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Summary

Summary

Transgenic rice plants were obtained from protoplasts treated
with two plasmids by electroporation. Primary transformants were
selected on the basis of resistance to hygromycin, which was
conferred by one of the co-transferred plasmids. Two plants out of
26 hygromycin resistant plants showed the reporter gene activity
due to another plasmid possessing a chimeric gene consisting of a
promoter region (about 900 bp upstream non-coding strand) of
ORF12 gene (rolC) of Ri plasmid and the coding region for -
glucuronidase (GUS). GUS activity was strong in leaves and roots,
but weak in callus. Colorimetric reaction using the GUS enzyme
always showed the localization of the gene expression to vascular
tissues only. Furthermore, transgenic rice plants possessing the rolC
gene were obtained. Their progeny plants showed the reduction of b
plant height.
Gel shift analysis revealed that sequence specific binding
factors interacting with the S5'-upstream region of the rolC gene
exist in nuclear extracts from both leaves and calli. The binding site
visualized by DNase I footprinting experiments possesses AT-1 box-
like-sequence "ATATTTTTAT", located from -76 bp to -67 bp. In a
further upstream region, an AT-rich region from -203 bp to -164
bp that was protected by DNase | digestion was seen using leaf fci’-;_—
nuclear proteins, but not with callus nuclear proteins. L]
A novel DNA binding protein RCS2 (rolC single stranded DNA
binding protein 2) was identified in the nuclear extract of tobacco

seedlings that interacted with the region from -136 to -111 nt of

the rolC gene promoter. DNA-protein gel shift and competition




Summary

assays demonstrated that RCS2 bound to single-stranded DNA in a
sequence-specific manner. A five-base direct repeat (GCATC) was
shown to be important for the DNA binding of RCS2. South-Western
blot analysis suggested that the size of RCS2 is approximately 43
kDa.

In the rolC promoter, three G-box like elements are found at
-136, -219, and -364 positions. Parsley CPRF2 and CPRF3, which
belong to G-box binding factor (GBF) group, interacted with these G-
box like elements. Rice cDNA clone (RGBF1: rice GBF1) was isolated
from root cDNA library by DNA hybridization using CPRF3 cDNA as
a probe. RGBF1 contains a proline-rich region at its N-terminus and
a bZIP (basic region-leucine zipper) motif at its C-terminus. A high
degree of conservation was detected between the rice cDNA and

GBF group proteins in both regions of the bZIP domain and N-

terminal acidic domain.




General Introduction

General Introduction

Most dicotyledonous plants could be infected with the soil
bacterium Agrobacterium rhizogenes, resulting in the production of
adventitious roots (Moore et al., 1979; White and Nester, 1980).
The phenomenon is a consequence of the expression of genes
contained in the T-DNA (transfer-DNA) of Ri (root-inducing)
plasmid that had been transfered to host cells and become stably
integrated into host nuclear genome. Plants regenerated from root
cultures possessing the T-DNA of the Ri plasmid showed abnormal
morphological characteristics such as wrinkled leaves, short
internodes and reduced apical dominance (Tepfer 1984; David et al.,
1984; White et al., 1985; Cardarelli et al., 1987; Pasqua et al., 1987;
Nakamura et al., 1988). Furthermore, insertion of the rolC gene,
one of the genes in the TL-DNA of Ri plasmid, causes a reduction in
plant growth, loss of apical dominance, and early flowering (Oono et
al., 1987, 1990) Schmiilling et al., 1988). Bacteria expressing RolC
were shown to have a B-glucosidase activity that hydrolyses
cytokinin-glucoside and releases free cytokinins (Estruch et al.,
1991). Quantifications of several plant hormones in rolC containing
plants showed that expression of the RolC protein clearly influences
the metabolism of cytokinins and gibberellins, and in both cases
RolC seemed to reduce the rate of synthesis of these plant
hormones (Nilsson et al., 1993).

The transcriptional level of the rolC gene was greatly different
among organs, the order being roots > stems > leaves (Nakamura et

al., 1988). To investigate the specific site of expression of the rolC

gene in plant tissues, the p-glucuronidase reporter gene (GUS)

S



General Introduction

under the control of 5'-flanking sequences of the rolC gene was
introduced into plants and its expression was histochemically
analyzed. Expression of the rolC-GUS chimeric gene was detected
mainly in phloem cells throughout plant body (Sugaya et al., 1989;
Schmiilling et al., 1989). Variations of the rolC gene expression in
different organs seems to be due to the proportion of phloem cells
in each organ rather than organ specific expression.

In somatic embryogenesis in carrot, the expression of the rolC
gene shows an interesting pattern. Although carrot cells
maintained in a medium that contained 2,4-D did not generate
embryos, removal of 2,4-D stimulated the activity of the product of
the rolC-GUS chimeric gene with the development of somatic
embryos. The expression of the GUS gene was detected as early as
the globular stage. However, suppression of the rolC promoter was
apparent when embryos became disorganized cells in the presence
of 2,4-D. Addition of GA3 to the basal medium did not affect the
formation of embryos nor GUS activity, but ABA suppressed both
phenomena to some extent. The results suggest that 2,4-D may be
indirectly involved in the suppression of the rolC-GUS gene
expression in carrot cells.

Recently, the effects of high concentrations of sucrose on
activation and expression of the rolC-GUS fusion gene were
investigated (Yokoyama et al., submitted for publication). In the
cotyledons and hypocotyls of young tobacco seedlings, GUS activity
increased almost 20-fold with the addition of exogenous sucrose
(400 mM). Since the rolC promoter was not activated by sorbitol,

its activation may be correlated with sucrose metabolism rather

than osmotic pressure. The correlation between sucrose-dependent




General Introduction

activation and phloem-cell specificity of the rolC expression is still
under investigation.

The structural characteristics of rolB and rolC promoters have
been investigated. rolB and rolC share a 1.85 kbp bi-directional 5'-
upstream region. Thus, cis- regulatory DNA elements involving the
cell- or tissue-specific or signal-dependent expression described
above may be located in this region. To characterize the cis
elements, serial deletions of the 5'-noncoding regions of rolB or rolC
were produced and analyzed histochemically using GUS as the
reporter gene. Analysis of the rolB 5'-deletion mutants revealed
that the region from -623 bp to -471 bp (from the translational
start codon) controls the level of rolB expression but not its tissue
specificity (Capone et al., 1991). When the region from -341 bp to
-306 bp was deleted, the tissue specificity was dramatically altered.
Furthermore, Leach and Aoyagi (1991) pointed out that high-level
activity of the rolC promoter required the presence of a sequence
350 bp upstream the site of initiation of transcription. In a related
study, two regions, from -860 bp to -501 bp and from -289 bp to
-230 bp (from the site of the initiation of transcription of the rolC
gene)(Sugaya and Uchimiya 1992), were found to have enhancer-
like activity, whereas a region from -94 bp to +23 bp regulated
phloem-specific expression (Yokoyama et al., submitted for
publication).

The expression of many genes is regulated by transfactors
that bind to cis-regulatory elements. Detection and characterization
of protein(s) that bind(s) to cis-DNA sequences is an important step
towards an understanding of the mechanism of gene expression per

se. To detect such binding protein, a gel-shift assay was performed
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using nuclear proteins extracted from tobacco hairy roots. The
results indicated the presence of a protein that binds to a DNA
fragment containing the region from -95 bp to +23 bp of the rolC
gene (Kanaya et al., 1990). This protein could not be detected in
extracts of tobacco leaves, in which rolC was expressed at low
levels. DNase | footprinting analysis revealed the apparent
protection of regions from -83 bp to -60 bp and from -55 bp to -50
bp (Kanaya et al., 1990). With the wheat germ extract, a different
mobility pattern was observed in the gel-shift assay. Two regions
of the top strand and three regions of the bottom strand were
protected during the footprinting analysis (Kanaya et al., 1991).
One of the two regions in the top strand was a region that was
protected by both tobacco and wheat germ extracts. The DNA
sequence of this region included 5'-AATATTTTTATT-3"' sequence
that is homologous to the AT-box in the 5'-upstream region of the
light-regulated rbcS-3A gene from tomato (Datta and Cashmore,
1989), and the AT-rich motif in the upstream regions of the genes
for leghemoglobin (Bustos et al., 1989), phaseolin (Jensen et al.,
1988) and helianthinin (Jordano et al., 1989).

In addition to the DNA-binding proteins described above, a
single-stranded DNA-binding protein that interacts with a DNA
fragment from -94 bp to +23 bp of the rolC was detected in a
nuclear extract of cultured cells of carrot. Methylation interference
experiments showed that the G residue at position -41 on the
bottom strand between the CAAT and TATA boxes was important
for binding to the DNA (Suzuki et al., 1992).

In the S5'-upstream region of rolC, there are some sequences

that have been identified as binding sites for nuclear proteins (for
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General Introduction

example, tobacco 3AF-1, wheat EmBP-1, and maize Rc and Bc;
Katagiri and Chua, 1992). The relationship between these elements
and the regulation of transcription is presently being investigated.

In this thesis, (Part I) the expression of the rolC gene
promoter in rice plants (graminaceous monocots), (Part II) the
evidence demonstrating the existence of rice nuclear proteins
capable of binding to specific sequences of the rolC upstream region,
(Part III) the presence of sequence specific single-stranded DNA

binding protein, and (Part IV) the isolation of rice DNA binding

protein are presented.
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Part 1|

Analysis of the rolC gene expression in transgenic rice

plants | -3,]:,




Part I. Introduction

Introduction

Recent advances in gene transfer methods have expanded our
understanding of the mechanism underlining gene expression in
higher plants. In dicots, numerous studies concerning gene function
and regulation have been reported from transgenic plants using the
Agrobacterium vector system (reviews by Schell, 1987; Uchimiya et
al., 1989). In contrast, such studies have not been successful in
most monocots, due to a limitation of host range by Agrobacterium.
Recently, the production of transgenic plants has been successful by
direct gene transfer methods in monocots (Toriyama et al., 1988;
Gordon-Kamm et al.,, 1990). Consequently, the analysis of gene
expression in monocotyledonous plants such as rice has become
feasible (Terada et al., 1990; Battraw et al., 1990).

