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=Abstract

Rice plants, cv. Koshihikari, were subjected to the biologically effective ultraviolet-B (UV-Bse)
radiation {dai{y dose : 0.0 (control) and 11.5 (enhanced UV-B) k] m~2} to investigate the effect of
enhanced UV-B radiation on lipid peroxidation and to determine whether carotenoids and
polyamines are involved in protection mechanism against enhanced UV-B radiation. Enhanced UV-
B radiation significantly depressed plant dry weight. Malondialdehyde (MDA) content in rice leaves
was increased by about 30% after 6 days of UV-B irradiation. Total carotenoid contents tended
to slightly decrease with the UV-B irradiation, even though there was no significance. In rice
leaves, 3 major polyamines, putrescine, spermidine and spermine are observed. All of the
polyamine contents were increased with UV-B irradiation. The results suggest that enhanced UV-
B radiation caused oxidative stress on lipids and that polyamines may serve as a biochemical
protectant against increased UV-B radiation in rice plants.

Key words : carotenoid, malondialdehyde (MDA), polyamine, rice (Oryza sativa L.), ultraviolet-B

radiation.

1. INTRODUCTION

Stratospheric ozone reduction is one of the pres-
sing global concerns related to the climate changes.
Decreases in quantity of total-column ozone, as now
observed in many places in the world, tend to
cause the increased penetration of solar UV-B ra-
diation (280~320 nm) to the earth’s surface (Mad-
ronich et al,, 1995). In fact, there is a strong evide-
nce of increasing in surface UV-B irradiance. It is
predicted that the decrease of ozone and increase
of UV-B will be continued in the future (Kerr and
McElroy, 1993; Madronich et al, 1995).

Enhanced UV-B can have negative effects on
plant physiological processes and hiochemical meta-
bolisms such as inhibition of photosynthesis, DNA
damage and destruction of chloroplast membrane
structure (Caldwell et al, 1995). It has been repor-
ted that total level of chloroplast lipids was decrea-
sed and the ratios of individual polar lipids was

al tered by UV-B irradiation in several plant spe-
cies (Tevini et al, 1981).

In the previous study, it was found that the
enhanced UV-B radiation caused oxidative stress in
both rice and cucumber (Kim et al, 1996¢c). Gene-
rally, lipid peroxidation is one of the potential im-
pact on active oxygen species in plants, and the
primary target can be cellular membrane lipids
(Bowler et al, 1992).

In plants, there are some compounds which are
responsible for preventing lipid peroxidation. For
example, polyamines are potent inhibitors of many
senescence-related processes in a variety of plant
species (Galston and Kaur-Sawhney, 1987). Much
of this antisenescent activity are related to memb-
rane. A key process in plant senescence appears to
be involved in membrane deterioration, especially
via the formation of lipid hydroperoxidases (Robe-
rts et al, 1986; Thompson et al, 1985). Poly-
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amines are associated with membrane surface pro-
perties, presumably through interactions with anio-
nic components of the membrane such as phospho-
lipids. This interaction serves to stabilize the bila-
yer and may thus retard membrane deterioration
(Roberts et al, 1986). Polyamines also have radi-
cal-scavenging properties (Bors et al, 1989). Prote-
ction of membranes from peroxidation by polyami-
nes could be involved in their ability to interact
with phospholipids and their antioxidant activity
(Drolet et al., 1986; Slocum et al,, 1984).

Carotenoids also have antioxidative properties
and effectively protect membrane lipids from reac-
tion with singlet oxygen (Larson and Berenbaum,
1988). Singlet oxygen is a powerful oxidizing agent
which can cause the destruction of cell components
mainly lipids and proteins of the organism. In ge-
neral, it is accepted that carotenoids can protect
plant cells from light-mediated damage through
preventing the formation of singlet oxygen by que-
nching triplet-state chlorophyll molecule, and by
scavenging any singlet oxygen produced (Young,
1991). Thus, it was suggested that carotenoids mi-
ght have a specific role in protecting the membrane
lipids from photodamage (Siefermann-Harms et al,
1978).

