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Study on Enhanced Hydrogen Production by Various Type of Co-cultures of
Facultative Anaerobes and Photosynthetic Bacteria

& & KX'-RRE R
INRE

-8 ES 0

X &-% @ F B -4 F X

Masaru TOKUMOTO' - Yasuyuki AIHARA' - Masayo OKU"
Tomoe KOMORIYA' - Yasuo ASADA® - Hideki KOHNO'

" B ARASEEE TSRS TSR (T275-8575  T-3RILY ST RET 1-2-1

e-mail : h5kohno@cit.nihon-u.ac.jp)

! BAKEE TR HE BRI ERTI(T274-8501

e-mail : asada@chem.ge.cst.nihon-u.ac.jp)

TR AGR TR EE & 7-24-1

SN =Y BRIFNF-—XX )T —ThdA#ELr, YLI-A%ERE LERORSERL-> THERA
CEETAHI L BIEY. REETHEMSAMMB & LT Enterobacter & Lactobacillus % Fivs, ¥4
#ihid Rh. sphaeroides RV B XU Rh. sphaeroides. No.T % Fiv 7z, ESREHEMSEAE I, Rt

AR L TREEFES TH Y,

T, LEHMBELEEEIOGHHTELLEL, E

aerogenes+ Rh. sphaeroides RV Ti&, #HEELEIIH 15 ENTH o7, WWEREFFIF2ER L
LT, E. aerogenes®* Rh. sphaeroides RV DFIHTELWIY J =)V, T¥ YVt — N, kb
BB LI SOLH, INOCERATEZRARME LAY, BANARE2ABEICEIs L2k,
$LEEM + Rh. sphaeroides RV T, #INE 7.08mol F TR L 7-.

Key words : Bio hydrogen, Organic waste decomposition, Photosynthetic bacteria,
Co-culture system, Lactic fermenter

2005 4 12 A 8 ARHE

1. & L & (C

BESE O MIRATRE & 2o TV BBE, bHE
TIEM S FH t OITAPREI S S h T
D, 205 b0 0BIZETITHE", 204
TIRBEE LT, IrRR MERSELIZY) 4
L7 ANDED 1 DTHAH, WMATIIZEE L LT
DL RA MUEBRESEOMBES L %I 2
NEORRMES D LDT, ZTOMOEFLEMH
NULETHLEEZLNDY. ZOTIECHKA &
LT, awom&xfIALT, A THRT
fAarn—CardPbb, ETI rsmam
YL, KEXEETDHILT, REBHE
MLTZAIAF-—LLTHEIZ L TEL, kFE
EERBELC L TEBIET ADEREE K h 3 CO,
FHELLVWEHZ)—CThHY, 1 RIinF—

%536 % 1 5 (2006)

THoHE, BR, B Lill-THAETERLLF
VWE¥—Fx)T—ThHs?,

FOFMOPT, bhbridBEmgaty
WEREHMEZHVCKREOBINEEES R,
BEEMEMIE BRI E LT, &Moo, &5, ¢
no— R EREVWHRPTEETH L. HAIs,
B W O Enterobacter aerogenes HU-1014"°
Ok POy —YREFACTKES»EEL, 22
TRIEYE L TTIAREE, O RARAED
Rhodobacter sphaeroides RV = h 4 4 —
FTRTEHICKELEET LI LIZL ) BIED
KEXBONDEEZ /. &2 LTt 3.15mol
/mol glucose DKFEZEINT 2= L ICHKIH L 7=
A, TOREEEIIE, Blhshrwrra—-u
BEOREYHNE , BRINRICIER Ridh o
7. BT, SEREE ETs kT ra-LE

59 (59)



(b4 Bl Rhodopseudomonas sphaeroides.

No7T"*#FAL. 3HREERE, Lb. del-
brueckii & Rh. sphaeroides RV ORERD 275
HEARBRE L. &R, SHERARTUHEONT
7 > — XM EHH D, BIEETH o 722 LR
L s c it i % L5 7.08mol/
mol ¥ a—AFTAKEFMNTZILHTE
7.

R id, HINEOKEEBL/I-OO, BT
S ORAHEREEEN Lz, AR L DR
SEE{LEREE T ST 5.

2. RBAE

(1) H )
bibiEFig 1 ISRTLILETVEER,
r D EETEY RIS E E AW L LTHETHR
57»:—x%ﬁ$ﬁ&L.ﬁﬂ%®$%%@%
SrxHMNELL.

