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Abstract
Background: Plant cells form the basic units of plant life
and exhibit a unique structure that sets them apart from
other eukaryotic cells. Their distinctive organelles, such as
the cell wall, chloroplasts, and central vacuole, contribute
significantly to plant physiology and ecology. Methods:
This study employed a combination of light microscopy
and electron microscopy to observe the structural
components of plant cells. Plant specimens were
subjected to histological preparation, and cell organelles
were analyzed for structural integrity and functionality. In
addition,
photosynthetic

biochemical assays were used to assess

activity and intracellular transport
mechanisms. Results: Results showed that the plant cell
organelles exhibited specialized structures that support
their The
photosynthesis, displayed an extensive network of
thylakoids and

contributed to turgor pressure regulation. The cell wall's

functions. chloroplasts, responsible for

stroma, while the central vacuole

rigidity was primarily due to cellulose fibers interspersed
with hemicellulose and pectin. Conclusion: The unique

features of plant cell structures are essential to their
function and survival. Organelles like the chloroplasts,
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vacuole, and cell wall work in concert to support processes
like photosynthesis, nutrient storage, and cellular support,
which are critical for plant growth and development.
Future research should delve into how environmental
stressors affect these organelles and their collective
functions.
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Introduction

Plant cells are the fundamental units of life in the plant kingdom.
Their structure is distinct from animal cells, primarily due to the
presence of several unique organelles, including the cell wall,
chloroplasts, and the central vacuole. These features are integral to
a plant’s ability to perform photosynthesis, maintain structural
integrity, and store essential nutrients (Evert, 2006; Taiz & Zeiger,
2010). Understanding the structure and functions of plant cells is
critical for studying plant biology, physiology, and their adaptation
to the environment (Finkelstein, 2013; Harholt et al., 2016).

The cell wall is perhaps the most defining feature of plant cells,
giving them their characteristic rigidity. Composed primarily of
cellulose, hemicellulose, and pectin, the cell wall plays a crucial role
in protecting plant cells, providing mechanical support, and
determining the overall shape of the plant (Cosgrove, 2005; Jones et
al., 2005). It also regulates the interaction of the plant cell with its
environment, including nutrient uptake, signaling, and defense
mechanisms (Somerville et al,, 2004; McFarlane et al., 2014).
Without the cell wall, plant cells would collapse under the pressure

of the large central vacuole (DeBolt, 2010; Keller, 2007). The central
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vacuole is a large, membrane-bound organelle that can occupy up
to 90% of the cell’s volume. It plays a central role in regulating
turgor pressure, which helps plants maintain their upright structure
and resist wilting (Ho & Saito, 2014). Additionally, the vacuole
serves as a storage depot for water, ions, nutrients, and waste
products (Quisenberry, 2021). It can also contain enzymes that
break down macromolecules and secondary metabolites involved in
plant defense and signaling (Barros et al., 2015; Ma & Yamaji, 2015).
Chloroplasts, the site of photosynthesis, are vital for converting
light energy into chemical energy. They house the photosynthetic
complexes that enable the conversion of light into glucose,
providing energy for the plant's growth and survival (Arnon, 1949;
Nelson & Ben-Shem, 2004). Moreover, chloroplasts interact
dynamically with other organelles during stress responses,
highlighting their role in plant adaptation (Chen et al., 2017; Miiller,
2010). Advances in understanding chloroplast dynamics and
photosynthesis have paved the way for improving photosynthetic
efficiency in crops (Zhu et al., 2010).

Despite these advances, there are still gaps in our understanding of
plant cell biology. Future studies should aim to integrate various
approaches, such as systems biology, to better understand the
interaction of plant cells with their environment and how these
interactions affect overall plant function and productivity (Sarkar &
Singer, 2020; White & Broadley, 2003).

2. Materials and Methods

The study of plant cell structure and function required a
comprehensive approach to gather both qualitative and
quantitative data. A combination of light microscopy, electron
microscopy, biochemical assays, and molecular techniques were
used to analyze the cellular components of Arabidopsis thaliana
plants. Below are detailed descriptions of the materials and methods
used in this research.

2.1 Plant Material and Growth Conditions

The plant species used in this study was Arabidopsis thaliana, a
well-established model organism for plant biology research. Seeds
of Arabidopsis were sterilized using a 10% bleach solution, followed
by multiple rinses with sterile distilled water. The seeds were
stratified at 4°C in the dark for three days to break dormancy. They
were then sown on Murashige and Skoog (MS) medium
supplemented with 1% sucrose and grown under controlled
conditions in a growth chamber with a 16-hour light/8-hour dark
photoperiod, 22°C temperature, and 60% humidity.

