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Abstract

The Endomembrane system is the system that deals with all tiny organelles present in the cell. The cytoskeleton and cytosol are structural elements

that help provide the cell with its structure. The cytoplasm is everything in the cell except for the cytoskeleton and membrane-bound organelles.

The cytoskeleton is composed of protein filaments and is found throughout the inside of a eukaryotic cell. The cytosol is the main component of the

cytoplasm, it is the fluid that fills the inside of the cell. Both the structures like the cytoskeleton, and cytosol, are “filler” structures that do not contain

essential biological molecules but perform structural functions within a cell. The part of the cell referred to as cytoplasm is slightly different in eukaryotes

and prokaryotes. In eukaryotic cells, which have a nucleus, the cytoplasm is everything between the plasma membrane and the nuclear envelope. In

prokaryotes, which lack a nucleus, cytoplasm simply means everything found inside the plasma membrane.

Cytoplasm

The cytoplasm of a eukaryotic cell consists not only of cytosol—a
gel-like substance made up of water, ions, and macromolecules-
but also of organelles and the structural proteins that make up the
cytoskeleton, or “skeleton of the cell” One major component of
the cytoplasm in both prokaryotes and eukaryotes is the gel-like
cytosol, a water-based solution that contains ions, small molecules,
and macromolecules. In eukaryotes, the cytoplasm also includes
membrane-bound organelles, which are suspended in the cytosol.
The cytoskeleton, a network of fibers that supports the cell and gives
it shape, is also part of the cytoplasm and helps to organize cellular
components. The cytoplasm consists of all of the contents outside
of the nucleus and is enclosed within the cell membrane of a cell.
It is clear in color and has a gel-like appearance. The cytoplasm
is composed mainly of water but also contains enzymes, salts,
organelles, and various organic molecules.

Content and Structure

The cytoplasm can be divided into two primary parts: The
endoplasm (endo-, -plasm) and ectoplasm (ecto-plasm). The
endoplasm is the central area of the cytoplasm that contains the
organelles. The ectoplasm is the more gel-like peripheral portion of the
cytoplasm of a cell. Prokaryotic cells, such as bacteria and archaeans,
do not have a membrane-bound nucleus. In these cells, the cytoplasm
consists of all of the contents of the cell inside the plasma membrane.
In eukaryotic cells, such as plant and animal cells, the cytoplasm
consists of three main components. They are the cytosol, organelles,
and various particles and granules called cytoplasmic inclusions.
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o Cytosol: The cytosol is the semi-fluid component or liquid
medium of a cell's cytoplasm. It is located outside of the
nucleus and within the cell membrane.

e Organelles: these are tiny cellular structures that perform
specific functions within a cell. Examples of organelles include
mitochondria, ribosomes, nucleus, lysosomes, chloroplasts,
endoplasmic reticulum, and Golgi apparatus. Also located
within the cytoplasm is the cytoskeleton, a network of fibers
that help the cell maintain its shape and provide support for
organelles.

Cytoplasm Functions

The cytoplasm functions to support and suspend organelles
and cellular molecules. Many cellular processes also occur in the
cytoplasm, such as protein synthesis, the first stage of cellular
respiration (known as glycolysis), mitosis, and meiosis. The cytoplasm
helps to move materials, such as hormones, around the cell and also
dissolves cellular waste.

Cytoplasmic Inclusions

Cytoplasmic inclusions are particles that are temporarily
suspended in the cytoplasm. They consist of macromolecules and
granules. Three types of inclusions found in the cytoplasm are (1)
Secretory inclusions, (2) Nutritive inclusions, and (3) Pigment
granules. Examples of secretory inclusions are proteins, enzymes, and
acids. Glycogen (glucose storage molecule) and lipids are examples of
nutritive inclusions. Melanin found in skin cells is an example of a
pigment granule inclusion.
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Figure 1: Cytoplasmic Streaming in plant cell.

Cytoplasmic Streaming or Cyclosis

It is a process by which substances are circulated within a cell.
Cytoplasmic streaming occurs in a number of cell types including
plant cells, amoeba, protozoa, and fungi. Cytoplasmic movement
may be influenced by several factors including the presence of certain
chemicals, hormones, or changes in light or temperature.

