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INTRODUCTION

This course is medical biochemistry. Medical bioulegry is a subset of
general biochemistry. The course is designed toduoice beginners to
the concepts of biochemistry which deal with therafcal reactions in
biological systems. In this course, you will leatime biochemical

activities that occur inside the cell and how thastvities determine
our state of health and what happens in diseaser&ddson 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&low 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. Scientific basis for thisge experiment will

be explained to you in this course. Diseases @ndosed by micro-
organisms, what we eat, drink and by our lifestytecan also be
inherited from our parents. You will be in a pamitito explain the
source or cause of a particular disease and thehanestn of its

treatment if you understand the biochemistry of aonbody. 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 purposhks. concluding

aspects of this course highlight the roles of bialgats as mediators of
cellular reactions and the importance of vitaminsmaintaining life

processes.

COURSE AIM

The aim of this course is to build your foundatfon application of the
understanding of the basic chemical processeseolbdlaly in health and
diseases.

COURSE OBJECTIVE
At the completion of this course, you should beedtl

. explain the context of medical biochemistry in lie@nd disease
conditions. .

WORKING THROUGH THIS COURSE

The course will be delivered adopting the blend=atiing mode, 70%
of online but interactive sessions and 30% of faci&ce during
laboratory sessions. You are expected to registethis course online
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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

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 everyoneigtribution.

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-Assasat 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.

Module 1  General Introduction to Medical Biochemisry

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

Module 2  Chemistry of Biomolecules

Unit 1 Chemistry of Carbohydrates

Unit 2 Chemistry of Carbohydrates (11)

Unit 3 Water, Acids, Bases and Buffer

Unit 4 Chemistry of Amino Acids and Proteins (1)
Unit 5 Chemistry of Amino Acids and Proteins (II)
Unit 6 Chemistry of Lipids

Unit 7 Chemistry of Nucleic acids |

Unit 8 Chemistry of Nucleic acids Il

Module 3  Basic Enzymology

Unit 1 Introductory Enzymology
Unit 2 Enzyme Kinetics |
Unit 3 Enzyme Kinetics Il
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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 iIrCMIA, attendance of
all laboratory sessions with evidence as providedthe log book,
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%he time

3. Submit personal reports from laboratory practicassons 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, Power point,
Spreadsheet

4. Browser — Preferably Internet Explorer, Moxilla&fmx

5. Adobe Acrobat Reader.

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

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

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. You participatiork lyou, your face,
your ideas and views to that of every member ofclass and earns you
some mark.
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COURSE EVALUATION

There are two forms of evaluation of the progress gre making in this
course. The first are the series of activitiesigassents and end of unit,
computer or Tutor-Marked Assignment, and laboratgrsactical
sessions and report that constitute the continmsessment that all
carry 30% of the total mark. The second is a writgxamination with
multiple choice, short answers and essay questi@igake 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 In-course examination
In-course examination will come up in the middlé the
semester. This would come in form of Computer Mdrke
Assignment. This will be in addition to one compmuris Tutor-
Marked Assignment (TMA) and three Computer Marked
Assignment that comes as specified after the madule

. Laboratory practical: Attendance, record of participation and
other assignments will be graded and added to ther scores
form 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.

. Learner-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% 0%
Discussion Topic participation 5%
Laboratory practical 10%
End-of-Course examination 60%

GRADING SCALE
A =70-100
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B =60 - 69
C=50 - 59
F = <49

HOW TO GET THE MOST FROM THIS COURSE

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

. Develop a study plan for yourself.

iii. Follow instructions about registration and masigreetations in
terms of reading, participation in discussion formd of unit
and module assignments, laboratory practical ahdratirectives
given by the course coordinator, facilitators amats.

iv.  Read your course texts and other reference texthook

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

vi.  Participate actively in online discussion forum amake sure you
are in touch with your study group and your cowserdinator.

vii.  Submit your assignments as at when due.

viii.  Work ahead of the interactive sessions.

ix.  Work through your assignments when returned togrmdido not
wait until when examination is approaching befasolving any
challenge you have with any unit or any topic.

X. Keep in touch with your study centre and Schodfie&lth
Sciences’ website as information will be providestinuously

on this site.
Xi. Be optimistic about doing well.
SUMMARY

The Course NSC 223 (Medical Biochemistry 1) is anpalsory course

for Nursing Science students. The course contgmreigared in modules
and units as well as related practicals. It cowkeesbasic requirements
for teaching medical biochemistry to Nursing Scerstudents. It is

expected that the foundation provided in NSC 228ld/dind relevance

as students advance in their course of study. Tihemam pass grade is
50% made up of assignments and examination comp®nen
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MODULE 1 GENERAL INTRODUCTION TO
MEDICAL BIOCHEMISTRY

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

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 I$fgiences
3.4  Branches of Biochemistry

4.0 Conclusion

5.0 Summary

6.0  Tutor-Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

This unit introduces you to medical biochemistry thwisome
explanations of the relevance of the course to iNgr§cience. You
will also be exposed to different branches of beralstry.

2.0 OBJECTIVES

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

o Define medical biochemistry

o Mention the major breakthrough in the field of biemistry

o Explain the relevance of biochemistry to nursinggdmine and
other health sciences

. Describe different branches of biochemistry.

11
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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. Biochdmgiss both a 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 with their appliion in 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 utilizatiofuelf 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 human body works before she can lreapatient
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 human body came from sefiexperiments
and research conducted several years ago. Trarsfegenetic
information from one generation to the next was mtodroughly
understood until the major breakthrough of 1953/64e 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, meticahemists
have had access to vital genetic information whiets allowed for

12
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manipulation within the cell nucleus. They are afsaling ways to
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 muodenedicine

would not be practiced as it is known today.

3.3 Relevance of Medical Biochemistry to Other Heti
Sciences

Medical Biochemistry provides foundation for othleealth sciences
such as medicine, Nursing, pharmacy, microbiolodg. é/arious
methods are used by Biochemists to isolate, pudharacterise and
study the reactions of all cellular components. odBemists 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 thoroughrsiaaeing of what
happens at the molecular level i.e. inside the cell

3.4 Branches of Biochemistry

I Toxicology: This field studies the adverse effeofstoxic or
foreign chemical substances on the organisms. &mwiental
and food toxicology also fall under this branctbafchemistry.

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

iii. Molecular biology and Biotechnology: This field éwed directly
from Nucleic acid biochemistry and it involves mauation of
DNA to improve drug research and solve health moisl It has
wide applications in other fields of science whichincludes
cancer research.

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

V. Natural products biochemistry: This is a new areaesearch in
biochemistry; it evolved as a result of interessakntists across
the world in searching for new drugs from plantsir@he and
Artesunate (anti-malaria drugs) were isolated frlamts.

Vi. Bioinformatics: Bioinformatics is a shortened foain“Biological
informatics”. It is ofte focused on obtaining bigloally oriented
data such as nucleic acid and protein sequencectiustes,
functions, pathways ad their interactions.

13
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Self-Assessment Exercices

Hihglight the roles of Medical Biochemistry to Nursing Sciences.

4.0 CONCLUSION

This introductory unit has shown that biochemisasy a study of the
chemical processes in the body has made many breafghs that is
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:

Definition of Biochemistry

Breakthrough in Biochemistry

Relevance of Medical Biochemistry to other healtieSces
Branches of Biochemistry.

6.0 TUTOR-MARKED ASSIGNMENT

What is biochemistry?

Why is it important for nursing students to studgydhemistry?
Assuming there were no biochemists in the worldtillpyear
2010, do you think medicine and nursing science be
practiced the way they are practiced today? Explaur answer.
4. Mention 3 branches of biochemistry and explain #rea of
biochemistry they study.

whh =

7.0 REFERENCES/FURTHER READING

Nelson, D. L. and Cox, M. M. (2012). Lehninger PRipies of
Biochemistry (8 edition) WHFreeman.

Marks' Essentials of Medical Biochemistry: A cliaicapproach. 2nd
Edition Copyright 2007 Lippincott Williams & Wilkis.
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UNIT 2 CELL STRUCTURE AND FUNCTIONS

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 Composition 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 sevéitiion cells!

Biochemical arrangement of cells and how thesesce#ilteract to
perform various functions in man are not only faating but also very
interesting. Imagine the sensitivity of cells respible for taste;
different region of your tongue detects differeamte.

Some cells are replaced every 72 hours in our lddle some spend up
to ten years before they die. Also some cells ragdhiin 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. Thorough understanding of celuctre 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

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

o Define a cell and draw the structure of a typicaireal cell
o Differentiate between prokaryotic and eukaryotilisce

15
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. Describe the types, classification and life spaaromal cells
. Describe the chemical composition of plasma mendgan

3.0 MAIN CONTENT

3.1 The Definition 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)

1 centrioles (2)
| Each composed of 9

« | microtubule triplets.
microtubules

membrane
ribosome

Fig. 1. Structure of Animal Cell (source: Googieages)

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

16
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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- The plasma membrane is dlsd tiae
cell membrane, is the outer membrane common toedl$. The
plasma membrane defines the internal environmettietell. It
is the thin cover that separates a cell from itgrenment, it also
protect the components of the cell from leakingorgvents the
fluid outside the cell called extracellular fluHCF) from mixing
with the fluid inside the cell called intracelluldiuid (ICF).
Plasma membranes regulate the materials that eoitéraves the
cell, for this reason, it is said to be semi-perdealn addition,
the plasma membrane has some glycoproteins andlgbyds on
its surface; these molecules serve as signal mieldoetween
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 enwmnt of
synthesised products from one compartment to anéahéurther
processing. The organelles are suspended in tloplagim by
cytoskeleton network that resemble nets.

iii. Nucleus: The nucleus is the control center of #lé surrounded
by two membranes — the outer and inner nuclear mameb
envelopes. The outer membrane is continuous wite th
endoplasmic reticulum.This is the most important pathe cell;
the nucleus is always centrally located. Nucleugery important
to the cell because it contains the genetic mase(BNA and
RNA) that control all the activities of the cellubleus regulates
the rate and time of cell division. It also detares the materials
that enter or exit the cell.

iv. Endoplasmic reticulum (ER) - This is a networktabular and
flat vesicles. The tubules and vesicles are intarected. There
are two basic regions of endoplasmic reticulum: glmooth and
the rough endoplasmic reticulum. The rough endoplas
reticulum contains ribosomes. The major function thie
ribosomes on the rough endoplasmic reticulum (RER}he
biosynthesis of proteins for export to the outsfiehe cells and
enzymes to be imported into cellular organelleshsas the
lysosomes. The major function of the smooth endopia
reticulum (SER) is the biosynthesis of lipids anteraid
hormones.

17



NSC 223 MEDICAL BIOCHEMISTRY |

v. Mitochondria - The mitochondria are the cell’'s povpéant where
energy is produced. The basic structure of the ehdadrion is
composed of two lipid bilayer-protein membranesoater and inner
membrane. The inner membrane is highly folded tesulin a
surface area 3 to 5 times that of the outer mengbrdhe inner
membrane is impermeable to ions and most metabdilte aqueous
space enclosed by the inner membrane is calleaniteechondrial
matrix. The major metabolic pathways involved ie thxidation of
carbohydrates, lipids, amino acids, and speciayoithetic pathways
involving urea and heme synthesis are located itoahondrial
matrix. Mitochondria also contain specific DNA caming genetic
information for synthesis of some mitochondrialtgios.

vi. Lysosomes - These are single membrane vesicles amitinternal
fluid environment that is highly acidic (pH 2) cairting a variety of
enzymes that catalyze the breakdown of cellularramaclecules and
also digest large particles such as retired mitodha and bacterial
cells ingested by the cell.

Vil.

3.2 Differences between Prokaryotes and Eukaryotdé3ells

The electron microscope allowed classification elfscinto two major
groups,prokaryotes andeukaryotesbased on the presence and absence
of the true nucleus. Eukaryotes have nucleus wiscltovered by
nuclear membrane; Animals, plants and fungi belmntpe eukaryotes.
Prokaryotes have no typical nucleus (no true n}/doacteria and blue
green algae belong to the prokaryotes. Eukaryatis @are much larger
than prokaryotes, they also have a variety of othembrane bound
organelles in their cytoplasm, and example includ@sochondria,
lysosomes, endoplasmic reticulum (ER) and Golgimexes.

18
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3.3 Types, Classification and Life -Span of AninmaCells

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 dividedo 2, 4, 8, 16, 32 etc. to
produce a body consisting of numerous cells. Ovsirthe largest cell
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 anénimals these occurs
as four basic types namely epithelium tissues, mesutissues, 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.

Mult-icellular organisms consist of several orggstems.

