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ABSTRACT

Nowadays, nanoparticles are raising their applications around the
world. ZnO nanoparticles are extensively used in the industrial and agricultural
processes because of low price and less toxicity. Nevertheless, the pros and cons,
effects of ZnO nanoparticles are still under discussing. This research aimed
to study the protective effects of ZnO nanoparticles on plant physiology at the
cellular level by analyzing biomaterial levels in relation to the stability of cellular
membranes. Shoots of wild type and tt8 transgenic tobaccos were grown under
tissue culture condition in the medium, adding 0, 10, 20 mg/L ZnO nanoparticles.
Under media conditions adding 10, 20 mg/L ZnO nanoparticles, tobacco increased
accumulation of plant metabolites (total soluble sugar and flavonoids). In these
Zn0 conditions, wild type and transgenic tobaccos enhanced total soluble sugar
about 30-50% and 20-30%, respectively. The highest content of total soluble sugar
was found in 20 mg/L ZnO nanoparticle condition. In similarity to the content of
total soluble sugar, tobacco plants showed the highest average contents of flavone,
flavonol and anthocyanin after growing in 20 mg/L ZnO nanoparticle conditions,
92.8%, 61.39% and 48.81% in wild type and 73.49%, 52.39% and 81.68% in
transgenics, respectively. Tobaccos under 10 mg/L ZnO media condition increased
the accumulation of total soluble sugar and flavonoid contents less than those
under 20 mg/L ZnO media condition. However, these plants showed the lowest
average percentage of cell membrane injury, 19.5% in wild type and 10-18% in
transgenic tobaccos, following with plant under 20 mg/L ZnO nanoparticle and
non ZnO nanoparticle conditions. Therefore, 10-20 mg/L ZnO nanoparticles in
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the media showed the induction of plant metabolites, especially in transgenics,
and the enhancements of plant protection when compared with the same line
tobacco under condition of non ZnO nanoparticles. Ten mg/L ZnO nanoparticle
media is the best condition in protecting cellular membrane of tobacco.
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INTRODUCTION

The rapid development of nanotechnology influences on the applications of
nanoparticles in multilaterally fields (Ov, 2004; Srinivas et al., 2010). Nanoparticle
usages are increasing in the processes of industry and agriculture for the decade.
However, toxicology awareness is also rising. ZnO nanoparticles are the important
nanoparticle that have been used around the world. These nanoparticles showed
the impacts on inducing plant growth and biosynthesis much better than bulk ZnO
did (Prasad et al., 2012; Bandyopadhyay et al., 2015). ZnO nanoparticles has been
proven to have the effects on enhancing plant development, enzymatic activity
and biomaterial synthesis (Mahajan et al., 2011; Mukherjee et al., 2014; Wang
et al., 2016). Since, some researcher reported the toxicological impacts of ZnO
nanoparticles on plant growth when a high concentration of ZnO nanoparticles was
added into the planting material (Mukherjee et al., 2014; Bandyopadhyay, 2015;
Wang et al., 2016). Pros and cons, effects of ZnO nanoparticles on plant growth
and development are under discussing. The majority effects of ZnO nanoparticles
on plant depended on the concentration of ZnO nanoparticles, stage and species
of plants (Mahajan et al., 2011; Mukherjee, 2014). Plant synthesizes various
types of plant metabolite in responding to environmental conditions. The level of
these metabolites implies cellular status of plants. In this experimental work, the
contents of total soluble sugar and flavonoids were quantified. Sugars are known
as fundamental signaling in several signal transduction processes while flavonoids
are groups of cellular protective metabolites which contain an antioxidant function.

This work had aimed to examine the ZnO nanoparticles effect on plant
physiology at the cellular level. The plant was treated with an attenuating
concentration of ZnO nanoparticles and analyzed the levels of biomaterials in
responding to protect the cellular membrane. In this experiment, wild typeand
transgenic tobaccos over expressing flavonoid regulatory gene were used to
identify the obvious results of the plant responses.
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MATERIALS AND METHODS

Materials

Wild type and transgenic plants carrying the flavonoid regulatory
gene (transparent testa8, tt8) line No. 1-5, obtained from previous work of our
laboratory, were used in this experiment. Samples were grown in Murashige
and Skoog medium (Murashige and Skoog, 1962) adding 0, 10, 20 mg/L
ZnO nanoparticles. After 4 weeks under 16/8 hour lighten and darkness
at 25+2°C condition, leaf from each sample was prepared for analysis.

