
CLAIMS 

What is claimed is: 

1. Cells in culture capable of producing isoprene wherein the cells comp ises 

a heterologous nucleic acid encoding an isoprene synthase polypeptide and are in 

stationary phase and wherein the isoprene production is greater than or 2-fold 	ore than 

the amount of isoprene produced during growth phase for the same length o time. 

2. The cells of claim 1 wherein the isoprene is produced i 	e gas phase and 

(a) wherein the gas phase comprises greater than or about '.5 % (volume) oxygen, 

and the concentration of isoprene in the gas phase is less than t 	lower flammability 

limit or greater than the upper flammability limit or 

(b) the concentration of isoprene in the gas phas 	is less than the lower 

flammability limit or greater than the upper flamma. ity limit, and the cells produce 

greater than about 400 nmole/gwcnihr of isoprene. 

3. Cells in culture that produce : eater than about 400 rimole/gwe,„/hr of 

isoprene wherein the cells are grown and 	conditions that decouple isoprene production 

from cell growth. 

4. Cells in culture tha 	ave an average volumetric productivity of isoprene 

greater than about 0.1 mg/Lb,, 	wherein the cells are grown under conditions that 

decouple isoprene productio from cell growth. 

5. Cells in . lture that convert more than about 0.002 molar percent of the 

carbon that the cells onsume from a cell culture medium into isoprene wherein the cells 

are grown under a nditions that decouple isoprene production from cell growth. 

6. The cells of any one of claims 1-5 wherein the cells are grown under• 

limited gl cose conditions. 
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7. 	The cells of any one of claims 1-6 wherein the amount of isoprene 

produced during stationary phase is greater than or 2, 3, 4, 5, 10, 20, 30, 40, 50 times the 

amount of isoprene produced during the growth phase for the same length of time. 

8. 	A composition comprising (1) a gas phase that comprises isoprene a d (ii) 

cells in culture of any one of claims 1-7. 

9. 	The composition of claim 8 wherein the composition compri 	s a closed 

system, and the gas phase comprises greater than or 5, 10, 20, 30, 40, 50 .0, 70, 80, 90, 

or 100 ug/L of isoprene when normalized to 1 mL of 1 (10.500 culture. or 1 hour. 

10. 	The composition of claim 8 wherein the composit in comprises an open 

system, and the gas phase comprises greater than or 5, 10, 20, .0, 40, 50, 60, 70, 80, 90, 

or 100 ug/L of isoprene when sparged at a rate of 1 vvm. 

11. 	The composition of claim 8 wherein th; composition comprises a volatile 

organic fraction of the gas phase comprising greate than or 99.90, 99.92, 99.94, 99.96, 

99.98, or 100% isoprene by weight compared to 	e total weight of all C5 hydrocarbons 

in the volatile organic fraction. 

12. 	A method of producing i oprene, the method comprising 

(a) culturing cells of any on= of claims 1-7 under suitable culture conditions for 

the production of isoprene; when in the amount of isoprene produced during stationary 

phase is greater than or 2-fol. 	ore than the amount of isoprene 	during produced 	growth 

phase for the same length . time, and 

(b) producing 	oprene. 

13. 	T. - method of claim 12 wherein the cells are cultured under limited 

glucose condi ons. 

lA . 	The method of claim 12 wherein the isoprene is recovered from an off-gas 

uortio 	of the cell culture. 
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15. 	A method of producing isoprene, the method comprising: 

(a) culturing cells under suitable culture conditions for the production of isoprene 

wherein the gas phase comprises greater than or 9.5 % (volume) oxygen, and 

(b) producing isoprene, wherein the concentration of isoprene in the gas p • . se is 

less than the lower flammability limit or greater than the upper flammability li . it, and 

wherein the cells produce greater than 400 nmole/gwcm/hr of isoprene. 

16. 	A method of producing isoprene, the method comprising,  

(a) culturing cells comprising a heterologous nucleic acid e coding an isoprene 

synthase polyp eptide under suitable culture conditions for the p eduction of isoprene, 

wherein the gas phase comprises less than or 9.5 % (volume oxygen, and 

(b) producing isoprene in the gas phase, wherei 	he gas phase comprises a 

nonflammable concentration of isoprene and less tha or about 9.5 % (volume) oxygen, 

and wherein the cells produce greater than 400 	• • le/g„c,./hr of isoprene. 

17. 	The method of claim 16, when m the concentration of isoprene in the gas 

phase is less than the lower flammability I 	lit (LFL) of isoprene. 

18. 	The method of claim 7, wherein the LFL of isoprene is from 1.5 vol. % 

to 2.0 vol. %. 