Cells within the human body have different lifesgaased on the type
and function of that cell. Although some types efix are short lived,
others remain in person’s body for months, yearghosughout 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 Metsickle 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 The Chemical Composition of Plasma Membranes

Plasma membrane mainly compose of lipids and prseteThere is a
wide variation in lipid-protein ratio between difést cell membranes.
The functions performed by cell and the locatiotedaine the quantity
of proteins and lipids present in their membranidsre are some
examples of cell membranes and their percentageiprlipid ratio:

Table 1: Protein-Lipid ratio of some plasma membraes

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

19



NSC 223 MEDICAL BIOCHEMISTRY |

Membrane Lipids

Lipid composition of membranes influences membriiundity in terms
of length, unsaturation and presence of cholesterol

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). Formation of bilayers is anotcemmon 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 Membraneaidr (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 morebl@éobonds
(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. sBme
forces that drive phospholipids to form bilayefsoaprovide a
self-healing property for the cell membrane. Adipilayer has
other characteristics beside its self-healing progs that make it
an ideal structure for cell membranes. One oflest 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 temperature and vice versa. In animals, edtelol is the key
regulator of membrane fluidity
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Phospholipids
- _ S )

0
0-P-0

0
(}:H:-(;H-éHz

Fig. 3: Three Different Ways of Representing Photipid 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 Meama Showing the Two Bilayers
(source: Google images)

The major phospholipids predominate in the plasremnbrane of many
mammalian cells are; phosphatidyl choline, phospiiaethanolamine
and phosphatidyl serine. Only phosphatidyl seriagries a negative
charge, the other two are electrically neutralfagsmological pH. Some
phospholipids, such as the inositol phospholipidsmesent in smaller
quantities. They are usually referred to as phogiyoerides.
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(b)  Sphingomyelin is another group of phosphobkpid contains a
sphingosine back bone rather than glycerol to whiatty acids
and phosphoryl choline are attached. It is elegliy neutral at
physiological pH; they are prominent in myelin athnes.

The Asymmetry of the Lipid Bilayer

Membrane asymmetry refers to the non-identical neabi the two sides
of a membrane. For example phosphatidyl serineh@sgholipid) is
predominantly found on the inner surface of humed blood cells.
Most (but not all) phosphatidyl choline occurshie buter monolayer of
membranes.

The lipid compositions of the two monolayer of tigd 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 (phosgdkiaethanolamine
and phosphatidyl serine) are in the inner monolagycolipids 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.
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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
cells for gene therapy. This liposome fuse withgleesma membrane of
target cell, introducing the drugs or chemicalsadntains 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 polyethelyne 3

gheol | | .
M.

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

FRVET I T It N Y SRR Sy SEY e S—

Fig. 5: The Structure of a Cross Section of Lipneqsource: Google images)

Membrane Proteins

Membrane proteins perform most of the specific fioms of the
membranes. They give each stype of membrane in ctile its
characteristic functional properties. The amount gpes of proteins in
a membrane also varies, for example, in the myml@mbrane, which
serves mainly as electrical insulator for nervéscdéss than 25% of the
membrane mass is protein. In the mitochondria, ©%e membrane
component is protein due to the presence of manynees and electron
pumps.
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Membrane proteins can be classified as being eigegipheral 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 high percentdgen-polar amino
acids and represent about 70% of total membrarteipso Examples are
membrane enzymes, hormone receptors, pumps andnatbanin

contrast, peripheral proteins are bound to theaserfof lipid bilayer

primarily by electrostatic and hydrogen bonds. Mapgripheral

membrane proteins are bound to the surfaces ofjratgroteins, on
either the cytosolic or extra cellular side of tmembrane. Examples
include cytochrome c and acetyl choline esterase.

Glycoproteins in 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 surface and binding of sperm to eggs. 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 typblodd group one of the
three different structures termed A, B and O maypbesent. These
structures have in common oligosaccharide foundat@ailed 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 glactose moiety of the common oligokacide present in
all humans.

4.0 CONCLUSION

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

5.0 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
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Draw a well labelled diagram of a typical animall.ce

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

3. Give an example of a cell that live for (a) Lesarttd days (b) 10
days(c)1 month (d)1year (e)15 years i@ Lime.

What are the major composition of the plasma mendza

List 2 functions for each of the following orgaresi

a. (a) Nucleus (b) Mitochondria (c) Rough endoplesraticulum
(d) Peroxisomes

N =

ok

7.0 REFERENCES/FURTHER READING
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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 survivalintact and functional
cell membrane. If there is injury to the cell mear, the whole cell
may be destroyed. The organelles are the varionsceils found inside

the cell, they help the cell to perform its divefsmctions such as
synthesis, storage, energy generation and excrefiamaste materials.
Most of them contain a separate membrane that selieir individual

contents. The presence of separate membrane psetentestructive
activities of degrading enzymes present in thedgswe. The pH of fluid

in the lysosome is also different from the pH oé tytoplasmic fluid.

The collective functions of the plasma membranethedorganelles are
referred to as the cell functions.

2.0 OBJECTIVES

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

o Describe the basic organisation of the cell mendsan

o Describe the various functions of the cell membran

. List the factors that regulate the movement of maleacross the
membranes.

3.0 MAIN CONTENT

3.1 Membrane structure and Organisation
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Biological membranes are composed of phospholigldyér
structure in which protein molecules are eithetipby or wholly
embedded. Phospholipids spontaneously arranged stiees
into two layers (bilayer): the hydrophilic (watesving) polar
head of the phospholipid molecules face the outaidkinside of
the cell where water is found. The hydrophobic @éwdtating)
non polar tails face each other.

. Based on location, cell membrane proteins are ddviahto two:

integral and peripheral proteins. The integral @t are found
within the membranes and have hydrophobic regionkeeded
within the membranes while the hydrophilic regiopsoject
outwards from both surfaces of the bilayer. Penghproteins
occur either on the outside or the inner surfacthefmembrane.
Based on functions, membrane proteins can alsdalssifiedinto
three: structural proteins, enzymes and carrierteprs. The
structural proteins form part of the membrane;daeier proteins
are involved in transport across membranes whileyraes
perform catalysis.

Summary of general features shared by membranes fro different
organelles or cells:

3.2

1. Impermeability to polar molecules or ions excepbtigh a
specific transporter for that molecule or ion

2. Flexible, non-rigid to allow for cellular or orgdtes changes
in shape and size

3. Durability; usually resistant to damages or rembl&ability
to reseal quite quickly and surviving for the lifeé of the
cell

4. A trilaminar appearance of two dark lines separdtgda
lighter space when viewed with an electron micrpsco

Presence of proteins — peripheral and integraleprstare not
only structural but have a variety of other funesoincluding
enzyme activity, signaling, receptors or as transps.

The Functions of Plasma Membranes

Protection: The plasma membrane protects the @gopland the
organelles present in the cytoplasm. It is respmesfor the
maintenance of shape and size of cells. The moporiant
function of cell membrane is transportation andufagon of
materials across the membrane.

Transportation of materials across the cell memdardine cell
membrane act as semi permeable membrane whichsatovy
some substances to pass through it and act agiarldar other
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substances. For example, small hydrophobic molscsleh as
CO» Oz 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 theamrane, but
are often carried by the transport protein chanreateer with or
without the use of energy.

Gradients are important in moving materials thifoumgembranes both
passively (without the use of energy by the cellj actively (transport
requiring cell energy).

Active and Passive Transport

Fig 6: Passive Transport - Passive Transport inli€énvolves the Process of
Diffusion, the Diffusion can be simple or facitéd

Factors that affect passive diffusion across membrees

Concentration gradient across membrane

Electrical potential across the membrane

Permeability coefficient of the substances forrtirembrane
Hydrostatic pressure gradient across the membrane
Increase in ambient temperature

g

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.
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Facilitated diffusion — Most molecules cannot mdrezly through the
membrane, but do cross membranes with the help efmbnane
transport proteins, which temporarily bind to thestance to be moved
through the membrane, a process called facilitdi#fdsion 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 prothannel 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
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-potassiansporter.

Transported roolecule
(gucose) co-transportedion
¥ ov
1T IR
I Uy U
M K
uriport sy pott antiport
(facilitated diffusiomn) , ~
co-transport

Fig. 7: Active Transport - Energy Requiring Trangpacross Membranes

All cells need to move some substances through mamebin a
direction counter to the gradient or move substaricat are too large or
bulky with the use of cell energy. Cells have a hamof 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
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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 nirgy 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 transponmatd Na® and K
across the cell membrane. The enzyme is known @disirsegpotassium
Adenosine triphosphatase.

The energy required for the transportation of sodand potassium ions
are derived from the hydrolysis of ATP. For evdrgee Na 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 Endocytosis and Exocytosis

Vesicle mediated transpefransportation of large substances may
require changes in membrane shape and the fusiotheofplasma
membrane with vesicles containing the substancdsetonoved. Such
changes in membranes occur throughout the life tohethe cell.
Movement of materials of the cell involving changdshe 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 bglfusing vesicles
with the plasma membrane. For example, insulin madide the cells
of the pancreas is released to the blood streaexdgytosis.

Endocytosis- There is a variety of endocytosis esses in the cell,
examples includes pinocytosis, receptor mediatedo&tosis and
phagocytosis.
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lysosome

Fig.8: Endocytosis and Exocytosis

4.0 CONCLUSION

Biological membranes separate the internal enviemtmfrom the
external environment of a cell. Membrane controlsvement of
substances in and out of the cell by selective pahility. Membranes
play important roles in energy production and sg&jhaling.

5.0 SUMMARY

In this unit, you have learnt about the organisatd cell membranes..
We have also related the structure of the cell mambto the different
forms of mechanism of transportation of materiabas different media
with explanation of factors that drive such excleng

6.0 TUTOR- MARKED ASSIGNMENT

1. Using illustrated diagram, explain the passive maedm of
transportation across the cell membrane.

2. Differentiate between the active and passive methad
transportation.

3. List the various factors that can affect passividusion across
membranes.

4. Explain with a well labelled diagram the mechanissh

endocytosis and exocytosis.

7.0 REFERENCES/FURTHER READING
Lippincott Biochemistry Fourth Edition (2010).
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UNIT 1 CHEMISTRY OF CARBOHYDRATES

CONTENTS
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3.0 Main Content
3.1 Definition by Classification of Carbohydrates
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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 bloodstreanglacose 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 etfus. It is the
precursor for the synthesis of all other CHOs ia Body, including
glycogen for storage , ribose and deoxyribose umleic acids ,
galactose for synthesis of lactose in milk, in glygids and in
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combination with proteins in glycoproteins and paglycans. Diseases
associated with CHO metabolism include Diabetes litds|
Galactosemia, Glycogen storage diseases and Lantoterance.

| 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. 8: Biomolecules

2.0 OBJECTIVES

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

o Define the terms monosaccharide, disaccharidepsdigcharide
and polysaccharide.

. Explain the different ways in which the structuoéglucose and
other monosaccharides can be represented,

. Describe the occurrence of isomerism in sugars.

3.0 MAIN CONTENT
3.1 Definition and Classification of Carbohydrates

Carbohydrates can be defined as optically activghydroxyaldehydes
or polyhydroxyketones or substances that yield @n@ese compounds
upon hydrolysis.

Functions of carbohydrates
= Structural component of cells
» Major source of energy
» Storage substances of potential energy
» Regulation of fat metabolism
* Protein sparing function
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Role in gastrointestinal function
Cell recognition

Supportive function
Anticoagulants

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

Monosaccharides: These are sugars that contaiisugyee unit and thus
cannot be further hydrolyzed. They represent thet moduct of CHO

digestion in the human body. They may be class#igdrioses, tetroses,
pentoses, hexoses or heptoses, depending upor toe@ atoms, and
as aldoses and ketoses depending on whether theyamaaldehyde or
ketone group.

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. 9: Aldose vs Ketose

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

Oligosaccharides: Condensation products of 3-10asaccharides.

