CELL BIOLOGY



Chapter One

Introduction to Cells

Unit Introduction

The study of biology is founded on the basic principles of nature as contained in the fields of chemistry
and physics. Yet, the beginning of life on this planet and its development were historical occurrences.
Because of this, biology is more comparable to astronomy than physics and chemistry. It was not
necessary for the universe's formation or the evolution of sustaining life to occur in the manner they
occurred. Both processes just happened to work out that way. It is impossible to overestimate the
significance of random events. All genetic traits in all creatures have undergone chemical modifications
throughout history and continue to do so now; some of these changes are passed down to subsequent
generations by their offspring. Many alterations do not visibly affect the creature’s health, but there are
also modifications that either decrease or increase fitness. Competition among people, when those
individuals' genes are randomly different from one another, ultimately decides whether species survive
in different circumstances and over the long run. The method does not always maximize every chemical
life process, even though surviving variations have a selection advantage over options. As a result,
students may create either simpler or even more elegant mechanisms for various biological activities
(Robey, 2000).

Since they are all derived from a single ancestor who lived between 3 and 4 billion years ago, all types
of life share similar molecular processes, despite the evident distinctions that exist between them (Fig.
1.1). This founding organism does not exist anymore, but it likely utilized several metabolic
mechanisms that are comparable to the ones that keep modern cells alive. Based on a common ancestor
above a period of many billion years, living creatures eventually branched out into three major

divisions:
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Figure 1.1. Phylogenetic tree with fewer branches (Source: Clinicalgate, Creative Commons
License).

The three kingdoms of bacteria, archaea, and Eucarya (Fig. 1.1). Before the discovery in the 1970s that
the sequencing of genetic makeup for ribosomal RNAs showed that their progenitors diverged from one
another at the initial stages in evolution, Archaea as well as Bacteria were thought to be two different
branches of the same kingdom. Although the beginnings of cells that have a nucleus, known as
eukaryotes, are not entirely understood, it is known that they received genetics from both archaea and
bacteria. A theory proposes that the beginning of eukaryotes occurred whenever an Archaea ingested a
Bacterium that later developed into a mitochondrial matrix. This is one of the hypotheses. It wasn't until
hundreds of millions of years after the initial single-celled eukaryotic arose that multicellular eukaryotic
(represented by the colors green, blue, and red in Figure 1.1) began to emerge. It is important to note
both algae and plants split off the tree of life preceding our closest living cousins, the fungus (Peter &
Connor, 2014).

Living organisms range in size and complexity. They have adapted to various settings, including
hydrothermal vents within depths of the ocean that raise the temperature to 113 degrees Celsius. Frozen
lakes in Antarctica contain patches of water that are 0 degrees Celsius. Additionally, several tactics are
used by organisms to get power from their surroundings. The process of photosynthesis is how plants,

algae, and certain types of bacteria get their energy from the sun's rays. Inorganic substances, including



hydrogen, hydrogen sulfide, or iron, may be oxidized by some Microbes and Archaea to provide energy
for the organisms (Humphreys, 2014).

Various creatures, including mammals, derive energy from organic molecules throughout the tree
across its components.

The molecular principles of life have grown better understood. As a result, the fundamental
commonalities between creatures are more fascinating than the superficial distinctions between them.
For instance, all living beings use a prevalent genetic sequence to store their genetic codes in nucleic
acids (typically DNA), transmit genetic information from DNA to RNA to protein, and utilize proteins
(as well as some RNASs) to act as a biochemical catalyst process, generate decomposers break down
simple sugars as well as lipids, use adenosine triphosphate (ATP) as their source of energy, and
differentiate their cytoplasm first from the exterior environment using of phospholipid membranes
(Shay & Walker, 1980).

Given that the primary groupings of creatures have been isolated for extended lengths of time and
exposed to distinct selection pressures, it is surprising that these fundamental molecular pathways have
been preserved in all portions of the evolutionary tree. These early biochemical pathways may have
significantly differed along the branching of the evolutionary tree. Still, because of how effectively they
functioned, they survived the process of natural selection and are present in all species that have
survived (Rhoads, 2016).

Because the cell represents the only site on the planet where the entire spectrum of existing biochemical
processes can work, a direct lineage may be traced from the first cells to every other living thing on the
planet. Throughout evolution, a significant number of fascinating organisms have been extinct. Current

conversations on biodiversity are energized by the idea that extinction is an irreversible process.
Learning Objectives

The pupils will know the following after this chapter:

What is a cell?

