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INTRODUCTION

General Microbiology is a first semester coursés & three -credit unit
compulsory course which all students offering Bémhef Science in
Biology must take.

Microbiology is a branch of biology which involvethe study of
microorganisms. Microorganisms can be defined @sdi organisms
which cannot be seen by the unaided eyes. Thesmiemgs include
bacteria, fungi, algae, protozoa, viruses, etc.

Microorganisms are numerous in nature and have sdrasacteristics
which make them ideal specimens for the study omernous
fundamental like processes which occur at the legllevel in all living
organisms. In microbiology, study of microorganisms done
extensively by observing their life processes wliley are actively
metabolising.

Microorganisms have a wider range of physiolog@atl biochemical

potentials than all other organisms combined. Sangeable to utilize
atmospheric nitrogen for the synthesis of protens other complex
organic nitrogen compounds. The study of microoigjas is applicable
to all aspects of human endeavour including: maedicifood,

agriculture, conserving human and animal reactombating diseases
and used also as biological weapons. Some organamsfriends

(beneficial) while others can be regarded as fdesngful) to human

beings.

WHAT YOU WILL LEARNIN THIS COURSE

In this course, you have the course units and aseaguide. The course
guide will tell you what the course is all aboutisl a general overview
of the course materials you will be using and howsge those materials.
It also helps you to allocate the appropriate timeach unit so that you
can successfully complete the course within theukdted time limit.
The course guide also helps you to know how to lgmutayour Tutor-
Marked Assignment which will form part of your oedlrassessment at
the end of the course. Also, there will be regtldorial classes that are
related to this course, where you can interact wdhr facilitator and
other students. This course exposes you to midadpyo a very
important and interesting field in biology.

COURSE AIMS

The course aims to give you an understanding ofabiology which is
an important branch of biology.



PHS 217 COURSE GUIDE

COURSE OBJECTIVES

To achieve the aim set above, there are objecte@sh unit has a set of
objectives presented at the beginning of the Uitiese objectives will
give you what to concentrate/focus on while stugyine unit. Please
read the objectives before studying the unit andnduyour study to
check your progress.

The comprehensive objectives of the course arengredow. By the end
of the course, you should be able to:

o identify the different components of the microbaadrld

o explain the historical aspects, relevance and scaje
microbiology

. explain the general characteristics of the differgroups of
microorganisms

. describe microbial growth and reproduction and esh of
controlling microbial growth

. give a systemic classification of bacteria, fungiuses, etc.

. explain the causes of microbial variation and hizeyl

. describe some biogeochemical cycles in nature.

WORKING THROUGH THIS COURSE

To successfully complete this course, you are redquto read each
study unit, textbooks and other materials providgdhe National Open
University of Nigeria. Reading the referenced matsrcan also be of
great assistance. Each unit has self- assessment.

Exercises which you are advised to do. At certaenqgas during the

course, you will be required to submit your assigntrfor the purpose
of assessment. There will be a final examinatioth@tend of the course.
The course should take you about 17 weeks to caelpléis course

guide will provide you with all the components bétcourse how to go
about studying and how you should allocate youetimeach unit so as
to finish on time and successfully.

THE COURSE MATERIALS
The main components of the course are:

The Study Guide

Study Units
Reference/Further Reading
Assignments

Presentation Schedule

arwpdPE
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STUDY

COURSE GUIDE

The study units in this course are given below:

Module 1

Unit 1
Unit 2
Unit 3

Module 2
Unit 1
Unit 2
Unit 3
Unit 4
Module 3
Unit 1
Unit 2
Unit 3
Module 4

Unit 1
Unit 2

Unit 3
Unit 4

Module5
Unit 1
Unit 2

Unit 3
Unit 4

Vi

I ntr oduction to Microbiology

Composition of the Microbial World
Historical Aspects of Microbiology
The Relevance and Scope of Microbiology

General Characteristics of Microorganisms

Microscopy and Specimen Preparation

A Brief Survey of Microbes as Friends arakB
General Characteristics of Bacteria

General Characteristics of Fungi

General Characteristics of Microorganisms Contd

General Characteristics of Viruses
General Characteristics of Algae
General Characteristics of Protozoa

Microbial Growth, Reproduction and Control

Microbial Growth

Measurement of Microbial Growth and Factors

that Influence Microbial Growth

Physical Methods of Controlling Microbiar@wth

Chemical Methods of Controlling Microbiak@wth

Systematic Classification of Microorganisms

Introduction to Systemic ClassificationMicroorganisms

Systematic Classification of Bacteria
Systematic Classification of Fungi
Systematic Classification of Algae
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Module6  Systematic classificationcontd/Microbial Genetics and
Biogeochemical Cycling of Elements

Unit 1 Systematic Classification of Protozoa
Unit 2 Mechanisms of Genetic Variation and Heretglita
Unit 3 Biogeochemical Cycling of Elements

In module one, unit one deals with the historicapexts of
microbiology, the second unit focuses on the meganinmicrobiology,
microorganisms asells, and the different groups of microorganisms,
and the domains in which they are placed. The tinnitl focuses on the
relevance and scope of microbiology. The moduleni2 11 focuses on
the use of difference microscopes to study micraoigms while unit 2
is a brief survey of microorganisms as friends &oels. Module 3
continued with the general characteristics of nocganisms. While in
module 4, units 1 and 2 discusse microbial growdihd
reproduction,unit 3 deas with measurement of miatogrowth and
factors that influence microbial growth. Module éats with systematic
classification of microorganisms. In module 6, umile continues with
classification while unit 2 is on microbial variati and hereditary while
unit3 focuses on biogeochemical cycling of nutigeint nature. Each
unit will take a week or two. Lectures will includan introduction,
objectives, reading materials, self -assessmenicisgs, conclusion,
summary, tutor-marked assignments (TMAs), referenead other
reading resources. There are activities relatadti¢decture in each unit
which will help your progress and comprehensiorihef unit. You are
required to work on these exercises which togethér the TMAs will
enable you to achieve the objectives of each unit.

PRESENTATION SCHEDULE

There is a timetable prepared for the early anelfineompletion and
submissions of your TMAs as well as attending ttiertal classes. You
are required to submit all your assignments bydiygeulated date and
time. Avoid falling behind the schedule time.

ASSESSMENT

There are three aspects to the assessment ofotlnisec The first one is
the self-assessment exercises. The second is th&-marked

assignments and the third is the written examinatiothe examination
to be taken at the end of the course. Do the eses@r activities in the
unit by applying the information and knowledge yamguired during the
course. The tutor-marked assignments must be sidumnio your

facilitator for formal assessment in accordancéhie deadlines stated

vii
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in the presentation schedule and the assignmenfTiie work submitted
to your tutor for assessment will account for 30#4/our total course
work. At the end of this course, you have to sit dofinal or end of
course examination of about a three hour duratibrchvwill account
for 70%of your total course mark.

TUTOR-MARKED ASSIGNMENT

This is the continuous assessment component of ahisse and it
accounts for 30% of the total score. You will beegi 4 TMAs by your
facilitator to answer. Three of which must be anmsdebefore you are
allowed to sit for the end of course examinatiornede answered
assignments must be returned to your facilitatayu Yare expected to
complete the assignments by using the informatrah raaterial in your
reading references and study units. Reading areaAresing into the
references will give you a deeper understandinesubject.

1. Make sure that each assignment reaches yolitdtmi on or before
the deadline given in the presentation scheduleamstgnment file. If
for any reason you are not able to complete yosigament, make sure
you contact your facilitator before the assignmendue to discuss the
possibility of an extension. Request for extensmh not be granted
after the due date unless there in exceptionalicistances.

2. Make sure you revise the whole course contefuréesitting for the
examination. The self-assessment exercises and MilAlse useful for
this purposes and if you have any comments pleasdgfore the
examination. The end of course examination covdmsrination from all
parts of the course.

FINAL EXAMINATION AND GRADING

The end of Course of Examination for Introductioo General

Microbiology will be for about 2 hours and it havaue of 70 percent
of the total course work. The examination will cghsof questions,

which will reflect the type of self-testing, prami exercise and tutor-
marked assignment problem you have previously emteoed. All areas
of the course will be assessed.

You are advised to use the time between finishimg last unit and
sitting for the examination to revise the whole rsgu. You might find it
useful to review your self-tests, TMAs and commemisthem before
the examination. The end of Course examination rsougormation
from all parts of the Course .

viii
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COURSE MARKING SCHEME
Assignment Marks

Assignments 1 — 4 Four assignments, best threesnadirthe four count
at 10% each- 30% of course marks.

End of course examination 70% of overall courseksar
Total 100% of course materials.
FACILITATORSTUTORSAND TUTORIALS

Sixteen hours are provided for tutorials for thauise. You will be

notified of the dates, times and location for thés®rial classes. As
soon as you are allocated a tutorial group, theenand phone number
of your facilitator will be given to you. These attee duties of your

facilitator:

He or she will mark and comment on your assignment.

He will monitor your progress and provide any nsaeg assistance you
need.

He or she will mark your TMAs and return to yousam®n as possible.
Do not delay to contact your facilitator by telepkoor e-mail for
necessary assistance if:

you do not understand any part of the study ircthese material.
you have difficulty with the self -assessment atés.

you have a problem or question with an assignmemtith the grading
of the assignment. It is important and necessaty attend the tutorial
classes because this is the only chance to haeaddace contact with
your facilitator and to ask questions which will dreswer instantly. It is
also a period where you can point out any problecoentered in the
course of your study.

SUMMARY

General Microbiology is a course that introduces yo the microbial
world around us.

Biology is a field very important to your welfare well -being in both
positive and negative ways. Microorganisms areutalland a cellular
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(viruses) entities which are capable of life preessfound in plants and
animals. On completion of this course, you will @an understanding
of basic knowledge of microorganisms, the historynen and women
who contributed to this field of study by their cbhseries during their
research works. You also learn the general chaisiite of
microorganisms, microbial growth and reproductiohpw the
microorganisms are classified or placed in differgnoups, theme
chanisms of variation and hereditary in microorgars and the role of
microorganisms in cycling elements in our environtse In addition,
you will be able to answer the following questions:

What is microbiology?
What are microorganisms?

Identify the different groups of microorganisms atlteir general
characteristics.

Explain the relevance and scope of microbiology.

Differentiate between phyletic classification andhylogenetic
classification.

What are point mutations?
What are frame shift mutations?

Describe the four phases of the growth curve ilosed system. The list
of questions you are expected to answer is notdanio the above list.
Finally, you are expected to apply the knowledge yave acquired
during this course to your practical life. | bekeyou will agree with me
that microbiology is a very interesting field ofolmgy with a wide
application to life. | wish you success in this @i
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MODULE 1 INTRODUCTION TO MICROBIOLOGY
Unit 1 Composition of the Microbial World

Unit 2 Historical Aspects of Microbiology

Unit 3 The Relevance and Scope of Microbiology

UNIT 1 COMPOSITION OF THE MICROBIAL WORLD
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1  Micro-organisms
3.2  Microorganisms as Cells
3.3  Classification Systems for Microorganisms
3.4 Domain Bacteria
3.5 Domain Archaea
3.6 Domain Eucarya
3.7 Viruses
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Microbiology is the study of microorganisms. These organisms too
small to be seen clearly by the unaided eyes. Miganisms include
bacteria, fungi, algae, protozoa and entities atbrderline of life that
are called viruses. The cell is the fundamentalt wifi life. Most

microorganisms are unicellular, in unicellular argans all the life
processes are performed by a single cell. Howeweme are
multicellular, having more than one cell. This umkamines the
definition of microbiology, types of microbial csllthe different groups
of microorganisms and the domains in which theymaeed and why
viruses are not placed in any of the domains.

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

o define the term microbiology
. list the groups of organisms classified as micranrgms
. distinguish between prokaryotic and eukaryoticscell
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. explain the distribution of microorganisms into dons
o state the characteristics of the microorganisnmesarh domains
o state the characteristics of viruses.

3.0 MAIN CONTENT
3.1  Microorganisms

Microorganisms are organisms too small to be sdearlg by the
unaided eyes. They are very small life forms sollsthat individual
microorganisms cannot be seen without magnificatibiney include
fungi, bacteria, algae, protozoa and viruses. Someroorganisms
however, like the eukaryotic microorganisms areibles without
magnification. Examples are bread moulds and filames algae.

3.2 Microorganisms are Cells

The cell is the fundamental unit of life; a singkdl is an entity isolated
from other cells. Two fundamental different typdscells exist among
microorganisms; they are prokaryotic and eukaryotic

I Prokaryotes

These microbial cells lack membrane-bound nucledscaganelles.

. Eukaryotes

Possess a membrane-bound nucleus and organelles.

iii. Differences between Prokaryotic and Eukaryotic Ce#

There are notable differences between prokaryatt eukaryoticcells.
These are shown in detail in table 1.

Table 1: Differences between Prokaryotic and Eukargtic Cells

Features Prokaryotic cell Eukaryoticcell
Plasma membranePresent Present
Internal organelles Absent Present
(membrane
bound)
Genetic DNA as a single circularDNA as multiple
(hereditary)molec| bacterialchromosome | linear Chromosomes
ule not enclosed in aenclosed within a
nucleus nucleus
Site of| Cytoplasm and, in someCytoplasm and
energy(ATP) cases, plasmamitochondria of
Generation membrane of chloroplasts.
Photosynthesis
membrane

Source: Atlast al., (1995)

2
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F‘iluﬁ\ | /

Plasmalemma

Cell wall b4 N
Capsule ' i

thtopl‘asm\ g

Flagellum

Ribosomes

Mucleoid

Mesosome

Fig. 1(a): A Prokaryotic Cell
Source: www.fluwiki.info/pmwiki. php?n=Science.Géasy

DNA Contained
On Chromasomes

Mitochondria

Plasma ;
Membrane Budding

Vesicles
Fig. 1(b): A Eukaryotic Cell

icrotubules
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SELF-ASSESSMENT EXERCISE

I Define the term, microorganism.
. Compare and contrast prokaryotic and eukaryotis.cel

3.3 Classification Systems for Microorganisms
The Five Kingdom System of Classification

Based on cell type and mode of nutrition, there ammagstablishment of
the five kingdom system of classifying organismsvimch we have:
Monera

Protista

Fungi

Planta

Animalia

arwpPE

Microorganisms except for viruses, which are caluAnd have their
own classification system, were placed in the finste kingdoms.

The Three Domains System of Classification
Presently, through advances in cell biology, biociséry and genetics,
microorganisms are now placed into three domairgh eof which

comprises of various kingdoms.

The domains are:

1. Bacteria (prokaryotic — “true bacteria”)
2. Archaea (prokaryotic — “ancient bacteria”)
3. Eucarya (eukaryotic)

34 Domain Bacteria

They are prokaryotic.

They are single celled organisms.

They lack membrane bound nucleus and organelles

Most have cell wall that contains peptidogly.can

They are found in the soil, water and air amdaother living
organisms.

Some are harmful while others are beneficiahém.

abrwpdpE

o

3.5 Domain Archaea

They were formerly known as archaeobacteria.
They are prokaryotic.
They are single celled organisms.

wn e
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They lack membrane bound nucleus and organelles

They lack peptidoglycan in their cell walls.

They have unique membrane lipids.

Some have unusual metabolic characteristics, methanogens
which generatemethane gas.

8. Many are found in extreme environments.

No gk

Domain archaea is distinguished from bacteria basedpon

1. Differences in ribosomal RNA sequences.
2. The absence of cell wall peptidoglycan.
3. The presence of unique membrane lipids.

SELF-ASSESSMENT EXERCISE

I List the three domains under which microorganisme a
classified.
. List three characteristics each of the followingndans:
a. Bacteria
b. Archaea
C. Fungi

3.6 Domain Eucarya

The major groups of microorganism in this domaire agrotists
andfungi.

Protists

These groups of microorganisms are unicellular elgprotozoa,
slimemoulds and water moulds.

Algae

1. They are simple organisms.

2. Mostly unicellular.

3. They are photosynthetic together with cyanadraet

4, They produce about 75% of the plant’'s oxygen.

5. Commonly found in agquatic environment.

6. They are primary producers in food chains inagig habitat.
Protozoa

1. They are unicellular.

2. Eukaryotic organisms and animal like.

3. They are usually motile.
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4. Some are free living while some are pathogenic.
Slime Moulds

They are protists which have different forms ateddnt stages of their
life cycles. At a stage they are like protozoa ahdénother stage like
fungi.

Water Moulds

These are found on the surface of fresh water amigtsoils. They feed
on decaying vegetation such as logs and muich.

Fungi

1. These are microorganisms that range from uaoleelforms like
yeasts to moulds and mushrooms which are multiegliwith
thread like structures called hyphae.

They absorb nutrients from their environments.

Many play beneficial roles while others causeases in plants,
animals and human.

w N

3.7 Viruses

1. They are acellular entities (non- cellular).

2. They lack the fundamental structure of livingllcbut only
carryout functions of living organisms when in tygi cells.

3. They are the smallest of all the microorganigts000 smaller
than a typical bacterium).

4. They can only be seen by the electron micrascop

5. They cause many diseases of plants, animalbamndns.

6. Entities are not placed in any of the domaindsa classified on a

separate system.
They cause many diseases of plants, animals andrsum
4.0 CONCLUSION

Microbiology is the study of microorganisms, modt which are

unicellular while some are multicellular. Presentlyey are classified
under three domains. Viruses are classified undeearate system
because they function only as living things wheespnt in living

organisms.
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5.0 SUMMARY

In this unit, we have learnt that:

. microbiology is the study of microorganisms

. microorganisms are organisms too small to be seiin the
unaided eyes

o microorganisms include: bacteria, fungi, algae,tq@oa and
viruses

. microorganisms may be prokaryotic which lack a memé

bound nucleus oreukaryotic which have a membrane
boundnucleus but undifferentiated tissues

. microorganisms are grouped into three domains: ebagct
Archaea and eucarya
o the domain bacteria and archaea are simple andagyatic

microorganisms. While the domain eucarya considtsthe
protists and fungi which are eukaryotic microbes

o viruses are acellular entities and are not place@dny of the
domain but are classified on a separate system.

6.0 TUTOR-MARKED ASSIGNMENT

1 Define the term microbiology.

2. Distinguish between a prokaryotic cell and eyé&ac cell.
3. What are the differences between bacteria esitkae?
4 Why are viruses not placed in any of the dosfain

7.0 REFERENCES/FURTHER READING
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UNIT 2 HISTORICAL ASPECTS OF MICROBIOLOGY
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 The Spontaneous Generation Conflict
3.2 The Recognition of the Role of Microorganisnrs
Disease
3.3 The Discovery of Microbial Effects on Organand
Inorganic Matter
3.4  The Development of Microbiology in this Centur
3.5 Era of Molecular Microbiology
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

The history of microbiology is the story of men am®men who
developed a technique, a tool or a concept thatgeasrally adopted in
the studying of microorganisms. It is also the dngtof events and
metamorphosis of microbiology as a science. In tmg we will be
studying the stages in the development of the sei@f microbiology,
some early scientists and their contributions &ftéld of microbiology.

2.0 OBJECTIVES

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

. explain how microorganisms were discovered

o discuss the concept of spontaneous generation dred
experiments that were performed to disprove theephn

. describe Koch'’s postulate and how they are useestablish a
link between a suspected microorganisms and tleasks

) state the discovery of microbial effect on orgaand inorganic
matters

o explain development of microbiology in this century

. explain the era of molecular biology.

t
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3.0 MAIN CONTENT
Discovery of Microorganisms

The advent of the microscope permitted the studgingicroorganisms.
The first microscopes were simple ground glasseeribat magnified
images of previously unseen microorganisms. Amohg first to
observe this previously unseen and invisible mieiolbvorld were
Robert Hooke and Anthony Van Leeuwenhoek.

1. Robert Hooke (1635-1703), an English mathenaaticand
natural historian.

. He coined the term “cells” to describe the “litHexes” he
observed in examining cork slices with a compound
microscope.

o He was the first to make a known description of
microorganisms.

o He made microscopic observation and the earliest
description of many fungi.

o Various species of fungi were clearly identified s

drawing and recorded in his bobkcrographia.

Fig. 1: Robert Hooke’s Detailed Diagram of Fungi mde in
1667

Source:Microorganismsin our World by Atlas R. M. (1995)

2. Anthony Van Leeuwenhoek (1632-1723) lived irffDé&lolland.
) He was a draper and an amateur microscope builder.
o He learned lens grinding as a hobby and made dd@r 1
simple microscopes each capable of magnifying aagen
about 300times.
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o By using simple microscopes, he observed microscopi
organisms which he called ‘animalcules’.
o He discovered bacteria in 1676 while studying peppe

water infusion and reported his observations ierées of
letters to Royal Society of London which publishbdm
in 1684 in English translation.

) He made sketches of the different shapes of bacteri

. He was the first person to publish extensive araliate
observations of microorganisms.

o He is known as the father of bacteriology.

Fig. 2: (&) Antony Leeuwenhoek (1632-1723) Holdingne
of his Microscopes
(b) Leeuwenhoek’'s Microscopes and some of theSkh&s
of Bacteria from Human Mouth

Source:Microorganismsin our World by Atlas R. M. (1995)

After Van Leeuwenhoek’'s death, the study of micotdgy did not
develop rapidly because microscopes were rare amdrest in
microorganisms was not high. Scientists then weteating the theory
of spontaneous generation.

3.1 The Spontaneous Generation Conflict
The concept spontaneous generation states thag lsiganisms could
develop from non-living matter. The proponents bé tconcept of

spontaneous generation claim that living organismgd develop from
on- living or decomposing matter.

10
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1. Francesco Redi (1626-169¢hallenged this concept by showing
that maggots on decaying meat came from fly eggesieed on
the meat, and not from the meat itself.

) He carried out a series of experiments on decagiegt
and its ability to produce maggot spontaneously.

o He placed meat in three different containers, oas not
covered, and the second was covered with fine gamze
exclude flies.

. Flies laid eggs on the uncovered meat and maggots
developed.

o The two other meats did not produce maggots.

Spontaneously, flies were attracted to the gauxerea
container and laid their eggs on the gauze, thass |
produced maggots. Hence, it become evident that the
generation of maggots resulted from the presencty of
eggs and that meat (a non-living matter) did not
spontaneously generate maggots as previously bdliev

2. Louis Jablot (1670) conducted an experiment in which he
divided a hay infusion that had been boiled into wontainers:
heated container that was closed to the air anehtet container
that was freely open to the air. Only the open eledsveloped
microorganisms. This further helped to disproveagénesis.

3. John Needham (1713-178Khowed that mutton broth boiled in
flasks and then sealed could still develop micranigms, which
supported the theory of spontaneous generation.

4. Lazzaro Spallanzani (1729-179%9howed that flasks sealed and
then boiled had no growth of microorganisms, andtumposed
that air carried germs to the culture medium. H® @ommented
that external air might be needed to support tbevthr of animals
already in the medium. The latter concept was dppgedo
supporters of spontaneous generation.

5. Louis Pasteur (1822-1895)vas a Professor of Chemistry. He
devised a series of swan necked flasks known aglretasks,
filled the flasks with broth and heated the brathsterilisation.
After cooling, the flasks were opened to the air, lbends on the
neck of the flasks prevented microorganisms frohnfaon the
broth and contaminating it rather the microorgamideil on the
neck of the bottle. Pasteur proved that no growticuoed
because dust and germs were trapped on the wéleoturved
necks. If the neck were broken, growth will occBy these
experiments, he disproved and defeated the thd@yamtaneous
generation. Figure 3 shows the defeat of spontangeneration.

11
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Fig. 3: The Defeat of Spontaneous Generation - Pasir's
Experiment with the Swan- Necked Bottles

Source: Amoebamike.wordpress.com

Apart from the defeat of the concept of spontanegmueeration:

12

Pasteur’s work led to an effective sterilizationtinoel which
involve holding juices and milk at 62.80C (1450F)r f30
minutes known as Pasteurization.

He discovered that alcoholic fermentation was gatd by
Living Yeast Cells.

He developed vaccines for the diseases anthrax,closlera and
rabies between 1880 and 1890.

As a result of his research on rabies, he becalagead and the
French government built the Pasteur Institute insHa 1888. It
was originally established as a clinical centretfeating rabies,
but is now a major biomedical research centre fhisarum and
vaccine production.

He postulated th&serm Theory of Diseasewhich states that
microorganisms are the cause of infectious diseases
Pasteur’s work ushered in the Golden Age of Micotdgy.

The Recognition of the Role of Microorganisms Disease

Agostino Bassi (1773-185&howed that a silkworm disease was
caused by a fungus.

M. J. Berkerley (ca. 1845) demonstrated that the great
potatoblight of Ireland was caused by a fungus.

Joseph Lister (1872-1912)developed a system of surgery
designed to prevent microorganisms from enteringings. He
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implemented the use of sterile surgical instrumemtgd used
carbolic acid (phenol) during surgery and on wodreksings.

4. Robert Koch (1843-1910): Robert Koch was a German
physician. He was the first to directly prove theler of
microorganisms in causing diseases. He establishes
relationship betweeBacillus anthracis and the disease it causes,
anthrax. Using mice as experimental animals, heodsimated
that when small amount of blood from a diseased s&owas
injected into healthy mouse, the healthy mousekijdeveloped
anthrax. From this work he developed Koch’s postsla

5. Koch’s postulates are:

o The suspected disease-causing organism shoulceberr
in allcases of the disease and absent from heattimals.

. The suspected organism must be cultivated in a
pureculture away from the animalbody.

. The isolated organism must cause the disease
wheninoculated into a healthy susceptible animal.

. The organism must be re-isolated from these

experimentalanimals and culture again in the laboya
after which itshould still be the same as the aoagi
organism.

£} Microorganisms are isolated
from a dead animal.

e \7”1%
o —, f&*
E':/:—:‘_;GEC'EI 1 —e | & o |
= At =y
Colony -
£L) The microorganisms are £ The microcrganisms
grown in pure culffure. - are identified.
\ / 5
i D /_/,
B e U

) The microorganisms are injected
intc a healthy animal.

+
3 4 ‘s,/ﬁ"' -::::‘:»,‘-,

)
The disease is reproduced <
in the second animal; microorganisms

are isclated from this animal. {’,
o rd \/f = e
e, l.-’15,‘:' o
Pl T et {
Ry \Gépg S
e

@ Pathogenic microorganisms

are grown in pure culture.  __ —
£1% ldentical microorganisms

are identified.

Fig. 4. Diagrammatic lllustration of Koch’s Postulate
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Using these principles, Koch discovered causativgamsms of
anthrax(1876), tuberculosis (1882) and cholera 188

. He was the first to grow bacteria on solid cultanedia to get
pure culture; hence he developed the pure cultareept and
developed different solid media.

o Koch’s discovery of solid culture media and puréue concept
supplied the most needed tools for the developmeht
microbiology as a field of science.

. For his contribution on tuberculosis, he was awdrdbe
1905Nobel Prize for Physiology or Medicine.

Today, “Molecular Kosh’s postulates” have beenldsthed in light of
advances in the molecular biology of pathogenicotfies.

6. Edward Jenner (ca. 1798) used a vaccinatiocepoe to protect
individuals from smallpox.

7. Emil Von Behring (1854-1917) and Shibasaburtagato (1852-
1931) induced the formation of diphtheria tetanostexins in
rabbits which were effectively used to treat humatizus
demonstrating humoral immunity.

3.3  The Discovery of Microbial Effects on Organia@andlnorganic
Matter

1. Martinus Beijerinck (1851-1931)

o Martinus Beijerinck was a Professor at the Delftm
Polytechnic.
. He isolated the first pure culture of many soil aagiatic

microorganisms, including sulphate reducing andusul
oxidizing bacteria, nitrogen fixing root nodule bexta.

. He described the first virus and the basic prir€pl
ofvirology.

2. Sergei Winogradsky (1856-1953)

. He proposed the concept of chemo-lithotrophy, (the
oxidation of inorganic matter). He worked with soil
bacteria and discovered they could oxidise irorplaur
and ammonia to obtain energy. He also studied abaer
nitrogen fixation and cellulose decomposition. He
published many scientific papers and a major
monographVicrobiologic du sol (Soil Microbiology).

. Beijerinck and Winogradsky pioneered the use of
enrichment cultures and selective media.

14
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3.4  The Development of Microbiology in this Centuwy

Microbiology established a closer relationship wither disciplines
during the 1940s because of its association witmetes and
biochemistry.

1. George W. Beadle and Edward L. Tatum (ca. 194idied the
relationship between genes and enzymes using #a bnould,
Neurospora.

2. Salvadore Lurai and Max Delbruck (ca. 1943) vetub that
mutations were spontaneous and not directed bgritaeonment.

3. Oswald T. Avery, Colin M. Mcleod, and Maclyn Marty
(1944)provided evidence that deoxyribonucleic BMA) was
the genetic material and carried genetic infornmatiduring
transformation.

3.5 Era of Molecular Microbiology

Began in the 1970s.

o Advancement in the knowledge of bacterial physiglog
biochemistry and genetics.
o Genetic manipulation which involves the transferDNA from

one organism into another or a bacterium and thateps
encoded by the DNA harvested led to the developroérihe
field of Biotechnology.

o DNA seqguencing revealed the phylogenetic
(evolutionary)relationships among bacteria whichd lgo
revolutionary new concepts in microbial systematic.

o In 1990s, DNA sequencing gave birth to the fieldyehomics.

4.0 CONCLUSION

The study and development of microbiology as alfielscience became
possible due to the works and contributions of madrmo discovered
microorganisms, disproved the theories of spontasig@neration and
established the relationship between microorganemaisdisease among
other things.

5.0 SUMMARY

o Robert  Hooke (1635-1703) and  Anthony Van
Leeuwenhoek(1632-1723)contributed to the discovery of
microorganisms through the use of microscope.

. Experiment byFrancesco Rediand others disproved the theory
of spontaneous generation.

15
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. Louis Pasteurdefeated the theory of spontaneous generation.

o Robert Koch developed postulate to establish relationship
between a suspected microorganism and disease.

o Serge Winogradsky and Martinus Beijerinck discovered

microbial effect on organic and inorganic mattethbof them
pioneered the use of enrichment culture and seéotedia.

. George Beadleand others contributed to the development of
microbiology.
o In the twentieth century, era of molecular micrdbgy began

inthe 1970s and led to the field of biotechnology.
o In the 1990s, DNA sequencing gave birth to thedfi@f
genomics.

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain Anthony Van Leeuwenhoek contributioritte discovery
of microorganisms.
2. (a)  State the concept of spontaneous generatio

(b)  Explain the steps involved in using Koch’s fodete to
establish the link between a suspected microosgaand
a disease.
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UNIT 3 THE RELEVANCE AND SCOPE OF
MICROBIOLOGY

CONTENTS
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2.0 Objectives

3.0 Main Content
3.1 The Basic Aspects of Microbiology
3.2 The Applied Aspects of Microbiology
3.3  The Future of Microbiology
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5.0 Summary

6.0 Tutor-Marked Assignment
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1.0 INTRODUCTION

Modern microbiology is a large discipline with d@fent specialized
areas. This is because the entire ecosystem depenitie activities of
microorganisms and microorganisms influence humaciety in
countless ways. Microbiology has a great impact medicine,
agriculture, food science, ecology, genetics, keoaistry and other
fields. In this unit, we shall examine the differeaspects of
microbiology and their relevance to human life.

2.0 OBJECTIVES

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

. define microbiology
o state the two branches of microbiology
) differentiate areas of study in basic and appliectabiology.

3.0 MAIN CONTENT

Main Branches of Microbiology
Microbiology has two main branches:
1. Basic

2. Applied

Both branches intertwine and are complementanath ether.
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3.1

GENERAL MICROBIOLOGY

The Basic Aspects of Microbiology

The basic branch of microbiology is concerned wilita study of the
biology of microorganisms. Fields of study herdude:

1.
2.

3.

oo

Q.

10.

Bacteriology: This is the study of bacteria.

Mycology: The study of fungi such as yeasts, moulds, and
mushrooms.

Algology: The study of algae.

Protozoology The study of protozoa; a branch of protozoology
called parasitology deals exclusively with the géeaor disease
producing protozoa and other parasitic micro and
macroorganisms.

Microbial Cytology: Studies the structures of microbial cells.
Microbial Physiology: Studies of the nutrients that
microorganisms require for metabolism and growtld d@he
products that they make from nutrients.

Microbial Genetics. Focuses on the nature of genetic
information in microorganisms in microorganisms amolw it
regulates the development and functions of cellsaganisms.
Microbial Ecology: The study of microorganisms in their natural
environment. It also studies the global and lo@aitebution to
nutrient cycling. In addition, it employs microorgams in
bioremediation to reduce pollution.

Microbial Taxonomy: This is the study of the classification of
microorganisms or the grouping of microorganisms.
Biochemistry: This deals with the discovery of microbial
enzymes and the chemical reactions they carry out.

SELF-ASSESSMENT EXERCISE

List 5 basic areas of research in microbiology atade what each area
entails.
3.2 The Applied Aspects of Microbiology

The a

pplied aspect of microbiology deal with preadtiapplication of

microorganisms to solve problems related to diseaseater and
wastewater treatment, food spoilage and food promlucThe various
fields of study in applied microbiology include:

1.