Most are not digested byhuman enzymes. Rather plagystructural
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 digebly 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
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Table 1: Classification of Sugars

Aldoses Ketoses
Trioses (GHeOs) Glyceraldehyde Dihydroxyacetone
Tetroses (@HgOa) Erythrose Erythrulose
Pentoses (€H100s) Ribose Ribulose
Hexoses (6H120¢) Glucose Fructose
Heptoses (€H1407) - Sedoheptulose
Three carbons Four carbons Five carbons
H\ /0 H\ /D H\ /0 H\ ,ﬂo
H o H 0 c C C C
N N A \ | | |
H I (“ 'i HA"—DH H0—<|'—H H—dl‘—O[—I HO—*l‘—H
\Cl“/ HA"—OH HO—*l'—H HA"—DH H—*l'—DH HO—dl‘—H HO—*l‘—H
H—Al‘—OH HA"—OH H—nl'—OH H——0H H—<|'—0H H—!l‘—O[—I H—<|‘—0H
CH,0H CH,0H CH,OH C“-HZO}[ CH,0H CH,0H CH,0H
‘ p-Glyceraldehyde | | p-Erythrose | n-Threose | p-Ribosa ‘ ‘ p-Arabinose | | p-Xylose | n-Lyxose
| — ] | |
\C//O H\C_//D H“\.‘:‘//D
H_,.I —aH I—ID—dI'—H I—I—ul'—DI—I
H— — M H——H Hio—— "—H
H—-I'—(J-H H—4I'—OH I—I—ql'—-r:-H |:|
TH AV TH o OV 1':*.1—120:[—[
| m—Flucosa I I p-hMannose

Fig. 10: Sugars with different no of Carbon Atoms

Structure of Glucose

The straight chain structural formula of glucosa aacount for some of
its properties, but a cyclic structure, formed byeaction between the
aldehyde group and an OH group is thermodyndiyiceore 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 eithie stereoisomers.
The structure can also be represented in form olar, with the 6
membered ring containing one oxygen atom.
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H—(IZ—OH 2 ! 1,5 ether linkage
HO—(IZ—H 3 O OH
H—C—OH 4 / \ l
H—C—OH 5
CH,OH B

HO (]j—C

H OH

D-glucose

Fig. 11:  Structures of Glucose

H  CH,OH

Straight chainHaworth projectionChair 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 aBeand L isomerism.The designation of
a sugar isomer as the D form or of its mirror imags the L form is
determined by its spatial relationship to the pare@ompound of the
carbohydrates, glyceraldehydes.The orientation hef +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 sugahe D isomer, when it
is on the left, it is the L-isomer) Most of the wmally occurring
monosaccharide are D sugars. The presence of aslyrom 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 -

)
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-z luge

Fig.12: D and L forms of Glucose

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 ricmntains 5 atoms, it
is called a furanose ring; if it contains 6 atongs 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.13: Furanose vs Pyranose Rings

Alpha and Beta AnomersAnomerism is the formation of rings that
result in the creation of an assymetric carbonledathe anomeric
carbon. If the —OH group on the anomeric carbes 10 the right of the
carbon chain, it is considered to be in treconfiguration, and i
configuration if it lies to the left of the chai@ e of 2 stereoisomers of
a cyclic saccharide that differs only in its cgufiation at the
hemiacetal carbon, a hemiacetal is formed by coatibn of an
aldehyde and an alcohol group).
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H OH H OH

ALPHA-GLUCOSE BETA-GLUCOSE

Fig. 14. 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).

-

1 1

CHO CHO CHO
2 2 2 I
HO —C—H H—C—OH H-——i’.l'—OH
HO — C—H HO —C—H HO —B?—H
H—C—OH H—C—OH HO -—fri'——H
H—C—OH H—C—OH H-—SCI—OH
°CHLOH ®CH,OH ®CH,OH
p-Mannose p-Glucose p-Galactose
(epimer at C-2) (epimer at C-4)

Figure -4
Lennisger Frisapies of Sachemistrg Fifrh Sditios
BOOBTW. H_ Frewrman and Comyeny

Fig. 15:Epimers of Glucose

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

HMC,?O C HOH
1 —_—
H—C— O H T=

HO—C—H
H—C—OH
H—C—OH H—G—OH

E O < H_OH

Glucose Fructose

Ho—cf_:—l—l
H—C—OH

Fig 16: Aldose and Keto forms of Carbohydrates

MUTAROTATION - D-glucose really exists in three different forms
an acyclic aldehyde and two cyclic hemiacetals-adliwhich are in
equilibrium. Each cyclic hemiacetal can be isolatedl crystallized
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separately, but when any one compound is placedointion, an
equilibrium mixture of all three forms results. $hprocess is called
mutarotation.

At equilibrium, the mixture has 36% of theanomer, 64% of th@
anomer, and only a trace amount of the acyclic ralde. The three
forms of the D-glucose are shown below

SCH,0H

lcH=0

2 - ;
H—2—0H\ £Z Ol

3 . : o

HO——11 (-D-glucopyranose (64%) mulaeciaiion
H—4—OH of
N 5| L CILON aAnOmMers
0
crLon TN K
OH

D-gl :

FHeose HO OH (o)

OH

a-D-glucopyranose (36%)
Figure 17: Mutarotation of D-glucose

Reducing and Non-Reducing Sugars When the anomeric carbon of a
sugar is not attached to any other structure, tigarscan act as a
reducing agent and is termed a reducing sugar. Sughrs can react
with chromogenic agents (for example, Benedictégeat or Fehling's
solution) causing the reagent to be reduced anurexhl The anomeric
carbon of the sugar becomes oxidized to a carbgsylip. In some
disaccharides e.g. sucrose both of the carbonyipgr@re involved in
glycosidic bond formation, so there are no freébcayl groups. Such
sugars are called non-reducing sugars. They do M@iice Benedict's
reagent.
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Figure 18: Reducing and non reducing carbohydrates

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

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

Carbohydrates are widely distributed in cells. Momtbohydrates
utilize by the body are synthesize from from amamds, but
most animal carbohydrate is derived ultimately frgutants.
Carbohydrates perform several important functionthe body.
Some of the important properties of carbohydrateslude
isomerism, mutarotation and anomerism.
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6.0 TUTOR-MARKED ASSIGNMENT

1. Explain the types of isomerism found in glucose.
2. Give 2 examples each of Monosaccharides, Oligosaici#s and
Polysaccharides found in nature.
3. Explain the following properties of carbohydrates
I. Anomerism
il. Epimerism
iii. Mutarotation

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
(29" ed.). McGraw-Hill Medical.

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

Nelson, D.L. & Cox, M.M. (2009).Lehninger Principles of
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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 sugragstheir functions.
The important reactions of carbohydrates will dleadiscussed.

2.0 OBJECTIVES

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

o State the composition and give examples of disamis
oligosaccharides and polysaccharides found in biockd
systems.

o Describe the roles of carbohydrates in cell memésaand
lipoproteins.

o Describe the reactions of carbohydrates.

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 path@arboxylic acid
derivatives of glucose are also important. Theyuie D-glucuronate,
L-iduronate and L-gulonate. Deoxy sugars are thosehich one OH
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group has been replaced by H e.g deoxyribose in DAAInNoO sugars
include D-glucosamine, D-galactosamine and D-maamase.

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 hasmbranching
helical structure, and amylopectin (80-87%) whidmsists of branched
chains composed of 24-30 glucose residues with»4 linkages in the
chains and by1—6 linkages at the branch points. The glycemic index
of a starchy food is a measure of its digestibiligsed on the extent to
which it raises the blood concentration of glucesenpared with an
equivalent amount of glucose.

Table 1: 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: 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 3: Hexoses
Sugar Source Biochemical
importance
D-Glucose Cane sugar, FruilMain metabolic fuel
juices, starch, maltose
and Lactose
D-Fructose Fruit juices, honey, Readily = metabolised
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Inulin via glucose
D-Galactose Lactose Readily metabolised tp
glucose. Synthesised |n
mammary gland fo
synthesis of lactose
D-Mannose Plant gums Constituent of
glycoproteins

-~

3.2 Some Carbohydrates of Physiological importance

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 olysaccharide of
fructose while dextrins are intermediates in the&rblysis of starch.
Celluloseis the chief constituent of plant cell walls. $tinsoluble and
consists of ofglucopyranose units linked (b¥—4 bonds to form long,
straight chains strengthened by cross-linking HdsorMammals lack
any enzyme that hydrolyzes tiffe1—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&y of the
weight of cell membranes is CHO in glycoproteind giycolipids.

H /é{*o\n .
e T ,Branching
CH,0H CH,OH CHgDH / occurs here

H GHO/
A

I
| CHOH Hm
DH H 0 OH \ OC o
_((f \?\ H/? \O?H HF/ Dwo\ou H>ID o o7 DH H 3
H
. Ll ;

C‘{ OH

Cellulose

Fig 1. Structures of cellulose, Starch and Mucdpias

3.3Some Reactions of Carbohydrates
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1.

46

Esterification: Monosaccharides have alcoholic geowhich can
participate in esterification reactions with carflox groups from
other compounds.

Oxidation: Oxidation of monosaccharides with and@ing agent
such as hypobromous acid lead to the oxidationhef dldehyde
group to carbonyl group to produce either aldonronic or sacharic
acid.

Reduction: Reduction is the chemist’'s term for &t@t gain. A
molecule that gains an electron is thus “reducédimolecule that
donates electrons is called “reducing agent’. Aasuthat donates
electrons is called a “reducing sugar”. The elecisodonated by the
carbonyl group. Reaction of monosaccharides (gkeicosannose,
and fructose) with reducing agents such as sodimagam Na(Hg)
reduces the aldehyde or keto group to produce tmeesponding
alcohol.

Dehydration:  When treated with concentrated .S&,
monosaccharides undergo dehydration with elimimated three
water molecules. Six carbon sugars give hydroxygiefinrfurals
while five carbon sugars give furfurals
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4.0 CONCLUSION

Important monosaccharides in the body are gluogakactose, fructose
and mannose. These carbohydrates have importad carbohydrates
in cell membranes. Carbohydrates can undergo dekemations that
important in health and disease conditions.

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 between the 3meps of

glucose.

2. State the components of the following sugars ardtypes 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
V.W. & Well, P.A., (2013. Harper’s lllustrated Biochemistry
(29" ed.). McGraw-Hill Medical.

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

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

o Describe the importance of water as the major camapb of
living organisms.

. Define acid, base and buffer

. Calculate the pH, pOH and pka of a given solution

. Explain the biological importance of buffer.
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3.0 MAIN CONTENT
3.1 The Properties of Water

Water is one of the most important substances oth.ei is the basic
molecule of life. In Biochemistry water is the poatinant chemical
component of living organisms. The human body suy0% water. It
plays a role in transportation of materials to &oen the cells. It is the
aqueous solution for biochemical reactions. It aats solvent for
biochemical reactions in the body and help in naamng the
temperature of the body.

Water exists in three different forms: vapour/steawlid and liquid.
Above 100C as vapour, belowQ as solid, between°’G and 106C as
liquid.

Some important properties of water are discussémbe

Polarity - In a water molecule two hydrogen atoms form Iginaplar

covalent bonds with an oxygen atom. This gives watere structure
than other liquids. Because oxygen is more eleefative, the region
around oxygen has a partial negative charge. T®menear the two
hydrogen atoms has a partial positive charge. Tlatgr molecule is a
polar molecule with opposite ends of the moleculgh wpposite

charges.

Universal solvent— water is regarded as universal solvent, meaning
many compounds can dissolve in it. Because ofigh lpolar nature,
water is an excellent solvent for polar and iomigdfophilic) substances
such as salt and non ionic but polar substancds asisugars. Water is
poor solvent for non-polar (hydrophobic) substances

Hydrogen bond — hydrogen bond hold water molecule together. The
region around oxygen has a partial negative chatgke the region near
the two hydrogen atoms has a partial positive ahaithe slightly
negative regions of one molecule are attractechéoslightly positive
regions of nearby molecules, forming a hydrogendodiach water
molecule can form hydrogen bonds with up to fouighkors. Each
water molecule can form a maximum of 4 hydrogendsdine hydrogen
bonds joining water molecules are weak, about /28 strong as
covalent bonds.They form, break, and reform wittagfrequency.

High specific heat— Specific heat of a substance is the amount af he
required to raise/change its temperature Bg. IThe amount of heat
energy (calories) required to raise the temperatfiee gram of water
from 12C to 18C is known as specific heat of water. Water with it
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high specific heat helps to maintain the constantperature of living
organisms in the varying environmental temperature.

High heat of vaporization — Heat of vaporization is defined as the no
of calories required to change one gram of liquidoi vapour.
Vaporization is commonly called evaporation. Wheatev evaporates
from the surface of the skin, it absorbs a great deheat from the body
thus evaporation has a cooling effect. Thus higat leé vaporization
helps to regulate body temperature and prevent nagges from
overheating.

Biological Importance of Water

o 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 aqueoudiealto
produce proton (H and a conjugate baseJA
HA=H+ A

o 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 disabon
constant (Ka) where K is the constant and a isthe:
Ka =[H][A]
[HA]
o Base is a compound that accepts proton in aqueous

environment, for example ammonia reacts with aqorao
produce an ammonium ion.

Calculation of pH, pOH and pKa

The pH of a solution is simply defined as the niwgalogarithm
of hydrogen ions concentration,

pH = - log [H+] and

pOH = - log [OH-].
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Most living cells have a very narrow range of talese for pH, i.e. [H.
The [H'] concentration will be important (either expligitbr implicitly)
for many other topics in biology. [ is controlled in all biological
organisms, and in virtually all biochemical expegims. Each pH unit
represents a factor of 10 differences in][H

The pH of some body fluids must occupy a very narrange. For
example, a healthy individual has a blood pH inrdrege of 7.35-7.45.
Maintaining this pH is crucial to the life of thadividual. The pH of
other fluids can be more variable. Urine has a pihere from 4.6—
8.0, depending on an individual’s recent diet axerese.

The pH scale is a way of expressing the strengthcids and bases.
Instead of using very small numbers, the negatwegy of 10 on the
molarity of the H (or OH) ion is used. On the pH scale, values below 7
are acidic, value of 7 is neutral, while values \&d/ are basic
(alkaline).

