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BIO SCIENCES II
Module Code:  BIO 105
No Of hours: 150

Credits:
20
Module Overview

This module comprises three parts:

· Anatomy and physiology

· Bio-chemistry

· Pharmacology

The knowledge contained in the module will assist you to appreciate the interrelatedness of body systems, biochemical processes, pharmacodynamics and pharmaco-kinetics in order to assist you to make informed decisions in your nursing and midwifery practice.
Each part of the module in made up of units. In Part I there are six units, in Part II there are seven units and in Part III there are N units. You will need to ensure you have understood the concepts presented in one unit before moving on to the next. Exercises, assignments, laboratory practicals and key references have been identified to support you to achieve your study outcomes. It is essential that you attend every theory and practical session and submit the relevant exercises, laboratory reports and individual and group assignments by the submission date (Link to timetable of assignments). 
List on Right hand side of Page 2

Anatomy and Physiology

Unit 1 Nervous system

Unit 2 Endocrine system

Unit 3 Skeletal system

Unit 4 Muscular system

Unit 5 The skin and temperature

Unit 6 Reproductive system 
Biochemistry

Unit 1 Introduction to Biochemistry and Bio-molecules
Unit 2 Enzymes

Unit 3 Co-Enzymes and Vitamins

Unit 4 Integration and modulation of Metabolic Pathways

Unit 5 Energy in Nutrition

Unit 6 Blood and Body fluids

Unit 7 Nucleic Acids and protein synthesis

Pharmacology

Unit ….. (TBC)
Learning Outcomes and Assessment Criteria - Link from Page 2 – see below
Learning outcomes/ Assessment Criteria
	LEARNING OUTCOMES
	ASSESSMENT CRITERIA



	When you have successfully completed this module you will:
	To demonstrate that you have achieved the learning outcomes you will:

	Explain the different body systems and their functions  

	Identify body systems
Describe body functions



	Describe the interrelatedness of the various body systems
	Appreciate/Discuss the interrelatedness of the various body systems

	Discuss homeostatic imbalances that occur in the human body.

	Identify/Explain homeostatic imbalances 

	Discuss the use, relevance and importance of the major biochemical processes in the physiology of the human body
	Describe the biochemical/physiological  processes 

	Demonstrate an understanding of the fundamental principles of pharmacology
	Apply the principles of pharmacodynamics and pharmaco-kinetics to nursing and midwifery practice 


Assessment Criteria

· Continuous assessment – assignments, practicals, mid-term tests = 40%

· End of Module examination – 60%
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PART ONE: ANATOMY AND PHYSIOLOGY

Unit I: The Nervous System
Unit introduction
The task of keeping the body healthy and alive is a job performed by every one of its many trillions of cells. Like the singers in a choir, each cell must perform its role for the good of the whole. The choirmaster of this great choir is the nervous system, which provides control and coordination for the cells’ many activities. The nervous system is responsible for our perceptions, behaviour, and memories, and it initiates all voluntary movements. Therefore, this unit introduces you to the system which accomplishes the gigantic and enormously complex job of keeping the body alive.
Unit Learning Outcomes
· Describe the functions of the nervous system 

· List the organs and divisions of the nervous system
· Identify the major types of cells in the nervous system 
· Identify the anatomical and functional components of a three-neuron reflex arc. 

· Compare and contrast the propagation of a nerve impulse along a nerve fibre and across a synaptic creft.
· Identify the major anatomical components of the brain and spinal cord and briefly comment on the functions of each. 

· Compare and contrast spinal and cranial nerves.

· Discuss the structure and functions of the two divisions of the autonomic nervous system.
· Describe major nervous system disorders.

· Discuss the special and general sense organs and their functions.
· Describe the disorders of major special and general sense organs.
Unit Activities 

Use charts, models and your own body as guides, to describe different parts of the nervous system. Refer to the specified readings to obtain further information on the terms listed. Link to a PDF that describes terms illustrated by a picture for each                                                                                                                                                     
.

Exercise: The Autonomic nervous system has two functional subdivisions, the sympathetic and parasympathetic nervous system. Draw a table which compares them. 
Exercise: Draw a typical neuron, label and indicate the functions of all parts.

Exercise: Draw and label a diagram of a spinal cord. Make sure to label as many parts as you can.

Exercise:

a) Draw a reflex arc; label and give the functions of all parts i.e. sensory receptor, sensory neuron, integration centre, motor neuron and effector.

b) Design an experiment to prove that some reflexes are purely spinal reflexes.

Exercise: 
Draw the spinal cord and indicate the spinal nerves.
Exercise: 

a) Draw the brain; label and give the functions of all parts.

b) List the 12 pairs of cranial nerves and describe the function of each pair.

Exercise: Write short notes on the brain dysfunctions listed in lecture 3. 
Exercise: Write short notes on the methods for studying the brain listed in lecture 3. 

Exercise:

a) The Eye 
(Link to the interactive articulate software resource on the Eye)

Draw the eye, label it and describe the structure and functions of the labeled parts.

b) Describe the blind spot and design an experiment to prove the existence of a blind spot on the retina.

c) With the aid of relevant diagrams (where necessary) describe the following eye disorders/diseases and explain how they can be corrected/treated:- presbyopia, myopia, hypermetropia (hyperopia), astigmatism, diplobia, strabismus, cataracts, retinaaldetachment, glaucoma, colour blindness, night blindness (nyctalopia), river blindness, chalazion, conjunctivitis and trachoma. 
The Ear 

d) Draw the ear, label it and describe the structure and functions of the labeled parts.

e) List the major invents in the physiology of hearing.

f) Identify the receptor organs for equilibrium, and describe how they function. 

g) Describe the following ear disorders/diseases and explain how they can be treated: - Deafness, Otitis media, Meniere’s disease and tinnitus. 

h) Describe motion sickness and explain how it can be overcome/ treated.

i) Describe the gustatory receptors and the neural pathway for gestation.

j) Draw and label the taste map of the tongue.

k) Describe the olfactory receptors and the neural pathway for olfaction.

l) Describe the sensation of chocolate, pepper and coffee.

m) Describe taste aversion and hyposmia.

Exercises
Pain
a) Compare and contrast fast pain and slow pain with regard to alternative names, type of nerve fibres, examples or causes and locality/part of body affected.
b) Write short notes on: superficial somatic pain, deep somatic pain and visceral pain. 
c) With the aid of relevant diagram(s) describe the clinical significance of referred pain. 
d) Describe four examples of sensory adaptation.
e) Design an experiment to show that free nerve endings are not evenly distributed throughout the body; i.e. some parts of the body are more sensitive than others.
f) Patients who have had a limb amputated may still experience sensations such as itching, pressure, tingling or pain as if the limb were there. This phenomenon is called phantom limb sensation. Give some explanations for phantom limb sensations.
g) Pain sensations sometimes occur out of proportion to minor damage, persist chronically due to injury, or even appear for no obvious reason rather than warning of actual or impending damage. In such cases, analgesia (an- = without; - algesia = pain) or pain relief is needed. Give examples of analgesia drugs and explain how they work. 

Unit Resources: 

Library, Science Laboratory, Laboratory manuals, models and diagrams of the human body
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Lecture 1

Functions of the nervous system
a) Sensory in put- sensory receptors monitor numerous external and internal stimuli, such as touch, temperature, taste , smell, sound, blood pressure and body position.
b) Integration- the brain and spinal cord are the major organs for processing sensory input and initiating responses. 
c) Homeostasis- the nervous system plays an important role in the maintenance of homeostasis.
d) Mental activity- the brain is the centre of mental activity, including consciousness, memory and thinking.
e) Control of skeletal muscles- the nervous system controls contraction of skeletal muscles that results in the major movements of the body.
Divisions of the nervous system  
        Structural Divisions
a) The central nervous system (CNS)- consists of the brain and the spinal cord.
b) The peripheral nervous system (PNS)- consists of nerves and ganglia, which lie outside the CNS. It includes all the cranial and spinal nerves.
Functional Divisions
a) Somatic nervous system (SNS) is controlled voluntarily (by conscious will), and all the effectors are skeletal muscles. SNS is also referred to as voluntary nervous system.
b) Autonomic nervous system (ANS) is controlled involuntarily (usually operates without conscious control) and consists of visceral motor nerve fibres that regulate the activities of smooth muscles, cardiac muscles and glands.  ANS is also referred to as involuntary nervous system.
Functional Subdivisions of (ANS)

Sympathetic and parasympathetic nervous systems which typically work in opposition to each other- what one subdivision stimulates, the other inhibits. 
      Cells of the nervous system
The two types of cells found in the nervous system are: neurons or nerve cells and neuroglia or glial cells.   

Neurons provide most of the unique functions of the nervous system, such as sensing, thinking, remembering, controlling muscle activity and regulating glandular secretions. Neurons therefore conduct nerve impulses (messages)        from one part of the body to another.  Neurons have extreme longevity- over 100 years, are largely amitotic and have an exceptionally high metabolic rate. 
Parts of a neuron:  Most neurons have three parts: cell body, dendrites and axon.
Structural classification of neurons
This is according to the number of processes extending from the neurons’ cell body.

Multipolar neurons- have three or more processes. Most common type (99%).
Bipolar neurons- have two processes- an axon and dendrite.

Unipolar neurons- have a single process that emerges from the cell body.
Functional classification of neurons
This is according to the direction in which the nerve impulse travels relative to the central nervous system.

Sensory (afferent) neurons- carry impulses toward CNS.

Motor (efferent) neurons- carry impulses away from CNS.
Interneurons (association) neurons- conduct impulses from sensory neurons to motor neurons. Interneurons are also called central or connecting neurons. 
Neuroglia (-glia = glue) or glia support, nourish and protect the neurons and maintain homeostasis in the interstitial fluid that bathes neurons. Neuroglia constitute about half the volume of CNS. An important reason for discussing glia  is that one of the most common types of brain tumour- called glioma develops from them. Gliomas tend to be highly malignant and grow rapidly. Of the six types of neuroglia, four – astrocytes, oligodendrites, microglia and epedymal cells-are found only in the CNS. The remaining two types- Schwann cells and satellite cells-are present in the PNS.
Nerves and Tracts
Everywhere in the nervous system, neuron fibers (axons) are collected into bundles of varying size. A bundle of nerve fibres located within the PNS is a nerve. A bundle of nerve fibres within the CNS is a tract.
Types of nerves  
Sensory (afferent) nerves- carry impulses toward CNS.

Motor (efferent) nerves- carry impulses away from CNS.

Mixed nerves- contain both sensory and motor fibres.
The Nerve Impulse
The mechanics of  nerve impulse conduction are complex but can be compared to  the spread of an electric current along a wire. The cell membrane of unstimulated (resting) neuron carries an electric charge. This charge is maintained by ions (charged particles) concentrated on either side of the membrane. At rest, the inside of the membrane is negative as compared with the outside. In this state, the membrane is said to be polarized.
   A nerve impulse starts with a local reversal in this charge (+ inside and – outside), which then spreads along the membrane like a current. This sudden electric change in the membrane is called action potential. When this reversal occurs, the membrane is said to be depolarized. Immediately after this the membrane quickly returns to its original state so that the membrane can be stimulated again. When the membrane returns to its resting state, it is said to repolarise. Depolarisation and repolarisation are brought about by rapid shifts in sodium and potassium ions across the cell membrane.The action potential arise according to the all-or-none principle; it either happens completely or doesn’t happen at all. A stimulus can be defined as any force (e.g., an electric, chemical or mechanical) that can start an action potential, which then spreads along the membrane as a nerve impulse. 
   Nerve impulses travel much faster in myelinated than in unmyelinated fibres.This is because in myelinated fibres the action potential “jumps” like a spark from node to node along the sheath (saltatory conduction) unlike in  unmyelinated fibres that have step-by-step depolarization and repolarisation of each adjacent segment of the plasma membrane (continuous conduction).
    Impulses must be transferred between neurons to convey information within the nervous system. The point of junction for transmission of the nerve impulse is the synapse. The synapse has chemicals called neurotransmitters e.g. epinephrine/adrenalin, norepinephrine/noradrenalin and acetycholine that enable a nerve impulse to cross the synapse.
Lecture 2 

Disorders of Nervous Tissue
Multiple Sclerosis (MS) the most common primary disease of the CNS characterized by myelin loss and destruction accompanied by varying degrees of oligodendrocyte injury and death. As the myelin around the axons is lost, nerve conduction is impaired, and weakness, lack of coordination, visual impairment, speech disturbances and incontinence occur. The cause of MS is thought to be related to autoimmunity and to viral infections in some individuals. Until recently there was no known cure till the advent of the so- called disease- modifying drugs including interferon beta- 1a and – 1b, Avonex, Betaseran and Copaxone. These drugs seem to hold the symptoms at bay.
Neuroma is a general term for tumours arising in nervous system structures.
One of the most common types of neuroma is the brain tumour- called glioma which develops from glia. Gliomas tend to be highly malignant and grow rapidly. 
Multiple neurofibromitosis is an inherited disease characterized by numerous fibrous neuromas throughout the body. The tumours are benign, appearing first as small nodules in the Schwann cells of cutaneous nerves.
Poliomyelitis (polio = grey matter; myelitis = inflammation of the spinal cord) or simply polio, results from the destruction of cell bodies of motor neurons, especially in the anterior horns of the spinal cord and the nuclei of cranial nerves by the polio virus. Early symptoms include fever, headache, muscle pain and wekness, and loss of certain somatic reflexes. Later, paralysis develops and the muscles served atrophy. 
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si/ Pronunciat
	Leprosy  (Hansen’s disease) a chronic, mildly infectious disease caused by Mycobacterium leprae, affecting the sensory neurons of the peripheral nervous system, skin, and nasal mucosa and variously characterized by ulcerations, tubercular nodules, and loss of sensation that sometimes leads to traumatic amputation of the anaesthetised part. 


Herpes zoster, commonly known as shingles, is an acute infection of the PNS caused by a varicella zoster virus of chicken pox. Characterized by scaly, painful blisters usually confined to a narrow strip of skin, often on one side of the body trunk. Seen mostly in those over 50 years old and in HIV and AIDS individuals.

Lecture 3

The spinal cord

Location

The spinal cord, located within the vertebral canal of the vertebral (spinal) column, extends from the foramen magnum of the skull to the level of the first or second lumbar vertebra, just inferior to the ribs. If you are of average height, your spinal cord is about 42 cm to 45 cm (17 or 18 inches) long and about 1.8 cm (3/4 of an inch) thick. 
Structure
The spinal cord has a small, irregularly shaped internal section  that consists of grey matter (nerve cell bodies) and a larger area surrounding this grey part that consists of white matter (nerve cell fibres). Two pairs of columns, called the ventral and dorsal horns, give the grey matter an H- shaped appearance in cross-section. In the cetre of the grey matter is a small channel, the central canal, that consists of cerebrospinal fluid (CSF). The bony vertebrae, tough connective tissue meninges and CSF (produced in the brain) surround and protect the delicate nervous tissue of the spinal cord (and the brain as well).
Functions
Linking the spinal nerves to the brain though ascending and descending tracts.
Reflex activities: a reflex is a rapid simple and automatic response involving very few neurons. Reflexes are specific; a given stimulus always produces the same response.  A simple reflex arc that passes through the spinal cord alone and does not involve the brain is termed a spinal reflex e.g. the patellar (knee jerk) reflex. Therefore, together, the spinal cord and spinal nerves contain neuronal circuits that mediate some of your quickest reactions to environmental changes. If you pick up something hot, the grasping muscles may relax and you may drop it before the sensation of heat or pain reaches your conscious perception.
Spinal nerves
There are 31 pairs of spinal nerves, each pair named and numbered according to the region and level of the vertebral column from which they emerge.

