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Hydrogen Evolution through Mixed Continuous Culture of Rhodopseudomonas sphaeroides and
Clostridium butyricum. Go, Young-Hyun and Moo Bae*. Deparfment of Biological Science,
Ewha Womans University, Seoul 120-750, Korea - The purpose of this study was to optimize the
conditions of continuous mixed culture of C. butyricum and R. sphaeroides K-7, which were able to
produce hydrogen using biomass-derived substrate. To investigate the possibility of continuous culture,
semi-continuous culture was carried out for 20 days. In semi-continuous culture using the reactor system,
the replacement rate of fresh medium was 30% of total medium volume for the highest hydrogen evolu-
tion. In continuous culture, the optimum dilution rate was determined to be 0.05 h'. The continuous
culture produced 3.1 times as compared with the hydrogen on batch culture. On the other hand, the
continuous mixed culture produced 1.3~2.1 times as much as hydrogen of the continuous monoculture
of C. butyricum. When 10 g of glucose in the media (1 /) was supplied as a carbon source on con-
tinuous culture, mixed culture of C. butyricum and R. sphaeroides K-7 increased hydrogen evolution
rate. Because considerable amount of glutamate was contained in waste water of glutamate fermenta-
tion, utilization of glutamate was examined in mixed culture. As a result of examination, production of
hydrogen was slightly inhibited by high concentration of glutamate, more than 20 mM, on continuous
monoculture of R. sphaeroides K-7. On the other hand, both on continuous monoculture of C. buty-
ricum and on mixed culture of C. butyricum and R. sphaeroides K-7, production of hydrogen was not
inhibited by high concentration of glutamate such as 100 mM. Hence this suggests that high concentra-
tion of waste water can be used as good substrate for hydrogen production on monoculture of C. buty-
ricum and mixed culture of C. butyricum and R. sphaeroides K-7.
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Table 1. Composition of medified PYG medium
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Table 2. Composition of medified Ormerod medium

Components Concentration (/)
K,HPO, 09g
KH,PO, 09¢g
NaCl 09¢g
(NH,),S0, 09¢

*MgSO, - TH,0 009g

*CaCl, - 2H,0 009¢g
Peptone 100g
Yeast extract 50g
Cystein - HCl 05g

*Na,CO; - 10H,0 40¢g
p-Aminobenzoic acid 100.0 pg
Biotin 10.0 pg
Resazurin 100.0 ug
*Glucose 100¢g

(pH 7.0)

*Separately autoclaved.
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2 A d71A4 A Costridium  butyricum
NCIB 957654} 33+Al A+t Rhodopseudomonas sphae-
roides K-7[118 AF8-3}Q9 2, C. butyricum®) 54 AA
T AESL GANR L} AdeSdE- iR E2= PYGHIR]
(2415 W3] AR89 3, 2 242 Table 13} 2t}
R. sphaeroides®] 3= Y5 2L TR a=]| 2} Alhu)
& wiA| 2= Ormerod WA (2715 W38l 218315
ovf, 71 AL Table 2o Yetdioh F #52 £
Wk Al, AT A ES WA= Ormerod ¥4 E ¥3
sled ALg-slgd o], o A A A] Table 2o Yehligic).
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Hungate technique® 7]% % & serum bottle mod-
ification technique[22]& A 83l FA HEFA
Ax Fxo} e A3 FAE] HAsted Fd Al
X ggdS wbEo] AT 3] diFAl 7] w7t
2 wfeFEl AEE A FEEte sy, 24 10
mM potassium phosphate $+58-4(Clostridium®] 73-$-
£ pH 7.0, Rhodopseudomonas2) 73-$-= pH 6.8) = 23]
AXF F, 728 h38-dol thA] dEg3le] o] AgAS
A7) A7l 4TeA AR A s 2
3 UE AEAE WA 115 3T 1.6 185 vk

Basal salt solution” 100 ml
*DL-Malate 30 mM
L-Glutamate 7 mM
Phosphate solution” 15 mM
Vitamine solution” 1 mi
monoculture : pH 6.8
mixed culture : pH 8.0

