pathway and an isopropanol pathway, said 1,3-butanediol pathway ¢
- least one exogenous nucleic acid encoding a 1,3-butanediol pathway enzyme ex

sufficient amount to produce 1,3-butanediol, said 1,3-butanediol pathway compfising:

a 3-hydroxybutyraldehyde reductase, a succinyl-CoA reductase, a succingge reductase, a 4-

synthetase, a 4-hydroxybutyrate kinase, a phosphotrans-4- hydroxy y‘rylase a 4-hydroxybutyryl-
COA dehydratase, a crotonase, a 3-hydroxybutyryl-CoA transfc 7 se a 3-hydroxybutyryl-CoA
synthetase, a 3-hydroxybutyryl-CoA hydrolase, a 3-hydroxy} tyrate reductase, a 3-hydroxybutyryl-
CoA reductase (aldehyde forming), or a 3-hydroxybut f" reductase (alcohol-forming);

said isopropanol pathway comprising at least one e Feenous nucleic acid encoding an isopropanol

pathway enzyme expressed in a sufficient amoury to produce isopropanol, said 1sopr0panol pathway

comprising:

an isopropanol dehydrogenase, an acet oA acetyl thiolase, an acetoacetyl-CoA transferase, an

acetoacetyl-CoA hydrolase, an acetogfetyl-CoA synthetase, or an acetoacetate decarboxylase.

45. A non-naturally occurring microbial organism, comprising a microbial organism having a
methylacrylic acid pathway d an isopropanol pathway, said methylacrylic acid pathway
comprising at least one e dgenous nucleic acid encoding a methylacrylic acid pathway enzyme
expressed in a sufﬁcz amount to produce methylacrylic acid, said methylacrylic acid pathway

_ comprising:

ad- hydroxyb y1-CoA mutase, a succinyl-CoA reductase, a succinate reductase, a 4-

hydroxyby# / ate dehydrogenase, a 4-hydroxybutyryl-CoA transferase, a 4- hydroxybutyryi CoA
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synthetase, a 4-hydroxybutyrate kinase, a phosphotrans-4-hydroxybutyrylase, a 3-
hydroxyisobutyryl-CoA dehydratase, a methacrylyl-CoA transferase, a methacrylyl-CoA
synthetase, a methacrylyl-CoA hydrolase, a 3-hydroxyisobutyryl-CoA transferase, a 3-
hydroxyisobutyryl-CoA synthetase, a 3-hydroxyisobutyryl-CoA hydrolase, a 3-hydroxyisobutyratg
dehydratase, a methylmalonyl-CoA mutase, a methylmalonyl-CoA epimerase, a methylmalon
CoA transferase, a methylmalonyl-CoA synthetase, a methylmalonyl-CoA hydrolase, a "
.methylmalonate reductase, a methylmalonyl-CoA reductase (aldehyde forming), a 3-
hydroxyisobutyrate dehydrogenase, a methylmalonyl-CoA reductase (alcohol formingfor a 3-

hydroxyisobutyrate dehydratase;

said isopropanol pathway comprising at least one exogenous nucleic acid e ing an isopropanol
pathway enzyme expressed in a sufficient amount to produce isopropanol, £aid isopropanol pathway

comprising:

an isopropanol dehydrogenase, an acetyl-CoA acetyl thiolase, an géetoacetyl-CoA transferase, an
V4

acetoacetyl-CoA hydrolase, an acetoacetyl-CoA synthetase, ,’ n acetoacetate decarboxylase.
46. The non-naturally occurring microbial organism :, one of claims 43-45, further

& . . .
comprising an acetyl-CoA pathway comprising at leagfone exogenous nucleic acid encoding an
i

P

acetyl-CoA pathway enzyme expressed in a sufficight amount to produce acetyl-CoA, said acetyl-

CoA pathway comprising:

a pyruvate kinase, a pyruvate dehydrogenaée, a pyruvate ferredoxin oxidoreductase, a pyruvate

formate lyase, a pyruvate formate lyasgfactivating enzyme, or a formate dehydrogenase.

47, The non-naturally occurri ‘microbial organism of any one of claims 43-45, further
comprising a succinyl-CoA comprising at least one exogenous nucleic acid encoding a
succinyl-CoA pathway enzyf e expressed in a sufficient amount to produce succinyl-CoA, said

succinyl-CoA pathway g nprisizlg:

~aPEP carboxykin a PEP carboxylase, a malate dehydrogenase, a fumarase, a fumarate

reductase, a sucg yI—CoA transferase or a succinyl-CoA synthetase.

-203-




48.  The non-naturally occurring microbial organism of claim 47, wherein said succinyl-CoA

pathway further comprises a pyruvate carboxylase or a methylmalonyl-CoA carboxytransferase.

49. A non-naturally occurring microbial organism, comprising a microbial organism having an

a succinyl-CoA reductase; a 4-hydroxybutyrate dehydrogenase; a 4-hydroxybutyryl-@6
transferase or a 4-hydroxybutyryl-CoA synthetase; a 4-hydroxybutyryl-CoA reduggase (aldehyde-
forming); and a 4-hydroxybutyraldehyde reductase,

said isopropanol pathway comprising a second set of exogenous nucleic agfds encoding isopropanol
pathway enzymes expressed in a sufficient amount to produce isopropgiiol, said second set of

exogenous nucleic acids encoding:

an acetyl-CoA acetyl thiolase; an acetoacetyl-CoA transferase#r an acetoacetyl-CoA hydrolase or
r 4
an acetoacetyl-CoA synthetase; an acetoacetate decarboxe; and an isopropanol dehydrogenase.

50. A non-naturally occurring microbial organis omprising a microbial organism having an
1,4-butanediol pathway and an isopropanol r said ],4-butanediol pathway comprising a first

set of exogenous nucleic acids encoding 1,4-b mediol pathway enzymes expressed in a sufficient

amount to produce 1,4-butanediol, said firsgget of exogenous nucleic acids encoding:

a succinyl-CoA reductase; a 4-hydro tyrate dehydrogenase; a 4-hydroxybutyrate reductase; and
a 4-hydroxybutyraldehyde red‘uct

said isopropanol pathway comgrising a second set of exogenous nucleic acids encoding isopropanol
pathway enzymes expressef in a sufficient amount to produce isopropanol, said second set of

exogenous nucleic acidg/encoding:
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51. A non-naturally occurring microbial organism, comprising a microbial organism having an
1,4-butanediol pathway and an isopropanol pathway, said 1,4-butanediol pathway comprising a first
set of exogenous nucleic acids encoding 1,4-butanediol pathway enzymes expressed in a sufficient

amount o produce 1,4-butanediol, said first set of exogenous nucleic acids encoding:

a succinyl-CoA reductase; a 4-hydroxybutyrate dehydrogenase; a 4-hydroxybutyrate kinase;
phosphotrans-4-hydroxybutyrylase; a &hydroﬁybutyryl-COA reductase (aldehyde-formingy, and a

