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INTRODUCTION

Environmental Microbiology is a second semesters®uit is a two-
unit degree course in Environmental Microbiologyatthwill
eventually lead to a Bachelor of Science Degre&nmironmental
Science.

Environmental Microbiology is a special field inethstudy of
microbes and the environment. The course delvab®imfluence of
these microbes on the environment to the extemhaking it either
habitable or inhabitable. It is therefore not pblesito discuss the
environment without paying attention to its exigtmicrobes.

Environmental Microbiology has several questions daoswer.
Imagine that you are in a ship where the toilet reck of irons over
an open space, the excreta goes directly into eterwthen one can
imagine fishes feeding on the excreta, where sieflil to catch the
faeces, it flows with the water and yet some pesplegn in the same
water, eat the fish, and carry the same water iondeink. No doubt
life is endangered.

Secondly, assuming that you need to visit a tatethe airport and
you find out that all the toilets need to be flusHeefore use with

water, the micro-air must have been polluted witle smell of

unflushed faeces. Life is again in danger due i® rhicrobial of the

air. For one to drink the water in question antri@athe in the air in
this environment, there must be a need for stetiia and

disinfection of the water and air. These conditigmsse health

hazards. There are questions and answers to bed faon

Environmental Science Microbiology. What are these&robes?

Where do they come from? How can the harmful oreesdmbated?
And how can man make the best use of the benetined? These are
some of the questions to be answered in envirorahesdience

microbiology. The purpose of studying environmentdience

microbiology is to understand the behaviour of miorganisms in

various environments supporting or endangering life

WHAT YOU WILL LEARNIN THISCOURSE

The course consists of modules, units and a caunske. The course
guide briefs you about the course; what materiedsn@eded for the
course and how to work with these materials. Addélly, it tells

you more about the course, time allocation to thase, and amount
of time to be spent on each unit and module inror@e&omplete the
course. It gives you guidelines in respect of th&of -Marked

Assignments (TMAs) which will be made availablelie assignment

iv
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file. There will be regular tutorial classes that aelated to the
course. It is advisable to attend these tutorigkisas. The course
will prepare you for the challenges you will enctamn the field of

Environmental Science Microbiology.

COURSE AIMS

The aim of the course is simple. It is to acqu#ietstudents with the
various environments inhabited by microbes; whetmameficial or
deleterious to life in the various environmentet@ble the students
apply such education in the day to day existendieof

COURSE OBJECTIVES

To achieve the set goal, the course has a setjeftokes. Each unit
has a set of objectives inserted at the beginnihgewery unit.
Students are advised to read the stated objecpxgserly before
embarking on the study of every unit. It is necessa refer to the
objectives from time to time during the course gtud check
progress made. It is also important, to confirm ghegress achieved
at the end of each unit. The theme of this cowsge extend the role
of microbiology as a subject in the biosphere whbee organisms
live and life exists. The course therefore cutsossrall areas of
biological sciences. The course discusses theveumtnt of microbe
on health problems, pharmaceutics, environmentzadts, dentistry
etc and how such problems can be avoided. It atsgisithe needs of
students interested in health sciences, envirorahenicrobiology
and related disciplines. The course branches oitdoplated to
health and diseases. It discusses the several yaydhich microbes
affect life and the environment. It is importanttistudent should
anticipate what is to be learnt from each unit exake connections to
the concept previously learnt that have relevancevery new unit.
Below are the comprehensive objectives of the @as a whole.
Meeting these objectives will enable you to achigwe aims of the
course.

At the end of the course the students should betabl

) define and describe ecology and how energy flowshm
ecosystem

. explain the importance of recycling of water anthoa

. describe other biogeochemical cycles and the rblmioro-
organisms in the cycles

. enumerate the types of micro-organisms found ih asiand

water and their roles in recycling and as pathogens
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o define water pollution and water borne disease#hogens
and how they affect life

o list and describe the techniques of isolating mimmganisms
to obtain them in pure culture for preservation

o catalogue the differences between fresh water aadnm
water and the micro-organisms found in them

o discuss the antigen and antibody reactions, thebipegsties,
structures and classes

o enumerate the sterilisation and disinfection pracesl for

combating the pathogens and contaminating micrasosgns.
WORKING THROUGH THE COURSE

To complete the course, the student is requireteénl each study
unit, read the textbooks and read other materiadwiged by the
National Open University of Nigeria. Each unit cans self-
assessment exercises and at certain points inotlmse; the students
are expected to submit assignments for assessmgmsges. At the
end of the course, there is a final examinatiore burse should take
the student about 17 weeks to complete. Below laeelist of all
components of the course, what has to be done andime should
be allocated to each unit in order to completecihrse in time and
successfully. This course entails that the studsintsild spend a lot
of time to read. It is advisable that students &hoseize the
opportunity of attending the tutorial sessions weh#rey have the
opportunity of comparing their knowledge with thadeothers.

THE COURSE MATERIALS
The main components of the course are:

The Course Guide

Study Units
References/Further Reading
Assignments

Presentation Schedule

aghrwpPE

STUDY UNITS
The study units in this course are as follows:

Modulel Environmentsand Micro-organisms

Unit 1 Environment and Ecology of Micro-organisms
Unit 2 Biogeochemical Cycles
Unit 3 Characteristics of Micro-organisms

Vi
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Unit 4 Isolation of Micro-organisms

Module2  Structure, Reproduction and Importance of Micro-

or ganisms
Unit 1 Structure of Micro-organisms: The Fungi
Unit 2 Reproduction in Micro-organisms: The Fungi
Unit 3 Importance of Micro-organisms: The Fungi
Unit 4 Structure and Reproduction: The Bacteria
Unit 5 Importance of Micro-organisms: The Bacteria
Unit 6 Structure and Reproduction: The Viruses
Unit 7 Importance of Micro-organisms: The Viruses
Unit 8 Structure, Reproduction and Importance ofcrist

organism: The Algae

Module3 Interactionsand Control of Micro-organisms

Unit 1 Antigens and Antibodies
Unit 2 Sterilisation
Unit 3 Disinfection

The first unit discusses the environments and th@position of
micro- organisms present in the air, water and gdik second unit
focuses on the recycling of nutrient elements thhouthe
biogeochemical cycles. The third deals with therabizristics of the
micro-organisms. The fourth is on the techniquesdu®r isolating
micro-organisms and obtaining their pure cultures greservation.
Module 2 unit one delves on the structure of fulunits two, three,
four, five, six, seven and eight, focus on the tree, reproduction
and importance of the micro-organisms including giurbacteria,
algae and viruses. Unit one of module 3 discusisesinteraction
between the host and the pathogenic microbes, ibighig the
structures and properties of antigens and antisodimits two and
three are basically on the control of both the pgéims and the
superficial contaminants emphasising the differendeetween
sterilisation and disinfection.

PRESENTATION SCHEDULE
Your course material has important dates for theyeand timely
completion and submission of your TMAs and attegdiatorials.

Remember to submit all your assignments by theulstipd time and
date and guide against falling behind in your work.

vii
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ASSESSMENT

There are three aspects of assessment. It is mpdef uself-
assessment exercises, the tutor- marked assigramenthe written
examination /end of course examination. You arasadvto do the
exercises. In tackling the assignments, you areearpd to apply
information, knowledge and techniques gatherednduthe course.
The TMAs must be submitted for formal assessmenttha
accordance with the deadline stated in the presentachedule and
the assignment file. The best three TMAs out of fthe TMAs for
assessment count for 30% of your total course wairkhe end of the
course, you will need to sit for a final or end tife course
examination of about three hour duration. This eration will
account for 70% of your total course mark.

TUTOR- MARKED ASSIGNMENT (TMA)

The TMA is a continuous assessment component of gourse, it
accounts for 30% of the total score. You will beegi four TMAS to
answer. Three of these must be answered beforanmallowed to
sit for the end of course examination. The TMAs lddoe given to
you as at when due and returned after you have then@ssignments.

Assignment questions for the units in this courgecantained in the
assignment file. You will be able to complete yassignment from
the information and material contained in your regsd, references
and study units. However, it is desirable in allge level of
education to demonstrate that you have read aedngsed more into
your references, which will give you a wider viewimt and may
provide you with a deeper understanding of the esztbjMake sure
that each assignment is done on or before the ideagiven in the
presentation schedule and assignment file. If foy eeasons you
cannot complete the work on time, contact the resggffice before
the deadline given in the presentation scheduleamstgnment file.
Extension will not be granted after the due datéessithere are
exceptional circumstances.

FINAL EXAMINATION AND GRADING

The end of course examination for environmental ersoe
microbiology may be about 3 hrs and it has a scbré0% of the
total course work. The examination will consistagufestions, which
will reflect the type of self-testing, practice esises and tutor-
marked assignment problems that you have previcaeistpuntered.
All areas of the course will be assessed. You rieedgse the time

viii
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between finishing the last unit and sitting for tBeamination to
revise the whole course. You might find it useturéview your self-
test, TMAs and comments on them before the examimathe end
of course examination covers information from alitp of the course.

COURSE MARKING SCHEME

Assignment Marks
Assignments 1-4 Four assignments, best three nadirks
the four counts at 10% each-30% |of
course marks.

End of course examination 70% of overall coursekar
Total 100% of course materials.

FACILITATORSTUTORSAND TUTORIALS

There are 8 minimum hours of tutorials providedsupport of this
course. You will be notified of the dates, timesl docation of these
tutorials as well as the name and phone numbeowrf facilitator, as
soon as you are allocated a tutorial group. Yoatilitator will mark
and comment on your assignments, keep a close waiclyour
progress and any difficulties you might face analvfate assistance to
you during the course. They will be marked by rytutor and
returned to you as soon as possible. Do not delagohtact your
facilitator by telephone if you need assistancee Tdllowing might
be circumstances in which you find assistance sacgshence you
would have to contact your facilitator if:

. you do not understand any part of the study asdigeadings.

) you have difficulty with self-tests

) you have a question or problem with an assignmemnith
grading assignment.

You should endeavour to attend the tutorials. Thihe only chance
to have face to face contact with your course itatdr and ask
guestions which are answered instantly. You caserany problem
encountered in the course of your study. To gaichrienefit from
course tutorials prepare a question list beforending them. You
will learn a lot from participating actively in digssions.

SUMMARY

Environmental Science Microbiology is a course ascigline

concerned with the role of microbes in the envirenta in relation to
life that exists in the various sections of the spivere. Upon
completing this course, you will be equipped witle tbasics of the

iX



ESM 236 COURSE GUIDE

environmental science and the micro-organisms acterg with the
life in the various environments. In addition, ywull be able to
answer the following questions:

o What is ecology and how does energy flow in thesgstem?

o What are biogeochemical cycles?

o Why is the recycling of nutrients important and hawe water
and carbon recycled?

o What other biogeochemical cycles exist and whag¢srdhe
micro-organisms play in them?

o What kind of micro-organisms are found in air, st water?

o How can these organisms be trapped?

o What are the roles of these organisms in biogeomam
cycles?

o How do water pollution and water borne pathogerfecaf
humans?

o How do fresh water and marine environments and thairo-
organisms differ?

o How are these micro-organisms isolated and obtaimgulire
cultures for preservation.

o How are the micro-organisms preserved?

o How do the sterilisation and disinfection methodf$ed and

how are they used in combating contaminants anldogans
in the environment?

o Of course, the list of questions that you can amsige
unlimited to the above list. To gain the most frtns course,
you should endeavour to apply the principles yovehaarnt
to your understanding of the Environmental Science
Microbiology. | wish you success in the course ahdpe you
will find it both interesting and useful.
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MODULE 1 ENVIRONMENTS AND MICRO-

ORGANISMS
Unit 1 Environment and Ecology of Micro-organisms
Unit 2 Biogeochemical Cycles
Unit 3 Characteristics of Micro-organisms
Unit 4 Isolation of Micro-organisms
UNIT 1 ENVIRONMENT AND ECOLOGY OF MICRO-
ORGANISMS
CONTENTS
1.0 Introduction
2.0  Objectives
3.0 Main Content
3.1  Definitions of Microbiology and Environment
3.2  Ecology of Micro-organisms
3.2.1 Ecology and Ecosystems
3.2.2 Indigenous and Non-Indigenous Micro-orgaisism
3.3 The Flow of Energy in the Ecosystem
3.3.1 Micro-organisms as Producers, Consumers and
Decomposers
3.4  Microbes in the Air
3.5 Microbes in the Soil
3.5.1 Soil Pathogens
3.6  Microbes and Water Bodies
3.6.1 The Water Cycle
3.6.2 Salt Water and Microbes
3.6.3 Fresh Water and Microbes
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading
1.0 INTRODUCTION

It is pertinent to understand and be cautious abmeitenvironment in

which

life exists. This is because the environmienbe deviled with

several macro-organisms and micro-organisms, somevhich are
deleterious to human existence while others arefibeal to life. This
unit will therefore examine and define the diffaretypes of
environment in which life exists and catalogue thiferent micro-
organisms encountered and the role they play irstineival of life that
exist in them.
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2.0 OBJECTIVES

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

o define the biosphere

. distinguish the various environments

. explain the ecology in which life exists and thewflof energy in
the ecosystem

o describe the type of micro-organisms that can hedoin the
different environments (air, water and soil)

. explain the role of these micro-organisms.

3.0 MAIN CONTENT
3.1 Definitions of Microbiology and Environment

Microbiology is the science that studies organisms that arallysioo
small to be seen with the naked eye.

The environmentis that part of the earth’s crust in which lifess. It
consists of the biosphere, aerosphere, hydrospimeréthosphere.

The biosphereis the region of the earth inhabited by living amgms,
the plants and animals including micro-organisikcro-organisms are
found in the air (aerosphere) we breathe; in thieemdydrosphere) we
drink and in the soil (lithosphere) where cropsgn@wvn for the food we
eat.

Many microbes are beneficial but some are harmjutdusing diseases,
deterioration and biodegradation. Human beings migto-organisms

are the major inhabitants of the environment. Foman beings to

control the diseases and other hazards causeddng-origanisms and to
take advantage of the beneficial effects of thegzayorganisms in the
environment, it is necessary to know and understardroles of this

micro -organisms in the various environments.

3.2 Ecology of Micro-organisms

3.2.1 Ecology and Ecosystems

Ecology is the study of the relationship among orgas and their
environment. These relationships include interastiof organisms with
the physical features — thabiotic factors of the environment and
interactions of organisms with one another- thetic factors of the
environment. An ecosystem comprises all the orgasiis a given area
together with the surrounding, abiotic and bio#ctors.

2
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Ecosystems are organised into various biologicatlte Thebiosphere
is the region of the earth inhabited by living organs. It consists of the
hydrosphere (earths water supply), thighosphere (the soil and rock that
include the earth crusts and the atmosphere, tilseoga envelope
surrounding the earth.

A terrestrial ecosystem such as a desert, tundessignd or tropical
rain forest, is characterised by a particular ctamasoil type and
organisms. The hydrosphere is divided into freshewand marine
ecosystems.

The organisms within an ecosystem liveammunities An ecological
community consists of all kinds of organisms that present in a given
environment.

3.2.2 Indigenous and Non-Indigenous Micro-organiss

Micro- organisms can be categorisedraigenous or non-indigenous
to an environment.

The indigenous or native organismsare always found in a given
environment. They are able to adapt to normal sedsohange or
changes in the quantity of available nutrientshia €nvironment e.g.
Spirillum pollutants is indigenous to stagnant water (Jacquelyn, 2002).
Various species oftBptomyces are indigenous to soil arfekscherichia

coli is indigenous to the digestive tract. Regardlessaniations in the
environment, an environment will always continuestipport the life of

an indigenous organism.

Non-indigenous organisms are temporary inhabitants of an
environment, they become numerous when growth tiondi are
favourable for them and disappear when conditionscome
unfavourable.

Communities are made up of populations, groups of organismthef
same species in general, community composed of mapwlations of
organisms are more stable than those composed kyf @anfew
populations- that is only few different species.

The basic unit of theopulation is the individual organism. Organisms
occupy a particular habitat and niche. Thabitat is the physical
location of the organism. Micro- organisms oftenciggy a micro-
environment; a habitat in which the oxygen, nutseand light are
stable, including the environment immediately sunaing the microbe.
A particle of soil could be theicro-environment of a bacterium. The



ESM 236 ENVIRONMENTAL SCIENCE MICROBIOLOGY

environment is more important to the bacterium ttrenmore extensive
micro-environment. An organism’s niche is the raieplays in the
ecosystem that is its use of the abiotic and bidéctors in its
environment.

3.3 The Flow of Energy in the Ecosystem

Energy is essential in life and radiant energy fitbmsun is the ultimate
source of energy for nearly all organisms in anpsgstem. The
chemolithotropic bacteria that extract energy friaorganic compounds
are exceptions.

3.3.1 Micro-organisms as Producers, Consumers and
Decomposers

Organisms calleg@roducers areautotrophs. They capture energy from
the sun. They use this energy and various nutriartse soil and water
to synthesise the substances they need to growoasupport their other
activities. Energy stored in the bodies of the pamis is transferred
through an ecosystem when consumers who are heighst obtain
nutrients by eating the producers or other conssmer

Decomposers obtain energy by digesting dead bodies/astes of
producers and consumers. The decomposers releastarstes that
producers can use to produce nutrients. The floweonérgy and
circulation of nutrients in an ecosystem are showiigure 1.1 below.

The producers include photosynthetic organisms e.g. cyanobagteri
and eukaryotic algae. Although green plants armamy producers on
land, autotrophic micro-organisms fill the roletire water bodies. The
consumersinclude heterotrophic bacteria, protozoa and mmopg
fungi. Thedecomposers as micro-organismplay a greater role in the
decomposition of dead organic substances thanrlarganisms.

SELF-ASSESSMENT EXERCISE 1

Describe in detail the role of the producers, comsis and decomposers
in the recycling of nutrients in the soil.
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Sunlight

Fig 1.1: The Flow of Energy (E) and Nutrients (N) in
EcosystemsEnergy flow through the system (it is
obtained continuously)

Source: Jacquelyn, 2002

3.4 Microbes in the Air

Micro-organisms do not grow in air because thelaiks the required
nutrients needed for their growth. The spores @s¢hmicrobes are
carried freely in air. Vegetative cells can be iemon dust particles and
water droplets in the air. The spores and vegetatlls are examples of
propagules. The type and number of air-borne pnaljeagof micro
organisms varies from one environment to the otbarge numbers of
different kinds of micro-organisms are presentimwanere humans are
crowded together and in building where ventilai®poor.

The most common organisms found in air are thedlesgores. By far
the most numerous and the most predominant are thio&spergillus
and yeast to some extent. Bacteria commonly foundiri are those of
aerobic spore formers e.Bacillus subtilis and non-spore formers like
Micrococcus and @crcina sp. Viruses have also been isolated from the
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air. While coughing and sneezing, infected humams celease
pathogens along with water droplets.

Micro-organisms in the air can be determined byfttlewing methods:

a. This can be done by exposing glass slides coveitbdgnease

b. Food left over in the kitchen for 2 or 3 days widveal the
presence of spores &spergillus or Mucor on decayed food
materials e.g. bread, garri, paste or even on ntals

C. The use of spore traps such as Hirst spore trap Kaacher
Collins spore-traps.

3.5 Microbes in the Soll

Soil as an ecosystem is a mixture of mineral plagiand organic
matter. It is the habitat for hordes of decompagseletrivores and
carnivores, as well as roots of green plants whiehthe producers in
the soil ecosystems. In addition to producing euats for its inhabitants,
soil is their source of air, heat and water. Mahyhe stages in cycling
of matter also occur in the soil. The soil is foli macroscopic and
microscopic organisms because it receives animategsaand organic
matter from dead organisms. Micro -organisms actieomposers to
break down the organic matter into simple nutrieéh&t can be used by
plant and the microbes. Soil micro- organisms dres textremely
important in recycling substances in an ecosystgmtlerough Nitrogen
cycle, Carbon cycle, Sulphur cycle, Phosphoroutecyed other cycles.

All major groups of micro-organisms are presentthe soil. These

include bacteria, fungi, viruses, algae and pratozdowever bacteria
are more common than any other micro- organismsg(idyn, 2002).

Among the bacteria in the soil are autotrophs, ro&tephs, aerobes and
anaerobes and depending on the soil temperaturepphides and

thermophiles can also be found. In addition toogién fixing bacteria,

nitrifying and denitrifying bacteria are also foun@ihe soil contains

some bacteria that digest special substances suckllalose, protein,

pectin, butyric acid and urea. Soil fungi are mposthoulds. Both

mycelia and spores are present mainly in the tdptke aerobic surface
layer of the soil.

Fungi serve two functions in the soil, they decosg®oplant tissues
such as cellulose and lignin. Their mycelia formtweeks around the
soil particles giving the soil crumble texture. &ddition to moulds,
yeasts are abundant in the soil in which grapes athdr fruits are
grown.
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Small numbers ofyanobacterig algae, protistsandviruses are found
in most soil. Soil viruses infect mostly bacteria b few infect plants.

3.5.1 Soil Pathogens

Soil pathogensare primarily plant pathogens. A few soil pathogens
affect humans and other animals e.g. the Geophidrcnatophytes. The
main bacterial pathogen found in the soilGkstridium spp e.g C.
tetani that causes tetanus an@.botulism causes botulism in man.
Grazing animals contact anthrax from sporesadilBus anthracisin the
soil. Most micro-organisms that infect warm-bloodeaimals exist as
spores because soil temperature is usually too hayhmaintain
vegetative cells of these pathogens.

3.6 Microbes and Water Bodies

Water covers70% of earth surface and is also prasemarying amounts
in the atmosphere (Lim, 1998). It is an essentahgonent of all cells
and is a requirement for life. The water composit a cell varies from
45-95%. There are 2 types of water namelyslé or ocean waterand
fresh water. Salt or ocean water and fresh water organismgjaite
different.

3.6.1 The Water Cycle

Water has many roles in living organisms and kfémpossible without
it. The total mass of water vapour in the atmosphgrequivalent to an
ocean rainfall of 2.5cm a year over the earth’'fas@. The average
rainfall is 90cm a year, so water in the atmospl®®y/cled 90/2.5=3.6
times in a year.

Rain does not fall evenly throughout the world. Bmeount falling on
land determines to a large extent the abundancedsidbution of
terrestrial plants. Two processes are involvedhm ¢ycling of water.
(Figure 1.2)
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waler cycle s
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Fig.1.2: The Water Cycle
Source: Simpkins and Williams, 1986

(@)

(b)

Evaporation: The earth’s atmosphere has a lower potential than
living organisms and aquatic habitats. It is thedesir of
environments. Consequently, water evaporates if® air
(Figure 1.2). Mostevaporation occurs from the oceans, and
about 1500x1%n® of water vapours occurs each day. This
compares with the approximately 200%10 each day from the
land, roughly half from the soil and half from véaf@n. Water
vapour is less dense than air, so it rises to gperuuatmosphere
where the temperature is lower. Here it conderfsesying over
the oceans, where evaporation is greatest. Cloodsetames
evaporate when they absorb heat from the sun.rfdtiely, they
are blown elsewhere, often over land where watecipitates
from them.

Precipitation: Water precipitates from clouds as rain, hail or
snow (Figure 1.2). The mean daiprecipitation overland is
about 100x1fm® more than that lost by evaporation. The
difference is because this amount of water runghefland into
the oceans in streams and rivers everyday. Thepmaipitation

of water over the earth is, however, the same asathount
evaporated, so the mean water vapour content chtthesphere
remains constant. It is important to realise thatperation and
precipitation are uneven in different parts of Waald. It explains
why some terrestrial habitats are constantly wéteneas others
are arid. In many areas, precipitation is also @easand wet
spells alternate with dry ones. The rate at whielewis recycled
causes the rapid removal of a variety of atmosphaoilutants.
The cleaning of a haze after a shower is becausg doot,
smoke and other particles suspended in the air bege washed
out. Rain also dissolves other atmospheric polistasuch as
sulphurdioxide. The cloud cover in the atmosphdfects the
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earth’sheat balance.Rain clouds reflect or absorb about 20% of
the radiation from the sun, mainly infra-red rag$ouds reflect
heat radiating from the earth back to the eartfasar

3.6.2Salt Water and Microbes

The major types of salt water consist of oceanss,sestuaries and salt
water lakes. The bacterial populations in estuar@msist of
Pseudomonas , Flavobacterium andVibrio as well as enteric organisms.
Most of the bacteria found in water runoff fromraails and fowl fiscal
matter is deposited on the ground. Sometimes mwerfewage system
contributes to these higher levels of bacteria ateww The quantity of
bacteria in water depends on the salinity, tempesadissolved oxygen
and pH. Certain pathogens are also present in magimvironment
including Mbrio, e.g.V.parahaemolyticus and hepatitis virus.

3.6.3 Fresh Water and Microbes

Fresh water habitats e.g. rivers, streams, swampsshes and lakes
contain a wide variety of micro -organisms. Mosters and lakes are
fed from springs. Ground water and spring watealiginave low levels
of nutrients and micro -organisms because of fitireeffect of soil. The
bacteria inhabiting this habitat includePseudomonas,Seratia,
Flavobacterium, Chromobacterium, and Achromobacter. Flowing water
in close contact with the soil may contain largenbers of soil bacteria
like Bacillus, Actinomyces and Streptomyces.

Fungi like Polyphagus,Penicillum and Aspergillus and algae
(Microcystis andNostoc) are also common occurrence in fresh water.
Rivers also receive a high concentration of baztamd agricultural
chemicals through surface run off water from adjmnsoil during

heavy rains and irrigation. Rivers can also be iggwlluted with

sewage bacteria especiall¥.coli, Enterococcus feacalis, Proteus

vulgaris andClostridum species.

Most lakes are surrounded by rooted vegetatioraigellitoral zone
(zone near to the shore). Light penetrates thdosthéitoral zone and the
open wateldimnetic zone put is unable to reach th@ofundal zone
(Figure.1.3).This zone is where the deep water in a lake is fe\be
depth of effective light penetration.
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Fig.1.3: Light Penetration Zone of Fresh Water
Source: Lim, 1998

Lakes are stratified by differences in temperattmesed by sunlight
penetration. As lake vegetation and animal decomptigese organic

matters provide a source of nutrients:

Lakes that have very high concentration of nutseatre termed
Eutrophic and develop large active communities. Such lakesllys
have low concentration of oxygen because of extensnicrobial
decomposition of organic matter.

Lakes that receive small amount of nutrient arenéstoligotrophic.

Some species of bacteria are adapted to this lewl lef nutrients
concentration and are inhibited by higher levehofrient concentration.
The stalked bacteriumCaulobacter grow well in environment
containing 1% or more of organic material. This hecause this
bacterium has an extension of cytoplasm cahexthesa that provides
it with a greater surface area for absorption ofriants from the

environment.

In conclusion, the micro flora of a lake is deterad by the lakes
nutrient content, thermal stratifications and lightnpensation level.

Cyanobacteria are abundant in the littoral and dititnzone but are
found in fewer numbers in the profondal zone.

10
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Chol or bium,Rhodopseudomonas,andChromatiumspp

asphotoautotrophic bacteria are found at the lower depths where light is
still available but oxygen tensions are reducedesthbacteria are
anaerobes. At these depths, they use reduced orgawi inorganic
substances as electron Q donors. Large numberstefotrophs occur
just below the zone of maximum photosynthetic aigtiand colourless
S-bacteria, Thiospira, Thiothrix and Thioploca and Sulphate reducing
organism,Desulfovibrio are found in the deeper, low oxygen layers of
lakes.

Chemolithotrophic bacteria such as Nitrosomonas, Nictrobacter and
Thiobacillus are also found in fresh water bodies and conteibut
significantly to the cycling of nitrogen, sulphund other inorganic
substances. The micro-organisms in rivers, lakesass, swamps and
other fresh water environments are important soofcod for other
aquatic organisms.

SEIF-ASSESSMENT EXERCISE 2

List the major groups of bacteria that can be foumdhe soil and
discuss their roles in the environment.

4.0 CONCLUSION

The biosphere (soil, water and air environmentsjbdar micro-
organisms including fungi, bacteria, algae andsasuwhich play many
vital roles in the existence of life.

5.0 SUMMARY

In this unit we have learnt that:

. The environment is made up of the biosphere, hylres,
aerosphere and lithosphere

) Many living organisms including microbes are foumdthese
environments

) Ecology is the study of the relationship among oigias and the
environment

) There are ecosystems and communities with theigembus and
non-indigenous organisms

) There is energy flow achieved through the variocisvisies of
different organisms in the ecosystems

) Microbes exist as spores in the air

) Microbes can be determined by a number of methodd sis

spore traps

11
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. Nutrients levels determine the type and populatibmicrobes in
fresh and marine water bodies. Factors generalhytrab the
composition and varieties of microbes in the vasiou
environments.

6.0 TUTOR-MARKED ASSIGNMENT

I What is ecology?
. Describe some important features of an ecosystem.
iii. Describe with appropriate diagram how energy fldlweugh an
ecosystem.
Iv. Environments low in nutrients are referred to as
a. Eutrophic
b. Littoral
C. Limnetic
d. Oligotrophic.
V. Which of the following bacteria is anaerobic?

a. Bacillus

b. Clostridium

C. Pseudomonas
d. Streptomyces.
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1.0 INTRODUCTION

In the previous unit, we have learnt that microles found in the
environment. A number of them through their micebbactivities
contribute to the survival of the environment. Thlagne bacteria and
fungi to some extent engage in the recycling ofients in the soil that
affect the atmospheric composition of the air. Tum# will cover those
activities of micro-organisms that affect life esjdly within the
various cycles called biogeochemical cycles.

Biogeochemical cyclesdescribes the movements of chemical elements
through the biological and geographical componentthe biosphere.
The atmosphere (the gaseous mass surrounding ttig), dahosphere
(the earth crusts) and hydrosphere (water) comphsegeographical
portion of these cycles. The biological part cassief the living
organisms which are classified as producers, coaesimand
decomposers (unitl). Micro-organisms are indispelesain the
recycling process this is because they are not @mbducers and
consumers but also have unique role as biologieabehposers. The
biogeochemical cycles are: nitrogen, sulphur, aarmhosphorus and
oxygen cycles.

13
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2.0 OBJECTIVES
At the end of this unit, you should be able to:

identify the biogeochemical cycles

describe the various biogeochemical cycles

describe the roles of micro-organisms in the biesph

explain the importance of these cycles on the sahwf plants
and animals.

3.0 MAIN CONTENT

3.1 Micro-organisms as Decomposers of Dead Organic
Matter

Bacteria and fungi break down decaying material& isimpler
compounds or elements that other organisms witheneicosystem use
for metabolism. Therefore these bacteria and fuage -called
decomposers (unitl). The conversion of organic endtt minerals and
other inorganic materials during decompositionakled mineralisation.

It occurs as a result of the microbial decompositid dead plants and
animals which provides continuity to the recyclielgments. Six major
elements (carbon, nitrogen, sulphur, phosphorougygen and
hydrogen) make up 97% of the dry weight of a bacterEscherichia
coli and are required in large amount for growth (Tablg). These
elements are involved in the recycling of nutrieltg the various
biogeochemical cycles.

Table 2.1: Percentage of Dry Weight of Cell Massfdzscherichia

coli
Element % Dry Weight
Carbon 50.0
Oxygen 20.0
Nitrogen 12.0
Hydrogen 10.0
Phosphorus 4.0
Sulphur 1.0
Potassium <1.0
Sodium <1.0
Calcium <0.5
Magnesium <0.5
Other elements <0.5

Sourcelim, 1998

14
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3.1.1 The Nitrogen Cycle

This cycle (Figure 2.1) goes through several praegsnamely:
ammonification, nitrification and denitrification.

(@) Ammonification: Dead plants and animals, animal excreta and
plant debris are decomposed to yield ammonia gase T
ammonifying bacteria e.g. species oflostridium and
Azotobacter bring about the reduction of nitrogen to yield
ammonia N2+3K= 2NH;.

(b)  Nitrification: This is the action of nitrifying bacteria whichirig
about the oxidation of ammonia to nitrites éNgrosomonas and
Nitrococcus.

2NH; +30, = 2HNG,+2H,0

The nitrite is further oxidised biitrobacter and Nitrocystis to
nitrate.

2HNO,+20, = 2HNG;

The energy obtained from these reactions is usedalojeria to
synthesis carbohydrate using carbon dioxide ancenwdthese
nitrifying bacteria are therefore chemosynthetid ame referred
to as chemolitrophs. The nitrates so produced bserbed by
plants for their use.

oxides of
nitrogen
atmosphere %

soil T

nitregen
gas

5

1 lightning

I

carnivores

herbivores

agsQaa

amimonia
fertilisers

nitrogen
fixation

absorption

-
detritus 04 e
| i =
Wastes i
free-living

nitrogen
fixera

NO;(V)

ammanification

feaching

1%

nitrification

N,

Fig 2.1: Nitrogen Cycle
Source: Simpkins and William$986
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()

However, some bacteria such &hizobium radicicola and
Bacillus radicicola are living mutually in the root nodules of
leguminous plants —also contribute in making nirogvailable
to the plants and in turn the bacteria obtain eatd from the
plants. They are found in root-nodules of specie¥igna and
Centosema.

Rain, lightening and thunder also play a role imagien cycle in
the sense that oxides of nitrogen are formed duelegtrical
sparks and these are brought into the soil by Ee. ammonia
which also escapes into the air during decompesisareturned
into the soil by rain. These are converted by therepriate
bacteria and fungi to release nitrates to the plaAbove all,
nitrogen fixing bacteria must produce a nitrogexinfy enzyme
called nitrogenease enzyme, a reducing agent thpplies
hydrogen as well as energy from adenosine tripretep(ATP) of
the bacteria. In aerobic environments, the nitrofears must
have a mechanism to protect the oxygen- sensitivegenase
from inactivation.

Denitrification: Under anaerobic conditions dentrification
occurs. It is the process by which nitrates areiced to nitrous
oxide (NO) or nitrogen gas. This process can be accomplishe
by Thiobacillus denitrificans, Micrococcus denitrificans,
Bacterium denitificans. and species of Serratia  and
Achromobacter.

HNO;+H, = HNO,+H,0
HN02+H2 = NH3+02
2NH3 = N2+3H2

Denitrification is detrimental to soil fertility,irsce it ends up removing
nitrates from the soil; nevertheless, denitrifioatiis an important
component of the nitrogen cycle providing a corimsiflow of nitrogen
in the ecosystem and maintains the atmospheriogatr composition
constant. Microbial soil activities can benefitrfaars ploughing fields.

Their

activities create an aerobic environment thitvours

ammonification and nitrification, there by maxinmgi the amount of
ammonium ions and nitrate in the soill.

16
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3.1.2 The Sulphur Cycle

Sulphur is abundant and widely distributed in natuReservoir of
sulphur includes fossil fuels, elemental sulphupadgts, rocks and
minerals. Naturally, sulphur occurs in three défg#r and common
oxidation states: elemental sulphur (S), inorgasugphides and
sulphates. Transformation among these states ttatr® anaerobically
and aerobically make up the sulphur cycle (Figug.2

Sulfate

assimilation Béggiatoa
. Some procarytes Thiothrix -

R=8H Thiobacillus
o SO

Desulfurylation - -asgiglaatgon '

) Mgny procaryoies _ Most procaryotes o Aerobic
R~ SH s H,S T SO ————Rsn. ]

\ Dissimilatory // ' Anaerebic

sulfate reduction

) Desuffovibtio
Chromatium,

- Chromat
Chlorobium 5,042 atiuvm

Chlorobium
_ @
Fig.2.2: The Sulphur Cycle
Source: Lim, 1998

Some chemolithotrophic bacteria — the green S-bacteurple sulphur
bacteria and colourless S- bacteria obtain eneagy £lemental sulphur
and sulphides.

The Green Sulphur Bacteria

They use carbon dioxide to reduce hydrogen sulpkadsulphur to
obtain carbohydrates; thus making sulphur availabtlee soil.

2H,S+CQ, = CH,O+H,0++2S
The Purple Sulphur Bacteria
Anaerobic environment in the absence of hydrogelphsie use
elemental sulphur to reduce carbon dioxide for greduction of

carbohydrate<Chlorobium andChlorotium are examples

25+8H0+3CQ, = 2H,SO+ 3CH,0 +3H,0

17
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The Colourless Sulphur-Bacteria

These are bacteria that oxidise thegSHo Sulphur which is stored in
bacterial cells as granules and the energy releiasesed to assimilate
carbon dioxide. The sulphur can later be used asrve oxidisable
substrate when #$ is not available. The colourless sulphur bacteria
include species oBeggiatoa, Thiothrix, Thiospirilopsis, Thiospira and
Thiobacillus. Thiobacillus thio-oxidans is a well known oxidiser of
sulphur to sulphate. They are all aerobic. The leatks produced by
aerobic and anaerobic oxidations are either assiedil into cellular
proteins and other chemical compounds or reducedhydrogen
sulphide.

Dissimilatory Sulphate reductionto H,S commonly occurs during the
degradation of amino acids. Some bacteria use atdphs terminal
electron acceptorDesulfovibrio has been used in bioremediation
programmes to treat wastes and mine wd3esulfovibrio neutralises
the acid water and precipitates our metals in addito removing the
sulphates.

A large portion of the sulphur in the biospherdosnd in fossil fuels.
When fossil fuels are burnt, the sulphur is oxidise sulphur dioxide
which combines with water to form sulphorous ackhS0;). This

results in acid rain and causes accelerated corrosnd is a health
hazard particularly for those with respiratory desbs. To avoid this,
pollution standards have included restrictions ba sulphur dioxide
emissions.

Sulphur is however an essential component of livietjs because it
occurs in amino acids (e.g. cystene, cystine andhiorene), co-

enzymes (thiamine, biotin and co-enzyme A).

Plants and other micro-organisms are able to usmezital sulphur.
Micro-organisms especially the phototrophs and dighotrophs are
capable of converting sulphur from one form to Aeotand these are
indispensable in sulphur-recycling.
SELF-ASSESSMENT EXERCISE1

Describe in details the nitrogen cycle. Explain itim@ortance of this to
life and the environment.

18
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3.1.3 The Carbon Cycle

The most important single element in the Biospherearbon. It is the
backbone of organic compounds and constitutes appately 40-50

percent of the dry weight of living tissues. Thare more compounds
made of carbon than all other elements combinedtbthe carbon on
earth is stored in the form of fossil fuels incluglicoal, peat, oil and
natural gas. The remaining carbon is found asgddiving or decaying

organisms, atmospheric carbon dioxide or dissolk@dh of carbon

dioxide as bicarbonates and carbonates. The cydingcarbon in the

environment is directly linked with the flow of egg, so carbon

cycling is critically important to all forms of &f

The carbon cycle involves three groups of organisp®ducers,
consumers and decomposers. Because organic congalsadserve as
food and energy sources, this cycle parallels fweth and patterns of
energy flow in an ecosystem and often involves shee or similar
metabolic pathways and organisms (Figure 2.3).

Carbon transformation occurs via the carbon cyuwlbich revolves
around fixing the atmospheric carbon dioxide. Orglauis known as
primary producers including not only photosynthetiganisms but also
plants, algae, cyanobacteria, chemolithotrophs analso

chemoorganotrophs fix atmospheric carbon dioxide organic forms
of carbon (organic carbon compounds).

Consumers obtain the carbon compounds by eatingrtducers, other
consumers or the remains of either the consumeusoducers.

The ultimate source of all carbon is carbon dioxités a raw material
for photosynthesis and is also a waste produdssii¢ respiration.

) 6H,0+6CQO,= CsH1,0s + 6 O, (photosynthesis)
o CeH1,05+60, =6H,0 + 6CQ + Energy(tissue respiration)

It is formed from the decay of organic matter arahf the combustion
of carbonaceous fuels and yet this odourless, delss) inert gas forms
0.032% of the air (atmosphere).

