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Series 1 Foundations of Fungal Structure,
Physiology and Classification

Part 1: Structure of Fungi

e 1.1.1 Cellular organisation of fungi
e 1.1.2 Morphological forms: yeasts, moulds and dimorphic fungi
e 1.1.3 Fungal cell wall and membrane components

Part 2: Physiology of Fungi

e 1.2.1 Nutrition and growth requirements
e 1.2.2 Reproduction and life cycles: asexual and sexual
e 1.2.3 Environmental adaptations of fungi

Part 3: Classification of Fungi

e 1.3.1 Historical approaches to fungal taxonomy
e 1.3.2 Modern classification systems: molecular and morphological bases
e 1.3.3 Major fungal groups of medical, food and industrial importance

Introduction

Fungi are among the most diverse and fascinating groups of microorganisms, playing vital roles
in medicine, food production, and industry. To appreciate their importance, it is essential to first
understand their basic structure, physiology, and classification. This foundational knowledge
provides the framework for exploring how fungi function, how they reproduce, and how they are
grouped into categories that help us study them systematically. By beginning here, you will be
better prepared to engage with later Series that focus on their medical relevance, industrial
applications, and metabolites.

The aim of this Series is to equip you with a clear understanding of the structural organisation,
physiological processes, and classification systems of fungi. By the end of this Series, you
should be able to explain how fungi are built, how they grow and reproduce, and how they are
categorised into groups of medical, food, and industrial importance.

We shall commence this Series by examining the structure of fungi, including their cellular
organisation, morphological forms, and the components of their cell walls and membranes. Next,
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we will explore the physiology of fungi, focusing on nutrition, growth requirements,
reproduction, and environmental adaptations. Finally, we will wrap up by studying the
classification of fungi, beginning with historical approaches and moving on to modern systems,
before considering the major fungal groups that are significant in medicine, food, and industry.

Series Learning Outcomes

Upon completing this Series, you should be able to:

o define the cellular organisation of fungi,

e describe the morphological forms of fungi including yeasts, moulds and dimorphic fungi,

e explain the structural components of fungal cell walls and membranes,

o analyse the nutritional and growth requirements of fungi,

o explain the processes of fungal reproduction and life cycles, both asexual and sexual,

o cvaluate the environmental adaptations that enable fungi to survive in diverse conditions,

» outline the historical approaches to fungal taxonomy,

e explain modern classification systems of fungi based on molecular and morphological
features, and

o identify the major fungal groups of medical, food and industrial importance.

1.1 Structure of Fungi

Fungi are unique organisms with structural features that distinguish them from plants, animals,
and bacteria. Their organisation, morphology, and cellular components form the basis for their
physiology and classification. In this Part, we will examine the cellular organisation of fungi,
their morphological forms, and the composition of their cell walls and membranes.

1.1.1 Cellular organisation of fungi

The cellular organisation of fungi refers to how fungal cells are arranged and function. Fungi
may exist-as unicellular organisms, such as yeasts, or as multicellular organisms, such as
moulds. A fungal cell typically contains a nucleus, cytoplasm, mitochondria, and other
organelles similar to those found in eukaryotic cells.

A distinctive feature of fungi is the presence of hyphae, which are long, thread-like structures
forming the body of multicellular fungi. A collection of hyphae is called a mycelium, which
serves as the vegetative part of the fungus. Hyphae may be septate (divided by cross walls called
septa) or coenocytic (without septa, forming a continuous cytoplasmic mass).

Fungi differ from plants because they lack chlorophyll and cannot perform photosynthesis.
Instead, they rely on external organic matter for nutrition.

Fill in the blank: Fungi lack , which prevents them from carrying out photosynthesis.

-
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FUNGAL MORPHOLOGY:
UNICELUCLAR YEASTS VS. MULTICLTUCLLAR MOULDS
VISUALIZING ARCHITECTURE FOR IDENTIFIFATION

= 1. YEAST o a8 2. MOULDS \

(UNUNUELLAR) (MULTICUELLAR)

SEPTATE HYPHAE
COENOCTIC HYPIAE

MYCELIUM

* Single-celled
Reproduce by budding
Appear as creamy colonies

* Filamentous, multicullar
Composed of hypaie

* Form a visible mycelium
Reprouce by spores

e Ex: Peniciillum (Antibotic)
Rhizopus (Bread Mould)

* Ex: Sachrmemes (Brewing)
Candida (Pathagen)

- N\

MICROBICOLOGY: FUNGAL DIVERSITY VISUALIZED

Figure 1.1 — Cellular Organisation of Fungi

1.1.2 Morphological forms: yeasts, moulds and dimorphic fungi
Fungi exhibit diverse morphelogical forms, which influence their growth and reproduction.

e Yeasts are unicellular fungi that reproduce mainly by budding. They are round or oval in
shape ‘and are important in food and industrial microbiology.

e Moulds ate multicellular fungi composed of hyphae. They grow as filamentous colonies
and produce spores for reproduction.

¢ Dimorphic fungi can exist in two forms: as yeasts under certain conditions (such as in
host tissues) and as moulds under other conditions (such as in the environment). This
ability to switch forms is often linked to pathogenicity.

Fill in the blank: The ability of some fungi to exist as both yeasts and moulds is called

-
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FUNGAL MORPHOLOGY: YEASTS vs. MOULDS vs. DIMORMORIC FUNGI

Cellular & Colonial Forms

1. YEASTS 2. MOULDS 3. DIMOMPRIC FUNGI
(@] &
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Budding Yeast Form Mould Form
(37 °C, Host) (25 °C Environment
Spores
Hypfaie Temperature-dependent Switching
Unincullal Mycelium

= Smooth, Creamy Colonies
- Oval/Round Shape

= Reproduce by Budding

= Smooth Colonies

- e.g., “Sacharcomes™

Multtuiculal Filaments
Hyplae & Mycelium
Reprouce by Spores
Fuzzy Colonies

e.g., "Peniciulium™

Two Forms

Yeast-like

Meast-like (Body Temp)
Mould-like, Room Temp)
e.g., “Histospama™

KEY TAKEWAY:
Fungi can exist as single-celled yeasts, flamenteuts, or dimorric forms that switch beten both, impacting thei@»v

growth, reprouwuction, and role in disease.

Figure 1.2 — Morphological Forms of Fungi

1.1.3 Fungal cell wall and membrane components

The fungal cell wall is a rigid structure that provides shape, protection, and support. It is
primarily composed of chitin, a polysaccharide that gives strength, and glucans, which
contribute to flexibility. The cell wall also contains proteins and mannans that play roles in
pathogenicity and immune recognition.

Beneath the cell wall lies the cell membrane, which contains ergosterol, a sterol unique to
fungi. Ergosteroliis critical for maintaining membrane fluidity and integrity. It is also a target for
antifungal drugs, making it medically significant.

Fill in the blank: The unique sterol found in fungal cell membranes, and targeted by antifungal
drugs, is

e  Chitin: provides rigidity

o Glucans: add flexibility

e Mannans: involved in immune recognition

o Ergosterol: unique sterol in fungal membranes

-
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FUNGAL CELL WALL STRUCTURE

Visualizing the Layers & Key Moleculal Components
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Figure 1.3 — Fungal Cell Wall and Membrane Components

Pilot questions 1.1

Which structural feature distinguishes fungi from plants in terms of nutrition?
What is the difference between septate and coenocytic hyphae?

Name the three main morphological forms of fungi.

Which polysaccharide provides rigidity to fungal cell walls?

What unique sterol is found in fungal cell membranes?

g LD =

1.2 Physiology of Fungi

The physiology of fungi refers to the biological processes that enable them to grow, reproduce,
and adapt to their environment. Understanding these processes is essential because they explain
how fungi survive, interact with other organisms, and contribute to medicine, food, and industry.
In this Part, we will explore nutrition and growth requirements, reproduction and life cycles, and
environmental adaptations of fungi.

-
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1.2.1 Nutrition and growth requirements

Fungi are heterotrophic organisms, meaning they cannot produce their own food and must
obtain nutrients from external sources. They absorb nutrients through their cell walls and
membranes after secreting enzymes that break down complex organic matter.

Fungi may be saprophytic, feeding on dead organic material, or parasitic, deriving nutrients
from living hosts. Some fungi are symbiotic, forming mutual relationships such as mycorthizae
with plants.

Growth requirements include suitable temperature, pH, moisture, and oxygen levels. Most fungi
are aerobic, requiring oxygen, although some yeasts can grow anaerobically through

fermentation.

Fill in the blank: Fungi that feed on dead organic matter are called

FUNGAL NUTRITIONAL STRATEGIES

VISUALIZING ECOLOGICAL ROLES

1. SAPROPHYTIC FUNGI 2. PARASITIC FUNGI 3. SYMIBOTIC FUNGI
(DECOMPOSERS) (PATHGENS) (MYCORRHIAZE)

chpa:e
x‘»:-tn> h

= Feed on dead organic matter * Infect living hosts = Mutaully beneficial relationship
= Recycle nutrients = Cause disease = Enhance nutrient uptape
* Ex: Mushrooms, moulds Ex: Plant rusts, athlete's foot Ex: Mycrorhizal fungi

MICROBICOLOGY: FUNGAL ECOLOGY & DIVERSITY VISUALIZED

Figure 1.4 — Fungal Nutrition and Growth Requirements

1.2.2 Reproduction and life cycles: asexual and sexual
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Fungi reproduce through both asexual reproduction and sexual reproduction.

o Asexual reproduction involves processes such as budding, fragmentation, and spore
formation. Spores may be produced in specialised structures like sporangia or
conidiophores.

e Sexual reproduction occurs when compatible mating types fuse, leading to genetie
recombination. This process involves plasmogamy (fusion of cytoplasm), karyogamy
(fusion of nuclei), and meiosis (formation of sexual spores).

The life cycle of fungi varies depending on the species, but it generally alternates between
haploid and diploid stages.

Fill in the blank: The fusion of fungal nuclei during sexual reproduction is called
FUNGAL REPRODUCTION STRATEGIES
Asexual vs. Sexual Cycles

1. ASEXUAL REPRODUCTION 2. SEXUAL REPRODUCTION

Enzymes Mould Form

Budding Yeast (Cyptapam Fusion) (37 °C.am Fusion)
- Plasmoamy Karyogamy
Spore Formation (Nuelei Fusion) (Nuelei Fusion)
% i
ogoo = Raccines =
/ f<d —
Condiophore : Spores =
Sporangiiiore @
- 2 S —2®
— o
o
%O \Spondium oo Meiosis Zygposspore-
(Haplid Spores) Formation

KEY TAKEWAY: Fungi diverse reprbduction methods to countat, propogate.
Asexual methods rapidly increase numbers, while sexual repoduction introduces

genetic diversity, crucual aspcss and rol and survival in vareing
environments.

Figure 1.5 — Fungal Reproduction and Life Cycle

1.2.3 Environmental adaptations of fungi

Fungi exhibit remarkable environmental adaptations, allowing them to thrive in diverse
habitats.
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e Some fungi are psychrophilic, growing at low temperatures, while others are
thermophilic, tolerating high temperatures.

e Many fungi can survive in acidic or alkaline conditions, showing pH tolerance.

o Fungi also adapt to moisture levels, with some capable of surviving in dry environments
by forming resistant spores.

o Pathogenic fungi adapt to host environments by altering their morphology, such as
dimorphism, which enhances survival and infection.

Fill in the blank: Fungi that thrive at high temperatures are referred to as
Examples of fungal environmental adaptations

o Psychrophilic fungi: grow at low temperatures
e Thermophilic fungi: tolerate high temperatures
e Acidophilic fungi: survive in acidic conditions
e Dimorphic fungi: switch between yeast and mould forms

Pilot questions 1.2

What term describes fungi that obtain nutrients from dead organic matter?
Name two processes involved.in-asexual reproduction of fungi.

What is the sequence of events in sexual reproduction of fungi?

Which group of fungi can tolerate high temperatures?

Give one example of how pathogenic fungi adapt to host environments.

M

1.3 Classification of Fungi

Classification provides a systematic way of organising fungi into groups based on shared
characteristics. This helps scientists, medical practitioners, and industrial microbiologists to
identify fungi, study their behaviour, and apply them in medicine, food, and industry. In this
Part, we will examine the historical approaches to fungal taxonomy, modern classification
systems, and the major fungal groups of importance.

1.3.1 Historical approaches to fungal taxonomy

Early classification of fungi was largely based on morphological features, such as the
appearance of spores, reproductive structures, and colony forms. At first, fungi were mistakenly
grouped with plants because they were immobile and had cell walls. However, unlike plants,
fungi lack chlorophyll and cannot photosynthesise.

-
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Later, fungi were recognised as a distinct kingdom due to their unique nutritional mode, cell wall
composition, and reproductive strategies. Traditional taxonomy relied heavily on microscopic
examination of spores and fruiting bodies.

Fill in the blank: Early taxonomists grouped fungi with because they were immobile
and had cell walls.

