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Exploring the Realms of a Living and Dead Cell 

Organic Chemistry is the study of molecules and Biochemistry is the study of molecules that crawl” Mike Adam 

 

Introduction 

Molecules are lifeless, but in appropriate complexity and number, they compose living systems 

which are different from the inanimate world because they have certain extraordinary properties. 

This note is designed to assist students of Molecular Biology, Microbiology and other related 

fields, appreciate first, the Molecular Logic of Life and subsequently the Biochemistry of a living 

cell as an entity-and a dead cell too. As a student of Molecular Biology myself, I believe the 

knowledge of the various biochemical processes that take place in a single cell, will form the 

basis of understanding life itself as a whole and if, at the end of this essay, I succeed in 

provoking the reader’s intellect and inspiring him/her to strive to understand the scientific basis 

of life better, then the objective of this work is achieved. Although this is a lecture note meant for 

degree students, it can be read by any one curious about life at molecular level. I am aware of the 

many questions (or controversies) an exposition such as this, may lead to. This is inevitable 

when, as students of natural sciences, we discuss ideas that may seemingly appear to question 

our individual ideals such as religious beliefs or histories. While I try as much as possible to 

make this note a didactic material in substance and diction, I have deliberately touched, albeit 

subtly, some philosophical questions in order to whet the reader’s appetite. But the note should 

be regarded as just that: a note, written by a student of Biochemistry.  It is presented in the form 

of a journey that starts from life and ends in death. The first part introduces the reader to the 

concepts of the origin and essence of life, reduced to cellular level. Exploration of the realms of 

unicellular and multicellular organisms is followed by a few words on evolution of cells. 

Subsequent part describes the major cell components. Special emphasis is given to transport 

within and around the cell. This is followed by a description of the common methods employed 

in Biochemistry in the isolation of major components in the cell. The journey ends by taking a 

look at how cells die and the dramatization of the molecular events leading to death.  This writer 

claims no credit for the texts and figures in this essay. Indeed, a good part of the ideas contained 
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herein, are from Principles of Biochemistry by Nelson and Cox and Biochemistry by Garret and 

Grisham. The real source of inspiration however, is a book titled “What is life?” Indeed we 

must start this by asking the eternal question; “What is life?” 

 

What is Life? 

 

In 1944, Nobel laureate Erwin Schrödinger published a book titled What is Life? The 

book, which is regarded as one of the great science classics of the twentieth century, introduced 

the idea of an "aperiodic crystal" that contained genetic information in its configuration of 

covalent chemical bonds. This idea led to the discovery of Deoxyribonucleic acid (DNA), the 

very basis of life itself (see below).  Almost a hundred years later, we are nowhere near 

answering this daunting question than we were then. However, we know that the complex 

structure and behavior of living organisms are indicators of one basic truth; that their molecular 

constitution can be described and understood. We can even boast of some level of understanding 

enough to call ourselves scientists and sometimes with some degree of righteousness.  We now 

know, for example, that the unity and diversity of organisms is apparent even at the cellular 

level. The smallest organisms consist of single cells and these cells are microscopic. Larger, 

multicellular organisms contain many different types of cells, which vary in size, shape, and 

specialized function. Despite these obvious differences, all cells of the simplest and most 

complex organisms share certain fundamental properties, which can be seen and studied at the 

biochemical level. 

Even more interesting is the fact that the chemistry of the living cell resembles the 

chemistry of organic reactions. So what is life? How is it possible that the same atoms that are 

found in lifeless objects such as stones, metals etc, when present in humans, insects and bacteria, 

confer on these organisms, “life”? Indeed, the distinction between living and inanimate was one 

of the first to be drawn by man at the dawn of his cultural development. Most societies, whether 

primitive or advanced, have regarded the living world with special reverence. It is not surprising, 

therefore, that the origin of life has always been a subject of profound philosophical interest.  In 
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religious parlance for example, it is believed that life comes from God and is given to all living 

things. In Biochemistry we try to understand how the remarkable properties of living organisms 

arise from the thousands of different “lifeless” biomolecules. When these molecules are isolated 

and examined individually, they conform to all the physical and chemical laws that describe the 

behavior of inanimate matter. Yet organisms possess extraordinary properties that distinguish 

them from other collections of matter. They can grow, move, perform metabolism, respond to 

stimuli, and, most significantly, replicate themselves with incredible fidelity. The study of 

biochemistry shows how the collections of inanimate molecules that constitute living organisms 

interact to maintain and perpetuate life animated by the physical and chemical laws that govern 

the nonliving universe. It must feel good to study Biochemistry!  

