COURSE
GUIDE

NSC 207
MEDICAL BIOCHEMISTRY |

Course Team Dr. O Emma-Okon & Dr. J.O. Areol&ourse
Writers)
Dr. O.0. Irinoye & Dr. T.@ladogba (Course
Editors)

N#aUN
NATIONAL OPEN UNIVERSITY OF NIGERIA




NSC 207 COURSE GUIDE

© 2021 by NOUN Press

National Open University of Nigeria
Headquarters

University Village

Plot 91, Cadastral Zone

Nnamdi Azikiwe Expressway

Jabi, Abuja

Lagos Office
14/16 Ahmadu Bello Way
Victoria Island, Lagos

e-mail:_centralinfo@nou.edu.ng
URL: www.nou.edu.ng

All rights reserved. No part of this book may bprogluced, in any
form or by any means, without permission in writingm the publishe

-

First Printed 2021

ISBN: 978-978-058-886-4




NSC 207 COURSE GUIDE

CONTENTS PAGE
[k voTo [V 1o 110 o FE v
(OF0 101 ¢TIV 1 PR v
COoUrse ODJECHIVE. ...uuvii et e v
Working through the Course..........cccoiiiieeeeci s \Y
CoUrSE MALErialS.......cuuiiveiiieie e v
STUAY UNIES. ..ttt e %
Reference TextbOOKS........cooveviiiiiiiie e e, vi
Equipment and Software Needed to Access Course........... Vi
Number and Places of Meeting.............ceuueeeeeeieiiiiniinieeennnnn. Vi
DiSCUSSION FOTUML. ... e Vii
Course EValuation..........ocuviiieniiiii et e Vii
Grading Criteria.......uiieeiiie e Vil
Grading SCale.........uuuiiiiiiiiiiiie e Vil
Schedule of Assignments with Dates..........ccccceeeeiiiienniinnns viii
How to Get the Most from this Course.........ccoeeeeevvveeeenenn. viil



NSC 207 COURSE GUIDE

INTRODUCTION

This course is Medical Biochemistry. Medical Biogfistry is a subset
of general biochemistry. In this course, you waatn the biochemical
activities that occur inside the cell and how thastvities determine
our state of health and what happens in diseaser@dson why we fall
sick and the root causes of disease will be claargou at the end of the
course. Take a second look at yourself in the mimote the shape of
your face, the shape of your nose, ear and lipsantixe your

complexion, your height and the colour of your h&iow, look at your

mother carefully, how many of these features do slvare with her? Do
the same to your father. Do you observe any featood shared with
either of your parents? If there is any, it maythoefeature you inherited
from your grandparents. The scientific basis fas simple experiment
will be explained to you in this course. Diseasas be caused by
micro-organisms, what we eat, drink and by ourstijee; they can also
be inherited from our parents. You will be in aipios to explain the

source or cause of a particular disease and thehanestn of its

treatment if you understand the biochemistry of tinbenan body. The
knowledge that will be acquired in this course walésist you in

understanding the effects of drugs on the body thedeffects of our

body on the drugs we use for therapeutic purposes.

COURSE AIM

The aim of this course is to build your foundation the application of
the understanding of the chemical makeup of theybod the
development and implementation of care of patients.

COURSE OBJECTIVE
At the end of this course, you should be abie to

o explain the context of medical biochemistry in ieand health
care.

WORKING THROUGH THIS COURSE

The course will be delivered adopting the blend=atiing mode, 70%
of online but interactive sessions and 30% of fact&ce during

laboratory sessions. You are expected to registethis course online
before you can have access to all the materialshand access to the
class sessions online. You will have hard and sofiies of course
materials, you will also have online interactivessiens, face-to-face
sessions with instructors during practical sessiorise laboratory. The
interactive online activities will be availableyou on the course link on
the Website of NOUN. There are activities and assignts online for

iv
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every unit every week. It is important that youitvihe course sites
weekly and do all assignments to meet deadlinedauodntribute to the
topical issues that would be raised for everyoneisgtribution.

You will be expected to read every module alonghwall assigned
readings to prepare you to have meaningful cortiohs to all sessions
and to complete all activities. It is important theu attempt all the
Tutor-Marked Assignment (TMA) and other Self-Assassat Questions
(SAQ) at the end of the Module or Units to help yanderstanding of
the contents and to help you prepare for the insmtests and the final
examination. You will also be expected to keep dfplio where you
keep all your completed assignments.

STUDY UNITS

This course is the first of two courses that yoli take and divided into
3 Modules of 14 study units.

Modulel General Introduction to M edical Biochemistry

Unit 1 Introduction to Physiological and PatholzagiChemistry
Unit 2 Cell Structure and Functions 1
Unit 3 Functions of the Cell Membrane and the Qsglles

Module2  Chemistry of the Nutrients

Unit 1 Chemistry of Sugars

Unit 2 Chemistry of Sugars (Il)

Unit 3 Water, Acids, Bases and Buffer

Unit 4 Chemistry of Amino Acids and Proteins (I)
Unit 5 Chemistry of Amino Acids and Proteins (II)
Unit 6 Classification of Lipids

Unit 7 Introduction to Nucleic Acid Biochemistry-I
Unit 8 The Structures of DNA and RNA

Module3 Enzymology

Unit 1 Enzymology 1
Unit 2 Enzyme Kinetics
Unit 3 Enzymology 3
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COURSE REQUIREMENTS AND EXPECTATIONS OF
YOU

Attendance of 95% of all interactive sessions, ggbion of all
assignments to meet deadlines; participation IrCMIA, attendance of
all laboratory sessions with evidence as providedthe logbook,
submission of reports from all laboratory practicséssions and
attendance of the final course examination. Youatse expected to:

1. Be versatile in basic computer skills.
2. Participate in all laboratory practical up to 90%4he time.
3 Submit personal reports from laboratory practicatssons on

schedule.

4. Log in to the class online discussion board attlease a week
and contribute to ongoing discussions.

5. Contribute actively to group seminar presentations.

EQUIPMENT AND SOFTWARE NEEDED TO ACCESS
THIS COURSE

You will be expected to have the following tools:

1. A computer (laptop or desktop or a tablet)

2. Internet access, preferably broadband rather tredrud access

3 MS Office software — Word PROCESSOR, Powerpoint,
Spreadsheet

4. Browser — Preferably Internet Explorer, Mozillagfox

5. Adobe Acrobat Reader.

NUMBER AND PLACES OF MEETING (ONLINE, FACE-
TO-FACE, LABORATORY PRACTICALYS)

The details of these will be provided to you at tilee of
commencement of this course.

vi
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DISCUSSION FORUM

There will be an online discussion forum and togarsdiscussion will
be available for your contributions. It is mandgttiiat you participate
in every discussion every week. Your participatioks you, your face,
your ideas and views to that of every member ofclass and earns you
some mark.

COURSE EVALUATION

There are two forms of evaluation of the progress gre making in this
course. The first is the series of activities, grssients and end of the
unit, computer or Tutor-Marked Assignment, and fabary practical
sessions and report that constitute the continmsessment that all
carry 30% of the total mark. The second is a wrigxamination with
multiple-choice, short answers and essay questttatsake 70% of the
total mark that you will do on completion of theucse.

Students’ evaluation: you will be assessed anduevedl based on the
following criteria:

o | n-cour se examination
In-course examination will come up in the middlé the
semester. This would come in form of a Computerkddr
Assignment. This will be in addition to one compmuis Tutor-
Marked Assignment (TMA) and three Computer-Marked
Assignment that comes as specified after the madule

o Laboratory practical: Attendance, record of participation and
other assignments will be graded and added to ther scores
from other forms of examinations.

o Final examination: The final written examination will come up
at the end of the semester comprising essay andctolg
questions covering all the contents covered in dberse. The
final examination will amount to 60% of the totalade for the
course.

. L earner-Facilitator evaluation of the course
This will be done through group review, writters@ssment of
learning (theory and laboratory practical) by ymd the

GRADING CRITERIA
Grades will be based on the following percentages

Tutor- Marked Assignments 10%
Computer- marked Assignment 10%

Group assignments 5% 40%

Vii
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Discussion Topic participation 5%
Laboratory practical 10%
End-of-Course examination 60%

GRADING SCALE
A =70-100

B =60-69

C=50-59

F=<49
HOW TO GET THE MOST FROM THIS COURSE

Vi.

Vii.
viii.

Xi.

viii

Read and understand the context of this coursednlimg
through this Course Guide paying attention to detaiou must
know the requirements before you will do well.

Develop a study plan for yourself.

Follow instructions about registration and masigreetations in
terms of reading, participation in the discussioruim, end of
unit and module assignments, laboratory practicdl@her
directives given by the course coordinator, famitits and tutors.
Read your course texts and other reference texthook

Listen to audio files, watch the video clips andsualt websites
when given.

Participate actively in the online discussion forand make sure
you are in touch with your study group and yourrseu
coordinator.

Submit your assignments as at when due.

Work ahead of the interactive sessions.

Work through your assignments when returned togrudido not
wait until when the examination is approaching bei@solving
any challenge you have with any unit or any topic.

Keep in touch with your study centre and Schodfleélth
Sciences’ website as information will be providedtinuously
on this site.

Be optimistic about doing well.
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MODULE 1 GENERAL INTRODUCTION TO
MEDICAL BIOCHEMISTRY

Unit 1 Introduction to Physiological and PatholzagiChemistry
Unit 2 Cell Structure and Functions 1
Unit 3 Functions of the Cell Membrane and the Qsglles

UNIT 1 INTRODUCTION TO PHYSIOLOGICAL AND
PATHOLOGICAL CHEMISTRY

CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1 Definition of Biochemistry
3.2 Breakthrough in Biochemistry
3.3 Relevance of Medical Biochemistry to Other L$fgiences
3.4  Branches of Biochemistry

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0 References/Further Reading

10 INTRODUCTION

This unit introduces you to medical biochemistry thwisome
explanations of the relevance of the course to yoactice. You will
also be exposed to different branches of biocheynist

20 OBJECTIVES

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

. define medical biochemistry

o mention one major breakthrough in the field of biemistry

o explain the relevance of biochemistry to nursingdiine and
other biological sciences

. describe different branches of biochemistry.
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3.0 MAIN CONTENT
3.1 Definition of Biochemistry

Biochemistry is the study of chemical processebving organisms. It
can also be defined as the application of chemitirghe study of
biological processes in living organisms. Biochanyiss both life
science and a chemical science; it explores thenistey of living
organisms and the molecular basis for the changesrong in living
cells.

Medical biochemistry can be described as a branthGeneral
biochemistry; its scope is not as broad as gefxoahemistry. Medical
biochemistry is defined as the study of biochemjrakesses that occur
within the human body in relation to their applioatin the field of
medicine. Millions of complex chemical reaction® aoing on in the
human body at any given time, ranging from the ihedaof the
endocrine system to the storage and utilisatiolu@lf molecules such as
glucose. By studying and understanding these highigplex reactions,
medical biochemists have found better ways to figli¢ctions and
diseases at the molecular level. Since an Engicaanot repair a
vehicle if he does not understand how it works, asdNurse must
understand how the human body works before shdreahher patient
effectively.

Much of biochemistry deals with the structures &mtttions of cellular
components such as proteins, carbohydrates, ligiik nucleic acids
collectively known as biomolecules. The main focak medical

biochemistry is in understanding how biological ewlles give rise to
the processes that occur within living cells, whichurn relates greatly
to the study and understanding of the whole orgarflsiman being).

3.2 Breakthrough in Biochemistry

Our present knowledge of the human body came frames of
experiments and research conducted several yearsTag transfer of
genetic information from one generation to the neas not thoroughly
understood until the major breakthrough of 1953/64¢e of the major
breakthroughs in medical biochemistry was the discpof an accurate
model of DEOXYRIBONUCLEIC ACID (DNA) by James Wats@and
Francis Crick in 1953. This discovery opened upspmigies in the
realm of medical biochemistry that had been inagibés until that time.

The human genome was mapped completely in 2003es.4 of the 13
year Human Genome Project (HGP). Since then, mietlioghemists
have had access to vital genetic information whiets allowed for
manipulation within the cell nucleus. They are afsaling ways to

2
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isolate harmful traits within human DNA, and haweirid methods of
sometimes causing them to completely shut dowrr pinanifestation.

Intense effort on the parts of the scientific anddmal communities
applied to biochemical research has led to theog&my of many

vaccines, anti-depressants and other useful mediidmgs. These drugs
often work hand-in-hand with the chemical makeuptleé human

anatomy. Without medical biochemistry, much of modenedicine

would not be practiced as it is known today.

3.3 Relevance of Medical Biochemistry to Other Life
Sciences

Medical Biochemistry provides the foundation fohet life sciences
such as medicine, nursing, pharmacy, zoology, rhiofogy etc.

Various methods are used by Biochemists to isofatgfy, characterise
and study the reactions of all cellular componenBiochemists have
contributed greatly to the discovery of new drugstteat chronic
diseases such as cancer, viral infections and wiletatisorders. They
are able to do this because they have a thoroudarsitanding of what
happens at the molecular level i.e. inside the cell

34 Branchesof Biochemistry

I Toxicology: This field studies the adverse effeofstoxic or
foreign chemical substances on organisms. Enviromaheand
food toxicology also fall under this branch of temistry.

. Enzymology: The study of enzymes, their functiotsficiency
and the consequence of such deficiency in diseases.

iii. Molecular biology and Biotechnology: This field éved directly
from Nucleic acid biochemistry and it involves tmanipulation
of DNA to improve drug research and solve healibbfams. It
has wide applications in other fields of scienceclhincludes
cancer research.

iv.  Lipid and carbohydrate biochemistry: These fieldadg the
biochemical basis of metabolic disorders such abetes, obesity
and cardiovascular diseases.

2 Natural products biochemistry: This is a new areaeeearch in
biochemistry; it evolved as a result of the interefs scientists
across the world in searching for new drugs froamfd. Quinine
and Artesunate (anti-malaria drugs) were isolatechfplants.
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4.0

CONCLUSION

This introductory unit has shown that biochemisasy a study of the
chemical processes in the body has made many breakhs that are
helping in better understanding and planning oé dar people. The five
main branches of biochemistry presented have diftedimensions to
the discourse of health and health care.

5.0

SUMMARY

In this unit, you have learnt about the following:

=

wn

7.0

Definition of biochemistry

Breakthrough in biochemistry

Relevance of medical biochemistry to other lifeeacies
Branches of biochemistry.

TUTOR-MARKED ASSIGNMENT

What is biochemistry?

Why is it important for nursing students to studydhemistry?
Assuming there were no biochemists in the worldilighe year
2010, do you think medicine and nursing science be
practised the way they are practised today? Expgiaim answer.
Mention three branches of biochemistry and exptam area of
biochemistry they study.

REFERENCES/FURTHER READING

Specific reading text to be provided by the Featidit.
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UNIT 2 CELL STRUCTURE AND FUNCTIONS1

CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1  The Definition and Structure of Animal Cell
3.2 Differences between Prokaryotes and Eukaryoédis
3.3 Types, Classification and Life -Span of Anirallls
3.4  The Chemical Components of Plasma Membranes

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

The living cells we are discussing here is notedéht from the cell you
learnt in Biology when you were in secondary schdgells are the
monomeric unit through which the complex human bodgs

constructed; my body and your body contain seveitabn cells! The

biochemical arrangement of cells and how theses astitract to perform
various functions in man are not only fascinatingt also very
interesting. Imagine the sensitivity of cells respible for taste;
different region of your tongue detects differeaste.

Some cells are replaced every 72 hours in our lddle some spend up
to ten years before they die. Also, some cells meethin our body

throughout our lifetime. It is important to undewsd the importance of
compartmentalization in cells and the functionsvafious organelles
present in the cells. This knowledge will help yau subsequent
modules; most biochemical reactions take placed@nsihe cell but in

different organelles; for example, energy genenatakes place inside
the mitochondria. A thorough understanding of s#ilcture will help

you to understand the root causes of many diseamkthe biochemical
mechanisms of their treatment. These mechanismsalsd be relevant
in other physiological courses you are going teioff

20 OBJECTIVES
At the end of this unit, you should be able to:

. define a cell and draw the structure of a typicairal cell
o differentiate between prokaryotic and eukaryotiltsce
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. describe the types, classification and life spaarofal cells
. describe the chemical components of plasma mem&rane

3.0 MAINCONTENT
3.1 TheDédfinition and Structure of Animal Cell

A living cell is defined as the fundamental unit Idé and it is the
smallest unit capable of exhibiting the charactiessof life. Cell was
accidentally discovered in 1665 by Robert Hooke lavlexamining a
thin slice of cork under his new crude microscop observed
numerous porous structures (dead cells made ofilesd found in
plants) and named them CELLS (Latin, cellula mehttle room or
small chamber). Further research later confirmed #il living things
are composed of cells.

pinocytotic
vesicle ———

mitochondrion
lysosome

Golgi Golgi
vesigles apparatus
nucleolus
rough ER
(endoplasmic
reticulum) nucleus

smooth ER

(no ribosomes) centrioles (2)

oy

| Each composed of 9

« | microtubule triplets.
microtubules

membrane
ribosome

Fig. 1: Structureof Animal Cell (source: Google images)

Animal cells have different shapes and sizes; sane circular,

spherical, cylindrical, Fibrous etc. Red blood €athlled erythrocytes
are one of the smallest animal cells while ovaaam®ng the largest. In
terms of length, nerve cells are the longest. Feseef representation,
circular structure is commonly used to illustraie structure of animal

6
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cells. Study the structure of animal cell (Figuré&)2take note of the
organelles shown in the structure (mitochondridoosome, Golgi,
endoplasmic reticulum, and lysosome). These ortggméhve different
functions they perform in the cell; the functiondl e discussed in
subsequent section. A cell can be subdivided irgar8s namely:

I The plasma membrane: This is the thin cover thadrsees a cell
from its environment, it also protects the compasef the cell
from leaking. It prevents the fluid outside the |cehlled
extracellular fluid (ECF) from mixing with the fldiinside the
cell called intracellular fluid (ICF). Plasma merabes regulate
the materials that enter or leaves the cell, far thason, it is said
to be semi-permeable. In addition, the plasma manmérhas
some glycoproteins and glycolipids on its surfadbgese
molecules serve as signal molecules between cells.

