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Production of Hydrogen from Glucose by Rhodopseudomonas sphaeroides. Kim, Mi-Sun*, Kwang-
Woong Moon, Sang-Keun Lee, and Sun-Chang Kim'. Korea Institute of Energy Research, 71-2
Jang-Dong, Yusung-Ku, Taejeon 305-345, Korea, 'Korea Advanced Institute of Science and
Technology. 373-1 Kusung-Dong, Yusung-Ku, Taejeon 305-345, Korea — Rhodopseudomonas sphaer-
oides K7 and E15-1 produced hydrogen from glucose rapidly for the first 24 hrs of culture under the
anaerobic and photosynthetic conditions and then ceased the hydrogen production because of the ac-
cumulation of organic acids such as acetic acid and formic acid in the culture broth, decreasing the
pH to 4.2-45. Only 43% and 73% of glucose in the culture were consumed even after 6 days of in-
cubation by R. sphaeroides K7 and E15-1, respectively. The hydrogen production and glucose con-
sumption, however, were substantially increased when the pH of the culture was adjusted to 6.8-7.0:
Hydrogen production continues even after 10 days of culture and glucose was consumed completely
after 2.5 and 4.5 days by R. sphaeroides K7 and E15-1, respectively. Furthermore, the bacteriochloro-
phyll contents in R. sphaeroides K7 and E15-1 were increased by 44 and 9 folds and the cell con-
centrations by 10 and 2.5 folds, respectively, after 7 days of culture. R. sphaeroides K7 and E15-1
also produced hydrogen from acetic, lactic, butyric and malic acids under the anaerobic and pho-
tosynthetic conditions even though the amounts of hydrogen produced were lower than that from glu-
cose. The results of this experiment indicate that under the anaerobic and synthetic conditions, R.
sphaeroides K7 and E15-1 might use the NADH oxidation mediated by ferredoxin and hydrogenase to
evolve hydrogen from glucose for the first 24 hrs and then the organic acids produced were used as
electron donners for the production of hydrogen in the nitrogen-limited condition.
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Fig. 1. Schematic diagram of the experimental apparatus
for the hydrogen production.

1, 1.5 [ reactor with a water jacket; 2, liquid sampling port; 3,
gas sampling port; 4, gas collector; 5, incandescent lamp; 6,
magnetic stirrer; 7, water circulating pump and temperature con-
troller; 8, water bath.
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Fig. 2. pH profiles of R. sphaeriodes K7(A) and E15-1(B) cul-
ture during the incubation with various carbon sources.
Cultures were grown in a 1.5/ reactor containing 1! Ormerod
medium anaerobically at 10,000 lux illumination.
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Fig. 3. Production of formic and acetic acids by R. sphaer-
oides K7(A) and E15-1(B) using glucose as a carbon source.
Cultures were grown in a 1.5/ reactor containing 1/ Ormerod
medium anaerobically at 10,000 lux illumination.
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Fig. 4. Changes of bacteriochlorophyll (BChl) contents and
cell growth of R. sphaeroides K7 (A) and E15-1 (B) under
the anaerobic/photosynthetic condition with glucose as a car-
bon source.

@ : BChl, pH not controlled; O : BChl, pH controlled,

B:cell, pH not controlled; (:cell, pH controlled. Cultures
were grown in a 1.5/ reactor containing 1/ Ormerod medium
anaerobically at 10,000 lux illumination.
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Fig. 5. Hydrogen gas production of R. sphaeroides K7 and
E15-1 with glucose as a carbon source

A) pH not controlled; B) pH controlled.

Cultures were grown in a 1.5/ reactor containing 1/ Ormerod
medjum anaerobically at 10,000 lux illumination.

Table 1. Degradation of various carbon sources by R. sphaeroides K7 and E15-1

Degradation rate (%)

Incubation
(days) R. sphaeroides K7 R. sphaeroides E15-1

glucose malate lactate acetate glucose malate lactate acetate
1 16.5 51.5 19.1 7.41 13.3 33.2 13.1 4.6
2 36.5 88.8 275 144 52.0 95.6 16.9 20.0
3 38.9 99.7 475 37.2 66.3 99.8 62.8 35.6
4 40.8 100 58.5 52.6 70.4 100 85.9 66.0
5 42.1 100 69.2 63.7 73.3 100 100 79.2
6 42.7 100 86.1 74.9 73.5 100 100 82.7

Cultures were grown in a 1.5 [ reactor containing 1 / Ormerod medium anaerobically at 10,000 Jux illumination without pH control.
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Fig. 6. Hydrogen gas production from various organic acids
by R. sphaeroides K7 (A) and E15-1 (B) without pH control.
Cultures were grown in a 1.5/ reactor containing 1/ Ormerod
medium anaerobically at 10,000 lux illumination.
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Apol= w2 AelA B4 U AH-$A 9 Aol2 HedAl)
Schultz 511712 Rhodospirillum rubirum®} capsulata’}
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glucoseZH-E] $AH o2 AF HE o 23 frl4l, 55
formic acid®} acetic acidE& F% AY4tslaL 2z o2
Had Fo S4E V4R AR} FAAZR st Aot
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