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Abstract: Hydrogenase is the key enzyme and plays an important role in the process of biohydrogen production, which is an interesting topic in
this research field. In the paper, the classification of hydrogenase was described. According to lots of research results, the recent reports of

crystal structure and active site structure of the three kinds of hydiogenases, [ Ni— Fe], [ Fe— Fe] and [ Fe— S cluster— free], were quoted

and contrasted. Moreover, some new approach and direction for hydrogenases were indicated. This review is informative and useful. The over
all presentation is good for the relative studies on hydrogenases.
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Table 1 Classification of hydrogenase

(3l

(DN 1\{1 Fe (Ni- Fo),
S (Ni- Fe Se)
() Fee Tl Fe (Fe- Fe), Fe
Fe
(3) [Mdal— free] |[Fe y Nie
=S cluster— free]
2 Fe ,
C0O CN 1999 , Fonte
1931 , cilla— Camps 2l 1. 6A
" 1974 Chen '
, Cohen "
, 2005 Structure
,  Dseulfovibrio gigas, Megaspha-
era elsdenii, Rhizobium japonicum, Chromatium vinosum, H [ Fe-S]
Rhodospirillum rubrum, Thiocapsa rosepersicina, Dseulfo-
vibrio vulgaris ~ [Ni- Fe] C ) H
, Michael ' s
) CN
co [Fe- S] " [Fe- (Fd) : H
Fe] : [Fe- 5] ™
Fe , 2.3 [Fe- S Cluster— free]
co CN ,
Fe [4Fe— 4S] [ Fe— S Cluster— free] (Hmd)
2006 Pilak : 90Ax 50Ax 40A
[ Fe— S cluster— free] )
2.1 [Ni- Fe] , a B
, , Rossmann 006  Pilak "
1995 , Fontecil [Fe— S cluster— free] (Hmd, EC 1. 12.98.
la— Camps  Nature [ Ni- Fe] 2) Hmd
L7101 [Ni— Fe] N- Rossmann
, Desulfovibrio gigas Desul- ; C-
fovibrio fructosovorans Desulfovibriovulgaris Desulfovibrio
desulfuricans  Desulfomicrobium baculatum Hmd Hmd
s Hmd
, Ni Fe M. jannaschii Hmd
H : M. kandleri Hmd
2.2 U-
1998 , Peters Science , M. jannaschit Hmd

[Fe- S] H H



R, %F: SUEBE T R R

325

[16]

s 30 mmol
He/g- drycel]'hm] ,
( Enterobacter aerogenes ) HU
- 101 AY- 2, 58 mmol H,/L-
cultureh  101. 5 mmol H,/L— culture® h,
HU- 101  AY-2

( Ethanoligenens) YUAN — 3T,
27. 6 mmol Hy/g— drycell* h, YUAN- 3

[18]
2

YUAN- 3 HU-

101

(References) :
[1]  Zhu H, Suzuki T, Tsygankov AA, et al. Hydrogen production from tofu

wastewater by Rhodobader sphaeroides immobilized in agar gels [ J].

L8

(91

[ 10]

[11]

[12]

[13]

[14]

[ 15]

[ 16]

[17]

[ 18]

Int. J. Hydrogen Energy, 1999, 24:305- 310.

Lay J J. Modeling and optimiztion of anaerbic digesed shidge conve
iting starch to hydrogen [ J]. Biotechnol. Bioeng., 2000, 68 (3): 269
- 278.

Vigmais P M, Billoud B., Meyer J. Classification and Phylogeny of
hydrogenases [ J]. FEMS Microbbl. Rev. 2001, 25: 455— 501.

Lyon EJ, Shima S, Buuman G et al. UV A blue light nactivation of
the metal free hydrogenase (Hmd) from methanogenic archaea [ J].

Ew J Biochen, 2004, 271:195- 204.

Stephenson M, Stickland L. H. Hydrogenase: a bacterial enzyme actr
vating molecular hydrogen 1. The properties of hydrogenase [ J]. J Bio
chem, 1931, 25: 205- 214.

Chen J S, Mortenson L E. Purification and properties of hydogenase
from Closgridum pasteurianum W5 [ J]. Biochim Biophys Acta, 1974,
371: 283— 298.

