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Preface

Nanotechnology in agriculture is at its nascent stage. A recent remarkable 
innovation at King Saud University, College of Science, Saudi Arabia—proteome 
platforms—provides crucial resources to promote research in gold nanoparticle 
(AuNP) applications in virus-infected plants. This book examines AuNP behavior 
via transmission electron microscopy (TEM) inside plant-infected cells, as 
there is a lack of knowledge in the field of virus pathogenicity at the level of 
ultrastructure. TEM is a powerful tool in elucidating plant cells’ fine details at the 
nanoscale. The book describes each organelle’s structure of plant cells over the 
following six chapters: “Introductory Chapter: Atlas of Ultrastructure Interaction 
Proteome between Barley Yellow Dwarf Virus and Gold Nanoparticles”; Chapter 2, 
“Nucleus”; Chapter 3, “Chloroplast and Mitochondria”; Chapter 4, “Cell Wall”; 
Chapter 5, “Cytoplasmic Matrix and Viroplasms Inclusions in the Presence of Gold 
Nanoparticles (AuNPs)”; and Chapter 6, “The Intervention of Gold Nanoparticles 
(AuNPs) Interactions Lead to the Disappearing of Virus Particles” The applied 
plant species is Hordeum vulgare (Barley), and we selected the most severe barley 
yellow dwarf virus (BYDV) isolates. The most compelling moment of plant virus 
entry considering is inducing viral infection crossing the cell-wall barriers. We 
knocked out and interfered with the virus as bionanoparticles with other metal 
AuNPs on the plant. A combinatorial approach using the integration of virus with 
AuNPs in our proteome platform, like vaccination, is now an effective strategy 
with dual effects of protecting plants and ruining virus particles inside the infected 
cells. Application of AuNPs in the presence of virus infection encourages the 
plants to produce reactive oxygen species (ROS) continually in structures such as 
chloroplasts, mitochondria, peroxisomes, the endoplasmic reticulum (ER), and 
plasma membranes. These resemble components of the defensive system.

The authors would like to thank the KSUcentral lab-Electron Microscopy Unit for 
their efforts and financial support.
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Chapter 1

Introductory Chapter: Atlas 
of Ultrastructure Interaction 
Proteome between Barley 
Yellow Dwarf Virus and Gold 
Nanoparticles
Noorah Abdulaziz Othman Alkubaisi  
and Nagwa Mohammed Amin Aref

1. Introduction

Interaction between Barley yellow dwarf virus, BYDV-PAV, and gold nanoparti-
cles AuNPs application revealed great effect whether in vitro or Vivo. The significant 
effect of virus particles occurred inside the plant cell due to the existence of AuNPs 
treatment. It was clear that using tiny AuNPs 3.151 to 31.67 nm had a potential 
agent to ruined virus particles inside the infected cells. AuNPs cause damage to 
the virus-like particles (VLPs) of the barley yellow dwarf virus-PAV. Where they 
observed puffed and deteriorated VLPs decorated with AuNPs, as well as destroyed 
and vanished particles, using Transmission Electron Microscopy TEM. Generally, 
the plant cell contained different organelles that exhibited ultrastructure changes in 
Nucleus, Chloroplast, Plant cell wall, Mitochondria, cytoplasmic matrix, and viable 
cellular composition of the infected cell with AuNPs. TEM is a powerful tool in 
elucidating plant cells’ fine details at the nanoscale. The present Atlas describes each 
organelle’s structure of plant cells revealed by TEM in healthy, infected, and treated 
with AuNPs in Figure 1.

The purpose of this work is expressed via TEM, which is a very accurate tool 
for judging the AuNPs behavior inside the plant infected cell. Recent remarkable 
innovations in KSU. Platforms [1, 2] provide crucial resources to promote research 
in AuNPs applications and applied plant species as Hordeum vulgare (Barley) due to 
lacking knowledge in the field of virus pathogenicity at the level of ultrastructure. A 
combinatorial approach using the integration of virus with AuNPs in our proteome 
platform is now an effective strategy for clarifying molecular systems integral to 
improving plant productivity of the frequency and importance of ultrastructure 
abnormalities in Barley crop development caused by BYDV-PAV. It was finding out 
the critical feedback of using AuNPs applications on plant cells by examining the 
virus’s behavior conjugated with AuNPs by ultra-structure in TEM on the dis-
eased plants.

The method of inhibiting a plant virus using AuNPs is a method of inducing 
plant resistance against viral disease caused by BYDV by introducing a thoracically 
adequate amount of polydispersed AuNPs system integrated with the virus particles 
wherein virus particles were dissolved and melted in Figure 2. The application of 
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nanotechnology in agriculture, even at its global level, is at its nascent stage. The 
most crucial moment of plant virus entry considering is inducing viral infection 
crossing the cell/wall barriers. In our study, we knocked out and interfered with the 
virus as bio Nanoparticles with other metal AuNPs on the plant; [3] we selected the 
most severe BYDV isolates for Nano application on the plants [4].

The studied BYDV is the type member of the luteovirus group [5]. The 
Latin”luteo” name means yellow [6] and describes the most typical infected plants 
by luteoviruses. BYDV considered a model for dealing with the “yellowing” virus 
diseases, as reported [7]. Most infections appear as necrosis in the phloem, which 
leads to external symptoms such as stunning and leaf chlorosis [5]. The exact symp-
toms were reported [8] that might cup inward, tender, and show more stiffness than 
usual. BYDV is spread by aphids and induces the most widely and most distributed 
and most destructive virus disease globally.

2. Gold nanoparticles have adual positive effect

The prospect antiviral characteristic of Metal nanoparticles (MeNPs) in nano-
agriculture drive them as a potential factor for commanding these histological 
agents. It is essential to detect the dosage of NPs, the application intervals, their 
effect as a biostimulant. The clarification of the mechanisms of action, are not fully 
understood [9]. Application of AuNPs in the presence of virus infection encour-
ages the plants to produce Reactive Oxygen Species (ROS) continually in structures 
such as chloroplasts, mitochondria, peroxisomes, the endoplasmic reticulum (ER), 

Figure 1. 
The plant cell contained different organelles that exhibited ultrastructure changes in nucleus, chloroplast, 
plant cell wall, and mitochondria that describes each of them by TEM in healthy, infected, and treated with 
(AuNPs) as interaction preteome of BYDV- PAV.

3
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and plasma membranes [10]. These resemble components of the defensive system 
that have been classified according to their catalytic activity, molecular weight, the 
compartment where they act, and level of defense or mechanism of action [11]. 
The positive effect of AuNPs, therefore, needs further study to explore the physi-
ological and molecular mechanisms. However, due to the tiny size, reactivity, and 
efficient penetration ability, metal nanoparticles could reach many intracellular 
and extracellular plant sites. That may trigger a set of physiological processes such 
as senescence affecting plant growth, crop yield, and ecological productivity [12]. 
Nanoparticles (NPs) have unique physicochemical properties, i.e., high surface 
area, high reactivity, tunable pore size, and particle morphology. The appropri-
ate elucidation of the physiological, biochemical, and molecular mechanisms of 
nanoparticles in plants leads to better plant growth and development [13]. The 
chemical reactions, especially reduction–oxidation reactions, were catalyzed by 
Ag, Au, Fe, and Co. The released nano ions may alter proteins while entering into 
cells. Mechanical effects rely on the size of nanoparticles [14]. For example, the cell 
wall damage can be caused by the high concentration adsorption of hydrophobic 
nanoparticle retention and may cause clog pores, which can interfere with water 
uptake [15]. The ability to pass through the cell wall might not be a prerequisite for 
causing oxidative stress and toxicity. Some researchers suggest that despite nano-
materials’ inability to pass through plants’ cell walls, they can cause oxidative stress 
and eventually lead to chromosome condensation [16].

Similarly, CuO nanoparticles can also cause oxidative damage to plant DNA and 
can be detected in plant cells [17]. Particles with anoxic surface often form a layer 
of OH− groups at the surface; these negatively charged groups attract positively 
charged side groups of proteins [14]. Surface effects have engaged a great deal of 
attention in the field of nanotoxicology.