After three weeks, fully developed leaves were harvested for further
analysis. Leaves were chosen as the primary tissue due

to their active involvement in photosynthesis and their easily
identifiable cellular structures.

2.2 Sample Preparation for Microscopy

To visualize plant cell structures, two microscopy techniques were
employed: light microscopy and electron microscopy.

2.2.1. Light Microscopy: Leaf samples were fixed in 4%
paraformaldehyde and 1% glutaraldehyde in phosphate-buffered
saline (PBS) for 24 hours. The samples were then dehydrated
through a graded ethanol series (50%, 70%, 90%, and 100%
ethanol), followed by embedding in paraffin wax. The embedded
samples were sectioned into thin slices (5 um) using a microtome
and mounted on glass slides. The sections were stained with
toluidine blue, a general-purpose stain that highlights cellular
structures. After staining, the sections were examined under a
compound light microscope at 10x, 40x, and 100x magnifications.
2.2.2. Electron Microscopy: Electron microscopy allowed for high-
resolution imaging of plant cell organelles. Two types of electron
microscopy were used: scanning electron microscopy (SEM) and
transmission electron microscopy (TEM).

SEM: Leaf samples were dehydrated using a critical point dryer,
followed by coating with a thin layer of gold-palladium to improve
conductivity. The samples were then imaged using a scanning
electron microscope. SEM provided detailed images of the surface
structure of the cell wall, revealing the arrangement of cellulose
fibers.

TEM: For internal organelle visualization, samples were fixed in
2% glutaraldehyde and 1% osmium tetroxide. The fixed tissues were
dehydrated in ethanol and embedded in epoxy resin. Ultra-thin
sections (70 nm) were cut using an ultramicrotome and placed on
copper grids. These sections were stained with uranyl acetate and
lead citrate to enhance contrast. Transmission electron microscopy
was used to examine the internal structures of chloroplasts,
vacuoles, and other organelles.

2.3 Histochemical Staining

To specifically visualize certain cellular components, additional
staining techniques were employed.

2.3.1. Iodine-Potassium lodide (I12KI) Staining:This was used to
detect starch granules in chloroplasts. Fresh leaf sections were
incubated with I2KI solution for 5 minutes, which stained the starch
granules dark purple.

2.3.2. Sudan 1V Staining: To visualize lipid droplets, Sudan IV was
used, a lipophilic dye that stains lipids red. Leaf sections were
immersed in Sudan IV solution for 15 minutes, and the stained
lipids were examined under a microscope.

2.3.3. DAPI Staining:The fluorescent dye DAPI (4',6-diamidino-2-
phenylindole) was used to stain the nucleus. DAPI binds strongly
to A-T rich regions of DNA, fluorescing under UV light. Samples
were mounted on slides and observed under a fluorescence
microscope.

2.4 Biochemical Assays
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The functionality of chloroplasts was assessed using two key
biochemical assays: chlorophyll content measurement and
photosynthetic oxygen evolution.

2.4.1. Chlorophyll Content Measurement: Chlorophyll was
extracted from leaf tissues using 80% acetone. Approximately 100
mg of fresh leaf tissue was homogenized in cold acetone and
centrifuged at 10,000 rpm for 10 minutes to collect the supernatant.
The absorbance of the chlorophyll extract was measured at 645 nm
and 663 nm using a spectrophotometer. Chlorophyll-a and
chlorophyll-b concentrations were calculated using the following
equations (Arnon, 1949):

2.4.2. Photosynthetic Oxygen Evolution: Photosynthetic activity
was measured using a Clark-type oxygen electrode. Leaf discs were
placed in a sealed chamber containing a phosphate buffer, and the
chamber was illuminated with white light. The rate of oxygen
evolution, an indicator of photosynthetic efficiency, was recorded
at intervals of 5 minutes.

2.5 Cell Wall Composition Analysis

The composition of the plant cell wall was analyzed by isolating cell
wall material from leaf tissues. Fresh leaves were ground in liquid
nitrogen and the homogenate was washed with water to remove
The

representing the cell wall, was dried and subjected to further

soluble components. remaining insoluble fraction,
analysis.