Volbeda A, CharonM H, Piras C, etal. Crysal structure of the nick-
el— ron hydrwogenase from Desulfovibrio gigas[ J]. Nature 195, 373:

580- 587.

Peters ] W, Lanailotta W N, Lemon B J, et al. X- Ray Crysal
Structure of the Fe— Only Hydrogenase (Cpl) from Clostridium pas
teurianum to 1. 8 Angstrom Resolution [ J].Science, 1998, 282: 1853—

1858.

Pilak O, Mamat B, Vogt S, et al. The crystal smcture of the
apoenzyme of the iron— sulphur cluster— free hydrogenase[ J]. J.Mol.
Biol. , 2006, 358: 798- 809.

Marr A C, Spencer D J E, Schuroder M. Structural mimics for the
active site of [ NiFe|] Hydrogenase[J]. Coord. Chem. Rev., 2001, 219
- 221: 1055- 1074.

Volbeda A, Montet Y, Vemede Xet al. High— resolution crystalle
graphic analysis of Desulfovibrio frudosovorans [ NiFe] hydwogenase
[J]. Int J Hydogen Energy, 2002, 27: 1449— 1461.

Volbeda A, Fontecilla— Camps JC. Structure— function relatonships
of nickel—- iron sites in hydrogenase and a comparison with the active
sites of other nickel— iron enzymes|[J]. Coordination Chemisry Re
views, 2005, 249(15): 1609- 1619.

Cohen J, Kim K, King P, et al. Finding Gas Diffusion Pathways in
Proteins: Application to O3 and H; Transport in Cpl [ FeFe] - Hydro
genase and the Role of Packing Defeds[ J]. Structure, 2005, 13(9):
1321- 1329.

[D].
: . 2006: 8- 13.

Michael AWW, Stiefel EL Biological Hydrogen Production: Not So
Elementary[ J] . Science, 1998, 282: 1842- 1843.

Adams MWW, Mortenson LE, Chen JS. Hydrogenase[ J]. Biochin
Biophys Acta, 1981, 594: 105- 176.

Xing D, Ren N, LiQ, et al. Ethamoligenens harbinense gen. nov. ,
sp. nov. , isohted from molasses wastewater[ J]. Int. J. of Systematic
and Evolutionary Microbiology, 2006, 56:755- 760.

Defeng Xing, Nanqi Ren, Xie Tianhui, et al. Continuous hydrogen
productionof auto— aggregative Ethanol igenens harbinense YUAN - 3
16th World Hydrogen Energy
Conference. Lyon, 2006 ( Oral presentation) .

in a continuous stired— tank reactor.

( 32 )

[3] MuiukiE, Ohba M, Akao T, et al. Unique activity associated wih non
— imnsedicidal Bacilus thuringiensis parasporal inclusions: i vitro cell
— killing action on human cancer celk[]]. Joumal of Applied Microbr
ology, 1999, 86: 477 486.

[4] S.Okumura, H. Saitoh, T. Ishkawa, N. Wasano, S. Y anashita, K. Kur
sumoto, T. Akao, E. Mizuki, M. Ohba, K. Inouye, IdentiWcation of a
novel cytotoxic protein, Cry45Aa, from Bacillus thuringienss A 1470and
its selective cytotoxic adivity against various mammalian celllines|[ J] .

J. Agric. Food Chem, 2005, 53:6313- 6318.

Toshihiko Akiba, Kazuhiko Higuchi, Eiichi Miaiki, et al. Nontoxic
Crystal Protein fran Bacillus thuringiensis Demonstrates a Remarkable
Structural Similarity to Pore— Forming Toxins[ J]. PROTEINS: Stuc
ture, Fundion, and Bioinformatics, 2006, 63: 243— 248,

Nakamatsu Y, Koike T, Sasaki K, ¢ al. The cadherin— like protein
is essential to specificity determination and cytotoxic of the Bacillud
thuringiersis Cry 1Aa toxin[ J]. FEBS Let, 1999, 460: 38— 390.
Mizuki E, Park Y S, Saitoh H, et al. Parasporin, a human leukemic
cell- recognizing parasporal protein of Bacillus thuringiensis[ J]. Clirr
ical and Diagnostic Laboratory Immunology, 2000, (7) : 625- 634.



