UVB-driven Transcriptional Activation of the Cucumber Photolyase Gene
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DNA Figure 1. Phenotype of Arabidopsis mutant
(Fig-1) CPD 4vr2) with functionally deficient CPD photolyase.
CPD Seed were germinated on nutrient agar plates;
beginning on day 3 seedlings were exposed to
CPD continuous UVB and photographed 10 days later.
(CsPHR) (Landry et al. 1997)
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Figure 2. Wavelength-dependency of the CsPHR 10° 102 101 1 10 102
transcriptional activation. a, Representative set of
fluence-response plots for accumulation of CsPHR Fluence rate (|.1m0|/m2/S)
transcripts. Cucumber seedlings with horizontally
expanding first true leaves were irradiated with
monochromatic light at 4 different intensities for 4 hours.
Wavelength of the monochromatic light is indicated at upper
left corner. CsPHR transcript levels in first true leaves b
were determined via quantitative RT-PCR. Values were
normalized to the mean value for 4 dark-control plants and > 01 *
semilogarithmically regressed against the light intensity. g
Square of the correlation coefficient (R?) is presented at L po5 |
bottom right corner. b, Action spectrum for the é -
transcriptional  activation of CsPHR. Regression S 0 ] ] ] ] /‘}\ ]
coefficient for each wavelength was calculated from the s } 1 \?
fluence-response plot. Experiments were repeated 6 =]
times and the mean value for the regression coefficient was b3 005 -
plotted against wavelength as induction efficiency. Each _g
bar indicates +S.E. for 6 independent experiments. £ o1
Asterisks indicate significant differences at P<0.1 (-) and ! ! ! ! !
P<0.05 (~) determined by one-sample t test against the 250 300 3%0 400 450 500
value zero. Wavelength (nm)
CSPHR
CSPHR UvB
UVB UVB
UVB cis



DNA 2.5 kbp CsPHR

CSPHR B-glucuronidase [GUS]
310 nm UvB
(Fig- 3) UvB
1132 bp 300 bp 201 bp
luciferase [LUC]
UVB 1132 bp
300 bp UvB
201 bp
2.5 kbp
202 - 296 bp 95 bp
UvB
(Fig. 4a, b, ¢)
202 - 296 bp
CsPHR  UVB
95 bp
UVB
calv 355

gain-of-function

uvB
95 bp uvB
uvB
95 bp cis
cis
201 bp
202 - 296 bp
cis ACGT
DNA (ACGT
) 3 (Fig. 4d)
CsPHR  UVB cis
Figure 4. Reporter assays using transgenic

Arabidopsis harboring the CsPHR promoter and its
derivatives.
a, Scheme of the different promoter deletions. The
full-length  promoter  (2500-bp-long), the truncated
promoters, and the full-length promoter with the 95-bp
region deleted ( 95) were cloned upstream of the reporter
gene (GUS or LUC).
b, Transgenic plants harboring the 1132-bp, 300-bp, and
201-bp promoters were irradiated with polychromatic UV for
3 h, or placed in the dark as controls. The reporter (LUC)
expression is shown. Bar indicates +S.D. for 4 plants.
¢, UVB-responsive expression of the reporter (GUS) under
the control of the —2500 promoter and the 95 promoter
was detected via histochemical staining. Bar =2 mm.
d, Nucleotide sequence of the CsPHR promoter between
202 and 300 bp upstream the translational start. DNA
motifs with ACGT cores (underlined) are boxed.
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Figure 3. GUS-stained transgenic Arabidopsis
seedlings irradiated with monochromatic light.
Transgenic Arabidopsis expressing GUS under the
control of 2.5-kbp CsPHR promoter was irradiated
with monochromatic light (270, 280, 290, 300, 310,
and 320 nm) at 1.9 pmol m-2 s-1  for 3 hours. The
in situ expression of GUS was visualized via GUS
staining.
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Figure 5. Inferences from the present research. The solar radiation that plants experience in the natural
environment contains UVB with wavelengths longer than 290 nm. The short-wavelength UVB (290 — 300 nm)
causes DNA lesions in the foliar cells, while the less-damaging long-wavelength UVB (300 — 320 nm) induces the
photolyase expression. Since the long-wavelength UVB reaches the earth’s surface before the short-wavelength
UVB, photolyase expression in response to the long-wavelength UVB would allow plants to adapt to sunlight by
timely elevating the photoreactivation activity in the midst of the day. This UVB-dependent induction of photolyase
expression seemed to be mediated by the so-far-unidentified UVB photoreceptor(s) and the ACGT elements on the
CsPHR promoter in cucumber plants.



