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ABSTRACT
Banana bunchy top virus (BBTV) is considered as a destructive viral disease affecting

banana plants in Egypt. Recently, nanotechnology approach was used to generate resistance
against plant viruses. The main objective of this study was to evaluate the antiviral capabilities of
chitosan nanoparticles to control BBTV in banana plants in vitro cultured. The naturally infected
banana plants were collected from open fields at different locations in Egypt. Polymerase chain
reaction (PCR) was successfully amplified approximately of 747 bp using specific primers for
coat protein gene. In-vitro, three different concentrations of Chi-NPs (50, 100, and 200 mg/l)
were evaluated. The results showed that infected explants with BBTV were symptomless, the
enzyme-linked immunosorbent assay (ELISA) produced negative results. Biochemical analysis in
infected explants showed a significant increase in polyphenol oxidase and peroxidase enzymes as
well as a significant increase in total oxidant activity in compression with healthy ones. Infected
explants treated with Chi-NPs showed a significant increase in total phenols, total soluble sugar,
protein, and malondialdehyde, compared to those of untreated infected control. Collectively, we
can conclude that Chi-NPs are a potential antiviral remedy against BBTV and could be
considered in virus management.
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1. INTRODUCTION nigronervosa Coquerel. Its transmission is
Bananas and plantains (family affected by temperature (Tchatchambe et

Musaceae) are tropical fruit crops that are
lucrative food crops that can be used as cash
crops for local markets and exports,
especially in the developing nations, or as
staple foods in some countries. After rice,
wheat, and milk, bananas are regarded as the
fourth most important food in the world
(Rahayuniati et al., 2021). Banana bunchy
top disease (BBTD) has been considered one
of the serious biotic and economically
important diseases of banana and plantain
production worldwide (Jekayinoluwa et al.,
2020). A number of viruses had been
recorded on bananas in Africa, including
banana bunch top virus (BBTV) genus
Nanovirus, banana streak virus (BSV) genus
badnavirus, cucumber mosaic virus (CMV)
genus cucumovirus, banana dieback virus
(BDBV) genus nepovirus, banana mild
mosaic virus (BanMMV) family
Flexiviridae, and banana bract mosaic virus
(BBMV) genus Potyvirus (Kubiriba and
Tushemereirwe, 2003). Banana bunchy top
virus consists of 6 components of sSDNA,
each size ranging from 1018 to 1111 bp.
They are DNA-R, DNA-S, DNA-M, DNA-
N, DNA-C, and DNA-U3 (Rahayuniati et
al., 2021). Banana bunchy top virus (genus
Babuvirus, family Nanoviridae) is a virus
with isometric virions 18-20 nm in diameter
that attacks the phloem tissues of banana
leaves and occurs symptoms such as leaf
chlorosis, vein clearing, leaf dwarfing
(Hapsari et al.,, 2023). The BBTV s
transmitted by the banana aphid Pentalonia

al., 2020).

Aside from its usage as a research
tool, tissue culture technology is frequently
used for large-scale plant multiplication. In
recent years, plant tissue culture techniques
have gained significant industrial
significance in the multiplication of plants.
Elimination of disease, enhancement of
plants, and generation of secondary
metabolites (Hussain et al., 2012). One of
the strategies for disease management is
using nano particles in agriculture without
any environmental damage or cause an
imbalance in the existing biota (Hamid et
al., 2022). At present, there are reports of
positive impacts associated with the use of
nanoparticles, including  antibacterial,
antifungal, and antiviral properties, observed
in both animals and plants. The prospective
antiviral capabilities of metal nanoparticles
(Me-NPs) position them as a strong
alternative for managing these histological
agents (Vargas et al., 2020). The use of
chitosan may inhibit the growth and
sporulation of microbial pathogens by
damaging their cellular membranes and
interfering  with  several  biochemical
processes involved in the interaction
between the plant and the pathogen, leading
to specific defensive reactions in the host
plants (Chirkov, 2002; Davydova et al.,
2011; He et al., 2021). This study aims to
use Chi-NPs as antiviral against BBTV in
vitro cultures.
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2. MATERIAL AND METHODS
2.1. Field observations and samples
collection

Samples were collected from banana
open fields at different locations in Egypt,
mainly Badr area, Behira governorate.
Typical symptoms of BBTD were observed
in visited locations. Symptoms include
severe stunting, minor veins on the leaf, and
dark green streaks on the petiole.
2.2. Molecular detection