Application to practice

Lumbar Puncture (Spinal Tap)
A lumbar puncture (spinal tap) is the withdrawal of some CSF from the subarchnoid space in the lumbar region of the spinal cord. Lumbar punctures are often performed to withdraw CSF for diagnostic purposes; to introduce antibiotics or anesthetics; to administer chemotherapy; to reduce pressure in the brain or spinal cord; and to evaluate the effects of treatment. 
Lecture 4
The brain 
The brain occupies the cranial cavity and is covered by membranes, fluid and the bones of the skull. It is the center for registering sensations, correlating them with one another and with stored information, making decisions, taking actions. It is related to both the spinal cord and the 12 pairs of cranial nerves. The brain consists of four major parts: brain stem, cerebellum, diencephalon, and the cerebrum. The brain stem is continuous with the spinal cord and consists of the medulla oblongata, pons and midbrain. Posterior to the midbrain is the cerebellum (little brain). Superior to the brain stem is the diencephalon, consisting mainly of the thalamus and hypothalamus and including the epithalamus and the subthalamus. Supported on the diencephalon and brain stem, the cerebrum is the largest part of the brain. There are 12 pairs of cranial nerves. They are numbered, usually in Roman numerals, according to their connection with the brain, beginning at the front and proceeding back.
The Blood-Brain Barrier (BBB)

Blood flows to the brain mainly via the internal carotid and vertebral arteries; the internal jugular veins return blood from the head to the heart. The existence of a blood-brain barrier (BBB) protects brain cells and CSF from harmful substances and pathogens by preventing their passage from blood into brain tissue and CSF. BBB consists of specialized brain capillaries and astrocytes (one type of neuroglia).
Homeostatic Imbalances of the Brain
Brain dysfunctions are unbelievably varies and extensive. Some of them include:- traumatic brain injury, cerebrovascular accidents (CVA)/strokes/brain attacks, Alzheimer’s disease (AD), Parkinson’s disease, Huntington’s disease (AD) and seizure disorders/epilepsy.

Brain Studies
Biotechnology has produced many methods for studying the brain without the trauma of exploratory surgery. Some of these methods are:- X-ray photography, Computed Tomography (CT), Positron-Emission Tomography (PET), Single- Photon Emission Computed Tomography (SPECT), Ultrasonography, Magnetic Resonance Imaging (MRI), Electroencephalography (EEG) and Evoked Potential (EP) Test. 
Lecture 5

The Senses 
The sensory system serves to protect the individual by detecting changes in the environment. Therefore, our ability to “sense’ changes in our external and internal environments are a requirement for maintaining homeostasis and for survival itself. The body has many sensory receptors that allow us to respond to a wide variety of stimuli such as touch, pressure, temperature and pain. There are basically two types of senses classified according to the distribution of the sensory receptors. These are special senses and general senses. 
Special senses 
Special senses are localized in special sense organs. These are:- 
· Vision from receptors in the eye.

· Hearing from receptors in the internal ear.

· Equilibrium from receptors in the internal ear.
· Taste (gestation) from receptors in the tongue. These tastes are: - sour, sweet, bitter, salty and umami.
· Smell (olfaction) from receptors in the upper nasal cavities.

Ophthalmology (ophthalmo- eye; -logy = study of) is the science that deals with the eye and its disorders. The other special senses are, in large part, the concern of ortorhinolaryngology (oto- = ear; rhino- = nose; laryngo- = larynx).
General senses
General senses are widely distributed throughout the body. These are:-
· Tactile sensation (tact- = touch) are those of touch, pressure, vibration, itch and tickle.

· Thermal sensation consists of two separate thermoreceptors for cold (10oC to 40oC) and heat (32oC to 48oC). Cold and warm receptors both adapt rapidly at the onset of a stimulus but continue to generate impulses at a lower frequency throughout a prolonged stimulus.
· Pain sensation- pain is indispensable for survival. It serves a protective function by signaling the presence of noxious, tissue-damaging conditions. Nociceptors (noci- = harmful) are the receptors for pain. Temperatures below 10 and above 48 stimulate mainly nociceptors, rather than thermoreceptors. There are two types of pain: fast and slow. The perception of fast pain occurs very rapidly, usually within 0.1 second after a stimulus is applied. The perception of slow pain, by contrast, begins a second or more after a stimulus is applied. Sometimes pain can be felt at a site remote from the place of origin; this is called and it is of clinical significance.
Sensory Adaptation
When sensory receptors are exposed to a continuous stimulus, receptors often adjust themselves so that the sensation becomes less acute. The term for this phenomenon is sensory adaptation.
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Unit 2:  The Endocrine System

Introduction
Have you ever known anyone with thyroid problems or diabetes? Surely you have seen the dramatic changes that happen to a person’s body as they go through puberty. These are all proof of the importance of the endocrine system for normal development and health.

The endocrine system performs the same general functions as the nervous system: communication and control. The nervous system provides rapid, brief control by fast-travelling nerve impulses. The endocrine system provides slower but longer-lasting control by hormones (chemicals) secreted into and circulated by the blood. The scientific study of hormones and the endocrine organs is called endocrinology.
Learning Outcomes

· Distinguish exocrine glands from endocrine glands. 
· Compare the effects of the nervous system and the endocrine system in controlling the body.

· Describe the functions of hormones. 
· Identify the glands of the endocrine system on a diagram.

· List the hormones produced by each endocrine gland and describe the effects of each on the body.
· Distinguish between circulating hormones and local hormones. 
· Describe how hormones are classified chemically.
· Explain how hormones are regulated.

· Explain the primary mechanisms of endocrine disorders.

Unit Activities: To be confirmed
Learning Resources: Library, Science Laboratory, Laboratory manuals, models and charts of the human body
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Lecture Content
· Differences between exocrine glands and endocrine glands
· The effects of the nervous system and the endocrine system in controlling the body.

· Functions of hormones. 
· Identification of glands of the endocrine system on a diagram.

· Hormones produced by endocrine glands and their effects on the body.
· Distinguish between circulating hormones and local hormones. 
· Classification of hormones.
· Hormone regulation.
· Mechanisms of endocrine disorders. 
Page 3
Unit 3:  The Skeletal System

Introduction
The entire framework of bones and their cartilages together constitute the skeletal system. The skeleton is the flexible, bony framework found in all vertebrate animals. The skeleton maintains a body shape, protects vital organs, and provides a system of muscle levers that allow body movement. The skeletal system is so important that without it we would just be flat on the floor. We would be like a jelly fish. We wouldn’t be able to move at all. It gives us posture. It enables us to stand or sit. And it also protects us because most of our body is protected by bones. Without our skeletal system our body would be useless. Our skeleton is indeed very important.
Learning Outcomes
· List functions of the skeletal system. 

· Describe the structure of a long bone.
· Describe the histological features of bone tissue.

· Explain how bones are formed, how they grow and how they are remodeled.

· Discuss the organic and inorganic composition of bone.

· Indicate the functional importance of bone markings.

· Describe the blood and nerve supply of bone.
· Describe the sequence of events in repair of a fracture.
· Identify the two major subdivisions of the skeleton and list the bones found in each area.

· List and compare the major types of joints in the body and give an example of each.

· Name and describe major disorders of bones and joints. 
Unit Activities

Exercise: Draw a long bone; label and describe the functions of each part
Exercise: Give examples of muscles according to the following criteria:

location or position, size, shape, direction of fibres, number of heads and action.

Unit Resources

TBC
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Lecture Content
· Functions of the skeletal system. Bone tissue and the skeletal system perform several basic functions:
· Support, Protection, Assistance in movement, Mineral homeostasis, Blood cell production and Triglyceride storage. 

· Structure of a long bone.

· Histological features of bone tissue.

· How bones are formed, how they grow and how they are remodeled.

· Organic and inorganic composition of bone.

· Functional importance of bone markings.

· Blood and nerve supply of bone.

· Sequence of events in repair of a fracture.

· Two major subdivisions of the skeleton and the bones found in each area.

· Major types of joints in the body with examples.

· Major disorders of bones and joints. 
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Unit 4:  The Muscular System

Introduction
One of the most amazing things about the human body is the incredible range of movement and mobility it has. This day to day activity is accomplished by our muscles through the extraordinary and fascinating ability of converting chemical energy, energy stored in nutrients, into mechanical energy, energy of movement. Muscles are often viewed as the "machines" of the body. They help move food from one organ to another, and carry out our physical movement. Muscles move you. Without muscles you couldn't open your mouth, speak, shake hands, walk, talk, or move your food through your digestive system. There would be no smiling, blinking, breathing. You couldn't move anything inside or outside you. The fact is, without muscles, you wouldn't be alive for very long. The human body contains more than 650 individual muscles which are attached to the skeleton, which provides the pulling power for the movement of body parts.



Learning Outcomes
· Correlate the three types of muscle tissue with their functions and special properties.
· Describe how skeletal contract muscles.

· Name, identify on a model or diagram, and give the function of the major muscles of the body.
· Define oxygen debt and muscle fatigue. List possible causes of muscle fatigue.
· Explain how muscles work in pairs to produce movement.

· Compare the workings of muscles and bones to lever systems.
· Name and describe the major disorders of skeletal muscles.   
Unit Activities:

Exercise: Draw a table of ‘Principal muscles of the body’ and fill it in under the following subheadings: Muscle and Function.

Exercise: Give examples of power levers and speed levers (in each case-one example from the human body and the other from non-human levers).

Exercise: Give examples from the human body of the three types of levers.
Exercise: Write short notes on the following myopathies: Myasthenia Gravis, Muscular Dystrophy, Fibromyalgia

Learning Resources: Library, Science Laboratory, Laboratory manuals, models and charts of the human body
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Lecture Content
· Three types of muscle tissue, their functions and special properties.

· Types of Muscle tissue

· skeletal muscle tissue: striated, voluntary

· Cardiac muscle tissue: striated, involuntary

· Smooth muscle tissue: non-striated/smooth, involuntary

· Functions of Muscle Tissue 

· Producing body movements
· Stabilising body positions (posture or muscle tone)

· Storing and moving substances within the body

· Generating heat

· Properties of Muscle tissue

· Electrical excitability

· Contractility

· Extensibility

· Elasticity

· Contraction of skeletal muscles.

For muscle contraction to be possible skeletal muscles are well supplied with nerves and blood vessels. Generally, an artery and one or two veins accompany each nerve that penetrates a skeletal muscle. The neurons that stimulate skeletal muscle to contract are somatic motor neurons. The structural point of contact and functional site of communication between the motor neuron and the muscle fibre is termed the neuromuscular junction. Muscles contract with the aid of two contractile proteins, myosin and actin. During contraction thick and thin muscle filaments slide past one another in a sliding filament mechanism. 
· Names and function of the major muscles of the body.

A number of different characteristics are used in naming muscles:
Location or position; size; shape; direction of fibres; number of heads and action
The study of muscles is made simpler by grouping them according to body regions:- 

· Muscles of the head and neck

· Muscles that move the upper extremities

· Muscles of the trunk

· Muscles that move the lower extremities

· Oxygen debt and muscle fatigue.
If muscle cells are stimulated repeatedly without adequate periods of rest, the strength of the muscle contraction decreases, resulting in muscle fatigue. After muscle contraction has stopped following prolonged periods of its contraction, heavy breathing continues for a while, and oxygen consumption remains above the resting level. The term oxygen debt describes the added oxygen, over and above the resting oxygen consumption, that is taken into the body after exercise. This extra oxygen is used to “pay back” or restore metabolic conditions to the resting level by removing the excess lactic acid that accumulated during prolonged exercise i.e. the lactic acid is converted back into glycogen stores in the liver.
In anaerobic respiration: your body compensates for the lack of Oxygen and only uses glucose to produce energy. This would result in the formation of lactic acid


                                           Formula
                       Glucose =   lactic acid +  2 ATP (energy)

                       C6H12O6  =  2C3H6O3     +  2 ATP
During the recovery process the lactic acid vanishes, but is found over again in its original form as glycogen. We may summarize the matter as follows:
Contraction
Glycogen [or glucose]  = lactic acid + energy.
Recovery
[Lactic acid + oxygen = carbonic acid and water + energy]

Lactic acid = glycogen ---- energy.

Glycogen + oxygen = 3carbonic acid and water + energy.
· How muscles produce movement.

Most muscles have two or more points of attachment to the skeleton. Tendons attach muscles to bones while ligaments attach bones to bones. In moving bones, one end of a muscle is attached to a more freely movable part of the skeleton (insertion), and the other end is attached to a relatively stable part (origin). When a muscle contracts, it pulls on both points of attachment, bringing the more movable insertion closer to the origin and thereby causing movement of the body part. Many of the skeletal muscles function in pairs (antagonistic pair of muscles) e.g. the biceps brachii is the prime mover while the triceps brachii is the antagonist.
· Muscles and lever systems.

Proper body mechanics help conserve energy and ensure freedom from strain and fatigue; conversely, such ailments as lower back pain—a common complain----can be traced to poor body mechanics.  The body has the lever systems (partnership between the muscular and skeletal systems) that ensure proper body mechanics. In producing movement, bones act as levers, and joints function as the fulcrums of these levers. A lever is a rigid structure that can move around a fixed point called a fulcrum [∆]. A lever is acted on at two different points by two different forces; the effort [E] or force, which causes movement, and the Load [L] or resistance [R] or weight, which opposes movement. The effort is the force exerted by muscular contraction, where as the load is typically the weight of the body part that is moved. Levers produce trade-offs between effort and the speed and range of motion. In one situation, a lever operates at a mechanical advantage---- has leverage----where a smaller effort can move a heavier load. Here the trade-off is that the effort must move a greater distance (must have a longer range of motion) and faster than the load. Such a lever is called a power lever. In another situation, a lever operates at a mechanical disadvantage when a larger effort moves a lighter load. Such a lever system is called a speed lever. 
Types of levers 
There are three classes of levers, which differ only in the location of the Fulcrum, the Load and the Effort (FLE).
In a first-class lever, the fulcrum is located between the load and the effort e.g. a seesaw and scissors.
In a second-class lever, the load is located between the fulcrum and the effort. E.g. a wheelbarrow or a mattress listed on one end.  
In a third-class lever, the effort is located between the fulcrum and the load e..g. a forceps or a tweezers.

         Major disorders of skeletal muscles (myopathies):
Myasthenia Gravis, Muscular Dystrophy, Fibromyalgia
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Unit 5:  The Skin and Temperature Regulation
Introduction
Would you be enticed by an advertisement for a coat that is waterproof, stretchable, washable, and permanent press, that automatically repairs small cuts, rips and burns, and that is guaranteed to last a lifetime with reasonable care? Sounds too good to be true, but you already have such a coat---your skin.

The skin is easily observed. It gives clues to its own health and reflects the health of other body systems. In addition to the roles of protection and sensation the skin also plays the function of regulation of body temperature. The skin and its accessory organs (sweat and oil glands, muscles, nerves, blood vessels, hairs and nails) form the integumentary system.
Learning Outcomes
· Name and describe the layers of the skin.
· Describe the basis for different skin colours.

· List the main functions of the skin.

· Summarise the information to be gained by observation of the skin.
· List and describe major skin disorders and infections.

· Classify burns and describe how to estimate the extent of a burn injury.

· Explain how epidermal wounds and deep wound heal.

· Describe skin grafts.

· Explain how heat is produced in the body.
· List the ways heat is lost from the body.

· Describe the role of the hypothalamus in regulating body temperature.
· Describe homeostatic imbalances of body temperature.
Unit Activities
Exercise: a) Describe eight skin disorders/ infections.

                     b) List five risk factors for skin cancer

Exercise: With the aid of a relevant diagram describe the ‘rule of nines’.

Exercise:
a) Describe tissue repair under the following subheadings:

· Inflammation sets the stage

· Organisation restores the blood supply

· Regeneration and fibrous effect permanent repair

b) Differentiate epidermal wound healing from deep wound healing.

c) New skin cannot regenerate if an injury destroys the stratum basale and its stem cells; hence skin wounds of this magnitude require skin grafts. Describe skin graft and its different types.
Exercise: List as many heat gain and heat loss methods under physiological and behavioural subheadings.   

Exercise:  describe how the hypothalamus regulates body temperature.
 Exercise: List as many heat gain and heat loss methods under physiological and behavioural subheadings.   

Exercise:  describe how the hypothalamus regulates body temperature.

Exercise: Describe the following conditions: Fever, Malignant hyperthermia, (MH), Heat exhaustion, Heatstroke, Hypothermia and Frostbite.
Unit Resources: Library, Science Laboratory, Laboratory manuals, models and charts of the human body
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Lecture Content
· Layers of the skin
· Epidermis

· Dermis

· Functions of the skin.

