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Abstract

Mitochondria are difficult to observe because of the small size and lack of pigments. The size of mitochondria resembles that
of bacteria. Moreover, plant cells have a cell wall which hinders with the rapid uptake of stains. In the present study the
techniques of histological staining and light microscopy have been used to visualize and localize mitochondria. The
smartphone camera has been used to take photographs, and the laptop has been used to suitably magnify the photographs by
zooming to discern the fine details of cell structure. Supravital staining by Janus green B, and staining with methylene blue
gave best results. Leaves of Allium fistulosum and Crinum asiaticum were the experimental materials chosen for preparing
epidermal peels. Mitochondria could be observed in the cytoplasm and in the region around the nucleus in the epidermal cells.
The guard cells of stomata showed abundant mitochondria. Our work is in agreement with the previous reports on
mitochondria, and emphasizes the importance of the use of smartphones in teaching-learning to understand cell structure.
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Introduction

Mitochondria are  ubiquitous, pleomorphic, double
membrane-bound organelles found in eukaryotic cells. In
animal and yeast cells, mitochondria are tubular-reticulate
structures and several micrometers long (Jaipargas et al
2015) M, In green plants mitochondria are predominantly
punctate in form with 0.2—-1.5 pm punctae (Jaipargas et al
2015) [4: or spherical or rod-shaped structures measuring
1-3 um in length and about 0.5 um in diameter and the
chondriome (refers collectively to all mitochondria in a cell)
of a plant cell may contain up to several hundred
mitochondria (Mgller et al 2021) 07, The plant
mitochondria are dynamic and vital organelles involved in
respiration; photorespiration; B-oxidation of fatty acids; and
synthesis of phospholipids, nucleotides and many amino
acids (Jakobs et al 2020 2, Logan 2006) [*l. Mitochondria
remain as individual organelles as well as form networks
which keep undergoing changes because of fusion and
fission (Walker & Moraes 2022) %1, The narrow diameter
(200 to 700 nm) of the mitochondrial tubules is close to the
diffraction limit of light microscopy, thereby, preventing
clear visualization of mitochondria (Jakobs et al 2020) [*2,
The small size resembling that of bacteria and lack of
pigments make it difficult to observe mitochondria in cells.
The presence of cell walls in plant cells also restricts the
entry of stains, thereby, making it challenging to
demonstrate the presence of mitochondria is plant cells
under the light microscope. Janus green B, a basic dye, was
introduced as a supravital stain for mitochondria by Leonor
Michaelis in 1900. Plant mitochondria have been studied
using Janus green B (Sorokin 1938, 1941) [?2 231 which is
based on the activity of cytochrome c oxidase present in
mitochondria (Lazarow & Cooperstein 1953 ¥, Ruthman
1966) 91, Avers & King (1960) [ obtained mitochondrial
counts using Janus green B in root tip meristem cells of four
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grass  species. The  fluorescent  dyes, namely
3,3'-dihexyloxacarbocyanine iodide (Matzke & Matzke
1986) [ and rhodamine 123 (Wu 1987) 281, have been used
as vital stains to visualize mitochondria in living plant cells.
Besides electron and fluorescence microscopy, the
sophisticated techniques super-resolution microscopy which
improves resolution and nanoscopy which overcomes the
diffraction barrier have been used to study and observe
mitochondria (Jakobs et al 2020) [*2,

This investigation is an attempt to observe and localize
mitochondria using the light microscope in undergraduate
laboratories, taking photographs using the camera of a
smartphone, and, thereafter, zooming the photographs to get
a clear and magnified view to enable understanding and
interpreting the cell inclusions. Leaves are sites of active
metabolism; and the guard cells of stomata have a high rate
of respiration. Allium fistulosum L. and Crinum asiaticum L.
were chosen as the experimental materials for preparing leaf
epidermal peels for the study. The supravital stain Janus
green B (Lazarow & Cooperstein 1953 81, Ruthman 1966
[29), and the histological stains methylene blue (Prasad &
Prasad 1975) (81 and rhodamine B (Bajracharya 1999) El
have also been used to visualize and localize mitochondria
under the light microscope. Additionally, commonly used
stains, namely safranin, acetocarmine and iodine reagent,
have been used to study the cell structure.

