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True Fungi: Eumycota
eukaryotic, spore-bearing
most are saprophytes

secrete hydrolytic enzymes to obtain nutrients from 
dead organic material
osmotrophy - absorb soluble products

glycogen is primary storage polysaccharide
most are aerobic

some are facultative anaerobes
obligate anaerobic fungi are found in rumen of cattle

lack chlorophyll
reproduce sexually and asexually



Terminology

mycology – study of fungi
mycologists – scientists who study fungi
mycoses – diseases caused by fungi
mycotoxicology – study of fungal toxins 
and their effects



Taxonomy

90,000 species have 
been described

~1.5 million species exist
six major groups

Chytridiomycota 壺菌

Zygomycota 接合菌

Glomeromycota 球狀菌

Ascomycota 子囊菌

Basidiomycota 擔子菌

Microsporidia Fig. 24.1



Representative groups

Fig. 24.2

水玉黴
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Distribution
primarily terrestrial

few aquatic species
some form associations

mycorrhizae – associations with plant roots
lichens – associations with algae or 
cyanobacteria



Detrimental impact
major cause of plant diseases
cause of many animals including human diseases

Beneficial impact
decomposers
industrial importance (ref Ch. 40)

fermentation – yeast used in making bread, wine, beer, 
cheese, soy sauce
organic acids – citric and gallic acid
certain drugs – ergometrine, cortisone
antibiotics – penicillin, griseofulvin
immunosuppressive agents - cyclosporin

Importance



Research use
geneticists, cytologists, biochemists, 
biophysicists, and microbiologists
Saccharomyces cerevisiaea

yeast model system for cell biology, genetics, 
and cancer
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Fungal Structure

Thallus- body or vegetative structure
cell walls usually composed of chitin

polysaccharide consisting of N-acetyl glucosamine 
residues

have two reproductive structures
sporangia form asexual spores
gametangia form sexual gametes 
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Molds
filamentous fungi

hyphae (s., hypha)
the filaments of a mold
may be coenocytic (no 
cross walls) or have 
septa (cross walls)

mycelium (pl. mycelia)
bundles or tangled 
masses of hyphae

Fig. 4.26
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Asexual reproduction

transverse fission
budding
spore production

Fig. 4.27
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Sexual reproduction
involves union of compatible nuclei followed by 
formation of sexual spores (zygospores, 
ascospores, or basidiospores)
zygote formation

several mechanisms
fusion of gametes
fusion of gametangia

gamete-producing bodies
fusion of hyphae

Fig. 4.28



Chytridiomycota (chytrids)
Simplest fungi
free living, saprophytic

parasitic forms infect aquatic plants
and animals, insects
found in the anoxic rumen of 
herbivores
may be responsible for large-scale 
mortality of amphibians

produce a zoospore with single, 
posterior, whiplash flagellum
asexual and sexual reproduction
many members degrade cellulose 
and keratin Fig. 24.3

壺菌
rhizoid

sporangium



Zygomycota ( Zygomycetes)
most are saprophytes, some of industrial 
importance

foods, drugs (e.g., antibiotics), meat tenderizer, and food 
coloring

usually reproduce asexually by spores at the tips of 
aerial hyphae (coenocytic hyphae)

sexual reproduction under not favorable conditions
requires compatible opposite mating types
hormone production causes hyphae to produce gametes
gametes fuse, forming a zygote zygospore



Rhizopus stolonifer
grows on moist 
carbohydrate rich foods 

Rhizoids 
Stolon hyphae

Zygote

Zygospore

Rhizoid



Importance of Rhizopus
Rhizopus-Burkholderia symbiosis

seedling blight in rice 

bacterium Burkholderia growing within Rhizopus
produces toxin

antitumor agent

Human welfare
Foods:  tempeh from soybeans; sufu curd

used to produce anesthetics, birth control, alcohols, 
meat tenderizers, yellow coloring in margarine

豆腐乳



Glomeromycota
Mycorrhizal fungi

symbionts of vascular plants 
mutualistic relationship both 
benefit

fungus helps protect its host 
from stress and delivers soil 
nutrients to the plant which 
in turn provides carbohydrate 
to the fungus