The positive, neutral, and negative charge of Au nanoparticles are resemble hydro-
ponic exposure to Rice plants. The distribution of the bioaccumulated Au nanopar-
ticles due to the negative surface charge of the nanoparticles, which is more toxic in 
above-ground organs [18]. The small particle modulation of 15 nm or 25 nm AuNPs 

Figure 2. 
Methodology, pathological alternation of the plant cellular components, and the dual beneficial effect of 
AuNPs on the plant performance through the following treatments in the electron micrographs; I. heathy cells 
from barley leaves, II. Infected cells from by BYDV- PAV from barley leaves, III. Pretreated leaves of barley with 
AuNPs and infected by BYDV-PAV.
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was transported to the shoot in poplar. At the same time, larger particles (50 nm) could 
hold their size in vivo. AuNPs were located within the roots in a large amount than in 
leaves. AuNPs were detected in different tissues, phloem complex, xylem, cell wall, 
plastids, mitochondria, and more abundantly in the plasmodesmata [12]. Negatively 
charged, anionic carboxylate AuNPs conferred protection to the model lipid mem-
brane against the extreme pH (=12) via shielding effects, whereas positively charged, 
cationic amino-AuNPs could penetrate and disrupt the model membrane [19].

Nanotoxicity is based on empirical data by an exact predictive model, which is 
explained by the interaction between surface charge and particle size that affects 
AgNPs toxicity in both the prokaryotic and eukaryotic model organisms [20]. The 
interaction between particle size and potential surface charge influencing ENM 
phytotoxicity has not received much attention. Therefore, the potential effect surface 
charge density remains to be tested in plants. ORF3 encodes a major coat protein 
(CP) of 22 kDa [21]. The coat protein plays a crucial role in maintaining a high level 
of accumulation of genomic RNA, though unnecessary for PAV replication [22]. 
ORF4 is entirely nested within ORF3 and codes for a 17 kDa nonstructural protein 
required for BYDV-PAV to spread systemically in plants [23]. The expression of ORF 
4 is associated with a unique regulatory mechanism of the ribosome leaky scanning 
mechanism [24]. The ORF4 translation product is similar to that of the homology 
of ORF4 in potato leafroll virus (PLRV), which has biochemical properties specific 
to known movement proteins, including the ability to be phosphorylated, binding 
nonspecifically to nucleic acids [25, 26] and localization to the plasmodesmata [27]. 
PAV ORF5 is fused to CP as a readthrough domain and encodes a 50 kDa protein 
expressed as a 72 kDa fusion protein via a readthrough suppression of the ORF3 stop 
codon [23, 28–30]. A frameshift mutation within ORF6 was reported to be incom-
patible with BYDV-PAV RNA replication in protoplasts [31]. In [32], it is found that 
the RNA sequence encoding or flanking ORF6, rather than the protein product of 
ORF6, is required for PAV replication in oat protoplasts [33].

The viral infection starts with virus replication in the infected cell initially and 
spread to neighboring cells through plasmodesmata which are considered intercel-
lular conduit connecting cell walls. This process is called cell-to-cell (short-distance) 
movement, facilitated by viral movement protein (MP). The following phase is 
termed (long-distance) movement which viruses could enter the vascular tissue, 
dispense, and flood into non-infected tissues, helped by the phloem stream [34]. It 
is presumed that the cell-to-cell movement is an active function, requiring specific 
interaction between the virus and plasmodesmata, whereas systemic viral spread 
through the vascular tissue is a passive process, driven by the flow of photoassimilates 
[35]. The discovery that a 30 kDa movement protein (MP) encoded by the Tobacco 
mosaic virus (TMV) was required for viral cell-to-cell movement [36, 37] exploring 
the trafficking mechanisms of a more comprehensive viral array opened a new path. 
Trafficking viral protein and RNA by viral MP into the phloem and their inter-organ 
regulation of plant development were rarely studied for some viruses [38] and [39]. 
The viral nucleic acid conjugate with the MP, which could transport it through 
plasmodesmata. The first viral MP of the Tobacco Mosaic Virus (TMV) was discov-
ered that had 30 kDa protein (P30) and was able to bind single-stranded nucleic acid 
[40], mediated by two independently active domains of the MP [41]. The P30-TMV 
RNA complex measures a diameter of 1.5–3.5 nm [41] and [42] and may interact with 
the cytoskeletal elements to facilitate the transport of the P30- TMV RNA complex 
from cytoplasm to plasmodesmata [43] and [44]. The diameter is even smaller than a 
protein-free, folded TMV RNA, allowing easy access through dilated plasmodesmata 
[45, 46]. The MP could bind nonspecifically to single-stranded RNA and DNA in vitro 
[25] and associate with plasmodesmata in host plants [47]. ORF 4 proteins in luteo-
viruses may provide a clue for assisting virus cell-to-cell spread in host plants [48] as 
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there is a high similarity of amino acid sequence between ORF 4 protein encoded by 
luteoviruses and PLRV MP [49, 50]. BYDV-PAV MP may also help transport the viral 
genome into the nucleus as the MP is present in the cytoplasm and the nucleus [51]. 
After entry into the cytoplasm, protein synthesis is initiated [52] and enhances repli-
cation and transcription efficiency; viruses use the strategy of compartmentalization 
in specific intracellular components [53]. Its replication is almost totally restricted 
within the plant phloem tissue [54, 55], i.e., phloem parenchyma cells, companion 
cells, and sieve tubes. The restricted site of infection in phloem tissue is an essential 
feature of the Luteoviridae [56].

The systemic spread is suspected to be associated with vascular transport of 
virions due to the discovery of BYDV particles in vasculature samples [57, 58]. The 
critical role of MP was emphasized by the association between the long-distance 
movement of some viruses and viral gene expression. For example, geminiviruses 
coded two proteins responsible for long-distance transportation and viral DNA with 
a single-stranded genome in and out of the nuclei [59, 60]. However, studies of the 
function of putative luteoviral MPs remain limited [61]. A 17 kDa protein encoded 
by ORF 4 is required for BYDV-PAV to spread systemically in plants [62, 63]. The 
replication of the plant virus genome occurs in host cells [64]. The genome of viruses 
must be transported into the nucleus by mechanisms requiring viral MP [65].

Three stages of infection were proposed by [57, 33]. At the first stage, densely 
staining material appeared in plasmodesmata, and an amorphous substance and 
viral RNA containing filaments appeared in the host cytoplasm, Figures 5 (I)-(M) 
in chapter 3. In the second stage, filaments became visible in the nuclear pores. 
During this stage, the nuclear outline became distorted and massive clumping of 
heterochromatin occurs, Figures (5) and (6) in chapter 1. In the nucleus, viral par-
ticles were seen at the last stage after the disintegration of the nuclear membrane. 
The virus could only infect phloem parenchyma, sieve elements, and companion 
cells, while it could not be seen in the mestome sheath or the xylem.

The characterization of VLPs was defined by their diameter, their circular out-
lines, and high electron opacity. Viral particles were detected within areas contain-
ing filamentous material Figures (2) and (3) in chapter 4.

Our study concludes that Nanoscience leads to developing a range of inexpen-
sive nanotech applications for enhanced plant growth. The included data proved 
an efficient means to control virus infection in a fashion way to reduce collateral 
damage. AuNPs have a dual positive effect on controlling the plant viral disease and 
enhance strong plant growth performance.
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was transported to the shoot in poplar. At the same time, larger particles (50 nm) could 
hold their size in vivo. AuNPs were located within the roots in a large amount than in 
leaves. AuNPs were detected in different tissues, phloem complex, xylem, cell wall, 
plastids, mitochondria, and more abundantly in the plasmodesmata [12]. Negatively 
charged, anionic carboxylate AuNPs conferred protection to the model lipid mem-
brane against the extreme pH (=12) via shielding effects, whereas positively charged, 
cationic amino-AuNPs could penetrate and disrupt the model membrane [19].

Nanotoxicity is based on empirical data by an exact predictive model, which is 
explained by the interaction between surface charge and particle size that affects 
AgNPs toxicity in both the prokaryotic and eukaryotic model organisms [20]. The 
interaction between particle size and potential surface charge influencing ENM 
phytotoxicity has not received much attention. Therefore, the potential effect surface 
charge density remains to be tested in plants. ORF3 encodes a major coat protein 
(CP) of 22 kDa [21]. The coat protein plays a crucial role in maintaining a high level 
of accumulation of genomic RNA, though unnecessary for PAV replication [22]. 
ORF4 is entirely nested within ORF3 and codes for a 17 kDa nonstructural protein 
required for BYDV-PAV to spread systemically in plants [23]. The expression of ORF 
4 is associated with a unique regulatory mechanism of the ribosome leaky scanning 
mechanism [24]. The ORF4 translation product is similar to that of the homology 
of ORF4 in potato leafroll virus (PLRV), which has biochemical properties specific 
to known movement proteins, including the ability to be phosphorylated, binding 
nonspecifically to nucleic acids [25, 26] and localization to the plasmodesmata [27]. 
PAV ORF5 is fused to CP as a readthrough domain and encodes a 50 kDa protein 
expressed as a 72 kDa fusion protein via a readthrough suppression of the ORF3 stop 
codon [23, 28–30]. A frameshift mutation within ORF6 was reported to be incom-
patible with BYDV-PAV RNA replication in protoplasts [31]. In [32], it is found that 
the RNA sequence encoding or flanking ORF6, rather than the protein product of 
ORF6, is required for PAV replication in oat protoplasts [33].