Cellular characteristics and functions.

Cellular structure

What is the cell cycle?

What distinguishes prokaryotic cells from eukaryotic cells?

Activities of the Golgi apparatus
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Cytoskeleton and its characteristics

Key Terms

1. Cell



Plasma Membrane
Nucleus
Ribosomes
Lysosomes

Golgi Apparatus
Cell Cycle

Endoplasmic Reticulum
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Eukaryotic Cell
10. Prokaryotic Cell
11. Mitochondria

1.1 Universal Principles of Living Cells

According to biologists, the most complicated biological activities could be explained in physics and
chemistry by several universal principles depending on typical molecular pathways. The myriad traits

that all types of life possess are outlined in this section (Varki, 2011).
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Figure 1.2. Fundamental cellular architecture. A, Internal components of a eukaryotic cell are
shown in this section. B, Phylogenetic tree comparison of cells from the main branches (Source:
Francisco J, Creative Commons License).

1. Daughter cells get multiple copies of a genetic material that is included in the chemical structure
of DNA. Cellular development, reproduction, and operation data are stored on long DNA



molecules known as chromosomes. Adenine [A], cytosine [C], guanine [G], and thymine [T]
are the four distinct nucleotides that make up each of the template strands of every DNA
molecule, which are covalently bonded to form linear polymers. Complementary pairings of
nucleotide bases one on every strand, a pairing with T, and C pairs with G interact to create a
double helix that holds the two strands connected. During the enzymatic DNA replication
process, the two strands split apart. Each served as a template for creating a new complementary
sequence, resulting in two perfect copies of the DNA. The transfer of undamaged genetic data
to the next generations is then ensured by the precise separation of one freshly replicated double
helix to every daughter cell (Siuti & Lu, 2013).

Did you know?

A cell is the structural and fundamental unit of life. Cell Biology is the study of cells from its basic

structure to the functions of every cell organelle.

DNA has linear biochemical sequences that encode three-dimensional architecture and amino
acid sequences of RNAs and proteins. The information contained in genes is copied
(transcribed) by RNA polymerases into a linear number of nucleotides in RNA molecules.
Numerous RNAs contain structural, functional, or enzymatic properties. For instance,
ribosomal RNA is far and away the most prevalent type of RNA in living things. When
ribosomes synthesize polypeptides, additional genes create messenger RNA (mMRNA) particles
that serve as templates for protein synthesis and dictate the amino acid sequence. Many proteins'
amino acid sequences provide enough details regarding how the polypeptide folded into a
distinctive three-dimensional shape with bioactivity. Tens of thousands of genes produce and
process RNA as well as protein under the direction of two major processes. Signaling pathways
are used by genetically programmed control circuits made of proteins and RNAs to react to
external stimuli. Epigenomics controls include changes to the DNA or related proteins that
influence how genes are expressed. Some epigenetic alterations may be passed from a parent
to a child during cell division. Every human develops with very few deficiencies from one
fertilized egg into the complex grouping of trillions of specialized cell types that function in
unison for decades in a constantly shifting environment thanks to the basic blueprint for the cell

found in the genetic code and continuing regulatory measures (Gao & Critser, 2000).
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Figure 1.3. DNA replication and structure (Source: Explore biology, Creative Commons License).

3. Complex molecular subunits come together to form macromolecules. Without the need for
templates or enzymes, many biological components are formed by the self-assembly of the
constituent elements. The instructions to create complex structures are already in the protein,
nucleic acid, and lipid components. During such assembly operations, diffusion often brings
individual molecules together. Electrostatic and hydrogen bonding, in addition to isolating
water from complimentary surfaces (also known as "lock-and-key" packing), supplies the
energy to keep the subunits together. Protein chaperones may help assemble in certain situations
by limiting the accumulation of improperly folded intermediates. Essential cellular components
that are put together in this fashion include membranes made of proteins and lipids, actin
cytoskeleton polymers made from polypeptide subunits, and chromatin, which is composed of

nuclear DNA packed by related proteins (Sergienko & Gupal, 2013).
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Figure 1.4. Macromolecular construction (Source: Wikimedia Commons, Creative Commons

License).