Only asexual reproduction 
is known Fig. 24.5

around cell



Ascomycota
ascomycetes or sac fungi

found in freshwater, marine, and 
terrestrial habitats
red, brown, and blue-green molds 
cause food spoilage 
some are human and plant 
pathogens (powdery mildews)

some yeasts and truffles are edible
some used as research tools

pink bread mold Neurospora

Morchella

Truffle

松露

Fig. 24.6

草笠竹



Truffle- Diamonds of the Kitchen 松露

The highly-prized ingredient 
used in European cooking 
which is famous for its unique 
smell can sell for up to 
NT$180,000 a kilogram



Ascomycota- Yeast Life Cycle
alternates between 
haploid and diploid 

in nutrient rich, mitosis and 
budding occurs 
nutrient poor, meiosis and 
haploid ascus containing 
ascospores formed

haploid cells of opposite 
mating types fuse
tightly regulated by 
pheromones

Brewer’s yeast

Fig. 24.7



Ascomycota- Filamentous Form Life Cycle
asexual spore - conidia
sexual reproduction 

ascus with ascospores
opposite mating types 
form zygote
ascospores forcefully 
released from ascocarp, 
germinate
2N meiosis mitosis

8 ascospores
sclerotia masses of 
hyphae to survive the 
winter

Fig. 24.9



Aspergillus
A. fumigatus

allergies (asthma and sinusitis)
significant opportunistic pathogen
29.4 Mbp (8 chromosomes, ~10,000 genes)

A. oryzae
production of fermented foods

Saki and soy sauce
37 Mbp, important in biotechnology

secreted hydrolytic enzymes, nutrient 
transport system, secondary metabolites

A. nidulans
a model system for developmental 
biology (It is one of the few species able to 
form sexual spores)

conidiospres



More about Ascomycota
Claviceps purpura 麥角菌

parasite on higher plants 
ergotism

toxic condition from eating infected grain 
accompanied by gangrene, psychotic 
delusions, nervous spasms, abortion, 
and convulsions 
due to lysergic acid diethylamide (LSD)

Middle ages (y 943) St Anthony’s fire
1690, Salem witchcraft
could be used to induce labor, lower 

blood pressure, and ease migraing
headaches in controlled dose

Fig. 24.10



More Ascomycota

Human pathogens
Candida, Blastomyces, Histoplasma

Stachybotrys- sick building syndrome
Aspergillus flavus- aflatoxins
Biocontrol measure 

Infect pathogen-bearing insects by 
entomopathogenic fungus

anti-malaria by entomopathogenic fungus 
against mosquito 

Fig. 24.11



Aflatoxin
Discovered in 1960

Young turkeys died after eating 
fungus-infested peanut meal 

18 aflatoxins produced in fungus-
infected grains and nut products

Average intake
European-style diet 19 ng/ d
Asian diets    103 ng/ d

Carcinogens
Hepatitis B hepatoma
Also mutagenic and 
immunosuppressive

Fig. 40.6 
Basic structure of Aflatoxins

Blue

Green

Found in lactating animals



Basidiomycota
club fungi

examples include rusts, 
shelf fungi, puffballs, 
toadstools, mushrooms
sexual reproduction form 
basidium-->basidiospores
released at maturity

Fig. 24.12

Aminita phalloides



Human Impact Basidiomycota
decomposers
edible and non-edible 
mushrooms

Amanita phalloides- destroying 
Angel

produce phalloidin and amanitin
neurotoxin that are poisons and 
hallucinogenic

A. muscaria- RNAP II inhibitor



Basidiomycota- 
pathogens of humans, animals, and plants

Cryptococcus neoformans- Cryptococcosis
Grows as a large budding yeast
Produces  an elaborate capsule as an 
important virulence factor
Causes systemic infection, primarily of lungs 
and central nervous system

found in ~ 15% AIDS patients
Cryptococcal meningitis



Lycoperdon- the wolf-fart puffball 
狼煙菇

Basidiomycota
Agaricomycetes 傘菌綱

Agaricales
Agaricaceae

They form a mass in the centre of the fruiting 
body as the spores mature. The basidiocarp 
remains closed until after the spores have 
been released



