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Abstract: Microorganisms play a key role in bio-hydrogen producing. Progress in microorganisms produc-
ing hydrogen by anaerobic metabolism is reviewed in recent years in the present paper. The species of mi-
croorganisms producing hydrogen by anaerobic metabolism, and current status of breeding and application
of efficient hydrogen-producing microorganisms were summarized. The hydrogen-production capability,
substrates utilization, and metabolic characteristics of anaerobic and thermophilic hydrogen-producing mi-
croorganisms were summarized especially, the species and metabolic characteristics of thermophilic car-
boxydotrophic hydrogenogenic bacterium were introduced briefly.
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1.1 REEXEEFSHED
111 mHEEREFS/MED: 1)

(Methylomonas albus, M. trichosporium)
(Ruminococcus albus, R. flavefacien)
(Klebsiella)
Methanosarcina barker)

(Methanothrix soehngenii,

Fang DGGE
69.1%
¢ b,
Taguchi
2.36 mol/mol
C. cellulolyticum
(D C. cellulolyticum
H, 8]
2) : ,

a.
(Thermoanaerobacterium) (Therm-
ohydrogenium) (Thermobrachium)

T. thermosaccharolyticum PSU-2
6.25 2.53 mol/mol

60°C, pH
Bl Thermobrac-

hium sp. (62°C, pH 7.2)
1.06 mol/mol (1]
C. thermocellum ,
H, CO, C. thermocellum
, 1.6 mol/mol - c.
thermocellum ,
pH
“ ” , C.
thermocellum
, C. thermolacticum
, 2.1 mol/mol
~3.0 mol/mol (12, 131
b. . Caldicellulosiruptor
saccharolyticus (Thermotoga)
, 90%
C. saccharolyticus EM 1 mol

3.6 mol H,!'¥

x1 BUTRARY-SHRE

Table 1 Clostridium sp. producing hydrogen by converting different substrates

Strains Substrates Conversion rate Reference
Clostridium sp. strain no 2 2o mellE piitol 2]
2.36 mol H,/mol
C. paraputrificum M-21 1.9 mol Hy/mol [3]
C. butyricum 2.78 mol H,/mol [4]
C. Saccharoperbutylacetonicum ATCC 27021 (cad4l4d g /L) 2.7 mol Hy/mol [5]
C. populeti 1.6 mol H,/mol [6]
C. cellulolyticum 1.7 mol H,/mol [6]
C. beijerinckii 1.79 mol H,/mol [7]

© P ERFERME DT T : )
http://journals.im.ac.cn/wswxtbcn

AT EE S 4RiEED http://journals. im. ac.cn



1246 wIHg AR 2009, Vol.36, No.8

Cellulose

(Cellodextrin,,) and/or Cellobiose

Cellulolysis
Glucose 1-P Glucose and{qr (Cellodextrin,,, )
® SADP
@ Glucose 6-P
Glycolysis 2ADP INAD*
2ATP 2NADH

CO,

NAD™ NADH 2
Lactate -(—\—_L Pyruvate —4‘—) -"'\Cm'*‘m“h.‘_""“

(5)

H, \C Fd,,
@ Fd,.,
Ethanol

P, ACCI)-‘l-COA NADH
@
HS-CoA~er” NAD’ /éNAD”
® a0 NAD'

Acetyl-P Acetaldehyde
D
AP o
ATP
Acetate

1 C.cellulolyticum ¥ 44 R4E L h R EE = RO R 52 R
Fig. 1 Conversion of cellulose into fermentation products by C. cellulolyticum™
c 1 ;2 ;93: ;4 ;50 L- ; 6: -
3 7 ;8 3 9: 3 10: ;11 s AL ; B:
Note: 1: Cellulosome hydrolysis; 2: Cellodextrin phosphorylase and cellobiose phosphorylase; 3: Glucokinase; 4: Phosphoglucomutase; 5: L-LDH; 6:
PFO; 7: Hydrogenase; 8: Phosphotransacetylase; 9: Acetate kinase; 10: Acetaldehyde dehydrogenase; 11: ADH (EC 1.1.1.1); A: PDC; B: ADH.

maritima  T. neapolitana

T. elfii 3.3 'mol/mol T, (21]
neapolitana , , T. neapolitana  T. maritime
2.2 mol/mol [1e]
’ H,
(7 ’
a-1,4, a-1,6 , , [22,23]
( ),
B-1,4, B-1,3 B-1,6 R T. maritima
( ( ABC ) ,
) [17] van [24, 25]
Ooteghem ™  T. neapolitana c.
(Thermococcales),
T. elfii  C. saccharolyticus
[19.200 " (Pyrococcus)

) . © FERZFRMEDHA RS TEESHEEL http://journals. im. ac. cn
http://journals.im.ac.cn/wswxtbcn



1247

(Thermococcus)?2 , ( ) N-
(8% -p-D-
HSS,
, T. litoralis )
Tamotsu Kanai ¢ T. kodakaraensis
KODI ( 2) [29]
, T. kodakaraensis KOD1
0.8 59.6 , P. furiosus 2
mmol/(gdw-h) T. kodakaraensis KOD1 NAD(P) (Hyhl, Hyh2)  B%
, EM , [NiFe] T. litoralis 1
, [NiFe] (Hyhl) ,
(Hyh2) T. litoralis
7] ) T. litoralis
) E. coli
P. furiosus ,
0.40~65 80
mmol/(gdw-h)**! , E. coli
, P. furiosus B- , T. litoralis
B-1,3- (31]
ABC , T. kodakaraensis KOD1 d.
| Starch (C, xn) ]
T
1
———————— -|
ﬁmp (C, )MCAP (c1)| MBH

dg, X-

|k d) 2H*

I I’ynwatc (Cs) |

<Reductive Pathway=>

<Oxidative Pathway>

MBH

GDH
NADP 3l
NN staar
NADPH 206 <

Alanine (C,)