Total soluble sugar content

Total soluble sugar of each sample was measured by extracting 0.5 mg leaf
in 2 ml 80% ethanol, 80 °C 15 min, then the samples were agitated at room
temperature for 1 hour and kept overnight at 4 °C. Four hundred microliters of
the solution was mixed with 400 ul deionized water and chloroform. The solution
was diluted with deionized water. This solution was detected total soluble sugar by
following phenol-sulfuric acid method (Shou et al., 2003). The diluted solution
was added an equal volume of 5% phenol and 2 ml of sulfuric acid, then placed at
room temperature for 10 min. The sample was measured the absorbance value
at wavelength 490 nm and calculated the content of total soluble sugar (ng/ml)
from the standard curve.

Flavonoid content

All leaf samples were ground to powder with liquid nitrogen and extracted
with methanol-acid solution (3:2 of water: 1% HCI in Methanol) in proportion
of a 1 g sample per 4 ml extract solution (Harborne, 1998) then agitated at 250
rpm for 2 hours. Samples were added 1 ml chloroform and centrifuged at 10,000
rpm for 10 min. Supernatant was separated and measured the contents of flavone,
flavonol and anthocyanin at a specific absorbance of each flavonoid subgroup.

Plant cell membrane injury analysis
Level of plant injury was estimated using the modified method of

Bajji, 2002. The percentage of cell membrane injury was calculated from the
electrical conductivity (EC) of plant cells by following method. An equal gram of
tobacco samples was cut into the same size, then immersed in deionized water for
20 min and measured an initial electrical conductivity (EC,). The sample was left
for 4 hours and measured the final electrical conductivity (EC,). Then all samples
were boiled for 2 min and measured the total electrical conductivity (EC). The
percentage of cell membrane injury was calculated using the following equation:

% cell membrane injury = [(EC-EC)/(EC-EC)] x100
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The lipid peroxidation was determined by the amount of malondialdehyde
(MDA). The ground leaves (0.15 g) were added 1.5 ml 1% trichloroacetic acid
(TCA). After incubated for 1 hour at room temperature, 500 pl of supernatants
were separated into two new tubes. The 1* tube was added 500 pl of 20% TCA.
The 2™ tube was added 500 pl of mixed solution (20% TCA and 0.5%
thiobarbituric acid (TBA)). All samples were boiled at 95°C for 30 min.
Absorbance values at the specific wavelength of each sample were measured and
calculated the malondialdehyde level according to the method of Hodges et al.
(1999). The first tube was measured absorbance value at 532 nm and 600 nm and
the second tube was measured absorbance value at 532 nm, 600 nm and 440 nm.
The concentration of malondialdehyde was calculated using the following formula:

A = (As32 2nd) ~A600 (2nd)) = (As32 (151) ~A600 (151))
B = (A440 2na) -As00 2nay)) X 0.0571
(A-B)

6
s 1D
157000

Malondialdchyde content (nmol/ml) = |

Statistical analysis

All treatments were performed at least 3 duplicates in completely
randomized design (CRD) then using one-way analysis of variance (ANOVA)
and Duncan’s multiple range test (DMRT) for statistical analysis. The resulting
data are presented as means + standard deviation (SD). The differences
among means were determined by LSD test, significant at a P value < 0.05.

RESULTS

The effect of ZnO nanoparticles on plant biomaterials

The contents of signaling metabolite (total soluble sugar) of both wild type
and transgenics are increased when tobaccos were grown in Murashige and Skoog
media containing ZnO nanoparticles (Figure 1). The wild type tobacco grown in
ZnO media showed the content of total soluble sugar about 30-50%, which was
higher than wild type in normal Murashige and Skoog media did. Transgenic
tobaccos increased their total soluble sugar content about 20-30% when were grown
in the treatment of ZnO media. Transgenic tobaccos had total soluble sugar content
in their tissue higher than wild type tobacco. The highest amount of total soluble
sugar for both wild type and transgenic tobaccos was founded in 20 mg/L
ZnO nanoparticle condition.
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Figure 1. The total soluble sugar of wild type and transgenic tobaccos (line
T1-T5) that were grown in B 0, [J 10, ® 20 mg/L ZnO nanoparticle
media, data show mean value of three independent experiments.

Table 1. Flavonoid contents (ug/g Fresh weight) of wild type and transgenic
tobaccos (T1-T5) that were grown in 0, 10, 20 mg/L ZnO nanoparticle

media.