. The cytoplasm: This is the fluid-like space betwelea plasma
and nuclear membrane. Cytoplasm is the cavity s/hbe
organelles are found. It provides space for the enmnt of
synthesised products from one compartment to anéahéurther
processing. The organelles are suspended in tloplagm by
cytoskeleton network that resembles nets.

iii. Nucleus: This is the most important part of the;d¢be nucleus is
always centrally located. It has its own membraaléed nuclear
membrane which protects the content of the nucleughe
nucleus is very important to the cell because mtams the
genetic materials (DNA and RNA) that control alethctivities
of the cell. Nucleus regulates the rate and timeetifdivision. It
also determines the materials that enter or egit#il.

3.2 Differencesbetween Prokaryotes and Eukaryotes Cells

The electron microscope allowed the classificataincells into two
major groupsprokaryotes and eukaryotes based on the presence and
absence of the true nucleus. Eukaryotes have raighbich is covered
by nuclear membrane; Animals, plants and fungi meldo the
eukaryotes. Prokaryotes have no typical nucleus tne nucleus),
bacteria and blue-green algae belong to the prokasyEukaryotic cells
are much larger than prokaryotes, they also hawargty of other
membrane bound organelles in their cytoplasm, aminple includes
mitochondria, lysosomes, endoplasmic reticulum (E&)d Golgi
complexes.
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3.3 Types, Classfication and Life-Span of Animal Cells

There are about 210 distinct human cell types aedetare between 50
and 100 trillion cells in adult human body. Animagi®w as a result of
cell division and cell enlargement. All animals betheir existence as a
simple cell i.e. fertilized egg. This cell dividego 2, 4, 8, 16, 32 etc. to
produce a body consisting of numerous cells. Owithe largest cell in
man while red blood cell is the smallest.

Multi-cellular organisms are able to specialisdsc@ perform specific

functions. A group of such cells is a tissue andnimals these occur as
four basic types namely epithelium tissues, nervossues, muscle
tissues and connective tissues. Several typessafds work together as
an organ to produce a particular function suchhaspumping of blood

by the heart. This pattern continues to a higheslleith several organs
functioning as an organ system to allow for repatun, digestion etc.

Multicellular organisms consist of several orgastems.

Cells within the human body have different lifespdrased on the type
and function of that cell. Although some types elix are short-lived,
others remain in a person’s body for months, yearthroughout life.
Taste receptor cells in the mouth live for 10 dayss month for the skin
cells, 15 years for muscle cells and a lifetimerferve cells.

Normal red blood cell lives for about 3-4months Mtsickle-shaped red
blood cells live for only 10-20 days. White blooells live for about a
year and sperm cells have a lifespan of about 8.day

3.4 TheChemical Componentsof Plasma Membranes

Plasma membrane mainly consists of lipids and pretdhere is a wide
variation in lipid-protein ratio between differenéll membranes. The
functions performed by cells and the location detee the quantity of
proteins and lipids present in their membranesetdéee some examples
of cell membranes and their percentage proteid-ligtio:

Table 1: Protein-Lipid ratio of some plasma membranes

Membrane Protein (%) Lipid (%)
Erythrocyte 49 41
Liver 60 40
CNS myelin 20 79
Outer mitochondria 50 46
Inner mitochondria 75 23
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Membrane Lipids

There are several types of membrane lipids. Theéorental building
blocks of cell membranes are thieospholipids. Other lipids present in
the cell membranes are cholesterol and glycolipEmbrane lipids are
amphipathic molecules (they have both hydrophilic and hydrophobic
ends, hydrophilic means “water loving”; this pagadily associates with
water while hydrophobic ends means “water hatinigéy tend to move
away from water). The formation of bilayers is dret common
property shared by all membrane lipids (Figure.1.2)

Plasmma membrane

Polar head

Phospholipid

Hydrophobic environment

Non polar tails I I I I I I I I I

Fig. 2: Simplified Structure of Plasma Membrane Bilayer (source- google
images)

(@) Phospholipids are the most abundant membijids.| They have
a polar head group and two hydrophilic hydrocariaits. The
tails are usually fatty acids and they can diffetength (20-24
carbon atoms. One tail usually has one or morebléobonds
(unsaturated) while the other tail may not contdduble bond
(saturated). Each double bond creates a bendnérikithe tail.
Lipid molecules spontaneously aggregate to bureirth
hydrophobic tails in the interior and expose theydrophilic
heads to water. Depending on their shape, theydeathis in
either of two ways; they can form spherical miegllwith the
tails inward or they can form bilayers with thedhgphobic tails
sandwiched between the hydrophobic head groups. sEme
forces that drive phospholipids to form bilayefsoaprovide a
self-healing property for the cell membrane. Adipilayer has
other characteristics besides its self-healingeriies that make

it an ideal structure for cell membranes. Onehefinost important
of these is its fluidity which is crucial to manyembrane
functions.

A shorter chain length and the presence of doublel$ (unsaturated
fatty acids) in fatty acid components of phosphdbppromote fluidity

at low temperatures and vice versa. In animals|esterol is the key
regulator of membrane fluidity
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Phospholipids

CHZ-N (CH2)3
CH2
0
0-P-0
0
(}:H:-(;H-éHz

Polar
region

Fig. 3: Three Different Ways of Representing Phospholipid Orientation in
the Plasma Membranes (source: Google images)

- hydrophobic

Y fatty acid tails

Phospholipid Bilayer =~ polar head
groups

Fig. 4: Three Dimensional Structure of Plasma Membrane Showing the
Two Bilayers (source: Google images)

The major phospholipids that predominate in thesppka membrane of
many mammalian cells are; phosphatidyl choline, sphatidyl

ethanolamine and phosphatidyl serine. Only phogpylagerine carries
a negative charge, the other two are electricadiytral at physiological
pH. Some phospholipids, such as the inositol pholgpds are present
in smaller quantities. They are usually referredgsg@hosphoglycerides.

10
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(b)  Sphingomyelin is another group of phosphobkpid contains a
sphingosine backbone rather than glycerol to wthiatty acids
and phosphoryl choline are attached. It is elegliy neutral at
physiological pH; they are prominent in myelin atines.

The Asymmetry of the Lipid Bilayer

The lipid compositions of the two monolayers of tiped bilayer in all
membranes are quite different. In the human reddleell membrane,
almost all phospholipids that have choline (phostiplyl choline and
sphingomyelin) are in the outer monolayer, wherpasspholipids
molecules that contain primary amino group (phosgkiaethanolamine
and phosphatidyl serine) are in the inner monolag@ycolipids and
glycoprotein are found on the outer monolayer. Aalsnexploit the
phospholipids asymmetry of their plasma membranedigiinguish
between live and dead cells. When animal cells igal@poptosis,
phosphatidyl serine which is normally confined toe t cytosolic
monolayer of the plasma membrane rapidly transéscato the
extracellular monolayer. The phosphatidyl serinposed on the cell
surface serves as a signal to induce the macrophagegest and digest
the dead cell.

Cholesterol

Cholesterol is another important membrane lipid nfbualmost
exclusively in the plasma membrane of mammaliats.cét provides
stability to the membrane, and it is neutral atgalpgical pH. In the
erythrocyte membrane, the outer membrane leafletrigid four-ringed
molecule with a tiny hydrophilic end (hydroxyl grmu

Glycolipids

Glycolipids are sugar-containing lipids, like spigmyelin, the

glycolipids in animal cells are derived from sptosme. In glycolipids,

one or more sugars rather than phosphoryl cholireatiached to this
group. The simplest glycolipid is called cerebres&hd it contains a
simple sugar residue, either glucose or galactddere complex

glycolipids such as gangliosides contain a brandinedn of as many as
seven sugar residues. Glycolipids are orienteduch sa way that the
sugar residues are always on the extracellulardittee membrane.

Lipid vesicle or Liposome

The ability of phospholipids to form lipid bilay&ias been used to create
an important clinical tool called liposome or lipigsicle. Liposome is
an aqueous compartment enclosed by a lipid bil@ygure 2.5). The
liposome can be used to deliver drugs to targés oelDNA to specific

11
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cells for gene therapy. This liposome fuses with ptasma membrane
of target cell, introducing the drugs or chemigatontains into the cell.

The selective fusion of lipid vesicle with partiaulkinds of cells is a
promising means of controlling the delivery of dsutp target cells.

Research is ongoing on the use of liposome foreracttemotherapy.

L.iposomes

Protectve layer
of polyetheiyne
ghyeol

Drug crystallized P | Lipid-soluble
in agueous fluid drug in bilayer

Lipsd bilayver

FRVET I T It N Y SRR Sy SEY e S—

Fig. 5: The Structure of a Cross-Section of Liposome (source: Google
images)

M embrane Proteins

Membrane proteins perform most of the specific fioms of the
membranes. They give each type of membrane in thé its
characteristic functional properties. The amount gpes of proteins in
a membrane also varies, for example, in the myml@mbrane, which
serves mainly as an electrical insulator for nerels, less than 25% of
the membrane mass is protein. In the mitochondrég of the
membrane component is protein due to the presehpsony enzymes
and electron pumps.

Membrane proteins can be classified as being eiegipheral or
integral on the basis of their association with thembrane lipids.
Integral membrane proteins interact extensivelyhwite hydrocarbon
chains of membrane lipids; in fact, most of therarsghe lipid bilayer,
protruding at both ends. They have a high percentaignon-polar

12
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amino acids and represent about 70% of total memebyaroteins.
Examples are membrane enzymes, hormone receptamspsp and
channels. In contrast, peripheral proteins are 8ownthe surface of
lipid bilayer primarily by electrostatic and hyderg bonds. Many
peripheral membrane proteins are bound to the cesfaf integral
proteins, on either the cytosolic or extracelldade of the membrane.
Examples include cytochrome c and acetyicholinerase.

Glycoproteinsin blood typing

Carbohydrate groups are covalently attached to nd#ffgrent proteins
to form glycoprotein. Many glycoproteins are comeots of cell
membranes, where they play a variety of roles ot@sses such as cell
adhesion, receptors for hormones, responsible égative charges on
many cell surfaces and binding of sperm to egge ddrbohydrates of
glycoprotein determine the blood group antigens liaae been used in
blood typing. Carbohydrates are attached to glyaimom and glycolipids
on the surface of red blood cells. For one typblobd group one of the
three different structures termed A, B and O maypbesent. These
structures have in common oligosaccharide foundatailed the “O”
antigen. Those people that belong to blood groupate one extra
monosaccharide called N-acetylgalactosamine in tiaddito the
common oligosaccharide present in all humans. ledoddlood group B
contain an extra monosaccharide called galactdseugh ana-1,3
linkage to a galactose moiety of the common oligobaride present in
all humans.

40 CONCLUSION

The organelles of the basic cell, through the clbatstructure, perform
different functions.

50 SUMMARY

In this unit, you have learnt about the following:

The definition and structure of Animal cell

Differences between Prokaryotes and Eukaryotes cell
Types, Classification and life -span of animal<ell

The chemical components of plasma membranes

6.0 TUTOR-MARKED ASSIGNMENT

Draw a well-labelled structure of a circular animall.

List three differences between prokaryotic and eyka cells,
give two examples of each.

3. Give an example of a cell that lives for (a) Lesant 5 days (b)
10

N =

13
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days(c)1 month (d)1year (e)15 years f@time.
4. What are the major components of the plasma merabPahist
all other components of plasma membranes.
List two functions for each of the following orgdies:
a. () Nucleus (b) Mitochondria (c) Rough endoplesraticulum
(d) Peroxisomes

o

7.0 REFERENCE/FURTHER READING

Devlin, T.M. (2010). Textbook of Biochemistry with Clinical
Correlation. (7th ed.) JohnWiley & Sons Inc.
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1.0 INTRODUCTION

The cell membrane and the organelles carry outthadl functions
performed by living cells. The cell or plasma mear® can be referred
to as ‘the wall of a city’ it protects the compotenf the cell and also
regulates what enters or leaves the cell. The @asrembrane is very
important to all cells; the cell owes its survived an intact and
functional cell membrane. If there is an injurythe cell membrane, the
whole cell may be destroyed. The organelles arevéit®us mini-cells
found inside the cell, they help the cell to paroits diverse functions
such as synthesis, storage, energy generation arétien of waste
materials. Most of them contain a separate memhtaateencloses their
individual contents. The presence of a separate braame prevents the
destructive activities of degrading enzymes presetite lysosome. The
pH of fluid in the lysosome is also different frothe pH of the
cytoplasmic fluid. The collective functions of thlasma membrane and
the organelles are referred to as cell functions.

20 OBJECTIVES

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

. describe the organelles and give examples and iexjle
functions of each organelle

o describe plasma membrane and list its functions

. list the factors that regulate the movement of mateacross the

membranes.

10
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3.0
31

MAIN CONTENT

Typesand Functions of Organelles

Organelles and their functions

Vi.
Vii.

viii.

3.2

16

Rough Endoplasmic Reticulum: Synthesis of proteime(to the
presence of ribosomes) and degradation of worromanelles.
Smooth Endoplasmic Reticulum: Synthesis of lipidd ateroids,
storage and metabolism of calcium and detoxificatod toxic
substances.

Golgi apparatus: Processing, packaging, labellmdydelivery of
proteins and lipids to their destination within tedl.

Lysosome: Degradation of macromolecules, worn-ogawelles
and the removal of excess secretory products.dtthe thickest
membrane to prevent the leakage of hydrolytic eregmit
contains more than 40 different hydrolytic enzyraes they are
collectively known as LYSOZYMES.

Peroxisomes: Detoxification of hydrogen peroxided asther
radicals because it contains antioxidant enzymesh sas
peroxidases and catalases. Break down of excels daids,
degradation of purine to uric acid and formatiorbité acids.
Mitochondria: Production of energy in form of ATEit(ic acid
cycle), it is maternally inherited but absent id tdood cells and
initiation of apoptosis.

Ribosomes: Synthesis of proteins.

Nucleus: It controls all the cellular activitieaysent in matured
red blood cells. DNA and RNA synthesis and storafygenetic
information.

The Functions of Plasma M embranes

Protection: The plasma membrane protects the @gopland the
organelles present in the cytoplasm. It is respmesfor the
maintenance of the shape and size of cells. Theé mp®rtant
function of the cell membrane is the transportatiod regulation
of materials across the membrane.

Transportation of materials across the cell memdardine cell
membrane act as a semi-permeable membrane whashasadinly
some substances to pass through it and act agiarldar other
substances. For example, small hydrophobic molecsleh as

CO» O2 and small lipids dissolve in the membrane and pass

through readily. Tiny polar molecules such agOHand alcohol
can also slip between the phospholipids molecides and most
nutrient molecules do not move freely through trembrane but
are often carried by the transport protein chanresteer with or
without the use of energy.
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Gradients are important in moving materials thifoumgembranes both
passively (without the use of energy by the celj actively (transport
requiring cell energy).

Active and Passive Transport

Fig.6: Passve Transport - Passive Transport in Cells Involves the
Processof  Diffusion, the Diffusion can be simpleor facilitated

Simple diffusion — In terms of cellular activityhd rate of simple
diffusion can be affected by temperature, molecsiae, concentration
of the gradient. Materials that are moved throughmioranes by simple
diffusion include: water, carbon dioxide, oxygemme lipid soluble
molecules such as alcohol.

Facilitated diffusion: Most molecules cannot moveefy through the
membrane, but do cross membranes with the help efmbrnane
transport proteins, which temporarily bind to thwstance to be moved
through the membrane, a process called facilitdiédsion or passive
transport. No energy is involved in the processhlwarrier proteins and
channel proteins are involved in facilitated difars Materials that pass
through membranes by facilitated diffusion inclglecose, amino acids
and many small ions. The movement of water thromgimbranes also
involves facilitated diffusion, the special protaihannel used for this is
called aquaporins, and it facilitates the movement of water at a rat
needed for cell activities.

Facilitated diffusion process may be coupled torttevzement of other
molecules in the same direction or opposite dioectin co-transport;
the transport of one molecule depends on sequérdiadfer of another
molecule. Co-transport may be symport or antipArsymport moves

17
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two molecules in the same direction e.g. sodiuncgge transporter.
Antiport system moves two molecules in oppositedion, it is also
known as counter transport e.g. sodium-potassiansgorter.

Transported roolecule
(Fucose) co-transportedion
¥ ov
11 IR
| s
M K
uriport sy pott antiport
(facilitated diffusiomn) , ~
co-transport

Fig. 7: Active Transport - Energy Requiring Transport across
Membranes

All cells need to move some substances throughntembrane in a
direction counter to the gradient or move substaricat are too large or
bulky with the use of cell energy. Cells have a hemof ways to
transport materials across the cell membrane whith use of energy.
Some transport proteins (carrier proteins) can nsmestances through
the membrane against the concentration gradientivéddransport
typically requires two carrier protein active sit€3ne recognizes the
substances to be carried while the other relea3@sté provide energy
for the protein carrier. In some cases, conceptragjradients of ions
typically (H") protons or (Ng sodium ions can be used to provide the
energy needed to move molecules through the merabran

Active transport is classified into two types aaling to the source of
energy used. Primary active transport derives niergy directly from
the hydrolysis of ATP while the secondary activansport uses an
indirect energy of an electrochemical gradient amtbrane potential
produced originally by primary active transport. &xample of primary
active transport is sodium-potassium pump*(Ka ATPase). It is the
protein or enzyme responsible for the transpomatd Na® and K
across the cell membrane. The enzyme is known disiregpotassium
Adenosine triphosphatase.

18
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The energy required for the transportation of sodand potassium ions
is derived from the hydrolysis of ATP. For everyeh Nd pumped out
of the cell, two K are released into the cytosol. Physiological
importance of Na K* gradient in animal cells are: the control of cell
volume, it renders neurons and muscle cells etadlyi excitable and It
drives the active transport of sugars and amingsaci

3.3 Endocytossand Exocytoss

Vesicle mediated transport: Transportation of lasg@stances may
require changes in membrane shape and the fusiotheofplasma

membrane with vesicles containing the substancdsetonoved. Such
changes in membranes occur throughout the lifetinéhe cell. The

movement of materials of the cell involving changéshe membrane
and formation of vesicles is called exocytosis wtthe movement of
materials into the cell is called endocytosis.

Exocytosis: Materials can be exported from the bglifusing vesicles
with the plasma membrane. For example, insulin madide the cells
of the pancreas is released to the bloodstreanxdgy®osis.

Endocytosis: There is a variety of endocytosis esses in the cell,
examples include pinocytosis, receptor-mediated oeytdsis and
phagocytosis.

