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1.0 Introductions

Living things are classified into 2 main groups efhiare plants and animals Living things are
thus classified into Kingdoms: Plant Kingdom andrai Kingdom.

The plant Kingdom id further divided into two:

1. Flowering plants

2. Non — flowering plants

Fungi (Singular, fungi) are groups of eucaryotigamisms that are of great practical and
scientific interest to biologist. Fungi have a dgity of morphological appearances depending
on the species.

The classification of Fungi, like that of bacteisadesigned mainly for practical application but

also bear some relation to phylogenetic considanati

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

. Explain the various basis of classification of fung

. Differential the classes of Fungi

. Identify the advantages of the various criteriaduseclassification of fungi
. Identify the limitation of the various bases of §ah classification.

3:0 MAINCONTENTS
3.1 GENERAL CHARACTERISTICSUSED IN CLASSIFYING FUNGI



3.

On the basis of distinctive characteristics the eocature of fungi, the nomenclature
is binomial with a generic and specific name (Agpergillus flavus). Species are
collected in genera, genera in famili&sf{ix - Aceae), families in orders3uffix - ales)
and the orders in classeSuffix - Mycetes). The division ofMycota or Fungi and
moulds, include the true slime moulddykomycetes), the lower fungi Phycomycetes)
and the higher fungBHumycetes).

Fungi have been classified in a number of wayss €hrlier classification is other wise
called primitive classification such criteria usee:

HABITAT: Primarily, the habitat has been used as a meankssification of fungi
e.g aquatic, terrestrial or atmospheric fungi. Amber of fungi of different
characteristics may be found in the various habitierefore the use of habitat is not
scientific and thus not authentic.

In the atmosphere, propagoles of fungi, those s&ra¢ and those on trees can be
disseminated into the atmosphere i.e conidia awtdesp so the use of atmosphere is
grossly inadequate.

STRUCTURE: The somatic structure or vegetative parts maydsel @s a means of
classification.

TYPES OF HYPHAE: Theaseptate hypha€géenocytic) has been used as a means of

classification especially in the lower fungi placedPhycomycetes. If the Hyphal is septate

such a fungus belongs to the higher fungi and us ttlassified on that basis. For example,

fungi with ordinary septate hyphae belongAsoomycetes. When the hyphae are divided into a

number of clamp connections, the fungi belongas diomycetes.

Classification on the basis of hyphae was a comvgmethod of classification in the 1940’s —

Note that fungi can either be unicellular or hayphae

clamp

ITT1

Fig 1: Lower fungi Fig 2: Septum: Ascomycetes Basidiomycetes

4.

SPORES. The types of spores used in/for reproduction wafgeo used in
classification.
When the spores are motile with means of flagéiiay are known as zoosporic while

those with conidia are conidial.



5. Fungi with zoospore that have a single flagetk referred to as haplomastigmycotina
and those with 2 flagella are diplomastigomycotina.
However, those without flagella are amastigomywotand those in between the
flagellate and non — flagellate are sub- mastigamtiga

In the amastigomycotina, some produces zygotesaamdeferred to as zygomycetes. Some

fungi continues produce sac-like structures whietves as spores containers and are known as

Ascomycetes. They produce spores within the sacs which aradbendogenously.
Ascospore

Figure: Ascus bearing ascospores ASCUS
Spores produced bBasdiomycetes are borne exogenously, usually on the surfacehef t

q Ascopore

O

basidia

Figure: Basidium bearing basidiospores Basidium

It is very interesting to see how structures radratuind the different types of fungi

3.12 Taxonomy: Taxonomy of fungi follows the recommendations oé tGommittee on
International Rules of Botanical Nomenclature (IRBMccording, the various taxa have

endings as follows:

DIVISIONS: mycotina
SUBDIVISIONS: mycotina
CLASSES: mycetes

SUB-CLASSES: mycetidae

ORDER: ales



FAMILIES: aceae

Genus and species have no standard endings

The organism is supposed to have 2 names, théb&msg the generic name which is always a
noun, the first letter of which is usually Capitghe second name is the species name which is
usually an adjective that must always begin wittrrall letter, underlined separately or must
be in italics. An example is the fung8accharomyces carlbergensis which is a fungus that is
capable of degrading carbohydrates and is used gfowing cereals in the order
Endomycetales, in sub- class Hemi — Ascomycetidae, in the classomycestes and sub —
division — Eumycotina. Another exampleAsricularia auricularia Judais which is a fungus

that looks like the ear.

CLASS: Basidiomycetes
SUB-CLASS: Heterobasidiocomycetidae
ORDER: Tremallales (Soft)
FAMILY: Auriccullaricae

NIGERIAN CLASSIFICATION

In the Nigeria system, fungi are classified usiiféedent parameters. The names of fungi vary

from one ethnic group to the other. For exampleYbeuba call it Ero or Olu, Hausas call

mushrooms, Namagara, Urhobos call it Ihe whilelltit@os call it Ode.

A systematic nomenclature based on some chardmeréso exist in Nigeria, some of such

characteristics include:

I. Habitat: A good example is Olu-Ogan which is a fungus mimite hills. The scientific
name of this fungus iSermitomyces

Ii. Shape: An example is Eti-Ologbo which scientific nameAasricularia auricularia
judais

ii. Texture: A good example is Olu-awo which is a leathery lumgvhich scientific name
is Lentinous sub-nodules

\2 The size of the basidiocarp e.g wowo which nsei@my, the scientific name of which is

Esattyrella atroumbonatum



V. Season: The season in which the fungus is found is alsal @sg Olu eji is found in the
rainy season which scientific nameTe mitomyces robustus

Vi. Theflavour taste e.g Ogiri agbe which means the farmers spice, whigdnsgific name
Is Volvarela esculentus. It is usually on pods of oil palms. Another exdenis Takele
which means adorns the muscle known scientificadyor mitomyces clypeatos.

vii.  Life Span: The life span of mushroom is also used as a imitex.g Olu Olosunmeta
which means mushroom that matures within 3 montsich scientific name is
Trichonema lobayesis. Another example is Olu Oku which is a mushroomahitgrows
repetitively calledPleurototus tuberegium.

iX. Legendary status: In this Nigerian classification the taxonomic daeristics used
has to do with the legend of the area. A good eXanspAkufodewa meaning hunter
would come to search for it. The legend is that hioater died, was buried and a

millipede was found at the spot. The scientific BasDictyophora or Phalus

40 CONCLUSION
Several criteria are used in the classificatiorfuoigi. Some of these criteria include habitat,
structure, types of hyphae, types of spores amgglila Others include texture, season,

flavor/taste, life span and legendary status.

50 SUMMARY

Classification of fungi is based on several craexhich makes it possible for the same fungus
to be classified into several groups particulanye do dispersal of their spores by wind and
water. Majority of these criteria are therefordittle or no scientific significance. The general
criteria used universally and in the Nigerian dliésation thus need very critical evaluation so
as to make the classification be of scientific Bigance particularly on evolutionary
relationship and significance. The methods of diassion studied above thus fall short of

modern basis of classification.

6.0 TUTOR-MARKED ASSIGNMENT

1. Describe briefly the general characteristics usetlassification of fungi



7.0

2. How are fungi named?
. Critically examine Nigerian classification of fungi

REFERENCESFURTHER READINGS
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1.0 Introduction

A critical look of the earlier basis of classifimat vis-a-vis modern classification which takes
into consideration evolutionary relationship. Fungire broadly divided into two classes:

1. Lower fungi

2. Higher fungi

Fungi are classified on morphology and physiologio i Acrasiomycetes (Cellular slime
moulds), Myxomycetes (True slime moulds), Phycongsd€Lower fungi), which consists of
Chytriomycetes, Oonmycetes, Zygomycetes and Euragad@the Higher fungi) consisting of
Ascomycetes and Basidiomycetes. There are 8 clasdbe sub-division Eumycotina which
vary from class A to |

The modern classification consists of 5 major dons which are Mastigocotina,
Amastigomycotina, Ascomycotina, Basidiomycotina arideuteromycotina. Nigerian
classification uses different parameters which descriptive, shape habitat, texture, season,

flavour as well as legendary status.

2.0 OBJECTIVES
At the end of this unit, students should be abile to

. Differentiate the lower fungi from the higher fungi



. Differentiate the lower fungi from slime moulds

. Identify members of the various classes of fungirfrA to |
. Describe the various appearance of fruiting boutidangi
. List the 6 divisions in the modern classificatidrfungi

3.0 MAIN CONTENT

31 AMPLIFICATION OF THE CLASSIFICATION OF FUNGI

In the primitive classification, the first classtise lower fungi which have their vegetative

mycelia which arecoenocytic or aseptate. A few are unicellular and vegetative mycelium

ranges from simple rhizoid to somatic cell and t@re extremely intricateinaesomes of
rhizomycellium.

The higher group of lower fungi however has weN@leped hyphal system, usually

coenocytic and are only endowed with septa to ffithe reproductive structure.