4-hydroxybutyraldehyde reductase,

said 1sopropanol pathway comprising a second set of exogenous nucleic acids encgfling isopropanol

pathway enzymes expressed in a sufficient amount to produce isopropanol, saigfsecond set of

exogenous nucleic acids encoding:

an acetyl-CoA acetyl thiolase; an acetoacetyl-CoA transferase or an acgtoacetyl-CoA hydrolase or

an acetoacetyl-CoA synthetase; an acetoacetate decarboxylase; and,

s

isopropanol dehydrogenase.

i

y
52. A non-naturally occurring microbial organism, compriging a microbial organism having an
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a succinyl-CoA reductase; a 4-hydroxybutyrate dehydrogenase; a 4-hydroxybutyrate kinase; a
phosphotrans-4-hydroxybutyrylase; and a 4-hydroxybutyryl-CoA reductase (alcohol-forming),

said isopropanol pathway comprising a second set of exogenous nucleic acids encoding isopropan

pathway enzymes expressed in a sufficient amount to produce isopropanol, said second set of

exogenous nucleic acids encoding:

an acetyl-CoA acetyl thiolase; an acetoacetyl-CoA transferase or an acetoacetyl-CoA h rolase or

an acetoacetyl-CoA synthetase; an acetoacetate decarboxylase; and an isopropanol dghydrogenase.

54. A non-naturally occurring microbial organism, comprising a microbial ogfanism having an
1,4-butanediol pathway and an isopropanol pathway, said 1,4-butanediol pathvay comprising a first

set of exogenous nucleic acids encoding 1,4-butanediol pathway enzymes#xpressed in a sufficient

&

amount to produce 1,4-butanediol, said first set of exogenous nucleic 2éids encoding:

exogenous nucleic acids encoding:

an acetyl-CoA acetyl thiolase; an acetoacgfyl-CoA transferase or an acetoacetyl-CoA hydrolase or

an acetoacetyl-CoA synthetase; an acejbacetate decarboxylase; and an isopropanol dehydrogenase.

55. A non-naturally occurringdnicrobial organism, comprising a microbial organism having an

1,4-butanediol pathway and opropanol pathway, said 1,4-butanediol pathway comprising a first

set of exogenous nucleic ag fis encoding 1,4-butanediol pathway enzymes expressed in a sufficient

4-hydroxyby aldehyde reductase,
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said 1sopropanol pathway comprising a second set of exogenous nucleic acids encoding isopropanol
pathway enzymes expressed in a sufficient amount to produce isopropanol, said second set of

exogenous nucleic acids encoding:

an acetyl-CoA acetyl thiolase; an acetoacetyl-CoA transferase or an acetoacetyl-CoA hydrolase g

57. A non-naturally occurring microbial gffganism, comprising a microbial organism having an
1,4-butanediol pathway and an isopropangl pathway, said 1,4-butanediol pathway comprising a first
set of exogenous nucleic acids encoding 1,4-butanediol pathway enzymes expressed in a sufficient

amount to produce 1,4-butanediol, ghid first set of exogenous nucleic acids encoding:

a succinate reductase; a 4-hyd ybutyrate dehydrogenase; a 4-hydroxybutyrate kinase; a
phosphotrans-4-hydroxyb vlase; a 4-hydroxybutyryl-CoA reductase (aldehyde-forming); and a

4-hydroxybutyraldehydg freductase,

. said isopropanol pg hway comprising a second set of exogenous nucleic acids encoding isopropanol
pathway enzymds expressed in a sufficient amount to produce isopropanol, said second set of

exogenous ghcleic acids encoding:

207-




- an acetoacetyl-Co4f

~an acetyl-CoA acetyl thiolase; an acetoacetyl-CoA transferase or an acetoacetyl-CoA hydrolase or

an acetoacetyl-CoA synthetase; an acetoacetate decarboxylase; and an isopropanol dehydrogenase.

58. A non-naturally occurring microbial organism, comprising a microbial organism having an
1,4-butanediol pathway and an isopropanol pathway, said 1,4-butanediol pathway comprising a
set of exogenous nucleic acids encoding 1,4-butanediol pathway enzymes expressed in a suffifient

amount to produce 1,4-butanediol, said first set of exogenous nucleic acids encoding:

a succinate reductase; a 4-hydroxybutyrate dehydrogenase; a 4-hyvdroxybutyrate kin
hydroxybutyryl-phosphate reductase; and a 4-hydroxybutyraldehyde reductase,

said isopropanol pathway comprising a second set of exogenous nucleic acidgfencoding isopropanol

pathway enzymes expressed in a sufficient amount to produce isopropanol said second set of

exogenous nucleic acids encoding:

an acetyl-CoA acetyl thiolase; an acetoacetyl-CoA transferase ,;:—5:? "
4

}f’ an 1sopropanol dehydrogenase.

acetoacetyl-CoA hydrolase or

an acetoacetyl-CoA synthetase; an acetoacetate decarboxylas

amount to produce 1,4-butanediol, said first setg6f exogenous nucleic acids encoding:

a succinate reductase; a 4-hydroxybutyratgfdehydrogenase; a 4-hydroxybutyrate kinase; a

phosphotrans-4-hydroxybutyrylase; a 4-hydroxybutyryl-CoA reductase (alcohol-forming),

said isopropanol pathway g a second set of exogenous nucleic acids encoding isopropanol

pathway enzymes expressed v sufficient amount to produce isopropanol, said second sef of

exogenous nucleic acids enfoding:

an acetyl-CoA acetyl # olase; an acetoacetyl-CoA transferase or an acetoacetyl-CoA hydrolase or

ynthetase; an acetoacetate decarboxylase; and an isopropanol dehydrogenase.

60. A nond \aturally occurring microbial organism, comprising a microbial organism having an

1,4-butang ffiol pathway and an isopropanol pathway, said 1,4-butanediol pathway comprising a first

-208-




set of exogenous nucleic acids encoding 1,4-butanediol pathway enzymes expressed in a sufficient

amount to produce 1,4-butanediol, said first set of exogenous nucleic acids encoding:

a succinate reductase; a 4-hydroxybutyrate dehydrogenase; a 4-hydroxybutyryl-CoA transferase or
a 4-hydroxybutyryl-CoA synthetase; and a 4-hydroxybutyryl-CoA reductase (alcohol-forming),

exogenous nucleic acids encoding:

an acetyl-CoA acetyl thiolase; an acetoacetyl-CoA transferase or an acetoacetyl-€o0A hydrolase or

an acetoacetyl-CoA synthetase; an acetoacetate decarboxylase; and an isoproganol dehydrogenase.