Food particle
taken in

Environment

Products of >
digestion .

particles
digested

Fusion forms
~secondary
lysosome
Fig.8: Endocytosis and Exocytosis
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40 CONCLUSION

Beyond the functions performed by the differentamrglles of the cell;
the chemical structure of the plasma membrane mpthe process of
transportation across different gradients of tHe ce

50 SUMMARY

In this unit, you have learnt about the eight osdl@s in a cell with
different functions perform. We have also relathd structure of the
cell membrane to the different forms of mechanidrtransportation of
material across different media with the explamatéfactors that drive
such exchange.

6.0 TUTOR-MARKED ASSIGNMENT

1. List four organelles and explain their functions.

2. Explain the passive mechanism of transportatiolwsscthe cell
membrane, draw diagrams to illustrate your answers.

3. Differentiate between the active and passive methad
transportation.

4. Explain with a well-labelled diagram the mechanisof

endocytosis and exocytosis.

7.0 REFERENCESFURTHER READING

Specific reading text in addition to the referenextbooks to be
provided by the Facilitator.
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MODULE 2 CHEMISTRY OF THE NUTRIENTS
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Unit 4 Chemistry of Amino Acids and Protein (1)
Unit 5 Chemistry of Amino Acids and Proteins (II)
Unit 6 Classification of Lipids
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Unit 8 The Structures of DNA and RNA

UNIT 1 CHEMISTRY OF SUGARS
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4.0 Conclusion

5.0 Summary

6.0  Tutor-Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

Biochemistry is concerned with the chemical compas®f the human
body- their properties, functions, synthesis, tpamsand degradation.
These are called biomolecules. Major classesesfgimolecules include
carbohydrates, lipids, proteins and nucleic aclde building blocks of
these compounds are the simple sugars, fatty aaid#o acids and
mononucleotides. Carbohydrates (CHOs) are compouoortining C,

H and O and having the general formulgH&O, Carbohydrates are
widely distributed in plants and animals where th@gy important

structural and metabolic roles. Glucose is the masportant

carbohydrate.

Most dietary CHO is absorbed into the bloodstrearglacose is formed
by the hydrolysis (breakdown) of dietary starch drhccharides. Other
sugars are also converted to glucose in the |@cose is the major
metabolic fuel of mammals and a universal fuel etfu$. It is the

precursor for the synthesis of all other CHOs ia Body, including

glycogen for storage, ribose and deoxyribose ineici@cids, galactose
for the synthesis of lactose in milk, in glycolipidind in combination

21
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with proteins in glycoproteins and proteoglycansseases associated
with CHO metabolism include diabetes mellitus, gadaemia, glycogen
storage diseases and lactose intolerance.

| LOGICAL
MPOUNDS

—

Proteins Carbohydrates Lipids Nucleic Acids

r
a polymer a simple sugar or a fat, an oil, a polymer composed of
composed of a polymer composed away, ora a sugar, an organic base,
aming acids of simple sugars steroid and phosphoric acid

Fig. 2.1.1: Biomolecules
2.0 OBJECTIVES

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

o define the terms monosaccharide, disaccharidepsdiccharide
and polysaccharide.

. explain the different ways in which the structuoédglucose and
other monosaccharides can be represented,

. describe the occurrence of isomerism in sugars.

3.0 MAIN CONTENT
3.1 Definition by Classification of Carbohydrates

Carbohydrates are classified according to the nurabsugar units in
the molecule as follows:

Monosaccharides: These are sugars that contaisugyee unit and thus
cannot be further hydrolysed. They represent thte oduct of CHO

digestion in the human body. They may be classiigdrioses, tetroses,
pentoses, hexoses or heptoses, depending upor tbe@ atoms, and
as aldoses and ketoses depending on whether tiveyamaaldehyde or
ketone group.

22
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H i "
H"'.;-f:? H—C—OH
H—C—0H C=—40
H o e O H—C—0H
H H
An Aldose A Ketose

Fig. 2.1.2: Aldose vs Ketose

Disaccharides: These are condensation products rmbi2osaccharide
units e.g lactose (galactose + glucose), maltoggu@se) and sucrose (
glucose + fructose)

Oligosaccharides: Condensation products of 3-10asaccharides.

Most are not digested by human enzymes. Rather pilag structural
roles.

Polysaccharides: Condensation products of > 10 sewtharide units.
Example starch and Dextrin, which may be lineabranched polymers.
Food also contains a wide variety of other polykaddes, collectively
known as non-starch polysacchs, they are not digesty human
enzymes and are the major components of dietame filexamples
include Cellulose (a glucose polymer from plant eellls) and Inulin (
a fructose polymer which the storage CHO in sonaatsl

Table 2.1: Classification of Sugars

Aldoses Ketoses
Trioses (GHsOs) Glyceraldehyde Dihydroxyacetone
Tetroses (@HgOa) Erythrose Erythrulose
Pentoses (€H100s) Ribose Ribulose
Hexoses (6H120¢) Glucose Fructose
Heptoses (€H1407) - Sedoheptulose
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Three carhons Four carhons Five carbons
H\ /0 H\ /0 H\ pu H\ ,ﬁo
H o H o ¢
N N A \ I | I
H\ /0 f‘f ? Hﬂ‘—DH HO—*l —H H—*l—OH HO—*l —H
C H—C—0H HO——H H—C—0H H—(C—0H HO——H HO—(C—H
H—*l—OH HA‘—OH H—il —0H H—" '—OH H—*l—OH H—|| —0OH H—*l—OH
lejoH LLHEOH (l‘HQC-H C“-HZO}[ (l‘-HZOH t!‘HEOH f!'HzC'H
‘ p-Glyceraldehyde | | p-Erythrose | n-Threose | p-Ribosa ‘ ‘ p-Arabinose | | p-Xylose | n-Lyxose
I —
| I | |
]
L ] H “» H
\C_// ~e? ~a”
I—I—ll —OH Hﬁl'—OH Ho—ql'—H |:|
FI— — O} EL H—4I'—OH H—ql'—DH
é'.Hz-DH -AﬁHZGH -lJ;‘-I—IleI-H
xRN = e

Fig. 2.1.3: Sugars with different no of Carbon Atons

Structure of Glucose

The straight-chain structural formula of glucosa eacount for some of
its properties, but a cyclic structure, formed byeaction between the
aldehyde group and an OH group is thermodynamicalbye favoured

and accounts for other properties. The cyclic stmgcresults from the
reaction between the aldehyde group in C1 and tHeg@up in C5,

forming a hemiacetal linkage and producing eithie2 stereoisomers.
The structure can also be represented in form olar, with the 6

membered ring containing one oxygen atom.

H—(I:—OH 2 1,5 ether linkage
HO—C—H 3 _O\
H—C—OH 4 / \ I
H—(li—C)H 5
CH,OH B | OH H / |
HO C—C
1= |
H OH
D-glucose
Fig. 2.1.4:  Structures of Glucose
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Straight chain Haworth projection Chair form

3.2 Isomers of Glucose

Isomerism is the occurrence of compounds with thees chemical
formula but different structural formula. The import types of
isomerism found in glucose aeand L isomerism.The designation of
a sugar isomer as the D form or of its mirror imagethe L form is
determined by its spatial relationship to the paremmpound of the
carbohydrates, glyceraldehydes. The orientatiorthef —-H and —OH
groups around the c atom adjacent to the termimahgoy alcohol
carbon determines whether the sugar belongs t® theL series (when
the —OH grp on this C is on the right, the sugahéD isomer, when it
is on the left, it is the L-isomer) Most of the wmally occurring
monosaccharide are D sugars. The presence of asyirom atom also
confers optical activity on the compound. When anbeof plane-
polarised light is passed through a solution ofaogtical isomer, it
rotates either to the right (dextrorotatory, +Y@the left, (levorotatory -

)
O H OxH

(2 C 3
Fig. 2.1.5: D and L forms of Glucose
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Pyranose and Furanose ring structures: Most monosaccharide
spontaneously form ring structures in which theshigle or keto group
forms a bond with one of its OH groups. If the ritmntains 5 atoms, it
is called a furanose ring; if it contains 6 atonss called a pyranose
ring. For glucose in solution > 99% is in the pysa form.

_ — e e P
g = [ s =
T — T e e
- ||= 1E |l
e o i o e T

W | \Ei/
Fura Fwran

Fig. 2.1.6: Furanose vs Pyranose Rings

Alpha and Beta Anomers: Anomerism is the formation of rings that
result in the creation of an asymmetric carbon|edathe anomeric
carbon. If the —OH group on the anomeric carbes 10 the right of the
carbon chain, it is considered to be in tkeconfiguration, and i
configuration if it lies to the left of the chai(. One of 2 stereoisomers
of a cyclic saccharide that differs only in its @garation at the
hemiacetal carbon, a hemiacetal is formed by thabomation of an
aldehyde and an alcohol group).

H OH H CH

A LPHA-GLUCOSE BETA-GLUCOSE

Fig. 2.1.7: Anomeric forms of Glucose

Epimers: These are isomers differing as a result of vammtiin
configurations of the —-OH and —-H on C atoms 2@ 4wof glucose. The
most important biological isomers of glucose arennose (C2) and
galactose C4).
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CHO CHO CHO
5=l . 2.1
HO —C—H H—--:I:—OH H-——CI—OH
HO — C—H HO —C—H HO —C—H
al a al
H—2C—OH H—2C—OH HO —2C—H
s | s | s |
H—C—OH H—C—OH H—C—OH
s | | |
CH,OH CH,OH CH,OH

p-Galactose
(epimer at C-4)

p-Mannose p-Glucose

(epimer at C-2)

Figure -4
Lennisger Frisapies of Sachemistrg Fifrh Sditios
BOOBTW. H_ Frewman and Cormyparny

Fig. 2.1.8: Epimers of Glucose

Aldose-Ketose IsomerismFructose has the same molecular formula as
glucose but differs in its structure. Since it laaketo grp in position 2
whereas there is an aldehyde group in positiondlumiose.

HMC,?O C HOH
] =0
H—C—OH I
HO—C—H HO—C—H
1 H—'CI}—C)I—I

H—C—OH Py
H—C—OH H——OH
I < HoOH

C HoOH
Glucose Fructose

Fig. 2.1.9:Aldose-Ketose Isomerism
4.0 CONCLUSION
In this unit, you have learnt about the following:

I The meaning of the terms monosaccharide, disad#ari
oligosaccharide and polysaccharide.

il. The different ways in which the structures of gleedthe most
important carbohydrate) and other monosaccharidas loe
represented.

iii. The types of isomerism found in sugars.

5.0 SUMMARY

In this unit, you have learnt about the followirthe meaning of the
terms monosaccharide, disaccharide, oligosaccharidand
polysaccharide; The different ways in which theistures of glucose
(the most important carbohydrate) and other mordsa@es can be
represented; the types of isomerism found in sugars
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6.0 TUTOR-MARKED ASSIGNMENT

Activity — draw the chemical structures of the different fowhglucose
over and over again until you become conversant wie chemical
composition

1. Explain the types of isomerism found in glucose.
2. Give 2 examples each of Monosaccharides, Oligosaici#s and
Polysaccharides found in nature.

7.0 REFERENCES/FURTHER READING

Murray, R.K., Bender, D.A., Botham, K. M., Kennelli.J., Rodwell
V.W. & Well, P.A., (2012). Harper’s lllustrated Biochemistry
(29th ed.). McGraw-Hill Medical.

Devlin T.M. (2010). Textbook of Biochemistry with Clinical
Correlation (7th ed.). John Wiley & Sons Inc.

Nelson, D.L. & Cox, M.M. (2009).Lehninger Principles of
Biochemistry (4th ed.).
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1.0 INTRODUCTION
The previous study session has provided informatonthe basic
chemistry of different types of Sugars. In thisssas, you will learn

more about these sugars and their physiologicavagice. You will also
get to know about some derivatives of these sugadsheir functions.

2.0 OBJECTIVES

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

. state the composition and give examples of disacts
oligosaccharides and polysaccharides found in bio& systems

o describe the roles of carbohydrates in cell memdwaand
lipoproteins

o describe carbohydrates in biological systems.

3.0 MAIN CONTENT

3.1 Glucose, Galactose, Fructose and Mannose

Glucose, galactose, fructose and mannose are phgsially the most
important hexoses. Pentoses are important in atidés, nucleic acids
and several coenzymes. Derivatives of triosesydesy, and pentoses are
also formed as metabolic intermediates in somewsth of CHO
metabolism ( glycolysis and pentose phosphate math@arboxylic
acid derivatives of glucose are also important. yTheclude D-
glucuronate, L-iduronate and L-gulonate. Deoxyassgare those in
which one OH group has been replaced by H e.g didmse in DNA.
Amino sugars include D-glucosamine, D-galactosamimed D-
mannosamine.
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Physiologically important disaccharides include tose¢, sucrose and
Lactose. Starch and glycogen are storage polynfegkiocose in plants
and animals respectively. Starch is the major sowfcenergy in the
diet. It forms anu-glucosidic chain, called a glucosan or glucan. Zhe
main constituents are amylose (13-20%), which ha®mbranching
helical structure, and amylopectin (80-87%) whiomsists of branched
chains composed of 24-30 glucose residues with»4 linkages in the
chains and byl1—6 linkages at the branch points. The glycemic index
of starchy food is a measure of its digestibilibgsed on the extent to
which it raises the blood concentration of glucesenpared with an
equivalent amount of glucose.

Table 2.2: Disaccharides

Sugar Composition Source
Sucrose | Glucose , Fructose Cane sugar, sorghum,
some fruits and
vegetables
Lactose | Galactose, Glucose Milk
Maltose |2 Glucose units( ina-1—4 | Enzymatic hydrolysis of
linkage) starch
Lactulose| Galactose, Fructose Heated Milk
Trehalose 2 Glucose units ( in-1—1
linkage)
Table 2.3: Pentoses
Sugar Source
D-Ribose Nucleic acids and metaboljc
intermediate
D- Ribulose Metabolic intermediate
D- Arabinose Plant gums
D- Xylose Plant gums, Proteoglycans
L-Xylulose Metabolic intermediate
Table 2.4: Hexoses
Sugar Source Biochemical
importance
D-Glucose Cane sugar, FruitMain metabolic fuel
juices, starch, maltose
and Lactose
D-Fructose Fruit juices, honey, Readily = metabolised
Inulin via glucose
D-Galactose Lactose Readily metabolised tp
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glucose. Synthesised |n
mammary gland fo
synthesis of lactose

D-Mannose Plant gums Constituent of
glycoproteins

-~

3.2 Roles of Carbohydrates in cell membranes

Glycogenis the storage polysaccharide in animals. It mae highly
branched structure than amylopectin. Muscle glynogeanules are
made of up to 60,000 glucose residues. Inulin golysaccharide of
fructose while dextrins are intermediates in the&rblysis of starch.
Celluloseis the chief constituent of plant cell walls. $tinsoluble and
consists of of glucopyranose units linkedfb$—4 bonds to form long,
straight chains strengthened by cross-linking HdsorMammals lack
any enzyme that hydrolyzes tiffie1—4 bonds, and so cannot digest
cellulose. It is an important source of bulk in thiet, and the major
component of dietary fibreChitin is a structural polysaccharide in the
exoskeleton of crustaceans and insects and alsanuishrooms.
Glycosaminoglycansare complex CHOs containing amino sugars and
uronic acids. They may be attached to a proteineoudé to form a
proteoglycan. Proteoglycansprovide the ground or packing substance
of connective tissue Examples include hyaluroniad,achondroitin
sulphate and heparinGlycoproteins (mucoproteins) are ptoteins
containing branched or unbranched oligosacc chaimsy occur in cell
membranes and include serum albumin. Approxima&ly of the
weight of cell membranes is CHO in glycoproteind giycolipids.

CH,0H

H /i_o\n
Som 1 ,Branching
CH OH CH OH CH OH
g d 4 iy / occurs here
Q— — 0 u UH CHDH CH,OK
I/ \/H NI Gy J_ 1

OH H o] oH [#] C O
\RY_?/? \?\ H/? \O;’:H H/ Dwo\on H>D Ok H /AN CJH H 3
H

Cellulose

Fig 2.2.1: Structures of cellulose, Starch and Mwproteins
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4.0 CONCLUSION

In this unit, you learnt how to distinguish amonigiapse, galactose,
fructose and mannose. You also learnt about tres rof carbohydrates
in cell membranes.

5.0 SUMMARY
In this unit, you have learnt about distinguishibhgtween glucose,

galactose, fructose and mannose. You have alsotlabout the roles of
carbohydrates in cell membranes.

6.0 TUTOR- MARKED ASSIGNMENT

1. Using structures only, distinguish the three epswdrglucose.

2. State the components of the following sugars amdtypes of
linkage: sucrose, lactulose, trehalose and maltose.
3. Draw a table showing the generic name, ketose muda forms

of sugars with 3,4, 5 and 6 carbon atoms.

7.0 REFERENCES/FURTHER READING

Murray, R.K., Bender, D.A., Botham, K. M., Kennelli.J., Rodwell
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(29th ed.). McGraw-Hill Medical.

Devlin, T.M. (2010). Textbook of Biochemistry with Clinical
Correlation. (7th ed.). JohnWiley & Sons Inc.

Nelson, D.L. & Cox, M.M. (2009).Lehninger Principles of
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1.0 INTRODUCTION

Water is the most abundant matter on earth and ialsall living
creatures. Typically, organisms are constituted/@fto 90 % water.
Water must be present before any metabolic actinaty take place in
the cell. It is referred to as a weak electrolyezduse it can undergo
partial dissociation to two ions made up of a pmo¢bl") and hydroxyl
ion (OH).

Acids and Bases are defined with respect to thaiity to gain or loss
protons. Buffer is a solution that resists chanmgéhe pH of a solution
when proton or hydroxyl ions are suddenly addednc@atration of
these ions determines the degree of acidity orlialigaof solutions,

including body fluids.

2.0 OBJECTIVES

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

o explain the properties of water

. describe the importance of water as the major compo of
living organisms.

. define acid, base and buffer

. calculate the ph, poh and pka of a given solution

o explain the biological importance of buffer.
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MAIN CONTENT

The Properties of Water

Water is the predominant chemical component of lialhg

organisms.

Most chemical reactions in the cell take place fuepus
environment.

Hydrogen bonds hold the oxygen and hydrogen atogstiier in
a water molecule.

