
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 (rTCA) cyclep.  

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

dehydrogenase, a hydrogenase, and an NAD(P)H:ferredoxin oxidoreductase, wherein said ecrobiz 

organism further comprises a 1,4-butanediol pathway, wherein said pathway comprises 	enzyme 

selected from the group consisting of a 4-hydroxybutyraldehyde reductase, a 4-hydro 	utyryl-Coi 

reductase (aldehyde forming), a succinyl-CoA transferase, a succinyl-CoA synthe 	e, a succinyl- 

CoA reductase (aldehyde forming), a 4-hydroxybutyrate dehydrogenase, a 4-h &oxybutyrate 

kinase, a phosphotrans-4-hydroxybutyrylase, a succinate reductase, a 4-hyd 	xybutyryl-CoA 

transferase, a 4-hydroxybutyryl-CoA synthetase, a 4-hydroxybutyrate re gctase, a 4- 

hydroxybutyryl-phosphate reductase and a 4-hydroxybutyryl-CoA re 	c ase (alcohol forming). 

XY 2. The non-naturally occurring microbial organism of clai ii , wherein said microbial 
4e1  

organism further comprises a ferredoxin. 

3. A non-naturally occurring microbial organism 	uprising a microbial organism having 

carbon monoxide dehydrogenase or hydrogenaseacsity and a reductive tricarboxylic acid (rTCA) 

pathway comprising at least one exogenous nucllgC 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 gro 	consisting of an ATP citrate-lyase, a citrate lyase, an 

aconitase, an isocitrate dehydrogenase/alpha-ketoglutarate:ferredoxin oxidoreductase, a 

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

malate dehydrogenase, wherein 	id microbial organism further comprises a 1,4-butanediol 

pathway, wherein said 1,4-b 	ediol pathway comprises an enzyme selected from the group 

consisting of a 4-hydroxy 	yryl-CoA reductase (alcohol formiag), a 4-hydroxybutyryl-CoA 

reductase (aldehyde fi 	ing), a 4-hydroxybutyraldehyde reductase, and a 4-hydroxybutyrate 

reductase. 

4. The n 	-naturally occurring microbial organism of claim 3, wherein said microbial 

organism 	mprising a 4-hydroxybutyrate reductase further comprises a 4-hydroxybutyryl-CoA 

1 

-192- 



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 Pi ,  ay 

enzyme is selected from the group consisting of an ATP citrate-lyase, a citrate lyase, an 	
/ 
pha-

ketoglutarate:ferredoxin oxidoreductase, and a fumarate reductase. 

7. The non-naturally occurring microbial organism of claim 3, wherein sai 	TCA pathway 

enzyme is selected from an aconitase or an isocitrate dehydrogenase. 

8. A non-naturally occurring microbial organism, comprising a mia obial organism having an 

n-propanol pathway and an isopropanol pathway, said n-propanol p.,t way comprising at least one 

exogenous nucleic acid encoding an n-propanol pathway enzyn - 	xpressed in a sufficient amount 

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

a propanol dehydrogenase, a propionaldehyde dehyd og/ase, a propionyl-CoA:phosphate 

i propanoyltransferase, a propionyl-CoA hydrolase, a pispionyl-CoA transferase, a propionyl-CoA 

synthetase, a propionate kinase, a propionate red ase or a propionyl phosphate reductase, 

said isopropanol pathway comprising at leas 	e exogenous nucleic acid encoding an isopropanol 

pathway enzyme expressed in a sufficien 	mount to produce isopropanol, said isopropanol pathway 

comprising: 

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

acetoacetyl-CoA hydrolase, ar cetoacetyl-CoA synthetase, or an acetoacetate decarboxylase. 

9. The non-naturall 	ccurring microbial organism of claim 8, further comprising an acetyl- 

CoA pathway comp 	g at least one exogenous nucleic acid encoding an acetyl-CoA pathway 

enzyme expressed 	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 pathw• 

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

comprising: 

a PEP carboxykinase, a PEP carboxylase, a malate dehydrogenase, a fumarase, a fir 	ate  

reductase, a succinyl-CoA transferase, a succinyl-CoA synthetase, a methylmalon 	-CoA mutase, a 

methylmalonyl-CoA epimerase or a methylmalonyl-CoA decarboxylase. 

11. The non-naturally occurring microbial organism of claim 10, whe 	n said propionyl-CoA 

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

12. The non-naturally occurring microbial organism of clai 	her comprising a propionyl- 

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

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

comprising: 	 ,. .i / 

a PEP carboxykinase, a PEP carboxylase, a threo 	e deaminase, or a 2-oxobutanoate 

dehydrogenase. 

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

pathway further comprises 2-oxobuta » ate decarboxylase. 

14. The non-naturally occur`„ 	microbial organism of claim 8, further comprising a propionyl- 

CoA pathway comprising at 1 	st one exogenous nucleic acid encoding a propionyl-CoA pathway 

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

comprising: 

an acetyl-CoA car^ xylase, a malonyl-CoA reductase, a malonate semialdehyde reductase or 

propionyl-Co ynthase. 
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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. 

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

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

exogenous nucleic acids encoding n-propanol pathway enzymes expressed in . 	ufficient amount to 

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

a propionaldehyde dehydrogenase and a propanol dehydrogenase; or 

a prop onyl-CoA:phosphate propanoyltransferase, a propionyl p 	phate reductase and a propanol 

dehydrogenase; or 

a propionyl-CoA hydrolase or a propionyl-CoA trans e . • or a propionyl-CoA synthetase, a 

propionate kinase, a propionyl phosphate reductase . 	a propanol dehydrogenase; or 

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

propionate reductase and a propanol dehydro fnase, 

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

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

exogenous nucleic acids encodin 

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

acetoacetyl-CoA synthet 	e; an acetoacetate decarboxylase; andsan isopropanol dehydrogenase. 

17. The non-na 	ally occurring microbial organism of claim 16, further comprising an acetyl- 

CoA pathway c 	prising a third set of exogenous nucleic acids encoding acetyl-CoA pathway 

enzymes exp 	ssed in a sufficient amount to produce acetyl-CoA, said third set of exogenous 

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

pyruvate formate lyase, a pyruvate folin ate 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- 	A 

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 fiimarase; a 	arate 

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

and a methylmalonyl-CoA decarboxylase. 

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

exogenous nucleic acids further encodes a methylmalonyl-CoA epi 	e 	e, a pyruvate carboxylase 

or a methylmalonyl-CoA carboxytransferase. 

20. The non-naturally occurring microbial organism of c1.2 	16, further comprising a 

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

pathway enzymes expressed in a sufficient amount to pwas duce propionyl-CoA, said third set of 

exogenous nucleic acids encoding: 

a PEP carboxykinase or a PEP carboxylase; a r eonine deaminase; and a 2-oxobutanoate 

dehydrogenase. 

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

exogenous nucleic acids further en, des a or a methylmalonyl-CoA carboxytransferase or a 

pyruvate carboxylase. 

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

exogenous nucleic acid 	her encode a 2-oxobutanoate decarboxylase. 