61. A non-naturally occurring microbial organism, comprising a migfobial organism having an
1,3-butanediol pathway and an isopropanol pathway, said 1,3-butanediol pathway comprising a first
set of exogenous nucleic acids encoding 1,3-butanediol pathway ghzymes expressed in a sufficient

amount to produce 1,3-butanediol, said first set of exogenous _;a’f"' cleic acids encoding:

a succinyl-CoA reductase; a 4-hydroxybutyrate dehydroase a 4-hydroxybutyryl-CoA
transferase or a 4-hydroxybutyryl-CoA synthetase; ;--5"; 1ydroxybutyryl-CoA dehydratase; a
crotonase; a 3-hydroxybutyryl-CoA reductase (aldghyde forming); and a 3-hydroxybutyraldehyde

reductase,

said 1sopropanol pathway comprising a segond set of exogenous nucleic acids encoding isopropanol
pathway enzymes expressed in a suffigiént amount to produce isopropanol, said second set of

exogenous nucleic acids encoding

an acetyl-CoA acetyl thiolase#n acetoacetyl-CoA transferase or an acetoacetyl-CoA hydrolase or

an acetoacetyl-CoA synthe; an acetoacetate decarboxylase; and an isopropanol dehydrogenase.

62. A non-»naturaloccurring microbial organism, comprising a microbial organism having an
- 1.3-butanediol patj ivay and an isopropanol pathway, said 1,3-butanediol pathway comprising a first
set of nucleic acids encoding 1,3-butanediol pathway enzymes expressed in a sufficient

amount to pbduce 1,3-butanediol, said first set of exogenous nucletc acids encoding:
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a succinyl-CoA reductase; a 4-hydroxybutyrate dehydrogenase; a 4-hydroxybutyryl-CoA
transferase or a 4-hydroxybutyryi-CoA synthetase; a 4-hydroxybutyryl-CoA dehydratase; a
crotonase; a 3-hydroxybutyryl-CoA transferase or a 3-hydroxybutyryl-CoA synthetase or a 3-
hydroxybutyryl-CoA hydrolase; a 3-hydroxybutyrate reductase; and a 3-hydroxybutyraldehyde

reductase,

said isopropanol pathway comprising a second set of exogenous nucleic acids encoding isgf

pathway enzymes expressed in a sufficient amount to produce isopropanol, said secondget of

exogenous nucleic acids encoding:

an acetyl-CoA acetyl thiolase; an acetoacetyl-CoA transferase or an acetoacety#CoA hydrolase or

an acetoacetyl-CoA synthetase; an acetoacetate decarboxylase; and an iso anol dehydrogenase.

63. A non-naturally occurring microbial organism, comprising a mg€robial organism having an

1,3-butanediol pathway and an isopropanol pathway, said 1,3-butan diol pathway comprising a first

set of exogenous nucleic acids encoding 1,3-butanediol pathway#nzymes expressed in a sufficient

amount to produce 1,3-butanediol, said first set of exogenoug/hucleic acids encoding:

&
&

said isopropanol pathway comprising a secgfld set of exogenous nucleic acids encoding isopropanol

pathway enzymes expressed in a sufficigft amount to produce isopropanol, said second set of

exogenous nucleic acids encoding:

an acetyl-CoA acetyl thiolase; acetoacety1~CoA transferase or an acetoacetyl-CoA hydrolase or

an acetoacetyl-CoA synthetag an acetoacetate decarboxylase; and an isopropanol dehydrogenase.

-

64. A non—naturalleurring microbial organism, comprising a microbial organism having an
1,3-butanediol and an isopropanol pathway, said 1,3-butanediol pathway comprising a first
set of cleic acids encoding 1,3-butanediol pathway enzymes expressed in a sufficient

amount to prog bice 1,3-butanediol, said first set of exogenous nucleic acids encoding:
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a succinyl-CoA reductase; a 4-hydroxybutyrate dehydrogenase; a 4-hydroxybutyrate kinase; a

phosphotrans-4-hydroxybutyrylase; a 4-hydroxybutyryl-CoA dehydratase; a crotonase; a 3-
hydroxybutyryl-CoA transferase or a 3-hydroxybutyryl-CoA synthetase or a 3-hydroxybutyryl-CoA
hydrolase; a 3-hydroxybutyrate reductase; and a 3-hydroxybutyraldehyde reductase,

said 1sopropanol pathway comprising a second set of exogenous nucleic acids encoding
pathway enzymes expressed in a sufficient amount to produce isopropanol, said second se

exogenous nucleic acids encoding:

an acetyl-CoA acetyl thiolase; an acetoacetyl-CoA transferase or an acetoacetyl-GSA hydrolase or

an acetoacetyl-CoA synthetase; an acetoacetate decarboxylase; and an isopropgfiol dehydrogenase.

65. A non-naturally occurring microbial organism, comprising a micrgbial organism having an

1,3-butanediol pathway and an isopropanol pathway, said 1,3-butanedjl pathway comprising a first

set of exogenous nucleic acids encoding 1,3-butanediol pathway enfymes expressed in a sufficient

said isopropanol pathway comprising a secondget of exogenous nucleic acids encoding isopropanol

pathway enzymes expressed in a sufficient gimount to produce isopropanol, said second set of

exogenous nucleic acids encoding:

an acetyl-CoA acetyl thiolase; an agétoacetyl-CoA transferase or an acetoacetyl-CoA hydrolase or

an acetoacetyl-CoA synthetase; #n acetoacetate decarboxylase; and an isopropanol dehydrogenase.

66. A non-naturally _q--'i': microbial organism, comprising a microbial organism having an
1,3-butanediol pathwa d an 1sopropanol pathway, said 1,3-butanediol pathway comprising a first
set of exogenous v acids encoding 1,3-butanediol pathway enzymes expressed in a sufficient

~ amount to produg I,S—butanediol, said first set of exogenous nucleic acids encoding:
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a succinyl-CoA reductase; a 4-hydroxybutyrate dehydrogenase; a 4-hydroxybutyryl-CoA
transferase or a 4—hydroxybutyry1—CoA synthetase; a 4-hydroxybutyryl-CoA dehvdratase; a
crotonase; and a 3-hydroxybutyryl-CoA reductase (alcohol-forming),

ydroxybutyryl—CoA transferase or

a succinate reductase; a 4-hydroxybutyrate dehydrogenase; a ;‘

a 4-hydroxybutyryl-CoA synthetase; a 4-hydroxybutyryl- A5 dehydratase; a crotonase; a 3-

=)
i

hydroxybutyryl-CoA reductase (aldehyde forming); ang/t

#T exogenous nucleic acids encoding isopropanol

3-hydroxybutyraldehyde reductase,

said 1sopropanol pathway comprising a second set
pathway enzymes expressed in a sufficient amo#nt fo produce isopropanol, said second set of

exogenous nucleic acids encoding:

an acetyl-CoA acetyl thiolase; an ace etyi-CoA transferase or an acetoacetyl-CoA hydrolase or

an acetoacetyl-CoA synthetase; an gletoacetate decarboxylase; and an isopropanol dehydrogenase.