The oxygen of water is very electronegative, wiilglrogen is
electropositive; as a result water is dipolar amxtiEt slight
tendency to dissociate.

a.

Biological Importance of Water

A molecule with electrical charge distributed unai
about its structure is referred to as a dipoleO & H" +
OoH

The strong dipole and high dielectric constant aftex
enables it to dissolve large quantities of charged
compounds.

Presence of hydrogen bond also enables water $oldes
many organic molecules that contain functional gsou
Water provide environment for macromolecules taeach
stable structure in solution

Acid, Base and Buffer

Acid is a compound that dissociates in aqueoudisalto
produce proton (H and a conjugate base JAHA = H +
A

Acid may dissociate partially (weak acid) or conelg
(strong acid) in solution. In solution, weak acglablishes
equilibrium between the proton and its conjugateeba
The equilibrium constant is called the acid disatbon
constant (Ka) where K is the constant and a isthe:
Ka= =[H][A]

[HA]

Base is a compound that accepts proton in aqueous
environment, for example ammonia reacts with aqurao
produce an ammonium ion.

Calculation of pH, pOH and pKa
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The pH of a solution is simply defined as the niegalogarithm
of hydrogen ions concentration, pH = - log [H+Han
a. pOH = - log [OH-].

Example 1 If the H+ concentration of a solution is 4.2 x3@alculate
the pH of the solution.

Solution:

pH = - log [H+] , log[4.2 x 10-3] = log 4.2 + log 10-3 = 0.62 -3 = -
2.38. Substitute for log [H+] in the equation.
pH = -(-2.38), the two negative values cancelleg @H = 2.38

Example 2 Calculate the [H+], [OH-] and pH of 0.01M ethaoaicid,
given that ( Ka = 1.76 x 10-5).

Solution:

Note that ethanoic acid is a weak acid, it disses partially in
solution, therefore HA = H+ + A- | if the conjugatare represented by
X, then HA = 0.1- x 0.1( value of x is negligible)

Ka = [H+] [A-]

[HA]

Ka=1.76 x 10-5 =x2/0.1

x2 =1.76 x 10-6 , x is equal to the square roolLof6 x 10-6
this is equal to 1.33 x 10-3, therefore,

[H+] = 1.33 x 10-3

pH = -log 1.33 x 10-3 = 0.12-3, if you take aw&ajrom 0.12, this will
give you a negative value ( -2.88).
pH=2.88.

To calculate the pOH, the dissociation of pure waitd be considered.
H30 = H+ + OH-,

[H+] + [OH-] = 1.0 x10-14,

[OH-] = 1.0 x 10-14/ [H+]

=1.0x 10-14/1.33 x 10-3,

[OH-] =7.52 x 10-12.

But pOH =-log 7.52 x 10-12

This is equal to 0.88 — 12,

pOH =11.12

Buffer is a solution that resists change in pH wheldl or base is added.

When either acid or base is added, there will bgpteary change in pH,
but the pH is quickly restored. A buffer containsvaak acid and its
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conjugate base. Examples of buffer solutions acet#e buffer (acetic
acid and acetate salt), bicarbonate buffer (cabaaid and bicarbonate
salt).

I How buffers regulate the pH of solution

If hydrogen ions are added to a buffer solutior,¢bnjugate base reacts
with the excess hydrogen ions to form the acid.

If OH- ions are added, they react with the acidspne in the buffer to
produce water and conjugate base.

. Preparation of buffer

To prepare buffer, Henderson Hasselbalch equadiosed to calculate
the concentrations of acid and base components.

The equation is pH= pKa+ log [A-]
[HA]
Biological importance of buffer

I Body fluids such as blood, cerebrospinal fluid\saletc. have
constant pH under normal physiological conditions.

. This is possible due to the presence of bufferhiesé fluids.
Hydrogen and hydroxyl ions are constantly addedht® body
fluids as products of metabolism.

iii.  Approximate pH of some body fluids is: blood - 7.4,
cerebrospinal fluid - 7.30 to 7.50, saliva — 6.5 1.

4.0 CONCLUSION

Water is life and a core component of all otheid#uthat make chemical
reactions possible in the body. Fluid of differenemical media can be
prepared at different concentrations. Acids, bamed buffers serve
different purposes in the body.

5.0 SUMMARY

In this unit, you have learnt about the propertiesvater, the biological
importance of water and the structures of acide lzasl buffers.

6.0 TUTOR- MARKED ASSIGNMENT

1. What are the qualities that make water a univessiient?
2. Define acid and base.
3. Define buffer and explain how they regulate thegfidolution.
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4. Calculate the pH of a solution of weak acid whoselavity is
0.0008.

5. Calculate the [H+], [OH-] and pH of 2.5 x 10-3 Mhahoic acid,
given that (Ka = 1.48 x 10-5).

6. State the Henderson Hasselbalch equation and jitsrtance.

7.0 REFERENCES/FURTHER READING

Murray, R.K., Bender, D.A., Botham, K. M., Kennelli.J., Rodwell
V.W. & Well, P.A., (2012). Harper’s lllustrated Biochemistry.
(29th ed.). McGraw-Hill Medical.

Devlin, T.M. (2010). Textbook of Biochemistry with Clinical
Correlation. (7th ed.). John Wiley & Sons Inc.
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1.0 INTRODUCTION

Amino acids are the basic structural units of RnsteProteins in all
species from bacteria to humans are constructed free same set of
twenty amino acids. Outside the formation of pmdeiamino acids are
involved in neurotransmitter transport and biosgsth. An amino acid
consists of amino group (NH2), a carboxylic grolC@OH), a
hydrogen atom (H) and a distinctive R group whistspecific to each
amino acid. These 3 groups are bonded to a cartoon, @alled thex-
carbon. Amino acids take part in many types of tieas, but the most
important of these is the formation of a peptidadorhis involves the
joining of the a- carboxyl group of one amino acid to the amino
group of another amino acid, with the loss of aewvabolecule. Amino
acids are grouped according to the nature of thieie chains. Since
amino acids are weak acids, their strength is egae as pKa(negative
log of ionisation constant). The net charge onmma acid depends on
the pKa of its functional groups and the pH of sherounding medium.
The isoelectric pH, also called pl is the pH midvieyween pKa values
on either side of the isoionic species.

2.0 OBJECTIVES

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

o describe the general structuresefamino acids

o identify the 20 amino acids which make up proteins

. explain the relationship between r groups and thenucal
properties of amino acids.

. calculate the pi of a monoamino monocarboxylic ananid
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. describe how peptide bonds are formed and peptiaiesd.

3.0 MAIN CONTENT

3.1 Chemical Nature of Amino Acids

Amino acids are the basic structural units of preteAn amino acid
consists of amino group, a carboxyl group, a hydrogtom and a
distinctive R group bonded to a carbon atom, cated- carbon. An R

group is referred to as a side chain. Amino aamsalution at neutral
pH are predominantly dipolar ions (or Zwitterioma)her than unionised
molecules. In the dipolar form, the amino grouprstonated (-NH3+)
while the carboxyl group is dissociated (-COO-)eTibnisation state of
an amino acid varies with pH. In acid solution atgH 1, the carboxyl
group is un-ionised (-COOH) and the amino groupmsed (-NH3+).

In alkaline solution, the carboxyl group is ionisé€OO-) and the
amino group is un-ionised (-NH2). At physiologic p¢arboxyl groups
exist almost entirely as -COO- and amino groupsi@menantly as —

. | |
E—é—ﬁ Ri—g

; /u
_ -
ot ? W, °

pH 1 pH7 pH 11
Fig. 2.4.1a: lonisation States of an Amino Acid a& Function of pH

Twenty kinds of side chains varying in size, shagerge, hydrogen
bonding capacity and chemical reactivity are comimciound in

proteins. All proteins in all species from bactet@m humans are
constructed from the same set of twenty amino acithe different

range of functions mediated by proteins resultsnfribe diversity and
versatility of these twenty kinds of building blackThe arrangement of
four different groups about the- carbon confers optical activity on
amino acids. The 2 mirror images are called thedmier and the D-
isomer. However, only L-amino acids are constitaenit proteins. D-

amino acids that occur naturally include free Drserand D- aspartate
in brain tissue, D-alanine and D-glutamate in tak walls of gram + ve
bacteria and D-amino acids in some non-mammaligpotiqes and

certain anti biotics. Many proteins also contaimive®l amino acids,
which are usually formed by enzymatic modificatieihan amino acid
after it has been incorporated into a protein eoffage n contains
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hdroxyproline (the —OH group serves to stabilize ¢bllagen fibre), pro
thrombin, a clotting protein containscarboxyglutamate. Defective
carboxylation of glutamate in this protein may leéadaemorrhage. The
action of some hormones is also mediated by phogfaton and
dephosphorylation of specific serine residuesvargety of proteins.

OPT[CAL ISOMERS The -carbon atom is asymmaetric, which

allows for two mirror imaaqe (or sterco-)

isomers, Land D

Proteins consist exclusively of L-amino acids

Fig. 2.4.2 b: Absolute configurations of the L- ad D- isomers of amino
acids

3.2 The 20 Amino Acids found in Proteins

The simplest amino acid is glycine, which contaanisydrogen atom as
side chain. It is the only non-chiral amino acidamine has a methyl
group as its side chain. Others that have hydracaside chains include
valine, leucine, isoleucine and proline (prolinentans a secondary
rather than a primary a7ino group and can be eeto as an imino
acid.

Serine and threonine contain aliphatic hydroxylup® Aromatic amino
acids include Phe, Tyr and Trp. The side chainhege amino acids are
uncharged at physiologic pH. Lysine and Argininentam + vely

charged side chains at neutral pH, while His ikegitrvely charged or
neutral depending on its local environment. Thesare3 called basic
amino acids. Glu, Asp are called acidic a.as amd—aely charged at
physiol. pH. The uncharged derivatives of Glu asg are glutamine
and asparagine. They contain a terminal amide gmatiper than a
carboxylate. Two amino acids with sulfur-containisgle chains are
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methionine and cysteine. Cys plays a special mlsome proteins by
forming disulfide cross-links.

Table 2.5: The 20 Amino Acids

Amino acid | Three-letter abbreviation One-letter symbol
Alanine Ala A
Arginine Arg R
Asparagine | Asn N
Aspartic acid | Asp D
Cysteine Cys C
Glutamine GIn Q
Glutamic acid| Glu E
Glycine Gly G
Histidine His

Isoleucine lle

Leucine Leu L
Lysine Lys K
Methionine Met M
Phenylalanine| Phe F
Proline Pro P
Serine Ser S
Threonine Thr T
Tryptophan | Trp w
Tyrosine Tyr Y
Valine Val V
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Amino acids with Hydrocarbon side chains
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Amino acids with side chains containing hydroxyH)dgroups.
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Amino acids with carboxamide groups

‘THS
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5] SH
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Sulphur-containing amino acids.
Fig. 3b: Structures of Amino Acids

3.3 R Groups and the Chemical Properties of Amino Acid.

The charged functional groups of some amino aagidsire that they are
readily soluble in polar solvents such as water eth@nol but insoluble
in nonpolar solvents such as benzene or ether.l8lwi the high
amount of energy required to disrupt the ionic ésr¢hat stabilise the
crystal lattice account for the high melting poiotsamino acids. Amino
acids do not absorb visible light and are theretaiourless. However,
Tyr,Phe and Trp absorb high wavelength UV light.eytcontribute
majorly to the ability of most proteins to absoight in the region of
280nm. The respective R groups of amino acids ohater their
properties e.g the hydrophobic R groups of Ala,,\ladu and lleu as
well as the aromatic R groups of Phe, Tyr and ypactlly occur in the
interior of cytosolic proteins. The charged R gewb basic and acidic
amino acids stabilise specific protein conformatia ionic interactions
or salt bonds. Each functional group of an aminial &xhibits all its
characteristic chemical reactions. For carboxyl@dagroups, such
reactions include formation of esters, amides and anhydrides while
those for amino groups include acylation, amidatod esterification.

3.4 plof Amino Acids

The net charge on an amino acid i.e the sum ahalktvely and —vely
charged groups present depend on the pK valuégs fafrictional groups
and the PH of the surrounding medium. Altering tharge on amino
acids and their derivatives by varying the pH featiés the physical
separation of amino acids, peptides and proteihg. i$0 electric pH,
called the pl is the pH midway between pK valuesither side of the
isoelectric species. For an amino acid such asredathat has only 2
ionisable groups, the isoelectric pH is
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pl= Pkl + pK2/2= 2.35+ 9.69/2= 6.02

For polyfunctional acids, pl is the pH midway beénethe pka values
on either side of the isoionic species e.g for @gpacid, pl = 2.09+
3.96/2, =3.20

Table 3: Pk Values of some Amino Acids

| pK values af@5 |

AminoA-
acid COOHNH?3*Chain
group grouf

a- Side

Valine 2.3 9.6

Aspartic acid 2.0 10.0 3.9
Glutamic acid 2.2 9.7 4.3
Histidine 1.8 9.2 6.0
Cysteine 1.8 10.8 8.3
Tyrosine 2.2 9.1 10.9
Lysine 2.2 9.2 10.8
Arginine 1.8 9.0 12.5

PH

12

LI e et

Alanine Titration Curve

CH;

T -
HaM—CH—COO |

Ciﬂg s
H:MN—CH—COO

0.5 1.0 1.5 2.0
OH equivalents

Fig. 2.4.4b: Determination of Isoelectric Point oAla and Lys
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Dissociation of Lysine
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3.5 Formation of Peptide Bonds

The most important reaction of amino acids is tivenfation of a peptide
bond. This involves the joining of the carboxyl group of one amino
acid to thex- amino group of another amino acid, with resultass of a
water molecule. The biosynthesis of peptide bordsiires an input of
free energy, whereas their hydrolysis is thermodynally favourable.
Many amino acids (usually > 100) are joined by mepbonds to form a
polypeptide chain

Amino acid (1) H Amino acid (2) H
H H
" 1 H I
H H
R R
\ 4 .

Peptide bond

Water

Dipeptide

Fig. 2.4.5a: Formation of Peptide Bond
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An amino acid unit in a polypeptide is called aidas. A PP chain has
different ends- the-amino and the- carboxyl groups. The amino end
is taken to be the beginning of the chain e.g enttipeptide ala-gly-trp,
alanine is the amino-terminal residue and trp & ¢hrboxyl terminal
residue. A PP chain consists of a regularly repgapart, called the
main chain (also called the backbone), and a viariphrt comprising
the distinctive side chains. In some proteinsvag&le chains are cross-
linked by disulfide bonds. These cross-links arenfed by the oxidation
of cysteine residues. The resulting disulfide ilechcystine. Amino
acids present in peptides are called aminoacyluesi and are named by
replacing the-ate or —ine suffix of free a.as witlyl e.g aspartyl, alanyl
etc. Peptides are then named as derivatives otahigoxyl terminal
aminoacyl residue e.g Lys-Leu-Tyr-GlIn is called yyseucyl-Tyrosyl-
Glutamine. This indicates that the carboxyl group of glutamine is not
involved in peptide bond formation. Many proteirensist of a single
polypeptide chain e.g myoglobin. Others contain thore chains which
may be either identical or different e.g Hemoglomsnmade up of 2
chains of one kind and 2 of another kind of pp ch@a andp) , held
together by non-covalent forces. The PP chainsoofies multichain
proteins are linked by disulfide bonds e.g insulin.

4.0 CONCLUSION

In this unit, you have learnt about the chemicalreaof amino acids,
the 20 amino acids found in proteins, the R Groapd the chemical
properties of amino acids, the pl of Amino acidsvedl as formation of
peptide bonds.

5.0 SUMMARY
In this unit, you have learnt about the chemicdalreaof amino acids,
the 20 amino acids found in proteins, the R Groapd the chemical

properties of amino acids, the pl of Amino acidsvedl as formation of
peptide bonds.