18

Medical Microbiology: Studies of the causative agents of
diseases, diagnostic procedures for identificatibthe causative
agents and preventive measures.

Agricultural Microbiology : This is the study of microbial
processes in the soil to promote plant growth.nitolves the
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study of soil microorganisms which has led to thecalvery of
antibiotics and other important chemicals. It all®als with the
methods of combating plant and animal diseasesedalry
microbes, methods of using microbes to increaddestility and
crop vyields. Currently, much work is being done osing
bacterial and viral insect pathogens to substitakemical
pesticides.

3. Industrial Microbiology : This is the large scale growth of
microorganisms for the production of medicinal prci such as
antibiotics and vaccines; fermented beverages; simnidil
chemicals; production of hormones and proteins égegcally
engineered microorganism.

4. Aquatic and Marine Microbiology: Aquatic and Marine
Microbiology deals with microbial processes in Iskavers, and
the oceans. It also examines issues that concerter wa
purification, microbiology examination and biologic
degradation of waste.

5. Public Health Microbiology: This is closely related to medical
microbiology. It deals with the identification arlde control of
the spread of communicable diseases. It involvesitorang of
community food establishments and waste suppliesssio keep
them safe and free from infectious agents.

6. Immunology: Deals with how the immune system protects the
body from pathogens and the response of infectaments. It
also involves practical health problem such as rithaure and
treatment  of allergies auto-immune diseases rilematoid
arthritis.

7. Food and Diary Microbiology: Deals with the use of microbes
to make foods such as cheese, yoghurt, wine and le&lso
deals with the methods of preventing microbial Egs of food
and the transmission of food-borne diseases suBlotatism and
Salmonellosis. Microorganisms are also used aslesingll
protein, which is an important source of proteinnoitrients to
livestock and humans.

8. Aero-microbiology: Advances thought in the dissemination of
diseases in the air, contamination and spoilage.

9. Exo-microbiology: Exploration for life in outer space.
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10. Geochemical Microbiology Coal, mineral and gas formation;
prospecting for deposits of coal, oil and gas aecovery of
minerals from low-grade ores.

SELF-ASSESSMENT EXERCISE

State the importance of microbiology in five di#et fields of human
endeavours.

3.3  The Future of Microbiology

There are many promising areas of microbiologiemslearch and their
potential practical impacts in the future. Theseaarinclude combating
new and re-emerging human diseases such as HIV/IAIDS
SARS, TUBERCULOSIS, POLIOMYELITIS, etc. For this cbat to be
effective there would be need for the productionneiv drugs and
vaccines. The use of molecular biology and recoantinnTechnology
will be applied to give solutions to these problervicroorganisms
would be needed for environmental bioremediatiopafutants which
Is on the increase globally. Much work will alsorxeded to be done on
microorganisms living in extreme environments sashto advance the
development of new antimicrobial agents, industpabcesses and
bioremediation. Analyses of genome and its acsisitivill advance the
field of bioinformatics and help to investigate lbogical problems.

4.0 CONCLUSION

Microbiology is one of the most rewarding professiobecause it
givesits practitioners the opportunity to be aldéé in contact with all

other natural sciences and thus contribute in nahifigrent ways to the

betterment of human life. One indicator of the vatece and importance
of microbiology is reflected in the number of Nold@&lizewinners in

science - one third of all awardees are microbislksgor investigators
using a microbial model.

5.0 SUMMARY

) Modern microbiology is a large discipline with madifferent
specialised areas. Microbiology is subdivided imto main areas
of research (basic and applied).

o The basic area of research in microbiology dealb thie biology
of microorganisms and includes fields such as babbdgy,
mycology, microbial ecology, etc.

. The applied aspect of microbiology deals with theacpcal
application of microorganisms to solve various horpaoblems
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related to diseases, water and waste treatmerd, fo@duction
and spoilage, etc.

o The field of microbiology will be faced with manynportant
future challenges such as finding new ways to newd a
reemerging diseases, reduced environmental potlutand
investigating biological problems.

6.0 TUTOR-MARKED ASSIGNMENT

1. List the fields of microbiology that deal withe following:
Metabolism

Enzymology

Nucleic Acid and Protein Synthesis
Microorganisms in the Natural Environment
Microbial Classification

: Microbial Cell Structure

2. Explain what the field of agricultural microbgy entails.

OIS N -
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MODULE 2 GENERAL CHARACTERISTICS OF
MICROORGANISM S

UNIT 1 MICROSCOPE AND SPECIMEN PREPARATION
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1  The Light Microscope
3.1.1 The Bright Field Microscope
3.1.2 The Dark-Field Microscope
3.1.3 The Phase-Contrast Microscope
3.1.4 The Fluorescent Microscope
3.2  Microscope Resolution
3.3  Preparation for Light-Microscope Examination
3.3.1 The Wet Mount or Hanging Drop Technique
3.3.2 Fixed, Stained Smears of Microorganisms
3.3.3 Fixation
3.4  Staining of Specimens
3.5 Electron Microscope
3.5.1 The Transmission Electron Microscope
3.5.2 The Scanning Electron Microscope
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Microbiology is the study of organisms too smallb® seen distinctly
with the unaided eyes. The nature of this discgplimakes the
microscope of crucial importance because the stdidgicro organisms
Is impossible without the microscope. Microscopesovige
magnification which enables us to see microorgasiamd study their
structures. The magnification attained by microgsopange from
x100to x400,000 in addition there are differentety@f microscopes and
many techniqgues have been developed by which spesimof
microorganisms can be prepared for examinations Timit examines
the different types of microscopes, how the micopges work and how
specimens are prepared for examination.
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20 OBJECTIVES

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

. define the term microscope

o state the two categories of microscope

o describe the bright field microscope

o explain the resolving power

o describe methods of preparing and staining spe@naerd

. describe the scanning electron microscope andrémsrission

electron microscope.
3.0 MAINCONTENT
The Micr oscope

A microscope is an instrument for producing enldrgeages of objects
too small to be seen unaided.

Types of Microscopes
Microscopes are of two types:

Light (optical) and electron depending on the pplec on which
magnification is done.

3.1 TheLight Microscope

This is a type of microscope in which magnificatisnobtained by a
system of optical lenses using light waves. Itudels:

1 Bright Field Microscope

2 Dark Field Microscope

3. Fluorescence Microscope
4 Phase Contract Microscope

Modern microscopes are compound microscopes. Sh#te magnified
image formed by the objective lens is further eyddrby one or more
additional lenses. Most undergraduate studentsiabiyiology perform

most of their examinations with the bright fieldamascope which is the
most widely used instrument for routine microscowiork. The other
types of microscope are used for special purposesresearch

investigation.
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3.1.1 TheBright Field Microscope

1.

2.

10.

11.

12.

The ordinary microscope is called a bright fieldcrascope
because it forms a dark image against a brightetdraund.

The microscope consists of a sturdy metal bodyasrdsmade up
of a base and an arm to which the remaining pagtatached.

A light source, either a mirror or an electric fiiinator, is located
at the base.

Two focusing knobs, the fine and coarse adjustnkeobs are
located on the arm and can move either the statfeearosepiece
to focus the image.

The stage is positioned about halfway up the arm hald
microscope slides by slide clips or a mechaniaestclip.

There is a sub-stage condenser mounted within pedib the
stage which focuses a core of light on the slide.

The upper part of arm of the microscope holds tiylassembly
to which a nose piece and one or more eyepiecesutar lenses
are attached.

Most advanced microscopes have eyepieces for lyethand are
called binocular microscopes.

The nose piece holds three to five objective lertdegifferent
magnifying power and is easily rotated to positmy objective.
The image you see when viewing a specimen is facbgethe
objective and ocular lenses working together.

Light from the specimen which has been illuminatedocused
by the objective lens creating an enlarged imagtimithe
microscope. The ocular lens further magnifies tpismary
image.

The total magnification is calculated by multiplgithe objective
and eye piece magnification together; e.g. if a 4bjective is
used with a 10x eyepiece, the overall magnificatmhn the
specimen will be 450x.

3.1.2 The Dark-Field Microscope

The dark field microscope is used to observe livimgtained cells and
organisms as a result of change in the way theyilarminated .A

hollow core of light is focused on the specimensirch a way that
unreflected and unrefracted rays do not enter ltiectve only light that
has been reflected or refracted by the image famanage. The field
surrounding the specimen appears black while thgcohtself is

brightly illuminated.

The dark field microscope is useful in revealingnpnaternal structures
in larger eukaryotic microorganisms. It is alsodige the examination
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of unstained microorganisms suspended in fluidg, wet mount and
hanging drop preparation.

3.1.3 ThePhase-Contrast Microscope

This type of microscope converts slight differenaesefractive index
and cell density into easily detected variationslight intensity and
isused to view living cells. The background form®dthe undeviated
light is bright while the unstained objects appaark and well defined.
This microscope is very useful for studying miceadbimotility,
determining the shape of living cells and detects@gme bacterial
components such as endospores and inclusion bddissalso used in
studying eukaryotes.

3.1.4 The Fluorescent Microscope

This type of microscope exposes a specimen tovidlet, violet or
bluelight and forms an image of the object withufesg fluorescent
light. The most commonly used fluorescence microscadght is
epifluorescence microscope which is also calledidem light
orreflected light microscope. Epifluoresence micope employs an
objective lens that also acts as a condenser. Aunevapor arc lamp or
other source produces an intense beam of light paases through
anexciter filler. The exciter filler transmits ohet desired wavelength
ofexcitation lightThe excitation light is directeldwn the microscope by
a speed minorcalled the dichromatic minor. Thisanireflects light of
shorterwavelength but allows light of longer wawgjth to pass
through. Theexcitation light continues down throubk objective lens
to specimenstained with spaced dye molecules chilletbchromes.

3.2  Microscope Resolution

Resolution is the ability of a lens to separatedstinguish between
small objects that are close together, i.e. theos@ope must produce a
clear image and not just a magnified one. It i dtsown as the
resolving power. Resolution is described matheralyidy an equation
in the 1870s byErnest Abbe, a German physicist. Abke equation
states that the minimal distance (d) between tweaotd that reveal them
as separateentities depends on the wavelengthgbf (i) used to
iluminate the specimen and on the numerical aperf the lens
(nsin’1) which is the ability of the lens to gather light.

d = 0.510InsinClas d becomes smaller, the resolution increases and
finer details can bediscerned in a specimen; dresosmaller as the
wavelength of lightused decreases and as the nceheaperture (NA)
iIncreases. Hence, the greatest resolution is adataising a lens with the
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largest NA and light with the shortest wavelenghtie Trelationship
between NA and resolution can be expressed asvigllo
d=000.

2NAwhere d = resolution and/[1= wavelength of light. Using the
values 1.3for NA and 0(5m, the wavelength of green light, for >
resolution can be calculated asd = 0.55 = 0212 x 1.30From these
calculations, we may conclude that the smallestildethat can be seen
by the light microscope are those having dimensmihapproximately
0.200m.

SELF-ASSESSMENT EXERCISE

I Define the resolving power.
. List 5 parts of a light microscope and state thectiwn of each.

3.3 Preparation for Light-Microscope Examination

There are two general methods used for prepariegisgns for light
microscope examination.

1. The organisms are suspended in a liquid (themeeint or the
hanging drop technique), and
2. The organism is dried fixed and stained befudyserving under

the microscope.
3.3.1 Thewet mount or hanging drop technique

The technique permits examination of organisms inoamal living

condition. A wet mount is made by placing a dropfloid containing

the organisms on a glass slide and covering the dith a cover slip.
Petroleum jelly may be used to provide a seal betwhe slide and
covers slip after which the slide is viewed undher microscope.

This method is desirable because:

o it prevents distortion of the morphology of spilkalcteria when
they are stained and dried

o it reveals whether organisms are motile or not

o some cell inclusion bodies are easily observed

o spore formation and germination may also be obsenveiving
cells.
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3.3.2 Fixed, Stained Smears of Microor ganisms

These are frequently used for the observation ef iorphological
characteristics of bacteria. The procedure makescdll more clearly
visible, and differences between cells of differgpéecies and within the
same species can be demonstrated. The essenpslistthis procedure
are:

o preparation of the film or smear

. fixation and

o application of one or more staining solution.
3.3.3 Fixation

Fixation is the process by which the internal antkmal structures of
cells and microorganisms are preserved and fixedpasition. It

inactivates enzymes that might disrupt cell morpggland tough cell
structures so that they do not change during sigiand observation.
Amicroorganism usually is killed and attached fiymlto the

microscopeslide during fixation.

There are two fundamentally different types of fiaa.

1. Heat Fixation: Is routinely used to observe prokaryotes.
Typically, a film of cells (a smear) is gently bed as a slide
ispassed through a flame. Heat fixation preserves
overallmorphology but not structures within cells.

2. Chemical Fixation: Is used to protect fine cellular sub-
structureand the morphology of larger, more dedicaticro -
organisms.Chemical fixatives penetrate cells andctrewith
cellularcomponents, usually proteins and lipidsreéader them
inactive,insoluble, and immobile. Common fixativeixtares
contain suchcomponents as ethanol, acetic acid,cumer
chloride,formaldehyde, and glutaraldehyde.

3.4  Staining of Specimens
Although living microorganisms can be directly exaed with the
lightmicroscope, they often must be fixed and #dirto increase

visibility, accentuate specific morphological feas, and preserve them
for future study.
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Types of Staining
Simple staining

This is a kind of staining in which a single standye is used.Basic
dyes such as crystal violet, methylene blue, amdotfaichs in are used
in simple staining to determine thesize,shape amdngement of
prokaryotic acids.

Differential staining

These are staining procedures that make visiblaifferencesbetween
bacterial cells or part of a bacterial cell. It akginvolves more than one
dye used for staining.

Gram staining

The Gram stain was developed in 1884 by the Danish
physicianChristian Gram. It is the most widely usiterential staining
procedure.

The steps involved are as follows:

1. The smear is stained with the crystal violethiph is the
primarystain).
2. This followed by treatment with iodine functing as a mordant.
3. The smear is decolourised by washing with ethanacetone.
4 The smear is counterstained with a simple djrarsia.
Bacteria stained by the Gram stain method fedl tato groups:

Gram positive bacteria which retain the crystalatia@nd appear deep
violet in colour and Gram negative bacteria whiosge thecrystal violet
and are counterstained with safranin appear redlour.

Acid fast staining

This is another differential staining procedure awonly used toidentify
Mycobacterium tuberculosis and Mycobacterium leprae, thepathogens
responsible for tuberculosis and leprosy respdgtivhese bacteria
have cell walls with high lipid content in partiau] mycolic acid which
prevents dye from readily binding to the cellshe tacid fast staining
procedure, the red stain and carbolfuchsin isusegrianary stain; next
acid-alcohol is used as a decolouriser. Theacidkalcwill remove the
red stain form bacteria such &scherichiacoli which the acid fast
mycobacteria will remain red.
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3.5 Electron Microscope

This type of microscope uses a beam of electromplate of light
wavesto produce the image. There are two typesingtg electron
microscope transmission electron microscope.

3.5.1 TheTransmission Electron Microscope

Electron microscopes use a beam of electrons tamitlate and
createmagnified images of specimens. Electronsacepllight as
theilluminating beam. They can be focused, muchligist is in a

lightmicroscope, but their wavelength is around 06r@m

approximately1000,000 times shorter than that o$ible light.

Therefore, electron microscopes have a practicabluéon roughly
1,000 times better thanthe light microscope, witlangn electron
microscopes point closer than0.5nm can be distaigd, and the useful
magnification is well overl00,000x. In transmissioglectron

microscope, the electron beam istransmitted thralglspecimen.

3.5.2 The Scanning Electron Micr oscope

The scanning electron microscope produces an imagan
electronreleased from atoms on an object’s surfiadeas been used to
examinethe surfaces of microorganisms in greatldéany SEM has
aresolution of 7nm or less.

SELF-ASSESSMENT EXERCISE

Differentiate between the transmission electrorrosicope andscanning
electron microscope.

40 CONCLUSION

Scientific  observation is an important part of sti&
study.Microbiology as a field of science would rfeave developed
without thenecessary instruments such as the noopaes and the
methods used forobserving the microorganism.

50 SUMMARY

In light microscope, magnification is obtained by system of
opticallenses using light waves. Many types oftlighicroscopes have
beendeveloped. They include bright fields, darkdfigohase contrast
andfluorescence microscope.

Electron microscope uses a beam of electron ineptddightwaves to
produce the image of an object.
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The ordinary compound microscope is called thehvrigldmicroscope
because if forms a dark image against a brightlrackgl.

In the bright field microscope which is a compotuhd primaryimage is
formed by an objective lens and enlarged by theiege or ocular lens
to form the final image.

The dark field microscope uses only refracted lighfiorm animage and
objects glow against a black background.

The dark field microscope is useful in revealingwnaternalstructures
in larger eukaryotic microorganism.

The phase-contrast microscope converts slight réifiges inrefractive
index and cell density into easily detected vasiaiinlight intensity and
Is used to view living cells, for studyingmicrobiabtility and detecting
some bacteria components suchas endspores.

The fluorescent microscope exposes a specimentraviglet,violet or
blue light and forms an image of the object withfesg fluorescent
light.

Two general methods for preparing specimens fohtigcroscope
examination are the wet mount or the hanging dobptiggue and the
dried fixed stained technique.

A wet mount is made by placing a drop of fluid @ning theorganisms
on a glass slide and covering the drop with a caelipbefore viewing
under the microscope.

Fixation is a process by which the internal ane el structuresof cells
and microorganisms are preserved and fixed in aigodt involves
preparation of the smear, fixing with heat or clheatand application of
one or more staining solutions.

Electron microscopes use a beam of electrons umiliate andcreate
magnified images of specimens.

Simple staining is a kind of staining in which agle stain or dyesuch
as methylene and crystal violet is used.

Differential staining involves the use of more thame stain ordye is

used to make visible the differences between hattegllsor part of a
bacterial cell examples are the Gram stain.
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6.0 TUTOR-MARKED ASSIGNMENT

(1a) What is microscope resolution?

(b )List the stages involved in preparing a specirfor
observation under the light microscope.

(2a) Describe the bright field microscope.

(b) What is the basic difference between a trarsioms electron
microscope and a scanning electron microscope?
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1.0 INTRODUCTION

Microorganisms occur in large numbers of most ratenvironments
and bring about many changes. Some are desirallleotrers are
undesirable. Microorganisms affect the well- beafgoeople in many
ways. Many are beneficial to man and can be cdfigehds’ while
some are harmful and can be regarded as ‘foes’ain. fihe beneficial
impact of microorganisms ranges from the producixdngoods and
pharmaceutical products, to enhancement of sdilifigr environmental
cleanup while their harmful effect can be seenhigirtability to cause
disease in man, animals and plants as well as tisaige in biological
warfare. However, there are more species of migamsms that
perform friendly and beneficial functions than taothat harm other
living organisms. This unit gives us a brief suraéymicroorganisms as
friends and foes.
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20 OBJECTIVES

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

. explain the different ways in which microorganisoen act as
friends to man
o explain ways in which microorganisms can act as foanan.

3.0 MAINCONTENT
Microor ganisms as Friends

Microorganisms have found application in varioupexss of life. They
are useful in food industries to produce many faadbstances, in
medicine to produce vaccines and antibiotics, invirenmental
protection, and in agriculture, to optimise yield.

3.1  Microorganisms and Food Production

Many microorganisms are used to produce many of fieds
andbeverages we consume. Microbially-produced fpomtiucts have
properties that are very different from those of startingmaterials.
Most of these food products are produced by

fermentation.

Fermentation is the chemical transformation of orgacompounds
carried out by microorganisms and their enzymes. industrial
fermentation, raw materials (substrate) are comdbyt microorganisms
in a controlled favourable environment(created feranentor) to form a
desired end product substance.

The accumulation of fermentation products such tham®l andlactic
acid produces characteristic flavours and otherralds properties in
food substances.

Pickles and some sausages are also produced bgrfeton processes.
Microorganisms are used to produce fermented daimgucts such as
cheese, yoghurt and acidophilus milk.

They are also used to produce alcoholic beverageh as beerby
conversion of sugar to alcohol and carbon dioxide.

Wine fermented from fruits using yeast strains
Saccharomycescerevisiaeand bread is also produced by using yeasts.
Microorganisms can also be used as direct sourceoad knownas
single cell protein. Various species of yeastsaalgre grownas single
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cell protein and use as animal feeds thus helmpngeetthe world food
needs.

3.2 Production of Phar maceuticals

Microorganisms are used to produce different phaemtcals such
asantibiotics, steroids vitamins, hormones, etc.tibdstics are
microbially produced substances or substances syodily derived
from natural sources that inhibit or kill microorgems, Steroids
regulate variousaspects of human metabolisms aedperduced by
organisms such a&hizopusnigricans.Vaccines are produced using
microorganisms with the antigenicproperties toieacprimary immune
response; they are used to preventmany once deatgses such as
polio, small pox, tuberculosis,measles, diphthand whooping cough.

3.3 Vitamins

Vitamins are essential animal nutritional factorspme vitamins
areproduced by microbial fermentation, e.g. VitamBl2 by
Sreptomyces,B12 by Pseudomonas denitrificans and
Propionibacteriumsher manni.Riboflavin produced by various species of
Clostridium and Ashbyagossypii. Human insulin and human growth
hormone are produced by geneticallyengineered bacte

3.4  Production of Organic Acids
Various organic acids are produced by microorgasisramples are:

1. Gluconic acid: used as a pharmaceutical tolguggcium to the
body by several fungi includin@enicilliumand Aspergillus
species. Citric acid produced Bgpergillusnigerand used as a
food additive especially in the production of sdrfinks.

2. Gibberellic acid: a plant hormone is formed he
fungusGibberellafujikuroi. It is used as growth promoting
substancesto stimulate plant growth flowering asded
germination.

3. Lactic acid by different lactic acid bacteraa fexample,
Lactobacillus delbrueckii, lactic and is used in foods as
preservatives, in leather production for delimimdes and in the
textile industry for fabric treatment, plasticskmag in baking
powders.
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3.5 Hygene

1. Hygiene is the avoidance of infection and fepdilage by
eliminating microorganisms from the surrounding.

2. Our knowledge of how disease causing microasgas

spread has permitted us to reduce the incideno®aaf/ diseases.
Also improved sanitation practices have helpeddduce the
incidence of diseases.

3. Microorganisms from the surroundings can balliptremoved
by methods such as sterilisation or reduced toeable
levels using methods such as disinfection andsepsis. In
food preparation, microbes are reduced to acckplaels using
methods such as pasteurisation, addition of vinegawWhile
complete sterility is achieved by autoclavingroadiation.

3.6  Energy Production

Microorganisms play major roles in energy productidVicrobes
areused in fermentation to produce ethanol andiagas reactions
toproduce methane using various forms of agricalttand urban
wastes.Microbial production of synthetic fuels aets an alternative
fuelresources to petroleum.The microbial productainethanol from
sugarcane or cornstarch hasbecome an importantesadra valuable
fuel, particularly in areas ofthe world that haveuadant supplies of
plant residues such as Brazil and is becoming opul the United
States. The bacteria Zymomonasmobilisand
Thermoanaer obacter ethanolicus and different yeast strains are used for
product of ethanol.Methane (natural gas) is produme methanogenic
bacteria is another important natural renewablegynsources.Methane
can be used for the generation of mechanical,redatndheat energy.

3.7  Useful in the Study of Science

Microbes are essential tools in biotechnology, bemistry,
geneticsmolecular biology and genomics. Examplese ahe
yeastsfaccharomyces cerevisiae) and fission yeast
(Shizosaccharomycespombe) which are model organisms in science.
They can easily be grown rapidly in large quargiteend are easily
manipulated.Biotechnology uses genetic engineenvigch is the
artificialmanipulation of genes and gene products.

Genes from any source can be manipulated and raddifi
usingmicroorganisms and their enzymes as molectoals, e.g.
humaninsulin, a hormone which is very low in peoplgh diabetes
isproduced by genetically engineered bacteriawiiich human genes
have been inserted.
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3.8 Recovery of Metals from their Ores

Microorganisms are used to recover metals fronr threis by theprocess
of bioleaching. Bioleaching uses microorganismalter thephysical or

chemical properties of a metallic ore so that tretaincan beextracted.
The bacteriaThiobacillusferoxidansrecover copper anduranium from
their ores.

3.9 Microorganismsand Agriculture

Agriculture depends in many ways on the activibésicroorganisms.
Microorganisms help in nitrogen fixation usedbym$afor growth.

In terrestrial habitats, the microbial fixation afmosphericnitrogen is
carried out by free Iliving bacteria such aRhizobiumand
Bradyrhizobiumliving in symbiotic association with plants.

Legumes live in close association with bacteriat tftwmstructures
called nodules on their roots.

These bacteria in the root nodules of the legummesyertatmospheric
N2 fixed into Nitrogen (NH3) that plants use forgth and eradicates
the need for chemical fertilisers.

Microorganisms in the rumen of ruminant animalshsas cattleand
sheep also help in the digestion of cellulose presegrasseson which
they feed on.

Microorganisms help in the cycling of nutrients Isus carbon,nitrogen
and sulphur which are needed to maintain ecoldgatahce.
Microorganisms are also used as biological corageints.

Fungi, bacteria and viruses can be used as Dbidioses
orbiospesticides, e.®acillus thuringensis.

Microbial activities in soil and water convert teesdements toforms that
are readily assimilated by plants.

3.10 Microorganismsand the Environment

a. Microorganisms can be used to clean up potiutieated by
human activities in a process called bioremednatio

b. Pollutants such as pesticides, spilled oil eois which could
pose human health hazard are degraded to nordokstances
by microorganisms.

C. Microorganisms are used to degrade wastes @hdgnts so asto
maintain and restore environmental quality.
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3.11 Sewage Treatment

Microorganisms are also used in sewage treatmemecidly

culturedmicrobes are used in the biological treatn& sewage and
industrialwaste effluent in a process known as Ugyo@entation. These
microbeshelp to get rid of waste materials whichuldo have

accumulated in theenvironment.

SELF-ASSESSMENT EXERCISE

I. State the beneficial role of microorganisms in:
a. Agriculture

b. Environmental Protein

c. Food Production.

3.12 Microor ganisms as Foes

Microorganism can act as foes to man and othendivorganisms
bycausing diseases and by their usage as biologeagbons.

3.13 Microor ganisms as Disease Agents

Microbial diseases are still the major cause oftllemm many
developingcountries. Microorganisms cause differdiseases in man
such as:

AIDS (Acquired Immune Deficiency Syndrome) causedtiieHuman
Immuno Deficiency Virus (HIV).

Tuberculosis caused by a bacteriltycobacteriumtuberculosis.

Cholera caused by a bactevidrio cholera.

Malaria caused by four species of the Protozoaed@lhsmodium
transmitted by the female anopheles mosquito.G¢hsgrging diseases
include: bird flu and swine flu.

Microorganisms are also agents of diseases of pland animals
ofagriculturalimportance. These microbial diseas#s plants and
animalscause major economic losses in the agrreuitdustry and to
theworld.

3.14 Microorganisms as Agents of Warfareand Terrorism
Usein Biological Warfare

Biological warfare is also known as germ warfare.id the use
ofpathogens such as viruses, bacteria, or the ggxioduced by them
asbiological weapons or agents of warfare.A biaabweapon may be
used to kill, incapacitate or seriouslyimpair agoer, group of people or

37



PHS 217 GENERAL MICROBIOLOGY

even an entire population. It can beused as aamlitechnique by
nations during wars. There are four kinds of biadabwarfare agents,
bacteria, viruses, fungi and rickettsiaes. Theyli@reg organisms that
reproduce with their hostvictims who then becomatagious with a
deadly if weakening multiple effects. Toxins on thther hand do not
reproduce in the victims but within a short incutatperiod (usually
with a few hours) kill the victims.

SELF-ASSESSMENT EXERCISE
Explain ways in which microorganism can act as toasan.
40 CONCLUSION

Through the activities of microorganism we havesreed manybenefits
such as production of foods with improved qualjties
improvedagricultural crop yields, maintained enmimgental quality and
decreasethe incidence of diseases. However, sogr@arganisms are
still lifethreatening and harmful to man.

50 SUMMARY

Microorganisms can act as friends or foes to man.

Microorganisms are friends, and useful to man resd ways.
Microorganisms are used in the production of fosdsh asbreed, beer,
wine, dairy products such as cheese, yoghurt, ragidgle cell protein.
Microorganisms are used in the production of phaeusicalssuch as
antibiotics, vaccines and steroids.

Microorganisms are used in production of fuels kitkranol andmethane
used for energy.

Microorganisms are used in environmental clean-up.

Microorganisms are important in agriculture.

Microorganisms are useful in the study of science.

Microorganisms are used to produce different oianids suchas lactic
acid, and gluconic acid.

Microorganisms are used to maintain hygiene.

Microorganisms also cause diseases of animals lantsp
Microorganisms act as foes by causing diseases asgciIDS,and
tuberculosis in man.

Microorganisms are used as agents of warfare oriem.
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6.0 TUTOR-MARKED ASSIGNMENT

1. List two fuels produced by microorganisms.

2. Give the name of one bacterium used to recomeper from it
sore.

3. Explain two ways in microorganisms are harnbduman.
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1.0 [INTRODUCTION

Bacteria are characterised based on the cell skaggeand structure cell
arrangement, occurrence of special structures amdlapbmental forms,
staining reactions and motility and flagella arramgnt. They are also
characterised by the cell wall component, Gram nstegaction,
cellularrespiration and mode of nutrition. Thistiexamines the general
characteristics of bacteria, shapes and forms ateba, structures
external and internal in bacteria among other thing

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

) describe the general characteristics of basic bacte

identify and name the general shapes and formaatha
describe the external and internal structures oo

explain the significance of the cell wall structared composition
explain the modes of nutrition and energy sourdaeicieria
explain the modes of cellular respiration in baeter

explain the modes of reproduction in bacteria.
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3.0 MAIN CONTENT
General Characteristics of Microorganism
General characteristics of bacteria:

. They are prokaryotic

. They are simplest of all microbial cells

. Bacteria are single celled organisms

. They have distinctive cell wall which contaimppdoglycan

. They are measured in unit called micrometer

Bacteria lack a true nucleus but have a regiafied the
nucleroidregion, i.e. DNA is free floating

7. They may have additional DNA called a plasmid

. Their reproduction is by binary fission

. They are extremely diverse and numerous in soitswaters.

OUTh WN K
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3.1 Size, Shape and Arrangement of Bacterial Cell
3.1.1Size

Bacteria are very small, 0.5 to @ in diameter. Because of their small
size, they have high surface area/volume ratio inésults in a high
growth and metabolism rate. No circulatory mechanis needed for
nutrients taken in because the mass of cell sutstembe nourished is
very close to the surface. Examinations of a miedadell require the

use of a high power microscope usually of aboud@ diameters.

3.1.2 Shape and Arrangement

The shape of a bacterium is governed by its rigitlwall which gives
ita definite shape.

Typical shapes of bacteria are:

Cocci (Singular: Coccus), e.&aphylococcus

Bacilli (rods) (Singular: rod, bacillus), e.Bacillus subtilis

Vibrios (Singular:Vibrio)

Spirilla (Singular: Sprillum)

Spirochaetes (SingularSpirochaete), e.g. Treponemapallidum
Some species of bacteria are pleomorphic, i.e. #reyable to change
their forms especially when grown on artificial meed

1. Cocci: They are round, oval or spherical in diameterabtaristic

arrangement when multiplying is based on arrangermogkcells,
they are called:
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Diplococci: cocci in pairs, e.g. meningococci anagoocci.
Streptococci cocci in chains.

Staphylococci: cocci in irregular clusters (likbanch ofgrapes).
Tetracocci: cocci in a group of four cells.

Sarcinae: cocci in regular clusters.

2. Bacilli (Rod): These are stick like bacteria with rounded,
square,tapered or swollen ends. They measureui+19 length
by 0.3-1.Qum in width.

Bacilli are not arranged in patterns as complex casci.
Mostoccur singly. Other arrangements are:

Diplobacilli: Rods in pairs.

Streptobacilli: Rods in chains.

Trichomes: Similar to chains but have larger ardéeordact
between adjacent cells.

Mass together, e.¢/lycobacterium leprae.

Palisade arrangement cells are lined side by #idenatchsticks
and at angles to each other Ilike Chineselecterg. e
Corynebacteriumdiptheriae.

3. Vibrios: These are small slightly curved rods,omma shaped 3-
4um in length by 0.pm in width. Most are motile with a
singleflagellum at one end, e\jbrio cholerae.

4, Spirilla: These are helical bacteria, smallgutarly coiled,
rigid,organisms measuring 3w in length. Each coil measures
about Lum, e.g.Spirillum minus.

5. Spirochaetes: They are helical, (complete jwidtexible,
coiled organisms, can twist and contort their sisap
Spirochaeters are divided into three main groups.
Treponemes. Tiny and delicate with regular tight coils,measgr
6-15um by 0.2um in width, e.g. Treponemapallidumand
Treponemapertenue.

Borreliae: Large spirochaetes with irregular open coils 002
in length by O0.pm in width, e.g. Borélla.,duttoniand
Borreliavinceti.