· Thermoregulation
· Protection

· Cutaneous sensation

· Excretion and Absorption

· Synthesis of vitamin D

· Basis for different skin colours.

Three pigments contribute to skin colour: melanin, carotene and haemoglobin. Albinism also contributes to skin colour.
· Observation of the skin.

Skin colour, texture and other attributes can provide clues for diagnosing certain conditions as jaundice, erythema, syphilis, vitiligo etc
· Burns.

A burn is tissue damage caused by excessive heat, electricity, radioactivity or corrosive chemicals that denature the proteins in the skin cells.
Estimating the severity of burns

· First-degree burns

· Second-degree burns

· Third-degree burns

· Estimation of the extent of burn injury (rule of nines).
· Tissue repair/ wound healing

When damaged, tissues have varying capacity to repair themselves. Damaged tissue will regenerate or be replaced by tissue we know as scars. Tissues usually repair themselves by allowing the phagocytic cells to remove dead or injured cells, then filling in the gaps that are left. This growth of new tissue is called regeneration.

· Body temperature

The normal core body temperature of a healthy, resting adult human being is stated to be at 98.6 degrees Fahrenheit or 37.0 degrees Celsius. Though the body temperature measured on an individual can vary, a healthy human body can maintain a fairly consistent body temperature that is around the mark of 37.0 degrees Celsius. Maintaining homeostasis of body temperature, or thermoregulation, is the function of the hypothalamus.
· Body heat production i.e. factors that affect metabolic rate: 
· Exercise
· Hormones

· Nervous system

· Body temperature

· Ingestion of food

· Age

· Gender

· Climate

· Body heat loss i.e. factors that affect heat transfer from the body:
· Conduction

· Convection

· Radiation

· Evaporation

· The hypothalamus and body temperature regulation.
· Homeostatic imbalances of body temperature.
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Unit 6:  The Reproductive System
Introduction
All living things reproduce and the reproductive system makes life possible. Reproduction - the process by which organisms make more organisms like themselves - is one of the things that sets living things apart from nonliving matter. The major function of the reproductive system is to ensure survival of the species. Other systems in the body, such as the endocrine and urinary systems, work continuously to maintain homeostasis for survival of the individual. An individual may live a long, healthy, and happy life without producing offspring, but if the species is to continue, at least some individuals must produce offspring. Without the reproductive system, babies would not be born to grow into adults to give birth to more babies. The human cycle would end. Therefore, all living things on the planet reproduce more of their own kind.

Learning Outcomes
· Define reproduction.
· Describe the two types of reproduction.
· List the essential and accessory organs of the male and female reproductive systems and give the functions of each.
· Describe the gross and microscopic structure of the gonads in both sexes and explain the developmental steps in spermatogenesis and oogenesis.

· Discuss the primary functions of the sex hormones and identify the cell type or structure responsible for their secretion.

· Describe the major events from fertilization to parturition.

· Compare the various kinds of birth control methods and their effectiveness.

· List the major disorders of the male and female reproductive systems and briefly describe each.
· Define the term sexually transmitted disease and describe the major types.

Unit Activities:

Unit Resources: Library, Science Laboratory, Laboratory manuals, models and charts of the human body. Refer to reference books for more information on the terms listed (Interactive exercise of terms with corresponding illustrations prepared with articulate software)
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Lecture Content
· Definition of reproduction.

· Two types of reproduction- sexual and asexual.

· Internal and external fertilization.

· Essential and accessory organs of the male and female reproductive systems and the functions of each.

· Gross and microscopic structure of the gonads in both sexes and the developmental steps in spermatogenesis and oogenesis.

· Primary functions of the sex hormones and the cell type or structure responsible for their secretion.

· Major events from fertilization to parturition.

· Birth control methods and their effectiveness.

· Disorders of the male and female reproductive systems.

· Sexually transmitted diseases.

Required Reading
Maliwichi H.E, Mandalazi P, Nyasulu Y and Zulu M. (2005) Laboratory manual  for Biomedical Sciences  Lilongwe, Capital Printing Press
Marieb, E.N. (2004), Human Anatomy and Physiology, (6th Ed), San Francisco, Pearson Benjamin Cummings.

Thibodeau G.A, Paton K.T, (2005), The Human Body In Health and Desease (4th Ed), St Louis, Elservier Mosby.

Tortora, G. J. and Grabowski, S. R (2003) Principles of anatomy and physiology (10th Ed.) New York, John Wiley & Sons Inc. 
Supplementary Reading
Clancy, J. & Mc Vicar, A.J. (2002). Physiology and Anatomy: A homeostatic approach. (2nd Ed.) London, Anold

Coad, J. & Dunstall, M. (2005), Anatomy and Physiology for Midwives.  Churchill Elsevier
Cohen B.J & Wood DL (2000) Memmler’s Structure and Function of The Human Body, (7th Edition) Philadelphia, J.B. Lippincott. 
Creager J.G. (1992) Human Anatomy and Physiology (2nd Ed.) Dubuque, Wm. C. Brown Publishers
Fox, S.I (2004) Human Physiology    (8th Ed), Boston, McGraw Hill.
Guyton A.C. (1991), Physiology of Human Body (6th Ed.) Philadelphia, WB Sanders

Seeley, R. Stephens, T.D. and Tate, P. (2002). Essentials of Anatomy  and Physiology (4th Ed). New York, McGraw-Hill .

PART II BIOCHEMISTRY


The Biochemistry part of the module provides you with basic knowledge and understanding of biochemical processes that occur in the human body as can be applied in medical nursing. Part II starts with a detailed study of biomolecules then goes on to describe protein synthesis and metabolic pathways. 
The overall objectives of Part II are as follows

· Introduce the chemistry of cells to nursing students

· Provide an understanding of the biochemistry of the body and how this relates to human health

· Introduce enzymology and how it relates to human health and in diagnostics

· Complements studies done in Human Physiology and Anatomy

NOTE: CHECK THROUGHOUT PART II THE SELF EVALUATION ACTIVITIES AND ANSWERS WHICH CAN BE MADE IN TO QUIZZES – SOME POTENTIAL EXAMPLES HAVE BEEN HIGHLIGHTED IN YELLOW. THERE ARE OTHER EXAMPLES.
SEE ALSO SUGGESTIONS ON RESOURCES AND GLOSSARY on pages 108-112 e.g. CHECK SOFTWARE TO PUT the Glossary INTO CMS

NB. NO FURTHER WORK UNDERTAKEN ON PART II.
Unit 1. 

Introduction to Biochemistry & Biomolecules.

Introduction


Biochemistry is the study of the chemical processes in living organisms. The word "biochemistry" comes from the Greek word biochēmeia, which means "the chemistry of life." It deals with the structure and function of cellular components, such as proteins, carbohydrates, lipids, nucleic acids, and other biomolecules. 

In this Unit, you are going to study the different molecules that are found in living organisms including humans. 
Learning outcomes

By the end of this Unit, you should be able to
· Define biochemistry

· Identify the different types of carbohydrates, proteins, lipids and nucleic acids

· Describe the molecular composition of carbohydrates, proteins, lipids and nucleic acids

· Discuss the function of nucleic acids

We will first look at Carbohydrates
Carbohydrates are:
· Also called saccharides are widespread in nature, especially in plants

· Commonly known as sugars and the constitute the most abundant class of Biomolecules by mass

· Carbohydrates have the general formula Cn(H2O)n, which describes only simple sugars such as glucose

· Carbohydrates have many biological functions:

1. They constitute the primary source of energy for metabolism in general and biosynthetic processes in particular.

2. The represent storage form of energy in living organisms. Starch and Glycogen
3. They serve as precursors, providing a carbon source for biosynthesis

4. They are also structural components of organs such as proteins, cell walls and cell membranes

5. They have informational roles, where glycoproteins provide proteins with recognition factors.

· Carbohydrates are divided into monosaccharides, oligosaccharides and polysaccharides.

· We now discuss each of the three types of carbohydrates in detail.

· We now discuss each of the three types of carbohydrates in detail.

(

 a) Monosaccharides

· Monosaccharides (from Greek monos: single, sacchar: sugar) are the simplest carbohydrates. They cannot be hydrolyzed into simpler sugars. 

· They consist of one sugar and are usually colourless, water-soluble, crystalline solids. 

· Some monosaccharides have a sweet taste. 

· Examples of monosaccharides include glucose (dextrose), fructose, galactose, xylose and ribose. 

· Monosaccharides are the building blocks of disaccharides like sucrose (common sugar) and polysaccharides (such as cellulose and starch). 

· Further, each carbon atom that supports a hydroxyl group (except for the first and last) is chiral, giving rise to a number of isomeric forms all with the same chemical formula. 

· For instance, galactose and glucose are both aldohexoses, but they have different chemical and physical properties.

· With few exceptions (e.g., deoxyribose), monosaccharides have the chemical formula (CH2O)n + m with the chemical structure H(CHOH)n C=O(CHOH)m H. 

· If n or m is zero, it is an aldehyde and is termed an aldose, otherwise it is a ketone and is termed a ketose. 

· Monosaccharides contain either a ketone or aldehyde functional group, or hydroxyl groups on most or all of the non-carbonyl carbon atoms.

Cyclic structure of a monosaccharide
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Fig.1.1. Glucose cyclic structure

· Most monosaccharides form cyclic structures, which predominate in aqueous solution, by forming hemiacetals or hemiketals (depending on whether they are aldoses or ketoses) between an alcohol and the carbonyl group of the same sugar. 

· Glucose, for example, readily forms a hemiacetal linkage between its carbon-1 and the hydroxyl group of its carbon-5. 

· Since such a reaction introduces an additional stereogenic center, two anomers are formed (α-isomer and β-isomer) from each distinct straight-chain monosaccharide. 

· The interconversion between these two forms is called mutarotation
· A common way of representing the cyclic structure of monosaccharides is the Haworth projection.

· In Haworth projection, the α-isomer has the OH- of the anomeric carbon under the ring structure, and the β-isomer, has the OH- of the anomeric carbon on top of the ring structure. 

· Haworth projection is a common way of representing the cyclic structure of monosaccharides with a simple three-dimensional perspective.

· A Haworth projection has the following characteristics:

i) Carbon is the implicit type of atom. In the example in the structure below, the atoms numbered from 1 to 6 are all carbon atoms. 

ii) Carbon 1 is known as the anomeric carbon

iii) .Hydrogen atoms on carbon are implicit. In the example, atoms 1 to 6 have extra hydrogen atoms not depicted.

iv) A thicker line indicates atoms that are closer to the observer. In the example on the right, atoms 2 and 3 (and their corresponding OH groups) are the closest to the observer, atoms 1 and 4 are further from the observer and finally the remaining atoms (5, etc.) are the furthest.

Monosaccharide nomenclature
Monosaccharides are classified by the number of carbon atoms they contain:

· Triose, 3 carbon atoms

· Tetrose, 4 carbon atoms

· Pentose, 5 carbon atoms

· Hexose, 6 carbon atoms

· Heptose, 7 carbon atoms

· Octose, 8 carbon atoms

· Nonose, 9 carbon atoms

· Decose, 10 carbon atoms

Common monosaccharides
This is a list of some common monosaccharides, not all are found in nature - some have been synthesized:

· Trioses: 

· Aldotriose: glyceraldehyde

· Ketotriose: dihydroxyacetone

· Tetroses: 

· Aldotetrose: erythrose and threose

· Ketotetrose: erythrulose

· Pentoses: 

· Aldopentoses: arabinose, lyxose, ribose and xylose

· Ketopentoses: ribulose and xylulose

· Hexoses: 

· Aldohexoses: allose, altrose, galactose, glucose, gulose, idose, mannose and talose

· Ketohexoses: fructose, psicose, sorbose and tagatose

· Heptoses: 

· Keto-heptoses: mannoheptulose, sedoheptulose

· Octoses: octolose, 2-keto-3-deoxy-manno-octonate

· Nonoses: sialose

Classification of monosaccharides

· Chemically, carbohydrates are aldehyde or ketone derivatives of polyhydroxy alcohols

· The can be classified on the basis of their functional group (-CO-) as aldehyde or ketone (Fig1.2)
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Ketone (dihydroxyacetone)                Aldehyde (Glyceraldehyde)

Fig. 1.2. Showing a ketone (a) and an aldehyde (b)

(

b) Oligosaccharides/Disaccharides

· Also called double sugars because the comprise two monosaccharide sugars

· These are hydrolysable polymers of monosaccharides.

· This means that these sugars can be split using water to give monosaccharides, which form glycosidic bonds between them by condensation reaction. 

Structure of an Oligosaccharide
Figure 3 below shows the formation of a glycosidic bond between two alpha-glucopyranose sugars.

The resulting sugar is an oligosaccharide called maltose
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Fig. 1.3.  Formation of a maltose sugar  

Other Oligosaccharide sugars are :

· Cellobiose    which is formed from two beta glucopyranose sugar by beta bonds. Thes types of bonds are more difficult ro break than alpha bonds. Cellobiose is the smallest unit of cellulose,a structural compound that makes up the cell walls of plants.
· Sucrose---this double sugar is formed from alpha-glucopyranose and fructofuranose. The fructofuranose is a pentose ring derived from a hexose fructose sugar.
· Lactose ---Occurs in milk of mammals. It is formed from beta-galactose and alpha-glucose through beta-bonds.

Examples
· Fructo-oligosaccharides (FOS), which are found in many vegetables, consist of short chains of fructose molecules. 

· Galacto-oligosaccharides (GOS), which also occur naturally, consist of short chains of galactose molecules. 

· These compounds can be only partially digested by humans.

· Oligosaccharides are often found as a component of glycoproteins or glycolipids and as such are often used as chemical markers, often for cell recognition. 

· An example is ABO blood type specificity. 

· A and B blood types have two different oligosaccharide glycolipids embedded in the cell membranes of the red blood cells, AB-type blood has both, while O blood type has neither.

· Mannan-oligosaccharides (MOS) are widely used in animal feed to encourage gastrointestinal health and performance. 

· They are normally obtained from the yeast cell walls of Saccharomyces cerevisiae. 

Therapeutic effects of oligosaccharides
· When oligosaccharides are consumed, the undigested portion serves as food for the intestinal microflora. 

· Depending on the type of oligosaccharide, different bacterial groups are stimulated or suppressed.

· Clinical studies have shown that administering FOS, GOS, or inulin can increase the number of these friendly bacteria in the colon while simultaneously reducing the population of harmful bacteria.

· Other benefits noted with FOS, GOS, or inulin supplementation include increased production of beneficial short-chain fatty acids such as butyrate, increased absorption of calcium and magnesium, and improved elimination of toxic compounds.

Sources of oligosaccharides
· FOS and inulin are found naturally in, leeks, onions, and asparagus. 

· FOS products derived from chicory root contain significant quantities of inulin, a fiber widely distributed in fruits, vegetables and plants. 

· Inulin is a significant part of the daily diet of most of the world’s population. 

· FOS can also be synthesized by enzymes of the fungus Aspergillus niger acting on sucrose. 

· GOS is naturally found in soybeans and can be synthesized from lactose (milk sugar). FOS, GOS, and inulin are available as nutritional supplements in capsules, tablets, and as a powder.

(

c) Polysaccharides

· Polysaccharides are relatively complex carbohydrates. 

· They are polymers made up of many monosaccharides joined together by glycosidic bonds. 

· They are therefore very large, often branched, macromolecules. 

· They tend to be amorphous, insoluble in water, and have no sweet taste.

· When all the monosaccharides in a polysaccharide are the same type the polysaccharide is called a homopolysaccharides, but when more than one type of monosaccharide is present they are called heteropolysaccharides.

· Polysaccharides can be either storage or structural polysaccharides

a) Storage polysaccharides.
Starches –a mixture of amylose and amylopectin.  
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Fig.1.4. alpha 1,4-glycosidic bonds of amylose
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 Fig. 1.5. Cross-linked bonds of amylopectin   

· Amylose is a straight chain polysaccharide containing 100 to1000 glucose residues joined by  alpha 1,4 glycosidic bonds (Fig 4)
· Amylopectin is a branched chain polysaccharide. It has alpha-1,4 glycosidic bonds cross linked with alpha –1,6 glycosidic links (Fig 5)
· Glycogen –Also called animal starch. It is a highly branched polymer of glucose residues.

b) Structural polysaccharides
· Cellulose—Structural material of plants. Has high molecular weight. Consists of alpha-1,4-glucose links. 

