StReA Y ANUXIES =2&8(2011. 8), M223 H4s
Trans. of the Korean Hydrogen and New Energy Societ(2011. 8), Vol. 22, No. 4, pp. 451~457

Clarst Ax20) ME
Rhodobacter sphaeroides KD1319] H&gE =AMAM

S| S AT Y AALDTAE, oIS S st 9 A3,

20H b, USE-, OIEH-~, 0|0, AT
A+
PG| AT AR AT

Photo-Fermentative Hydrogen Production by Ahodobacter
Sphaeroides KD131 under Various Culture Conditions

HANNA SON-,+, DONGHOON KIM-, WONTAE LEE-+, YOUNGHA RHEE~', MISUN KIM-*

*Wastes Energy Research Center, Korea Institute of Energy Research,
102 Gajeong-ro Yuseong-gu Daejeon 305-343, Korea
=xDepartment of Microbiology and Molecular Biology, Chungnam National University,
Daejeon 305-764, Korea
wxxConstruction and Environment Research Division, Korea Institute of Construction Technology,
283 Goyangdaero, Ilsanseo-Gu, Goyang, Kyonggi 411-712, Korea

ABSTRACT

Purple non-sulfur (PNS) bacterium Rhodobacter sphaeroides KD131 was studied with the aim of
achieving maximum hydrogen production using various carbon and nitrogen sources at different pH
conditions. Cells grew well and produced hydrogen using (NH4),SO4 or glutamate as a nitrogen source in
combination with a carbon substrate, succinate or malate. During 48h of photo-heterotrophic fermentation
under 110W/m’ illumination using a halogen lamp at 30C, 67% of 30mM succinate added was degraded
and the hydrogen yield was estimated as 3.29mol H./mol-succinate. However, less than 30% of formate was
consumed and hydrogen was not produced due to a lack of genes coding for the formate-hydrogen lyase
complex of strain KD131. Initial cell concentrations of more than 0.6g dry cell weight/L-culture broth were
not favorable for hydrogen evolution by cell aggregation, thus leading to substrate and light unavailability.
In a modified Sistrom’s medium containing 30mM succinate with a carbon to nitrogen ratio of 12.85 (w/w),
glutamate produced 1.40-fold more hydrogen compared to ammonium sulfate during the first 48h. However,
ammonium sulfate was 1.78-fold more effective for extended cultivation of 96h. An initial pH range from
6.0 to 9.0 influenced cell growth and hydrogen production, and maintenance of pH 7.5 during photo-
fermentation led to the increased hydrogen yield.
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Table 1 Effect of initial cell concentrations of R. sphaeroides
KDI131 on photo-fermentative hydrogen production

Initial cell conc. Accumulated H(mL/L-medium)

(g dew/L) 24h 48h 96h
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Table 2. Effect of various carbon sources on hydrogen production related parameters after 48h photo-fermentation of R. sphaeroides

KD131
Total . Cell conc. Substrate Hayield mol
Substrate Hy(mL/L-broth) Final pH (g dew/L) degradation(%) Hy/mol-substrate
Malate(30mM) 1,098.60 8.02 2.80 83.20 1.97
Succinate(30mM) 1,482.00 8.15 225 67.00 329
Formate(120mM) 21.80 8.88 145 12.12 -
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Table 3. Effect of (NH4),SOs4(a) and glutamate(b) on photo-fermentative H, production by R. sphaeroides KD131 in presence of 30

mM succinate

(2) (NH4)S04

(NH,):S0; conc. H. production(H, L/L-broth) NH,'-N(mg/L)
(mM) 12h 24h 48h 96h 12h 24h 48h 96h
0 0.36 0.53 121 2.49 0.0 0.0 0.0 0.0
2 0.04 0.30 1.16 2.39 1.9 0.0 0.0 0.0
4 0.00 0.04 0.80 2.02 10.0 0.0 0.0 0.0
8 0.00 0.00 0.00 0.05 125.0 86.0 53.0 20.0
16 0.00 0.00 0.00 0.00 316.0 296.0 242.0 247.0
32 0.00 0.00 0.00 0.00 776.0 728.0 709.0 716.0
(b) glutamat
glutamate conc. H, production(H, L/L-broth) NH,"-N(mg/L)
(mM) 12h 24h 48h 96h 12h 24h 48h 96h
0 0.36 0.53 121 2.49 0 0 0 0
4 0.70 0.98 1.62 1.95 0.9 23 6.7 6.5
8 0.76 1.02 1.16 1.19 1.3 24 6.8 10.0
16 0.60 0.67 0.63 0.64 1.6 22 6.0 12.0
32 0.03 0.02 0.00 0.00 24 4.0 82 14.5
64 0.02 0.02 0.00 0.00 3.6 4.1 7.8 14.3
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£ Rhodobacter sphaeroides KD1312)

Table 4 Photo-fermentation profiles of R. sphaeroides KD131 using 4mM (NH4);SO4 or 8mM glutamate as the nitrogen source in

presence of 30mM succinate

Vo | [ et o

Time(h) 24 48 72 24 48 72 24 48 72 24 48 72
(NH4)2SO4(4mM) 1.65 1.85 1.88 44 807 1,532 0 0 0 8.9 7.7 7.6
glutamate(8mM) 2.19 2.63 2.61 999 1,135 1,147 243 6.84 14.82 7.8 8.5 8.4
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