68. A non-naturally occu r microbial organism, comprising a microbial organism having an

1,3-butanediol pathway angfan isopropanol pathway, said 1,3-butanediol pathway comprising a first

set of exogenous nucleigfacids encoding 1,3-butanediol pathway enzymes expressed in a sufficient
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hydroxybutyryl-CoA transferase or a 3-hydroxybutyryl-CoA synthetase or a 3-hydroxybutyryl-CoA
hydrolase; a 3-hydroxybutyrate reductase; and a 3-hydroxybutyraldehyde reductase,

said isopropanol pathway comprising a second set of exogenous nucleic acids encoding isopropano

pathway enzymes expressed in a sufficient amount to produce isopropanol, said second set of

exogenous nucleic acids encoding:

an acetyl-CoA acetyl thiolase; an acetoacetyl-CoA transferase or an acetoacetyl-CoA h

an acetoacetyl-CoA synthetase; an acetoacetate decarboxylase; and an isopropanol deffydrogenase.

69. A non-naturaily occurring microbial organism, comprising a microbial oganism having an

1,3-butanediol pathway and an isopropanol pathway, said 1,3-butanediol pathivay comprising a first

set of exogenous nucleic acids encoding 1,3-butanediol pathway enzymes pressed in a sufficient

amount to produce 1,3-butanediol, said first set of exogenous nucleic

4

s encoding:

a succinate reductase; a 4-hydroxybutyrate dehydrogenase; a 4—11 oxybutyrate kinase; a
phosphotrans-4-hydroxybutyrylase; a 4-hydroxybutyryl- CoA hydratase a crotonase; a 3~
hydroxybutylyl CoA reductase (aldehyde forming); and 2 ¥ ydroxybutyraidehyde reductase,

4

said isopropanol pathway comprising a second set of %ogenous nucleic acids encoding isopropanol
pathway enzymes expressed in a sufficient amoung #o produce isopropanol, said second set of

exogenous nucleic acids encoding:

an acetyl-CoA acetyl thiolase; an acetoacgfyl-CoA transferase or an acetoacetyl-CoA hydrolase or

an acetoacetyl-CoA synthetase; an a acetate decarboxylase; and an isopropanol dehydrogenase.

70. A non-naturally occurring#hicrobial organism, comprising a microbial organism having an
1,3-butanediol pathway and ag sopropanol pathway, said 1,3-butanediol pathway comprising a first
set of exogenous nucleic vi encoding 1,3-butanediol pathway enzymes expressed in a sufficient

amount to produce 1,3-; fitanediol, said first set of exogenous nucleic acids encoding:

. a succinate a 4-hydroxybutyrate dehydrogenase; a 4-hydroxybutyrate kinase; a
phosphotrans—droxybutyrylase; a 4-hydroxybutyryl-CoA dehydratase; a crotonase; a 3-
hydroxybut1~CoA transferase or a 3-hydroxybutyryl-CoA synthetase or a 3-hydroxybutyryl-CoA
hydrola~ : 3-hydroxybutyrate reductase; and a 3-hydroxybutyraldehyde reductase,
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said 1sopropanol pathway comprising a second set of exogenous nucleic acids encoding isopropanol
pathway enzymes expressed in a sufficient amount to produce isopropanol, said second set of

exogenous nucleic acids encoding:

an acetyl-CoA acetyl thiolase; an acetoacetyl-CoA transferase or an acetoacetyl-CoA hydrolas

an acetoacetyl-CoA synthetase; an acetoacetate decarboxylase; and an isopropanol dehydroggffase.

71. A non-naturally occurring microbial organism, comprising a microbial organism #aving an

1,3-butanediol pathway and an isopropanol pathway, said 1,3-butanediol pathway co fprising a first

set of exogenous nucleic acids encoding 1,3-butanediol pathway enzymes expressgll in a sufficient

amount to produce 1,3-butanediol, said first set of exogenous nucleic acids encgding:

a succinate reductase; a 4-hydroxybutyrate dehydrogenase; a 4-hydroxybyfyrate kinase; a

phosphotrans-4-hydroxybutyrylase; a crotonase; and a 3-hydroxybut CoA reductase (alcohol-
forming),

f
said isopropanol pathway comprising a second set of exogeno % nucleic acids encoding isopropanol

pathway enzymes expressed in a sufficient amount to prod ‘e isopropanol, said second set of

.P’

exogenous nucleic acids encoding: //f

an acetyl-CoA acetyl thiolase; an acetoacetyl-CoA fransferase or an acetoacetyl-CoA hydrolase or

an acetoacetyl-CoA synthetase; an acetoacetatefecarboxylase; and an isopropanol dehydrogenase.

72. A non-naturally occurring microbigl organism, comprising a microbial organism having an

1,3-butanediol pathway and an isopropgdnol pathway, said 1,3-butanediol pathway comprising a first

set of exogenous nucleic acids encgdling 1,3-butanediol pathway enzymes expressed in a sufficient

amount to produce 1,3-butanedigh, said first set of exogenous nucleic acids encoding:

a succinate reductase; a 4-Iy roxybutyrate dehydrogenase; a 4-hydroxybutyryl-CoA transferase or
a 4—hydroxybutyryI~Cynthetase; a 4-hydroxybutyryl-CoA dehydratase; a crotonase; and a 3-
hydroxybutyryl-Co _*__-.f":' (alcohol-forming),

said isopropan Fpathway comprising a second set of exogenous nucleic acids encoding isopropanol
pathway eng gmes expressed in a sufficient amount to produce isopropanol, said second set of

exogenof I’HICIGIC acids encoding:
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an acetyl-CoA acetyl thiolase; an acetoacetyl-CoA transferase or an acetoacetyl-CoA hydrolase or

an acetoacetyl-CoA synthetase; an acetoacetate decarboxylase; and an isopropanol dehydrogenase.

73. A non-naturally occurring microbial organism, comprising a microbial organism having a
methylacrylic acid pathway and an isopropanol pathway, said methylacrylic acid pathway

comprising a first set of exogenous nucleic acids encoding methylacrylic acid pathway enz
expressed in a sufficient amount to produce methylacrylic acid, said first set of exogenousy ucleic

acids encoding:

a succinyl-CoA reductase; a 4-hydroxybutyrate dehydrogenase; a 4-hydroxybut
‘transferase or a 4-hydroxybutyryl-CoA synthetase; a 4-hydroxybutyryl-CoA

74. A non-naturally occurring microbial or ism, comprising a microbial organism having a
methylacrylic acid pathway and an isopropgdol pathway, said methylacrylic acid pathway
comprising a first set of exogenous nuclg acids encoding methylacrylic acid pathway enzymes
expressed in a sufficient amount to uce methylacrylic acid, said first set of exogenous nucleic

acids encoding:

a succinyl-CoA reductase; a # ydroxybutyrate dehydrogenase; a 4-hydroxybutyryl-CoA

transferase or a 4~hydr0xtyry1—CoA synthetase; a 4-hydroxybutyryl-CoA mutase; a 3-
hydroxyisobutyryl-Cofl dehydratase; and a methacrylyl-CoA transferase, a methacrylyl-CoA

synthetase or a mcrylyl-CoA hydrolase,
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said isopropanol pathway comprising a second set of exogenous nucleic acids encoding isopropanol
pathway enzymes expressed in a sufficient amount to produce isopropanol, said second set of

exogenous nucleic acids encoding:

an acetyl-CoA acetyl thiolase; an acetoacetyl-CoA transferase or an acetoacetyl-CoA hydrolase

transferase, a 3-hydroxyisobutyryl-CoA synthetase or a 3~hydr sobutyryl-CoA hydrolase; and a

&

3-hydroxyisobutyrate dehydratase, V.

