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Abstract

Fermentative hydrogen production at high temperature has been required because of high H2
production rate, high Hs yield and blocking the contamination of feedstock. Thermophile produce
hydrogen with high yield from glucose but the Hs production rate is not high as expected. So we
had been looking for new bacteria that produce Hz at a high production rate at high temperature
and we could fortunately get a new mesophilic bacterium. The bacterium produced Hz at a rate
more than 100mmol L™ 'h™! near at 50°C by way of batch culture and shifted the metabolic
pathway by the shift of the temperature and pH.
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1. TN

R ER LI, KFBAEEEEOM E, KFBIEROM L, MR X EEOHREEST
WZ LR END GTERRACHERITON TS, L LERKERLER CTH D Thermotoga maritima
1Z. 80°CH[EIyEs THGR E D KKFEILER TH 5 4 mol/mol-glucose % ik L TN D A3, /KFEAPER
BEIZ 10 mmol L th ™1 LB <, Biffl 0 OFERIFELN TR, ZhbDEHE L LT, mETOm
WKRIHEIL, BREDO L ) i E L 2VRIEDOREHABIH SN THDINH6THDLEEZ LI
TWD, — ., MR TOKFBAERE ORI X, HOMREENMEONNLTH D LB ST s(1]2l,

Fxlx, TIRTKFRERETLIEHDOARA Y ) —=2 7 %47\, 50°C ORI T 100 mmol L th ™t LA
k&, BIRE (thermophilic bacterium) ¢ 10 %O #E CTAFEEFKAET HHEE (mesophilic
bacterium) (X 1)%#2% Z L IZHIh L7, A TI% Mesophilic bacterium Ok FE A KM 2 T~ 5 7=
D, R & pH D3RKBRAEIZED K ) B % KZT ORI EIT T2 THRET 2,

2. FEBpJrik

Mesophilic bacterium % 16mL ® ABCM =it @his i (GAME 2R 4h) o g 5 il 2 411 .
T H A R S, mIRICIAE S 5 72D REFRIKICHEE T2 30 /7 RilS 45°COmiRMEIZ AL,
TERICIAZRAET 2D OFRIGEER & U, AEEEKITE 1128 L7z YNU #ixdgthz vy, £ okl
RITER 1D LI T TWVB ARERIIBFRS00mL OV ¥ —7 7 — A ¥ —TIT\ K EIE 350mL,
BREEE 30rpm, Ny TR L Uiz, KFBAEEICKIETTREOEEZAL -0 BET 41°C, 44°C,
47°C. 5OCIZRRE L=, i pH ZZNZ4 pH6.0 & pH6.5 & L, i HEMEIC X »> T EIC
o To, FTKFBAEREICKITT pH OFEEZT5 720, H#IRE %2 50°CICFEE L, §57% pH5.5., 6.0,
6.5, 7.0 TEREIT-T-, HEDOSHIITEERRKI v~ N7 77 0 —% AWiz, EREEIZR
JEECTHIE Lz, JEAKEICHEA L, WEEIXERICHN R hoTo720, REERE 4 FICHIRL T
e L7,
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HEA T 25.0 A A R R
Dried Yeast Extract-S 22.0 FoYepisE T3k et
-3 AT A YRk T 0.3 FIEb kst
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1 .Mesophilic bacterium D 5H
Fl. REEEFEFELHKERFEREEICY & HiE