*: Glucose 10.0g in mixed culture
1) Basal salt solution

MgSO, - TH,0 2g
CaCl, - 2H,0 0.75g
FeSO, - 7TH,0 0.118 g
& Trace element sol. 10 ml
D. W. 800 ml
EDTA 02g

(in D. W. 190 ml, pH=6.8)

& Trace element solution

MnSO, - 4H,0 21g
H,BO, 28¢g
Cu(NO;), - 3H,0 40 mg
ZnSO, - 7H,0O 240 mg
Na,MoO, - 2H,0 750 mg
2) Phosphate solution
KH,PO, 40 g
K,HPQ, 60 g
3) Vitamine solution
Thiamine 10 mg
p-aminobenzoic acid 20 mg
D. W. 10 ml

71l A §713 AA ks e, 25 fA1E H3
30~37C4 FxRWAA AEstdch. R sphaeroides®] vl
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Fig. 1. Schematic diagram of reactor system for hydrogen

evolution.

1. Argon gas tank (Medium was sparged with argon gas just for
once in preparation of medium)

. Reactor vessel

. Magnetic stirrer

. Fresh medium reservoir

. Gas collector

3. Cuilture medium
5. Water bath (30~37C)
7. Peristaltic pump
9. Spent medium reservoir
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Table 3. Determination of initial cell ratio in batch mixed
culture on hydrogen evolution

Initial ratio of DCW
C. butyricum:R. sphaeroides

Hydrogen evolution
(W/ml of culture, X 1000)

1 0.619
0.603
0.648
0.721
0.629
0.513
0.602
0.812
0.809
0.493
110 0.653
Hydrogen evolution was determined after 120 hr incubation.

Medium used was modified Ormerod medium and initial total
cell concentration was 0.2 mg/ml of culture.
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Fig. 2. Effect of mixing time of partner strain on hydrogen
evolution in batch culture.

Arrows (| ) indicate inoculation of R. sphaeroides K-7.

W% :not mixed, only C. butyricum NCIB 9576

@—@ : mixed after 0 hr incubation

O—0O ' mixed after 6 hr incubation

A— A :mixed after 12 hr incubation

/N—\ tmixed after 18 hr incubation

B— : mixed after 24 hr incubation

[—J: mixed after 30 hr incubation
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Fzrlel WA AFsta, dig A7) o]z R
sphaeroides® 53 A7 a0 o &
o 4 qglde}. =3 Fig. 200142} 7o) C. butyricums #
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7Vt i S BT o Jepyt o]
= Ul 241716 o| & C. butyricume| TAZA] B ¢4
Aol EEFd f714Re A sHa, o] o R
sphaeroidess &3 FoZdA WAL {714 &R
& 4= 9lAl Heo] FAsA Wae pHY #2E %A A
F3 AAAQ JA 2RE AAlse] kY T3 ek
AE FHE 5 95 2o FoH10).

Si2HS &5 s - SEHHC| V| AIE M

OI2{7HX| E@RESFES] o] &3 wjoke] A=
5 oA Mt o) chdRel gk o] 8o
3t} 53], glucose, xylose, starch, mannitolel]l o
o] g-Ao] Holydrl. C. butyricum®] 35 ul|ofAloll= o]
9] o]8Ao] s AU, R sphaeroides®] &
= wjFol e D, olEF, thdFelA 25 u|lad
Sl EhokA e dsulekAl B glucoset
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Table 4. Effect of several carbohydrates on hydrogen evo-
lution by monoculture and mixed culture of C. butyricum
and R. sphaeroides

Hydrogen evolution

Carbohydrate (u/ml of culture/g of supplied substrate)
(30 mM) Monoculture of Monoculture of Mixed

C. butyricum R. sphaeroides culture

*Control 0 0 0

Glucose 98.9 186.4 230.7
Xylose 92.1 264.7 263.5
Fructose 90.0 276.3 166.6
Galactose 74.6 227.6 160.7
Lactose 131.0 55.0 751
Sucrose 124.3 136.6 90.9
Maltose 118.4 81.7 74.2
Starch (1%) 99.7 399 130.1
Mannitol 10.1 149.9 240.0
Sorbitol 101.4 277.6 209.7

In case of mixed culture and monoculture of R. sphaeroides, hy-
drogen evolution was determined after 5 days, in case of mono-
culture of C. butyricum after 4 days. *Medium without substrate.