4. Expanding existing membranes is how membranes expand. Lipid and protein-based cellular
membranes do not originate from scratch; instead, they expand inside pre-existing lipid
bilayers. Consequently, membrane-bounded organelles, including mitochondrial and
endoplasmic reticulum, proliferate by expanding and dividing already-existing organelles.
These organelles are transmitted genetic material from stocks kept in the egg. As the location
of phospholipid production, the endoplasmic reticulum (ER) plays an essential role in
membrane biogenesis. The membrane produced in the ER supplies the Golgi apparatus, which
would supply lipids and proteins for lysosomes and the plasma membrane via a sequence of
vesicle budding and fusion processes (Ji, 2012).

5. Signal-receptor connections direct cellular components to the proper places within the cell.
Proteins and nucleic acids have specific binding signals that direct these components to the
correct physiological divisions. These signals are recognized by receptors, which then direct
every molecule toward the proper compartment. For instance, proteins meant to enter the
nucleus include short amino acid patterns that link receptors to help them pass across nuclear
pores. Similarly, a peptide signal pattern directs lysosomal proteins into the ER lumen. A sugar-
phosphate group is then added by the Golgi complex, detected by receptors that ultimately
direct these proteins to lysosomes.

6. Diffusion, pumping, and motors are how cellular components move. Most tiny molecules

diffuse via the cytoplasmic or membrane openings. Unfortunately, molecular pumps cannot



push molecules through membranes across potential gradients without the energy supplied by
ATP hydrolysis or electrochemical gradients. Similarly, motor proteins employ ATP hydrolysis
as a source of energy to transport organelles and some other cargo along actin and microtubule
fibers. A much more intricate example occurred when protein molecules meant for
mitochondria migrated from their place of manufacture within the cytoplasm to a
mitochondrion when they were attached to such a receptor. Energy-demanding processes
subsequently transport the protein into mitochondrion (Nakajima, 2022).

Cells can adjust to changing environmental circumstances due to receptors and signaling
systems. Environment-related factors alter cellular activity. Cells must choose which genes to
transmit, which direction to travel, and whether they will increase, develop into a specific cell
type, or perish in the face of an unpredictably changing environment. While a few of these
selections are genetic or epigenetic changes predetermined, most instantaneous decisions
require the receipt of physical or chemical cues from the outside environment and the analysis
of these stimuli to alter the behavior of such cells. Cells contain various receptors for various
stimuli, such as nutrition, growth regulators, hormones, neurotransmitters, and poisons. The
activation of several signal-transducing systems by receptor activation amplifies the message
and causes various cellular reactions. These consist of modifications to the expression of genes
and plasma membrane electrical potential, including enzyme activity. Primary signal
transduction pathways are old, yet over evolution, gene duplication and dispersion have resulted
in a diversity of receptors associated with output mechanisms (Schrodinger, 1951).

Molecular feedback systems regulate the makeup, growth, and differentiation of molecules.
Living things are flexible and continuously change their makeup in response to environmental
factors, nutrition supplies, and internal cues. The control of each cell cycle stage represents the
most striking example. Feedback loops guarantee the right circumstances for every transition,
including the start of DNA synthesis and the choice to start mitosis. Similarly, cells delicately
balance the synthesis and deterioration of the molecules that make them up. In addition to
producing subsets of various proteins, including RNAs, for specific purposes, cells also
manufacture "housekeeping” molecules for fundamental processes like intermediate
metabolism. A hierarchy of methods regulates the availability of every protein and RNA.
Epigenetic modifications determine whether a specific region of such a chromosome seems to
be active or not. Transcription factors switch off and on genetic variants and regulate the
percentages at which mRNAs are translated into proteins. Formulation balanced by degradation
efficiency determines the abundant supply of unique RNAs and proteins.

Moreover, feedback loops control the production and degradation of proteins, nucleic acids,
carbohydrates, and lipids to maintain the correct concentrations of each cellular component.
Because of these widespread biochemical systems, it is possible to investigate each cell

conducive to testing and learning basic principles. This article often cites the study of bacteria,



invertebrates, protozoa, or fungi, revealing basic cell-level processes that human cells conserve.

Humans use similar systems and baker's yeast, for instance, to regulate the cell cycle, direct

interchangeably in yeast as well as human cells.
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Figure 1.5. Loops in molecules’ feedback (Source: Frontiers in, Creative Commons License).

1.2.  Thedistinction between Eukaryotic and Prokaryotic Cells

Despite having a similar genesis and fundamental biochemistry, cells differ significantly in their
arrangement and structure. Chromosomes inside the cytoplasm, cell membranes containing related
families of pumps, transporters, and channels, fundamental metabolic processes, gene expression,
movement driven by rotational flagella, and the absence of membrane-bound organelles are only a few
of the similarities between bacteria and archaea. However, these prokaryotic cells vary in shape and the

types of energy they require (Basile & Elofsson, 2019).



