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ABSTRACT

Ultraviolet radiation-B (UVBR) affects plants in many important ways, including reduced growth rate, reduction of
primary productivity and changes in ultrastructure. The rice (Oryza sativa) is one of the most cultivated cereal in the
world along with corn and wheat, representing over 50% of agricultural production. In this study, we examined O. sa-
tiva exposed to natural radiation denominated which “ambient samples”, plants cultivated which photosynthetically
active radiation (PAR), denominated with PAR-only and plants cultivated with PAR + UVBR for 2 h per day during 30
days of cultivation in vitro. The samples were processed for electron microscopy and histochemistry analysis. PAR +
UVBR caused changes in the ultrastructure of leaf of O. sativa, mesophyll cells, which included increased thickness of
the cell wall and plastoglobuli, reduced intracellular spaces, changes in the cell contour, and destruction of chloroplast
and mitochondria internal organization. The exposure to PAR + UVBR led to changes in guard and subsidiary cells, and
the stomata and papillae were with irregular shape. The reduction of epicuticular wax that covered the leaf, was ob-
served. Taken together, these findings strongly suggested that PAR + UVBR negatively affects the ultrastructure and

morphology and growth rates, of leaf of O. sativa and, in the long term, their economic viability.
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1. Introduction

The stratospheric ozone layer provides natural protection
against ultraviolet radiation (UVR) for all biological or-
ganisms [1]. It has been nearly three decades since the
first reports about man-made changes in this protective
shield caused by atmospheric pollutants, such as chloro-
fluorocarbons (CFCs), halocarbons, carbon dioxide (CO,),
and methyl chloroform (MCF) [2]. As a consequence of
ozone layer depletion, ultraviolet B radiation (UVBR)
(280 - 320 nm) is increasingly reaching the Earth’s sur-
face [3]. Ultraviolet energy induces photoinhibition and
photodamage in proteins, nucleic acids, and other com-
pounds in biological tissues [3] as well as alteration in
cellular ultrastructures [4].

Ultraviolet radiation affects all biological organisms in
many important ways. Several studies have shown a de-
creased growth rate [4-6]. The photosynthetic process is
also potentially affected by inhibiting the activity of the
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1,5 di-phosphate carboxylase/oxygenase (Rubisco) D1 pro-
tein of the photosystem II reaction center [7] and by al-
tering the thylakoid membrane composition of chloro-
plasts [8]. In Arabidopsis thaliana [9], Oriza sativa [10],
Avena fatura and Selaria vulgaris [11] changes in leaf
area, as well as decreases in stomatal density after expo-
sure to ultraviolet radiation-B, were observed.

Finally, some papers have reported changes in the ul-
trastructure of plants and macroalgae exposed to UVBR
[4-6,8,12-15]. These changes mainly occur in the chloro-
plasts, altering the quantity, size, organization, and num-
ber of thylakoids [16].

Rice (Oryza sativa) is one of the most cultivated cere-
als in the world, along with corn and wheat, representing
over 50% of agricultural production. In Latin America,
Brazil is the largest producer of cereal, accounting for
approximately 88% of the MERCOSUR [17]. Thus, in
this study, we comparatively analyzed the responses of
leaf of O. sativa samples under ambient conditions, PAR,
and PAR + UVBR treatment, focusing on changes in cel-
lular architecture, ultrastructure, and histochemistry.
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2. Materials and Methods
2.1. Seed Plants

The rice (Oryza sativa) seeds from cultivar EPAGRI 108
(Empresa de Pesquisa Agropecudria e Extensdo Rural de
Santa Catarina, Brazil) (E108) was provided by Vitorino
Cooperative (Tubardo, Santa Catarina, Brazil).