23. The non-n- 	rally occurring microbial organism of claim 16, further comprising a 

propionyl-Co 	athway comprising a third set of exogenous nucleic acids encoding propionyl-CoA 

pathway en 	es expressed in a sufficient amount to produce propionyl-CoA, said third set of 

exogeno 	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- 	A 

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 acao oyl CoA 

reductase. 

25. A non-naturally occurring microbial organism, comprising a microb
/
i., organism having an 

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

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

produce n-propanol, said first set of exogenous nucleic acids enco' 	g: 

a PEP carboxykinase or a PEP carboxylase; a malate dehyd oy: nase; a fumarase; a fumarate 

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

a methylmalonyl-CoA decarboxylase; and a propional 	yde dehydrogenase and a propanol 

dehydrogenase; or a propionyl-CoA:phosphate pro 8 	oy transferase and a propionyl phosphate 
v reductase; or a propionyl-CoA hydrolase or a p sii onyl-CoA transferase or a propionyl-CoA 

, i 
synthetase, a propionate kinase, a propionyl t rosphate reductase and a propanol dehydrogenase; or 

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

propionate reductase and a propanol d 	d ogenase, 

said isopropanol pathway comp 	g 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 a 	s encoding: 

a pyruvate kinase; a p 	vate dehydrogenase or a pyruvate ferredoxin oxidoreductase; or a pyruvate 

foimate lyase, a p / 1 vate formate lyase activating enzyme and a formate dehydrogenase; an acetyl- 

CoA acetyl this o se; an acetoacetyl-CoA transferase, an acetoacetyl-CoA hydrolase or an 

acetoacetyl 	oA 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
/
„  

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

exogenous nucleic acids encoding n-propanol pathway enzymes expressed in a sufficient 	ount to 

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

a PEP carboxykinase or a PEP carboxylase; a threonine deaminase; and a 2-oxob 	noate 

decarboxylase and a propanol dehydrogenase; or a 2-oxobutanoate dehydroge 	e, a 

propionaldehyde dehydrogenase and a propanol dehydrogenase; or a 2-oxo9i anoate 

dehydrogenase, a propionyl-CoA:phosphate propanoyltransferase, a pro p4nyl phosphate reductase 

and a propanol dehydrogenase; or a 2-oxobutanoate dehydrogenase, 	sropionyl-CoA hydrolase or a 

propionyl-CoA transferase or a propionyl-CoA synthetase, a prop 	nate kinase, a propionyl 

phosphate reductase and a propanol dehydrogenase; or a 2-ox e, u anoate dehydrogenase, a 

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

propionate reductase and a propanol dehydrogenase, 

said isopropanol pathway comprising a second se of exogenous nucleic acids encoding 

isopropanol pathway enzymes expressed in a s 	c ent amount to produce isopropanol, said second 

set of exogenous nucleic acids encoding: 

a pyruvate kinase; a pyruvate dehydrot, 	ase or a pyruvate ferredoxin oxidoreductase; or a pyruvate 

formate lyase, a pyruvate formate 1 	se activating enzyme and a formate dehydrogenase; an acetyl- 

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

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

28. The non-natural 	occurring microbial organism of claim 27, wherein said second set of 

exogenous nucleic at is further encodes a methylmalonyl-CoA decarboxylase or a pyruvate 

carboxylase. 

29. A no;:-naturally occurring microbial organism, comprising a microbial organism having an 

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

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- oA 

synthase; and a propionaldehyde dehydrogenase and a propanol dehydrogenase; or a pro 	ny - 

CoA:phosphate propanoyltransferase, a propionyl phosphate reductase and propanol 

dehydrogenase; or a propionyl-CoA hydrolase or a propionyl-CoA transferase or a 	opionyl-CoA 

synthetase, a propionate kinase, a propionyl phosphate reductase and a propanol, hydrogenase; or 

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

propionate reductase reductase and a propanol dehydrogenase, 

said isopropanol pathway comprising a second set of exogenous nue 	c acids encoding isopropanol 

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

exogenous nucleic acids encoding: 

an acetyl-CoA acetyl thiolase; an acetoacetyl-CoA trans > ase, an acetoacetyl-CoA hydrolase or an 

acetoacetyl-CoA synthetase; an acetoacetate decarbo 	ase; and an isopropanol dehydrogenase. 

30. 	A non-naturally occurring microbial o g., sm, comprising a microbial organism having an 
i 

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

exogenous nucleic acids encoding n-prop1iol pathway enzymes expressed in a sufficient amount to 

produce n-propanol, said first set of ex0enous nucleic acids encoding: 

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

reductase; and a propionaldeh 	e dehydrogenase and a propanol dehydrogenase; or a propionyl- 

CoA:phosphate propanoyl 	sferase, a propionyl phosphate reductase and a propanol 

dehydrogenase; or a pro 	onyl-CoA hydrolase or a propionyl-CoA transferase or a propionyl-CoA 

synthetase, a propio 	e kinase, a propionyl phosphate reductase and a propanol dehydrogenase; or 

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

propionate re 	ctase 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 fouuate 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- oA 

synthetase; an acetoacetate decarboxylase; and an isopropanol dehydrogenase. 

31. The non-naturally occurring microbial organism of any one of claims 8-30 	herein said 

exogenous nucleic acid is a heterologous nucleic acid. 

32. The non-naturally occurring microbial organism of any one of c a 	s 8-30, wherein said 

non-naturally occurring microbial organism is in a substantially anaeroy; c culture medium. 
/ 

33. A method for producing n-propanol and isopropanol, co i sing culturing a non-naturally 

occurring microbial organism of any one of claims 8-30 unde 	onditions and for a sufficient period 

of time to produce n-propanol and isopropanol. 

34. The method of claim 33, wherein said condi 	s comprise substantially anaerobic culture 

conditions. 

35. The method of claim 33, wherein sa fw-xogenous nucleic acid is a heterologous nucleic acid. 

36. A non-naturally occurring micr b al organism, comprising a microbial organism having an 

n-propanol pathway, said n-propano Aathway comprising at least one exogenous nucleic acid 

encoding an n-propanol pathway 	zyme expressed in a sufficient amount to produce n-propanol, 

said n-propanol pathway co 	s ng: 

a propanol dehydrogena 	, a propionaldehyde dehydrogenase, a propionyl-CoA:phosphate 

propanoyltransferase 	opionyl-CoA hydrolase, a propionyl-CoA transferase, a propionyl-CoA 

synthetase, a prop 	ate kinase, a propionate reductase, or a propionyl phosphate reductase. 

37. A no 	a urally occurring microbial organism, comprising a microbial organism having an 

n-propans 	sathway, 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 

propionate kinase, a propionyl phosphate reductase and a propanol dehydrogenase; or ape . onyl- 

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

reductase and a propanol dehydrogenase. 

38. The non 36 	37, -naturally occurring microbial organism of claim 	or 	wh - 	in said exogenous 

nucleic acid is a heterologous nucleic acid. 

39. The non-naturally occurring microbial organism of claim 36 o 	7, wherein said non- 

naturally occurring microbial organism is in a substantially anaero., 	culture medium. 