There are a number of reports concerning the
effects of UV-B radiation on plants. Several experi-
ments have been conducted to assess the effects of
UV-B radiation on the growth of rice plant which
is one of the most important staple food in the wo-
rld (Kim et al, 19963, b, c; Dai et al, 1992), but
there are few experiments concerning the UV-B
action mechanisms and protection mechanisms in
rice plants to the UV-B radiation.

This study was conducted to investigate the ef-
fect of enhanced UV-B radiation on lipid peroxida-
tion in rice plants and also to determine whether
carotenoids and polyamines are involved in the
protection mechanisms against enhanced UV-B ra-
diation.

2. Materials and Methods

2.1 Plant material and culture condi-
tions

Rice (Oryza sativa L. cv. Koshihikari) seeds were
germinated in tap water for 3 days at room tempe-
rature, and sown in trays (30cm deepX60 cm
wideX 2.6 cm high) with one seed in a cell (1.6 cm
deepX 1.6 cm wideX2.6 cm high). Each tray contai-
ned alluvial soil premixed with 5.7 g of mineral fer-
tilizer (N : P,0s - K20=0.21: 040 : 0.39). After in-
cubating at 25C for 3 days, the seedlings were mo-
ved into a greenhouse and grown for 1 week. The
seedlings were then transferred to environmenta-
liy-controlled growth chambers(2m deepX2m
wide X 1.8 m high) maintained 25 + 0.1C and a re-
lative humidity of 75+ 5% under natural sunlight
as described previously (Kim et al.,, 1996b). In each
chamber, the seedlings in trays were immersed in
water in a 30-L plastic container. The seedlings
were, therefore, grown in flooded conditions.

2.2 UV-B irradiation

UV-B radiation was artificially supplied by filte-
red Toshiba sunlamps (FL 20 SE) as reported pre-
viously (Kim et al, 1996b). The sunlamps were
wrapped with cellulose diacetate film of 0.13-mm
thickness (Cadillac Plastics Co., Baltimore, Ohio,
USA), to remove the UV radiation with wave le-
ngth shorter than 290 nm. For the control, lamps
were covered with Mylar D film (DuPont Co., Wil-
mington, Delaware, USA) of 0.13-mm thickness
which effectively absorbs radiation below 313 nm.
The filters were replaced weekly and the height of
the lamps was adjusted as the plants grow to keep
the lamps about 30 cm above the plant canopy. The
plants were irradiated with enhanced UV-B for 6
hrs daily (from 10 : 00 to 16 : 00) for 12days. The
UV-B irradiance was expressed as biologically effe-
ctive UV-B (UV-Bs:) weighed with the generalized
plant action spectrum normalized to 300 nm (Cald-
well, 1971).

2.3 Growth measurement

To investigate the rice growth responses to the
enhanced UV-B irradiation, 6 plants of each treat-
ments were harvested at 3, 6, 9 and 12days after
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initiation of the UV-B irradiation. The plants were
oven-dried at 70C and weighed.

2.4 Measurement of malondialdehyde

(MDA) content

For the assay of MDA contents, samples were
taken at 6 and 12days after initiation of the UV-B
irradiation. MDA content in rice leaves was assayed
according to the methods proposed by Heath and
Packer (1968). The leaves (about 10 cm®) were ho-
mogenized in distilled water and 3 ml of the homo-
genate was mixed with 5ml of 0.5% thiobarbituric
acid prepared with 20% trichloroacetic acid. The
mixture was incubated in a water bath for 30 min.
After centrifugation, the MDA content in the supe-
rnatants was determined by using an absorbance
coefficient of 155mM ™" ¢m™* at 532 and 600 nm.

2.5 Measurement of total carotenoids

The leaves (about 10cm®) were extracted with
995% ethanol for 48hrs at 4C in darkness. The
absorption spectra in the wavelength of 648 nm,
664 nm and 470 nm were measured with a scanning
spectrophotometer (UV-1200, Shimadzu Co., Kyoto,
Japan) and the total carotenoids were determined
using equations described by Lichtenthaler (1987).