· Chitin— Chemically and structural resembles cellulose. Contains acetyl-amino group(NH.OCCH3). chitin is the major component of exoskeleton of insects

· Insulin – A polymer of fructose which acts as a storage carbohydrate in some plants.

(

Exercise

During your laboratory session, carry out tests for monosaccharides, oligosaccharides and polysaccharides. Note the different tests which act as distinguishing tests for sugars.
(

Glycogen storage diseases

A number of diseases of glycogen metabolism have been identified

· Depending on enzyme deficiency, these diseases can manifest eother storage of excessive levels of glycogen or the synthesis of glycogen of abnormal structure, or both

· Characteristics are as summarized in the table below

Type

Name


Defective enzyme

Organ affected

I
von Gierke’s disease

Glucose 6-Pase

Liver & Kidney

II
Pompe’s disease

α-1,4-glucosidase

All organs

VI
Her’s disease


Phosphorylase


Liver






Phosphofructokinase

Muscle

(

Self Evaluation Activity 1.1  
1) Desscibe the relationship between polysaccharides, monosaccharides and oligosaccharides

2) How do oligosaccharides help in the human body?
Answers at End of Unit.   
(
Lipids


Introduction

· These are compounds of C,H,O but have lower proportion of O compared to carbohydrates.

· They do not dissolve in water but are highly soluble in organic solvents, such as alcohol and chloroform

Functions of lipids
· They act as fuel molecules

· They are highly concetrated energy stores
· They act as signal molecules (as hormones)

· They form components of membranes
· They provide thermal insulation
· They protect organs by coating them with fat

Composition of Lipids

· Lipids are compounds of glycerol and fatty acids.

· Glycerol-an alcohol (propantriol) as it has the –CH2OH group. It has a back bone of three C atoms each with a hydroxyl group

                                   CH2OH

                                   CHOH

                             CH2OH

· Fatty acids—contain the carboxyl group (-COOH)
· Different types of fatty acids occur due to ;

· Carbon chain length

· Presence of single or double bonds.

The basic formula for fatty acids is

                    

R (CH2)nCOOH         

 

Where R is an alkyl group, e.g. CH3
Example 1. Stearic acid has  R= CH3 and n = 16, thereforeits formula is 

                    

CH3(CH2)16COOH

· All the bonds in stearic acid have been used up. As such this fatty acids is said to be saturated and can not undergo addition reactions, but can undergo substitution reactions

Example 2 Linoleic acid – has 18 carbons in with the formula:

    


CH3CH2CH:CHCH2CH:CHCH2CH:CH(CH2)7COOH

· The acid has three C—C double bonds and therefore said to be unsaturated fatty acid. Such an acid can undergo both addition and substitution reactions.

The Lipid molecule
· Lipids are formed when the –OH group of the fatty acid reacts with the –H of glycerol by condensation 
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                                         CH2 OH                                        HO   CO(CH2)nR



                                                         CH2OCO(CH2)nR

                                                         CHOCO(CH2)nR                  LIPID +3H2O

                                                         CH2OCO(CH2)nR                 

Fig. 1.6. Formation of a lipid molecule

Types of Lipids

· There are six types of lipids. They are :

-Acyl glycerols

-Waxes 

      
     -Phosholipids

      
     -Sphingolipids

      
     -Glycolipids

       
     -Steroids

· A closer look closer each of these.

Acyl glycerols
· The most common acyl glycerol is triacyl glycerol, also called triglyceride.

· Diacyl and monoacyl glcerols are not common in nature.

· Triacyl glycerols exist in solid and liquid forms depending on nature of constituent fatty acids. Most plant triacyl glycerols are liquids at room temperature because they contain large proportion of unsaturated fatty acids, for example, Oleic, Linolenic acids.

 

Waxes

· Waxes serve as protective coatings on leaves and fruits others are secreted by insects, e.g. beeswax

· Waxes are a mixture of long chain alkanes (ranging from C25 to C35) and oxygenated derivatives, e.g. secondary alcohols and ketones

· Waxes are soluble in water and are saturated and are generally inert (unreactive).

· The important waxes are the esters of long-chain fatty acids and long-chain primary alcohols. Wax esters are important economically as they act as superior lubricants. The source of these waxes were sperm whales, but now they can be obtained from a plant called Jojoba (Simmondsia chinensis).

Phospholipids

· Lipids, which contain a phosphate group together with glycerol, fatty acids and a nitrogenous base. The phosphate and nitrogenous groups are strongly ionic, which makes them soluble in water. The hydrocarbon tails of fatty acids are non-polar and hence insoluble.

· This property makes phospholipids suited as major constituents of cell membranes.

Sphingolipids    

· Important group of compounds associated with animal nerve tissue membranes.

Glycolipids

· Amphipathic carbohydrates-glycelide derivatives without a phosphate group found primarily in membranes of chloroplasts

Steroids

· Steroids contain a central nucleus composed of 17 carbon atoms. Methyl groups are usually attached at positions 18 and 19, while side chains occupy position 17 of the steroid nucleus.

· The most common steroid in man is cholesterol, which is an important constituent of plasma membranes. It is a steroid alcohol (sterol) manufactured in the liver.

(

b) Lipids in Nutrition and Health

· Lipids play diverse and important roles in human nutrition and health. 

· Many lipids are absolutely essential for life; however, there is also considerable awareness that abnormal levels of certain lipids, particularly cholesterol (in hypercholesterolemia) and, more recently, fatty acids with trans fatty acids, are risk factors for heart disease amongst others. 

· We need fats in our bodies and certain types in our diet. 

· Animals in general use fat for energy storage because fat stores 9 KCal/g of energy. 

· Plants, which do not require energy for movement, can afford to store food for energy in a less compact but more easily accessible form, so they have evolved to use starch for energy storage. 

· Carbohydrates and proteins store only 4 KCal/g of energy, so fat stores over twice as much energy/gram as other sources of energy. 

· Furthermore, lipids can be stored in an anhydrous form whereas carbohydrates typically cannot, which means that anhydrous lipid stores about 6 times as much energy per weight as hydrated carbohydrates. 

· As an example, a typical 70 kg man would have to weigh approximately 125 kg if his energy stores were converted from triacylglycerol to glycogen.

 (

Self Evaluation Activity 1.2        
1) Look up in any dictionary to find the meaning of anyhydrous 

2) What is the difference between saturated and unsaturated fatty acids 

3) How do lipids and carbohydrates compare energy wise?

Answers at End of Unit

(
c) Amino acids and Proteins
Introduction
· An amino acid is a molecule that contains both amine and carboxyl functional groups. 

· In biochemistry, this term refers to alpha-amino acids with the general formula H2NCHRCOOH, where R is an organic substitute (Fig.7).

COOH

|

H-C-R

|

NH2
Fig.1.7. Generalized structure of an amino acid



Structure
· In the alpha amino acids, the amino and carboxylate groups are attached to the same carbon, which is called the α–carbon. 

· The various alpha amino acids differ in which side chain (R group) is attached to their alpha carbon. 

· They can vary in size from just a hydrogen atom as in glycine, through a methyl group as in alanine, to a large heterocyclic group as in tryptophan.

· The α–carbon is attached to 4 different groups  and is as such called chiral centre

· The α-C makes amino acids asymmetric; i.e. the amino acid can exist in two different structural forms, which are mirror images
· The chiral carbon also makes the amino acid optically active, i.e. it can rotate the of polarized light passing through it 
· This gives rise to two forms: D (+) (Dextrorotatory) and L (-) (Laevorotatory)

· The D (+) form rotates polarized light to the right and the L (-) form to the left
· These two forms are as such called optical isomers  or enantiomers
· All naturally occurring amino acids are L (-) forms.
· In books amino acids are written as if they are neutral
· In reality, amino acids carry positive charge (on the amino group) and negative charge (on the carboxylate group)

                                    H
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C             COO-



NH3+ 


Fig.1.8. Ionized amino acid

· The net charge of the ionized amino acid is zero at pH 7

· Such a molecule is called a zwitterion or dipolar ion
· When a zwitterions is in a basic solution it behaves like a base, and behaves as an acid in an acidic solution.
Amino acids and human health
· Some amino acids can't be created by organism from simpler compounds and must be taken with food, just like vitamins. 

· They are called exogenous or essential amino acids. 

· For humans these are: arginine, histidine, leucine, isoleucine, methionine, phenylalanine, threonine, tryptophan, valine.


(

Proteins



Introduction

· Proteins are very complex biochemical components of cells. 

· They are fundamental to both the structure and function of living material. Proteins are directly responsible for controlling the chemistry of the cell. 

· They exit in thousands of forms but the basic units of proteins are amino acids

Composition and Structure
· Proteins are long chain macromolecules of amino acids linked by peptide bonds through condensation reaction. 

· The chain is called a polypeptide chain. Figure below shows part of a polypeptide chain with 4 amino acid residues.
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Fig.1.9.  A tetrapeptide chain

Classification of proteins
· Proteins are classified according to three schemes; function, composition and shape.

a) Functional classification of proteins
· When proteins are classified with respect to function, we refer to catalytic proteins, storage proteins and transport proteins

· Proteins may also be classified according to their location or sets of reactions

· Such groups include

a) Blood proteins- which participate in clotting, transport and other reactions.

b) Membrane receptor proteins- which form specific binding sites

c) Digestive proteins-for catalyzing degradation of macromolecules

d) Electron transfer proteins- which participate in oxidation-reduction reactions

Functions of proteins are summarized in Table 1.

Table 1. Summary of protein functions

	Type
	Occurrence or function

	Catalytic

        -trypsin

        - DNA polymerase 
	-Hydrolyses peptide bonds

- DNA synthesis

	Regulatory (Hormones)

· Insulin

· Growth hormone
	-Glucose metabolism

- Bone growth

	Protective proteins

        - Antibodies   
	Combine with foreign proteins

	Storage

         - Casein
	Major protein in milk

	Transport proteins

         - Haemoglobin
	Oxygen transport

	Structural proteins

         -Collagen
	Fibrous connective tissue

	Contractile proteins

         -Myosin
	Thick muscle filaments

	Genetic function proteins

         -Histones
	Associate with DNA

	Toxic proteins

         - Cholera toxin
	Bacterial cholera causing cholera


b) Chemical composition classification of Proteins
· Proteins can either be simple proteins or conjugated proteins

· Simple proteins consist only a protein component (i.e. amino acid)

· Conjugated proteins contain additional component, which may be a metal (as iron in haemoglobin), an inorganic group (e.g phosphate in phosphoproteins), a low molecular weight organic compound (e.g. polysaccharide or nucleic acid)

· The tightly bound non protein components are called prosthetic group

c) Classification using Molecular shape
· Two large categories of proteins with respect to shape

· Globular proteins, which are roughly spherical and likened to a string twisted into a ball then rolled into a rope.

· They may consist of a single polypeptide chain (e.g. myoglobin) or several chains (e.g. haemoglobin)

· The globular proteins are usually water soluble 

· Fibrous proteins have elongated, cylindrical shapes.

· They can also consist of one or several polypeptide chains

· These are very stable and have structural roles, e.g. collagen

(
Write an essay on the relationship between amino acids and proteins  WITHOUT referring to reading exercise.
(

Protein denaturation
· Denaturation means change of the nature or form of an object

· protein denaturation it involves breaking of bonds resulting in unfolding of the molecule

· Denaturation may be reversible, where there can be a shift in the conformation of the protein but returns to its original biologically active form during renaturation

· Irreversible denaturation occurs when a protein never regains its original active form.

Causes of denaturation

· pH – a large shift may result in the breaking of ionic bonds in the protein molecule

· Temperature – high temperature may cause breakage of ionic and hydrogen bonds

· Inorganic chemicals – disrupt ionic bonds

· Physical stress – breaks bonds and protein loses its original form.

(

Proteins and Health
· Most microorganisms and plants can biosynthesize all 20 standard amino acids, while animals must obtain some of the amino acids from the diet.
· Key enzymes in the biosynthetic pathways that synthesize certain amino acids - such as aspartokinase, which catalyzes the first step in the synthesis of lysine, methionine, and threonine from aspartate - are not present in animals. 

· The amino acids that an organism cannot synthesize on its own are referred to as essential amino acids. 

· If amino acids are present in the environment, microorganisms can conserve energy by taking up the amino acids from their surroundings and down regulating their biosynthetic pathways.

· In animals, amino acids are obtained through the consumption of foods containing protein. 

· Ingested proteins are broken down through digestion, which typically involves denaturation of the protein through exposure to acid and hydrolysis by enzymes called proteases. 

· Some ingested amino acids are used for protein biosynthesis, while others are converted to glucose through gluconeogenesis, or fed into the citric acid cycle. 

· This use of protein as a fuel is particularly important under starvation conditions as it allows the body's own proteins to be used to support life, particularly those found in muscle. 

· Amino acids are also an important dietary source of nitrogen.

(

Self Evaluation Activity 1.3    
1)  what are the basic units of proteins

2) what is the difference bewteen a glycosidic bond and a peptide bond?

3) look up the meaning of the term “gluconeogenesis”

Answers at End of Unit
(

d) Nucleic acids


Introduction

· All living organisms contain nucleic acids

· Nucleic acids are like proteins in that they also form chains of smaller units

· However, nucleic acids have longer chains and their residues are more complex than of proteins

· There are two types of nucleic acids, called ribose nucleic acid (RNA), and deoxyribose nucleic acid (DNA).

· The study of DNA, RNA and protein synthesis is called molecular biology.

Structural components of nucleic acids
· DNA and RNA are polymers of a few types of building blocks called nucleotides
· Each nucleotide consists three parts- a sugar, a phosphate group, and a base (Fig.9).

· The sugar in RNA is a D-ribose and in DNA it is a D-2-deoxyribose (Fig.9)
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Fig.1.10. Components of nucleic acids; a) phosphoric acid, b) deoxyribose, c) ribose, and d) organic base (pyrimidine).

Purines and pyrimidines
· Organic bases in nucleic acids belong to two categories; purines and pyrimidines

· There are two major purines, adenine (A) and guanine (G)
· Pyrimidines include cytosine (C), thymine (T) and uracil (U).

· Adenine, guanine and cytosine occur in both RNA and DNA

· Uracil, is found only in RNA, and thymine occurs mainly in DNA

· Thus on the basis of overall composition RNA and DNA differ in two respects- the type of sugar and the presence of either uracil or thymine. 

Deoxyribose Nucleic Acid (DNA)

· DNA is the molecule of heredity.

· It is a very long, threadlike macromolecule made up of a large number of deoxyribonucleotides

· The purine and pyrimidine bases of DNA carry genetic information, whereas the sugar and phosphate groups perform a structural role

DNA structure
· DNA is made up of nucleotides, which may be bound as shown in Fig.10.
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Fig. 1.11. A phosphate, sugar and base linked forming a nucleotide 

· An oversimplified structure of DNA can be drawn using the following arrangement, which depicts what happens at cellular lever (Fig.5.6.)
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Fig. 1.12. Part of a DNA molecule

· From Fig., note that

a) The backbone is made up of P-S-P chains, while the bases are in between attached the sugars

b) There are four bases per DNA/RNA
· The DNA structure is in form of a double-helix

· The base pairs carry genetic information

· Pairing of bases is specific and is always as follows;

A----------------------T

T---------------------A

G--------------------C

C--------------------G

Fig. 1.13. Base pairs

(
NUCLEOTIDE AND PSEUDONUCLEOTIDE PHOSPHATES

· These include the following;

Adenosine triphosphate
ATP

Adenosine diphosphate
ADP

Adenosine monophosphate
AMP

Cystosine triphosphate
CTP

Guanine triphosphate

GTP

Uracil triphosphate

UTP

· All these are high energy molecules as they release a lot o energy upon hydrolysis

ATP   +   H2O                      ADP   +  Pi       ∆G0’ = -30.222 KJ/mole


· Energy from these molecules is used variously in;

a) biosynthesis – formation of new substances

b) mechanical movement

c) osmotic work – such as uptake of substances from regions of low solute concentration to high concentration

d) electrical work – as in electric fish

e) light production (bioluminescence) – as in the fireflies

Nicotinamide Nucleotides
· The act as co-enzymes by binding to the enzyme, and thus facilitate its functioning

· There are two major types;

Nicotinamide adenine dinucleotide   NAD

Nicotinamide adenine dinucleotide phosphate   NADH

(     Self Evaluation Activity 1.4
  
1) If your patient was indicating abnormal traits, what could be the possible cause?