40. A method for producing n-propanol, comprising cultu 	g a non-naturally occurring 

microbial organism of claim 36 or 37 under conditions ant /o a sufficient period of time to produce 

n-propanol. 

41. The method of claim 40, wherein said con! 	o s comprise substantially anaerobic culture 

conditions. 

42. The method of claim 40, wherein o id exogenous nucleic acid is a heterologous nucleic acid. 

43. A non-naturally occurring m r obial organism, comprising a microbial organism having a 

1,4-butanediol pathway and an isytropanol pathway, said 1,4-butanediol pathway comprising at 

least one exogenous nucleic ae d encoding a 1,4-butanediol pathway enzyme expressed in a 

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

a 4-hydroxybutyralde 	de reductase, a succinyl-CoA reductase, a succinate reductase, a 4- 

hydroxybutyrate 	ydrogenase, a 4-hydroxybutyryl-CoA transferase, a 4-hydroxybutyryl-CoA 

synthetase, a 4 	droxybutyryl-CoA reductase (aldehyde-forming), 4-hydroxybutyryl-phosphate 

reductase, . 	hydroxybutyrate reductase; a 4-hydroxybutyrate kinase, a phosphotrans-4-

hydroxy9 atyrylase, or a 4-hydroxybutyryl-CoA reductase (alcohol-forming); 
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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, a 

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

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

1,3-butanediol pathway and an isopropanol pathway, said 1,3-butanediol pathway co 	p sing at 

least one exogenous nucleic acid encoding a 1,3-butanediol pathway enzyme exp 	sed in a 

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

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

hydroxybutyrate dehydrogenase, a 4-hydroxybutyryl-CoA transferase . 4-hydroxybutyryl-CoA 

synthetase, a 4-hydroxybutyrate kinase, a phosphotrans-4-hydroxy, 	yrylase, a 4-hydroxybutyryl- 

CoA dehydratase, a crotonase, a 3-hydroxybutyryl-CoA transfe, se, a 3-hydroxybutyryl-CoA 

synthetase, a 3-hydroxybutyryl-CoA hydrolase, a 3-hydrox 	yrate reductase, a 3-hydroxybutyryl- 

CoA reductase (aldehyde forming), or a 3-hydroxybut 	oA reductase (alcohol-forming); 

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

pathway enzyme expressed in a sufficient amo 	,'to produce isopropanol, said isopropanol pathway 

comprising: 

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

acetoacetyl-CoA hydrolase, an ace o 	etyl-CoA synthetase, or an acetoacetate decarboxylase. 

45. A non-naturally occumicrobial organism, comprising a microbial organism having a 

methylacrylic acid pathway K d an isopropanol pathway, said methylacrylic acid pathway 

comprising at least one e x ogenous nucleic acid encoding a methylacrylic acid pathway enzyme 

expressed in a suffici- 	amount to produce methylacrylic acid, said methylacrylic acid pathway 

comprising: 

a 4-hydroxyb 	1-CoA mutase, a succinyl-CoA reductase, a succinate reductase, a 4- 

hydroxyb 	ate dehydrogenase, a 4-hydroxybutyryl-CoA transferase, a 4-hydroxybutyryl-CoA 
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synthetase, a 4-h ydroxybutyrate 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-hydroxyisobutyra 

dehydratase, a methylmalonyl-CoA mutase, a methylmalonyl-CoA epimerase, a methylmalony,  

CoA transferase, a methylmalonyl-CoA synthetase, a methylmalonyl-CoA hydrolase, a 

methylmalonate reductase, a methylmalonyl-CoA reductase (aldehyde for 	using), a 3- 

hydroxyisobutyrate dehydrogenase, a methylmalonyl-CoA reductase (alcohol formin 	o a 3-

hydroxyisobutyrate dehydratase; 

said isopropanol pathway comprising at least one exogenous nucleic acid eniing 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 	etoacetyl-CoA transferase, an 

acetoacetyl-CoA hydrolase, an acetoacetyl-CoA synthetase, o 	acetoacetate decarboxylase. 

46. The non-naturally occurring microbial organism 	any one of claims 43-45, further 

comprising an acetyl-CoA pathway comprising at le 	o e exogenous nucleic acid encoding an 

acetyl-CoA pathway enzyme expressed in a suffic 	amount to produce acetyl-CoA, said acetyl- 
f
. 

CoA pathway comprising: 

a pyruvate kinase, a pyruvate dehydrogen ae, a pyruvate ferredoxin oxidoreductase, a pyruvate 

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

47. The non-naturally occurrir microbial organism of any one of claims 43-45, further 
ay 

comprising a succinyl-CoA pa 	way comprising at least one exogenous nucleic acid encoding a 

succinyl-CoA pathway e z 	e expressed in a sufficient amount to produce succinyl-CoA, said 

succinyl-CoA pathway .4mprising: 

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

reductase, a suc 	nyl-CoA transferase or a succinyl-CoA synthetase. 
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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 

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 su=-'ent  

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

a succinyl-CoA reductase; a 4-hydroxybutyrate dehydrogenase; a 4-hydroxybutyryl f /4A. 

transferase or a 4-hydroxybutyryl-CoA synthetase; a 4-hydroxybutyryl-CoA redu 	se (aldehyde-

forming); and a 4-hydroxybutyraldehyde reductase, 

said isopropanol pathway comprising a second set of exogenous nucleic 	ds encoding isopropanol 

pathway enzymes expressed in a sufficient amount to produce isopropA 'ol, said second set of 

exogenous nucleic acids encoding: 

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

an acetoacetyl-CoA synthetase; an acetoacetate decarboxy 	e; and an isopropanol dehydrogenase. 

50. A non-naturally occurring microbial organs 	comprising a microbial organism having an 

1,4-butanediol pathway and an isopropanol pathw. , said 1,4-butanediol pathway comprising a first 

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

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

a succinyl-CoA reductase; a 4-hydrox,¢iutyrate dehydrogenase; a 4-hydroxybutyrate reductase; and 

a 4-hydroxybutyraldehyde reducta 	, 

said isopropanol pathway co_.:rising a second set of exogenous nucleic acids encoding isopropanol 

pathway enzymes express -''in a sufficient amount to produce isopropanol, said second set of 

exogenous nucleic acid encoding: 

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

an acetoacetyl- 	A synthetase; an acetoacetate decarboxylase; and an isopropanol dehydrogenase. 
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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 to 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 4-hydroxybutyryl-CoA reductase (aldehyde-forminj and a 

4-hydroxybutyraldehyde reductase, 

said isopropanol pathway comprising a second set of exogenous nucleic acids ending isopropanol 

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

exogenous nucleic acids encoding: 

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

an acetoacetyl-CoA synthetase; an acetoacetate decarboxylase; a a /In isopropanol dehydrogenase. 