Plants employ cyclosis to shuttle chloroplasts to areas receiving
the most available sunlight. Chloroplasts are the plant organelles
responsible for photosynthesis and require light for the process. In
protists, such as amoebae and slime molds, cytoplasmic streaming
is used for locomotion. Temporary extensions of the cytoplasm
known as pseudopodia are generated that are valuable for movement
and capturing food. Cytoplasmic streaming is also required for cell
division as the cytoplasm must be distributed among daughter cells
formed in mitosis and meiosis.

Cytosol

One major component of the cytoplasm in both prokaryotes
and eukaryotes is the gel-like cytosol, a water-based solution that
contains ions, small molecules, and macromolecules. In eukaryotes,
the cytoplasm also includes membrane-bound organelles, which
are suspended in the cytosol. The cytoskeleton, a network of fibers
that supports the cell and gives it shape, is also part of the cytoplasm
and helps to organize cellular components. The interior of a cell is
composed of organelles, the cytoskeleton, and the cytosol. The cytosol
often comprises more than 50% of a cell’s volume. Beyond providing
structural support, the cytosol is the site wherein protein synthesis
takes place, and provides a home for the centrosomes and centrioles.
These organelles will be discussed more with the cytoskeleton.

Content and Structure

Even though the cytosol is mostly water, it has a semi-solid, Jello-
like consistency because of the many proteins suspended in it. The
cytosol contains a rich broth of macromolecules and smaller organic
molecules, including glucose and other simple sugars, polysaccharides,
amino acids, nucleic acids, and fatty acids. Ions of sodium, potassium,
calcium, and other elements are also found in the cytosol. Many
metabolic reactions, including protein synthesis, take place in this
part of the cell.
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Function

The jelly-like fluid that fills a cell is called cytoplasm. It is made
up of mostly water and salt. The cytoplasm is present within the cell
membrane of all cell types and contains all organelles and cell parts.
The cytoplasm has various functions in the cell. Most of the important
activities of the cell occur in the cytoplasm. The cytoplasm contains
molecules such as enzymes which are responsible for breaking down
waste and also aid in metabolic activity. The cytoplasm is responsible
for giving a cell its shape. It helps to fill out the cell and keeps organelles
in their place. Without cytoplasm, the cell would be deflated and
materials would not be able to pass easily from one organelle to
another. The cytosol is the part of the cytoplasm that does not contain
organelles. Instead, the cytosol is confined by the boundaries of a
matrix that fills the part of the cell that does not contain organelles.

Cytoskeleton

We often think about cells as soft, unstructured blobs,
interestingly enough, the same is true for a cell. But in reality, they
are highly structured in much the same way as our own bodies. They
have a network of filaments known as the cytoskeleton (literally, “cell
skeleton”), which not only supports the plasma membrane and gives
the cell an overall shape, but also aids in the correct positioning of
organelles, provides tracks for the transport of vesicles, and (in many
cell types) allows the cell to move. Have we ever thought, what would
happen if someone snuck in during the night and stole your skeleton?
Just to be clear, that’s not very likely to happen, biologically speaking.
But if it did somehow happen, the loss of your skeleton would cause
your body to lose much of its structure. Your external shape would
change, some of your internal organs might start moving out of place,
and you would probably find it very difficult to walk, talk, or move.
The cytoskeleton is a network of filaments and tubules that extends
throughout a cell, through the cytoplasm, which is all of the material
within a cell except for the nucleus. It is found in all cells, though the
proteins that it is made of vary between organisms. The cytoskeleton
supports the cell, gives it shape, organizes and tethers the organelles,
and has roles in molecule transport, and cell signaling. All cells have a
cytoskeleton, but usually, the cytoskeleton of eukaryotic cells is what is
meant when discussing the cytoskeleton. Eukaryotic cells are complex
cells that have a nucleus and organelles. Plants, animals, fungi, and
protists have eukaryotic cells. Prokaryotic cells are less complex, with
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no true nucleus or organelles except ribosomes, and they are found
in the single-celled organism’s bacteria and archaea. The cytoskeleton
of prokaryotic cells was originally thought not to exist; it was not
discovered until the early 1990s. The cytoskeleton is similar to the
lipid bilayer in that it helps provide the interior structure of the cell the
way the lipid bilayer provides the structure of the cell membrane. The
cytoskeleton also allows the cell to adapt. Often, a cell will reorganize
its intracellular components, leading to a change in its shape. The
cytoskeleton is responsible for mediating these changes. By providing
“tracks” with its protein filaments, the cytoskeleton allows organelles
to move around within the cell. In addition to facilitating intracellular
organelle movement, by moving itself the cytoskeleton can move the
entire cells in multi-cellular organisms. In this way, the cytoskeleton is
involved in intercellular communication.