With the finite quantity of atmospheric GQand its rapid rate of
consumption by atmospheric bacteria, algae andglaith the amount
of carbon dioxide available, carbon dioxide wouldos become
exhausted without extensive transformation of feenent-carbon.

The carbon that is fixed into organic matter isrgually returned to the
air (atmosphere) in gaseous carbon dioxide in dtleree ways:
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1) Animals, plants and micro-organisms evolve oarldioxide
during respiration.

2) Plants are consumed by heterotrophic organgsrdsa significant
portion of the carbon is oxidised as food by hesb#g and
eventually carnivorepnsumerg or

3) Upon the death of the animals and plants, dssldissue undergo
decomposition by degrading micro-organisdexomposer}
which recycle the carbon into atmosphere in thenfaf CGQ.
These series of events completes the carbon cycle.

carbon
dioxide
gas

) [
. herbwores * atmosphere lll
land HCO:] CO3
d 4()@\ dlbsolveci CO
eca
V water

detr!‘tus
and
wasies

' detritus and wastes
==

Fig.2.3: The Carbon Cycle
Source: Simpkins and Williams, 1986

3.1.4 The Phosphorus Cycle

The phosphorus cycle involves the movement of phags among
inorganic and organic forms (Figure 2.4). Soil mtorganisms are
active in the phosphorus cycle in at least two irtgotd ways:

1) They break down organic phosphates from decsmgo
organisms to inorganic phosphates

2) They convert inorganic phosphate to orthophatpha water
soluble nutrients used by both plant and microanigms (Figure
2.4).
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These functions are particularly important becauisesphorus is often
the limiting nutrient in many environments (Jacgque2002).

Phosphorus is an important element in living cdtiss found in cells
not as a free uncombined element but as organispbtade complexes
or phosphate ions.

It forms the backbone of nucleic acids and is aegral part of the high
energy bond Adenosine-Tri-phosphate (ATP), phospbipgruvate,
acetyl phosphate and other high energy compounds.

Plasma membranes contain phosphorus in the fophagpholipids and
many co- enzymes NAD (Nicotinamide dinucleotide eoaenzyme that
carries hydrogen atoms and electrons) and FAD (ifrlaadenine

dinucleotide, a co-enzyme that carries hydrogemstand electrons)
have phosphorus as part of their structures.

The element is generally associated with rocks ioerals as insoluble
salts of calcium, iron, magnesium and aluminum.

Although phosphorus is abundant in the ecosysteisiai limiting factor

for the growth of many prokaryotic and eukaryotiganisms because
much of phosphorus is bound in insoluble salts.sTikitrue of and
evident in aquatic environments, where the inseubhosphates are
salts precipitate (Figure 2.4) into the sedimeew®ilting in a reduction
of algae biomass.

Micro-organisms solubilise phosphate salts as phthe phosphorus

cycle and make the phosphorus available for themselwes aiher

organisms. The solubilisation of phosphate saltsallys occurs by the
action of organic acids produced during microbialketaolism.

Solubilised phosphates are then assimilated invittiaity. Upon death
and decay of the micro-organism, the phosphates omwre enter the
environment and are recycled.
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Fig 2.4: The Phosphorus Cycle
Source: Jacquelyn 2002

3.1.5 The Oxygen Cycle

This important element is taken into the animabslypfor oxidation. A
waste product COis given off in the process e.g. tissue respimtio
CeH1,05+60, = 6CO+6H,O0+Energy. (tissue respiration)

The carbon dioxide is taken up by the green plahtsgcarbon becomes
part of the green plants as carbohydrates or stdrttte plant especially
during photosynthesis, while the oxygen is releastmlthe atmosphere
ready to be used again in respiration. Oxygen ioasgthrough this
series of chances endlessly without loosing itgeries (Figure 2.5)
6CO,+6H,0=CsH1,06+60;.
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Fig. 25 The Oxygen Cycle
Source: Dodge, 1964

22



ESM 236 MODULE 1

Again some bacteria e.g. tlaerobic bacteriarely on the presence of
oxygen for some of their metabolic activities- wehilothers the
anaerobic bacteriago through their metabolic process in the abseice
oxygen Thus oxygen cycle helps to maintain the constapplsuof
oxygen necessary for life survival and maintainse tloxygen
composition of the atmosphere (18%). It can be lkemied that oxygen
cycle is mostly the exchange of oxygen and carbomide between
plants and animals.

SELF-ASSESSMENT EXERCISE 2

Describe in details the phosphorus cycle. Whatesitnportance of this
cycle to life?

4.0 CONCLUSION

It is very clear from the foregoing that there isetationship between
microbes and the higher organisms in the recyaingutrients and raw
materials for their mutual co-existence in the smvinent.

5.0 SUMMARY

The presence of micro and macro- organisms in thd@re@aments
(water, air and soil) has made it possible to makeents and necessary
gases available in the environment through the dlegy of these
preformed organic and inorganic compounds and gases continued
to support life in the ecosystem and made gaseontemt of the air
constant.

6.0 TUTOR-MARKED ASSIGNMENT

I Which group of the micro-organisms contributeshe sulphur
cycle?

. How do herbivores and carnivores contribute tocmbdon cycle?

Iii. What is the ultimate source of all carbon?

V. Identify the three stages of the nitrogen cycle.

V. Why is phosphorus a limiting factor, How is it maaieilable?
vi.  —Iis primarily responsible for denitrification.

vii. —and— are primarily responsible for nitrogen fixation.

viii. Why are algae and cyanobacteria likely to exishesoil?
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1.0 INTRODUCTION

To understand and appreciate micro-organisms, imserative that a
good knowledge of their characteristics will aisblbgist in studying
and identifying the micro-organisms and will als@ble the biologist in
separating the organisms into their various groly®n though these
micro-organisms were once placed under the sanss daallopyta,
there are distinct characteristics between thens iSlthe subject of our
discussion in this unit.

2.0 OBJECTIVES

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

) discuss the characteristics of viruses, fungi, dréectand algae

) compare and contrast viruses and micro-organisnsigijf
bacteria and algae)

o differentiate between prokaryotes and eukaryotes

) classify each of these micro-organisms into therggmriate
groups.
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3.0 MAIN CONTENT

3.1 Characteristics of Viruses

3.1.1 Definition of a Virus

Virus is a Latin word which means poison or toxin.

Kunkle in 1947 in distinguishing virus diseasesnirdungal diseases
came to the conclusion that viruses are the mdstiexft pathogen
because:

. Viruses get themselves into the cells by the firestl most
efficient hypodermic syringes known to man, thatis proboscis
of insects.

. Viruses escape quarantine screening very simplymasked
carries hosts.

. When the plant being attacked becomes immune, ringgte to
produce a more virulent strain that can succegsiollade the
plant.

o Viruses are invisible, non microscopic except wilectron
microscope.

. Bowden in 1964 describes viruses as “submicrostoifective
entities that multiply only intracellularly and aneotentially
pathogenic.

. He associated viruses with three characteristjas\(isibility (ii)
pathogenicity and (iii) ability to multiply only tracellularly.

. Because some viruses could pass through bactédtakf they
are described as filterable virus.

) They are host specific i.e. each type of virus aaect and
parasitise only a limited range of host cells chltest ranges.

. They identity their specific host by a lock and lsgtem .i.e. fit
between proteins and the outside of the virus fipdcreceptor
molecules on the surface of cells.

. Some viruses can infect a broad host ranges egathies virus
can infect rodents, dogs, and humans.

. Viruses that parasitise bacteria ekgcherichia coli are called
phages.

. The phages parasitise only the bacteridroli. The influenza

virus only infects the lining of human upper reapiry tract
ignoring other tissues.

o The AIDs virus binds to specific receptor on cert#ypes of
white blood cells passes through bacterial filters,
) Chester in 1974 described viruses as one of the imesesting,

mysterious and elusive plant pathogens. They argagmus,
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transmissible and are capable of causing some ef ntlost
destructive diseases not only on plants but alsaromals and

man.
o Viruses are non-motile but are carried by inseastors.
o Viruses lack metabolic capabilities possessed bgteba and

fungi but depend on their hosts not only for substs but also
for the mechanism that synthesise their substances.

Viruses exist in various sizes and shapes (Figure 3

(A) (B) (©) (D)

Membranous
envelope

o

Capsid FEY;
Glycoprotein

of capsid =~ Glycoprotein

Fig.3.1: Viral Shapes
Source: Campbell, 1999

(A) Tobacco mosaic virus has a helical capsid witarall shape of a
rigid rod.

(B) Adenovirus has a polyhedral capsid with a @rospike at each
vertex. Some adenoviruses cause respiratory iofectiin
humans.

(C) Influenza virus has an outer viral envelopaidded with
glycoprotein spikes.

(D) A phage (bacterial virus).

3.1.2 Viruses can either be Living or Non- Living

They are living particles because they have thigybo:

o multiply within appropriate cell, a process resemipl
reproduction
) to undergo mutation.
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They are non- living particles because they have no

metabolic system

intrinsic motility

ability to respond to stimuli

can not be cultured outside the host cell i.e. they obligate
parasite. they live in the host cells intracelllylar

3.1.3 Deleterious Effects of Viruses

Man is affected by many virus diseases, e.g. smallpommon
cold, epidemic influenza, mumps, measles, polioitigetabies e
tc.

Animals are also affected by viruses e.g. foot mnodith diseases
of cattle, sheep and goats. Cattle plague, (riref#yprabies of
cats, dogs, sheep and goats, Newcastle diseasgeoing, ducks,
turkeys, fowl-pox, cow pox and psittacosis of birds
Domesticated honey bees are affected by fowl brood
caterpillar wilt, fishes are said to have virusoaland even
bacteria are affected by virus (bacteriophage). olted by
Bowden in 1964, Gandy and Hollings in 1962 repoitesl die-
back of mushrooms.

Viruses have no protein synthesing apparatus forufia&turing
of ribosome, transfer RNA, mRNA. A virus therefalepends on
its host cell for its energy and for translating genomes into
proteins, tRNA, mRNA a and rRNA e.g. they infecttaaia cells
to give rise to what is known as a bacteriophagekscherichia
coli and T2 even phage.

3.1.4 Comparison of Viruses with other Micro-orgamsms

A virus particle is not a micro-organism because:

28

An organism consists of one or more cells that ajgerby
following the instruction of their genomes. A viroa the other
hand is an independent genome (nucleic acid) estlos a
protective covering (capsid) that allows it to suevoutside the
host cell and to invade functioning cells which @®es its host.
The virus takes the form of a particle called vireach of which
consists of a nucleic acid (NA) genome encloses ¢gapsid. The
virion contains only one kind of nucleic acid ethBNA or
RNA.

Viruses reproduce solely by using the informationthe one
nucleic acid while the organisms including parasiteproduce
through integrated actions of all their constitgent
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o Viruses do not grow as cells do by enlarging amitddig nor do
they reproduce as organisms do. Either asexuallgeaually.
Instead virus infected cells synthesise new virionsnuch the
same way a factory manufactures products.

. Viral genomes do not contain an apparatus for geimgr energy.

3.1.5 Transitory and Persistent Viruses

Viruses can be transitory if:

a. It does not persist in its vector i.e. the infekdyidecreases with
time

b. It has a short retention period

C. It lacks a demonstrable latent period in the veatat

d. Infectivity is lost after the insect molts.

Viruses can be non- transitory or persistent if:

It persists in its vector

It has a long retention period

It has a latent period vector and

It does not loose infectivity after insect molting.

coow

3.2 General Characteristics of Bacteria

. Bacteria are prokaryotic unicellular organisms.

) Bacteria are larger than virus ranging from 0.5;1i® diameter.
They can be seen with the aid of a light microscopethey are
microscopic.

) They have all the characteristics common to othgamisms.

They are cellular, posses comparable metabolism ared
microscopic especially with the oil immersion(x1@bjective.

. Some bacteria cells are flagellated. The flagedliey\from one to
many which may be positioned on any part of theidsad cell.
The location of the flagella could be group chaeastics.

o They are either Gram negative or Gram positive.

) Bacteria are micro-organisms without a true nucleus
(prokaryotes) or plastids and packing any sexuptoduction
process.

) Bacteria reproduces asexually by binary fission.

o Bacteria are saprophytes, parasites or autotrophs.

o Bacteria can be cocci, rod-like, spiral. Bacteaa also be single
cells or in chains.

. Some bacteria are naked i.e. without cell wall.
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Fig.3.2: Morphology of Bacteria
Source: Pandey and Trivedi 2006
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3.3 Characteristics of Fungi

Fungi are plants with thread like non- photosynth¢hreads called
hypha (ae). These were initially classified amoing Thallophyta
(Lowson1962) a class under the non-flowering, non-seedymiog but
spore bearing plants. However by 1969, the fung rassed to the level
of a kingdom (Campbell, 1996).The non-photosynthéitread (hyphae)
are either septate with cross-walls (non-coenocifigure 3.3a) or
without crosswalls (co-enocytic Figure 3.3b).

o Cell wall

() nun-gugnug\]rtig (b) — EIZIE!HEIE\ﬂiB

Fig.3.3: (a) Non-coenocytic (b) Coenocytic Fungalyphae
Source: Campbell, 1996

A collection of these hyphae are referred to aselwym. Fungal hyphae
are bounded by a cell wall made up of glucans &itthc The eukaryote
contains a nucleus with a nuclear membrane englosthe
chromosomes. Also present are mitochondria and pasimic
reticulum. These characteristics differentiate fngm bacteria.

In the diagram below (Figure 3.4) are specialisggbhhe called
haustoria that parasitise the host cell from oetsgkparated from the

Plant cell

e membrane
Haustorium

Fig. 3.4: Specialised hyphae called haustoria
Source: Campbell, 1996
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The fungal kingdom is divided into two divisionsh& Myxomycota
(false fungi) and theEucomycota (true fungi). TheEucomycota is
divided into five sub-divisions based on their hctive structures.

These ardHemiascomycota, Mastigomycota, Zygomycota, Ascomycota,
Basidiomycota and Deuteromycota. These five sub-divisions vary from
being unicellular as insaccharomyces to multicellular as in the
advanced fungi e.gAscomycota, Basidiomycota and Deuteromycota,
these are fungi with the septate hyphae and hatdlict method of
reproduction. The primitive fungi are the coenocyibn-septate fungi
including theMastigomycota andZygomycota.

Generally, Fungi are known to have the followin@ecteristics: They

o are chlorophyll less, eukaryotic unicellular or tradllular plants.

o are heterotrophs, acquiring their nutrients by ghtsmn,
consisting of sabrobic decomposers, parasitic speand
mutualistic forms.

. The body or vegetative structure of a fungus isedad thallus
varying in complexity and size ranging from theagtliular yeast
to multicellular molds.

. reproduce asexually by dispersing different typespmres and
sexual reproduction can be homothallic, heterathatir by
conjugation.

. have a tremendous ecological impact as molds, gehshens,
saprophytes mycorrhizas and parasites.

o without fungi and bacteria as decomposers, bioddgic

communities would be deprived of the essential cliog of
chemical elements.

. are important decomposers of wood, food and otrsaful
objects.
. cause diseases in plants (parasitic) and animais@tophytic).

SELF-ASSESSMENT EXERCISE 1

How will you differentiate the bacteria from thenfyi based on their
characteristics?

3.4 Characteristics of the Algae
. Algae were formally member of the class Thallophytdhe old
plant kingdom.

o They are filamentous, thread like, photosynthetan{s ranging
from unicellular as irChlamydomonas sp.
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o They are of various colours ranging from greenghiveen, red,
brown or golden.
. They are the eukaryotic-with distinct nucleus,

. They could be heterotrophs, photoautotrophic excém
prokaryotic cyanobacteria (blue-green algae in anlsgtic

relations).
. Some are flagellated while others are not.
. They are aquatic either fresh water or as marirygophanktons.
) Algae form the bases of aquatic food webs that sdmgmormous

abundance and diversity of life.

. All algae posses’ chlorophyll, the primary pigmenist trap
wavelengths of light to which chlorophyll is not sensitive.

. These pigments include other forms of chlorophykeén)
carotenoids (yellow/orange, xantophylls (brown) &id/cobilins
(red or blue varieties).

. The mixture of pigments chloroplasts lend charastiercolour
related to these algae.

SELF-ASSESSMENT EXERCISE 2

Compare and contrast viruses with micro-organisms.

4.0 CONCLUSION

Fungi, bacteria and algae are micro-organisms winileses are not.
Fungi and algae are eukaryotes while bacteriarai@apyotes.

Fungi are non-photosynthetic micro-organisms whidégae are
photosynthetic.

Some viruses are pathogens of plants and animals.

5.0 SUMMARY

In this unit, you have learnt that:

) fungi have thread like structures called hyphaectwhinay be
septate or non-septate they are also multicelandreukaryotic

. bacteria are unicellular micro-organisms and prpd@c

. algae are unicellular, multicellular or filamentgpisotosynthetic
eukaryotic organisms

. viruses are called particles or virions that retytbe host for all

their life activities. They live intracellularly drthey rely on their
vectors for their movement.
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6.0 TUTOR-MARKED ASSIGNMENT

I Mention one unique characteristic that separateduhgus from
an alga.
. Mention one characteristic that distinguishes ag@isnfrom a
bacterium.
iii. The following are micro-organisms except
a. fungi
b. bacteria
C. viruses
d. algae
\2 The following are eukaryotes except
a Fungi
b Bacteria
C Algae
d plantae
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1.0 INTRODUCTION

When a micro-organism grows in the laboratory mediit is referred
to as a culture. Different organisms growing on #@me kind of
medium may appear quite different, thus knowledfyéhe appearance
or the cultural characteristics of a species igulder the recognition of
certain types of organism and may also serve asaidnin the
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identification of species. However, organisms nigsbbtained in a pure
culture before the cultural morphological chardstas of a species can
be determined (Jacquelyn, 1996). A pure culturesisté of a population
of cells all derived from a single parent cell. Mierganisms inhabit
various parts of the body e.g. the oral cavityestinal tract and the skin.

They are present in large numbers e.g. a singlezenenay contain
several thousands of bacterial cells. One gramnfeamfes may contain
millions of bacteria. The biosphere (air, water &ad) contain quite a
large number of micro-organisms. One gramme of s@ly contain
several thousands of bacteria, fungi, algae antpoa.

To determine the characteristics of isolated muaganisms, it is
imperative that the pure cultures must be obtaindde laboratory. This
unit will discuss a number of techniques involvedthe isolation of
micro-organisms and growing them in pure cultures dse and for
storage.

2.0 OBJECTIVES

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

. describe the methods of isolation of micro-orgamsisim pure
cultures

o discuss the advantages of each technique

. describe the various methods for the maintenance an

preservation of pure cultures.
3.0 MAIN CONTENT
3.1 Isolation of Viruses
3.1.1 Sources for Isolation
Virus isolates can be obtained from various pairth® plant or animals
or even humans that are infected. This is refetedas the donor
organism. In the case of plants, younger leaf efrtfaterials contains a
higher concentration of virus particles than oldendy tissues.
3.1.2 Homogenisation (Grinding or Blending)
After selecting the infected leaf, root or tisstie isolate is extracted by

grinding the tissue in a chilled mortar and pistltdy using some power
driven homogeniser (blender).
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Whatever the means of grinding the tissue, howeasxaipus metabolites
and cellular debris are released together withvithes particles. Some of
these compounds may inactivate the virus or inhibfectivity if
allowed to stay. It is also important to blend thaf tissue in a suitable
buffer or other solution at a low temperature (0Ot€)ninimise loss of
virus infectivity e.g. phosphate buffer is recommed (Fulton, 1964).
Infected tissue is usually ground in 0.1m potasspirasphate buffer at
a pH of 7.0-7.5. If the sap is particularly acidmiffer solution of pH
8.0-8.5 is recommended but excessive alkaline n&y iaactivate the
virus. The addition of a reducing agent in the piha$e solution may
help prevent oxidation and hence loss of virusvagti

A solution of 1% dipotassium hydrogen phosphatgHf®0,) containing
1% sodium sulphide is excellent for isolating angnsmitting many
viruses.

To isolate viruses from some hosts strong redueiggnts e.g. 0.1%
thioglycollic acid (synoname captoacetic acid, £8H)COOH) may be
added to the phosphate solution, whilst chelatiggngs such as 1-2%
sodium EDTA( Ethylene diamine tetra-acetic acid)ynmeed to be
added to prevent oxidation of polyphenols. Anotheid may be added
to reduce the activity of ribonuclease enzyme wiscphowered by clay
calledbentonine (Fraenkael-conrat al., 1961).

The addition of polyvinyl pyrrodidone (PVP) to tea&traction buffer is
also frequently used to protect virus against plenmothe hosts’ e.g.
Rosaceae species. The synthetic polymer or a camplech efficiently
binds the tannins to prevent them form inactivatimg virus (Matthew
1981).

Once the infected tissues have been homogenisedsagh inoculums
may be used directly or filtered through a piececofton-gauze to
remove the larger particles or cellular debris.

If the isolate is not used immediately, or if largember of test plants is
to be inoculated, the isolate should be kept coa@n ice-bucket at 0°C
until applied to the host. For pathogenicity testee donor host or
various species of Nicotiana (tobacc@hemopodium, and phaseolus
vulgaris have been found to be highly susceptible to imbedby a wide
range of plant viruses and are often suitable &hg@ogical assays of
viruses.
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3.1.3 Isolation, Cultivation and Identification of Animal
Viruses

The fact that viruses cannot multiply outside ainliv host cell
complicates their isolation, detection, enumeratod identification. It
IS necessary to provide viruses with living celistead of a family
simple chemical medium. Living plants and animats difficult to

maintain, and disease causing viruses that grow iarthigher primates
and human hosts cause additional complications.edew viruses that
use bacterial cells as a host (bacteriophage)adherr easily grown on
bacterial cultures. This is why our knowledge andarstanding of viral
multiplication has come from bacteriophages.

3.1.4 Growth of Bacteriophages in the Laboratory

Bacteriophage can be grown either in suspensiobaoferia in liquid

media or in bacterial cultures on solid media. Tise of solid media
makes possible the plague method for detectingcandting viruses. A

sample of bacteriophage is mixed with a host oftdsa&& and melted
agar. The agar containing bacteriophage and hostiais then poured
into a Petri plate containing a hardened layer g#ragrowth medium.

The virus-bacteria mixture solidifies into a thoptlayer that contains a
layer of bacteria approximately one-cell thick.

Each virus infects a bacterium, multiplies and asés several hundreds
of new viruses. These newly produced viruses infgber bacteria
within the immediate vicinity and more new virusagee produced.
Following several virus multiplication cycles, #tle bacteria in the area
surrounding the original virus are destroyed. Tiscess produces a
number of cleanings or plagues (Figure 4.1) visdainst a lawn of
bacterial growth on the surface of the agar.
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Fig. 4.1: Viral Plague formed by Bacteriophage. Inthe Petri
plate left, clear viral plagues of varying sizes ha been
formed by the bacteriophage on a lawn of E.coli. Fo
comparison, the Petri plate on the right contains
culture without phage.

Source: Tortoraet al., 1992

While the plagues form, uninfected bacteria elsewe the Petri-plate
multiply rapidly and produce a turbid backgroundack plague
corresponds to a single virus in the initial susgi@m Because a single
plague can arise from more than one virion, anchb&e some virions
may not be infectious, the concentrations of vaadpensions measured
by the number of plagues are usually grown in teomglague-forming
units (pfu).

3.1.5 Growth of Animal Viruses in the Laboratory

In Living Animals

Some animal viruses can be cultured only in livaengmals such as
mice, rabbits, and guinea pigs. More experimentstiody immune
system response to viral infections must also hb#opred in virally
infected animals. Animal inoculation may be used aagliagnostic
procedure for identifying and isolating virus fraanclinical specimen.
After the animal is inoculated with the specimdrg &nimal is observed
for signs of diseases or is killed so that infedissues can be examined
for the virus. Some human viruses can not be gromamimals, or can
be grown but do not cause disease. The lack ofammodels in AIDS
has slowed our understanding of the disease promedsprevented
experimentation with drugs that inhibit growth dfetvirus in vivo.
Chimpanzee can be infected with one strain of human
immunodeficiency virus (HIV), but since they do stiow symptoms of
the disease, they can not be used to study theteié viral growth and
diseases treatment. AIDS vaccines are presenthgliested in humans
that it can take years to determine the effectigsrad these vaccines. In
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1990, a way to infect mice with engineering to el human t-cells
and human gamma globulin was initiated.

In Embryonated Eggs

A hole is drilled in the shell of embryonated eggd a viral suspension
or suspected virus-containing a tissue is injectealthe fluid of the egg
(Figure 4.2). There are several membranes andithe is injected into
the proper location in the egg. Viral growth isr&fgised by the death of
the embryo, by embryo cell damage or by the foromaton the
membrane of the egg of typical pocks or lesion tesult from viral
growth. This method was once the most widely usethod of viral
isolation and growth and it is still used to growusges for some
vaccines.

/
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Fig.4.2: Inoculation of Embryonated Eggs. The injetion site
determines the membrane on which the viruses will
grow.

Source: Tortoraet al., 1992

In Cell Culture: Cell cultures sometimes calledsuis cultures have
replaced embryonated eggs as growth media for nvamnges. Cell
cultures consist of cells grown in culture mediative laboratory.
Because these cultures are generally rather hormagerollections of
cells and can be propagated and handled much &kesfal cultures,
they are more convenient to work with than wholeimafs or
embryonated eggs. Cell cultures are usually stamtedreatment of a
slice of animal tissue with enzymes that separag¢eindividual cells
(Figure 4.3). These cells are suspended in a salukiat provides the
osmotic pressure, nutrients and growth factors edddr the cell to
grow. The normal cells tend to adhere to the gtasglastic container
and reproduce to form a monolayer. Transformea#orcerous) cells do
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not form a single layer. Viruses infecting such anmiayer sometimes
cause the cells of the monolayer to deteriorat¢hag multiply. This

tissue deterioration is called Cytopathic effectPE} as shown in
(Figure 4.4).

(a)

Normal Transformed
) . ceils . cells

Fig.4.3: "Cell Cultures

(@) A tissue is treated with enzymes to sepaiaecells. (b) Cells
are suspended in culture medium. (c) Normal cellpramary
cells lines grow a mono layer across glass or iplasintainers.
Transformed cells or continuous cell cultures da@ gmw on
monolayer.

SourceTortoraet al, 1992

Fig.4.4: Cytopathic effects of viruses. (a) A monayer of
uninfected mouse L cells. (b) The same cells 24 heu
after infection with VSV. Source: Tortora et al, 1992
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CPE can be detected and counted in much same walpgses caused
by bacteriophages on a lawn of bacteria.

Primary cell lines: Derived from tissue slices, tend to die out atier
few generations. Certain cell lines calldigloid cell lines, developed
from human embryos can be maintained for aboutde)rations and
are widely used for culturing viruses that requardiuman host. Cell
lines developed from embryonic human cells are dsecllture rabies
virus for a rabies vaccine callédman diploid culture vaccine

Continuous cell lines when viruses are routinely grown in a laboratory,
a continuous cell lines are used. These are tremsfib cells that can be
maintained through an indefinite number of generatiand they are
sometimes called “immortal” cell lines.

3.1.6 Storage of Virus Isolates

Short-term storage (minutes or hours) during expents in the
laboratory or glass house, virus are kept as isslat or close to 0°C.

This is usually accomplished by plugging the tubataining the virus
in an ice-bucket.

If the virus isolates are continually subculturedhe laboratory/green
house host plants, problems may occur. For long terbedeviled with
several problems:

1. the virus may become contaminated by another vihis, can
occur in the glasshouse by insect transmissiornven &y plants
touching or rubbing together.

2. mutation or attenuation of the culture may ocowith the
progressive selection of a typical strain duringcauture

3. the culture may be lost through death of th&t plant

4. the propagation host may occupy valuable ptasse space over

long periods of time.
3.1.7 Methods of Long-Term Storage of Virus Isolas

To maintain isolates in their original uncontameatatcondition, the
following methods are adoptable:

1 Dry the leaves rapidly over calcium chloride QG under a
vacuum pressure. The dried materials may then bengrto a
powder and stored (McKinney and Silber, 1968; B&§9)

2 A more efficient method that is quite effectioe some, but not
all viruses is to freeze-dry (Lyophilisation) infed sap in the
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3.2

presence of glucose and peptone. A suitable meghtmdadd 0.7
%( w/v of D-glucose and peptone to filtered sapainglass
ampoule (Hollings and Stone, 1970). After Lyoplatisn, the
ampoule is covered and stored at a room temperature
Lyophilised small samples of infected leaves st@ed in an
ampoule without grinding or the addition of othdremicals
(Walkey, 1991).

Culture Media

3.2.1 Different Types of Media

A microbiological medium (media plural) is the fodigat is used for
culturing bacteria, molds, and other micro-orgarsisih exists in three
consistencies: liquid, solid and semi-solid (Ben¥684).

a.

Liquid media: include nutrients broth, citrate broth, glucose
broth, litmus milk. These media are used for theppration of
large numbers of organisms, fermentation studies$ \@&@arious
other tests.

Solid media are made by adding a solidifying agent, such as
agar, gelatin or silica gel to a liquid medium. 8og solidifying
agent is that which is not utilised by micro-organs, does not
inhibit bacterial growth and does not liquefy abmotemperature.
Agar and silica gel do not liquefy at room temperatand are
utilised by very few organisms. Gelatin on the othand is
hydrolysed by quite a few organisms and liquefiésraom
temperature. Nutrient agar, blood agar and sabtwaaghr are
good examples of solid media that are used for on@wolonies

of bacteria and molds.

Semi solid media fall in between liquid and solid media.
Although they are similar to solid media in thatyhcontain
solidifying agents such as agar and gelatin, threynaore jelly-
like due to lower percentages of these solidifiers.

Synthetic media These media are used in detecting motile or
flagellated organisms. Media are prepared from ot&m
compounds that are highly purified and preciselfingel. Such
media are readily reproducible. These are knowrsyadhetic
media.

Non synthetic media such as nutrient broth that contain
ingredients of imprecise composition are called -spmnthetic
media.
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We also have what is called special media. Thesefamo types:

a. Selective media are media that allow only certain types of
organisms to grow in or on them because of (i) ahsence of
certain critical nutrients that make it unfavouralbbr most but
not all organisms. (ii) the presence of inhibit@ybstances that
prevent certain types of organisms to grow on thére
inhibitory substances may be salt (sodium chloride)toxic
chemical (crystal violet), an antibiotic (streptozm), or some
other chemicals.

b. Differential media: are media that contain substances that cause

some bacteria to take on a different appearancen fother
species, allowing one to differentiate one speft@®s another.

3.2.2 Preparation of Sterilised Medium

As soon as the medium is composed as shown in, 3t®23pH of the
medium is adjusted to the desired pH using hydwrahbkcid (HCL) or
sodium hydroxide (NaOH). If the pH is too high, aadirop or two of
0.1N HCL or 1.0N HCL depending on the volume of thedium you
are dealing with. If the pH is too low, add onetwo drops of 0.1N or
1.0N NaOH also depending on the volume being censdl Use a glass
stirring rod to mix the solution as the drops aidex.

The pH itself is determined by either Beckman’s mpiter if available;

if not the pH litmus paper can be adopted. Thesee dmown volumes
of the medium are pipetted into test tubes. These tubes are then
capped with either cotton wool plug or aluminumdoiThese tubes are
then placed in a wire basket with a label tappeiside of the basket.
The label should indicate the type of medium, theedand the name of
the student.

The baskets containing the tubes are then placedninautoclave
chamber which sterilises best at 250°F (121.6°Q). athieve this
temperature, the autoclave is then placed on leedévtelop 15pounds
per square inch (psi) of steam pressure. The medamcomplete
sterilisation should be allowed to remain in théoalave chamber at this
pressure for 10-15minutes.

After sterilisation, the medium can either be pdurgo sterile plates or
slants of the medium can be made:

a. Slants If you have a basket of tubes that are to bereded into
slants, it is necessary to lay the tubes down mea horizontal
manner as soon as they are removed from the auéocla
Solidification occurs within 30-60minutes.
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b. Plates The sterilised mediums are poured into sted&igishes
e.g. 10.0mm in diameter with a sterile cover in tarile
inoculating chamber. The pouring is done when tlegliom has

cooled down to 45-50°C.

C. Storage Tubes of broth, agar deeps, nutrient gelatinsétuld
be allowed to cool to room temperature after rerhéncan the
autoclave. Once they have cooled down, place themai
refrigerator or cold storage room.

3.2.3 Composition of some Culture Media for Fungalsolation

(a)Soluble StarchYeast Agar
Soluble starch 10g

Yeast powder 29

Agar 159

Water to 1000ml.

(c) Corn-meal Agar
Ground corn 509

(b) Malt Peptone Agar
Malt extract 30g
Peptone 59
Agar 159
Water to 1000ml.

(d) Potato-dextrogegar
Potato (oxoid L 101) 4g

Dextrose 29 Dextrose 20g
Agar 159 Agar 159
Water to 1000ml. Water to 1000ml.

(e) Bean-pod Agar ) Plain Agar

Green string beans 20g Agar 20g

Agar 15¢g Water 1000ml.

Water to 1000ml.

(g)Yeast Extract Agar

Yeast extract 39
Peptone 59
Agar 159

Water to 1000ml.
3.3 1 solation of Bacteria

3.3.1 The Streak and Spread Plate Technique

It is essential to examine really young and fresfions in which hyphae
or bacteria are active. Surface sterilisation ispracticable in this case
unless the leaves are leathery such can be swabdwith cotton-

wool moistened with spirit. This cannot be donehwthin leaves

because by so doing the bacteria are likely toiliedkespecially those
in between epidermal cells. Small and presumablynger and older
spots in which a relatively large number of deasues are likely to
harbour saprophytes.
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A few typical spots should be cut out with steatisscissors avoiding as
much of healthy areas as possible, and placed drop of peptones
water on a flamed sterile slide. The tissue is Hietdly down with a
sterile needle and cut nearly in half with a shatgrile scalpel and
protected with a cover slip. In a few minutes baatecells should
diffuse out from the several edges of the disc@durssues and form a
distinct cloud easily detected under the medium gswof the
microscope (x10, x40). The cover slip should thenrédmoved and a
little sterile water added by means of a sterileevloop or a sterile
pipette. From this suspension, a film must be n@da perfectly clean
slide, dried in air and stained by Grams method.

3.3.2 Preparation of Pure Cultures for Inoculatiors

Isolation plates are made from the watery suspassioom lesions
obtained from above. This is done with the stregkitethod. This is a
better method than dilution series as both time materials are saved
and the confusing appearance of buried colonieglss avoided. To
procure separate colonies, the agar must be derwide the growing
colonies will tend to run into one another. The medto be used is
prepared the previous day because agar extrudes wasta thin film
after the agar has set which contracts slowly dntps. The streaking is
done with a small (2mm) loop of platinum or newhmmme wire dipped
into the suspension. The Petri-plates are removet @aced in an
inoculating chamber and the contents of the logmsited on one small
area near the edge of the plate by gently movirgldlop to and fro
several times over the same area of the agaridmiy, the bulk of the
bacteria are removed from the loop. Without flamthg loop further
streaks are made parallel to the first and 5mm tagafficient in
numbers to cover half of the agar surface. Theepathen inverted to
prevent contamination from the air while the lospgflamed and, when
cool is drawn at right angles to the streaks prgslip made except the
first which must not be touched.

Three or four streaks are made this way at 5mmt.apaithat only one
guarter of the surface is left untouched. The I@flamed again and
drawn at right angles through the streaks just mddwee or four
streaks 5mm apart and parallel with the first |dt @over the remaining
guarter of the agar surface. The process is repp@aiee more, this time
only over the last quarter of the plate and pdratiethe second lot.
Three replicates should be prepared in this maandrincubated at 25-
27°C. After four days separate colonies will appaa the surface last
streaked. The presence of bacteria is thus condirthe suspension can
be used for inoculating isolation plates.
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The streak-plate and the spread plate techniquasbeaperformed

expediently and with a minimal amount of equipméhé&se are routine
procedures for isolation of bacteria in pure c@tulOne of the

limitations, however, is that only a small amouhth® specimen can be
spread over the surface of the medium. The presehbacteria is thus
confirmed, the suspension can be used for inocjqtiates.

3.3.3 Caution

1. The separation of the bacterial cells dependsthe initial
concentration of the suspension and on the degréeashing
out’ in the first streak. If the concentration Haeen low and the
‘washing out’ through, separate colonies may apdang the
second and third streaks, while the rest of théasarremains
sterile (not inoculated). However if a very concated
suspension is used and washing out inadequate asiepawvill
not be effected even in the last quarter of the agdace and the
plate will be covered with two lots of parallel éis of confluent
growth at right angles to each other.

(A) (B)

Fig.4.5: (A) streak-plate culture showing areas ofisolated
colonial growth. The lines of growth reflect how tle
plate was streaked (inoculated) and (B) Colonies ¢#vo
different bacterial species on the same plate. THarge
colonies areSerratia marcescens, which has brick-red
pigment, and the smaller light colonies areSarcina
lutea, which has a lemon-yellow pigment.

Source: Pelczaret al., 1997

2. It sometimes happen that in streaking out veegodposed
material or that which has been in contact witH, 4be whole
agar surface will be covered in a few hours witht fgrowing
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saprophytic bacterid@roteus which will either inhibit the growth
of other bacteria or over grow the colonies thay imave formed.
It is therefore advisable not to suspend from batigomposed

tissues.

3. The most numerous colonies of similar appea&aare not
necessarily pathogenic, especially if they appeackly and
grow rapidly.

4, Those which came up more slowly are more likelybe the

pathogens even if they appear in much smaller nwsnleor
example, in trying to isolate the leafy-gall organi
Corynebacterium fasciens, the isolation plates are usually
covered with fast growing saprophytes in 24 hrsiandt until 4
to 5 days later that a few yellow convex coloniéofasciens
become visible.

5. When well separated colonies have appeared enstilation
plates, several subcultures can be made and ireditbat 24-48
hrs by which time they will be turbid.

6. From both cultures agar slopes are inoculatetthe resulting
growth is used for inoculating suitable plantsitwfout which of
the pathogenic bacteria are pathogenic.

3.3.4 Isolation of Bacteria using a Glass-Rod insad of Wire
Loop

Unless the wire loop is very small (2mm) in diametad very smooth
l.e. not too rough from constant heating, bactera not always
separated sufficiently on agar plates by streakuig-method of
isolation.

The developing colonies are often too close togedinel tend to grow

into one another. Better results can be obtainedubstituting a fine

glass rod for the ordinary wire loop. A 3mm glasd heated to softness
with Bunsen burner can be drawn out to give sevEsam lengths of a
fine rod of about ¥2mm diameter. One end dipped tinkosuspension of
bacteria will pick up a small drop which is rapiditreaked on to agar
plates in parallel lines about 1cm apart. Aftertasale incubation, the

individual colonies can be recognised under the power (x10) of the

microscope and transferred by capillary pipettas itubes of broth

(medium).

This isolation can be carried on any of the mediad below:
a) Yeastrel Agar or Yeastrel broth

b) Meat-infusion broth.
C) Glucose broth or Glucose Agar etc.
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3.3.5 The Pour - Plate Technique

The principle of poured plate technique is a sed#lition of the
specimens in tubes of liquid (cooled) agar mediliution through
more than one tube is necessary to obtain welatedl colonies, since
the magnitude of the bacterial population contaimedhe original
specimen is not known. The medium is maintained liquid state at a
temperature of 45°C to permit a through distributod inoculum within
the medium and is poured into Petri-dishes, allotwesblidify and then
incubated. Because some of the organisms are ttappeeath the
surface of the medium when it solidifies, the pplate exhibits both the
surface and subsurface colonies.

bacterial
suspension

Step 1 Step 2 X : Step 3
Fig.4.6: Pour- Plate Technigue showing decreasingumber of
colonies resulting from the dilution
Source: Pelczaret al, 1977

If a quantitative procedure is used, it is possibldetermine the number
of bacteria (of a particular species) present a gphecimen as well as
isolate these in pure cultures.