The viral infection starts with virus replication in the infected cell initially and 
spread to neighboring cells through plasmodesmata which are considered intercel-
lular conduit connecting cell walls. This process is called cell-to-cell (short-distance) 
movement, facilitated by viral movement protein (MP). The following phase is 
termed (long-distance) movement which viruses could enter the vascular tissue, 
dispense, and flood into non-infected tissues, helped by the phloem stream [34]. It 
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cells, and sieve tubes. The restricted site of infection in phloem tissue is an essential 
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Chapter 2

Nucleus
Noorah Abdulaziz Othman Alkubaisi  
and Nagwa Mohammed Amin Aref

Abstract

In our application of AuNPs on the leaf surface, we were pushing the Barley 
Yellow Dwarf Virus (BYDV-PAV) source and Gold nanoparticles (AuNPs) into 
the plant cell system up on the events of systemic plant defense response. In the 
infected host cell, the viral coat protein is the first obvious in the cytoplasm. When 
nanoparticles are applied on leaf surfaces, a large surface area relative to their vol-
ume happens. AuNPs solutions are more active and dispersed ooplasm. The correla-
tion between Zeta potential value and Zeta sizer is inverse proportion. Filaments 
are visible in the nucleopores, the nuclear outline is distorted, and massive clump-
ing of heterochromatin begins as declared. It was mostly found in or around regions 
of ribosome-associated filaments. Our present study combines TEM and nucleus 
content in the presence of AuNPS to explore the level of repair mechanism illustrat-
ing in TEM micrographs, showing Polyploidy nucleus and segregated chromatin. 
Multi membranous structure, imaging the AuNPs inside and around the nucleus 
and Pseudo crystal array is enveloped in an endoplasmic reticulum cisterna (ER).

Keywords: Nucleus, Barley Yellow Dwarf Virus (BYDV-PAV), Gold nanoparticles 
(AuNPs), Mechanically inoculation, Inclusions body, Segregated chromatin, 
Polyploidy nucleus, Spindle shape, Endosomes, Multi membranous structure, 
Rhombic crystal array

1. Introduction

The study succeeded in inducing BYDV-PAV infection mechanically [1] on the 
surface. Negative staining preparation for Electron Microscopy is used for staining 
virus particles and the morphological and cytological side of healthy (Figure 1) 
and treated leaves [2]. It is proposed that coat protein is expressed by cytoplasmic 
ribosomes from viral RNA coat protein found in the nucleus during later stages of 
infection probably diffused into the nucleoplasm after disruption of the nuclear 
membrane as evident in Figure 2; virus particles were then also numerous in the 
pockets of the nucleoplasm as shown in Figures 2(B) and 3(A) and (C). The 
studied virus revealed in ultrastructure preparations characteristic performance in 
the infected tissue of barely plant, crystalline array, numerous slender filamentous 
shape inclusions, as in Figure 5(A)–(C), proteinous content, amorphous material, 
some cytoplasmic components which take irregular shape and inclusion bodies as 
appeared in Figure 6(A) and (B). These Cytopathic effects of BYDV-PAV resemble 
the same as [3], who studied the ultrastructure of infected cells and confirm the 
restriction of BYDV-PAV to phloem parenchyma, companion cells, and sieve ele-
ments of leaves. As long as the value of the surface potential of AuNPs in mv is high, 
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Figure 1. 
High-resolution transmission electron microscopy imaging a general view of Hordeum vulgare; barley healthy 
cells from leaves. (A and B) The left and right nucleus view of barley cell incubated with a single nucleus with 
different magnification (10000, 12000 kV). Scale bar 2 μm. The solid arrows indicate nucleus (N), chloroplast 
(PL), starch granules (S). Scale bar 2 μm.

Figure 2. 
Transmission electron micrographs showing deformation of the nucleus from infected leaves by barley yellow 
dwarf virus (BYDV). (A) A general view inside the cells showed the large nucleus and nucleolus with 
segregated distinct chromatin. Scale bar 1 μm. (B) a higher magnification (50000, 12000 kV) of the previous 
picture A scale bar 0.2 μm. (C) Showed segregated chromatin of the nucleus beside the cell wall. Scale 
bar 2 μm.

15

Nucleus
DOI: http://dx.doi.org/10.5772/intechopen.97439

the solutions could be colloids/AuNPs.sol. The tiny size of nanoparticles means 
they exhibit enhanced or different properties compared with the bulk material, 
Figure 4(A)–(D). Nanoparticles also enter through the stomata openings or the 
bases of trichomes and then translocated to various tissues mentioned.

Figure 3. 
Polyploidy nucleus and segregated chromatin (showing the lighter staining and partially eroded 
heterochromatin). (A) Different shaped of polyploidy nucleus and segregated chromatin infected with the virus 
(VLPs) and pretreated with gold nanoparticles (AuNPs). Scale bar 1 μm. (B) Spindle shape (arrows). Scale 
bar 1 μm. (C) Perpendicular shape (arrow). Scale bar 2 μm. (D) Abnormal shape of the nucleus, spindle 
shape (arrow). Scale bar 1 μm. (E) Abnormal shape of the nucleus; ovule shape (arrow) with more isolated 
chromatin. Scale bar 0.5 μm.
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the solutions could be colloids/AuNPs.sol. The tiny size of nanoparticles means 
they exhibit enhanced or different properties compared with the bulk material, 
Figure 4(A)–(D). Nanoparticles also enter through the stomata openings or the 
bases of trichomes and then translocated to various tissues mentioned.

Figure 3. 
Polyploidy nucleus and segregated chromatin (showing the lighter staining and partially eroded 
heterochromatin). (A) Different shaped of polyploidy nucleus and segregated chromatin infected with the virus 
(VLPs) and pretreated with gold nanoparticles (AuNPs). Scale bar 1 μm. (B) Spindle shape (arrows). Scale 
bar 1 μm. (C) Perpendicular shape (arrow). Scale bar 2 μm. (D) Abnormal shape of the nucleus, spindle 
shape (arrow). Scale bar 1 μm. (E) Abnormal shape of the nucleus; ovule shape (arrow) with more isolated 
chromatin. Scale bar 0.5 μm.
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Figure 5. 
Micrographs of pseudo crystal array which is enveloped in an endoplasmic reticulum cisterna (ER). 
(A) Abnormal shape of the nucleus with a perpendicular line with more isolated chromatin. Pseudo crystal 
array near the nucleus. Scale bar 2 μm. (B) Higher magnification of the previous picture A. Scale bar 0.5 μm. 
(C) Micrograph of higher magnification for rhombic crystal array contains a lot of AuNPs and VLPs inside 
the crystal. Scale bar 0.2 μm.

Figure 4. 
Transmission electron microscopy imaging the AuNPs inside the nucleus. (A and B) Micrograph of the 
polyploidy rounded nucleus filled with AuNPs. Scale bar 1 μm. (B and C) Transmission electron microscopy 
imaging the AuNPs around the nucleus. A micrograph of the organization of the AuNPs inside the cells, AuNPs 
gathering irregularly around the nucleus. Scale bar 200 nm, 100 nm. (D) Highly existence of AuNPs around the 
nucleus. Scale bar 0.2 μm.
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2. Hyper polyploidy nucleus

Three phases of infection were defined based on alternation in the cytoplasm 
(early phase), nucleus (intermediate), Figure 2(B) and (C), and both (late). 
The significant changes during infection with BYDV-PAV begin with the appear-
ances of densely staining material in plasmodesmata, amorphous substance, and 
filaments, vesicles in the cytoplasm [3]. They suggested that the cytoplasm is the 
site of coat protein expression and viral assembly. At the end of the early stage, 
filaments are visible in the nucleopores as shown in Figure 6(B), During the inter-
mediate, the nuclear outline is distorted, and massive clumping of heterochromatin 
begins as declared in Figure 3. In the present study, it was noticed in massive hyper 
polyploidy nucleus conjugated with the application of AuNPs in many treatments, 
Figure 3(A)–(D).