~—1 M NaOH

—-— Ammonia
(household
cleaner)

Basic

—~— Blood
—— Pure water
—~—Milk

Neutral

—~— Vinegar
——IL.emon juice
—~—Stomach
acid

Acidic

—-— 1 M HCI

Figure 12: The pH scale

As with the hydrogen ion concentration, the con@didn of the
hydroxide ion can also be expressed logarithmicatlypOH. The pOH
of a solution can though be defined as the negdtigarithm of the
hydroxide ion concentration.

pOH = -log[OH]
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The pOH scale is similar to the pH scale in thpOad of 7 is indicative
of a neutral solution. A basic solution has a pQHtess than 7, while an
acidic solution has a pOH value greater than 7.0®H can be use to
determine the hydroxide ion concentration from latsmn with a known
pH. Thus, pH and pOH are related as follows:

pH+pOH =14

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 cancelle @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 waitid 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

52



NSC 223 MEDICAL BIOCHEMISTRY 1

This is equal to 0.88 — 12,
pOH =11.12

Buffers

A buffer is a solution that can resist changesHnupon addition of acid
or basic components. Buffers are able to neutradinall amount of
added acid or base to maintain the pH of the solutelatively stable.
Most buffers are solutions composed of approxinyagual amounts of
a weak acid and salt of its conjugate base. Buffexkp organisms
maintain the pH of body fluids within the narrownge necessary for
life. They work by accepting Hfrom solutions when they are in excess
and by donating Hwhen they have been depleted.

Body fluids such as blood, cerebrospinal fluidjysaktc. have constant
pH under normal physiological conditions. This @spible due to the
presence of buffer in these fluids. Hydrogen andrbwyyl ions are
constantly added to the body fluids as producta@tabolism.

Characteristics of a buffer

I. It has a definite pH value

. Its pH value doesn’t change even with the addiaba small
amount of strong acid or base.

iii. Its pH value doesn’t change on keeping for a lamg t

V. Its pH value doesn’t change on dilution.

V.

Table 2.1: Approximate pH values of some body #uid

BODY FLUID PHYSIOLOGICAL pH
Saliva 5.8-7.1
Pancreatic juice 7.5-8.8
Blood 7.4
Gastric juice 16-1.8
Urine 4.6-8.0

Physiological Buffers

Physiological buffers are chemical substances usedhe body to
prevent large changes in the pH of the body fluids.
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The four types of physiological buffers are theaoionate, phosphate,
hemoglobin and protein buffer systems. The bicaat®rbuffer is the
major regulator of blood pH. The phosphate buffegulates the
cytosolic pH. [CQ] and [HCQ] are much higher than [RPin blood;
the reverse is true in the cytosol, [ff@ much greater than [HGD

The bicarbonate C{system works as follows: If hydrogen ions enter
the blood, then they combine with base (HL@ form carbonic
respiration to exhale more GQf a large amount of an acid is added to
the blood, the quick compensation is an excretidnC®. with a
reduction in the plasma bicarbonate: the slowerpmmsation is that the
acid is excreted by the kidneys which replace bigaate in the blood.
Removal of hydrogen ions from blood—as for examfédowing HCI
secretion into the stomach—is compensated for kaimieag CQ and
forming more base (in the short term). In both sadke respiratory
system makes rapid buffering possible; the renatesy supplies the
long-term buffering.

carbonic
anhydrase
carbon dioxide + carbonic acid bicarbonate +
water hydrogen ion

Figure 13: conversion of carbon dioxide to bicadte
Blood Bicarbonate and Metabolic Acidosis

The bicarbonate blood buffer in a normal adult rteairs the blood pH
at around 7.40. If the blood pH drops below 7.3% tondition is
referred to as an acidosis. A prolonged blood pldw 7.0 can lead to
death. Clinically for an acidosis, the acid-basepeeters (pH, [HC€),
[COy]) of the patient’s blood should be monitored. Tiemal values
for these are pH = 7.40; [HGD= 24 mM; [CQ] = 1.2 mM.

Metabolic acidosis is an electrolyte disorder chemazed by
disturbance in the body's acid-base balance mesitemi The three
major root causes of metabolic acidosis are inectasid production,
loss of bicarbonate and reduced ability of the &into excrete excess
acids. Metabolic acidosis is characterized by lo@ncentration of
bicarbonate, which can happen with increased géoeraf acids such
as ketoacids or lactic acids, excess loss of boceate by the kidneys or
gastrointestinal tract.
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Henderson-HasselbalchEquation

The Henderson-Hasselbalch equation is an equahan shows the
relationship between the pH of a solution, the @ikd the ratio of the
conjugate base and conjugate acid. The equatioseil for estimating
the pH of a buffer solution and finding the equililon pH in an acid-
base reaction. The equation can be use to detetmengH of different
solutions in different chemical equations as wallia the biological
systems like enzymes and other proteins.

The Henderson-Hasselbalch equation is given asvioll

[conjugate base]

pH=pK, + log

[weak acid]
Example: What would be the pH of a solution coritegn0.1 M
CHsCOO and 0.9 M CHCOOH? (pKa = 4.76)
Solution: pH = pKa + Log [N[HA]
CtCOOH+———> CHCO00 + H"

pH =4.76 + log(0.1/0.9)

pH=4.76 + log 0.111

pH =4.76 + (-0.95)

pH=3.81

4.0 CONCLUSION

Water is life and a core component of all other fluids that make
chemical reactions possible in the body. Water plays very important
roles in the biological systems. These roles are @sult of the various
chemical and physical properties of water moleculésid base
biochemistry is also important to the biologicasteyn. Most living cells
have a very narrow range of tolerance for pH.Hydrogions
concentration measure is important for many biodbaimreactions.
Physiological buffers are chemical substances usedhe body to
prevent large changes in the pH of the body fluids.

5.0 SUMMARY

e In Biochemistry water is the predominant chemiaainponent
of living organisms.
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e The human body is about 70% water and plays a iole
transportation of materials to and from the cétlss the aqueous
solution for biochemical reactions.

e An Acid is a substance that can release a protdryamogen ion
(H") when dissolved in water.

e A Base is a substance that can release a Hydroxylwihen
dissolved in water.

e Physiological buffers are substances used by tdy twoprevent
large changes in the pH of the body fluids. Theatilonate
blood buffer in a normal adult maintains the blgud at around
7.40. If the blood pH drops below 7.35, the cowmditis referred
to as an acidosis.

6.0 TUTOR- MARKED ASSIGNMENT

1. Water is regarded as a universal solvent. Discuss.

2. Define the terms acid and base.

3. What are buffer?Discuss the role of bicarbonatdebuh the
maintenance of blood pH.

4. Calculate the pH of a solution of weak acid whdsdarity 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.
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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 egme 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 peptidesed.

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 aamdsalution 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 atgpH 1, the carboxyl
group is un-ionised (-COOH) and the amino groupmssed (-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 —
NH3+.

pH 1 pH7 pH 11
Fig. 1a: lonization States of an Amino Acid asa 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 Drseand 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 contaimivceel amino acids ,
which are usually formed by enzymatic modificatioihan amino acid
after it has been incorporated into a protein eofage 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 léadaemorrhage. The
action of some hormones is also mediated by phogfaton and
dephosphorylation of specific serine residuesvargety of proteins.

The <arbon atom is asymmetric, which

OPTICAL ISOMERS

allows for two mirror imaaqe (or sterco-)

isomers, Land D

Proteins consist exclusively of L-amino acids

Fig. 2 b: Absolute configurations of the L- andiBamers 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 (prolineont@ins a secondary
rather than a primary a7ino group and can beredeto as an imino
acid .

Serine and threonine contain aliphatic hydroxylup® Aromatic amino
acids include Phe, Tyr and Trp. The side chainhedge 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 containisigle chains are
methionine and cysteine. Cys plays a special mlsome proteins by
forming disulfide cross-links.
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Table 1: 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 \%
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Amino acids with carboxamide groups
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Sulphur-containing amino acids.

Fig. 3b: Structures of Amino Acids

Essential and Non-essential Amino Acids

Essential amino acids (EAA) are those amino acidg tannot be
synthesized by the human body, and therefore fabe tsupply by the
diet. EAA are also known as indispensable amindsaddn the other
hand, those amino acids that can be synthesizeétebipody are called
non-essential amino acids (dispensable amino acds) of the 20
common amino acids, 10 are essential while therofiffe are non-
essential. Daily adult intake of amino acids is ragpnately 0.8g/Kg.
This will be higher for a child or pregnant womamimal proteins are
often low in certain important amino acids e.g netme and lysine.
Legumes are low in methionine. Grains are low 8irlg. Corn is low in
tryptophan and lysine. Dietary proteins cannotsébed directly from
the intestine. They must be hydrolyzed by a groupenzymes
(proteases and peptidases) to amino acids.

ESSENTIAL AMINO ACIDS NON ESSENTIAL AMINO ACIDS
Histidine* Alanine

Isoleucine Arginine

Leucine Asparagine

Lysine Aspartate

Methionine Cysteine

Phenylalanine Glutamate

Threonine Glutamine

Tryptophan Glycine

Valine Proline

Table 1: Essential and Non-essential amino acidenfe adults can
synthesize it on their own).
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3.3 R Groups and the Chemical Properties of Amino Acid.

The charged functional groups of some amino aaidsire that they are
readily soluble in polar solvents such as water eth@nol but insoluble
in nonpolar solvents such as benzene or ether.l8lymi the high
amount of energy required to disrupt the ionic ésr¢chat stabilize the
crystal lattice account for the high melting paifsamino acids. Amino
acids do not absorb visible light and are theretmiourless. 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,,\t&lu 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 conformata 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, amidatdod esterification.
Optical activity - In all amino acidsy-carbon atom is asymmetric (4
different groups) with exception of glycine. Henteey exhibit optical
activity and they rotate the plane-polarized lighthe right or left. As a
result, they exist in two optical isomers, D (+)lor(-). The D and L
isomers are mirror images of each other. In naluenino acids are
more common and therefore called Natural aminosa@dl amino acids
found in proteins are of the L-configuration.

Asymmetry - most amino acids have one asymmetricoraatom. Two
amino acids Threonine and Isoleucine have 2 asynunedrbon and
therefore have 4 optical isomer$ £222 = 2x2 = 4).

CcCOO™ COO™
HaN i— C et H Hi— C et NH
R R
L—Amino Acid p—Amino acid

Figure 14: L and D isomers of amino acids

D- amino acids that occur naturally include frees@&®ine and D-
aspartate in brain tissue, D-alanine and D-glutanrathe cell walls of
gram positive bacteria and D-amino acids in soma-mammalian
peptides and certain antibiotics.

65



NSC 223 MEDICAL BIOCHEMISTRY |

Many proteins also contain derived amino acids jclwhare usually
formed by enzymatic modification of an amino acitermit has been
incorporated into a protein. For example, collag&ontains

hdroxyproline (the —OH group serves to stabilize tlollagen fibre).

Prothrombin, a clotting protein contaigpscarboxyglutamate. Defective
carboxylation of glutamate in this protein may léachaemorrhage. The
action of some hormones is also mediated by phogjation and

dephosphorylation of specific serine residuesvargety of proteins.

Acid Base Properties of Amino Acids

Ampholytes or Amphoteric Nature of Amino acids -l Amino acids
contain at least two ionizable groups ti@mino group and the-
carboxyllic group, some contain an additional aridr basic group in
their side chain , which are responsible for thenanacids , acid- base
behaviour.

As a result of their ionizability the following etjorium reaction can
be written;

R-COOH «— R-COG H*
R-NH: <+<—> R-NE"

Since the above reactions are reversible this @&dgthat amino acids
can act as acids (as demonstrated by the forwantioa) or as bases (as
demonstrated by the reverse reaction). Thus congsowmth such
behavior are called Ampholytes or Amphoteric comutss They are
capable of donating or accepting protons.

Zwitterions - Amino acids behave as Zwitterions.zdvitterion is a
dipolar ion containing negative and positive chargdll neutral amino
acids are present in the Zwitterions form. At pbisgical pH (around
7.4) the carboxyl group will be unprotonated ane #mino group will
be protonated..

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 valuess diinctional
groups and the PH of the surrounding medium. Algetthe charge on
amino acids and their derivatives by varying the fadilitates the
physical separation of amino acids, peptides arateprs. The iso
electric pH , called the pl is the pH midway betwei values on either
side of the isoelectric species. For an amino siith as alanine that has
only 2 ionisable groups, the isoelectric pH is

pl= Pkl + pK2/2=2.35+ 9.69/2= 6.02
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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 at 2%C
AMminoA- a- Side
acid COOHNH3*Chain

group grouy

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

Alanine Titration Curve

o (BB | e P A =

CH3 £
HoMN—CH—COO~

'CiHs: -
fo— - =i
H H;MN—CH—COO :
=]

_ gree :
,,,,,,,,,,,,,,,, H e HzMN—CH—COOH :

o I | I I
o.5 1.0 1.5 Z.0

OH equivalents

Fig. 4b: Determination of Isoelectric Point of Adad Lys

67



NSC 223 MEDICAL BIOCHEMISTRY |

Dissociation of Lysine

FOOH  pK4 goo ~ pK2 §O0T  pKs3 Ggoo ~
1

pH

0.5 1 1.5 2 25 3

o

Equivalents of OH

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 bomrdgsiires 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 " 1
H 1 H
R R
. H
Peptide bond " H
)
H
Water

Dipeptide

Fig. 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 & ¢arboxyl terminal
residue. A PP chain consists of a regularly repgapart, called the
main chain (also called the backbone), and a vigriphrt comprising
the distinctive side chains. In some proteinsvad&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 witlyle.g aspartyl, alanyl
etc. Peptides are then named as derivatives otahigoxyl terminal
aminoacyl residue e.g Lys-Leu-Tyr-GIn 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 contair2more chains
which may be either identical or different e.gHemobg is made up of
2 chains of one kind and 2 of another kind of ppicho andp) , held
together by non covalent forces. The PP chainsoaies multichain
proteins are linked by disulfide bonds e.g insulin.