Ustilaginomycetes 黑穗菌
 Urediniomycetes 銹菌

No large basdiocarp
Hyphae grow intra- or 
extracellularly in plant tissue

cause plant “smuts’
玉米黑穗菌

茭白黑穗菌

cause plant “rusts”
青蔥銹病

Fig. 24.13

玉米黑穗菌 Ustilago maydis



Ustilaginomycetes- dimorphism

A dimorphic fungus
yeasts are infectious 
form
mold
appressoria
tumor teliospores

A specialized flat 
hyphae- appressoria

Trigger tumor formation

Fig. 24.14



Microsporidia

obligate intracellular parasites
that infect insects, fish, and humans

found in nature and birds
rRNA and tubulin related to fungi 

contain chitin, trehalose, and 
mitosomes 
lack mitochondria, peroxisomes           
and centrioles
unique polar tube essential for host 
invasion

Fig. 24.15



Microsporidia pathogenesis
human infections

Enterocystozoon bieneusi
diarrhea 
pneumonia

Encephalitozoon cuniculi
encephalitis 
nephritis

severe in HIV/AIDS patients 
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Chapter 39

Human Diseases Caused by Fungi 
- Mycosis and Mycoses



Pathogenic Fungi

fungi are eukaryotic saprophytes
~50 produce mycoses in humans
five groups depending on route of infection

superficial, cutaneous, subcutaneous are all direct 
contact
systemic infections have disseminated to visceral 
tissues (most are dimorphic, acquired from 
inhalation of spores)
opportunistic mycoses
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Dimorphism
some fungi change from yeast form (Y) to 
mold form (M): YM shift
in plants, M in host and Y outside host
in animals, Y in host and M outside host





Air borne disease- Blastomycosis
Systemic mycoses
caused by Blastomyces dermatitidis 
(dimorphic fungus)

Found predominantly in moist soil 
enriched with decomposing organic 
debris as in the Mississippi and Ohio 
River basins- North American blastomycosis
after lung inhalation spreads rapidly 

Clinical forms: cutaneous, pulmonary, and 
disseminated 

serologic tests for diagnosis
amphotericin B, and other anti-fungal 
drugs for treatment

Fig. 39.1



Air borne mycoses- Coccidioidomycosis

A systemic mycosis caused by C. 
immitis
An endemic disease

Valley fever, San Joaquin fever, or 
Desert Rheumatism
~100,000 infected annually in USA

dimorphic
inhale the arthroconidia, converts to 
large spherule in body

diagnosis
demonstration of spherule

prevention involves avoiding 
exposure to dust

Fig. 39.2



- Cryptococcosis
systemic mycosis caused by 
yeast Cryptococcus neoformans

source is dried pigeon droppings
meningitis in immunocompromised 
(e.g., AIDS) 
mild or pneumonia-like in others
detecting encapsulated yeast in 
clinical specimen Fig. 39.3



- Histoplasmosis
caused by Histoplasma 
capsulatum var. capsulatum 
(dimorphic)
inhalation of airborne 
microconidia in bird 
droppings 

converts to yeast phase in 
body; flu-like illness
only rarely becomes 
disseminated

Fig. 39.4a

A common disease among 
poultry farmers, people who 
explore caves…

~ 500,000 infections/ y in USA

~ 50,000~200,000 become ill

~3000 hospitalized 



Direct Contact Diseases                               
- superficial mycoses

Piedras 毛幹結病
infections of hair shaft

Tineas 癬

infections involving outer layers of skin, nails, 
and hair
most occur in tropics
treatment, prevention, and control

removal of skin scales and infected hairs
good personal hygiene
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Cutaneous Mycoses
Dermatomycoses, ringworms, and 
tineas-distinguished according to 
causative agent and area of body 
affected
most common fungal diseases, 
occurring worldwide

diagnosis
microscopic examination of skin biopsies 
and culture on Sabouraud’s glucose agar

treatment, prevention, and control
topical ointments and antifungal agents

Fig. 39.13

Under Wood’s light (UV lamp)