19. 	The method .f claim 16, wherein the concentration of isoprene in the gas 

phase is greater than the Eppel-  flammability limit (UFL) of isoprene. 

20. 	Th- method of claim 19, wherein the UFL of isoprene is from 2.0 vol. % 

to 12.0 vol. %. 

2 	The method of claim 16, wherein isoprene is produced in the gas phase at 

a tern. - ature between 25 °C to 55°C. 
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22. The method of claim 16, wherein isoprene is produced in the gas phase at 

a pressure between 1 atmosphere and 3 atmospheres. 

23. The method of claim 16, wherein the isoprene synthase polypeptide i 

plant isoprene synthase polypeptide. 

24. The method of claim 16, wherein the cells are bacterial cells. 

25. The method of claim 24, wherein the bacterial cells ar- 	elected from the 

group consisting of E. coli, P. citrea, B. subtilis, B. licheniformis 	lentils, B. brevis, B. 

stearothermophilus, B. alkalophilus, B. amyloliquefaciens, B. cl> ttsii, B. halodurans, B. 

megaterium, B. coagulans, B. circulans, B. lautus, B. thurin: ensis, S. lividans, S. 

coelicolor, S. griseus, Pseudomonas sp., and P. alcaligeno. cells. 

26. The method of claim 16, wherein th- 	ells are fungal cells. 

27. The method of claim 26, when n the fungal cells are selected from the 

group consisting of Aspergillus sp., yeast, 	richoderma sp., Yarrowia sp.,Saccharomyces 

sp., Schizosaccharomyces sp., Pichia sp , Candida sp., A. olyzae, A. niger, S. cerevisiae, 

S. pombe, T. reesei, H insolens, H l, nuginose, H grisea, C. lttclmowense, A sojae, A. 

japonicas, A. nidulans, A. aculeat s, A. awamori, F. raSel1117, F. graminunz F. cerealis, F. 

oxysporitim, F. venenatum, N. 'rassa, M miehei, T. Wilde, F. oxysporum, and F. solani 

cells. 

28. The m 	od of claim 16, wherein the cells are algal cells. 

29. ie method of claim 28, wherein the algal cells are selected from the 

group consis ng of green algae, red algae, glaucophytes, chlorarachniophytes, euglenids, 

chromist. and dinoflagellates 
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30. The method of claim 16, wherein the cells further comprise a nucleic acid 

encoding an isopentyl-diphosphate delta-isomerase (IDI) polypeptide. 

31. The method of claim 30, wherein the nucleic acid encoding the IDI 

polypeptide is a heterologous nucleic acid. 

32. The method of claim 30, wherein the IDI polypeptide is a ye..t IDI 

polypeptide. 

33. The method of claim 30, wherein the nucleic acid e 	oding the IDI 

polypeptide is a copy of an endogenous nucleic acid encoding a. IDI polypeptide. 

34. The method of claim 16, wherein the cells ' rther comprise a heterologous 

nucleic acid encoding a 1-deoxyxylulose-5-phosphate 	thase (DXS) polypeptide. 

• 35. 	The method of claim 16, wherein ie cells further comprise a copy of an 

endogenous nucleic acid encoding a DXS pol, 	eptide. 

36. The method of claim 16, 	herein the cells further comprise one or more 

heterologous nucleic acids encoding .ne or more mevalonate (MVA) pathway 

polypeptides. 

37. The method ,,f claim 16, wherein the cells further comprise one or more 

copies of endogenous n 	eic acids encoding one or more MVA pathway polypeptides. 

38. Th- 	ethod of claim 16, wherein the cells further comprise one or more 

nucleic acids e 	(icing the polypeptides of the entire MVA pathway. 

3'. 	The method of claim 16, wherein the cells further comprise: 

(, 	a nucleic acid encoding an isopentyl-diphosphate delta-isomerase (IDI) 

Do 	eptide; and 
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(b) (i) a nucleic acid encoding a 1-deoxyxylulose-5-phosphate synthase (DXS) 

polypeptide and/or (ii) one or more nucleic acids encoding one or more mevalonate 

(MVA) pathway polypeptides. 

40.  The method of claim 39, wherein the nucleic acid encoding a DXS 

polypeptide is a heterologous nucleic acid. 

41.  The method of claim 39, wherein the nucleic acid encodin• a DXS 

polypeptide is a copy of an endogenous nucleic acid. 

42.  The method of claim 39, wherein said one or mo 	nucleic acids encoding 

one or more MVA pathway polypeptides are heterologous n 	eic acids. 