 

The Domains of Living Organisms and Evolution of Cell 

 

There are three large groups (kingdoms or domains) to which all living things fall. Until recently, 

biologists accepted the idea that eukaryotes evolved from the simpler prokaryotes in some linear 

progression from simple to complex over the course of geological time. However, contemporary 

evidence favors the view that present-day organisms are better grouped into three classes: 

eukaryotes and two prokaryotic groups, the eubacteria and the archaea. These groups define 

three branches of evolution from a common progenitor; progenote, from which all are believed 

to have evolved approximately 3.5 billion years ago. The eubacteria (from Greek eu, “true”) 

inhabit soils, surface waters, and the tissues of other living or decaying organisms. Most of the 

well studied bacteria, including Escherichia coli, are eubacteria. The archaebacteria, (Greek 

arche-, “origin”) which are more recently discovered, are less well characterized biochemically; 

most inhabit extreme environments—salt lakes, hot springs and the ocean depths. It is now 

understood that eukaryotic cells are, in reality, composite cells derived from various prokaryotic 

contributions. Thus, the dichotomy between prokaryotic cells and eukaryotic cells, although 

convenient, is an artificial distinction.  
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Figure 1. The three domains of life 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Classification of organisms on energy requirements 
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Cellular Energy Requirement 

 

There are two broad categories of organisms based on energy sources: phototrophs (Greek 

trophe-, “nourishment”) trap and use sunlight, and chemotrophs which derive their energy from 

oxidation of a fuel. All chemotrophs require a source of organic nutrients; they cannot fix CO2 

into organic compounds. The phototrophs can be further divided into those that can obtain all 

needed carbon from CO2 (autotrophs) and those that require organic nutrients (heterotrophs). 

The chemotrophs may be further classified according to a different criterion: whether the fuels 

they oxidize are inorganic (lithotrophs) or organic (organotrophs). Most known organisms fall 

within one of these four broad categories—autotrophs or heterotrophs among the 

photosynthesizers, lithotrophs or organotrophs among the chemical oxidizers. The prokaryotes 

have several general modes of obtaining carbon and energy. Escherichia coli, for example, is a 

chemoorganoheterotroph; it requires organic compounds from its environment as fuel and as a 

source of carbon. Cyanobacteria are photolithoautotrophs; they use sunlight as an energy source 

and convert CO2 into biomolecules. We humans, like E. coli, are chemoorganoheterotrophs  

In aerobic habitats with a plentiful supply of oxygen, organisms derive energy from the transfer 

of electrons from fuel molecules to oxygen. Other environments are anaerobic, virtually devoid 

of oxygen, and microorganisms adapted to these environments obtain energy by transferring 

electrons to nitrate (forming N2), sulfate (forming H2S), or CO2 (forming CH4).  

 

The Cellular Basis of Life 

 

Having raised the question about life, perhaps there is no better place to look for it than the atom 

of life itself; the cell, which is the fundamental unit of life. Let us, by way of introduction, look 

at a cell in broad terms.  The internal volume of a typical cell is bounded by the plasma 

membrane, the cytoplasm (Fig. 1–3), bearing the cytosol, and a variety of suspended particles 

with specific functions. The cytosol is defined as that portion of the cytoplasm that remains in 

the supernatant after centrifugation of a cell extract at 150,000 g for 1 hour.  It is a highly 
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concentrated solution containing enzymes and the Ribonucleic acid (RNA) molecules that 

encode them; the components (amino acids and nucleotides) from which these macromolecules 

are assembled; hundreds of small organic molecules called metabolites, intermediates in 

biosynthetic and degradative pathways; coenzymes, compounds essential to many enzyme-

catalyzed reactions; inorganic ions; and ribosomes, small particles (composed of protein and 

RNA molecules) that are the sites of protein synthesis 

All cells have, for at least some part of their life, either a nucleus or a nucleoid, in which 

the genome—the complete set of genes, composed of DNA—is stored and replicated. The 

nucleoid, in bacteria, is not separated from the cytoplasm by a membrane; the nucleus, in higher 

organisms, consists of nuclear material enclosed within a double membrane, the nuclear 

envelope. Cells with nuclear envelopes are called eukaryotes (Greek eu, “true,” and karyon, 

“nucleus”); those without nuclear envelopes—bacterial cells—are prokaryotes 

(Greek pro, “before”). 

 

Prokaryotic Cells 

Most prokaryotic (bacterial) cells share certain common structural features. E. Coli, 

which is the most studied prokaryote, is a harmless inhabitant of the human intestinal tract. The 

E. coli cell is about 2 µm long and a little less than 1 µm in diameter. It has a protective outer 

membrane and an inner plasma membrane that encloses the cytoplasm and the nucleoid. 

Between the inner and outer membranes is a thin strong layer of polymers called peptidoglycans, 

which gives the cell its shape and rigidity. The plasma membrane and the layers outside it 

constitute the cell envelope. The cytoplasm of E. coli contains about 15,000 ribosomes, 

thousands of copies each of about 1,000 different enzymes, numerous metabolites and cofactors, 

and a variety of inorganic ions. The nucleoid contains a single, circular molecule of DNA, and 

the cytoplasm (like that of most bacteria) contains one or smaller, circular segments of DNA 

called plasmids. Most bacteria (including E. coli) lead existences as individual cells, but in some 

bacterial species cells tend to associate in clusters or filaments.  
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Figure 3. A bacterial cell 

 

