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For most photosynthetic organisms, light plays at least two important roles; to supply energy
for biosyntheses and to regulate physiological states of the cells. The quality and quantity of light
changing continuously can be perceived by sophisticated signal transduction systems developed
in these organisms. The photoreceptor phytochrome is involved in the regulation of expression
of many higher plant genes. Phytochrome exists in two photochemically interconversible forms.
In dark grown cells, phytochrome is synthesized as the inactive Pr form that can be converted to
the active Pfr form by light.

The transcription of photosynthetic genes including 8¢S and cabll, encoding the small
subunit of ribulose-1,5-bisphosphate carboxylase/oxygenase and the chlorophyll a/b-binding
protein of photosystem [, respectively, are regulated by phytochrome action. In the aquatic
monocot Lemna gibba, the rbeS gene family consists of 12-14 members, among which SS3USB is
the most abundantly expressed in response to phytochrome action (1). A protein trans-factor,
LRF-1, that binds to a specific sequence {cis element) upstream of SSUSB has been identified in
nuclear exiract of Lemna gibba (2). A iransient gene expression assay system, where a reporter
gene with the regulatory element of SSUSB was introduced into Lemna intact tissue by particle
bombardment showed clear light responsiveness of the gene expression (3).

The expression of another photosynthetic gene psbA, encoding the photosystem I thylakoid
protein D1 was also examined in the unicellular green alga Chlorella (4). psbA is located in the
large inverted repeat of chloroplast DNA. Northern hybridization revealed a characteristic
cycling of accumulation of psb4 transcripts during the synchronized cell cycle regulated by light.
Many mutants with variations in this cycle have been obtained. To characterize each mutation,
it is essential to introduce a reporter gene into the cells to see its expression pattern.

Since no transformation vector is available for Chlorella cells, we screened for viruses
infecting Chlorella cells to establish a host-vector system. So far many large icosahedral viruses
have been found and characterized (5). These viruses possess very interesting features such as (i)
the large linear hairpin DNA genome, (ii) restriction-modification system, {iii) bacteriophage-like
Iytic cycle, and (iv) cytoplasmic replication. Further molecular characterization of the viruses is
now in progress.

We have also established a powerfull way to accumulate genetic information about Chlorelia
celts. Molecular karyotypes for six strains of four Chlorella species were obtained by using an
alternating-field gel electrophoresis system which employs contour-clamped homogeneous elecric
fields (CHEF). Using hybridization techniques, several genes including rb¢S and cadll were
mapped on the separated chromosomes of C. vuigaris C169 (6). Since Chlorella chromosomes are
small enough to separate and isolate individually by CHEF gel electrophoresis under ordinary
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conditions, they should serve as excellent materials to study the fundamental molecular structure

of plant-type chromosomes.
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