6.0 TUTOR- MARKED ASSIGNMENT

1. Describe the general structuresefamino acids.
2. Identify the 20 amino acids which make up proteins.
3. Explain the relationship between R groups and themucal

properties of amino acids.
Calculate the pl of a monoamino monocarboxylic ananid.
Describe how peptide bonds are formed and peptidesed.

ok
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1.0 INTRODUCTION

We continue with our study of amino acids and pnsteln this session,
you will learn the various methods of determinirtge tamino acid
components of peptides and proteins and the pitexipn which these
methods are based. You will also learn how aminidsam a given
sample can be quantified. A man called Fredrickggarwas the first
scientist to determine the amino acid sequence giratein. He
determined the amino acid sequence of insulin B319and was given
the 1958 Nobel Prize in chemistry in recognitionhig work. Today,
methods for this procedure have been automatedrau® simple. The
amino acid sequence of many proteins is now knowd this has
assisted Biochemists in tracing molecular events ewolution.
Alterations in amino acid sequences can producerafed functions
and diseases. For instance, sickle cell anaemialtsedrom the
replacement of a single amino acid, Glu with Valtie B chain of
Haemoglobin. The 4 levels of protein structure algo discussed as
well as the various functions of proteins in biotad systems.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

explain the process of protein purification

discuss how amino acid composition is determined
discuss how amino acid sequence is determined
explain the different levels of protein structure

state the roles of proteins in biological processes
explain how amino acid sequence of a protein isrdahed.
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3.0 MAIN CONTENT
3.1 Purification of Proteins

Each protein has a unique, precisely defined amaitid sequence. In
1953, Frederick Sanger determined the amino acjdesece of insulin.
Since then, hundreds of other proteins have begmeseed. This is an
important procedure as it provides insight intabikslogical activity and

function. Much of the evolutionary history of theofein can also be
known from its aa sequence and composition as ipgpotesemble one
another in their amino acid sequences only if thaye a common
ancestor. Consequently, molecular events in ewslutan be traced
from amino acid sequences. Alterations in aminal a&@quence can
produce abnormal function and diseases. For insfacell anaemia
results from the replacement of a single amino,a@id with Val in the

chain of Hae. The first step is to purify the pmoteafter which its amino
composition is determined

A protein must be purified prior to the determipatiof its chemical
composition, structure and function. The first tésko develop an assay
procedure for the protein. This utilises specifiogerties of the protein
such as the rate of transformation of substrafaduct (in the case of
an enzyme), antibody-antigen reaction or a phygicld response that
gives a quantitative measure of activity per umdt@in concentration.
This is known as the protein’s specific activityhel purpose of a
purification procedure is to increase a proteirgsdfic activity to the
value expected for the pure protein. Initial pwation of a soluble
cellular protein involves disruption of the cell mieranes, followed by
differential centrifugation in a density gradiemt isolate the protein
from subcellular particles and high molecular weigggregates. Further
purification may utilise selective precipitation Imprganic salts (salting
out) or by organic solvents. Final purification lunes a combination of
techniques that separate based on molecular chargkecular size,
affinity or a combination of two or more of thes€echniques based on
charge include electrophoresis, isoelectric foaysamd ion exchange
chromatography. Those based on molecular mass zar isiclude
ultracentrifugation, molecular exclusion chromasgury/gel filtration
while affinity chromatography is based on the atffirof the protein for
its substrate, membrane receptors or antibodieb/a&glamide gel
electrophoresis is based on size and charge.
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lon Exchange column

1 —— Eluent

Stationary phase

#————— Eluate

Running a protein through a column
Fig. 2.5.1: Tools for Protein Purification

Determination of amino acid composition of a peptid/ protein

The peptide is hydrolyzed into its constituent amatids by heating it
in 6N HCI at 110C for 24 hours. The amino acids in the hydrolysate
separated by ion exchange chromatography on a oobfnsulfonated
polystyrene. The separated amino acids are detdmyethe colour
produced when they are heated with ninhydginamino acids give an

52



NSC 207 MODULE 2

intense blue colour while imino acids such as pmlgive a yellow

colour. The quantity of amino acids is proportiortal the optical

absorbance of the solution after heating it withhiydrin. Fluorescamine
can also be used, which reacts withoitsamino group to form a highly
fluorescent product. The identity of the amino asidevealed by its
elution volume, i.e the vol of buffer used to reradkie amino acid from
the column. The chromatographic pattern of the lysdde is then
compared with that of a standard mixture of amicds
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Fig. 2. 5.2 Reagents for Quantifying Proteins

Determination of Amino Acid Sequence of a PeptidefBtein

Sequencing of a protein was first carried out bgdeérick sanger in
1953. He determined the amino acid sequence ofim$dature insulin

consists of the 21-residue A chain and the 30-ues chain linked by
disulfide bonds. Fred Sanger reduced the disulfim®ds using
performic acid and thus separated the 2 chainsthidie cleaved each
chain into smaller peptides using trypsin, chymusig and pepsin. The
resulting peptides were then precipitated with 6iI Ho hydrolyze

peptide bonds and generate peptides with as femv@®r three amino
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acids. He then reacted each peptide with 1-flugdeenitrobenzene
(Sanger’s reagent) which derivatives the exposeamino group of
amino acid residues. Working backwards to largagrirents enabled
Sanger to determine the complete sequence of ms@lansyl Chloride
is also used to identify amino-terminal residuésrebcts with amino
groups to form highly fluorescent and stable swdfomde derivatives.
Although the DNP and Dansyl methods are powerfutytcannot be
used repetitively on the same peptide because épéide is totally
degraded in the acid-hydrolysis step. Pehr Edmatrodoced
Phenylisothiocyanate (Edman’s reagent) to seldgtiadel the amino-
terminal residue of a peptide. This generates a PTH
phenylthiohydantoin) derivative. in contrast to §ewis reagent, the
PTH derivative can be removed under mild condititngenerate a new
amino terminal residue. Successive rounds of désaton with
Edman’s reagent can therefore be used to sequeacg rasidues of a
single sample of peptide. Edman sequencing has &#emated, using
a thin film or solid matrix to immobilise the peg¢d and HPLC to
identify PTH amino acids. The Edman method deteesithe first 20-
30 residues of a peptide. Since most pps contaieraehundred aas, it
is necessary to first cleave the pp into small idegt prior to Edman
sequencing. Reagents for the chemical or enzyrlstavage of proteins
include CNBr, Trypsin etc. Following cleavage, ttesulting peptides
are purified and sequenced.
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¢ gent) 1-fluoro 2,4-
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Fig. 2.5.3: Reagents used for Sequencing Proteins/Peptideshey Label
the exposedr-Amino Group of Amino Acid Residues
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Amino Acid Sequence of Insulin

i

Fig. 2.5 4: Amino Acid Sequence of Insulin

Table 2.6: Reagents used in the Cleavage of Polyieies

Reagent Cleavage site

Chemical cleavage

Cyanogen Bromide Carboxyl side of Met residues
Hydroxylamine Asparagine-glycine bonds

2-Nitro-5-thiocyanobenzoate | Amino side of cysteine residues
Enzymatic cleavage

Trypsin Carboxyl side of Lys and Arg
Clostripain Carboxyl side of Arg residues
Staphylococcal protease Carboxyl side of Asp and Glu

3.2 Purification of Proteins
There are 4 levels of protein structure:

Primary structure refers to the sequence of amino acids and locafion
disulfide bridges if there are any. It is a completescription of the
covalent connections of a protein.

Secondary structure refers to the steric relationship of amino acid
residues that are close to one another in therlisequence. Some of
these relationships are of a regular kind, givimge rto a periodic
structure. Thex helix, thep- pleated sheet and the collagen helix are
examples of 2structure. The helix is a rod-like structure. Tightly
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coiled polypeptide main chain forms the inner pdrthe rod, and the
side chains extend outward in a helical array. Jtability of ana helix
arises primarily from hydrogen bonds formed bw tHE and CO
groups of the main chain. The Co group of each aragid is hydrogen-
bonded to the NH group of the amino acid that igased 4 residues
ahead in the linear sequence. Each residue igdelatthe next one by a
translation of 1.5 A along the helix axis and aatioin of 100, which
gives 3.6 amino acids per turn of helix. Thus aled are spaced 4-5
apart in the linear sequence are spatially closen® another in an
helix while those 2 apart in the linear sequeneesituated on opposite
sides of the helix and so are unlikely to make aontThe pitch of the
helix is 5.4 A (the product of the translation arwlof residues per turn).
The o helix can be right-handed (clockwise) or left-hadd
(anticlockwise). Only right-handed helices are fdun proteins. Since
the peptide bond of proline lacks a H atom to dbaote a H bond,
proline can only be stably accommodated within firs# turn of ana
helix. When presenting elsewhere, proline disrdpésconformation of
the helix, producing a bend.. Because of its smadl, glycine also often
induces bends im helices. Th@ sheet differs markedly from thehelix
in that it is a sheet rather than a rod. The phép pleated sheet is fully
extended rather than being tightly coiled. The ladistance bw adjacent
amino acids is 3.5A. Th@ sheet is stabilised by hydrogen bonds bw NH
and CO groups in different pp strands, whereash@wthelix, the H
bonds are bw NH and CO groups in the same PP chain.

The collagen helix is responsible for the high tenstrength of
collagen, the major component of skin, bone andden

Tertiary Structure

This refers to the entire 3-dimensional confornratiof a protein. It is
the steric relationship of amino acid residues #wat far apart in the
linear sequence. It includes the geometric relatign between distant
segments of primary structure and the positionatimnship of the side
chains with one another. It indicates, in 3- dimenal space how
secondary structural features (Helices & sheetsemble to form
domains.

Quartenary Structure

This refers to the arrangement of polypeptide chama multichain
protein. The subunits in & 4tructure are associated non-covalently. It
should be noted that a protein having only 1 pprclhay myoglobin , as
well as one in which the PP chains are covalentlyded together e.g
chymotrypsin cannot have 4tructure. Each PP chain in a protein with
4° is referred to as a subunit e.g. Hae has 4 pjinspap2) held
together non covalently in a specific conformatas required for its
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function. A protein domain refers to a compact, isemdependent
globular unit of protein structure. It is a sectioh protein structure
capable of performing a particular chemical or ptgistask.8 and £
structures are stabilised by non covalent intevastiwhich include
hydrophobic interactions, hydrogen bonds, salt gesd and intra
polypeptide disulfide bonds.
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= Glycine

- Hydroxyproline

~— Hydroxyproline

P .— Proline

Collagen helix
Fig. 2.5 5: Levels of Protein Structure
3.3 Roles of Proteins in Biological Processes

Proteins play crucial roles in virtually all bioliegl processes. Some of
these roles include

Enzymatic catalysis Nearly all chemical reactions in Biological
systems are catalysed by enzymes. Chemical tranafmns rarely
occur at perceptible rates in vivo in the abserfaenaymes. All known
enzymes are proteins. Thus, proteins play the enigle of determining
the pattern of chemical transformations in biolaggystems.

Transport and storage: Many small molecules and ions are transported
by specific proteins e.g Hae transports oxygen riytheocytes while
myoglobin transports oxygen in muscle. Transfepamries iron in the
plasma of blood to the liver where it is storechaomplex with ferritin,
another protein.

Co-ordinated motion: proteins are the major components of muscle.
Muscle contraction is accomplished by the slidingtion of two kinds

of protein filaments. On the microscopic scale,rdotated motion such
as the mvmt of chromosomes in mitosis and the pgsoguof sperm by
their flagella are also produced by contractileeagslies consisting of
proteins.

Mechanical Support: The high tensile strength of skin and bone is due
to the presence of collage, a fibrous protein

Immune protection: Antibodies are highly specific proteins that
recognize and combine with foreign substances asaliruses, bacteria
and cells from other organisms.
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Generation and transmission of nerve impulsesThe response of
nerve cells to specific stimuli is mediated by poe proteins e.g
rhodopsin is the photoreceptor protein in retiog cells.

Control of Growth and Differentiation: Controlled sequential
expression of genetic information is essentialtfier orderly growth and
differentiation of cells. Repressor proteins arepaomtant control
elements that silence specific segments of the DilA cell. Nerve
growth factor, a protein complex serves to guideftrmation of neutral
networks in higher organisms.

4.0 CONCLUSION

Proteins are essential nutrients for tissue groveghair and replacement.
5.0 SUMMARY

In this unit, you have learnt about the following:

o purification of proteins
o purification of proteins
o roles of proteins in biological processes.

6.0 TUTOR- MARKED ASSIGNMENT

Explain the process of protein purification.

Discuss how amino acid composition is determined.
Discuss how amino acid sequence is determined.
Explain the different levels of protein structure.

State the roles of proteins in Biological processes
Explain how amino acid sequence of a protein ismehed.

oohkwnNE
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1.0 INTRODUCTION

Lipid is another important macro molecule foundalhliving cells. It is
the only macromolecule without a specific monomemit. The word
lipid was derived from Greek wollgos, the meaning olipos in greek
is fats. This is why lipid and fat are used intempeably in many
literatures. Lipids are described as a group oéfogieneous compounds
that are not readily soluble in water or polar saks but are readily
soluble in organic solvents such as chloroform, rbgdrbons etc.
Examples of lipids include fats, oils steroids, wesxand related
compounds. Lipids are usually hydrophobic or amathic molecules,
the most common lipids in nature consist of fattyda linked by an
enter bond to glycerol or to other alcohol suclelasesterol. In addition
to fatty acids and alcohol, they may contain otb@mpounds such as
phosphoric acid, organic bases and carbohydratéshé components
of lipids can be released or separated by varigdsolytic procedures.
The study of lipid biochemistry is important for ¢horough
understanding of the causes, effects and managenfentetabolic
disorders of lipid metabolism such as obesity araidiovascular
diseases. Measurement of lipoproteins and chotdstethe blood can
serve as an early warning for impending dangeutdealth.

2.0 OBJECTIVES

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

. list the biological functions of lipids

o classify lipids into different groups based on thehemical
composition

o describe the classes of lipoproteins.
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3.1 Biological Functions of Lipids

Lipids have various important functions in animalme of the
functions are:

I Lipids are important dietary constituents of foawd dhave high
energy value.

. Dietary lipids are the sources of fat-soluble vitasnrand essential
fatty acids. They also help in the transportatibnrmany water-
insoluble molecules.

iii. Lipids serve as energy stores, fats stored in dsinas
triacylglycerol or triglyceride in the adipose tigsis a potential
source of energy.

iv.  Fats present in the subcutaneous tissues act dasalating

material.

V. Lipids are an important component of plasma mendsan

Vi. Lipids are involved in various intra and intercédiusignalling
processes.

3.2 Classification of Lipids

Lipids are classified into three groups based ennitimber and types of
components present in the lipid. The three grougssample lipids,
complex or compound lipids and derived lipids.

Simple Lipids

They are the simplest form of lipids and the estefatty acids with
various types of alcohols. When simple lipids aydrblysed, they yield
just two types of products. (Fatty acids and altobo glycerol).
Examples of simple lipids are fats, oils and waxes.

(a) Fats- Fats are solid at room temperature because #iteyrdcids
are saturated. Fats are obtained naturally frormansources;
example of natural fats is lard. Butter and margaare artificial
fats produced by hydrogenation of oils (conversiar
unsaturated).

Fats play a vital role in maintaining healthy skind hair, insulating
body organs against shock and maintaining body éeatpre. In

animals, fats are stored in the white adipose dissu fatty tissue.

Adipocyte store fat derived from the diet and thakerived from

metabolism in the liver.Visceral fatis located within the abdominal
wall i.e. beneath the wall of abdominal muscle) massubcutaneous
fat is located beneath the skin.
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(b)  Oils Oils are liquid lipids at room temperature due e t
presence of unsaturated fatty acids. Oils areirddafrom plant
seeds or through the melting of animal fats.

(c) Waxes- They are also solid at room temperature due to the
presence of saturated fatty acids and high maeculeight
monohydric alcohol.

Complex Lipids

Complex lipids contain other amphipathic compouidsaddition to

fatty acids and alcohol present in simple lipidseTcompounds include
phosphoric acid, various sugars, sphingosine, etharine and serine.
Generally, complex lipids yield three or more primmg@roducts when
they are hydrolysed. Examples of complex lipiddude phospholipids,
glycolipids and sphingolipids. Sphingophospholipigie made up of
fatty acids, sphingosine, phosphoric acid and aoleoli

Sulpholipids (sulphur containing lipids), and lipofeins also belong to
the group of complex lipids.

Derived Lipids

These lipids are derived from the hydrolysis of @enand complex
lipids. They are mainly fatty acids, glycerols atdroids or sterols.

Chemical Structure Of
Fatty Acids
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Fig. 2.6.1: Chemical Structures of Fatty Acids (Source Godg Images)
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Fatty Acids

Fatty acids are carboxylic acids with a long hya@rbon chain. Fatty
acids in animals occur mainly as esters in nafataland oils (they exist
as components of triglycerides)

Fatty Acids

Fatty acids occur as free fatty acids in the plasvhare it acts as a
transporter of various biological molecules, esaléciplasma albumin.
Fatty acids that occur in natural fats usually eonean even number of
carbons between 11 and 24 carbon atoms. The 1@ &mérbon fatty
acids are the most common FA in animals. They magdturated or
unsaturated.

(a) Saturated fatty acids

Saturated fatty acids are the fatty acids without double bonds,
examples of such fatty acids are palmitic acid (C$&aric acid (C18)
and arachidonic acid (C20). Palmitic acid, myrist@d and stearic acid
are the most abundant saturated fatty acids in hemauric acid (C12)
is present in coconut oil.

Unsaturated fatty acidsare the FA that contains one or more double

bonds. Unsaturated FA can be divided into threaiggdbased on the
number of double bonds present. Most naturally oooy unsaturated
FAs have a cis-configuration i.e. the hydrogen &are on the same
side of the chain while FAs containing trans-doubésds (hydrogen
atoms are on the opposite sides) are found in samadlunts in natural
fats and in greater amounts after processes imglvcatalytic
hydrogenation.

1. Monounsaturated Fatty Acids (MUFA): They containyoone
double bondOleic acid is the most abundant monounsaturated
FA in nature, Palmitoleic acid is another examgfl®UFA, and
it is present in nearly all fats.

2. Polyunsaturated fatty acids (PUEA)hese are the FAs obtained
from plant seeds. They usually contain 2 or marebde bonds.
In PUFA, double bonds are usually separated byethytene
(CHz) group. PUFA are present in oils such as soyalehn
groundnut oil, sunflower, benin-seed oil etc. Epées of PUFA
arelinoleic andlinolenic acids; they are also called omega 6 and
omega 3 FAs respectively. These two PUFA are adfzred to
as essential PUFA (EFA). They are essential becamsmals
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cannot synthesise them, therefore they must bpliedpto the
body in the diet.

3. Linolenic acid: It is known as omega-3 fatty acisk){ Why are
these two PUFAs essential to animals? Linoleic amolenic
fatty acids are the biosynthetic precursors of 20 22 carbons
polyunsaturated FAs, with 3 to 6 double bonds. Bresy which
insert double bonds into unsaturated fatty acids karown as
desaturases. Desaturases in animals can inserbdedoond on
the carboxyl side of existing double bonds onlgytlare called
A® desaturases\® desaturases are the only desaturase present in
animals; hence they can synthesize only oleic anl members
of its family. The FAs derived from linoleic aciégspecially
arachidonic acids, are the precursors of prostdgianand
steroids.

Symptoms of essential fatty acids deficiency

When essential fatty acids (omega-3 and omegatg #aids) are not
present in our diets, our body will not be ablgtoduce prostaglandins
and sterols (this is just one of many functionghese FA). We know
that hormones are very important for reproductionrmian and woman,
deficiency of material required to synthesise theifi result in the
inadequate or complete absence of the hormonesieBaé is infertility.
So, foods that are rich in essential fatty acids good for our health,
examples of such foods are fish, poultry producists, vegetables, nuts
(especially walnuts), legumes (especially soyabeabsef etc. The
symptoms of essential fatty acids deficiency are:

I. Growth retardation

il. Poor wound healing

iii. Dermatitis, and hair loss
iv.  Kidney and liver diseases
V. Infertility

vi.  Depression

The most noticeable symptoms of EFA deficiency sk disorders
such as scaly dermatitis. It can show up anotheherody but usually
occur on the hands, shoulders, forearms and fadeen\\EFA are
included in the diets, these symptoms disappe&imwiidays.

Eicosanoid
The third group of unsaturated FA is the familyRIIFA known as
eicosanoids. The eicosanoids are a complex fanfilgi@active lipid

messengers, generated by oxygenation of 20-carlodyunsaturated
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fatty acids, primarily arachidonic acid. Eicosarsidre local-acting
hormones that stimulate cells adjacent to theie st synthesis. In
general, eicosanoids have a short half-life, uguah the order of
minutes. They are not stored in cells but insteadreleased as soon as
they are synthesised. Eicosanoids fall into twomtéasses;

I. Prostanoids have a ring structure including prdatetins,
thromboxanes and prostacyclins.

il. Linear eicosanoids consisting of leukotrienes, Xipse and
hydroxyl eicosa tetraploid acids (HETE).