Table 5. Effect of several amino acids on hydrogen evo-
lution by monoculture and mixed culture of C. butyricum
and R. sphaeroides

Hydrogen evolution

Amino acid (W/ml of culture/mM of supplied amino acids)

(7 mM) Monoculture of Monoculture of  Mixed
C. butyricum R. sphaeroides  culture

*Control 159.2 164.1 110.6
Glutamate 195.3 180.4 181.5
Aspartate 163.5 79.6 145.8
Isoleucine 158.8 249.6 1558
Valine 212.0 227.1 155.1
Alanine 139.9 106.5 165.1
Phenylalanine 238.7 104.7 125.8
Glycine 159.5 74.5 126.5
Proline 195.4 104.2 110.2
Arginine 66.2 116.8 119.4
Tyrosine 180.2 442 118.1
Histidine 110.4 24.8 105.1
Methionine 183.6 130.9 114.6
Glutamine 203.2 79.1 152.9
Serine 187.3 20.5 1331
Tryptophan 161.6 64.8 118.4
Cysteine 15.9 144.1 73.0
Threonine 116.5 25.9 114.9
Asparagine 223.0 74.1 168.9

In case of mixed culture and monocuiture of R. sphaeroides, hy-
drogen evolution was determined after 5 days, in case of mono-
culture of C. butyricum after 4 days. *Medium without substrate.
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Table 6. Effect of several organic acids on hydrogen evo-
lution by monoculture and mixed culture of C. butyricum
and R. sphaeroides

Hydrogen evolution (ul/ml of culture)

Organic acid

Monoculture of Mixed
(30 mM) R. sphaeroides culture
*Control 0 0
Acetate 1126.4 1441.3
Formate 199.7 194.3
Fumarate 910.6 1552.3
Citrate 1113.2 1344.7
Lactate 1207.6 1399.2
Malate 90.9 194
Succinate 1466.7 1626.4

Hydrogen evolution was determined after 5 days.
*Medium without substrate

A& BodFgin). R sphaeroides®] W5 vlofoll A= glu-
tamate(1.1090), isoleucine(1.528]), valine(1.388)ll
A 2T Ho) 953 $4 XS ook C butyricum
2] = ujjokell A= valine(1.3341), phenylalanine(1.50
), asparagine(1.408))ol A FaAAde] 4314t
(Table 5).
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Fig. 3. Hydrogen evolution on semi-continuous mixed culture.
Arrows (] ) indicate time of replacing fresh medium.
Replacement rate : 50% of total medium volume.

Table 7. Decision of replacement rate in semi-continuous
mixed culture for hydrogen evolution

Total hydrogen Average hydrogen  Average
Replacement evolution (U/ml  evolution rate residual
rate (%) of culture, (ul/ml of glucose
X 1000) culture/day, amount (g/l)
X 1000)

50 29.21 1.461 0.387

40 29.54 1.477 0.327

30 31.97 1.600 0.221

20 27.99 1.399 0.439

Total hydrogen evolution, average hydrogen evolution rate and
average residual glucose amount were determined after incuba-
tion for 15 days. Glucose concentration was 10 g/l.