The second class is the higher fungi with the vagget mycelium usually septate. In this class,

the mycelium becomes differentiated into fruitingdies which are usually visible and

conspicuous. Edible mushroom are extensions of lyeeTwo major groups are known and
recognized in the higher fungi.

1. The Ascomycetes in which the characteristic epom the perfect stages are
endogenous. These spores are bound in sacs knowascasThe imperfect stages
produce conidia which are extensions of aerial rinyce

2. The Basidiomycetes in which the characterigimras in the perfect stage is exogenous
and are found in fruiting bodies called basidiocafihe fruiting body of most
basidiomycetes develops from a subterranean myoeland grows outward to
differentiate in pileus which houses the gills amklla from where basidia develop.
However, some higher fungi can be unicellular e.ga3. In times of regular
nomenclature, the lower fungi fall into class Phycetes, whereas the higher fungi are
comprised of the Ascomycetes and Basidiamycetes.

These terms where conveniently used fungi pastobuecent new terms are used.
Fungi are now placed in a division known as mycdtsere are several subdivisions,
one of which is Myxomycotina which is a sub-divisidghat comprises the slime

moulds. The vegetative structure known as plasmnmodil a multinucleate mass of



cytoplasm unbounded by rigid walls, which flow im@eboid fashion over the surface
of the substrate, ingesting smaller microorganisid &agments of decaying plant
material. Some slime moulds are plasmodial in slageform aerial hyphae.
The sub-division Eumycotina consists of the truegfuvhich are mainly filamentous.
There are eight (8) classes that are recognizedwdre numbered A to | class
Class A: Chytridiomycetes. This class contains fungi that have a single gyast whip-like
flagellum.
Class B: Oomycetes: Fungi in this class have zoospores that have Avéggella.
The anterior flagellum is whip-lash like while thther is tinsel shaped.
Class C: Plasmodiophoromycetes: In this class the motile cells have two (2)
anterior whiplash-like flagella.
Class D: TheZygomycetess: Fungi in this class have coencytic hyphae, septiatkee point of
reproduction and the sexual reproductive form whiaterives its name from is by fusion of
two (2) gametangia.
Class E: Trichomyces. Fungi in this class are filamentous which are tbum the guts or
cuticle of arthropods.
Class F: Ascomycetes: Fungiin this class have septate hyphae. The imperfagestdevelop
conidia and the perfect stage produces ascospdfes.nature of fruiting body can be
extremely varied but the characteristic featurthésdevelopment of ascospore. The mycelium
varies but in some cases no mycelium is produagdheyeast. In a number of them, there are
fruiting bodies which are saucer — shaped and arerglly called apothecium, where the
ascocarp/fruiting body occurs as a flat surfacéatow saucer. The ascocarp differentiates
into an upper part containing the asci and the tqyaet made up of pseudoparenchyma cell.
In some others, the fruiting body is like a winagg which holds the fruiting body in position

and serves for conduction of nutrients.

Cookenia



In the third category, the fruiting body has bedffecentiated into a sporogenous body, the
stalk and the subterranean hyphae.
In the fourth category, the fruiting body is likdlask which encloses the asci

DT

Flask-Shape ascocar p

This flask —shape ascocarp may or may not havesaole (hole). It may have a neck which
ends in an opening and the nature of the fruitiadybcan be used in classifying fungi in this
class.

Class G: Basidiomycetes: The characteristic feature of this is the possessfdbasidia.
The fruiting body is highly specialized. In thisogp are the edible mushroom, the bracket
fungi, the puffballs, the parasitic rusts and smvitich are devastating to grasses and trees
Class H: Deuteromycetes: This is a combination of the class ascomyceted an
basidiomycetes which sexual or perfect stages nateyet been discovered. The imperfect
stage is characterized and given the same typ@amkras ascomycetes. However, when the
perfect stage is discovered, they either fall iascomycetes or basidiomycetes and the
appropriate name is then given. When the perfegiesis discovered the name assigned to the
perfect stage becomes the recognized name.

Class I: Lichens: In this class, a situation arises in which thisr@ symbiotic association
between algae or cyanobacteria with ascomyoatdsmsidiomycetesLichens are composite
organisms composed of fungi and algae, each cotitidpto the benefit of the other or both.
The algae synthesize carbohydrates and vitaminghbtosynthesis and obtain other nutrients
(water and minerals and moist sheller) from thegfuwwhile the fungi depend on the algae for
organic carbon.

3.11 MODERN CLASSIFICATION

In the modern classification fungi are classifietbisix (6) major divisions which include the:



311

Mastigomycotina which consists chytridiomyceted ®&omycetes
Amstigomycotina which has Zygotes. The two eassbove were regarded as
phymycetes i.e the lower fungi

Ascomycotina consists of Hemi-ascomycetidae

Plenomycetidae and other classes like Pyrenomyeaet®iscomycetes
Basidiomycotina which has two (2) orders whick the (A) Aphylophrales (Bracket
fungi) and (B) Agaricales.

The two divisions Ascomycotina and Basidiomyco@ne regarded as higher fungi.
Deuteromycotina formerly called Deuteromycetescalled fungi imperfect.
The Lichens.

HIGHER FUNGI

Subdivision 3: Ascomycotina

Class 1: Hemiascomycetes

Order 1: Ascomycetales

Order 2: Taphrinales

Class 2: Pyrenomycetes

Order 1: Erysiphales — e.derysiphe gramminis

Order 2: Shaeriales

Order 3: Hypocreales

Class 3: Loculoascomycetes

Order 1: Myriangiales

Order 2: Dothiodiales

Order 3: Pleosporales

Subdivision 4: Basidiomycotina

Class 1: Hemibasidiomycetes

Order 1: Ustilaginales e.dJstilago spp.

Order 2: Uredinales

Class 2. Hymenomycetes

Order 1: Exobasidales

Order 2: Agaricales e.gAgaricus spp,Pleurotus spp.

Order 3: Tulasnellales



Order 4: Aphyllophorales
Subdivision 5: Deuteromycotina (fungi imperfecti)
Class 1: Coelomycetes
Order 1: Melanconiales
Class 2: Hyphomycetes
Order 1: Hyphales e.gAlternaria cercospora spp.
Class 3: Agonomycetes
Order: Agonomycetales e.ghizoctoma spp.
40 CONCLUSION
In the amplified classification, the hyphal systess used to differentiate fungi into 2 groups:
1) lower fungi which have coenocytic or aseptatphae from the 2) higher fungi with
vegetative mycelium which is usually septate. Thare nine classes while the modern
classification of fungi has 6 major divisions.
5.0 SUMMARY
Two major groups of higher fungi are known whickclide the Ascomycetes and the
Basidiomycetes. In the sub-division, Eumycotingréhare 8 recognized classes which are
number A to I. They include: Chytridiomycetes, Oamtes, Plasmodiophoromycetes,
Zygomycetes, Trichomycetes, Ascomycetes, Basidieteg; Deuteromycetes and Lichens. In
the modern classification, however, fungi are gemimto 6 major divisions which include: 1)
Mastigomycotina, 2) Amastigomycotina, 3)Ascomycafin 4) Basidiomycotina, 5)
Deuteromycotina and 6) The Lichens on the basisheir evolutionary advancement and
status.
6.0 TUTOR-MARKED ASSIGNMENT
1. Differentiate Ascomycetes from Basidiomycetes
2. Describe concisely the fruiting bodies of Ascomgsatnd Basidiomycetes
3. Of what significance are the Deuteromycetes ircthssification of fungi?
7.0 REFERENCESFURTHER READING
Moore-Landecker, E. (1982): The fundamentals ofgfug™ ed. Prentice-Hall, Englewood,
Cliff, New Jersey, Pp. 15-25.
Ingraham, J.L., Ingraham, C.A., Prentiss, H. (1998icrobiology Wadsworth Pub. Comp.,
New York, Pp. 275-284.



MODULE 2
CHARACTERISTICS, STRUCTURE AND CLASSIFICATION OF MAJOR FUNGAL
GROUPS

UNIT 1

1.0 Introduction

2.0 Objectives

3.0 Main content

3.1 Chytridiomycetes
3.2  Class oomycetes
3.3 Class Ascomycetes
3.4  Basidiomycetes

4.0 Conclusion

5.0 Summary

6.0  Tutor Marked Assignment

7.0 Reference/Further reading.

10 INTRODUCTION

Fungi are ubiquitous and very diverse with chargties, and structure and are thus classified
into several classes. The classes of interest Aygri@iomycetes, Oomycetes, Abscomycetes
and Basidiomycetes. The orders of scientific irdergould also be listed in this unit. The

characteristic spores of each class would alsdundated.