 Eukaryotic Cells 

Typical eukaryotic cells (Fig. 1–7) are much larger than prokaryotic cells—commonly 5 

to 100 µm in diameter, with cell volumes a thousand to a million times larger than those of 

bacteria. The distinguishing characteristics of eukaryotes are the nucleus and a variety of 

membrane bounded organelles with specific functions: mitochondria, endoplasmic reticulum, 

Golgi complexes, and lysosomes. Plant cells also contain vacuoles and chloroplasts (Fig. 1–7).  
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Figure 4. A general representation of animal (above) and plant cells (below) 
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Endosymbiotic Theory 

 

Starting about 1.5 billion years ago, fossil records, morphological and biochemical 

evidences suggest a sequence of consistent events that describe the evolution of modern day 

eukaryotes. Three major changes are believed to have occurred as prokaryotes gave rise to 

eukaryotes. First, as cells acquired more DNA, the mechanisms required to fold it compactly 

into discrete complexes with specific proteins and to divide it equally between daughter cells at 

cell division became more elaborate. For this, specialized proteins were required to stabilize 

folded DNA and to pull the resulting DNA-protein complexes (chromosomes) apart during cell 

division. Second, as cells became larger, a system of intracellular membranes developed, 

including a double membrane surrounding the DNA. This membrane segregated the nuclear 

process of RNA synthesis on a DNA template from the cytoplasmic process of protein synthesis 

on ribosomes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Schematic representation of Endosymbiotic theory 
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Finally, early eukaryotic cells, which were incapable of photosynthesis or aerobic metabolism, 

enveloped aerobic bacteria or photosynthetic bacteria to form Endosymbiotic associations that 

became permanent (Fig.). The last event is the basis of the Endosymbiotic theory. Several 

independent lines of evidence suggest that some of the organelles (particularly mitochondria and 

chloroplast) of modern eukaryotes were derived during evolution from aerobic bacteria and 

cyanobacteria that took up endosymbiotic residence in early eukaryotic cells. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.  Organization of eukaryotic chromosome 

 The nucleus 

The nucleus is the largest organelle in eukaryotic cell. It has a diameter of about 10um 

and is easily recognized with a light microscope. It serves as the location for the storage, 
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replication and expression of genetic information. It is therefore the repository of genetic 

information as contained within the linear sequences of nucleotides in the DNA of chromosomes. 

The nucleus is separated from the cytosol by a nuclear envelope which consists of inner and 

outer nuclear membranes bearing two layers separated by perinuclear space. The outer nuclear 

membrane is continous with the rough endoplasmic reticulum and is covered with ribosomes, 

The inner side of the membrane is covered with protein layer in which the nuclear structures are 

anchored. Nucleus contains almost the cell’s entire DNA (around 1% is present in the 

mitochondria). During cell division The DNA is complexed with basic proteins, known as 

histones  into chromosomes to form chromatin fibers. In the nuclei of eukaryotes, DNA is 

closely associated with proteins and RNA. These nucleoprotein complexes, with a DNA 

proportion of approximately one-third, are known as chromatin. It is only during cell division 

(see p. 394) that chromatin condenses into chromosomes that are visible under light microscopy.  

Histones are small, strongly basic proteins rich in lysine and arginine, that are directly 

associated with DNA. They contribute to the structural organization of chromatin, and their basic 

amino acids also neutralize the negatively charged phosphate groups, allowing the dense packing 

of DNA in the nucleus. This makes it possible for the 46 DNA molecules of the diploid human 

genome, with their 5 X 109 base pairs (bp) and a total length of about 2 m, to be accommodated 

in a nucleus with a diameter of only 10 µm. There are different types of histones and these are 

H1, H2A, H2B and H3. Bacterial and other prokaryotic cells have single chromosome usually in 

a closed circular form The reason behind packaging of DNA into chromosomes is because they 

are larger than the cells that contain them. The exchange of substances between the nucleus and 

the cytoplasm is mediated by pore complexes through which all mRNAs and tRNAs pass to the 

cytoplasm to assemble for protein synthesis. 
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Figure 7.  The nucleus and nuclear pore 

Mitochondria  

They are bacteria-sized organelles (about 1x uM in size) which are found in large 

numbers in almost all eukaryotic cells. Typically, there are 2,000 mitochondria per, representing 

about 25% of the cell volume. It is enclosed in two membranes- a smooth outer membrane and a 

folded or tubular inner mitochondrial membrane, which has alrgae surface encloses the matrix 

space. The folds of the inner membrane are known as cristae. The interrmembrane is located 

between the inner and the outer mitochondrial membranes. Tissues with intensive  oxidative 

metabolism (for example, the heart muscle) have mitochnodria with particularly large num ber of 

cristae. The two mitochondrial membranes are rich in proteins with various functions. For 

example, porins, which are found in the outer membrane allow small molecules (<10KDa) to be 

exchanged between the cytoplasm and the intermembrane space. The IMM is impermeable even 

to small molecules (with the exception of O2, CO2 and H2O). However, it contains numerous 

transporters which ensure the import and export of important metabolites. The IMM also 

contains respiratory chain complexes,  the enzyme ATP synthase, responsible for the synthesis of 

