
Microbes, Protists and Fungi











Miller 
Experiment



http://www.youtube.com/watch?v=_uAJY1mqtw4&t=333


Bacteria and Archaea
Prokaryotic

Circular chromosome 

Mostly unicellular

Some can fix nitrogen, grow at extreme temperatures

Bacteria
Cell wall: Peptidoglycan

Membrane typically fatty acids

Some use chlorophyll

Genes don’t have introns

Archaea
Cell wall: not peptidoglycan

Membranes non-fatty acid lipids

Do not use chlorophyll

Some generate methane



Plasmids



Plasmids





Metabolic Diversity
Autotrophs are “self feeders”. They assemble their own organic molecules

Heterotrophs get their carbon by consuming organic molecules produced by other 
organisms

Phototrophs derive energy from the sun

Chemotrophs oxidize inorganic of organic chemicals

Anaerobes can generate ATP without O2

Aerobes require O2 for generating ATP





What are good bacteria? What is a microbiome?



What are good bacteria? What is a microbiome?
Searches of the word “microbiome” since 2004







http://www.youtube.com/watch?v=F5v2oAE9GrU




Evidence of Endosymbiosis
Similarity in shape and structure of some organelles and some bacteria

The double membrane surrounding mitochondria and chloroplasts (engulfed?)

Mitochondria and chloroplasts reproduce by binary fission

Pigments in chloroplasts are like those in cyanobacteria

Mitochondria and chloroplasts contain their own DNA, RNA, and ribosomes

DNA sequencing shows similarity between mitochondria and aerobic bacteria

DNA sequencing shows similarity between chloroplasts and cyanobacteria





Heterotrophic Protists
Alveolate



Alveolate



Alveolate

























Euglenozoa

















Euglenazoa



Euglena
Lives in fresh and marine habitats
Mixotrophic: eats bacteria, algae
Has one long flagella, does binary fission



Ciliates



Paramecium
Fresh and marine environment
Heterotrophic: eats algae, bacteria, and fungi
Moves using ciliates
Conjugation, binary fission



Rhizarians



Radiolarians
Lives in marine environments
Heterotrophic: eats algae and bacteria
Has pseudopodia, sometimes has algae symbionts
Has a silica shell (SPIKES!)
Hills in the sunset, San Francisco





Radiolarians
Lives in marine environments
Heterotrophic: eats algae and bacteria
Has pseudopodia, sometimes has algae symbionts
Has a silica shell (SPIKES!)
Hills in the sunset, San Francisco

Radiolarian Chert



Foraminiferans (Forams)
Lives in marine and fresh environments
Heterotrophic: feeds on algae and bacteria
Moves by pseudopodia
Has calcium carbonate shells (CaCO3)













Unikonts









Amoeba
Lives in fresh and marine environments
Heterotrophic: algae and bacteria
Moves by pseudopodia, phagocytosis



Autotrophic Protista
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Gametic Meiosis















Sporic Meiosis 







Chlorophyta e.g. Volvox
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Zygotic Meiosis 



Volvox



Volvox



Volvox



Volvox



Volvox



Volvox 



How Do Autotrophs Eat 



Pigments 



Accessory Pigments 



Accessory Pigments  



Accessory Pigments  







Bacillariophyta e.g. Diatoms



Bacillariophyta e.g. Diatoms



Bacillariophyta e.g. Diatoms



Bacillariophyta e.g. Diatoms



Bacillariophyta e.g. Diatoms
Pseudo-nitzschia



Bacillariophyta e.g. Diatoms



Bacillariophyta e.g. Diatoms



Bacillariophyta e.g. Diatoms



Bacillariophyta e.g. Diatoms



Bacillariophyta e.g. Diatoms



Bacillariophyta e.g. Diatoms



Bacillariophyta e.g. Diatoms
1961



Bacillariophyta e.g. Diatoms
1961 1963



Euglenophyta; Euglena



Euglenophyta; Euglena



Phaeophyta: e.g. Fucus



Phaeophyta: e.g. Fucus



Phaeophyta: e.g. Fucus

http://www.youtube.com/watch?v=hw4OhrSyjdk


Phaeophyta: e.g. Fucus
Fertile thallus



Phaeophyta: e.g. Fucus
Fertile thallus



Phaeophyta: e.g. Fucus
Male conceptacle 



Phaeophyta: e.g. Fucus
Female conceptacle 









Phaeophyta: e.g. macrocystis pyrifera



Phaeophyta: e.g. macrocystis pyrifera



Phaeophyta: e.g. macrocystis pyrifera



Phaeophyta: e.g. macrocystis pyrifera



Phaeophyta: e.g. macrocystis pyrifera



Phaeophyta: e.g. macrocystis pyrifera



Rhodophyta: e.g. Red Algae, many types, many types



Rhodophyta: e.g. Red Algae, many types, many types



Coralline Algae

Mesophyllum sp.