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

. List the major fungal classes of interest

. Describe the structural features of each class

. Describe the different types of spores produceddnh group
. List the various orders in each class of fungi

. Describe reproduction in the major classes of fungi



3.0 MAIN CONTENT

3.1  ClassChytridiomycetes

The lowest fungi ever studied are the chytrids loé family Chytridiaceae and order
Chytridiales. These are fungi that produce motierss called zoospores (planogametes). The
zoospores have a single posterior whip-lash liggdllum. The coenocytic thallus is made up
of simple hyphae and the thallus is well develop&tie conjugating zoospores soon
develop/convert into a resting sporangium.

HABITAT: They are prevalently aquatic but some are founsioify while a good number
are parasitic in the tissue of angiosperms. Theylm collected and cultivated easily using
baits like fruits, pollen grain, boiled grass bladegg albumen, cellophane, nectars of flowers,

petals, insect excuvia, dead insects etc. Colare®sften inside or outside the bait.

SOMATIC STRUCTURESOF CHYTRIDS

In every primitive chytrids, the somatic structuses unicellular and holocarpic in fungi with
holocarpic somatic structures, the same somatiactsire serves for both vegetable and
reproductive purposes. Such fungi do not have mapke mycellium. In slightly higher ones,
there are few rhizoids for anchorage and nutritibhe sporogenous part of the thallus is

separated from the rest by a septum.

Septum

A

* On the evolutionary trend of chytrids the somaticugures range from simple

holocarpic to eucarpic. It also ranges from singe# to simple rhizoids, to complex

rhyziods and extensive rhizomycellium. The mode reproduction ranges from
iIsogamous, ansogamous, gamentagial copulatiomtategamy as if. ramosa.

Some higher chytrids have branches of rhizomyaelliand there are some with well

developed hyphae with pseudo-septa.

O
Pseudo-septu O



Asexual reproduction in chytrids
This is by means of sporangia. The sporangiumiiiliy filled with densely fluid in form of
protoplasm followed by cleavage. The protoplasmobees separated and surrounds the

nucleus.

® ©0
0O
) 6 () &)

ASEXUAL REPRODUCTION IN CHYTRIDS

The zoospores can be released in a number of ways;

1. If the chytrid is inoperculate, the zoosporangiumais.

2. If it is operculate, the operculum opens and thgrads escape from the operculum.

The zoospores thus liberated would swim for aelittlhile and encyst, loose their flagellum
and secretes a cell wall round themselves. Afterestime, the zoospores geminate as their

ancestors.

SEXUAL REPRODUCTION IN CHYTIDS
Sexual reproduction in chytrids is more complex ead take any of the following forms:

1. Planogametic copulation: Two swimming gametes conjugate and form a zygoteeW
the two swimming gametes are equal in size, thaulatipn is said to be isogamous.
Quite often the gametes may be unequal thus cplEibgametes. The conjugation of
two unequal gametes leads to the formation of alengamete which later looses the
flagella and becomes resting. It is then calleds@mmous. The non-motile gamete is
usually the female, larger and sedentary whilenimtile gamete is the male. The non-
motile female gametes are known as oogonia anth#ies are the antheridia.

2. Gamentagial copulation: The body of the gamentagial of two gametes fusderta a
zygote. The entire protoplasm of 1 gamentaguim Suséh another. The two fuse
together after which cleavage occurs and sporefoared.

1. Somatogamy: The gametes pass from the rhizoid form to form goiy which forms a

resting gamete (spore) which later germinate atet l@lease spores. Fungi in the class



Chytridiomycetes are classified into 4 orders whicttlude; 1) Chytridiales, 2)
Blastodiales, 3) Monoble pharidiales and 4) Harptritiiales

32 CLASSOOMYCETES

Examples includ&aprolegnia ferax andS. parasitica.

Fungi in this class are distinguished by the presesf two flagella i.e they are biflagellate.
They have motile cells with two literally insertédgella, one tinsel and anteriorly directed;
the other whiplash and posteriorly directed. In pinenary zoospore, one flagellum is tinsel
while the other is whip-lash like at their anterjportion while the secondary zoospore is
kidney-shaped with two flagella.

There are 4 different orders in the class Oomycetbgch are; 1) Saproleginiales, 2)

Legenidiales, 3) Leptomitales and 4) Peronosparales

Anterior
Posterior primary \ Secondary
Zoospores zoospore

Fig. Zoospores of class Oomycetes

The first and fourth orders are important. Gengr&llomycetes were called water moulds until
in 1925 whenHarvey isolated some Saprolegiales from the soil, sontlegification of the
definition hence the term is no more applicabléhmlower fungi.

Fungi in the order Saprolegniales are found in watel have also been from moist or dry soll.
Majority are saprophytic while some are parasi8aprolegnial parasites are known to be
cause of diseases of fishes and its egg therelabtapf affecting adult fish and fingerlings,
egg hatcheries, lobsters, crabs and a number dtiaganimals. Examples of such include;
Achlya spp andsaprolegnia spp.

Another genusPhanomyces which contain several parastitic species whichseaseveral

parasitic diseases of serious economic lossespldas, legumes, sugar beeds, rice, maize



especially those that grow in submerged areas rofgmiales are widely distributed
worldwide and are very easy to grow and cultivate.

Structurally, they posses extensive mycellium dgudhmentous, coenocytic, no crosswalls
or septa except in regions which limits the repaiiche structures from vegetative structures.
Asexual reproduction, takes place by either pradaaf zoospores or gemmae. In the process
of development of the sporangia, the apical portibthe filament is cut off by a septum after
the tip has been filled with dense protoplasm.

Initially, there are long coenocytic hyphae and rbproduction, we have separation of the
hyphae. When this occurs, the densely fluid filltoplasmic portion cleaves and separates
regions where there are nuclei surrounded by cgsopl which is the beginning of
sporogenesis. The nuclei present differentiate zotwspores. An opening develops at the tip of
the sporangium and pear-shaped, primary zoospaespe into the surrounding aqueous
environment. They swim for sometime (usually fromni@ute to over an hour), then withdraw
their flagella and encyst. This cyst, after a perad rest (2 to 3 hours, depending on the
species), geminates to release a further bean-dhsgeondary zoospore. The secondary
zoospore may swim vigorously for several hours teefncysting again. This encysted spore
now germinates by sending a germ tube that devetdpsa hypha, forming a new colony.
When conditions are favourable for sexual reprddactthe somatic hyphae give rise to

oogonia and antheridia.

3.3 CLASSZYGOMYCETES

ExamplesareMucor racemosus, M. rouxii andRhizopus stolonifer.

Mucor: Members of the genus occur abundantly in soil matgure and on fruits, vegetables
and starchy foods. Common species Mreracemosus and M. rouxii. Morphologically, the
mycelia are usually white or gray and are non-geptporangiophores may be branched. The
columellae (sterile structures in sporangium) arend, cylindrical or oval. Spores are black or
brown and are smooth in appearance. Zygosporgza@deiced when plus and minus strains of
the organism are both present. The plus and mitrass are so called because there is no
morphological differentiation between the male dhe female strains even though there is
physiological heterothallism. Zygospores are atsonkd in growth on artificial media in the

laboratory. No stolons or rhizoids are producedhmabsence of a fermentable carbon source



in a medium consisting of yeast extract and pepsumplemented with potassium acetate,

Mucor may grow in a yeast-like form instead of a filatoers form.

34 CLASSASCOMYCETES

All fission yeasts belong to the genSshizosaccharomyces. They reproduce by transverse
division as well as by ascospores. The best kngvetiss isS. octosporus, which has been
isolated from currants and honey. Its cells ardage to cylindrical, uninucleate and haploid.
S pombe is the fermenting yeast of some of beer (e.g.cafrimillet beer) isolated from sugar
molasses and from grape jui@ vertisatilis, isolated from grape juice grows like yeast but it
can also form a true mycelium.

In the genusSaccharomyces, there are about fifty species. The best knowS8. iserevisiae
strains of which are used in the fermentation adrbend wine and in baking. It is found in
nature on ripe fruits. Grapewine are often madsgmntaneous fermentation by yeast growing
on the surface of the fruig cerevisiae is therefore of great economic importance. It¢scale
elliptical, measuring about 6 to 8 byrs. They multiply asexually by budding. When a bsd i
formed on a cell, a raised scar remains. As mar88dsuds scars have been seen on a single
cell. During budding, the nucleus divides by cattn and a part of it enters the bud along
with other organelles. Under appropriate conditi@serevisiae forms asci. The cytoplasm of
the cell differentiates into 4 thick-wall sphericgores, although the number of spores can be
fewer. The cells forms which asci develop are dioand the nuclear divisions which preceded
spore formation are meiotic. It may be noted thahynstrains of the yeast are heterothallic,
and the ascospores are of two mating types. Mayipg is controlled specifically by a single
gene which exists in two allelic states a anénd segregation at reduction division preceding
ascospore formation gives rise to two a and twascopsores. Fusion normally occurs only
between cells of differing mating types by a predesmed legitimate copulation. Such fusions
result in diploid cells which form asci containimgble ascospores. Studies on yeast genetics
revealed that by means of hybridization (crossihdifferent yeasts), it is possible to develop

strains of yeasts (hybrids) with desirable charésties from two genetically different strains.