Leptospires: Tiny spirochaetes with many tightly packedcaiatt
are difficult to distinguish; 6-20m in length by0.@M in width
and have hooked ends, d.gptospira interrigans.

In addition to the common bacterial shapes, mahgrstalso occur in

different shapes, which include: pear shaped celgsPasteuri
lobed spheres, e.§ulfolobus
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rods with squared ends, eRacillus anthracis

disk arranged stacks of coins, edgryophanon

rods with helically sculptured surfaces, eSgliberia and many
others. The shape of a cell affects its survival activity in the
environment.

SELF-ASSESSMENT EXERCISE
Describe the different shapes of bacteria.
3.2 Bacterial Structures

Examination of a bacterial cell will reveal severabmponents
andstructures. Some are external to the cell wlailevothers are internal
tothe cell wall.

3.2.1 Structure External tothe Cdl Wall

1. Flagella (Singular: Flagellum): These are hi&e,lhelicalappendages
that protrude through the cell wall, 0.01 — QuBRindiameter and simple
in structure. Based on their location on thecddigdlla may be polar or
lateral.

I Polar: At one or both ends of bacterium.

li Lateral: Along the sides of the bacterium.
A flagellum is composed of three parts:

i A based body associated with the cytoplasmianbraneand cell
wall.

I A short hook and a helical filament which isuaflyseveral times
as long as the cell.

i A flagellum grows at the tip rather than aetbhase.

Types of Flagella

Monotrichous: A single polar flagellum. Many thatappears and
functions as monopolar or bipolar flagellaconsisbondles of 2 to 50
single units (polytrichous).

Lophotrichous: A cluster of polar flagella.

Amphitrichous: Flagella, either single or clusters at bothcelkep.

Peritrichous: Cell surrounded by lateral flagella.
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Function of Flagella
Bacteria propel themselves by rotating their héhliegella.

2. Pili (Singular: Pilus): They are also called fimbriae. They arehollow,
non-helical filamentous appendages that are thjsherter and more
numerous than flagella: long, thin, straightthre8e25um in diameter
and 12um in length. They do notfunction in motility sindbey are
found on non-motile andmotile species. Severaltians are associated
with different types of pili.F pilus (Sex pilus)rses as the path of entry
of genetic materialduring bacterial mating. Somaypmajor role in
human infection by allowing pathogenic bacteria attach to the
epithehal cellslining the respiratory, intestinal genitourinary tracts,
thisprevents the bacteria from being washed awaph&@ylow ofmucous
or body fluids and permits infections to be estdi#d.

3. Capsules: This is a viscous substance forming a coveringrtaye
envelope around the cell wall of some bacteria. SGs canbe
categorised into three based on their visualisatigriightmicroscope
using special staining methods.If the covering layan be visualised by
light microscope usingspecial staining methods, i€rmedcapsule.

Microcapsule: If the layer is too thin to be seen by lightm&cope.

Slime: If it is so abundant that many cells are embeddadcommon
matrix.

Most bacterial capsules consist of polysaccharidesich can
behomopolysaccharides or heteropolysaccharides.

Homopolysaccharides: Capsule made up of/composed ofa single kind
of sugar usually synthesised outside the cellbycetwaar enzymes, e.g.
glucan (a polymer of glucose)from sucroseSynutans.

Heteropolysaccharides. Composed of several kinds ofsugars.A few
capsules are polypeptide, eBacillus anthracishas acapsule made up of
a polymer of glutamic acid.

Functions

They may provide protection against temporary dynbgbinding water
molecules.

They may block attachment of bacteriophages.Theyy nime
antiphagocytuc, i.e. they may inhibit the engulfteénpathogenic
bacteria by white blood cells. Hence contributentasive or infective
ability (virulence).Promote attachment of bacteria to surfaces.
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4. Sheaths: Some bacterial species form chains or trichomeessad| by
a hollow tube called sheaths. These sheaths congfsta
heteropolysaccharides containing glucose, glucaraaid,galactose and
fucose.

Functions
In a few bacteria, they facilitate moderate chanfi@osition.Sheaths
enable individual cells to stay associated in celbnies.

5. Prosthecae and Stalks

Prosthecae: They are semi rigid extensions of the cell wall
andcytoplasmic membrane and have a diameter lassthiat of thecell.
Found in some aerobic bacteria from fresh water and
marineenvironment.

Functions
Increase surface area of the cell for nutrient giigm.Some have
adhesive substances that aid attachment to surfaces

Stalks: They are non-living ribbon -like or tubular appegdsexcreted
by some bacterial cells, e.g. foundGallionellaorPlanctomyces.

Functions
They aid in attachment of the cells to surfaces.
SELF-ASSESSMENT EXERCISE

List four different structures external to the agdll of bacteria andstate
one function of each.

3.2.2 The Cdl wall

It is a very rigid structure that gives shape ®d¢Rlls. It also preventsthe
cell from expanding and eventually bursting of wkptaof water
sincemost bacteria live in hypotonic environmene.(ienvironments
having alower osmotic pressure than exists withim lbacterial cells).
Cell wallsare essential for bacterial growth andsion.

Structure and Chemical Composition of the Cell Wall
The cell wall of bacteria is made up of peptidogly¢sometimes called
Murein). Peptidoglycan is found only in prokaryotek is an

insoluble,porous, cross-linked polymer. Peptidogtyc differs in
composition andstructure from one species to andtieit is basically a
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polymer of Nacetyglucosamine,N-acetylmuramie adieklanine, D-
alanine, Dglutamateand adiamino acid.Bacteria &ssigied based on
differences in the composition of cellwall. This determined by the
Gram stain technique. Gram stain identifies bagtasi Gram positive or
Gram negative. The Gram stain isnamed after Cansram, a Danish
physician who invented it in1884.Gram positive laet stained purple
whereas Gram negative bacteriastain pink or redhey Gram stain
technique.The difference is the reaction to then@staining technique
Is due to the presence of a single 20 tar8@hick homogenous layer of
peptidoglycan (Murein) which is present in the alall of Gram
positivebacteria on the other hand, the Gram negatell is more
complex, ithas a 2 toum peptidoglycan layer covered by 7 tand
thick outerlayer of lipopolysaccharides (LPS). TdsPS are toxic
substanceswhich make Gram negative organisms mamafil than
Gram positiveorganisms.

3.2.3 Structures Internal to the Cell
1. Cytoplasmic Membrane
This lies immediately beneath the cell wall.

It is approximately 7.pm (0.007mm) thick andcomposed primarily of
phospholipids (20 to 30 percent)and protein (6@Ggercent).

It serves as a barrier to most water soluble mddscu

It contains various enzymes involved in respirgtiandmetabolism and
in synthesis of capsular and cell wallcomponent.

Proteins are also synthesised in the cytoplasm.
2. Protoplast

A protoplast is the portion of a bacterial, all rmagp of the cytplasmic
membrane and the cell material bounded by it.

3. The Cytoplasm

This is the cell material bounded by the cytoplasmembraneand it
may be dividedinto:

i The cytoplasmic area, granular in appearance reid inthe
macromolecular RNA-protein bodies calledRibosomesvhich
proteins are synthesised.

il The chromatin area rich in DNA and
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il The fluid portion with dissolved substances.
4. Nuclear Material

Unlike eucaryotic cells bacterial cells do not havelistinctmembrane
enclosed nucleus but they have an area near theegtthe cell that is
regarded as the nuclear structure, the DNA oftlleieonfined to this
area. The DNA is circular and bearsthe genes ofdlie

5. Spores and Cysts

Certain bacteria produce spores either within thés@ndospores) or
external to the cell (exospores). The spore isnoditadlly dormant form

which under appropriate condition can germinatéoton a vegetative
cell. Endospores areextremely resistant to desmtatstaining,

disinfectingchemicals, radiation and heat.Cystsase dormant, thick
walled desiccation resistant formsthat can gerrainatso under
favourable conditioning.

3.3 Nutrition

The nutrition requirements of bacteria vary widBbsed on their source
of energy, they are classified as:

I Phototrophs: These are bacteria that use lightrggn as
their energy sources.

li Chemotrophs: They obtain their energy by oxidgiinorganic
ororganic — chemical compounds. Based on the safrcarbon
which is the major source of nutrient for all sdflacteria can be
classified as:

Heterotrophs: These are bacteria that derive carfibompreformed
organic nutrients such as sugar or carbohydrate.

Autotrophs: They derive carbon from inorganic sesrsuch ascarbon
dioxide.

34 Cdlular Respiration
Based on whether they need oxygen to survive qridaateria may be:

I aerobic or dtrict aerobes. these require oxygen, e.g.
Bacilluscereus.

li anaerobic bacteria or strict anaerobes. they cannot
tolerateoxygen, e.glostridium spp.
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lii facultative anaer obes. These are generally aerobes but have the
capacity to grow in the absence of oxygen, e.g.
Saphylococcusspp.

3.5 Reproduction

Bacteria reproduce mainly by asexual method whidstnof the time
istransverse binary fission. This is a process imiclwv a bacterial
celldivides to give two daughter cells after depahg a transverse
septum(cross wall).

SELF-ASSESSMENT EXERCISE

Differentiate between Gram positive bacteria and an®r
negativebacteria.

40 CONCLUSION

Different types of bacteria differ from one anotheot only in
theirshapes and forms but also in their chemicatastteristics, modes
ofcellular respiration, nutrition and reproduction.

50 SUMMARY

Bacteria are prokaryotic single celled organismat tlackmembrane-
bound organelles. Bacteria are very small, witlesianging from 0.5 to
1.0nm in diameter.

The typical shapes of bacteria are Cocci, Bacilod) Vibrio,Spirila
and Spirochaetes. Some bacteria are pleomorphic.

Structures external to bacterial cell wall inclutiegella, pili,capsules,
sheaths, prosthecae and stalks.

Flagella are hair-like, helical appendages thatrpdea throughthe cell
wall used for locomotion. May be polar or lateralsbdon location on
the cell.

Types of flagella are Monotrichous, Lophotrichousghitrichous,
Peritrichous.

A capsule is a viscous substance forming a cowaysrlorenvelope
around the cell wall of some bacteria. Capsulesagptotection against
drying, bacteriophages and engulfment ofpathogbamteria by white
blood cells.
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The cell wall is rigid structure made up of pepgbi@an thatgives shape
to bacterial cells. Bacteria are classified basedifterences in the
composition of cell wall as determined by theGraainstechniques.

Gram-positive bacteria stained purple while Gramgatiwebacteria stain
pink or red by Gram stain technique.

Structures internal to the bacterial cell incluggoplasmicmembrane,
protoplast, the cytoplasm, the nuclear materiadyegand cysts.

Based on source of energy bacteria can be classiBphototrophs and
chemotrophs.

Based on source of carbon for nutrition, bacteaa be classifiedas
heterotrophs and chemotrophs.

Based on oxygen requirement, bacteria are cladsifias
aerobic,anaerobic and facultative anaerobe.

Bacteria reproduce asexually by transverse binasyoh.

Bacteria are very small, simple prokaryotic cdilatthavedefined shapes
and organelles which perform definite functionsyrege capable of
independent living and existence.

6.0 TUTOR-MARKED ASSIGNMENT

1. Describe the structure and functions of a flagellum

2. State the difference types of bacteria based anrile of
cellular respiration.

3. Differentiate between Gram positive and Gram negdbiacteria
cell walls.
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1.0 INTRODUCTION

Fungi are eukaryotic spore bearing organisms #k thlorophyll and
generally reproduce both sexually and asexuallyeyThre of great
practical and scientific importance. One of thesoge for this is that
many fungi are of microscopic cellular dimensiofaingi have a
diversity of morphological appearances dependintherspecies. Fungi
comprise the molds, mushrooms and yeasts. Moldflamentous and
multicellular while yeasts are unicellular. They awidely distributed
and found wherever moisture is present. They argre&t importance
toman in both beneficial and harmful ways. Thistugxamines the
general characteristics of fungi, the distributiomyrphology, nutrition
and reproduction of fungi.

20 OBJECTIVES

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

define a fungus

state the general characteristics of fungi
describe the structure of a yeast
analyse the structure of a mold

explain the mode of nutrition in fungi
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e distinguish the methods of asexual reproduction and
sexualreproduction in fungi.

3.0 MAIN CONTENT
Definition of Fungi

Fungi are eukaryotic spore bearing organisms thek Ichlorophyll
andgenerally reproduce both sexually and asexually.

3.1 Distinguishing Characteristics of Fungi

They are large, diverse and widespread group arosgs, the molds,
mushrooms and yeasts.

Fungi are Eucaryotic. They are members of threadn Eucarya.
They contain a membrane-enclosed nucleus angerade
otherorganelles.

They have no chlorophyll.

They are chemo organotrophic organisms.

The body of the fungi is called thallus.

The thallus may consist of a single cell atbin yeasts.

The thallus may consist of filaments, 5 taubGacross which are

commonly branched as found in molds.

The yeast cell or mold filament is surroundad & true cell

wall(exception is the slime mould which have dltlsaconsisting

of anaked amoeboid mass of protoplasm).

9. Some fungi are dimorphic, that is they existtio forms.
Somepathogenic fungi of humans and other animais ha
unicellularand yeast like form in their host but emhgrowing
saprobically in soil or on a laboratory medium thesive a
filamentous mold form.

10. Habitat distribution of fungi is diverse. Sonae aquatic,
living primarily in fresh water and a few marinenfyi are
terrestrial. They inhabit soil and dead plant. 8oane parasitic,
inhabiting and infecting living hosts either planbr animals.
Some form beneficial relationships with other @rgans as
mycorrhizae.

11. The study of fungi is known as mycology.

Nookrw bdMBE

©

3.2  Structure and Forms of Fungi

The body or vegetative structure of a fungus isledala thallus
(pluralthalli). It varies in complexity and sizenging from the single
cellmicroscopic yeasts to multicellular moulds amaishrooms. The
fungalcell is usually enclosed in a cell wall oftch
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3.2.1Yeasts
They are unicellular fungi that have a single nusle

They are commonly egg-shaped but some are elongaied
somespherical. Yeasts have no flagella or othearmiies oflocomotion.

They possess most of the other eukaryotic orgamelle

Yeast cells are larger than most bacteria. Yeastgonsiderably in size
ranging from 1 to pm in width and from 5to 3dm or more in length.

They reproduce asexually by budding and traversiesidn orsexually
through spore formation.

3.2.2Molds

The thallus of a mold consists of long branchectadlike filaments
ofcells called hyphae. These hyphae form a mycelwbhich is a
tangledmass or tissue like aggregation of hyphae.

Hyphae

1. Each hypha is about 5 topif wide. Hyphae are composed of
anouter tube like wall surrounding a cavity thenen which is
filled or lined by protoplasm. Between the proagsh and  the
wall is theplasmalemma, a double layer membrane  which
surrounds the protoplasm.

2. The hyphal wall consists of micro fibrils consed of
hemicelluloses or chitin. True cellulose occurkyom the wallsof
lower fungi.

3. Wall matrix material in which the micro fibrilsre embedded

consists of proteins, lipids and other substarGeswth of a
hypha is distal near the tip.

The Mycelium

1. The mycelium is a complex of several filamentalled
hyphae(singular, hypha). New hyphae generallyeafrem a
germinated spore. The germinated spore puts getra tube or
tubes which elongate to form hyphae. These hydbam a
tangled mass or tissue like aggregation.

In some fungi, protoplasm streams through hyphaetemupted by
cross walls, these hyphae are called coenocytaseptate.The hyphae
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of others have cross walls called septadptum) witheither single pore
or multiple pores that enables cytoplasmic stregriinese hyphae are
termed septate. Summarily, hyphae can be saidciar @t three forms:

I Nonseptate or coenocytic; such hyphae have niasep

li Septate with uninucleate cells.

lii Septate with multinucleate cells. Each cell hagre than one
nucleus in each compartment.

SELF-ASSESSMENT EXERCISE

I What are the major differences between a mothyeast?
. State five general characteristics of fungi.

3.3 Nutrition and M etabolism

Most fungi are saprobes, securing their nutrientemf dead
organicmatters. They release hydrolytic exo-enzyntieat digest
external substrates and absorb the soluble praducts

They are also chemoorganoheterotrophs, i.e. theye us
organiccompounds as a source of carbon, electrmhe@ergy.Fungi are
usually aerobic; however, some yeasts are facudiganaerobic and
can obtain their energy by fermentation. Obligaaberobic fungi are
found in the rumen of cattle.

3.4 Reproduction
Reproduction in fungi can either be asexual or akxu
3.4.1 Asexual Reproduction

Asexual reproduction is a type of reproduction i only oneparent
that produces genetically identical offspring by d@ing or by
thedivision of a single cell or the entire organigmo two or more
parts.Asexual reproduction, also called somatic wegetative
reproduction isaccomplished in several ways and dae involve the
fusion/union of nuclei, sex cells or sex organsnéty be accomplished
by:

fission of somatic cells yielding two similar dadghcells budding each
bud a small outgrowth of the parent cell develojpsannew individual
fragmentation or disjointing of the hyphal cellach fragment
becoming a new organism spore formation.

There are several types of asexual spores eaclawidime.
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a. Sporangiospores. These are single-celled spores formed within
sacs called sporangia (singular: sporangium) at émd of
specialhyphae called sporangiospores).

b. There aretwo types of sporangiospores: Aplanospores which
are non-motile and zoospores which are motile.ilfois due
tothe presence of flagella.

C. Condiospores or conidia (singular, conidium)he3e are
formedat the tip or side of a hypha. Single celbehidia are
called microconidia while large multicelled coradare called
macroconidia.

d. Oidia (singular oidium) or arthrosopores. These are single
celled spores formed by disjointing of hyphal gell
e. Chlamydospores:. These are thick walled single celled

spores which are highly resistant to adverse ¢omdi. They are
found from cells of the vegetative hypha.
f. Blastospores: These are spores formed by budding.

Fig. 3: Different types of Asexual Spores
3.4.2 Sexual Reproduction

Sexual reproduction is a type of reproduction inialthtwo parents
giverise to offspring that have unique combinatiohgenes inherited
fromthe gametes of the two parents.

It is carried out by fusion of the compatible nuctd two parent

cells.The process of sexual reproduction begink e joining of two

cellsand fusion of their protoplast (plasmogamyjstrenabling the
twohaploid nuclei of two mating types to fuse tdopt(karyogamy) to
forma diploid nucleus. This is followed by meiosiich again reduces
thenumber of chromosomes to the haploid numbersékeorganelles of
fungi if present are called gametangia. They mawfdifferentiated sex
cells called gametes or may contain instead oneoe gamete nuclei. If
the male and female gametangia are morphologid#figrent, the male
gametangium is called theantheridium (plural antley and the female
gamentangium is calledthe Oogonium (Oogonia).

Methods of sexual reproduction include:

I Gametic copulation: This is the fusion of nalganetes, one or
both of which are motile.

i Gamete-gametangial copulation: Two gametangiame
intocontact but do not fuse; the male nucleus atgythrough a
poreor fertilization to be into the female gamexgiam.

lii Gametangial copulation: Two gamentangia or itipeotoplastfuse
and give rise to a zygote that develops into angspore.
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v Somatic copulation: Fusion of somatic or vegegacells.

\% Spermatisation: Union of a special male structwalled
aspermatium (plural spermatia) with a female r&gep
structure.The spermatum empties its content it female
duringplasmogamy.Sexual spores are produced byusien of
two nuclei. Examples are:

I Ascospores. These are single-celled spores produced in a
saccalled an ascus. There are usually eight as@sspn each
ascus.

li Basidiospore: These are single celled spores borne on a
clubshapedstructure called a basidium.

lii Zygospores. These are large thick walled spores formed when
the tips of two sexually compatible hyphae or gage
fuse together.

Iv Oospores: These are formed with a special female structure,
theoogonium. Fertilization of the eggs or oospbeby the
malegametes formed in an antheridium give risgo&pores.

SELF-ASSESSMENT EXERCISE
Describe sexual reproduction as it occurs in fungi.
3.5 Physology

Fungi are better able to withstand certain extreangironmentsthan
other microorganisms. They can tolerate more aomdiditions than
other microbes. Some types of yeasts arefacultativey can grow
under both aerobic and anaerobic

conditions. Molds and many types of yeast are Wsual
aerobicmicroorganisms.

Fungi grow over a wide range of temperature. Thempn temperature
for most saprobic species is 22 to 300C, while @gehic fungi have a
higher temperature optimum of 30 to370C.

Some fungi will grow at or near 00C and thus camseaspoilageof meat
and/or vegetables in cold storage.

3.6  Importance of Fungi
About 90,000 fungal species have been describentdiog to literature.

However, some estimates suggest that 1.5 millicgciep may exist.
Fungi are important to humans in both beneficial barmful ways.
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Beneficially, fungi act as decomposers. They degreaimplex organic
materials in the environment and release simplarocgand inorganic
molecules like carbon, nitrogen, phosphorus nedagdther living
organisms.

Moulds and yeasts are used in many industrial sE involving
fermentation to produce beer, wine and bread, esegssauce, organic
acids and many antibiotics.

They are important research tools in the studyuaotlamental processes
such as cytology, genetics, biochemistry and miotolgy.

On the other hand, fungi cause many diseases atsplanimals and
humans. About 20 new human fungal pathogens arendeted each
year.

40 CONCLUSION

Fungi are eukaryotic, spore bearing organisms ket chlorophyll.
They are diverse in distribution, reproduce sexuatld asexually. Fungi
are of high importance to man in both beneficialhy harmful ways.

50 SUMMARY

Fungi are eukaryotic spore bearing organisms tekchlorophyll and
reproduce both asexually and sexually.

Fungi are widespread in environment and found wegresatersuitable
organic nutrients and an appropriate temperaturaroc

Habitats of fungi are diverse. Many are terressiaine areaquatic and
are parasite in living hosts.

The body or vegetative structure of a fungus itedahallus.

Fungi may be grouped into molds or yeasts basdeodevelopment of
the thallus.

Yeasts are unicellular fungi that have a singleleus and reproduce
either asexually by budding or asexually by spara&dion.

A mold is made up of long branched thread-likenfigant calledhyphae
that form a tangled mass called mycelium.

57



PHS 217 GENERAL MICROBIOLOGY

Some fungi are saprophytes and grow best in mar$t loabitats.
They are usually aerobic but some types of yeastfaaultative.

Asexual reproduction occurs in fungi by the producof specific types
of spores which are easily dispersed.

Sexual reproduction occurs by the fusion of hypbiaeells of different
mating types.

6.0 TUTOR-MARKED ASSIGNMENT

1. Describe the structure of a mold.

2. Describe each of the following types of asexuabflrspores:
a. Sporangiospore
b. Conidiospore and
c. Blastospor

7.0 REFERENCESFURTHER READING

Atlas, R.M. (1995)Microorganismsin Our World.Mosby Year Book.
Inc.

Medigan, M.T.et al. (2009).Brock Biology of Microorganisms.
(12th ed.). Pearson Education Inc.

Pelczar, M.J., Chan, E.C.S. & Krieg, R.N. (2001).
(5th ed.).Microbiology.McGraw-Hill.
Willey, J.M., Sherwood, L.M & Woolverton, C.J. (280Microbiology.

(7th ed.). Boston Bur Bridge, IL: McGraw-Hill High&ducation.
“The Backyard Nature. Bread Mold Fungus,”

58



PHS 217 MODULE 3

MODULE 3 GENERAL CHARACTERISTICS OF
MICROORGANISM S CONTD.

UNIT 1 GENERAL CHARACTERISTICSOF VIRUSES

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 General Characteristics of Viruses
3.2 Virion Size
3.3 The Structure of Viruses
3.4 Viral Genomes
3.5 Capsids Symmetry
3.6 Virus Reproduction
3.7 The Cultivation of Viruses
3.8 Virus Purification and Assay
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Viruses are a cellular entities. They are genelgenents that cannot
replicate independently of a living cell called thest cell. Viruses have
extracellular forms which enable them to exist mi#tghe host for long
periods. But to multiply, they have to enter a aellwhich they can

replicate causing infection. Viruses are the mostimerous

microorganisms on earth and infect all types ofutal organisms. The
study of viruses is known as virology. This unitamines the general
characteristics of viruses, their structures, gersmmsymmetry,

replication in hosts and purification.

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

define the term virus

state the general characteristics of virus

describe the structure of a typical virus particle
explain the symmetry of capids

explain the process of viral replication in sust#pthost
state various methods of cutting viruses
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e state the various methods of virus purification.
3.0 MAINCONTENT
Definition

Viruses are simple a cellular entities that cany amlproduce within
living cells.

3.1 General Characteristics of Viruses

I They are the smallest microorganisms. They eamy size
from10 to 400/m in diameter and can only be viewed under an
electron microscope.

. They are a cellular, i.e. not cellular and niemng.

Iii. They only reproduce when present within liginells.

\Y2 They are infectious agents.

V. A complex virus particle or virion consistsarfe or more
molecules of DNA or RNA enclosed in a coat of pnot
Vi. Viruses can exist in two phases: extracellalad intracellular.

vii.  The extracellular phase known as virion pesses few if any
enzymes and cannot reproduce independent of loaflg. It is
metabolically inert and does not carry out resjgra

vii. In the intracellular phase, viruses exist rparily as
replicating nucleic acids in the host cells thatluce host
metabolism to synthesise virion components which later
released.

Viruses differ from living cells in three ways:

I They have simple a cellular organisation.

. The presence of either DNA or RNA but not botlaimost  all
virions.

iii. They do not have the ability to reproduce epéndent of cells
and carry out cell division as procaryotes ancaeyites do.

3.2 Virion Size

Virions range in size from about 10 to 400 in diameter. The smallest
viruses are a little larger than ribosomes whetbagox viruses which
include vaccinia are about the same size as théestnbacteria and can
be seen in the light microscope. Most viruses h@wneare too small to
be visible in the light microscope and must be @dwith scanning and
transmission electron microscope.
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3.3 The Structure of Viruses

A virus is made up of a central genetic nucleicawolecule surrounded
by a protein coat called a capsid. The combinatioboth is called the
nucleocapsid. The capsid surrounds and protectsithkenucleic acid.
The capsid also gives the virus a characterist@pshand help to
establish the specificity of the virus for a pastar host cells. Capsids
are large macromolecular structures that self astgefrom many copies
of one or a few types of proteins. The protein usdouild the capsids is
called protomers. The simplest virus is a nakedsvifnucleocapsid)
consisting of a geometric capsid assembled aroungtkic acid. Onthe
other hand, we can have a virus made up of a ncegesod surrounded
by a flexible membrane called an envelope. Thi® tgpvirus is called
an envelope virus.The various morphology typesifses results from
the combination of a particular type of capsid syetryn with the
presence or absence of an envelope which is alagalr external to the
nucleocapsid.

3.4 Viral Genomes

All cells contain double stranded DNA genomes. Bwtcast, viruses
have either DNA or RNA genomes (one group of visudees use both
DNA and RNA as their genetic material but at difer stages of the
replication cycle). Hence, we have RNA viruses dtADviruses. Virus

genomes can be classified based on whether theioadid in the

virion is DNA or RNA and further subdivided to wher the

nucleicacid is single or double stranded. Lineaciocular, some viral
genomesare circular but most are linear.

We can have single stranded DNA, double strandedA,Dsingle
stranded RNA and double stranded RNA. All four ty@ee found in
animal viruses. Most plant viruses have single nsted RNA
genomesand most bacteria viruses contain doulsledsd RNA.

3.5 Capsids Symmetry

There are three types of capsid symmetry: helicalsahedral and
complex.

1. Helical Capsids
They are shaped like hollow tubes with protein wallhe tobacco
mosaic virus is an example of this virus. In thiss, the self assembly

of protomer in a helical or spiral arrangement pices a long rigid tube,
15 to 18 nm in diameter by 300nmlong.The capsidoses an RNA
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genome, which is wound in a spiral and lies withigroove formed by
the protein molecule. The size of a helical capsiohfluenced by both
its protomers and nucleicacid enclosed within tyaesa.

2. | cosahedral Capsid

The icosahedral is a regular polyhedron with 20ilatgral triangular
faces and 12 vertices and is roughly sphericahaps. It is one of the
nature’s favourite shapes. A few genes sometimBsame can code for
protein that self-assemble to form the capsid. &heapsids are
constructed from ringo-krob-shapedinto caller capse each usually
made up of five or six protomers. Pentamers (pe)tdrave five
subunits hexamers (hexons) have six.

3. Viruses with Capsids of Complex Symmetry (Compleuses) Some
virons are more complex than the helical and icededicapsid being
composed of several parts, each with separatestapbsymmetries.
The most complex viruses in terms of structures sweme of the
bacterial viruses which possessicosahedral heads hglical tails. In
some bacterial viruses such as bacteriophage E&abErichia coli the

tail itself has a complex structure. The compledetdil has 20 different
proteins and the T4 head has several more protein.

SELF-ASSESSMENT EXERCISE

I. How does a virus differ from a cell?
. What is the difference between a naked virnod an enveloped
virus?

3.6  VirusReproduction

Viruses need a host cell in which to reproducegchehe first step in the
life cycle of a virus is attached to a host. Thudfallowed by entry of
either the nucleocapsid or the viral nucleicacitb ithe host. If the
nucleocapsid enters uncoating of the genomeusuadlyurs before
further steps can occur. Once free in the cytoplagnes encoded by
the viral genome are expressed, i.e. the viral g@me transcribed and
translated. This allows the virus to control thestheell’s biosynthetic
machinery so that new virions can be made. Thd geaome is then
replicated and viral proteins are synthesised. Newons are
constructed by self assembly of coat proteins Wthnucleic acids and
finally, the matured virions are released from Kost. Summarily, the
steps involved in viral replication or reproductiare:

. attachment of the virion to a susceptible host
o penetration or entry of the virion or its nucle@diinto the host
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. synthesis of virus nucleic acid and protein by ca#itabolism as
directed by the virus

. assembly of capsids and packaging of viral genomis new
virions

. release of mature virions from the cell.

o However, there is great variation in the details wfus

reproduction for individual virus species.
3.7 The Cultivation of Viruses

Because viruses are unable to reproduce indepeantibving cells, they

cannot be cultured in the same way as prokaryatid aukaryotic

microorganisms. Animal viruses are cultivated bgcimating suitable

host animals or embryonated egg — fertilised chckggs incubated
about 6 to 8 days after laying. More recently, alimruses have been
grown in tissue (cell) culture on monolayers ofnaal cells. Bacterial

and Archea viruses are cultivated in either brothagarcultures of
young, actively growing cells. Plant viruses aréicated in a variety of

ways which include plant tissue cultures, cultuséseparated cells, or
cultures of protoplasts (cells lacking cell wallpdagrowing of the

viruses in whole plants.

3.8 VirusPurification and Assay

Viral purification and Assays are necessary socaactcurately study
virus structure, reproduction and other aspecthaf biology.

Virus Purification
This involves getting or isolating the viral pal#icin its pure state,

purification makes use of several virus propertiésur of the most
widely used methods to isolate and purify viruses a

. differential and density gradient centrifugatiomid’is often used
in the initial purification steps to separate vinoarticles from
host cells.

. precipitation of viruses particles.

. denaturation of contaminants.

o enzymatic digestion of host cells constituents.

Virus Assays

The quantity of viruses in a sample can be detexdhaither directly by
counting particle numbers using the electron mwops or indirectly by
measurement of an observable effect of the virusgugchniques such
as the hemagglutination as say.
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SELF-ASSESSMENT EXERCISE

I Explain how viruses are cultivated in differdmusts.
. Give the four major approaches by which visismay be
purified.

40 CONCLUSION

It can be seen clearly that viruses are a complieryse and fascinating
group of microorganisms, uniquely different fromhet groups of
microorganisms which are cellular.

50 SUMMARY

Viruses are simple a cellular entities that cany amlproduce within
living cells.

A virus is made up of a central genetic nucleiddatiolecule which
could be DNA or RNA surrounded by a protein caltegsid.

Capsids are large macromolecular structures thitassemble from
many copies of one or a few types of proteins.

There are three types of capsids: symmetry helicaisahedraland
complex.

Viruses range in size from 10 to 400 NM in diamedad can only be
viewed with scanning and transmission electron osicope.

Viral nucleic acid can either be single strandedauble stranded DNA
or RNA.

Some viral geromes are circular while some araline

Virus reproduction can be divided into five steps:

i attachment

i entry into host

i synthesis of viral nucleic acid and proteins
\Y self assembly of virions and

v release from host.

Viruses are cultivated using tissue cultures, emmayed eggs, bacterial
culture and other living hosts.

Viral purification involves getting the viral pacte in its purestate and

involves techniques such as differential and gradeentrifugation,
precipitation, denaturation or digestion of contaamts.
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Virus particles can be counted directly with thansmission electron
microscope or indirectly by the hemagglutinatiosags

6.0 TUTOR-MARKED ASSIGNMENT

I Explain the processes involved in viral replica or  virus
reproduction.
. Write briefly on viral genomes.
1 Define the following terms:
a. virus
b. nucleocapsid
c. helical symmetry
d. viral purification.