43.  The method of claim 39, wherein said o • e or more nucleic acids encoding 
one or more MVA pathway polypeptides are endogenous nucleic acids. 
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CLAIMS 

What is claimed is: 

1.  Cells in a culture system capable of producing isoprene, wherein the cells comprise a 

heterologous nucleic acid encoding an isoprene synthase polypeptide, wherein the system 

comprises a gas phase comprising a nonflammable concentration of isoprene, and wherein 

the cells produce greater than about 400 nmole/g„,,„,/hr of isoprene. 

2.  The culture system of claim 1, wherein the gas phase further comprises less than or about 

9.5% (volume) oxygen. 

3.  The culture system of claim 2, wherein the nonflammable concentration of isoprene in the 

gas phase is less than the lower flammability limit (LFL) of isoprene. 

4.  The culture system of claim 3, wherein the LFL of isoprene is from about 1.5 (volume) % 

to about 2.0 (volume) %. 

5.  The culture system of claim 2, wherein the nonflammable concentration of isoprene in the 

gas phase is greater than the upper flammability limit (UFL) of isoprene. 

6.  The culture system of claim 5, wherein the UFL of isoprene is from about 2.0 (volume) % 

to about 12.0 (volume) %. 

7.  The culture system of claim 1, wherein the gas phase further comprises greater than or 

about 9.5% (volume) oxygen. 

8.  The culture system of claim 7, wherein the nonflammable concentration of isoprene in the 

gas phase is less than the lower flammability limit (LFL) of isoprene. 

9.  The culture system of claim 8, wherein the LFL of isoprene is less than about 1.5 (volume) 

%. 

10.  The culture system of claim 7, wherein the nonflammable concentration of isoprene in the 

gas phase is greater than the upper flammability limit (UFL) of isoprene. 

201 



11.  The culture system of claim 10, wherein the UFL of isoprene is greater than about 12.0 

(volume) %. 

12.  The culture system of any one of claims 1-11, wherein the cells are cultured under 

conditions that decouple isoprene production from cell growth. 

13.  The culture system of any one of claims 1-12, wherein the cells have an average volumetric 

productivity of isoprene greater than about 0.1 mg/Lbroollu-. 

14.  The culture system of any one of claims 1-13, wherein the cells convert more than about 

0.002 molar percent of the carbon that the cells consume from a cell culture medium into 

isoprene. 

15.  The culture system of any one of claims 1-15, wherein the cells are grown under limited 

glucose conditions. 

16.  The culture system of any one of claims 1-15, wherein the cells producing isoprene produce 

an amount Of isoprene during stationary phase that is greater than or about 2, 3, 4, 5, 10, 20, 

30, 40, 50 times the amount of isoprene produced during the growth phase for the same 

length of time. 

17.  The culture system of any one of claims 1-16, wherein the gas phase comprising a 

nonflammable concentration of isoprene comprises a volatile organic fraction comprising 

greater than or about 99.90, 99.92, 99.94, 99.96, 99.98, or 100% isoprene by weight 

compared to the total weight of all C5 hydrocarbons in the volatile organic fraction. 

18.  The culture system of any one of claims 1-17, wherein the gas phase comprising a 

nonflammable concentration of isoprene comprises a volatile organic fraction comprising 

less than or about 0.12, 0.10, 0.08, 0.06, 0.04, 0.02, 0.01, 0.005, 0.001, 0.0005, 0.0001, 

0.00005, or 0.00001% C5 hydrocarbons other than isoprene. 

19.  A method of producing isoprene, the method comprising 

(a) culturing recombinant cells comprising a heterologous nucleic acid encoding an 

isoprene synthase polypeptide under suitable culture conditions for the production of 

isoprene in a gas phase; and 
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(b) producing isoprene in the gas phase, wherein the gas phase comprises a 

nonflammable concentration of isoprene and less than or about 9.5 % (volume) 

oxygen, and wherein the cells produce greater than about 400 nmole/g„.,„,/lu of 

isoprene. 

20. A method of producing isoprene, the method comprising 

(a) culturing recombinant cells comprising a heterologous nucleic acid encoding an 

isoprene synthase polypeptide under suitable culture conditions for the production 

of isoprene in a gas phase; and 

(b) producing isoprene in the gas phase, wherein the gas phase comprises a 

nonflammable concentration of isoprene and greater than or about 9.5 % (volume) 

oxygen, and wherein the cells produce greater than about 400 nmole/g„,,m/hr of 

isoprene. 

21. The method of claim 19, wherein the nonflammable concentration of isoprene in the gas 

phase is less than the lower flammability limit (LFL) of isoprene. 