The streak-plate(or spread plate) and pour plawsiques can be made
more effective for isolating specific kinds of be&ta by using selective

or differentiable culture media. It is also possibd treat the specimen
before plating to eliminate unwanted bacteria.

3.3.6 Description of the Pour-Plate Technique

1) One loop full of original suspension of the éntum is
transferred to the first tube (liquid cooled agadmm). The first
tube plus the content is rolled between the ham@sféct through
mixing of the inoculum. A similar transfer is maftem the first
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tube to the second tube and from the second tulibetahird
tube.

2) Contents of each of the tubes are poured isfmarsite Petri-
dishes.

3) After incubation, plates are examined for the avhich contains
isolated colonies.

4) From these plates, pure cultures of bacteria = isolated by
transferring a portion of a colony to a tube ofitgemedium.

SELF-ASSESSMENT EXERCISE 1

I[temise the isolation of viruses.

3.3.7 Enrichment Culture Technique

To improve the chances of isolating some unusugdiplogical types of
bacteria, the plating procedure may be precededgroyth in an
enrichment culture. In principle, the technique ismvment (a medium
of known composition and specific conditions ofubating) which will
favour the growth of a particular type of bacteribeing sought but will
be unsuitable for the growth of other types. Enrieht cultures are used
when the type of bacterium to be isolated is presea small number
and grows more slowly than many other speciesanrtbculum.

To isolate a soil bacterium capable of utilisingconidendrine,
constituent of wood source (cellulose). If nutriagar is inoculated
directly with the soil specimen, the chance of iimgda- conidendrine
utilising bacteria will be very limited. Thus th@rechment culture can
be used and prepares liguid medium consisting ofgemic salt, an
inorganic nitrogen source awne conidendrine as the sole carbon source.
Bacteria unable to utilise- conidendrine will not grow. Incubate the
culture for few days and then transfer a small amhduom it into
another flask of fresh medium of the same compwsitiSince the
organisms are capable of utilisimg conidendrine, they will growa-
conidendrine represents the substance from whielotganism sources
its energy and carbon for synthesis. A sample fiteenrmedium can then
be streaked on the medium for the same compos#odidified with
agar. Thex-conidendrine utilising bacteria will develop intolonies.

3.3.8 The Serial Dilution Technique
If the organism being sought in a mixed culturgiiesent in a greater
number than any other organism, it may be obtaingulre culture by

series of dilutions in tubes of an appropriate medi When greatly
diluted the specimen contains only the specidas.dtvisable to confirm
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by a plating procedure the purity of the culturglased. This technique
is adopted in making isolation of organisms from $oil.

3.3.9 The Single Cell Isolation Technique

A special equipment; the micromanipulator can bedus conjunction
with a microscope to pick a single organism (cgfipre or conidium)
from hanging drop preparation. The micromanipulap@armits the
operator to control the movement of a micropipette&s microprobe (a
fine needle) in the hanging drop so that a singlée @an be taken into
the tube and transferred to a suitable medium fowtih. This unique
technique is reserved for use in highly specialstedies as it obviously
requires a skilled operator.

Soil

..

S Isolofion of colonies on agor
Uccessive frons Ir‘s in med- medum congiring sore
um with desired “substrote” oy
Enrichment-
culture technique isolates
. isolot
becteria capable of utilizing ;{:_?Cj:od p?regu."we;[.md E -
aparticular subgtiate, " en oSOl of 5 |
lotes fo utlize "subsfrote
Fig.4.7: Enrichment Culture Techniques. lIsolation of Pure
Cultures and Verification of Isolates to Utilise
“Substrate”.

Source: Pelczart al., 1977
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3.4 Isolation of Fungi by Single Conidium Technige

Fungi can be isolated by the same general methsed for bacteria.
They all grow aerobically on the culture mediaeathperatures ranging
from 20-30°C. Most of them grow more slowly thaarcteria so that the
media which support bacteria may be overgrown bycteral
contaminants in a mixed inoculum. Where fungi arde isolated it is
good to use a medium that favours the growth ofifand not bacteria.
There are two types of fungi:

a) Facultative fungi that can be isolated and growculture.
b) Obligate fungi that live only in the host buillvaot grow on any
axenic medium.

3.4.1 Preparation of Inoculum

The fungus e.gPyricularia oryzae can be isolated from rice leaf lesions
by the single-cell (condium) in this case isolatieahnique described by
Shanta, 1954, adopted by Awoderu, 1969, 1972 alux&et al, 1977,
1993. Wash infected leaves with sterile distillegtev for 3 minutes and
cut the lesions into pieces of 2-3cm square an@dceisterilise with 1%
mercuric chloride or sodium hypochlorite to disktféhe lesions from
the superficial contaminants for 15seconds. Wasmtim three changes
of sterile distilled water and dried between sgefilter papers. Place
them on moist sterile filter paper placed in 9-cratrPdishes and
incubate at 27°C under continuous daylight fluceest¢ubes.

Examine the plates under 100x binocular microsdopeonidia. When
conidia are observed and the sporulating areaddcat sharp flame-
sterilised dissecting needle is dipped into soldtéech yeast agar, so
that a layer of agar is formed around the needie. Aeedle is then used
to touch the sporulating area. In this way a mdssonidia will be
picked up each time and streaks of such conidi& wede in plates of
soluble starch-yeast agar. When fungal coloniesldey subcultures
were made from the edges of these colonies andubule on fresh
culture medium of the same composition. Incubate tultures at
25x2°C and examine daily under light microscope fawnidial
formation. When conidia are found, pure cultures made re-isolating
using the single-cell (monoconidial) culture teciue (Pelczaset al.,
1977, 1993).

3.4.2 Preparation of Single-Cell (Monoconidial) Cliures

Monoconidial cultures can be prepared from these jgultures in the
way described from by Awoderu 1972 and Pelagaal, 1977, 1993.
The top of a hypodermic needle with a fine born&r{iin in diameter)
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Is fixed to top of a condenser lens of a microscopeneans of melted
wax in such a way that this bore could be seeremirally through the
eye piece when the microscope field is in focus.

A conidia suspension about 500 conidia per ml spared in sterile
distilled water. Two milliliter of conidial suspeins added to tubes
containing 8ml of the molten agar previously mamed at 45°C in a
water bath. The conidia are mixed with the agagémtly rocking the
tube. The mixture is then poured into sterile Haaad allowed to set.
Six hours later after the conidia might have sthrgerminating; the
plates are inverted on the stage of the binociudgat Imicroscope and
examined for isolated germinating conidia.

When germinating conidium is located by raising ¢bedenser in such
a way that the area containing the germinatingdiom is cut with the
needle. The condenser is then lowered and othenigating conidia
located.

A small sterile needle is then used to transferdimediscs into fresh
culture medium (Soluble starch-yeast agar) on plate slants in
McCartney bottles or test tubes containing the samdium. Several
single-cell (monoconidial) cultures can be prepaneitiis way.

Pure cultures of this single-cell isolation canobéained by subculturing
into fresh plates and incubating at 25+2°C.

Suspension of the monoconidial culture can be pesgpafor
pathogenicity tests.

3.4.3 lIsolation of the Saprolegniaceae

To isolate the members, go to the nearest pondudhd quart jar half
full of water. Add some baits e.g. boiled maizeiggarice grains or
wheat. In a few days, colonies of the fungi will feind around the
baits. These are then transferred to sterile ailteetri-dishes each
containing 25ml of half and half autoclaved tap evaand sterile
distilled water. If ponds are not nearby, colleaing soil 1 to 2 inches
below the surface of the soil and poured into artgjaa half full of
autoclaved water. This will also give a good caitlthe fungi using the
same set of baits. Pure cultures are then obtdinadthese colonies.

SELF-ASSESSMENT EXERCISE 2

Differentiate between enrichment culture methodsl apread plate
technique in the isolation of micro-organisms.
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4.0 CONCLUSION

There are different methods of isolation for miar@ganisms because of
the diversity of their nature, hosts and habitats.

5.0 SUMMARY

Methods involved in the isolation and preservatmmnviruses were
discussed. The preservation of viruses can be $hort or long term.
Basically the preservation has to be done @tif an ice-bucket or in an
ampoule containing the powder of the infected speai

The streak or spread plate technique, the poue-péahnique for special
isolates and the serial dilution technique are les&br isolation of

bacteria and fungi with little modifications whergeecessary. Both
bacteria and fungi can be preserved in inoculate€adtney bottles or
test tubes in the refrigerator at low temperatusés) - 10C. The

principles of sterilisation and disinfection areopted and are pre-
requisites to obtaining pure cultures of the organsi.

6.0 TUTOR-MARKED ASSIGNMENT

I Distinguish between pure culture, axenic cultured anixed
culture.

. Compare two named techniques for isolating micgaorsms.

iii. Why should pure cultures of micro-organisms be ioet?

V. Outline a laboratory procedure for isolating a wlelbe digesting

bacterium.
V. How will you obtain a pure culture of a named miorganism?
Vi. Describe the single-cell technique for isolating nramed
organism.

vii.  What precautions do you have to take during badtewlation?
viii. What general features should be observed in eskafndj the
colonial characteristics of an organism?

7.0 REFERENCES/FURTHER READING

Awoderu, V.A. (1972). Studies on the rice blastedse Ryricularia
oryzae). Ph.D Thesis. University of Ibadan, Nigeria.

Benson, H.J. (1994)Microbiological Applications. Oxford: Wm.C
Brown (WCB) Publishers Inc. England.

Bos, I. (1969). Some experiences with a collectérmplant viruses in
leaf materials dried and stored over a calcium raidoand a

54



ESM 236 MODULE 1

discussion on virus preservatidviedical Rijksfae Landbouwwet
Gent 34.

Fulton, R.W. (1961). Transmission of plant virusgsgrafting, dodder,
seed and mechanical inoculation.plant virology (ed.). Corbett,
M.K and Sisler, H.D). Florida:University of Florigaess.

Hollins. M. & Stone O. M. (1970). The Long Te®uwrvival of Some
Plant Viruses Preserved by lyophilizatidxnn Appl Biol.

Jacquelyn, G.B. (1996)Microbiology: Principles and Applications.
New Jersey. MaryMount University Prentice Hall, \@psaddle
River, 07458.

Mathews, R.E.F (1981Plant Virology. London: Academic press.

McKinney, H. H. & Silber, G. (1968). InMethods in Virology, Vol4
(Eds). K. Maramorosch and H. Koprowski. AcademiesB.
New York.

Pelczar, M.J, Chan, E.C.S & Kried, N.R. (1993lcrobiology:
Concepts and Applications. Characteristics of Micro-organisms.
New York: McGraw Hill Inc.

Pelczar, M.J, Reid, D.R & Chan, E.C.S (197Whcrobiology: Pure
Cultures and Cultural Characteristics of Bacteria. New York:
McGraw Hill Book Company.

Tortora, G.J., Funke, B.R., & Case, C.L. (199Rjicrobiology an
Introduction. California: The Benjamin/Cummings Publishing
Company, Inc. 390 Bridge Parkway Redwood City, $406

Walkey, D. (1991)Applied Plant Virology. New York: Chapman and
Hall.

55



ESM 236 MODULE 2
MODULE 2 STRUCTURE, REPRODUCTION AND
IMPORTANCE OF MICRO-ORGANISMS

Unit 1 Structure of Micro-organisms: The Fungi

Unit 2 Reproduction in Micro-organisms: The Fungi

Unit 3 Importance of Micro-organisms: The Fungi

Unit 4 Structure and Reproduction: The Bacteria

Unit 5 Importance of Micro-organisms: The Bacteria

Unit 6 Structure and Reproduction: The Viruses

Unit 7 Importance of Micro-organisms: The Viruses

Unit 8 Structure, Reproduction and Importance oficrivt
organism: The Algae

UNIT 1 STRUCTURE OF MICRO-ORGANISMS: THE
FUNGI

CONTENTS

1.0  Introduction

2.0 Objectives

3.0 Main Content

4.0
5.0
6.0
7.0

3.1  Structure of Fungi
3.2  Evolution of Conidia from the Sporangium
3.3  The Merosporangia
3.4  The Sporangial Apparatus of Pilobolus
3.5 The Mastigomycota
3.6  The Peronosporales
3.7  The Higher Fungi
3.7.1 The Ascomycota
3.7.1.1 The Eurotiaceae
3.7.1.2 The Asexual Reproductive Structures of
Aspergillus
3.7.2 Deuteromycota
3.7.2.1 The Hyphomycetes
3.7.2.2 The Pycnidium
3.7.2.3Asexual  Reproductive  Structure  of
Penicillium
3.7.3 The Structure of the Basidiomycota
3.7.3.1 The Primary Mycelium
3.7.3.2 The Secondary Mycelium
3.7.3.3The Tertiary Mycelium
Conclusion
Summary

Tutor-Marked Assignment
References/Further Reading

57



ESM 236 ENVIRONMENTAL SCIENCE MICROBIOLOGY

1.0 INTRODUCTION

In this unit, the structure of fungi will be dissgsl. The structure of a
typical fungus is made up of the vegetative (niomglly active) body
and the reproductive unit. The structure is usulitiden and diffusely
organised around and within the areas of their femarces. The yeasts
are usually of single cells while the others havectures called hyphae
(hypha singular); the hyphae form interwoven matted the mycelium.
This mycelium forms the feeding network of a fundaescause it is
embedded in the environment in which the fungusvgraHyphae of
fungi are either divided into cells by septa (septayphae) or are not
divided (coenocytic hyphae). Their walls are maiofihitin.

Parasitic fungi usually have some of their hyphaeliffted as haustoria.
These hyphae when mature produce various typepmes released
into the environment and dispersed by wind. Thehlagp(mycelium)
make up for the lack of mobility in fungi by swiftextending the tips of
hyphae into the immediate environment for food.

2.0 OBJECTIVES

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

. explain the basic structure of the fungi

. distinguish between the vegetative and reprodudicectures of
fungi

. discuss the diversity and complexity of the varistrsictures of
fungi.

3.0 MAIN CONTENT

3.1  Structure of Fungi

Asexual Reproductive Structures of the Mucoraceae

The Mucoraceae reproduces asexually by means of-mubie

sporangiospores calleablanosporescontained in asporangium.They
carry sporangia on simpporangiophoreas in Mucor (Figure 1.1)
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COLUMELLA

TS~ MYCELIUM

Fig.1.1: Mucor (A) Portion of a Mycelium Bearing
Sporagiophores and Sporangia (B) Single Sporangium
Source Lowson,1962

This sporangium is formed at the tip of a sporaplgave as globose
swelling in which central columella becomes semaldtom the outer
region. The typical sporangium when developed unf@ourable
conditions contains thousands of sporangiospoRdszopus which
belongs to the same Mucoraceae family has a simsilarcture but
differs in the sense that it lacks a columella dadelops a hypophysics
instead and root-like structure called the rhizgidjure 1.2).

3.2 Evolution of Conidia from the Sporangium

A typical sporangium is found in the family Mucoeae- the largest and
most primitive of the eleven families under the @r#lucorales. Such
as a sporangiophore, as a globose swelling in wtotlmella becomes
separated from the outer region (Figuresl.2 and. II'Be typical
sporangium developed under favourable conditionmgates thousands
of spores.

In contrast to the above, some Mucorales producd! sporangia with
columella as irMucor (Figurel.2) or without columella as in Rhinsp
(Figurel.3) which contain few spores each and s@pecies are
monosporous. Such small sporangia are called Sgtan(singular
sporangiolum); (These are believed to have devdldmmen sporangium
with many spores) the end product being a sporang® with few or
single spore. Sporangiola which contain only onerspare often
regarded as conidia.

59



ESM 236 ENVIRONMENTAL SCIENCE MICROBIOLOGY

Sporangium

Sporangiophore

Stolon

Rhiziods

Fig.1 2: Rhizopus
Source Smith, 1955

Thus depending on the conditions under which thegdis is growing
Blakeslea trisporamay produce sporangia with many spores (Figure
1.3A-D) produce sporangia with few Sporangiola @s® applicable to
structures in which the sporal and sporangial waésfused and cannot
be distinguished from each other as in the headspofangiola of
Choanephora cucurbitarumFigurel.3 E) and inCunninghamella
echinulata Figurel.3 F). Either term sporangiola or conidiayniee
applicable to these structures, since it is prabdbat the conidia of
these Fungi have arisen from sporangia by redudfotme number of
spores from many to one and by the subsequentfasithe wall of the
sporangium with that of the single spore with itgufe 1.3 shows
structures to confirm that the conidium of the Miades has developed
from the sporangium.
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Spoerangium of Blakeslea trispora

Single head from C with five
three —spored sporangiola

Globhose heads with three~
spored sporangiola

Deched sporangiola
{conidid) from e

IHeads: of 'sporang'igla of Coridial heads of
Choanephora. cticurbitarim Crarviinghamelia:echinula

Fig.1.3: Series of Drawing Showing Probable Tranigon Stages
in the Evolution of the Sporangium to a Conidium
Source: Alexopolous, 1962

3.3 The Merosporangia

The Merosporangia may be borne on the surface ofindated
sporangiophore and radiate out or they may be bomthe surface of
an inflated sporocladia.

In Syncephalastraceaethe merosporangia contain uniseriate spores
(Figure.1.4). The Piptocephalidaceae and Dimaizgde carry two
spores. The kickxellaceae bear monosporous spalarmi special cells
produced on sporocladia.
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merosporangium

spores

Fig.1.4: Merosporangium with Uniseriate Spores
Source: Deacon, 1984

3.4 Sporangial Apparatus of Pilobolus

The Pilobolaceae represented Bylobolus longipesis a common
inhabitant of cow intestine and cow dung. The ensporangium is
violently discharged off the sporangiophore. Th@rapgiophore of
Pilobolus (Figure 1.5) consists of a swollen trophocyst, the
sporangiophore proper, a swollen subsporangial ckesiand a
sporangium whose wall is heavily cutinised.
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Fig. 1.5:
Source:

MODULE 2

Sub-sporangial vesicle

Sporangium

. @ Sporangiospores
Sporangiophore

Trophocyst

Pilobolus Longpipes. Sporangial Apparatus
Alexopolus, 1962

3.5 The Mastigomycota

A subdivision with the class Oomycetes is well esgnted by the
Orders Saprolegniales and the Peronosporales, membeavhich are
aquatic in nature. This characteristic is wellsthated in their asexual
and sexual structures. They are coenocytic.

The asexual structure includes the zoosporangitarwng biflagellated
zoospores each bearing one tinsel flagellum didetdeward and one
whiplash flagellum directed backwards.
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The zoospores are borne in sporangia of variousstypheir sporangia
are referred to as zoosporangia (Figure 1.6). pr@egnia, there could
be the repetitive productions of sporangia withia old sporangium in a
process called sporangial proliferation (Figure.1.6

Hypha

/zunspurangium Zoospores

Fig.1.6: Zoosporangia of Saprolegnia. A. Mature
zoosporangium of Saprolegnia sp. B Internal
proliferation 1, 2 Empty zoosporangial cases. 3.
Developing zoosporangium

Source: Alexopolous, 1962

The species that produce one type of spores aremmmphic and those
that produce 2 types are dimorphic.

The genusPythiopsisproduce only one type of spores i.e. the primary
zoospores. The genegaprolegnia, Leptolegnia and Isoachlgeoduce
both types of zoospores hence they are dimorphic.

In the genus Dictyuchus, no spores are produced.

3.6 The Peronosporales

The most advanced members of the Oomycetes. Thder@ncludes
aquatic, terrestrial and amphibious members culimgain highly

specialised obligate parasites. They are destrictparasites of
economic plants, frequently causing diseases waiméndous losses to
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crops. The damping off fungi, the white rusts ahe towny mildews
belong to this Order.

They posses coenoeytic stout hyphae which braneblyir Many
members produce haustoria by means of which thanms obtain
nourishment from the host cell.

The haustoria may be knob-like, elongated or bradchithin the host
cells. The hyphae of the parasitic fungi are irgtotar or intracellular,
growing between cells or within cells.

The family Pythiaceae: aquatic, amphibious, andesgnal fungi and
disease causing agents causing serious diseasesonbmic crops.
Coenoeytic hyphae with well developed haustorigyfa 1.9). Pythium

debaryaniuma member lives in the soil saprophytically ondleeganic

matter or parasitically on young seedlings of masged plants
(angiosperms). The hyphae are both intercelluldriamacellular but no
haustoria are produced. The sporangia are glotwsevoid and are
either terminal or intercalary on the somatic hyph&roduction of
zoospores is preceded by the formation of a biulbalesicle at the tip of
the long tube which emerges from the zoosporangilime. sporangial
protoplast flows into the vesicle through the tavel differentiation of
the zoospores takes place in the vesicle. The poespare kidney or
bean seed shaped with 2 lateral flagella attaah#uketconcave.

3.7 The Higher Fungi

The Ascomycota, the Basidiomycota and the Deutecotay are
sometimes called higher fungi as they all possegtate hyphae.

3.7.1 Ascomycota

The Ascomycetes are found in a variety of habitelsny are small and
inconspicuous and parasitic on plants and only §@en their effect on
hosts. Others are saprophytic, live in soil or ecaying logs and leaf
mold, produce large discernuable fruit bodies. Soame entirely
hypogeandiving under the ground. A number aceprophilousliving
only on the dung of certain animals.

Marine Ascomycetes may be saprophytic on variopegyof organic

material submerged or floating in marine watersnaly be parasitic on
marine algae and higher plants. The asexual steictary with the

members but each of them produce conidia on caqpidies of

different types ranging from long to short whilereconidia are almost
becoming sessile, some may be branched (Figure 1.7)
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Fig. 1.7: Various Types of Conidiophores Bearing Gnidia (A)
Phyllosticta (B) Dendrophoma (C) Monopodium (D)
Verticillium (E) Aspergillus (F) Penicillium (G)
| sariopsis

These conidiophores may be produced in fruit bodies (A) the

pycnidium, this is a hollow structure whose psewtepchymatous
walls are lined with conidiophores (Figure. 1.8AdaB) the acervulus
iIs a mat of hyphae usually formed by parasitic furgelow the

epidermis or cuticle of the plant host and givinger to short
conidiophires closely packed together forming a lleel mass (Figure
1.8B). Conidiophores may also be closely packefot:n a complex
structure calleporodochia and Synemata (Figure 1.8C and D).
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MODULE 2

Fig.1.8: Four types of asexual fruit bodies(A) Septoria (B)

Marssonin (C) Epicoccum (D)Arthrobotryum

Source: Alexopolous, 1962

3.7.1.1 The Eurotiaceae

Two important genera are grouped in this familymely the genus

Aspergillusand the genu®enicillium. This is because the two molds

produce the sexual spores known as ascospores.
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Haustoria

Fig.1.9: Haustoria of the Peronosporaceae
Source: Alexopolous, 1962

The Aspergillusspecies are the black mold (even though they @an b
other colours) which can be collected by exposiagte food to the air
e.g. bread and or other food materials for at laagay, you find them
growing. The soils also contain the spores ofAkpergill. Examples of
AspergillusareA.flavusandA.fumgatus.

TheAspergilliare capable of utilising an enormous variety difstances
for food because they produce several enzymes. &heyfound on

exposed foodstuffs and cause decay. They are consor@aminants of
culture in the laboratory (bacteriological and mlpgical alike). The

two common species are animal and human pathogerssng a number
of diseases known #@sspergillosis.

3.7.1.2 The Asexual Reproductive Structures of Aspgillus

The mycelium of theAspergilli resembles that of many fungi. The
hyphae are well developed, branching profuselytase@nd hyaline.

The mycelium produces conidiophores singly from aberhyphae. The
hyphal cell giving rose to the conidiophores islemlfoot cell. The
conidiophores are long erect hyphae, each termigatn a bulbous
head, the vesicle on which asexual conidia are édrmAs the
multinucleate vesicle develops, a large number tfriggnata are
developed over the entire surface. One or two fagéisterigmata may
be produced depending on the species. These desl gaimary and
secondary sterigmataWhen there are two layers, the conidia

68



ESM 236 MODULE 2

automatically develop from the secondary sterignaatdahe sterigmata
reaches maturity; they begin to form conidia atrthips, one below the
other in chains. The conidia are typically globasal unicellular with
roughened walls. The conidia Akpergillusare formed inside the tip of
sterigmata which are tubes. A portion of the pri@sm with a nucleus
at that of the sterigma is delineated by a sepilime. protoplast rounds
off, secretes a wall of its own within the tubusderigma and develops
into conidium. The conidial wall may fuse partialy completely with
the wall of the sterigmata. A second protoplasbwethe first develops
into a spore and pushes the first spore outwardowttdisjunction, so
that a chain of spores (conidia) is formed. Thigsoaccontinues until
conidial chain forms a globose appearance on tlseclee Aspergillus
colour varies from black, brown, yellow or evenegre

The colour depends on the species and on the mediunvhich the
fungus is growing. Under a favourable conditiorg tonidia germinate
by germ tube giving rise to a mesh of vegetativphae, from where
new sets of sporangial heads are developed.

SELF-ASSESSMENT EXERCISE 1

Describe the asexual structure of a named membetheffamily
Mucoraceae.

3.7.2 Deuteromycota

These are fungi reproducing through the productibasexual spores.
Their sexual structures are not yet discovered.tMdstheir conidia
represent the conidial stages of Asomycetes whesgerous stages are
yet to be discovered or do not exist. Such fung described as
“imperfect fungi” or “fungi imperfecti”. They areescribed as conidial
stages of the Ascomycota or rarely Basidiomycoga A&spergillusand
Penicillium that belong to the class Plectomycetes of Aseomycota
with their fruit body as Cleisthothecia. They haseptate hyphae with
perforations on their septa for cytoplasmic stremrirom one cell to
the other.

Sporulation: Those that produce conidia freely on conidiopbore
produce more than those producing their sporodoshisynemata and
acervuli. Temperature, nutrition, pH, light affebeir rates of conidial
production.
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Fig.1.10: A and B. Asexual Reproductive Structures
Source: Alexopolous, 1962

3.7.2.1 The Hyphomycetes

The Hyphomycetes are those that produce their @oidl more or less
loose cottony hyphae. Such hyphae bear sterigmatavluch such
spores are produced. Some conidiophores are idflatethe tip e.g.
Aspergillus.Others are inflated at intervals forming knee-lgtauctures
on which conidia are grouped e.@onatobotrys While others have
many branches arranged in whorls &.gtticillium. (Figure 1.7G).
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A group of conidiophores often unite at the bas®tm synema (Figure
1.8D). The top of the synema is often branchedgctmdia arising from
the tips of the numerous branches.

3.7.2.2 The Pycnidium

In some fungi, conidia arise in globose or flaskfsd structures
(pycnidia). The conidiophores are usually short €Qyllosticta are
almost absent in others eBlenodomousThey may be long in some
cases e.goendrophomdFigure 1.8A).

However, whatever the length, they all arise frbmninternal wall of the
Pycnidium. The pycnidia resemble the perithecium e
pyrenomycetes. The differences is in the conteatitiecium contain
asci and ascocarps while the other contains cariidia variation in the
structure of the pycnidia is used in separatinggéreera. (Figure 1.11).

The Acervulus: This is a flat open bed of generaligrt conidiophores
growing side by side and arising from a stromatiassn of hyphae.
Conidia are borne at the tip of the conidiophoubeyl are usually
formed underneath the cuticle or epidermis of at hplent and
eventually become erumpent.

B SR
Beaked

Papillate .

D s '
Uniloculate Labyrinthiform Pyenidium with
gpores escaping

in a cirrhus

Fig.1.11: Various Types of Pycnidia. (A)Zythia fragariae (B)
Dendrophoma obscurans (C) Chaetomella atra (D)
Diploidia zeae (E)Fusicoccum viticolum

Source: Alexopolous, 1962

In addition, some acervuli produce long, stiff geoh dark structures
that look like bristles, these are sterile struesutalled Setae.
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Setae are present in some fungi €glletotrichumbut absent in others
e.g.Gleosporiuma distinguishing feature. (Figure 1.12).

Conidium

~— Seta

Conidium

Conidiophore

Stroma

— CQnidiopHore

A B

Fig.1.12: Acervuli (A)Gloeosporium sp. (B)Colletotrichum
Source: Alexopolous, 1962

The spores: Asexually produced spores are usudsignated as
conidia regardless of their method of origin. Othgpes of spores
produced under théscomycetesare microconidia, chlamydospores,
arthrospores and blastospores. Other spores include

o Phialospores: are formed from special bottle shagiegicture
phialid.
. Porospores: are spores which are formed from pofes

conidiophore.

Pycnidiospores: are spores formed in pycnidia.
Dictyospores possess both vertical and horizoefatlas
Scolecospores: are greatly elongated or worm like.
Helicospores: are coiled spores.

Blastomycetes: contains the yeast like members.
Coelomycetes: are members that form pycnidia ovdce

3.7.2.3 Asexual Reproductive Structure of Penicillim

The morphology of théenicillium differs considerable from that of
Aspergillus. The mycelium produces simple, long and erect
conidiophores which branch about two thirds of wWeey to the tip, in
characteristics or asymmetrical, broom-like fashidhe conidiophores
are commonly referred to as the penicillus (pl.ip#ém; L penicillium

= small brush, (Figure 1.7F).

The multiple branching of the conidiophores endsaingroup of
sterigmata which carry the long conidial chaing(ife 1.7F).
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The conidia are globose to ovoid and under the oscope resemble
glass beads. They are formed in the same mann@s@ergillus. The
enormous quantity of greenish, bluish, or yellownida which are
produced are chiefly responsible for the charastiercolony colour of
various species d?enicillium

Under favourable conditions, the conidia germinaie germ tubes
which develop into vegetative hyphae from which wanber of new
generations of the asexual structures are developed

3.7.3 Structure of the Basidiomycota

The basidiomycota consists of mushrooms, toadstqgmiffballs and
stink horns, shell fungi and bird nest. The Basidjoota produce their
basidia on highly organised bodies of various typEsese fruiting
bodies correspond to the ascocarps of the Ascoeyaaid are called
Basidiocarps.

Fig.1.13:  Phlogiotis helvelloides. %2 aneI Shaped Basidiocarp
Source: Alexopolous, 1962

Basidiocarps may be thin crust-like, gelatinoustileginous, papery,
fleshy, spongy, corky and woody. It is within tig=oup that fruitbodies
have reached the most advance stage amongst the However, the
rustsandsmutsbelong to the orders Uredinales and Ustilaginalegh
do not produce basidiocarps.
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3.7.3.1 The Primary Mycelium

Usually develops from the germination of basidioggowhich may be
multinucleate first, the nucleus or the nucleire basidiospore dividing
many times as the germ tube emerges from the spwiebegins to
grow. Such multinucleate stage of the primary myacelis short-lived,
however because septa are soon formed which dikelenycelium into
uninucleate cells. In some species, septum formabegins upon
completion of the first division of the spore nucte that the primary
mycelium is septate and uninucleate.

3.7.3.2 The Secondary Mycelium

Originates from the primary mycelium; its cells &ypically binucleate.
The binucleate condition begins when the protoplast the two
uninucleate cells fuse without karyogamy taking cpla after
plasmogamy. The binucleate cells thus formed presluc branch into
which the nuclear pair migrates; the two nucleiidikvconjugately and
the sister nuclei septate into the two daughtds.cel

3.7.3.3 The Tertiary Mycelium

Is represented by the organised specialised tisstgsh compose of
sporophores of the higher basidiomycota. The ceflsthe tertiary
mycelium are binucleate, the sporophores (strustw@ch bear spores)
actually originating when secondary mycelium forrosplex tissues.
Thus the basidium, the dikaryotic mycelium, thenfation of clamp
connections, the dolipore septum mechanism is theecial
characteristics of the Basidiomycota.

The Basidiocarps: the higher members of the Basigamta produce
basidia in highly organised fruiting bodies of wars types. These
fruiting structures, corresponding to the ascocagbsthe highest
Ascomycota are called Basidiocarps. Basidiocarpy b thin, and
crust-like, gelatinous, cartilaginous, papery, lilgs spongy, corky,
woody, e.t.c.

Most Basidiomycota bear their spores on basidiathetUstilaginales
do not possess basidiocarps. Their conidia aresexpo

Fruiting bodies of basidiomycota are among the rfersiliar examples
of fungi. Mushrooms, shelffungi, coral fungi, pudlls, earthstars,
stinkhorns and birds net fungi are all examplebasdidiocarps of fungi
which bear them.
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The basidiocarp of the family Tremellaceae is ¥nelshaped (Figure
1.13) as shown byPhlogiotis helvelloidesMembers of the family
Auriculaceae have ear shaped basidiocarps Augcularia auricular
(Figurel.14).

Basidiocarp
Fig.1.14: Ear Shaped Basidiocarp
Source: Alexopolous, 1962

Members of the family Sporobomycetaceae do notldpveasidiocarps.
The rusts (Uredinales) produce their spores in ldreshd the spores
produced are uredospores. The uredospores arbeadtan long stalks.
The rust also produces aecia and aeciospores lifiglogcle.

The Ustilaginales: the smuts produce no basidigdéu teleutospores
are exposed and are produced in telia. The telpotes may be sessile
or stalked.

The Homobasidiomycetes: basidiocarps are producedhé order
polyporales-family, polyporaceae produce shell-lige bracket like
basidiocarps. In the order Agaricales, family Agaceae, distinct and
most advanced basidiocarps are produced.

3.7.3.4 The Structure of Mushroom

The typical form of most Agaricales is the well ko mushrooms. It

begins as a tiny knot of hyphal cells; it eventpakkvelops into a small
globose or ovoid body commonly called the buttoagst In some

species, the margin of the young pileus or capimected to the stem
(stipe) by a membrane, called inner cell. As thi fsody grows rapidly,

the upper portion of the button expands into the aapileus and the
inner veil tears and becomes severed from the margihe pileus and
remains attached to the stem (stipe) in the form g or annulus as in
Agaricus type (Figure 1.15).
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In some others, mushrooms whose development majfieeent from
above, as the inner veil tears, portions of it hdogn from the cap like
a thin, (cobwebby) the cortina curtain as in Amaiype.

Scales
{remnants of
universal veil)

Cap
(pileus)

Universal veil

¢lamellae)

Ring
{annulus)

Lo Stalk
Young mushroom (stipe)
{button stage)

Cup
(volva)

Mature x;;:.s-lqroomﬁ
Fig.1.15: Basidiocarp of the Agaricaceae (Amanitdype)
Source: Alexopolous, 1962.

Cap—  — .
{pileus)

Gills
{lamellae)

Ring
{annulus)

Stalk
(stipe)

Mycelial connection - i
Young mushroom Mature mushroom

(button stage)

Fig.1.16: Basidiocarp of the Agaricaceae (Agaricusype)
Source: Alexopolous, 1962
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Fig.1.17:  Armillaria mellea, Type (a Plant Pathoge)
Source: Guttman, 1999

SELF-ASSESSMENT EXERCISE 2

Describe the structures dspergillus and Penicillium. What are the
basic differences and similarities?

4.0 CONCLUSION

As diverse as fungi are, they are organisms congisf single cells and
hyphae as the vegetative (parent) structure. [Riffertypes of the
reproductive structures that produce spores hage tiscussed.

5.0 SUMMARY

The basic structures-vegetative and reproductieeralated to the life
cycles of the various fungi described. The vegetastructures can
mature and give rise to the reproductive strucamé vice-versa. The
complex and diverse fungal structures make themuénin the world of
microorganisms. The various spores produced byetlvasious fungi
help in their geographical distribution and spremthe environment.
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6.0 TUTOR-MARKED ASSIGNMENT

I Compare and contrast molds and yeasts.

. Draw and describe many spore types as possibleraNdre they
formed?

1 Which of the following is (are) dimorphic?
a. Aspergillus

b. Candida
C. Penicillium
d. Rhizopus.

\Y2 Compare the vegetative and asexual structuresnaimeed mold
and yeast.

V. Compare the life cycle d®hizopusand that oPythium.

Vi. Describe a typical sporangium of the zygomycetesw Hoes it
differ from that of the oomycetes?

vii.  Draw and label fully a fruit body of a named basidycete.
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THE FUNGI
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1.0 INTRODUCTION

Reproduction is one of the life processes in livimganisms. This
process is fundamental to the existence of lifeetise it will be
extinct. The process in which the race is mainthizsed keeps life going
from generation to generation is called reprodunctio

This process of reproduction also occurs in miaigaaisms but with
variation. Some methods of reproduction may be iipeto certain
micro-organisms and vary in some. This unit wilabeith the different
aspects of reproduction and the products of théowarreproductive
processes in the fungi.
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2.0 OBJECTIVES
At the end of this unit, you should be able to:

. explain the processes leading to various typem@foduction in
fungi

differentiate between asexual and sexual reproalucti

discuss the types of asexual reproduction

discuss the types of sexual reproduction

distinguish the various types of reproductive unispores)
produced.

3.0 MAIN CONTENT
3.1 Reproduction in the Zygomycetes

3.1.1 Asexual Reproduction in the Zygomycetes

As llustrated by Mucor or Rhizopusis by spore formation. The
Mucoraceae is the largest and the most primitiviaénorder Mucorales
with 11 families. A sporangium is formed at the difpa sporangiophore
as a globose swelling in which central columell&dmes separated
from the sporiferous region (Figure 2.1). Can ydil semember
Module 2 unit 1(Figure 1.1 and 1.2)? The typicabrgmgium develops
under favourable condition with many thousandspafres. For asexual
reproduction to begin, the spore are liberated Isgadution of the
sporangial wall ilMucor muced@nd by explosion in the sporangium of
Rhizopus nigracanghe top of the sporangium forms a cover over the
lower part to allow the release of the sporangiospo The
sporangiospores are liberated under favourable itonsl (optimum
relative humidity and temperature), the spores geta to give rise to a
large mass of vegetative hyphae from where newaetporangiphores
and sporangial will be developed. Other methods asfexual
reproduction in the Mucoraceae include the fornmaticof
chlamydospores sometimes referred to as gemmae imypphae and the
breaking up of the mycelium into yeast like bodigsch reproduce by
budding. Yeast-like cells are formed when the myeelis growing in a
liquid medium. These cells however are not yeasts.
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Zygosporangium

B ed o SEXUAL
AN REPRODUCTION

"

’ . —'a'ti -ty
+Mating type \ nGhpe

Spores

ASEXUAL
REPRODUCTION

Fig.2.1: The Life Cycle of a Zygomycete (e glucor)
Source: Campbel] 1996.

3.1.2 Sexual Reproduction in the Zygomycetes

Occurs by copulation of two multinucleate gametanghich are similar
in structure but which may differ in size. Thussthiype of sexual
reproduction is homothallic. The mating types aesighated + and —
(Figure 2.1). They form hyphal extension, each edlloff around

several haploid nuclei by a septum. The gametangmergo

plasmogamy (fusion of cytoplasmic contents). TElggosporangium
develops rough, thick walled coating that can tedig conditions and
other inclement conditions. When conditions aretaable, karyogamy
(fusion of nuclei) occurs giving rise to a diplogygote known as
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zygospore. This is followed by meiosis (reductioivigion). The
zygosporangium then breaks dormancy germinating iat short
sporangium that disperses the genetically dividegpldid spores called
sporangiospores (Figure 2.1). These spores gerenimat new mycelia.