Prostaglandins

Prostaglandins exist in virtually every mammaliassie. They are
synthesized from arachidonic acid. Prostaglandatdcamodulate many
physiological functions including blood pressur@ntaction of the
uterus, and inflammatory signals. Prostaglandires designated PGA,
PGD, PGE and PGF based on the functional grougheryclopentane
ring. Prostaglandin Hand prostacyclin are synthesized from PG H

Leukotrienes and lipoxins are linear eicosanoidgarthe prostanoids,
which contain a ring in their structure, the leulees are linear
molecules. The terms leukotriene was derived frhbeirtcell of origin

(Leukocytes) and the fact that their structuresta@onthree carbon-
carbon double bonds in conjugation. The most ingodrieukotrienes
in humans are: LTAand LTB;.

I riacylg_lycerols
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A triacyiglycerol

Fig. 26.2: Structure of Triacylglycerol
Triacylglycerols are esters of the alcohol callegtgrol and fatty acids.

They represent the major form of fat found in natand their primary
function is to provide energy for the cell. Thel dgrades fatty acids to
Coz and water at the expense of molecular oxygen. @am of fatty
acid liberates about 9 kilocalories (38 KJ) of gyerthis is about 2.5
times higher than that of the other foodstuffs imotein and
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carbohydrate which vyield about 4 kilocalories/g K1y when

catabolised. The human body stores large amountsttf acids as
triglycerides in adipose tissue, and this is tloeagje form of energy in
all animals. Fatty acids in the form of triglycezgl are in anhydrous
form, whereas, carbohydrates and proteins are cstorean aqueous
environment. It is evident that, in terms of themgy to mass ratio, fat is
a much more efficient means of storing energy tbarbohydrate or
protein. Mammalian tissues also contain some daglges and
monoglycerides, but they occur in very small quagiwhen compared
with triglycerides.

Naturally occurring fats and oils develop an ungéed smell and taste if
stored for long under moist conditions, the chetmeaction responsible
for the odour and taste is called rancidity. Raitgigs due to partial

hydrolysis of TAG and the subsequent oxidationhef hydrolysed fatty
acids to aldehyde and ketone

Steroids

Cholesterol is monohydric alcohol; it is classified a devived lipid
because it is a component of other complex lipids. also a precursor
of two important classes of molecules; bile acidd ateroid hormones;
cholesterol is probably the best-known steroid bseaf its association
with atherosclerosis and heart disease.

All steroids have a similar cyclic nucleus resemgliphenanthrene
(rings A, B and C) to which a cyclopentane ritags attached.

The five classes of steroids are

I. Glucocorticoids ]

il. Minerals corticoids ] 21- carbon structures
iii. Progesterone

iv. Testosterone ] 19 carbon structure
V. Androgens ]

Bile acids or bile salts play a major role in thge$tion and absorption
of triacylglycerols and cholesterolyl esters. Tloenfation of bile salts
represents the only significant metabolic mechanfem eliminating
excess cholesterol from the body.

3.3 Lipoproteins
Lipids are not soluble in an aqueous solution sagthe blood. Since
lipids are not soluble in water, how are they tpmged in the body?

This problem was solved by the presence of a lipadrier called
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lipoproteins. Lipoprotein is made up of lipid ancbein in such a way
that the lipids components are packed at the cemlfriée the protein
components serve as the coat. The lipoprotein edsd contains
amphipathic molecules such as phospholipids, ctertds and specially
synthesised protein called apoproteins. The poladse of the
amphipathic lipids face the surface of the particleavhile the
hydrophobic portions are oriented towards the eeoftithe particle.

Bad vs. Good Cholesterol

Bad (LDL)

’ stores chobesteral in the
blood stream

e . Good (HDL)
reguiates LDl storage and
promotes excration

Fig. 26.3: Effects of LDL and HDL on the Artery (Source: Google
Images)
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Classification of lipoproteins

I High Density Lipoprotein (HDL): The most dense lypotein
class is called high-density lipoprotein. It contaiabout 50%
lipids and 50% protein. The major function of HDd tob collect
cholesterol from peripheral tissues and transpgolack to the
liver where it is converted to bile acids and etede This
function is referred to as reverse cholesterol sppant (RCT).
HDL is usually referred to as good cholesterol bseaof its
ability to reduce the bodys cholesterol contentjghh
concentration of HDL in the blood is good for theeyention of
cardiovascular diseases.

. Low Density Lipoproteins (LDL): They are cholesterizh
particles, LDL carries about 75% of the total clstéeol in
human plasma. Its major function is the transpbdholesterol to
various extrahepatic tissues. They are usuallyrmedeto as bad
cholesterol because of their role in cholesterairitiution to
body cells. So, a low concentration of LDL in thkagma is
beneficial to the body than a high concentration.

iii.  Very Low Density lipoprotein (VLDL): They are seted to the
blood plasma by the hepatocytes. Only 50-60% off tlm@ss is
triacylglycerols and they contain relatively mor&otesterol
esters than the chylomicrons.
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iv.  Chylomicrons: These particles have the lowest dg@asnong the
lipoproteins. About 90% of their mass is made ufrigfycerides,
cholesterol esters and free cholesterols.

4.0 CONCLUSION

You have learnt about the biological functionsipids, classification of
Lipids and lipoproteins in this unit.

5.0 SUMMARY

In this unit, you have learnt about the biologiéahctions of lipids,
classification of Lipids and lipoproteins.

6.0 TUTOR- MARKED ASSIGNMENT

1. Describe the group of macromolecules called lipdsl give 3
examples

2. Lipids are classified into three groups, name theamd give 2
examples of each group

3. Describe the biological importance of lipids

4. Write short notes on the following: Waxes, Fatxl &ils

5. Differentiate between saturated and unsaturateéy &&ids, give

two examples of each
6. List the two essential fatty acids and explain ris@son why they
are essential to human beings.

7. If there is a deficiency of essential fatty acidghat are the
symptoms the person will feel or observe?
8. Describe the Eicosanoids and their biochemicalti@as

9. Explain why the triglycerides store energy betteant proteins
and carbohydrates

10. How are lipids transported in the blood bearingmind that
lipids are not soluble in polar solution such asohll
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UNIT 7 INTRODUCTION TO NUCLEIC ACID
BIOCHEMISTRY-I
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1.0 INTRODUCTION

Nucleic acids are the most important macromolecmedl living things
because it is the genetic material responsiblaHfertransfer of genetic
information from one generation of organisms tothan The traits we
shared with our parents are due to the genes teddrom them. These
include but not limited to physical appearancepuplof skin, size of
eye balls, intelligence etc.

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

describe the chemical components of nucleic acids

describe the formation of nucleosides

describe the formation of nucleotides

describe deoxyribonucleic acids (DNA)

describe ribonucleic acids (RNA)

explain the following terms:

a. (a) Replication (b) Transcription (c) Trarigla (d)
DNA Denaturation and Renaturation

. State the importance of some synthetic nucleotided the

chemical components of nucleic acids
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3.0 MAIN CONTENT

3.1 Nucleic Acids

Nucleic acids are polymers of nucleotides i.e. eoitles are the
monomeric units of nucleic acids. Each nucleotidas hthree
components: a five-carbon monosaccharide, a nitr@gataining cyclic
compound (base) and a phosphate group.

Five carbon Sugars: The five carbon sugars are known as pentoses.
Two different five-carbon sugars are employed ia tonstruction of
nucleic acids; they are ribose and deoxyribose rsug@&he only
difference between them is the absence of oxygeth@’carbon atom

of deoxyribose sugar. The structure shown in figuiel is ribose sugar
while the structure in figure 2.7.2 is deoxyribasgar.

HOCH, O OH

HO OH

Fig. 2.7.1: The Structure of Ribose Sugar (Sourc&oogle Images)

HO

™~ OH

OH H

Fig. 2.7.2: The Structure of Deoxyribose Sugar (Sece: Google Images)
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1. Nitrogenous bases:The nitrogenous bases employed in the
construction of nuclei acids are members of twassts of
nitrogen containing compounds known gsurines and
pyrimidines.Purine has 2 derivatives in nucleic acids (Adenine
and Guanine) usually represented by letters A@nByrimidine
has 3 derivatives in nucleic acids (cytosine, liracd thymine)
usually represented by capital letters C,U,T. Timgns present
only in DNA molecules while uracil is present only RNA.
Adenine, Gnanine and cytosine bases are presembtin DNA
and RNA.

These nitrogenous bases are the key componentelgic acid because
genetic information is stored in the sequence ckebalong the DNA
strands. Every time a cell divides, the informati®passed along to the
new cells.

Az [
Lo, Loy
S e Vi \N# I N S
H H
Adenine (&) Suanine G
Purine bases (o Hngs)
f‘i.lHE 1
¢ ¢
Hi’ “ "‘NH ng “EH
H "“N""é:“':' \\.N..-r' *"t,:, H ‘-\N..-‘ i
H
Cutosine [C) Th-,lrnne (T Uracil (L1

Pyrimidine bases (one Hngs)

Fig. 2.7.3: The Structures of Purine and Pyrimidinebases (Source Google
Images)

2. Phosphate Group It is a very important component of nucleic
acids. It serves as the link between 2 sugar mbdscor
nucleotides in polynucleotides. The phosphate grisup strong
acid in solution; this explains why DNA and RNA acalled
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acids. It is also responsible for the negative gasiron DNA and
RNA at physiological pH.

o= FrP— O |
| y
=
Phosphate
(=g =¥

Fig. 2.7.4: The Phosphate Group (Source: Google Iyas)
3.2 The Nucleosides

Nucleosides — Ribose or deoxyribose Sugar +NitrogenBase. The
combination of ribose or deoxyribose and one ofStmases produces a
nucleoside. They are linked via a covalepiN-glycosidic bond.
Nucleosides present in RNA are Adenosine, guanpsiggdine and
uridine.

Nucleosides present in DNA are deoxyadenosine, yip@nosine,
deoxycytidine and deoxythymidine or thymidine u$pabbreviated as
A, G, C and T. While the nucleotides present in RAA represented by
A, G, C, U. The structures of uridine (a represeveaof RNA) and
thymidine (a representative of DNA) are shown gufe 2.75.

OH

uridine (RMNA} thymidine (DNA
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Fig. 2.7.5: The Structures of 2 Nucleosides, Uriden and Thymidine
(Source: Google Images)

The Nucleotides
Nucleotides are phosphorylated nucleosides (nuidesst phosphate)
or sugar + base + phosphate. Each nucleotide isn@rmphosphate

ester of a nucleoside. TheRgoup is attached to the hydroxyl group of
pentose sugar by an ester linkage, usually OH goougarbon 5, 3 or 2.

3.3 Types of Nucleotides

I. Monophosphate Nucleotides containing only one phosphate

molecule

a. AMP — Adenosine monophosphate

b. GMP — Guanosine monophosphate

C. UMP — Uridine monophosphate (the structure is shown
figure 7.6)

. Diphosphates and Triphosphates contain two ane timeecules
of phosphate respectively. Examples of diphosphatteotides
are ADP, GDP, UDP while ATP, GTP and UTP are exasoif
triphosphate nucleotides.

iii. Cyclic nucleotides: In cyclic nucleotides, a Romolecule
esterifies two OH molecules on carbon 5 and caf®on carbon
3 and 2 (RNA) small letter C is usually added tmate cyclic
nucleotide e.g. 3; 5 cAMP (3, 5 cyclic Adenosine
monophosphate)!35' c-GMP s called 8 5 cyclic Guanosine
monophosphate.

iv.  Polynucleotides: The 30H of the pentose of a mononucleotide
esterifies the Iphosphoryl group of the"?2 mononucleotide to
form a dinucleotide. The bond between two nuclestidn
polynucleotides is known as,3®' phosphodiester bond. The next
nucleotide joins the existing polynucleotide thrhuits free 3-
OH group.

Each end of a nucleotide polymer (polynucleotidedlistinct; one end
has a free 5Phosphate while the other end has a ffe®13 group, by
convention the nucleotides or base sequence igewrinh 5 to 3' -

direction, therefore polynucleotides are called edional

macromolecules.

DNA and RNA are long linear polymers called nuclaa@ds that carry
information in a form that can be passed from opeegation to the
next. Genetic information is stored in the sequeotéases along a
nucleic acid chain.
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nltrogenous
-0 0% base
2

K/’ |
phosphate

group

pentose sugar

Fig. 2.7.6: Structure of Ridine Monophosphate (Saae: Google Images)
50 SUMMARY

In this unit, you have learnt about nucleic acidd aucleotides.

7.0 TUTOR-MARKED ASSIGNMENT

1. Describe nucleic acids and explain their importatecall living
organisms.

2. List the chemical components of nucleic acids d@escribe each
component.

3. What are nucleotides? Give 4 examples of nuclestide
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1.0 INTRODUCTION

Recollect that we discussed the chemical comporgdrniiacleic acids in
study session 10. These components can combin#éfenedt ways to
form two types of nucleic acids: deoxyribonucleicida(DNA) and
Ribonucleic acid (RNA). These two molecules areetary materials
with different physical and chemical properties.

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

describe the structure of DNA and RNA

list the structural differences between DNA and RNA

draw the structure of DNA

explain the meaning of (i) transcription (ii) regadtion (iii)
translation

. list at least three biological functions of nucldes apart from
genetic functions.

3.0 MAIN CONTENT

3.1 Structure of DNA

Deoxyribonucleic acid (DNA) is an example of polgteotide and it is
one of the two types of nucleic acids that mad¢hepgenetic materials.
DNA exists as a double-stranded molecule (figurdi)lin eukaryotes
but single-stranded DNA is common among the praXas;, The two
helical polynucleotide chains usually coil aroundoamon axis. DNA
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must undergo series of folding and super-foldingnable it to fit into
the little space available inside the nucleus disc&his continuous
folding finally gives rise to a genetic materiallled chromosomes.
Segment of a strand that contains a sequence tdatigdes capable of
producing a functional protein is referred to asgene. The four
nucleotide units present in DNA are deoxyadenyldémxythymidylate,
deoxyguanylate and deoxycytidylate.

A unique characteristic of naturally occurring DNolecules is their
very long chain of nucleotides. A DNA molecule masimprise many
nucleotides; this enables it to store sufficienthege information
necessary for even the simplest organism. For ebantpe E.coli
genome is a single DNA molecule consisting of twwios of 4.6
million nucleotides. The human genome (completeegernnformation
of an organism) comprises about 3 billion nuclessid

Fig. 2.8.1: (a) Stacking of two Chains  (B) Ddale-Stranded Structure
of DNA (C) Beads Representation, of Double-Strareti DNA (Source:
Google Images)

Ribonucleic acid is also a polynucleotide like DNbt it exists as a
single-stranded molecule (Figure 11.2). It is ulsuptoduced from the
DNA in eukaryotes but it serves as the main genmtderial in some
viruses, especially the retroviruses such as HIYie Tsequence of
nucleotides in RNA is determined by the sequencBNA present in

the cell. This will be a clearer section in sectib®. There are some
differences between RNA and DNA; | have just disedsone of them.
Other differences are:
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The sugar component of DNA is deoxyribose but inARMNe
have ribose sugar.

The nucleotides are also different by just onglace of thymine
monophosphate in DNA, uridine monophosphate is goren
RNA as shown in figure 2.8.2

(OO T
" e hydrogen

sugar-phosphate backbone

| €%
e BLELE]

Fig. 2.8.2: The Structure of RNA, Molecule (SourceGoogle Images)

3.2 Description of Duplication and RNA Synthesis iNucleic
Acid
(i) Replication (i) Transcription (iii) Translion (iv) DNA

Denaturation and Renaturation

Replication: This is also known as duplicationisitthe process
by which a replica or identical copy of DNA is neaffom the
parent copy. This process occurs whenever asgtaparing to
divide. This process must take place so that #dve cell will also
contain the same genetic information presenténatld cell. This
is how the genetic information is preserved ansspd from one
generation to the next.

Transcription: This is the process by which thealEenmessages
contained in the DNA molecule are read and coptuectly to
produce ribonucleic acid (RNA). This process oscwhenever
the cell or tissue requires a particular protencarry out a
biochemical process; the protein required can eemzyme,
receptor or other forms of proteins.

Translation: This is the process by which the genmtessages
carried by RNA are decoded and used to build prst@nzymes,
receptors, hormones etc).
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DNA denaturation and renaturation: The processepiagting the
complementary strands of duplex DNA is called dersion. The
double-stranded structure of DNA can be separatégd two

component strands in solution by increasing the ptrature,
decreasing the salt concentration and by extreméspbingly acidic
or strongly basic solution). Because of the basekstg and the
hydrogen bonding between the bases, the doubledsida DNA

molecule exhibits properties of a rigid rod andswiution; it is a
viscous material that loses its viscosity upon teadion as well as
its biological properties.

The complete separation of DNA strands occurs avéemperature
range (8 range). The heating disrupts the hydrogen bontlsdes base
pairs thereby causes the strands to separate pfduess is also called
melting of DNA. The melting temperature ™ of DNA molecule
depends on the pH and ionic strength of the solvButrine and
pyrimidine base composition also affect the meltiegnperature of
DNA; the greater the content of G and C, the higtler melting
temperature and vice-versa. There are 3 bonds bet@eand C while
there are 2 bonds between A and T. The melting ¢eatpre ™ is
defined as the temperature at which half of thechkstructure is lost.

DNA solution absorbs maximally at a wavelength &0@m, the
absorbance increases as the double helix is sedardb single strands
(denaturation). This principle is also known apdghronism.

Renaturation is the opposite of denaturation, ithis process of re-
association of separated strands of DNA or anydtkands of DNA that
are complementary in base pairing. This processstakace only when
the appropriate physiologic temperature and saliceotration are
achieved. Re-naturation is also calledbridisation.

3.3 Importance of some Synthetic Nucleotides

Synthetic nucleotides are used in chemotherapyaoicer and viral
infections. Modified synthetic analog of purinesyrimidines and
nucleotides have useful applications in clinical diome. These
compounds are used to treat cancer because theypresent DNA
synthesis due to their toxicity to the enzymes Imed in DNA
synthesis.

