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1 a) Define what is a cell
· It is the basic unit of life.

· The fundamental working unit of all organisms.
b) Name two types of cells and explain what they are:
· Eukaryotic cell – These are cells which contain a membrane bound nucleus and organelles.
· Prokaryotic cells -Are the cells that do not have a true nucleus and membrane bound organelles.
c) Name and explain eight specialized animal cells.
I) Red blood cells – Unlike Other cells, red blood cells lack a nucleus and organelles. Instead, they have oxygen carrying protein (hemoglobin) which gives blood its red color.
ii) Adipose (fat) cells – These cells are highly adopted for storing fat. The bulk of their interior is taken up by a large droplet of semi- liquid fat. When we gain weight, they fill up with more fat.
iii) Epithelial cells – The skin cells and the cells lining the lungs and reproductive tracts are among the barrier cells which line the cavities and surfaces of the body.
iv) Nerve cells -They are electrically excitable cells transmit electrical signals down an extended stem called an axon. Found throughout the body. They enable an organism to feel sensation.
v) Photoreceptor cells- They are located in the eye. They are two types of cones and rods(left) and both have a light sensitive pigment and generate electrical signals when struck by light leaping the eye to see.
vi) Smooth muscle cells -One of three types of muscle cells, are spindle shaped cells found in the arteries and the digestive tract that produce contraction.
vii) Ovum (egg) cells- These are female human egg cells of the reproductive system. Like sperm, they have just 23- chromosomes.
vii) Sperm cells – Sperm cells are male reproductive cells; with tails which enable them to swim up the female reproduce tract and fertilizer an egg (Richard L. Drake et al, 2023).
d) Highlight five Eukaryotic and prokaryotic cells characteristic.
Eukaryotic cell
-The cell has mitochondria
-The flagella and cilia are used for locomotory organs in a eukaryotic cell.
-A cell wall is the outermost layer of the eukaryotic cells.

-The cells divide by a process called mitosis.
-The eukaryotic cells contain a cytoskeletal structure.
-The nucleus contains a single linear DNA which carries all the genetic information. Prokaryotic cell
-They lack nuclear membrane
-Mitochondria, Golgi apparatus, chloroplast and lysosomes are absent.
-The genetic materials are present in a single chromosome.
-The histone proteins, the important constituents of eukaryotic chromosomes, are lacking in them.
· The cell wall is made up of carbohydrates and amino acids (Nicole Gleichman, 2021).
2. Explain four Animal and plant tissues There are four types of animal tissues
I)Connective tissue – Joins bones and acts as a cushion on organs example are blood, bones, and all cartilage.
ii) Epithelial tissue – it covers the outside body. It also lines the outer side of the organs and cavities.
iii) Muscle tissue - It usually helps in the movement. It usually performs voluntary movement of the limb while smooth muscles are vital in maintaining blood pressure and pushing food through the digestive
system. Examples are found on the skeleton and blood vessels and Visceral organs, respectively.
iv) Nervous tissue – It sends electrical signals and co-ordinates all body parts. There are many types of plants tissues:
-Parenchyma
-Collenchyma
-Sclerenchyma
-Meristematic
-Xylem
-Phloem
I) Parenchyma
-These are alien polygonal cells with a big central vacuole and have intracellular spaces amidst them Parenchymatous cells create ground tissue and pith. Examples of parenchyma tissues are chlorenchyma which helps in photosynthesis. And Aerenchyma whose main purpose is to provide buoyancy.
ii) Collenchyma

