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Abstract: DNA damage in the form of cyclobutane pyrimidine dimers(CPDs) and (6-4) photoproducts(6-4PPs) induced by UV-B radiation
in Arabidopsis thaliana at different temperalures was investigated using ELISA with specific moncclonal antibodies. CPDs and 6-4PPs
increased during 3 h UV-B exposure, but further exposure led to decreases. Contrary to the commonly accepted view that DNA damage
induced by UV-B radiation is temperature-independent because of its photochemical nature, we found UV-B-induction of CPDs and 6-4PPs
in Arabidopsis 10 be slower at a low than at a high temperature. Photorepair of CPDs at 24 °C was much faster than that at 0°C and 12°C,
with 509 CPDs removal during 1 h exposure to white light. Photorepair of 6-4PPs at 12°C was very slow as compared with that at 24,
and almost no removal of 6-4PPs was detected after 4 h exposure to white light at 0°C . There was evidence 10 suggest that temperature-
dependent DNA damage and photorepair could have important ecological implications .
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Introduction

There is growing awareness of the potential biological effects of
siratospheric ozone depletion as part of global climatic change { Leun,
1995) . The most important consequence of the ozone depletion is an
increase in the amount of UV-B(280—315 nm) radiation reaching the
earth’s surface(Bjorn, 1999a) . Even modest increase in UV-B radiation
1996 ).

Investigations during the past two decades has demonsirated that UV-B

is likely to cause significant biological damage(Bjom,

radiation has many direct and indirect effects on plants, including
damage to DNA. The most common DNA lesion caused hy exposure to
UV-B is the formation of dimers between adjacent pyrimidines in the
same strand, i.e., the cyclobutane pyrimidine dimers { CPDs} and
1996 ).

Unrepaired dimers are leathal to cells because they deform the DNA

pyrimidine { 6-4 ) pyrimidinone adduects ( 6-4PPs ) { Briu,

helix, interfering with both replication and transcription. Both types of
DNA damage can be reversed by subsequent exposure to radiation ranged
from 360—420 nm (UV-A to blue light) . This phenomenon is termed
photoreactivation or photorepair and is due to the actions of one or more
proteins tremed “photolysis” . These enzymes specifically recognize and
bind to pyrimidine dimers ( Britt, 1999} .

DNA damage and repair has been investigated in several plant
species( Mitchell, 1993 ; Pang, 1991; Takeuchi, 1996; Taylor, 1996},
but information on the effects of environmental factors such as
temperature is limited. Interation of increased solar UV-B radiation with
other climatic change factors such as global warming is scarce. In the
present study, we examined the temperature effects on the formation and
photorepair of DNA damage induced by UV-B radiation in Arabidepsis

thaliana .

1 Materials and methods

1.1 Plant materiai and growth eonditions

Arabidopsis thaliana ecotype Columbia-0{ Col-0} was used in alk
experiments. Seeds were surface-sterilized with 75% ethanol, rinsed
with water, and incubated for 2 d at 4°C, then distributed in commerciat
mixture medium and covered with glass for 48 h to ensure high humidity
for an even germination. After growing for 10 d, young plants were
transplanted to 6 em x 6 em plastic pots(5 plants in each pot) and grown
- s, photosynthetically active
radiation{ PAR, 400--700 nm}, supplied by 400 W dysprosium lamps

in a greenhouse under 800 pmol/{ m’

(Osram Powerstar, Germany). Spetrum of this type of dysprosium was
shown in our former paper(Li, 2002a) .

Fully expanded leaves{4th—6th leaf) were used as plant materials.
Detached leaves with abaxial surface up floating on distilled water in Petri
dish, were exposed to UV-B radiation at a distance of 20 cm from the
lamps, and without any other illumination.

