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Analysis of batch fermentation process of glutathione under
different control modes of dissolved oxygen
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Abstract: The fermentation process of glutathione production in flasks by Candida utilis WSH 02-08
under different agitation rates and diverse media volumes were studied. It was concluded that dissolved
oxygen (DO) was one of the most important factors in the cultivation of the strain by influencing cell
growth and glutathione production. Based on this result, batch fermentation of glutathione under constant
agitation rate of 300 r » min ! and constant DO concentrations of 20%, 35%, 50%, 65% and 80% were
investigated. Dry cell weight (DCW) and glutathione production both increased evidently under constant
DO concentrations rather than those obtained under constant agitation rate of 300 r » min~ '. As a result,
DCW and glutathione production increased under constant DO concentration of 35% by 22% and 30%,
respectively. Then the reason for the increase of DCW and glutathione production was quantitatively
described in detail by the comparison of parameters obtained from fermentation kinetic models, together
with the distribution of flux for metabolites in metabolic network of glutathione production by Candida

utilis WSH 02-08.
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Table 1 Comparison of parameters with batch GSH production under different DO control modes
Constant DO concentration
Parameters

Control® 20% 35% 50% 65% 80%
initial glucose concentration/g « 7! 27.1 27.2 27. 4 28.3 27.6 28.6
maximum DCW /g« L7! 14.52 15.52 17.72 16. 8 16. 28 16. 96
maximum GSH production/mg « L~! 262.2 308.9 341.7 321.9 309. 6 280. 6
maximum intracellular GSH content/ % 1.82 2.05 2.05 2.08 1. 97 1.76
glucose consumption rate/g « L™ « h™! 1.93 1.70 2.29 2. 36 2.30 2.04
average specific glucose consumption rate/h—! 0. 370 0.313 0. 388 0.416 0.434 0.314
average specific growth rate/h™! 0.110 0.114 0.181 0.175 0.169 0.132
average specific GSH production rate/mg « g ! « h™! 1. 67 1. 56 1. 89 1. 67 1.74 1. 60
biomass yield on glucose/g * g~ ! 0.54 0.57 0. 65 0.59 0.59 0.59
GSH yield on glucose/mg » g~ 9. 69 11.36 12. 46 11.37 11.23 9.82
biomass productivity/g+ L1 « h™! 0.61 0. 65 1.11 1. 05 1.02 0. 85
GSH productivity/mg « L= « h™! 11.92 11.03 12. 20 11.50 11.91 11.69

@ The control is representative of GSH fermentation under constant agitation rate of 300 r » min~ ',
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Table 2 Kinetic parameters of GSH production within different culture phases

Average specific growth rate/h™!
Constant DO

Average specific GSH production rate/mg + g~ ! « h™!

concentration  During glucose After glucose During glucose After glucose During cell After cell
consumption consumption consumption consumption growth growth
control® 0.173 0. 025 2.37 0. 82 1. 82 0.17
20% 0. 169 0.016 2.43 0. 54 1.74 0.21
35% 0. 229 0. 068 3.19 0. 85 2.76 0. 30
50% 0. 229 0. 057 3.13 0. 68 2.62 0.25
65% 0.221 0. 059 2.63 0.67 2.39 0.15
80% 0.184 0.028 2.56 0. 45 1. 90 0.12

@D The control is representative of GSH fermentation under constant agitation rate of 300 r «

min~ ',
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Table 3 Kinetic parameters of GSH production

estimated under different DO concentrations

Constant DO a B R?
concentration /mgeg ! /mgeg!leh! value
control® 10. 28 0. 54 0.935
20% 11.53 0.42 0. 969
35% 9.56 1. 14 0. 945
50% 8.92 0. 94 0.977
65% 6. 30 1.33 0.967
80 %% 11. 69 0.35 0. 981

@O The control is representative of GSH fermentation under
constant agitation rate of 300 r » min~ !,
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Table 4 Metabolic flux distribution for typical metabolites under different DO control modes