2.2. Plant Culture Conditions

The seeds were cultivated in Plant Cell Biology Labora-
tory (Federal University of Santa Catarina, Florianopolis,
Santa Catarina, Brazil). The seeds (n = 200) were culti-
vated in plastic trays and were soaked in were kept be-
tween thick layers of cotton cloth and water at 23°C
(Figure 1(A)). After the germination, the seedlings (n =
50 per treatment) were cultivated in plastic trays with a
mixture of vermiculite and fertilized soil (Figure 1(B)),
and with one centimer of water depth (Figure 1(C)).
Culture room conditions were 23°C, illumination from
above with fluorescent lamps (Philips C-5 Super 84
16W/840, Brazil), photosynthetically active radiation
(PAR) at 75 pmol-photons'm *s™' (Li-cor light meter
250, USA) and 12 h photocycle (starting at 8 h) for PAR
treatment. UVBR was provided through a Phillips Ultra-
violet-B (TL 20W/12 RS, Netherlands). The intensity of
UVBR treatment was 0.60 W-m > (Radiometer Model IL

1400 A, International Light, Newburyport, MA, USA)
and plants were exposed to PAR + UVBR from 12:00 to
14:00 during 30 days. To avoid exposure to UVC radia-
tion, a cellulose diacetate foil 0.075 mm thick was util-
ized.

In the laboratory, PAR treatment were evaluated using
only PAR and UVBR treatment were cultivated under
PAR + UVBR. In the field, ambient samples were culti-
vated in shade house receiving natural radiation. The
third leaf was used for light and electron microscopy was
fixed directly on day 30 (Figures 2(A)-(C)), the last day
of experimentation, after the final exposure to UVB at 14
h.

2.3. Light Microscope (LM)

Samples approximately 5 mm in length were fixed in
2.5% paraformaldehyde in 0.1 M (pH 7.2) phosphate
buffer overnight. Subsequently, the samples were dehy-
drated in increasing series of ethanol aqueous solutions.
After dehydration, the samples were infiltrated with His-
toresin (Leica Historesin, Heidelberg, Germany). Sections
5 pm in length were stained with different histochemical
techniques and investigated with an Epifluorescent mi-
croscope (Olympus BX 41) equipped with Image Q
Capture Pro 5.1 Software (Qimaging Corporation, Austin,
TX, USA).

Figure 1. Detail of seeds of Oriza sativa cultivated in plastic trays. (A) Seeds cultivated in cotton; (B) and (C) Note the seed-
lings (arrows) cultivated vermiculite, fertilized soil and with water.
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Figure 2. Plants of Oriza sativa cultivated in plastic trays during 30 days. Note the large leaves. (A) Ambient samples; (B)
Plants exposed to PAR-only; (C) Plants exposed to PAR + UVBR.

Copyright © 2012 SciRes.
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2.4. Histochemical Staining

LM sections were stained as follows: Periodic Acid-
Schiff (PAS) used to identify neutral polysaccharides [4],
Toluidine Blue (TB-O) 0.5%, pH 3.0 (Merck Darmstadt,
Germany) used for acid polysaccharides through a meta-
chromatic reaction [6], and Coomassie Brilliant Blue
(CBB) 0.02% in Clarke’s solution (Serva, Heidelberg,
Germany) used for proteins [4]. Controls consisted of
applying solutions to sections without the staining com-
ponent (e.g., omission of periodic acid application in the
PAS reaction).

2.5. Transmission Electron Microscope (TEM)

For observation under the transmission electron micro-
scope (TEM), samples approximately 5 mm in length
were fixed with 2.5% glutaraldehyde in 0.1 M sodium
cacodylate buffer (pH 7.2) plus 0.2 M sucrose overnight
[8]. The material was post-fixed with 1% osmium tetrox-
ide for 4 hours, dehydrated in a graded acetone series and
embedded in Spurr’s resin. Thin sections were stained
with aqueous uranyl acetate followed by lead citrate.
Four replicates were made for each experimental group;
two samples per replication were then examined under
TEM JEM 1011 (JEOL Ltd., Tokyo, Japan, at 80 kV).
Similarities based on the comparison of individual treat-
ments with replicates suggested that the ultrastructural
analyses were reliable.

Ambient samples
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2.6. Scanning Electron Microscope (SEM)

The samples were fixed for SEM observations using pro-
cedures identical to those used for TEM. The samples
were dehydrated with ethanol series, dried on Critical
point EM-CPD-030 (Leica, Heidelberg, Germany), then
sputter-coated with gold prior to exanimation. The sam-
ples were examined under SEM JSM 6390 LV (JEOL
Ltd., Tokyo, Japan, at 10 kV).