Furthermore, the incorporation of an appropriate reporter
gene such as B-glucuronidase (GUS) provided reliable means for the
analysis of gene expression in higher plants (Jefferson et al., 1987).
The GUS gene is now the most commonly used reporter gene in
higher plants, because it is highly sensitive and can be used for
histochemical detection.

In this thesis, the chimeric gene consisting of the rolC
promoter and GUS coding region was transfered into rice
protoplasts by electroporation. Molecular analysis were conducted

using transgenic rice plants regenerated from the protoplasts.




Part I. Materials and Methods

Materials and Methods

plant material

Suspension cells derived from callus of the mature embryo of
rice (Oryza sativa L. var. Yamahoushi) were maintained in a liquid
AA medium (Toriyama and Hinata, 1985). The culture was kept on
a gyratory shaker (100 rpm) at 25°C and subcultured every two

weeks.

Plasmids

A DNA fragment (EcoRIl/ Hindlll; 3.1kb) containing a promoter
region (5'-upstream non-coding DNA) from the ORF12 gene (rolC) of
Ri plasmid, the coding region of the p-glucuronidase (GUS) gene
(Jefferson et al., 1987) and a terminator from the nopaline synthase
gene (Bevan et al.,, 1983), was inserted into the EcoRI/HindlIIl sites
of pUC12. The resulting plasmid was named pUC12-O12-GUS
(Fig. 1).

The plasmid pCH was constructed from pUC12 and a chimeric
gene comprised of the cauliflower mosaic virus (CaMV) 35S
promoter, the coding region of hygromaycin phosphotransferase
(hph: Gritz and Davies, 1983) and a terminator of the nopaline
synthase gene (Fig. 1).

The EcoRIl/HindlIll fragment of T-DNA of Ri plasmid (ORF12;
1.9 kbp) (Oono et al., 1987) was inserted into the EcoRIl/HindlIll
sites of pBR328 (Fig. 7A). The resulting plasmid TM1 was used for
transformation.

A DNA fragment (Hindlll/BamHI; 2.0 kb) containing the maize

Ubi-1 promoter, first exon, and first intron (Christensen et al., 1992)

14




Part 1. Materials and Methods

was inserted into pUC12-BN possessing a structural gene of bar
(Murakami et al., 1986) and a terminator from nopaline synthase

gene, resulting in the production of pUBA (Fig. 7A).

Electroporation and selection of transformants

Suspension cultured cells (4-5 day-old) were incubated in a
enzyme solution containing 2.0 % Cellulase R10, 0.2 % Macerozyme
R10, 0.1 % CaClp¢2H20 and 6.5 % mannitol, pH 5.8 for 2 hr (Toriyama
and Hinata, 1985). Protoplasts were filtered through nylon mesh
(30 um), and centrifuged at 100 xg for S min. Pellets were
suspended in buffer A (0.5 mM MES (pH 5.8), 7 mM KCIl, 4 mM
CaCl2¢2H20 and 0.35 M mannitol), and re-centrifuged. Protoplasts
(1x106 cells/ml) and two plasmid DNA solutions (1 ng/ml each)
were mixed in the buffer A. Hindlll-digested DNA (linear form)
was employed for these experiments. A mixture of DNA and
protoplasts in a plastic cuvette (inter-electrode distance: 0.4 cm)
was subjected to electrical pulse from a 220 uF capacitor charged at
375 V/cm (hand-made product)(Toriyama et al., 1988). After
electroporation, the same cuvette was kept on ice for 10 min.
Protoplasts were then embedded in 1.2 % agarose medium
containing BS salts (Gamborg et al., 1968), 2 % sucrose, 5 % glucose
and 2 mg/l1 2,4-D. After 2 weeks, 50 pg/ml hygromycin B or 10
ug/ml bialaphos were added to the culture medium. After a further
month, growing calli were placed on a medium containing N6 salts

(Chu et al., 1975), 3 % sucrose, 1 mg/1 kinetin and 1.2 % agarose to

regenerate whole plants.




Part 1. Materials and Methods

Preparation of rice DNA

Leaf tissue of rice was ground to a fine powder in liquid
nitrogen using a mortar and pestle. The powdered tissue was
mixed with extraction buffer containing 5 M urea, 0.35 M NacCl, 50
mM Tris-HCI1 (pH 7.5), 20 mM EDTA, 2 % sodium lauryl sarcosine,
0.5 % SDS, and phenol-saturated TE buffer, and an equal volume of
phenol-chloroform-isoamylalcohol (75:24:1, Shure et al., 1983) was
added. The solution was incubated at room temperature, and
stirred gently for 10 minutes. The mixture was phase-separated by
centrifugation at 2,500 xg for 5 minutes at room temperature. The
aqueous phase was re-extracted with the phenol-chloroform-
isoamylalcohol mixture, and the extraction procedure was repeated.
Ether was added to the aqueous phase and mixed gently. The
mixture was centrifuged at 2,500 xg for 10 minutes. The upper
phase, containing the DNA, was removed and 10 M LiCl was added
to a final concentration of 10 %. The DNA solution was centrifuged
at 8,000 xg for 10 minutes at room temperature. The supernatant
was mixed with 2 volumes of 99.5 % ethanol, and DNA was

precipitated, rinsed in 70 % ethanol, and dissolved in dDW.

Preparation of total RNA

Total RNA was prepared from leaves with guanidium
thiocyanate using the method of Chirgwin et al. (1979). Frozen
tissues were ground in liquid nitrogen with a mortar and pestle.
The powdered tissue was homogenized in 4 volumes of GTC buffer,
(4M guanidine thiocyanate, 0.5 N-lauryl sarcosine sodium salt, 25
mM sodium citrate (pH 7.0), 0.1 M 2-mercaptoethanol, and 0.2 %

Antiform A). The homogenate was layered onto a 3.4-ml pad of

16




Part . Materials and Methods

5.7 M CsCl in 0.1 M EDTA and 25 mM sodium citrate (pH 7.0) in a
sealed tube (Beckman 70.1Ti). The sample was centrifuged at
33,000 xg for 4.5 hr at 10°C. The RNA pellet was dissolved in GHCI
solution [7.5 M guanidium hydrochloride, 25 mM sodium citrate (pH
7.0), and 5 mM DTT ], and the RNA was precipitated with ethanol,

then dissolved in DEP-treated water.

Analysis of DNA and RNA

DNA was prepared from leaves of rice plants according to the
method of Shure et al. (1983). DNA (5 ng) was digested with
restriction enzymes and run in a 1.0 % agarose gel. After treatment
of DNA with 0.4 N NaOH, denatured DNA was blotted onto a nylon
membrane, followed by hybridization with probe DNA which had
been labeled with 32P-dCTP using the Multiprime DNA Labeling
System (Amersham). Probe DNA was prepared as follows: the
Pvull/Hpal (420 bp: 5'-upstream non-coding region of rolC
gene)(Slightom et al. 1986) fragment of pUC-O12-GUS (Fig. 1) was
cloned into the Smal site of pUC12, resulted in the production of
pUC-0O12-p420. The EcoRIl/Hindlll fragment (460 bp) of pUCI12-
O12-p420 was used as a probe for hybridization.

Total RNA (20 pg) was also fractionated by electrophoresis
using the 1.0 % agarose gel, and was blotted onto a nylon
membrane. The membrane was hybridized with the radio-labeled

DNA of the GUS gene coding region.

Fluorometric GUS assay
GUS activity was determined by a fluorometric assay(Jefferson

et al., 1987). For quantitative determination of GUS activity, leaf,

17




Part I. Materials and Methods

root, and callus tissue of rice were homogenized in an extraction
buffer [SO mM NaH2PO4 (pH 7.0), 1 mM EDTA, 0.1 % Triton X-100,
0.1 % sodium lauryl sarcosine, and 10 mM dithiothreitol] using
Eppendorf tubes and a glass pestle with quartz sand. The
homogenate was centrifuged at 7,000 xg for ten minutes at 10°C.
The supernatant, containing soluble protein, was used for assays of
GUS activity. The assays was performed in 500 ml of an extraction
buffer containing 1 mM 4-methylumbelliferyl glucuronide (4-MUG).
After 60 minutes, 100 ml of the assay mixture was diluted into 2
ml of 0.2 M NaCO3. The fluorescence at 455 nm was determined on
a spectrofluorometer using excitation wavelength of 365 nm. The
protein concentration of extracts was measured using the Bradford

assay (Bradford, 1976).

GUS histochemical staining

Histochemical assays were performed using X-gluc (5-bromo-
4-chloro-3-indolyl-B-D-glucuronide) as the substrate. Plant tissues
were cut using a razor blade. After fixation in a solution consisting
of 0.3 % formaldehyde, 10 mM MES (pH 5.6), and 0.3 M mannitol,
samples were incubated in X-gluc solution [1 mM X-gluc and 50 mM

NaPO4, pH 7.0] for 3 to 16 hours at 37°C.

PCR analysis

Leaf extracts were prepared according to the method of
Edwards et al.(1991). The 2.5 ul aliquots of extracts (A260=1.0)
were added to 47.5 ul of the reaction mixture for PCR [400 uM each
dNTP, 0.2 uM each primer, 2 mM MgClp, 10 mM Tris-HCI (pH 8.3),
50 mM KCl1 and 0.5 ul'l of AmpliTag DNA polymerase (Perkin Elmer

18
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Part I. Materials and Methods

Cetus, U.S.A.); final concentrations]. Synthesized primers
corresponding to the 5' and 3' termini of the rolC gene were used in
the reaction (5'-ATGGCTGAAGACGACCTGTGTT-3' and 5'-
TTAGCCGATTGCAAACTTGCAC-3', respectively). The temperature
cycle for amplification of rolC was 94 °C for 2 min, 60 °C for 2 min,
and 72 °C for 3 min, followed by 39 cycles of 94 °C for 1 min, 60 °C
2 min, and 72 °C for 3 min. The final extension was carried out at

72 °C for 15 min. The reaction mixture was loaded onto agarose gel.