These are stretched out, living cells with deposits on their cell wall. They have no intracellular gaps. Sclerenchyma is found in the covering of seeds and nuts, around the vascular tissues in stems and the veins of leaves – sclerenchyma provides strength to the plant.
iv) Meristematic tissue
These tissues have the capability to develop by swift division. They assist in the major growth of the vegetation. Growth in length and growth in diameter of the plant is carried out by these cells.
Meristematic cells are cubical living cells with a big nucleus. These cells are meticulously crammed with no intracellular spaces. They are of three types namely, Apical meristem found on the growing tips or
apical of stems and roots. It surges up the length of the plant. Another one is lateral meristem. It is found on the radial portion of the stem or root. It upsurges the thickness of the plant. And lastly there is the
intercalary meristem. It is found at the internodes or at the base of the leaves. It increases the size of the internode (Merissa Ha et al, 2023).
3) Explain in details diffusion through the cell membrane and mention in summary about lipid soluble and lipid insoluble molecules through protein channels.
Diffusion – It is the random molecular movement of molecules from the region of higher concentration to region of lower concentration of molecules. This can be either through inter molecular spaces in the membrane or in combination with carrier protein.
Diffusion through the cell membrane is divided into two simple and facilitated diffusion.
Simple diffusion means that kinetic movement of molecules or ions occur through a membrane opening or through intramolecular spaces with an interaction with carrier protein in the membrane. The rate of diffusion is determined by the amount of substance available, the velocity of kinetic motion, and the number and sizes of openings in the membrane through which the molecules or ions can move.
Facilitated diffusion requires interaction of carrier protein. The carrier protein aids the passage of the molecules or ions through membrane by binding chemically with them and shuffling them through the membrane in this form.
Simple diffusion can occur through the cell membrane by two pathways; through the interstices of the lipid bilayer if the diffusion substance is lipid soluble and.
Through watery channels that penetrate all the way through some of the large transport proteins.
The lipid soluble substances - One of the most important factors determines how rapidly a substance diffuses through the lipid bilayer is the rapid solubility of the substances
-For instances, the rapid solubility of oxygen, nitrogen, carbon dioxide and alcohols are high, so all these can dissolve directly in the lipid bilayer and diffuse through the cell membrane in the same manner that diffusion of water solutes occur in a watery solution.
For obvious reasons, the rate of diffusion in each of these substances through the membrane is directly proportional to its lipid solubility. Especially large amounts of oxygen can be transported in this way.

therefore, oxygen can be delivered to the interior of the cell almost as though the cell membrane did not exist.
Lipid insoluble molecules through protein channels
Even though water is highly insoluble in the membrane lipids it rapidly passes through channels in protein molecules that penetrate all the way through the membrane. The rapidly with which water molecules can move through most cell membranes is astounding. As an example, the total amount of water that diffuses in each direction through the red cells membrane during each second is about 100 times as great as the volume of the red cell Itself.
Other lipid soluble molecules can pass through the protein pore channels in the same way as water
molecules if they are water soluble and small enough. However, as they become larger, their penetration falls off rapidly. For instance, the diameter of the urea molecules is only 20% greater than that of water, yet it's penetration through the cell membrane pores is about 1000 times less than that of water. Even so, given the astonishing rate of water penetration rate, this amount of urea penetration still allows rapid transport of urea through the membrane within minutes (A.C Guyton and J.E Hall, 2011).
4) Mention five stages of mitosis and explain how they take place.
Mitosis is the process where the cell divides or splits into two new cells. There are five stages when the cell is splitting to form two new cells.
a) Prophase
This is where the chromosomes of the nucleus become condensed/ shortened into well-defined chromosomes.
b) Prometaphase
During this stage, the growing microtubular spines of the aster fragment the nuclear envelope. At the same time, multiple microtubules from the aster attach to the chromatids at the centromeres, where the paired chromatids are still bound to each other; the tubules then pull one chromatid of each pair towards one cellular pole and its partner towards the opposite pole.
c) Metaphase
During the metaphase, the two asters of the mitotic apparatus are pushed further apart. This is believed to occur because the microtubular spines from the two asters, where they interdigitate with each other to form the mitotic spindle, push each other way. There is a reason to believe that minute contractile protein molecules called molecular motor, perhaps composed of muscle protein actin, extend between the respective spines and using a stepping action as in muscle, actively slid the spine in a reverse
direction along each other. Simultaneously, chromatids are pulled tightly by their attached microtubules to the very center of the cell, living up to form the equatorial plate of mitotic spindle.
b) Anaphase
During this phase, the two chromatids of each chromosome are pulled apart at the centromeres. All 46 pairs of chromatids are separated forming two separate sets of 46 daughter chromosomes. One of these