1.3.2 Modern classification systems: molecular and morphological bases

Modern classification of fungi integrates molecular techniques with traditional morphological
observations. Molecular methods, such as DNA sequencing, have revealed evolutionary
relationships that were not apparent from morphology alone.

Fungi are now classified into major phyla, including:

e Chytridiomycota: simple fungi with motile spores.

e Zygomycota: fungi producing zygospores during sexual reproduction.
e Ascomycota: sac fungi producing spores in asci.

o Basidiomycota: club fungi producing spores on basidia.

These groups are distinguished by their reproductive structures and genetic characteristics.

Fill in the blank: The phylum of fungithat produces spores in sac-like structures called asci is

1.3.3 Major fungal groups of medical, food and industrial importance
Certain fungal groups are particularly significant in medicine, food, and industry.

o Aspergillus species: widely used in industry for enzyme and citric acid production, but
also capable of causing aspergillosis.

e Saccharomyeces cerevisiae: a yeast used in baking, brewing, and biotechnology.

o Cryptococcus species: medically important fungi that can cause cryptococcosis.

o ( Candida species: opportunistic pathogens responsible for candidiasis.

These examples highlight the dual nature of fungi: beneficial in some contexts, yet pathogenic in
others.

Fill in the blank: The yeast widely used in baking and brewing is
Selected fungi of medical, food and industrial importance

o Aspergillus niger: industrial enzyme production
e Saccharomyces cerevisiae: baking and brewing
e (Candida albicans: opportunistic pathogen
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e Cryptococcus neoformans: systemic mycoses

KEY FUNGAL GROUPS: DIVERSITY, USES & HEALTH IMPACTS

1. ASPERGILLUS 2. SACCHARACOMES 3. CANDIDA ALBICANS 4. CRYPTORCTCUS
CEREVISEIE & PATHOGEN NEOFORVMANS

Baking & Brewing Yeast Can formpfiyas Encoulplated Yeast

Filametous mold Single-celled fungus Can form biiofins Enceiiplated Yeast
Found in soil/decaying matt Single-celled fungus form bilofiits Found in bird droppings/soil

Industrial enzymes (e.g. Fermentation (CO2 + Causes candidisais Inhalation leads
amylase, cellullase) + Ethanol) (e.g. oral thrush, UTI) infection

Some species cause Crucial for bread, beer, wine g . Causes cryptoccosis,
allergies / aspergilssis Opportuanitic infection (e.g. mennoencalgahisatis

» FUNGAL DIVERSITY — ECOLOGICAL ROLES — HUMAN IMPACTS

2 g

Figure 1.6 — Major Fungal Groups of Importance

Pilot questions 1.3

Why were fungi initially grouped with plants in early taxonomy?

Name one molecular technique used in modern fungal classification.
Which fungal phylum produces zygospores during sexual reproduction?
Give one example of a fungus used in food production.

Identify a medically important fungus that causes systemic mycoses.

gD D —

Series Summary

This Series has provided a foundation for understanding the structure, physiology, and
classification of fungi, which is essential for appreciating their roles in medicine, food, and
industry. By beginning with their cellular organisation and morphological forms, we established
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how fungi are built and how their unique features, such as hyphae and ergosterol, distinguish
them from other organisms. We then explored their physiology, focusing on nutrition, growth
requirements, reproduction, and environmental adaptations, which explain how fungi survive and
thrive in diverse conditions. Finally, we examined fungal classification, tracing its historical
development, modern molecular approaches, and the major groups of importance.

In line with the Series Learning Outcomes, you should now be able to define the organisation of
fungal cells, describe their morphological forms, explain the components of their cell walls and
membranes, analyse their nutritional and reproductive processes, evaluate their environmental
adaptations, and outline both historical and modern classification systems. Y ou should also be
able to identify the major fungal groups relevant to medicine, food, and industry. This
knowledge equips you with the essential skills to progress confidently into-subsequent Series that
address the medical, industrial, and applied aspects of fungi.

Concept Check Questions [Series 1]
Objective Questions

1. Which structural feature distinguishes fungi from plants in terms of nutrition? (Linked to

SLO 1.1)

2. Fungi that feed on dead organic matter are called . (Linked to SLO 1.4)

3. The unique sterol found in fungal cell membranes 1s . (Linked to SLO 1.3)

4. Which fungal phylum produces spores in sac-like structures called asci? (Linked to SLO
1.8)

5. Name one fungus widely used in baking and brewing. (Linked to SLO 1.9)
Short-Answer Questions

6. Define hyphae and explain their role in fungal organisation. (Linked to SLO 1.1)
7 Describe the difference between yeasts, moulds, and dimorphic fungi. (Linked to SLO

1.2)
8. Outline the sequence of events in sexual reproduction of fungi. (Linked to SLO 1.5)
9 Explain ene envitonmental adaptation that enables fungi to survive in extreme conditions.

(Linked to SLO 1.6)
10.< . Identify two historical reasons why fungi were initially grouped with plants. (Linked to
SLO 1.7)

Long-Answer Questions

I1. Analyse the nutritional strategies of fungi and evaluate their importance in ecosystems.
(Linked to SLO 1.4)

12.  Discuss the significance of modern molecular classification in understanding fungal
diversity. (Linked to SLO 1.8)

13.  Evaluate the dual role of fungi in medicine, food, and industry, providing examples of
both beneficial and harmful impacts. (Linked to SLO 1.9)

-
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Answers to Concept Check Questions [Series 1]

Objective Questions

1. Fungi lack chlorophyll and cannot photosynthesise.
2. Saprophytic fungi.

3. Ergosterol.

4. Ascomycota.

5. Saccharomyces cerevisiae.

Short-Answer Questions

6. Hyphae are thread-like structures forming the body of multicellular fungi. They enable
nutrient absorption and growth.
7. Yeasts are unicellular fungi reproducing by budding, moulds are multicellular with

filamentous hyphae, and dimorphic fungi can switch between yeast and mould forms depending
on conditions.

8. Sexual reproduction involves plasmogamy (fusion of cytoplasm), karyogamy (fusion of
nuclei), and meiosis (formation of sexual spores).

9. Thermophilic fungi can tolerate high temperatures; while dimorphic fungi adapt to host
environments by switching forms.

10.  Fungi were grouped with plants because they are immobile and possess cell walls.

Long-Answer Questions
11. Analyse the nutritional strategies of fungi and evaluate their importance in ecosystems.

e Basic response.: Fungi are heterotrophic, relying on saprophytic, parasitic, or symbiotic
nutrition. Saprophytes recycle organic matter, parasites exploit hosts, and symbionts form
beneficial relationships'such as mycorrhizae.

e Value-added response: Beyond recycling nutrients, fungi influence soil fertility, plant
health, and global carbon cycles. Symbiotic fungi enhance agricultural productivity,
while parasitic fungi regulate population dynamics in ecosystems.

12. Discuss the significance of modern molecular classification in understanding fungal
diversity.

e Basic response: Molecular techniques, such as DNA sequencing, have refined fungal
taxonomy, revealing evolutionary relationships not evident from morphology alone.

e Value-added response: Molecular classification has led to the discovery of cryptic
species, improved medical diagnostics, and enhanced industrial applications by
identifying strains with unique metabolic capabilities.

-
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13. Evaluate the dual role of fungi in medicine, food, and industry, providing examples of
both beneficial and harmful impacts.

e Basic response: Beneficial fungi include Saccharomyces cerevisiae in baking and
brewing, and Aspergillus niger in enzyme production. Harmful fungi include Candida
albicans causing candidiasis and Cryptococcus neoformans causing systemic infections.

o Value-added response: Fungi also contribute to biotechnology, pharmaceuticals, and
sustainable industry, while pathogenic fungi pose challenges in immunocompromised
populations. Their dual role underscores the need for balanced managementin applied
microbiology.

Answers to Pilot Questions [Series 1]

Part 1: Structure of Fungi

1. Fungi lack chlorophyll, which prevents them from carrying out photosynthesis.
Septate hyphae are divided by cross-walls called septa, while coenocytic hyphae lack
septa and form a continuous cytoplasmic mass.

3. Yeasts, moulds, and dimorphic fungi.
4. Chitin.
5. Ergosterol.

Part 2: Physiology of Fungi

Saprophytic fungi.

Budding and spore formation (other processes include fragmentation).
Plasmogamy, karyogamy, and meiosis.

Thermophilic fungi.

Dimorphism, which allows fungi to switch between yeast and mould forms in host
environments.

MRS

Part 3: Classification of Fungi

Saccharomyces cerevisiae.
Cryptococcus neoformans.

1. Because they are immobile and possess cell walls.
2. DNA sequencing.

3. Zygomycota.

4.

5.
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Series 2 Medical Mycology: Pathogenicity,
Immunity and Epidemiology

Part 1: Pathogenicity of Medical Fungi

e 2.1.1 Mechanisms of fungal pathogenicity
e 2.1.2 Host—fungus interactions
e 2.1.3 Examples of pathogenic fungi

Part 2: Immunity to Fungal Infections

e 2.2.1 Innate immune responses to fungi
e 2.2.2 Adaptive immune responses to fungi
e 2.2.3 Factors influencing host susceptibility

Part 3: Epidemiology of Fungal Infections

e 2.3.1 Incidence and distribution of fungal diseases
e 2.3.2 Transmission routes of medical fungi
e 2.3.3 Public health significance of fungal infections

Part 4: Treatment and Control of Fungal Infections

e 2.4.1 Antifungal agents and their mechanisms
e 2.4.2 Challenges in antifungal therapy
e 2.4.3 Preventive and control measures

Introduction

Fungal infections are increasingly recognised as significant health challenges worldwide,
particularly among individuals with weakened immune systems. Unlike bacteria and viruses,
fungi present unique mechanisms of disease, often requiring specialised approaches for
diagnosis, treatment, and prevention. Understanding how fungi cause disease, how the human
body responds, and how these infections spread is central to medical mycology. This Series
builds directly on the foundation laid in the previous Series, where we examined the structure,
physiology, and classification of fungi, and now shifts focus to their medical relevance.

-
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The aim of this Series is to equip you with the knowledge and skills to explain the pathogenic
mechanisms of fungi, analyse the immune responses they provoke, and evaluate the
epidemiological patterns of fungal infections, alongside strategies for treatment and control.

We shall commence this Series by exploring the pathogenicity of medical fungi, focusing on
how they invade and damage host tissues. Next, we will examine immunity to fungal infections,
considering both innate and adaptive responses as well as factors influencing susceptibility.
Following that, we will study the epidemiology of fungal infections, looking at their incidence,
transmission routes, and public health implications. Finally, we will wrap up by discussing
treatment and control measures, including antifungal agents, therapeutic challenges, and
preventive strategies.

Series Learning Outcomes

Upon completing this Series, you should be able to:

o explain the mechanisms by which medical fungi cause disease,

o analyse host—fungus interactions that contribute to pathogenicity,

e identify examples of medically important pathogenic fungi,

o describe the innate immune responses involved in defending against fungal infections,

e explain the adaptive immune responses that target fungal pathogens,

o evaluate factors that influence host susceptibility to fungal infections,

o outline the incidence and distribution patterns of fungal diseases,

o explain the transmission routes of medical fungi,

o assess the public health significance of fungal infections,

e describe the mechanisms of action of antifungal agents,

o evaluate the challenges associated with antifungal therapy, and

o apply knowledge of preventive and control measures to reduce the spread of fungal
infections.

2.1 Pathogenicity of Medical Fungi
Pathogenicity refers to the ability of fungi to cause disease in humans. Unlike bacteria and
viruses, fungi are eukaryotic organisms with complex structures and life cycles, which makes

their pathogenic mechanisms unique. In this Part, we will explore how fungi establish infections,
the interactions between host and fungus, and examples of medically important pathogenic fungi.

2.1.1 Mechanisms of fungal pathogenicity

Fungi employ several mechanisms to invade and damage host tissues. These include:

-
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o Adhesion: The ability of fungal cells to attach to host surfaces using specialised proteins.

e Invasion: Some fungi produce enzymes such as proteases and lipases that break down
host tissues.

o Immune evasion: Fungi can alter their surface antigens or form protective capsules to
avoid detection by the host immune system.
e Toxin production: Certain fungi release metabolites that impair host cell function.

Fill in the blank: The ability of fungi to attach to host surfaces using specialised proteins is called

FUNGAL PATHOGENIC MECHANISMS

VISUALIZING VIRULENCE FACTORS

1. ADHESION 2. ENZYME SECRETION 3. CAPSULE FORMATION
(HOST ATTACTHENT) (TISSUE INVASION) (EVASION)

Adhesin Proteins

o> <>
Proteases /
L g g s
e \ / Lipases ® . pacz,;saucleane

©® -

Proteins %

= Fungi attach to dead host e Infect host tissees e Protects from immune cells
host receptors e Cause disease disgase

MICROBICOLOGY: FUNGAL ECOLOGY & DIVERSITY VISUALIZED

Figure 2.1 — Mechanisms of Fungal Pathogenicity

2.1.2 Host—fungus interactions
The outcome of fungal infection depends on the interaction between the host and the fungus.

e . Host factors: These include immune status, age, and underlying health conditions.
Immunocompromised individuals are particularly vulnerable to opportunistic fungal
infections.

o Fungal factors: Virulence traits such as capsule formation, dimorphism, and enzyme
secretion determine the severity of infection.

o Balance of interaction: In many cases, fungi coexist harmlessly with humans as
commensals, but under certain conditions they become pathogenic.