Total DNA was extracted using the I-
genomic plant DNA Extraction Mini Kit
according to the manufacturer’s instructions.
The virus was detected by PCR technique
which carried out as following, dropped
al2.5uL master mix in a bottom of the PCR
tube then added 1puL of forward and 1puL of
reverse specific primer for BBTV (Table 1).
on the side of the PCR tube. So that could
see the drops of the primer on the side of the

PCR tube. Followed by the primer addition,
added 8.5ul of water into the tube which
takes primer drops with it, into the bottom of
the tube. Finally, at last, added 2uL of
template  DNA. Adding DNA, at last,
minimize the chance of starting the reaction
early before the PCR. This pattern of
reaction always gives excellent results
without any failure. The amplification
reaction was automated in a T-Gradient
thermal cycler (T100 Bio-Rad) with an initial
denaturation at 95°C for 3 min, followed by
35 cycles of denaturation at 95 °C for 30 sec,
annealing at 56 °C for 45 sec and extension
at 72 °C for 1 min, with a final additional
extension step for 7 min at 72 °C. The PCR
products were electrophoresed on 1%
agarose gel in 1x TBE buffer, then
visualized by an UV Trans illuminator.

Table 1. Primers for PCR detection of BBTV

Primers Sequence Position Amplified DNA (bp)
Forward  ATGTGGTATGCTGGATGTTC DNA-1:139-158 747b
Reverse GTTCATATTTCCCGCTTTGA DNA-1:885-866 P

2.3. Plant material and sample processing

In-vitro cultured shoot tip explants
which used in this experiment were taken
from suckers of naturally infected mother
Grandnan banana plants with Banana
bunchy top virus (BBTV). All suckers were
collected from Badr Center, Behira
Governorate. All samples were transferred
and storage at the Tissue Culture lab, Virus
and  Phytoplasma  Department, Plant
Pathology institute. Agric. Res., Giza Center.

Suckers were placed in 70% ethanol
for three min, and then washed three times,
followed by 0.1% HgCl,, Mercuric chloride
(MC) solution with gently shaking for half
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hour, then washed with sterilized distilled
water three times for three min for one time.
Then the explanted were treated with 60%
commercial Clorox solution mixed with a
few drops of Tween 20 for half hour, washed
three times with sterile distilled water
(SDW) every three min. then were used to
initiate shoot culture Fig. 1 (Alam et al.,
2004).
2.4. Nutrient medium

Procedure for micropropagation of
banana plantlets in-vitro cultures of infected
plants was cultivated on standard media with
mineral salts (Murashige and Skoog, 1962).
This medium was enriched with 30 g/l of
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sucrose, 4.4 g/l of MS, 5 g/l Benzyl Adenine,
7 g/l agar. The PH of this medium is (5.8), to
make sure that the prepared medium was not
contaminated; it was kept at the storage
room for 7 days before cultivation.
2.5. Sub-cultures

Following the initiation of shoot
production by the explants, the initial
subculture was executed. Cut into tiny
pieces, each containing a single shoot, in-

vitro shoots were prepared for subculturing.
To reveal the meristem, the leaf and
brownish or black basal tissues were cut
away. Every piece was injected into a
comparable new medium shown in Fig. 1
according to Shiraigi et al. (2008). The
process of subculturing resulted in an
increase in the number of shoots. Each
subculture taking place took four weeks.

Fig. 1. The procedure for propagation of banana plantlets in vitro cultures of infected plants). (a)
Infected samples. (b) Cutting the corms. (¢ and d) sample processing. (e) Planting on MS

medium. (f) Sub-cultures after 4 weeks.

2.6. Chitosan
characterization

Chitosan nanoparticles were prepared
in the center of nanotechnology and
advanced materials, at Agricultural Research
Center, Giza, Egypt. (TEM) transmission
electron  microscope was used for
morphology characterization of Chi-NPs.
For Surface structure Using a 200 kV

preparation and

accelerating voltage, a high-resolution
transmission electron microscope (Tecnai
G2, FEI, Netherlands) was used to determine
the particle size and the true shape of Chi-
NPs. (Loutfy et al., 2022).
2.7. Nanotherapy treatment by chitosan
nanoparticles

Following four subcultures, 5-
centimeter shoots were collected from 4
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weeks old stock cultures and inoculated onto
MS- standardized medium. The medium was
supplemented with varying concentrations
(50, 100, and 200 mg/l) of Chi-NPs to
evaluate its impact on the shoots'
regeneration response, plantlet growth, and
the elimination of BBTV.
2.8. BBTV detection after treatments by
chitosan nanoparticles