35 CLASSBASIDIOMYCETES

In the genusAgaricus, the best known speciesAgaricus compestris, the field mushroom and
A. bisporus the cultivated mushroom. The young gill is colaluy@nk due to cytoplasmic
pigment in the spores. The gills later turn a pslpbrown because of the deposition of dark
pigments in the spore wall. Most of the larger sgeofAgaricus are edible.

Of the approximately 12,000 species of Basidiomggemnone was implicated in human
diseases until recent times. The perfect stagérgbtococcus neoformans was discovered in
1975. It is now calledrilobasidiella neoformans. It is an important basidiomycetous pathogen
of humans, causing cryptococcosis, a generalizgstglsiic) mycotic infection involving the
bloodstream as well as the lungs, central nervgstes) and other organs.

TABLE: PROPERTIES OF MAJOR GROUP OF FUNGI

Class: Distinguishing character sExamples
TheLower Fungi: Mycelia (if present) are coenocytic and lack septa
Chytridiocetes: Water moulds with uniflagellated sporangiosporesl an

gametesAllomyces (seen as fuzzy growth in tropical
ponds and streams).

Oomycetes Water moulds with biflagellate sporangiospores arade
gametes, non-motile female gametes and sexual spore
Example is Saprolegnia (seen as fuzzy growth dnifis
the stream).

Zygomycetes Terrestrial fungi with non-motile sporangiosporesd a
zygospores. Several genera parasitize weakenednhuma
patients. Example iBhizopus (Black bread mould)

The higher fungi Mycellia (if present) are septate:

All species are terrestrial; conidia and gametéds (
presentare non-motile

Ascomycetes Ascospores formed in sacs (ascus), Some parasiic 0
plants or animals. Example Reziza (an orange cup
fungus, seen on soil in damp wood).

Basidiomycetes Basidiospores formed on a club-shaped

basidium; some are parasitic on plants or  algm



Example ifAmanita (Red or white mushrooms seen in

forests
Deuteromycetes. Higher fungi that lack sexual spores, some are
(fungi imperfecti) parasitic on plants animals. Exzde isPenicillium (blue

or green mould seen on fruit; used to make pemigill
Y east Unicellular, oval cells mostly as Ascomycetes and
Deuteromycetes but some Basidiomycetes and
Zygomycetes; some parasitic on plants animals. pi@am
is Saccharomyces cerevisiae (yeast used baking, brewing
and wine making) (Ingrahast al., 1995).
40 CONCLUSION
The characteristic features of fungi of severassds and genera are discussed. Examples of
such classes include Chytridiomycetes, Oomyceteggoiycetes, Ascomycetes and
Basidiomycetes.
5.0 SUMMARY
Chytrids produce motile spores, most of which agrephytic while some reside in the rumen
of herbivores. Fungi in the class Oomycetes aréndisished by the presence of two flagella
i.e. they are biflagellate. Members of the clasgafyycetes produce zygospores. The class
Ascomycetes contains the sac fungi because thesg farm a sac-shaped reproductive
structure called ascus. In the class Basidiomycétesspores are borne on the surface of the
Basidia.
6.0 TUTOR-MARKED ASSIGNMENT
1. Briefly describe the somatic structure of chytrids
2. Describe the morphology of a named member of dggemycetes
3. How does budding occur in yeasts?
REFERENCESFURTHER READING
Moore-Landecker, E. (1982): The fundamentals ofgfu@™ ed. Prentice-Hall, Englewood,
Cliff, New Jersey, Pp. 15-25.
Ingraham, J.L., Ingraham, C.A., Prentiss, H. (1998icrobiology Wadsworth Pub. Comp.,
New York, Pp. 275-284.
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1.0 INTRODUCTION

Fungi reproduce naturally by a variety of meansprBe@uction in fungi occurs by spore
formation. Spores are formed from the aerial myeelin a great variety of ways, depending
on the species. Mycelia can either be vegetativereproductive. Some hyphae of the
vegetative mycelium penetrate into the medium heotto obtain nutrients; soluble nutrients
are absorbed through the walls, while insolublerients are first digested externally by
secreted enzymes. Reproductive mycelia are redgenfr spore production and usually
extend from the medium into the air.

Fungal spores can be asexual or sexual. Asexuetspoe formed by aerial mycelium of one
organism. When these spores germinate, they beooga@isms that are genetically identical
to the parent. Sexual spores result from the fusfomuclei fro two opposite mating strains of
the same species of fungus organism that growm fsexual spores will have genetic
characteristics of both parental stains.

20 OBJECTIVES

At the end of this unit readers should be able to:



. Explain different types of reproduction in fungi

. The role of the mycelium in reproduction of fungi
. The different types of asexual spores
. How asexual reproduction occurs in fungi

3.0 Main Contents

3.1 Different typesof asexual sporesin fungi
Asexual spores are produced by an individual furtbosugh mitosis and subsequent
cell division; there is no fusion of the nucleiag#lls. Asexual reproduction (Also called
somatic or vegetative reproduction) does not ingdhe union of nuclei, se cells or sex
organs. It may be accomplished by:

1. Fission of somatic cells yielding two similar datey cells

2. Budding of somatic cells or spores, each bud baisgnall outgrowth of present cell

developing into a new individual

3. Fragmentation or disjointing of the hyphal cellscle fragment becoming a new

organisms; or

4. Spore formation.

Several forms of asexual spores are produced hyi,fé&sexual spores, whose function is to

disseminate the species are produced in large msmbeamples of such spores include:

I.  SporangiosporesThese single-celled spores are formed within sated sporangia
(Singular, sporangium) at the end of special hypba@e Rhizopus. Aphanospores are
non-motile sporangiospores, their motility is doghe presence of flagella).

ii.  Conidiospore This is a unicellular or multicellular spore thatnot enclosed in a sac.
Conidiospores are produced in a chain at the eralaainidiophore. Small, single-celled
conidia are called microconidia while large, mudtiglar conidia are called
macroconidia. Conidia are formed at the tip or sila hypha. e.®enicillin.

iii. Oidia (Singular, Oidium) or Arthrospores. Thesegkrcelled spores are formed by
disjointing of hyphal cells or by fragmentation afseptate hypha into single, slightly

thickened cells. One species that produces suaglessLoccidiodes immitis.



iv. ChlamydosporesThese are thick-walled spores formed as segmeittsnwa hypha.
Chlamydospores are highly resistant to adverseitonsl and are formed from cells of
the vegetative hyphae e@andida albicans.

v. BlastosporesThese are spores formed by budding. These spotes obme off the

parent cell (e.g. yeast).

|
:
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Diagrammatic repr esentation of asexual spores

a. Sporangiospores are formed within a sporangiumrésgacs)

b Blastospores are formed from buds of the pareht cel

c Fragmentation of hyphae results in the formatioarttirospores
d. Chlamydospores are thick-walled cells within thelnge
e

Conidiospores are arranged in chains at the eadcohidiophore

CONCLUSION
Fungi reproduce asexually by spores which inclugmrangiospores, conidiospores,

arthrospores, chlamydiospores and blastospores.



5.0 SUMMARY

Asexual reproduction in fungi is usually with thie af spores. Asexual reproduction in fungi
does not involve the union of nuclei of sex cellggametes or sex organs. The asexual spores
are produced in very large numbers to enhance igsmination of species in either of the
different kinds of asexual spores such as sporapgies, conidiospores oidia,

chlamydospores, and blastospores.

6.0 TUTOR MARKED ASSIGNMENT
1. List the different types of asexual spores in fung

2. How is asexual reproduction accomplished by fungi?

7.0 REFERENCESFURTHER READINGS
3. Alexopoulos, C.J., Mimis, C.W., Blackwell, M. 9199@ntroductory mycology, %
edition, New York, Wiley-Liss, Pp. 1-60.
4. Pelczar, M.J., Chan, E.C.S., Krieg, N.R. (2008)cidbiology Tata McGraw-Hill Pub.
Comp. pp. 333-364.



MODULE 3

UNIT 2: SEXUAL REPRODUCTION IN FUNGI
CONTENT:

1.0 Introduction

2.0 Objectives

3.0 Main content

3.1 Various methods of sexual reproduction in fungi
3.2  Types of sexual spores

4.0 Conclusion

50 Summary

6.0  Tutor Marked Assignment

7.0 References/further readings

1.0 INTRODUCTION
Sexual reproduction in fungi is carried out by @usiof the compatible nuclei of two parent

cells. A fungal sexual spore results from sexuptaduction consisting of three phases:

1. A haploid nucleus of a donour cell (+) penetrates tytoplasm of a recipient cell (-)
2. The (+) and (-) nuclei fuse to form a diploid oyg nucleus
3. By meiosis, the diploid nucleus gives rise to haplouclei (sexual spores), some of

which may be genetic recombinants. There are vamoethods of sexual reproduction,
some of which include gametic copulation, gametaeangial copulation,

gametangial copulation etc.