Materials and Methods

Fresh leaves of spring onion (Allium fistulosum L.) and
giant/ grand crinum lily (Crinum asiaticum. L.) (both of
family Amaryllidaceae) were used. Fresh uprooted plants of
A. fistulosum were obtained from the local vegetable market
and C. asiaticum leaves were collected from the botanical
garden of the college.
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Preparation of epidermal peels

The leaves of A. fistulosum are hollow and epidermal peels
were prepared from the green portion of the leaves above
the region where the leaves are clasped together. The lower
epidermis of the leaves was used to prepare peels from C.
asiaticum.

Use of different histological stains

Separate epidermal peels were used for each stain in the
investigation. The leaf epidermal peels were stained with
safranin (1 % in 50 % ethanol) for around three minutes; the
stain was blotted and then the peels were rinsed with water
to remove the excess stain. Thereafter, the peels were
mounted in glycerine and observed under the light
microscope. Leaf epidermal peels were placed in a drop of
acetocarmine (2 % in 45 % acetic acid) taken on a
microslide, gently warmed and then a coverslip was
lowered. The preparation was observed under a light
microscope. lodine reagent (1 g iodine + 2 g potassium
iodide dissolved in 300 mL distilled water) was also used as
a stain to prepare leaf epidermal peel mounts. Leaf
epidermal peels were treated for 30 minutes in rhodamine B
(0.05 %, aqueous) taken in a cavity block with the lid.
Epidermal peels were treated with methylene blue (0.2 %,
aqueous) for around 3 minutes. The peels stained with
rhodamine B or methylene blue were rinsed with water to
remove the excess stain, mounted in glycerine and then
observed under a light microscope. Although rhodamine B
is a fluorescent dye, a light microscope which is available in
all undergraduate teaching laboratories was used to observe
the stained preparations.

Supravital staining using Janus green B

Epidermal peels were treated for 30 minutes with Janus
green B (0.1 % in absolute ethanol) taken in a cavity block.
To provide sufficient oxygen for the reaction to occur and to
retain Janus green B in the coloured oxidized state the
cavity block was covered with a beaker instead of the lid of
the cavity block. Following staining the peels were rinsed
with water and then mounted in glycerine and immediately
observed.

Observation of the preparations

All the mounted preparations were observed under a
compound microscope, using a 10x eyepiece lens and
different magnifications of objective lens (10x, 40x and
100x). Photographs of the different preparations were
captured using the camera of a smartphone. The maximum
magnification that can be theoretically achieved using a 10x
eyepiece, a 100x oil immersion objective and 10x
smartphone camera lens would be 10,000x which is not
practically feasible because of blurring of the image.
Therefore, photographs were taken at combination of
magnifications where sharp resolution of the image was
obtained; the images were studied in a laptop and,
thereafter, zoomed suitably, if necessary, to understand the
fine details of the cell inclusions. Representative
photographs have been used to discuss the results. A stage
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micrometer was used to calculate the magnifications of the
photographs.

Results and Discussion

The results obtained using the common stains are discussed
first in order to provide an understanding of the cell
structure of the epidermis of the two taxa studied. The leaf
epidermal cells are elongated and polygonal; the cells of A.
fistulosum were long and narrow compared to the epidermal
cells of C. asiaticum. Both the materials had anomocytic
stomata (Fig 1 A, B, E). In the safranin-stained preparation
of A. fistulosum (Fig 1 C) the cell walls and nuclei were
clear; safranin stained the cutinized cell walls and chromatin
(Prasad & Prasad 1975) [*8l, Acetocarmine, a nuclear stain
(Prasad & Prasad 1975) [81 stained the nucleus red; the
nuclei of the bean-shaped guard cells are also clear (Fig 1
D). The stomata are closed and the inner thick cell walls of
the guard cells are distinct (Fig 1 A, C, D). In the iodine
reagent-stained preparation of A. fistulosum the nuclei in all
cells (please see arrow in Fig 1 B) and the cell inclusions
turned yellow simply because iodine was retained in these
organelles. However, the chloroplasts in guard cells did not
turn blue-black (Fig 1 B). This showed that the guard cell
chloroplasts lacked starch and hence no blue-black starch-
iodine complex could be formed (Gupta 1996) [El. Our
observation is in agreement with the fact that starch is
absent in the guard cells of A. cepa (Heath 1952 1% Schnabl
& Ziegler 1977) 29 It has been reported that guard cells of
onion contain soluble fructans which may provide the
suitable osmoticum for stomatal opening, and sucrose
uptake from the apoplast may be an additional source of
carbohydrate (Amodeo et al 1996) [M. Contrastingly, the
guard cells of C. asiaticum had several globoid chloroplasts
containing starch which turned blue-black on staining with
iodine reagent (Fig 1 E). The nuclei in the cells of C.
asiaticum also retained iodine and appeared pale yellow
(Fig 1 E).