-
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Fill in the blank: Fungi that normally live harmlessly in the body but cause disease when

immunity is weakened are called

FUNGI & HUMAN HEALTH:

Commensal vs. Oathengiic Microbes

1. COMMENSAL FUNGI
MICROBIOTA

IMMUNE RESIdENTS
Harmless Residents /

AID IN DIGESTION

- Live in gut, on skin

« Stable community

« No disease

- e.g., *Candida (low numbers*

KEY TAKEWAY:

Fungi can eyist as single-cwith humans, but become pathmorric feroes are compramisten both, inpacting riska’@>

growy life Earths.

2. OPPORTUNTIC MICROGI
MICROBIOTA

& Immunccompnrided
Host

TOXIN PNVASION

- Invade weakned host

» (cete.p. Candidisais)

= Requires compumised immunity (eo)
- HIV, antibotics)

Figure 2.2 — Host-Fungus Interactions

2.1.3 Examples of pathogenic fungi

Several fungi are medically important due to their ability to cause disease:

e . Candida albicans: A common commensal yeast that can cause opportunistic infections

such as oral thrush and systemic candidiasis.

o . Cryptococcus neoformans: A yeast with a protective capsule that causes cryptococcosis,

particularly in immunocompromised individuals.

o Aspergillus fumigatus: A mould that produces spores capable of causing respiratory

infections and invasive aspergillosis.

o Histoplasma capsulatum: A dimorphic fungus that causes histoplasmosis, often linked to

exposure to bird or bat droppings.

-
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Fill in the blank: The yeast with a protective capsule that causes cryptococcosis is
Selected examples of pathogenic fungi

e Candida albicans: opportunistic infections

o Cryptococcus neoformans: systemic cryptococcosis
o Aspergillus fumigatus: respiratory infections

o Histoplasma capsulatum: histoplasmosis

MAJOR HUMAN FUNGAL INFECTIONS:
PATHOGNS AND CLINICAL PRESENTATION

1. CANDIDA ALBICANS 2. CRYPTOPOCCUS 3. ASPERGULIS 4. HISTOPRASMA
(Oral Thrush) NEOFORMANS FUMIGATUS CAPSCALTUM
(Meningitis) (Respiratory) (Dimnopric)

—~—

* Encusplated yeast « Common filamelatas

« Found in bird mold
bird droppings/soil « Ubiulicteus
environment

+ Common oppotuniastie Yo « Inhalation leads lung « Inhalation in spores (can}
« Causes oral thrwsh, UTI, skin infection (condia)

infections
1 » Can cause cryptoccal « Causes aspergalsois y .
= Forms bioffions & meiningits (allergies, lung infections) « Causes histoplasmosis
pseeudhypae (lung infection)

FUNGAL PATHGENS —> TRANSMRISION ROUTES = CLINICAL IMPACTS ‘

Figure 2.3 — Examples of Pathogenic Fungi

Pilot questions 2.1

1. What is one mechanism by which fungi invade host tissues?
. Which host factors increase susceptibility to fungal infections?
3. What term describes fungi that normally live harmlessly but become pathogenic in
weakened hosts?
ol
o)
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4. Name one medically important fungus that produces a protective capsule.
5. Which dimorphic fungus is associated with bird or bat droppings?

2.2 Immunity to Fungal Infections

The human body has several defence mechanisms that protect against fungal infections. These
mechanisms are divided into innate immunity, which provides immediate non-specific
protection, and adaptive immunity, which develops more slowly but is highly specific.
Understanding these immune responses is crucial for explaining why some individuals resist
fungal infections while others are more susceptible.

2.2.1 Innate immune responses to fungi

Innate immunity refers to the body’s first line of defence against pathogens; including fungi. It is
non-specific and acts quickly to prevent infection.

Key components include:

o Physical barriers: The skin and mucous membranes act as protective layers against fungal
entry.

o Phagocytic cells: Cells such as macrophages and neutrophils engulf and destroy fungal
cells.

o Pattern recognition receptors (PRRs): These receptors detect fungal cell wall components
like B-glucans and trigger immune responses.

o Inflammatory response: Cytokines are released to recruit immune cells to the site of
infection.

Fill in the blank: The receptors that detect fungal cell wall components and trigger immune
responses are called

2.2.2 Adaptive immune responses to fungi

Adaptive immunity develops after exposure to fungi and provides specific, long-lasting
protection.

Key components include:

o  T'lymphocytes: These cells coordinate immune responses. CD4+ T helper cells activate
other immune cells, while CD8+ cytotoxic T cells kill infected host cells.

o B lymphocytes: These cells produce antibodies that bind to fungal antigens, neutralising
them or marking them for destruction.

e Memory cells: After infection, memory T and B cells remain in the body, providing faster
responses upon re-exposure.

-
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Fill in the blank: The immune cells responsible for producing antibodies against fungal antigens

arc

IMMUNE SYSTEM: INNATE VS ADAPTIVE
VISUALIZING HOST DEFENSE MECHANISMS

1. INNATE IMMUNITY
(FIRST-LINE DEFENSE)

Physical Barriers

_fio
A5
P D A TN

< <

- Skin, mucous membranes
- Blocks entry of pathogns

0

Phagoiites (Macrarpohes)

® e
’ - Engulh & destroy pathons
* @ - Non-specific
@

Moleculal Defenses (PRRS)

O - Pattern & destroy pathons
E@S‘T’o& - PAMP

- Pattern Recongtion Receptors
- Recognize common pathogon features

E—

Specificity
& Memory

_

2. ADAPTIVE IMMUNITY
(SPECIFIC RESPONSE)

T Cells (Cell-Medated)

—
=

B Cells (Antibody-Medated)

- Target infected cells
Helper Coypix T cells

R B 2 ¥ —= P
== ot & >
z = W OB

& 4 ¥ Produce antbodies

Neutnlize pathoons

Memory Cells
o B8 Memory T/B Cells
- @

Rapid response to re-exposure
Long-lasting immunity

IMMUNOLOGY: HOST DEFENSE VISUALIZED

Figure 2.4 — Immune Responses to Fungal Infections

2.2.3 Factors influencing host susceptibility

Not all individuals respond to fungal infections in the same way. Several factors influence
susceptibility:

Immunocompromised states: Conditions such as HIV/AIDS, cancer therapy, or organ

transplantation weaken immunity.

Age: Infants and the elderly often have weaker immune responses.
Underlying diseases: Diabetes and chronic lung diseases increase vulnerability.
Environmental exposure: Frequent contact with fungal spores, such as in agricultural or

construction settings, raises risk.

Fill in the blank: Individuals with weakened immune systems due to HIV/AIDS or cancer
therapy are described as

Factors influencing susceptibility to fungal infections
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e Immunocompromised states (HIV/AIDS, cancer therapy, transplantation)
e Age (infants and elderly)

e Underlying diseases (diabetes, chronic lung disease)

o Environmental exposure (spores in soil, dust, or construction sites)

Pilot questions 2.2

Name one physical barrier that prevents fungal entry into the body.

Which receptors detect fungal cell wall components in innate immunity?

What type of immune cells produce antibodies against fungal antigens?

Give one example of a condition that weakens immunity and increases susceptibility to
fungal infections.

5. Which immune cells provide faster responses upon re-exposure to fungi?

=

2.3 Epidemiology of Fungal Infections

Epidemiology refers to the study of the incidence, distribution, and determinants of diseases
within populations. In the context of medical mycology, it helps us understand how fungal
infections spread, which groups are most affected, and the public health implications. This Part
will focus on the incidence and distribution of fungal diseases, transmission routes, and their
significance to public health.

2.3.1 Incidence and distribution of fungal diseases

The incidence of fungal infections refers to the number of new cases occurring within a specific
period, while distribution describes how these infections are spread across different populations
and regions.

Fungal infections are more common in tropical and subtropical regions due to favourable
environmental conditions: Opportunistic infections such as candidiasis and aspergillosis are
particularly prevalent among immunocompromised individuals. Endemic mycoses, such as
histoplasmosis, occur in specific geographical areas where environmental reservoirs exist.

Fill in the blank: The number of new cases of fungal infections occurring within a specific period
iscalled
2.3.2 Transmission routes of medical fungi

Fungi can be transmitted through various routes:

-
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e Airborne transmission: Inhalation of spores from the environment, such as Aspergillus or
Histoplasma.

o Direct contact: Skin infections caused by dermatophytes through contact with
contaminated surfaces or individuals.

e Opportunistic colonisation: Commensal fungi such as Candida albicans can overgrow
and cause disease when host immunity is weakened.

Fill in the blank: Inhalation of fungal spores from the environment is an example of
transmission.

FUNGAL DISEASE TRANSMISTION
& INFECTION ROUTES

How Fungi Spread and Cause Disease

1. AIRBORNE 2. DIRECT CONTACT 3. OPPORTUNITIC
TRANSMISSION COLONIZATION

Skin-t-stoin contact or
contamiated surfaces

Spores inhaled from environment Normal flora overgrows
Causes respiratory infections Causes skin, nail infections in weakned host,
(eel.., *Asperttu*, *Histoisloma™) (eel_, athlete's foot, ringrunrd) Immune suppresios, diabetes
Common in dusty, damp areas Causes thrush,
Public areas, shared items systemic candidisais

KEY TAKEAWAY

Fungal infections spread via various routes, often exploing weakned immunity or disruping natural microbal
balances. Prevention focuas hygiene and managing risk factors. &

Figure 2.5 — Transmission Routes of Medical Fungi

2.3.3 Public health significance of fungal infections

Fungal infections pose significant challenges to public health due to their increasing incidence,
especially among vulnerable populations.

e Emerging threat: Opportunistic infections are rising with the increase in HIV/AIDS,
cancer therapies, and organ transplantation.

o Diagnostic challenges: Fungal infections are often misdiagnosed or detected late, leading
to poor outcomes.

e Economic burden: Treatment costs and prolonged hospitalisation contribute to healthcare
expenses.
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o Preventive strategies: Public health measures include awareness campaigns, improved
diagnostics, and antifungal stewardship.

Fill in the blank: The rising incidence of fungal infections among HIV/AIDS patients and
transplant recipients highlights their significance.

Public health implications of fungal infections

e Rising incidence among immunocompromised populations
o Diagnostic and treatment challenges

e Economic burden on healthcare systems

e Need for preventive and control strategies

Pilot questions 2.3

1. What term describes the number of new cases of fungalinfections within a specific
period?

2. Which geographical regions are most prone to endemic fungal infections?

Name one fungal infection transmitted through inhalation of spores.

4. Give an example of a commensal fungus that becomes pathogenic in
immunocompromised individuals.

5. Mention one public health challenge posed by fungal infections.

(98]

2.4 Treatment and Control of Fungal Infections

Fungal infections can range from mild superficial conditions to severe systemic diseases.
Effective treatment and control require a combination of antifungal agents, careful management
of therapy, and preventive measures. In this Part, we will explore antifungal agents and their
mechanisms, challenges in antifungal therapy, and strategies for prevention and control.

2.4.1/Antifungal agents and their mechanisms

Antifungal agents are drugs used to treat fungal infections. They work by targeting specific
structures or processes in fungal cells.

Major classes include:

o Polyenes: Bind to ergosterol in fungal membranes, creating pores that lead to cell death
(e.g., amphotericin B).

e Azoles: Inhibit ergosterol synthesis, disrupting membrane integrity (e.g., fluconazole).

e Echinocandins: Block B-glucan synthesis in the cell wall, weakening fungal structure

(e.g., caspofungin).
P
S

LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



o Allylamines: Inhibit squalene epoxidase, affecting ergosterol synthesis (e.g., terbinafine).

Fill in the blank: The antifungal class that blocks B-glucan synthesis in the fungal cell wall is

MAJOR ANTIFUNGAL DRUG CLASSE

Visualizing Mechanisms of Action & Molocular Targets

1. POLYENES

2. AZOLES

.
— > Ergal
== Synthesis

Bind Ergotorol

Weakened
Membrane

—9

= Block Ergostorgl
Synthesis (CYP51)

= Cell Leakage
& Death

e e.g., Amphotericin B
* Direct membrane damage
= Fungicidal

e e.g., Flucone
= Broad-spectrum
= Fungistatic

DRUG CLASS —> MECHANISM — FUNGAL TARGET

3. ECHINCANDINS

Inhibit B-Glucan
Synthesis

= Disrupted Cell Wall

* eg., Caspofugin
e Cell wall stress
= Fungistatic

Figure 2.6 — Antifungal Agents and Mechanisms

2.4.2 Challenges in antifungal therapy

4. ALLYLAMINES

- —> Squalene
Ergotorol Precusors

Inhibit
X

Accumlation

e e.g., Terbina
e Used for skin/nail infections
e Fungicdal

THERAPETIC EFFECT 0

Despite the availability of antifungal drugs, several challenges limit their effectiveness:

e Drug resistance: Some fungi develop resistance to commonly used antifungals, reducing

treatment success.

o Toxicity: Drugs such as amphotericin B can cause significant side effects, including

kidney damage.

o Limited drug options: Compared to antibacterial agents, fewer antifungal drugs are

available.

o Delayed diagnosis: Late detection of fungal infections often leads to poor outcomes.