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

. Explain the process of sexual reproduction in fungi
. Describe the different types of spores involvederual reproduction of fungi
. Understand the various methods of sexual reproaluati fungi

. Explain the significance of sexual spores in sexe@toduction of fungi



3.0 MAIN CONTENT

The process of sexual reproduction begins withjtiv@ng of two cells and fusion of their

protoplast called plasmogamy, thus enabling thehtaygoid nuclei of two mating types to fuse

together called karyogamy to form a diploid nuclé®s). This is followed by meiosis, which

again reduces the number of chromosomes to theidapimber (n).

The sex organelles of fungi, if they are preserd,called gametangia (singular, gametangium).

They may form differentiated sex cell (gametes)rmaty contain instead one or more gamete

nuclei. If the male and female gametangia are naqgically different, the male and female

gametangia are called the antheridium (plural, endie) and the female gametangium is
called oogonium (plural, oogonia) respectively.

The various methods of sexual reproduction (by tiziompatible nuclei are brought together

in plasmogamy), may be summarized as follows:

1. Gamete copulation: Fusion of naked gametes, one or both of whichesfaotile.

2. Gamete-gametangial copulation: Two gametangia come into contact but do not fuse.
The male nucleus migrates through a pore or featibn tube into the female
gametangium.

3. Gametangial copulation: Two gametangia or their protoplasts fuse and giigesto a
zygote that develops into a resting spore.

Somatic copulation: Fusion of somatic or vegetative cells

Spermatization: Union of a special male structure called spermati{plural,
spermatia) with a female receptive structure. Terreatium empties its contents into
the latter during plasmogamy.

Sexual spores, which are produced by the fusiawofnuclei occur less frequently, later and

in smaller numbers than do asexual spores. Therseaeral types of asexual spores; they are

often produced only under special circumstancesieéSexamples of sexual fungal spores are:

1. Ascospores. These are single-celled spores which are producadac called an ascus
(plural asci). There are usually two to eight apooss in each ascus. They are often
produced by the phylum Ascomycota.

2. Basidiospores: These are single-celled spores that are bornectubashaped structure
called a basidiunfplural basidia). There are usually four basidiospper basidium.

Basidiospores are produced only by the phylumdasiycota.



3. Zygospores. These are large, thick-walled spores formed whertigis of two sexually
compatible hyphae or gametangia, of certain funge ftogether e glucor hiemalis.

4. Oospores. These are formed within a special structure, thgoomm. Fertilization of
the eggs or oospheres by male gametes formedantaeridium gives rise to oospores.
There are one or more oospheres in each oogonium.

Asexual and sexual spores may be surrounded byyhighanized protective structure called

fruiting bodies. Asexual fruiting bodies have narsash as acervulus and pycrudium. Sexual

fruiting bodies have names such as peritheciumagothecium.

Although a single fungus may produce asexual andiatespores by several methods at

different times and under different conditions. Tépmores are sufficiently constant in their

structures and in the methods by which they arelymed to be used in identification and

classification.

A Gametic copulafion Female gamete
B Gamete-gametangial copulation

Male gamete o Male gametangivm

organism * Female gamete

C Gametangial copulation D S
omatic copulation
_— Zygospore

i Gametangia

\\7\
__— Hyphal fusions

ol

Figure 17-8. Some sexual mechanismsin fungi. (A) Gametic copulation: the fusion in pairs of sexual cellsor
gametes, formed in specialized sporangia-like gametangia (BJ gamete-gametangial copulation: the fusion of
a differentiated gamete of one sex with a gametangium of the other sex; (C) gametangial copulation: the
direct fusion of gametangia without differentiation of gametes; (D) somatic copulation: the sexual fusion of
Undifferentiated vegetative cells; (EJ spermatization: sper matia uniting with receptive hyphae of the opposite
(compatible) strain. (A-D: Pelczar, et. al., 2008).



40 CONCLUSION

Sexual reproduction in fungi occurs by fusion & tompatible nuclei of two parent cells. The
two haploid through the joining two cells and fusiaf their protoplasts enable the two haploid
nuclei of the two mating types to fuse togetheultesy in a diploid nucleus.

This is immediately followed by meiosis which thesduces the numbers of chromosomes to
the haploid number. The sex organelles of fungitheegametangia which form sex gametes,

which when different form anteridium and oogonia

5.0 SUMMARY

The various methods of sexual reproduction inclgdenetic copulation, gamegatanial
copulation gametangial copulation, somatic copoiatind spermatization

Several forms of sexual spores are involved irfik@n of two nuclei, examples of which are:
Ascospores, basidiopores zygospores and oospores.

The highly organized structure in fungi the frugibodies are often surrounded both sexual

and asexual spores.

0 TUTOR MARKED ASSIGNMENT
List the various phases in sexual reproductidiumgi that produce sexual spores.
What is a fruiting body and what are its functio

What is a gametangium

P ODdD PO

Briefly described spermatization

7.0 REFERENCESFURTHER READINGS

Ingraha, J.L., Ingraham C.A and Preniss H., (2008)ypduction to Microbiology Wadsioth
Publishing Company London Pp 275 — 283

Pekzar., M.J.., Chan, E.C.S., Krieg, N.R. (1993igrbbiology.
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10 INTRODUCTION
Fungi cause diseases known as mycosis both in mdmnaanimals. Most fungi are moulds,
but there are a number of pathogenic yeasts ang arandimorphic. Dimorphic fungi usually
assume the mould form when growing as saprophytesature, and as yeast form when
causing infection.
Some fungi are able to establish infection in atpased individuals while others are
opportunistic which cause diseases only in immuppsessed individuals or host. Fungi cause
three types of diseases, hamely;

(a) Superficial mycosis

(b) Subcutaneous mycosis and

(c) Systemic (deep) mycosis



2.0 OBJECTIVES

At the end of this unit, the learner will be ale t
(a) Know the meaning of and causes of mycosis
(b) Differentiate between superficial and subcutanenysoses
(c) Know the different organisms involved in superficiaycoses
(d) Know the different organisms involved in subcutamemycoses
(e) Understand the pathogenesis of different fungaaties

() Know the drug of choice for the different diseases

31 SUPERFICIAL MYCOSES
This is also known as dermatomycoses. They araskseof the skin, hair, nail and mucous
membranes and are the most common of all fungciiafies and have a worldwide distribution.

Superficial mycoses include ringworm.

3.1.1 RINGWORM

Ringworm infections are common diseases of thdwstraorneum of the skin, hair and nail;
they are also referred to as dermatophytosis @afi@ name which is qualified by the site
affected, e.g. Tinea capitis involves the scalmedi pedis involves the feet, Tinea cruris
involves the groin and Tinea corporis involves ot@as.

The infections are caused by about 20 speciesrofiatephyte fungi which are grouped into
three generaylicrosporum, Trichophyton andEpider mophyton.

Ringworm infections are spread by direct or indiregntact with an infected individual or

animal.

Indirect transfer may occur via the floors of swimgipools and showers or on brushes,
combs, towels and animal grooming tools. Some abalities of the epidermis, such as slight
peeling or minor trauma, are probably necessarytlier establishment of infection. The

infective particle is usually a fragment of keratntaining viable fungus.

Scalp ringworm is predominantly a disease of ckitdrand foot ringworm a disease of adults,

particularly adult males.



The hyphae grow into newly differentiated keratm itiis formed, keeping pace with the
keratin growth. In tissue, fungi take the form odiching hyphae, which may essentially break
up into athroconidia, particularly in infected hair

Ringworm lesions vary considerably according to #ite of the infection and species of
fungus involved. Sometimes there is only dry seabin hyperkeratosis. But more commonly
there is irritation, erythema, oedema and somecukgion. More inflammatory lesions with
weeping vesicles, pustules and ulceration are lysuwaused by zoophidic species of
dermatophyte.

In skin infection of the body, face and scalp, sgieg annular lesions with a raised,
inflammatopry border are produced. Lesion in groitend to spread outwards from the
flexures. In foot ringworm, infection is often caméd to the toe clefts, but it can spread to the
sole. Infected nails become discoloured, thickeregded and friable.

In scalp infection, the fungus invades the hairftshiad then the hyphae break up with chains
of arthroconidia. The pattern of hair invasion eféethe clinical appearance of the lesion. In
endothrix infection, the hair breaks off at or jbeiow the mouth of the follicle, which then
becomes plugged with dirt and seburn to give whdtnown as black dot ringworm, but in
extothrix infection, the hair usually breaks of8B2nm above the mouth of the follicle resulting
in favus. Fungal growth with the favus is minimabtahe hair remains intact but intense fungal
growth within and around the hair follicle produ@®/axy, honeycomb-like crust on the scalp.
Tropical agents such as Whitfield’s ointment arlddfotate are used for the treatment of most
dermatophyte infections of skin but these have Haeyely superceded by terbinafine and
azole compounds.