7.0 REFERENCESFURTHER READING
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1.0 INTRODUCTION

Algae (singular, alga) are unicellular microorgamss that have
chlorophyll and are photosynthetic. Algae are legfeneous and range
from microscopic unicellular forms to macroscopsaweeds. They are
different from green plants due to their simplerogjuctive structure for
sexual reproduction. Many live in aquatic enviromtsebut many also
thrive as subterranean algae. Algae are of greabrit@ance to biologist
because single algal cells are complete organismgabte of
photosynthesis and the synthesis of other compouwtnish constitute
the cell. The study of algae is known as phycoldgdyis unit examines
the general characteristics, the distribution, tm®rphology and
Importance of algae.

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

define the term algae

state the general characteristics of algae

describe the general structure of algae with acafgxample
draw a well labeled diagram of algae

state the different habitats of algae

explain the methods of reproduction in algae

state the economic importance of algae.
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3.0 MAINCONTENT
General Characteristics of Algae
Algae are eukaryotic microorganisms.

They are photosynthetic microorganisms.

Chlorophyll and other pigments are found in meméraoound
organelles known as chloroplasts. Algae containisctretenucleus.
Other inclusions are starch grains, oil dropletsl asacuoles. They
contain chlorophyll and utilise light energy to geste their chemical
energy.

They have a wide range of sizes and shapes. Maegiesp occuras
single cells that may be spherical, rod shapedy-shaped orspindle-
shaped. Others are multicellular and appear inyesenceivable form,
shape and degree of complexity.

In most species the cell wall is thin and rigidl eedlls of diatoms are
impregnated with silica making them thick and vegyd.

The motile algae such as euglena have flexible roelnbrane called
periplasts.

They are also able to produce oxygen from water.
3.1 Occurrence and Distribution

Algae are found in many places on earth. They oitcgreat abundance
in the ocean, seas, salt lakes, fresh water latiledspand streams. Many
are found in damp soil, on rocks, stones and tegksb Some are found
on plants and animals. Small aquatic forms maka ilgrge part of the
free-floating microscopic life in water called pkaon which is the
principal food for aquatic animals including sueinge ones as whales.
Plankton is generally considered to be composedodh algae and
microscopic animal forms. Phytoplankton is madeotiplants, i.e. algal
forms and zooplankton is composed of animal orgasisAlgae are
found where there are sufficient light, moisturel @mple nutrients to
sustain them. Some species of algae grow on the and ice of Polar
Regions and mountain peaks, sometimes occurrirgualm abundance
that the landscape becomes coloured by the redepignmn their cells.

At the other extreme, some algae grow in the hohgp at temperatures
as high as 550C. Some freshwater algae have addggednetabolism
to the high salt concentration found in the briakek of the arid South-
Western United States. Some algae are adaptedisd $od, the bark of
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trees and the surface of rocks, which the algaeradeg The
decomposition products are made available for $willding and
enrichment. Algae are often a problem in water Bapgecause they
produce undesirable taste and odour.

Heavy algal growth may form blankets or mats whidlrfere with the

use of some natural waters for recreational pupoSkese algal mats
may act as barriers to the penetration of oxygeo the water; they
prevent photosynthesis by excluding light from deewater and this
may cause fish and other marine animal to suffoctethe other hand,
when dispersed in natural waters, algae increase adygen

concentration through photosynthesis. Heavy growafthsome algae
reduces hardness of water and removes slats whehha cause of
blackishness. Some algae are endophytic; thataey, dre not free-living
but live in other organisms. Such algae are widssprin protozoa,
molluscs, sponges and corals.

3.2 Morphology

Algae have a wide range of sizes and shapes. Mianyracellular and
may be spherical, rod shaped, club shaped or spsidiped. Others are
multicellular and appear in every conceivable farsisape and degree
of complexity including membranous colonies, filart®e grouped,
singly or in clusters with individual strands whiofey be branched or
unbranched tubes. Algal cells are eukaryotic. Most thin and rigid
cell walls; however, the cell walls of diatoms ampregnated with silica
threads which make them thick and very rigid. Aldeese a discrete
nucleus, starch grains on droplets and vacuoldsraghyll and other
pigments are found in membrane-bound organelleswhknoas
chloroplasts. The chloroplast ultra-structure arypet of pigment
presents in algae are used for their classificatog. green algae, red
algae, yellow green algae, the golden algae, eteersx common green
alga is spirogyra; a filamentous alga found onsitiem that cover ponds
are slow moving water.

3.3 Moaotility

The motile algae also called the swimming algaesHtagella occurring

singly or in clusters at the anterior or posteeads of the cells. Some
algae have no means of locomotion and are cargeibs, waves and
currents. Some attach themselves to the substrateeibody of water
where they live and are occasionally broken loogecirrents which

move them to new locations. In some forms, only zbespores, the
asexual reproductive cells are motile.
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3.4 Reproduction

Algae may reproduce either asexually or sexuallyn& species are
limited to one of these processes. However, theye haomplicated
lifecycles involving both asexual and sexual meafn®production.

3.4.1 Asexual Reproduction

Asexual reproduction processes in algae include:

o purely vegetative binary fission.

. production of unicellular spores, many of whichpesally in the
aquatic forms have flagella and are motile, these alled
zoospores.

In terrestrial types of algae, non-motile sporesapianospores are
formed; however, some aplanospores can develozouspores.

3.4.2 Sexual Reproduction

All forms of sexual reproduction are found among tidgae. In this

processes there is a fusion (conjugation) of sdlg called gametes to
form a zygote. If the gametes are identical, tleeye is no visible sex
differentiation. The fusion process is called isngas. However, if two

gametes are different, the process is called hgaemnous. In higher
algae, the sex cells are differentiated into maile female.The female
egg cell (ovum) is large and non motile, while thalegametes (sperm
cell) is small and are actively motile. This tydesexual reproduction is
called zoogamy.

3.5 Biological and Economic | mportance of Algae
1. Algae as Primary Producers

Algae form the base or beginning of most aquataxdfchains because
of their photosynthetic activities and are therefaralled primary
producers of organic matter.

2. Commercial Product from Algae

Many product of economic value are derived fromahlgell walls.
Three of these, agar, alginic acid and carrageerargxtracted from the
walls of algae. Another, diatomaceous earth, ispmsad of millions
upon millions of diatom glass walls deposited oware on either fresh
water or the ocean. All three compounds are udbéremake gels or to
make solution viscous. Carrageenan has been used sssbiliser or
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emulsifierin foods such as ice cream and other mitiducts. It is also
used as a binder in toothpaste or in pharmaceuyircalucts, as well as
an agent in ulcer therapy. Carrageenan is alsoulusef a finishing

compound in the textile and paper industries, #@isicgkening agent in
sharing creams and lotions and in the soapindu&tsr is well known

as solidifying agent in the preparation of micrdbgcal media. It is

obtained from red algae. SpeciesGHdlidium and Gracelaria are used

extensively. It is also important in the food intfysvhen it is valuable
in the manufacture of processed cheese, mayonnausiing, jellies,

baking products and canned goods. In the pharmaeéutdustry, agar
can be used as a carrier for a drug. Lotions antineints can contain
some agar. About 50 percent of the ice cream inUlfe contains
alginates which provide a smooth consistency amdirgte ice crystal
formation. Alginate is also incorporated into chesesand bakery
products, especially frostings. Other industrialplagation includes

paper manufacturing, the printing of fabrics anohp#nickening.

Diatomaceous earth is used primarily for filters foter aids. It is
especially suitable because it is not chemicalBctige, is not readily
compacted or compressed during use and is availabhany grades.

3. Algae as Food

Many species of algae (mostly red and brown algae)used as food in
the Far East. Of the red algae are of the most iitapbin porphyria; it
iIs used as a food in Japan where it is called “fand is usually
processed into dried sheets.

40 CONCLUSION

Algae are of great and general interest to alldgists because single
algal cells are complete organisms capable of @yatbesis and the
synthesis of a multitude of other compounds whizhstitute the cell.
50 SUMMARY

The algae are photosynthetic eukaryotic microolgasi

Algae are found in many places on earth includiogam, lakes, ponds,
streams, moist soils, rocks, tree barks, ice andangs.

Algae may be unicellular or multicellular, have Icedall, a discrete
nucleus starch grains, oil droplets, vacuoles dpbyll and other
pigments.

Algae reproduce asexually by binary fission andiaéy by
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fusion of gametes to form a zygote.

Algae are primary producers in most aquatic focairth

Commercial products such as agar alginic acid amglageenanare
derived from algae.

6.0 TUTOR-MARKED ASSIGNMENT

I State five characteristics of algae.
. Discuss the various uses of algae that ma&edbmmercially
important.
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1.0 INTRODUCTION

Protozoa are unicellular, non-photosynthetic eusicyorganisms. They
are distinguished from other eukaryotic protiststiiogir ability to move
at some stage of their life cycle and by their latkcell walls. Some
protozoa are free living while some are parasBiome protozoa form
colonies, in a colony, the individual cells arengd by cytoplasmic
thread or embedded in a common matrix, hence cedarfi protozoa are
essentially a cluster of independent cells. Thdystf protozoa is called
Protozoology. This unit examines the general charetics of
protozoa, the morphology, occurrence, reproductiod economic
importance of protozoa.
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20 OBJECTIVES

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

o define the term, protozoa

. state the general characteristics of protozoa

o state the places where protozoa are found

) describe some intracellular structures of protozoa.

3.0 MAINCONTENT

General Characteristics of Protozoa

o They are unicellular, non-photosynthetic microorgars.

o They are predominantly microscopic in size.

o They occur generally as single cells.

o They lack cell walls.

. They have ability to move at some stages of thi&r dycle.
Many are motile.

. The majority of protozoa are between 5 andi@b@n diameter.

o They occur in colonies with each colony having peledent
individual cells.

o Protozoa may be divided into free-living forms ahdse living

on or in other organisms.
3.1 Occurrence/Distribution of Protozoa

Protozoa are found in all moist habitats. Theyam@mon in the sea, in
soil and freshwater. Free-living protozoa have ebean found in the
Polar Regions and at very high altitudes. Paragitmozoa may be
found in association with most animal groups. Mpsitozoa survive
dry conditions by the formation of a resistant aystiormant stage.

3.2 Ecology of Protozoa

From the ecological standpoint, protozoa may ba&ldi/into free-living
forms and those living on or in other organismse Tatter group is
referred to as the symbiotic protozoa. Some ofsymabiotic ones are
parasitic and may cause disease. Others such ssfthund in the gut of
the termite are beneficial to the host (live in atualistic association).
3.2.1 Free-Living Protozoa

Free-living protozoa are found in a variety of lats. The factors which
influence the distribution and number of free-ltyiprotozoa in a habitat
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are: moisture, temperature, light, available natsgand other physical
and chemical conditions.

3.2.2 Symbiotic Protozoa

This is a type of co-existence between protozoa @thdr organisms
which differ in many ways and include:

1. Commensalism: In which the host is neither riggu nor
benefitted  but the commensal (protozoa) is béedfie.g. the
protozoa living in the lumen of the alimentargdt.

2. Mutualism in which some flagellates are presanthe gut of

termites and help to digest the woody materiatsrely termite
to a form which can be used by the host cellslelfrived of these
flagellates, the termite dies, if the flagellatee removed from
the termite gut, they also die.
3. Some protozoa are parasites, they live at tkperse of
other organisms, and an example FAsmodium which is a
parasite of man and causes malaria in man.

3.3 Morphology of Protozoa

The size and shape of these organisms show coablderariable. Like
all eukaryotic cells, the protozoan cell also cstssiof cytoplasm,
separated from the surrounding medium by a speeidkenvelope, and
the nucleus or nuclei.

3.3.1 The Cytoplasm

The cytoplasm is a more or less homogeneous suastamsisting of
globular protein molecules loosely linked togetherform a three-
dimensional molecular framework. Embedded withiarg the various
structures that give protozoan cells their charstie appearance.
Submicroscopic protein fibrils (fibrillar bundlesmyonemes, and
microtubules) are groups of parallel fibrils in tbgoplasm. Protozoan
contractility is probably due to these fibrils. everal forms of
protozoa, pigments are diffused throughout the plggom. These are
numerous. They can be green, brown, blue, purple

or rose.

In the majority of protozoa, the cytoplasm is diffietiated into the
ectoplasm and the endoplasm. The ectoplasm is gedrkke and the
endoplasm is more voluminous and fluids, but thange from one
layer to another is gradual. Structures are predantly found in the
endoplasm. Like other eukaryotic cells, protozoarehanembrane
systems in the cytoplasm. They form a more or éesginuous network
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of canals and lacunae giving rise to the endoplasetticulum of the
cell. Other structures in the cytoplasm includeositimes, Golgi
complexes ordictyosomes (piles of membranous sas&)chondria,
kinetosomes or blepharoplasts (intracytoplasmi@lblasdies of cilia or
flagella), food vacuoles, contractile vacuoles, aadlei.

3.3.2 Nucleus

The protozoan cell has at least one eukaryoticeuscIMany protozoa,
however, have multiple nuclei (e.g. almost allatdis throughout the
greater part of the life cycle). The protozoan ruale of various forms,
sizes, and structures. In several species, eadhidodl organism has
two similar nuclei. In the ciliates two dissimilauclei, one large
(macronucleus) and one small (micronucleus) are semte
Themacronucleus controls the metabolic activitiesl aegeneration
processes; the micronucleus is concerned with dejgtose activity.

3.3.3Cysts

Many protozoa form resistant cysts at certain tiofebeir life cycle. As

indicated before, these cysts are able to survixerae environment
conditions such as desiccation, low nutrient suppand even

anaerobiosis. In parasitic protozoa, the developahestages are often
transmitted from host to host within a cyst. Otkieds of cysts (e.g.

reproductive) are also known.

Cysts have four basic functions:

protect against unfavourable conditions

serve as site of multiplication

assist in attachment to surfaces such as hosts

transmission stage from host to host.

Asexual reproduction in some ciliates and flageHatis
associated with cyst formation. Sexual reproductbsporozoa
invariably results in acyst.

®¢ O OO O0OO0OOo

3.3.4 Locomotory Organelles

Protozoa may move by three types of specialised
organelles:pseudopodia, flagella and cilia. In addj a few protozoa
without such organelles can carry out a gliding ement by body
flexion.

1. Pseudopodia

A pseudopodium is a temporary projection of parth&f cytoplasm of
those protozoa which do not have a rigid pellidkseudopodia are
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therefore characteristic of the amoebas (sarcodiri@se organelles are
also used for capturing food substances.

2. Flagella

The flagellum is an extremely fine filamentous @&sien of the cell. As
a rule, the number of flagella present in an irdiral protozoan varies
from one to eight; one or two is the most frequammber. A flagellum
Is composed of two parts; anelastic filament caladaxoneme and the
contractile cytoplasmic sheath that surrounds komeme.

3.Cilia
1. They are fine and short threadlike extensioosfthe cell.
2. In addition to their locomotory function, ala@ in the ingestion

of food and serve often as a tactile organelleeyTmay be
uniform in length, or may be of different lengtispending on
their location. Generally, cilia are arranged ionditudinal,
oblique, or spiral rows, inserted either on thdges or in the
furrows.

3.3.5 Feeding Structure

Food-gathering structures in the protozoa are gdevand range from the
pseudopodia of amoebas through the tentacular rigetlibes of

sectarians to the well-developed “mouths” of mailates. Amoebas

gather food by means of pseudopodia engulfmentciliates the

cytostome is the actual opening through which fisadgested.

An oral groove is an indentation in the pellicle adrtain ciliates. It
guides food toward the cytostome and acts as aeotrating device.
The addition of membranelles to the oral groove esaka peristome.

Nutrition

1. Nutrition in protozoa is heterotrophic.

2. They obtain cellular energy from organic subsés such as
proteins.

3. Protozoa engulf and ingest their food sources.
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34 Two Examples of Protozoan
3.4.1 Amoeba

3.4.2 Paramecium

Fig. 1b: A Paramecium

3.5 Reproduction of Protozoa

Protozoa general multiply by asexual reproductidany protozoa are
able to carry out both asexual and sexual processasie parasitic
forms may have an asexual phase in one host arkumlsphase in
another host.

3.5.1 Asexual Reproduction

Asexual reproduction occurs by simple cell divisiomhich can be

equalor unequal — the daughter cells are of equaluequal

sizes,respectively. If two daughter cells are fatjmben the process is
calledbinary fission. If many daughter cells arenfed, it is called

multiplefission. Budding is a variation of uneqeall division.

1.Binary Fission

The simplest form of binary fission is found in tla@noebas. The
pseudopodia are withdrawn before the nucleus dvidéer the nucleus
divides, the organism elongates and constricthiencentre in order to
form two daughter cells.

2. Multiple Fission

In multiple fission, a single mother (parental)l ck#Vides to form many
daughter (filial) cells. Division is usually precstl by formation of
multiple nuclei within the mother cell, which theheaves rapidly to
form a corresponding number of daughter cells.

Multiple fission is not as widespread as binargiba but it often takes
place in addition to the latter process. In cikaéad flagellates, this type
of fission is found in relatively few species.

3. Budding

In protozoology it is often used to describe theiedh processes by

which sessile protozoa produce motile offspringaflik, the mother cell
remains sessile and releases one or more swarravghter cells. The

77



PHS 217 GENERAL MICROBIOLOGY

swarmer differs from the parent cell not only inlcaver degree of
differentiation but also in the possession of spledocomotor
organelles. Some form of budding is found in alissle ciliates and is
used to disseminate the species while the mothlereceains in situ.

3.5.2 Sexual Reproduction

Various types of sexual reproduction have been robge
amongprotozoa. Sexual fusion of two gametes (sygygaan
gametogamy) occurs in various groups of protozoa.

They include:

“1[1Conjugation, which is generally a temporary uniémwmo

individuals for the purpose of exchanging nucleatenal, is asexual
process found exclusively in the ciliates. Aftecleange of nuclei, the
conjugants separate and each of them gives risdstaespective
progency by fission or budding. When the gametdsdhivdevelop from
trophozoites) are morphologically alike, they am@led isogametes.
When they are unlike in morphology(as well as pblggly), they are
anisogametes and can be either rmicrogametes oogaanetes.

3.6  Economic I mportance of Protozoa

Protozoa are important links in the food chain @heunities inaquatic
environment where they act as primary consumers.

They are used in biological treatment of sewagedustrial effluents.
Some protozoa cause disease in mammals including ma
They are important research organisms for biole@sid chemists.

40 CONCLUSION

Protozoa are eukaryotic heterototrophic microorg@si that are
classified on the basis of morphological charastes.

50 SUMMARY

o Protozoa are unicellular non-photosynthetic micgamisms that
lack cell wall and have ability to move at somegsta of their
life.

o Protozoa are normally found in moist habitats.

o Protozoa may be free living found in various habitar
symbiotic found in co-existing with other organisms
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o The size and shape of protozoa vary consideraldetlaa cell
consists of the cytoplasm (separated from the sading
medium by an envelope) and the nucleus or nuclei.
Locomotory organelles in protozoa include pseudapodilia

and flagella.

) Reproduction in protozoa is mainly asexual, howavany are
able to carry out both asexual and sexual repramtuct

o Methods of asexual reproduction in protozoa inclumeary
fission, multiple fission and budding.

o Sexual reproduction in protozoa involves the fusioin two
gametes.

) Protozoa are primary consumer in food chain, in afqu

environment. They are used to degrade biologicdliadustrial
effluents. They also cause disease of man and atherals.

6.0 TUTOR-MARKED ASSIGNMENT

1. State five general characteristics of protozoa.
2. Draw a well labeled diagram of amoeba.
3 Write on three locomotory organelles in protozoa.

7.0 REFERENCESFURTHER READING

Atlas, R.M. (1995). Microorganisms in Our World. Mosby Year
Book.Inc.

Medigan, M.T. et al. (2009). Brock Biology of Microorganisms.
(12"ed.). Pearson Education Inc.

Pelczar, M.J., Chan, E.C.S. & Krieg, R.N. (2001)5th(
ed.)Microbiology. McGraw-Hill.

Willey, J.M., Sherwood, LM & Woolverton, C.J. (20

Microbiology.(7th ed.). Boston Bur Bridge, IL: McGraw-Hill
Higher Education.

79



PHS 217 GENERAL MICROBIOLOGY

MODULE 4 MICROBIAL GROWTH,
REPRODUCTIONAND CONTROL

UNIT 1 MICROBIAL GROWTH
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1  The Prokaryotic Cell Cycle
3.2  Binary Fission
3.2.1 Stages in Binary Fission
3.2.2 Chromosome Replication and Partitioning
3.2.3 Cytokinesis
3.3  The Growth Curve
3.3.1 Lag Phase
3.3.2 Exponential Phase
3.3.3 The Stationary Phase
3.3.4 Death Phase
3.4 The Mathematics of Growth
3.5 The Continuous Culture of Microorganism
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Microbial growth is defined as an increase in thember of cells.
Amicrobial cell has a lifespan and a species isntaged only as a
result of continued growth of its population. Graws the ultimate
process in the life of a cell — one cell becomiwg and subsequently
leading to an increase in the number in a populadfanicroorganisms.

In microbiology, growth is synonymous to reprodanti This unit

examines the term growth, binary fission, the motieell division in

prokaryotic cells, stages in the growth curve amel mathematics of
growth.

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

) define the term growth
o explain the process of a binary fission in a prgkac cell
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o draw and explain the microbial growth curve of miorganisms
in a batch culture

o explain the mathematics of growth

. describe a continuous culture.

3.0 MAIN CONTENT
Definition of Growth

Growth is defined as an increase in the numbeel$ an a population
of microorganisms. It is an increase in cellulansiduents leading to
arise in cell number when microorganisms reproducerocesses like
binary fission or budding.

3.1 The Prokaryoatic Cell Cycle

A prokaryotic cell cycle is the complete sequenteents from the
formation of a new cell through the next divisidWlost prokaryotes
reproduce by binary fission, budding or fragmeotati

3.2 Binary Fission

Binary fission is a form of asexual reproductiorogass. In which a
single cell divides into two cells after developirg transverse
septum(cross wall).Binary fission is a simple tygecell division and

the processes involved are: the cell elongates,licadps its

chromosomes and separates the newly formed DNAauiele so that
there is a chromosome in each half of the celleptem is formed at
mid cell; divide the parent cell into two progemglls and each having
its own chromosome and a copy or complement of rott@lular

constituents.

3.2.1 Stagesin Binary Fission
3.2.2 Chromosome Replication and Partitioning

Most prokaryotic chromosomes are circular. Eacbutar chromosome
has a single site at which replication starts daltke origin of
replication, or simply the origin. Replication iompleted at the
terminus which is located directly opposite thegori Early in the cell
cycle, the origin and terminus move to mid-cell androup of proteins
needed for DNA replication proceeds in both di@tsi from the origin
and the parent DNA synthesis assemble to form épéisome at the
origin. DNA replication proceeds in both directidinem the origin and
the parent DNA is thought to spool through the isgphe, which
remains relatively stationary. As progeny chromossmare synthesized,
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the two newly formed origins move toward oppositel® of the cell,
and the rest of the chromosome follows in an oyddhion.

3.2.3 Cytokinesis

Septation is the process of forming a cross wallveen two daughter
cells. Cytokinesis, a term that has traditionakyeb used to describe the
formation of two eukaryotic daughter cells, is udeddescribe the
process in procaryotes as well. Septation is dd/id& several steps:
Selection of site where the septum will be formed.

Assembly of a specialised structure called they which divides the
cell in two by construction.

Linkages of the Z ring to the plasma membrane ambdgps components
of the cell walls. Assembly of the cell wall-synsiigng machinery.
Construction of the Z ring and septum formation.

The Z protein, a tubulin homologue found in mostteaal and many
archaea forms the Z ray. Fts Z, like tubulin, palypes to form
filaments. Once the Z-rings form, the rest of tistbn machinery is
constructed. First one or more anchoring proteikslithe Z ring to the
cell membrane. Then the cell wall — synthesizingcmaery is

assembled. The final steps in division involve ¢argdion of the Z ring,

accompanied by in vagination of the cell membrame gynthesis of the
septal wall.

SELF-ASSESSMENT EXERCISE
I Define the term growth.

. What is binary fission?
iii. Outline the stages in binary fission.

3.3 TheGrowth Curve

This is a curve that describes the entire growtlclecyof a
microorganism. It is the growth of microorganismnaducing by binary
fission, plotted as the logarithm of the numbewiable cells versus the
incubation time.

Stationery phase, Exponential (log)phase ,Deafis@hlag phase Time
When microorganisms are cultivated in liquid meditimay are usually

grown in a batch culture or closed system. Thahisy are incubated in
a closed culture vessel with a single batch of omadiThe growth curve
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has four phaseghe lag phase, the exponential phasethe stationary
phase and the death phase.

3.3.1 Lag Phase

This is a phase in which there is no increase enddll number of a
microbial population freshly introduced into a tiesulture medium. In
this phase, there is no cell division and growtlowdver, the cell is
metabolically active synthesising new components.

Lag phase before cell division begins may be necgsfor these
reasons:

i The cell may be old and depleted of ATP, essénbfactors and
ribosome which the cell synthesises at this pbastage.

I The new medium may be different from the onee th
microorganism was growing in previously; the ceaismthesise
new enzymes to be used in the new medium.

i The cell is acclimatising to a new environment

\Y The cells may be injured and require time tooxeer.

Log Number of Viable cells

The period of the lag phase varies depending onctimglition of the
microorganisms and the nature of the medium. Tres@may be long,
if:

The inoculum is from an old culture or one that basn refrigerated.

If the new medium is chemically different from tblel one from which
the microorganism was taken. However, if a yourgivaly growing
culture is transferred to a fresh medium of theesaomposition, the lag
phase will be short or absent.

3.3.2 Exponential Phase

This is also known as the log phase. It is a peidwvhich the

microorganisms are growing and dividing at the mmatirate possible
given their genetic potential, the nature of thedmmen and the
conditions under which they are growing. The rdtgrowth is constant
during this phase because the microorganisms waidirdj and doubling

in number at regular interval. It is during thisripd that the generation
time of the organism is determined. The log of thenber of cells
plotted against time results in a straight line. tlis phase, the
population is most nearly uniform in terms of cheahicomposition of
cells, metabolic activity and other physiologicahacacteristics
exponential phase vary among different bacteriae. Bxponential
growth is balanced growth this is because cell@anstituents are
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manufactured at constant rates relative to eaclerotbnbalanced

growth results if the nutrient level and other eommental conditions

change. Unbalanced growth is growth during whi@hrtite of synthesis
of cell components vary relative to each otherluntiew balanced state
Is reached. This is observed in two types of expents (1) shift up

and(2) shift down. The shift up occurs when a c¢elof microorganism

is transferred from a nutritionally poor mediumateicher one while the
shift down occurs when a culture of microorganisrransferred from a
rich medium to a poor one.

3.3.3 The Stationary Phase

This is a phase in which population growth ceaselsthe growth curve
becomes horizontal. In this phase, the total numbér viable
microorganisms remains constant. This may resuwtnfra balance
between cell division and cell death or the popailatnay simply cease
to divide but remain metabolically active. Factaesponsible for
stationary phase when a required nutrient is exbdume:

i Nutrient limitation: If an essential nutrient $ideen used up,
e.g.02 or carbon source and becomes unavailableh¢o
microorganisms, population growth will cease.

I Accumulation of toxic waste products: e.§treptococci can
produce too much lactic acid and other organidsafiom sugar
fermentation that their medium becomes acidic gravth is
inhibited.

i When a critical population level has been teaat: This will
prevent further dividing and doubling of the cillsen physical
conditions do not permit a further increase inyapon size.
Once the stationery growth phase is reached, ikene further
net increase in bacterial cell numbers.

3.3.4 Death Phase

This is a phase in which the number of viable ck#gins to decline.
During this phase, the number of living cells deses because the rate
of cell death exceeds the rate of new cell fornmatibhe depletion of
essential nutrients and the accumulation of lalboygproducts such as
acids contribute to the death rate.

34 TheMathematics of Growth
During the exponential phase each microorganistividing at constant

interval which means the population will double namber during a
specific length of time called the generation tifime cell divides to
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produce two cells. Thus, if we start with a sinigéeterium, the increase
in population is by geometric progression:1 2 22225 ...2n

Where n= the number of generations. Each succeegérgration,
assuming no cell death, doubles the population.tdta¢ population Nat
the end of a given time period would be expectedly:

N=1X2n............ Eqg. (1)

However, under practical conditions, the number bafcteria no
inoculated at time zero is not 1 but more likelyesal thousand, so the
formula now becomes:

N=NOX2n............. Eqg. (2)

Where N = total population at the end of given tipexiod. Solving
equation (2) for n, we have:

log10N=log10NO + nlog102

n=log10N-log10NO

log102 ............. Eq. (3)

NO= Initial population at a given time

n= the number of generation.

If we now substitute the value of Log102, whichi801, in the above
equation,

n =10g10N-log10NO

0.301

n = 3.3 (log10N-log10NO)

Thus, using equation (4), we can calculate the munalb generations
that have taken place, provided we know the inpigbulation and the
population after the growth has occurred. The geiwar time g (the
time required for the population to double)can kétmined from the
number of generations n that occur in a partictihae interval t.

Using equation 4 for n, the generation time cancéleulated by the
formula.

g=t=t
n 3.3 (Iog10ON —log 10NO) ............... Eq. (5)

The growth rate R is the number of generationshperrs) and it is the
reciprocal of the generation time (g). It also #lepe of straight n
obtained when the log number of cells is plottedigs the time.

Hence we have: R = 3.3 log10N - log10 Not

SELF-ASSESSMENT EXERCISE

I In what phase of the growth curve are cellsdiing in a regular
and orderly process?

. Why do cells enter the stationery phase?
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3.5 The Continuous Culture of Microorganism

A continuous culture is an open culture. The camdus culture vessel
maintains a constant volume to which fresh medisnmadded at a
constant rate and an equal volume of spent culnedium is remove
the same rate. Once such a system is in equilibiiven chemostat
volume, cell number and nutrient status remain t@omsand the system
Is said to be in a steady state.

Two major types of continuous culture system comisnased are:

[ chemostats and
i turbid stats.

The chemostat: A chemostat is a device in whicigad medium is
continuously fed into the bacteria culture. It isapparatus designed to
permit the growth of bacterial cultures at con&dlrates. A chemostatis
constructed so that sterile medium is fed into ¢hiure vessel at the
same rate as the spent media containing micro@genis removed.
The culture medium for a chemostat possesses amtedsnutrient in
limiting quantities. Hence, the growth rate is det@ed by the rate at
which new medium is fed into the growth chamber #msl final cell
density depends on the concentration of the ligititrients. The rate
of nutrient exchange is expressed as the dilutada (D), the rate at
which medium flows through the culture vessel retato the vessel
volume, where f is the flow rate (ml/hr) and Vhetvessel volume (ml)
D= fv

Both the microbial population and generation tinme eelated to the
dilution rate. The generation time decreases aslithgon rate increase,
while the microbial population density remains usogped over a wide
range of dilution rates at very low dilution ratas, increase in D causes
a rise in both cell density and the growth rate asdhe dilution rate
increases, the amount of nutrients and resultifigleasity rise because
energy is available for both maintenance and reprooh. Continuous
Culture Systems are very useful because they pFavidonstant supply
of cells in exponential phase and growing at knoate. They also make
possible the study of microbial growth at very lowtrients levels
concentration close to those present in naturair@mwents. These are
useful for research in many areas. Continuous s)stee also used in
food and industrial microbiology.
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40 CONCLUSION

Growth is the ultimate process in the life of d.ddlicrobial cells have a
finite lifespan. And a species is maintained ordyaaresult of continued
growth of its population.

50 SUMMARY
Growth is an increase in the number of cell in pypation.

Most procaryotes reproduce by binary fission, acess in which the
cell elongates and the chromosome is replicated segtegates to
opposite poles of the cell prior to the formationaoseptrum, which
divides the cell into two progeny cells.

Two overlapping pathways function during the prgo#ic cell cycle:
the pathway for chromosome replication and segi@gaand the
pathway for septrum formation, both are complex apdorly
understood. The partitioning of the progeny chroomoss may involve
homologues of eucaryotic cytoskeletal proteins.

When microorganisms are grown in a closed systebatmh culture, the
resulting growth curve usually has four phases;ldige exponential or
log, stationery, and death phases.

In the exponential phase, the population numbeceadfs undergoing
binary fission doubles at a constant interval chltee doubling or
generation time. The mean growth rate constans ¢ki reciprocal of
the generation time.

Exponential growth is balance growth; cell compdeare synthesised
at constant rates relative to one another. Chaimgeslture conditions
(e.g. in shift-up and shift-down experiments)leadihbalanced growth.
A portion of the available nutrients is used to mypmaintenance
energy.

Microorganisms can be grown in an open system irchvhutrients are
constantly provided and wastes removed.

A continuous culture system is an open system ¢hat maintain a
microbial population in the log phase. There are twpes of these
systems: chemostats and turbidostats.

The chemostat is a continuous device in which aidignedium is
continuously fed into the bacteria culture.
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6.0 TUTOR-MARKED ASSIGNMENT

Describe the four phases of the growth curve ilosed system.
Define the terms (i) generation time and (ii) mgaowth rate.