2.6 Measurement of polyamines conte-

nts

The leaf samples (about 200 mg) were extracted
with 2ml of 0.5M HCIO; at room temperature. Po-
lyamines in the acid extract were derivatized with
benzoyl chloride and quantitated with HPLC using
diaminohexane as an internal standard according to
the method described by Flores and Galston (19
82). Separation and quantification of polyamine de-
rivatives were carried out with a Shimadzu LC-6A
HPLC equipped with a UV detector under the fol-
lowing conditions: column size (Shim-pack CLC-
ODS), 6X150 mm; column temperature, 45C; mo-
bile phase, 63% methanol solution; liquid flow rate,

0.8 ml min~"; detection, 254 nm. The aliquot of the
extracted samples were hydrolyzed with 6 M HCI
at 100C for 16hrs prior to the derivatization of pol-
yamines to examine the presence of conjugated fo-
rms of polyamines.

2.7 Statistical analysis

Statistical differences in plant dry weight and all
assay results were determined by the analysis of
variances (ANOVA).

3. Results

3.1 UV-B irradiation

Mean daily integral UV-Bs: of each treatment is
shown in Table 1. Rice plants grown under the
UV-B treatment received about 11.5k] m™ day™!
(UV-Bge). The level of UV-Bss used in this study
was equivalent to that which would be received at
Tsukuba, Japan (36°01'N, 140°07’E) with an antici-
pated 36% stratospheric ozone reduction on the
summer solstice, based on an empirical model
(Bjorn and Murphy, 1985) with clear and aero-
sol-free sky condition and actual observation of to-
tal ozone amount at Tsukuba in 1992 (Japan Me-
teorological Agency, 1993). Due to the absorption
characteristics of the glass walls, there was no solar
UV-Bgs radiation in the chambers.

3.2 Effect of UV-B imadiation on growth

Rice plants did not exhibit any foliar injuries in
response to the increased UV-B radiation, but plant
dry weight significantly decreased by UV-B irradia-
tion (Fig. 1). The reduction of plant dry weight was
initiated at 6days of UV-B irradiation, showing
about 8% of statistically significant difference in
growth. The differences in plants dry weight bet-
ween the enhanced UV-B and control increased as
the irradiation period prolonged. In 12days of UV-
B irradiation, about 15% of plant dry weight was
reduced.

Table 1. Average daily integral of UV-Bs: (biologically effective UV-B) during the irradiation pe-
riod. The UV-B irradiations was conducted for 6 hours daily (from 10 : 00 to 16 : 00).

UV-B treatments

Mean daily integral UV-Bge (kJm %)

Control
Enhanced UV-B

0.0
115
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Fig. 1. Effects of enhanced UV-B radiation on
dry weight of whole plant of Koshihi-
kari. Each value is the mean of 6 plants
and vertical bars represent the stan-
dard error for the mean. Statistically si-

gnificant  differences between the
means are indicated by "*" (p<0.05).
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Fig. 2. Effects of enhanced UV-B radiation on
MDA (malondialdehyde) content in rice
leaves. Each value is the mean of 6
plants and vertical bars represent the
standard error for the mean. Statistica-
{ly significant differences between the
means are indicated by "*" (p<0.05).

3.3 Effect of UV-B irradiation on lipid
peroxidation

The level of lipid peroxidation in the leaf was
determined by measuring changes in MDA (a pro-
duct of lipid peroxidation). The changes in MDA
contents of leaves as affected by enhanced UV-B

irradiation are shown in Fig. 2. The enhanced UV-

B irradiation resulted in statistically significant inc-
rease in MDA contents by about 30% and 28% at
6 and 12days of UV-B irradiation, respectively.

3.4 Effect of UV-B irradiation on total

carotenoid contents

Changes in the total carotenoid contents by UV-
B irradiation are shown in Fig. 3. The total carote-
noids tended to slightly decrease with the UV-B ir-
radiation. About 10% of total carotenoid content
decreased both at 6 and 12days of UV-B irradia-
tion, but there was not statistically significant diffe-
rences.
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Fig. 3. Effects of enhanced UV-B radiation on
total carotenoid contents in rice leaves,
Each value is the mean of 4 plants and
vertical bars represent the standard er-
ror for the mean.