CaCO3

Rhodophyta: e.g. Red Algae, many types, many types



Rhodophyta: e.g. Red Algae, many types, many types



Rhodophyta: e.g. Red Algae, many types, many types



Rhodophyta: e.g. Red Algae, many types, many types



Bangiomorpha pubescens

1.2 billion yrs old

Rhodophyta: e.g. Red Algae, many types, many types



Bangiomorpha pubescens

1.2 billion yrs old

Bangia algae

Present day

Rhodophyta: e.g. Red Algae, many types, many types



1) Percent of oxygen produced by algae:

2) Milligrams of carrageenans, a red algae extract, the average American consumes daily, 
often in dairy products:

3) Maximum length, in feet, that kelp, the largest algae, can grow:

4) Times more productive algae is than traditional crops as a biofuel:

5) Number of moderate to large algal cells, per milliliter of water, needed for an algal 
bloom:

6) Number of cells in the most basic algae: 



1) Percent of oxygen produced by algae: 30-50

2) Milligrams of carrageenans, a red algae extract, the average American consumes daily, 
often in dairy products:

3) Maximum length, in feet, that kelp, the largest algae, can grow:

4) Times more productive algae is than traditional crops as a biofuel:

5) Number of moderate to large algal cells, per milliliter of water, needed for an algal 
bloom:

6) Number of cells in the most basic algae: 



1) Percent of oxygen produced by algae: 30-50

2) Milligrams of carrageenans, a red algae extract, the average American consumes daily, 
often in dairy products: 250 mg

3) Maximum length, in feet, that kelp, the largest algae, can grow:

4) Times more productive algae is than traditional crops as a biofuel:

5) Number of moderate to large algal cells, per milliliter of water, needed for an algal 
bloom:

6) Number of cells in the most basic algae: 



1) Percent of oxygen produced by algae: 30-50

2) Milligrams of carrageenans, a red algae extract, the average American consumes daily, 
often in dairy products: 250 mg

3) Maximum length, in feet, that kelp, the largest algae, can grow: 200 feet

4) Times more productive algae is than traditional crops as a biofuel:

5) Number of moderate to large algal cells, per milliliter of water, needed for an algal 
bloom:

6) Number of cells in the most basic algae: 



1) Percent of oxygen produced by algae: 30-50

2) Milligrams of carrageenans, a red algae extract, the average American consumes daily, 
often in dairy products: 250 mg

3) Maximum length, in feet, that kelp, the largest algae, can grow: 200 feet

4) Times more productive algae is than traditional crops as a biofuel: 50x more

5) Number of moderate to large algal cells, per milliliter of water, needed for an algal 
bloom:

6) Number of cells in the most basic algae: 



1) Percent of oxygen produced by algae: 30-50

2) Milligrams of carrageenans, a red algae extract, the average American consumes daily, 
often in dairy products: 250 mg

3) Maximum length, in feet, that kelp, the largest algae, can grow: 200 feet

4) Times more productive algae is than traditional crops as a biofuel: 50x more

5) Number of moderate to large algal cells, per milliliter of water, needed for an algal 
bloom: 15,000 cells

6) Number of cells in the most basic algae: 



1) Percent of oxygen produced by algae: 30-50

2) Milligrams of carrageenans, a red algae extract, the average American consumes daily, 
often in dairy products: 250 mg

3) Maximum length, in feet, that kelp, the largest algae, can grow: 200 feet

4) Times more productive algae is than traditional crops as a biofuel: 50x more

5) Number of moderate to large algal cells, per milliliter of water, needed for an algal 
bloom: 15,000 cells

6) Number of cells in the most basic algae: 1





Lab 6

The Fungi

Kingdom Fungi- 
The Absorptive 
Heterotrophs













Decomposers break down dead stuff

Antibiotics



Mutualism: Mycorrhizae
Mykos = Fungus, rhiza = Root 

▶A crucial symbioses to the sustenance of 
life on earth is the mutualism between 
fungi and the roots of vascular plants

▶Talk more later…

Agricultural Importance

Flashback!!!!



Armillaria oystoyae
-Mauhler National park
-3 square miles
-largest organism





Key Terms…
Ascus - a sac, typically cylindrical in shape, in which the 
spores of ascomycete fungi develop

Saprotrophs -an organism that feeds on or derives 
nourishment from decaying organic matter.



