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Cyanobacteria are photosynthetic prokaryotes that have been used as model organisms for detailed molecular
analysis of oxygenic photosynthesis. Recent DNA microarray analysis showed that the small heat shock protein
(sHsp) HspA is most highly expressed among major heat shock proteins under peroxide stress. However, it is not
known whether it plays a role under oxidative stress. Oxidative stress is generated as a result of incomplete reduction
of oxygen during photosynthesis, and thus it is important for a photosynthetic organism to protect itself against the
stress. In my present study, hydrogen peroxide, one of reactive oxidative species was used in order to understand what
kind of effects it exerts on cells and photosynthetic apparatus, and to evaluate the role of HspA in cyanobacteria under

the oxidative stress.

Effect of hydrogen peroxide on the Synechococcus elongatus strain ECT and ECT16-1

HspA has been shown to bind and prevent aggregation of denatured proteins in vitro. In this study, I showed that
HspA plays a protective role under oxidative stress in the cyanobacterium Synechococcus elongatus strain ECT16-1,
which constitutively expresses HspA. Compared with the reference strain ECT, which does not constitutively express
HspA, ECT16-1 showed much better growth and viability in the presence of hydrogen peroxide. Under the peroxide
stress, pigments such as chlorophyll, carotenoids, and phycocyanins were continuously reduced in ECT, but in ECT16-
1 they decreased only during the first 24 h of stress; thereafter no further reduction was observed. These results

indicate that HspA protects cells and photosynthetic apparatus under the stress directly or indirectly.

Stabilization of phycocyanins by HspA in the presence of hydrogen peroxide
In vivo phenotype studies showed that decrease in the cellular phycocyanin level was suppressed in ECT16-1. In
order to study the effect of hydrogen peroxide on the components of phycobilisome (PBS), I analyzed proteins from

stressed cells by SDS-PAGE. Phycocyanin a, phycocyanin B and allophycocyanins were greatly reduced in the



stressed ECT cell, but in the ECT16-1 the level of these proteins was constant until the end of the 72 h stress period,
after a moderate reduction during the first 24 h period. Non-pigmented linker polypeptides of PBS were more rapidly
lost in ECT than in ECT16-1, and became absent after 72 h in ECT cells. In vitro studies with purified HspA and

phycocyanins further proved that HspA protects phycocyanins in the presence of hydrogen peroxide.

Stabilization of photosystem | (PSI) and PSII by HspA in the presence of hydrogen peroxide

Phenotype studies described above showed that decrease in the cellular chlorophyll level was suppressed in ECT16-
1. The results indicate that degradation of photosystems is suppressed in the strain since chlorophylls are mostly
present in PSI and PSII. The level of PSI and PSII isolated/separated from the peroxide-stressed ECT by sucrose
density gradient centrifugation and blue native-PAGE appeared to be more reduced than that from the stressed ECT16-
1. When purified PSI was incubated in the presence of hydrogen peroxide at 30°C, it was degraded and a degradation
product of PsaB was detected by Western blot analysis. /n vitro studies with purified HspA, a-crystallin, other heat
shock proteins and PSI showed that HspA and a-crystallin, a eukaryotic sHsp, protect PSI in the presence of hydrogen

peroxide.
Conclusion

All my above in vivo and in vitro experiments showed that the target proteins/complexes such as phycocyanin, PSI

and PSII are protected by the small heat shock protein HspA in cyanobacterial cells under peroxide stress.
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