Content and Structure

The eukaryotic cytoskeleton consists of three types of filaments,
which are elongated chains of proteins: microfilaments, intermediate
filaments, and microtubules. The microfilaments of this cell are shown
in red, while microtubules are shown in green. The blue dots are
nuclei. These three types of protein are distinct in their structure and
specific function, but all work together to help provide intra-cellular
structure. Because they are so diverse, it is very difficult to study the
specific functions of the cytoskeletal components.

Microfilaments

Microfilaments are also called actin filaments because they are
mostly composed of the protein actin; their structure is two strands
of actin wound in a spiral. They are about 5 to 9 nanometers thick,
making them the thinnest filaments and narrowest in all 3 types of
protein fibers in the cytoskeleton. They are made up of many linked
monomers of a protein called actin, combined in a structure that
resembles a double helix. Because they are made of actin monomers,
microfilaments are also known as actin filaments. Actin filaments have
directionality, meaning that they have two structurally different ends.

Functions

Microfilaments have many functions. They aid in cytokinesis,
which is the division of the cytoplasm of a cell when it is dividing into
two daughter cells. They aid in cell motility and allow single-celled
organisms like amoebas to move. They are also involved in cytoplasmic
streaming, which is the flowing of cytosol (the liquid part of the
cytoplasm) throughout the cell. Cytoplasmic streaming transports
nutrients and cell organelles. Microfilaments are also part of muscle
cells and allow these cells to contract, along with myosin. Actin and
myosin are the two main components of muscle contractile elements.
Actin filaments have a number of important roles in the cell. For
one, they serve as tracks for the movement of a motor protein called
myosin, which can also form filaments. Because of its relationship to
myosin, actin is involved in many cellular events requiring motion.
For instance, in animal cell division, a ring made of actin and myosin
pinches the cell apart to generate two new daughter cells. Actin and
myosin are also plentiful in muscle cells, where they form organized
structures of overlapping filaments called sarcomeres. When the actin
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and myosin filaments of a sarcomere slide past each other in concert,
your muscles contract. Actin filaments may also serve as highways
inside the cell for the transport of cargoes, including protein-
containing vesicles and even organelles. These cargoes are carried by
individual myosin motors, which “walk” along actin filament bundles,
like start superscript, 1, end superscript. Actin filaments can assemble
and disassemble quickly, and this property allows them to play an
important role in cell motility (movement), such as the crawling of a
white blood cell in your immune system. Finally, actin filaments play
key structural roles in the cell. In most animal cells, a network of actin
filaments is found in the region of cytoplasm at the very edge of the
cell. This network, which is linked to the plasma membrane by special
connector proteins, gives the cell shape and structure. Actin is the
most abundant protein in most eukaryotic cells. Most actin molecules
work together to give support and structure to the plasma membrane
and are therefore found near the cell membrane.

Intermediate Filaments

Intermediate filaments are a type of cytoskeletal element made
of multiple strands of fibrous proteins wound together. These are the
first class of proteins that compose the cytoskeleton. These structures
are fibrous and rope-like in appearance. As their name suggests,
intermediate filaments have an average diameter of 8 to 12 nm, in
between that of microfilaments and microtubules.