2.7. Data Analysis

Data were analyzed by unifactorial Analysis of Variance
(ANOVA) and the Tukey a posteriori test. Unifactorial
statistical analyses were performed using the Statistica
software package (Release 6.0), considering p < 0.05.

3. Results
3.1. Morphology of Leaves of Oryza sativa

After 30 days of the experiment, the expanded leaves of
Oryza sativa showed different height and length (leaf
index) (Figures 3(A)-(C)). A highly significant increase
in plant height and length was observed, with plants ex-
posed to PAR-only (Figure 3(B)). Exposure to ambient
reduced plant height and length compared with PAR-
only (Figure 3(A)) and whereas those of plants exposed
to PAR + UVBR were severely shortened (Figure 3(C)).
The plant growth characteristics are shown in Table 1.

PAR+UVBR
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—

Figure 3. Morphological response of leaf of Oriza sativa after 30 days under differents light treatments. (A) and (B) Observed
the expanded leaf in ambient samples and PAR-only; (C) Note the change in leaf morphology after exposure to PAR +
UVBR.

Table 1. Effects of radiation on plant parameters of Oryza sativa (ambient samples, PAR-only and PAR + UVBR). Means *
S.D, n =20 leaves. Letters indicate significant differences according to the Tukey test (p < 0.05).

Parameter Ambient samples PAR-only PAR + UVBR
Leaf index (h/1) 24.9 (+) 0.86b 36.2 (+) 1.19a 20.7 (+) 1.3¢
Leaf area (cm?) 6.9 (+) 0.25b 8.4 () 0.30a 2.3 (%) 0.12¢

Copyright © 2012 SciRes. AJPS
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3.2. Observation under Light Microscope and
Histochemical

The transversal sections of epidermal cells of the ambient
samples, PAR-only and PAR + UVBR of O. sativa,
when staining with TB-O, showing a metachromatic re-
action in the cell wall, indicating the presence of acidic
polysaccharides (Figures 4(A)-(C)). Orthochromatic
reaction was observed in mesophyll cells (Figures 4(A)-
(C)). However in mesophyll cells of plants treated with
PAR + UVBR was observed the presence of phenolic
compounds (Figure 4(C)). When stained with PAS the
ambient samples, PAR-only and PAR + UVBR exhibited
a strong reaction, suggesting the presence of cellulosic
compounds in the cell wall (Figures 4(D)-(F)). The am-
bient samples showed PAS-positive reaction in the cyto-
plasm with neutral polysaccharides, especially with many
starch grains (Figure 4(D)). Nevertheless, the PAR-only
and PAR + UVBR showed few starch grains (Figures
4(E) and (F)). Finally, the ambient samples, PAR-only and
PAR + UVBR stained with CBB showed a positive reac-
tion indicating the presence numerous organelles rich in
protein (Figures 4(G)-(I)). In the three histochemical
utilized was possible observe presence of phenolic com-

pounds in the plants submitted to PAR + UVBR (Figures
4(C), (F) and (I)).

3.3. Observation under Transmission Electron
Microscope (TEM)

When observed by TEM, the mesophyll cells of ambient
samples and PAR-only (Figures 5(A)-(H)) of O. sativa
is filled with chloroplasts, nuclei and mitochondria in the
vicinity of chloroplasts (Figure 5(A)). These cells were
surrounded by a primary cell wall, thin, formed by cellu-
lose microfibrils embedded in an amorphous matrix (hemi-
cellulose and pectin) (Figure 5(B)). Various plasmodes-
mata was observed connected these cells (Figure 5(C)).
The chloroplast was large, surrounded by a double mem-
brane, and had a typical well-developed grana and stro-
mal thylakoids which generally oriented parallel to the
long axis of the plastid (Figures 5(D) and (E)). The com-
pact stroma contained few starch grains (Figures 5(B),(D)
and (E)). In the chloroplasts of these cells, a small plas-
toglobuli were observed between the thylakoids (Figure
5(D)). In the cytoplasm also verificated mitochondria
with well developed cristac membranes and rough endo-
plasmic reticulum (Figure 5(F)).