(2) FEERHEHE L TOEHEGE

Hb LB IER Th b E. aerogenes
HU-101, Lb. delbrueckii, & A AT E O Rh.
sphaeroides RV, Eh. sphaeroides. No.T % Ji}

Glucose

.

Facultative anaerobe

.

Photosynthetic bacteria

<~

H: 4+—

The model of biohydrogen production

Sun beam

Fig. 1

-
4

> W,{ s I" A
F.aerogenes HU-101

Lb.delbrueckir

WTIREE#ETo 7. FNEFNLOHMAEGHET

DiRE T L.

(3) Hraelh
1) E. aerogenes HU-101
LB ##i(Table 1) 2 Hftissh & L CTHEAI L,
pH6.3, 0CTHAEL:. ZOWIEy T LMD
HEE P % 479 AR AR TH B
QAL BWHDHED Wiz, 285y 7L
EEMT7 I ATTHREL, WREAETZ TV, B
el S 472 FeMERHTT 7 b—{IzEEL,
T, BRNRREEESEM T CIZHISTE
7z,
2) Lb. delbrueckii
ki LT GYP £5#i(Table 1 ) @ MV,
pH 6.8, 30T TH 24 BEiE S AE L 72, Z O
137 7 LR E M o0 e o 5 PR AR SR A
THhhH, 1molDF )N a—AH5 2 mol DIFLAE
eEBZEDTELREIMEMETHD.
3) Rh. sphaeroides RV - Rh. sphaeroides No.T
G b aSy £5Hb(Table 1 )% Bvy, pH6.8,
T THEAMEM T TH 3 HE LA, Kol
13, 10000 lux THT- 7z, AL {0 I 6% 14 6 A Wl
BT, =bhoy+—¥ReALTED, AR
PoOKFEEFEETHIEHNTES, RVIZEIZLL
B - BERRR L35, ZHUIHL, NoTiE7T
V= LEER AR TH Y, Ty /-
VERTET S,

(4) KFEIEH IR

1) BonBEEEYPIZEENLERYEAD TV T—
RAETNIEE % 2 HINEOKFFEE M« BET
Lz,

2) IREHAEIZ & B HrAE:

Rh.sphaeroides RV

Fig.2 SEM image of applied bacteria
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Table 1

Composition of LB medium

Composition of GYP medium

The composition of maintenance media

Composition of aSy medium

reagent wi(g) reagent

Glucose 10 Glucose
Triptone 10 Yeast extract

" Yeast extract 5 Bacto peptone
NaCl 5 Sodium acetate
KH;PO, 174 MgSO,
K:HPO, 13.6 MnSO,°nH0
distilled water 1600ml FeSO,* 7H.0

NaCl

distilled water

“4— Irradiated 10000)ux for Rh.sphaeroides RV

Cell harvest

<4— 9000r.p.m., 4°C. 16min

“4— Basal medium(Table 2)

Facultative anaerobes bacteria 0.D.=0.3
Photosynthetic bacteria O.D.=1.5

Co-immobilized
<4— LB or GYP medium
“4— GL medium

Hydrogen production
expeniment

Products analysis

Fig.3 Scheme of biohydrogen production process

“4— GG medium

<4— GC.HPLC

TRTCOREBELERDOEREIL Fig. 307
g—Fx— FCiTo/z. $abb, WTFhoik
{ pre-culture & LTHEFIZEDERMD 7 = —

Table 2

Composition of Basal medium

Composition of Vitamin solution

wi(g) reagent wi(g)
10 (NH.):SO, 1.25
10 Disodium Succinate 9.8
10 Yeast extract 1
10 KH,PO, 0.866
0.1 K:HPO, 0.733
1 MgSO0, 0.098
1 CaCl2.2H,0 0.099
1 Vitamin solution 10ml]
1000ml Inorganic solution 10ml
distilled water 1000ml

S

Fixation of bacteria
100mi of microhial suspension was fixed into agar
in 200ml of roux flask

Fig. 4

IR L T viability #8074, RICFDEE
WowEzra oo TEBELY L, Dry weight
Cell 0.75mg/m¢ #{ER LLLTF g% 1To 72,

Fig. 4 IZRT T8, EREREZNALCEHE
kL, ZoiEshEsmos. BEbkaisgs
Tv, BELTOEFEzETE L, BEBISKER
Hresl LT, Table2 1285 &5 7% GG o
M TRKEDREERETo /.

