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Senescence is a highly organized process under genetic control that is not only age-dependent,
but is also induced by environmental conditions such as shading, low temperature, dehydration and
pathogen infection. During senescence, chloroplasts and other cellular organelles are dismantled,
and macromolecules such as chlorophyll, lipids, proteins and nucleic acids are degraded. Many
senescence-associated genes (SAGs), which are defined as up-regulated ones during senescence,
have been isolated and characterized. However, many SAGs have functions that remain unknown.

In this study, I describe analysis of expression and physiological roles of SAGs from tobacco
plants. This thesis consists of 4 chapters; Chapter I describes isolation and characterization of Nidin
encoding a protein involved in molybdenum metabolism; Chapter II describes isolation and
characterization of tbzF and thzl7, genes encoding bZIP transcriptional activators; Chapter III
describes promoter analysis of tbzF; Chapter IV describes isolation of TBZF interaction factors by
yeast two-hybrid system.

In Chapter I, I characterized Ntdin, of which transcripts are induced by darkness and during
senescence. Nidin is related to Radish dinl and Arabidopsis sen/. Its product, Ntdin, consists of 185
amino acids, and shows 56.8% and 54.2% similarities to Atsenl and Rsdinl, 1'espectively. It also
shows some similarity with the C-terminal region of N. plumbaginifolia Cnx5, which has a function
in molybdenum cofactor (Moco) biosynthesis. Ntdin-GFP fusion protein was found to localized in
chloroplasts. Transcripts of Ntdin are induced by sulfate and nitrate but not by phosphate. Tobacco
plants expressing an antisense Nidin gene showed decreased molybdoenzyme activity due to a

deficiency of Moco, suggesting that Ntdin functions in Moco biosynthesis.




In Chapter II, I characterized two bZIPs, TBZF and TBZ17, belonging to the LIP19 subfamily.
Transcripts of thzF were detected at high level in senescing leaves and flowers. In contrast, thzl7
transcripts accumulated in aging leaves but not in flowers. In situ hybridization analysis revealed
transcripts of tbzF' and tbzIl7 to be predominantly located in guard cells and vascular tissues of
senescing leaves. TBZF and TBZ17 show 73% identity each other and are located in the nucleus.
Bacterially expressed proteins preferentially bound to DNA fragments spanning A-box/G-box and
C-box/G-box hybrid motifs, and showed transactivation activity in co-transformed tobacco BY?2
cells, confirming that they function as transcriptional activators. These results suggest that TBZF
and TBZ17 are both involved in controlling transcription of genes functioning in guard cells of
senescing leaves and that TBZF bifunctionally acts in floral development.

In Chapter III, I examined whether or not expression of thzF is differentially regulated in
response to different physiological conditions. I isolated a 1740 bp promoter region, and fused it to

the f-glucuronidase (GUS) reporter gene, which was introduced into tobacco plants. Resulting

transgenic plants exhibited GUS activity in the stomatal guard cells of senescing leaves and in
flower buds, and also in ABA- and ethylene-treated young leaves. To identify cis-responsive
regions, four deletion constructs were made and transformed into tobacco plants. GUS assays
revealed that the cis-element for senescence is located on a different region from that for flower
development.

In Chapter IV, I describe identification of genes encoding proteins that interact with TBZF by
yeast two-hybrid screening. Among several clones, one particular clone was found to encode a
protein that predominantly interacts with TBZF, and designated TIP (TBZF interacting protein). TIP
encodes a 13-kD basic protein, which is localized in the nucleus, and is expressed upon water deficit
and during fruit ripening. Expression of TIP homologous was also seen in different tissues and in
respohse to cold, ABA and various other stress treatments.

Based on these observations, I concluded that Ntdin functions in pfoviding molybdenum ions to
senescence-associated proteins such as NR, and that, TBZF, TBZ17 and TIP are key regulators of

multiple genes, of which activation is important for senescence processes.
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