Figure 4. Light microscopy (LM) of the transversal sections of leaf of Oriza sativa after 30 days under differents light treat-
ments. Sections stained with TB-O. (A) and (B) The cell wall shows metachromatic reaction (CW); (C) Note the presence of
phenolic compounds (arrows) near the cell wall. Sections stained with PAS; (D) and (E) Observe the positive reaction in the
cell wall and with starch grains (S); (F) Note the presence of phenolic compounds (arrows). Sections stained with CBB; (G)
and (H) Note the positive reaction with numerous organelles rich in protein; (I) Observe the positive reaction with numerous

organelles rich in protein and the phenolics compounds (arrows).

Copyright © 2012 SciRes.
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Figure 5. Transmission electron microscopy (TEM) of ambient samples and PAR-only of leaf of Oriza sativa after 30 days
under differents light treatments. (A) Overview of mesophyll cells. Note the large quantity of chloroplasts (C) and mitochon-
dria (M), and the nuclei (N); (B) Detail of primary cell wall (CW), with lamellae media (arrows). Note the chloroplast with
starch grains (S); (C) Note the plasmodesmata (arrows); (D) Observe the chloroplast with plastoglobuli (P) and starch grains;
(E) Detail of chloroplast with well developed grana (G) and stromal thylakoeids (arrows); (F) Note the presence of rough re-
ticulum endoplasmatic (Rer) and mitochondria with cristae membrane; (G) Stomata complex with a guard cells (GC) and
subsidiary cells SC); (H) Magnification of previous figures showing detail of guard cells.

The abbatial leaf surface of O. sativa is covered by
stomata, part of a stoma complex consisting of a pore
surrounded on each side by chloroplast-containing two
guard cells, and two subsidiary cells that lack chloro-
plasts (Figures 5(G) and (H)).

However, after a daily 2-hour exposure to PAR + UVBR
for a 30-day period, O. sativa showed ultrastructural
changes involving modifications, especially in cell wall,
chloroplasts, and mitochondria and in the guard cells
(Figures 6(A)-(I)). The cell wall became more compact
in irradiated plants (Figure 6(B)), also observed the pres-
ence of phenolic compounds near the cell wall (Figures
6(C) and (D)). The chloroplasts showed more visible chan-
ges in ultrastructural organization with irregular mor-
phology (Figures 6(E) and (F)). The thylakoids were
disrupted and swollen (Figures 6(E) and (F)), and the
number of plastoglobuli was increased in the chloroplasts
(Figure 6(F)). Mitochondria appeared to be disrupted and
irregular in shape (Figure 6(G)). The guard and subsidi-
ary cells were with irregular shape (Figures 6(H) and

@).

3.4. Observation under Scanning Electron
Microscope (SEM)

Under SEM the abbatial surface of ambient samples
(Figure 7(A)) and PAR-only (Figure 7(B)) of the leaf of
O. sativa was possible observe detail of stomata and
ostiole. The stoma was covered with epicuticular wax
and a large quantity of papillae. The plants treated with
PAR + UVBR the stomata and papillae appeared with
irregular shape and reduction of epicuticular wax was
observed (Figure 7(C)).

Copyright © 2012 SciRes.

4. Discussion

The present study showed that the leaf of Oriza sativa
was affected by PAR + UVBR which induced changes in
leaf morphology, plant biomass, in chloroplast and mito-
chondria organization, as well increasing cell wall thick-
ness and disrupted the stomata structure. The exposure to
PAR + UVBR led to reduction in plant biomass, altered
guard cells and leaf area of O. sativa, similar results were
observed in Pisum sativum [17,18] and Brassica napus
[19]. This reduction in treated plants of O. sativa could
be related with changes in cell expansion and turgor
pressure [17].

When analyzed under LM, the PAR + UVBR treated
plants showed a presence of phenolic compounds in three
different histochemical. According to Ruhland et al. [20]
and Schmidt et al., [14] the increased concentrations of
phenolic compounds in response to elevated radiation
have two different functions: 1) To act as a sunscreen
against potentially damaging UVB and 2) To ameliorate
damage caused by increased ROS. According to [21], the
phenolic compounds could act as a photoprotection mecha-
nism against higher irradiance in the ecosystems by ab-
sorbing incident photons or indirectly as a result of their
antioxidant activity.