3.2 Reproduction in the Oomycetes
3.2.1 Asexual Reproduction

Occurs in a long, cylindrical, terminal zoosporamgi typically
produced by members of this family. The young spgia are full of
dense, granular protoplasm which gives them a bisiwaippearance by
transmitted light under the microscope. Zoosporeselbp in the
zoosporangium. Primary and secondary zoospores caremonly
produced in the oomycetes.

Saprolegnia produce both primary and secondary pooes. The

primary zoospores are released from the zoosparangind after a
period of swarming they encyst. Secondarily zoospaire produces
after two swarming periods occur. Saprolegnia id $a be diplanetic

and the phenomenon is diplanetism. In Saprolegtiia, swarming

periods are of considerable duration. In Achyla, piiimary zoospores
encyst just outside the mouth of the sporangiunsam as they are
released. Eventually they germinate giving rise &o secondary
zoospores. Achyla therefore exhibits a strong teagiéo suppress the
first swarming period. In the genus Dictyuchus, pronary zoospores
are liberated. Instead they encyst within the spgitan and release a
secondary zoospore which escapes from the sporangwarms for a

time and encysts after a resting period. Thesescyaease another
secondary zoospore which in turn warms and encyhis. process may
be repeated several times, all swarming zoospoe#sgbsecondary
zoospores type. This phenomenon is called repeaedspore

emergence or polyplanetism.

In the genus Thraustotheca, the primary zoospomegse within the
sporangia and eventually liberate secondary zoespehich swarm but
once (monoplanetic) and monoplanetism exhibited.

In Geolegnia which probably represents the culnonmatof this
evolutionary series, both swarm periods have begpressed and no
zoospores are formed. Each of the aplanosporeshwsicapes from the
sporangium germinates by germ tube. Geolegniaus dlplanetic.

Another method of asexual reproduction in the dagruaceae is by
means of chlamydospores sometimes called gemmae.
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Somatie
hypha

Fig.2.2: Gemmae of Saprolegnia
Source: Alexopolous, 1962.

These are generally borne terminally or in chdimshe later event, they
become separated after mating. Gemmae germinataelays of germ
tubes which either grow into hyphae or develop istwort stalked
sporangia typical of the species (Figure 2.2).

3.2.2 Sexual Reproduction in Oomycetes

Sexual reproduction is by means of gametangialamdnThe passage of
the male gamete into the female gametanigium mutr a fertilisation
tube (Figure 2.3). The sex organs being generadiyminal but
intercalary oognia could be formed. The oogoniunugsally globose,
its entire contents differentiating into one or moglobular and
uninucleate oospheres (egg cells). The elongatedtinoncieate
antheridium originates either on the same hyphahdin (homothallic)
or on which the oogonium is attached on a differghallus
(heterothallic). One or more antheridia may beccaattached to the
oogonium, pierce it, and branch out sending onendirato each
oosphere. Within the oogonium, one nucleus of thiaexidium now
passes through each fertilisation tube. This iWd by plasmogamy
and fuses with the egg nucleus (karyogamy).

83



ESM 236 ENVIRONMENTAL SCIENCE MICROBIOLOGY
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Fig.2.3: Life Cycle of Saprolegnia
Source: Alexopolous, 1962.

Fertilised oospheres develop thick walls and amveded tooospore

(the zygote). After a period of rest, thesporegoes through meiotic
division to give rise to haploid cells which nowrgenate by means of
hyphal tubes which later develops vegetative hydnae which new

zoosporangia are formed followed by new sets of edjangia.(Figure
2.3).
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Fig.2.4: Life Cycle ofPythium debaryanum
Source: Alexopolous, 1962.

3.2.3 Reproduction in the Peronosporales

Represented by one of the families-Pythiaceae hadyenusPythium
debaryanum. They possess coenocytic hyphae. They live
saprophytically on dead organic matter or paradlticon young
seedlings of economic crops. The hyphae are bd#rcellular and
intracellular. They do not produce haustoria.

3.2.3.1 Asexual Reproduction in the Peronosporales

The asexual reproductive structure is a globosevéd sporangium and
is terminal or intercalary on the somatic hyphagyfe 2.4C). Either
production of zoospores is preceded by the formabbd a globose
vesicle or bulbous structure at the tip of a longet which emanates
from the sporangium (Figure 2.4). The sporangiatgplast flows into
the vesicle through the tube and differentiationthd zoospores takes
place in the vesicle (Figure 2.4D). The narrow tub&ing the
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sporangium and the vesicle is very distinct, baetuasicular wall is thin.
The sporangial protoplast moves rather rapidlyuglothe tube into the
vesicle and appears to remain there while the dsdition of the

zoospores is taking place. In 15-20 minutes, one se@e a slight
trembling as the crowded zoospores become restlesdegin to move
under the microscope. This motion becomes accelkrgtadually but
rapidly until the separate zoospores begin to nmwieof the vesicle.

Suddenly the vesicle wall bursts like a soap bulalrlé the zoospores
scatter to all directions dashing out in a ruslgFe 2.4D).

The zoospores are kidney shaped and have twollfitsgalla attached
to the concave side. After a period of swarminghia film of water in
the soil, the zoospore come to rest, encyst anuligate by a germ tube
(Figure 2.4E and FPRythiumis therefore monoplanetic i.e. one type of
zoospores produced. They end up producing new fshyphae from
where the cycle is repeated.

3.2.3.2 Sexual Reproduction irfPythium

Sexual reproduction iRythiumis also heterothallic with male gametes
(Antherielia) and female gametes (oognia) well deyed in close
proximity often on the same hypha with the antharidst below the
oogonium (Figure 2.4G). The oogonium is globosenwtultinucleate
oosphere surrounded by a layer of periplasm. Tiieeaidium is much
smaller and somewhat elongated or club-shaped. Umometangial
contact, a fertilisation tube develops and penesrétte original wall and
the periplasm. In the meantime, nuclear divisios taken place and all
but one functionally nucleus in each have disirdegt. The male
nucleus now passes through the tube into the oos@pmroaches the
female nucleus, followed by plasmogamy and karyogathe two
nuclei unite to form a zygote (the oospore). Thepbere develops into
a thick walled, smooth oospore which germinatesrajtowing through
meiotic division. Under favourable condition, thespore germinates by
germ tube which develops into mycelium.

SELF-ASSESSMENT EXERCISE 1

Compare the sexual reproduction in the Mucoraleth what of the
Saprolegniales.
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3.3 Reproduction in the Ascomycota

3.3.1 Asexual Reproduction in the Ascomycota

Asexual reproduction in the Ascomycota occurs thghoufission,
budding, fragmentation, arthrospores, chlamydospooe conidia
depending on the species and the environmentaltcmmd

a) Fission and budding are methods of propagamountered in
yeasts.

3.3.1.1 Budding in Yeast

This is to those yeasts which commonly reproducéinyding. In this

process, the protoplasm of the cell covered byirarttembrane pushes
out of the cell wall in the form of a bud and ewaily forms daughter

cells. The bud enlarges until it is separated ftbe mother cell by a
constriction at the base. The daughter cell matyin reproduce a bud
while still attached to the parent cell (Figure&.5A chain of cells may

thus be formed. Such chains may branch if more tha@ bud is

produced from any one yeast cell in the chain asmetimes happens.
During the process of budding the nucleus divideg, daughter nucleus
passing into the bud, the other one remains innttagher cell e.g.

Saccharomyces cerevissae

3.3.1.2 Fission in Yeast

The yeast cell reproduces by transverse divisione Pparent cell
elongates, the nucleus divides and a transversk (sggtum) is laid

down somewhere near the middle, separating the anaill into two

uninucleate (Figure 2.6) daughter cells. The septanformed by

annular growth beginning at the wall and processingvards

(invagination). The new wall thickens inwards beftine daughter cells
break off.
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Fig.2.5: (A) Budding Yeast (B) Yeast Mother Cell; C) Budding
Yeast Cell
Source: Lowson, 1962.

Daughter Cells

Mother Cells

Fig.2.6: Fission in Yeast Cells
Source: Deacon, 1984.

3.3.1.3 Fragmentation (Arthrospores)

All living portions of the thallus are potentiallyapable of growth,
fragmentation whether natural or artificial. Unde@avourable
fragmentation condition, many new individuals asyfments may result.
Each fragment is capable of germinating by gerne tisoproduce a new
set of vegetative hyphae.
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3.3.14 Conidia

These are generally produced on conidiophores mgfyom extremely
short to nearly absolute hyphae to those that @mg bBnd intricately
branched.

3.3.15 Pycnidia and Acervuli

Conidiophores may be produced free from each othénout any

evident organisation arising from ordinary sométyphae or they may
be organised into definite fruiting bodies. The mosmmon of such
fruiting bodies are the pycnidia and acervuli.

The pycnidiumis a hollow, globose or flask-shaped structure seho
pseudopanenchymatous walls are lined with shoridagrhores.The
acervulusis a mat of hyphae usually formed by parasitic fubglow
the epidermis or cuticle of the plant host and rgivirise to short
conidiophores closely packed together forming hlee-l mass
conidiophores which may also be cemented togethdorm complex
structures such aparodochiaand ynemata

3.3.2 Sexual Reproduction in the Ascomycota (Plexhycetes)

In the Plectomycetes, the sex organs, antheridinchascogonium are
produced close to each other on somatic hyphaeloldamycelia of
opposite mating types become intertwined. One assa female
producing a structure called amscogoniumwhich receives many
haploid nuclei from the antheridium of the maleeTdscogonium has a
pool of nuclei from both parents, but karyogamysiaet occur at this
time. The ascogonium gives rise to dikaryotic hyphthat are
incorporated into an ascocarp, the cup of a cuguanA cup fungus of
Sarcoscypha coccineaillustrated in (Figure 2.7).

The tips of the ascocarps dikaryotic hyphae arditjpgaed into asci.
Karyogamy occurs within these asci and the diploiatiei divide by
meiosis, Yyielding four haploid nuclei. Each of thekaploid nuclei
divides once by mitosis, and the ascus now contigist nuclei. Cell
walls develop around these nuclei to form ascosp(fgure 2.7) when
mature, all ascospores in an ascus. A collapsirayusadreaks the
neighbouring asci and causes them to fire theirespoThe chain
reaction releases a visible cloud of spores with aadible hiss.
Germinating ascospores give rise to new haploidety¢Figure 2.7).
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Fig.2.7: The Life Cycle of an Ascomycete e.gSarcoscypha
coccineae
Source: Campbell, 1996,

3.4 Reproduction in the Basidiomycota
3.4.1 Asexual Reproduction in the Basidiomycota

Asexual reproduction in the Basidiomycota occursrsans of budding,
by fragmentation of the mycelium and by the produrctof conidia,
arthrospores and oidia.

(@) Conidia production is common in the smuts Hrerusts where
conidia are budded off both the basidiophores aedmycelium.
The rusts also produce spores (uredospores) whecbaaidial in
origin and function (Figure 2.8).

b) The hyphae of Basidiomycota often break intocelfular
sections which without rounding or forming thick llsaas
chlamydosporedo germinate into germ tubes which develop into
mycelia. These mycelia fragment as the ArthrospareEh are
produced from the primary and secondary mycelium.
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Fig.2.8: Two Types of Uredia. A. Uredospores Prodied
Successively one below the other; without stalks.
B. Uredospores Produced Singly; Stalked.
Source: Alexopolous, 1962.

(c) Oidia are produced by special short hyphalnthas, the
oidophore (Figure 2.9)

Oidium
Mucus drap
with cidia '
— Oidiophore — ﬁ ﬁ R

Water

Fig.2.9: Oidiophore and oidia of Coprinus lagopus. (A) In the
air, (B) After submerging in water
Source Alexopolous, 1962.

The oidia may be uninucleate or binucleate depgndmwhether they
are produced by primary or secondary mycelium. Soidia perform
two functions; they may either germinate or produg@nucleate
primary mycelia or they may act as Spermaitrating with somatic

hypha.
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3.4.2 Sexual Reproduction in the Basidiomycota

This is well illustrated in the life cycle of thegAricus, a member of the
family Agaricaceae and order Agaricales (Figur@®®.1

Haploid basidiospores germinate in a suitable envirent and grow
into short-lived haploid mycelia. Undifferentiatdd/phae from two
haploid mycelia of opposite mating types undergmsplogamy (Figure
2.10), creating a dikaryotienycelium that grows faster than and
ultimately crowds out, the parent haploid myceliufhe dikaryons of
basidiomycota are long lived, generally producirgyvncrops of the
basidiocarps (mushrooms), in this case each yemwydgamy occurs in
the terminal dikaryotic cells that line the surfaafethe gills. Each cell
rapidly forms a diploid basidium which rapidly umgees meiosis and
yields four haploid nuclei. Theasidiumthen grows four appendages
(sterigma) and one haploid nucleus enters eachndpge and develops
into basidiospore.

When mature, the basidiospores are propelled blidiyt electrostatic
forces; into the spaces between the gills. Afterghore drop below the
cap, they are dispersed by wind and under a fabtei@ndition new
generations continue to be produced (Campbell, 1998s life cycle is
exhibited in Figure 2.10.

Basidiocarp
(dikaryotic!

Germination of
basidiospores

Gills lined
with basidia

6 Haploid
basidiospores

Basidium with Dikaryotic
four appendages mycelium

Formation of
basidiospores

nuclei

1 pm
Fig.2.10: The Life Cycle of Basidiomycete
Source: Campbell, 1996.
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SELF-ASSESSMENT EXERCISE 2

Describe the life cycle of a monokaryotic fungus émat of a dikaryotic
fungus. What are the notable differences?

4.0 CONCLUSION

The various fungi described show diversities inhbagéexual and sexual
reproductive processes where different types ofespas reproductive
units are produced.

5.0 SUMMARY

In this unit, you have learnt the:

. Various reproductive methods in the fungi.

. Different types of reproductive organs in asexuatl asexual
reproduction of the fungi.

. Basic differences between asexual and sexual raptiod in the
fungi.

o Formation, types and names of the different aseauodl sexual
spores.

. Sexual spores are peculiar to the classes to withiehfungi
belong.

6.0 TUTOR-MARKED ASSIGNMENT

I Describe the morphology and reproductive processes
Rhizopus.

. Compare the life cycles &aprolegniaandPythium.

iii. List the differences in the sexual reproductionMdcor and

Saprolegnia.
\2 Name and describe three types of asexual fruitlsodie
V. Describe the typical structure of the Agaricus. Hdeoes this

differ from the ascocarp?
Vi. What are the similarities and differences betwdwmnlife cycles
of Ascomycetes and Basidiomycetes.
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1.0 INTRODUCTION

The importance of fungi can be treated under twgomleading i.e.
merits (beneficial effects) and demerits (harmftfe&s). Fungi are
useful to mankind in that they are used as a dgeuctce of food e.g. in
the production of soya sauce and Tempe. They &@ insthe industries
in the fermentation processes. They are produckmntbiotics and
produce enzymes. Mycorrhizal fungi are benefittalplant partners
(forest tress) for supplying nutrients to the tre€&®me fungi are
antagonistic and are utilised for controlling plaiiseases and pests.
They play an important role in increasing soil ifeyt especially in the
recycling of essential nutrients. Fungi are riclurses of essential
vitamins which are used as nutritional supplemeartd in medical
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therapy. Some fungi have been used in geneticertdin compounds in
chemical mixtures. This unit will discuss the econo importance of
fungi.

2.0 OBJECTIVES

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

. discuss the beneficial effects of fungi to manpais and plants
o list the effects of fungi to man, animals and ptant
) list the effects on industries, food and Agricudtur

3.0 MAIN CONTENT
3.1 Importance of Fungi

3.1.1 Fungi as Food

a) Morels, mushrooms, truffles, puff balls and mayody-polypores
have been used as food by man e.g.

) Lycoperdon gemmatu(puff balls)

Agaricus campestrignushrooms)

Agaricus biosporugmushrooms)

Volrariella volvacegstraw mushroom)

Polypores squamosu(pore fungi)

b) Yeast containing protein, amino acids, fatsnemal salt and
vitamins has been used in preparing yeast cakes. yBEast,
Saccharromyces cerevisgghe bakers yeast) is used in making
bread. It is also used in the preparation of pazd dumplings.
Other fermenters areTorulopsis, candida, Trichosporumn
pullulan.

C) Penicillium roqueforts isused for the production of cheese.
Aspergillus nidulans, A.sydowai, fisheri, Penicillium piscarum
and P.javanicusre good source of fats.

3.1.2 Industrial Uses of Fungi

Fungal products produced in industries include ladtio beverages,
organic acids, enzymes and pigments.
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3.1.2.1 Alcoholic Beverages

Saccharomyces cerevissaed Rhizopus oryzeaare utilised for the
production of alcoholic beverages e.g. beer, wiviasky, rum and gin.
Mucor javanicum and Penicillium patuluare also used in alcoholic
fermentation. Wines are produced from grapes oerofruits with
Sacccharomyces ellipsoideus.

3.1.2.2 Production of Organic Acid by Fungi

Fungi are valuable in organic acids production.

Table 3.1: Production of Organic Acid by Fungi

ORGANIC ACIDS PRODUCED BY

Citric acid Aspergillus niger

Fumaric acid Rhizopus arrhizus,R. nigracans

Gallic acid Penicillium glaucum, A,niger

Gluconic acid Aspergillus niger

Itaconic acid Aspergillus terreus

Kojic acid Aspergillus flavus

Lactic acid Rhizopus oryzae

L-matic acid Schizophyllum commune

Oxalic acid Aspergillus niger,Scherotinium
sclerotiorum

Trans-epoxysuccinic acid | Aspergillus fumigates

Source:

Pandey and Trivedi, 2006.

3.1.2.3 Enzymes Production by Fungi

Various enzymes are produced on commercial scalesing different

fungi

e.g. Aspergillusoryzae, A.niger,

Mucor, Rhizopus and Penicillufiable 3.2).

Trichodermaviridespecies
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Table 3.2: Enzymes Produced by Fungi

FUNGI TYPES OF ENZYMES

Aspergillus spp. Amylase, Pectinase, Protease and
Glucoamylase

Aspergillus niger Amylase, Amyloglucosoidase,
Pectic enzyme and Glucose
oxidase

Mucor spp Rennat protease

Penicillium chrysogenum Glucose oxidase

Rhizopus spp Lipase, Pectic enzymes and
glucosidase

Saccharomyces cerevisiae | Invertase

Trichoderma viride Cellulase

Source Kingsleyet al 2003; Pandey and Trivedi, 2006.

3.1.3 Pigments Produced by Fungi

Some fungi are adopted in the extraction and sgmhef some
pigments on commercial basis for dying. Examplesasfous dye stuff
from various fungi are shown in Table 3.3.

Table 3.3: Pigments Obtained from Fungi

PIGMENT FUNGUS

Atromentin Paxillus atromentosus
Beta-carotene Blakeslea trispora
Catenarin Helminthosporium
Citrinin Penicillium citrinum
Neocercosporia Cerocospora kikuchii
Phoenicin Penicillium pheonicum
Spinulosin Penicillium spinolosum
Emodic acid Penicillium spp.

Source: Kingsleyet al,2003; Pandey and Trivedi, 2006.

3.1.4 Production of Antibiotic by Fungi

Several antibiotics have been produced from somgifon commercial
bases. These are listed below in Table 3.4. InL1%r Alexander
Flemming discovered the antibiotic Penicillin whatas produced from
Penicillum notaturandP.chrysogenumvas found to produce penicillin
better and in larger quantitieSince then a number of antibiotics
produced by fungi have been reported (Table 3.4).

98



ESM 236

MODULE 2

Table 3.4: Production of Antibiotics by Fungi

SOURCE BIOLOGICAL
ANTIBIOTICS ACTIVITY
Penicillin Penicillium notatum Active against Gram

positive bacteria

Griseofulvin Penicillium p.nigricans | Antifungal
Cephalosporin | Emericellopsis minimum| Antifungal
Fumgillin Aspergillus fumigatus | An amoebocite
Fumigatin A fumigates Antibacterial
Gliotoxin Gliocladium virens Antibacterial, antifunga
Patulin Aspergillus clavatus Antibacterial, antifunga
Sparassol Sparassis ramose Antifungal
Statolan Penicillium Antiviral

stolonniferum

Ustilagic acid

Ustilago maydis

Antifungal, antibacteria

Wortmannin Talaromyces wortmannii| Antifungal
Viridian Gliocladium virens Antifungal
Source Pandey and Trivedi, 2006.

3.1.5 Vitamin Production by Fungi

The following examples are some of the vitaminsdpoed by some

fungi (Table 3.5).

Table 3.5: Vitamins Produced by Fungi

VITAMINS PRODUCED BY

Vitamin B Yeasts

Ergosterol (the precursor ofYeast

Vitamin D2)

Riboflavin Ashbya gossypii, candid
spp, Eremothecium asbyi,

Niacin Agaricus

Vitamin A(Palmitate) Rhodotrula gracilis

Vitamin C(ascorbic acid) Agaricus

Cobalamins Agaricus

Source:Pandey and Trivedi, 2006.

3.1.6 Uses of Fungi in Agriculture

a

a) In ecosystems, fungi are important decompasketise plant and
animal debris which lead to the maintenance of hsitauel and
increase the soil fertility. They help in the reloyg of nutrient
elements in the soil especially as saprophytesasndymbionts
(Lindhal et al, 2007; Bareaet al, 2005). Can you still remember
the biogeochemical cycles in Module 1 unit 2?
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(b)

d)

Gibberellins are plant hormones produced bg tlungus,
Gibberella fujikuroi.It used to accelerate the growth of several
horticulture crops.

Some members of the Order Enthomorphthoralegrids, a few
yeasts, many Ascomycetes and Deuteromycetes am inse
controlling plant pests.Coelomomycesand Legenidium are
parasitic on thanophelinemosquitoes.

Generally, fungi can be parasitic on other pamadiingi e.g.
Trichoderma viride and Pyricularia oryzae may become
suppressing the activities of such pests and diseldse insects,
mites, weeds, nematodes and other pathogenic umignportant
crop plants.Entomopathgenic fungi can be used @spbcticides
e.g Beavveria brassiana,Metarhizium anisophiliae,Hiedlat
spp, Paecilomyces sgmdVerticillum lecanii.

A dual (mutual) association of a root of higlpdaint and fungus
that is not disease producing is referred to as omza.
Mycorrhiza enhances mineral supply to the forestdr(Pandey
and Trivedi, 2006). They are also beneficial to glent secreting
hormones and antibodies that reduce the potensiehse.

3.1.7 Fungi and Scientific Research

(a)

(b)

(€)

100

Fungi are being used as research tools for dhugly of
fundamental biological processes by cytologistsnegeists,
biochemists and biophysicist. For exampl®accharomyces
cerevissaas being used in genetics and cell biology. Thesyea
serves as a vector in gene transfer. The Neurogpedabread
mold) is often used by geneticists and biochenimtghe study
of heredity

The DNA can also be cloned in eukaryotic @&l. in genetic
engineering.e.g. the yeast cells offer the advantaiy having
plasmids. Artificial chromosomes that combine yeabtA and
foreign DNA have been produced and cell divisioonels these
chromosomes. Yeast is therefore being used astarvegenetic
engineering.

By using recombinant DNA technology, fungi d@ng used to
produce a number of natural proteins, vaccines,mbaes,
enzymes, antibiotics. Pigments, vitamins agricaltdungicides,
plants growth regulators, organic acids and ali®andey and
Trevedi, 2006)
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3.1.8 Fungi as Test Organisms

The amounts and types of vitamins, aminoacids dewmhents are often
determined by the use of fungi in bioassay studies.

For example, Scopulariosis used for the detection of arsenic acid for
the estimation of copper in the soil. ( Pandey @reledi,2006). Fungi
are used for vitamin-bioassays. The yed#strowia lipolyticais known

to degrade palm oil mill effluent (Osivat al 2002). The “white root”
fungi can degrade insecticides, herbicides, heaeysfand turn them
into carbon dioxide, water and basic elements.

It should be noted that all the discussions und&rl33.1.8 represents
the major beneficial importance of fungi.

SELF-ASSESSMENT EXERCISE 1
Discuss the contributions of fungi to medicine agdculture.
3.2. Harmful Effects of Fungi

Micro fungi produce poisons or mycotoxins (aflatgxin food and feed
products thus leading to mycotoxicoses in man anuhals.

3.2.1 Fungi as Agents of Food Spoilage

Penicilium digitatum, Zygosaccharomyces, Debaromyce
Saccharomycescause rotting or deterioration of fruits, seeds and
vegetableRhizopus nigracans could Ibesponsible for the deterioration
in storage. The spoilage of sweet potatoes inager Some yeast
species cause diseases of tomatoes, fruits, baanso&ton.Penicillum
expansum, Aspergillus glaucus, A.niger, A.clavafdeepens. Mucor
bracemosus, Neurospora sitophila, Odium laetisl Fusarium sppare
responsible for meat spoilage in storage and tatesjpon. Exposed
bread is spoiled byMucor mucedo, Aspergillus glaucus, A.repens,
A.flavus and Neurospora sitophilislilk, cream and other diary products
are regularly spoiled byA.repens, A.favus, A. fumigatus, Penicillium,
Mucor and Oidium lactis(Pandey and Trevedi, 2006Renicillium
italicum and P. digitatuntause blue and green mold on citrus fruits in
storage. P.expansumcauses decay of apples, pears, and grapes in
storage. Fungal spoilage on food during storaggsléa accumulation of
aflatoxins.
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3.2.2 Fungi and Spoilage of Industrial Products

Yeasts like &ccharomycesand Brettanomycesin wine can cause
spoilage and result in wine faults and subsequamitagye of such wines.

3.2.3 Deterioration of Materials by Fungi

Many saprophytic fungi grow on a number of articlesed by human
e.g. paper, clothing materials, leather goods, qgraphic materials,
optical instruments, tobacco, cigars and wood petsjurubber when
environmental conditions are favourable (PandeyTanddi, 2006).

a) Textiles:Wool is commonly destroyed by speciesAdternaria,
Steinphyllum, Penicillum and Trichoderm@otton is destroyed
by species ofStarchybotrys Chaetomium and Steinphyllum
Cotton industry faces serious damage from speciés o
Trichoderma, Fusarium, Aspergillus, Penicillium, rQularia,
Rhizopus and YeasSilk industry is affected byc@pularopsis,
Stachybotripand Trichoderma.

b) Paper:Many fungi e.g.@aetomium, Mycotridium, Aspergillus,
Torula, Cephalotheium, Alternaria Fusarium, Cladospm,
Cephalosporiundecompose cellulose and lignin and ruin papers.
Penicullium purpureumspots printing papers, books and
engravings.

C) Leather materials: Different leather goods,eshdelts, bags are
destroyed byAsporgillus niger, PencilluandPaecilomyces.

d) Optical instrumentsFungi like Aspergillus candida. A.nidulans,
A.niger and Helminthosporiungrow on the surface of lenses in
binoculars and camera lenses, thereby renderimg tiseless.

e) Rubber:Rubber products like rubber tiers, electrical lagus
are spoiled and defaced b&spergillus candida, A.flavus,
A.fumigatus, A.niger, A.terreuand Penicillum speciegPandey
and Trivedi, 2006)

f) Paints: Species of Aspergillus, Penicillum, Cladosporium,
Alternaria are responsible for the mould spotting or discdiora
of the painted surfaces under favourable envirortiro@nditions.

o)) Fungi and wood decaylost members of the polyporales and
agaricales (Basidiomycetes) are responsible fordnaeray e.g.
Polyporus tomentosus, P.schuweintizii, Fomes ligaoand
Ganodermaspp.
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3.2.4 Fungi as Agents of Animal Diseases

Species ofTrichophytoncausesdermatomycoseand in animals these
are other wise known as dermnatophytes. The ringwdisease of the
horses is caused Wicrosporun canisEating of sclerotia (ergot) by the
grazing cattles results in abortion paralysis aadggene of the hooves
and tails. Mycotic abortion in cattle is causedAbsidia sp(Kingsley et
al, 2003).

3.2.5 Fungi as Agents of Human Diseases

a) Mycoses: These are caused by some virulent.fung
) BlastomycosisBlastomyces dermatitidis)

1)) Paracoccidiomycosis Paracoccidiomyces brasiliensis).
1)) HistoplasmosisHistoplasma capsulatum).
Iv)  CoccidioidomycosisCoccidiodies immitis).

b) Systemic diseases: Some opportunistic fungi edsise diseases
in compromising patients.

) Systemic candidiasis @bdida albicans, C.parapsilopsis
andC.tropicalis).

1)) Aspergillosis (Aspergillus especially.fumigatus).

iii)  Cryptococcosis Crpytococcus informans).

Iv)  Fungal meningitisGryptococcus neoformanus).

C) Subcutaneous mycoses-(Dermatophytes): Thremfgenera are
associated with these infectiogichophyton, Microsporurand
EpidermophytonThey infect hair, outermost layer of the skin
and nails. They inflict the following infections:

I Tinea capitis (scalp ringworm)
. Tinea pedis (athletes foot, foot-rot)
iii. Tinea corporis (body infection).

3.2.6 Production of Mycotoxins by Fungi

Some fungi produce toxic materials that are de#alljnan and animals
on food products.

) aflatoxin: (Aspergillus flavus A.niger, A.parasiticum cereals
and grains).

1)) zeavalenonandsporofunsarinfusarium spp.)

iii)  ochratoxin: @.ochraceu}

iv)  fumigatin (A. fumigates)

V) ascladiol (A. clavatus)

Vi) muscarine Amanita muscaria)

vii)  psotalens Sclerotinia sclerotium)

viii)  rubratoxin (Penicillium rubrum)

IX)  screpenosis FFusarium nivale).
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3.2.7 Fungi as Plant Pathogens

Fungi inflict a number of diseases on cereals, iegg) cash crops and
tree crops that can reduce their economic yielduce the quality of

their product and consequently reduce the marketevdable 3.6 is an
example of some pathogens of the rice plant andbuwsartypes of

diseases caused on the rice plant.

Table 3.6: Some Fungal Rice-Borne Diseases

DISEASES CAUSAL ORGANISM
Blast ~ IPyricularia or Y
Brown leat spot Drechslera oryzae
False smut Ultiloginoidae virgns
Udbaotta disease Ephelis oryzas
Narrow brown leof spotiCercospora oryzae
Foot rot Fusarum moniiitorme
Stock burn Trichocoliella padwicki
Stem rot Sclerotiurn oryzoe
Kernel smut Tillgtia b:zrclayanao

Source Awoderu, 1995.

SELF-ASSESSMENT EXERCISE 2

Fungi are enemies or friends of life, Discuss.

4.0 CONCLUSION

The beneficial and deleterious roles of fungi tanrenimals and plants

have been presented and discussed. They are veyrtant in the
existence of life.
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5.0 SUMMARY
In this unit you have learnt that:

o Some fungi are used in the production of breadptallic
beverages, enzymes, organic acids and pigments.

. Some Fungi are edible.

. Many antibiotics can be produced from some fungi.

. Fungi form mycorrhiza.

o Fungi are agents of biological control.

o Fungi are employed in scientific research and genet
engineering.

) Many fungi are responsible for spoilage, deterioratof food
and industrial products.

o Fungi are agents of plant, animal and human disease

o Some fungi are capable of producing deadly toxmsamd on

food materials.
6.0 TUTOR-MARKED ASSIGNMENT

I Discuss the importance of fungi to Agriculture.

. Why is the mycorrhizal association of plants andngiu
considered to be mutualistic?

1 How important are fungi in medicine.

V. Enumerate the diseases infecting man by fungigitire diseases
and their causing agents.

V. Describe the importance of molds e.g. AspergilRsnicillium
and Rhizopus to life.

Vi. Yeast is both beneficial and deleterious to lifesdDss.

vii.  Fungi are enemies or friends, justify this statetmen
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1.0 INTRODUCTION

The bacteria belong to the prokaryotic group ofaoigms. Prokaryotes
lack a true nucleus. These include the eubactémige (bacteria) and
archaeobacteria which look similar but they are that same. These
bacteria are differentiated by their morphologiape, their chemical
composition often detected by staining reactiongjtritional
requirements, biochemical activities and sourceeradrgy (sunlight or
chemicals). This unit will be dealing with the stture and reproduction
of bacteria.

2.0 OBJECTIVES

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

) explain the typical structure of the bacterium
) describe the different morphological types of baate
o identify their extracellular structures
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. list the major chemical constituents of the baeterell wall
. explain the various reproductions in the bacteria.

3.0 MAIN CONTENT
3.1 Structure and Exta-Cellular Structures in Baceria
3.1.1 Structure of Bacteria

All bacteria are unicellular with variety of shapand sizes but are
always structurally small; hence they are regaatedhicro-organisms.
Their genetic material is not enclosed within ambeane. They lack
other membrane bounded organelles. Their DNA isassbciated with
histone proteins (special chromosal proteins foumdukaryotes). The
walls contain the complex polysaccharide peptidogty They usually
divide by binary fission. During this division, tiRNA is copied and the
cell splits into two cells. Binary fission involvdewer structures and
processes. Bacteria can be seen under the lighosompe but the
details are revealed under the electron microscope.

The cell-wall of the bacterium contains polysacdes but rarely
cellulose, fatty materials, proteins and chiting/rha present.

The outer wall is modified to form a mucilaginowspsula or structure
which protects the bacterium against dessicatitve. Gapsules of many
cells may run together to form a complete structaked zooglea in
which many bacterial cells are cemented togetheheély gummy walls.
The internal contents of the cell include the sémd cytoplasm and
numerous small specks called ribosomes. Ribosomeesitas of protein
synthesis. The single circular chromosome (chram@tiDNA) is found
in the nucleoid region .i.e. no true nucleus. Mpotilacteria may have
long projections called flagella (singular-flageiuTheir genetic
material is not enclosed within a membrane.
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Cytoplasm N
Coﬁ:ﬁ;:&;g%ﬁ}t'CICO“U structure of a typical procaryotic
bacterial cell. In this diagram,
’ the cell has been cut lengthwise

to reveal the internal structures.

Plasmid

inclusion

Capsule
Cell wall

Plasma (eytoplasmic)
membrane

Fig.4.1: A Typical Bacterial Cell
Source: Tortoraet al; 1992.

3.1.2 Types of Bacterial Cells

There are many sizes and shapes of bacteria. Meogtra fall within a
range of 0.20um in diameter and from 2-8um in landhey exhibit a
few basic shapes. These are the spherical (cocoashaped (bacillus)
and spiral.

I The Coccus (cocci, plural)
The cocci are usually round but can be oval ele@dat flattened
on one side (Figure 4.2a). When cocci divide taadpce, the
two cells can remain attached to one another. Chetiremain
with one another after dividing are called diploto¢Figure
4.2a). Those that divide and remain attached inineliae
patterns are called streptococci (Figure 4.2a)s&hbat divide in
two planes and remain in groups of four are cakdchds (Figure
4.2h).
Those that divide in three planes and remain attham cube like
groups of eight are called sarcinae (Figure.4.2u)enthose that
divide in multiple planes and form grape-like chrstor broad
sheets are called staphylococci (Figure 4.2d).
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Fig. 4.2: Arrangements of cocci. The number of plaes in
which the cell divides determines the
arrangement of cells. Shown are diagrams (left)
and corresponding photos (right). (a) Division in
one plane produces diplococci and streptococci.
(b) Division in two planes produces tetrads (c)
Division in three planes produces sarcinae, and

(d) Division in multiple planes produces
staphylococci.
Source Tortoraet al; 1992.
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(a) Singie bacillus

() Diplobacitius

Streptobacillus

(d) Coceobacillus

Fig.4.3: Shown in the diagram (left) and correspoding
photos (right). a) Single bacilli. b) Diplobacilli.
In the photos, a few joined pairs of bacilli serve
as examples of diplobacilli. ¢) Streptobacilli d)
Coccobacilli

Source Tortoraet al; 1992.

The Bacillus (bacilli, plural)

The Single-bacillus is a single-rod-shaped cely(Fe 4.3a).The
bacilli divide only across their short axis, so rtheare fewer
groupings of bacilli than cocci. The Diplobacilpgear in pairs in
a free division (Figure 4.3b).The Streptobacillicoc in chains
after division (Figure 4.3c). The Coccobacilli haapered ends
like cigars; some others are oval and look so miiah cocci
(Figure 4.3d). The term bacillus refers to the ghafpa bacterium
and when italised become the name of bacteriumil{Bs)c
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112

()

(b Spirilium

(c) Spirochete

Fig.4.4: Spiral  bacteria. Diagrams  (left) and
corresponding photos (right) of (a) Vibrio (b)
Spirillum, and (c) Spirochete.

Source: Tortoraet al; 1992.

The Spirals

The vibrios are bacterial cells that are slightlyved and look
like a comma, they are not twisted (Figure 4.4)e Bhpirilla are
bacteria with helical shape, like corkscrew andyaigid bodies,
they are twisted (Figure 4.4). They have outsidpeapages
called flagella. The spirochetes are helical arekiflle spiral
bacteria (Figure 4.4). The spirochetes have nceeflagmove by
means of an axial filament which resembles flagellbut is
contained under an external flexible sheath.

The Star-shaped and Square Cells

The genus Stella are star-shaped cells (Figure.4Tb& square-
shaped bacteria (flat-cells) are found in the Hhailap
archaeobacteria (Figure 4.5b).
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L (b) :
Fig.4.5: Star-shaped and square Cells (a) Stellatar-shaped).
(b) Halophilic archaebacteria (square cells).
Source: Tortoraet al; 1992.

3.1.3 The Extra-Cellular Structures in Bacteria

3.1.3.1 Glycocalyx

Is the substance that surrounds the cell. The balctgdycocalyx is a
viscous sticky gelatinous polymer that is extetoathe cell wall. It is
composed of polysaccharides, polypeptide or bothes& are made
inside the cell and secreted to the cell surfaddsen the substance is
organised and is firmly attached to the cell wtile glycocalyx then
becomes a capsule. It is the substance resporfisildbacterial virulence
in certain species. Capsules often protect pathogkacteria from
phagocytosis by the cells of the host. Phagocytesasprocess by which
certain white blood cells engulf and destroy mie®tStreptococcus
pneumoniaecauses pneumonia which is protected by a polysaicEh
capsule. Uncapsulated S.pneumoniae cells ardygaddigocytised and
cannot cause pneumonia.

Another function of the capsule is that it allowe tbacterium to attach
to various surfaces in order to survive in variengironments.

Through attachment, bacteria can grow on diverséases such as
rocks, in fast moving streams, plant roots in tbig $iuman teeth, and
tissues and even on other bacteria.

Streptococcus mutansause of dental carriers, attaches itself taegbh

by glycocalyx. The capsule oKlebsiella pneumoniaeprevents
phycocytosis and allows bacterium to adhere to aobbnise the
respiratory tractS.mutansnay use its capsule as a source of nutrition by
breaking it down and utilising the sugars when iaergy store is low. A
glycocalyx can protect a bacterium against dehjairat
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10 zm

@ e —

Fig.4.6: Flagella, Four Basic Types of Flagella Aangements:
a) Monotrichous (Legionella pneumophila) (b)
amphitrichous c¢) Lophotrichous d) peritrichous
(Salmonella). e) Types of bacterial motility, showing a
“run” and a “tumble”.

Source Tortoraet al; 1992.

3.1.3.2 The Flagella

These are long filamentous structures used fornhmtimn by bacteria
(Figure 4.6). Bacterial cells have four arrangemeftlagella:

a) Monotrichous: single polar flagellum only oneoend (Figure

4.6a)

b) Amphitrichous: single flagellum at each endtloé cell (Figure
4.6b)

C) Lophptrichous: two or more at one or both potésthe cell
(Figure 4.6¢).

d) Peritrichous: flagella distributed over the ientbody of the
bacterial cell (Figure 4.6d).
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When a bacterium moves in one direction for a lengft time, the
movement is called “run” and “swim”. “Runs” are entupted by
periodic, abrupt, random changes in direction dafembles” then a
run resumes again (Figure 4.6). Tumbles are cabged reversal of
flagella rotation. The proteus sp endowed with@dangmbers of flagella
can “swarm” or show rapid wavelike growth acrossalid culture
medium.