Analysis of Tj1 generation of rolC rice

Seeds (T1 generation) obtained from self-pollinated Ty
transgenic plants were imbibed with water for 2 days at 30 °C.
Then germinated seeds were transfered to soil in pods. Plants were
grown under glasshouse conditions of 20 °C — 25 °C and a day
length of 14 h. After three weeks from germination, the heights of

plants were measured.
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Part I. Results and Discussion

Results and Discussion

Establishment of transformants

We attempted to transform rice protoplasts with two
plasmids, pCH and pUC12-O12-GUS. We were able to obtain several
hundred hygromycin resistant calli, from which 26 plants were
regenerated (Table 1). All plants thus obtained appeared to be
albino. Every plants were able to grow in the medium containing
50 ng/ml hygromycin sulfate for successive selections.

Fluorometric analysis of GUS activity in the transgenic plants
revealed that two plants expressed foreign gene products.
Shimamoto et al. (1989) also reported co-transformation of rice
protoplasts with the hygromycin B resistant gene and a CaMV

promoter-GUS fusion gene.

Presence of foreign DNA
Analysis of DNA was made using leaf tissues of two |
transformants. Total DNA was digested with EcoRI/Hindlll. As
seen in Fig. 2, several bands (2.2, 3.8, 7.0, and 8.2 kb), which g
hybridized to a probe DNA containing 420 bp S'-upstream non- v
coding region of rolC gene, were obvious in one of the transgenic
rice plants, suggesting random integration of a foreign gene. Similar

DNA blot patterns were observed in other transformants .

Expression of a foreign gene
GUS activities directed by the 5' non-coding signal of rolC
gene in leaves and roots of rice transformants were significantly

higher than in the control (Table 2). Unlike transgenic tobacco

20




Part I. Results and Discussion

plants possessing the same chimeric gene, organ-related-activation
of GUS genes (i.e. roots > leaves) (Sugaya et al., 1989) was of
vascular development in monocots and dicots. On the other hand,
GUS activity was weaker in the callus induced from a root of a
transgenic plant, than in leaves or roots of that plant (Table 2).
Thus the expression of the rolC gene promoter was activated in
leaves and roots, but suppressed in dedifferentiated callus. In
carrot, GUS activity in callus was at a low level, but the activity in
somatic embryo differentiated from callus was higher (Fujii and
Uchimiya, 1991). The results suggest that the regulation of the rolC
gene promoter is related to differentiation.

To verify that the observed GUS activity is due to specific
expression of the rolC gene promoter but not caused by some
spurious activation due to other factors, RNA was isolated from
leaves and analyzed by a Northern blotting experiment (Fig. 3). In
transgenic rice leaves, a band was observed, but no signal was seen
in the non-transformant. The size of a band of transgenic rice was
shorter than the band detected in tobacco. However, Southern
blotting analysis showed that the GUS 3' coding region and nos
terminator were integrated intactly. The result presented here may

be due to post-transcriptional regulation in rice.

Histochemical analysis

In order to see sites of gene expression directed by the rolC
promoter, 5-bromo-4-chloro-3-indolyl-g-D-glucuronic acid was
given to tissues of transgenic rice. Results observed in leaves %
indicate that GUS was located only in vascular tissues (Fig. 4b).

Such expression was not seen in control plants (Fig. 4a). The leaf
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Part I. Results and Discussion

sheath was then dissected to evaluate GUS expression at the cellular
level (Fig. S, a-d). Blue coloration was limited only to the region
where phloem cells were organized. Similar analysis was also made
using roots (Fig. 6). Cellular localization of GUS expression was the
same as observed in the leaf sheath. Using transgenic tobacco
plants possessing same promoter-GUS fusion gene, Sugaya et al.
(1989) reported phloem cell specific expression of the rolC gene
promoter of Ri plasmid. Therefore tissue specific expression of the
rolC gene promoter was proven to be the same both in
monocotyledonous and dicotyledonous plants. It would be
worthwhile to investigate common factors (both cis - and trans -)

regulating the rolC gene promoter in higher plants.

Expression of the rolC gene in transgenic rice

To analyze the expression and function of RolC in rice, we
introduced two plasmid, pUBA and TM1 (Fig. 7A), into rice
protoplast by electroporation. Transformed cells were selected by
bialaphos and regenerated into whole plants.

To investigate the presence of co-transferred rolC genes in the
bialaphos resistant rices, PCR analysis was performed using the
primers corresponding to the 5' start region and 3' stop region of
the rolC coding sequence. The agarose gel electrophoresis indicated
that the 540 bp band representing rolC fragment were detected in
four independent transgenic plants (#1, #2, #3, and #5) (Fig. 7B).

To investigate the expression of rolC gene in these
regenerants, Northern hybridization was performed using RNAs
extracted from leaves. Fig. 7C shows that rolC transcript was

detected in three transformants (#1, #2, #3), but not in the #5
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Part I. Results and Discussion

transformant in spite of the presence of the rolC coding region. It
may be due to integration of the rolC gene with inactive form for
transcription. The expression of the rolC gene in mature leaves of
the rolC-transformed tobacco was very weak and almost
undetectable by Northern analysis. However, three transformants
(#1, #2, and #3) showed high expression of the rolC gene in the
leaves. This result may be due to differences in the ratio of

vascular tissues to the other tissues in rice and tobacco leaves.

Morphological analysis in progenies of rolC rice

Transgenic tobacco plénts possessing the rolC gene showed
dwarfness in plant height (Oono et al., 1987; Schmuiilling et al.,
1988). To analyze the effect of RolC protein on the morphological
characteristics of rice plant, plant heights of progenies of rolC rice
were measured. Seeds (T; generation) from self-pollinated
transformants were germinated in the tapped water at 30 °C, then
transferred to soil in pods. After three weeks, plant height of
progenies was measured (Fig. 8). The mean values of plant height
in transgenic rice, which contained bialaphos resistant gene but not
rolC gene (#4), was 25.64 cm. On the other hand, the mean values
of plant height in rolC transformant #2 and #3 were 20.66 and
22.03 cm, respectively. The distributions of plant height in rolC rice
plants were lower than that of #4 plant. The plant height of
seedlings of rice dwarf race Tanginboze is apparently lower than
wild race (Suge et al.,, 1978). Most rice dwarf genes have function
to inhibit gibberellin metabolisms, little endogenous gibberellins
were detected in Tanginboze. Recently, it was shown that RolC

protein influenced the metabolism of cytokinins and gibberellins
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Part 1. Results and Discussion

and reduced the rate of synthesis of these compounds (Nilsson et
al., 1993). Thus, the reduction of plant height in rolC rice seedlings
might be caused by alteration of phytohormone balance by effect of
RolC protein.

The rolC gene product affects other morphological alteration,
such as reduced apical dominance and miniaturized flowers (Oono
et al., 1990). However, no drastic alterations in phenotypes were
observed in T generation of the transgenic rice plant expressing

the rolC gene. Further analysis of RolC activity in the progenies of

such transgenic rice plants is needed.




Table 1. Summary of DNA transformation resulted in the

production of transgenic rice plants.(1)

No. of No. of No. of
Experiments HmR clones HmR plants
HmR clones producing expressing
plants GUS
1 495 24 1
2 310 22 1

(1) In each experiment, 2.5x100 protoplasts were employed.
HmR: hygromycin (30 ng/ml) resistance.

GUS: B-glucuronidase.




Table 2. GUS activity in transgenic rice plants.(1)

Activity [4-MU p mol/min/mg protein](2)

Plants
Leaves Roots Calli
Control 3.4 7.9 12.4
Transformant 1 458.8 3871 29.8
Transformant 2 1855.0 188.0 —

(1) 4-methyl-umbelliferyl-g-D-glucuronide was used as a

substrate.

(2) 4-MU: 4-methyl-umbelliferon.
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Fig. 1. Physical map of pUC12-O012-GUS and pCH. Ol12-pro:
upstream-non-coding region of ORF12 gene (rolC)(Slightom et al.
1986). GUS: a structural gene of bacterial B-glucuronidase
(Jefferson et al. 1987). NOS-ter: terminator of nopaline synthase
gene (Bevan 1984). CaMV-35S-pro: 35S promoter of cauliflower
mosaic virus (Gardner et al. 1981). hph: a coding region of
hygromycin B phosphotransferase (Gritz and Davies 1983).

E: EcoRl. H: Hindlll. Numerals in parenthesis indicate kb.
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Fig. 2. An autoradiogram of DNA prepared from leaves of normal
and transgenic rice plants. DNA fragments (460 bp) containing S'-
upstream non coding region of the rolC gene was used as a probe.
1: a transformant, 2: a control plant, 3-5: x1, x2, xS copy
reconstruction of EcoRl/Hindlll fragment of pUC-O12-p420 (Details
in the Materials and Methods).
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Fig. 3. Northern blot analysis of the rolC-GUS gene in transgenic
rice plants. Lane 1: leaf midribs from tobacco plants containing
CaMV35S-GUS gene, and rolC-GUS gene (lane 2). Lane 3:
untransformed rice leaves, Lane 4: rice leaves of transformed rice.
Total RNA (20 ng) was applied to each lane.
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Fig. 4. Histochemical observation of GUS gene expression in leaf of
rice plants. (a): a leaf of an untransformed rice, (b): a leaf of a
transgenic rice plant. Note: Blue coloration indicates the sites
phloem cells where GUS enzyme is present. 5-bromo-4-chloro-3-
indolyl-g-D-glucuronic acid was used as a substrate.
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Fig. 5. Histochemical localization of GUS enzyme in leaf sheath of
transgenic rice. (a): dissected leaf sheath of transformed rice, (b),
(c), and (d): cross-sections of leaf sheath of a transformant.
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Fig. 6. Expression of GUS gene in roots of rice plants. (a): a control
plant, (b): a transformant, (c): a cross section of a transformant.
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Hindlll Bglll BamHI Sacl EcoRI
intron1 [ICEJEMINOS—
0.97 1.01 0.68 0.26
PUBA (5.6 kb)
\ J

primerA primerB

TM1 (5519 bp; insert fragment 1858 bp)

Primer A: 5-ATGGCTGAAGACGACCTGTGTT-3'
Primer B: 5"“TTAGCCGATTGCAAACTTGCAC-3'