After exposure to PAR + UVBR the leaf of O. sativa
showed the increase in primary cell wall structure and
more compact in irradiated plants. The increase in the
thickness of the cell wall of O. sativa exposed to PAR +
UVBR can be interpreted as a defense mechanism against
exposure to ultraviolet radiation. Such increase in cell
wall thickness can be interpreted as a defense mechanism

AJPS
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Figure 6. Transmission electron microscopy (TEM) of samples treated with PAR + UVBR of leaf of Oriza sativa. (A) Detail of
mesophyll cells with irregular shape; (B) Note the thick cell wall and with compact aspect; (C) and (D) Observe the presence
of phenolic compounds in the cell wall (arrows); (E) Note the irregular chloroplast morphology with swollen thylakoids (ar-
rows) and large quantity of plastoglobuli; (F) Detail of disrupted mitochondria with cristae dilatation; (G) and (H) Note the
guard cells with modification after exposure to PAR + UVBR.

Figure 7. Scanning electron microscopy (SEM) of leaf of Oriza sativa after 30 days under differents light treatments. (A) and
(B) Note the presence of epicuticular wax (arrows) and papillae; (C) Observe the reduction in epicuticular wax (arrows), and

the irregular outline of stomata and papillae.

against exposure to ultraviolet radiation. According to
Hollosy [13], for example, an increase in thickness was
specifically interpreted as a protective mechanism against
damage caused by UV radiation. Moreover, other cellular
and morphological changes have been reported as a de-
fense mechanism against UVBR. Staxén and Bornman
[22] reported the alteration of the deposition of cell wall
microfibrils. Microtubules, which have been implicated
in the deposition of cell wall microfibrils, depolymerized
when irradiated by UVB, and the disruption of the corti-
cal microtubule network of epidermal cells could result
in altered cell shape and, consequently, altered leaf mor-
phology

Our results showed that ambient samples and PAR-
only of O. sativa had a typical chloroplast with well-
developed grana and stromal thylakoids which generally
oriented parallel to the long axis of the plastid. In con-
trast, the chloroplasts of O. sativa exposed to PAR +
UVBR showed significant structural changes, including
disrupted and swollen thylakoids. Studies with different
important macroalgae exposed to PAR + UVBR including

Copyright © 2012 SciRes.

Kappaphycus alvarezii [4-6], Gracilaria domingensis [23],
Chondracanthus teedei [8] and Hypnea musciformis [14]
also showed ultrastructural changes in chloroplasts which
manifest as dilation and disorganization of thylakoids.

Photosystem II (PSII) is a major target of UVBR in
photosynthetic organisms [24-26]. Since it would be dif-
ficult to establish a proton gradient across the thylakoid
membrane under UVBR radiation, photosynthetic reac-
tions will be impaired [27]. Other reports of UVBR-in-
duced changes include the depolarization of membrane
potential, net leakage of CI°, Na" and K, and different
ATPase activities in cell membranes [28-30] and in thy-
lakoid membranes [31-33].

When analyzed by TEM, the exposed to PAR + UVBR
of O. sativa revealed an increase in the number of the
plastoglobuli in the chloroplast. According to Holzinger
et al., [34], when the algae are subjected to stress, nitro-
gen limitation and the synthesis of lipids are observed.
These phenomena occur because the pathways to form
protein-containing cell structures are suppressed.

The mitochondria of the PAR + UVBR of O. sativa

AJPS
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also showed ultrastructural changes. The mitochondria
appeared swollen, and the inner mitochondrial membrane
was disrupted. Other studies report ultrastructural changes
in mitochondria of Gr. domingensis Schmidt et al. [23]
and C. teedei Schmidt et al., [8], these changes were
manifested by an apparent swelling and by changes in the
inner mitochondrial membrane from a tubuli- to sac-
culi-type structure when exposed to PAR + UVBR, mi-
tochondria appeared swollen, and the presence of elec-
tron-dense granules in the mitochondrial matrix was de-
tected. Such ultrastructural changes can result in a disor-
dered metabolism of ATP [35].
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