ATP and other enzymes. Mitochndria t is regarded as the “power plant” of cells by virtue of its 

ability to carry out the energy-releasing aerobic metabolism, capturing the energy in 
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metabolically useful forms as high-energy phosphate and used in the metabolism of 

carbohydrates, fats, and amino acids which are often oxidized to CO2 and H2O 

 

 

 

 

 

 

 

 

 

Figure 8.  Mitochondria 

Chloroplasts  

Endow cells with the ability to carry out photosynthesis. They are the biological agents 

for harvesting light energy and transforming it into metabolically useful chemical forms.  It 

contains a specialized light absorbing green pigments called chlorophylls. The interior of 

chloroplast is highly organized where thylakoids are arranged in stacks called grana, which are 

connected to one another by stroma membranes. Within the interior of the two membranes of 

chloroplast, the stroma contains additional membranes in the form of chlorophylls and these are 

often concentrated in membrane enclosed structures called lamellae appearing as flattened sacs. 

Stroma may also contain starch granules. 
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Cytoskeleton 

Eukaryotic cells also have a cytoskeleton composed of arrays of filaments that give the cell its 

shape and its capacity to move. The major components of cytoskeleton are Microfilaments, 

Intermediate filaments and microtubules.  

 

Microfilaments  

The most abundant microfilaments are the actin filaments. Actin occurs in two forms—a 

monomolecular form (G-actin, globular actin) and a polymer (F actin, filamentous actin). G 

actin is an asymmetrical molecule with a mass of 42 kDa, consisting of two domains. As 

individual G actin molecules are always oriented in the same direction relative to one another, F 

actin consequently has polarity. It has two different ends, at which polymerization takes place at 

different rates..  

Intermediate filaments  

The components of the intermediate filaments belong to five related protein families. They are 

specific for particular cell types. Typical representatives include the cytokeratins, desmin, 

vimentin, glial fibrillary acidic protein (GFAP), and neurofilament. These proteins all have a 

rod–shaped basic structure in the center, which is known as a superhelix (“coiled coil”. The 

dimers are arranged in an antiparallel fashion to form tetramers. A staggered head-to–head 

arrangement produces protofilaments. Eight protofilaments ultimately form an intermediary 

filament. Free protein monomers of intermediate filaments rarely occur in the cytoplasm, in 

contrast to microfilaments and microtubules. Their polymerization leads to stable polymers that 

have no polarity. 

 

Microtubules 

The basic components of the tube-shaped microtubules are α– and β–tubulin (53 and 55 kDa). 

These form α,β-heterodimers, which in turn polymerize to form linear protofilaments. 
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Figure 9.  The different components of cytoskeleton 

Biological Membranes 

 

The plasma membrane defines the periphery of the cell, separating its contents from the 

surroundings. It is composed of lipid and protein molecules that form a thin, tough, hydrophobic 

barrier around the cell. The membrane is a barrier to the free passage of inorganic ions and most 
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other charged or polar compounds. Transport proteins in the plasma membrane allow the passage 

of certain ions and molecules; receptor proteins transmit signals into the cell; and membrane 

enzymes participate in some reaction pathways. Because the individual lipids and proteins of the 

plasma membrane are not covalently linked, the entire structure is remarkably flexible, allowing 

changes in the shape and size of the cell. As a cell grows, newly made lipid and protein 

molecules are inserted into its plasma membrane; cell division produces two cells, each with its 

own membrane. This growth and cell division (fission) occurs without loss of membrane 

integrity. Membranes are 5 to 8 nm (50 to 80 Å) thick and appear trilaminar when viewed in 

cross section with the electron microscope (Fig. 11–1). The combined evidence from electron 

microscopy and studies of chemical composition, as well as physical studies of permeability and 

the motion of individual protein and lipid molecules within membranes, led to the development 

of the fluid mosaic model for the structure of biological membranes (Fig. 11–3).  

Phospholipids form a bilayer in which the nonpolar regions of the lipid molecules in each layer 

face the core of the bilayer and their polar head groups face outward, interacting with the 

aqueous phase on either side. Proteins are embedded in this bilayer sheet, held by hydrophobic 

interactions between the membrane lipids and hydrophobic domains in the proteins. Proteins that 

are embedded in the bilayer are called integral proteins while those that are found on the surface 

of the bilayer are called peripheral protein. The orientation of proteins in the bilayer is 

asymmetric, giving the membrane “sidedness”: the protein domains exposed on one side of the 

bilayer are different from those exposed on the other side, reflecting functional asymmetry. The 

membrane mosaic is fluid because most of the interactions among its components are non-

covalent, leaving individual lipid and protein molecules free to move laterally in the plane of the 

membrane. 

Membranes function in the following  

1. Enclosure and insulation of cells and organelles. 

2. Regulated transport of substances, thus establishing homeostasis 

3. Reception of extracellular signals and transfer of these signals to the inside of the cell  

4. Enzymatic catalysis of reactions involving metabolism 



Structure and Function of Major Cell Components 2010 

 

Lecture notes prepared by Abdulrazak B Ibrahim©, Department of Biochemistry, Ahmadu Bello 

University, Zaria-Nigeria, February, 2010 Page 17 

 

5. Interactions with other cells for the purposes of cell fusion and tissue formation, as well as 

communication with the extracellular matrix. 