22. The method of claim 21, wherein the LFL of isoprene is from about 1.5 (volume) % to 

about 2.0 (volume) %. 

23. The method of claim 19, wherein the nonflammable concentration of isoprene in the gas 

phase is greater than the upper flammability limit (UFL) of isoprene. 

24. The method of claim 23, wherein the UFL of isoprene is from about 2.0 (volume) % to 

about 12.0 (volume) %. 

25. The method of claim 20, wherein the nonflammable concentration of isoprene in the gas 

phase is less than the lower flammability limit (LFL) of isoprene. 

26. The method of claim 25, wherein the LFL of isoprene is less than about 1.5 (volume) %. 

27. The method of claim 20, wherein the nonflammable concentration of isoprene in the gas 

phase is greater than the upper flammability limit (UFL) of isoprene. 
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28.  The method of claim 27, wherein the UFL of isoprene is greater than about 12.0 (volume) 

%. 

29.  The method of claim 19 or 20, wherein isoprene is produced in the gas phase at a 

temperature between about 25°C to about 55°C. 

30.  The method of claim 19 or 20, wherein isoprene is produced in the gas phase at a pressure 

between about 1 atmosphere and 3 atmospheres. 

31.  The method of claim 19 or 20, wherein the isoprene synthase polypeptide is a plant 

isoprene synthase polypeptide. 

32.  The method of claim 19 or 20, wherein the cells are cultured under limited glucose 

conditions. 

33.  The method of claim 19 or 20, wherein the isoprene is recovered from an off-gas portion of 

the culture. 

34.  The method of claim 19 or 20, wherein the cells are bacterial cells. 

35.  The method of claim 34, wherein the bacterial cells are selected from the group consisting 

of Escherichia coli, Pantoae citrea, Bacillus subtilis, Bacillus licheniformis, Bacillus 

lentus, Bacillus brevis, Bacillus stearothermophilus, Bacillus alkalophilus, Bacillus 

amyloliquefaciens, Bacillus clausii, Bacillus halodttrans, Bacillus megaterittm, Bacillus 

coagulans, Bacillus circulans, Bacillus Imams, Bacillus thttringiensis, Streptomyces 

lividans, Streptomyces coelicolor, Streptomyces griseus, Pseudomonas sp., and 

Pseudomonas alcaligenes cells. 

36.  The method of claim 19 or 20, wherein the cells are fungal cells. 

37.  The method of claim 36, wherein the fungal cells are selected from the group consisting of 

Aspergillus sp., yeast, Trichoderma sp., Yarrowia sp., Saccharomyces sp., 

Schizosaccharomyces sp., Pichia sp., Candida sp., Aspergillus myzae, Aspergillus niger, 

Saccharomyces cerevisiae, Schizosaccharomyces pombe, Trichoderma reesei, H insolens, 

H. lanuginose, H grisea, Candida lucknowense, Aspergillus sojae, Aspergillus japonicas, 
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Aspergillus nidulans, Aspergillus aculeatus, Aspergillus awamori, Fusarium roseum, 

Fusarium graminum, Fusarium cerealis, Fusarium oxysporttim, F. venenatttm, Neurospora 

crassa, Mucor miehei, Trichoderma viride, Fusarium azysporum, and Fusarium solani 

cells. 

38.  The method of claim 19 or 20, wherein the cells are algal cells. 

39.  The method of claim 38, wherein the algal cells are selected from the group consisting of 

green algae, red algae, glaucophytes, chlorarachniophytes, euglenids, chromista, and 

dinoflagellates. 

40.  The method of claim 19 or 20, wherein the cells further comprise a nucleic acid encoding 

an isopentyl-diphosphate delta-isomerase (IDI) polypeptide. 

41.  The method of claim 40, wherein the nucleic acid encoding the IDI polypeptide is a 

heterologous nucleic acid. 

42.  The method of claim 40, Wherein the IDI polypeptide is a yeast IDI polypeptide. 

43.  The method of claim 40, wherein the nucleic acid encoding the IDI polypeptide is a copy of 

an endogenous nucleic acid encoding an IDI polypeptide. 

44.  The method of claim 19 or 20, wherein the cells further comprise a heterologous nucleic 

acid encoding a 1-deoxyxylulose-5-phosphate synthase (DXS) polypeptide. 

45.  The method of claim 19 or 20, wherein the cells further comprise a copy of an endogenous 

nucleic acid encoding a DXS polypeptide. 

46.  The method of claim 19 or 20, wherein the cells further comprise one or more heterologous 

nucleic acids encoding one or more mevalonate (MVA) pathway polypeptides. 

