The starvation response of cyanobacteria: survival by chlorosis

When non-diazotrophic cyanobacteria are deprived of combined nitrogen, the cells
bleach, a process known as chlorosis. Chlorosis occurs as a gradual decay of pho-
tosynthetic pigments and cellular proteins. In the completely depigmented state,
the cells nevertheless retain viability and reinitiate growth following the addition
of a combined nitrogen source. Ultrastructural investigations revealed chlorotic
cells as differentiated cells, exhibiting fundamental morphological changes com-
pared to vegetatively growing cells. The chlorosis process is connected to exten-
sive alterations of gene-expression as revealed by 2D-proteome analysis of newly
synthesized proteins. In addition to the global starvation factors NblA, NbIB and
NbIR, the global transcription factor of nitrogen-regulated proteins, NtcA, is spe-
cifically required for the acclimation of Synechococcus cells to nitrogen-
starvation. Furthermore, the cells express a special glutamine synthetase (GInN )
that helps the cells to reinitiate growth following prolonged periods of starvation.

Process of chlorosis in Synechococcus PCC 7942
caused by nitrogen-starvation
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Recently, we could elucidate the mechanism, by which the cells retain
energetic homeostasis during chlorosis: although the cells are visibly
completelydepigmented, they retain a low level of residual photosyn-
thetic pigments and functional photosynthetic reaction centers. We
suggest that in the chlorotic state, cells perform a pseudocyclic "water
to water" electron transport, involving re-oxidation of PSI reduced
ferredoxin via the Mehler reaction. Future studies will focus on the pro-

teolytic processes involved in the transition from vegetative to chlorot-
ic cells.

Model of the chlorosis reaction:
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