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Hydrogen Evolution by Mixed Culture of Clostridia
with Rhodopseudomonas sphaeroides
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Abstract — Hydrogen evolution by mixed fermentation of Clostridium butyviciom and photosynthetic
bacteria which were capable of consuming clostridial metabolites and evolving hydrogen was inves-
tigated. Acetate and butyrate formed from anaerobic clostridial fermentation were efficiently utilized
by Rhodopseudomonas sphaerotdes K-7. For complete bioconversion of clostridial metabolites such
as acetate and butyrate into hydrogen, mixed culture of both anaerobic organisms forming molecu-
lar hydrogen was performed. By the mixed culture, the yield of hydrogen production increased
by 20 to 75% and the levels of clostridial metabolites such as acetate, butyrate decreased in the
fermentation broth. Influence of cell mixing ratio, mixing time and inoculum level on hydrogen
evolution by mixed culture were examined. And then cometabolic pattern compared with in pure

culture was observed as time course.
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A S FEE(Ae), TR THHF(DCW,
mg/mD), FA R Pk 37 R AT 37 5
E3te] 4bEslgin) 713 o]8x+= DNS¥ 3 Anth-
rone-sulfuric acid A]eF(6) 0.5 w}FFEA1-2 E3lo] 4}
Zdlder, FAE vEg BE 4AE9 H-4E gas
chromatography(Shimadzu GC-9A) & s§slgic} 2t
PHATE 3~55 FAe) HpA Jepigic
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Rhodopseudomonas sphaerordes K-73F Rhodopseu-
domonas sp. E15-141 2]3} clostridial metabolites 5
7] 4H acetic acid, butyric acid) 2] o]% & 253
Ble 4 AAL HESg o el 7] &4 acetate
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Table 1. Media used for the culture of Clostridium and Rhodopseudomonas

Basal medium (/)

Clostridium and
mixed culture medium

Khodopsendomonas
culture medium

MgSo,- 7H 0 200 mg
CaCly” 75 mg
EDTA 11.8 mg
FeSO,-7H,0 11.8 mg
H4BO; 28 mg
MnSO;-2H,0 21 mg
Na,MoQ,*2H.0 7.5 mg
ZnS0, - 7H,0O 2.4 mg
Cu(NOy),-3H,0 0.4 mg
Biotin 10 pg
p-aminobenzoic acid 200 ug
Thiamine 1 mg
KQHPOz; 10 mM
KH.PO, 10 mM
Sodium glutamate 7mM

Basal medium Basal medium
+ +

10 mM acetate

10 mM butyrate

1% glucose’
(ca. 55.5 mM)

0‘5% CBCO:{H

pH 8.0 pH 6.8

“geparatrly sterilized.
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Table 2. Hydrogen evolution and utilization of acejate or butyrate as electron donor by Rhodopseudomonas sphaeroi-

des K-7 and Rhodopseudomonas sp. E15-1

. —

Rhodopseudomonas sp. E15-1

R. sphaeroides K-7

Acetate Butyrate Acetate Butyrate
Biomass {(Ass) 1.70 0.13 1.87 1.16
pH 7.40 6.90 8.21 7.80
Electron donor utilized (%) 82.6 not used 98.2 52.5
Total H; evolved (u//mg of DCW) 1077.2 — 1324.5 1633.5

Cells were grown with 30 mM acetate or butyrate at pH 6.8, 33C under light anaerobic condition.

Analysis was carried out after 70 hr incubation.
DCW: dry cell weight.
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Fig. 1. Hydrogen evolution rate and pH variation du-
ring the fermentation by R. sphaeroides K-7 with acetate
or butyrate as substrate.

O~O: H, evolution rate; @@: pH: C--+0: residual
substrate.
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Fig. 2. Hydrogen evolution and utilization of acetate,
butyrate (clostridial metabolites) as electron donors by
Rhodopseudomonas sp. E15-1 (A) and R. sphaeroides K-
7 (B).

*10 mM acetate and 15 mM butyrate were used as mi-
xed electron donors.

@ ©®: I; evolution; 0—-C0: pH; O-O: biomass.
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3. Monocluture and mixed culture of Clostridium butyricum NCIB 9576 with Rhodopseudomonas sphaeroides
in Modified Ormerod’s medium containing 1% glucose (w/v).