3. %% L %‘g% Temp  Haproduction rate Ha wield
NN . 5 -1 -1 =
3.1 AKRAEEICKITTHRREOKE oo tnnalla) lmelnifencos
pHE.0 44 4.2 1.83
7 2 IFIKBEAEERE & KFBIEE DR EIC 47 119.2 215
LAMBER LTS, K20bbhb k) jf ‘4‘122 E:g
2y FROKRFAEPEREIE pHE.0, pHES DV Lae g4 e i
THIZEBWTH 47TCTRE L 2D, =T 47 1.1 1.42
71119.2 mmol L™th™1 & 91.1 mmol L™ th 20 L 212
TR L, RTKEIEL pH6.0, pHE.5 ——acetate —4@— butyrate
@b‘a—a‘ﬂlj@‘b\f% 50CHhkmEeD ., € 50 - % - -lactate = — @ — ethanol
24 2.22 mol/mol & 2.12 mol/mol T -
72, 2O Z kH 6., Z O Mesophilic 40 [« _e
bacterium TO/KFEAFEIT, 47C~50°CHHT % 0 |
PEbELTWDLEFZ5, @20 7
£72K 2 1T pH6.0 D & & DICHTFEY DHE T
Bamrd, M2nbiiks =2 ) —VTiRE 10 f .
N ERTHIZONTHEMLIZZ ERbr5D, R
&7 LR L RRITIREE A ERT B ok, A ° 4O—d>°—*‘—45 o
PERETIAD LTz, £7-X 312 pH6.5 D L & D BE [C]
RFED OHERE 27~ T, X3 0> L FEEE, FLEE,
TH )= TIE pHB.0 &R UIET 2. pH6.0 D & = DRHEY DOHER

Hol=2v, pHE.S TIEXmAL L R s nr-
ZENbholn, FEXBEOAMET., IBE

—— acetate —€@— butyrate

NERTHIZONTEADT HERLZH D Z 50 - - % - -lactate — A - formate
Enbnrot, — @ — ethanol
4 \TEERIEOHEREE 2R T, K4 L, 0T
B OHEHE X pH6.0 & pH65DEHL LT
b TR BEDP ST E NP5, 2O N0
Z L%, Z D Mesophilic bacterium OA4F i
DFEIRIEN 44CHETHS = L &R LT w2 ¢
W5, 47°CTOREEE W91 pH T
MCOWTHE T, ZHBDZ LMD, = o
@ Mesophilic bacterium OMEFEEFE L, & . ‘ | .
FTUGKBEERE & LA L2V &b 40 42 44 46 48 50
otz WRNMbE L Ro7- 50°CTOH Bl
T X, 2B E CTON DL ER D E R A L
pH6.0 1L 7 F B IZ#H< . pH6.5 X5 FH TH 3. pH6.5 D & & OREEMDOHER
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ST, BEMEL . pH D@V H 2N E OB
TR N ME M 23 8 D 23, 41 CIXEE S L 3
EL poTz, £7= 41°C. pH6.5 ITH DA
DILH BB Y BNFFICEL o728, T ik
PN LTZE IR &N D e o=t L
U7,

PLEDREE NS, Z @ Mesophilic
bacterium IXIEEIZ L D UEIRKE S F K
FloBfbsg, BEMES, pHBAEWEE
SEIEREAWEBAEEET DHAN D D Z
ERbholz, £7- pH6.0 D& X, 47TCE
50°C TARFAEFERE L AKFPRITFE T X 9
IRRER L T o T D REHEEY & FEIRIRE D
{RIZIERE 2BV R oic, ZHUFEBF D
BRI N->T2 4TCHOH A, 50C LD
B HEFE L, ATCORBIPEY T, BN
Lol S % < | 50°C CITXAE N ARE
SN ENRERBETHD LB X
bivd,

3.2 KFAEPEICKITT pH O

F< 3IIKFBAEFERE & KFIRD pHIZ L 5
HB 2R LT D, AKBAEPERE & KFIERIT
Wb pHE.O TiRKEZRDY, EhEh
111.2 mmol L th™1 & 2.22 mol/mol TH o 7=,
ZDZ LB, Z® Mesophilic bacterium (Z
Ko TKFEEZIT O %ot pH6.0 233 LT
WBZ ERDND, 51 iEm L pH @
Bt R~3, X555 pH6.0 Tix, £MEOH
WD AEERENR OV RhoToZ Ebnd,
F£7- pH6.5 TlX, Bifg L =% / — VDA jEE
1T pH6.0 LHFE DV EDL DTy, FRIT
pH6.0 LV %<, 16.2mM AE I N7z, ZDF
N T He il o T2 & L2 6, pH6.5 D
REDKFEINHE T 2.18mol/mol 12729, pH6.0
CIRERIEC R b d, ZTHD D
LD, pHE.0 TRFAFEREE & KB &
{72 o =di . pH6.0 TIZARED X 5 IZ NADH
EHETHREMEME A Lot b £
FEfg - =% ) — L ORHAEFEDIBR CA Lo F
f7s