-

LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Fill in the blank: The antifungal drug amphotericin B is effective but associated with significant

2.4.3 Preventive and control measures
Prevention and control of fungal infections are essential, especially in high-risk populations.
Key strategies include:

o Environmental control: Reducing exposure to fungal spores in hospitals and workplaces.

o Personal hygiene: Regular cleaning and care of skin and nails to prevent superficial
infections.

o Prophylactic antifungals: Administered to immunocompromised patients to prevent
opportunistic infections.

o Public health measures: Awareness campaigns, improved diagnostics, and antifungal
stewardship programmes.

Fill in the blank: Administering antifungal drugs to immunocompromised patients before
infection occurs is called therapy.

Preventive and control measures for fungal infections

e Environmental control (reducespore exposure)
o Personal hygiene practices

e Prophylactic antifungal therapy

e Public health awareness and stewardship”

Pilot questions 2.4
1. Whichantifungal drug class binds to ergosterol in fungal membranes?
2. Name one antifungal drug that blocks B-glucan synthesis.
3. What is a major side effect of amphotericin B?
4./ Why are fungal infections often difficult to treat compared to bacterial infections?
5. What term describes antifungal therapy given to immunocompromised patients before

infection occurs?

Series Summary

This Series has focused on the medical aspects of fungi, highlighting how they cause disease,
how the body responds, and the wider implications for public health. Beginning with
pathogenicity, we examined the mechanisms fungi use to invade and damage host tissues, the
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interactions between host and fungus, and examples of medically important species. We then
moved on to immunity, where we explored innate and adaptive responses, as well as factors
influencing susceptibility. Following that, we studied the epidemiology of fungal infections,
considering their incidence, transmission routes, and public health significance. Finally, we
concluded with treatment and control, looking at antifungal agents, challenges in therapy, and
preventive strategies.

In line with the Series Learning Outcomes, you should now be able to explain fungal pathogenic
mechanisms, analyse host—fungus interactions, describe immune responses, and evaluate factors
that influence susceptibility. You should also be able to outline the incidence and distribution of
fungal infections, explain their transmission routes, assess their public health importance, and
apply knowledge of antifungal agents and preventive measures. These skills provide a strong
foundation for understanding medical mycology and prepare you to engage with more advanced
topics in fungal diseases and their management.

Concept Check Questions [Series 2]

Objective Questions

1. Which fungal structure is targeted by polyene antifungal drugs? (Linked to SLO 2.10)
. The fusion of fungal cytoplasm during sexual reproduction is called . (Linked

to SLO 2.1)

3. Which immune cells are responsible for producing antibodies against fungal antigens?
(Linked to SLO 2.5)

4. The number of new/cases of fungal infections within a specific period is termed

. (Linked'to SLO 2.7)

5. Name one opportunistic fungal pathogen that commonly affects immunocompromised

individuals./(Linked to SLO 2.3)

Short-Answer Questions

6. Explain one mechanism by which fungi evade the host immune system. (Linked to SLO
2.1)

7. Describe the role of pattern recognition receptors in innate immunity against fungi.
(Linked to SLO 2.4)

8. Outline two factors that influence host susceptibility to fungal infections. (Linked to SLO
2.6)

9. Identify one transmission route of medical fungi and give an example of a disease
associated with it. (Linked to SLO 2.8)

10. State one major challenge in antifungal therapy and explain why it is significant. (Linked
to SLO 2.11)

Long-Answer Questions

-
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1.

Analyse the host—fungus interaction and evaluate how it determines the outcome of

infection. (Linked to SLO 2.2)

12.

Discuss the epidemiological importance of fungal infections and assess their public

health implications. (Linked to SLO 2.9)

13.

Evaluate preventive and control measures for fungal infections, providing examples of

strategies used in clinical and community settings. (Linked to SLO 2.12)

Answers to Concept Check Questions [Series 2]

Objective Questions

MRS

Ergosterol in the fungal cell membrane.
Plasmogamy.

B lymphocytes.

Incidence.

Candida albicans.

Short-Answer Questions

6. Fungi can form protective capsules or alter their surface antigens to avoid immune
detection.
7. Pattern recognition receptors (PRRs) detect fungal cell wall components such as 3-

glucans and trigger immune responses.

8.

Examples include immunocompromised states (HIV/AIDS, cancer therapy) and

underlying diseases such as diabetes.

9.
10.

Airborne transmission; inhalation of Histoplasma spores causes histoplasmosis.
Drug resistance is a major.challenge because it reduces the effectiveness of commonly

used antifungals.

Long-Answer Questions

11. Analyse the host—fungus interaction and evaluate how it determines the outcome of infection.

Basic response: The outcome depends on host factors such as immune status and fungal
factors such as virulence traits. Immunocompromised hosts are more likely to develop
severe infections.

Value-added response: Beyond individual cases, host—fungus interactions shape
epidemiological patterns. For example, commensal fungi like Candida remain harmless
in healthy individuals but cause systemic disease in immunocompromised populations,
highlighting the importance of immune surveillance.

12. Discuss the epidemiological importance of fungal infections and assess their public health
implications.

-
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e Basic response: Fungal infections are increasing globally, with opportunistic infections
common in immunocompromised individuals and endemic mycoses restricted to specific
regions.

o Value-added response: Public health implications include diagnostic delays, economic
burdens, and rising antifungal resistance. Addressing these requires improved
surveillance, awareness campaigns, and antifungal stewardship programmes.

13. Evaluate preventive and control measures for fungal infections, providing examples of
strategies used in clinical and community settings.

e Basic response: Preventive measures include environmental control, personal hygiene,
prophylactic antifungals, and public health awareness.

e Value-added response: In clinical settings, prophylactic antifungals reduce opportunistic
infections in transplant patients, while community-level strategies such as reducing
exposure to spores in construction sites help prevent outbreaks. Integrating clinical and
public health approaches ensures comprehensive control.

Answers to Pilot Questions [Series 2]
Part 2.1: Pathogenicity of Medical Fungi

Production of enzymes such as proteases and lipases.
Immune status, age, and underlying health conditions.
Opportunistic fungi.

Cryptococcus neoformans.

Histoplasma capsulatum.

M

Part 2.2: Immunity to Fungal Infections

The skin and mucous membranes.

Pattern recognition reeceptors (PRRs).

B lymphocytes.

HIV/AIDS, cancer therapy, or organ transplantation.
Memory T and B cells.

Nk W=

Part 2.3: Epidemiology of Fungal Infections

Incidence.

Tropical and subtropical regions.
Histoplasma capsulatum (histoplasmosis).
Candida albicans.

Diagnostic delays and treatment challenges.

Al Olly

Part 2.4: Treatment and Control of Fungal Infections

-

LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Polyenes.

Caspofungin (echinocandin).

Kidney damage (nephrotoxicity).

Because there are fewer antifungal drugs available and infections are often diagnosed
late.

5. Prophylactic therapy.

b e

Series 3: Superficial, Subcutaneous and
Systemic Mycoses

Part 1 Superficial mycoses

e 3.1.1 Definition and causative agents
e 3.1.2 Clinical features and diagnosis
e 3.1.3 Treatment and prevention

Part 2 Subcutaneous mycoses

e 3.2.1 Pathogenesis and causative fungi
e 3.2.2 Clinical manifestations and laboratory diagnosis
e 3.2.3 Management and control measures

Part 3 Systemic mycoses

e 3.3.1 Major systemic fungal pathogens
o 3.3.2 Epidemiology and clinical presentation
e 3.3.3 Therapeutic approaches and challenges

Introduction

Fungal infections can affect the human body in different ways, ranging from mild conditions of
the skin and hair to severe diseases that involve deep tissues and internal organs. These
infections are not only medically important but also socially significant, as they influence quality
of life and can pose serious health risks when left untreated. In the last Series, we explored
pathogenicity, immunity, and epidemiology, which provided the foundation for understanding
how fungi cause disease and how the body responds. Building on that knowledge, this Series
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turns to the clinical categories of mycoses, helping you to recognise their presentation and
management.

The aim of this Series is to equip you with the ability to describe, differentiate, and evaluate
superficial, subcutaneous, and systemic mycoses, focusing on their causative agents, clinical
features, diagnostic methods, and treatment strategies.

We shall commence this Series by examining superficial mycoses, looking at their defining
characteristics, causative agents, and approaches to diagnosis and prevention. Next, we will
move on to subcutaneous mycoses, where we will consider their pathogenesis, clinical
manifestations, and control measures. Finally, we will conclude with systemic mycoses,
exploring the major pathogens, their epidemiology, and the therapeutic challenges they present.
This progression will enable you to connect the different levels of fungaliinfection and appreciate
their significance in medical practice.

Series Learning Qutcomes

Upon completing this Series, you should be able to:

o define superficial mycoses and identify their causative agents,

o explain the clinical features of superficial mycoses and outline methods of diagnosis,

o evaluate treatment and prevention strategies for superficial mycoses,

o describe the pathogenesis of subcutaneous mycoses and name their causative fungi,

o analyse the clinical manifestations of subeutaneous mycoses and relate them to laboratory
diagnosis,

o assess management and control measures for subcutaneous mycoses,

o identify major systemic fungal pathogens and explain their epidemiology,

o discuss the clinical presentation of systemic mycoses, and

o cvaluate therapeutic approaches and challenges in the treatment of systemic mycoses.

3.1 Superficial Mycoses

Superficial mycoses are fungal infections that affect the outermost layers of the body, such as the
skin, hair, and nails. They are generally not life-threatening but can cause discomfort, cosmetic
concerns; and social stigma. In this Part, we will explore their definition and causative agents,
clinical features and diagnosis, and treatment and prevention strategies.

3.1.1 Definition and causative agents

Superficial mycoses are fungal infections confined to keratinised tissues, including the stratum
corneum of the skin, hair shafts, and nails. They do not invade deeper tissues or provoke strong
immune responses.

Common causative agents include:

-
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o Dermatophytes: A group of fungi that digest keratin, such as Trichophyton,
Microsporum, and Epidermophyton.

o Yeasts: Such as Malassezia furfur, responsible for pityriasis versicolor.

e Non-dermatophyte moulds: Occasionally implicated in nail infections.

Fill in the blank: Fungi that digest keratin and cause superficial infections are collectively.called

3.1.2 Clinical features and diagnosis
Superficial mycoses present with characteristic signs depending on the site of infection:

e SKkin infections (tinea or ringworm): Circular, scaly lesions with itching.

o Hair infections (tinea capitis): Hair breakage, scaling, and sometimes inflammation.
e Nail infections (onychomycosis): Thickened, discoloured; and brittle nails.

o Pityriasis versicolor: Patchy discolouration of the skincaused by Malassezia furfur.

Diagnosis involves:

e Clinical examination: Observation of typical lesions.

e Microscopy: Direct examination of skin scrapings, hair, or nail clippings using
potassium hydroxide (KOH) preparation.

e Culture: Growth of fungi on specialised media to identify species.

Fill in the blank: The preparation.commonly used to examine fungal elements in skin scrapings
1s
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DERMATOPHYTE INFECTIONS:
VISUALIZING TINEA MANIFESTATIONS

INFECTION SITES: SKIN, HAIR, & NAILS

1. TINEA CORPORIS 2. TINEA CAPITIS 3. TINEA UNGUIUM
(HAIR/SCALP) NAILS

- Affects skin (body) = Affects scalp & hair shafts - Affects nails (onychomycsis)
= Annular (ring-shaped) rash = Patchy hair loss (alopoia) = Thickened, discolrared nails
= Red, scaly, itchy border = Brittle, broken hairs = Brittle, crumbling texture

- Ex: Ringworm = Ex: Scalp ringworm = Ex: Nail fungus

IMMUNOLOGY: HOST DEFENSE VISUALIZED

Figure 3.1 — Superficial Mycoses: Dermatophyte Infections

Malasseza furfur
Hyperpigmeted &
Hyperpigmneted
Patches

F - o @9
CLINICAL MANSFEITATIONS OF MALASSEZA FURFUR

A common superfical fungal infection causing patchy skin discoration, including
areas of reduced and increased pigmgnation.
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Figure 3.2 — Pityriasis Versicolor
3.1.3 Treatment and prevention
Treatment of superficial mycoses depends on the site and severity of infection:

o Topical antifungals: Creams or lotions containing azoles or allylamines for mild skin

infections.

e Oral antifungals: Used for extensive or resistant infections, especially nail and hair
involvement.

e Adjunctive measures: Good hygiene, keeping skin dry, and avoiding sharing personal
items.