Time course of hydrogen evolution (~O-), pH change (-[1-), glucose consumption (-M-) and acid formation
(-~—, acetate; —a—, butyrate) by monoculture of CL butyricum (A), mixed culture of CL butyricum and K. sphaeroi-

des K-7.

Table 3. Comparison of mono- and mixed cultures of Clostridium buryricum NCIB 9576 with Rhodopseudomonas
sphaercides K-7

Monocluture (A) Mixed culture (B)
Cl butyricum Cl butyricum + K. sphaeroides K-7

Relative H. evolution(%) 100 135
pH 5.0 6.3
Biomass (Ags) 1.0 2.8
Soluble products (mg/!l)

acetate 480 ND*

butyrate 720 ND*
Residual glucose (g/!) 0.2 0.16

ND™* : not detected.

Biomass, pH and fermentation products were determined after 108 hr incubation.
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Fig. 4. Effects of mixing time of partner strain (Rhodo-
pseudomonas sphaeroides K-7) on the hydrogen evolution
in mixed culture.

Symbol | Indicates inoculation of R sphaeroides K-7.
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Fig. 5. Effect of inoculum level in mixed culture on
H. evolution by CIL butyricum NCIB 9576 and Rhodep-
seudomonas sphaeroides K-7.

Mixing ratio of two strains was 1 to 6. H, was determi-
ned after 72 hr incubation (1% glucose was used as
substrate).

Table 4, Effect of cell ratio in mixed culture on hydrogen evolution

Mixed ratio of cell mass

H, evolved Growth (g/l) Glucose
ClL butyricum : R. sphaeroides (mmol/m/ of culture)} consumed (%)
1.0 31.9 0.87 98.7
6.1 334 0.80 94.6
4:1 37.0 0.77 97.0
1.1 43.0 1.24 793
1:4 44.6 1.22 60.4
1:6 45.3 1.16 60.2
0:1 40.4 1.23 5l.4

“determined with protein analysis.
Imtial total cell concentrtion was 0.12 mg/m/ in the same condition.
Hydrogen evolved and growth were determined after 120 hr incubation



Vol. 20, No. 4
1400} Glucose(A) Glucose(B) * ]
1000 JEp— + gt 4 J
I Y P £
600} 4 1 1""\ : 1 16
—_ - T. PR g il 4
8 200"’{1‘ r R 4 »\w 3 4 2
‘E OJ N " _ et S, L R :..-k-...<g:~v ~
=3 1400f Starch(A) {1 Starch(B) o - E:
’“‘; S § = 4 E | E
= 1 I DU
E] 12 ¢4 - o
E | 1 E 16 =
e 11 & _g
= ’X::..:_ ; S P Ei
< F Pectin{B) 1 !
_’-‘,:"* 4 o
-E T 1 “16
it 1 42 -
kS ! R
4 11 i
} 1 2
N ' " " * "

24 72 120 0 24 72 120

Incubation time (hr)

Total hydregen evolution (W/m/ culture

435

14790} Xylose('A)‘ Xylose(B) .

[ 'f e 1
1000 ' 110
600 ;4?\__ — 14

1 {1 ;
200[ S 1
1) S ——e ] .
1400} Celloblose(ﬁ) 1 Y L |
1000 fm // | . n-/CEHGbiOS{?(B)

Biomass (g/{)

L - \H’ 2
o “7\/{ " L-—-—-
- % 11
200k t ]
| Pen il I

et
)
Residual sugar g/)

1400t Xylan(A) ¥ Xylan(B) ‘ )

1000 e o | 1
5 ‘-\kﬁ -> . 1 2 -|

600F T ey - 1 16

200} EC‘“““‘ 1 J 15
{ .- waad
24 72 120 024 72 120

Incubation time (hr)

Fig. 6. Comparisons of sugar metabolism in Clostridium butyricum monoculture and mixed culture with Rhodopseu-

domonas sphaeroides K-7.

Time course of hydrogen evolution, sugar consumption and growth were shown. The experiments performed
in 50 m/ serum bottle that contained 10 m/ minimal medium with 1% substrate and which were incubated in
water bath under illumination (10,000~ 12,000 lux, 32~34C).

A: monoculture, B: mixed culture with K. sphaeroides K-7. ©—O: total hydrogen evolved; @ —@; growth: ~A—A:

residual substrate.
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