The advantage of motility is that it enables a &agin to move towards
a favourable environment and away from an unfavgaranvironment.
The movement of a bacterium towards or away fronpagticular
stimulus is called taxis. Such stimuli include cheats (chemotaxis) or
light (phototaxis). Motile bacteria contain recaptn or just under the
cell wall. These receptors pick up chemical stineu§. oxygen, ribose
and galactose, the information is passed to thgelflea If the
chemotactic signal is positive, called attractathie bacteria move
towards the stimulus with many runs and few tumblés the
chemotactic signal is negative, called repellem, frequency tumbles
increases as the bacterium moves away from theilstem

The Spirochetes have a unique structure and nyotline of the best
known spirochete iFreponema pallidumthe causal agent of syphilis
andBorrelia burgdorferj the agent of Lyme disease. These two bacteria
move by axial filaments, bundles of fibrils thatsarat the ends of the
cell beneath the outer sheath which are anchoreshatend of the
spirochete, have a structure similar to that ajél. The rotation of the
filaments produces an opposing movement of therosieath that
propels the spirochetes by causing them to moeeddtkscrews (Figure
4.7).

Fig.4.7: Axial Filaments a) Photomicrograph of thespirochete
and Leptospira, showing an axial flament. b) Diagam
of axial filaments wrapping around part of a
spirochete.

Source Tortoraet al; 1992.
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3.1.3.3 Fimbriae and Pili

Many Gram-negative bacteria contain hair like apleges (Figure 4.8)
that are shorter, straight, thinner had more nulsid¢han flagella and are
used for attachment rather than for motility. Thesectures are made
up of protein called pilin arranged helically arduacentral core and are
divided into two types, fimbriae and pili, with wedifferent functions.

Fimbriae can occur at the poles of the bacterifll @ethey can be
evenly distributed over the entire surface of tak. @hey number from
a few to hundreds per cell.

b 1
E 1 pervl

Fig.4.8: Fimbriae. The fimbriae seem to bristle fom this cell of
E.coli which is beginning to divide.
Source: Tortoraet al; 1992.

Fimbriae also allow a cell to adhere to surfacetuging the surface of
other cells for example, fimbriae associated witie tbacterium
Neisseria gonorrhoeaethe agent of gonorrhea, help the microbe to
colonise mucous membranes. Once established, tterizaare capable
of causing the disease. When fimbriae are absefdnisation cannot
occur and diseases are absent.

Pili are usually longer than fimbriae and numbelyamne to two per
cell. Pili function to join the bacterial cells prito transfer of DNA
from one cell to another. For this reason theysamaetimes called sex

pili.
3.1.4 The Cell Wall

The cell wall of bacteria cell is a complex, sergid structure that is
responsible for the characteristic shapes of thé dae cell wall

surrounds the underlying, fragile plasma membraogtoplasmic

membrane) and protects it and the internal parteetell from adverse
changes in the surrounding environment.
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The major function of the cell wall is to preverdachkerial cells from
rupturing, when the osmotic pressure inside theisajreater than that
outside the cell of a bacterium and serves as @t pdianchorage for
flagella. As the volume of bacterial cell incregsdbere is a
corresponding extension of the plasma membrane @aid wall.

Clinically, the cell wall is important because dntributes to the ability
of some species to cause disease and is the sigetioh of some
antibiotics. The cell wall is used to identify thmjor types of bacteria.

The bacterial cell wall is composed of a macromakecnetwork called
peptidoglycan (murein) which is present either al@n in combination
with other substances. Peptidoglycan is a mucopobcharide
consisting of a repeating disaccharide attacheth#ans of four or five
amino-acids. The component monosaccharides called N
acetylglucosamine (NAG) and N-acetylmuramic acidAMN from
murus, (meaning wall) are related to glucose. Tthectral formulars
for NAG and NAN are shown in (Figure 4.9).

There are some prokayotes that have no cell wallshhve very little
wall materials. These include members of the geviusoplasma and
related organisms. Mycoplasmas are the smaller knbacteria that
cannot grow and reproduce outside the living ceflsheir host. They
pass through most bacterial filters because theg ha cell wall. Their
plasma membranes are unique among bacteria in dhdipias called
Sterols which help to protect them from osmoticdys

Archebacteria may lack cell walls or may have ualstell walls
composed of polysaccharides and proteins but naidmgylycan. These
walls do contain a substance similar to glycan thahtains N-
acetyltalosaminuronic acide and instead of NAM laaks the amino
acid found in bacteria cell walls. The substanamliedpseudomurein.

Nouncetyvliglucosamine T™-acetylmurarnic
CIT 3D oveiad (N A TVED

e
. COEL ] T -

Fig.4.9: N-acetylglucosamine (NAG) and N-acetylmamic acid
(NAM) joined as in peptidoglycan. The areas showed
the differences between the two molecules. The liage
between them is called a 3-1, 4 linkage.

Source Tortoraet al; 1992.
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Others are the forms named after Lister Instituteens they were
discovered. These are very tiny mutant bacteridh wiliéfective cell
walls. Certain chemical and antibiotics e.g. pdimciinduce many
bacteria to produce L forms which tends to conpast enough cell wall
material to prevent them from lysis in dilute saus.

3.1.5 The Plasma Membrane

The plasma membrane (cytoplasmic membrane or imeenbrane) is a
thin structure lying inside the cell wall and ersitgy the cytoplasm of
the cell (Figure 4.10). The plasma membrane of gngies consists of
primarily of phospholipids (which are the most attant chemicals in
the membrane, and proteins. Prokaryotic plasma meamb are less
rigid than eukaryotic membranes. The only exceptionthis is the
acellular (no cell wall) prokaryote called Mycopiaes, which contains
membrane sterols.

Phospholipid
bilayer
Peplidoglycan

Quier membrane

hospholipid L
ilayer Phospholipid
bilayer

EE
oF
&Q
58
i |
o g

Nonpolar (hydrophobic)
tails (fatty acids)

- Peripheral

Polar (hydrophilicy
protain

heads (phosphate
group and glycerol)

() Inside (e}

Fig.4.10: Plasma Membrane (a) Electron micrographshowing
the phospholipids bilayer forming the plasma
membrane of the bacteriumBacillius brevis, layers of
the cell wall can be seen outside the plasma memine
(b) Drawing of a membrane showing phospholid
bilayer and proteins. The outermost membrane of
Gram-negative bacterium is also a phospholid bilaye
(c) Space-filling model of several molecules as thare
arranged in the phospholipids bilayer.

Source Tortoraet al; 1992.
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SELF-ASSESSMENT EXERCISE 1
Describe in detail the structure of a bacterial. cel
3.1.6 The Nuclear Area

The nuclear area (nucleoid) of a bacterial celltams a single long
circular molecule of double stranded DNA, the letat chromosomes.

(a) Small subunit (b) Large subunit (9 Complete 703 ribosome

Fig.4.11: Prokaryotic Ribosome
Source Tortoraet al; 1992.

This is the cell genetic information, its DNA, cgng all the
information required by the cell structures andctions. The bacterial
chromosomes do not include the protein histonesaamaot surrounded
by nuclear membranes. The nuclear area (nucleaid)be spherical,
elongated or dumbbell-shaped. In an active batteelhy 20% of it is
occupied by DNA since such cells presynthesiseaanciaterials for
future cells. The chromosome is attached to thenpa membrane.
Proteins in the chromosome are believed to be ressiple for
replication of the DNA and segregation of the nelwoenosomes to
daughter cells in cell division. In addition to tbell chromosomes, these
are small circular, double stranded DNA moleculedled plasmids
(Fig.4.1). These are extra chromosomal genetic eésrwhich are not
connected to the main bacterial chromosomes ang teelicate
independently of the chromosomal DNA.

Plasmids are an advantage to the cell; they carry 00 genes.
Plasmids may carry genes for such activities agiafit resistance,

tolerance to toxic metals, production of toxins agdthesis of enzymes.
Plasmids can be transferred from one bacteriumnthar. Infact,

plasmid DNA is used for genetic manipulation intbzhnology.
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3.1.7 The Ribosomes

Ribosomes are cytoplasmic inclusions and all pnakas and

eukaryotes possess ribosomes. They are the cefterstein synthesis.
The cytoplasm of a prokaryotic cell contains thausaof these very
small structures which give the cytoplasm a granaggearance (Figure
4.1).

Ribosome consists of two subunits, each subuniigoeomposed of
protein, and a type of RNA called Ribosome RNA (A3NProkaryotic

ribosomes are called 70S ribosome as against 8@ularyotic cells
(Figure 4.11). The letter S refers to sedimentatioefficient, stands for
Svedberg unit, a measure of sedimentation veladityng ultra high

speed centrifugation. The higher the value of 8,ftster the velocity.
Therefore prokaryote ribosomes are smaller thansethof the

eukaryotes. The subunit of 70S ribosome consisgssrhall30ssubunit

containing one molecule of rRNA and a larger 508usit containing

two molecules of rRNA. Several antibiotics e.geptomycin, neomycin
and tetracylin exert their antimicrobial effects byhibiting protein

synthesis on the ribosomes.

3.1.8 Other Cytoplasmic Inclusions

Within the cytoplasm of prokaryotic cells are seedinds of reserve
deposits known as inclusions. Some inclusions arenwon to a wide
variety of bacteria, where as others are limitecatemall number of
species and therefore serve as basis for identdical he following are
examples:

(@) Metachromatic granules: These inclusions sinest stain red
with methyl blue and are collectively known as \wiugranules.
Volutin represents a reserve of inorganic phospghate
(polyphosphate) that can be used in the synthdsisTe. It is
generally formed by cells that grow in phosphatehri
environments. Metachromatic granules are foundgae fungi,
protozoans and bacteria. These granules are quge knd are
characteristics o€orynebacterium diptheriaghe causal agent of
diphtheria, thus they have diagnostic significance.

(b)  Polysaccharide granules: They consist of gigroand starch and
their presence can be demonstrated when iodingpieed to the
cells. In the presence of iodine, glycogen granajgsear reddish
brown and starch granules appear blue.

(c)  Sulphur granules: The “Sulphur-bacteria” toiahhThiobacillus
belongs derive energy by oxidising sulphur and ulp
containing compounds. These bacteria may deposjhsgu
granules in the cell where they serve as energgrves
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(d) Carboxysomes: These are polyhedral and hexhgoolusions
that contain the enzymes ribosome 1-5-diphosphatgogylase.
Bacteria that use carbondioxide as their sole sowfccarbon
require this enzyme for carbon dioxide fixation idgr
photosynthesis. Among the bacteria containing cayfomes are
nitrifying bacteria, cyanobacteria and thiobacilli.

(e) Lipids inclusions: Lipid inclusion appears various species of
Mycobacterium Bacillus Azotobacter, Spirillum. Lipids
inclusions are revealed by use of fat soluble d&ygsSudan dyes.

() Gas vacuoles: These are hollow cavities foumehany aquatic
prokaryotes including cyanobacteria, anoxygenict@symthetic
bacteria and halobacteria. Each vacuotmsists of rows of
several individual gas vesicles which are hollowlinoers
covered by protein. The function of the gas vacimte maintain
buoyancy so that the cells can remain at the dapthise water
appropriate for them to receive sufficient amouotsoxygen,
light and nutrients.

3.1.9 The Endospores and their Formation

During inclement weather (e.g. lack of nutrientbsence of water),
certain Gram-positiv€lostridiumandBacillus form specialised resting
cells called endospores. Endospores are highlyotejrdehydrated cells
with thick walls and additional layers. They arenied internal to the
bacterial cell membrane. When released into thé&r@mwent, they can
survive extreme heat, lack of water, exposure toyrtaxic chemicals
and radiation.

True endospores are usually found in Gram posib@eteria but one
Gram negative specigSoriella burnelti the cause of Q-fever, forms
endospores. Endospores can be stained with endosiaans.

The process of endospores formation within a veigetgparent cell is
known as sporulation or sporogenesis (Figure 4.12).
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Fig.4.12: Endospores
Source: Tortoraet al; 1992.

For sporogenesis to take place, a newly replicbéaterial chromosome
and a small portion of cytoplasm are isolated lgyawth of the plasma
membrane called spore spectrum. The spore septaamies a double-
layered membrane that surrounds the chromosomewagdiasm. This

structures enclosed within the original cell isle@la forespore. Thick
layers of peptidoglycan are laid down between twe tmembrane

layers. Then a thick spore coat of protein formsuad the outside
membrane. It is this coat that is responsible toe tesistance of
endospore to many harsh conditions. Depending ensiiecies, the
endospore might be located terminally (at one esl),terminally (near
the end or centrally inside the vegetative cell)héV the endospore
matures, the vegetative cell wall dissolves (lyddling the cell and the

endospore is freed.

Most of the water present in the forespore cytoplas eliminated by
the time sporogenesis is complete and the endasglmrerot carry out
metabolic reactions. The highly dehydrated endaspmre contains
only DNA, small amounts of RNA, ribosomes, enzynzsl a few
important molecules. The latter include a large amoof an organic
acid called dipicolinic acid (found in the cytoplas which is
accompanied by a large amount of calcium ions. Epadies (a resting
structure formed inside bacterial cell) can rendormant for thousands
of years. An endospore returns to its vegetatiagedty a process called
germination. Germination is triggered by physicalcbhemical damage
to the endospores coat. The endospore enzymesbteak down the
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extra layers surrounding the endospore, water £ngerd metabolism
resumes. Because one vegetative cell forms a serglespore, which
after germination, remains one cell. Sporogenesisherefore not a
means of reproduction because there is no incrieatiee number of
cells. They are a means of going through inclemesather. Endospores
are resistant to processes that normally kill vatiyet cells e.g. heating,
freezing, dessication, use of chemicals and ramhiatvhereas most
vegetative cells are killed at a temperature ofC/OEndospores can
survive in boiling water for 19 hours. Endosporege sherefore a
problem in the food industry because they are yikel survive under
processing and if conditions are favourable, sopeeies produce toxins
and disease e.dClostridium botulinunandBacillus anthracis.

3.2 The Reproduction in Bacteria

(a) Bacterial growth refers to an increase in é&aak cell numbers
and not an increase in size of the individual'slsceBacteria
normally reproduce by binary fission.

7 . .‘\\‘—ﬁ' CGH wil

Cell membrane

i
|

.
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transverse septun:
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\, // @ * Daugiier rells
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(o b

Fig.4.13: Binary Fission in Bacteria
Source Jacquelyn, 2002.

The first step in division is the elongation of tbleromosomal

DNA. Eventually the growing cell walls meet and two
morphologically and physiologically similar daughteells are
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formed, each of which is identical to the motheHl ¢Eigure
4.13).

(b) A few bacterial species reproduce by buddthgt is, they form
initial outgrowth that enlarges until its size apgches that of the
parent cell and then separates.

(c) Some filamentous bacteria, the actinomycetegroduce by
producing chains of spores carried externally at tips of the
filaments. A few filamentous species fragment tmdpice
chlamydospores and arthrospores. These fragmeiti@tanthe
growth of new cells.

(d)  There could be exchange of genes between tWA Bolecules
of the bacterial chromosomes to form a hybrid geR@s is
called genetic recombination.

(e) Genes can also be transformed from one baotén another in a
process referred to as transformation.

() Another method of reproduction is by conjugati Conjugation
in bacteria is carried out by plasmids (Figure 4.The
conjugating bacterial cells must be of oppositeimgatypes. The
donor is replicated during transfer of a singlessted
complementary strand. Note that conjugation reguihat there
must be direct contact unlike the transformation.

SELF-ASSESSMENT EXERCISE 2
Why are mycoplasmas resistant to antibiotics?
4.0 CONCLUSION

Most bacteria have cells while a few are acellu@ellular bacteria are
of diverse morphology and their cell wall is comgpleThere are
structures outside the cell wall and reproductiobacteria is discussed.

5.0 SUMMARY
In this unit, you have learnt the:

. basic structure of the bacterium

different morphological types of bacteria
extra-cellular components on the cell wall
complex nature of the cell wall

various types of cellular inclusions
sporogenesis

reproduction in bacteria.
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6.0 TUTOR-MARKED ASSIGNMENT

I Why is an endospore called a resting spore? Whathes
significance of the endospore?
. Of what use is each of the following to the cell?
a) Metachromatic granules
b) Polysaccharide granules
C) Lipids inclusions
d) Sulphur granules
e) Carboxysomes
f) Gas Vacuoles
1 Draw the examples of bacteria listed below.
a) spiral
b) bacillus
C) coccus
d) spirochaete
e) streptobacilli
f) staphylococcus
Iv. With relevant diagrams explain the meaning of
a) Lophotrichous
b) Monotrichous
C) Peritrichous
V. Describe reproduction in the bacterial cell; ilhas¢ your answer
with diagrams.
vi.  Write short notes on
a) Bacterial ribosomes
b) The nucleoid
vii.  With appropriate diagram describe locomotion inltaeteria.
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1.0 INTRODUCTION

Bacteria are generally known as enemies of mamtpland animals
because of their role in spoilage of food, drinkd aausing diseases like
tuberculosis, tetanus, diphtheria and cholera.rgelaaumber of bacterial
diseases are also inflicted on crops; they redteequality of crop
products and their market value. Animals also suf@milar
predicaments; the deleterious and beneficial effettbacteria will be
discussed in this unit.

2.0 OBJECTIVES

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

. explain the beneficial effects of bacteria in thevieonment,
industries, medicine and agriculture
. discuss the harmful effects of bacteria on plantslauman lives.

3.0 MAIN CONTENT

3.1 Importance of Bacteria

Bacteria are generally known to be important inlthes of man, plants,
and animals. They bring about food spoilage and fam@isoning to man.
Bacteria are known to cause a number of diseaggsaimts, animals and
man. Many bacteria however, are important becafisheir positive
contributions to improve the life of mankind.
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3.1.1 Beneficial Effects of Bacteria

(a)

(b)

(€)

(d)

Bacteria as Decomposers

Saprophytic bacteria are decomposers, decomposiegffaction

of dead organic materials, plants debris and exci@uring the

process, these compounds are reduced to carborgemxy
hydrogen, nitrogen, sulphur and phosphorous whieh again
made available to the living plants.

If it were not for fungi and bacteria as decompssdhese

elements that are essential to life would have fmecburied in

the dead plants and animals.

In Sewage Disposal

Millions of aerobic and anaerobic bacteria (botlthpgenic and

non pathogenic) convert organic materials in thevage to

inorganic forms through mineralisation or stabtiisa and
reclaim water from domestic and industrial wastesThe
methanogenous bacteria e.g. methane bact®thanococcus
and Methanocarcina produce methane during the anaerobic
process phase of the decomposition of the sewdge niethane

is collected and used as a fuel.

Bacteria in Dairy Products

Lactobacillus sp. in combination with yeasts andulus are used

in the preparation of fermented foods such as e)guskle, soy

sauce, saucerkraunts, vinegar, wine and yoghurt.

Bacteria in the Industry

) Vinegar Production: Sugar solutions are commadc
fermented by lactic acid bacteria eMycodema aceinto
acetic acid (vinegar) and water.

1)) Manufacture of Acids: Lactic acid, citric agidjluconic
acid, and butyric acid are produced from glucoskather
sugars (industrially) by the activity of species of
Lactobacillus, Bulgaricus, Delruickii and Clostirigm.
Lactic acid itself is used in the manufacture obdo
products, leather, and pharmaceuticals, paintpkastics.

i)  Manufacture of Acetone and Alcohol: Acetonbutyl
alcohol and ethyl alcohol are commercially obtairiBd
the distillation of molasses fermented by anaerobic
bacterium @stridium acetoburylium.

iv)  Curing and Ripening of Tea and Tobacco: Baateaie
used for curing crude leaves of tea and tobaccogusi
Micrococcus candidianso act on the hung leaves. This
process adds flavour to tea and tobacco leaves thu
increasing their market value.

V) Fibre Retting: The fibre of jute, hemp, flaxathheld
together in close association is separated byethetion of
bacteria  including Clostridium  felsineum and
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C.pectirovorumThese plants are then soaked in water and
swell. The bacteria hydrolyse the pectic substantdbe
middle lamellae of the cells. The fibres are thelgasated
and used in making ropes and sacks.
(e) Bacteria and Bioremediation
Bacteria have been used in waste processing anenealiation.
Bioremediation is the use of biologically mediatebcess to
remove or degrade pollutants from specific envirentn(e.g. in
oil spillage or pollution) they are capable of dijeg or
degrading the hydrocarbon in petroleum to clean sl
e.gNocardia and RhodococcusBacteria are also used for the
bioremediation of industrial toxic wastes. In théemical
industry, bacteria are most important in the préidacof pure
chemicals for use as pharmaceutical or agrochesnigzdndey
and Trivedi, 2006).
() In Biological Control
Antagonistic bacteria e.@acillus thuringiensig¢BT) can be used
in place of pesticides as biological control ageBisbspecies of
this bacterium are used as lipidopteran-specieciitsdes under
trade names as dipel and thuricide. Some antikidtiom this
bacterium can be used to control plant diseasead@aand
Trivedi, 2006).
(g) Bacteria in the Rumen of Cattle
The digestion of cellulose in the intestinal traofsherbivores
(cow and goat) is largely catalysed by enzymesesedr by
bacteria e.gRuminococcus albus, Bacteroides succinogeNes.
vertebrate produces cellulose digesting enzymes dgétlulases).
The bacteria in their rumen (digestive tract) higlem to break
down the cellulose in the grass they eat when ginaye.
(h)  In Enzyme Production
Bacteria produce various types of enzymes thauseel in food
industry and in the production of chemicals. Theselude
amylase (Bacillus), protease (Bacillus subtilis), penicillinase
(Bacillus subtilis, B. cereus ), streptodonnase amd
streptorinasgStreptococcus pygenes).
M In Steroid Production
Steroids are hormones usually obtained from the ledénimals
and used for treatment of various diseases. Rgcéwoilever,
steroids have been obtained by using bacterial ispeof
CorynebacteriunandStreptomyces.
()] In Vitamins Production
Several species of bacteria have been used tamolbtamins e.g.
Clostridium  butylinum produces riboflavin (vitamin B2)
Propionibacterium shermaind Pseudomonas denitrificaree
used to produce vitamin B12. Harmledsscherichia coli
produces vitamin K12.
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(k)  Bacteria and Medicine
Because of their rapid growth rate and the relagase with
which they can be manipulated, bacteria are thek\morses in
molecular biology, genetics, biochemistry and hsbteology.
Another important application of studies on recamation DNA
technology established throughk.coli, is the production of
therapeutic proteins. These include insulin (toecdrabetes),
growth hormones (for pituitary dwarfism), interfaso(for curing
cancer), erythropoilin (for anaemia interlewkine-2)

()] In Gene-therapy
The goal of gene therapy is to correct geneticagisse caused by
mutant genes that do not produce functional enzyimesorrect
this, the normal gene is introduced into bacteréls to restore
proper enzymes production. This can be done invitavgs. In one
case (ex-vivo), cells are removed from the patgemiddy, the
proper DNA is inserted and the cells are then netdrinto the
patient's body or in other case (in-vivo) carrieplatules or
vectors e.gE.coli, andviruses are used to take the normal gene
into cells in the patient’s body.

(m) Bacteria as Vector in Biotechnology
The DNA engineered in the test tube must be retutaa living
cell in order to function. Most genetic engineeripgcedures
need carriers known agoning vectorsfor moving recombitant
DNA from test tubes back into cells. Bacterial ptéds is one of
the two vectors used e.gscherichia coliand Agrobacterium A
plasmid is a double —stranded DNA molecule that e&ast and
replicate independently of the chromosome. Recoamtin
plasmids thus produced by splicing restrictiongyrinants from
foreign DNA into plasmids isolated from bacteriancthen be
returned easily to bacteria. The bacterium ref@gathe
recombitant plasmids as the original cell produeesolony
(Campbell, 1999).

(n)  In the Production of Antibiotics
Several antibiotics have been produced from bactehich have
proved effective against infections. These include:
I actidiong¢Streptomyces griseus
. aureomyciiStreptomyces aurreofacines)
iii. bactrinBacillus subtilis)
\2 chromycirn(Streptomyces venezula)

V. kanamycirgStreptomyces kanamycetigus

Vi. neomycir{Streptomyces fradiae

vii.  rifanpin(Streptomyces mediterrangi

viii.  viocin streptomyces punicepsoduces

IX. erythrocir(Actinobacteria and Streptomyces eruthpeus
X. streptomycinfctinobacteria and Streptomycin griseus)
Xi. terramycirfActinobacteria and Streptomycin rimosus).
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In Hydrogen Gas Production

Clostridium perfringengroduce large quantities of hydrogen gas
during fermentation of carbohydrates.

Bacteria and Agriculture

Bacteria along with other soil micro-organisms p&ayominant
role in the recycling of mineral nutrients in theils This is
achieved through the following:

)

Nitrogen Cycle: Through the activities of spei of
Azotobacter, Clostridium, Rhizobiuntnitrogen fixing
bacteria) converts nitrogen to ammonia (ammonifcgt
This is acted upon by species ®itrobacter and
Nitosomonaswhich oxidise ammonia to nitrite and the
Nitrobacter converts nitrite to nitrate which is made
available to plants.

Sulphur Cycle: The autotrophic bacteria oxedsulphur to
sulphate which is made available to the plants.s&he
bacteria include Thiobacillu thioxidans. Heterotrophic
bacteria also liberate sulphur in the form of hygno
sulphide which can also be produced by reduction of
sulphate by the species of Desulfovibrio and
Desulfuromonas. Hydrogen sulphide can also be extluc
to elemental sulphur by speciesB#ggiatoa.

SELF-ASSESSMENT EXERCISE 1

Describe the contribution of bacteria to industry.

3.1.2 Harmful Effects of Bacteria

Bacteria are also important in agriculture caustiigease on plants,
fruits and seeds, thereby reducing crop yield amdlity. Certain
bacteria are responsible for many human and ardieahse conditions.

(i)

(ii)
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In Reduction of Soil Fertility

Thiobacillus denitificansand Micrococcus denitrificansare
capable of transforming nitrates to nitrogen whgheleased into
the atmosphere. This process of denitrification lean to loss of
much needed nitrates in the soil.

Bacteria as Plant Pathogens

Table below shows some examples and names of diseassed
by some bacteria on their host plants.
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(iii)

(iv)

Table 5.1: Some Plant Diseases that are Caused bgdBeria

DISEASE CAUSAL ORGANISM PLANTS

Citrus canker angularXanthomonas citri Citrus sp.

leaf spot

Blackarm of cotton | Xanthomonas Cotton
malvacearum

Bacterial wilt of| Xanthomonas stewarti Maize
maize

Bacterial tomatoe Corynebacterium Tomatoes
canker micniganese

Black rot of cabbage| Xanthomonas campestinsCabbage
Fire blight of apple | Erwinia amylovora Apple
Leaf blight of rice Xanthomonas oryzae Rice
Redshine of sugarXanthomonas rubri¢c Sugar
cane lineans cane

Nut disease of Pseudomonas Potatoes
potatoes solanacearum

Yellow ear rot off Corynebacterium tritici | Wheat
wheat
Source Pandey and Trivedi, 2006.

Some Bacterial Infections in Man

Many bacteria species which grow on food stuffserste
exotoxins causing food poisoning in man. One of blaeteria
responsible for this iStaphylococcuandS.aureuswhich are the
most common source of food poisoning thereby ralgas
exotoxin known as enterotoxin while growing on food

Other bacterial diseases in man are:

I bacterial diarrhe@ampylobacter fetus)

. eye infectionBacillus circus)

Iii. pubonic plague(Yersinia pestis)

Iv. meningococcameningitisin both young and adults.

V. (Neisseria meningittidis)

Vi. gonorrhoe@Neisseria gonorrhoeae)

vii.  whooping coug(Bordetella pertussis)

viii.  slain infection§Staphylococcuandstreptococcus).

Pathogenic Bacteria in Animals and Man

Clostridium botulinumproduces toxin in food and on wounds
leading to botulism (Wells and Wilkins, 199&).difficile causes
pseudomembrane colitis; C.perfringesynonymous with
C.welchii causes food poisoning and gas gangrene and
enteroxemiknown as overeating disease or pulpy kidney disease
in sheep and goat€.tetanicauses tetanus in ma@.betalinum
bacteria from honey cause infant botulism in onaryad and
younger babies. The bacterium produces botulinntoxhich
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eventually paralyses the infants breathing musdissherichia
coli may cause serious food poisoning in the gut esihedize
virulent strains (Vogt and Dippoid, 2005).

Enterotoxigenic E.coliETEC) causes diarrhea without fever in humans,
pigs and sheep. More than 200 million cases of th&srhea and
380,000 deaths mostly children have been reportedsa developing
countries.Enteropathogenic E.colEHPEC) causes a syndrome identical
to Shigellosisvith profuse diarrhea and high fever.

Enterohemorrhagic E.coli HHEC) causes bloody diarrhea without
fever. EHEC can also cause heamolytic-uremic syndrand sudden
kidney failure.

Enteroaggregative E.col(EAQQEC) causes watery diarrhea without
fever.

Salmonella entericavar chloeraesius causes hog cholé&almonella
enterica var thyphimuriumcauses typhoid fever with watery stools in
man and animalsVibrio cholera causes choleraMycobacterium
tuberculosis causes tuberculosisi.leprae causes Hansens disease
called leprosy in humans (Pandey and Trivedi, 2006)
SELF-ASSESSMENT EXERCISE 2

Enumerate, citing specific examples the ailmentsctad on man by
bacteria.

4.0 CONCLUSION

Bacteria by their various activities can both badfeial and harmful to
the environment, plants, man and animals.

5.0 SUMMARY

In this unit, you have learnt the roles of bactamithe:

. decomposition of dead organic matter in soils

. sewage dispersal, dairy products and industry

. bioremediation, biological control and rumen oftheores

) steroids, vitamins, hydrogen gas, enzyme and aitbi
production

o fields of medicine, gene therapy, biotechnology agdculture

) reduction of soil fertility

. establishment and production of infections in @aanimals

. and man.
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6.0 TUTOR-MARKED ASSIGNMENT

I Describe the importance of bacteria in medicine.

. How important are bacteria in agriculture?

iii. Enumerate the diseases inflicted on man by bacteria
Iv. What specific roles do bacteria play in the envinent?

V. Bacteria are friends or foes. Discuss.
Vi. Describe the contribution of bacteria in the indyst
vii.  Describe the role of bacteria in sewage disposal.
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1.0 INTRODUCTION

Various researchers (Mayer in 1883, lvanowsky i82l&nd Beijerinck
in 1897) discovered viruses as filterable agentt @re capable of
causing diseases in plants, animals and man. \éinwsee also found to
replicate (reproduce) within a living host cell. i¥hmeans that all
viruses cannot live or survive outside their livihgsts. Viruses have
simple structures. A typical virus consists of acleic acid, ribose
nucleic acid (RNA) or deoxyribose nucleic acid (DNand a protein
coat, the capsid. Some viruses in addition tosthgle nucleic acid and
capsid have additional structures. Some virusexirifacteria and these
viruses are called bacteriophage or simply phagdse identities
(structures) of viruses can only be seen or redeataler the electron
microscope and other techniques like the x-raytaliggyraphy.

In this unit, you will be introduced to the variotyges of viruses, the
nature and processes of their replication (reprooioic

2.0 OBJECTIVES

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

. describe the nature and structures of viruses

. explain the various types of viruses

. describe the various steps in the reproductionli¢egpon) of
viruses.
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3.0

3.1

MAIN CONTENT

Structures and Reproduction of Viruses

3.1.1 Structure of Viruses

a.

Viroid and Virion

A viroid is a plant pathogen composed of molecuésaked
RNA only and several hundred of nucleotide. Thewitakes the
form of a particle called virion. A virion is a cqbete, fully
developed viral particle composed of nucleic acidaunded by
a coat that protects it from the environment and/ese as a
vehicle of transmission from one host cell to arottA virion
consists of a nucleic acid genome surrounded witogein layer
called capsid. The virion contains only one typenotleic acid
which could be either ribose nucleic acid (RNA)daeoxyribose
nucleic acid (DNA). Virions have simple regular pha and
sizes. Virus= DNA or RNA+protein

A typical virus may contain single stranded RNA DNA,
double stranded RNA or DNA depending on the spetyfpe of
virus. A virus is called DNA or RNA virus dependiog the type
of genome (RNA or DNA) it carries. The protein sture that
encloses the genome (capsid) are built from largenber of
proteins subunits called capsomeres. Some virbags viral
envelopes which are made from membranes cloakirgyr th
capsids. The envelopes are derived from host cathibnane plus
phospholipids and proteins. Proteins and glycoprsteare
covalently bonded to carbohydrates viral origing(enfluenze
virus).

Viroids as Unusual Agents

A few plant diseases e.g. potato spindle-tuberadise are known
to have been traced to viroids. A viroid is merelycircular,
single-stranded RNA, a of molecule 250 to 370 mides,
much smaller than the smallest viral genome. Afbaing
transmitted from one plant to another mechanicatythrough
pollens or ovules, viroids may multiply massivelg the new
host cells, mostly in the nucleoli. They do not astmRNA to
direct protein synthesis and it is not known howeythcause
diseases. In fact, the same viroid may have lgffect on one
host but produce a severe disease in another.dgirsiiow that
nucleic acids, with their intrinsic property of tegation, may
reproduce in surprising ways, often at the expeosether
biological systems (Campbell, 1996).

Virus Size

The sizes of viruses were first estimated by fitien through
membranes of known pore diameter. Viral sizes aterchined
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today by ultra configuration and by electron micasy, which
seems to produce the most accurate results. Virvseg
considerably in size. Although, most of them areteqa bit
smaller than bacteria, some of the larger viruseg. (small
viruses-poxyvirideae) are about the same size g s@ry small
bacteria (e.g. mycoplasmas, rickettsias @mamydig. Viruses
range from 20-300nm in diameter. The comparatiaessiof
several viruses and bacteria (Figure 6.1) as wellsiaes of
various viruses compared with a human red blood (Eejjure
6.2) are shown below.
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Fig.6.1: Variations in Shapes and Sizes of Viruses
Compared with a Bacterial Cell, an Animal Cell
and a Eukaryotic Ribosome

Source: Jacquelyn, 1996.
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Fig.6.2: Virus Sizes. Sizes of several viruses cpared
with a human red blood cell, shown to the right
of the microbes. Dimensions are given in
nanometers (nm) and are either diameters or
length by width.

Source Tortoraet al,1992.

d Viral Nucleic Acid
The core of a virus contains either DNA or RNA, ahiis the
genome material. The percentage of nucleic acicelation to
protein is about 1% for the influenza virus and wth50% for
certain bacteriophages. The total amount of nucheid varies
from a few thousand nucleotides (or pairs) to amnymas 250
thousand nucleotide&$cherichia coli’'schromosome consists of
approximately 1million nucleotide pairs). In cordfra to
prokaryotic and eukaryotic cells, in which DNA isvays the
primary genetic material and RNA plays an auxilievle, a virus
can have either a DNA or RNA. Depending on the syirtine
nucleic acid can be linear or circular. In someus#s, (e.g. the
influenza virus) the nucleic acid is in severalreegts.

e Capsid and Envelope
The nucleic acid of a virus is surrounded by agrotoat called
capsid (Figure 6.3a). The structure of the capsidltimately
determined by the viral nucleic acid and accouotsfost of the
mass of a virus, especially of small ones. Eachsidaps
composed of protein subunits called capsomeresorre viruses,
the protein composing the capsomers is of singbe.tyn other
viruses several types of protein must be presemividual
capsomers are often visible in electron micrograpigure 6.3a)
the arrangement of capsomers is characteristio/otia.
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Fig.6.3: General Structure of Two Types of Viruseqa)

Naked Virus (b) Enveloped Virus with Spikes
Source: Tortoraet al,1992.

In some viruses, the capsid is covered by an epee(figure
6.3Db).

This usually consists of some combinations of kpioroteins and
carbohydrates. Some animal viruses are released the host
cell by an extrusion process that coats the virtis alayer of the
host cells plasma membrane, that layer becomes vired
envelope. In many cases, the envelope is made ypobdeins
determined by viral nucleic acid and materials \detifrom the
normal host cell components. Depending on the @najelope it
may be covered by spikes (Figure 6.3b) with thdaaydrates-
protein complexes that project from the surfacehef envelope
(glycoprotein). Some viruses attach to the hods ¢8f means of
these spikes. Spikes are such reliable charaatsrisf some
virus that they can be used as a means of ideatidic. The
ability of the influenza virus, to cling to the rédbod cells and
form bridges between them is due to its spikes. fdseilting
clump is called hemagglutination and is the badisseveral
useful laboratory tests (Tortorat al 1992). Viruses whose
capsids are not covered by an envelope are knownaksd
viruses or non enveloped viruses (Figure 6.3a). ddyasid of
naked virus protects the nucleic acid from nucleasegymes in
biological fluids and promotes the viruses’' attaemts to
susceptible cells. When the host cells have betscted by a
virus, the host immune system produces antibogiex€ins that
react against the virus) to inactivate that virugl astop the
infection. Some viruses can escape antibodies beaafuregions
of genes that code for these viruses surface. iRnstsusceptible
to mutations. Mutant viruses alter their surfacet@ns so that
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the antibodies are not able to react with themluémfza virus
frequently undergoes such changes on its spikes. i$twhy a
certain individual can be infected with influenzeveral times.
Although antibodies might have been produced toiofleenza
virus, the virus will mutate and be able to caudedtion on the
same host again.

f Virions
Virions have simple, regular shapes and sizes.Tlweir acid
and capsid of a virion together forms a nucleo@hpsd this can
be of various shapes. Some nucleocapsids are @edklan
envelope that is created from a membrane of thedatisbut this
does not give a virion the property of a cell. Adtective capsid
can be assembled around a nucleic acid to maker ettmelical
or spherical structure. A helical structure is mdxje stacking
identical subunits called capsomeres (Figure 6tBa) enclose
the nucleic acid in an internal groove. Some ofrtle&ve such a
nucleocapsid enclosed in an envelope. A spheridcahvis made
up of protein subunits that form a shell aroundee of nucleic
acid. In each case, the size of the virion refldatis size of
nucleic acid. However all spherical capsids arsabedral i.e. a
solid with 20 identical triangular faces-pentagamshexagons.
Helical viruses (Figure 6.5) resemble long rodg thaybe rigid,
their capsid is a hollow cylinder with a helicafrustture. An
example of helical virus that is a rigid rod is tledacco mosaic.
Another is bacteriophage M13. Many animal, pkmd bacterial
viruses are polyhedreal, that is they are manydgiggure 6.4).
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Fig.6.4: Morphology of a Naked Polyhedral Virus inthe
Shape of an Icosahedron. (a) Diagram of an
icosahedron (b) Electron micrograph of an
adenovirus. Individual capsomers in the protein
coat are visible.

Source Tortoraet al,1992.

The capsid of most polyhedral viruses is in thepshaf an
icohedron, a regular polyhedron with triangularefacand 12
corners (Figure 6.4). Example of polyhedral virusesdenovirus
and poliovirus.
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i3 by 'fﬁi‘miﬂ‘
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Helical rods
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Capsomeres

Fig.6.5: Morphology of a Helical Virus (a) Diagramof a
portion of tobacco mosaic virus. Several rows of
capsomers have been removed to reveal the
nucleic acid. (b) Electron micrograph of tobacco
mosaic virus showing helical rods.