Prevention strategies include:

e Maintaining personal hygiene.
e Avoiding contact with infected individuals or contaminated surfaces.
o Early treatment to prevent spread and recurrence.

Fill in the blank: Oral antifungal therapy is‘often required for infections involving the
or nails.

Common antifungal agents for superficial mycoses
o Topical azoles (clotrimazole, ketoconazole)

e Allylamines (terbinafine)
e Oral antifungals (griseofulvin, itraconazole)

Pilot questions 3.1
1. What tissues are affected by superficial mycoses?
2. Name one dermatophyte genus that causes superficial infections.
3./ Which yeast is responsible for pityriasis versicolor?
4. What preparation is commonly used to examine fungal elements in skin scrapings?
5. Which type of antifungal therapy is often required for nail infections?

3.2 Subcutaneous Mycoses

Subcutaneous mycoses are fungal infections that occur beneath the skin, usually following
traumatic implantation of fungal spores into deeper tissues. These infections are typically
chronic, slow to develop, and often localised, but they can cause significant tissue damage if
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untreated. In this Part, we will examine their pathogenesis and causative fungi, clinical
manifestations and laboratory diagnosis, and management and control measures.

3.2.1 Pathogenesis and causative fungi

Pathogenesis refers to the biological mechanisms through which fungi establish disease.
Subcutaneous mycoses usually begin when fungal spores or hyphae are introduced into the skin
through cuts, punctures, or wounds. The fungi then colonise subcutaneous tissues, leading to
granulomatous lesions.

Common causative fungi include:
e  Sporothrix schenckii (causing sporotrichosis)
e Fonsecaea pedrosoi and Cladophialophora carrionii (causing chromoblastomycosis)

e Madurella mycetomatis (causing eumycetoma)

Fill in the blank: The subcutaneous mycosis caused by Sporothrix schenckii is known as

TRAUMATIC FUNGAL IMPLANTATION:
Visualizing Subsccahouas Infections

e S —

TRAUMA — SPORE IMPLANTATION — GRANOMATMOUS LESION — LYMPHATIC SPREAD

Primary
lesion

Secondary
nodules along
lymphatic tract

Skin trauma introduces fungi Body’'s immune response « Fungus travels via lymchatic
(e.gl. Sporotrix Spores forms a graniloma. vessels. Forms of chain of
Develops into a primary Chronic inflamation & tissue painless, painless, firm nodules.
chancre/nodule. reaction. - e.g. Sporotichosis (rose
gardener’s disense).

Figure 3.3 — Subcutaneous Mycoses Pathogenesis
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3.2.2 Clinical manifestations and laboratory diagnosis
Clinical features of subcutaneous mycoses vary depending on the causative fungus:

e Sporotrichosis: Nodular lesions along lymphatic channels.
o Chromoblastomycosis: Warty, verrucous lesions that may become disfiguring.
o Eumycetoma: Swelling with draining sinuses that release fungal grains.

Diagnosis involves:

e Microscopy: Direct examination of tissue samples for fungal elements.
e Culture: Growth of fungi on specialised media to identify species.
o Histopathology: Examination of tissue sections to observe granulomatous reactions.

Fill in the blank: The diagnostic method that involves examining tissue sections for
granulomatous reactions is called

SUBCOTTANEAUS FUNGAL INFECTIONS

VISUALIZING CLINICAL MANIFENTATIONS

CHROMOBASTAIMCOSIS 2. SPORTORICHOSIS 3. EUMYCETOMA
(WARTY LESIONS) (NODUAR LYMPANGNITIS) (SWELLING & SINUSES)

\

- Affecty, verrcoous plaques = Noduar lesions along lymphatics = Swelling, tumafaction

- Slow-growing, chronic - Starts from a prick/cut) = Draining sinuses

= Often on lower limbs = Can spread prottimpally = Exudate with fungal grains
= Ex: Fonsecea pedrosoi = Ex: Sporotcea schneckil) = Ex: Nail fungus

IMMUNOLOGY: HOST DEFENSE VISUALIZED

Figure 3.4 — Clinical Manifestations of Subcutaneous Mycoses

3.2.3 Management and control measures

-
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Treatment of subcutaneous mycoses is often challenging due to their chronic nature and tissue
involvement.

Management strategies include:

o Antifungal therapy: Itraconazole and terbinafine are commonly used for sporotrichesis
and chromoblastomycosis.

e Surgical intervention: May be required for extensive eumycetoma lesions.

e Adjunctive measures: Wound care and prevention of secondary bacterial-infections.

Control measures focus on:

e Avoiding trauma in environments where pathogenic fungi are present (e.g., soil,
vegetation).

o Early diagnosis and treatment to prevent progression.

e Public health education in endemic regions.

Fill in the blank: Extensive lesions of eumycetoma may require intervention in
addition to antifungal therapy.

Management and control of subcutaneous mycoses

o Antifungal therapy (itraconazole, terbinafine)

e Surgical intervention for extensive lesions

e Wound care and prevention of secondary infections
o Public health education and early diagnosis

Pilot questions 3.2
1. How are subcutaneous mycoses typically introduced into the body?
2. Name one fungus that causes chromoblastomycosis.
3. What type of lesion is characteristic of sporotrichosis?
4. Which diagnosti¢ method involves examining tissue sections for granulomatous

reactions?
5. What intervention may be required for extensive eumycetoma lesions?

3.3 Systemic Mycoses

Systemic mycoses are fungal infections that affect internal organs and tissues, often spreading
throughout the body. They are typically acquired through inhalation of spores and can be life-
threatening, especially in immunocompromised individuals. In this Part, we will explore the
major systemic fungal pathogens, their epidemiology and clinical presentation, and therapeutic
approaches with associated challenges.

-
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3.3.1 Major systemic fungal pathogens

Systemic mycoses are caused by fungi that can survive and multiply within host tissues. These
include:

e Histoplasma capsulatum: A dimorphic fungus causing histoplasmosis, often linked to bird or bat

droppings.

e Blastomyces dermatitidis: Causes blastomycosis, characterised by pulmonary and skin
involvement.

¢ Coccidioides immitis/posadasii: Responsible for coccidioidomycosis (Valley fever), common in
arid regions.

e Paracoccidioides brasiliensis: Causes paracoccidioidomycosis, endemic.in-South America.
e Cryptococcus neoformans: An encapsulated yeast causing cryptococcosis, particularly-in
immunocompromised patients.

Fill in the blank: The dimorphic fungus associated with bird or bat droppings and causing
histoplasmosis is

SYSTEMA FUNGAL INFECTIONS
Key Pathogns & Epiodelepiy

i S 2. 2. 4. 5.

HISTOPASMA BLASTORYCES
CAPSCATILUM DERMATITIDIS

PARACCCIOIDIES CRYPTOCRYCUS
BRASIENESIS NEOFORMANS

COCCIDOIDES
IMMITIS

D N—
- b
Source: Bird/bat Source: Soil, Source: Desert Source: Soil, Source: Pigeon
droppings, soil. decaying wood Desert soil. plants droppings, soil.
Route: Inhalation: Locat'ion: Great Lakes, Ohio/ Location: Location:
Intatee: Inhaltion Vallyes Misisisippi Latin America”) menirits, lung
Midwest USA (lung, skin, bones)
S

Disease: Midwest USA Disation: Soutrwest USA Paraccciofomycosi’ Worldwide:
Historplamosis Coccidiciormycois Cocccidioformyycois multiple budding Cryptoccosis
(lung infection) (lung, skin, bone) (lung infections (lung, skin, (meninttis, lung)

Valley Fever™) mucaoctanous)

KEY TAKEWAY

Systemic fungi are environmentely acquired patheneis causing serious infections, often in immouonpcinpnised hosts.
Geographic location and exposum s history are key diagostic factors for these dimopric or capsulated species. y

Figure 3.5 — Major Systemic Fungal Pathogens
3.3.2 Epidemiology and clinical presentation
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Epidemiology refers to the distribution and determinants of systemic mycoses. These infections
are often endemic in specific regions, with transmission occurring mainly through inhalation of
spores.

Clinical presentations vary:

Histoplasmosis: Pulmonary symptoms resembling tuberculosis, with potential dissemination.
Blastomycosis: Respiratory illness with skin lesions.

Coccidioidomycosis: Flu-like illness, sometimes progressing to chronic lung disease.
Paracoccidioidomycosis: Chronic pulmonary infection with mucocutaneous lesions.
Cryptococcosis: Meningitis and pulmonary disease, especially in HIV/AIDS patients.

Fill in the blank: The systemic mycosis that often presents with meningitis in
immunocompromised patients is

3.3.3 Therapeutic approaches and challenges

Treatment of systemic mycoses requires potent antifungal agents and careful patient
management.

Therapeutic approaches include:

Amphotericin B: A polyene antifungal used for severe systemic infections.

Azoles (itraconazole, fluconazole, voriconazole): Effective for long-term management and
maintenance therapy.

Echinocandins: Used in some.cases, though less effective against dimorphic fungi.

Challenges in therapy:

Toxicity: Amphotericin B can cause kidney damage.

Resistance: Emerging resistance to azoles complicates treatment.

Delayed diagnosis: Symptoms often mimic other diseases, leading to late treatment.

High cost: Long-term antifungal therapy can be expensive and inaccessible in resource-limited
settings.

Fill in.the blank: The antifungal drug amphotericin B is effective against systemic mycoses but
associated with toxicity.

Therapeutic approaches and challenges in systemic mycoses

Amphotericin B for severe infections

Azoles for long-term management

Echinocandins in selected cases

Challenges: toxicity, resistance, delayed diagnosis, high cost
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ANTUNFTUAL DRUGS: MECHANISMS, TARGETS & CHALLENGES

1. MECHANINS & TARGETS

Polyenes
(Amphotericin B)
Ergetorol & Death

Cell Leakage & Death

Echincandins
(Caspofugin)

. \ / Ergetorol

‘&mﬂ—:
a® 0'99#

B-Glucan Cell Wall

Azoles
(Fluconazole)

.. Ergetsol Synthesis

—
Ergerttarrol
Synweir
Sentlosis

Weakaed Cell Membrane

Echincandins
(Caspofugin)

% @) B—Glucan Synthesis
@

Disrupted Cell Wall

2. MAJOR CHALLENGES

Toxicity: e.g,
Kidney/liver damage
from Polyenes

Resistance:
Mutations in target enzyme

Delayed Diagnosis:
Non-specific
symptoms, complex tests

High Cost:
Especially for neuver for
newer |V drugs

- DRUG CLASS — MECHANISM OF ACTION — THERAEATIC CHALLENGES

Figure 3.6 — Therapeutic Approaches and Challenges in Systemic Mycoses

Pilot questions 3.3
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Series Summary

Name one systemic fungal pathogen associated with bird or bat droppings.
Which systemic mycosis is commonly known as Valley fever?
What is the primary route of transmission for systemic mycoses?

Which systemic mycosis often presents with meningitis in immunocompromised patients?
What major side effect is associated with amphotericin B therapy?

This Series has focused on the clinical categories of fungal infections, highlighting their medical
importance and relevance to patient care. Beginning with superficial mycoses, we examined
infections confined to the skin, hair, and nails, their causative agents, clinical features, and
methods of diagnosis and prevention. We then moved on to subcutaneous mycoses, exploring

SN
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how fungi introduced through trauma can cause chronic lesions, their clinical manifestations, and
approaches to management and control. Finally, we studied systemic mycoses, considering the
major pathogens, their epidemiology, clinical presentations, and the therapeutic challenges they
present.

In line with the Series Learning Outcomes, you should now be able to define and explain the
features of superficial, subcutaneous, and systemic mycoses, identify their causative agents, and
analyse their clinical presentations. You should also be able to evaluate diagnostic methods,
assess treatment and prevention strategies, and discuss the challenges associated with managing
systemic fungal infections. These skills provide a solid foundation for recognising and
addressing fungal diseases in both clinical and public health contexts.

Concept Check Questions [Series 3]

Objective Questions

1. Which group of fungi digest keratin and cause superficial infections? (Linked to SLO 3.1)

2. The yeast responsible for pityriasis versicolor is . (Linked'to SLO 3.1)

3. What preparation is commonly used to examine fungal elements in skin scrapings? (Linked to
SLO 3.2)

4. Which fungus causes sporotrichosis? (Linked to SLO 3.4)

5. The systemic mycosis commonly known as Valley feveris caused by . (Linked to SLO
3.7)

Short-Answer Questions

6. Explain one clinical feature of superficial mycoses affecting nails. (Linked to SLO 3.2)

7. Describe the pathogenesis of subcutaneous mycoses. (Linked to SLO 3.4)

8. Identify one clinical manifestation of chromoblastomycosis. (Linked to SLO 3.5)

9. Outline two challenges associated with antifungal therapy for systemic mycoses. (Linked to SLO
3.9)

10. State one preventive measure for superficial mycoses. (Linked to SLO 3.3)

Long-Answer Questions

11. Analyse the clinical features and diagnostic methods of subcutaneous mycoses. (Linked to SLO
3.:5)

12. Discuss the epidemiology and clinical presentation of systemic mycoses. (Linked to SLO 3.8)
13. Evaluate therapeutic approaches and challenges in the treatment of systemic mycoses. (Linked
to SLO 3.9)

Answers to Concept Check Questions [Series 3]

-
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Objective Questions

ik wnN e

Dermatophytes (Trichophyton, Microsporum, Epidermophyton).
Malassezia furfur.

