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ABSTRACT

This study aims to evaluate the effect of solar
UV radiation on defensive enzymes activities in
lettuce seedlings. Seeds of lettuce were grown in
high tunnels for 35 days, exposed to three different
levels of solar UV, created by using three different
types of plastic fims. Each plastic film transmits
different levels of solar UV (0% in UV-B, 4% in UV-
L and 83% in UV-T). The obtained resuits indi-
cated that solar UV radiation has led to significant
decrease in seedling fresh weight. UV-B treatment
resulted the highest shoot and root length while
UV-T treatments exhibited the highest shoot: root
ratio. Solar UV radiations have no effect on perox-
idase activity in shoots. While ascorbate perox-
idase was activated and catalasé was inhibited in
shoot by UV-T treatments. In lettuce roots, perox-
idase, ascorbate peroxidase, and catalase activi-
ties were increased by increasing the level of solar
UV radiation. In case of UV-T, phenylalanine am-
monia lyase (PAL) activity in both shoots and roots
of lettuce seedlings was higher than those of other
treatments. In addition, Phenols are accumulated
in lettuce shoots as a result of UV radiation in UV-L
and UV-T treatments. Also, phenols in roots in-
creased by increasing solar UV dose. The study
concluded that solar UV radiation induced some
antioxidant enzymes, increased the accumulation
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and biosynthesis of phenolic compounds and re-
duced lettuce seedlings growth.

1. INTRODUCTION

Es

Depletion of stratospheric ozone layer is lead-
ing to an increase in UV radiation reaching the
earth’s surface. Egypt is exposed to a high level of
solar UV radiation due to its geographical position.
Although, UV is only a minor component of solar
radiation its potential to cause biological effects on
plants is higher than any other radiations due to its
high energy. In recent years, there have been
number of studies highlighting the molecular me-
chanism by which UV can affect plant physiology
and various biochemical processes. The most
common effects of UV radiation on plant physiolo-
gy include, change in plant growth and develop-
ment, decrease the photosynthetic activity and
changes in pigment composition and enzyme ac-
tivities (Soheila and Mackerness, 2000; Morales
et al 2011). Krizek et al (1998) reported that let-
tuce plants grown in the absence of solar UV-B
radiation had greater fresh and dry weight of tops,
roots and stems than that of those grown under
ambient UV-B. Also, Rao et al (1996) reported that
irradiation Arabidopsis thaliana with UV-B modified
the activities of various antioxidant enzymes such
as superoxide dismutase, peroxidase, catalase,
glutathione reductase, and ascorbate peroxidase.

In further investigation, Garcia-Macias et al
(2007) found that exposure of lettuce seedlings to
high levels' of UV radiation during cultivation
caused the leaves to redden and increased con-
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centrations of total phenols and the main flavono-
ids (quercetin and cyanidin glycoside) as well as
luteolin conjugates and phenolic acids. The total
phenol content increased from 1.6 mg gallic acid
equivalents per gram (GAE/g) of fresh weight
(FW), for lettuce grown under UV block film to 2.9
and 3.5 mg as GAE/g of FW, for lettuce grown
under the UV fow and UV window films. In addi-
tion, the antioxidant activity was also higher in let-
tuce exposed to higher levels of UV radiation. The
content of phenolic acids, as caffeic acid, was af-
fected by the level of UV that penetrated through
the plastic cover films. Flavonoid glycosides were
formed in lettuce seedlings, due to exposure to
high levels of UV radiation, as demonstrated by the
concentrations of aglycones after hydrolysis.
These results showed the potential of the use of
UV-transparent plastic as a means of increasing
beneficial flavonoid content of red leaf lettuce
when the crop is grown in polytunnels.

The present study aims to clarify how the dif-
ferent levels of solar UV radiation can affect the
growth and plant morphology of red letttite and to
test its effects on antioxidant defensive enzymes
as well as investigates the effects of different dos-
es of solar UV- radiation on phenols biosynthesis
enzyme, PAL, and the accumulation of phenolic
compounds in lettuce seedlings.