Oral griseofulvin is useful for scalp, skin anddgernail infections except for toe-nail infection.
Terbinafine and itraconazole are now used foralink of ringworm infection since they give
much better cure rates with shorter periods otitneat and lower relapse rates.

Control of the spread of ringworm is through imprdvliving conditions and standard of
hygiene.



3.1.2 Superficial candidiasis

Candida albicans accounts for 80-90% of superfici@andida infection, which involves the
mucous membrane of the mouth and vagina (thrusé)skin or nails. Other species sucltCas
tropicalis, C. krusal andC. parapsilosis may also be involved.

C. albicans forms about 20% of the normal flora of the mowghstro-intestinal tract, vagina
and skin. The carriage rate tends to increase aggh and is higher in the vagina during
pregnancy. Yeast overgrowth and infection occurmitine normal microbial flora of the body
is altered or when the host resistance to infedidowered by disease.

Mucosal infections are the commonest form of sugeaifcandidiasis. They are characterized
by the development of discrete white patches ommbeosal surface which, may develop to
form a curd-like pseudomembrane.

In the mouth or oral candidiasis white flecks app@athe buccal mucosa and the hard palate,
the surrounding mucosa is red and sore and thetiofemay spread to the tongue. Infection
occurs most frequently in infancy and old age, or severely immune-compromised
individual/patients, including those with AIDS.

In vaginal candidiasis, typical white lesions oe #pithelial surface of the vulva, vagina and
cervix are accompanied by itching, soreness andor-homogenous white discharge.
Sometimes the mucosa simply appears inflamed aagldr The peri-vulval skin may become
sore and small satellite pustules may appear ardl@doerineum and natal cleft. Vaginal
candidiasis is common, especially during pregnamogst women will have at least one
episode during their lifetime and some suffer resuir attack.

Other site of infection is the skin and nail. Skifection occurs at moist sites such as the
axillae, groins, perineum, sub-mammary folds arel diefts. In infantsCandida species are
frequently involved in napkin dermatitis.

Infection of the finger webs, nail folds and nagsan occupational disease of housewives,
nurses and barmaids, who frequently immerse tltagid$ in water.

Superficial infections occasionally occur on thenipeafter intercourse with females with
vaginal thrush. The yeast may also affect the ceder

In the treatment of superficial candidiasis, thedmsposing factor has to be taken into
consideration in addition to the use of nystatid amphotericin B. Azoles are more effective.

In oval candidiasis, nystatin, amphotericin B andanazole can be used in gel or lozenge



form. The application of an azole derivative or twibral therapy with fluconazole or
itraconazole for 1 day can be used to treat vagiaadlidiasis successfully.

Treatment of chronic paronychia involves a combamabf antifungal therapy, nail care and
avoidance of prolonged exposure to water. Patishtauld dry their hands carefully after
washing. Regular application of an azole lotioranrazole given orally is appropriate, but it

may take several months to cure the conditionfuamgal creams or ointment are less effective.

3.1.3 Tineanigra

This is an asymptomatic skin disease caused by aakbmould Exophida werneckii,
characterized by pigmented macules of variable, sizeally on the palms and soles. The
disease is not contagious but is contracted byacbmtith the fungus in the soil.

Treatment is with the use of keratolytic agenthsas Whitfield’s ointment.

32 SUBCUTANEOUSMYCOSES

This is a disease of the skin, subcutaneous tissugdone. They result from the infection of
saprophytic fungus that grows in the soil, on lgvior decaying plant tissues, into the wounds,
where it grows and spreads along lymphatic chanpetglucing subcutaneous nodules that
sometimes drain to the skin.

Subcutaneous mycoses include mycetoma, chromonsyandisporotrichosis.

3.2.1 Mycetoma

Mycetoma is a chronic, granulomatous infectionh skin, subcutaneous tissues, fascia and
bone of the foot or the hand. It is caused by a begrof the actinomycetes (actinomycetoma)
or moulds (eumycetoma). Infection occurs when thigawism is introduced into the
subcutaneous tissue through thorns or sphistera Boil or vegetable source. Hence, the
disease is most common in male agricultural worker® acquire minor skin injuries.

Within host tissues, the organisms develop to foompacted colonies (grains), 0.5-2 mm in
diameter, whose colour depends on the organisnomegge; for examplelMadurella grains

are black and\ctinomadura pelletieri grains are red.

Localized swollen lesions, which develop multiplaiding sinuses, are usually found on the

limbs, although infection occurs on other partshef body.



The prognosis varies according to the causal agentit is important that its identity is
established.

Actinomycetoma responds well to rifanipicin in cadmdtion with sulphonamide or
cotrimoxazole. In eumycetoma, chemotherapy is @wotife, and radical surgery is usually

necessary.

3.2.2 Chromomycosis

This disease, also known as chromoblastomycosg,cisronic, localized disease of the skin
and subcutaneous tissues. It is characterizedusyett, warty lesion in the limb. It is a tropical
disease.

The causative agents includénsecaea pedrosoi, F. compacta, Phialophora vernicosa,
Cladosporium carrianii.

Itraconazole, either alone or in combination withcytosine is used for treatment. Early,

solitary lesions may be excised.

3.2.3 Sporotrichosis

Sporotrichosis is a chronic, pyogenic granulomatiodisction of the skin and subcutaneous
tissues which may remain localized or show lympghapread. It is caused Iporothrix
schenckii, a saprophyte in nature.

S schenkii is a dimorphic fungus. In nature and in cultur@st30%, it develops as a mould
with thin septate hyphae; spore-bearing hyphae cdusters of oval spores. The yeast phase is
formed in the tissue and in culture at 37°C, antbimposed of spherical cells.

Sporotrichosis most frequently presents as a modulaerating disease of the skin and
subcutaneous tissues. Typically, the primary leggrmon the hand with secondary lesion
extending up the arm. The primary lesion may renhagalized or disseminate to involve the
bones, joints, lungs and in rare cases, the camtrabus system. Disseminated disease usually
occurs in debilitated or immunosuppressed indivslua

Treatment with potassium iodide or itraconazoleeftective for the cutaneous form. In

disseminated disease, intravenous amphotericirr&jisired.



40 CONCLUSION

Fungi such as the systemic pathogemgoplasma capsulatum andCoccioides immitis are able

to establish infection in all exposed individualkiM others such aSandida and Aspergillus
species, are opportunistic which ordinarily causeake only in a compromised host. In some
mycoses, the form and severity of the infectionesebon the degree of exposure to the
fungus, the site and the methods of entry the bady, the level of immunity of the host.

Allergic disease of the airways may result fromitifealation of the fungal spores.

5.0 SUMMARY
Fungal infections or diseases are known as mycdest. of the fungi are dimorphic in nature.
In other words, they grow as moulds in the soilroculture and as yeast in human tissues.
Infection occurs as a result of the inhalationieff spores of the fungi through the lungs. The
infection may be localized or disseminated to otbegans or tissues in the body. Allergic
reactions may also occur as a result of the inloal&tf fungal spores.
Fungus causes three types of diseases namely;

(a) Superficial mycoses

(b) Subcutaneous mycoses

(c) Systemic or deep mycoses
The incidence of all the mycoses is related diyetdl factors which affect the degree of
exposure to the causal fungi e.qg. living conditiocgupation and leisure activities.
Superficial and subcutaneous mycoses often prodhegacteristic lesions which strongly
suggest a fungal aetiology but they may also cjosetemble and be confused with other
diseases.
There are relatively few therapeutically usefulifangal agents, most of which are only for
topical use, and relatively few can be administesgstematically. Some, such as itraconazole
and terbinafine are usually administered orallyxeo$ like amphotericin B and niconazole are
given parenterally because of poor absorption ftieengastrointestinal tract while flucytosine
and fluconazole are available for oral or paretht&daninistration.

Antifungal prophylaxis may be used for the prevemf opportunistic infection.



6.0 TUTOR-MARKED ASSIGNMENT
1. What do you understand by the word “mycosis”?
2. Briefly describe superficial mycoses
3. Write short note on;
a. Ringworm infection
b. Superficial coccidioides
c. Aspergillosis
4. Briefly describe the diseases;
a. Mycetoma

b. Sporotrichosis
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10 INTRODUCTION

SYSTEMIC (DEEP) MYCOSES

Systemic mycoses or deep-seated fungal infectieruswally acquired by inhaling the spores
of free living fungi present as dimorphic fungiethdiseases include coccidiomycosis,
blastomycosis, histoplasmosis, and cryptococcosis.

Several systemic mycosis also occur in patientspcomised by disease or drug treatment.

These opportunistic mycoses include systemic camigjaspergillosis and zygomycosis.

2.0 OBJECTIVES
At the end of this unit, the learner will be alde t

1. Know the meaning of systemic mycoses



Know the different diseases caused by fungi
Differentiate between mould and yeast

4. Know the drug of choice for the different furigeases

3.0 MAINCONTENT

3.1  Coccidiomycosis

This is primarily an infection caused Bpccidiodis immitis, a dimorphic fungus found in the
soil of semi-arid areas especially in South-Westatates, California and Mexico. In the soill
and on moist culture medi&, immitis grows as a mould, forming barrel-shaped arthrospore
at the tip of hyphae, which is easily dispersedind currents. However, in humans, it grows

as yeast, forming thick-walled spherules filledm@éndospores. See diagram below.

