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Figure 2. 4. Effect of inhibitors on H2 production in full light from T. elongatus (a) and 
Synechocystis PCC 6803 (b). ! cell-free control,  cells. Figure b from Burrows et al 
(2010) with permission of the publisher1.  
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
D!This article was published in Bioresource Technology, 2010, Burrows, E., Chaplen, 
F., and Ely, R. Effects of Selected Electron Transport Chain Inhibitors on 24-hour 
Hydrogen Production by Synechocystis sp. PCC 6803, 
doi:10.1016/j.biortech.2010.10.042. Copyright Elsevier (2010). 
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photosystem I (PSI), photosystem II (PSII), succinate dehydrogenase (SDH), 
plastoquinone (PQ), cytochrome b6/f complex (cyt b6/f), cytochrome c553 (cyt c553) 
quinol oxidase (cyd), NADPH-quinone oxidoreductase type 1 and 2 (NDH-1 and 
NDH-2), Ferredoxin--NADP reductase (FNR), and ferredoxin (Fd). Dashed lines 
indicate presumable path of electron flow. The presumable sites of inhibition for the 
inhibitors DCMU, DBMIB, PCP, KCN, and malonate are also shown based on their 
confirmed role in other species of cyanobacteria [45, 126].  
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candidate for the source of H2 is a formate hydrogen lyase (FHL) complex. In this 

system, FHL catalyzes the conversion of formate to CO2 and H2 [70]. T. elongatus, has 
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The research presented in this dissertation contains the first report of H2 

production from T. elongatus. The maximum production rate of 188 nmol H2 mg Chl 

a-1 hr-1 is much lower than the reported values for many other thermophilic organisms 

[35] but comparable to some mesophilic cyanobacteria, such as Anabaena sp. 7120, 

which produce around 260 nmol H2 mg Chl a-1 hr-1 [118, 132]. Responses to inhibitors 

and inability to catalyze deuterium exchange indicate that the process of H2 production 

may be distinct from that associated with a typical bidirectional H2ase.  

T. elongatus was able to grow well on up to 20% CO2 (120 mM DIC)   without 

any prior acclimatization to high carbon levels. Significant differences were observed 

between cultures grown in flasks and in the bioreactors even though similar initial 

equilibrium bicarbonate concentrations were present. Dissolved carbon concentrations 

were constant throughout the bioreactor experiments due to the continuous gas flow, 

while in the flask experiments DIC gradually decreased over time, which may have 

caused differences in the amount of carbon stored. In addition, the bioreactors likely 

experienced self-shading as the cell density increased, thus limiting the amount of 

energy they received. Maximum biomass accumulation occurred in the bioreactors 

with cells grown on 20% CO2, and were about 34% higher than in cultures grown in 

flasks even though culture densities were similar. This is consistent with reports of 

biomass accumulation in Thermosynechococcus sp. CL-1 that also showed higher 

biomass accumulation in cultures grown on CO2 [56]. 
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