A; . * - -
said isopropanol pathway comprising a second set of exffgenous nucleic acids encoding isopropanol

47

athway enzymes expressed in a sufficient amount tgproduce isopropanol, said second set of
P ym s

exogenous nucleic acids encoding:

an acetyl-CoA acetyl thiolase; an acetoacety#-CoA transferase or an acetoacetyl-CoA hydrolase or

an acetoacetyl-CoA synthetase; an acetogletate decarboxylase; and an isopropanol dehydrogenase.

76. A non-naturally occurring ngfcrobial organism, comprising a microbial organism having a
methylacrylic acid pathway an #n isopropanol pathway, said methylacrylic acid pathway
'_comprising a first set of - nucleic acids encoding methylacrylic acid pathway enzymes
expressed in a sufficient g to produce methylacrylic acid, $aid first set of exogenous nucleic

acids encoding:

~ a suceinyl-CoA c a 4-hydroxybutyrate dehydrogenase; a 4-hydroxybutyrate kinase; a
phosphotrans ydroxybutyrylase; a 4-hydroxybutyryl-CoA mutase; a 3-hydroxyisobutyryl-CoA
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dehydratase; and a methacrylyl-CoA transferase, a methacrylyl-CoA synthetase or a methacrylyl-
CoA hydrolase,

said isopropanol pathway comprising a second set of exogenous nucleic acids encoding isopropanoly
pathway enzymes expressed in a sufficient amount to produce isopropanol, said second set of

exogenous nucleic acids encoding:

an acetyl-CoA acetyl thiolase; an acetoacetyl-CoA transferase or an acetoacetyl-CoA hyg#olase or

3-hydroxyisobutyrate dehydratase,

;)-‘

said isopropanol pathway comprising a second gkt of exogenous mucleic acids encoding isopropanol

pathway enzymes expressed in a sufficient gfhount to produce isopropanol, said second set of

exogenous nucleic acids encoding:

an acetyl-CoA acetyl thiolase; an ag€toacetyl-CoA transferase or an acetoacetyl-CoA hydrolase or

an acetoacetyl-CoA synthetase; #h acetoacetate decarboxylase; and an isopropano! dehydrogenase.

78. A non-naturally u microbial organism, comprising a microbial organism having a
methylacrylic acid pat ' and an isopropanol pathway, said methylacrylic acid pathway
comprising a first - exogenous nucleic acids encoding methylacrylic acid pathway enzymes

.ient amount to produce methylacrylic acid, said first set of exogenous nucleic

acids encodingf
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a succinate reductase; a 4-hydroxybutyrate dehydrogenase; a 4-hydroxybutyryl-CoA transferase ér
a 4-hydroxybutyryl-CoA synthetase; a 4-hydroxybutyryl-CoA mutase; a 3-hydroxyisobutyryl-CoA
dehydratase; and a methacrylyl-CoA transferase, a methacrylyl-CoA synthetase or a methacrylyl-
CoA hydrolase,

said isopropanol pathway comprising a second set of exogenous nucleic acids encoding isoprg
pathway enzymes expressed in a sufficient amount to produce isopropanol, said second S.f

exogenous nucieic acids encoding:

an acetyl-CoA aéetyl thiolase; an acetoacetyl-CoA transferase or an acetbacetyl hydrolase or

acids encoding:

a succinate reductase; a 4-hydroxybutyrate dehydroge; a 4-hydroxybutyrate kinase; a
phosphotrans-4-hydroxybutyrylase; a 4»hydroxybut1-COA mutase; a 3-hydroxyisobutyryl-CoA
transferase, a 3-hydroxyisobutyryl-CoA synthetage or a 3-hydroxyisobutyryl-CoA hydrolase; and a

3-hydroxyisobutyrate dehydratase,

said 1sopropanol pathway comprising a g#cond set of exogenous nucleic acids encoding isopropanol
pathway enzymes expressed in a suffifient amount to produce isopropanol, said second set of

exogenous nucleic acids encodin

an acetyl-CoA acetyl thiolasg acetoacetyl-CoA transferase or an acetoacetyl-CoA hydrolase or

an acetoacetyl-CoA synt an acetoacetate decarboxylase; dnd an isopropanol dehydrogenase.

80. A non—natur occurring microbial organism, comprising a microbial organism having a
- methylacrylic ‘pathway and an isopropanol pathway, said methylacrylic acid pathway

comprising a @ st set of exogenous nucleic acids encoding methylacrylic acid pathway enzymes
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expressed in a sufficient amount to produce methylacrylic acid, said first set of exogenous nucleic

acids encoding:

a succinate reductase; a 4-hydroxybutyrate dehydrogenase; a 4-hydroxybutyrate kinase; a

phosphotrans-4-hydroxybutyrylase; a 4-hydroxybutyryl-CoA mutase; a 3-hydroxyisobutyryl-Co
dehydratase; and a methacrylyl-CoA transferase, a methacrylyl-CoA synthetase or a methac
CoA hydrolase, ‘

~ said isopropanol pathway comprising a second set of exogenous nucleic acids encodight isopropanol

pathway enzymes expressed in a sufficient amount to produce isopropanol, said sgfond set of

exogenous nucleic acids encoding:

an acetyl-CoA acetyl thiolase; an acetoacetyl-CoA transferase or an acetogcetyl-CoA hydrolase or.

an acetoacetyl-CoA synthetase; an acetoacetate decarboxylase; and a

81. A non-naturally occurring microbial organism, comprzsm m1c:r0b1a1 organism having a
methylacrylic acid pathway and an isopropanol pathway, szud % ethylacryhc acid pathway
comprising a first set of exogenous nucleic acids encodm ; ethylacryhc acid pathway enzymes
expressed in a sufficient amount to produce methyiacr aczd, said first set of exogenous nucleic

7
acids encoding: &

a methylmalonyl-CoA mutase; a methylmalony@=CoA reductase (aldehyde forming); a 3-

“hydroxyisobutyrate dehydrogenase; and a 3fiydroxyisobutyrate dehydratase,

said isopropanol pathway comprising gfSecond set of exogenous nucleic acids encoding isopropanol

pathway enzymes expressed in a syfficient amount to produce isopropanol, said second set of

exogenous nucleic acids encodip:

an acetyl-CoA acety! thiolg an acetoacetyl-CoA transferase or an acetoacetyl-CoA hydrolase or

an acetoacetyl-CoA syngh iase; an acetoacetate decarboxylase; and an isopropanol dehydrogenase.