Potassium hydroxide (KOH) preparation.

Sporothrix schenckii.

Coccidioides immitis/posadasii.

Short-Answer Questions

6.
7.

Nail infections (onychomycosis) cause thickened, discoloured, and brittle nails.
Subcutaneous mycoses occur when fungal spores enter through trauma, colonise deeper

tissues, and form granulomatous lesions.

8.
9.

azoles.

10.

Chromoblastomycosis presents with warty, verrucous lesions that may become disfiguring.
Challenges include drug toxicity (e.g., amphotericin B nephrotoxicity) and emerging resistance to

Maintaining personal hygiene and avoiding sharing contaminated items:

Long-Answer Questions

11. Analyse the clinical features and diagnostic methods of subcutaneous mycoses.

Basic response: Subcutaneous mycoses present with nodular, warty, or sinus-forming lesions
depending on the causative fungus. Diagnosis involves microscopy, culture, and histopathology.
Value-added response: Beyond these basics, advanced diagnostic techniques such as molecular
assays and imaging can improve accuracy. Understanding lesion progression also aids in
differentiating fungal infections from bacterial or neoplastic conditions.

12. Discuss the epidemiology and clinical presentation of systemic mycoses.

Basic response: Systemic mycoses are often endemic in specific regions and transmitted through
inhalation of spores. Clinical presentations include pulmonary symptoms, skin lesions, and in
some cases meningitis.

Value-added response: Epidemiology is influenced by environmental reservoirs such as soil
enriched with bird or bat droppings. Clinical presentations may mimic tuberculosis or bacterial
pneumonia, complicating diagnosis. Public health surveillance is vital in endemic regions.

13. Evaluate therapeutic approaches and challenges in the treatment of systemic mycoses.

-

Basic response: Amphotericin B and azoles are the main antifungal agents used, but toxicity and
resistance are major challenges.

Value-added response: Long-term therapy requires balancing efficacy with safety, and newer
antifungals such as echinocandins offer alternatives. However, high costs and limited availability
in resource-poor settings remain barriers. Integrating antifungal stewardship and improved
diagnostics can enhance treatment outcomes.

o)
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Answers to Pilot Questions [Series 3]
Part 1: Superficial Mycoses

Skin, hair, and nails.

Trichophyton, Microsporum, or Epidermophyton.
Malassezia furfur.

Potassium hydroxide (KOH) preparation.

Hair or nails.

vk wN R

Part 2: Subcutaneous Mycoses

Through trauma such as cuts or puncture wounds.
Fonsecaea pedrosoi or Cladophialophora carrionii.
Nodular lesions along lymphatic channels.
Histopathology.

Surgical intervention.

vk wnN e

Part 3: Systemic Mycoses

Histoplasma capsulatum.
Coccidioidomycosis.

Inhalation of fungal spores.
Cryptococcosis.

Kidney toxicity (nephrotoxicity).

ukhwnNRE

Series 4: Fungi in Food and Industrial
Microbiology

Part 1 Role of fungi in food microbiology

e 4.1.1 Beneficial roles (fermentation, flavour development, preservation)
e 4.1.2 Harmful roles (food spoilage, mycotoxin contamination)
e 4.1.3 Case studies of fungal use in traditional and modern foods

Part 2 Industrial applications of fungi

e 4.2.1 Production of enzymes and organic acids
e 4.2.2 Fermentation in pharmaceuticals (antibiotics, vitamins)

-
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e 4.2.3 Fungi in biotechnology and bioengineering

Part 3 Challenges and prospects in food and industrial mycology

e 4.3.1 Safety concerns (toxins, contamination risks)
e 4.3.2 Economic importance and sustainability
e 4.3.3 Future directions in fungal biotechnology

Introduction

Food and industry are two areas where fungi play a remarkable dual role. On one hand, they
contribute positively by driving fermentation processes, producing valuable metabolites, and
enhancing flavour and preservation. On the other hand, they can be harmful, causing food
spoilage and producing toxins that threaten health and safety. Understanding these contrasting
roles is essential for appreciating the broader impact of fungi beyond clinical settings. In the last
Series, we explored fungal diseases in humans, but here we shift ourattention to their
applications and challenges in food and industrial microbiology.

The aim of this Series is to equip you with the knowledge to describe, analyse, and evaluate the
beneficial and harmful roles of fungi in food and industry, while also considering their economic
importance and future prospects.

We shall commence this Series by examining the role of fungi in food microbiology, focusing on
their beneficial contributions-such as fermentation and flavour development, as well as their
harmful effects like spoilage and mycotoxin contamination. Next, we will move on to industrial
applications, where we will explore how fungi are harnessed to produce enzymes, organic acids,
pharmaceuticals, and biotechnological products. Finally, we will wrap up by considering the
challenges and prospects.in food and industrial mycology, including safety concerns,
sustainability, and future directions in fungal biotechnology. This progression will help you
connect scientific principles with real-world applications.

Series Learning Qutcomes
Upon completing this Series, you should be able to:

¢ define the beneficial roles of fungi in food microbiology, including fermentation and
flavour development,

o explain the harmful effects of fungi in food, such as spoilage and mycotoxin
contamination,

o analyse case studies of fungal use in traditional and modern food production,

o describe the industrial applications of fungi in producing enzymes and organic acids,

LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



o evaluate the role of fungi in pharmaceutical fermentation, including antibiotics and
vitamins,

o discuss the contributions of fungi to biotechnology and bioengineering,

o assess safety concerns associated with fungal use in food and industry,

e appraise the economic importance and sustainability of fungal applications, and

o evaluate future directions and prospects in fungal biotechnology.

4.1 Role of Fungi in Food Microbiology

Fungi play diverse roles in food microbiology, ranging from beneficial applications in
fermentation and flavour development to harmful effects such as spoilage and toxin production.
In this Part, we will explore these contrasting roles and highlight case studies that demonstrate
their importance in both traditional and modern food systems.

4.1.1 Beneficial roles

Fermentation is the metabolic process by which fungi, particularly yeasts, convert sugars into
alcohol, organic acids, and carbon dioxide. This process is central to the production of bread,
beer, wine, and other fermented foods.

Flavour development occurs when fungi produce enzymes that break down complex molecules,
releasing compounds that enhance taste and aroma. For example, moulds such as Penicillium

roqueforti are used in cheese ripening.

Preservation can also be achieved through fungal activity. Certain fermentation processes lower
pH or produce alcohol; ereating environments that inhibit harmful microbes.

Fill in the blank: The yeast most commonly used in bread and alcoholic beverage fermentation is

4.1.2 Harmful roles

While fungi contribute positively to food production, they can also cause problems.

Food spoilage occurs when fungi grow on food, leading to changes in texture, flavour, and
nutritional value. Common spoilage fungi include Aspergillus and Penicillium species.

Mycotoxin contamination is a serious concern. Mycotoxins are toxic secondary metabolites
produced by certain fungi, such as aflatoxins from Aspergillus flavus. These compounds can
cause illness and are a major food safety issue worldwide.

-
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Fill in the blank: Toxic secondary metabolites produced by fungi that contaminate food are

called

4.1.3 Case studies of fungal use in traditional and modern foods

Fungi have been harnessed in food production for centuries.

Traditional foods: Examples include soy sauce and tempeh, produced using Rhizopus
and Aspergillus species.

Modern foods: Industrial-scale fermentation produces citric acid, used as a preservative
and flavour enhancer, through Aspergillus niger.

Cheese production: Specialised moulds such as Penicillium camemberti and Penicillium
roqueforti are used to create distinctive textures and flavours.

Fill in the blank: The mould used in the production of blue-veined cheeses such as Roquefort is

Case studies of fungal use in food

Soy sauce and tempeh (traditional fermentation)
Citric acid production (industrial fermentation)
Cheese ripening with Penicillium species

Pilot questions 4.1

1.

gy

What metabolic process carried out by fungi is central to bread and alcoholic beverage
production?

Name one mould used in cheese ripening.

What are toxic secondary metabolites produced by fungi that contaminate food called?
Which fungus is used in industrial production of citric acid?

Give one example of a traditional food product made using fungi.

4.2 Industrial Applications of Fungi

Fungi are widely exploited in industry due to their ability to produce enzymes, organic acids,
antibiotics, and other valuable metabolites. Their versatility makes them essential in
pharmaceuticals, food processing, agriculture, and biotechnology. In this Part, we will explore

-
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their industrial applications, focusing on enzyme and organic acid production, pharmaceutical
fermentation, and contributions to biotechnology.

4.2.1 Production of enzymes and organic acids

Enzymes are biological catalysts produced by fungi that speed up chemical reactions.
Industrially, fungal enzymes are used in food processing, textiles, detergents, and paper
manufacturing. Examples include amylases from Aspergillus species for starch breakdown and
cellulases for textile processing.

Organic acids are chemical compounds produced by fungi during fermentation. A notable
example is citric acid, produced by Aspergillus niger, which is widely used as a preservative and

flavour enhancer in food and beverages.

Fill in the blank: The fungus commonly used for industrial produetion of citric acid is

4.2.2 Fermentation in pharmaceuticals
Fungi are central to pharmaceutical fermentation processes.

e Antibiotics: Penicillium chrysogenum produces penicillin, the first widely used
antibiotic.

o Immunosuppressants: Tolypocladium inflatum produces cyclosporine, used in organ
transplantation.

e Vitamins: Certain fungi are used in the production of vitamins such as riboflavin.

These products highlight the medical importance of fungi in saving lives and improving health
outcomes.

Fill in the blank: The antibiotic first discovered from Penicillium chrysogenum is called

4.2.3 Fungi in biotechnology and bioengineering

Biotechnology refers to the use of living organisms or their systems to develop products. Fungi
contribute significantly through:

o Biocontrol agents: Fungi such as Trichoderma are used to control plant pathogens.
o Biodegradation: Fungi break down pollutants, contributing to environmental clean-up.

-
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o Bioengineering: Genetic modification of fungi enables enhanced production of enzymes,
biofuels, and pharmaceuticals.

Fill in the blank: The fungus commonly used as a biocontrol agent against plant pathogens is

Applications of fungi in biotechnology

e Biocontrol agents for agriculture
o Biodegradation of pollutants
e Genetic modification for enhanced metabolite production

Pilot questions 4.2

Name one enzyme produced by fungi that is used in food processing.
Which fungus is used for industrial‘production of citric acid?

What antibiotic was first discovered from Penicillium chrysogenum?
Name one immunosuppressant derived from fungi.

Which fungus is commonly used as a biocontrol agent in agriculture?

M

4.3 Challenges and Prospects in Food and Industrial Mycology

Fungi have proveniinvaluable in food and industrial microbiology, yet their use is not without
challenges. Concerns about safety, sustainability, and economic viability must be addressed to
ensure their continued relevance. At the same time, advances in biotechnology present exciting
prospects for expanding fungal applications. In this Part, we will examine safety concerns,
economic importance and sustainability, and future directions in fungal biotechnology.

4.3.1 Safety concerns

Safety concerns refer to risks associated with fungal use in food and industry. These include
contamination, toxin production, and occupational hazards.

e Mycotoxins: Toxic secondary metabolites produced by fungi such as Aspergillus flavus
can contaminate food and pose health risks.

o Contamination risks: Industrial fermentation processes must be carefully monitored to
prevent unwanted microbial growth.

-
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e Occupational hazards: Workers exposed to fungal spores may develop respiratory
conditions.

Fill in the blank: Toxic metabolites produced by fungi that contaminate food and pose health
risks are called

4.3.2 Economic importance and sustainability

Economic importance refers to the contribution of fungi to industries such as food,
pharmaceuticals, and agriculture. Products like citric acid, antibiotics, and fermented foods
generate significant revenue.

Sustainability involves using fungi in ways that minimise environmental impact and promote
long-term benefits. For example, fungal biodegradation helps reduce waste, while biocontrol
agents reduce reliance on chemical pesticides.

Fill in the blank: The use of fungi to reduce reliance on chemical pesticides in agriculture is
known as

4.3.3 Future directions in fungal biotechnology

Fungal biotechnology refers to the application of fungi in advanced technologies for producing
new or improved products.

Future prospects include:

e Genetic engineering: Modifying fungal strains to enhance production of enzymes,
biofuels, and pharmaceuticals.

o Synthetic biology: Designing fungal systems for novel applications such as
biodegradable plastics.

Global health applications: Developing new antifungal drugs and vaccines to combat
resistant pathogens.