Rhodamine B stained the nuclei, chloroplasts and
mitochondria purple in C. asiaticum (Fig 1 F). Numerous
globoid chloroplasts were present in the guard cells. The
particulate inclusions in the cell, especially concentrated
around the faintly stained nucleus are the mitochondria (see
also inset of Fig | F). It is quite likely that leucoplasts also
got stained with rhodamine B. The mitochondria in the
guard cells cannot be differentiated as distinct entities
because of the chloroplasts. However, the guard cells
presumably contain abundant mitochondria.

When methylene blue was used as the stain, the
mitochondria were observed in the epidermal cells of A.
fistulosum (Fig 2 A). The mitochondria were observed as
fine blue particles of variable shape and concentrated in the
epidermal cells in regions adjacent to the guard cells and
around the nucleus, and in the guard cells (Fig 2 A, B).
Interestingly, because of the abundance of mitochondria, the
guard cells appear blue. Methylene blue stained the nucleus
as well. It is quite likely that some of the blue particles are
leucoplasts. Methylene blue is routinely used as a stain for
bacteria and yeasts (Prasad & Prasad 1975) (€],
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Janus green B stained the mitochondria blue in A. fistulosum
epidermal cells (Fig 2 C, D). The mitochondria are observed
as blue particles of variable shape. The chloroplasts in the
guard cells are not visible (Fig 2 C, D). Numerous
mitochondria are present around the nucleus of the
epidermal cell on the left of the stomate and in the
epidermal cell above the stomate (Fig 2 C) and in the guard
cells (Fig 2 D). Squamous epithelial cells of the buccal
cavity also show mitochondria mainly around the nucleus
(Gupta et al 2018) I, The epidermal cells of C. asiaticum
also showed the presence of mitochondria which have
stained greenish blue (Fig 2 F). The chloroplasts in the
guard cells are large, round, yellow and not distinct in all
cells because of the innumerable mitochondria (Fig 2 E, F).
In some cells it is evident that the mitochondria have
clustered around the nucleus (Fig 2 F). Comparison of Fig 1
E, F and Fig 2 E with Fig 2 F clearly shows that the size of
chloroplasts in the guard cells is larger than mitochondria
and that the chloroplasts do not get stained with Janus green
B. The mitochondria in the guard cells of C. asiaticum are
numerous and greenish blue amidst the chloroplasts which
are not stained (Fig 2 F). In both the experimental materials
Janus green B also stained the nucleus. The mitochondria
are able to retain the Janus green B in the oxidized state
because of the activity of the enzyme cytochrome ¢ oxidase,
whereas the remaining part of the cell lacks cytochrome ¢
oxidase and Janus green B gets reduced to its leucobase
(Lazarow & Cooperstein 1953) [3 Janus green B
selectively stains the mitochondria and the staining reaction
indicates that the cell is viable and mitochondria are
functional. Cytochrome c oxidase is a large transmembrane
protein bound to the plasma membrane in aerobic bacteria,
and to the inner mitochondrial membrane in eukaryotes. The
enzyme, also referred to as Complex IV in the
mitochondrial electron transport chain (Siedow & Day
2000) U is a key enzyme in aerobic metabolism
(Castresana et al 1994) [, However, with the passage of
time when oxygen gets cut off because of the presence of
the coverslip on the epidermal peel, the mitochondria will
start getting decolorized. In both methylene blue- and Janus
green B-stained preparations in both the taxa studied the
guard cells were filled with mitochondria (Fig 2 B, D, F).
The abundance of mitochondria in epidermal cells at sites
facing the guard cells (Fig 2 B, C), and in guard cells (Fig 2
B, D, F) is explained on the basis of the fact that the guard
cells are actively involved in stomatal movements which
require energy; the mitochondria help in providing the ATP
required for the active transport of H* ions from the guard
cells and for the secondary active transport of K* and CI-
ions into the guard cells. It is known that guard cells contain
a very large number of mitochondria, and show high
expression of H*-ATPases and ATPases; the activity of
mitochondrial enzymes and the respiratory rate in guard
cells are higher than in mesophyll cells (Daloso et al 2017)
1 In fact, guard cells have more mitochondria than
chloroplasts (Gahir et al 2024) 7],
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Our observation of mitochondria clustering around the
nucleus (please see arrows in Fig 2 B, C, F) corroborates the
work in previous reports. In tips of aerial roots of
Chlorophytum capense using electron microscopy Miguel
(1963) showed the formation of invaginations in the nucleus
where mitochondria accumulated and many mitochondria
were attached to the nuclear membrane. It was suggested
that the attachment sites were sites where some substances
were being exchanged or absorbed by the nucleus (Miguel
1963) (181, Using 3-D reconstruction of fluorescence and the
technique of FRAP (Fluorescence Recovery after
Photobleaching) in different types of animal cells Collins et
al (2002) B! observed an aggregation of mitochondria in
perinuclear positions. According to the study mitochondria
exist as separate entities and were not connected, and the
morphology depends on the balance of fusion and fission
processes, and probably there is no single morphology or
functional status even for an individual cell. Electron
microscopic studies have shown that clusters of
mitochondria are present around the nucleus in the basal
epithelial cells and superficial epithelial cells in the
epidermis of larval zebrafish skin, and nucleus-mitochondria
membrane contact sites were formed as a process preceding
mitochondria destruction. The mitochondria are engulfed by
extensions of the nuclear envelope as the epithelial cells
mature and stratify (Tracey-White & Hayes 2024) 24,
Mitochondria interact with other organelles through
signalling pathways and contact sites; mitochondria depend
on the nuclear genes for the majority of the proteins
required and the relationship between the mitochondria and
the nucleus is crucial for the cell’s survival (Walker &
Moraes 2022) 251,