After 4 weeks of the treatments,
leaves were collected from the treated
samples and tested for BBTV using double
antibody sandwich ELISA (DAS-ELISA).
The procedure of the DAS-ELISA assay was
used for detecting BBTV according to the
procedure described by Clark and Adams
(1977).
2.9. Determination of phytochemicals in
BBTYV infected-plants after treatments
2.9.1. Estimation of total carbohydrate

Determination of carbohydrates by
anthrone sulphuric acid method (Fales,
1951; Schlegel, 1956).
2.9.2. Estimation of protein

The soluble protein was then
calculated using the method according to.
(Lowry et al., 1951).
2.9.3. Determination of phenolic

From desiccated tissues, phenolic
chemicals were extracted using a method
which carried out by Sauvesty et al. (1992).
2.9.4. Determination of malondialdehyde

One of the common techniques for
estimating MDA, is the thiobarbituric acid-
reactive-substances (TBARS) assay (Hodges
etal., 1999).
2.9.5. Determination of antioxidant
activity

The 1,1-diphenyl-2-picrylhydrazyl
(DPPH) radical scavenging technique is used
to determine antioxidant activity, according
to Abe et al. (1998).

2.10. Determination of photopigments

Extraction and quantification of
chlorophyll a, b, and carotenoids as a
following procedure: fresh leaf samples (0.5
g) were homogenized in a mortar with 85%
acetone, washed dried sand, and a small
amount of CaCOs (0.1 g) to neutralize
organic acids in the fresh leaf homogenate.
After that, the homogenate was filtered
through a sintered glass funnel. The residue
was washed with acetone numerous times
until the filtrate was colorless. A
spectrophotometer was used to determine the
optical density of this extract at 663nm and
645 nm for chlorophyll a and b and 452 nm
for carotenoids. (Vernon and Selly, 1966;
Hajnal, 2020).

2.2. Statistical analysis

Statistical analysis used two-way
analysis of variance (ANOVA) (Snedecor
and Cochran, 1980) where the means
separation was carried out using (Duncan,
1980). Multiple range tests and compared
using L.S.D test at 0.05 probability level
significance was determined at p < 0.05.

3. RESULTS AND DISCUSSION

3.1. Samples collection

Three types of different symptoms were
observed on infected banana trees (cv.
Grandnan) grown at Behira, Governorate.
Symptoms include typical symptoms of
banana bunchy top virus such as yellow at
the margins, dark green streaks on leaf veins
and midribs (Fig. 2).
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Fig. 2. The most obvious symptoms of BBTV on samples collected were dark green streaks on
leaves and the plants were stunted.

3.2. PCR detection symptomless ones Fig. 3 out of symptomatic

BBTV was detected using primers samples, found infected with BBTV. No
specific to DNA. The expected PCR product amplification obtained from negative control
(747  Dbp) amplified from infected or apparently healthy banana trees.

symptomatic banana and not from

Fig. 3. Agarose gel electrophoresis of PCR product using specific primers of BBTV- coat protein
gene to detect banana bunchy top virus (BBTV) in leaves before nano therapy treatments). First
lane (M) is a marker. Lane from (1Bh -7Bh) are infected Behira samples. (-ve) Negative control
(healthy plant). (+ve) Positive control (infected plant).

3.3. Characterization of chitosan shape for the synthesized Chi-NPs, and the
nanoparticles average size was estimated to be about 36
The transmission electron nm (Fig. 4).

micrograph illustrates a pseudospherical
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Fig. 4. Transmission electron micrograph illustrating the pseudospherical shape of chitosan
nanoparticles (Chi-NPs) with an average size of 36 nm.

3.4. Detection of BBTV after treatments
by ELISA

In-vitro experiment designed to
evaluate the activities of chitosan
nanoparticles on BBTV. The impact of
chitosan nanoparticles on BBTV infection
was assayed through tissue culture technique
(Fig. 5). DAS-ELISA was carried out after
30 days for the presence of BBTV.
According to ELISA results Table 2, the
results  obtained showed that the
nanomaterials utilized in the treatments
effectively suppressed viral replication in the
infected explants. This result was confirmed
by the study of EI Gamal et al. (2022).
Which mentioned that Chi-NPs were applied
therapeutically 48 hours after virus
inoculation, they completely inhibited the
viral accumulation content and disease
infectivity at 300 and 400 mg/L and
suggested implication that Chi-NPs ability to
suppress plant viruses may be heavily
influenced by their particle chemistry and
nano physicochemical characteristics
nature and bioreactivity, where the antiviral
qualities of chitosan appear to be mostly

dependent on its nano size. also recorded by
Abdelkhalek et al. (2021) inactivation
treatment by Chi-NPs, which resulted in a
100% decrease in the alfalfa mosaic virus.
Previous reports have confirmed that Chi-
NPs increased the antiviral capabilities
against human viruses such as hepatitis C
virus38 and HIV39 (Ramana et al., 2014;
Loutfy et al., 2020). It has not yet been
determined what mechanisms underlie Chi-
NPs' efficacy in preventing plant viruses and
other plant diseases. Nanoparticles, which
are between 1 and 100 nm in size, offer
superior chemical and physical
characteristics because of their high surface
area to volume ratios in comparison to their
bulk materials. (Osuwa et al., 2011 and
Bakshi et al., 2014).