MATERIAL AND METHODS
Plant growth and treatments

Seeds of red lettuce, Lactuca sativa, were
grown in three open-sided tunnels (6.5X40 m)
covered with three different films at Wadi El Na-
troon, Behera, Egypt. The spectral properties of
the films were as previously reported (Garcia-
Macias et al 2007). All three films contained the
infra-red reducing and light diffusing components
of Luminance THB (British Polythene Industries
PLC, Greenock, UK). These three films have simi-
lar thickness of 180 microns and similar transmis-
sion of photosynthetic active radiation 400-700 nm
.Plastic covers transmit different levels of UV solar
radiation as foilow:

- The first cover transmitted only 4% of solar UV
and is named low UV transmitted film (UV-L)

- The second transmitted 83% of solar UV (260-
400nm) and is named UV transmitted film (UV-T).

- The third film blocked all solar UV radiation below
380 nm and is named UV-B. ,

After 35 days of sowing, lettuce seedlings
samples were collected. Shoots and roots iengths
were measured and then samples were kept at -

20°C and used for enzymes analysis and phenols
determination.

Determination of total phenols

Phenolic compounds were extracted from plant
tissue with ethanol 80%. The phenolic compounds
were determined by using folin solution according
to the method described by Danial and George
(1972), and recommended by AOAC, {2000). The
phenolic compound contents were expressed as
mg/g (D.W.).

Determination of antioxidant defensive en-
zymes and soluble proteins

Preparation of enzymes crude extract

Fresh plant samples were homogenized in 100
mM chilled sedium phosphate buffer (pH 7.0) con-
taining 0.1 mM EDTA and 1% polyvinylpyrrolidone
(PVP) (w/v) at 4°C. The extraction ratio was 4ml
buffer for each one gram of plant matefial. Homo-
genate was centrifuged at 15.000 g for 15min at
4°C. Supernatant was used to measure the en-
zymes' activities. The soluble protein content in
supernatant was measured according to Lowry et
al (1951) and using bovine serum albumin (BSA)
as standard.

Assay of peroxidase (PX) activity

Peroxidase (E.C 1.11.1.7) activity in enzyme
extract was determined as described by Hammer
Schmidt et al (1982). The reaction mixture 3 mL
consisted of 0.25% (V/V) guiacol in 10 mM sodium
phosphate buffer pH 6.0 containing 10 mM H,0,.
Volume of 25 ul of the crude enzyme extract was
added to initiate the reaction. The developed color
was measured calorimetrically -at 470 nm. The
specific activity expressed as AOD.min'1.mg'1 pro-
tein.

Assay of catalase (CAT) activity.

Activity of catalase (E.C 1.11.1.6) was deter-
mined using a modified method developed by Ae-
by (1984). A reaction mixture of 3 mL contained 10
mM H20, and 100 pl of enzyme extract in 50 mM
phosphate buffer (pH 7.0). Enzyme activity was
assayed by monitoring the decrease in absorbance
at 240 nm as a consequence of HyO> consump-
tion. One unit of CAT activity (U) was defined as
the decomposition of 1 pmol H,O02 per minute.
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Assay of ascorbate peroxidase (APX) activity

The activity of ASP (E.c 1.11.1.11) was meas-
ured according to Nakano and Asada, (1981).
The assay mixture 3 ml consisted of 0.5 mM As-
corbic acid, 0.1 mM H202, 0.1 mM EDTA, 50 mM
sodium phosphate buffer (pH 7.0), and 100 pL
enzyme extract. Ascorbate peroxidase activity was
expressed as a decrease in absorbance at 290 nm
for 1 min.

Determination of Lipid peroxidation

The level of lipid peroxidation was measured by
determination of malondialdhyde (MDA) in plant
tissues as described by Heath and Packer (1968).
One gram of tissue (FW) was homogenized in 5 ml
of TCA 0.1 % (W/V). The homogenate was centri-
fuged at 10000g for 5 min, then 4 ml thiobarbituric
acid (0.5% in TCA 20%) was added to 1 m! of the
supernatant. The mixture was heated at 95° C for
30 min and then quickly cooled in ice. The con-
tents were centrifuged at 10000g for 15 min and
the absorbance was calculated using a-extinction
coefficient of 156 mM-1cm-1. MDA content ex-
pressed as pmol/g (FW).