ZnO WT T1 T2 T3 T4 TS
0 4.06+0.17¢ 12.84+0.18¢ 13.40+0.52° 13.91+0.28¢ 14.22+0.15¢ 12.68+0.17¢

Flavone 10 4.61+0.04° 22.35+0.31° 18.57+0.40° 22.16+£0.92° 19.96+0.34° 14.65+0.38°
20 7.82+0.132 23.59+£0.31*  25.76+0.14* 28.63£0.19*  20.85+0.32* 17.63+0.36*

0 0.61+0.01F 1.76+0.04¢ 1.3240.04" 1.89+0.05° 1.68+0.03" 1.24+0.04"
Flavonol 10 0.67+0.01¢ 2.12+0.04¢ 1.96+0.03¢ 2.17+0.03¢ 2.31+0.02¢ 1.47+0.03¢
20 0.99+0.024 2.15+0.03¢ 2.75+0.024 2.63+0.04¢ 2.63+0.03¢ 1.68+0.04¢
0 0.037+£0.001'  0.062+0.005"  0.043+0.001"  0.082+0.001°  0.094+0.006'  0.074+0.004
Anthocyanin 10 0.042+0.001" 0.091£0.003" 0.072+0.002"  0.151+0.001"  0.130+0.004" 0.078+0.001"
20 0.050+0.002¢  0.115+0.002¢  0.115+0.003¢  0.151+0.004¢  0.147+0.002¢  0.087+0.002¢

Note: The letters in each row of same result biomaterial represent significant differences at P <0.05.

The protective metabolites of flavonoid synthesized in plant tissue from
different concentrations of ZnO nanoparticle conditions are presented in Table 1.
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All lines of transgenic tobaccos had the content of flavonoid subgroups higher
than wild type tobacco. In normal condition, transgenic tobaccos contained flavone
(2.3 times), flavonol (1.5 times) and anthocyanin (1.1 times) more than wild type
did. Under this experimental condition, ZnO nanoparticles in media significantly
enhanced the contents of all flavonoid subgroups in plant tissue. Under the condition
of 10 mg/L ZnO in Murashige and Skoog media, wild type plant increased the
contents of flavone, flavonol and anthocyanin, 13.68%, 8.83% and 24.60%,
respectively, while transgenics increased the contents of flavone, flavonol and
anthocyanin, 45.58 %, 27.96% and 42.33%, respectively, in comparing to same line
that were grown in non ZnO nanoparticle condition. The highest concentration of
ZnO nanoparticles in this experiment (20 mg/L) was marked as the highest inducing
of flavonoid content. In this treatment, wild type increased flavone, flavonol and
anthocyanin, 92.8%, 61.39% and 48.81%, while transgenic tobaccos increased
73.49%, 52.39% and 81.68%, respectively in comparing to plant under normal
media condition.

Effects of ZnO nanoparticles on plant cell membrane

The quality of cell membrane indicates a plant cellular condition. Under
experimental study, an attenuating concentration of ZnO nanoparticles (10-
20 mg/L) in media reduced the percentage of cell membrane injury of tobacco
(Figure 2A). Result data of tobacco in 10 mg/L. ZnO nanoparticle media showed
the least percentage of cell membrane injury (19.43% in wild type and about
10-18% in transgenics). These percentages were less than that in 20 mg/L ZnO
nanoparticle condition (23.96% in wild type and about 14-19% in transgenics).
Plants grown in media without ZnO nanoparticles showed the highest percentage
of cell membrane injury (33.91% in wild type and about 17-24% in transgenics).
Under media without ZnO nanoparticle condition, transgenic tobacco tissues
showed lower percentages of cell membrane injury than wild type tissues.
The lowest percentage of cell membrane injury was found in transgenic
plants grown under the condition of media with 10 mg/L ZnO nanoparticles.

Level of malondialdehyde, a byproduct of the lipid peroxidation reaction,
are presented in Figure 2B. Samples that were grown in media adding 10 and 20
mg/L ZnO nanoparticles showed less membrane damage detecting in compared
to those in normal media. The lowest contents of malondialdehyde were found
in tissue of plant grown under 10 mg/L ZnO nanoparticle condition in both wild
type and transgenic plants, following with those under 20 mg/L ZnO nanoparticle
condition.
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Figure 2. (A) Percentage of cell membrane injury, (B) Malondialdehyde content
of wild type and transgenic line T1-T5 tobaccos that were grown in
Murashige and Skoog medium, adding B 0,[] 10, ® 20 mg/L ZnO
nanoparticles, data show mean value of three independent experiments.
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DISCUSSION

Normal composition of Murashige and Skoog media contains Zn** in
the form of ZnSO,.7H,0O at 1.95 mg/L or 29.9 uM in their chemical formula. In
this experiment, the concentration of Zn in the medium was enhanced in ZnO
nanoparticle form, at 10-20 mg/L concentration. Our results showed that wild
type and transgenic plants enhancing an accumulation of total soluble sugar and
protective biomaterial of flavonoid subgroups at different levels. The addition of
10 mg/L ZnO nanoparticles into medium also had positive effects on protecting
cell membrane because this concentration of zinc may be used up for valuable
metabolic processes of plants. So, in this ZnO condition, wild type and transgenic
plants increased their cellular rigidity and protecting effects. These effects presented
as the better results of percentage of cell membrane injury and lipid peroxidation.