82, A non-naty ;'fié"‘ occurring microbial organism, comprising a microbial organism having a
methylacrylic g d pathway and an isopropanol pathway, said methylacrylic acid pathway

comprising @ first set of exo genous nucleic acids encoding methylacrylic acid pathway enzymes
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expressed in a sufficient amount to produce methylacrylic acid, said first set of exogenous nucleic

acids encoding:

a methylmalonyl-CoA mutase; a methylmalonyl-CoA epimerase; a methylmalonyl-CoA transferas

exogenous nucleic acids encoding:

an acetyl-CoA acetyl thiolase; an acetoacetyl-CoA transferase or an acetoace#f1-CoA hydrolase or

an acetoacetyl-CoA synthetase; an acetoacetate decarboxylase; and an isg; opanoi dehydrogenase.

83. A non-naturally occurring microbial organism, comprising a ghicrobial organism having a

methylacrylic acid pathway and an isopropanol pathway, said me

&

.. B . . ~ v'._gé"" . .
comprising a first set of exogenous nucleic acids encoding }.f ylacrylic acid pathway enzymes

vlacrylic acid pathway

expressed in a sufficient amount to produce methylacrylicid, said first set of exogenous nucleic

i ¥
acids encoding: 7

a methylmalonyl-CoA mutase; a methylmalonyl-C#A transferase, a methylmalonyl-CoA synthetase

lonate reductase; a 3-hydroxyisobutyrate

or a methylmalonyl-CoA hydrolase; a methyl
dehydrogenase; and a 3—hydroxﬁéobutyrate hydratase,

said isopropanol pathway comprisin econd set of exogenous nucleic acids encoding isopropanol

pathway enzymes expressed in a syfficient amount to produce isopropanol, said second set of

exogenous nucleic acids encodiy

an acetyl-CoA acetyl thiolg J. an acetoacetyl-CoA transferase or, an acetoacetyl-CoA hydrolase or

an acetoacetyl-CoA syngf tase; an acetoacetate decarboxylase; and an isopropanol dehydrogenase.

- 84. A non-natiy occurring microbial organism, comprising a microbial organism having a
methylacrylic pathway and an isopropanol pathway, said methylacrylic acid pathway

comprising g flirst set of exogenous nucleic acids encoding methylacrylic acid pathway enzymes
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expressed in a sufficient amount to produce methylacrylic acid, said first set of exogenous nucleic

acids encoding:

a methylmalonyl-CoA mutase; a methylmalonyl-CoA reductase (alcohol forming); and a 3-

hydroxyisobutyrate dehydratase,

said isopropanol pathway comprising a second set of exogenous nucleic acids encoding isogfopanol

of exogenous nucleic acids encoding:

a pyruvate kinase; and a pyruvate dehydrogenase or a p ate ferredoxin oxidoreductase; ora

pymvaté formate lyase, a pyruvate formate lyase actiyéiting enzyme and a formate dehydrogenase.

86.  The non-naturally occurring microbial ogganism of any one of claims 49-84, further
comprising a succinyl-CoA pathway comprigifig a third set of exogenous nucleic acids encoding
succinyl-CoA pathway enzymes expressegfin a sufficient amount to produce succinyl-CoA, said

third set of exogenous nucleic acids engoding:

a PEP carboxykinase, a PEP ;{;-r' ylase, a malate dehydrogenase, a fumarase, a fumarate

reductase, a succinyl-CoA trap dferase and a succinyl-CoA synthetase.
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89.  The non-naturally occurring microbial organism of any one of claims 43-45 or 49-84,

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

medium,

90. A method for producing 1,4-butanediol and isopropanol, comprising culturing a non-
naturally occurring microbial organism of any one of claims 43, or 49-60 under conditions an

sufficient period of time to produce 1,4-butanediol and isopropanol.

91.  The method of claim 90, wherein said conditions comprise substantially anaergbic culture

conditions.
92.  The method of claim 90, wherein said exogenous nucleic acid is a hetgfologous nucleic acid.
93. A method for producing 1,3-butanediol and isopropanol, compriging culturing a non-

naturally occurring microbial organism of any one of claims 44 or 61472 under conditions and for a

sufficient period of time to produce 1,3-butanediol and isopropangf

94.  The method of claim 93, wherein said conditions congprise substantially anaerobic culture

conditions.
(;é"'f‘ . . . . B .
9s. The method of claim 93, wherein said exoggffous nucleic acid is a heterologous nucleic acid.

96. A method for producing methylacrylic gtid and isopropanol, comprising culturing a non-

naturally occurring microbial organism of one of claims 45, or 74-84 under conditions and for a

sufficient period of time to produce met¥lacrylic acid and isopropanol.

97.  The method of claim 96, whrein said conditions comprise substantially anaerobic culture

conditions.

98.  The method of claip 96, wherein said exogenous nucleig acid is a heterologous nucleic acid.

occurring microbial organism comprising a microbial organism having
- carbon monoxide hydrogenase or hydrogenase activity and a reductive tricarboxylic acid (fTCA)
pathway compy ing at least one exogenous nucleic acid encoding a rTCA pathway enzyme

expressed sufficient amount to convert CO, CO; or H; to acetyl-CoA, wherein said rTCA

-222-




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

suceinyl-CoA synthetase, a succinyl-CoA transferase, a fumarate reductase, a fumarase and a

malate dehydrogenase, wherein said microbial organism further comprises an isopropanol pathway

said 1sopropanol pathway converting acetyl-CoA to isopropanol, wherein said isopropanol pat

comprises an enzyme selected from the group consisting of an acetoacetyl-CoA thiolase, an
acetoacetyl-CoA transferase, an acetoacetyl-CoA hydrolase, an acetoacetyl-CoA synthetge, an

acetoacetate decarboxylase and an isopropanol dehydrogenase.

ketoglutarate:ferredoxin oxidoreductase, and a fumarate reductase.

101.  The non-naturally occurring microbial organism of claim 99

enzyme is selected from an aconitase or an isocitrate dehydrogen

102. A non-naturally occurring microbial organism compy i ing a microbial organism having
carbon monoxide dehydrogenase or hydrogenase ac’awty md a reductive tricarboxylic acid (fTCA)
pathway comprising at least one exogenous nucleic ag u encodmg arTCA pathway enzyme

expressed in a sufficient amount to convert CO, 0’ or H2 to acetyl-CoA, wherein said rTCA

pathway enzyme is selected from the group congisting of an ATP citrate-lyase, a citrate lyase, an

aconitase, an isocitrate dehydrogenase, an a-ketoglhutarate:ferredoxin oxidoreductase, a

succinyl-CoA synthetase, a succinyl-CoAffransferase, a fumarate reductase, a fumarase and a

malate dehydrogenase, wherein said g#ficrobial organism comprises a 1,3-butanediol pathway,
wherein said 1,3-butanediol path ‘-: comprises an enzyme selected from the group consisting of a
3-hydroxybutyraldehvde and a 3-hydroxybutyryl-CoA reductase (aldehyde forming), a 3-
hydroxybutyryl-CoA reductg (alcohol forming), a 3-hydroxybutyrvl-CoA transferase, a 3-
hydroxybutyryl-CoA - a 3-hydroxybutyryl-CoA synthétase, and a 3-hydroxybutyrate

reductase.