Chi-NPs may have a strong
bioreactivity to attract viral RNA with
negatively charged phosphate groups in its
main chain, which inhibits the spread of the
virus (Xing et al., 2009; Mansilla et al.,
2013). Furthermore, it is thought that the
positively charged nanoparticles could also
target the virus coat protein because all viral
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proteins contain negatively charged clusters
of glycoproteins. (Karlin and Brendel,
1988). This support our suggestion that
chitosan at the nanoscale may be had a role
as antiviral activities and that their ability to

suppress plant viruses may be greatly
impacted by their nano physicochemical
properties, particle chemical nature, and
bioreactivity.

Table 2. The impact of chitosan nanoparticles on BBTV multiplication based on ELISA results:

Samples ELISA result (OD)** +/-Ve
-Ve control 0.07e - ve
+ Ve control 040a +ve
Chi-NPs 50 0.20 bc - ve
Chi-NPs 100 0.16 c - ve
Chi-NPs 200 0.17c -ve

-ve control: un treated healthy plants, +ve control: un

treated infected plants, Chi-NPs: Chitosan nanoparticles with

concentrations 50, 100 and 200 mg/l. (OD)**, values are the means of three replicates. Means with a common letter
are not significantly different (p > 0.05).

\\

Fig. 5. Overview for treatments by Chi-NPs in-vitro with concentrations 50, 100, and 200 mg/I.

3.5. Determination of phytochemicals
3.5.1 Oxidative enzymes

Antioxidant enzymes are known to
be essential in halting the detrimental effects
of reactive oxygen species (ROS) produced
by viral infections, such as damage to plant
cells (Mejia et al., 2013). Peroxidase
enzymes, for instance, can eliminate H202,
lessen free radicals, and shield the
cytoplasmic membrane (Isamah et al.,
2000). The current study demonstrated a
significant  increase  in  peroxidase.

Peroxidase was reported as an important
defense line in plants to control viral
infection, such as Pepper yellow mosaic
virus in chili pepper (Gongalves et al.,
2013). Recorded increases in antioxidant
enzymes, phenolic compounds, and high
level of malon-dialdehyde (MDA) may
inhibit virus infection. In addition, phenolic
compounds led to increase the ability of the
plant to inhibit reactive oxygen species may
stop virus replication (Ali et al., 2006). It
was recorded that chitosan nanoparticles can
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act as an immunological method in Plants
tea and finger millet plants by triggering the
activation of antioxidant defense enzymes
(He et al., 2021; Chandra et al., 2015).
Through our study we suggested that Chi-
NPs promote the plant defense mechanism
against virus invasion by increasing the
enzymes (peroxidase, polyphenol oxidase)
and increasing the total phenolic content.
The mode of action underlying the role of
chitosan in enhancing plant growth was
proposed to be its ability to induce many

1.8 -

1.6 A

Polyphenol oxidase (umol/mg protein)

physiological processes including nutrient
uptake, photosynthesis, and cell division as
well as plant hormones (Chakraborty et al.,
2020).

The results in Figs 6-8 demonstrated
an increase in  polyphenol oxidase,
peroxidase and total oxidant activity in
banana trees infected with BBTV in free
medium and which were treated with
chitosan nanoparticles compared to healthy
banana trees (healthy control).

-ve confrol +ve control

a
b

1.4 - d ¢
1.2 4 e
1.0 -
0.8 -
0.6 -
0.4 : : : : .