6. Anchoring of the cytoskeleton to maintain the shape of cells and organelles and to provide the 

basis for movement processes. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10.  The fluid-mosaic model of plasma membrane 

 

 

 

 

 

 

 

 

 

Figure 11. Different phospholipids of the plasma membrane 
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Transport across Membrane 

 

Simple Diffusion 

This is a simple movement of a compound or substance across a membrane from a region of high 

concentration to a region of lower concentration. For example, when two aqueous compartments 

containing unequal concentrations of a soluble compound or ion are separated by a permeable 

divider (membrane), the solute moves by simple diffusion from the region of higher 

concentration, through the membrane, to the region of lower concentration, until the two 

compartments have equal solute concentrations (Fig.). Only small, uncharged molecules such as 

gases, water, ammonia, glycerol, or urea are able to pass through biological membranes by 

simple diffusion.  Apolar substances, such as benzene, ethanol, diethyl ether, and many narcotic 

agents are able to enter biological membranes easily. By contrast, membranes are impermeable 

to strongly polar compounds, particularly those that are electrically charged.  

 

Passive and active transport  

When simple diffusion is supported by integral membrane proteins, it is known as facilitated 

diffusion (or facilitated transport). Channel proteins have a polar pore through which ions and 

other hydrophilic compounds can pass. For example, there are channels that allow selected ions 

to pass and porins that allow molecules below a specific size to pass in a more or less 

nonspecific fashion.  

Free diffusion and transport processes facilitated by ion channels and transport proteins always 

follow a concentration gradient— i. e., the direction of transport is from the site of higher 

concentration to the site of lower concentration.  

By contrast, active transport can also run “uphill”—i. e., against a concentration or charge 

gradient. It therefore requires an input of energy, which is usually supplied by the hydrolysis of  
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Figure 12. Different transport systems across the plasma membrane 
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ATP. The transporter first binds its “cargo” on one side of the membrane. ATP-dependent 

phosphorylation then causes a conformation change that releases the cargo on the other side of 

the membrane. Using the transport systems in the membranes, cells regulate their volume, 

internal pH value, and ionic environment. They concentrate metabolites that are important for 

energy metabolism and biosynthesis, and exclude toxic substances. Transport systems also serve 

to establish ion gradients, which are required for oxidative phosphorylation and stimulation of 

muscle and nerve cells, for example. 

 

The Port System  

Another classification of transport processes is based on the number of particles transported and 

the direction in which they move. When a single molecule or ion passes through the membrane 

with the help of a channel or transporter, the process is described as a uniport (example: the 

transport of glucose into liver cells). Simultaneous transport of two different particles can take 

place either as a symport (example: the transport of amino acids or glucose together with Na+ 

ions into intestinal epithelial cells) or as an antiport in which ions are transported in in exchange 

for another similarly charged ion. Example is the exchange of HCO3 – for Cl– at the erythrocyte 

membrane. 

 

The Chemical Basis of Life 

Biomolecules 

Water, carbon dioxide, and three inorganic nitrogen compounds—ammonium (NH4), nitrate 

(NO3), and dinitrogen (N2) are the major precursors for the formation of biomolecules . Specially 

designed metabolic processes assimilate and transform these inorganic precursors through ever 

more complex levels of biomolecular order (Figure 1.8). In the first step, precursors are 

converted to metabolites, simple organic compounds that are intermediates in cellular energy 

transformation and in the biosynthesis of various sets of building blocks: amino acids, sugars, 

nucleotides, fatty acids, and glycerol. By covalent linkage of these building blocks, the 

macromolecules are constructed: proteins, polysaccharides, polynucleotides (DNA and RNA), 
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and lipids. Interactions among macromolecules lead to the next level of structural organization, 

supramolecular complexes. Here, various members of one or more of the classes of 

macromolecules come together to form specific assemblies serving important subcellular 

functions. Examples of these supramolecular assemblies are multifunctional enzyme complexes, 

ribosomes, chromosomes, and cytoskeletal elements. For example, a eukaryotic ribosome 

contains four different RNA molecules and at least 70 unique proteins. These supramolecular 

assemblies are an interesting contrast to their components because their structural integrity is 

maintained by noncovalent forces, not by covalent bonds. These noncovalent forces include 

hydrogen bonds, ionic attractions, van der Waals forces, and hydrophobic interactions between 

macromolecules. Such forces maintain these supramolecular assemblies in a highly ordered 

functional state. Although noncovalent forces are weak (less than 40 kJ/mol), they are numerous 

in these assemblies and thus can collectively maintain the essential architecture of the 

supramolecular complex under conditions of temperature, pH, and ionic strength that are 

consistent with cell life. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13. Different molecular levels  
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The Physical Basis of Life 

Living cells and organisms must perform work to stay alive and to reproduce themselves. The 

synthetic reactions that occur within cells, like the synthetic processes in any factory, require the 

input of energy. The storage and expression of information also require energy, without which 

structures rich in information inevitably become disordered and meaningless. In the course of 

evolution, cells have developed highly efficient mechanisms for coupling the energy obtained 

from sunlight or fuels to the many energy consuming processes they must carry out. One goal of 

biochemistry is to understand, in quantitative and chemical terms, the means by which energy is 

extracted, channelled, and consumed in living cells. In living systems, the same laws of 

thermodynamic s are obeyed. 