52. A non-naturally occurring microbial organism, comp 7." g a microbial organism having an 
/ 

1,4-butanediol pathway and an isopropanol pathway, said
'

4-butanediol pathway comprising a first 

set of exogenous nucleic acids encoding 1,4-butaned o "iathway enzymes expressed in a sufficient 

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

a succinyl-CoA reductase; a 4-hydroxybutyrat- E ehydrogenase; a 4-hydroxybutyrate kinase; a 4-

hydroxybutyryl-phosphate reductase; and a -hydroxybutyraldehyde reductase, 

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

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

exogenous nucleic acids encod 	• 

an acetyl-CoA acetyl thiol 	e; an acetoacetyl-CoA transferase or an acetoacetyl-CoA hydrolase or 

an acetoacetyl-CoA s 	-`erase; an acetoacetate decarboxylase; and an isopropanol dehydrogenase. 

53. A non-nat 	y occurring microbial organism, comprising a microbial organism having an 

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

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

amount 	produce 1,4-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; and a 4-hydroxybutyryl-CoA reductase (alcohol-forming), 

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. rolase or 

an acetoacetyl-CoA synthetase; an acetoacetate decarboxylase; and an isopropanol d ydrogenase. 

54. A non-naturally occurring microbial organism, comprising a microbial o 	a ism having an 

1,4-butanediol pathway and an isopropanol pathway, said 1,4-butanediol pa 	ay comprising a first 

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

amount to produce 1,4-butanediol, said first set of exogenous nucleiA ids encoding: 

a succinyl-CoA reductase; a 4-hydroxybutyrate dehydrogenase; . 	-hydroxybutyryl-CoA 

transferase or a 4-hydroxybutyryl-CoA synthetase; and a 4-h 	oxybutyryl-CoA reductase (alcohol- 

forming), 

said isopropanol pathway comprising a second set of 	ogenous nucleic acids encoding isopropanol 

pathway enzymes expressed in a sufficient amoun 	o produce isopropanol, said second set of 

exogenous nucleic acids encoding: 

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

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

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

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

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

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

a succinate reduct 	e; a 4-hydroxybutyrate dehydrogenase; a 4-hydroxybutyryl-CoA transferase or 

a 4-hydroxybu 	yl-CoA synthetase; a 4-hydroxybutyryl-CoA reductase (aldehyde-forming); and a 

4-hydroxyb 	yraldehyde reductase, 
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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 
ri 

an acetoacetyl-CoA synthetase; an acetoacetate decarboxylase; and an isopropanol dehydrog- ase. 

56. A non-naturally occurring microbial organism, comprising a microbial organism ' sving an 

1,4-butanediol pathway and an isopropanol pathway, said 1,4-butanediol pathway co e .rising a first 

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

amount to produce 1,4-butanediol, said first set of exogenous nucleic acids e@;  mg: 

a succinate reductase; a 4-hydroxybutyrate dehydrogenase; a 4-hydroxyl 	ate reductase; and a 4- 

hydroxybutyraldehyde reductase, 

said isopropanol pathway comprising a second set of exogenous 	eic acids encoding isopropanol 

pathway enzymes expressed in a sufficient amount to produc 	opropanol, said second set of 

exogenous nucleic acids encoding: 

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

an acetoacetyl-CoA synthetase; an acetoacetate d 	• boxylase; and an isopropanol dehydrogenase. 

57. A non-naturally occurring microbial !, ganism, comprising a microbial organism having an 

1,4-butanediol pathway and an isopropan 	pathway, said 1,4-butanediol pathway comprising a first 

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

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

a succinate reductase; a 4-hya , exybutyrate dehydrogenase; a 4-hydroxybutyrate kinase; a 

phosphotrans-4-hydroxyb 	ylase; a 4-hydroxybutyryl-CoA reductase (aldehyde-forming); and a 

4-hydroxybutyraldehy 	reductase, 

said isopropanol p 	way comprising a second set of exogenous nucleic acids encoding isopropanol 

pathway enz 	«;`s expressed in a sufficient amount to produce isopropanol, said second set of 

exogenous 94cleic 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. 

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= st  

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

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

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

hydroxybutyryl-phosphate reductase; and a 4-hydroxybutyraldehyde reductase, 

said isopropanol pathway comprising a second set of exogenous nucleic aciii,  encoding isopropanol 

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

exogenous nucleic acids encoding: 

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

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

59. A non-naturally occurring microbial organism, c 	prising a microbial organism having an 

1,4-butanediol pathway and an isopropanol pathway 	.id 1,4-butanediol pathway comprising a first 

lset of exogenous nucleic acids encoding 1,4-buta o iol pathway enzymes expressed in a sufficient 
/ 

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

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

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

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

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

exogenous nucleic acids e 	oding: 	 . 

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

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

60. A no 	aturally occurring microbial organism, comprising a microbial organism having an 

1,4-butane 	o pathway and an isopropanol pathway, said 1,4-butanediol pathway comprising a first 
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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-foiming) 

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

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

exogenous nucleic acids encoding: 

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

an acetoacetyl-CoA synthetase; an acetoacetate decarboxylase; and an isopro 	nol dehydrogenase. 

61. A non-naturally occurring microbial organism, comprising a mi« obial organism having an 

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

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

amount to produce 1,3-butanediol, said first set of exogenous 	cleic acids encoding: 

a succinyl-CoA reductase; a 4-hydroxybutyrate dehydro 	ase; a 4-hydroxybutyryl-CoA 

transferase or a 4-hydroxybutyryl-CoA synthetase; a f 	ydroxybutyryl-CoA dehydratase; a 

crotonase; a 3-hydroxybutyryl-CoA reductase (al. 	yde forming); and a 3-hydroxybutyraldehyde 

reductase, 

said isopropanol pathway comprising a s- 	nd set of exogenous nucleic acids encoding isopropanol 

pathway enzymes expressed M a suf 	"nt amount to produce isopropanol, said second set of 

exogenous nucleic acids encoding: 
i

. 

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

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

62. A non-natural 	occurring microbial organism, comprising a microbial organism having an 

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

set of exogeno 	nucleic acids encoding 1,3-butanediol pathway enzymes expressed in a sufficient 

amount top ficluce 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-hydroxybutyryl-CoA 

transferase or a 4-hydroxybutyryl-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 s/ . opanol / 

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

exogenous nucleic acids encoding: 

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

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

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

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

set of exogenous nucleic acids encoding 1,3-butanediol pathwa 	zymes expressed in a sufficient 

amount to produce 1,3-butanediol, said first set of exogenou• ucleic acids encoding: 

a succinyl-CoA reductase; a 4-hydroxybutyrate dehydr 	enase; a 4-hydroxybutyrate kinase; a 

phosphotrans-4-hydroxybutyrylase; a 4-hydroxybut z yl-CoA dehydratase; a crotonase; a 3- 

hydroxybutyryl-CoA reductase (aldehyde form 	and a 3-hydroxybutyraldehyde reductase, 

said isopropanol pathway comprising a sec 	d set of exogenous nucleic acids encoding isopropanol 

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

exogenous nucleic acids encoding: 

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

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

64. A non-naturally 	curring microbial organism, comprising a microbial organism having an 

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

set of exogenous 	cleic acids encoding 1,3-butanediol pathway enzymes expressed in a sufficient 

amount to pr. 	ce 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 isopropanol pathway comprising a second set of exogenous nucleic acids encoding isop 	eanol 

pathway enzymes expressed in a sufficient amount to produce isopropanol, said second se e 

exogenous nucleic acids encoding: 

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

an acetoacetyl-CoA synthetase; an acetoacetate decarboxylase; and an isoprop 	of dehydrogenase. 