1.2 UV-B and white light irradiation

UV-B radiation( also containing UUV-A) was obtained from 6 UVB-
313 lamps { Q-PANEL, USA) and filtered through 0.13 mm cellulose
diacetate. All radiation below 280 nm was filtered cut. Measurement of
spectral irradiance was same as our privious report ( Li, 2002b).
Irradiance of the UV-B region(280—315 nm) was 2.95 W/m’. White
light, 150 W/m® in the interval 400 10 700 nm, used for photorepair
experiments, was supplied hy a 400 W lamp(Osram Powerstar,
Cermany) and fillered through a 10 cm depth of water in a transparent
polystyrene confainer to remove excess infrared radiation. Radiation
measurements were carried out with a model 754—6S spectroradiometer
(Optronic Laboratories, USA). Speciral irradiances of UV-B and white
light for photorepair experiments were shown in our privious report{ Li,
2002a; 2002b) .
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1.3 Temperature control

The: effect of temperature on the induction and photorepair of DNA
damage was tested at 0, 12, and 24°C. During exposure to UV-B
radiation, the Petri dish was thermostated by recycling water bath.
Immediately after irradiation, samples were harvested and frozen with
liquid nitrogen. Sumples were luken in three duplicates, and each
temperalure was tested in three independent experiments .
1.4 DNA extraction

DNA was extracted from frozen leaves as described in our previous
report( Li, 20003 . DNeasy Plant Mini Kit { Qiagen GmbH, Germany)
was used 1o extract tolal DNA, Extraction steps were according 1o the
protocal provided by (iagen. The DNA extracted by the kit had A260/
A280 ratios of 1.7—1.9 and the ahsorbance scan showed a symmetric
peak at 260 nm, confirming high purity. The DNA concentration was
determined by the absorbance at 260 nm. Samples were cither processed
immediatedly or stored at — 207 . No special precaulions were needed
to prevent pholorepair of samples once they were frozen, as frozen ground
samples were dropped directly into lysis buffer and photolyase is not
aclive in lysis buffer.
1.5 DNA damage assay

CPDs and 6-4PPs were quantified by enzyme-linked immunosorbent

assay{ FT1I8A) according to Mori et al . { Mori, 1991) with monoelonal

antithudies from clones of KTM53 and KTM50, respectively. Both
antibodies were supplied commercially by Kamiya Biomedical Company,
USA. The monoclonal antibody from clone KTM 33 specifically
recognizes thymine dimers in double- or single- strand DNA produced by
LV-radiation, but does not react with 6-4PPs. The monoconal antibody
form clone KTMS30 reacts specifically with 6-4PPs produced by LUV-
radiation, and does nol react with thymine dimers. The detailed
procedure was same as in our previous report{ Ii, 2000) . Ahsorbance of
the reaction mixture ut 492 nm was measured with a microplate reader

( Labsystems, Finland) .

2 Results

2.1 UV-B induced DNA damage in Arabidopsis thaliana

A. thaliara plants grown in greenhouse were exposed to UV-B
radiation in dark room at 24°C. Both types of dimeric pyrimidine
photoproducts were induced in plant leaves. The CPDs coatend of leaves
increased during 3 h UV-B exposure, and a smaller increase of 6-4PPs
was observed{Fig.1) . Further exposure of LV-B radiation led 1o decrease
of both types of DNA damage. The decrease is probably due to photorepair
activity driven by the UV-A radiation supplied together with the UV-B. It
wis deduced from our resull that A. thaliana, as quatitified hy dimer

formation in DNA, was very sensitive to UV-B radiation.
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Fig. 1 LV-B induced INA damage in leaves of Arabidopsis thaliuna . Plants were irradisted with UV-B for indicaled time without any other illumination al room
temperature(24C ) . Fully expanded leaves{the dth—6th leaves) wore harvested and immediately frozen in liqrid nitrogen for DNA extraction. To each microplate

well 5¢ ng DNA were applied for ELISA assay of CPDs ,

and 1{K) ng DNA for 6-4PPs detection. Absorbance at 492 nm was used as a measure of antibody binding.

Samples were taken in three duplicates, and each experiment was repeated for three limes. Average values were given with standard errors
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Fig.2  Fffect of temperature on UY-B-induced DNA damage in A . thaliona leaves. Detached leaves were exposed to UV-B radiation for 2 h in darkness at different

temperatures(0. 12 or 24°C ). CK, as control. was kept at 24°C in dark room withon UV-R radiation . Different letters umder hars indicated signilicant difference

at the P < 0.01 level in the -test; otherwise as for Fig. |
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2.2 Effect of temperature on DNA damage

As shown in Fig.2, UV-B-induced DNA damage in A. thaliana
depends on temperatre, When detached leaves were exposed to UV-B
raciation for 2 b at 12°C and 247, more CPDs and 6-4PPs accumulated
than at 0°C (¢-test: P < 0.01}, but the difference of 6-4PPs formation
hetween at 12°C and 24°C was not significant. Both CPDs and 6-4PPs
were induced by UV-B radiation even at 0°C .
2.3 Effect of temperature on the photorepair of DNA damage