 

In living cells, small molecules, macromolecules, and supramolecular complexes are 

continuously synthesized and then broken down in chemical reactions that involve a constant 

flux of mass and energy through the system. For example, the haemoglobin molecules carrying 

oxygen from your lungs to your brain at this moment were synthesized within the past month; by 

next month they will have been degraded and entirely replaced by new hemoglobin molecules. 

The glucose you ingested with your most recent meal is now circulating in your bloodstream; 

before the day is over these particular glucose molecules will have been converted into 

something else—carbon dioxide or fat, perhaps—and will have been replaced with a fresh supply 

of glucose, so that your blood glucose concentration is more or less constant over the whole day. 

The amounts of hemoglobin and glucose in the blood remain nearly constant because the rate of 

synthesis or intake of each just balances the rate of its breakdown, consumption, or conversion 

into some other product. The constancy of concentration is the result of a dynamic steady state, a 

steady state that is far from equilibrium. Maintaining this steady state requires the constant 

investment of energy; when the cell can no longer generate energy, it dies and begins to decay 

toward equilibrium with its surroundings. To understand fully, the concept of steady state, let us 

define some terms first. 
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A system: Comprises of as all the reactants and products present, the solvent that contains them, 

and the immediate atmosphere in a chemical reactions occurring in solution.  

The universe: Comprises of the system and its surroundings. If the system exchanges neither 

matter nor energy with its surroundings, it is said to be isolated. If the system exchanges energy 

but not matter with its surroundings, it is a closed system; if it exchanges both energy and matter 

with its surroundings, it is an open system. 

A living organism is an open system; it exchanges both matter and energy with its surroundings. 

Living organisms derive energy from their surroundings in two ways:  

(1) By taking up chemical fuels (such as glucose) from the environment and extract energy 

by oxidizing them  

(2) They absorb energy from sunlight.  

Thus the first law of thermodynamics,  as we know it in Physics and Chemistry is also valid for 

biological systems  and describes the principle of the conservation of energy: in any physical or 

chemical change, the total amount of energy in the universe remains constant, although the form 

of the energy may change 

Group Assignment to be discussed in class 

Isolation of organelles 

A major advance in biochemistry is the development of methods for separating organelles 

from the cytosol and from each other. This is an essential step in isolating biomolecules and 

larger cell components and investigating their structures and functions. 

Principles of centrifugation 

In a solution, particles whose density is higher than that of the solvent sink (sediment), 

and particles that are lighter than it float to the top. The greater the difference in density, the 

faster they move. If there is no difference in density (isopyknic conditions), the particles hover. 

To take advantage of even tiny differences in density to separate various particles in a solution, 

gravity can be replaced with the much more powerful “centrifugal force” provided by a 

centrifuge. 
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Density gradient centrifugation 

Density gradient centrifugation is used to separate macromolecules that differ only 

slightly in size or density. Two techniques are commonly used. In  zonal centrifugation, the 

sample being separated (e. g., a cell extract or cells) is placed on top of the centrifugation 

solution as a thin layer. During centrifugation, the particles move through the solution due to 

their greater density. The rate of movement basically depends on their molecular mass (see A, 

formulae). Centrifugation stops before the particles reach the bottom of the tube. Drilling a hole 

into the centrifugation tube and allowing the contents to drip out makes it possible to collect the 

different particles in separate fractions. During centrifugation, the solution tube is stabilized in 

the tube by a density gradient. This consists of solutions of carbohydrates or colloidal silica gel, 

the concentration of which increases from the surface of the tube to the bottom. Density 

gradientsprevent the formation of convection currents, which would impair the separation of the 

particles.  

Isopyknic centrifugation, which takes much longer, starts with a CsCl solution in which the 

sample material (e. g., DNA, RNA, or viruses) is homogeneously distributed. A density gradient 

only forms during centrifugation, as a result of sedimentation and diffusion processes. Each 

particle moves to the region corresponding to its own buoyant density. Centrifugation stops once 

equilibrium has been reached. The samples are obtained by fractionation, and their concentration 

is measured using the appropriate methods. 