Assay of phenylalanine ammonia lyase activity

The activity of phenylalanine ammonia lyase
(PAL EC.4.3.1.5) was assayed by the method de-
scribed by He et al (2001). PAL assay reaction
consisted of 100 pL crude enzyme extract and 900
pL of 8 mM phenylalanine, 500 mM tris-HCI buffer
(pH 8.5). The mixture was incubated at 37°C for
one hour. Then, the absorbance of the reaction
mixture was spectrophotometrically measured at
290 nm. The amount of trans-cinnamic acid formed
was determined by comparison of absorbance with
a standard curve of trans-cinnamic acid. PAL activ-
ity was expressed as pmol-cinnamic acid h'1'mg‘1
protein.

Statistical Analysis

The results presented are the means + stan-
dard deviation of five replicates. The recorded data
were treated statistically using the one way analy-
sis of variance as described by SAS (1996). The
means were compared by Least Significant Differ-
ence test at p<0.05.

RESULTS AND DISCUSSIONS
UV radiations reduce plant growth v

"Figure (1) showed that shielding of solar UV
transmission by plastic films caused activation of

both root and shoot growth in lettuce seedlings.
The results clearly indicated that lettuce seedlings
exposed to high level of solar UV radiation have a
small red leaves, as shown in UV-T treatment,
compared to green leaves with low level of red
color in lettuce seedlings exposed to low level of
solar UV. Table (1) showed root and shoot lengths
of lettuce seedlings grown in commercial green-
houses covered with different UV transmitting plas-
tic films. The seedling grown under UV blocker
plastic showed the longest shoot and root length
and seedling fresh weight. While seedlings grown
under high level of UV solar radiation showed the
shortest shoot and root length and lowest seedling
fresh weight. The observed growth reduction of
root and shoot in lettuce seedlings exposed to high
level of solar radiation could explained by damag-
ing effects of UV solar radiations on DNA. In addi-
tion, direct UV-B effects on the growth regulators of
the gibberellins family may lead indirectly to sup-
pression of root and shoot growth by decomposi-
tion of gibberellins, as was shown for Hyoscyamus
niger (Rau and Hoffmann, 1988). ’
Attenuation studies conducted with crop plant
species and cultivars grown in commercial green-
houses covered with differently UV-transmitting
plastic foils simulating a solar UV-difference of
about 10 to 15% also showed reductions in stem
growth and leaf area of four bush bean cultivars
during their early development under higher solar
UV-B (Saile-Mark and Tevini, 1997). In those
studies it was shown that flowering delay of bean
and maize plants was cultivar dependent (Mark
and Tevini, 1996). As a consequence of growth
reductions and flowering suppression number and
weight of pods and therefore yield of bean fruits
was reduced at the higher UV-B level. Similar re-
sults have been obtained for pea fruits mdBrassica
nigra seeds (Conner and Zangori, 1997; Corlett
et al 1997), whereas seed production in Mentha
spicata and the Mediterranean shrub Cistus creti-
cus was increased by enhancement of UV-B
(Gram-matikopoulos et al 1998).

Solar UV radiation induces lipid peroxidations

Table (2) showed that the level of lipid peroxi-
dation significantly increased in lettuce shoots with
increasing the level of solar UV radiation. So, let-
tuce seedlings grown in UV-T showed higher MDA
content in shoots than that of lettuce seedling
grown in UV- B or UV-L. On the other hand, MDA
content in root was higher in lettuce seedlings in
UV-B than that of other treatments. MDA content
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reflects the intracellular redox status of the plant
tissues during exposure to solar UV. The higher
level of MDA could be due to formation of highly
reactive oxygen radicals and their reaction prod-
ucts. Two routes for UV -induced formation of reac-
tive oxygen species (ROS) in the cell may be due
to: (1) Nonspecific production of ROS during high
UV levels as the results of randomly induced che-
mistry of cellular molecules after absorption of the
energy content of the UV quanta. Photosensitizers,
such as aromatic amino acids or phenolic com-
pounds, can mediate transfer of the energy to oxy-
gen molecules in their vicinity; (2) Specific UV-B-
dependent catalytic production of ROS at much
lower levels of radiation, forinstance by oxidases or
peroxidases (Mikael Brosche’a and Ake Strid
2003).