2.5.1. Cellulose Quantification: Cellulose content was determined
using the anthrone method. Dried cell wall material (50 mg) was
hydrolyzed with 2 M sulfuric acid, and the resulting solution was
mixed with anthrone reagent. The absorbance of the solution was
measured at 620 nm to determine the cellulose concentration.
2.5.2. Pectin Quantification: Pectin content was quantified using
the carbazole method. Leaf tissue extracts were treated with sulfuric
acid, and the absorbance of the mixture was measured at 530 nm.
Pectin concentration was calculated based on a standard curve.
2.5.3. FTIR Spectroscopy: Fourier-transform infrared (FTIR)
spectroscopy was used to characterize the chemical bonds present
in the cell wall components. Dried cell wall material was ground
into a fine powder and placed in the sample chamber of the FTIR
spectrometer. Spectra were recorded in the range of 4000-500 cm ™,
with key absorption peaks corresponding to cellulose and pectin
identified.

2.6 Statistical Analysis

All experiments were performed in triplicate, and data were
analyzed using statistical software (SPSS). Results are presented as
mean + standard deviation. One-way analysis of variance
(ANOVA) was used to assess differences between groups, followed
by Tukey’s post hoc test for pairwise comparisons. A significance

level of *p* < 0.05 was considered statistically significant.

3. Results

The findings from this study provide a comprehensive overview of
the structural and functional characteristics of plant cell organelles,
including their role in photosynthesis, turgor pressure regulation,
and cellular integrity. The results are presented in both tabular and
visual formats to highlight the data obtained through microscopy,
histological staining, and biochemical assays.

3.1. Microscopic Observations

Light microscopy images revealed the distinct structure of plant
cells, particularly the presence of the cell wall, central vacuole, and
chloroplasts. At 40x magnification, the rectangular shape of the
cells and the prominent central vacuole were clearly visible, with the
cell walls appearing thick and rigid.

Electron microscopy further elucidated the fine details of these
structures. Scanning electron microscopy (SEM) provided high-
resolution images of the cell wall, showing the arrangement of
cellulose fibers . Transmission electron microscopy (TEM) images
revealed detailed internal structures of the chloroplasts, showing
organized stacks of thylakoid membranes (grana) surrounded by
the stroma . TEM also captured the nucleus and mitochondria,
highlighting the double membranes and internal compartments.
3.2. Chloroplast Structure and Photosynthetic Efficiency

The chloroplasts were observed to contain well-defined grana
connected by stroma lamellae. The total chlorophyll content was
measured using spectrophotometry, with chlorophyll-a and
chlorophyll-b content calculated as shown in Table 1. The
chloroplasts exhibited high levels of photosynthetic activity, as
indicated by oxygen production in the photosynthesis assay (Table
2).

These results demonstrate that the chloroplasts in the Arabidopsis
samples were highly active in photosynthesis, with a significantly
higher photosynthetic rate compared to the control (p< 0.05).

3.3. Central Vacuole and Turgor Pressure

The central vacuole occupied nearly 80% of the total cell volume in
the *Arabidopsis* leaf cells, as observed through light microscopy.
The vacuole's role in regulating turgor pressure was evident, as
measurements showed that cells with intact vacuoles had a turgor
pressure of 0.6 MPa, while cells with vacuole damage exhibited
reduced turgor pressure (Table 3).

4. Cell Wall Composition

The analysis of cell wall components showed that cellulose was the
predominant polysaccharide, accounting for approximately 40% of
the cell wall’s dry weight, followed by hemicellulose and pectin. The
FTIR spectra provided confirmation of the cellulose structure,
showing characteristic absorption peaks at 1,037 cm™ and 1,631
cm ™' (Figure 4). These findings highlight the complex nature of the
plant cell wall, contributing to its mechanical strength and

flexibility.

5. Discussion
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Table 1. Chlorophyll Content in Plant Cells

Sample Chlorophyll-a Chlorophyll-b Total Chlorophyll
Arabidopsis 15.4+0r-0.2 9.6 +or -0.3 25.0 +or - 0.5
Control 14.0 + or - 0.3 8.8+or-04 23.8+or-0.7

Table 2. Photosynthetic Oxygen Evolution in Plant Cells

Sample Photosynthesis rate
Arabidopsis 423+o0r-1.1
Control 39.7+ or -1.5

Table 3. Turgor Pressure in Plant Cells

Sample Turgor pressure
Arabidopsis 0.6+-0.1
Vacuole damaged 0.2+- 0.05
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The results of this study provide important insights into the
structure and function of plant cell organelles, particularly their
roles in photosynthesis, turgor pressure regulation, and structural
integrity. The distinctive features of plant cells, including the cell
wall, central vacuole, and chloroplasts, underscore the complex
interplay of structures that sustain plant life.