sets are pulled toward one mitotic aster and the other toward the other aster as the two respective poles of the dividing cell are pushed still farther apart.
e) Telophase
The two sets of daughter chromosomes are pushed completely apart. Then the mitotic apparatus dissolute, and a new nuclear membrane is formed around each set of chromosomes.
This membrane is formed from portions of the endoplasmic reticulum that are already present in the cytoplasm. Shortly therefore the cell pinches in two, midway between the two nuclei. This is caused by the formation of contractile ring of microfilaments composed of actin and probably myosin (the two contractile proteins of muscle) at the junction of the newly formed developing cells that pinches them off from each other (A.C Guyton and J.E Hall, 2011).
5) How does the body of a human being control growth and reproduction of a cell and regulate cell size?
We know little about the mechanisms that maintain proper numbers of different types of cells in the body. However, experiments have shown at least three ways in which growth can be controlled.
First growth often is often controlled by growth factors that come from other parts of body some of these circulate in blood, but others originate in adjacent tissues. To hey have run out of space growth. This occurs when cells are grown in tissue culture; the cells grow until they contact a solid object and then growth stops Third; cells grown in tissue culture often stop growing when minute of their own secretions are allowed to collect in the culture medium. This too could provide a means for negative feedback control of growth.
Therefore, certain cells grow and reproduce all the time such as the blood forming cells of the bone marrow, the germinal layers of the skin and the epithelium of the gut. Many other cells, however, such smooth muscle cells may not reproduce for many years. A few cells such as the neurons and most
striated muscle cells do not reproduce during the entire life of a person except during the original period of fetal life. The cell size is determined almost entirely by the amount of functioning DNA does not occur, the cell to a certain size and thereafter remains at that size. At some point even when replication of DNA continues. It is possible to prevent formation of mitotic spindle and prevent mitosis by a chemical called colchicine. It is assumed that this is brought about by increased production of RNA and cell protein which in turn causes the cell to grow larger (A.C Guyton and J.E. Hall, 2011).


6) Explain why cancer cells kill and mention something about apoptosis
Cancer tissues compete with normal tissues for nutrients became cancer cells continue to proliferate
indefinitely, their number multiplying day by day, cancer cells soon demand all the nutrition available to the body or to an essential part of the body as a result normal tissues gradually suffer nutritive death. Apoptosis means cell death programming. Apoptosis is an orderly cell death that results in disassembly and phagocytosis of the cell before any leakage of its content occurs, and neighboring cells usually
remain healthy. Apoptosis is initiated by activation of a family of proteases called caspases. These are
enzymes that are synthesized and stored in the cell as inactive procaspases. The mechanism of activation

of caspases are complex but once activated the enzymes cleave and activate other procaspases,
triggering a cascade that rapidly breaks down proteins within the cell, thus dismantle the cell and it’s remains are rapidly digested by neighboring macrophages (A.C. Guyton and J.E. Hall, 2011).



7) What is the probability of mutations to be increased in many folds when a person is exposed to certain chemical, physical or biological factors?
Ionizing radiation like x-rays, gamma rays and particle radiation from radioactive substances and ultraviolet light can expose a person to cancer. Ions formed in tissue cells under the influence of such radiation are highly reactive and can rapture DNA strands, thus causing many mutations.
Chemical substances of certain types also have a very high propensity for causing mutations. It was discovered long ago that various aniline dye derivatives are likely to cause cancer. Workers in chemical plants producing such substances, if not protected, have a special predisposition to cancer.
Chemical substances that can cause mutations are called caseinogen. The caseinogen that currently causes several deaths is those in cigarettes smoke. They can cause a quarter of all cancer deaths. Physical irritants can also lead to cancer such as continued abrasion of the lining of the intestinal tract by some
types of food. The damage to the tissues leads to rapid mitotic replacement of the cells. In laboratory animals' certain types of viruses can cause some types of cancer including leukemia. This usually results in one of two ways. In the case of DNA viruses, the DNA strand of the virus can insert Itself directly into one of the chromosomes and thereby cause a mutation that leads to cancer. In the case of RNA viruses,
some of these carry with them an enzyme called reverse transcriptase that causes DNA to be transcribed from the RNA. The transcribed DNA then inserts Itself into the animal cell genome leading to cancer (A.C. Guyton and J.E. Hall, 2011).
8) Explain in detail how enzymes control intracellular functions.
Some cell activities are controlled intracellular inhibitors/activators that act directly on specific
intracellular enzymes. These enzyme regulations represent a second category of mechanization by which cellular biochemical functions can be controlled.
Enzyme inhibitor – some chemical substances formed in the cell have direct feedback effects in inhibiting the specific enzyme system that synthesizes them. Almost always the synthesized products act on the first enzyme in a sequence rather than on the subsequent enzymes usually binding directly with the
enzymes and causing an allosteric confirmation a change that inactivates it. One can rapidly recognize the importance of inactivating the first enzyme; This prevents builds up of negative feedback control; it is responsible for controlling intracellular concentration of multiple amino acids, purines, pyrimidines,
vitamins and other substances.
Enzyme Activation- Enzymes that are normally inactive often can be activated when needed. An example of this occurs when most of the ATP has been depleted in a cell. In this case a considerable amount cyclic Adenosine Monophosphate CAMP begins to be formed as a breakdown product of the ATP, the presence of cAMP, in turn, immediately activates the glycogen thus splitting the enzyme phosphorylase liberating

