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Biological H2 productionBiological H2 production
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European networksEuropean networks

�� Action 818          Action 818          
(1994(1994--98) 98) 
Hydrogenases and Hydrogenases and 
their biotechnological their biotechnological 
utilizationutilization

�� Action 841         Action 841         
(1999(1999-- 2003)            2003)            
Hydrogen biodiversityHydrogen biodiversity

�� 12 countries12 countries
http://h2-ase.szbk.u-szeged.hu



HYDROGEN METABOLISMHYDROGEN METABOLISM

�� ArcheaeArcheae, , EubacteriaEubacteria, , CyanobacteriaCyanobacteria, Algae, Algae

�� EnzymesEnzymes
�� Nitrogenase           Nitrogenase           (N(N22 + 4H+ 4H22 �� 2 NH2 NH44

++))

�� Hydrogenase          (2HHydrogenase          (2H++ + 2e+ 2e-- �� HH22))
�� FeFe onlyonly (pl.(pl. ClostridiumClostridium))

�� [NiFe][NiFe]

�� No metalNo metal ((methanogensmethanogens))



HYDROGENASESHYDROGENASES

�� Redox metalloenzymesRedox metalloenzymes
�� [NiFe] + n [Fe[NiFe] + n [Fe44SSxx] ] 

�� [NiFe] hydrogenases are conserved[NiFe] hydrogenases are conserved

�� Sensitive proteinsSensitive proteins
�� heat, oxygen, proteaseheat, oxygen, protease

�� Biotechnology needs stable enzymeBiotechnology needs stable enzyme



[NiFe]hydrogenases[NiFe]hydrogenases

•• HeterodimerHeterodimer
•• 64kDa + 34kDa64kDa + 34kDa

•• [NiFe][NiFe]
•• insideinside large subunit large subunit 

••

•• 3 x [Fe3 x [Fe44SS44]]
•• in small subunitin small subunit

•• 1414--15 Angstrom apart15 Angstrom apart



Thiocapsa roseopersicinaThiocapsa roseopersicina

�� Phototrophic, purplePhototrophic, purple

�� Grows at < 30 °CGrows at < 30 °C

�� Duplicates in 12 hoursDuplicates in 12 hours

�� Electron donor: reduced Electron donor: reduced 
sulfur compoundssulfur compounds

�� Fixes nitrogenFixes nitrogen

�� Contains at least two Contains at least two 
hydrogenaseshydrogenases



T. roseopersicina stable HaseT. roseopersicina stable Hase

�� Heat Heat 

�� OxygenOxygen

�� ProteaseProtease
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Localization / OrientationLocalization / Orientation
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3D MODELS3D MODELS

�� HydSL onlyHydSL only

�� HupSL onlyHupSL only

�� Hup/Hyd Hup/Hyd 
sharedshared
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Fex-Sx incorporation 

Fex-Sx synthesis 

HypE Fe?

folding of subunitsHypC

HypF (CO, CN)

HypB (Ni)
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Maturation of  [NiFe] hydrogenases



Tn5 mutagenesis: hypFTn5 mutagenesis: hypF

1 kb1 kb

hypFhypF

NotNotIINotNotII

minimini--Tn5Tn5

cyacya

ApaApaII ApaApaIIpM539 (5.3 kb)pM539 (5.3 kb)

cyacya:: adenylate cyclaseadenylate cyclase,, CyaCya: 577: 577 aaaa
HypFHypF: 806: 806 aaaa



H2 evolution by HypF- mutantH2 evolution by HypF- mutant
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HypF minusT. roseopersicinaHypF minusT. roseopersicina
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EU 5th FP: BIOHYDEU 5th FP: BIOHYD



BiogasBiogas



Why anaerobic treatment?Why anaerobic treatment?

• To manage waste and residues effectively

• To control odour

• To generate energy in the form of biogas

• To generate income from selling electricity

• To save on fertilizer

• To install environmentally friendly technology



Feedstock:
manure or

farm residues Anaerobic 
digestion

BIOGAS

FERTILIZER

Principal considerationsPrincipal considerations



Why anaerobic treatment?Why anaerobic treatment?

• To manage waste and residues effectively

• To generate energy in the form of biogas

• To generate income from selling electricity 

• To control odour

• To save on fertilizer

• To install environmentally friendly technology



POLYMERS
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Biogas formationBiogas formation
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Intensification of biogas 
production

Intensification of biogas 
production

Waste Volume
(m3)

Biogas production
(% )

Cattle manure 0.01 180
Cattle manure 0.1 150

Pig manure 0.01 250
Pig manure 1 220
Pig manure 15 200
Pig manure 250 220
Pig manure 10 000 180

Household solid 300 140
Waste water sludge 0.01 170
Waste water sludge 2 500 160



Biomass

Nano-storage

Natural gas

GASFUEL

Thermophilic fermenter

BIOGAS

Energy plants

Gas turbine
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Benefits: clean energyBenefits: clean energy

World CO2 emission

distribution



Benefits: clean energyBenefits: clean energy

Livestock distribution



Why anaerobic treatment?Why anaerobic treatment?

• To manage waste and residues effectively

• To generate energy in the form of biogas

• To generate income from selling electricity

• To control odour

• To save on fertilizer

• To install environmentally friendly technology



Odour controlOdour control

Threshold odour numberThreshold odour number::

�� UndigestedUndigested 250250

�� DigestedDigested 77

�� 33--day storageday storage 440440



Why anaerobic treatment?Why anaerobic treatment?

• To manage waste and residues effectively

• To generate energy in the form of biogas

• To generate income from selling electricity

• To control odour

• To save on fertilizer

• To install environmentally friendly technology



Environmental benefits: 
fiber and fertilizer

Environmental benefits: 
fiber and fertilizer



Various designsVarious designs



Various designsVarious designs