Fig. 7. PCR analysis of rice plants transformed by pUBA and TMI.
(A) Diagram of pUBA and TM1. pUBA consists of a 0.97 kb maize
Ubi-1 promoter (Christensen et al., 1992), a 1.01 kb maize Ubi-1I
intron 1, a 0.68 kb bar (bialaphos resistance gene) coding region
(Murakami et al., 1986), a 0.26 kb nopaline synthase 3' polyA
region (NOS) and a 2.6 kb derivative of plasmid pUC12. Numerals
indicate kb. TMI1 consists of a 1858 bp HindIll/EcoRI fragment
containing the rolC gene and a 3661 bp derivative of plasmid
pBR328. Large arrow indicates the open reading frame 12 (rolC).
Small arrows indicate PCR primer.
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(B) PCR analysis of transgenic rices. PCR was performed with rolC
primers. Lane 1, rolC transformed tobacco, lane 2 to 6,
transformed rice #1, #2, #3, #4, and #5 respectively, lane 7,
untransformed rice. All transformants (#1-#5) are bialaphos

resistant.
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(C) Northern hybridization of the rolC gene in transgenic plants.
Lane 1, non-transformant; lane 2 to 5, transformed rice #1, #2, #3
and #5, respectively; lane 6, transgenic tobacco containing CaMV
35S-rolC gene. Total RNA (20 ng) from leaf was applied to each

lane.
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16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Plant Height (cm)

plant hight (cm)
Control #4 39 25.64 +0.50
Transformant #2 39 20.66 +0.26
Transformant #3 40 22.03 +0.36
Fig. 8. Analysis of variance for the plant height of transgenic rice "'
plants.
(A) Distribution of plant height in T; population derived from self- 4

crossed transformant. Plant height was measured at 3 weeks after
germination. Control #4; transgenic rice possessing bialaphos

resistance gene, but not the rolC gene. Transformant #2 and #3; g
transgenic rice expressed the rolC gene. Plant designations are the f
same as those in Fig. 7B. (B) Mean values of plant height.
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Interaction of rice nuclear proteins with S5'-upstream

region of the rolC gene




Part II. Introduction

Introduction

Transcriptional regulation of eukaryotic gene expression
depends largely on the interaction of cis-acting promoter elements
with trans-acting protein factors that bind to these regulatory DNA
sequences (reviewed by Dynan and Tjian, 1985; Maniatis et al.,
1987; Ptashne, 1988; Dynan, 1989). In yeast and animal systems, a
large number of proteins capable of binding to cis-acting elements
regulate the transcription of various genes (Jones et al., 1988;
Mitchell and Tjian, 1989; Lewin, 1990). Recently, the presence of
several regulatory elements in plants have been reported
(reviewed by Schell, 1987; Willmitzer, 1988; Benfey and Chua,
1989). Furthermore, trans-acting factors have also been identified
in higher plants (Tabata et al., 1989; Katagiri et al., 1989; Singh et
al., 1990). In the previous chapter (Part I), I presented the
evidence that expression of the rolC gene promoter in transgenic
rice is mainly in vascular tissues of leaves and roots, but not in
callus tissues. These results may indicate the presence of tissue
specific trans-acting factors which might associate with the 5'-
upstream region of the rolC gene.

To identify DNA-binding proteins related to the tissue specific
expression of the rolC gene in rice plants, nuclear proteins

interacting with 5'-upstream region of the rolC gene were analyzed.
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Part II. Materials and Methods

Materials and Methods

Preparation of nuclear proteins

Nuclear extracts were prepared from 2-3 week-old rice (Oryza
sativa L.) leaves and suspension cultured callus. Protein was
isolated essentially as described by Dignam et al. (1983).
Experiments, otherwise mentioned in the texts, were carried out at
4°C. Rice leaves and callus were frozen in liquid nitrogen, and
homogenized with a mortar and pestle. The fine tissues suspended
in 4 volumes of buffer A [0.5 M hexlenglycol, 25 % glycerol, S mM
CaClp, 0.25 M sucrose, 10 mM Tris-HCI (pH 8.0), 0.5 mM spermidine,
20 mM p-mercaptoethanol, and 1 mM phenylmethyl-
sulfonylfluoride (PMSF)] were homogenized with a dounce type
homogenizer. After filtration through a mesh (63 um), the filtrate
was centrifuged (1,000 xg, 5 min.). The crude pellet was dissolved
in buffer A containing 0.5 % Triton X-100 and incubated for S
minutes. After a centrifugation, the precipitate was washed three
times in buffer A by centrifuging for 5 minutes at 1,000 xg each
time. The pellet fraction containing nuclei was suspended in buffer
B [10 mM Tris-HCI (pH 8.0), 5 mM EDTA, 5 mM MgCly, 25 % glycerol,
1 mM PMSF, and 1 mM dithiothreitol (DTT)] and filtered through a
mesh (37 um). To this mixture was added 0.11 volumes of 4 M NaCl
with gentle stirring for 1 hour, followed by a centrifugation
(100,000 xg, 30 min). The supernatant was then dialyzed in buffer
C [10 mM Tris-HCI (pH 8.0), 100 mM KCI, 1 mM EDTA, 1mM DTT,
and 10 % glycerol]. After dialysis, precipitated materials were
removed by a centrifugation (25,000 xg, 15 min). The sample was

quickly frozen and stored at -80 °C. Protein concentration was
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Part II. Materials and Methods

estimated by the method of Bradford (1976) using a kit from Bio-

Rad Laboratories.

DNA-protein gel shift assay

DNA-protein gel shift assays were performed essentially as
described by Kanaya et al.(1990). Binding reaction mixture (10 ul
to 20 ul final volume) contained 1 ng DNA probe fragment, 0.5 ng
poly[dIdC]2 or salmon sperm DNA treated 0.5 N NaOH for 1 hour at
100 °C, and 3-5 ng nuclear extracts in a buffer consisting of
20 mM Tris-HCI (pH 8.0), 5 mM MgCl,, 0.5 mM CaClp, 0.1 mM EDTA,
10 % glycerol, 1.2 mM DTT, and 20 mM KCIl. The reaction mixture
was incubated for 5 min on ice before addition of the labeled DNA,
and the incubation was continued for 25 min. In competition
experiments, the unlabeled competitor DNA was added before
addition of the labeled DNA. Reaction mixtures were separated on

8 % nondenaturing polyacrylamide gels in 0.5 x TBE buffer at 4 "C.
Probe DNA fragments were labeled either with [a-32P]-dATP for

filling in the cohesive ends by Klenow large fragment or with [y-

32P]-ATP for kination of the DNA fragment by polynucleotide

kinase.

DNase 1 footprinting

DNA-protein binding reactions were similar to those described
for the gelshift assay, except that the amount of probe DNA and of
nuclear extracts were increased 5-fold. For DNase [ cleavage
reactions, DNase | was added to 5 x10-4 unit/ml and incubated for
30 seconds at 25°C. The reactions were terminated by the addition

of EDTA to 30 mM and immediately applied to a 6 % polyacrylamide
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nondenaturing gel for electrophoresis. The DNA was then
electrotransferred to DE81 paper (Whatman) at 4°C for 6 hour at 60
V. The DE81 paper was exposed to X-ray film. DNAs that were
recovered from the DE81 paper were resuspended in 80 %
formamide 1 mM EDTA and applied to 8 % polyacrylamide
sequencing gels (Maxam and Gilbert, 1980).
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Part II. Results

Results

Gel shift analysis of RC94+23 fragment

In order to understand DNA-protein interactions in the
upstream region of the rolC gene, the gel shift assay was conducted
with RC94+23 (-94 to +23) fragment. The numbering of the
fragment indicates the position of the two terminal nucleotides in
relation to the transcription initiation site at +1.

Using proteins extracted from nuclear fractions of rice leaves,
two retarded bands (complexes of DNA-protein) were observed (Fig.
9A, lane 2). These bands were strongly attenuated by the addition
of unlabeled fragment to reaction mixtures (lane 3 and 4), but were
not affected by the addition of pUC12 plasmid DNA. These results
suggested that specific factors interacting with the RC94+23 exist in
the rice leaf nuclear proteins, and these DNA-protein interactions
were specific to the RC94+23 fragment. When non specific
competitor poly[dIdC] was titrated in the binding reaction, a new
strong band was detected at a low concentration of poly[dIdC] (Fig.
9B, lane 1 and 2).

Similarly, nuclear proteins prepared from suspension cultured
cells were analyzed for binding ability to RC94+23 fragment (Fig.
9C). Five retarded bands were observed (lane 2). The sequence
specificities of such DNA-protein interactions were confirmed by
competition experiments. Four bands (Cl, C3, C4, and C5)
disappeared by the addition of 30-fold non-radiolabeled RC94+23
fragment, but they were resistant to the pUC12 DNA. Thus, proteins
from rice callus also exhibited the specific binding abilities to the

RC94+23 fragment. The migration patterns of C2 and C3 were same
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Part II. Results

as that of L1 and L2, respectively. These bands may indicate the
occurrence of the same DNA-protein complexes. Therefore, the
presence of proteins in both leaves and calli, which bind to the

same DNA fragment was confirmed.

DNase [ footprinting of RC94+23 fragment

RC94+23 fragment was analyzed by DNase [ footprinting to
determine the precise sites of DNA-protein interactions. After
binding reaction with RC94+23 and leaf nuclear proteins, the
mixture was treated with DNase I, and immediately electrophoresed
on a non-denaturing gel. DNAs recovered from protein-bound DNAs
(Fig. 9B, L3) and unbound DNAs (Fig. 9B, F) were separated on a
sequencing gel with Maxam and Gilbert ladders of the same
fragment. On the top strand, the region from -76 to -67 was
protected against DNase I digestion by the binding of the nuclear
protein (Fig. 10A). Although the DNase I footprinting experiments
on the bottom strand were not performed, the nuclear protein may
interact with this region and form a L3 complex.

Fig. 10B. showed the results of a similar experiment using
callus nuclear protein. When DNA recovered from the C1 complex
(Fig. 9C) were electrophoresed, the protected region was found in
-76 to -67. The same sequence "ATATTTTTAT" as recognized with
leaf and callus nuclear proteins, in spite of the different migration

of L3 and Cl1.
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Part II. Results

DNA-protein interactions in the upstream region of RC203-
92 fragment

To investigate the interaction of further upstream region,
RC203-92 (-203 to -92) fragment was used for a gel shift assay.
Using leaf nuclear proteins, a DNA-protein complex was observed
(Fig. 11A, lane 2). However, no DNA-protein complex was detected
in callus nuclear proteins. Thus, factors interacting with RC203-92
fragment may exist only in leaf nuclear proteins.