During log-phase growth of a bacterial cultureample is taken

at 8.00 a.m. and found to contain 1,000 cells p#itar. A
second sample is taken at 5.54 p.m. and is found to
contain1,000,000 cells per milliliters. What is tpeneration time

in an hour?

whn e
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1.0 INTRODUCTION

Measurement of microbial growth helps to deterngnewth rate and
generation time. Population growth is measuredoligwing changes in
cell number and cell mass; this is because groedld to increase in
both. Also, there are different factors that affdo¢ growth rate of
microorganisms. This unit examines different methofimeasurement
growth and factors affecting microbial growth.

20 OBJECTIVES

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

) describe the methods of measuring total sum numbér
microorganisms

. describe the methods of counting viable cells aroorganisms

) describe the methods of measuring cells mass aborganisms

) state the advantage and disadvantages of the aliffer

methods of measuring microbial growth
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o explain how different environmental factors affect microbial
growth.

3.0 MAINCONTENT
M easur ement of Microbial Growth

Population growth is measured by following changethe number of
cells or changes in the level of some cellular congmts. This could be
done by measuring the total cell number or by maéaguhe cell mass.

3.1 Measurement of Total Cell Number

The total number of microbial cells can be achiebgdusing direct
count methods.

3.1.1 Direct Count Methods

Bacteria, microorganisms can be enumerated by tdiceunting
procedure using:

Special counting chambers such as hemocytometePatrdffitausser
chamber can be employed to determine the numbéadkria. These
chambers are ruled with squares of a know areaasmdonstructed in
such a way that a film of liquid of known depth cha introduced
between the slide and the cover slips, and viewelkuthe microscope.
Consequently, the volume of the sample overtypiaghesquare is
known. These specially designed slides have chamifeknown depth
with an etched grid on the chamber bottom. The rermbf
microorganism in a sample can be calculated byhtpkito account the
chambers volume and any sample dilution required.

Advantages

I Using a counting chamber is easy, inexpensind,cick.
I It gives information about the size and mormugy of
microorganism.

Disadvantages

I The microbial population must be fairly larger faccuracy
because it involves sampling a small volume. Birpites are
more easily counted in these chambers if theys@iaed or when
a phase contrast or fluorescence microscope & use

. Large microorganisms such as protists and tyeass be directly
counted using electronic chambers such as theecocbunter
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and the flow cytometer. The microbial suspensienfarced

through a small hole or orifice in the coulter wcteer. An

electrical current flow through the hole and aledés placed on
both sides of the orifice measure its electriedistance. Each
time a microbial cell passes through the orifiedectrical

resistance increases or the conductivity drops thedcell is

counted. The coulter counter gives accurate ieswith larger

cells and is extensively used in hospital labarasoto count red
and white blood cells.

1 The Membrane Filter Technique The number aicterial in
aquatic sample can be determined from direct coafter the
bacteria have been trapped on special membraaesfduch as a
nitrocellulose 0.2uM pore size filter or a black polycarbonate
membrane filter. The sample is first filtered thgb the
membrane after which the bacterial are staineld aviluorescent
dye such as acridine orange or the DNA stain Déil observed
under the microscope. The stained cells are easilserved
against the black background of the membrane fdtel can be
counted when viewed under the microscope. Thaldasdgage of
this method is that it does not distinguish betwdead cells and
live cells.

3.1.2 Viable Counting M ethods

These methods involve plating serial dilutions ofsaspension of
microorganisms unto a suitable solid growth medamd after a period
of incubation (in which single cells multiply torfa visible colonies)the
number of colonies are counted or enumerated. Theshods are
referred to as viable counting methods because ¢beyt only those
cells that are alive and able to reproduce. Twormmonly used methods
are the spread plate technique and the pour @ekaique.

I In the spread plate technique, the suspensiomplsaisspread over the
surface of an agar plate containing growth nutsiemhile in the pour
plate technique; the suspension is mixed with tiee avhile it is still in
the liquid state and poured into the plate. Tretgd are incubated to
allow the organisms to grow and form coloniesslagssumed that each
colony arises from an individual bacterial cell. Byunting the number
of colonies formed the colony forming units (CFlas)d taking account
of the dilution factors, the concentration of baeten the original can
be calculated. Two or three plates of the same kaame counted to
determine the viable number of bacteria. Countaidétes are those
having between 30 to 300 colonies. Less than 3@no=¢ is not
acceptable for statistical reasons and more th&nc8nies are likely
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to produce colonies too close to distinguish asviddal CFUs such
samples are noted as TNTC (too humerous to count).

Il The membrane filter technique is another mettiad can be used for
viable counts of bacteria. The sample is poureoutn the filter which
traps bacteria. The filter is then placed on anr agadium or a pad
soaked with liquid media and incubated until eagelh forms a separate
colony. A colony count gives the number of micrangms in the
filtered sampled and special media can be usedtsally for specific
microorganisms.

Advantages of Viable Counts Methods or Plating Techniques

I They are simple technique sensitive.
. Widely used for viable counts of bacteria another
microorganisms in samples of food, water and soil.

Disadvantages or Limitation

I It is selective.

. The nature of the growth medium and the inc¢igdpacondition
determine which bacteria can be grown and counted.

iii. Sometimes, cells are viable but not cultumbl'he viable plate
count technique is selective because no one catibimof media
allows the growth of all types of bacteria.

3.1.3 Most Probable Number (MPN) Technique

Most probable number is a statistical method basedprobability
theory. In this method, multiple serial dilution® g@erformed to reach a
point of extinction. The point of extinction is tlddution level at which
no single cell is deposited into one or more midtijubes. A criterion
such as development of cloudiness or turbidity as groduction is
established for indicating whether a particulautiin contains bacteria.

The pattern of positive and negative test resutidlzen used to estimate
the concentration of bacteria in the original sampy comparing the
observed pattern of result with a table of staadtiprobabilities for
obtaining those results.

SELF-ASSESSMENT EXERCISE

Briefly describe methods by which total number a€nwbial cells can
be measured.
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3.2 M easurement of Cell Mass

Techniques for measuring changes in cell mass eamsed to measure
growth of microorganisms. They include:

3.2.1 Determination of Microbial Dry Weight

Cells growing in liquid medium are collected by téngation, washed,
dried in an oven and weighed. This is a usefulriggle for measuring
growth of filamentous fungi; however, it is timensuming and not very
sensitive.

3.2.2 Spectrophotometry

This method depends on the fact that microbialscetlatter light that
strikes them because microbial cells in a poputatiwe of roughly
constant size; the amount of scattering is direptigportioned to the
biomass of cell present and indirectly related ¢ty sumber. When the
concentration reaches about 10 million cells (14051 ml, the medium
appears slightly cloudy or turbid. Further increaseoncentration result
in greater turbidity and less light is transmittcough the medium. The
extent of light scattering can be measured by atsgghotometer and is
almost linearly related to cell concentration at labsorbance level. If
the amount of a substance in each cell is constaatiotal quantity of
the cell constituted is directly related to thetahicrobial cell mass.

3.4 FactorsInfluencing Microbial Growth

The rate of microbial growth and death are greatijuenced by
environmental factors or parameters.

Some environmental conditions favour rapid micrblyeowth while
others do not permit bacterial reproduction.

Understanding the influence of environmental fagtoron
microorganisms helps in the control of microbiabwgth and the study
of ecological distribution of microorganisms.

These factors include: temperature, solute, andemwattivity, pH,

oxygen level, pressure, radiation. The growth ardiviies of

microorganisms are greatly affected by physical einemical state of
the environment. The four key factors are tempeeatpH, water and
availability.
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SELF-ASSESSMENT EXERCISE

Briefly describe methods by which the total numbé&microbial cells
can be measured.

3.3.1 Temperature

Temperature is the most important factor affectthg growth and
survival of microorganism. At either too cold omthiot temperature,
microorganisms will not be able to grow and mayredes. For every
microorganism, there is a minimum temperature beldwch growth is
not possible, an optimum temperature at which gnas/imost rapid and
a maximum temperature above which growth is nosiptes

These three temperatures are called the cardingeiature and are
characteristics for any given microorganism.

The Temperature Classes of Microor ganisms
Microorganisms can be placed in five classes basdtieir temperature
for growth:
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Psychrophiles: These are organisms that grow ateD°C and
have an optimum growth temperature of 150C or fowée
maximum is around 100C. They are readily isoldtedh arctic
and antartic habitat, many psychrophiles are faaride ocean.
Psychrotrophs or Facultative Psychrophiles: SEherganisms can
grow at 0°C to 7°C even though they have optimavdoen
20°Cand 30°C and maxima at about 35°C. These isrgarare
the major causes of spoilage of refrigerated food.

Mesophiles: These are microorganism with giowbptima
around 20°C to 45°C. They often have temperaturenmam
of15°C to 20°C. Their maximum is about 45°C or dow
Examples of this group of microorganisms are themdn
pathogens because of their environment the bodyaigy
constant 37°C

Thermophiles: These microorganisms can grotveaperature of
55°C or higher. Their growth minimum is usually @amd
45°Cand they often have optima between 55°C andC.60°
Majority of thermophiles are prokaryotes although few
photosyntheticprotists and fungi are thermophiléBhese
organisms flourish in many habitats including costpdeating
hay stacks, hot waterline and hot spring.

Extreme Thermophiles or Hyperthermophiles: Theaee
prokaryotes that have growth optima between 80%@ a
113°C.They do not grow well below 55%3rococcus abyss and
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Pyrodictum are example of marine hyperthermophiles found in
hot areas of the seafloor.

3.3.2 Oxygen Concentration

The importance of oxygen to the growth of an organcorrelate with
its metabolism especially with the processes itsutge conserve the
energy supplied by its source. Based on the abibtygrow in the
presence or absent of oxygen. Microorganisms assitied as:

i Aerobes: These are organism that able to grothiempresence of
atmospheric oxygen.

I Anerobic: They grow in the absence of atmosphexygen

i Facultative: these are organism that do nqume oxygen  for
growth but grow better in its presence.

Iv Aerotolrant Anaerobe: These are not dependerixygen. They
grow equal whether oxygen is present or abseng. e.
Enterococusfaccalis.

Y% Strick or Obligate Anaerobe: They do not tolerakygen at all
and due to its presence, edjostridium pasteurianum.
vi Microaerophile: These organisms are damaged noymal

atmospheric level of oxygen (20%) and require &zl below
the range of 2 to 10% for growth, e@ampylobacter.

A microbial group may show more than one type détienship to
oxygen (02). A type is found among the prokaryetes protozoa.
Fungi are normally aerobic but a few species padrty among the
yeasts are facultative anaerobes. Photosynthebtsts are almost
always obligate aerobes.

3.3.3 pH or Acidity

pH is a measure of the hydrogen ion activity obltson and is defined
as the negative logarithms of the hydrogen conagatr (expressed in
terms of molarity).

pH = -log(H+) = log(1/(H+))

The pH scale extends from ph 0.0 to ph 14 and p&kchnit represents
at enfold change in hydrogen ion concentration.eBasn pH growth
range and pH growth optimum we have the followingug of

organisms.

i Acidophiles: They have their growth optimum beem ph O
and5.5.

i Neutrophiles: Growth optimum between 5.5 an@l 8.

i Alkalophiles: Growth optimum between 8.0 and.3.Extreme
alkalophiles have growth optima at pH 10 or highergeneral,
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different microbe groups have characteristics ptefggence. Most
bacteria and protists are neurophiles. Most fumgi acidophiles (pH
between 4 and 6). Photosynthetic protist also fessoslight
acidity.Many archaea are acidophiles.

3.3.4 Solute and Water Activity

This is the ability of a microorganism to grow owerwide range of
water activity or osmotic concentration. Selectyvepermeable
plasmamembrane separates microorganisms from #rmeironment;
hence they are affected by changes in the osmoticentration of their
surroundings. If a microorganism is placed in hgpat solution (one
with a lower osmotic concentration) water will antiee cell and cause it
to burst if nothing is done to prevent it. On ththes hand, if a
microorganism is placed in hypertonic solution (omgh a higher
osmotic concentration) water will flow out of thellc.In microbes that
have cell walls (i.e. most prokaryotes, fungi amghe),the membrane
shrinks away from the cell wall - a process calfgdsmolysis. The
amount of water activity actually available to neicrganism is
expressed in terms of water activity (aw). Someraolies are adapted to
extreme hypertonic environment. In microbes thateheell wall (i.e.
most prokaryotes, fungi and algae)the membranalshaway from the
cell wall by a process called plasmolysis. Someoigms are adapted
to extreme hypertonic environment. Microorganisnssuially have a
specific requirement for NaCl in addition to grogioptimally at the
water activity of sea water such organism are dallalophiles.
Halophiles grow optimally in the presence of NaClother salt at a
concentration above 0.2M.Most microorganisms agblento cope with
environment of very low water activity and eitheie dor become
dehydrated and dormant undersuch condition. Hamal organisms
can tolerate some reduction inthe aw of their emriment but grow best
in the absence of the added solute. By contrastesarganisms thrive
and indeed require low water activity for growtlrg@nisms able to live
in environments high in sugar as a solute are @¢allemophiles and
those able to grow in very dry environments(madelyr lack of water
rather than by dissolved solute) are called xetephRadiation Sunlight
Is the major source of radiation on the earthniiudes visible light,
ultraviolet (UV) radiation, infrared ray, and radi@aves. Visible light is
a most conspicuous and important aspect of our@mwient. Most life
Is dependent on the ability of photosynthetic oigas to trap the light
energy of the sun. Most forms of electromagnetdiatton are very
harmful to microorganisms. This is particularly druof ionizing
radiation, radiation of very short wavelength amghtenergy, which can
cause atoms to lose electrons (ionize). Two majon$ of ionizing
radiation are:
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i X -rays, which are artificially produced, and

I Gamma rays which are emitted during radioisetalecay. Low
level of ionization will produce mutation and maydirectly
resultin death, whereas higher levels are diredgyhal.
Ultraviolet (UV)radiation can kill all kinds of raroorganism due
to its short wavelength(approximately from 10-40Qrand high
energy the most effectively absorbed by DNA.

SELF-ASSESSMENT EXERCISE

Briefly describe the five classes of microorganisrbased on
temperature.

40 CONCLUSION

The growth of microorganisms is greatly affectedthy chemical and
physical nature of their environment. An undersiagdf the factors
that influence microbial growth aids ecological tdmution of

microorganisms.

50 SUMMARY

Microbial population can be counted directly witbuating chambers,
electronic counters, or fluorescence microscopeabMi counting
techniques such as the spread plate, the pour, matihe membrane
filter can be employed.

Most bacterial, photosynthetic protists, and fuhgve rigid cell walls
and are hypertonic to the habitat because of sokiieh as amino acids,
polyols, and potassium ions. The amount of waténadly available to
microorganism is expressed in terms of the watavigc(aw).

Each species of microorganism has an optimum pHyfowth and can
be classified as an acidophile, neutrophile, calajihile.
Microorganisms can alter the pH of their surrougdinand mosculture
media must be buffered to stabilise the pH.

Microorganisms have distinct temperature ranges davwth with
minima, maxima, and optima — the cardinal tempeegtuThese ranges
are determined by the effects of temperature onrditesof catalysis,
protein denaturation, and membrane disruption.

There are five major classes of microorganisms wilspect to
temperature preferences: (1) psychrophiles (2)lfaioee psychrophiles
or psychrotrophs, (3) mesophiles, (4) thermophilend (5)
hyperthermophiles.

97



PHS 217 GENERAL MICROBIOLOGY

Microorganisms can be placed into at least fivded#nt categories
based on their response to the presence of O2gabederobes,
facultative anaerobes, aerotolerant anaerobes,ct starobligate
anaerobes, and microaerophiles.

Most deep-sea microorganisms are barotolerantsdoue are barophilic
and require high pressure for optimal growth.

High-energy or short-wavelength radiation harmsaargms in several
ways ionizing radiation. X-rays and gamma rays rizes molecules
and destroys DNA and other cell components. Uldlant (UV)
radiation induces the formation of thymine dimmansl strand breaks in
DNA.

6.0 TUTOR-MARKED ASSIGNMENT

1. What are the advantages and disadvantages of thaklevi
plate count method?

2. What are cardinal temperatures?

3. Describe the types of oxygen relationship seenianaarganism.

7.0 REFERENCESFURTHER READING

Atlas, R.M. (1995)Microorganisms in Our World. Mosby Year Book.
Inc.

Medigan, M.T.et al. (2009).Brock Biology of Microorganisms.
(12th ed.). Pearson Education Inc.

Pelczar, M.J., Chan, E.C.S. & Krieg, R.N. (2005jh(ed.).
Microbiology. McGraw-Hill.

Willey, J.M., Sherwood, L.M & Woolverton, C.J. (28)0Microbiology.

(7th ed.). Boston Bur Bridge, IL: McGraw-Hill High
Education.

98



PHS 217 MODULE 4

UNIT 3 PHYSICAL METHODS OF
CONTROLLINGMICROBIALGROWTH
(STERILISATION)

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1  The Pattern of Microbial Death
3.2 Heat Sterilisation
3.2.1 Measuring Heat Sterilisation
3.2.2 Moist Heat Sterilisation
3.2.3 Dry Heat Sterilisation
3.3  Filter Sterilisation/Filtration
3.4 Radiation
3.4.1 lonising Radiation
3.4.2 Ultraviolet (UV) Radiation
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Most microorganisms are beneficial to human beilgsyever, many
have undesirable consequences. They cause foothgga@and many
diseases to plants, animal and human. To contblirgnbit the growth
and activities of harmful microorganisms which aspable of causing
diseases and contaminating water, food and sulesarsed. This unit
examines the various frequently employed physicathods of
sterilisation which are: heat, filtration and radia. Different
sterilisation techniques such as heat, radiatien umed which totally
remove microorganisms from an object or habitat.

20 OBJECTIVES

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

) define and explain the term sterilisation

o explain the use of heat sterilisation to contratnmibial growth
. describe the use of various filters to sterilisgiill substances
o explain the use of radiation for sterilisation.
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3.0 MAINCONTENT
Definition of Sterilisation

Sterilisation is the process by which all livindlsgspores and a cellular
entities (e.g.) viruses, viroids and prions) ar¢éhesi destroyed or
removed from an object or habitat.

It can also be defined as the killing or removakbfviable organisms
within a growth medium. A sterile object is totalfyee of viable
microorganisms, spores and other infectious agents.

3.1 ThePattern of Microbial Death

Microbial population death is exponential or logfamic, meaning the
population will be reduced by the same fractioc@tstant interval. If
the logarithm of the population remaining is pldttegainst the time of
exposure to the agent, a straight-line plot wikule A bacterium is
often defined as dead if it is not viable and doeisgrow and reproduce
when inoculated into a culture medium that normalypports its
growth.

3.2 Heat Sterilisation

The most common sterilisation method used for adig and
destroying microbial growth is the use of heat.

Heat can kill microorganisms by denaturing the emey which prevent
them from multiplying.

At temperature exceeding the maximal growth tentpeea the death
rate exceeds the growth rate.

Factors that determine the effectiveness of heailization include the
temperature and duration of the heat treatmentvdrether the heat is
moist or dry

3.2.1 Measuring Heat Sterilisation

All microorganisms have a maximum growth tempematugyond which
viability decreases. Viability is lost because atywhigh temperatures
most macromolecules lose structure and functiorpr@ess called
denaturation. The effectiveness of heat as a aternis measured by the
time required for a tenfold reduction in the vi#tgilof a microbial
population at a given temperature. This is therdatreduction time or
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D. The time and temperature, therefore, must beasselj to achieve
sterilisation for each specific set of condition. dddition, the type of
heat is also important. Moist heat has been obdeiwgossess better
penetrating power than dry heat and, at a givempéeature, produces a
faster reduction in the number of living organisifise determination of
a decimal reduction time requires a large numberviable count
measurements. An easier way to characterise theskeaitivity of an
organism is to measure the thermal death pointhestime it takes to
kill all cells at a given temperature. Thermal tepbint(TDP) is the
lowest temperature required to kill all the micrgamisms in a liquid
suspension in 10 minutes. Heat is the most widglplieable and
effective agent for killing microorganisms and alke most economical
and easily controlled. To determine the thermatld@ee, samples of a
cell suspension are heated for different times,echixvith aculture
medium and incubated. If all the cells have bediedki no growth is
observed in the incubated samples. The thermahdeaé depends on
the size of the population tested; a longer timeedgiired to kill all cells
in a large population than in a small one.

3.2.2 Moist Heat Sterilisation

Moist heat readily kills viruses, bacteria and furgkills by degrading
nucleic acids and by denaturing enzymes and otbsgndial proteins.
Exposure of microorganisms to boiling water willsttey vegetable
cells and eukaryotic spores. However, this tempegatvill not Kkill
bacterial endospores. In order to destroy bactenidbspores moist heat
sterilisation abovel000C using saturated steamrumigssure is done.
Steam sterilization is carried out with an autoelav

The Autoclave

The autoclave is a sealed heating device that alltve entrance of
steam under pressure. The killing of heat-resistamatospores requires
heating at temperatures above 1000C (the boilingt paf water at
normal atmospheric pressure). This is accomplighedpplying steam
under pressure at a temperature of 1210C.The ralstéo be sterilised
are placed in a chamber and the chamber is seBtiedm is transferred
from a jacket into the chamber forcing out all tie The steam is held
in the chamber for 15 minutes at 1210C and thertedefrom the
chamber. If an object being sterilised is bulkyath&ransfer to the
interior is retarded and the total heating time thlngsextended to ensure
that the entire object is at 1210C for 10-15 misutextended times are
also required when large volumes of liquid are ge@ntoclaved because
large volumes take longer time to reach sterilsatiemperatures. It
must be noted that it is not the pressure insideattioclave that kills the
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microorganisms but the high temperature that caradieeved when
steam is applied under pressure.

3.2.3Dry Heat Sterilisation

This is a method of heat sterilisation in which tiigects or materials
are sterilised in the absence of water. Some itanas sterilised by
incineration, for example; inoculating loops used the laboratory
during the culturing of bacteria can be steriliseca small bench top
incinerator. The use of an oven at a temperatuf&0fto 1600C for 2 to
3 hours can also be used to sterilise glass watsas pipettes, and test
tubes in Laboratories. Dry heat kills the microangans by the
oxidation of the cell constituents and denaturatainproteins. This
method of sterilisation has some definite advargageloes not corrode
glassware and metal instruments as moist heatatwk# can be used to
sterilise powders, oils and other similar itemswdwer, it is very slow
and less effective than moist heat. For example #pores of
Clostridium botulinum the organism that causes botulism are killed in
5minutes at 1210C by moist heat but only after lwars at 1600C with
dry heat.

SELF-ASSESSMENT EXERCISE

I Define the term sterilisation
. Explain the use of moist heat for sterilisatio

3.3 Filter Sterilisation/Filtr ation

1. Filtration is a method that accomplishes desmmation and
even sterilisation.

2. Heat-sensitive liquids and gases are sterilibgdthe use of
filtration method.

3. The liquid or gas is passed through a filtede&ice with pores

too small for the passage of microorganisms, brugd enough
to allow the passage of the liquid or gas. Thed®in of filters
for sterilisation must account for the size rangé the
contaminants to be excluded.

4. Some microbial cells are greater thanui®in diameter, and the

smallest bacteria are less than Q8 in diameter. Rather than

directly destroy the contaminating microorganishe tfilters

simply removes them.

There are two types of filters:

a Depth Filters

b Membrane Filters.

(62
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Depth Filters

This is made up of fibrous or granular materiatst thave been bonded
into a thick layer filled with twisting channels sfall diameters. They
can also be made of diatomaceous earth, unglazeelpm, asbestos,
bromosilicates and other similar materials.

The solution containing microorganisms is suckeugh the thick
layer of the fibrous material under vacuum and aobal cells are
removed by physical screening or entrapment anddsprption to the
surface of the filter material. They are used fo filter sterilisation of
air in industrial processes. In the home, therfilleused in forced air
heating and cooling systems is a simple depthr fidesigned to trap
particulate matter such as dust, spores, and aflsrgDepth filters are
important for bio-safety applications. For exampignipulation of cell
cultures, microbial cultures, and growth media mHu that

contamination of both the operator and the expertaiematerials are
minimal. These operations can be efficiently pemied in a biological
safety cabinet with airflow, both in and out of tbhabinet, directed
through a depth filter called a HEPA filter or higfficiency particulate
air filter. A typical HEPA-Filter is a single sheet borosilicate (glass)
fibers that has been treated with a water-repebarder. It removes 0.3
uM test particles with an efficiency of at least99& they thus
effectively remove both small and large particlés¢luding most

microorganisms, from the airstreams.

MembraneFilters

Membrane filters are the most common type of Sltased for liquid
sterilisation in the microbiology laboratory.

They are porous membrane, a little over 0.1mm thakde of cellulose
acetate, cellulose nitrate polycarbonate, polyvaerefluoride and
other synthetic materials.

Membranes with pores about G\ in diameter are used to remove
most vegetative cells but not viruses from soludioanging in volume
from 1ml to many litres.

The membrane is held in a special holder and engfteceded by depth
filter to remove larger particles that may clog thembrane filter.

It differs from the depth filter because it functeomore like asieve and
trapping particles on the filter surface. About @%of the membrane
surface area consists of open pores. The porosiyides for a
relatively high fluid flow rate.
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The solution to be sterilised is forced throughfitter with a vacuum or
with pressure from a syringe, peristaltic pump asallected in a
previously sterilised container.

They are used to sterilise pharmaceutical ophtltabuolutions, culture
media, oils, antibiotics and other heat sensitiokit®ns [1[]Air can
also be sterilised by filtration. Examples are saigmasks and cotton
plugs on culture vessels that let air in but keégoorganisms out.

SELF-ASSESSMENT EXERCISE
Explain the use of membrane filter for sterilisatio
3.4 Radiation

Many forms of electromagnetic radiation are veryrnfifal to
microorganisms. Microwaves, ultraviolet (UV) radoex, X-rays,
gamma rays (Y-rays) and electrons can effectivelguce microbial
growth if applied in the proper close.

3.4.1 lonising Radiation

lonising radiation is a form of radiation which hasy short wavelength
and high energy, which can cause atoms to losérefeionize). Two
major forms of ionising radiation are:

i X-rays (short wavelength of 10-3 to 102 nanomsterhich are
artificially produced.

i Gamma rays (short wavelength of 10-3 to 10-taamaeter) which
are emitted during radioisotope decay. Low levafldoses of
Radiation will produce mutation in the microorgems which
may indirectly lead to the death of microorganisrrs cases
where large doses or high levels of these radiadi@ used the
microorganisms are directly and instantly killetbnising
radiation can be used to sterilise items. GamnuaX&nadiation
have high penetrating power and are able to kitk@organisms
by inducing or forming toxic free radicals (iongjuses and other
microorganisms are inactivated by exposure taziogiradiation.
lonising radiations are used to pasteurise oiliseproducts;e.g.
most commercially produced disposables and plastic dishes
are sterilised by exposure to gamma rays.
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3.4.2 Ultraviolet (UV) Radiation

These are radiation of short wavelength (from 1@@6um) and high
energy.

The most lethal UV radiation has a wavelength o026, the
wavelength mostly absorbed by DNA.

The primary mechanism of UV damage is the formawdrthymine
dimmers in DNA.

Two adjacent thymines in a DNA strand are covajejatined to inhibit
DNA replication and function.

Ultraviolet (UV) radiation can Kkill all kinds of rmroorganisms
especially microorganisms on or near the surfacecleér solution
exposure to ultraviolet rays can be used to mairgaerility of surfaces
such as bench tops in laboratories and hospitals.

Radiation is currently used for sterilisation aretahtamination in the
medical supplies and food industries. In the Udb.eikample, the Food
and Drug Administration has approved the use ofiatemh for
sterilisation of such diverse items as surgicalpfiap, disposable lab
ware, drugs, and even tissue grafts. However, Isecafithe costs and
hazards associated with radiation equipment, e bf sterilisation is
limited to large industrial applications or spe@atl facilities. The use
of radiation sterilisation practice has not beeadry accepted in some
countries because of fears of possible radioacteatamination,
alteration in nutritional value, production of toxior carcinogenic
products, and perceived “off’ tastes in irradiateod.

SELF-ASSESSMENT EXERCISE
Why is ionising radiation more effect than ultrdeio radiation for
sterilisation of food products?

40 CONCLUSION

Different methods of sterilisation are used toikser different types of

objects and to make them free of viable microorganspores and other
infectious objects.

50 SUMMARY

Sterilisation is the process by which all livindlsespores and cellular

entities (viruses) are either completely destropedemoved from an
object or habitat.
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Physical methods frequently used to sterilise @, ,How temperature,
filtration and radiation.

Heat sterilisation is used to kill all microorgamis in a sample. It may
be moist or dry. Moist heat sterilisation involias useof autoclave.
Autoclaving involves using steam under pressur@ &&mperature of
1210C for 15 minutes.

Dry heat involves sterilising objects at a highemperature, in the
absence of water and for a longer exposure time.

The use of oven at a temperature of 1600C to 17060@ to 3hours to
sterilise glasswares and the use of incineratoreasenples of dry heat
sterilisation.

Microorganisms can be effectively removed by ftiva with either
depth filters or membrane filters.

Radiation of short wavelength or high energy iomasand ultraviolet
radiation can be used to sterilise objects.

6.0 TUTOR-MARKED ASSIGNMENT

1. In a tabular form, give physical or chemica¢aig that should be
best used for the sterilization of the followitgms:
a. Glass pipettes
b. Nutrient agar
c. Antibiotic solution
d. Interior of a biological safety cabinet
e. Package of plastic Petri dishes
f. Water
2. Explain the difference types of radiation tlha¢ destructive to
microorganisms.
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1.0 INTRODUCTION

A large number of chemical compounds have thetglili inhibit the
growth and metabolism of microorganisms or to kiém. They are
called antimicrobial agents. These different chatsi@are available for
use as disinfectants and each has its own chastict®rand mode of
action, advantages and disadvantages. This unimieea the term
disinfection, the characteristics of an ideal desmtant and different
chemical groups used as disinfectants.

20 OBJECTIVES

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

define the term disinfection

state the characteristics of an ideal disinfectant

list different chemicals that can be used as dsitaints
explain the use of different chemical as disinfactagents.
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3.0 MAINCONTENT
Definition of Disinfection

Disinfection is the killing, inhibition or removalf organisms that may
be capable of causing diseases.

It is the process of destroying infectious agents.

Disinfectants are antimicrobial agents, usuallynsicals, used to carry
out disinfection; they are normally used on an mmnate object, e.g.
disinfection may not lead to the total removal ofcmorganisms
because viable spores and a few microorganismsemagin.

Antimicrobial bleach (sodium hypochlorite) solutjdior example, is a
disinfectant used to clean and disinfects food qm&{jon areas.

3.1 Antimicrobial Agents

An antimicrobial agent is a natural or syntheti@mical that kills or
inhibits the growth of microorganisms. Agents tkdlt organisms are
called -cidal agents, with a prefix indicating tlype of microorganism
skilled. Thus, they are called bactericidal, fundat and viricidal agents
because they kill bacteria, fungi and viruses, eetipely. Agents that
donot kill but only inhibit growth are called - &ta agents. These
include bacteriostatic, fungistatic and viristat@mmpounds.

3.2 Characteristics of an Ideal Antimicrobial Agentor
Disinfectant

I It should have a broad spectrum of antimicrbbctivity i.e. it
must be effective against a wide range of infertiagents such
as gram positive and Gram negative bacteria, fastibacteria,
bacterial endospores, fungi and viruses.

. It must be active even at low concentration.

iii. It must be active in the presence of orgamigtter.

\Y2 Non-toxicity to human and other animals. lbald be toxic tothe
infectious agent.

V. It must be non-corroding and non-staining.

Vi. It must be stable upon storage.

vii.  Odourless or with pleasant smell.

viii. It must be soluble in water and lipids faroper penetration  of
microorganisms.

IX. It must be uniform in composition so that aetingredients are
present in each application.

X. It must have a low surface tension so as t@fate cracks in
surfaces.
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Xi. It must be readily available.
xii. It must be relatively inexpensive.

3.3 Factorsfor the Selection of a Chemical Agent
The major factors that need to be considered irptbeess of selecting

the most appropriate chemical agent for a spepifactical application
are:

1. The nature of the material to be treated: a.ghemical agent
used to disinfect contaminated utensils might Qaite
unsatisfactory for application to the skin.

2. Types of microorganisms: Chemical agents arteatioequally

effective against bacteria, fungi, viruses, and heot
microorganisms. Spores are more resistant thagtateee cells.
Differences exist between Gram-positive and Gragative
bacteria.

3. Environmental condition: Such as temperaturé], gime,
concentration, and presence of extraneous orgaraterials,
may all have a bearing on the rate and efficieray
antimicrobial action.

SELF-ASSESSMENT EXERCISE
What is a disinfectant?
3.4 Major Groups of Chemical Antimicrobial Agents

Phenol and phenolic compounds
Alcohols

Halogens

Heavy metals and their compounds
Dyes

Detergents

Quaternary ammonium compounds
Aldehydes

Gaseous agents

3.4.1 Phenolics

Phenol is also known as carbolic acid and is theesil recognised
disinfectant.