4.0 CONCLUSION

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.

5.0 SUMMARY

In this unit, you have learnt about the chemicdalreof 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 amindsam a given
sample can be quantified. A man called FredrickgBarwas the first
scientist to determine the amino acid sequence gfratein. He
determined the amino acid sequence of insulin B319and was given
the 1958 Nobel Prize in chemistry in  recognitairhis work. Today,
methods for this procedure have been automatedraud® simple. The
amino acid sequence of many proteins is now knowd this has
assisted Biochemists in tracing molecular events ewolution.
Alterations in amino acid sequence can produce ramslofunction and
diseases. For instance, sickle cell anaemia refsalts replacement of a
single amino acid, Glu with Val in the B chain o&émoglobin. The 4
levels of protein structure are also discussed a8 as the various
functions of proteins in biological 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 ismehed.
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3.0 MAIN CONTENT

3.1 Functions and Classification of Proteins

Proteinsare macromolecules composed of one or mpotgpeptide
chains possessing a characteristic amino acid segBeoteins are
essential constituents of living cells making upowtb 12% of the
protoplasm. They contain carbon, nitrogen, hydrogerygen and
sometimes sulphur.They are constructed largelyroha acids.

Functions of proteins
* Enzymes catalysts
* Transport
» Storage
» Contraction/Movement
* Mechanical support
* Immune protection
» Blood clotting
* Hormonal action

Classification of proteins
Proteins are classified in two ways:
1. On the basis of their solubility or shape as Glabuwr Fibrous

Proteins.
Globular proteins are spherical in shape. They soeble in
water and are highly branched. Examples are Enzypresein
hormones, Antibodies, Hemoglobin etc
Fibrous proteins are linear and unbranched.Theyrs@uble in
water. They are in form of fibores and are highlgis&ant to
digestion by proteolytic enzymes. Examples incl@gdlagen,
Elastin, Keratin, Actin and Myosin, etc

2. On the basis of increasing complexity of structase Simple,
Conjugated or Derived proteins.
Simple proteins yield amino acids or their derives on
hydrolysis e.g albumins and globulins. Conjugateotgns are
proteins united with non-protein substances. Tha-potein
substances linked to proteins are called prostigetiap while the
protein part is called apoprotein. The prosthetroug and
apoprotein are together called Holoproteins. Thaspdrolysis
they vyield amino acids and non-protein substancEsy
Glycoproteins, Phosphoproteins, and Lipoproteinserii2d
proteins are the intermediate products formed froatural
proteins when they are hydrolyzed by heat, acidisalia or
enzymes. E.gProteans, metaproteans, proteoseésnpsjetc
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3.2 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 e&@quence can
produce abnormal function and diseases. For instacell anaemia
results from replacement of a single amino acidy ®ith 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 determinatiori its chemical
composition, structure and function. The first tésko develop an assay
procedure for the protein. This utilizes 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 sub cellular particles and high molecular vigaggregates.
Further purification may utilise selective precgibn by inorganic salts
(salting out) or by organic solvents. Final puafion includes a
combination of techniques that separate based olecolar charge,
molecular size, affinity or a combination of two orore of these..
Techniques based on charge include electrophorissaectric focusing
and ion exchange chromatography. Those based oecuiaf mass or
size includes ultracentrifugation, molecular exas
chromatography/gel filtration while affinity chrotography is based on
the affinity of the protein for its substrate, mewanke receptors or
antibodies. Polyacrylamide gel electrophoresis aseld on size and
charge.
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lon Exchange column

——— Eluent

Stationary phase

#————— Eluate

Running a protein through a column

Fig. 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
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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

Fntonn perdiis off stavmalend P o oedde CEfpsnaies]

" v z . P
¥ i ﬁ gm ‘ i 3 g;% %
‘3_§g %‘% g = i %aé i ;@Liﬁéa
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a’éj%h% gﬁ%&mﬁ@@w&:@@mm@inmugfmﬁl@.mmmf@”?;

FluorescamineNinhydrin
Fig. 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-uesi chain linked by
disulfide bonds. Fred Sanger reduced the disulfi®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 é¢pdéide 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 tee tBanger’'s reagent,
the PTH derivative can be removed under mild coonkt to generate a
new amino terminal residue. Successive rounds afatesation with

Edman’s reagent can therefore be used to sequeacyg 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 enzyrolsavage of proteins
include CNBr, Trypsin etc. Following cleavage, tesulting peptides
are purified and sequenced.

O%Si?:l =
5. J “ T
G Nech, NG,
Phenyl
isothiocyanate
(Edman’s Dansyl
Reagent) chloride

1-fluoro 2,4-
dinitrobenzene

Fig. 3: Reagents used for Sequencing Proteinsithept They Label the exposed
Amino Group of Amino Acid Residues
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Amino Acid Sequence of Insulin

i

Fig. 4. Amino Acid Sequence of Insulin

Table 1: Reagents used in the Cleavage of Polypegds

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 Proteins Structure
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 tE and CO
groups of the main chain. The Co group of each arawid 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 aation 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 clogseone another in an
helix while those 2 apart in the linear sequeneesguated 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 amo of residues per
turn).The o helix can be right handed (clockwise) or left-hatd
(anticlockwise). Only right handed helices are fun proteins. Since
the peptide bond of proline lacks a H atom to dbaote a H bond,
proline can only be stably accommodated within fire# turn of ana
helix. When present elsewhere, proline disruptsctiréormation of the
helix, producing a bend.. Because of its small,sgtgcine also often
induces bends im helices. Th@ sheet differs markedly from thehelix
in that it is a sheet rather than a rod. The pibhép 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, whereah@wthelix, the H
bonds are bw NH and CO groups in the same PP chain.

The collagen helix is responsible for the high tlenstrength 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 pjinswap2) 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 4

structures are stabilized by non covalent inteoasti which include
hydrophobic interactions, hydrogen bonds, salt gesd and intra

polypeptide disulfide bonds.

ta
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=, Glycine

- Hydroxyproline

- Proline

~— Hydroxyproline

P — Proline

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

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

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

Transport and storage: Many small molecules and ions are transported
by specific proteins e.gHae transports oxygen iytheocytes 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 tensil 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 pgoe 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 arepamtant 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.

3.0 CONCLUSION

Proteins are essential nutrients for tissue growtapairs and
replacement. They are macromolecules composed ef @mnmore
polypeptide chains possessing a characteristic amirid sequence.
Proteins are essential constituents of living celking up about 12%
of the protoplasm. They contain carbon, nitrogemlrbgen, oxygen and
sometimes sulphur.They are constructed largelyroha acids.

5.0 SUMMARY

All protein polymers are constructed from the sa®eof 20 monomers,
amino acids. A protein consists of one or more pepyides folded and
coiled into a specific conformation.

Four levels of protein structure are primary, seleoy, tertiary and
quarternary structures.

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

a0
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1.0 INTRODUCTION

Lipids are another important class of macro mokedaund in all living
cells. They are the only macromolecule without ac#iz monomeric
units. The word lipid was derived from Greek wdigbs, the meaning
of lipos in greek is fats. This is why lipid and fat areeds
interchangeably in many literatures. Lipids arecdegd as a group of
heterogeneous compounds that are not readily solablater or polar
solvents but are readily soluble in organic solgesuch as chloroform,
hydrocarbons etc. Examples of lipids include faits steroids, waxes
and related compounds. Lipids are usually hydroghob amphipathic
molecules, the most common lipids in nature conefsfatty acids
linked by an enter bond to glycerol or to otheroall such as
cholesterol. In addition to fatty acids and alcoth@y may contain other
compounds such as phosphoric acid, organic basksabohydrates.
All the components of lipids can be released orasmed by various
hydrolytic procedures.

The study of lipid biochemistry is important folotiough understanding
of causes, effects and management of metabolicratis® of lipid
metabolism such as obesity and cardiovascular sksedVleasurement
of lipoproteins and cholesterol in the blood carveeas early warning
for impending danger to our health.

2.0 OBJECTIVES

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

. List the biological functions of lipids

o Classify lipids to different groups based on thehlemical
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 vitasrand essential
fatty acids. They also help in transportation of npavater
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 important component of plasma membranes.

Vi. Lipids are involved in various intra and intercé&u signaling
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 #itgyrdcids
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 vital role in maintaining healthy skindamair, insulating body
organs against shock and maintaining body tempexraltu animals, fats
are stored in the white adipose tissue, or fasisuie. Adipocyte store fat
derived from the diet and those derived from mediaboin the liver.
Visceral fatis located within the abdominal wall i.e. benet# wall of
abdominal muscle) whereasibcutaneoudat is located beneath the
skin.
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(b) Oils Oils are liquid lipids at room temperature due ke t
presence of unsaturated fatty acids. Oils areirdddafrom 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 oleoli

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 astdroids or sterols.

Chemical Structure Of
Fatty Acids

I L I
OHHHHHHHHH

Saturated Fat

o HHHHHH &

S I o
,C—(F—C—C—C-C—C=C‘_.Cf /
OH b iy i i b ,.-jf“)’;“‘?"f

Unsaturated Fat

Fig. 1. Chemical Structures of Fatty Acids (SouBmogle Images)
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Fatty Acids

Fatty acids are the carboxylic acids with a londregarbon chain. Fatty
acids in animals occur mainly as esters in nafataland oils (they exist
as components of triglycerides)

Fatty acids occur as free fatty acids in the plasmnere it acts as
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@ &mwérbon 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@ad and stearic acid
are the most abundant saturated fatty acids in huirauric acid (C12)
is present in coconut oil.

Unsaturated fatty acids are 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 (PUFA)These 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 adfzrred to

as essential PUFA (EFA). They are essential becamsmals
cannot synthesize them, therefore they must belisgpto the
body in the diet.
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3. Linolenic acid— it is known as omega-3 fatty acig)( 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. Brey 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 the pysidins and
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 reproductionmian and woman,
deficiency of material required to synthesise thewill result in
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 productists, 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&imitdays.

Eicosanoid

The third group of unsaturated FA is the familyRIJFA known as
eicosanoids. The eicosanoids are a complex fanfilpi@active lipid
messengers, generated by oxygenation of 20-carlodyunsaturated
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

87



NSC 223 MEDICAL BIOCHEMISTRY |

minutes. They are not stored in cells but insteadreleased as soon as
they are synthesized. Eicosanoids fall into twomwasses;

I. Prostanoids that have a ring structures includirggiaglandins,
thrombaxanes and prostacyclins.

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

Prostaglandins

Prostaglandins exist in virtually every mammaliassie. They are
synthesized from arachidonic acid. Prostaglandatdcamodulate many
physiological functions including blood pressurenttaction of uterus,
and inflammatory signals. Prostaglandins are desegh PGA, PGD,
PGE and PGF based on the functional groups onyttlepentane ring.
Prostaglandin EHand prostacyclin are synthesized from P& H

Leukotrienes and lipoxins are linear eicosanoidgarthe prostanoids,
which contain a ring in their structure, the leukaines 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;.

Triacylglycerols

O
HC™ Y

o 0

SNO—C-H

HC o
o

A triacyiglycerol

Fig. 2: Structure of Triacylglycerol
Triacylglycerols are esters of the alcohol callggerol 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
carbohydrate which vyield about 4 kilocalories/g K1y when
catabolized. The human body stores large amount&tbf acids as
triglyceride in adipose tissue, and this is theagie form of energy in all
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animals. Fatty acids in the form of triglycerides & anhydrous form,
whereas, carbohydrates and proteins are stored nin agueous
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
menoglyceriles, but they occur in very small qugnivhen compared
with triglycerides.

Naturally occurring fats and oils develop unpleassmell and taste if
stored for long under moist conditions, the chetreaction responsible
for the odour and taste as called rancidity. Rahcid due to partial
hydrolysis of TAG and the subsequent oxidationhef hydrolysed fatty
acids to aldehyde and ketone

Steroids

Cholesterol is a monohydric alcohol; it is clagsifias 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. Fotiora of bile salts
represents the only significant metabolic mechanfem eliminating
excess cholesterol from the body.