47.  The method of claim 19 or 20, wherein the cells further comprise one or more copies of 

endogenous nucleic acids encoding one or more MVA pathway polypeptides. 
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48. The method of claim 19 or 20, wherein the cells further comprise one or more nucleic acids 

encoding the polypeptides of the entire MVA pathway. 

49. The method of claim 19 or 20, wherein the cells further comprise: 

(a) a nucleic acid encoding an isopentyl-diphosphate delta-isomerase (IDI) 

polypeptide; and, 

(b) (b)(i) a nucleic acid encoding a 1-deoxyxylulose-5-phosphate synthase (DXS) 

polypeptide and/or (ii) one or more nucleic acids encoding one or more mevalonate 

(MVA) pathway polypeptides. 

50. The method of claim 49, wherein the nucleic acid encoding a DXS polypeptide is a 

heterologous nucleic acid. 

51. The method of claim 49, wherein the nucleic acid encoding a DXS polypeptide is a copy of 

an endogenous nucleic acid. 

52. The method of claim 49, wherein said one or more nucleic acids encoding one or more 

MVA pathway polypeptides are heterologous nucleic acids. 

53. The method of claim 49, wherein said one or more nucleic acids encoding one or more 

MVA pathway polypeptides are endogenous nucleic acids. 

54. A system comprising cells in culture capable of producing isoprene, wherein the cells 

comprise a heterologous nucleic acid encoding an isoprene synthase polypeptide, wherein 

the system comprises a gas phase comprising a nonflammable concentration of isoprene, 

and wherein the cells produce greater than about 400 nnaole/g„,,„,/hr of isoprene. 

55. The system of claim 54, wherein the gas phase further comprises less than or about 9.5% 

(volume) oxygen. 

56. The system of claim 55, wherein the nonflammable concentration of isoprene in the gas 

phase is less than the lower flammability limit (LFL) of isoprene. 

57. The system of claim 56, wherein the LFL of isoprene is from about 1.5 (volume) % to 

about 2.0 (volume) %. 
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58.  The system of claim 55, wherein the nonflammable concentration of isoprene in the gas 

phase is greater than the upper flammability limit (UFL) of isoprene. 

59.  The system of claim 58, wherein the UFL of isoprene is from about 2.0 (volume) % to 

about 12.0 (volume) %. 

60.  The system of claim 54, wherein the gas phase further comprises greater than or about 9.5% 

(volume) oxygen. 

61.  The system of claim 60, wherein the nonflammable concentration of isoprene in the gas 

phase is less than the lower flammability limit (LFL) of isoprene. 

62.  The cells in culture of claim 61, wherein the LFL of isoprene is less than about 1.5 

(volume) %. 

63.  The cells in culture of claim 60, wherein the nonflammable concentration of isoprene in the 

gas phase is greater than the upper flammability limit (UFL) of isoprene. 

64.  The cells in culture of claim 61, wherein the UFL of isoprene is greater than about 12.0 

(volume) %. 

65.  The cells in culture of any one of claims 54-64, wherein the cells are cultured under 

conditions that decouple isoprene production from cell growth. 

66.  The cells in culture of any one of claims 54-65, wherein the cells have an average 

volumetric productivity of isoprene greater than about 0.1 ma  —PIT trothar. 

67.  The cells in culture of any one of claims 54-66, wherein the cells convert more than about 

0.002 molar percent of the carbon that the cells consume from a cell culture medium into 

isoprene. 

68.  The cells in culture of any one of claims 54-67, wherein the cells are grown under limited 

glucose conditions. 
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69.  The cells in culture of any one of claims 54-67, wherein the cells producing isoprene 

produce an amount of isoprene during stationary phase that is greater than or about 2, 3, 4, 

5, 10, 20, 30, 40, 50 times the amount of isoprene produced during the growth phase for the 

same length of time. 

70.  The cells in culture of any one of claims 54-70, wherein the gas phase comprising a 

nonflammable concentration of isoprene comprises a volatile organic fraction comprising 

greater than or about 99.90, 99.92, 99.94, 99.96, 99.98, or 100% isoprene by weight 

compared to the total weight of all C5 hydrocarbons in the volatile organic fraction. 

71.  The cells in culture of any one of claims 54-70, wherein the gas phase comprising a 

nonflammable concentration of isoprene comprises a volatile organic fraction comprising 

less than or about 0.12, 0.10, 0.08, 0.06, 0.04, 0.02, 0.01, 0.005, 0.001, 0.0005, 0.0001, 

0.00005, or 0.00001% C5 hydrocarbons other than isoprene. 
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