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Abstract — We examined optimum culture conditions of Rhodoseudomonas sphaeroides B5 for
effective utilization of substrate and sunlight for hydrogen production. The optimum concentra-
tion range of DL-lactate as electron donor for hydrogen production by resting cells was from
5 to 50 mM, and optimun C/N ratio (lactate/glutamate) for maintenence of hydrogen production
activity by growing cultures was from 5 to 6. Hydrogen production by the cultures of low
cell density (0.36 mg/m/ dry cells) was saturated with 10 Klux light intensity. Under constant
illumination of 50 Klux which was set up as the average medium value of annual variation
of sunlight intensity, hydrogen production with various cell densities in the culture resulted
in highest production rate (132 u//hr/mg dry cells) up to 0.64 mg/m/ dry cells. However, the
ammount of total hydrogen production was saturated with cell density of 2.1 mg/ml dry cells.
In addition to these, the optimum inner thickness pervious to light of the culture vessel for

hydrogen production which was measured under sunlight was 5cm.
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Fig. 1. Hydrogen production from various concentra-
tions of DI-lactate.

Cells of exponential growth phase pregrown on the GL
basal medium were harvested and washed twice with
basal medium by centrifugation. Cells were resuspen-
ded in the basal medium containing from 5 to 200 mM
of DL-lactate . Cultures were incubated at 33C with
illumination (about 10 Klux). Hydrogen production was
then assayed by gas chromatography

tate §fr FEDA S A FaPAe] HAA
HEHE 455 ck(Fig 2). 5mM o)Al A A7t
oF 130 W/hr/mg AZFA 2 HULEr2 F271 A
A=l it

°]59 A= R sphaeroides B5S] FAaAAtlE
5~100 mM 9] lactate7} F+AEH$o)3, 5~50 mMo]
HAF=HAYS Jehie Aok

HABoiMIet AL IFFHl: A LA 4
A BARRA G FEI A49Q glutamate2] A
SEHHE A UM AAlFd Al (lactate)
Zote] A3 AAE e} DL lactate®} L-gluta-
mate®] @5ulE ZElste] 2§ 7 Bul 2ol glo] A
R. sphaeroides B52] ZAIM| Lol o8 A Ala) F
AZF2E A% A= Fig 334 2ok =] o) 2
lactate X7} 15mM< df, 25, 5, 10 mMg gluta-
mates 77 22 FF 2AH(Fig 3, Aa)= gluta-
mate $E7} FobAH FAFAE sy FAay
AEEe wErlel F438 Asl=Eqdel, &9, 25
mM$€] glutamate FFA] FAUAETE 7)ol



182

ojzsle] tha ot wjekEr|7hA] vl HAAE
vehlglch 2% lactate =7} 30 mMd i (Fig. 3,

20¢f

15t

1.0p

0.5f

Hydrogen production (mi/mg dry cells)

0 : N R R N
0 5 10 15 20 25
Incubation time (hr)

Fig. 2. Hydrogen production from low concentrations
of DL-lactate.
Cell culture and hydrogen production conditions are
the same as in the legend to Fig. 1 except that cells
were resuspended in the basal medium containing
from 1 to 20 mM of DL-lactate.
Symbols: 1 mM(X); 2.5 mM(O); 5mM(@); 10 mM(»)
and 20 mM(O); of DL-lactate
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Fig. 3. Hydrogen production and cell growth from various concentrations of DL-lactate and L-glutamate.
Cells of stationary growth phase pregrown in the GL basal medium were inoculated in the one liter of basal
medium containing from 2.5 to 10 mM of L-glutamate and from 1.5 to 50 mM of DL-lactate. Cultures were incuba-
ted at 33C under illumination of 30 Klux. Hydrogen production and cell growth were then measured.
Symbols: Hydrogen production (A) and cell growth (a) in 15 mM of DL-lactate; hydrogen production (B) and
cell growth (b) in 30 mM of DL-lactate; hydrogen production (C) and cell growth (c) in 50 mM of DL-lactate;

25 mM(X), 5 mM(®) and 10 mM(C) of L-glutamate
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Fig. 4. The effects of light intensity on hydrogen produc-
tion.

Cells of exponential growth phase pregrown in the GL
basal medium were harvested and washed twice with
basal medium containing 30 mM of DL-lactate, and
were resuspended in the same basal medium. Cultures
were incubated at 33C with illumination at the indica-
ted light intensity. Hydrogen production was then as-
sayed by gas chromatography.
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Fig. 5. The effects of various cell concentrations in hy-
drogen production under 50 Klux light intensity.
Cells of exponential growth phase pregrown as usual
were treated the same as in the legend to Fig. 4. Cells
were resuspended at the indicated cell densities in
the basal medium containing 30 mM of DL-lactate. Cul-
tures were incubated at 33C under 50 Klux light in-
tensity, and then hydrogen production was assayed by
gas chromatography.

Symbols: Rate of hydrogen production(®); total hydro-
gen production(O).
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Fig. 6. Time courses of hydrogen production, tempera-
ture and illumination by outdoor cultures with culture
vessels of different thickness.

Cells were cultured in the GL basal medium. In the
exponential phase of growth, cells were harvested and
washed as usual, and resuspended in the basal medium
containing 30 mM of DL-lactate. Three sets of culture
vessels, which inner thickness perviours to light is 2.5,
5 and 7.5 cm, respectively , filled with cell suspensions
were incubated under outdoor conditions. Hydrogen
production was then measured.

Symbols: Hydrogen production in culture vessels with
2.5 cm(@®), 5cm(0) and 7.5 cm(a) of thickness; culture
temperatue of culture vessels with 2.5 cm(a), 5 cm(0)
and 7.5cm(X) of thickness; illumination (--)
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