Fill in the blank: The branch of biotechnology that involves designing fungal systems for novel
applications is called

Future directions in fungal biotechnology

e Genetic engineering for enhanced metabolite production
o Synthetic biology for novel applications

-
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e Development of antifungal drugs and vaccines

Pilot questions 4.3

What are toxic metabolites produced by fungi that contaminate food called?
Name one occupational hazard associated with fungal spores.

How do fungi contribute to sustainability in agriculture?

What is the economic importance of citric acid production by fungi?

Which branch of biotechnology involves designing fungal systems for novel
applications?

Nk W=

Series Summary

This Series has highlighted the diverse roles of fungi in food and industrial microbiology,
showing both their beneficial contributions and the challenges they present. Starting off, we
examined how fungi are used in food mierobiology, focusing on fermentation, flavour
development, preservation, and the risks of spoilage and mycotoxin contamination. We then
moved on to their industrial applications, where we explored the production of enzymes, organic
acids, pharmaceuticals, and their wider contributions to biotechnology and bioengineering.
Finally, we considered the challenges and prospects of fungal use, including safety concerns,
sustainability, economic importance, and future directions in biotechnology.

In line with the Series Learning Outcomes, you should now be able to define and explain the
beneficial and harmful roles of fungi in food, describe their industrial applications, and evaluate
their contributions to biotechnology. You should also be able to assess safety concerns, appraise
economic and sustainability issues, and discuss future prospects in fungal biotechnology. These
skills will enable you to connect scientific knowledge with practical applications in food and
industry.

Concept Check Questions [Series 4]

Objective Questions

1. The yeast most commonly used in bread and alcoholic beverage fermentation is
(Linked to SLO 4.1)
2. Toxic secondary metabolites produced by fungi that contaminate food are called
(Linked to SLO 4.2)
3. Which fungus is used for industrial production of citric acid? (Linked to SLO 4.4)
4. The antibiotic first discovered from Penicillium chrysogenum is . (Linked to SLO 4.5)

-
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5.

The fungus commonly used as a biocontrol agent against plant pathogens is . (Linked
to SLO 4.6)

Short-Answer Questions

Lo No

10.

Explain one beneficial role of fungi in food microbiology. (Linked to SLO 4.1)

Describe one harmful effect of fungi in food. (Linked to SLO 4.2)

Identify one pharmaceutical product derived from fungi and state its use. (Linked to SLO 4.5)
Outline one way fungi contribute to sustainability in agriculture. (Linked to SLO 4:8)

State one future direction of fungal biotechnology. (Linked to SLO 4.9)

Long-Answer Questions

11.
12.

Analyse the beneficial and harmful roles of fungi in food microbiology. (Linked to SLOs 4.1, 4.2)
Discuss the industrial applications of fungi in enzyme, organic acid, and pharmaceutical

production. (Linked to SLOs 4.4, 4.5)

13.

Evaluate the challenges and prospects of fungal use in food and industry, with emphasis on

safety and sustainability. (Linked to SLOs 4.7, 4.8, 4.9)

Answers to Concept Check Questions [Series 4]

Objective Questions

ukwnN e

Saccharomyces cerevisiae.
Mycotoxins.

Aspergillus niger.
Penicillin.

Trichoderma species.

Short-Answer Questions

6.

Fungi such as yeasts carry out fermentation, producing alcohol and carbon dioxide, which is

essential in bread making and brewing.

7. Fungi can spoil food by growing on it, altering taste, texture, and nutritional value.

8. Penicillin, derived from Penicillium chrysogenum, is used as an antibiotic to treat bacterial
infections.

9. Fungi such as Trichoderma act as biocontrol agents, reducing reliance on chemical pesticides.
10. Genetic engineering of fungi to enhance production of biofuels and pharmaceuticals.

-
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Long-Answer Questions
11. Analyse the beneficial and harmful roles of fungi in food microbiology.

e Basic response: Beneficial roles include fermentation, flavour development, and preservation.
Harmful roles include food spoilage and mycotoxin contamination.

e Value-added response: Beyond these basics, fungi are also used in producing traditional foods
like tempeh and soy sauce, while modern applications include citric acid production. Harmful
roles extend to global food safety concerns, requiring strict monitoring and regulation.

12. Discuss the industrial applications of fungi in enzyme, organic acid, and pharmaceutical
production.

e Basic response: Fungi produce enzymes such as amylases, organic acids like citric acid, and
pharmaceuticals including penicillin and cyclosporine.

e Value-added response: In addition, fungal biotechnology has expanded to vitamin production
and large-scale fermentation processes. Advances in bioengineering allow optimisation of fungal
strains for higher yields and reduced costs.

13. Evaluate the challenges and prospects of fungal use in food and industry, with emphasis
on safety and sustainability.

e Basic response: Challenges include mycotoxin contamination, occupational hazards, and high
production costs. Prospects include sustainability through biocontrol and biodegradation.

e Value-added response: Outstanding learners may highlight synthetic biology and genetic
engineering as future directions, addressing global health needs through antifungal drug
development and environmentally. friendly innovations such as biodegradable plastics.

Answers to Pilot Questions [Series 4]

Part 1: Role of Fungi in Food Microbiology

Fermentation.
Penicillium roqueforti.
Mycotoxins.
Aspergillus niger.
Tempeh or soy sauce.

i Sl g

Part 2: Industrial Applications of Fungi

-
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Amylase.

Aspergillus niger.
Penicillin.
Cyclosporine.
Trichoderma species.

ik wnN e

Part 3: Challenges and Prospects in Food and Industrial Mycology

Mycotoxins.

Respiratory conditions from exposure to fungal spores.

Use of fungi as biocontrol agents.

Citric acid production generates significant revenue and is widely used in food preservation.
Synthetic biology.

ik wnN e

Series 5: Fungal Metabolites and Applications in
Medicine and Industry
Part 1 Types of fungal metabolites

e 5.1.1 Primary metabolites (organic acids, alcohols, enzymes)

e 5.1.2 Secondary metabolites (antibiotics, mycotoxins, immunosuppressants)
e 5.1.3 Distinction between primary and secondary metabolites

Part 2 Applications in medicine

e 5.2.1 Antibiotics (penicillin, cephalosporins)
e 5.2.2 Immunosuppressants (cyclosporine)
e 5.2.3 Antifungal agents and other therapeutic compounds

Part 3 Applications in industry

e . 5.3.1 Organic acids and alcohols in food and beverages
e  5.3.2 Enzymes in textiles, detergents, and paper industries
e  5.3.3 Biotechnological innovations (biofuels, biocontrol agents)

Part 4 Challenges and future prospects

e 5.4.1 Safety concerns (toxicity, contamination risks)
e 5.4.2 Economic importance and sustainability
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e 5.4.3 Advances in biotechnology and synthetic biology

Introduction

Fungi are remarkable organisms that produce a wide range of metabolites with significant impact
on human life. Some of these compounds are essential in medicine, serving as antibiotics,
immunosuppressants, and antifungal agents, while others are harnessed in industry for the
production of organic acids, alcohols, and enzymes. At the same time, certain metabolites pose
risks, such as mycotoxins that contaminate food and threaten health. In the last Series, we
explored how fungi contribute to food and industrial microbiology. Here, we shift our focus to
their metabolites and the diverse applications that make them indispensable in both medicine and
industry.

The aim of this Series is to introduce you to the different types of fungal metabolites and to equip
you with the knowledge to analyse their roles in medicine and industry, while also evaluating the
challenges and future prospects of their use.

We shall commence this Series by examining the types of fungal metabolites, distinguishing
between primary and secondary compounds. Next, we will explore their applications in
medicine, focusing on antibiotics, immunosuppressants, and antifungal agents. Following that,
we will move on to industrial applications, where we will consider the production of organic
acids, alcohols, enzymes, and biotechnological innovations. Finally, we will wrap up by
discussing the challenges and future prospects of fungal metabolites, including safety concerns,
sustainability, and advances in biotechnology. This progression will help you connect scientific
principles with practical applications in health and industry.

Series Learning Qutcomes

Upon completing this Series, you should be able to:

o define primary fungal metabolites and describe their roles in producing organic acids,
alcohols, and enzymes,

o explain secondary fungal metabolites and distinguish them from primary metabolites,

o analyse the medical applications of fungal antibiotics such as penicillin and
cephalosporins,

e describe the role of fungal immunosuppressants such as cyclosporine in clinical practice,

o evaluate antifungal agents derived from fungi and their therapeutic importance,

o discuss industrial applications of fungal metabolites in food, beverages, textiles,
detergents, and paper industries,

e appraise biotechnological innovations involving fungi, including biofuels and biocontrol
agents,
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o assess safety concerns associated with fungal metabolites, including toxicity and
contamination risks,

o evaluate the economic importance and sustainability of fungal metabolite applications,
and

e examine future prospects in fungal biotechnology, including advances in genetic
engineering and synthetic biology.

5.1 Types of Fungal Metabolites

Fungi produce a wide range of chemical compounds known as metabolites, which are products
of their metabolic processes. These metabolites can be broadly classified.into primary
metabolites, which are essential for growth and survival, and secondary metabolites, which are
not directly involved in growth but often provide ecological advantages. Understanding these
categories is crucial because they form the basis of many medical and industrial applications.

5.1.1 Primary metabolites

Primary metabolites are compounds produced during the normal growth and development of
fungi. They are essential for cellular functions and include:

e Organic acids: Such as citric acid and gluconic acid, widely used in food and beverages.

e Alcohols: Ethanol produced by yeasts during fermentation.

o Enzymes: Biological catalysts like.amylases and cellulases, applied in food processing, textiles,
and detergents.

These metabolites are usually-produced in large quantities and have direct industrial relevance.

Fill in the blank: The organic acid produced by Aspergillus niger and widely used in food
preservation is

5.1.2 Secondary metabolites

Secondary metabolites are compounds not essential for growth but often provide ecological
advantages; such as defence against competitors. They include:

e Antibiotics: Penicillin from Penicillium chrysogenum and cephalosporins from Acremonium.

e Mycotoxins: Toxic compounds such as aflatoxins from Aspergillus flavus.

e . Immunosuppressants: Cyclosporine from Tolypocladium inflatum, used in organ
transplantation.

Secondary metabolites are usually produced in smaller quantities but have profound medical and
economic importance.

Fill in the blank: The immunosuppressant derived from Tolypocladium inflatum and used in
organ transplantation is

-
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5.1.3 Distinction between primary and secondary metabolites

It is important to distinguish between primary and secondary metabolites:

e Primary metabolites are essential for fungal growth and produced during the active growth

phase.
e Secondary metabolites are produced after growth has slowed, often in response to
environmental stress or competition.

This distinction helps in industrial processes, where conditions are optimised to favour the
production of the desired metabolite.

Fill in the blank: Compounds produced during the active growth phase of fungi are classified as
metabolites.

Distinction between primary and secondary metabolites

e Primary metabolites: essential for growth, produced in large quantities (citric acid, ethanol,
enzymes)

e Secondary metabolites: non-essential, produced in smaller amounts, often with ecological or
medical importance (penicillin, aflatoxins, cyclosporine)

Pilot questions 5.1

Define fungal metabolites.

Give two examples of primary metabolites produced by fungi.

Name one antibiotic derived from fungi.

What immunosuppressantis produced by Tolypocladium inflatum?

Distinguish between primary and secondary metabolites in terms of production and importance.
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5.2 Applications in Medicine

Fungal metabolites have transformed modern medicine, providing life-saving drugs and
therapeutic compounds. Their applications range from antibiotics that combat bacterial infections
todmmunosuppressants that enable organ transplantation, and antifungal agents that treat fungal
diseases. In this Part, we will explore these contributions in detail, highlighting their importance
andimpact on healthcare.

5.2.1 Antibiotics

Antibiotics are chemical substances produced by microorganisms, including fungi, that inhibit
or kill bacteria. The most famous example is penicillin, discovered from Penicillium

-
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chrysogenum, which revolutionised medicine by providing an effective treatment for bacterial
infections. Other fungal antibiotics include cephalosporins, derived from Acremonium species,
which are widely used to treat respiratory and urinary tract infections.

Fill in the blank: The antibiotic first discovered from Penicillium chrysogenum is called

5.2.2 Immunosuppressants

Immunosuppressants are drugs that reduce the activity of the immune system. They are
essential in organ transplantation, where they prevent rejection of transplanted organs. A key
example is cyclosporine, produced by Tolypocladium inflatum. This compound has made organ
transplantation a routine medical procedure by suppressing immune responses without
completely disabling the immune system.

Fill in the blank: The immunosuppressant derived from Tolypocladium inflatum and used in
organ transplantation is

5.2.3 Antifungal agents and other therapeutic compounds

Antifungal agents are drugs used to treat fungal infections in humans. Examples include
griseofulvin, derived from Penicillium griseofulvum, which s used to treat skin and nail
infections. Other therapeutic compounds include statins, such as lovastatin, produced by
Aspergillus terreus, which are used to lower cholesterol levels.

These compounds demonstrate the broad medical importance of fungal metabolites, extending
beyond infection control to chroni¢ disease management.