Abbreviations

AuNPs Gold nanoparticles
BYDV-PAV Barley Yellow Dwarf Virus
RNA RiboNucleic Acid
N Nucleus
S Starch
PL Plastid
OG Osmophilic Globule
MLB Myelin like bodies

Figure 6. 
Multi membranous structure. (A) Micrograph inside the spindle nucleus has a multi membranous structure 
contains bodies like endosomes (arrows). Scale bar 1 μm. (B) a higher magnification (20000, 100000 kV) 
of these bodies. Scale bar 0.2 μm. (C) a higher magnification (6000 kV) of the irregular distribution of the 
chromatin with empty spaces inside the nucleus having some vacuoles. Scale bar 0.2 μm.
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Chloroplast and Mitochondria
Noorah Abdulaziz Othman Alkubaisi  
and Nagwa Mohammed Amin Aref

Abstract

Photosynthesis is a crucial process for plants on earth that changes light 
energy to chemical energy. Virus infection can cause dramatic photosynthesis 
changes: respiration and the translocation of carbohydrates and other substances 
around the host plant. Chlorosis in virus-infected leaves like Barley Yellow Dwarf 
Virus (BYDV- PAV).infection can result from damage to chloroplasts resulting 
from inhibition of photosynthetic activity. Our present study combines TEM 
and chlorophyll-level content in the presence of Gold nanoparticles (AuNPS) 
to explore the repair mechanism for the yellowing leaf symptom development 
caused by infection with BYDV- PAV by illustrating TEM micrographs; show-
ing fragmentized grana, deformation of the myelin like bodies (MLB), many 
vesicles; osmiophilic lipid granules/plastoglobulus, starch body, and plasmolysis 
in the chloroplast, distribution of AuNPs & VLPs near and inside the chloroplast. 
Mitochondria, Double-membrane-bound organelle, Distorted mitochondrion, 
Amorphous inclusion bodies.

Keywords: Chloroplast, Barley Yellow Dwarf Virus (BYDV-PAV), Gold nanoparticles 
(AuNPs), Starch granules (S), osmiophilic lipid granules/plastoglobulus (OG), 
Myelin like bodies (MLB), Plasmolysis, Portentous content, Fragmentized grana. 
Mitochondria, Double-membrane-bound organelle, Distorted mitochondrion, 
Amorphous inclusion bodies

1. Introduction

BYDV-PAV causes cytological alterations, physiological and biochemical, 
including the restriction of photosynthate transportation, phloem degeneration, 
and creating a nutritionally [1], and the formation of specific cytological inclusions 
[2]. In the susceptible wheat and after BYDV-GAV infection, drop expressions 
of chlorophyll biosynthesis and chloroplast was noticed due to related genes and 
altered expression of the ABA mentioned above. Chloroplast in the healthy cells has 
normal densities of thylakoid in chloroplast (Figure 1(A)–(D)). The lower chloro-
phyll content, fragmentized chloroplasts, ROS accumulation, and slower growth 
could be engaged to ET signaling and ROS related genes, consequently resulting in 
leaf yellowing and plant dwarfing (Figure 2).

Studies by several laboratories of TMV-infected tobacco plants suggest that 
the uptake of viral CP causes chlorosis in these plants by thylakoid. R. Beachy’s lab 
observed that the CP aggregates in the thylakoid membrane. Resulting the intense 
free radical damage to the organelle refer to pull apart photosystem II (the water-
splitting reaction of photosynthesis). In vitro experiments, M. Zaitlin’s laboratory 
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Figure 2. 
Electron micrographs showing fragmentized grana. (A) A general view inside the cell infected with BYDV- PAV 
at lower magnification [outlined area is shown at higher magnification in A]. Scale bar 2 μm. (B) Accumulation 
of starch granules and many osmophilic globules (OGs) is observed in the chloroplast surrounded by bundle sheath 
cells integrated into the infected cell, Scale bar 1 μm. Electron micrograph showing the deformation of the myelin 
like bodies (C) Numerous intracellular inclusion bodies myelin like bodies (MLB), (arrows), Scale bar 0.5 μm.

Figure 1. 
Electron micrographs showing a general view inside the healthy cells of barley leaves with densities of 
thylakoids in chloroplasts. (A) The cells show the nucleus and chloroplast with one starch granules, with low 
magnification, and higher magnification in (B), Scale bars 2 μm and 1 μm. (C) The outline area shows 
the inside details of the grana, Scale bar 1 μm. (D) The cell shows the plastid contains the osmiophilic lipid 
granules/plastoglobulus and higher magnification of the grana structure, Scale bar 0.2 μm.
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noticed that uptake of the CP did not accomplish the host’s normal pathways for 
protein import using isolated chloroplasts. Instead, a feature of the CP, when it was 
assembled into multimeric disks (an intermediate structure in TMV virion assem-
bly), let it be taken up randomly into the chloroplasts and the thylakoid membrane 
eventually. The single amino acid in the CP determines its uptake efficiency into 
chloroplasts, and K. Lehto has detected the relative severity of chlorosis caused by 
different TMV strains. Changes in photosynthesis, respiration, and carbohydrate 
translocation generally cause localized aggregation and depletion of starch, the 
primary stock carbohydrate of most plants [3]. Common cytopathological effects of 
BYDV-PAV infection are restricted to the phloem of host plants cleared [4], where 
they are seen via EM in the cytoplasm, nuclei, and vacuoles of infected sieve ele-
ments, companion and parenchyma cells. Vesicles containing filaments and inclu-
sions containing virus particles the infection and subsequent death of phloem cells 
inhibits translocation as Figure 2(A)–(C), slows plant growth, and induces loss of 
chlorophyll typical symptoms. Plants convert only 2–4% of the available energy in 
radiation into new plant growth [5].

2. Chemical energy production of nanoparticles

Metal nanoparticles can induce the efficiency of chemical energy production 
in photosynthetic systems, Figure 5(C). Nano-anatase TiO2 has a photocatalyzed 
characteristic, improves the light absorbance, the transformation from light energy 
to electrical, chemical energy, and induces carbon dioxide assimilation. TiO2NPs 
protect chloroplast from aging for long time illumination [6, 7]. Nano-anatase 
TiO2 enhances the photosynthetic carbon assimilation with potentially activate 
Rubisco (a complex of Rubisco [8], which promotes Rubisco carboxylation, thereby 
increasing the growth of plants [8, 9] studied the impact of nano-anatase on the 
molecular mechanism of carbon reaction and postulated the marker gene’s induc-
tion for Rubisco activase (RCA) mRNA by nano-anatase. Enhancing protein levels 
and activities of Rubisco activated the improvement of the Rubisco carboxylation 
and the high rate of photosynthetic carbon reaction. The exogenous application 
of TiO2NPs improves the net photosynthetic rate, conductance to water, and 
transpiration rate in plants [10]. Nano-anatase promoted heartily whole chain 
electron transport [11], photoreduction activity of photosystem II, O2-evolving, 
and photophosphorylation activity of chlorophyll under both visible and ultraviolet 
light. The AuNPs and Ag nanocrystals bind to the chlorophyll in the photosyn-
thetic reaction center [12], forming a novel hybrid system, which may build ten 
times more excited electrons plasmon resonance fast electron–hole separation. 
The enhancement mechanisms may help the design of artificial light-harvesting 
systems. Nanomaterials can generate ROS, affect lipid peroxidation, as reported 
[13]. The significant biochemical and molecular effect on membrane permeabil-
ity and fluidity, which due to previous nanomaterials impact making cells more 
susceptible to osmotic stress and failure to nutrient uptake. A series of metabolic 
activities such as soil and water which perceived the stress through the growth 
matrix [14–16] triggered to alleviate the metal stressors [17]. To deal with the situa-
tion, in the first step, to prohibit metal entry through the expense of energy, plants 
modulating their action actively. In the second step, modulating transporters in the 
plasma membrane prevent further entry of the metal into the cytosol, so that the 
intracellular build-up of metal ions does not exceed the threshold concentration, 
Figure 3(A, B, and D). The plant system has developed several well-synchronized 
systems to Elementary Flux Mode (EFM) to prevent metal ion build-up from the 
cellular milieu [18].
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AuNPs significantly increased vegetative growth and seed production in both 
noncrops (Arabidopsis thaliana) [19] and crop (Brassica juncea) species [20]. TEM 
images revealed that chloroplasts in BYDV-GAV-infected Zhong8601 leaf cells were 
fragmentized [21] as shown in Figures 3(A) and 4(B) and (D) as Where thylakoids 
were not well developed, but starch granules as in Figures 3(B, E, and F) and 4(C) 
and plastoglobules were not rare in our study. Compared to another strain study for 
BYDV-GAV [21], mock-inoculated Zhong8601, chlorophyll content was reduced, 
but the virus and H2O2 contents were markedly higher in BYDV-GAV-infected 
Zhong860. Reactive oxygen species (ROS)-related genes were transcriptionally 
regulated in BYDV-GAV infected Zhong8601. These results suggest that the yellow 
dwarf symptom formation is mainly attributed to reduced chlorophyll content and 
fragmentized chloroplasts [22]. Phloem damage caused by BYDV limits the trans-
port of photosynthate and restricts long-distance carbohydrate translocation [21]. 
Carbohydrate accumulation in leaves consecutively inhibits photosynthesis, reduces 
chlorophyll, and increases respiration [23].