Functions

Intermediate filaments come in a number of different varieties,
each one made up of a different type of protein. One protein that forms
intermediate filaments is keratin, a fibrous protein found in hair, nails,
and skin. For instance, you may have seen shampoo ads that claim to
smooth the keratin in your hair! Intermediate filaments, in the form
of keratins are also present in animals with scales, horns, or hooves),
vimentin, desmin, and lamin. All intermediate filaments are found in
the cytoplasm except for lamins, which are found in the nucleus and
help support the nuclear envelope that surrounds the nucleus. The
intermediate filaments in the cytoplasm maintain the cell’s shape, bear
tension, and provide structural support to the cell. They are not found
in all animal cells, but in those in which they are present they form a
network surrounding the nucleus often called the nuclear lamina. Other
types of intermediate filaments extend through the cytosol. The filaments
help to resist stress and increase cellular stability. Unlike actin filaments,
which can grow and disassemble quickly, intermediate filaments are
more permanent and play an essentially structural role in the cell. They
are specialized to bear tension, and their jobs include maintaining the
shape of the cell and anchoring the nucleus and other organelles in place.

Microtubules

Microtubules are the largest of the cytoskeleton’s fibers at about
23 nm. A microtubule is made up of tubulin proteins arranged to
form a hollow, straw-like tube, and each tubulin protein consists of
two subunits, a-tubulin and B-tubulin. Microtubules form structures
like flagella, which are “tails” that propel a cell forward. They are also
found in structures like cilia, which are appendages that increase a
cell’s surface area and in some cases allow the cell to move. Despite the
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“micro” in their name, microtubules are the largest of the three types
of cytoskeletal fibers, with a diameter of about 25 nm. Microtubules,
like actin filaments, are dynamic structures: they can grow and shrink
quickly by the addition or removal of tubulin proteins. Also similar to
actin filaments, microtubules have directionality, meaning that they
have two ends that are structurally different from one another. In a
cell, microtubules play an important structural role, helping the cell
resist compression forces. Microtubules are relatively unstable and go
through a process of continuous growth and decay.

Functions

Most of the microtubules in an animal cell come from a cell
organelle called the centrosome, which is a Microtubule Organizing
Center (MTOC). The centrosome is found near the middle of the cell,
and microtubules radiate outward from it. Microtubules are important
in forming the spindle apparatus (or mitotic spindle), which separates
sister chromatids so that one copy can go to each daughter cell during
cell division. They are also involved in transporting molecules within
the cell and in the formation of the cell wall in plant cells. In addition
to providing structural support, microtubules play a variety of more
specialized roles in a cell. For instance, they provide tracks for motor
proteins called kinesins and dyneins, which transport vesicles and
other cargoes around the interior of the cell. During cell division,
microtubules assemble into a structure called the spindle, which
pulls the chromosomes apart. Certain proteins will use microtubules
as tracks for laying out organelles in a cell. Basically these long,
cylindrical structures composed of the protein tubulin and organized
around a centrosome, an organelle usually found in the center of the
cell near the cell nucleus. Unlike actin molecules, microtubules work
separately to provide tracks on which organelles can travel from the
center of the cell outward. Microtubules are much more rigid than
actin molecules, one end of each microtubule is embedded in the
centrosome; the microtubule grows outward from there.

Flagella, Cilia, and Centrosomes

Microtubules are also key components of three more specialized

eukaryotic cell structures: flagella, Cilia and Centrosomes. Prokaryotes
also have structures like flagella, which they use to move. The
eukaryotic flagella we're about to discuss have pretty much the same
role, but a very different structure.

We know that our friends the prokaryotes also have structures like
flagella, which they use to move. Don't get confused-the eukaryotic
flagella were about to discuss have pretty much the same role, but a
very different structure.

Flagella

Flagella (singular, flagellum) are long, hair-like structures that
extend from the cell surface and are used to move an entire cell, such
as a sperm. If a cell has any flagella, it usually has one or just a few.
Motile cilia (singular, cilium) are similar, but are shorter and usually
appear in large numbers on the cell surface. When cells with motile
cilia form tissues, the beating helps move materials across the surface
of the tissue. For example, the cilia of cells in your upper respiratory
system help move dust and particles out towards your nostrils.