65. A non-naturally occurring microbial organism, comprising a m c ve al organism having an 

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

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

amount to produce 1,3-butanediol, said first set of exogenous n 	eic acids encoding: 

a succinyl-CoA reductase; a 4-hydroxybutyrate dehydroge . se; a 4-hydroxybutyrate kinase; a 

phosphotrans-4-hydroxybutyrylase; a 4-hydroxybutyry, 	oA dehydratase; a crotonase; and a 3-

hydroxybutyryl-CoA reductase (alcohol-forming), 

said isopropanol pathway comprising a second et of exogenous nucleic acids encoding isopropanol 

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

exogenous nucleic acids encoding: 

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

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

66. A non-naturally oce Erring microbial organism, comprising a microbial organism having an 

1,3-butanediol pathway;-: d an isopropanol pathway, said 1,3-butanediol pathway comprising a first 

set of exogenous nuceic acids encoding 1,3-butanediol pathway enzymes expressed in a sufficient 

amount to produ 	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-hydroxybutyryl-CoA 

transferase or a 4-hydroxybutyryl-CoA synthetase; a 4-hydroxybutyryl-CoA dehydratase; a 

crotonase; and a 3-hydroxybutyryl-CoA reductase (alcohol-forming), 

said isopropanol pathway comprising a second set of exogenous nucleic acids encoding isoprop. 4 1 " 

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

exogenous nucleic acids encoding: 

an acetyl-CoA acetyl thiolase; an acetoacetyl-CoA transferase or an acetoacetyl-CoA7 	drolase or 

an acetoacetyl-CoA synthetase; an acetoacetate decarboxylase; and an isopropano 	ehydrogenase. 

67. A non-naturally occun-ing microbial organism, comprising a microb . organism having an 

1,3-butanediol pathway and an isopropanol pathway, said 1,3-butanediol .-.th 	ay comprising a first 

set of exogenous nucleic acids encoding 1,3-butanediol pathway enz 	-5 expressed in a sufficient 

amount to produce 1,3-butanediol, said first set of exogenous nucl 	acids encoding: 

a succinate reductase; a 4-hydroxybutyrate dehydrogenase; a 	ydroxybutyryl-CoA transferase or 

a 4-hydroxybutyryl-CoA synthetase; a 4-hydroxybutyry 	A dehydratase; a crotonase; a 3- 

hydroxybutyryl-CoA reductase (aldehyde forming); an.7 3-hydroxybutyraldehyde reductase, 
17  

said isopropanol pathway comprising a second set,./.f exogenous nucleic acids encoding isopropanol 

pathway enzymes expressed in a sufficient amont to produce isopropanol, said second set of 
.- 

exogenous nucleic acids encoding: 

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

an acetoacetyl-CoA synthetase; an 	e oacetate decarboxylase; and an isopropanol dehydrogenase. 

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

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

set of exogenous nucle 	acids encoding 1,3-butanediol pathway enzymes expressed in a sufficient 

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

a succinate red 	tase; a 4-hydroxybutyrate dehydrogenase; a 4-hydroxybutyryl-CoA transferase or 

a 4-hydrox 	yryl-CoA synthetase; a 4-hydroxybutyryl-CoA dehydratase; a crotonase; a 3- 
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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 hy 	o ase or 

an acetoacetyl-CoA synthetase; an acetoacetate decarboxylase; and an isopropanol d 	d ogenase. 

69. A non-naturally occuning microbial organism, comprising a microbial o 	anism having an 

1,3-butanediol pathway and an isopropanol pathway, said 1,3-butanediol pat t ay comprising a first 

set of exogenous nucleic acids encoding 1,3-butanediol pathway enzyme èxpressed in a sufficient 

amount to produce 1,3-butanediol, said first set of exogenous nucleic .,, ds encoding: 
40,  

a succinate reductase; a 4-hydroxybutyrate dehydrogenase; a 4-h ii roxybutyrate kinase; a 

phosphotrans-4-hydroxybutyrylase; a 4-hydroxybutyryl-CoA1 	hydratase; a crotonase; a 3- 

hydroxybutyryl-CoA reductase (aldehyde forming); and a 	ydroxybutyraldehyde reductase, 

said isopropanol pathway comprising a second set o 	ogenous nucleic acids encoding isopropanol 

pathway enzymes expressed in a sufficient amours /o produce isopropanol, said second set of 

exogenous nucleic acids encoding: 

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

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

70. A non-naturally occumnli icrobial organism, comprising a microbial organism having an 

1,3-butanediol pathway and a 	sopropanol pathway, said 1,3-butanediol pathway comprising a first 

set of exogenous nucleic a. Is encoding 1,3-butanediol pathway enzymes expressed in a sufficient 

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

a succinate reduc 	• a 4-hydroxybutyrate dehydrogenase; a 4-hydroxybutyrate kinase; a 

phosphotrans 	ydroxybutyrylase; a 4-hydroxybutyryl-CoA dehydratase; a crotonase; a 3- 

hydroxybut 	-CoA transferase or a 3-hydroxybutyryl-CoA synthetase or a 3-hydroxybutyryl-CoA 

hydrola 	a 3-hydroxybutyrate reductase; and a 3-hydroxybutyraldehyde reductase, 
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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;/  

an acetoacetyl-CoA synthetase; an acetoacetate decarboxylase; and an isopropanol dehydrog- ase. 

71. A non-naturally occurring microbial organism, comprising a microbial orgams 	•ving an 

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

set of exogenous nucleic acids encoding 1,3-butanediol pathway enzymes expres 	n a sufficient 

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

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

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

fainting), 

said isopropanol pathway comprising a second set of exogenf nucleic acids encoding isopropanol 

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

exogenous nucleic acids encoding: 

an acetyl-CoA acetyl thiolase; an acetoacetyl-Co 	ransferase or an acetoacetyl-CoA hydrolase or 

an acetoacetyl-CoA synthetase; an acetoaceta 	• ecarboxylase; and an isopropanol dehydrogenase. 

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

1,3-butanediol pathway and an isopro. 	of pathway, said 1,3-butanediol pathway comprising a first 

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

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

a succinate reductase; a 4-s droxybutyrate dehydrogenase; a 4-hydroxybutyryl-CoA transferase or 

a 4-hydroxybutyryl-Co 	synthetase; a 4-hydroxybutyryl-CoA dehydratase; a crotonase; and a 3- 

hydroxybutyryl-Co 	eductase (alcohol-forming), 

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

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

exogeno;> nucleic 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 exogenous 	cleic 

acids encoding: 

a succinyl-CoA reductase; a 4-hydroxybutyrate dehydrogenase; a 4-hydroxybu yr 	-CoA 

transferase or a 4-hydroxybutyryl-CoA synthetase; a 4-hydroxybutyryl-CoA 	ase; a 3- 

hydroxyisobutyryl-CoA transferase, a 3-hydroxyisobutyryl-CoA synthetase ra a 3-

hydroxyisobutyryl-CoA hydrolase; and a 3-hydroxyisobutyrate dehydra a e 

said isopropanol pathway comprising a second set of exogenous n 	eic acids encoding isopropanol 

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

exogenous nucleic acids encoding: 

an acetyl-CoA acetyl thiolase; an acetoacetyl-CoA tran 	rase or an acetoacetyl-CoA hydrolase or 

an acetoacetyl-CoA synthetase; an acetoacetate dec 	oxylase; and an isopropanol dehydrogenase. 