2) What is the difference between DNA and RNA?

3) What are co-enzymes

Answers at End of Unit.


(

Unit Test       
1) Name the three major divisions of carbohydrates

2) How can you produce a simple sugar like glucose from a maltose?

3) What are the constituent molecules that make up lipids?

4) How is DNA important to living organisms?

5) Name two functions of pseudonucleotides in organisms?

Answers at End of this Unit.

Answers to Self Evation Activity 1.1
1) They are all carbohydrates and sources of enrgy

2) Oligosaccharides stimulate intestinal microflora in huma body

Answers to Self Evaluation Activity 1.2
1) Anhydrous means without water

2) Saturate fatty acids can only undergo substitution reactions while unsaturated fatty acids under go addition reaction

3) Lipids contain a lot more enrgy than cabohydrates
Answers to Self Evaluation Activity 1.3

1) Basic units of proteins are amino acids

2) Glycosidic bond is between carbohydrate residues while peptide bond is between amino acids

3) Gluconeogenesis is the formation of glucose from non-carbohydrates sources
Answers to Self Evaluation Activity 1.4

1) Genetic impairement

2) DNA is double-stranded while RNA is single stranded

3) Co-enzymes are factors that help in enzyme activity
Answers to Unit Test

1) Monosaccharides, Oligosaccharides and Polysaccharides

2) By hydrolysis reaction to split the maltose sugar

3) Fatty acids and glycerol

4) DNA is a molecule that carries information for the synthesis of protein hence genetic material
5) Light production (bioluminescence), biosynthesis, osmotic work.
Unit 2.  




Enzymes

Introduction

In unit 1 we looked at proteins as complex cell biochemical components fundamental to both structure and function of an organism.

In this unit we are going to look at proteins as enzymes or biological catalysts. Several aspects of enzymes will be discussed, ranging from their properties to function, i.e. we are going to learn Enzymology.

Learning Outcomes               

(

By the end of this unit, you should be able to:
· define and give an account of enzyme involvement in metabolic pathways

· describe the general properties of enzymes

· explain how enzymes work as biological catalysts

· relate how enzymes are classified

· describe enzyme kinetics

· describe how enzymes can be used in clinical diagnostics

(

Key Words  

Activator

Active site

Allosteric

Apoenzyme

Catalyst

Holoenzyme

Hydrophobic

Inhibitor

Metabolism
Metabolic regulation
Metabolic pathway

                       Substrate
(    The Enzymes
· Enzymes are biological catalysts, where a catalyst is a substance that assists, moderates and often accelerates chemical reactions, but it is not permanently changed in the reaction.

· Within cells the sum total of all chemical reactions are referred to as metabolisms.
· The substances taking part in metabolic reactions are called metabolites.
· Any reaction starts with a metabolite or reactant and ends with products

· This proceeds in a series of steps, each catalyzed by an enzyme

· The route taken by such a reaction is called a metabolic pathway.
General Properties of Enzymes

Enzymes have certain specific properties which suit them to their functions as biological catalysts. Some of these are:

· They are proteins- evidence is that preparations have shown constant ratio of enzyme activity to mass of protein from which they were extracted

· They increase rates of metabolic reactions- in 1974 there was shortage of sugar in USA, which is used extensively for sweetening. Glucose was available in abundance, but is not sweet. The enzyme glucose isomerase was used to convert glucose to fructose which is sweet

·  They function at much smaller concentration- hence do not alter equilibrium of reaction

·  They catalyze reactions at high rates in moderate conditions- e.g. temperature, pH, pressure

· They are specific in action- they act on only one type of substrate
· They show ability to couple reactions – reactions not energetically favoured can be coupled to energetically favoured reactions
· They are controlled in their action by substrate and product concentration

· They can be recycled

(

Enzyme Activity (Ea)

· The essential step in enzyme activity (Ea) is the binding of substrate to enzymes

· Binding is very specific accounting for:

        


i) catalytic efficiency


   


ii) substrate selectivity
· The efficiency of EA requires that activatin energy is lower than for the  corresponding  non-enzyme reaction (Fig. below)

· A catalyst forms a transition complex with lower Ea(cat) 

· Since an enzyme lowers the Ea for both the forward and reverse reactions, the velocity for both reactions is faster and equilibrium is achieved sooner
· Energy of activation is that amount of energy required to overcome for action t take place
( 

Reflection

If you have to roll a big stone downhill, you first must give it a push, then it will go downhill. Which is the activation energy in this example? What is the action? Who supplies the activation energy? What is the equivalent of an enzyme in this action?


(
Mechanisms of Enzyme  Action
· An enzyme has region on it called the actve site

· The precise shape of the active site allows specific portions of substrate to bind to it

· Enzyme catalyzed reactions priceed by

a) Binding of substrate to active site. This step requires energy.

b) Formation of an activated transition state complex, which has 

i) a very specific conformation   





ii) a very high energy state

· The high enery state of the activated transition state complex readily breaks down to products.

· This can be illustrated as follows:

   E   +   S                       ES          E    +  P



Where E = enzyme



 S = substrate

                        ES = enzyme-substrate complex



  P = product

Enzyme Classification

· Enzymes can be classified according to type of reaction they catalyze

· By this system of classification six groups of enzymes are recognized:
Lyases

These are enzymes that break bonds. The class includes those enzymes that catalyze reverse reactions by adding groups to double bonds or rings. Examples include aldolases, dehydratases and decarboxylases

Hydrolases

Enzymes that break bonds by adding watter (hydrolytic) to them. Examples include glycosidases, peptidases and esterases.

Isomerases

Catalyze by altering structure but not atomic cpmposition of substrate. Examples include racemases, epimerases, mutases and transferases.

Ligases

Also called synthetases. Enzymes couple the hydrolysis of a pyrophosphate in ATP to a second reaction in which two molecules are joined. A RNA ligase will form a new phosphodiester bond when it joins two RNA fragments

         


Oxidoreductases
Catalyze oxidation and reduction reactions in which one substance is oxidised, acting as a hydrogen donor, and another is reduced. Enzymes include dehydrogenases, oxidases, peroxidases and hydroxylases.

Transferases

Enzymes that transfer one-carbon groups (e.g. –CH3), aldehydic or ketonic groups, or amino groups, from one substrate to another. Example is transaminases.

(

Self Evaluation Activity 2.1    

1) What are enzymes?

2) List the properties of enzymes
3) What do the following acronyms stand for in enzymology

 


-EA




-ES




-E ?

4) What is energy of activation?
Answers at End of Unit.

(
Factors Affecting Enzyme   Activity
· Several external factors affect rate of enzyme activity either positively by increasing enzyme action, or negatively by inhibiting enzymes

· Some of these external factors are

i) temperature

ii) activators

iii) pH

iv) inhibitors
Temperature

· Temperature can result in denaturation of enzymes, or an increase in enzyme activity due to input of kinetic nergy

pH

· Changes in pH can result in breaking of weak bonds in the enzyme resulting in denaturation.
· pH can also have a direct effect on catalytic residues (e.g. amino and carboxyl) on active site resulting in a change of conformation of the active site.
Activators

· Stimulate enzyme activity

Inhibitors

· Generally decrease reaction rates of enzymes

· However, they are important because

i) they serve as control mechanisms for enzyme catalyzed reactions

ii) they assist in development of drugs (most drugs, antibiotics, toxins and antimetabolites ar inhibitors).

· Inhibitors work by binding to enzymes to form enzyme-inhibitor complex.

(

Inhibition

· There are two major types of inhibition

1) Irreversible inhibition – which involves destruction or covalent modification of one or more functional groups (active sites)

· Some irreversible inhibitors bind away from the active site of the enzyme.

· Such inhibitors can be released by dilution or dialysis

2) Reversible inhibition – these have a transient association with enzymes. This involves formation of an equilibrium between the enzyme and inhibitor, with   dissociation constant (Ki) being a measure of inhibitor affinity for enzyme.


[image: image4.png]



There are three types of reversible inhibition;

1) Competitive inhibition

                   -Inhibitor resembles the substrate and thus inhibitor competes with

                         it for binding to active site of enzyme

                         -ES and EI complexes are formed but EIS complexes are never 



         formed

                         -A competitive inhibitor at a fixed concentration can be overcome by

                            increased substrate concentration


        -Competitive inhibitors are usually structural analogues of

                             substrates, e.g.







COO-
CH2
CH2






COO-
a)







COO-

CH2 






b)





COO-

Substrate succinate and b) inhibitor malonate



-Inhibited enzyme is succinate dehydrogenase

2) Non-competitive inhibition

· Inhibitor binds on a separate part of the enzyme

· Therefore inhibitor can bind to enzyme or ES complex

· Substrate can also bind to EI complex to form EIS.

3) Un-competitive inhibition

· Inhibitor combines only with ES complex and not free enzymes

· The substrate is more tightly bound to enzyme in the presence of inhibitor

(

Substrate Inhibition
· In some systems, as substrate concentration [S] increases, reaction rate at first increases then decreases by substrate inhibition
· Usually substrate inhibition is caused by substrate binding on enzyme at a site that is not an active site

· This site is called allosteric site or regulatory site

· Substrate inhibition is an example of homotropic negative cooperativity.
(
Allosteric Proteins and Enzymes
· These are proteins or enzymes which change their conformation and reactivity upon binding of regulatory compounds at allosteric site

· The allosteric site is distant and distinct from the active site

· Enzymes with allosteric sites are referred to as allosteric enzymes, and are said to be oligomeric since they have more thanone binding site.

(

Enzymes and Medicines
· Enzymes are essential to living organisms, and a malfunction of even a single enzyme can lead to severe or lethal sickness. 
· An example for a sickness caused by an enzyme malfunction in humans is phenylketonuria, which is a human genetic disease found in about 1 in 100 000 births, and is caused by a faulty gene for the enzyme phenylalanine hydroxylase (PAH). 
· The enzyme phenylalanine hydroxylase that usually catalyzes the essential amino acid phenylalanine into tyrosine does not work, resulting in a buildup of phenylalanine that leads to mental retardation. 
· Enzymes in the human body can also be influenced by inhibitors in either good or bad ways. 
· Aspirin, for example, inhibits an enzyme that produces prostaglandins (inflammation messengers), thus suppressing pain. 
· Carbon monoxide (CO) is a competitive inhibitor for oxygen (O2) when binding to haemoglobin. 
· Carbon monoxide has a 230-270 x affinity for haemoglobin than oxygen and therefore displaces oxygen. 
· Enzymes are also used in everyday products such as biological washing detergents
(
Methods of Studying Enzymes
· Enzyme assays are laboratory methods for measuring enzymatic activity. 
· They are vital for the study of enzyme kinetics and enzyme inhibition
· All enzyme assays measure either the consumption of substrate or production of product over time. 

· A large number of different methods of measuring the concentrations of substrates and products exist and many enzymes can be assayed in several different ways. 

(

Self Evaluation Activity 2.2          

1) What is the difference between an inhibitor and an activator

2) Name an inhibitor that is commonly consumed by humans

3) What is the result of a malfunctioning of the enzyme phenylalanine hydroxylase?

(

Unit Test





i) What are enzymes?

ii) What are enzyme assays?
iii) How are enzymes important in medicines?
iv) What is the difference between an allosteric site and an active site?
v) What is the difference between competitive and uncompetitive inhibition?


Answers to the unit test are at the end of this unit.
Answers to Self Evaluation Activity 2.1

1) Enzymes are organic catalysts which speed up rates of biochemical reactions in cells

2) They are proteins, sensitive to ph, sensitive to temperature, specific in action.

3) EA  = energy of activation

ES  = Enzyme substrate
E  = Enzyme

4) Energy of activation is the energy required to ignite a reaction
Answers to Self Evaluation Activity 2.2

1) An inhibitor slows or stops reaction while an activator promotes reaction 

2) Aspirin

3) Results a condition called phenylketonuria 

4) Allosteric site binds co-enzyme or co-factor while active site binds substrate

5) Competitive inhibition inhibitor competes with substrate for binding site, un-competitive inhibition inhibitor binds to ES complex
Answers to Unit Test

1) Enzymes are organic catalysts which speed rates of reactions in cells

2) These are experiments carried out in laboratories to asses enzyme properties

3) Enzymes are used in many medicines where they can be inhibited to cure a condition

4) Allosteric site binds a cofactor while active site binds substrate

5) Competitive inhibition inhibitors and enzyme compete for same binding site, while not in umcompetitive inhibition
Unit 3   

 Co-enzymes and Vitamins

Introduction 

In unit 2 we discussed enzymes and there functioning. We looked at several characteristics of enzymes and how enzyme activity is affected by external factors.

In this unit we are going to discuss co-enzymes and vitamins both of which are very essential to the functioning of enzymes.

Learning Outcomes    

(


By the end of this unit, you should be able to:

· Define a coenzyme

· Discuss the functions of coenzymes and vitamins

· Cite examples of coenzymes and vitamisns that take part in metabolic pathways
(

Key Words  
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(

Co-enzymes

· The term co-enzymes is commonly used loosely, and coenzymes can also be defined as organic, non-protein cofactors. 

· Co-enzymes are also sometimes referred to as co-substrates, but this usage is unusual 
· Co-enzymes are small organic non-protein molecules that carry chemical groups between enzymes. 

· They are substrates for enzymes and do not usually form a permanent part of the enzymes' structures. 

· This distinguishes coenzymes from cofactors, which are non-protein components that are bound to enzymes - such as iron-sulfur centers, flavin or haem groups.

· In metabolism, coenzymes are involved in both group-transfer reactions, for example coenzyme A and adenosine triphosphate, and redox reactions, for example coenzyme Q10 and nicotinamide adenine dinucleotide
· These molecules are often vitamins or are made from vitamins.

(

Co-enzymes as Metabolic Intermediates
· Co-enzymes are consumed in the reactions in which they are substrates, for example: the coenzyme NADH is converted to NAD+ by oxidoreductases. 

· Coenzymes are however regenerated and their concentration maintained at a steady level in the cell.

· A special subset of coenzymes is prosthetic groups. 

· These have more in common with cofactors since they are tightly bound to enzymes and are not released as part of the reaction. 

· Prosthetic groups include molybdopterin, lipoamide and biotin.

· Metabolism involves a vast array of chemical reactions, but most fall under a few basic types of reactions that involve the transfer of functional groups. 

· This common chemistry allows cells to use a small set of metabolic intermediates to carry chemical groups between different reactions. 

· These group-transfer intermediates are the coenzymes.

· Each class of group-transfer reaction is carried out by a particular coenzyme, which is the substrate for a set of enzymes that produce it, and a set of enzymes that consume it. 

· An example of this are the dehydrogenases that use nicotinamide adenine dinucleotide (NADH) as a cofactor. 

· Here, hundreds of separate types of enzymes remove electrons from their substrates and reduce NADH and this reduced coenzyme is then a substrate for any of the reductases in the cell that need to reduce their substrates.

(

Types of Coenzymes
· Many coenzymes are phosphorylated water-soluble vitamins. 

· Coenzymes are also commonly made from nucleotides such as adenosine triphosphate, the biochemical carrier of phosphate groups, or coenzyme A, the coenzyme that carries acyl groups.