Cilia

Despite their difference in length and number, flagella and motile
cilia share a common structural pattern. In most flagella and motile
cilia, there are 9 pairs of microtubules arranged in a circle, along
with an additional two microtubules in the center of the ring. This
arrangement is called a 9 + 2 array. In flagella and motile cilia, motor
proteins called dyneins move along the microtubules, generating
a force that causes the flagellum or cilium to beat. The structural
connections between the microtubule pairs and the coordination of

dynein movement allow the activity of the motors to produce a pattern
of regular beating.

Basal Body

The cilium or flagellum has a basal body located at its base. The
basal body is made of microtubules and plays a key role in assembly of
the cilium or flagellum. Once the structure has been assembled, it also
regulates which proteins can enter or exit.

Figure 2: 9 + 2 array in the electron microscopy.
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Centrosome

The basal body is actually just a modified centriole. A centriole is a
cylinder of nine triplets of microtubules, held together by supporting
proteins. Centrioles are best known for their role in centrosomes,
structures that act as microtubule organizing centers in animal cells,
they are small arrays of microtubules that are found in the center of a
centrosome. A centrosome consists of two centrioles oriented at right
angles to each other, surrounded by a mass of “pericentriolar material,”
which provides anchoring sites for microtubules. The centrosome is
duplicated before a cell divides, and the paired centrosomes seem to
play a role in organizing the microtubules that separate chromosomes
during cell division. However, the exact function of the centrioles in
this process still isn’t clear. Cells with their centrosome removed can
still divide, and plant cells, which lack centrosomes, divide just fine.

Other Structure

A number of motor proteins are found in the cytoskeleton. As
their name suggests, these proteins actively move cytoskeleton fibers.
As a result, molecules and organelles are transported around the cell.
Motor proteins are powered by ATP, which is generated through
cellular respiration. There are three types of motor proteins involved
in cell movement.

Motor Proteins

Kinesins move along microtubules carrying cellular components
along the way. They are typically used to pull organelles toward the
cell membrane.

Dyneins are similar to kinesins and are used to pull cellular
components inward toward the nucleus. Dyneins also work to slide
microtubules relative to one another as observed in the movement of
cilia and flagella.

Myosins interact with actin in order to perform muscle
contractions. They are also involved in cytokinesis, endocytosis, and
exocytosis.

Cytoskeleton Functions

As described above, the cytoskeleton extends throughout the cell’s
cytoplasm and directs a several number of important functions. First,
it gives the support and shape to the cell. This is especially important
in cells without cell walls, such as animal cells, that do not get their
shape from a thick outer layer. It can also give the cell movement. The
microfilaments and microtubules can disassemble, reassemble, and
contract, allowing cells to crawl and migrate, and microtubules help
form structures like cilia and flagella that allow for cell movement.
The cytoskeleton organizes the cell and keeps the cell's organelles
in place, but it also aids in the movement of organelles throughout
the cell. It assists in the formation of vacuoles. For example, during
endocytosis when a cell engulfs a molecule, microfilaments pull the
vesicle containing the engulfed particles into the cell. Similarly, the
cytoskeleton helps move chromosomes during cell division. One
analogy for the cytoskeleton is the frame of a building. Like a building’s
frame, the cytoskeleton is the “frame” of the cell, keeping structures
in place, providing support, and giving the cell a definite shape. The
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cytoskeleton is not a static structure but is able to disassemble and
reassemble its parts in order to enable internal and overall cell mobility.
Types of intracellular movement supported by the cytoskeleton
include transportation of vesicles into and out of a cell, chromosome
manipulation during mitosis and meiosis, and organelle migration.
The cytoskeleton makes cell migration possible as cell motility is
needed for tissue construction and repair, cytokinesis (the division of
the cytoplasm) in the formation of daughter cells, and in immune cell
responses to germs. The cytoskeleton assists in the transportation of
communication signals between cells. It forms cellular appendage-like
protrusions, such as cilia and flagella, in some cells [1-69].
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