AN

C. immitisin culture and soil Thick-walled spherulesin human being (lungs)

The disease is acquired by inhaling arthrosporasallys contained in dust. Primarily
pulmonary coccidiomycosis develops after an indobaperiod of 7 to 28 days. Skin rashes
may develop with the diseases. Endospores.

Endospores are released by rupture of the sphemlls and develop to form new spherule in
adjacent tissue, or following dissemination, inastbrgans of the body.

C. immitis usually cause an asymptomatic or self-limitingnporhary illness, but a progressive
and sometimes fatal secondary disease occasiaeailops.

Treatment is by the use of intravenous amphoteBcand concomitant intrathecal therapy is

required in the meningeal form. Ketoconazole aratdnazole are also useful.



3.2  Blastomycosis

Blastomycosis is a chronic infection of the lungsickh may spread to the skin and bones. It is
caused byBlastomyces dermatitidis, a dimorphic fungus which grows as a mould with a
septate mycelium on culture, but as a budding ywakuman tissues. Infection results from
inhalation of spores, especially in cool, wet clieneondition.

Primary lung disease is usually relatively mildt bathin a few weeks the disease may
disseminate to other tissues.

In disseminated infection the chronic pulmonaryedse persists, and abscesses and
granulomatous lesions are found in most organskaay tissues including bone. Chronic
cutaneous lesions occur in about 80% of patientls pulmonary infection; the characteristic
secondary skin lesions are typically raised witlhvedl-demarcated edge. It is from these skin
lesions that the diagnosis is most often made.

Intravenous amphotericiB is the drug of choice in the treatment of allnfisr of serious
blastomycosis. Hydroxystilbamidine is used in lotad disease. Oral ketoconazole or

itraconazole are also effective in less seriousaesgntral nervous system blastomycosis.

3.3  Histoplasmosis

The causative agent of this diseasHistoplasma capsulatum , a fungus which grows in
culture as a mould and as an intracellular yeaahimal tissues. The fungus is an intracellular
parasite found in soil enriched with the dropping®irds and bats, and infection results from
the inhalation of the spores.

Histoplasmosis is an asymptomatic or relatively dniself-limiting pulmonary infection,
although chronic or acute disseminated diseaseaisayoccur.

A chronic form of histoplasmossccurs mainly in adults; large cavities developrfrprimary
lesions in the lung or by reactivation of old lemoOccasionally the acute form of the disease
may spread to infect the reticulo-endothelial systend disseminate to other organs of the
body. Disseminated infection occurs most oftenlthage and infancy, or in individuals with
impaired immune response.

Treatment is by the use of intravenous amphoteiifor disseminated histoplasmosis
immunocompromised patients. Ketoconazole and itr@role give good results in less ill

cases.



34  Cryptococcosis

Cryptococcosis is carried bgryptococcus neoformans, a fungus that is commonly found

the excreta oWwild and domesticated bird throughout the worlde Tirds themselves are not
infected. Cryptococcosis occurs frequently as aatdis of the central nervous system, although
the primary site of infection is the lung. It ocswsporadically throughout the world but it is
now seen most often in patients with Acquired Immeficiency Syndrome (AIDS). Lesions
of the skin, mucosa, viscera and bones may alsorott its disseminated form, the disease
may resemble tuberculosis.

Infection follows inhalation of the cells of thegamisms into the lungs, resulting in a mild self-
limiting pulmonary infection in symptomatic infeoti. Lesions may take the form of small
discrete nodules which may heal with a residuat scanay become enlarged, encapsulated
and chronic. The meningeal form can occur in imnsup@ressed individuals. Chronic
meningitis or meningo-encephalitis develop insidlgwith headaches and low-grade pyrexia,
followed by changes in mental state, anorexia,aliglisturbances and eventually coma. The
outcome is always fatal unless it is treated. Mwgptococcal infections are now seen with
individuals with AIDS, 3-20% of whom develop cryptacosis.

Treatment is by the use of intravenous ampholeri®inn combination with flucytosine.
Intrathecal amphotericin Biay also be used in severe meningeal diseasen®atiégh AIDS
commonly relapse after the initial course of thgrapnd may react badly to the drug.
Fluconazole can be used for treatment and also asaiatenance therapy to control

cryptococcosis in AIDS patients.

3.5 Systemic Candidiasis

The main causative agent of systemic candidiasi€asdida albicans. Other organisms
involved areC. tropicalis, C. glabrata, and C. hisitaniae. The disease results following
overgrowth of these commensal yeasts in associatitnserious abnormality of the host. The
abnormality may be as result of immunosuppressédrg, patients treated with antibiotics or
steroids or in patients after organ transplanteartisurgery.

The disease may be localized or widely disseminated associated with a septicaemia

(candidaemia).



Common sites of Involvement in disseminated systezandidiasis include the kidney, liver,
spleen, brain and gastro-intestinal tract. The sgmgs the presence of white candidal lesions
within the eye (Candida endophythalmitis). Candeti@ocarditis usually follows surgery for
valve replacement, but also occurs in drug addmtsl occasionally in patients on
Immunosuppressive therapy. Infection of the kidiseysually blood-borne. Bladder infections
are usually associated with the presence of anetishg urinary catheter and the infection
often clears when the catheter is removed.

Intravenous amphotericin B in combination with fft@sine is the treatment of choice for most
form of systemic candidiasis. Flucytosin is notdus@ its own due to problem of resistance.
Fluconazole, ketoconazole and itraconazole hawelssn used successfully.

3.6 Aspergillosis

This is caused bpspergillus spp, notably among them atspergillus fumigatus, A. niger, A.
flavus, A. terreus and A. nidulans. Inhalation of the spores of these organisms mag te the
development of different types of diseases depgnalimthe location and types of organisms.
Aspergilloma: This is also referred to as fungus ball. The fungpisnizes pre-existing (often
tuberculous) cavities in the lungs and form a cachpall of mycelium, eventually surrounded
by a dense fibrous wall. Patients are either asgmatic or have only a moderate cough and
sputum production. Occasionally, haemophysis maguiocSurgical resection is most often
used to treat this condition.

Allergic aspergillosis: This usually occur in atopic individuals with elésd IgE level.
Asthma with cosinophilia is a more chronic form.eTiangus grows in the airways to produce
plugs of fungal mycelia which may block off segmeitliving tissues. Allergic alveolitis
follows particularly in heavy and repeated exposuce a large number of spores.
Breathlessness, fever and malaise appear some diftargxposure, and repeated attacks result
in progressive lung damage.

Invasive Aspergillosis. This is often caused b&spergillus fumigatus, and occurs mostly in
severely immunocompromised individuals with serianderlying illness. The lung is the sole
site of infection from which it spreads into tisswes blood vessels causing thrombosis. Septic
emboli may spread the infection in other organgeeilly the kidneys, heart and brain.

Invasive aspergillosis has a poor prognosis anftéh diagnosed post mortem.



Treatments of allergic forms of aspergillosis aithwhe use of corticosteroids. Aspergilloma
is treated by surgical incision or sometimes withifangal agents. In invasive aspergillosis,

the treatment of choice is intravenous amphotoi#in

3.7  Zygomycosis

Zygomycosis is a relatively rare, opportunisticertion caused by saprophytic moulds of the
species of Rhizopus, Mucor and Absidia. The diseasalso known as mucormycosis
phycomycosis.

The best known form of the disease is rhinocereky@mycosis, a rapidly fulminating
infection which is associated with either acutebdias mellitus or with debilitating disease
such as leukaemia or lymphoma. There is extensllalits with rapid tissue destruction;
most commonly spreading from the nasal mucosagduitbinate bone, paranasal sinuses, orbit
and brain. Rhinocerebraliygomycosis is rapidly fatal if untreated. Mostgtiases are made at
necropsy.

Pulmonary and disseminated infection can occur everely immuno-compromised
individuals.

Treatment depends on early diagnosis of the irfecd as to allow for prompt therapy with

intravenous amphotericin B and aggressive surgitatvention.

40 Conclusion

Systemic mycoses are part of the diseases causéghfy They are known as deep-seated
infections, occurring in the lungs as the firstgoof contact of the organisms in man or
animals. They are then localized or disseminateather tissues or organs of the body. Some
of the diseases are self limiting, while others rbayatal if not treated.

Treatment of most of the diseases is by the usat@venous amphotericin,Btraconazole

or/and ketoconazole

50 Summary
Systemic mycoses result from the inhalation of $pheres of fungi such as those from the
species of Coccidiodes, blastomycetes, histoplagmanto the lungs. Most of these organisms



are dimorphic in nature; they grow as moulds onstiieor vegetation plants or in culture, and
as yeast in animal tissues.