Source Tortoraet al, 1992.
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g. Enveloped Viruses

The capsid of some viruses is covered by an engeBpveloped
viruses are roughly but highly pleomorphic (varealnh shape)
because the envelope is not rigid. When helicapahedral
viruses are enclosed in an envelope, they aredcalhweloped
helical or enveloped polyhedral viruses. Examplaroénveloped
helical virus is theinfluenze virus(Figure 6.6) and that of an
enveloped polyhedral (icosahedral) virus is thepbes simplex
virus (Figure 6.7). Some viruses, particallarly teaal viruses,
have very complicated structures and are called pt=m
virus.e.g. poxviruses which do not contain cleadgntifiable
capsids but have several coats around the nuctgt (Eigure
6.8).

Capsomere

Envelope

Nucleic acid

(b)

Fig. 6.6: Morphology of an Enveloped Helical Virus (a)
Diagram of an enveloped helical virus. (b)
Electron micrograph of influenza viruses.
Source: Tortora etal; 1992.
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Morphology of an Enveloped Polyhedral
(icosahedral) Virus. (a) Diagram of an enveloped
polyhedral virus. (b) Electron micrograph of a
group of herpes simplex viruses. To the lower
right, a virus particle is acquiring its envelope &
it buds out through the nuclear envelope of a
host cell.

Tortoraet al, 1992.

Certain bacteriophages have capsids to which additistructures are
attached. The capsid (head) is polyhedral and dfleist helical (rod
shaped). The head contains the nucleic acid (Fig@a b).
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Fig. 6.8: Morphology of complex viruses (a) Diagna of a
T-even bacteriophage (b) Electron micrograph
of T4 bacteriophage

Source Tortoraet al, 1992.

Structure of a Retrovirus (e.g. HIV-AIDS)

The structure is spherical with projection emergingm the
envelope (Figure 6.9) called the glycoprotein whestables the
virus to bind to specific receptors on the surfate host. The
capsid encloses two identical genomes of RNA wlach non-
complementary strands. Below and above the armghef
genomes are the reverse transcriptase enzymesusdimng the
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virus is an envelope developed from the membranthefhost

cell. _
Viral envelope

Glycoprotein

Capsid

Reverse (two identical

transcriptase strands)

Fig.6.9: Transmission Electron Micrograph of a
Retrovirus

Source Campbell, 1996.

I Structure of T-even Bacteriophage
Phages are viruses that infect bacteria. A T-eleage such as
T4 has a complex capsid consisting of a polyheldeald and a
tail apparatus. The DNA, the genome is stored enitbad. The
tail piece functions in the injection of this DNAto bacterium.
The combination of this phage and the bacteridlisghe most
complex among the viruses.
The even phages T2, T4 and T6 are very similartinctire.
Their capsids have octahedral heads that enclasegéimome
(Figure 6.8a, b)

SELF-ASSESSMENT EXERCISE 1

Describe a typical structure of a virus and indicéhie role of the
component parts.
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J. Host Range
The host range of a virus is the spectrum of Hastthe virus can
infect. Viruses’ mulitiply only in cells of parti¢ar species and
these are divided into three classes: animal v@ugkant viruses
and bacterial viruses (bacteriophages). Protists fangi can
also be hosts of viruses.
Within each class, each virus is able to infectscef certain
species only. The particular host of a virus isedeined by the
virus’ requirements for its specific attachmentsthie host cell
and the availability within the potential host @lalar factors for
viral multiplication. For the virus to infect hosell, the outer
surface of the virus must chemically interact wspecific
receptors sites on the surface of the cell.

3.1.2 Reproduction (Replication) of Viruses

The stages or phases that follow the replicationifses in their host
cells are usually described by using the bacteegph. A bacteriophage
(phage) is a bacterial virus. This example is usecause the various
stages involved in the replication process aretivelly simple to
understand.

Lytic or Virulent Bacteriophage Cycle

This is a reproductive cycle that ends in the deditthe bacterium in
which the virus multiplies. The term lytic refers the last stage of
infection during which the bacterial cell wall bksaopen through the
enzymic action of lysozyme, thereby releasing tleev rphages. The
virus goes through the following stages in its iegilon cycles to
produce more bacteriophages:

1. Adsorption: the attachment of viruses to hedisc

2. Penetration: the entry of virions or their ges into the host
cell.

3. Biosynthesis: The synthesis of new nucleic awidlecules,

capsid proteins, and other viral components withost cells
while using the metabolic machinery of the hoslscel

4. Maturation: the assembly of newly synthesisedl womponents
into complete phages.
5. Release: the ejection of new phages from ladls. c

The phages designated T2, T4 and T6 (T standsype™) are complex
but well studied naked phages that have doubledtch DNA as their
genetic material. The most widely studied is thephége, an obligate
pathogen of the common entert€scherichia coli T4 has a distinctly
shaped capsid made of a head, collar and tail (Ei§Ba). The DNA is
packed in the polyhedral head, which is attached tbelical tail.
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Infection and replication of new T4 phage occurshe series of steps
illustrated in Figure 6.10.

1.

146

Stepl: ADSORPTION: when T4 phages collide in the correct
orientation with host cells, the phages will attaohor adsorb
onto, the host cell surface by its tail fibres. Agion is a
chemical attraction which requires specific proteatognition
factors found in the phage tail fibres that binds Specific
receptors sites on the host cell. The fibres bemdl allow the
pins to touch the cell surface. Although T4 attacke the cell
wall; other phages can adsorb to flagella or pili.

Step2: PENETRATION: the enzyme lysozyme which is present
within the phage tail, weakens the bacterial cedlllwthe tail
sheath retracts or contracts so that the genomesnfvom the
head into the host cell cytoplasm. The hollow tub¢he tail is
forced to penetrate and come into contact with flbet cell
membrane. The viral DNA then moves from the hdadugh
the tube into the bacterial cell. The phage intoeguts DNA into
the periplasmic space between the cell membranettancell
wall. Either way the phage capsid remains outsatgdsium.

Step 3: BIOSYNTHESIS Viral genomes are too small to
contain all the genetic information to replicateeriselves.
Therefore, they must use the biosynthetic machimpeegent in
the host cells. Once the phage DNA enters the belt the
phage’s genes take control of the host cell metalohchinery.
Usually, the bacterial DNA is disrupted so that theleotides of
hydrolysed nucleic acids can be used as buildingkbfor the
new phage. Phage DNA is transcribed into mRNA aadslated
on host ribosomes, which direct the synthesis pkicaproteins
and viral enzymes. Some of the enzymes are DNAmpelgses
that replicate the phage. DNA, thus the phage tidecdirects
the host cell to make only viral proteins.

Step 4: MATURATION : The head of T4 phage is assembled in
the host cell cytoplasm from newly synthesised icapsoteins.
Then a viral DNA molecule is packed into each headthe
same time phage tails are assembled from newly ddrtvase
plates, sheath and collars. When the head is dyopacked with
DNA, each head is attached to a tail. Only after leads and
tails are attached that the tails fibres are addetbrm mature
infective phages.

Stage 5: RELEASE OR EJECTION The enzyme lysozyme
which is coded by a phage gene breaks down the veall
allowing viruses to escape. In the process, théebact cell wall
is lysed. Thus phages such as T4 are called virwenytic
phages because they destroy the bacterial cell tvayl infect.
The released phages can now infect susceffbleoli bacteria,
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starting the infection all over again. Such infecs exhibited by
virulent phages represents the lytic cycle of ititet (Figure
6.10).

5. RFLEASE
Bacteriat cell

lyses, releasing
mature phages.

Collars, sheaths, and

base piates have been [
attached tc heads. Tail \
fibers are added last.

1. ADSORPTION

\\ Phage is adsored

onhto bacterial coll
wali.

i 2. PENETRATION

= Phage penetrajes
& bacterial cell walt
and call

% membrane. Phage
R DNA is injected.

Empty phage
heads and pieces
of phage DNA are
synthesized.

Bacterial DNA
is disrupted.

3. BIOSYNTHESIS
The phage DNA directs the cell’s
metabolism to produce viral com-
ponents—proteins and copies
of phage DNA.

Fig.6.10:  Replication of a Virulent BacteriophaggT4)
Source: Jacquelyn, 1996.

The time from adsorption to release is called btinsg; it varies from
20-40 minutes for different phages. The numberest neleased phages
from each bacterial host represents the viral yoeldurst size. In phage
T4, 50-200 new phages may be released from onetadfdacterium.

(b) Phage Growth and the Estimation of Phage Numbers
Like the bacterial growth, viral growth (biosyntiseesand
maturation) can be described by a growth curve lwiscbased
on observation of infected bacteria in the labasatoultures

(Figure 6.11).
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Fig.6.11: Growth Curve for a Bacteriophage. The dipse period
represents the time after penetration through the
biosynthesis of mature phages. The latent period
represents the time after penetration through the
release of mature phages. The number of viruses per
infected cells is the viral yield, or burst size.

Source Jacquelyn, 1996.

The growth curve of a phage includes an eclipseo@erhich spans
from penetration through biosynthesis. During tbkgse period, mature
virions cannot be detected in host cells. The tapariod spans from
penetration through up to the point of phage relebsFigure 6.11, the
latent period is longer than the eclipse perioce mamber of viruses per
infected host cell rises after the eclipse period aventually levels off.
It is not possible to determine the number of \esighrough counting
usually or through the light microscope not eveec&bn microscope.
The only solution is The Plague Assay. To perforrplague assay,
virologists start with a suspension of phages.&belilutions like those
described for bacteria, are prepared. A sample auh edilution is
inoculated onto a plate containing a susceptibtgdoal lawn- a layer of
bacteria ideally; one wants a dilution where onhe @hage will infect
one bacterial cell. Consequently, new phages avduged from each
infected bacterial cell, lysing the cell.

These phages then infect surrounding susceptible aed lyse them.
After incubation and several rounds of lysis, tleetbria lawn shows
clear areas called plagues (Figure 6.12).
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% Clear Areas

Fig.6.12: Result of a Plague Assay
Source Jacquelyn, 1996.

The plague assay of the number of bacteriophagssnmple is
done by spreading the sample out over a “lawn” swlid
bacterial growth. When the phages replicate andraeshe
bacterial cells, they leave a clear spot callethgue, in the lawn.
The number of plagues corresponds roughly to themben of
phages that were initially present in the sampiéeznt types of
phages produce plague of different sizes or shaphen
replicating in the same bacterial species. In ttese, it is
Esherichia coli The upper left-hand plate was inoculated with T2
phage, the upper right-hand plate, with T4 phage; the lower
plate, with lambda phage.

The plagues (the spots) represent areas whereesihesve lysed
host cells. In other parts of the bacterial lauminfected bacteria
multiply rapidly and produce a turbid growth lay&herefore by
counting the number of plagues, and multiplying thamber by
dilution factor, the number of phages in milliliseof suspension
can be estimated. Sometimes, two phages can besitlgpco

close together that they produce a single plagued Aot all

plagues are infective. Thus counting the numbeplafgues in a
plate will approximate, but may not be exactly dqta the

number of infectious phages in the suspension. efbe¥, such
counts usually are reported as plague forming ypits) rather

than the number of phages.
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C LYSOGENY

An example of a temperate phage is lambda virugrdlare
weak bacteriophages (temperature phages) thattddestroy the
host cells at the end of their multiplication, thiey exhibit
Lysogeny, a stable long-term relationship betwéenphage and
the host. Such participating bacteria are callsddgnic bacteria.
The lambda phages attach bacterial cells and inisent linear
DNA into the bacterial cells and then integrateittie circular
bacterial chromosomes at a specific location.

——

i

Fig.6.13: False Colour, Transmission Electron
Micrograph (TEM) photo of the temperate
phage lambda (84,000x), which infects the
bacterium Escherichia coli.

Source Jacquelyn, 1996.

This viral DNA within the bacterial chromosome islled
prophage.

The combination of a bacterium and a temperaturag@his
called a lysogen. Insertion of lambda phage intbaaterium
alters the genetic characteristics of the bacteriimo genes
present in the prophage produce proteins that sepkerus
replication. The prophage also contains anothere gémat
provides “immunity” to infection by another phagetbe same
type. This process is called lysogenic conversitickv prevents
the adsorption or biosynthesis of phages of the typose DNA
is already carried by the lysogen. The gene resplentor this
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immunity does not protect the lysogen against tediht type of
temperate phage or by a virulent phage. Lysogeoiwersion
can be of medical significance because the toXecef some
bacterial infections are caused by the prophag®s ¢bntain.e.g.
bacteriaCorynebacterium diptheriaand Clostridium botulinum
contain prophages that have a gene that codeldgorbduction
of a toxin. The conversion from non-toxin produntito toxin
production is largely responsible for the tissuandge that
occurs in diphtheria and botulism respectively. oghage is
therefore the latest form of a temperate phagerdmsins within
the lysogen, usually integrated into the host clusome.
Without the prophages the bacteria do not causeases Once
established as a prophage, the virus can remaimaidrfor a
long time. Each time a bacterium divides, the peg@s is copied
and is part of bacterial growth with a prophagerespents a
lysogenic cycle however, either spontaneously oresponse to
some outside stimulation, the prophage can becatieeaand
initiate a typical lytic cycle. This process isledlinduction, may
be due to lack of nutrients for bacterial growthtoe presence of
chemicals toxic to the lysogen (Figure 6.14). Tgrevirus
seems to sense that living conditions are detdmgrand that it
is time to find a new home. Through induction, t®@virus
removes itself from the bacterial chromosome. Thage DNA
then codes for viral proteins to assemble new teatpghages in
a manner similar to the lytic phages. Consequentigw
temperate phage mature and are released throughlyse
(Figure 6.14).

d. Replication of a Retrovirus
The retroviruses present a complicated reproduciyate. They
are RNA viruses. Retro meaning “backward” referthioreverse
direction in which genetic information flows in th@ruses.
Retroviruses are equipped with a unique enzymedakverse
transcriptase which can transcribe DNA from RNA péate,
providing an RNA-DNA information flow. The newly fmed
DNA then integrates as a provirus into the chromusmf the
nucleus of the animal cell. The host RNA polymertaaascribes
the viral DNA into RNA molecules which can functitmoth as
MRNA for the synthesis of viral proteins and as m@momes for
viral offsprings released from the cell. A retraarof particular
importance is the HIV (Human Immunodeficiency Vixughe
virus that causes AIDS (Acquired Immunodeficiengm@&ome).
The glycoprotein of the envelope enables the wiousind to the
specific receptor on the surface of certain whit®d cells.
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@ In the lysogenic cycle, temperate phages can exist
harmiessly as a prophage within the host cell for long periods of time. Fach time the bacterial chro-
mosome is replicated, the prophage also Is replicated; all daughter bacterial cells are “infected” with the
prophage. Induction involves either a spontaneous or environmentally induced excision of the
prophage from the bacterial chromesome. @ Atypical lytic cycle, involving biosynthesis and mafura-
tion, occurs, and new temperate phages are released.

Fig. 6.14:  Replication of a Temperate Bacteriophag
Source Jacquelyn, 1996.

Although the RNA strands are identical, they ar¢é cmmplementary
strands. The genome enters a host cell when thes Wirses with the
plasma membrane and proteins of the capsids argmatizally

removed. Reverse transcriptase enzyme then catallgsesynthesis of
DNA complementary to the RNA template provided hsalvgenome.
The new DNA strand then serves as a template ®rsymthesis of a
complementary DNA stand. The double stranded DN#e®rporated
as a provirus into the host cell's genome (Figui®&p
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HIV Membrane of white blood cell
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Fig.6.15: The Life Cycle of HIV, a Retrovirus. Transmission
electron micrographs (artificially coloured) depict HIV
entering (top) and leaving (bottom) a human white
blood cell.

Source Campbell, 1996.

SELF-ASSESSMENT EXERCISE 2

Differentiate between a lytic and lysogenic virgties.
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4.0 CONCLUSION

The discovery, nature and structures of variousises have been
discussed. The replication processes in a bacteagm retrovirus and
temperate virus have been highlighted.

5.0 SUMMARY

In this unit you have learnt the:

. nature of viruses as obligate pathogens

. structures of viruses

o multiplication (replication) of the viral particlesas Iytic,
lysogenic and temperate viruses

. replication processes involved in the retrovirus.

6.0 TUTOR-MARKED ASSIGNMENT

I What is a virion?

. Describe the typical structure of the virus.

1 List the main characteristics of viruses.

Iv. List the general steps in viral replication.

V. How do T even phages attach to and enter the btisPc

Vi. What is lysogeny? How is it different from the tytiycle?

vi.  What are the differences in the replication procesfs
retroviruses?
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1.0 INTRODUCTION

Viruses remain one of the most studied organismscisntists yet they
continue to cause daily diseases of plants, aniarasman.

For instance the Acquired Immune Deficiency SyndeofAIDS) and
Ebola viral infections defy solutions. It has be@imcreasingly difficult

to treat viral infections using chemotherapeutiagdr because of the

intracellular nature of viruses. Drugs that aregeéded in Killing or
destroying viruses will kill the host cells. Thisiuwill look at the
impact and importance of viruses in the lives ofnmalants and
animals.

2.0

OBJECTIVES

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

explain the importance of viruses to life

discuss their impact to human life

explain the importance of viruses on plants
differentiate between their beneficial and harnefifiécts.
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3.0 MAIN CONTENT
3.1 Importance of Viruses
3.1.1 Beneficial Effects

(@) Viruses as Cloning Vectors
Genetic engineering (e.g. recombinant DNA technglog
procedure utilises carriers calletbning vectors A virus is used
as one of the cloning carriers (vectors). Certaypes of
bacteriophage (e.g.lambda) can also be used asngloof
bacterial cells. Fragments of foreign DNA can bkcsg into a
phage genome by using restriction enzyme and ligaggme.
The recombinant phage DNA is then introduced imoEecoli
cell through normal process of infection. Oncedesihe cell, the
phage DNA replicates and produces a new phage attier
bacterial cells by infection (Campbell, 1996).dfalso possible to
use viruses as vectors to genetically engineerarusils e.g. the
retroviruses which  following infection integrates nta
chromosomes. This delivers recombinant DNA diredtby a
chromosome of the animal cell (Campbell, 1996).

(b)  Viruses as Bioinsecticides
Viruses that are pathogenic on specific insectsude nuclear
polyhedrosis viruses (NPVs), granulosis viruses g\and
cytoplasmic polyhedrosis viruses (CPVs). Most adsth viruses
primarily affect butterflies and moths e.g. Lepitema. An
important commercial viral pesticide is marketedlemthe trade
name Elcar for control of the cotton bollworhktelliothis zea
(Prescotet al, 2009).

One of the most exciting advances is the use afilbaituses that have
been genetically modified to produce a potent goargoxin active
against insect larvae. After ingestion of the vy the larvae, these
viruses are dissolved in the midgut of the larvad are released. The
ingested baculovirus is a genetically modified sirfite. recombinant
virus) that produces this insect selective neurat¢tkie scorpion toxin).
It also acts on the neurons of the larvae because more rapidly
effective than the parent virus due to genetic hncation. The larvae
died and the leaf damage by these insects is migridedreased.

SELF-ASSESSMENT EXERCISE 1

Enumerate the importance of viruses.
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3.1.2 Harmful Effects

(a)

Human Viral Infections and Diseases
Human beings and animals are also affected by esresusing

diseases of various types.

A number of viruses whether RNA-carrying virusasNA
carrying viruses cause a number of human diseasese of
which can lead to mortality, if immediate medicalre is not
taken. Some of these are shown in Tables 7.1 &xd 7.
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Table 7.1:  Classification of Major Groups of RNArdses that cause
Human Diseases

Family Enveloped or Naked and Ii ':(::) Example(Benus or Species) o tion or Disease
Capsid symmetry

(+) Sense RNA Viruses

Picornaviridae Naked, polyhedral 18-30 Eirterovirus Polio
(L copy) Rhinouirus Commeon cold

Hegatovirus Hepatitis A

Togaviridae Enveloped, polyhedral  40-9( Rubella virus Rubella (German measles)

(Lcopy) Equine encephalitis  Equine encephaltis
virus

Flaviviridae Enveloped, polyhedral  40-9) Hlaviuiru Yellow fever
(Icopy)

Refroviridae Enveloped, spherical 100 HTLV] Adult leukernia, tumors
{2 copies) HIv AIDS

(=) Sense RNA Viruses
Paramyxovirida Enveloped, helical 10200 Morkillimig

Measles

(1 copy)

Rhabdoviridae Enveloped, helical 70-180 Lyssavirus Rabies
{1 copy)

Orthomyxoviridae Enveloped, helicaf 100200 Tnfenaaninis Influenza A and B
(1 copy in 8 segments)

Filoviridae Enveloped, filamentous ) Filowirus Marburg, Ebola
(Leopy)

Bunyaviridae Enveloped spherical 9010 Hantmis Respiratory distress,
(1 copy in 3 segments) hemorrhagie fevers

Double-Stranded RNA Viruses

Reoviridae Naked, polyhedral 70 Rotavirus Respirafory and

(1 copy in 10-12 segments) gastrointestinal infections

Source Jacquelyn, 1996.
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Table 7.2:  Classification of Major Groups of DNAridses tha
Human Diseases

Fanily Enveloped or Naked and  Typical size(om) Example Genus o |-ttt or Disease
Capsid Symmetry Species

DonShanded DN Vs

Adenovirid ] atory ofech
" ;;1Da§m Neked plpedrdl 93 Human adenovinges Respiatory feis

Herpesviidze Envelope, gl 0.9 L T penit
o | henpes
(e DNA) Vel Chickenpoy,

- Singls
b Envelopeg, comply mxm kg omalloy
(inear DN Shape COWp{;X

Pepovaiidae i ar Nled pliedr] 553 Mo pipiloma: g cervical and

o Irises pentle cancer
Hepadraridae o, poledl 45

it Hepatts By Hepatis B

S-Sl DA Vs

Parvpviridae Niked potedel 9 Blg Hh dsesse eyt
(near DNA) nletosam) e

Source Jacquelyn 1996
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(b)  Some Plant Viral Infections and Diseases
Most economic crop plants are infected by virugesnost cases
the virus will cause a reduction in yield and theality of the
infected crop will be reduced and hence reduced nifaeket
value.
Annual crops, vegetables and cereals that arelyggralvn from
seeds have virus infections. Such crops may resulthe
complete loss of the crop in the season e.g. teeyellow mottle
virus, the Tungo virus and the cowpea mosaic \angsexamples.
Some of these are listed on Table 7.3.
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Table 7.3:  Examples of Yield Reduction caused karidus Plant

Virus Diseases

(i fin Jidd Comty Hifrane
el
)
Beang Beanyelow rosae 1.
Phlagarc) — Beancommon mosac 64} Lefdaes  Hangon 179
Cabhag Tomip mosi i Englad Walkey & Weth (1978
Cassav Cessava psal W) Kewn bl 190
Latne Letiaes mosai % UnitedSaes — Zink & Kimble [190)
Cuoumber mosai il I
Bt westem yelos - l gt Vol e 4]
Peope Vi b7 Unied Swes—— Villon 191
Poiat Potal el ol i UniedSues Horprdal (1975
e Maie sirek [HI Reny Guth 973
Whea Barley vellow dvar M Al Srmh& dwvard 080
Anple Variow B0 Germany bt (1972
Paar Ring paten 5 Unied Sute Walerworth(l%)
Raspherry Raspbery mosa 0 Uned Sty Coverse {196
14 Conady Freeman & Stce-Smith 1570
Staheny Vo 0 By et 1977
Sivee cerr Prums ingypot and
/ - dwagfp N Engnd Cameron 197
M ?EE?E@ i:;}s]aic ;}g Unied Stes~~ Coodng (1910

Source Walkey, 1991.
SELF-ASSESSMENT EXERCISE 2

Enumerate the importance of viruses to man.
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4.0 CONCLUSION

The harmful and beneficial impact of viruses tongdaanimals and man
have been presented and discussed.

5.0 SUMMARY
In this unit, you have learnt the:

. Beneficial importance of viruses
. Harmful effects of viruses.

6.0 TUTOR-MARKED ASSIGNMENT

I Describe the use of viruses in biological control.

. Viruses and life; Friends or foes: Discuss

iii. Name two RNA viruses and two DNA viruses causinggdses
on man.

V. Name four viruses that are found on food crops.
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1.0 INTRODUCTION

What are algae? The term alga refers to relatiaigple aquatic
organisms that are photoautotrophs. This means th®t carry out
photosynthesis. Algae are studied because thegxaremely important
ecologically, accounting for about half the photastic production of
organic material on a global scale. They are ugualind in a moist
environment and also occur as fresh water and mgirytoplankton
and intertidal weeds. A phytoplankton is a commurof floating
photosynthetic organisms in water. The algae exte@tblue-green
algae (cyanobacteria) are eukaryotic organismsaaadkey producers
(photoautotrophs) in moist aquatic ecosystems. Ehidue to the fact
that they are the basis of aquatic food webs, stipgoan enormous
abundance and diversity of animals. Algae are abua colours such as
green, yellow, orange, brown, red, blue and othégsart from the
presence of chlorophyll “ a” in them, there ardher accessory
pigments that trap wavelengths to light. The offigments tend to give
them these various colour combinations. You wilrfe more about
algae in this unit.

2.0 OBJECTIVES

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

) describe the characteristics of algae
) discuss the structures existing among the algae
o list the criteria used in classifying the algae
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. discuss the economic importance of algae.
3.0 MAIN CONTENT
3.1 Classification of Algae

Algae are photoautotrophs, although some grow bietgrhically, when
growing photosynthetically, they produce oxygen asd carbondioxide
as the sole source of carbon. Every algal celhstgautotrophic or can
absorb nutrients directly. Many algae are motilhave motile stages
during their life cycles. Algae are generally clsd on the basis of the
following:

o Nature and properties of pigment.

. Nature of reserve and storage products.

. Type and number of insertions (points of attachmant
morphology of flagella).

o Chemical composition and physical features of gieveall.

o Morphology and characteristics of cells and thalli.

All these characteristics are taken into accountassigning algae to
divisions. The major groups of algae and theirimiigtishing characters
are shown on Table 8.1. The Euglenoids, Chrysoghyed the
Pyrophytes are unicellular. The other major groaps included in the
genera that are multicellular. All algae posseskwrophyll as their
primary photosynthetic pigment as well as carot@mmgments (Table
8.1).

The Rhodophyta contain chlorophyll “a” and phychid, the other
algae contain chlorophyll and either chlorophythioc. Members of the
Euglenophyta and Pyrrophyta are animal-like, tdeynot have cell
walls, other algae have cell walls composed ofcaili cellulose,
polysaccharides or organic acids. Algae are ab#tdiee energy reserves
in the form of fats, oils and carbohydrates. Mafgaa are motile by
means of flagella which vary in structure, numberd apoint of
attachment (Table 8.1).

164



ESM 236

Table 8.1:

.:'||.||||||

i g
Chogaphya)

Bivam 3lpae

Pyt

i g
.ll."l""h \;I]\I.',,'

'l.“i.|'.'“ ||I|m'||
II-N' ".i.|||||'|\.
Uiphyta)

1
:h"nrf!.p- il
Atiaat)

ek
I"-"" I.,." '||'| i |:'

Halilgt

Moilly fresh
W .I|\'I, e
itiring

Alinst gl

Tt

Wonlly maring,
e {1ty

Mi "-il'n.' AT

Manne aid

Ieslvitor

Frehwles

.“||i|||||||||7||p

Uit ¥ mulis
llulir: some

it rscie
o i
pical o subigpleal
Mapela
Hulicalllar anet
REEOKOIC:

Bt Lol

||.I:.:"||I.'I T
HERHTITY
Ml i
MErBeApE:

i
ERIANTE \f]

4-|I""| I.|.|I .||'|,'
M He!
O 0 I gyl
el o el
ilagelly
Lmcellilar nd
MICISHIE v
el flaell

i |
nicelila? and

I I|’|'.|,|,.||'| i

Pipenly

Chlaranhyll
bind b,
GarolEnd il

|: I1I|‘I|:|I'|'|'r'”
dand e,
!.I'1l'||'l'|'||| |',

Chloraslivl
3 8l 1 Some
Caniteiails
rhycahiling
Chlupitll

A, { Carnlenius

Chlgrophyl

i, € Carolenaids

i ‘i|r|'.'|| ||:|:|

A, 0! Caratoronls

Ristryey

Sarch

Laminiia
el I

L Lt ki,

Gl

Sareh, ol

Paiatylon, ol

MODULE 2

Characteristics of the Major Groups ofAlgae

Cellagall
il

Cellulase gind

|'I|"| iy

Collulose with
]
iginic acidy

Ciluloser and

il

|II.'I'|I| i ||||[||,:||\!,
\'\'||I' R

1A} I|,||
|\'II.I h'|| 1\',',”

N ol wall

In |'||’w L
1.I.'r|.:| I:|,|

Source Pelczamet al, 1993.

3.2 Characteristics and Morphological Forms of Algae

Single algal cells exist in a variety of forms, luding spherical, curved
and rod-like shapes. Aggregate of cells can forniticgliular colonies

or flaments that are either branched or unbranch&d some cases,
these cells aggregates resemble more complex srganiFigure 8.1),
the individual cells of the aggregate act coopeedi to benefit the
entire organism in the colony.

Chlamydomonas

This is one of the unicellular green algae. Itasrfd chiefly in

ponds and ditches. The motile cell is usually moreless

spherical or ovoid in shape (Figure 8.1a). It hazlulose wall

which is in contact with the protoplasmic contenfBhe

protoplasm in the anterior region gives off tftagella which

pass through the cell wall. The protoplasm in tegion also has

(a)
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two vacuoles (i.e. space filled with liquid, whishows alternate
expansion and contraction), situated at the bastheofflagella,
and an orange colourgagment spots or eye-spotgontains a
single, large, more or less cup-shaphbbroplast, embedding a
round body known as the pyrenoid (Figure 8.1).

SgeT

(a) r.f' ;& 7 (b)

Chiamydomaonas CRonium

o 3F e

Pandarinag Flogdorna

Fig.8.1: (a)Chlamidomonas and Some Colonial Algae
Source Jacquelyn, 2002.

A single nucleus is present in the central regibtine protoplasm
enclosed within the cavity of the chloroplasts (fFes 8.1a and
8.2). The cells move through water by means oir thegella.
The movement is autonomic but is often directedelzternal
stimuli.e.qg. light. The cells move towards brigihffuse light and
away from light of great intensity. This sensitiess of light is
specially associated with the eye spot. The pyrkeonsists of
proteins. It probably stores food materials. Ib&ieved that it
takes part in the photosynthetic action of the .alga
Chlamydomanasis capable of encystment to enable it pass
through inclement weather. It produces a red pigrkeown as
haematochrome.
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(b)
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Fig. 8.2: Chlamidomonas
Source: Lowson, 1962.

Spirogyra

This is one of the freshwater green algae. It fobmght slimy
masses in ponds and slow running streams. Its aegetbody is
an unbranched filamentous thallus consisting oftstyindrical
cells placed end to end and showing no distindbietween base
and apex. The filament increases in length by deiksion and
growth of the cells. All the cells have the sameadtre and are
capable of division (Figure 8.3) and (Figure 83pirogyrais an
example of mulitcellular alga which shows littleror division of
labour. Infact each cell is self sufficient to #vgent that each of
them can be regarded as a complete organism anevtibée
filament as a colony of the individuals for eachi carries out
all the vital functions necessary for its existeritlee filament is
in most species, invested by a delicate mucilaginsbieath
formed by the cell walls. It is this that makes thmss of
spirogyra filament slimy to touch.

Each cell is cylindrical in shape with transverse &alls (Figure 8.3a),
and has the structure characteristics of parenctogmacells. The wall
consists of cellulose or a related substance. énid cell wall, there is a
lining cytoplasm, from which delicagrotoplasmic strandsrun across
a centralvacuoleto the center of the cell (Figure 8.3b).
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Fig.8.3: Spirogyra Cell A. Surface View; B Optical

Section
Source Lowson, 1962.

The nucleus is usually embedded in the small cemaas of cytoplasm.
The most conspicuous structures in the cell arggthen spirally coiled
chromatophores (Chloroplasts). There can be one to seven of pech
cell; the number varies depending on the speciégyTie in the
cytoplasm and each one contains a number of walkedagreonoid
(Figure 8.3a). The numerous speciesSpfrogyraare distinguished by
the character of the transverse walls, the numbehloroplasts per cell,
the number of spiral turns in one chloroplast, ¢haracters of the cell
containing the zygospores and of the zygosporesidblves (Figure
8.4).

3.3 Reproduction in Spirogyra and Chlamydomonas

Algae reproduce either asexually or sexually. Mafsthem reproduce
by fragmentation of cells from colonies or multio&r aggregates or by
spore formation. The spores formed by algae dur@pyoduction are
either flagellated (zoospores) or non-motile (aptpores). Zoospores
are commonly produced by aquatic algae whereasnegp@res are
usually found among terrestrial algae. Sexual mypcbon in algae
involve haploid sex cells (gametes) combining aftesion to form a
zygote. Union of identical gametes (no sex difféiegion) are said to be
iIsogamouswhereas unions involving distinct male and fengdenetes
are termedeterogamous When there is a difference in the sizes of the
gametes -or gamete is small and motile and ther atbe-motile and
large, the fusion is said to lm®gamousCertain terrestrial algae such as
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the multicellular Ulva (sealettuce) exhibit a presecalledalternation
of generations.

(i)

NEW CELL WALL, 'h_'}f T E R Y
OROWNG W CioM T S TLILWE BN _f ,
FRRWHERY, ’ g

I
|

Friv DROGHER gy =i

B o
Fig.8.4: A Spirogyra Cell-Division
Source Lowson, 1962.

Asexual Reproduction in Chlamydomonas

Chlamydomonass a unicellular chlorophyta (Figure 8.5). The
mature of the organism is a single haploid cell. ewhit
reproduces asexually, the cell withdraws its flegelnd then
divides twice by mitosis giving rise to four newlsgFigure 8.5).
These daughter cells develop flagella and cell svathd then
emerge as swimming zoospores from the wall of tuemt cell
which had encloses them. The zoospores grow intaolta
mature cells, completing the asexual life cycleg@iré 8.5 and
Figure 8.6).
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Fig. 8.5: The Life Cycle ofChlamydomona.
Source: Campbell, 1996.

Sexual Reproduction inChlamydomonas

Sexual reproduction is triggered by a shortageutfients; drying
of the pond or some other stress. Within the pateh mitosis
produces many haploid gametes (Figure 8.5). Afieir trelease,
gametes from opposite mating strains designatedd+ strains
pair up and cling together by the tips of theirg#da. The
gametes are morphologically indistinguishable, tedr fusion is
known assogamy, which literally means a “marriage of equals”.
The gametes fuse slowly, forming a diploid zygotehich
secretes a durable coat that protects the cellnsigaiarsh
conditions (Figure 8.5). When the zygote breaksnmiory,
meiosis produces four haploid individuals (two @fclke mating
types) that emerge from the coat and grow into reatells,
complementing the sexual life cycle (Figure 8.6).

Asexual Reproduction in Spirogyra

There is no special method of asexual reprodudtiddpirogyra
but filaments may break into a number of fragmezdash one
consisting of one or more cells, and these by argincell
division may form new filaments (vegetative reproiion).
Fragmentation of this kind may occur naturally aedults in a
rapid multiplication of Spirogyra when conditiongdavourable.
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(iv)

Fig. 8.6: Chlamydomonas. (A, B) Asexual Reproduction.
(C, D) Sexual Reproduction. (C) Isogamy, (D)
Anisogamous.

Source Lowson, 1962.

Sexual Reproduction inSpirogyra

Sexual reproduction issogamousand the process is termed
conjugation. It usually occurs between two filaments,
movements bring two filaments together and in closetact that
they coalesce. Along the line of contact, slighitprsions arise
from the cells of one of the two filaments and &kowed by
corresponding and opposite protrusions from this oélthe other
filaments. As these protrusions elongate, the tiaments are
gradually pushed apart and the conjugation tubeadd. When
they have reached full growth their end walls dssgy and the
protoplasts are now in direct contact. In the eathges of the
conjugation process, starch accumulates in thes @elhcerned
and the protoplasts of the cells of one filamengilmeo show
plasmolysis effects before those of the other dide.this reason
and because of subsequent behaviour, the filamemes
distinguished as male and female respectively. Thale
protoplasts as it contracts remains in contact Wiehfemale and
passing over its contents into the female cell ugto the
conjugation tubes. It is only at this stage tha¢ temale
protoplast usually disintegrates at an early stagkthe fusion of
the nuclei into fat, which is often coloured reditAck resistant
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wall is secreted and the ripe zygospore is formacthvmay be
spherical or ellipsoidal in shapes. The zygospares liberated
following the decay of the cell wall of the femdlament and
are capable of swimming a period of rest in substnaeven
though there may be a seasonal drying of the postream. The
method of conjugation described is known as ladder
scalariform conjugation (Figure 8.7). In some other species of
spirogyra, conjugation may take place between célihe same
filament. This is known ashain conjugation

z-;;_{:ﬁ Setae e TLAK

Fig. 8.7: Stages in Conjugation o$pirogyra
Source Lowson, 1962.

(v)  Germination of Spirogyra Zygospore

The result of conjugation is the formation of thggaspore.

Meiosis may occur in the diploid nucleus after éumsor during

the maturation of the zygospore or just before geaition. There
are two successive divisions associated with meid@3ne of the
four resulting nuclei enlarges, the remaining thgradually

abort. In preparation for germination, the storatli§ converted
to starch and the chloroplasts become more realiigernible

(Figure 8.8). A germ tube emerges at one end ofzjlgespore
through the ruptured outer layers of the thick cedll. This

becomes divided into two cells by a transverseusepT he lower
cell has little chlorophyll or may be almost coless. The upper
cell divides further to form th8pirogyrafilament. Spirogyrais a

member of the chlorophyceae known as conjugates.
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Fig. 8.8: Spirogyra. Germination of Zygospore
Source Lowson, 1962.

SELF-ASSESSMENT EXERCISE 1

Describe with named examples the various morphoébgstructures
existing among the algae.

3.4 Importance of Algae

Algae are an important part of an aquatic envirammeod chain,
because they fix carbondioxide into organic molesuthat can be
consumed by chemoheterotrophs, using the energylupea in
photophosphorylation during the process of photthsgis.

a. In Nature
Algae convert the carbondioxide in the aerosphenéo i
carbohydrates in photosynthesis. Molecular oxydes) (s a by
product of their photosynthesis. The top few metdrany body
of water contain planktonic algae. As three quartef the
biosphere is covered with water, it is estimateat 80% of the
biosphere’s photosynthesis is executed by plan&tOrortoraet
al, 1992.).Seasonal changes in nutrients, light amdpérature
cause fluctuations in algal populations; the peciddcrease in
algal population is calleBlooms. Blooms of dinoflagellates are
responsible for seasonal red tides. Blooms of a $pscies
indicate that the water in which they grow is ptall because
these algae thrive in high concentrations of orgamaterials that
exist in sewage or industrial wastes. When algae the
decomposition of the large numbers is associateith wigae
bloom. This depletes the level of dissolved oxygethe water
when diatoms and other planktonic organisms thatvgseveral
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years ago die and are buried by sediments, thenmrgaolecule
they contained did not decompose to be returnetthd¢ocarbon
cycle as C@ Heat and pressure resulting from the earths
geologic movements altered the oil stored in tHis @s well as
the cell membrane. Oxygen and other elements arenaked,
leaving a residue of hydrocarbons in the form afgleum and
natural gas deposits.