Conclusions

Mitochondria could be observed in A. fistulosum and C.
asiaticum leaf epidermal peels. Staining with methylene
blue and Janus green B showed that mitochondria were
abundant in the guard cells and in epidermal cells at regions
adjacent to the guard cells. Mitochondria were present in
large numbers around the nucleus. The study shows that for
visualizing plant mitochondria the technique of light
microscopy can be aided with photography using the
smartphone, and magnifying the photographs by zooming in
a laptop.
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Fig 1: A-D: Peel mounts of the leaf epidermis of A. fistulosum. A. In water (1410x). B. Stained with iodine reagent (1128x). The arrow
points to the nucleus in the guard cell. C. Stained with safranin (1034x); D. Stained with acetocarmine (1128x). E, F: Peel mounts of the
lower epidermis of the leaf of C. asiaticum. E. Stained with iodine reagent (846x). F. Stained with rhodamine B (2726x). The inset shows

a cell with its nucleus surrounded by mitochondria. The arrows point to the mitochondria around the nucleus.

61



International Journal of Botany Studies www.botanyjournals.com

magnified in B. The arrow on the left in B points to the nucleus surrounded by mitochondria; the arrows on the right show the clustering of
mitochondria in epidermal cells in regions adjacent to the guard cells. A. 1034x; B. 3384x. C, D. Stained with Janus green B, arrows point
to mitochondria; C: 3760x; D: 5452x. E, F: Peel mount of the lower epidermis of the leaf of C. asiaticum stained with Janus green B; E.
752x; F. 1504x. The arrows in F point to the greenish blue mitochondria.
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