The disease may be localized in the lungs or dissded to other tissues or organs in the
body.

6.0 Tutor-Marked assignment
1. What do you understand by the word “systemicoags?”

2. Briefly describe the disease “Aspergillosis”
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10 INTRODUCTION

Traditionally, the role of yeast from the technieald industrial standpoint cannot be over
emphasized. Although many genera and species sf gaast in nature and many of them are
used industrially; most important are the straihSaacharomyces cerevisiae. They are used in
the manufacture of wine and beer, and in the laageof bread.

The use of yeast as a leavening agent for bregthated in Egypt about 6,000 years ago, and
spread slowly to the rest of the western world. @lseovery that alcohol can be distilled and

so concentrated originated either in China or thebAvorld.

2.0 OBJECTIVES
At the end of this unit, the learner will be alde t

1. Know the process involved in the making of déf& type of wine and the organisms
involved.

2. Know the process of beer making and the orgasismolved.

3. Know the process of bread making and the orgamiavolved.

4. Know the meaning and definition of saccharifimatand leavening of bread.

5. Know the different products from fungi such ae tifferent antibiotics and specific

organisms involved.



3.0 MAIN CONTENT

31 WINE PRODUCTION

Wine production involved the fermentation of théubte sugars (Glucose and fructose) of the
juices of grapes into ethyl alcohol and £@fter the grapes are harvested, they are crughed
produce a raw juice or must, a highly acidic ligamhtaining 10 — 25% sugar by weight in
any parts of the world, the mixed yeast flora oa thrapes serves as the inoculums for the
fermentation that convert the must into wine. Ilsua natural fermentation, a complex
succession of changes in the yeast population scauithe later stages, the true wine yeast
Saccharomyces cerevisiae var. ellipsoids predominates.

In California, the must is first treated with sulpldioxide (SQ) to eliminate the natural yeast
flora; it is then inoculated with the desired straf wine yeast. Must from both red and white
wine grapes\itis vinifera) is white and results in a white wine. Since tbhuar of red grapes

is in the skin, red wines are made by fermentatiothe presence of the skin, the alcohol
developed during fermentation extract the colodo ithe wine. Following fermentation the
new wine must be classified, stabilized and aggaréduce a satisfactory final product. These
processes require months, and for high qualitywiee, even years.

Although the high alcohol content and low pH (3df) wines make them unfavourable
substrates for growth of most organisms, they atgest to microbial spoilage, especially
when they are exposed to air film-forming yeast acetic acid bacteria grow at the expense of
the alcohol, converting it to acetic acid, this®yg the wine in the absence of air, lactic acid
bacteria grows at the expense of residual sugatmpdrt a “mousy” taste is the wine. Wine
yeast can grow in sweet wines even after boostiraking the wine become cloudy and less
attractive.

Wine spoilage can be prevent either by chemicaiti@dd such as sulphur dioxide (§@r by

sterilization through filtration.

3.2 BEERPRODUCTION
Beers are manufactured from grains, such as badeyy and rice; which contain no
fermentable sugars. The starch of the grams ase tiydrolyzed in the fermentable sugars,

maltose and glucose before fermentation by yeastptiocess of hydrolyzing the starch is



maltose and glucose is called saccharificationfei@ht grains have different saccharification
processes.

In the case of barley, starch hydrolyzing enzynasy{ase) of the grain itself is used. Barley
seeds contain little or no amylase, but upon geaition large amount of amylase are formed.
Hence barley is dampened, allowed germinate, atieeisdried and stored for subsequent use.
Such dried, germinated barley called malt, is diargolour as a result of exposure to increased
temperatures during drying. The starch of barleyaies largely unaffected by the malting
process, the first step in beer making is the gngpadf malt and its suspension in water is allow
hydrolysis of the starch. If a lighter beer is dedj unmalted barley or source other cereal
grain is added to the saccharifying mixture. Afsaiccharification has reached the desired
stage, the mixture is boiled to stop further enzyenehanges and it is then filtered. Hops are
added to the filtrate (wort) and contribute a stdutesin, which impacts the characteristics
bitter flavour of beer and which also acts as a¢mative against the growth of bacteria. After
filtration the hopped wort is ready for fermentaticGpecial stains of yeasfaccharomyces
cerevisiae) are used as inoculum to commence the fermentatiocess which usually takes a
period of 5 to 10 days at low temperature.

During the course of time, special strainsSoterevisiae with desirable properties have been
selected known as brewer’s yeast. Strains of breweast fall into two groups known as top
and bottom yeast. Top yeast so called becausegiigimentation they are swept to the top of
the vat by the rapid evolution of GOThey are vigorous fermenters acting best ativeligt
high temperature (20%), and are used for makingyhbaers of high alcoholic content such as
English ales. In contrast, the bottom yeasts areadled because the slower rate of .CO
evolution allows them to settle to the bottom o that during fermentation. They are slow
fermenters, act best at low temperature (12% to)1%¥d produce highly low alcoholic
content beers like those made in the United States.

The diseases of beer occur most commonly folloviemmentation either during maturation or
following bottling. One agent is a wild yeaSaccharomyces pasteurcarius which impacts a
disagreeable bitterness to beer. Spoilage of baerbe prevented by the use of pure yeast

strains as starters and pasteurization of the fireduct.



3.3 BREAD PRODUCTION

The yeast used in bread production belongs topbeissSaccharomyces cerevisiae. Until the
nineteenth century, yeast for bread making weraionbdt directly from the nearest brewery,
but today the production of compressed yeast cdildcer's yeast is dried under controlled
condition that maintain viability of the yeast sglh treatment that facilitates shipment and
storage is used.

An alcoholic fermentation by yeast is an essesti@p in the production of raised breads; this
process is known as the leavening of bread.

During bread production, moisturized flour is mixedh yeast and allows to stand in a warm
place for several hours. Flour itself contains ato free sugar to serve as a substrate for
fermentation, but there are some starch splittmgymes present that produces sufficient sugar
fermentation. In the highly refined flours theseynes have been destroyed, and sugar must
be added to the dough, the sugar is rapidly feretehy yeast the CQproduced is entrapped

in the dough causing it to rise; a process knowieagening while the alcohol produced is

driven off during the baking process.

34 FUNGI ASA SOURCE OF PROTEIN

Microorganisms because of their rapid growth, hggbtein content and ability to utilize
organic substrates of slow cost are potentiallyable sources of animal food. Yeasts are the
principal organisms that have been used and therigename for the microbial product is
single cell protein. The proposed use of singlem®itein is as a supplement for animal feed to

replace the other major supplements, soya beansinoheal.

35 THE DISCOVERY OF ANTIBIOTICS

The first chemotherapeutically effective antibiotias discovered in 1929 by Alexander

Fleming, a British bacteriologist. He noticed thatong a pile of petri dishes on his bench one
that had been streaked with a cultureSaphylococcus aureus was also contaminated by a

single colony of mould. Moreover, the colonies intiia¢ely surrounding the mould were

transparent and appeared to be undergoing lysise&t®ned that the mould was excreting into
the medium a chemical that caused the surroundii@nies to lyse. He isolated the mould,



which proved to be a species of penicilium, andvibzed that that culture filtrates contained
an antibacterial substance which he called pemicill

Penicillin rather than being a single substanceyveu to be a class of compounds. These
include penicillin G, penicillin F, Penicillin V,mapicillin and oxacillin.

Since 1945, thousand of different antibiotics piatl by fungi,Actinomycetes have been
isolated and characterized, for example, streptampbtained fromSreptomyces griseus
which is effective against many Gram-positive andar@negative andVycobacterium
tuberculosis was discovered by A. Schatz and S. Waksman. Tyefiae was produced fro8
aurefaciens chloramphenicol fromS venezuelae, erythromcin from S erythreus and
cephalosporin fronCephal osporium spp

CONCLUSION

Fungi have been found to be very useful to mankind its importance cannot be over

emphasized. Fungi has been involved in the fernientaf soluble sugars such as glucose and
fructose into ethanol during wine production, tlaeg also involved in the production of beer

and leavening of bread. What would have been ttee damost patient or war victims in a

world without antibiotics? Most of the antibiotitsday are products of fungi.

SUMMARY

Microbial processes have been used by humans pmetestoric times in the preparation of
food, drinks and other chemical. This process beceontrolled and perfected in the middle of
the nineteenth century. The outstanding exampldsaditional microbial processes are those
used in the production of beer and wine and ingheening of bread. The rise of microbiology
which revealed the nature of these traditionatgsses led not only to the great improvements
of many of them, but also to the development ofrelyt new industries based on the use of

microorganisms that had previously not been exgdioity humans.



TUTOR-MARKED ASSIGNMENT
1. Briefly describe the terms
(a) Saccharification
(b) Leavening of bread

(c) Formation of malt

2. Describe the processes involved in beer prooluctising either “barley” or “rice”
3. List ten (10) products of fungi and the specitiiganisms involved in each of the
product.
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