To verify the specific sequences of RC203-92 fragment
interacting with proteins, DNase | footprinting was carried out.
DNAs recovered from DNA-protein complexes was scarcely digested

by DNase I at the AT-rich region from -203 to -164 (Fig. 11B). The

result of these footprinting experiments is summarized in Fig. 12.




Part II. Discussion

Discussion

Objective of this investigation was to verify the specificity of
DNA-protein interactions using the rolC gene promoter in
monocotyledonous plants. Because the rolC gene promoter
activation was demonstrated in rice plants, the experiments using
leaves and calli of rice were performed to study the DNA-protein
interactions. DNase [ footprinting analysis of RC94+23 fragment
showed the specific DNA region from -76 to -67 which interacts
with nuclear proteins from either leaf or callus tissues of rice
plants. Of special interest is that the same region also interacts with
the nuclear proteins extracted from tobacco hairy roots (Kanaya et
al., 1990), and wheat germ (Kanaya et al., 1991). Therefore,
proteins interacting with this region may exist in various plant
species and tissues.

The sequence (-76 to -67) contains a common sequence,
namely a AT-1 box "ATATTTTTATT", which was reported in the
upstream region of the pea rbcS and cab-E genes (Datta and
Cashmore, 1989). Other homologous sequences with AT-1 box were
noted in the upstream regions of the soy bean leghemoglobin gene
(Jensen et al., 1988), the French bean g-phaseolin gene (Bustos et
al., 1989), and the carrot lipid body membrane protein gene
(Hatzopoulos et al., 1990). These sequences are also known to
interact with nuclear proteins. Thus, the AT-1 box and similar
sequences were widely spread into various gene promoters,
because the sequence interacted with nuclear proteins from various

sources. Although the role of the AT-1 box-protein complex is
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Part II. Discussion

unknown, the AT-1 box-like sequence in the rolC gene promoter
may be a basic element involved in the regulation of transcription.
The nuclear extracts from calli and leaves of rice plants

recognized the same region of the RC94+23 fragment, as the AT-1

box-like-sequences. However, from the gel shift analysis of

RC94+23 fragment, differences were observed in the DNA-protein
complexes between calli and leaves. Such ambiguity can be
explained as follows. One possibility is that the proteins recognizing
the AT-1 box-like-sequences may differ in nuclear extracts of calli
and of leaves. It is a known fact that various DNA-binding proteins
recognize a unique site, such as the octgmer element (Scholer et al.,
1989; Araki et al., 1988). Alternatively, in the case of leaf nuclear
extracts, protein-protein interactions may be crucial for the
formation of DNA-protein complexes. In fact, many nuclear
proteins interact with each other in the regulation of the
transcription (Lewin, 1990). Thus, the latter possibility may be
appropriate to speculate the DNA-protein interaction in the
transcriptional regulation of the rolC gene. That is because the rolC
promoter is highly activated in leaf tissues, but less in callus tissues
of rice plant. However, further analyses remain to be done.

DNase I footprinting analysis of RC203-92 fragment shows that
the specific sequences (-203 to -164) interact with nuclear proteins.
This region is also an AT-rich sequence as the sequence observed in
RC94+23 fragment. The analysis of the transcription activity using
the internal deletion mutants of the rolC promoter in transgenic
tobacco suggested that the region from -196 to -135 was one of the

positive regulatory elements (Yokoyama et al., submitted for

publication). Therefore, the nuclear proteins which interact with
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the sequence from -203 to -164 must be one of the positive
transfactors for the rolC gene expression. This notion may be
supported by the following findings. Gel shift assay of RC203-92
fragment indicated that the proteins interacting with this fragment
existed in leaf tissues, in which the rolC gene promoter was active.
On the contrary, any proteins interacting with this fragment were
not detected in the nuclear extracts of calli where the rolC gene
promoter was not active. As a conclusion, the factors interacting
with this DNA region may play a crucial role in the regulation of
transcription of the rolC gene. Further analysis may be needed in
order to understand the biological significance of the rolC gene

promoter in monocotyledonous plants.
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Fig. 9. Gel shift assay of RC94+23 fragment.

(A) A labeled RC94+23 fragment was incubated with 3 pg of
nuclear extract from rice leaves (lane 2 to 5). Lane 1: no added
protein extract. Unlabeled competitors were added in lane 3 (10-
fold RC94+23), lane 4 (30-fold RC94+23), and lane 5 (30-fold pUC12
plasmid DNA). L1 and L2 refer to complexes formed with leaf
nuclear protein bound to RC94+23 fragment. F is the unbound DNA
fragment.
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(B) The gel shift assay of RC94+23 fragment using leaf extract in
the presence of increasing concentrations (lane 1: 0.1 pg, lane 2: 0.3

ng, lane 3: 1 ng, lane 4: 3 pg) of poly[dIdC] as the nonspecific
competitor.
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(C) Gel shift assay of RC94+23 fragment. A labeled RC94+23
fragment was incubated with 3 pg of nuclear extract from rice
cultured cells (lane 2 to 4). Lane: no added protein extract.
Unlabeled competitors were added in lane 3 (30-fold RC94+23),
and lane 4 (30-fold pUC12 plasmid DNA). Cl1, C2, C3, C4, and C5
refer to complexes formed with callus nuclear protein bound to
RC94+23 fragment. F is the unbound DNA fragment.
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Fig. 10. DNase I footprinting of RC94+23 fragment.

(A) RC94+23 fragment was incubated with leaf nuclear protein and
subsequently treated with DNase I. After electrophoretic
separation of the DNA-protein complexed, DNAs from the complex
(Fig. 9B, L3) and free-probe (Fig. 9B, F) bands were recovered and
applied to a sequencing gel. Lane 1: DNA recovered from F, and L3
complex (lane 2). G, G+A, C+T, and C are Maxam and Gilbert
sequencing reactions. free-probe (Fig. 9B, F) bands were recovered
and applied to a sequencing gel. Lane 1: DNA recovered from F, and
L3 complex (lane 2). G, G+A, C+T, and C are Maxam and Gilbert
sequencing reactions. Letters indicate the sequences protected
from DNase I digestion. Numbers indicate distances from the
initiation point of transcription.
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(B) RC94+23 fragment was incubated with callus nuclear protein
and subsequently treated with DNase I. After electrophoretic
separation of the DNA-protein complexed, DNAs from the complex
(Fig. 9C, C1) and free-probe (Fig. 9C, F) bands were recovered and
applied to a sequencing gel. Lane 1: DNA recovered from F, C1
complex (lane 2), and nonspecific complex (lane 3). G, G+A, C+T,
and C are Maxam and Gilbert sequencing reactions. Letters indicate
the sequences protected from DNase I digestion. Numbers indicate
distances from the initiation point of transcription.
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Fig. 11. Gel shift assay and DNase I footprinting of RC203-92
fragment.

(A) A labeled RC203-92 fragment was incubated with callus extract
(lane 1) and leaf extract (lane 2).

(B) DNase [ footprinting of RC203-92 fragment was performed
using leaf nuclear extract. The complex (lane 1) and free probe
(lane 2) were isolated from a gel similar to that of (A) lane 2.
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Fig. 12. A schematic illustration of the rolC gene upstream region.
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Part III. Introduction

Introduction

In our earlier studies, we identified the sequence-specific
DNA-binding proteins, RC1 (rolC DNA binding protein 1) and RCS1
(rolC single-stranded DNA binding protein 1), in nuclear extracts
that interact with the proximal sequences of the rolC gene promoter
regions (Kanaya et al.,, 1990, 1991; Suzuki et al., 1992). RCl1
interacts with the region from -76 bp to -67 bp, namely AT-1 box,
in a double-stranded sequence-specific manner. Another DNA-
binding protein, RCS1, was capable of binding to single-stranded
DNA in the vicinity of the TATAA box. In this Part, I describe the
novel DNA-binding protein RCS2 that binds to the top strand of the

proximal regulatory sequence of the rolC gene promoter.
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Part II1. Materials and Methods

Materials and Methods

Preparation of nuclear proteins

Nuclear extract was prepared from 10-day-old tobacco
(Nicotiana tabacum L. var. Petit Havana SR1) seedlings grown on MS
medium (Murashige and Skoog, 1962) lacking phytohormones at
25 °C. Protein was isolated essentially as described by Dignam et

al.(1983).

DNA-protein gel shift assays
DNA-protein gel shift assays were performed essentially as
described by Kanaya et al.(1990). Probe oligonucleotides were

labeled with [y-32P]-ATP by T4 polynucleotide kinase.

South-Western Blotting
South-Western blot analysis was performed essentially as

described (Vinson et al., 1988). Nuclear extract was incubated in a

sample buffer containing 15 % glycerol, 2 % SDS, 5 % B-
mercaptoethanol, 60 mM Tris-HCl (pH 6.8), and 10 pg/ml
bromophenol blue for 15 min at room temperature. The samples
were loaded onto 12 % SDS-polyacrylamide gel. Electrophoresis was
carried out using the buffer system of Laemmli (1970). The
separated proteins were then electroblotted onto PVDF membrane
(Millipore, Japan). The membrane was pretreated in blocking
solution (5 % non-fat milk powder, 10 mM Tris-HCI (pH 8.0), SO mM
KCl, 1 mM EDTA, and 1 mM DTT) for 1 h at 4°C. The membranes
were then incubated separately with 32P-labeled oligonucleotides in

the absence or the presence of a molar excess (25-fold) of the
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Part I11. Materials and Methods

competitor oligonucleotides. Incubation was performed for 1 h at 4
°C in binding buffer (0.25 % non-fat milk powder, 10 mM Tris-HCI
(pH 8.0), 50 mM KCl, 1 mM EDTA, 1 mM DTT, 10 mg/ml denatured
salmon sperm DNA, and 1x10® cpm/ml probe DNA). The membrane

was washed three times in the binding buffer without salmon

sperm DNA and probe DNA for 15 min at room temperature.