glucose molecules that are rapidly metabolized and their energy used for the replenishment of ATP energy stores. Thus, cAMP acts as an enzyme activator for enzyme phosphorylase and thereby helps control intracellular ATP.
Another interesting instance of both enzyme inhibition and enzyme activation occurs in the formation of purines and pyrimidines. These substances are needed by the cell in approximately equal quantities for formation of DNA and RNA Between the synthesizing systems for these two substances always resulting in almost exactly equal amounts of the two substances in their cells (A.C. Guyton and J.E. Hall).


9) What are the mechanisms of ciliary movement? Explain in detail.
Ciliary movement is a whip like movement of cilia on the surface of cells. This occurs in only two places in the human body. On the surfaces of the respiratory airways and on the inside surfaces of the uterine tube (fallopian tube) of the reproductive tract.
In the nasal cavity and lower respiratory airways the whip like motion of cilia causes a layer of mucus to move at a rate of about 1cm per minute towards the pharynx, in this way continually clearing this passage ways of mucus and particles that have been trapped in mucus in the uterine tubes the cilia causes slowed movement of fluid from the Ostien of the uterine tube towards the uterus cavity; This movement of fluid transports the ova/ ovum from the ovary to the uterus (A.C. Guyton and J.E. Hall, 2011).
10) Explain the functions of the following organelles
a) Golgi apparatus – The major functions of Golgi apparatus are processing, packaging, labelling and delivery of proteins and other molecules like lipids to different parts of the cell.
b) Smooth Endoplasmic Reticulum
It is responsible for the synthesis of non-protein substances such as cholesterol and steroids. This type of endoplasmic reticulum is abundant in cells that are involved in the synthesis of lipids, phospholipids,
Lipoprotein substance, steroid, hormones, and sebum.
The outer surface of smooth endoplasmic reticulum contains many enzymes which are involved in various metabolic processes of the cell.
It is also concerned with catabolism and detoxification of toxic substances like some drugs and carcinogen (Cancer – producing substances) in the liver.
c) Nucleus and Nucleolus
There are many functions of the nucleus, but most of the nucleus controls cellular activities and stores hereditary material.
There are other functions:
1. Control of the cell activities that include metabolism, protein synthesis, growth, and reproduction (cell division