Tineas 癬
Tinea capitis – infection of 
scalp hair
Tinea pedis – athlete’s foot
Tinea unguium – infection of 
the nailbed  
Tinea cruris – jock itch

Fig. 39.14
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Subcutaneous Mycoses (1)
caused by saprophytic inhabitants of soil
introduced in soil-contaminated wounds
clinical manifestations

develop slowly over a period of years
nodules form and ulcerate
organisms spread along lymphatic channels, 
producing more nodules

diagnosis
culture and examination of fungus from infected 
tissue

treatment, prevention, and control
antifungal agents and surgical excision
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Subcutaneous Mycoses (2)
Chromoblastomycosis 產色芽生
菌病

formed dark brown nodules
Maduromycosis 菌足腫

destroys subcutaneous tissue and 
produces serious deformities
often called a eumycotic
mycetoma (fungal tumor)

Sporotrichosis 胞子絲菌病
an occupational disease
extracutaneous sporotrichosis



Opportunistic Diseases
opportunistic microorganism – harmless in its 
normal environment but pathogenic in a 
compromised host
compromised host – seriously debilitated and has 
lowered resistance to infection

causes include malnutrition, alcoholism, cancer, diabetes, 
leukemia, another infectious disease, trauma from 
surgery or injury, an altered microbiota, 
immunosuppression by drugs, hormones, genetic 
deficiencies, cancer chemotherapy, and advanced age



Aspergillosis
usually caused by Aspergillus 
fumigatus; also caused by A. flavus
invasive disease results in pulmonary 
infection 

with fever, chest pain and cough that 
disseminates to brain, kidney
in severely compromised individuals, 
lungs may fill with mycelia

diagnosis by examination of 
pathological specimens or by isolation 
and characterization of fungus

Fig. 39.22



Candidiasis
caused by Candida albicans or C. glabrata, 

dimorphic fungi
members of normal microbiota but numbers kept in 
check by other microbes

disease in healthy occurs as result of disruption of normal 
microbiota

can also be spread by sexual contact
wide spectrum of disease but most infections involve the 
skin or mucous membranes



Nosocomial Candidiasis
important nosocomial pathogens
may represent up to 10% of nosocomial 
bloodstream infections
mortality ~50% when in bloodstream and 
disseminates to visceral organs



Candidiasis…

oropharyngeal candidiasis (thrush)
common disease of newborns who 
become colonized during passage 
through birth canal
persons with dentures and use steroids

paronychia and onychomycosis 
associated with Candida infections of the 
subcutaneous tissues of digits and nails, 
respectively 

usually result from continued immersion of 
hands in water

intertriginous candidiasis 
involves axillae, groin, and skin folds

Fig. 39.23

鵝口瘡



Candidiasis…

napkin (diaper) candidiasis
candidal vaginitis 

occurs when lactobacilli are depleted
diagnosis is difficult
antifungals used for cutaneous lesions and 
systemic candidiasis



53

Microsporidia- Microsporidosis

An emerging disease found 
mostly in HIV patients

Several domestic and feral 
animals are reservoirs
Produce highly resistant spore
Cause a wide variety of 
diseases including  hepatitis, 
pneumonia, skin lesions, 
diarrhea, weight loss, and 
wasting syndromes

Fig. 39.24
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Pneumocystis Pneumonia (PCP)

found in the lungs of a 
wide variety of mammals
Pneumocystis jiroveci (P.
carinii) causes PCP 

A protist? - classified into 
fungi on the basis of rRNA
and DNA sequences 

occurs almost exclusively 
in patients on 
immunosuppressive drugs 
and AIDS patients 
high mortality rate

Fig. 39.25



Antifungal drugs

superficial mycoses 
treatment
fewer effective 
agents because of 
similarity of fungal 
cells and human 
cells

Disrupt membrane
permeability and 
inhibit sterol 
synthesisDisrupts mitotic spindle;

may inhibit protein and 
DNA synthesis

polyene antibiotic from
Streptomyces

Fig. 34.20



Treating systemic infections

binds sterols in membranes

disrupts RNA function

Fig 34.20

5FC
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