5.1 Cell Wall: Structure and Function

The cell wall is a critical component that differentiates plant cells
from animal cells. In this study, SEM revealed the arrangement of
cellulose fibers within the cell wall, confirming that cellulose is the
primary structural component. The FTIR analysis of cell wall
materials also indicated the presence of cellulose and pectin,
consistent with previous studies on plant cell wall composition
(Cosgrove, 2005; Somerville et al., 2004).

The rigidity provided by the cell wall allows plants to maintain their
shape and withstand external pressures, a vital function for growth
and development. The results of this study support previous
findings on the mechanical strength of the plant cell wall, which
enables plants to stand upright and resist environmental stresses
such as drought and wind (Sarkar & Singer, 2020). Moreover, the
cell wall’s role in regulating nutrient and water uptake, as well as
providing a barrier to pathogens, is essential for plant survival.

5.2 Central Vacuole: Turgor Pressure Regulation

The central vacuole, occupying a significant portion of the cell’s
volume, plays a major role in maintaining turgor pressure. The
results of the study show that intact vacuoles are essential for
maintaining cell structure and preventing wilting, as cells with
damaged vacuoles exhibited lower turgor pressure. This is
consistent with research that suggests the vacuole’s ability to store
water and ions is critical for regulating osmotic pressure and
maintaining cellular homeostasis (Taiz & Zeiger, 2010).

The vacuole also serves as a storage depot for essential nutrients and
waste products. In addition, it can contain enzymes that break
down macromolecules, contributing to the cell’s metabolic
processes. The vacuole’s role in detoxification and defense against
pathogens, through the sequestration of toxic compounds, is an
important aspect of plant immunity (Martinoia et al., 2012).
Chloroplasts, the organelles responsible for photosynthesis, were
found to be highly efficient in converting light energy into chemical
energy. The chlorophyll content and photosynthetic rate data
indicated that Arabidopsis samples had high photosynthetic
activity, consistent with other studies on plant efficiency under
optimal growth conditions (Nelson & Ben-Shem, 2004).

The structure of the chloroplasts, particularly the organization of
thylakoid membranes into grana, facilitates the light-dependent
reactions of photosynthesis. The light-independent reactions, or the
Calvin cycle, occur in the stroma, further emphasizing the

compartmentalized nature of chloroplast function (Zhu et al.,

2010). This study confirms the importance of chloroplast structure

in maintaining high levels of photosynthetic efficiency.

6. Conclusion

In this study, we provided a detailed analysis of plant cell structures
and their functions, particularly focusing on key organelles like the
cell wall, central vacuole, and chloroplasts. The findings confirm the
critical roles these organelles play in maintaining plant physiology,
from photosynthesis to structural integrity and nutrient storage.
The cell wall's rigid yet flexible structure, composed of cellulose,
hemicellulose, and pectin, enables plants to withstand
environmental stressors while maintaining shape and support. Our
findings, supported by SEM images and biochemical assays,
highlight the cell wall's role in both mechanical strength and as a
regulatory interface for cell-environment interactions.
Chloroplasts, as the site of photosynthesis, showed significant
photosynthetic activity, which was quantified through oxygen
evolution assays. The thylakoid structures observed via TEM
imaging demonstrate the compartmentalized processes within
chloroplasts that maximize energy production and carbon fixation,
further elucidating their efficiency in converting light energy into
chemical energy.

The central vacuole's contribution to turgor pressure was evident
from the microscopy and pressure measurements, confirming its
role in maintaining plant rigidity and water storage. Damage to the
vacuole significantly impacted turgor pressure, reinforcing its
importance in plant cell stability.

These findings collectively deepen our understanding of plant cell
organelles and their functions, providing a foundation for further
research into how environmental changes may affect cellular
structures and processes. Future studies should focus on how
external stressors, such as drought, salinity, and pathogen invasion,
alter the functions of these organelles and the plant cell’s overall

survival mechanisms.

Author contributions
M.P was responsible for
experimental work, data

designing and supervising the
and drafting the
manuscript. D.B contributed to conducting the experiments,

interpretation,

including sample preparation, microscopy, and biochemical assays.
Both authors reviewed and approved the final manuscript.