Part III. Results

RESULTS

Detection of single-stranded DNA binding activity

We carried out 5' deletion analysis using the rolC gene
promoter-GUS chimeric gene in transgenic tobacco plants. Our
results indicated that the region from -153 bp to downstream is
essential for the phloem cell specific expression of rolC-GUS in
tobacco seedlings (Sugaya and Uchimiya, 1992). We also detected a
nuclear protein which binds to the region from -76 bp to -67 bp of
the rolC gene (Kanaya et al., 1990). In the experiment described in
this part, I analyzed nuclear proteins from tobacco seedling for in
vitro binding ability to -136 bp to -111 bp region of the rolC gene
promoter, which was demonstrated to be a critical cis-acting DNA
element.

Figure 13 shows oligonucleotide probes and competitors that
were used in gel mobility shift assays. When Top 1 fragment
annealed with Bottom 1 was used as the probe, no complex was
detected (Figure 14, lane 2). In the case of heat denatured
oligonucleotide probe, three bands of DNA-protein complexes were
observed (lane 4). Single-stranded oligonucleotides designated as
ssDNA was increased by heat treatment. Thus, three bands may
represent complexes formed between the single-stranded DNA and
nuclear proteins.

To test this possibility, I conducted gel mobility shift assays
with single-stranded oligonucleotides probe. Figure 15A shows that
two complexes were formed when the Top I oligomer was
incubated with the nuclear extract. The fast-migrating complex T1

was competed out by excess amount of unlabeled Top I oligomer
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Part III. Results

(lane 3-5). But, the formation of the T1 complex was not prevented
either by the Bottom 1 oligonucleotides or by the SB 1
oligonucleotides (lane 6-11) and by the annealed Top 1-Bottom 1
oligonucleotides (Fig. 15C lane 4). When the excess complementary
oligonucleotides was added as a competitor, the intensity of the T1
complex was slightly diminished (lane 8). This reduced activity
may be caused by the circumstance where the labeled Top 1
oligomer and its anti-strand oligonucleotide Bottom 1 formed the
double strand DNA, designated as dsDNA, before the formation of
the protein-DNA complex. Evidently, the amount of the complex
was decreased. On the other hand, the slower migrating complex
NC was competed out by the presence of unlabeled Top 1, Bottom 1
and SB 1 oligonucleotide, respectively. This retarded band
disappeared when denatured salmon sperm DNA was added as a
nonspecific competitor (Fig. 15C lane 2,3). These data suggest that
the band (NC) was non-specific complex. With the labeled Bottom 1
probe, only the complex NC' was observed (Fig. 15B). This complex

was not also formed in sequence-specific manner.

A direct repeat within Top 1 is important for binding

The Top 1 DNA contains a direct repeat sequence of GCATC
motif with a 7 nt spacer. Thus, to investigate whether nuclear
proteins interact with this direct repeat seqﬁence, competition
assays were carried out by using synthetic oligonucleotides
containing mutations within the repeat sequence (GCATC) of the
Top 1 (Fig. 16). Mutations in either repeat sequence alone inhibited
competitor activity (Fig. 16). Using mutated oligonucleotides as

probes, no retarded bands were detected. These data indicate that
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Part III. Results

the direct repeat sequence within Top 1 DNA is important for the
binding.
South-Western blot analysis

To estimate the molecular weight of the protein forming a
complex with the Top 1 DNA, we performed South-Western blot
analysis (Fig. 17). Using an extract from tobacco seedlings and the
labeled Top 1 probe, we detected a DNA-binding signal at
approximately 43 kDa. This binding was competed by excess Top 1
DNA, but not by its complementary oligonucleotide or non-specific

single-stranded DNA sequences (lane 3, 4).
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Part III. Results and Discussion

Discussion

[ detected novel DNA binding protein RCS2 (rolC single-
stranded DNA binding protein 2) in a nuclear extract of tobacco
seedlings. The binding of RCS2 to single-stranded DNA is sequence
specific. Previously we have identified a single-stranded DNA
binding protein (RCS1) in the vicinity of TATAA box (Suzuki et al.,
1992), but RCS1 and RCS2 have different sequence specificities. For
binding to DNA, RCS2 (43 kDa) requires the presence of two direct
repeat sequences (GCATC) within Top 1 DNA. Takase et al. (1991)
also reported on single stranded DNA binding proteins interacting
with the specific promoter region of the wheat histone H3 and H4
encoding gene. As suggested by Suzuki et al. (1992), short
stretches of single stranded DNA are supposed to be transiently
present in the genome.

Single-stranded DNA binding proteins have been considered
to play an important role in DNA replication(Kuno et al., 1990),
recombination (Edelmann et al., 1989). Although the majority of
reported eukaryotic sequence-specific DNA binding proteins
recognize native double-stranded sequences, other transcriptional
factors possessing binding activity with single-stranded DNA
(Rajavashisth et al., 1989; Kamada and Miwa, 1992). For instance,
SRE-BF recognizes both single-stranded and double-stranded SRE-1
(cis-acting element necessary for sterol regulation), where the
binding affinity of SRE-BF to single-stranded SRE-1 was higher than
that to double-stranded SRE-1(Osborne et al., 1988). Such binding

specificity of SRE-BF to single-stranded SRE-1 closely correlated
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Part III. Results and Discussion

with in vivo ability of SRE-1 to direct sterol responsiveness of
transcription.

Recently, we found that the rolC gene promoter was activated
by sucrose in phloem tissues of young tobacco seedlings (Yokoyama
et al., submitted for publication). Internal deletion studies revealed
that the region between -134 and -94 contained a element
necessary for the activation of the rolC gene promoter by sucrose.
The Top 1 oligonucleotide, which interacted with RCS2, is contained
in the sucrose responsive cis-DNA element of the rolC gene
promoter, however, it is unclear whether these sequences play a
crucial role for the expression of the rolC gene. Therefore, biological
significance underlying the RCS2 and sucrose mediated cis-acting

DNA element, remains to be investigated.
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RC1 RCS1 rolC mRNA

Bottom 1 SB 1

b A1

Top 1  5'-ctaGTGGAGCATCGACAGCCGCATCCATT-3'
1P TR AR e T T T G

Bottom 1 3' -ACCTCGTAGCTGTCGGCGTAGGTAAgatc-5"
Sk -29
SB 1 3' —CGAGGTTAAGCGATTCTCGAGACCTAATATTT-5"

SRR

AT IR D
A L &y

Fig. 13. Schematic representation of the rolC gene promoter. Top 1
(-136 to -111, top strand), Bottom 1 (-135 to -111, bottom strand),
and SB1 (-61 to -29, bottom strand) oligonucleotides were used for

Ny SR P ET

protein binding assay. The bent arrow represents the transcription :
start site (Kanaya et al., 1990). Numerals indicate the nucleotide
distance from the transcription start site. TATA; the TATA box,
CAAT; the CAAT box, RC1; (rolC gene DNA binding protein 1), RCS1;
(rolC gene ssDNA binding protein 1).
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* %

—dsDNA

—SSDNA

Fig. 14. Nuclear extracts from 10-day-old tobacco seedlings were
used for binding analysis using native or heat denatured
oligonucleotides. A probe DNA was labeled by filling in the 5’
overhang after annealing Top | with Bottom 1. For heat
denaturation, the 32P-labeled oligonucleotides mixture was boiling
for 2 minutes and then placed on ice. Lane 1, 3; no nuclear extract,
lane 2, 4; nuclear extract was added. The complexes formed with
DNA probe are indicated by asterisks.
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< Probe: Top 1 >

competitor Top 1 Bottom 1 SB 1

molar excess 5 25 126 6 25 125 5 25 125

12 3 456 7 .89 107

we e We

Fig. 15. Gel mobility shift assays showing strand specific interaction
between nuclear protein of tobacco seedlings and ssDNA of the rolC
gene.

(A) Gel mobility shift and competition assay with end-labeled Top 1
fragment.

Competitions were performed with 5- to 125-fold molar excess of
unlabeled Top 1 (lane 3-5), Bottom 1 (lane 6-8), and non-specific
competitor SB1 (lane 9-11). Lane 1; no nuclear extract, lane 2; with
nuclear extract (3 ng protein).




< Probe: Bottom 1 >

competitor Top 1 Bottom 1 SB 1

molar excess 5 25 125685 25 125 S 25 125

12 3'4°9. 6. ¢ 6.9 18511

NC' — . (-

dsDNA —

- seblleeusle

(B) Gel mobility shift and competition assays with end-labeled
Bottom 1 fragment. Lane 1; no nuclear extract, lane 2; with nuclear
extract (3 png protein).
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(C) Binding of nuclear protein to the Top 1. 32P-labeled Top 1 probe
was incubated with the nuclear extract in the presence of poly[dl-
dC]2 (lane 1), denatured salmon sperm DNA (lane 2), and both non-
specific DNA (lane 3). Lane 4 is the binding reaction in the
presence of poly[dI-dC], denatured salmon sperm DNA and 25 fold
molar excess of unlabeled ds Topl-Bottom1 fragments.
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competitor Top1 M-1 M-2 M-3
molar excess 25 125 25 125 25 125 25 125

12345678 910

@ ®
M 1 5'ctaGTGGAGAAGCGACAGCCGCATCCATT-3'
—_—
® @
M 2 5'-ctaGTGGAGCATCGACAGCCGAAGCCATT-3'
e
i) [] @ ®
M3 5-ctaGTGGAGAAGCGACAGCCGAAGCCATT-3'
— —_—

Fig. 16. Direct repeats within Topl are required for binding. Three
mutated DNA fragments (M1-M3) were assayed for their ability to
interact with the nuclear extract by gel mobility shift assay. The nt
that were changed in mutant M1, M2 or M3 are indicated by the
filled circles and outlined letters. Lane 1; no nuclear protein, lane 2;
with nuclear protein, competitions were performed with 25 and
125-fold molar excess of unlabeled Top 1 (lane 3, 4), M1 (lane 5, 6),

