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Abstract

Recently, cyanobacteria or “blue green algae’ have been used as hosts to
express several heterologous genes. For example, attemps have been made to
express the mosquitocidal protein genes of Bacillus sphaericus and Bacillus
thuringiensis subsp. israelensis in order to provide an alternative biological
insecticide for control of mosquito populations. They have also been used in the
expression of salmon growth hormone gene in order to produce a feed additive for
fish. However, the level of heterologous gene expression in cyanobacteria 1s very
low when compared with that in E.coli. A possibility to improve the gene
expression is to use an endogenous strong promoter. However, little is known about
what is the promoter sequence in cyanobacteria.

In order to find out what is the promoter sequence of cyanobacteria,
Synechococcus PCC7942 was used as a model system in this study. A promoter probe

shuttle vector, pKG containing the promoterless B-glucuronidase (GUS) gene from E. coli
which was used as a reporter gene, was constructed. Promoter-active fragments of
Synechococcus PCCT7942 were isolated by transcriptional gene fusion to the
promoterless GUS gene. 2.3% and 3.9% of the 640 Synechococcus transformants
expressed high and low GUS activity respectively. Only 10% of these clones could
also express GUS in E .coli. Several of isolated promoters expressed GUS activity
comparable with that of the APy strong promoter.

Promoter-active fragments E3, E4, D13 and D21 were active in both
Synechococcus and E. coli. E8, E10 and E14 were active only in Synechococcus but
not active in E. coli. In Synechococcus, E3 was stronger than the APr promoter,
whereas E10 and E14 were of similar strength. We also observed that light intensity
affected expression of E10.

The transcription initiation sites of D13, D21, E14 and E3, were identified.
The major transcription initiation site of D13 in Synechococcus were located within
a few nucleotides identical to those E. coli. The inferred —10 and —35 regions of
D13 were TAAACT and TTGTAG respectively which conformed to the E. colic?®
promoter. The major transcription initiation site of D21 in E. coli was different from
that in Synechococcus. In E. coli, The inferred —10 and -35 regions of D21 were
TAAGCT and TTAATG respectively which conformed to the E. colic’® promoter.
Whereas, in Synechdcoccus, The infferred —10 region, TACCAA, were found but
not the —35 region. Similar results were observed that upstream of transcription
initiation site of the E14, the inferred —10 region TAGCAT was found, but not the -
35 region. In case of the strongest promoter-active fragment E3, the major
transcription initiation site in Synechococcus were located within a few nucleotides
identical to those E. coli. Immediatly upstream of the E3-GUS transcription
initiation sites was tRNAP® (GGG) gene, which contained two regions exhibiting
strong homology to the major promoter elements in eukaryotic tRNA genes but did
not contain E. coli promoter element. Thus the tRNAP™ gene can act as a promoter.

Several isolated strong promoters from this study could be useful for high
expression of heterologous genes in Synechococcus. Further analysis of these
promoters could elucidate the characteristics of strong promoter in Synechococcus.
The majority of the isolated promoters did not function in E. coli, which indicated
that the promoters were not recognized by sigma factors of o’® class. These
promoters could be used as DNA templates to probe for other uncharacterizes sigma
factors in Synechococcus.
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