Many unicellular algae are symbionts in animalie Giant clam
Tridacna has evolved special organs that host dinoflagellaie
the clam sits in the shallow water, the algae feddie in these
organs when they are exposed to the sun. The akjaase
glycerol into the clam’s blood stream, thus supmiythe clam’s
carbohydrates requirement. Evidence suggeststibatlam gets
essential proteins by phagocyting old algae (Tarb@l, 1992).
Algae as Food

Algal culture is another avenue for increasing hanfaod
supplies. Algae such &cenedesmuand Chlorella have been
cultivated in Asia, Israel, Central America, seVeEaropean
countries and even the Western United States. Aigae been
used as ingredients in ice-cream, (as well as nod tonsumer
products such as diapers and cosmetics). The usdgaé as
human food shortens the food chain. If humans lgaeadirectly
rather than eating fish that have been nourishealgae, the
people will feed more on algae than on the fish.

Approximately 100,000kg of algae are required tdpice 1kg of
fish. Each acre of pond used to cultivate algae praadluce 40
tons of dried algae-40 times the protein per ammfsoyabeans
and 160 times that from beef. Algal culture hasvptbto be
economically visible only in urban areas where éaggantities of
treated sewage on which to grow the algal are avial In
addition to the problem of getting people to acadgal products
as food, growing algae in sewage creates a poltéedth hazard
because the products may contain viral pathogeng. e
Cyanobacteriunspirillum ( a blue-green alga), has been grown
for centuries as food in alkaline lakes in Afriddexico and by
the Incas in Peru. Th€yanobacteriaare harvested, sun-dried,
washed to remove sand and made into cakes for human
consumption (Jacquelyn, 1996).

Algal Infections

Most algae manufacture their own food and are aoagtic but
some strains dProtothecahave lost their chlorophyll and survive
by parasitising other organisms found in water amaulst soil.
They enter the body through the skin wounds. By719% cases
of protothecosis had been reported, 2 from cleartiogne
aquariums. Protothecosigms first observed on the food of a rice
farmer, and most subsequent cases have occurréelgs or
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hands. In immunodeficient patients, the parasite io#ade the
digestive tract or peritoneal cavity. A few skirfaations have
responded to oral potassium iodide or intravenouphetericin
B and tetracycline therapy, but no satisfactorgtireent has been
found for others (Jacquelyn, 1996).

d. As Soil Micro-organisms
Algae are naturally present in the soil but livinghe surface of
the soil where they can carry on photosynthesishéndesert or
other barren soils, algae contribute significantty the
accumulation of organic matter in the soil.

e. Algae in Aquarium
The large numbers of algae usually develop in agoes that
make it look like a pea soup. This problem is soliag placing a
few pennies in the tank. Enough copper to inhilgakgrowth
dissolves from pennies into the water. This wiltrease the
visibility and the enjoyment of the fish.

f. Algae and Humans
Regardless of their niche, algae constitute a Bogmt and vital
part of the living world through photosynthesiseyhprovide a
large portion of the oxygen and organic materiai is require
by other life forms. Algae are important sourcespodtein and
iodine when consumed, particularly for humans tivin the Far
East. Without eukaryotic algae, life would have actm more
restricted existence (Lim, 1998).

g. Algae and Gel-forming Substances
Apart from coastal people, particularly in Asia whealgae (sea
weeds) are harvested for consumption as food, ayeiihg
substances in their cell walls e.g. algin in broalgae, agar and
carageenan in red algae are extracted in commemeaations.
These substances are widely used in the manufaatfire
thickeners for such processed foods such as puslding salad
dressing, and also as lubricants in oil drillinggah is also used as
the gel-forming base for microbiological culturedrae

h. The Lichens
There had been various definitions for the licheAs.Lichenis
an association of a fungus and an alga in which tike
organisms are so intertwined to form a single ttsallThe fungus
component is callednycobiont and the algal component is
phycobiont.
The lichen is again defined as an association letwee fungus
and the alga from which both partners benefit &edassociation
is a perfect example dymbiosis(mutualistic association). The
fungus derives food from the algal cells and immefprotects the
alga from adverse conditions particularly from dybu (Figure
8.9) (Tortoraet al, 1992).
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Fig. 8.9: Lichen
Source Tortoraet al; 1992.

Lichen grows in distinctive shape as if they argglg species, but each
is actually a specific association between a furajusan alga. The two
organisms form a minor ecosystem in themselvesusecthe alga uses
photosynthesis to make organic compounds that gligrtfeed the
fungus. The fungus on its own part provides watenerals, protection
and microenvironments suitable for the growth of #iga (Guttman,
1999). Mutualisms are common in nature but a rkaide number
involve fungi. The best known is the lichen synsiso in which a
fungus (the mycobiont) and an alga (the phycobicad¥ociate so
intimately that they create a distinctive strucfuaielichen thallus that
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neither partner assumes by itself. The minorityaajgows amidst the
moist fungus body and photosynthesises, providinggmic nutrients for
both partners, while the fungus provides minerald protection from
drying and harsh light. The mycobionts and the pbyants are species
in their own right and some may grow independebtly many may
occur only in lichens. The lichen is sometimes aber®d a species of
its own and named as such, but lichens are formadyed for the
mycobiont and classified on this basis. A singlecsgs of mycobionts
could form lichens with several species of phycatsdGuttman, 1999).

The lichen thallus is usually constructed in layensluding a dense
protective layer and a distinct layer where thealgre scattered among
the hyphae, and it grows in one of three generat$aas in Figure 8.9 as
foliose, fruticose or crustose Lichens grow in living plants and on
some animals e.g. on insects. A few species oktishgrow in fresh
water, on ocean shores, and even submerged inctmnoHowever;
lichens have little or no ability to withstand drgi they dry out rapidly
whenever their environment becomes dry, but religdrguickly when
water returns. Within the thallus, some hyphaed hbk algal cells in
place while other hyphae (haustoria) penetrateathae, though always
leaving the algal plasma membrane intact. As the/cqbiont
photosynthesises, it exports over 90% of its caytadtes product to the
mycobiont. The mycobiont use some of this carboditgdfor growth but
stores much of the mannitol, which provides insoeaagainst its harsh
living conditions. This storage is used during mayion and as the dry
lichen becomes rehydrated; its respiration ratesri® a high level for
several hours before falling back to the normaé rat moist lichen
(Guttman, 1999).

Lichens produce a variety of unusual compoundsedalichen acid
whose functions are not known; some are allomonesluding
antibiotic that inhibit the growth of bacteria thatight destroy the
thallus, and others inhibit the growth of mossdkgeplichens and the
seed plants. They may also discourage herbivormsieSnay be light
screens that protect the phycobiont, and otherstiimin a mechanism
in which the fungus regulates the rate of photdsssis and the rate at
which the alga exports carbohydrates (Guttman, 1999

Lichens are very sensitive to air pollutants arc Iother sensitive
organisms (e.g. canaries carried by miners) they seave as monitor to
air quality. Lichens have disappeared from badljluped urban areas
and have returned after the pollution has beencestiu
SELF-ASSESSMENT EXERCISE 2

Write an essay on lichens.
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4.0 CONCLUSION

The structures, classification, characteristics amaethods of
reproduction of algae have been discussed. Theenatlichens and the
importance of algae have also been treated.

5.0 SUMMARY
In this unit, you have learnt the:

Nature of algae as photoautotrophs

Diverse morphological structures of algae

Different features used in the classification afea
Characteristics of the various algae

Reproduction irChlamydomonaand Spirogyra
Importance of algae to life and nature

Mutualistic association between an alga and a fsngu

6.0 TUTOR-MARKED ASSIGNMENT

I What is the contribution of algae to life?

. What are the lichens? Discuss its contributiorntbdcosystem
iii. Describe the life cycle of a chlorophyta

\Y2 Compare and contrast the structures Giflamydomonasand

Spirogyra
V. What are the roles of alga and the fungus in liéhen
Vi. Briefly discuss the importance of algae
vii.  Describe asexual reproduction in Chlamydomonas
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MODULE 3 INTERACTIONS AND CONTROL OF
MICRO-ORGANISM S

Unit 1 Antigens and Antibodies

Unit 2 Sterilisation

Unit 3 Disinfection

UNIT 1 ANTIGENSAND ANTIBODIES
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Immunology and Serology
3.2  Antigens, Antibodies and Immunology
3.2.1 Characteristics of Antigens
3.2.2 Specific Features of Antigens
3.2.3 Types and Properties of Antibodies
3.2.4 Classes of Immunoglobulins
3.3 Primary and Secondary Responses to Antigens
3.4  Types of Antigen-Antibody Reactions.
3.5 Membrane Attack Complexes
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

The general practice today is to immunise peoplainst future
epidemics of some diseases. For instance, childmen vaccinated
against poliomyelitis at the early stages of thgrowth. The adults
intending to travel outside the country are vadeidaagainst a number
of diseases e.g. small pox, yellow fever, and alaole mention a few.
This process is calleadnmunisation. What is injected is &accine. Also
in the past, it is believed that once one had eifimeinfection of small
pox or chicken pox and got over it, the reoccureeatthe infection is
ruled out. This indicated that the earlier infeotiomust have some
residual substances that will continue to protéet victim against a
reoccurrence of the infection .i.e. an immune sydtas been developed
following that infection. In this unit, the develmgnt of immunity
which is the consequence of antigen - antibody ti@as will be
discussed.
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20 OBJECTIVES

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

o define immunity, antigens, antibodies, serology mmehunology

. explain the differences between innate and acqumeaLinity

. explain the differences between cell-mediated imiguand
humoral immunity

o discuss the characteristics and the different tgbestibodies

. explain primary and secondary responses to antigens

3.0 MAINCONTENT

3.1 Immunology and Serology

Immunology is the study of the process by whichliglhg organisms,
including man defend themselves against infectioomunology is the
science that deals with the immune system and ptteto understand
the many phenomena that are responsible for bahir@ad and innate
(natural) immunity. The term immunity means a higbel of resistance
to the infectious agents, foreign particles, toxlivéng cells and cancer.

Serology encompasses the *“in-vitro” study of amtigatibody
interactions, the science of immunity and a study “im-vivo”
development of antibody against specific foreighgam. Serology is a
branch of immunity that is concerned with in-vit@actions involving
one or more serum constituents e.g. antibodiecanghlements.

In the early days, it was observed that once a casacted a disease
and was cured, the disease never reoccurred. Tdmspped the Chinese
in A.D. 1500 to develop a custom of inhaling crassmall pox lesions

to prevent the development of small pox in later (& very hazardous
approach).

In 1798 an English physician Jenner published liskvon vaccination
describing a safe procedure. He found that peopie nad small pox
never had it again during small pox epidemics terldife. To confirm
this, he inoculated a boy with the pus from a llesid small pox and
subsequently re-inoculated the same boy severaistiwith infections
from a patient with small pox and observed that disease was
developed. The term vaccination was applied to phecedure and
referred specifically to the injection of small peaccine. The term has
now been applied to immunising procedure in whiabcine is used or
injected. This is called immunisation.
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Pasteur then reconfirmed Jenner’'s work by inoaugatihe causative
agent of chicken cholera and found that it induiceshunity against the
disease.

Subsequently the termntigen was used to describe agent that confers
immunity on the host by production of specific aotly. The modern
science of serology was based on the above prenaptigen-antibody
reaction. Active immunity against disease is thenefachieved by the
production of antibody in the host against an inwgdoreign antigen.

3.2 Antigens, Antibodies and | mmunity

An antigen can be defined as a substance thapabta of stimulating
the production of antibody specifically againstiid that is able to react
with that antibody.

An antibody can also be defined as a plasma protene
immunoglobulin that is produced by the host in response to amgemti
and directed specifically against that antigenpAcsal characteristic of
the antibody is that once it is formed, it is cdpadif reacting with the
antigen that stimulates its production. An antig@tibody interaction
brings about what is called immunity. There are tymes of immunity:
acquired and natural immunity.

a) Acquired or Adaptive Immunity: This is an immunity obtained
in same manner other than by hereditary or the inityu
achieved when antigens enter the body naturalgrtdicially.

Acquired immunity is due to the stimulation of d@aily production and

the production of memory cells keyed to the antigéhis can be
achieved in two ways as active and passive immunity
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Fig.1.1: TheVarious Types of mmunity
Source: Jacquelyn, 2002.

Active immunity may be defined as the state of resistance dewtlope
by an individual following the effective contact tviforeign micro-
organisms or their products. Such contact may heeaed by

)] Clinical or sub clinical infection
1)) The injection of life or killed micro-organismr their antigen
iii)  Absorption of bacterial products.

b) Natural Immunity: (Innate or non specific immunity)

) Natural acquired active immunity: obtained when an
individual is exposed to an infections agent, oftewing
the disease and their own immune system responds in
protective way.

i) Naturally acquired passive immunity: when antibodies
made by another individual are given to a host e.g.
mothers milk without intervention by man.

(c)  Humoral Immunity

Humoral immunity develops from the formation of sifie

antibodies against antigens. This type of immumutptects a

person from many types of micro-organisms that wawdrmally

cause diseases.
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Lymphoid tissue and immune response: When the body is invaded by
a foreign substance, it may induce humoral androelfiated immune
responses. The body’s lymphoid tissue plays an fitapbrole in this
type of immune responses. Lymphoid tissue represambut 2% of the
total body weight, mostly located in the lymph neaad thymus.

3.2.1 Characteristics of Antigens

1. A molecule that can stimulate the productioamtibodies.

2. The antibody it produces combines specificalith the antigen
to elicit its production.

3. The antibodies produced are heterogenious weigpect to
immunoglobulin class, affinity for antigens and gfeity.

4. Antigens of low molecular weight i.e. less th&@00 rarely

stimulate the production of antibodies and withigartis they are
known ashaptens.

5. The larger or more complex the molecule, theeneifective it
will be as an antigen.
6. High molecular weight of molecules of 500,000goeater with

complex protein or polypeptide carbohydrates stmactis the
best antigens.

7. The antigen must posses a chemical structwae ishdifferent
from that of the injected recipient.

8. The more diverse the chemical structure ispbee antigenic the
molecule becomes.

9. The route of peritoneal administration of aatigs instrumental

in the degree of antibodies produced.

10. Intravenous and intraperitoneal routes arecéffe.

11. Intradermal (into the skin) route offers sgenstimulus than the
subcutaneous (beneath the skin) or intravasculty {he muscle)
route.
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Source: Jacquelyn, 2002.

The lymphoid tissue produces two types of cell pajans (Figure 1.2)
derived from bone marrow stem cells namely T-lyngphes (T cells)
and B-lymphocytes (B cells). T-lymphocytes are asded with cell
mediated immunity while B-lymphocytes are assodatdth antibody
production.

T (thymus-derived) lymphocytes mature in the thymasd are

responsible for cell-mediated immunity and the tegon of immune

responses. Thus the removal of the thymus in a aewdnimal reduces
its cell-mediated immune response.

B-lymphocytes mature in the bone marrow and ar@cas®d with
antibody production. The term B (bursar of fabrjclysnphocytes came
from the discovery, that in birds, these cells preduced in the bursar
of fabricus, a small piece of lymphoid tissue ditt to the posterior
region of the intestine. Mammals do not have a dwurfer B cell
production instead; these cells are produced infe¢tad liver and after
birth, in the bone marrow (Figure 1.2).
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3.2.2 Specific Features of Antigens

1) Antigens induce the production of antibodies.

2) Are able to react with that antibodies.

3) Are macromolecules with a high molecular weiddds than
10,000 daltons.

4) Are usually foreign to the host.

5) Must have immunogenicity or the ability tocéliformation of
antibodies.

6) Antigens may be bacteria, fungi, protozoa dmeotcells and
viruses and molecules such as bacterial toxinstep® or
carbohydrates.

7) Antigen molecules are large; an antibody eadth only a small
part of this molecule callegbitope or antigenic determinant.

8) Antigen determinantsefitope) are of proteins, carbohydrates of
low molecular weight, or simple constituents ofaatigen.

9) Slight changes in the chemical composition dnysical
configuration of determinant sites can alter themumologic
properties of antigens.

10) A single antigen may have one or more multigdgerminant
sites.

11) The term alence refers to the number of determinant sites on an
antigen.

12) Large antigenic molecules are multivalent aide to elicit
formation of several different kinds of antibodiesfter
introduction into a host.

13) Most determinant sites are located on theasarbf antigens but
some are hidden within them and exposed only ifahigenic
molecule is hydrolysed.

3.2.3 Typesand Properties of Antibodies

1. Antibodies are substances produced in resptmsantigenic
stimulation that are capable of interacting wite #ntigen. They
are glycoproteins.

2. Antibodies are specifically described as “immogiobulin”
because of the heterogeneity of the types of mtdecihat can
function as antibodies. They are generally foundtha body
fluids and blood (serum).

Five distinct structural types or classes of imnglabulin have been
identified in humans based on their physical, clvaimand immunologic
properties. They are:

)] Immunoglobulin G(1gG)
1)) Immunoglobulin M(1gM)
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i)  Immunoglobulin A(1gA)
iv)  Immunoglobulin D(1gD)
V) Immunoglobulin E(1gE)

Most antibodies are found within the gamma glohbulin

The term 1g and gamma globulins are used to dertb&e
immunoglobulin (antibody) with a specific antigdnis also referred to
asantiserum (antitoxin) because this serum has been obtained &
immunised host and contains the desired antibodiess called
antiserum.

Table 1.1: Tiies and Characteristics of Antibodies

Class of Tnmumoglobulin

Priperty IgA Ik
i . Sesrelary
piece
Nonsecratory S;cret;w
Numbet ofurits 1 Lor2 ! !
Activation of complement Tes Yes Yes; by alternative Noe - No
strongly  pathway
Crosses placent Ve No No No No
Biia_dstqiphagoéytes_ f Yes No N ' No No
Binds g fpmphocytes Vs Yes fs Yes No
Bindsto mast cellsand basophils Mo Np No Yes No
‘ Hé;l;f.'l'ife {day)in serym 1 5-10 6 o 2 3
Percentage of ozl blood 8 5-10 10 o005 02
anibodiesimsenum . o o
’Lc}catidn' ; - Serum, exira- Serum and Transpor Serurvand . Beell
i ' vaseular, and Beel actass epithelium extra: membrare
across placenta inerbrane ' vaseular

Sourcé: Jacquélyn, 2002.

3.2.4 Classes of Immunoglobulins

The major classes of immunoglobulins are summaiisdéble 1.2.

a. 1gG: Immunoglobulin G (gamma globulin) is the predominan
circulating immunoglobulinand constitutes 80% of all the

antibodies found in the human body. It binds toroyiorganisms
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to enhance their phagocytosis and lysis, activat@ptements
and is the major humoral line of defense in theybdyG is
produced late in the immune response and can batgrito
persistent immunity. It is the only immunoglobuthrat is able to
cross the placenta and it provides maternally aedupassive
immunity in uterus and to neonate at birth.

1gM is generally the first antibody to be producedimyran
antibody response. It is able to bind bacteriaaa@fantigens to
activate complement. 1gM is the largest of the imaglobulin.
It has a molecular weight of 900,000 daltons andahf@gens
binding sites.

1gA: is found not only in serum 1gA but also in bodgretions.
Serum 1gA is the principal immunoglobulin in thetimers’ milk
(colostrums), saliva, tears and gastro-intestimal sespiratory
secretions. It is often the first existing antibotty contact
invading micro-organisms, in contrast to 1gM, whishhe first
antibody to be specifically produced in responsmvaders. 1gA
in colostrums provides temporary passive immunityntirsing
new born infants. 1gA binds to surface antigensnatro-
organisms and prevents the adherence of theseismgano the
mucosal membrane of the respiratory, gastro imalstand
genitourinary tracts.

1gD: constitutes approximately 1% of the total serum
immunoglobulin. Its role in immunity is unclear,tr@ugh its
presence on the surface of certain types of lymytiesc(B-
lymphocytes) suggests that it may serve as a recéptantigens
and may regulate the synthesis of the other immiobogn.

1gE: is found in low concentration through out the bauhd is
involved in Type 1 hyposensitive reactions, wheg& iolecules
primarily attach to tissue mast cells and basopHhéucocytes.
When 1gE on the surface of the cells binds antigenantibody-
antigen complexes stimulate the cells to releassoactive
amines such as histamine and serotonin. These calsmare
responsible for the symptoms of hypersensitivetieas. Serum
1gE levels may increase several folds in allergdividuals.1gE
level also increases in individual with intestinglrasitic
infections, which suggest a role in immunity agtiparasitic
diseases.
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Closses of Immunoglobuling

Number of

Molelor % of Serom  Anigen-
Weight Total Level Binding  Heavy light  Major
Clusses Structure {Daltons} Antibody (mg/ml)  Sites Chains  Choins  Characteristics

Kord

0002005 8
| (0L

Source: Lim, 1996,

SELF-ASSESSMENT EXERCISE 1

Give an account of the properties of antigens antith@dies.

3.3

(i)

Primary and Secondary Responsesto Antigens

Primary Responses. In humoral immunity, the primary
responses to the antigen occur when the antigerfirss
recognised by host B-cells. After recognising thégen, B cells
divide to form plasma cells which begin to synteesantibodies.
In a few days, antibodies begin to appear in tbedlplasma and
they increase in concentration over a period af 10 weeks. The
first antibodies are 1gM which can attack foreigrbstances
directly. As 1gM production accelerates, eventyallgs
production also decreases. The concentration di kg and
IgG can become so low as to be undetectable im@lasamples.
However, memory cells persist in lymphoid tissuBsey do not
participate in the initial response but they retdiair ability to
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recognise particular antigen. They can survive outhdividing
for many years (Figure 1.4).

(i)  Secondary Responses: When the antigen recognised by memory
cells enters the blood, a secondary response octuespresence
of memory cells in the blood makes the secondayaese much
faster than the primary response. Some memory cisle
rapidly producing plasma cells and others remainmasnory
cells. Plasma cells quickly synthesise and reléage quantities
of antibodies. In the secondary response, 1gMadyred before
1Gg. However, IgM is produced in smaller quantitiegn in the
primary response. Thus the secondary responsearsabkrised
by a rapid increase in antibodies most of whichlgé.(Figure
1.4).

34 Typesof Antigen-Antibody Reactions

The antigen-antibody reactions are most usefulafertding the body
against bacterial infections, but they also neisteatoxins and viruses
waiting to invade host cells. The defensive cajggbibf humoral
immunity depends on recognising antigens associatgith the
pathogen.

For bacteria to colonise surfaces or viruses tecintells, these infective
agents must first of all adhere to host cell swefacgA antibodies in
tears, nasal secretions, saliva and other fluidstreith antigens on the
microbes. They coat bacteria and viruses and ptetleegm from
adhering to the surfaces.

Microbes that escape 1gA invade tissues and eneodgE in lymph
nodes and mucosal tissues. Gut associated lympissides releases
large quantities of 1gE, which bind toast cells. Mast cells are bone
marrow- derived cells present in a variety of tesuhat resemble
peripheral blood-bone basophiles and contain arF&ctor for IgE.
These cells then release histamine and other sulestdhat initiate and
accelerate the inflammatory process, included is firocess is the
delivery of 1gG and complement to the injured tessiicrobes that
have reached lymphoid tissue without being recaghisy B cells are
acted on by macrophages and presented to B-cetisli8then bind the
antigens and produce antibodies usually with tdeofhelper T-cells.

Antibodies binding with antigens to the surface roicrobes form
antigen-antibody complexes. The formation of amtigatibody
complexes is an important component of the inatidwaof infectious
agents because it is the first step in removindy sigents from the body.
However, the means of inactivation varies accordmnthe nature of the
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antigen and the kind of antibody with which it r=sadnactivation can be
accomplished by such processeslyss and neutralisation. These
reactions occur naturally in the body and can bearta occur in the
laboratory. Because bacterial cells are relatialge particles, the
particles that result from antigen-antibody readdialso are large. Such
reactions result iragglutination in the sticking together of microbes.
1gM produces strong agglutination and 1gG producesveak
agglutination reactions with certain bacterial £eAgglutination is the
process where there is formation of an insolubleime complex by the
cross linking of cells or particles. The antiboddsponsible for this
process is called an agglutinin.

kxample: Bacterial toxins Neutralization Ingestion by [a)
lgA macrophage

=,

Example: Bacteria in Ingestion by b
macrophage (b)

lgG extracellular space

=

SPECIFIC ANTIBODY

Exarmple:
g

%o

Immune
complaxes

P +
Complement

Bacteria in plasma

(c)

D Wy

Fig.1.3: Antibodies produced by humoral immune responses
eliminates in three ways (a) Neutralisation of
pathogens by 1gA or 1gG. (b) Opsonisation of bacteria
by 1gG. (c) Cdl lysisinitiated by 1gM or 1gG immune
complexes allows for the formation of membrane
attack complexesinvolving complement proteins.

Source: Jacquelyn, 2002.

(b)  Opsonisation. Some antibodies act apsonins. Some bacteria
with capsules or surface proteins ( M proteins) qmavent
phagocytes from adhering to them. The complemestesy can
counteract these defenses, making possible a mibicermrt
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elimination of such bacteria. First, special anties called
opsonins binds to and coat the surface of the infectionsnage
For example Clostidium sp binds to these antibodies initiating
the cascade (a fall). Phagocytic cells use two basic molecular
mechanisms for the recognition of microbes: (i) aps
dependent and (ii) opsonin independent recognipsonisation
is a process in which microbes or other particles @ated by
serum components (antibodies, mannose binding ipsosad/or
complement C3b thereby preparing them(the antilsydier
recognition and ingestion by phagocytic cells. @3bn example
of a complement (recognition factor) from the ser@thers are
C4, C5, C6 and C7.

PRIMARY RESPONGE T L SECONDARY
Pl gt ER S ) ‘BESPONSE

Crotal: antibody.

Lag penod .

o v T
10. c;!ays ‘JSE:iays

5ffays wAsdayy L o ’
Fnﬁst expostire B p
toantfgen

Second. exposure Tolantige.

Hoels e

oo~

Memorv cells

Fig.1.4: | Pr|mary and Secondary Responsesto an Ant|gen
Source: Jacquelyn, 2002.

C3b then binds the surface of the microbe. Comphemeeeptors on the
plasma membrane of phagocytes recognises the C3becut® this
recognition stimulates phagocytosis. This processtuted byopsonins
Is calledopsonisation or immune adherence (Figure 1.6). Antibodies
neutralise toxins and coat microbes so that thaeybeaphagocytised.

Inflammation can also occur where the complemerstesy is also
potent in initiating and enhancing inflammation.eT@3a, C4a and C5a
enhance the acute inflammatory reactions by stitimglahemotaxis and
thus phagocytosis occurs. Chemotaxis is a pattemicro-organisms
behaviour in which micro-organism moves towardsntical attractants
(in this case chemical molecules of the C3a,C4aGhal). These three
complement proteins also adhere to the membrandmsdphiles and
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mast cells, causing them to release histamine #met substances that
increase the permeability of blood vessels.

3.5 MembraneAttack Complexes

Another defense mechanism triggered by C3b islgsl. By a process
called immune cytolysis complement proteins produce lesions in the
cell membranes of micro-organisms and other typesetls. These
lesions cause cellular contents to leak out. Teeammunecytolyss,
C3b initiates the splitting of C5 into C5a and C&lab then binds C6
and C7 forming a C5bC6C7 complex. This protein clexpis
hydrophobic (water fearing) (and form a barriemestn the cell and its
environments) and inserts this complex into therofi@l membrane.
By extending all the way, through the cell membraalethese proteins
form apore and constitute themembrane attack complex (MAC). The
MAC is responsible for direct lysis of invading moeorganisms (Figure
1.5).

Classical | Alternative |
Pathway | Pathway |

Antibody-1Y G1 Factor B Pathogen
‘-Emtigen C4 Factor D surface
siimulation c2 ractor P stimulation

SN Activation

of complement
system {C3/C5)

Ch5h
C4da C%?
C3a C3b C8
Cha . Co

Inflammation Opsonization Membrane
Altack
Complexes
(a)
Fig.1.5: The Complement System: Classical and alternative

pathways of the complement cascade.
Source: Jacquelyn 2002.
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Fig.1.6: The Complement System
Source: Jacquelyn, 2002.

(@) Classical and alternative pathways of the dempnt cascade.
Although the two pathways are initiated in differevays, they
combine to activate the complement system. (b)vaatn of the
classical complement protein. In this cascade eachplement
protein activates the next one on the pathway. adten of C3b
Is critical opsonisation and along with C5b, fornation of
membrane attack complexes. C4a, C3a and Cba also ar
important to inflammation and phagocyte chemotaikst
plasma-membrane contains proteins that protectnagMAC
lysis. These proteins prevent damage by preveritingbinding
of activated complement proteins to host cells. W#C forms
the basis of complement fixation. The advantage tloé
complement system to host defenses is that oniseaittivated,
the reaction cascade occurs rapidly.

SELF-ASSESSMENT EXERCISE 2

Differentiate between primary and secondary resp®rie antigens in
the human body.
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40 CONCLUSION
The invasion of the human body by infective age(astigens)
stimulates the production of antibodies that bramgput different types

of antigen-antibody reactions. Immunity occurs uctls an individual
after these reactions.

5.0 SUMMARY

In this unit, you have learnt the:

. Process that is referred to as immunisation

o Types of immunity and how it is acquired

. Definitions of immunology, serology, antigens, aotlies and
immunity

o Production of antibodies in the human body

o Features, types and characteristics of antigensatigodies
o Primary and Secondary responses to antigens

) Types of antigen-antibody reactions

. Membrane attack complexes.

6.0 TUTOR-MARKED ASSIGNMENT

I Differentiate between innate and acquired immunity.

. List the properties of an antigen.

1 What are the properties of antibodies?

V. Describe primary and secondary responses to astigen

V. What is opsonisation? What is the significancehtd in antigen-
antibody reaction?

vi.  What are the characteristics of antibodies?
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1.0 INTRODUCTION

It is of importance to state that it is necessarycantrol or eliminate
microbial populations on inanimate objects e.g.ingatutensils and
surgical instruments. The process that makes iiples for these
materials to be free of microbes and their prodisctzalled sterilisation.
Sterilisation ( Latin sterilis, unable to produagfspring or barren) is
that process by which all living cells, viable sparviruses, viroids and
other injurious products are either destroyed reanoved from an
object or habitat (Presco#, al, 2009). A sterile object is totally free of
viable microbes, spores, and other infectious agetiw this condition
can be obtained will be our discussion in this.unit

20 OBJECTIVES

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

o explain sterilisation and its importance
o discuss the various procedures to achieve stéiisa
o explain the factors that can affect sterilisation.

3.0 MAINCONTENT
3.1 Definition and Uses of Sterilisation

Sterilisation: means the freeing of an article from all livingganisms,
including viruses, bacteria, fungi, and their prgglas and their
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products-toxins, enzymes etc. An article should betdescribed as
being relatively sterile. It is either sterile aymsterile.

Sterilisation is required for culture media, fluideagents, utensils,
containers and equipment used in microbiology.

It is also required for medical and surgical instamts and materials
used in procedures that involve penetration int lifood, tissues and
other normal parts of the body e.g. in surgicarafions, intravenous
infusions, hypodermic injections and diagnosticir@asions (Duguidet
al, 1987). The goal of sterilisation is two fold: (a)destroy pathogens
and prevent their transmission, and (b) to reduceliminate microbes
responsible for the contamination of our water,dfoenvironment and
other substances.

3.2 Methodsof Sterilisation

Four main methods are used for sterilisation. Tlaese

(@

(b)

(©

(d)

Heat: The only method of sterilisation that is both able and
widely applicable is by heating under carefully tohed
environmental conditions at temperatures suffityehigher that
100°C to ensure the killing of even the most heat tastsmicro-
organisms and spores.

Filtrations: Bacteria stopping filters are used in removing
bacteria and all larger micro-organisms from liguithat are
liable to be spoiled by heating e.g. blood serurd antibiotic
solutions, and in which are residual contaminatwith filter
passing viruses.

Irradiation: With ultra-violet or ionising (e.g. gamma rays)
radiation has special application including theriksation of
disposable plastic equipment.

Chemical Disinfection: This method is generally unreliable and
unsuccessful in effecting sterilisation. Only a feithe more
toxic and irritant disinfectants e.g. formaldehy¢fermalin),
glutaraldehyde and ethylene oxide, are capabldlofgkbacterial
endospores. They are also effective only when usedn
adequate concentration applied under carefully robet
conditions of temperatures, moisture e.t.c. Thisthog is
discussed in the next unit, (unit 3).

3.2.1 Factorsand Sterilisation by Heat

Moist heat is much more effective than dry heatid¥lbeat kills micro-
organisms by coagulating and denaturing their emsyand structural
proteins, a process in which water participater&sterilisation, i.e.
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killing of the most resistant spores, requires axpe to moist heat at
121°C for 10 to 30 minutes. Dry heat is believed td fiicro-organisms

by causing destructive oxidation of essential cefistituents. Killing of

the most resistant spores by dry heat requiresnpdrture of about
16°C for 60 minutes. This high temperature causeshiskiparring of

paper, cotton and other organic materials (Dugual, 1985). There are
certain factors that affect the efficiency of heatachieve the desired
sterilisation.

The factors to be considered are the temperatuidiare of exposure,
the number of vegetative micro-organisms and sppresent, strains
and spore-forming ability of the micro-organismsddhe nature of the
material, containing the micro-organisms.

(1) The Temperature and Time: The temperature and time for
killing is inversely related, shorter time sufficat higher
temperatures. Thus to sterilise, the heating masthbt enough
and long enough”. Published findings on the reststpores
show many discrepancies, but in practice the fahgwmay be
taken as minimal sterilising exposures. For sulgiead
bacteriological sterilisation, most authorities sioler that a 10 to
12 minutes exposure of organisms to moist heat24rQ is
sufficient. This ensures killing of all pathogersporing micro-
organisms and all saprophytes except for some tstric
thermophiles that cannot grow at less than 40°C.

(i)  Population and Spore Load of Micro-organisms. The
susceptibility and duration of survival to heatigarconsiderably
among the individual cells, even in pure culturee humber of
survivors diminishes exponentially with the duratiof heating,
and time for complete sterilisation increases ilatien to the
number initially present. In practice it is usual minimise the
number of contaminating bacteria by cleansing ptoces before
applying heat for the purpose of sterilisation. Bpecies, strains
and spore forming ability of the microbe greatlyfeatf its
susceptibility to heat. The amount of heat requtcedill a given
variety may be in terms of temperature and timesxgbosure,
either as the thermal death point, i.e. the lovestperature to
give complete killing in aqueous suspension foriifutes, or as
the thermal death point time, i.e. the shortesetior complete
killing at stated temperature. The procedures aeglemunder
strictly standardised conditions, e.g. with sed®®dm diameter
hard glass tube containing 1to2 ml suspension 0105x
organisms per ml in a defined phosphate buffertsoiuat pH
7.0.This is because, thermal death point and tireasarements
depend on the killing variable tail of more resigtaells, amore
reliable measurement is the decimal reduction tione) value,
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which is the time (in minutes) required to achieveen-fold
reduction in viability of microbial population at @iven
temperature under standard conditions.

(iii)  Susceptibility of Microbes
The vegetative forms of most bacteria, yeasts andif and most
animal viruses, are killed in 10 minutes by a terapee between
50°C (e.gNeisseria gonorrhoeae) and 65°C (e.gStaphylococcus
aureus). Extreme suspecibility is shown Ayeponema pallidum
which is killed in 20minutes at about 43°Coxiella burnetii is a
markedly resistant vegetative organism and extrezgistance is
shown by thermophilic saprophytic bacilli, eg Bacillus
stearothermophilus, whose vegetative forms can grow at
temperatures approaching 80°C. A few animal virumesmore
resistant than majority; for example, that of poligelitis may
require heating at 60°C for 30 minutes and thatsefum
hepatitis, when in serum, at 60°C for 15 to 30 ri@suwithout
affecting the virus. These viruses are killed byperatures in the
range 65°C to 80°C.

The spore forms of actinomycetes, yeasts and farggimore resistant
than parental vegetative forms, though not as figddistant as bacterial
spores. The more susceptible kinds are killed &7 5 minutes and
the more resistant at 80°C to 90°C in 30 minutdse Tesistance of
bacterial spores varies considerably between éiffieistrains of the
same species.

Dry heat at 100°C for 60 minutes is required tbJegetative bacteria
that would succumb to moist heat at 60°C in 30 mesuFungal spores
are killed in hot air at 115°C within 60 minutesdabacterial spores at
temperatures in the range of 120°C to 160°C wi@firminutes.

The Nature of the Sterilising material

The sterilising material may affect the rate ofikg. A high content of
organic substances generally tends to protect spanel vegetative
organisms against lethal action of heat. Protgjaigtins, sugars, starch,
nucleic acids, fats and oils all act in this wapeTeffect of fats and oils
is greatest with moist heat since they preventsscoé moisture to the
microbes. The presence of an organic or inorgammféctant has
opposite effect and promotes killing by heat. Tl ip important; the
heat resistant spores are greatest in neutral me@uH7.0) and are
diminished with increasing acidity or alkalinityh& effect of alkali has
been used in disinfection of metal instruments bilitg at 100°C in
water containing 2 percent of sodium carbonate;thist method is not
as reliable as autoclaving. The conditions undeickvisporulating
bacteria are grown influence the heat-resistandbeotpores. Thus, the
spores formed by soil bacteria and intestinal vacte artificial cultures
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are sometimes less resistant than those formdekinrganism’s natural
habitat.

3.2.1.1 Sterlisation by Dry Heat

(a)

(b)

(€)

(d)

Red Heat: Inoculating wires, points of forceps and spatides
sterilised by holding them in the flame of a Bun&emner until
they are seen to be red hot. This is part of tha&ctme in
microbiological laboratories.

Flaming: Direct exposure for a few seconds in gas or tsiénne
may be used for sterilising scalpels and needlesdis, scalpels
and basins are treated by immersing them in me#d/ispirit and
burning off the spirit, but this method does notochrce
sufficiently high temperature for sterilisation.

Hot Air Oven: This is the main means of sterilisation by dry
heat. The oven is usually heated with electricityd ehas a
thermostat that maintains the chamber air constamthe chosen
temperature and fan to assist circulation of aom@ionly, a
temperature of 160°C is maintained for 1 hour (Ddgst al,
1985).

The hot-air oven is used for sterilising dry glaassy forceps,
scalpels, scissors, throat swabs and syringes. dtso used for
sterilising dry materials in sealed containers, aodders, fats,
oil and greases which are impermeable to moisture.

The sterilising oven must not be overloaded andepanust be
left for circulation of air. It may be cold or warmhen loaded,
and is then heated up to the sterilising tempegaturthe course
of 1 to 2 hours. The holding period of 1 hour ad’k® is timed as
beginning when the thermometer first shows thatdinen the
oven has reached 160°C.

Infra-Red Radiation: Another method of sterilisation by dry
heat employs infra-red radiation. The infra-redsraye directed
from radiation from electrically heated elementstorthe objects
to be sterilised, e.g. all-glass syringes, and @atpres of 180°C
can be attained. Heating at or above 200°C by -rddain
vacuum has been employed as a means of sterilising surgic
instruments. Cooling is hastened and oxidation gm&ad during
the cooling period by admitting filtered nitrogemagnber.

SELF-ASSESSMENT EXERCISE 1

Describe in detail sterilisation by dry heat.
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3.2.1.2 Sterilisation by Moist Heat

Killing by moist heat requires the micro-organistage in contact with
hot water or steam. Moist heat may be employed:a{ljemperature
below 100°C, 2) at a temperature above 100°Cjn.saturated steam
under increased pressure in an autoclave.