3.5 Effect of UV-B irradiation on polya-
mine contents

The effect of enhanced UV-B irradiation on poly-
amines levels is shown in Fig. 4. Rice was compo-
sed of mainly 3 kinds of polyamines such as putre-
scine (Put), spermidine (Spd) and spermine
(Spm). Enhanced UV-B irradiation resulted in sta-
tistically significant increases in total contents of
polyamines. The contents of Spm were most signi-
ficantly increased by about 43% both at 6 and 12
days of UV-B treatments. Enhanced UV-B irradia-
tion caused a significant increase of 27% in Spd
contents at 6days of UV-B treatment. After 12
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Fig. 4. Effects of enhanced UV-B radiation on
polyamine levels in rice leaves. Each
value is the mean of 4 plants and verti-
cal bars represent the standard error
for the mean. Statistically significant di-
fferences between the means are indi-
cated by ™ (p<0.05).

days of UV-B irradiation, however, about 15% of
increased Spd content was obtained, although it
was not significant compared to the control.

4. Discussion

Enhanced UV-B radiation has deleterious effects on
a number of plant species (Caldwell et al, 1995).
Generally, rice has been classified as less sensitive
to UV-B than other species such as cucumber and
soybean (Krupa and Kickert, 1989). In this study,
the dry weight of rice was deleteriously affected by
enhanced UV-B irradiation for 12days. However,
the level of reduction in dry weight of rice was not
as high as that reported for other crops. Nouchi
(1991) found that dry weight of cucumber decrea-

sed as much as 40% by UV-B exposure for 2
weeks. However, dry weight of rice, in this study,
was reduced only 15% after 12days of UV-B irra-
diation.

It has been reported that the enhanced UV-B ra-
diation caused photooxidative stress by inducing
active oxygen species in plants (Larson and Beren-
baum, 1988). In the previous study, It was found
that the enhanced UV-B caused oxidative stress in
rice plants (Kim et al, 1996¢c). Cellular membrane
lipids can be primary targets of oxidative stress in
plants (Tevini et al, 1981). In this study, there
were significant increases in lipid peroxidation, as
indicated by the MDA accumulation in UV-B trea-
ted rice leaves. The increase in MDA content may
be responsible for alteration of membrane lipid co-
mposition by the UV-B irradiation. The same result
on increased lipid peroxidation by UV-B has been
observed in two cucumber cultivars (Kramer et al,
1991). UV-B tolerance of the cucumber cultivars
was correlated with the degree of lipid peroxida-
tion, which in turn could be attributed to the diffe-
rences in the ability of these cultivars to protect
against UV-B induced damage. These results indi-
cate that lipids are a potential target of UV-B stress
in plants.

The carotenoid content in rice leaves tended to
decrease by UV-B irradiation, but the effect was
not statistically significant. The carotenoid may be
destroyed by UV-B, although the mechanisms were
not known so far. In contrast to the carotenoid co-
ntent showing only non-significant reduction by
UV-B, the polyamine contents were significantly in-
creased by the UV-B radiation. This is consistent
with previous observations on polyamine increases
in response to a variety of stresses on plants (Slo-
cum et al, 1984). The potential benefit of such re-
sponses is demonstrated by the application of exo-
genous polyamines which result in protection from
injury by ozone and chilling stresses. Such effects
may be related to the ability of polyamines to sta-
bilize membrane structures and inhibit lipid pero-
xidation, or to the formation of conjugates with
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free radical scavenging activity (Bors et al, 1989;
Kramer and Wang, 1989; Slocum et al,, 1984). The
photoprotective pigments synthesized by plants in
response to UV-B were derived from cinnamic
acid (Tevini and Teramura, 1989). The inductionf
polyamine conjugator by UV-B is thus a possible
response to this stress, as the formation of precur-
sors is promoted by UV-B (Kramer et al, 1991).

In conclusion, the enhanced UV-B radiation cau-
sed oxidative stress on lipids. The accumulation of
polyamines may serve as a protecting response to
the increased UV-B radiation in rice plants. Further
studies are necessary to demonstrate conclusively
that if polyamines may play a protective role in
plants from UV-B stress.

Acknowledgments

Financial support for this research was provided
by the Global Environment Research Program Bu-
dget of Japan Environment Agency.