103, Anon- ally occurring microbial organism of clam 102, wherein said microbial
organism fu comprises at least one enzyme selected from an acetoacetyl-CoA thiolase; an

acetoacety CoA transferase, an acetoacetyl-CoA hydrolase or an acetoacetyl-CoA synthetase.
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104.  The non-naturally occurring microbial organism of claim 102, 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.

105.  The non-naturally occurring microbial organism of claim 102, wherein said rTCA pathw

enzyme is selected from an aconitase or an isocitrate dehydrogenase.

hucleic

106. A non-naturally occurring microbial organism comprising at least one exogenousg
."-(':
flents from

(rTCA) cycle,

acid encoding an enzyme expressed in a sufficient amount to produce reducing equi

carbon monoxide or hydrogen, thereby fixing CO2 via a reductive tricarboxylic a

wherein said at least one exogenous nucleic acid is selected from a carbon mo

dehydrogenase, a hydrogenase, and an NAD(P)H:ferredoxin oxidoreductasgf wherein said microbial

3

organism further comprises a 1,3-butanediol pathway, wherein said 1

comprises an enzyme selected from the group consisting of a succiny£CoA transferase, a succinyl-

CoA synthetase, a succinyl-CoA reductase (aldehyde forming), a 4 ydroxybutyrate

dehydrogenase, a 4-hydroxybutyrate kinase, a phosphotrans-4#ydroxybutyrylase, a 4-
hydroxybutyryl-CoA dehydratase, a crotonase, a 3»hydr0x utyryl-CoA reductase (aldehyde

forming), a 3-hydroxybutyraldehyde reductase, a succingte reductase, a succinyl-CoA reductase

(alcohol forming), a 4-hydroxybutyryl-CoA transfergke, a 4-hydroxybutyryl-CoA synthetase, a 3-
hydroxybutyryl-CoA reductase (alcohol forming)#a 3-hydroxybutyryl-CoA hydrolase, a 3-

hydroxybutyryl-CoA synthetaée, a 3-hydroxybfityryl-CoA transferase, and a 3-hydroxybutyrate

reductase.

107, The non-naturally occurring m#crobial organism of claim 106, wherein said microbial

Xin.

organism further comprises a ferre

108. A non-naturally occ r microbial orgahism comprising a microbial organism having a

reductive tricarboxylic pathway comprising at least-one exogenous nucleic acid

encoding a rTCA pathyf enzyme expressed in a sufficient amount to convert 1) CO, 2) CO2 and
H2,3) CO and synthesis gas comprising CO and H2, or 5) synthesis gas comprising CO,

| CO2, and H2, tog etyi-CoA; wherein said rTCA pathway enzyme is selected from an ATP citrate-

lyase, a yase, an aconitase, an isocitrate dehydrogenase, an alpha-ketoglutarate: ferredoxin

oxidoredyffase, a succinyl-CoA synthetase, a succinyl-CoA transferase, a fumarate reductase, a
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fumarase and a malate dehydrogenase; and a reducing equivalent producing pathway comprising at
least one exogenous nucleic acid encoding a reducing equivalent producing enzyme selected from a
carbon monoxide dehydrogenase, a hydrogenase and a NAD(P)H:ferredoxin oxidoreductase,
wherein said microbial organism further comprises a isopropanol pathway, said isopropanol

pathway converting acetyl-CoA to isopropanol, wherein said isopropanol pathway comprises
enzyme selected from the group consisting of an acetoacetyl-CoA thiolase, an acetoacetyl-Cy
transferase, an acetoacetyl-CoA hydrolase, an acetoacetyl-CoA synthetase, an acetoacetagf

decarboxylase and an isopropanol dehydrogenase.

109.  The non-naturally occurring microbial organism of claim 108, wherein sgfd microbial

organisin further comprises a ferredoxin.

110.  The non-naturally occurring microbial organism of claim 108, wlfrein said rTCA pathway
enzyme is selected from the group consisting of an ATP citrate-lyase

ketoglutarate:ferredoxin oxidoreductase, and a fumarate reductases’
&

I11.  The non-naturally occurring microbial organism of c] / 108, wherein said rTCA pathway

&
enzyme is selected from an aconitase or an isocitrate dehyfirogenase.

112, A non-naturally occurring microbial organi omprising a microbial organism having a

reductive tricarboxylic acid (fTCA) pathway com sing at least one exogenous nucleic acid
encoding a rTCA pathway enzyme expressed jfi a sufficient amount to convert 1) CO, 2) CO2Z and
H2,3) CO and CO2, 4} synthesis gas compfising CO and H2, or 5) synthesis gas comprising CO,
CO2, and H2, to acetyl-CoA; wherein. rTCA pathway enzyme is selected from an ATP citrate-
lyase, a citrate lyase, an aconitase, ag ocitrate dehydrogenase, an alpha-ketoglutarate:ferredoxin
oxidoreductase, a succinyl-CoA thetase, a suceinyl-CoA transferase, a fumarate reductase, a
fumarase and a maié.te dehy enase; and a reducing equivalent producing pathway comprising at
least one exogenous nucle encoding a reducing equivalent producing enzyme selected from a
carbon monoxide dehyg ogenase, a hydrogenase and a NAD(P)H:ferredoxin oxidoreductase,

wherein said 5::"‘;: organism comprises a 1,3-butanediol pathway, wherein said 1,3-butanediol
| pathway comprigé : an enzyme selected from the group consisting of a 3-hydroxybutyraldehyde

reductase andsh 3-hydroxybutyryl-CoA reductase (aldehyde forming), a 3-hydroxybutyryl-CoA
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reductase (alcohol forming), a 3-hydroxybutyryl-CoA transferase, a 3-hydroxybutyryl-CoA
hydrolase, a 3-hydroxybutyryl-CoA synthetase, and a 3-hydroxybutyrate reductase.

113.  The non-naturally occurring microbial organism of claim 112, wherein said microbial

organism further comprises a ferredoxin.

114.  The non-naturally occurring microbial organism of claim 112, wherein said rTCA
enzyme is selected from the group consisting of an ATP citrate-lyase, a citrate lyase, an,

ketoglutarate:ferredoxin oxidoreductase, and a fumarate reductase.

115, The non-naturally occurring microbial organism of claim 112, wherein sgfd rTCA pathway

enzyme is selected from an aconitase or an isociirate dehydrogenase.