The changes in root system function such as root length or biomass caused by 
BYDV infection is unknown, although root tips are far from the photosynthate source 
but suffered from reduced translocation. Potential reductions in root system func-
tion of BYDV-infected plants could play a crucial role in grain yield loss because root 
systems supply shoot organs with fundamental mineral nutrients [24] due to BYDV 
infection, and a susceptible wheat cultivar showed a 72% reduction in photosynthetic 
capacity. On the other hand, a moderately tolerant wheat cultivar exhibited only a 
60% reduction in photosynthesis [25]. Photosynthesis was reduced by 25% per gram 
of fresh tissue weight in BYDV-infected plants [26]. Many studies have shown that 

Figure 3. 
Micrographs of a different distribution of AuNPs & VLPs near the chloroplast. (A) Micrograph of large 
nucleus and nucleolus with segregated distinct chromatin beside the cell wall, AuNPs restricted to the 
chloroplast from both sides, Scale bars 2μm. (B) The random bulk number of localized AuNPs aggregated 
intimately near to the chloroplast; Scale bars 0.2 μm. (C) Packed AuNPs in the cytoplasm adjacent to VLPs, 
Scale bars 100 nm. Micrographs of a different distribution of AuNPs & VLPs inside the chloroplast. (D) 
Dispersed AuNPs into the grana, which appeared to be tiered apart in an unregulated shape, VLPs and AuNPs 
condensate near the cell wall inside the plastid. Scale bar 0.2 μm. (E) Micrographs of the precipitated AuNPs 
and VLPs between the grana structure. Scale bar 100 nm.
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virus infection can trigger severe chlorophyll breakdown within the host. An imbal-
ance between biosynthesis and catabolic turnover of green pigments in plant tissues 
indicates profound inhibition of the photosynthesis process [27–30]. Phytohormone 
levels are also altered following BYDV infection. [31] undertook a detailed study of 

Figure 4. 
Electron micrographs demonstrated many vesicles and starch body in the chloroplast. (A) Noticed the grana 
was not striated and filled with light OG and having a lot of starch granules, Scale bar 0.2 μm. (B) Higher 
magnification from A, Scale bar 100 nm. (C) Starch granules surrounded by virus-like particles (VLPs) and 
gold nanoparticles (AuNPs) in the chloroplast in a highly magnified part of the grana, Scale bar 0.2 μm. (D) 
Micrograph of the grana decomposition in chloroplast showed the OG, which turned to hollow vesicles and 
filled with some cell material and VLPs from the virus-infected. (Outlined some aggregated VLPs), Scale bar 
0.2 μm. Electron micrographs demonstrated the late stage of plasmolysis in the chloroplast. (E) Abnormal 
deformed invagination of the cell wall with remained starch body according to plasmolysis inside the cell. Scale 
bar 1 μm. (F) Plasmolysis of chloroplast with remained one starch granules surrounded by Nanoparticles 
associated with some VLPs., Scale bars 0.2 μm.
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systems supply shoot organs with fundamental mineral nutrients [24] due to BYDV 
infection, and a susceptible wheat cultivar showed a 72% reduction in photosynthetic 
capacity. On the other hand, a moderately tolerant wheat cultivar exhibited only a 
60% reduction in photosynthesis [25]. Photosynthesis was reduced by 25% per gram 
of fresh tissue weight in BYDV-infected plants [26]. Many studies have shown that 

Figure 3. 
Micrographs of a different distribution of AuNPs & VLPs near the chloroplast. (A) Micrograph of large 
nucleus and nucleolus with segregated distinct chromatin beside the cell wall, AuNPs restricted to the 
chloroplast from both sides, Scale bars 2μm. (B) The random bulk number of localized AuNPs aggregated 
intimately near to the chloroplast; Scale bars 0.2 μm. (C) Packed AuNPs in the cytoplasm adjacent to VLPs, 
Scale bars 100 nm. Micrographs of a different distribution of AuNPs & VLPs inside the chloroplast. (D) 
Dispersed AuNPs into the grana, which appeared to be tiered apart in an unregulated shape, VLPs and AuNPs 
condensate near the cell wall inside the plastid. Scale bar 0.2 μm. (E) Micrographs of the precipitated AuNPs 
and VLPs between the grana structure. Scale bar 100 nm.
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virus infection can trigger severe chlorophyll breakdown within the host. An imbal-
ance between biosynthesis and catabolic turnover of green pigments in plant tissues 
indicates profound inhibition of the photosynthesis process [27–30]. Phytohormone 
levels are also altered following BYDV infection. [31] undertook a detailed study of 

Figure 4. 
Electron micrographs demonstrated many vesicles and starch body in the chloroplast. (A) Noticed the grana 
was not striated and filled with light OG and having a lot of starch granules, Scale bar 0.2 μm. (B) Higher 
magnification from A, Scale bar 100 nm. (C) Starch granules surrounded by virus-like particles (VLPs) and 
gold nanoparticles (AuNPs) in the chloroplast in a highly magnified part of the grana, Scale bar 0.2 μm. (D) 
Micrograph of the grana decomposition in chloroplast showed the OG, which turned to hollow vesicles and 
filled with some cell material and VLPs from the virus-infected. (Outlined some aggregated VLPs), Scale bar 
0.2 μm. Electron micrographs demonstrated the late stage of plasmolysis in the chloroplast. (E) Abnormal 
deformed invagination of the cell wall with remained starch body according to plasmolysis inside the cell. Scale 
bar 1 μm. (F) Plasmolysis of chloroplast with remained one starch granules surrounded by Nanoparticles 
associated with some VLPs., Scale bars 0.2 μm.
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abscisic acid, jasmonic acid, methyl jasmonate, methyl salicylate (MS), and salicylic 
acid (SA) following BYDV infection. They followed the phytohormones over time and 
with different watering conditions than undamaged controls and seedlings infested 
with non-viruliferous aphids. Total hormone concentrations in BYDV-infected plants 

Figure 5. 
Micrographs of different abnormalities in the plastid; rounded chloroplast. (A) Micrograph of abnormally 
rounded chloroplast with one starch granules. Scale bar 1 μm. Micrographs of different abnormalities in 
the plastid; irregular starch granules (B) The cell contains an abnormal amorphous material adjacent both 
plastid and cell wall, Scale bars 0.2 μm (C) higher magnification showed this material having portentous 
contents with different irregular starch granules with many AuNPs. Scale bar 200 nm. Micrographs of 
different abnormalities in the plastid; deformed and decomposed chloroplast. (D) Elongated and tiered in 
the chloroplast with (OG) and have some hollow (circle outlined) surrounded part near the border of the 
plastid, some VLPs were located beside these hollow, Scale bar 0.5 μm. (E) a higher magnification illustrated 
the content of vacuole having many VLPs inside, outside and near the cell wall (arrow) indicted VLPs, Scale 
bar 200 nm.
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were more significant than those in sham-treated and control plants. SA was higher in 
infected plants, but MS was low.

Turnip yellow mosaic virus (TYMV) replication machinery interacts with 
the outer membrane of infected cell chloroplasts [32], like in our study in  
Figure 5(A, B, D, and E). In TYMV-infected cells, the chloroplasts adopt a cup-
shaped form aggregate and swell. Two TYMV proteins are targeted to the chloro-
plast membrane and are involved in these processes, the 66 and 140 kDa proteins. 
The 140 kDa protein induces chloroplast aggregation and induces the invagination 
of the outer chloroplast membrane to form small peripheral vesicles, which are the 
sites of TYMV replication. Invaginations of endoplasmic and the plastid membrane 
were precise in our micrographs; Figures 2(A) and (B) and 4(A).

Figure 6. 
The mitochondrion is a semi-autonomous double-membrane-bound organelle in this figure. Mitochondria 
are commonly measured between 0.75 and 3 μm² in the area but vary considerably in size and structure. The 
organelle is composed of compartments; these compartments include the outer membrane, the intermembrane 
space, the inner membrane, and the cristae and matrix. Scale bar 2 μm.