Solar UV changes the antioxidant defensive
enzymes

Data in Table (3) indicated the differences in
antioxidant enzymes activities in shoots> and roots
of lettuce seedlings grown under different levels of
UV solar radiations. The results indicated that
shoot peroxidase activity is not affected by the
level of UV radiation. While catalase activity was
inhibited by high level of UV radiation (in UV-T)
and low level of UV radiation (UV-L). On the other
hand ascorbate peroxidase activity in shoots of
lettuce seedlings grown under high level of solar
UV radiation (UV-T) was higher than that in shoots
of seedlings grown under UV blocker plastic film
(UV-B) or low level of UV solar radiations (UV-L).

In Roots of lettuce seedlings the activities of
peroxidase, catalase, and ascorbate peroxidase
were increased by increasing the level of solar UV
radiations. Whereas, the highest activity of these
enzymes were recorded in roots of lettuce seedl-
ings grown under high level of solar UV radiations.
While roots of lettuce seedlings grown under UV
blocker plastic films showed the lowest antioxidant
enzyme activity.

The effects of UV radiation on free radical pro-
duction and scavenging, as well as on cell mem-
branes in plants, have been well documented (Ta-
keuchi et al 1995; Rao et al 1996; Costa et al
2002). Various environmental stresses cause H;O;
accumulation in leaves and the regulation of these
enhanced H20: levels is of most importance in
plant cell metabolism. Hydrogen peroxide, an ac-
tive oxygen species, is known to diffuse across
‘biological membranes and cause cellular damage.
The accumulation of H202 produced an increase
in CAT and APX activities in potato tubers during

low-temperature storage (Mizuno et al 1998). Stu-
dies carried out on rice — Oryza safiva — leaves
demonstrated that after supplemental UV-B radia-
tion, CAT and SOD activities were enhanced;
meanwhile, no differences were observed in APX
(Dai et al 1997). In sunflower cotyledons, the in-
duction of antioxidant enzymes with peroxidase
activity (CAT and GPX) indicated that hydrogen
peroxide participates actively on UV-B plant re-
sponse. It has been demonstrated that GPX activi-
ty increases under UV-B irradiadion (Rao et al
1996), UV-C treatment (Zacchini and de Agazio,
2004) and salinity (Parida et al 2004), and this
increase has been used as an indicator for differ-
ent abiotic stresses. The fact that GPX was in-
duced with both the UV-B treatments and even
more in darkness recovery allows to assume that
the photosynthetic electron transport and photo-
phosphorylation allowed the major plant recupera-
tion.

Solar UV radiations accumulate phenols in let-
tuce shoots and roots E

Total phenol content seems to be influenced by
UV solar radiation (Table 4). it can be noticed a
significant increase in the total phenol content in
lettuce shoots grown under high or low level of
solar UV (in UV-T and UV- L) compared to shoots
grown under UV- blocker plastic films (UV-B). In
roots, total phenols significantly increased by ex-
posure to low or high level of solar UV in UV-L or
UV-T respectively. UV induces accumulation of
secondary metabolites like phenols to protect or
develop physiological function. Solar UV radiations
stimulate the phenylparpanoid pathway resuiting in
accumulation of phenols and flavinoids (Day and
Vogelmann, 1995). Similar results were reported
by Ordidge et al (2010) who suggested ttrat the
phenoclic compounds are not accumulated as pro-
tections against UV damage; instead they may be
manifestation of an as yet unspecified adaptive
response to undamaging levei of UV. Also, the
high phenolic contents in lettuce leaves grown un-
der high level of solar UV radiation could play a
role in the protection of photosynthetic apparatus
against UV damage.

Solar UV radiation induce PAL activity in let-
tuce seedlings

Phenyl alanin ammonia lyase (PAL) is the key
enzyme of phenol biosynthesis. Data in Table (5)
indicated that PAL activity in shoots and roots were
elevated in lettuce seedlings grown under plastic
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