Chi S0 Chi 100

Chi 200

Treatment

Fig. 6. Effect of chitosan nanoparticles (Chi-NPs) on polyphenol oxidase. -ve control: untreated-
healthy plants, +ve control: untreated- infected plants, Chi-NPs: Chitosan nanoparticles with

concentrations 50, 100, and 200 mg/I.
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Fig. 7. Effect of chitosan nanoparticles (Chi-NPs) on peroxidase. -ve control: untreated- healthy
plants, +ve control: untreated- infected plants, Chi-NPs: Chitosan Nanoparticles with
concentrations 50, 100, and 200 mg/I.
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Fig. 8. Effect of chitosan nanoparticles (Chi-NPs) on peroxidase. -ve control: untreated- healthy
plants, +ve control: untreated- infected plants, Chi-NPs: chitosan Nanoparticles with
concentrations of 50, 100, and 200 mg/I.
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3.5.2. Total
carbohydrate,
malondialdehyde
Estimation of total phenols, total
soluble sugar, protein and malondialdehyde
was carried out in infected samples, and
others  were treated with  chitosan
nanoparticles. The data in Fig. 9 showed that
treatments generally led to a significant
increase in total soluble carbohydrates.
According to Goodman et al. (1965). Found
that sunflower plants infected with the
sunflower chlorotic mottle virus showed
comparable results. Additionally, leaves
infected with the beet yellows virus had
much higher levels of fructose and glucose
sugar While some plant viruses may modify
the production of carbohydrates or their
transport in the leaf tissues, others may not
affect either of these processes when
infected (Gaddam et al., 2011). According

phenol, total soluble
protein, and

B Total phenolic (mg/g dry weight)
m Protein (mg/g dry weight)
45 - a a .
40 A
35
30
25 A
20 A
15
10 -

€

+ve confrol

-ve confrol

Chi 50

to analysis data estimation of total phenol,
there was a significant increase which
aligned with Khalid et al. (2011). Protein
content was significant increase, similar
results have been reported by Radwan et al.
(2010). Protein levels of the BYMV-infected
bean leaves were greater than those of the
control. There was also a significant increase
in MDA In line with a similar finding by
Kaur et al. (2024). Our data suggest that
chitosan nano applications have an effected
role in controlling plant viral infection. From
our study we propose, to combat virus
attacks, plants have developed a number of
defense mechanisms, such as plant proteins
to inhibit viruses. Defense reactions against
plant viruses are mediated by many protein
types. And another phytochemicals like
carbohydrates MDA and phenols all them
are considered a plant defense line against
the virus.

® Total carbohydrate (mg/g dry weight)
m Malondialdehyde (umol/ml )

b b
b

Chi 100 Chi 200

Treatment

Fig. 9. Effect of BBTV infection and treatments on total phenols, total carbohydrate, protein and
malondialdehyde. -ve control: untreated- healthy plants, +ve control: untreated infected plants,
Chi-NPs: chitosan nanoparticles with concentrations of 50,100, and 200 mg/I.
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3.5.3. Determination of photopigments
Compared to the healthy control
photopigments in banana plants treated with
three different concentrations of Chi-NPs
showed  non-significant  changes in
chlorophyll a. Furthermore, the content of
carotenoids was significantly increased in
the plants treated with 50, 100, and 200 mg/I
Chi-NPs compared to the positive control
infected plants, on the contrary 100 mg/I
Chi-NPs treatment induced a nonsignificant

decrease in the content of chlorophyll b
compared with the healthy controls (Fig.
10). The obtained results of the evaluation of
chlorophyll a, b and carotenoids showed that
all chlorophyll a, b and carotenoids
decreased in samples infected with BBTV
compared with healthy samples and treated
samples, but the best concentration was Chi-
NPs 50 mg/I, this result is in agreement with
Devi et al. (2012). It was expected
malfunction in chlorophyl synthesis process.

EChla ®EChlb #mCarotenoids

1.0 -
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

Content (mg/g fresh weight)

+ve control

-ve control

Chi S0 Chi 100
Treatment

Chi 200

Fig. 10. Effect of Chi-NPs on Photopigments. -ve control: untreated- healthy plants, +ve control:
untreated- infected plants, Chi-NPs: Chitosan canoparticles with concentrations of 50, 100, and
200 mg/I. chl a: chlorophyll a, chl b: chlorophyll b.

4. CONCLUSSIONS

In this study, chitosan nanoparticles
were used as antiviral to evaluate the
efficacy of nano therapy treatments to
eradicate the BBTV from the infected
banana plantlets. In-vitro cultured shoot tip
explants of naturally infected mother
Grandnan banana plants were treated by
different  concentrations of  Chitosan
nanoparticles, which were added to the MS
medium for four weeks. With concentrations
of 0, 50, 100 and 200 mg/l, after nano

therapy treatments, samples of leaves were
taken for analysis by ELISA. The results of
ELISA analysis proved that the use of
chitosan nanoparticles at 50, 100, and 200
mg/l produced the highest virus-free rate of
banana Plants. According to the ELISA
results, the treatments significantly inhibited
virus multiplication in the infected seedlings.
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