2. Synthesis of RNA
3. Formation of subunit of Ribosomes
4. Sending genetic instruction to the cytoplasm for protein synthesis messenger RNA ( MRNA)
5. Control of the cell division through genes
6. Storage of hereditary information (in genes) and transformation of this information from one generation of the species to the next
Nucleolus – It is found inside the nucleus. It contains RNA which is synthesized and condensed to form subunits ribosomes. The subunits of ribosomes are transported through the nucleus membrane to the cytoplasm to form ribosomes which play a vital role in synthesizing proteins.
D) Mitochondria
Mitochondria is called the ‘powerhouse’ or ‘power plant ‘of the cell because it produces the energy required for cellular functions. The energy is produced during the oxidation of digested food particles, like proteins, carbohydrates, and lipids by oxidation enzymes in cristae. During the oxidations process water and carbon dioxide are produced with the release of energy. The released energy is stored in mitochondria and used later for synthesizing AT.
-Apoptosis cytochrome c and second mitochondria derived activator of caspases SMAC diablo secreted in mitochondria are involved in apoptosis.
· Other functions of mitochondria include storage of calcium and detoxification of ammonia in liver.
e) Gap junction – It is the intracellular junction that allows passage of ions and smaller molecules
Between the cells also called Nexus. It is present in the heart basal part of epithelial cells of intestinal mucosa and other cells.
In other words, this is one of the communicating channels of the cell which allows movement of substances such as ions and molecules from one cell to another cell.
Functions of gap junctions
. The diameter of the channel in the gap junction is about 1.5 to 3 nm. So, the channel permits the passage of glucose, amino acids, ions, and other substances which have a molecular weight less than 1000Da
. It helps in the exchange of chemical messengers between the cells
. It helps in rapid propagation of action potential from one cell to another cell.
f) Intracellular connections
These are connections that are formed to connect one cell to another for communication purposes. There are many things like tight junctions, gap junctions, desmosomes, zonula (K. Sembulingum and Prema Sembulingum, 2012).
11) Explain the four steps through which phagocytosis takes place.
The cell membrane receptor attaches to the surface ling ands of the particles.

The edges of the membrane around the points of attachment evaginate outward within a fraction of a second to surround entire particle (antigen foreign particle) then progressively more membrane
receptors attach to the particle ligands. All these occur suddenly in a zipper like manner to form a closed phagocytic reside.
-Actin and other contractile fibrils in the cytoplasm surround the phagocytic vesicle and contract around its outer edge pushing the vesicle to the anterior.
The contractile protein then pinches the stem of the vesicle so completely that the vesicle separates from the cell membrane, leaving the vesicle in the cell interior in the same way pinocytotic vesicles are formed. (A.C Guyton and J. E Hall,2011).
12). There are three pathways for primary Messengers to alter transcription of cells, explain.
A promoter is frequently controlled by transcription factors located elsewhere in the genome. That is the regulatory gene causes the formation of a regulatory protein that in turn acts either as an activator or
repressor of transcription.
Occasionally, many different promoters are controlled at the same time by the same regulatory protein.
In some instances, the same regulatory protein functions as an activator for one promoter and as a repressor for another promoter.
Some proteins are controlled not at the starting point of transcription on the DNA strand but farther along the strand. Sometimes the control is not even at the DNA strand itself but during the processing of the RNA molecules bin the nucleus before they are released into the cytoplasm; rarely, control might occur at the level of protein formation in the cytoplasm during RNA translation by the ribosomes (A.C. Guyton and J.E. Hall, 2011).
13) Explain how intercellular communication takes place from one cell to another.
Cells can communicate with one another via chemical signals. Cells secrete chemical signals that can
induce physiological response in any of the three ways: by entering the circulation and acting on distant tissue (Endocrine by acting on a neighboring cell in the same tissue (paracrine) or by stimulating the same cell that released the chemical (autocrine). Secreted factors that are produced by cells of one organ and enter the circulation to induce a response in a separate organ are called hormones, and the organs that secret them such as the pituitary, adrenal and thyroid glands are parts of the endocrine
system. For paracrine and autocrine signals to be delivered to their proper targets, their diffusion must be limited. This restriction can be accomplished by rapid endocytosis of the chemical signals by neighboring cells, it is destruction by extracellular matrix. The events that take place at the neuromuscular junction are excellent examples of paracrine signaling (Walter F. Baron and Emile L. Boulpaep, 2012).
14) Shade light on the following ion channels; Na+, K+, Ca²±, H±
Sodium (Na±) and potassium (K±) ions are transported across the cell membrane by means of a common protein called sodium potassium ( Na+ -K+) pump. It is also called Na+- K+ ATpase pump or Na+-Ka+ ATpase.