Composition of applied medium

Composition of Inorganic solution

reagent wit(g) reagent wi(g) reagent wi(g)
KH:PO, 0.866  Botin 0.005g  FeSO47H,0 1.18g
K,HPO, 0.733  Thiamin Hydrochloride 5g  Boric Acid 0.28g
MgSO0, 0.098  p-aminobenzoic acid 0.00015g  MnS0;-5H.0 0.227g
CaCl;.2H,0 0.099 Nicotinic acid S5g Na;Mo0,°2H,0 0.075g
Vitamin solution 10ml  Nicotinamide 0,00015g ZnS047H0 0.024g
Inorganic solution 10ml  distilled water 1000ml  Cu(NOs)*3H,0 0.004g
distilled water 1000ml EDTA(2Na) 2.0g
Composition of GL medium Composition of GG medium distilled water 1000ml1
reagent wit(g) reagent wi(g)
D.L Lactate 6.76  Glucose 4.5
Glutamate 0.333  Glutamate 1.87
Basal medium 1000m!  Basal medium 1000mi

36 % 1% (2006)
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Irradiated in

10klux E?%]

) =,

3N NaOH solution

50cm

Fig.5 Bio hydrogen collection

Water bath type of incubater at 40T

Substitution on agqNaOH

Irradiated 10klux for Rh. sphaeroides RV Hydrogen gas was collected by substitution on the aqNaOH
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Fig.6 E. aerogenes HU-101 - Rh. sphaeroides RV
Time course of hydrogen production in co-culture
of 2 type of bacteria.
The maximal yield was 3.15 moles of hydrogen gas

per glucose.
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L # <, 3.11mol/mol glucose & %27,

(3) Lb. delbrueckii - Rh. sphaeroides RV
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Fig.7 E. aerogenes HU-101 - Rh. sphaeroides RV

Time course of hydrogen production in co-culture

of 2 type of bacteria.
The maximal yiels was 3.01 moles of hydrogen gas

per glucose.

Hydrogen production (ml)

120

0 24 48 72 96
Time (h)

E.aerogenes : Rh.sphaeroides RV : Rh.sphaeroides No.7
—o—1:5.0 —8—1:5:1
—a—153 x 155
Fig.8 E. aerogenes HU-101 - Rh. sphaercides RV - Rh.
sphaeroides No.7
Time course of hydrogen production in co-culture
of 3 type of bacteria.

The maximal yiels was 3.11 moles of hydrogen gas
per glucose.

7 b, AEEIT#IL 6.80mol/mol glucose & % b,
pH % 6.8 12 L7-&MlT, WREIHL:. 20k
X DERXDPOBEENOE(E Table3 12, FLa—
ADOREEILE Fig A4t a2 L 7.
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Lb. delbrueckii - Rh. sphaeroides RV
Time course of hydrogen production in co-culture

of 2 type of bacteria.
The maximal yiels was 7.08 moles of hydrogen gas

per glucose.
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Lb. delbrueckii -+ Rh. sphaeroides RV

Time course of hydrogen production in co-culture
of 2 type of bacteria.

The maximal yiels was 6.80 moles of hydrogen gas
per glucose.
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Table3 Change of fixed bacterial weight in agar between
initial phase and 144 hours incubation

The initial The final
(mg/ml) (mg/ml)
Lb.delbrueckii 0.160 0.508
Rh.sphaeroides RV 0.595 9.03

96 120 144

0 24 48

72
Time (h)

Lb.delbrueckii : Rh.sphaeroides RV
—_——1:5 —8—2:5 - - & - -3.35 —H—55

Fig.11 Time course of glucose consumption
Glucose was completely consumed within 5 days.
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Fig.12 Metabolism of glucose by E. aerogenes HU-101
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Abstract
In order to produce H: gas as clean energy source using biomass conversion, we studied on

how the carbon source was converted efficiently by use of our co-culture system of facultative
anaerobes and photosynthetic bacteria. For the first stage, Enterobacter aerogenes HU-101, was
chosen for its rapid hydrogen production from glucose with by-products of organic acids and
alcohols, some of which could be further converted into hydrogen by a photosynthetic bacte-
rium, Rhodobacter sphaeroides RV. The strains HU-101 and RV were co-immobilized in agar
gel, which was pre-cultured in liquid media. Following the pre-culture, the co-cultured gel was
irradiated in 10klux and glucose was converted hydrogen gas wit_h the yield of 3.15 moles of

hydrogen per glucose. The reason for the low yield attributed to the production of alcohols
which were not used by RV strain. By changing the anaerobe to lactic fermenter, we were fur-
ther improving the yield. It was founded that changing Lactobacillus was a significant

improvement. Finally, we succesfully achieved at most 7.08moles H, gas production from one

mole of glucose.
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