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

methylacrylic acid pathway and an isoprop.<% of pathway, said methylacrylic acid pathway 

comprising a first set of exogenous nuc 	acids encoding methylacrylic acid pathway enzymes 

expressed in a sufficient amount to p 	duce 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-hydrox 	utyryl-CoA synthetase; a 4-hydroxybutyryl-CoA mutase; a 3- 

hydroxyisobutyryl-Co 	dehydratase; and a methacrylyl-CoA transferase, a methacrylyl-CoA 

synthetase or a me 	c ylyl-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 

an acetoacetyl-CoA synthetase; an acetoacetate decarboxylase; and an isopropanol dehydrog- ase. 

75. A non-naturally occurring microbial organism, comprising a microbial organism 	dying a 

methylacrylic acid pathway and an isopropanol pathway, said methylacrylic acid pat 	ay 

comprising a first set of exogenous nucleic acids encoding methylacrylic acid path= ay enzymes 

expressed in a sufficient amount to produce methylacrylic acid, said first set o'exogenous nucleic 

acids encoding: 

a succinyl-CoA reductase; a 4-hydroxybutyrate dehydrogenase; a 4-ha oxybutyrate kinase; a 

phosphotrans-4-hydroxybutyrylase; a 4-hydroxybutyryl-CoA muta 	a 3-hydroxyisobutyryl-CoA 

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

3-hydroxyisobutyrate dehydratase, 

said isopropanol pathway comprising a second set of e 	genous nucleic acids encoding isopropanol 

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

exogenous nucleic acids encoding: 

an acetyl-CoA acetyl thiolase; an acetoacet, (CoA transferase or an acetoacetyl-CoA hydrolase or 

an acetoacetyl-CoA synthetase; an ace to„"' etate decarboxylase; and an isopropanol dehydrogenase. 

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

methylacrylic acid pathway and 	isopropanol pathway, said methylacrylic acid pathway 

comprising a first set of exo 	ous nucleic acids encoding methylacrylic acid pathway enzymes 

expressed in a sufficient 	ount to produce methylacrylic acid, said first set of exogenous nucleic 

acids encoding: 

a succinyl-CoA 	uctase; a 4-hydroxybutyrate dehydrogenase; a 4-hydroxybutyrate kinase; a 

phosphotrans 	-hydroxybutyrylase; 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 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 hp 'olase or 

an acetoacetyl-CoA synthetase; an acetoacetate decarboxylase; and an isopropanol d- 	d ogenase. 

77. A non-naturally occurring microbial organism, comprising a microbial o 	anism having a 

methylacrylic acid pathway and an isopropanol pathway, said methylacrylic 	d pathway 

comprising a first set of exogenous nucleic acids encoding methylacrylic 	d pathway enzymes 

expressed in a sufficient amount to produce methylacrylic acid, said fi 	set of exogenous nucleic 

acids encoding: 

a succinate reductase; a 4-hydroxybutyrate dehydrogenase; a 	ydroxybutyryl-CoA transferase or 

a 4-hydroxybutyryl-CoA synthetase; a 4-hydroxybutyryl 	A mutase; a 3-hydroxyisobutyryl-CoA 

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

3-hydroxyisobutyrate dehydratase, 

said isopropanol pathway comprising a second ,-t of exogenous nucleic acids encoding isopropanol 

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

exogenous nucleic acids encoding: 

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

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

78. A non-naturally octning microbial organism, comprising a microbial organism having a 

methylacrylic acid pat 	ay and an isopropanol pathway, said methylacrylic acid pathway 

comprising a first se 	exogenous nucleic acids encoding methylacrylic acid pathway enzymes 

expressed in a s 	icient amount to produce methylacrylic acid, said first set of exogenous nucleic 

acids encodin . 
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a succinate reductase; a 4-hydroxybutyrate dehydrogenase; a 4-hydroxybutyryl-CoA transferase or 

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, 	
f

. 

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

pathway enzymes expressed in a sufficient amount to produce isopropanol, said second se %%f  

exogenous nucleic acids encoding: 
tf 

 

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

an acetoacetyl-CoA synthetase; an acetoacetate decarboxylase; and an isoprop of dehydrogenase. 

79. A non-naturally occurring microbial organism, comprising a micrt 	ai organism having a 

methylacrylic acid pathway and an isopropanol pathway, said methyl. 	ylic acid pathway 

comprising a first set of exogenous nucleic acids encoding methyla 	y ic acid pathway enzymes 

expressed in a sufficient amount to produce methylacrylic acid 	id first set of exogenous nucleic 

acids encoding: 

a succinate reductase; a 4-hydroxybutyrate dehydrogen ,.e; a 4-hydroxybutyrate kinase; a 

phosphotrans-4-hydroxybutyrylase; a 4-hydroxybu 	1-CoA mutase; a 3-hydroxyisobutyryl-CoA 

transferase, a 3-hydroxyisobutyryl-CoA synthe 	or a 3-hydroxyisobutyryl-CoA hydrolase; and a 

3-hydroxyisobutyrate dehydratase, 

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

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

exogenous nucleic acids encodin 

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

an acetoacetyl-CoA s 	ase; an acetoacetate decarboxylase; and an isopropanol dehydrogenase. 

80. A non-natur. y occurring microbial organism, comprising a microbial organism having a 

methylacrylic ac 	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 methacr 	- 

CoA hydrolase, 

said isopropanol pathway comprising a second set of exogenous nucleic acids encod. 	isopropanol 

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

exogenous nucleic acids encoding: 

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

an acetoacetyl-CoA synthetase; an acetoacetate decarboxylase; and a 	opropanol dehydrogenase. 

81. A non-naturally occurring microbial organism, comprisin, a 	icrobial organism having a 

methylacrylic acid pathway and an isopropanol pathway, said 	ethylacrylic acid pathway 

comprising a first set of exogenous nucleic acids encodin., F ethylacrylic acid pathway enzymes 

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

acids encoding: 

a methylmalonyl-CoA mutase; a methylmalon 	-CoA reductase (aldehyde forming); a 3- 

hydroxyisobutyrate dehydrogenase; and a 3 	ydroxyisobutyrate dehydratase, 

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

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

exogenous nucleic acids encodi 	. 

an acetyl-CoA acetyl thio 	e 	acetoacetyl-CoA transferase or an acetoacetyl-CoA hydrolase or 

an acetoacetyl-CoA s 	e ase; an acetoacetate decarboxylase; and an isopropanol dehydrogenase. 