 In a typical cell fractionation, cells or tissues in solution are disrupted by gentle 

homogenization. This treatment ruptures the plasma membrane but leaves most of the 

organelles intact. Homogenization is followed by coarse filtration through gauze to remove 

intact cells and connective-tissue fragments. The actual fractionation of cellular components is 

then carried out by centrifugation steps, in which the gravitational force (given as multiples of 

the earth’s gravity, g = 9.81 m s–2) is gradually increased. Due to the different shapes and 

densities of the organelles, this leads to successive sedimentation of each type out of the 

suspension. Nuclei can easily be isolated with bench-top centrifuges. The sequence in which the 

fractions are obtained is: mitochondria, membrane vesicles, and ribosomes. Finally, the 



Structure and Function of Major Cell Components 2010 

 

Lecture notes prepared by Abdulrazak B Ibrahim©, Department of Biochemistry, Ahmadu Bello 

University, Zaria-Nigeria, February, 2010 Page 25 

 

supernatant from the last centrifugation contains the cytosol with the cell’s soluble components, 

in addition to the buffer. The isolation steps are carried out at low temperatures on principle 

(usually 0–5°C), to slow down degradation reactions. A tissue such as liver is first mechanically 

homogenized to break cells and disperse their contents in an aqueous buffer. The sucrose 

medium has an osmotic pressure similar to that in organelles, thus preventing diffusion of water 

into the organelles, which would swell and burst.  The large and small particles in the suspension 

can be separated by centrifugation at different speeds 
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Figure 14. Isolation of cell components 
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Cell cycle 

Proliferating cells undergo a cycle of division (the cell cycle), which lasts approximately 24 

hours in mammalian cells in cell culture. The cycle is divided into four different phases; G1, S, 

G2, and M. Fully differentiated animal cells only divide rarely. These cells are in the so-called 

G0 phase, in which they can remain permanently. Some G0 cells return to the G1 phase again 

under the influence of mitogenic signals (growth factors, cytokines, tumor viruses, etc.), and 

after crossing a control point (G1 to S), enter a new cycle. Replication of DNA takes place 

during the S phase. Important morphological changes take place during the actual mitosis (M 

phase), in which the chromosomes separate and two daughter cells are formed. The M and S 

phases are separated by two segments known as the G1 and G2 phases (the G stands for “gap”). 

In the G1 phase, the duration of which can vary, the cell grows by de novo synthesis of cell 

components. Together, the G1, G0, S, and G2 phases are referred to as the interphase, which 

alternates in the cell cycle with the short M phase. Cell cycle is regulated by interconversion 

processes. In each phase, special proteins, which are known as cyclin-dependent kinases  

(CDKs) are formed.  At each control point in the cycle, specific CDKs associate with equally 

phase-specific cyclins. If there are no problems (e. g., DNA damage), the CDK–cyclin complex 

is activated by phosphorylation and/or dephosphorylation. The activated complex in turn 

phosphorylates transcription factors, which finally lead to the formation of the proteins that are 

required in the cell cycle phase concerned (enzymes, cytoskeleton components, other CDKs, and 

cyclins). The activity of the CDK–cyclin complex is then terminated again by proteolytic cyclin 

degradation.  
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Figure 15.Cell cycle and its points of control 

 

Cell proliferation and apoptosis  

The number of cells in any tissue is mainly regulated by two processes—cell proliferation and 

physiological cell death, apoptosis. Both of these processes are regulated by stimulatory and 

inhibitory factors that act in solute form (growth factors and cytokines) or are presented in bound 

form on the surface of neighboring cells (see below). Apoptosis is genetically programmed cell 

death, which leads to “tidy” breakdown and disposal of cells as we have seen in the description 

below. Morphologically, apoptosis is characterized by changes in the cell membrane (with the 

formation of small blebs known as “apoptotic bodies”), shrinking of the nucleus, chromatin 

condensation, and fragmentation of DNA. Macrophages and other phagocytic cells recognize 

apoptotic cells and remove them by phagocytosis without inflammatory phenomena developing.  

Cell necrosis is different from apoptosis. In cell necrosis, cell death is usually due to physical or 

chemical damage. Necrosis leads to swelling and bursting of the damaged cells and often triggers 

an inflammatory response. The growth of tissue (or, more precisely, the number of cells) is 

actually regulated by apoptosis. In addition, apoptosis allows the elimination of unwanted or 

superfluous cells—e. g., during embryonic development or in the immune system. The 
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contraction of the uterus after birth is also based on apoptosis. Diseased cells are also eliminated 

by apoptosis—e. g., tumor cells, virus-infected cells, and cells with irreparably damaged DNA. 

An everyday example of this is the peeling of the skin after sunburn. It marks the end of a cell. 

The end of life. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16.Cell proliferation, apoptosis and their control 
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What is Death? 

The Death of a Cell 

As was promised with so much clarity in the book Genesis, as well as the Quran, all beings shall 

taste death. Apparently, of all the creatures, only the humans know that they will die, one day. 

This is a terrifying knowledge. Indeed, we have spent a good part of our histories as conscious 

species and developed systems of faiths that help us accept or reject this simple reality. No 

human culture ignores death as it shapes our individual experiences and influences our collective 

actions. Death is a phenomenon that terrifies and fascinates us at the same time and 

understanding this terror is an important aspect of human psychology. Although we have always 

thought of death in philosophical, cultural or religious terms, it can be studied in biochemical 

terms. Tanatology, the study of death is an important aspect of Biochemistry.  

And so what is death? Perhaps the best way to understand death is to look for it in a cell. If it is 

possible to say “this cell is alive”, then it is possible to describe it in the absence of life. How 

does a cell look like when it is dead? What is missing? Why is it dead? How does it transit from 

life to death? How does a cell die? 