Phenol (Carbolic acid) was the first widely usedtisaptic and
disinfectant. In 1867, Joseph Lister employed itréoluce risk of
infection during surgery.
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The mode of the Action of phenol is by disruptinggma membranes;
inactivate enzymes and denaturing proteins of roiganism.

They are stable when heated or dried and retaiin #otivity in the
presence of organic material. It is used for dettibn of hospital floors
and walls.

Examples of phenol and phenolics (phenol derivajivare cresols,
xylenols and orthophel/phenols which are used asnfdctants in
laboratories and hospitals.

Advantage

They are effective against microbial agents of tabesis, effective in
the presence of organic material and remain onaserflong after
application.

Disadvantage
They have a disagreeable odour and can causerstation.
3.4.2 Alcohals

Alcohols are widely used as disinfectants and aptis. They are
bactericidal and fungicidal but not sporicidal. Somiruses are also
destroyed by alcohols. Two most popular alcoholsmgades are
ethanol and isopropanol usually used at 70 to 8@¥centration.
Isopropanol has the highest bactericidal activitg & the most widely
used. They act by denaturing proteins and by dissplmembrane
lipids and acting as a dehydratingagent. 10-15 tesmusoaking a
thermometer in alcohol is sufficient to disinfeloe thermometer.

3.4.3 Halogens

A halogen is any of the five elements in group VIbA the periodic
table. They are fluorine, chlorine, bromine, iodemred astatine and are
effective microbial elements widely used as disitdats. The halogens
lodine and chlorine are important antimicrobial rge

Chlorine

Chlorine is the usual disinfectant for municipal terasupplies and
swimming pools. It is also used in diary and foadustries. Various
forms of chlorine are used for disinfection. It mag applied as chlorine
gas, sodium hypochlorite (bleach) or calcium hypadte. All yield
hypochlorous acid (HCLO) followed byatomic oxygeft. causes
oxidation of cellular materials, destruction of e&gfive bacteria and
fungi by disrupting
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membranes and inactivating enzymes but does natogespores. The
germicidal action of chlorine is based on the faroraof hypochlorites
when it is added to water. HA releases an active fof death of almost
all microorganisms occur within 30minutes of use.

Chlorine is also an excellent disinfectant for indual use. Small
guantities of drinking water can be disinfectedhwitalozone tablets.
This tablet (parasulfoen dichloramido benzoic ast@yly releases
chlorite when added to water and disinfects it in

about 30 minutes. It is frequently used by campacking accessto
uncontaminated drinking water.

Chlorine is an effective disinfectant because ihexpensive, effective
and easy to employ.

It is commonly used in disinfecting and deodorisingst houses.
Food processing plants and restaurants also usesmabnd sodium
hypochlorite solution to disinfect utensils.

Hypochlorite is used in hospital to disinfect rogrearfaces and non-
surgical instruments. It used on a consumable mtosiuch as drinking
water, their concentration must be reduced befoodyrt is consumed.
The germicidal action of chlorine is based on tlwmiation of
hypochlorous acid when it is added to water. Hypmcus acid releases
an active form of oxygen that reacts with cellldarchemical.

Chlorine forms condensed into liquids is widely dider disinfection
and is the standard treatment for disinfecting kdnig water in many
communities.

It is also used to disinfect effluents from sewdgEstment plants to
minimise the spread of pathogenic microorganismss klso used to
disinfect swimming pools. A residual chlorine levef0.5mg/l will
achieve control of microbial population and prewat multiplication of
pathogens in swimming pools. Such levels are hasnk® human
tissues. Usually, commercial forms of sodium orcicah hypochlorite
contain 5.25% chlorine. These need to be dilutedtitees to achieve
the forms used for disinfection in homes and swingnpools. The
commercial types are Chlorox, JIK, Parazone, ebe powdered form
used in swimming pools and water treatment plastsknown as
HTH(commercially).
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3.4.4 Heavy Metals and their Compounds

Heavy metals such mercury, silver, zinc, copper aisénic are used as
germicides. For example, copper sulphate is anctefée algicide in
lakes and swimming pools.

They act by combining with proteins and inactivgtimem. They may
also precipitate cell proteins.

1% of Silver nitrate is a solution added to thesegkinfants to prevent
ophthalmic gonorrhea.

3.4.5 Quaternary Ammonium Compounds (Deter gents)
These are detergents that have antimicrobial &gctivi

Detergents are organic cleaning agents that aréigatpic, having both
polar hydrophilic and non-polar hydrophobic compuse

They act by disrupting microbial membrane and hyati@ring proteins.
If the detergents are electrically charged, theytarmed ionic.

Anionic (negatively charged) detergents are onlidimibactericidal and
are used as laundry detergents to remove soil ahdisd They also
reduce number of microorganisms associated with iteen being
washed.

Cationic (positively charged) detergents are hididgtericidal, i.e. they
kill bacteria. They are effective againStaphylococcus and various
viruses.

Advantages
They are stable, non-toxic not inactivated by hamater and soap.
Cationic detergents are used as disinfectant fod fatensils and small
instruments.

3.4.6 Aldehydes

Formaldehyde and glutaraldehyde are useful fonf#istion. They are
highly reactive molecules that combine with nucla@md and proteins
and inactive them. They are sporicidal and can $&duwas chemical
sterilant.

Formaldehyde is usually dissolved in water or atddiefore use. A 2%
buffered solution of glutaraldehyde is an effectiisinfectant. It is less
irritating than formaldehyde and is used to disshféospitals and
laboratory equipment. Glutaraldehyde
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usually disinfects objects within minutes but maguire as long as 12
hours to destroy all spores.

SELF-ASSESSMENT EXERCISE
List five groups of chemical antimicrobial agentglaxplain their uses.
3.5 Sterilising Gases

Gases such as ethylene oxide gas are used tasstdrédat sensitive
items such as disposable plastic Petri disheshggsi heart lung
machines components, sutures and catheters.

3.5.1 Ethylene Oxide (EtO)

This is both microbicidal and sporicidal and ki combining with cell
proteins. Sterilisation is carried out in a speeffilylene oxide steriliser,
very much resembling an autoclave in appearaneg,ctimtrol the EtO
concentration, temperature, and humidity. Becausee pEtO is
explosive, it is usually mixed with either CO2 or
dichlorodifluoromethane. The ethylene oxide congdign, humidity
and temperature influence the rate of sterilisatidrclean object can
besterilised if treated for 5 to 8 hours at 40 t0%5 and the
EtOconcentration at 700mg/litre. Extensive aeratwnthe sterilized
material is necessary to remove residual EtO becaiis very toxic.

3.5.2 Betapropiolactone (BPL)

This is occasionally employed as a sterilising gashe liquid form it

has been used to sterilise vaccines and sera. Bantposes to an
inactive form after several hours and is therefoot as difficult to

eliminate as EtO. It also destroys microorganisn@enreadily than
ethylene oxides but does not penetrate materiald. Wwemay be

carcinogenic. For these reasons, BPL has not beet as extensively
asEtO.

3.5.3 Vaporised Hydr ogen Peroxide

This can be used to decontaminate biological safabnets, operating
rooms and other large facilities. These systemsdoice vapourised
hydrogen peroxide (H202) into the enclosure for sdime, depending
on the size of the enclosure and material withipdiddgen peroxide is
toxic and kills a wide variety of microorganismsowkver, during the

course of the decontamination process, it breaksndtm H20O and

oxygen, both of which are harmless. Other advastagehese systems
are that they can be used at a wide range of tampes (4 to 800C)
and they do not damage most materials.

113



PHS 217 GENERAL MICROBIOLOGY

40 CONCLUSION

Many different chemicals are available for use iastectants and each
has its own advantages and disadvantages. In isglent agent, it is
important to keep in mind the characteristics deairable disinfectant.

50 SUMMARY

Chemical agents are usually used as disinfectants.

Characteristics of an ideal disinfectant includeodor spectrum
antimicrobial activity, stability, non-toxicity to humans, non
conodingand non-staining, easy penetration no odoypleasantodour
among others.

Phenolics are used as disinfectants in hospitadsla@oratories. They
act by denaturing proteins, disrupting cell membsaand inactivating
enzymes of microorganisms.

Halogens (Chlorine and iodine) kill microorganisidzy oxidizing
cellular constituents.

Chlorine is used to disinfect municipal water sypphd swimming
pools.

The germicidal action of chlorine is based on tlemiation of
hypochlorous acid when it is added to water.

Alcohols are the most effective and most used agensterilisation and
disinfectant.

Aldehydes such as formaldehyde and glutaraldehyde sterilize as
well as disinfect because they kill spores.

Cationic detergents are used as disinfectantsegtits they disrupt the
membrane and denature proteins of microorganisms.

Ethylene oxide gas is use to sterilise heat semsitinaterials
likedisposable plastic Petri dishes.

60 TUTOR-MARKED ASSIGNMENT

1. List five characteristics of ideal antimicrolaments.
2. Explain the use of chlorine as a disinfectant.
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1.0 INTRODUCTION

In order to make sense of the diversity of orgasisiinis necessary to
group similar organisms together and organise tlygsaps in a non
overlapping hierarchical arrangement. One of thelstoneeded to
perform this grouping is a reliable classificatioethod. The Swedish
botanist Carl von Linne or Carolus Linnaeus, asih®ften called,
developed the first natural classification baseddly on anatomical
characteristics in the middle of the eighteenthtwsn The term
systematic is often used for taxonomy. However, yns@axonomists
define systemics in more general terms as “thensfie study of

organisms with the ultimate objective of charasieg and arranging
them in an orderly manner.” Any study of the natof@rganisms, when
the knowledge gained is used in taxonomy, is a parsystematics.
Thus, systematics encompasses discipline such gshology, ecology,
epidemiology, biochemistry, molecular biology andygiology. This

unit examines the definition of terms in systematiassification of
microorganisms, methods used to classify microasyas,

taxonomicranks and different characteristics used classifying

microorganisms.
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2.0 OBJECTIVES

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

° define the following terms: taxonomy, nomenclature,
classification, identification and systemics

) explain the different methods that have been usethssification

o explain the different taxonomy ranks

. explain the different characteristics used in ¢fasgion and

identification of microorganisms.
3.0 MAIN CONTENT
Definition of Terms

Taxonomy is defined as the science of biologicaksification. In a
broader sense, it consists of three separate hstretated parts:
classification, nomenclature, and identification.

Classification — This is the organisation of orgams into progressively
more inclusive groups on the basis of either phgmotsimilarity or
evolutionary relationship. It is the arrangemenbgfanisms into groups
called taxa based on mutual similarity.

Nomenclature — This is the branch of taxonomy comeg with the
assignment of giving names to taxonomic groups gre@ment with
published rules.

Identification — This is the practical side of taxony, the process of
determining if a particular isolate belongs to eognised taxon.

Systematics - The term systematics is often usetedmnomy. ltis the
scientific study of organisms with the ultimate edijve of

characterising and arranging them in an orderlymaanin practice, the
determination of the genes and species of a nesstydered prokaryote
Is based on polyphasic taxonomy. This approactuded phylogenetic
phenotypic and genotypic features.

3.1 The Polyphase Taxonomy

The polyphasic approach to taxonomy uses threeskofdmethods:
phenotypic, genotypic and phylogenetic for the tdeation and
description of bacteria. Phenotypic analysis exasinthem
morphological, metabolic, physiological and cherhi@aracteristics of
the organisms. Genotypic analyses consider comparaspects of cells
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at the level of the genome. These two kinds ofyesea group organisms
on the basis of similarities. They are complemertigdphylogenetic
analysis which places organisms in a framework wbldionary
relationships. The habitat and ecology of the asgas is also used in
polyphasic taxonomy.

3.2 Methods of Classification

Phenotypic classification This is the grouping of microorganisms
together based on the mutual similarity of the itymc characteristics.

This classification system succeeded in bringindeprto biological

diversity and classified the function of morpholai structures.

Organisms sharing many characteristics make upnglesigroup or

taxon.

Phylogenetic classification Compares organisms on the basis of
evolutionary relationships. The term phylogeny refeto the
evolutionary development of species. This methockstricted because
of lack of good fossil records.

Genotypic classification Compares the genetic similarity between
organisms’ individual genes or whole genomes cacopepared.

Numeric taxonomy. This is grouping of taxonomic units intotaxa on
the basis of their character state by numericalhots. Information
about the properties of organisms is converted anform suitable for
numerical analysis and they are compared by melaasomputer. The
resulting classification is based on general shitjlaas judged by
comparison of many characteristics each given egeaht. The result
of numerical taxonomic analysis is often summarsgt a thread like
diagram called a dendogram.

3.3 Taxonomic Ranks

The classification of microbes involves placingrthevithin hierarchical

taxonomic levels. Microbes in each level or ran&areha common set of
specific features. The highest rank is the domand all prokaryotes
belong to either the Bacteria or the Archaea. Witnch domain, each
microbe is assigned (in descending order) to ayshylclass, order,
family, genus and species. The basic taxonomic mriou microbial

taxonomy is the species. A prokaryotic speciesasliction of strains
that share many stable properties and differ sgantly from other

groups of strains. A strain consists of the desaetzdof a single, pure
microbial culture. Each species is assigned toragethe next rank in
the taxonomic hierarchy. A genus is a well-defigeaup of one or more
species that is clearly separate from other ged@monomy groups of
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higher rank than genus are listed below: Familygraup of similar
genera Order: A group of similar families Class foup of similar
orders Phylum: A group of similar classes

Domain: A group of similar phylaMicrobiologists narmicroorganisms
by using the binomial system of Linneaeus. The riséid, italicised
name consists of two parts. The first part, whislcapitalised, is the
generic name, and the second is the uncapitalisedies name (e.qg.
Escherichia cali). Often, the name will be shortened by abbrewvatire
genus name with a single capital letter, for examipl coli, S aureus
etc. The species name is stable; however, a gemane can change if
the organism is assigned to another genus becdussaoinformation.
For example, some members of the gefmeptrococcus were placed
into two new generaEnterococcus and Lactococcus based on rRNA
analysisand other characteristics. Bergey’'s manofal systematic
Bacteriology contains the currentlyaccepted systeimprokaryotic
taxonomy.

Domain Bacteria

Phylum Proterobacteria

Class a-proterobacteria p-proterobacteria [I-proterobacteria -
proterobacteria (-

proterobacteria

Order Chromatiales Thiotricales Legionalles Pseudomonadeoles
Vibrionales

Enterobacteriales Pasteurellales

Family Enterobacteriacae

Genus Enterobacter Escherishia Klebsiella Proteus Salmonella
SerattiaShigella Yersinia

SpeciesSboytii S dysenteriae Sflexneri S. Sonnei

3.4  Techniques for Determining Microbial Taxonomyand
Phylogeny

Many different approaches are used in classifyimgl aentifying
microorganisms. For clarity, these have been ddiohto two groups:
classical and molecular.

SELF-ASSESSMENT EXERCISE
I Define the following terms:
a. Taxonomy
b. Classification

c. Nomenclature
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d. Identification and Systematics
3.4.1 Classical Characteristics

Classical approaches to taxonomy make use of mtorgical,
physiological, biochemical, ecological and geneharacteristics. They
are quite useful in routine identification and mapvide phylogenetic
information as well.

1. Morphological Characteristics

Morphological features are important in microbi@kanomy for many
reasons. One, morphology is easy to study and seaparticularly in
eukaryotic microorganisms and the more complex gmgkies. In
addition, morphological comparisons are valuableahse structural
features depend on the expression of many geressaally genetically
stable. Thus, morphological similarity is often aod indication of
phylogenetic relatedness. The transmission and ngognelectron
microscopes, with their greater resolution, havenensely aided the
study of all microbial groups.

Table 2: Some Morphological Features Used in
Classification and Identification

Feature Microbial Groups

Cell shape All major groups

Cell size All major groups

Colonial morphology All major groups

Ultrastructural characteristics All major groups

Staining behaviour Bacteria, some fungi

Cilia and flagella All major groups

Mechanism of motility Gliding bacteria, spirochetes
Endospore shape & location Endospore-forming bicter
Spore morphology & location Bacteria, protists,dun
Cellular inclusions All major groups

Colour All major groups

Used in classifying and identifying at least sonatbria, fungi and
protists.

2. Physiological and Metabolic Characteristics

Physiological and metabolic characteristics arg wseful because they
are directly related to the nature and activitymotrobial enzymes and
transport proteins. Since proteins are gene preductalysis of these
characteristics provides an indirect comparisormadrobial genomes.
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Some physiological and metabolic characteristiedusa classification
and identification are:

I Carbon and nitrogen sources

. Cell wall constituents

Hi. Energy sources

\Y2 Fermentation products

V. General nutritional type

Vi. Growth temperature optimum range

vii.  Lumniscence

viii. Mechanisms of energy conversion

IX. Motility

X. Osmotic tolerance

Xi. Oxygen relationships

xii.  pH optimum growth range photosynthetic pigrtgen
xiii.  Salt requirements and tolerance

xiv.  Secondary metabolites formed
xv.  Sensitivity to metabolic inhibitors and anabcs
xvi.  Storage inclusions.

3. Ecological Characteristics

The ability of micro-organisms to colonise a specgnvironment is of
taxonomic value. Some microbes may be very similamany other
respects but inhabit different ecological nicheggesting that they may
not be as closely related as first suspected. Semmmples of
taxonomically important ecological properties afe tycle patterns, the
nature of symbiotic relationships; the ability tause disease in a
particular host; and habitat preferences, such emgplirements for
temperature, pH,oxygen, and osmotic concentratidany growth
requirements are considered physiological chanattey as well.

4. Genetic Analysis

Although prokaryotes do not reproduce sexually, thkieidy of
chromosomal gene exchange through transformationjugation and
transduction is sometimes useful in their clasatfan. Transformation
can occur between different prokaryotic speciesdnly rarely between
genera. The demonstration of transformation betwega strains
provides evidence of a close relationship sincasfamation cannot
occur unless the genomes are fairly similar. Tramsétion studies have
been carried out with several gener&acillus, Micrococcus,
Haemophilus, Rhizobium and others. Despite transformation’s
usefulness, its results are sometimes hard topirgebecause anabsence
of transformation may result from factors othemtinaajor differences in
DNA sequence. Plasmids are important taxonomidalyause they can
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confound the analysis of phenotype traits. Mostrofi@l genera carry
plasmids and some plasmids are passed from on@brido another
with relative ease. When such plasmids encode agweic trait (or
traits) that is being used to develop a taxonomieme the investigator
may assume that the trait is encoded by chromosgemeds.

3.4.2 Molecular Characteristics

Microorganisms have left no fossil record unlikeoketionary biologist

studying plants and animals that have drawn framstafossil record to

assemble a history of morphological changes. Ia tase, molecular
approaches serve to supplement this data, so nategoalysis is the
only feasible means of collecting a large and ateudata set from a
number of microbes.

1. Nucleic Acid Base Composition or G.C. Ratios G+@oraata
are valuable in at least two ways. First, they camfirm a
taxonomic scheme developed using other data. SedGr@
content appears to be useful in characterizingkggymticgenera
because the variation within a genus is usually lean10% even
though the content may vary greatly between genéna. GC
ratio is the percentage of guanine plus cytosinanirorganism’s
genomic DNA. GC ratios vary over a wide range, wisthues as
low as 20% and as high as nearly 80% among Bacterth
Archaea, a range that is some-what broader thaeukaryotes.
It is generally considered that if two organisms @@os differ
by more than 5%, they will share two DNAsequencesommon
and are therefore unlikely to be closely related.

2. Nucleic Acid Hybridisation: The similarity beé&n genomes can
be compared more directly by use of nucleic agildridisation
studies.

3. Nucleic Acid Sequencing: The method uses rRIK#Fnf small
ribosomal sub units (165 and185 rRNAs from prokteyg and
eukaryotes, respectively) have become the molsoofiechoice
for inferring microbial phylogenetic and makingxd@omic
assignments at the genus level. The small subRNAs (SSU
rRNAs) are almost ideal for studies of microbiablation and
relatedness because they play the same roles In
microorganisms. In addition, because the ribos@rabsolutely
necessary for survival and the SSUrRNA are pathefcomplex
ribosomal structure.

4. Genomic Fingerprinting: A group of techniquedled genomic
fingerprinting can also be used to classify micabland help
determine phylogenetic relationships. Unlike theoleaular
analysis so far discussed, genomic fingerprintiogs not involve
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nucleotide sequencing. Instead, it employs theaacap of

restriction endo nucleases to recognise specificleotide

sequences.

Amino Acid Sequencing: The amino acid sequemégsroteins

directly reflect mRNA sequences and therefore gk the
genes coding for their synthesis.

The Major Division of Life: The division of aliving organisms
into three domains — Archaea, Bacteria and Eucaryhas

become widely accepted among microbiologists.

DNA-DNA Hybridisation: When two organisms shanmeany

highly similar (or identicalgene,) their DNAs wodube expected
to hybridise to one anotherin approximate propartio the

similarities in their gene sequences. To this wagasurement of
DNA-DNAhybridisation between the genomes of twganisms

provides a rough index of their similarity to eaatiher. DNA-

DNA hybridisation therefore is useful for diffeteating between
organisms as a complement to SSU, RNA gene selpgenc

SELF-ASSESSMENT EXERCISE

Explain the wuse of morphological, ecological and levolar
characteristics in the classification of microongars.

4.0

CONCLUSION

Systemic classification is the scientific study ofganisms, their
organisation and arrangement in orderly manner gnéups based on
their classical and molecular characteristics. Thiassification is
important for the study of the diversity of micrganisms in nature.

5.0

SUMMARY

Taxonomy is the science of biological classificatiass composed of
three parts: classification, nomenclature and ifleation.

A polyphasic approach is used to classify microoigas. It makes use
of genetic, phenotypic and phylogenetic analysis.

Methods of classification of microorganisms inclugdnenotypic,
phylogenetic, genotypic and numerical taxonomy.

Taxonomy ranks are arranged in a non overlappiegtchy.

The taxonomic ranks are species, genus, familyerordass, phylum
and domain.

Microorganisms are named according to the binosyisiem.
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The classical approach to determining microbial otedmy and
phylogeny include morphological, physiological, atatlic, ecological
and genetic characteristics.

Molecular techniques used in classification includecleic acid base
composition, nucleic acid hybridisation, nucleicidac sequencing
genomic finger printing and amino acid sequencing.

6.0 TUTOR-MARKED ASSIGNMENT
1. Define the following terms:

a. Species

b. genus

c. Order

d. class

e. family

f. domain,

g. phylum.

2. Arrange the listed terms in their hierarchteadonomic levels.

3. Differentiate between phonetic classification dan
phylogeneticclassification.
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1.0 INTRODUCTION

The most widely used reference for bacteria clasgibn is Bergey’s
Manual of Systematic Bacteriology, which is dividetb four volumes.
Divisions within Bergey’s manual are based on ctiarstics such as:

Gram, reaction, cell, shape, cell arrangement, exygequirements,
motility, metabolic properties. Bacteria are alsassified according to
the international agreed rules by the internatiocaimmittee on
systematic bacteriology. This unit examines theesyatic classification
of bacteria, the major groups of bacteria and roharacteristics of each

group.
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2.0 OBJECTIVES

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

. identify the major groups of bacteria

. state the major characteristics which set each pgrapart
from others

o explain important genera within the appropriateugro

3.0 MAIN CONTENT
3.1 Bergey’'s Manual of Systematic Bacteriology -Mume 1

Ordinary Gram Negative Bacteria Bergey’s Manual Sfstematic
Bacteriology, Volume 1 is made up of the ordinarya®@ negative
chemoheterotrophic bacteria. Many of which havei@dl, industrial or
agricultural importance. They include:

3.1.1 The Spirochetes

These bacteria have helical shapes. They havehiligy @0 twist and
contract their shape (they are flexible). Thergriesence of a special
kind of flagella termed periplasmic flagella or @xibrils which may be
more than one. They are so thin they cannot bdyessen in light
microscope. When gram stained, dark field microscop used to
visualise these organisms, they are Gram negataeeba. Many
spirochetes are human pathogens.

Important genera

Treponema: causes syphilis and yaws
Borrelia: causes lymes diseases
Leptospira: causes fever, liver and kidney damages

3.1.2 Aerobic/motile, Helical/Vibrioid Bacteria

They are Gram negative bacteria. The cells arel ragid range from
vibrioid (having less than one tumor twist) to bali They swim by
means of polar flagella. They are aerobic or mierophilic. Most are
harmless saprobes and occur in soil, fresh watenasme environment
but a few are parasitic and pathogenic for humamals and other
bacteria.
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Important Genera

Soirillum - adapted to low concentration of organic matter
Azospirillum - associated with plant roots, nitrogen fixer intpat to
agriculture.

Campylobater- a food poisoning bacteria

Bdellovibrio - Predator on bacteria.

3.1.3 Non Motile Gram Negative Curved Bacteria

These bacteria have rigid cell that are curvedattous degrees forming
coil, helical spirals and sometime ring, they ao¢ motile. They occur
mainly in soil, fresh water and marine environment.

3.1.4 Gram Negative, Aerobic Rods and Cocci

This group of bacteria forms one of the largest amus$t diverse group
of bacteria. They are straight or slightly curvedls, some are cocci.
They are a strictly respiratory type of metabolidvtany industrially,
medical, and environmentally important bacteriaitab include soil,
water, animal parasites.

Important Genera

a. Pseudomonas-Opportunistic infections in burns. Aerobic motiath
rods with polar flagella. Many may synthesise doyelgreen-pigment
that fluoresces under UV light. Are resistant tongna&hemicals and
antibiotics.

b. Legionella - Legionnaire’s Disease, fastidiuos organisms found
in many environments.

Neisseria - STD mostly of humans and animals

Brucella - Obligate intracellular parasites

Bordetella - Whooping and kernel coughs

Francisella - Tularemia in rabbits, require cysteine.

Rhizobium - A nitrogen-fixing soil bacterium

Agrobacterium - Used to introduce DNA into plants.

S@ o0

3.1.5 Facultatively Anaerobic, Gram-Negative Rods

Many important pathogens, oxidase and a requireni@ntorganic
Habitats include soil, plants, and animals, respiya and intestinal
tracts Many in this group known as ‘enterics’ foundhuman intestine)

Important genera: (inhabit intestine of animals) bulky dysentery

Escherichia, Salmonella, Shigella, Klebsiella, Yersina,
Vibrio,Haemophilus, Gardnerella, Pasteurella, Proteus, Seratia
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3.1.6 Aerobic, Gram-Negative Rods

Straight, curved and helical rods. They are rigitley are obligately
anaerobic (cannot live in pressure of O2)

Habitats: Mostly in intestinal traits, some in mouth andnigel trait
andsome of the most common organism in the in&stin

Important genera:

Bacteriodes
Fusobacterium
Leptotrichia

3.1.7 Dissimilatory Sulphate-Reducing or Sulfur - Rducing
Bacteria

They have a Gram-negative cell wall. They are foumdanaerobic
sediments; reduce oxidised forms of sulphur to H2Bsimilation =
nutrition not assimilated but rather

excreted. Occur in mud, fresh water, marine orlshcenvironments.
Important  genera:  Desulfovibrio —  vibroid or helical
cellsDesulfococcus

SELF-ASSESSMENT EXERCISE
In what way does spirochete differ from other baat

3.2 Bergey’'s Manual of Systematic Bacteriology - ®ume 2

3.2.1 Ordinary Gram- Positive Bacteria

Bergey’'s Manual of Systematic Bacteriology, Volurdeis made up
ofthe ordinary gram positive chemoheterotrophic téxa&, many of

whichhave clinical or industrial or agricultural pmrtance. They are:

a. Gram-Positive Cocci. Aerobic/Facultatively Anaeobic Cocci
They possess cytochrome.

They are able to respire with oxygen.Some cana@i$ain energy under
anaerobic conditions by fermentation. Members adaren in two
families.

Deinococcaceae and Micrococcaceae.
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Important genera

1. Micrococcus aerobes or facultative anaerobes that form

irregular clusters by dividing in two or more pésn

2. Sreptococcus aerotolerant anaerobes that obtain energy from

fermenting sugars to lactic adiorm chains by dividing in one or

two planedack catalasean cause extensive tissue destruction by

the release of enzymes that degrade fibrin.

3. Saphylococcus common human pathogemsponsible for skin
abscesses or boilsvill tolerate and grow in high salt
concentrationsvill rapidly develop antibiotic resistance.

4. Peptococcus obligate anaerobes lack both catalase and enzymesto

ferment lactic acidorm pairs or irregular clusters
can cause many infections.
5. Peptostreptococcus

b Aerotolerant Fermentative Cocci

They do not have cytochromes. They have only adatative type of
metabolism and do not respire yet they can growemtecally or

aerobically. The cells are arranged in pairs, chan tetrads. Some
representative  genera include  Streptococcus. Lestocand

Pediococcus.

c Anaerobic Gram-Positive Cocci

These cocci have a fermentative type of metabolisells inclusters,
tetrads, short or long chains.

3.2.2 Endospore Forming Gram-Positive Bacteria

Most are rod shaped but some are cocci. Majorgygaam-positive but
a few species stain gram-negative. Motility if gnesis by means of
peritrichous flagella.

Some genera included in the group are:

Aerobic/Facultatively Anaerobic spore forming R@atsl Cocci.
These groups are rod and cocci in shape.

Two genera found in the group are Bacillus and &gancina.

Bacillus. They are rod shaped bacteria.

May form exocellular enzymes that hydrolyse prateand complex
polysaccharides.
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They form endospores which are heat resistant. Téeharmless
saprobes found in soil, fresh water or sea watgantples includeB.
subtilis, B. cereus andB. thuringiensis.

Sporosarcina: They are cocci in shape and arraimgedrads orcubical
packets of eight cells. They are widely distribuitef@rtile soil.

3.2.3 Anaerobic Spore forming Rods

They have a fermentative type of metabolism. Theye a
widelydistributed in soil, in marine and fresh waa@aerobic sediments.
TheyincludeClostridium and Desul fotomaculum.

3.2.4 Non-Spore Forming Gram Positive Rods of RequiShape

They are short or long rods in shape.The group aslanof harmless
saprobes.

Some are parasitic organisms.
Important Genera

1. Lactobacillus

(a) foods and cheeses.

2. Listeria

(a) infection of brain and its membranes, will daeil@tus.
3. Erysipelothrix

(a) red sores in human.

3.2.5 Non-Spore Forming Gram-Positive of IrregularShape

This group contains a heterogenous variety of bacte
The few common features are. Straight to slightiyved rods.

1. May be aerobic or facultatively anaerobic. Soexamples of the
genera in the group includeCorynebacterium, Arthrobacter,
Brevibacterium, Micrococcus and Cellulomonas. Corynebacterium:
This genus contains rod shaped cells which are npgohic and
frequently exhibit club-shaped swellings and agaale arrangement.

They may be saprobes, pathogens of human and maBnas well as

plant pathogens. An exampleGs diptheriae which causes diphtheria in
humansC. sepedonicum which causes ring rot of potatoes.
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2. Aerobic/Facultatively Anaerobic Branched Filatoers Rods. The
bacteria of this group form colonies which at fiese microscopic in
size (microcolonies) and contain branched filamestagells. As the
colonies develop to macroscopic size many of th#s ceecome
diphtheroid (like caryobacteria) orcocci in shafgamples include
Agromyces andArachnia

3. Anaerobic Non-filamentous or Filamentous .Thgaaisms are either
anaerobes or if facultatively anaerobicare prefiea#ly anaerobic. Two
of the genera in this group afeopionbacterium andActinomyces. They
are differentiated by their morphology and by thieirmentation end
products as determined by gas chromatography.

Important genera

1. Corynebacterium

(a) can cause diphtheria.

2. Propionibacterium: anaerobic, causes acne
3. Eubacterium

4. Actinomyces:

(a) branching filamentous soil microbes.

3.2.6 Mycobacterium

They are aerobic bacteria. Their cell walls contéange amounts
oflipids. They are made up of a single gerMgcobacterium which
areslightly curved or straight rods that may showanbhing. They are
acid fast.Some are saprophytes, Blgphlei While some are pathogens,
e.g.M.tuberculosis.

3.2.7 Nocardioforms

They are aerobic bacteria that produce a substratelium i.e. a mat of
branching hyphae formed under the surface of the mgdium.

Important genera

Nocardia: pulmonary nocardiosis
Some pathogens.

SELF-ASSESSMENT EXERCISE
I List the group of bacteria placed in Bergey'aal of
Systematic Bacteriology Volume II.

. Differentiate betwee®aphylococcus and Streptococcus.
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3.3  Bacteria with Unusual Properties

The organisms in this volume have unusual propestibich are quite
different from those in volumes one and two. Theoxggenic
phototrophs can be divided into two major groupsedaon their
pigmentation purple bacteria and green bacteriaeyTloccur in
anaerobic fresh water or marine environment. They ralso occur
beneath the surface of shallow aquatic environmeiots in organic
matter such as stagnant ponds and ditches.

Anoxygenic Phototropic Bacteria

They belong to the order Rhodospirillales. They @ram-negative and
capable of carrying out photolithothrophic or plasganotrophic type
of metabolism. They contain bacteriochlorophyllsélpresent in their
cells are various water-insoluble carotenoid pigimemhich can also
trap or absorb light energy and transmit it to baeteriochlorophyll.