3.3 Lipoproteins

Lipids are not soluble in aqueous solution sucthaslood. Since lipids
are not soluble in water, how are they transpomtethe body? This
problem was solved by the presence of a lipid eanalled lipoproteins.
Lipoprotein is made up of lipid and protein in suchvay that the lipids
components are packed at the center while theiprotenponents serve
as the coat. The lipoprotein coat also containshapaphic molecules
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such as phospholips, cholesterol, and speciallythegizved protein
called apoproteins. The polar ends of the amphipdipids face the
surface of the particles, while the hydrophobictipois are oriented
towards the centre of the particle.

Bad vs. Good Cholesterol

Bad (LDL)

' stores chobaatero! in the
blood stream

d . Good (HDL)
reguiates LDL storage and
promotes excration

Fig. 3: Effects of LDL and HDL on the Artery (ScerrGoogle Images)

Artary

Athoroaclorotic Plaguoe
{LDM. asccumulation)

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 tb collect
cholesterol from peripheral tissues and transgoliack 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 lbiseaof 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 cholestemch
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 cholesteraitritiution to
body cells. So, low concentration of LDL in the gfaa is
beneficial to the body than 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.

iv.  Chylomicrons: These particles have the lowest dg@asnong the
lipoproteins. About 90% of their mass is made uprigfyceride,
cholesterol esters and free cholesterols.
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Physical Properties of lipids

Lipids are soluble in non-polar solvents, such there alcohol,
chloroform, acetone, and benzene.

Lipids are insoluble in water.

Lipid molecules have no ionic charges.

Pure fats and oils are colorless, odorless, andl¢ss.

Lipids are considered hydrophobic or amphiphilic aim
molecules.

Lipids are greasy in texture and stored in adipissies inside
the body.

Lipids are either liquid or non-crystalline solidt aoom

temperature.

Lipids can either be present in saturated (havinty @ingle

bonds) or unsaturated (having one or more doubled$o
structural form.

Chemical Properties of lipids

4.0

Hydrolysis - Triacylglycerols undergo stepwise eanayic
hydrolysis to finally liberate free fatty acids agticerol. The
process of hydrolysis, catalyzed by lipases is g for
digestion of fat in the gastrointestinal tract datl mobilization
from the adipose tissues.

Saponification - The hydrolysis of triacylglycerdby alkali to
produce glycerol and soaps is known as saponificati

Rancidity - Rancidity is the term used to represéné
deterioration of fats and oils resulting in an wasant taste. Fats
containing unsaturated fatty acids are more suidepto
rancidity.

Lipid Peroxidation - In the living cells, lipids dergo oxidation
to produce peroxides and free radicals which camagg the
tissues. The free radicals are believed to caulamimatory
diseases such as cancer, artherosclerosis, adeing e

Halogenation - Unsaturated fatty acids, whether they are free or
combined as esters in fats and oils, react withodels by
addition at the double bond(s). The reaction resutt the
decolorization of the halogen solution.

CONCLUSION
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Lipids are heterogeneous compounds that are insolld in water,

but soluble in organic solvents (example, ether, beene, acetone,
chloroform). These include any group of organic compounds l&s, f
oils, steroids, waxes and related compounds. Theethmajor
classification of lipids are Simple, Compound anefiized lipids.

5.0 SUMMARY

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

e Triacylglycerol are most abundant group of lipitiatt primarily
function as fuel reserves of animals. The fat nesef normal
humans is sufficient to meet the body’s caloricuisgments for
2-3 months.

e Chemical properties of lipid include saponificatiorancidity,
hydrolysis, halogenation and peroxidation.

e The essential functions of fatty acids to the strrecand function
of human body has been discussed. Essential ancessantial
fatty acids and their roles in human nutrition baen discussed.

6.0 TUTOR- MARKED ASSIGNMENT

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

2. Lipids are classified to 3 groups, name them and giexamples
of each group

3. Describe the biological importance of lipids

4. Write short notes on the following : Waxes, Fatsd Oils

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 deficiency of essential fatty acids, avhare the

symptoms the person will feel or observe?

Describe the Eicosanoids and their biochemicaltieas

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

© o
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1.0 INTRODUCTION

Nucleic acids are the most important macromolecmed living things
because it is the genetic material responsiblgrfertransfer 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
At 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 nucleottbstne

chemical components of nucleic acids
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3.0 MAIN CONTENT

3.1 Nucleic Acids

Nucleic acids are linear polymers of nucleotides mucleotides 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@2’carbon atom

of deoxyribose sugar. The structure shown in figl@el is ribose sugar
while the structure in figure 10.2 is deoxyribosgar.

HOCH, O OH

HO OH

Fig.1: The Structure of Ribose Sugar (Source: gd@tmages)

HO

™~ OH

OH H

Fig. 2: The Structure of Deoxyribose Sugar (Soufgeogle Images)
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Nitrogenous bases -The nitrogenous bases employed in the
construction of nucleic acids are members of tiasses 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. Timgrs 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 componentlgic acid because
genetic information is stored in the sequence cskebalong the DNA
strands. Every time a cell divides, the informati®passed along to the
new cells.

Az [
Lo L
S e Vi \N# I N S
H H
Adenine (&) Suanine G

Purine bases (o Hngs)

i

@”‘“ Eo I

.-' “"t.:. \\.N..-r' *"t,:, ‘-\N..-‘ ‘h,:,

Cutosine [C) Th-,lrnne (T Uracil (L1

Pyrimidine bases (one Hngs)

Fig. 3: The Structures of Purine and Pyrimidine ém¢Source Google Images)

2.
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Phosphate Group— It is a very important component of nucleic
acids. It serves as the link between 2 sugar mtdscor
nucleotides in polynucleotides. The phosphate grisup strong
acid in solution; this explains why DNA and RNA acalled
acids. It is also responsible for the negative gasiron DNA and
RNA at physiological pH.
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- = D - E i
O —pPF— O |
I
FPhosphate
O oL

Fig. 4: The Phosphate Group (Source: Google Images)

3.2 The Nucleosides

Nucleosides — Ribose or deoxyribose Sugar +NitrogenBase. The
combination of ribose or deoxyriboe and one of3heases produces a
nucleoside. They are linked via a covalepiN-glycosidic bond.
Nucleosides present in RNA are Adenosine, guanpsigdine and
uridine.

Nucleosides present in DNA are deoxy adenosinexygg@anosine,
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 10.5

ta )
Fﬁ%% f L;Ti‘i
HO, "o

O

CH

uridine (RNA} thymidine (DNA)

Fig. 5: The Structures of 2 Nucleosides, Uridina arhymidine (Source: Google
Images)
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The Nucleotides

Nucleotides are phosphrylated nucleosides (nudesst phosphate) or
sugar + base + phosphate. Each nucleotide is arophosphate ester
of a nucleoside. The Ra@roup 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 diphosphat#eotides
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 is called 8 5' cyclic Guanosine
monophosphate.

iv.  Polynucleotides-The 30OH 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 thrbuits free 3-
OH group.

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

direction, therefore  polynucleotides are called edional

macromolecules.

DNA and RNA are long linear polymers called nucla@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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Fig. 6: Structure of Ridine Monophosphate (Souf@eogle Images)

4.0

CONCLUSION

Nucleic acids occur in living cells where they ama only responsible
for storage and transmission of genetic informatian also translate
this information for precise synthesis of protettsracteristic of the
individual cell. Thus the biosynthesis and repdimacleic acids is a
vital operation in living systems. Substances ihlaibit or interfere with

this fundamental process may ultimately causelaaelie.

5.0

7.0

SUMMARY

The three basic components of nucleic acids amtragenous
base, a pentose sugar and a phosphoryl group.

Nitrogenous bases belong to two classes: pyrimydiaad
purines.

The building blocks of nucleic acids are the nuttexs. They are
phosphoric esters of nucleosides.

The common pyrimidine bases in nucleotides are Ur@&s)
Cytosine (C) and Thymine (T).

Common purines found in nucleic acids are Guani@g gnd
Adenine (A).

TUTOR- MARKED ASSIGNMENT
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1. Describe nucleic acids and explain their importatecall living
organisms.

2. List the chemical components of nucleic acids deskcribe each
component.

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

The two major classes of nucleic acids are Deorwmitleic acid
(DNA) and Ribonucleic acid (RNA). The DNA is tharder of genetic
information while the RNA is an intermediate in te&pression of
genetic information and other diverse role. DNAdand in the nucleus
with small amounts in mitochondria and chloroplat$A is found
throughout the cell.

The only significant variation in chemical strueuof nucleic acids is
the type of base in each nucleotide position. Tageb are not involved
in formation of the nucleotide backbone but serseaaistinctive side
chain.

2.0 OBJECTIVES

At 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 schematic structure of DNA

o Explain the meaning of (i) transcription (i) regdtion (iii)
translation

. List at least 3 biological functions of nucleotidapart from

genetic functions.
3.0 MAIN CONTENT

3.1 Structure of DNA

101



NSC 223 MEDICAL BIOCHEMISTRY |

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 (figurdd)lin eukaryotes
but single stranded DNA is common among the prakasy The two
helical polynucleotide chains usually coil aroundaanmon axis. DNA
must undergo series of folding and super-foldingriable it fit into the
little space available inside the nucleus of céllsis continuous folding
finally give rise to a genetic material called anmsomes. Segment of a
strand that contains sequence of nucleotides capablproducing a
functional protein is refered to as a gene. The foucleotide units
present in DNA are deoxyadenylate, deoxythymidyldeoxyguanylate
and deoxycytidylate.

A unique characteristic of naturally occurring DNWolecules is their
very long chain of nucleotides. A DNA molecule masimprise many
nucleotides; this enables it to store sufficienihege 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 of about 3 billion nutitkes.

Fig.1: (a) Stacking of two Chains (B) DoublgaBded Structure of dna (C)
Beads Representation ,of Double Stranded dna (8o@oogle Images)

Ribonucleic acid is also a polynucleotide like DNbAt it exist as a
single stranded molecule (Figure 11.2). It is usuatoduced from the
DNA in eukaryotes but it serves as the main genmatderial 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 clearer section in sectior6.7There are some
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differences between RNA and DNA; | have just disedsone of them.
Other differences are:

I The sugar component of DNA is deoxyribose but inARNe
have ribose sugar

il. The nucleotides are also different by just ongylate of thymine
monophosphate in DNA, uridine monophosphate is gorien
RNA as shown in section 10.2.

LS OH TR
dce hydrogen

ﬁ. sugar-phosphate backbone

Fig. 2: The Structure of RNA, Molecule (Source: @edmages)

3.2 Description of Duplication and RNA Synthesis iNucleic
Acid

() Replication (i) Transcription (iii) Tranation (iv) DNA
Denaturation and Renaturation

I. 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 agtaparing 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.

il. Transcription: This is the process by which thealenmessages
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.
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iii. Translation: This is the process by which the genmtessages
carried by RNA are decoded and used to build prst@nzymes,
receptors, hormones etc).

DNA denaturation and renaturation: The processepiagting the
complementary strands of duplex DNA is called dersion. The
double stranded structure of DNA can be separatéd two

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

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

The complete separation of DNA strands occur ovengerature range
(5° range). The heating disrupts the hydrogen bontsdem base pairs
thereby causes the strands to separate. This graseslso 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 meltingemperature  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 thecakstructure 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 proceksstaplace only
when the appropriate physiologic temperature aftdcceacentration are
achieved. Re-naturation is also calledbridization.

3.3 Importance of some Synthetic Nucleotides

Synthetic nucleotides are used in chemotherapyaoicer and viral
infectionsModified synthetic analog of purines, ipydines 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 used manage AIDS
patients, because they are toxic to an imporazyme required for
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DNA synthesis in the virus. For example Azidothym@l (AZT) is a
potent inhibitor of reverse transcriptase in HIMd&udine is another
drug for HIV control, its active  component is!-2 Azido - 3
deoxythymidine. (AZT inhibits HIV replication). AZis not used alone
but in combination with other drugs with differemiechanism of
activity. The combined therapy is called highly iaetantiretroviral
therapy (HAART).

Non-Enzymic Reactions of Nucleic Acids

Alteration in base sequence in DNA and free nu@estcan occur in
their covalent structure which may result in a pament change called
mutation.

Loss of exocyclic amino group: this non-enzymicaméation for
example can occur in cytosine transforming it tacilr Adenine can
undergo deamination to hypoxanthine while guanm&anthine (when
deaminated).

Ng-glycosyl bond hydrolysis in DNA: the bond betwethie base and
pentose can be hydrolysed and the rate of occlienanuurines is higher
than for pyrimidines. This reaction (depurinati@an be accelerated by
dilute acids. Incubation of DNA at pH 3 causes «@&le removal of
purines resulting in the derivative called apuriadd.