REFERENCES

Bjom, L. O. and T. M. Murphy, 1985, Computer
calculation of solar ultraviolet radiation at
ground level, Physiol. Vég., 23, 555~561.

Bors, W., C. Langebartels, C. Michel and H. San-
dermann, 1989, Polyamines as radical scave-
nges and protectants against ozone damage,
Phytochemistry, 28, 1589~1595.

Bowler, C., M. Van-Montagu and D. Inze, 1992,
Superoxide dismutase and stress tolerance,
Annu. Rev. of Plant Physiol. and Plant Mol.
Biol., 43, 83~116.

Brandle, }. R, W. F. Cambell, W. B. Sission and
M. M. Caldwell, 1977, Net photosynthesis
electron transport capacity and ultrastructure
of Pisum sativum L. exposed to ultraviolet-B
radiation, Plant Physiol., 60, 165~169.

Caldwell, M. M., 1971, Solar UV radiation and the
growth and development of higher plants. In
Photophysiology (Giese, A. C., ed.), New
York, US.A. Academic Press, Vol. 6 pp. 131~
177.

Caldwell, M. M., A. H. Teramura, M. Tevini, ). F.
Bomman, L. O. Bjérm and G. Kulandaiveluy,
1995, Effects of increased solar ultraviolet ra-
diation on terrestrial plants, AMBIO, 24,
166~173.

Dai, Q., V. P. Coronel, B. S. Vergara, P. W. Bamnes
and A. T. Quintos, 1992, Ultraviolet-B radia-
tion effects on growth and physiology of four
rice cultivars, Crop Sci., 32, 1269~1274.

Drolet, G., E. B. Dumbroff, R. L. Legge and }. E.
Tompson, 1986, Radical scavenging proper-
ties of polyamines, Phytochemistry, 25, 367~
37

Flores, H. E. and A. W. Galston, 1982, Analysis of
polyamines in higher plants by high perfor-
mance liquid chromatography, Plant Physiol.,
69, 701~706.

Galston, A. W. and R. Kaur-Sawhney, 1987, Poly-
amines and senescence in plants, In Plants
senescence: lts biochemistry and physiology
(Tomason, W., E. Nothnagel and R. Huffaker,
eds), pp 167~171, American Society of Plant
Physiologist, Rockville, MD, ISBN 0-943088-
10-1.

Heath, R. L. and L. Packer, 1968, Photoperoxida-
tion in isolated chloroplasts, 1. Kinetic and
stoichiometry of fatty acid peroxidation, Arch.
Biochem. Biophys. 125, 189~198.

Japan Meteorological Agency, 1993, Total ozone
observation. In Annual Report on Monitoring
the Ozone Layer (Japan Meteorological Age-
ncy, ed.), Tokyo, Japan: Japan Meteorological
Agency, Vol. 4. pp. 23~25.

Kerr, J. B. and C. T. McElroy, 1993, Evidence for
large upward trends of ultraviolet-B radiation
linked to ozone depletion, Science, 262, 10
32~1034.

Kim, H. Y., K. Kobayashi, I. Nouchi and T. Yoney-
ama, 1996a, Enhanced UV-B radiation has lit-
tle effect on growth, §13C values and pigme-
nts of pot-grown rice (Oryza sativa) in the
field, Physiol. Plant., 96, 1~5.

Kim, H. Y., K. Kobayashi, I. Nouchi and T. Yon-

640



Effects of UV-B radiation on carotenoids, polyamines and lipid peroxidation in rice (Oryza sativa L.) leaves

eyama, 1996b, Effects of UV-B radiation on
growth,613C values and pigments of three
tice (Oryza sativa L.) cultivars, Environ. Sci.,
9, 45~53.

Kim, H. Y., K. Kobayashi, I. Nouchi and T. Yoney-
ama, 1996c, Differential influences of UV-B
radiation on antioxidants and related enzy-
mes between rice (Oryza sativa L.) and cu-
cumber (Cucumis sativus L.) leaves, Environ.
Sci., 9, 55~63.