These are important questions because the death a living thing starts with the death of a few 

cells. The study of death at cellular level has revealed subtle and unexpected complexities about 

the death of multicellular organisms like us. For example, the high occurrence of suicide, 

amongst the cells in our bodies. Surprisingly, studies involving evolutionary older unicellular 

organisms suggest that death is not a necessary condition for life on earth. Apparently, 

compulsory death resulting from aging and senescence appeared on earth about one billion years 

ago. Indeed, this form of death, which is termed Programmed Cell Death, emerged at about the 

same time cells started to have sex related to reproduction. It represents the eternal and definite 

loss of innocence. We die because we reproduce sexually. It is as simple as that. 

So how does a cell die? An adult human being is composed of about a hundred trillion (1014) 

cells, each with a life of its own.  A greater part of these cells were born (and will die) in 
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absolute darkness, except for the cells of retina in the eyes.  It is not only dark, inside a cell is 

humid because all the cells are enmeshed in and constantly washed by interstitial fluid or lymph 

originating from  the many arterial branches that bring blood containing the oxygen of life and 

other nutrients to each cubic millimeter of the body. Each of these branches subdivides into 

smaller arteries and arterioles terminating into small capillaries from which oxygen and nutrients 

diffuse into cells.  

Imagine, for a moment, that we are inside a cell, say myocardial cell, one of the cells that make 

up the muscular walls of the heart. To walk around in the cell, we need a powerful flashlight and 

we must be able to swim. Like most cells, this cell also has a nucleus which contains DNA. If 

you look closely, you can make up the nuclear pores all over the nucleus.  The machinery of the 

cell is found in the cytoplasm; the liquid that fills up the cell. Those large tanks over there are 

true generators of energy called mitochondria, which convert food and oxygen to ATP. If we 

flash our light this way, we can see small symmetrical objects representing ribosomes running 

along films of mRNAs. They work 24/7 to produce proteins, most oof which will be used in the 

maintenance of the cell. Be careful not to fall in into any of these structures; lysosomes, where 

every cellular refuse is disposed. Whatever enters the lysosomes is quickly degraded. As we 

advance towards the outer region of the cell and extend our hands, we can feel the plasma 

membrane, made of lipid bilayer along which we encounter the pumps which maintain calculated 

concentrations of specific proteins, mineral salts and ions needed by the cell to maintain life. The 

concentration of these substances inside the cell is much higher than outside the cell as such the 

concentration of water outside the cell is much higher than in side. It is the job of these pumps to 

keep water outside the cell as soon it starts to enter. This requires the expenditure of large 

amount of energy which must be done effectively and fast, otherwise the cell will be flooded and 

destroyed.  The cells also maintain lower levels of Ca2+ and Na+ inside than outside while K+ is 

higher inside than outside. To maintain this ionic gradient, the cells use different pumps and if, 

for any reason, any pump does not function properly, the cell dies. Thus coordinated operation of 

these pumps is absolutely necessary for life in a cell. 
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Although we cannot see from inside, outside the plasma membrane, there are several lines of 

communication between this cell and its surrounding. Some serve as post office boxes, where 

other cells can post chemical messages which act in accordance with the cellular directives. 

Other regions serve to cement the cell with other. Right inside this myocardial cell, we can see 

several plates through which electrical impulses arrive to the heart. When everything is running 

smoothly in this cell, this electrical impulse generates between 70 to 80 pulses per minute. 

The cell we are in, is about to die, but it doesn’t know that. It will die as a result of myocardiac 

ischemia (blockage of blood supply to the part our cell is located). The first sign of danger (if 

only our cell could understand), is the decrease in lymph as a result of blockage by cholesterol, 

of one of the capillaries supplying our cell. The white blood cells tried so much to prevent this 

death, but it is inevitable. Indeed they have since given up because they have not been able to 

identify any foreign body within our cell. Soon, there is further decrease in lymphatic fluid and 

less and less fuel and oxygen are available, some of the ATP pumps stop functioning due to lack 

of fuel. The level ATP in the cells starts to fall lower than critical value. In response to this, 

backup pumps are activated and they start to burn any available reserve of food: glycogen, fat 

and even protein. However, they too will last for only a few minutes and are forced to stop 

completely.  The monetary metabolic silence intensifies the darkness in a matter of seconds and 

lack of ATP starts to cause damage throughout the cell. Perhaps you can feel this right now 

because the powerful pumps located at the outer region of the plasma membrane, which maintain 

the level of K+ inside and levels of Ca2+ and H2O outside, are beginning to fail. The issue is no 

longer that of function but of survival. Where ever you go in the cell, the question remains the 

same; “where is ATP?” and ATP is not forthcoming. One after the other, all the pumps stop to 

function and Ca2+ starts to enter through pores that used to block them. Next, water floods the 

cell generating enormous pressure on the membranes that separate the cell with its neighbors, 

tearing it apart until the whole cell explodes in darkness pouring out its wasted machineries and 

contents into the near dry lymphatic fluid. 
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