(i)

(ii)

(iii)

Moist Heat at Temperatures below 100°C

In the pasteurisation of milk, the temperature @y@dl is either
63°C to 66°C(145°C to 150°C¥or 30 minutes. These processes
usually destroy all the non-spore forming pathogenosh as
Mycobacterium tuberculosis, Brucella abortus and various
salmonellaceae that may be present in n@itkiella burnetii, the
causative organisms of Q fever, is heat resistattraay survive
pasteurisation. Unless large numbers of the orgaisare
present, the treatment usually reduces them tothessinfective
dose. Vaccines prepared from pure cultures of nporirsg
bacteria may be inactivated in a special water l{fataccine
bath’) at a comparatively low temperature; 1lhour68fC is
usually sufficient. Higher temperatures may dintinighe
immunising power of the vaccine (Duguetal, 1987).

Eating utensils, clothing, bed —clothes and sommst of nursing
equipment may be disinfected by washing in wate7GIC to
80°C for several minutes.

Moist heat at a temperature of 100°C

Boiling at 100°C for 5 minutes to 10 minutes isfgignt to Kill
all non-sporing organisms. The method does notrensterility,
but has been found satisfactory for certain purpose
bacteriology and medicine where sterility is natesgial or better
methods are unavailable.

When an instrument is removed from the boiling wateshould
be allowed to dry e.g. scalpel blade or syringediegefrom
becoming contaminated with skin bacteria carriedmfrthe
fingers in the film of water on its surface.

Moist Heat Above 100°C (Use of the Autoclave

Water boils when its vapour pressure equals thespre of the
surrounding atmosphere. This occurs at 100°C atmalor
atmospheric pressure (i.e.760mmHg.14.7lb. per gquach
absolutely pressure or 0 1b/in2 ‘gauge pressune’$ tvhen water
is boiled within closed vessel at increased pressuhe
temperature at which it boils, the steam if formg| rise above
100°C.

This is the principle employed in the pressure eva@and the autoclave,
which subject articles to moist heat at temperathigher than 100°C.
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Autoclaving is the method widely used for stertisa of surgical
supplies and bacteriological culture media. Indheoclave, all parts of
the load to be sterilised must be permeated byrstdhe steam should
not only be saturated, i.e. at the point of conohen® liquid water, but
also dry i.e. free from particles of liquid watemce the whole of the
load has been heated up to the temperature oftd@ens there is a
minimum holding time at that temperature necesgarysterilisation.
The minimum holding times are 2 minutes at not ldsn 132°C
(271b/in2 gauge pressure); 12 minutes at not leas 121°C (15Ib/in2
gauge pressure) and 30 minutes at not less thafC1(191Ib/in2 gauge
pressure) (Duguickt al, 1987). They become 3, 18 and 45 minutes
respectively.

All the air must be removed from autoclave chandret the articles in
the load, so that the latter are exposed to peansduring the period of
sterilisation. There are three reasons for this:

1) the admixture of air with steam results in ado temperature
being achieved at the chosen pressure;

2) the air hinders penetration of the steam ihi® interstices of
porous materials, surgical dressings especiallg, te narrow
openings of containers, syringes, etc.; and

3) the air, being denser than the steam, tenflsrto a separate and
cooler layer in the lower part of the autoclaved @o prevents
adequate heating of the articles there. For exanple an
autoclave with no air discharge, a temperaturenty @0°C was
recorded at the bottom while that at the top was C1

There is one exception to the necessity for corapét discharge from
the load. Hermetically sealed bottles and ampoctggaining aqueous
solutions and culture media are satisfactorilyilsted in spite of the
presence of some air in them. The contained watewriges the
conditions for moist-heat sterilisation, making aoessary the entry of
steam for this purpose, and contents are heatdteteame temperature
as the chamber steam, though to a higher predsytae conduction of
heat through the container walls.

The properties of some physical antimicrobial ageme listed in Table
2.1.
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Properties of Physical Antimicrobialefgs

Properties of Physical Antimicrolbi

al Agents

Agent. Action ) Use ) .
Diryhear Denatures:proteins Oven Heat used to steplizeglissware andbmetal objeets; open Tlarie Aged
rorineinerate, taicroor gamisHis, - ;
Moist heat Denaturies proteins Autoelaving steiilizés media, baridages; and many kinds of hospital and
labordtory equipnentnot:damaged by heat dnd moistuge; pressure
cooking sterilizes canned foods: .
Pasteurization Dienatures proteing Kills pathogens it milk, dairyproduts and beer: .
Refrigeration Slows the rate of enzyme- Used 10 keep fresh foods fora few ddys; does not kiltmosr mlcmorgamsms ‘
controlléd reactions . ¥
Freezing Greatly slows the rate of most Used to keep fresh foods foirseveral months doesnot klll mmroorgamsms
enzytie-gontrolled reactions used Wlth glycerol:to preserve Microorgafisms.
Drying Inhibits enzymes Usedl i pieserye some fruitsand vegetables, sonterimes uﬁed withsmicke

Freezg-diying
Ultraviolet light
Tonizing radiation

Microwave.
radiatiori

Strong visible light
Sonic and;ulirasenic
waves

Filtration membraties

Osirotic pressure

Dehydration inhibits enzymes
Depatures proteins and rucleicacids
Denatures proteins:and nucleic acids

Absorbswater malecdles, then
releases microwave energy to
surroundingsas heat

Oxidation oflight-sensitive materials

Catise cavitation

Mechanically-removes
microbes

Removes water from.amictobes

to preserve sausages and fish.

Used to manufactute some instant'coffées; used 1o preserve
microorganismsfor years.

Used to rediice the pumbeiof’ mlcmorgamsms in-airin aperaung rooms
animal TooHs, and whiere culares are-itansierred.

Uked to'sterilize plastics and pharmaceudical praduicis arid tor 'praseme
foods:

Canniot be used reliably to destroy mictobes except in special me@hav
sterilizing-equipment.

Can bé uséd with dyes ro.destroy bacterla.and viruses; tay help sanirizg
clothirig.

Mot pracncal mieansg of kﬂhng_ mictrooiganisms Butusefulin
fractionating and studying cell compotients,

Used to sterilize media, phatmacentical products, and vitamins;in
pianufacturing vaccines; and in samplingmicrobesin air and water,

Used to prevent spoilage-of faods such as pickles and'jellies.

Source: Jacquelyn, 2002.

3.2.2 Sterlisation by Radiation

Thgn_a are _fOL_Jr general types of radiation: (1) adiolet light (2)
lonising radiation (3) Microwave radiation and @tyong visible light.

(@)

Ultraviolet light (uv) consists of lights of wavelgths between

_40-390nm but wavelengths in the 200nm range ar¢ eftective
in killing micro-organisms by damaging their DNAdproteins.
Ultraviolet light is absorbed by purine and pyrimiel bases of
_nucleic acid such absorption can permanently desthese
important molecules. Ultraviolet is especially effee in viruses.
However, it kills fewer bacteria than one might ezpbecause of
DNA repair mechanism. Once the DNA is repaired new
molecules of RNA and protein can be synthesise@@ptace the
damaged molecules. Lying in soil and exposed tdighunfor
decades, endospores are resistant to uv damageskeoh a
small protein that binds their DNA. This changes gieometry of
the DNA by untwisting it slightly, thereby makingresistant to
the effects of uv irradiation (Jacquelyn, 2002).

Ultraviolet light is of limited use because it doest penetrate
glass, cloth, covers or under laboratory benchigseretrates air,
effectively reducing the number of airborne micrganisms and
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killing them on surfaces in operating rooms andmedhat will
contain caged animals.

(b)  lonising radiation X-rays which have wave lgngf 0.1 to 40nm
and gamma which have shorter wavelengths are fofnmising
radiations, so named because they can dislodgéragiscfrom
atoms, creating ions. (longer wavelengths are foohson-
ionising radiation). These forms of radiation aletl micro-
organisms and viruses. Many bacteria are killedniirads of
radiation; polyviruses are inactivated by absorb@@millirads.
A rad is a unit of radiation energy absorbed pet gram of
tissue. A millirad is one thousandth of a rad. Homasually do
not become ill from radiation unless they are sciej@ to doses
greater than 50rad. Irradiation is used by hospital sterilise
food for immune-compound patients. lonising radiatdamages
DNA and produces peroxides which act as powerfudisig
agents in cells. This radiation can also kill ous& mutations in
human cells if it reaches them. It is used to kseriplastics in
laboratory and medical equipment and pharmaceupicaducts.
It can be used to prevent spoilage in seafoodsadsgsiof 100-
250kilorads in meats and poultry by doses of 50kil0fads and
in fruits by doses of 200 to 300 kilorads (one #dlb equals 1000
rads). Many consumers reject irradiated food far f& receiving
radiation, but such foods is quite safe free ohlqmathogens and
radiation. In Europe, milk and other food material® often
irradiated to achieve sterility (Jacquelyn, 2002).

(©) Microwave radiation, in contrast with gammasrays, and
ultraviolet radiation falls at the long-wavelengdnd of the
electromagnetic spectrum (Figure 2.1). It has wewgth of
approximately 1nm to 1m, a range that includesvisien and
police radar. Microwave oven frequencies are turteedanatch
energy levels in water molecules. In the liquidtestawater
molecules quickly absorb the microwave energy &wed trelease
it to surrounding materials as heat. Thus matetiadd do not
contain water, such as plates made of paper, chinplastic
remain cool while the moist food becomes heated. ths
reason, the human microwave cannot be used tdiseitems
such as bandages and glasswares. Moreover, bacteria
endospores, which contain almost no water, arelestroyed by
microwaves. However specialised microwave ovenrkasntly
become available that can be used in sterilisinglianén just
10minutes.
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Fig.2.1: Microwave Sterilisation. The microclave system is
specially designed for rapid sterilisation  of
microbiological media and solutions. Using microwave
energy, it can sterilise 1.2 liters of media in 6.5minutes,
or 100ml in 45seconds.

Source: Jacquelyn, 2002.

3.2.3 Sterilisation by Filtration

Filtration is the passage of a material throughterfor straining device.

Sterilisation by filtration requires filter with egedingly small pores.
Filtration has been used since Pasteur’ time t@rs¢@ bacteria from

media and to sterilise materials that would berdgst by heat. Over
the years filtration has been made of porcelaibestsis, diatomaceous
earth, and sintered glass (glass that has beeadcheéhout melting).

Flask of
sample

- membrane

filtrate Cotton plug in
vacuum ling
ensures Stefiiity

Vactiuti line

Fig.2 2: Sterilisation by Filteration
Source : Tortoraet al, 1992.
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Membrane filters (Figure 2.2). Consists of thin discs with poresttha
prevent passage of anything larger than its poteis | made of
nitrocellulose and has great advantage that itbeamanufactured with
specific pores sizes from 25um to less than 0.02FRanticles filtered
by various pore sizes are summarised in Table M&mnbrane filters
have certain advantages and disadvantages. Exoepthbse with
smallest pore sizes, membrane filters are relativexpensive; do not
clog easily and can filter large volumes of flueghsonably rapidly. They
can be autoclaved or purchased already sterilisedisadvantage of
membrane filters is that many of them allow virusesl mycoplasmas
to pass through. Other disadvantages are they labstatively large
amounts of the filtrate and may introduce metabigs into the filtrate.
Membrane filters are used to trap bacteria fromaan water samples
can be transferred directly to agar plates, andyttantity of bacteria in
the sample can be determined. Filtration is alsxus remove micro-
organisms and other small particles from publicevaupplies and in
sewage treatment facilities. This techniqgue howeaemot sterilise, it
merely reduces contamination (Table 2.2).

Table2.2: Pore Sizes of Membrane Filters and Particles that Pass
through them.

Pore Sizes of Membrane Filters
and Particles That Pass Through Them

Pore Size .

(in pem) Particles That Pass Through Them

10 Erythrogytes, yeasteells, bacteria, viruses,
molecules

5 Yeast cells; bacteria, virases, moleculés

3 Some yeast cells, bacteria, viryses, moleéules

1.2 © Mdstbactéria, virises, olecules

0.45 ' A few bacterid, virdses, molecules

0.22 Viruses, melecules

010 Medinmesized to .ém_al_l virises, molecules

0.05 Small viruses, molecules. :

0.025 Cmly the very smallest viruses; molecules

Ultzafilter Small molecules '

Source: Jacquelyn, 2002.

The various types of filter used in bacteriologigabrk includes: (1)
Earthen candles (Berkefeld, chamber land), (2) sislseand asbestus-
paper disks (Seitz), (3) Sintered glass filtersd a@) Cellulose
membrane filters.

SELF-ASSESSMENT EXERCISE 2

Enumerate the different methods of sterilisationmmyst heat.
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40 CONCLUSION

There is a big gap in the efficiency of sterilisatiand that of
disinfection. Disinfectants deals with the supealicontaminants while
sterilisation brings about complete killing of thaicro-organisms.
Disinfectants will be discussed further in unit 3.

5.0 SUMMARY

Sterilisation and its uses have been discussederBift methods by
which sterilisation can be achieved were enumeratBdctors
influencing the efficiency of sterilisation weresalenumerated.

6.0 TUTOR-MARKED ASSIGNMENT

I What is sterilisation? Cite a good example

. What factors control the use of sterilisation imtxating micro-
organisms?

iii. Describe the use of autoclave as a means of stn.

Iv. Discuss the procedures involved in sterilisatiorhbgt.

V. What is filtration? How useful is this method ireslisation?

Vi. Discuss irradiation in relation to sterilisation.

7.0 REFERENCESFURTHER READING

Alexopolous J.W. (1962).Modern Mycology. London: Blackwell
Duguid, J. P., Mamion, B.P. & Swain, R.H.A. (198FK)ackie
and Mccartney Medical Microbiology. A Guide to thaboratory
Diagnosis and Control of Infections. Vol 1: Micrablnfections
English Language Books Society/Churchill Livingrso

Jacquelyn, G. B. (1996). Microbiology: PrincipleadaApplications:
New Jersey: Prentice Hall Inc. Simons and Schustextom
company Upper Saddle River.

Jacquelyn, G. B. (2002). Microbiology: PrincipleadaExplorations.
New York: John wiley and sons Inc.

Prescott, L. M., Haoley, J.P. & Klein, D.A.
(2009).Microbiology.Boston: McGrawHiill.

Tortora, G.J., Funke, B.R. & Case, L.C. (1992). mdmology: An

Introduction. New York: The Benjamin/Cummings Pshlng
Company, Inc.

208



ESM 236 MODULE 3

UNIT 3 DISINFECTION

CONTENTS

1.0 Introduction
2.0  Objectives
3.0 Main Content
3.1 Disinfectants as Antimicrobial Agents
3.2 Importance of Disinfectants
3.3 Mode and Conditions of Action of Disinfectants
3.4  Adequate Selection of Disinfectants
3.5 Properties and Uses of Some Selected Disarfect
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Another way of controlling the population of micesb is by
disinfection. Disinfection is described as the iRdl inhibition or
removal of micro-organisms that may cause disdastould be noted
that the primary goal of disinfection is to destiqogtential pathogens,
but disinfection also to a large extent reducesntiobial population.
Disinfection when achieved is by the use of chefsicaalled
disinfectants. Disinfectants are therefore agargsally chemicals, used
to carry out disinfection and are normally usedyooh inanimate
objects. Please do not confuse disinfection withitisation. They are
closely related. Sanitisation reduces microbialytajon to levels that
are considered safe by public health standardshig unit, you will
learn more about the different types of chemicalsduas disinfectants.
For emphasis, sterilisation as a procedure Kills naicrobes while
disinfection may or may not kill the microbes.

20 OBJECTIVES

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

define disinfection

list the procedures involved in disinfection
explain the uses of disinfection

discuss different methods of disinfection
list common laboratory disinfectants.
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3.0 MAINCONTENT

3.1 Disinfectantsas Antimicrobial Agents

Disinfection is used only in circumstances in whisterility is
unnecessary or sterilisation procedures are impedite, yet there is
still some value in obtaining a particular or coatplremoval of non-
sporing pathogens.

It is impracticable, for example to apply steriligi procedures to
bedpans, baths, wash-basins, furniture, eatingsiéerbed cloths and
other formites that might spread infection in htegior even at homes.
But because pathogens that might be present ore thdgles are
capable of causing infections include those thanfepores. It is useful
to disinfect the articles by procedures lethal orty vegetative
organisms.

It is also impracticable to apply sterilising prdaees to the skin, but
because the bacteria most commonly infecting batt®ounds are non-
spore forming. It is a valuable pre-operation pdugre to treat the skin
around the operative site with a disinfectant thdit kill many of the
vegetative bacteria on it and so reduce the chahseme of them being
carried into the wound.

Antimicrobial agents as chemicals can either kilpcevent the growth

of micro-organisms. Disinfectants fall into thisogp of such chemicals.
Therefore a disinfectant can be referred to asrmig&le (bactericide,

fungicide, algicide or viricide).A germicide killpathogens and many
non -pathogens. However, other chemicals do nbbki they prevent

growth. Such chemicals can be described as bastatioor fungistatic.

A disinfectant does not necessarily sterilise ajeabbecause viable
spores and a few microbes may remain. Disinfeci®ntherefore

different from sterilisation. Disinfection however necessary in many
situations as you will encounter later in the unit.

3.2 Importance of Disinfectants

Chemical antimicrobial agents for use in the envment or on the skins
are often wrongly called sterilising agents. Thdywdd be called
disinfectantsor antiseptics. These terms indicate the role @negin
killing or inhibiting many pathogenic micro-orgams without implying
that they can be relied on to kill all micro-orgams and spores. The
distinction between disinfectant and antiseptinas clear-cut; it refers
to the potency of the agent and many agents mayude as
disinfectants in high concentration and as antisgjn low ones.
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3.3 Mode and Conditions of Action of Disinfectants

Remarkably little is known about the mechanism cficm of many
accepted antimicrobial chemicals. The protein-demag effects of
acids and phenols, the oxidising action of the dgahs, the lipids-
solvent, and the detergent action of some orgaoieests, and the
detergent action of surface agents may accourgdone relatively non-
specific antibacterial effects at the cytoplasmienmbrane. Probably
most disinfectants and antiseptics act by denauwinaltering proteins
or lipids in the cytoplasmic membrane. Some antisgpnterfere with
the energy vyielding systems within the cell and sodirectly inhibit
specific steps in biosynthetic pathways. It is knotlvat mercuric salts
combine with sulphydryl groups and that the anti&aal dyes combine
with nucleic acid. This effect may be of practioak in the treatment of
herpes virus infections. Heterocyclic dyes such as neutral pedflavine
and toluidine affect the guanine bases of nucleidsa Thereafter, on
exposure to fluorescent light, the dye absorbsggnand this may cause
single-strand breaks by excision of guanine. Tlieceis referred to as
‘photodynamic action.’

In general, the rate of inactivity of a susceptib&eterial population in
the presence of an antimicrobial chemical is depehdn the relative
concentrations of the two reactants, the bactercathe chemical, but
there are other variables that must be controfietisinfection is to be
ensured. The principal factors determining effectiNsinfection are the
concentration of the disinfectants in use and itime during which it is
effectively applied. The range dllution over which a disinfectant is
effective varies markedly with different chemicaland some
disinfectants become quite inactive when dilutely dor several times
before use. Unless great care is taken in the p#pas and
replacement of ‘in-use’ dilutions, accidental oddution and thus
failure of disinfectant may occur.

The velocity of the reaction also depends upomtimaber of organisms
present, the species involved whether the orgarssspore forming or
not. In general, chemicals have an uncertain acton bacterial
endospores. The microbicidal action of disinfecastusually increased
by heat within the limits of thermo stability ofelsubstances and it is
preferable to use disinfectants under warm ratlan tunder cold
conditions.

Some antimicrobial effects are very dependent @endirrect pH, for
their operation. Thus, the reaction of the suspendigent in any test of
a disinfectant is very important. The ‘hardnesswafter may markedly
interfere with the antimicrobial effect of surfaaetive agents with
which it may be used. The presence of organic mgteatly influences
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the efficacy of many disinfectants and the newghadj effect of proteins,
e.g. in dirt, pus, blood, is well known.

Water is pre-treated by filtration or precipitatido remove gross
organic matter such as algal debris before chlasnatroduced to kill
the potentially pathogenic microbes.

3.4 Adequate Selection of Disinfectants

Successful disinfection depends on 1) the selectbrdisinfectant
capable of performing the required task and 2)caseful use under
appropriate conditions of concentration, duratioh exposure to
temperature, pH and absence of neutralising sutessatunfortunately,
disinfectants are frequently chosen which are weduio their task or
are used under conditions in which they have nonahaof being
effective.

There are three main purposes for which disinféstare correctly used:

(@) Decontamination of Objects before Disposal or Re-us
Faeces, urine, pus, sputum and other potentialfgciive
discharges, whether in a container, e.g. bed-paonalressings
or clothing may be disinfected before the contaioersoiled
article is washed for re-use. Clinical instrumergsch as
thermometers and spatula for body orifices may also
disinfected between the uses on different patialtspugh it is
impracticable to sterilise them. The storage chrcieg mops, nail
brushes and transfer forceps in disinfectants ¢wvgnmt bacterial
multiplication on them between different occasiaisuse is a
similar application. In medical laboratories, contaated slides,
pipettes and other instruments are generally diechinto a jar
of disinfectant; after several hours or days theg aafely
removed and washed. The best disinfectants foetpasposes,
especially when there is heavy soiling with orgamatter, are
the phenolic disinfectants of the black fluid, vehiluid and Lysol
types (but not the chlorinated phenols). Becausg #re cheap,
have a wide spectrum of activity and are not veaplé to
become inactive in the presence of organic matldrese
phenolic derivatives are the most commonly usedeggn
disinfectants.

(b)  Reduction of Microbial Contamination of the Envirnant
In the hospitals, pathogenicSaphylococci, Streptococci,
Enterobacteria and Pseudomonas may be present on the floors,
walls and furniture of wards, surgical theatres &ichens, and
on bath, wash-hand basins and water-closets inbéterooms
used by patients. The risk of cross-infection otigrds is
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probably lessened if the amount of this environ@lent
contamination is reduced by disinfectants. A destant is
unnecessary except for areas known to have bekd seith an
infected body discharge; these areas should bedwipéh a
cheap phenolic disinfectant. Rooms vacated by mEtievith
smallpox or tuberculosis may be wholly disinfectey filling
with formaldehyde vapour for 24 hours, but suchmiaal
disinfection is rarely undertaken for other kindk iofection.
Baths and wash-hand basins may be source of arfsgtion and
should be regularly cleaned with a cleaning powcartaining
hypochlorite or with a mixture of hypochlorite addtergent. The
seats, flushes and door handles in water-closeds vaorking
surfaces in kitchens should be wiped regularly wigh
hypochlorite solution. If cheap, toxic phenolicidfectants were
applied to these surfaces they would have to bevethbefore
use by careful cleansing. Hypochlorite is preferasdasurface
disinfectant for relatively clean objects because it leaves no
objectionable residues.
For small, relatively clean areas, 70 percent igpyralcohol is a
pleasant and moderately effective, residue-freiaféistant.

(c) Disinfection of the Skin, Hands and OperatBites
Transient organisms that have been picked up byacbmvith
outside sources and are lying on the surface ofsHie are
relatively easily removed by washing with soap @nding with
a disinfectant. On the other hand, organisms sactapgh.aureus
that are resident or growing in the depths of siom difficult or
impossible to eliminate completely. Hands may behea with
liquid soap or detergent containing 3% hexachloemgh or
rinsed with ageous 0.5% chlorhexidine. The skinopération
sites may be washed repeatedly with hexachloropbeap and
painted preoperatively with 1% iodine or 5% chlodidene in 70
percent ethyl alcohol (70 percent industrial medbad spirit) or
70 percent isopropyl alcohol.

3.5 Propertiesand uses of Some Selected Disinfectants

The following disinfectants merit discussion. ltvgg comprehensive
account of the clinical aspects.

0] The Phenols
(@) The Phenol (carbolic acid) is powerfully microbiaicand
the cheaper phenolic disinfectants derived froml taa
are widely used for decontamination of bathrooneg-b
pans and hospital floors. They are, however, tactand
irritant to be applied to and left on objects thait come
in contact with the skin. The preparations inclugdesol
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(liquor cresolis saponatus) and other cresol flladsve
against a wide range of organisms and are not lyeadi
inactivated by presence of organic matter. Theygaed
general disinfectants. Phenol itself is bactericida a
concentration of one percent, but its activity iastically
reduced by dilution, and it is virtually inactive @1 %. It

is used at a concentration of 0.5% for preserviarg snd
vaccines. It is expensive and for general disimbecis
replaced by cheaper preparatioReenol and the coal tar
derivatives are markedly toxic to man. Sudol isssltoxic
substitute for Lysol; it contains xylenols and pbisn but
must still be used with caution as a coarse distafe.

Jeyes fluid is a well known proprietary preparatidhis
group of compounds can be used to treat faecgsuburs

to render them safe before disposal.

The related cholorophenols and chloroxyphenwsketed

as Hycolin and Dettol are less toxic and irritant hlso
are less active and are more readily inactivatedrggnic
matter.

Hycolin is a green fluid containing a combinatiof o
synethtic phenols including 3:5-dimethyl 4-chlorpbk 2-
benzyl 4-chlorphenol; and sodium pentachlorphentte.
can be incorporated in a liquid soap, a hand creamn
antiseptic 1% ageous solution. Dettol contain 4.8 %
chloroxyphenol and is a very widely used fluid aad
cream. These compounds are relatively inactive nagai
Pseudomonas species; indeed Dettol can be incorporated
in a selective, medium for the isolationRgeudomonas.
Hexachlorophane is an even blander agent and |
incorporated in various antiseptic preparationsuse on
skin. It is effective against Gram-positive orgamssbut
much less so against Gram-negative organisms arsd it
ineffective againsPseudomonas species. Combined as a
3% solution with a liquid detergent, it is marketad
Phisohex; it is also incorporated in soap as Gamophen, but
Is less active in powder form, it is available der&ac.
These preparations have important applications hie t
control of pyogenic cocci in surgical and neonatait in
hospital.

Their action is slow and repeated use is necedsziore
they exert a significant effect on the skin floraequent
whole-body application of a detergent emulsions
containing hexachlorophane 3% to neonates or dehude
surfaces, e.g. burns, may result in absorptiongpifificant
amounts into the blood. As hexachlorophane is piatén
toxic, it should be used with care and whole body
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application should be followed by rinsing, but @fficacy

in the prophylaxis of staphylococcal infection in
paediatric, maternity and surgical units is so galhe
accepted that its controlled use and its good edjout are
likely to survive recent public anxiety.

Chlorhexidine Hibitane) is recommended as a relatively
non-toxic skin antiseptic for general use. It issmactive
against Gram-positive organisms and fairly effexti
against Gram-negative bacteria, it is inactivatgdsbap
and organic matter. A 0.5 to 1.0% solution in 70%
isopropyl alcohol are used for the treatment of masu

The Halogens

(@)

(b)

Chlorine and lodine are bactericidal and spdai.
Chlorine has a special place in treatment of watieplies,
and combinations of hypochlorite and detergents are
useful for cleansing and disinfection in the fooul alairy
industries. Various hypochlorite preparations haae
usefully wide spectrum of activity against viruses.
Chloros, Euscol and Milton are aqueous solutions of
hypochlorite and other salts; their antibacteriald a
antiviral efficacy is limited because chlorine g
preparations are markedly inactivated by contadh wi
other organic matter. Chloros, Eusol and Milton are
ageous solutions of hypochlorite yielding 100 0GOt®
per million of available chlorine. It is commonlged at 1

in 100 dilutions (yielding 1000 parts/ “@hlorine) for
general disinfection and disposal of contaminated
glassware such as microscopes, slides and pipetieat a

1 in 100 dilution (yielding 10 000 parts/thlorine) for
disinfection of equipment visibly contaminated with
blood. The working dilution must be made up frestdygh
day in a carefully cleansed container (Dugetiél, 1987)
and may be tested at intervals with a starch-iogdag@er to
confirm by demonstration of a dark-blue reactioattts
still active. Milton is used for the cleansing and
disinfection of babies’ milk feeding bottle. Hypdatte
should not be applied to metal, which it corrodesto
cloth, which it may damage.

lodine, like chlorine, is also inactivated tganic matter.
Tincture of iodine (2.5% iodine and 2.5% potassium
iodide in 90% ethanol and 2.5% iodine in 70% ispyto
alcohol) are powerful, rapid skin disinfectants asma
valuable for preparation of the skin for surgery.féw
individuals however are hypersensitive to iodine.
Alcoholic solutions of iodine are too irritant farse on
broken skin, and agueous preparations are notpaglya
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effective. The iodophors, containing iodine complkex
with an anionic detergent, are less irritant; aaneple is
Betadine, a water soluble complex iodine and paolyivi
pyrrolid (povidone). Betadine solution contains 1%
available iodine and can be used as a bactericidal
disinfectant of superficial wounds. It is only slgw
sporicidal but it is rapidly effective against vémjere
organisms including fungi an@richomonas. A compress
of providone iodine applied to abraded skin 15 @ 3
minutes markedly reduces the spore population;atepe
applications of this type may, if need be, be usdn
operations are delayed for 2 or 3 days. It wasrteddhat
disinfection of intact skin at an operation site 2ominutes
with povidone-iodine containing 1 percent availabléine

in 70% ethyl alcohol reduced the resident flora ®milar
degree as that achieved with the alcoholic chladies
(Duguidet al, 1987).

Metallic Salts

(@)

(b)

Mercuric chloride is sometimes used as a flistant in a

1 in 1000 solution: mercuric salts are strongly
bacteriostatic, but they are not effectively bactdal. The
use of these preparations as pre-operative slatdtryde
disinfectants is no longer justified. ‘Merthiolate’a
proprietary name for sodium ethylmercurithiosalatgl is
used.

Silver nitrate: It is an antibacterial agéot the eyes in
newborn babies and is widely and successfully sed
prophylaxis in gonococcal ophthalmic. It has bemgely
replaced by more modern antiseptics such as
chlorhexidine, but it still retains a place in treant of
extensive burns.

Formaldehyde and Glutaraldehyde

(a)

Formaldehyde: is highly lethal to all kindsneitrobes and
spores, Kkilling bacterial spores almost readily the
vegetative forms. It is applied as an aqueous isolutr in
gaseous form. It is cheap, and non-injurious tahglo
fabrics, wood, leather, rubber, paints and metalsthe
gaseous form, it is used to disinfect rooms, funeitand
wide variety of articles liable to damage by heag.
wollen blankets and clothing shoes, respirators,
hairbrushes, and gum-elastic cathers. Commercial
‘formalin’ is a 40% (w/v) solution of formaldehyd
water containing 10% methanol to inhibit polymetiisa.
Formalin is a preservative for dead animals andispens
including man (cadaver) in the laboratories and &um
anatomy rooms. A dilution containing 5% formdilgde
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in water is a powerful and rapid disinfectant wiagmplied
directly to a contaminated surface.

The formaldehyde gas is liberated by spraying atihg
formalin, or by heating solid Para formaldehyde.eTh
atmosphere must have a relative humidity over 60t a
preferably 80 to 90%, and a temperature of at I1€&8%C.
Moreover, the materials must be arranged to allowe f
access of gas to all infected surfaces, sinceeitefpation
into porous fabric is slow.

Small articles, such as instruments, shoes and- hair
brushed, are disinfected by exposure for at ledsiu8s to
formaldehyde gas introduced into the air in cabibgt
boiling formalin in an electric boiler. Blankets darthe
surfaces of mattresses are disinfected similarlg large
cabinet, where they are hung unfolded. Folded &k
and clothing can be disinfected if they are packed
chamber of a stream-jacketed autoclave and hedted a
100°C for 3 hours in the presence of formalin vapou
Glutaraldehyde in 2% aqueous solution is eveore
effective. It is stable in acid solution but mucbne active

in alkaline solution. Accordingly the commercially
available preparation, Cidex is supplied togethéh va
separate alkaline buffer containing a rust inhividich is
added before use.

Cidex is bactericidal and sporicidal and effectagainst
viruses. It is particularly useful for the stemison of
items of equipment that cannot be subjected talisteg
temperatures, such as cystoscopes, anestheticnesputip
plastic materials and thermometers. Formaldehydd an
glutaraldehyde are two few disinfectants that are
sporicidal.

(v)  Volatile Solvents

(a)

(b)

Isopropyl alcohol is not subject to exercisgydand is
cheaper than ethyl alcohol. Both alcohols are agitim
bactericidal in aqueous solution at concentrat@ng0 to
75%, and have very little bactericidal effect odésithis
range e.g. when ‘absolute’, i.e. undiluted with evator
when diluted too much. They are often used in skin
disinfection before hypodermic injection, venepunet
e.t.c; the skin should be dry before they are appli
Chlorhexidine (0.5%) or iodine (1 to 2%) or laumim
acetate (5%) in 70% alcohol are used for the samgoge
and such mixtures are superior to alcohol alone.
Acetone and ether are only weakly antibadtearad are
not effective alternatives to alcohol as skin desatants;
they should not be used.
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Chloroform has a limited use as a bacteriatnagin
bacteriology. It is rapidly bactericidal to vegeétat
bacteria and readily removes itself from a treatelium
or culture by evaporation.

Soaps and Detergents

(@)

(b)

(€)

(d)

Ordinary soaps are anionic detergents and halegree of
antibacterial activity; they contribute greatlyhggiene by
aiding the mechanical removal of organisms during
washing. There is evidence that soaps of saturaiktyl
acids are mildly effective against some pathogenic
intestinal bacteria and that soaps of long-chasaturated
fatty acids are active against some of the respyat
pathogens. Surface-active agents have general §gs8po
wetting and cleansing properties as well as some
disinfectant activity. The synthetic anionic desamts such
as sodium alkyl sulphates inhibit Gram-positivetbda to
some extent, but they are much less effective again
Gram-negative bacteria.

Cationic detergents: The quaternary ammonium
compounds are most useful. They combine antibatteri
properties with detergent activity and being r&kliy non-
toxic and bland, they are popular cleansing agentbe
treatment of accidental wounds. They are essentiall
bacteriostatic and more active against Gram-pa@siinan
Gram negative bacteria. They are inactivated byam
matter.Pseudomonas pyocyanea is notoriously resistant to
them and this organism has been cultured from thlkesc
of bottles of their solutions.

The Quaternary compounds: Commercially avéslab
preparations include Cetavlon (cetrimide), Roccat a
Zephiran (benzalkonium chloride) and Laurodin
(laurolinium acetate). There is an interest in logim as

an effective skin antiseptic. Picloxydine is bigisnwith
marked antibacterial activity. A 1% solution in
combination with octylphernoxypolyethoxy ethanol%a)
and benzalkonium chloride (12%) is marketed as
Resiguard, which, at dilution of 1 in 60, is acti&gainst
both Gram-positive and Gram-negative organismss It
relatively non-toxic and does not irritate the egesungs.

It may be used with a fogging or spraying machmetle
disinfection of walls and other surfaces.

Tego compounds are bacteriostatic, ampholstidace-
active derivatives of dodecyldi (amino-ethyl) glyei At a
concentration of 1% in water, they are said to fiiecéve
against a wide range of Gram-positive and Gram tiega
organisms and some viruses, but the antimicroliface
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of Tego compounds is markedly reduced by a vaméty
substances including organic matter and even hatdrw
They cannot be recommended for general use. They ha
been recommended in the past for the use in animal
houses, partly on the basis of their food detergent
properties and their relative non-toxicity, but rineare
many detergents in the market that are less exgensi

SELF-ASSESSMENT EXERCISE 1
Describe and discuss decontamination of the skin.

(vii) The Oxidising Agents

Hydrogen peroxide and Potassium permanganate hesere used
as antiseptics in the past. Oxidising agents dighgstructure of
membranes and proteins. Hydrogen peroxid®{Hwhich forms

highly reactive peroxide is used to clean puncwoends. When
hydrogen peroxide breaks down into oxygen and wétes

oxygen kills obligate anaerobes present in the weuHklydrogen
peroxide is quickly inactivated by enzymes fronured tissues.
It is also very effective in disinfecting conta@nkes, but all
traces of it must be removed before use, or it wayse eye
irritation. A recently developed method of disirtien that uses
vapourised hydrogen peroxide can now be used fatl sosoms

on areas such as glove boxes and transfer hoagler€F3.1).

Another oxidising agent that is used is Potassiemmanganate.

It is also used to disinfect instruments and in mmcentration to
clean skin. Boric acid has an interesting antib@adteactivity;
however it can produce toxic reactions and it i&/ meplaced by
effective agents. It is used as a bacteriostatesgyving samples

of urine prior to examination of viable counts lre daboratory.
Sodium azide is sometimes used as a preservative in biological
preparations including experimental antisera. Ithibits
esterification. It can be used at low concentrai@08%). It is
very toxic to man and animals.
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(viii)

Fig.3.1: Hydrogen Peroxide Disinfection
Source: Jacquelyn, 2002.

Ethylene Oxide

This gaseous disinfectant is also highly lethalatb kinds of
microbes and spores, but is capable of much mid daffusion
into dry, porous materials. It is particularly vahle for sterilising
articles liable to damage by heat, e.g. plastic raber articles,
blankets, pharmaceutical products and complex appasuch as
heart-lung machines (Duguetal, 1987).

It must be used only in a special chamber or appsugince it is
toxic and forms an explosive mixture when more ti384 is
present in the air.

A non-explosive mixture of 10% ethylene oxide inrbmm
dioxide or a halogenated hydrocarbon may be emgdldpe
sterilisation. The sterilisation time depends amotiter factors,
on the temperature of the reaction and the relatuemidity,
which should be between 20 and 40 %. Gaseous athylgide
has extra-ordinary penetrating power used at aestretion of
500ml/litre at 50°C for 4 hours. It sterilises re@bbgoods,
mattresses, plastics and other materials destrdyechigher
temperatures.

Also, ethylene oxide has been used to steriliseespaobes that might
otherwise carry earth microbes to other planetectp equipment used
during oxide sterilisation is shown in Figure 3.2.
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Fig.3.2: Ethylene Oxide Sterilisation
Source: Jacquelyn,2002.

An ampoule of endospores should be processed lityleee oxide
sterilisation to check the effectiveness of steaiiion. All articles
sterilised with ethylene oxide must be well venéth for 8-12 hours
with sterile air to remove all traces of this toxjas, which can cause
burns if it reaches living tissues and is also lyighxplosive. After
exposure to ethylene oxide, articles such as cathentravenous lines,
in-line valves and rubber tubing must be thoroughlghed with sterile
air. Both the toxicity and flammability of ethyleaide can be reduced
by using it in gas that contains 90% carbon dioxitdes exceedingly
important that workers be protected from ethylexie® vapours, which
are toxic to skin, eyes, and mucuous membranesnand also cause
cancer (Jacquelyn, 2002).

SELF-ASSESSMENT EXERCISE 2

Describe the properties and mode of action of soisiafectants.

40 CONCLUSION

Disinfection is not as efficient as sterilisatiandestroying the microbial

contaminants. Disinfection deals with the supeaficontaminants while
sterilisation totally kills all the associated camiinants.
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5.0 SUMMARY

Different methods of using disinfectants have biesgad. These include
disinfection by chemicals, differentiating betweemld and strong
disinfectants. Disinfection refers to the reductiom number of
pathogens or micro-organisms on objects or matersa that the
organism can no longer pose a disease threat.iiCelitanfectants can
also destroy microbes.

6.0 TUTOR-MARKED ASSIGNMENT

I Why are soaps used in cleaning things?

. What are the draw backs of using ethylene oxide aas
disinfectant?

iii. Explain the antimicrobial actions of hydrogen pedex

\2 Describe the actions of ethylene oxide gas in mialacontrol. Is
this sterilisation or disinfection?

V. List the factors to consider before selecting antestant.

Vi. Discuss the use of formaldehyde and glutaraldelyaeicrobial
disinfection.

vii.  Describe the mode of action and use of three offthewing
types of disinfectant.

Phenols

Chlorine or iodine

Ethylene oxide

Oxidising agents.

apop
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