C. butyricum™ R. sphaeroides®] &3 wjeFA], d&4A
Q4 AL 7EAS dolry] $i3te] o AWAE
ulodssuok-8- AlAJ3led ), W El Ormerod#l 1 7} &
1.6 (-3 W75 37]- o2 vl ALl spHA 4
A ARSI AT wuic) wfoFd e 50%¢ dsh=
oke] Q=g XS 2 ml/min®] FEo2 x&si)
O A3, AEHQ 4 A SV ZARE 204 F
ol #A= UK Fig. 3). oI+ C. butyricum™ R. sphae-
roides®) EiFE 53 Agulofo] 715d-E AA
Fo}, w3t uk AgaokA] A4S FNE Sk A
9] AFE-& A3 A3 HFHE-& 50, 40, 30, 20%2]
FFo 2 gejsle] 2AR A1}, X$E0] 30%Y 9 7
& F2AAE 2o FoH(Table 7).

SEHHC| HASHIMAI
HHXIC| SlaiEO| &AE Aol oA 7 T2
g} parametert 3]4E(dilution rate, 3} DE <¥3h)

2 o] D the 3} o] Vel 4 gleh.

v

v,

W; liquid9] flow rate(ml/hr)
Vo 8lFH 9] %3] (ml)

£ E3huicke] d5ueAlelAE 0.06 h'd o FAaxgA
o] 7FA 319l o (Fig. 4), 3&uekz} d5nlofe]
A5 w3 1A 3] EalokA Y] A A EFe] 1309.2
pl/mildl Hbsl Q<LalFAl= 4010.9 ul/ml2 2k 3.18)
7VeEe} A5 AS £ Uk o)) e 4 ST
9] Z7h= vkl ol 4" A9 Az 34 Y By
NAREES] MAES FA FHA2A)7IE butyrate, ace-
tate 52 thAMbEe] d&ujefAlde AlSH O E ukg-
7] WA AAHEZ 3] 5-nFA] B} $aA4d50] v
A== Ao E A3, 33].
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Fig. 4. Determination of dilution rate in continuous mixed
culture for hydrogen evolution.

Hydrogen evolution rate, optical density, fermentation products,
and pH were determined after incubation for 20 days.
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Fig. 5. Effect of yeast extract concentration on hydrogen
evolution in continnous mixed culture.

extracty FASAl 583 AEolNon, TAFA
2 a6 7H Soldt R 0.5%Y delH, of o
9} £ AAMEEE B 635 pl/ml/dayE Z7Fshl 2,
FAAZA ) lelA%E §2 AHE BAFoH, A7}
Z7H5tel w2t 714 e v S8 oH(Fig. 5).
GlucoseZ2RE{O| MM C. butyricum®] 544
9] electron donorZ 20l 7149 £57 2 w9} F
o s WEALES 7 2 A v ge] ZA 2|
=22[9, 32], glucosed] WA Fxo ot dLulofl
A8 FaAA FAAE ZARIET Glucoses=7F 10 g/
19 o 4 AAEE7F S71IREE 23er, o] 9 glu-
cose®] 88.1%7} AREE oFAFS ehigitH(Fig. 6).
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Fig. 6. Effect of glucose concentration on hydrogen evolu-
tion in continuous mixed culture.
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Fig. 7. Utilization classified by concentration of glutamate as
component of organic waste water in continuous culture for
hydrogen evolution.

A Mixed culture

B : Monocuiture of C. butyricum NCIB 9576

C : Monoculture of R. sphaeroides K-7

Glucose 5 g/l, 20 g/l, 50 g/1¥ W& 4 WAHEE7} 3t
Zdhs A AAth

Glutamate22E{9| $AMA  Glutamate® v 2A
ol e, f7) HAol theko g TihEe] Q= HE
z#se] L-glutamatey-Eell whd o84 e A
#H Bogx AR §7] ddofj i o4 rleAdS Ao}
Btk R sphaeroides®] 73-$+ glutamated 10 mM #
balede o MR Be A48 93, glutamate®]
F57F FolA e SAAe] M HE S Boloh
(Fig. 7-C). ¥ba, C. butyricum®| 73 (Fig. 7-B)¢} +
T3¢ Eghhekel 74 $-(Fig. 7-A)+E glutamate”} 31§
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< poFc}, =g, Eguleke] A9 C butyricum®
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