Figure 7. 
Micrographs of a distorted mitochondrion with internal membrane-bound areas containing amorphous 
inclusion bodies. (A and B) A lot of amorphous inclusion bodies (outlined) inside and outside the 
mitochondria with virus-like particles VLPs (arrows), Scale bars 0.2 μm, 100 nm.
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Mitochondria and plastids in infected cells became degenerate in a way similar to 
those in uninfected maturing sieve elements. Negative staining preparation for Electron 
Microscopy is used for staining virus particles and the morphological and cytological 
side of healthy (Figure 6) and treated leaves [33]. Some alterations were detected in 
mitochondria of fully infected phloem cells, Figure 7 (A) and (B). Furthermore, virus-
specific vesicles with the limiting membrane were developed in the cytoplasm.

Deformed mitochondrial organ with fewer compartments than the healthy and 
the AuNPs exist inside and along the cell wall, Figure 8(A) and (B).

Abbreviations

BYDV-PAV Barley Yellow Dwarf Virus
BYDV-GAV Barley Yellow Dwarf Virus
ROS Reactive Oxygen Species
ABA Abscisic acid
ET Ethylene
TMV Tobacco mosaic virus
CP Coat protein
EM Electron microscope
TEM Transmission electron microscope
AuNPs Gold nanoparticles
TIO2 Titanium Oxide
RCA Rubisco activase
mRNA Messenger Ribonucleic Acid
TiO2NPs Nano-anatase particles
MS Methyl salicylate
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TYMV Turnip yellow mosaic virus
KDA kilodalton
S Starch
OG Osmophilic globule
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G Grana

Figure 8. 
Micrographs of localized and precipitated AuNPs around the mitochondria as shown in figure (A) with fewer 
compartments than the health and higher magnification of the deformed mitochondrial organ and the AuNPs 
exist inside and along the cell wall as shown in figure (B). Scale bars 0.2 μm and 200 nm.
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Abstract

The application of AuNPs on the infected barley cultivar had great damage 
results on Barley Yellow Dwarf Virus (BYDV-PAV) particles in TEM. Observation 
of TEM images provided an insight into the transport of AuNPs through the 
plasmodesmata endoplasmic reticulum route, where they likely accumulated as the 
channels narrowed. The cytoplasmic parenchyma cell components do not have an 
intact peripheral location, but taking irregular shapes, internal movement between 
adjacent two cells seems to be the VLPs moved toward via plasmodesmata. TEM 
micrographs; showing different abnormalities in the cell wall due to viral infection. 
Application of AuNPs revealed sticky Integrated AuNPs inside the cell wall with 
low and high density. The mechanical transportation of the virus through the sieve 
elements with endosomes was observed. The mechanical transportation of virus 
particles through the cell wall with some vesicles, amorphous inclusions, and fila-
mentous particles was proved through the sieve elements with filamentous strands.

Keywords: cell wall, Barley Yellow Dwarf Virus (BYDV-PAV), Gold nanoparticles 
(AuNPs), parenchyma cells, plasmodesmata, low density of AuNPs, AuNPs with high 
density, auNPs with high density, twisted cell wall, proteinous contents, endosomes, 
amorphous inclusions, mechanical transportation, filamentous particles, sieve elements 

1. Introduction

The phloem-limited virus not only causes damage to the phloem and associated 
plasmodesmata [1] but also produces viral proteins that influence plasmodesmata 
structure to allow the passage of viral genomes or virus particles Figure 1. Compared 
to Figure 2 of healthy cells. For example, the TMV MP accumulates in plasmodes-
mata and alters the size exclusion limit of the channel [2]. The application of AuNPs 
on the barley cultivar had great damage results on virus in TEM. The interaction 
performance in our plates in Figures 3 and 4 had different degrees between VLPs 
and AuNPs, illustrated as clotting, surrounding, integration, and accumulation 
particles. AuNPs with sticky and low density in Figure 3(A)–(D) and with high dark 
density inside the twisted cell wall in Figure 4(A)–(F). The DNA AuNPs can bind to 
the strand upon entry to the cell’s cytoplasm, preventing translation of the mRNAs 
corresponding protein. As found in Figure 5(A) and (B), which pronounced many 
filamentous strands bind with AuNPs crossing the cell wall, that could have the same 
influence [3]. Outside of medical technology, the deployment of gold nanoparticles 
in photovoltaics by embedding them into thin solar cells has increase solar energy 
conversion efficiencies. The mechanism of AuNPs inside the plant was illustrated [4]. 
It was recorded that the formation of Nanoparticles still needs more clarification, 



33

Chapter 4

Cell Wall
Noorah Abdulaziz Othman Alkubaisi  
and Nagwa Mohammed Amin Aref

Abstract

The application of AuNPs on the infected barley cultivar had great damage 
results on Barley Yellow Dwarf Virus (BYDV-PAV) particles in TEM. Observation 
of TEM images provided an insight into the transport of AuNPs through the 
plasmodesmata endoplasmic reticulum route, where they likely accumulated as the 
channels narrowed. The cytoplasmic parenchyma cell components do not have an 
intact peripheral location, but taking irregular shapes, internal movement between 
adjacent two cells seems to be the VLPs moved toward via plasmodesmata. TEM 
micrographs; showing different abnormalities in the cell wall due to viral infection. 
Application of AuNPs revealed sticky Integrated AuNPs inside the cell wall with 
low and high density. The mechanical transportation of the virus through the sieve 
elements with endosomes was observed. The mechanical transportation of virus 
particles through the cell wall with some vesicles, amorphous inclusions, and fila-
mentous particles was proved through the sieve elements with filamentous strands.

Keywords: cell wall, Barley Yellow Dwarf Virus (BYDV-PAV), Gold nanoparticles 
(AuNPs), parenchyma cells, plasmodesmata, low density of AuNPs, AuNPs with high 
density, auNPs with high density, twisted cell wall, proteinous contents, endosomes, 
amorphous inclusions, mechanical transportation, filamentous particles, sieve elements 

1. Introduction

The phloem-limited virus not only causes damage to the phloem and associated 
plasmodesmata [1] but also produces viral proteins that influence plasmodesmata 
structure to allow the passage of viral genomes or virus particles Figure 1. Compared 
to Figure 2 of healthy cells. For example, the TMV MP accumulates in plasmodes-
mata and alters the size exclusion limit of the channel [2]. The application of AuNPs 
on the barley cultivar had great damage results on virus in TEM. The interaction 
performance in our plates in Figures 3 and 4 had different degrees between VLPs 
and AuNPs, illustrated as clotting, surrounding, integration, and accumulation 
particles. AuNPs with sticky and low density in Figure 3(A)–(D) and with high dark 
density inside the twisted cell wall in Figure 4(A)–(F). The DNA AuNPs can bind to 
the strand upon entry to the cell’s cytoplasm, preventing translation of the mRNAs 
corresponding protein. As found in Figure 5(A) and (B), which pronounced many 
filamentous strands bind with AuNPs crossing the cell wall, that could have the same 
influence [3]. Outside of medical technology, the deployment of gold nanoparticles 
in photovoltaics by embedding them into thin solar cells has increase solar energy 
conversion efficiencies. The mechanism of AuNPs inside the plant was illustrated [4]. 
It was recorded that the formation of Nanoparticles still needs more clarification, 



Atlas of Ultrastructure Interaction Proteome Between Barley Yellow Dwarf Virus and Gold...

34

whether they are created outside and then translocated to plants or whether they 
are formed by the reduction of metal salts within the plants themselves. The uptake 
of Nanoparticles and translocation across root cells, in which several active and 
passive transport processes involved, depends on the type of metal ions and plant 

Figure 1. 
Micrographs of different abnormalities in the cell wall due to viral infection. (A) Parenchyma cells of the 
entire contents, scale bar 5 μm. (B) The cytoplasmic components do not have an intact peripheral location, but 
taking irregular shapes internal movement between adjacent two cells, it seems to be the VLPs moved toward 
via plasmodesmata (outlined), scale bar 1 μm. (C) Increased of the cell wall thickness, irregular wavy cell wall 
(arrow). Scale bar 1 μm.

Figure 2. 
Electron micrographs showing a general view. Healthy cells with different adjacent conducted with the cell 
wall, as shown in (A and B), scale bars 5 μm.
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species, Figure 5(A), (B), (E), and (L). The amount of Nanoparticle accumulation 
in plants also varies with the reduction potential of ions and the lowering capacity of 
plants that depends on the presence of various polyphenols and other heterocyclic 
compounds present in plants, as shown in Figure 3(C) and (D) [5] that sieving 
properties are determined by the pore diameter of cell wall ranging from 5 to 20 nm 
Figure 5(L).