Kramer, G. F. and C. Y. Wang, 1989, Correlation
of reduced chilling injury with increased spe-
rmine and spermidine levels in zucchini
squash, Physiol. Plant., 76, 479~484,

Kramer, G. F,, H. A. Norman, D. T. Krizek and R.
M. Mirecki, 1991, Influence of UV-B radiation
on polyamines, lipid peroxidation and mem-
brane lipids in cucumber, Phytochemisty, 30,
2101~2108.

Krupa, S. V. and R. N. Kickert, 1989, The gree-
nhouse effect: Impacts of ultraviolet-B (UV-
B) radiation, carbon dioxide (CO.) and
ozone (O;) on vegetation, Environ. Pollut,,
61, 263~393.

Larson, R. A. and M. R. Berenbaum, 1988, Enviro-
nmental phototoxicity. Solar ultraviolet radia-
tion affects the toxicity of natural and man-
made chemicals, Environ. Sci. Technol., 22,
354~360.

Lichtenthaler, H. K., 1987, Chlorophylls and caro-
tenoids: pigments of photosynthesis, Me-
thods Enzymol., 148, 350~352

Madronich, S., R. L. McKenzie, M. M. Caldwell
and L. O. Bjorn, 1995, Changes in ultraviolet
radiation reaching the earth’s surface, AM-
BIO, 24, 143~152.

Nouchi, I, 1991, Effects of ultraviolet-B (UV-B)
iradiation on growth of cucumber, radish
and kidney bean plants, ). Agric. Meteorol.
46, 205~214,

Roberts, D. R, E. B. Dumbroff and ). E. Thomp-
son, 1986, Exogenous polyamines alter mem-
brane fluidity- a basis for potential misinterp-
retation of their physiological role, Plants,
167, 395~401.

Siefermann-Harms, D., ). Joyard, and R. Douce,
1978, Light-induced changes of the carote-
noid levels of chioroplast envelopes, Physiol.
Plant.,, 61, 530~533.

Slocum, R. D., R. Kaur-Sawhney and A. W. Gals-
ton, 1984, The physiology and biochemistry
of polyamines in plants, Arch. Biochem. Bio-
phys. 235, 283~303.

Tevini, M. and A. H. Teramura, 1989, UV-B effe-
cts on terrestrial plants, Photochem. Photo-
biol., 50, 479~487.

Tevini, M., W. Iwanzik and U. Thoma, 19871,
Some effects of enhanced UV-B irradiation
on the growth and composition of lipid, Pla-
nta, 153, 388~394.

Thompson, J. E, L. S. Chia, R. F. Barber and S.
Sridhara, 1985, Comparative effects of senes-
cence and chemical stress on the molecular
organization of plant membranes. In Frontiers
of membrane research in agriculture (St.
Jone, J., E. Berlin and P. Jackson, eds), pp
320~334, Rowan & Allanheld, Totowa, NJ,
ISBN 0-8476-7426-9.

Young, A. J., 1991, The photoprotective role of
carotenoids in higher plants, Physiol. Plant,,
83, 702~708.

641



Hak-Yoon KM

UV-B7} H{242| carotenoid, polyamine %
R &R olXl= H&

PARN-I o
A8l synsy7|e+14
(19964 88 13 HHP)

UV-BE7t7F Ad#aste] mAe G823 UV-BEE tE carotenoid ¥ polyamined ) AAts
FotE 2] Hall A% oo AFIFAWAA 1247 B (Onyza sativa L., cv. Koshihikari)
T8 299 UV-BES A8 3 UV-BATAl 93 g8 Zas BiAt Ane
A F7re A A A3 2 malondialdehyde (MDA) 9} 8HaFe- 647+e) UV-BA 2] o) ok 30
%9 5718 B9 Carotenoid®] #%& UV-BA 2l s o 10% #2se 2FS 2oy EA%A
T2 i &9, Wele 3A 3% F9 polyamines (putrescine, spermidine, spermine)©] £ 89
on, ol5 BT UV-BA e o 433 F7iH9u ojde Axzg & o UV-BEHA o3 A4
AR AATAA Y dste] BAdhe Rog ARHD, polyamined Z7He UV-BRAM] 93t A

£ 32 0] 9% 4884 gougon duau,

642