M2 (lane 7, 8), or M3 (lane 9, 10).
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Fig. 17. South-Western blot analysis using 32P-labeled Top 1 as a
probe. The membranes were incubated separately with labeled
Top I in the absence of competitor (lane 1), in the presence of a
molar excess (25-fold) of the unlabeled Top I fragment (lane 2) and
SB 1 fragment (lane 3). The molecular weights of the protein
responsible for position signal is indicated to the right of the panel.
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Isolation of rice G-box binding factor
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Part V. Introduction

Introduction

Gene expression is regulated in part by the interaction
between sequence-specific transcription factors and cis-acting DNA
elements. Recently, a large number of DNA binding motifs in many
plant genes have been characterized. One of these motifs, the G-
box, is defined by the palindromic sequence CCACGTGG. The G-box
sequence has been found to be important for activity of several
promoters regulating genes involved in photosynthesis (Donald and
Cashmore, 1990; Donald et al., 1990; Schindler and Cashmore, 1990),
chalcone synthase (Schulze-Lefert et al., 1989), ABA responsiveness
(Guiltinan et al., 1990; Oeda et al., 1991), and alcohol dehydrogenase
(DeLisle and Ferl, 1990). Recent data indicate that nuclear extracts
from many plant species contain factors being able to interact G-box
and related sequences containing the ACGT core (Giuliano et al.,
1988; Staiger et al., 1989, 1991; McKendree et al., 1990). Indeed,
several cDNA clones encoding nuclear proteins that specifically
interact with G-box core sequence have been isolated. They are
wheat Em binding protein EmBP-1 (Guiltinan et al., 1990), wheat
histone binding protein HBP-la (Tabata et al., 1991), tobacco
transcription activator TAF-1 (Oeda et al., 1991), parsley common
plant regulatory factors CPRF-1, CPRF-2, and CPRF-3 (Weisshaar et
al., 1991), and Arabidopsis G-box binding factors GBF-1, GBF-2, and
GBF-3 (Schindler et al., 1992). Interestingly all these proteins
belong to the bZIP (basic/leucine zipper) family. bZIP motifs are
characterized by a region of basic amino acids that required for

specific protein-DNA interaction immediately N-terminal to a
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leucine zipper that is characterized by several leucine residues
regularly spaced at seven-amino acid intervals (Landschulz et al.,
1988; Vinson et al., 1989). bZIP proteins interacted with G-box
element and G-box like element contain proline rich regions in the
N-terminus, which has been demonstrated to activate transcription
(Schindler et al., 1992).

Three G-box like elements are found in the rolC gene 5'
upstream region. To analyze whether these G-box like elements are

important for the rolC gene transcription, I isolated a rice cDNA

clone encoding GBF protein.
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Part IV. Materials and Methods

Materials and Methods

Bacterial protein extract

A culture of E. coli cells was incubated overnight, diluted 1:40
in Super broth medium [3.5 % polypeptone, 2 % yeast extract, 0.5 %
NaCl, pH 7.5], and grown for 4 hr to early log phase. IPTG was
added to the final concentration to 1 mM, and growth was
continued for 2 hr. Cells were harvested by centrifugation, and the
pellet was resuspended in Buffer A [40 mM Hepes-KOH pH 7.9, 1
mM EDTA, 1 mM PMSF, and 1 mM DTT]. The suspension was frozen
in liquid nitrogen, then thawed rapidly. Lysozyme was added to
500 ng/ml and placed on ice for 15 min. Then, KCl was added to
the final concentration to 1 mM, and incubate at 4 °C for 15 min.
The lysate was centrifuged at 10,000 g for 15 min. The
supernatant fraction was dialyzed against Buffer B [10 mM Tris-HCI
(pH 8.0), 100 mM KCI, 1 mM EDTA, 1mM DTT, and 10 % glycerol].
After dialysis, the extract was centrifuged in a microfuge for 10
min to remove insoluble materials. The supernatant fraction was

divided into aliquots, frozen in liquid nitrogen and stored at -80 °C.

DNA-protein gel shift assays

DNA-protein gel shift assays were performed as described in
part II. Avall/Hinfl fragment (RC275-92) and EcoRI/Hinfl
fragment (RC392-273) of pUC12-C-P2 (Kanaya et al., 1990) are used
as probe DNA.
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Part IV. Materials and Methods

Construction of cDNA library

Total RNA was prepared from seven days old roots of rice as
described in part I. Poly(A)*T RNA was prepared by two rounds of
purification by oligotex-dT30 super (Roche) from total RNA.
Oligo(dT)-primed cDNA for the phage Agtl0 library was constructed
using the Amersham cDNA synthesis kit according to the
instructions of the manufacturer. cDNA ligated into AgtlO was
packaged using Gigapack Gold II (Stratagene) according to the

manufacturer's directions.

Screening of cDNA library

Screening of rice cDNA library was performed according to
Sambrook et al. (1989). Thirty-seven plates with approximately
20,000 plaques were prepared and immobilized on nylon
membrane. Filters were hybridized with CPRF3 (Weisshaar et al.,
1991) in 5x SSPE (50 mM NaHPO4 pH 7.4, 750 mM NaCl and S mM
EDTA), 10x Denhardt's solution, 0.5 % SDS, and 40 ng/ml denatured
salmon sperm DNA, and wash for 2 hr at 65 °C in 2x SSPE and 0.1 %
SDS. Four plaques hybridizing to CPRF3 were purified and

characterized.

Sequencing analysis

cDNA inserts of the A clones were subclone into plasmid vector
pIBI31. For sequencing, unidirectional deletions were obtained
using exonuclease Il and mung bean nuclease. These clones were
sequenced from plasmid DNA by automated dideoxy chain

termination on an ABI 373 (Applied Biosystems) according to the
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Part IV. Materials and Methods

manufacturer's protocol. Nucleotide and amino acid sequence

analyze were performed using GeneWorks (IntelliGenetics). The

data base search was done using the FASTA program (Pearson and

Lipman, 1988).
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Part IV. Results

Results

G-box binding proteins interact with the G-box like motifs
of the rolC gene promoter

The G-box (CCACGTGG) is crucial for the expression of variety
of plant genes. The G-box like elements, which differ from the G-
box by 1 or 2 bp substitutions, are also found in other plant
promoters. In the rolC promoter, three G-box like elements are
found at -136 (G1;TAACGTGG), -219 (G2;TCACGTGG), and -364
(G3;CGACGTGG) (Fig. 18A).

Parsley protein CPRF2 and CPRF3 (Common Plant Regulatory
Factor) are bZIP transcription factor, and bind specificity to the G-
box and the G-box like elements. Whether CPRF2 and CPREF3
interact with the rolC G-box like elements, gel mobility shift assays
were performed with E. coli extracts containing overexpressed
CPRF2 and CPRF3 by using fragment containing G-box like
sequences as probes.

Using RC392-273 fragment as probe, both CPRF2 and CPRF3
formed a complex (Fig. 18B, lane 2, 5). Binding of CPRF2 is specific
to RC392-273 fragment (lane 3, 4), however DNA-protein complex
of CPRF3 was competed out by either unlabeled RC392-273 or
RC275-92 fragment (lane 6, 7). CPRF3 was also able to bind RC275-
92 fragment (Fig. 18C, lane 2), the complex was competitively
inhibited by both RC392-273 and RC275-92 but not by RC94+23
(lane 3 to 5). These results suggested that CPRF2 bind specifically
to the rolC gene G-box like element G1 but CPRF3 are capable of

interacting with either G1 or G3 and/or G2. Indeed, CPRF2 and
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Part IV. Results

CPRF3 have different DNA-binding affinity to the G-box like motifs
(Armstrong et al., 1992).
Isolation of rice GBF cDNA clone

To isolate rice cDNA encoding proteins that interact with G-box
motif, the CPRF3 cDNA was used to screen a rice root cDNA library
by DNA hybridization. Four positive clones were obtained from
screening of about 750,000 recombinant phages. The cDNA inserts
were subcloned into pIBI31 plasmid and sequenced. All of these
cDNAs were shown to be derived from the same mRNA species.

The DNA and deduced amino acid sequences of the longest
cDNA are shown in Fig. 19. The insert contains a partial cDNA of
1120 bp encoding an open reading frame of 288 amino acids,
starting with a glutamine which I have tentatively designated as
the first amino acid residue. The deduced protein sequence
contains a leucine zipper motif that is composed of five leucine
residues and one isoleucine residue regularly spaced at intervals of
seven amino acids. In addition, a stretch of basic amino acids is
located adjacent to the N-terminus of the leucine repeats. These
two structural motifs, the basic domain and the leucine zipper, are
characteristic features of the bZIP proteins. Furthermore, the
encoded protein contains a small acidic region rich in proline
residues at the N-terminus.

The protein encoded by the rice cDNA is 56 % identical to
GMGBFA (Glycine max G-box binding factor, Hong et al., 1992) and
48 % identical to ATHGBF1 (Arabidopsis thaliana GBF1, Schindler et
al.,, 1992). A particularly high degree of conservation is detected
within bZIP sequences of other proteins interacted with G-box

element (Fig. 20A, B). In addition to the bZIP domain, amino acid
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sequence similarities within the N-terminal proline-rich regions
were shown in other bZIP proteins (Fig. 20C). Because of the strong

similarity in the amino acid sequence, I designated the protein

encoded in this partial cDNA as RGBF1 (rice G-box binding factor 1).
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Part IV. Discussion

Discussion

Recently, several bZIP proteins interacted with the ACGT core
sequence have been isolated from a variety of plant species. These
bZIP proteins were classified into three groups by the specificity of
DNA recognition sequences (Schindler et al., 1992; Izawa et al.,
1993). Proteins interacting with G-box (CCACGTGG) sequence, which
include the GBF1 (Schindler et al., 1992), HBPla (Tabata et al., 1989,
1991), CPRF3 (Weisshaar et al., 1991), and EmBP1 (Guiltinan et al.,
1990), belong to group I, and these binding proteins were only
observed when the ACGT core was followed by GG or GT. Group III
proteins, TGAla (Katagiri et al., 1989) and HBP1b (Tabata et al.,
1991), recognized TGACGT/C sequence. It is important for the
binding that 5'-side nucleotides flanking the ACGT core are TG. On
the other hand, group II including CPRF2 (Weisshaar et al., 1991)
shows comparable binding affinity for both elements. In addition
to the differences of recognition sequences, overall protein
structures are distinct between group [ and group Ill. Proteins of
group I are characterized by a bZIP motif at the C terminus (Fig.
20A). In contrast, group III proteins contain an N-terminal DNA
binding domain. Furthermore, the activation domain of group I
protein is enriched in proline and located at the N terminus. On the
other hand, group IIl proteins contain a C-terminal acidic or
glutamine-rich region. On the basis of protein structure, rice
protein RGBF1 belongs to group 1.