When the concentration of ZnO nanoparticles in the medium was increased
to 20 mg/L, the contents of total soluble sugar and flavonoid subgroups in plant
tissue were induced higher than plant under 10 mg/L ZnO nanoparticle condition did.
This 20 mg/L ZnO nanoparticle condition also showed reduced membrane damage
in plant better than the control condition. However, plant under this condition have
slightly higher the percentage of cell membrane injury and the malondialdehyde
content than 10 mg/L ZnO nanoparticle condition. Plant uptake ZnO nanoparticles
and may convert into a Zn*" ions form (Lv et al., 2015). Over concentration of zinc
metal may increase toxicity to plant (Reichman, 2002; Gyana and Premananda, 2003).

7Zn*" is an essential micronutrient element which is a component of several
proteins in the plant cell system. This element also acts as a co-factor that regulate the
activities of enzymes in various biosynthetic pathways (Keith et al., 2000; Hafeez et
al., 2013). So that, adding ZnO nanoparticles in medium may enhance biosynthesis
of plant metabolites (total soluble sugar and flavonoids) and increase an efficiency
of plant physiology presented as a cell membrane stability. In similar to previous
researches, various plant increased their growth rate and contents of importance
biomaterials when they were treated with ZnO nanoparticles (Prasad et al., 2012;
Mukherjee et al., 2014; Bandyopadhyay, 2015; Wang et al., 2016). The transgenic
tobaccos had levels of total soluble sugar and flavonoid biomaterials higher than
wild type tobacco in all conditions. The accumulation levels of biomaterials (total
soluble sugar and flavonoids) in transgenic tobacco under 20 mg/L ZnO nanoparticle
condition were higher than wild type. These levels of biomaterials were different
depending on 8 transgenic lines. Under the membrane injury experiments, all
transgenic tobaccos had lower percentages of cell membrane injury than
normal plant (Figure 2).

The zinc metal element has a potential of oxidative harmful for the cellular

system. Plants enhanced flavonoid biosynthesis in responding to oxidative stresses
have been reported (Fini et al., 2011; Nakabayashi et al., 2014). However, the
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enhancing mechanisms are affected by various factors and are under investigation.
Flavonoids have a plenty function inside the plant cell, such as reducing overused
injury of metal elements and attenuating the severity of metal effects (Oyvind
and Kenneth, 2006; Katharina and Jutta, 2009; Marzena, and Mateusz, 2012).
Therefore, the higher amount of flavonoid contents in transgenic may protect
plant cell from lipid peroxidation reaction and cell membrane damages. The
similar results were found in our previous work that the transgenics carry another
flavonoid regulatory gene named production of anthocyanin pigment 1 (papl)
synthesized biomaterials in responding to the concentration of ZnO nanoparticles
containing media (Chayaprasert and Sompornpailin, 2017). However, #S§
transgenic plants enhanced flavonoid subgroup higher than pap! transgenic plants
and slightly differed in the specific flavonoid group. Moreover, #S§ transgenic
plant are better than papl transgenic plant in cellular membrane protection.

CONCLUSION

Plants grown in Murashige and Skoog media adding ZnO nanoparticles
enhanced the number of biomaterials (total soluble sugar and flavonoids) in their
plant tissues depend on ZnO nanoparticle concentration. Under these experimental
conditions, both wild type and transgenic plants maximized enhancements the
contents of total soluble sugar and flavonoids under the condition of 20 mg/L ZnO
media. Although, plant grown in media with 10 mg/L ZnO nanoparticles had the
accumulation of total soluble sugar and flavonoids in their tissue less than those
in media with 20 mg/L ZnO nanoparticles did. However, plant under 10 mg/L
ZnO nanoparticle condition showed the best quality of membrane presented
as the percentage of cell membrane injury and lipid peroxidation. Moreover,
transgenic plants containing #8 gene are highly responsive to ZnO nanoparticles
in synthesizing flavonoid subgroups content and increase cell protection.
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