This pump transports sodium from inside to outside the cell and potassium from outside to inside the cell. This pump is present in all cells of the body.
Na±- K± is responsible for the distribution of sodium and potassium ions across the cell membrane and the development of resting membrane potential.
The mechanism of action of Na±- K+ pump is as follows: Three sodium ions from the cell are attached to the receptor sides of sodium ions on the inner surface of the carrier protein. Two potassium ions outside the cell bind to the receptor sites of the potassium ions located on the outer surface of the carrier
protein.
Binding of sodium and potassium ions to carrier protein activates the enzyme ATpase. ATpase causes the breakdown of ATP into Adenosine diphosphate (ADP) with the release of one high energy phosphate.
Now the energy liberated causes some sort of conformational change in the molecules of the carrier protein. Because of this, the outer surfaces of the molecule (with potassium ion) face the inner side of the cell. And the inner surface of the protein molecule (with sodium ions) faces the outer side of the cell. Now dissociation and release of the ions take place so that sodium ions are released outside the cell (ECF) and the potassium ions are released inside the cell (ICF)
Na+ K+ pump mores three sodium ions outside the cell and two potassium ions inside the cell. Thus, when the pump works once, there is a net loss of one positively charged ion from the cell.
Calcium is actively transported from inside to outside the cell by calcium pump. Calcium pump is operated by a separate Carrier protein. Energy is obtained from ATP by the catalytic activity of ATpase . Calcium pumps are also present in some organelles of the cell such as sarcoplasmic reticulum in the muscle and the mitochondria of all cells. These pumps more calcium into the organelle's examples of Ca²± binding protein, Troponin, Calmodulin and calbindin.
Hydrogen ions are actively transported across the cell membrane by the carrier protein called hydrogen pump. It also obtains energy from ATP by the activity of ATpase. The hydrogen pumps that are present in two important organs have some functional significance.
In the stomach – hydrogen pumps in the parietal cells of the gastric glands are involved in the formation of hydrochloric acid. In the kidney – Hydrogen pumps in the kitchen cells of distal convoluted tubules and collecting ducts are involved in the secretion of hydrogen ion from the blood urine (K. Sambulingum and Prema Sambulingum, 2012).
15) Talk more about exocytosis and Endocytosis transport across the cell membrane
There are several mechanisms of transport across the cellular membranes. Primary pathways are exocytosis, endocytosis, membrane permeability and ion channels and primary and secondary active transport.
Exocytosis
Vesicles containing materials for export, such as secretory granules are targeted to all cell membranes where they bound in a similar manner to the one between the Golgi sacks and vascular traffic via the V- SNARE/ T- SNARE arrangement. The area of fusion then breaks down, leaving the content of the vesicle outside and the cell membrane intact. This is the Ca²+ dependent process of exocytosis.

The secretion from the cell occurs in two pathways. In the non-constitutive for regulated) pathway, proteins from the Golgi apparatus initially enter the secretory granules, where processing of prohormones to the mature hormones occurs before exocytosis.
The other pathway, the constitutive pathway, involves the prompt transport of proteins to the cell membrane in vesicle with little or no processing or storage.
Endocytosis
Endocytosis is the reverse of exocytosis. There are various types of endocytosis named for the size of particles being ingested as well as the regulatory requirements for the process. These include phagocytosis, pinocytosis, Cathrin – mediated endocytosis and non-caveolae endocytosis
Phagocytosis
Is the Process by which bacteria dead cells or other bits of microscopic material are engulfed by cells such as the polymorphonuclear leukocytes of the blood?
Pinocytosis
It is a similar process with the vehicles much smaller in size and the substance ingested are solution. The smaller size membrane that is ingested with each event should not misconstrued: cells undergoing active pinocytosis (e.g., macrophages) can ingest the equivalent of the entire cell membrane in just one hour.
Clathrin
Mediated endocytosis occurs at a membrane indentation where the protein Clathrin accumulates.
Clathrin molecules have the shape of triskelia with three legs radiating from a central hub. As
endocytosis progresses the Cathrin molecules form a geometrical array that surrounds endocytotic vesicles. At the neck of the vesicle the GTP- binding protein dynamin is involved either directly or
indirectly in pinching off the vesicle. Once the compete vesicle is formed the Cathrin falls off and three- legged protein recycles to form another vesicle. The vesicle fuses with and dumps its content into an
early endosome (Kim E. Barrette et al, 2019).
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