Numerous unicellular species are eukaryotes, including algae, plants, amoebas, fungi, and mammals.
These organisms vary from prokaryotic cells in that they have a partitioned cytoplasm containing
membrane-bounded structures and a nucleus. First, before the main eukaryotic groupings separated, the
fundamental characteristics of eukaryotic cells were honed over 1.5 billion years ago. The nuclear
membrane separates the two main divisions, cytoplasm and nucleoplasm. The cell's nucleus houses the
chromosomes that contain the genes and the tools necessary for their expression. The Golgi apparatus
(which binds sugars to protein complexes, lysosomal proteins, and secretion proteins), lysosomes
(compartments holding digestive enzymes), as well as peroxisomes are present in the majority of
eukaryotes (containers for enzymes involved in oxidative reactions). Most people even have
mitochondria, which produce ATP from the energy contained within the chemical bonds of foods.
Primitive eukaryotic movement or environmental sensing adaptations include cilia (and flagella) (Lane
& Martin, 2015).

Remember:

In biology, cell theory is a scientific theory first formulated in the mid-nineteenth century, that living
organisms are made up of cells, that they are the basic structural/organizational unit of all organisms,
and that all cells come from pre-existing cells.

Figure 1.6. An animal cell's plasma membrane’s composition and purposes (Source: Wikimedia

Commons, Creative Commons License).

Eukaryotic cells benefit from membrane-bounded divisions in a variety of ways. Each organelle may
preserve unique ionic and enzymatic inner conditions because membranes act as a barrier. The examples

that follow demonstrate that each of these unique habitats encourages a specific subset of the biological



pathways necessary for life. The nuclear envelope distinguishes between the cytoplasmic translation of
matured mRNAs into proteins and the creation and absorption of RNA in the nucleus. Digestive
enzymes are segregated in lysosomes, where they cannot damage other cell structures. The impermeable
barrier surrounding mitochondria is necessary for ATP creation; energy-releasing processes create a
proton gradient in the membrane, which activates enzymes within the membrane to make ATP (Pancsa
& Tompa, 2012).

1.3. Cell Cycle

Protein kinases, enzymes that phosphate all side chains of proteins, particular kinase inhibitors,
transcription factors, and selective protein degradation, are all used by cells to precisely regulate their
growth and division. Cell cycle kinases are triggered to start a series of events that result in DNA
replication, including cell division, whenever the environment within and outside a cell is suitable for
cell division. Cell cycle kinases like Cdk1 are activated after DNA replication is finished to force the
cell into mitosis, which divides the chromosomes into two daughters. A positive feedback cycle
activates Cdk1 via four controllers in succession:

a) creation of a regulatory unit,
b) transfer into the nucleus,
c) Phosphate groups that are removed and added have inhibitory and stimulatory effects

d) Inhibiting phosphatases (enzymes that remove the phosphate groups Cdk1 puts on its protein
targets) (Barnum & O’Connell, 2014).

The phosphorylation of proteins by Cdk1 results in the condensation of the mitotic chromosomes,
construction of the microtubule-based mitotic spindle, and breakdown of the nuclear envelope (among
most but not every eukaryotic cell). Thus, the mitotic spindle can distinguish between the previously
replicated identical copies of every chromosome thanks to preferential proteolysis of regulating subunits
of Cdk1 and essential chromosomal proteins. The nuclear envelope reforms the daughter nuclei when
cells exit mitosis by coming back together at the surface of both chromosomes. The daughter cells are

then separated during the cytokinesis phase.

The cell cycle has several internal quality checks, or "checkpoints,"” that ensure every stage is correctly

completed before the process moves on to the following stage. These checkpoints also recognize
cellular component damage and halt cell-cycle advancement to allow for the healing of the damage.
The dysregulation of checkpoints and other cell-cycle regulators predisposes to cancer. Surprisingly,
cell-free extracts in such a test tube may carry out the whole cycle of DNA replication, chromosomal
condensation, nuclear envelope collapse, and reformation, such as the control of these activities by
checkpoints (Kastan & Bartek, 2004)

The following sections briefly describe the primary components and functions of eukaryotic cells. The

reader should be able to recognize cross-references to sections later in the book with this background.