· Vitamin and nucleotide derivatives;
i) Ascorbic acid (Vitamin C)

ii) Coenzyme A - Contains pantothenic acid (Vitamin B5) and ATP

iii) Coenzyme B12
iv) Riboflavin (B2) - FAD and FMN
v) Thiamine pyrophosphate (B1)

vi) NAD and NADP - Contain both a nucleotide and a Niacin (vitaimin B3) moiety.

vii) Folic acid
(

Coenzymes and Health

· In this section we are going to discuss one example of coenzymes and its action.
· Coenzyme Q10 (also known as ubiquinone, ubidecarenone, coenzyme Q and abbreviated at times to CoQ10,CoQ, Q10 or Q) is a benzoquinone, where the "Q" and the "10" in the name refer to the quinone chemical group and the 10 isoprenyl chemical subunits, respectively.

· This vitamin-like substance is, by nature, present in all human cells and responsible for the production of the body’s own energy. 

· In each human cell food energy is converted into energy for our body in the mitochondria with the aid of CoQ10. 

· 95% of all our body’s energy requirements (ATP) is converted with the aid of CoQ10. 
· Therefore those organs with the highest energy requirements – such as the heart, the lungs and the liver – have the highest CoQ10 concentrations.

· Apart from being a cofactor in the mitochondrial electron transport chain, CoQ10 in its reduced form (ubiquinol or CoQ10 H2) serves as an important antioxidant in both mitochondria and lipid membranes, where it protects our cells in their battle against the destructive effects of free radicals. 

· In human LDL (low density lipoprotein) affords protection against the oxidative modifications of LDL themselves, thus lowering their atherogenic potency. 
· CoQ10 is essential in vitamin E regeneration. 

· Ubiquinol inhibits protein and lipid oxidation in cell membranes, and helps to minimize oxidative injury to DNA.
· CoQ10 is an integral part of the respiratory chain and thereby located exactly where the free radicals are generated, in the mitochondria. 

· These endogeneously produced free radicals are considered as an import factor of the aging process.

(

Supplementation of Co-enzymes

· Because of its ability to transfer electrons and therefore act as an antioxidant, Coenzyme Q is also used as a dietary supplement. 
· Young people are able to make Q10 from the lower numbered ubiquinones such as Q6 or Q8. 
· The sick and elderly may not be able to make enough, thus Q10 becomes a vitamin later in life and in illness.
(

Mitochodrial disorders
· Supplementation of Coenzyme Q10 is a treatment for some of the very rare and serious mitochondrial disorders and other metabolic disorders, where patients are not capable of producing enough coenzyme Q10 because of their disorder. 

· Coenzyme Q10 is then prescribed by a medical doctor.
(

Migraine headaches
· Supplementation of Coenzyme Q10 has been found to have a beneficial effect on the condition of some sufferers of migraine headaches. 

· So far three studies have been done, of which two were small, did not have a placebo group, were not randomized and were open label (a type of clinical trial in which both the researchers and participants know which treatment is being administered) and one was a double-blind, randomized, placebo-controlled trial which found statistically significant results despite its small sample size of 42 patients.

(

Cancer
· It is also being investigated as a treatment for cancer, and as relief from cancer treatment side effects.

(
Brain Health and Neurodegenerative  Diseases
· Recent studies have shown that the antioxidant properties of Coenzyme Q10 benefit the body and the brain in animal models. 

· Some of these studies indicate that Coenzyme Q10 protects the brain from neurodegenerative disease such as Parkinson's, although it does not relieve the symptoms.

(

Cardiac arrest
· Another recent study shows a survival benefit after cardiac arrest if coenzyme Q10 is administered in addition to commencing active cooling (to 32–34 degrees Celsius).

(

Blood pressure
· There are several reports concerning the effect of CoQ10 on blood pressure in human studies.
· In a recent meta-analysis of the clinical trials of CoQ10 for hypertension a research group reviewed all published trials of Coenzyme Q10 for hypertension, assessed overall efficacy and consistency of therapeutic action and side effect incidence. 

· Meta-analysis was performed in 12 clinical trials (362 patients) comprising three randomized controlled trials, one crossover study and eight open label studies. 

· The research group concluded that coenzyme Q10 has the potential in hypertensive patients to lower systolic blood pressure by up to 17 mm Hg and diastolic blood pressure by up to 10 mm Hg without significant side effects.

(


Reflection

The various ways coenzymes affect human health and how they can be harnessed in curative practices

(

Vitamins
· A vitamin is an organic compound required in tiny amounts for essential metabolic reactions in a living organism. 

· The term vitamin does not include other essential nutrients such as dietary minerals, essential fatty acids, or essential amino acids, nor does it encompass the large number of other nutrients that promote health but that are not essential for life.

· Vitamins are bio-molecules that act as catalysts and substrates in chemical reactions. 

· When acting as a catalyst, vitamins are bound to enzymes and are called cofactors. 

· For example, vitamin K is part of the proteases involved in blood clotting
· . Vitamins also act as coenzymes to carry chemical groups between enzymes. 

· For example, folic acid carries various forms of carbon group – methyl, formyl and methylene - in the cell.

· Until the 1900s, vitamins were obtained solely through food intake, and changes in diet (which, for example, could occur during a particular growing season) can alter the types and amounts of vitamins ingested. 

· Vitamins have been produced as commodity chemicals and made widely available as inexpensive pills for several decades, allowing supplementation of the dietary intake.

(

Classification of Vitamins 

· The value of eating certain foods to maintain health was recognized long before vitamins were identified. 
· Vitamins are classified as either water-soluble, meaning that they dissolve easily in water or fat-soluble vitamins, which are absorbed through the intestinal tract with the help of lipids (fats). 

· In general, water-soluble vitamins are readily excreted from the body. 

· Each vitamin is typically used in multiple reactions and, therefore, most have multiple functions.

· In humans there are 13 vitamins: 4 fat-soluble (A, D, E and K) and 9 water-soluble (8 B vitamins and vitamin C).

· The table below shows all the water-soluble vitamins

	Common food sources
	Major functions
	Deficiency symptoms
	Overconsumption symptoms
	Stability in foods

	Vitamin C (abscorbic acid)

	Citrus fruits, strawberries, melon, green pepper, tomatoes, dark green vegetables, potatoes.
	Formation of collagen (a component of tissues), wound healing; maintaining blood vessels, bones, teeth; absorption of iron, calcium, folacin; production of brain hormones, immune factors; antioxidant.
	Bleeding gums; wounds don't heal; bruise easily; dry, rough skin; scurvy; sore joints and bones; increased infections.
	Nontoxic under normal conditions; rebound scurvy when high doses discontinued; diarrhea, bloating, cramps; increased incidence of kidney stones.
	Most unstable under heat, drying, storage; very soluble in water, leaches out of some vegetables during cooking; alkalinity (baking soda) destroys vitamin C.

	Thiamin (vitamin B1 )

	Pork, liver, whole grains, peas, meat, legumes.
	Helps release energy from foods; promotes normal appetite; important in function of nervous system.
	Mental confusion; muscle weakness, wasting; edema; impaired growth; beriberi.
	None known.
	Losses depend on cooking method

	Riboflavin (vitamin B2)

	Liver, milk, dark green vegetables,  eggs.
	Helps release energy from foods; promotes good vision, healthy skin.
	Cracks at corners of mouth; dermatitis around nose and lips; eyes sensitive to light.
	None known.
	Sensitive to light; unstable in alkaline solutions.

	Niacin (nicotinamide, nicotinic acid) 

	Liver, fish, poultry, meat, peanuts, whole and enriched grain products.
	Energy production from foods; aids digestion, promotes normal appetite; promotes healthy skin, nerves.
	Skin disorders; diarrhea; weakness; mental confusion; irritability.
	Abnormal liver function; cramps; nausea; irritability.
	 

	Vitamin B6 (pyridoxine, pyridoxal, pyridoxamine)

	Pork, meats, legumes, green, leafy vegetables.
	Aids in protein metabolism, absorption; aids in red blood cell formation; helps body use fats.
	Skin disorders, dermatitis, cracks at corners of mouth; 
	None known.
	Considerable losses during cooking.

	Folacin (folic acid)

	Liver, kidney, dark green leafy vegetables, meats, fish, 
	Aids in protein metabolism; promotes red blood cell formation; 
	Anemia; smooth tongue; diarrhea.
	May mask vitamin B12 deficiency (pernicious anemia).
	Easily destroyed by storing, cooking and other processing. 

	Vitamin B12 

	Found only in animal foods: meats, liver, kidney, fish, eggs, milk and milk products,
	Aids in building of genetic material; aids in development of normal red blood cells; maintenance of nervous system.
	Pernicious anemia, anemia; neurological disorders.
	None known.
	 

	Pantothenic acid

	Liver, kidney, meats, egg yolk, whole grains, legumes; also made by intestinal bacteria.
	Involved in energy production; aids in formation of hormones.
	Uncommon due to availability in most foods; fatigue; nausea, abdominal cramps
	None known.
	About half of pantothenic acid is lost in the milling of grains and heavily refined foods.

	Biotin

	Liver, kidney, egg yolk, milk, most fresh vegetables, also made by intestinal bacteria.
	Helps release energy from carbohydrates; aids in fat synthesis.
	Uncommon under normal circumstances; fatigue; loss of appetite, nausea, vomiting; depression; muscle pains; anemia.
	None known.
	 


(

Vitamins in Nutritional Disorders

· Vitamins are essential for the normal growth and development of a multicellular organism. 

· Using the genetic blueprint inherited from its parents, a foetus begins to develop, at the moment of conception, from the nutrients it absorbs. 

· It requires certain vitamins and minerals to be present at certain times. 

· These nutrients facilitate the chemical reactions that produce among other things, skin, bone, and muscle. 

· If there is serious deficiency in one or more of these nutrients, a child may develop a deficiency disease. 

· Even minor deficiencies may cause permanent damage.

· For the most part, vitamins are obtained with food, but a few are obtained by other means. 

· For example, microorganisms in the intestine—commonly known as "gut flora"—produce vitamin K and biotin, while one form of vitamin D is synthesized in the skin with the help of natural ultraviolet in sunlight. 

· Humans can produce some vitamins from precursors they consume. 

· Examples include vitamin A, produced from beta carotene, and niacin, from the amino acid tryptophan.

· Once growth and development are completed, vitamins remain essential nutrients for the healthy maintenance of the cells, tissues, and organs that make up a multicellular organism; they also enable a multicellular life form to efficiently use chemical energy provided by food it eats, and to help process the proteins, carbohydrates, and fats required for respiration.

(

Vitamin Deficiencies
· Deficiencies of vitamins are classified as either primary or secondary. 

· A primary deficiency occurs when an organism does not get enough of the vitamin in its food. 

· A secondary deficiency may be due to an underlying disorder that prevents or limits the absorption or use of the vitamin, due to a “lifestyle factor”, such as smoking, excessive alcohol consumption, or the use of medications that interfere with the absorption or use of the vitamin. 

· People who eat a varied diet are unlikely to develop a severe primary vitamin deficiency. 

· In contrast, restrictive diets have the potential to cause prolonged vitamin deficits, which may result in often painful and potentially deadly diseases.

· Because human bodies do not store most vitamins, humans must consume them regularly to avoid deficiency. 

· Human bodily stores for different vitamins vary widely; vitamins A, D, and B12 are stored in significant amounts in the human body, mainly in the liver, and an adult human's diet may be deficient in vitamins A and B12 for many months before developing a deficiency condition. 

· Vitamin B3 is not stored in the human body in significant amounts, so stores may only last a couple of weeks.

· Well-known human vitamin deficiencies involve thiamine (beriberi), niacin (pellagra), vitamin C (scurvy) and vitamin D (rickets). 

· In much of the developed world, such deficiencies are rare; this is due to (1) an adequate supply of food; and (2) the addition of vitamins and minerals to common foods, often called fortification.

(

Side Effects and Overdose
· In large doses, some vitamins have documented side effects that tend to be more severe with a larger dosage. 

· The likelihood of consuming too much of any vitamin from food is remote, but over dosing from vitamin supplementation does occur. 

· At high enough dosages some vitamins cause side effects such as nausea, diarrhea, and vomiting. 

· When side effects emerge, recovery is often accomplished by reducing the dosage. 

· The concentrations of vitamins an individual can tolerate vary widely, and appear to be related to age and state of health.. 

(   

Self Evaluation Activity 3.1.
 



1) What is the similarity between vitamins and coenzymes
2) What are water soluble vitamins?
3) What are some symptoms of overdose of vitamins?

(


Unit Test         

i) Briefly describe the functioning of the coenzyme CoQ10
ii) What is an open label analysis?

iii) Describe the difference between fat soluble and water soluble vitamins

iv) How does Q10 help in hypertensive patients with blood pressure by up?

v) Describe two major sources of vitamins.

Answers a End of Unit

Answers to Self Evaluation Activity 3.1

1) the both aid in enzyme activity

2) these are vitamins which dissolve in wwater

3) Nausea, vomiting and diarrhoea

Answers to End of Unit Test

1) In human cells food energy is converted into energy for the body in the mitochondria with the aid of CoQ10. 95% of all our body’s energy requirements (ATP) is converted with the aid of CoQ10.

2) It is a statistical method which reveals what the subjects are testing/evaluating

3) Fat soluble vitamins dissolve in fat and can be stored by the body, water soluble vitamins dissolve in water and have to be taken in diet every time

4) Q10 lowers systolic blood pressure by up to 17 mm Hg and diastolic blood pressure by up to 10 mm Hg without significant side effects

5) Vitamins can be obtained from food or gut bacterial flora
Unit 4  

Integration and Modulation of Metabolic Pathways
Introduction
Metabolic pathways are reactions that involve several enzymes working in concert to achieve a desired result, such as generation of energy. Metabolic pathways may be catabolic (breakdown), such as respiration or anabolic (build), such as photosynthesis.

In this chapter, we are going to look at the respiratory metabolic pathway and how energy is generated for other metabolic processes.

Learning Outcomes       
(
 


By the end of this unit, you should be able to:

· State why metabolic regulation is vital in the life of living organisms

· Define respiration

· Give a detailed account of the glycolytic pathway of respiration

· Describe the tricaboxylic acid cycle

· Give an account of the energy budget in respitration

(
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(
What is Metabolic Regulation?

· Growth and maintenance of a cell requires a highly integrated coordination of anabolic and catabolic processes 

· All body processes have to be regulated smoothly to maintain an internal steady state (homeostasis)  

· This is in order to avoid excesses or deficiencies 

· Since the metabolic pathway is enzyme catalysed, the control of enzyme catalysis becomes an essential feature in metabolic regulation.

· Various mechanisms for metabolic regulation have been identified:
i) Enzyme compartimentation – eukaryotic cells have membrane bound organelles in which metabolic processes occur. Compartments concentrate enzymes, coenzymes and substrates. Compartimentation also occurs spatially, e.g. glycolysis takes place in cytoplasm while the TCA in mitochondria.

ii) Substrate cycles-many metabolic reactions are reversible and catalyzed by single enzyme. Some reversible reactions are however catalyzed by two different reactions; one catalyzing the forward reaction the other the reverse reaction. These are also referred to as opposing unidirectional reactions.

iii) Alternate Catabolic and Anabolic Pathways- some metabolic routes tend to have thermodynamic difficulties and a high input of energy may be required for the reverse reaction. In such cases anabolic and catabolic routes are organized variously, e.g.

              Catabolic route
Triose phosphate   ↔  Phosphoenol pyruvate                      Pyruvate

                                                                  Anabolic route








Oxaloacetate

In the reaction (1) both the anabolic and catabolic reactions use the same pathway. However, the anabolic route from pyruvate to phosphoenol pyruvate utilizes a different pathway through oxaloacetate.

(

Self Evaluation Activity 4.1. 

1) Why is metabolic regulation an essential feature of cell metabolism?

2) How does enzyme compartimentation regulate enzyme activity?

Answers at End of Unit

(

Metabolic pathways

Introduction

In this section of the unit, we are going to discuss the metabolic pathway in respiration which results in energy yield required for cellular activities.

Respiration
· Respiration is an oxidative process in which organic foods are broken down to release energy for cellular activities.

· Thus respiration is a fundamental process without which no metabolic process can proceed

· The immediately available organic foods required in the respiratory pathway are carbohydrates such as glycogen or starch

· In animals, glycogen is found in most tissues, but about two-thirds occurs in skeletal muscles, and the remainder is found in the liver where it serves to regulate blood glucose level.