Metabolic flux

Metabolite Vectors
A-1 B-1 A-Tl B-1I A-TM B-1 A-IV B-IV A-V B-V A-V1 B-VI
G6P 1 100 100 100 100 100 100 100 100 100 100 100 100
ri7 19.6 20.5 25.0 36. 1 53. ¢ 46. 1 34.9 39. 8 30. 2 44. 3 32.5 36. 7
55 4.3 4.3 4.5 4.8 5. 4 5.0 4.8 4.8 4.6 5.0 4.7 4.8
72 76.1 75.2 70.5 59.1 41. 48.9 60. 3 55.4 65.2 50. 7 62. 8 58.5
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Table 4 (continued)
Metabolic flux
Metabolite Vectors
-1 B-1 A-T B-1 A-TI B-1I A-IV B-IV A-V B-V A-V1 B-V
GA3P r3 81.5 81.3 79.1 74.5 66. 8 70. 3 74.8 73.0 76.9 71.1 75.9 74.1
ra1 2.0 2.4 4.1 8.5 15.0 12.4 7.9 10.0 6.1 11.7 7.0 8.6
Ty 1.0 1.0 1.0 1.1 1.2 1.1 1.1 1.1 1.0 1.1 1.0 1.1
rs 80. 6 80. 5 78.9 75.6 69.9 72.6 75.7 74.7 77.2 73.2 76.5 75.3
PG rs 80. 6 80. 5 78.9 75.6 69.9 72.6 75.7 74.7 77.2 73.2 76.5 75.3
T4 5.3 5.5 5.6 6.2 6.6 6.7 5.9 6.5 5.7 6.6 5.8 6.1
6 75.3 75.0 73.3 69. 4 63.3 65.9 69. 8 68. 2 71.5 66. 6 70.7 69. 2
PEP e 75.3 75.0 73.3 69. 4 63.3 65.9 69. 8 68. 2 71.5 66. 6 70.7 69. 2
ro7 3.0 3.0 3.1 3.3 3.7 3.4 3.3 3.3 3.2 3.4 3.3 3.3
r7 72.3 72.0 70. 2 66. 1 59.6 62.5 66.5 64.9 68. 3 63.2 67. 4 65.9
PYR r7 72.3 72.0 70. 2 66. 1 59.6 62.5 66. 5 64.9 68. 3 63.2 67.4 65.9
ry 22.0 22.1 22.8 24. 4 27.0 25.8 24.3 24.9 23.6 25.6 23.9 24.5
r31 4.2 4.2 4.3 4.6 5.2 4.9 4.6 4.7 4.5 4.8 4.6 4.7
r32 1.8 1.8 1.9 2.0 2.2 2.1 2.0 2.0 1.9 2.1 2.0 2.0
rg 53.5 53.1 50. 7 45. 2 36. 5 40. 3 45. 7 43.5 48. 1 41.2 47.0 44.9
AcCoA rg 53.5 53.1 50. 7 45. 2 36.5 40. 3 45. 7 43.5 48. 1 41. 2 47.0 44.9
r10 86. 2 85.3 79.9 67.3 47.4 56.0 68.5 63.2 74.0 58.0 71. 4 66. 6
56 1.2 1.2 1.2 1.3 1.4 1.3 1.3 1.3 1.2 1.3 1.3 1.3
r57 1.2 1.2 1.2 1.3 1.4 1.3 .3 1.3 1.2 1.3 1.3 1.3
KG ri 85.4 84.5 79.1 66. 4 46. 5 55.0 67.7 62.3 73.1 57.1 70.5 65. 7
ri 60. 9 59.9 55.3 43.6 26. 1 33.2 45.1 39.7 50.0 35.1 47. 6 43.1
35 40. 8 41. 2 42.3 45.6 50. 2 48. 4 45.1 46. 7 43.8 47.9 44, 4 45.7
OAA ry 22.0 22.1 22.8 24.4 27.0 25.8 24.3 24.9 23.6 25.6 23.9 24.5
r6 47. 4 46.5 42. 8 33.4 19.2 24.9 34.5 30. 2 38.5 26.5 36. 6 33.0
r10 86. 2 85.3 79.9 67.3 47.4 56.0 68.5 63.2 74.0 58.0 71.4 66. 6
r10 25.0 24. 6 25.9 27.1 30.7 28.2 27.7 27.1 26. 8 27.9 27.1 27.5
GSH ros 1.6 1.4 1.6 1.5 2.0 1.5 1.8 1.4 1.7 1.4 1.7 1.6
o6 3.3 3.4 3.4 3.7 4.0 4.0 3.6 3.9 3.5 4.0 3.6 3.7
762 0.6 1.3 0.7 1.6 0.7 2.3 0.6 2.4 0.6 2.3 0.7 1.2
63 0.6 1.3 0.7 1.6 0.7 2.3 0.6 2.4 0.6 2.3 0.7 1.2
BIOM re1 58.7 58.3 61.0 64.9 73.4 69.0 65. 4 66. 1 63. 4 68. 0 64. 3 65. 6
ATP 58 69. 2 68. 8 65.5 58.1 46.0 51.4 58.6 55. 8 61.9 52.7 60. 3 57.6
59 11.8 11.6 10. 6 8.3 4.7 6.2 8.6 7.5 9.6 6.6 9.1 8.2
60 44. 3 43.5 35.0 16. 8 13.7 0.2 17.9 11.1 26.0 3.4 22.2 15.4

20%; 1M

constant DO of 35%; IV——constant DO of 50%; V

1 3y 77 = A I 23 M A TR K 2 00 7 A b 31
AR AT TR AR, SR, H1E DO B¢ i
(4 80%0) A A K GSH & LA J1 19 T

K, LRI A R T i — L o,
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