KEY TERMS…
Hyphae -Tubular, branching filaments, hyphae anchor 
the colony and absorb nutrients 

Mycelium -the vegetative part of a fungus, consisting 
of a network of fine white filaments or hyphae



Hyphae 



Digestion All fungi are absorptive heterotrophs

Exoenzymes



LE 31-9

Chytrids
Zygote
fungi

Arbuscular
mycorrhizal

fungi

Sac
fungi

Club
fungi
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Kingdom Fungi 
Consists of five Phyla 

1. Chyridiomycota

2. Zygomycota

3. Glomeromycota

4. Ascomycota

5. Basidiomycota 



“Lower Fungi”:
Phylum Chytridomycota

▶ Chytrids are unique among fungi 

▶ In having flagellated spores

▶ Suitable for an aquatic organism

▶ Stands in contrast to the “higher” fungi



“Lower Fungi”:
Phylum Chytridomycota
▶ Chytrids are unique among fungi 

▶ In having flagellated spores

▶ Suitable for an aquatic organism

▶ Stands in contrast to the “higher” fungi



http://www.youtube.com/watch?v=7RFK9KNC8FA


“Lower Fungi”:
Phylum Chytridomycota
▶ Major group in the “Lower Fungi” 

▶ Considered most primitive fungus

▶ Grows aquatic habitats 

▶ hypha have no septa 

▶ Coenocytic hypha

▶ Sporic meiosis: sexual reproduction with alternation of 
generations- SAME CYCLE AS PLANTS



Sporic Meiosis



Let’s break that down….
Sporic Meisos - 

▶½ Dipoloid (2N)

▶½ halpoloid (N)

Sporophyte = Makes spores 
Must go through MEIOSIS

Gametophyte = Makes Gametes
Must go through mitosis



Fast Refresher

2n
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2n 2n
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Think of us…
 in order to get to diploid down to haploid, you must go through meiosis



MITOSIS

MITOSIS

MEIOSIS



Sporic Meiosis 
MITOSIS



MITOSIS



MITOSIS



MITOSIS

MITOSIS



TADA!



LE 31-9

Higher Fungi 

1. Zygomycota

2. Ascomycota

3. Basidiomycota 



“Higher Fungi” 
Zygomycota, Ascomycota, Basidiomycota
▶ Zygomycota, Ascomycota, Basidiomycota

▶ No flagellated stages (unlike chytrids)

▶ All terrestrial decomposers

▶ Cell walls made of chitin

▶ Reproduce via zygotic meiosis which is dominated by the 
haploid stage



“Higher Fungi” 
Phylum: Zygomycota
▶ The zygomycetes (phylum Zygomycota) exhibit great 

diversity of life histories

▶ Include fast-growing molds, parasites, and commensal 
symbionts

▶ Named for their sexually produced zygosporangia

▶ Examples Rhizopus = the “bread molds”

▶ The life cycle of black bread mold (Rhizopus stolonifer) 
is fairly typical of the phylum



LE 31-12

Rhizopus
growing
on bread

Mating
type (+) Mating

type (–)

Gametangia with
haploid nuclei

PLASMOGAMY

Key

Haploid (n)
Heterokaryotic (n + n)
Diploid (2n)

100 µm
Young
zygosporangium
(heterokaryotic)

SEXUAL
REPRODUCTION

KARYOGAMY
Zygosporangium
(heterokaryotic)

Diploid
nuclei

MEIOSIS

Sporangium

Mycelium

Dispersal and
germination

Dispersal and
germination

ASEXUAL
REPRODUCTION

Sporangia

50 µm

Zygosporagium make spores 
(zygospores) by meiosis  

Diploid when the nuclei fuse

2N > meisosis > 1n spores 

2 strains of hyphae 
form together 
To make the 
zygosporangium

Mostly Haploid!
Zygotic Meiosis



“Higher Fungi” 
Phylum: Ascomycota
▶ Ascomycetes (phylum Ascomycota) live in marine, freshwater, 

and terrestrial habitats

▶ Ascomycetes vary in size and complexity, from unicellular yeasts 
to elaborate cup fungi and morels

▶ The phylum is defined by production of sexual spores in saclike 
asci, usually contained in fruiting bodies called ascocarps
▶ In each asci there are 8 spores

▶ Spores inside asci are called ascospores



“Higher Fungi” 
Phylum: Ascomycota

In lab today: Peziza

▶Most complex Ascomycete because of the 
“fruiting body”

▶Cup shaped, named “cup fungi” 

Penicillium gives us Penicillin CREEPY!