· The respiratory pathway occurs in three distinct stages, which differ in energy yield and locality of occurrence. 

· The stages of the respiratory pathway are glycolysis, the tricaboxylic acid cycle and the mitochondrial electron transport chain.

· We now consider each one of these in turn:

(

The Glycolytic Pathway 
· This is the initial phase of respiration, which takes place in the cytoplasm

· This pathway involves a sequence of reactions by which a glucose molecule is degraded anaerobically to yield two molecules of lactic acid.

·  Ten enzyme-catalysed reactions are involved in the conversion of glucose to lactic acid (Fig. 4.1)

· The first four reactions are a preparatory phase in which glucose is phosphorylated and converted to glyceraldhyde-3-phosphate (G3P)

· This phase requires in put of energy, which is recovered in the subsequent stages.

· The phases of the glycolytic pathway are summarized in Fig below 

  ATP                                     ADP

                               E1                                    (6)                              E2 

α-D-Glucose                                        Glucose-6-Phosphate                                     Fructose-6-Phosphate(6)                                         

            (6)             Hexokinase                                                  Phophoglucoisomerase

                                                                                                                                                                   ATP

                                                                                               Phophofructokinase                           E3

                                  







                   ADP








                             Fructose 1,6-Bisphosphate

Fig.4.1. 1st Phase of Glycolysis

                                                Fructose 1,6-Bisphophate (6)


                                                            aldolase

                                                            E4

Glyceradehyde 3-phosphate (3)                                                              Dihydroxyacetone phosphate (3)

                                               Triose phosphate isomerase

                                                               E5

NAD+

P2-
         E6                 Glceraldehyde 3-phoshate dehydrogenase
NADH+H+               

                                    ADP                   ATP

                                                     E7                                                  E8

1,3- Bisphosphoglycerate                                    3-Phosphoglycerate                2-Phosphoglycerate

    (3)                                                                            (3)                                            (3)

                                           Phosphoglycerate kinase                    Phosphoglycero mutase

Fig.4.2. The second phase of Glycolysis with energy yield

                                                           H20                          ADP                   ATP

                                            E9                                                  E10

2-Phosphoglycerate (3)                             Phospoenolpyruvate                           Pyruvate (3)

                                    enolase                                                 Pyruvate kinase

                                                                                                                                          NADH+H+

                                                                                                CO2                       -O2
                                                                         NADH+H+                                                                                                                  





     NAD+                        +O2                  
Lactic acid (3)

                                               Acetyl-CoA (in mitochondria)

Fig.4.3. The third and final stage of glycolysis with energy yields

· This phase marks the end of the glycolytic pathway and the beginning of the TCA cycle whose substrate molecule is Acetyl-CoA. 
· The enzymes catalyzing this process are located in the mitochondria
· The process utilizes the acetyl-CoA produced in the first phase

· The acetyl-CoA is oxidized completely to CO2 and H2O

(


Reflection

Reflect on how much energy is produced and how much is used in the glycolytic pathway.
(




The Tricarboxylic Acid Cycle 
· The first reaction in the TCA cycle involves the synthesis of citric acid from acetyl and oxaloacetate (Fig.4.4.).

· At step (4) isocitrate undergoes oxidative decarboxylation to produce α-ketoglutarate in which NAD+ is reduced to NADH, and by oxidative phosphorylation this step releases 3 ATPs from NAD+
· α-ketoglutarate then undergoes further oxidative decarboxylation to produce succinyl CoA, and NAD+ is reduced to NADH yielding 3 ATPs

· the next step involves formation of a high energy phosphate structure called guanine triphosphate (GTP) and succinate

· The formation of GTP is substrate level phosphorylation and yields 1 ATP

· Succinate is then oxidized to fumarate  by the enzyme succinate dehydrogenase-FAD+ located on the inner membrane of the mitochondria, and thus yields 2 molecules of ATP

· Fumarate is then hydrated to form malate, which is oxidized to oxaloacetate by NAD+ and yields 3 ATP molecules
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Fig. 4.4. The TCA cycle

(
The Mitochondrion Electron Transport Chain and Oxidative Phosphorylation

· This is the third and last phase of the respiratory pathway

· The processes take place in the inner membrane of the mitochondrion
· A chain of enzymes arranged in several complexes specialized to carry out electron transfer from reduced coenzymes to oxygen

· At each electron transfer, a drop in free energy (ΔG is negative) occurs

· In all aerobic organisms, the ultimate oxidant is oxygen

· In the case of NADH, the overall reaction is

NADH  +   H+     +       ½O2                  NAD+  +  H2O

· The generation of NADH and FADH2 by the TCA cycle is a necessary prelude for the electron transport in aerobic synthesis of ATP from glucose

· The reoxidation of these reduced coenzymes initiates electron transport

· This transport system results in the release of a large amount of energy by oxidative phosphorylation
· The sequence of reactions that transfer electrons to the terminal acceptor O2 is summarized in Fig.5.3.

· Note that two electrons  (2H+) of NADH enter the transport chain by transfer to the FMN moiety of NADH dehydrogenase, and two FADH2 enter at a subsequent site by transfer to CoQ.

H+


       2H+                                              2H+
NAD+ 

FMNH2         Fe3+       CoQH2         Fe2+          Fe3+                   H2O

Pyridine

NADH

Dehydrogenase         dehydrogenase                          ubiquitone      cytb           cyta




NADH

FMN             Fe2+        CoQ               Fe3+         Fe2+                  ½O2
ADP + P                       ATP           ADP + P                 ATP           ADP + P         ATP

Fig.4.5 The electron transport chain

(

Self Evaluation Activity 4.2   



1) What is metabolic regulation



2) Define cell respiration in detail



3) Name the three phases of glycolysis



4) Where in cells do the following processes take place  




i) mitochondrial electron transport chain




ii) glycolysis




iii) TCA cycle?

Answers at the End of Unit

Answers to Self Evaluation Activity 4.1

4) Metabolic regulation is essential because it helps to maintain balance of activities in cells

5) Enzymes for a particular biochemical pathway are restricted to a particular region of the cell and do not mix and thus cause confusion


Answers to Self Evaluation Activity 4.2

1) Metabolic regulation is the control of metabolic activities in cells

2) Cell respiration is the oxidation of organic molecules to release energy in cells

3) Glycolysis, TCA and ETC

4) i) Mitochondrial E T C   in Inner membrane of mitochondria 

ii) Glycolysis in cytoplasm




iii) TCA in outer membrane of mitochondria
Unit 5   

     

Energy in Nutrition



Introduction

In unit 4 we discussed how energy is generated in cells. The energy is used in various metabolic processes like growth, tissue repair, movement, etc. We also learnt that the primary source of energy is food (glucose sugar Hexose).

In this unit, we are going to discuss carbohydrates and protein metabolism in energy generation and nutritional disorders that may arise during starvation.



Learning Outcomes      

(


By the end of this unit, you should be able to

· Describe energy stores in the human body

· Discuss the biochemistry of starvation

· Describe the balance of carbohydrates, lipids and protein in the human body

· Discuss some nutritional disorders due to inadequate intake of carbohydrates, lipids and proteins

(
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Body Energy Stores and   Nutritional Disorders.


Carbohydrates

· Carbohydrates are a superior short-term energy reserve for organisms, because they are much simpler to metabolize than fats or proteins. 

· In animals, all dietary carbohydrates are delivered to cells in the form of glucose. 

· Carbohydrates are typically stored as long polymers of glucose molecules with Glycosidic bonds for structural support (e.g. chitin, cellulose) or energy storage (e.g. glycogen, starch). 

· However, the strong affinity of carbohydrates for water makes storage of large quantities of carbohydrates inefficient due to the large molecular weight of the solvated water-carbohydrate complex. 

· In some organisms, excess carbohydrates are catabolised to form Acetyl-CoA, where they enter the fatty acid synthesis pathway. 

· Fatty acids, triglycerides, and other lipids are commonly used for long-term energy storage. 

· The hydrophobic character of lipids makes them a much more compact form of energy storage than hydrophilic carbohydrates.


Glucoregulation

· Glucoregulation is the maintenance of steady levels of glucose in the body, and it is part of homeostasis and keeps a constant internal environment around cells in the body.

· The hormone insulin makes the body convert glucose into glycogen and puts it into the liver, the insulin is made in the pancreas and this hormone is secreted when the blood sugar is too high it also promotes the use of glucose by the muscles.

· The hormone, glucagon, on the other hand, acts in the opposite direction and promotes the conversion of glycogen to glucose in response to low blood sugar

(
Human diseases of carbohydrate metabolism

a) Diabetes mellitus

· Diabetes mellitus, often simply diabetes is a syndrome characterized by disordered metabolism and inappropriately high blood sugar (hyperglycemia) resulting from either low levels of the hormone insulin or from abnormal resistance to insulin's effects coupled with inadequate levels of insulin secretion to compensate. 

· The characteristic symptoms are excessive urine production (polyuria), excessive thirst and increased fluid intake (polydipsia), and blurred vision; these symptoms may be absent if the blood sugar is mildly elevated.

· The World Health Organization (WHO) recognizes three main forms of diabetes mellitus: type 1, type 2, and gestational diabetes (occurring during pregnancy).

· All three have similar signs, symptoms, and consequences, but different causes and population distributions. 

· Ultimately, all forms are due to the beta cells of the pancreas being unable to produce sufficient insulin to prevent hyperglycemia. 

· Type 1 diabetes is usually due to autoimmune destruction of the pancreatic beta cells, which produce insulin.

· Type 2 diabetes is characterized by insulin resistance in target tissues, but some impairment of beta cell function is necessary for its development. 

· Gestational diabetes is similar to type 2 diabetes, in that it involves insulin resistance,

· The hormones of pregnancy can cause insulin resistance in women genetically predisposed to developing this condition.


b) Lactose Intolerance

· Lactose intolerance (or hypolactasia) is the term used to describe a decline in the level of lactase, an enzyme needed for proper metabolism of lactose (a sugar that is a constituent of milk and other dairy products), in human beings. 

There are three major types of lactose intolerance

1. Primary lactose intolerance. Environmentally induced by weaning in non dairy consuming societies. In most African cultures, mother's milk is the only commonly available milk and so milk consumption beyond infancy is not commonplace, therefore children become weaned, which is the same weaning process for all mammals (domesticated and wild). 

2. Secondary lactose intolerance. Environmentally induced, resulting from certain gastrointestinal diseases, including exposure to intestinal parasites such as giardia. In such cases the production of lactase may be permanently disrupted (Wiser 2000, Pennardt 2006).

3. Congenital lactase deficiency present at birth and diagnosed in early infancy.


c) Galactosemia

· Galactosemia is a rare genetic metabolic disorder which affects an individual's ability to properly metabolize the sugar galactose
· In individuals with galactosemia, the enzymes needed for further metabolism of galactose are severely diminished or missing entirely, leading to toxic levels of galactose to build up in the blood, resulting in hepatomegaly (an enlarged liver), renal failure, cataracts, and brain damage. 

· Without treatment, mortality in infants with galactosemia is about 75%.

(
Proteins

· Proteins are broken down through digestion that begins in the stomach. 

· They are broken down by enzymes known as proteases into smaller polypeptides to provide amino acids for the organism, including the essential amino acids that the organism cannot biosynthesize itself. 

· Aside from their role in protein synthesis, amino acids are also important nutritional sources of nitrogen.

· Proteins, like carbohydrates, contain 4 kilocalories per gram as opposed to lipids which contain 37 kJ and alcohols which contain 29 kJ of energy. 

· Proteins can be converted into carbohydrates through a process called gluconeogenesis.

(
Lipids

· Lipids are an important source of energy for many organisms. 

· Excess glucose can be stored efficiently as fat. 

· Triglycerides (fatty acids) yield more than twice as much energy for the same mass as do carbohydrates or proteins. 

· Fatty acids, stored as triglycerides in an organism, are an important source of energy because they are both reduced and anhydrous. 

· The energy yield from a gram of fatty acids is approximately 39 kJ, compared to 17 kJ/g for proteins and carbohydrates. 

· Since fatty acids are non-polar molecules, they can be stored in a relatively anhydrous (water free) environment. 

· Carbohydrates, on the other hand, are more highly hydrated. 

· For example, 1 g of glycogen can bind approximately 2 g of water, which translates to 4 kcal/3 g. 

· This means that fatty acids can hold more than six times the amount of energy. 

· Put another way, if the human body relied on carbohydrates to store energy, then a person would need to carry 31 kg of hydrated glycogen to have the equivalent energy of  5 kg) of fat.
(
Unit Test         
2. Compare the amount of energy you would obtain from a gram of protein and carbohydrate?

3. Why are lipids (fatty acids) considered more ideal energy stores than carbohydrates?

4. Define gluconeogenesis

5. How many types of diabetes mellitus occur in the world?

6. What causes diabetes mellitus?



Answers at End of Unit


Answers to End of Unit Test

1) You obtain more energy from carbohydrate than from protein

2) Lipids are more suitable as energy stores because they do not contain water

3) Synthesis of glucose from non-sugar molecules like proteins

4) Three types of diabetes mellitus

5) Malfunctioning of the pancreas
Unit 6  


Blood and Body Fluids



Introduction
In the previous unit 5, we looked as different foods as sources of energy in the body. We also looked at the necessity of all parts of the body having energy for metabolic processes. For metabolites to provide energy to different parts of the body the need to be transported in an appropriate medium or media. 

In this unit we are going to discuss blood and body fluids as media of transport in the body. These fluids also help in maintaining a steady state of the body.



Learning Outcomes     

(


By the end of this unit, students should be able to:
· name the composition of blood

· discuss properties of blood and haemoglobin

· describe blood plasma and its functions

· discuss the maintenance of acid-base balance in the body

(
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Metabolism of Erythrocytes
· Erythrocytes (red blood cells) generated in the bone marrow are destroyed in the spleen when they get old or damaged. 

· This releases haemoglobin, which is broken down to haeme, as the globin parts are turned into amino acids. 

· The haeme is then turned into unconjugated bilirubin in the macrophages of the spleen. 

· It is then bound to albumin and sent to the liver.

· In the liver it is conjugated with glucuronic acid, making it water soluble. 

· Much of it goes into the bile and thus out into the small intestine. 

· Some of the conjugated bilirubin remains in the large intestine and is metabolised by colonic bacteria to stercobilinogen and then oxidised to stercobilin.

· Some is reabsorbed, and excreted in the urine as urobilinogen and the oxidised form, urobilin. 

· If the liver’s function is impaired, there is a haemolytic anemia (increased destruction of red blood cells), or biliary drainage blocked, some of the conjugated bilirubin appears in the urine, turning it dark amber.

(

Bilirubin Toxicity
· Unconjugated hyperbilirubinaemia in the neonate can lead to accumulation of bilirubin in certain brain regions, a phenomenon known as kernicterus, with consequent irreversible damage to these areas manifesting as various neurological deficits, seizures, abnormal reflexes and eye movements. 

· Aside from specific chronic medical conditions that may lead to hyperbilirubinaemia and a condition called jaundice, neonates in general are at increased risk since they lack the intestinal bacteria that facilitate the breakdown and excretion of conjugated bilirubin in the faeces (this is largely why the faeces of a neonate are paler than those of an adult). 

· Instead the conjugated bilirubin is converted back into the unconjugated form by the enzyme b-glucoronidase and a large proportion is reabsorbed through the enterohepatic circulation.

(

Bilirubin benefits
· Reasonable levels of bilirubin can be beneficial to the organism. 

· Evidence is accumulating that suggests bilirubin can protect tissues against oxidative damage caused by free radicals and other reactive oxygen species. 

· Statistical analysis of people with high normal or slightly elevated bilirubin levels in blood shows that they have a lower risk of developing cardiovascular diseases.

(

Properties of Haemoglobin
· Haemoglobin and abbreviated Hb, is the iron-containing oxygen-transport metalloprotein in the red blood cells of the blood in vertebrates and other animals. 

· In mammals the protein makes up about 97% of the red cell’s dry content, and around 35% of the total content (including water). 

· Haemoglobin transports oxygen from the lungs to the rest of the body, such as to the muscles, where it releases its load of oxygen. 