The anoxygenic bacteria grow phototrophically onlyder anaerobic
conditions and are incapable of forming O2 becabsg possess only
photosystems.

Oxygenic Phototrophic Bacteria

They are bacteria that contain chlorophyll. They ese light as an
energy source and evolve O2 in a manner similénabof green plants.
The group include: the Cyanobacteria (blue-gregagll

Gliding, Fruiting Bacteria

Gram-negative, non-phototrophic bacteria.

They lack flagella; yet can glide across solid sces. They have a
complex life cycle in which the cells swarm togetimemasses and form
fruiting bodies. The fruiting bodies contain myxmeses which are
shorter and thicker than the vegetative cells.

They are found in surface layers of soil, compo®tnure, rotting wood
and animal dung. Constituent genera incl@igmatella Chondromyes.
They are aerobic or micro aerophilic organisms.yThee in soil or
water.

Gliding, Non-fruiting Bacteria
Gram-negative non-phototrophic rods, filaments or

multicellulartrichomes that glide across solid agds: fruiting bodies
are not produced.
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Examples of organisms inclu@¥tophaga, Flexibacter or Vitreoscilla
Beggiotoa, Smonsiella,Saprospira and Thiothrix.

Sheathed Bacteria

Gram-negative non-phototrophic bacteria that formeaternal sheath
that covers the chain or trichomes.They inhabisHravater of marine
environments. Among the genera included in this ugroare
Sohaerotilus, Leptothrix, etc.

Budding and/or Appendaged Bacteria

They are Gram-negative non-phototrophic bacteriat treproduce
asymmetrically by budding and or form prostheceatalks (Nonliving
ribbon-like or tubular appendages that are excrdétgdhe cell).The
organisms range from aerobic to microaerophilic  to
facultativelyanaerobic. Examples include Hyphomicrobium
Ancalomicrobium, Caulobacter.

Chemolithotrophic Bacteria

Gram-negative non-phototrophic bacteria that obt&nergy for
carbondioxide fixation from the oxidation of ammannitrite, reduced
sulfur compounds or ferrous iron. Examples of fasiin this group are
the nitrifying bacteria, the sulfurmetabolizing baa and the
Siderocapsaceae. Many of these organisms are fioutige soil, fresh
water and marine environments.

Archaeobacteria

Gram-positive or Gram-negative that are phylogead$i distinct from
eubacteria; some produce methane gas; some reguigually high
level of NaCl for growth: others are distinguishleyg their ability to
grow at a low pH and a high temperature. Three ncaitegories of
archaeobacteria recognised are the methanogensdlextreme
halophiles, and the thermo-acidophiles.

SELF-ASSESSMENT EXERCISE
List the major group of organism in volume 3 andtest the
characteristics of each.

3.4 Bergey Manual of Systematic Bacteriology - Voime 4

Gram-positive filamentous bacteria of complex maoipgy. The
organisms in volume IV are aerobic gram positivetéaa which form
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structures such as mycelium of filamentous hyphak asexual spores
as found in microscopic eukaryotic fungi and havteent cell types of
cell walls based on amino acid and sugar compaositio

Filamentous bacteria that divide in more than one [ane

The hyphae divide not only transversely but alsogitudinally to
produce cluster or packet of cells or spore; callwtype iii;
soilorganisms, animal pathogens, and symbiotic ogén-fixers
arerepresented. The three genera present in th@upgrare
Geoder matophilus, Dermatophilus andFrankia.

Filamentous bacteria that form true sporangia

Harmless soil and water organism whose hyphae @iwida single
plane; the spores are formed within special sag&wall type ii or iii
A good example of a genus in this divisiomAiinoplanes.

Streptomyces and related genera

The hyphae divide in a single plane; long chaincofidiospore are
formed at the tips of sporogenic hyphae; the omganare mainly
harmless soil organism that are noted for prodoaticantibiotics; a few
are human or plant pathogen; cell-wall type.Sevgealera in this group
include Streptroverticullium,Actinopycnidium, Actinosporangium but
the most popular of these gener&igptomyces.

Additional Filamentous Bacteria Having Uncertain Taxonomic
Placement

The taxonome placement of the bacteria of thisrbgémeous group is
not yet agreed upon because many of the organiswves tmnusual and
striking morphological or physiological charact&gs such as:

(i) The extreme halophilism exhibited Bygtinopolyspora.

(i) Formation of heat resistant spores Tyer moactinomyces and other
unusual properties. A heterogenic collection of anigm whose
relationship to the major groups of gram-positiv@mientous bacteria is
not yet agreed upon; some have remarkable morpicalogor
physiological properties; a few organisms are pgehec for humans;
the cell-wall type vary.

4.0 CONCLUSION

Division within Bergey’s Manual of Systematic Baotdogy Volumes
I-1V is based on characteristics such as gram i@actell shape, cell
arrangement, oxygen requirement motility and mdtalpsoperties.
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5.0 SUMMARY

The Bergey’'s Manual of Systematic Bacteriology ok 1-1V is as
reference for the classification of bacteria.

Division is based on characteristics such as Gréamn Seaction, cell
shape, oxygen requirement and other properties.

Bergey’'s Manual Volume 1 is made up of ordinary r@magative
bacteria. They include: the spirochetes which haedical shapes,
flexible with periplasmic flagella. Important geaeincludeTreponema
and Leptospira Aerobic, motile helical owibriod bacteria with rigid
cells and vibriod or helical in shape with polagélla. Important genera
areSpirillum andAzospirillum.

Non-motile Gram negative curved bacteria have rigadl that are
curved, they occur in solil, fresh water and maaneironment.

Gram negative aerobic rods and cocci are straighglightly curved
rods; they includéseudomonas, Nisseria and other genera.

Other gram-negative organisms in this group inclddeultatively
anaerobic Gram-negative rods, Aerobic Gram-negatieds, and
dissimilatory sulphate-reducing bacteria

Bergey’'s Manual of Systematic Bacteriology Volumeis2 made of
ordinary Gram positive bacteria among which areoB&rfacultatively
anaerobic cocci.

Aerotolerant fermentative cocci, Anaerobic Gramifpas cocci.
Endospore forming gram positive bacteria of regudad irregular
shapes antycobacterium.

Bergey’'s Manual of Systematic Bacteriology — Volufes made up
bacteria of unusual properties among which are fgewric Phototropic
Bacteria, Oxygenic Phototropic Bacteria, Glidingiiting Bacteria,
Gliding Non-fruiting Bacteria Sheathed Bacteria aBdilding and
unappendaged Bacteria.

Volume IV of Bergey’s Manual of Systematic Bactéogy is made up
of gram positive bacteria of complex morphology ethiinclude
filamentous bacteria that divide in more than oneng,filamentous
bacteria that form true sporangfreptomyces and related genera and
filamentous bacteria having uncertain taxonomictaent.
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6.0 TUTOR-MARKED ASSIGNMENT

1. What genera of gram-negative bacteria are assdordth plants
as nitrogen fixers?
2. Write on systematic classification of Gram-positogeci.

7.0 REFERENCES/FURTHER READING
“Bergey’s Manual of Systematic Bacteriology.”

Medigan, M.T. et al. (2009). Brock Biology of Microorganisms.
(12"ed.). Pearson Education Inc.

Pelczar, M.J., Chan, E.C.S. & Krieg, R.N. (2001)5th(
ed.)Microbiology. McGraw-Hill.

Willey, J.M., Sherwood, LM & Woolverton, C.J. (20

Microbiology.(7th ed.). Boston Bur Bridge, IL: McGraw-Hill
Higher Education.
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1.0 INTRODUCTION

The classification of fungi like that of bactersm described mainly for
practical application but it also bears some retatio phylogenic
consideration. The nomenclature is binomial, witieaeric and specific
name (e.g. Aspergillus niger). Species are collected in genera,
families(suffice-acae), families in order (suffileg), and order in class
(suffixmycetes). Sequence analysis of 185-RNA aedam protein —
coding

. gene has shown that the fungi comprises a monojtygeoup
with  either subdivisions. Four of these subdivision the
Chytridiomycetes,Zygomycota, Ascomycota and Basidomycota have
been recognised asseparate groups for some tine.offter four —
Uredinomycetes,Ustilaginomycetes, Glomeromycota and Microsporidia
have been proposed recently as separate groupsumiiexamines the
systematic classification of fungi.

2.0 OBJECTIVES

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

o identify the different divisions of fungi
) state the characteristics of each division of fuargi
) state the mode of reproduction of each divisiofuafi.
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3.0 MAIN CONTENT
Chytridiomycetes or Chytrids

Chytridiomycetes or chytrids are the earliest amel gimplest group of
fungi. They are unique among fungi because theydywe
motilezoospore with a single posterior whiplasty@gum. The cell wall
Is made of chitin. Some exist as single cell wiuteer form colonies
with hyphae. Some are free living and found livimg plant or animal
matter in fresh water, mud or soil. Others are giicaand infect aquatic
plant and animal including insects. They displayadety of life cycles
involving both asexual and sexual reproduction. uaéxeproduction
usually involves production of sporangiospores figporagia. Based on
zoospore morphology, the orders with the Chytridioates include the
Blastocladiales, Monoblepharidales, Neocallimatiga
Spizellomycetales and the Chytridiales.

3.1 Zygomycota

The Zygomycota are made of fungi called&ygomycetes. They are
commonly found in soil and on decaying plant malsri All are
multinucleate ¢oenocytic). Asexual spores develop in sporangia at the
tip of aerial hypae and are usually dispersed by wind. Sexual
reproduction produces tough, thick walled zygotaeled zygospores
that can remain dormant when the environment ishersh for growth

of the fungus. The bread moukhizopus stolonifer is very common
member of this division, the fungus grows on masst;bohydrate-rich
foods such as bread and vegetables.

SELF-ASSESSMENT EXERCISE
What feature of Zygomycetes gives this group itse
3.2 Ascomycota

Members of this group are called Ascomycetes, contynknown as
sacfungi. These ascomycetes are large and highigrssh groups of
fungi ranging from single-celled species such assiyéSaccharomyces)
to species that are filamentous liKeurospora.

The ascomycetes derived their names from the ptmohucof
asci(singular, ascus) cells in which two haploictlaufrom different
mating types come together and fuse, forming aodiphucleus that
undergoesmeiosis to form haploid ascopores. Asesembduction in
ascomycetes is by the production of conidiaformédthee tip of

138



PHS 217 MODULE 5

specialised hyphae called conidiospore, an exarapléungi in this
group is yeast. Cell division iBaccharomyces cerevisiag(yeast) occurs
by budding. During the budding process, a new felhs as a small
outgrowth of the old cell, the bud gradually ents@nd separates from
the parent cell. Sexual reproduction also involassus formation with
each ascus usually bearing eight haploid ascospores

3.3 Basidiomycota

The Basidiomycota include the Basidiomycetes, comiyn&nown as
club fungi. Examples include jellyfungi, puffballgpadstools and
mushrooms. They are named for their charactersdtiecture cell, the
basidium, which is involved. A basidium is producat the tip of
hyphae and is normally club shaped. Two or moredmaspores are
produced by the basidium and basidia may be hettirwifruiting
bodies called basidiocarps. The basidiomycetestaffemans in many
ways. Most are saprobes that decompose plant delgiscellulose and
lignin, e.g. Polyporus squamosus. Some are used as food, e.g. the
mushroom. Agaricus campestris while some like Crytococcus,
Neoformans are important human and animal pathogens.

3.4  Glomeromycota

The glomeromycetes are a relatively small grouguofyi with major
ecological importance. Only about 160 species omglromycetes are
currently known. AIll known species of glomeromysetdorm
endomycorrhizae, also called arbuscular mycorrhzdle the roots of
herbaceous plants. They aid the plant acquisitianaterials from the
soil. They produce only asexually and are mostlgnoeytic in their
morphology. There is mutualistic relationship betwahe fungus, the
fungus help protect the plant from stress and debwil nutrients to the
plant which in turn provides carbohydrates to tnegf.

3.5 Microsporidea

These are tiny (2iBm), unicellular parasite of animals and protists.
They have been considered protists and are sometit®@ as such.
Molecular analysis of ribosomal RNA and specifiotein such as-and
B-tubulin shows that they are most closely rela®dungi. However,
unlike fungi, they lack mitochondria, peroxisomesl a&entrio Is. They
are obligate parasites that infect insects, fisth anman, in particular
they infect immunosuppressed individuals such asseh with
HIV/AIDS; an example isEnterocystozoa spp which causes diarrhea
and pneumonia. It reproduces asexually by sporadbon.
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3.6  Uredinomycetes and Ustilaginomycetes

Both the uredinomycetes and the ustilaginomycetadude plant
pathogens causing rust and smuts. Some uredinoasycefiude human
pathogens. They are often considered basidomy&uth unlike the
basidomycota, they do not form large basidocarpsiead small
basidiaarise from hyphae at the surface of the plasit. The hyphae
grow either intracellular or extracellularly in thpant tissue. A good
example idJstilago maydis, a common corn pathogen that causes smuts.

SELF-ASSESSMENT EXERCISE
State the role of arbuscular mycorrhizae on plants.

4.0 CONCLUSION

Systematic classification of fungi is based on sege analyses of
185rRNA and some protein coding genes and on theacteristics of
the sexual spores and fruiting bodies present duw@xual reproduction.

5.0 SUMMARY

Sequence analyses of 185r RNA and some proteimgogknes show
that the fungi comprise a monophyletic group withe subdivisions.
Chytridiomycetes are the earliest and simplest groti fungi. They
produce motile spores, some are saprobic while somearasites.
Zygomycetes are coenocytic (multinucleate) saprobiey reproduce
asexually by spore formation and sexually by fussbtwo gametangia
to form a zygospore, an example is the bread mi@ailzbpus stolonifer.
As comycota are known as sac shaped reproductivetste called an
ascus. Asexual reproduction occurs by conidia proda while sexual
reproduction occurs by fusion of gametes.

Basidiomycota are the club fungi. They are nameer dheir basidium
which carries 4 basidiospores. Some are saprobbse \wome are
pathogens of human and animals.

Glomeromycota form endomycorrhizae with plants sodthey help to
increase nutrient intake in the plants.

Microsporidia are still sometimes considered adigi® but molecular
analysis has shown they are most closely relatefiirigi. They lack
mitochondria, centrioles and peroxisomes. Theyustglly pathogens
to insect and those with compromised immunity.
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Uredinomycetes and Ustilaginomycetes are often idersd
basidiomycetes but they do not form basidiocarp.

6.0 TUTOR-MARKED ASSIGNMENT

1. What are chytridiomycetes? How do they diffent other fungi?
2. In what structure are the basidiospores formed?

7.0 REFERENCES/FURTHER READING

Atlas, R.M. (1995). Microorganisms in Our World. Mosby Year
Book.Inc.

Medigan, M.T.et al. (2009).Brock Biology of Microorganisms. (12th
ed.). Pearson Education Inc.

Pelczar, M.J., Chan, E.C.S. & Krieg, R.N. (2001)5th(
ed.)Microbiology. McGraw-Hill.

Willey, J.M., Sherwood, LM & Woolverton, C.J. (20

Microbiology.(7th ed.). Boston Bur Bridge, IL: McGraw-Hill
Higher Education.
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1.0 INTRODUCTION

Algae are generally classified on the basis of tfulowing
characteristics: nature and properties of pigmémnustry of reserve
food products or assimilatory products of photokgsis type and
number, insertion (point of attachment), and molpiy of flagella
chemistry and physiological features of cell wahsorphological
characteristics of cells and thalli life historgproductive structures and
method of reproduction. This unit examines theeyst classification
of algae and the characteristics of the major gsmffalgae.

2.0 OBJECTIVES

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

identify the major groups of algae

state the types of pigment present in each growgbgeke
state the major characteristics of each groupgseal
state the mode of reproduction of each group aalg
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3.0 MAIN CONTENT
3.1  Rhodophycophyta

The Rhodophycophyta, or red algae, are marine fdousd in the

warmer seas and oceans, but some grow in coldervaatwell as in
fresh water. Most red algae grow in the subtidab(serged) zone, only
a few being able to survive desiccation or expas@eme species
deposit upon their surfaces lime from seawatemaliely this results in
deposition of lime in the ocean and plays a pathenformation of algal
reefs. They range from unicellular to multicellulaifhey are

photosynthetic and contain chlorophyll A. Their arolplast lack

chlorophyll B and contain phycobili proteins. Thajor light-harvesting
pigments of the cyanobacteria, the reddish colobirrexd algae

resultsfrom phycoerythrin, an accessory pigment thasks the green
colourof chlorophyll. And example iS&elidium from which agar is
madePolysiphonia andChondrus crispus.

3.2 Xanthophycophyta - The Yellow-Green Algae

These yellow-green algae were once classified with green algae.
However, their pale green or yellow-green colowratindicates that
they have a unique group of pigments. They aredauore frequently
in temperate regions in freshwater and marine athias well as on and
in soil. Xanthophytes exist as single cell colonesd as both branched
and unbranched filaments. Motile genera are notnocom although,
some reproduce asexually by motile reproductive Iscel
(zoospores).Flagella are of unequal lengths.

The xanthophyte walls are typically of cellulosa&l gectin. The cellular
storage product is an oil or (a branched glucanysdhaminarin.

Vaucheria, the water felt, is a well-known member of thigision and

Is widely distributed on moist soil and in both euand rapidly flowing
water. Both freshwater and marine species are kn@enspores are
formed singly in terminal sporangia in asexual ogjpiction.

3.3 Chrysophycophyta — The Golden Algae

Species ofChrysophycophyta are predominantly flagellates; some are
amoeboid, with pseudopodia extensions of the pltasop. The naked
amoeboid forms can ingest particulate food with fseudopodia.
Nonmotile coccoid and filamentous forms are alsoluded in the
division. The chrysophycophyta differ from the gredgae in the nature
of their pigments, in storing reserved food as ailchrysolaminarin
rather than
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as starch, and in their frequent incorporationilbbiédes Most forms are
unicellular, but some form colonies. Their charaste colour is due to
the marking of their cholorophyll by brown pigmenEeproduction is
commonly asexual (binary fission) but occasionaiyy ogamous.
Anexample iOchromonus.

SELF-ASSESSMENT EXERCISE
What are the major characteristics of the Crysoppkgta?

3.4 Phaeoophycophyta — The Brown Algae

These algae are multicellular and contain a broigmpnt which gives

them their characteristic colour and common nameéerofvn algae, or

brown seaweeds. Nearly all are marine dwelling arust frequently,

found in the cool ocean waters. They are strudiucplite complex, and

some — the kelps — are large, the individual plaeéshing a length of
several hundred feet. Many have holdfasts; and dwawe air bladders,
which give them buoyancy. They reproduce asexumsllyoospores and

sexually by is ogamy and heterogamy. This groufudes algae used in
commerce, such as the many varieties of kelp. Hneysed as food for
humans, other animals and fish.

3.5 Bacillariophycophyta — The Diatoms

Members of this group are the diatoms, they areddn both fresh and
salt water and in moist soil. They are abundardoid waters. Diatoms
are the most plentiful form of plankton in the AcctThe thousands of
species diatoms provide an ever present and abufm@ch supply for
aquatic animals. Diatoms are unicellular, colonal,filamentous and
occur in a wide variety of shapes. Each cell hagngle prominent
nucleus which is massive and ribbon-like, or smd#es-like, plastids.
They produce shells (cell walls) containing silicmme of which are
very beautiful. Shells of diatoms are calledstules. Deposits of these
shells resulting from centuries of growth are ahli@atomite or
diatomaceous earth.

3.6  Euglenophycophyta — The Euglenoids

They are unicellular organisms and they are actinsbtile by means of
flagella. They reproduce by cell division. Of paudiiar interest is the
genus Euglena, which is representative of a gragigdated as animals
by some zoologists but as plants by many botarisiglena is widely
distributed and occurs in soil as well as in watdrere it often forms a
variety film or bloom. The Euglena is not rigid;stpliable. There is no
cell wall containing cellulose. The outer membrasean organised
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periplast. An anterior “gullete” is present everoupgh, no food is
ingested through it. Certain species develop a premh stigma or red
eyespot. Contractile vacuoles and fibrils are aisesent in the cell. All
these are animal attributes. On the other handoih@nism carries out
photosynthesis. A few types can even ingest paatieufood through

transient openings adjacent to the gullet. Reprioaiucs by longitudinal

binary fission. Dormant cysts are formed by allegp

3.7 Chlorophycophyta — The Green Algae

Members of this large and diverse group of orgasjsroalled
greenalgae are principally freshwater species. They are &s&md in
seawater, and many of them are terrestrial. Thds cef the
chlorophycophyta have a well-defined nucleus angllg a cell wall,
and the chlorophyll pigments are in chloroplasssinehigher plants. The
majority of green algae contain one chloroplast peH. It may
belaminate, cup-shaped, or reticulate. The chlasipl also often
containdense regions callpgirenoids, on which surface starch granules
are formed. Food reserves are stored as starch,roduqt of
photosynthesis. They bear chloroplasts containiigraphyll A and B
giving them their characteristic green colour. Ehare many single-
celled forms and many colonial types of greenaldaany unicellular
green algae are motile by flagella action. Colorges occur as
spheres, filaments, or plates. Some species haatasstructures called
holdfasts, which anchor them to submerged objecégjoatic plants. An
example isChlamydomonas.Chlamydomonas is considered a typical
green algae. It is a typical unicellular, motileegn alga and is widely
distributed in soils and freshwater. It varies fr8rto 29 /m in common
forms and is motile except during cell division. fility is by means of
two flagella. Each cell has one nucleus and a sihalge chloroplast
that in most species is cup-shaped, although inesoihnmay be star-
shaped or layered. The cell wall contains cellulasenany species, an
external gelatinous layer is also present. Thes®ise evidence that the
red eyespot or stigma in the chloroplast is the aitlight perception. In
addition to motile unicellular algae likeChlamydomonas, other,
nonmotile unicellular green algae are widely dmited. One of the
most important of these Ghlorella, which has served usefully as a tool
iIn many investigations on photosynthesis and supghgal food supply.

Volvox is a colonial green algae which may form water biso Its

colonies are visible to the naked eye. Each cotmmtains from 500 to
thousands of cells arranged at the surface of arwablloidal matrix.

The individual cells are biflagellate and are madplgically similar to

that of chlamydomonas.
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Desmids are one of the most interesting green algae found wide
variety of attractive shapes and designs. Eachigathade up of two
symmetrical halves with one or more chloroplasts.

Ulethrix is a filamentous form found in flowing streams,aatted to
wings or stones by holdfasts at the base of taenéht. A very common
green alga iSpirogyra, a filamentous form seen in the scums that cover
ponds and slow-moving water. It is of interest hseaof its common
occurrence and its possession of unusual chlorgplaghich are
arranged spirally.

3.8 Cryptophycophyta — The Cryptomonads

The cryptomonads are a small group of biflagellatganisms. They
have two unequal flagella, which arise from theebata groove; both
are of the tinsel type, with stiff hairs. The celse slipper-shaped,
flattened into a dorsal-ventral plane, and occoglgi Some forms have
a cellulose wall while others are naked, beingaurded only by a
plasmalemma with a thin granular material on theside. There are one
or two plastids, with or without pyrenoids, perlcétood reserve is
stored as true starch as well as oil. Asexual dption is either by
means of longitudinal cell division or the formati@f zoospores or
cysts. An example is the genGsyptomonas.

3.9  Pyrrophycophyta — The Dinoflagellates

This division includes the dinoflagellates, a dser group of
biflagellated unicellular organisms. The dinofldgeds are so named
because of their twirling motion rather than theiorphology. These
organisms constitute an important component of mearbrackish, and
fresh bodies of water. This is another group tleet oth plant-like and
animal-like characteristics. The cells are typicdlattened and have a
transverse constriction, the girdle, usually arouhd cell equator.
Distinguishing feature of dinoflagellates are th#e flagella are
insertedin the girdle and that the flagella areamged with one
encircling thecell and one trailing. Hairs projdeom the flagellar
surface. Manydinoflagellates are covered only bglasmalemma. In
some forms, there is a wall made of cellulosel,$tihers have a series
of celluloseplates within the plasmalemma. These termed thecal
plates and dinoflagellates with them are said to denored.
Dinoflagellates are important constituents of ptank. They are best
known as the organisms that produce “red tides’hlooms in which
concentration of cells may be so great as to colawge areas of the
ocean red, brown, oryellow. Such an organisnG@yaulax. Other
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marine dinoflagellatessuch aNloctiluca are luminescent. Asexual
reproduction takes place by division of the cell.

SELF-ASSESSMENT EXERCISE
What are the characteristics of the Chlorophycoghyt
40 CONCLUSION

It can be seen clearly from the different majoss&s or groups of algae
that classification of algae were based on thearatteristic coloured
pigments and cell morphologies.

5.0 SUMMARY

The Rhodophycophyta— The red algae are found in aquatic habitats.
They reproduce asexually by non-motile spores amdialy by the
union of well differentiated non-motile male andmi@e germ cells
Examples aréelidium andPolysiphonia.

The Xanthophycophyta The yellow green algae are single cells,
colonies or filamentous algae that have pale greeryellow green
pigmentation and are found in temperate regiorhfueater and marine
habitats. Reproduce asexually by cell division gmdduction of
motilespores.

The PhaeoophycophytaThe brown algae are multicellular with brown
pigments found most times in marines and reprodasexually
byzoospores and sexually both is ogamously anadggeously.

Bacillariophycophyta: The diatoms are found in both fresh and
saltwater and in moist soils. They occur in a wideety of shapes and
serve as food for aquatic animals.

Euglenophycophyta are unicellular organisms that move by means of
flagella and reproduce by binary cell division aodoexample is
Euglena with animal like and plant like characteristics.
Chlorophycophyta: The green algae may be unicellular, colonies
orfilament are found in fresh water, see water @destrial habitats.
They have chlorophyll and other pigments in chl¢as{s and have food
reserve stored as starch and reproduce by zoospgmsen and other
asexual methods.

Cryptophycophyta: The Cryptomonas are biflagellate organisms
withtwo unequal flagella food reserved is storegdrie starch as well

a soil. Reproduction is either by means of longitatcell division or
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the formation of zoospores or cysts. Sexual remboln has been
confirmed in the genuSryptomonas.

Pyrrophycophyta: The dinoflagellates are a diverse group of
biflagellated unicellular organisms with animaldikand plant-like
characteristics found in aquatic habitats wherg fv@duce “redtides”
or blooms which colour large areas of the oceanlyemvn or

yellow. Asexual reproduction is by division of ticell. Examples are
Gonyaulax andNoctiluca.

6.0 TUTOR-MARKED ASSIGNMENT

1. What are the characteristics Euglena shares with
a. animals?

b. plants?

2. Write a short note on the Chlorophycophyta.
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1.0 INTRODUCTION

Traditionally, the protozoa are grouped togethesebaon general
similarities: they lack cell walls, they are colmas and motile, they
exhibit a wide range of morphologies and inhabinyndifferent kinds
of habitat, and they play major roles in human etycand health. The
different forms of protozoa have been grouped toayehot because they
are all related in an evolutionary way, but simfdy convenience.
Theold classification schemes of protozoa were dapemarily
onorganelles of locomotion. The major groups ardledaPhyla
(singular,phylum). This unit determines the systiéenelassification of
protozoa and different phyla in which they werecplh

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

identify the major phyla of protozoa

state the characteristics of each phylum
differentiate between different phyla; and

list some species found in each group or phyla.
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3.0 MAINCONTENT
3.1 TheFlagellates (Subphylum Mastigophorea)

These protozoa are conventionally divided into wvoups: The plant
like forms (class Phytomastigophorea, the phyteflages) and the
animal-like forms (class Zoomastigophorea, the lageflates). Plant
like protozoa usually contain green or yellow cbldasts as well as
flagella and are photosynthetic. The zooflagelldtage no chlorophyll
and are heterotrophic. All members have one or niagella. Some
have pseudopodia. Asexual reproduction occurs bgitiedinal binary
fission. A form of multiple fission takes place Bome organisms.
Encystment is common but sexual reproduction is Tileése organisms
are considered as algae by some biologists. Snecedoflagellates have
no chlorophyll, they must obtain nutrition heteaogmically. All
members of this group have one or more flagellagsanembers are
capable of forming pseudopodia.

3.2 The Zooflagellates (Class Zoomastigophor ea)

The Choanoflagellates (order Choanoflagellida) distinctive in that
they are either stalked or embedded in jelly, aadhecell has a
thintransparent collar that encircles a single dlagn. The collar
functions as a food catching device. Organisms e torder
Kinetoplastida are grouped together because of plesence of a
kinetoplast (an extra nuclear region of DNA asdedawith the
mitochondrion). The single mitochondrion itselfeistensive, traversing
the length of the body as single tube, hoop or agkvweof branching
tubes. One or two flagella may be present; if tteeetwo, one is either
trailing free or attached to the body, with undu@t membranes
occurring in some cases.

3.3 The Amoebas (Subphylum Sar codina)Structure

Amoebas get their name from the Greek word “amqibeéning
“change” because their shapes are constantly amgngh typical
example isAmoeba proteus.

Amoebas are composed of protoplasm differentiatetd ia cell
membrane, cytoplasm and a nucleus. The cytoplaswsshranules as
well as vacuoles containing food, wastes, wated, @ssibly gases. The
outer membrane is selective and permits the passiagertain soluble
nutrients into the cell and waste materials outhef cell. Solid food is
ingested with the help of pseudopodia. The nuclausctions in
reproduction, metabolism and the transmission ofrediary
characteristics.
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Amoeba reacts to various physical and chemical stimuli tiveir
surroundings. This is an irritability response whigs at least
superficially analogous to responses of higher msyas to their
environment.

Nutrition of Amoeba
Uses pseudopodia to capture its food.
Reproduction — amoeba is asexually binary fission.

3.4  The Sporozoa (Phylum Apicomplexa)

They are in constant motion. They move by sendurgportions of their
bodies in one direction which the whole body followThey use
pseudopodia to capture food. Reproduction is adgxumy binary
fission. Some have the ability of encysting in wofarable condition.
Most are free living, some are saprophytic; howgewame species
Entamoeba histolytica causes amoebic dysentery in man. All sporozoa
are parasitic for one or more animal species. Alduths have no organs
of motility but all are probably motile by glidirgt one stage of their life
cycle. They cannot engulf solid particles, but fesdthe host’ cells or
body fluids.

Many have complicated life cycles, certain stagew/luch may occur
inone host and other stages in a different hoseyTdil produce spores
at some time in their life history. Their life cygsl exhibit an alternation
of generations of sexual and asexual forms, suahthe intermediate
host usually harbours the asexual forms and the fiost, the sexual
forms. Sometimes, humans serve as hosts to batisfaroxoplasmosis
and malaria are the major human diseases causspdogzoa. Malaria
Is caused bylasmodium asporozoa which infect the liver and red blood
cells.

3.5 TheC Ciliates (Phylum Ciliophor a)
The ciliates are protozoa with cilia for locomotiddommon examples
of the ciliated protozoa are included in the geRasamecium, found in

freshwater ponds and lakes where adequate foodissigpist.

Structure/M or phology
Paramecium

Paramecium moves rapidly by rhythmic beating of the cilia.

Nutrition: Paramecium takes in food through a fixed cytostoma at the
base of the gullet.
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Excretion is through the contractile vacuole.

Reproduction — Reproduce asexually by binary fisgionjugation may
also occur.

Paramecia are microscopic, some, however, ardarsty visible to the
unaided eye. The outer layer of the cell is lessilile than the outer
membrane of the amoeba, and the interior is congpo$esemi fluid,
granular protoplasm containing nuclei and vacuakseveral kinds.
Paramecia are easily distinguished by their charstic shape, which
has been likened to that of a slipper. The antéfront) end of the cell
Is rounded, and the posterior (rear) end is shghtlinted. The entire
cell is covered with hundreds of short hair-likejpctions called cilia,
which are the organs of locomotion and also sesdirect food into the
cytosome.

3.6 Other Ciliated Protozoa

The ciliated protozoa are represented by many foother than the
parameciaColpoda is a common freshwater genus. The gebigsnium
lives on a diet of paramecia, which are capturedalspecial structure
and swallowed whole. The gen@entor comprises largecone-shaped
protozoa that move about freely but attach to sobject by a tapered
lower end while feeding.

40 CONCLUSION

Classification in protozoa is by the use of geneharacteristics and not
as a result of evolution.

50 SUMMARY

Phytomastigophora are divided into two groups. plant like forms

class Phytoflagellates which have chlorophyll alagdlla forms, class
Zoomastigophora which have no chlorophyll and atetotrophic.

The amoebae (subphylum Sarcodina) are constantiygihg their

shapes and composed of protoplasm differentiatiedaircell membrane
cytoplasm and a nucleus and feed with the help@®pseudopodia.

The sporozoa (phylum Apicomplexes) are parasitic doe ormore
animal species. They feed by the use of pseudopamiiareproduce
asexually by binary fission.