116. A non-naturally occurring microbial organism comprising a miggbial organism having a

reductive tricarboxylic acid (rTCA) pathway comprising at least oneg#xogenous nucleic acid
encoding a ’ITCA pathway enzyme expressed in a sufficient amoyfit to convert 1) CO, 2) CO2 and
H2,3) CO and CO2, 4) synthesis gas comprising CO and H2, 4

' 7

4 5) synthesis gas comprising CO,
CO2, and H2, to acetyl-CoA; wherein said rTCA zyme is selected from an ATP citrate-
7

A

lyase, a citrate lyase, an aconitase, an isocitrate dehydrnase, an alpha-ketoglutarate:ferredoxin

117. The non-naturall ccurring microbial organism of claim 116, wherein said microbial
organism comprising 4-hydr0xybutyrate reductase further comprises a 4-hydroxybutyryl-CoA
~ transferase; a 4-0xybutyry1~CoA synthetase; or a phosphotrans-4-hydroxybutyrylase and a 4-

hydroxybutyrg € Linase.
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118.  The non-naturally occurring microbial organism of claim 116, wherein said microbial
organism further comprises an acetoacetyl-CoA thiolase or a crotonase.

119.  The non-naturally occurring microbial organism of claim 116, wherein said microbial

organism further comprises a ferredoxin.

120.  The non-naturally occurring microbial organism of claim 116, wherein said rTCA pgthway
enzyme 1s selected from the group consisting of an ATP citrate-lyase, a citrate lyase, an g

ketoghutarate:ferredoxin oxidoreductase, and a fumarate reductase.

121, The non-naturally occurring microbial organism of claim 116, wherein sgfd rTCA pathway

enzyme 1s selected from an aconitase or an isocitrate dehydrogenase.




What is claimed is:

1. A non-naturally occurring microbial organism comprising an exogenous nucleic acid
encoding a carbon monoxide dehydrogenase and an exogenous nucleic acid encoding an
r'TCA enzyme or protein selected from the group consisting of ATP citrate-lyase, citrate
lyase, aconitase, isocitrate dehydrogenase, alpha-ketoglutarate:ferredoxin oxidoreductase,
fumarate reductase, fumarase and malate dehydrogenase, wherein said carbon monoxide
dehydrogenase extracts reducing equivalents from CO, wherein said microbial organism

further comprises a 1,4-butanediol (14-BDO) pathway, wherein said pathway comprises:

(a) a succinyl-CoA reductase (aldehyde forming) or succinate reductase (aldehyde

forming);

(b) a 4-hydroxybutyrate dehydrogenase;

(c) a 4-hydroxybutyryl-CoA transferase or a 4-hydroxybutyryl-CoA synthetase;
(d) a 4-hydroxybutyryl-CoA reductase (aldehyde-forming); and

{(e) a 4-hydroxybutyraldehyde reductase.

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

organism further comprises a ferredoxin.

3. The non-naturally occurring microbial organism of claim [ or 2, wherein said
microbial organism further comprises an exogenous nucleic acid encoding a hydrogenase,

wherein said hydrogenase extracts reducing equivalents from H.

4. The non-naturally occurring microbial organism of any one of claims 1-3, wherein
said microbial organism further comprises an exogenous nucleic acid encoding an

NAD(P)H:ferredoxin oxidoreductase.

5. The non-naturally occurring microbial organism of any one of claims 1-4, wherein
said microbial organism further comprises an exogenous nucleic acid encoding an rTCA
enzyme or protein selected from the group consisting of ATP citrate-lyase, citrate lyase,

alpha-ketoglutarate:ferredoxin oxidoreductase, and fumarate reductase.
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6. The non-naturally oceurring microbial organism of claim 5, wherein said microbial
organism comprises three exogenous nucleic acids encoding ATP-citrate lyase or citrate

lyase; alpha-ketoglutarate:ferredoxin oxidoreductase; and fumarate reductase.

7. The non-naturally occurring microbial organism of any one of claims 1-4, wherein
said microbial organism further comprises a succinyl-CoA pathway comprising at least one
exogenous nucleic acid encoding a succinyl-CoA pathway enzyme expressed in a sufficient
amount to produce succinyl-CoA, wherein said succinyl-CoA pathway comprises a
phosphoenolpyruvate carboxykinase, a phosphoenolpyruvate carboxylase, a malate
dehydrogenase, a fumarase, a fumarate reductase, a succinyl-CoA transferase or a succinyl-

CoA synthetase.

8. The non-naturally occurring microbial organism of any one of claims 1-7, wherein
said microbial organism further comprises an acetyl-CoA pathway having at least one
exogenous nucleic acid encoding an acetyl-CoA pathway enzyme expressed in a sufficient
amount to produce acetyl-CoA, wherein said acetyl-CoA pathway comprises a pyruvate
kinase, a pyruvate dehydrogenase, a pyruvate ferredoxin oxidoreductase, a pyruvate formate

lyase, a pyruvate formate lyase activating enzyme, or a formate dehydrogenase.

9. The non-naturally occurring microbial organism of any one of claims 1-8, wherein at
least one, two, three, four, or five enzymes of said 14-BDO pathway are encoded by

exogenons nucleic acids.

10. The non-naturally occurring microbial organism of any one of claims 1-9, wherein

said exogenous nucleic acids are heterologous nucleic acids.

11. The non-naturally occurring microbial organism of any one of claims 1-10, wherein
said non-naturally occurring microbial organism is in a substantially anaerobic culture

medium.

12. The non-naturally occurring microbial organism of any one of claims 1-11, wherein

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

13. The non-naturally occurring microbial organism of any one of claims 1-12, wherein
said microbial organism further comprises an isopropanol pathway comprising at least one

exogenous nucleic acid encoding an isopropanol pathway enzyme expressed in a sufficient
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amount to produce isopropanol, said isopropanol pathway comprising: an acetyl-CoA acetyl
thiolase; an acetoacetyl-CoA transferase, an acetoacetyl-CoA hydrolase or an acetoacetyl-

CoA synthetase; an acetoacetate decarboxylase; and an isopropanol dehydrogenase.

14, A method for producing 1,4-butanediol (14-BDO) comprising culturing the non-
naturally occurring microbial organism of any one of claims 1-13 under conditions and for a

sufficient period of time to produce 14-BDO.

15 The method of claim 14 further comprising culturing the non-naturally occurring
microbial organism of claim 13 under conditions and for a sufficient period of time to

produce 14-BDO and isopropanol.

16.  The method of claim 14 or 15, wherein said method further comprises separating the

14-BDO or 14-BDO and isopropanol from other components in the culture.

17. The method of claim 16, wherein the separating comprises extraction, continuous
liquid-liquid extraction, pervaporation, membrane filtration, membrane separation, reverse
osmosis, electrodialysis, distillation, crystallization, centrifugation, extractive filtration, ion

exchange chromatography, absorption chromatography, or ultrafiltration.

18.  Culture medium comprising 1,4-butanediol (14-BDO) produced by the microbial

organism of any one of claims 1-13,

19.  The culture medium of claim 18, further comprising isopropanot produced by the

microbial organism of claim 13.

20. The culture medium of claim 18 or 19, wherein said culture medium is separated from

the microbial organism.
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