· Haemoglobin also has a variety of other gas-transport and effect-modulation duties, which vary from species to species, and may be quite diverse in invertebrates.

(

Structure of Haemoglobin
· In humans, the haemoglobin molecule is an assembly of four globular protein subunits. 

· Each subunit is composed of a protein chain tightly associated with a non-protein haeme group. 

· Each protein chain arranges into a set of alpha-helix structural segments connected together in a globin fold arrangement, so called because this arrangement is the same folding motif used in other haeme/globin proteins such as myoglobin. 

· This folding pattern contains a pocket which strongly binds the haeme group.

· A haeme group consists of an iron (Fe) ion (charged atom) held in a heterocyclic ring, known as a porphyrin. 

· The iron ion, which is the site of oxygen binding, bonds with the four nitrogens in the center of the ring, which all lie in one plane. 

· The iron ion may either be in the Fe2+ or Fe3+ state, but ferrihemoglobin (methemoglobin) (Fe3+) cannot bind oxygen. 

· In binding, oxygen temporarily oxidizes Fe to (Fe3+), so iron must exist in the +2 oxidation state in order to bind oxygen. 

· The enzyme methemoglobin reductase reactivates haemoglobin found in the inactive (Fe3+) state by reducing the iron center.

(

Blood Plasma

· The body is very sensitive to its pH level. 

· Outside the range of pH that is compatible with life, proteins are denatured and digested, enzymes lose their ability to function, and the body is unable to sustain itself.

· The kidneys maintain acid-base homeostasis by regulating the pH of the blood plasma. 

· Gains and losses of acid and base must be balanced. 

· The study of the acid-base reactions in the body is acid base physiology.

        


Sources of acid gain:

1. Carbon dioxide (since CO2 and H2O form H2CO3, carbonic acid, in the presence of carbonic anhydrase)

2. Production of nonvolatile acids from the metabolism of proteins and other organic molecules
3. Loss of bicarbonate in faeces or urine
4. Intake of acids or acid precursors

       


Sources of acid loss:

1. Use of hydrogen ions in the metabolism of various organic anions

2. Loss of acid in the vomitus or urine
· When acid loss exceeds acid gain, alkalosis occurs. 

· When gain exceeds loss acidosis occurs. 

· There are various renal responses to acidosis and alkalosis.

       


Responses to acidosis:

1. Bicarbonate is added to the blood plasma by tubular cells. 

· Tubular cells reabsorb more bicarbonate from the tubular fluid.

· Collecting duct cells secrete more hydrogen and generate more bicarbonate.

2. Ammonia genesis leads to increased buffer formation (in the form of NH3)

      


Responses to alkalosis:

1. Excretion of bicarbonate in urine. 

· This is caused by lowered rate of hydrogen ion secretion from the tubular epithelial cells.

· This is also caused by lowered rates of glutamine metabolism and ammonia excretion.

(

Plasma pH
· The pH of different body fluids in humans varies greatly, as exemplified by those of gastric juices (pH 1-2) and intestinal juice (pH 8-9)

· In a healthy person, blood plasma has a pH of 7.40, and it s critical that blood pH remains constant because even very small changes of ±0.2 – 0.4 of pH result in serious medical conditions

· Blood is buffered by plasma proteins (zwitterions!) and by haemoglobin which can accept or donate protons

· The main extracellular buffer system, however, is the bicarbonate system, which also provides means for the necessary removal of carbon dioxide produce by metabolism in tissues

· Carbon dioxide dissolved in an aqueous environment forms carbonic acid, which dissociates to produce H+ and s bicarbonate ion (HCO-3)

CO2   +    H2O           H2CO3       H+   +  HCO3
                                      Carbonic


 bicarbonate ion




        Acid

· An acidic condition is normally avoided because the equilibrium between the H+ produced and the haemoglobin of the red blood cells, which removes the H+ from plasma.

· These equilibria are coupled to one which exists between dissolve CO2 in blood and gaseous CO2 in the lungs

CO2 (dissolved)               CO2 (gas)

 (

Self Evaluation Activity 6.1.  




1) Define acidosis




2) What would be the possible cause of alkalosis?




3) What is an aqueous solution?



Answers at End of Unit

(

Unit Test

1) How does carbonic acid differ from bicarbonate electronically?

2) Describe the structure and composition of haemoglobin

3) In what two ways can a patient lose acids in the body?

4) Name two benefits of bilirubin in the body



Answers to Unit Test at End of Unit.



Answers to Self Evaluation Activity 6.1

1) Gain in acids in blood

2) Accumulation of alkali

3) A solution containing water



Answers to End of Unit Test

1) Carbonic acid is an acid while bicarbonate is an ion

2) Haemoglobin is an assembly of four globular protein subunits. Comprises protein and iron

3) i) Through vomitous; ii) Through use of hydrogen ions in the metabolism of various organic anions

4) i) Bilirubin can protect tissues against oxidative damage caused by free radicals and other reactive oxygen species. 

ii) Slightly elevated bilirubin levels in blood shows that they have a lower risk of developing cardiovascular diseases.
Unit 7  
Nucleic Acids and Protein Synthesis              


Introduction

In unit 1 we discussed nucleic acids and proteins as important biomolecules in cells. We said nucleic acids are important as information carriers and proteins can be for structure formation or enzyme formation.

In this unit, we will discuss the process of protein synthesis in cells as directed by nucleic acids. 

Learning Outcomes    

(


By the end f this unit, you should be able to
· Identify the various nucleic acids and their function

· Discuss DNA replication

· Define and describe amino acid replication

· Describe the terms transcription and translation

· Discuss protein synthesis

(
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Nucleic Acids
· Nucleic acids have very important functions in the synthesis of proteins and transmission on hereditary information

· There are two types of nucleic acids; RNA and DNA

· RNA is single-stranded while DNA is double-stranded

· There are three types of RNA, all of which are involved in the synthesis of proteins;

mRNA – messenger RNA

tRNA – transfer RNA

mal RNA

mRNA

· This is manufactured in the nucleus and is an exact copy of part of one strand of DNA

· After its synthesis it translocates into the cytoplasm where it associates with ribosomes

· It acts as a template for synthesis of proteins

tRNA

· This is also single stranded and is manufactured by DNA

· tRNA transfers amino acids to ribosomes for protein synthesis

rRNA

· Made up of both double and single strands

· Manufactured by DNA but is confined to the cytoplasm where it makes up half the mass of ribosomes

(


DNA REPLICATION
· DNA replication results in the exact duplication of the double-stranded DNA molecule

· Replication takes place by a semi conservative pathway in which the two strands of DNA are separated and each strand serves as a template for the synthesis of a complementary strand

· DNA replication is facilitated by the enzyme DNA polymerase
· The enzyme initially separates the two strands, and there after, free nucleotides within the nucleoplasm bind to their complementary bases on the DNA strand (Fig.7.1 a and b)


                   - A - T-




                   - C - G -                                

                   - G - C-                                         -A-T-

                                                                  -C          G-

                                                              -G                 C-

Fig.7.1a.Part of DNA

Fig.7.1b. DNA polymerase separates strands



                                    -A   -G  T-

                                -C    -T        G-

                             -G        -T   -A  -C

                                     -C   -G        C-

Fig.7.2. Strand separation complete and free nucleotides migrate towards complementary nucleotides


                                  -A-T-                                   -A-T-

                                  -C-G-                                  -C-G-

                                 

                                  -G-C-                                  -G-C-

Fig 7.3. Two new identical strands of DNA formed

(


Genetic Code

· Most cellular components of organisms are similar regardless of cell type or species of organism

· However, thy differ their proteins and DNA

· DNA provides a code for protein synthesis

· Most chemicals in cells are manufactured with the aid of enzymes, and all enzymes are proteins

· Therefore the type of enzymes coded for by DNA determines an organism’s characteristics

· Note, however, that the difference in DNA between organisms is not due to differences in the chemical make-up of DNA, but in the sequence of base pairs along its length

· The sequence is the code that determines the type of enzyme to be manufactured

· There are only 20 naturally occurring amino acids, and each amino acid has its own base sequence on DNA

· However, only four bases on DNA, and if each coded for a different amino acid, there would only be four amino acids

· Using a pair of bases, there would only be 16 different amino acids, i.e. 42
· Using a triplet code of bases there are 64 codes (43), which is enough to code for the 20 amino acids

· The number of codes for each amino acid varies according to type, e.g.

Amino acid


Code

Valine



GUA

Tyrosine


UAC 
UAU

Glycine


GGA
GGC
GGG
GGU

· There are three codes UAA, UAG and UGA, which do not code for amino acids

· These are called STOP or NONSENSE codes and they function to determine the length of the peptide being formed

· All bases are universal; i.e. they are exactly the same for all organisms, C, T, A, G, C, U

· The codes are non-overlapping, each triplet code is considered separately from the one ahead or behind it;

GGACGCATTTAT is read as GGA
CGC
ATT
TAT, and not as GGA
 ACG  GCA

(


Protein Synthesis

· Proteins are polymers of amino acids, and each amino acid has its own base sequence

· Synthesis of proteins involves several steps;

Amino acid activation

· This is a process by which amino acids combine with tRNA using energy from ATP

· Each type of tRNA binds with a specific amino acid, showing that there are twenty different types of tRNA

· All types of tRNA are similar with one end of the chain containing the code CCA, where the amino acid attaches

· Each type of tRNA, however, differs in composition of the triplet code called the anticodon
                                                                     -A

                                                                     -C

                                                                     -C








                                                                                        Anticodon


                                                      C     A     U    

Fig.7.4.  Structure of tRNA

Transcription

· This involves the formation of mRNA in the nucleus

· A complementary copy of mRNA is manufactured from a specific region of DNA called the cistron
· Each base then attracts its complementary RNA nucleotide, i.e. free G on DNA will attract free C, and 

· A will attract U (Fig .7.5).



                  NUCLEUS




CYTOPLASM

                                                  Transcribing strand

                                                        

                                                   -A    


U-          mRNA formed

                                                    -T


A-

                                                    -G


C-

                                                    -A


U-









Cistron 

Fig.7.5. Transcription and formation of mRNA

· The formation of mRNA is facilitated by the enzyme RNA polymerase
· DNA acts as a template against which mRNA is constructed

· A number of mRNA may be synthesized before RNA polymerase leaves the nucleus

· The mRNA so formed then migrates into the cytoplasm, where it associates with ribosomes 

Translation

· This is the process by which a specific sequence of amino acids is formed along mRNA in accordance with the codons on it

· Ribosomes become attached to mRNA to form a structure called a polysome
· The complementary antiodon on tRNA-amino acid (AA) complex is attracted to the first codon on mRNA, and likewise the second complex on its complementary codon 

· Ribosomes provide the framework which holds the mRNA and tRNA-AA complex together until the first two following amino acids on tRNA form a peptide bond

· Once the bond had formed the ribosome moves along mRNA to hold the next codon-anticodon complex together until a peptide bond is formed

· Thus by addition an amino acid at a time a polypeptide may be formed 

· Once an amino acid is linked, the tRNA that carried it is released back into cytoplasm, where it can carry another amino acid

· The ribosome will continue assembling the polypeptide along mRNA until it reaches one of the STOP codes, at which point the polypeptide is cast off

(
End of Unit 7 Test






1) What are the three types of nucleic acids?





2) State one function of nucleic acids





3) What are “nonsense” codes?





4) Describe amino acid activation




Answers at End of Unit



Answers to End to Unit Test

4) mRNA, tRNA, rRNA

5) molecules which aid in protein synthesis and carry genetic material

6) these are codes that determine the length of a polypeptide

7) process by which amino acids combine with tRNA using energy from ATP
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Glossary

Acid  = a type of compound that contains hydrogen and dissociates  in water to produce positive ions.

Acidosis = a condition when acid gain exceeds acid loss

Acquired characteristics = feature that inherited by an organism

Activated complex =the association of high energy atoms formed in the transition state of a chemical reaction

Activation energy = the minimum energy required for a chemical reaction to begin

Active site = a site on the surface of an enzyme for binding of substrate

Adenine = a purine derivative and major component of DNA an RNA

Adenosine = a nucleoside comprising one adenine linked to ribose sugar

Aldehydes = chemical compounds that contain the group –CHO

Alkali = a base that dissolves in water to give hydroxide ions

Alkalosis = a condition when acid loss exceeds acid gain

Amino acid = a group of water soluble organic compounds that possess both carboxyl (-COOH) and amino (-NH2)

Anhydrous = chemical compound lacking water
Apoenzyme = an inactive enzyme that must associate with a specific cofactor to function

Aqueous = describing a solution in water

Arbovirus = a group of RNA-containing viruses transmitted from animals to humans

Atherogenic = a condition affecting arterial blood vessels leading to Atherosclerosis
ATP =adenosine triphosphate. Carrier of chemical energy in living organisms

Base = a compound that reacts with an acid

Base pairing = linking of complimentary nitrogenous bases in DNA

Bilirubin = is a yellow breakdown product of normal haemoglobin catabolism.

Biochemistry = the study of the chemistry of living cells
Carbohydrate = sugars with general formula C(H2O)

Catabolism = metabolic breakdown of large molecules

Catalysis = process of changing rate of chemical reaction

Catalyst = a substance hat increases rate of chemical reaction

Chiral = a molecule that is non-superimposable on its mirror image.
Chromatid = thread-like strand of chromosome
Condensation = chemical reaction which releases water as a by-product
Coenzyme = an organic non-protein molecule that associates with an enzyme in catalyzing biochemical reactions.

Decarboxylation = chemical process which involves removal of carbon
Disaccharide = a sugar consisting of two linked monosaccharides

DNA = the genetic material in living things

Embden-Meyerhof pathway = similar to glycolysis

Esters = organic compounds formed between alcohols and acids

FAD = flavin adenine dinucleotide. A co-enzyme in various biochemical reactions.

Fehling’s test = a chemical test for reducing sugars

 Functional group = the group of atoms responsible for characteristic reactions

Furanose = a sugar having five-membered ring

Gene = unit of heredity

Genetic code = means by which genetic information in DNA is carried

Genotype = genetic composition of an organism

Gestational diabetes = type 3 diabetes occurring at foetal stage
Gluconeogenesis = synthesis of glucose from non-carbohydrates substances
Glycosidic bonds = links between sugar molecules
Glycolysis = series of biochemical reactions in which glucose is broken to pyruvate

Glycoproteins = proteins having carbohydrates as prosthetic groups, as in egg white
Gut flora = intestinal microorganisms usually beneficial
Haemoglobin = a globular protein that reversibly binds with oxygen

Haworth projection = notation which is used to represent sugars in ring form
Holoenzyme = a complex comprising an enzyme and its cofactor
Homoestasis = the maintenance of an internal stedy state
Hyperbilirubinaemia = accumulation of bilirubin in certain brain regions in neonates
Hypercholesterolemia = accumulation of cholesterol in blood
Inert = inactive
Mitochondrial electron transport chain = 

Mutarotation = change of optical activity with time
Oxidation = loss of electrons 

Phosphorylation = addition of a phosphate to a molecule
Polyuria = passage of large volume of urine
Polydipsia = a condition when a patient ingests abnormally large amounts of fluids by mouth.
Respiration = oxidation of sugar molecules to release metabolic energy
Saccharides = sugars from carbohydrates
Stereogenic = a molecule which is chiral and cannot be superimposed
Therapeutic = curative
Transcription = the synthesis of mRNA from DNA in the nucleus
Translation = the synthesis of a polypeptide chain from mRNA at the ribosomes
Vitamins = organic compounds required in small amounts or various metabolic processes 
Vomitous = the stuff that is produced in vomiting

PART III - Pharmacology
(Gladys is working on Part III)

The Pharmacology part of the module provides you with understanding of biochemical processes and pharmacological concepts and principles. Pharmacology further introduces you in your role as a nurse to focus on sources of drugs, pharmacokinetics, pharmacodynamics, mode of action and side effects of drugs commonly used in Malawi hospitals. Emphasis is placed on the drug schedules and the routes of drug administration.

 Overall learning outcomes 
-   Describe general principles of pharmacology 

-
Explain the mode of action, safe route of administration and side effects of each drug used in Malawi hospitals

-  Discuss the application of drugs according to body systems.
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