Some of the synthetic nucleotides are also usednamage AIDS
patients because they are toxic to an importanyreazrequired for
DNA synthesis in the virus. For example, Azidothgine (AZT) is a
potent inhibitor of reverse transcriptase in HIMd&udine is another
drug for HIV control, its active component isl-2Azido — 3
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deoxythymidine. (AZT inhibits HIV replication). AZis not used alone
but in combination with other drugs with a diffetemechanisms of
activity. The combined therapy is called highly iaetantiretroviral
therapy (HAART).

4.0 CONCLUSION

In this unit, you have learnt about the structur®NA, the description
of duplication and RNA synthesis in nucleic aaid the importance of
some synthetic nucleotides.

5.0 SUMMARY

You have learnt about the structure of DNA, the cdpsion of
duplication and RNA synthesis in nucleic a@dd the importance of
some synthetic nucleotides.

6.0 TUTOR-MARKED ASSIGNMENT

1. Describe the structures of DNA and RNA

2.  What are the differences between DNA and RNA?

3.  Write short notes on each of the following: KBplication  (ii)
Transcription (iii) Translation (iv) DNA Denaturah and
Renaturation
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1.0 INTRODUCTION
You learnt about the roles of catalysts in chemioahctions in

chemistry. In this unit, you will learn about thatalysts in human body,
the enzymes.

2.0 OBJECTIVES
By the end of this unit, you should be able to:
. define the role of enzymes as catalysts of biokggstems.

. outline and distinguish the three types of cofact@quired by
most enzymes.

. explain how enzymes are named.
. outline and explain the general properties of eres/m
. enumerate the different classes of enzymes andtyihes of

reactions catalysed by each class.
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3.0 MAIN CONTENT

3.1 Enzymes as Catalysts of Biological Systems

Although the phenomena of fermentation and digastiad long been
known, the first clear recognition of an enzyme wesde by Payen and
Persoz when they found that an alcohol precipitstanalt extract

contained a thermolabile substance that convettdlsto sugar. This
substance, now known as Amylase was at the timeedatastase. The
first enzyme to be obtained in pure form was u@gstallised from

Jack Beans in 1926. The work was carried out bye3a8umner, for
which he was awarded the 1946 Nobel Prize. Sines, tthousands of
different enzymes have been purified and theircstines worked out.

With the exception of a few catalytic RNA moleculggbozymes), all
enzymes are proteins. They range in size from langéiple subunit
complexes (called multimeric enzymes) to small leirgubunit forms.
The region within the enzyme molecule that -contaitise

chemical/functional groups to which the reactasisbétrate) binds is
called the active site / catalytic site/substrateling site of the enzyme.
The particular arrangement of an enzyme’s amind sidie chains in the
active site determines the type of molecules tlaat bind and react

p
v [
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Actiy fite o enzye camples comple actve site of enzyre

The active site of an enzyme is usually found in a cleft or
pocket that is lined by amino acid residues that
participate in recognition of the substrate.
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Fig. 3.1.1: Active Site of an Enzyme

3.2 Cofactors

Many enzymes have small non-protein molecules &ssolc with or
near the active site that determine substrate feggci These are called
cofactors. A cofactor may be:

I. A coenzyme- A non-protein organic substance whhoosely
attached to the protein part. Coenzymes are ofegivatives of
vitamins. They may or may not be modified in thaatens.
Those that are altered are also called co-substrdibe B
vitamins supply important components of numeraenzymes

. A prosthetic group-An organic substance which ghtly bound
either covalently or non-covalently to the protgiartion e. g
flavin coenzymes, pyridoxal phosphate, biotin.

iii. A metal ion activator. These include most divalerdtal ions as
well as other ions e. g €y zZr?*, Mg?*, Ca*, Co*, Fe*, Fe*
and Mc*. Enzymes which require a metal ion for activitg ar
called metal-activated enzymes. Metal ions are sames tightly
bound to the protein portion. Enzymes containinchsare called
metalloenzymes.

The protein portion is called the apoenzyme while entire active
complex is called the holoenzyme i.e Apoenzyme +aflor =
Holoenzyme.

Table 3.1: Examples of Coenzymes, Metal ion Activars and
Non-vitamin Coenzymes

Coenzymes Vitamin Reaction Mediated

Biotin Biotin Carboxylation

Cobalamin (B) B12 Alkylation

Coenzyme A Pantothenate | Acyl transfer

Flavin coenzymes Riboflavin B2 | Oxidation-reduction
Nicotinamide Nicotinamide | Oxidation-reduction
coenzymes

Pyridoxal phosphate | Pyridoxine B6 | Amino group transfer
Tetrahydrofolate Folic acid One carbon group transfer
Thiamine Thiamine B1 Carbonyl transfer
pyrophosphate

Mg?* ATP-dependent reactions

Zn?* Carboxypeptidase, Alcohol dehydrogenase
K* Pyruvate kinase
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Cu**, Fet Oxidases and hydroxylases
Non Vitamin
Coenzymes
Coenzyme Reaction Mediated
ATP Phosphate group transfer
Coenzyme Q Oxidation- Reduction
S-Adenosyl Methyl group transfer
methionine
Glutathione Oxidation-Reduction

3.3 Naming and Classification of Enzymes

Except for some of the earliest studied enzymegpepsin, rennin and
trypsin, most other enzymes are known by commonesaobtained by
adding the suffix-ase to the name of the substrate the reaction that
they catalyze e.g glucose oxidase, transaminasesAetsystematic
scheme for naming/ classifying enzymes was adopte®72 by IUB.
In this system, each enzyme has a unique name @@ rmumber that
reflects the type of reaction catalyzed and thestsates involved. The
code number is made of 4 figures which indicate rtfen class, sub
class, sub sub class and the serial number ofrtyaree in its sub sub
class e.g the enzyme commonly called hexokinase thasIUB
designation ATP: D- hexose-6 phosphotransferase 2ECC1.1. This
identifies the enzyme as a member of class 2 @rasés), sub class
7(involves transfer of a phosphoryl group), Sub-sl#ss 1 (an alcohol
is the phosphoryl acceptor) . The last digit inthsathat the enzyme is
the first in its sub sub class

For Example, the enzyme HEXOKINASE is named a®fod:
IUB Name: ATP: D-Hexose-6 phosphotransferase ECL2L

This identifies the enzyme as follows:

I. a member of class 2(transferase),

il. sub-class 7 (Reaction involves transfer of a phosplgroup
iii. Sub sub class 1 (‘an alcohol is the phosphoryloce

iv.  Serial No 1 (in its sub sub class)

General Properties of Enzymes

I Enzymes possess enormous catalytic power. Mostlemate
reactions by factors of at least 1 million.
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Consider the reaction catalysed by carbonic arasgl

CO+HO < > H.COs

The enzyme is responsible for effecting the transfeCQC, from the
tissues into the blood and then to the alveolihEawzyme is capable of
hydrating 186 molecules of C®in one second. The catalysed reaction is
10’ times faster than the uncatalysed reaction.

. They are highly specific both the reaction catadysand t
heir choice of reactants. Four distinct typesrmdyene specificity
have been identified. They include

A . Absolute specificity, where the enzyme catasysonly one
reaction.

B. Group specificity. The enzyme acts only on muaoles with
specific functional groups.

C. Linkage specificity- The enzyme acts on a paldr type of
chemical bond regardless of the rest of the mddecstructure.
E.g Trypsin splits peptide bonds on the carboxyk f lysine
and arginine residues only while thrombin actsyomhen the
side chain on the carboxyl side is arginine wikile one on the
amino side is glycine.

D. Stereochemical specificity. The enzyme acts @articular steric
or optical Isomer

iii. They do not alter reaction equilibria

The combination of substrate and enzyme createsva reaction
pathway whose transition state energy is lower thawould be if the
reaction were taking place in the absence of aryreez However, in
this process, both the forward and reverse reastoe accelerated by
precisely the same factor. Thus enzymes acceléhateattainment of
equilibria but do not shift their position.

AN

without enzyme

activation
enargy without
enzyme

= MZ Y Ime activation

enargy with

enzyme

Energy

reactants
e.g. CO. + H.O

owverall energy
released during
reaction

products
H.CO,

Reaction coordinate

Fig. 3.1.2a: Enzymes do not Alter Reaction
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The enzyme stabilises the transition state, reduitia energy needed to
form products.

Enzymes are stable over only a limited range of jemature

iv.

86

Generally, a higher temperature brings about arease in the
movement of enzyme and substrate molecules, neguhi more
collisions between the molecules and an d formatibrmore
products.(a 1% rise in temperature increases the activation
energy of the molecules by about 12Kcal/Mol).Howevethe
temperature rises beyond a certain point (whicfediffor each
enzyme), the enzyme activity levels out and theslimes rapidly.

This is because the enzyme is denatured by heat.tditiary
structure of the enzyme is altered and it can mgédo function.
Human enzymes generally exhibit stability at terapees up to
45-58C. Thermophilic enzymes may be stable up to or abov
10°C. For mammals and other homoeothermic organisms,
changes in enzyme reaction rates with temperatssinae
physiologic importance only in circumstances sushfever or
hypothermia.
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Fig 3.1.2b: Effect of Temperature on Reaction Rate

Enzymes are stable over only a limited rangePbf Each
enzyme has an optimal pH range that helps maintsinormal
configuration in the environment where it operat@stside this
range, changes in the charges on ionizable anuitbrasidues
result in modification of the tertiary structurétbe protein and
eventually lead to denaturation. Examples of pkno@ include
the those of the digestive enzymes: Pepsin-2¥psimn-10.0 and
Chymotrypsin-8.0
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Dptmum pE

Reaction Valesity

pH =

FISTTRE 14
Effect of pH on reaction rate

Fig 3.1.2c: Effect of pH on Reaction Rate
vi.  Enzymes are influenced by the concentratiosulifstrate

At very low [S], collisions between enzyme and dtdie are infrequent
and the reaction proceeds slowly. As [S] increasesction rate
increases proportionately as collisidr®some more frequent.

Ratea [A] [B]

When the enzyme begins to approach the maximumatatdich it can
combine with substrate, the effect of increasing @8ninish. At
saturation point, the reaction is no longer affddig increase in [S].The
rate of the reaction at this point is called maxamuelocity. The [S] at
which we have Wax is called kK, (Michelis constant) for a particular
enzyme.

.35

Feaction rate
= o =229 80

5 1000 2000 000 4000
SLbstrate colcetrakion

Fig 3.1.2d: Saturation Curve for an Enzyme Reactionshowing the
Relation between  [S] and Rate (v).
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3.5 Classes of Enzymes

All known enzymes belong to one of 6 main classes:

. Oxidoreductases

. Transferases

. Hydrolases

. Lyases/Synthases

. Isomerases

. Ligases/Synthetases

i Oxidoreductases

a. They catalyse oxidation-reduction reactions. Thiscludes
pairs of donors and acceptors such as saturatsaturated
carbon-carbon bonds, alcohols-aldehydes, aldekacids  and
amines-imines e. g alcohol dehydrogenase catalyttes
oxidation of an alcohol to an aldehyde by the reahcof 2
electrons and 2 hydrogen atoms.Subclasses incloxidases,
oxygenases and peroxidases. Oxidases transfere@trosis
from a donor to oxygen, resulting in the formatain hydrogen
peroxide e.g glucose oxidase.

b. Glucose + @— Gluconolactone + KD

C. Oxygenases catalyse the incorporation of oxygero iat
substrate e.g monooxygenases catalyse formatiantofdroxyl
group and dioxygenases incorporate both atoms of ito a
substrate. Cytochrome P450 are an important group  of
enzymes that use oxygen in the metabolism of bietios such
as drugs and toxins. Peroxidases utiliseOH rather  than
oxygen as the oxidant e.g catalase which utilisBe®. as
both donor and acceptor and functions in thetoell detoxify
H20:.

d. H202 + H2026502 + 2H0.

ii. Transferases

a. Members of this class catalyse a chemical groumn frene
molecule to another, thus they have 2 substratd2gmroducts.
The major groups transferred include amino, adybgphate and
glycosyl. Subclasses include aminotransferasesasks) glucosyl
and phosphoryl transferases and phosphomutases.

b. Aminotransferases transfer an amino group fromameo acid
to ana keto acid acceptor, resulting in the formationaohew
amino acid and a new keto acid.

C. L-Glutamic acid + pyruvic acid
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1. |
d. a ketoglutaric acid + L-Alanine
iii. Hydrolases

These catalyse hydrolysis reactions i.e the addiibwater to cleave a
chemical bond. Examples of such bonds include G®, O-P and C-
S. Subclasses include esterases, phosphatasesmthpes.

iv. Lyases

They catalyse reactions in which groups are eitearoved to form a
double bond or are added to a double bond. Suledasslude
decarboxylases and dehydratases. Some lyases eegymdoxal
phosphate as the cofactor. An example is fumarseéntermediate of
the citric acid cycle.

V. Isomerases

Enzymes in this group are involved in moving a grou a double bond
within the same molecule. These include cis-tram$ aldose- ketose
transformations. The enzyme is called a mutasenvehphosphate is
moved from one carbon to another e.g conversighigliosphoglycerate
to 3-phosphoglycerate by phosphoglycerate mutaSpimerases and
racemases change the stereochemistry at a caron Bbhe conversion
of D-Lactate to L-Lactate is catalysed by a racemakile conversion
of D-xylulose 5-phosphate to D-ribulose 5-phosphaterought about
by epimerase.

Vi. Ligases

These enzymes catalyse bond formation between tulostrsite
molecules. Energy is required for the reaction ¢oun. Typically, the
energy is supplied by ATP hydrolysis. They are aalled synthetases.
For example, to add GO pyruvate, C®@ is incorporated into the
coenzyme biotin, which requires hydrolysis of ATPhe CQ is
transferred to pyruvate by the same enzyme.
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Table 3.2: Major Enzyme Classes

First EC| Enzyme class | Type of reaction catalyzed
integer
1 Oxidoreductaseg Oxidation-reduction
2 Transferases | Chemical group transfer. A-X +-B
A+B-X
3 Hydrolases Hydrolytic cleavages
4 Lyases Non-hydrolytic  cleavage leavin
double bonds or addition of groups t(
double bond
5 Isomerases Change of geometric arrangement g
molecule
6 Ligases Joining together of 2 molecule
accompanied by ATP hydrolysis
4.0 CONCLUSION

Enzymes of different classifications are involveddifferent types of
chemical reactions in the body. Some factors makbilgy of the
enzymes possible and these must be understoodablé&¢o ensure that
these are not contravened.

5.0

SUMMARY

In this unit, you have learnt that enzymes are lgsita of biological
systems. There are co-factors to efficiency of eres, Enzymes are
classified into 6 types and are involved in différéypes of reactions in

types of cofactors requireg rnost

the body.
6.0 TUTOR-MARKED ASSIGNMENT
1. Explain the role of enzymes as catalysts of biaabsystems.
2. Distinguish the three
enzymes.
3. Explain how enzymes are named.
4. Discuss the general properties of enzymes.
5.
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1.0 INTRODUCTION

This unit takes you through the chemical activityap enzyme and how
the activity can be measured using some equations.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

define basic terms related to enzyme kinetics

derive the michelis- menten rate equation

state the linear forms of the michelis- menten eafeation

make linear plots and deduce kinetic parameters f given set
of data.

3.0 MAIN CONTENT

3.1 Enzyme Activity

This can be defined as the amount of enzyme regjtireonvert 1umol
of substrate to product per minute under specdigshy conditions.

1U-1micromole/minute. This is the international tuifthe Sl unit of
enzyme activity is the Katal, defined as the amairgnzyme required
to convert 1mol of substrate to product per second.

1U=1.67X 1K= 16.7nK

Specific Activity: This is defined as the number of enzyme units per
milligram of protein (umol/min/mg).

92



NSC 207 MODULE 3

Turnover number: This is equal to the units of activity per mole o
enzyme. Also called the catalytic enzyme, it alloier direct
comparison of catalytic ability between enzymeg ¢he constants for
catalase and. amylase are 5 X 20and 1.9 X 10 respectively. This
indicates that catalase is about 2,500 times mureesthana amylase.
Maximum velocity: This is the velocity obtained under conditions of
substrate saturation of the enzyme and specifieaditons of pH,
temperature and ionic strengthma(is a constant for a given enzyme.

3.2 Michelis-Menten Rate Equation

In 1903, French chemist Henri found that enzymetkos was initiated

by a bond between enzyme and substrate. His wostalen up by
Leonor Michaelis and Maud Menten. They proposed athematical

model of the reaction. It involves an enzyme E lnigdo a substrate S
to form a complex ES, which in turn is convertedoia product P

represented as follows:

S+E ESSP+E (1)
At steady state, the rate of formation of the EBiglex is the same as
its rate of breakdown.

Vtormation = K1[S][E]
V breakdowr K2[ES] + K3[ES]
K41[S][E]= [ES] {K 2+K3/K 1} (2)

We can define the ratio of the rate constants as.Eidn= Ko+Ka/ki
Km is the Michaelis constant
[S] [E]= [ES]Km (3)

[E] is the concentration of free enzyme and is giby the difference
between the total enzyme added to the system andremyme in the ES
complex

i.e [E] = {[E{] — [ES]} = [ES]Km

Dividing through by [S] gives

{[Et] - [ES]} = [ES] Kn/[S]

Dividing thru by [ES] gives

[ET)/[ES] -1= Kn/[S] or [Er)/[ES] = Kn/[S] +1 = Km + [S]/[S] 4)

When the enzyme is saturated with substrate, all will be in the ES
complex

[Et] will be = [ES]

Then, the velocity observed will be the highestgias

V max= KS[ET]
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[ET]: Vmad K3
When [Et] is not equal to [ES], V=HES], [ES]= V/Ks
[ET]/ [ES] = Vma){ K3 / V/K3 = Vma)J V

VmaxlV = Km+ [S]/ [S]

Or v= Vma>{S]/ Km + [S]
This equation is called the Michaelis-menten equati
Consider the M.m equation under 3 different condsi
1. When Km>>>[S],
The equation becomes V=mMS]/ Km, V= (VmadKm) [S]
This implies that at low substrate concentratiding,rate is directly
proportional to [S]
2. When Kn = [S]

V= Vmaf{S]/ 2[S] or v= \havd2. i.e Km is the substrate concentration at
which we have half the maximum velocity.

3. When Km<<<][S]

V= Vmaxi.€ at high [S], v= Wax

3.3 Linear Forms of the Michelis-Menten Equation
The linear form of the equation is

1/ V= K/ Vima{1/S] + 1/ Vinax

A plot of 1/V vs 1/[S] yields a straight line whospe is Km/ Whax and
whose y-intercept is 1MV« The intercept on X-axis is -1/K

This linear form is called the LineWeaver-Burk etpma and the plot
the Lineweaver-Burk plot. It can be used to obtaifues of the kinetic
parameters for a given enzyme reaction.