The ciliates (phylum Ciliophora): The ciliates @m®tozoa with cilia for
locomotion.
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Other ciliates include Colpodia and the genBrdinium and thegenus
Sentor.

6.0 TUTOR-MARKED ASSIGNMENT

1. State the two groups of flagellates.
2. Describe the structure of paramecium.
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1.0 INTRODUCTION

Each living organism resembles its ancestors intrabgs characters.
The maintenance of specific properties, that i® tonstancy of
characters over generations is called heredity.e@Genis the study of
inheritance (heredity) and the variability of thkacacteristics of an
organism. Inheritance exacts transmission of geneformation from
parents to their progeny (offspring).Deoxyribonixigcid (DNA) is the
chemical substance responsible for hereditary incells because it
beams the genetic information. Each genetic charaen be assigned
to a gene which carries the information. Microoligars are capable of
transmitting genetic information from generation generation with
great accuracy. (This unit examines the causes afation in
microorganisms). Variability or variation of thehierited characteristics
occurs or alters as a result of change in the gematkeup of a cell or in
environmental conditions.

Variation in microorganisms takes place by mutatiBecombination
and gene transfer.
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20 OBJECTIVES
At the end of this unit, you should be able to:

o define the term genetic variation
J define mutation.

3.0 MAINCONTENT
Genetic Variation

This is changes in or of a gene which leads tes ¢ the enzymes or to
the production of an altered enzymes, hence, togrésable changes in
the hereditary character.

Genetic variation in bacteria can take place by:
Mutation gene transfer or recombination.

3.1 Mutation

Mutation can be defined as a change in the nudeatquence of DNA.
Mutation can involve the addition, deletion or ditb§on of
nucleotides. These changes in the nucleotidestabdesand heritable
and are passed down from one generation to the. ridyutation
introduces genetic variation among organisms. Aamuts a strain of
any cell or virus carrying a change in the nuck®Bequence. A mutant
is different from its parent strain in:

I Genotype: The nucleotide sequence of the genome.

il The Phenotype: The observable property of the mutant in the adtere
phenotype is called a mutant phenotype. The stsalated originally
from nature is called the wild type strain. Mutaticcan occur
spontaneously or induced under the influence oferesl agents
(mutagens).

3.1.1 Spontaneous M utation

This is mutation that occurs without exposure ttegxal agents or any
known mutagenic treatment. It occurs at a fairlpstant frequency in a
particular organism, one per 106 to 1010 in a paipuh derived from a
single bacterium. It may result from errors in DN&plication or from

the action of mobile genetic molecules called tpassns.

Mutation arising from error in DNA replication cée:
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Transition Mutation: This is the substitution ofparine for another
purine (A or G) or one pyrimidine for another pyiame(C or T) that
lead to a stable alteration of the nucleotide segee This type of
mutation is relatively common.

Transversion Mutation: This is a mutation in wh&lpurine is substited
for a pyrimidine or pyrimidine for a purine. Thsarer due to the steric
problems of pairing purines with purines and pydime with
pyrimidine. Both Transition and Transversion mwa$ are types of
base substitution in point mutation.

Mutations as result of lesions on DNA which resultapurinesites,
apyrimidinic sites, oxidation of DNA.
Mutation as a result of the insertion of DNA segtseimto genes.
Insertion usually inactivates genes. They are ahise movement of
insertion sequences and transpons.

3.1.2 Induced M utation

This is mutation caused by external agent (mutggemssich may be
physical or chemical agents.

1. Physical Agents: Physical agents include ultraviolet (UV) light,
raising radiation, visible light and heat. lonizirgdiation (e.g. Xrays)
can break both single and double strand DNA. Thegjuency of
mutation is greatly increased at a temperatureai3@nd above.

2. Chemical Agent: There are three main types of mutagenic chemicals
(i) Base analogs. These are chemicals structurally similar to ndrma
DNA bases and can be substituted for them durincgA D&plication.
These compounds exhibit based pairing propertiéfiereint from the
bases they replace and eventually cause a stalt&iomu An example:
5-bromouracil (5-BU) an analog of thymine.

(i) DNA Modifying Agents: These chemicals react chemically with
DNA. They change a base structure and alter itse bpairing
characteristics. Examples are Methylnitrosoguaseidin and
Hydroxylamine.

(i) Intercalating Agents. These are chemicals with flat molecules that
can intercalate (slip in) between bases pairs encééntral stack of the
DNA helix. They include single nucleotide pair inggn and deletions.
Examples are acridine such as proflavin and aaidnange.
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3.2 Typesof Mutation

Two common types of mutation are: point mutation drame shift
mutation.

1. Point M utations

Point mutations occur as a result of the substitutif one nucleotide for
another in the specific nucleotide sequence of egen defined as
change in only one base pair. Point mutations ategom — coding genes
can affect protein structure and are named acaprinf and how they
change the encoded protein. The most common typeiof mutations
are:

0] Silent mutation: Change the nucleotide sequence of acodon but
do not change the amino acid encoded by that codon

(i)  Missence Mutations. This involves a single base substitution
that changes a codon for one amino acid into @cofbr
another.

(i)  Nonsense Mutation: This causes the early termination of
translation and therefore results in a shorterwgpeptide. They
are called nonsense mutation because they coagemse codon
to a non-sense or stop code.

2. Frame Shift M utations

These mutations result form an addition or lossook or more
nucleotides in a gene and are termed insertionetetidn mutations
respectively. This results in a shift or the regdframe. Frame shift
mutations usually are very harmful and vyield mydhenotypes
resulting from the synthesis of non-functional pmot The effect of
mutation can be described at the protein levelian@grms of traits or
other easily observed phenotypes. A mutation frofd wype to a
mutant form is called a forward mutation; howegereversion mutation
occurs when second mutual at the same site asrip@ad mutation
which restore the wild type phenotype. If the secomutation is at a
different site than the original mutation is cal®gpressor mutation.

SELF-ASSESSMENT EXERCISE

I What are point mutations?
il What are frame shift mutations?
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3.3 Genetic Recombination

This is the formation of a new genotype by reassent of genes
following an exchange of genetic material betwe&ro tdifferent

chromosomes which have similar gene at correspgnsites and are
from different individuals. Progeny or offspringofn recombination
have combination of genes different from those #rat present in the
parents. In bacteria, genetic recombination’s tefsam three types of
gene transfer, they are:

1. Conjugation: This is the transfer of genes between cells dgnat
in physical contact with one another.

2. Transduction: This is the transfer of genes from one cell to
another by a bacteriophage.

3. Transformation: This is the transfer of cell free or naked
DNA from one cell to another.

3.4 Mechanism of Recombination

Inside the recipient cell, the donor DNA fragmerst positioned

alongside the recipient DNA in such a way that hlmgous genes are
adjacent. Enzymes act on the recipient DNA, causingand excision
ofa fragment. The donor is then integrated into trexipient

chromosome in place of the excised DNA. The reaipl@comes the
combination cell because its chromosomes contairA [N both the

donor and the recipient cell.

3.4.1 Conjugation

This is a mechanism of genetic transfer that ineslgell to cell contact.
It is plasmid encoded mechanism i.e. it is contblby gene carried by
certain plasmid (such as F plasmid). The proces®imjugation involves

a donor cell which contains conjugative plasmid a@ndecipient cell

which does not.

F Plasmid

The F plasmid (F stands for fertility) is a ciraulBNA molecule
0f99159 bp. It is an extra chromosome DNA that elesathe necessary
information necessary for conjugation. The F plasrhas a large
regionof DNA, the extra region containing genes tacode transfer
functions. Many genes in the extra region are veolin meeting pair
formation and most of these have to do with thelsagis of a surface
structure the sex pilus (plural, pili).Only donalls produce these pili.
Pili allow specific pairing to take place betweée donor and recipient
cells. The pilus makes specific contact with a ptgaeon the recipient
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cell and is retracted by disassembling its subdihis pulls the two cells
together, making the donor and recipient cells remia contact by
binding proteins located in the outer membraneaghecell DNA is the
transfer from donor to recipient cells through tagjugation junction.

M echanisms of DNA Transfer

During conjugation DNA transfer is triggered byldel cell contact by
which one strand of the circular plasmid is mixedl & transferred to
the recipient. The nicking enzyme required to atéithe process that is
encoded by the of the F plasmid DNA synthesis & riviling circle
mechanisms replaces the transferred strand in therdwhile a
complementary DNA strand is being made in the renip At the end of
the process, both donor and recipient cells posses®plete plasmid.
For transfer of the F plasmid, if an F-containirandr cell (designated
as F+) mates with a recipient cell lacking the pligis(designated as F-
)the result is two F+ cells.

3.4.2 Transformation

This is a genetic transfer process by which freeADB! incorporated
into a recipient cell and brings about genetic ¢ean Several
prokaryotes are naturally transformed includingtaiar species of
Gramnegative and Gram positive bacteria and someiesp of Archaea
because the DNA of prokaryotes is present in thleasea large single
molecule, when the cell is gently lysed, the DNAimoout and breaks
easily into fragments containing genes which areased into the
surrounding environment. If a fragment contact®mmetent cell, a cell
that is able to take up DNA and be transformed,ON& can be bound
to the cell and taken inside. Competency for tramsétion is a complex
phenomenon and is dependent on several conditiocts @s stage of
growth. Naturalt ransformation has been discovesedar in certain
genera including t®eptococcus, Bacillus, Acinectobacter, Azobacter,
Helicobacter and Pseudomonas. Gene transfer by this in process occurs
in soil and aquatic environment.

3.4.3 Transduction
This is a mechanism of genetic transfer in which bacterial
virus(bacteriophage) transfers DNA from one celatmther. Virus can

transfer the host genes in two ways:

i generalised transduction and
i specialised transduction
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1. Generalised Transduction

DNA derived from virtually any portion of the hag¢nome is packaged
inside the mature union in place of the virus ge@ofny gene on the
donor chromosome can be transferred to the recigiene they carry
any of the host chromosome, they are called gesedatransduction.
When a bacteria cell is infected with a phage lytie cycle is initiated.
During the lytic infection, the enzymes responsitae packaging viral
DNA into the bacteriophage sometimes package hbigt Beeidentally.
The resulting union is called a transducing pati€dn lysis of the host
cells, the transducing particles are released alsitlg normal union
(that is those containing the virus genome), heheelysate is used to
infect a population of recipient cells.Most of tbells become infected
with normal virus. However, a small portion of thepulation receives
transducing particles that inject the DNA they pggd from the
previous host bacterium. These transducing pasticledergo genetic
recombination with the DNA of the new host. Geneeal transduction
allows the transfer of any gene from one bactetioranother at a low
frequency.

2. Specialised Transduction

In specialised transduction, DNA from a specifigiom of the host
chromosome is integrated directly into the virusngme usually
replacing some of the virus genes. This occurs dnlya certain
temperate viruses. Specialised transduction allextremely efficient
transfer but is selective and transfers only a kmgion of the bacteria
chromosome. In the first case of specialised tracisoh to be
discovered, gelatose genes were translated by plaageda of E.
Coli.When lambda lysogenizes a host cell, phage genarmedsategrated
into the host DNA at a specific site. The regionwhich lambda
integrates in thé&. Coli chromosome is next to the cluster of the gene
that encode the enzyme for galactose utilisatioiterAinsertion, viral
DNA replication is under control of bacterial hastromosome. Upon
induction, the viral DNA separates from the hostAdby a process that
Is reverse of integration. The phenotype of micganisms can be
affected in various ways:

i Morphological Mutations: Changes in the microgamism
colonial or cellular morphology of the microorgsmis.

i Lethal Mutation: Resulting in the death of tmé&croorganism.

i Biochemical Mutation: Causing a change in thechemistry of
the cell.

160



PHS 217 MODULE 6

3.4.4 Mutation Detection involves

I Visual Observation
. Replace Plating Technique.

40 CONCLUSION

Microbial variation can arise as a result of muatasi which can occur
spontaneous or induced by physical and chemicahgd®m Mutation
leads to changes in protein structure and funatibith in turn alter the
phenotype of an organism. This results in the asgar{mutant) being
different from the one found originally in natuted wild type).

50 SUMMARY

Mutation is a stable heritable change in the numeosequence of a
DNA molecule.

Mutation can be spontaneous or induced.

Spontaneous mutation can arise from replicatiororgftransition,

transversion, addition and deletion of nucleotidejf DNA lesions and
from insertion of DNA segments and transpons.

Induced mutation can be from physical and chemagnts called
mutagens.

Physical agents, of mutation include ultravioleysiaionisin grays,

radiation, light, heat, etc.

Chemical agents of mutation are base analogscaltting agents and
DNA modifying agents.

Main types of mutation are point mutation and frashdt mutation.
Mutations are recognised when they cause a chaoge the normal
wild type phenotype. A mutant phenotype can beorestto wild type
by either reversion or suppressor mutations.

Some major types of mutations categorised basedheneffect on
phenotypes are morphological, lethal and biochdmica

Replace plating can be used for detection andtiaglanutants.

Amen test is used to screen for mutagens and palteatcinogens.

6.0 TUTOR-MARKED ASSIGNMENT

What is mutation?

List four ways in which spontaneous mutatiogimiarise.
List three methods of recombination in a prgkéc cell.
Explain the mechanism of conjugation in baeteri

AN
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1.0 INTRODUCTION

Life on earth would not be possible without micrebeSoil
microorganisms serve as biogeochemical agentshirconversion of
complex organic compounds into simple inorganic goamds or into
their constituents’ elements. The overall process called
Mineralisation. Biogeochemical cycling refers toe tiiological and
chemical processes that elements such as carldoogem, sulfur, iron
and magnesium undergo during microbial metaboliBhis conversion
of complex organic compounds into inorganic comgsuar elements
provides for the continuity of elements (or thedangounds) as nutrients
for plants and animals including man. This unit rexges the
biogeochemical cycles of elements such as carhdfursnitrogen and
phosphorous.

20 OBJECTIVES

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

) define biogeochemical cycling

o state the features of biogeochemical cycles
. describe the carbon cycle

. describe the sulphur cycle

. describe the phosphorus cycle.
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3.0 MAINCONTENT
Biogeochemical Cycling

Biogeochemical cycling is the movement of materiaé biochemical
reactions through biospheres. The biosphere ispiidion of the earth
and its atmosphere in which living organisms ocdure activities of
microorganisms within the biosphere have a dineqiact on the quality
of human life. Microorganisms are especially impattin recycling
materials. The metabolism carried out by microoirgias often transfers
materials from one place to another. Changes irchigeical forms of
various elements can lead to the physical movenaéntnaterials.
Sometimes causing transfer between the atmosphe&jehydrosphere
(water) and lithosphere (land).Biogeochemical ayglalso refers to the
biological and chemical processes that elementsh sag carbon,
nitrogen, sulfur, iron and magnesium undergo duringcrobial
metabolism. It can also be defined as cyclical pla#t elements take as
they flow through living (biotic) and non-living l§gotic) components of
the ecosystem. These cycles are important becatigedaand limited
amount of the elements that make up living celistexon earth and in
the atmosphere. Thus in order for an ecosystem #&mntain and
sustainits characteristics and life forms elementst continuously be
recycled. For example, if the organic carbon thaimals use as an
energy source and exhale as carbon dioxide (CO®) nat eventually
converted back to an organic form we would runaubrganic carbon
to build cells. Elements involved in the biogeociehcycles are used
for three general purposes.

0] Biomass Production

In biomass production, the element transferred. (&lg C, etc) Is
incorporated into cell materials for example, atbamnisms require
nitrogen to produce amino acids, hence plants aadynprokaryotes
assimilates nitrogen by incorporating ammonia(Nk8}ynthesise the
amino acid glutamate. Animals cannot incorporatenama instead
require amino acids in their diets. Some prokaryotan reduce
atmosphere nitrogen to form ammonia, which can tiemcorporated
into cellular material.

(i)  Energy Source

A reduced form of the element is used to generatzgy in form of

ATP. For example reduced carbon compounds sudipids hnd amino
acids are used as energy source by heterotroplesnditrophs can use
reduced inorganic molecules such as hydrogen su(ft2S) ammonia
(NH3) and Hydrogen gas.
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(i)  Terminal Electron Acceptor i.e. Carbohydrate Oxidised to
CO2 Electrons from the energy source are transferrecrto
oxidized form of the element during respiratiamstreduces the
terminal electron acceptor in aerobic conditioDg, is used as a

terminal electron acceptor. In anaerobic conditions, some

prokaryotes can use nitrate, sulphate (SO4), anboa dioxide
(CO2) as terminal electron acceptors. Global diemehange,
temperature precipitation and stability of ecosgstare all
dependent on biogeochemical cycles.

3.1 Peculiar Features of Biogeochemical Cycles

Elements required are in five forms and mostly froman-living
reservoir in the atmosphere. They can also be mdten sedimentary
rock or water.

The elements go in cycle and are always free imgenuic state in a
biotic environment and when needed in biotic enuinent, they are
turned to organic state. They can be combined @ihikr elements.

The recycling of these elements maintains a nepedsalance of
nutrient and they are maintained throughout.

The cycles (biogeochemical) are complex and thegglue the activity

of producers, consumers and decomposers.

All organisms participate directly in recycling lbgmoving, adding or
altering nutrients. Microorganisms are noted fortahelic conversion
especially in changing some elements from one tranal form to

another.

The total turnover rate of element is most rapidatmosphere and
lowest in sedimentary rocks.

SELF-ASSESSMENT EXERCISE
I. What is biogeochemical cycle of elements?
ii. State three features of biogeochemical cycles.

3.2 Carbon Cycle

Carbon is a very important element as it makesrgproc matter which
is a part of all life. Carbon follows a certain tewn earth called the
CARBON CYCLE.

The carbon cycle primarily involves the transfercafbon dioxide and

organic carbon between the atmosphere where cadiurs principally
as inorganic CO2 and the hydrosphere and lithogphdrich contain
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varying concentrations of organic and inorganic poonds. The carbon
cycle begins with carbon fixation, which is the gersion ofCO2 to
organic matter. Plants are thought of as the palciCO2 fixing
organisms but at least half of the carbon on eartixed by microbes;
particularly marine  photosynthetic prokaryotes angrotists.
Cyanobacteria such a$rochlorococcus and Synechococcus are
involved in carbon fixation using energy from sghik.
Chemolithoautotrophic microorganisms such @&hkiobacillus and
Beggiatoa also fix CO2 into organic matter while metabolizing
compounds such as H2S for energy. Once carbomesd into organic
compounds, the next stage in the cycle involvestrisfer from
population to population within the biological comnity, supporting
the growth of a variety of heterotrophic organisies, heterotrophs such
as animals and protozoa that eat autotrophs andmtayn be eaten by
other animals. Hence, they acquire organic carbdrutld biomass and
to oxidize to gain energy. Decomposers use the irasmaf primary
producers and consumers for the same purposesreBp&atory and
fermentative metabolism of heterotrophic organigeisirns inorganic
carbon dioxide to the atmosphere completing théaarcycle. When
plants and animals die, these organic compoundsiecemposed by
bacteria and fungi and during decomposition themigcompounds are
oxidised and CO2 is returned to the cycle. Carsmtared in rocks such
as limestone (CaCO3) and is dissolved as carbowate (CO3) in
oceans. Vast deposits of fossil organic mattert exithe form of fossil
fuel such as coal and petroleum. Burning these fetdases CO2
resulting in an increased amount of CO2 in the aphere.
Alternatively, inorganic CO2 and organic carbon che reduced
anaerobically to methane ((CH4). Methane is produmg Archaea in
anoxic habitats. Archaea such &dethanobrevibacter in the gut
oftermites also contribute to methane productidme €arbon cycle has
come under intense scrutiny in the last decades Thibecause CO2
levels in the atmosphere have risen from their nphestrial
concentration of about 280nol per mol to 376 mol permol in 2003.
This represents an increase of about one-thirdCid2levelscontinue to
rise. Like CO2, methane is also a greenhouse gastaratmospheric
concentration is likewise increasing about 1% peary from 0.7 to
1.7ppm (volume) since the early 1700s. These clzaage clearly the
results of the combustion of fossil fuels and aleland use. The term
greenhouse gas describes the ability of these dasiap heat within
earth’s atmosphere, leading to a documented inergaghe planet’s
mean temperature. Indeed, over the past 100 yearfli’'s average
temperature has increased by 0.6% and continugset@t arapid rate,
I.e. global warming of the earth.
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3.3 Nitrogen Cycle

Nitrogen is an essential component of DNA, RNA a@ndteins, which
are the building blocks of life, hence all orgarssrequire nitrogen to
live and grow. Nitrogen, the most abundant substam¢he atmosphere
or air (almost80%) is not directly useable by mosgianisms. This is
because the strong triple bond between the nitrog@ms in the
molecule makes it relatively inert. Only a few l#G are able to utilise
nitrogen directly. For plants and animals to beedbl use N2, N2 gas
must first be converted to more chemically avadabdrms such as
ammonium(NH4+), Nitrate (NO3-1), (NO2-1) and orgamitrogen
containing compounds such as amino acids and psotei
Microorganisms also are able to utilise these otbems of nitrogen
mentioned above. The conversion of nitrogen com@swrimarily by
microorganisms changes the oxidation states abgetnous compounds
and establishes anitrogen cycle. Three processeseccaout by
microorganisms are critical in the nitrogen cydlbey are:

1. nitrogen fixation
2. nitrification and
3. denitrification.

3.3.1 Nitrogen Fixation

This is strictly a bacterial process in which maolec nitrogen is
converted to ammonium ion and it is the only ndlyraccurring
process that makes nitrogen available to livingaargms. It is carried
out by a few bacteria that have a nitrogenase eegysystem. This
process brings nitrogen from the atmosphere tohydrosphere and
lithosphere. Because plants depend on the avaijaloil nitrogen for
growth, microbial metabolism of nitrogen containiogmpounds has a
dramatic impact on agricultural productivity. Plardnd animals rely
entirely on the fixed forms of nitrogen (such asnasnium and
nitrateions) provided by bacterial nitrogen fixatioNitrogen fixation
involves two types of bacteria or microorganisms).

1. Free Living Nitrogen Fixing Bacteria

These bacteria are found in high numbers or coraton in

therhizosphere (the region where the soil and rom&e contacts).In
aquatic environment, blue green alga is an impoftae-living nitrogen
fixer. Trichodesmium fix nitrogen aerobically whildree-living

anaerobes such as members of the geBlestridium fix nitrogen

anaerobically.
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2. Symbiotic Nitrogen Fixing Bacteria

Members of the gener&hizobium, Bradyrhizobium and othersare
important nitrogen fixing bacteria. They play armpontant role in plant
growth for crop production. These bacteria live association with
leguminous plants. The bacteria invade the rods ¢el form nodules,
receives carbohydrate and a favourable environrfremh their host
plants in exchange for the nitrogen they fix. Hoemwther bacterial
symbiotics fix nitrogen, for example th&ctinomycete Frankia fixes
nitrogen while colonising many type of woody shrullhe
heterocystouscyanobacteriunAnabaenea fixes nitrogen when in
association with the water feAzolla. The product of nitrogen fixation is
ammonia (NHS3). It is immediately incorporated iatmino N-atoms and
eventually as amino acids. The nitrogenase enzyarewsery sensitive
to oxygen and must be protected from oxidizing @fe The nitrogen
cycle continues with the degradation of these méscinto ammonium
(NH4+) within mixed assemblages of microbd#hizobium and
Bradyrhizobium species generally exhibits rates of nitrogen fom@tihat
are two or three times higher than these accomgamyefree nitrogen
fixing bacteria.

3.3.2 Nitrification

This is a process carried out by chemolithotrofaicteria whichconvert
ammonium ions to nitrate (NO3-) ions. It is a twepsprocess whereby
ammonium ion is first oxidised to nitrite (NO2-) gh is then oxidised
to nitrate. First step NH4+ NO2-Ammonium ion N#ribn Second step
NO2- NO3-Nitrite ion Nitrate ion Bacteria of therggaNitrosomonas
and Nitrosococcus play importantrole in the first steplitrobacter and
related Chemolithotrophic  bacteria carry out the second step. In
addition Nitrosomonas eutropha has beenfound to oxidise ammonium
ion anaerobically to nitrite oxide (N.O)using ngem dioxide (NO2) as
an acceptor in a denitrification related reaction.

Genera of Nitrification Bacteria

Genus Converts Habitat

Nitrosomonas Ammonia to nitrite Soil, freshwater marine

Nitrosospira Ammonia to nitrite Soils

Nitrosococcus Ammonia to nitrite Soils, freshwater marine
Nitrosotobus Ammonia to nitrite Soils

Nitrobacter Nitrite to nitrate Soils, freshwater marine

Nitrospira Nitrite to nitrate Marine

Nitrococcus Nitrite to nitrate Marine

The production of nitrate is important becauseaih ®e reduced and
incorporated into organic nitrogen. This process ksown as
assimilatory nitrate reduction (i.e. the use ofrat# as a source of
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organic nitrogen is an example of assimilatory odidm) because
assimilatory reduction of nitrate sometimes accat@sd a transient
intermediate. Alternatively, some microorganismse ustrate as a
terminal electron acceptor during anaerobic reipmathis is a form of
dissimilatory reduction.

3.3.3 Denitrification

This is a process in which nitrate is removed fribvd ecosystem and
returned to the atmosphere as dinitrogen gas (N®ugh a series of
reactions. Denitrification leads to the return osd of nitrogen to the
atmosphere as nitrogen gas. Through this procegdised forms of
nitrogen such as nitrate and nitrite are convetrtedinitrogen (N2) and
to a lesser extent, nitrous oxide gas. Denitrifczatis an anaerobic
process carried out by denitrifying bacteria whmdnvert nitrate to
dinitrogen in the following sequence:NO3- NO2- NQ®I N2Nitrate
Nitrite Nitric Nitrous Nitrogen lon ion oxide oxidgas Nitric oxide and
nitrous oxide are both environmentally importantsegmN20 is an
important Greenhouse gas contributing to globahate change while
nitric oxide contributes to smog. Once convertedlitotrogen nitrogen
is unlikely to be reconverted to a biologically éable form because it
is a gas and is rapidly lost to the atmosphere.itbiesation is the only
nitrogen transformation that removes nitrogen fro@cosystem
(essentially irreversibly). Denitrification is a rfo of dissimilatory
reduction. Finally, nitrate can be transformed tonnaoniain
dissimilatory reduction by a variety of bacteriancluding
Geobacter,Metallireducens, Desulfovibro spp and Clostridium spp.
Other spcapable of transforming NO3 to N2 akehomobacter,
Agrobacterium,Alkaligenes, Bacillus, Chromobacterium,
Flavobacterium,Hypnomicrobium, Pseudomonas Thiobacillus and
Vibrio. From agricultural standpoint, it is an undesiegocess because
it leads toloss of nitrogen from the soil, hencaealine in nutrients for
plant growth.

3.3.4 Ammonification

Ammonification is the decomposition process thabwests organic
nitrogen into ammonia (NH3). A wide variety of ongams, including
aerobic and anaerobic bacteria as well as fungdegmnade protein, this
they do through the action of extracellular progéol enzymes that
break down protein into short peptides or aminascAfter transport
ofthe breakdown products into the cell, releasingm@nium, the
decomposer will assimilate much of this compoundréate biomass.
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34  Sulphur Cycle

Sulphur can exist in several oxidation states witlurganic and
inorganic compounds. Oxidation-Reduction reactiomgdiated by
microorganisms change the oxidation state of sulphithin various

compounds establishing the sulphur cycle. Microoigyas are capable
of removing sulphur from organic compounds undeolaie conditions,

the removal of sulphur(desulfurization) of orgao@mpounds results in
the formation of sulphate, whereas under anaemnditions hydrogen
sulphide is normally produced from the mineralsatiof organic

sulphur compounds. Hydrogen sulphide may also bendd by

sulphatereducing bacteria that utilise sulphatéhasterminal electron
acceptor during anaerobic respiration. Hydrogerplsde reacts with
metals. Being negatively charged, it complexes eacts easily with
cations in the environment such as iron, aluminuah @alcium. These
compounds are relatively insoluble and most avkaldab plants and
microbes between pH 6 and 7 under these conditibmsse organisms
readily and rapidly convert phosphate to its orgaiorm so that it
becomes available to animals. The microbial tramsédion of

phosphorusfeatures the transformation of simpleoptiosphate (PO4-)
which bears phosphorus in the +5 valence stateote womplex forms.
These include the polyphosphates seen in metachimmanules as
well as more familiar macromolecules.

3.5 The Phosphorus Cycle

Biogeochemical cycling of phosphorus is importaatduse all living
cells require phosphorus for nucleic acids, lipidgedd some
polysaccharides. However, most environmental phagghis present in
low concentration, locked within the earth’s crubence it is the
nutrient that limits growth. Unlike the Carbon aNdrogen cycles, the
phosphorus cycle has no gaseous component. Phaspisderived
solely from the weathering of phosphate — contgmniocks, hence in
soil. Phosphorus exists in both inorganic and aoydorms. Organic
phosphorus is found in biomass, humus and otheanargform. The
phosphorus in these organic materials is recycechibrobial activity.
Inorganic phosphorus, on the other hand is nedgtiglkarged, so it
complexes or reacts easily with cations in the mwnhent such as iron,
aluminum and calcium. These compounds are relgtivedoluble and
most available to plants and microbes between @A 7.Under these
conditions these organisms readily and rapidly eonghosphate to its
organic form so that it becomes available to amsmalhe microbial
transformation of phosphorus features the transitiom of simple
orthophosphate (PO4-) which bears phosphorus irrfhealence state
to more complex forms. These include the polyphatgsh seen in
metachromatic granules as well as more familiarroraolecules.
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SELF-ASSESSMENT EXERCISE
I. Define the following terms

a. Nitrogen Fixation

b. Nitrification

c. Denitrification

d. Ammonification

40 CONCLUSION

Microorganisms in the course of their growth andahelism interact
with each other to cycle nutrients such as carbsulphur and
phosphorus. The nutrient cycling called biogeoclainicycling of
elements involves both biological and chemical psses and is of
global importance.

50 SUMMARY

Biogeochemical cycling of elements is the movenwninaterials via
biochemical reactions through biospheres.

It also refers to the biological and chemical pssas that elements such
as carbon nitrogen and sulfur undergo during miatabetabolism.
Elements involved in biogeochemical cycles are Usedhree general
purposes which are: (i) Biomass Production (ii) ilggeSource and (iii)
Terminal Electron Acceptor.

The carbon cycle primarily involves the transfercafbondioxide and
organic carbon between the atmosphere where ir®@suprincipally as
inorganic CO2 and the hydrosphere and tithosphenehwcontain
varying concentration of organic and inorganic compuls.

The first step in carbon cycle is carbon fixatiohieh is the conversion
of CO2 to organic matter by organisms suciCganobacteria.

The second stage is the transfer of the fixed caftlmm population to
population within the biological community.

The respiratory and fermentative metabolism of ie#tephic organisms
returns inorganic carbon dioxide to the atmosphere.

Decomposition of organic compounds such as plamdsaaimals return
CO2 to the cycle.

Carbon is stored in rocks such as limestones (Ca@0a8 is dissolved
as carbonate ions (CO3) in oceans.
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Burning of fuels such as coal and petroleum rele@sebondioxide to
the atmosphere.

Nitrogen is an essential compound of DNA, RNA amdtgns which
are the building blocks of life.

Atmospheric Nitrogen is not directly useable by trargianisms but has
to be converted to stable organic forms such asa@amum and nitrates.
Three processes carried out by microorganismsamiinogen cycle are
nitrogen fixation, nitrification and denitrificatio

Nitrogen fixation is strictly a bacterial process which molecule
nitrogen is converted to ammonium ion by a few éaatthat have a
nitrogenase enzyme system.

Nitrogen fixation is carried out by free-living rogen fixingbacteria
such as Azobacter, Cyanobacteria and Clostridium foundin the
rhizosphere of plant. Symbiotic nitrogen fixing bE@ such as
Rhizobium andBradyrhizobium which in symbiotic association with
leguminousplants help fix nitrogen in soil whil@yanobacterium,
Anabaeneafix nitrogen when in association with the watemter
Nitrification is carried out by chemolithotropic diaria whichconvert
ammonium ions to nitrate (NO3) ions in two steps.

Nitrosomonas and Nitrosospira convert ammonia to nitrite
whileNitrococcus andNitrobacter convert nitrite to nitrate.

Denitrification converts nitrate to dinitrogen.
Ammonification is the decomposition process thahwawstsorganic
nitrogen to ammonia (NH3).

Oxidation — Reduction reactions mediated by miggaoismschange the
oxidation states of sulphur with in various compasestablishing the
sulphur cycle.

Biogeochemical cycling of phosphorus is importaetduse allliving
cells require phosphorus for nucleic acids, lipidand
somepolysaccharides.

The phosphorus cycle has no gaseous state andhamaspisderived

solely from weathering phosphate containing rocksdoaganic
phosphorus in biomass humus and other organic forms
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6.0 TUTOR-MARKED ASSIGNMENT

1. a, (i) State three uses of biogeochemical cycles
(ii) State specific examples of microorganisms.

b Explain the role of symbiotic nitrogen fixing dtaria in
biological  nitrogen fixation in agricultural ssil

C) Outline the steps involved in nitrification.
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