82. A non-na 	ly occurring microbial organism, comprising a microbial organism having a 

methylacrylic 	d pathway and an isopropanol pathway, said methylacrylic  acid pathway 

comprising 	rst 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 epimerase; a methylmalonyl-CoA transferase 

a methylmalonyl-CoA synthetase or a methylmalonyl-CoA hydrolase; a methylmalonate reduc 

a 3-hydroxyisobutyrate dehydrogenase; and a 3-hydroxyisobutyrate dehydratase, 

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

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

exogenous nucleic acids encoding: 

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

an acetoacetyl-CoA synthetase; an acetoacetate decarboxylase; and an isoN 	opanol dehydrogenase. 

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

methylacrylic acid pathway and an isopropanol pathway, said 	ylacrylic acid pathway 

comprising a first set of exogenous nucleic acids encoding 	ylacrylic acid pathway enzymes 

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

acids encoding: 	 ,.i. 

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

or a methylmalonyl-CoA hydrolase; a methyl 	ovate reductase; a 3-hydroxyisobutyrate 

dehydrogenase; and a 3-hydroxyisobutyra e 	ehydratase, 

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

pathway enzymes expressed in a s 	c ent amount to produce isopropanol, said second set of 

exogenous nucleic acids encod.  p 	. 

an acetyl-CoA acetyl thio 	e; an acetoacetyl-CoA transferase or an acetoacetyl-CoA hydrolase or 

an acetoacetyl-CoA s 	e ase; an acetoacetate decarboxylase; and an isopropanol dehydrogenase. 

84. A non-na 	ally occurring microbial organism, comprising a microbial organism having a 

methylacrylic 	d pathway and an isopropanol pathway, said methylacrylic acid pathway 

comprisingfirst 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- 
fi 

hydroxyisobutyrate dehydratase, 

/ 
said isopropanoi pathway comprising a second set of exogenous nucleic acids encoding Isom=/opanol  

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

exogenous nucleic acids encoding: 

an acetyl-CoA acetyl thiolase; an acetoacetyl-CoA transferase or an acetoace yl 	oA hydrolase or 

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

85. The non-naturally occurring microbial organism of any one of c _ 	s 49-84, further 

comprising an acetyl-CoA pathway comprising a third set of exogen 	s nucleic acids encoding 

acetyl-CoA pathway enzymes expressed in a sufficient amountt• 	oduee acetyl-CoA, said third set 

of exogenous nucleic acids encoding: 

a pyruvate kinase; and a pyruvate dehydrogenase or a p 	ovate ferredoxin oxidoreductase; or a 

pyruvate formate lyase, a pyruvate formate lyase acti sing enzyme and a formate dehydrogenase. 

86. The non-naturally occurring microbial o ,.'anism of any one of claims 49-84, further 
,.-s' 

comprising a succinyl-CoA pathway compn ' g a third set of exogenous nucleic acids encoding 

succinyl-CoA pathway enzymes expresse 	a sufficient amount to produce succinyl-CoA, said 

third set of exogenous nucleic acids e ,siding: 

a PEP carboxykinase, a PEP carb< ylase, a malate dehydrogenase, a fumarase, a funaarate 

reductase, a succinyl-CoA tr. i .ferase and a succinyl-CoA synthetase. 

87. The non-naturall 	ccun-ing microbial organism of claim 86, wherein said third set of 

exogenous nucleic ac 	s further encodes a pyruvate carboxylase or a methylmalonyl-CoA 

carboxytransferas 

88. The 	-naturally occurring microbial organism of any one of claims 43-45 or 49-84, 

wherein s. i exogenous nucleic acid is a heterologous nucleic acid. 
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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 	or a 

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

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

conditions. 

92. The method of claim 90, wherein said exogenous nucleic acid is a he 	ologous nucleic acid. 

93. A method for producing 1,3-butanediol and isopropanol, compi 	g culturing a non- 

naturally occurring microbial organism of any one of claims 44 or 6 	2 under conditions and for a 

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

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

conditions. 	, 

95. The method of claim 93, wherein said exog 	ous nucleic acid is a heterologous nucleic acid. 

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

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

sufficient period of time to produce met 	acrylic acid and isopropanol. 

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

conditions. 

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

99. A non-natura 	occurring microbial organism comprising a microbial organism having 

carbon monoxide 	ehydrogenase or hydrogenase activity and a reductive tricarboxylic acid (rTCA) 

pathway comesing at least one exogenous nucleic acid encoding a rTCA pathway enzyme 

expressed 	a sufficient amount to convert CO, CO2  or H2 to acetyl-CoA, wherein said rTCA 
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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, wherein said microbial organism further comprises an isopropanol path a 

said isopropanol pathway converting acetyl-CoA to isopropanol, wherein said isopropanol pat 	ay 

comprises an enzyme selected from the group consisting of an acetoacetyl-CoA thiolase, an/ 
/ 

acetoacetyl-CoA transferase, an acetoacetyl-CoA hydrolase, an acetoacetyl-CoA synthe 	e, an 

acetoacetate decarboxylase and an isopropanol dehydrogenase. 

100. The non-naturally occurring microbial organism of claim 99, wherein sal 	rTCA pathway 

enzyme is selected from the group consisting of an ATP citrate-lyase, a citrat 	yase, an alpha-

ketoglutarate:ferredoxin oxidoreductase, and a fumarate reductase. 

101. The non-naturally occurring microbial organism of claim 99 	, rerein said rTCA pathway 

enzyme is selected from an aconitase or an isocitrate dehydrogen., 

102. A non-naturally occurring microbial organism comps is microbial organism having 

carbon monoxide dehydrogenase or hydrogenase activit 	d a reductive tricarboxylic acid (rTCA) 

pathway comprising at least one exogenous nucleic 
i
a ,ki encoding a rTCA pathway enzyme 

expressed in a sufficient amount to convert CO, C f.'i or H2 to acetyl-CoA, wherein said rTCA 

pathway enzyme is selected from the group co 	s ng of an ATP citrate-lyase, a citrate lyase, an 

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

succinyl-CoA synthetase, a succinyl-Co
, 
	ansferase, a fumarate reductase, a fumarase and a 

malate dehydrogenase, wherein said y r crobial organism comprises a 1,3-butanediol pathway, 

wherein said 1,3-butanediol path 	comprises an enzyme selected from the group consisting of a 

3-hydroxybutyraldehyde reduc -ase and a 3-hydroxybutyryl-CoA reductase (aldehyde forming), a 3- 

hydroxybutyryl-CoA reduc 	e (alcohol forming), a 3-hydroxybutyryl-CoA transferase, a 3- 

hydroxybutyryl-CoA hy 	o ase, a 3-hydroxybutyryl-CoA synthetase, and a 3-hydroxybutyrate 

reductase. 

103. A non- 	ally occurring microbial organism of clam 102, wherein said microbial 

organism fu o'er comprises at least one enzyme selected from an acetoacetyl-CoA thiolase; an 

acetoace 	-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. 