LE 31-16

The cup-shaped ascocarps (fruiting bodies) of Aleuria 
aurantia give this species its common name: orange 
peel fungus.

The edible ascocarp of Morchella 
esculenta, the succulent morel is 
often found under trees in 
orchards.

10 µm

Tuber melanosporum is a truffle, an ascocarp that grows 
underground and emits strong odors. These ascocarps have been 
dug up and the middle one sliced open.

Neurospora crassa feeds as a 
mold  on bread and other food 
(SEM).



LE 31-17

PLASMOGAMY

Key

Haploid (n)
Dikaryotic (n + n)
Diploid (2n)

SEXUAL
REPRODUCTION KARYOGAMY

Four
haploid
nuclei

MEIOSIS

Dikaryotic hyphae
extended from
ascogonium

ASEXUAL
REPRODUCTION

Diploid nucleus
(zygote)

Dispersal
Germination

Mycelium

MyceliaConidiophore

Conidia;
mating type (–)

Mating
type (+)

Ascus
(dikaryotic)

Eight
ascospores

Asci

Ascocarp

Germination

Dispersal

Zygotic Meiosis
MOSTLY Haploid





“Higher Fungi” 
Phylum: Basidiomycota
▶ Most advanced fungus

▶ Basidiomycetes (phylum Basidiomycota) 
include mushrooms and shelf fungi

▶ The phylum is defined by a clublike 
structure called a basidium, a transient 
diploid stage in the life cycle

▶ Pileus/cap, stipe/stalk, lamellae/gills



PLASMOGAMY

Key
Haploid (n)
Dikaryotic (n + n)
Diploid (2n)

SEXUAL
REPRODUCTION

KARYOGAMY
MEIOSIS

Dikaryotic
mycelium

Basidium containing
four haploid nuclei

Dispersal and
germination

Basidium

1 µm

Mating
type (+)

Mating
type (–)

Haploid
mycelia

Gills lined
with
basidia Basidiocarp

(dikaryotic)

Basidia
(dikaryotic)

Diploid
nuclei

Basidiospore

Basidium with
four appendages

Basidiospores

MOSTLY Haploid
Zygotic Meiosis



Inside the gills
▶ Basidia - a microscopic, 

club-shaped spore-bearing 
structure produced by certain 
fungi.

▶ Where the basidiospores are 
made 

▶ Basidiospores are 1N

▶ Basidiospores are made in 
groups of 4 

▶ Ascospores are made in 
groups of 8

▶ Both are zygotic meiosis 





Fly agaric (Amanita muscoria), a 
common species in conifer forests in 
the northern hemisphere

Maiden veil fungus (Dictyphora), a fungus with 
an odor like rotting meat

Shelf fungi, important decomposers of wood

Puffballs emitting spores

Mushroom = fruiting body 
to spread of the spore

- Most of the fungus is 
underneath the ground!



Mutualism: Mycorrhizae
Mykos = Fungus, rhiza = Root 

▶A crucial symbioses to the sustenance of life on earth is the 
mutualism between fungi and the roots of vascular plants

▶90% of plant families are associated with mycorrhizal 
symbionts

▶Plant Benefits 

▶  Increased uptake of water and mineral nutrients, 
absorbed by the increased surface area of the 
fungus

▶ Fungus protects the plant roots against soil 
pathogens 

▶Fungus Benefits

▶ Receives carbohydrates photosynthesized by the 
plant

Flashback!!!! Agricultural Importance



Mutualism: Mycorrhizae

Anatomy of Mycorrhizae

▶Mycorrihizal structures have been 
convergently evolved in several independent 
lineages of fungi

▶Result? 

▶ 2 different morphologies 

▶ Endomycorrhizae 

▶ Ectomycorrhizae





Fungus-Animal Symbiosis
• Some fungi share their digestive services with animals

• These fungi help break down plant material in the guts of cows and other grazing 
mammals

• Many species of ants and termites use the digestive power of fungi by raising them in 
“farms”



Lichens
▶ Lichens are a symbiotic association of millions of photosynthetic microorganisms held in a 

mass of fungal hyphae

▶ Fungi are obligate partners, algae are faculative

▶ Algae=food, Fungus= shelter, moisture, minerals



3 types of lichen

Foliose (leaflike)

Fruticose (shrublike)

Crustose (crustlike)



Pathogens
▶ About 30% of known fungal species are parasites, mostly on or in plants

▶ Animals are much less susceptible to parasitic fungi than are plants

▶ The general term for a fungal infection in animals is mycosis



White Nosed Syndrome



http://www.youtube.com/watch?v=pOA8y8VArpA