HCOOH — COz2+ H»
DI INT-Z ERERBRELTSE
2D, FARIOFERTIE, FBUUSNDI
HEYIT pH 23 6.0 £ 6.5 TEFTH L, XI5D
K OCMHRDORARIZZ2 V. pH & DA
BIOBRIZR SN2 o T2, ZOEIZHOWTIE
SILIZBENMLETH D,

AR E¥0 &7 7 A —Fi¥HESS K& 2004 THEAK

09
08 |
07 |
06 |
E o5 |
o
[Te]
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03 41°C pH6.0
O]..o-- a1°c pHe5
. |—%— 44° pH60
0.2 <+ X+ 44°C pH65
—A— 47°C pH60
o1 <=A-- 47°C pHB5
P —@— 50°C pH6O
oﬁ- ++O-+ 50°C pH65
0 1 2 3 4 5

#BEERN]
4. FERUE DR

RIKFREEFREEKFINED pH ITLDHER

pH H. production rate H.yield
(mmol L™" h™") (mol/mol—glucose)
55 33.9 1.96
6.0 111.2 222
6.5 80.4 2.12
7.0 384 1.29
70 — —ill— acetate —X—lactate
60 | —-A&-—formate ---@ - - ethanol
s
£
i
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3.3 D> ICHERE & o bk

RAIVTRERBEEE N7 TV 7 OKRFBNER, KBEREREZ R LT, FENERD72OICHMIZ
L TE 2V, £4 005 Z D Mesophilic bacterium DO/KFEAPEFE L, Enterobacter aerogenes
DNy FEEFED 10 5, BEEEOK 2 [ THLZ ERbnd, T7hbbAtk, HEERETE HITK
FAEEREZB ESEDZ LN TELAHEEEZMD TS,

F4. fhoSTEME & O ik

microorganism substrate Hy yield(mol/ H, production

culture D™’ pH T°C mol-hexose) rate(mmol/L.h) reference
Mesophilic bacterium batch 6.0 47 glucose 2.15 119.2 This study
Thermotoga maritima batch uncontrolled 80  glucose 40 10.0 [3]
Thermotoga elfii batch 74 65 glucose 3.3 2.7 [2]
Caldocellulosiruptor batch 7.0 70  sucrose 33 8.4 [2]

saccharolyticus

E.aerogenes E.82005 batch uncontrolled 38  glucose 1.0 11 [4]
E.aerogenes continuous 0.67 uncontrolled 37  glucose 11 58 [5](6]

HU-101 m AY-2

C.butyricum IFO13949+ continuous 1.0 52 36 starch 2.6 53 [5][6]
E.aerogenes HO-39

ZOFRIF] 2R Lz,
EHRLL L 3TCLL N TORBETH 5,

4 #WE
1. Z® Mesophilic bacterium (2 K % 7/KEAEEDRKEIREIL 47C~50CTh %,
. Z @ Mesophilic bacterium (2 & 5 /K FEAEFE D i pH 13 pH6.0 U TH - 72,
3. Z ® Mesophilic bacterium O K/KFEAEFEFRE L 47°CT 119.2 mmol L™ th™! TH Y |
E.aerogenes D/ FEEED 10 1%, HFEEDOB L Z 25 TH DL Z Ll bho T2, iRk
FIVE (L 50°C T 2.22mol/mol-glucose T&H o 7=,

5 ZEIHK
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