Effects of Radiation on DNA

Exposure of DNA to UV can cause condensation ahglene groups to
form a cyclobutane ring on closely stacked DNA kasadjacent
pyrimidine bases especially thymidine in cells forayclobutane
dimmers by elimination of double bond existing betw 5-6 positions
of both rings or formation of a 6-4 product betweeljacent thymidines
in DNA

Other ionizing radiation X-rays, gamma rays etc canse ring opening
and fragmentation of the phosphodiester backboneuefeic acids a
reaction estimated to be responsible for 10% oDalA damage caused
by environmental factors

Effects of Reactive Chemicals

Products and by-products of industries and oth&ctihee chemicals can
cause DNA base pair breaks. Some of these chendoalmetabolized
into forms that become injurious to cells. Exammésuch agents are:

e Nitrous acid(HNQ) or compounds that can be metabolized to
nitrous acid e.g NaN&NaNQ;, dimethylnitrosamine

e Alkylating agents e.g. dimethyl sulphate (§4$Qi, dimethyl
nitrosamine,  nitrogen  mustard [HN(GEH:CI)2], S-
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adenosylmethionine are common examples of agermsts dén
methylate bases thus altering the structure of DNA
nucleotides. Dimethylsulphate for example methglajeanine at
0% position which cannot base pair with cytosine. om
beneficial methylation reactions include
- Preservation of DNA integrity and biological furarii
This reaction is confined to certain regions of Di¢A
- Defense mechanism to help cells recognize their DISA
self
- Mask restriction sites thus protecting cutting dii® by
restriction enzymes
- Suppression of transposon migration

Reactions that generate reactive oxygen specieS)R®. superoxide
radicals, hydroxyl radicals and singlet oxygen cause damage to
DNA however, cells are equipped with mechanismg theerfere or

avert the deleterious effects of such reactive isged~or example
antioxidant enzymes (catalase, superoxide dismutgksathione

peroxidase and other antioxidant vitamins like miita E, coupled also
with the ability of DNA to repair itself by screery for and removal of
mismatched base pairs (Proof reading).

4.0 CONCLUSION

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

5.0 SUMMARY

e There are three basic components of nucleic aeaidstrogenous
base, a pentose sugar and a phosphoryl group.

e Nitrogenous bases belong to two classes: pyrimgdirad
purines. Pyrimidine is a single six membered ringtaining two
nitrogen atoms. Purine is a pyrimidine to whichve imembered
imidazole ring is fused.

e The common sugars found in nucleic acids are these and
deoxyribose sugars.

e The phosphoryl group of nucleotides is most commonl
substituted on the C-50H of the pentose sugar.

6.0 TUTOR- MARKED ASSIGNMENT

1. Describe the structures of DNA and RNA
2. What are the differences between DNA and RNA?
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3.  Write short notes on each of the following: RBplication  (ii)
Transcription (iii) Translation (iv) DNA Denaturah and
Renaturation
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1.0 INTRODUCTION

This unit introduces you to important complex bgtal molecules
called Enzymes. Enzymes are important proteins Hwave as
biological catalysts for reactions in all livingganisms. Like all
catalysts, enzymes increase the rate of reactimrighey themselves
are not permanently changed in the process. Enzgneesssential to
the biological reactions that occur in the body, ichhwould
otherwise often proceed too slowly to be of any.uUsehumans,
enzymes must catalyze reactions under very spegifisiological
conditions, usually a pH around 7.4 and a tempezaiti37 °C.

2.0 OBJECTIVES

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

o Define the role of enzymes as catalysts of biolalgsystems.

. Outline and distinguish the 3 types of cofactorpureed by most
enzymes.

o Explain how enzymes are named.

. Outline and explain the general properties of eregim
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o Enumerate the different classes of enzymes andtyies of
reactions catalyzed by each class.

3.0 MAIN CONTENT

3.1 Enzymes as Biocatalyst

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 precipittemalt extract
contained a thermolabile substance that convetwdlsto sugar. This
substance, now known as Amylase was at the timeedatastase. The
first enzyme to be obtained in pure form was ucegstallised from Jack
Beans in 1926. The work was carried out by Jamesn®8uy, for which
he was awarded the 1946 Nobel Prize. Since thewuystnds of
different enzymes have been purified and theircstines worked out.
With the exception of a few catalytic RNA moleculgdbozymes), all
enzymes are proteins. They range in size from langéiple subunit
complexes (called multimeric enzymes) to small lengubunit forms.
The region within the enzyme molecule that contaitise
chemical/functional groups to which the reactarsisbétrate) binds is
called the active site / catalytic site / substrbteding site of the
enzyme. The particular arrangement of an enzymeim@ acid side
chains in the active site determines the type ofemdes that can bind
and react there.
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N Znizyme Coarges shape

; 7 M: WRRE ikl 3 subsre b
A i

' / N/

5 =

J

e

Cubstrate enterng  Eneviizbulebae Engymmpinduit Frovut ey

acthe 5 t of anzyme corr ples corrples active site of enzvre

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.

Fig. 1. Active Site of an Enzyme

3.2

Cofactors

Many enzymes have small non protein molecules &sdsocwith or
near the active site that determine substrate fsggci These are called
cofactors. A cofactor may be
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A coenzyme- A non protein organic substance whgcloosely
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-substratke B
vitamins supply important components of numeraenzymes
A prosthetic group-An organic substance which ghtty bound
either covalently or non-covalently to the protgiartion e. g
flavin coenzymes, pyridoxal phosphate, biotin.

A metal ion activator. These include most divalerdtal ions as
well as other ions e. g €y Zr?*, Mg?*, C&*, Co**, Fe&*, Fe*
and Mc*. Enzymes which require a metal ion for activitg ar
called metal-activated enzymes. Metal ions are sioms tightly
bound to the protein portion. Enzymes containinchsare called
metalloenzymes.
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The protein portion is called the apoenzyme while entire active
complex is called the holoenzyme i.eApoenzyme + aCofr =
Holoenzyme.

Apoenzyme + (€11 ]); ou— Holoenzyme
(protein only) (active)
(inactive)

The major function of the coenzyme is that it pregahe active site of
the enzyme for catalytic activity.

Coenzyme Substrate Products

Active site HE

Timberlake, Ganaral, Organic, and Bialogical Chemistry, Copynght © Pearson Education Inc., publishing 28 Benjamin Cummings

Figure 14: lllustration of the function of coenzym@® Pearson
Education Inc, 2010).

Table 1: Examples of Coenzymes, Metal ion Activats and
Non-vitamin Coenzymes

Coenzymes Vitamin Reaction Mediated

Biotin Biotin Carboxylation

Cobalamin (B») Bi2 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 dehydrogengse
K* Pyruvate kinase

Cuw, Fe? Oxidases and hydroxylases
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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 catalyzee.g glucose oxidase, transaminases Aetsystematic
scheme for naming/ classifying enzymes was adopted®72 by IUB.
In this system, each enzyme has a unique name @i rmumber that
reflects the type of reaction catalyzed and thestsates involved. The
code number is made of 4 figures which indicate rtreen class, sub
class, sub sub class and the serial number ofrthgree 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 intheathat 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.

Consider the reaction catalysed by carbonic arasgr
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CO; + HO — H.COs

The enzyme is responsible for effecting the transfeCQC, from the
tissues into the blood and then to the alveolihEatzyme is capable of
hydrating 16 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 typesradyene specificity
have been identified. They include

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

B. Group specificity. The enzyme acts only on moles 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 of lysine
and arginine residues only while thrombin actsyomhen the
side chain on the carboxyl side is arginine wilile one on the
amino side is glycine.

D. Stereochemical specificity. The enzyme acts qarticular 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 thawuld be if the
reaction were taking place in the absence of aryreez However, in
this process, both the forward and reverse reastoza accelerated by
precisely the same factor. Thus enzymes accelé¢hateattainment of
equilibria but do not shift their position.

N

without enzyme

activation
energy without
enzyme

INZYMme activation

energy with

enzyme

Energy

reactants
e.g. CO. + H.O

overall energy
released during
reaction

products
H.CO,

Reaction coordinate
Fig. 2a: Enzymes do not Alter Reaction

113



NSC 223

MEDICAL BIOCHEMISTRY |

The enzyme stabilises the transition state, reduitia energy needed to
form products.

Enzymes are stable over only a limited range of Jemature

iv.

114

Generally, a higher temperature brings about arease in the
movement of enzyme and substrate molecules, neguhi more
collisions between the molecules and an d formatbrmore
products.(a 1% rise in temperature increases the activation
energy of the molecules by about 12Kcal/Mol).Howevethe
temperature rises beyond a certain point (whicfeidiffor 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 2b: Effect of Temperature on Reaction Rate

Enzymes are stable over only a limited rangePbf Each
enzyme has an optimal pH range that help maintaimormal
configuration in the environment where it operatestside this
range, changes in the charges on ionizable anui rasidues
result in modification of the tertiary structuréthe protein and
eventually lead to denaturation.Examples of pHnoatinclude
the those of the digestive enzymes: Pepsin-2¥psim-10.0 and
Chymotrypsin-8.0
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Fig 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 maximumatatich 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 maximuelocity. The [S] at
which we have Wax is called K, (Michelis constant) for a particular
enzyme.

BROO AGOH

Fig 2d: Saturation Curve for an Enzyme Reactionnshg the Relation  between
[S] and Rate (v).
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3.5 Classification of Enzymes

All known enzymes belong to one of 6 main classes:

116

Oxidoreductases
Transferases
Hydrolases
Lyases/Synthases
Isomerases
Ligases/Synthetases

Oxidoreductases

They catalyse oxidation — reduction reactions. Thisncludes
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 reahoof 2
electrons and 2 hydrogen atoms.Subclasses incloxidases,
oxygenases and peroxidases. Oxidases transfere@rogls
from a donor to oxygen, resulting in the formatain hydrogen
peroxide e.g glucose oxidase.

Glucose + @— Gluconolactone + FD»

Oxygenases catalyse the incorporation of oxygero it
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 bietics such
as drugs and toxins. Peroxidases utiliseOH rather  than
oxygen as the oxidant e.g catalase which utilise®. as
both donor and acceptor and functions in thetoell detoxify
H20:.

H202 + H202502 + 2H0.

Transferases

Members of this class catalyse a chemical groumn frone
molecule to another, thus they have 2 substratd<2gproducts.
The major groups transferred include amino, adybsphate and
glycosyl. Subclasses include aminotransferasessks) glucosyl
and phosphoryl transferases and phosphomutases.
Aminotransferases transfer an amino group fromamao acid
to ana keto acid acceptor, resulting in the formationaohew
amino acid and a new keto acid.

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

These catalyse hydrolysis reactions i.e the awdiif water to cleave a
chemical bond. Examples of such bonds include , C-®, 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. Suldaswxlude
decarboxylases and dehydratases. Some lyases eeqymdoxal
phosphate as the cofactor. An example is fumaasantermediate 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 mutasenveh@hosphate is
moved from one carbon to another e.g conversion 2ef

phosphoglycerate to 3-phosphoglycerate by phospbegite mutase.
Epimerases and racemases change the stereoclyahssitarbon atom.
The conversion of D-Lactate to L-Lactate is catatydy a racemase
while conversion of D-xylulose 5-phosphate to Duftdse 5-phosphate
is brought about by epimerase.

Vi. Ligases

These enzymes catalyse bond formation between tulostraite
molecules. Energy is required for the reaction ¢oun. Typically, the
energy is supplied by ATP hydrolysis. They are aaled synthetases.
For example, to add GQto 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 2: Major Enzyme Classes

First EC| Enzyme class | Type of reaction catalyzed

integer

1 OxidoreductasesOxidation-reduction

2 Transferases | Chemical group transfer. A-X +-B
A+B-X

3 Hydrolases Hydrolytic cleavages

4 Lyases Non-hydrolytic  cleavage leaving
double bonds or addition of groups tp a
double bond

5 Isomerases Change of geometric arrangement of a
molecule

6 Ligases Joining together of 2 molecules,
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 differéypes of reactions in
the body.

6.0 TUTOR- MARKED ASSIGNMENT

Explain the role of enzymes as catalysts of biaabsystems.
Distinguish the 3 types of cofactors required bystrenzymes.
Explain how enzymes are named.

Discuss the general properties of enzymes.

Enumerate the different classes of enzymes andtyies of
reactions catalyzed by each class.

agRrwpE
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1.0 INTRODUCTION

Enzyme kinetics is the study of the rates of enzgatalysed reactions
and its role in metabolism. It also involves hove thctivity of the

enzyme is controlled in the cell and how some sutzss can inhibit its
activity. The reaction is measured and the effe€tgarying conditions
of the reaction are investigated.

The mode of action of the enzymes is summarizedhleyfollowing

equation:
FE+5SES—E+P

E is the enzyme, S is the substrate, and P is tbéupt formed. This
equation shows that an enzyme and a substratetdiiodm an enzyme-
substrate complex (ES). This complex then prodtteeproduct. As the
enzyme is released at the end and not used upeimetiction, it is a
catalyst.

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 egfeation

Make linear plots and deduce kinetic parametens fa given set
of data.

3.0 MAIN CONTENT

3.1 Enzyme Activity
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This can be defined as the amount of enzyme regjgireonvert 1pumol
of substrate to product per minute under specdieshy conditions.

1U-1micromole/minute. This is the international tunihe SI 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).