Km is an indication of the affinity of the enzyme fits substrate. Low
Km indicates high affinity and vice versa.

Other linear forms of the M.M equation are the Eadofstee equation
and the Woolf equation.

Eadie-Hofstee- V= -Km. V/[S] + Max
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Woolf- [SIV= 1Max[S] +KM/Vma
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Fig. 3.2.1: Lineweaver-Burk Plot
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Fig. 32.3: Woolf Plot
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4.0 CONCLUSION

In this unit, you have learnt about the followingnzyme activity;
Michelis-Menten rate equation and linear formstedf Michelis-Menten
equation.

5.0 SUMMARY
In this unit, you have learnt about the following:

o Enzyme Activity
. Michelis-Menten rate equation
o Linear forms of the Michelis-Menten Equation

6.0 TUTOR-MARKED ASSIGNMENT

Define basic terms related to enzyme kinetics

Derive the Michelis-Menten rate equation

State the linear forms of the Michelis-Menten rdg@ation

Make linear plots and deduce kinetic parametens faogiven set
of data.

PN PE

7.0 REFERENCES/FURTHER READING

Murray, R.K., Bender, D.A., Botham, K. M., Kennelli.J., Rodwell
V.W. & Well, P.A., (2012). Harper’s lllustrated Biochemistry.
(29th ed.). McGraw-Hill Medical.

Devlin T.M. (2010). Textbook of Biochemistry with Clinical
Correlation. (7th ed.). John Wiley & Sons Inc.

Nelson, D.L. & Cox, M.M. (2009).Lehninger Principles of
Biochemistry (4th ed.).

96



NSC 207 MODULE 3

UNIT 3 ENZYMOLOGY 3
CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Contents
3.1 Enzyme Inhibition
3.2  Effects of Inhibitors on Lineweaver-Burk plot
3.3 Regulation of Enzyme Activity
3.4  Clinical Applications of Enzymes

4.0 Conclusion

5.0 Summary

6.0  Tutor- Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

Several compounds act as inhibitors of enzyme iactiVhe study of

enzyme inhibitors has provided insight into the haegsm and pathway
of catalysis e.g the types of functional group fim the active site and
the roles played by these groups. Most pharma@utmmpounds are
also designed as enzyme inhibitors. The differgpes of reversible
inhibitors include competitive, uncompetitive andnrcompetitive

inhibitors. They can be distinguished by their efifeon the Lineweaver-
Burk plot. Some enzymes play regulatory roles inabelism. They

include allosteric enzymes, covalently modulatedzyeres and

isozymes. Enzymes are very useful tools in clindtagnosis.

2.0 OBJECTIVES
By the end of this unit, you should be able to:
. outline and distinguish the different types of neilele enzyme

inhibition with specific examples and explain treeuof enzyme
inhibitors in drug design

. enumerate the effects of the different types ofibinbrs on
Lineweaver-burk plots

o explain the regulatory roles of allosteric enzymesvalently
modulated enzymes and isoenzymes

o give examples of enzymes used in clinical diagnesid their

diagnostic importance
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3.1 Enzyme Inhibition

Much of the basic knowledge of metabolic pathwags Wetermined by
using inhibitors of specific enzymes. Also, througke study of enzyme
inhibitors, valuable information has been obtairedthe mechanism
and pathway of enzyme catalysis, substrate spigifi¢ enzymes, the
nature of functional groups at the active site, #mel participation of
certain functional groups in maintaining the actognformation of the
enzyme molecule. Pharmaceutical compounds arenadstly designed
as inhibitors of specific enzymes. For example,igln works by
preventing the completion of a cross-link between adjacent
peptidoglycan chains in the cell wall. This processarried out by the
enzyme glycopeptide transpeptidase. Disulfiram drug used for the
treatment of alcoholism. Alcohol is metabolise®isteps to acetic acid.
The first enzyme, alcohol dehydrogenase yieldsadaehyde, which is
then converted into acetic acid by aldehyde delgeinase. The latter
enzyme has an active site cysteine residue thaterersibly modified
by disulfiram, resulting in the accumulation of@ol and acetaldehyde
in the blood. People who take disulfiram becomé siecause of the
accumulation of acetaldehyde in blood and tisseadihg to alcohol
avoidance.

Also, NSAIDs like Aspirin inhibit cyclooxygenasetadty by reversibly

blocking the channel for arachidonate in the enzyfoempounds that
inhibit cyclooxygenase have anti-inflammatory aityiv Drugs

designed to inhibit enzymes unique to a microorganwill produce

few side effects in patients e.g sulfa drugs amdus.cos they inhibit
folic acid synthesis in bacteria, while humans dd synthesise folic
acid..

Three (3) major types of reversible enzyme inhilitare competitive,
uncompetitive and non-competitive inhibition. Thegan be
experimentally distinguished by the effects of timhibitor on the
reaction kinetics of the enzyme, which may be aselyin terms of the
basic Michaelis Menten rate equation.

Competitive Inhibition

Here, the inhibitor combines with the free enzymesiich a way that it
competes with the normal substrate for bindinghat active site. It
reacts reversibly with the enzyme to form an enzymhébitor complex
(El), analogous to the ES complex.

E+l <EI
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A competitive inhibitor diminishes the rate of dgts by reducing the
proportion of enzyme molecules that have a bouhdtsate.

The inhibitor constant Ki can be defined as thesaligation constant of
the El complex i.e

Ki= [E][I)/[EI]

The classic example of competitive inhibition ise tlinhibition of
succinate dehydrogenase by malonate and otherbdicgdate anions.
SDH is one of the enzymes responsible for the i@astof the TCA
cycle. It catalyzes the removal of 2 hydrogen atoimsn the 2
methylene carbon atoms of succinate. The competitivhibitor
malonate resembles succinate in having 2 ionisdsbgsl groups at PH
7.0. Besides malonate other dicarboxylate aniormps axalate and
oxaloacetate may act as inhibitors of SDH.

The effect of a competitive inhibitor can be rediioe totally overcome
by increasing [S].In this type of inhibition, Kmiiscreased while Vmax
remains the same.

COO

CHz2 Succinate
CH>

J:O(T

+

Hydrogen acceptor
\I succinate
dehydrogenase
COO

CH
|  Fumarate
HC

COO
+
Reduced hydrogen acceptor

Fig. 3.3.1: The Succinate Dehydrogenase Reaction
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COoO

N
COO
Malonate

(|ZOO
COO
Oxalate

COO

I

(|3= @)

COO
Oxaloacetate

Fig. 3.3.2: Other Inhibitors of Succinate Dehydrogease

Uncompetitive inhibition

Here, the inhibitor does not combine with the feseyme or affect its
reaction with its normal substrate. Rather, it corab with the ES
complex to give an inactive ESI complex which carumadergo further
reaction to yield the normal product

ES+ k-ESI

Ki= [ES][I}/ [ESI]

Both Km and Vmx decrease in this type of inhibitidhis
common in two-substrate reactions.

Non-competitive inhibition

A non-competitive inhibitor can combine with eitltbe free enzyme or
the ES complex, interfering with the action of hoMon-competitive

inhibitors bind to a site on the enzyme differertni the active site,
often to deform the enzyme so that it does not fhrenES complex, and
if formed, it does not decompose at the normal tatgield products.

These effects are not reversed by increasing thstisiie concentration.
In non-competitive inhibition, the reaction withethnhibitor yields 2

inactive forms- El and ESI

E+l—El
ES+l—
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For which there are 2 inhibitor constants

KE=[E][l)/ [El]

KES'= [ES] [I]/ [ESI] which may or may not be equal.

Vmax is decreased while Km remains constant in type of
inhibition.

Examples include the inhibition of enzymes thaturesy metal
ions for activity by agents capable of binding thetal e.g EDTA
reversibly binds Mg2+ and other divalent cations #mus non-
competitively inhibits some enzymes requiring suohs for
activity

3.2 Effects of Inhibitors on Lineweaver-Burk Plot

Fig. 3.3.3:

Fig 3.3.4
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Effect of an Uncompetitive Inhibitor on
Lineweaver-Burk Plot

-
|

Unaompotitivg

Fig 3.3.5.

Table 3.3.1: Summary of the effects of Inhibitorson Lineweaver —
Burk plots 1/Vo vs 1/[S]

Slope Y-intercept
No inhibitor Km/Vmax 1/Vmax
Competitive K/ Vima{1+ [1)/Ki 1/Vmax
Uncompetitive Km/Vmax LNV max{(1+[1)/Ki
Noncompetitive K/ Vmax(1+ [IJ/Ki 1/Vma{1+[1)/Ki

Irreversible Inhibition

Some enzymes undergo irreversible inactivation wihery are treated
with agents capable of covalently and permanentlydifiging a
functional group required for catalysis, making #rezyme molecule
inactive. This type of inhibition cannot be treateg M.M principles.
Often, the inhibition sets in slowly compared witte normal reaction
kinetics of the enzyme, so that the inhibitionnsamplete at first but
continuously increases with time because chemiaalification of an
increasing fraction of the enzyme molecule takexel E.g alkylating
agents such as iodoacetamide irreversibly inhlit@tdatalytic activity of
some enzymes by modifying essential cysteine residdeavy metals,
such as mercury and lead salts, also inhibit sdiyiyenzymes. Eggs or
egg-white are sometimes administered as an antittoteaccidental
ingestion of heavy metals: the egg white protewalloumin is rich in
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sulthydryl groups, traps the free metal ions arelpnts their absorption
from the GIT.

In many cases, irreversible inhibitors are useddentify active site
residues involved in enzyme catalysis and to gasight into the
mechanism of enzyme action. By sequencing the iproiteis possible
to identify the specific amino acid residue modifiey the inhibitor and
involved in catalysis.

3.3 Regulation of Enzyme Activity

Some enzymes possess special properties which erideny with

regulatory roles in metabolism. Such enzyme forrescalled regulatory
enzymes. There are 2 major types of regulatory reegy allosteric
enzymes and covalently modulated enzymes.

Allosteric regulation

Here, the catalytic site of the enzyme is modulatedugh the non-
covalent binding of a specific metabolite at a sitethe protein other
than the catalytic site. Most enzymes which arejesmibto such
modification are rate-determining enzymes in meliabpathways.
Metabolites that bind at the allosteric site ardedaallosteric effectors,
modifiers or modulators. Those that enhance théeprs activity are
referred to asallosteric activators whereas those that decrease the
protein's activity are calledllosteric inhibitors The termallosteric
comes from the Greeddlos, "other”, andstereos, "solid (object)”, in
reference to the fact that the regulatory site mfalosteric protein is
physically distinct from its active site. The allesc site at which the
positive inh binds is referred to as an activaite while the negative
inh binds at an inhibitory site.

When an allosteric enzyme has only one specificutatar, it is said to
be monovalent. Others which respond to 2 or moréutadors, each
bound to a specific site on the enzyme moleculepatgvalent. Most
allosteric enzymes are oligomeric i.e they consfsseveral subunits.
They consist of 2 or more polypeptide chain sulsynisually in an even
number. Allosteric enzymes usually exhibit sigmoi@shaped) kinetic
curves rather than simple hyperbolic curves. Attixa of allosteric
enzymes shift the V vs S curve to the left, wher@ssteric inhibitors
shift the curve to the right. A homotropic allostemodulator is a
substrate for its target enzyme, as well as a agry molecule of the
enzyme's activity. It is typically an activatortble enzyme. On the other
hand, a heterotropic allosteric modulator is a l&tguy molecule that is
not also the enzyme's substrate. It may be eitheadivator or an
inhibitor of the enzyme.
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End Product inhibition

There are many instances in which the final enddyecd of a
multienzyme metabolic pathway is an allosteric lior of an enzyme
that catalyzes an early and irreversible step eptithway. This form of
allosteric regulation prevents accumulation of &ddal end product
and of metabolic intermediates once a cell hascserfit supplies of that
metabolic end product. An example of this is Aspiart
transcarbomylase, the enzyme that catalyzes tsteréaction unique to
pyrimidine biosynthesis.The enzyme is a multi Bub protein
complex composed of 12 subunits (C6R6) formingr@drs of catalytic
subunits and 3 dimers of regulatory subunitsis feed-back inhibited
by the end product of the pyrimidine pathway, CTH-allowing
treatment with mercurials, ATCase loses its sensitio inhibition by
CTP but retains its full activity for synthesis chrbamoyl aspartate.
This suggests that CTP is bound at a differentfot@ the substrate.

asparate

carhamoy carmamoy

phosphale asparale —+ P = TP — (TP

Fig. 3.3.6: Allosteric Regulation
Covalently modulated regulatory enzymes

Here, active and inactive forms of the enzyme aterconverted by
covalent modifications of their structure, catalyz®y other enzymes. A
typical example is glycogen phosphorylase whichalgaes the

breakdown of glycogen to yield Glucose 1 —phosphate

(Glucose)n + Pi» (Glucose)n-1 + Glucosel —Phosphate

The enzyme occurs in 2 forms- phosphorylase aptbee active form
and Phosphorylase b, the less active form. A isvexdad to b through
hydrolytic removal of phosphate groups attached! teerine residues
contained in each of its subunits, brought abouttiy action of
phosphorylase phosphatase. The b form can bevagsttito a form by
the enzyme phosphorylase kinase. Thus, the acifithhe enzyme is
regulated by the action of 2 enzymes that shiftbhkance bw its active
and inactive forms. Generally, many protein kinagegilate the activity
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of enzymes and other proteins by phosphorylatiqggzhdsphorylation of
serine, threonine or tyrosine residues on the meteOther groups
including sulphate and acetate can also be added &nzyme to alter
its activity. Covalent modification is an effectivend rapid way of
controlling the activity of a protein or enzyme.

Another way by which enzyme activity is regulated the enzyme-
catalysed activation of inactive precursors of emey (zymogens) to
yield the catalytically active forms as is foundtire digestive enzymes
pepsinogen, trypsinogen and chymotrypsinogen. Tlesg/mes are
converted into their active forms by the selectiydrolytic cleavage of
one or more specific -'peptide bonds in the zymogwslecule as
follows.

Pepsinogen> Pepsin + Peptides (catalyzed by pepsin)
Trypsinogen—Trypsin + hexapeptides (catalyzed by enterokinase)
Chymotrypsinoger> Chymotrypsin + 2dipeptides (catalyzed by
trypsin)

This type of covalent regulation proceeds in onhe direction i.e the
enzymes cannot be converted back to their resgezyimogens.

3.4 Clinical Applications of Enzymes

Many tissues produce enzymes that are relativdlyspecific. Because
these enzymes are released into the circulatiom assult of tissue
damage, assays of the levels of certain enzymédomd can provide
useful diagnostic information. For example, ALT aA8T are present
in high concentrations in hepatocytes. When thedis are injured e.g
by viral hepatitis or drug overdose, ALT and ASE aeleased into the
blood. Several other enzymes serve as tissue-gpawfrkers of cellular
injury.

Isozymes are also very important in diagnosis. &ree multiple forms
of a given enzyme that occur within a single spgoiean organism or a
single cell. They differ in amino acid compositi@amd thus in their
isoelectric properties. They can be separated feach other by
electrophoresis. They also differ in their kinepfiarameters and their
physical properties. Isozymes with wide clinicalpbgations include
Lactate dehydrogenase, creatine kinase and Alkalmsphatase. LDH
occurs as 5 different isozymes in the tissues ofebeates. They all
catalyze the reaction

Lactate + NAD+—Pyruvate + NADH + H
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They have the same molecular weight and all cordaiolypeptide
chains. They consist of 5 different combination® aypes of PP chains
designated M and H as follows

Type
Type Composition Location
LDH1 H4 Myocardium and Rbcs
LDH2 H3M y '
LDH3 H2M2 Brain and Kidney
LDH4 HM3
LDH5 M4 Liver and skeletal muscle

Although they catalyze the same reaction, theyediffignificantly in

their Km and Vmax values for substrates, partidylayruvate. M4 has
a relatively low Km for pyruvate while H4 has thigiest Km for this

substrate. The others have kinetic properties #natintermediate bw
those of the M4 and H4 isozymes, in proportionhigirtrelative content
of M and H chains. These characteristics providsigim into the

function of the isozymes. Skeletal muscle and ewigytissue tend to
utilise glucose anaerobically and break it dowforon lactate. Thus, the
M4 isozyme is well adapted to convert pyruvate appito Lactate.

Heart muscle on the other hand does not normatiy fbactate from

Glucose.LDH isozymes are important in the diagnosiseart and liver
disease. Normally, blood contains little LDH1, libe level increases
after a myocardial infarction. Increase in LDH5 iigicative of a

secondary liver damage in the patient. Thus, measemt of these
isozymes allows monitoring of secondary compliaagiof heart failure.

Table 12.4 Serum enzymes used in clinical diagnosis

ISerum Enzyme IIMajor Diagnostic Use I

AST Myocardial infarction,

ALT Viral Hepatitis

A-Amylase Acute Pancreatitis

Ceruloplasmin Hepatolenticular degeneraticn
(Wilson’s disease)

Creatine Kinase Muscle disorders and myocardial
infarction
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y-Glutamyl transpeptidase Various Liver diseases

LDH isozymes Myocardial infarction

Lipase Acute Pancreatitis

Acid phosphatase Prostate Cancer

Alkaline Phosphatase isozymes Various bone disorders;,

obstructive liver diseases.

4.0 CONCLUSION

In this unit, you have learnt about enzyme Inhdbnifi effects of
Inhibitors on the Lineweaver-Burk plot; regulatiof enzyme activity
and clinical Applications of enzymes.

5.0 SUMMARY
In this unit, you have learnt about the following:

Enzyme Inhibition

Effects of Inhibitors on Lineweaver-Burk plot
Regulation of enzyme activity

applications of enzymes

6.0 TUTOR-MARKED ASSIGNMENT

1. Distinguish the different types of reversible enzymmhibition
with specific examples and explain the use of erezynhibitors
in drug design.

2. Enumerate the effects of the different types ofiditbrs on
Lineweaver-Burk plots

3. Explain the regulatory roles of allosteric enzymesyalently
modulated enzymes and isoenzymes.

4. Give examples of enzymes used in clinical diagnasid their

diagnostic importance.
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