Fill in the blank: The antifungal-agent derived from Penicillium griseofulvum and used to treat
skin infections 1s

Examples of fungal metabolites in medicine

e Penicillin: antibiotic for bacterial infections

e Cephalosporins: antibiotics for respiratory and urinary tract infections
e Cyclosporine: immunosuppressant for organ transplantation

e Griseofulvin: antifungal for skin and nail infections

e | Lovastatin: cholesterol-lowering drug

Pilot questions 5.2

Name the antibiotic first discovered from Penicillium chrysogenum.
Which fungus produces cephalosporins?

What immunosuppressant is derived from Tolypocladium inflatum?
Give one example of an antifungal agent produced by fungi.

Which fungal metabolite is used to lower cholesterol levels?

vk wnN e
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5.3 Applications in Industry

Fungal metabolites are widely exploited in industry due to their versatility and economic
importance. They contribute to food and beverage production, textile and detergent processing,
paper manufacturing, and emerging biotechnological innovations such as biofuels and biocontrol
agents. In this Part, we will explore these applications in detail, showing how fungi are harnessed
to meet industrial needs.

5.3.1 Organic acids and alcohols in food and beverages

Organic acids are chemical compounds produced by fungi during fermentation. A key example
is citric acid, produced by Aspergillus niger, which is used as a preservative and flavour
enhancer in soft drinks, confectionery, and baked goods.

Alcohols, such as ethanol, are produced by yeasts like Saccharomyces cerevisiae during
fermentation. Ethanol is essential in brewing, winemaking, and bioethanol production for
renewable energy.

Fill in the blank: The fungus most commonly used in brewing and winemaking to produce
ethanol is

5.3.2 Enzymes in textiles, detergents, and paper industries

Enzymes are biological catalysts produced by fungi that speed up chemical reactions. They are
widely used in industry:

e Intextiles, cellulases help in fabric finishing and stone-washing of denim.

e In detergents, proteases and lipases break down stains, improving cleaning efficiency.

e In paper manufacturing, xylanases and lignin-degrading enzymes assist in pulp bleaching and
waste reduction.

Fill in the blank: The enzyme used in textile processing to achieve the stone-washed effect in
denim is

5.3.3 Biotechnological innovations

Biotechnology refers to the use of living organisms or their systems to develop products. Fungi
contribute significantly through:

o - Biofuels: Yeasts and moulds are engineered to produce bioethanol and other renewable fuels.

e Biocontrol agents: Fungi such as Trichoderma are used to suppress plant pathogens, reducing
reliance on chemical pesticides.

e Biodegradation: Fungi break down pollutants, contributing to environmental clean-up and
waste management.

-
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Fill in the blank: The fungus commonly used as a biocontrol agent against plant pathogens is

Biotechnological innovations using fungi

e Biofuels: renewable energy from fungal fermentation
e Biocontrol agents: fungi used to suppress plant pathogens
e Biodegradation: fungi breaking down pollutants and waste

Pilot questions 5.3

Which fungus is used for industrial production of citric acid?

Name the yeast commonly used in brewing and winemaking.

Which enzyme is used in textile processing to achieve the stone-washed-effect in denim?
Give one example of a fungal enzyme used in detergents.

Name one biotechnological innovation involving fungi that contributes to sustainability.
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5.4 Challenges and Future Prospects

While fungal metabolites have broughtimmense benefits to medicine and industry, their use is
not without challenges. Issues such as toxicity, contamination, and production costs must be
carefully managed. At the same time, advances in biotechnology and synthetic biology present
exciting opportunities for expanding their applications. In this Part, we will explore safety
concerns, economic importance and sustainability, and future prospects in fungal biotechnology.

5.4.1 Safety concerns

Safety concerns refer to risks associated with fungal metabolites in food, medicine, and
industry. These include:

o [ Toxicity: Certain fungal metabolites, such as mycotoxins, can contaminate food and pose serious
health risks.

e  Contamination risks: Industrial fermentation processes must be carefully monitored to prevent
unwanted microbial growth.

e Occupational hazards: Workers exposed to fungal spores or metabolites may develop
respiratory conditions or allergic reactions.

Fill in the blank: Toxic compounds produced by fungi that contaminate food and pose health
risks are called

5.4.2 Economic importance and sustainability

-
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Economic importance refers to the contribution of fungal metabolites to industries such as
pharmaceuticals, food, and agriculture. Products like antibiotics, citric acid, and enzymes
generate significant revenue worldwide.

Sustainability involves using fungi in ways that minimise environmental impact and promote
long-term benefits. For example, fungal biocontrol agents reduce reliance on chemical pesticides,
while biodegradation helps manage waste and pollution.

Fill in the blank: The use of fungi to suppress plant pathogens and reduce reliance on chemical
pesticides is known as

AGRICULTURAL FUNGI:
BIOCONTROL & BIODEGRADATION

MICROBIAL SOLUTIONS FOR SUSTAINABLE FARMING & WASTE MANAGEMENT

1. BIOCNTROL AGENTS 2. BIODEGRRATION OF WASTE

« Protect crops from pests/diseases « Break down organic matter
Produce natural funginiates/insecticides Convert waste into

compost/biofuel
 Examples: Trichoderma spp, Beauveria

Beauveria bassiona « Examples: Pleurotus spp, Phanahereate
- Applications: Seed treatment, soil amnadent Phanahereate chrysoprorium
= Applications: Composting,
- Applicationast biroremelation

FUNGI: NATURE'S RECYCLERS AND CROP PROTECTORS
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Plate 5.4: Economic importance and sustainability of fungal metabolites

5.4.3 Advances in biotechnology and synthetic biology

Biotechnology refers to the use of living organisms or systems to develop products, while
synthetic biology involves designing and engineering organisms for novel applications. Future
prospects for fungal metabolites include:

e Genetic engineering: Modifying fungal strains to enhance production of enzymes, biofuels, and

pharmaceuticals.
e Synthetic biology: Designing fungal systems for new applications such as biodegradable plastics

and advanced biomaterials.
£
s
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¢ Global health applications: Developing antifungal drugs and vaccines to combat resistant
pathogens.

Fill in the blank: The branch of biotechnology that involves designing fungal systems for novel
applications is called

Future prospects in fungal biotechnology

e Genetic engineering for enhanced metabolite production
e Synthetic biology for novel applications
e Development of antifungal drugs and vaccines

Pilot questions 5.4

What are toxic compounds produced by fungi that contaminate food called?

Name one occupational hazard associated with fungal spores.

How do fungi contribute to sustainability in agriculture?

What is the economic importance of citric acid production by fungi?

Which branch of biotechnology involves designing fungal systems for novel applications?
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Series Summary

This Series has focused on fungal metabolites and their wide-ranging applications in medicine
and industry, emphasising both their benefits and challenges. Starting off, we examined the types
of fungal metabolites, distinguishing between primary compounds such as organic acids,
alcohols, and enzymes, and secondary compounds including antibiotics, mycotoxins, and
immunosuppressants. We then explored their medical applications, highlighting antibiotics like
penicillin, immunosuppressants such as cyclosporine, and antifungal agents including
griseofulvin. Following that, we considered their industrial applications, where fungi contribute
to the production of citric acid, ethanol, enzymes for textiles and detergents, and
biotechnological innovations such as biofuels and biocontrol agents. Finally, we discussed the
challenges and future prospects, focusing on safety concerns, sustainability, and advances in
biotechnology and synthetic biology.

In line with the Series Learning Outcomes, you should now be able to define and explain the
different types of fungal metabolites, analyse their medical and industrial applications, and
evaluate their economic importance and sustainability. You should also be able to assess safety
concerns and examine future prospects in fungal biotechnology. These outcomes provide you
with a clear understanding of how fungal metabolites serve as both valuable resources and
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potential risks, equipping you with knowledge that connects scientific principles to practical
applications in health and industry

Concept Check Questions [Series 5]

Objective Questions

1. The organic acid produced by Aspergillus niger and widely used in food preservation is
. (Linked to SLO 5.1)

2. The antibiotic first discovered from Penicillium chrysogenum is . (Linked to SLO 5.3)
3. The immunosuppressant derived from Tolypocladium inflatum and used in organ
transplantation is . (Linked to SLO 5.4)

4. The antifungal agent produced by Penicillium griseofulvum and used to treat skin infections is
. (Linked to SLO 5.5)
5. The yeast most commonly used in brewing and winemaking to produce ethanol is
(Linked to SLO 5.6)

Short-Answer Questions

6. Define primary fungal metabolites and give one example. (Linked to SLO 5.1)

7. Explain how secondary metabolites.differ from primary metabolites. (Linked to SLO 5.2)

8. Identify one pharmaceutical product derived from fungi and state its medical use. (Linked to SLO
5.3 0r5.4)

9. Describe one industrial application of fungal enzymes. (Linked to SLO 5.6)

10. Outline one way fungi contribute to sustainability in agriculture. (Linked to SLO 5.8)

Long-Answer Questions

11. Analyse the types of fungal metabolites, distinguishing between primary and secondary
compounds with examples. (Linked to SLOs 5.1, 5.2)

12. Discuss the medical applications of fungal metabolites, focusing on antibiotics,
immunosuppressants, and antifungal agents. (Linked to SLOs 5.3, 5.4, 5.5)

13. Evaluate the industrial applications of fungal metabolites, including organic acids, alcohols,
enzymes, and biotechnological innovations. (Linked to SLOs 5.6, 5.7)

14, Assess the challenges and future prospects of fungal metabolites, with emphasis on safety,

sustainability, and biotechnology. (Linked to SLOs 5.8, 5.9, 5.10)
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Answers to Concept Check Questions [Series 5]

Objective Questions

Citric acid.

Penicillin.

Cyclosporine.
Griseofulvin.
Saccharomyces cerevisiae.
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Short-Answer Questions

6. Primary fungal metabolites are compounds essential for growth, produced during the active
growth phase. Example: citric acid.

7. Secondary metabolites are produced after growth slows, often for ecological advantages, unlike
primary metabolites which are essential for growth.

8. Penicillin is an antibiotic derived from fungi, used to treat bacterial infections.

9. Cellulases from fungi are used in textiles to achieve the stone-washed effect in denim.

10. Fungi such as Trichoderma act as biocontrol agents, reducing reliance on chemical pesticides.

Long-Answer Questions
11. Analyse the types of fungal metabolites, distinguishing between primary and secondary
compounds with examples.

e Basic response: Primary metabolites include citric acid, ethanol, and enzymes, while secondary
metabolites include penicillin, aflatoxins, and cyclosporine.

e Value-added response: Primary metabolites are produced during active growth and are essential
for survival, whereas'secondary metabolites are produced later and provide ecological
advantages. Industrial processes often optimise conditions to favour one type of metabolite
over the other.

12. Discuss the medical applications of fungal metabolites, focusing on antibiotics,
immunosuppressants, and antifungal agents.

e Basicresponse: Antibiotics such as penicillin treat bacterial infections, cyclosporine prevents
organ rejection, and griseofulvin treats fungal infections.

o Value-added response: Beyond these, cephalosporins are used for respiratory and urinary tract
infections, and statins such as lovastatin from fungi are used to lower cholesterol, showing the
broad medical importance of fungal metabolites.

13. Evaluate the industrial applications of fungal metabolites, including organic acids,
alcohols, enzymes, and biotechnological innovations.

-
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e Basic response: Citric acid is used in food preservation, ethanol in brewing, enzymes in textiles
and detergents, and fungi in biofuels and biocontrol.

e Value-added response: Industrial applications extend to paper bleaching, waste management
through biodegradation, and synthetic biology innovations such as biodegradable plastics,
highlighting their economic and environmental importance.

14. Assess the challenges and future prospects of fungal metabolites, with emphasis on
safety, sustainability, and biotechnology.

e Basic response: Challenges include toxicity from mycotoxins, contamination risks, and
occupational hazards. Prospects include sustainability through biocontrol and biodegradation.
e Value-added response: Advances in genetic engineering and synthetic biology promise enhanced

metabolite production, novel biomaterials, and antifungal vaccines, addressing global health
and environmental needs.

Answers to Pilot Questions [Series 5]

Part 1: Types of Fungal Metabolites

1. Fungal metabolites are chemical compounds produced by fungi during metabolic

processes.
2. Citric acid and ethanol:
3. Penicillin.
4. Cyclosporine.
5. Primary metabolites are essential for growth and produced during the active growth

phase, while secondary metabolites are non-essential, produced later, and often provide
ecological or medical advantages.

Part 2: Applications in Medicine

1. Penicillin.

2. Acremonium species.
3.  Cyclosporine.

4. Griseofulvin.

5. Lovastatin.

Part 3: Applications in Industry

-
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1. Aspergillus niger.

2. Saccharomyces cerevisiae.
3. Cellulase.

4. Protease.

5.

Biofuels or biocontrol agents.

Part 4: Challenges and Future Prospects

Mycotoxins.

Respiratory conditions or allergic reactions.

Use of fungi as biocontrol agents.

Citric acid production generates significant revenue and is widely used in food
preservation.

5. Synthetic biology.

=
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