2. Nanoparticles, interalization and transportation inside the cell wall

During endocytosis, further internalization occurs with a cavity-like structure 
that forms around the nanoparticles by the plasma membrane. They may, besides, 
cross the membrane using embedded transport carrier proteins or through ion 
channels. A band of AuNPs surrounded the cell adjacent and inside the cell wall, as 
Figure 5(C).

Nuclear Localization Signal Peptide, NLS peptide, is a virus-derived protein 
fragment [6] that interacts with intracellular proteins for transport across the 
nuclear envelope. Interpreted that NLS peptides to the DNA AuNP did alter the 
intercellular localization of the AuNPs [7] but did not change the binding properties 
of the oligonucleotides (Figure 5(I), (K) and (M).

Figure 3. 
Micrographs of the AuNPs sticky and integrated inside the cell wall with low density. (A) AuNPs were 
gathering together, having large irregular distribution mass net inside the cytoplasm, and circulated the inner 
side of the cell wall, scale bar 1 μm. (B) Enlarged magnification of A declares AuNPs in the inner border of 
the cell wall and cytoplasmic area. Scale bar 0.2 μm. (C) AuNPs spotted and attracted firmly on the cell wall 
(higher magnification of A), scale bar 0.2 μm. (D) Distribution of the AuNPs (higher magnification of C), 
scale bar 0.2 μm.
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Figure 4. 
Micrographs of the AuNPs integrated inside the cell wall with high density. (A) The cell wall had twisted 
invaginated shapes as shown in the bold box, and some dynamic move the proteinous material via 
plasmodesmata (arrow), scale bar 2 μm. (B) Very twisted cell wall as of accumulated dark density AuNPs 
inside the interaction of their cell wall structure joined with VLPs in three different parts, scale bar 0.5 μm.  
(C) The AuNPs had low concentration and density with VLPs (white box in B) than in (dashed box in B), 
scale bar 200 nm. (D) Higher magnification showed high accumulation density of AuNPs with VLPs had very 
dark color along extended the cell wall in the middle of it (dashed box in B), proteinous contents near the cell 
wall on the right side (black box in B), scale bar 100 nm. (E and F) VLPs trapped in massive of AuNP inside 
the cell wall, with higher resolutions, scale bars 200 nm,100 nm.
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Two-photon excitation microscopy was used to monitor MWCNTs piercing the cell 
wall of wheat roots and reaching the cytoplasm [8] without totally entering the cell. 
After root uptake and penetration of the epidermal cells of Engineered nanomaterials 
ENMs, transport demand circulation across the root and the xylem. ENMs transported 
through cell wall pores, the apoplastic pathway, or the symplastic pathway through 
plasmodesmata, channels that connect neighboring cells around 40 nm in diameter 
[9]. The uptake and translocation of ENMs in plants are not only related to the 
particle composition, size, shape, surface properties, but also the type of plant spe-
cies. Positively charged AuNPs were most readily taken up by plant roots [10], while 
negatively charged AuNPs most efficiently translocated into stems and leaves from the 
roots. Higher amounts of the AuNPs accumulated in Radish and ryegrass roots gener-
ally than rice and pumpkin roots, as we found in wheat in our study. Utilized AuNPs in 
that study aggregated to statistically considerable extents in rice shoots; however, none 
of them depleted in the shoots of radishes and pumpkins. Near, the tissue scale uptake 
and locative distribution NPs in rice roots and shoots were influenced by the surface 
charges of Au NPs [11]. Au concentration in rice roots followed the order of AuNP 
(+) > AuNP (0) > AuNP (−) but with the reversed order for shoots, indicating pref-
erential translocation of negatively charged Au NPs. AuNPs in the xylem within the 
leaves indicated that the NPS was transported during nutrients and water uptake [12].

Direct penetration of NPS through the cell wall can be envisioned for smaller-size 
NPS as the pore size on the cell wall (2–20 nm) may limit the passage to the NPs more 
significant than 20 nm [12]. Furthermore, the cell membrane acts as yet another barrier 
for an extraneous agent to pass through. To test this hypothesis, [13] investigated uptake 
and distribution of 3.5 nm or 18 nm-sized citrate-coated AuNPs in tobacco (Nicotiana 
Xanthi), where the authors observed uptake of Au only from 3.5 nm AuNPs treat-
ments [13], distinct with 18 nm-sized AuNPs treatments, and the larger-sized particles 
adhered to tobacco root surfaces. Also, exposure to 3.5 nm-sized AuNPs resulted in leaf 
necrosis sustain in plant death. It did not occur with 18 nm AuNPs treatments [13]. On 
the other hand, a size threshold may happen for NPS translocation to the leaves, which 
they mentioned to be <36 nm; meanwhile, the accumulation of TiO2NPs in the wheat 
root could only exist if NPs are <140 nm in diameter, with higher aggregation that take 
place when NPs were much smaller (in the size range 14–22 nm) [14]. Combined, these 

Figure 5. 
Micrographs of the mechanical transportation of virus through the sieve elements with endosomes. (A) Viral 
particles associated with AuNPs with endosomes in plasmodesmata connecting with two adjacent parenchyma 
cells, mechanical transport movement of some vesicles and amorphous inclusions, and filamentous particles 
stuck or near the cell wall, scale bar 0.2 μm. (B) Mechanical transportation of some blowing VLPs in and 
out through the cell wall and cytoplasmic membrane compartment (arrows), Nemours AuNPs attracted with 
deformed VLPs in the cytoplasm, cell wall, and PL. Some empty endosomes exist inside the cytoplasm in 
the inner part of the cells (arrow), scale bar 0.2 μm. Micrographs of the mechanical transportation of virus 
through the cell wall with some vesicles, amorphous inclusions, and filamentous particles. (C) The cell is full 
of many different kinds of abnormal structure endosomes (dashed box) as well as many accumulated and 
irregular distribution of light and dark area (white box), scale bar 0.5 μm. (D and F) showed the aggregation 
of VLPs with dark AuNPs near to the cell wall that has intermediate virus particles in the dark area (arrows). 
Two neighboring cells separated with the cell wall, some cytoplasmic material crossing the cell wall by one 
of that endosomes to the other cell with VLPs (arrows). Scale bars 200,100 nm. (E) Mechanical transport 
movement of some vesicles and amorphous inclusions and filamentous particles stuck or near the cell wall. 
(higher magnification of D), scale bar 0.2 μm. Micrographs of the mechanical transportation of virus through 
the sieve elements with filamentous strands. (I) Crystalline array (arrow) and some filamentous strands 
(outlined) in the cytoplasm joined with dark AuNPs; the cell wall has two locations of pits that seem to be 
the gate of moving materials (arrows), scale bar 100 nm. (J) High magnification for the pseudo-crystal array 
(arrow) associated with light VLPs (arrow), scale bar 50 nm. (K) Numerous filamentous inclusions extended 
in the cell lumen toward the cell wall interspersed with AuNPs and VLPs, scale bar100nm. (L) Parenchyma 
cell starts to divide, de-generated cell wall and abnormal deformed cell wall inside the cell (arrows), AuNPs 
extended along the complete cell wall in high density (arrow with two directions), scale bar 1 μm. (M) 
Illustrate the endosomes (circular) and filamentous strands near the cell arrow indicates, VLPs distributed in 
the right side and middle of the figure while the AuNPs concentrated in the lower part inside the cytoplasm. 
Scale bar 0.2 μm.
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Abstract

Cellular ultrastructure micrographs revealed striking changes resulting from the 
Barley Yellow Dwarf Virus (BYDV-PAV) infection in Electron microscopy. In the 
cytoplasm, the Gold nanoparticles (AuNPs) may bind with different cytoplasmic 
organelles and interfere with the treated site’s metabolic processes. The micrographs of 
the treated plant leave with AuNPs showing; Endosomes, amorphous bodies, slender 
filaments fibers, myelin bodies with a high concentration of virus particles, and Gold 
Nanoparticles distributed in a circulated shape in the cytoplasm with virus particles.

Keywords: Cytoplasmic matrix, Barley Yellow Dwarf Virus (BYDV-PAV),  
Gold nanoparticles (AuNPs), Endosomes, Amorphous bodies, Slender filaments 
fibers, Myelin bodies

1. Introduction

In subsequent stages, significant accumulations of virus particles as in 
Figures 1(E) and 2(D) and filaments were visible outside the nucleus throughout 
the cytoplasm, as in Figure 1(D). When the virus was common throughout the 
cytoplasm, vesicles with fibrils were often still clustered around vacuole like areas 
in the cytoplasm, Figure 1(A)–(C).