G-box and G-box like elements mediate transcriptional
regulation by several stimuli, such as UV (Weisshaar et al., 1991),

visible light (Schulze-Lefert et al., 1989; Block et al., 1990; Donald
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Part IV. Discussion

and Cashmore, 1990), and ABA (Guiltinan et al., 1990; Oeda et al.,
1991). GBFs can trans-activate the expression of the promoter
containing G-box motif (Oeda et al., 1991; Schindler et al., 1992).
The expression of the rolC gene may be regulate by GBFs, such as
CPRF2, CPRF3, and RGBF1. Further analysis of the interaction

between RGBF1 and G-box like sequence is needed.

S s R T T B A R e S e ST e
B e s I T E e o L i N

2L

R I

ik

81

o e S X oy P 6 e
B S e PR e



-278 -203 -94

Hinfl Dral Avall + 1

G-box CCACGTGG

-367 -360
G1 TAACGTGG

-222 -215
G2 TCACGTGG

-139 -132

G3 CGACGTGG

Fig. 18. The parsley CPRFs bind to DNA fragment containing the G-
box like element of the rolC gene promoter.

(A) Schematic diagram of the 5'-upstream region of the rolC gene.
The bent arrow represents the transcription start point. Numerals
indicate the nucleotide distance from the transcription start point.
The hatched boxes represent G-box like element.




Probe: RC392-273

CPRF2 CPRF3
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(B) DNA mobility shift assay of RC392-273 fragment. E. coli extract
containing overexpressed CPRF2 (lane 2 to 4) and CPRF3 (lane 5 to
7) was used in binding assays. Competitions were performed with
50 fold molar excess of unlabeled RC392-273 (lane 3, 6) and RC275-
92 (lane 4, 7).
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Probe: RC275-92
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(C) Bacterial produced CPRF3 was used in a gel mobility assay with
RC275-92 fragment. Lane 1; no extract, lane 2 E. coli extract was
added. Unlabeled competitors were added in lane 3 (50-fold
RC275-92), lane 4 (50-fold RC392-273), and lane 5 (50-fold
RC94+23).
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261 (1] K E E L I RV Y G ADEJV S KTLGTI Q 280 4
i
841 TCTTTCGATGACGGAGGTGACAGTTAACACATAAAATTTACTTGTTTTACTTCGTCTGGT 900 e
260 8 F D D G G6 D S * 290 4
901 GAAGCAGNAACTTCTTTAAAGTTGATTGCAGANCCTATGGCTTAGATTTAGTTAGTAGGC 960

961 AATGCTTGTCCTCACTAATACATGAACTTTTCAGTGTAAATTTGCCTTTACTACCTATGA 1020
1021 GATACTAACATGAGAGAAAGCTCTCAACTTATGCTTCATGTTGTNATAGCAATTAGACGA 1080 i
1081 GANTGAGAAGACGTCTCATTTTATAACCAAAAAAAAAAAA 1120

Fig. 19. Sequence of the RGBF1 cDNA clone and the predicted amino
acid sequence. Numbers on the both sides correspond to the base
pair and amino acid positions. The proline residues within the N-
terminal domains are underlined. The amino acids representing the
basic region are highlighted, the leucine and isoleucine residues
within leucine zipper domains are boxed.
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Fig. 20. Similarity between RGBF1 and other plant bZIP proteins.

(A) Amino acid comparison of the basic region of RGBF1 and other
plant bZIP proteins (Hong et al., 1992; Schindler et al., 1992; Tabata
et al., 1989; Guiltinan et al., 1990; Weisshaar et al., 1991; Katagiri et
al., 1989; Tabata et al., 1991).
amino acid positions within the individual proteins.
identical to RGBF1 are indicated by equal signs.

Numbers on the left refer to the
Amino acids
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RGBF1; eibh

SOYGBFA; 298
ATGBF1; 250
ATGBF2; 277
ATGBF3; 229
HBP1A; 280
EmBP-1; 131
PCCPRF1; 300
PCCPRFZ; 218

PCCPRIF 3; 224

TGAla; 100
HBP-1b; ADQSHSMSGNGALAF
RGBF1; l —————- QHPLMPPYGTPIPYP-VYPPGGMYAHPSIA-TNPSMVPTAESEGKAVDGKDRNPTKKSK

SOYGBF1; 66 SYMWGSQHPLIPPYSTPVPYPAIYPPGNVYAHPSMAMTLSTTQNGTEFVGKGSDGKDRVSAKSSK
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ATGBF1l; 59 PYMWGAQHHMMPPYGTPVPYPAMYPPGAVYAHPSMP-MPPNSGPT--—--- NKEPAKDQASGKKSK
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CPRF3; 60 PYMWRNQHRFILPYGIPMQYPALFLPGGIFTHPIVP-TDPNLAPT-——~~ SGEVGRKISDEKGRT

REREE R || 1 Lt A |

HBPla; 62 PYMWGPQH-MVPPYGTPPPPYMMYPPGTVYAHPTAPGVHPFHYPM---QTNGNLEPAGAQGAAPG

(B) Sequence comparison of the proposed leucine zipper region of
RGBF1 with other plant bZIP proteins. The leucine and isoleucine
residues within the leucine zipper are highlighted.

(C) Amino acid similarities within the N-terminal proline-rich
regions of RGBF1, SOYGBF1, ATHGBF1, CPRF3, and HBPla. Vertical
bars indicate identical amino acids. Numbers refer to the amino acid
positions within the individual proteins. Gaps (-) were introduced
to optimize the alignment.




General Conclusion

General Conclusion

The present study was conducted to elucidate the
transcriptional regulation of the rolC gene of Agrobacterium
rhizogenes in the higher plants. Though the rolC gene is originated
from a bacterial plasmid, the promoter structure of the rolC gene
was the class II gene type of eucaryotes. In this thesis, it is
described that the rolC gene promoter was expressed in
monocotyledonous rice plants, which is not infected with
Agrobacterium rhizogenes in the natural world. The expression in
transgenic rice was located in the phloem cells. The phloem cell-
specific expression of the rolC gene was also detected in tobacco,
carrot and Arabidopsis. These results suggest that the rolC gene
expression is regulated by common factors that are present in
higher plants.

Transcriptional regulation of gene expression in eukaryotic
cells is mediated by the concerted action of transcriptional factors
that interact with regulatory elements residing in the promoter
regions. Promoter analysis using GUS reporter gene showed that
the rolC gene 5'-upstream region contained several transcriptional
regulatory elements (Fig. 21). Analysis of the rolC 5'-deletion
mutants and internal mutants revealed that at least two positive
cis-acting elements were located in the region from -848 bp to -255
bp and from -196 bp to -135 bp (Sugaya and Uchimiya, 1992; Fujii
et al., in press; Yokoyama et al., submitted for publication). In a
related study, an element necessary for the activation by sucrose

was found in the region between -134 bp and -94 bp. Furthermore,
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General Conclusion

analysis using heterologous fusion promoters consisting of the
CaMV 35S core promoter region and several DNA fragment of the
rolC promoter revealed that the region from -94 bp to +27 bp was
important for phloem cell specific expression. In cell culture of
carrot, the expression of the rolC gene was activated during somatic
embryogenesis (Fujii and Uchimiya, 1990). It was suggested that
the combination of three regulatory regions (element [; -848 bp to
-255 bp, element II; -255 bp to -94 bp, and element III; -94 bp to
+23 bp) is required for the somatic embryogenesis-related
activation (Fujii et al., in press).

In this study, I detected three DNA-binding factors interacted
with the rolC 5'-upstream region. RC1 bound to AT-1 box
(ATATTTTTAT) located from -76 bp to -67 bp. RC1 exists not only
in rice leaf and callus but also in tobacco hairy root, carrot culture
cells, and wheat germ (Kanaya et al., 1990, 1991). RC2 is interacted
with an AT-rich -203 bp to -164 bp region. The binding to this AT-
rich region is seen in leaf nuclear proteins, but not in callus nuclear
proteins. RCS2 (43 kDa protein) is single stranded DNA binding
protein which bound specifically to the top strand of -136 bp to
-111 bp region. The DNA binding activity of RCS2 required the
presence of a direct repeat sequence (GCATC). In addition, Suzuki
et al. (1992) have identified another single stranded DNA binding
protein RCS1 showing specific binding to the region between the
CAAT and TATAA box. These factors were shown to recognize part
of regulatory regions identified by cis-analysis, but no information
is available whether these factors play a crucial role for the
expression of the rolC gene. Further investigations are needed to

characterize the function of these DNA binding proteins.
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General Conclusion

In the rolC gene promoter, several sequences conserved in
other plant genes were found. G-box or G-box like motifs have
been found in several plant gene promoters and shown to be crucial
for their expression. The rolC promoter contains three G-box like
elements, which may control transcriptional activity. In this study,
| isolated rice G-box binding factor (RGBF1) by DNA hybridization.
Structure of RGBF1 is similar to the bZIP class of DNA-binding
protein. RGBF1, like other GBFs, may regulate the activity of the
promoter containing G-box motif. Further analysis of GBFs may

facilitate an understanding at molecular level of the regulatory

mechanism of the rolC gene.
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Activation of
gene expression
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AT-rich  G-box GCATC

direct
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AT-1 CAAT TATAA
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gene expression
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Phloem Cell specific
expression

Fig. 21. Schematic representation of the rolC gene promoter.

The bent arrow represents the transcription start site. Numerals
indicate the distance from the transcription start site. RC1 and RC2;
rolC gene DNA binding protein, RCS1 and RCS2; rolC single strand
DNA binding protein), GBFs; G-box binding factors. TATAA; TATAA

box, CAAT; CAAT box.
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