Removal of CPDs and 6-4PPs in detached A . thaliana lcaves at
249 was more efficient than at 12 and 0C . At the same temperature,
removal of 6-4PPs in less efficient than that of CPDs{Fig.3}. During | h
al 2490 about 5095 of the CPDs, but only 13.3% of the 6-4PPs were
photorepaired. Lowering of the temperature decreased the photorepair of
hoth types of DNA damage. At 0°C 326 of the CPDs buwt almost no 6-
4PPs were removed during 4 I white light exposure. Photorepair of the
DNA damage in A. thaliana was strongly lemperature-dependent,  as

ﬂxpﬂnted for t'nzymalic: Processes .
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Fig.3  ¥ffect of temperature on the photorepair of DINA
damage in Arebidopsis thaliana leaves. Detached leaves were
exposed 1o UV-B for 2 h and subsequently irradiated with white
light for indicated time at different temperatures, otherwise as

for Fig. 1

3 Discussions

Temperature is one of the major environmental factors controling
survial, growth, reproduction, and thus geographic distribution of
plants. The study of combined temperature and UV-B radiation could he
of importance with respect to possible effects of climatic change,
especially global warming and increasing levels of UV-B radiation caused
by the depeletion of stratospheric ozone layer. Caldwell{ Caldwell, 1994)

stated that UV-B radiation may render plants more resistance to heat

stress . Tnhibition of chlorophyll synthesis and photosynthesis by UV-B in
cucumber seedling was less pronounced at 25%C as compared to 20°C
{ Takeuchi, 1993 ).

evidence for temperature-dependence of UV-B-indueed DNA damage and

The present investigation provided molecular

photorepair.

Although much is know about UV-induced DNA  damage and
subsequent repair in microorganisms and in mammalian cells, we know
considerably less about process in plants{Tandry, 1997} . UV-B induced
DNA damage have heen reported in u variety of plants { Pang, 1991;
Quaite, 1992; Stapleton, 1997; Taylor, 1996), but no clear panem
emerges from the lilerature with respect to temperature effects on the
formation of DNA dumage. Tt was recently reported no significant
differences between temperatures over the range 0—25%C in the amounls
of CPDs and 6-4PPs induced by UV-B in Palamaric palmata (a
macroalgae) ( Pakker, 2000). Tn the present study, we found that
acenmulation of DNA damage in detached 4. thalinno leaves was
temperature-dependent . with less damage at 0% than 1279 or 247
(Fig.1}. Temperature-dependent UV-B-induced DNA damage has been
confirmed by our research group in tobacco leaf dises(Ti, 2002h ) and
suspension-cultured cells(1i, 2002a). This discovery could be of
important ecological implications. In natural ecosystem, low temperature
oflen oceurs al high altitude where solar UV-R radiation is higher than
regular level, partienlarly in winter and early spring when ozone layer
depletion is more serious than other seasons in a year. Fven if radiation
levels are low in at high latitudes, radiation damage there may be
irportant, because the low temperature there inhibits pholorepair.

It was observed in our investigation thal 6-4PPs is not photorepaired
as rapidly as the CPDs, and that efficiency of photorepair of both type of
ditners significantly decreased at lower temperature{ Fig.3) . Photorepair
of 6-4PPs practically eame 1o a halt at 0°C, which indicated that this
lesion can become particularly important in cold climutes. Photorepair at
low temperature of 4°C was apparetly inhibited, damage formation of
both types of dimers was decreased(Fig.2 and Fig.3). which could be
interpreted us plant adaption 1o ils environment. Diflerence of the repair
capacilty could contribule to changes in species distribulion in areas
affected by the enhanced solar UV-B radiation.

To understand how increased solar UV-B radistion may affect
ecosyslern structure, a much wider survey of VU-induced NDNA damage
and repair in more species will be required. Research at the ecosystem-
level for solar UV-B is barely beginning. ln addition to iemperalure,
numerous environmental factors may weaken or enhance the responses of
plants to UV-B radiation, Therefore, experimentation on  different
environmental factors is essential if the ecological effects of enhanced
UV-B radiation are to be fully evaluated.
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