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 f£0and 1.9 X 16 respectively. This
indicates that catalase is about 2,500 times ractiee thar amylase.
Maximum velocity: This is the velocity obtained under conditions of
substrate saturation of the enzyme and specifienditons of pH,
temperature and ionic strengthna(is a constant for a given enzyme.

3.2 Michelis-Menten Rate Equation

In 1903, French chemist Henri found that enzymestkos was initiated

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

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

represented as follows:

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

V formation = Kl[S][E]
Vbreakdowr K2[ES] + K3[ES]
K1[S][E]= [ES] {K2+Ka/K4} )

We can define the ratio of the rate constants as.Eid,= Ko+Ka/ks
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
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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 = K + [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]
[ET]: Vmad K3
When [Et] is not equal to [ES], V=HES], [ES]= V/Ks
[ET]/ [ES] = Vma){ K3 / V/K3 = Vma)J V
VmadV = Kmt+ [S]/ [S]
Or v= Vmax{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= (VmaxKm) [S]
This implies that at low substrate concentratiding,rate is directly
proportional to [S]
2. When Ky = [S]

V= Vma{S]/ 2[S] or v= \nay2. i.e Km is the substrate concentration at
which we have half the maximum velocity.

3. When Km<<<][S]

V= Vmad.€ at high [S], v= Wax

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

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

A plot of 1/V vs 1/[S] yields a straight line whospe is Km/ Wax and
whose y-intercept is 1MV« The intercept on X-axis is -1/K
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This linear form is called the theLineWeaver-Buduation 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 fts 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

Woolf- [SIV= 1/Whax[S] +Km/Vma
1 A
v ,.-’,
- >” b SO0 Km
— L /'I V max
Km ,J“"
ot Vimex » 1
P 0 S

Fig. 1 Lineweaver-Burk plot

e

g

L=

Fig 2. Eadie-Hofstee Plot
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Fig. 3 Woolf Plot

Factors affecting Enzymes Activity

Enzymes are stable over only a limited range of jemature

Velocity of an enzyme catalyzed reaction increaséh increase in
temperature up to a maximum and then decline. fa#pnea higher
temperature brings about an increase in the moveofeanzyme and
substrate molecules, resulting in more collisioatveen the molecules
and and formation of more products. A°COrise in temperature
increases the activation energy of the moleculealimut 12Kcal/Mol.
However, if the temperature rises beyond a cepaint (which differs
for each enzyme), the enzyme activity levels oud #imen declines
rapidly. This is because the enzyme is denaturetiday. The tertiary
structure of the enzyme is altered and it can ngdo function. Human
enzymes generally exhibit stability at temperatuugs to 45-58C.
Thermophilic enzymes may be stable up to or abo®€°CL For
mammals and other homoeothermic organisms, chamgesnzyme
reaction rates with temperature assume physiolmgoortance only in
circumstances such as fever or hypothermia.

4.0 CONCLUSION

Rate of Enzyme catalyzed reactions play a sigmticaole in
metabolism, To determine the reaction rate, thiainvelocity need to
be determined. The amount of product made pertumé at the start of
the reaction is called initial velocity for thatrezentration. An easy way

to determiné{m andVmaxis to plot a Lineweaver-Burk plot. This is a
reciprocal graph of the reaction velocity againgistrate concentration.

5.0 SUMMARY
In this unit, you have learnt about the following:
o Enzyme Activity
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. 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 mg@ation

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

PN PE
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1.0 INTRODUCTION

Several compounds act as inhibitors of enzyme iactiVhe study of

enzyme inhibitors has provided insight into the heagsm and pathway
of catalysis e.g the types of functional group fum 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 intabelism. They

include allosteric enzymes, covalently modulatedzyeres and

isozymes. Enzymes are very useful tools in clindtagnosis.

2.0 OBJECTIVES
At the end of this unit, you should be able to:
. Outline and distinguish the different types of nesilgle enzyme

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

o Enumerate the effects of the different types ofilitbrs on
lineweaver-burk plots

o Explain the regulatory roles of allosteric enzymesovalently
modulated enzymes and isoenzymes

o Give examples of enzymes used in clinical diagnasid 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 obtaired the 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 actoanformation of the
enzyme molecule. Pharmaceutical compounds arenadstly designed
as inhibitors of specific enzymes. E.g. penicilmorks by preventing
completion of a cross link between 2 adjacent deglycan chains in
the cell wall. This process is carried out by tmzyene glycopeptide
transpeptidase. Disulfiram is a drug used for thmeatment of

alcoholism. Alcohol is metabolised in 2 steps tetmcacid. The first

enzyme, alcohol dehydrogenase yields acetaldehwdiech is then

converted into acetic acid by aldehyde dehydrogend$e latter

enzyme has an active site cysteine residue thateisersibly modified

by disulfiram, resulting in accumulation of alcolarid acetaldehyde in
the blood. People who take disulfiram become sidcabse of
accumulation of acetaldehyde in blood and tisseadihg to alcohol
avoidance.

Also, NSAIDs like Aspirin inhibit cyclooxygenasetaaty 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.gsulfa drugs ared useos 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 timibitor on the
reaction kinetics of the enzyme, which may be aslyin 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 &ctive 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 tinhibition of
succinate dehydrogenase by malonate and otherbdicgdate anions.
SDH is one of the enzymes responsible for the i@agtof the TCA
cycle. It catalyzes the removal of 2 hydrogen atoimsn the 2
methylene carbon atoms of succinate.The competitimkibitor
malonate resembles succinate in having 2 ionisdsbgsl groups at PH
7.0.Besides malonate other dicarboxylate anionsy axalate and
oxaloacetate may act as inhibitors of SDH.

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

COO

CH. Succinate

CH:
4300:
+

Hydrogen acceptor
J succinate
dehydrogenase
COO

CH
|  Fumarate
HC

COO
+

Reduced hydrogen acceptor

Fig. 1: The Succinate Dehydrogenase Reaction
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COO

(|3H2
COO
Malonate

(|ZOO
COO
Oxalate

COO

e

(|3= @)

COO
Oxaloacetate

Fig. 2: Other Inhibitors of Succinate Dehydrogenase

Uncompetitive inhibition

Here, the inhibitor does not combine with the fesezyme or affect its
reaction with its normal substrate. Rather, it corab with the ES
complex to give an inactive ESI complex which carmmadergo 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 eitltee free enzyme or
the ES complex, interfering with the action of holon competitive

inhibitors bind to a site on the enzyme differerdni 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 tatgieldproducts.

These effects are not reversed by increasing thstrsie 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][I}/ [El]

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

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

Examples include the inhibition of enzymes thaturezy metal
ions for activity by agents capable of binding thetal e.g EDTA
reversibly binds Mg2+ and other divalent cationd athus
noncompetitively inhibits some enzymes requiringhsions for
activity

3.2 Effects of Inhibitors on Lineweaver-Burk Plot
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Effect of an Uncompetitive Inhibitor on
Lineweaver-Burk Plot

.
-,

-
Uncompetitive

Fig 5.
Table 1: Summary of the effects of Inhibitors on neweaver —
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 1/Vmax{ 1+[I]/K
Noncompetitive K/ Vmax(1+ [IJ/Ki 1V ma{1+[1)/K;

Irreversible Inhibition

Some enzymes undergo irreversible inactivation wihery are treated
with agents capable of covalently and permanentlgdifging 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 takexql E.g alkylating
agents such as iodoacetamide irreversibly inhiitdtdatalytic activity of
some enzymes by modifying essential cysteine residdeavy metals,
such as mercury and lead salts, also inhibit sdiflyenzymes. Eggs or
egg-white are sometimes administered as an antiftoteaccidental
ingestion of heavy metals: the egg white protewglloumin is rich in

131



NSC 223 MEDICAL BIOCHEMISTRY |

sulthydryl groups, traps the free metal ions arel/pnts their absorption
from the GIT.

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

3.3 Regulation of Enzyme Activity

Some enzymes possess special properties which eridenr 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 arejemibto such
modification are rate-determining enzymes in meliabpathways.
Metabolites that bind at the allosteric site aredaallosteric effectors,
modifiers or modulators. Those that enhance théeprs activity are
referred to asallosteric activators whereas those that decrease the
protein's activity are called@llosteric inhibitors The termallosteric
comes from the GreaKos, "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 activaity while the negative
inh binds at an inhibitory site. When an allosteaizyme has only one
specific modulator, it is said to be monovalenthé&s$ which respond to
2 or more modulators, each bound to a specific gitethe enzyme
molecule are polyvalent. Most allosteric enzymesaigomerici.e they
consist of several subunits. They consist of 2 orarpolypeptide chain
subunits, usually in an even number. Allostericyemes usually exhibit
sigmoidal (S-shaped) kinetic curves rather thanpkmhyperbolic
curves. Activators of allosteric enzymes shift #evs S curve to the
left, whereas allosteric inhibitors shift the curve the right. A
homotropic allosteric modulator is a substrateifertarget enzyme, as
well as a regulatory molecule of the enzyme's &yttt is typically an
activator of the enzyme. On the other hand, a betgic allosteric
modulator is a regulatory molecule that is not atee enzyme's
substrate. It may be either an activator or arbimdr of the enzyme.
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End Product inhibition

There are many instances in which the final enddpco of a
multienzyme metabolic pathway is an allosteric lior of an enzyme
that catalyzes an early and irreversible step efptiithway. 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 sensjtio inhibition by
CTP but retains its full activity for synthesis cdrbamoyl aspartate.
This suggests that CTP is bound at a differentfot@ the substrate.

asparate

carhamoy carmamoy
phosphals asparate

=+ P = TP = (TP

Fig. 6: Allosteric Regulation
Covalently modulated regulatory enzymes

Here, active and inactive forms of the enzyme aterconverted by
covalent modifications of their structure, cataly4®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 isyedad to b through
hydrolytic removal of phosphate groups attached! teerine residues
contained in each of its subunits, brought aboutthwy action of
phosphorylase phosphatase. The b form can be vatattito 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 kinasegilate the activity
of enzymes and other proteins by phosphorylatiqgyhdsphorylation of
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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-
catalyzed activation of inactive precursors of eney (zymogens) to
yield the catalytically active forms as is foundtire digestive enzymes
pepsinogen, trypsinogen and chymotrypsinogen. Thess/mes are
converted into their active forms by the selectiyerolytic cleavage of
one or more specific -'peptide bonds in the zymogeslecule 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 enzyméxdowd can provide
useful diagnostic information.For example, ALT ah8T are present in
high concentrations in hepatocytes. When thess eedl injured e.g by
viral hepatitis or drug overdose, ALT and AST aseteased into the
blood. Several other enzymes serve as tissue gpetafkers of cellular
injury.

Isozymes are also very important in diagnosis. &legs multiple forms
of a given enzyme that occur within a single speoiean organism or a
single cell. They differ in amino acid compositi@md thus in their
isoelectric properties. They can be separateth feach other by
electrophoresis. They also differ in their kinefiarameters and their
physical properties. Isozymes with wide clinicalpbgations include
Lactate dehydrogenase, creatine kinase and Alkalosphatase. 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 g 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 , paréidylpyruvate . M4

has a relatively low Km for pyruvate while H4 hae thighest Km for
this substrate. The others have kinetic propettes are intermediate
bw those of the M4 and H4 isozymes, in proportiontteir relative

content of M and H chains. These characteristiogige insight into the
function of the isozymes. Skeletal muscle and ewigytissue tend to
utilise glucose anaerobically and break it dowfoton lactate. Thus, the
M4 isozyme is well adapted to convert pyruvate dbpito 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 LDHS5 irdicative of a

secondary liver damage in the patient. Thus, measemt of these
isozymes allows monitoring of secondary compliaadiof 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 degeneration
(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

Many compounds can bind to enzymes and in the psp&gnificantly
alter or destroy the activity of the enzyme. Molesuhat inhibit or alter
the activity of enzymes are called inhibitors. Emeyinhibition can be
reversible or irreversible. An inhibitor can birmlan enzyme reversibly
or irreversibly. A reversible inhibitor binds to amzyme but then
enzyme activity is restored when the inhibitoregeased. On the other
hand, an irreversible inhibitor covalently binds tn enzyme,
permanently destroying its activity. Many tissuesduce enzymes that
are relatively cell-specific. Because these enzyaresreleased into the
circulation as a result of tissue damage, assayheotevels of certain
enzymes in blood can provide useful diagnosticrimfation.

5.0 SUMMARY

e Enzyme inhibition can be reversible or irreversible

e An inhibitor can bind to an enzyme reversibly aewersibly.

e A reversible inhibitor binds to an enzyme but themzyme
activity is restored when the inhibitor is releas@mh the other
hand, an irreversible inhibitor covalently binds @0 enzyme,
permanently destroying its activity.

e |sozymes are also very important in diagnosis

6.0 TUTOR- MARKED ASSIGNMENT

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

2. Enumerate the effects of the different types ofilitbrs on
Lineweaver-Burk plots
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3. Explain the regulatory roles of allosteric enzymesvalently
modulated enzymes and isoenzymes.

4. Give examples of enzymes used in clinical diagnasid their
diagnostic importance.
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