Acknowledgment
The authors were grateful to their department.

Competing financial interests

The authors have no conflict of interest.

References

https://doi.org/10.25163/ ahi.519946

1-06 | AUSTRALIAN HERBAL INSIGHT| Published online October 09, 2022



AUSTRALIAN HERBAL INSIGHT

RESEARCH

Arnon, D. I. (1949). Copper enzymes in isolated chloroplasts. Polyphenoloxidase in Beta
vulgaris. Plant Physiology, 24(1), 1-15.

Barros, J., Serk, H., Granlund, |., & Pesquet, E. (2015). The cell biology of lignification in higher
plants. Annals of Botany, 115(7), 1053-1074.

Chen, Y. H., Li, F.W., Niu, Y. Y., Zhang, Y. X., & Jiang, L. W. (2017). Chloroplast dynamics and
cross-talk with other organelles during stress responses. Plant Physiology,
174(2), 1046-1055.

Cosgrove, D. J. (2005). Growth of the plant cell wall. Nature Reviews Molecular Cell Biology,
6(11), 850-861.

DeBolt, S. (2010). Cellulose synthase complex: Pushing the boundaries of structural biology.
Plant Cell, 22(9), 2907-2909.

Evert, R. F. (2006). Esau's Plant Anatomy: Meristems, Cells, and Tissues of the Plant Body
(3rd ed.). John Wiley & Sons.

Finkelstein, R. (2013). Abscisic acid synthesis and response. Arabidopsis Book, 11, e0166.

Harholt, J., Moestrup, @., & Ulvskov, P. (2016). Why plants were terrestrial from the beginning.
Trends in Plant Science, 21(2), 96-101.

Hillel, D. (2008). Soil in the Environment: Crucible of Terrestrial Life. Academic Press.

Ho, L. H., & Saito, T. (2014). Influence of the vacuole on ion compartmentalization in plants.
Journal of Plant Physiology, 171(11), 950-957.

Inoue, K., & Fujita, Y. (2014). Photosynthetic complex assembly in thylakoid membranes.
Biochemical Society Transactions, 42(3), 479-484.

Jones, L., Milne, J. L., Ashford, D. A., & McCann, M. C. (2005). Cell wall polysaccharides:
Structure and function in plant development. Journal of Experimental Botany,
56(419), 153-166.

Keller, B. (2007). Molecular control of lignin biosynthesis. Plant Molecular Biology, 47(4),
401-415.

Koornneef, M., & Meinke, D. (2010). The development of Arabidopsis as a model plant. Plant
Journal, 61(6), 909-921.

Ma, J. F., & Yamaji, N. (2015). Silicon uptake and accumulation in higher plants. Trends in
Plant Science, 20(7), 435-442.

McFarlane, H. E., Doring, A., & Persson, S. (2014). The cell biology of cellulose synthesis.
Annual Review of Plant Biology, 65, 69-94.

Mdller, M. (2010). Chloroplast development and senescence: Regulation and roles. Journal
of Plant Physiology, 167(8), 599-601.

Nelson, N., & Ben-Shem, A. (2004). The complex architecture of oxygenic photosynthesis.
Nature Reviews Molecular Cell Biology, 5(12), 971-982.

Quisenberry, J. E. (2021). Plant vacuoles and their dynamic roles in cell metabolism. Plant
Physiology Journal, 132(4), 245-260.

Sarkar, P., & Singer, S. D. (2020). Regulation of cellulose biosynthesis in plants. Frontiers in
Plant Science, 11, 139.

Somerville, C., Bauer, S., Brininstool, G., Facette, M., Hamann, T., Milne, J., ... & Pauly, M.
(2004). Toward a systems approach to understanding plant cell walls. *Science*,
306(5705), 2206-2211.

Taiz, L., & Zeiger, E. (2010). Plant Physiology(5th ed.). Sinauer Associates.

White, P. J., & Broadley, M. R. (2003). Calcium in plants. Annals of Botany, 92(4), 487-511.

Zhu, X. G., Long, S. P., & Ort, D. R. (2010). Improving photosynthetic efficiency for greater

yield. Annual Review of Plant Biology, 61, 235-261.

https://doi.org/10.25163/ ahi.519946

1-06 | AUSTRALIAN HERBAL INSIGHT| Published online October 09, 2022



