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Cyanobacteria are capable of harnessing solar energy and converting it into chemical energy
carbohydrates in oxygenic photosynthesis. Under specific conditions, they can use sola
energy to produce also molecular hydrogen. Cyanobacteria have three different enzymes that
are directly involved in H, production.

Bidirectional hydrogenase (hox) has the ability to function both in uptake and in production of
H,. Bidirectional hydrogenases are pentameric, made of the hydrogenase moiety (HoxYH) and
the diaphorase moiety (HoxEFU). The HoxEFU subunits are homologous to subunits of complex
| of mitochondrial and bacterial respiratory chains. Uptake hydrogenases consisting of HupS
and HupL subunits are present in all nitrogen fixing cyanobacteria strains. The uptake The eff
hydrogenase recycles the molecular hydrogen produced by nitrogenase in nitrogen fixation. temperatL
Nitrogenase produces hydrogen as a byproduct in nitrogen fixation. Mo-nitrogenase is made up 336/3 and
of two parts, dinitrogenase consisting of two subunits each of NifD and NifK, and dinitrogenase

The rate of H, production of the ten best H, producers
discovered during the screening process

O Nodularia AV33
O Nodularia TRO31

O Calothrix 336/3

30 B Calothrix XPORK 5E

Most of the H, producers were N,-fixing mXSPORK 36C
A = . : 25, ostocC o
Nostoc punctiforme ATCC 29133 | fllamentous StralnS, Of 100 beSt pI:OdUC”']g Egﬁgéggglégg;gghum
Nostoc punctiforme ATCC 29133 Ahup. | strains 51 were planktonic, 46 benthic, and 3
Anabaena PCC 7120 | soil/lichen associated. Only 1 unicellular and
Anabaena PCC 7120 AhupL o . .
Anabena PCC 7120 Bhorc | 1 non-N, fixing filamentous strain produced
Anabaena PCC 7120 AhupL /AhoxH H,. The highest H, production rates generally
welothie Becld 33 occurred under microaerobic/light
Calothrix 336/3 | .
Nodularia AV33 | Condltlons-
Nodularia TRO31 Figure demonstrates the rate of H,

- production of the 10 best H, producers The H, production rate of most of
Calothrix XSPORK 36C | discovered during the screening process. lowering the cell density of the culture
Calothrix XSPORK 11a - - .
Calothrix XPORK 5€ | Uptak_e hydrogenase mu(g?nts of Nostoc like Nodularia TRO31 demonstrated diffe
wooworo [ punctiforme AT G density of the cultures did not change or e\

PCC 7120 were used as positive controls in N . : : : :
experiments. to sensitivity to increased light intensity.
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Detection of nifl, nif2 and vnf C
hybridization

Strain Type Origin Habitat Medium

Calothrix 336/3 filamentous L. Engjarvi, Laukilaniaht], benthos Z8X / Southern hybridization of genomic DNA with nifl, nif2 anc
Calothrix BECID 33 filamentous Gulf of Finland, the Baltic Sea benthos Z8X > presence of nifl Mo-nltrogenase in both Calothrix XPORK ¢
Nodularia AV33 filamentous ~ Brackish water, the Baltic Sea plankton Z8XS and absence of nif2 and Vanadium nitrogenase in both stral

Nodularia TRO31 filamentous Brackish water, the Baltic Sea plankton Z8XS . -
, nifl nif2

vnf
Nostoc Becid 19 filamentous Vuosaari, the Baltic Sea coast benthos Z8X

Nostoc XHIID A6 filamentous L. Hiidenves, Kirkkojarvi benthos Z8X ‘ nifD1 nifH1 nifK 1 nifD2 NifK2 vnfDG vnfK

Calothrix XPORK 5E filamentous Porkkalacape, the Batic Seacoast  benthos Z8X

12345 12345 12345 12345 12345 12345 12345
Calothrix XSPORK 11A  filamentous Porkkalacape, the Baltic Seacoast  benthos Z8XS 4 1- Caloth

Anabaena XSPORK 36C  filamentous Porkkalacape, the Batic Seacoast  benthos Z8XS
Anabaena XSPORK 7B filamentous Porkkalacape, the Batic Seacoast  benthos Z8XS

2- Calothrix

' v » - ® 3- Synechocys
- | . ; negative control

-® b 4- Anabaena 7120
The effect of pH on the H, production rate of Calothrix 5- Anabaena varialibi

XPORK 5E positive control

Calothrix XPORK 5E strain did not grow at pH

8.2 and grew relatively SIOWI) At RS Detection of hup and hox genes by Southern

6.8 Calothrix XPORK 5E produced much less hvbridi :

H, compared to that at optimal pH 7.5. - - " . 4y5 6” Ization hoxH hoxY
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The H, production rate of Calothrix 336/3 after f ‘
optimizing the conditions

| manavaenapec 7120 snupt Calothrix 336/3 produced H, in much higher rate in

O Calothrix 336/3
|| mcalothrix 336/3 - - . ; 11 I M—1 Kb ladd
y vials iIncubated In horizontal position with larger M-~ 1 Kb ladder i, 4- Calothrix 336/3 digested 1- Avariabilis ATCC 29413

surface area for light perception, more equal light 2- A.variabilis digested 5- Calothrix XPORK 5E intact DNA 2- Calothrix XPORK 5E
3- Calothrix 336/3 intact DNA 6- Calothrix XPORK 5E digested
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distribution and more intensive mixing of the gas

phase than in vials in vertical position. Southern hybridization of genomic DNA with hup and hox probes showed the presence of
o uptake hydrogenase in both Calothrix 336/3 and Calothrix XPORK 5E, and the presence of
g Chla /i bidirectional hydrogenase only in Calothrix XPORK 5E.
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The temperature effect on the H, production rate In Future perspectives
@23°C | CalOthFIX 336/3
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Most of the superior strains with high H, production capacity, discovered by screening of the
University of Helsinki Cyanobacteria Culture Collection (UHCC), are benthic microorganisms
with high capacity to adhere to the solid substrates. In collaboration with Dr. Tsygankov’s
By iIncreasing the temperature of the H, group (Institute of Basic Biological Problems, Pushchino, Russia) we will apply immobilization
determination assay from 23°C to 30°C the H, and continues culture techniques to these strains in order to further improve their H,

production rate of this strain was stimulated production activity.

almost two fold. We are taking a systems biology approach to characterise these strains in detail for
maximising the H, producing capacity. The sequencing of the genomes of the two novel
‘superior’ strains, will be performed by submission them to the next-generation sequencing
Hg Chifm! system SOLiD™ in collaboration with researchers in the Center of Biotechnology (BTK),
Biocity, Turku. In long run, this will give us an opportunity to further improve the H,
production capacity of these strains by genetic engineering techniques.
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