106. A non-naturally occurring microbial organism comprising at least one exogenou 	ucleic 

acid encoding an enzyme expressed in a sufficient amount to produce reducing equiv 	ents from 

carbon monoxide or hydrogen, thereby fixing CO2 via a reductive tricarboxylic a. . (rTCA) cycle, 

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

dehydrogenase, a hydrogenase, and an NAD(P)H:ferredoxin oxidoreductas 	herein said microbial 

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

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

CoA synthetase, a succinyl-CoA reductase (aldehyde forming), a ; c. ydroxybutyrate 

dehydrogenase, a 4-hydroxybutyrate kinase, a phosphotrans-4 	ydroxybutyrylase, a 4- 

hydroxybutyryl-CoA dehydratase, a crotonase, a 3-hydrox ?autyryl-CoA reductase (aldehyde . 7. 
forming), a 3-hydroxybutyraldehyde reductase, a succ 	e reductase, a succinyl-CoA reductase 

(alcohol foi 	ming), a 4-hydroxybutyryl-CoA transfer .e, a 4-hydroxybutyryl-CoA synthetase, a 3- 

hydroxybutyryl-CoA reductase (alcohol forming 	a 3-hydroxybutyryl-CoA hydrolase, a 3-

hydroxybutyryl-CoA synthetase, a 3-hydroxy , yryl-CoA transferase, and a 3-hydroxybutyrate 

reductase. 

107. The non-naturally occurring PA 	obial organism of claim 106, wherein said microbial 

organism further comprises a fe 	x n. 

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

reductive tricarboxylic ac 	'(rTCA) pathway comprising at least oneexogenous nucleic acid 

encoding a rTCA path ;>Sy enzyme expressed in a sufficient amount to convert 1) CO, 2) CO2 and 

H2, 3) CO and CO 	4) synthesis gas comprising CO and H2, or 5) synthesis gas comprising CO, 

CO2, and H2, t. Jcetyl-CoA; wherein said rTCA pathway enzyme is selected from an ATP citrate- 

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

oxidored 	ase, a succinyl-CoA synthetase, a succinyl-CoA transferase, a fumarate reductase, a 
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fumarate 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 a 

enzyme selected from the group consisting of an acetoacetyl-CoA thiolase, an acetoacetyl- 	A 

transferase, an acetoacetyl-CoA hydrolase, an acetoacetyl-CoA synthetase, an acetoacet. 

decarboxylase and an isopropanol dehydrogenase. 

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

organism further comprises a ferredoxin. 

110. The non-naturally occurring microbial organism of claim 108, w 	rein said rTCA pathway 

enzyme is selected from the group consisting of an ATP citrate-lyas 	citrate lyase, an alpha-

ketoglutarate:ferredoxin oxidoreductase, and a fumarate reductas 

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

enzyme is selected from an aconitase or an isocitrate deli ;i ogenase. 

112. A non-naturally occurring microbial organisms*comprising a microbial organism having a 

reductive tricarboxylic acid (rTCA) pathway co 	using at least one exogenous nucleic acid 

encoding a rTCA pathway enzyme expressed 	a sufficient amount to convert I) CO, 2) CO2 and 

H2, 3) CO and CO2, 4) synthesis gas co 	sing CO and H2, or 5) synthesis gas comprising CO, 

CO2, and H2, to acetyl-CoA; wherein 	d rTCA pathway enzyme is selected from an ATP citrate- 

lyase, a citrate lyase, an aconitase, 	socitrate dehydrogenase, an alpha-ketoglutarate:ferredoxin 

oxidoreductase, a succinyl-CoA 	thetase, a succinyl-CoA transferase, a fumarate reductase, a 

fumarate and a malate dehyd 	genase; and a reducing equivalent producing pathway comprising at 

least one exogenous nude'"acid encoding a reducing equivalent•producing enzyme selected from a 

carbon monoxide dehy 	ogenase, a hydrogenase and a NAD(P)H:ferredoxin oxidoreductase, 

wherein said micro 	.1 organism comprises a 1,3-butanediol pathway, wherein said 1,3-butanediol 

pathway compri 	s an enzyme selected from the group consisting of a 3-hydroxybutyraldehyde 

reductase an.. 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. 	
f. 

114. The non-naturally occurring microbial organism of claim 112, wherein said rTCA p 	ay 

enzyme is selected from the group consisting of an ATP citrate-lyase, a citrate lyase, an ;  sha- / 
ketoglutarate:ferredoxin oxidoreductase, and a fumarate reductase. 

115. The non-naturally occurring microbial organism of claim 112, wherein s 	d rTCA pathway 

enzyme is selected from an aconitase or an isocitrate dehydrogenase. 

116. A non-naturally occurring microbial organism comprising a mic.m. .ial organism having a 
'.<.' 

reductive tricarboxylic acid (rTCA) pathway comprising at least one 	xogenous nucleic acid 

encoding a rTCA pathway enzyme expressed in a sufficient amo 	t to convert 1) CO, 2) CO2 and 

H2, 3) CO and CO2, 4) synthesis gas comprising CO and H2, 	5) synthesis gas comprising CO, 

CO2, and H2, to acetyl-CoA; wherein said rTCA pathway 	zyme is selected from an ATP citrate- 

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

oxidoreductase, a succinyl-CoA synthetase, a sum 	-CoA transferase, a fumarate reductase, a 

fumarase and a malate dehydrogenase; and a red 	ing equivalent producing pathway comprising at 

least one exogenous nucleic acid encoding a 	ucing equivalent producing enzyme selected from a 

carbon monoxide dehydrogenase, a hydro 	ease and a NAD(P)H:ferredoxin oxidoreductase, 

wherein said microbial organism forth r, comprises a 1,4-butanediol pathway, wherein said 1,4- 

butanediol pathway comprises an e 	yme selected from the group consisting of a 4-hydroxybutyryl- 

CoA reductase (alcohol fortnin 	a 4-hydroxybutyryl-CoA reductase (aldehyde forming), a 4- 

hydroxybutyraldehyde reduc 	se, and a 4-hydroxybutyrate reductase. 

117. The non-natural,;' occurring microbial organism of claim 116, wherein said microbial 

organism comprisin 	s 4-hydroxybutyrate reductase further comprises a 4-hydroxybutyryl-CoA 

transferase; a 4-h 	oxybutyryl-CoA synthetase; or a phosphotrans-4-hydroxybutyrylase and a 4- 

hydroxybutyr. 	kinase. 
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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 

organism further comprises a ferredoxin. 

of claim 116, wherein said microbial 

120. The non-naturally occurring microbial organism of claim 116, wherein said rTCA p way 

enzyme is selected from the group consisting of an ATP 

ketoglutarate:ferredoxin oxidoreductase, and a fumarate 

citrate-lyase, 

reductase. 

a citrate lyase, an ha- 

121. The non-naturally occurring microbial organism of claim 116, wherein s d rTCA pathway 

enzyme is selected from an aconitase or an isocitrate dehydrogenase. 
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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 

rTCA 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 succ nate 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 I, wherein said microbial 

organism further comprises a ferredoxin. 

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

microbial organism further comprises an exogenous nucleic acid encoding a hydrogenase, 

wherein said hydrogenase extracts reducing equivalents from H2. 

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 occurring 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 

exogenous 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, 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 acctoacetate decarhoxylase; 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 isopropanol 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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