POR +('0‘,\ SH

n:\ll

Acetyl- COA+ CO
ADP+Pi
ATP+CoA-SH

ACS

SC ]

7II‘

B 2 T.kodakaraensis 57 #} 1 7 ERES B9 4% 51 1% 12 2

Fig. 2 Proposed metabolic pathway of starch and pyruvate degradation in T. kodakaraensis?®
; 20G: 2- ; Pi: ;

. DHAP:
Fd(ox): ; Fd(red): ; GDH:
; ACS: -CoA ; MBH:

; GAP: -3-
; AlaAT:

; POR:

Note: Dotted arrows indicate reactions covered by multiple enzymes. Abbreviations used are: DHAP: Dihydroxyacetone phosphate; GAP: Glyceral-
dehyde-3-phosphate; 20G: 2-Oxoglutarate; Pi: Inorganic phosphate; Fd(ox): Oxidized ferredoxin; Fd(red): Reduced ferredoxin; GDH: Glutamate
dehydrogenase; AlaAT: Alanine aminotransferase; POR: Pyruvate: ferredoxin oxidoreductase; ACS: Acetyl-CoA synthetase; MBH: Mem-
brane-bound hydrogenase. For some substrates, the numbers of carbon atoms are described inside the parentheses.
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#2 BRI BIMER-—SUKRERETSE

Table 2 Carboxydotrophic hydrogenogenic bacterium and their isolation locales

GenBank
Organism Accession No. Isolation site Habits Reference
Kunashir, Kuril Islands o
Carboxydothermus hydrogenoformans NC_002972 Kamchatka , 68°C,pH 5.5 [32]
Carboxydothermus restrictus Not avialible 2o ISlanfl’ KGR [33]
Archipelago
Carboxydocella thermautotrophica AY061974 Gezyer Valley, Kamchatka ? [34]
60°C, pH 8.6
Thermosinus carboxydivorans AYS519200 Norris Basin, YNP, USA ’ [35]
50°C, pH 7.5
Thermococcus sp. AM4 AJ583507 East Pacific Rise [36]

Caldanaerobacter subterraneus subsp.

Pacificus (formerly Carboxydibrachium AF120479 Okinawa Trough ’ [37, 38]
110°C~130°C

pacificum)
ColEEner Tl B SUINEITEEE EF554599 [<rmmegiet, Tl 15 il [38]
strain 2707
Thermincola carboxydiphila strain 2204 AY 603000 Baikal Lake region [39]
55°C, pH 8.0
Carboxydocella sporoproducens sp. nov. AY 673988 Karymskoe Lake [40]
60°C, pH 6.8
Thermolithobacter carboxydivorans Calcite Spring, Yellowstone
Strain JW/KA-2 DQ095862 NP. 73°C, pH 7.3 (411
3+
Thermincola ferriacetica strain Z-0001 AY631277 Kunashir Island Fe [42]
57°C~60°C, pH 7.0~7.2
CO+H,0—CO,+H, (DG’=-20 kJ) 4 ,
CO/CO;, (3]
(13 2
> b
(X3 7 1 1 ~ & > ’( 2), ,

Caldanaerobacterium subterraneus subsp. pacificus

Cco ,
112 FEHERESSMEM: (Escherichia)
(Enterobacter)
Thermococcus sp. AM4 ,
[36] .
C. E. coli )
hydrogenoformans , [44,45]
(CooS) Ni 4 [4Fe-4S] E. aerogenes
5 ; , 100% H,
[Ni-Fe] , [Ni-Fe] ( E. aerogenes HU-101
NADH: ) H,
C. hydrogenoformans 461 E. cloacae DM11 H,
co -CoA , ( 3.8 mol/mol 7))
CO,, 1.2 AEAFEREY
H2 3 2 ,

i . © PEMFRMEDMARAHTIBRSYHIEL http://journals. im. ac. cn
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, TCA

(Rhodobacter), (Rhodospirillum rubrum),
(Rhodobacter acidophilla),
(Rhodobacter capsulatus), (Thiocapsa
roseopersicina), (Rhodobacter sphaer-

oides), (Rubrivivax gelatinosus),

(Rhodopseudomonas palustris)
[48-50]

2 RHRE S LY kT RN PR
%

2.1 FEMAEIE

( 176

)
22 FERIEEHIE

E. coli 4
N O, I 1
H I
, [Twin ar-
ginine translocation (Tat) protein,
I 1 ]
Tat (52] E. coli
, Yoshida ** hycA
fhiA
(FHL) ,
2.8
hoxEFUYH E. coli ,
3 [44]
2
-NAD (FNR) [Fe]-  (FR)
FR hydA
hydA C. paraputrificum
1.7 P¥ Harada DY
(THL)(C. butyricum )
thl , , THL NADH,
FNR
, FR
Nakayama
(53] C. saccharoperbutylacetonicum strain
N1-4 hupCBA RNA
) 3.1
R , FNR
, FNR
P. furiosus  T. litoralis
T. kodakaraensis KODI,
[26]
, ( )
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, 1.80 mol/g

[56-58]

(25°C~40°C) (45°C~60°C)
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60°C
75°C >

thermocellum

3 RALERE
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60°C
C. [4]
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