In addition to that, amorphous cellular inclusion bodies, was shown in 
Figures 1(B) and 2(A)–(C), numerous filamentous shapes appeared in 
Figure 1(E). Endosomes as in Figure 2(A)–(D), deformed invagination of the cell 
wall, Figure 2(A) virus localization, and cytopathic alterations of barley Hordeum 
vulgare L. were studied in root tissues infected with BYDV in root phloem tissues 
examined seven days after inoculation [1]. The virus was restricted to the phloem 
tissues, i.e., sieve elements, companion, and phloem parenchyma cells. Virus 
progeny was observed in the nucleus at an early stage of infection. No or few virions 
were observed in the cytoplasm at this stage, and cell organelles remained normal 
in their appearance. Uptake and presence of AuNPs in the cytoplasm various 
organelles of root and leaf cells of poplar plant by transmission electron microscopy 
were observed [2] and measured by inductively coupled plasma mass spectrometry 
(ICP-MS), Figure 3(A) and (B). 
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2. Viroplasms and gold nanoparticles

Inclusions of virus-derived material in virus-infected cells termed viroplasms. 
It may be quasicrystalline, amorphous, or crystalline, in appearance the accumula-
tion of nascent virions in the host cell from some inclusions aggregates of viral 
proteins, Figures 1(D) and (E) and 2(A)–(C). Large aggregates of convoluted, 

Figure 1. 
Endosomes, amorphous bodies, and slender filaments fibers. (A and C) Micrographs of general view for 
one cell contain an amorphous body (box outlined), myelin bodies (dashed arrow), and endosomes (arrow). 
Scale bars 5 μm, 1 μm. (B) Higher magnification of A indicated one endosome crossing the cell wall from the 
neighbouring cells to the other cell with VLPs. Scale bars 2 μm. (D) Higher magnification of C shows some 
slender filament fibers and VLPs with AuNPs near to amorphous bodies, Scale bar 0.2 μm. (E) smooth-
surfaced structure with numerous AuNPs, Scale bar 0.2 μm.
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Figure 2. 
Endosomes and myelin bodies with a high concentration of virus particles. (A) Numerous endosomes 
(arrow) have AuNPs distributed in the cytoplasm of different sizes. Compact multi membrane structure 
(arrow) decorated in and out with a dense layer of AuNPs. Scale bar 0.5 μm. (B) The area around the cell 
wall in the cell endosomes along the cell wall with different sizes (arrows), filamentous shape particles in the 
other sides of the cell wall. Scale bar 0.2 μm. (C) Amorphous inclusion materials are surrounded by the bundle 
sheath myelin body (My). Scale bar 0.2 μm. (D) Micrograph of cellular myelin body trapped with both AuNPs 
and VLPs near the cell wall. Scale bar 200 nm.

Figure 3. 
Gold Nanoparticles distributed in a circulated shape in the cytoplasm with virus particles. (A and 
B) Showed the VLPs (white arrows) and AuNPs (black arrows) gathering in the cytoplasm in circulated 
unregulated shapes having borders occupying the whole lumen of the cytoplasm. Scale bar 100 nm and 0.2 μm.
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branched, tubular bodies and myelin bodies as in Figures 1(B) and 2(A), (C), 
and (D), assumed to originate from the ER., were also observed in some parts of 
the cytoplasm. A densely staining amorphous material occurred both within and 
outside the tubules. Vesicles containing densely staining amorphous material or 
without any apparent contents were occasionally seen within these aggregates but 
were more common around the periphery, Figure 1(B). These tubular aggregates 
persisted through the remaining stages of the infection, but the vesicles with fibrils 
decreased markedly in number as the infection progressed, Figure 2(A) and (B). 
Remnant vesicles usually occurred singly, and many were still enclosed in the 
second membrane.

Abbreviations

AuNPs Gold nanoparticles
ICP-MS Inductively coupled plasma mass spectrometry
ER Endoplasmic reticulum
En Endosome
AM Amorphous
F Filament
VLPs Virus-like particles
My Myelin body
CW Cell Wall
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Abstract

In the context of plant-pathogen interaction, the application of nanoparticle 
technology and efficient transportation of substances, such as systemic AuNPs to 
the specific coupling of AuNPs and virus, provide novel solutions for the treat-
ment of plants against the virus. The included data proved that AuNPs provide an 
efficient means to control virus infection in a fashion way with reducing collateral 
damage. The AuNPs assure fatal damage to the VLPs with low concentration 
using different AuNPs sizes. Synergistic therapeutic effects could lead to virus 
resistance.

Keywords: Barley Yellow Dwarf Virus (BYDV-PAV), Gold nanoparticles (AuNPs)

1. Introduction

In our study by inducing virus particles combining with AuNPs, having an 
interaction performance (Figures 1 and 2), as illustrated in TEM disappearing 
Figure 3(B) or/and swelling Figure 4(B), smashing Figure 4(C), deforma-
tion Figure 4(E) and (F), corrosive, and puffiness of infected virus particles 
Figure 4(I), (G), and (H) [1]. Multicomponent surface chemistry has also been 
explored in the context of gene regulation [2]. Modification of the Au NPs with 
more than one class of functional group can enable multiple functionalities. One 
example is that Au NPs have been derivatized with both antisense oligonucle-
otides and thiolated nuclear localization signal (NLS) peptides. The oligonucle-
otides on the AuNPs surface are close enough. The counter ions associated with 
one oligonucleotide also act to screen negative charge on adjacent oligonucle-
otides; this additional charge screening results in more excellent oligonucleotide 
duplex stabilization relative to free DNA strands. It explains why the DNA AuNPs 
aggregates melt at higher temperatures than the same unconjugated oligonucle-
otide duplexes under the same conditions [3]. 
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Figure 2. 
Electron micrograph showing a purified crude sap of Gold nanoparticles (AuNPs). Micrograph of the size for 
AuNPs particles (Control of Nanoparticles). Scale bars 200 nm.

Figure 1. 
Electron micrograph showing a purified crude sap of barley yellow dwarf virus (BYDV-PAV), micrograph of 
BYDV-PAV purification (Control of virus particles). Scale bars 100 nm.
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2. Five determinant factors and viral deformation

The application of AuNPs revealed potential damage on VLPs according to 
five determinant factors that play an essential role in viral particle deformation. 
First, the incubation period’s time duration with virus particles; (24 hr.& 48 hr.) 
incubation period exhibited deformation highly and vanishing VLPs weather 
(in vivo or in vitro). Second & third; Concentration and toxicity of AuNPs. 
0.00034 g AuNPs was an initial concentration in one ml distilled water, which 

Figure 3. 
Electron micrographs showing the treatments of gold nanoparticles (AuNPs) with virus particles In vitro for 
24 hr. (A) Aggregated the virus particles within AuNPs (outlined) with one blowing VLP particle inside the 
batch’s areas of accumulated AuNPs. Scale bar 0.2 μm. (B) Higher magnification of (A). Scale bar 0.2 μm.
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Figure 4. 
Electron micrographs showing gold nanoparticles (AuNPs) with virus particles In vivo. (A) Clotting and 
gathering VLPs (outlined), and then started to be billowed with dissociated unrounded particles (arrows). Scale 
bar 100 nm. (B) Some of the VLPs noticed in large size, and AuNPs clotted the particles around it. (arrows). 
Scale bar 100 nm. (C) Higher magnification for clotting crushed and smashed VLPs (outlined). Scale bar 
200 nm. (D) AuNPs surround the VLPs, and the shapes of the particles were damaged and having asymmetric 
shapes in some other fields (arrows). Scale bar 200 nm. (E) Moreover, (F) high magnification for the deformed, 
abnormal particles having piriformis shape, different sizes, and shapes of the particles resulting from mixing 
AuNPs with crude sap as an inoculum (arrows). Scale bars 200 nm. (G) Moreover, (H) higher magnification 
indicating some individual abnormalities of blowing viral particles. Scale bars 100 nm. (I) Aggregation of VLPs 
with AuNPs and blown VLP particles surrounded by AuNPs. Scale bar 100 nm.
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had a significant effect on VLPs compared to the diluted one 0.00017 gm of 
AuNPs. It had excellent detrition results on virus particles in TEM, as shown in 
Figures 3 and 4 as an application of AuNPs with virus infection.
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